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General description of work

Actuality of the theme

The features of the critical behavior of systems near the critical point of second
order phase transition are related to the occurrence of abnormally in critical
condition large, long-lived and strongly interacting fluctuations of basic thermo-
dynamic quantities. Dimension reduction of systems leads to increase the effects
of the fluctuation.

A special place among the low-dimensional systems occupy a two-dimensional
systems with continuous symmetry. It is known that in these systems, long-range
order is destroyed for all finite temperatures. However, the case of two-dimensional
XY-model is characterized by the implementation of this system the Berezinskii-
Kosterlitz-Thouless topological phase transition with temperature of transition
TsxT - The phase transition is associated with the dissociation of associated vortex-
antivortex pairs at the transition point. A feature of this the system is abnormally
strong spatial and temporal correlation of states of the system in all of the low-
temperature phase T < Tpkr, characterized by a power law decay, while the
thermodynamic phase transitions effects of strong correlation performed only near
the critical point. This makes it possible to observe the slow dynamics of two-
dimensional XY-model not only near the critical point and in all low temperature
range T' < TpkrT.

A two-dimensional XY-model is one of the basic models of the fundamental
studies of phase transitions and critical phenomena and is used to describe a broad
range of real physical systems [1, 2], in particular ultrathin magnetic films, planar
magnetics «light planes type, superfluid films, two-dimensional crystals and two-
dimensional turbulence.

Non-equilibrium relaxation and the effect of structural disorder on the critical
properties are of considerable scientific interest, although the equilibrium properties
of two-dimensional XY-model far enough investigated. It is connected with the
phenomena of slow relaxation of the initial non-equilibrium state, in particular
the effects of aging, memory and violations of the fluctuation-dissipation theorem,
as well as the influence on them a strong vortex of disequilibrium, a quasi-order
clustering areas and vortex pinning on defects.

The aims

— study of the influence of structural disorder on the non-equilibrium effects of
aging and violation of the fluctuation-dissipation theorem in the system.

— determine the effect of the non-equilibrium dynamics of the vortex and spin-
wave excitations in the elementary process of slow relaxation of the system critical
initial vortex vortex-free and non-equilibrium state.

— study of non-equilibrium critical clustering system with defects of various



initial non-equilibrium states, the study of the mutual influence of local ordering
process in a quasi-order and non-equilibrium processes of vortex dynamics.

— numerical study of lateral stiffness structurally disordered system in a low-
temperature phase, determine the applicability of the spin-wave approximation
and compared with the results for the homogeneous system.

— study of dynamic critical properties of two-dimensional XY-model as part of
dissipative model critical relaxation and models conserved order parameter.

Scientific novelty of the results

1. For the first time carried out a numerical simulation of non-equilibrium
critical relaxation structurally disordered two-dimensional XY-model across the
low-temperature phase T < Tpgr at a wide range of concentrations of spin p
from two different non-equilibrium initial states — low-temperature 7y = 0 and
high-temperature Ty > TpkrT. The effects of aging and disorders fluctuation-
dissipation theorem in a wide range of waiting times t,, are investigated are are
determined by the asymptotic behavior transition ¢,, — co on the dynamic scaling
modes. The temperature dependence of the asymptotic values of the fluctuation-
dissipation ratio X°°: power dependence for the initial high-temperature initial
state and universal linear dependence — for low-temperature initial state.

2. For the first time subaging effects were found for relaxation pure and dis-
ordered system from the initial low-temperature condition. It was investigated
scaling laws and appropriate determined by the temperature and concentration
dependence of the subaging exponent p(7,p). Shown, that u(T,p) = n(T,p),
where 7(T, p) — exponent of the anomalous dimensionality of the system, determining
power law decay of the spatial and temporal correlation of states of the system in
the low-temperature phase.

3. For the first time it is shown that the spin-wave approximation is fundamental-
ly not possible to get the correct temperature dependence of the transverse rigidity
to the system defects, and to adequately describe the properties of disordered
systems even at low temperatures requires consideration of the interaction of the
vortex component to the field of structural defects.

4. For the first time carried out direct numerical study clustering in pure and
disordered two-dimensional XY-model. The effect of the anomalous deceleration
cluster coarsening process in a disordered systermn.

5. For the first time it developed and implemented a method of searching for
and identifying the elementary vortex excitations in structurally disordered system.
The dynamic process depending non-equilibrium vortex pinning excitations. It is
shown that the dynamics of cluster coarsening determined by the dynamics of free
and pinned vortex excitations and anomalous slowing down of clustering due to the
slowdown in the dynamics of the vortex due to the pinning of vortex excitations



into defects.

6. It was shown that the non-equilibrium critical behavior of two-dimensional
XY-model in the whole low-temperature phase T' < Tkt described in terms of
the relaxation model A with the order parameter is not conserved, and the use of
model B to save the parameters of the order is possible only at low temperatures
T < TBKT-

The scientific and practical significance of the work

The scientific significance of the work is due to the importance of identifying the
nature of non-equilibrium processes critical relaxation in structurally disordered
systems and the need to develop and test methods for numerical study of non-
equilibrium critical phenomena. The special significance of the work of becoming
when interpreting the results of field experiments on the slow dynamics of the
system, in particular in violation of communication between the correlation func-
tions and response functions.

The practical significance of the work is due to the use of two-dimensional XY-
model to describe the behavior and properties of a wide variety of physical systems,
so identified in the thesis especially non-equilibrium behavior of the model should
be considered in their description. In particular, the behavior of the magnetic
structures Ni/Cu(100), Co/Cu(100), Co-Ni/Cu(100) on the basis of ultra thin
magnetic films Ni, Co u Co-Ni with thicknesses N < 4 — 6 monolayers on metal
substrate Cu(100) it describes a two-dimensional XY-model. Therefore, in the
artificial magnetic structures, created on their basis, and with the effect of giant
magnetoresistance, is necessary in the processes of switching on and off of an
external magnetic field to take into account non-equilibrium effects due to the
slow dynamics of these systems.

The results obtained in the thesis the results make a significant contribution to
the physics of phase transitions and critical behavior of the field of study of low-
dimensional systems with continuous symmetry, characterized by an abnormally
slow dynamics.

The main provisions for the defense

1. Methods of numerical study of non-equilibrium critical properties of pure and
disordered two-dimensional XY-model with the relaxation of various initial non-
equilibrium states and method of determining the temperature and concentration
dependencies of asymptotic values of the fluctuation-dissipation ratio X°°(T, p)
using scaling dependencies and a set of wide range of waiting times ¢,,.

2. Non-equilibrium relaxation of critical systems low-temperature initial state
demonstrates subaging effects with aging exponent u(7T,p) = n(T,p). The tem-
perature dependence of the asymptotic value of the fluctuation-dissipation ratio
X (T,p) characterized by a universal dependence from T'/Tgkr(p) for different



spin concentrations p.

3. At the relaxation of the system from the initial high-temperature state the
temperature dependence of the asymptotic value of the fluctuation-dissipation
ratio X°°(T,p) it has a power form. Introduction to the structure of the system
results in defects to a decrease in the critical value of the fluctuation-dissipative
ratio TgkT due process of vortex pinning.

4. Obtained numerically and analytically transverse rigidity values in a uniform
and structurally disordered systems indicate the existence of nonlinear anharmonic
spin-wave effects and contributions from intervortex cooperation in clean system.
The spin-wave approximation is not applicable to a disordered system due to the
pinning of vortex excitations into defects.

5. Methods of study non-equilibrium process of clustering and non-equilibrium
dynamics of a vortex in a homogeneous and structurally disordered two-dimensional
XY-model with the relaxation of a high-temperature and low-temperature initial
state. The anomalous deceleration coarsening process in structurally disordered
system due to the «fringing» effect of the vortex subsystem.

6. Relaxation of the two-dimensional XY-model Metropolis dynamics described
correctly in the low-temperature phase is not conserved order parameter, while
continuing with Kawasaki dynamics parameter is applicable only to describe the
low-temperature properties in T < TgkT.

Testing of work

The main results of scientific work were reported and discussed at the All-
Russian scientific seminar «Computational Physics: Algorithms, Methods and Re-
sults» (Tarusa, 2011), at regional scientific and practical conferences «Young people
of the third millennium» (Omsk, 2011, 2012, 2013, 2014), at the VIII International
Scientific and Technical Conference «Dynamics of systems, mechanisms and machi-
nes» (Omsk, 2012), on the scientific and practical seminars « Computational physics
and supercomputing technology» (Omsk, 2012, 2013, 2014), on «XXV IUPAP
Conference on Computational Physics» (Moscow, 2013), on «Moscow International
Symposium on Magnetism (MISM)» (Moscow, 2014), on «Twenty-first Scientific
Conference of students-physicists and young scientists» (Omsk, 2015), on the
International Conference «Spin physics, spin chemistry and spin technology» (St.
Petersburg, 2015), on «International Conference on Computer Simulation in Physics
and beyond» (Moscow, 2015), on the seminar «Methods of supercomputer simu-
lations» (Tarusa, 2015), as well as scientific seminars Theoretical Physics Depart-
ment of Omsk State University.

Publications

List of publications of the author on the topic of the thesis includes 25 works,
published in Russian and international journals, collections of papers and conference



proceedings, of which 8 papers in journals of citation database Scopus and Web of
Science, and the list of VAK, monograph and an article in the collection, as well
as 4 of the certificate of state registration of computer programs.

The structure and scope of the thesis

The thesis consists of an introduction, four chapters and a conclusion. The
volume of the thesis — 162 pages of typewritten text, including 35 figures, 7 tables
and a list of references of 274 titles.

Summary of work

In the introduction grounded topicality of the chosen theme of the thesis
and the main aims of research.

In the first chapter, having the nature of a survey, briefly set out a number
of concepts and methods in the description of the critical behavior. The features
of low-dimensional systems with continuous symmetry, relaxation processes in
systems with slow dynamics and clustering processes in the coarsening systems. A
review of current developments in this scientific field.

A two-dimensional XY-model is a lattice model with continuous symmetry,
and the Hamiltonian of system is

H = —J Z piijiSj, (1)

<i,j>

where J > 0 — exchange integral, S; — classic flat spin, associated with i-node
two-dimensional lattice, p; — the number of filling: p; = 1, if in i-node of lattice
it is a spin, and p; = 0, if a node is defective. Defects were distributed on
a two-dimensional square lattice linear size L uniformly and uncorrelated with
concentration c¢imp, = 1 — p, where p — spin concentration.

In the second chapter carried out numerical study non-equilibrium processes
clustering (cm. puc. 1) and vortex dynamics in pure and disordered system at the
start of the different initial states (cm. puc. 2).

To investigate clustering XY-dimensional model was developed a special algo-
rithm for determining the geometric parameters of fields a quasi-order. The con-
tinuous phase ¢; i-spin S; = (cos ¢;,sin ¢;) sampled on a discrete set of values
{¢ }i, with which the produced classic search clusters on the lattice.

Vortex dynamics studied using the developed search algorithm and identifi-
cation of vortex excitations in a uniform and structurally disordered system. To
search for and identification of antivortices and vortices in disordered system
before the process determined minimum modeling all disjoint contours around
the individual defects and their clusters. Along these contours in the simulation
determines the set of spin phase, for which and issued a conclusion about the
presence of a vortex.



Visualization of the nomn-equilibrium process of cluster coarsening during

relaxation of the initial high-temperature state. The growth regions of a quasi-order

Puc. 1:

Fig. shows shades) at times 2000, 70000 and 200000 MCS/s.
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Visualization non-equilibrium critical relaxation structurally disordered two-

dimensional XY-model from an initial high temperature (above) and low temperature

(

Puc. 2:

Observation time:

below) state. Arrows — classic film back. Squares — structural defects.

from left to right.

)

5, 100 and 20000 MCS/s

As a result, depending on the dynamic simulation obtained the size of large

clusters, the concentration of

free and pinned vortex system. Modeling carried out for all the low-temperature

clusters of medium size and the number of clusters

phase T' < Tpkr for a wide range of variation of the impurity concentration for

equilibrium states.
The relaxation of the system from the initial high-temperature state is accom-

various initial non
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Puc. 3: The parametric dependence of the average cluster size ( at their number x and
approximation ¢ ~ k£~ 1/? relaxation of the system from high-temperature (left) and low-
temperature (right) initial states for different temperatures 7" and spin concentrations

p.

panied by a process of critical cluster coarsening. With the relaxation of the system
from the initial low-temperature condition the process of cluster fragmentation
— one large cluster It is fragmented into smaller. It has been found that the
introduction of the system structural defects leads to an anomalous slowdown
of clustering. Inertial effects are revealed in the process of clustering system — in
the process of coarsening the size of large clusters first rises above the equilibrium,
and then thereto is reduced, and in the process of fragmentation of the opposite —
large cluster size is reduced below the equilibrium value and then increases slowly.
Note that inertial effects are manifested on a roughening long times, while at the
fragmentation process — for small times. Inertia effects are observed in dynamic
dependencies for sizes larger clusters and the total number of clusters, but It does
not appear in the dependencies for the average cluster size. Dynamic dependence is
characterized by high functional complexity. The robbery observed logarithmic and
exponential depending on various time intervals. During fragmentation, especially
at low temperatures, there are sharp bends and changes of dynamic modes.

The simulation result showed that the average size of the parametric dependence
on their number of clusters has the form ¢ ~ x~/2 (cm. puc. 3). This led to the
conclusion that the clustering in the non-equilibrium relaxation of the critical
two-dimensional XY-model is a dense filling of a plane clustered curve without
self-intersections. Thus clustering is reduced to the plane clustering and curve to
it a dense packing on plane.

The time dependence of the concentration of the vortex of elementary exci-
tations in the system at the initial relaxation of a high-temperature condition
characterized by multi-mode. At low temperatures found the initial, intermediate
and final power modes, access to the equilibrium and crossover area between them.
With increasing temperature, the intermediate and final degree regimes merged



into a single power mode. Observed concentrations of intersection of the dynamic
curves for different temperatures. This is due to the high initial concentration of
vortex excitations and nonlinearity intervortex interaction. Introduction to structural
disorder system slows down the relaxation of the vortex subsystem, which is
associated with the non-equilibrium vortex pinning on defects.

Study of graphic visualization and parametric dependencies performance clu-
stering and vortex dynamics (see Fig. 4) It showed that the formation of a quasi-
order fields in the system is interconnected with the vortex subsystem through the
«fringing» effect of vortices. Vortex excitations being inhomogeneous areas, prevent
the formation and growth of clusters. The dynamics of vortex component are
significantly slowed as a result of non-equilibrium pinning on defects in disordered
system. This leads to abnormally slowdown clustering system. Thus, through the
«fringing» effect and non-equilibrium vortex pinning field of structural defects
substantially affect the clustering process, causing anomalous slowing down.

In the third chapter was performed a numerical study of non-equilibrium
effects of aging in a pure and disordered system in the whole of the low-temperature
phase of the different initial states (see Fig. 2), as well as to calculate the tempe-
rature dependence of the asymptotic values of the fluctuation-dissipation relations
X°°(T,p) and the value of the effective temperature T°% (T, p).

The effects of aging are manifested primarily in two-time dependence of the
autocorrelation function and system response functions. The expressions for the
autocorrelation function C(t,t,) and generalized dynamic susceptibility x(¢,t.)
for the system are of the form

Ct,ty) =

<pi Zp&(t)s*i(tw)ﬂ; o
<pL1h Zpi@§<t>>], )

where the angle brackets (...) correspond to statistical averaging procedure, and

x(t,tw) =

square brackets [...] — averaging procedure on different impurity configurations
for structurally disordered systems. Time variable t,, It characterizes the age of
the sample and is called waiting time.

Fluctuation-dissipation theorem relates the equilibrium response function R(t,t,,)
= Req(t —ty,) and the autocorrelation function C(¢,t,) = Ceq(t — t) for time
t >ty > tre with using relation TReq(t) = —dCeq(t)/dt.

For systems with slow dynamics introduced a generalization of the fluctuation-
dissipation theorem to describe non-equilibrium processes by specifying the flu-
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Puc. 4: The parametric dependence of the concentration of free vortex excitations Qr on
the number of clusters in the system x for a homogeneous system and the concentration
dependence of the pinned vortex Qp from the large cluster size (m for disordered system
with spin concentration p = 0.8.

ctuation-dissipation ratio:

TR(t,ty)
O, Clt, ty)

w

X(t,ty) = (4)
In equilibrium state X (¢t > t,, > tre) = 1.

In a non-equilibrium state at the manifestation of the effects of aging X (¢, t,,) #
1. The entered limit value of the fluctuation-dissipation ratio X*° = lim; o lim; o
X(t,t,) are becomes the new universal characteristic of the non-equilibrium beha-
vior of various systems [5].

Designation X>° allows us to introduce the concept of effective temperature
Tog =T /X, as the characteristics, defining the direction of heat flow in estab-
lishing equilibrium in system. Value To.g can be measured directly with systems
«glass» phase during their non-equilibrium evolution. The importance of deter-
mination T.g for structurally disordered systems due to the fact, than T.g cha-
racterized by fluctuations of the local critical temperature under non-equilibrium
processes, arising due to the strong interaction of the spin-density fluctuations
through the field of structural defects.

Study the effects of aging was carried out from two essential various initial non-
equilibrium states — high-temperature with Ty > Tgkr(p) and low-temperature
with Tp = 0. In a system with 7" > Tpkr(p) in equilibrium there is a high
concentration of free vortex excitations that allows the use of such a state as the
primary vortex state for modeling non-equilibrium critical relaxation in the low-
temperature phase. In a system with 7' = 0 the system is in the ground state,
and all the spins have the same direction, so that when the temperature rises,
remaining in the low-temperature phase, the main role is played by the spin-wave
excitation. This choice of initial states allowed to investigate in detail the impact

11



of vortex excitations and spin-wave effects on the non-equilibrium relaxation of
critical systems.

To investigate violations of the fluctuation-dissipation theorem and determining
the values of the fluctuation-dissipation ratio X°° Simulation was carried out for
a large set of waiting times t,, from a wide range of values. Universal dynamic
values were defined as the asymptotic behavior t,, — oo values, the values of
which were selected in the areas of dynamic scaling system. All this has allowed
to monitor and examine the output of the asymptotic behavior of the system in
order to identify universal characteristics.

The relaxation of the system from the initial high-temperature state acco-
mpanied by a violation of the classic dynamic scaling. This was taken into account
in the analysis of time dependencies through the use of logarithmic dynamic
correction depending on the correlation length of the system £(t). It was using
16 waiting times t,, with values from 10 to 10* Monte-Carlo steps per spin
(MCS/s). The two-time dependence of the autocorrelation function of the observed
two dynamic power relaxation mode: initial t—¢,, < t,, and long-time t—t,, > t,,,
with dynamic crossover between them. Calculated exponent dependencies modes
for different temperatures and spin concentrations. Analysis of the results showed
that the increase in the concentration of defects leads to increased aging effects
in the system, with the long-term relaxation mode is shifted to higher values
t —t,, . The asymptotic values fluctuation-dissipation ratio X (t,,) determined only
on scaling areas. The final temperature dependencies X°°(7T,p) (cm. puc. 5 (a))
was approximated by power functions of temperature with an indicator A(p),
decreases with increasing proportion of structural disorder in the system. Result
X®(T = Tgkr,p = 1.0) is in satisfactory agreement with the results of the spin-
wave calculation, however, taking into account the error explained in modeling the
vortex component in the system and taking full account of the spin-wave effects
and spin diffusion. Study the effects of aging with the relaxation of the system from
the initial low-temperature condition showed no expressed asymptotics t,, — oo
variables on the scaling plots for reasonable waiting times. With this it may
also be related to the absence of specific literature of finite values X°°(T,p) for
this type of relaxation despite the considerable number of publications on this
topic. Simulation was carried out for a comprehensive study of the system from
the initial low-temperature state of relaxation critical for large values of waiting
times ¢, ~ 50000 MCS/s. As a result, new dynamic critical scaling were found
Ct, ty) = t?u/zd)(f(t —tw)/&(tw)") and effects on the system subaging. calculation
of the scaling exponent have been implemented subaging u(T,p), whose value
is within statistical error coincided with the values of the anomalous dimension
n(T,p) system for all considered temperatures 7' and spin concentrations p. Using

12
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Puc. 5: The temperature dependence of the asymptotic value of the fluctuation-dissipat-
ion ratio X*° (7, p) for the relaxation of the system from the initial high temperature (a)
and low-temperature (b) states for different spin concentration p. On inset in (a) — the
temperature dependence of the effective temperature Teog. On inset in (b) — the linear
approximation X as function of T/Trxr(p).

T

the asymptotic behavior t,, — oo values X (¢,,) at temporary sites dynamic scaling
subaging were obtained temperature dependencies X°°(7T,p) asst pasiudHbIX p
(cm. puc. 5 (b)). These dependencies were approximated by linear functions of the
form X ~ X(p)T', where X(p) increases with increasing impurity concentration.
Temperature dependence for all p We were approximated by a linear dependence
X ~ oT/Tprr(p) with o = 0.561 £ 0.023. This led to the conclusion that the
relaxation of the system from the initial low-temperature condition throughout
the low-temperature phase are the predominant contribution of the spin-wave
excitation.

In the fourth chapter it carried out a numerical study of equilibrium and
dynamic critical properties of homogeneous and structurally disordered two-dime-
nsional XY-model.

The temperature dependence of exponents A of decay of autocorrelation func-
tion C(t —t') ~ (t —t')® for two different models of the dynamics of critical
phenomena: single-spin relaxation Metropolis dynamics with the order parameter
is not conserved and two-spin exchange Kawasaki dynamics with conserved order
parameter. Comparison of the relationships between themselves and with the
existing analytical results showed that the Metropolis dynamics adequately imp-
lements the dynamic critical behavior of two-dimensional XY-model across the low-
temperature phase T' < Tk, and Kawasaki dynamics — only at low temperatures
T < TBKT-

Using the method of correlation functions relations different spatial scales were
calculated temperature TgpkT(p) for different spin concentrations p = 1.0, 0.9
u 0.8. The result for the homogeneous system agrees well with results of other
studies.
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Calculate the temperature dependence of the transverse stiffness p(T,p) for
the system in all of the low-temperature phase. For pure system (p = 1.0) in
low-temperature area 7' < Tgkr there is good agreement with the results of the
spin-wave approximation. However, with the increase in temperature is observed
mismatch associated with vortex processes and anharmonic spin-wave contributions.
In structurally ordered system (p < 1.0) value p(T = 0,p < 1.0) # 1.0, which
leads to failure of the spin-wave approximation even in the area T < Tpkr(p).
This is due to the pinning of vortex excitations into structural defects, significantly
alters the critical properties of the system. From the condition that the free energy
of vortices, expressed through transverse stiffness of the system, the transition
temperature was determined Tgkr(p) for different spin concentration p. They are
in good agreement with the values obtained through the relations of the correlation
functions.

Implemented calculation of the temperature dependence of the anomalous
dimension system (the Fisher critical exponent) n(7, p) for all the low-temperature
phase and p = 1.0, 0.9 and 0.8. The results for the pure system are in good
agreement with the results of other studies, and for disordered system — in accordan-
ce with the Harris criterion.

In conclusion It states the main results and conclusions of the thesis.

The main results and conclusions

1. Developed a numerical technique to study the effects of aging in non-equilibri-
um critical behavior of homogeneous and structurally disordered two-dimensional
XY-model across the low-temperature phase T' < Tgkr for a wide spin concentrat-
ion range p at a relaxation of the various initial non-equilibrium states and method
of determining the temperature and concentration dependencies asymptotic values
of the fluctuation-dissipation relations X °° using dynamic scaling of dependencies
and a wide range of waiting times t,, .

2. The temperature dependence of the asymptotic values of the fluctuation-
dissipation relations X°°(T,p) in all low-temperature phase T' < Tpkr(p) for
different spin concentration p for different initial non-equilibrium states.It is shown
that the effects of structural defects leads to a decrease of the critical values
X®(T = Tgkr(p),p) for vortex initial state and do not affect on this value — at
the spin-wave relaxation of the vortex-free state. The first obtained approximation
exponential dependence X°°(T,p) ~ T*(®) relaxation from the initial high-temp-
erature state. The first obtained approximation X*° = f[T/Tgxr(p)] ~ T /TerT (D)
c p = 0.561+0.023 for all p relaxation from the initial low-temperature condition
has shown that the main contribution in this case, the dynamics of the relaxation
given spin waves.

3. First subaging effects were found in the non-equilibrium system relaxation of

14



initial low-temperature state. The temperature dependence of the index subaging
w(T,p). From a comparison with the temperature dependence of the anomalous
dimension (T, p) it was shown that n(T,p) = u(T,p).

4. For the first time it is shown that the relaxation dynamics of the order
parameter is not conserved with well reproduces the dynamic properties of two-
dimensional XY-model across the low-temperature phase T' < TgkT, while conser-
vative dynamics of the continuing order parameter — only at low temperatures
T < Tgkr-

5. Implemented calculation of the temperature dependence of the transverse
stiffness system p(7T,p) for structurally disordered systems. Shown, that p(T =
0,p < 1.0) # 1.0. Shown the not applicability of the spin-wave approximation for
a system with defects. Using p(T,p) determining the phase transition temperature
Berezinskii-Kosterlitz-Thouless TgxT(p), which are in accordance with values ob-
tained by other methods.

6. It was developed the methods of the study of non-equilibrium processes
clustering areas a quasi-order and study the non-equilibrium dynamics of a vortex
throughout the low-temperature phase T < Tkt for a wide spin concentration
range p at a relaxation of the various initial non-equilibrium states.

7. First discovered the anomalous effect of slowing down the clustering process
in structurally disordered system. It is shown that this effect is associated with
«fringing» effect of vortices and pinning process of vortex excitations into defects.
It was developed the processes of the cluster and the cluster coarsening of frag-
mentation in the system. Detected multi-mode dynamic depending on different
characteristic values clustering and vortex dynamics.

The main results of the thesis were published in

Publications in the editions of the VAK list:

1. Popov I.S., Prudnikov P.V., Prudnikov V.V. Non-equilibrium critical vortex dynamics
of disordered 2D XY-model. // Journal of Physics: Conference Series. 2016. V. 681. P.
012015.

2. Prudnikov P.V., Prudnikov V.V.; Popov LI.S. Nonequilibrium Aging Effects in the
Critical Behavior of Structurally Disordered Planar Magnets. // JETP Lett. 2015. V.
101. Iss. 8. P. 539.

3. ITonos U.C., IIpyauukos II.B. Crapenue, orpybienune u BuxpeBas JIUHAMUKA B
HEPABHOBECHOM KPHUTHYIECKOM HoBeAeHun nBymepuoit XY-monemu. // VI3BecTus Boicumx
yuebubix 3aBegennii. Pusuka. 2015. T. 58. Bour. 7/2. C. 161. (in russian)

4. Prudnikov P.V.; Popov L.S. Coarsening in Critical Dynamics of 2D XY-model. //
Solid State Phenomena. 2015. V. 233-234. P. 8.
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