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THERMAL BREATHER-LIKE EXCITATIONS IN 2D TRIANGULAR
AND HEXAGONAL MORSE-LATTICES

Chetverikov A.P."", Ebeling W.?, Velarde M.G.?

'Saratov National Research University, Russia
2Humboldt University, Berlin, Germany
¥ University Complutense, Madrid, Spain

*ChetverikovAP@info.sgu.ru

The possibility of exciting localized immobile as well as mobile long-
living modes in heated 2D both triangular and hexagonal (honeycomb) lattices
of point particles interacting via potential Morse bonds is studied in computer
simulations. A molecular-dynamical ensemble model is used in investigations of
triangular lattices. For the study of hexagonal (graphene-like) lattices a lattice
model with three fixed bonds for each particle is employed. Complex variables
Z,=X,Hiy, are introduced to present a position of n-th particle in the (x,y)-plane.
The Langevin motion equations are solved in computer simulations to describe
dynamics of heated lattices [1-4]:

Z Az, )znk+[ YZ. +\/T(E +1£ny)]

Here an—Zn - Zy, Za=(Zn - Z)! |24 - Z|, Frk(|Znk]) 1s an interaction force
between n-th and k-th particles, y is a friction coefficient, D, is intensity of a
chaotic force, &y are independent sources of Gaussian white noise.

Both zero deviations of particles from equilibrium positions and zero
velocities of particles are used as initial conditions, simulations are performed in
a cell with lengths L, corresponding to geometry of a lattice and a number of
particles N. Analysis of dynamics are performed for a stationary state of a lattice
when temperature of a system reaches a stationary value T=D/.

Identification of localized excitations is performed with a special
procedure. The density d,(Z) of each point particle is supposed to be spread in
accordance with the axially symmetric Gaussian function of a distance r, = |Z-
Z,| from a point particle with normalization rule d(r, = 0) = 1 for an isolated
particle. The width of a Gaussian bell is chosen by a such way that total density
d(2) of particles at each point Z=x+iy of an equilibrium lattice does not exceed
1+6, 0<<I. When particles approach each other, the density increases and is
visualized. Cutting a distribution d(Z) (that is introducing a new characteristic
d.ut(Z) which equals a = d(Z) - 1 — ¢ if a > 0 and equals zero in other case) and
observing evolution d..(Z,t) it is possible to identify long living mobile and
immobile localized excitations. The target of this study is in first line breather-
like excitations. We show that mobile localized excitations moving generally
along crystallographic axes for a distance of order of a few equilibrium atomic



distances are excited from time to time. Also immobile compressions of density
with a lifetime of order of a few Morse oscillation periods have been observed in
simulations. The analysis of trajectories of particles forming the localized
compression provides evidence of almost coherent motions of those particles
which may be classified as thermal immobile breathers whereas the observed
long living mobile excitations may be considered as thermal solitons or possibly
thermal mobile breathers [5]. Our analysis shows that in the case of thermal
excitations a sharp distinction between breathers and solitons is impossible,
these excitations have to be considered as limit cases.

This study is supported in part by the Russian Foundation for Basic
Research (Grant No. 14-52-12002)
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LOCALIZED NONLINEAR MOBILE AND IMMOBILE WAVES
EXCITED IN HEXAGONAL MORSE LATTICE BY SHORT
EXTERNAL PULSES
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'Saratov National Research University, Russia
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Localized supersonic and immobile long-living nonlinear modes excited
by high energetic external pulses in hexagonal (honeycomb) lattices of point
particles interacting via potential Morse bonds are studied in computer
simulations. A lattice model with fixed three bonds for each particle is used in
investigations. Such model may be considered as a first approach for studies of
the dynamics of a graphene-like lattice. Complex variables Z,=x,+iy, are used
to present a position of n-th particle in the (Z=x+iy)-plane, n=1,...,N, N is a
number of particles in simulation. The interaction force F, between two
particles depends on |Z. only, Z=Z.-Zy, and its direction is defined by an unity
vector zw=(Z, - Z)! |Zn- Zy| [1-4].



Both zero deviations of particles from equilibrium positions and zero
velocities of the most number of particles are used as initial conditions,
simulations are performed in a cell with lengths L, corresponding to geometry
of a lattice and a number of particles. Particles with chosen numbers ni,, Niny, ...
have initial velocities Viyi, Vi, ...(a ratio of components Re(vi,) and Im(vi,)
defines direction of an initial velocity of a corresponding particle). Periodic
boundary conditions are used.

Identification of localized excitations is performed by means of specially
developed procedure to visualize the fields of compression of particles. Also
analysis of distributions of velocities V, = dZ,/dt and dependencies of kinetic
and potential energies of an ensemble are used to derive additional information
about dynamics of the lattice.

It has been shown by simulations that energy of a single pulse directed
along one of crystallographic axes spreads in a lattice along all axes if the
energy is low enough. However with increasing pulse certain part of energy
spread in lateral rows decreases and supersonic quasi-1d solitons are formed
which are able to travel along a crystallographic axis for a long distance.

In a similar way, if a collision of two oppositely moving localized
excitations in the same row is realized, the result depends on energy of initial
pulses [5]. If energy is high enough (energies of both pulses is supposed to be
equal for simplicity) two quasi-1d excitations pass through each other with
minimal deformation. It allows to classify them as quasi-1d solitons. If energy is
not very strong (if it belongs to a limited range of values) an immobile excitation
Is realized with oppositely oscillating adjacent particles. Such excitations may
be classified as immobile discrete breathers.

Also pairs of oppositely moving excitations are observed, one of them is
in a row with initially perturbed particles (like solitons), the other travelling in a
direction transverse to the direction of initial pulses.

Details of all these cases are discussed on the base of an analysis of
evolution of distributions of both density and velocities of particles, kinetic and
potential energy.

This study is supported in part by the Russian Foundation for Basic
Research (Grant No. 14-52-12002)
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DISCRETE BREATHERS IN ONE DIMENSIONAL ANHARMONIC
CRYSTALS AT FINITE TEMPERATURES AND THEIR ROLES IN
ANOMALOUS THERMAL TRANSPORT

Xiong D.", Zhang Y.%, Wang J.2, Zhao H.?

'Department of Physics, Fuzhou University, Fuzhou 350108, Fujian, China
Department of Physics and Institute of Theoretical Physics and
Astrophysics, Xiamen University, Xiamen 361005, Fujian, China

*phyxiongdx@fzu.edu.cn

We will talk about some discrete breathers (DBs) properties in two
focused one dimensional (1D) anharmonic crystal models with Fermi-Pasta-
Ulam-f potential, i.e., a lattice including the next-nearest neighbor (NNN)
couplings [1, 2] and a chain with alternating interactions [3]. The main features
of these two systems are that, the former has a high order linear phonon
dispersion compared with the corresponding models without NN couplings,
while the latter’s linear phonon dispersion contains both acoustic and optical
branches, which is similar to the 1D diatomic lattices. Based on their different
dispersions, we will show that, the intraband DBs with frequencies in the
phonon bands can be excited in the former systems, however, in the latter
systems the gap DBs can emerge. We will further provide some details of the
formations, frequencies, and energies of these two kinds of DBs. From these
details, we then will report that how these dynamical details are related to the
anomalous heat transport, especially the power-law divergence manners of the
thermal conductivity with the space size. One underlying picture in our minds is
that, phonons, as main heat carries, may perform various kinds of random walks
(some times could be Lévy walks [4], but not always be) to support the
abnormality of transport. Then if DBs have been verified to exist in these
systems at finite temperatures, they should play a central role. Our numerical
evidences of both focused systems seem to support such a picture very well.
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STABILITY ANALYSIS OF DISCRETE BREATHERS IN CARBON
NANOTUBE

Doi Y.", Nakatani A.

Department of Adaptive Machine Systems, Graduate School of
Engineering, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871,
Japan

*doi@ams.eng.osaka-u.ac.jp

Nonlinear energy localization called discrete breathers (DBs) or intrinsic
localized modes (ILMSs) has been attracted increasing attention since Sievers and
Takeno reported the possibility of existence [1]. DB is space localized and time
periodic vibration mode that is excited in anharmonic lattice systems such as
Fermi-Pasta-Ulam (FPU) [1 system. There has been growing recognition that it
Is important to investigate possibility of DB in practical systems. Recently
various theoretical and experimental studies on this field have been performed
such as micro-mechanical systems [2], optical systems [3] and electrical systems

[4].

DB in atomic systems is also has been the subject of many researches. In
fact, atomic structures of crystals are periodic structures. Interaction between
atoms is intrinsically anharmonic. Therefore atomic structure can be modeled by
anharmonic lattice systems and existence of DB in crystals is expected. Various
studies has been performed such as ideal Lenard-Jones hexagonal crystal [5] and
recently more realistic 2D and 3D crystals with Tarsoff potential [6].

We focus on the DB in carbon nanotube (CNT). As to the carbon crystals,
DB in 2D graphene [7] and 3D CNT [8] have been reported. Moreover linear
stability of DB in graphene has been reported[9]. In this study, we investigate
detailed properties of DB in CNT. For this purpose, we construct precise
numerical solution of DB in CNT with various frequencies by Newton-Raphson
method. Then linear stability of DB in CNT is investigated numerically.
Molecular dynamics simulations are also performed in order to investigate
structural changes by DB after unstable perturbation mode is excited.
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CHEMICAL AND NUCLEAR CATALYSIS DRIVEN BY DISCRETE
BREATHERS

Dubinko V.I.

NSC Kharkov Institute of Physics and Technology, Kharkov 61108,
Ukraine

*vdubinko@hotmail.com

Excitation of discrete breathers (DBs) [1] in solids may result in the
amplification of the reaction rates in their vicinity. Two cases will be
considered, which include chemical and low energy nuclear reactions (LENR).
In the former case, the amplification mechanism is based on modification of the
classical Kramers escape rate from a potential well due to a periodic modulation
of the well depth (or the reaction barrier height), which is an archetype model
for chemical reactions since 1940 [2]. In the second case, it is argued that
coherency and persistence of large atomic oscillations in breathers may have
drastic effect on quantum tunneling due to correlation effects discovered by
Schrodinger [5] and Robertson [6] in 1930. These effects have been applied to
the tunneling problem by Dodonov et al in 1980 and by Vysotskii et al in 2010
[7], who demonstrated a giant increase of sub-barrier transparency during the
increase of correlation coefficient at special high-frequency periodic action on
quantum system. Dubinko [8] has shown that DBs is the most efficient way to
produce such an action due to time-periodic modulation of the potential well
width (or the Coulomb barrier width) and hence to act as breather nano-
colliders (BNC) triggering LENR.

Diatomic crystals, such as metal-hydrides, form at high gas/metal atom
ratios in the H/D loading process under typical LENR conditions (E-cat,
electrolysis, etc.). Due to the large mass difference between H/D and the metal
atoms, there is a gap in phonon spectrum of metal-hydride crystals, in which so
called ‘gap DBs’ arise in the H/D sub-lattice resulting in time-periodic
modulation of spacing between adjacent H/D and metal atoms. What is more,
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there is a striking site selectiveness of energy localization in the presence of
spatial disorder arising at high H/D loading. As a sheer consequence of disorder,
a non-zero energy gap for exciting a DB at a given site may disappear [9]. Such
sites are expected to become the nuclear active sites, which opens new ways of
engineering the nuclear active environment by preparing relevant cluster
structures, in which creation of DBs is facilitated.
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ATOMISTIC SIMULATIONS OF DISCRETE BREATHERS IN
CRYSTALS AND THEIR INTERACTION WITH CRYSTAL DEFECTS
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Ukraine
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*vdubinko@hotmail.com

Discrete breathers (DBs), a.k.a. intrinsic localized modes, are spatially
localized large-amplitude vibrational modes in lattices that exhibit strong
anharmonicity. They have been identified as the exact solutions to a number of
model nonlinear systems possessing translational symmetry [1-5] and
successfully observed experimentally in various physical systems [6]. In
diatomic crystals with a large mass difference between atoms, there is a gap in
phonon spectrum, in which so called ‘gap DBs’ arise in the light atom sub-
lattice [7]. In metals, high frequency DBs can be excited [8]. The threshold DB
energy in metals is relatively small (of order of 1 eV) as compared to the
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formation energy of a stable Frenkel pair (several eV). Since DB in metals are
highly mobile, they can efficiently transfer a concentrated vibrational energy
over large distances along close-packed crystallographic directions [9],
according to the MD simulations based on the realistic interatomic potentials
derived from the embedded atom method. Interactions of DBs with structural
defects have been argued to accelerate reaction rates involving the defect sites
[10-12].

The interaction of discrete breathers with the primary lattice defects in
transition metals such as vacancy, dislocation, and surface is analyzed on the
example of bcc Fe and hcp Zr employing atomistic simulations. Scattering of
discrete breathers on the lattice defects induces localized atomic excitations,
with intensity and relaxation time depending on the defect structure and breather
kinetic energy. The dissipation of the intrinsic breather energy due to the
scattering is computed and analyzed. It is concluded that the breather-to-defect
energy transfer may stipulate the activation of the lattice defects causing
unexpected athermal effects such as enhanced mass transfer, irradiation creep or
irradiation growth, already experimentally reported but so far not fully
understood at the atomic-scale level.
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EXISTENCE AND STABILITY OF INTRINSIC LOCALIZED MODES
IN FPU-B CHAIN WITH FIXED BOUNDARY CONDITION
EMBEDDED IN TWO DIMENSIONAL PLANE

Kimura M."", Mitani A.%, Doi Y.
'Department of Electric Engineering, Kyoto University, Japan
*Kkimura.masayuki.8c@kyoto-u.ac.jp

Intrinsic localized mode (ILM), which is also called discrete breather
(DB), is spatially localized and temporally periodic solution in nonlinear lattices.
Many researches, which have been reported since the latter half of the 20"
century, show evidences of the existence of ILM in real physical systems [1].
Recently, a possibility of application utilizing ILM/DB has been suggested in
micro-mechanical cantilever array [2]. On the other hand, a method to create an
extremely thin carbon wire, namely, a carbon atomic chain is proposed [3]. It
enables us to expect nano-device using ILM/DB as a carrier of kinetic energy,
which may be able to control the heat flow. However, many unclear problems
remain when the result is extended to molecular/atomic dynamics. One of the
problem is the dimension of space in which the atomic chain is located. Several
researches related to this problem have been reported for a zig-sag ladder or a
curved chain [4-6]. We investigate simpler model which is a straight Fermi-
Pasta-Ulam (FPU) chain embedded in two-dimensional plane.

Existence and stability of ILM are investigated for FPU- chain with fixed
boundaries. When the chain is located in two dimensional plane (see Fig. 1), we
have the equation of motion of each oscillator as follows:

R 3
mi, = {—a(lldn-1ll = to) = BUldy-1ll = £6)*}
-l
d, 3
n
where d,, is the distance vector between n™ and (n + 1)™ masses and defined as
dy =€, +7Tpsy — Ty €, = (£, 0) + (£,,0) denotes the initial position of n'"
mass, where £, and ¢; represent the natural length and the initial stretch.

Fig. 1. FPU chain located
in two dimensional plane.
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By using Newton-Raphson method, two types of ILM are found. One of
them is longitudinal ILM that each mass moves along the axis of the chain. Fig.
2 (a) shows the motion of each mass. The other is transversal ILM. As shown in
Fig. 2 (b), each mass vibrates transversally to the axis. Stability of these ILMSs is
also investigated numerically. As a result, it is revealed that a longitudinal ILM
centered between sites becomes linearly unstable whereas the corresponding
ILM in the traditional FPU-B chain is not linearly unstable if m =1, a = 1,8 >
0. It implies that the dimension of space in which nonlinear lattices are located
affects the stability of ILM.

O O 20O Q@ O
1 1 ' 1 1 '
* -’ Yeat el +

(b) Transversal ILM
Fig. 2. Two types of ILM

In presentation, we will also discuss bifurcations of these ILMs and
relations between dispersion relations and periods of ILMs.
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VELOCITY STEP FOR A DRIVEN INTRINSIC LOCALIZED MODE

Sato M."", Shige S.}, Ishikawa T.', Nakaguchi N.', Soga Y., Sievers A.J.2

'Graduate School of Natural Science and Technology, Kanazawa
University (Kanazawa, Ishikawa 920-1192, Japan)

?Laboratory of Atomic and Solid State Physics, Cornell University (Ithaca,
NY 14853-2501, USA)
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Energy localization due to nonlinearity and discreteness has been observed
in various periodic systems and is called an intrinsic localized modes (ILM) or a
discrete breather (DB). [1, 2] A traveling ILM as well as a stationary ILM can
be observed in a micro-cantilever array by steady state driving to compensate for
energy loss. [3, 4] Typically an ILM loses energy by radiating acoustic waves
when it travels without the driver. Here we focus on simulations that make use
of the driven-damped condition. In this way we can produce a running ILM in
our simulations for a fixed wavenumber and then identify the normal mode
frequency for that value. Next the driver frequency is slowly increased, which
automatically increases the ILM amplitude: the larger the frequency difference
for fixed wavenumber and the narrower it is in real space. The end result is a
steady state traveling ILM centered at a fixed wavenumber. Here we report on
velocity steps observed for traveling ILMs in a mono-element lattice with onsite
and inter-site harmonic interactions, and only a onsite-nonlinearity, i.e., the
Klein-Gordon model.

The parameter sets used are similar to those described in Refs. 4 and 5 for
a lattice with hard nonlinearity. Here we focus on a lattice with N=50 elements.
(Similar results have been obtained for N=400 and 800.) The linear normal
mode dispersion curve, represented by 50 crosses, is shown in Fig. 1(a). By
strongly exciting a normal mode centered at the up-arrow in Fig. 1(a), the
traveling ILM, expressed by the solid line tangent to the dispersion curve, is
generated. The down arrow identifies a normal mode that will interact with a
strongly localized traveling ILM.

Figure 1(b) shows the resulting ILM velocity as a function of the driver
frequency. The velocity distribution is represented with a gray scale. The gray
region below 116.2 kHz describes a chaotic traveling mode, which has a wide
distribution in velocity. The black thin line structure, generated from 116.2 kHz
to 117.2 kHz, identifies the regular, smoothly traveling ILM velocity as the
driver frequency and hence the ILM amplitude increases and its linewidth
decreases. The velocity is observed to decrease with frequency till 116.8kHz
where a significant step occurs. We suspect that this step is caused by the
increase in coupling between the ILM and the plane wave mode due to the
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narrowing of the ILM. The new velocity track for higher frequencies follows the
dashed line in Fig. 1(b) represented by

_Q-aw,
Tk @
Cc n
where o and k. are the frequency and wavenumber of the driver, and @, and k,

are the frequency and wave vector of the normal mode interacting with the
traveling ILM. The resulting trace is similar to the tangent line shown in Fig.
1(a).

Figure 1(b) indicates that above the step the ILM velocity is governed by
the interaction between the traveling mode and a normal mode near the bottom
of the plane wave dispersion curve due to the decrease in width of the ILM with
its increasing amplitude for fixed wavenumber. We conclude that the interaction
causes not only generation of acoustic radiation, but also changes the group
velocity, a fundamental property of the traveling ILM.
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Fig. 1(a). Dispersion curve (crosses) and a traveling ILM (solid line). Up
arrow indicates a normal mode that is pumped with a propagating wave
driver to generate the traveling ILM, with velocity tangent to the
dispersion curve. (b) Velocity of the traveling ILM as a function of the
driver frequency. Cross indicates the normal mode frequency. Black thin
line structure indicates the regular smooth traveling ILM. The step is due
to an increase in coupling between the ILM and the plane wave mode.
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ELASTIC MODULI OF NANOCRYSTALLINE BINARY AL ALLOYS
WITH GRAIN BOUNDARY SEGREGATIONS

Babicheva R.1.Y", Zhang Y %, Kok S.W.2, Zhou K.}

'School of Mechanical and Aerospace Engineering, Nanyang
Technological University, 50 Nanyang Avenue, Singapore 639798,
Singapore

%Singapore Institute of Manufacturing Technology, 71 Nanyang Drive,
Singapore 638075, Singapore

*ri.babicheva@gmail.com

The work studies elastic moduli of nanocrystalline (NC) Al and binary Al-
X alloys (X is Fe, Co, Cu, Ti, Mg or Pb) by using molecular dynamics
simulations. X atoms in the alloys are distributed either via grain boundary (GB)
segregations or randomly. At 0 K, the rigidity of the alloys increases with
decrease in atomic radii of the alloying elements, except for Cu (see Fig.1). An
addition of Fe, Co or Ti to the NC Al leads to increase in the Young’s E and
shear x# moduli, while an alloying with Pb and Cu decreases them. The elastic
moduli of the alloys depend on a distribution of the alloying elements. The
alloys with the random distribution of Fe and Ti demonstrate larger E and u«
than those for the corresponding alloys with the GB segregations, while the
rigidity of the Al-Co alloy is higher for the case of the GB segregations.

Furthermore, a thermal stability of x for the Al-X alloys is analyzed. It is
observed that only the Al-Co alloy with the GB segregations shows the
increased thermal stability of £ in comparison with the pure NC Al.

120 45
(a) e GB segregations (b) e GB segregations
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s x — pure Al ac — pure Al
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(c) o GB segregations Fig. 1. Nanocrystalline Al alloys
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CUCTEMBI HIEJIEBBIX TUCKPETHBIX BPU3EPOB B I'PA®AHE

baumoga I0.A. , Imutpuesn C.B.
Hncmumym npobaem ceepxniacmuunocmu memannos PAH, Y¢a, Poccus

*julia.a.baimova@gmail.com

I'paden, mnpencraBisrommuii coboO OAWMH CJIOM aTOMOB YIJIepoa,
YIIOKEHHBIX B TEKCArOHAJBHYIO PEIIETKY, 00JaJaeT AKCTPEMaIbHO OOJIBIIONM
IJIOMABI0 TIOBEPXHOCTH M B KOMOHWHAIIMU C JIETKUM BECOM, IMPOYHOCTHIO,
XUMUYECKON HEUTPATBbHOCTHI0O W TPHUBJICKATEIBHBIMU (PU3UKO-XUMHUUESCKUMHU
CBOMCTBAaMH BXOJMUT B UHCIO MaTepuaioB, HauOojee MOAXOMSIINX IS
XpaHEHUs W TPAHCIOPTUPOBKU BOAOPOAA. MakcuMalibHas TpaBUMETpHUYECKas
IJIOTHOCTh MOXET OBbITh MOJydeHa sl TpadeHa CO CTENEHbIO XUMUYECKOU
abcopOuuu Bomopona 8,3%, 4TO COOTBETCTBYET (DOPMUPOBAHUIO TMOJHOCTHIO
HachlllleHHOro Jmcra rpadena co crexuomerpueit 1:1 mna C:H, xoTopsiii
noiayyuna Ha3BaHue rpadaH. B Takol CTpykType aToMbl BOJIOpOJA
MPUCOSAUHSIOTCS K KOKJIOMY aTOMY Yyriepoja CBEpXY U CHHU3Y JHCTa rpadeHa
noouepenHo. MHTEpecHO, 4TO MPHUCOECIUHEHUE BOJIOPOJIa BBI3BIBAET BBIXO]
aTomMoB C 3 IJIOCKOCTH U, COOTBETCTBEHHO, KOPOOJIEHHUE JIUCTA TpadeHa.

JIns MpakTUYECKOro MPUMEHEHUs BOAOpPOJAa B KadyecTBE TOILUIMBA
HEO0OXOMMO PEIUTh OJHY KIFOUEBYIO MPOOJIEMY, OTHOCAIIYIOCS K peau3aiiu
MEXaHU3MOB  TPUCOCAMHEHUS/OTACICHUS BOJOPOJa, pPAaOOTAIOMUX  TIPH
YCIIOBUSIX, OJNM3KMX K HOPMaJIbHBIM, 0€3 TPUMEHEHUS DJKCTPEMATbHBIX
TeMmrepaTryp uid naBiieHuil. Ilpomecc xumMuueckol ajcopOUUM JTOCTAaTOYHO
MPOCT, IO KpalHeW mepe, JJIsi aTOMapHOTO BOJOPOJA, HO MPOIECC yAaleHUs
BOJIOpOJia TpeOyeT MPeoAOoJIeHUs] PHEPreTuueckoro Oaphepa mopsaka 1 »B.
Panee ObLI0 mMOKa3aHO, 4YTO TpadeH NTpPU HUBKUX TEMIepaTrypax MOXKET
MPUCOEAUHATh BOAOPOA, a INPU TMOBBIIIEHHBIX TEMIIEpATypax BOAOPOA
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ocBoOOxkmaerca. OIHAKO aTOMHBIE MEXaHU3Mbl HABOJOPAKMBAHUSA H
pa3BofiopakUBaHUA TrpadeHa ocTaloTcs ciaabo u3ydeHHbIMH. MccnemoBanue
HEJIMHEWHOM TMHAMUKH aTOMOB B HABOJIOPOKEHHOM IpaeHe SIBIIETCA BaXKHON
3alayell HE TOJIBKO JJIA PELIEHUs BOIPOCOB XPAHEHUS U TPAHCIOPTHPOBKH
BOJIOPOZA, HO U JUI IPUMEHEHUS rpadaHa B AIEKTPOHUKE, CIMHTPOHUKE U T.JI.

ATom Bojopona B 12 pa3 nerue atoma yriepona. Takas 60mbIias pa3HuLa
aTOMHBIX MacC 3JEMEHTOB, COCTABIAIOIIMX TIpadaH, 00eCreYrMBaET HAJINYHUE
IIUPOKON 1iesu B POHOHHOM crekTpe rpadana. Hamuuue Takoil menu, B CBOIO
ouepelb, SBISIETCS HEOOXOIUMBIM YCIOBHEM CYLIECTBOBAHMS ILIEJEBBIX
JUCKPETHBIX OpU3EpOB WM HEJIMHEHHBIX, IPOCTPAHCTBEHHO JIOKAJIN30BaHHBIX
kKonebarenbHbIX Moa. Jluckperneie Opuzepbl (JIB) sBIAOTCS 0OBEKTOM
MPUCTAIBHOIO BHHUMAHMS YYEHBIX HAa MPOTSHKEHUH TOCIEIHUX JBYX
JECATUIETHI U HCCIEAYIOTCS KaK TEOPETUYECKH, TaK M SKCIEPUMEHTAIBHO B
pa3IMYHBIX Marepuanax, B TOM uucie B rpadene u rpadane [1,2]. Eme
OOJIBIIYI0 PHEPTUI0 MOTYT JIOKaJIM30BaTh Kiactepsl Jb, mosromy wusydenwue
TaKuX OOBEKTOB SIBJISICTCSI MHTEPECHOW U aKTyaJIbHOM 3ajjaueH.

B panHoil pa®oTe METOAOM MOJIEKYJSPHON JTUHAMUKH HCCIEA0BAHbI
cuctemsl J1b, cocrosimue U3 AByX, Tpex u Oonee /Ib, B KOTOpBIX B 3aBUCUMOCTH
OT yCJIOBUI MPOUCXOIUT WK HE MPOUCXOAUT OOMEH YHEPIHUEH.
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JANHAMUKA JUCKPETHBIX BPU3EPOB B TEOPETHYECKHUX
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PaGota mocBsiieHa TEOPETHUYECKOMY HCCJICAOBAHUIO JUHAMUKA U
B3aUMOJICUCTBHS JUCKPETHBIX OPU3EPOB B paMKax MOJTHOCTHIO HHTETPUPYEMOTO
YpaBHEHUS HEIMHEIHON peméTkr XUupoTsl [1,2], Moaenupyroieil oJHOMEPHBI
AHTaPMOHMYECKUM KPUCTAJUI, U DKBUBAICHTHOM €M HEJIMHEWHOW JIMHUU
nepenaaun. B paboTe mokaszaHo, YTO 3TH BBICOKOYACTOTHBIE JIOKAJIM30BAHHBIC B
OPOCTPAHCTBE HENMHEHHbIE BO30YXKACHHUS PELIETOYHBIX CHUCTEM YIPYTo
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B3aUMOJICUCTBYIOT MEXKy COOOM U C IPYrMMH BO3OYXICHHUSIMHU — YAAPHBIMU U
JUHEHHBIMU BOJTHAMU. J[71s1 ypaBHEeHHsI pemI€éTKH XHUPOTHI MOIydeHa GopMysia
HEJIMHEHHOW CYyNepHno3uLUHU, CBS3BIBAIOIIAS YETHIPE PAa3IUYHbIE COJUTOHHBIE
pemierus. C ee MOMOILBIO HAHJEHBI B SBHOM BHJIE PELIEHUS, KOJUYECTBEHHO
OIMKCHIBAIOIINE MAPHbIE CTOJKHOBEHUS JUCKPETHBIX COJMTOHOB MEXIY COOOi, a
TaKkXe C JHMHEHHbBIMU BOJHaMH. B pe3ynbTaTe TOYHO ONHUCAaHBI IAapHbBIC
MPOLIECCHl  B3aUMOJICUCTBUSL JUCKPETHBIX OpHU3E€pOB M YIApHBIX BOJH, H
HaWJIeHbl CIBUTH MX LEHTPOB Macc U (pa3 ocumusiuuid Opuzepos. [lomydeHsl
MpEAEIbHBIE BUPAKEHUS, OIKCHIBAIOIIME MPOLECCHl M JAHHBIE PACCESTHUSA
JVHEWHBIX BOJH HA TAKUX JUCKPETHBIX COJIMTOHAX M HAWJEH SIBHBIA BHUJ
CBS3aHHOI'O COCTOSIHUS OpH3€epa U yAApHOM BOJHBI — OCHUJUTUPYIOIIEr0 KMHKA.

BriBenieHbl ypaBHeHUs ['aMIIIbTOHA U1l AUCKPETHBIX KUHKOB U OpU3EPOB,
KOTOpbIE PAacCMaTPHUBAIOTCA KaK YaCTHUIENOJO00OHbIE BO30YXKACHUS HEITUHEHHOM
peméTkn XupoTel. HaliieHbl B SIBHOM BHUJE BBIPAKECHMS I aHAJIOTA TIOJIEBOTO
UMITyJIbCa W aauabdaTUYeCcKOro WHBApUAHTAa AMCKPETHOro Opu3epa B TaKou
pem€rke. [loydeHbl KBa3MKIACCUYECKUN CHEKTP SHEPTUH IS ABMKYILErOCs
JUCKPETHOTO Opr3epa U SHEPreTUYECKUI CIIEKTP TUCKPETHBIX yIapHBIX BOJIH.

PaccMoTpeHbsl  MJIMHHOBOJIHOBBIA M KOPOTKOBOJIHOBBIA — MPEEIIbI
KoJeOaHuii B HEJIMHEMHOW pewmerke Xupotrbl. [loka3aHo, 4To B
JUTMHHOBOJTHOBOM Y MAaJIOAMILTUTY/THOM TpeJieie KoJeOaHUsl OIMUCHIBAIOTCS
MOJIHOCTHIO MHTETPUPYEMBIM MOIU(PUITUPOBAHHBIM ypaBHeHUEeM KopTeBera ne-
®puza, AN COJUTOHOB M OpHU3EpPOB KOTOPOrO IMOJIyYEHbl YpaBHEHUS
['aMiiIbTOHA W KBa3UKIIACCUYECKHE CIEKTPbI JHEpruu. B mpenene cuibHOU
JIOKaM3aluyi JUHAMHUKa JTUCKPETHOro Opu3epa moao0Ha KoJieOaHWIO OJHOTO
ocuMIATOpa XUPOTHI B MOJIE HEMOABMXKHBIX cocener. HaliieH sHepreTHuecKuii
CHEKTp Takol MOJAEIM M  YCTaHOBJEHAa €€ (yHKIHMOHAJIbHAs CBSI3b C
ociuisitopoM roddunra.

[Tomy4yeHbl TOYHBIE HENMHEHHBIE NEPUOJUYECKUE PEIICHHS, KOTOpPbIE
OMKCHIBAIOT OpU3EPHBIE U COIMTOHHBIE CBEPXPELIETKU B 3JIEKTPUUYECKON JIMHUU
nepefayl M pemerke XUpPOThl W YUCIEHHO YCTAHOBJICHBI MpENETbl MX
ctabunbHOCTH. B TepMmuHax smmuntuueckux (QyHKui SkobOu HaiijeH aHaimor
JTUCKPETHOTO Opu3epa JiJIsl CUCTEMbI KOHEUHBIX pa3MepOB U MOKA3aHO, UTO TaKOe
Kojiebanre OudypKarMOHHBIM 00pa30M OTIICIUIIETCS OT BETBH HEIMHEWHBIX
OJTHOPOJTHBIX TPOTUBO(DA3HBIX KOJICOAHUIA.

[IpennoxxeHsl 000OLIEHUST OAHOMEPHOM LIETIOYKH HUIECHTHYHBIX aTOMOB:
MOJIEJIb ABYXTOMHOW aHTapPMOHHYECKOW LETIOYKH, MOJIENIb IBYMEPHOM PELIETKH
Xupotsl. Taxxke ObUIO MPOAHAIU3UPOBAHO BIMSIHUE HA AUHAMUKY HEJIMHEWHBIX
BO30Y)KJIEHUI TakuX (PU3MUECKH BaXKHBIX (DAKTOPOB Kak BHEIIHSS HakKayka W
JUCCUTIAIUSL.
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SIMULATION OF VORTEX CORES SWITCHING IN
NANOCOLUMNAR CONDUCTING TRIPLEX STRUCTURE
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One of the actual physical issues is the development of a new generation
of high-speed and ergonomic electronic devices. The phenomenon of the
magnetization oscillations switching and excitation in magnetic nanostructures,
using the spin-polarized current of high enough density [1], will increase the
speed of the hard disks and magnetic memory devices up to terahertz level.
Magnetization oscillations frequency, excited using spin transfer torque, in
magnetic nanostructures can be reconfigured by application of external magnetic
fields and currents and used for the development of advanced radio applications.
Currently great interest represents a spin-transfer nanogenerator (STNG)
microwave, which significantly differs in its power output, small width and
relatively large frequencies range, even without the application of external
magnetic field. Most of these structures have two magnetic layers separated by a
nonmagnetic interlayer.

In this paper we study the STNG, consisting of three layers (permalloy
(Py) 4 nm/Cu - 10 nm/Py — 15 nm) of circular section and different diameters.
The magnetizations of both magnetic layers are in the vortex state. The
reference case is when two magnetic layers interact through the demagnetization
fields and spin-polarized current and, thus, the system is in an external magnetic
field, perpendicular to the layers plane. With the help of a software package
SpinPM we conducted a numerical simulation of a bound vortex dynamics. Such
dynamics various modes (damped bound oscillations of the vortex cores and
their stationary dynamics) were investigated. The processes of magnetic
vortexes dynamic transformation (vortex core polarity switching) are studied for
currents various in size and polarization. The simulation showed that both the
dynamic [3] and static [4] switching scenario are observed under various
fields/currents. The switching time for the static scenario may be less than 1 ns
and it can be an order of magnitude bigger for a dynamic scenario. Also a
comparison of the known experimental [3,5] and numerical results was
conducted.
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RESONANT DYNAMICS OF THE DOMAIN WALLS IN MULTILAYER
FERROMAGNETIC STRUCTURE

Ekomasov E.G.”, Gumerov A.M., Kudryavtsev R.V., Murtazin R.R.,
Abakumova N.N.

Bashkir State University, Ufa, Russia
*ekomasoveg@gmail.com

Multilayer magnetic structures have been widely studied recently in
connection with the opportunity of their practical application [1]. Frequently,
these are periodically alternating layers of two materials with different physical
properties. The dynamics of spin waves and magnetic inhomogeneities that are
extended in such systems in directions perpendicular to the layer interfaces are
studied intensely at present. Note that, frequently, the study of one-dimensional
models makes it possible to understand the influence of various magnetic
parameters. It has been shown [2-4] that the presence of a thin layer with the
magnetic anisotropy parameters, smaller than those in the adjacent layers, can
lead to new dynamic effects, e.g., the appearance of a nucleus of a new magnetic
phase or the reflection of a moving domain wall (DW) from the attracting
potential. In this work, we have studied the effect of spatial modulation of the
parameters of magnetic anisotropy and exchange on the nonlinear resonant
dynamics of DWs in a three- and fivelayered ferromagnetic with allowance for
the opportunity of the excitation of localized magnetic inhomogeneities, internal
modes of DW oscillations, and the emission of bulk spin waves.

Using as an example two identical thin layers in a fivelayered
ferromagnetic we showed that the collective effects of the layers influence on
the DW dynamics are largely connected with the resonant energy exchange
between the localized waves. The presence of a critical distance is discovered
between the thin layers separating the two regions with qualitatively different
system behavior. The possibility of the existence of a settings range, in which to
pass through both layers of a DW requires significantly less energy, is proved.
We demonstrated that damping and external force counteract the onset of the
DW resonant reflection from the attracting thin layer, but its initiating cause —
resonant energy exchange between the localized waves still takes place. For the
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experimental observation of the reflections and DW quazitunneling resonance
effects in real physical experiments, we suggested a method of measuring the
amplitude of the DW center oscillations, and the use of physical systems with
sufficiently weak damping.
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Huckpernsie Opusepsl ([Ib) — 3T0 mpocTpaHCTBEHHO JTOKalIM30BaHHAS
KoJieObaTenpHass Moja OOJbIION aMIUIUTYABl B Oe3faedexkTHOl HenuHeHHOoU
pewertke [1]. Poas [Ib B popmMupoBanuu pusnyeckux CBOWCTB KPUCTAIIOB BCE
eIIe OCTaeTCs JOCTATOYHO CJ1ab0 M3YyYEHHOMU, HO, TeM He MeHee, KoHIenus b
BCE€ WIMpPE MPUBJIEKACTCS IS OOBSICHEHUS PA3IMYHBIX SKCIEPUMEHTAIbHBIX
HaOmoaaemMbix 3pdekToB. B cBOI0 ouepenp, B peasibHbIX KPUCTAJUIAX CIIETYET
rOBOPUTH O KBa3u-Opu3epax, UMEIOIUX KOHEYHOE BpeMs JKU3HHU U HECTPOTYIO
MEePUOIMYHOCTH KOJICOAaHUH BO BpeMeHHU [2].

B nanHo#l paboTe METOAOM MOJIEKYJISIPHOM AMHAMUKU H3ydaeTcs
BIIUSTHUE TOUYCUHBIX JC()EKTOB HA MOBEJICHUE HEIWHEHHON JOKaIM30BaHHOU
moabl — JIBb B kpuctamie PtzAl. B kauecTBe ToueuyHBIX 1ePEKTOB BHICTYIAIN
BaKaHCHH, OwWBakaHcuu, TpuBakancuu Pt B kpucramie PtzAl, a Ttaxxke
paccMaTpuBaIUCh ~ Mexy3eiabHble — atombl  Al,  moMmemieHHbIE B
TETPadIPUUECKHUE U OKTAdAPUYECKHE IMyCTOTHI [3-4].
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PaccmarpuBaemass Mozenb TpencTaBisia cOOOM OOBEMHBIM KPUCTAILT
crexuomeTpun AzB, aroMbl KOTOpPOro B3aMMOAECMCTBOBAIA IOCPEICTBOM
IIapHOTO noTeHunaia Mopse:

UPQ( ) PQlBPQeXp( Apql u)(ﬂPQeXp( Qpq T u) 2), 1)

rie D — oHepreTmdeckuii mapaMmeTp, COOTBETCTBYIONIUN  TIIyOWHE
MOTEHIIMAIIBHON SIMBI, 0L — APAMETP, ONMPEICIIAIONIAN )KECTKOCTh MEKATOMHBIX
CBSI3€U, T, — HEKOTOPOE YCPEIHEHHOE pPAaBHOBECHOE PACCTOSHUE IO
KOOPJAMHAIIMOHHBIM c(pepaMm, B KOTOPBIX YUUTHIBACTCS B3aMMOJICHCTBUE MEXKTY
atomamu. Jlns crumaBa PtzAl ero mapameTpbl B3aThl M3 [5]: Dy, =0.318,

Lan =27.4979, ayy =1.02658, Dpp =0.710  Bpp =10289,  app =1.582,

Dp =0.5048, Bppn =63.124, apy =1.3501, Bprumcnasiuch 1Mo CTaHAApTHOM
METOJIMKE [6] U3 yCIOBUIA:

1 1 oP
- > nU,._ =0, -V, -| — |=K,.
2;7% vav, T 277(6\/)\/ N 0 ((Wj 0 (2)

3nech Eg - sHeprusi cyOnmuMmaliud aToMoB KpucTamia rpu Hyle KenbBun
K, - oObeMHBIM MOIylb YNpPYyrocTu. BemnunHa MEXaTOMHOTO PAaCCTOSHUS

a, = 2.83. Macchl aTOMOB IUIaTUHBI U amfoMuHus: Mp =19523, m, =26.97

a.e.M.; IOCTOSIHHAs KPUCTAILIMYecKol permerku: do =3.99 A,

BrisiBiIeHBI 3aBUCMMOCTH BPEMEHM JKU3HU HEJIMHEWHOM JIOKAJIW30BaHHOU
MOJBl OT HAyaJlbHOM TEMIIEPATypbl MOJEIBHOIO KpPUCTAIa, OT HA4YaJbHOI'O
OTKJIOHEeHUs1 atoMa Al 0T TOJ0KEeHUSI paBHOBECHS, a TAKIKE OT PACCTOSIHUS JIO
ToueyHoro nedexra B tuiockoctd (111) kpucramma. Tak ke mNOIdydeHBI
3aBUCHUMOCTH BPEMEHHM KW3HU JIb Mo pa3iIMyHbIM HalpaBJICHUSIM KpUCTajila
C TETPadAPUUYCCKON U OKTOIIPUUCCKON MyCTOTON ¢ BHEAPEHHBIM aToMoM All.
[IpoBeaeHO wuccnenoBaHMEe Ha YCTOMYHMBOCTH /(b B JaHHOM MOJAEIBHOM
KpUCTAJIE, & KOHKPETHO IOJy4Y€Ha 3aBUCUMOCTh BPEMEHM KU3HU HEJIMHEUHOU
JIOKaJIM30BaHHOM MOJIBI OT MaJbIX BapHallyi yria OTKJIOHEHUS OT HalpaBJIEHUS
noJisipu3aiuu konedbanuii Moasl. Ha puc. 1 mist npuMepa nokasaHa 3aBUCUMOCTb
BpeMeHH Xu3HU J[b OT ManbIx Bapuauuii yriia OTKJIOHEHUS OT HalpaBJICHHS
noJsipusanuu kojaedanuit /1b B kpucramie Pt;Al ¢ buBakancueii Pt.

Toueunble nedekThl 0OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE HA HEIMHEWHBIE
JIOKaJIM30BaHHbIE MOBI B CiTy4ae OJM3KOT0o K HUM pacrnosioxenus. BoznelicTue
NPOSIBIIACTCS. B PA3pPYyLICHUH  BBICOKOAMIUIMTYAHBIX  JIOKAJIM30BAHHBIX
KoJIeO0aHUM C TMOCIEAYIOIUM pacCeMBaHUEM SHEPIUU MO KpucTtawty. OgHaKo
CTOUT OTMETHUTH, UTO B IIPOLIECCE Jerpajaluy KojaeOaHuii O0NbIION aMITUTY/IbI,
pacceMBaHue MPEUMYIIECTBEHHO MPOUCXOAUT B moapemnietky Al, rie sHeprus
OCTaeTCs JOKAIM30BAaHHOM 3a CYET HAJM4YMsl 3alpelieHHON 30HbI B (DOHOHHOM
ciekTpe kpuctaiia Pt;Al B TedeHHME TPOJMOIIKHTEIBHOTO  BPEMCHH.
VYcraHoBiaeHO HanuuuMe O0JacTH MOBBIIMIEHHOM YycToiunBoctu JIb BOIM3H
BaKaHCUU, OMBaKaHCHUU U TPUBAKAHCHH.
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Puc. 1. 3aBucuMOCT, BpEeMEHHM KH3HM | B MHKOCEKyHIaX
JTUCKPETHOTO OpH3epa OT MAJIbIX BapHAIllMi yriia OTKIOHEHHUS o B
rpagycax  OT  HampaBlieHHUs  TOJIApU3alK  KoJieOaHUM
JIMCKPETHOTO Opu3epa.

B pamkax wuccinenoBanus ycronumBocTH JIb mosyyeHa 3aBHCHMOCTB

BpeMeHU Hu3HH JIb OT yrma OTKJIOHEHMS OT HaIpaBJICHUS IOJIIPU3ALNHU
KojeOanuil. JlaHHass 3aBUCHUMOCTD SIBJISIETCSI BaKHOM C TOYKHM 3PEHUSI OLEHKH
BEPOSTHOCTH BO30YyxkaeHus /Ib B yCcIoBUSX TEPMOIUHAMUYECKOIO PABHOBECHUS
WM TIPU 00JTy4E€HUU KPUCTAILIA BBICOKOIHEPTeTHUECKUMH YaCTHIIAMH.
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VHTeHCHBHBIE BHEIIHHWE BO3ACHCTBUS HA KPUCTAUIBI IPUBOMAT K
3HAYUTEIbHBIM  OTKJIOHEHUSIM aTOMOB OT  PEHIETOYHBIX  IOJIOKEHHI,
aKTUBHU3UPYS Pa3IMYHbIE MMPOIECCHI, U3yUYEHHE KOTOPHIX HEBO3MOXHO B paMKax
JMHEapU30BaHHBIX YpaBHEHUM IBMXEHUA. B mocineaHee Bpemsi 3HAUMTEIBHOE
BHUMAaHHE YJEISETCS U3YYEHUI0 OTHOCUTEIBLHO HOBOTO HEJIMHEWHOTIO OOBEKTa,
Ha3bIBAEMOI'0 JTUCKpETHbIM OpusepoM (/[b), koTopblii B uaeane mpencTaBiseT
co0oli JIOKAJIM30BAaHHOE B IMPOCTPAHCTBE He3aryxaroiee kosiebaHue OOJIbIIOoN
aMIUTUTYbl B O€371e(peKTHON HEeNMHEHON quckpeTHol cucteme [1,2]. OnHako B
peabHbIX KpHUCTAJUIAX CJEAyeT TOBOPUTh O KBa3U-OpH3epax, HMEIOLIUX
KOHEYHOE BpeMs KU3HU U HECTPOTYIO NMEPUOJUYHOCTh KOJIEOaHU BO BpEMEHU
[3]. Uccnenyemble B faHHOM paboTe KBa3u-Opu3epsl OyayT Ha3biBaThes b mis
KpPaTKOCTH.

B nocnenHee BpeMs pacTeT YMCIO MCCIEIOBAaHWN, TIE Ipeiararorcs
paznuuHble runore3sl 00 ydactuu JIb B pa3iMuHBIX MpoLeccax B TBEPIBIX
tenax. CoriacHO naHHbIM paboTam, JIb MOryT MOBbIIIATh KaTaJIUTHYECKHUE
CBOMCTBAa HAHOYACTHL C HEYNOPSJAOYEHHOW CTPYKTYpOH, NPHUBOIHUTH K
paJNallMOHHO-CTUMYJIMPOBAHHOMY POCTY MOp B METajljlaX, BHOCUTh BKJIAJ B
mudy3uro, TPaHCIOPTUPOBATH ANEKTPUYECKUUN 3apsii, NMPUBOAUTH K OTKUTY
ne(eKTOB B repMaHuM, CHUXKATh SHEPIeTUUECKHUI Oapbep XMMUYECKHUX PEaKIIMid
B KPUCTAJUIMYECKUX TBEPJBIX TelaxX U T.J.

B cBoro ouepenn, mexanu3mbl Bo30Oyxknenus [1b ocratorcs He sicHpiMu. B
JTaHHOW paboTe METOIOM MOJIEKYJISIPHON TUHAMHUKHU UCCIENYEeTCs] BOZMOKHOCTh
BO30YXKICHHSI JUCKPETHBIX OpHU3epOB B MOJEIBHOM KpucTamie coctaBa AjB
OpyU TNPOTEKAHWM MO HEMY JJIEKTPUYECKOTO TOKAa, AaTOMbl KOTOPOIO
B3aNMOJEHUCTBOBAJINA IIOCPEACTBOM MNapHOTO NMoTeHuuaia Mop3se

Peq (rij ) = Deofrg eXp(_“PQ g )('BPQ exp(—aPQ 0 )_ 2)’ (1)

rne D — sHeprus cBsi3u, COOTBETCTBYIOLIAS TIIyOMHE MOTEHIIMAIBHON MBI, & —
rapameTp, OIPEHCIAIOLINN KECTKOCTh MEXATOMHBIX CBS3€H, I OINpenesieT
paBHOBECHOE MeKaToMHOe paccrosiaue. Jlns crumaBa  PtzAl  mapamerpsr

noteHuuana  cneayromue [4]:  Dpyy =0.318 eV,  Ban =27.4979,
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Ay =1.02658 Al Doy =0.710 eV, Bop =10289, app =1.582 A1
Doy = 0.5048 eV, By =63.124, apy =1.3501 AL,

[TocpencTBOM KOMIIBIOTEPHOIO 3KCHEPUMEHTA YCTAaHOBJIEHO, YTO B
3aBHCHUMOCTH OT JHEpPrHH JABW)KCHUS DIIEKTPOHOB BO3MOXKHO JBa crocoba
reepauun  JIb. B mepBom ciywae, Korma OHeprus OJEKTPOHA IIPHU
CTOJIKHOBEHHMH C JIETKUM aTOMOM MOJPEIIETKH BEJIMKA U COCTABJISET HECKOJIBKO
ANIEKTPOH-BOJIBLT, TO J[b MOXeT BO3HUKHYTH Ojarogapss OJHOMY TaKOMY
CTOJIKHOBEHHMIO. BO BTOpOM cilydae, KOrJa 3HEpPIrusl 3JIEKTPOHA COCTAaBIIAET
HECKOJIBKO JECATBIX JOJIEM DIIEKTPOH-BOJIBT BO3MOXKEH MEXAHU3M HAKAYKU
JIETKOW MOJPEIIETKH CIlIaBa YHEPIUEH, YTO TaK K€ MPUBOAUT K BO30OYKICHUIO
JUCKPETHBIX OPU3EPOB.
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THE MD SIMULATION OF TUNGSTEN HARDENING
CAUSED BY NEUTRON IRRADIATION

Zinovyev A.”, Terentyev D.
SCK*CEN, Nuclear Materials Science Institute, Mol, Belgium
*zinovyev.alex.v@gmail.com

Defects in materials, their interaction and influence on physical properties
are actively investigated [1, 2]. They hinder the dislocation movement, which
results in hardening and embrittlement. The presence of defects, such as
dislocations and dislocation loops, in materials is an inevitable result of plastic
deformation or irradiation. On the stress-strain curves we can see that as the
absorbed dose is increasing, the flow stress rises and the ductility diminishes

(Fig.1).
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To analyze atomic-scale dislocation-obstacle interactions, a method has
been proposed in [3], which allows critical stress and activation energy of
unpinning to be extracted from molecular dynamics (MD) data. In the present

work we have simulated the interaction between a % [111] edge dislocation and a

%[111] dislocation loop in a monocrystal of tungsten approximately 55x23x11

nm in size. We inserted dislocation loops 3.6, 5.0, 6.4, 7.6 nm in diameter so
that they would intersect the glide plane and applied the shear strain (Fig.2). MD
simulations were carried out for temperatures chosen from the range 600—1400K
and applied strain rate from the range 10'—10%s™. Then we calculated activation
energy of unpinning and the critical stress, which could be used in dislocation
dynamics simulations for further investigations.

Stress

Yield point

Strain
Figure 1. Stress-strain curves of Figure 2. The computational cell
materials, exposed to different used in the present work.
doses of irradiation. Dislocations only are shown.
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A MOLECULAR DYNAMICS STUDY OF [111]-POLARIZED GAP
DISCRETE BREATHERS IN A CRYSTAL WITH NACL-TYPE
STRUCTURE

Kistanov A.A.", Baimova Yu.A., Zhou K.
Nanyang Technological University, 639798, Singapore
*andrei.kistanov.ufa@gmail.com

Spatially localized vibrational modes of large amplitudes in a defect-free
crystal lattice are called discrete breathers (DBs) [1, 2]. The existence of DBs is
ensured by the anharmonicity of interatomic forces, which leads to the
dependence of the frequency of atomic oscillations on their amplitude. This
intrinsic mode frequency decreases or increases with growing amplitude in the
case of soft and hard nonlinearities, respectively. Then, for a soft nonlinearity,
the mode frequency that decreases with increasing amplitude can enter the gap
(if it exists) in the phonon spectrum. For a hard non-linearity, the mode
frequency can increase until occurring above the phonon spectrum. In both
cases, the oscillatory mode (i.e., DB) at zero temperature ceases to radiate
energy in the form of small amplitude oscillations and, theoretically, can exist
for an infinitely long period of time [1].

In the present work by using the method of molecular dynamics
simulations, we have obtained and studied [111]-polarized local oscillation
modes in NaCl-type crystals of DB excitation. It was show, that a gap discrete
breather (DB) polarized along the [111] direction can be excited in a crystal with
NaCl type structure and significantly different masses of anions and cations (see
Fig. 1). The DB exists in both a non-deformed crystal and one subjected to
significant uniaxial or biaxial elastic deformation.

Fig. 1. Components of motion of an
atom oscillating with large amplitude as
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polarization; (b, c) ux and uy,

A components, respectively, for an unstable
02 DB with initial [111] polarization, which

Wlnwmmw WM IMM W\i WW ||WNMWMMM converted as a result of instability into a

Uy

~(0.2 [100]-polarized DB.
E‘;ﬁ ‘ | | i Jlumepamypa
0.15 -
fm I N Flach S., Gorbach A. V. Phys. Rep.
. [gwiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii | & Blaehs, cor
0 ‘ w2 Manley M. E. Acta Mater. 58,

/6 2926 (2010).
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SYNCHRONIZATION OF ATOMS OSCILLATIONS FOR DISCRETE
QUASIBREATHERS IN GRAPHANE FROM AB INITIO SIMULATIONS
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A density functional theory (DFT) study of the discrete breathers (DBs) in
graphane (fully hydrogenated graphene) was performed. In contrast to the
molecular dynamic method that is common for breathers investigation, DFT
takes into account the deformation of atoms electron shells in the process of
breather oscillations. It is found that the DB is a robust, highly localized
vibrational mode with one hydrogen atom oscillating with a large amplitude
along the direction normal to the graphane plane while all neighboring atoms
having much smaller vibration amplitudes. A method for refining the profile of
quasibreathers in the space of all initial atoms displacements is developed in the
framework of the density functional theory. The method is exemplified by the
procedure of constructing the discrete breathers in graphane.

O BO3BMO’KHOCTH BO3BYKAEHUS TUCKPETHbIX BPU3EPOB B
AJIIOMUHHNUBOU U IVIATUHOBOU NOAPELIETKAX PT;AL
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Huckpetnasie opusepsl [1] (b), kBazuOpuzepsl [2] wiu npocTpaHCTBEHHO
JIOKaJIM30BaHHbIE, CTPOTO MEPUOINYECKUE HEJTMHEUHBIC KOJIeOATEeIbHBIC MOJIBI
OOJBIION aMIUTUTY/BI B IEPUOJNYECKUX CTPYKTYpaX, MOTYT OBITh C JKECTKUM U
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MSTKUM TUINIAaMHU HEeTMHEUHOCTH. [Ipyu MArKoM (KECTKOM) THUIIE HEJIUHEUHOCTH
4acToTa KOJieOaHMH aTOMOB HECYIIMX JIOKAJIW30BAaHHYI0 MOJY YMEHBIIAETCS
(yBemMuuBaeTcs) C pOCTOM aMIUTUTYIbl KojeOanuil. Bo3Oyxnenune b ¢
MSTKUM THUIIOM HEJIMHEHHOCTH BO3MOXKHO B YHOPSAJIOYEHHBIX CTPYKTypax
obOnagaronmx (OHOHHBIM CHEKTPOM C 3alpeIlleHHON 30HOW WM TOBOPSl MHAYeE,
IeNIbI0 BHYTpU. YacTOThl TakuX OpHU3EpOB JIEKAT BHYTPHU ATOM IIENH, U3-3a
yero, /Ib ¢ MArkoi HEMMHEWHOCTHIO HA3bIBAIOT TAKXKE «ILEJIEBBIMU». M3BECTHO,
YTO B YMNOPSJOUYEHHBIX KpHUCTaIax cTexuoMeTrpuu AzB mpu onpeneneHHBIX
YCJIOBHUSIX BO3MOXKHO BO30yxkaeHue IeneBoix J1b [3]. Bpusepsr ¢ xecTkoii
HEJIMHEHMHOCThIO BO30YXKIAIOTCS B MOJEJBHBIX KPUCTAUIMUECKUX pPEIIeTKax
MPAKTUYECKA BCEX META/UIOB HE3aBUCHUMO OT THUIIA HUX KPUCTALIMYECKOU
pemetku (cM. 0030p B padore [4]).

MetonoM MOJIEKYJSIpHOW JTMHAMHUKHA HCCJIEAOBAIaCh BO3MOXKHOCTH
BO30yxaeHust [Ib ¢ xecTKkoM HENMHEHHOCTHIO B aTIOMUHUEBOU U IJIATUHOBOM
NoJpenieTkax TPEXMEPHOM Mojenu ymopsaodeHHoro cmiaBa Ptz Al co
cBepxcTpykTypoir L1,. BsaumopneiicTBue MeXIy aroMaMu —3aJaBajioCh
noreHiuanoM Mopse.

Uso (rij ) = Do expl- o XBPQ expl- Qeol )_ 2) 1)
Ero mnapamerpm D,, =0.247, B,,=57.932, a,, =1.287, D,, =0.685
B... =118.83, ., =1.638, D,, =0.481, B, =39.085, a,, =1.138.

Hanoxxenuem Ha rpanuibl 3D pacueTHON sA4YelKU NEPUOINYECKUX TPAHUYHBIX
YCJIOBUN MOJEIUPOBAIICS OECKOHEUHBIN KPUCTAILI.

Kak u oxwupanoch, BO30YXJIEeHHE KOJIEOATEIbHBIX MOJ OOJBIION
aMIUTUTY/Jbl B TUIATUHOBOM MOJpEIIETKE ¢ HEM30€KHOCTHIO BIIEYET 3a COOOMU
JIVCCUTIALIMI0O SHEPrUM B aJIIOMUHHUEBYIO mnojapemeTtky [5]. Kpome Ttoro, B
paccMaTpuUBaEMOM CIUIaB€ JJisI aTOMOB IUIATMHBI HE YyAaeTcsl O00ecneyuThb
AKECTKYIO HEIMHEINHOCTh, 0JIaroiapsi COCECTBY JIETKUX aTOMOB aJIIOMUHUSA, CM.
puc.l.

Puc. 1. Kpucramnmueckas
pemrerka Ptz Al
co cBepxcTpykrypoi L1,
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Ilo yxa3aHHBIM BBIIE NPUYMHAM HEIUMHEHWHYIO JIOKAIM30BAHHYIO
HEe3aTyXaloMy0 MOy OOJBIIONH aMIUTUTY/IbI B INIATHHOBOM moxapenieTke PtzAl,
CKOpee BCETO, NOJIYYUTh HEBO3MOXKHO.

B 10 e Bpemsi, JOCTaTOUYHO MPOCTO BO30YKAAIOTCS OpU3EPHI C KECTKOM
HEJIMHCHHOCTBIO B aJIIOMUHUCBON TMOJPEIICTKE yHopsaoueHHoro ciuiaBa PtAl.
CymecTByeT Lejblii Ha0Op HAa4YallbHBIX CMEIICHUN HECKOoJIbKHX aTomMoB Al u3
onHoro psana (110) OTHOCUTENBHO MOJOKEHUSI PABHOBECHUS, MPUBOISAIINX K
nosisieHuto Jb. Ha puc. 2. mokaszansl xapakTepHbie aJisi OpU3EpPOB C JKECTKOM
HEJIMHEHHOCThIO 3aBUCMMOCTH YacTOT OT aMIUIUTYJIbI KojeOanuil (kpuBbie 1 u
2). Tam >xe 111 CpaBHEHHUSI MPUBEJEHA 3aBUCUMOCTH YacCTOThl KOJEOAHMIA
HEJIMHEWHOW JIOKAJIM30BAHHOW MOJIbI C MSTKOW HEIMHEWHOCThIO (KpuBas 3).
KpuBas 1 Ha puc.2 oTHOCUTCS K «OECKOHEUYHOMY» OpHU3epy, KOTOPBI MOKHO
MOJIyYUTh ITyTEM CMeIIeHHsI Bcex aroMoB Al BBIOpaHHOTO aTOMHOIO psja B
HanpaBienun (110) Ha OgHO M TO KE€ PACCTOSIHUE B OJHY CTOPOHY (MM
HABCTPEUy APYT APYTY, IPH 3TOM MEXTy HUMH pacrojaraercs atom Pt).

Puc. 2. 3aBUCUMOCTD 4aCTOTHI
KoJieOaHWM aTOMOB OT HX
AMILUTATYIBI KOJIEOaHU.
KpuBas 1 — 3aBucumMocThb
4acTOThl ~ OT  HA4aJbHOTO
OTKJIOHEHHSI aTOMOB HECYIIUX
02 04 06 08 «OeCKOHEUHBII Opu3ep.
Amplitude of oscillation, A Kpusast 2 — 3aBHCHMOCTbH
4acTOTHI KOJieOaHU OT

HA4YaJlbHOTO  OTKJIOHEHHUS  aTOMOB  (MMCIOIIMX  MAaKCHUMAaJIbHOE
3HAYCHHE) HECYIUX MOy JIOKan3oBaHHOTO Opusepa. Ilomspuzamms
koJiebanuit odoux OpuzepoB (110). Huxusisi kpuBasi moctpoeHa st
aToMa aJlOMUHMS Hecyiiero moay mienesoro b, momspuzanus (100).
HITpuXOBaHHBIMH JTUHUSAMH 0003HAYEHBI TPAHMIIBI ONITHYECKONW YaCTH
(POHOHHOTO CIIEKTPa MOJICIIBHOTO KpucTamia PtzAl.

KpuBas 2 Ha TOM K€ pHCYHKE NOJIydeHa I JOKaiu3oBaHHOro JIb,
KOTOpBIA  BO30YyXmaeTcs mocie cmenieHuss aromoB Al mo wMeronuke,
IIpEeIOKEHHOM B padoTe [6].

Bce mnonyuyennsie JIb ¢ KECTKOW HEIMHEMHOCTBED HE OTIMYAIUCH
yCTOMUYMBOCTHI0. COBEPILKMB HECKOJIBKO JIECATKOB HE3aTyXaroMIMX KOJeOaHMi,
OHM JIUOO HEOXKUJIAHHO MCYE3alId, JIMO0, TOMEHSB MOJSPU3AINI0 KOJIeOaHU Ha
Hampasienue (100), win Onu3koe K HeMmy, IpeBpamiaiuch B uienesbie J(b.
HaubGonee werkoe, spko BbIpaxkeHHoe mnepepoxkaeHue Jb ¢ kecTkoil
HEJIMHEHHOCThIO B TPYMIY IIEJIEBbIX MPOUCXOJUIIO B Clydae ¢ «O0ECKOHEYHBIM
Opuzepom.
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ELIE PA3 O HEPEPACITIPEJAEJIEHUU DOHEPI'MU MEXAY
HOAPEINETKAMM B YIIOPAJOYEHHbBIX KPUCTAJIJIAX
COCTABA A;B

MenBenen H.H.l*, CrapocTeHKOB M.I[.l, 3axapos I1.B.
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B pabGorax [l, 2] mnoka3aHo, 4YTO B KPUCTAUIMYECKUX pEIIETKAaX
crexuoMeTpun A3B mpu omnpeneneHHbIX YCIOBUSAX BO3MOXKHA JIOKAJIU3ALIMS
SHEPrurv (POHOHHBIX ONTUYECKHUX KOJeOaHWI Ha MOApeleTKe aToMOB copTa B.
Tam xe ObLIIO IPOIEMOHCTPUPOBAHO SIBJICHUE CIIOHTAHHOT'O
repepacrpeneneHuss Ha KOPOTKOE BpPEMS DJHEPIUHA MEXAY IMOAPEIIETKAMU
IJIATUHBI U AJTFOMUHUS, HUKENS ¥ aTFOMUHUSA CM. puUC. 1.

[Tpuunna ykazanaoro 3dexra kpoeTcs, Ha Halll B3I/, B aHTAPMOHU3ME
KoJebanuii aToMoB. J[aiuM HEKOTOPHIC MOSICHEHN.

N3BecTHO, 4TO (hOpMyIHpPOBKA TEOPEMBI O PABHOPACTIPEACICHUN SHEPTHil
B cratuctuueckond Qusuke, B Hambomee oOmel Gopme, MoxeT OBITh

npencranieHa B Buje [40]:
oH
X —)=0_K.T
< m 8X > mn"*B . (1)

n
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Puc. 1. CioHTaHHOE TIepepacIpeieiecHue SHEPTU Mex 1y moapemeTkamu Pt u Al.

Ha BepxHeMm pucyHke
MOKa3aH Nepexoa OT
npeoOiajgaHusl SHep-
My KOJeOaHWi MoJ-
pemietkn Pt k mpeo0-
Ja/laHuo SHEPrUU

noapermetku Al.

Hwoxnnii PUCYHOK
yBenuuenue 3pdexra
nepepacrpeneneHus

SHEPruil MEXIy MOoA-
peleTkaMu ¢ yMEHb-
IIEHUEM  Pa3MEpPOB
MOJICJIBHOM  STYCHKH.
MA — Mexy3elbHbIe

aTOMBI.

3nece H - I'aMWIBTOHMAH CHCTEMBI, O,, - cuMBOJ Kpomekepa, K; -
MOCTOsIHHAST BosbplMana, yrioBele CKOOKH (---) 00O3HA4YAIOT yCpPEAHEHHE,

KOTOPOE€ MOXKET OTHOCHUTHCSI KaK K CpeJHEMY IO BpEMEHHU, Tak u Oosiee ob1iee
yCpelHeHue 1o aHcaMOiIr0 B (a30BOM MPOCTpaHCTBE. TpeboBaHMe
OPrOJAMYHOCTH, HCIOJIB3YyeMOE B TeopeMe, IMOApasyMeBaeT, 4YTO o0a ITH
yCpelHeHus SKBUBajJeHTHBI. O0mas GopMyaupoBKa TEOPEMbl BEpHA B Cilydae
MUKPOKAHOHUYECKUX  aHcamOyie [3], KOTOpbIMU  SIBISIOTCA  MOJCIH,
paccMaTpuBaeMble B JaHHOU padoTe.

JIns aHTapMOHMYECKOTO OCHWJUISATOpA, TMOTEHUHUAIbHAS DJHEPrusi He
SABJISIETCA KBaJpaTU4yHON (yHKIMEH cMeleHus q (000OIIeHHass KOOpAWHATa,
KOTOpasi TOKa3blBa€T OTKJIOHEHHWE OT TMOJOXKEeHUsI paBHOBecHs). Takwue
OCIIWJUISITOPHI  TIO3BOJISIIOT ~ 0oJiee  IIMPOKO  B3MJISIHYTh ~ HAa  3aKOH
paBHOpacnpeneneHus sHepruii [4]. Paccmorpum (yHKIMIO TOTEHIMATBHON
SHEPruu BUJA

S
U=Cqg°, (2)
rae C u S nmpou3BoJIbHBIE JEHCTBUTEIbHBIE TTOCTOSIHHBIE. B 3TOM ciiydae 3akoH
paBHOpACIIPEIEIICHNS IPUBOAUT K BBIPAKEHUIO

keT = q%—l; :<q-SCqS—1>:<SCqS>:s<u>_ 3)

Takum o0pa3zom, cpenHsis MOTEHIUalbHAs >HEprus paBHa k,T/S, a He
kyT /2 Kak Jisi MOTEHIMAIa TAPMOHUYECKOTO OCIIILISITOpa (17151 KOTOporo S=2).
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O4eBHIHO, YTO B 3TOM CIIydae CPEeIHsAss KUHETHYECKas DHEPIUs aToMOB OyaeT
OTJIIMYATHCS OT KT /2.

Kak TpakToBaTh cienaHHbIN BbIBOZ? BO3MOXKHO JIM CO31aTh yCIIOBUS IIPU
KOTOPBIX CPEAHHE KUHETHYECKHE YHEPIMU aTOMOB HoJpemeTok 4 u B Oynyt
JaJieKku oT HyJd KellbBUH U IIPU 3TOM 3aMETHO OTJIMYATLCS APYT OT Apyra?

Jlerko mokasarb, YTO TaKO€ BO3MOKHO JIMIIb KOPOTKOE BpEMs, Ha BpeMs
penaKcaluy IpyU BBIBEICHUHN CUCTEMBI U3 COCTOSIHUSA PABHOBECHSL.
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ABTOPE3OHAHCHOE NAPAMETPUUYECKOE BO3BYXJIEHHUE
MAT'HUTHOI'O BPU3EPA B CJIABOM ®EPPOMATI'HETHUKE C
AEPEKTOM AHU30TPOIINN
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B nocnennee BpeMs B MaTe€MaTUYECKOM (PU3HMKE MpPU HUCCIEIOBAHUSIX
HEJIMHEWHBIX BOJHOBBIX TMPOIIECCOB TMOSIBISETCS MPOrpecc B HU3YUYECHUU
nuHamukd  OpuszepoB [1]. WMHTepec mpeacTaBiser AWHAMHUKA MarHUTHBIX
HEOJHOPOJIHOCTEN THIa Opu3epa paCIPOCTPAHSIONINXCS B MHOTOCIOWHBIX
MAarHUTHBIX CTPYKTypax MEpPHIEeHANKYJSIPHO TpaHULIAaM paszena ciioeB. Yacto
OHM TPEACTABISAIOT COOOM TMEPUOAMYECKH YepeAYIOIUecs CJIOW JBYX
MaTepHaIOB C Pa3IMYHBIMHU (PU3NYECKUMU CBOMCTBaMHU. [Ipn mM3ydeHUU Takux
HOBBIX MAarHUTHBIX MAaTepuajoB U TMPOLECCOB, MPOTEKAIOMUX B HUX,
aKTyaJlbHBIMH SIBJISIFOTCSI UCCJICIOBAHUSI TMHAMUYECKOTO IepeMarHu4YnBaHUs,
reHepald OJHOPOIHBIX U HEOJHOPOJHBIX IO CTPYKTYpe IMHAMUYECKHUX
COCTOSTHUM TIOJ JIEMCTBHEM BBICOKOYACTOTHOTrO moJjisi [2, 3]. OcoOblii MHTEpEC
NPEACTABISECT U3YUYECHHUE YIIPABISIEMbIX JUHAMUUYECKUX PEKHUMOB, MPU KOTOPBIX
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BO3MOXXHO JJOCTHKEHHE OOJIBIINX YIi0B MPEIECCUU HaMarHU4€HHOCTH MOJISIMU
JIOCTATOYHO MaJIOW aMIUTUTYbI [4].

B nanHoli paboTe paccMaTpuBaeTcsi aBTOPE30HAHCHOE MapaMeTPUUECKOE
BO30Y)KJICHHE MAarHuTHOTO Opu3epa B TpEeXCIOWHOM (eppomMarHeTuke ¢
MOHWYKEHHBIM 3HAYEHHEM aHU30TPOIUU B TOHKOM CJIO€ TOJIIMHU TEPEMEHHOM

YacTOTHl M MAaJIOW aMIUIMTYAbl CleluaabHoro Buma Nh=h cos(w't —pt? /2).
CuuTaercss Takxke, 4yTO JUCCUIALUA ciabas MU 4acToTa SIBISETCS MeEJJICHHOU
dbynkuueir BpemeHnu. Kak Obuio mokazaHo [5], B 3aBUCHUMOCTH OT IIUPHUHBI
TOHKOTO CJIOS, 3apOJIbIIIl HOBOM MAarHUTHOM (a3bl ¢ aMIUIUTYAOM OOJIbIIICH
KPUTHUECKOM HCUe3aeT, 3aKpeIuiieTcs Ha TOHKOM clioe, JH0O0 BBIXOIUT 3a
Ipenesibl TOHKOTO CJ0sl, IPUBOJAA K OOpa3oBaHUIO JOMEHa HOBOW (a3bl. B
ClIydae IIEpEMEHHOI0 BHEIIHETO IOJISI, BO3MOXHO MOSIBJIEHUE PE30HAHCHBIX
3¢ dekToB, KOTOphIE NPUBOAAT K OoJee 3HAYUTEIHHOMY W3MEHEHUIO
amruTyael Opuszepa A. Ilpu mepemMeHHON YacTOTe HaKaykd MO o —pt,

9BOJIIOIKUA BO BPCMCHH KBaJpaTa aMIINIMTYIObI OIIPCACIIACTCA M3 PC30HAHCHOI'O

ycimoBust 2vV1— A’ =@ — LUT. DTO COOTHOIIECHUE MHTEPIIPETUPYETCS KaK 3aXBaT
CUCTEMBI B MapaMETPUUYECKUN PE30HAHC U AAeT MPUOIMKEHHOE pEeIleHue s
aMIUIMTYJlbl Ha JAJEKUX BpeMeHax. BOnM3um HayaJbHOTO MOMEHTA HMEETCS
NOTPaHCION, B KOTOPOM NPUOJIMIKEHHOE PpELICHHE OINpeAeseTcs U3
mupepeHIMaIbHbIX ~ YPaBHEHUH, IOJIYYEHHBIX  METOJAOM  YCPEIHEHHUS.
OCHOBHBIE  pe3yNbTaThl JaHHOW pPadOTBHl CBSI3aHBI C  HUCCIIEJOBaHUEM
YCPEHEHHBIX YPAaBHEHUI, KOTOPBIE IPUHATO HA3bIBATh YPABHEHHSIMU IJIABHOTO
pe3oHaHca. AHaNIM3 TaKUX YPAaBHEHMI MOKAa3bIBAET CYIIECTBOBAHHME PELICHUH C
pPacTYLIMMU U OTPaHUYEHHBIMU aMIUTUTyAaMu. Tak e U3 ypaBHEHUS JABUKEHUS
C IOMOLUIBIO YUCIEHHBIX METO/IOB MMOKa3aHa BO3MOXHOCTh '€HEpaluu B 00J1acTh
TOHKOTO CJIOS pacTyLIETo 110 aMIUINTYJI€ MarHUTHOTO Opu3epa.
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TEOPETUYECKOE UCCJIEJOBAHUE KUHK-ITIPUMECHbBIX
B3AUMOIENUCTBUU B MOJAEJU CUHYC-TOPJIOHA

Exomacos E.I'., 'ymepos A.M., Myprasun P.P., KyapsaBues P.B.,
AbdaxymoBa H.H.
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ConuToH — yenuHEHHAsI BOJIHA, COXPaHSIONIas cBOIO GOpMy U CKOPOCTh
OpU JBWKEHUHU WU CTOJKHOBEHHMSIX C JIPYTUMH YEIUHEHHbIMU BoiHamu [l].
OnHuM U3 ypaBHEHUH, UMEIOIUX COJMTOHHBIE PEIICHMUS, SIBIIIETCS YPABHECHHE
cunyc-I'opgona (YCI):

u, —Uu, +sinu=0
riae u=u(x,t).

[lonsitue conuToHa coxpaHseTrcs u ig MoauduiupoBanHoro YCIT
(MVYCTI'). Onu wMoJenupyrloT pa3inyHble JIOKAJIM30BaHHBIC JTUHAMUYECKHE
BO30YxeHus (usndeckux cucteM [1,2], Hampumep: ABUKEHUE TUCIOKAIUN B
KpUCTaJUlaX, JWHAMHUKY JIOMEHHBIX TpaHMI] B MAarHeTUKax, MpPOIECChl B
JK03€(PCOHOBCKHUX CBEPXMPOBOJSAIINX KOHTAKTaX, MOBEJACHUE BOJIH 3apsi0BOM
IJIOTHOCTH, ABWXKEHHE JOKAJIbHBIX KOH(POPMAIIMOHHBIX BO3MYIIEHUU BIOJb
monekynsl JJHK u np.

Kunkn npenactaBisitor co0Oll MpuUMEp TOMOJOTUYECKHX COJUTOHOB,
COCUHSA MEXIy cCOOOW JBa Pa3IMUHBIX CTAIIMOHAPHBIX COCTOSIHUSI CUCTEMBbI
[1]. B3aumoneiictBue kuHkoB MY CI', IBHKYIIUXCS 110 UHEPIUU, C IPUMECIMU
MOXET TPHUBOAUTh K BO30OYXKICHUIO «IPUMECHOW» MOABI M K TaKUM
pe3oHaHCHBIM 3(deKkTaM, Kak OTpPaKEHHE KHHKAa OT TMPHUTATUBAIOIIECTO
noTeHruana. s u3ydenus: pe30HaHCHOW JUHAMUKH KWHKOB ObLIa pa3padoTaHa
nporpamma [3], peanu3yromias BBICOKYID TOYHOCTh YHCJIEHHOTO PpEIICHUS
MVYCT. lng cmydast OqHOM M ABYX IpUMeEced ObLIM YKMCIIEHHO HalJCHBI BCE
BO3MOXXHBIE CIICHAPUM KHUHK-TIPUMECHBIX B3aUMOJACHCTBUN MpU Pa3IUYHBIX
MapameTpax CUCTEMBI.

C momoIpo METOAa KOJUIEKTUBHBIX NMEPEMEHHBIX [4] ¢ yU€TOM BHEIIHEN
CUJIbl W JUCCUIAIIMM HaMU OBUIA TIOJYYEHbl YpPaBHEHUS JBIDKCHUS IS
KOOPAMHATHI IIEHTpa KUHKA M aMIUTUTY/Ibl MPUMECHON MOJbI B CIydae OJHOU U
JIBYX TOYEUHBIX TmpuMeceil. I[lomydeHHbIe € UX TOMOIIBIO PE3yJbTaThl
Ka4eCTBEHHO COBMAJAIOT C PE3YJIbTaTaMHU, OJTYYCHHBIMU YHCIICHHO.
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NYJbCOHBI HEJIMHEMHOI'O YPABHEHUSA KJIEHHA-TOPJJOHA C
MNOTEHIUAJIOM JPOBHOMW CTENEHU

Salimov R.K.*, Ekomasov E.G.
Bashkir State University, Ufa, Russia
*salemsrkk@yandex.ru

HennHelinpie BOJHOBBIE YpaBHEHMS, HAIPUMEP HEJIUHEWHBIC YPABHEHHUS
Knelina—T'opnoHa, nexar B OCHOBE MHOrMX oOjacTedl (U3MKH, BKIIOYas
TUJIPOJUHAMUKY, (PU3UKY KOHAECHCHPOBAHHOI'O COCTOSIHUS, TEOPUU MOJSI U T.[.
[1-3]. XoTs Hanbosee u3ydeHHbiMH sBisitorcest (1 + 1) u (2 + 1) - pa3smepHsbIe
MOJIENIA, PTH ypaBHEHUS JIETKO OOOOIIMTH Ha MPOCTPAaHCTBa 00Jiee BHICOKOM
pa3MepHOCTH, HaIlpuUMep AJisi chepruuecKoil CUMMETPHUH:

u
urr+2Tr_utt = F(U) (l)

VYcroiluuBele  pemieHWsl TakKMX ~ YpaBHEHMM  MOXHO  Obuio  Obl
WHTEPIIPETUPOBATh KaK KIIACCUYECKHE MOJEIM YacTULl KOHEYHOIrO pas3mepa.
Haunbosiee HHTEpEeCHBIM C O3TOHM TOYKM 3pEHUS TNPEJICTABISIOTCS Kak pa3s
IIPOCTPAHCTBEHHO-TPEXMEPHBIE ypaBHEHHs. Kak W3BECTHO, HE CYLIECTBYET
CTAallMOHAPHBIX JIOKAJU30BaHHBIX pEIEHUN JIOpEeHI-MHBAapUAHTHBIX ITOJEBBIX
ypaBHEHUH NJIs1 IPOCTPAHCTBEHHON pa3MepHocTH Ooiiee ogHoN. OIHAKO 3TO HE
WCKJIFOYAET JIOKAJIM30BAaHHBIX, 3aBUCAILIMX OT BPEMEHH OCLUMIUIMPYIOIIUX

pemennii. B HacTosmel paboTe Mbl paCCMOTPUM MTOTEHITMATIBI BUIA
m+n

Viuy=——u" 2)

m+n

m
npUBOASIIKE K YHKIMU F(u) BUJA U", 1 ypABHEHHIO
m

u —
urr_i_2 r_utt:un- (3)
r

TAE€ m,n LEJIBIE MMOJOXHUTEIBHBIC HEYETHRIC YHCIamM=2k+1,n=2l+1 m>n.
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[Ipu wuccnenoBanum ypaBHEeHH Buja (4) ObUIM TMOJYYEHBI JIOJTOKUBYIIHE
Opu3epornoo0HbIe  pemieHuss HOBOTO Tuma [4] cO BpEeMEHEM JKW3HH,
MPEBBIIAIOIINM BPEMEHA KU3HU MyJILCOHOB ypaBHeHUs cunyc-I'opnona (YCI)
[5]. Habmonaembie BpEMEHa CYILIECTBOBAHUS OCLIMJITUPYIOLLIETO
OpuzepornogobHOTro pemenus coctaBiasaioT t ~ 800. CamMbiM HWHTEPECHBIM
CBOMCTBOM MOJIY4EHHOTO perieHusi (3) ABIsieTCs HEUM3MEHHOCTh BO BPEMEHU
CpEeIHeW aMIUTMTYIhl M YacCTOTHI OBICTPON MOABI KOJICOAHWUN. DTO TO3BOJISIET
HAJESTHCS Ha CYIIECTBOBAHHME BOOOIIE HE PACIUIBIBAIOLIETOCS MEPUOIUIECKOTO
peuieHus. J[aHHOE CBOMCTBO COXpaHSAETCS JUIsl pa3HbIX 3HAYEHUW MMOTEHIMAJIOB
(pa3HBIX 3HAYEHUN M U N, KOTOPbIE TAKKE UCCIEAOBAINCH YUCICHHO), a TAKXKe
npu nob6aBieHun Takux ciaraeMbix B YCI'. Cnemyer Takke OTMETUTh, YTO
ypaBHeHUs Buaa (3) UMEIOT CUMMETPUHM pacTsbkeHuss mo r, t. Iloatomy
OTpaHUYCHHI MO aMIUTUTY/IC PEIICHUI TaHHOE YPaBHEHUE HE UMEET.
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DISCRETE BREATHERS IN 2D AND 3D CRYSTALS

Dmitriev S.V.

Institute for Metals Superplasticity Problems, Khalturin St. 39, 450001
Ufa, Russia

dmitriev.sergey.v@gmail.com

Discrete breathers (DB) are spatially localized, large-amplitude vibrational
modes in defect-free nonlinear lattices. Recent numerical and experimental
studies have confirmed that DB exist in crystals. In the present work, we briefly
describe the well-known existence conditions of DB in crystals and present our
recent results on DB in 2D crystals such as graphene and graphane and in 3D
crystals such as alkali halide crystals and pure metals. The possible role of DB
in solid state physics and materials science is discussed.
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INTERACTION OF DISCRETE BREATHERS WITH PRIMARY
LATTICE DEFECTS IN BCC FE

Terentyev D.", Dubinko A.}, Dubinko V.2, Dmitriev S.V.**, Zhurkin E.*

YSCK*CEN, Nuclear Materials Science Institute, Boeretang 200, Mol,
2400, Belgium

2NSC Kharkov Institute of Physics and Technology, Kharkov 61108,
Ukraine
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450001, Russia

“St. Petersburg State Polytechnical University, Polytechnicheskaya St. 29,
St. Petersburg 195251, Russia

*dterenty@sckcen.be

The interaction of discrete breathers with a vacancy, dislocation and
surface - primary lattice defects in transition metals, is analyzed on the example
of bcc Iron employing atomistic simulations. Scattering of discrete breathers on
the lattice defects induces localized atomic excitations, with intensity and
relaxation time depending on the defect structure and breather kinetic energy.
The dissipation of the intrinsic breather energy due to the scattering is computed
and analyzed. It is concluded that the breather-to-defect energy transfer may
stipulate the activation of lattice defects causing unexpected athermal effects
such as enhanced mass transfer or super-plasticity, already experimentally
reported but so far not fully understood at atomic scale-level.

THERMAL SOLITONS IN 1D AND 2D ANHARMONIC LATTICES:
SOLECTRONS AND THE ORGANIZATION OF NON-LINEAR
FLUCTUATIONS IN LONG-LIVING DYNAMICAL STRUCTURES

Velarde M.G.”, Ebeling W.", Chetverikov A.P.}

Instituto Pluridisciplinar, Universidad Complutense, Paseo Juan XXIII, 1,
28040 Madrid, Spain

*mgvelarde@pluri.ucm.es, tebeling@physik.hu-berlin.de,
tchetverikovap@info.sgu.ru

We study the thermal excitation of intrinsic localized modes in the form of
solitons in 1d and 2d anharmonic lattices at moderately high temperatures. Such
finite-amplitude fluctuations form long-living dynamical structures with life-
time in the pico-second range thus surviving a relatively long time in
comparison to other thermal fluctuations. Further we discuss the influence of
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such long-living fluctuations on the dynamics of added excess free electrons.
The atomic lattice units are treated as quasi-classical objects interacting by
Morse forces and stochastically moving according to Langevin equations. In 2d
the atoms are initially organized in a triangular lattice. The electron distributions
are in a first estimate represented by equilibrium adiabatic distributions in the
actual polarization fields. Computer simulations show that in 2d systems such
excitations are moving with supersonic velocities along lattice rows oriented
with the cristallographic axes. By following the electron distributions we have
also been able to study the excitations of solectron type (electron-soliton
dynamic bound states) and estimate their lifetime.

TENSILE BEHAVIOR OF BI-CRYSTALLINE SI NANOFILMS WITH
225 GRAIN BOUNDARIES

Lin P., Babicheva R.1."", Xue M.2, Zhang H.S.2, Xu H.2, Liu B.}, Zhou K.

'School of Mechanical and Aerospace Engineering, Nanyang
Technological University of Singapore, 50 Nanyang Avenue, Singapore
639798, Singapore

?Infineon Technologies Pte Ltd, 8 Kallang Sector, Singapore 349282,
Singapore

*ri.babicheva@gmail.com

The present work studies the effects of grain boundaries (GBs), notches
and temperature on the mechanical properties of silicon (Si) nanofilms via
molecular dynamics simulations. Both £25 (710)<010> tilt and £ 25(001)<001>
twist GBs are considered. It is found that the single-crystalline Si nanofilm has
relatively low fracture strength of ~11.6 GPa at room temperature, and fracture
occurs through the dislocation sliding mechanism regardless of the existence of
notches. At the same temperature, the bi-crystalline Si generally has lower
fracture strength than that of the single-crystalline due to the presence of GBs,
which changes the crystallographic orientation of the Si nanofilms. Moreover,
strength of the bi-crystalline Si depends on the type of the GBs, and it fractures
through either the dislocation sliding or cleavage mechanism, depending on the
presence of notches. The temperature reduces the fracture strength of the
nanofilms but does not change the failure mechanism.
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FROM POLARON TO SOLECTRON

Velarde M.G.
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A significant generalization of the polaron concept is given here. The
building block of the new concept is the anharmonicity of the backbone lattice
vibrations not considered by the earlier authors. Due to such (non-Hookean)
nonlinear elasticity, solitons may appear in an one-dimensional Toda (and Toda-
Morse) lattice (no electric charge is involved in the system). Then a discussion is
provided about the interplay of an added, excess electron with these lattice
excitations (including polaron-like effects) thus leading, in particular, to electron
trapping by solitons and hence to the dynamic bound state called solectron. Also
given here are features of the “truth and consequences” of introducing this new
concept (and quasiparticle) when dealing with electric transport.

THE EFFECT OF CRYSTALLOGRAPHIC ORIENTATION ON
TENSILE DEFORMATION BEHAVIOR OF NIAL NANOFILMS AT
ROOM TEMPERATURE

Krylova K.A.}, Babicheva R.1.", Dmitriev S.V."*, Mulyukov R.R.},
Zhou K.

YInstitute for Metals Superplasticity Problems, Russian Academy of
Sciences, 39 Khalturin St., Ufa 450001, Russia

?School of Mechanical and Aerospace Engineering, Nanyang
Technological University, 50 Nanyang Avenue, Singapore 639798,
Singapore

3National Research Tomsk State University, Prosp. Lenina 36, Tomsk
634050, Russia

*ri.babicheva@gmail.com

Molecular dynamics is applied to study the effect of crystallographic
orientation on the plastic deformation mechanisms and mechanical properties of
NiAl intermetallic nanofilms subjected to uniaxial tension. It is observed that the
deformation mechanisms qualitatively depend on the crystallographic
orientation of the nanofilms with respect to a loading direction. Plastic
deformation of the nanofilms elongated along the [557] crystallographic
direction is associated with the edge dislocation sliding in the [001](110) slip
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system. As for the nanofilms stretched along [554] and [111], their deformation
occurs first through the dislocation sliding followed by the formation of
(112) [111] twins. Uniaxial tension of the nanofilms along [559] and [55 11]
leads to the nucleation and growth of the martensite phase. The maximum
(minimum) strength of 9.9 (7.0) GPa is observed for the nanofilms stretched
along the [559] ([554]) crystallographic direction, while the largest (smallest)
strain to failure of 27 (15) % is for [559] ([55 11]). Various deformation
mechanisms are explained through computing the Schmid factor for the
operational slip system. Results indicate that the crystallographic orientation is
among the key parameters controlling the deformation mechanisms and
mechanical properties of intermetallic nanofilms.

INSTABILITIES IN CRYSTALS AT FINITE TEMPERATURE

Umeno Y., Nohring W.%, Iskandarov A."", Bitzek E.?

YInstitute of Industrial Science, the University of Tokyo, 4-6-1 Komaba,
Meguro-ku, Tokyo 153-0062, Japan

Department of Materials Science and Engineering, Institute |, Friedrich-
Alexander-Universitd Erlangen-Niirnberg (FAU), 91058 Erlangen,
Germany

*a.iskandarov@gmail.com

There have been a lot of studies dedicated to structural instability in solids.
For local instability, theoretical (ideal) strength of crystals has been extensively
studied with ab initio calculations. Global instability taking into account the
collective motion of atoms involved in deformation has also been investigated.
However, these studies have usually been done at 0 K and little has been
understood about the effect of temperature. In this study, we demonstrate
computational approaches to the effect of temperature on local and global
instabilities. Ideal shear strength (ISS) of silicon at finite temperatures is
calculated by molecular dynamics (MD) simulations with an empirical potential.
ISS is obtained as a function of temperature. Our results imply that, unlike
metals, the reduction in ISS by temperature cannot be estimated simply by
taking into account thermal expansion of volume. In addition, global instability
for dislocation nucleation in a Cu thin film model under tension is investigated.
We first evaluated instability modes at 0 K with increasing strain, and then
performed MD simulations at 50 K. After the nucleation of a partial dislocation,
the second dislocation can be one to create a twin or one to create another partial
dislocation. These different deformations can be understood as the competition
of latent instability modes that have relatively small eigenvalues.
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CROWDION MOBILITY AND STABILITY IN FCC METALS

Iskandarov A.M.
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Crowdion is a special configuration created by an interstitial atom that can
propagate in a close packed direction as a quasi-particle. Motion of crowdions
can contribute to material transport during cascade-producing irradiation and
also during plastic deformation. Crowdions can move only at relatively high
velocity sufficient to overcome the Peierls-Nabarro potential (mobility), but
their stable (self-focusing) motion is possible for sufficiently small velocities
when the effective radius of colliding atoms is sufficiently large. By means of
molecular dynamics simulation we find that in 3D and 2D nickel at zero
temperature both mobility and stability criteria can be met for a crowdion in a
window if its propagation velocity.

PROPERTIES OF IMMOBILE DISCRETE BREATHERS IN
MONOATOMIC 2D MORSE CRYSTALS

Korznikova E.A.

Institute for Metals Superplasticity Problems of RAS, 39 Khalturin St, Ufa
450001, Russia

elena.a.korznikova@gmail.com

A transition from theoretical research in simplified non-linear systems to
observation and analysis in real physical objects like crystal lattice is observed
in the field of nonlinear localized oscillation modes known as discrete breathers.

The study of discrete breathers in different physical systems requires
consideration of various factors. The work reports a study of the characteristics
of the immobile discrete breather localized on a dozen atoms of a close-packed
atomic row in a monoatomic two-dimensional Morse crystal. It is shown that the
amplitude of frequency dependence of the breather refers to a hard type of
nonlinearity. Amplitude variation decreases with increasing amplitude of the
breather. Values of frequency variation depend on the amplitude non-
monotonically. The total energy of the breather and the speed of its radiation
exhibit a monotonic increase with amplitude growth. It is found that the kinetic
energy of the discrete breather is greater than its potential energy. Possible
reasons and impact of different factors on characteristics of the breather are
discussed.
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DISCRETE BREATHERS IN ALPHA URANIUM

Murzaev R.T.}, Korznikova E.A."", Bokiy D.1.7, Dmitiriev S.V.!
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Research in the field of conditions of discrete breathers (DB) existence
and their properties in different crystalline solids is reported in numerous works
with increasing its number with time.

Experimental investigation of DB is impeded by difficulties in separation
the contribution of DB from one of thermal vibrations. For this reason atomistic
and ab-initio modelling is the most effective instrument for studying nature and
properties of DB and related phenomena. Molecular dynamics simulation
studies based on empirical potentials has recently been used for investigation of
DB and their properties in different materials.

In present work a DB in the structure of alpha-uranium is investigated by
means of molecular dynamics method. The dependence of breather frequency on
its amplitude is considered revealing hard nonlinearity type when the oscillation
frequency grows with increasing amplitude. Such properties of the discrete
breather as lifetime, energy and localization degree are analyzed.

ANHAMUKA AHTUCUMMETPUYHOT' O IMCKPETHOI'O BPU3EPA
B KPUCTAJULJIE PT;AL

3axapos I.B.}%, CrapocTeHkoB M.JL.%, Epémun A.M.}, MexBenes H.H.?

YUnmaiickas 20Cy0apcmeenHas akaoemust oopazosanus umenu B.M.
Ulyxwuna, butick, Poccus

2 Anmaiickuii 20CY0apcmeenHblil mexHuieckutl yHusepcumem umenu M. 1.
llonzynosa, bapnayn, Poccus

3 Butickuii mexnono2uueckuil uncmumym Aaml'TY, butick, Poccus

*zakharovpvli@rambler.ru

MeTonoM MONEKYJISIpHON NWHAMHKKA B paboTe H3ydaeTcs IUHAMHKA
AHTUCUMMETPUYHOTO AuckperHoro Opusepa (AJIbB) [1], anamora moxasr Ilefimka
[2]. Tlom nmuckperneim OpuzepoMm (/Ib) moHWMAaKOT JIOKaTW30BaHHBIC B
MPOCTPAHCTBE U TEPUOAMYECKHE BO BPEMEHHM BO3OYXKIACHHUS OOJBIION
aMIUIMTYJbl B KpHCTAJUIaX € TPAHCIALMOHHON cummerpueil [3,4]. B cBoro
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ouepens AJIb npexacrasnsier coboit [Ib ¢ nByms aToMaMu B Siipe AMCKPETHOTO
Opu3zepa, coBepIIAIOIIMME KosieOaHus B mpotuBodase (puc. 1) [1].

PaccmarpuBaemass Mozenb TpencTaBisia cOOOM OOBEMHBIM KPUCTAILT
crexuoMeTpuu A3zB, aTroMbl KOTOpPOro B3aWMOJCHCTBOBAIM IOCPEIACTBOM
napHoro noreHuaia Mopse

Peo (rij ) = Dpo/frg eXp(_“PQ g )(ﬂPQ exp(—aPQ 0 )_ 2)’ 1)

rae D — sHeprus cBsi3u, COOTBETCTBYIOLIAS TIIyOMHE MOTEHIMAIBHON MBI, & —
napaMeTp, ONPEACISIOINN KECTKOCTh MEXATOMHBIX CBS3€U, I OIpenenser
paBHOBeCHOE MekaroMHOe paccrosiHue. Jlns crutaBa  PtsAl  mapametpsr

NOTEHIMAlA  CEXYIOLINE: Daya =0.318 eV, Ban =21.4979,
QA =1.02658 Al Dpp =0.710 eV, Bop =10289, app =1.582 A

Doy = 0.5048 eV, Beyy =63.124, ctpy =1.3501 AL,

Atomel Hecymue AJIb Moryr coBepmath Koyie0aHHE JIOBOJIBHO
MPOJOJKUTEIBHOE BpEMS, MPU ITOM PACCEIHHE SHEPIUU IPAKTUYECKU HE
MPOUCXOJUT Oyarojgapsi TOMYy, YTO YacTOTa HUX KOJeOaHUW HaXOAUTCS 3a
npeaenamMu (POHOHHOTO CHEKTpa UjlealibHOTO KpucTasia. Berxon yactotsl JIb u3
(OHOHHOTO CHEKTpa OOYCIJIOBJIEH 3aBUCUMOCTBHIO YacTOThl HEIMHEHHOIO
OCHMJUIATOPAa OT €ro amIUIuTyJabl. B [1aHHOM cioyd4ae UMEET MeCTO
HEJIMHEMHOCTh MSITKOTO THMA, T.€. YaCTOTa OCHWJUISITOpPAa YMEHBIIAETCS MpPH
YBEJIMYEHUH aMIUIMTYJbl W TOMaJaeT B 3alpelieHHYI0 30HY (POHOHHOTO
CIEKTpa, JJIS HEJIMHEWHOCTH IKECTKOro THMa XapaKTepHa oOparHas
3aBUCHUMOCTbD, YTO 00CYXIaeTCsl, HanpuMmep, B padotax [5-7].

Bpemss xu3nu AJIb CyllecTBEHHO 3aBUCHUT OT CHMMETPUYHOCTH
HavyaJlbHBIX YyclioBui [1]. Pa3pyimieHne aHTUCUMMETPUYHOTO JUCKPETHOIO
Opu3epa He MPUBOAMIIO K TIOJTHOMY PacCeMBAaHUIO SHEPTHH 1O KpUcTamty PtzAl.
B pesynbrare pazpymenuss dopmupyercs [Ab ¢ ogHuM atoMoB B sape, C
yacToTol KosieOanuii Mmenbine, yueM y AJIb. [lpu 3TOM mpomoKUTEILHOCTD
YKU3HHU YCTAaHOBUBILUXCS KOJeOaHUI pereTkyu MoxeT rpesbimarh 1500 nc.

Puc. 1. Cxematuunsblit
oObeMHbI nipoduias A/l
JUIsi  aTOMOB  IUIOCKOCTH

(112). Bronb
BEPTUKAIBHOMN ocu
OTJIOKEHBI aAMILTATY B
KojebaHuii  aTOMOB B
aHICTpEMax.
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Orcnenute nuHamukn  AJIb MOXHO 1O  psAay  HapameTpoM,
IIPEACTABICHHBIM HA pHUC. 2.

THz a
15
1 et i
9
6
3 ; Puc. 2. Xapakrepuctuku
0
0 30 100 150 200 250 300 ps oo e PEEOT
3 ) b JUCKpPETHOTO Opusepa, a)

R N 3aBUCUMOCTb  YaCTOTHI
0.6 IBYX aToMOB B siyipe AJlb
O'f ‘ oT BPCMCHH, b)
0, 3aBHCUMOCTb  AMILUIUTY ]

0.1 ’ s KoNeGaHuil JBYX aTOMOB
007 50 100 150 200 250 300 ps oo ATIE or mpewenn

eV . , - _ , . C) 3aBHCHMOCTH JHEPTHH
3 : AJIb ot BpemeHH.
2 il
1
0

0 50 100 150 200 250 300 ps

OtmeTuM psii 0COOEHHOCTEN COMPOBOXKIAIOIINX Npeodpa3oBanue AJlb B
Jb. Ilpouecc mnepecTpoMKM HAYMHAETCS C PACCOrJacOBaHUS B YACTOTaX
KOoJieOaHWil OCHOBHBIX aTomoB, Bxonadmux B AJlb (puc. 2 a). Ilpu stom
BO3pacTaeT aMILTMTyaa oqHoro u3 Hux ¢ 0,6 A 10 0,7 A, a Bropoii 3ayxaer (puc.
2 b). Cam mpomecc TmepecTporiku KojeOanuii 3aHmmaer 15-20 ps wu
conpoBoxaaeTcst pacceuBanueM 45% sneprun AJIb B moapemetrky Al (puc. 2
¢). He cMoTpst Ha 3HAYUTENBHBIA BRIOPOC IHEPTUU U KaK CIEACTBUE JIOKATHHBIN
pasorpeB  kpucrtamia, cdopmupoBaBmuiics JIb ocraercs  g0CTAaTOYHO
YCTOMUYMBBIM U MOXET cymiecTBoBaTh O0osnee 1500 ps. KonuuecTBo paccessHHOM
SHEPruM MO3BOJIAET MPEANOIO0KUTh, YTO JaHHBIE MPOLECCHl MOTYT OKa3bIBATh
BIIMSIHUE Ha CTPYKTypHO-3Hepretuueckue tpanchopmanuu B ['LIK kpucrammax
cocTtaBa A3B.
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CBONCTBA JJUCKPETHBIX BPU3EPOB B JIBYMEPHbBIX
BUATOMHBIX KPUCTAJIVIAX C HIOTEHIUAJIOM MOP3E
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YetBepTh BeKa Hazall B (PU3MKE HEIMHEWHBIX SIBICHHUM OBLIO IMOKa3aHo,
YTO HEJIMHEWHas JUCKPETHAas CHUCTEMa HICHTUYHBIX YaCTUL], NEPUOAUYECKHU
pacroNOKEeHHBIX B MPOCTPAHCTBE, CIIOCOOHA MOAJAEP’KUBATh MPOCTPAHCTBEHHO
JIOKaJIM30BaHHbIE KoJjiebaTenbHbIe MOJIbl. OKa3a10Ch, YTO UMEHHO JUCKPETHOCTh
U HEIMHEMHOCTb  Cpelabl  SABIAIOTCA  JBYyMs  DIABHBIMU  YCJIOBUSAMH,
HEOOXOOUMBIMU JUIsl BO30YXKAECHHUS TaKuUX MO, TMOJYYMBIIUX Ha3BaHUE
nuckpeTHbix OpuzepoB (/b). Ilpu 3ToM pa3zMepHOCTh CUCTEMBI U KOHKPETHBIN
BHJI NIOTEHUMAJA B3aUMOJEUCTBUA MEXKIy YaCTHUIAMH, KaK MPAaBUIIO, BIUSIOT
JUIIb HA XapakTepucTuku /Ib, HO He Ha caMmy BO3MOXKHOCTb X CYIIECTBOBAaHMS.

MonekynspHO-ITUHAMUYECKUE WCCIIEIOBAHUS BO3MOKHOCTEN
CYILIECTBOBAaHUA U CBOMCTB JIb B pa3jM4HBIX KpUCTAUIAX aKTUBHO BEAYTCS B
MOCJIEAHEE NIECATUIIETUE U TMOJTYyUYECHHBIE PE3YIbTAThl CBUAETEIBCTBYIOT O TOM,
4YTO WX podb B (OPMHUPOBAHUU CTPYKTYpPhl MOKET OKa3aTbCsl BeChbMa
3HAYUTENBHOU. BBUAY 3TOTO Ba)KHBIM IPEACTABIIAECTCS UCCIECAOBAHNUE BIMSHUSA
TUTIa aTOMHOW CTPYKTYpbI Ha cBoicTBa J[b, KoTOpoe MokeT ObITh peann30BaHO
Ha NpUMEPE MOIEIBHOIO KpHUCTaIa, B3aMMOJCHCTBHE AaTOMOB B KOTOPOM
3a71aeTCs MOTEHIMAIoM Mop3e.

Hamu Obu1 uccrienoBan ciay4ail OMaTOMHOTO KpHUCTalsia, COOTHOIICHUMN
Macc aroMoB B KOTOpoM paBHO 1:10. M3BecTHO, 4TO Il Takoro ciydas
XapakTepHO cyuiecTBoBaHue /[b B MHTepBajie 4acCTOT, HAXOMSIIMXCS B IIEJH
(GOHOHHOTO CNEeKTpa KoJieOaHUM aTOMOB W HMEIOIIETO MSTKUH  THII
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HEJIMHEWHOCTH, T. €. C POCTOM aMIUIMTYbl JIb MeeT MECTO YMEHBIICHUE €r0
4acToTHI [1].

B pabGore oOcyxpnaercs BIHMSHHE HAYaJIbHBIX YCIOBUM Ha TakKue
XapakTepUCTUKM KaK 4acToTa, aMIUIMTyda, CTENeHb JIOKAIW3alUh U
pacnpenenenue sHepruu. Ilokazano, yrto mnonspuzauus JIb He oOKa3bIBaeT
3HAYUTEJIPHOTO BJIMSHMS Ha ero cBoictBa. [losyyeHHwie xapakrepuctuku /b
COIIOCTABJISIIOTCA C aHAJIOTUYHBIMU XapakTepuctukamu? [lomydenubsiMu s b
B MOHOQTOMHOM KPHUCTAJLJIC.
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IMPURITY-INDUCED DISCRETE BREATHERS AND PHONON
BLOCH OSCILLATIONS IN PERTURBED FLUOROGRAPHENEAND
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Discrete breathers, or intrinsically localized modes,are spatially localized
and time-periodic excitations in nonlinear defect-free crystal lattices. Discrete
breathers can be trapped both by light- and by heavy-mass impurities in the
lattice[1]. Fluorographene and graphane present fluorinated (by heavy F atoms)
or hydrogenated (by light H atoms) graphene derivatives, which can also have
translationally invariant2D lattices. The existence of the hydrogen-induced
discrete breathers in fully hydrogenated graphane have been recently
demonstrated by the molecular dynamics and first-principle simulations [2,3]. In
partially fluorinated C,F boat graphene [4], oscillations of the pair of “non-
fluorinated” neighbor carbon atoms with nonlinear C-C bonds, surrounded by
fluorinated carbon atoms, can support a discrete breather. In the harmonic limit,
oscillations of the pair form a narrow phonon band separated by a gap from the
bulk of C-F oscillations. Such narrow phonon band is similar to that induced by
H atoms in fully hydrogenated graphane.The narrow phonon band can be
splitted in the Wannier-Stark ladder by the corresponding perturbation. The
ladder in turn leads to the time-domain Bloch oscillations of phonon wave
packets traversing the perturbed periodic system [5,6,7]. The proper lattice
perturbation for the formation of the phonon Wannier-Stark ladder can be the
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inhomogeneous strain in the finite-size sheet or ribbon of fluorographene or
graphane. In such perturbed periodic system, the slowly-moving discrete
breather [8] with not very high oscillation amplitude will perform time-domain
phonon Bloch oscillations similar to that of phonon wave packets with small
spatial widths.
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Mica muscovite is a material for which magnetite dark tracks due to the
passage of charged swift particles have been described. Also the tracks of quasi-
dimensional lattice excitations, called quodons, along close-packed directions
are recorded. Many quodon tracks are thought to be produced by atom recoil
after the decay of “K.

Overlooked during many years have been two facts:

1. Most of the decays leave behind a charge, about 90% of them positive.
2. Only positive swift particles leave a track.

The natural conclusion of these observations is that quodons have charge
and the quodons dark tracks are produced by positive charge. Reinforcing this
conclusion is the fact that the thickness of positron tracks when the positron is
about to stop and thus travelling at low speed is similar to that of quodons.
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The possible energies and mechanisms of charge transmission in the
lattice are analyzed. Not only the energy and charge of the recoiling atoms has
to be considered but also the outcome of the first collisions and the possible
outcomes taking into account charge, energy and momentum conservation and
considering the possible ionization states of the K atoms.
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SCROLL CONFIGURATIONS OF CARBON NANORIBBONS
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Carbon nanoscroll is a unique topologically open configuration of
graphene nanoribbon possessing outstanding properties and application
perspectives due to its morphology. However molecular dynamics study of
nanoscrolls with more than a few coils is limited by computational power. Here,
we propose a simple model of the molecular chain moving in the plane, allowing
to describe the folded and rolled packaging of long graphene nanoribbons. The
model is used to describe a set of possible stationary states and the low-
frequency oscillation modes of isolated single-layer (a) and multi-layer
nanoribbon scrolls (b-f) and scrolls on carbon nanotube:
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Possible conformational changes of scrolls due to thermal fluctuations are
analyzed and their thermal stability is examined. Using the full-atomic model,
frequency spectrum of thermal vibrations is calculated for the scroll and
compared to that of the flat nanoribbon. It is shown that the density of phonon
states of the scroll differs from the one of the flat nanoribbon only in the low
(0<100 cm™) and high (@>1450 cm™) frequency ranges. The linear thermal
expansion coefficient for the scroll outer radius is calculated from the long-term
dynamics with the help of the developed planar chain model. The scrolls
demonstrate anomalously high coefficient of thermal expansion and this
property can find new applications. The nanoribbon scrolls on carbon nanotube
can demonstrate bistability: there are two stable conformations. Close state is
stable for small, open state — for large temperatures.

T=510K T-540K '=600K_
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