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0.1 "Mechanical impulse transmission through 1D nonlinear chains"
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11-05 V.N. Gorev, A.I. Sokolovsky
0.2 “Conservation laws for the Landau-Vlasov kinetic equation with
the nonlocal collision integral”
National Mining University, Dnipro
11-25 A. Vidybida, O. Shchur
0.3 “Relation between firing statistics of spiking neuron with delayed fast
inhibitory feedback and without feedback”
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv
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0.11 “Testing the origin of 3.55 keV line in individual galaxy clusters
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0.18 “The functional integration method in the two band
superconductivity theory”
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10-00 Dr. A.G. Magner
Lecture  “Kinetic approaches to the collective nuclear-matter dynamics”
Institute for Nuclear Research, NAS of Ukraine, Kyiv

10-45 O. Ivanytskyi, K. Bugaev, E Nikonov, E-M. Ilgenfritz,
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0.1

Mechanical impulse transmission through 1D nonlinear chains

O.I. Gerasymov, A.Ya. Spivak

Odesa State Environmental University,
Lvivs’ka Str. 15, 65015 Odesa, Ukraine
FE-mail: physics@odeku. edu.ua

In this work, we perform a specific class of equations, which governs mechanical
impulse transportation through 1D nonhomogeneous chain with nonlinear interac-
tions. Basic equation, which describe impulse transition, traditionally can be written
in following discrete form [1]:

2
O _ = O’ | — Ce’ + F(0),, (1)

where z, - is a position of n-th particles in chain of identical masses m; ¢, =
a — (zZny1 — 2n) - 18 a overlap between (n + 1)-th and n-th particles, which depend
from contact force F = Ce?; C - is a force constant, which depend from constitutive
property, size and form of particles; a - is a particle diameter; ¢ - is a nonlinear
parameter, which for spheres is 3/2; F,(0) - is a initial force. Taking the continous
limit of Eq.(I)) we obtain a specific class of nonlinear partial differential equations
which are able to describe the dynamics of excitations with a controlled accuracy.
Namely:

1 0% o2 0* s at 97,

S R @55 (E) + 555 () (2)
In particular when F'(0) = 0 and 0 = 3/2, we found Eq.(2) satisfied by the following

4 h—ot 360"

solution € = &,,,45-cos? e (where €4, = Faly? - is a maximum of particles overlap;
v - is a soliton velocity; v = C'/m - is a new force constant), which is known as
Nesterenko’s soliton mode [2-4] (with some deviations in amplitudes and velocities).

We conclude the mechanical excitations of low-dimensional nonlinear chain with
nonhomogenities could be transmitted as a nonlinear mode (soliton-like) if initial
dispersion is not larger then Nesterenko’s soliton dispersion. In the opposite case we
have a dispersive wave mode with decay of amplitudes.

[1] O.I. Gerasymov, N. Vandewalle, Dopov. Nac. acad. nauk Ukr. - Rep. Nat. Acad.
Sc. Ukr. no.8, 67 (2012). (in Ukrainian)

|2] V.F. Nesterenko, J. Appl. Mech. Tech. Phys. 24, 733 (1984).

[3] C. Coste, E. Falcon, S. Fauve, Phys. Rev. E 56, 6104 (1997).

[4] C. Daraio, V.F. Nesterenko, E.B. Herbold, S. Jin, Phys. Rev. E 73, 026610
(2006).
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0.2

Conservation laws for the Landau—Vlasov kinetic equation with the
nonlocal collision integral

V.N. Gorev', A.I. Sokolovsky?

Y National Mining University,
Dmytra Yavornytskoho Ave. 19, 49600 Dnipro, Ukraine, E-mail:
lordjainor@gmail.com
20les Honchar Dnipro National University,
Gagarina Ave. 72, 49010 Dnipro, Ukraine, E-mail:
Alexander.1.Sokolovsky@gmail.com

We consider a one-component weakly non-uniform gas with small potential inter-
action. The basis of investigation is the kinetic equation up to the second order in
small interaction with the general nonlocal collision integral. This kinetic equation
can be obtained on the basis of the Bogolyubov reduced description method [1] and
in case of local collision integral it gives the known Landau—Vlasov kinetic equation.

Usually the hydrodynamics is built on the basis of the kinetic equation with
the local collision integral, but, as known, the Burnett (i.e. the second-order is
small gradients) approximation meets some difficulties. Maybe, in some cases these
difficulties can be overcome by taking into account the nonlocality of the collision
integral. So, it is an interesting problem to investigate the system hydrodynamics
on the basis of the nonlocal collision integral.

The hydrodynamic reduced description parameters (RDPs) are usually chosen as
the densities of the conserved quantities, i.e. the particle number, the momentum and
the kinetic energy densities. Here it is shown that although the kinetic energy of the
system is conserved on the basis of the local collision integral, it is not conserved on
the basis of the nonlocal collision integral. So, the use of the kinetic energy as a RDP
is unreasonable even for a model problem with an omitted Vlasov term. It is shown
that the system total energy which is the sum of the kinetic and potential energies
is conserved up to the second order both in small interaction and in small gradients.
So, the following set of RDPs should be chosen: the particle number density, the
momentum density and the total energy density.

The fluxes of the RDPs are calculated in terms of the one-particle distribution
function in the leading-in-gradients order. It is also shown that the momentum and
total energy flux densities do not contain the linear-in-gradients terms in the first
order in small interaction. This fact justifies our results, because, as is known, the
Vlasov term is not important for the calculation of the system kinetic coefficients.

The obtained results can be applied to the calculation of the fluxes in the first
order in gradients and for the construction of the hydrodynamics on the basis of the
nonlocal collision integral with the help of the Chapman-Enskog method.

13



[1] A.I. Akhiezer and S.V. Peletminsky, Methods of Statistical Physics, Oxford,
Pergamon Press, 1981, 376 p.
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0.3

Relation between firing statistics of spiking neuron with delayed fast
inhibitory feedback and without feedback

A. Vidybida!, O. Shchur!~

L Bogolyubov Institute for Theoretical Physics,
Metrologichna str., 14-B, Kyiv, 03680, Ukraine
E-mail: vidybida@bitp.kiev.ua
2 Taras Shevchenko National University of Kyiv,
Volodymyrska str., 60, Kyw, 01033, Ukraine
E-mail: olha.shchur@bitp.kiev.ua

We consider a class of spiking neuronal models, defined by a set of conditions
typical for basic threshold-type models, such as the leaky integrate-and-fire or the
binding neuron model and also for some artificial neurons. A neuron is fed with a re-
newal process. Each output impulse is applied to the neuron itself after a finite delay
A. This impulse acts as being delivered through a fast Cltype inhibitory synapse.
We derive a general relation which allows calculating exactly the probability density
function (pdf) p(¢) of output interspike intervals of a neuron with feedback based
on known pdf p°(t) for the same neuron without feedback, and on the properties of
the feedback line (the A value). Similar relations between corresponding moments
are derived.

Furthermore, we prove that initial segment of pdf p°(¢) for a neuron with a
fixed threshold level is the same for any neuron satisfying imposed conditions, and
is completely determined by the input stream. For the Poisson input stream, we
calculate that initial segment exactly and, based on it, obtain exactly the initial
segment of pdf p(t) for a neuron with feedback. That is the initial segment of p(t) is
model-independent as well. The obtained expressions are checked by means of Monte
Carlo simulation. The course of p(t) has a pronounced peculiarity, which makes it
impossible to approximate p(¢) by Poisson or other simple stochastic process.

15



0.4

Ultrasonic waves in classical gases

A.G. Magner!, M.I. Gorenstein?, U.V. Grygoriev®

Unstitute for Nuclear Research NASU,
prospect Nauki 47, 03680 Kiev, Ukraine
2Bogoliubov Institute for Theoretical Physics NASU,
Metrologichna str. 14-b, 03143 Kiev, Ukraine
3 Nuclear Physics Department, Taras Shevchenko KNU,
Vasylkivska str. 98-a, 03022 Kiev, Ukraine,
E-mail: Yustim@ukr.net

The velocity ¢, and absorption coefficient v for plane sound waves in a classical
gas are obtained by solving the Boltzmann kinetic equation with a collision term
in the 7-relaxation time approximation. This equation describes a reaction of the
single-particle distribution function f(r,p,t) in the phase-space coordinates r and
momentum p, and time t to a periodic external field oscillating with a frequency
w (c = w/(vpk,) = ¢, +ic;, vp = (2T/m)Y?, T is the system temperature and m
the particle mass, k = k, + ik;). Within the linear response theory (LRT), the non-
perturbative dispersion equation valid for all of sound frequencies w is derived and
solved numerically. Figure shows the results that are in agreement with the frequent
(FCR, wr < 1) and rare (RCR, wr > 1) collision-regime approximations. These
results are also in qualitative agreement with the experimental data for ultrasonic
waves in dilute gases. The thermal conductivity will be calculated in future work.
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Figure 1 The scaled velocity ¢, in the v, units (a) and absorption coefficient ~/k,
(b) as functions of the Knudsen parameter wr. Solid lines show the nonperturbative
LRT solutions. Dashed lines present the asymptotic FCR and RCR approximations.

[1] A.G. Magner, M.I. Gorenstein, and U.V. Grygoriev, Phys. Rev. E 95, 0521113
(2017); arXiv:1710.03630 v1 [cond-mat.stat-mech] 2017.
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0.5

Nonequilibrium thermodynamic potential for Bose system
in the presence of condensate

K.M. Haponenko, A.I. Sokolovsky

Oles Honchar Dnipro National University,
Gagarin Ave. 72, 49010 Dnipro, Ukraine
E-mail: kgaponenko@i.ua

Bose system in the presence of condensate is investigated in the Bogolyubov
model of the separated condensate (see about in [1]). In this state occupation number
ng of one-particle state with momentum p = 0 is macroscopic one. In this model the
system is described by the statistical operator

w(ng) = ¢8102n0)=H (no) 12N (no)] Spw(ng) = 1

where operators H(ng), H(ng) are given by Hamiltonian of the system H and op-
erator of particle number N after substitution n(l)/ ? instead of the Bose operators
ap, ag (B, p are the reverse temperature and the chemical potential). According to
Bogolyubov equilibrium value n§ of the occupation number ny can be found from
the minimum condition of the thermodynamic potential €2(ng) i.e. it is the nonequi-
librium one of the system. Near transition point from normal state to the state

with the condensate occupation number ny is small and the potential {(ng) can be

calculated in a perturbation theory in powers of né/ .

The purpose of this paper is calculating of the potential €2(ny) in a modified
thermodynamic perturbation theory with small parameter ny. The obtained ex-
pression for €2(ng) can be used as the potential Landau in his theory of the phase
transitions of the second kind for the system under consideration. The calculation
is conducted up to the sixth order terms of the perturbation theory in powers of
the occupation number ng inclusive. It is shown that only integer powers of this
number are present in the corresponding series and the potential has the structure
Q(no) = Q0) + S°°_y as(B, w)nd + O(nl). Relatively compact expressions for the
coefficients as(3, ) are obtained because operators describing the interaction in the
system commutate under T'—product. For a Bose gas they are calculated in an addi-
tional perturbation theory in interaction between particles. Detailed analyze of the
results with connection to the Landau theory of phase transitions will be given in
another paper.

1.A.I. Akhiezer and S.V. Peletminskii, Methods of Statistical Physics, Oxford,
New York:Pergamon Press, 1981, 450 p.
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0.6

Quantum state manifolds generated by the Lie algebra
A.R. Kuzmak

Department for Theoretical Physics, Tvan Franko National University of Luiv,
12 Drahomanov St., Lviv, UA-79005, Ukraine
E-mail: andrigkuzmak@gmail. com

We study the Fubini-Study metrics of quantum state manifolds generated by the
Heisenberg and so(3) Lie algebras. Using these results the metrics of state manifolds
generated by the position and momentum operators are calculated. Also the metrics
of quantum state manifolds generated by some spin systems are obtained. Finally,
we generalize this problem for an arbitrary Lie algebra.

19



0.7

Many-particle system in noncommutative space with preserved
rotational symmetry

0.0. Morozko, Kh.P. Gnatenko

Ivan Franko National University of Lviv, Department for Theoretical Physics,
12 Drahomanov St., Lviv, 79005, Ukraine
E-mail: khrystyna.gnatenko@qgmail.com

In noncommutative space operators of coordinates and operators of momenta
satisfy the following commutation relations

(X, Xj] = 1h;;, (3)
X;, P}] = ihdy, (4)
[P, P}) = 0. (5)

In the canonical version of noncommutative space 0;; are elements of constant anti-
symmetric matrix.

We consider noncommutative space which is equivalent to noncommutative space
of canonical type (1)-(3) and is rotationally-invariant [1,2]. The noncommutative
space is proposed on the basis of idea of generalization parameters of noncommuta-
tivity 6;; to tensors. The tensors are constructed with the help of additional coordi-
nates which are governed by rotationally-symmetric system.

In the general case different particles may feel noncommutativity with different
tensors. Therefore there is a problem of describing the motion of the center-of-mass of
a system in rotationally-invariant noncommutative space. We analyze commutation
relations for coordinates of the center-of-mass of composite system, for coordinates
of the relative motion. We conclude that the coordinates of the center-of-mass satisty
noncommutative algebra with effective tensors of noncommutativity. We also find
that coordinates of the center-of-mass and coordinates of the relative motion do not
commute. Therefore the motion of the center-of-mass and the relative motion are
not independent in rotationally-invariant noncommutative space.

We find condition on which the effective tensors of noncommutativity that de-
scribe the motion of the center-of-mass of composite system depend on its total mass
and do not depend on its composition. Moreover, in the case when the condition is
satisfied the coordinates of the center-of-mass and coordinates of the relative mo-
tion commute, therefore the motion of the center-of-mass and the relative motion
are independent.

[1] Kh. P. Gnatenko, V. M. Tkachuk, Phys. Lett. A 378, 3509 (2014)
[2] Kh. P. Gnatenko, V. M. Tkachuk, Ukr. J. Phys. 61, 432 (2016) .
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0.8

Complexes of hydrogen peroxide and DNA phosphate group
D.V. Piatnytskyi, S.N. Volkov

Bogolyubov Institute for Theoretical Physics,
Metrolohichna Str. 14°, 03680 Kyiv, Ukraine
E-mail: dvpyat@bitp.kiev.ua

The effect of DNA destruction or deactivation during particle irradiation of living
cells is widely used in cancer therapy. Despite the wide development of the methods
of ion therapy for treating cancer the mechanism of DNA damage is still being
discussed [1]. There are some theories, which include damage by secondary electrons,
oxidative stress by OH-radicals, shock-wave damage etc. It was proposed in [2] that
DNA deactivation can be a result of intracellular medium change after irradiation.
The emphasis was made on molecules of hydrogen peroxide (HyO5) formed in the
radiolysis process during the irradiation of water medium. It is shown in Monte-
Carlo simulations, that HoO9 molecule is one of the most long-living products of
water radiolysis [3]. Peroxide molecule can diffuse on considerable distances in the
cell after irradiation and reach the active sites of DNA macromolecule.

The question is how hydrogen peroxide can interact with DNA. The most appro-
priate and convenient place of interaction can be phosphate groups, because they are
situated on the DNA backbone and carry negative charge. In the present work the
geometry optimizations and calculations of energies are carried out for complexes,
which consist of hydrogen peroxide molecule, water molecule, phosphate group and
sodium counterion using Hartree-Fock, MP2 and density functional theory methods
in Gaussian 03 software.

It is shown, that molecule of hydrogen peroxide can form the relatively stable
complex with phosphate group and sodium counterion similarly to water molecule.
But, HyOs molecule can remain near DNA strand longer than HyO molecule, because
H505 is nearly twice as heavy as water molecule, and thus, blocks genetic activity
of DNA. Also, being in complex with PO, groups, the hydrogen peroxide molecules
can decay into OH-radicals in close proximity to DNA backbone and induce double
strand breaks.

[1] M. Kramer, M. Durante, Eur. Phys. J. D 60, 195 (2010).

[2] D.V. Piatnytskyi, O.O. Zdorevskyi, S.M. Perepelytsya, S.N. Volkov, Eur. Phys.
J. D 69, 255 (2015).

[3] M.S. Kreipl, W. Friedland, H.G. Paretzke, Radiat. Environ. Biophys. 48, 11
(2009).
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0.9

Role of water and hydrogen peroxide molecules in nucleic base pairs
stabilization

O. Zdorevskyi, S.N. Volkov

Bogolyubov Institute for Theoretical Physics,
14-b Metrolohichna str., 03680 Kiev, Ukraine
E-mail: zdorevskyi@bitp. kiev.ua

Water environment is an important factor in DNA secondary structure stabilization.
It was shown [1] that during genetic information transfer process under certain
conditions base pairs can transit into some ‘pre-opened’ metastable state. It is known
|2] that on the stabilization of this state significantly influences interaction with
molecules from the surrounding medium.

In the present work DNA nucleic base pairs stability is investigated in the presence
of water and hydrogen peroxide molecules. Interaction energies are calculated using
atom-atom potential functions method. Van der Waals, Coulomb interactions and
hydrogen bonds are taken into account.

As a result it was shown that hydrogen peroxide molecules can create stable long-
living complexes with DNA base pairs compared to the same complex with water
molecule (Fig. 1). As hydrogen peroxide is highly accumulated in the medium during
ion beam cancer treatment [3] this can be a key factor in the termination of cancer
cells duplication in the process of ion therapy.

Figure 2 Complexes of adenine-thymine DNA base pair with: a) water molecule; b)
hydrogen peroxide molecule.

[1] O. Zdorevskyi, S.N. Volkov arXiv:1702.00559v2 [physics.bio-ph].

[2] E.S Kryachko, S.N. Volkov, Int. Jour. Quant. Chem., 82, 193-204 (2001).

[3] D.V. Pyatnitskyi, O.O. Zdorevskyi, S.N. Perepelytsya, S.N. Volkov, Eur. Phys.
J. D, 69, 255 (2015).
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Probing the neutron stars interior within the realistic equation of state
V. Sagun!, Ilidio Lopes®

' Bogolyubov Institute for Theoretical Physics,
Metrologichna str. 142, Kiev 03680, Ukraine
2Centro Multidisciplinar de Astrofisica, Instituto Superior Técnico,
Unwversidade de Lisboa,
Av. Rovisco Pais, 1049-001 Lisboa, Portugal
E-mail: 'sagun@bitp.kiev.ua, %ilidio.lopes@tecnico.ulisboa.pt

A novel equation of state with the surface tension induced by particles’ interac-
tion was generalized to describe properties of the neutron stars [1, 2|. In such equa-
tion the interaction between particles is done via the hard-core repulsion by taking
into account the proper volumes of particles. Recently, this model was successfully
applied to the description of the properties of nuclear and hadron matter created
in collisions of nucleons. The new approach is free of causality problems and fully
thermodynamically consistent which enables us to use it to the investigation of the
strongly interacting matter phase diagram properties in wide range of temperatures
and baryon densities, including neutron stars. Here, we calculated the mass-radius
relations for a compact star using the Tolmann-Oppenheimer-Volkov equation for
two sets of parameters which satisfy the existing constraints. Accordingly, we found
the parameter values that are in good agreement with the same ones obtained from
the nuclear-nuclear collision data analysis [2]. The astrophysical constraints suggest
that the hard-core radius of baryons can vary between 0.476 fm and 0.5 fm.

[1] V.V.Sagun, A.L. Ivanytskyi, K.A. Bugaev, et al., Nucl. Phys. A 924, 24 (2014).
[2] V.V. Sagun, I. Lopes, arXiv: 1709.07898 [astro-ph| (2017).
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If the unidentified emission line at ~3.55 keV previously found in spectra of
nearby galaxies and galaxy clusters is due to radiatively decaying dark matter, one
should detect the signal of comparable strength from many cosmic objects. We se-
lected 20 galaxy clusters with the largest dark matter column densities within the
14’ radius circle roughly corresponding to Field-of-View of XMM-Newton X-ray
cosmic mission. Omitting Abell 539 that was not observed by XMM-Newton, we
analyzed the XMM-Newton/EPIC observations of the remaining sample of 19 clus-
ters. In 5 of them, we identified 20 positive line-like residuals with average position
3.56+0.02 keV in the emitter’s frame. Their observed properties are unlikely to be
explained by statistical fluctuations (having roughly 3¢ significance of line signal).
They can’t be explained by astrophysical emission lines because known atomic lines
are included in the fitting model. The redshift dependence of the best-fit line energies
makes an additional argument against general-type systematics.
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We formulate a new model of dark matter distribution for any type of dark matter
fermions (Takubovskyi & Rudakovskyi, in prep.). Our model has only one extra pa-
rameter — the maximal value f,,., of dark matter phase-space density — that turns a
cusped Navarro-Frenk-White density profile into a cored one. Despite its simplicity,
our model successfully reproduces cored dark matter profiles from N-body simula-
tions with warm dark matter (having finite f,q.). Also, we have obtained the scaling
relation between f,., (or, equivalently, the mass of dark matter fermions) and the
dark matter core radius in dSphs. Finally, we estimated the influence of velocity
anisotropy on the cored density profile by using the Osipkov-Merritt model and
calculated the density profiles of the typical dSphs for different masses of fermionic
dark matter particle and different anisotropy parameters r,. It was obtained that the
influence of velocity anisotropy on the cored density profile is small for all physically
motivated values of r,.
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We develop a new version of the N-body TREE-GRAPE (GRAvity PipEline)
code (Fukushige et al. 2005, Section 4.1). We ported the original GRAPE-based tree
code to many different hardware platforms, including the CPU (with multithread
usage under the SSE or AVX instructions) and also to the recent NVIDIA Graphics
Processing Unit (GPU) platform using the Compute Unified Device Architecture
(CUDA). In order to efficiently use the current acceleration hardware (GPU), we
employed a modified tree algorithm, originally developed by Barnes & Hut (1986),
which was first used on GRAPE-1 A by Makino (1991) and Fukushige et al. (1991).

On a typical desktop hardware (CPU: i5-2500K with 4 cores at 3.3 GHz + GPU:
GeForce GTX 570 with 480 cores at 1.46 GHz) we get the results for the full self-
gravity force calculation routine with the typical tree-construction para-meters (6
= 0.5, ng = 3500, (Fukushige et al. 2005, Section 4.1.1)) for N = 1M particles with
the initial Plummer distribution in ~2 sec. Our speed is quite comparable to the
most advanced and recent fully GPU tree-code implementation (bonsai2: Bédorf et
al. 2012), which does one full force calculation on the same hardware for the same
particle distribution and with the same opening angle in ~1 sec. In the future we
plan to use our hardware-accelerator-based gravity calculation routine in a few new
galactic dynamics projects which include also the Supermassive Black Hole merger
dynamics and Gravitational Wave emissions from such a sources.

[1] J. Barnes, P. Hut, Nature, 324, 446 (1986).

[2] J. Bédorf, E. Gaburov, S. Portegies Zwart, astrophysics Source Code Library,
ascl:1212.001 (2012).

[3] T. Fukushige, T. Ito, J. Makino, et al., PASJ, 43, 841 (1991).

[4] T. Fukushige, J. Makino, A. Kawai, PASJ, 57, 1009 (2005).

[5] J. Makino, PASJ, 43, 621 (1991).
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The double layer graphene systems are considered as promising candidates for re-
alizing the electron-hole pairing [1|. The systems consist of two conducting graphene
sheets, in which the one sheet has an electron-type conductivity, and the other has
a hole-type conductivity. At low temperature electrons and holes from the opposite
layers form pairs similar to Cooper pairs in superconductors. It is important to find
the effects that are a hallmarks of the electron-hole pairing. Recently it was shown
that the electron-hole pairing reduces significantly screening properties [2], modi-
fies the spectrum of plasmons [3], and causes the strong resonant absorption and
reflection of electromagnetic waves [3] in double layer graphene systems.

In this report we study the influence of the electron-hole pairing on non-linear
(NL) electromagnetic properties of double layer graphene systems. The double mono-
layer and double bilayer graphene systems are considered. The density matrix ap-
proach [4] is used to calculate the NL response to the external electromagnetic field.
The NL conductivities of the second and third order are found.

The effect of strong enhancement of third-harmonic generation (THG) is pre-
dicted [5]. The effect manifests itself in the appearance of the peaks in the THG
intensity. The peaks correspond to the incident photon energies hw equal to (2/3)A,
A, 2A, (2/3)\/€5 + A2, where ep is the Fermi energy and A is the order parameter
of the electron-hole pairing.

The NL mechanism of plasmon generation that use difference frequency wave mix-
ing is investigated. Intensities of generation of surface plasmons caused by second-
order and third-order nonlinearities in double layer graphene systems are evaluated.

The report is based on the research provided by the grant support of the State
Fund for Fundamental Research of Ukraine (project No 33683).

[1] M.S. Fuhrer, A.S. Hamilton, Physics, 9, 80 (2016).

[2] K.V. Germash, D.V. Fil, Phys. Rev. B, 91, 115442 (2015).

[3] K.V. Germash, D.V. Fil, Phys. Rev. B, 93, 203436 (2016).

[4] R.W. Boyd, Nonlinear Optics, third edition (Academic Press) (2008).
[5] K.V. Germash, D.V. Fil, EPL, 118, 67008 (2017).
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Recent experimental study of the far-infrared transmission spectra of large area
chemical-vapor-deposited monolayer graphene [1| has shown that the Drude peak
width increases by more than 10% per 1% of applied uniaxial strain, while the
Drude weight and the Fermi energy remain unchanged. Whereas in the original
experimental work the strong effect is attributed to the surface phonons, we pro-
pose an alternative explanation based on the inevitable presence of some amount of
impurities in the experimental samples.

In metals impurities can contribute to the increase in the Drude peak width due
to reduced inter-site hopping integrals in the strained sample. However, in the com-
monly considered case of weakly scattering impurities, this effect is quite moderate
for any reasonable impurity concentration. On the contrary, we argue that resonance
impurities, which are characterized by strong scattering potentials, may account for
the observed magnitude of the effect. It is shown that the existence of a well-defined
single impurity resonance is the necessary condition for the enhancement of the
peak widening under a strain. Such an enhancement arises from the gradual shift
of the impurity resonance energy, which results from the impurity interaction with
the host crystal, towards the Dirac point with increasing the strain. Thus, when the
Fermi level is positioned closer to the Dirac point than the resonance energy, it finds
itself in the domain of the significantly increased impurity scattering with applying
the strain. The enhancement of the peak widening is the most prominent when the
Fermi energy is located near the half height of the resonance.

[1] M. Chhikara, I. Gaponenko, P. Paruch, and A. B. Kuzmenko, 2D Mater. 4,
25081 (2017).
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The dynamics of fluxon or magnetic flux quantum in the dielectric layer of Joseph-
son junction with presence of time-independent bias, dissipation and spatial inho-
mogeneity is examined. Fluxons are represented as a solitary waves which are the
solutions of the sine-Gordon equation on the difference of the wave function phase
of the superconducting condensate [1]. The qubit existence in Josephson junction
can be presented as the spatial dimensional inhomogeneity with different polarity on
the way of fluxon motion [2]. The fluxon scattering on the dipole inhomogeneity of
the step-function form is investigated. The equations of fluxon motion in Josephson
junction with dipole inhomogeneity which models the qubit are found. The dynamics
of fluxon has a great dependence from inhomogeneity size parameters. The thresh-
old current which is the minimum current needed for fluxon to pass an obstacle is
found analytically with help of modified balance equation method [3]. This current
depend on impurity size and dissipation in the junction. Numerical results show a
great dependence of threshold current to impurity length, particularly, that there is
some "optimal" value of it exists after reaching of which the length of impurity does
not influence on the threshold current. When the fluxon interacts with impurities
in two different states its velocity changes differently too, thus, the delay time be-
tween such fluxons in the observation point is appearing. The numerical simulations
of fluxon dynamics with respect of Runge-Kutta method were performed. The ob-
tained results show the delay time decreasing while velocity increasing and almost
tend to zero on relativistic velocities. The delay time is greater when inhomogeneity
size is larger. The analyze of delay time gives an opportunity to read out the state
of impurity, hence, the state of the qubit.

[1] D.W. McLaughlin, A.C. Scott, Phys. Rev. A 18, 1652 (1978).

[2] A. Fedorov, A. Shnirman, G. Schon, A. Kidiyarova-Shevchenko, Phys. Rev. B
75, 224504 (2007).

[3] Ivan.O. Starodub, Yaroslav Zolotaryuk, Phys. Lett. A 376, 3101 (2012).
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The influence of an external magnetic field on the critical current in
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The behavior of the superconducting contact of SNINS-type (where S - supercon-
ductor, N - normal metal, I - insulator) in the external magnetic field is investigated.
The behavior of the Josephson contacts in a magnetic field is well studied for the
case of the traditional sinusoidal current-phase relation [1]. The dependence of the
maximum current on the magnitude of the magnetic flux was investigated for su-
perconducting SIS junction for a wide range of electron transmission coefficients in
12].

In this research was found out, how the presence of a normal layer of arbitrary
thickness and dielectric film with a wide range of changes of electron transmission
coefficient affects on the sensitivity of maximum current to the magnitude of the
magnetic field in SNINS contact. In addition, the influence of non-magnetic impu-
rities of arbitrary concentration in such a contact was analyzed. As it was found
out, with the increase of the electron transmission coefficient, the critical current in
the contact becomes much more sensitive to the change of magnetic flux, which is
especially noticeable when the magnetic flux values are close to the integer number
of the elemental flow quantum. Also was shown that increase of the concentration
of nonmagnetic impurities leads to a decrease in the magnitude of the current max-
imum.

[1] A. V. Svidzinsky, The Microscopic Theory of Superconductivity, Lutsk, Vezha,
2001.

[2] B. €. Caxutok JlocsiKeHHs1 BIUIMBY 30BHIIIHBOIO MAIHITHOTO IOJIsA  Ha
KPUTUIHUN CTPYM JIzKO3e(DCOHIBCHKMX KOHTAKTIB JJIsI TeMIlepaTyp, OJM3bKUX JI0
kputndanol.— Hayk. Bica. CHY im. Jleci Ykpaiuku. Cepist : @izuuni Hayku — JIyIbK,
2013. — Ne 26 (275). — C. 50-54.
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The Poisson parametrization |1] helps to obtain the partition function represen-
tation of a one band superconductor in the functional integral form. This approach
works in the two band superconductivity theory [2] too.

The interaction representation [3] introduces the ordered exponential concept.
Considering the ordered exponential as a product of exponentials we have obtained
the representation of the Bloch equation solution in the functional integral form in
the two band superconductivity case. The graduation from evolution operator to
partition function of a two band superconductor is known. It gives a possibility to
calculate the thermodynamic potential approximately. Using the obtained partition
function representation we have formulated a mean field approximation tested in the
functional integral theory. We have introduced two complex functions called order
parameters. These functions characterize a superconducting state of a two band
superconductor.

Using the bilinear Hamiltonian we have obtained a possibility to construct the
current density expression of different superconducting tunnel junctions based on
two band superconductors. Every quantity has been defined in terms of Matsubara
Green functions.

[1] Csigguncekuii A. B. Mikpockoniuaa Teopist HaJAposigHoCTL: MOHOTpadist /
A. B. Csimsuncoknii. — JIynpk: BEZKA, 2011. — 420c.

[2] J. Nagamatsu, N. Nakagawa, T. Muranaka, Y. Zenitani, and J. Akimitsu, Na-
ture 410, 63 (2001).

[3] Ceimsuncbkuii A. B. Maremaruani mero/u reoperuynol dgizuku: [ligpyanuk. —
Bu. 4-te, jpomosH. i nepepobst. ¥ 2-x Tomax. T.2.
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Nowadays the nature of high-temperature superconductivity (HTSC) remains
unclear. There are many different theoretical models, which describe some of HTSC
aspects and peculiarities, but none of them is neither fully predictive nor coherent
enough. Because of the extremely complicated electronic structure, the iron-based
superconductors (IBS) are one of the most interesting classes of HTSC to study.
In particular, the effect of three-dimensionality of electronic structure on electronic
properties of IBS is not clear at all.

Using angle-resolved photoemission spectroscopy (ARPES) we have measured
and studied the kz-dependence of electronic structure in BKFA, the most studied
IBS. We focus on peak positions of unoccupied bands in different points of Brillouin
zone, Fermi surface and renormalization dependencies. A number of unexpected
effects have been observed:

e comparison of experimental results and band structure calculations hints to the
swap of known excitation energy values for I' and Z points in BKFA;

e it is identified for the first time that in addition to the band structure, renor-
malization in BKFA has kz-dependence as well.
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Astonishing headway in nanotechnology brings forth a great interest to nano-
sized magnetic objects of curved geometry because of their unique properties and
crucial application potential [1]. Recent theoretical studies of curved magnetic nano-
systems (e.g. low-dimensional magnets, thin shells) introduce a general approach of
geometry-induced effects description [2]. For instance, magnetochiral effects in wires
and ribbons were explained [3]. To the date most studies of curved nanomagnets
have been focused on ferromagnetic materials.

Henceforth, in this study we propose an expansion of developed in [2| approach
for curved antiferromagnets description.

In our study we consider an antiferromagnet in the frame of sigma-model ap-
proach [4] where its statics and dynamics are described in terms of Néel vector only.
This desription is valid for low-frequency and long-wave spectral regions.

We illustrate the developed approach by thin ring-shaped two-sublattice antifer-
romagnet with hard axis anisotropy oriented along the wire. We show that a normal
to the ring plane distribution of Néel vector provides a global energy minimum of the
system. Likewise, linear excitations of the ground state are four-times degenerated.

[1] R. Streubel, P. Fischer, F. Kronast, V.P. Kravchuk, D.D. Sheka, Y. Gaididei,
O.G. Schmidt and D. Makarov, J. Phys. D, 49, 363001, (2016).

2] Y. Gaididei, V. P. Kravchuk, D. D. Sheka, Phys. Rev. Lett., 112, 257203 (2014);
D.D. Sheka, V. P. Kravchuk, Y. Gaididei, J. Phys. A, 48, 125202 (2015).

[3] D.D. Sheka, V.P. Kravchuk, K. V. Yershov and Y. Gaididei, Phys. Rev. B, 92,
054417 (2015); O. V. Pylypovskyi, V. P. Kravchuk, D.D. Sheka, D. Makarov,

O.G. Schmidt and Y. Gaididei, Phys. Rev. Lett., 114, 197204 (2015);

V. P. Kravchuk, U. K. Ré8ler, O. M. Volkov, D.D. Sheka, J. van den Brink,

D. Makarov, H. Fuchs, H. Fangohr and Y. Gaididei, Phys. Rev. B, 94, 144402 (2016).
[4] L V. Bar'yakhtar and B. A. Ivanov, Sov. J. Low Temp. Phys., 5, 361 (1979).
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Metamaterials, artificial periodic structures with promising advantages for con-
trol of wave propagation, are of great importance for modern nanotechnology. Meta-
materials for optics (photonic crystals) are used for manipulation electromagnetic
waves at optical frequencies at the nanometer scale. Nowadays, the concept of
nanopatterned structure is encapsulated in different fields of physics, like as physics
of phonons or plasmons. In magnetism magnonic crystals construct media for the
control of magnons propagation. Magnonic crystals are the artificial magnetic struc-
tures with periodic distribution of the constituent materials or periodic modulation
of magnetic parameters [1]. They are promising for all-magnon data processing [2]
and used for the realization of logic operations [3].

In current study we propose the concept of curvature induced magnonic crystals
with periodic spatio-inhomogeneous curvature distribution. We consider a planar fer-
romagnetic meander-like nanowire with strong easy-tangential anisotropy, composed
of periodically arranged semi-circle segments. We describe statics and dynamics of
the magnetization using the recently developed approach [4] for arbitrary shaped
wires. The curvature of the system leads to appearance of geometrically induced
Dzyaloshinskii-Moriya interaction and an additional anisotropy in plane of the sam-
ple, which results in a deviation of the magnetization from the strictly tangential
distribution. The ground state magnetization distribution is derived analytically for
the curved wire with the periodic spatial dependent curvature.

Ground state of the magnetization has periodic structure and plays a role of pe-
riodic potential for magnon excitations. The spin-wave spectrum of this structure
is calculated analytically in the empty lattice approximation, which corresponds to
the weak curvature case. Bandgaps in magnon spectrum are determined by the cur-
vature. The minimal size of the gap corresponds to zero wave-vector and it decreases
with the curvature amplitude increasing. There is a critical value of the curvature
when the gap vanishes.

[1] S. O. Demokritov and A. N. Slavin (eds.), Magnonics: From Fundamentals to
Applications (Topics in Applied Physics), Springer Berlin Heidelberg, Berlin New
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[2] A. V. Chumak, A. A. Serga, and B. Hillebrands, Nat. Commun., 5, 4700 (2014).
[3] T. Schneider, A. A. Serga, B. Leven, B. Hillebrands, R. Stamps, and M. Kostylev,
Appl. Phys. Lett., 92, 022505 (2008).

[4] D. D. Sheka, V. P. Kravchuk and Y.Gaididei, J. of Phys. A: Math. and Theor.,
48, 125202 (2015).
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Within Landau-Ginzburg-Devonshire (LGD) theory framework [1]-[4], analytical
solutions for the soft transverse acoustic (TA) and optic (TO) phonon dispersion
relations depended on the magnitude of the flexoelectric coefficient f and temper-
ature 1" in linearized form where found exactly. Existence of the incommensurate
modulations of wave frequency in a temperature range lower than Curie tempera-
ture T but higher than the temperature of incommensurate phase transition 7j¢,
Tice < T < Te and under condition of the flexocoefficient magnitude ranging over
the critical value, | f| > f(T'), was established. We predicted the appearance of the
"rippled" flexocoupling-induced incommensurate phase in the initially commensu-
rate ferroics. Impact of the dynamic flexocoefficient M, suggested in [5], on phonon
spectra was studied. It was shown that in the vincinity of a critical value of the
dynamic flexocoefficient M = /u - p, where p is the density of a ferroic and p is
kinetic coefficient, dispersion relation has singularity. It can put to the test magni-
tude of the dynamic flexocoefficient in sense of the question of existence of dynamic
flexoelectric coupling.

[1] A. N. Morozovska, Yu. M. Vysochanskii, O. V. Varenyk, M. V. Silibin, S.
V. Kalinin, and E. A. Eliseev, Phys. Rev. B 92, 094308 (2015).

[2] A. N. Morozovska, E. A. Eliseev, C. M. Scherbakov, and Yu. M. Vysochanskii,
Phys. Rev. B 94, 174112 (2016).

[3] A. N. Morozovska et al., Phys. Rev. B 96, 094111 (2017).

[4] A. N. Morozovska, V. V. Khist, M. D. Glinchuk, C. M. Scherbakov, M. V. Sili-
bin, D. V. Karpinsky, and E. A. Eliseev, http://arxiv.org/abs/1710.01033.

[5] P.V. Yudin and A.K. Tagantsev, Nanotechnology, 24, 432001 (2013).

[6] A. Kohutych et al., Phys. Rev. B 82, 054101 (2010).
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Lately the properties of magnetic materials have been studied intensively.
Nonetheless the mechanism underlying femtosecond laser-pulse-induced ultrafast
magnetization dynamics remains elusive. Microscopic theoretical consideration of
spin dynamics can shed light on this phenomenon. However, the longitudinal spin
dynamics is less investigated than the transverse one. In particular, the longitu-
dinal spin dynamics in an antiferromagnet is not completely understood even in
equilibrium state.

In our research, the diagrammatic technique for spin operators was used to study-
ing the longitudinal dynamics in antiferromagnets. Our consideration is based on
the Heisenberg model of an antiferromagnet. The diagrammatic technique for spin
operators is exact from the quantum mechanics point of view than other methods. In
this case, the equations that describes the behavior of the system can be represented
graphically. So, we are working with graphic objects. The graphical elements are the
Green functions and the interaction integrals. Due to certain rules, the graphical
representation can be replaced by equations again.

Strong renormalization of the magnetization longitudinal vibration due to a few
channels of virtual creation and annihilation of transverse spin waves has been found.
Videlicet, there is a process of creation and annihilation of two spin waves at fre-
quencies w(q) = € — €+, Which corresponds to in-phase sublattice magnetization
precession and is in close analogy to a ferromagnet [1| and ferrimagnet [2] cases.
The second channel is a two-spin-wave creation/annihilation process at frequency
w(q) = €k + €kxq. (In all these processes the wave vector k is a variable.) The first
channel is controlled by the occupation factor determined through the spin wave
Bose distribution function. However, the processes of creation or annihilation of two
a two spin waves remain effective even in the absence of thermal excitations, i.e.,
when n(e;) — 0, and, in our opinion, most likely provide the main contribution to
the thermally induced magnetization reversal.

[1]  Yu.A. Izyumov, N.I. Chaschin, and V.Yu. Yushankhai, Phys. Rev. B 65, 214425
(2002).
[2] V.N. Krivoruchko, Phys. Rev. B 94, 054434 (2016).
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We propose a novel approach for the creation of THz-frequency AC signal source
based on antiferromagnetic spin-Hall oscillator (SHO) — a layered structure consist-
ing of a current-driven normal metal (NM) with strong spin-orbit interaction and a
layer of a canted antiferromagnet (AFM). The use of AFM provides a substantial
increase of the SHO operational frequencies (up to 10 THz) in comparison to the
traditional ferromagnetic spin-torque oscillators |1, 2.

In the considered SHO the magnetization vectors of the AFM sublattices are
canted inside the easy plane by the Dzyaloshinskii-Moriya interaction (DMI) result-
ing in the appearance of the small net magnetization vector mpy. When a DC
electric current is flowing in the NM layer, it creates, due to the spin-Hall effect,
a perpendicular spin current that excites the uniform rotation of the mpyg. This
rotating magnetization can be considered as a system of two almost identical or-
thogonal oscillating dipoles creating a dipolar AC field, which can be registered by
an appropriate electrodynamic system.

We demonstrate theoretically that the dipolar AC power received from such
AFM-based SHO can be calculated as:

v
P — Pm_ )
AC Vefo

where P, = pomdygV f is the characteristic AC power generated by the rotating
magnetization mpy, o is the vacuum permeability, f is the frequency of the gen-
erated AC signal, V' is the volume of the AFM layer, Vg is the effective frequency-
dependent volume of a particular THz-frequency system coupled to the SHO and ()
is the frequency-dependent quality factor of this system. Our calculations show that
such sources can have AC power Pyc > 1uW and, therefore, could be suitable many
practical applications. The publication contains results of the studies conducted un-
der the “President’s of Ukraine” grant for competitive projects (F74/150-2017) and
grant F76/63-2017 of the State Fund for Fundamental Research of Ukraine, grants
16BF052-01 from KNU and 7F from NASU.

[1] H. V. Gomonay and V. M. Loktev, Phys. Rev. B 81, 144427 (2010).
[2] R. Khymyn, I. Lisenkov, V. Tiberkevich, B. A. Ivanov, and A. Slavin, Sci.
Rep. 7, 43705 (2017).
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Electronic structure of the InSe diluted magnetic semiconductors

L.Yu. Kharkhalis, O.0O. Korolevych, O.V. Dulkai
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54 Voloshin St., 88000 Uzhgorod, Ukraine
E-mail:korolevichsasha@Qukr.net

Owing to the layered crystal structure and anisotropic physical properties binary
semiconductors of indium selenides of the A//BY! type are very interesting and
perspective materials for spintronic investigations. The existence of the van der
Waals coupling between the structural units allows easily to intercalate the InSe
crystal by various magnetic impurities and thus influence on its magnetic properties.
The authors of experimental researches [1,2| showed that InSe crystals intercalated
with transition metal impurities with an unclosed d-shells (Mn, Fe, Co, Ni) exhibit
the ferromagnetic order. According to data [1,2], the introduction of impurity atoms
by means of intercalation in a magnetic field leads to hysteresis loops which is typical
for the ferromagnetics. The values of the Curie temperature and the coercive force
|2] are also obtained for the considered materials.

In this report, using first-principles pseudopotential method within density-func-
tional theory the electronic and magnetic properties of the InSe layered crystal in the
different modifications doped with 3d- elements have been investigated. We studied
the possible ways intercalation of magnetic 3d -elements in indium selenide crystals.

We carried out the calculations of the band spectrum, the partial density densities
and the spatial distribution of the valence electron density for a S-InSe crystal with
different concentrations of transition metal impurities (Mn, Ni, Co). The evolution
of spin-polarized spectra and partial charge densities for spin subsystems in diluted
magnetic impurities of indium selenides has been analyzed. We found that diamag-
netic structures of 5-InSe and ~-InSe after intercalation with 3d elements become
magnetically ordered. The estimates for the magnetic moment and their dependence
on the concentration of impurities are obtained. It is shown that the local magnetic
moment for Mn is greater than that for Ni and Co atoms. The decreasing of the
magnetic moment of the impurity atoms in the In-Se layered crystals in a result
of their intercalation by the transition metal atoms is observed too.The nature of
the ferromagnetic order in intercalated (-InSe crystals is determined, due to the
hybridization of the d-states of the impurity with the p-states of the chalcogen.

[1] V.M. Kaminskii, Z.D. Kovalyuk,V.I. Ivanov, Physics and Chemistry of Solid
State 16, 44 (2015).
[2] V.B. Boledzyuk, Z.D. Kovalyuk, Z.R. Kudrynskyy, et al., PSE 12, 184 (2014).
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Flexo-chemical coupling in ferroelectric thin films with defect layer
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3, Krjijanovskogo, 03142 Ky, Ukraine
2 Institute of Physics, National Academy of Sciences of Ukraine
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3 Institut fiir Materialwissenschaft, Technische Universitit Darmstadt
Otto-Berndt-Str. 3, 64287 Darmstadt, Germany
* Faculty of Mathematics and Physics, Charles University
V' Holesovickach 2, 18000 Prague 8, Czech Republic
>The Center for Nanophase Materials Sciences
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We considered the impact of the flexoelectro-chemical coupling on the size effects
in polar properties and phase transitions of thin ferroelectric films with a layer of
elastic defects. A typical case is considered, when defects fill a thin layer below the
top film surface with a constant concentration creating an additional gradient of
elastic fields.

Obtained results revealed an unexpectedly strong effect of the joint action of
Vegard stresses(W) and flexo-chemical coupling on the ferroelectric transition tem-
perature, distribution of the spontaneous polarization and elastic fields, domain wall
structure and period in thin PbTiO3 films containing a layer of elastic defects. A
nontrivial result is the ferroelectricity persisting at film thicknesses below 4 nm,
temperatures lower than 350 K and relatively high surface screening length ( 0.1
nm).
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Figure 3 (a) (b) The dependence of the 25-nm thick PbTiO3 film total energy on the
domain size (potential relief of wall-wall interaction) calculated for different values
of surface screening length A, for different Vegard coefficient. Dependences of the
equilibrium domain size (c¢) and inverse value (d) on the surface screening length A.
Temperature T' = 600K and defect concentration Ny = 3 x 10%m 3.

[1] P.S. Yastremskii, et al., Zh. Fiz. Khim. 1, 1442 (1975).
[2] A. Lyaschenko, A. Lileev, J. Chem. and Eng. Data 2, 2008 (2010).
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The bias error of flicker noise spectral exponent estimation
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Flicker noise (or 1/f noise) widespread in nature and has power spectral density
G(f) ~ 1/f7, where f is the frequency, « is the spectral exponent [1|. Spectral
exponent is often used for reliability estimation of semiconductor devices. In [2] it is
supposed, that the spectral exponent is function of f. When we have deal with real
noise we may measure y(f) as a piecewise-defined function. Then spectral exponent
relative bias error [3, 4] for some fj is

U4y (y41) S
1 (-25)
6,7 - f +Afrel ln 24 1 Af’r'el2 ’ (1)

where fj is the central frequency, A f,.; is the relative bandwidth for spectral expo-
nent estimation.

10” ,

relative error

0.001 0.01 0.1
relative bandwidth Af

Figure 4 Dependence of bias error on relative bandwidth for spectral exponent.

[1] Low frequency noise, http://flicker-noise.com

[2] S.E. Reschikoff, “Problems of Theoretical Physics”, Kyiv, Ukraine, 16 (2016).
[3] S. Reschikoff, Bull Nat Univ Kyiv, Ser Radio Phys and Electr 24, 38 (2016).
[4] V.A. Sergeev, S.E. Rezchikov, Meas. Tech. 58, 1160 (2016).
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Dielectric properties of nanocellulose aqueous suspension
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We investigated dielectric properties of cellulose nanocrystals (CNC) and
nanofibers (CNF) aqueous solutions. Mesurements of complex dielectric relaxation
were performed in range of frequences from 10° to 2 % 10'° Hz. This range of
frequences represents characteristics of hydrogen bonds. Using Debye theory, tem-
perature dependence of characteristic relaxation time 7 was determined for water,
water-CNF suspension and water-CNC suspension |Fig.1|. For water-CNC suspen-
sion charachteristic relaxation time is less than for water or water-CNF solution.
This result we explain by properties of CNC, exactly, by its level of hydrophylity.
Majority of molecules slowing dynamics of water, but some researches show that in
some cases hydrophilic surface may faster water dynamics [1,2].
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Figure 5 Characteristic relaxation time 7 of B water, A water-CNF, ¢ water-CNC
solutions.

[1] P.S. Yastremskii, et al., Zh. Fiz. Khim. 1, 1442 (1975).
[2] A. Lyaschenko, A. Lileev, J. Chem. and Eng. Data 2, 2008 (2010).
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Stabilization of magnetic skyrmions by RKKY interactions
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We study the stabilization of an isolated magnetic skyrmion in a magnetic mono-
layer on non-magnetic conducting substrate via the Ruderman-Kittel-Kasuya-Yosida
(RKKY) exchange interaction. Two different types of the substrate are considered,
usual normal metal and single-layer graphene. We show that a proper treatment
of the long-range RKKY interaction leads to a qualitatively different scenario com-
pared to previous studies, where solitons were stabilized by the frustrated exchange
coupling (leading to terms with the fourth power of the magnetization gradients [1])
or by the Dzyaloshinskii-Moriya interaction (described by terms linear in the mag-
netization gradients 2], [3], [4]). We exploit the fact that main part of the energy
is R-independent, and thus the stabilization is driven by weak interactions which
can be treated perturbatively as small corrections. We obtained that the RKKY
exchange interaction results in a negative contribution to the skyrmion energy of
the type —(R/a)® with 0 < a < 1. Combined with the contribution of the easy-axis
anisotropy which is positive and proportional to (R/a)?, this provides a novel mech-
anism of the skyrmion stabilization. In the case of a metallic substrate, we find that
the skyrmion stabilization is possible under restrictive requirements on the Fermi
surface parameters, and the RKKY contribution is non-analytic (o = 3). In the
case of a graphene substrate a = 1, the stabilization is naturally achieved in several
geometries.

[1] Ar. Abanov and V. L. Pokrovsky, Phys. Rev. B 58, R8889 (1998).

[2] B. A.lIvanov, V. A. Stephanovich, and A. A. Zhmudskii, J. Magn. Magn. Mater.
88 116 (1990).

[3] A. N. Bogdanov and D. A. Yablonskii, Sov. Phys. JETP 68, 101 (1989).

[4] A. Bogdanov and A. Hubert, J. Magn. Magn. Mater. 138, 255 (1994).
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The liquid droplet view on the phase transition in SU(2) gluodynamics
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The liquid droplet formula is applied to an analysis of the properties of geometri-
cal (anti)clusters formed in SU(2) gluodynamics by the Polyakov loops of the same
sign. Using this approach, we explain the phase transition in SU(2) gluodynamics as
a transition between two liquids during which one of the liquid droplets (the largest
cluster of a certain Polyakov loop sign) experiences a condensation, while the droplet
of another liquid (the next to the largest cluster of the opposite sign of Polyakov
loop) evaporates. The clusters of smaller sizes form two accompanying gases, which
behave oppositely to their liquids. The liquid droplet formula is used to analyze the
size distributions of the gaseous (anti)clusters. The fit of these distributions allows
us to extract the temperature dependence of surface tension and the value of Fisher
topological exponent 7 for both kinds of gaseous clusters. It is shown that the sur-
face tension coefficient of gaseous (anti)clusters can serve as an order parameter of
the deconfinement phase transition in SU(2) gluodynamics. The Fisher topological
exponent 7 of clusters and anticlusters is found to have the same value 1.80640.008.
This value disagrees with the famous Fisher droplet model, but it agrees well with
an exactly solvable model of the nuclear liquid-gas phase transition. This finding
may evidence for the fact that the SU(2) gluodynamics and this exactly solvable
model of nuclear liquid-gas phase transition are in the same universality class
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Quantum van der Waals model versus Walecka model of nuclear matter
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A comparable study of the quantum van der Waals and Walecka models of nuclear
matter is presented. Each model contains two parameters which characterize the
repulsive and attractive interactions between nucleons. These parameters are fixed
in order to reproduce the known properties of the nuclear ground state. Both models
predict a first-order liquid-gas phase transition and a very similar behavior in the
vicinity of the critical point. Critical exponents of the quantum van der Waals model
are studied both analytically and numerically. There are important differences in
the behavior of the thermodynamical functions of the considered models at large
values of the nucleon number density. At the same time both models fall into the
universality class of mean-field theory.

[1] R. V. Poberezhnyuk, V. Vovchenko, D. V. Anchishkin, and M. I. Gorenstein,
Int. J. Mod. Phys. E (in print), arXiv:1708.05605 [nucl-th| (2017).
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Color structure of magnetic mass of chromomagnetic field
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Color structure of gluon field magnetic mass is investigated by means of lattice
SU(2) gluodynamics at deconfinement phase.

Two external chromomagnetic fields are introduced on a lattice: the field of
monopole-antimonopole string and the homogeneous Abelian field. In the first one
all the SU(2) components are non-zero, while the Abelian field corresponds just to
the diagonal generator of the SU(2) group.

The influence of the external Abelian field on the magnetic mass of the field of
the monopole-antimonopole string is investigated. Three situations are considered:

e when the external Abelian field is absent;
e when the external Abelian field is parallel to the string;
e when the external Abelian field is perpendicular to the string.

It is shown that addition of the Abelian field does not change the magnetic mass of
the string field. This means that the magnetic mass of the Abelian chromomagnetic
field is zero and that the magnetic mass of the field of the monopole-antimonopole
string is produced by its non-Abelian components. The first conclusion is consistent
with other analytical and lattice investigations [1, 2|, while the second statement was
not investigated on the lattice before and is consistent with perturbative results [3].

[1] M. Bordag and V. Skalozub, Phys. Rev. D 75, 125003 (2007) |hep-th/0611256].
[2] S. Antropov, M. Bordag, V. Demchik and V. Skalozub, Int. J. Mod. Phys. A 26,
4831 (2011) [arXiv:1011.3147 [hep-ph]|.

[3] M. Bordag and V. Skalozub, Phys. Rev. D 85, 065018 (2012) [arXiv:1201.1978
|hep-th]]|.
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Electroweak phase transition in a spontaneously magnetized vacuum
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Chromomagnetic fields Bs and Bg have to be created spontaneously in the gluon
sector of QCD at temperature 7' > Ty higher the deconfinement temperature Ty|1].
Usual magnetic field H should also be spontaneously generated in the electroweak
sector of the standard model at temperatures T' > T.,, higher than electroweak phase
transition temperature T, [2]. Quarks possess both electric e and color g charges.
So, due to vacuum polarization, the mixing of classical color and usual magnetic
fields happens. In the temperature interval T; < T < T, the color fields in an
effective potential act as specific sources for H [3|. The field strengths are estimated
to be of the order By, Bg ~ 10 — 10°G, H ~ 10'% — 10'G for temperatures
T ~ 160 — 220MeV .

We investigate the electroweak phase transition in the One-Higgs-Doublet and
Two-Higgs-Doublet standard models with accounting for the spontaneous vacuum
magnetization. Already such type considerations have been done as a problem in
different type given external magnetic fields. Since the spontaneously generated fields
are temperature dependent and strong they influence essentially the phase transition.
We determine the mass interval for Higgs particle when the phase transition is strong
first order and fits Sakharov’s conditions for the formation of the baryon asymmetry
of the Universe. The field strengths Bs(T"),Bs(T") and H(T') at relevant temperatures
are also estimated.

[1] V.V. Skalozub, A.V. Strelchenko, Eur. Phys. J. C, 33, 105-112 (2004).

[2] V. Demchik, V. Skalozub, Phys. Part. and Nucl., 46(1), 1-23 (2015).

[3] V.V.Skalozub, P.Minaiev, Visinik Dnipropetrovskogo universitetu. Seria Fizika,
radioelectronica, vol. 24, No 23(2), 35-30 (2016).

[4] A.A. Kozhushko, V.V. Skalozub, Ukr. J. Phys., 56, 431-442 (2011).
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[ investigate nucleon production in proton-nucleus collisions outside the kinemat-
ical boundary of proton-nucleon reactions. The maximal energy of protons emitted
in the backward direction is estimated. I suggest that cumulative nucleons are pro-
duced by heavy baryonic resonances created in p+A collisions due to successive
collisions with nuclear nucleons. I also compare theoretical predictions to the results
of Ultrarelativistic Quantum Molecular Dynamics simulations.
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Possibility of the Abelian Z’ with a non-narrow resonance
within the model-independent approach
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The Abelian Z’ boson is investigated in a model-independent approach [1]. In the
framework of the specific Z’ models, the Z’' mass is the only free parameter that must
be fitted. In the model-independent approach, it becomes possible to estimate the
7' couplings to the SM fields independently. We start from the effective Lagrangian
of the Z/Z" interaction with the SM fermions:

Lyir = f" [(vi" +4%a3") cos by + (v +~7ay) sinby] £2,/2, (6)
Lpgr= Ayt [(vf + 75af) cos By — (U?M + 75a‘?M) sin@o] fZ/:/Q, (7)
where 6 is the Z — Z’ mixing angle. We assume that 1) the Z' mass is acquired
through the Higgs mechanism; 2) the theory is renormalizable; and 3) the axial-

vector couplings are universal, so that a = a. = —a,, = a4 = —a,. Hence, the
following relations appear between the Z' parameters:

vf—ay =vyf, —ay, Oy= —2aoze_ﬂl/2 sin Oy cos HW(mZ/mZ/)—|—O((mZ/mZ,)4)7 (8)

where f and f, are the partners of the SU(2)y fermion doublet, a.,, is the fine
structure constant, Ay, is the Weinberg angle. Therefore, only four Z' parameters
stay independent, for example, a, v., v,, and my.

Provided that the Z — Z’ mixing takes place, the Z’ couplings can modify ob-
servables for the Z. In particular, we discuss the total Z decay width. The current
experimental constraints on it are I'y = 2.4952 4 0.0023 GeV. Thus, we can restrict
the Z' parameters in order to make I'y; stay within these limits. Using @ and ,
we obtain the optimistic estimate for the universal axial-vector coupling a:

a| < 0.02, a= 4r) Y% (my/my)a. 9)
This restriction allows also to constrain the Z’ decay width. With (9), we obtain
FZ//mZ/ < 30%. (10)

We hereby see that the non-narrow Z' resonances are allowed. This is the main
result of the present work which agrees with the recent known results [2].

[1]  A.O. Pevzner, V.V. Skalozub, Phys. Rev. D: 94, 015029 (2016).
[2] E. Accomando et al., Phys. Rev. D: 96, 075019 (2017).

b4



11
Author index

1 Bezghuba V.V. 0.19
Kyiv Academic University
2  Bezvershenko A.V. 0.29
Taras Shevchenko National University of Kyiv
3  Bilinsky I. 0.13
Main Astronomical Observatory of the National Academy of Science,
Kyiv
4  Boliasova O. 0.23
A.A. Galkin Donetsk Institute for Physics and Engineering, NAS of
Ukraine, Kyiv
5 Fomichov Y.M. 0.26
Institute for Problems of Materials Science, NAS of Ukraine, Kyiv
Charles University, Prague, Czech Republic
6 Germash K.V. 0.14
Institute for Single Crystals of NAS of Ukraine, Kharkiv
7 Gorev V.N. 0.2
National Mining University, Dnipro
8 Grygoriev U.V. 04
Taras Shevchenko National University of Kyiv
9 Haponenko K.M. 0.5
Oles Honchar Dnipropetrovsk National University, Dnipro
10 Hrebnov O.A. 0.28
Taras Shevchenko National University of Kyiv
11 Ivanytskyi A.I 0.30
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv
12 Kolomoyets N.V. 0.32
Oles Honchar Dnipropetrovsk National University, Dnipro
13 Kononenko D.Y. 0.20
Taras Shevchenko National University of Kyiv
14 Korniienko A.I. 0.21
Taras Shevchenko National University of Kyiv
15 Korolevych O.O. 0.25
Uzhhorod National University, Institute of Physics and Chemistry
of Solid State
16 Kuzmak A.R. 0.6

Ivan Franko National University of Lviv

29



17 Morozko O.O. 0.7
Ivan Franko National University of Lviv

18 Minaev P. 0.33
Oles Honchar Dnipropetrovsk National University, Dnipro

19 Panova O. 0.34
Taras Shevchenko National University of Kyiv

20 Pastukh O.Y. 0.17
Lesya Ukrainka Eastern European National University, Lutsk

21 Pevzner A. 0.35
Oles Honchar Dnipropetrovsk National University, Dnipro

22 Piatnytskyi D.V. 0.8
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv

23 Poberezhnyuk R.V. 0.31
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv

24 Reschikoff S.E. 0.27
Ulyanovsk State Technical University, Ulyanovsk , Russia

25 Rudakovskyi A. 0.12
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv

26 Sagun V. 0.10
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv

27 Savchenko D. 0.11
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv

28 Scherbakov C.M. 0.22
Taras Shevchenko National University of Kyiv

29 Shchur O. 0.3
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv
Taras Shevchenko National University of Kyiv

30 Shubnyi V.O. 0.15
Taras Shevchenko National University of Kyiv

31 Shutowskiy A.M. 0.18
Lesya Ukrainka Eastern European National University, Lutsk

32 Spivak A.Ya. 0.1
Odesa State Environmental University, Odesa, Ukraine

33 Starodub I.0. 0.16
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv

34 Sulymenko O.R. 0.24
Taras Shevchenko National University of Kyiv

35 Zdorevskyi O. 0.9

Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kyiv

o6



111
Geography of participants

Bogolyubov Institute for Theoretical Physics, NAS of Ukraine

Main Astronomical Observatory of the National Academy of Science,
Kyiv

Kyiv Academic University

A.A. Galkin Donetsk Institute for Physics and Engineering, NAS of
Ukraine, Kyiv

Odesa State Environmental University, Odesa

Institute for Problems of Materials Science, NAS of Ukraine, Kyiv

Institute for Single Crystals of NAS of Ukraine, Kharkiv

National Mining University, Dnipro

Taras Shevchenko National University of Kyiv

Oles Honchar Dnipropetrovsk National University, Dnipro

Ivan Franko National University of Lviv

Uzhhorod National University, Institute of Physics and Chemistry
of Solid State

Lesya Ukrainka Eastern European National University, Lutsk

Ulyanovsk State Technical University, Ulyanovsk, Russia

o7



am. Ne8 dopmar 60x84/16. O6.-BuI. apK. 7.5
[Tizmucano j1o apyky 07.12.2017 Haxurag 60 mpum.

[Tonirpadiuna giabauig [T im. M.M. Boromobosa HAH Vkpainu 03680, Kuis,
Bys1 Metposoriuna, 14 — 0.



	Program 
	Statistical Theory of Many-Body Systems
	Mathematical Physics
	Physics of Biological Macromolecules
	Astrophysics and Cosmology
	Condensed Matter Physics
	Physics of Nuclei and Elementary Particles
	Author index 
	Geography of participants 

