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DIVERSE MAGNETIC CHAINS IN INORGANIC COMPOUNDS

A. N. Vasiliev
Lomonosov Moscow State University,
vasil@lt.phys.msu.ru

A review on spin liquid behavior in various magnetic chains in inorganic compounds is presented.
Keywords: spin liquid, magnetism, superconductivity

In both inorganic and metalrganic compounds, transition metals surrounded
by ligands form regular or distorted polyhedra, which can be either isolated or
interconnected. Distortion of the polyhedron can be caused by the degeneracy in
population of atomic or molecular orbitals, which can bbeaeed by the cooperative
JahnTeller effect. This effect is often accompanied by the formation of- low
dimensional magnetic structures, of which we will consider only chain, or-qoasi
dimensional, magnetic compounds variety.

Magnetic chains are formedhen transition metal polyhedra bond through a
vertex, edge, or face. Moreover, the magnetic entities can be coupled through various
nonmagnetic units like N@ SiO,, PnOs; or PnO,4, ChO; or ChO,, wherePn is the
pnictideandChis the chalcogen. In most cases, the local environment of the transition
metal is represented by the oxygen and/or halogens. The prevailing number of chain
systems is based om &ansition metals, albeittdand % systems attract more and
more attentionMixed 3d-4f single chain magnets became the popular objects in-metal
organic chemistry.

Exchange interactions in quamnedimensional systems can differ in sign, but
no longrange magnetic order, either ferromagnetic or antiferromagnetic, can be
achievel at finite temperatures due to fundamental limitations formulated in the early
stages of the development of quantum mechanics. These limitations are summarized in

10


mailto:vasil@lt.phys.msu.ru

a Mermini Wagner theorem, which states that no continuous symmetries can be
spontaneously brokeat finite temperature in systems with sufficiently shrarige
interactions indimensiomsO 2. Thi s mangeflustuatidnsacan bé aveated

at little energy cost, and they are favored since they increase the entropy. The theorem
does not apply to discrete symmetries that can be seen in theim@asionallsing

model| in which the longrange order occurs at the temperatures comparable to
exchange interaction energy.

The longrange magnetic order being not the intrinsic property of the chains can
appear only due to the interchain interactions if not precluded by the spinhgagerVy
concept of the spin gap plays a key role in the field ofdawensional magnetism. All
research objects in this area can be subdivided into gapped and gapless ones. The
amazing variety of manifestations of quasiedimensional magnetism is duettoe
fact that the chains themselves can differ in a number of parameters. They can be
homogeneous or alternating in terms of intrachain exchange interaction. The next
nearesineighbor exchanges in the chains may compete with the neargbbor
exchanges

The chains can be organized by transition metal ions with integer anteajér
spins and they can be constituted by different spins of the same element or by spins of
different magnetic species. The chains can be cut to form the magnetic clugters, e.
dimers or trimers, and they may pair up to form the spin ladders or group up to form
the spin tubes.

Understanding the behavior of ledimensional magnetic systems is of
fundamental importance in terms of the formation of quantum ground states of matter
Many new chain magnetic materials have appeared recently due to improvements in
synthetic procedures. Each such compound highlights new facets-dfrt@msional
magnetism, going in some cases beyond the limits of magnetism towards
superconductivity, fepelectricity and multiferroic phenomena.

For a long time, the lowdimensional magnetism was considered only as a
playground for the development of elaborated theoretical models. The impetus to
experimental research was given by the discovery of -feigiperature
superconductivity in cuprates, for which tgonensional antiferromagnetic
correlations turned out to be important. It was found, that many features bring together
low-dimensional magnetism and superconductivity. The concept of spin liquid itself
has proven productive for the development of modern theory of superconductivity. In
particular, the magnetic skyrmions have much in common with the vortices Hil type
superconductors.

Independent of superconductivity, the lolmensional magnetism in insiiors
is of utmost interest since it allows to unravel the fine interactions responsible for the
formation of the ground states of matter. The purpose of this review was to demonstrate
how versatile are the manifestations of {dunensional magnetism ugjithe example
of quastonedimensional compounds.
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DOMAIN KINETICS UNDER THE ACTION OF
THE PYROELECTRIC FIELD CREATED
BY PULSE LASER IRRADIATION

V.Ya. Shur
Chief Researcher, vladimir.shur@urfu.ru
Institute of Natural Sciences and Mathematics, Ural Fetlsrialersity

The paper presents the results of a study of the evolution of the domain structure in uniaxial
ferroelectrics under the action of a pyroelectric field arising as a result of a spatially nonuniform
temperature change caused by pulsed infrareer laradiation. Particular attention is paid to the
domain nucleation and growth in the sample volume stimulated by tightly focused irradiation in the
near infrared range created by a femtosecond laser.

Keywords: lithium niobate, lithium tantalate, sane®y, depolarizing field, femtosecond laser,
selfassembling

The appearance of a pyroelectric field in ferroelectrics because of temperature
change is caused by a delay in the screening/compensation of a change in the
depolarizing field created by bountarges. The time dependence of the pyroelectric
field is determined by relaxation of the screening charges. The resulting field can be
sufficient to change the domain structure, thus opening the opportunities for
polarization reversal due to a temperatcinange only without applying any electric
field. At present, the creation of the tailored domain structure under the action of pulsed
laser radiation is considered as a promising method of domain engineering [1]. It is
important to point out that absendelwe surface electrodes leads to the disappearance
of the external screening of depolarization field which stimulates the interaction
between charged domain walls and formation of theass&émbled domain structures.

Two versions of this approach have been implemented: using absorbed and non
absorbed laser light. Radiation in the ultraviolet and far infrared range, which is
strongly absorbed in the surface layer of almost all ferroelectrics, leads to-a non
uniform temgrature change and the creation of the pyroelectric field for domains
switching [2]. In this case, the stripe domains of submicron width grow in the directions
defined by the crystal symmetry. The appearedassd&mbled quasegular domain
structures araucleated only at the surface and subsequently grow in certain directions
[3,4]. Nevertheless, this method does not allow to realize the precise controlling of the
individual domain positions and the creation of thdeeensional domain structures in
thecrystal bulk.

The domains nucleation in the crystal bulk was achieved for the first time using
tightly focused irradiation by a femtosecond laser in the-imd@ared range. The main
idea of this method is based on multiphoton absorption of radiation fhem
transparent spectral range localized only in the focusing region with a high energy
density which can achieved by femtosecond laser irradiation. In 2015, theright
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domain switching in the crystal bulk was demonstrated firstly in the lithium t@oba
LINbO3 crystal [5]. Further studies allowed investigators to expand the number of
ferroelectrics used for creation of twdimensional and thregimensional tailored
domain structures [6].

We have studied the process of creating domain structures lbyrtadaation
and linear scanning with femtosecond laser radiation in LENb@ lithium tantalate
LiTaOs; crystals being among the most popular nonlinear optical materials using
Cherenkov type confocal microscopy for domain imaging in the crystal bulk [7,8
Is suggested that the domain nucleation near the focal point is caused by depolarizing
field that arises near the nonpolar inclusions created by irradiation, and further growth
of domains is due to the pyroelectric field arising due to the charigmperature [7].
The creations of thredimensional nonlinear photonic crystals and stable periodic
domain structures in the volume are demonstrated [8].

The work was supported by the Russian Science Foundation grant&. 24

00302. The equipment of the rla | Center for Coll ec
Nanotechnol ogi eso of t he Ur al Feder al
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DYNAMIC HETEROGENEITIES IN THE NJ SPIN GLASSES
THROUGH THE PRISM OF LOCAL FIELDS

V.A. Abalmasov
Senior ResearchegPhD, v.aabalmaso@math.nsc.ru
Sobolev Institute of Mathematics SB RAS, Novosibirsk, Russia

The absolute value of the local field in spin glasses determines th#tigmrobability. The
average domain size for zeroand nonzefo s ol ut e val ues oJspinghlassisl oc a
calculated using the Monte Carlo method and related to dynamical heterogeneities. It turns out that
the average domain size for nonzero absolute values of the local field, corresponding tarslow sp
dynamics at low temperature, increases and saturates with decreasing temperature, mainly due to the
increase in the probability of finding nonzero local fields.

Key words spin glasses, glasses, spin relaxation, dynamical heterogeneity

Spin glasses, like structural glasses, are characterized by a strong slowdown in
dynamics at low temperature. At the same time, this dynamics isiiotmin space.
There are domains of slow and fast dynamics at a given temperaijeSflidying
thesedomains at low temperature is difficult due to the slow spin dynamics and the
resultinglong simulation time. However, in spin glasses the gpmprobability is
determined by the local field value by the Boltzmann exponential. Thus, the domains
of nonzeo local field,thes i ze of whi ch WspingessausingMente 1 n
Carlo simulations for samples of sikze=100 in 2D and 3D (Fig. 1)reproduce the
slow dynamics domains of interest.

20.0
IS.0josssosoenemessessane,, (a) (b)
10.0f s, e 1
< 2-8' 2D ‘ &3&"‘ = 2-8' 3D ", -
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Fig. 1 Average domain size for zero and remro absolte values of the local field vs temperature

f or Jtismgmodl in 2D (a) and 3D (b). Filled markers correspond to the direct measurements.
Empty markers correspond to the calculation from the probabilities of those local fields, assuming
absence of their correlation. The difference is less than abouirl@® and half that in 3D. The
glass transition temperature is zero in 2D &yd 1.102 in 3D.

It turns out that thenain reason of domain growth at low temperature is the
increasing probability of a nonzero local field. The effect of spacial corresatbn
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different domains is present, but it is very small, which is highlighted in Fig.1 by the
difference in the values of the measured domain sizes (filled marks) and those
calculated from the probabilities of local fields (empty marks) [3].

This work wa supported by the Russian Science Foundation under grant #23
22-00320
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ABOUT REPOLARIZATION OF FERROELECTRICS

IN THE FIRST ORDER PHASE TRANSITION REGION
V.N. NechaeVvand A.V_Shub3
Doct. of phys-math. sci, Profwladnic@mail.ru
2Doct. of phys-math. sci, Prof., shand@rambler.ru
Military Educational and Scientific Centre of the Air Force N.E. Zhukg\end
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Annotation. The features of phase switching of ferrmiastwophase temperature region are
discussed using the theory of Markov random processes.

Keywords: metastable region of phase transition, Markov random process, free energy.

The twophase state is observed in ferroelectrics, ferroelastics near thordiest
phase transitions, and also in alloys with shape memory effect close to the martensitic
transition [1]. As it is known [2], the repolarization ferroelectrics (FE) imibtastable
temperature regionlg, To] of the first order phase transition (PT) takes place through
the nucleation and subsequent growth of inverse domains with afealdable
orientation of the polarization vector. The known theories of hysteresisipleeaare
enough complex and apply a significant number of fitting parameters. In this paper,
using the example of FE switching in the PT metastability region, it is shown that the
main patterns of hysteresis processes can be obtained within the frameaenkple
model using the theory of Markov chains.

When the electric fieldE(t) = E, sinut is turned on along the FE polar axis, the

switching process begins from the nucleating of the inverse domains. The state graph
of this process is shown in Fig. 1, whe

state ¢le i s t hendprohkiafludnee afthe fielll(0,9,B)itotthe h i n g
positonP(0,0R); state ¢2é& is the pol RO0-Bati on
when the field direction is changing.

Fig. 1. State graph for the polarization switching process
This model is described by the Kolmogorov system equations:

--d

TedF;O:(/l "é)po pL Y )

7

d 1
{d—'[t’l= mp, 4Py, @D
i

id

2= mp, 4p,

Here the transition intensities have the form
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0)= '{JepzaeDiT() $4) = ey
DF(t) o = ey s (1)
m(t) = %expge ot 0 A e =T 2

where ¥ is the natural frequency of oscillations of the phase boun#ang, the
Boltzmann constant. The free energy of the FE in the electric field with expansion

coefficientsa= g(T -T.), b @ has the form
t(PE)=2P P ¥ Ep 3
2 4 6

The signsge ci+tre eamedgigsydsin the expressiof) correspond to
the positive E(0,0,E) and negativeE(0,0,- E) directions of the external field
respectively. At positive field direction of the barriers

OF, =f(P,E) 4(R5,E; M fEH-H f # g (4)
are decreased, and the barriers
oF, =f( RF.E) f{ B5E; R'DI(FEF B8 5)

are increased. When changing field direction the opposite situation takes place with
barriers. HereP,1=0, P, = °\/( J b 4- %/_z;(z P,= \/(b § b a g)/g(z ) are

the extremum points of free energb( P, O). The extremum points of the free energy

(3) can be approximately determined using the expressions

B =@ F BE+DE B A ©

where the linear field additions to tpelarization have the form
e _E. _ E : E _ E 7
R a’ ) a3 B 6Py D 3!332175+|334'()

The numerical solution of the system of differential equatidysnabled to
determine the probabilities of switching polarization to the positions, whisloisn
in Fig. 1. The FE polarization in this process was calculated using the formula

P(E)=Fp +Fpn € p (8)
Using expression{8) we obtained the hysteresis loops, depending on the

electric field parameters.
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STRESS RELIEF IN FERROELECTRIC SOLID SOLUTIONS CONTAINING
A TETRAGONAL PHASE IN A MORPHOTROPIC REGION

V.Yu. Topolov
Professor, vutopolov@sfedu.ru
FGAOU VO ASouthern Feder al Uni vers

The paper reports specifics of heterophsisgctures and stress relief therein at a coexistence
of two ferroelectric phases from morphotropic regions in solid solutions with a peretygiate
structure, Attention is focused on streeBef conditions for the coexisting phases (tetragonal and
rhombohedral, or tetragonal and orthorhombic), which are split intel80ndomains. An active
role of the tetragonal phase and its #0main types is discussed in the context of the complete (or
incomplete) stress relief.

Keywords: heterophase, ess relief, tetragonal phase, morphotropic region.-18h
domain.

Our analysis of recent papers on heterophase ferroelectric (FE) solid solutions
with compositions near a morphotropic phase boundary shows that in many
publications, one can find experintal data on a coexistence of two phases, one of
which is tetragonal withmimsymmetry. Often the symmetry of the second phase is
either rhombohedral or orthorhombic, for instance, framo8 mn2 symmetry class,
respectively. Recentigtudied FE solid solutions, that are of interest as active dielectric
materials, are characterised by the perovakipe structure (see e.g. papers3). At
the same time, the coexistence of three FE phasesdift@nent symmetry classes,
including the tetragonal phase, is observed relatively rarely. Knowledge of the crystal,
domain and heterophase structures is important when studying basic relationships
Ocompoissiructured pr operti es d apretingthelroleafsphasel e n
and/or domain types in a relief of an internal stress field. Such a relief contributes to a
minimisation of excessive elastic energy in heterophase samples [4]. A main reason for
the presence of this energy contribution is esded with differences between
spontaneous strains of unit cells of the coexisting morphotropic phases. The aim of the
present wor k I 'S t o hi ghlight resiul t s
rhombohedr al 06 oand oG theotnrba gesa raief ith vadous FE h e
solid solutions.

The heterophasstructures are studied within the framework of concept [4].
Orientations and volume fractions of the A0 domain types are considered in each
FE phase and interlayers (Figure). For instarlee, tetragonal and rhombohedral
phases coexisting in eachdwywhase region (Figure, a) are described by distortion
matrices |[|| and |R ||, respectively. These matrices take the domain orientations into
account and have the following general form:

ITH=€ [I"Y]l+ @€ )0 (Y]l (1)
and

IRII=B  U[I"Y]. (2)
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Figure. Schematics of heterophaseictures at the tetragordlombohedral phase coexistence (a)
and tetragonabrthorhombic phase coexistence (b).

By analogy with Eq. (2), the distortion matrix of the polydomain interlayer shown in
Figure, a is written as

IRII=B QY] (3)
In Eq. (1),& is the volume fraction of the 9@omain type (1) shown in inset 1 of
Figure, a. In Egs. (2) and (3),A 1 ‘@ are volume fractions of the 7{109) domain

types (R) shown in inset 2 of Figure, a. The Rb&0 domains forrmechanical twins.
Conditions for the complete stress relief [4] are exaohiat the interphase boundaries
that separate the FE phases and that separate thgh&se region and adjacent
interlayer. The similar procedure is applied to the heterophase structure shown in
Figure, b.

In the present study, we highlight an active rofethe tetragonal phase in
achieving complete stress relief at the interphase boundaries mentioned above. This
role does not undergo changes when varying the chemical composition of the solid
solution in the morphotropic region. The influence ofaedomains in the tetragonal
phase on the phase content is closely related to the anisotropy of the spontaneous strain:
of the perovskite unit cell in the tetragonal phase. Examples of a tendency of the
tetragonal phase to a monodomainisation in some hete®ptauctures are of
independent interest. Based on the volume fractions of the domain types in the
coexisting phases, we evaluate their volume fractions. Agreement between the
evaluated and experimental results on the volume fractions of the coexisisegsph

achieved in most cases at complete stress relief.
This research was supported by the Southern Federal University (contract No-0.,7&/®2
11th, 2022).
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INELASTICITY OF POROUS Ti-18Zr-15Nb POWDER ALLOY

G.V. Markova, Tula State University, Tula, prof., D.Sc. (Eng.), galv.mark@rambler.ru
D.V.Permyakova, Tula State University, Tula, postgraduate student, darya.per@gmail.com
A.D.Gusev, Tula Statgniversity, Tula, postgraduate student, dkinesO7@gmail.com

The temperature spectra of internal friction and resonant frequency of a porbBEr-L5Nb
powder alloy with varying porosity levels were analyzed. A peak in internal friction accompanied by
inflections in the temperatuependent frequency curve was observed in-phmlosity samples. A
hypothesis regarding the origin of this phenomenon is proposed.

Keywords: porosity, titanium alloys, internal friction, relaxation maximum, resonant frequency.

Modern biomedical implant requirements necessitate materials with optimal
combinations of functional properties that ensure high biological and biomechanical
compatibility, effective osseointegration, and absence of toxic effects on the human
body. TtZr-Nb system alloys are particularly promising due to their characteristics
(corrosion resistance, Young's modulus values closer to bone tissue than currently used
alloys). Increased material porosity further enhances osseointegration. Powder
metallurgy has mmven effective for creating porous structures. Understanding the
material's elastic and inelastic behavior enables prediction of implant performance
characteristics.

This study investigates elastic and inelastic effects in pore84i15Nb powder
alloy.

The material under study was-I8Zr-15Nb powder alloy synthesized via hydrdde
calcium synthesis, with porosity ranging from 2% to 50%, as determined by hydrostatic
weighing. Elastic and inelastic characteristics were evaluated using-Sgeton wire
sampl es (21 2 i5%mm) throagh méchanicalGpectroscopy on an RKM
TPI setup in freaecay oscillation mode within the hertz frequency range. The
temperature range was 1 150AC t 65 A®/0MIAC,,
Strain amplitude was= 1 . 1 & .dTérlperature dependencies of internal friction
(TDI'F) and squared resonant frequency
Origin software.

Several inelastic effects of different origins were observed in the TDIF. At subzero

temperaturesd o wn t o T150AC) , an increase in i
the 2504 00 AC r ange, an energy o) swapatdent
t he TDI F, accompanied by anomal ous ext |

porosity below 22%. N such anomaly was observed in less compact samples.
Literature analysis and muliiequency IF measurements suggested that the IF peak
consists of superimposed Snetgke partial peaks resulting from interactions between
the all oyds base cdNdomp ocamedn tosx y(gTein, at oms.
an IF increase, likely of grainoundary origin.
Highly porous samples (P=51% and 54%) exhibited a broad IF peak (height
150mWwOowi th inflections in TDSF|]. The p
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pos ti on after two ther mal cycles (fAnheat
di sapp red upon reheating to +600AC.
Repl o i ng TDS®B|] ciomr didmat ds reveal ed
coinci d with the | F peak éaxationnechansm.at u
The broad IF peak decomposed into two-pabks: one at~28 0 AC ( hei ght
backgrouness u bt r act ed) and another at ~130AC
Based on the analysis of literature, several hypotheses can be proposed regarding
thenature of this maximunif the porous structure is considered as a system containing
internal stress concentrators similar to microcracks, then dislocation reactions result in
the formation of a destructive internal friction (IF) peak [1]. On the othed,han
heterophase systems, which include porous alloys, when the propagation of elastic
waves at pore/matrix interfaces generates elastic stress oscillations that disrupt the
phase equilibrium between pores and vacancy solutions in the crystal latteregodiq
process of vacancy migration into pores and its growth or emission of vacancies into
the lattice and causing pore "dissolutioffis mechanisnaccounts for the irreversible
dissipation of elastic energy and the observed increase in internanfr[fi. The
second hypothesis also explains the formation of two closely spaced maxima, as the
studied alloy contains two distinct pore types with different specific surface iareas
branched pores with a low form factor and Nepherical pores with a forrfactor
close to unity.
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STUDY OF DIELECTRIC PROPERTIES OF (1 -x)Bao.osPbo.0sTIO 3+X C0203
FERROELECTRICS CERAMICS WITH COBALT OXIDE IMPURITY

R. V. DikoV, A. V. Sopit
! Cand. PhysMat. Sci., Associate Professpomanodc@yandex.ru
Volgograd State Sociedagogical University, Russia
2 Cand.Phys:Mat. Sci., Associate Professsandrej74@mail.ru
Volgograd State Technical University, Russia

Annotation. The effect of cobalt concentration on the character of the polarization loops in
the Ba.osPhn.osTiO3 ferroelectric ceramics is studied.

Keywords: ferroelectric ceramics, cobalt oxide impurity, polarization loops.

The low and infralow-frequency dielectric response of -(1
X)Bay odPlposT1O3+ - @B( ~n=0. 3 and ~=1 wt. %) feinroel
the temperature range, including the temperature of the ferroelectric phase transition in
strong sinusoidal fields.

Ferroelectric samples with a diameter of 15 mm and a thickness of 0.5 mm were
fabricated using soligphase synthesis technology

The stuly of the dielectric properties was carried out using polarization loops
using a modified SawyeFower scheme. Figure illustrates a family of polarization
loops obtained at room temperature at a frequency of 10 Hz. It has been found that at
room temperate without prolonged exposure to an external field, such a feature as
double polarization loops occurs. This indicates the presence of an internal field, which
Is due to the defective structure of the ferroelectric ceramics [1].

Figure. Polarization loops of ferroelectric ceramicx)Bao.osPhy.osTiOz+ = G
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ELECTROMECHANICAL HYSTERESIS AND RELAXATION PROCESSES
IN RELAXOR PIEZOCERAMICS UNDER HIGH ELECTRIC FIELDS
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This study focuses on the electromechanical hysteresis and relaxation phenomena in PZT
based relaxor piezoceramics. Hysteresis loops of electric displacemEhtafizl mechanit¢atrain
(S-E) were recorded under bipolar AC electric fields in the frequency range ofi8.004
Measurements were carried out using the Electromechanical Response Characterization System
(STEPHV) along with the STEP software, which enables lamgeal modeling of the
electromechanical behavior of ferroelectric materials under high electric fields. The results indicate a
strong dependence of the coercive field, remnant and saturation polarization, hysteresis loop area,
and relative strain on the appligeld frequency. Based on these measurements, a comprehensive set
of parameters characterizing the switching dynamics and hysteresis behavior in relaxor piezoceramics
was obtained.

Keywords: relaxor piezoceramics, ferroelectric hysteresis, electric cespént, mechanical
strain, domain walls, switching processes, hysteresis loops.

Relaxor ferroelectrics are a special class of functional materials that exhibit
unique dielectric, piezoelectric, and ferroelectric properties compared to classical
ferroelectics. These materials have attracted growing interest due to their potential
applications in modern electronic devices and energy storage systems [1]. One of the
defining features of relaxor ferroelectrics is the shape of their ferroelectric hysteresis
loops, typically slim or constricted, caused by the presence of randomly oriented
nanoscale polar regions. This characteristic leads to low coercive fields, relatively high
saturation polarization, and reduced remnant polarization, resulting in high energy
density and fast discharge rates [2]. While relaxor ferroelectrics, like conventional
ferroelectrics, possess spontaneous polarization in domains, the domain sizes are
significantly smaller, typically in the nanometer range rather than micrometer scale.
This feature allows for easier reorientation under an external field and requires less
energy for polarization switching. Such properties make relaxors promising candidates
for use in highperformance capacitors, energy storage systems, and memory devices

[2].

In this work, we investigate the switching dynamics and relaxation mechanisms
iN Phy.96S10.04210.42T10.438W0.05IM70.05:5k0.042d-10.014£03 relaxor piezoceramics under
high-amplitude bipolar AC electric fields. The samples were fabricated using a large
block hotpressing technique. In the depolarized state, the material exhibits relaxor
behavior, whereas after poling, it demonstrates classical lkectoe characteristics.
Microstructural analysis was performed on fractured surfaces of the samples using a
JEOL JSMG6390LA scanning electron microscope. The domain structure of etched
surfaces was visualized via direct palladigarbon replication methad
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Measurements of {& and SE hysteresis loops (see Fig.) were conducted over an
electric field range ofi® kV/mm and at frequencies between 0.001 and 5 Hz using
the STEPHV system and STEP software [3]. These tools allow fetimeakracking

and modelg of nonlinear electromechanical responses under high electric fields. To
assess the influence of frequency on polarization switching, we analyzed the evolution
of hysteresis loop parameters as a function of excitation frequency.
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Fig. Theelectric displacement (&) (a) and mechanical strain-E5 (b) hysteresis loops measured
at a frequency of 0.001 Hz for the unpolarized relaxor piezoceramic samples

The STEP analysis revealed a significant frequency dependence of key
hysteresis parameatesuch as coercive fieldcEremnant polarization D saturation
polarization Q, and relative strain S. These dependencies can be attributed to the
specific nanostructured domain configuration of the relaxor material. In particular, the
coercive field i shows nearly linear growth with increasing frequency, a phenomenon
previously observed in single crystals, bulk ceramics, and thin films. It is commonly
associated with the kinetics of domain nucleation and switching processes for both
180A a-h80 dmaim walls. The decrease in remnant Baturation B
displacements, and strain S with increasing frequency suggests that polarization
switching becomes progressively less complete and more difficult. The anomalous
drop in these parameters at ulioav frequency (0.001 Hz) may be explained by the
influence d space charge carriers, which partially screen the applied electric field and
pin domain walls, thereblgindering their motion.
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VARIETY OF ORDERED MAGNETIC STATES IN HONEYCOMB -LAYERED
COMPOSITIONALLY COMPLEX OXIDES Na 3xLixM2SbOs
(M = Cu3Ni1zCo13)

T. M. Vasilchikova

Lomonosov Moscow Statdniversity
t_vasilchikova@yahoo.com

The concept of higlentropy oxides has triggered extensive research of this novel
class of materials because their numerous functional properties are usually not mere
linear combinations of those of the components. Heesintroduce the new series of
compositionally complex honeyconthyered magnets NaLixM.SbQ (M =
CuaNizC0oy3).

Despite the statistical distribution of the 3d cations on the $&pwsition in the
structure of Na;LixM.Sb(Q;, the magneticparameters remain well defined, and
transitions into either spioluster or antiferromagnetic state remain sharpV¥abQ
I's an antiferromagnet with a Ne®l tempe
temperatures of its constituent feSbQy: 4.4 K(T = Co) and 16.5 KT = Ni). The
formal analogue with M = Cu, however, is not considered as a honeycomb structure:
due to the JahniTeller distortion, Curl
(3.20 I 2 and 2. 96 | )nersancattenhting frusirated spinf o 1
chains. The difference in the behavior of ;MaSbQ;, on the one side, and
LiogNap M2SbQy, Lip sNag sM.ShGs, and LgM2Sb(, on the other side, can be ascribed
to the Li/Cuw?* inversion, which results in the pronounced sglimster effect not seen
in the sodium compound. Notably, the most disordered compositigNa.isM,SbQ;
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INFLUENCE OF THE TIME OF TREATMENT OF MODIFIED WOOD
WITH A PULSED MAGNETIC FIELD ON ITS MECHANICAL
PROPERTIES

N.S. Kamalov N.Yu. Evsikovd, N.N. MatveeV, V.I. Lisitsyr?, S.V. Vnukovéa
!Candidate of Physical and Mathematical Sciences, Associate Professor, rcamel@yandex.ru

2Candidate of Physical and Mathematical Sciences, Head of Department, natalyaevsikova@mail.ru

3Doctor of Physical and Mathematical Sciencesfésor, nmtv@vglta.vrn.ru

4Candidate of Physical and Mathematical Sciences, Profesigor:lisicyn@yandex.ru
®Candidate of Physical and Mathematical Sciences, Associate Profesgmyasv@vglta.vrn.ru

Federal State Budgetary Educ &oronezinStdte Uhiverssity bft u t i
Forestry and Technologies named after MB6tozowwo, Vor onez h, Russi

The report presents experimental data on the effect of pulsetetiafield treatment time on
the end grain hardness of modified compacted birch wood. Analysis of the results allows us to make
an assumption about the thermodynamic nature of the mechanism of change in the lignocarbohydrate
matrix of wood after exposute a pulsed magnetic field.

Key words: pulsed magnetic field, end grain hardness of wood, lignocarbohydrate matrix,
supramolecular structure of wood.

In order to change the mechanical properties of wood for the manufacture of
friction bearings that are hubject to corrosion, various processing methods have
been developed for a long time: compaction, impregnation, drying, irradiation and their
various combinations [1, 2]. At present, preference is given to physical methods of
exposure. Therefore, studies the effect of such factors as a pulsed magnetic field
(PMF) on the mechanical properties of wood are relevant.

Experiments have conducted to study the effect of the treatmentJinvéH a
pulsed magnetic field (PMF) on the relative éraddness (H/b) (where H and H are
the hardness before and after treatment) of samples made of modified wood of birch
with a dens$tidyl . .dkhsnilTh&saniplewere treated with triangular
pulses of different duration &t equal intervalsvith parallel arrangement of the field
lines and wood fibers during exposure. Determination of static hardness was carried
out according to Rockwell method in accordance with the standard (GOST-88838
for modified wood [1]. The results of the experirteenonducted at the values of the
IMF amplitude B exceeding 0.3 T and the pulse duration ofes0and 30Ces are
presented in Figures 1 and 2.

The studies have shown that the effect of the processinglamehe relative
endface density H/klof samplef modified birch wooditBbO 0. 3 T depen
pulse duration;t For example, at the pulse duratips L0 €s, the maximum increase
in the relative endace hardness was observedjatd 6 0 s ,= 3@es, dhelqpit t
value decreased almosti@ies. It should be noted that the change in the pulse duration
did not affect the maximum value of the relative €acke hardness of the modified
wood. This indicates that its lignocarbohydrate matrix is in a stable thermodynamic
state after IMF processinghe presence dupt can be associated with the energy
required to form this state. Consequently, it is advisable to model the mechanism of
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change in the supramolecular structure of the matrix within the framework of classical
thermodynamics.
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Fig. 1. Dependence of the rélee end hardnessH#H U) s ampl es of modi fi ec
magnetic pulse durationt 10 €s [ 3]
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Fig. 2. Dependence of the relative end hardness(H/Bamples of modified birch wood with
magnetic pulse durations 30¢s [3]
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