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MAGNETISM OF CYLINDRICAL NANOWIRES: FROM THEIR ARRAYS TO
MAGNETIZATION DISTRIBUTION IN INDIVIDUAL WIRES
Yazquez M.

Institute of Materials Science of Madrid, CSIC, 28049 Madrid, Spain
“e-mail: mvazquez @icmm.csic.es

Arrays of cylindrical magnetic nanowires are being proposed in a number of applications for
3D magnetic storage media, alternative families of RE-free permanent magnets, or biomedical
functionalization. They are currently prepared by electrochemical route by which cylindrical
nanowires (20 to 200 nm diameter to tens of microns long) are grown inside ordered nanoporous
templates. Studies on the magnetic domain structure and the magnetization process become
essential to further develop those applications.

In this presentation I will review the present state of investigations in our group paying
particular attention to the reversal process in geometry engineered individual nanowires. Studies are
particularly focused on Co, CoFe and CoNi nanowires as well as FeCo/Cu multilayer nanowires.
Geometry is engineered to result in periodical modulations of diameter, or bamboo-like
modulations for example. Apart from geometry, magnetocrystalline anisotropy of those wires plays
a major role to determine the magnetic response. Co nanowires exhibit typically hexagonal, hcp,
while FeCo show cubic, fcc or bee, crystalline symmetry structure, and CoNi fcc or hep depending
on relative content.

Most recent results includes structural characterization by XRD and HRTEM, and magnetic
characterization by Magnetic Force Microscopy, Magneto-optical Kerr effect, X-Ray Magnetic
Circular Dichroism combined with Photo Emission Electron Microscopy, XMCD-PEEM, and
Electron Holography, as well as micromagnetic simulations. While the magnetic domain structure is
determined by the balance between engineered diameter and the shape plus magnetocrystalline
anisotropy, it is shown that the nucleation and propagation of vortex-like domain wall is common in
many reversal processes.

References

[1] C. Bran, E. Berganza, E.M. Palmero, J. A. Fernandez-Roldan, R. P. Del Real, L. Aballe, M. Foerster, A.
Asenjo, A. Fraile Rodriguez and M. Vazquez, J. Mater. Chem. C 4, 978 (2016).

[2] Y.P. Ivanov, A. Chuvilin, L.G. Vivas, J. Kosel, O. Chubykalo-Fesenko and M. Vazquez, Scientific
Reports | 6:23844 | DOI: 10.1038/srep23844 (2016)

[3] E-M Palmero, C. Bran, R.P. del Real and M. Vazquez, Nanotechnology 26, 461001 (2015)
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OPTICAL AND MAGNETO-OPTICAL PROPERTIES IN Bi:YIG/Au PLASMONIC
COMPOSITE STRUCTURES
Hironaga Uchidal*, Keisuke Ookiz, Shin Saitoz, Taichi Gotol, Hiroyuki Takagil,

Yuichi Nakamura', Pang Boey Lim' and Mitsuteru Inoue

1

IToyohashi University of Technology, Toyohashi 441-8580, Japan

*Tohoku University, Sendai 980-8589, Japan

“e-mail: uchida@ee.tut.ac.jp

In magnetic garnet composite structures with Au
particles, Faraday rotation is enhanced at a wavelength
where surface plasmon resonance is excited [1]. The
composite structures with the Au particles arranged
randomly have the almost constant resonant wavelength in
around 650 nm. However, the composite structures with
periodically arranged Au particles show different optical
and magneto-optical responses. In this presentation we
discuss optical and magneto-optical properties obatined by
experiments and by using the finite-difference time-
domain (FDTD) method.

Fig. 1 shows squarely arranged Au particles that were
fabricated by electron beam lithography on a quartz
substrate; Bi substituted yttrium iron garnet (B:YIG) film
was deposited on it. As shown in Fig. 2, several absorption
bands and enhanced Faraday rotation were observed at the
same wavelengths in the transmissivity and rotation
spectra, respectively. In case of the structure with xy200
and d200, the deepest and other absorption bands are
observed. The absorption bands shifted to the long
wavelength side with increasing periods of Au particles.

In FDTD calculations, similar transmissivity spectra
with several absorption bands were also obtained. Fig. 3
shows electric field distributions at (a) 800 nm and (b) 600
nm, which corresponds to the wavelengths at the first
absorption band (the deepest band) and the third one. The
first and second bands shifted to long wavelength side
with increasing a diameter, but the third and fourth
absorption bands shifted to the short wavelength side.
These differences can relate complexity of polarization in
the structure

[1] H. Uchida, Y. Mizutani, Y. Nakai, A. A. Fedyanin and
M. Inoue, J. Phys. D: Appl. Phys. 44, 064014 (2011).
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MULTIFERROICITY DUE TO COMPETING SPIN-EXCHANGE IN
ANTIFERROMAGNETIC QUANTUM SPIN RIBBON CHAINS
Kremer, Reinhard K.

MPI for Solid State Research, Heisenbergstrafle 1, D-70569 Stuttgart, Germany
e-mail: rekre@fkf.mpg.de

The magnetic properties of antiferromagnetic quantum spin-systems with competing intrachain
spin-exchange interactions have attracted particular attention since they may exhibit unusual
magnetic groundstates. Of special interest are systems that develop incommensurate magnetic
structures which can induce multiferroicity. This has been observed in a number compounds
containing CuX; ribbon chains. The ribbon chains form when Jahn-Teller distorted anion octahedra
enclosing the Cu?* cations are linked via opposite edges of their basal planes to form infinite
aggregates (see Figure 1). In such ribbon chain systems, nearest neighbor spin exchange interaction
via a Cu - X - Cu bond with bonding angle close to 90° is small and typically ferromagnetic so that
next-nearest super-super exchange interaction via two intermediate anions can dominate the spin
exchange interactions. I shall review our recent research on such ribbon chain compounds.
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Figure 1 Crystal structure of LiCu v uy wignngnung uie uaus-vuge councewd Jahn-Teller elongated Cu2+06
octahedra in cyan.



BICMM-2016 August, 23rd (Tuesday) Plenary Talks

TECHNICAL AND BIOMEDICAL APPLICATIONS OF GLASS-COATED MICROWIRES
Klein P.!, Sabol R.!, Ryba T.!, Hvizdos L.! and Varga R."*"
'RVmagnetics a.s., Hodkovce 21, 044 21 Kosice, Slovakia
?Inst. Phys., Fac.Sci., UPJS, Park Angelinum 9, 041 54 Kosice, Slovakia
“e-mail: rastislav.varga@upjs.sk

Amorphous glass-coated microwires are composite materials that consists of metallic nucleus
(diameter of ~0.1-50 um) that is covered by glass-coating (thickness ~2-20um) that are produced by
drawing and quenching of molten master alloy. As a result of production process, it is a
magnetoelastic anisotropy that determines their magnetic properties. Having positive
magnetostriction, the amorphous glass-coating microwires are characterized by magnetic bistability
(magnetization has only two values +Ms or -Ms). The switching between the two values of
magnetization appears at the so-called switching field by the single Barkhausen jump.

The switching field is sensitive to various external parameters (magnetic field, temperature,
mechanical stress, etc [1]), which gives us possibility to employ the microwires in construction of
microsensors. Their dimensions allows their application inside various composite materials [2].
Glass-coating increases their resistance again chemically aggressive environment [3] as well as
provide their biocompatibility [4].

In the given contribution, the various examples of possible applications of bistable microwires
will be present. The possibility of health and stress monitoring of various composite materials,
applications of microwires in medicine as well as different sensors utilization of microwires in
construction and magnetometry will be shown.

This work was created with the support of the OP Research and Development for the project:
"Completion of the multidisciplinary center for biomedical research - BIOMEDIRES" ITMS
26210120041, co-financed by the European Regional Development Fund.

References.

[1] R. Varga, ,,Magnetization processes in glass-coated microwires with positive magnetostriction®, Acta
Physica Slovaca V. 65, P.411-518 (2012).

[2] D. Praslicka, J. Blazek, M. Smelko, J. Hudék, A. Cverha, I. Mikita, R. Varga, A. Zhukov, “Possibilities
of Measuring Stress and Health Monitoring in Materials Using Contact-less Sensor Based on Magnetic
Microwires” IEEE Trans Magn. V.49, P.128 (2013).

[3]J. Olivera, M. Gonzélez, J. Vicente Fuente, R. Varga, A. Zhukov and J. J. Anaya ,,An Embedded Stress
Sensor for Concrete SHM Based on Amorphous Ferromagnetic Microwires*, Sensors V.14, P.19963-19978
(2014).

[4] R. Hudak, R. Varga, J. Hudak, D. Praslicka, I. Polacek, P. Klein, R. El Kammouni, and M. Vazquez,
»Influence of Fixation on Magnetic Properties of Glass-Coated Magnetic Microwires for Biomedical
Applications®, IEEE Trans. Magn. V.51, P.5200104, (2015).
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EFFECT OF CHEMICAL BONDING OR EXCHANGE INTERACTION ON FORMATION
OF Gds(Si,Ge)s CLUSTERS
A. Yazdani', F. Amiri, N. Kamali SArvestani
Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran
“e-mail: yazdania@modares.ac.ir

Since the contributions of all elements of Gd, Si, and Ge in the metallic system of Gds(Si,Ge), are
related to its electronic structure, the effect of chemical bonding and impurity of magneto-
crystalline phase on the magnetocalloric system are not well defined [1].There is no (1) crystal field
effect (CFE) and ionic anisotropy, since Gd is on its stable s-state with a well-localized 4f’ and
overlapping of 4f is impossible (R;=3.6 A>> Ry=0.36 A), and (2) hybridization effect in Si** and
Ge**, which are belong to the same column of the periodic table. The possible displacement of
atomic position (Table 1), which is the cause of sensitivity of crystal structure to the preparation
method, and the variety of results of XRD diffraction patterns are not well understood [2].
Consequently, the lack of hybridization and CFE are found to be compensated by the duality of
induced spin-polarized conduction electron, which can change the nature and character of
conduction electron, narrowing the 5d-valence, which depends on the atomic distance defined by
the correlation length R=2KR;; that is called bond exchange. The effect is investigated by the
annealing process to manifest the ionic displacement (equivalent to the hybridization shift), which is
shown by the surprising displacement of magnetic ions by the magnetic field at low temperatures.
The equivalent effects of “isothermic” and “thermomechanical” process are studied by XRD
diffraction patterns (Figs. 1), SEM images and Vibrating sample magnetometer “VSM” (Fig.2).
While there is no crystal phase transition, displacement of the intense line position is more evident,
which can be due to the atomic displacement. The ionic displacement can be due to the short-range
fluctuation in direction to modify the correlation length named “exchange bond length” in order to
form the magnetic cluster, which is seen in SEM images. In this case, the magnitude of exchange
energy is greater than the thermal energy (MH;,>KT) and is thus coupled to any spin outside the
group at low temperatures. The essential assumption that can be the characteristic of this behavior is
that some part of exchange energy depends on sensitivity to critical topological composition of
magnetic ions, and its sign changes at a certain value of the lattice parameter . The usual mechanism
responsible for this stable reentrant behavior is suggested to be the existence of some hidden

exchange interaction, which is capable of lowering the system's entropy while reducing its energy.
300 15

- |M |ﬂW |.."_\;Z| T .‘s"r:—fl'y-1nil!.r:(.i. M=119 r:|111|:'g
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Fig. 1. X-Ray diffraction pattern with  annealing
temperature 7,=850°C, Table 1: Displacement and fluctuation 15 R

. . . =20 =10 10 20
ranges of different magnetic ions " (ﬁ,_,e)
References Fig. 2: Magnetization measurement at

[1] E.Bruck, O.Tegus, X.W.Li, Physica B, Vol: 327, P.431(2003) room temperature for the HBME
[2] T.Zhang, Y.Chen, Y.Tang, Phys. D, Vol: 40, P. 5778 (2007) (GdsSi4) and annealed samples of
Gd;Si,Ge, compounds
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MAGNETIC AND STRUCTURAL PROPERTIES OF THERMALLY EVAPORATED
CoxCrjp0.x THIN FILMS
A. Kharmouche
Laboratory of Surfaces and Interfaces Studies of Solid Materials,
Laboratoire d’Etudes des Surfaces et Interfaces des Matériaux Solides (L.E.S.I.M.S.)
Department of Physics, Ferhat Abbas University Sétifl, 19000, Sétif, Algeria
*e-mail: kharmouche_ahmed@yahoo.fr &  kharmouche_ahmed@univ-setif.dz

Onto monocrystalline silicone substrate, series of CoxCrl100-x thin films are prepared using
physical vapor deposition technique under vacuum. X-Ray Diffraction technique revealed
hexagonal close packed structure for as deposited films presenting a <0001> preferred orientation.
After annealing under vacuum, the thin films present both hexagonal close packed and face
centered cubic structures. Both series are under stress.

The hysteresis loops have been performed by means of an Alternating Gradient Field
Magnetometer (A.G.F.M.) and show an improvement of the magnetic properties of the annealed
films. Brillouin light scattering measurements are performed on the as deposited films and allow to
compute the effective magnetic anisotropy factors Ku. Values greater than 106 erg.cm-3 have been
measured.

Keywords: Thin films; hysteresis; magnetic anisotropy; coercivity.

References:
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3. A. Kharmouche, S-M. Chérif, A. Bourzami, L. Layadi and G. Schmerber, J.Phys. D: Appl.Phys.37
(2004)2583-2587.

4. A. Kharmouche, S.-M. Chérif, G. Schmerber, and A. Bourzami, J. Magn. Magn. Mater. 310(2007) 152.

5. A. Kharmouche, J. Magn. Magn. Mater. 327(2013) 91.
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SPIN CROSSOVER MOLECULAR MAGNETS: PREMISES FOR FULLY OPTICAL
MEMORIES
Cristian Enachescu”
Faculty of Physics, Alexandru loan Cuza University, lasi, 700506, Romania
“e-mail: cristian.enachescu@uaic.ro

Spin crossover molecular magnets[1] were extensively studied in recent years due to their
potential applications in thermal and pressure sensors, optical displays, actuators or in data storage.
They are inorganic compounds, commutable between two states in thermodynamic competition: the
low spin state (LS), stable at low temperatures and the high spin state (HS), stable at high
temperature. These two states have different optical, geometrical (volume), magnetic and
vibrational properties. If the intermolecular interactions of elastic origin are higher than a threshold
then the thermal switch between HS and LS states is accompanied by a thermal hysteresis; its width
depends on the interaction strength while the transition temperatures are determined by the enthalpy
vs. entropy ration in the HS and LS states. The LS and HS states commutation can also be triggered
by irradiating the compound with an appropriate wavelength at low temperatures [2]. Under
permanent light irradiation when temperature is changed back and forth, one is measuring the Light
Induced Thermal Hysteresis (determined by the competition between the irradiation and the
temperature dependent HS-LS nonradiative relaxation) [3]. These properties form the basis of
promising applications, such as memory devices, sensors or actuators.

In this communication we shall focus on some of the most recent investigations carried on spin
crossover compounds, such as properties of spin crossover nanoparticles [4] or the photoswitching
at femtoseconds scale and subsequent studies on elastically driven cooperativity [5]. This paper
has been supported by the Romanian National Research Council (grant PN-II-RU-TE-2014-4-0987)
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Figure 1: Thermal (right) and Light Induced Thermal Hysteresis (left) for neat (open symbols) and diluted
(full symbols) [Fe,_Zn,(bbtr);] (CIO 4), compound (x=1, 0.33).

[1] M.A. Halcrow, Spin-crossover materials - properties and applications, John Wiley & Sons, Chichester,
UK, 2013.

[2] S. Decurtins, P. Giitlich, C.P. Kohler, H. Spiering, A. Hauser, Chem. Phys. Lett., 10 (1984) 1-4.

[3] C. Enachescu, R. Tanasa, A. Stancu, F. Varret, J. Linares, Phys. Rev. B, 72 (2005) 054413.

[4] R. Tanasa, J. Laisney, A. Stancu, M.L. Boillot, C. Enachescu, Appl. Phys. Lett., 104 (2014).

[5] R. Bertoni, M. Lorenc, H. Cailleau, A. Tissot, J. Laisney, M.L. Boillot, L. Stoleriu, A. Stancu, C.
Enachescu, E. Collet, Nature Materials, 15 (2016) 606-610.
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SPIN TRANSPORT IN METALLIC THIN FILMS WITH SPIN-ORBIT COUPLING
Jiang Xiao"
Fudan University, 200433, Shanghai, China
“e-mail: xiaojiang @fudan.edu.cn

The spin Hall effect and its inverse effect, caused by the spin orbit interaction, provide the
interconversion between spin current and charge current. Since the effects make it possible to
generate and manipulate spin current electrically, how to realize the large effects is an important
issue in both physics and applications. To do so, materials with heavy elements, which have strong
spin orbit interaction, have been examined so far. Here, we show that the Rashba spin-orbit
coupling at interfaces can also lead to spin Hall-like phenomenon.

In normal metal thin films made of Cu or Al, the bulk spin-orbit coupling is usually very weak
and would not yield any spin Hall effect. However, due to the inversion symmetry breaking, there
might be a finite Rashba-like spin-orbit coupling at the surfaces. We show that, indeed, a finite spin
Hall effect is present for Cu or Al thin films [1], and such effect can be enhanced by the surface
roughness [2].

A new magnetoresistance, called spin Hall magnetoresistance (SMR), arises in thin films with
spin Hall effect. We demonstrate that a similar magnetoresistance with the exact same dependence
on magnetization direction can also be induced by the interfacial Rashba in metallic thin films
without bulk spin Hall effect [3].

In ferromagnetic thin films, the spin Hall effect manifests itself as anomalous Hall effect (AHE).
By considering the effect of rough surface, we are able to distinguish various contributions to the
AHE, such as intrinsic and the extrinsic (side-jump and skew-scattering) contributions. We show a
simple AHE scaling law in ferromagnetic thin films. By fitting into the experimental data for
Fe/Co/Ni, we conclude that i) the skew-scattering is negligible in all cases, ii) the intrinsic effect
dominates in Fe thin films, iii) intrinsic and extrinsic side-jump contributions are comparable in Co
and Ni thin films.

References.

[1]. Wang, X., Xiao, J., Manchon, A. & Maekawa, S. Spin-Hall conductivity and electric polarization in
metallic thin films. Phys. Rev. B 87, 81407 (2013).

[2]. Zhou, L., Grigoryan, V. L., Maekawa, S., Wang, X. & Xiao, J. Spin Hall effect by surface roughness.
Phys. Rev. B 91, 45407 (2015).

[3]. Grigoryan, V. L., Guo, W., Bauer, G. E. W. & Xiao, J. Intrinsic magnetoresistance in metal films on
ferromagnetic insulators. Phys. Rev. B 90, 161412 (2014).
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FERROMAGNETIC RESONANCE CRITICAL CURVES FOR SYNTHETIC
ANTIFERROMAGNETS
Cimpoesu D.", Stancu A.!, Adams D.%, and Spinu L.z
IDepartment of Physics, Alexandru loan Cuza University of lasi, lasi 700506, Romania
’AMRI and Department of Physics, University of New Orleans, New Orleans, Louisiana, USA
“e-mail: cdorin@uaic.ro

In this paper we present a study of switching characteristics for synthetic antiferromagnetic
(SAF) structures. The magnetization reversal in SAF structures is extensively studied due to their
applications, e.g., in spintronic devices or magnetic sensors. Their magnetization switching can be
elegantly described using the concept of critical curve (CC) [1]. The static CCs were obtained by

apphed) along different directions in the plane of

measuring the reversible susceptibility signal ;((H
the sample, the magnetic field corresponding to their peaks giving the static CC (see Fig. 1a). In
order to describe the system in the simplest way, we have assumed that the magnetization in each
layer is uniform, and we have used a generalized Stoner-Wohlfarth type model [2], model that
describes the switching processes in pseudo-single ferromagnetic particles. One observes in Fig. 1 a

remarkable qualitatively agreement between the experimental and simulated data.
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Fig.1. Symmetric SAF static critical curves: experiment vs. theory

Microwave assisted switching is one of the strategies currently explored to minimize the static
switching field, where a combination of a static and a microwave magnetic field is employed for
magnetization switching. When an additional microwave field is present, the static CC is not
anymore valid and a dynamical representation is needed which takes into account the ferromagnetic
resonance (FMR) phenomenon. The SAF structure was placed on top of a coplanar waveguide
(CPW) and the FMR absoption was measured in the 1-5 GHz range, by probing the transmission
coefficient through the CPW with a broadband microwave vector network analyzer (VNA). The
magnetic radio-frequency field of the CPW is along the y axis, while the external static magnetic
field H is applied at various angles, in the plane of the SAF structure. Forced oscillations are excited
by the ac magnetic field, leading to selective absorption of microwave field energy by the system at
frequencies approaching the natural precessional frequencies of the magnetic moments in the static
effective magnetic field. The connection between the resonant absorption curves and the static
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switching CCs was evidenciated using a Landau-Lifshitz-Gilbert based model. We have simulated
the complex magnetic susceptibility field variation with the in-plane dc field applied at different
orientations and we have built the polar contour representation of the imaginary susceptibility (see
Fig. 2). For a given frequency, the maxima in the absorption represent the locus of in-plane static
fields at which the resonance frequency of the system is equal to the excitation frequency. As the
resonance frequency in one equilibrium position is given by the curvature of the free energy surface
E(M,H), one can understand qualitatively the results from experiment in a rather simple manner.

For a fixed frequency of the ac field, the dc field changes the energy landscape. When the curvature
corresponding to the ac frequency is found, the resonant absorption is obtained.

8- ./;10:2.5 _féC=5
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:
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Fig.2. Simulated imaginary susceptibility for two values of the ac frequency f,.. The magnetic fields are
measured in units of anisoptropy field and the ac field frequency in units of Kittel frequency. Thin lines

represent the static CCs.

Work was supported by Romanian CNCS-UEFISCDI Grant No. PN-II-RU-TE-2012-3-0439.

[1] J.C. Slonczewski, IBM Research Center Poughkeepsie Research Memorandum R.M. 003.111.224
(1956).
[2] D. Cimpoesu, L. Stoleriu, and A. Stancu, Journ. Appl. Phys. V. 114, N. 22, P. 223901-1-6 (2013).
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MEASUREMENTS OF MAGNETIC EXCITATIONS BY INELASTIC NEUTRON
SCATTERING
Ivanov A.S.
Institut Max von Laue - Paul Langevin, 38000 Grenoble, France
e-mail: aivanov@ill.fr

Abstract. The techniques of measurements of magnetic excitations by inelastic neutron
scattering are presented. The principle of the method is justified by the existence of magnetic
moment on this charge-neutral particle. Scattering of neutrons by magnetically active materials
exhibits a particular component related to the magnetic moments present in a solid. Neutron sources
and neutron beam extraction are briefly described. Two principal techniques of neutron energy
selection are explained — Bragg diffraction in crystals and neutron time-of-flight — representing the
two sides of the wave-corpuscular duality of the neutron as a quantum particle. The main neutron
spectrometer types are introduced with highlights given to so-called three-axis spectrometers
(TAS). The neutron TAS permits access to selected points in the phase space momentum-energy or
(Q,hw) of a sample under study. As a result, in particular, the dispersion law haxQ) for collective
excitations in crystal (magnons, phonons) can be measured. In the case of superimposed lattice and
magnetic excitations, which may co-exist in the same energy - wave vector range, the neutron
polarization analysis plays a crucial role in separation of the two contributions to the neutron
scattering cross-sections. The discussion is illustrated by examples of measurements of different
kinds of magnetic excitations in various solid-state magnets.
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FERROMAGNETISM IN 5-BAND METAMAGNET UCOAL INDUCED BY OS DOPING
Andreev A.V."*, Shirasaki K.%, J. Sebek’, Vejpravova J X
Gorbunov D.L.'?, Havela L.*, Danis S.* and Yamamura T.?

!Institute of Physics, Academy of Sciences, Na Slovance 2, 182 21 Prague, Czech Republic
?Institute for Materials Research, Tohoku University, Katahira 2-1-1, 980-8577 Sendai, Japan
3High Magnetic Field Laboratory, Helmholtz-Zentrum, D-01314 Dresden-Rossendorf, Germany
*DCMP, Charles University Ke Karlovu 5, 121 16 Prague, Czech Republic
“e-mail: a.andreev@seznam.cz

Uranium intermetallic compound UCoAl belongs to a large UTX family (T is a late transition
metal of 3d, 4d or 5d series, X is a p-metal Al, Ga, In or Sn) with the hexagonal crystal structure of
the ZrNiAl type, space group P-62m. Compounds of this group exhibit very diverse magnetic
properties varying from temperature-independent paramagnetism to ferromagnetism or
antiferromagnetism. It was found that UCoAl exhibits (in magnetic field of 0.7 T applied along the
hexagonal c-axis) a metamagnetic transition to a forced ferromagnetic state accompanied by
pronounced magnetostriction effects [1]. Magnetism of UCoAl is very anisotropic. In a field
applied along the basal plane it behaves as a paramagnet with almost temperature-independent
susceptibility. Soon it was found that the ground state of UCoAIl is paramagnetic, so the
metamagnetism is not related to any common order-order transition (from antiferromagnetic to
ferri- or ferromagnetic state), but UCoAl has to be classified as band (itinerant) metamagnet with
uniquely low critical field H. of the transition [2]. For a comparison, in classical itinerant
metamagnets YCo, and LuCo, puoH. is 70 T, 2 orders of magnitude higher than in UCoAl. So small
H,, value makes UCoAI extremely sensitive to any influence, such as off-stoichiometry within the
relatively large homogeneity range, dilution of the U sublattice, substitution within the Co or Al
sublattices, external hydrostatic or uniaxial pressure, temperature and magnetic field. A magnetic
moment at the transition is induced practically exclusively on U [3], but the state of the 5f electrons
depends very drastically on the interaction with ligands, especially with d-metals. When Co is
substituted by 7' = Fe, Ru, Rh and Ir in the UCo;., T,Al systems, H,, rapidly decreases and already
few % doping stabilizes spontaneous ferromagnetism [4,5]. Opposite, for T = Ni, Pd and Pt, H,
increases and paramagnetism is stabilized [4,6]. Now we completed a study of the influence of a
late d-metal on the magnetism of UCoAl by testing T = Os.

In the case the another 5d-metal, T = Pt, solid solutions form in the whole range of Pt
concentrations. In the system with Os, similarly to solid solutions with Ir, the homogeneity range is
limited to x = 0.2 with a small lattice expansion in the basal plane. The terminal compound UOsAl
does not form the ZrNiAl-type structure but a hexagonal Laves phase of the MgZn, type.
Magnetism of UOsAI is studied for the first time. It is a temperature-independent paramagnet,
similar to the isostructural compound UFeAl. The Sommerfeld coefficient, y= 36 mJ mol™! K'z, is
twice lower than that of UCoAl. Unlike UCoAl and other 1:1:1, UOsAl is almost isotropic.

Magnetization measurements performed on single crystals (grown by Czochralski method in tri-
or tetra-arc furnaces) showed that the compound with x = 0.002 is metamagnet without spontaneous
magnetic moment similar to UCoAl (Fig. 1). Transition field decreases from 0.7 T in UCoAl to
about 0.35 T. The transition has the same hysteresis width 0.06 T as UCoAl. However, the
transition became considerably broader. At x = 0.005, H. decreases practically to zero, the
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compound exhibits mixture of the spontaneous ferromagnet with M ~ 0.2 ug and the metamagnetic
part of ~ 0.1 ug. The ferromagnetic component has 7¢ = 8 K.
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Fig. 1. Low-field part of the magnetization

curves of the UCo;,0Os,Al single crystals in a

field applied along the main axes at 2 K.
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Fig. 2. Temperature dependence of the
magnetization of the UCo;_,Os,Al single crystals
in field 0.05 T applied along the ¢ axis.

Compounds with 0.01 and higher x values are already pure ferromagnets with the same strong
uniaxial magnetic anisotropy as in UCoAl (compare magnetization curves along the a and ¢ axes,
Fig. 1). Extrapolation of the a-axis magnetization curves to crossing with M = M, gives the
anisotropy field H, to be 130-150 T. But this method does not take into account that the easy-axis
magnetization is not saturated in the maximum applied field and grows even faster that the hard-
axis one, therefore, this already huge H, value should be considered as the lowest limit.
Ferromagnetic compounds exhibit strong field and temperature hysteresis. The hysteresis shows
typical behavior for intrinsic coercivity of narrow domain walls characteristic for rare-earth and
uranium compounds with very large magnetic anisotropy: low initial susceptibility, rectangular
hysteresis loop (its width reaches 0.5 T for x = 0.10, i.e., much larger than hysteresis of the
metamagnetic transition in UCoAl), and typical difference in the temperature dependence of the
magnetization of zero-field-cooled and field-cooled samples (Fig. 2). M, increases from 0.32 ug/f.u.
at x = 0.01 to 0.55 pp/f.u. at x = 0.20, which is almost twice larger than the magnetic moment
induced at the metamagnetic transition in UCoAl. T¢ increases from 16 K at x = 0.01 to 55 K at x =
0.20. Thus, very low Os doping stabilizes ferromagnetism in UCoAl considerably stronger than Rh
and Ir and slightly stronger than Fe and Ru.
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ANALYTICAL PROPERTIES AND ADMISSIBLE VALUES OF THE MAGNETIC
PERMEABILITY
Dolgov O.V."*and Losyakov V.V.2
'Max-Planck-Institut FKF, D-70569 Stuttgart, Germany
’P.N. Lebedev Physical Institute, RAS, Moscow, 119991, Russia
“e-mail: 0.dolgov@fkf-mpg.de

There is the hidden gauge symmetry in the definitions of macroscopic electromagnetic fields in
continuous media, and, hence, the ambiguity in the definition of response functions. There are a lot
of definitions of response functions in textbooks, which are not really response functions (e.g.,
satisfy to the Kramers-Kronig relation and the Kubo formula, see, e.g. [1]).

The relativistic causality requirements [2-3] lead to the so-called Leontovich relations and to
some restrictions on the real response functions that in the static case coincide with an ideal London
superconductor.

[1] Landau, L.D., and E.M. Lifshitz, 1984,Course of Theoretical Physics Vol. 8, "Electrodynamics of
Continuous Media", Second Edition revised and enlarged by E.M. Lifshitz and L.P. Pitaevskii, (Pergamon),
L.P. Pitaevskii, 2012 , Int. J. Quant. Chemistry, 112, 2998

[2] Dolgov, O.V., D.A. Kirzhnits, and V.V. Losyakov, 1982, Sov. Phys. JETP, 56, 1095.

[3] Kirzhnits, D.A., 1989, "General Properties of Electromagnetic Response Functions", in "The Dielectric
Function of Condensed Systems", eds., L.V. Keldysh, D.A. Kirzhnits, A.A. Maradudin ( Elsevier Publ.), Ch.
2
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DEVELOPMENT OF Nd;..BiFes.,GayO; THIN FILMS FOR MO APPLICATIONS
Ishibashi T. *, Lou G., Liu Q., Tainaka R. and Nagakubo Y.
Nagaoka University of Technology, 940-2188, Niigata, Japan
“e-mail: t_bashi@mst. nagaokaut.ac.jp

Highly Bi-substituted iron garnets are promising materials for magneto-optical (MO)
applications, since they exhibit an enormous Faraday effect. However, it was difficult to obtain high
quality thin films by various thin film preparation techniques. To overcome the difficulty, we
developed a metal-organic decomposition (MOD) method for Bi-substituted iron garnet films, and
succeeded to obtain high quality thin films that could be available for practical MO applications [1].
In addition, we developed Bi-substituted neodymium iron garnet material, Nds_BicFes.,Ga,O1,, on
glass substrates, which allows us to obtain the large size thin films [2-4].

Ndo 5Biy sFes.yGay,Oy, thin films were prepared on Gd;GasO;, single crystal substrates or
Nd,;BiFesGaO, buffer layers on glass substrates. A detail of the growth conditions was described
in Ref. [2-5].  NdgsBiysFesGayOy> thin films exhibited Faraday rotation as high as 10-15
um/degrees. The magnetic anisotropy was also controlled by varying Ga content from O to 1.
Figure 1 shows a NdjsBi,sFeO;; thin film prepared on a glass substrate with a size of ¢6 inches,
indicating that homogeneous and smooth thin film was obtained. Figure 2 shows an example of an
MO image of a commercial ferrite magnet. Stripe magnetic structure in the magnet was clearly
observed. Using these thin films, we could develop a variety of MO applications including a real-
time large scale magnetic imaging technique, an MO-SLM for 3D holographic display etc., which
have never been realized.

Ndo sBiz sFes0,2 film with ¢ 6 inch size glass sub.

S

Fig. 1 NdosBis sFeO, thin film Fig.2 (a) Photo and (b) MO image of a magnet of a

prepared on a glass substrate. ferrite magnet.
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PRODUCING OF FE OXIDE NANOPOWDERS BY SPARK DISCHARGE
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MNOJYYEHHUE HAHOITIOPOIIIKOB OKCHUJIA KEJE3A METOAOM UCKPOBOI'O
PA3PAIA
J.C. HOpTHOBl, H.B. BeKeTOBl, I'.B. Kypmnmcxaﬂz, A.B. Bara3eeBl, AM. Mensenes'
" Hnemumym snexkmpogpusuxu YpO PAH, 620016, Examepun6ype, Poccus
Zypaﬂbcmtﬁ Geodepanvuwiii ynugepcumem, Jlabopamopus macHunot cencopuxu, 620000,
Examepunbype, Poccus

MarnuTHble HaHOYACTHIBI C pa3MmepamMud 1-10 HM BBI3BIBAIOT OCOOBIM HWHTEpEC IS
(byHIaMeHTaIbHBIX HccienoBaHuil. Pasmepbl TakuMX HAHOYACTHI] HAXOIATCS B TOM JAMAana3oHe, B
KOTOPOM CBOMCTBa MaTepuaja B HauOOJbIIEH CTENeHU 3aBUCAT OT pa3Mepa COCTABISAIOLIUX €ro
gactull. OJHUM M3 TEPCHEKTHUBHBIX M YHHMBEPCAIBHBIX TIa30-(a3HbIX METOJOB IOJYYECHHUs
HAHOYACTHUI] C pa3MEpaMU B JMaIla30HE E€IUHHUI] HAHOMETPOB SBJIAETCS CHHTE3 HAHOYACTHIl B
IIpoLecce UCKpPOBOTO paspsiaa B rase [1].

HapaboTka mopomikoB xesne3a MpoBOANIACh B yCTAHOBKE, OCHOBOM KOTOPOM SBIISIICS UCKPOBOM
TEHEepaTOp HAHOYACTHUI[ C OJIEKTPOJHOW CHUCTEMON penbcoBoro tumna. VckpoBoil paspsin
VHULMUPOBAJICS MEXKAY UWIMHAPUYECKUMHU OJJIEKTPOJAMHU W3 HHU3KOYIJIEPOJUCTOM CTalu C
perymupyemoii yactotoi oT 10 mo 100 I'm. DHeprus, HeoOXoaumas IJisi UCIIAPEHUS MaTepuala
3JIEKTPOJIOB, MOJABOJMIIACH K Pa3psAaHOMY MPOMEXKYTKY OT HMMIYJIBCHOIO KOHJEHcAaTropa THIa
HUK100 wu w3mensmace ot 2 go 20 [x. IlomydyeHune HaHONOPOIIKOB MPOBOAWIOCH B
KoHTpoaupyemoit atmocdepe, B cmecu N2-02 (20 %) npu 0,12 MITa. [Toponiku aHaTH3UPOBAIHCH
Merogamu bOT, I[IOM (JEOL JEM 2100), POA (D8 DISCOVER). U3mepenne MarHUTHBIX
xapakTepucTuk mnposoauiock Ha SQUD wmarHutomerpe. McciaenoBaHO BIMSHUE —YCIOBHM
MOJTyYCHHUS TIOPOIIKOB OKCHA JKeJle3a Ha X TUCIIEPCHOCTb, CTPYKTYPY, (Pa30BbIif COCTaB, a TaKkxke
Ha X MarHUTHBIE CBOMCTBA.

[1]. T.V. Pfeiffer, J. Feng, A. Schmidt-Ott New developments in spark production of nanoparticles.
Advanced Powder Technology, 25, (2014) 56-70.

Pabota BeimonHeHa npu GpuHancoBoii noanaepxke POOU, mpoekt Ne 15-08-06436.
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STUDY OF THE INFLUENCE OF ARGON ION BEAM ON THE MAGNETIC
PROPERTIES OF PERMALLOY FILMS
Djuzhev N.A.", Mazurkin N.S.!
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NCCJIEJOBAHUME BJIMAHUSA ITYYKA HOHOB APTTOHA HA MATHUTHBIE
XAPAKTEPUCTHKHU IVIEHOK ITEPMAJLJIOA

Hro:xeB H.A. = Ma3ypkuH H.C.!
]Hauuonaﬂbﬂbzﬁ uccnedosamenvckul ynueepcumem «MUIT», 124498, Mockea, Poccus

B Hacrosiiee BpeMsi HAHOCTPYKTYpUPOBAaHME, T.€. IEPEBOJ BEIECTB U MaTepUaloB B
yIABTPAJUCIIEPCHOE WM KOJUIOMIHOE COCTOSIHHE C pa3MEpOM 3JIEMEHTOB, 3€pEH, IOp, CIIOEB,
¢u3nUecKux 1 XUMHUYECKUX (a3, XOTs ObI MO OJTHON KOOpAMHATE, B CyOCTaHAaHOMETPOBOI 00JacTH,
BCE IIMpPE HCIOJNB3YeTCS B MHKPODJIEKTPOHUKE JUISL YIpaBlIeHUS (PU3UKO-XMMUYECKHUMU
CBOMCTBaMHM Pa3IWYHBIX TUICHOK. JIj1si obecrieuenust paboTOCIIOCOOHOCTH OOJIBIIION HOMEHKIATYPHI
JaTYUKOB  PA3IUYHOrO  (YHKUMOHAJIBHOTO  HA3HAUYEHMS, HUCIOJIB3YIOTCA  aHHU30TPOITHBIE
MarHUTOpPE3UCTUBHBIE MpeolOpaszoBarenu (AMP npeobpa3oBarenn) Ha OCHOBE IJICHOK MEPMAJIION
FeyoNigg. MarauTHbIe CBOWCTBA YKa3aHHBIX TUICHOK IMEPMAaJIIOs, B YaCTHOCTH KOAPIIUTUBHAS CHJIA U
1I0JIe aHU30TPOIINH, OTMPEACISIOT SKCIUTyaTallmoHHbIe TapameTpsl AMP npeoOpa3zoBareneii.

B pabore wuccienoBamach BO3MOMKHOCTh YIPABICHHUS MarHUTHBIMH CBOMCTBAMH  IIJICHOK
HepMaJIOs ¢ TIOMOIIBIO UX OOJIy4eHHUs MydYkaMu MOHOB aproHa c¢ sHeprueit 200 3B 1 MIIOTHOCTBIO
Toka 1,0 MA/cM’. OOnydyeHne OCYIIECTBISJIOCH B JIBYX BapuHaHTaXx: B IPOIECCE HAHECEHUs
NepPMAIJIOEBBIX IUICHOK METOJJOM MarHeTpOHHOTO paclbUICHUS M TyTeM oOOpaldOTKH YxKe
HAaHECEHHBIX IUICHOK. B pe3ynbrare SKCIEpUMEHTOB ObUT OOHapykeH 3(P(GEeKT YMEHBIICHUS
KOAPLUTUBHOM CHJIBI U TOJISI aHU3O0TPONHMHU B IJICHKE MEPMalIod MPU BO3JIEHCTBUU MydyKa MOHOB
aprona (Puc. 1):

- B TPH pa3a MpH BO3JECUCTBUHU ITyYKa B IPOLIECCE HAHECEHUS TIJICHKHU;

- 1 Ha 20% nipu 00pabOTKE MIICHKU ITYYKOM IOCIIE €€ HAHECCHUSI.
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Puc.1. — 3aBUCHMOCTD KOIPITUTUBHOM CHIIBI OT Puc.2. — 3aBUCUMOCTD KOIPITUTUBHOM CHUTBI M TTOJIS
SHEpPrUH NOHOB aproHa mpu 00padoTKe MICHOK AQHU30TPOIMHU OT SHEPTHUH HOHOB AprOHA MIPU
nepmaiuios. CruloniHas JIMHUS — 00Ty4YeHHE B 00paboTKe TieHOK nepMauios. CIUIONIHAS JIMHUS —
MPOLIECCE HAHECCHUS TUICHKU, MyHKTUPHAS TUHUS — 10JIE€ aHU30TPONHHU, yHKTUPHAS JIMHUS —
o0Jy4eHHe ociie HaHECeHHS TUICHKH. KO3PLUTUBHAS CUIIA.

PaGoTta Obuta BeIMONMHEHA TpH mozjepkke MunoOpHayku Poccuu, rpant Ne 14.578.21.0007
(RFMEFI57814X0007), ¢ ucnonb3oBanueM obopynoBanus [IKIT MCT u 9Kb MUDT.
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MAGNETIC AND MAGNETORESISTIVE PROPERTIES OF Gd-Co/Co/Cu/Co SPIN
VALVES
Svalov A.V.", Kurlyandskaya G.V.? and Vas’kovskiy V.0.!
"Ural Federal University, 620002, Ekaterinburg, Russia
Universidad del Pais Vasco (UPV/EHU), 48080, Bilbao, Spain
“e-mail: andrey.svalov@urfu.ru

Amorphous Tb-Co, Gd-Co films and Tb/Co multilayers have successfully been used as
exchange-biasing or free layers in magnetoresistive heads and spin-valve sensors [1-3]. The
coercivity of the ferrimagnetic layers can be tailored by its composition. The effective composition
and the switching field of the ferrimagnetic film can also be changed by inserting an additional
transition metal layer [4]. In this work, the influence of the additional Co layer on the magnetic and
magnetoresistive properties of GdCo(35 nm)/Co(0+7 nm)/Cu(4 nm)/Co(7 nm) spin valves was
analyzed. Moreover, it was demonstrated that Gd-Co/Co/Cu/Co spin valve had thermo-sensitive
features due to the temperature dependence of the magnetization of the Gd-Co/Co artificial
ferrimagnet.

Gd-Co/Co/Cu/Co spin valves were deposited onto glass substrates by magnetron sputtering in
the presence of a magnetic field applied parallel to the sample plane in order to induce a uniaxial
magnetic anisotropy. The Gd3Co;7; layer was deposited from a composite target. The
magnetoresistance was measured by a four-point probe method with a current flowing parallel to
the easy magnetization axis at room temperature. Magnetization measurements have been
performed with a vibrating sample magnetometer.

In the Gd,3Co77 film the resulting magnetization is dominated by the Gd over a large temperature
range of up to 433 K and the net magnetization of the film is parallel to the orientation of the
magnetic moments of Gd. In the Gd,3Co77/Co bilayer structure, the exchange interaction across the
interface is dominated by the ferromagnetic coupling between Co spins. Therefore, the
magnetizations of the Gd,3Co77 and Co layers are coupled antiferromagnetically. For Co thickness
of 1 nm, the composite Gd,3C077(35 nm)/Co(l nm) layer is still Gd rich, so the net magnetic
moment orientation of the composite layer is opposite to the orientation of the Co moment, but it is
aligned with the applied field. For Co thickness of 2 nm, the compensation temperature of the

composite  layer  Gd3Co77(35

nm)/Co(2 nm) is 293 K. For the
500 samples with Co thickness above 3
400 02 nm, the composite layer becomes
2 = ‘
T 100 E Co rich. So at room temperature
c % the net moment of the composite
T 200 01 < layer is parallel to the Co moment,
= .
100 and the compensation temperature
0 0.0 of these composite layers is below
100 150 200 250 300 room temperature (Fig. 1). The
T (K) Gd-Co(35 nm)/Co(7 nm) layered
) o artificial ~ ferrimagnet has a
Fig. 1. Temperature dependences of the magnetization and . .
magnetization compensation

coercivity of Gd-Co(35 nm)/Co(7 nm) composite layer.
temperature Teomp = 180 K, at
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which the moments of the Gd sub-lattice and Co total subnetwork cancel each other and the bilayer
has no net magnetization. Below T¢onp, the magnetic moment of the Gd sublattice dominates over
that of the Co sub-network (moment of the Co sublattice of Gd-Co layer and moment of Co layer).
Above Tcomp, the net Co moment is larger than the Gd moment. The direction of the net Co moment
is thus in the same direction as the total moment of the composite layer.

The Gd-Co(35 nm)/Co(7 nm)/Cu(4 nm)Co(7 nm) multilayered structure was chosen as example
of thermo-sensitive spin valve [5]. In the temperature range of 180 K to 280 K the coercivity of the
Gd-Co(35 nm)/Co(7nm) composite layer significantly exceeds the coercivity of Co layer.
Therefore, the composite layer was playing the role of a fixed layer and Co(7 nm) was the free
layer. At T = 200 K, the magnetic moments of the free and fixed layers were aligned by applying a
large negative field. Next, the magnetization reversal of the free layer was carried out by applying a
positive field of 80 Oe, which is not high enough to change the position of the fixed layer moment
(Fig. 1). Thus, Co moments in adjacent layers were antiparallel and electrical resistivity of spin
valve was maximum, which means that the valve was “closed”. After that, the temperature was
increased and R(7) dependence was measured at the constant field of Hgy,.

Fig. 2 shows R(T) curves obtained at different Hyy. It is evident that there is a sharp change in
resistance at the temperature at which
H. of fixed layer is equal to the
adjusted Hgy. When the magnetization
reversal of the fixed layer occurs, Co
moments in the layers become again
parallel and the resistance is reduced.
In other words, the spin valve
“opens”. Fig. 2 shows that the
actuation of the spin valve can be
achieved at various temperatures by
, , , , , = setting different Hy, values. Possible
200 220 240 260 280 300 applications of these structures are the

T (K) switches triggered at a certain
temperature, the value of which can
be set/controlled by changing the

Fig. 2. R(T) curves for Gd-Co(35 nm)/Co(7 nm)/Cu(4 nm)/ external field strength.
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THE FERROMAGNETIC RESONANCE AND MAGNETIC PROPERTIES OF
NANOCOMPOSITE FILM STRUCTURES (CoFeB),,C100.m
Vyzulin S.A. , Kevraletin A.L. ', Syr’ev N.E. *
! Federal state military educational institution of higher professional education "Krasnodar Higher
Military School named after Army General S.M. Shtemenko", 350035, Krasnodar, Russia
? Federal state educational institution of higher professional education "Moscow state University
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®EPPOMATHUTHBIN PE3OHAHC U MATHUTHBIE CBOMCTBA IIJIEHOYHBIX
HAHOKOMIIO3UTHBIX CTPYKTYP (CoFeB),,Ci00.m
Boizyann C.A. ", Kespanerun AJLY, CrIpbeB H.E.
! Kpacnooapckoe svicuee éoennoe yuunuwe umenu eenepana apmuu C.M. [lImemenxo, 350035,
Kpacnooap, Poccus
? Mockosckuii 2ocyoapcmeennwlil ynueepcumem um. M.B. Jlomonocosa, 119991, Mockesa, Poccus

UccnenoBanbl  MHOTOCIIOMHBIE  HAHOTPAHYJIUMPOBAaHHbBIE IUICHOYHBIE CTPYKTYpbl — THIIA:
dbeppomMarHeTHK — HEMarHuTHas warpuna. HaHocucTema CHHTE3UpoBaHAa B BopoHEKCKOM
rOCy/IapCTBEHHOM TEXHMYECKOM YHUBEPCHUTETE METOJIOM HOHHO-TYYEBOTO PaCbUICHHSI aMOP(HOTO
CoFeB c naBeckamum u3 C B arMmocdepe aproHa Ha CTEKISHHYIO MNMOMIOkKy [1]. Ilyrem
MOCJIEI0BATEIBHOTO MOCIONHOTO HambUIeHHs (0€3 MPOCIoeK) M3roTaBIUBAINCh TOHKHUE IUIEHKU C
MePEMEHHON MO JUIMHE CTPYKTYphl ToMmuHON (0T 50 mo 250 HM) M KOHIICHTpAIMEe MarHUTHOMN
¢dazer (m ot 48 no 72 ar.%). TonmuHa OJHOTO KOMIIO3UTHOTO CJIOSI BaphHPOBAIACH IO JJIMHE
ctpyktypsl oT 1,0 1o 4,9 HM. B monepedHoM HampaBi€HHHM CTPYKTYpbI TOJIIMHA HANBUICHUS U
KOHIEHTpalus MarHuTHOW (a3pl He wu3MeHsuMch. HampaBienue B IUIOCKOCTH oOpasia,
COBIIAJIAIOIIEE C MPOJIOJILHBIM HAMPABICHUEM HCXOIHOW HAHOCTPYKTYPBI, 0003HAYMM BEKTOPOM i, a
MOTIEpEeYHOe K HEMY HaIpaBlICHHWE B IUIOCKOCTU IUICHKUA — BEKTOpOM j. OO0IIas IjauHa CTPYKTYPHI
paBrsimack 250 Mm. M3 9Toif CTPYKTYpbI H3roTOBIeHO 80 006pasIoB pasMepoM 3x3 MM~ OGpasibl
OBLTH MPOHYMEPOBAHBI B MOPSIIKE YAAIECHUS OT OJTHOTO M3 KOHIIOB CTPYKTYPHI.

HemaruurtHas mMatpuia npejacrasisiia coooi rpaHyisl yriaepoaa. 3BeCTHO, UTO yIiiepol MOKET
B3aMMO/JICMCTBOBATH C MEPEXOJHBIMA METAJJIAMH U CIIJIaBaMHU Ha MX OCHOBe [2]. B Hamem ciyudae,
Hapsiay C HaHopa3MepHbIMH TpaHynamu CoFeB B03MOXHO (opMHUpOBaHWE HAHOYACTHIl W3
MeTacTabMIBHBIX (MTpU KOMHATHOM TemmepaType) coenunennit Tuna CosC, Co,C, FesC. ITockonbky
HAaHOYACTHI[l TAaKOrO0 COCTaBa MPOSBISIIOT MarHUTHbBIE cBoOMcTBa [3, 4], TO MX HaauyWe B
uccnenyemoit cucreme (CoFeB),,,C1o- JOTAKHO MPOSBIAATHCA IPU MATHUTHOM PE30HAHCE.

Llens pa®oThl — BBIIBUTH B cnekTpe (eppomarHutHoro pezonanca (OMP) mononHuTenbHbIE
JIMHUW TIOTJIONIEHUS (B CPAaBHEHUM C CUCTEMOM M3 B3aMMHO XUMHUYECKU HEUTPaAbHBIX MAaTEPUAIIOB -
(CoFeB),,(S102)100.n) W UW3YYUTh CBOMCTBAa MAarHUTHOTO PE30HAHCA B IUICHOYHOW CHCTEME
(CoFeB),,C00.» pu Bapuanuu 3agaBaeMoi IIpH CUHTE3¢ KOHIIEHTpaIuu (eppoMarHuTHOM ¢asbl.

Pe3onatopubim cmocobom Ha yactote 9.44 I'T'p ¢ mpumeHeHHMEM OOBIYHOW MOIYISIITUOHHON
TEeXHUKH TpPU KOMHATHOM TemIieparype u3ydeHbl cnekTpbl ®MP. M3mepeHuss cnekTpoB st
KaKJ0ro o0pasiia MPOBOAMINCH MPU PA3HON OpUEHTAIMH TOJIsi HaMarHuIuBanust H OTHOCUTENHHO
mockocTH mwieHkd, oT a=0 (Hlln) 1o a=90° (H1n), rae n — BEKTOp HOPMaJH K MJIOCKOCTH IJICHKH.
BrinonHeHo Be cepun 3KCepuMeHTOB. B oqHol BHelmHee MarHuTHOe none Hii, B npyroi — Hj.
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[To cnmektpam omnpenemsuiMCh pe30HAaHCHOE Tone H,, mupuHa JUHUHM ToriomeHuss AH u

MHTEHCUBHOCTb [IEPBOY ITPOU3BOJHOM CUTHAJIA IOTJIOLIEHHUS J.

I[JISI BCCX HUCCICAOBAHHBIX O6p213L[OB XAPaKTCPHBIM ABJIACTCA CICIAYIOMICC.

B cnektpe mpu mo0bix opuentanusax H HaOmogaercs, Kak IPaBHJIO, HECKOJIBKO JIMHHUMA
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Puc. 1. Bug cnekrpa ®MP npu kacatenbHoM (a) U

HODMAJILHOM (0) HaMarHUYMBaHUNA

ymeHbIaercsa ot 8 10 3 u npu 0=90° -
or3mo 1.

XapakTepHbId BHUJ 3aBUCHUMOCTEHN
H,(0) mpoaeMOHCTpUPOBAH Ha pHC.2.
[TynkTupHOM JMHMEH H300pa)xKeHa
Hy(a) -

rpaHuua

HaOmrogaeMasl  HUKHSA

CIIeKTpa MarHUTHBIX
BO30ykJIeHH. YacThb pe30HAHCHBIX
MOJ TpU BapHalMU O HAYNHAIOTCS U
H,. Oo0Omnactb

CYIICCTBOBAHUSA 3TUX MO OI'paHUYCHA

3aKaH4YMUBarOTCIA Ha

ompeieJICHHBIM HHTEpBAJIOM 3HaueHui o (BOmu3m a=0). B crmexTpe, B 3aBUCUIMOCTH OT BETUYUHBI

m, MOXET TPUCYTCTBOBATH HECKOIJIBKO
Moa ¢ 0<0<90°. [ns cnmydas Ha pHuC.
takux ™moja Tpu. OHH 00O03HAYCHHBIC
oykeamu A, B u C. B
(CoFeB),.(Si02)100-m Habmronaercs
TOoabKO0 oxHA Moja ¢ 0<a<90°. OTu MOJHI,
B paMKaXx MpHOJHKEHUS CTa00CBI3aHHBIX
KojeOaTeNbHbIX  KOHTYPOB,
KaKk  OJHOPOIHbIE

MO>XKHO
UHTEPIPETUPOBATH
TUTBI KOJeOaHWH HAMAarHUYCHHOCTH B

Pa3JINIHBIX MAarHuTHBIX CHUCTCMaAX,
06p3.30BaHHI>IX TOJIBKO H3 HaHOYaCTHI]
omHoro cocraBa (kapobumoB Co u Fe
CoFeB). Hao0mronanace
aHM30TPONUSI B  IUIOCKOCTH
Pazanma mexny 3Hadenusmu H, mpu

KacaTcJIbHOM

u/unu
IUIEHKH.

HaMarHM4YMBaHUU B
cinyvasix Hu v Hij MOXeT 1oCTurath AJis

212'

cucreme 10 1

R e

o,rpan

Puc.2. YrioBele 3aBUCIMOCTH PE30HAHCHBIX TIOJICH

Mox A, B u C BennuuH nopsaka 30, 100 u 200 O, coorBercTBeHHO. Peructpupyemsle pazmuuus H,

MOT'YT ObITH OOBSICHEHHBI (B pamkax Teopur @MP B rpaHynmupoBaHHBIX HAHOCTPYKTYpax [S]) BiausHUuEM

COCTaBa MarHUTHBIX TPaHy’l Ha UX Gopmy.

[1] C.A. I'punnes u ap. HenuHeitHbie sIBICHUS B HAHO- 1 MUKpOTeTeporeHHbIx cucremax.(M3n-so: BUHOM.

JlaGopatopus 3Hanui, M., 2012).
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NUCLEAR RESONANCE REFLECTIVITY
FOR MAGNETIC MULTILAYER INVESTIGATIONS

Andreeva M.A.
Faculty of physics, Lomonosov Moscow State University, 119991, Moscow, Russia
*e-mail: Mandreeval @yandex.ru

Magnetization depth-profiles with nanometer resolution in low-dimensional heterostructures are
of great importance for understanding of the long-range magnetic interactions and they are very
essential for applications in spintronics, sensorics etc. Nuclear resonance ("Mdossbauer") reflectivity
(NRR) [1] along with XRMR (X-ray Resonant Magnetic Reflectivity) and PNR (Polarized Neutron
Reflectivity) is the most informative method for such investigation.

In this paper the results of the [>'Fe /Cr 1, multilayer investigations with different layers thicknesses
including ultrathin ones (57Fe 0.8-1.2 10\), which form cluster-layer structures, are presented. The
measurements have been done at BLO9XU station of Spring-8 [2] and at ID18 of ESRF [3].

For the [*'Fe (3.0 nm)/Cr (1.2 nm)];p sample the transformation of the antiferromagnetic
interlayer coupling under the increasing external field (Hey) has been investigated [2]. The "ladder"
magnetization curve had been observed for such samples [4], which was explained by the
successive flop of the magnetization direction in separate layers [4,5]. The example of our
measurements at Spring-8 is shown in Fig. 1
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Fig. 1. Angular NRR curves (on the left) and the NRR time spectra (on the right) for 3 grazing angles:
at the critical angle of the total reflection, at the "magnetic" maximum and at the first order Bragg
peak, measured during the successive increase of the Hy from 0 Oe up to 1500 Oe, applied along the
synchrotron radiation (SR) beam. The same measurements have been done for the perpendicular
direction of H.,,.

The joint fit of the whole set of the data (by REFTIM program package [6,7]) has shown that the
magnetic structure transformation under the Hex action does not start just from the surface layer but
affects the whole structured from the beginning and have wavy structure — Fig. 2. The result is
important for the further development of the theory of the magnetic interaction in multilayers.
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Cluster-layered [Fe/Cr] structures having ultrathin Fe layers have a lot of intriguing magnetic
properties: Kondo-like behavior of the electrical resistance, spin glass states at low temperatures,
nonergodicity and so on. [4,8]. Mdssbauer investigations, which can be performed at helium
temperatures at the specialized synchrotron stations, provide us with the unique information about
their local properties. The measurements for cluster-layered [Fe/Cr]-structures have been done [3]
with Synchrotron Mdéssbauer Source (SMS) [9], so we have got the usual NRR Mdssbauer spectra
measured on the energy scale of the Doppler velocities. The angular dependent reflectivity curves
for [°’Fe(1.2 A)/Cr(10.5 A)]3 have not shown any Bragg peaks (no periodicity detected), so the
spectra have been measured at the critical angle — Fig. 3.
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The obtained B'' distributions show the inhomogeneity of the By” and their dependence on the
magnetic pre-history. That supports the conclusion that the spin-glass regions and
superparamagnetic clusters are presented in our sample at helium temperatures.

The work is supported by RFBR (NeNe 12-02-00924-a, 15-02-01674-a and 15-02-01502-a).
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FERROMAGNETISM OF POLYCRYSTALLINE Si;.xMny (x~0.5) FILMS
WITH A SELF-ORGANIZING STRUCTURE
Nikolaev S.N.l, Semisalova A.S.2’3, Rylkov V.V.1’4*, Chernoglazov K.Yu.l, Tugushev V.V.l,
Zenkevich A.V.S’ﬁ, Vasiliev A.L.l, Pashaev E.M.l, Chesnokov Yu.M.l,
Likhachev LA., Perov N.S.%, Matveyev Yu.A.>%, Novodvorskii O.A.”, Vedeneev A.S.’,
Granovsky A.B.%, Bugaev A.S.**, Wang Y.%, Zhou S.
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®National Research Nuclear University “MEPhI”, 115409 Moscow, Russia
"Institute on Laser and Information Technologies RAS, 140700 Shatura, Moscow Region, Russia
*e-mail: vvrylkov@mail.ru

The results of a comprehensive study of magnetic, magneto-transport and structural properties of
nonstoichiometric MnySi;x (x=0.51-0.52) films grown by the Pulsed Laser Deposition (PLD)
technique onto Al,O3(0001) single crystal substrates at 7 = 340°C are presented. A highlight of
used PLD method is the non-conventional (“‘shadow”) geometry with Kr as a scattering gas during
the sample growth [1]. It is found that the films exhibit high-temperature (HT) ferromagnetism
(FM) with the Curie temperature T¢ = 370 K accompanied by positive sign anomalous Hall effect
(AHE); they also reveal the polycrystalline structure with unusual distribution of grains in size and
shape. It is established that HT FM order is originated from the bottom interfacial self-organizing
nanocrystalline layer which consists of small (~ 5 nm) rounded grains. The upper layer adopted

columnar structure with the lateral grain

0.0sl d=90nm size >50 nm, possesses low temperature
0.06l (LT) type of FM order with T¢ = 46 K and
. ! contributes essentially to the magnetization
% 0'04_' at 7 < 50 K. Under these conditions, AHE
G 0.02p changes its sign from positive to negative at
VI 0.00 value of T = 30-50K depending on film
< 0.02[ thickness (Fig.1). We attribute observed
oo0al T properties to the synergy of distribution of

Mn,Si; x crystallites in size and shape as
well as peculiarities of defect-induced FM
order in shadow geometry grown

Fig.1. The temperature dependences of Hall resistivity  polycrystalline  Mn,Si;x  (x=0.51-0.52)
pu(T) measured in the field B = 1.2 T for samples with

various Mn,Si_, film thickness (d = 90, 110 and 160 nm).

0 40 80 120 160

films.
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XMCD STUDY OF ELECTRONIC MAGNETIC STRUCTURE OF RARE EARTH
INTERMETALLIC COMPOUNDS TbNi,Mn AND DyNi,Mn
Kuznetsova T.V. and Grebennikov V.L.~
M.N. Miheev Institute of Metal Physics UB RAS, 620137, Ekaterinburg, Russia
“e-mail: vgrebennikov@list.ru

XMCD UCCJEJOBAHME SJIEKTPOHHON MATHUTHOM CTPYKTYPBI
PEAKO3EMEJIbHBIX UHTEPMETAJIJIM1OB TbNi;Mn u DyNi,Mn
Kysnenosa T.B., 'pe6ennukos B.1. )

Hnemumym ¢usuxu memannos umenu M.H. Muxeesa YpO PAH, 620137, Examepunbype, Poccus

PenTrenoBckuil MarHUTHBIA KpyroBoil auxpousm (XMCD) sBiasieTcsi MOIIHBIM MHCTPYMEHTOM
JUI MCCIEAOBAaHNsA BHYTPCHHEW MAarHUTHOW CTPYKTYPbI COCIMHEHUH, HAIOIIMM, B TOM YHCIE,
YHUKAJIbHYIO BO3MOKHOCTb Pa3[€JINTh CIMHOBBIA U OpOUTAIBHBIN BKJIJbl B MArHUTHBIE MOMEHTHI
OTJENbHBIX KOMIIOHEHTOB. MBI €O0O0OIIaeM pe3ysibTaThl MCCIEJOBAHUN AJIEKTPOHHON CTPYKTYpPBI
HOBbIX HHTepMeTamuaoB TbNiMn u DyNi,Mn. HHTepec k 3TuM cucTemMamM OOYCIOBICH
BO3MOXXHOCTBIO HCIIOJIb30BaHHS HX B KadeCTBE MAaTEPUAJIOB [Js IIOCTOSIHHBIX MAarHuTOB H
MarHMTHBIX XOJIOAWJIBHBIX YCTPOMCTB, a TaKXe B KayeCTBE MAarHUTOCTPUKLUOHHBIX H
MarHMTOpE3UCTUBHBIX MaTepuanoB. Kpome Toro, uccnenoBanue R-T-coenunenuil mpencrasisieT
UHTEepeC u3-3a 3(PPEKTOB, CBA3aHHBIX C COCYLIECTBOBAaHMEM 4f- W 3d- MarHUTHBIX IOJCUCTEM
paznu4HON mpupos [1, 2].
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Puc. 1. Cnextpsl K-kpass mormomenuss nukenst B Fig. 2. OpOuranbHas (kpacHas JMHUS) U yIBOCHHAs
coequnennu  TbNi,Mn, HOPMHUPOBAaHHbIE  Ha CIIMHOBas (3€JeHas JIMHUS) TJIOTHOCTH HE3aHSTHIX
enquHMIHBINA ckadok: XANES (uepnas nmuaus, neBas Tb  S5d-coctosunit B TbNi,Mn. CmpaBa —
mkana) 1 XMCD (kpacHas nMHUS, IpaBas IIKaa). napuuanasHast DOS Sd-cummMerpun.

Ha munaun ID-12 ESRF (I'penoGnb) ObLIM MOMTYyYEHBI CIEKTPHI MOTJIOMICHUS PEHTTCHOBCKUX
nydel KpyroBou nosisipusanuu rnpu temmeparype 10 K B MarautHom mosne 6 T co cnupaibHOCTBIO
(GbOTOHOB mapauieabHOW /. W aHTUNAPAUIETbHOW /- MAarHUTHOMY IIOJIIO, HAIMpPaBICHHOMY I10
HOpPMaJM K TMOBEPXHOCTH oOpa3na. Mbl M3yyanu OKOJO KpPaeBYIO CTPYKTYpPY PEHTI€HOBCKOIO
noryomenust (XANES), ycpennennyto no mnonspuszaiuud (I + 1)/ 2, U pa3HOCTHBIA CIEKTP
PEHTTEHOBCKOTO MarHUTHOro Kpyrosoro auxpousma (XMCD) (I, — 1) B TbNi;Mn u DyNi;Mn.
UccnepoBamucs Ni (8330 3B) u Mn (6540 3B) K-kpast mornomieHus, 31eKTpOHHbIE IEPEX0Abl U3 1s
YPOBHEH, 30HIUPYIOIINE HE3AHATHIE p-cOCTOsHUS B MHTepBaje oT 0 g0 50 3B Beiie sHepruun
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@®epmu, a Takke L,z kpas mormomenus Tb (8250 u 7510 3B) u Dy (8580 mu 7790 »B)
npoTsbkeHHOCThIo 60 3B (2p — 5d u ed nepexoibl).

XANES u XMCD cnekTpsl Mapraiiia 1 HUKeIs B 000X COEAMHEHHSIX OYEHb IMOXO0XKHU YT Ha
apyra. OHM UMEIOT CUIbHBIE OCIMILIALMU (pHUC. 1), OCHOBHOM NEpHOA KOTOPBIX ONPEIENIAETCs
pa3HOCTBIO MHTEep(hEepeHINEH EHTPATLHOW BOJTHBI U BOJIHBI, OOPATHO PACCESIHHON OT COCETHUX
K-cnektper XMCD 1npsiM0 TOKa3bIBalOT OpPOWTAIBHYIO TUIOTHOCTH
P-COCTOSIHMM, TO €CTh JHEPreTHYecKoe paclpeieseHre MPOeKIUU OpOUTAaILHOTO MOMEHTa
p-CUMMETpPUM Ha HampaBieHHe MarHuTHoro mois. Ero BenmuumHa cocraBiser okoio 0,6% nHa
MOpore IMOTJIOIIEHUS U Aajiee KojeOaeTcsl ¢ U3MEHEHHEeM 3HaKa, MEJIJICHHO YMEHBIIAsICh 10 HYIS B

August, 24th (Wednesday) Oral Presentations

aTOMOB. HE3aHATBIX

nuana3zoHe 50 3B Beime kpas. PacdeTsl M3 NEpBBIX NPUHLMIIOB AAOT IOJYKOJIWYECTBEHHOE
OIMCAHUE HKCIIEPUMEHTAIBHBIX CHEKTPOB. 110JIHOrO coryacus He NOCTUraeTcss B CHILYy U3BECTHBIX
TPYAHOCTEH pacuyera COeAUHEHUN PEIKO3EMEIIbHBIX JJIEMEHTOB.
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Puc. 3. MarHuTHsIi TUCTEPE3HC xMcp Fig-4. XMCD  cursan  (Toukn) — npu
nepemaranunBanun  DyNi,Mn  moka3bIBaeT

uHTeHcuBHOCTH B TbNi,Mn Ha atomax TepOus (1eBas
IIKana) U HUKes (TpaBas). 3aBHCHMOCTH JAUXPOH3Ma
OT T0JI OJJMHAKOBAa HA 00OMX KOMIIOHEHTaX.

CyMMYy JBYX TMETeIb Yy3KOH BBICOKOW (CHHSS
JIMHUS) U MHUPOKON HU3KOH (YepHasi JIMHUSA).

Msl pa3paboTanu MeToJ OnpeieseHHs OpOUTANbHOW M CIMHOBOW IJIOTHOCTH COCTOSIHUHM IO
AKCIICPUMEHTAIbHBIM L3 CIEeKTpaM CIHH-OPOUTAIBHOTO Jay0seTa, 000Omalomuii U3BECTHHIE
npaBuia cyMmMm B Teopud XMCD. Puc. 2 moka3siBaeT opOUTaIbHYIO (KpacHas JUHUS) U CIIMHOBYIO
(3eneHast TMHUS) TUIOTHOCTH Sd-COCTOSIHMM Ha atoMe TepOwus, a Takke OOBIYHYI0 MapIHaIbHYIO
IJIOTHOCTh cOCTOsTHUM Sd-cummeTrpuu B TbNi;Mn.

PaccmaTtpuBaroTcst OCOOCHHOCTH  THUCTEpe3Wca COCIWHEHUN TIpU  TNepeMarHUYUBAHHH.
3aBucumocth XMCD curHana oT MarHUTHOTO TOJIsl HAa IEPEXOHBIX U PEAKO3EMENbHBIX 3JIEMEHTaX
onuHakoBa (puc. 3). OHa BOCIPOM3BOAUT HM3MEHEHHE HaMarHM4eHHOCTH oOpasna TbNi,Mn.
[Tpouiecc mepemaramunBanus obpasna DyNi;Mn oka3bIBaeTcs CIOXKHEE, TUXPOU3M TOTJIOMICHUS
(puc. 4) moka3pIBaeT NPUCYTCTBUE BKJIAJIOB OT JBYX METEIb TUCTEPE3UCA.

Pabota BrITONTHEHA B paMKax rocyaapcTBeHHOro 3agaHus mo teme "Ksant" No. 01201463332

npu nogaepxxke POOU (Ne 14-02-00080 u 14-02-00260).

[1] T.B.Kysnenosa, B.W. I'pebennuxon, A. Buling, C. Derks, H.B. Mymuuxos, E.I'. I'epacumoB, M.
Neumann, 13B. PAH. Cep. ¢pus. T. 77, Ne 2. C. 249-253 (2013).

[2] V.I. Grebennikov, A. Buling, , M. Neumann, V.V. Marchenkov, T.V. Kuznetsova, J. Struc. Chem. V. 56,
N. 3, P.511-516 (2015).
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SHIELDING STRUCTURE BASED ON AMAG-172 ALLOY FOR PROTECTION
AGAINST PERMANENT AND VARIABLE MAGNETIC FIELDS
A.S. Zhukov, A.V. Parchukov, O.V. Vasilyeva, P.A. Kuznetsov
FSUE "Central Research Institute of Structural Materials "Prometey", 191015, St. Petersburg,
Russia
e-mail: npk3 @ crism.ru

IKPAHUPYIOIIUE KOHCTPYKIIUU HA OCHOBE CIIJIABA AMATI'-172 AJIsA
3AIIUTHI OT HOCTOSHHBIX 1 MIEPEMEHHBIX MATHUTHBIX MOJENR
A. C. /KykoB, A.B. IIapuykos, O. B. Bacuibesa, I1.A. Ky3nenos
QI'VII «[[HUU KM «Ilpomemeii», 191015, Canxm-Ilemepoype, Poccus

Bonpocs! skpaHupoBaHusi MOCTOSHHBIX U IEPEMEHHBIX MarHUTHBIX MOJIel MpruoOpeTaoT B HAILIU
JTHU Bce OOJIBLIYI0 aKTyalbHOCTh. DKpaHUPOBAHUE SIBISIETCS HamOojee eHCTBEHHBIM CIIOCOOOM
YMEHBIIEHUSI YPOBHS MAarHUTHBIX MoJiel 10 npenaenbHo ponyctumbix (1Y) [1]. DxpanupoBanue
MAarHUTHOTO TOJISI OCHOBAaHO HA 3aMBIKAHWU CUJIOBBIX JIMHUH MOJIS B TOJIIIMHE YKpaHA, MarHUTHAst
MIPOHHUIIAEMOCTh KOTOPOTO MHOTO OoJbIie Bo3ayxa. OCHOBHOW XapaKTepUCTHKON 3PPEKTHBHOCTU
MarHUTHBIX 9KpaHOB sABjsAeTCA Kod(duuneHt s3xkpanupoBanus K, (CTEeHb CHUKEHUS BHEIIHETO
MarauTHOro nojs). Mssectno, 4ro K, 3aBHCUT OT MAarHMTHOM IPOHMIIAEMOCTH MaTepuana (B
JaHHOM CiIy4ae, aMOp(HBIX JIGHT) U T€OMETPUYECKHX ITapaMeTpoB dKpaHa [2-5].

Lenbto paboThl sBIAETCS CO3AaHHE BBICOKOAI((EKTUBHBIX SKPAHUPYIOUIUX (3aLIUTHBIX)
KOHCTPYKITUHA MOJIYJIHBHOTO THIIA HA OCHOBE JIGHT aMOP(HOT0 MarHUTOMSTKOTO cruiaBa AMAI-172
JUTSL 3aLIUTHI OT IOCTOSIHHBIX U MIEPEMEHHBIX MArHUTHBIX MOJIEH TPOMBIIUIEHHOW YaCTOTBHI.

B pabore K., olleHHBajCA 10 SKPaHUPOBAHUIO KaTYIIKH, 33[al0UIell Moje, pa3Mepbl KOTOPOH
JOJKHBI OBITh HE OOJbIIe caMOro A3KpaHa. bbulM cMOJenupoBaHBI HapaMeTpbl HCTOYHHUKA
MarHMTHOTO TIOJIsSI KOHEYHO-3JIEMEHTHBIM METOJIOM C IMOMOIILI0 MPOQECCHOHATBHON BEPCUU TTaKeTa
ELCUT 6.0 (pucynok 1). C nomoipto pa3paboTaHHOI Mojenu OblIM NpoBeaeHbl pacyeTsl Koy,
JIOKAJIBbHOTO UCTOYHUKA MAarHUTHOTO MOJIsi MArHUTHBIM 3KPaHOM.

Pucynok 1 — Pacnipenenenue CUI0BBIX JIMHUI MarHUTHOTO MOJIS IPU pa3MEIIeHUH HaJl
KaTymkou peppoMarHuTHOTO Kpana (moaenupoanue B mporpamme ELCUT). KpacHbim niBeTom
0003HaveHbI 00J1aCTH, TJIe TPOUCXOAUT TipeBbIeHue [1J1Y.

HccnenoBanuss MarHUTHON MPOHUIIAEMOCTH aMOP(HBIX JICHT MPOBOAUIN Ha o0Opa3nax B ¢popme
TOPOB M MOJOC ¢ MCIOJIb30BaHUEM MarHUTOM3MEpUTENIbHON ycTaHOBKM MK-33D ¢ mepmeameTpom
npousBojictBa HITO «MuTpOTECT», T. EKaTepuHOypr (prcyHOK 2a).

beuta paspaboraHa HOBas METOAWKA OIEHKH 3(PQPEKTHMBHOCTH MOAYJIBHBIX KOHCTPYKIMMH, a
TaKK€ CO3[aH JKCIEepUMEHTANbHBIH cTeHn «[IMD-1», Ha KOoTOpoM »JTa MeTonuKa ObLTa
peann3oBaHa (PUCYHOK 20).
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HpI/IHI_II/IH pa6OTI)I CTCH/JA 3aKJIIOYaCTCA B UBMCPCHUHN 3HAUYCHUS HAIIPAXKCHHOCTHU IMTOCTOSAHHOI'O K
NEPpECMCHHOTO MArnvuTHOIO IIOJIsI TIPpU HaJIUYUU 06pa3ua Ha U3SMCPHUTCIBHOM CTOJIMKC (Hal[

KaTYILIKOH, 3a1a101LEeH T10JIE) ¥ IPU €ro OTCYTCTBUHU M BhluuciaeHuu K, odpasua.

Pucynok 2 — a) MarautousmepuTesbHas yCTaHOBKA C OJJHOMOJIOCOUYHBIM IIEPMEAMETPOM;
0) DKcrnepuMEeHTAIbHBIN CTEeH/] 10 onpeAeneHuIo 3G (HEKTUBHOCTH MOYIbHBIX MAarHUTHBIX 3KPaHOB
«IIMD 1»

Ha crenge Obun mpoBelneHbl usMepeHHs K, MHOTOCIOHHBIX DSKPAaHOB, CO3JAHHBIX C
UCIOJIb30BaHUEM aMOpP(HBIX MAarHUTOMSTKUX CIUIAaBOB Pa3jMYHOTO XUMHUYecKoro coctama. [lo
pe3ynbTrataM U3MEpPEHWH MJii W3TOTOBICHUS JKPAHHPYIOIMIMX KOHCTPYKIMHA BBIOpaH CIUIaB
AMATI-172. Beumn coOpaHbl 3KCIIEPUMEHTAIbHBIE SKPAHUPYIOIUE KOHCTPYKIUH Ui OTPabOTKH
NanbHENIIe TEXHOIOTUU U3TOTOBIIEHUS (PUCYHOK 3).

Pucynok 3 — KoHCTpyKIIMM Ha OCHOBE MOIYJIbHBIX MAarHUTHBIX YKPAHOB.

boun mpoBeneHbl u3MepeHus U OleHeHa 3((EKTHUBHOCTh AKPAHUPOBAHUS H3TOTOBIIEHHBIX
SKpaHUpYOMNX KOHCTpyKUui. K, coctaBun OGomee 100. JlaHHOE 3HaueHHE MOKHO CYMTATh
ONTUMAIIEHBIM.

Takum obOpa3zom, B pabore Obuta pa3paboTaHa METOJMYECKass M HMHCTPyMEHTalbHas 0Oa3a H
IIPOBEJIEHBI JETAIbHBIE UCCIIEN0BAaHUS SKPAHUPYIOLINX CBOMCTB MOIYJIbHBIX KOHCTPYKIUH C LIEJBIO
BBISIBIICHUS Hanbosee 3PPeKTUBHBIX TEXHUUYECKUX PEIICHHUH B 3TOM 001acTu.

Paboma evinonnena npu nooodepoicke Munucmepcmea obpazosanusi U HAYKU, VHUKATbHBIU
UOeHMuuUKamop NpUKIAOHbIX HAYYHLIX UCCIE008AHULL U IKCNEPUMEHMANbHBIX pA3PAbOmMOK
RFMEFI62514X0018.

CcblIKM HA JIUTEPATYPy

[1] TH2.1.8/2.2.4.2262-07 llpenensHO IOMycTUMBIE YPOBHM MarHMTHBIX moieil wactoroit 50 ['m B
MOMEIICHUSX JKIJIBIX, OOIIECTBEHHBIX 3/IaHUI U HA CEMUTEOHBIX TePPUTOPHUIX

[2] Peyros 0. f. Knaccuueckue 3amuTHble 35kpansl. Ekarepunoypr: YpO PAH, 2006, 72 c.

[3] II. A. Kysuenos, b. B. ®apmakosckuii, O. B. Tomouko u ap. Wccnenoanus u pa3paboTKu B
o0JiacTu MpUMEHEeHNsT aMOP(HBIX MAaTHUTOMATKHX CIUIABOB JUIS CO3/IaHMS MarHUTHBIX 3KpaHOB // Bormpockr
MaTepuajoBelACHMs: Hayd.-TeX. KypH., CII6: ®I'YII «[JHHMU KM «IIpomereit», 2009, Ne3(59);
ISSN 1994-6716

[4] T'pomnaer M.U. DieKTpoMarHUTHOE SKpaHUPOBAHHUE B IMIMPOKOM auana3oHe gactor. M.: Ces3b, 1972,
112 c.

[5] Hlammpo J.H. OnexTpomaruuTtHOe 3kpanupoBanue. loaronpynnsiii: Untennext, 2010, 120 c.
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VARIABLE-RANGE HOPPING MAGNETOTRANSPORT OF Cu,ZnSnS; CRYSTALS
Liihderanta E, Lisunov K.G."?, Shakhov M.A.'?, Guc M."*, and Arushanov E.!

IDepartment of Mathematics and Physics, Lappeenranta University of Technology, PO Box 20,
FIN-53851 Lappeenranta, Finland

*Institute of Applied Physics, Academy of Sciences of Moldova, Academiei Str. 5, MD-2028
Chisinau, Republic of Moldova

I loffe Institute, Politehnicheskaya Str. 26, St. Petersburg 194021, Russian Federation
“e-mail: Erkki.Lahderanta@lut.fi

CuyZnSnSy (briefly CZTS) attracts considerable attention in recent time due to a high potential
of photovoltaic applications. Besides of an efficiency up to 12.6 % of solar cells, based on CZTS
[1], this compound exhibits presence of only low-cost, low-toxic and earth-abundant elements.
Electronic properties of CZTS are influenced strongly by a mixed kesterite-stannite structure [2],
leading to a high intrinsic lattice disorder. The latter is accompanied by a deep acceptor level with
energy Ea ~ 120 — 140 meV of the main Cuy, defects [3,4], expanding considerably (up to T
between ~ 50 — 150 K) the interval of the Mott variable-range hopping (VRH) transport [5].
However, the resistivity data below 10 K are lacking in literature.

Here, we investigate resistivity, p (7), and magnetoresistance (MR) of CZTS single crystals
within a broad interval of 7 ~ 2 — 300 K in pulsed magnetic fields up to B = 20 T to obtain
information on the charge transfer mechanisms and microscopic properties of charge carriers.
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Fig. 1. The Mott (top panel) and the SE (bottom
panel) VRH behavior of the resistivity in the
investigated samples at B = 0.
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Fig. 2. MR vs. B in the Mott (top panel) and the SE
(bottom panel) VRH conduction intervals. Insets:
Temperature dependences of the MR parameters.
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CZTS single crystals were grown by chemical vapor transport method using iodine as a transport
agent. The composition of the obtained single-crystalline samples # 1, # 2 and # 3 was measured by
the energy dispersive X-ray microanalysis (EDX), yielding for each sample the concentration of Cu
~24 —25 at. %, Zn ~ 11.5 — 13 at. %, Sn ~ 13 at. % and S ~ 49 — 51 at. % with evidence for the
proximity of all samples to stoichiometric composition. Investigations of the Raman spectra did not
show any secondary phases, indicating predominance of the kesterite structure. However, some
presence of other structural types, such as the stannite or disordered kesterite phases, could not be
excluded unambiguously.

The hot probe method, addressed to the thermopower measurements, exhibited the p-type
conductivity in all samples at the room temperature. Six indium contacts were made in each of the
samples. The resistivity was measured with a standard dc method, and the pulsed magnetic field B
up to 20 T was applied to measure the MR.

As can be seen in the top panel of Fig. 1, the Mott VRH conduction over the states of the defect
acceptor band (AB), p () o< T A exp [(To4/T)1/4], where Ty 1s the Mott VRH characteristic
temperature, is observed within the same interval of 7 ~ 50 — 150 K as in Ref. 5 above. The width
W of the AB has been evaluated with the expression W = 0.5k (Tv43 To4)2, and the obtained data of W
~ 12 — 25 meV support those of Ref. 5, too. Magnetoresistance (MR) is positive at any 7 and B. As
follows from the top panel of Fig. 2, in the Mott VRH interval it obeys the law In p (7, B) < A4 (T)
BZ, where Ay o< T '3/4, within the whole field interval [6]. The joint analysis of p (7) and MR have
yielded a series of microscopic parameters, such as density of the localized states, positions of the
Fermi level and mobility thresholds in the AB. The values of the localization radius, a = 22 — 45 10%,
have been found to depend on proximity to the metal-insulator transition.

On the other hand, the Shklovskii-Efros VRH conduction [6] has been observed below T'~ 3 — 4
K. Here, the behavior of MR changes drastically, exhibiting a pronounced anomalous character [7],
including a measurable contraction of the quadratic region, In p (7, B) o< A, (T) Bz, where Ay < T 32
[6] (see the bottom panel of Fig. 2). This is accompanied by a dramatic increase of the localization
radius a =~ 50 — 170 A. Both anomalies above have been explained quantitatively by a constructive
interference of different paths, arising from multiple scattering of hopping carriers at low
temperatures [8]. In particular, the low-temperature values of the localization radius, evaluated in
frames of the theory of interference phenomena in the VRH conduction [8], exhibit a reasonable
agreement with the experimental data.

[1] W. Wang, M. T. Winkler, O. Gunawan, T. Gokmen, T. K. Todorov, Y. Zhu, and D. B. Mitzi, Adv.
Energy Mater. V. 4, N. 7. 1301465-5pp (2014).

[2] S. Schorr, H.-J. Hoebler, and M. Tovar, Eur. J. Mineral. V. 19, N. 1. P. 65-73 (2007).

[3] Shiyou Chen, Ji-Hui Yang, X. G. Gong, Aron Walsh, and Su-Huai Wei, Phys. Rev. B. V. 81, N. 24.
245205-8pp (2010).

[4] S. Levcenko, V. E. Tezlevan, E. Arushanov, S. Schorr, and T. Unold, Phys. Rev. B. V. 86, N. 4. 045206-
Tpp (2012).

[5] K. G. Lisunov, M. Guk, A. Nateprov, S. Levcenko, V. Tezlevan, and E. Arushanov, Sol. Energ. Mater.
Sol. Cells. V. 112, N. 1. P. 127-133 (2013).

[6] B. I. Shklovskii and A. L. Efros, Electronic Properties of Doped Semiconductors (Springer, Berlin,
1984).

[7] B.IL Shklovskii, Sov. Phys. Semicond. V. 17, N. 11. P. 1311-1318 (1983).

[8] B. I. Shklovskii and B. Z. Spivak, Scattering and interference effects in variable range hopping
conduction, edited by M. Pollak and B. Shklovskii (North-Holland, Amsterdam, 1991).
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MAGNETORESISTANCE AND MAGNETOIMPEDANCE OF TMxMN;.xS
SEMICONDUCTORS DEGENERATE
Aplesnin S.S.l’z, Korolev V.V.z, Kretinin V.V.z, Sitnikov M.N.> , Romanova 0.B.!
]Kirensky Institute of Physics, RAS, 660036, Krasnoyarsk, Russia
?Siberian State Aerospace University named after Academician M. F. Reshetnev 31 “Krasnoyarsky
Rabochiy” prospect, Krasnoyarsk, 660037, Russia

MATHUTOCONPOTUBJIEHUE U MATHUTOUMIIEJIAHC BbIPOKIEHHBIX
HOJYINPOBOAHUKOB TMxMN,.xS
Amaecunn C.C.1 , KopoJieB B.B.z, Kperunun B.B.z, CHUTHHKOB M.H.Z, Pomanosa O.B.!
]HHcmumym Guzuxu um. JI.B. Kupenckozo, 660036, Kpacrosapck, Akademeopoook
2 Cubupckutl 20cy0apcmeeHublil A3pOKOCMU4ecKull yHusepcumem umenu akademurxa M. @.

Pewemnesa, 660037, npocn. um. eaz. «Kpacnosapckuii pabouuii», 31

Matepuanbl ¢ TUTaHTCKUM MarHUTOPE3UCTUBHBIM 3((eKTam SBISIOTCS MEPCIEKTUBHBIMU JIs
UCIIOJIb30BAaHUS B YCTPOMCTBaxX 3amMCH M XpaHEHUs HH(OpMAlNH, B 3JEMEHTaX OIepaTUBHON
MaMsATH, HalpuMmep, B CIIMHTPOHMKE, B KOTOPOM HCIIOJIB3YIOTCS IPEUMYILECTBa, Kak
HHEPrOHE3aBUCUMONM MArHUTHOM MAMSTH, TaK U OBICTPOJEHCTBYIOIIUX JJICKTPUUYECKUX CUCTEM
00paboTku nH(pOpMaLUU. Y AIEKTPOHA UMEIOTCS OPOUTATBHBIC CTEIIEHU CBOOO/IBI, BO3ACHCTBYS Ha
KOTOPbIE TAK)KE€ MOXKHO PETYJIUPOBATh TPAHCIOPTHBIMU U JUAICKTPUUECKUMU XapaKTEPUCTUKAMU B
MarHuTHOM TIOJIE.

[lepcnekTUBHBIMU  MaTepuajaMyd JJIS  pEIIeHHs 3TUX  3a7Ja4  CIyKaT MarHUTHBIE
MOJTYITPOBOJIHUKK Ha OCHOBE Cynbbuaa maprania TmyMn; S , 3amenieHHsie 4f- snemeHTamu.
3amelnieHue HWOHOB MapraHiia peIKO3€MEIbHBIMU JJIEMEHTAMU MPUBOJUT K DIIEKTPOHHOMY
JIOINHMPOBAHHUIO U K BBIPOKAECHHBIM tr,-OpOUTAIIAM, BBIPOKACHUE KOTOPBIX CHUMAETCS CHIIbHBIMH
JNEKTPOHHBIMU KOppensuusMu. CHATHE BBIPOXKICHHS B MAarHUTHOM I10JI€ 3aBUCUT OT YIJIOBOTO
MarHUTHOTO MOMEHTa »3JeKTpoHa. OcoOeHHO BOJIHM3M TOJOBMHHOIO 3allOJHEHUs opOuTanen
BEPOSTHOCTh HAWTHU DJIEKTPOH HA OJTHOM OpOUTAIM 3aBUCHT OT TUIIA PEHICTKH M OPOUTAIH.

DNEKTPOCONPOTUBIIEHUE TBEPABIX pacTBOPoB TmxMn;.xS HU3MEPEHO YETHIPEX30HIOBBIM
MeTOoJIOM Ha obpazuax st Tpex coctaBoB x=0.05, 0.1 u 0.15 6e3 nmosns u B MarHuTHOM 1osie H=12
kOe, HampaBIE€HHOM NEPHEHAMKYJIAPHO TOKYy. IIpoBeaeHbl H3MEpeHUs BOJIbT-AMIEPHBIX
xapaktepuctuk B uHTepBaie Ttemnepatyp 80 K < T < 400 K ¢ u3MeHeHMEM MOJAPHOCTH
MarHuTHOTO 1oJs B nmoyisix 10 12 kOe . Ha Puc.1 npencrasinenst BAX mis TmxMn; xS ¢ x=0.1.
Jlist Bcex cocTaBoB OOHapykeH ructepesnc B BAX, cBs3aHHBIN ¢ Hamu4IreM (eppodIeKTPUIECKOM
JIOMEHHOM CTPYKTYpPhl W MHHUPOITEKTPUUYECKOTO TOKA B OTCYTCTBHUE BHEIIHEIO 3JIEKTPHUUYECKOTO
HaIPSOKCHUS. B marmuTHOM mone  NUPOIIEKTPUYECKHM  TOK  yBenuuyuBaerca. B
MarHUTOYIMOPSIOYCHHON 00JIACTH CONMPOTHUBJICHHE 3aBUCUT OT HAMPABICHUS MAarHUTHOTO TOJS H
MarHUTOCONPOTUBJIECHUE MEHSET 3HaK C MOJIOKUTEIBHOTO HA OTPULIATENBHBIA MPU U3MEHEHUHU
opueHTanMu Tojisi. B mapamarautHOM oOmactu marautocomnpotuBieHue  0=(p(H)-p(0))/p(0)
MOJIO)KUTEIBHO M PacTeT ¢ poCTOM BHemHero snekrpudeckoro mnois. B BAX B TmxMn; xS
oOHapyKeHbl CKauK{ BbIIlIEe TeMmrepaTypsl Heens mpu HEKOTOPOM BHEIIHEM AJIEKTPUUYECKOM IOJIe
CMENIEHUs, KOTOPOE YMEHBIIAETCSI C POCTOM TEMIIEPATYPBHI.

Hanuuue HEOMHOPOAHBIX AJIEKTPUUECKUX O0JIacTell W TOMEHHBIX T'PaHUI] UCCIIEyeM METOAO0M
VMIIEIaHCHOU CIIEKTPOCKOIIMH B HHTEPBAJIEC YaCTOT 10% T'u-10° Hz B MareuTHEIX momsx 10 12 kOe.
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Puc. 1. 3aBucumocTs ToKa OT HanpspkeHus: B TmxMn, xS ¢ x=0.1 B marautsbix nomsix H=0 (1), 12 kOe (2),
-12 kOe (3) mpu temmepatypax T=80 K (a) u E=360 K (b).

Nmnenanc (Z) ckaukoM ymeHsbI1aercs npu Harpeanuu npu T=128 K nns cocraBa ¢ x=0.1 u B
untepBasie T=138-142 K mna x=0.15 B HyneBom MarHuTHOM mnoie. Ilpu sTux TemmepaTypax
HaOIIOAaeTCsl MakKCUMyMbl B TEMIIEPaTypHOM  3aBUCUMOCTH KO3 QUIMEHTAa TEIUIOBOTO
pacmpenns. Ckadok B Z(T) ucuesaer B MmarautHOM mojie aisa x=0.1 u caBuraercs B 00JacTh
BbicOKuX Temriepatyp 1m0 180 K mns x=0.15. B obmactu Beicokux yactotr « > 300 kHz ckauok B
HMMIIEIaHCe , U3MEPEHHOM 0Oe3 MarHuTHoro mojs, ucdesaer. Jms x=0.05 nabmromaercs peskoe
yMEHbIIIeHHE uMIienanca Ha 12% B unTepBane temmeparyp 155-232 K B HyneBOM MarHUTHOM
nmone. Oth d(PdexThl 00yCIOBIEHB TOMEHHBIMH TpaHUIIAMH, OOpa30BaHHBIMH B peE3yJIbTaTe
nepopmaruu  cTpyktypel pu T=260 K. B okpectHocTH Temmepatypel Heenst B pesyibTare
MarHMTOYyNpyroro B3auMOJAEHCTBHS BO3ZHUKAET HOBBIM TUI MCKaxeHUs CTpYKTypsl. Ilpu T=260 K
bopmHpyeTcss HEKOJUTMHEapHast CTPYKTYpa OpOUTANbHBIX MarHUTHBIX MOMEHTOB. [Ipu nepexozne B
MarHUTOYIOPAJOYECHHOE COCTOSIHHE CO CIIMHOBBIM  TOPSJIKOM  OpOHMTajbHAas CTPYKTypa
nepectpanBaetcs, OpOHUTalbHbIE MAarHUTHbIE MOMEHTHI CBSI3aHBI C JIOKAJBbHOM MOJsSpU3alieit
pELIETKH U BOZHUKAET MarHUTOAIEKTpUYecKuil 3P dekT. B MarHUTHOM 1oJie EMKOCTh YMEHBIIAeTCs
W WMIIEIaHC BO3pacTaeT. AKTHUBHOE CONMPOTUBJIICHUE Takke yMmeHbinaercs Hmwke 260 K B
MarHuTHOM ToJie. YacToTHas 3aBMCUMOCTL R(®) anpokcuMupyeTces crenennoi gynkueit R=A/o".
Jus x=0.05, 0.1 aKkTUBHOE COMNPOTUBIECHUE MPOXOAUT YEpPE3 MAKCUMYM IO TeMIeparype,
TeMIepaTypHasi 3aBUCMMOCTb KOTOPOTO ONMHUCKHIBaeTCs B Mojeu Jlebast.

Wrak, oOHapy»eHa 3aBUCUMOCTh MAarHUTOCOIIPOTUBIICHUS OT BHEUTHETO JIEKTPHUUECKOTO OIS B
napamMarHuTHOM obOnactu. HalineH BKJIag B MarHUTOCONPOTHBIEHHE OT MOBEPXHOCTH M OT
00BEMHOM YaCTH KPUCTALTUTOB B TBEPABIX pacTBopax TmxMn; xS.

Pabora BeimosnHeHa npu ¢uHancoBoi noaaepxkke PODU Ne 15-42-04099 p_cubups u
I'ocynapcrBennoro 3amanus Nel14090470016.
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SPIN INJECTION AND ELECTRIC DETECTION OF SPIN CURRENTS IN LATERAL
SPIN VALVES BASED ON FERROMAGNET-SEMICONDUCTOR HETEROJUNCTIONS
Ustinov V.V.

M.N. Mikheev Institute of Metal Physics, UB RAS, 620990, Ekaterinburg, Russia
e-mail: ustinov@imp.uran.ru

CIIMHOBASA UH)KEKIIUA U DJEKTPUYECKOE JETEKTUPOBAHUE
CIIMHOBBIX TOKOB B JIATEPAJIBHBIX CIIMHOBBIX KJIAITAHAX
HA OCHOBE I'ETEPOIIEPEXOJJOB ®EPPOMATHETHUK-ITIOJIYITPOBO/IHUK
Ycrunos B.B.
Hnemumym ¢usuxu memannos umenu M.H. Muxeesa YpO PAH, 620990, Examepunbype, Poccus
e-mail: ustinov@imp.uran.ru

CrrHOBas AJEKTPOHHAS MHKEKLHUS M AJIEKTPUUYECKOE JIETEKTHPOBAHHUE CIIMHOBBIX TOKOB ObLIN
MIPOJIEMOHCTPUPOBAHBI B TEYEHUE MOCIEIHUX JIET B SKCIEPUMEHTAX C JaTepalbHbIMU CIIMHOBBIMHU
KJIaITaHaM¥, U3TOTOBJICHHBIMU JIUTOTpadueit Ha ocHOBe MmoynpoBoHUKOB GaAs [1], Si [2] u InSb
[3] ¢ ucnonb30BaHWEM MHKEKTHPYIOIIUX U JIETEKTHPYIOUINX KOHTAKTOB U3 (heppomarautHoro Fe.
B HacTosiieM J0Kajze MpeaCcTaBISIOTCS Pe3ysbTaThl TEOPETHUECKOro aHanusza Iup @ y3HOHHOTO
CIIMHOBOI'O TPAHCIOpPTa B HEMAarHUTHOM IOJIYIPOBOAHHUKE C IMPOU3BOJIBHBIM 3aKOHOM JIUCIEPCUN
HOCHUTEJEW 3apsiia U CIOMHA M KOHTAKTHBIX SBJIICHUM Ha TpaHUIIE pa3jiela <«IOJIYIMPOBOIHHUK-
(beppOMarHuTHBIM MeTaul» MPUMEHUTEIBHO K CIIMHOBBIM JIATEpPAJIbHBIM KJIalaHaMm, KOHCTPYKIIUS
KOTOPBIX OIMKCaHa B DKCIIEPUMEHTaILHOM padoTe [3].

B otnuune ot monapmisioniero OOJBUIMHCTBA BBHIOJHEHHBIX 10 HACTOAILIETO BPEMEHHU padoT Mo
OMMCAHUIO  CIIMHOBOIO  TPAHCIOPTAa B  IPOCTPAHCTBEHHO-HEOJHOPOIHBIX  IPOBOJHMKAX,
MIPUMEHUMOCTh KOTOPBIX MPUHLIUNHAAIBHO OIPAaHUYEHA paMKaMH HUCIIOIb3YEMOTO B HUX JIMHEHHOTO
OpUONMKEHHUS 10 BEIMYMHE OTKJIOHEHHMS CHCTEMBI OT COCTOSHUS TEPMOJMHAMHYECKOTO
paBHOBECHsI, HAIlle PACCMOTPEHUE OCHOBAHO Ha MOCJEI0OBATEIHHOM yUeTe HEIMHEHHBIX 3((EeKToB
B CIMHOBOM IIOJICUCTEME JJIEKTPOHOB NPOBOAMMOCTH. llpn TakoM moaxone KHHETHYECKHE
KO3 (HUIHUEHTHI, ONMUCHIBAIOIINE CIIMHOBBIN TPAaHCIOPT, OKA3bIBAIOTCS 3aBHCALIMMH HE TOJIBKO OT
CBOMCTB MaTepuaina, B KOTOPOM TEKYT MOTOKHM 3apsia W CIHHA, HO U B OOJNbIIEH CTENEHH OT
BEJINYMHBI OTKJIOHEHHMSI CIIMHOBOM MOJIIPU3ALMM HOCHUTENIEH 3apsiia OT PaBHOBECHOI'O 3HAYECHUS.
DTO MPUBOAMT K TpeM HalmomaeMbiM dddextam: 1) BOSHUKHOBEHHIO CITMH-3aPsI0BON CBS3H IPH
nporekanuu ¢ Gy3nOHHBIX TOKOB JaKe€ B HEMarHUTHBIX MPOBOJHUKAX; 2) 3aBUCUMOCTH TI1yOHHBI
muGQy3un 3IEKTPOHHOW HAMAarHWYEHHOCTH OT ee aOCOJIOTHOrO 3Ha4yeHus (C TEHIEHIHen
yMeHbIIIeHUs AUQPQPY3UOHHONH JIMHBI BIUIOTH JIO0 HYJIEBBIX 3HAUYCHUW TIPU CTPEMIICHHUH
MOJISIPU3ALIMHU JJIEKTPOHOB K MaKCHUMAaJbHOMY 3HAYEHHIO); 3) 3aBHCUMOCTU TIyOMHBI Ju(Qy3un
3JEKTPOH-HOM HAMAarHMYeHHOCTH OT BEJIMYHMHBI U HAINIPABJICHUS MTPOTEKAIOILIETO TOKA.

Pabora Bemonnena mo teme «Crma» mpu noanepkke rpantamu YpO PAH (Nel5-9-2-17),
POOU (Ne16-02-00044) u MOH P® (Nel14.7250.31.0025).

[1] Lou X., Adelmann C., Cruker S.A., Garlid E. S., et al. Nature Physics, V. 3, P. 197-202 (2007).

[2] Appelbaum 1., Huang B., and Monsma D. Nature, V. 447, P. 295-298 (2007).
[3] Viglin N.A., Ustinov V.V., Tsvelikhovskaya V.M., Pavlov T.N. JETP Letters, V. 101, P. 113-117 (2015).
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THz SPECTROSCOPY OF Ni3(BO3), SINGLE CRYSTAL IN HIGH MAGNETIC FIELD
Boldyrev K.N."", Molchanova A.D.!, Pisarev R.V.2, Kamensky D.?
"Institute of Spectroscopy RAS, 108840, Troitsk, Moscow, Russia

2IOﬁ‘e Physical Technical Institute RAS, 194021, St.-Petersburg, Russia
3High Field Magnetic Laboratory, Radboud University, Nijmegen, The Netherlands
“e-mail: kn.boldyrev@ gmail.com

Nickel orthoborate Niz(BOs3), crystallizes in the orthorhombic space group Pnnm (#58, Z=2)
where Ni** ions (S=1) occupy two types of non-equivalent 2a and 4f positions in the unit cell [1].
Below the Néel temperature Ty=46 K spins are oriented along the +c axis [2]. Ferromagnetic Ni**
ribbons running along the x-axis form the antiferromagnetic structure. Appearing of new phonon
lines and other changes of phonon spectra below Tn suggest the presence of magnetic-structural
phase transition [3].
THz spectroscopy revealed new features below Tx which we assign to one-magnon excitations
(Fig. 1). There are two modes, 17 and 26 cm™. The temperature dependences of these modes are
shown on Fig.2.
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Figure 1. THz spectra of one-magnon excitations at different temperatures at zero magnetic field.

Further studies of the THz spectra in strong magnetic fields (up to 32 T) have shown a more
complex picture of the excitations (see Fig.3). The geometry of measurements was Bexllc, where ¢
is the axis of easy magnetization [1-2]. At zero-field measurements we found two additional modes,
34 and 40 cm™. A low magnetic field splits the most intensive mode 17 cm™ but at about 12 T the
field dependence of the magnon excitations changes noticeably. We assume the spin-flop phase
transition at this magnetic field. Also we observe several features at about 20 and 25 T with
unknown nature. Our observations point to complex magnetic structures in Ni3z(BOs),, which
requires reliable assignment and calculations.
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Figure 2. Temperature dependence of one-magnon excitations in zero magnetic field.
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Figure 3. Intensity map of magnetic-field dependence of THz transmittance spectra at 1.5 K.

This work was supported by the Russian Foundation for Basic Research (Grant No
15-02-07451a) and the President of the Russian Federation (Grant No MK-3521-2015.2).

[1] H. Effenberger und F. Pertlik, Zeitschrift fiir Kristallographie, V. 166, P. 129 (1984).
[2] L.N. Bezmaternykh, S.N. Sofronova et al., Physica Status Solidi B, V. 249, P. 1628 (2012).
[3] R.V. Pisarev, M. A. Prosnikov et al., Phys. Rev. B, V. 93, P. 134306 (2016).
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MAGNETIC SEDIMENTATION OF IRON-BASED NANOPARTICLES IN
AQUEOUS SOLUTIONS
Medvedeva 1.*, Bakhteeva Iu, Zhakov S., Uimin M., Yermakov A.
M.N. Mikheev Institute of Metal Physics of the Ural Branch of the Russian Academy of Sciences,
620990, Ekaterinburg, Russia
“e-mail: ivmed @ imp.uran.ru

MATHUTHASA CEAUMEHTAIIUS HAHOYACTHL HA OCHOBE KEJIE3A
B BOAHBIX PACTBOPAX
Mengenena 1.B. *, BaxreeBa I0.A., ’Kakos C.B., Yiimun M.A., Epmakos A.E.
HUnemumym ¢usuxu memannos umenu M.H. Muxeesa Ypanockozo omoenenus PAH
620990, Examepunbype, Poccus

Hanowactuiel Ha oCHOBe >kene3a ¢ (YHKIIMOHAIW3UPOBAHHOW IOBEPXHOCTHIO (HAIpUMED,
Fe;0,@8Si0, Fe@C ) 6narogaps ux BbICOKOW COPOLIMOHHON €MKOCTH SIBJISIOTCS NIEPCIEKTUBHBIMU
MarepuajamMu JUISi  OYHMCTKHM BOJBI OT XMMHYECKHX M OHoJoTHuecKkux mpumeceid. [Iporeccsr
copOmu mpUMecel TOCTaTOYHO XOPOIIO M3YYEHBI, OJHAKO MOCIEAYIOMIasl CTaJAusI BOJAOOYUCTKU-
OTJICIICHHE HAHOCOPOEHTA OT BOJIbI- TPOBOAMUTCS O€3 JOCTATOYHBIX HAYYHBIX 0OOCHOBAHMIA.

brnarogaps HanMYKMIO MATHUTHOTO SI/Ipa 3TH YaCTUIBI MOKHO 3(P(GEKTUBHO YAAISATH U3 BOJBI BO
BHEITHEM  HEOJAHOPOJHOM MArHHUTHOM TIOJie B TIPOIECCaX OCAXKACHUS WU (PUIBTPAIIHH.
EcrecTBeHHasi CKIIOHHOCTh HAHOYACTUII OOPA30BBIBATh arperatbl B BOJIE CIIOCOOCTBYET UX Oojee
OBICTPOMY  OCaXICHHUIO. ATperamuio MOXHO IIEJICHANPABICHHO PETyJIUpOBaTh, HW3MEHSA
MOBEPXHOCTHBIN 3apsij] YaCTUIl U XUMHYECKUM COCTaB BOJHOM CPEIbI.

JlunamMyka arperaniuu ¥ ceguMeHTanuu HaHodactuil FesOs , Fe;04@SiO, u F@C B Bome
n3ydanaach B HEOJHOPOJHOM MarHUTHOM TIOJIe METOJIaMU MOHUTOPHHIA ONTHYECKONH MYTHOCTH,
nuHamuueckoro paccesinus ceera (DLS) u AMP penakcomerpun. MarautHoe none By < 0.3T,
dB/dz £0.13 T/cm co3maBalloch CHUCTEMOM MOJIOCOBEIX ITIOCTOSHHBIX MarHUTOB.

Bonanbie cycnien3uu Hanovyactui] Fe;O4 HEeNmoOKpwITHIX U MOKPHITHIX - Fe;0,@Si0, u Fe@C ¢
pasmepamu saapa 10-30 HM  ocraioTcsi CTaOWJIBHBIMH B~ TPABUTAIMOHHOM IIOJ€ B TEUCHHE
HECKOJIbKMUX CYTOK BCJIEJACTBHE CHJIBHBIX CTEPUUECKHX CHJI OTTAJIKHWBaHMs. BHeNIHee MarHuTHOE
MoJIe YCWJIMBAET arperamvio YacTHIl M YCKOPSIET HMX CEAMMEHTAIMI0O B BOJAE, HO BpEMs
CEeAMMEHTAIIMA OCTAeTCsA BCE JKE€ JOCTAaTOYHO OOoNbIMM (TIOpsAAKAa HECKOIBKMX 4YacoB) IS
MPAKTHYECKOTO MCTIOJIH30BaAHMUSI.

[IpucyrcrBrue B Boje katoHoB Na' and Ca*t CTUMYJIHPYET TPOIECC arperarooOpa3zoBaHus
BCJIC/ICTBUE WM3MEHEHHUS COOTHOIICHUS MEXAY OSIECKTPUUYCCKHUMH, CTEPUUECKUMU U MArHUTHBIMH
cwiaMd. Bpems cemMMeHTalMu HEMOKPHITHIX HaHouacTwil Fe;O4 yMeHbIIaeTcss OT HECKOIBKHIX
CYTOK JI0 HECKOJIbKUX MHUHYT. Bpems cegumenTtanuu Hanoyactul Fe;O04@Si0, coxkpamiaercst ot
HECKOJIbKUX Henenb ( 0e3 MarHWTHOTO IOJS) /IO HEeCKOJbKMX MHHYT B MarHUTHOM IOJie TIPH
nobasiaennn conerl Na,SO4, CaCl,, NaH,POy4 K BOJHOMY pacTBopy. [lonmydeHHble naHHBIE
MTO3BOJISIIOT CPOPMYIIUPOBATH PEKOMEHAAINH JJII ONTUMHU3AIMH TEXHOJIOTHU BOJOOYHCTKH.

Paboma evinonnena npu noooepaicke npoexkma YpO PAH 15-9-24-10
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«FLAT» SPIN SPRING IN THE SYSTEMS OF MFGNETIC NANOISLANDS
Sherstnev LA., Boltaev A.P. and Pudonin F.A.
AP.N.Lenedev Physical Institutr RAS, 119991, Moscow, Russia
e-mail: pudonin@sci.lebedev.ru

«[IJIOCKHE» CIIMHOBBIE ITPYKNHbI B CUCTEMAX MAT'HUTHBIX
HAHOOCTPOBOB
IlepcTHeB U.A., boaraes A.IL., Ilynonun @.A.
Dedepanvroe cocyoapcmeenHoe 6100xcemuoe yupescoenue Hayku QuauyecKutl UHCmumym
um. I1. H. Jlebeoesa Poccuiickou akademuu Hayk, 119991, o. Mockea, Jlenunckuii npocnexm, 0. 53.

B Hacrosiee BpeMsi MarHUTHBIE METAJUIMYECKUE HAHOCTPYKTYPhl MHTEHCUBHO HMCCIEAYIOTCH,
YTO CBSI3aHO Kak ¢ ()yHIAMEHTAJIbHBIMU IPOOJIeMaMy MUKPOMArHeTH3Ma B HAaHOCTPYKTYpax, Tak
U B CBA3M C MX OIPOMHBIM HPUKIAAHBIM MOTeHuuanoM. OcoOblii HMHTEpeC BBI3BIBAIOT U
UCCIIeIOBaHMsl TpaHc()OpManMy MAarHUTHOW CTPYKTYpbl MAarHeTMKOB IIPM YMEHBUIEHHH UX
reOMETPHUECKUX Pa3MEPOB U (GOPMBI.

Panee HamMu OBUIM TNpENJIOKEHBI MHOTOCIOMHBIE CTPYKTYpBI, COCTOSILIHE U3 TMEPHOAUYECKH
YepeayoINXCsl HAHOOCTPOBKOBBIX CIIOEB PAa3IMUHBIX MarHeTUKOB, HanpumMmep, [FeNi/Co]y, ¢ oueHb
HEOOBIYHON MarHUTHOM CTPYKTYpOHi, a Tak)Ke pearupoBaii Ha cBepxciaadble MArHUTHBIC MO (70
10'T) npu KOMHaTHOW Temmeparype [1]. B nmanHO# paboTe mpemiokeH MeXaHHM3M, KOTOPBIHA
MOKET MPHUBECTH K BO3HUKHOBEHHIO JONOJHUTEIBHOTO MAarHUTOCONPOTUBIEHUS B CIaOBbIX
MarHuUTHBIX TOJSIX, M, KaK Mbl I0JaraéM, OH BO MHOIOM IOJOOCH MEXaHU3My BO3HUKHOBEHHS
CIUHOBBIX (OOMEHHBIX) TpPYXWH B MuKpomarauTax [8]. Taxke mnpuBeAcHBI pPe3yIbTAThI
UCCIIEIOBAHMs IPOLIECCOB HAMAarHUYMBAHHWA W MArHUTOCONPOTHBIICHHS B OJTHX CHCTEMaX,
paccMOTpEeHa KOPPEISALUs 3TUX IPOLIECCOB.

Jlis  uccrnenoBaHUS TIPOIECCOB HAMATHUYHMBAHHS MHOTOCIOMHOW CHCTEMBI M3 OHCIIOEB
UCTOJB30BAJICS  MEPUAMOHANBHBINA  MarHutoontuueckuit  s¢pdexr Keppa (MOKE), xornma
HaIpaBJICHUE MArHUTHOIO IIOJIS OPUEHTUPOBAHO B IJIOCKOCTH MajeHus cBera. [ mosydeHus
octpoBkoBbIX OucioeB (FeNi-Co) wucnonb3oBancs crangaptHod weron RF-pacmbuienus B
IPUCYTCTBUE C1A00r0 MarHUTHOTO I10JIs, OPUEHTUPOBAHHOM MapajlielbHO IIockocTu oopasnos (H
He TipeBbImano 503); moaApoOHOCTH U3TOTOBICHUS MOJOOHBIX OCTPOBKOBBIX CHCTEM MPHUBEICHBI B
[1,3]. TlockombKy mjis WCCIAEAOBAaHWS MArHUTHOW CTPYKTYphl OOpasloB MPEANoJarajioch
ucnons3oBate  MOKE, TO 114 yBenWYeHHs BEJIMYMHBI MArHUTOONTHYECKOIO  CHTHala
BBIPAIMBAINCH MHOTOCTIOWHBIE CTPYKTYphl U3 OucnoeB - {[FeNi/Co]-Al,O3}7, T.e. CTPYKTYpHI B
koTopbix 6ucnou (FeNi/Co) oraensinuck apyr ot apyra ciosMu Al,Oz TommuHoi d ~ 3.5 HM. Beiio
BBIPAILEHO HECKOJIBKO CEpPU CTPYKTYp, B KOTOPBIX M3MeHsIach b0 tonmmHa cios FeNi (ot 1.2
10 2.4 um) nipu puxcuposanHoi TommuHe cnosg Co (d ~ 0.6 am), mudo Tommmua ciost Co (ot 0.3 1o
1.4 M) nipu ¢duxcupoBanHoi tommmHe FeNi (d~ 1.2 am). Kpome TOoro mms KoHTpossi ObLIH
BBIpAIIICHHBIC MHOTOCIIOHHBIE OCTPOBKOBBIE CTPYKTYp Tuma [FeNi (dy)/Al,O3(3.5 am)];, rae dy, Kak
U B ciydae OMcioeB, u3mMensercs ot 1.2 10 2.4 HM.

Ha Puc.1 npuBeneHpl THTUYHBIC 3aBUCUMOCTH BeMUnHBI dQdekta Keppa oT MarHuTHOTO MOJIS
H st 06pasios ¢ pukcupoBannoii Tonmuoi Co d ~ 0.6 am (Tonmuna cinoes FeNi - 1.2, 1.8 u 2.4
HM COOTBETCTBEHHO pHC.la), Ipu ABYX OpuMeHTaLusAX 00pa3oB B MarHuTHOM nojie (Puc.la u B). Ha
BCEX MONy4YeHHbIX neTisax rucrepesnca MOKE moxHO HaOm01aTh OCOOEHHOCTH, KOTOPBIE TOBOPSIT
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Puc 1.

0 He3zaBucuMoM mepemarandnBaHuu cinoeB FeNi u Co B 6ucnosx (FeNi-Co). B atux Oucnosix B
cirydae nepekpbiTusi HaHOOCTpoBOB Co u FeNi MoxeT BO3HHKATh MarHUTHAS CTPYKTypa Haroo0ue
CIIMHOBOW TNPYKHHBI, KaK 3TO MMEET MECTO B MHUKpPOMarHuTax [2], HO jexamied B IUIOCKOCTH
HaHOOCTPoBOB FeNi, KOTOpyIo 110 aHaJIOrMU MOXHO Ha3BaTh «IUIOCKOM» CIIMHOBOW NMpYyxXUHOU. [Tpn
MPUWIOKEHUN K CTPYKTYpPE HANpPSDKCHHS CIHHBI JJICKTPOHOB OYIYT HCIBITHIBATH PACCESHHE,
MPOXOJIA YEePE3 «IUIOCKYIO MPYKUHY>», T.€. BOSHUKAET JOMOJHUTEIHLHOE MAarHUTOCONTPOTUBIICHHE.
N3MepeHre MarHUTOCONPOTUBICHHUS TEX JK€ CTPYKTYp MPOBOAMIOCH MPU KOMHATHOM
temneparype. Ha Puc.2 npuBeneHa TUNMYHAs 3aBUCUMOCTb AJIEKTPUUECKOTO COMPOTHUBIICHUSA
cTpyKTypbl R (dpeni~ 1.2 HM U dco ~ 1.3 HM) OoT mpuiioskenHoro nosisi H nis 1Byx opueHTanuii
obpasia B H. B o6mem xapakrep 3aBucumoctd R(H) siBnsieTcss TUMMYHBIM JI71s1 TOJOOHOTO THIIA
HaHOOCTPOBKOBBIX cucteM [1]. Ognako B quana3zoune nosen 15-40 3, kora nosBIsIOTCS U3JI0MbI

0.02 - 4
R, % R, %
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0.00

-0.04 |- =)
-0.02 - -

-0.08 - =

-0.04 - e

-0.12 |- e
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H. Oe H. Oe

Puc.2
Ha METJISIX THCTEPe3nca, HaOII0IaeTCsl COBEPIICHHO HETUITMYHBIA POCT R, KOTOPBI MOKHO CBSI3aTh
¢ (GopMHUpOBaHUEM IIJIOCKUX CIUHOBBIX MPYKUH. TakuMm oOpa3oM, MOXKHO CIEJIaTh BBIBOJ, YTO
NPE/UIOKECHHBIA ~ MeXaHW3M  (OPMHPOBAHUS  JIONOJHHUTEIBHOTO  MarHMUTOCOIPOTHBIICHHS,
BBI3BAHHOTO pPAacCESHHEM CIIMHOB JJIEKTPOHOB Ha IUIOCKUX CIIMHOBBIX MPYKHHAX MOXKET

,I[CﬁCTBHTGJ'IBHO HUMETHh MECTO.

[1] A.P. Boltaev, F. A. Pudonin, and I. A. Sherstnev, Phys. Solid State 53, 950 (2011)
[2] S.D.Bader «Colloquium: Opportunities in nanomagnetism», Rev. Mod. Phys., 78, (2006)
[3] A.P.Boltaev, F.A. Pudonin, [.A.Sherstnev, Appl. Phys. Lett., 102, 142404 (2013)
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VIBRATING SAMPLE MAGNETOMETERS: DESIGN AND MEASUREMENT
METHODS
Velikanov D. A.
Kirensky Institute of Physics, SB RAS, Akademgorodok, Krasnoyarsk 660036, Russia
e-mail: dponal @gmail.com

BUBPAIIMOHHBIE MATHUTOMETPHI: YCTPOMCTBO U METO/IbI U3MEPEHUM
Beaukanos /1. A.
HUnemumym ¢usuxu um. J1. B. Kupenckoco CO PAH, 660036, Kpacnospck, Poccus

[TocrosiHHO pacTymmii 00BEM HCCIETOBAHUN MArHUTHBIX CBOWCTB HOBBIX MaTEpHAIOB JENaeT
aKTyaJbHbIM HaJMYUE€ OTHOCUTEIBHO HEJOPOTMX B OHKCIUTyaTallkd W B TO JK€ BpeMs
HEMPUXOTIUBBIX, HANEKHBIX U dPPEKTUBHBIX CPEICTB M3MEPEHUN MAarHUTHOTO MoMeHTa. Cpean
pa3IMYHBIX METOJIOB MATrHMTHBIX HW3MEPEHHH MeToj| BHOpanMoHHOro MarHutomerpa [1],
OTHOCSIIIMMCA K MHIYKIMOHHOMY THILy, 3aHMMaeT JIOCTOWHOE MecTO, YycTymas IIo
gyBcTBUTEIbHOCTH Jiih CKBUW/[-marautomerpam (3ddext Jxozedcona) m marHUTOMETpam,
OCHOBAHHBIM Ha «ONTHYECKOW HaKaYKe» aTOMOB B MarHUTHOM Tosie (3 dext 3eemana).

[TpuBeeHb KOHCTPYKTHUBHBIC PEIICHUs] BUOPAIIMOHHBIX MAarHUTOMETPOB M Pa3IMIHBIC METOIBI
MarHWTHBIX HW3MEpeHud. PaccmaTpuBarOTCs OCOOCHHOCTH MPSIMOTO METO/a, MPUMEHEHHOTO B
pa3paboTaHHBIX aBTOPOM MArHUTOMETPAaX, B KOTOPHIX HCTOYHMKOM HAMarHUYMBAIOUIETO ITOJIS
CITyXaT 3JIeKTpOMarHuThl KoHCTpykimu Ily3es nmu6o OJI-1.

MarautomeTpbl TpeaHa3HAa4YeHbl [UIsl HMCCIEJOBAHMSI CTAaTMYECKUX MArHUTHBIX CBOWCTB
TBEPIOTENBHBIX 00pa3noB. lcmonbp3oBaHne B MarHUTOMETpax BuOpatopa [2] opurHHAIBHON
KOHCTPYKLUMHU YIYYIIWIO P TEXHUYECKHMX U SKCIUTyaTallMOHHBIX XapaKTEpUCTUK MPUOOPOB.
OcHamieHue BUOPAIIMOHHBIX MAarHUTOMETPOB YCTPOHMCTBOM [3] BBICOKOTOYHOW CTaOMIM3AlNH
rmapaMeTpoB MEXaHMYECKHX KoJjiebaHui oOpasima o00ecredYrBaeT BBICOKYIO JOCTOBEPHOCTH
pe3yAbTAaTOB, MOJIYYaEMbIX MPSIMBIM METOJOM M3MEPEHUU MArHUTHOro MomeHTa. OTHOCUTEIbHAs
HECTAbMITBHOCT aMILTHTY bl BUOparmii o6pasua cocrapmser 10, a wactorsi — 107,

[TaTeHTOBaHHAs cHCTeMa KaTyIIeK AJisi BAOPAIMOHHOTO MarHUTOMeTpa [4] nMeeT BO3MOXKHOCTh
OamaHCUPOBKH. DTO MO3BOJSAET 3(PPEKTUBHO MOJABIATH MAPA3UTHBIA CUTHAJ, HHIYIIUPOBAHHBIN B
M3MEpUTENbHBIX KaTyIIKaxX BapHalUsIMH HAMArHUYMBAIOIIETO MOJIS, 1 COOTBETCTBEHHO MOBBICUTD
YyBCTBUTEIHLHOCTh BUOPALIMOHHOTO MarHUTOMETPA.

ABTOMAaTH3aIMs W3MEPEHHUI MPOU3BOIUTCA C MOMOIIBID MPOrpaMMHOro obecmedeHus [35, 6],
HanmucaHHOro Ha s3bike Delphi. [lanHble ¢ w3MepuTens MarHUTHOM HWHIYKIUHM, C JaT4UKa
TeMIepaTypbl W C BbIXOJA PETUCTPUPYIOLIEH CXEMbl MarHUTOMETpa  IOCPEICTBOM
CTELMAIM3UPOBAHHBIX KOHTpoJuiepoB mepexatorcs Ha LPT- nmu6o COM-nopT mepcoHaIbHOTrO
KOMITbIOTEpa. 3HAUYEHHUS HM3MEPSEMBbIX IapaMETPOB B XOJ€ HKCIEPUMEHTa 3alKCHIBAIOTCS Ha
KECTKUH THUCK U TpadUUecKu 0TOOPAKAIOTCS Ha SIKpaHEe MOHUTOPA.

[IpuBeneHbl TEXHUYECKHE XapaKTEPUCTUKU U PUMEPHI UCIOIb30BaHUs IPUOOPOB.

Pabota Beimonnena nmpu noanaepxkke PODOU, mpoekt Ne 16-03-00256.
[1] Foner S., Rev. Sci. Instrum. V. 27, N. 7. P. 548 (1956).

[2] [TaT. PD Ne 2339965 / Benukanos /1. A. Ony6u. 27.11.2008, bron. Ne 33.

[3] [TaT. PD Ne 2341810 / Benukanos /1. A. Ony6u. 20.12.2008, bron. Ne 35.

[4] TTat. P® Ne 2572297 / Benmukanos /. A. Omy6:1. 10.01.2016, bron. Ne 1.

[5] Ceun-Bo P® o roc. peructp. Ne 2013618553 / Benukanos JI. A. Omy6m. 20.12.2013.
[6] Cun-Bo P® o roc. peructp. Ne 2013618962 / Benukanos JI. A. Omy6m. 20.12.2013.
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APPLICATION OF FUNCTIONAL MATERIALS WITH SHAPE MEMORY EFFECT
FOR 3D MANIPULATION OF NANOOBJECTS
V.V. Koledov, P.V. Lega, A.V. Irzhak, A.M. Zhikharev, M.U. Berezin, N.N. Kas’yanov, V.G.
Shavrov, A.V. Shelyakov, N.U. Tabachkova, V.S. Kalashnikov
Kotel'nikov Institute of Radio-engineering and Electronics of RAS, 125009, Moscow, Russia
“e-mail: lega_peter@list.ru

NPUMEHEHUE ®YHKIHNOHAJIBHBIX MATEPUAJIOB C D®O®EKTOM ITAMATHU
®OPMBbI IJ151 TPEXMEPHOI'O MAHUITYJIMPOBAHUS HAHOOBBEKTAMU
B.B. Koaenos, IL.B. Jlera, A.B. Upxkak, A.M. Kuxapes, M.IO. bepe3un, H.H. Kacbsinos,
B.I'. IllaBpos, A.B. leasikos, H.}O. Tabaukosa, B.C. Kanamnukos
HUncmumym paouomexnuxu u snexkmponuxu um. B. A. Komenvnukosa PAH, 125009, Mockaa,
Poccus

MunuaTiopu3anusi — BaKHEWIAsi COCTAaBJSAIONIAs B COBPEMEHHOW TEXHOJOTUM. bbuin
MpeIIoKEeHbl MHOTOYHMCIIEHHbIE HHCTPYMEHTHI A MUKPOMaHMITYJIMpPOBAHHS, OCHOBaHHbIE Ha
pa3NMYHBIX TMPUHIUNAX, OJHAKO, CO3JaTh HAHOWHCTPYMEHTHI, HMEIOIIME pa3Mephl MOpsIKa
pa3MepoB MaHHUMYIHPYEMbIX HAHOOOBEKTOB BO3MOXKHO TOJBKO HAa OCHOBE (DYHKIIMOHAIBHBIX
MatepuanoB ¢ 3¢¢exkrom mamatu (opmel. B manHO#N pabore nmaercsa 0030p paboT KOJIEKTHBA
aBTOPOB, HAMPABICHHBIX HAa CO3/IaHHE MPAKTUYECKOW CHUCTEMBbl MAHHUITYJIMPOBAHHS pPeaTbHBIMU
HAaHOOOBEKTaMH, COCTOSALICH K3 HAHOMUHIETA Ha OCHOBE OHMMETaNIMYECKOr0 KOMIIO3UTa
Ti2NiCu/Pt ¢ addexrom mamsaTu GopMbl U YCTpOHCTBA JOKanbHOro Harpesa [1-5]. Hanomuamer
uMeeT pasMmepbl mopsnaka 15x10x1 mxm3. OH chopmMupoBaH B BaKyyMHOH Kamepe YCTaHOBKH
¢dbokycupoBaHHOTO HOHHOTO mnyuka (®UII) ™MerogoM HOHHOTO TpaBlIEHUS W  HOHHO-
CTUMYJIMPOBAHHOTO XMMHUYECKOTO OCaXJEHUs IUIaTUHBL. HaHONMUHIIET MOXKET yHmpaBlATbCA Kak C
MTOMOIIIBIO O0JIY4EHHUS JIa3epHBIM UCTOYHIUKOM HArpeBa, TaK M C MOMOIIBI0 CHCTEMbI PE3UCTHBHOTO
HarpeBa KOHYMKA WIJIBI, HA KOTOPOW OH pacmoiokeH. CXeMaTudecKkoe H300paKeHUE CHUCTEMBI
npuBeAeHO Ha puc. 1. JlaHHas TepMoymnpaBiisieMas CHCTeMa MOXET ObITh YCTAaHOBIIEHA B KaMepy
MPAKTUYECKH JIFOOOTO CKAaHUPYIOMIETO 3JIEKTPOHHOTO WJIM HOHHOTO MUKPOCKOTA M TIPUCOEINHEHA K
CTaHIAAPTHOMY MaHUIYJISITOPY, Hanmpumep, Zyvex®, Kleindiek® wmnm ap. B noknane obcyxnarorcs
MpUMEPHI MPAKTUYECKOTO0 MPUMEHEHUS HOBOW CUCTEMBI JJIi HAHOMAaHUIYJIUPOBAaHUS PEaTbHBIMU
HaHOOOBEKTaMH, TAKUMH, KaK CTOMKHU T'pa)eHOBBIX CII0EB, MUKPOOHOOBEKTHI (pHC. 2).
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Puc. 1. CxemaTnueckoe M300pa)kKeHHE CHCTEMBI IS
MaHHUITyJTUPOBaHUSI HaHOOOBEKTaMH. | — maHra it
ycraHoBku B ®UII. 2 — BombppamoBas wria. 3 —
MOABOSIINE TPOBOJAA. 4 — JAaTyHHBIM KOHyC. 5 —
M30JIMPOBaHHBIE KOHTaKTHbIE IUIOIAAKH. 6 —
MOJTYIIPOBOJHUKOBBIA MO C TOHKHMH 30JI0THIMU
MpoBOJaMH. 7 —  HAHONMHIET HAa  KOHYHKE
BOJIb(PAMOBOM UTJIBI

1.Irzhak A V et al 2010. Tech. Phys. L. 36(4) 329

August, 26th (Friday) Oral Presentation

Puc. 2. Ilpumep TpexMepHOTO MaHHITYIHPOBAHUS
HaHOIIMHIIETOM BOJOCKOM KoMapa B kamepe OUII.
Ha pucynke w3o0paxeH 3axBaT oObekTa. B
JaNbHeHeM, 00BeKT OyIeT MepeHECeH U MPUIasH
Ha  MEIHYH  CETOYKy JUId  JaJbHEHIIero
uccie0BaHus 00bEKTa.

2.Lega P V etal. 2015 J. Commun. Technol. Electron. 60(10) 1124-33
3.Dikan V A et al. 20016 J. Commun. Technol. Electron. 61 293
4.Irzhak A V et al. 2010 J. Commun. Technol. Electron. 55 818.

5. Zakharov et al. 2012 Smart Materials and Structures. 21 052001
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EFFECTS OF MAGNETISM IN RESONANT PHOTOEMISSION SPECTROSCOPY
COMPOUNDS OF RARE EARTH AND TRANSITION ELEMENTS
Grebennikov V.I. and Kuznetsova T.V."

M.N. Miheev Institute of Metal Physics UB RAS, 620137, Ekaterinburg, Russia
“e-mail: kuznetsovaups @mail.ru

3ODEKTHI MATHETU3MA B PE3OHACHOM ®OTOSMUCCHUOHHOM
CIIEKTPOCKOIIMU COEIWHEHWM F- U D- 3JIEMEHTOB
I'pedennnkoB B.U., Ky3HenoBa T.B."
Hnemumym ¢usuxu memannos umenu M.H. Muxeesa YpO PAH, 620137, Examepunbype, Poccus

Pe3onancHas ¢oToAIMHCCHOHHAS CIIEKTPOCKONHUS SBISETCS OJHUM M3 HOBBIX MHCTPYMEHTOB B
o0nact (U3MKM KOHICHCUPOBAHHBIX Cpell, BO3HHUKIIMX Ojaroaapsi pa3BUTHIO HCTOYHUKOB
CUHXPOTPOHHOTO M3NydeHUs. MeTOo/l UCIONIb3YeT U3MEHEHHE ceUeHUS (DOTOMOHM3AINH BAaJTCHTHBIX
AJNIEKTPOHOB TPHU TEepexojie dHepruu (HOTOHOB Hepe3 Kpask BO3OYXKIACHHS BHYTPEHHHUX YPOBHEM
aToMOB. B nokiane coob1raercs 0 HAOMIOACHHH PE30HAHCHOW PEHTIeHOBCKOU (ortoamuccuu (D)
u3 BajieHTHOH nosockl Ha Tb Ms u Ny s 1 Mn u Ni L3 kpasix nornomieHusi. Mbl u3y4yaeM OCHOBHBIE
crieHapuu (POTOIMHUCCUU BAJICHTHBIX AJIEKTPOHOB (puc. 1): B3aumopeicTBue npsimoro @3 kaHama
(1) ¢ menpsimbim DD KaHAJIOM, BOZHUKAIOIIUM TIPH BO30YXICHUU JIEKTPOHA BHYTPEHHETO YPOBHS
B IMMPOMEKYTOYHOE COCTOSIHUE (2), ¢ TOCHeayoneld aBTOMOHU3auel (3) 3JIeKTpOHa U3 BaJ€HTHOU
nojocsl (BIT) mpu 3anoiHeHnn ocTOBHOW peHTreHoBCcKoM abIpku [1]. Heynpyruii CVV oxe-pacnan
OCTOBHOI1 IbIpKHU ¢ 0Opa3zoBaHueM ABYX JbIpok B BII (4), a Takxke qpyrue THIIBI HEYNIPYTHX HOTEPD,
COTPOBOXKAAMOIINE (HOTOIMUCCHUIO U3 MATHUTHBIX MAaTEPUATIOB.

B o6nactu sueprum ¢otoHoB okono 150 3B BosHukaroT mepexombl Tb 4d — ¢gf (tak
HA3bIBAEMBII PE30HAHC (OPMBI, WIIM THTAHTCKUN PE30HAHC MOTJIOMIEHUS), TIPH ATOM (POTOIMUCCHS
U3 BCEH BAJEHTHOM IOJIOCHI Bo3pacTaeT 10 6 pa3 (puc. 2). 3aBUcUMOCTh MHTEHCUBHOCTH DD OT
sHeprun GotoHoB E (puc.2 b) mns Bcerd BII u ee yactu, chopmMupoBaHHOM COCTOSTHUSAMH TepOus,
onuchiBaercs npoduinem Pano: I(E) = A[1 + (2kge + q?)/(e? + 1)]; e = (E — Ey)/y; rae q —
OTHOIICHWE MAaTPUYHOTO JIEMEHTa IMepexo/ia BTOPOTo Mmopsaka k nepBomy, k = 0 =+ 1 — cremneHs
KOTePEHTHOCTH MEPEeXO0/0B, Y — TMOJYIIMpPUHA JUHUH. Tak IOJDKHO ObITh, ecnu 4d AJIEKTpPOH,
BO30YKJICHHBIH CBOOOIHOE £f-COCTOSIHUME BO3BPAIIAETCS B CBOE MCXOJHOE cocTosHue. KoneuHo,
ynap mo syeKkTpoHam TepOust Oyaer cuibHee (poct Tb curnana B 14 pa3), ueMm 1o 3JE€KTpOHaM,
JIOKAJIU30BAHHBIM B OKPECTHOCTH JAPYTUX KOMIIOHEHTOB.

Ha Tb Ms xpae (1240 5B) BII pe3onupyer eme cuibHee (20-kpaTHOE YBEIWYEHHE
MHTeHCUBHOCTH DD) TIpH CTOMPOLEHTHOW WHTEPPEPEHIIMU MpsMoro kaHaima PO W HEmpsSMOTro
kaHama DD, OTKPHIBAIOIIETOCS NpPH BO3OYXKACHUU 3ds, DJIEKTPOHOB B TPOMEKYTOUHBIC 4f-
COCTOSIHHSI. MaTpUuHBIi 3JIeMeHT BTOporo mnopsnaka B 10 Gosbire, yem nepBoro. [Ipocto ceuenne
PEHTI€HOBCKOT'O TIOTJIOIICHUSI Ha JIOKAIW30BAHHBIX BHYTPEHHUX COCTOSIHUSIX MHOT'OKPAaTHO
MPEBBIIIACT TMOTJIONIEHUE Ha JACJIOKAIM30BAaHHBIX BAJICHTHBIX COCTOSIHUSIX. 3a CUeT 3TOro (u
HECTaboro TMapHOTO  KYJIOHOBCKOTO  B3aUMOJICHCTBUS HAa  BTOPOM  OJTale)  OKOJBHBIN
JIBYXCTYMEHYATHIAH MyTh OKA3bIBACTCS 3HAYUTENHLHO Oojee dJ(PQPEKTUBHBIM, UYeM MpsMas
dboTtosamuccusi. Hactpoiika sneprun ¢hotoHoB Ha Mn 2p — 3d nepexozst (640 5B) maer 13-kpaTHoe
yBennuenne ®D ¢ sHepruer cBsa3u S 3B (coctosiHus mapranma B BII) m Tonbko 2-kpaTHoe
yBEIMYCHUE COCTOSHHUM TepOus ¢ sHeprueit 8—12 sB. Ctenens nHTEphEPEHIINN YIPYTHUX KaHAJIOB B
cucteme TbNi,Mn, paBna 0,9 npu x = 1 u ocnabmsiercs g0 0,2 Tpu KOHIEHTPAIIMH MapraHia X =
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0,25 u3-3a OTHOCHUTEJILHOTO YBEJIMYEHHUS BKJIaJa COCTOSSHUN HUKels. COBEpLUICHHO MHAsl CUTYyalUs
JUIs TOTO ke 2p — 3d pe3oHaHca BO3HUKACT HA aroMax HHKeNs. Pemakcamusi BO30YXIESHHOTO
COCTOSIHMSI B ATOM Cllydae MPOUCXOAUT 3a CYET reHepanuu wmommHo LVV oxe-nuHuum c
MOCTOSIHHOM KMHETUYECKOU YHEPTUEN PETUCTPUPYEMBIX SJIEKTPOHOB. ITO O3HAYAET, YTO B OTIUYUE
OT Maprasiia, Ha aToMaxX HHUKENIsl OTCYTCTBYIOT JIOBYILIKH JUISl 3JIEKTPOHOB, BO30YXKJIEHHBIX B 3d-
COCTOSIHUSI.

ATOMHBIE MAarHUTHBIE MOMEHTBHI ONPEIENISIIOT BEIUYMHY U IIUPUHY PE30HAHCHBIX CIIEKTPOB.
Hampumep, ecnu Bce msaTh 3d-COCTOSHMI €O CIMHOM BBEpX, 3allojiHEHBI (kKak B Mn), To mpu
norjonieHun (OTOHA Ha 2p-ypOBHE BO3HHMKAET ABIPKAa CO CIUHOM BHU3, KOTOpas MOXET OBITh
3aIl0JIHEHA TOJIKO MyTeM OOpaTHOro mepexoja BO30YXKACHHOIO AJIEKTPOHA COMPOBOXKIAIONIErOCs
ABTOMOHU3ALIMEN BaJEHTHOTO 3J€KTpoHa. Ilepexoapl Npyrux BaJIEHTHBIX 3JEKTPOHOB 3aNPEHICHBI
U3-3a COXpaHEHHUs Mmpoekuuu crnuHa. Eciu BanmeHTHas 00o0jiouka aToMa COJIEP’KUT AJIEKTPOHBI C
MIPOEKITMEN CTIIMHA OJMHAKOBOM C JIBIpKOH (Kak B Ni), TO MOSBISICTCS KOHKYPUPYIOUTUH HEYNPYTUMA
LVV oxe-kanan pacrnanga. Takum 00pa3om, 4eM BBIIIE aTOMHBIN CIIMH (MarHUTHBIM MOMEHT), TeM
MEHBIIIE YHUCIO BO3MOKHBIX KOHEYHBIX COCTOSHHUI W TeM OOJbIe M OCTpee pPe30HaHC. AHAIu3
HKCIIEPUMEHTANIbHBIX JaHHbIX coeauHeHudl TbNi;Mn,, DyNi;Mn,, GdNis«Cuy, ErNis (Cuy,
craBoB ['eficiepa moaTBepxaaeT 3To npasmiio. OcobeHHO O0mblIod KO3(D(UIUEHT YCHIICHUS U
Y3KHI pe30HaHC HAa0JII01aeTCsl B aTOMax C HAMOJIOBUHY 3aMOJTHEHHBIMH f- WIH d- 000JI0YKaMHU.
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Npaman ®3, Bo3bywaenue 2p-abipku.  YuacTHuk pacnaga.  Ceuperens pacnaga.
Opwa abipka s BN Cnektp nornowennaXAS  OpnHagsipkas BN [ee abipku s BN -15 -10 -5 0 150 160 170

Binding energy [eV] Photon energy [eV]

Puc. 1. Tlpomeccel ¢orosmuccun U3 BaJICHTHOU Puc. 2. a VurencuBHOCTH  doTOOMHCCHH B

romocer: (1) mpsivas ®; (2) posienne apipki Ha SABUCHMOCTH OT SHepriu czﬂ31/16 Eg nl%p]; Ii]HeerHX
BHYTpEHHEM ypoBHE H omektpora B BIL (3) (OoTOHOB (TOYKM Ha MaHenu b) BOTU3U 4.5 Kpas.

KyJIOHOBCKasl aBTOOMHCCHS B030YXKJIEHHOTI'O b Cpepusaa mutencueHoCTE O3 B Tb uHTepBae

eKTpOHa (YIpYTHil MPOIECC BTOPOro MOPSIKa) i Ep=[7 — 12] 2B (uepnsbie kBaapathl) u Bo Bcei BI1 2B

(4) CVV oe-paciiaji ¢ POXKICHHEM JBYX TBIPOK B (KpacHblE TOYKH); CIUIOLIHBIE JIMHUM — TMOJrOHKA
BII ¢ynkuueit Pano.

Pe3onancuas @D no3BosisieT UCCAEAOBAaTh HE TOJIBKO OCHOBHOE COCTOSIHUE, HO U BPEMs KU3HHU
BO30Y)KICHHBIX COCTOSIHHIA;, OMPEISIUTh SYHEPTHUI0 JABYX JBIPOYHBIX COCTOSHUN Ha BBIOPAHHBIX
alieMeHTax; u3Meputh peakuuto BIl Ha BHe3amHoe mosiBieHHE (OTO-ABIPKM HA BHYTPEHHUX
YPOBHSIX.

PaGoTta BeITIONTHEHA B paMKax rocyaapcrBeHHOro 3amaHus mo teme "Ksant" No. 01201463332
nipu nogaepxkke POOU (Ne 14-02-00080).

[1] T.B.Ky3nemnoBa, B.U. I'pebennnkos, A. Buling, C. Derks, H.B. Mymnuukos, E.I'. I'epacumos, M.
Neumann, 13B. PAH. Cep. ¢pu3. T. 77, Ne 2. C. 249-253 (2013).

52



BICMM-2016 August, 26th (Friday) Oral Presentation

MAGNETIC STRUCTURE, HF SPECTRA OF THE MAGNETIC PERMEABILITY AND
LOSSES OF THE COMPOSITE FILMS
L.N. Kotov', V.S. Vlasov', D.V. Bogachuk', Yu. E. Kalinin’, A.V. Sitnikov*
!Syktyvkar State University named after Pitirim Sorokin, 167001, Syktyvkar, Russia
? Voronezh State Technical University, Moskovsky prospect, 14, 394026, Voronezh, Russia
e-mail: kotovin@mail.ru

The work deals with experimental investigations of the magnetic spectra of the real p' and the
imaginary p" parts of HF permeability and tangent loss of the composite films. For preparation of
the films the metal and alloys (CoFeZr, CoFeB, CoTaNb, Co) and dielectrics (Al,O3, Si0,, Zr,03,
Zr,0) were used. The films were prepared by ion-beam sputtering on a PET substrate in argon
atmosphere. The thicknesses of the films were 0.4+1.2 um. We measured the permeability and
tangent loss of the films using a Q-meter (E4-11) in the frequency range 30250 MHz at amplitude
of the alternating field ImOe. The atomic force microscopy was used for investigation of the films
surfaces magnetic structures. We investigated the films with various metal concentrations x. The
atomic force microscopy showed the magnetic particles sizes of 10+-100 nm and the domain
structure in some series of the films. We observed the phase transitions in the films by analysis of
the atomic force microscopy results. The experimental permeability spectra were explained on the
basis of magnetic force microscopy images of magnetic phase contrast on films surfaces. Our
experimental observations shows weak dependences on the frequency of the permeability real part
p' of the films at metal concentration x<0.3. Before the percolation threshold (x<0.3) the metal
granules are not arranged in groups and the relaxation frequency of the magnetization vector of each
granule have large values. Dramatic changing of the spectra started in area of the percolation
threshold of the films. We observed that the real part of permeability p' grew with increasing of the
frequency (up to 150 MHz) after the percolation threshold. We observed giant permeability value
(about 3000) for some series of the films and minor losses up to 250 MHz. The model of motion of
the domain walls was used for describing these observations. The giant permeability value and the
minor losses of the films we offer to use for creation of electronic devices operating in the HF
range.

The work performed in part under financial support Ministry of Education and Science of
Russian, project Ne1503.
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DYNAMICAL GENERATION OF A SPIN-WAVE CURRENT INTO HYBRID
NANOSTRUCTURES METAL/MAGNETIC INSULATOR
L L. Lyapilin"’, M. S. Okorokov'
'IMP UB RAS, Ekaterinburg, Russia
“e-mail: Lyapilin@imp.uran.ru

O PEBOHAHCHOM BO3BY/KJIEHUU CIIMH-BOJIHOBOI'O TOKA B 'NHBPU/IHbBIX
HAHOCTPYKTYPAX METAJJI/MATHUTHBIN IUIJEKTPAK
W, W. Jsmnauu'’, M.C. Oxopokos'
"nom YpO PAH, Examepunoype, Poccus

WuTepec k pa3paboTKe HOBBIX METOJOB I'€HEpAlMU CHUH-BOJIHOBOIO TOKa B HEMPOBOISIINX
MarHeTuKax BO3POC B CBSI3M C HM3ydye€HHEM CHUHOBBIX 3¢ dekToB (cnuHOBBIC 3 dexTh 3ecOeka,
[lenpthe u np) [1]. UccnepoBanusi mokasaiu, 4TO MPU ATOM BO3MOXKHBI JiIBa THIA CIHUHOBOM
HAKayKW: PE30HAHCHBIN, KOTOPHIH CBSI3aH C BO30YXKICHHEM B IMOACHCTEME  JIOKATH30BAaHHBIX
CIIMHOB (pEpPOMArHUTHOTO pe3oHaHca. HexorepeHTHBI METOJ]| CIIMHOBOW HAaKadKH, CBS3aH C
OTKJIOHEHHEM OT paBHOBECHS KaK OJHOW, TaK M OOCMX CIHWHOBBIX MOJCUCTEM (IIEKTPOHOB
MPOBOAMMOCTH U TMOJCHUCTEMBI JIOKAIU30BAHHBIX CIIMHOB) MOCPEACTBOM BHEUIHUX BO3MYIICHHI,
Hanpumep, Tepmudeckux. [Ipu 3ToM Kaxaas U3 CIMHOBBIX MMOJACUCTEM MOKHO OBITh OMKCaHA CBOEH
s dexTuBHON TemmepaTypoid [2]. B 3aBHCHMOCTH OT COOTHONIICHHS MEXIY TeMIlepaTypamu
MOACUCTEM, CTAHOBSITCS BO3MOXXHBIMH KakK d(()EKT CIIMHOBOW HAaKa4KW, TaK M CIHUH-TOPK 3 dexT
(spin torque effect): mepemaya CHUH-YIJIIOBOrO MOMEHTa OT [apaMarHUTHOM IOJCUCTEMBI B
MarHUuTHYIO.

Hamu npennokeH M HM3ydeH METOJ AMHAMUYECKOM T€HEpally CHUH-BOJHOBOIO TOKAa B
MarHUTHOM  JIU3JIEKTPUKE CTPYKTYPHI MeTaJUI(IOTYITPOBOIHUK)/MarHUTHBIM ~ U30JIATOP €
PE30HAHCHBIM  BO30YXJIEHHEM  JJIEKTPOHHOW  TOJCHCTEMBl  MeTaIa(IoJylnpOBOJIHUKA).
Onpenenstonyio posib IpU 3TOM UIpaeT CIUH-OPOUTANIbHOE B3aUMOJIEHCTBUE, KOTOPOE TMPUBOAUT
K BO3MOXKHOCTH PE30HAHCHBIX MEpPEXOJ0B AJIEKTPOHOB Ha YacTOTaX, MPEACTaBISIOUIUX COOOM
JIMHEWHbIE KOMOWHAIMY TUKJIOTPOHHON M 36€MaHOBCKOM 4acTOT. Pe3oHaHC Takoro TUIa M3BECTEH,
Kak KoMOWHUpoOBaHHBIN pe3oHanc PamObr (KP). Pe3onHaHcHBIM BO37CiCTBHEM Ha CHCTEMY
SIBJISIETCSL U TIOTJIOLEHUE YJIbTPa3ByKa 3JIEKTPOHAMH MPOBOJMMOCTH TMPOBOJSILIETO KpUCTaia B
noctostHHOM MarHuTHOM mone. Kak u B ciayuae KP, 31ech Takke BO3MOMKHBI PE30HAHCHI Ha
9acToTaX, MPEACTaBISIONIMX COOOW IMHEHHBIE KOMOMHAIIMHM 3€€MaHOBCKOM W IIMKIOTPOHHOM
4acToT.

Hamu paccmMoTpeHO BiHsIHHE PE30HAHCHOTO BO30YKIIEHUS 3JIEKTPOHOB MPOBOJUMOCTH B
THOpUITHOM  cHUCTEME  METAUI(TMOTYMPOBOAHUK)/MAaTHUTHBIN  JUAJIGKTPUK, HAXOJAIIEHCS B
HEOJIHOPOJAHOM TEMIIEPATypHOM IOJie, Ha Te€HEepalui0 CIIMH-BOJIHOBOTO TOKAa B HEMPOBOSIIEM
MarHetuke. CUUTanoCh, 4YTO B JIEKTPOHHOM MOACUCTEME PEATM30BaH SJICKTPOJMMIOJIbHBIN (WIIH
aKyCTHMUYECKHUI CIMHOBBIA) pPE30OHAHC, a CIHHOBAas pellakcalus  3JICKTPOHOB OOYyCIOBIICHA
OOMEHHBIM B3aUMOJCHCTBHEM WX C JIOKaJM30BAaHHHIMH MOMEHTAMH DPACIIOJIOKCHHBIMU Ha
uHTepdeiice CTpykTypel. B kadecTBe MexaHW3Ma pacCesHHUS MarHOHOB PAaCCMOTPEHO MAarHOH-
(hOHOHHOE B3aMMO/ICHCTBUE.

PaccmoTpenue crnmH-TeMnepaTypHbIX 3G (EekToB TpeOdyeT KOPPEKTHOTO  OMHCAHUS
TEPMHUYECKOI0 BO3MYIIICHHS. YHUBEPCAIbHOE MOCTPOECHUE OTKJIMKA CIIa0OHEPAaBHOBECHBIX CHCTEM
Ha BO3MYIIECHUS TEPMHUYECKOrO THUIA JaeT METOJl HEPaBHOBECHOIO CTATUCTHYECKOIO ONeparopa
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(HCO) [3], xoTopslii ObUI NMPUMEHEH HaMH JJIsi MOCTPOSHUS MAaKPOCKOMHYECKHUX YpaBHEHUM
OanaHca SHEpPrui pacCMaTPUBAEMBIX TIOJCUCTEM.

Pemtenue 3aaa4u O BOBGy)KI[GHI/II/I CIIMH-BOJIHOBOI'O TOKAa B HHTCPCCYIOMIEM HAC CIy4ac CBOAUTCA
K IMMOCTPOCHUIO U aHAJIN3Y CUCTCMbI MAKPOCKOIMMYCCKUX ypaBHeHI/Iﬁ A ABYX BSaHMO,Z[GfICTByIOLLIHX
NOoACUCTEM: DJJICKTPOHOB IMPOBOAMUMOCTU U MOACUCTCMBI JIOKAJIU30BAHHBIX CIHHWHOB JUBJICKTPHUKA.
MaxkpocKonuYecKkue YypaBHEHHUS s IUIOTHOCTH CHMHOBOM HaMarHMYEHHOCTH DSJIEKTPOHOB

MPOBOAUMOCTH §mz(x,t) U JIOKAJIW30BaHHBIX CIHMHOB OM (x,1) HalJIEHbl YCPEIHEHUEM

COOTBETCTBYIOIIUX MHKPOCKOIMUYECKMX OMEPAaTOPHBIX ypaBHEHUI paccMaTPUBAEMbIX MOACHCTEM IO
HEPaBHOBECHOMY CTaTHUCTUYECKOMY orieparopy [3].

a [ ] [ ]
8_5MZ (x,1)=-V< IHv (x,1) >+ < H s(sm) (x,1) >+ < H 5(sF) (x,1) >
t A
a Z [ ] [ ]
a—5M (x,1)=-V < IHm (x,1) >+ < H m(sm) (x,1) >+ < H m(mp) (x,1) >
t

YPaBHeHI/ISI OMNHUCHIBAIOT U3MEHEHUE INIOTHOCTH CIIMHOBOM HaMarHUYEeHHOCTH BHCKTpOHHOﬁ u
MarHMTHOHN MOJCHUCTEM BCJEACTBHE MpolieccoB AU(Qy3un (MepBble cilaraeMble B MPaBbIX YacTsIX
YpaBHEHUN),
pellakCallMOHHBIX MPOLIECCOB BCJIEICTBUE OOMEHHOIO B3aUMOICUCTBUS 3JIEKTPOHOB IMPOBOJUMOCTH C

JIOKQJIN30BAaHHBIMH MOMEHTaMH Ha uHTepdeiice (crnaraeMoe < H s(sm)(x,t)> ), MOTJOIIEHUE dHEPTUU

BHEIIIHETO MOJISI CIIMHOBOW MOJCUCTEMOW 3JIEKTPOHOB MPOBOAUMOCTH (< H s(sF)(x,t)>); CIaraemoe

L]
< H m(mp)(x,1) > OMPEIEIISET PEJIaKCAI[MI0 MATHOHOB Ha ()OHOHAX.

3anyucaHHBIE YPAaBHEHHs pEIIAIOT 3a7ady MAaKpOCKOIMYECKOrO OIHCAaHUS HEPAaBHOBECHBIX
CIIMHOBBIX IOJCHCTEM B TEPMHMHAX CPEOHMX IUIOTHOCTEH HaMarHu4eHHocTed. lIpm sToM Hamm
OIIpENIeJIEHbl SIBHBIE BBIPAKEHUS U ClAaraeMblX, BXOJSIIMX B YypaBHEHHs OanaHca uepes
KOppesUOHHBIEC (PYHKLIUH.

AHanu3 NMpUBEICHHOH BBIIIE CUCTEMBbl YpaBHEHHH OajlaHCa IMOKa3al, 4TO CIWH-BOJIHOBOW TOK B
MarHuTHOM JUDJIEKTPHUKE, KOTOPBIA XapaKTEPU3YyEeTCs OTKIOHECHUEM HAMarHM4eHHOCTH OT
paBHOBECHs B OJHOPOJHOM Clly4yae, pe30HAHCHBIM 00pa3oM 3aBHCUT OT YAaCTOTHI BHELIHETO IMOJS U
OIIPEIEAETCS BEIPAKEHUEM

2
om*~—L Y| —Z
Lm(mp) w (w_a)s) Vs

3nech U - KOHCTaHTa CHUH-OPOWUTAIBHOTO B3aUMOJICHCTBUSI. Lyy(mp) ~KOPPENALUOHHAS byHKIHS,

OIpeeNsromas pelakcaluio JOKaIM30BAHHBIX MOMEHTOB Ha (DOHOHAxX. v,=7,!- 06paTHOE Bpems

peirakCcaliu nNorncpeYHOro CriuHa.

Pabora Bemmonnena no Teme «Crnma» 0120463330 mpu mopnmepkke rpaHta MuHHCTEpCTBa
obpaszoBanus poccuiickoit @enepanuu (rpant 14.Z 50.31.0025, rpant 16-0200044) u npoekra 15-17-
2-17.
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TEILIO®HU3NYECKHAE 1 MATHUTOKAJIOPUYECKUAE CBOMCTBA
MYJIbTUPEPPOUKOB LuFe; ,Mn,04,5
Famsaror A.I."" Anunes A.M.', MapkeJsioBa M.H.?, BypyHoBa H.A.2 Kayasn APZ
CemucanoBa A.C.2, Ilepos H.C.2
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’Mocrkoesckuii 2ocyoapcmeenuwlil ynusepcumem um. M.B. Jlomonocosa, 119991, Mockesa, Poccus

B mnocnenHue roxmpl BeeTcsl MOMCK MaTEpUasoB, OOMAJAIOUIMX OONBIIMMHU 3HAUYEHUSMU
MarHMTONICKTPUIECKOTO U MArHUTOAMAIECKTPHUECKOTO 3PPEKTOB, B CBSI3H C BO3MOKHOCTBHIO UX
npakTudeckoro npumeHeHuss B CBY U ceHCOpHOI TEXHUKE, B YCTPOMCTBAX MAarHUTHOW 3allCH U
T.A. [1]. OgHuUM U3 ApKUX TpeACTaBUTENCH TaKUX MAaTEepHaloB SBISCTCS (EppUT IIOTELHs
LuFe;04.5, coBMemammuii B cebe MarHUTHOE ¥ AJIEKTPOHHOE YIOPSIIOYCHHE (CETHETOIIEKTPHK C
TCO~350 K, deppumarnetuk ¢ Tn~240 K). Ilpu 3TOM CErHETORIEKTPHUECKUN TIEPEXO.
CONMPOBOXKAAETCS 3apsAAOBBIM YIOPSAOYEHHUEM, II03TOMY TEMIIEPATYPy CETHETOIEKTPUYECKOTO
nepexoqa obo3navaror Teo [2]. [Ipu nanpHelimem yMmeHblieHnH TemiepaTypsl B oopasne LuFe,O4
Ha0Ir0aeTCcsl yepeaa MarHuTHEIX (a3oBbix mepexonoB npu 225 K u 170 K, koTopsie oTaensoT
KJIACTEPHBIE CTEKOJIbHBIE COCTOSIHUS [3].

Panee B [4] OpulO moKa3zaHo, 4ro B coemuHeHusx THna RFe)Os.s BO3MOXKHO YacTHYHOE
3aMCIICHHE KAaTHOHOB jKelesa apyrumu katmonamu (Mg, Co?*, Cu®, Mn?"), npuBomsmee K
CYIIECTBEHHOMY HM3MEHEHHI0O MAarHUTHBIX CBOWCTB. B pamkax naHHOW pabOTBI MPUBOIATCS
pe3yabTaThl MCCIEAOBAHUS TEIUIOEMKOCTH M MarHUTOKAJOPHUYECKUX CBOWCTB oOpasuoB LuFe2-
xMnx04+6 (x=0, 0.05, 0.12) B uaTepBasie Temrepatyp 77-350 K u B marautHbIX noiisax a0 18 kOe.

B nanHoit paboTe mpeacTaBieHbl pe3yNbTAaThl KCCIENIOBAaHUS TEMIIEPATYpPHON 3aBUCHUMOCTHU
TEIUIOEMKOCTH, TepMoaudPy3uu, HAMArHUYCHHOCTH UM  MarHUTOKAIOpHUYecKoro 3ddexra
mynbTHGepponkoB LuFe; ;MnyO4.5 (x=0, 0.05 u 0.12). [loka3aHo, 4TO YaCTUYHOE 3aMEIICHHE
xKenmesa Ha Mn TpUBOAUT K ocnalneHuio QeppoMarHeTusMa W CHIBHOMY IOJABIICHUIO
CETHTORJIEKTPUIECKOro (ha30BOTO MEepexo/a.

Pabota BrimonHeHa npu GpuHancoBoit noanepxke PODOU u Ne 14-02-01177, 13-03-0124915.
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The proximity effect between a superconductor (S) and a ferromagnet (F) leads to spatial
oscillations of the superconducting order parameter with a fast decay into the F layer due to
suppression by the exchange magnetic field [1-3]. If the magnetization of the F part is
inhomogeneous, the long-range triplet correlations (LRTC) between particles with equal-spin
projections also appear [4]. They are not affected by the depairing influence of the exchange field.
LRTC penetrates into a magnetic material for a rather large distance, like in a normal metal, and do
not oscillate [3]. The experimental evidence of such triplet correlations was revealed by the recent
observation of long-range Josephson effect [1,2,5,6], which was an important breakthrough in this
domain. Recently also spiral (or conical, like Ho) ferromagnets have been used as elements of
complex multilayered magnetic structures [5,7,10], and the corresponding proximity effect was
calculated for some configurations [8-10]. All these LRTC magnetic structures [1,2,4-6] contained
from 4 to 9 layers of different magnetic and nonmagnetic materials. Such structures demand high
requirements to technology and magnetic configuration controlling.

We propose, instead, to use only one magnetic layer with Dzyaloshinsky-Moriya type
interaction and intrinsic non-collinear magnetization to create superconducting LRTC spin valves of
new type. These junctions are promising for application as elements of magnetic memory for low-
temperature electronics, which has become recently a very quickly developing direction of research
[11,12] related to the urgent need for energy-efficient logic for supercomputers. Non-collinear
magnetic ordering is necessary to convert singlet superconducting correlations into long-range
triplet correlations (LRTC) [1-3]. The magnetically controlled appearance of such correlation may
be used to change the state of low-temperature spintronics devices. The novel of this proposition is
that the spin-valve effect may be realized on only one spiral-magnetic layer. It may be easier
fabricated and controlled at contemporary technology.The calculations are based on Green's
functions method within the framework of quasiclassical theory of superconductivity in the “dirty”
limit using the Usadel equations. Suitable materials for the realization of the proposed structures
may be Nb or Al as a superconductor and MnSi like compounds as magnetic material. The
existence of different magnetic orientations separated by a potential well may help to solve the
problem of half-select for the magnetic memory, developed for superconducting electronics [12].

The work was supported by RFBR, grant N15-52-10045 and the Royal Society, UK.
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MATHHUTHBIE METOAbI OHEHKH ®A30BOI'O COCTABA
N EI'O BU3YAJUIM3ALIUSA B CTAJIAX AYCTEHUTHOI'O KJIACCA
Kopx M.K., Kopx 10.B., Kazanuesa H.B., llumkunu /I.A.,
Ornesa M.C. Purmant M.B.
Hnemumym ¢usuxu memannos YpO PAH, 620137, Examepunbdype, Poccus

®a30BbIN COCTaB ayCTEHUTHO-(PEPPUTHBIX XPOMOHHUKEIEBBIX CTAJICH SIBISETCS OMPEIEIISIIOIINM
(dakTOopoM TIpU OlleHKe uX KaudecTBa. [lomumo ¢aswl aycreHurta (A), B Marepuasie CTaaud OOBIYHO
conepxutcss ucxoaubiii pepput (P). Bo Bpems skcruryaTanuu WM peMOHTE, NMPU BO3JICHCTBUH
OTpHUIATENbHBIX WM BBICOKUX TEMIIEpAaTyp U IUIACTHYECKHUX AedopMaliii, B COCTaBe ayCTEHUTHO-
(beppUTHOI cTald MOXET TOSBUTHCS TpeTbsi (aza - mapTeHcuT nedopmarmu (M), KoTopas
HampsIMyI0 BJIHMSET Ha IUIACTUYHOCTh M CTEMEeHb OXpymuyuBaHUS crajieil. [loaromy moHsATHa
HE00X0AUMOCTh (a30BOr0 KOHTPOJIS TAaKUX CTajel, KOTOPBIE MCIONB3YIOTCS B BUIY UX BBICOKHX
KOPPO3HOHHBIX U JKapOMPOYHBIX CBOMCTB.

ABTOpaMH Ha MPOTSHKEHUU psifia JIeT pa3padaThIBAIOTCS METOMbl HEpa3pyLIAoMIero KOHTPOJIsS
(hazoBoro cocrara IByX M Tpex(a3HbIX ayCTCHUTHBIX CTaJle XPOMOHMKEIEBOTO Kiacca. B manHOM
paboTe Mmoka3zaHa CBSI3b MAarHUTHBIX CBOMCTB C OOpa30BaHMEM MapTEHCUTHOW ¢asbl B Mpolecce
nedhopMaImoHHOTO pacraja aycrenura [1-3].

Jlnst m3ydenusi mporiecca oOpa3oBaHUs MapTeHCUTa Ha (OHE HCXOTHOTO coaepkaHus ¢asbl
deppura Obuta BbIOpaHa JUTas XpOMOHHUKeneBas kaporpodHas cranb 08X21HO6M2T c
conepskanueM yriepona 0,073%, xpoma 20% u vukens 5 %. Beibop Mapku ctanu ObLT 00yCIOBIICH
TeM, 4To mpu coaepxkaHuu xpoma 20-22% wu Hukens 5-7% B Marepuane CTald MOXET
OJTHOBPEMEHHO CYIIIECTBOBATh YCTOHUMBOE (Pa30BOE COCTOSIHHE ayCTECHHUTA, (peppuTa U MAPTEHCUTA.
JlanHast ~ cTajmb ayCTEHUTHO-(EpPPUTHOTO Kjlacca NPHUMEHSETCS B MPOMBIIUIEHHOCTH IIpH
W3TOTOBJICHUH TEIJIOOOMEHHHUKOB, TPYyOOIPOBOJOB, apMaTyphl U JIPYrHUX H3AETuil, paboTaIoIuX
npu Temneparypax 10 300°C. Takas cTanb MIMPOKO MCTOIL3YETCSA U 32 PyOeKOM, aHAJIOTH ATOM
cranmu: 329 u 32900 B CIIA, X2CrNiMoN225 B I'epmanun, u SU329J1 B SAnonumu.

st monmyyenus tpexdasnoit cranu (A+D+M) u3 nByx¢aznoit (O+M) obpasisl uccienyeMon
CTaJIM TepeJl KaxIbIM Je(hOpMAlMOHHBIM BO3/IEHCTBUEM OXJIAXKAAIUCH KUAKUM a30ToM (— 196 °C).
Takas TepMooOpaboTKa CrocoOCTBYeT Mepexoay Y — o Mpu mocieayroneM aehopMUPOBAHHH.
[Tocne sToro oOpa3ibl ObUTH UCCIIEOBAHBI PA3IMUYHBIMH METOJAMHU - MAarHUTHBIMH, ONTUYECKOM,
3JIEKTPOHHOM M aTOMHO-CHJIOBOM MUKpockonuu, EBSD-mukpoanain3y u peHTT€HOCTPYKTYPHOMY
aHaJM3y, AJI MMOATBEPKACHUS TOTO, YTO B COCTaBe AePOPMUPOBAHHOTO MaTepraia AeHCTBUTEIHHO
MOSIBUJICSI MAPTEHCHT JieOpMaITiu.

beuto  yOeauTenbHO TMOKa3aHO, YTO MAarHUTHBIE METOABI KOHTpOJIL (a30BOr0 cOCTaBa
XPOMOHHKENIEBBIX CTajlleil W CIUIABOB HUMEIOT pAJI MPEUMYLIECTB Tepen  OONBIIMHCTBOM
COBPEMEHHBIX METOJIOB (pa30BOro aHaimsa. B 4acTHOCTH - MarHWTHBIE METOJIbI KOHTPOJS UMEIOT
0OoJpITYyI0 HMH(DOPMATUBHOCTH O KOHTPOJIUPYEMOM OOBEKTE 10 CPAaBHEHHIO C METOJIaMHU
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IMOBCPXHOCTHOT'O KOHTPOJIA BBUAY 60)15].].[0171 FJIy6I/IHI>I IMPOHUKHOBCHUSA MArnvMTHOI'O IIOJIA II0
CPaBHEHHMIO C pAacIpOCTPAaHEHHBIMH METOJAaMU IOBEPXHOCTHOrO KoHTpoisi. Kpome Toro,
HAMarHWYEHHOCTh HACBHIIICHUS CYIECTBEHHO H3MEHSAETCS C BO3HUKHOBEHHEM (GeppOMarHUTHOM
da3er MapreHcuta aedopmanmu (puc.l). Ilpm 3TOM MOXKHO HE TOJBKO C YBEPEHHOCTHIO
yTBEPXkKIaTh, YTO IOCJAE XOJOJHOrO JAehOPMHPOBAHHMS YacTh ayCTCHHTA COBEpIIaeT Y—o
IpeBpalieHne ¢ 00pa3oBaHMEM MapTeHCHTa JIe(opManuyd, HO ¥ ONEHHUTh KOJHYECTBO ITOIO

MapTEeHCHTA.

J, kKA/m
600

Hedopmaums 45%

Hecopmaums 30%
JHecdopmaums 15%

400 Hedopmaums 10%

Hedopmaums 3%
Dedopmaums 0%

200

T T T T 1
5000 10000 15000
H, Alcm

T T T
-15000 -10000 -5000

Puc. 1. IlpenensHbie IeTIN TUCTEpE3nca s Habopa
00pa3oB ¢ coaepxanueM pepputa 18%.

C mnoMOIbI0 MarHWTHO-CHUJIOBOM MHUKPOCKONHMU YAAJNOCh BU3YAIU3UPOBATh BbIIEICHHE B
IByX(a3HOM ayCTEHUTO-(PEppUTHOM MaTepHualie OJHOJOMEHHBIX KIJIACTEPOB TpeThel (a3pl —
HaHOPa3MEpPHOTO MapTeHcHuTa nedopmanun (puc.2).

depput AycteHut
1\

AN y i - —
Puc. 2. Tonorpadus (a) 1 MArHUTHO-CHIIOBOE H300pakeHHe,
(0) yyacTka moBepxHOCTH [Tl Tpex(ha3Horo odpasia (ayCcTeHUT-PpeppUT-MapTEHCHUT)
nocie aedopmaruu odopasia ¢ coaepxkanueM 16% ¢eppura.

HccnenoBanue BHIIONHEHO 3a cyeT rpanTta Poccuiickoro Haydnoro ¢onaa (mpoekt Ne 15-12-00001)

[1] M.b. Purmant, M.K. Kopx, .M. HaBeigos, JI.A. Ilwmkwn, }F0.B Kopx, A.Il. Huuunypyk, H.B.
Kazannera [ledexrockomnus.- Nell, c. 28-42 (2015).

[2] Kopx M.K., Purmantr M.b., HaBbimoB .M., Mlumxun J.A., Huuunypyxk A.IL, Kopx IO.B.
Hedexrockomus.- Nel12, c. 20-33 (2015).

[3] M.K. Korkh, D.I. Davidov, J.V. Korkh, M.B. Rigmant, A.P. Nichipuruk, N.V. Kazantseva. AIP
Conference Proceedings 1683 Ne, p.20097 (4 pp.) 2015.

59



BICMM-2016 August, 26th (Friday) Oral Presentation

A STUDY OF THE MAGNETIC INHOMOGENUITY IN NANOCRYSTALLINE Fe-Ni
FILMS
Iskhakov R.S., Chekanova L.A. and Vazhenina L.G.”
Kirensky Institute of Physics of the Siberian Department RAS, 660036, Krasnoyarsk, Russia
“e-mail: irina-vazhenina@mail.ru

HCCJEJOBAHUE MATHUTHBIX HEOJHOPO,JHOCTEH B
HAHOKPUCTAJUVIMYECKUX MIVIEHOK Fe-Ni
Hcxakos P.C., UekanoBa JI.A., Baxkennna W.I.
Dedepanvroe cocyoapcmeennoe 6100xcemnoe yupexcoenue Hayku Mncmumym guszuxu um. J1.B.
Kupencroeo Cubupcrkoeo omoenenus Poccuitickou axademuu Hayk, 660036, Kpacnospck, Poccus

HccnenoBanbl CHEKTPHI CTOSYMX CIMHOBBIX BOJIH B HaHOKpHCTAJUIMUeCKUX IiieHkax Fe-Ni Bo
BceM Juana3zoHe KoHueHTpanuii Ni. IlneHku ObUIM M3rOTOBIIEHBI METOAOM XUMHYECKOIO
OCAKIEHUS  HAa  CTEKJISHHbIE  MOJJIOXKKM.  McciemoBaHus — MpOBOAWINCH — METOJAMHU
PEHTIE€HOCTPYKTYPHOIO aHaJIM3a, CIHWH-BOJHOBOTO PE30HAHCAa M METOJAOM CIUH-BOJHOBOM
KOPPEJALIMOHHOM ~ CIIEKTPOCKOIMU. Pe3ynbTaTbl M3MEpEHHH II03BOJSIIOT CHAENAaTh BBIBOJ O
M3MEHEHMSIX aTOMHOM CTPYKTYpBl B HHBAPHON 00JIACTH KOHIICHTPALIUH.

YHUKaTbHOCTh XapaKTePUCTHK, CBOMCTBEHHBIX cruiaBaM Fe-Ni, obecrneunBaeT CTaOWIBHBIN
MHTEpPEC ISl UCIIOIb30BAaHMUS ATOI0 MaTepHala B yCTPOIICTBaX B BBICOKOYACTOTHON TexHHKE [1,2,3]
1 B obnactu cnuHTpoHUKH [4,5]. [IposiBiasieMble aHOMaIuU B KOHIIEHTPAIIMOHHBIX 3aBUCUMOCTSIX
CBOMCTB CBSI3BIBAINCH C UMEIOIMMHUCS B JAHHBIX CIUIaBAX KOHLUEHTPALMOHHBIMU U CTPYKTYPHBIMH
HEOAHOPOJTHOCTSIMH, THOO MarHUTHOHEOTHOPOTHON CTPYKTYPOM M3roTaBIMBaeMoro oopasia [6].

Bosmoxxnoctn CBP kak MarHUTOCTPYKTYPHOTO METOJia OBLIM MPOAEMOHCTPHUPOBAHBI B IIUKIIC
TEOPETHKO-dKCIIEpUMEHTANBHBIX padoT Mruaruenko B.A. u Hcxakosa P.C.[7, 8]. O630p pabor,
COZIEPIKALINX TEOPETUUECKOE U IKCIIEPUMEHTAIbHOE 000CHOBaHHME ATOT0 METO/1a, TpUBEICH B [9].

Lenpto HacToswIel padOTHI sBiIETCS MHPOPMAIUS O TUHAMUYECKHX CBOWCTBax IUIeHOK Fe-Ni
CIUlaBa M ONpEJAENICHUE U3 TMOJYYEHHBIX XapaKTEPUCTHK BEIMYMHBI M THUIA MAarHUTHBIX
HEOJHOPOAHOCTEH.

Crnextpet ®MP u CBP menok Fe-Ni-P u3zydanuchk Ha cTaHIapTHOM CIIEKTPOMETPE ¢ YaCTOTOU
Hakauku pe3oHaropa f=9.2 GHz npu xomHaTHOU Temmneparype. Pe3onancHsie nons nukoB CBP,
Kak u3BecTHO [10], y1OBIETBOPSIIOT YPaBHEHUIO:

(0]
H,=—+4aM — oMk?, (1)

v
Ie @ — 4acToTa, y — FMPOMAarHUTHOE OTHOLIEHHE, IapamMeTp oOMeHa ¢ CBs3aH C KOHCTaHTOM
0OMEHHOr0 B3auMOJeHcTBUS A, M — HAMarHUYEHHOCTh, k, - BOJHOBOM BEKTOP 1-Ol MOJIbI CIIEKTpPa

CBP, onpenensiemslii cootHomenueM k, =m/d (n =123..., d — TonmuHa rieHky). TUnu4Hele

kpuBblie niornoueHuss ®PMP u ciektpsl CBP, npencraBieHbl Ha pucyHke 1.
OcHOBHbIE  pe3yNbTaThl U3MEPEHU JUHAMHYECKUX MArHUTHBIX [apaMeTpoB  MOXKHO
MPOJICMOHCTPUPOBATH KOHIIEHTPAIIMOHHON 3aBUCUMOCTHI0 OOMEHHOM KOHCTAHTHI A (PUCYHOK 2a).
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a) 6)
Puc.1. Pe3onancHbie kpuBbie moriomeHus Fe-Ni B mapamienbHol (a) v epIeHIUKYISIpHOH (6)
TEOMETPHUH HKCIIEPUMEHTA.
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Puc.2. KoHIleHTpanmoHHBIE 3aBUCUMOCTH KOHCTaHTHI 0OMEHHOTO B3auMOJIeHCTBU (a) (O — I TIJICHOK,
MIOJIYYCHHBIX B JJAHHOW pabote U A 1iist JaHHBIX pa®oThl [11]); BETUUHUHBI IIOCTOSTHHOM perieTku (6) OT
conepxanust Ni.

Jlanubie 0 ¢a3oBoM cocTaBe OOOOIIEHHI B KOHIIGHTPAIIMOHHOW 3aBUCUMOCTH BEITUYUHBI
MTOCTOSTHHOM pemeTKu (pucyHOK 26). CoriacoBaHHOCTh 00JacTel CO 3HAYCHHUSIMHU SKCTPEMYMOB Ha
KOHIICHTPAIIMOHHBIX 3aBUCUMOCTSIX BEJIMYMHBI OOMEHHOW KOHCTAaHTHI W TIOCTOSSHHOW PEIICTKH
CIIYXUT, C Halleld TOYKH 3PCHHsI, MOATBEPKICHHEM (aKTa B3aWMMOCBI3U MEXAY CTPYKTYPOH H
HpOHBHHeMBIMI/I MAardvuTHbBIMHAU CBOﬁCTBaMH MaTepI/IaJ'Ia, OGYCJ'IOBJIGHHBIMI/I HaJIMYUCM MAIrHUTHO-
HEOJTHOPOAHON CTPYKTYphl. MccrnenoBanne METOOM CIUH-BOJIHOBOTO pe30HAHCAa MOIU(DUKAIIHIA
3aKOHA JUCIIEPCHOHHON KpPHUBOM IMO3BOJWIO YCTaHOBHTH BKJIAAbl (DIYKTYMPYIOIIMX MarHUTHBIX
napameTpoB (oOMeHa W HaMarHM4eHHOCTH) B  C(HOPMHPOBAHHBIE MAarHUTOCTPYKTYpPHBIC
HEOTHOPOAHOCTH.

Hayunoe uccnenoBanue BoimosiHeHO npu noanaepxke PODU npoektsr Ne 15-08-06673, 16-03-
00969 u PODU — KKOH p-cubupsn-a mpoekt Ne 15-42-04171.
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NONLINEAR INTERACTIONS OF SURFACE ELASTIC WAVES WITH
MAGNETIZATION IN NI FILMS
V.S. Vlasov'*, J. Janusonis®, C.L. Chang3, A.M. Lomonosov?, V. Shalagastskyiz, L.N. Kotov',
R.L Tobey’, V.V. Temnov’
! Syktyvkar State University named after Pitirim Sorokin, 167000, Syktyvkar, Russia
2IMMM CNRS 6283, Université du Maine, 72085 Le Mans cedex, France
Zernike Institute for Advanced Materials, University of Groningen, 9747AG Groningen, The
Netherlands
“e-mail: viasovw78 @mail.ru

The work investigates nonlinear magnetoelastic interactions between surface acoustic waves
and ferromagnetic resonance (FMR). Let us consider a thin ferromagnetic film deposited on a
nonmagnetic dielectric substrate with a constant magnetic field applied in the sample plane. Two
types of elastic waves propagating along the surface of the film were taken to account: Rayleigh
Surface Acoustic Wave (SAW) and Surface Skimming Longitudinal Wave (SSLW). Excitation of
FMR harmonics by elastic waves were calculated within the framework of a theoretical model
taking into account of Landau-Lifshits-Gilbert (LLG) dynamics, boundary conditions for the
magneto-elastic stresses and the equations for the elastic displacements. The effective magnetic
field consists of the external DC magnetic field (with an arbitrary in-plane orientation with respect
of elastic wave vector), demagnetizing field, and a time-dependent magnetoelastic field. The latter
is determined by SAW and SSLW strain elements. The equations for the magnetic oscillations
subject to the influence of the elastic wave were derived by first and second order perturbation
theory. The nonlinear interaction of the elastic waves with a magnetic oscillator leads to
SAW+SSLW and SSLW+SSLW harmonic generation. The magnetic precession amplitude
dependences on the DC magnetic field at different angles between the DC magnetic field and the
direction of acoustic k-vector were obtained.

In the experimental part of the work we generate the surface elastic waves using the all-optical
transient grating (TG) geometry [1], and then monitor, in real time, the coupling between the elastic
waves and material magnetization by Faraday rotation of a transmitted beam. The measurements
were performed on in plane magnetized polycrystalline nickel films, ranging in thickness from
20nm to 80nm, grown on soda lime glass substrates (microscope slides). We show the excitation of
FMR by the passing elastic wave [2]. The dependencies of the Faraday rotation at SAW+SSLW and
SSLW+SSLW frequencies on the DC magnetic field at different angles between DC magnetic field
and propagation direction of the elastic waves were measured and compared with theoretical model.

Funding from Nouvelle equipe, nouvelle thematique et Strategie internationale NNN-Telecom
de la Region Pays de La Loire, Alexander von Humboldt Stiftung, The Ministry of Education and
Science of the Russian Federation (project Ne 1503) is gratefully acknowledged.

[1]J. Janusonis, C. L. Chang, P. H. M. van Loosdrecht, R. I. Tobey, Applied Physics Letters V. 106, 181601
(2015).

[2] J. Janusonis, C.L. Chang, T. Jansma, A. Gatilova, A.M. Lomonosov, V. Shalagatskyi, V.S. Vlasov, V.V.
Temnov, R.I. Tobey, e-print arXiv:1601.04350 (2016).

62



BICMM-2016 August, 26th (Friday) Briefing

HYSTERESIS PROPERTIES OF FeMn/Fe;¢Nigy/Co-Al,O3/Fe;)Nigg MULTILAYERS
Gorkovenko A.N.", Lepalovskij V.N., Kulesh N.A. and Vas’kovskiy V.O.
Ural Federal University, 600002, Ekaterinburg, Russia
“e-mail: a.n.gorkovenko @urfu.ru

Magnetic and magnetoresistive properties of multilayers comprising ferromagnetic layers
separated by conductive or dielectric spacers were extensively described in the literature [1].
Significantly less attention paid to the magnetic structures with metal-dielectric composite spacers
[2]. At the same time, such films could be of interest due to the specific features of the exchange
coupling between the ferromagnetic layers through the composite spacer. In this work we
investigated influence of the composition and thickness of the Co-Al,O3 spacer on the interlayer
coupling in FeMn/Fe,oNigy/Co-Al,O3/Fe,oNigy multilayers.

SiO,/Ta(5)/Fe,oNigo(5)/FeMn/FeyNigg(40)/Ta(5) (in parentheses thickness in nm is specified)
multilayers obtained by magnetron sputtering onto glass substrates were investigated. Most of the
layers have an auxiliary role providing the exchange fixation of the outer permalloy layer with the
thickness of 40 nm. The source of the fixation was FeMn antiferromagnetic layer, which required
specific crystal structure, which was formed by introduction of the inner layers of Ta and permalloy
with thicknesses of 5 nm [3]. Cox(Al,O3)100-x spacer with thickness of L was introduced into the
outer layer of permalloy dividing it into two sublayers of equal thicknesses: external and internal.
Thus, the parameters of magnetization reversal of Fe;oNigg(20)/Co-Al,O3(L)/FeyoNigo(20) structural
block were analyzed. The internal sublayer was exchange coupled to the FeMn layer. The thickness
L of the spacer was varied in the range from O to 8 nm for three concentrations of the metallic phase
x =0, 11, 40 at.%. Magnetic properties were measured using a VSM and the MOKE magnetometer.

Figure 1 shows a hysteresis loop of the Ta(5)/FeyNigo(5)/FesoMnso(20)/FexoNigo(20)/Coso-
(A1,03)60(3)/FeyoNigp(20)/Ta(5) multilayer, measured by VSM. It can be seen, that it has a three-
stage appearance, which is typical for the majority of such films. The "stages" with exchange bias
fields H.; and H,, reflect the reversal of the internal and external permalloy sublayer respectively.

Figure 2 gives a general quantitative characteristic of the hysteresis properties of
FeMn/ FezoNi 80(20)/ A1203 (L)/ FezoNigo(ZO)
block with the variable thickness of the

nonmagnetic spacer. It is interesting to consider TOF I | | l

the dependencies of both the exchange bias 05| i

field and coercivity. As can be seen in figure 2, ' H

a, for small L, when magnetization of the entire et

block reverses by a single hysteresis loop, i.e. Ew 00 ]

H.=H.,, the introduction of the spacer leads to =

a significant overall decrease of the exchange 05 H,, ]

bias field. For spacer thicknesses greater than o I |
=1, 1 L 1 ' | 1 | 1 | L | M

0,5 nm, the .block becomes divided 50 0 50 100 150 200 250 300
magnetically into two sublayers. H (Oe)
Characteristics of sublayers vary with the

. . ) ) Fig. 1. Hysteresis loop of
?ncrease of L predlctably: H.; monotonically Ta(5)/Fe,oNiso(5)/FesoMnso(20)/FeNigo(20)/Couo-
increases and He; monotonically decreases. (AL,03)0(3)/FexNigy(20)/Ta(5) multilayer.
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The coercivity of FeMn/Fe,(Nigy(20)/Al,O3(L)/FeyoNigy(20) block is also changing in a specific
manner with L increasing (figure 2, b). At the initial stage, there is some increase its coercivity. It is
rather a consequence of the increase of structural inhomogeneity introduced by the thin and possibly
discontinuous spacer. In the transition to the separate magnetization reversal of the sublayers, the
situation changes significantly. The coercivity of the internal sublayer continues to grow with L
increasing, whereas the coercivity of the external sublayer is substantially reduced. Both regularities
have natural explanation if, we consider the weakening of the exchange coupling between the
sublayers.

60
50
40

30

H (Oe)
H (Oe)

20

10

L (nm) L (nm)
Puc. 2. The dependences of the exchange bias field H. (a) and coercivity H. (b) of the sublayers of
FeMn/Fe,Nigy(20)/Al,05(L)/FeyNigg(20) block on spacer thickness.

Within the model of the uniform rotation of magnetization in the coupled permalloy sublayers
was obtained qualitative agreement between the calculated and the experimental dependencies of
exchange bias field on spacer thickness. However, direct observation of the domain structure
showed, that the magnetization reversal of the sublayers takes place by shift the domain walls.
Moreover, the antiparallel orientation of the magnetization in the exchange coupled permalloy
sublayers is accompanied by the formation of volumetric magnetic inhomogeneity, which can be
interpreted as a ripple of magnetization.

The increase of Co concentration in the spacer leads to a number of features in the dependences
of the structural block hysteresis properties on the layer thickness. Firstly, separate magnetization
reversal of the permalloy sublayers was observed for the thicker spacer. Secondly, the decrease of
H., with spacer thickness increasing became smoother and leaded to the slight decrease of H.s
value. Thirdly, the coercivity of the internal sublayer did not demonstrate the pronounced growth
with the increase of the spacer thickness.

The reported study was funded by RFBR according to the research project No. 16-32-00327 mo:1_a.
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MICROMAGNETIC SIMULATION OF TWO-DIMENSIONAL NANOLAYER WITH
RANDOM MAGNITIC ANISOTROPY
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MUKPOMATHUTHOE MOJAEJIUPOBAHHUE JIBYMEPHOI'O HAHOCJIOS CO
CJAYYAHHON MATHUTHON AHU30TPOIMUENA
Komoropues C.B. 1, ®enbk B.AY
" Buemumym gusuru umenu JI. B. Kupencrkozo CO PAH, 660036, Kpacnosipck, Poccus
? Cubupckuti 2ocyoapcmeenHulil aspokocmudeckutl yuueepcumem umenu M. @. Pewiemnesa,
660014, Kpacnospck, Poccus

MarHuTHBIE CJIOU SABIIIOTCSA Ba)KHOM 4aCThI0 MHOTUX IUIAHAPHBIX CTPYKTYP HAHOMIEKTPOHMKHU.
OnTumu3anust CBOWCTB 3THX CIIOEB CTPOUTCS HA ACTAIbHOM IOHMMAHHMU MX CBSI3HM C MAarHUTHOU
MHUKPOCTPYKTYpoil. OAMH M3 MOIIHBIX METOJOB PEUICHUs 3TOH MpoOJIeMbl — MUKPOMAarHUTHOE
MojenupoBanue. B pabore mpenctaBieHbl pe3yabTaThl, IMOJIYYEHHBIE MHUKPOMArHUTHBIM
MOJCIIMPOBAHUEM HAHOCJIOS CO CIIy4YallHOM JIOKQJIBHOM aHU30TPOIIMEM M JBYMEPHBIMHU
MarHuTHbIMH KoppensauusMu B nakere OOMME.

OOu1rie 0cO0EHHOCTH OONBIIMHCTBA MUKPOMAarHUTHBIX MOJIENIel TOHKUX IJIEHOK 3aKIH0Yal0OTCs
B cienyronmeM. [II€HKa COCTOMT M3 KPHUCTAUINTOB OCH JIETKOTO HAMAarHUYMBAHMS KOTOPBIX,
OpPHEHTUPOBaHbl ClydaliHbIM oOpa3oM. Kpome Toro, mexay KpUCTAJUIMTAaMH OCYIIECTBIISIETCS
oOMEHHOE B3auMMOJeHCTBHE. B Hameil Moiea MarHUTHOrO HaHOCIIOS 10 TOJIIIMHE YKJIabIBaeTCs
OJIMH KPHUCTAUINT. MarHuTHbIE KOPPEISALUM PACIPOCTPAHSIOTCS B IUIOCKOCTH HaHocuos. st
BBICOKHUX T10JIEH, 3a/1a41 O KPUBOM HAMarHWYMBAaHUSA U OCOOCHHOCTSIX MUKPOMAarHUTHOM CTPYKTYpPBI
pewienbl aHanuTudecku [1-2]. KpuBas HamMarHMumMBaHUs B IOJISIX, CPAaBHUMBIX C KOAPLUTUBHBIM
noneMm (H.), omuceiBaeTcsi ¢ MOMOIIBIO OLIEHOK, OCHOBAaHHBIX HA MOJIETU CIIy4ailHOM MarHUTHOMN
anuzoTponuu (RMA). Ota monens mpenckasslBaeT KBagpaTWyHbId pocT He B 3aBuCMMOCTH OT
pasMepa kpuctammra D amsg marepuanoB ¢ JBYMEPHBIMM MarHUTHBIMU KoppeisinusaMmu. Hamwu
00OHapyXeHO, 4TO 3aBHUCUMOCTh H. OT D comepXuT y4acTok, XapakTEepHU3yOUIUcs 0oyee pe3KuM
U3MEHEHHEM, 4eM KBajapaTuuHblil. [locnennee untepnperupyercs GopMUpOBaHMEM B MAarHUTHOU
MHUKPOCTPYKTYpPE TOIOJIOTHYECKUX AedekToB. MccaenoBaHo U3MEHEHUE TOMOJIOTHYECKOT0 3apsa,
U KOPPEISIMOHHBIX (DYHKIMHA HAaMarHMUYEHHOCTH C yBEJIMYEHHEM BHemHero mnois. [Tokazano, uto
TOIOJIOTUYECKHUI 3apsii UMEET OCHUJUIMPYIOLIEE MOBEIECHUE B 3aBUCHUMOCTH OT BHEUIHETO IMOJS.
HccnenoBana HEOJHOpPOAHAs MarHUTHas CTPYKTypa @pH HAIWYMM  JUIOJIb-IAUIOIBHOIO
B3aUMOJICHCTBHS U €ro oTcyrcTBuH. llokazaHo, yTo BiMsiHME Oecropska mapamerpa oOMeHa
MEXNYy KPUCTAJUDIMTAMHM Ha KPUBBIE HAMATHUYMBAHMS MOKHO IIPOBOJUTH C IIOMOILBIO TEOPHUH
3¢ PeKTUBHOM CpeIbI.

Pabora BeimonHeHna npu noxanepxke Poccuiickoro @onga dynnamentanbHbix MccnenoBanmuid,
rpanT Ne 16-03-00256, 15-08-06673 u RFBR-KRFS 15-42-0417.

[1] H. Hoffmann, J. Appl. Phys., 3§ (6), 1790 (1964).
[2] Ignatchenko V. A. (1968), Zh. Eksp. Teor. Fiz., 54, 303. [Sov. Phys. JETP 27, 162 (1968)].
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MAGNETIC-FIELD-INDUCED DEFORMATION OF NiMnGa SHAPE MEMORY ALLOY
Kuchin D.S.", Koledov V.V.!, Kamantsev A.P.! and Dilmieva E.T.!
Kotel'nikov Institute of Radio-engineering and Electronics of RAS, 125009, Moscow, Russia
“e-mail: rexby@list.ru

MATHUTOUHAYHUPOBAHHAS JE®OPMALUSA CIIJIABA NiMnGa
CIOPPEKTOM ITAMATHU ®OPMbI
Kyuunn JI.C. 1*, Koaenosn B.B.l, Kamanues A. l'[.l, JAunnabmueBa 3.T.!
IHHcmumym paouomexruxu u dnekmponuxu um. B. A. Komenvnurxosea PAH, 125009, Mocksa,
Poccusa

B mocnennee Bpemst 0ONbIION HHTEPEC MCCIEA0BaTENeH MPUBIEKAIOT epPOMArHUTHBIC CIIIABBI
¢ a¢dexkTom mamsaTa Gopmbl [1, 2]. YcTaHOBKA MO M3YYCHHIO TEPMOMEXaHUUYECKHX CBOWCTB [3]
0o0pa31oB B BUE JIEHT WU IUIACTUH ObLIa MoMelieHa B nosue Marauta burepa. [{ns o6pasna crnasa
Nis 6MnpgsGa OBUIM TIOTYyYEHBl 3aBUCUMOCTH H3TMOHOW nedopmand OT TeMmIeparypsl B
pPa3IMYHBIX MAarHUTHBIX MOJsAX WHAyKIued no 10 Tu (puc. 1). OGHapykeHO, YTO TeMIlepaTypbl
Hadyana M KoHuma mnpsmoro (Ms, Mf) u oOparHoro (As, Af) MapTEeHCHTHOro mpeBpalICHUS
CMEIAIOTCA B TOPSIIYI0 O0JIACTh MPH BKIIOYEHUM MArHUTHOTO ToJis. BenumdnHa 3TOro cMmemeHus
cocraBuna npumepro 0,5 °C/T (puc. 2). Taxke ObLIA MOJTYYEHBI 3aBHCHMOCTU Ie()OpPMAIUH OT
MarHMTHOTO TOJISL TIPU PA3IMYHBIX MOCTOSHHBIX 3HAYCHHSIX TEMIEPATyphl. Y CTAHOBIIEHO, YTO JUIS
naHHoro oopasua criasa npu 41 °C uMeeT MeCTo IMPaKTUYECKH MOIHbINA MEPEXO M3 ayCTEHUTHON
(a3bl B MApTEHCUTHYIO U 00paTHO MPU BKIIIOUEHUU M OTKIIOYEHHH MarHuTHOro nosst 10 T
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49 ] —a— Mf * Ms v
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Puc. 1.  HccnenoBanue  3aBucuMMoOcTH  M3ruOHOW Puc. 2. 3aBuCHMMOCTh XapakTEpHBIX TEMIEpaTyp
nedopmanmu  oOpasnma cIulaBa  OT  TEMIIEPAaTypbl B HPSIMOTO M 0OpPaTHOTO MapTEHCUTHOI'O HNPEBPAILCHHUS OT
MarHuTHOM IIOJIE. UHAYKIMY MarHUTHOTO TOJIS.

[1]. Bruno N. M. et al. High-field magneto-thermo-mechanical testing system for characterizing
multiferroic bulk alloys //Review of Scientific Instruments. — 2015. — T. 86. — Ne. 11. — C. 113902.

[2]. Monroe J. A. et al. Direct measurement of large reversible magnetic-field-induced strain in Ni—-Co—
Mn-In metamagnetic shape memory alloys //Acta Materialia. — 2012. — T. 60. — Ne. 20. — C. 6883-6891.

[3]. Shelyakov A. V. et al. Melt-spun thin ribbons of shape memory TiNiCu alloy for micromechanical
applications //International Journal of Smart and Nano Materials. —2011. = T. 2. — Ne. 2. — C. 68-77.
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UNIDIRECTIONAL ANISOTROPY AND MAGNETIC DOMAIN STRUCTURE OF
FeNi/FeMn MULTILAYERS WITH VARIABLE FeMn THICKNESS
Kulesh N.A.", Trubin A.V., Vas’kovskiy V.O.
Ural Federal University, 620002, Ekaterinburg, Russia
“e-mail: nikita.kulesh@urfu.ru

Thin magnetic films containing exchange coupled antiferromagnetic (AFM) and ferromagnetic
(FM) layers continue to be an important object of research due to the numerous applications in
sensor devises and spintronics. Despite the long history of the exchange bias (EB), there are still
many opened questions, which are mostly related to the magnetic state of the AFM layer and the
detailed mechanism behind the EB phenomena [1]. In this work we investigated one of the most
popular exchange coupled systems Fe;oNigo/FeMn and considered the influence of the FeMn
thickness on the EB field, Fe;oNigg (Py) coercivity, and magnetic domain structure appearing during
magnetization reversal.

Samples were synthesized by means of the magnetron sputtering onto the glass substrate with the
presence of the uniform in-plane magnetic field of 250 Oe. Final multilayer structure was
Ta(5)/Py(5)/FeMn(L)/Py(40)/Ta(5), where thicknesses in nanometers are given in parenthesis. It
should be noted, that all the thicknesses are nominal and were determined using the preliminary
measured sputtering rates. The auxiliary seed Ta and thin Py layers were introduced to induce fcc
crystal structure in FeMn, top Ta was added as a protective layer (details can be found in [2]).
Relatively low thickness of the multilayer allowed us to use MOKE for characterization of
hysteresis properties and simultaneous observation
of the domain structure. In most cases the spot area
size was 400 by 400 micrometers. Both FM and
AFM layers were confirmed to be in the
polycrystalline state by means of x-ray
diffractometry.

In order to consider the transition range
including zero and near-saturation EB, we choose

FeMn thickness L from 2 to 20 nm. As a reference
sample of Py not coupled to AFM, we used L (nm)

Ta(5?/?y(40)/Ta(§) film deposr['ed in the Same Fig.1. Dependencies of EB field H. and
conditions. In Fig.1 dependencies of hysteresis coercivity H, on FeMn thickness L measured for

properties of Py(40) layer on the thickness of the Py(40) layer in
FeMn layer are presented. Typical behavior is 1a(3)/Py(5)/FeMn(L)/Py(40)/Ta(5)
multilayer.

observed for both H. and H., demonstrating sharp
increase of EB field between 4 and 6 nm accompanied by the coercivity peak appearing due to the
large number of unpinned or weakly pinned uncompensated AFM moments in the interface. At the
maximum FeMn thickness EB reaches maximal value of 42 Oe, which corresponds to the
unidirectional anisotropy constant Jx = 0.13 erg/cm®. Using simple classical EB model [3] and the
obtained critical value of L, it is possible to estimate uniaxial anisotropy constant of FeMn, which in
our case was 1.7%10° erg/cm’. The calculated value is higher than the one reported earlier (1.35%10°
erg/cm3 [4]), which might indicate better magnetic and crystal structure obtained for our samples
due to the presence of the seed layers.
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Preliminary results on magnetic domain structure were obtained on the free Py layer in the
Ta(5)/Py(40)/Ta(5) film. The domain pattern was typical for a thin magnetically soft polycrystalline
film. Along the easy magnetization axis (EA), reversal takes place by the cross-tie domain wall
sweeping across the sample (Fig. 2, a). Under application of the external magnetic field along the
hard magnetization axis (HA), system of interactive low-angle domain walls appears, which is
typical for a polycrystalline film.

Some differences were observed on samples with thin (< 3.5 nm) FeMn layer under application
of the external field along the EA, including changes in a distance between the cross-ties and their
asymmetry. The significant difference in domain structure appeared for the film with L = 3.5 nm. If
the external magnetic field applied along the EA, complicated low-angle domain pattern is observed
(Fig. 2, b), which is similar to the one typical for polycrystalline films with rather high anisotropy
dispersion. Finally, for the films with nonzero EB, hysteresis loops measured along the EA becomes
asymmetric. On the loop side with partial magnetization rotation, magnetization ripple appears
inside the shrinking domain, which is followed by the stronger low-angle pattern (Fig. 2, c).

b

Fig.2. Magnetic domain structure obtained on Ta/Py/Ta (a) and Ta(5)/Py(5)/FeMn(L)/Py(40)/Ta(5) with
L=3.5nm (b),and L =12.5 nm (c).

In conclusion, we considered FeMn/Py exchange coupled system with various FeMn
thicknesses. From the dependency of EB field on AFM thickness, maximal exchange anisotropy
constant Jg and uniaxial magnetic anisotropy constant K r were estimated. Magnetic domain
structure appearing during the magnetization process was analyzed. The observed transition from
cross-ties to asymmetric cross-ties and to the complex low-angle magnetization ripple pattern was
explained by the appearance of pinned and unpinned uncompensated magnetic moments in the
AFM part of the interface.

This work was supported by The Russian Foundation for Basic Research (grant 16-32-00132
mol_a).

[1] LK. Schuller, R. Morales, X. Battle, U. Nowak, G. Gutentherodt, IMMM. V 416, P. 2-9 (2016).

[2] V.O. Vas’kovskiy, V.N. Lepalovskij, A.N. Gor’kovenko, N.A. Kulesh, P.A. Savin, A.V. Svalov, E. A.
Stepanova, N.N. Shchegoleva, A.A. Yuvchenko, Technical Physics. V.60, N. 1, P. 116-122 (2015).

[3] W.H. Meiklejohn, J. Appl. Phys. V. 33, P. 1328 (1962).

[4] D. Mauri, E. Kay, D. Scholl, J.K. Howard, J. Appl. Phys. V. 62, P. 2929 (1987).
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MICROSTRUCTURE AND SOFT MAGNETIC PROPERTIES OF CossNijoFesB16Sii1
BULK AMORPHOUS COATINGS PREPARED BY PLASMA SPRAYING
Denisova E.A.", Komogortsev S.V.!, Nemtsev L.V.? Iskhakov R.S.", Lepeshev AAS,
Bondarenko G.N.%, Saunin V.N.%, Telegin S.V.? and Shepeta N.A.’

"Kirensky Institute of Physics SB RAS, 660036, Krasnoyarsk, Russia
’Krasnoyarsk Scientific Center SB RAS, 660036, Krasnoyarsk, Russia
ISiberian Federal University, 660041, Krasnoyarsk, Russia
*Institute of Chemistry and Chemical Technology SB RAS, 660036, Krasnoyarsk, Russia
>Siberian State Aerospace University, 660037, Krasnoyarsk, Russia

‘e-mail: len-den@iph.krasn.ru

MHUKPOCTPYKTYPA U MATHUTOMATKHE CBOMCTBA OFBbEMHbBIX
AMOP®HBIX MOKPBITUM CosgNijgFesB6Sii; , I3TOTOBJIEHHHBIX METOI0OM
MJIASMEHHOI'O HAIIBIJIEHU A
JleHucoBa E.A.l*, Komoropues C.B.l, Hcxakos P.C.l, Hemues I/I.B.z, Jlenemen A.A.3,
bonpapenko r.m.? , CayHun B.H.S, Tenerun C.B.S, lenera H.A®
' Hnemumym usuxu um.J1.B. Kupenckozo CO PAH, 660036, Kpacnospck, Poccus
’Kpacnospcxuii nayunsiii yenmp CO PAH, 660036, Kpacnospck, Poccus

 Cubupcruii pedepanvhwiii ynusepcumem, 660041, Kpacnospck, Poccus
*Unemumym xumuu u xumuueckoii mexnonoeuu CO PAH, 660036, Kpacnospck, Poccust
5Cu6upc1<uﬁ 20CY0apCmeeHHblil A3POKOCMUYeCKUull yHusepcumem umenu akaoemuxa M. .
Pewemnesa, 660037, . Kpacnospck, Poccus

HNuTtepec k aMoppHBIM ¥ HaHOKpHUCTAITHYeCKUM crtaBaM CosgNijgFesB16Si;; o0OycnoBnen
TEXHUYECKUMH XapaKTePUCTHUKaMH JSTOro Marepuaia (HyJleBas MarHUTOCTPUKIIMS, BBICOKHIA
YPOBEHb HAaYaJIbHOW M MAaKCHUMAJIBHOW MAarHUTHOM IMPOHMLIAEMOCTH W T.X.). JlId MPaKTU4ECKOTO
NpUMEHEHHsT TpeOyeTcs Cco3laHue MACCHMBHOTO — MaTepuala, COXPAHSIONMIETO  CBOWMCTBA
HAaHOCTPYKTYPHUPOBAHHBIX MOPOMIKOB. METO/ TUIa3MEHHOTO HAMBUICHUS TIPU CO3JaHUH O00BEMHBIX
HaHOCTPYKTYPUPOBAHHBIX MaTEPHUAIOB MUMEET psJ MPEUMYIIECTB, TaK KaK IO3BOJSET HAHOCHUTH
MOKPBITUSL Ha U3Jenusl clokHOM ¢Gopmbl. [lnmazMeHHOe HambUIEHHE TOKPBITUNH IO3BOJISIET
¢dbopmMupoBaTh MaTepuaiabl B aMOpGHOM W HAHOCTPYKTYPHOM COCTOSIHUM 3a CYET OTpaHHuYeHUs
BpEMEHH NpPeObIBaHMs HAMbUISIEMbIX YACTUIl B PACIIJIABICHHOM COCTOSIHUU U BBICOKHUX CKOpPOCTEH
UX OXJAXICHUSA Ha IMOUIOXKKE IO 10® K/c. Panee 65110 YCTAHOBJICHO, YTO HAWJIY4YlIUA YPOBEHb
MarHUTHBIX XapaKTEePHCTUK CIUIABOB HAa OCHOBE KoOambTa Ui JKPAHUPOBAHHS AJIEKTPO-
MarHMTHOTO M3JIYYCHHSI MOXKET OBITh MOJYYEH B CIIy4ae ONMpEeAeIEHHOTO COOTHOIIEHUS aMOp(hHOM
Y HaHOKpHUCTAJUTMUYeCKO# (a3 B marepuanie. Takas aMOppHO-KpUCTALINIECKAST CTPYKTypa MOXKET
OBITh MOTy4eHa HECKOJIBKUMHU METOAaMU: 100 MpHU Harpese aMop(HOro crijiaBa, JUOO HA PaHHUX
CTalMAX KpHUCTAJUIM3AallMM B YCIOBHUSAX PE3KOro OXJaXKACHWs paciuiaBa. B Hameilt pabote
UCIIOJIb30BaHbl 00a MoAXoAa: M3ydyeHa MOAN(UKaLWs CTPYKTYphl U MAarHUTHBIX XapaKTEPHUCTUK
00BEMHBIX HAHOCTPYKTYpHpPOBaHHBIX cI1aBOB CosgNijgFesB1¢Sij;, nMpu W3MEHEHHH CKOpPOCTH
3aKaJKH MOKPBITHH ¥ MO BO3JICHCTBHEM TEPMOOOPAOOTKH TIEPBOHAYATILHO aMOP(HOTO CIIjIaBa.

Awmopdusie mokpeitus craBa CosgNijgFesB¢Sij; ¢ TommmHol 10 IMM OBITH HM3TOTOBIICHBI
METOJIOM ITUTa3MEHHOI'O HAMBUICHHUS W3 IOPOIIKOB, MOJTYYEHHBIX Pa3MOJIOM aMOpP(HOU JIEHTHI.
[Inmasmennoe nanbuieHue (IIH) nmpoBoaninocs Ha MEIHYIO OXJIAXKIAEMYIO OCHOBY B CpEIE aproHo-
reJIMEBOM IJIa3Mbl IPU  MTOMOIIU JYTrOBOTO pazpsiaa. CKOPOCTh 3aKaIKyd U3MEHSIIACh MOCPEACTBOM
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BappupoBanus Temmneparypbl nomnoxkku (Tg) or 20°C go 400°C. TepMmoo6paboTKa MPOBOAUIACH B
tederane 30 mMuHyT B atMocdepe aprona. IlomydeHHBIE 00paslbl HCCIEIOBAINCH METOJAMH
ANEKTPOHHONW MHUKPOCKOIHUH U PEHTTeHOBCKOW audpakiuu. MccnenoBanbl HHTErpalibHbIC (MIMPHHA
nuaun OMP, Ko’puuTHUBHAs cuia) M OCHOBHBIE (HAMAarHMYEHHOCTb HACBIIIEHUS, KOHCTaHTa
OOMEHHOTO  B3aMMOJCWCTBHSI, BEJIMYMHA TIONS  JIOKAIBHOH  aHU30TPONMHM) MarHUTHBIC
XapaKTEPUCTUKHU TOKPBITUH.

/g f 2.00
1

. {
i i! 2.8
'1 i ? s —
5 | {1.99
i 75 i ,é\ 2.4 S
[ I —~
Vol A o I =)
" _...z;i_:':“_..._.. _:j 400 =) é
~1 /A L300 Q 2.0 11.98
VLN —
;: r__ ; '\“‘—\LZI]I] [-? 1.6
2 '___ L \\,_ 1500 : : : ‘ 197
i v i 0 100 200 300 400
e i AT R
30 400 50 60 T (°C)
28deg)
Puc.1. JudpakrorpamMmmbl TOKpbITHH  Puc.2. 3aBUCHMOCTH BETUYMHBI 00JIACTH
cIlIaBa CosgNijoFesB 65111, korepentHoro paccesuusi D u d — ycinoBHOro
M3TOTOBJICHHBIX npu Pa3IMYHBIX «MEXIIJIOCKOCTHOTO PACCTOSIHUS» OT TEMIIEpaTyphl
TeMIepaTypax IMOAI0XKKH. ook (T).

Vcranosieno, npu temneparype omkura (To,) wim temmeparype momioxku menee 400°C
nokpeiTust U3 craBa CosgNijgFesB6Sij; ocratrorcst pentreHoamopdubiMu (puc.l). Pe3ymbrarhl
anmpoKCUManuu aMop(hHOTO Tajio ¢ moMoInbio GyHKIHMH ['aycca mpuBeAeHbI Ha puc.2. Bennunna
«YCJIOBHOTO MEXIUIOCKOCTHOTO PAacCTOSIHUS», OMPEENIEHHAs 10 [IEHTPY MaKCUMyMa CTPEMUTCS K
3Ha4yeHuto, xapakrepHomy ais juHuu 100 T'LIK xobanpra. [To TepMOMarHUTHBIM KPHUBBIM ObLI
MpOBE/IeH MarHuTo(a3oBbli aHanM3: ObUIO OOHAPYXKEHO, YTO CIUIaB rerepodaszeH mnpu Bcex Ti.
3apeructpupoBaHo 2 amop¢Hbie MarHuTHbIE (Pa3sl ¢ Temnepatypamu Kiopu Te1=550K u Tc,=840K
. [Ipuyem ob6wemuas nomns ¢aspil ~ 90% B craBe ¢ MAKCUMAJIBHOM CKOPOCTBIO 3aKalKH, T.e. (hazal
SBISIETCS MaTpulled ¢ 3epHamMu ¢aszpl 2. YBenuueHue Ty CTUMyIUpyeT BbiAelieHHe Gaszbl 2,
yBennuenue ee BecoBoi n0iu. IIpu noseimenun T, 10 400 °C mpoucxoaut cMeHa Matpuipl. [pu
To:=300°C ¢uxcupyercs BbIIEICHUE NOMOMHUTENBHOM (Pa3bl ¢ Tc3=640K. Hanbosbliee 3HaueHnE
MAarHUTHOM TPOHUIIAEMOCTH 20-10° ¥ MUHMMaTbHOE 3HAYCHME KO3puuTHBHOW cumibl 0,30
HaOmroaeTcst ipu BecoBoit goie dhazwrl 50%, dasel 3 -30% . I3smepenne KpuBbIX HAMarHUYMBaHUS
M(H) B uccnenyeMbIx oOpaslax Mmokasaid, 4YTo MPpUOIMKEHNEe HAMAarHWYEHHOCTU K HACBIIICHUIO B
nuana3zone otT 1 go 3 kD ocymectBiusierca kak M~H ! Dra 3aBuCHMOCTB YKa3bIBa€T Ha TO, YTO
pa3MepHOCTh psiOM HaMarHMYMBaHUA paBHA 2 KaK B TOHKUX IJIEHKAX, YTO BO3MOYKHO B CIIydae eciiu
3epHa cmiaBa CosgNijgFesB6Sij; B TMOKPBITHSX aHU30TPOMHBI (JUIMHA 3€PE€H B HECKOJIBKO Ppa3
MPEBBIIIAECT TONIIHMHY). B BbICOKOMONIEBOM yacTu 3TuX KpuBbix (H > 4kD) M(H)=M(1 -DH//H’ ).
IlocnenHee MO3BOIUIIO BBIYMCIATE BEJIMYUHY IOJISL JIOKAJIbHOM aHu30Tponuu H,. HeMOHOTOHHBIM
xapaktep 3aBucuMoctu H,(T,,) kxoppenaupyer ¢ (Ha30BbIMU MPEBPAILECHUSIMH, TPOUCXOAALIMMHU MO
BO3/CHCTBUEM TEPMOOOPAOOTKH B 0OBEMHBIX aMOP(HBIX MOKPHITHIX HCCIETyEMOTo CIUIaBa.
Pabora BemosnHeHa npu noxanepxkke rpantoB: POOU npoektsr Ne 15-08-06673 u 16-03-00969,
PODU — KKOH p-cubupsn-a mpoekt Ne 15-42-04171
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LOW-DIMENSIONAL CORRELATIONS OF MAGNETIZATION AND LOCAL
MAGNETIC ANISOTROPY IN THE IRON-BASED AMORPHOUS AND
NANOCRYSTALLINE RIBBONS
Komogortsev S.V.", Iskhakov R.S., Balaev A.D.

Institute of Physics, SB RAS, 660036, Krasnoyarsk, Russia
*e-mail: komogor@iph.krasn.ru

AHM3OMEPHBIE HEOTHOPOJHOCTHA HAMATHUYEHHOCTH U JIOKAJIbHOH
MATHUTHOM AHU3OTPOIINH B JIEHTAX HAHOKPUCTAJLIMYECKHUX U
AMOP®HBIX CIIJTABOB HA OCHOBE KEJIE3A
Komoropues C.B.", Ucxakos P.C., Baiaes Al
Hucmumym ¢puzuxu CO PAH, 660036, Kpachospck, Poccua

Jlist onucaHus MakpOCKOIIMYECKMX M MHUKPOCKOIIMYECKUX XapaKTEPUCTUK HAHOMAarHeTHKa
UCIOJIB3YETCSl MOJAENb ciydyaliHOW aHu3oTponuu. CorjgacHO 3TOM MOJENH, XapaKTEPUCTUKH
HEOOpaTUMOM KPUBOM HAMAarHUYMBAHUS OMPEACIAIOTCS MArHUTHOW aHU30TPOITUEH yCpeIHEHHO! B
00bEMe CTOXAaCTHYECKOT0 MarHUTHOTO JoMeHa. [l aHcamOuis (heppOMarHUTHO CBS3aHHBIX 3€pEH
(pazmepoM 2R, co ciy4yallHO OPHUEHTHPOBAHHOW B MPOCTPAHCTBE OCHIO JIETKOTO HAMarHUYHWBaHUS)

)2d/(4—d) ,

YCPEAHEHHAs aHM30TPONHUS  3a[a€TCi  COOTHOLIEHHEM <K >~ K-(R/3 rne d -

MPOCTPAHCTBEHHAs Pa3MEPHOCTh YIAKOBKH 3epeH, 0 =+/A/K - maciirad 0OMEHHBIX KOPPEIAIHii,
A — BenuumHA OOMEHHOTO B3amMojnehcTBUs. [IpubmmkeHne HaMarHUYEHHOCTH K HACBIIICHUIO
MOJKET OBITh OIpe/eeHa BeIpaxkeHneM [1]: AM ~ (RL_/8)4.(RH /RC)H ,The R, =\J2A/(M,-H) -
JUTHHA OOMEHHBIX KOppesuid B MarHuTHOM 1iojie H. Hamaran4yuBanue B 00JaCTH IPUOIMIKEHUS K
HACBHIIIEHUIO OIMCHIBATHCS cremeHnbiva 3akonamu H 72, H' w H' ana ommo-, JBY- WIIH
TPEXMEPHBIX CTPYKTYP.

B nmanmHOM noksazme MBI coobOmraeM o0 H3ydyeHHHM o001acTei OOMEHHOW KOppPENsIuu
(CTOXAaCTUYECKUX MArHUTHBIX JOMEHOB) B (oibrax HaHOKpUCTaITHYecknx cruiaBoB FeCoB,
Fe73.5S1135BoNbsCu;, Fe;3Si;¢B7NbsCu; myrem aHanmm3a HeoOpaTHMMBIX M OOpaTUMBIX KpPUBBIX
HaMarHMYuBaHus. MBI TIOKaKeM, 4TO B 3TUX (hoJIbrax, aToMHasi CTPYKTypa KOTOPBIX 00pa3oBaHa
TPEXMEpPHOU YIaKOBKOH 3epeH, (POPMUPYIOTCS aHH30MEPHBIE CTOXACTUYECKUE MATHUTHBIE JOMEHBI
W aHW30MEpHas psA0b HAMarHWYEHHOCTH. OKCIIEPUMEHTAJIbHBIE 3aBUCUMOCTH MAarHUTHBIX
XapakTEePUCTUK (OB aMOP(HHOTO U HAHOKPUCTATUTMYECKUX (DePPOMArHUTHBIX CIIJIABOB HA OCHOBE
FeCoB — 3aBuCMMOCTh KOpUMTHUBHOW CHJIBI OT pa3mepa 3epHa (JieHThl FeCoB) u 3aBUCMMOCTH
HaMarHW4YeHHOCTH OT BHENTHETO TMOJISI B 00JIACTH MPUOIMKEHUsS] HAMAarHUYEHHOCTH K HACBIIICHUIO
(nnentsl FeCoB, Fe;35S1135BoNb3Cu;, Fe;3Si16B7NbsCu; npu 50 K u Bblie) cBUAETENBCTBYIOT O
(hOpMUPOBaHUHM aHU30MEPHBIX CTOXACTUYECKUX JOMEHOB B JAaHHBIX MaTepuanax. l[IpudamHOn
no100HOro 3¢ (deKkra MOXKET BBICTYNATh aHM30MEPHOCTb KOPPENSALMOHHOTO pajuyca B aTOMHOU
MUKPOCTPYKTYpe CIUTaBOB. lIpemiokeHpl HEpaBEHCTBA, OMPEICIAIONINE HEPABHOOCHYIO «(popMy»
TAKUX HEOJHOPOJHOCTEM.

PaGoTa BeimonHeHa npu noaaepkke rpantoB PODOU mpoekTsr Ne 16-03-00256, 16-03-00969,15-
08-06673, PODU — KK®H p-cubups-a mpoekt Ne 15-42-04171.

[1] R. S. Iskhakov, S. V. Komogortsev, A. D. Balaev, and A. A. Gavriliuk, J. Magn. Magn. Mater., V. 374
P. 423-426 (2015).
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POLYMER COATING INFLUENCE ON MAGNETIC PROPERTIES OF CO-BASED
AMORPHOUS ALLOYS
Mazeeva A.K., Kuznetsov P.A., Skulkina N.A., Blinova O.V., Mikhalitsyna Ye.A.
'FSUE CRISM “Prometey”, 191015, St.Petersburg, Russia
Ural Federal University, 620000, Yekaterinburg, Russia
e-mail: npk3 @ crism.ru; nadezhda.skulkina @ urfu.ru

BJIMSTHUE ITOJIJMMEPHOTI'O ITIOKPBITHUSI HA MATHUTHBIE CBOMCTBA
AMOP®HBIX CIIVTABOB HA OCHOBE KOBAJIBTA
MaszseeBa A.K. 1*, Ky3neunos l'[.A.l, CkyakuHa H.A.Z, baunoBa O.B.z, Muxanuupbina E.A.
'oryrr «[[THUU KM «IIpomemeiti», 191015, Cankm-Ilemepbype, Poccus
?Vpansckuii pedepanshviii yrusepcumem, 620000, Examepunbype, Poccus™

3ammTa TEeXHUYECKUX M OMOJOTMYECKUX OOBEKTOB OT HEraTUBHOTO BO3JACHCTBHS MAarHUTHBIX
(MII) u snexTpomarHuTHBIX mojiei (OMII) BecbMa akTyanbHa, 4TO OOYCIIOBJIEHO YBEIUYCHUEM
UCTOYHUKOB HCKyccTBeHHBIX MII m OMII u HeoOXOAMMOCTBIO BBINOJHEHUS TpeOOBaHUN
CAaHUTAapHBIX HOPM H DJIEKTPOMAarHUTHOM COBMECTUMOCTH. [lepCreKTHMBHBIM HalpaBlIE€HUEM
SBIIAETCS TMPUMEHEHHUE 3allUTHBIX SKPAHOB W3 MAarHUTOMSTKUX aMOpQHBIX JIEHT Ha OCHOBE
kobansTa. B ®I'VIT «IIHUU KM «IIpomerteii» pa3zpaboran 3kpaH [1]. [Ipu ero u3roroBieHuun B
KaueCTBE CBA3YIOUIETO MCHOJB3YeTCA JABYCTOPOHHEE ITOJIMMEPHOE IOKPBITHE, KOTOPOE TaKKe
BBITIOJHSET U 3alUTHBIE GYHKIMHU. TeM He MeHee, GOpMUPOBAHKE MTOJIMMEPHOTO MOKPBITUS MOXKET
OKa3bIBaTh BIUSHHE HA MAarHUTHBIE CBOICTBa JIeHTHI. [lo3TOMy B Hacrosiel paboTe ucciea0BaIn
BJIIMSIHUE TIOJIMMEPHOTO TOKPBITUS HAa MAarHUTHBIE CBOMCTBA JIGHT aMOP(HBIX MarHUTOMSTKHX
crmaBoB AMATI-172 (Co-Ni-Fe-Cr-Si-B). s sToro moadupanu o0pasiibl, COCTOSHUE KOTOPBIX
OTJINYAJIOCh 3HAKOM MarHMTOCTPHKIMH HachImeHus As. Hampumep, mocie tepmoobpadoTku (TO)
Ha Bozayxe mpu 380 °C B teuenune 1=10 mun Gpopmupyercst coctostaue ¢ A<0, a T=40 mun — A>0
[2,3].
[TonmumepHOE TMOKpHITHE (OPMHUPYETCS] HAa METAUIMYECKOW JIEHTE TpPU HarpeBe HCXOAHOTO
nosimMepa B nquanaszone temneparyp 90-130 °C B npucyTcTBHH KPAaTKO-BPEMEHHOIO IPECCYIOIIErO
napie-Hus. IIpu OXJaXIeHMHM JIEHTBl C HAHECEHHBIM IOJIMMEPHBIM MOKPBI-TUEM IPOUCXOIUT
ycaJka IOKpBITHS, B pE3ylbTaTe€ YEro B INIOCKOCTH JIEHTbl HHIYLUPYIOTCS CoKMMArOIue
HampsDKEHUs, BEJIMYMHA KOTOPBIX, OIpeAeNeHHas Mo cTpeiie mnporuda Hpu OJHOCTOPOHHEM
HAaHECEHMM TMOKpBITHs, cocTaBisier okoyio 250 Mlla. Ilpeccyromiee naBieHue, Ooka3blBaeMoe Ha
nerry npu 90 °C, camo mo cebe TPHBOAMT K TEpEpaclpesieicHHI0 HaMarHMYeHHOCTH. B
COCTOSHUHU C As<O yBemmumBaeTcs Vpr, YTO SIBISCTCS MPHUYMHON COOTBETCTBYIOLIEIO CHH)KCHUS
Umax. I1Ip Ag>0 HEKOTOPOE YBETMYCHUE iax SBISCTCSA CICACTBHEM YMEHBIICHUS Vopr (Tab1.1).
@opMHpOBaHUE MOIUMEPHOTO MOKPBITHS, MHAYLUPYIOIIETO IUIOCKUE CKUMAIOIINE HAMNpPSHKEHUS,
YaCTUYHO HUBEJIHMPYET JAECH-CTBUE NMPECCYIOIIETO AABICHUS U YMEHBLIAET CTENEHb €r0 BIIHMSHUS.
Tem He MeHee, CHMKEHUE Mmax MOXKET OBITH CBS3aHO C POCTOM BHYTPEHHHUX HANPSOIKEHUH U UX
I'PaJIMEHTOB, CIIOCOOCTBYIOIIMX CTAOMIM3AIMN TOMEHHBIX TPAaHUII, @ TaKXKe Mepe-pacipeieIeHueM
HAMarHMYE€HHOCTH B  IUIOCKOCTH JIeHThl. (CXUMarolye HalpsDKeHUs, WHAYLUPOBAaHHBIE
MOJIMMEPHBIM  TIOKPBITHEM aHW30TPOIHBL: B COCTOSIHUM JIEHTHI ¢ Ag>0 OHH CIOCOOGCTBYIOT
YBEJIMUYEHUIO0 00beMa JOMEHOB C IUIaHapHOW HAMarHW4eHHOCThIO, OPUEHTHPOBAHHOM MOMEPEK OCH
nenTsl (Ta6:m.2), 9To Takxke cienyeT u3 puc.l.
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Tabauua 1. Bousaue mpeccyromero JaBieHUs U IOJTUMEPHOTO
MOKPBITUS] HA MATHUTHBIE XapaKTEPUCTUKU

TO 380 °C 10 mun 380 °C 40 muu
XapaKTePUCTHKH Minax Voprs % Miax Vopr, %
HcxopHoe cocTosiHue 520000 18,0 250000 62
IIpeccyromee nasnenre | 400000 23,2 310000 15
ITonumepHoe mokpeiTue | 280000 17 254000 24

Tabauua 2. BousHue mpeccyromero JaBieHUs U IOJIUMEPHOTO
MOKPBITHS Ha MAarHUTHBIC XapaKTEPUCTUKH JIeHTHI Tiocie TO mpu
350 °C ¢ 1=15 mun ¢ A,>0 110 HAIIUM JaHHBIM ¥ JaHHBIM PaOoThI [4]

Poster Section PB

CocTostHHE JICHTEI Winax Vopr» % | Vigo, % Voo, %

TO 400000 28,0 56 16,4

IIpeccyromiee nasnenue | 380000 18,5 43 38

TTonumepnoe nmokpsitie | 231000 28 29,0 43

a) 6) Puc.1. Bux noOBEepXHOCTHOH JOMEHHOH
CTPYKTYphI  O00Opa3IoB JICHTHI aMOpP(HOTo
CIIaBa CHCTEMEI Co-Ni-Fe-Cr-Si-B

pasmepamu 15100,020 mm mocae TO mo
pexumy 350 °C, 40 MUH B IPOIOJIBHOM TIOJIE 8
A/M 6e3 oKpBITHS (a); M B TIONIEPEYHOM TOJIE
0,8 A/M ¢ monuMepHBIM TMOKpeITHEM (0),

Ocb JIEHTBI

Ocb JICHTBI .
< > «— »  TOJNYYEHHBIH € WCMOb30BaHUEM d(deKTa
Keppa.
[IpoBenéHHBIC WCCAEAOBAaHUS TOKA3bIBAIOT, YTO H3YYCHHE MEXAHU3MOB (DOPMHUPOBAHUS

MarHUTHBIX CBOMCTB B aMOp(HBIX CIUIaBaX HAa OCHOBE KOOajibTa MPU BO3JCHCTBUU Pa3IMUHBIX
TEXHOJIOTHYECKUX (PaKTOPOB, HANpPUMEp, TAKUX KaK MPECCyolUe NaBieHus U (HopMupoBaHHE
HOJMMEPHBIX TOKPHITUH, TO3BOJIIET ONTHMH3HPOBATH PEKUMBI OOPAOOTKH HCXOAHOM JICHTHI,
o0ecreynBaroIye 3alaHHbI YPOBEHb MArHUTHBIX M SKPAHUPYIOIIHUX CBOMCTB.

PabGora BemmonHeHa mpu moamepxkke MuHHCTEpCTBA O0pa3oBaHMUs W HAyKH, YHUKAIbHBIA
UJCHTU(PUKATOP TPHUKIATHBIX HAYYHBIX HCCIEAOBAaHMA M SKCIEPUMEHTAIBHBIX pa3paboToK
RFMEFI62514X0018

CcbUIKH HA JTUTEPATYpPY:
[1]. [Mat. 2274914 Poccuiickas ®enepaums, MIIK GI12B 17/02 (2006.01). MarautHeli u
anekTpoMarHuTHEIN 3kpaH / Ky3nenos I1.A., ®apmakosckuii b.B., Ackunasu A.1O., Opnosa f.B., Ileckos
T.B.- Ne 2004116728/09, 3asBm1. 01.06.2004, ony6sn. 20.04.2006, bron. Ne 11.
[2]. H.A. Ckynkuna. Pacnpenenenne HaMarHMYEHHOCTH M MarHWTHBIE CBOMCTBA KPHUCTAUINYECKHX,
aMOp(HBIX ¥ HAHOKPHCTAIUTMYCCKUX MAarHUTOMSTKHUX MaTepuanoB // ABTopedepaT auccepTanuu Ha
couckanue yuénoit crenenn 1.¢.-M.H. 01.04.11. : YpI'Y um. A.M.T'opskoro, 2008 .
[31. Ckynkuna H.A., MBanoB O.A., CremanoBa E.A., lllyouna JI.H., Ky3uernos I1.A., Ma3seera A.K.
Mexaau3mbl POPMUPOBAHUS MATHUTHBIX CBOHCTB aMOP(HOT'O0 MArHUTOMSTKOTO CIIaBa HA OCHOBE KOOaIhTa
B pe3yJbTaTe TepMooOpaboTKK Ha Bo3ayxe // dusnka MeTaioB u Metaiopeneuue, 2015 r., T. 116, 12, ctp.
1242-1249.
[4]. Kexano U.B., Mocunvnukos I1.C. Bnusiaue M3ruOHBIX HANPSDKCHUH HA BBICOKOYACTOTHBIE
MarHUTHBIE CBOMCTBA U BPEMEHHYIO UX CTAaOMIBLHOCTH B aMOP(GHOM CIUIaBE HAa OCHOBE KoOanbTa C
odeHb HU3KoW MarHuToctpukiuei// JKTd.-2015. T.85. Ne.12. C.80-87.
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MAGNETIC ANISOTROPY OF FINEMET-TYPE THIN FILMS
Mikhalitsyna E.A.", Kataev V.A., Putinsev A.D. and V.N. Lepalovskij
Ural Federal University, 620002, Yekaterinburg, Russia
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MAT'HUTHASI AHU30TPOIIUSI TOHKUX ITIJIEHOK CIIVIABOB TUITA FINEMET
Muxaauubiga E.A. *, Karaes B.A., [lyrunuen A./l. u Jlenasnosckuii B.H.
Ypanovckuii peoepanvroiil ynusepcumem, 620002, Examepunboype, Poccus

Tonkue menku cmnaBoB tuna Fe-Si-B-Nb-Cu (Finemet) npuBnekian BHHMaHUE Kak
(GyHKIIMOHATBHAS Cpela JJii MAarHUTHBIX JaTYMKOB HAa OCHOBE d()(eKTa TUTAHTCKOTO0 MarHUTHOTO
umnenanca [1,2]. 3agaHHbIl ypOBEHb MarHMTHBIX CBOMCTB B JAHHBIX CIUIaBaX, Kak MpPaBUIIO,
KOHTPOJIUPYETCSI TIOAXOASIIEH TepMooOpaboTKoid. B cBsA3M ¢ 3THM, B paboTe ncciaea0BaHO BIUSTHUE
TepMOOOpaOOTKM Ha MAarHUTHYIO aHU30TPONHMIO M TUCTEPE3MCHBIE CBOWMCTBA IUICHOK CIIJIaBOB
FeSiBMCu (M=Nb,W, NbMo).

ToHKHE TJIEHKH UCCIIEIYyEeMbIX CIUIABOB OBLIU IMOJIYY€HbI METOJOM BBICOKOYACTOTHOTO HMOHHO-
IUIA3MEHHOTO pachbUIeHHs B arMmocdepe aproHa B TPHUCYTCTBHH TEXHOJOTHYECKOTO ITOJIS
HanpspkeHHOCThio 100 O, MpUIoXKEHHOIO B INIOCKOCTH INIEHKU. MarHuTHbIE CBOWCTBA U3YYaJIUCh C
MTOMOIIBI0 MATHUTOONITUYECKOTO0 MUKPOCKOTA Ha ocHOBE A dekra Keppa.

1.0 (a) b L 1.0 (b) : T 1.0 (C) f;kagmﬁ;&%ﬂe-ﬁgﬂ
as-prepared g T,=350°C T,=400°C £
0.5 05 0.5 i I
o« |2 » - 7] i
-E-m 0.0+ ./. gm 0.0 E _.E_m 0.0 I l
= &4 = £ = 11
05 1 0.5 ; 05 ‘
.“' : ——EA —— EA ——EA
_1_0,!-gmﬁ;!:sé-!@g:aii'ﬁfJ ——HA 1.0 Pedagntatasy ——HA 1.0 Badafrasosgad —-—HA
50 25 0 25 50 50 25 0 25 50 -50 25 0 25 50
H, Oe H, Oe H, Oe

Puc.1. Iletnu rucrepesunca, N3MEPEHHBIE BAOIL OCH JIeTKOro HamaranuuBanus (EA) ¥ meprieHIuKyspHO K
Herd (HA), mnenku tonmuuoi 200 uM cmaBa Fe-Si-B-Nb-Cu B cocTosiHuu mocie moiayyeHus (a) u mocie
omkuros mpu temmepatypax 350 °C (b) u 400 °C (c).

Ha puc.l mpencraBnensl meTinu ructepesnca mia mieHok crmiaBa FeSiBNbCu B mcxomHOM
COCTOSIHUM W TOCJ€ OTKWIOB. BHIHO, 4YTO /Ui MCXOAHBIX IUICHOK XapaKTepHa OJIHOOCHAs
MarHuTHas AaHU30TPOIUsA, HaBEACHHAs MPUCYTCTBUEM TEXHOJIOTMYECKOTO TOJIs, a TaKxKe,
HaNpPsHKEHUSIMH, BO3HUKAIONIMMH B Tpoliecce Hambuienus [3]. Omkur mpu Temmeparype 350 °C
NPUBOAUT K YMEHBIICHUIO TIOJISI AaHM30TPONMU B CBSI3U C pellakcalued HampshKeHUH,
MPHUCYTCTBYIONINX B UCXOMHBIX IUIEHKAX. B pesynbrare omkura npu 400 °C 01HOOCHASE MATHUTHASI
aHU30TPOMNHUS B INIOCKOCTHU TUIEHKH HE Ha0Jt01aeTcsl.

[1] Y. Yoshizawa, S. Oguma, and K. Yamauchi, Journ. Appl. Phys. V.64, N. 10. P. 6044-6046 (1998).

[2] F. Zighem, A. El Bahoui, J. Moulin and et. al, Journ. Appl. Phys. V.116, N.123903 P. 1-8 (2014).
[3] P. Sharma, A. Gupta, Journ. Magn. Magn. Mater. V.288 P. 347-353 (2005).
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FUTURE OF INFLUENCE OF THE MECHANICAL STRESS ON THE MAGNETIC
STRUCTURE AND MAGNETIC PROPERTY OF FE- AND CO-BASED MICROWIRE IN
GLASS COATING
Aronin A.S.", Gornakov V.S." and Orlova N.N."
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OCOBEHHOCTH BJIMSIHUS MEXAHUYECKHNX HAIIPSIKEHUA HA MATHUTHYIO
CTPYKTYPY U MATHUTHBIE CBOVICTBA MUKPOITPOBO/IOB HA OCHOBE FE u
CO B CTEKJITHHOM OBOJIOYKE
Aponun A.C. e I'opnakos B.C. !, Opaosa H.H.'

' Hnemumym gusuxu meepooeo mena PAH, 142432, 2. Yepnozonoexa, Poccus

B pabore wuccinenoBaivch amopdHble MHUKPOIPOBOAAa B CTEKISHHOW 00OJOYKE COCTaBOB
Fe739B132S1109C2,  Co736B112S113C,.  JlaHHBIE  MHKPONPOBOAA  W3TOTOBJIMBAIOTCS  METOJOM
YnuroBckoro-Teiiopa W MPEeACTaBISIOT CO0OM TOHKHE METAUTMYECKUE HUTH, TOKPBITHIC
CTEKJITHHOW 000J109KOi. BoJnbioil mHTEpeC mJisi COBPEMEHHBIX HCCIIEIOBAHUM TMPEICTABIISIOT
MarHMUTOMSITKHE COCTaBbl MHUKPOIIPOBOIOB, MOCKOJIBKY OHHM 00J1a/1al0T YHUKAIbHBIMA MarHUTHBIMH
cpoiictBaMu. K TakuM cBOWCTBAM OTHOCHUTCS T'MT'aHTCKHUM MAarHUTHBIM HUMIIEIAHC, €CTECTBEHHBIN
(heppOMarHuTHBIN PE30HAHC, MAarHUTHAs OMCTAOMIBHOCTH, MarHeTOKaJopudeckuii a3dext u mp.
OCco0eHHOCTHI0O MHKPOITPOBOIOB, TTOMYUYEHHBIX METOJIOM Y TUTOBCKOTO-Teinopa SBIseTCsS HATHIue
BHYTPHY METAJUTUYECKON CEPALIEBUHBI OOIBIINX OCTATOYHBIX MEXAaHUUYECKUX HampspDKeHUH. [Ipudem,
COTJIaCHO MCCIIEIOBAHUSAM, MEXaHUUYECKHE HAMPSKEHUS paclpeiesieHbl HEOJTHOPOIHO 0 CEYEHUIO
IpoBoJa. BeICOKMI ypOBEHb MEXaHUYECKUX HAIPSIKECHUN U UX HEOJHOPOLHOE PACIPENEIICHUE IIPU
HaJU4YUM MATrHUTOCTPUKLUU OIpPENENSeT SHEPTUI0 MArHUTOYNpPyrod aHuzorpornuu. Ilockonbky
MUKpOMPOBOJIa UMEIOT aMOP(HYIO CTPYKTYpY, TO NaHHBIM BKJIaJ MOXKET MMETh OIpEeIesiollee
3HaueHUe B (POPMHPOBAHMM MArHUTHOM CTPYKTYPbl U MarHUTHBIX CBOMCTB. Tak HEOAHOPOIHOE
pacmpenesieHne MEXaHMYECKMX HaNpsKEHWM MOJXKET C03/1aBaTh MAarHUTHYHO AHU30TPONMIO IO
ceuenuto nposoga.[1] MccnenoBanus moka3pIBaoT, 4YTO B HEKOTOPBIX COCTaBaX MUKPOIPOBOJIOB 3a
CYET HEOJHOPOIHOTO PACIPENCICHUS MEXaHWYECKUX HaANpsDKeHUHM UM MarHUTOCTPUKLIHMU
oOpa3yercs KOMIIO3UIIMOHHAS JOMEHHAas CTPYKTypa. A HMEHHO, BHYTPH METaJIHM4eCKON
CepIIECBUHBI  00pa3yIOTCS TPOTSHKCHHBIE [UIMHAPUYECKHE JIOMEHBI C  PEe3yJIbTUPYIOMIEH
HaMarHW4Y€HHOCTBIO BJOJIb OCH IMpOBOJAa (TaKk Ha3bIBAEMBI «COre»), a Ha IOBEPXHOCTH
METAUIUYECKON CEpJILIEBUHBI CYIIECTBYET TMOBEPXHOCTHBIM CIIOH JIOMEHOB, HAampaBJICHUE
HAMarHWY€HHOCTH KOTOPBIX MOXET 3aBHUCETh OT 3HAaKa KOHCTaHTbl MAarHUTOCTPUKIUU.
OOHapyXeHO, YTO B MHKPOMNPOBOJE Ha OCHOBE JKelie3a C IIOJOKUTEIbHONH KOHCTaHTOM
MarHUTOCTPUKIIMM Ha MOBEPXHOCTU METAINIMYECKOM CEpLEBUHBI CYIIECTBYET CJIOM KOJBLEBBIX
JIOMEHOB C paJUalIbHBIM HAMpaBICHHEM HAMAarHUYEHHOCTH «K OCH» TPOBOJAA, JHOO «OT OCH»
npoBoja.[2] yist MUKPOIIPOBO/Ia ¢ OTPULIATEIBHOM KOHCTAHTOW MarHUTOCTPUKIIMKM CUUTAETCS, YTO
MMOBEPXHOCTHBIN CJIOM JTOMEHOB COCTOMUT M3 KOJIBLIEBBIX JOMEHOB C LUPKYISIPHBIM HApaBICHUEM
HaMarHM4eHHOCTH.[ 3]

Jlis AaHHOTrO HCclefAoBaHUs BbIOpaHBI COCTaBbl MHUKPONPOBOJOB HMMEIOIIME pa3Hble 3HAKU
KOHCTAHTBl MarHUTOCTPUKIMU. J[JIT MUKPONIPOBO/JA HA OCHOBE KE€JI€3a XapaKTepHa CPaBHUTEIBHO
00JIbIIasA MOJI0KUTENIbHAS BETUYMHA KOHCTAHThl MAarHUTOCTPUKIINUY, JUIsI MUKPOIIPOBOJa HA OCHOBE
KoOanbTa — HeOombIIast oTpuiatenbHas. OOmuii TuaMeTp MUKPOIIPOBOJIOB COCTABISI OKOJIO 25
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MkM. TommuHa cTeKISTHHOW 000504ku 1,5-3 mkMm. llenbro paboThl OBLIIO HWCCIIEIOBATH BIIUSHHUE
YMEHBIIICHUS YypPOBHS BHYTPCHHHX HANpsOKEHUH Ha MAarHUTHBIE CBOMCTBA U CTPYKTYpy B
MUKPOTIPOBOJIaX C pPa3HONW KOHCTAHTOW MArHUTOCTPUKIIMH. YMEHbBIIEHUE YPOBHS BHYTPEHHUX
HaMpsDKEHUH MPOBOAMIIOCH C TMOMOIIBIO CHSITHUS CTEKIJISIHHOM OOOJOYKH U MPH H30TEPMUYECKOM
OT)KUTE€ MUKPOIIPOBOJOB TMPH TEMIIEpaType HIKE TeMIeparypbl kpucramwtuzanud. OOHapyKeHO
YTO YMEHBIIEHWE YPOBHS BHYTPEHHHMX HAIPSHKECHUH, KaK C TOMOIIBIO CHATHS CTEKJISHHOMN
000JI0YKH, TaK M HM30TEPMUYECKHX OT)KHTOB MPHUBOJMWT K YIYUYIIEHWIO MarHUTHBIX CBOWCTB. B
clydae MHUKpPOIIPOBOJIa Ha OCHOBE jKelie3a WCXOJHBIA 00pa3el] MMeeT MPSIMOYTOJIBHYIO IETIIIO
ructepesuca ¢ kodpdunuentom npsmoyronpHocTH 0,8. Penakcanusi HanmpspDKeHUH 32 CUET CHATHS
CTCKJISTHHOW 00OJIOYKY /WM OT)KUTOB HE MPUBOJUT K CYIIECTBEHHOMY MU3MEHEHUIO ()OPMBI TIETIIN
THCTEepPE3nCca, OJHAKO 3HAYUTEIHHO YMEHBIAET BEIMYMHY KOIPIUTHBHOW cCuiibl. B oOpasie,
OTOXOKEHHOM 0€3 CTeKJISHHOW OOOJIOUKH, KODPLUUTHBHAS CHJIa YyMEHbBIIAETCs B 2 pasa.
[ToBepXHOCTHAsE MarHUTHAasE CTPYKTypa MHUKPOMPOBOJA HAa OCHOBE JKejle3a TMPH OTKUTE
CYIIECTBEHHO HE MEHSAETCA, YTO COOTBETCTBYET OTCYTCTBHUIO H3MEHEHUH (OpMBI meTiH
TUCTEpe3nca Tocie OTKuTa. VICXOAHBIM MHMKPOIPOBOJ HAa OCHOBE KOOajabTa XapaKTepU3yeTCs
HaKJIOHHOM meTiiel ructepesnca. OHaKo, CHATHE CTEKISTHHONW 000JOYKHA MPUBOAUT K U3MEHEHHUIO
dbopMBI TIETIIM THUCTEpe3nca Ha OJW3KYI0 K TPSIMOYrOJbHOM, 0€3 W3MEHEHMsI 3HaueHUs
KOAPIUTUBHON cuiibl. OT)KUT MHKPOIIPOBOJIOB HAa OCHOBE KOOaibhTa, Kak B 000JOYKe, Tak u 0e3
000JI0YKH, HE OKAa3bIBACT BIUSHUSA Ha (OopMy METIM W 3HAYCHHE KOIPUUTHUBHOHN cuibl. OmHAKO,
OTOXOKEHHBIE 00pa3Ibl HA OCHOBE KOOAIhTa XapaKTEPU3YIOTCSI HECKOJIBKO OONBIIMMU 3HAYCHUSIMU
HAMarHMYEHHOCTH HACBIIIEHUS, HEXKEIH HEOTONOKCHHBIE MUKPOIPBOaa. CyIIeCTBEHHOE paziudme
BO BJIMSHUHW peJaKCallMi MEXaHWYECKMX HANpsDKCHWH Ha MarHWTHBIC CBOMCTBA M CTPYKTYpPY B
MHUKPOIIPOBOJIaX HAa OCHOBE KOOanbTa M JKelie3a MPEINOJI0KUTEILHO MOXET OBITh CBA3aHO HE
TOJBKO C Pa3IudYMeM 3HAKOB KOHCTAHTHl MATHUTOCTPUKIUU. [Ipy CHATHH CTEKJITHHOW 000JI0YKH 1
OT)KUTE€ KpPOME YMEHBIIEHUS OCTATOYHBIX HANMPSHKCHUH, MOXKET TMPOUCXOIUTh TaKXkKe HX
nepepacnpesiecHue.

[1] H. Chiriac, T. A. Ovari, and Gh. Pop, Physical Review B. V. 52, N. 14, P. 10 104-10 113 (1995).

[2] N. N. Orlova, A. S. Aronin, S. I. Bozhko, Yu. P. Kabanov, and V. S. Gornakov, Journal of Applied
Physics V. 111, p. 073906 (2012).

[3] J. Yamasaki, F. B. Humphrey, K. Mohri, H. Kawamura, and H. Takamure, R. Malmhall, Journal of
Applied Physics, V. 63, N.§, P. 3949-3951 (1988).
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MAGNETIZATION PROCESSES IN RAPIDLY QUENCHED SOFT MAGNETIC
ALLOYS
Skulkina N.A.", Ivanov O.A., Stepanova E.A and Mikhalitsyna E.A.
Ural Federal University, 620000, Yekaterinburg, Russia
“e-mail: nadezhda.skulkina @ urfu.ru

MNPOLUECCBI HAMATHUYUBAHUS B BBICTPO3AKAJIEHHBIX MATHUTOMSITKUX
CIINIABAX
Ckyaxkuna H.A. *, HNBanoB O.A., CrenanoBa E.A., Muxaauubina E.A.
Ypanvcruii pedepanvroiil ynusepcumem, 620000, Examepunbdype, Poccus™

OnTuMu3aIus MAarHUTHBIX CBOMCTB JICHT aMOP(HBIX MarHUTOMSITKHX CIJIABOB HEBO3MOXKHA 0€3
MMOHUMAaHHUS TPOTEKAIONMX B HUX MPOIECCOB HamarHuuuBaHus. HaOmioneHue moOBEpXHOCTHOM
JIOMEHHOW CTPYKTYphl HE BCErJa BO3MOXHO W HE JaeT MOJIHYI0 WH(OpMAIMI0O O Tpoleccax
HAMarHM4uMBaHUs W TlepeMarHuYMBaHus. TemM He MeHee, CHCTEMAaTHYEeCKUE HCCIeI0BaHUs
OBICTPO3aKAIICHHBIX MAarHUTOMSTKUX CIUTABOB TIOKa3aJid, YTO TaKylo HH(POPMAIMIO MOXKHO
MOJYYUTh M3 aHaldu3a 3aBUCHUMOCTH oOcTaTouHoM wuHAyKuuu (B;) ot makcumanbHOU (By),
MMOCTPOEHHOM MO pe3ybTaTaM U3MEPEHHUSI YACTHBIX METeNb TUCTEPE3uca.

Ha puc. la mokazana 3aBucumocTh B((B.), m3mepennas nns amopduoro crnaBa Fe-B-Si-C,
KOTOpast SIBJISIETCS TUIUYHOW A ObICTpO3akaleHHBIX cIutaBoB [1,2]. OcHOBBIBasiCh Ha pa3HOU
crenenn cradwmm3anuu 180- m 90- TpamyCHBIX JOMEHHBIX TPAHUIl, MOXHO 3aKIIOYHUTh, YTO
JIMHEHBIN ydacTok (1 Ha puc. 1a) coorBeTcTBYeT cmenieHUio 180-rpanyCHBIX JOMEHHBIX TPAaHMUII,
MMOCKOJIBKY OHH CTAOMJIM3UPOBAHBI JIUITL B 00beMe TpaHuilbl. Cmenienne 90-rpagyCHBIX JOMEHHBIX
TpaHMIl, CTAOMIM3UPOBAHHBIX B 00BEME JJOMEHA, TPUBOANUT K OTKJIOHEHHUIO 3aBUCUMOCTH B((B.,) oT
JIMHEHOM (Yy4acToK 2).

a) 0)
0,4 BrS . . 0,51
0,3 0,44
B.180
0,3
m b
mk CQd 0,2'
0,1 T o  o°
1 2 3 0,1 T L ,—= O v Ve
0,0 T T T 0,0 T T T
0,0 0,5 1,0 1,5 0,0 0,2 0,4 0,6
B Tn B ., Tn

Puc. 1. TunuyHas 3aBUCHUMOCTh OCTaTOYHOM HMHIYKIMH OT MAaKCHUMaJbHOM i 00pa3IoB
MarHUTOMATKUX aMOpP(HBIX CIUIABOB () W aHAJOTM4YHAs 3aBUCUMOCTh Ui aMOp(HOro
MarHUTOMSTKOTO CIUIaBa Ha ocHOBe KoOanbTa cucreMbl Co-Fe-Ni-Cr-Si-B mocne repmooOpaboTku

(6)

["'opu3oHTanBHBIN y4acTOK (Y4acTOK 3) COOTBETCTBYET OOpaTHUMOMY BpAIllEHUIO HAMAarHUYEHHOCTH
W3 HalpaBJICHUA MNCPICHAUKYIAPHOrO K IJIOCKOCTH JICHTHI B €€ IJIOCKOCTD. rpaHI/II_IBI Y4acCTKOB,
IMOKa3aHHBbIC Ha pHC. la mo3BoistIOT BBIJACINUTH 06HaCTI/I MarHUTHOH HWHAYKIWA U I10JIsI, B KOTOPBIX
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MpollecChl HAMATHUYUBAHUS UAYT MPU CMELIEHUU OMPENENIEHHOIO TUIa JOMEHHBIX TpaHUl] WIH
BpAaIIeHUs] HAMarHU4EHHOCTH.

Ha puc. 106 mpexacraBieHa 3aBHCUMOCTh OCTAaTOYHOM HWHIYKIIMA OT MaKCHUMaJIbHOM IS
aMop(HOTO CIUIaBa Ha OCHOBE KoOasibTa ¢ OJIM3KOI K HYJII0 MarHUTOCTPUKIIMEH HACBIILIEHUS 110CIIe
tepmoooOpadoTku (TO) ma Bosmyxe mpu 380 °C ¢ WIMTENBHOCTBIO M30TEPMUYECKON BBIIEPIKKH
8 MuH. BumHo, uyrto nmo 3HadeHuss B,,=0,5 Ta kpuBsie By(B,,) umeror cranmaptasii Bum. Ilpu
OONBIIMX UWHAYKIMSIX HAONIONAIOTCA YYacTKH PE3KOro pocTa OCTATOYHOM MHIYKIUU MpU
MIPaKTUYECKN HEU3MEHHBIX 3HAYCHUSIX By, DTO CBUAETENBCTBYET O TOM, YTO MPOLECCHl BPALLECHUS
HAMarHWYeHHOCTU B JICHTaX aMOP(HBIX MAarHUTOMSTKUX CIUIABOB MPOTEKAIOT MpPU HATUYUU
JIOMEHHOM CTPYKTYpbl B IUIOCKOCTH JIEHTBI J0 OKOHYaHUS MPOLIECCOB CMEIIEHUS JOMEHHBIX
rpanul. Pe3koe Bo3pacTaHME OCTATOYHOM MHAYKIIMU CBA3aHO C MPOLECCaMHU HAMAarHWYMBAHMS,
KOTOpBIE OCYILIECTBIISIFOTCS cMmelieHneM 180-rpanyCHbIX JOMEHHBIX I'paHULl, IPAaKTHUYECKU HE
CTaOUITU3UPOBAHHBIX JIOMEHAMH C OPTOTOHAJIHHOW HAMAarHMYEHHOCTHIO B 9TOM HHTEPBAJIC MOJCH.
CryneHyaTblie IEpEeX0Abl OT OJJHOTO Y4acTKa
pe3Koro Bo3pacTaHus B, k Apyromy Toxe
HOCSIT JIMHCWHBIA XapakTep U MOTYT OBITh
WHTEPIPETUPOBAHBI, HAIIPUMEDP, NCUE3HOBE-
HUEM KJIMHOBHJIHBIX JOMEHOB C OOpaTHOM
HAMarHWY€HHOCTbIO B  LEHTPAIBHOW W

TOpLEBOM yacTsax obOpasma (puc. 2).
VYMeHbBIIIEHUE YHCcIIa AOMCHHBIX T'paHMHII,

Ocb 1€eHTBI

Puc.2. Bug HOBepxﬁTHoﬁ ;[OMeHH0=171 CTPYKTYpPBI
00pa3roB JIEHTHI amMOp(HOTO CIJIaBa CHCTEMBI
Co-Ni-Fe-Cr-Si-B  pasmepamu  15:1000,020 mm  THBAHWSL B PE3YJILTATC  aHHUTHIIALNAHN
nocie TO npu 350 °C ¢ [IdTeNBbHOCTHRED AOMEHHBIX TPDaHHUI KIIMHOBUIHBIX JTOMEHOB
M30TEPMUYECKON BBIICPKKH 15 MHUH B cpefHel (a) ¢ pocToM ToJisE CIOCOOCTBYeT — IOCTe-

1 TopueBoi (0) yacTsax oOpasua: B NPOJOJIBHOM  [eHHOMY MNEpeXxoay K OUCTaGHIBHOMY
moze 0,8 A/m (a) u 15 A/m (0)

Y4acTBYIOUIUX B IIpollecce IepeMarHu-

cocTosHHIO [3-5].

PaGora BeIMONHEHAa TpU YacTUYHOW (DUHAHCOBOW TMOMANEPKKE TMPOEKTOB MUHHCTEPCTBA
obpazoBanust PO Ne2582 u Ne(032

JlutepaTtypa

[1]. Cxkynkuna H.A., IBanoB O.A. Marautomsarkue Matepuainbl. DU3ndecKue BO3ACHCTBUS U MarHUTHBIC
cBoiicta// Lambert Academic Publishing. 2010. 404c.

[2]. Cxynxkuna H.A., HBanoB O.A., CrenanoBa E.A. OueHOuUHBI pacdeT paclpeacIeHHs
HaMarHWYCHHOCTH B JICHTaX aMOp(HBIX MarHUTOMATKuX cruiaBoB. // W3B. PAH. Cep. ¢usz. 2001.
T.65. Nel0. C.1483-1486.

[3]. Gonzalez J., Kulakowski K., Aragoneses P., Blanco J. M., and Irurieta E. Stress dependence of
bistability in a zero-magnetostrictive amorphous wire // J. Mater. Sci. — 1995. — Vol.30. - P.5173.

[4]. Zhukov A., Garcia-Beneytez J. M., Vazquez M., Hernandez J. M., Zhang X.X. and Tejada J. Critical
behaviour of magnetic bistability in amorphous ferromagnetic materials // Proceedings of IV
Internation Workshop, Santiago de Compostela, Spain. -1997. - P.149-153.

[5]. Ipatov M., Zhukova V., Zvezdin A. K. and Zhukov A. Mechanisms of the ultrafast magnetization
switching in bistable amorphous microwires // J. Appl. Phys. — 2009. -Vol.106. - P.103902.
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INVESTIGATION OF THE ANGULAR DEPENDENCE OF SPIN-WAVE RESONANCE
SPECTRUM IN INHOMOGENEOUS FERRITE-GARNETS FILMS
Zyuzin A.M., Bakulin M.A., Radaykin V.V., Yantsen N.V.
National Research Mordovia State University, 430005, Saransk, Russia
e-mail: nikitos13rus @mail.ru

HCCJEIOBAHME YI'JIOBBIX 3ABUCUMOCTEM CHHEKTPOB CITMH-BOJTHOBOI'O
PE3OHAHCA B HEOJHOPO/JHBIX IINIEHKAX ®EPPUTOB-T'PAHATOB
3103uH A.M., bakyann M.A., Panaiikun B.B., dnuen H.B.
Hayuonanvnoui uccnedosamenvcruti Mopooseckuii 2cocyoapcmeentulil yuusepcumem um. H.11.
Ocapésa, 430005, e. Capanck, Poccus.

[{enpro HAcTOSIIEH PabOTHI SBJISIIOCH MCCIICIOBAHUE YIIIOBBIX 3aBUcUMOcTel criekTpoB CBP B
HEOJHOPOJHBIX IIJICHKAX, OO0NaJaouX JHMHEHHBIM pacupeeiieHueM ToJied OJHOOCHOW |
poMOnYecKkol KOMIOHEHT AaHM30TPONMU MO HX ToiuuHe. Mccrneayemble IUieHKH (eppUTOB-
rpaHaToOB OBUIM BBIPAIIEHbl METOJIOM XUAKO(PA3HOM AMUTAKCHUHM Ha TMOIJIOKKAX U3 TaJOJUHUN-
ralMeBoro rpaHara ¢  KpHcTamiorpaduueckoif mmockocthio  (110). CocTaB  mieHOK

(BiLqu)3 (FeGa)5 O,, 3amaBajcs COOTBETCTBYIOIIMM COCTaBOM PAacTBOpa B paciuiase. Perucrpanus

cnexktpoB CBP npousBoaunace npu KOMHaTHOU TeMriepatype Ha paauocnexkrpomerpe PS100.X Ha
4acTOTE MUKPOBOJIHOBOTO 1o V= 9.3 GHz.

Pacuer cemelicTBa KpHUBBIX, COOTBETCTBYIOUIMX YIJIOBBIM 3aBUCHUMOCTSAM IOJEH OJHOPOIHOTO
pe30oHaHca [ TOUYEK IJIEHKU Ha pa3InYHbIX PACCTOSHUAX OT MOAJIOKKH IPOU3BOIUIIM C IIOMOILBIO
COOTBETCTBYIOIIUX PE30HAHCHBIX COOTHOIIEHUM [ TpeX B3aUMHO MEPHEHANUKYISPHBIX
1ockocTei [1] n ycaoBHsl paBHOBECHON OpUEHTAI[MM HAMAarHUYE€HHOCTH.

Ha puc. 1 npuBeneHa yrioBast 3aBUCUMOCTD (IIOJIIpHAsi) pe3oHaHCHbIX noserd CB-mon H (GH)
B rmiockoctH (100) MepHeHINKYISAPHOH MIOCKOCTH IUIGHKH. YTom 0y, oONpencnAomnn

b b HaIlpaBJICHUC BHCIIHCTO

a b
K noist H, orcunteiBaics
L]
41 e 4 OT HOpMalH K IUICHKE,
L]
o, COBMAJIAIONIEH C OChIO
LT / i ~
8-.“.0 -'A‘ * ue %% 0 1 — - ] [110].
x; . . RIS .’ Q N y N\ G
. o a1 B — Kak BugHO M3 puc.
-- .O... £ ¢ Lo .. l. T - R ) B
3-A““ L A‘;‘ov'vvvv o‘AAO.o._l s 3-7 o 1 yFJIOBbIe
AA‘A“ o v " . 4 “A‘ _ .
o T T T tetaat i ] 3aBHCHMOCTH
AR T POORS + + v ¢ R B _ )
] . + Cc°c°o;*+ , PE30HAHCHBIX oJIeH
vevvv' © pO0g_ © "vvvv" i V
e CB-mox B II€HKax ¢
000000° Q o
2T T TR 2 ' ' ' ' - - OPTOPOMOUYECKOH
-90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90
o, grad 0, grad AHU30TPOITHEH, B

Puc. 1. YrioBsle 3aBUCUMOCTH pe30HAHCHBIX ojieit CB-Mox (a) u moneit OTIIAUNC or

OAHOPOAHOI'O PE30HAHCA AJId TOYCK IVICHKU Ha pa3JIMYHOM PACCTOAHUU OT o
ABYXCJIOMHBIX IIJICHOK C

noxnoxkn (b) B wiockoct (100).

OJTHOPOJHBIMHU  CIOSAMH
uMeroT Oosiee CIOXKHBIA XapakTep. Ha momspHON yriioBoW 3aBHCHMOCTH PE30HAHCHOE TOJIE
HYJI€BOM MOJBI IUIAaBHO Kak OBl «IepexoauT» B PE30HAHCHOE II0JIe TOCIEAHEH U3

BBICOKOMHTEHCUBHBIX MOA. M, HaoOopor, B o0nacTw, moje OIHOPOJHOTO pEe30HaHCa KOTOPOW
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OJIM3KO K PE30HAHCHOMY TIOJIO0 TIOCHeTHEH W3  BBICOKOMHTEHCHBHBIX CB-monm mnpwm
NEPIEHANKYIIIPHONH  OpHUEHTAalluM, HayuHaeT BO30yxknaTbcst HyneBas CB-moma. J[lannyio
0COOEHHOCTh MOXHO OOBSICHUTH CIEAyIOIIMM oOpa3oM. Hanuume HEOAHOPOAHOCTH B
pacmpeieieHuH MoJIe 0OJHOOCHOW U POMOUYECKONW KOMIIOHEHT aHU30TPOIUH IO TOJIIIMHE TUICHKH
IPUBOJUT K pa3IM4YMIO B XapaKTepe pacHpeleleHus IoJIed OJHOPOJHOIO pe30HaHca B
3aBUCUMOCTH OT OPHUEHTAlMM BHEIIHEr0 MarHUTHOro mnoias H OTHOCHUTENbHO IUIEHKH. JTO
WJUTFOCTPUPYIOT PHUCYHKHU CHpaBa, IJI€ IPUBEACHBl PACUETHBIC YIJIOBBIE 3aBUCUMOCTH IOJEHN
onHOpoHOTO pe3oHanca H, (0y), Ha KOTOpBIX Takke HaONIOAETCS TEepeceyeHre 3aBUCUMOCTelt

Hur’ BI/II[HO, 4TO MMECT MCCTO XOpOoHIEE COOTBCTCTBHUEC MCKAY OKCIIECPHUMEHTAJIBHBIMHU YIJIOBBIMHA

3aBUCUMOCTSIMUA PEe30HAHCHBIX Tosie CB-Mo1 M COOTBETCTBYIOIIMMH YTJIOBBIMU 3aBHCHUMOCTSIMHU
MOJIEH OJJTHOPOAHOTO PE30HAHCA JJIsl TOUEK IUIEHKH Ha Pa3JIMUHbIX PACCTOSIHUSAX OT MOMJIONKKH.

W3 monydeHHBIX pe3yabTaTOB CIEAYET, 4TO MpU HU3MEeHeHHH opueHtaunu H usmensiercs u
BEJIMYMHA UHTEpBaia oJIeH
OJIHOPOJTHOTO PE30HaHCa. DTO MIPUBOAUT
K U3MEHEHUIO grad Hiff, U KaK CJIENCTBUE

U3MEHEHMIO KOJIMUECTBA BO30YKAaeMbIX
BBICOKOMHTEHCUBHBIX CB-mon  (puc.
1,a). Pacuer cnexkTpoB CIMH-BOJIHOBOIO

pe30oHaHCa B IUIEHKAaX C OJHOPOJHBIM
rpagiueHTOM  3(QQPEKTUBHOTO  TOJIA

aHU30TPONMK  IO3BOJIMII yCTaHOBUTH
\ \ | CIIEAYIOIIEE. Pe3onanchHoe oJie
0 2 . 6 8 0 e s HYJICBOW MOJbI PACIOJIOKEHO BOJIU3H

3HAYEHMS 110JI1 OJHOPOJIHOIO pE30HAHCA

2,0

Puc. 2. PacueTHbIE 3aBUCUMOCTH OTHOCUTEILHON

MHTEHCHBHOCTH [, /T M PE30HAHCHBIX noneii /{,, CB-moy ~ Ha TIPAHHUIC BLICOKONOICBOM obsactu

. TUICHKH TKJIOHSSICH B JacTh
OT UX HOMEpPA JJId pa3IMYHbIX 3HAYCHUUN TOJIIHWHBI IIJICHKU © ’ 0 0 ¢ 06 ¢
: MEHBIINX 3HaUYE€HUM NmpuMmepHO Ha 50 +

150 Oe. Ha puc. 2 mnpuBeIeHbl 3aBHCHMMOCTH OTHOCHTEIBHOW HHTEeHcHBHOCTH 1, /Iy ¥
PC30HAHCHBIX noJieit Hn BO36y)K,Z[aeMBIX MOA OT n I INUICHOK C pPAa3jIMYHbIMU 3HAYCHUAIMU

TonmuHbl h. TaM ke IWTPUXOBBIMM TOPU3OHTAIBHBIMU JMHUSMHU BBIJCICH MHTEPBAJ U3MEHEHUS
IOJIsI OJTHOPOJIHOTO pE30HaHCAa B IUIEHKE. BHIHO, YTO MO PE30HAaHCHBIM IIOJISIM HYJIEBOW M
MOCHAEHEW M3 BBICOKOMHTEHCUBHBIX (CB-MOI MOXHO ¢ YJIOBIECTBOPUTEIBHON TOYHOCTHIO
ONpPEACIUTh TOJISI OJAHOPOAHOTO PE30HAHCAa Ha OAHOM W Apyrol rpanumax mieHkd. [Ipu stom
uaentupukanuio CB-Mozabl, TOYKa MOBOpOTAa KOTOpOM Hambosiee OnM3Ka K TpaHuUIe, a ee
pEe30HaHCHOE MoJie OJIM3KO K MO0 OJHOPOJHOIO Pe30HaHCa Ha 3TOH I'paHMIIe, MOKHO YCTAHOBHUTD
[0 XapakTepHOMY H3JIOMY (IIOJIOKEHUIO TOYKM Iepernda) Ha 3aBUCHMOCTH OTHOCHUTEIIbHOU
MHTEHCUBHOCTH, a TAK)K€ Ha 3aBUCUMOCTU PE30HAHCHOTO IOJISI OT HOMEpPA MOJbI N. DTH TOYKHU Ha
puc. 2 0003HAYCHBI CTPEIIKAMHU.

CchUIKH HA IUTEpaTypy.
[1] H. Makino, Y. Hidaka. Mat. Res. Bull.V.16, 957-966 (1981).
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DEPENDENCE OF SPIN-WAVE RESONANCE SPECTRUM IN FERRITE GARNET
FILMS ON THE GRADIENT OF THE ANISOTROPY FIELD
Zyuzin A.M., Yantsen N.V.
National Research Mordovia State University, 430005, Saransk, Russia
e-mail: nikitos13rus @mail.ru

3ABUCUMOCTD CIIEKTPA CIIMH-BOJIHOBOT'O PE3OHAHCA B IIVIEHKAX
®OEPPUTOB-IT'PAHATOB OT ' PAAUEHTA IIOJIA AHU3OTPOIINAN
3103un A.M., fAnuen H.B.
Hayuonanvnuiii uccneoosamenvcxuti Mopoosckuti cocyoapcmeenubiil yuueepcumem um. H.I1.
Oeapésa, 430005, 2. Capanck, Poccus.

HccnenoBanne 0coOEHHOCTEH CHMHOBOW JWHAMHMKM B IUICHKax (peppuTOB-rpaHaTOB
IIPEACTABIISICT HECOMHEHHBI HAay4HBId M IPAKTUYECKUM HMHTEPEC, CBA3AHHBIM C BO3MOKHOCTBIO
IIPUMEHEHHS JaHHBIX MaTE€pUaOB B YCTPONCTBAX MArHETOIEKTPOHUKH, CIMHTPOHUKH M psjie
apyrux. B Hacrosmielt paboTe uccienoBaiach 3aBHCHUMOCTh OCHOBHBIX XapaKTEPUCTHK CIIEKTPOB
CBP or BenuuuHBI TpagueHTa 3(Q(EKTHBHOrO MO AHW3OTPONHUM  grad Hiff =aHiff /az (ochb 2

COBIAJAET C HOPMAJIBIO K IUIEHKE) MPU OPUEHTALMSAX BHEIIHEr0 MOCTOSHHOTO MarHuTHOro mosst H
BJIOJIb OCH OJTHOOCHOW KOMITOHEHTBI aHU30TPOIHNH, COBIIAJIAIOIIECH ¢ HOPMAJBIO K IIJICHKE, a TAKKE
BJIOJIb OCH POMOMYECKON KOMITOHEHTHI, JIeXkKAalllel B ee TUIOCKOCTH. VccenoBaHus MPOBOIMINCH HA
MOHOKPHUCTAINTNYECKUX TUIEHKaX (eppUTOB-IPaHATOB COCTaBa (BiLqu)3 (FeGa)SOn. Perucrpanus
cnexktpoB CBP npousBoaunacek Ha paguocnexkrpomerpe PS100.X na yactore 9.3 I'Tu. Kak nokazan

aHanu3 Tpanchopmanuu crnektpoB CBP, nmpoucxoasieil npu mociaoiHOM CTpaBiIMBaHUU, TUICHKU
SBIISUTUCH HEOJHOPOJHBIMH, 00J1aast OJIM3KUM K JIMHEHHOMY paclpe/ieJIeHHeM MoJe OJHOOCHOM

Hy, upombuueckoit Hy, xoMmoHeHT aHM30TpONHY MO MX TOMIIHHE.

B skcnepumente BennuuHy grad Hliff M3MEHSUTU TIyTEM YBEJIMYEeHUsI TeMIIepaTypbl o0pasia.

ITockoapKy € pOCTOM TEMIIEPATYpPhl BEJIMYMHA MTOJISI AHU30TPOIIUY YMEHBIIAETCS, 3TO
00yCIaBIUBAeT YMEHBILICHHUE U €T0 TPaIueHTA.

Pacuer cnextpoB CBP npoBoawiics myTeM peleHus: BOJIHOBOTO YPaBHEHMS ISl IEPEMEHHON
HaMarHm4eHHocTH [1]

2
2A9 T—(H+H§ff —QJm:O. (1)
M 9z Y

D¢ dexkTrBHOE TONE AHU3OTPONUHU Hiff yuantbiBasio Bkinax Hy, w H,, u npunumamocsh
JIMHEHHO M3MEHAIOWMMCS 10 TOJILKMHE TUIeHKH HET = Bz+C.

Kak cnenyet u3 pe3ynabTaToB 3KCIEPUMEHTA U pacyeTa, MPOBEACHHBIX B HACTOsIIEH paboTe, B
IUICHKaX C JMHEHMHBIM M3MEHEHHUEM MOJIsl OJHOPOJHOTO PE30HaHCa MO UX TOJIIKHE (OJHOPOIHBIM

grad H ,fﬁ ), 3aBUCMMOCTb MHTEHCHBHOCTH MHKOB BO30YXIa€MbIX MOJ OT HX HOMEpPa MOXKHO

pa3nenuTh Ha JBa y4dacTka. [IepBbIii y4acTOK COOTBETCTBYET BO3OYKICHUIO JIOKATH30BAHHBIX MO/,
JUIS KOTOPBIX CYILECTBYET TaK Ha3blBacMasl «TOUKa MOBOPOTa» [2], B KOTOpoil BosHOBOE uncio CB-
MOJbI MEPEXOAUT OT JEHCTBUTEIBHBIX 3HAYEHUW K MHUMBIM. BTOpPOMl y4acTOK COOTBETCTBYET
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00BEMHBIM MoaaM, MHTCHCUBHOCTH IMHUKOB IOTJIOMICHUA KOTOPBIX HA MOPAOOK U 0oJiee MEHBIIIE

5 3 2 0!\ grad He, T,°C
4 'l\ 1 | \ Oe/pm
_s \J’\‘ —. JL‘\ - 40 20
Tﬁ N
dH \

~— 170 72

V\/K

L
3200

10 88

1 1
3600 4000

H, Oe
Puc. 1. Tpaucdopmanus criekrpa CBP
npu nsmenenun grad H !

IIJIOCKOCTH IIJICHKH.

MHTEHCUBHOCTEN NTMKOB MEPBOT0O y4acTKa.

Ha puc. 1 npusensenst cnektp CBP  1pm
neprneHIuKyIsapHoi oprenTtaunu H oTHOCUTENBHO MIEHKU U
ero TpaHcopmanus, MPOUCXOAsIIas TPH HU3MEHEHUU

BeJIMYMHBl  rpagueHTa. C  yMEHBIICHHEM  BEIHYMHBI
grad H{" KOJINYECTBO  BHLICOKOMHTEHCHBHBIX  MOJ
MOHOTOHHO YMEHBIIAETCS M, TPU HEKOTOPOM 3HAYCHHH,
CIIEKTp TpaHCQOPMHUPYETCA B  €JMHCTBEHHYIO JIMHUIO

nornomenus. [lomobnas xe tpancopmanus crektpa CBP
HaOII01aIach npu opueHtanmun H  Bmosb
aHU30TPOIINH,

n OCH

POMOUYECKOW KOMIIOHEHTBI JeKalmen B

Ha puc. 2 npencraBieHbl pacueTHbIE pE3yNbTaThl IO PACHPENEICHUIO IOJIOKEHUH TOYEK

moBopoTa najid BBICOKOMHTCHCHUBHBIX CB-MO,Z[ II0 TOJJIIHUHEC IIJIICHKH (KOOpI[I/IHaTe Z) n Hux

PE30HAHCHBIX TOJEH NpH pa3InYHbIX
3HauYeHUSX grad HY . BugHo, 4to ¢

YBEIIMYEHHUEM  grad H}fﬁ’ , TIOJIOKEHUS

TOYCK IMoBOpOTa CMECIIACTCA B

HU3KOAHNU30TPOIHYIO o0nacTp
IIeHKd. JIsg KaxaoW BeIHMYHUHBI

grad HY", CYIIECTBYET HEKOTOpas

TOJIIMHA (onpenensemast JTUHUER 1),
MeHbIIe KoTopod B crnektpe CBP
Oynmer BO30YXKIAThCA JIMINb OJHA
BBICOKOMHTECHCHBHAS CB-Mmona.
JlaHHBI BBIBOJ TOATBEPKIAAETCI M
pe3yapTaTaMu JKCIepUMEHTa (puc.
1).

B  pabore moxkasaHo,
pacripeieicHue PEe30HAHCHBIX MOJICH
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Puc. 2. Pacnpenenenue To4ek TOBOPOTA BHICOKOMHTECHCUBHBIX CB-
MOJI TIO TOJIIIMHE TUIEHKH (abcIucca) ¥ COOTBETCTBYFOIIUX
PE30HAHCHBIX MOJeH (OpJIMHATA) MPU PA3TUYHBIX 3HAYEHHUSIX
grad H . TIpsiMble - pacripefienicHus f7... O TOJIINUHE IICHKH.

BBICOKOMHTCHCHUBHBIX CB—MOI[ CHJIIBHO 3aBHCHUT OT BCIWYHHBI I'paJuCHTa 3(1)(1)CKTI/IBHOFO 10JIA
AHHU30TPOITUH. C ero YBCIUUYCHUEM KOJINYECTBO B036Y)KI[36MBIX BBICOKOMHTCHCUBHBIX MO

MOHOTOHHO Bo3pacrtaer. [Ipu HEKOTOpO! TONILMHE IUICHKH, 3aBUCALLEH OT IPAJMEHTA, B CIIEKTPE

PCE30HAHCHOT'O TOTJIOIICHHA BO36y)K,Z[a€TCH JMmb OJHa BBICOKOMHTCHCHUBHAA MOAA. BTOpOﬁ

MHTEPECHBIM pe3ysbTaT 3aKJII0YaeTCs

B TOM, YTO HIMPHUHA CHCKTPA - UHTCPBAJI MArHUTHBIX mojaeH

BO30Yy>KIaeMbIX BBICOKOMHTEHCHUBHBIX CB-Mox (wnm dactor mpu mocrtosHHoM H) 3aBucuT OT

BEJIMYUHBI TPATUEHTA H,fﬁ u tonumuHbl 1ieHku. OOHapyxeHHast cnernuduka crnektpoB CBP B

MAariuMTHBIX INUICHKax C OJHOPOAHBIM I'paUCHTOM MOXET MPEACTABIIATE UHTCPEC IJIA pa3pa60TI<1/I

yIpaBiiieMbIX MAarHUTHBIM TojieM CBY GuiabTpoB Ha CHMHOBBIX BOJHAX U APYTHX NPUMEHEHUH.

CcbLIKH HA JINTEPATYPY.

[1] B. Hoekstra, R. P. van Stapele, J.M. Robertson, J. Appl. Phys., V. 48, N 1, 382-395 (1977).
[2] A. T. I'ypeBuy, I'. A. MenkoB, MarauTHble koliebanus ¥ BoHbI (Dusmatiut, Mocksa, 1994).
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EFFECT OF THE PLASTIC DEFORMATION ON DOMAIN WALL PROPAGATION IN
RAPID QUENCHED C066F614Nb2_5Si12_5B15 WIRES
Morozova N.*, Semenov A., Gavriliuk A. and Mokhovikov A.
Irkutsk State University, 664003, Irkutsk, Russia
e-mail: natek@mail.ru

In this work the effect of the relative elongation during the plastic deformation on domain wall
propagation inside the core of the rapid-quenched metallic CogsFe 4Nb; 5Sij2 5B s wires with low
magnetostriction (A, = 0,2 - 10”) has been investigated. Samples of 12 cm length and 165um in
diameter were pretreated by the dc current density of 38.8 MA/m” with the simultaneous applying
of tensile stresses in the range of 0 to 181.7 MPa. Such a pretreatment led to the plastic deformation
of the investigated wires and its relative elongations versus the tensile stresses presented in the
Tab.1

The domain wall propagation was measured by the Sixtus-Tonks method. During "heating-
cooling" cycle, magnetic properties were observed the inductive method on the frequency of 1 kHz
with the simultaneous applying of the elastic tensile stresses in the range of the 0 to 165 MPa.

Table 1. The relative elongation Al/l, of samples for different value of dc current density of pretreatment j.
and tensile stresses Opye.

dc current density on pretreatment tensile stresses on pretreatment
Jore = 39.94 MA/M® pre = 93.6 MITa
o, MIla 0 468 | 93.6 | 1404 | 1872 | j, MAM 0 39.44 | 3991 | 40.75
Al/ly, % 0 0.69 1.31 1.92 4.62 Al/ly, % 0 0.77 1.54 3.70

The field dependencies of the velocity V(H) of the domain wall propagation inside the core of
the metallic CoggFe 4Nb, 5Si15B1s wire presented on fig.1.

7000 7000

V, m/s V,m/s

-0 jpe =0
- jpre = 39.91 MA/m?
—A— jpm =40.75 N[A/l’n2

&~ Gpe =0
- Ope =93.6 MPa
—— Gy = 187.2 MPa

H,A/m H,A/m
0 0
0 600 0 600

The field dependencies of the velocity V(H) of the domain wall propagation inside the wire core for samples pretreated
by constant dc current density ju. = 39.94 MA/m* with different tensile stresses (a) and constant tensile stresses Gpre =
93.6 MIlIa with different dc current density (b).

As obtained experimentally, V(H) dependencies had almost linear behaviour in the range of
applied magnetic field and this behaviour did not depend on values of plastic tensile stresses.
Increasing the plastic deformation value, the mobility of domain walls inside of the core get higher.

Given results has been interpreted by using of not only additional magnetic parameters
measurements of investigated wires, but also understanding of their magnetic structure.

This work was supported financally by RFBR (grant Ne14-08-00339-a).
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INFLUENCE OF THE PLASTIC DEFORMATION AND TEMPERATURE ON
MAGNETIC AND MAGNETOELASTIC PROPERTIES OF AMORPHOUS Fe75Si1oB1s
WIRES
Semenov A.L.*, Gavriliuk A.A., Seredkin A.S., Mokhovkov A.Yu., Morozova N.V.

Irkutsk State University, 664003, Irkutsk, Russia
“e-mail: asem@api.isu.ru

In this work the influence of the pretreatment on magnetic and magnetoelastic parameters versus
temperature has been investigated for amorphous Fe;5Si;0B1s wires. Samples of 5cm length and
110+115um in diameter were pretreated by simultaneous applying of the dc current and tensile
stresses. While the range of the dc current densities was varied from 35.4 to 44.2 MA/mz, the
magnitude of applying stresses were op= 217 MPa. For the investigated wires, such the
pretreatment led to the plastic deformation with the relative elongation Al/ly grew up to 1.83 %
(Tab.1). During the "heating-cooling" cycle (T from 20 to 330°C), magnetoelastic properties were
measured by the resonance-antiresonance method, meanwhile, magnetic properties were observed
by the induction method on the frequency of 1 kHz with the simultaneous applying of tensile
stresses in the range of 0 to 165 MPa. It should be noted thermocycling for magnetic properties
measurements was from 20 to 270°C. As obtained experimentally, the weak negative AE-effect

(about 2%) took place both as-

Table 1. Elongation dependence versus the dc current density ) .
quenched samples and wires with

retreatment.
fipres MA/M® 354 | 39.8 | 424 | 433 | 442 the low relative elongation
A/, % 0 0.17 | 0.67 1.50 1.83 (AV1y<0.2%), i.e. the elasticity

module decreased initially versus
the magnetic field. On other hand, only positive AE-effect (about 50%) was observed for samples
with the relative elongation is more than 0.67%, i.e. the elasticity module increased versus the
magnetic field.

Hysteresis loop behavior depended strongly versus the value of j,.. Then, the hysteresis loop
rectungularity increased in higher values of j,. as well as the remanence B, got higher significantly

(fig.1).
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Fig 1. Hysteresis loops at 20°C (a) and at 270°C (b) for the different value of the dc current density of the
pretreatment.

Based on this research, the model of the change distributing magnetisation inside the pretreated
wires has been builting.
This work was supported financally by RFBR (grant Ne14-08-00339-a).
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CHANGING OF MAGNETIC PROPERTIES OF NICKEL SUPERALLOYS AFTER
DEFORMATION
Davidov D.L.*, Kazantseva N.V., Stepanova N.N., Shishkin D.A.
M.N. Miheev Institute of Metal Physics of Ural Branch of Russian Academy of Sciences,
620137, Ekaterinburg, Russia
“e-mail: davidov@imp.uran.ru

NU3MEHEHUWE MATHUTHBIX CBOMCTB HUKEJIEBBIX JKAPOITPOYHBIX CILIABOB
HOCJIE JE®@OPMALIUN
HasbinoB JILI.*, Kazannesa H.B., Ctenanosa H.H., lllnmkun J/[.A.
HUncmumym ¢uzuxu memannos umenu M.H. Muxeesa ¥Ypanockoeo omoenenus Poccutickotl

akademuu Hayk, 620137 2. Ekamepunbype, Poccus

Hutepmerammndeckoe coeauHeHue NizAl co cBepXCTpykTypod Ttuma Ll,sABIsieTcs OCHOBHOU

yrIpouHstonel (a3oil KapormpOYHBIX HUKEIEBBIX CIUIABOB, MPEACTABISIONIMX BAXKHYIO TPYIITY
BBICOKOIIPOYHBIX MaTepUajIoB. DTH CIIJIaBbl IPUMEHSIOTCA JIsl U3TOTOBJICHUS TYpOMHHBIX JIOMATOK,
OTBETCTBEHHBIX U HauOojiee HArpyXeHHbIX JeTajlled aBHAIMOHHBIX U  CTallMOHApPHBIX
ra3oTypOMHHBIX YCTaHOBOK.

Jlnst pAla MHTEPMETANINYECKUX COCAUHEHUN XAPAaKTEPHO M3MEHEHUE MArHUTHOTO COCTOSHUSA
npu aedopmaruu. XapakTepHOW UYEpPTOMl TakuX HWHTEPMETALIUAOB SBISETCS TO, UTO
(heppOMarHuTHBIC AJIEMEHTHI B YIOPSJIOYCHHON CTPYKTYpPE CHUIBHO H30JMPOBAHBI APYT OT Apyra
aTomMmamMu He(eppoMarHUTHBIX 3yeMeHToB[1]. Ilpu yBenmuenun crenenu nepopmanuu 3¢phext
BO3pACTaET, TaK KAaK YBEJIUUYHMBAETCS CTENECHb PAa3yNoOpsSI0YECHHS B CTPYKTYpE, MPU 3TOM aTOMBI
(GeppOMarHUTHBIX JJIEMEHTOB COJMMKAIOTCS M MOTYT B3aMMOJEICTBOBATH JPYr C JIPYTOM.
Jlebopmarusi MOXET MPUBECTH KAaK K POCTY, TaK M K YMCHBIICHHUIO 3HAYCHHH MarHUTHOMN
BOCIIPUUMYHUBOCTH CIJIaBOB Ha ocHOBe Ni3Al[2]. Pa3nuume B moBeneHWU CIUIaBOB OOBSCHSECTCS
pa3IMYHON CTPYKTYpOM CIUIaBOB, BO3HHUKAWOIIEH B pe3ynbrare nedopmarnuu. W3menenue
MarHMUTHOM  BOCHPUMMYUBOCTH B  Pa3MYHBIX  YacTIX TYpOMHHOM  JOmaTku  Mmocie
BBICOKOTEMIIEPATYpHOH nedopMaiiui HaOIIOAANIOCh Ui HECKOJIBKUX HHUKEJIEBBIX KApOMPOYHBIX
CILIaBoB [3].

[IpakTrueckuii HHTEpEC MPEACTABISAIOT KAPOMPOUYHBIE CIIOKHOJIETUPOBAHHBIE HUKEIIEBbIC
crutaBpl. Takue crmaBel COCTOAT W3 JBYX (ha3: TBEpAOro pacTBOpa HA OCHOBE HHKENs U
ynpouHsonie uHrepmetaumaaon ¢asbr (NisAl). JlerupoBanume NizAl TpeTbUM 3JI€MEHTOM,
HampuMep, JKeJIe30M UM KoOalbTOM OKa3bIBaeT CYIIECTBEHHOE BIMSHUE HAa MarHUTHBIE CBOMCTBA
MHTEpMETAIN/IA.

[IpoBeneHo wcciaenoBaHWE MArHUTHBIX CBOMCTB MHTEepMeTauiuaa NisAl, aBoitHOro w
JETUPOBAHHOTO JKENE30M H KOOAIbTOM, TIOCIE€ WHTEHCHBHOW TUTACTHYECKOW aedopmariiu
KpyueHueM moj naBieHueM. st Bcex mccnenoBaHHBIX 00pasnoB nedopmarus (10 obopotos, 10
I'Tla) mpuBoguT K (OPMHPOBAHMIO HAHOKPHCTAIIMUECKOro cocrosHus. Ilocrme nedopmanuu
MPOUCXOAUT 3HAUUTEIIbHOE CHUKEHUE CTETICHH JIabHEro MOpsiKa, YTO MPUBOAUT K YMEHBIICHUIO
MarHuTHOM BocnpuuMYMBOCTH ciuiaBa Ni3Al, m HamaraumueHHoctu uHTepMmetamuaa NizAl-Co.
Ucxonno ¢deppomaruuthbeiii crutaB  NizAl-Fe crTaHoBUTCS TapaMarHUTHBIM @ TIPU  KOMHATHOM
TEeMIIepaType.
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ITpu mpokatke oOpaszuoB MoHOkpuctamuia NisAl-Fe npu temneparype 800°C ¢ yBennueHueMm
CTereH! JeOopMaliu TMPOUCXOAUT CHUKECHUE YNENbHONM HaMarHM4EeHHOCTH HachlmeHus. [ls
onnodaznoro Ni3(AlFe) craBa marHuTHBIA (a30BBIA TEPEXO MPOUCXOAUT IMPH TEMIIEPAType
~310K. MarnuTHbI# rUcTEepe3HC i 3TOro oopasia Hadbmoaaercs kak npu 300K, tak u mpu 2K.

Bnusiaue negopmanuu Ha MarHUTHBIE CBOMCTBAa HEOJHO3HA4YHO. MHTEHCHBHAs miacTudeckas
nepopmarust (UI1/]) kpydeHueM mon AaBIEHHWEM MPUBOAUT K 3HAUYUTEIHHOMY MOHMKECHUIO
MarHMTHON BocnpuuMuuBOCTH. [locne xonogHoi npokatku (40%) marHuTHas BOCIPUUMUYUBOCTD
ymenbmaercsa. Ilocne wucmplTaHuli Ha pacTshKeHHE, MPOBeAeHHBIX mpu Temmeparype 880°C,
MarHuTHas BOCTPUUMYUBOCTH OJHO(MA3HBIX 00pa3ioB criaBa NizAl Bo3pacTtaeT BOJM3U 30HBI
paspylLieHus.

Paznuuune B MOBEACHWH MAarHUTHBIX CBOMCTB OOBSCHSCTCA PA3JIMYHBIM XapaKTEPOM CTPYKTYpHI
crmaBa mocne nedopmanuu. Ilpoucxopsiiee Nmpu HMHTEHCHUBHOM IUIACTUYECKOH nedopmaruu
o0pa3oBaHMe HAHOKPHCTAIIMUECKOW CTPYKTYypbl (pa3mMep 3epeH B cpeaHeM 20 HM)
COIPOBOXAAETCS TOSBICHUEM MHOTOUYUCICHHBIX J1e()EeKTOB BHYTPU KPHUCTAJUIUTOB, OOJIBIIOTO
qyclia TPaHUI[ ¥, COOTBETCTBEHHO, MPUTPAHUYHBIX MCKa)KEHHBIX 00beMOB. Pe3ynbraToM siBiiseTcs
MaJieHue CTENEeHU MAalbHero MopsaKa B CIUIaBe B IEJIOM. OTOT MPOLECC COMPOBOXKAACTCA
MOHM>KEHNEM MarHUTHOM BOCIPUUMYUBOCTH UHTEPMETAINIA.

[Ipu BbIcOKOTEMITEpATYpHOU AedopMani BOJU3U 30HBI pa3pylieHHs ObUIM BUIHBI IMOJIOCHI
nedopMaIui, BHYTPU KOTOPBIX TIOBBIIICHA IUIOTHOCTH JAedexToB. MOKHO BHIETH OO0JBIIOE
KOJIMYECTBO IEpeceKaronInxcsi Ne(eKTOB YINaKoBKU. B MecTte HX mepecedeHusi BO3HHMKAET
00BEMHBIN KOMIUIEKC Ae(PEKTOB, MPEACTaBIAIONINI c000i1 006aCTh ¢ TOBBIICHHON KOHLIEHTpAIen
aTOMOB HHKENsS M HapyIIEHHBIM JAIbHUM MOPAAKOM. Takoi KoMIUIeKC Ae(EeKTOB, JOKAIHHO
o0Opa3oBaBIIMiicS B CIUIaBE€ C BBICOKOM CTENEHBIO JajbHEro MOPSAJKA, BBICTYNAeT B KauecTBE
(heppOMarHuTHOTO KJacTepa B IMapaMarHUTHOW MaTpulle. PasynpouHeHHEe HWHTEPMETALIUIHON
(a3bl NPUBOANT K MOTEPE YCTONYMBOCTH K PA3BUTHIO YCTAJIOCTHBIX TPELIMH, CHUXKAET MPOYHOCTh
MaTepuaiga Y, B JajbHEHIlIeM NpPUBOIUT, K aBapUIHOMY pa3pyUIeHHIO, KOTOPOE BO3MOKHO
NPEJOTBPATUTH MPH CBOEBPEMEHHOM OOHAPYKEHHUHU C IIOMOIIbIO MArHUTHBIX METOJIOB KOHTPOJIS.

MarautHble METO/Ibl HEpa3pyLIAtOIIEro KOHTPOJIS IIUPOKO HCIONb3YIOTCSI B IPOMBIIIIIEHHOCTH
JUIS. OLIEHKU pabOTOCIOCOOHOCTH JeTaliel, HO HE MPUMEHSIOTCA AJI M3ACTUH U3 XKapONPOUYHBIX
HUKEJIEBbIX CIUIaBOB. Pa3paboTka METOJMKM MAarHUTHOTO Hepa3pyllalouero KOHTPOJs U eé
MpUMEHEHHE TPeOYIOT 3HAHUKH O XapakTepe HW3MEHEHWHW MArHUTHONW BOCIPUUMYHUBOCTH B
pa3IMyYHBIX yCHOBHSX JAepopMalMi M O CBA3M TaKMX U3MEHEHUH CO CTPYKTYpoi
nehOpMUPOBAHHOTO CIIJIABA.

HccnenoBanue BBIOJHEHO 3a c4eT rpanta Poccuiickoro Hay4ynoro ¢onpma (mpoekt Ne 15-12-
00001).

[1] Q. Zeng, 1. Baker, Intermetallics. Vol. 15. P. 419-427(2007).

[2] B. Idzikowski, Y. V. Kudryavtsev, Y.-H.Hyun, Journal of Alloys and Compounds. Vol. 423 P.
267-273(2006).

[3] H.H. Crenanosa, [I.1. /laBeinos, A.Il. Huunmypyk, ®u3uka MeramioB u MmetamioBeaeHue. T. 112,
Ne 3. C. 328-336(2011).
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NEW SOFT MAGNETIC ALLOYS BASED ON INTERMETALLIC COMPOUNDS
Co3(W,Al) FOR HIGH TEMPERATURE APPLICATIONS
Kazantseva N.V., Davidov D.L*, Stepanova N.N., Shishkin D.A., Rigmant M.B.
M.N. Miheev Institute of Metal Physics of Ural Branch of Russian Academy of Sciences,
620137, Ekaterinburg, Russia
" e-mail: davidov@imp.uran.ru

HOBBIE MATHUTOMSTI'KHUE CIIVIABbBI HA OCHOBE UHTEPMETAJIJIMJIA
Co3(W,Al) 1J1A BBICOKOTEMIIEPATYPHOTI'O IPUMEHEHUSA
Kazannesa H.B, /laBbiioB JI.W.*, CtremanoBa H.H., lInmkun /I.A., Purmant M.B.
HUncmumym ¢uzuxu memannos umenu M.H. Muxeesa ¥Ypanockoeo omoenenus Poccutickotl

akademuu Hayk, 620137 2. Ekamepunbype, Poccus

CnnaBel cuctemsl Co-Al-W B Hacrosiiee BpeMsl paccMaTpuBarOTCAd Kak HOBBIM Kilacc
KOHCTPYKLIMOHHBIX MaTepualloB. B nurTeparype paccMaTpuBaeTcsi BO3MOXKHOCTb YIPOYHEHHS
KoOanbTOBBIX  crutaBoB Y -azoit  Cosz(ALW). DTOT UWHTEpMETaUIUI  HEAaBHO  OBLI
AKCIICPUMEHTAIBHO OOHApyXeH B JaHHOM CHUCTEME W TPEICTaBIseT OONBIIOW HAYYHBIA |
npaktuueckuii uHTepec[l]. Ilpenmomaraercsi, 4YTo KOOaabTOBBIE CIUIABBI OYyIyT COYETATh
KAPOMPOUYHOCTh HA OCHOBE KYOOWIHOW CTPYKTYpbI, QHAJIOTMYHON HHKEJIEBBIM >KapOIPOYHBIM
criaBam, U peppoMarHuTHBIE CBOICTBa[2].

KobGanpT uMeeT MIMPOKOE TPOMBIIUIEHHOE TNPUMEHEHHE W BXOIUT B COCTAaB CTajlei,
’KApOIPOYHBIX CIUIABOB M TOKPBITUH, a TAaK)KE MCIIONB3YeTCs B MPOU3BOJCTBE PAa3HOOOPA3HBIX
MarHuTHBIX MaTepuanoB. Cpeau Tpex U3BECTHBIX (eppoOMarHeTHKOB (Kene3a, HUKels U KobaibTa),
K0OaJbT UMeeT caMylo BbICOKyIo TemnepaTypy Kiopu ~1127 °C (1400 K). JlerupoBaHue MOXeT
OKa3bIBaTh CYIIECTBEHHOE BIMSHUE Ha MarHUTHBIE CBOMCTBA KapOIPOUYHBIX KOOAJIHTOBBIX CIIJIABOB.
Hanpuwmep, nerupoBanue Boidb(ppaMoM WIM allOMHHHEM CHMXKaeT Temiieparypy Kiopu TBepaoro
pactBopa Ha ocHOBe O- (I'TIK) xoOanpTa, B OMHApHBIX CIUTaBax cojepxkammx 6 ar.% Boyibdpama
temneparypa Kropu camxaercsa no 865°C [3].

Llenbio pabOTHI SBIAETCS HUCCIEAOBAaHUE MAarHUTHBIX MPEBpAICHUH U MEXaHWYECKHX CBOMCTB
crmaBoB  cucteMbl  Co-Al-W  BONM3M  KOHILEHTPAIMOHHOM  00JacTH  CYIIECTBOBAHUS
unatepmeramumaa Cos(Al,W). Xumuueckuii COCTaB UCCIEIOBAHHBIX CIJIABOB MOKa3aH B Tabmurle 1.

Tabauma 1. XuMu4ueCcKuil COCTaB UCCIIEIOBAHHBIX CIIIIaBOB, aT.%.

J(:%pan[a 1 2 3 4 5 6

Al 9 7.9 7.9 8.2 8.7 8.2

W 4.6 6.8 8.5 8.5 10 12,6
Co OCHOBa OCHOBa OCHOBa OCHOBa OCHOBa OCHOBa
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Ocnonble ¢pa3wl B cucteme Co-Al-W: 7y TBepabiii pacTBop Ha ocHoBe Co, MHTEpMETaJUIHIHBIC
¢dazer Tuna CoAl (B2) u tuma CosW (DOyg), kaxkaast U3 HUX Tak)Ke JISTHPOBaHa BOJIb(OpPaMOM HIIH
alOMUHUEM, cooTBeTcTBeHHO. [IpucyrcrtByer p-daza (CosWe). OOHapyxeHOo, YTO MOp(hoIorus
gacTull Y -¢hazer Coz(Al,W) 3aBUCHT OT conepkaHus Boibhpama B cruiaBe[4].

3aBUCHUMOCTH YACIbHON
HaMarHUYeHHOCTH o oT

—

HaIpsHKEHHOCTH MarHutHoro mosst H
Npd HaMarHuyuBanuu nao 17 kD
npencraBieHsl Ha pucyHke 1. Bce

HUCCICIOBAHHBIC 06p3.3LH>I HMCIOT

JIOBOJIBHO BBICOKYIO YACIBHYIO

3 abw N

HaMarHMYEHHOCTh HACHIIleHusI ¢ 37-80

(emu/g). Ilpu »TOM BCE WH3y4YEHHbIE = | '
CIUIaBBl ~ OTHOCSTCS K  paspsany
MarHMUTOMSTKUX MaTepHaioB.

HaGmromaercss CHWKeHHE YIenbHOM

HAMarHW4YeHHOCTH  HACBIIEHUS U
YBEIMYCHUE KOJPLUTUBHOM CWIBI C

YBEJIMUEHUE COJIep)KaHUs BoJib(ppama B
crutaBe.  OOpasoBaHHWe TpU  OTIYCKE
dazst CosW He YXY/IIIAET MATHHTHBIX Puc. 1 — Iletnu rucrepesnca 11 criaBoB cucteMbl Co-Al-W
coiicTB. [losiBienue [1-pa3pl B 6 CIuTaBe CHIKAET HAMATHUYCHHOCTH HACHIIICHUS U 3HAUYUTEIHHO
YBEJIMYMBAET 3HAYCHHUE KOOPUUTUBHOM cuibl He.

[lo TemmepaTypHOW 3aBUCHUMOCTU YJEIbHOM HAMarHUYEHHOCTH OIPEICICHbl TEeMIEepPaTyphl
Kropu ocHoBHBIX (ha3 crmaBa. Temmnepatypa Kropu ¥ -(a3sl 3aBucHT OoT copepxanus Boibhpama B
crutaBe U pactér B quamnaszone 1024 K (mns 1 crmaBa) o 1045 K(6 cra).

TakuM 00pa3oM, yBelMUEHHUE COJEp)KaHUs BoJib()pama B CIUIaBE MPUBOAUT K CTAOMIM3ALUU
yIpouHsitomie ¢as3bl, U, CIeA0BaTEIbHO, K MOBBIIICHUIO Pad0OUUX TeMIepaTyp MPUMEHEHHs TaKuX
CIUTABOB, a TaKke K yBeJIuueHuro Temrepatypbl Kiopu Yy daszel. C apyroil CTOpOHBI, MpH
YBEJIMUEHUU COJIepKaHUs BoJib(hpama B CIIaBE NMPOUCXOJUT CYLIECTBEHHOE CHIKEHUE YAETbHOU
HAaMarHMYEHHOCTH HACBIIICHHUS] U PEe3KOe YBEIMYEHHE KOAPLUUTUBHOM CUIIbI. AHAJIW3 MarHUTHBIX
CBOMCTB MaTepuaia, U3yueHHOr0 B JIaHHOH paloTe, MoKa3all, YTO MarHUTHBIE MapaMeTpbl, TaKue
KaKk KOOpUMTHBHAS CHJIa, HAMAarHWYEHHOCTb HACBHIIICHHS, OCTATOYHAas HaMarHUYE€HHOCTb,
OJIHO3HAYHO CBSI3aHBI C €r0 CTPYKTYPOl U (pa30BBIM COCTABOM.

Pabota BeimosnHeHa B pamkax rocynapcrsenHoro 3aganusg @AHO Poccun (tema «Kpucramm», Ne
01201463333) npu yactuuHoit noanep:xxkke POOU (npoext Ne 14-08-00108)

[1]J. Sato, T. Omori, K. Oikawa and I. Ohnuma, Science. Vol. 312. P. 90-91(2006).

[2] A. Suzuki, T.M. Pollock, Acta Materialia. Vol. 56. N 6. P. 1288-1297(2008).

[3] E. Wachtel, V. Linse and V. Gerold, Journal of Physics and Chemistry of Solids V.34. Ne 9. P. 1461-
1466(1973).

[4] H.B. Kazanmnesa, C.JI. Jlemakos, A.C. FOpoBckux, ®DMM. T. 117. Ne 7. C. 1-9 (2016).
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THE DOMAIN WALL PROPAGATION IN THE RAPID QUENCHED FE;5S1;0B;s WIRES
Morozova N.V., Morozov L.L., Gavriliuk B.V., Semenov A.L., Gavriliuk A.A.
Irkutsk State University, 664003, Irkutsk, Russia
“e-mail: natek@mail.ru

PACIIPOCTPAHEHUE JIOMEHHBIX T'PAHUIL B BBICTPO3AKAJIEHHBIX FE;5S11B;s
IMPOBOJIOKAX
Mopo3zosa H.B., Mopo3os U.JL., I'agpuiwok b.B., CemenoB A.JL., 'aBpuiiok A.A.
Hpkymcxuil eocyoapcmeennulii ynugepcumem, Upxymcek, Poccus

HccnenoBanuch  AMHAMUYECKHWE CBOWCTBA JIOMEHHBIX TPaHMIl B AApe OBICTPO3aKaIEHHBIX
METaJUIMYECKUX MPOBOJIOK coctaBa Fe;sSijoBis pnmunoit 0,1 M, auamerpom 110 mxm. Benuumnna
KOHCTaHThl MarHUTOCTPUKIIUU MPOBOJIOK As~30'107° . [lepen mpoBeneHrEM HW3MEPEHUI 00Opa3Ibl
MOABEPTATUCE 00PaOOTKE MOCTOSHHBIM 3JIEKTPUYECKUM TOKOM B MHTEpBaje IJIOTHOCTEH j = 41-
53,6 MA/M® Ha BO3LyXe B TeueHHE 2 MHUHYT. L{e/bl0 IpOBeneHHST 0OPabOTKH SIBISUIOCH CHSITHE
BHYTPEHHUX 3aKAJIOYHbIX HamnpspkeHuUd. J11 M3MepeHHsl MOJIEBBIX 3aBHCHUMOCTEM CKOpPOCTH
pacnpocTpaHEHHUsT JIOMEHHOM TpaHUIbl B SApE MPOBOJIOKM HCHoOdb30Basica Meron Cukryca —
Toukca [1]. VmmynbcHOE MarHWTHOE TIOJIe MPHUKIAABIBAIOCH BIOJIb JUIMHBI oOpasma. Jlms
W3MEHEHHUs TMapaMeTpoB sipa MPOBOJOKM BIOJb HX JJIMHBI MPUKIAABIBAIUCH YIIPYTHe
pacTsruBarpolye HanpsbkeHus ¢ B uHTepBaie ot 10 1o 210 MlTa.

Ha pucynke 1 npuBeaeHbl 3aBUCUMOCTH CKOPOCTH PACHpPOCTPAHEHUS JTOMEHHOW T'paHUIbl OT
aMIUIUTYIbl MarHUTHOTO TOJiE B HEOOpaOOTAaHHBIX JJIEKTPUUYECKHMM TOKOM IPOBOJOKAX MpHU
Pa3INYHBIX 3HAYCHHUSIX G.

5000 -
V, m/s
103 MPa -#-20.6 MPa -+51.5MPa -<206.3 MPa
Puc.1. 3aBucumocts V(H) B oOmactu
OTHOCHUTEIBLHO CJIA0BIX MArHUTHBIX
2500 - moiern  H<400-450A/Mm  Onuszka K
JIMHEIHOH.
H, A/
0 . il
0 300 600

JloMeHHas rpaHula XapaKTepU3yeTcs MOJBUKHOCTBIO g, ONPEAEIISIEMON 13 BhIpaXeHus [2] :
g=V/(H-Hj)

rae Hg — none crapra nomeHHo# rpanuilsl. [Ipy nanpHelmeM yBeaIndyeHUH MarHuTHoro nosst (H>
450 - 500A/m) HabmromaeTcst pOCT MOABUKHOCTH JOMEHHOW TPaHUIIbI, KOTOPBIM HanboJiee 3aMeTHO
y TIPOBOJIOK, 00paObOTaHHBIX MPU BBICOKUX 3HAUCHUsX j (puc.2). [Ipu 3TOM C pOoCTOM BEIHYHUHBI G
MOJABMKHOCTH JIOMEHHOM TPaHUIIBl BO3PACTAET.

[ToneBast 3aBUCUMOCTh CKOPOCTH PACHpPOCTPAHEHHUSI JTIOMEHHOM rpaHUIlbl B s/Ip€ MPOBOJIOKU B
cllydae ee mapaieIbHOro CMEIeHHs 0€3 U3MEeHEeHUs (POPMBI MOXKET ObITh MPEICTABICHA B BH/IE:

V(H) =g(H - H; - [n(A(K+1,5450))"" + wsin®0] /uoMsr),
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riae A — mapameTp oOMEHHOTO B3auMOAeUCTBUs, K — KOHCTaHTa MPOAOILHON aHU30TPOIIUU B SJIPE
MIPOBOJIOKH, O — yros mpu BepXyIIKe JOMEHa, PaclpOoCTPaHSIONIErocs MO APy MPOBOJIOKHU (sinf~
/], r — paguyc siipa IpOBOJOKH, [ — JymHA 0o0Opa3yloliel KOHyca), w — mapaMeTp, CBSI3aHHBIN ¢
“3apsHKEHHOCTBIO” TOMEHHOM I'paHullbl [3], HMMeEomuil pa3MepHOCTh MOBEPXHOCTHOM IIOTHOCTU
ee sHepruu. Takxum o0pa3oM, ¢ yBeTHUYEHHEM 00beMa Aapa MPOBOJIOKU, OOYCIOBIEHHOIO POCTOM
O, CIEIyeT OXHUAAThb YMEHBIIEHUS CKOPOCTH pacHpOCTpaHEHUs NOMEHHOW rpaHuibl. OpHako,
SKCIIEPUMEHTAIbHAs 3aBUCUMOCTh UMEET MPOTUBOIIOIOKHBIN XapaKTep.

Y 06pasioB, 06paGoTaHHbIX IIpH j = 53,6 MA/M B 06JIaCTH OTHOCHTENIBHO BEICOKHX MArHUTHBIX
nosieit H HaGmronanock yBenuueHue moABMKHOCTU . Takoe yBeIMueHHne g MOXKET ObITh CBA3aHO C
M3MEHCHHEM MEXaHM3Ma €€ PAcCHpOCTPaHEHUs B sApe MPOBOJOKH. B 00macTu OTHOCHUTENBHO
BbIcOKMX H sHepreruueckn 0ojiee BHITOAHBIM CTAHOBHUTCS HE MapauIeIbHOE CMELICHUE TOMEHHOU
IPaHULbl, @ BBITSTHBAHWE BEPXYIUKH JOMEHA BAOJb OCU IPOBOJIOKU. Ilpu sTOM ymeHblnaroTcs
IIOTEPU 3HEPIUH, CBA3AHHBIE C JBM)KEHUEM 3apsDKEHHBIX JOMEHHBIX I'PAaHUI B sIIpE NMPOBOJIOKHU U
MEePECTPOMKON  JTOMEHHOM CTPYKTYypbl 3a CUE€T MArHUTOYNPYIOro B3auMOJCHCTBUSA B
MPUTIOBEPXHOCTHON obOnmactu [4]. Kak creacTBue STOTO MOJABMIKHOCTH JOMEHHOW TPaHHUIIBI
BO3pacTaeT. ITUMU e MPUUMHAMU MOXKET OBbITh OOBSICHEH POCT MOABMYKHOCTH JIOMEHHON T'PaHUIIbI
MIPY YBEIMUEHUU PACTATUBAIOUINX HANPSKEHUH.

14000 - 14000 -
V,m/s V., m/s
a 0
=41 MA/m"2 =41 MA/m”2
--44.2 MA/m"2 -B-44.2 MA/m"2 .
7000 - 53.6 MA/m"2 7000 - 53.6 MA/m*~2

,.)-:!‘/:m

D)
o

1] T 1 0+ T 1
0 300 600 0 300 600

Puc.2. 3aBucumocts V(H) mis mpoBosok, 0OpaOOTaHHBIX TOKOM pPa3IUYHOM IIJIOTHOCTH, TPH
MPUIIOKEHUN PACTATUBAIOIINX YIPYTHX HaNpsOKeHWH Bo BpeMs m3mepenwmii: a — 0 MlIla, 6 — 206.3
MIIa.

WccnenoBanus BeINONHEHHI pu puHaHCOBOM noaepxke pouna PODU (mpoekt Nel4-08-00339-

a).

[1] Nderu N. Switching mechanism in Co-based amorphous wire / N. Nderu, J. Yamasaki, F.B. Humphrey //
J. Appl. Phys. — 1997. — V.81. - P. 4036-4038.

[2] Spain R.J. Threshold fields for domain tip propagation / R.J. Spain // IEEE Trans. on Magn.- 1967. - V.
3, Ne 3. - P. 334-338.

[3] Jones G.A. Domain wall lying at arbitrary angles to the easy of thin uniaxial magnetic films / G.A. Jones,
B.K. Middelton // Phys.Stat.Sol.(a). - 1970. - Ne 3. - P. K 259- K 262.

[4] Gavrilyuk A.A. Magnetoelastic coupling in magnetostrictive ferromagnetic wires / A. A. Gavrilyuk, A.
Yu. Mokhovikov, A. V. Gavrilyuk, N. P. Kovaleva, and B. V. Gavrilyuk // Phys. Met. Metallogr. - 2005. - V.
99. - P. 348-353
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THE INFLUENCE OF DEOMAGNIZATION FACTOR AND THE SLOPE OF THE
EASY MAGNETIZATION EXIS ON AE-EFFECT AMORPHOUS METALLIC RIBBONS
FegsCo21B1s
Gafarov A.R., Semenov A.L. Morozova N.V., Zubritsky S.M., Gavriliuk A.V., Golygin E.A.,

Gavriliuk B.V., Mokhovikov A.Yu., Gavriliuk A.A.
Irkutsk State University, 664003, Irkutsk, Russia
*e-mail: zubr@api.isu.ru

BJIUSIHUE PASMATHUUYUBAIOUIEI'O ®PAKTOPA U YI'JIA HAKJIOHA OCH
JIETKOI'O HAMATHUUYUBAHUS HA AE-D®@PEKT AMOP®HBIX
METAJIVMIMMECKUX JIEHT FeC0,1B15s
I'agapos A.P., CemenoB A.Jl., Mopo3oBa H.B., 3yopunkuii C.M.
I'aBpuinwok A.B., I'oabirun E.A., I'apuimiok b.B., MoxoBukoB A.1O., 'appuinok A.A.

Upxymckuu eocyoapcmeennsiii ynugepcumem, 664003, Hpkymck, Poccus

B pabote mccnenoBaHo BIMSHUE pa3MarHUYMBAIONIECTO (paKTOpa M yIiia HAKJIOHA OCH JIETKOTO
HAMarHMYWBaHUsl HA BEJIMYUHY U3MEHEHUS MOJIYJIS YIPYTOCTH B MarHUTHOM molie (AE-3¢dekra)
aMop(HBIX MeTamu4yeckux JeHT cocTaBa FegCoyBis, ¢ KOHCTaHTOW MarHUTOCTPUKIIMH
As=(25+30)10°,

B pesynbrare mnpoBeneHHs TpEeNBApUTEILHON TEPMOMArHHUTHOW 0O0pabOTKHM B aMOpQHBIX
METAJIMYECKUX JIEHTaX HAaBOJUTCS OJIHOOCHAs AaHU30TPOIHUS BAOJIb JIMHUW TPUIOKECHUS
MarHiuTHOTO MoJs. Eciu mpenMyIiecTBeHHBIM MPOIIECCOM TMEePECTPOUKH TOMEHHOU CTPYKTYPHI B
pe3ynbTaTe MPOBENCHUS TEPMOMATHUTHOW 0OpabOTKM SBISIETCS MOBOPOT HAMATHUYCHHOCTH B
JOMEeHax, To B oOpasue Bo3HHMKaeT orpuuarenbHblii AE-s¢dekra. IIpm sTom MakcumanbHOE
abcomoTHOE 3HaueHHe orpunarenbHoro AE-s¢d¢dexra 3aBUCHT OT BENTUYMHBI TOJS HaBEIECHHOU
OJTHOOCHOUM aHm30Tponuu. Eciam e OCHOBHBIM MEXaHM3MOM HAMATHUYHMBAHUS JICHT SIBJISCTCS
MPOLIECC CMEILEHHUS TOMEHHBIX T'PaHMIl, TO HAOJI0IaeTCsI MOHOTOHHBIM POCT MOJYJISl YIIPYTOCTH B
MarHuTHOM ToJie (mosioxkuTenbHbid AE-3¢ddexr).

B nacTosimieit padote 06pasiiel B BUie y3Kux mojocok mmuHoi L = 0.06 — 0,02 M, TommuHoi 25
MkM # 1mupuHod (0.0009-0.001 ™, BbIpe3aHHBIE BAOJIb OCH NPOKATKHM HWCXOJHOM JIEHTHI,
TI0/IBEPraIiCh TEPMOMATHHTHOI 00paGoTke B Bakyyme 10~ MM. PT.CT. B MHTEpBaie TEMIEpaTyp
T,,=270°+330°C B teuenue 20 MunyT. [locToOsIHHOE MarHUTHOE TOJI€ BeIUUUHOU H ) =7- 10* A/m
B Ipolecce 0OpaboTKHM OPHEHTHUPOBAIOCH MOA paszauuHbiMu yrinamu 6 (ot 0° mo 40°) mo
OTHONICHHUIO K HAMIPABJICHUIO, IEPIICHINKYIISIPHOMY JJIMHE TIOJIOCKH.

N3mepenne AE-3ddexra mpoBoaMIOCH METOJOM PE30HAHCA — aHTUPE30HAHCA.

Ha pucynke 1 mpuBenensl 3aBucumoctu AE — addexra ot H ms 06pas3iioB pa3nmudHON IJTUHBI,
npomeamux oopadorky mpu T,, = 270°C u 6 = 0°, 30° . IIlpu ymenbimiennn L mposBisercs
TEHJCHIMS K YBEJIMYEHUIO TMOJS  JOCTHUKEHHMS MAaKCHUMAallbHOTO aOCOJIOTHOTO 3HA4YEeHUS
orpunarensHoro AE — addexra. AHanorudHbie pe3yabTaThl MOMYUEHBI U TS APYTUX 3HaYeHUH T,
u 0. YBenuueHue Mo AOCTIXKEHHSI MaKCHUMAJIbHOTO 3HaueHHs oTpunareinbHoro AE — addexra
MIPY YMEHBIICHUU JUIMHBI 00pasiia MOKHO CBSI3aTh C pOCTOM 3(P(GEKTUBHOTO TOJS aHU3O0TPOIUH B
pe3ynbraTte  yBeNIMYEHHUS — pa3MarHuuuBaromero  (Qakropa  oOpasma.  Takoit  pesymnbTar
CBUJETEIHCTBYET O 3HAYUTENIbHON pOJNIM MEXaHM3Ma MOBOPOTa HaMarHMYEHHOCTH B Tpoleccax
MEePECTPOUKHN TOMEHHOM CTPYKTYpBI JIEHT, 00pabOTaHHBIX MMPU OTHOCUTENBHO BBICOKHUX 3HAYEHUSX
yraa 6. BwmecTe ¢ TeM BeIMYMHA MO JAOCTHXKEHHS MAaKCUMAJIbHOTO aOCOJIIOTHOTO 3HAYECHUS
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orpuniarensHoro AE — sddekra ymenpmraercss npu ymeHblneHuu yriaa 0. Ilpu stom ero
MaKCHMaJIbHOE a0COTIOTHOE 3HAUCHUE TAK)KE YMEHBIIACTCS.

02 [ g, 02 [ AR/E,
0.1 | 0.1
0 0
0.1 0.1
0.2 0.2
03 - 03 -

Puc.1 TlonmeBpie 3aBucumoctn AE-addexra amopdHO MeTamMuecKol JIEHTHI Pa3TuIHOU
mHbl coctaBa FegsCo, B s, mpormienieii repmomarautHyto oopadotky mpu 7, =270°C. a-6 = 0°,
0-30°.L=m-0.06 M, A—0.05 ™, ¢ —-0.04 M, 0 —0.03 M, A —0.02 m.

Takoe ymeHbIIEHHE MOXHO CBA3aTh C T€M, YTO MpPH YBEIMYEHUU yria § 3HAUYUTENbHYIO POJb
HAaYMHAIOT UTPaTh IPOLIECCHI CMEIICHUS JOMEHHBIX TPaHUIl, KOTOPbIE BHOCAT BKJIaJ B POCT MOJYJIS
YOPYroCTH. YBEIUYEHHUE MOJsI JOCTHXKEHHS MaKCUMaJIbHOTO 3HA4YeHHsl oTpuiareinbHoro AE —
s¢deKTa npu yMEHbLICHUN JITUHBI 00paslia CBsI3aHO, 10 BCE BUAMMOCTH, C pOCTOM 3((HEKTUBHOTO
TIOJIsSI aHU30TPOINH B PE3yNIbTaTe YBEIUUCHHS pa3MarHMUMBaOIIero akropa oopasia.

Eme omanM BaxxHBIM (hakTOpOM, BIUSIOMMM Ha 3aBUCUMOCTH AE — addexra ot H u 6 sBasercs
npouecc kpucraumzanud. B nentax coctaBa FeqsCo,1Bjs HauanpHble CTaauM KpUCTALIA3ALUU
IPOTEKAIoT B HHTepBane Temieparyp Harpesa 290° -320°C. Taxum oGpa3om, JIeHTbI, 00paboTaHHbBIE
npu T,y = 3300C, HaxomATCsI B amMOp(PHO - KPUCTAJUIMUYECKOM COCTOSHHH. BO3HUKHOBEHHE
KPUCTAJUINYECKON (Da3bl COMpPOBOXKIACTCA pa3pylICeHUEM HaBEJACHHOW MarHUTHOH aHU30TPOIIUH,
YTO MPHUBOJUT K U3MEHEHHIO OCHOBHOT'O MEXaHHM3Ma HAMATHUYHMBAHHS 00pa3la U K peann3aliu
nonoxutenbHoro AE — s dekra.

MoHO cnenatb BBIBOJ O TOM, YTO MOJETh MOBOPOTAa HAMATHUYCHHOCTH ISl aMOpQHOU
METAJTNYECKOM JIeHThI cocTaBa FeqsCo,1B 5 ¢ HaBeIeHHON OJJHOOCHON aHU30TPOIUEH OCTaeTcsl, B
MIPUHIIMIIE, CIIPABEUIUBOM, €CIM YroJl HakjOHa OCH JIETKOTO HaMarHWMYMBaHUS MO OTHOIICHUIO K
HaIpaBJICHUIO TEPICHANKYIIPHOMY JUIMHE TIoJIocKH 0530k kK 30° - 40°, a cama JIeHTa He TpoIia
CTaJIMI0 0ObEMHOM KpHUCTATU3ALINH.

UccnenoBanust BhIMOIHEHB TpH (uHAHCOBOM mojaepkke ¢ouga PODU (mpoext Nel4-08-
00339-a).
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METAMAGNETIC TRANSITION IN FERRIMAGNET TmCo4Al:
SINGLE-CRYSTAL STUDY
Andreev A.V.l*, Skourski Y.z, Gorbunov D.L.'? and Isnard 0.>*
Institute of Physics, Academy of Sciences, 182 21 Prague, Czech Republic
’Dresden High Magnetic Field Laboratory (HLD-EMFL),
Helmholtz-Zentrum Dresden-Rossendorf, D-01314 Dresden, Germany
IUniversité Grenoble Alpes, Inst NEEL, BP166, F-38042 Grenoble, France
“CNRS, Institut NEEL, rue des Martyrs, F-38042 Grenoble, France
“e-mail: a.andreev@seznam.cz

Intermetallics RCos (R is a rare-earth metal), the first generation of rare-earth permanent
magnets, present considerable interest from the fundamental viewpoint due to their simple
hexagonal crystal structure of the CaCus type (space group P6/mmm). The simplicity of the crystal
structure makes them more suitable for theoretical studies than other related compounds with much
more complicated structures. Due to lanthanide contraction, the stability of this structure decreases
along the R series. In order to stabilize the CaCus structure, a shift of the composition from the
exact 1:5 stoichiometry is needed for R behind Gd, which occurs by a statistical replacement of one
R atom by a pair Co atoms. Stable compositions are TbCos ;, DyCos 3, HoCoss. The compounds
with R = Er and Tm with almost 1:6 stoichiometry can be obtained only as a secondary phase in
very fast cooled samples. For this reason, they have never been studied properly and cannot be
compared with the other RCos compounds. A partial replacement of Co by Al with a larger atomic
radius compensates the effect of lanthanide contraction, and compounds RCo4Al with the CaCus
structure exist for all rare-earth elements including R = Er and Tm [1]. Therefore, a systematic
study of the whole RCo4Al series can be performed. Some RCosAl compounds were studied only
on polycrystalline samples whereas strong magnetic anisotropy of these compounds requires high-
quality single crystals for measurements of magnetization and other electronic properties.

In this work the high-field magnetization measurements have been performed in pulsed (up to 60
T) and in steady (up to 14 T) magnetic field applied along the principal axes of a single crystal
which was grown by a modified Czochralski method in triarc furnace.

TmCo4Al is a ferrimagnet with Curie temperature 7¢c = 490 K and spontaneous magnetic
moment My = 2.1 ug per formula unit (at 4.2 K) directed along the ¢ axis. The Tm sublattice
dominates at low temperatures but weakens with increasing temperature faster than the Co
sublattice, so above the compensation point Tomp = 87 K the total moment is along the Co
sublattice. The magnetization exhibits characteristic field and temperature hysteresis (Fig. 1, 2).

It was found that the compound undergoes a sharp metamagnetic transition with critical field of
29 T (at 4.2 K) applied along the ¢ axis which corresponds to rotation of the Co sublattice (Fig. 3).
Magnetic moment of the Co sublattice (under the assumption of collinear antiparallel arrangement
of the Tm and Co sublattices in the ground state) can be determined from the difference between 7
Us (moment of Tm>* ion) and M; as 5 Uug. Therefore, the observed magnetic moment 12 g after the
metamagnetic transition corresponds to the forced ferromagnetic arrangement of the sublattices (M
= Mnw+Mc,) and no more transitions should be expected in higher fields. The critical field of the
transition decreases with increasing temperature and becomes zero at Tcomp. Above Teomp Where the
Tm sublattice is antiparallel to the field direction, no transition is observed (Fig. 4). However, the c-
axis susceptibility dM/dH is much larger than below Tcomp. It points to a continuous rotation of the
Tm sublattice toward the magnetic field, in contrast to the first-order process for the Co sublattice.
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Fig. 1. Magnetization curves along the main axes of
the TmCo4Al single crystal at 4.2 K. For the easy ¢
axis, the hysteresis loop is also shown. The inset
displays temperature dependence of coercive field.
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Fig. 2. Temperature dependence of magnetic

moment measured at cooling and heating in field of

0.1 T applied along the c¢ axis, and of the
spontaneous moment M. The inset shows M(T) in

0.02 T in vicinity of Tc =490 K
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Fig. 4. Temperature evolution of the magnetization

curve in pulsed fields along the c¢ axis.

The a-axis magnetization process is featureless up to maximum applied field. At 58 T, the a-axis

magnetization reaches less than half of the c-axis value reflecting very large magnetic anisotropy.

The high-field behavior of TmCo4Al is discussed in comparison with results on other

intermetallics of Tm with 3d-metal recently studied on the single crystals (Tm,Co;7, TmyFe,7,

TmF65A17).

[1] H. Ido, K. Konno, S.F. Cheng, W.E. Wallace, S.G. Sankar, J. Appl. Phys. V. 67, P. 4638

(1990).
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COMPARISION OF MAGNETIC PROPERTIES OF TmAIl3(BO3)4 and TmAl 75S¢o25(BO3)4
CRYSTALS
Gudim Irina A.", Eremin Evgeniy V., Temerov Vladislav L., Volkov Nikita V.
Kirensky Institute of Physics, Siberian Branch of RAS, Krasnoyarsk 660036, Russia
e-mail: bezm@iph.krasn.ru

Rare earth alumoborates, RAl;(BO3), (R=rare earth, Y) belonging to the trigonal system with
space group R32 have recently been studied because of a large magnetoelectric effect observed in
HoAl3(BOs3)4[1]. The growth of single crystals of TmAI;(BO3)4 and their structural properties have
been described recently.

In [1], it was shown that the magnetoelectric effect increases with the decrease of the magnetic
anisotropy. We had planned to reduce the magnetic anisotropy due to the substitution of AI’* ions
by Sc’* ones. These crystals were grown.

Then we have been carried out investigations of the magnetic properties of trigonal
TmAl,75S¢o25(BO3)s single crystals in dependence on characteristics of small (A13Jr and Sc3+)
cations. The magnetic and magnetoelectric properties were measured on a PPMS-9 facility in the
temperature range 3—300K and magnetic fields up to 90 kOe. The magnetization of the thulium
alumino-scandoborate crystals attains 25000 emu/mol, which is lower than the value obtained for
thulium alumoborate.

60

F TmA](BOR)4 30000 TmAl Sc (BO )
_ 257705 374
50 H (T=3K) /
H/(T=3K)
= 40} —H (T=295K) /’/ =
¥ H (T =295K) / £ 20000 -
b5 20 N 10000 |
] g
= 2
10 - =
0
0
L L 1 " | N 1
0 40000 80000 0 40000 80000
Field (Oe) Field (Oe)

A B

Fig. 1. Comparison of magnetizations of TmAIl3(BO3)s (A) and TmAl; 755¢25(BO3)s (B) measured
at 3K and 295K for two direction of field

This study was supported by the Russian Foundation for Basic Research, project no. 13-02-
12442, no. 14-02-00307 and no. 15-42-04186.

[1]K.-C. Liang, R. P. Chaudhury, B. Lorenz et al. Journal of Physics: Conference Series. 2012. 400. 032046
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PECULIARITIES OF MAGNETOCALORIC EFFECT
IN ALTERNATING MAGNETIC FIELDS
Aliev A.M.l*, Batdalov A.B.l, Khanov L.N.l, Gamzatov A.G.l,

Mashirov A.V.z, Kamantsev A.P.z, Koledov V.V.z, Shavrov V.G.>
'Amirkhanov Institute of Physics of DSC RAS, 367003, Makhachkala, Russia
Kotelnikov Institute of Radio Engineering and Electronics RAS, 125009, Moscow, Russia
*e-mail: lowtemp @mail.ru

OCOBEHHOCTHU MAI'HUTOKAJIOPUYECKOI'O DOPEKTA
B IEPEMEHHBIX MAT'HUTHBIX ITOJIAX
AJineB A.M.l*, Batnanos A.B.z, XaHoB .JI.H.I, I'am3aToB A.F.l,
Mammpos A.B.z, Kamanuesn A.l'[.z, Koaenosn B.B.z, HIaBpoB B.I'.2
' Hnemumym @usuxu un. X. M. Amupxanosa JHL] PAH, 367003, Maxauxana, Poccus
° Huemumym paduomexnuxu u snexmponuxu um. B.A. Komensnuxosa PAH, 125009, Mocksa,
Poccusa

B nmnocnegnee Bpemsi HaOmomaeTcs OONBIION WHTEpPEC K TOMCKY W HCCIEIOBAHHIO
MarHUTOKaJOPUYECKHX MAaTE€pPUAIOB JJIsi TEXHOJIOTMH MAarHUTHOTO OXJaxneHus. J[o HacTosiiero
BPEMEHHU TOUYTH BCE MCCIICOBAHMS MAarHUTOKAJOPUUYECKUX CBOMCTB MaT€pPUAIOB IPOBOIUIUCH UITH
MPU KBa3UCTAIIMOHAPHBIX TOJISAX, WM MPU PA30BbIX IIUKJIaX U3MEHEHUS MarHUTHOTO TIOJIA.

MarsuTokagsopuyecKue CBOMCTBA MaTEPHAIOB B IEPEMEHHBIX M TTOCTOSTHHBIX MAarHUTHBIX TTOJISX
MOI‘YT CYH_IGCTBGHHO pa3quaTLc;1 II0 HECKOJIbBKUM HpI/I‘-II/IHaM, K KOTOpBIM MOXHO OTHECTHU
peHaKcaLII/IOHHBIe SABJICHUSA HpI/I Hpoueccax HaMaron4imuBaHUA, H€O6paTI/IMOCTB I/IH,Z[yI_II/IpOBaHHBIX
MAarduTHBIM IT1OJIEM MaFHI/ITOCprKTypHBIX HGpGXOI[OB, BCJIIMYUHNHA Tennonepe;[aqu 148 I[p.

B nanHoMm nokiiazne mpuBeneHbl pe3ynbTaThl ucciaegaoBaHuss MKD B pa3iMuHbIX MarHUTHBIX
Marepuanax, Bkimodas Gd, crura FeRh, crmaser [Neficnepa Ni-Mn-In-(Co), paznudHbie cOCTaBbI
MaHrauuToB Ln; xAxMnO; (Ln-peako3eMenbHbld 3JEMEHT, A-IEeJI0YHO3EMEIbHBIA AJIEMEHT) B
MEPEMEHHBIX MAarHUTHBIX MOJAX aMIUIUTynou 1o 8 Tn mamoi wacrotel (o 0.2 I'm), a Takxke B
nomsix vactoro g0 20 I'm m ammurymou mons 0.62 Tn. IlpuBeneHsl Takke pe3yiabTaThl
HCCIICOAOBAHUSA TCIIJIOBOT'O pacumpeHHﬁ n MaFHI/ITOCTpI/IKI_II/II/I 9TUX MaTepI/IaJIOB, B TOM YHUCJIC B
HCpCMGHHBIX MAar"dmTHBIX I1IOJIAX. I/ICC.HGI[OBaHI/IG MK3 nu MaFHI/ITOCTpI/IKI_II/II/I B OJWHAKOBBIX
YCIOBHSIX  TO3BOJIIET  OOBSCHUTHh TUTaHTCKylo BenmnunHy MKD B marepumanmax ¢
MarHUTOCTPYKTYPHBIMH (pa30BBIMH TEPEXOAaMU U OLICHUTHh BKJIAJbl MarHUTHOM M pEIIETOYHOU
noacucteM B obmuii MKD. B noknage mpuBefeHO Takke OOBSCHEHHME MOSBICHUE OO0IacTei
HEOOPAaTUMOCTH MHIYIIUPOBAHHBIX MArHUTHBIM ITOJIEM MarHUTOCTPYKTYPHBIX (Da30BBIX MEPEXOJIOB.
JlaHo oOBsicHeHHEe yMeHbIIeHHs BenuuruHbl MKD ¢ pocTOM MarHMTHOTO TOJSE B HEKOTOPHIX
MarHUTOKaJOpPUUYECKNX Marepuanax. [IpuBOASTCS HEKOTOPBIC SKCICPUMEHTAJbHBIE PE3YJbTaTHI,
CBHI[GTGJILCTByIOH_II/IC (0] I[OJIFOBpCMGHHBIX peHaKcaHI/IOHHBIX SABJICHUAX U O ;[erpaz[pr}omeM
BIIMAHUUN ,Z[O.HI‘OBpeMeHHOFO BOBHGP'ICTBHH HepeMeHHOFO MAar"dmTHOIrO 1I0OJIsI Ha CBOﬁCTBa
uccieayeMbix MaTepuanoB. [IpuBoautcs Takke 0030p UMEIONIUXCS B IMTEPAType JaHHBIX.

Ota pabora noguepxana POOU (I'pant Ne 14-02-01177).
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PRESSURE EFFECT ON MAGNETIC PROPERTIES OF R;Fe 4B ALLOYS
Neznakhin D.S.l*, Bolyachkin A.S.l, Volegov A.S.l, Nenkov K.Z, Woodcock T.G.z,
Kudrevatykh N.V.!

!'Ural Federal University, 620002, Ekaterinburg, Russia
? Leibniz Institute for Solid State and Materials Research, PF270116 D-01171, Dresden, Germany
*e-mail: D.S.Neznakhin @urfu.ru

BJIVSTHUE JIABJIEHUSI HA MATHUTHBIE CBOMCTBA CIIJIABOB R;Fe B
He3naxun I[.C.l*, Bboasukun A.C.l, BoJjeros A.C.l, Nenkov K.Z, Woodcock T.G.z,
KyapeBatbix H.B.!

"' Vpanockuii pedepansrviii ynusepcumem, 620002, Examepun6ype, Poccus
? Unemumym ¢usuxu meepdozo mena um. Jletionuya, PF270116 D-01171, Jlpesden, epmarus

HaubGonpmmii wHTEpeC B KaueCTBE MArHUTOTBEPIOTO MaTepuaia BBI3BIBACT HCCICIOBAHUE
uHTepMeTamunueckoro coeauuenus Nd,Fe 4B, mockonpky Ha ero ocHOBe B HAcToOfIIEEe BpeMs
CO3/aI0TCS BBICOKOIHEPTOEMKHE MOCTOSIHHBIE MATrHUTHI.

J.Kamarad u Z.Arnold B pabGore [l] mis monmukpucramumueckux ooOpasnoB Nd,Fei B nu
Nd,sFe;7Bg moka3zanu, 4To 3aBUCHUMOCTbh TEMIIEPATYPHI CIOHTAHHOTO CIUH-TIEPEOPUECHTAIMOHHOTO
nepexojia oT AaBieHus paBHa Hymo d7,,/dp=(0£0,5) K/T'TIa, B To Bpemsi kak Temneparypa Kropu
CWJIBHO 3aBUCUT OT JaBieHUs i1 oboux cmmaBoB d7/dp = — 26,5 K/T'Tla. BausHue
THAPOCTATUYCCKOTO JIaBJICHUS HA BEIIMYMHY KOIPIUTHUBHON cuiibl B coenuHeHusx Nd-Fe-B 0Ob1io
MOKa3aHo B paborax [2, 3].

B mHacrosmieir pabore W3y4eHO BIHUSHUE THAPOCTATUYECKOTO JaBIICHUS HA KOHCTAHTHI
anuzotponuu  MoHokpuctama  Nd,Fe;4B, Ha  MarHuTHbIE  TUCTEpPE3UCHBIE  CBOWCTBA
HaHOKpucTaunyeckux coennHeHuil R-Fe-B (R=Nd, Pr), cmnaBel mapok MQP-B u MQP-16-7
COOTBETCTBEHHO, TMpou3BOACTBAa GupMbl Magnequench. it co3maHus TUAPOCTATUYECKOTO
JABJICHUST HCIIOJb30BaJIach sueiKa JaBjieHUs W3 OepuiuimeBoil OpoH3bl (upmbl EasyLab ¢
BO3MOKHOCTBIO co3/lanus AaBieHus 10 10 k6ap. MaruutHele cBoiicTBa u3MepeHsl Ha MPMS-XL5
n MPMS-XL7.

N3ydyenne mnoBeaeHHUs] KOHCTAHT MArHUTOKPUCTAJUIMYECKOM aHU3OTPOIIUM TMOJ JIEHCTBUEM
THIPOCTATUYECKOTO JIaBIICHUS TMO3BOJIUJIO OOBSICHUTH OTCYTCTBUE CMEIICHHSI TEeMIIepaTyphl
CIIOHTAHHOTO CIIUH-TIEPEOPUCHTAIMOHHOTO TIEpeX0/ia B COeAMHEHMIX Ha ocHOBE (a3bl Nd,Fe 4B.

B HaHokpucTammyeckux crjiaBax Ha ocHoBe Nd oOHapyKeHO yBeTUYEHUE KOIPLUTUBHON CHIIBI
Ha 6-11%, B 3aBUCUMOCTH OT TEMIIEpATyphl, TOJ ACHCTBHEM AaBicHUs. J[aHHOE SBIEHHWE HOCHT
oOpaTuMbIii xapakTep. V3ydeHHe THCTEpEe3WCHBIX CBOWCTB HAHOKPUCTAJUIMYECKUX CIUIABOB TOJ
JEUCTBUEM THUIPOCTATUYECKOTO  JABJICHHUS MO3BOJIMJIO  OIEHUTh HM3MEHEHUE  BEJIMYHHBI
MEX3EpEHHOTO0 OOMEHHOTO B3aWMOJICHCTBHS TPHU TPUIOKEHUU JaBJICHUS, YTO TIO3BOJISET
00BSICHUTH H3MEHEHHE TeMIiepaTypbl Kiopu oy naBneHuem, oOHapyxeHHOe paHee B padote [1].

[1] Kamarad J., Arnold Z., Schneider J., Journ. Magn. Magn. Mater., V. 67, N. 1 P. 29-32 (1987).

[2] Neznakhin D.S., Kudrevatykh N.V., Volegov A.S., Andreev S.V., Moscow International Symposium on
Magnetism. P. 136 (2011).

[3] Mito M., Goto H., Nagai K. and et. al., Journ. Appl. Phys. V. 118 P. 145901 (2015).

99



BICMM-2016 Poster Section PC

MAGNETOCALORIC EFFECT IN INTERMETALLIC COMPOUNDS Pr;Fe 4B AND
Nsze14B
Politova G.A. 1*, Tereshina I.S.1'3, Andreev A.V.4, Koshkidko Yu.S.3, Pankratov N.Yu.2
"Baikov Institute of Metallurgy and Materials Sciences RAS, 119991 Moscow, Russia
2Faculzfy of Physics, Moscow State University, 119991, Moscow, Russia

I International Laboratory of High Magnetic Fields and Low Temperatures, Wroclaw, Poland
*Institute of Physics CAS, Prague 18221, Czech Republic
e-mail: gpolitova@ gmail.com

MATHUTOKAJIOPUYECKHUA YPDPEKT B MHTEPMETAJIIMYECKHX
COEl[I/IHEHI/IﬂX PI’2F614B n Nsze14B
IloautoBa I'.A. ", Tepemmmna U.C.3, AuapeeB A.B.*, Komkuasko 10.C.3, Ilankparos H.10.?
'Huemumym memannypeuu u mamepuanogeoenusi um. A.A. baiixoea PAH, 119991, Mockea, Poccus
2Qusuueckunt gpaxynomem, MI'Y um. M.B. Jlomonocosa, 119991, Mockea, Poccus

3Meofc0ynapoc)naﬂ J1ab0pamopus CUNbHLIX MAZHUMHBIX Nojel U HU3Kux memnepamyp, Ionvwa

4HHcmumym Gusuxu AH, Ilpaza, Yexus

MaruautoTBep/bie crutaBsl Tuna RyFe 4B o0nanaroT yHukamsHBIMA MarHUTHBIMU CBOMCTBaMH [ 1]
U 3aHUMAIOT 0c000€ MECTO Cpeau MaTepuajoB, KOTOPHIE IIMPOKO HCIOIB3YIOTCS B JIIEKTPO-
PaguOTEXHUYECKOH, pUOOPOCTPOUTETHHOM, aBTOMOOWJIBHOM W JIpYTHX 0TpaciIaX
npombiliieHHOCTH. Kak W japyrue  MarHeTUKH, JaHHbIE  CIUIaBbl  JIEMOHCTPUPYIOT
MarauTokamopuueckuii adpdexr (MKD) mpu Bcex temmeparypax, MpH KOTOPBIX HMEET MECTO
MarHutHoe ymnopsigoueHue. OnHako BenuuuHa 3(PQeKTa CTAHOBUTCS 3HAYUTEIBHOM TOJIBKO B
obnactu (a3oBBIX MEPEXO0J0B, a UMEHHO, B oOysiactu TemriepaTypbl Kiopu u B o0jacTu CHuH-
nepeopueHTanmoHHbIX TiepexonoB (CIIIT). B namelr pabote mccmemoBan MKD B coenmHEHUSX
PI‘2F614B n Nd2F614B.

N3mepenus MKD npoBoauincek nNpsiMpIM METOAOM B nosisix 10 1.85 T B mmpokoM nHTEpBae:
ot 100 o 700 K ¢ ucnosp30BaHueM ABYX pa3IMYHBIX YCTAHOBOK, & TAKXKE KOCBEHHBIM METOOM,
myTeM 00pabOTKH SKCIEPUMEHTAILHO TOTYYSHHBIX TOJEBBIX 3aBHCUMOCTEH HAaMarHUYEHHOCTH
00pa31oB, U3MEPEHHBIX IPU Pa3IMYHBIX TeMIepaTypax B MarHUTHBIX Mosx Ao 14 Ti.

YcranosneHno, uro B coeauHeHuu Pr,FeisB B oOmactu Temmeparypel Kropu (Te = 565 K)
Ha0MroaeTcsl xapakTepHeli MakcumMyM MKD, oOycClIOBI€HHBIH MHTEHCHBHBIM MapampoIecCcoM.
Benuunna s¢pdexra nocturaer 3Hauenus 1.7 K 8 mone ApgH = 1.85 T (0.9 K/Tn). B coequnennn
Nd,Fe 4B B obnactu T BenmunHa 3¢dexra Takxke mocruraet 3HadueHus 1.75 K. [Ipu nonmxeHnn
temmeparypel, B obmactu ot 450 mo 200 K naGmromaercs maneni (0.05 K, mocTosHHBIN 10
BennuuHe) MKD. Benmnunna s dexra HaunHaeT yBenuuuBathes mpu T < 200 K, mocturast cBoero
MakcumanbHoro 3HadeHust 0.5 K npu Tenm = 135 K, u coxpanssice Bmiors 7o T = 100 K.
Pe3ynprarhl, moaydeHHbIE KOCBEHHBIM METOZOM XOPOLIO COIVIACYIOTCS C pe3yJbTaTaMU MPSMBIX
WM3MEPEHUH JIJIs BCEX TUIIOB MEPEXO00B, HabmomaeMbiX B coequHeHusx RoFe4B (R = Pr u Nd).

Pabota BeimonHeHa npu noajepxke rpanta POOU 16-33-60226 moin-a-ax.

[1]]. F. Herbst, Rev. Mod. Phys. V. 63, N. 4, P. 819-898 (1991).
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THERMAL EXPANSION AND MAGNETOSTRICTION ANOMALIES OF
MULTICOMPONENT ALLOYS BASED ON RCO; NEAR THE MAGNETIC PHASE
TRANSITION
Filimonov A.V.l*, Politova G.A.Z, Chzhan V. B.z, Tereshina I. S.2’3, Burkhanov G. S.z,
Manakov A. A.%, Alekseeva O. A.!, Ilyushin A. S.}

!peter the Great St. Petersburg Polytechnic University, 195251, St. Petersburg, Russia
’Baikov Institute of Metallurgy and Materials Sciences RAS, 119991 Moscow, Russia
IMoscow State University, 119899, Moscow, Russia
“e-mail: filimonov@rphf.spbstu.ru

AHOMAJINU TEIIVIOBOI'O PACIHUPEHUSA U MATHUTOCTPUKIINU B OBJIACTHU
MAT'HUTHBIX®A30BbIX IIEPEXO/10B B MHOI'OKOMIIOHEHTHBIX CIIVIABAX
HA OCHOBE RCO,

DuaumMoHoB A.B. 1*, MMoauToBa I'.A. 2, Yskan B.b. 2, Tepémmna U.C. 2’3, Bypxanos I'.C. 2,
ManaxoB A.A.2, Anexceesa O.A. ", Wiaroumu A.C. >
ICaHKm—Hemep@/pZCKuﬁ noaumexuuyeckuti ynugepcumem Ilempa Benuxoeo, CI16, Poccus

2 .
Hncmumym memannypeuu u mamepuanogeoenusi um. A.A. batixosa, 119991, Mockesa, Poccus
3 . .
Mockosckuii eocyoapcmeennwiii ynusepcumem um. M.B. Jlomonocosa, 119991, Mockea, Poccus

B penko3zeMenbHBIX WHTEpPMETAUIHIAX CO CTPYKTypod a3 JlaBeca B 001acT MarHUTHBIX
(a30BbIX MEpPeXoJ0B HAONIOAAIOTCS AHOMAIMM TEIJIOBOIO PACIIMPEHUS] M MarHUTOCTPUKIIMU,
BBI3BAaHHBIC MCKOKEHUSIMHM KpUcCTauinyeckod pemerku [1]. B paGore mpoeneHo mccienoBaHue
MarHUTOCTPUKIIMM MHOTOKOMNOHEHTHbIX cruiaBoB Tumna (Tb Dy R) Co, (R = Gd, Ho), a takxe
CIUIaBOB Ha UX OCHOBE C YaCTHYHBIM 3aMmenieHneM Co Ha Al, B IIMPOKOM MHTEpBAJE TEMIEPATyp U
MAarHUTHBIX MOJIeH. JleTanbHO H3y4E€HO MOBEAEHUE CHOHTAHHOW, MNPOJOJIBHOM W MONEPEUYHOU
MarHMTOCTPUKIIMM, PACCUMTAaHbl U MPOAHAIM3UPOBAHBI 3HAUYEHUS OOBEMHOM M aHU30TPOITHOM
MarHUTOCTPUKIUH.

B pabore nonydensl TemnepaTypHble 3aBUCMMOCTHU [TapaMEeTPOB 3JIEMEHTApHOM SYEHKH CIIaBOB
Tbo.8Gdo.1Dyo.1Co2, Tbo 3Dy 35H0035C0, 1 Tbo3Dyp35H0035C01 75Al025 B MHTEpBane Temneparyp
110 — 280 K. VYcraHOBI€HO, YTO HHWXKE TEMIIEpaTyp MAarHUTHOIO YIOPSJAOYEHHUS CIUIABOB
HabmomaloTcss pomOo3apuUeckue HCKakeHUs. B kadectBe mnpumepa Ha puc.l mnpuBeneHs
TEeMIIepaTypHbIE 3aBUCUMOCTHU ISl criaBoB TbysGdy 1Dy 1Co, u Tby3Dyo 35H00 35C0,. Tlokazano,
YTO JAHHBIC COSAMHECHUS IEMOHCTPUPYIOT MarHUTO - CTPYKTYpPHBIE (ha30BbIe IEPEXOIbl, B 00JIacTH
KOTOPBIX OOHApyKeHa 'MraHTCKass 00beMHas MarHUTOCTPUKIINS.
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Pabota BeimonHeHa npu nojaepkke rpantoB PODU 15-33-70040 momn-a-Moc U rocy1apcTBEHHOTO
3amannsi MUHUCTEPCTBA 00Opa3oBaHus U Hayku Poccun.

CcBhUIKH HA IUTEpaTypy:

[1] T.A. ITomuroBa, B.b. Wkan, N.C. Tepémmuna, I'.C. bBypxanos, A.A. Manakos, O.A. AnekceeBa, A.B.
®unmumonos, A.C. Umommn. OTT. 1.57, N 12. C. 57-62 (2015)
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CROSSOVER OF JAHN-TELLER DISTORTION AND LANDAU BROKEN SYMMETRY
A. Yazdanil*, M. Hesanil, N. Kamali Sarvestani'
"Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran
“e-mail: yazdania@modares.ac.ir

Since magneto-crystalline phase transition in the partner layer of LaFeAsO compound is
emerged in the temperature range of 140-160°C [1], it is a question that which of the crystal phase
formation or the magnetic phase formation could be the cause and which could be the effect.

Firstly, the paramagnetic tetragonal crystalline structure changes to the lower-symmetry
orthorhombic structure at the critical temperature of Terystal structure=160°C as temperature decreases,
where it could be supposed that the Jahn-Teller distortion effect dominates, resulting in the lower
symmetry and energy. However, the antiferromagnetic phase transition is emerged at 140 °C below
the crystalline phase transition, while it is expected that both phase transitions occur simultaneously
because of Landau broken symmetry, whereas the lower energy should be achieved because of
exchange interaction energy. Consequently, since the crystalline phase transition dominates before
the magnetic phase, it should be supposed that the Jahn-Teller distortion is the cause, whereas it is
more evident in the lattice constant and displacement of atomic position as temperature decreases
(Table 1) and the total energy of both structures result in the interplay between localized electrons
due to lattice distortion and those in the band structure. However, since the magnetic structure is
traditionally a consequence of competition between exchange interaction J;; and crystal field effect,
the interface between Jahn-Teller distortion and emergence of antiferromagnetic state is a question,
while formation of lower-symmetry antiferromagnetic orthorhombic crystal structure at Txy=140°C
should lower the crystalline minimum energy (Fig. 1). The emergence of different temperature
ranges for minimum magneto-crystal structure could be due to localization at a lower level with the
energy gain “Ejp” or remaining at a higher level and decreasing energy due to the band broadening
effect, which is here more pronounced in the emergence of spin density wave behavior. Whereas as
temperature decreases, the antiferromagnetic order decreases to be converted to a spin density
wave. The superconductor character can be emerged by simulations contribution by; (1)
Substitution of “H” on “O” positions, where its position is not changed. (2)The decrease of
antiferromagnetic order as temperature decreases where the strength of hybridization increases,

resulting in a spin density wave. :
doped 7 MR it =
Pure H oope A cal. 0 g A AFM Ont Vol
cal. (A) 50/o° cal. A) A cal. (%) g 03t PMTet Vol © | /1
(A) 2 al N o
La-L 5 R '
442 | 3805 | 3980 | -0.174 | -4.440 g ol i
direction g o o n
0‘0 L 1 L 1 '
La-O 2.378 2.436 -0.058 -2.403 100 10 120 130 140
Volume(bohr'/atoms)
La-As 3.428 3.278 0.150 4.689 Fig.1: Diagram of E(V) for AFM Orthorhombic
Fe-la 3.708 3.530 0177 4.999 and PM tetragonal of undoped LaFeAsO

Table 1: Distance between atoms in LaFeAsO and LaFeAsQOgsHy s
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PRESSURE INDUCED SPIN TRANSITION IN COORDINATION
HOFMAN-LIKE COMPOUND Fe(pz)[Pt"(CN),]
Bukin G.V.l*, Drobotko V.F.l, Levchenko G.G.l, Gaspar A.B.z, Real J.A.
"Donetsk Physical & Technical Institute, Donetsk, Ukraine
? Institut de Ciencia Molecular (ICMol), Universitat de Valencia, Valencia, Spain
*email: bukinfti@rambler.ru

Last time the advance in study of the spin transition (ST) phenomenon in molecular and
molecular based compounds was achieved [1]. This advance allows clarify and estimate main
contributions to cooperativity of the structural elements of these compounds what gives the
opportunity to search purposefully the chemical materials with necessary ST properties. As a result
were synthesized coordination ST compounds contained iron ions with transition temperature
around room temperature [2, 3]. Now the main efforts are directed on getting the ways for inducing
and driving of the ST with external actions for opening the ways to use ST phenomenon in saving
information devices. For these investigations is interesting the 2D Hofman-like compounds
Fe(pz)[Pt"(CN),] (pz — pyrazine) with room temperature spin transition (292 K) and very wide
hysteresis in 24 K. The goal of the presentation is studying temperature dependence of the molar
magnetic susceptibility ymT at atmospheric pressure and pressure influence on the spin transition at
room temperature in iron contained polymeric compound Fe(pz)[Pt"(CN),].

It was shown that ST at atmospheric pressure takes place at temperature ~ 292 K with hysteresis
width ~ 24 K (fig. 1a). At room temperature under external hydrostatic pressure the ST occurs at
0.062 GPa and the behavior of the transition is unusual having hysteresis in pressure region
0.809 GPa to 0.088 GPa were the quantity of a low-spin (LS) phase decreases from 100 to 65 %.
However at transition temperature the hysteresis is equal zero (fig. 1b).
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Fig.1. Temperature dependence of the molar magnetic susceptibility yuT of Fe(pz)[Pt"(CN)4] at
atmospheric pressure (O — heating, ® — cooling) (a) and ;. — P phase diagram for Fe(pz)[PtH(CN)4] at

increase (m) and decrease (0) of the pressure (b).

The comparative analysis of interaction parameter of high-spin (HS) complexes and change of an
enthalpy is carried out. It is established that change of an enthalpy practically coincides while the
parameter of interaction differs for 30%.

[1] G.G. Levchenko, A.V. Khristov, V.N. Varyukhin, Low Temp. Phys. 40, 571 (2014).

[2] V. Niel, J.M. Martinez-Agudo, M.C. Muiioz, A.B. Gaspar, J.A. Real, Inorg. Chem. 40, 3838, (2001).

[3] G. Molnér, V. Niel, A.B. Gaspar, J.A. Real, V. Zwick, A. Bousseksou, J.J. McGarvey, J. Phys. Chem. B
106, 9701, (2002).
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NANOMECHANICAL APPROACH FOR CHANGING ENZYMATIC RATE OF
CHYMOTRYPSIN, IMMOBILIZED ON MAGNETITE@GOLD NANOPARTICLES,
UNDERLOW-FREQUENCY MAGNETIC FIELD
M.M. Veselovl, M.V. Efremoval, A.G. Majougal’z, LV. Uporov.l, Yu.IGolovin2’3, N.L.
Klyachko'”

ILaboratory of Chemical Design of Bionanomaterials, Faculty of Chemistry, M. V. Lomonosov
Moscow State University, Moscow, Russia
?National University of Science and Technology MISiS, Moscow, Russia
INanocenter, G. R. Derzhavin Tambov State University, Tambov, Russia
“e-mail: veselov.mac @ gmail.com

Application of magnetic nanoparticles for therapy, drug delivery, cells separation and as a
contrast agent for MRI has undergone explosive development recently. Nanomechanical approach
for biochemical reaction management is one of the promising techniques for using magnetic
nanoparticles for biomedical application [1, 2]. In this technique, rotation of magnetic nanoparticles
with immobilized on them enzyme under expose of alternative magnetic field is applied for
changing an enzyme structure-activity (fig. 1). It was shown previously [1], that in the case of
enzyme immobilized between two magnetic nanoparticles (MNP), rotation of MNP under low-
frequency magnetic field can significantly change the enzyme structure leading to the decrease of
the enzyme-catalyzed reaction rate. Contact forces applied to the enzyme molecule in such
nanomechanical device amounts to hundreds of pNs [3]. In case of enzyme molecules immobilized
on single magnetic nanoparticle, the hydrodynamic forces changing the enzyme structure more
mild. Our aim in this work was to investigate the mechanism of decreasing enzymatic rate of
chymotrypsin, immobilized between two magnetic nanoparticle, under low-frequency magnetic
field.

Figure 1. Different forces and deformations that appears in enzyme macromolecule under expose of
magnetic field

Magnetite nanoparticles were prepared by co-precipitation of Fe(Il) and Fe(IlI) salts followed by
gold shell covering. The surface was modified with lipoic acid. Immobilization of a- chymotrypsin
was made by carbodiimide method. Hydrodynamic sizes of uncovered and enzyme modified
nanoparticles were determined by Nanoparticles Tracking Analysis (table 1). The aggregation of
enzyme covered nanoparticles was determined by transmission electron microscopy (fig. 2).

Table 1. Hydrodynamic size of uncovered and enzyme modified magnetite @ gold nanoparticle

MNP hydrodynamic size MNP hydrodynamic size
before chymotrypsin after chymotrypsin
modification modification
44 nm 92 nm

To investigate the mechanism of changing the enzymatic rate under expose of low-frequency
magnetic field, we studied the effect of radial force (80 pN during 10 nsec) applied to the
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chymotrypsin molecule by dynamic molecular modeling. This showed that in result of stretching
catalytic center remains unchanged, while the binding site undergoes significant changes. Thus,
such exposure should lead to changes only Michaelis constant. To confirm this, we have determined
the a-chymotrypsin kinetic parameters change, immobilized on magnetic nanoparticles surface,
under the influence of external magnetic field. As a result, we have established that the Ky is
increase by 2,5 times, while Vy is not changed (fig. 3 a). Also, we studied the effect of magnetic

field on enzymatic rate at different frequencies (fig. 3 b).

1pm

Figure 2. TEM microphotos of magnetite @ gold nanoparticles before (left) and after (right) modification

by chymotrypsin
a b
1V (min/OD) 5 DeforeMr
L od
]
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Q
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o
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Figure 3. Determination of kinetic parameters of chymotrypsin immobilized in aggregates of Fe304@ Au
nanoparticles in Lineweaver—Burk plot (a). Field effect determined as (1-V_field/V_0 )*100% at different
frequency (b)

[1] Natalia L. Klyachko, Marina Sokolsky-Papkov, Nikorn Pothayee, Angew. Chem. Int. Ed. 2012, 51,

12016 —12019.
[2] Alexander Majouga, Marina Sokolsky-Papkov, Artem Kuznetsov. Colloids and Surfaces B:

Biointerfaces 125 (2015) 104-109
[3] FO.U. T'onouH, C.JI. I'pubanosckuii, 1.1O. I'onosun, ®usuka tBepaoro tena, 2014, Tom 56, Bbim. 7
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THERMAL STABILITY OF EXCHANGE BIASED NixMnjg.x/FezNigo FILMS
Moskalev MLE.", Lepalovskij V.N.!, Vas’kovskiy V.0.!
"Ural Federal University, 620002, Ekaterinburg, Russia
“e-mail: moskalyov_m@mail.ru

Exchange bias is an extensively used feature of antiferromagnetic/ferromagnetic bilayers that
occurs due to exchange coupling at the interface, and is mainly characterized by exchange bias field
H.x — the shift of a hysteresis loop relative to the origin. Common applications of exchange bias
include spin valves and magnetic sensors among other things. However, in standard systems, such
as ones based on antiferromagnetic FesoMnsy, Hgx decreases drastically with a rise in temperature
and at the blocking temperature Ty, vanishes altogether. Films with antiferromagnetic NiMn, on the
contrary, may be capable of maintaining Hgx stable in a vast temperature range as the FCT-structure
of NiMn has high-order anisotropy and Néel temperature.Thin film samples of Ta(5nm)/NixMn ;.
x(20nm)/Fe,oNigy(40nm)/Ta(Snm) were obtained via magnetron sputtering with an external
magnetic field. The Ni concentration x varied from 10 to 70at.%, since at this range of x
antiferromagnetic ordering of NiMn is possible. Magneto-optical Kerr effect (MOKE) was used to
measure hysteresis loops at room temperature. Hysteresis loops at temperatures up to 700K were
measured with a help of a vibrating sample magnetometer (VSM).Since as-deposited NiMn tends to
form a paramagnetic FCC-structure, a post-deposition annealing is needed to transform it into an
antiferromagnetic FCT-structure. A series of hour-long annealing procedures was performed at
temperatures T, varying from 250°C to 400°C.In contrast to as-deposited films, annealed ones
exhibit large Hex (Fig.1). That can be explained by structural transformations taking place in the
NiMn layer. The highest value of Hgx equals to 500e and is achieved in samples with x=10at.%
after annealing at TA:SOOOC. High temperature measurements show that Hgx of annealed samples
remains virtually unchanged at temperatures as high as 450K (Fig.2), at which systems based on
FesoMns already reach their Ti,. Furthermore, T}, of studied films exceeds 600K. Most probably, it
is connected with a high-order anisotropy of antiferromagnetic NiMn.
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Fig.1. Exchange bias Hgx vs Ni concentration x. Fig.2. Exchange bias Hgx as a function of
Annealing temperatures T are denoted in the legend temperature. Two curves represent samples of

different composition
We have shown that NiyMng.x/FeooNig films may display practically unchanged values of Hgx

at temperatures up to 450K, which makes it a prospective system for practical usage. Nevertheless,
a post-deposition annealing is necessary to form the antiferromagnetic phase in the NiMn layer,
consequently for studied films to exhibit exchange bias.
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INTERLAYER COUPLING IN A SANDWICH STRUCTURE OBTAINED BY
CHEMICAL VAPOR DEPOSITION
Chzhan A.V. 1’3*, Volochaev M.N.l, Zharkov S.M.z, Podorozhnyak S.A.l, Chichikova
1.0
!Siberian Federal University, Krasnoyarsk 660041, Russia
?Kirenskii Institute of Physics, SB RAS, Krasnoyarsk 660036, Russia
SKrasnoyarsk State Agrarian University, RF, Krasnoyarsk 660049, Russia
*avchz@mail.ru

The three-layer films formed with ferromagnetic layers different in coercive force and a
nonmagnetic layer thickness of a few atomic layers are the simplest multilayer structures in which
the spin-dependent effects occur. For this reason, three-layer films are the most promising for
creating spinventil devices for spintronics.

It is known that during creation of the sandwich structures with the given properties, first of
all, it is necessary to achieve the quality interface between layers. The simplest possibility of
indirect control may serve as field dependence of the hysteresis loop offset by the thickness of the
nonmagnetic layer. This method was used to study the three-layer films produced by chemical
vapor deposition of amorphous and crystalline Co-P alloys and the non-magnetic NI-P layer
separating them [1]. It was found that the addition of Ni in alloys with low coercitive-Co-P layer
leads to a drastic reduction in the field of the hysteresis loop of the bias layer with increasing layer
thickness, which was associated with improved quality of the interface between the non-magnetic
and low coercitive layers.

_S0nm

Vel s e’ e |

100 nm

———
Fig.1. TEM image of a cross section of films with low coercitive Co-P (a) and Co-Ni-P (b) layers.

This assumption is confirmed by direct observation of a cross section of films obtained by
transmission electron microscopy (Figure 1). Introduction of Ni into Co-P amorphous alloy leads to
the emergence of a clear boundary between the magnetic layers, which confirms the earlier
assumption made.

[1] A.V.Chzhan, V.A.Seredkin, S.Ya.Kiparisov, Abstracts of XXII International Conference "New in
magnetism and magnetic materials. Astrakhan: Astrakhan State University C.23 (2012).
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NEW APPROACH IN REMOTE CONTROL OF DRUG RELEASE FROM CONTAINER
BY MEANS OF MAGNETIC NANOPARTICLES AND LOW FREQUENCY MAGNETIC
FIELD
Vlasova K.Y.", Abakumov M.A %, Deygen I.M.!, Golovin Y.L}, Majouga A.G.%, Kabanov
A.V.'?, Klyachko N.L."**

"Lomonosov Moscow State University, 119991, Moscow, Russia
?Pirogov Rusian National Research Medical University, 117997, Moscow, Russia
ITambov State University named after G.R. Derzhavin, 392000, Tambov, Russia
*National University of Science and Technology, 119991, Moscow, Russia
>University of North Carolina at Chapel Hill, Chapel Hill, USA
“e-mail: viasova_k.y@mail.ru

Abstract. Using magnetic liposomes, loaded with fluorescent markers, as model system we
developed new approach to control drug release from liposomes under ultra-low frequency
alternating magnetic field (MF). Synthesized Fe304 magnetic nanoparticles (MNPs) with 10 nm
core diameter were incorporated into an inner part of liposomes. Such magnetic liposomes poses
low toxicity in comparison to free MNPs. Transmission electron microscopy (TEM) and infrared
(IR) spectroscopy data showed that under MF action liposomal membrane became more flexible
and disturbed, and even disrupted. Our study suggests the possibility of bilayer permeability
increasing through MNPs under external MF exposures. The efficiency of the model system was
shown by fluorescent label release from liposomes.

Introduction. Liposomal drug delivery systems are widely applicable containers for
protection and delivery of active molecules. Liposomes consist of biocompatible lipids, are stable
during blood circulation and can concentrate at a target site. Despite their advantages, the major
drawback of liposomes is incomplete drug release and low loading capacity, especially in the case
of hydrophobic molecules. To solve the problem of drug release, sensitive to pH or temperature
changes liposomes are created. These approaches have limitations too. In recent years, progress in
magnetic nanoparticles technologies led to creation of magnetic nano-formulations including
liposomes. Such magnetic liposomes with special thermosensitive polymers are activated by high-
frequency MF, i.e. using the effect of hyperthermia (caused through magnetic particles). In this
case, high-frequency MF with high intensity is used during a long period of time that makes the
method inconvenient. In our work, we try to develop a new method to improve drug release through
MNPs and super low frequency MF. It is known that the relaxation of nanopraticles magnetic
moments at MF exposures proceeds via particles’ mechanical rotation (Brown relaxation) or via the
energy of crystallographic anisotropy (Neel relaxation). In the case of MNPs with 10 nm diameter,
Brown relaxation proceeds faster than Neel. According to Y.I. Golovin et al review [1], MNPs can
cause deformations of the membrane through their mechanical rotation and thereby increase drug
release. The aim of this work was to create magnetic liposomes loaded with fluorescent labels as a
drug model and investigate the effect of super low frequency MF on this drug container.

Methods. Liposomes were prepared as follow: MNPs, fluorescent marker,
phosphatidylcholine, cholesterol and DSPE-PEG were dispersed in chloroform, dried to get film
and then dispersed in phosphate buffer, sonicated, and free MNPs were separated by passing the
suspension through extruder with pore size filter 400 nm. Excess of fluorescein was removed by
centrifugation through NAP-25 desalting column.

110



BICMM-2016 Poster Section PD

Results. After loading, magnetic liposomes had average diameter of 160x14 nm,
polydispersity index (PDI) was 0.25+0.10. Liposomes were stable in DW and PBS at pH=7.4 and
37°C for at least one week. Free magnetic liposomes poses low toxicity and T2- relaxation. TEM
analysis showed that MNPs are in inner part of liposomes. According to microphotos of samples,
after 3 and 25 min, MNPs exposed to MF form clusters; later can rotate in liposome and destroy
membrane. IR-spectroscopy showed that MF application caused “melting” of liposomes membrane
and the “melting” range depends on MF exposures time and MF intensity. At 50 Hz, for example,
the “melting” started only after 5 min of MF exposure. These data correspond to those showing the
release profile. Release experiments were conducted using model liposomes loaded with
fluorescein. It was shown that at MF exposure, the release was about 80% for 40 min. Note that
without MF application, it was only 45%. Moreover, most of fluorescein was released for the first
10 min in the case of MF exposures. The reason might be a reorganization of lipid bilayer occurred
under MF application.

Conclusion. In the case of magnetic liposomes, IR-spectroscopy and TEM data showed that
MEF application caused “melting” of liposomes membrane and the “melting” range depended on MF
exposures time and MF intensity. These data correspond to those showing the release profile. The
reason might be a reorganization of lipid bilayer occurred under MF application. TEM showed that
MNPs are in inner hydrophilic part of liposomes. After short time exposures particles form clusters
(lines) whose rotation can make liposomal membrane became more flexible and disturbed, and even
disrupted. These new data show promises in application of remote control via magnetic liposomes
in drug delivery.

Investigation was supported by RSF-14-13-00731 and K1- 2014-022 grants.

References

[1]Yuri 1. Golovin, S.L. Gribanovsky, et al//Towards nanomedicines of the future: Remote
magneto-mechanical actuation of nanomedicines by alternating magnetic fields//J. Controlled
Release, Vol.219, pp.43-60, 2015.
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INFLUENCE OF DRAG EFFECT ON THE FORMATION OF THE TEMPERATURE
SPIN EFFECTS IN HYBRID NANOSTRUCTURES METAL/ MAGNETIC INSULATORS
LI Lyapilin'**, M.S. Okorokov'
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POJIb D®®EKTOB YBJIEYEHUSA B ®OPMUPOBAHUU TEMIIEPATYPHBIX
CIHHUHOBBIX D®@PEKTOB B I'UBPUJIHBIX HAHOCTPYKTYPAX
METAJIJI/MATHUTHBIV TUAJIEKTPUK
WM. JIsimamua™, M.C. OKOPOKOB:I
IHHcmumym Gusuxu memannos YpO PAH, Examepunbype, Poccus
? Yp®Y, Examepunbype, Poccus

[lonnMaHue CNMHOBOrO TPAHCIOPTA SABISIETCS HE TOJBKO OJHUM M3 KIOYEBBIX BOIPOCOB
KBaHTOBOM (HM3MKM MHOTHX Tell, HO W HMEeT INEepBOCTENIEHHOE 3HAaueHue s Oyayliero
cnMHTpoHUKU. HoBoe HampaBieHHe B pa3BUTUH CIIMHOBOIO TPAHCIIOPTA CBSI3aHO C OTKPBITUEM U
U3Y4EHMEM BIIMSHUS TEIUIOBBIX IIOTOKOB Ha CHUHOBBIM TpaHcnopT [l1].  M3BectHO, uTO
CYIIECTBEHHYIO POJIb IPU U3YYCHHH TEPMUYECKHUX BO3MYIIEHHH urpaer pemerka (¢poHonsr) [2,3].
B wmccienyeMbIx CTpyKTypax MeTaJI/MarHUTHBIM AMAJIEKTPUK B YCIOBUSAX CHMHOBOTO 3(ddexra
3eebeka (CO3) TepMuvecKre BO3MYIICHUS MPUBOIAT K OTKJIOHEHHUIO OT PABHOBECHOTO COCTOSHHS
Kak (OHOHHYIO TMOJCUCTEMY, TaK M TMOJCUCTEMY JOKAJM30BaHHBIX CIHUHOB. AHaIU3
TeMnepaTypHbix u3MepeHuid CI3 mokasani, YTo HAIMYKUE TEMIEPaTypHOrO rpaueHTa MPUBOAUT K
CYUIECTBEHHOMY B3aUMHOMY BIIMSIHHIO ()OHOHHOTO W MAarHOHHOIO TOTOKOB, YTO MPUBOAMT K
Ha0II0/JTaeMOl HEMOHOTOHHOM TeMIepaTypHoi 3aBucuMocT kodddummenta CO3 [4].

Crnenyer OTMETUTh, YTO HMEIOImHMeEcs paboThl MO0 (HOHOH-MAarHOHHOMY YBJICUCHHIO HE
OXBAaTBHIBAIOT MOJIHOCTHIO BCIO crienuuKy cmuHOBOTO 3 (dekra 3eedeka, KOTopas UMEET MECTO B
CTPYKTypax MeETaJUI/MarHUTHBIA JMANEKTpUK. ['paaMeHT TemmepaTypbl, NPHUKIAIbIBAEMbId K
MarHUTHOMY JU3JICKTPUKY, (OpPMHUpYET HEpaBHOBECHOE paclpenelieHue (OHOHOB, OIpenessis
HaInpaBJIeHUE TEIMJIOBOro NMoToka (OHOHOB. OH Tak)Ke BHIBOJUT M3 PABHOBECHS U MOJICUCTEMY
JIOKQJIN30BAHHBIX CIHMHOB, pealn3ys B MarHUTHOM JUAJIEKTPUKE «TEPMHUUYECKH» BO30YKIIEHHBIE
MarHoHbl, SHEPTUS KOTOPBIX MOPsiIKa TeMiiepatypsl. B pamMkax monenu 3 peKTUBHBIX TapaMeTpoB,
pa3BUTOM B [5] HEPABHOBECHOE COCTOSHME CHUCTEMbl MArHUTHBIM JTUAJICKTPUK-pELIETKA
paccMaTpUBaIOCh KaK COBOKYIHOCTb MOJCHCTEM ((OHOHBI, MAarHOHbI), KaXKAas M3 KOTOPBIX
XapakTepu3oBasiach cBoei 3 peKkTUBHON Temneparypoil. Paznuune B 3¢ (eKTUBHBIX TeMIiepaTypax
MOJICUCTEM TPUBOIUT K peanu3auuu 3¢dexra — meperadd yrioBoro MOMEHTa OT MarHUTHOU
MIOJICUCTEMBI, KaK B PELIETKY, TaK U B IOACHCTEMY 3JEKTPOHOB IIPOBOAMMOCTH MeETala U
HaoOopoT. PaccMoTpum Temeps posib umHTepdeica B Takux CTpykTypax. [lo oTHomeHHMIO K
MOJICUCTEME JIOKAaJTM30BaHHBIX MOMEHTOB HHTEp(EeNC MpHU HaIM4MKd CIHUHOBOW aKKyMYJSLIUU B
JJIEKTPOHHOW MOJICUCTEME MeTajljla, MOXXHO paccMaTpuBaTh KaK MCTOYHUK, MOCTABIISFOLIUI
«KOTE€pPEHTHBIE» MAarHOHbl B MarHUTHBIA JUAJEKTPUK. DHEPrUs TaKUX MAarHOHOB, POXJCHHBIX B
pe3ysbTaTeé HEYNPYroro paccessHus Ha JIOKAJIM30BAaHHBIX MOMEHTAaX pacHoOJIOKEHHBIX Ha
uHTepdeiice, MopsAaKa HSHEPrHMUM CIWHOBOM AaKKYMYJSIUH JIIEKTPOHOB i >kgT . Pe3ynbrar

JEHCTBHS TAKOTO HCTOYHHKA — BOSHUKHOBEHNE MarHOHHOW aKKyMYJSIMH (ON,, =N, — N,% , N,% -
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paBHOBecHas hyHKIMs pacnpenencHus (boze-DitHmTeitHa) MarHoHOB) BOIM3K uHTEep(deiica. Takum
obpa3zom, mpu aHanuse 3PQPEKTOB YBICUCHHS B MArHUTHOM JAMIJICKTPUKE HapsAdy ¢ (HOHOHHBIM
MMOTOKOM CIIeyeT TMPUHUMATh BO BHUMAHUE TMOTOKH «KOTEPEHTHBIX» W «TEPMHUYCCKI»
BO30Y)KJICHHBIX MAarHOHOB M B3aMMOJEHCTBHE MeXQy HUMHU. 3ameruMm, utro CD3  ompenensercs
MMEHHO MOTOKOM «KOT€PEHTHBIX» MarHOHOB.

B nacrosimieit pabore paccmorpeH 3¢gdheKkT MarHoH-OHOHHOTO YBIICUEHHUS B eppOMarHUTHOM
IUDJIEKTPUKE MPU HAMYUMU TEMIIEPaTypPHOIO IpaJueHTa B MOJEIH TPEX MOTOKOB «KOT€PEHTHBIX»
U «T€PMHYECKHX» MarHoHOB U (pOHOHOB. B mepBoil yacTu paboThl, OCHOBBIBASACH Ha pe3yJbTaTax
MOJIyYEHHBIX B [5] moka3zaHo, kak B Mojaenu 3(PGEeKTUBHBIX MapaMEeTPOB MOXXHO BBIACIUTH B
MarHOHHOM TOKE MOTOK «KOT€PEHTHBIX» MAarHoHoB, ompenesstonmx CO3. [ToctpoeHue obmmx
ypaBHEHHIA OalaHca UMITYJIbCa MAarHOHOB M (JOHOHOB B MOJIENT TPEX MOTOKOB U aHAIINU3 PA3ITUIHBIX
Mo uuKaImii 3 (HEeKTOB yBIEUECHUS COCTABISAIOT COAEP)KaHUE BTOPOM YacTh pabOTHI.

PaGorta Bemosnena mo Teme «CrmuH» 0120463330 mpu mopnmepxkke rpanta MHUHHCTEpCTBA
oOpazoBanus poccurickoir deneparuu (rpant 14.Z 50.31.0025, rpant 16-0200044) u mpoekta
15-17-2-17.
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THERMODYNAMICS OF SPONTANEOQOUS SPIN-REORIENTATION PHASE
TRANSITION IN g-Ingg43Fe;.95703 NANOPARTICLES
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TEPMOJANHAMUKA CIIOHTAHHOI'O CIIUH-ITIEPEOPUEHTALHUOHHOTI'O
D®A30BOI'O ITEPEXOJIA B HAHOYACTHUIAX g-Ing g43Fe;1.95703
Kocriouenko C.A.', Imurpues A.N.>
"Mockosckuii 2ocyoapemeennviii ynusepcumem um. M.B. Jlomonocosa, 119991, Mocksa, Poccust

? Uncmumym npo6nem xumuyeckoii usuxu PAH, 142432, Yepnozonoska, Poccus

B nanowactumnax e-IngossFe; 95703 mpu temmeparype 7 = 150 K mpoucxonuT MarHUTHBIA
($azoBbIil  Mepexon, COMPOBOXKIAIOIIMNCA PE3KUM  YMEHBIIEHHEM HAaMarHW4eHHOCTH U
KOAPLMUTUBHOU CUJIbl. Da30BbIi MEPEXO/] BbI3BaH MEPEOPUCHTAIIMEN OCH JIETKOTO HaMarHW4WBaHUs
B PE3yJIbTaTe KOHKYPEHIIMN OJHOUOHOMN U IUIIOJIb-AUIOIBHON MarHUTHBIX aHU30Tponuii [1].

B okpectnoctn 100 K oOHapyxeH TemmepaTypHbli THUCTEpe3UC HAMAarHWYeHHOCTH H
pacxXoXKJAeHUE TeMIIEpPaTypHBIX 3aBUCHMOCTEH MarHMTHOIO MOMEHTa O0paslloB, OXJIAXKICHHBIX B
HyneBoM MarHuTHoM 1none (ZFC) wm wmarHutHOM mone HanpsbkeHHoctbio 10 kD (FC).
TemnepaTypHbIil THCTEPE3UC YKa3bIBAECT HA TO, YTO UMEET MECTO (Da30BBIN MEpPEXo EPBOTO pojaa
U 3amna3blBaHie pocTa HOBOM (ha3bl B HEPABHOBECHBIX YCIOBHSIX KOHEUHOM CKOPOCTH Pa3BepTKU
TEMIIEPaTypBl.

OO6HapyXeHO, UYTO yBEIWYEHHE HANPSHKEHHOCTH MArHUTHOIO MOJIS MPUBOAUT K YBEIWYCHUIO
mupuHel AT TemMneparypHOro THCTEpE3Uca M YMEHBUICHUIO HW3MEHEHHS HAMAarHWYEHHOCTH,
BBI3BAHHOT'O CIIMH-IIEPEOPUEHTALIMOHHBIM IIEPEXOIOM.

TepMonnHaMuyeCKUil aHaIU3 CIHMH-NEPEOPUEHTALMOHHOIO IEPEXOAA BBINOIHEH C MOMOUIBIO
Mozenu Cnuxtepa u pukamepa [2].

ABTOpPBI BhIpaKatoT OmarogapHocts P.b. MopryHoBy 3a BHEMaHue K padOTe M IMOMOIIh Ha BCEX
sTamnax ee BelnoidHeHus. Pabora nognepxana rpantoMm PODU (npoekt Ne 16-07-00863 a).

[1] A.W. Jmutpues, O.B. Komnak, P.b. Moprysos, ®TT. T. 55. N. 11. C. 2140-2147 (2013).
[2] C.P. Slichter, H.G. Drickamer, J. Chem. Phys. V. 56. N. 5. P. 2142-2160 (1972).
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MATHUTOTPAHCIIOPTHBIE CBOMCTBA T'MBPHJIHOM CTPYKTYPBI
Co/ALL03/Ge/Al,03/Si C HAHOPA3ZMEPHBIM ITOJYITPOBOJHUKOBBIM KAHAJIOM
Payuxnii M.B. ", Tapacos A.C. L2 Bongapes U.A. 12 Jlykbsinenko A.B. 2 Boaouaes M.H.'?
u Bosikos H.B. 7
no co PAH, 660036, Kpacnospck, Poccus
? Cubupcruti Dedepanvhoiti Yuusepcumem, 660041, Kpacnospck, Poccus
3Cu6upc1<uﬁ Aspokocmuueckuti Yuusepcumem, 660014, Kpacnospck, Poccus

BxiroueHne B cdepy COUHTPOHUKH THOPUAHBIX TMO3BOJIIET OOBEAMHUTH MPEUMYIIECTBA
MarHUTHBIX U MOJTYIPOBOJIHUKOBBIX MaTepuaioB. M3BeCTHBI MPEUMYIIECTBA MATHUTHBIX YCTPOUCTB
— BBICOKas CKOPOCTh TIEPEKIIOUEHUS, HSHEPrOHE3aBUCUMOCTh, BBICOKAsh CTa0WJIBHOCTH,
YCTOMYMBOCTh K BHEIIHUM BO3A€UCTBUSIM. C APYroil CTOPOHBI, CBOMCTBAMM MOJTYNPOBOJTHUKOBBIX
MaTepuagoB MOXHO JIETKO YIPaBIATh U3MEHEHHEM TEMIIEpaTyphl, JOMUPOBAHUEM, SJIEKTPUUECKUM
MoJIeM, ONTHYECKUM Hu3nydeHueM. HakoHen, ruOpuaHble CTPYKTYpbl U YCTPONCTBA OKa3bIBAIOTCA
coBMectuMbiMu ¢ KMOII TexHosnoruen, Kotopas, mo CyTH, COCTaBJISIET OCHOBY BCEl COBPEMEHHOM
AIEKTPOHUKHU.

Uccnenyembie  ctpyktypsl  Co(100uM)/Al,O3(2aM)/Ge(20uM)/Al,O3(1000M)/Si(350MKM) ¢
HAaHOPA3MEPHBIM TOJYIIPOBOJHUKOBBIM TOKOBBIM KaHalioM Obutd u3rotoBieHsl B UD CO PAH.
Crnoucrast CTpyKTypa MojayyeHa METOJ0M MarHeTpOHHOTO HAIbUICHUS, @ TOMOJIOTHUSI BEPXHETO CIOS
Co u nanopa3mepHoro kanana Ge copMUpPOBaHBI C MPUMEHEHHEM ONTHUYECKOW JuTorpaduu u
(hOKyCHpOBaHHOTO HOHHOTO MyYKa.

ConpoTHuBIEHUS HCCIELYEMOM CTPYKTYpbl HEMOHOTOHHO 3aBUCUT OT TEMIEPAaTypbl U HUMEET
muHUMYM npu Temmneparype 120K . Ilpu stom Bbeime 120K 3aBHCMMOCTH CONPOTHBIIEHUS OT
TeMIepaTypbl HOCUT METAJUTMYECKHI XapakTep, B TO BpeMs kak Hrbke 120K compoTtuBieHue pe3ko
BO3pACTaET, YTO XApaKTEPHO AJIA MOJYINPOBOJHUKOB. Takoe MoBeeHHE CHOMPOTUBICHUS MOXKET
OBITH 00YCIIOBIICHO KOHKYpEHIUEH conpoTuBieHus ieHkn Co U TepMaHUEeBOr0 HAHOPA3MEPHOTO
KaHaa.

Jl1is uccneayeMoit CTpYKTYphl HaOJIF01aeTCsl MOIOKUTEIbHOE MAarHUTOCOIIPOTUBIIEHUE, KOTOPOE
coctraBisier 16% B mosie 1T mpu temmneparype SOK . Takoe moBejaeHME MarMHTOCONPOTUBIICHUS
HaOmo1aeTcsi B TUOPHUIHBIX CTPYKTYpP METaJUT/IUAIEKTPUK/TIONYIPOBOJAHUK U  OIpelesieTcs
JJIEKTPOHHBIM TPAHCIOPTOM  4Y€pe3 HWHBEPCHUOHHBIA CJIOM HA TpaHULE MEXAY OMI0XKKON M
OKCHJIOM. B Hamem ciydae, pojib HHBEPCUOHHOTO CJIOSI UTPAeT F€pMAHUEBbIM HaHOKaHajl. Takue
THOPUIHBIE YCTPOMCTBA MOTYT OBITh HWCHOJNB30BaHBI B KA4eCTBE CIIMHOBBIX BEHTHIICH B
YCTPOMCTBAX CIMHTPOHUKH.
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®EPPOMATHUTHBINA PE3OHAHC B 2D-MACCHUBAX HAHOTOUYEK
I 1. Kan, B.A. OmeBz, P.10O. Pvnemcol’z*, B.C. l'[pOKoneHK03, HN.H. OpJIOB33
"Hnemumym usuxu um. JI.B. Kupenckozo, 660036 Kpacnospck, Poccus
? Cubupciuti pedepanvrviii ynusepcumem, 660041 Kpacrosipck, Poccust

3 . . .
Kpacnosapckuii cocyoapcmeennulii nedazo2uyeckutl yHugepcumem
um. B.II. Acmagvesa,660049 Kpacnosapck, Poccus

[TpucransHoe BHMUMaHue K 1D-MaccuBaM M3 (eppOMarHUTHBIX HAHOTOYEK pPa3HON (HOpMEI
CBA3AaHO C IMIEPCHEKTUBAMU MHCIOJb30BaHUS HMX B YCTPOMCTBAX CIMHTPOHUKH PAa3IUYHOTO
Ha3HaueHWs. VI3BECTHO, YTO B HAHOTOYKAaX pEaJU3yeTcsi YCTOMYMBOE paCIpeesICHHE
HaMarHW4YeHHOCTH B BHUJE BUXPS C TOYKOM bioxa B LieHTpe MarHeTuka. DKCIIEPUMEHTaJIbHBIC
CpelICTBa M3YUYCHHS MHANBUAYATbLHBIX HAHOTOYEK MOJydnsid Oosbinoe passutue [1,2]. Ho game B
JKCIIEPUMEHTE MCCIEYIOTCS IUIEHKH - MAaCCUBBI HAHOTOUYEK JOCTATOYHO JAJEKO OTCTOAIIUX APYr
or apyra. IlosTomy, Kak mNOpaBWIO, B3aUMOJCUCTBHE MEXAYy MArHUTHBIMU TOJCHUCTEMaMU
JJIEMEHTOB MaccuBa B pacueT He Oepercs [3]. Bmecre ¢ TeM, naibHOIEHCTBYIOIIEE
MarHAUTOCTAaTHYECKOE B3aMMOJICHCTBUE CITIOCOOHO BIHATH HA KOJUICKTUBHBIC MOJIBI BPAIIATEIHHOTO
IBIKEHUS Kopa [4-8]. B mpakTuuecku MiIoTHO yIMakOBaHHBIX MaccHBax OOHApy:KeHO Jaxke Oonee
CHUJIbHOE OOMEHHOE B3aUMOJICHCTBHUE MEXy HaMarHWYEHHOCTSAMU [9], 00yCIIOBIEHHOE HATMYUEM
MAarHUTHBIX "TIEpEMBIYEK" MEXAY COCETHUMU 3JIEMEHTAMU MacCHUBA.

B nacrosmerr pabore Mbl uccienyem 2D-MaccHB 4YacTWIl M BIMSHHE MarHUTOCTATHYECKOTO
B3aUMOJICHCTBUS Ha AMHAMUKY HaMarHM4eHHOCTH. [IIeHKH-MacCHBBI KpPYIJIBIX M KBaApaTHBIX
HaHOTOYeK Ot copmupoBanbl metogom 'Lift-off" w3 cmmomuoit tenku FeyoNigy, Ha
KpeMHHEeBON mnomnoxkke. Pazmep MaccuBa cocraBmsin (4 x 4 mm?). TONIMHA HAHOTOYEK B
nosyunBmmxcst MaccuBax L = 100 nm. B maccuBax KpyIJIbIX 2JIEMEHTOB MX paguyC COCTaBIsUl R
= 1.6 mkm, paccrosiHue MeXy LIEHTPaMHU JIBYX COCEIHUX HaHOToueK 4R. B MaccuBax KBaJIpaTHBIX
HAHOTOYEK JJIMHA CTOPOHBI OJHOrO 3JIeMEHTa paBHa a =1.5 mkm mpu TakoM ke pacCTOSIHUU
MEXJy CTOPOHAMHM  JJIEMEHTOB. MAarHUTOPE30HAHCHBIE CBOMCTBA MAacCHBa HAHOTOYEK
uccienopaiuch Ha @MP-cnekrpomerpe nipu yactore 232 MHz. [locTossHHOE MarHMTHOE TMOJIE
MPUKIAABIBATIOCH MEPNEHAUKYIIPHO IUIOCKOCTH BOJIHOBOAA B HHTepBaje oT -5 g0 5 kOe. B
pe3yiabTare ObUIM MOy4deHbl MU dhepeHInalbHbIe KPUBBIE TOTJIOMEHHS 00pa3iia B 3aBUCIMOCTH OT
OCHOBHOTO TIOJIsI, XapaKTePHBIA BUJ KOTOPBIX MOKa3aH Ha pucyHke 1. @akTuuecku Mbl HAOIIO1aeM
pacuiernjieHie pPEe30HAHCHOW YacTOThl THUPOTPOMHOTO JBWKECHHS BUXped. DTOT 3(hdEeKT MbI
CBA3BIBAEM C  HAJIWYUEM IYCTh M  HE3HAYUTEIBHOTO, HO  JaJIbHOJEHCTBYIOIIETO
MarHuTOCTaTUYECKOT0 B3aMMOJICHCTBUS MEXITY HAHOJAUCKAMH.
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Puc. 1: Iuddepeniranstas Kpupasi MOTJIOIICHNU, Puc. 2: WHrerpanbHble pPE30HAHCHBIE KpPUBBIE
MoJy4eHHas B skcniepumente no ®MP MAaCCHBOB KPYTJIbIX HAHOTOYEK

Hamu Teopetrdecku Oblia paccMOTpeHa Mojelb 2D-MaccuBa KpyrilbIX HaHOTOYEK, HEHTPBI KOTOPBIX
PAacroioKeHbl Ha OJMHAKOBOM PAaCCTOSHUM d JIpyr OoT apyra. IloBeieHHe KOpa IOJUMHSETCS YPaBHEHHIO
nBuwkenus Buga: GXv—VU +F =0. 3aece G - rupoBekTOp, V- BEKTOP CKOPOCTH KOpPa MArHUTHOIO

Buxps, U =kr’/2- mnoreHumanbHas oSHeprus kopa, F- cmia MarHHTOCTATHYECKOM MPHUPOIBL
NecTByIOasT Ha MAarHUTHYIO TIOJICHCTEMY BBIIEJICHHON HAaHOTOYKH CO CTOPOHBI APYTHUX JJIEMEHTOB.
JleTanpHOE paccMOTpEHHE MEXaHWU3Ma B3aWMOJCHCTBUS HAHOAWCKOB IO3BOJIMJIO IONYYUTh PEIICHHS
YpaBHEHUS ABIKEHUS IJIS pA3HBIX MOJI M MX YacTOTHL. PacueTHoe 3HaYeHne MaKCHMaJIbHON BEIWIHHBI
pacIlelUIeHdsl 110 TIOJK0 B JUIMHHOBOJHOBOM THpeneie coctaBiser nopsgok Ah=0.2. Dr1o maer
YAOBJIETBOPHUTEIHHOE COTJIACHE C IKCIIEPUMEHTAIBHBIMI TaHHBIMU U3 prcyHKa 1. Ha prucynke 2 moka3aHbl B
CPaBHCHWW WHTETpaJibHAs KpUBas TMOTJOUICHUS TIONYYCHHAs W3 pPE3YyJIbTaTOB OKCIEPUMEHTa U
TeopeTHIecKas KIIaCCHIeCcKasi pe30HaHCHAs KpUBas B IJTMHHOBOJIHOBOM TIpeienie.

B skcmepmMmeHTax Ha MaccHMBax KBaJpAaTHBIX HAHOTOYEK Obuta OOHapy)KeHa 3aMeTHas 3aBHCHMOCTD
PE30HAHCHOM YacTOTHI OT BEIUYMHBI MAarHUTHOTO IIOJIS, MPIJIOKEHHOTO MaPAJICIFHO TUIOCKOCTH TUICHKH.
Uro He HAOMIOMAIOCh HAa MAacCHBax KPYIJIBIX HAHOTOYEK. MbI 3T0 cBs3biBaeM ¢ ¢opmoii 3h(eKTHBHOM
MOTCHIIUANBHON SIMBI, B KOTOPO HAaXOAWTCS KOp BUXps. B HaHOMarHeTukax KBaJpaTHON (OpMbI IPOPUIL
MOTCHIIMANBHOHN MBI HEe 00Ja/laeT 0CEBOM CHMMETpHEH W HE MPOMOPIMOHANCH KBaapaTy cMmemieHus. [lpu
HaJIMYUH TIOCTOSTHHOM COCTABIIAIONIEH MarHUTHOTO TIOJIS B TNTOCKOCTH MarHeTHKa KOP CMEIIAETCs U3 IIEHTpa
M OKa3bIBacTCsl B 00JacTH MOTCHIMANa C MEHBIIUM 3HAYCHHEM KOA((UIIMEHTa KBa3MKECTKOCTH. JTO
MPUBOJUT K YMEHBIICHHIO CKOPOCTH ABIDKEHHS KOpa W YacTOTHI €r0 BpAIICHHUS, YTO MOATBEPKICHO B
AKCIIEPUMEHTE.

Agtopsl puzHateabHBI B. S. [IpuHIly 3a mOMOIIE B U3rOTOBJICHHH MacCUBOB ToueK. PaboTa BEITIOIHEHA
npu GuHaHCOBOM mogaepxkke rpanta PH® 14-15-00805. PaboTa BeinoaHeHa pu (PUHAHCOBOH MOMIEPIKKE
rpanta POOU 16-32-00103
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INFLUENCE PRESSURE OF SPIN TRANSITION IN 2D COORDINATIONS
COMPOUNDS Fe(L);M(CN)4, WO (L - LIGAND, M - Ni, Pt, Pd)
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BJIUSTHUE JIABJIEHUSI HA CHHHOBBIN IEPEXO/I B 2D KOOPJIUHAIITMOHHBIX
COEJJUHEHUSAX Fe(L);M(CN)4, 'lE (L - JUT'AH/, M - Ni, Pt, Pd)
TepexoB C.A.l*,Bymm F.B.l, Bepexnas JI.B.I, JIleBUeHKO F.F.l, Gaspar A.z, Real J.A%
! oneyxuii Gusurxo-mexnuuecxkuti uncmumym um. A.A.I'arkuna, 03680, Kues, Yxpauna.
? Institut de Ciencia Molekular/Departement de Quimica Inorganica Universitat de 46980 Paterna,
Valencia, Spain

B nmnocnegHee Bpemsi IIMPOKO MCCIEAYIOTCS METAUIOOPTAHMYECKUE KOOPAUHALMOHHBIC
COEIMHEHUS, COJEp KAIIMe HOHBI MEPEXOJHBIX METAJIOB, KOTOpble 00Ja/lal0T HEYCTOWYHBBIMU
JNEKTPOHHBIMU KOH(UTyparusMU. OTH COCTaBbl INPU BHEIIHUX BO3ACUCTBUAX I1OKa3bIBAIOT
M3MEHEHHUE 1IBeTa U CTPYKTYPHI MPHU MEPEX0/ie U3 BRICOKOCITMHOBOTO B HU3KOCIIMHOBOE COCTOSIHHE,
pa3nuune MarHUTHBIX U ONITUYECKUX CBOWCTB, YTO €CTh OJAHO U3 CaMBIX MHTEPECHBIX MPUMEPOB IS
W3YYCHHUS CIIUH-KPOCCOBEPHBIX COeNUHEHUHN. IMEIOTCS MyOIuKaIuy, T/Ie TOBOPUTCS O IPUMEHEHHUH
CITHH- KPOCCOBEPHBIX MaTEPHATIOB, cofepx aiux Fe’*, kak TaTYHKOB U YCTPOMCTB MAMSTH.

Puc.1. XapaktepHblii (pparMeHT CTPYKTYPhl OKPYKEHUS IICHTPAILHOTO HOHA
Fe™, ¢ COOTBETCTBYIOIIIUM HOMEpOM aroma Juist oopasnoB: a) Fe(3-Fpy),M(CN),,
Fe(3-Clpy):;M(CN)y; 6) Fe(PhPy),M(CN),

O6bekT wuccnenoBanusi 2D-koopauHanmonHeie  coemuHeHus:  Fe(3-Fpy),M(CN)s, Fe(3-
Clpy)2M(CN)4, Fe(PhPy),M(CN)4, tne 3-Fpy, 3-Clpy, PhPy ¢Topranorennsie, XJioprajoreHHbIE,
(deHnnoBbIle TPOM3BOAHBIC MUpHUANHA, M — nonupoBanHble MeTaiibl Ni, Pd u Pt. Ha puc. 1(a, b)
MPEJCTaBICHb (DParMEHThI CTPYKTYPBI IJIsl 3TUX OOpas3IoB, T€ BUAHO, YTO 3TH COCAMHCHUS
COCTOAT U3 CIIOEB, COJEPKAIUX HMOHBI JIByXBaJCHTHOTO JKEJie3a, OKPYKEHHBIE IIECTbI0 aTOMaMHU
a30Ta, KOTOpbIE CBs3aHBl B O3TOM IUIOCKOCTH MOCTMKAMM JIMTAHJIOB 4Yepe3 arombl Nj.
DKBaTOpHAIbHBIE TTO3UIMU 3aHIThl aTOMaMU a30Ta I[IMAHUCTBIX TPYII [M(CN),]* B sroit pabore
SKCIEpUMEHTaIbHOE HcclieoBaHue cnuHoBoro mnepexoaa (CII) ocyiiecTBiIsIOCh HECKOIbKUMU
METOJIaMH, B YaCTHOCTH: TEeMIEpaTypHO-UHAYLHpoBaHHbIM cnuHOBbIA niepexon (THUCII) non
napienueM Ha MarHetomeTpe SQUID M uHAYIIMpOBaHHBIM JaBICHUEM CIHMHOBBIA MEpPEexXon
(MACII) npu koMHAaTHOW TeMmIlepaType B BUJIMMOM Juala3oHe JJIMH BOJIH Ha crnektpomerpe Carl
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Puc.2. 3apucumoctn 1071 HU3KOCTIMHOBOH (a3l oT nasieHus (MJCII) u
MarHUTHOW BOCIpUUMYMBOCTH 0T TemnepaTypsl (TUCII)

Jns mpuMepa Ha puc.2 MPUBEACHBI 3aBUCUMOCTH TOJYYEHHBIE B Pa3HBIX AKCHEPUMEHTAX IS
nonumepa Fe(PhPy),Ni(CN),.

B pesynbrare, Habmonas onuHakoBoe win paziuuHoe noseneHue CII, MbI MOXeM paccyuTaTth
TepMOJUHAMHUYECKHe TapameTpbl, ympaistomme CII, ucnons3ys NpUOIMKEHHE YIPYTUX
B3aMMOJCHCTBUM:

1_
AH, (P)—TAS +PAV,, -2y, I(P)—k,TIn| ~— 7% | =0, (1)

Vs

riae AHy(P) — n3MEHEHUE SHTAJBIINY TP U3MEHEHHUH JIaBJICHUS, CoJepKaliee B ce0e M3MEHEHUE
YOPYTO# SHEPTUU Aclast, AS — W3MEHeHHe dHTporuu, P — naBienune, AV — u3MeHeHne oobema npu
CII, I' — napameTrp B3aUMOACUCTBUS, Yys — MPUBEJACHHAsL J0JIs1 BHICOKOCITMHOBBIX KOMILIEKCOB B
CHCTEME

BriBOaBI
CpaBHHBas MOJyYEHHBIE PE3yNbTaThl s X0pMaH-mogo0HbIX coenuuennii Fe(3-Fpy),M(CN)y,

Fe(3-Clpy),M(CN)4, Fe(PhPy),M(CN)4, MOXHO caenaTh BBIBOJI, YTO, HECMOTPSI Ha OJUHAKOBYIO

CTPYKTYpY 3THUX IMOJMMEPOB, OHH 00JIaa0T Pa3TUYHBIMU TUIIAMU U pa3indHbIM noBeneHuem CII

MIpY U3MEHEHMSIX JaBJICHUS U TeMmrepaTypsl. Takxke ObLUTIO YCTaHOBJIEHO, YTO:

e [lpy uHAYUUMpPOBAaHUU CIOUHOBOTO TIEpexoAa JaBJIEHUEM ONPEIEISIONIYI0 pPOJb UIPAET
W3MEHEHUE YIPYrol 3HEpPTruu, a 3HEepruu B3auMonewcTBus [ mpuOIM3UTENHHO paBHBI IS
COEIMHEHMH C OJMHAKOBBIM JOMMPOBAHHBIM METANIOM

e 3aMmeHa TaJlOTEHHOTO aToMa B JIMTAHJIE€ KauyeCTBEHHO BIMSET Ha CIUHOBBIM MEpexof,
WHIYUHUPOBAHHBIN TEMIIEPATYPOIl U JABICHUEM.

e (C yBenMYEHHEM aTOMHOro paauyca JonupoBaHHbIX MeTawioB (Ni, Pd m Pt) ymensbiuaercs
nasieHue nepexoza B axcrnepumente UJCII.

e B cocraBax Fe(PhPy),Pd(CN)s u Fe(PhPy),Pt(CN), CII npu 300 K mnox naBienuem
OTCYTCTBYET. DTO CBS3aHO C TE€M, UYTO C YBEJIMYECHHEM JIaBJICHUS TeMIlepaTypa mepexonaa
YMEHbIIAeTCsl K 00Jiee HU3KUM 3HAYCHHSIM
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SPIN-WAVE SPECTROSCOPY AND MAGNETO-STRUCTURAL STUDING OF Co-SiO,,
Co-CaF; NANOGRANULAR COMPOSITES FILMS
Denisova E.A.l’z, Komogortsev S.V.l, Iskhakov R.S.!" , Chekanova L.A.l, Shepeta N.A.G
Kalinin Yu.E.* and Sitnikov A.V.*

]Kirensky Institute of Physics SB RAS, 660036, Krasnoyarsk, Russia
?Siberian Federal University, 660041, Krasnoyarsk, Russia
ISiberian State Aerospace University, 660037, Krasnoyarsk, Russia
*Voronezh State Technical University, 394026, Voronezh, Russia
‘e-mail: rauf@iph.krasn.ru

CIIUH-BOJIHOBAS CHHEKTPOCKOIIUA U MATHUTOCTPYKTYPHBIE
NCCIEJLOBAHUSA HAHOT'PAHYJIMPOBAHHBIX KOMITIO3UTOB HA ITPUMEPE
INJEHOK Co-SiO,, Co-CakF;

JlenucoBa E.A.l’z, Komoropues C.B.l, HUcxakos P.C.l*, YexaHnoBa .JI.A.I, Illenera H.A.’,
Kanunun IO.E.4, Curnukos A.B.*

! Hnemumym @usuxu un.JI.B. Kupenckozo CO PAH, 660036, Kpacnospck, Poccus

 Cubupcruii pedepanvrviii ynusepcumem, 660041, Kpacnospck, Poccus
5Cu6upc1<uﬁ 20CY0apCmeeHHblil A3POKOCMUYeCKUull yHusepcumem umenu akaoemuxa M. .
Pewemmnesa, 660037, 2. Kpacnospck, Poccus
4B0p0He9fcc1<uﬁ 2ocyoapcmeennvlil mexnuyeckuil ynusepcumem, 394026, Boponearc, Poccus

B nocnennue pecATWIETHS 3HAYUTEIBHOE YHCIO HCCICIOBAHUN HAMPABICHO HA IOUCK
MaTepuajioB C YHUKAJIbHBIMH, paHEe HEpeaTu3yeMbIMH, CBOWCTBAMHU [IJisi CO3JaHUS HOBBIX
YCTPOWCTB B MUKPOAJIEKTPOHHUKE, CIIMHTPOHUKE U MarHUTOJIEKTpoHuKe. [lneHku ¢ rpanyinamu u3
MarHUTOMSITKOTO MeTajula B IURJIEKTPUUECKOW MATPHULIE BHI3BIBAIOT MHTEPEC JIJIsl BHICOKOYACTOTHOM
AJIEKTPOHUKU B CBS3U C COYETAHMEM BBICOKOIO YEIBHOIO AJIEKTPOCOMPOTUBIICHHUS U BBICOKOM
MarHuTHOM mpoHuiaeMoctu. CBOMCTBA TPaHYIMPOBAHHBIX KOMIIO3UTOB BO MHOTOM OOYCIIOBJICHBI
0COOEHHOCTSIMA MUKPOMArHUTHOM CTPYKTYPBI TUX MaTEPHAIIOB.

enpto Hamelr paOOTHI SBIAETCA JIEMOHCTpPALMS BO3MOXXHOCTEH METOJOB CITMH-BOJTHOBOM
CIIEKTPOCKOIIUHM M KOPPEJISIIMOHHON MAarHUTOMETPUHU MPH UCCICAOBAHUM HAHOTPAHYJIUPOBAHHBIX
KOMITO3UTOB «()ePPOMArHUTHBIM METal — IUIJIEKTPUK». B KauecTBe MOJIEIbHBIX OBUTH BHIOPAHBI
JIBa TUIIa HAHOTPaHYJIUPOBaHHBIX MIIEHOK: Co-Si0,, Co-CaF,.

Merong KOppEeISIMUMOHHOM MAarHUTOMETPUU TMO3BOJISIET U3 KPUBBIX NPUOIIKEHUS
HAMarHMYEHHOCTH K HACHIIICHUI0O B HAHOMArHeTHKax OMNpENENsATh pa3Mep »JJIEMEHTa UuX
MUKPOMArHUTHON CTPYKTYphl (pa3Mep CTOXaCTUYECKOTO JIOMEHAa), BeTWYMHY 3(PQPEeKTUBHOI
AQHU30TPOIMH B 3TOM DJIEMEHTE M BEJIUUYUHY JIEMEHTA HAHOCTPYKTYPHI (pa3Mep HAaHOYACTHUIL) U €€
JIOKAJBHYI0 aHHM30TPOIHI0, a TakKKe TPOCTPAHCTBEHHYIO Pa3MEPHOCTh CHCTEMbI OOMEHHO-
CBS3aHHBIX (DEPPOMArHUTHBIX HAHOYACTHUII. METON CHUH-BOJHOBOW CHEKTPOCKOMUU TIO3BOJISIET
M3MEpPUTh TaKME OCHOBHBIC MMapaMeTPhbl KAK HAMAarHHUYEHHOCTh HACHIIIEHUSI 1 0OMEHHasi KOHCTaHTa,
no MoaupuUKauh 3aKOHA JHUCIIEPCHH CIHHOBBIX BOJH ONPEACTUTh THI JOMHUHHUPYIOUINX
¢byKkTyanuii CHMHOBOW cUCTeMbl MaTepHaia (0OMEH WM HAMAarHWYEHHOCTh) U Pa3Mep MarHUTHBIX
HEOAHOPOAHOCTEH.

[Inenxkn wuccnenyempix HaHOKOMIIO3UTOB Co-SiO, m Co-CaF, mnpencraBinsior coboi
CJIOXKHYIO CHCTEMY, COCTOSIIYIO U3 HAHOTPaHYJ K0OabTa, Pacoi0KeHHBIX CIIyd4aliHbIM 00pa3oM B
Marpuie SiO, wimu CaF,, ¢ coaepxaHueM MeTajuNIM4ecKOro (MarHUTHOro) kommoneHTta 30 -70
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00.%. Hanoxomno3utbl Cox(Si0;);.x 1 Cox(CaF;);.x ObUIM MOJIy4eHBI METOJIOM HOHHO-JTy4€BOTO
pacnbuieHus. CorjlacHO AaHHBIM 3JIEKTPOHHON MUKPOCKOIUU U AJIEPHOTO MAarHUTHOTO pe30HaHca
rpanynsl Co B meHkax Cox(Si0;);.x u Cox(CaF,),.x xapakrepusyrorcs ['TIY tumom Onuxkaiiiiero
OKPYKCHHS JJIsl BCEX UCCIIEYyEMbIX KOHIIEHTPAIIUH METAUTHUECKOH (a3bl.

KpuBble HamarHuunBaHusi B 001acTé O0NbIIMX MoJiei (B moisix Oonbmie 3+6 kD) /i Beex
BEJIMYUH X HCCIEIyeMbIX HAHOKOMIIO3UTOB XOPOIIO CIEAYIOT H3BECTHOMY 3aKOHY AKYyJoOBa
(M ~H 2), a B MEHBIIIUX MOJSAX UCIBITHIBAIOT KpoccoBep [ [ [IM ~ H ") - HaGIIOmACTCS CMEHa
CTENMEHHBIX 3aBMCUMOCTEl Mpu MPUOIKEHUN K Hachienuo otM ~ H> x M ~ H™“*"* | Taxas
cMeHa 3aBucumMoctd M(H) cBsizaHa ¢ BOBHMKHOBEHUEM U PACHPOCTPAHEHUEM B CIIMHOBOM CHCTEME
00OMEHHO-KOPPETUPOBAHHBIX OTKJIOHEHHM HaMarHMYEHHOCTH. Y CTaHOBJIEHO, YTO BEIMYMHA TOJIS
JIOKQJIbHOM MAarHuTHOW aHU30Tponuu H,  yMEHbLIAeTCsl C YBEJIUYEHUEM KOHIICHTpAIUH
Metaumaeckoi (aszer ot 3,5 mo 0,5 KO mmst kommosuta ¢ marpunieid SiO, u ot 2 10 0,3 KO —c
Matpuneir CaF,. [To 0cOOEHHOCTSIM KPUBBIX HaMarHWYWMBaHUS [0 HACHIICHUS (QeppoMarHUTHAS
00J1aCTh MOKET OBITh pa30HTa elle Ha TP MoJ00IaCTH, OTIMYAIOIINECS PA3MEPHOCTHIO YIIaKOBKU
®OM 3epeH. A UMEHHO: MarHWTHas MUKPOCTPYKTypa (OpMUPYETCS 3E€pHAMH, YIaKOBAaHHBIMHU
TpeXMEpHBIM 00pa3oM MPHU KOHIEHTpAlMu MeTaimudeckor ¢asel x > 0,6 (4T0 00ycraBiIMBaeT
(GYHKIIMOHANIBHYIO 3aBUCHUMOCTh [ 1M ~ H 1 2); B o0Oiactu koHreHTpauuii 0.39<x<0.6 -
nByxMmepHas ynakoBka ®M rpanyn (1M ~ H h; mpu 0.33 < x< 0.38 — 9T0i1 cucteme oOpasyroTcs
KJIaCTephl MAarHUTHOM (ha3bl ¢ IPOOHON pa3MEPHOCTHIO. B 3aBUCHMOCTH OT KOHIIEHTpAIlUK MeTalljia
(dbpakTambHast pa3MEPHOCTD B 3TON 00siacTu MeHsieTcst oT 1.2< d < 1.9. B ci1yyae HAHOKOMITO3UTOB C
KpucTaumueckuM auanekTpukoM Co-CaF, o6siacts 0O6pa3zoBaHus (paKkTaaIbHONH MUKPOCTPYKTYPHI
CABHHYTA B CTOPOHY OOJIBIITUX KOHIIEHTPALUN METAIITNIECKON (ha3bl.

HccnenoBanue cnekrpoB  OMP B meHkax,

3 MOJIYYCHHBIX B Pa3JINIHBIX TCOMCTPHUAX

JKCIIEPUMEHTA, BBISIBUJIO XapaKTepHYIO

KOHIleHTpauuio Tnepexoma X~36% OT COCTOSIHUSA

o oo T U30TPOMHOTO0 KOMIIO3UTA C HEB3aUMOAECHCTBYIOIIUMU
£ o

A‘. H kOe O®OM rpanynamu K ¢eppoMarHuTHOW 1ieHke. OMP

CHEKTp B TMapajUIebHOM T'€OMETPUH MOXKET OBITh
pa3yioKeH Ha JABa-TPU JIOPEHIIMAaHA C Pa3HbIMHU

HHTCHCHUBHOCTAMU, HO XAPAKTCPUIYIOIIUCCA OJHUM U

1 TeM ke 3HaueHuemM H, (puc.l (a)). HaGmromaercs

oz | 5 3pdexT oOMeHHOro cyxeHus mupuHsl @®MP, o yem
2 oot '\ CBUJETENbCTBYET Koppensuuss [|H ¢ [IuHOM
= '1& MAarHUTHBIX KOppeJsiMi B HaHOMaruetukax Ry (puc.l
04 r )
= * (0)). B mepnengukynspHoit reomerpun CBY-criekTp
0.2 “"—-. e MPEJCTaBIICH HECKOJbKUMHM JIMHUSAMU TorsionieHus. [1o
0 - - . - - TUMYy MOAW(UKAIMK 3aKOHA AWCIIEPCUU CITHHOBBIX
e RBW 00 =00 eo BOJIH YCT@HOBJICHO, YTO B TPaHYJIMPOBAHHBIX TUICHKAX
L. nm .

. Co-SiO; u Co-CaF, noMuHupylOT (aykryauuu

Puc.1. TunuyasIi CIIEKTP OMP 6 H . o
rpaHyupoBanHbX  micHok Co-CaF, (a), NaPaMeTpa obmena. HauMeHblled WMpUHOH JHMHAN
3aBucumocts mmpunsl mEEE OMP (6) or  PMP XapaKTEpU3yIOTCA KOMITO3HTBI ¢

BCJIMYMHBI  KOPPEIALMOHHOIO  paaWyca  KpUCTaJUIMYeCKOW Martpuied. Mcxoas U3 BeIUYUH
HAMarHuaCcHHOCTH HEOIHOPOJHOTO oOMeHa, U3MEPEHHBIX o

HU3KOTEMIIEPATYPHOMY XOAY HaMarHM4€HHOCTH, II0 KHUTTCICBCKOMY COOTHOLICHUIO  JIA
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PE30HAHCHBIX TIOJIeH, MOXKET OBITh OIICHEHA TOJIIIMHA CJI0sA, Ha KoTopoi peanusyercs CBP. Ouenku
nmaroT tommuHbl 0.1-0.15 MxM. Tak kak oOmas TOJIIMHA IUIEHKA HAHOKOMIIO3WTA COCTABIISIET ~
2 MKM, TO CJIEIYET BBIBOJI O TPaJUEHTE pPACIPEEICHUS YaCTUIl METaula MO TOJIIMHE IJIEHKU
KOMIIO3HUTA.

Pabora BeimonHena npu mnozanepxkke rpanta POOU — KKOH p-cubupb-a npoekt Ne 15-42-
04171, rpaata PODU 16-03-00256
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MAGNETIC PROPERTIES OF FERRIHYDRITE NANOPARTICLES 5(Fes3Co017),039H,0
Stolyar S.V.'2, Yaroslavtsev R.N.%, Iskhakov R.S.", Bayukov O.A., Balaev D.A."2, Ladygina
V.P.3, Vorotynov A.M.l, Krasikov A.A."?

]Kirensky Institute of Physics, 660036, Krasnoyarsk, Russia
%Siberian Federal University, 660041, Krasnoyarsk, Russia
I Presidium of Krasnoyarsk Scientific Center, 660036, Krasnoyarsk, Russia

“e-mail: stol@iph.krasn.ru

MATHUTHBIE CBOMCTBA HAHOYACTUII ®EPPUTUJIPUTA 5(Feg;Co1s),03 9H,0
Croasip C.B.l’z, SIpociaBieB P.H.z, HcxakoB P.C.l, baoxkos O.A.l, banaesn I[.A.l’z,
Jdaapiruaa B.I12, BoporbinoB AM.Y Kpacukos AAM?

IHHcmumym ¢uzuxu CO PAH, 660036, Kpacnospck, Poccus

? Cubupcruii pedepanvuwiii ynusepcumem, 660041, Kpacrospck, Poccust
[pesuouym KHI] CO PAH, 660036, Kpachospck, Poccus

B Hacrosiiee BpeMsi OrpOMHOE BHUMAHUE YIENSIETCS TUCIEPCHBIM MarHUTHBIM HAHOYACTUIIAM
Ha ocHOBe xene3a. Cpenu OKCUTHIIPOKCHIIOB jKeje3a HauOousblliee BHUMAHHUE 3aCily’KMBAeT
MeTacTa0WIBHBIN (eppuruapuT. XUMHYECKYIO GopMyny heppuruapuTa OObIYHO 3alUCHIBAIOT B
Bune: SFe,03-9H,0, ogHako BBUAY AePEKTHOCTH CTPYKTYphl KonmuecTBo OH-cBszelt, a Takxke
coJiepKaHUE «BOJIBI» MOKET MEHAThCA. [10 cBOel MarHUTHOM CTPYKTYpE MaCCUBHBIA (PEPPUTHIPHUT
aprsgercs  aHTUdeppomarHeTukoM. (OJHaKo, TMpU  yMEHBIIEHHWH pa3Mepa HaHOYACTHIIA
deppuruapuTa  OKa3bIBACTCSI B MArHUTHOM  OTHOIICHWH  HEOOBIYHBIM  «THOPUIOM»

anTH(eppomarneTuka u Geppura. Tabmmma 1. XapakTepuCTHKH MTOJTYICHHBIX 00pa3IioB

Meroznom XHMUYECKOTO oGpazer D, [ T, K [ He, [ M, | KV,erg | MV, emu
OCWKIEHUA TIIOJYyYEHBI ITOPOIIKH nm | (M(T)) | kOe | Gs | (OMP) (OMP)
-14 -18
HaHOWAacTHL  (eppuUrHapuTa M @eppnmﬂplin 2,5 40 4 25| 2-10 2.4-10
HaHOYACTHI] beppurnapura RUMHIACCKIHA
* | deppurugpur | 35| 36 | 53| 7 |5310™ ] 246-10"
JIETUPOBAHHBIX KOOaJIbTOM B | jerupoBaHHbIf
cootHomenun S/1. Tlomydennsie | Co (18ar.%)

YacTUIBl OBUIM  HWCCIENOBaHBI  METOJOM  MeccOAy’pOBCKOW  CHEKTPOCKOIUH,  METOJOM
deppomarautHoro pe3onanca (9.4 GHz) B obmactu temmeparyp 100+300 K. Jlns usmepenuit
TEMIEPAaTypHBIX 3aBUCUMOCTEM MarHuTHOro MoMmeHta M(T) ucmonap30Bamuch PEKUMBI
oxnaxaeHus 6e3 monst (ZFC — zero field cooling) u Bo BHemHeM nofie (FC — field cooling).

Temneparypubsie 3aBucumoctd M(T), usamepennsie B pexxumax ZFC u FC nemoHcTpupoBaiu
XapakTepHoe cymnepnapamarauTHoe moBeaenue. Ilpu T < Tp (Temmeparypa OJIOKHPOBKH)
3aBucuMoctd M(H) nmemoncTtpupoBamu — rucTepe3uc. B Tabmmme 1 mpuBeneHbl — pasmepbl
HAHOYACTHUI] U H3MEpEHHble MarHUTHBIE MapaMmeTphl. JlermpoBaHue KoOOaJIbTOM MPHUBOIUT K
CYIIECTBEHHOMY YBEIMYCHHIO KOHCTAHTHl aHU30TPOIUU YACTHUIBI U (POPMHUPYET MOBEPXHOCTHYIO
BpamaTenbHyio aHm3oTponuio ¢ K, = 1.6:107 erg/em’.

Pabora monnepxana CrneuumanbHoi mporpamMoit MunuctepctBa OOpazoBanus u Hayku

Poccuiickoit @enepanuu st Cudbupckoro dexepansHoro YHusepcurera. [logaepixano rpantamMu
POOU 16-03-00969 u PODU — KKDH p-cubups-a npoext Ne 15-42-04171.
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MAGNETIC REORIENTATION OF ANTIFERROMAGNETIC NANOPARTICLES
CAUSED BY MICROWAVE FIELD
A.V. Golovl*, L.N. Kotovl, V.S. Vlasovl, L.S. Nosovl, V.V. Temnov>
]Syklyvkar State University named after Pitirim Sorokin, 167000, Syktyvkar, Russia
’IMMM CNRS 6283, Université du Maine, 72085 Le Mans cedex, France
“e-mail: antongolov@mail.ru

MATHUTHAS TIEPEOPUEHTAIINS B AHTU®EPPOMATHUTHBIX
HAHOYACTHUIAX CBY [IOJIEM
I'osi0B A.B.l*, Koros .JI.H.I, Baacos B.C.l, Hocos JI.C. 1, Temuos B.B.
" @rBoy BO « Coikmulekapckuti 2ocyoapcmeentuili yHusepcumem umenu IHumupuma Copoxuna»,
2. Cukmuiskap, Poccus
’IMMM CNRS 6283, Université du Maine, 72085 Le Mans cedex, France

PaboTta mocBsIeHa HMCCIEIOBAHUIO SIBJICHHUS MEPEOPHUEHTAIMH BEKTOPOB HAMarHMYEHHOCTH
MOJPEUIETOK aHTU(PEPPOMArHUTHBIX OJHOJAOMEHHBIX HAaHOYACTHUII, BbI3bIBaeMasl ACHCTBUEM Ha HUX
CBY mMarsuTHOrO MoJisl, METOJIOM YHCIEHHOTO MOAECIUPOBAHUS.

SBnenue IIEPEOPUEHTALNN MO3BOJIAET  W3MEHATH MarHMTHYIO CTPYKTYpy B
aHTU(EepPOMArHUTHBIX HAHOYACTULIAX U UX aHCAMOJISIX M MOXKET ObITh HCHOIB30BAHO IS CO3JaHUs
CBY nepexmtouaronux ycrpoiictB. Kpome Toro, mpomecc CBY-nepeopueHTanuu BeKTOpa
HaMarHM4E€HHOCTH B aHTH(EPPOMArHUTHBIX YACTULAX XapaKTEPU3YeTCs 3HAUUTEIIHO MEHBIIMM
BpeMeHEeM, 4YeM B (EepPpOMAarHUTHBIX YacCTHIAX. A Takke B 001acTH aHTU(EPPOMArHUTHOTO
pe30HaHCa BO3MOXHO 3HAYUTEIHHOE YMEHBIICHUE aMIUIUTY/ bl BHEITHHUX MOJICH HEOOXO0IUMON IS
MIEPEOPUCHTAIIUH 110 CPABHEHHUIO C aHATOTMYHBIMH IIPOLIeccaMu sl peppoMarHeTukos [1].

B pabore wuccnenoBanach aHTU(EppOMarHuTHas OIHOAOMEHHas cepuyeckas YacTHIA
KyOn4eckoi CTpyKTypbl. IITOTHOCTE MarHUTHON SHEPTUN YACTHUIIBI IPECTABISUIACH B BUJE CYMMBI
IJIOTHOCTEHW PHEPruid OOMEHHOTO TOJIs, KYyOMYeCKOW aHW30TPONMHH U 3€EMaHOBCKOW JHEPTHH
HaMarHMYEHHOCTEN MOIPEIIETOK YaCTUIBI B IEPEMEHHOM MarHUTHOM II0JIE.

bBUIO BBIABICHO, YTO IIPH OIIPEIEICHHBIX 3HAYECHUAX aMIUIMTYIBI M 4YaCTOTBI IEPEMEHHOTO OJIS
BO3HHUKACT IEPEOPHEHTAIMsI BEKTOpa aHTH(EeppOMarHeTu3Ma B MOJOKEHHE, MEPIEeHIUKYISIPHOE
HA4yaJIbHOMY IOJIOXKEHHIO. JTO SIBIIEHHE HOCUT MOPOroBbIN XapakTep. OmnpeneneHa moporonas
aMIUINTyZla [IEPEOPUEHTAlMM  OT 4YacTOThl IIEPEMEHHOr0 1moJyid. BbIiBIEHO  Hamuuue
HU3KOYACTOTHBIX MHUHHUMYMOB JUISI 3TOH 3aBUCHUMOCTH, OOYCJOBJICHHBIX BO30YXICHHEM
HEJIMHEHHBIX MOJ U3-3a CBs3UM KosieOaHui mnoapemérok.  OTAEIbHO BBIABISUINCH YCIOBUS
CUHXPOHH3Ma UMITyJIbCa U MAarHUTHOM MOJCUCTEMBI [UIsl ONTHMAJIbHOW NEPECOPUEHTALMHA BEKTOPA
HaMarHMYEHHOCTH.

Pabora BeimonHeHa B pamkax npoekta Nel503 rocynapcrsennoro 3aganust MOuH PO.

[1] KotoB JL.H., Hocor JI.C., T'onoB A.B., Ycrioros B.A., BectHuk YensiOMHCKOTO TOCYIapCTBEHHOTO
yauBepcuteTa. ®m3uka. Bemm. 12. T. 39 (254). C. 15-18. (2011).
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SPECIFIC HEAT AND MAGNETOCALORIC EFFECT IN ALTERNATING FIELDS IN
THE NI493MNy494IN;03 HEUSLER ALLOY
Batdalov A.B., Aliev A.M.", Khanov L.N.", Koledov V.V.?, Mashirov A.V.?
! Amirkhanov Institute of Physycs of Daghestan Scientific Center RAS
367003 Makhachkala, Russia,
?Kotelnikov Institute of Radio Engineering and Electronics of RAS, 125009 Moscow, Russia
*e-mail: hanov82 @mail.ru

TEIIJIOEMKOCTH I MATHUTOKAJIOPUYECKUMN D®PEKT CILTIABA
TEVCJIEPA NI43MNy4IN;o3 BIIEPEMEHHBIX MATHUTHBIX ITOJISIX
barnanos A.E.l, Annen A.M.l, XaHoB JI.H.I*, Koaenos B.B.z, Mammpos A.B?
' Hnemumym gusuxu um. X. M. Amupxanosa JaeHL] PAH, 367003, Maxauxana, Poccusi
ZHHcmumym paouomexruxu u snekmponuxu um. B.A. Komenvnuxkosa PAH,
125009, Mockea, Poccus

B nanHoM cooOmieHny MpUBOIATCS Pe3yJabTaThl U3MEpPEHUs TEIIOEMKOCTH B ciiiaBe [eliciepa
Nigg3sMnyp4In;p3 1 MKD B untepBane temneparyp 100-350 K. MKD usmepsiics B mepeMeHHBIX
MarHuTHBIX NoJsIX ammuintyaou 1o 18 kOe.

JlaHHBIE 110 TEIUIOEMKOCTHU IpuBeleHbl Ha puc. 1a). Ha kpuoii Cp(T) nabmonaercs aHomanus,
00yCJIOBJICHHAsl TEPEXOJ0M IapaMarHeTUK-(eppoMarHeTuk ¢ makcumymom mpu T=318.5 K.
Bomusu Ty=227 K HaGmonaercs OCTphId CKadyOK TEIUIOEMKOCTH, OOYCIOBJICHHBIH CTPYKTYPHBIM
MEPEX0/I0M ayCTeHUT-MapTeHCUT, OOpaTHBIN nepexos Habmoaaercs npu Ta=239 K.

Ha puc.1b) npuBenena remmneparypHas 3aBucumMoct MKD B pexkuMax HarpeBa u OXJIaXKICHHUS,
0pyu aMmIuIMTyAe wu3MeHeHuss MarHutHoro mnonss AH=1.8 T, u3 koToporo cienyer, 4To B
UCCIIEIyeMOM Marepuane 4eTko mposBisitorcss mpsMoil (AT,,>0) m oOparubiii (AT,;<0) MKD.
Bennuuna npsimoro sddekra mocturaer AT=1.96 K npu T=323 K. B obGnactu mMapTeHCUTHOTO
nepexoja HaOmogaetTcss oopaTHeii MKD. B aToit o6mactu BuaHO paznuuue B noseaeHun MKD B
peXMMax HarpeBa W OXJaxAeHus. MakcumanbHas BenuuuHa d¢¢ekTa B pexxume HarpeBa AT= —
2.04 K nmpu T=230.5 K, B pexume oxnaxaenus AT=-0.84 K npu 221.4 K.

OOCyxar0Tcsi BO3MOXXKHBIE MEXaHWU3MBI CHUJIBHOTO paznuuus BenuuuHel MKD B obmactu
MarHUTOCTPYKTYPHOTO IIEPEX0/1a B PEKUMAX HArpeBa U OXJIAXKICHUSI.

HccnenoBanue BBIOIHEHO TpU (puHAHCOBOW mojaepxke PODU B paMkax HaydHOTO MPOEKTa
Ne 16-32-00633mo11_a.
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Puc.1 a) TemnepaTypHas 3aBUCUMOCTb TETIOEMKOCTH Nigg 3Mnyg 4In 03 B peskuMe HarpeBa u oxjiaaxkIeHus. b)
Temmepatypnas 3aBucumocts MKD cruraBa I'eficepa Nig 3Mnyg 4Ingo; mpu AH=1.8 T.
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SPIN PUMPING EFFECT IN LANTHANUM STRONTIUM MANGANITE
J. G.Lin"", G. Y. Luo"? and C. R. Chang2
I Center for Condensed Matter Sciences, National Taiwan University, 10617 Taipei, Taiwan
ZDepartment of Physics, National Taiwan University, 10617 Taipei, Taiwan
“e-mail: jglin@ntu.edu.tw

Since the conventional charge-based electronics has reached a bottleneck for the further
reduction of device size due to the fatal issues such as thermal fluctuation-induced noises and
energy loss by Joule heating, the search for alternative technologies to solve these problems leads
naturally to the usage of spin. Charge and spin are two intrinsic degree of freedoms of an electron.
The advantages of using spins to carry data information include the fast read-and-write speed and
the less energy loss. Among many, the integrated mechanism of generation, manipulation, and
detection of spin current has become the most urgent knowledge for the realization of spintronics
related devices.

Ferromagnetic resonance (FMR) driven spin pumping is a novel method to generate the spin
angular momentum from the ferromagnetic (FM) layer and transfer it into the adjacent normal metal
(NM) layer in an FM/NM bilayer system. Consequently, the spin current can be probed in the NM
layer via inverse spin Hall Effect (ISHE) when spin-charge conversion occurs. Among many, Pt is
considered as the most effective NM for spin-charge conversion due to its strong spin orbital
coupling. A scaling behavior of the spin pumping effect observed in various FM/Pt bilayer systems
prompt us to believe the existing of intrinsic parameters to control spin current. On the other hand,
the experimental data also show a possibility of tuning the spin pumping efficiency by an order of
magnitude. In this report, we focus on the rare discussed system Lag7Sro3MnO3(LSMO)/Py bilayer
and study its spin pumping efficiency via the Inverse spin Hall effect. By fitting with the spin
pumping model, the values of several spin transport parameters for Py could be obtained, such as
spin mixing conductance, spin diffusion length and spin Hall angle. The comparison of our findings
with previous reports on Py/Pt provides some insight to resolve the controversy of experimental
results in Pt from different groups.
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INVESTIGATION OF ELASTIC LIQUID ON PROPERTIES OF METAMATERIALS
Agrafonov Yu.V.", Petrushin L.S.!, Damdinov B.B., Tsydypov Sh.B.
!Irkutsk State University, 664003, Irkutsk, Russia
2Bmyat State University , 670000, Ulan-Ude, Russia
*e-mail: agrafonov @physdep.isu.ru

HCCJIEJOBAHUE BJIUSAHUSA BAZKOYIIPYTI'OM )KUJIKOCTHU HA CBOMCTBA
METAMATEPHAJIA
Arpadonos IO.B.I*, Herpymmn I/I.C.l, JlamauHoB B.B.z, p1abinos II1.B.>
IHpKymCKuﬁ 2ocyoapcmeenuslil yrugeepcumem, 664003, Upxymck, Poccus
2Eyp;zmcz<uﬁ eocyoapcmeenuwlil ynueepcumem, 670000, Ynan-Y0s, Poccus

PaccmarpuBaercss BiMsHUE BA3KOYIPYIOM JKMIAKOCTH HA PACIIMPEHUE YACTOTHOM IIOJIOCHI
MeTamatepuana. [ unepOonuUecKkuil MeTamaTepuan, COCTOSIUN W3 HECKOJIbKUX HAHOCIIOEB
(tommuua 10-30 HM) dYepeAyromUXCs ITUIGHOK IUAJIGKTPUKA M MeTauia (30J10TO, cepedpo)
KOHTAKTUPYET C BA3KOYNPYrod kuakocteio. Mccnenyercs 3aBUCUMOCTh (pyHKIUH 3¢ (HEeKTUBHON
JOUDJIEKTPUYECKON IPOHUIAEMOCTH HAHOKOMIIO3UTa OT CABHMIOBBIX I1apaMETPOB BA3KOYINPYTOW
KHUJKOCTH. 3HAHUE 3aBUCHUMOCTH JUAJIEKTPUUYECKONH MPOHHUIIAEMOCTH IIOBEPXHOCTH U 00BEMa
MeTamaTepuana, OT MOLYJI CABUIA HAHECCHHON >KMJIKOCTH PACLIMPUT BO3MOYKHOCTH YIIPaBJICHMS,
KOHTPOJISL M IPOTHO3a (PyHIaMEHTAJIbHBIX MPOLIECCOB U SBICHUH HA I'paHMIE pa3/iena KUAKOCTh-
TBep0€ Teslo. B xo/1e uccneoBanus pemaroTes caeayomue 3aaadn:(1) CHaTe3 runepooIndecKoro
MeTamatepuana, (2) "sxcrpakuua” 3((EeKTUBHBIX 3HAYCHUN JMAIEKTPHUCCKUX MPOHHULAEMOCTEH,
(3) ycraHOBIIeHHE 3aBHCHUMOCTH IMAJICKTPUUECKON (PYHKIIMM MeTamarepuaja OT KOMIUJIEKCHBIX
3HAYeHUN MOAYIIS CIBUTA KHUIKOCTEH, (4) YCTAHOBJIEHUE CBA3H MEXIY 3(PPEKTOM MUPOKO3OHHOU
CHUHTYJSIPHOCTH IUIOTHOCTH (DOTOHHBIX COCTOSHHI MeTamarepuala M BSI3KO-CTPYKTYpHBIMHU
CBOMCTBaMH >KHJAKOCTH, (5) co3manne (EeHOMEHOJIOTHYSCKON MOJENH aJCKBATHO OIHCHIBAIOIICH
MPOIIECC CMAYMBAEMOCTH IMOBEPXHOCTH THUIIEPOOJUYECKOrO MeTamaTepuana, (6) onucaHue
MIOBEPXHOCTHBIX SIBIEHMH  (afgcopOuusi, CMauuBaeMOCTb, IIOBEPXHOCTHOE HATSKEHUE ) Ha
Mex(}a3HOH rpaHulle KUIKOCTh - TBEPAOE TEIO METOJIaMH CTaTUCTUYECKOHN (PU3MKH.

OKCIIEpUMEHTAJIBHBIE UCCIIEIOBAHUS CIBHUIOBBIX BS3KOYIPYTHX CBOWCTB JKMJAKOCTEH B
HuskouacToTHOH (100 k[T 1 MeHee) 001acTH UCCIEAYIOTCS aKYCTUIECKIM PEe30HAHCHBIM METOJIOM.
MeTton 3akitoyaeTcsi B INPHUPABHUBAHUMM AKyCTHUECKHMX HMMIIEAHCOB KBaplEBOIO pe3oHATopa U
Harpy’>kaeMoi >KHJIKOCTH. Bpluucisiercs KOMIIJIEKCHBIM MOJYJb CABUIA KUJIKOCTH IO W3MEHEHHUIO
PE30HAHCHOW YacTOThI W JIOOPOTHOCTH KOJeOaTeNbHOW CHCTEMBI. JKHIKOCTH C 3aBEIOMO
U3BECTHBIMU BA3KOYIPYTMMH IT0OKA3aTEIIMU HAHOCUM Ha MeTamaTepuall U U3MeEpsieM 3aBUCUMOCTD
3 PEeKTUBHON NUAIEKTPUUECKON MPOHHUITAEMOCTH OT MOMYJICH CABUTA HArpyXaeMou KHUIKOCTH.
3aMeTHM, 4YTO HapsALy C BBICOKOYAaCTOTHBIM MAaKCBEJUIOBCKMM pEJIaKCalMOHHBIM IIPOLIECCOM B
KHUAKOCTAX PEATM3YETCs] HU3KOYACTOTHAS BSI3KOYNpPYTas pelaKcalys OonpeesIeHHbIX CTPYKTYPHbIX
€IMHUII, TIPOSBISAIONIMX ce0sl B HAJMYUHU CIABUIOBOM YHPYTOCTH KUAKOCTH TMPU HU3KHUX YaCTOTaX
(10 — 100 kI'my). D910 HeoOBbIYHOE sIBICHME (TBEPAOTEIHHOE MOBEACHHE KUAKOCTH MPU HU3KHX
YacToTax BO3JCHCTBUS) 10 CUX MOp ocraercs 0e3 oObscHeHHs. Panee Hamu ObL1 OOHapyXeH
3pGeKT BA3KOYNPYroro OTKJIMKA JKUAKOCTEM Ha aKyCTHYECKHE IapaMeTpbl IbE30KBapLEBOTO
BUOpaTOpa ¢ MOMOILBIO aKYCTHYECKOI'O PE30HAHCHOTO METO0J/la, OCHOBAHHOI'O HAa B3aMMOJIEHCTBUU
IIbE3KOKBAPIA OMPEIECIIEHHOTO Cpe3a U MPOCIONKHU KUIKOCTH.
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B Hacrosmieit pabote MBI MIaHUpyeM MOIU(DHUIIMPOBATH MOBEPXHOCTh pe30oHaTOpa (YacroTa ~
100 x['m) runepOONIMYECKUM METaMaTepUaoM, COCTOSIIIMM M3 HECKOJBKUX HAHOCIIOEB (TOJIIMHA
10-30 HM) yepeayIOUIMXCS TICHOK TUAJIEKTpUKa (pTopruaa Maraus) U MeTaiia (30J10To, cepedpo) u
M3YYUTHh 3aBUCUMOCTH S((OEKTHUBHOU AUAICKTPUYECKON MPOHUIIAEMOCTH HAHOKOMIIO3UTOB OT
MOAyJeH CcABUTa Harpykaemou xuikoctu. lIpenmonaraem, 4yTto MOIYAW BIUSIOT HA BEIUYUHY
IUIOTHOCTA (OTOHHBIX COCTOSSHUM W BHOCAT BKJIaJ B CHJIOBOW M SHEPreTHUECKUH JaHamadr
MeTtamarepuana. HaHocimon OynyT HaHeceHbI HAa KBapLEBYIO MOJJIONKKY METOJOM TEpMalbHOIO
BAKYYMHOI'O HUCIIAPEHHUS C KOHTPOJIMPYEMBIMHU TOJIIMHAMU OTAEIBHBIX CJIOEB. byayT onmpeneneHbl
OpPTOTOHANIbHBIE 3JIEMEHTHl KOMIUIEKCHOM JHANEKTpUYecKo (yHKIMH, B YaCTHOCTH OyIyT
M3MEPEHBI YIIIOBbIE 3aBUCUMOCTH CIIEKTPOB OTPAXKEHUS AJIA P- U S- MOJSIpU3ALUN J1 HECKOIBKUX
JUTMH BOITH, Jlajiee TIOJy4YeHHbIe KPUBBIC OYAYyT allpOKCUMHUPOBAHBI C U3BECTHBIMU (POPMYIaMH IS
OJTHOOCHBIX MaTepUaJIOB, TAKUM 00pa3oM OyIyT MONTYYCHBI 3HAYCHUS TUIICKTPUICCKUX KOHCTAHT.

TeopeTnyeckoe paCCMOTPEHNE TOHKHUX TUIEHKAX aTOMApHOM TOJIIUHBI ITO3BOJISIET PACCUNUTATh, B
YaCTHOCTH, IIOBEPXHOCTHOE HaTsbkeHHWe. JlaHHas BEJIMYMHA 3aBUCUT OT  IIOTEHLHaja
MEXMOJIEKYJISIPHOTO B3aMMOJEHUCTBUS, a TakXKe OT IOTEHUHajda B3aMMOJCHCTBUSA YACTHUIIBI C
MMOBEPXHOCTBIO. OTH K€ MOTEHLMAJIBI ONPEACIAIOT BAXKHEHIIYI0O CTPYKTYPHYIO XapaKTEPHUCTHKY
IUIOTHBIX Cpel - OMMKHUN TOPSAIOK, XapaKTepU3YIOIIMM JIOKaIbHOE YIOPSIOYEHHE B CHUCTEME
B3aWMOJICHCTBYIOIIMX YacCTUL[ 3aJaHHOM IUIOTHOCTH. DIIMOKHMM  HOPSIOK  ONKCBIBAETCSA
IBYXUacTMYHOH  (QyHKUuMEH  pacmpeneneHus. BpluncneHne  AByX4YacTHYHOM  (yHKIHeEH
pacrpeesieHlsl TPaHUYHBIX CIIOEB YKUJIKOCTU IMPOBOJUTCS MOCPEACTBOM PA3JIOKEHUSA B PAIBI IO
CTEMEHAM IUIOTHOCTH TOJBKO B MJIAAIIMX MOPSAKAX TEOPUH BO3MYIIECHUH, YTO COOTBETCTBYET
ra3aM CpeIHeW IUIOTHOCTU. BpluMciieHHne CTapliuX MNOPSAKOB TEOPUHM BO3MYLIEHUH JOBOJBHO
3aTPyJHUTENBHO, MO3TOMY Mbl NPUMEHSEM SKCTPANOJSLIUOHHYIO (OpMYTy, KOTOpas MO3BOJISIET
MOJIYYUTh JBYXYACTUYHYIO (PYHKIIMIO pAacIpelesieHUs] TPaHUYHBIX CJOEB IJIOTHOM >KHUIKOCTH,
Takoil moaxon sABISETCS HOBBIM U MO3BOJIET yUECTh BIUSHUE OCOOEHHOCTEH MEXMOJIEKYISIPHOrO
B3aMMOJICUCTBHUS HAa CBOMCTBA TOHKHUX IUIEHOK JKUIKOCTEH.

Jluteparypa:

E. E. Narimanov, H. Li, Yu. A. Barnakov, T. U. Tumkur, M. A. Noginov, Reduced reflection from
roughened hyperbolic metamaterial, Optics Express, v. 21 (12), p. 14956 (2013).

Yu. A. Barnakov, D. Adnew, T. Tumkur, V. Gavrilenko, C. E. Bonner, E. E. Narimanov, M. A, Noginov,
Wetting studies with metallic films and hyperbolic metamaterials, Opt. Mat. Exp. (submitted)
(2013).

Yu. A. Barnakov, D. Adnew, T. Tumkur, V. Gavrilenko, C. E. Bonner, E. E. Narimanov, M. A. Noginov,
Control of wetting with hyperbolic metamaterials and metallic films, QELS/CLEO, San Jose, May
11, (2013), Hyperbolic metamaterials 1.

Agrafonov Yu V, Petrushin I S 2015 Physics Procedia 71 364

Tikhonov D A, Kiselyov O E, Martynov G A, Sarkisov G N, J. Mol. Liquid. 82 (1999) 3-17

Martynov G A, 1992 Fundamental Theory of Liquids; Method of Distribution Functions (New-York: Adam
Hilger)
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CYCLOID MANIPULATION BY ELECTRIC FIELD IN BiFeO3; FILMS AND
MAGNETOELECTRIC PROPERTIES
Popkov A.F.l’z, Kulagin N.E.3, Solov yov S.V.l’*, and Zvezdin A.K.>*
National Research University of Electronic Technology, Zelenograd, Moscow, Russia

’Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Oblast, Russia
IMoscow Aviation Institute (National Research University), Moscow, Russia
*A.M. Prokhorov General Physics Institute, Russian Academy of Sciences, Moscow, Russia
“e-mail: sv.soloviov@yandex.ru

Electric field control of magnetic states is one of the most promising issues of the study of
multiferroics [1]. Electric field manipulation of the magnetic spiral structure allows changing
microwave and optical properties of multiferroics that suggests potential applications in
nanoelectonics [2]. The switching of polarization and related magnetoelectric (ME) effects have
been observed in BiFeO; single crystal and films. However, the influence of electric field on spin
cycloid in BiFeOs remains still insufficiently investigated.

Analysis of electric-field-induced transitions in multiferroic BiFeO; was done in the seminal
work [3] in a framework of ab initio calculations. However, application of ab initio methods to the
investigation of transformations of magnetic structures including magnetic spiral, whose scale
significantly exceeds the simulation cell size in general, has difficulties.

In our report the interplay between structural phase transformations and concomitant magnetic
changes are considered on the basis of multiparametric Ginzburg-Landau theory of phase transitions
in BiFeOj; films taking into account ab initio calculation results and experimental data. Our theory
shows, that a rearrangement of the electric polarization P and antidistortive vector @ gives an
appropriate change of antiferromagnetic vector 1 through the ME coupling.

At low magnetic fields the ground state of BiFeOs; is characterized by the presence of
incommensurate spatially modulated spin structure in the form of antiferromagnetic cycloid with
period value about 620-640 A. Spin rotation plane in the cycloid passes through the unit

polarization vector e, =P/P and the cycloid propagation vector e . In this connection we
determine the unit vector, characterizing the orientation of the cycloidal plane as n, =e,xe, .

With an increase of electric field parallel to the [001] axis the antiferromagnetic cycloid
modulated along [1TO] with the (112) rotation plane at first slowly and after the first critical field
E_, in a jumplike way transforms into the cycloid with the (1 12) rotation plane. With further
increase of the field up to the second critical value E_, it continuously transforms into plane cycloid

with (110) rotation plane.

We also report the results of influence of P-m-1 transformations on the magnitude of the linear
ME effect. The developed model for the ME interation in BiFeOs indicated the prospect of the ME
effect enhancement. The enhancement mechanism may lie in the softening of the reorientation of
the antidistortive vector, for example, under the elastic stresses in film heterostructures.

[1] G. Catalan and J. Scott, Adv. Mater., V. 21, P. 2463 (2009).

[2] D. Sando, et al., Nat. Mater, V. 12, P. 641 (2013).
[3] S. Lisenkov, D. Rahmedov, and L. Bellaiche, Phys. Rev. Lett., V. 103, P. 047204 (2009).
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MAGNETIC STRUCTURES OF MULTIFERROIC
Semkin ML.A.", Pirogov AN."?
"Ural Federal University, 620083, Ekaterinburg, Russia
?Institute of Metal Physics of the Ural Branch of the RAS, 620990, Ekaterinburg, Russia
*e-mail: m.a.semkin @urfu.ru

MATHUTHBIE CTPYKTYPbI MYJIbTU®EPPOUKOB
Cémknn MLA.", Muporos A.H.'?
"Ypanscxuii pedepanvuviii ynusepcumem, 620083, Examepunéype, Poccus
2Hﬂcmumym Gusuxu memannos YpO PAH, 620990, Examepunbype, Poccus

MynbTHdEppOMKH  COYETAIOT  CETHETORJIEKTPUYECKHE,  YIpPYrHe,  Ibe30UIEKTPUYECKUE,
[IbE30MarHUTHBIC U MarHUTHBIE CBOICTBA. V3ydeHrne MarHUTHBIX CTPYKTYpP U CBOWCTB, OJHOPOAHBIX
U KOMITO3UTHBIX MYJIBTU(EPPOUKOB HEOOXOJMMO JUIS PAa3BUTHUSA M KOJIWYECTBEHHOI'O OIMCAHUS
TEOPUH BO3HUKHOBEHHUS MPUPOABI MarHUTORJIEKTpUUECKUX 3¢ ¢dekToB. MHTepec K reTeporeHHbIM
cucreMaM OOYyCJIOBJIEH TeM, YTO HaOMIONaeMblii B HHX MAarHMTO3JEKTpuueckuid 3¢ddekr,
3HAYUTENbHO OOJbIEe, YeM B TOMOTeHHBIX MynbTU(deppoukax [1]. K Hacrosmiemy BpemeHH
NPEAJIOKEHO  HECKOJIbKO  MEXAHM3MOB  OOBSCHEHUS  MAarHUTOJIEKTPUYECTBA,  HAIpUMeEp,
B3auMozeiicTBue J[3samommHckoro-Mopus [2].

Hamu wm3yueHbl KpHUCTIJIMYECKHUE W MArHUTHBIE CTPYKTYpbl KOMIIO3UTHBIX M TOMOIE€HHBIX
MYJIbTH()EPPOUKOB, UX MOBEIEHHE NMPH M3MEHEHHM BHEIIHHMX MapaMeTpoB (TeMIepaTypsl, MOJ,
KOHIIGHTpaLlMU, OOJydeHWe HEeWTpoHaMH U T.1.). BBINOJHEHBI MarHUTHBIE, PEHTITEHO- U
HelTpoHOrpaduyeckre n3MepeHusl.

B wnameit pabGore [3] KOMIIO3UTHbIE MYJIbTHU(GEPPOUKH OBUIM CHHTE3UPOBAHBI U3
¢deppumarautaoro MFe,O4 (M = Ni unu Co) u deppoanexrpuyeckoro BaTiO3;, B COOTHOIIEHUSX
20/80, 30/70, 40/60. Ix ¢peppruMarHuTHasi CTPYKTypa OIMHMCHIBACTCS BOTHOBBIM BEKTOpoM k = 0.

MBI Takke U3y4HIIU TIOBEJEHUE C TEMIIEPATypOi BOJTHOBOIO BEKTOPA U MAarHUTHBIX MOMEHTOB B
mynbTHGepponkax (Nij,Co,)3V,0s (x = 0,03; 0,10; 0,17), uMeronux HECOM3MEPUMYIO MarHUTHYIO
CTPYKTypy Tuma cnuHoBas BoiHa ¢ k = (0, 0, §), riae 0 = 0,315 [4]. BenuurHa MarHUTHOrO MOMEHTA
noHoB Ni/Co ymenbiaercs ¢ 1,8(1) pp ipu 2 K 1o myns npu 9 K.

Jlpyroi THUII HECOM3MEPUMOM MArHUTHOM CTPYKTYpbl (LIMKJIOHMJIA) peanu3yercsi B
mynbeTUudeppouke BigoBag FegoTip 03 ¢ k = (u, u, 0), roe u = 0,0045 [5]. BenuunHa MarHuTHOTO
MoMeHTa noHa Fe ymensmaercsa ot 3,46(5) pg npu 300 K go nyns npu 600 K. TemneparypHas
3aBUCUMOCTh MAarHMTHOIO MOMEHTa HOHa 3d-mepexoJHOro MeTajyla B U3YYCHHBIX HaMu
COEIMHEHUSX XapaKTepHa /Ul MarHUTHBIX ()a30BBIX IIEPEX0J0B BTOPOTO POAA.

Pabora BpInoONHEHA TpU NojAep)kke MuHHCTEpcTBa 00pa3oBaHus U Hayku P® (FOCKOHTpAkKT C
VYpansckuMm enepanbHbiM yHUBEpeuTeToM Ne 1362) u mporpammoii «ITotok» Ne 01201463334.

[1] N. Ortega, A. Kumar and et al., J. Phys.: Condens. Matter V. 27, P. 504002 (2015).

[2] ILA. Sergienko, E. Dagotto, Phys. Rev. B. V. 73, P. 094434 (2006).

[3] A.P. Nosov, M.A. Semkin and et al., Sol. Stat. Phenom. V. 233-234, P. 371-374 (2015).
[4] S. Lee, H. Lee and et al., J. Magn. Magnet. Mater. V. 397, P. 225-229 (2016).

[5] M.A. Semkin, S. Lee, A.N. Pirogov, Mater. Scien. For. V. 845, P. 38-41 (2016).
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INDUCTANCE AND GOOD QUALITY SOLID SOLUTIONS Yby;Mny ¢S
Kharkov A. M.
Siberian State Aerospace University named after academician M. F. Reshetnev
31, Krasnoyarsky Rabochy Av., Krasnoyarsk, 660037, Russian Federation
e-mail: khark.anton @mail.ru

HHAYKTUBHOCTb U TOBPOTHOCTDB TBEPJIbIX PACTBOPOB Yb(;Mng S
XapbkoB A. M.

Cubupckuii 20cy0apcmeenuvlil a3pOKOCMU4ecKull yHusepcumem umenu akademurxa M. @.

Pewemmnesa, Poccuitickaa ®edepayus, 660037, npocn. um. eas. « Kpacnosapckuti pabouuti», 31

Matepuaisl Ha OCHOBE TBEP/BIX pacTBOPoB YbMn S, B nepcrieKTUBE MOTYT UCIIOJIb30BATHCS B
KayecTBE CEHCOpOB, JaTYMKOB, YCTPOWCTB 3alMCU-CUUTHIBAaHUS uWHPopManuu. B3ammocsszb
MarHUTHBIX U JIEKTPUUECKUX CBOMCTB SBISETCA BaXXHBIM (PAKTOPOM IJIsl CO3/IaHUS 3JICKTPOHHBIX
YCTPOMCTB, U HAXOKJEHNE HOBBIX MaTepHUajIOB, TAKUX KakK MynbTudeppouxu [1].

02 .
1,2' .. a il ./‘. b ‘ C
“"Mg 01: gl.._:‘ 0,004 :_.MM\ .
08y £y R f Yool
| \.. ) . .\.. )
= 0,4+ \'-+ = 00 “  1kHz L 0011 § 10kHz
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< . -; < -0,1- W = J
0,01 % 0z *’ “‘h-__ . 0,02{ *
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Puc. 1. OTHOCHTEIBbHOE U3MEHEHHE HHAYKTUBHOCTH 00pa3iioB AL= L¢— L, oX/ax1eHHBIX B HYJIEBOM
MarHUuTHOM MoJie (KBaapar) U B moje (Kpyxok) ot temnepatypsl aiist X = 0.1 Ha yactorax: 0,1 kI'1g (a); 1 k'
(b); 10 xI'1x (¢)

MarautHas HpPOHUIAEMOCTh TBEPABIX pacTBOpoB YbMn; S ¢ x = 0.1 ompenenanace u3
MHAYKTUBHOCTH COJICHOMJA C BHYTpeHHUM auamerpoM d = 2 MM u jumHOW 10 MM, BHYTpb
KOTOPOT0 ToMeInaics oopaset.

—m— Q (100 kHz)
—e— Q (100 kHz), H
Q (50 kHz)
—w— Q (50 kHz), H
Q (10 kHz)
—<—Q(10kHz), H

Q (1 kHz)
—e—Q (1kHz), H
) —*— Q (0,1 kHz)
54 —o— Q (0,1 kHz), H
4 M
Csf{ =
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T (K)

Puc. 2. JIoOpoTHOCTE MarHUTHBIX KOJICOAHUH B 00pasiie, OXJIaXJICHHOM B MATHUTHOM TOJie U 0€3
TI0JIsI, OT TeMmeparypsl mist Yb,Mn;,S ¢ x = 0.1
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N3mepsitach MHIYKTUBHOCTD KaTymIKH ¢ 00pa3iom (L¢) u 6e3 obpasna (L), T.K. ”HIYKTUBHOCTh
COJICHOHIA TPOTIOPIMOHaNbHA: L = n’ij1yV, To MATHUTHYIO IPOHHUIAEMOCTH |i; 00pasia ¢ 06beMOM
V¢ naitnem kak: = (Ly— L) / Ly +1 [2].

OTHOcUTENbHOE M3MEHEHHE MHIYKTUBHOCTH oOpasiia mokazana Ha puc. 1. [IpoHumnaemocts i,
U3MepsUIach MpU OXJKIACHWU 00pas3IoB B HYJIEBOM MarHutHoM mosie u B moie 0.25 Tu. s
cocraBa ¢ x = 0.1 amke T = 190 K naGmogaercs pasmuune (> — ) 1 HeGombLIOH MaKCUMYM
Ha TeMIepaTypHOU 3aBUCMMOCTH MarHuTHOM npoHunaemoctu pu T = 230 K.

[Ipu mepexone B MarHUTOYMOPSAJOUYEHHOE COCTOSIHME TemIepaTypa MaKCUMyMa MarHUTHOMN
MIPOHUIIAEMOCTH CHIJILHO 3aBUCHUT OT YaCTOTHI M CMEILAETCsl B CTOPOHY BBICOKHMX Temmepartyp ot T =
112K (®=0,1klm), T=136 K(w=1xlm) k T=169 K (0 = 10 k['m).
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Puc. 3. OTHOCHTENBHOE U3MEHEHHE TOOPOTHOCTH Kostebanuii B obpasme Yb,Mn S ¢ x = 0.1,
OXJIQXKICHHOM B MarHUTHOM ITOJI€ U O€3 TI0JIsA, OT TeMirepaTypsl Ha yactorax: 100 kI (a); 0,1 k' (b); 10
kI'1 (¢); 1 k' (d)

JloOpOoTHOCTh KOJIe€OaHMT MOHOTOHHO YMEHBIIIACTCS MPU HArpeBaHWM, KaK BUJIHO Ha pUC. 2 H
NpOXOJUT 4epe3 MakcumyMm Ha yactore 10 kl'm u depe3 muHumym Ha uacrore 50 xl'u. B
MarHuTOYyMopsA0YeHHON (¢aze JOOPOTHOCTH KOJeOaHWUN © BpeMs pelakcaluu KoJeOaHui
HaMarHM4YEeHHOCTH OOHAPYXHUBAIOT 3aBUCUMOCTb OT IPEAUCTOpUH oOpasua. Bpems penakcanuu t =
Q / m 3aBHCHT OT TeMIepaTypbl IO CTEIEHHOMY 3aKOHY B IapaMarHUTHOW OOJaCTH.
OTHOcHTENbHOE U3MEHEHHE JOOPOTHOCTH KOJIEOAHN B MAarHUTHOM TOJI€ MIPEICTABICHO Ha pHC. 3.

Takum o0pazom, OOHapyXeH AONOJHHUTEIbHBI MAaKCUMyM B TEMIIEPaTypHOW 3aBUCHUMOCTHU
MarHMUTHON TPOHMUIIAEMOCTH, KOTOPBIM BbI3BaH QUIYKTyallsIMH OpPOUTAIBHOIO MAarHUTHOTO
MomeHTa. HaOmrogaemple aHOMaNUM JAMHAMUYECKUX XapaKTEPUCTHK OOBSCHSIOTCS B MOJIEIH

OpOUTATBLHO-3aPSIIOBOTO YIIOPSTOYCHHUS.
CChUIKH HA JIMTEPATYPY

[1] A.IL Istakos, A.K. 3Be3aun. MarauroanekTpuyeckue MaTepuaisl U MyinbTugeppouxu // YOH. T. 182.

Ne 6. C. 593-620 (2012).
[2] C.C. Amnecnun, A.M. XapwskoB, O.b. Pomanosa, K.W. AnymkeBuu, A.W. I'angc, B.B. Coxonos /

MarautHele M 3JEKTpUYECKHE CBOMICTBa TBEpABIX pacTBopoB YbMn,,S // M3sectus PAH. Cepus
¢buzuueckas. T. 77. Ne 10. C. 1472-1474 (2013).
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MAGNITORESISTANCE AND CHANGE IN TYPE OF CURRENT CARRIER FROM
TEMPERATURE OF GDxMN;xSE SOLID SOLUTION
Aplesnin S.S.l, Sitnikov M.N.l, Korolev V.V.l, Zhivulko A.M.l’z, Galyas A.I.z, Demidenko
0.V.%, Yanushkevich K.I.?
!Siberian State Aerospace University named after Academician M. F. Reshetnev 31 “Krasnoyarsky
Rabochiy” prospect, Krasnoyarsk, 660037, Russia
?Scientific-Practical Materials Research Center NAS, P.Brovki Str.19, Minsk, Belarus, 220072

CMEHA THUIIA HOCUTEJIEA 3APSIJIA 11O TEMIIEPATYPE U
MATHUTOCOITPOTUBJIEHUE TBEPJAbIX PACTBOPOB GDxMN, xSE
Amnzecnnn C.C.! , CHTHHKOB M.H.l, KopoJes B.B.l, :KuByabko A.M. 2, Iansic A.N. 2,
JleMueHko O.<I).2, Anymkesuu K.U. 2

' Cubuperuii 2ocyoapemeennviii asporxocmuneckuii ynusepcumem um. akademuxa M. ®.
Pewemnesa, Poccuiickas ®@edepayus, 660037, npocn. «Kpacnospckuu pabouuii», 31,

‘IO «HIIL] HAH benapycu no mamepuanosedenuro», ya. I1. bposxu, 19, Munck, bBerapyce

CoszaHrie MarHUTHBIX TOJMYTIPOBOAHHUKOB IS 3JIEMEHTHOW 0a3bl B MUKPOIJICKTPOHHUKE, CIIOCOOHBIX
paboTaTh B LIMPOKOM JAMAIa30HE TEMIIEpaTyp, HPEIACTABIACT HMHTEpEC, Kak ¢ (yHIAMEHTAIbHOM, TaK U
MPHUKJIaTHON TOYKH 3peHus. DPyHIaMeHTaIbHBIH HHTEpEC OOYCIIOBICH BO3MOXXHOCTBHIO M3y4eHHUs (Da30BbIX
MEPEXO0JIOB THUIA METaJUI-MUAICKTPUK [1], MarHUTHBIX (DAa30BBIX TpEBpaIleHUl W MarHUTOPE3UCTHBHOTO
s¢dexTa Mpu U3MEHEHWU KOHIICHTPAIMK 3aMEIICHUS KaTHOHOB MapraHila PeaK03eMeNIbHbBIM HoHOM [2]. B
CBA3U C OTUM, aKTyallbHBIM SIBJISIETCS HCCIEIOBAHUE KPUCTALTMYECKON CTPYKTYPBI, AIEKTPUUECKUX U
MarHuTHBIX cBoMCTB GdxMnl-xSe B 3aBUCHMOCTH OT COCTaBa, TeMIEpPaTypbl U MarHuTHoro moid. Ilpu
3aMEIICHUMM MapraHiia raJoJIMHAEM OKHIAaeTCsl MposBiIieHHEe (ha30BOr0 IMEpPexoja METalI-AUAICKTPUK U
M3MEHEHHUE THUIA HOCUTENEH TOKa, TaK KaK TpeXxBajdeHTHbIN HOH Gd MPUBOJIUT K JOMMUPOBAHUIO IEKTPOHOB.
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Puc.1 3aBucumocts amektpoconporuBieHus B GdxMnl-xSe ¢ x=0.05 oT MarHMTHOTO TOJS TIPH
T=300 K (a), 360 K (b).

DJIEKTPOCONPOTUBIIEHUE TBEPAbIX pacTBOPoB GdxMnl-xSe HU3MEPEHO YETHIPEX30HIOBBIM
MeToaoM Ha oOpasmax miust  coctaBoB X=0.05, 0.1 u 0.15, 0.2 6e3 1moyisi ¥ B MAarHUTHBIX TTOJISIX JI0
H=12 kD, HampaBieHHBIX MEPNEHAUKYIIPHO TOKY. OTXHUr 0Opa3loB B MarHUTHOM IIOJI€
MPUBOANUT K YMEHBIIECHHUIO COMPOTUBIICHUS BO BCeW oOiacTu Temmepatyp i coctaBa ¢ x=0.05,
Hanpumep Ha 3-10% npu T>300 K (Puc.1). C pocToM KOHLIEHTpaluili HaOt0JaeTcs CMEHa 3HaKa
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marautoconpoTtuieHuss o=(p(H)-p(0))/p(0) mo temmeparype. B oOmacTu HUBKHUX TeMImeparyp
COMPOTHUBIICHWE YMEHbBIIAETCS] B MAarHUTHOM I10JI€, a BbIIIE KOMHATHBIX OHO yBeiuuuBaercs. Ha
Puc.2b npuseneno MmarautocornpotuBieHrne GdxMnl-xSe mis koruenTparun x=0.2.
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Puc.2 Koncranra Xomna (a) u marauroconpotusienue (b) GdxMnl-xSe ¢ x=0.2 ot Temneparypsl.

Tun HocuTenen 3apsaa onpenenuM U3 KOoHCTaHThl Xoiuia (Rx), kKoTopas ompenensuiach U3
Pa3HUIIBI DJIEKTPUUECKOTO HAIPSKEHUS, U3MEPEeHHOTO B MarHUTHOM 1iosie 12 kOe u 6e3 mosst. Jlis
coctaBa ¢ x=0.05 koHcTraHnTa XoJuia OTpHUIlATEIbHA HAa BCEM TEMIIEPATYPHOM HHTEpPBAJE C
MuHuMyMoM 1ipu T=200 K, rae noaBm>XHOCTh JIEKTPOHOB JocTUraeT Mmakcumyma. B GdxMnl-xSe
¢ x=0.1 koHcraHTa XOJUla TMOJIOKHUTENbHA M NPU HarpeBaHuWu yMmeHbliaercs u npu 1=233 K
CTAaHOBUTCS OTPHUIATENIbHON. MarHuTOCOMpPOTUBIIEHUE I A3TOro oOpa3la MeHSeT 3HaK C
OTPULIATENILHOTO Ha mojoxutelbHbld Bbiie T=224 K. [Ins koHuentpanuu x=0.15 xoHCTaHTa
Xonna oTpuuarelbHa 3a HCKIOYeHueM uHTepBaia 155 K- 205 K. MakcuMyM NOABUKHOCTH
nocturaerca npu 320 K. TemneparypHblii HHTEpBaJ MOJOKUTEIBHBIX 3HaU€HUN RX cmemaercs k
205-275 K mnsa cocraBa ¢ x=0.2. Poct xoHcranTsl Xoiuia mo aOCOJMIOTHOW BEIWYMHE CBSI3aH C
W3MEHEHUEM MEXaHU3Ma MPOBOAMMOCTH OT TYHHEJIBHOIO K aKTUBAalMOHHOMY Tuny npu T=320 K.

Urak, B TBepabix pactBopax GdxMn;.xSe oOHapykeHa CMEHA 3HaKa MarHUTOCOIIPOTHBIICHUS U
KOHCTaHThl XoJla IO TeMIepaTrype 3a uckitoueHueM cocrasa ¢ x=0.05. TemmneparypHsbie
3aBUCUMOCTHU KOHCTaHThI XO0JUIa U MATHUTOCONPOTUBIICHUS Kaue€CTBEHHO OTJIMYAIOTCS.

1. S. Aplesnin , O. Romanova , A. Harkov , D. Balaev, M. Gorev, A.Vorotinov, V. Sokolov and A/
Pichugin . Phys. Status Solidi B. V.174. P. 812-819 (2012).
2. C.C. Amnecuns, M.H. Cutaukos. ITucema B JKOT®. T.100. C.104-111 (2014).
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MAGNETOELECTRIC EFFECT IN PbZI‘o_soTio_5003 - COF6204
Glushko LA.", Kalganov D.A."
JChelyabinsk State University, 454001, Chelyabinsk, Russia
*iaglushko @mail.ru

MATHUTOSJIEKTPUUECKHA YDDEKT B PbZr 50Tiy 5003 — CoFe;04
Caymko U.A. 1*, Kanaranos ﬂ.A.l
"Yenabuncruii 2ocyoapcmeenuwlil ynueepcumem, 454001, Yenabunck, Poccus

B paGote wuccnemoBamuch 00pa3ibl KOMIIO3UIMOHHOTO Matepuana (I-x)PbZrysoTips003 —
xCoFe,04, KOTOpBIE TPEACTaBISLIA COOON CTAaTHCTHYECKYI0 CMECh HMCXOAHBIX KOMIIOHEHTOB C
MaccoBeiMU J0JAMH X = (0.1-0.5). U3 nonyuenHoit cmecu (HOPMUPOBATUCH LUJIUHAPUYECKHE OOpPa3LbI
auvamerpoM 8MM, TOJIIIMHA IIPECC3aroTOBOK cocTaBisia 1-3mm. OOpaslbl CHEKAINCh TIPH
temneparype 1000°C — 1100°C B teuenue 1 u.

HccnenoBanne MarHMTORNIEKTpUYecKoro 3¢ ¢dekra MPOBOAUIN MOAYISIHOHHBIM METOJOM.
OO0pazen moMeniaercs B MOCTOSIHHOE MarHUTHOE ToJie H, OAHOBPEMEHHO K HEMY MPUKIIAABIBACTCS
MEPEMEHHOE MAarHuTHOE TMoJje h, ¢ Majlod aMIUIUTYJ0l h<<H W 4acToTON f, HampaBJICEHHOE
MapajuielbHO TOCTOSHHOMY IIOJII0 CMEIIeHUs. V3Mmepsuin  aMImmuTyqy u# DJIEKTPHYECKOro
HampsDKeHHUs TeHepupyemyio oOpasuom Ha dactore [ (puc. 1). Ilpum wuccnenoBanun
MarHATOAMAIIEKTPHIECKOro 3 dekTa mo Toi ke cxemMe U3MEPSUIH €MKOCTh M TOTEPH IUIOCKOTO
KOHJICHCATOpa, 00pa30BaHHOIO 00pa3IOM ¢ BOXKCHHBIMHU Ha €T0 MOBEPXHOCTh AJIEKTPOIAMHU.
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S Puc. 2 YacToTHas 3aBUCUMOCTh
G — MarHUTOAMIIIEKTPUYECKOTO S PerTa
Vamepumens (IMDIIEKTPUYECKOM TIPOHUIIAEMOCTH M TIOTEPH) IS
MOZHUTHOZE 04

obpasna 0.6PZT + 0.4CF B marautaoM miosie 0.3To.
Puc.1. Cxema ans uccnenoBanus MO sddexra.

3aBI/ICI/IMOCTB MaI‘HI/ITOf)JIeKTpI/I‘-IeCKOFO KOB(I)(I)I/II_II/IGHTa OT 4aCTOThI HepeMeHHOI‘O MAardamTHOI' O
TIOJIs1 UMeJa pe30HaHCHBIN xapakTep. s obpasna x=0.4 mpu noctossHHOM MarHuTHOM T1oJ1e 0,3 T
MaKCUMaJbHasl BEJIMYMHA MarHUTO3JIEKTpuueckoro kodddumnmenta cocrarimsuia 0,56 MB em! 9'1,
JTAHHBIC 711 MAarHUTOAMAJIEKTpHUYecKoro a3 exra mokasaHsl Ha puc. 2.
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MAGNETIC AND ELECTRICAL PROPERTIES OF NdBi;.xFeO;

Zhivulko A.M.z*, Aplesnin S.S.l, Kretinin V.V.l, Korolev V.V.l, Yanushkevich K.I.2
ISiberian State Aerospace University named after Academician M. F. Reshetnev 31 “Krasnoyarsky
Rabochiy” prospect, Krasnoyarsk, 660014, Russia
2Scientiﬁc—Practical Materials Research Center NAS, P.Brovki Str.19, Minsk, Belarus, 220072
* e-mail: alyona_panasevich@mail.ru

MATHUTHBIE Y DJJEKTPHUYECKHE CBOMCTBA Nd,Bi;..FeO3
KuByiabko AM.%, Anrecunn C.C.", Kperunun B.B.!, Kopoaes B.B., AnymkeBu4 K.1.?
! Cubupckuii 20cy0apcmeenHvlil A3poKOCMudecKull yHusepcumem umenu akademurxa M. @.

Pewemnesa

Poccuiickasa ®edepayus, 660037, npocn. um. 2a3. «Kpacnoapckuii pabouuti», 31
2Hayww—npaxmwecxm? yeump HAH «Benapycu no mamepuanogedenuro», 220072, bBenapyco, 2.
Munck, yn. [lempyca Bposku, 19

3amenieHue HOHOB BUCMYTa APYTUMU 3J€MEHTaMU MPUBOJUT K U3MEHEHUIO KPUCTATUIMUECKOU U
MarHuTHOM cTpYKTYp [1, 2]. BoisiBieHbl U3MEHEHHS] ONTHYECKUX CBOMCTB B cucteMax La,Bi; «FeOs;
u GdsBi, <\FeOs; [3, 4]. 3amemenne nonoB Bucmytra nonamu La, Nd, Gd npuBoAuUT K 3aMETHBIM
W3MEHEHUSAM JHAJIEKTPUYECKUX CBOUCTB [5, 6]. Ilpm 3TOM nake HeOONbIIHME KOHIEHTPAIMH
3aMEINICHHS CIIOCOOHBI BBI3BATh M3MEHECHHE TOJIST aHU30TPOIIMU U TIapaMeTpa aHTUCHUMMETPUIHOTO
oOmeHa. B pesynbrare, Benuka BEpOSTHOCTh MTPOSIBIICHHS CITUMH-TIEPEOPUEHTAIIMOHHOTO TIEPEX0/1a.

[lenp nanHOW pabOTHI - ONPEAETUTH BO3MOXKHOCTH IMPOSIBICHUS OPUEHTAIIMOHHBIX (ha30BbIX
IIEPEXO0/I0B B MarHUTHOM U 3nlekTpudeckoi noacucreMax BiFeOs mop Bo3aeiicTBrueM TemnepaTypsl
Y BHEIIHUX MarHUTHBIX MOJIEH MyTeM 3aMEIlEHUs BUCMYTa 4f MIOHOM HEOuMa.

Ha mnenkax NdyBi;«FeO; tommmuuoit 160 HM mnpoBeAeHbl HM3MEPEHHUS IUAIIEKTPUUECKOM
IPOHHIAEMOCTH, TAHIEHCA YI7Ia MOTeph B MHTepBane yactotr 100 Hz < @ < 10° Hz B obnactu
temmnepatyp 300 K < T'< 450 K 6e3 MarHuTHOTO TI0JII U B MArHUTHOM Tosie H=8 k0.

TeMmneparypHbie 3aBUCUMOCTH HOpMHpoBaHHOM mpoHunaeMoctu £(7)/ey, rae € = €(T=300 K)
0e3 1MoJIs 1 B MAarHUTHOM TI0JIe, TpUBEIeHbI Ha puc. 1. 13 npencraBnenubix 3aBucumoctent &/ep=f(T)
CIEAYyeT, YTO 3aMEIICHUE BUCMYTa MOHAMHU HEOJAMMAa MPUBOJIUT K YBEIUYECHUI0O MATHUTOEMKOCTH
IpU KOMHATHOM Temreparype, IO CpaBHEHHIO C ¢eppurom BucMmyTa (puc.lb). Bennuuna
MarauToeMkocTH s TuieHkn NdyBij (FeO; coBmamaer co 3HaueHWeM s OOBEMHBIX O0OpPa3IoB
st coctaBa ¢ KoHueHtpauued x=0.1 [7]. [dudnekTpuueckas MNPOHULAEMOCTh IUICHKH
obOHapyxwuBaeT ckadok npu 7=394 K 6e3 MarHUTHOrO moJyisst ¥ MarHutoeMkocthb (e(H) - €(0))/e(0)
YMEHBIIAETCA B HECKOJIBKO pa3. TemmnepaTypHoe MOBEACHUE AUAICKTPUUECKON MPOHUIIAEMOCTH Ha
gactore 100 xI'11 kauecTBeHHO oTinMuaercs. HabmiomaeTcs MOHOTOHHBIM POCT 3JIEKTPOEMKOCTH.
MarauToeMKOCTh HE3HAYMTEIIPHO BO3pacTacT B OO0JaCTH KOMHATHBIX TEMIIEpaTyp M OBICTPO
YMEHBIIAETCA C POCTOM TEMIIEPATYPHI, MPOXOAUT yepe3 MUHUMYM nipu 7=382K u cHoBa pacrtert. B
pe3yiabTaTe € pPOCTOM 4YacTOThl TeMIeparypa MHUHMMYMa CABUTA€TCS B CTOPOHY HHU3KHX
temmeparyp. OToT 3(QexT, BO3MOXKHO, OOYCIOBICH NeEpecTporkoi (eppolrieKTprudecKoit
JIOMEHHOU CTPYKTYpBI, 00pa3oBaHHOMN 71 TOMEHOM.

DTO MOJATBEPKAACTCS TAKKE PA3IMUHBIM MOBEICHUEM TAHIE€HCA yTia JUAJIEKTPUUYECKUX MOTEPh
OT TEMIIePaTyphl B TTOJIC U 0€3 MOJIs.

137



BICMM-2016 Poster Section PE

0,020 -
1,044 —
0,015 b
1,024 s
=
& S 0,010-
@ %
T
&
1,00
0,005
o8 . 0000 —
500 30 200 50 300 350 400 450
T, K T.K

Puc.1 Temnepatypnsie 3aBucumoctu (7)/gy , Te € = &(7=300 K) B marautHOM mosie (1) u 6e3 mosst (2)
(a). Marautoemkocts (e(H) - €(0))/e(0) mms x=0.1 Ha gactoTe 0=10" T (b).

[ToH1epOMOTOPHBIM METOAOM H3y4Ye€Ha yaelbHasg HamarHudeHHocTH IUIeHKH NdiBi; FeO;
cocTaBa ¢ KoHueHTpanuen x=0.1 B MaruuTHOM nojie H=8.6 kO B untepnasne temneparyp 77-1100 K
(puc. 6) [8].

Ha 3aBucumoctu o=f(T) mnenku (BipgNdy;)FeO; HaOmonatotcs Tpu HEOONbIINE aHOMAIHH B
Buge makcumyMoB npu 7=140 K, 210 K u 300 K ¢ cooTBEeTCTByIOUIMMH WM MarHUTHBIMH
MoMmeHTaMu. [lepBbie Ba MakcMMyMa Ha 3aBUCUMOCTU G6=f{T) 0OYCIOBIECHBI, BEPOATHEE BCETO,
opueHtauronHbiMu niepexoaamu. [Ipu 300 K umeer mecto mepectpoiika B IOMEHHOM CTPYKType
(109 nomeHoB). SIpKO BBIPAKEHHBIX OCOOEHHOCTEH W W3MEHEHWH HAMAarHWYEHHOCTH IUICHKH
Ndy,1Big 09oFeOs B unTepBaiie remneparyp 370-400 K, rae umeer MECTO MUHUMYM MarHUTOEMKOCTH
U pEe3Koe YMEHbIIEHUE MAUAJICKTPUUECKUX NOTeph B MarHUTHOM IIojie, HE HaOmogaeTcs.
MarHuTHBII MOMEHT B 3TOM HUHTepBajie Temneparyp MU~<0,9up=const. MarHuTo’JaEeKTPUUYECKHE
a¢dexTer B 3TONH o00JacTH TeMmIeparyp MOryT OBITh OOYCJIOBIEHBI JIMOO TEPEeCTPONKOI
(heppodNEKTPUUECKUX JOMEHOB, JHOO BKJIAJOM B H3MEHCHHE TOJBMKHOCTU JJICKTPOHOB B
MarHuTHOM Tmoje. [l TOATBEpKIACHHS OSTOTO MPEANOJIOKEHHUS HEOOXOJUMO TPOBEICHHE
WU3MEPEHUH 3JIEKTPOCONPOTUBIIECHUSI B MATHUTHOM TIOJIE.

1. C.C. Amrecuun, Ocuossl ciuaTporuku (Jlans, CIT6, 2010).

2.  AM. ITanacesuy, C6. Te3ncoB 13-i BceykpanHCKOM MIKOJIBI-CEMIHAPA 110 CTATUCTUIECKON (U3HKE
Y TEOpUHU KOHJCHCUPOBAHHLIX cped, JIbBoB, C .40 (2013)

3. A.®. PeBuHcKuii u ap., Marepuaabl MEXIYHAPOIHOW HAyYHO-MPAKTHYECKON KOH(EPEHIIUH
«TexHuKa U TEeXHOJOTUU: HUHHOBAIIMU U KauecTBO», bapanosuuu, C.57-61 (2007).

4. A.O. PeBunckwuii u ap., M3ectust PAH. Cepust pusmueckast. T 77. Ne3. C. 390-392 (2013).

5. A.®. PeBunckuii m ap., Coopuuk wmarepuanoB IV Pecrmy0-IHKaHCKOW HAyYHO-METOAMYECKOMN
koH(pepeHnun "COBpEeMEHHBIC HaydHbBIC MPOOJIEMBl W BOIMPOCHI TMPETOJaBaHHUS TEOPETHUUSCKON U
MaTeMaTHYeCKOH (HU3UKH, PU3UKH KOHIEHCHPO-BaHHBIX cpe u actpoHoMun'"', Bpecr, C.84-86 (2012).

6. B. M. Myxoptos, lO. 1. T'onosko, 10. U. FO310k, YOH. T. 179. Ne 8. C. 909-913 (2009).

7. Bepbenko U.A. u ap. Dnexrponnslii xxypHai. Ne 3. C. 525 (2010).

8. Saymkesnmy K.J. Meroanka BBHINONHEHWS W3MEPEHHM HaMarHUYEHHOCTH W MArHHTHOM
BocnpuuMIHBOCTH. CrcTeMa obecrieueHus equacTBa n3Mmepenuit (benl UM, Munck, 2009).
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ELECTROMAGNETIC WAVE ABSORPTION IN TISSUE
WITH FERROMAGNETIC PARTICLES
Latypov A.R., Anzulevich A.P. and Kalganov D.A.°
Chelyabinsk State University, 454021, Chelyabinsk, Russia
“e-mail: kalganov@csu.ru

HOTJIOINEHUE JIEKTPOMAT'HUTHBIX BOJIH TKAHBIO C
OEPPOMATI'HUTHBIMU YACTULHAMMU
JlateimoB A.P., Ausyaesuu A.Il., Kaaranos JLA."
Yenabunckuii cocyoapcmeennviii yrugsepcumem, 45402 1, Yenabunck, Poccus

DNEKTPOMAarHUTHOE W3IMY4YCHHE PA3IMYHOW YACTOTHI IIMPOKO WCIONB3YIOTCS B OUONOTHU U
meaunuHe. Ocoboe BHHMAaHHE B TIOCIEAHHE TOMBI YIEISIETCS HMCCISIOBAHHUSIM BO3MOKHOCTH
MIPUMEHEHHUS JIOKATHHON THIIEPTEPMUH TIPH JICYCHUH OIYXOJIEBBIX M HEOMyXOJIEBBIX 3a00JICBaHMIA C
BBEJICHUEM TapreTHBIX (eppomMarHUTHBIX npenapaToB[l]. Ilpu 3ToM mMOSIBIIsSETCS BO3MOXKHOCTH
pPaBHOMEPHOTO HarpeBa 00JIacTeil ¢ OONMBITMMH pa3MepaMu, MOBBIIICHUS TITYOHHBI, JTOKATU3AIUN |
JIYYIIIETO KOHTPOJIS CTETIEHU HarpeBa[2].

B nannoi#t pabote mcciaegoBaHO TOTJIONMICHHE A3JIEKTPOMArHUTHOTO HW3IIy4eHHs nuama3ona 10
MTI'u-5GHz cucreMoii u3 nuaneKkTpudeckod Matpuilbl & = 80 (MOIENb UBOW TKAHU HA OCHOBE
JKeJlaThHA), B KOTOPOM CTaTHCTUYECKH-PAaBHOMEPHBIM 00pa3oM pacrpejeneHsl (heppoMarHuTHbIE
gacTUIbl (KapOOHWIBHOE >Kele30). DKCIEePUMEHTAIBHO MONyYeHbl KPUBBIC MOTJIOMICHUS IS
00pa3noB ¢ MaccoBoit poneit yacturl 10 50%. Takxke TeopeTHUECKH (METOJ KOHEYHBIX 3JIEMEHTOB)
MOJTyYeHbl 3aBUCHUMOCTH Ko3((duimeHTta moriomeHuss oT o0O0bEeMHOM J0iIM M pa3Mepa
dbeppoMarHUTHRIX dYacTuil. [lolydeHHbIE 3aBUCUMOCTH YKa3bIBAlOT HA HAIUYHE I[ITUPOKOTO
MaKCHUMyMa TOIVIOIIEHHUSI B JWara3oHe 3JeKTpoMarHuTHOro usnydenus 1-2,5GHz (Puc. 1, a),
CBSA3aHHOTO C YacTOTOW (eppOMarHUTHOTO pe30HaHCA B KapOOHMJIbHOM keie3e. Hambombiiee
norJyioneHre Haomoaaetrcs st oopasnoB ¢ 30% oObeMHON monm deppoMarHUTHRIX dacTuil. C
YMEHBIIIEHHEM Pa3MepOB YaCTHI], TPOUCXOAUT PACIIUPEHUE MAaKCUMyMa MOTJIOUICHUS U €r0 CIBUT
B 00J1acTh BeICOKUX 4acToT (Puc. 1, b).
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Puc. 1. 3aBucumMocTh ko3 duirenta noraomeHuss IMU oT KOHIIEHTpaIUH
¢deppomarautHbix yactui] 10-50% (cieBa) u ux pasmepa r=1-5SMkm (cripaBa)

Pabota BeimonHeHa py oaaepkke rpanTa PODU Ne 15-07-08111
[1] K. T. Noell, et al., Cancer. V.45, N. 4 P. 638-646 (1980).
[2] G.F. Baronzio, Introduction. Hyperthermia In Cancer Treatment. A Primer. Medical Intelligence

Unit. Berlin. Springer, P. 20 (2006).
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PHASE FORMATION AND PROPERTIES OF
BARIUM AND LEAD FERRONIOBATE MULTIFERROICS
Kalganov D.A.", Lupitskaya Yu.A. and Kalimullina A.M.
Chelyabinsk State University, 454021, Chelyabinsk, Russia
“e-mail: kalganov@ csu.ru

®A300BPA30OBAHME U CBOMICTBA MYJbTU®EPPOUKOB
HA OCHOBE ®EPPOHUOBATOB CBUHIIA U BAPUS
Kanranos I[.A.*, Jlynunkas F0.A., Kaaumyaiuna A.M.
Yenabunckui eocyoapcmeentulil ynusepcumem, 454021, Yenabunck, Poccus

OO6pa3oBaHue TBEpABIX PaCTBOPOB HA OCHOBE COCAMHEHHH (eppoHr0OaTa CBUHIIA OTKPHIBACT
BO3MOKHOCTH JUIsl CO3JaHUSI HOBBIX MarHUTOAIEKTPUYECKUX MAaTEPHAIOB C BBICOKMMH 3HAYEHUSMH
CBSI3M MarHUTHOM U 3JIEKTPUUECKOM MOJICUCTEM U TemrepaTypamMu (a30BbIX MEPEX00B, OIU3KUX K
KOMHATHEIM [ 1-2].

B paborte ucciaenoBansl o6pasnpl, nomydeHasle B cucteme BaCO3;—PbO-Fe,O3-Nb,Os mnpu
TBepAO(a3HOM CHHTE3€ B BO3YIIHOM cpeae [2]. MeTogoM peHTreHo(a3oBOro aHalinu3a U METOJIOM
PuTBenbaa ycTaHOBJIEHO, UTO 00paslibl, MOJIyUYEeHHBIE B Te€UeHHE 2 4acoB Ipu temnepatype 1373K,
MIPENICTABISAIOT CoequHEHUs eppOoHrO0aTa CBUHIIA, cofiepkale nonsl 0apus Ba,Pb;_Fey sNbg 503
(0=x<1). B xonuentpaunonHoMm uHTepBaige 0 < x < 0,1 3T coenMHEHUs KPUCTAUIU3YIOTCA C
KyOMYECKUM THIIOM CHMMETPHH B paMKaxX MPOCTPAHCTBEHHOH Tpymnmnbel R3m (Puc. 1). bonbueit
CTETIEHH 3aMEUIeHHs] X COOTBETCTBYET TETparoHalbHOE MCKaKEHHE KyOM4ecKoW SYeWKu u
MIPOCTPAaHCTBEHHAs: rpynmna cuMMmerpun Pm-3m. Ilpm yBennueHun Ttemmeparypel U BpEMEHHU
CHHTE3a BO3MOXHO Take oOpazoBaHue conyrcrByrommx ¢a3 BaFe,O, (mp.rp. Bb2Im) u
BaFe ;019 (mp.rp. P63/mmc), npucyTcTBHE KOTOPBHIX B 00pa3Iiax MOXET HCKAa3UTh H3MEPECHHS
MAarHUTHBIX CBOMCTB.

1 Jns uccnenyembix obOpasioB mpu x < 0.1 Obum
’““ 1 MOJYYEHBbI JIEKTPUUYECKHME U MArHUTHBIE METIM THUCTEpE3Hca
i i (Puc. 2). Ilpm Oompmeit cremenu 3amemeHus x > 0,1
°° o . JIIEKTpUUYECKAsT  TOJSpHU3als  yMEHbIIAETCS,  IUIOMIA/lb
d . JJ‘ R MAarHUTHOM METJIM  TUCTepe3uca W  HAMAarHU4eHHOCTh
M‘wf* —— HACBIIIEHHS YBEIMYMBAIOTCS BILIOTH JI0 00pasma x = 1 cocTapa
Puc. 1. YTouHEHHE CTPYKTYpBI BaFe( sNbo 505.
00pasnoB MeTogoM PutBernba. 03. P pCl/em’ 6001 M, emu/mol
PaboTa BbIOSHEHA MPU MOIICPIKKE 00
donma COJICHCTBHS Ppa3BUTHIO 0.0 a " b
Majgelx  (GopM  TIPEONPHATHA B 03l 3001
Hay4YHO-TEXHHUYECKOH  cdepe 10 w ‘ ‘ ‘ E, kV/c‘m -600+ | | | | H? Oe
nporpamme  «YMHUK»  (morosop 1005 0005 10 1,6 08 00 08 16
Ne0018610). Puc. 2. Dnexrpuyeckas - @ ¥ MarHATHAS - b TIETIH THCTEPE3HCa.

[1] A.V. Pavlenko, N.A. Boldyrev, L.A. Verbenko et al., Inorganic Materials V.50, N. 7. P. 750-756 (2014).
[2] Jd.A.Kanranos, 1.B. berakoB, A.A. @emmif, .A. I'mymko, Bectauk Yenl'Y T.20 Ne7 (362) C.42-47
(2015).
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DYNAMIC CHARACTERISTICS OF MAGNETIC AND DIELECTRIC SUBSYSTEMS
SOLID SOLUTIONS CexMn1-xS(x=0.01, 0.03, 0.05)
MLN. Sitnikov, A.A. Scripka
Siberian State Aerospace University named after academician M. F. Reshetnev
31 «Krasnoyarskiy Rabochiy» pr., Krasnoyarsk, 660014, Russia.
E-mail: kineru@mail.ru

JUHAMMUYECKHUE XAPAKTEPUCTUKU MATHUTHOM U TUDJEKTPUUECKOM
MOJICUCTEM, TBEPJBIX PACTBOPOB Ce,Mn,.,S(x=0.01, 0.03, 0.05)
M.H. CuTtHuKOB, A.A. CKpuUNIKa
Cubupckuii 20cy0apcmeenuvlil A3pOKOCMU4ecKull yHusepcumem umenu akademurxa M. @.
Pewemnesa, Poccus, 660014, e. Kpacnosipck, np. umenu eazemul « Kpacnosipckutl paboyuii», 31

HccnenoBanne QUHAMHUYECKMX XapaKTEPUCTUK MAarHUTHOM M JUAIEKTPUYECKOW IIOJICHUCTEM
MIO3BOJINT YCTAHOBUTh MEXAHM3M B3aWMOCBS3M MEX]y YNPYroil U MarHUTHOM INOJACHUCTEMaMH,
ONPEAEIUTh BIMSHUE BHEIIHETO MAarHUTHOIO TIOJS Ha JUAJIEKTPUYECKHE CBOMCTBa. OJTO
IPEJCTABIsAET MHTEpPEC Il YCTPOMCTB 3alUCH-CUMTBIBAHUSA HMH(DOPMALMU B BBIUYMCIUTEIBHON
TEXHHKE.

HccnenoBanne TMHAMUYECKUX XapaKTEPUCTHUK MAarHUTHOM M JUDJIEKTPUYECKON IOICUCTEM, U
BIIUSIHUE IPEIBICTOPUM HA MAarHUTO-JUAIEKTPUYECKHE CBOWCTBA ONpPENEIMM W3 WHIYKTUBHOCTH
MHOT'OCJIONHON KaTymku, cocrosimed u3 10000 BUTKOB MEOHOW IPOBOJOKH, C BHYTPEHHHUM
muamerpoM d=2 MM u qumHOM 10 MM, BHYTph KOTOpOro momeuiancsi ooOpaszen. M3mepenus
npoBoauiuck B auanazoHe yactor 0.1 < o< 100 kI'm u Temneparyp 80-380 K (Pucynok 1).
W3mepsiimach MHAYKTUBHOCTh KaTymIKH ¢ obOpasnoMm (Lf) u 6e3 obpasna (L), T.K. MHIYKTUBHOCTb
COJIEHOWJAa MPOMOPIMOHAIbHA L=n2uro, TO MarHWTHAas MPOHUIIAEMOCTH oOpasma ¢ o0beMoM Vi
nponoprmoHanbHa (Le-Lg)/L.

| @ o | =
==l | I |
. i 0. 1 | =7
T | oo g 28] &
— ‘.- _' Pl T = :| |
0.5 412 |'4 |;;| c

ZE 100 o a0 MM 150 700 750 I 30
TK

Pucynok 1. OtHocutenpHas uHAYKTUBHOCTH OL(T) =(LL;)/L, xaTymku ¢ oopasmom (Ly) u 6e3 odpasima L,
U3MepeHHas MpHU OXJIaXIEeHUH B MarHUTHOM monie H=2.5 kD (2) u 6e3 mons (1), ansg x=0.01 Ha yacrote
®=0.1 xI'm (a), 1 x['m (b) or Temmeparypsl. M3mMeHeHne WHIYKTUBHOCTH obOpasia CegoMnggoS,
oxyaxaeHHoro B MarHUTHOM moie (FC) u 6e3 mons (ZF), ®=0.1 kI’ (1), 1 kI'11 (2) (c) oT TemMnepaTypsl.

OTHocuTenbHOE W3MEHEHME WHAYKTUBHOCTM Uit cocraBa ¢ x=0.01 ot Ttemmeparypsl,
npeAcTaBleHHOe Ha Pucynke 1, mMeer MakcMMyM B OKpPECTHOCTH Temieparypsl Heens.
TemnepaTypa 3TOro MakCUMyMa pacTeT ¢ pOCTOM 4acTOThI OT Tha,x=123 K (o =0.1 xI'u) go 136 K
(w =10 kI') mo crenennomy 3akoHy T =A®", cn=0.023, 4TO XapaKTEPHO AJIs CIIMHOBBIX CTEKOIL.
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[Ipy oxnaxkaeHMH B MarHUTHOM II0Jie MHAYKTHBHOCTh 0Opa3la CKaykoM YyMEHbIIAeTCs MpU
temmneparypax T=141 K (0=0.1 k['m) , 140 K (0=1 xI'n), 139 K (0=10 I'11). Huxe Temneparypsl
Heernst a5ekTpoHHasT CTPYKTypa MYJIBTHILUIETOB th, C IPOEKLHEH OpOUTaIbHBIX MOMEHTOB L= +1
NepeCcTpanuBaeTCs B pe3ysbTaTe CHUH-OPOMTAIHHOTO B3aMMOJEHCTBHS CIIMHOBBIX U OPOUTAIBHBIX
MoMeHTOB. [[ns koHueHtpauuu x=0.03 (PucyHok 2) TeMmmepaTrypa MakCUMyMa HHIYKTUBHOCTH
Haxoautcs B uHTepBaie 136-139 K, a uHIyKTUBHOCTH 00pasiia, OXJIAKIESHHOTO B HYJIEBOM I10JIE HA
gactore ®=0.1 kI'm makcumanpHa nipu temmeparype T=118 K (Pucynok 2 a). Casur OL(T) B
00JacTh HU3KUX TeMIIepaTyp U UCUE3HOBEHHE CKayKa CBSI3aHbl C N3MEHEHUEM BOJHOBOT'O BEKTOpa
opbutansHOTO yropsipoueHus (Q,) M yMEHBIICHHS BEKTOpa HecopasMepHOCTH (=Q,-Qs Mexmay
OpOUTANIBHBIM U CIIMHOBBIM yropsioueHueMm (Qs ).
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Pucynox 2. Otnocutenbpaas nHIyKTUBHOCTE OL(T) =(L¢L)/Ls katymku ¢ obpasiiom (Lg) u 6e3 obpasma
L, u3MepeHHas npu oxJjaxaeHuu B MarHUTHOM mosie H=2.5 kO (1) u 6e3 mons (2), mis CeypzMngo;S Ha
gactore ®=0.1 kI'1r (a), 1 x['11 (b) oT TemmepaTypsl. M3MeHeHne naaykTrBHOCTH 00Opasma CejosMngosS ,
oxnaxkaenHoro B MarautHoM nose (FC) u 6e3 nmonsa (ZF), na yacrorax ®w=1 kI'1 (1), 10 xI'y (2) (¢) oT
TEMIIEPATYPHI.

Ha wactorax ® < 10kHz wuHaykTHBHOCTH 00pasma, OXJKISHHOTO B MarHUTHOM IIOJIE,
MPEBBIIACT 3HAYCHHE WHAYKTHBHOCTH 0e3 MO MpH MoHmkeHuu Temmeparypsl ot T=300 K.
OTiinune B 3HaUYEHUSAX 3TUX MHAYKTUBHOCTEN nocturaer Mmakcumyma npu T=270 K (Pucynok 2b,d)
1 Ha nopsiiok ymenbinaetrcs 10 0.4% s cocrtaBa ¢ X=0.05 (Pucynok 2 c). Jns cocraBoB x=0.01,
x=0.03 XxapakTepHO CIHMH-CTEKOJIBbHOE TIOBEJEHUE. OTO SIBIECHUE CBA3BIBAETCS CO CHSITHEM
BBIPOKACHUS OPOUTAIBHBIX YITIOBBIX MOMEHTOB B MarHUTHOM IIOJI€, BBIJEJIEHHUS OCH MarHUTHOH
aHU30TPOIMH B KpUCTAJIE U YBEJITMUYEHUEM BKJIaZa OpOUTAIBHOIO YTJIOBOI'O MOMEHTA B MATHUTHYIO
BOCIIpUUMYHUBOCTh. [lmst coctaBa ¢ x=0.05 cka4yok B WHAYKTHBHOCTH MPOSIBISIETCS B OOJACTH
CTPYKTYPHOTO MCKa)KEHUS KPUCTALTNYECKON pemeTku, Habmomaemon B MnS nipu T=165 K [1].

Wtak, aHOMaJIMu B UHAYKTUBHOCTH 3JIEKTPOMAarHUTHBIX KOJeOaHUH KaTYIIKH ¢ 00pa3IioM HUXKe
Temnepatypsl Heenss B MarHUTHOM T0Ji€ OOYCJIOBJICHBI CHMH-OPOUTAIBHBIM B3aUMOJICHCTBUEM H
NEePeCTPONKON OpOUTANBHOM U CIMHOBOM CTPYKTYP, a IpH 0oJiee BHICOKUX TeMIIepaTypax BbI3BaHBI
CHSTHEM OpOUTAILHO-BBIPOXKIEHHBIX COCTOSHUI B MATHUTHOM TIO0JIE.

[1]JH.H. Heikens, G.A. Wiegers, C. F. Van Bruggen. On the nature of a new phase transition in -MnS //
Sol. St. Com. V. 624. — P. 204 (1977).
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SURFACE MORPHOLOGY AND MAGNETIC DOMAIN STRUCTURE OF BISMUTH-
SUBSTITUTED IRON GARNET FILMS
Berzhansky V.N.l, Shaposhnikov A.N.l, Nedviga A.S.l, Prokopov A.R.l, Krikun A.S.l,
Mikhailova T.V."", Danishevskaya Y.V.%, Shelaev A.V.? and Vysokikh Yu.E.?
'V.I. Vernadsky Crimean Federal University, 295007, Simferopol, Russia
’Crimean University of Culture, Art and Tourism, 295017, Simferopol, Russia
INT-MDT Co, 124482, Zelenograd, Moscow, Russia
“e-mail: taciamikh @ gmail.com

The primary tasks of the construction of new devices and systems of information transmission
and processing are the search and creation of materials and structures that could control the
properties of light passing through them, as well as to visualize DC and AC magnetic fields. Among
these materials Bi-substituted iron garnet films occupy a special place. Depending on the
composition and synthesis technology, the films have various physical properties (magnetization,
anisotropy, coercivity) and magneto-optical activity. In the work, the results of investigation of
surface morphology and magnetic domain structure of the iron garnet films by atomic force
microscopy (AFM) and scanning near-field optical microscopy (SNOM) are present. The films
were synthesized by means of liquid phase epitaxy (LPE) [1] and reactive ion-beam sputtering
(RIBS) [2, 3] technique on (111) monocrystalline gadolinium gallium garnet substrate.

Figs.1 and 2 show the topography and domain structure of the same area of 4.5 um
monocrystalline LPE-film of nominal composition (Bi,Gd,Lu,Ca);(Fe,Ga,Ge)sO;,. The film is
characterized by "easy axis" magnetic anisotropy (effective uniaxial anisotropy field is 2.5 kOe) and
stripe domain structure. The period of domain structure is 4 pm.

1',

1
. . . . 00

Fig. 1. Topogrgphy of LPE_fﬂm obtalr}ed by semi- Fig. 2. Cantilever based SNOM image of magnetic
contact AFM with aperture cantilever simultaniously domain structure of LPE-film.

with domain structure of the same area on Fig. 2.

The LPE-films of uniaxial anisotropy and nominal composition (Bi,Sm,Lu)s;(Fe,Al,Ga)sO,
synthesized with the positive mismatch of film-substrate lattice constants from 0.04 to 0.12 A have
the strain-induced morphology (Fig. 3). The size of its elements is about 1-3 um. The possibility to
use these films for thermo-magnetic recording as well as magneto-optic eddy current defectoscopy
and atomic magnetic traps is related with the presence of the metastable domain structure (Fig. 4)
and a low Curie temperature (Tc < 200 °C). The periods of metastable domain structures are varying
in the range from 3 to 8 um for different films. Fractal analysis is used for a description of this type
of domain structure.
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Fig. 3. The strain-induced topography of LPE-film.

The RIBS-films used in multilayered
nanostructures [3] show a strong dependence of
the crystal structure and magnetic properties on
crystallization conditions. For the purpose of
investigation of surface morphology and magnetic
properties on the time of crystallization annealing
the films of nominal composition
Bi,3Dyg7Fes2GaggO;2 and thickness of 120 nm
were deposited on hot (350 °C) substrates in
argon—oxygen mixture. The films are annealed at
680 °C in the air at atmospheric pressure. With
increasing annealing time the surface roughness,
crystal grain size and period of the domain
structure films are augmented. Typical magnetic
domain structure of the samples is present in
Fig. 5. The period of domain structure of the
RIBS-films shows a change from 0.25 to 0.5 pum.

Fig. 4. Magnetic force microscopy image of border
between recording and metastable domain structure
on LPE-film.

Fig. 5. Magnetic force microscopy image of
domain structures of RIBS-film annealed 1.2 min.

The authors from the V.I. Vernadsky Crimean Federal University acknowledge support by the
RF Ministry of Education and Science in the framework of the base part of the state task

No. 2015/701 (project 3879).

[1] V.N. Berzhansky, A.S. Nedviga, V.G. Vishnevskii and A.R. Prokopov, Solid State Phenomena V.152-

153 P. 11-14 (2009).

[2] V. Berzhansky, T. Mikhailova, A. Shaposhnikov, A. Prokopov, A. Karavainikov, V. Kotov, D Balabanov

and V. Burkov, Appl. Opt. V.52 P. 6599 (2013).

[3] V.N. Berzhansky, T.V. Mikhailova, A.V. Karavainikov, A.R. Prokopov, A.N. Shaposhnikov,
I.N. Lukienko, Yu.N. Kharchenko, O.V. Miloslavskaya, N.F. Kharchenko, J. Magn. Soc. Jpn. V.36(1-2)

P. 42-45 (2012).
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THE SPONTANEOUS PHASE TRANSITIONS IN DOMAIN BOUNDARIES
IN THE FERRITE-GARNET FILM
Siryuk Ju.A.l*, Bezus A.V.l, Bondar E.D.l, Smirnov V.V.?

"Donetsk National University, 83001, Donetsk, Ukraine

’DonFTI of A.A.Galkin, 83114, Donetsk, Ukraine
“e-mail: juliasiryuk @ gmail.com

CIIOHTAHHBIE ®A30BbBIE IEPEXO/IbI B IOMEHHBIX 'PAHUIIAX
®EPPUT-TPAHATOBOM IVIEHKA
Cupok F0.A.", Be3yc A.B., bonpapsb E.JL., CMmupHoB B.B.’
Iﬂoneukuﬁ HayuoHanvHwult yHueepcumem, 83001, /loneyk, Ykpauna
2ﬂ0H(DT U um. A.A. I'ankuna, 83114, /loneyx, Yxpauna

MarauTHas TOMEHHAs CTPYKTYpa SMUTAKCUATBHBIX TUICHOK (heppUTa-TpaHara MmpeacTaBiseT
cOo0O  MEepHOAUYECKH  Yepeayrolmecs OONacTM ¢  aHTUNApaUICTbHBIM — HaIpaBJICHUEM
HAMAarHM4eHHOCTH, Pa3LEJICHHbIE JOMEHHbIMM TrpaHuuamu (I'). JloMeHHBIE T'paHHULbI, B CBOIO
ouepelib, SABISIOTCS HEOJHOPOJIHBIMU CTPYKTYpaMH, B KOTOPBIX MPOUCXOASAT H3MEHEHUS
OpUEHTALIMM CIUHOB OT HANpaBJICHHUS CIWHOB B OJIHOM JOMEHE K HAMpaBIICHUIO CIMHOB B
cocennem nomene. [ToBopor cnimHOB 1o TommuHe J[I” MOXHO yrmogoOUTh BUHTOBOMY BpAIlEHUIO.
Takue NOMEHHBIE CTEHKHM HA3bIBAIOTCS JOMEHHBIMU TpaHUIlaMH biioxa W TpencTaBiIsSIOT COOOM
HanOosiee oOmMiA TUTT JOMEHHBIX rpaHull B [IM/I-Marepuanax, T.K. OHI MHHUMHU3ZHPYIOT YHEPTHUIO
pasmarnuuvBaHus. CHUMMETpusi  JIONMyCKaeT JBa BO3MOXKHBIX  HAIlpaBJICHUS  IMOBOpOTa
HaMarHM4eHHOCTHU B J[I' — mpaBOBUHTOBOE U JIEBOBUHTOBOE.

B rpanune LIMJl co3maercss OoJyibIlIOE€ YHCIIO TOBOPOTOB CIHMHOB JBYX HalpaBICHUN
(moJyisIpHOCTEN), KaK JICBOBUHTOBBIX, TaK U MPAaBOBUHTOBBIX. JIMHUS, pa3aessiomias JABa y4yacTka
cTeHKH bioxa ¢ pa3nuyHBIMH TMOJSPHOCTAMH, MPOXOAUT BEPTHUKAIBHO Yepe3 IUICHKY, U TaKylo
CTPYKTYpY Ha3BaJM BepTUKaibHOU JmHUEH bioxa (BBJI). Yucno nunuii bioxa B IMJI momkHO
ObITh 4eTHBIM, T.e. B cTeHke [IMJ] Moryr HaxoauThcsi TOJAbKO Tapel JuHUK brmoxa. JnuHa
okpyxkHoctu [IMJ] mpencraBisier coboif TpaHUYHOE YCIIOBHE, KOTOPOE 3acTaBisieT JUHUKM bioxa
cOMmmKaThCs 10 MHTEpPBAIA § :7rd/ 2N, rne d — muamerp LIM/], N — uucio o00pOTOB CITUHOB, § —

paccrosaue mexnay BBJI [1]. Jua M/ ¢ guamerpom (4—13)MKM MOJIy4EHO MaKCUMAaJIbHOE
sHaueHue N =90, uro coorBerctByeT 180 muamsiM BBJI.

enp HacTOsAIIEH pabOTHI — TOKA3aTh, YTO B JIOMEHHBIX TPAaHUIAX MPOUCXOIAT CIIOHTAHHBIE
(a3oBbIe mepexo/Ibl, KOTOPhIE U BHI3BIBAIOT (pa3oBbIie mepexoan! B pemerkax LIM/I.

Jnst uccnenoBanus Obula BEIOpaHa MJICHKA C Pa3BUTOM MOBEPXHOCTHIO <111>, BBIpamieHHas
METOJIOM  KHAKO(a3HOW  dSMHUTaKCMM  HA  TaJOJMHUK-TAUIMEBOM  MOMAJIOKKE  COCTaBa
(TmBi),(FeGa);0,, (T, =437K, T.=120K), rne T, — Temneparypa Heens, T.— Temmneparypa
MarHuTHOM KommeHcanuu. [Ipu KOMHaTHON TemmepaTtype IuieHKa uMeeT (akTop kadyectBa Q > 5.
[Ipu TakoM Q AeHCTBHEM MMIYJbCHOTO MAarHUTHOTO TMOJISI B JOMEHHOMW rpaHulie cozaarorcs BBJI

[1]. JomeHHas cTpyKTypa Habmo1aeTces ¢ nomouibio 3¢ dexra apanes.

Pe3yabTaThl 3KCIEpUMEHTA

NmnynbcHbiM MarHuTHBIM nosieM nipu 300K cosmaercs pemerka LIM/I. Oto paBHOBECHAs
pemeTka npu temnepartype ¢opmuposanus (puc.lA). Cornacuo [1], B rpanune LIM/] co3maetcs
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180 BBJI. 1o konuyectBo BBJI siBisieTcss makcumanbHbiM 11 n3oaupoBanHoro [IMJI. TIpu sTom
paccrostaue mexay BBJI nocturaer Benuuunsl s = 0.23 MKM.

[Ipu narpeBanuu mieHkd B pemerke LIM/] HaOnromaeTcst HECKONBKO (Pa30BBIX MEPEXOa0B
MEpPBOrO poja C COXpaHEeHHWeM uuciaa AoMeHOB (puc.l, puc.2) [2, 3]. Otu (a3oBbie MEpexosl
BBI3BaHbI ()a30BBIMH TIEpeXo/laMu B CTpYKType noMeHHbIX rpanul] [IM/I. IIpu da3oBeix mepexogax

" , Ll ¢ 110
g s R AN

Puc.1. Buasl nomenssix cTpykTyp mieHku: A— PIUJI nmpum 300K; b- ®II B PLIJ] npu
HarpeBaHud ; B— ®@II B PI/] npu oxnaxxaeHuu.

konudyecTBO BBJI B rpanume ymensiaercss ckaukom myTtem aHHuUTHImuH BBJI (puc.2). Bomusu
teMmeparypsl Heens octaercst mpocTasi 0J10XOBCKasi CTEHKA.

IIpu nonwmxkennun temneparypbl oT 300K k Touke kommeHcanuu B pemerke [IMJ]
npoucxoAsaT ¢Ga3oBble MEPEXObl MEPBOTO POJa ¢ yMEHBIIEHUEM 4Yuciia dacTull (puc.1B, puc.2).
IIpu stoM yBenmuuBaercs kak auamerp LIM/I, tak u mupuna /[II'. B 1OMEHHON IpaHUIE TaKxKe
npoucxoaaT (azoBeie mepexoabl mnepBoro poaa. KomumuectBo BBJI  ymenbmaercs myrtem
packpyunBaHus. Bonusu T, HabmomaeTcs ckauok JoMeHHOU rpanunsl. Jto yxe I Heemns.

Pemetka, chopmupoBannas Bommsu 1, (0.987), ) nmeer mpocTyio GI0XOBCKYIO CTEHKY, YTO

COOTBETCTBYET MHHHMAJIbHON SHEpPruu JOMEHHOW rpaHuubl. [Ipu oxjakJeHuu IJIEHKU OHa
COXpaHsieTcd B IIMPOKOM TeMIIepaTypHOM HHTepBaie, U (a30Bble IMepexoapl B HEH He

— A HaOJIFOIa0TCSL.
A A 3I— d (HEpaBHDBBE!:IUIjI AcC) - 47'[N|5, lc BLIBOH BbI
NE 2 -e—e- ( (pasHosecroi AC)
El 1o 4 tizo Crpykrypa nomenHoi rparuisl [IM/]]

- S OUEHb YYBCTBHUTEJIbHA K TEMIIEPATYPHOMY
B 125

220 W3MEHEHUIO TlapaMeTpoB IUIEHKU. B Hel

100f

) J100 MIPOUCXOMIAT CITOHTaHHbBIC ¢dazoBbie

Ly mepexoasl  HEpBOro  poja,  KOTOphIE

BBI3BIBAIOT (pa30BbI€ MEPEXOJbl B pEIIETKE

140+
60
100
IM/I. Mexanusm ¢azoBeix nepexonos B JAI°
60

20k 25 IPY HAarpeBaHMM U OXJAXKIECHUU IUICHKH
i . . . . : UMeeT CyliecTBeHHble oTiinyus. Yucno BBJI
50 200 250 30 B0 400 TK B JII' yMeHbIIaeTcd MpU HArpeBaHUM IIyTEM

Puc.2. TemmepaTypHble 3aBUCUMOCTH

AHHUTWJISIIUH, a TPU OXJIAXKACHUU — IMyTEeM
packpyuuBanus. Pemerka [IM/[ ¢ mpoctoit
0JIOXOBCKOW CTEHKOHM HamboJjee ycTolunuBa U

XapakTepUCTUK IUICHKH: |— HaMarHU4eHHOCTb
Haceimenus; 2— nuametp LIMJI pasaosecuoit [1C;

3— mumametp LIM/] mepaBuoBecnoit [IC; 4— uucio
BBJI & JIT. COXpaHsieTcsl B IIMPOKOM TEMIIEPATYPHOM

UHTEpBAJIC.

[1] A. Manozemos, [Ix. Cnonsycku, JloMeHHBIE CTEHKH B MaTepHallaX ¢ HWIMHIPUYECKUMH MarHUTHBIMHU
nomenamu (Mup, Mocksa, 1982).
[2] FO.A. Mamanyii, }O.A. Cuprok, A.B. besyc, @TT. T.45, Ne9. C.1645-1652 (2003).
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[3] FO.A. Cuprok, A.B. besyc, ®TT. T.55, Ne3. C. 547-551 (2013).
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BEHAVIOR OF TOROIDAL FERROMAGNETIC CORE AT SPATIAL
MAGNETIZATION. EXPERIMENT AND MODELING
Adamyan Y.E., Krivosheev S.I. *and Magazinov S.G.
Peter the Great St.Petersburg Polytechnic University, 195251, St.Petersburg, Russia
“e-mail: ksi.mgd @ gmail.com

HNOBEJIEHHUE TOPOUJAJIBHOT'O ®PEPPOMATHUTHOI'O CEPAEYHUKA ITPU
MNPOCTPAHCTBEHHOM HAMATHUYNBAHUU. DKCIIEPUMEHT U
MOAEJIMPOBAHUE
Anmampan F0.9., KpuBoieen C.I/I.*, Mara3unos C.I'.
Canxm-Ilemepoypeckuii nonumexnuyeckuil ynueepcumem Ilempa Benuxoeo

195251, Canxkm-Ilemepbype, Poccus

B ganHOlf pabore cHaenaHa TOMBITKA NPOAHAIM3UPOBATH BO3MOXHBIC TOTPEUTHOCTH
WCIIONBb30BaHUsI BeKTopu3oBaHHOW wmonenu Jxwuica-Ateprona [1] (J-A) B ycloBHUSIX pe3KO
BBIPAXKEHHOW MPOCTPAHCTBEHHON HEOAHOPOJHOCTH MATrHUTHOIO TMOJS MYTEM COMOCTaBIICHUS
pacCUETHBIX M SKCIEPUMEHTAJbHBIX PE3YJIbTATOB HCCIEAOBAHHUS OJIHOOCEBOTO M JIByXOCEBOT'O
HAMarHM4YMBaHUS M1OJIOTO TOPOUIAIBHOTO CEPACHHHUKA.

YciaoBus JKCepUMEHTOB. ['eoMeTpust ucciaeayemMoro oOpasiia, U3roTOBJICHHOTO U3 deppurta
4000HM, mnpencraBnena Ha puc.l. OOpazery cocTouT u3 AByX yacted | W 2, MPUBENCHHBIX B
IUIOTHOE CONPUKOCHOBEHHUE
MOJIMPOBAHHBIMU MOBEPXHOCTSIMH.

Hamaranuusanue OCYHICCTBIIACTCA C

IIOMOIIBIO KaTyIlIeK 4 u 5,
PacmoI0KEeHHBIX Ha BHEUIHEH
MOBEPXHOCTHU U B MoOJocTu Topa 3. Jus
U3MEpEHUs] KOMIIOHEHT WHIYKIIMH TMOJIS
UMEIOTCS  U3MEPUTENIbHBIE KAaTYILKH,

PAaCIIOJIOKEHHBIE pAIOM c A,
HaMarHnyuBaromMu. Ha BIHOCKE pucC. ‘ '
1 MOKa3aHo pacronoxeHue

Puc.1. Konctpykuus cepaeyHuka u 0OMOTOK.
HaMarHWYHUBaroIei 5) u

M3MEPUTENIbHOM (6) KaTylIeK BHYTPH MOJIOCTH CEPACUYHHUKA.

HamarnnunBaHue nmepeMeHHBIM TOKOM. JKcHepuMeHT. [Iutanue oOMOTOK TOPOHMIAIBHOTO
(H,) un asumyrampHoro (H,) mnoneli npou3BOAMIOCH € TIOMOIIBIO YCHIIUTEIBHOIO OJIOKa,
MO3BOJISIFONIETO CO37aTh B CEPACYHUKE IMEPEMEHHOE MAarHuTHOE Tmosie ¢ 4vactoTor 3-6 kI,
JOCTaTOYHOE JUIsI JIOCTHXKEHHS TJIyOOKOro HacChIIIeHHA. B HCIoNb30BaHHON KOH(HTrypanuu
CCPACYHHKA TCXHUYCCKU OCYHICCTBUMBIMU MPSAMBIMHA U3MCPCHUSMU ABJIAIOTCA U3MCPCHUSA TOKA B
06MOTKaX C INOMOHIBIO TIYHTOB U MAr"HuTHOITO IIOTOKAa B CCUCHMHIX, 0OXBaTbIBACMBIX
HU3MCPUTCIIBHBIMHA KAaTYIIKaMH. HOBTOMy, B Ka4YCCTBC 3KCIICPUMCHTAJIbHBIX 3HAYEeHUI HWHAYKIOWUH U
HaMpsPKCHHOCTU MArHUTHOI'O IOJIA BBICTYHAKOT YCPCAHCHHBIC 3HAYCHMUA. 9KCHepI/IM€HTBI 110
BpalaTeJIhHOMY HaMarHWYWBAHWIO HCIBITHIBAEMOW MAarHUTHOM CHCTEMBI  BBIITOJTHEHBI C
WCIIOIb30BAaHUEM JBYXKAHAIBHOW CHUCTEMBI MUTAHUS OOMOTOK C PETyJUpPyeMbIM CABUTOM a3
MATAOIMMX HanpsoKeHWH. [ monmydeHusl pekuma W3MEHEHHUs BEKTOpa WHIYKIHUH, OJM3KOTO K
BpaliaTeJIbHOMY, B CHCTEMY IMUTaHUSI 0OMOTOK ObLila BKIIFOUEHA OTpPHUIATEIbHAsI 0OpaTHAs CBS3b 1O
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MPOU3BOJIHOM MHIYKIIMM COOTBETCTBYIOIIEH KOMIOHEHTHI MAarHUTHOTO TMOJs. DTO MO3BOJIUJIO
npUOIN3UTE (OpPMYy TPACKTOPHH BEKTOpa WHAYKIIMH K KPYroBOW TPU YCIOBHH HE CIHUIIKOM
rIIyOOKOTO HACHIIIICHHH MaTepHana.

CpaBHeHHe Pe3yJIbTATOB IKCIIEPUMEHTOB U KOMIIbIOTEPHOI'0 MO/IeJIMPOBAHMS.

Pacuerst mpoBoaumimuce ¢ nomompro nporpaMMbl  COMSOL  Multiphysics 5.0 B
OCECHMMETPUYHON TOCTAaHOBKE Ha OCHOBaHWUM Mojnenu J-A u3 6a3el manasix COMSOL [2].
[Tapamerper Momenmu J-A moxbupanuch B

COOTBETCTBUM €  JIaHHBIMH  HM3MEpEHUH
MHAYKIUHU U HANPSHDKEHHOCTH BJOJb OOJIBILION
ocu Topa. B pacuerax HaMarHMYMBAaHUS IO
MaJjou ocHu (asuMyTalIbHOE T10JIE)
TEXHOJIOTUYECKUM 3a30p MEXIy 4YacTIMH
CEepJCYHHUKA JIOCTATOYHO CHJIBHO MEHSET

angle, rad; H,, Hy, k A/m

CBOWCTBA NETIAM THUCTepe3uca. [ig OueHKH

3TOrO BIUSHUS MpOJiejaHa CEepUsl PacueToB C
HCIOJIb30BAaHUEM paHee 0100 paHHBIX

30 35 40 45 50 55 tms
B Puc.2. DOxcnepumenrtansubie (1) u pacueTHbie (2)
1apaMeTpoB MOJZIEIIH " BapHALNCH  3paqenps yria MeXXIy BEKTOPAMH BuH. Kpussie 3
MarHUTHOrO CONpOTUBIEHUs 3a3opa. IIpy  u 4 - TopounanbHas M a3UMyTaTbHAs KOMIIOHEHTHI
SKBUBAJICHTHOW BeIWYMHE 3a3opa 4 MKM  HANPSHKCHHOCTH IOJIS..
pacueTHas IETIsd THCTEPE3Hca, NPAKTHUYECKU
COBIIQJAET C OKCIEPUMEHTAIbHON B JMHEHHOH 00JacTH, COOTBETCTBYIOUICH H3MEHEHUIO
HaNpsDKEHHOCTH B Auana3oHe 3HadeHud =70 A/m. Ilpu 3ToM pe3ynbTaTbl YHUCIEHHOIO
MOJIETTUPOBAHUSl CYIIECTBEHHO OTJIMYAIOTCS OT HAOMI0aeMbIX B OJKCIEpPUMEHTE B o00JacTu
HaIpsHKEHHOCTEN MarHUTHOTO MOJIs, COOTBETCTBYIOIIMX HAMATHUYMBAHUIO MaTEpHUAIIa CEPICUHHKA.
Heckonmbko MeHee BBIPaKEHO PACX0XKACHHE pe3yJbTaTOB pacdyeTa M SKCIEPUMEHTa IpHU
OJTHOBPEMEHHOM CHH(pA3HOM HaMarHWYMBaHUM OOMOTKaMH TOPOUJAIBHOTO U a3MMYTaJIbHOTO

MOJICH. I[.HSI BpamaTCJIbHOI0 pCKMMa HaMarHU4uBaHUsA, pUC. 2, Ipru Ka4€CTBCHHOM COOTBCTCTBHUU

Ha0JII0/1TaeMBIX 3aBUCHUMOCTEH, ClIeyeT OTMETHTb, YTO 3HAYEHMsI yriia MEeXAy BekTtopamu B u H,
OIIPEAEIIAEMOr0 U3 IKCIIEPUMEHTAIbHBIX TaHHBIX MEHSIOT 3HAK, B TO BPEMsI KaK pacueTHbIE JaHHbIE
XapaKTEpPU3YIOTCS €T0 MOCTOSHCTBOM.

BeiBoabl. [IpoBeneHHBIE SKCIEPUMEHTHI M COOTBETCTBYIOIIME HX YCIOBHUSIM pACUETHI C
HCIIO0JIb30BAaHUEM BEKTOPU30BAHHON Mojenu J[unica-ATepToHa oKa3anu HeyIOBIETBOPUTEIBHYIO
TOYHOCTb pacueTa pacnpenesieHusi MarHUTHOTO IOJIS CO CII0KHOM MPOCTPAHCTBEHHON CTPYKTYpPOIl.
[IpyunHOW  BO3HUKHOBEHHS JAHHOW  IOTPEUTHOCTH  MOXKET OBITh  HCIOJB30BAaHHE B
BEKTOpH30BaHHON Mojenu J[xuica-ATeproHa HadyaabHOW KpuBoil B-H, momydeHHO# B ycnoBHsX
OJIHOMEPHOTO  HaMarHM4YWMBaHWs, B TO BpeMs, KaK JaHHbIE SKCIEPUMEHTOB TOBOPAT O
HEOOXOIMMOCTH UCIONB30BaHUS B MOJIEIH «BEKTOPHBIX XapaKTePUCTHK» MaTepuana [3],

MOJIYYEHHBIX MIPU Pa3IMUHbIX IPOCTPAHCTBEHHBIX YIJIaxX MEXIy BekTopamu B u H.

CchUIKH HA IUTEpaTypy.

[1] AJ. Bergqvist, IEEE Trans. Magn. V.32. P. 4213-4215 (1996).

[2] Comsol model “Vector Hysteresis Modeling”, Application ID: 20671 (www.comsol.com)

[3] J.P.A. Bastosand and N. Sadowski, Magnetic Materials and 3D Finite Element Modeling (CRC Press,
2013).
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SELF-ORGANIZATION MAGNETIZATION IN 1D POLYCRYSTALLINE
FERROMAGNETS
Ivanov A.A., Orlov V.A.
Siberian Federal University,660041, Krasnoyarsk, Russia
*e-mail: orlhome @ rambler.ru

CAMOOPI'AHU3ALIUA HAMATHUYEHHOCTHU B 1D ITIOJIMKPUCTAJJINYECKHUX
OEPPOMATHETHUKAX
HNBanoB A.A., OpJioB B.A.
Cubupckuii pedepanvruiil ynusepcumem, 660041, Kpacnospck, Poccus

IIpy BO3HMKHOBEHMM CaMOOPraHU3aLUHM B CTOXAaCTHMUECKHUX CHUCTEMAaX B MIPY BCTYHAIOT
KOHKypHpyomue (akropbl: xaoc u ynopsaouuBaoommii ¢akrop. B pesynabrare Ha ¢one
Xa0TUYECKOr0 B3aUMOJCHCTBHS BO3HHMKAIOT KBA3UIIEPUOJIWYECKUE CTPYKTYpbl. B Hacrosmen
paboTe paccMOTpPEHO SBJICHHWE CAaMOOPTaHU3alMM HAMAarHWYEHHOCTH B MOJUKPHCTAILTUYECKOM
(beppOMarHuTHONH HAHOMPOBOJIOKE. Xa0C B CUCTEMY HMPUBHOCAT HEOJHOPOIHOCTH aHU3OTPOIHHU B
BH/JIE CIIy4allHO OPMEHTUPOBAHHBIX OCEH JIETKOTO HaMarHn4uBaHus. OTHOBPEMEHHO MPUCYTCTBYIOT
yHnopsiiplBaolomue  (akTopbl:  MAarHUTOCTATUYECKOE  WJIM  OOMEHHOE  B3aUMOJEHCTBUS.
Bo3zHuKaronye npu 3TOM CTOXaCTHYECKHE JOMEHBI aHAJOTUYHBI HOPMAJIBHBIM MOJIaM, KOTOPBIE B
OIIpEJICJIEHHBIX CIy4asX He BO30YXKJEHBbI, HO KaK CTPYKTypHas €IMHUIIA CYLIECTBYIOT.

3adukcupoBaTh MPU3HAKK CAMOOPTaHU3AIMU YIAJIOCh B KOMIIBIOTEPHOM MojeiarpoBanuu. [Ipu
JOCTUKEHUM  BHEIIHUM  IIOJIEM  HEKOTOPOrO  KPUTHUYECKOTO  3HAUEHUS  MPOMCXOAUT
KaracTpopuueckuii pocT 3apojbliield 00paTHOW HaMarHWYEHHOCTH, B PE3YJIbTaTe KOTOPOTO
Bo3HUKaIOT 180- mnu 360-rpagycHble ToMeHHBIE cTeHKU. OOpa3oBaHHBIC JOMEHBI PacIOIOKEHBI
TaM, TJ€ B OTCYTCTBHE OJHOPOJHOW, HAaBEAECHHOW MAarHUTOCTATUKOM AaHMU30TPONHHU, OBLIM OBl
CTOXACTUYECKUE JOMEeHbl. BaxHo, 4To nHpopManusa 00 caMoopraHuzaiuy oOHapyKUBaeTcs U Ipu
CIEKTPAILHOM HCCIICIOBAHUM CHUIIOBOTO Mpoduiis F(z), 3aKpEIUISIONIEero JOMEHHYIO CTEHKY (CM.
puc. 1). Ilpu uccnenoBaHUM CIEKTPATBHBIX IUIOTHOCTEW peanu3anuii F(z) oOHapyKEHO, 4YTO HUX
MaKCHMYMBI OpUXOJATCS HA  XapakTepHble oOpaTHble JJIMHBI B pacHpeneseHHUsIX
HaMarHM4EeHHOCTH: pa3Mep KPUCTALIUTA, pa3Mep CTOXaCTUYECKOro JIOMEeHa U JUIMHA 00pasia.

10, T T

10 T T

a=15" ] =60’

(]
(]
|

0 0.05 01 0.15 02 % 0.05 01 013 02

k k

Puc. 1. Cnextp 3akperuisiomei CUIIbI IPH pa3iINyHbIX 3HAUSHUSIX NTapaMeTpa TEKCTYpbl. MoaenupoBaHue
HPOBOAMIIOCH IIPH MAarHUTHBIX ITapaMeTpax, COOTBETCTBYIOIINX KOOANIBTY.
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ON THE TERMAL MOTION OF DOMAIN WALLS IN NANOWIRES
Ivanov A.A., Orlov V.A.
Siberian Federal University,660041, Krasnoyarsk, Russia
*e-mail: orlhome @rambler.ru

O TEIIJIOBOM JBUKEHWHW JOMEHHOM CTEHKH B HAHOITPOBOJIOKAX
HNBanoB A.A., OpJoB B.A.
Cubupckuii peoepanvruiil ynusepcumem, 660041, Kpacnospck, Poccus

B macrosmeit = pabore  mpemIOKEH ~ METOA  KOMIIBIOTEPHOTO  MOJICIMPOBAHUS
TepMODITYKTAlMOHHOTO JBMKCHUSI TOMEHHBIX CTEHOK B ()epPOMArHUTHBIX MOJMKPUCTAIITHYECKUX
HAHOIIPOBOJIOKAaX. XapakTep JTOr0 JBHXKCHUS OIpPEIENIeTCs] OCOOCHHOCTSMH MAarHUTHOU
CTPYKTYpBI, KOTOpas, B CBOIO OdYepeab, 3aBUCUT OT JedeKToB Martepuana, ¢Gopmbl o0pasia,
MEXaHUYECKUX HANPSKCHUN, COCTOSHUS TOBEPXHOCTH U T.I1.

Cmemenne JIC B ciywaiitHOM cuioBoM 1mone F (z) YIAOBJIETBOPUTEIBLHO OIKUCHIBACTCA C

MTOMOIIBI0 TEOPUH BBIOPOCOB ciydailHbIX mporieccoB [1,2]. [Ipu sTom TernoBbie konebanus [IC
MOJKHO paccMaTpHUBaTh Kak OpPOYHOBCKOE JBIIKEHUE KBazudacTuilbl. ONMUCaHUE MOXKHO MPOBECTH,
WCTIONB3YSl DJIEMEHTHI TEOPUU  aOCONIIOTHBIX CKOPOCTEH XMMHYEeCKHMX peakiui [2]. B
MoJenupoBaHun  ckoJbxkeHuss JIC  wucnonp3oBaHO ypaBHeHHEe JlaHkeBeHa, B  KOTOPOM
B3aUMOJICHICTBHE C TEPMOCTATOM aIMMPOKCUMHUPYETCS CTOXACTHYSCKON CHIIOBOM (PyHKIHEH,
3aBUCSIIEH OT BpeMeHH [3,4]:

w4 po=(F(2)=h)= L) (1)

3neck [ - k0dhGHUIHMEHT BI3KOTO TpeHus, U - ckopoctsb JIC, L(t) - cuiia JlankeBeHa - ciiydanHast

GbyHKIMS, 3aBUCALIAs OT BpEMEHU ¢, KOTOpasi MOJIETUPYET B3aUMOICHCTBUE MarHUTHON CUCTEMBI C
TEPMOCTATOM. JTO YpaBHEHHE MOJI0KEHO B OCHOBY KOMITbIOTEPHOTO MOJIEIUPOBAHHUS.

HccnenoBanmne xapakTepHOW 3aBUCUMOCTH CPEAHEKBAAPATUYHOIO CMEIEHUSI TOMEHHON CTEHKU
OT BPEMEHM MOKa3ajg0, 4YTO 3aKOH OWHIITEHHA-CMOIYXOBCKOTO HE BBINOJHSETCA. BHemniHee
MarHuTHoe moJje obecneunBaeT perysipHbiid apeiid JIC Ha done xaornueckux konebanmid. [Ipu
MaJblX CHJIAX JaBIICHUS OMPEACNIOmUM (HaKTOPOM JUIsl CKOPOCTH Jpeiida sBisieTcss abCcoMOTHAS
TeMmIeparypa, a npu OOJBIIMX - CUJIa JAaBiIeHUs BHemHero mnoiisi. CkopocTs aperda, kak QyHKIHS
OT CHWJIbl JaBJCHUS BHEIIHErO0 TMOJs, KaK W YHUCJIO CKAaYKOB MOAYMUHSIOTCA KPUTHUYECKOU
3aBUCUMOCTH C ITOKa3areyieM npumepHo 1.1.

Pacnipenenenust IIUTENbHOCTEH CKaYKOB MEHEE UYBCTBUTENbHBI K M3MEHEHHUIO TeMIepaTyphl,
4yeM BpeMs OKuJaHus ckauka. Ho ¢ moHmkeHHeM TemrepaTypbl JUIMTENbHOCTh CKauka pacTeT, a
IIMpUHA paclpeleNieHus MpakTHUYecku Heu3MeHHa. HWHorga BO BpeMs IOJHOTO —CKaudka
HaOJII0/1aeTCsl YaCTUYHOE BO3BPATHOE [BIKEHHE, KOTOpOE 4allle MPOUCXOASAT MPH HUZKUX
TeMIeparypax. OTO MPUBOAUT K YBEITUUYEHUIO CPEIHEr0 BPEMEHHU CKadyka. Ba)kHO OTMETHUTb, UTO B
ypaBHenuu aBwkenus J[C B ciydaitHom mosie F (z) HEOOXOMMO YUUTHIBATh MHEPIIMOHHBIN WICH.

CchUIKH HA TUTEPaTypy

[1] WBanoB A.A., Opmo B.A., ®TT, T. 53, BeI1. 12, €. 2318-2326 (2011)

[2] B.U. Tuxonos, Briopocs! ciryuaiinsix npoueccos. (Hayka, M. 1970)

[3] Glasstone S., Laider K.J., Eiring H., The Theory of Rate Processes. (McGrow-Hill, N.Y. 1941)
[4] Doring W., Z. Naturfor-schung, V. 3a, N. 373 (1948).
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ANALYTIC MODELS OF BLOCH WALLS IN THIN MAGNETIC FILMS
Semenov V.S.
Trapeznikov Institute of Control Problems of RAS, 117997, Moscow, Russia
e-mail: vsemsem@mail.ru

AHAJIMTUYECKHWE MOJIEJIM JOMEHHOM I'PAHUIIBI BJIOXA B TOHKHX
MATHHUTHBIX IVIEHKAX
Cemenos B.C.
Hncmumym npoobaem ynpasnenus um. B.A. Tpanesnuxosa PAH, 117997, Mockea, Poccus

B TOHKHMX MarHMTHBIX IUIEHKAaX JOMEHBI C MPOTHBOIOJOKHONW HAMAarHWYEHHOCTBIO Pa3JENsIOTCs
180° nomennbiMu Tpanunamu (JI). PaccmMaTpuBaeM IIEHKY TONIUHONH 2D € OCBIO JIETKOTO

HAMarHM4YMBaHUS, ApALICIIbHON OCH 7 . 180° @' pa3genser nBa 10MeHa, HAMAarHWYEHHBIX BIOJIb
ocut z. Pacnpenenenue HamaramdeHHocty B JII'  ompepensercs W3MEHEHHEM  BEKTOpPA

HamarHudeHHoctd M =M m=M  (m i + m,j+m, k) (‘M ‘ = M- HaMarHU4EeHHOCTb HACBILECHUS

IICHKK); [, j,k - €IMHUYHBIE BEKTOPHI BIOJL OCEH x,y,z, COOTBETCTBeHHO. Hampapisiomue
KOCHUHYCBI m,,m, ,m_ COBIANAIOT C OCSMH x,yH Z INPSIMOYrOJbHOW CHCTEMBI KOOpauHaT. B

JAHHOM paboTe paccMaTPUBAIOTCA JBYMEPHBIC MOJENH, TO €CTh HaIMpPaBJIAIONINEC KOCHHYCHI
m (x,y),m (x,y),m,(x,y) ABIAOTCS byHKIMEH X, y W HE 3aBUCAT OT Z .

Jas  onpeneneHus HAMPaBIAIOIIUX KOCHHYCOB (m, ,m ,m ) BEKTOpa HaMarHud4eHHoCTH M
WCIIONB3YyeTCsl TOTeHNHanbHas QyHkmus A(t,s)=p(t=x/D)g(s=y/ D), tae p(t)- 3amaer
W3MEHEHWe HaMarHudeHHoctn 1o mmmpube JII', a ¢yHKuus g(s)- MO TOJNIMHE TUICHKH.

Harmnpasisromuye KOCUHYChI

dA(t,s) _ dg(s)
ds P ds

_ 2 2
m_(t,s)=\/1-m; —m.

0A(t, s) _ dp(1)

t,8)=—
m,(t,5) ot dt

=pg,, m,(t,s)= g(s)=p,g,

[Ipu TakoM omnpezieieHuu HAMPaBJISIOUINX KOCUHYCOB 00BEMHbIE MarHUTHBIE 3apsi/Ibl

m
P, (t, s) z[ X +a—yj =0, HO HE UCK/IIOYAET HATHYNE INOBECPXHOCTHBIX MAarHUTHBIX 3apsiiOB. Jlst
A

ot

cymectBoBanus JII' HEOOXOAMMO BBITTOTHEHHUE CIICTYIONTUX YCIOBHI:

Lo (1 —]eo ) = +(P)L;

,8) =0, m (t = oo

,8) =0, m_ (1 —|eo

2. ml(t,s)+m.(t,8)+m(t,5)<1;
3. B obmactu JI' noimkHa CyLIEeCTBOBaTh JHMHMA meperuda f,(s), BAOJb KOTOPOW MO TOJILIMHE
TJICHKYU TIPOMCXOJUT U3MEHEHUE HAIPABJICHUS HAMAarHUYCHHOCTH Ha TPOTHUBOTIOJIOKHOE:
m; (t,(s), s)+m; (t,(s),5)= p*g. + p’ g =1, pgi + p, 8’ =0.
s momydeHuss IBYMEPHOIO pacIpeNesieHHss HaMarHU4eHHOCTH, KOTOpPOE COOTBETCTBYET

asymepnoit II' bioxa, ¢pyHkuusa p(¢f) B oGnactu nuHuu neperuba (f, <t <f,) 10J>KHa MOHOTOHHO

U3MEHATBCSI OT MAaKCHUMalbHOTO  3HaueHus p, . = p(t=t,) 10 3HaueHus p,=p(t=t), a
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npousBogHas or p,(t=0)=0 no makcumanpHOro 3HadyeHus p,. = p,(t=t). Heuspecrnas
¢Gynkuus g(s) M ee mpou3BoaHass g (s) HAXOAMM U3 YCIOBMS CYLIECTBOBAHMS JIMHUM Ieperuoa:
g’ =1/(p}-pp,).g.=—(p,/ p)g’. Jna onpeneneHus OSTUX YHCICHHBIX 3HAYEHHIH O0OIACTDH
t,<t<t, ©pasOuBaercs Ha n uHTepBanoB: Ar=(t,—1t)/n. Kaxnomy 3HaueHHIO

t,=({—-1)Ar 1<i<n+1) coorBercTBylOT 1Ba 3HaueHus g(s;) m g (s;). W3 ompenenenus
IPOU3BOAHON HaxoauM 3HadeHus As, =(g(s,,)—g(s;))/ g, (s;) u nanee 3HaYeHUs s,,, = ZAsi .
i=1

Takum oOpaszom, ompenenseM usMeHeHue (QyHkuui g(s) U g (S) MO TOJNIIUHE IUIEHKU, YTO

SABIIACTCA HCO6XO,I[I/IMBIM YCIIOBUEM JJIs1 BBIYUCIICHUS DHEPIrUun ,I[OMGHHOI;'I Ir'paHHIbI.

P s N NN 9 i ;SN - :
7 7 7 /VARSNINN . i~ < ’ / //'7-"«‘\\\ '\(
) - 9.(8) -7 g a{ |8 \gls
t 117 AN \ pid C/,:./ \\.\\ P \
] N 4 . ~ [y 7/ NN AN ’ . \ N
PP 7NN VY / 518 N L4} » ooy oyt <Jo | 4
A I 1 S (I N ool -5 b TR B LY B 1
N NV M 1 \Rh Nt /7 7/ N /
VANNNNT/Z /N 0 i Py v\ tAs s NN Y,
WANANNNA A /7 X e NN NS o - \
- o . e ~ )
AN\ oA /7 Fy G 9 NN > i
R e e ! 9 ) o =
1 it
(), pr(t), put
Pras
N LS Ly
\' <A ~J
P \ peft ~
s o \ -
f, 17 3 s \
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\ . 1 \ 1t
»* \ v
\ ! ’ "\ Y
plt)y L Y g 0.35-Pu()y P orit
o \#_.’ t w1k
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Premes

Puc.1. Pacnpenenenue namarumdenHoctd B JII' bioxa (a), rae cruiomrHasi JUHUS COOTBETCTBYET JMHUU
neperuba; usmeHenne QyHkipu p(f) W ee MPOM3BOAHBIX MO MIMPUHE IOMEHHOW TPAHUIIBI, H3MEHCHHE

¢byukimu g (S) U ee MPOM3BOAHBIX IO TOJIIHHE IICHKH.

Ha puc. 1 (1eBas cTopoHa) NpEACTaBICHO PACIPENEICHUE HAMarHU4eHHOCTH B ABymepHou /I’
bnoxa nans dvernoit Qynkumuu p(t). Jdng Takod (QyHKIMM ~— TOJIy4YaeTcs CUMMETPHYHOE
pacripenielieHnue HaMarHWYeHHOCTU C JBYMsS JIMHUSAMH miepernOa. OCHOBHOW BKJaJI B IOJIHYIO
SHEPTHUIO IOMEHHOW IPaHUIbl BHOCUT 0OMeHHast sHeprus. J{ias yMeHbIIeH!s: OOMEHHON SHEpPruu B
obmactu t=0 wucnomws3yercs apyras ¢yHkuus p,(f) ¢ Oojee IUIABHBIM HM3MEHEHHEM IO
CpPaBHEHHUIO C OCHOBHOM (QyHKIMeH p(t). B a3TOM ciydae octaeTcst TOJIBKO OfHA JTUHUS Tepernda
B oOnactu ¢ <0, pacnpeneneHre HAMAarHUYEHHOCTH CTAHOBHUTCS ACCUMETPUYHBIM M YMEHbIIACTCS

obmeHHas 3Heprus (puc.l, mpaBas CTOpoOHa).
[Tpu mocTpoeHNH aHATMTHYECKUX MOJIENIEH COTTIACHO METOY, MPEUI0KEHHOMY B IJaHHOH paboTe, B

kauecTBe QYHKUUH p(f) U p,(f) MOIYT HUCIOJIB30BaTh IPOCTHIC IEMEHTAPHBIC 3aBUCHUMOCTU C

MHUHUMAJIbHBIM (O,Z[HI/IM) MNEPpCMCHHBIM  MMAPAMCTPOM, UYTO 3HAYUTCIBHO YCKOPACT TIIOUCK
PaBHOBECHOT'O COCTOSIHUSA MOJHOM SHEPTUU JTBYMEPHOU IOMEHHOM TpaHuIlbl bioxa.
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THE ROLE OF CHEMICAL POTENTIAL AND MAGNETOSTATIC PRESSURE AT
STUDYING OF PHASE TRANSITIONS IN THE LATTICE OF BUBBLES
Siryuk Ju.A.l*, Bezus A.V.l, Bondar E.D.l, Smirnov V.V.?

"Donetsk National University, 83001, Donetsk, Ukraine
’DonFTI of A.A.Galkin, 83114, Donetsk, Ukraine
“e-mail: juliasiryuk @ gmail.com

POJIb XUMIIOTEHIHUAJIA U MATHUTOCTATHUYECKOI'O JABJIEHUSA
IMPU UBYUYEHUU ®A30OBBIX IIEPEXO/10B B PEHIETKE LM /]
Cupok F0.A.", Be3yc A.B., boupapn E.JL., CMmupHoB B.B.’
Iﬂoneukuﬁ HayuoHanvHwult YyHueepcumem, 83001, /loneyk, Ykpauna
Z,ZZOH@T U um. A.A. I'anxuna, 83114, [oneyx, Yxkpauna

BBenenue

@eppur-rpaHaToBas IUIEHKA — 3TO TEPMOJAMHAMHYECKAs CUCTEMA, B KOTOPOM KaKIbIW
JIOMEH MOXXHO paccMaTpuBaTh KaK OTACIbHYIO 4YacTUIly. Jis OOBSICHEHHS 3KCIEPUMEHTATBHBIX
pe3yiabTAaTOB MbI IMPUMEHSEM TEPMOAMHAMUYECKHN MOAXOJ C HCIOIB30BAHUEM XHMIIOTEHIIHAANA,
T.. DHEpPruH, MPUXOIAIIEHCS HAa OJWUH JOMEH, M KOHIIENIMI0 MarHUTOCTATHUYECKOrO IaBJICHUS.
Ilenp panHOM pa®OTBl — TMOKa3aTh BO3MOXKHOCTH XHMIIOTEHIMAlla U MAarHUTOCTaTHYECKOIrO
JABJICHUS TIPU U3YYCHUH CIIOHTAHHBIX (ha30BBIX Mepexon0oB B pemerke [IM/].

XMMIIOTEHUHAJ 1 MATHUTOCTATHYeCKoe 1aBjeHue pemerku M /I

B tepmonrHaMuke XMMHUYECKHUN MOTEHIMAT YACTULbI ONPENEIAEeTCS KaK NPOU3BOJHAS OT
BHYTPEHHEH SHEPIUU CUCTEMBI IO YHCIy YaCTHIl B HEW NMPH MOCTOSHHBIX 3HaUeHUsX oobema (V) u
sHTporuu cuctemsl (S) [1]. Xumuyeckuii moTeHnuan 10MeHa MOKHO ONPEIEIIUTh KakK

oU
_|2Y 1

lu (a N JS,V ’ ( )
rae N — yucino 1oOMEeHOB. BbipaxkeHus AJisl yIeTbHBIX SHEPTUU U o0bEMa TOMEHA UMEIOT BU:

e=U/N, ()

v=V/N. (3)
OnHUM U3 YCIIOBHM pPaBHOBECHS MEXKY IBYMS JJOMEHHBIMH (pa3aMu sSBIISIETCS INOO paBEHCTBO

=1, )
JInbo

D Vit =0. 5)

VYpaBHenue (4) cnpaBeJIMBO B TOM cllydae, eciu nepexoa Mexay asyMms JIC He conmpoBoxkaaeTcs
W3MEHEHUEM TOJIHOTO YHMclia JTOMEHOB B IUICHKE. YpaBHEHHE (5) ONMUCHIBAET COCYIIECTBOBAHUE
JOMEHHBIX (pa3 TpH B3aUMHOM TMpEBpaliecHUU JTOMEHOB. [Ipm 3TOM mMmoaXxoae XWMHUYECKHI
MOTEHIMal JOMEHa 3aBUCUT OT pa3Mepa AomeHa, nepuoga JC u TemmepaTypbl, KOTOpas B
TepMOI[I/IHaMI/I‘-IGCKI/IX IIoTcCHIOaJIax I[C yLII/ITI:IBaeTC}I HOCpe,Z[CTBOM TCMHepaTypHBIX 3aBHCHMOCTeI>'I

XapaKTePUCTUUYECKOH JUIMHBI IUIEHKM { ¥ HAMarHUYeHHOCTU HachleHus 47M . Ananus

sapucnvocti 4(T') 103BOIISIET MOMYdHTh HHPOPMALHMIO O HAMPABICHHH BO3MOXHOTO MEPEX0/a B
ucxogHoi JIC mpu m3menenun T. Tak, eciu 4 =0, to JC sBIseTCs paBHOBECHOW MO YHUCIY

nomeHoB [2]. Ecau npu uzmenenunt T g CTaHOBUTCS TOJIOKUTENBHBIM, TO TOT/Ia YHCIO JOMEHOB
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nanHo# JIC mpeBbIIIaeT 4ucio JOMEHOB, HEOOXOIUMBIX JIJIsl TOCTPOCHUS PABHOBECHOU CTPYKTYPHI.
CrnenoBaTenbHO, B 3TOM CJIy4ae BO3MOXKEH MEPEeX0] K CTPYKTYpE C MEHBIIMM YUCIOM JOMEHOB.
AHaJIOrM4HO, eciu ¢ u3MeHeHueM T okaszanoch, uto 4 <0, To B Takoil JIC 4uciao 10MEHOB yxe He

ABIISICTCSA JTOCTATOYHBIM JJIsi 00pa30BaHUS PaBHOBECHOM CTPYKTYphl. B Takoil cucreme BO3MOXKEH
Nepexo K CTPYKType ¢ OOJNBIIUM YUCIOM JOMEHOB M, COOTBETCTBEHHO, C MEHBIINMHU pa3MepaMu
JIOMEHOB U MEPUOJOM CTPYKTYPHI.

VYcnoBus ocyuiecTBieHHs] (a30BbIX MEPEXOJ0B MPH M3MEHU T 3aBHCAT OT MEXaHHM3Ma M
MPUYMH U3MEHEHUH, Tpoucxoasaimx BHyTpu JIC. /laBieHre 1OMEHHON CTPYKTYPhl HAMAEHO KaK

P=(u-g)v. (7

BriepBple KOHIIETIIMS MarHUTOCTATUYECKOTO naBieHus pemerkn [[M]] Opuia BBeneHa B
pabore [3], B koropoii IIMJ] paccMarpuBaroTCs KakK YacTHUIlbI, OOJaNAONIUe OJUHAKOBBIM
MarHMTHBIM 3apsiIOM M PacHOJIO)KEHHbIE B MarHUTHOW Cpel€ C IPOTHUBOIOJIOXKHBIM 3apsiOM.
Mexay OSTUMH YacTHIIAMU JIGHCTBYIOT CHJIBI OTTalKuBaHuA. B pesynbrate, Onaromaps
LEHTPAJIbHBIM CHJIaM B3auMOJeHCTBHs U cozfaercs pemerka [IMJI. ITocne mpeoOpasoBanuii [3]
MarHUTOCTaTUYECKOE JTaBJICHNE PEIIETKU P :

P=6C(2aM ) (iJ n ®)
a a

rae a— nepuop pemerkd, d— guamerp LIIMJI, h— tommmHa miueHku, M ¢— HaMarHUYEHHOCTb

Hacelenus, C — KOHCTaHTAa.

Iockonbky s paBHoBecHoW pemetkn LIMJI  y=d/a=0.74 [3, 4], To ee
MAarHuTOCTaTUH4Y€CKOC JaBJICHUEC UMECT BU:

2
P= B%, )
a

rae B — KOHCTaHTA.

OO0cy:xnenne u 3aKJI04YeHH e

N3 anpamuza PE3YIbTATOB JSKCICPUMCHTAJIBHBIX I/ICC.HGI[OBaHI/Iﬁ CIIOHTaHHBIX q)a301351x

nepexonoB (®PII) B pemerke [IM/] mieHku (TmBi)3(FeGa)5 O,, [4] cnenyer, uTo 0COOEHHOCTU

pCeIICTKU MpU HU3MCHCHUU T OMMPCACIIAIOT XUMIIOTCHIHATI W MArHuTOCTATUYCCKOC MNOaBJICHHUC.
XUMIIOTEHIIMAJT TIO3BOJISIET OMNpPENENNTh, Kakas pemnieTka chopmupoBaHa mnpu JaHHou T:
paBHOBecHas (4 =0 ) nuiu HepaBHOBecHast (U #0).

Mexanusm ®II I pona onpenensier marautocrarnueckoe napienue. Ha mexanusm @I npu
OpUONMKEHUM K  TOYKE KOMIIEHCAllMM  OKa3blBalOT  BJIMSHME JIBA BHJA  JABJICHUS:
MarHurocrarudeckoe nasiaenue pemerku [IM/] u nasienune BHytpu LIM/I. B mexanuszme OII npu
yIaJleHuu OT TeMmepaTypbl 1, OCHOBHYIO pOJIb UI'PAaeT MAarHUTOCTaTUYECKOE JIaBIECHUE PELIETKH

IOM/I. byay4yu MeHbIe paBHOBECHOTO, OHO 1103BOJIseT YacTh [IM/] yBeIu4UTh CBOU pa3MepBl.
Takum 00pa3oM, MarHUTOCTaTUYECKOE JaBJICHHUE MO3BOJSET MOHATH MEXaHU3M (a30BOTrO
nepexoja B pemerke LIM/I, a xuMmoreHuuan onpeaeisaeT Xxapakrep 3Toro rnepexoa.

[1] J1.A.JJanmay, E.M.JIudmmun. Craructuueckas Gusuka. Hayka, Mocksa (1964).

[2] E.A.Zavadskii, V.A.Zablotskii // Phys. Stat. Sol. (a), v.112, (1989).

[3] B.I'.bapesxrap, F0.U.I'opobern, IlmmmHaprudeckne MarHuTHRIC TOMEHBI U X pemeTkn, HaykoBa mymka,
Kues (1988).

[4] FO.A. Cuprok, A.B. besyc, @TT. T.55, Ne3. C. 547-551 (2013).
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ABOUT A RATIO OF MAGNETIC LOSSES OF MONOCRYSTALS OF Fe-3%Si IN
ROTATING AND LINEARLY-THE POLARIZED MAGNETIC FIELDS
Tiunov V.F.

IMP UB RAS, 620990, Ekaterinburg, Russia
*e-mail: tiunov@imp.uran.ru

O COOTHOHIEHUU MATHUTHBIX NOTEPb MOHOKPUCTAJIUIOB Fe-3%Si BO
BPAIIAIOIINXCA U TUHEHHO-MTOJISIPU30OBAHHBIX MATHUTHBIX MMOJISAAX
Tuynos B.®.

HUncmumym ¢puzuxu memannos YpO PAH, 620119, Examepunbype, ya. C.Kosanesckoti, 18

VYaydmenue (QyHKIMOHAIBHBIX XapaKTePUCTHK MArHUTOMSTKAX MAarHUTHBIX MaTepUaloB,
MPUMEHSAEMBIX JJI1 W3TOTOBJICHUS MAarHUTONPOBOJOB, IE€PEMarHMUYUBAEMBIX BO BpallarOUIUXCs
MarHUTHBIX TOJSX, NPEJICTaBIseT 3HAUUTENbHBIA HMHTEpec. B 3TOM ciydyae MarHUTOMPOBOJIbI
Pa3IMYHOTO POJia NEKTPOMAIIUH TMEPEeMAarHUYUBAIOTCS B MOCTOSIHHOM [0 BETUYMHE BHELIHEM
MarHuTHoM 1nione H HenpepplBHO BpamjaroIMMCs C  YIJIOBOM 4YacTOTOM . OTOT THI
[IEpEMarHM4YMBaHUsl  XapaKTEPU3YEeTCS AHOMAJIBHO BBICOKMMH 3HAQUYEHHMSIMHU BpallaTeJbHbIX
MarHUTHBIX NOTEPh (Pgy), 3HAYUTENBHO NPEBBIIAIOIIMMU X BEIWYMHY, U3MEPEHHYIO B JIMHECHHO-
MOJISIPU30BAHHBIX MarHUTHBIX Noysix (P) B 7-15 pa3. B GoapmumHCTBE paboT mpeamnoaaraiock, 4To
TaKo€ PACXOXKJACHHE OOYCJOBJICHO HamuuueM aoMeHHou cTpykTtypel JIC B ¢eppomarseTukax,
OJTHaKO MPSIMBIX HaOII0/IeHU ee B paboTax He MPOBOIUIOCH.

B nacrosmieit pabote, ucxozs u3 BeisBiIeHHON quHamMuku JIC, ynanock 0ObSICHUT IPUYHHBI
HaOJII0IaeMOr0 M3MEHEHMs OTHouleHHsa noreps R= P, /P B MoHnokpucramnax Fe-3%Si npu
Pa3IUYHBIX aMIUIUTYaX UHAYKIUH. [ToBepXHOCTH 00pa3IoB COBMaaana ¢ KpUCTAUIOrpadudecKoi
miockocthto  Tuma [001](110). B AMHEHHO-NOJSPU30BAHHBIX TMOJIIX H3MEPEHUS] MOTEPh
MIPOBOAMIIMCH HAa 00pa3iax B BUJE MOJOCOK, BO BPALIAOIIMXCA MATHUTHBIX MOJISAX HCCIIEI0BAINUCH
oOpasmpl B BUJIE TMCKOB. B mepBoM ciydae Ha MOBEPXHOCTH OOpa3IOB MUMENUCH mojocoBas 180-
rpaaycHas JIC, BO BTOpOM cllyyae Ha MOBEPXHOCTH AUCKOB MOMHUMO Moia0coBoil JIC BbISIBIsAIACH
3ampikaroriast JIC B Bujie Y3KHX JTOMEHOB, OPHEHTHPOBAHHBIX K TTOJIOCOBBIM MO yriioM 55-60°.

Ha puc.1A mpuBeneHbl 3aBUCUMOCTH W3MEHEHUSI MAarHUTHBIX IOTEPh BO BpaALIAIOLIUXCS
(kpuBas 2) U B JIMHEHMHO-NOJISIpPU30BAaHHBIX Mojsax (1) a Takke ux oTHomieHue otT uHaykuuu (R).
BunHo, 4TO0 ¢ pOCTOM HHIYKLUHM IOTEPU B JIMHEHHO- MOJSIPU30BaHHBIX noOyAX (P)  Tosbko
YBEIMYHMBAIOTCS, IOTEPH BO BPAILAIONIMXCS MAaTHUTHBIX NONAX (Py,) MEHAIOTCA HEMOHOTOHHO: IIPH
HEBBICOKMX MHIYKIMSAX pacTyT, JOoCTUTras MakcumyMa npu By, =1,7Tn, a 3arem no mepe pocta By,
ymenbmatores. [IppuueM BO Bcex ciyyasx ~— MX BEJIMYMHA IMIPEBBINIAET 3HAYEHHE MOTEPb,
U3MEPEHHBIX B JIMHEHHO-TIONAPU30BAHHBIX IONAX, 8 BEIMYMHA OTHOIIEHUS morepp R= P, /P ¢
pOCTOM HHIYKIIMM HEIPEPBIBHO CHIKAETCS, B JaHHOM Cllydae OHO MeHseTcs OoT 7 no 2.
KauecTBeHHO Mog00Has KapTUHA W3MEHEHUS OTHONICHHUSI TIOTEPh OT MHIYKIIMH COXPAHSIOCh M HA
JAPyroM Uccie0BaHHOM obOpasie (puc.1b).

[TpoBenenHblli aHanu3 oOcHOBaHHBbIM Ha nuHamuke J[C 00pa3loB moOKaszajn, 4YTO IpH
HEBBICOKMX MHIAYKIUAX (Bnm< 0,8 Ti) mpeBbllieHNE BpallaTeNbHbIX NOTEPh HAJ UX 3HAUECHUEM B
JIMHEHO-TIOJISIPU30BAHHBIX TMOJSAX  CBSA3aHO CO 3HAYUTEIbHOW HEOIHOPOJHOCTBIO CKOPOCTEH
cmetieHus 180- rpaaycHBIX JOMEHHBIX IPAHULL PU BpallaTeIbHOM MepeMarHMuYMBaHUN 00Pa3IIoB.
Habntonaemoe ymeHbIlIeHHE PACXOXkACHHUS MArHUTHBIX MOTEPb MPU PacCMaTPUBAEMBIX YCIOBHSIX
nepeMarHuIuBaHus o0pa3ioB 1mo Mepe pocra uaaykuuu (ot 0,25 mo 1,0Tn) (puc.1), oOycnosieHo,
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KAK [TOKAa3aJId U3MEPEHUs, CyIECTBEHHBIM CHI)KEHHEM CTEIIEHU HEOAHOPOAHOCTH ABMkeHMs 180-
I'PagyCHBIX TPAHUI] BO BPALAIOUIMXCA MAarHUTHBIX MOJIAX. JlanpHellllee yMEHbUIEHHE OTHOIIECHHUS
BpalllaTeIbHBIX MOTEPh K UX 3HAYEHUIO B JIMHEHHO-NOJISIPU30BAaHHBIX NoyisgxX npu Bm >1,0-1,2 Tn
CBSI3aHO CO CHMIKEHUEM CTENEHH HEOAHOPOAHOCTU ABMKEHMS 180- rpagyCHBIX TOMEHHBIX TPAHHIL,
a TaK)Ke 3aMETHBIM JpOOJIEHUEM KaK IOJIOCOBOM, TaK M 3aMBIKAIONIEH JOMEHHOW CTPYKTYpPHI BO
BPAILAIOIINXCS] MATHUTHBIX TOJIAX.

P_,P(Bt/kr),R

8- Bp 61R
Puc.l1 A-V3mMeHeHHE MarHuTHbIX IOTEPh BO
BpalllatoIIUXCsl (D), B JUHCHHO-

61 MOJIIPU30BAHHBIX  (2) TMOJSX U OTHOIICHHS
moteppr R OT aMIUIUTYIbl  WHAYKIIWU.
(Tommmaa 00pa3no d= 0.28 MM ,9actora =50

41 I'm), b - M3MmeHeHue OTHOILICHUS MOTEPH OT
uHAyKOuu 1 oopasna ¢ d=0,40mmM, =50 I'm.

2 -

B ,Tn
0- — . . ; —0
0,0 0,5 1,0 1,5 2,0

IToka3ano, 4yro HaOJrOfaeMO€ M3MEHEHME MArHUTHBIX MOTEpPh IPU BCEX H3MEPEHHBIX
MHAYKIUSAX 00ycioBieHo ocoOeHHocTaMu auHaMuku JIC wmcciiemoBaHHBIX MOHOKpUCTa/LUIoOB Fe-
3%Si. IlockoybKy MHIYKLHS B Pa3IMYHBIX Y4acTKaX MarHUTOIPOBOJOB 3JIEKTPUYECKUX MallllH
(mBUrarenel M reHepaTopoB) PE3KO HEOJHOPOJHA IO BEIWYMHE, TO IOJYYEHHBIE B HACTOSILEH
pabote manublie 0 quHaMuKke J{C Mo3BOIISAIOT BRIABUTH KOHKpETHBIH BKian ee 180 u 90- rpagycHbIX
IPaHULl B IE€PEMArHNYMBAHKME PA3HBIX yY4aCTKOB MAarHUTONpPOBOJOB. Kpome TOro, momydeHHsle
CBEJICHUS O MOBEICHUHU €€ IPAHULl, MOTYT ObITh HCIIOJIB30BaHBbI IS LI€JIECHAIIPABICHHBIX TOMCKOB
IyTel, HallpaBJIEHHbIX Ha yJIydlleHHe (YHKLIMOHAIbHBIX MTOKa3aTeIeH 3MeKTPOTEXHUYECKOM cTanu
BO BPAIAIOLINXCS MAarHUTHBIX MTOJIAX.

[1] Boon C. R., Thompson J. E. Proc. IEE. V.111, N. 3. P. 605-609 (1964).

[2] Pry R.H., Bean C.P. J. Appl. Phys. V.29. P.532-533 (1958).

[3] L.Ma, M. Sanada, S. Morimoto, Y.Takeda. IEEE TRANS. MAG. V. 39, N 4. P. 2036-2041 (2003).
[4] Tuynos B.®., ®ununmnos b.H. )KT®.T.77. Bein.12.C.31-37 (2007).

[5] Tuynor B.®. ®DMM.T.114, N6. C.1-8 (2013).
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INSTALLATION FOR REGISTRATION OF DINAMIC DOMAIN STRUCTURE
FERROMAGNETICS IN THE ROTATING MAGNETICS FIELDS
Tiunov V.F.

IMP UB RAS, 620990, Ekaterinburg, Russia
*e-mail: tiunov@imp.uran.ru

YCTAHOBKA JJIsI PETUCTPAIIMA JTUHAMUWYECKOW TOMEHHOM CTPYKTYPBI
OEPPOMATHETUKOB BO BPAIIAIOIHINXCA MATHUTHBIX ITOJIAX.
B.®.TuyHos
HUncmumym ¢puzuxu memannos YpO PAH, 620119, Examepunbype, ya. C.Kosanesckoti, 18

B psine paboT yCTaHOBIIEHO, YTO YPOBEHb ITOTEPh U UX IOBEJEHME BO BPAILAIOIIUXCS MOJISAX B
3HAYUTEIBHON Mepe ompeessieTcs OCOOCHHOCTSAMHU M3MEHEeHHs JoMeHHOH cTtpykrypsl JIC mpu
JMHAMUYECKOM TepeMarHMYUBaHUKU OOpa3lOB >KEIE30KPEMHHCTHIX CIUIABOB. OTH CBEICHUS O
muHamuke JIC ynanoch NOMYyYUTh C IOMOIIBIO YCTAaHOBKHM, INPUHIMI JAEHCTBUS KOTOPOM
OIMCBIBAETCS B HAcCTOsIIeH padoTe. biok — cxema ycTaHOBKH NpHUBeieHa Ha puc. |

b
§ IE
By :

HE

=

H=

(=]

0 5
e

Puc.1 brioxk -cxema ycranoBku uist peructparmu J{C o6pa3ios

Hccnenyembiit obpazenr 1 B Buae aucka (auamerpom 10-28 MM) nomemiaercst BO
Bpararomieecss MarauTHoe mnojie. OHo co3aaBanoch mapoi C- 00pa3HBIX JIEKTPOMarHuToB 2,2' u
3,3' (Oosee paeTanpbHO OJWH W3 DJIEKTPOMArHUTOB TipuBeneH puc.1B). B wmexmnomocHOM
MIPOCTPAHCTBE, I'/Ie MOoMeIaeTcss olOpa3el co3gaeTcs Bpallarolleecs MarHUTHOE MoJie, WHAYKIIHS
Kotoporo B mpomnopuuoHasbHA HaMarHUYMBAKOIIEMY TOKY, HM3MEpPSAEMOMY aMIIepMETpoM 7.
Yactora Bpamienuss mnosns f wum3Mmepsiiack dactoromepoM 8. C MOMOIIBIO TEPEMEHHOTO
CONpPOTHUBJIEHHA 9 NOOMBANINUCh PAaBEHCTBA KOMIOHEHT MarHUTHOro noii By m By ¢ momomrsio
n3MeputenbHbIX Karymek 10,11. CurnHan ¢ 3THMX KaTylleK IOCTyHal Ha BXOJbI 3JEKTPOHHOIO
KoMMyTaropa ocuuiuiorpada 12, Ha 3KpaHe KOTOPOro HaOIIOJAINCh KPUBbIE U3MEHEHHSI CUTHAJIOB
Ex ~ Bssinot, Ey~ Bysin(ot+n/2). PaBeHCTBO HMX aMIUIMTYJ CBUJIETEILCTBOBAJIO O TOM, YTO B
MEXKITOJIFOCHOM IPOCTPAHCTBE CO3aBaJIOCh KPYTOBOE BPAILAIOIIEECS MArHUTHOE TOJIE.

Paccmorpum paboty cuctembl cHHXpoHU3anuu. CHUrHaa ¢ W3MEPUTENBHOW Karymku 15,
pacIoOKEHHON B MEXKITOIIOCHOM ITPOCTPAHCTBE, MMOIaBaJICsl Ha BHEIIHUM 3ammyck reHepartopa ['TIN
(16) wm Ha Y- Bxonm ocmmmiorpada 12, paboTaromiero B pekKMMe BHEIIHEHW pPa3BEPTKH. 3aIMyCK
pPa3BEpPTKU  OCYILLECTBIUICA IMPSAMOYIOJIBHBIM HMIIYJIBCOM C BbIxoma reHeparopa [TINM.
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OIHOBpPEMEHHO H3TOT HMIYJbC MPOU3BOINI MOKUT  CTpoOoTpoHa 13 W TeM caMbIM
peructpupoBaiicst Bu1 JIC oOpasua B onpeneseHHOM HalpaBIeHUH MOJII OTHOCUTENIBHO 00pasla..
[TocnenoBarenbHO 33/1aBasi C IOMOIIBIO TeHEpAaTOpa HEOOXOIMMYIO BPEMEHHYIO 33JICPKKY t; MEXKITY
MOMEHTOM €ro 3amycka ¢ MOMEHTOM TOSIBJCHUSI Ha BBIXOJE NPSIMOYTOJBHOTO HMITYJIbCa
npoBomin cbeMKy JIC B mo00ii Harepes 3aJaHHOM OpUEHTALIMH T10JI1 OTHOCUTENIBHO 00pasia.

Ha puc. 1B npuBenena ontuyeckas 4actu ycTaHOBKH. JIyd cBeTa oT cTpoboTpoHa 13 MuHys
nossipu3aTop 17, oTpaxkasics OT MOBEPXHOCTH obOpasma 1 u mpoxoaws depe3 aHamuzatop 18.
BrisBiieHHOE TakuM 00pa3om ¢ moMotisio MepuanoHanbHoro Kepp — addekra m3obpaxenue JIC
Jasiee 4epe3 MUKPOCKOI (He yKa3aH Ha PUCYHKE) MoIajalo B 00beKTUB HU(poBoro ammapata 19.
JlocTatouHo O0JIbIIass MHTEHCUBHOCTD BCIIBIILIKH CTPOOOTPOHA, MO3BOJISIA MOJIyYaTh NU300pakeHHe
JIC na oOpasuax auamerpom a0 20 MMm. [lpu 3TOM Bpemsi SKCHO3MIMU HE MPEBBIMAT0 5 MKC U
ONPENEAIO0Ch JIUTEIBHOCTbIO BCIBIIIKY UMITYJIBCHOU JIAMIIBI.

[Tpumep mnomydennoro wuzobpaxkenus JC oOpasma npuBeaeH Ha puc.2 Ha pucynke
npuBeneHbl  Tonbko 3 dortorpadum  (u3 20), orpakaronux Bug  JIC  mpu Tpex pasHBIX
yriax IOBOPOTa MHAYKIHH B OTHOCHTENBHO OCH JIETKOTO HaMarHu4duBaHus oOpasua [001] Ha
yron o. IlepBbiii kagp nomyden npu o.=0, BTopoil mpu 0.=90" i, HaKOHeII, MOCTIeIHHIIA KaJap- Ipu
0.=180". U3 mosydeHHbIX TakuM 0OpazoM dororpaduii MOKHO IPOCIEAUTH 3a n3MeHernueM JIC B
TEUEHHUE MOJIHOTO LUK IepEMarHuYMBaHUS.

B— —lmm Bl

Puc.2 Bun JIOMEHHOM CTPYKTYPHI MOHOKpHCTaILJIa Fe-3%Si BO
BpamjaronieMcss MaruutHowm nojue. f=50I'u, B=1,5 T .

PaccmoTpenHas ycTaHoBKa MO3BOJSIET (PUKCHPOBATH C BBICOKUM JIMHEHHBIM pa3pelieHrueM
(10mxm) Bug JIC ¢eppoMarHeTMKOB HAa €IMHWYHBIX ITUKIAX TEPEeMarHUYMBAHUS B WHTEPBAJIC
yactoT 20- 400 ['n u B o6mactu unaykuuii 0,25-2,0 Tn. Habmomaempie 0cOOEHHOCTH TEpECTPONRKU
JIC B oOpa3max  aHM30TPOMHON 3IEKTPOTEXHUYECKOH CTalu TO3BOJWIM, B YaCTHOCTH,
LIEJICHANIPABICHHO HAWTH NYTH CHI)KEHHS YPOBHS €€ MarHUTHBIX IIOTEPh BO BpAIlLAIOLIUXCS
MarHUTHBIX MOJISIX, © TEM CAMbIM 3HAYUTEIFHO YIYUIIUTh €€ (PYHKIIMOHAThHBIEC XapaKTePUCTUKH.

[1] Tuynos B.®., ledekrockomus .N5. C.31-35 (2014).

[2] Tuynos B.®., DMM.T.114, N6. C.1-8 (2013).

[3] Tuynos B.®., ®ununnos b.H. ®MM. T.102, N3. C.280-289 (2006).
[4] Tuynos B.®. ®MM. T.109, N3. C.245-252 (2010).
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INFLUENCE OF THERMOMAGNETIC TREATMENT ON HYSTERESIS PROPERTIES
OF Fe¢Nigy/Th-Co FILMS WITH INTERLAYER EXCHANGE COUPLING
Balymov K.G.*, Adanakova O.A., Kulesh N.A., Vas’kovskiy V.0., and Svalov A.V.

Ural Federal University, 620083, Ekaterinburg, Russia
*e-mail: k.g.balymov@urfu.ru

BJIUSSTHUE TEPMOMATHUTHOM OBPABOTKH HA THCTEPE3UCHBIE CBOMCTBA
MJIEHOK Fe;Nigy/Th-Co C MEXKCJIOMHOW OBMEHHOM CBSI3b1O
baabimoB K.F.*, AnanakoBa O.A., Kyiaem H.A., BacbkoBckuii B.O., CBanos A.B.
Ypanvckuii pedepanvruiil ynusepcumem, 620083, Examepunoype, Poccus

lereporeHHbple  CTPYKTYphl Ha  OCHOBE OOMEHHO-CBSI3aHHBIX  (JEPPOMArHUTHBIX U
aHTU(EepPOMAarHUTHBIX ((PEePPUMArHUTHBIX) CIIOEB aKTUBHO M3y4aroTcs B rociieanee Bpems. Takoi
MOBBILICHHBIA HHTEPEC 00YCIIOBIICH, B YACTHOCTH, MMPAKTUIECKON MPUMEHUMOCTBIO ATHX O0OBEKTOB
B JIaTYMKOBOM ammaparype Oyarogapsi BO3MOXXHOCTH couyeTaHus 3()(HEKToOB aHU30TPOITHOTO
MarautoconpotuBieHus [ 1] u oomennoro cmerienus [2]. Kak mpaBumo, 1ist JOCTHKEHUS BBICOKUX
3HAYEHUN AaHMU30TPOIMU MarHUTOCONPOTUBJICHHUS HeoOXoIuMa TepMOoMarHuTHas oOpabotka. B
cllydae TeTepOreHHBIX CTPYKTYp €€ MPUMEHEHHUE MOXKET MPUBOAUTH K HEOOPATUMbBIM CTPYKTYpPHO-
XUMHYECKUM H3MEHEHUSIM BOJU3U MEXKCIOWHOTO MHTepdeiica, a 3HaYUT, OKa3bIBaTh BIUSHUE Ha
BEIMYMHY OOMeHHoro cmeuleHus. JlaHHas paboTa TMOCBSIIEHAa W3YYEHHIO MArHUTHBIX H
MarHUTOPE3UCTHBHBIX CBONCTB IJICHOYHBIX CTPYKTYp Ha OCHOBE OOMEHHO-CBS3aHHBIX CJIOCB
FeoNigy/Tb-Co/Ti, moaBEpTHYTHIX Pa3TUYHBIM CIIOCO0AM TEPMOMATHUTHOM 00PaAOOTKH.

OOpasupl UIsi  UCCIEeNOBaHMS OBLIM TMOJyY€Hb METOJIOM BBICOKOYACTOTHOTO HOHHOTO
pacnbuienust Mo3anyHbiX (Tb-Co) u omnHopomubix mwuiieneit (FejgNigy, Ti) B mnpucyrcTBuun
MOCTOSIHHOTO MarHUTHOTO MoJid. B kauecTBe moaniokek ObUIM MCHOJIB30BaHbl MOKPOBHBIE CTEKIIA
Corning. Tunuunasie TommuHbl c10€B FejogNigg, Tb-Co u Ti cocrasnsiim 50 M, 110 HM u 15 HM,
COOTBETCTBEHHO. B pabote uccnenoBanbl ABa THMAa OOPas3lOB, MOJABEPTHYTHIX TEPMOMArHUTHON
oOpaboTke B Bakyyme mnpu Ttemmeparypax 100 + 600 °C. B mieHkax mepBOro THIA OTKHTY
noJiBeprayiach Bes ciaouctas ctpykrypa FeioNigp/Tb-Co/Ti. B o6pasuax BToporo Tumna npoBoaniIach
cenekTuBHas TepmooOpadoTka cnost FejogNigy ¢ mocnenyrommm HanbiieHueM ciio€B Tb-Co/Ti 6e3
paszrepMeTu3ali KaMepbl. ATTECTalUsl MATHUTHBIX U MarHUTOPE3UCTUBHBIX CBOMCTB MPOBOIUIIACH
IIpU KOMHATHOM TeMIepaType ¢ MOMOIIbio BuOpanronHoro marauromerpa LakeShore 7407 VSM,
OCHAILEHHOI'0 ONUHUEN U3MEPEHHUS IIEKTPOCONPOTUBIIEHUS YETBIPEX30HJOBBIM METOJOM.

YcraHoBieHa 3aBHCHMOCTH IMApaMETPOB  OJHOHAINPABIECHHON aHMU30TpOonuH (OOMEHHOTO
CMELIEHUs), TUCTEPE3UCHBIX U AIEKTPUUYECKUX CBOMCTB OT TEMIEPATYPhl OTXKUTA JJIs JBYX THUIIOB
oOpa3uoB. [lomydyeHHble O0COOEHHOCTH OBLIM HMHTEPIPETUPOBAHBI C TOYKU 3PEHUSI CTPYKTYPHO-
XUMHYECKUX U3MEHEHUH BOIM3H MEXKCIIONHOTO nHTEpdeiica.

Pa6ota BeimonHena npu noanepxkke PODU, rpant Ne 16-32-00377 moin_a.

[1] Elmrabat, B. and Popma, Th.J.A., IMMM, V.87, P. 114-122 (1990);
[2] Vas’kovskii V., Balymov K., Yuvchenko A., Svalov A., Sorokin A., Kulesh N., Technical
Physics, V.56, P. 981-985 (2011).
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CONTROLLING SURFACE MAGNETIC DOMIANS IN A WEAK FERROMAGNET
YFeO3
Andreeva N.V.l’z*, Kalashnikova A.M.l, Balbashov A.M. 3, Pisarev R.V. 1, Vakhrushev S.B. 1’2,
V.V. Shvartsman®, A.V. Filimonov?
"Toffe Physical-Technical Institute of RAS, 194021, St. Petersburg, Russia
’Peter the Great Polytechnic University, 195251, St. Petersburg, Russia
'Moscow Power Engineering Institute, 111250, Moscow, Russia

4University of Duisburg-Essen, 45141, Essen, Germany
“e-mail: nvandr@ gmail.com

YIIPABJIEHUE NIOBEPXHOCTHBIMHU MAT'HUTHBIMU TOMEHAMMU B CJIABOM
OEPPOMATHETHUKE YFeO3
Annpeesa H.B. 1’2*, Kanamunkosa A.M. 1, ban6amos A.M. 3, Mucapes P.B. 1,
Baxpywes C.Bb. 12 B.B. ].HBapl[Mal-[4, A.B. ®uanmonos’
L Dusuxo-mexnuueckuii uncmumym um. A.®. Hopgpe, 194021, C.-ITemepbype, Poccus

?[Monumexnuyeckuii yrusepcumem Ilempa Benuxozco, 195251, C.-Ilemepbype, Poccus
*Mockoeckuii anepeemuyeckuil uncmumym, 111250, Mockea, Poccus
4YHu6epcumem Iuicoype-Occen, 45141, Dccen, I'epmanus

Co3aHre HOBBIX MAarHUTHBIX T€TEPOCTPYKTYP MJIsl YCTPOMCTB COMHTPOHUKU M MATHOHUKH, Ubs
(YHKIIMOHATFHOCTh B OOJIBIIION CTEMEeHW 3aBHCUT OT cBOWCTB uHHTepdericoB [1,2], TpeOyer
ryOOKOTO M3y4YeHMs pa3MUYHBIX MAarHUTHBIX MaTepHalloOB HE TOJIBKO B o0ObeMe, HO U Ha
MOBEpXHOCTU. B Hactosmield paboTe Mbl HpEACTaBIsieM JETaJbHOE HCCIIEAOBAaHME MarHUTHBIX
CBOWCTB Ha IMOBEPXHOCTH MOZEIBHOrO ciaboro ¢eppomaruneruka YFeO; MeTOIOM MarHMTHO-
cunoBor Mukpockonuu (MCM) U [eMOHCTpUPYEM YIpaBIE€HHE MOBEPXHOCTHBIMHU JIOMEHAMHU
BHEIIHUM MAarHUTHBIM ITOJIEM.

OOpazer; mpencTaBisii  cO0OW  IMIOCKOMApAUICIbHYIO IIacTUHY TommuHon 100 MKM
BBIPE3aHHYI0O W3  MOHOKpucTauia YFeOs; NepneHauKyasspHO  KpHUCTAIorpaduyecKoMy
HarnpaBiIeHuIo a. VI3BecTHO, 4To B 00beMe TaKOro KpucTajuia Hibke Temreparypsl Heenst Ty ~ 650K
(beppoMarHuTHBI BekTOp M JIEKHT B IUIOCKOCTH O0Opasua, a antudeppoMarHuTHeld L Bmosb
HOpMauy, T.€. o ocH a (¢daza I'4) [3]. OxHako, B IPUIIOBEPXHOCTHOM CJI0€ MOXKET (POPMHPOBATHCS
aHM30TPONMs, OTJIMYAOMAsicss OT OOBEMHONH W TPHUBOAMAIMAS K CIIOHTAHHOMY  CIIMH-
MEePEOPUEHTAIIMOHHOMY TIepexony [4].

N3mepennss meromom MCM  mpoBOAWIMCH, NpPH KOMHATHOM TeMIIEpaType 30HAAMU C
MAarHUTOMSITKAM IOKPBITUEM C BBICOKMM MAarHATHBIM MOMEHTOM. PacnpeneneHue MarHUTHBIX
CBOMCTB Ha MOBEPXHOCTH PETUCTPUPOBATIOCH B OTCYTCTBHHM MarHUTHOTO MOJIS U B KOH(PUTypaIuu ¢
BHEUIHUM nojieM. ITocTossHHOE MarHuTHOE MoJje HampsKeHHOCThI0 10 +0.6 T nmpukiagpBaloch B
TJIOCKOCTHU 00pasiia OIM3K0 K HaNpaBIeHUIO JIETKOTO HamarHuunBanus ¢ (Puc. 1(a)).

Bo BHemHeM MarHMTHOM I0JIe MBI HAONIONAIHM XOPOIIO BBIPAKEHHYIO JOMEHHYIO CTPYKTYpY,
YKa3blBaIOLYI0 Ha HaJM4YM€ B I[IOBEPXHOCTHOM CJIO€ OTJIMYHOW OT HyJs KOMIIOHEHTBI
HAMarHW4YeHHOCTH, HalpaBiIeHHOM Baonb ocu a (Puc.1(B)), T.e. MNEpHEHIUKYIAPHO Kak
HaIlpaBJIEHUIO BHEUIHErO0 MArHUTHOIO MOJS, TaK M HANPABICHHUIO JIETKOTO HAaMarHU4YMBaHUS B
o0beMe oOpasma. Mbl CBsI3pIBaEM 00pa3oBaHWE TaKUX MArHUTHBIX JIOMEHOB C TE€M, 4YTO B
MIPUIIOBEPXHOCTHOM CJIO€ MarHUTHAas aHU3O0TPONUS OTJIMYAeTcss OT OOBbEMHOHM, M paBHOBECHas
opueHTalus BekTopa ciaboro (eppomarnernsmMa M cooTBeTCTByeT yriy Mexay M U ocbio a
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menpiremy 90° (Puc. 1(a)). D10 roBopuT 00 OpHUEHTAMOHHOM (a30BOM mepexoie 2-ro poja
I'y—I 4 (I'y). Cnengyer orMeTuTh, 9TO B 00BeMe YFeOs Takoi mepexo1 MOKeT ObITh HHAYITUPOBAH
TOJIbKO BHEIITHUM MarHUTHBIM ITOJIEM HampsbkeHHOCThIo Oomee 2 T [S].

a 8

Puc.1. a — I'eomeTpust skcriepumenTa, opueHTauust ¢peppo- (M) u antudpeppomarautHoro (L) BekTopos B
o0beMe (clieBa) W B MPUIIOBEPXHOCTHOM clioe (cmpaBa); 6 — Tomorpadus MOBEPXHOCTH MOHOKpPHCTAIIA

YFeO;; 8, 2 — TIOBEpXHOCTHBIC MATHUTHBIC IOMEHBI, HA0II01aeMbIe Ha PACIIPENICIICHUH MarHUTHOM (a3bl, B
none (6) B=0.2T;u(e) B=-0.2T.

[Ipy w3MeHEHUM HampaBICHHWs] BHEIIHETO MArHUTHOTO TIONII HA IPOTHUBOIOJIOXKHOE
Ha0JI0/1aI0Ch TEPEKIII0YCHNE HalpaBiIeHUs] HaMarHWYEHHOCTH MOBEPXHOCTHBIX JIOMEHOB. BaxkHo
OTMETHUTB, YTO I0JIe, HeOOXOIUMOE JIJIsl MEPEKIIIOUEHHUS, COOTBETCTBOBAJIO KOAPLIUTUBHOMY IOJIIO B
obbeme oOpasma. JlanHHoe HaOMOIEHHWE, MO HAIIEMy MHEHHIO, CBHJIETEIBLCTBYET O TOM, YTO
HanpaBJieHUE HaMarHMYEHHOCTH B MPHUIIOBEPXHOCTHOM CJIO€ CBSI3aHO C  HaIlpaBJICHUEM
aHTU(EPPOMATHUTHOTO BEKTOpa B 00beMe.

TakuMm oOpa3omM, HamMu ObLIa MOJyY€HA KapTUHA JOMEHHOW CTPYKTYpPhI B TPHUIIOBEPXHOCTHOM
cinoe cmaboro ¢eppomarnetuka YFeOs, ¢dopMmupoBaHme KOTOPOH CBS3aHO CO  CIHH-
MIEPEOPUCHTAIIMOHHBIM TIEPEX0I0M BOJIM3M TOBEPXHOCTH oOpasma. Beuto mpoaeMOHCTPUPOBAHO
oOpallleHrue HampaBiIeHUs] HAMATHUYEHHOCTH B MPHUIIOBEPXHOCTHBIX JIOMEHAX C COXPaHEHUEM HX
CTPYKTYpbI MPH MEPEKTIOYCHNH 00bEMHON HaMarHMYEHHOCTU U aHTU()EPPOMArHUTHOTO BEKTOpa
BO BHEIIIHEM MarHUTHOM II0JIE.

PaGora BemosHeHa B pamkax rpaHTta IIpaButensctBa P® Nel4.B25.31.0025, rpanTta
[Ipesunenta PO Nel4.Y30.16.7005-MK u npu uyactuunoil noxnepkke PODU (rpant NelS5-52-
53115).

[1] R. Sbiaa, et al., Phys. Status Solidi RRL §, 413-419 (2011).
[2] S. Ikeda, et al., Nature Materials, 9, 721-724 (2010).
[3] K.II. Benor, A.K. 3Besmun, A.M. Kamomuesa, P.3. JleButuH, OpuenmayuouHvle nepexoovl 8

pedkozemenvhblx Machemuxax, M: Hayka (1979).
[4] M.U. KaranoB, XXOT®, 79, 1544-1554 (1980).
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MAGNETIC SKYRMION DYNAMICS IN THIN MAGNETIC CITCULAR DOTS
Guslienko K.Y.l, Gareeva Z.V.>
IDepto. Fisica de Materiales, Facultad de Quimica, Universidad del Pais Vasco, UPV/EHU, 20018
San Sebastidn, Spain
? IKERBASQUE, the Basque Foundation for Science, 48011 Bilbao, Spain
I Institute of Molecule and Crystal Physics , 450075 Ufa, Russia
“e-mail: gzv@anrb.ru

Magnetic skyrmions receiving considerable attention due to their promising applications in
nanoelectronics reveal a number of beneficial dynamic properties. Skyrmion dynamics is enriched
with novel phenomena: additional gyrotropic modes in spin excitation spectrum, bound magnon —
skyrmion states, appearance of the skyrmion mass, topological Hall effect, emergent
electromagnetic fields, etc. The skyrmion dynamics is complex, low and high frequency modes
interact; notwithstanding the number of experiments exploring skyrmion modes [1, 2] their origin
remains a controversial subject.

We report spin excitation spectra of low and high-frequency skyrmion dynamics of Bloch-
and Neel-type magnetic skyrmions (Fig.1) in ultrathin circular ferromagnetic dot. The skyrmion is
assumed to be stabilized at room temperature due to interplay of the isotropic and Dzyaloshinskii-
Moriya exchange interactions, perpendicular magnetic anisotropy and magnetostatic interaction. In
the main approximation the skyrmion eigenmodes can be divided into internal (low frequency) and
external (high frequency) modes. The internal modes related to weak skyrmion deformations are
localized close to the skyrmion center and include translation (gyrotropic) and breathing modes.

The highfrequency spin wave modes are delocalized and occupy the whole dot volume.
|

\

G

a b

Figure 1. Magnetic skyrmion textures: a) Bloch (¢) skyrmion (magnetization rotates in the plane
perpendicular to the radial direction), b) Neel (p) skyrmion (magnetization rotates along the in-plane radial
direction).

We calculate skyrmion gyrotropic frequencies in GHz range as a function of the skyrmion

equilibrium radius, dot radius and the dot magnetic parameters. Our findings show the existence of
only one gyrotropic mode for the given skyrmion polarity. We argue that an asymmetry of
clockwise and counter-clockwise skyrmion modes found in [1] is related to an asymmetry between
the azimuthal spin waves propagating clockwise and counter-clockwise in the dot attributed to the
skyrmion topology. We demonstrate the splitting of the eigenfrequency of the gyrotropic mode due
to Dzyaloshinskii — Moriya interaction and explore gyrotropic mode and spin wave excitations
frequencies over the skyrmion background dependent on the skyrmion radius and dot parameters.
Recent experiments on magnetic skyrmion dynamics in nanodots are discussed.

[1] M. Mochizuki, Phys. Rev. Lett. V. 108, P. 017601 (2012).
[2] Y. Onose et al., Phys. Rev. Lett. V. 109, P. 037603 (2012).
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INVESTIGATION OF MANGANESE-DOPED COPPER METABORATE Cu;.x\Mn,B,04
BY LINEAR ANTIFERROMAGNETIC DICHROISM
Molchanova A.D.l*, Boldyrev K.N.l, Moshkina E.M.Z, Bezmaternykh L.N.?
"Institute of Spectroscopy RAS, 108840, Troitsk, Moscow, Russia
*Kirensky Institute of Physics, Siberian Branch of RAS, 660036 Krasnoyarsk, Russia
“e-mail: nastyamolchanova@list.ru

In recent years, much attention is paid to the study of magnetic materials with complex crystal
and magnetic structure. One of the brightest representatives of such compounds is a copper
metaborate CuB,0,4. The crystal unit cell of this compound contains two different positions (4b and
8d of the S4 and C, symmetry, respectively) for the magnetic ion Cu®* (S = 1/2). In both positions,
copper atoms are square-coordinated, the same as in high-temperature superconductors. The copper
magnetic subsystem 4b orders at Ty = 21 K and then undergoes changes at temperatures 8.5 K and
7.9 K [1], while the quasi-one-dimensional copper subsystem 8d remains partly unordered even at
liquid helium temperatures. Competition of different exchange interactions within and between the
magnetic subsystems and geometrical frustration of exchanges lead to a complex phase diagram of
CuB,0,4, with different magnetic structures and numerous spontaneous and field-induced phase
transitions. Copper metaborate exhibits unusual optical properties. Recent studies of electronic
absorption spectra of CuB,04 revealed narrow zero-phonon lines (ZPL) for all transitions between
the crystal-field-split 3d-states of Cu®* ions [2]. Recently, it was reported on the observation of
circular dichroism in CuB,04, which changes sign with the change of the direction of an applied
magnetic field [3]. Thus, it seemed possible to change the chirality of a crystal by an external
magnetic field. This research led to a heated debate in the scientific community and caused a
number of comments and responses to them (see, e.g., Ref. [4]). However, all participants of this
discussion remained with their own opinions. We were able to show that the signal observed in [3]
was associated not with circular but with linear antiferromagnetic dichroism, a microscopic origin
of which was the magnetic Davydov splitting [1].

The present work is devoted to the study of magnetic phase transitions in manganese-doped
copper metaborate Cu; \Mn,B,04. It was expected that a doping with manganese could lead to
interesting new magnetic effects. Measurements were carried out both with and without an applied
external magnetic field. Linear antiferromagnetic dichroism associated with magnetic Davydov
splitting has been observed in Cu;MnyB,04, the same as in CuB,0y, but the character of the
magnetic transitions is different from that for undoped metaborate. This study allowed us to cast
light on the phase diagram of manganese-doped copper metaborate Cu; xMn,B,0,4. The presented
results are interesting in the context of development of new rapid magneto-optical and spintronics
devices.

This work was supported by the Russian Foundation for Basic Research (Grant No
15-02-07451a) and the President of the Russian Federation (Grant No MK-3521-2015.2).

[1] K.N. Boldyrev, R.V. Pisarev et al., Phys. Rev. Lett. V. 114, P 247210(5) (2015).
[2] R. Pisarev, A. Kalashnikova et al., Phys. Rev. B V. 84, P. 075160(11) (2011).

[3] M. Saito, K. Ishikawa, K. Taniguchi, T. Arima, Phys. Rev. Lett. V. 101, P. 117402(4) (2008).
[4] S.W. Lovesey, U. Staub, J. Phys.: Condens. Matter V. 21, P. 142201(5) (2009).
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MODELING OF MAGNETO-OPTICAL IMAGES IN THE LONGITUDINAL
SENSITIVITY OF STRAY FIELDS OF THE MAGNETS OF SIMPLE GEOMETRIC
SHAPES.

Ivanov V. E., Koveshnikov A. V.

Ural Federal University, 620083, Yekaterinburg, Russia
vladimir.ivanov@urfu.ru

In our study the regularities of formation of MO-images in longitudinal sensitivity near the
surface of magnets of different geometric shapes had investigated. In the case of (M I, M -
magnetic moment of the magnet, n - normal to the plane of observation) MO-images have a
complex structure. In a first approximation, the picture is composed of triangular sectors which
sharp edges occur dividing in half. At the point of intersection of the bisectors forms a singular
point of type source or sink [1]. The contrast between the triangles falls with increasing angle.

Computer simulations showed that this structure MO-images is caused by the lattice of point
dipoles, magnetic moments are oriented perpendicular to the plane of observation. The structure of
these images depends essentially on the geometry of the flat shape, comprising dipoles. A
qualitative explanation of the experimental results and the results of computer simulation is made.

In the case of (M 1 n) MO-images have a characteristic appearance - includes a pair of singular
points "source- sink" which are characterized by narrow diagram of the angular distribution of
brightness. Computer simulations showed that this structure MO-images is caused by the lattice of
point dipoles, magnetic moments are oriented parallel to the plane of observation.

The characteristic intensity distribution is observed in the MO-images of a single dipole field (Fig.
1 b). Growth in the number of dipoles (k, Fig. 1 a) results in a picture that is observed
experimentally on the rectangular surface of the magnets (Fig. 1c).

(b)

Fig. 1. The lattice of point dipoles to the field simulation (a) and MO-images of the field of dipole (k =1,
b), and (k = 10, ¢).

References

[1] V. E. Ivanov, J. Magn. and Magn. Mater. V.324, P. 2572-2578. (2012).
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PECULIARITIES OF STRUCTURAL, MAGNETIC AND MAGNETO-OPTICAL
PROPERTIES OF Bi/Co THIN-FILM SYSTEMS
Kharlamova A.M.!, Kulesh N.A.%, Kurlyandskaya G.V.%, Shalygina E.E."" and Svalov A.V.?
]Faculty of Physics, M.V. Lomonosov Moscow State University, 119991, Moscow, Russia
Ural Federal University, 620002, Yekaterinburg, Russia
“e-mail: shal @magn.ru

In this work the results of the investigation of the Bi influence on structural, magnetic and
magneto-optical properties of the Bi/Co thin-film are presented. The Bi/Co samples were grown by
magnetron sputtering using Co and Bi targets. The constant magnetic field of 250 Oe was applied
parallel to the substrate, Hgyp, in order to induce a uniaxial magnetic anisotropy. The thickness of
Co layers, tc,, was equal to 5 nm and the thickness of Bi layer, 75;, was varied from 0.2 to 10 nm.
The magnetic characteristics of the Bi/Co samples were measured employing magneto-optical Kerr
- microscope (Manufacturer: Evico magnetics GmbH, Germany). The hysteresis loops for all
samples were measured for two directions of the external magnetic field, H. In one case, the
orientation of H was parallel to the Hgyp direction (direction D1) and in another case - perpendicular
to D1 (direction D2). The following results were obtained.

The results of X-ray diffraction measurements testified that cobalt layers have nanocrystalline
structure. The relative intensity of the diffraction peaks of Bi increases with increasing the Bi layer
thickness. Atomic force microscopy data showed that the sample surface roughness, Ra, is of the
order of 0.4-0.5 nm, and the magnitude of Ra does not depend on the Bi layer thickness. Data
obtained by means of grazing incidence x-ray fluorescent spectroscopy (Nanohunter, Rigaku)
assumed some interlayer diffusion.

Figure 1 shows the typical hysteresis loops of Bi/Co samples in the magnetic fields applied
along the D1 and D2 directions. Figure 2 shows hysteresis loops of the Bi/Co samples with different
tgi in the magnetic field applied parallel to D1 (left) and dependences of coercivity, Hc, and
saturation field, Hs, on the thickness of the Bi layer (right). The values of Hs were defined from
hysteresis loops as the values of the applied magnetic field at which the magnetizations reaches
more than 98% of their saturation values.

Analysis of the obtained data shows that the shape of the hysteresis loops measured at the
magnetic fields parallel to D1 and D2 are different for samples with #g; < 5 nm while with #g; > 5 nm
are practically identical (Fig. 1). This fact means that when #g; < 5 nm, the samples are characterized
by the in-plane magnetic anisotropy, while #g; > 5 nm they exhibit isotropic properties. The values
of saturation field and coercivity increase with increasing the Bi layer thickness (Fig. 2, right).

10 nm
— D1

£0,5 - D2 f
s00
-0,5
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Fig. 1. Hysteresis loops of the Bi/Co samples with tg; = 0,5 nm (left) and tg; = 10 nm (right) in the magnetic
field applied parallel to D1 and D2.
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Fig. 2. Hysteresis loops of the Bi/Co samples with different tg; in the magnetic field applied parallel to D1
(left) and dependences of coercivity, He, and saturation field, Hg, on the Bi thickness (right).

The explanation of these results is the following. The Hs values of samples with #g; < 5 nm (z5; >
5 nm) are smaller (larger) than Hgyp (Fig. 2, right). As a result, the magnetic field Hsyg = 250 Oe,
applied during film deposition, causes the appearance of the in-plane magnetic anisotropy in the
samples with f5; < 5 nm. As a result, their hysteresis loops differ. In the samples with 7g; > 5 nm Hg
> Hsup and the conditions for forming of magnetic anisotropy are absent. As consequence, the
samples with 7g; > 5 nm show the isotropic magnetic properties.

At last, as was noted above, the relative intensity of the diffraction peaks of Bi increases with
increasing the Bi layer thickness. These data denote that the texture of the Bi layer is enhanced with
increasing fg; that in turn enhances the texture of the magnetic film deposited onto a bismuth layer
[1]. It was experimentally found [2] that the values of saturation field and coercivity increase with
the enhancement of the texture of magnetic thin-film samples. This fact is confirmed by our data,
presented in Fig. 2 (right).

Figure 3 shows the spectral dependences of the transverse Kerr effect (TKE) of the Bi/Co
samples with different thickness of the Bi layer.
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Fig. 3. Spectral dependences of TKE observed for the single-layer Co film of 5-nm thickness and the Bi/Co
samples with the different thicknesses of Bi layer.

It can be seen that the shapes of TKE spectra are similar for all the studied samples. This finding
suggests the absence of Bi-Co compounds near the interfaces of the studied samples. The TKE
values of the Bi/Co samples decrease at 7g; > 0.5 nm as compared with those of the single-layer Co
film. The decrease in TKE values of the samples at 7; > 0,5 nm is caused by the influence of the Bi
layer: the increase in the thickness of the bismuth layer results in a decrease in the volume ratio of
the magnetic (cobalt) to nonmagnetic (Bi) phases: the contribution of the magnetic phase to the
value of magneto-optical signal decreases.
The work was supported by RFBR, projects 15-02-02077 and 16-32-50028.
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MAGNETOOPTICAL BORATE AND GERMANATE GLASSES
Ivanova O.*, Ivantsov R. and Edelman 1.
Kirensky Institute of Physics Siberian Branch of RAS, 660041, Krasnoyarsk, Russia
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MATHUTOOIITUYECKHUE BOPATHBIE U TEPMAHATHBIE CTEKJIA
HNBanoBa O.C.*, HNBanuos P.J., dneabman U.C.
Huemumym ¢usuxu um. JI.B. Kupenckoeo CO PAH, 660036, Kpacnospck, Poccus

[IpeacraBneH 0630p CTEKOIBHBIX CHCTEM Ha OCHOBE OOpaTHBIX M OOpO-TepMaHATHBIX MaTpHII,
akTUBUPOBaHHBIX okcuaamu 3d u 4f smemenToB. bopaTHbie MaTpuIlel 00Ja4al0T YHUKAIbHBIMU
CBOMCTBaMH, 00YCIOBIEHHBIMHU CHJIBHBIM BJIMSIHMEM MOJIU(GUKATOPOB Ha OKpPY>KEHHUE MOHOB Oopa
(nampumep, [1]), uro co3maeT npeanocbuUIku GOPMUPOBAHHS B HUX KPUCTATTMUYECKUX HAHOYACTHIL.

Paccmotpenst cepust crexkon K,0-Al,03-B,03, cogepxaimux 0AHOBPEMEHHO MPUMECH OKCHJIOB
Fe u Mn (B cymmapHoil koHnienTpauuu He Bbie 3.0 macc %), u cepus crexkon K,O-AlO3-GeO,-
B,03, akTuBHpoOBaHHBIX 0JIHOBpeMeHHO okcunamu Fe u P3 snementos (Gd, Tb, Dy, Ho, Er, Yb), a
Takxke Y u Bi (B cyMmmapHO# KOHIIEHTpaluu He Bbiie 5.0 mace %).

HecMmoTpss Ha HH3KHME KOHUEHTpAalMM AKTHUBUPYIOIIMX 3JIEMEHTOB, B CTEKJIAX IPU TEPMO-
o0paboTkax (GOPMHUPOBATKCH, MAarHUTHBIC HAHOYACTHIIBI PA3JUYHBIX COCTABOB, Pa3MEPOB H
Mopconorun. BcenenctBue 3TOro crekiia MpHOOpeTand CBOWCTBA MarHUTO YHOPSIAOYEHHOIO
MaTepuajga M OCTAJINUCh JOCTATOYHO MPO3pauyHbIMH B BUAMMOM M OJNMKHEM HH(]pakpacHOM
nuanasoHax crekrpa. Ilpm 3ToM CcTekia XapakTepU30BalUCh 3HAYUTEIBHOM BEIIMYUHOMN
MarauToontuyeckoro s¢¢exra Papanes (3P) M ero HeITUHEHHON NOJEBOM 3aBUCUMOCTBIO C
TECTEPE3UCOM, YTO obecreunBasio coxpaneHue D Mpu BRIKIIOYEHUN BHEITHETO MArHUTHOTO TIOJISI.

HanouacTtumsl deppura Mapranma pazaudHOrO pazMepa u MOpQGOJIIOTHH B 3aBUCUMOCTH OT
pexuMa TepMooOpadoTOoK (HOPMHUPOBAIMCH B MEpBOM cucTeMe. HaHOYacTHIBI OKCHIa Kese3a -
Fe,;O3 hopmupoBaiich BO BTOPOM CHCTEME, HE3aBUCUMO OT Mpupoabl P3.

@opMHUpOBAaHNE MATHUTHBIX HAHOYACTHI] MO3BOJISIET ONPEICIUTh HCCIEAOBAHHBIE CTEKJIA KaK
CTEKJIOKEpPAMUKH C YHUKAJIBHBIM COYETAHHEM MATHUTHBIX M MAarHUTOONTHYECKHX CBOMCTB. B
cTekjiax akTuBHpoBaHHbIX Fe u Mn Benmumna D@ pocruraer 4.2 rpajg/cM Ha BaXKHOU s
MPUKJIAHBIX 33/1a4 JJIMHE BOJHBI A = 1.5 um, 4To cpaBHUMO C BeInunHON DD B HCIOIB3yeMOM B
Ka4eCTBE MArHUTOONTHYECKOro uyuna coeauHennu Hg MnsTe. [Ing nppyroro mnpakTudecku
BaXHOTO nuamasoHa BOmm3u 0.8 pm MOXHO paccMarpuBarh cTekia ¢ P3, nemoHcTpupylomme
Makcumym D@ B untepaie 0.7-0.8 um (Puc. 1).

0 L
Pa6oTa moxnepxana rpantom PODU 14-02-01211_a. 571
o
g -200
[1] A.C. Wright, and et. al., Phys. Chem. Glasses: Eur. -300
J. Glass Sci. Technol. B, 51 (5), 233-265 (2010). 450 600 750 900 1050

A (M)

Puc.1. O® B crekine, aktuBupoBanHoM Fe u Tb,
MOABEPTHYTOM TepMooOpadoTke npu 560 °C, 2 1.
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MAGNETO-OPTICAL PROPERTIES OF Co/TiO, LAYERED FILMS
Polyakov V.V., Seredkin V.A.
L.V.Kirensky Institute of Physics, SB RAS, 660036, Krasnoyarsk, Russia
E-mail: pkp@iph.krasn.ru

MATHUTOOINTUYECKHUE CBOMCTBA MYJbTUCJOMHBIX IJIEHOK Co/TiO;
HoaskoB B.B, Cepeaxun B.A.
Hnemumym ¢uzuxu um. J1.B.Kupenckoeo CO PAH, 660036, Kpacnospck, Poccus

PaGora mocBsilieHa HCCIEAOBAHHWIO MAarHUTOONTHYECKHX CBOMCTB  HAHOKOMITO3UTHBIX
IJICHOYHBIX nepuoanueckux cTpyktyp Co/TiO,. U3ydyeHsl cieKTpadibHbI€ 3aBUCUMOCTH MOJSPHOTO
spdexra Keppa B mmanazone 400-1000uM. OOHapyk eHO 3HAYUTEIHHOE YBEIUYEHHUE YIIa
KeppoBckoro BparmieHusi B CpaBHEHUU ¢ OAHOpPOAHbIMU TuieHKaMu Co. MakcuManbHOE 3HAUEHUE
3dgdexra Keppa(20x = 7,3deg) monydero B crpykrype Co(Sum)/TiO,(17HM) ¢ yrcioMm map CiIoeB
n=8 Ha miInHe BOJHBI S60HM.

3HAUYUTENIbHBIA MHTEPEC, KOTOPHIM BBI3BIBAIOT B HACTOSIIEE BpeMsS HAHOKOMIIO3UTHBIC
MaTepuasbl, B YAaCTHOCTH HAHOKOMIIO3UTHBIE IJICHKH, OOYCIIOBJIEH LIEJBIM PSAOM IMPOSBIISIEMBIX
MU HEOOBIYHBIX U MPAKTHUUECKU BAXKHBIX CBOMCTB , JETAIONINX MX YPE3BBIYAWHO MEPCIEKTUBHBIM
00BEKTOM, Kak i QYHIAMEHTAIBHBIX, TaK M JJI MPUKJIAIHBIX UccienoBanuid[ 1]. Pasnmuyator nBa
THUIA MATHUTHBIX HAHOKOMITIO3UTHBIX CUCTEM: B BHJI€ HAHOIPAHYJIMPOBAHHBIX IUIEHOK, COCTOSIIMNX
3 (EeppOMArHUTHBIX HAHOKIIACTEPOB, HAXOJSIIMXCS B HEMPOBOIANICH MaTpulle U B BHUC
[IEPUOJUYECKUX HaHOpa3MEpPHBIX CTPYKTYD (MyJIBTHCIIOEB) beppomMarHuTHBIN
MeTaJUl/HEMarHUTHBIM MeTal (UK JUDJIEKTPUK).

Panee HamMu ObUTH TpeAcTaBICHBI PE3YNbTAThl MCCIEIOBAHUS MAarHUTOONTHYECKHUX CBOWCTB
HaHOrpaHynupoBaHHbIX IUIEHOK Co-Ti-O [2]. Beino moka3aHo, YTO CHEKTpPaJIbHBIE 3aBUCHUMOCTH
nossipHoro 3 dexra Keppa HOCAT pE30HAHCHBIM XapakTep CO 3HAUMTENbHBIM  YCHUJIICHHEM
MarHUTOONTUYECKOTO  OTKJIMKA, 3aBUCSAIIETO OT  KOHILEHTPAallMM MarHuTHOM  (a3sl u
MPEBBIIIAIONIETO COOTBETCTBYIOIIYIO BETUYMHY HAHOTPaHYJIMPOBaHHbBIX TIEHOK Co-Si0 ».

B nacrosmieit pabote mpencTaBieHbl pe3ylbTaThl UCCIEIOBAHMS MarHUTOONITUYECKUX CBOMCTB

HaHOKOMIIO3UTHBIX TUIEHOK Co/TiO; B Buae cnouctoi nepuoanueckoi crpykrypbl Co/TiO, c
MaKCHUMAaJIbHBIM YHCIIOM Map cJioeB n = 12, MOJy4eHHBIX B €IMHOM BaKyyMHOM LIMKJIE IyTeM
IIOCJIE0BATENBHOTO OCaxaAcHUd cioeB Co U OKCuAa THUTaHA METOAOM HOHHO-IIJIa3MEHHOTO
pacnibUIEHHs] U pEaKTUBHOI'O PacHblIEHUS! COOTBETCTBEHHO. B KauecTBe MOI0KKHN UCII0Ib30BAIHNCh
MOKPOBHBIE cTeksa. HaHeceHne ClloeB OCYIIECTBISIOCh HA OTHOCHTEIBHO XOJOIHYIO TMOIJIOKKY
T=320 K. HW3mepeHue BequuuH TNOJApHOTO MarHuToontudeckoro nsddexra Keppa(Ox) u
CHEKTpaJibHbIE 3aBUCUMOCTH M3MEPSITUCH MO METOJMKE HYJb-aHAIU3aTOpa C ABOWHON MonyIsuuen
MaJIaloIIEro CBETa M0 a3UMMYyTy Ha MarHUTOONITUYECKOM ycTaHOBKe B mosix 10 14kOe.

Ha nonmyuennbix oOpasiiax ObLIM HCCIeI0BaHbI CIIEKTPAIbHBIE 3aBUCUMOCTH yTJia MOBOPOTa
IUTOCKOCTH TMOJIIpU3aIMK NoJsipHOro 3¢ dexra Keppa oT TOMMMHBL U YKCIIa CIIOEB.

Ha puc.1 nokasansl cieKTpajabHble 3aBUCUMOCTH yrila KeppoBckoro BpalieHus
MyJIbTUCIONHBIX CTPYKTYp Co/TiO, ¢ uncnom map cnoes (n) paBHbM 2,4,8,12 1 TonuHaMu
cioeB Co u TiO;, paBHbIMU 5HM U 17HM COOTBETBEHHO, U3MepeHHbIe B tuana3zoHe 400-1000HM.

Kak cnenyer u3 puc.l ¢popma 1 BeTuurHa MarHUTOONITUYECKOTO CUTHAJIA 3aBUCUT OT YHCIIA CIIOEB U
HOCHT Pe30HAHCHBIN xapakrtep. [lonoxeHne MakCMMyMOB CJ1a00 3aBUCHUT OT YMCIIa CIOEB, a
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3HAYEHHUE yIJIa BpallleHUs HEJIMHEWHO 3aBUCHUT OT( N) U IOCTUTAET PEKOPAHOTO 3HAYCHUS
Ok=7.3deg B cTpyKkType ¢ n=8 Ha JUIMHE BOJHBI S6OHM.

A,nm

Puc.1 CnekrpanpHbie 3aBucuMOCTH yria KeppoBckoro BpailleHus MyJIbTHCIOEB
[ Co(5aM)/TiO5(17HM)] * n OT UKCHA CIOECB.

[IpeacraBneHHbIle pe3ynabTaThl UCCAEIOBAHUS MArHUTOONTUYECKUX CBOMCTB MHOT'OCIOMHBIX
mwieHok Co/Ti0O,  kaueCTBEHHO COBMAAIOT C U3BECTHBIMM SKCIIEPUMEHTAIIBHBIMU PE3YJIbTaTaMU
JUIsl. MHOTOCJIOMHBIX IJIEHOK MeTasul/nuanekTpuk [3]. Teopernueckue pacuetsl [4], npoBeaeHHbIE
Ha OCHOBE MoJieu 3G (HEKTUBHOM CPEIbl IS MOAOOHBIX CUCTEM IMOKA3bIBAIOT, YTO U3MCHEHHUE
MarHUTOONITHYECKUX CIIEKTPOB MHOTOCIONHBIX CTPYKTYpP IO CPAaBHEHUIO C MCXOJHBIM METaJLIOM
CBSI3aHO C U3MEHEHHUEM JIMarOHAIbHOW KOMITOHEHTHI TeH30Pa TUAJIECKTPUICCKON MPOHUIIAEeMOCTH
00YCJIOBIIGHHOE TTPUCYTCTBUEM JUDJICKTPUUECKOU KOMITOHCHTHI.

Crnucok nurepaTypsl
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TRANSVERSAL KERR EFFECT OF In;.xMnxAs LAYERS PREPARED BY ION
IMPLANTATION FOLLOWED BY PULSED LASER ANNEALING
Gan’shina E.A.l_*, Golik L.L.Z, Kunkova Z.E.z, Bykov I.V.3, Novikov A.I.l, Rukovishnikov
A.L% Yuan Ye., Zykov G.S.!

I Department of Physics, Moscow State University, 119991, Moscow, Russia

? Institute of Radioengineering and Electronics, RAS, 141190, Fryazino, Russia
% Institute for Theoretical and Applied Electromagnetics, RAS, 125412, Moscow, Russia
*Helmholiz-Zentrum Dresden Rossendorf, D-01328, Dresden, Germany
*e—mail:eagan@mail. ru

Diluted magnetic semiconductors (DMS), (Ga,In)MnAs in particular, attract much interest owing
to their potential for spintronics and novel magneto-optical device functionalities. It is generally
accepted that the holes donated by the substitutional Mn atoms mediate the ferromagnetic order of
the localized Mn spins through their exchange interaction with the latest. Despite a considerable
number of experimental and theoretical studies, the electronic structure of this material, the
character of the holes and the mechanism of the ferromagnetic order in it are still not well
understood. Magneto-optical spectroscopy is a powerful tool for probing the electronic structures of
DMS systems. MOKE spectra have to display the peculiarities associated with the intrinsic
ferromagnetism (as spin-split interband transitions between valence and conduction bands of the
matrix) and peculiarities associated with presence of different magnetic inclusions (MnAs, Mn-
atomic cluster, efc.) as well as with spin-dependent transitions from Mn impurity band.

In this work peculiarities transversal Kerr effect (TKE) spectra of InMnAs (Mn:2% - 12%)
layers prepared by ion implantation followed by pulsed laser annealing were studied. The main
advantage of pulsed laser annealing is high process temperature within nanoseconds, which
eliminates the n-type defects.

Using standard magnetometry measurements we found the presence of ferromagnetic order for
each sample: hysteresis loops, magnetic anisotropy and large XMCD effect. The Curie temperatures
as well as coercive fields strongly depend on Mn concentration.

The magneto-optical spectra were measured by the dynamic method in the 0.5-4.5 eV energy
range at T from 15 to 300 K in the applied magnetic field up to 3.0 kOe. We also measured spectra
of the ellipsometry parameters, tan[ /(E) and cos[I(E), E=0.55-6 eV, at T =295 K.

Strong TKE signal, whose value and temperature of its emerging depended on Mn concentration,
was detected in the energy range of E = 0.5 — 2.0 eV for all samples. (Fig.1) It should be noted that
giant TKE values near the absorption edge of the semiconducting matrix are observed that are
larger by order of magnitude than the values TKE observed earlier for the In(Ga)MnAs [1,2].
Spectral location of band 1 in the TKE(E) spectra (Fig.1) is close to the E¢+[o- transition energy
and positive band 2, which exceeds our measurement limits, is apparently associated with the Eo-
transition at the [1[] critical point of the InAs Brillouin zone. Significantly weaker structure 3,
which also consists of positive and negative bands, was observed in the region of E;, E;+[];-
transitions near the L -critical point. Using the ellipsometry spectra we calculated the <g;>(E) and
<e;>(E) components of the pseudo-dielectric function. These energy dependences have well
pronounced features related to transitions near I, L and X -points of the InAs band structure. The
high Mn doping and corresponding violations of the crystal structure lead to smearing, broadening
and shift of these features.
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The behavior of the magneto-

optical spectra (the extrema locations
are close to the energies of the
—=0=M2%e | transitions at the critical points of the
=0=Md%
-l Mn8% | “parent” semiconductor band
== Mn12% structure) along with the TKE(7) and
TKE(H) dependences confirm the
intrinsic  ferromagnetism of the
InMnAs layers that were obtained by
ion implantation.
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Studying both optical and magneto-
optical properties allows us to
determine non-diagonal components

of the dielectric permittivity tensor
(TDP). The spectral behavior of the
TDP components depends on the Mn
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Fig1 concentration and there is the fine

structure near the I" and L -critical
points. We calculated MCD spectra for our samples and compared them with literature data [3-5].

In the MCD spectra of all samples the dispersive structure near the L-point is present. In the MCD
spectra for our samples as well as in those for samples prepared by MBE [3] there is the negative
peak near I'-point (Eo-transition).

The considered features (1-3) in the magneto-optical spectra can be explained by the transitions
between the states of the filled or almost filled valence band and of the conduction band split by the
exchange interaction. In the TKE spectra of all samples positive band 4 was observed, which
appeared at higher temperatures than features 1-3. Clarification of nature of this TKE band requires
further study.

All these results allow us to conclude that by employing ion implantation with further laser
annealing it is possible to get the (In,Mn)As layers with ferromagnetic ordering, high
magnetization, giant MO response and high spin-polarization.

This work was supported by the Russian Foundation for Basic Research N15-02-02077
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SPECTROSCOPIC STUDIES OF CrBO;SINGLE CRYSTAL
Dobretsova E.A.", Boldyrev K.N.
Institute of spectroscopy RAS, 142190, Moscow, Troitsk, Russia
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CHEKTPOCKOIIMYECKHE UCCIIEAJOBAHUSA MOHOKPUCTAJIJIA CrBO;
JloOpenoBa E.A.*, Boaavipe K.H.
HUnemumym cnexmpockonuu PAH, 142190, Mockesa, Tpouyk, Poccus

XpomoBerii  oprobopar CrBO;  kpucrammuszyercss B poMOOIAPUYECKYIO Tpynmy ¢
IIPOCTPAHCTBEHHON CUMMETpHEN R3cwu IIPUHAUIEKUT K rpynne coeauHeHuid tuna ABOs, raoe A -
pa3iauyYHbIE d-MOHBI, B TOM YHCIIE MarHUTHBIE HOHBI V*, Fe** wm Cr’*. B saBucumoctd oT
AJIEKTPOHHON KOH(Urypaluyd HOHA ITEPEeXOJHOT0 METajula TaKHe COCJUHEHHs MOTYyT 00jaaarh
pa3NUYHBIMU MarHuTHBIMH cBoiicTBamu. Hanpumep, VBOs u FeBO; — dpeppomaraeruku, a CrBO;
sBisieTcs: aHTudeppomarieTukoM ¢ Temneparypoit Heenss Ty = 15 [1]. BopaTel mepexomHbix
METAJUIOB TAKOT'O THIA CelYac aKTUBHO MCCIEAYIOTCS, OJHAKO CBOMCTBA psAna coenuHeHuid ABO;
OCTAIOTCSl MPAKTUYECKU HEU3YYEHHBIMH. Tak, B IuUTEpaType MOKa HE CYILIECTBYET ONPEACIEHHOTO
MHEHHUSI O MarHUTHOM CTPYKType XpomoBoro oproboparta. HemaBusisi pabora, MmocBsIIEHHAS
MarHuTHBIM cBoiicTBaM 60patoB CrBOs; u VBO;, cTaBUT 1M0oJ COMHEHUE TIPEINOIAraBIIYIOCs paHee
MO/JIeNIb KOJUTMHEAPHOTO JABYXIIOAPEIIETOYHOTO aHTU(EeppOMarHeTHKa ¢ MAarHUTHBIMA MOMEHTaMH,
JeKAUMHU BAOJAb OCH CUMMETpUHM Tperbero mnopsaka (111). Ilo naHHeIM TeMiepaTypHBIX
3aBUCUMOCTEH HaMarHUTYEHHOCTH MarHMTHas CTPYKTypa XpoMoOBOro OopaTa sBisercs Oosee
CIIO’KHOW M TpeOyeT OoJiee TIIATEIbHOTO UCCIIEAOBAHMU METOJJaMU paccesiHus HeiitponoB, AOMP
U T.J.
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Pucynox 1. Kapra MHTEHCHBHOCTEH HHU3KOTEMIIEPATYPHBIX CIEKTPOB IPOIYCKAHUS B CIEKTPaIbHOM
JIAaIia30He, COOTBETCTBYIOLIEM MOTJIOMEHNI0 R-muHusaMu Cr*.
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Hamu Ob1mn mpoBeieHbI HCce0BaHUs ONITUYECKUX CIIEKTPOB, B pailoHe MOTJIomeHus R-HMiA
Cr’*. Ha pucynke 1 npuBeneHb! CieKTpbl Mpomyckanus B obmactu 14100-14200 cm™', rae Buana R-
JUHUA, U TpU Temneparype okojio 5 K mpoucxonut ee paciieiieHHEe B CBSI3M C MAarHUTHBIM

yrnopsinoueHreM. OCTaeTcsl HEACHBIM CMEIICHHE TeMIepaTypbl HaOmromaeMoil anomanuu Ha 10
rpajycoB HUXE U3BECTHOU T.

HccnenoBanue CreKTpOB MPOIYCKAHUS B TepareproBoil 00JacTh CHEKTpa He MOKa3alno KaKHuX-
b0 ocoOEHHOCTEH (CM. pHC. 2) B pailoHE TeMIlepaTypbl MarHUTHOTO (ha30BOTO IEpPEXojia, 4TO
TOBOPUT 00 OTCYTCTBHM WJIH O CJIA0OM CHUH-PEIICTOYHOM B3aMMOJCHCTBUH. MarHUTHBIC
BO30YKJICHUS TaK)Ke He OOHAPYKEHBI.
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Pucynok 2. Kapta "HTEHCUBHOCTEN HU3KOTEMIIEPATYPHBIX CIIEKTPOB MPOMYCKAHUSI MOHOKpHUCTAIA
CrBOj; B TeparepiioBoii 00sacT.

Jlannas pa0GoTa BBINOJHEHA NpU (PUHAHCOBOM mojjiepkke rpanta PODU Nel5-02-07451a u
rpanTa IIpesunenta PO nis noanepxku Monoaeix yu€nsix MK-3521-2015.2.

[1] T.A. Bither, C.G. Frederick et al., Solid State Communications, V. 8, I. 2, P. 109 (1970).
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PERCOLATION EFFECTS IN THE SILVER-MANGANITE COMPOSITES
Kononenko V.V.l*, Tarenkov V.Yu.l, D’yachenko A.L2
'A. Galkin Donetsk Institute for Physics and Engineering, NASU, UA-03680, Kyiv, Ukraine
’G.V. Kurdyumov Institute for Metal Physics, Kyiv UA-03680, Ukraine
“e-mail: vkkononenko @ gmail.com

It is known that in transport characteristics of manganite ceramic samples the significant
contribution is made by grain boundaries which resistance has tunnel character. This fact is
confirmed by low-field magnetoresistive effect, which is observed in a wide interval of
temperatures in manganite ceramic samples. The problem of a contribution of grain resistance to the
general resistance of a sample can be solved inclusion in ceramic powder of the metal additives
forming the low-impedance contacts between manganite granules. Transport current in such
composites will proceed on percolation ways which density will be set by concentration of high-
conductivity metal impurity. Percolation has fundamental value for understanding of course of
current in real multicomponent systems and studying of the new effects connected with unique
properties and functionality of such materials [1-3].

In this work research of transport characteristics of LCMO-Ag composites consisting of
La; 35Cag3sMnOx manganite and fine Ag silver are presented. Features of the studied composites
consisted in mixing of powders of colloidal silver with sizes of particles ~ 3 microns and ceramic
powder of manganite of lanthanum, in the first case, with micro granules ~ 5 microns, and in - the
second case, with nano granules ~ 50 nanometers. In LCMO-Ag composites the variation on silver
was carried out. Ceramic powders mixed in alcohol, and then, pressed in plates with geometrical
sizes 10-1-0.1 mm’. LCMO-Ag samples with approximately identical sizes of granules and a
control sample of LCMO were annealed at a temperature 600°C within 40 minutes. Such
temperature and time interval of annealing was chosen for an exception of possible agglomeration
of grains of ceramic material.

In fig.1 dependences of specific resistance of LCMO-Ag composite on percentage of LCMO
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Fig. 1. Dependences of specific resistance of composites of LCMO-Ag on concentration of a magnetic
additive of LCMO with and) micro granules and b) nano granules. On an insert: temperature dependences
of resistance: a) LCMO and a composite of LCMO-Ag from 5%, 10%, 15%, the content of 20% of Ag; b)
LCMO and a nanocomposite of LCMO-Ag from 5%, 15%, 35%, 37%, the content of 40% of Ag.
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with micro and nanogranules are presented at a temperature of 300K. Follows from fig. 1a that the
additive of silver leads 5% to sharp falling of specific resistance of a composite, and at 20% of Ag
the cluster on silver is created and the composite behaves as normal metal.

Temperature dependences of resistance of R(T) of a composite of LCMO-Ag (fig. 1a insert)
differ from R(T) of dependence of a control sample of LCMO (dependence of black color): five and
ten-percentage additives of silver change temperature dependence of manganite, bringing closer it
to a classical type of well baked ceramic sample of LCMO. Considerable changes of resistive
dependence of a composite near Curie's point (T =260 K) indicate spin streamlining in volume of a
sample. Addition of silver to manganite of lanthanum reduces resistance of grain boundaries of
manganite, thus, replacing tunnel nature of course of current on borders with metal. The proof of
this fact is absence of low-field magneto-resistive effect in such composites. With increase of
concentration of silver in a composite the percolation cluster on Ag is built and R(T) dependence
has "metal" character. There are enough 15% of an additive of silver in LCMO-Ag composite that
the percolation cluster on carrying out a silver component was created. Such result corresponds to
the theory of a percolation for volume structures with approximately equal size of granules.

In fig. 1b dependences of the composite consisting of nanogranules of Laj.35Cap35MnOy
lanthanum manganite and fine silver are presented. A difference at a rate of composite granules
considerable: at silver the size of grains makes ~ 3 microns, and at LCMO ~ 50 nanometers. The
studied composite was not exposed to annealing to avoid interdiffusion and chemical reactions of
components.

The control sample of LCMO has the maximum specific resistance (fig. 1b). It is established
that with reduction of percentage of manganite of lanthanum in a composite its resistance decreases.
Sharp growth of specific resistance of a composite begins with 65% of LCMO, i.e. with
concentration of 35% of silver the percolation cluster on silver is formed and at composite «metal»
properties are shown. Follows from R(T) of dependence of a nanocomposite (fig. 1b insert) that the
huge contribution to dependence is rendered by grain boundaries. With addition of silver in a
nanocomposite of LCMO-Ag, R(T) of dependence broaden, and at concentration of silver of 40%,
R(T) dependence becomes characteristic of usual metal.

Thus, on the basis of experiments with the composites containing silver the essential role of
the sizes of grains a component in formation of percolation ways is shown. The percolation cluster
on silver is formed at concentration of 35% of Ag for the small sizes of grains of manganite and at
15% for a case of approximately identical sizes of grains.

[1] D. Stauffer and A. Aharony, Introduction to Percolation Theory (Taylor, London, 1992).
[2] Fractals and Disordered Systems [edited by A. Bunde and S. Havlin] (Springer, Berlin, 1996).
[3] A. Bunde, W. Dieterich, J. Electroceram. V. 5, N. 2. P. 81-92 (2000).
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THE MAGNETOIMPEDANCE OF HYBRID STRUCTURES BASED ON SILICON WITH
SCHOTTKY BARRIER

Smolyakov D.A.l’3, Tarasov A.S.'? , Volkov N.V.12 , Varnakov S.N.'? and Gustaitsev A.Q."**

"Kirensky Institute of Physics, Russian Academy of Science, Siberian Branch, 660036, Krasnoyarsk,

Russia
?Siberian Federal University, 660041, Krasnoyarsk, Russia
ISiberian State Aerospace University, Institute of Space Technology, 660014, Krasnoyarsk, Russia
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MATHUTOUMIIEJAHC T'NBPUJHBIX CTPYKTYP HA OCHOBE KPEMHUAA C
BAPBEPOM HIOTTKHM.
CmoasikoB JI.A. 1, Tapacos A.C.l’z, Bouikos H.B.'? ,BapHakos C.H." I'ycraiines A.Q."*
! Pnemumym usuru un. J1 B. Kupencroeo Cubupckozo omoenenus Poccuiickoti akademuu Hayk,

660036, Kpacnospck, Poccus
? Cubupcruii pedepanvhwiii ynusepcumem, 660041, Kpacnospck, Poccus
3 . . .
Cubupckuti 2ocyoapcmeentulil azpokocmudeckuti ynugepcumem, 660014, Kpacnosapck, Poccus

B HacTosiee Bpemsi HENPEPHIBHO BEIYTCSl HUCCIEAOBAaHUS HOBBIX MAaT€pHAIIOB U CTPYKTYP
BBHJly BO3MOXKHOCTH NMPUMEHEHHUS MX B MarHUTHBIX YCTpoiCTBax. Bricokas 4yBCTBUTENBHOCTH K
MarHMTHOMY TIOJIIO — OJTHO M3 BaXXHEHIIMX YCIOBHM CO3/1aHUsl JaHHBIX YCTPOUCTB, YTO XapaKTEpPHO
IUIL TPEXCIOMHBIX TMOPUIHBIX CTPYKTYp Ha OCHOBe KpeMHHs ¢ Oapbepom lllorTku. Dto naer
BBICOKUH MOTEHLIUAI JIsl IPUMEHEHUS MOAOOHBIX CTPYKTYP B CITMHOBOM AJIEKTPOHHKE.

B TeyeHHe HECKONBKUX JIET MBI HCCIEIOBAJIM TUOPUIHBIE CTPYKTYphl C pPa3TUYHBIMU
KOMOMHAIMSIMA METAJJIOB U HOJIyrIpOBO,Z[HI/IKOBl_3. B nanHoii paboTe nmpecTaBiIeHo UCClIeOBaHUE
MarHUTOTPAHCIIOPTHBIX CBOMCTB THOpPUAHBIX CTPYKTYp Fe/SiO,/p(n)-Si m  Mn/SiO,/p(n)-Si
npeactasisitonux u3 ceds MJIIT auoner ¢ 6aprepom LIoTTKHM, HA TEPEMEHHOM U TTOCTOSIHHOM TOKE
MpU BO3JEUCTBUM BHENIHETO MAarHUTHOTO IOJIS.

JIMoael MMM pasIuvHyl0 padoTy BBIXOAA, YTO 10”;

MO3BOJISJIO  OMPENENSATh  BIUSHUE  PA3IMUYHBIX
napamerpoB Oapbepa IIIoTTKM Ha MarHUTHBIN
UMIIEAHC UCCIIEyeMbIX CTPYKTyp. Hamu Obu1O
OOHApYyKEHO CYIIECTBEHHOE BIUSHUE BHEUTHETO
MarHuTHOTO TIOJII HAa HMIIEJAaHC HCCIeoyeMOu
CTPYKTYphI nipu Temiieparype Huxke 40K. Bennunna
MarHUTOUMIIEJaHCa JIOCTUTAET 10'% npu

MPUIIOKEHUU IMOCTOSAHHOTO HAIPSIKEHUS - - : . :
0 20 40 60 80 100
CMELLEHUS. T(K)
JlanHas paborta BBITIOJIHEHA npu
(unancosoit noanepxke PODU npoext Ne 14-02- Puc.1 TemmneparypHas 3aBUCHUMOCTD
JIEUCTBUTEILHON YacTW HMIEAaHCa CTPYKTYpHI
00234-a . .
Mn/Si0,/p-Si NpU TPUIOKEHUU BHEIIHETO

MarHUTHOTO MOJIS U HANPsDKEHUU cMerienus 3,5B.

[1] Volkov N. V., Tarasov A. S., Eremin E. V., Eremin A. V., Varnakov S. N. and Ovchinnikov S. G.// J.
Appl. Phys. 112, 123906 (2012).
[2] Volkov N. V., Tarasov A. S., Eremin E. V., Baron F. A., Varnakov S. N. and Ovchinnikov S. G. // J.
Appl. Phys. 114 , 093903 (2013).
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HIGH-TEMPERATURE FERROMAGNETISM OF Zn;.Co,Oy THIN FILMS
PREPARED BY PULSED LASER DEPOSITION
Novodvorsky O.A.l, Lotin A.A.l, Perov N.S.z, MakarovaL.A.z, Shneider A.G.3, Kuz’min M.P.}
and Zhuravlyova A.S.”
! Institute on Laser and Information Technologies of RAS, 140700 Shatura, Russia
2 Lomonosov Moscow state University, 119991 Moscow, Russia
I Irkutsk National Research Technical University, 664072 Irkutsk, Russia
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BbICOKOTEMIEPATYPHBI ®EPPOMATHETU3M TOHKUX MJIEHOK Zn;.4Co,Oy,
MNOJYYEHHBIX METOAOM UMITYJIBCHOTI'O JIABEPHOI'O OCAXKJIEHUSA
HosBoasopckuii O.A. 1, JloTun A.A.l, Ilepos H.C.z, Maxkaposa .JI.A.Z, Hneiinep A.F.3,
Ky3bmun MLIL.?, Kypaeaéea A.C.>"

! Hnemumym npo6nem nasepuvix u ungopmayuonnvix mexnonozuii PAH,

140700 e. Lllamypa, Poccus
? Mockosckuii 2ocydapemeennoiii yuusepcumem um. M.B. Jlomonocosa, 119991 2. Mocksa, Poccus

? Upkymckutl HayuoHaIbHblLl UCCIe0068aMeNbCKULL MEXHUYEeCKUll YHUGepCumen,
664074 2. Upxymck, Poccus

OxcuJ IMHKA — IIMPOKO30HHBIM monynpoBogHUK (E, = 3.37 5B), KOTOpBIA aKTHMBHO
WCIIONIb3YETCS JUIS CO3/IaHUsS TOHKHX JIUCIUIEEB, COTHEUHBIX OaTapeid, TIOMUHO(POPOB, a TaKXKe, B
MEPCIIEKTUBE, MOXET OBbITh NMPUMEHEH KaK MaTepualn Jjs TOHKOIUIEHOYHBIX TpaH3ucTopoB, YD
CBETOAMOJIOB M Ta30BBIX CEHCOpPOB. OCOOBIM MHTEpEC HCCIeAOBaTeNield HAlpaBiIeH HAa CHHTE3 H
M3YYCHHEM CBOMCTB TOHKHX TUIEHOK ZnO, nerupoBaHHbIX 3d—meTamnamu [1-5], 4To 00ycinoBiIeHO
BO3MOXXHBIM BO3HUKHOBEHHEM B HHUX (PEPPOMArHUTHOTO YIOPSIOYCHUS BBIIIE KOMHATHOM
Temreparypbl. TOHKHE TUIEHKH Ha OCHOBE OKCHJA IMHKA, 00JaJaolirie BBICOKOTEMIIEpaTypHBIM
(beppoMarHeTU3MOM, CMOTYT HaWTH IIMPOKOE MPUMEHEHUE B CIIMHOBOM 3neKTpoHuke. [lo cux mop
HEeT u€TKOro TMpeACTaBleHHs O  Mpupoae  (HOpPMHUpPOBAHHS  BBICOKOTEMIIEPATYPHOIO
(beppomarueTusma B TOHKUX IUIEHKAX Zn;.xCo,Oy B 3aBUCMOCTH OT KOHIIEHTpalMK KoOalbTa (X) U
TonmuHbl 00pasna (d). CymiecTByromuye KCIepUMEHTAIbHBIC JJaHHBIC IIPOTHBOPEUYNBHI [6—8].

B cBsi3u ¢ 3TUM LENbI0 HACTOSIIEH PaOOTHI ABIAETCS M3yYEHHE KOPPESIUH CTPYKTYPHBIX,
DJIEKTPUYECKUX M MAarHUTHBIX CBOMCTB TOHKMX IIEHOK Zn;CoOy (x = 0-0.3; y = 0.9-1)
tonmuHON 10-262 HM, MOTY4EHHBIX METOJIOM UMITYJILCHOTO JTazepHoro ocaxaeHus (MJ10).

Pentrenoctpykrypusiii anaimm3 (PCA) o6pa3iioB moxydeH ¢ momomsio audpakromerpa XRD
7000 (Shimadzu). DnekTpuyecKre CBOMCTBA TOHKUX TUIEHOK OBLIM MCCIIEIOBAaHBI METOIOM XO0JUIa ¢
IIOMOLIbI0 aBTOMaTH3upoBaHHOW yctaHoBKM HSM 3000. IloneBble MarHUTHBIE HN3MEPEHMUS
00pa31oB NPOBOAMINCH HA BHOpannoHHoM Maraeromerpe 7407 VSM (Lake Shore Cryotronics).

PeHTreHOoCTpYKTYpHBIN aHaIU3 MOKa3all, YTO BCE CHHTE3MpOBaHHbIC MIEHKH Zn|.xCoOy nMeroT
CTPYKTYpY BIOPIIUT C MapaMeTpaMu PeméTku a = 3.2495 A, ¢ = 5.2329-5.2485 A. Vcranosieno,
410 HOHBI CO MPUBOJIAT K «CKATHUIO» KPUCTATUIMUECKOM perieTKu 00pasios (puc. 1).

181



BICMM-2016 Poster Section PH

S’ZSOI»' S0k 2 3 an-xCOxOy
0, 60+ wg
5,246+ \ go 7
° F 5 4
somf :l%
£ 5242t ~ 2 e 2
= = H(Oo !
2 5,240+ g 0
én5238- .\ 5 2ol —1)x=0
s . = —2)x=003
© 5236t a0k 3)x=006
° —9x=0.10
5234r / 0} —5)x=0.13
5232+ ——6)x=0.24 (170 nm)
’ 1 Il Il Il Il Il Il 80+ — 7) x=0.30
0 5 10 15 20 25 30 20000 -15000 -10000 5000 O S000 10000 15000 20000
Co concentration (% at.) H(Oe)
Puc. 1 — 3aBucumocts napamerpa ¢ Puc. 2 — IloneBble 3aBUCUMOCTH HAMarHUYEHHOCTH
KpUcTanueckoit pemetkd ZnO oT KOHIEHTpaIUu TOHKMX IJIEHOK Zn; ,Co,O, (x = 0; 0.03; 0.06; 0.10;
Co B ToHKHX IIIEHKaX Zn; Co,0, 0.13; 0.24; 0.30)

IIpu wuccnenoBaHMM TPAHCIOPTHBIX XapaKTEPUCTUK 0O0pa3loB ObUIO OOHApPYKEHO, YTO
HOABMKHOCTh HOCUTENEH 3apsana B TOHKHMX INIEHKAX Zn;.Co,Oy SKCIIOHEHIIMAIBHO YOBIBAaEeT M3-3a
YXYIIICHUSI KPUCTATUTMYECKON CTPYKTYpPHI BILIOTH 110 24 % (at.) Co, 3aTeM BO3pacTaeT BCIEACTBUE
BOCCTAHOBJICHUSI CTEXMOMETPUM IUIEHOK 1O Kuciopoxy. OmnpeneneHo, YTO — yIAEIbHOE
COIPOTHBIIEHUE 00pa3lloB MOHOTOHHO BO3PACTaeT BO BCEM HMHTEpBaje X. YCTaHOBJIEHO, YTO MpHU
KOMHATHOM Temreparype MarHuTHbele cBoiicTtBa Zn;CoOy ¢ yBennmuenuem KonueHrpauuu Co
U3MEHAIOTCSI HEMOHOTOHHO (puc. 2). [l mnéuku Zng g7C0.130y HabmoaaeTca Hanboee CHIbHbIHI
(beppOMarHUTHBIA CHUTHAN, YTO OOYCIOBICHO O0pa3oBaHMEM B HEW HAMOOJBIIETO KOJMYECTBa
kiactepoB Metamueckoro Co. Ilpu panpHeiineM yBEIMYEHUM KOHLEHTPALUU JIETHPYIOLIEH
MPUMECH B TUIEHKAX MPOUCXOANT OKUCIIeHHe MeTaumnueckoro Co u obpa3zoBaHue MmapamMarHUTHOM
¢azer Cosz0s4, BenmeacTBUE 4ero ocnadbeBaeT (heppOMarHUTHBIM CUTHAJ. BrepBble mokazaHo, 4TO
TONIIMHA TOHKUX IEHOK Zn;4CoyOy cnabo BIMSET HA HX JIIEKTPUYECKUE U MArHUTHBIE
XapaKTEPUCTUKH.

PabGora BemonHeHa npu mojaepkke rpaHToB PODU Ne 15-32-56690, 15-07-03331, 15-29-
01171, 15-38-20369, 15-07-03580. WccnemoBanuss OBUTM TPOBEACHBI TIPH  KMCIOJIB30BAaHUHN
obopynosanusi Muctutyta npobieM ia3epHbIX U UHGOpMAMOHHBIX TexHonoruii PAH, MI'Y um.
M.B. JlomonocoBa u LIKII «baiikanbckuii HEHTp HAHOTEXHOJIOTHil».
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STRUCTURE, MAGNETIC AND MAGNETORESISTIVE PROPERTIESOF SPIN
VALVES BASED ON NiFeMn ANTIFERROMAGNET
Blinov L.V., Milyaev M.A., Proglyado V.V., Popov V.V. and Krinitsina T.P.*
M.N. Mikheev Institute of Metal Physics, UB RAS, 620990, Ekaterinburg, Russia,
“e-mail: krinitsina@imp.uran.ru

CTPYKTYPA, MATHUTHBIE U MATHUTOPE3UCTHUBHBIE CBOMCTBA
CIIUHOBBIX KJTAITAHOB HA OCHOBE AHTU®EPPOMATHETHUKA NiFeMn
baunos U.B., MunsieB M.A., IIporasino B.B., [lonos B.B., Kpunununa T.I1.*
Hncmumym ¢uzuxku memannos umenu M.H. Muxeesa ¥YpO PAH, 620990, Examepunboype, Poccus

UccnenoBanbl CTpyKTYpa, MArHUTHBIE 1 MAarHUTOPE3UCTUBHBIE CBOMCTBA CIIMHOBBIX KJIAMIAHOB
Ha ocHoBe aHTHeppoMarHeTuka NiFeMn. Pazpaborana MeToarka MPUTOTOBICHUS CITMHOBBIX
KJIAMIaHOB C MOBBIIIEHHONW TEPMOCTAOUIILHOCTHIO.

OO6pa3iiel OBUTH MPUTOTOBIICHBI ¢ TTOMOIIBI0 HanmbuIHTENbHOU cucTeMbl MPS-4000-C6 (Ulvac) u
Ha yCTaHOBKe Varian Ha ToIoXKu u3 crekna (Corning) 1 MOHOKpHCTaIIHYeckoro candupa (1012
) Al,Os. [Inst co3nanus OJHOHAINPABIEHHON aHU30TPOIMM B NPOLIECCE HAIBUIEHUS HAaHOCTPYKTYP
OBUIO TIPUIOKEHO MATHUTHOE IONe HAmpsikeHHOCThI0 110 D, nasmenme 107 Ila B mocTosHHOM
MarHuTHOM Iojie 2 KD, MPUIIOKEHHOM B IJIOCKOCTH 00pasiua npu temmeparype 260°C B Teuenue 4
yacoB. B mocienneM cirydae nmpoucxoaut oopazoanue ynopsnodeHHo AD dazbr NiFeMn, o uem
CBUJICTENBCTBYET MOSIBIECHUE CBEPXCTPYKTYPHBIX KOJEI[ Ha 3JIeKTpoHorpammax. IloBepxHocTHas
IJIOTHOCTh SHEPTUU OOMEHHOTO B3aUMOJICHCTBUsS Ha rpaHulle pasznena OM/AD cocraBiser Jox =
0,27 spr/cem’, a Temmeparypa 6nokuposku Ty = 270°C. Ionydennas ynopsmoucuuas AD dasa
NiFeMn MoxeT OBITh MEPCIEKTHBHOM Ui HMCIIONB30BaHMS B CIIMHOBBIX KJIallaHaX BCIEICTBHE
BBICOKOH TeMIIepaTypbl OJOKUPOBKH M BBICOKMX 3HAYEHH OOMEHHOTO CIBUTOBOTO ToJist (puc. 1).
Hns CIIMHOBOT'O KJamnaHa crexno/Ta(5am)/NiFe(2am //CoFe(5,5am)/
Cu(tcy)/CoFe(5,5am)/NiFeMn(f)/Ta(38M) HaiigeHB ONTUMAaIbHBIC TOMIMMUHEI A® cIos U METHOM
MIPOCTIONKH MPH KOTOPBIX HAOIIOJAIOTCS MAKCUMAJIbHBIE 3HAUEHUSI MAarHUTOCONPOTUBICHUS U Hey.
MakcumanbHoMy 3HaueHUIO (AR/R;) =7.15% COOTBETCTBYET fcy =2,8 HM. (pHC.2).

PaboTa BbIIIONIHEHA B paMKax TOCYJapCTBEHHOTO 3agaHus MO TeMe «CIHH» NMpU YaCTUYHOM
noaaepxkke YpO PAH u POOU (mpoekt Ne 16-32-00128).
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STRUCTURE AND MAGNETOTRANSPORT PROPERTIES OF TEXTURED Fe;04
FILMS SINTETIZED ON Si (001) BY REACTIVE DEPOSITION
Rautskii M.V. 1, Lukyanenko A.V. 1’2, Volochaev M.N. 1’3, Eremin E.V. 1’3, Korobtsov V.V. 4,

Balashev V.V. 4, Vikulov V.A. 4, Solovyov L.A. 5, Volkov N.V. * and Tarasov A.S. "**

"Kirensky Institute of Physics, SB RAS, 660036, Krasnoyarsk, Russia
?Siberian Federal University, 660041, Krasnoyarsk, Russia
ISiberian State Aerospace University, 660014, Krasnoyarsk, Russia
*Institute of Automation and Control Processes, FEB RAS, 690041, Viadivostok, Russia
> Institute of Chemistry and Chemical Technology, SB RAS, 660049 Krasnoyarsk, Russia
“e-mail: taras@ iph.krasn.ru

CTPYKTYPHBIE U MATHUTOTPAHCIIOPTHBIE CBOMCTBA
TEKCTYPUPOBAHHBIX IIVIEHOK Fe3;04, CUHTE3UPOBAHHBIX HA ITOJJIOKKE
Si (001) METOAOM PEAKTUBHOT'O OCAXKJIEHUSA
Payuxuii M.B. 1, JlykbsineHko A.B. 1’2, BoJsiouaer M.H. 1’3, Epemun E.B. 1’3, Kopo6uos B.B. 4,
banamesn B.B. 4, BuxyJos B.A. 4, CoJgoBbeB JILA. 5, Bouikos H.B. ' u Tapacos A.C. "
"o CO PAH, 660036, Kpacnospck, Poccus
? Cubupcruti Dedepanvhoiti Yuusepcumem, 660041, Kpacnospck, Poccus
3Cu6upc1<uﬁ Aspokocmuueckuti Yuusepcumem, 660014, Kpacnospck, Poccus
‘uArry J[BO PAH, 690041, Braousocmok, Poccus
SUXXT CO PAH, 660049 Kpacnospck, Poccus

Marnerut (Fe;O4) - 3T0 XOpOI10 N3BECTHBIN MarHUTHBIA Marepual ¢ Temneparypoil Heens Ty =
860 K sprnsttomuiics peppumaraeTukoM. OcoOblif HHTEpeC MarHeTUT MPEACTABISIET C TOUKH 3PEHUS
NPUMEHEHUH B CIHMHTPOHMKE, MOCKOJBbKY 00J1aJaeT OYeHb BBICOKOW CHUHOBOW MOJSpHU3aIHen
31ekTpoHoB npoBoauMocTd (~80% [1]) u Bbicokoi Tn. B cBA3M ¢ 3TUM MarHUTOTPAHCHOPTHHIE
CBOMCTBA IJIEHOK MarHeTWTa MPUTATUBAIOT Bce OoJblliee BHUMaHHE HcclenoBareneil. B aToi
paboTe MBI TpEACTaBIsieM pe3yNbTaThbl HCCIENIOBAaHUN  CTPYKTYPHBIX, MAarHUTHBIX H
MarHUTOTOPAHCHOPTHBIX CBOMCTB TOHKHUX IUIEHOK Fes30y.

[Tnenkn marneruta ToymuHOM OT 37 HM A0 100 HM OBUIM MOJTyYEHBI METOJIOM PEaKTHBHOTO
ocaxnenuss Fe B armocdepe xkucimopoma. C TOMOILIBIO PEHTIEHOCTPYKTYPHOTO —aHaln3a
YCTaHOBJIEHO, 4YTO HampasieHue TeKcTypsl IUIEHKHM (001), crenmeHp NpenMyIECTBEHHOU
opueHTtau 30%. ATOMHO-CHIIOBass MUKPOCKONMSI ITOKa3aJa, 4YTO CPEAHUI pa3Mep KPUCTALIIUTOB
HaxoauTcs B nuanazone 40-80 um. s 6onee AeTalbHOTO aHAIN3a MUKPOCTPYKTYPHI IJICHOK OBbUIH
MPEANPUHSTHI UCCIEAOBAHUS C TPUBJIEYEHUEM METOJOB JIEKTPOHHOM MUKpockonuu. Ha pucyHke
1 mpencrtaBieHbl HM300paXEHUs MPOCBEUMBAIONICH AJEKTPOHHOW MuKpockormuu ([IOM)
nornepeyHoro cpesa crpykrypbl Fe;04/Si0,/n-Si. Cnegyer OTMETHUTb, YTO KPHUCTAJUIUTHI
MpOPacTalOT Ha BCIO TOJIIMHY IUIEHKH M UMEIOT OJMHAKOBYIO BBICOTY (pucyHkH la u 1b). Kpome
TOTO, aTOMHBIE KpHcTaummueckue 1iockoctu FesO4 u cioit Si0, xopoiio BUIHBI MpH OOJBIIEM
yBenmueHuu (pucyHku lc u 1d). Taxke HaOmrOgaeTCsS TCHICHIUS YBEIMYCHUS BBICOTHI M IITUPUHBI
KPUCTJJIUTOB C YBEIMYEHHWEM TOJIIMHBI IUIeHOK (pucyHku 1d - 1g). Ha temmeparypHbix
3aBUCHMOCTSIX MarHuTHoro MomeHta npu 120 K Habmromaercs XapakTepHas Uisi MarHETHTa
0COOEHHOCTh, KOTOpas CBs3aHa ¢ mepexoaom Bepges [2].
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Pucynok 1. U3zo0paxkenus [1OM nomnepeuHoro cpesa cTpykTypsl Fe;04/Si0,/n-Si ¢ TonmmHaMu mieHoK

Mardeturta 38 HM, 46 HM, 55 HM 1 95 HM.

XapakTtep  MOBEACHUA  YIEIbHOM  MPOBOAMMOCTH
(pUCYHOK 2) yKa3bIBae€T HAa TO, YTO OCHOBHBIM MEXaHU3MOM
TpaHCIIOpPTa HOCHUTENeH 3apsia SIBISETCd TEPMHUYECKU
aKTUBHPYEMOE TYHHEIUPOBAHUE 4Yepe3 MEXKIPaHyJIbHbIE
IPaHULbI, KOTOPOE OMMCHIBACTCSI BBIPAKEHHUEM ln(p) = A

(/1) [3]. [Ipu sTOM ynenabHOE COMPOTUBICHUE IS
IVIEHOK TOodmuHOM 55 HM u 100 HM Ipu KOMHaTHOM
Temreparype OJM3KO K 3HAYCHHIO JUIsI  OOBEMHBIX
MOHOKpHUCTAIJIOB. B TO ke Bpems, cneunduyeckas Gpopma
MOJIEBBIX 3aBUCUMOCTEH MarHUTOCOIIPOTUBIICHUS (PUCYHOK
3) mpenamnosnaraeT, TOMUMO CIHH-3aBUCUMOI'O TpaHCIOpTa
MEXIy  TpaHylaMu, TYHHEJTUPOBAaHUE  uepe3
aHTU(EPPOMArHUTHO CBsI3aHHbIE aHTU(aA3HBIE TPaHUIIBI
BHYTPU OTAEJBHBIX KPUCTAJUIMTOB. YKa3aHHBIE T'PaHUIBI,
SBIISISICH  POCTOBBIMH  Je(peKTaMH, TMPHUCYTCTBYIOT U B
MOHOKpHCTAJIJIaX U B IJIeHKaX. K ToMy e, UIMEIOT HU3KYIO
SHEPrui0 00pa3oBaHMs HSBISIOTCS BBICOKOCTAOMIBLHBIMHU.
Takum  00Opa3oMm,  HCIONB3YSl METOA  PEAKTUBHOTO
OCXKICHMSI, HAM YAAJIOCh IOJYYUTh BHICOKOKAUECTBEHHbBIE
IUIEHKH, KOTOPbIE JEMOHCTPUPYIOT BCE OCHOBHBIE CBOMCTBA
SMUTAKCUAIBHBIX MJICHOK MarHETUTA.

Pabora BemoaHeHa mnpu (HUHAHCOBOW MOMJEPIKKE
POOU, npoext Ne 14-02-00234.

[1] M. Ziese, Rep. Prog. Phys. V.65, 143 (2002).
[2] F. Walz, J. Phys.: Condens. Matter V.14, R285 (2002).
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[3] P. Sheng, B. Abeles, and Y. Arie, Phys. Rev. Lett. V.31, 44

(1973).
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RESEARCH OF CHANGES HF AND UHF CONDUCTIVE PROPERTIES OF
COMPOSITE FILMS WITH A CHNGE IN THEIR STRUCTURE
M.P.Lasekl*, L.N. Kotovl, O.A. Kirpicheval, D.S. Beznosikovl, Yu.E. Kalinin® and A.V.
Sitnikov’

]Syktyvkar State University named after Pitirim Sorokin, 167000, Syktyvkar, Russia
*Voronezh State Technical University, 394026, Syktyvkar, Russia
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HCCJIEJOBAHUE U3MEHWHWS BY ¥ CBY ITPOBOIANINX CBOMCTB
KOMITO3UTHBIX INIEHOK C U©3SMEHEHUEM UX CTPYKTYPBI
Jlacék M.H.l*, Koros .JI.H.I, Kupnuuéna O.A.l, be3nocukon Z[.C.l, 10.E. KaJII/IHI/IHZ, A.B.
CurHnKoB’
" @rBoy BO « Coixmuiékapckutl cocyoapecmeennwitl yuugeepcumem umenu IHlumupuma Copoxkuna»,
167000, 2. Coixmuigkap, Poccus
2@I'BOY BO «Boponedcckuii cocyoapcmeenvill mexHuyeckuil yHugepcumemy», 394026, e.
Boponeorc, Poccus

B mnacrosimiee BpeMs Oo0JNbIIOE KOJMYECTBO OSKCIEPUMEHTANBHBIX M TEOPETUYECKUX pPadoT
MTOCBAILEHBI HCCIENOBAHUI0 MEXAaHMU3MOB JJIEKTPOHHOI'O TPAHCIOPTA B TOHKHUX KOMIIO3MTHBIX
IJICHKAX U CBSA3H UX CO CTPYKTYpoil. [ MraHTCKOe MarHuTHOE COMPOTHUBIICHNE, aHOMAIbHBIN AP PeKT
Xomna u npyrue 3¢pdekTsl ObLTH 00HAPYKEHBI B KOMITO3UTHBIX TUIEHKaX. KOMITO3UTHBIE TIEHKH
MMEIOT pa3JIMuHbIE TPOBOISIINE CBOMCTBA B BBICOKUX M CBEPXBBICOKMX JUAINA30HaX YacToOT,
KOTOpBIC B 3HAYUTEIHHOW CTENICHH OIMPENIESIOTCS UX COCTaBOM U CTPYKTypoil. B manHo# pabote
nposoawinck uccienoBanuss BY m CBY npoBoaMMOCTM B KOMIIO3MTHBIX IUIEHKaX COCTAaBOB
(Cog.astFeqas+Zr.10)xHALO3)1xy5s 1 (Co1+Nbg2+Ta0,05)x+H(S102)(1-xy3 B IHamasoHe 4actor a0 3
ITu. boumn nomydeHsl wu300pakeHUs TOHOrpaduu TMOBEPXHOCTH KOMIO3MTHBIX IUIEHOK U
MarHUTHBIX CTPYKTYp, OOpa30BaHHBIX Ha TMOBEPXHOCTH TOHKHX IUIEHOK TMPU Pa3IUYHBIX
KOHIEHTpaluusax MmeTayioB. M300pakeHuss ObUIM MOJIY4YEHBI C MCIOJb30BAaHHEM aTOMHO-CHIJIOBOM
(ACM) u marautHO-cuioBoi mukpockonuu (MCM). Tlo m300pakeHUsSM TOBEPXHOCTEH OBLIO
OTIpe/IeNICHO paclpeesieHne MEeTAIMYEeCKUX 00pa30BaHui B TUANEKTpUUYECKOM (pa3e KOMITIO3UTHBIX
wi€HoK. [1o monyduennpim n3zobpaxkenns ACM u MCM Habm01a710Ch, 9TO ¢ POCTOM KOHIICHTPAIIHH
MeTaTM4Yeckor (a3pl B TUIEHKAX, METAUTMYECKUE YACTHUIIBI, XAaOTHYHO paclpeneiC¢HHbIE B
JTURJIEKTPUYECKON MaTpulle, TPYNIUPYIOTCS B MapajulelibHble BETBU, MEPEXOSIINE B CETYATYIO
CTpYKTYpy. KOMIO3UTHBIE MJIEHKH UMEIOIINE CIIOKHYIO CTPYKTYPY MPOBOJASIIUX U HEMPOBOISIINX
MUKpPO- U HaHO-00JacTeil, ObLIM MpPEJCTaBICHbl B BUAE SKBUBAJICHTHOHN 3JEKTPUYECKON IEMH,
COCTOAIILIEH W3 JMHEHHBIX 3JIEMEHTOB: PE3UCTOPOB, KATYHNIEK WHAYKTMBHOCTH M KOHJIEHCATOPOB.
DJIEMEHTBI CXEMBbI OINPENENAIOTCA CTPYKTYpOd M KOHUEHTpalMel MeTauia B IuieHKax. Ha ocHoBe
CBY u BY cnektpoB mpoOBOJMMOCTH M H300PaKEHUU CTPYKTYpPhl TOBEPXHOCTH KOMITO3UTHBIX
MIEHOK, OBUIO KAueCTBEHHO OOBSCHEHO, KAaK H3MEHSIOTCS SJIEMEHTHI CXEMBl C H3MEHEHHEM
KOHI[EHTPAIUU METAJUTHUECKOH (a3bl.
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TEMPERATURE INFLUENCE ON THE MAGNETOIMPEDANCE PROPERTIES OF
THE MICROWIRES BASED ON THE MAGNETOACTIVE MATERIALS
Vasuhno N.V.*, Semirov A.V., Moiseev A.A., Nemirova V.A.

Irkutsk State University, 664003, Irkutsk, Russia
*e-mail: kochetova_nadya@mail.ru

BJINSHUE TEMIIEPATYPbI HA MATHUTOUMIIEJJAHCHBIE CBOMCTBA
MHUKPOITPOBOAOB HA OCHOBE MAT'HUTOAKTUBHBIX MATEPUAJIOB
H.B. Bacioxno*, A.B. CemupoB, A.A. Moucees, B.A. HemupoBa
Hpxymckuii cocyoapcmeennwiii ynusepcumem, 664003, Upxkymck, Poccus

UccnenoBanus mpoBeneHbl Ha MUKporpoBogax cocraBa Fes,Cogo Ni11B14gSig9, momydeHHBIX
MeTOoAOM YiuToBckoro-Teinopa, B TemmeparypHoMm auanasone (25+100) °C. Koncranra
MATHATOCTPHKIIMN HACHIIICHHS 00Pa3I0B OTPULATENbHA As ~ -107. JIHaMETp METa INYECKON KUIbI
17 MKM, TONIIKMHA CTEKISTHHON 00010ukH 3,5 MKM. BapbrpoBaHue TONIIMHBI CTEKISTHHONW 000JI0UKH
OCYILIECTBIIJIOCH METOJIOM XHMHYECKOro crpaBiuBanus. C 1eNbl0 MUHMMH3ALUUA BIUSHUS
HeoOpaTHMBIX MPOLECCOB CTPYKTYPHOW pellakcalluu aMop(HOro cIjiaBa Ha TeMIlepaTypHbIe
M3MEHEHUs MarHUTOMMITEJaHCHBIX XapaKTePUCTHUK MIPOBOJINIIACH npeaBapuTeIbHas
TepmooOpabdoTka mpu Temneparype 130°C B teueHue 8 uacoB. M3MepeHus ObUM MPOBENCHBI Ha
aBTOMAaTHU3UPOBAaHHOM U3MEPUTEIFHOM KOMILJIEKCE MAarHUTOMMIIEJAHCHON CHEKTPOCKONHHM Ha
OCHOBe aHanu3aropa umnenanca Agilent 4294A B nnrepBasie yactoT nepemeHHoro toka (0,1+80)
MI 11 npu neficTByOIEM 3HAYEHUU CHIIBI TOKa 1 MA.

OOHapyXeHO, YTO HMMIIEJJAaHC MHKPOIPOBOJIOB B CTEKIISTHHOH OOOJI0OYKE BO BCEM YacCTOTHOM
JMarma3oHe ¢ YBEIIMYCHUEM TeMIIepaTyphl Bo3pactaeT. I3MeHeHre TONIIMHBI CTEKISTHHONH 000JI0UKH
MPUBOAUT K HEMOHOTOHHOMY XapakTepy TeMIepaTypHOU 3aBUCUMOCTH UMIeaAanca. MUKpornpoBojaa
C YaCTUYHO CTPABJIECHHOU 000JIOUKOH (TOJNIIMHA 2,5 MKM) IEMOHCTPUPYIOT MAaKCUMYM UMIIEJIaHCA B
obnactu 70 °C. IlomHoe ymaneHue OOOJOYKH MPHUBOIUT K TOSBICHUIO MHHUMyMa TPH TOM K€
3HaueHWHU TeMreparypsl. Mccnenoanne marantonmmneaancHoro 3gdexra MI = (Zax-Zo)/Zo- 100%,
1€ Zmax — MakKCMMaJbHOE 3HAYEHUE MMIIC/IaHCA BO BHEIIHEM MAarHUTHOM Ione, Z) — 3HaYeHHE
HMMIIEJ]aHCa B OTCYTCTBUM MAarHUTHOTO TIOJIsA, IIOKA3aJlo, YTO MPU YMEHBIIEHUH TOJILIUHBI
CTEKJIIHHOW OOOJIOYKH MPOUCXOAUT yBenuueHue BenuuuHbl MI-a¢pdekra (puc.l). Onnako, npu
MIOJTHOM OTCYTCTBUH CTEKJISIHHOM oOonouku MI-addexr nanaer. CyniecTBeHHOE BIMSHUE HA XOJ
TEMIIEpPaTypHBIX 3aBUCUMOCTEH UMIIeJaHCa OKA3bIBAIOT MEXaHUUYECKHUE HAPSKEHUS, BO3HUKAIOLIHE
BBHJly Pa3JInyMsl TEMIEPATYPHbIX KO3()(UIIMEHTOB TEIJIOBOTO pacIIMpPeHHsI MaTepHaa CTeKISTHHOM
000J104KH U (heppOMarHUTHOM JKUJTBI.

Puc.1. 3aBucumocts MaraurommriieancHoro 3ddekra ot
100 Q\,_O_,«—O/O TeMIiepaTypsl Ha dYacToTax IepeMeHHoro Ttoka 10 MIn
] Mﬂ (3akpamenHbie Mapkepsl) 1 80 MI'1 (TmycThie MapKepbl) 11t

60| ‘\0————“’/ MHUKPOTPOBOIOB B CTEKJISIHHON 000JI0YKE (W), ¢ YACTUYIHO
" m CHATOI 060104KO (@) 1 6e3 06010uKH (A ).

i -y 8 g

Mi, %
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TEPERATURE DEPENDENCE OF IMPEDANCE OF THE ELASTICALLY DEFFORMED
AMORPHOUS C066F94Taz.5Si12.5B15 WIRE
Derevyanko M.S.*, Semirov A.V., Moiseev A.A., Bukreev D.A.
Irkutsk State University, 664003, Irkutsk, Russia
*e-mail: mr.derevyanko @ gmail.com

Impedance (Z) of amorphous soft magnetic materials displays a high sensitivity to the thermal
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Figure 1. The temperature dependencies of the
impedance obtained on the ac frequencies: a —
I1MI, b — 40MI'n under elastic tensile
stresses: 1 — O MPa, 2 — 220 MPa and 3 —
440 MPa.

It was found out that temperature sensitivity
of the impedance undergoes the largest changes
in the temperature interval of (150 — 180) K at
frequency of 10 MHz and above (fig. 1b) under
The frequency

effect of tensile stresses.

and deformative influences [1]. It can be useful
for using of these materials as
elements of transducers which find an
application in different tools of electronics and
automatics.

Impedance dependence of the amorphous

sensitive

soft magnetic CogsFesTas sSi125B1s wires on the
temperature was investigated under different
values of tensile force.

The samples’ length and diameter were 30
mm and 130 pum, respectively. Investigations
were carried out at the automatized measuring
complex of the magnetoimpedance
spectroscopy in the ac frequencies interval of
(0.1 — 100) MHz and temperature range of
(120 — 350) K. The maximal value of the
mechanical stresses o created by tensile force
and directed along the sample’s length was 440
MPa.

1.2} —E=0KiPas —8— 220 MPa —d— 440 MPa
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Figure 2. The dependencies of the temperature
sensitivity of the CogFesTarsSipsBis  wires
impedance on the ac frequency.

dependence of the impedance sensitivity to the temperature (AZ/AT) calculated for the temperature
interval (150 — 180) K demonstrates that AZ/AT depends as on ¢ as on as frequency (fig. 2).

[1] A.V. Semirov, M.S. Derevyanko, D.A. Bukreev, A.A. Moiseev, V.O. Kudryavtsev, A.P. Safronov,

JMMM V. 415, P. 97 - 101 (2016).
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IMPEDANCE OF THE HEAT TREATMENT AMORPHOUS MICROWIRE
Semirov A.V., Moiseev A.A., Nemirova V.A.*
Irkutsk State University, 664003, Irkutsk, Russia

*e-mail: nemirovarvara@mail.ru

NUMITEJAHC TEPMOOBPABOTAHHOI'O AMOP®HOT'O MUKPOITPOBOJIA
Cemupos A.B., MouceeB A.A., HemupoBa B.A.*
Upxymckuii cocyoapcmeennwiii ynugepcumem, 664003, Upkymck, Poccus

[IpoBeneHHble paHee HCCIEIOBAHUS O BIHSHHUU CTEKJISIHHOM O0O0JOYKH aMOPQHBIX
MUKpOIIPOBOJIOB HAa MAarHUTOMMIIEIAaHC TIOKa3bIBalOT, YTO Ha TpaHULE NPOBOJAa MU CTEKIa
CYILIECTBYIOT MEXaHUYECKUE HANPSKEHUS. AHAJIN3 OTKIMKA KOMIIOHEHT UMIIEAAHCAa MUKPOIIPOBOIa
CO CTEKJSIHHOM 00050uk0if M 0e3 Heé Ha BHEIIHEe BO3JACHCTBHE JAaCT JONOJHHUTEIbHYIO
UH(POPMALIKIO O BIUSHUN 000JI0YKH HA CTPYKTYPY MUKPOIIPOBOJIOB.

HccnenoBanue npoBeNEHO € NOMOLIBIO METOAA MAarHMTOMMIIEAAHCHOM CIEKTPOCKONHMH Ha
KOMITO3UTHOM MHUKPOIIPOBOJIE B  CTEKJISHHOM o00osouke cocraBa Fes,Cogo 1NiBi4sSigy,
MOJIYYEHHOM METOJIOM YJuToBckoro-Teisiopa. KoHCTaHTa MarHUTOCTPUKIMU — HACHIIIECHUS
06pa3toB A, cocrapmsiia ~ -1- 107, JluaMeTp MeTauINYecKOil KIIbI MEKPOIIPOBOLOB — 17 MKM.
[Ipy HamU4MKM CTEKJITHHON 00OJIOUKHM €€ TONIIMHA COCTaBiisIa 3,5 MKM. MHKpompoBoAa MPOILIH
npeaBapuTeNbHyl0 TepMooOpaboTky npu temmeparype 130 °C B teuenue 8 uacoB. Mmmenanc
M3MEpSIICS C IOMOILBIO aHanu3aTtopa uMienanca Agilent 4294A B uHTepBase 4acTOT IEPEMEHHOIO
toka ot 0,1 MI'n no 80 MI'y npu aelicTByrOIEM 3HAUEHNUN CHIIBI TOKA 1 MA.

YacToTHBIE 3aBUCUMOCTH Ha pUc.la 1elCcTBUTENBHON KOMIIOHEHTHI uMIenanca Z’ (f) MOHOTOHHO
BO3pacramiue. 3HadeHune Z' aMoppHOTro MPoBOJia CO CTEKISTHHONW 000JI0UKH B 2 pa3a MEHbIIIE, YeM
0e3 He€. 3aBUCHMOCTHM MHHMMOW KOMIIOHEHTHI MMIIEIaHCA TaKXe JAEMOHCTPUPYIOT YBEIUYEHHE
sHaueHnit Z’’(f) ¢ poctom uwacrotel f (puc. 16). st MukponpoBoja B CTEKISHHONW 000JOYKE B
nuamnaszone yactor 30 — 40 MI'm naGmrogaercs ydactok 7’ (f) Ha KOTOpoM MHUMasi KOMIIOHEHTa
OCTa€Tcs  MPAKTUYECKH HE U3MEHOW. OTCyTCTBHE M3MEHEHHMM  KOMIIOHEHTBI ~ MOYKET
CBHUJIETEJILCTBOBATh 00 HM3MEHEHHMM MAarHUTHOW CTPYKTYpbl MHUKpompoBoja. lloarBepikaeHueM
CJI0KHOW MAarHUTHOW CTPYKTYPBI MOXKET SIBJISTHCSI MOHOTOHHOE YBEJIIMYEHUE MHUMOW KOMIIOHEHTBI
UMIIeJaHCa MUKPOIIPOBoa 0€3 000I0UKH.

300 + a 100 - b 2
280 |
260 2 80+ 1
240
60 |
G 220 _c"..
" H
N 200 N 401
180 1 ol
160 -
140 04
120 . ) ,
1 10 100 1 10 100
f,MHz f,MHz

Puc. 1. YacTtoTHBIE 3aBUCHUMOCTH OEHCTBUTEILHOM 7' W MHHUMOW 7' KOMIIOHEHT HMIEIAHcCa i
KOMITO3UTHOTO MUKPOIIPOBOIa cocTaBa Fes,Cogo 1 NijB14gSigo: 1 - B cTeknssHHON 000m0uKe, d=3,5 MkM; 2
- 0e3 crexisTHHOM 00010uKkH, d=0 MKM.
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COMPARATIVE STUDY OF MAGNETIC AND MAGNETOIMPEDANCE PROPERTIES
FOR CoFeSiB, CoFeMoSiB and CoFeWSiB AMORPHOUS RIBBONS OF THE SAME
GEOMETRY
Lotfollahi Z.l’z, Kurlyandskaya G.V.*'?, Garcia-Arribas A.1’4, and Amirabadizadeh A.2
]University of the Basque Country UPV-EHU, 48940, Leioa, Spain
University of Birjand, 97175-615, Birjand, Iran
IUral Federal University, 620083, Ekaterinburg, Russia
*BCMaterials, Bizkaia Science and Technology Park, Building 500, 1* Floor, 48160 Derio, Spain
“e-mail: galina@we.lc.ehu.es

Magnetoimpedance effect (MI) in amorphous ribbons was systematically studied since its
discovery in 1994 [1], although the first magnetic field sensor based on the change of the
impedance of Co-based amorphous ribbon was reported even before the discovery of the MI effect
[2]. Being sensitive to the the effective magnetic anisotropy, MI has been used as useful tool to
probe the magnetic anisotropy of soft ferromagnets [3-4]. This combination of the importance for
both applications and basic problems of magnetism help maintaining a significant interest of MI in
amorphous ribbons. On the other hand, the methods of fabrication of the amorphous ribbons and
especially methods of the precise measurements of MI have been significantly improved during the
years and therefore, many previously obtained results require confirmation or even correction. In
this work, the magnetic properties and MI effect were studied for comparative analysis of the
properties of CoFeSiB, CoFeMoSiB and CoFeWSiB amorphous ribbons displaying exactly the
same geometry in the as-cast state, that is, without any additional heat treatment.

The Co-based amorphous ribbons were prepared by the melt-spinning technique, using a Cu
wheel rotating at 30 m/s. All ribbons had thicknesses of about 20 um and widths of about 715 pum.
The magnetic and MI measurements were performed using 18 mm long of amorphous ribbons. The
amorphous structure of the samples was confirmed by X-Ray Diffraction (XRD) using Cu-Ka
radiation. The hysteresis loops of the ribbons were measured by an inductive method at a frequency
of 3.7 Hz. The magnetoimpedance was measured in the longitudinal configuration in which the
alternating current flows parallel to the external magnetic field. The MI of the sensitive element,
inserted in microstripe line, was calculated from the reflection coefficient S;; measured by a
network analyzer using an output power 0 dB after calibration. Total impedance (Z) and its real (R)
part were measured as a function of the magnetic field for a frequency range 0.1< f <100 MHz. The
MI ratio was defined as AZ/Z= 100 x [Z(H) — Z(H=150 Oe)]/Z(H=150 Oe) for total impedance and
AR/R= 100 x [R(H) — R(H=150 Oe)]/Z(H=150 Oe) for the real part. At each frequency, (AZ/Z)max
as the maximum value of the total impedance and (AR/R).x as the maximum value of the real part
of the impedance ratio were determined.

The XRD patterns (Fig.1) of the ribbons confirmed the absence of the long range ordering - no
crystalline phases were detected. All the ribbons presented a clear amorphous structure and broad
diffraction peaks. The results suggest that the incorporation of Mo and W elements has a very small
effect on the amorphous nature of the as-quenched CoFeSiB amorphous ribbon. The measured
hysteresis loops of the ribbons (not shown) confirm that the ribbons are magnetically soft with
coercive fields less than 2 A/m, as well as the presence of a significant longitudinal anisotropy
component. The MI vs. H curve measured at 15 MHz (Fig. 2) shows that all ribbons display MI
field dependences which are typical for samples with mixed anisotropies, that is, close to the single-
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peak behavior of samples with longitudinal magnetic anisotropy but with the appearance of a small
double peak at very small external magnetic field, characteristic of samples with transverse
anisotropy, which can be probably ascribed to the surface anisotropy contribution [3].

' ' ' ' f= 15 MHz '—e— CoFeSiB
300 —A— CoFeMoSiB |
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g | ]
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Fig.1. X-Ray diffraction patterns of the ribbons. Fig.2. MI responses of the ribbons.

Figs.3 shows the frequency dependences of the (AZ/Z)max and (AR/R)ma.x for CoFeSiB,
CoFeMoSiB and CoFeWSiB ribbons. For (AZ/Z) max in the frequency range of 100 KHz to 15MHz
the MI maximum increases and for higher frequencies gradually decreases for all samples under
consideration. The maximum value of (AZ/Z)max =320 % was observed for a frequency of
f =15 MHz for CoFeMoSiB. The maximum sensitivity with respect to the applied magnetic field,
i.e. the maximum change of the impedance ratio per unit of the applied magnetic field, 175 %/Oe is
the same for CoFeWSiB and CoFeMoSiB ribbons. The shape (AZ/Z)max vs. T curves, displaying a
maximum at a certain frequency can be attributed to the competition between the enhancement of
skin effect and the reduction of the permeability with frequency [1,4]. The increase of (AR/R) max
can be attributed to increased scattering due to the greater number of domain walls along the current

path in the transverse domain structure [5].
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Fig.3. Frequency dependences of the maximum value of the MI ratio for total impedance (a) and real part of

the impedance ratio (b).
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LOW-TEMPERATURE TRANSPORT IN POLYCRYSTALLINE MANGANITES AT
HIGH MAGNETIC FIELDS
Gamzatov A.G.
Amirkhanov Institute of Physics of Daghestan Scientific Center, RAS, Makhachkala 367003, Russia
“e-mail: gamzatov_adler @mail.ru

HU3KOTEMIIEPATYPHBINH TPAHCIIOPT B TOJIMKPUCTAJIJIMYECKHUX
MAHI'AHUTAX B CUWJIBHBIX MATHUTHBIX ITOJIAX
I'am3aroB A.T.
IHHcmumym duzuxu um. X.U. Amupxarnosa /lacHI] PAH, 367003, Maxauxana, Poccus

[Ipn HM3KHMX TemmepaTypax [uisi OOJIBIIMHCTBA MAaHTAaHUTOB KEpaMHMUYECKON NpUpOIbl Ha
TEMIIEpaTypHOH 3aBUCUMOCTH SJIEKTPOCOMPOTHBICHHUS HaOmromaeTcss MuHUMyM [1-4]. Ilpupona
3TOr0 HM3KOTEMIIEpPATYpHOIO MHMHHMyMa OCTaeTcsi MAMCKYCCHOHHBIM. Hamnume MuHMMyMa
COIIPOTHBIIEHUS ITpU HU3KUX TemmnepaTypax (T<50 K) win e pocT conpoTUBIIEHUs ¢ TOHMKEHUEM
temmnepatypsl npu T—0 HaOmromaeTcss ais OOJBIIMHCTBA MAaTEPHAIIOB PA3TMYHONW TPHUPOIBI
(MarHUTHBIX W HeMmarHuTHbIX) (Puc.1). B ganHOM paboTe paccMaTpuUBaIOTCS BOIPOCHI
HMHTEpPNpETAlMU U aHaInu3a IPUPOIbl HU3KoTemnepaTypHoro Muanmyma (HTM) Ha TemnepaTypHoii
3aBUCUMOCTH 3JIEKTPOCOMPOTUBIICHUS B MOJMKPUCTANINYECKUX MAHTAHUTaX B paMKaX pa3jiu4HbIX
TEOPETUUECKUX MOJEIEN .

B wmanranurax npoucxoxnenue HTM oOcyxnaercs B paMKax HECKOJBKHX CleHapueB: 1)
MEXTPaHyJISIPHOE CIMH-3aBHCHUMOE TYHHEITUPOBAHUE MEXIy AHTH(PEPPOMArHUTHO CBSI3aHHBIMH
rpanyiamMu  (pPspr); 2) DSIEKTPOH-IJIEKTPOHHOE B3aUMOJCHCTBHE B CJIa00 HEYMOPSIOUYECHHBIX
cucreMax (Pe—e); 3) KYyJOHOBCKas Oyokaga Mexay coceiHuMu OM  ynopsao4eHHBIMU
IPOBOJAMIMMY TpaHynamu (pqop); 4) monens Kongo-tuma (pgy); 5) crnabas nokamusanus (Pwr,).

YacTto 3TH MEXaHU3MEI pacCMaTpuBaAOTCA KakK

OTJENIbHBIE €JUHCTBEHHO BO3MOYKHBIE BKJIAJAbl MPH
WHTEPIpPETAIMA HU3KOTEMIIEpAaTypHOTO MUHMMyMa P
B 2JIEKTPOCONPOTUBICHUN B MOJUKPUCTAIITNIECKUX
MaHranutax. Kak mnpaBuio, B KepaMHYECKHX
MaHTaHUTax B CHJIy CBOEM HEOJHOPOJHOCTH, MpHU
HU3KMX  TeMmmeparypax  (KpoMeé  OCHOBHBIX
MEXaHU3MOB) MOTYT CYILIECTBOBAaTb HECKOJBKO
KOHKYPUPYIOIIMX  MEXaHM3MOB  paccesHus, ¢

COM3MCPpHUMBIMU  BKJIalaMHM B  COIIPOTHUBJICHUC,

KOTOpble TpUBOIAAT K mosgsieHuto HTM. B stom

T(K)

cjiydya€ HMCIIOJIb30BAHHUE TOJIBKO OI[HOI\/'I MOICIN

Puc.1. Cxematnueckoe nzdpaxenne HTM B
MO>KET IPUBECTU K OIIMOOYHBIM BBIBOJIAM.

Pa3IMYHBIX MAarHUTHBIX ITOJIAX.

[1] E. Rozenberg, M. Auslender, 1. Felner, G. Gorodetsky, J. of Applied Physics, 88, 2578 (2000).

[2] M. Auslender, A.E. Kar'kin, E. Rozenberg, G. Gorodetsky, J. of Applied Physics 89, 6639 (2001).
[3] A.T'. I'amzaros, A.b. barnanos, O.B. Menpaukos, O.10. I'opdenko, @DHT 35(3), 290 (2009).

[4] A.G. Gamzatov, T.A. Gadzhimuradov, R. Li, L. Pi, Y. Zhang, JETP, 122, 151. (2016).
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FERROGEL DETECTION: NEXT STEP IN THE DEVELOPMENT OF GIANT

MAGNETOIMPEDANCE BIOSENSOR

Chlenova A.A. *, Melnikov G.Yu. 1, Safronov A.P. 1’2, Beketov L.V., Volchkov S.O. 1,
Svalov A.V.'and Kurlyandskaya G.V."?

"Ural Federal University, Laboratory of Magnetic Sensors, 620083, Ekaterinburg, Russia

Institute of Electrophysics UD RAS, 620016, Ekaterinburg, Russia,
I University of the Basque Country UPV-EHU, 48940, Leioa, Spain
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JETEKTUPOBAHUE ®EPPOTEJISI: CJIEIYIOIUH AT B CO3JIAHUA
MATHUTOUMIIEJAHCHOTI'O BUOCEHCOPA
Usenosa A.A. I, Meanunkos F.IO.I, Cadponosn A.P. 1’2, Bexkeros U.B., Bo1iukos C.O. 1,
Caauos A.B. ', Kypasinackas r.B."?

! Vpanvcruii pedepanvhuiii ynusepcumem, 620083, Examepunbype, Poccust
ZHHcmumym anekmpogpusuxu YpO PAH, 620016, Examepunbype, Poccus
Ynueepcumem Cmpanwr backos, 48940, Jlexona, Hcnanus

I'mranrckuit MarnutHbeli umnenanc (I'MM) mnpusnexkaer BHUMaHuUE U C TOYKU 3pPEHUS
(yHIaMEHTAIBHBIX BOIMPOCOB MArHUTOJAMHAMHKH, W KaK OCHOBAa JaTYUKOB MaJlbIX MarHUTHBIX
nonei [1]. SIBmenne I'MHM cOCTOMT B U3MEHEHMHM KOMIUIEKCHOI'O JJIEKTPOCONPOTUBICHUS (Z)
(beppoOMarHuTHOrO MPOBOJHUKA HA MEPEMEHHOM TOKE YacToThl f, MpU NPUIIOKEHUU K HEMY
BHemHero MarHutHoro mois H. T'MW  Oeu1  mpemymokeH s OHMOJETEKTHPOBAHHS C
WCIIOIb30BAaHUEM MArHUTHBIX MapkepoB [2]. OcHOBa MarHUTHOTO OMOJETEKTHUPOBAHUS — OIICHKA
BKJaJa mojed paccessHuss MarHUTHbIX HaHoudactul] (MHY). OngHa W3 OCHOBHBIX TpPYIAHOCTEH
co3manus dYyBcTBUTENbHOro I'MM OmomaTdMka COCTOMT B OTCYTCTBUU CEPTHUMHUIIMPOBAHHBIX
OouoobpaznoB. [IpemnokeHHBI  HemaBHO  moaxonx  [3], mpeanaralOmuid  UCHOIB30BaTh
CUHTETHUYECKHE TeIM B Ka4eCTBE 3aMeHUTENel 0M000pa3IioB, OTKPHIBAET HOBBIC BO3MOXKHOCTH IS
'MW GuonerextupoBanus. JlaHHas paboTa MOCBSIIEHA WCCIECIOBAHUIO YCIOBHM HCIIOJIb30BAHUS
I'MU nieHOYHBIX HAHOCTPYKTYP AJIS IETEKTUPOBAHKS 00pa3lioB TUAPOres nmoauakpuiaamuaa ¢ 3,0
Bec. % MHY okcuna xene3a u 0e3 HAHOYACTHILL.

MHUY wmarremuta Fe,O3; cdepudeckoit ¢opmbl ObUTM CHHTE3MPOBAHBI METOAOM JIA3€PHOTO
ucnapeHus. Y nenbHas nosepxnoctb MHY cocrasisiia 78,1 M/t a CpEIHEB3BEIICHHBIN pa3mep (1Mo
JAaHHBIM JIEKTPOHHOW Mupockonuu) - 18,5 am. 113 MHY npurotoBunu cycneH3uio Ha BOJHOU
OCHOBE, CTaOMIM3HPOBaHHYIO HUTpaToM Hatpus (5 MM) ¢ konuenrpanueir MHY 50 r/n, B cpene
KOTOPOU MPOBOJAUIIN CUHTE3 TUAPOres nojiuakpuiamuaa. KoHueHTpanus MOHOMEpA - akpuIaMuaa
B PEaKUUOHHOMN cMmecH cocTaBisuia 2.7 M. CiiuBarouuii areHT - MeTUJICHANaKpUiIaMu BBOJIUIIU B
MOJIBHOM cooTHomeHun 1:50 k monomepy. I[lonmmmepusaiuio HWHUIMUPOBAIH TEPCYIbhaToM
aMMoHUs W TipoBoauin B TedeHue 1 gaca mpu 90 C. Ilocne cunTe3a Qepporenn mpoMbIBaid B
TedyeHue 2 Hejenb. PaBHOBecHas cTeneHb HaOyXxaHUs MOJTUMEPHON MaTpULlbl (hepporesist cocTaBuia
4.9. Becosas xonnentpamnus MHY B depporene - 3.0%.

ITnenxu [Ti/FeNi]s/Ti/Cu/Ti1/[FeNi/Ti]y Oblin ocakaeHBLI HA CTEKJISHHBIE ITOJIOKKH METOIOM
MOHHO-TUIAa3MEHHOTO pachbuieHus. HambiieHue npoBOAMIOCH dYepe3 MAacKd BO BHEIIHEM
MarHuTHOM 1monie 250 O ans opMupoBaHMS WHAYLIMPOBAHHOW MAarHUTHOW AaHU3OTPONUHU B
TJIOCKOCTH 00pasiia nepneHauKysipao aauHHon ctopone 10,0 x 0,5 (Mmm) monocku. @opma mnerenb
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200 (b)

100

AZ/Z (%)

—i— sensitive element (1)
—@— sensitive element + gel (2)
—A— sensitive element + ferrogel (3)

0 100 200 300 (MHzI)

Puc.1. Bux rens (npo3paunsiii oopasen) ¢ 0,0 %
u ¢epporens ¢ 3,0 Bec. % MHU (a). YacTtoTHbIC
3aBUCUMOCTH MakcuManbHoro I'MU orHomeHus

200 -

JUIS  TIOJIHOTO HMIIE[aHCa, W3MEPEHHBIE IS
mwienouHoro ['MU snemenTa 6e3 00pasIoB remiei
(1), B mpucyrctBum obpasma Tens (2) um B

1001 npucyrctBun  oOpasua  depporens  (3)  (b).
g [oneBble 3aBHCUMOCTH I TIOJTHOTO UMIIEIAHCA,
N u3MepeHHele 0Oe3 oOpasioB remerr (1), B
N MPUCYTCTBUU 00Opasua rens (2) U B IPUCYTCTBUU

0 obpasna ¢epporens (3); A, B, C — mnosesbie

HUHTCPBaJibl, B KOTOPBLIX BO3MOXXHO YCICIIHOC

30 15 0 15  H(Oe)

ouoaerektupopanue; f = 230 MI' (c).

rucTepesnca mnoarBepxkaana (axt ¢GoOpMHpPOBaHMS HABEACHHOW MAarHUTHOHM  aHM3OTPOIUHU C
opuenrtanueit OJIH B muiockoctu muieHku. [TomHpI nMnienanc 1 006€ ero KOMIIOHEHTHI U3MEPSUTUCH
¢ moMmomipio cereBoro anamusaropa Agilent Technologies E5071C kak ¢(yHKIIMU BHEIIHETO
MarHMTHOTO TOJISl B AMana3oHe 9actot oT 5 10 400 MI'w. [Inis akkypaTHOTO U3MEpPEHUsI COOCTBEHHO
MMIIEZIaHCa B KAYECTBE BOJHOBOA HCIIOIB30BAIM JIMHUIO TUTIA «MUKPOCTpait». OOpa3Iisl rene u
deporeneit B popme mummHIpa auaMerpoM 9 mm  (macca 0,6 T) momermaay TOYHO B IeHTp MU
anementa. Ha pwc.l. mokazan BHemHWit Bux  renst/depporens u pesynbraThl u3Mepenus ['MU
xapaktepuctiuk. | MU oTHOIIEHHE TSI TTOJTHOTO MMIIEIaHCa OMPENESIOCh CIASAYIOMNUM 00pa3oMm:
AZIZ =100x((| Z(H) |- | Z(Hpa) | /| Z(Hia) 1), Hiax — MakcuMaibHas BelMUMHA BHEIIHETO OIS
CoBepIlIcHHO OYCBUAHO HATWMYHME NBYX TCHACHIMA: TeJeBas MaTpHUIla TOBBIMNIAET MakcumyM AZ/7Z B
nuranazone 9actoT oT 120 go 400 MI'n, a Hanmmune MHY  BenmuunHy MakcumyMa AZ/Z. TIOHWKAeT TIpU
(hbMKCUPOBAaHHON YACTOTE TOKa BO30YXICHHSI. AHAIN3 TOJEBBIX 3aBUCUMOCTEH AZ/7Z yKa3bBaeT Ha
CYIIECTBOBAHUEC HECKOJIBKHUX ITIOJIEBBIX MHTEPBAJIOB, B KOTOPBIX BO3MOXKHO YCIICHIHOC 6I/IO,I[CTCKTI/IpOBaHI/Ie.
PCBYJ'H:TS.TI:I I/I3MepeHI/Iﬁ BOJIM3M BHEIIHETO HYJCBOI0 IIOJA KaXyTCd MCHCC OXHUIAACMBIM, T.K.
CyrnepriapaMarHUTHbIC HAaHOYAaCTHUIIbI HE O6HaIIaI-OT OCTAaTOYHBIM MarHUTHBIM MOMEHTOM. B To ke camoe
BpeMs CICAYCT YUYHUTBIBATb HAJIWMYUC BBICOKOYACTOTHOIO IIOJIA TOKa B036Y)K,I[6HI/I}I U BO3MOXKHOCTH
InogMarHn4YmuBaHUsA OIIDKAMIIIETO K IMMOBCPXHOCTHU YYBCTBUTCJIBHOTO 3JICMCHTA CJIOA MHY (bepporeﬂﬁ.

[1] A.C. Anronos, C.H. I'agenkuii A.b. ['panoBckuii u gp. ®MM. T.83. Ne 6. C. 61-71 (1997).
[2] G.V. Kurlyandskaya, M.L. Sanchez, B. Hernando, et al. Appl. Phys. Lett. V. 82, P. 3053-3055 (2003).
[3] G.V. Kurlyandskaya, E. Fernandez, A.P. Safronov, et al. Appl. Phys. Lett. V. 106, P. 193702 (2015).
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MAGNETOIMPEDANSE PRESSURE SENSORS
Melnikov G.Yu. 1*, Chlenova A.A. 1, El Kammouni R. 1, Svalov A.V. 1, Volchkov S.O. 1,
Kurlandskaya G.V. 12
'Department of Magnetism and Magnetic Nanomaterials and Laboratory of Magnetic Sensoric,
Ural Federal University, 620002, Ekaterinburg, Russia
?University of Basque Country UPV-EHU, 48940, Leio, Spain
“e-mail: grisha2207 @list.ru

Magnetoimpedance, MI, phenomenon consists a complex change in electrical impedance of a
ferromagnetic conductor when an external magnetic field is applied and high frequency alternating
current flows through it [1]. This effect is a consequence of the skin effect, i.e. the reduction of the
effective cross section of the sample when an AC current flows through it. Sensors based on MI
effect can be used as pressure sensors.

In this present work, the pressure dependent of MI is investigated in two types of multilayered
structures. The first one is multilayers thin films with nominal composition
[Ti/FeNi]s/Ti/Cu/Ti/([FeNi]/Ti, where x = 5 or 4 are deposited onto glass (rigid) or Cyclo Olefin
Copolymer (flexible) substrates. The second one is CoFeNi/CuBe electroplated microtubes, which
consisted of two sensitive elements arranged in parallel. In the process of multilayers film
deposition, a constant magnetic field of 100 Oe was applied in the plane of substrates along the
short side of the rectangle sensitive element. The magnetization versus the applied field (M-H)
obtained by using the magneto-optical Kerr-microscope. The MI measurements were carried out by
using a precision Agilent HP e4991A impedance analyser. The MI for all selected samples was
measured as a function of a magnetic field for a frequency ranges up to 400 MHz for different
values of the external pressure in the range of 0 to 50 Pa. The MI ratio was defined with respect to
the sample saturated in the maximum applied field: AZ/Z= 100 x (Z(H)-Z(H,)/Z(H,), Hn= 100 Oe.

Figure 1 shows the field dependence of the MI ratio for symmetric thin film structure (x = 5)
deposited on the flexible Cyclo Olefin substrate. By increasing the pressure on the film from O to
10.80 Pa the MI curves become shifted upward with respect to the unloaded state. The difference in
the MI ratio between laden and unladen conditions in the field of 1.5 Oe is more than 10%. While,
inset Fig.1 presents the pressure dependence of MI AZ/Z ratio. There is the interval of linear
dependence on the applied pressure.

—_ Fig.1. The field dependence of MI ratio
X :

~ 1 measured for the film structure on a polymer
N .

N for different values of the pressure, the
1:0 excitation current frequency f = 169 MHz.

Inset shows the dependence of AZ / Z (P) at
applied field of 1.5 Oe.

The work was supported by the Russian
Ministry of  Education, the  project
RFMEFI57815X0125.
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[1] G. V. Kurlyandskaya, D. de Cos, S. O.
. . Volchkov, Russ. J. Nondestr. Test. V.45, P 377-
0 |2 . P.(Pa-) |8 .10, 12 N 398 (2009).
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DISPERSION OF “HEAT EXCHANGE” BY THE CORRESPONDENCE BETWEEN
“CHEMICAL PRESSURE” AND “DISSIPATIVE HEAT”
A. Yazdani 1*, F. Amiril, N. Kamali Sarvestani’
"Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran
“e-mail: yazdania@modares.ac.ir

While Si** and Ge™ belong to the same column of periodic table, the magnetic states of the
substituted compound of Gds(Si,Ge)4 are different, where the ferromagnetic GdsSiy with T¢=340°C
is surprisingly dropped to an antiferromagnetic state with Tx=15-50°C [1]. The cause/source of
effective parameter, which has this such a big different influence on the conversion substitution, is
not well-known. The reported phase impurity that may be related to the phase diagram is not much
clear [2]. The aim of this paper is to study the response of magneto-crystalline structure of GdsSi4 to
both “isothermal” and “thermomechanical” processing, in order to determine the effect of “latent
heat” and “dissipative heat” on the exchange fluctuation, which is believed to be the cause of
GdsSi, meta-stability. The correspondence between chemical pressure, (which is defined by the size
effect of Rge™™>Rsi™ on the band width) and dissipative heat (which is defined by the
thermomechanical process) is shown by X-ray diffraction patterns and VSM at room temperature. It
is evident that the magnetization of high-energy ball-milled GdsSi4 is similar to the magnetization
of annealed GdsSi,Ge, (Fig. 1). The individual XRD peaks of three distinct groups of peaks merge
to each other and collapse to three broadened regions averaging to each group of intense lines of the
annealed sample (Fig. 2). The correspondence between the three regions of X-ray diffraction
patterns can be found by the entanglement of strong fluctuation of atomic position due to the high
heat exchange energy dissipation by the high-energy ball-milled process, which can be the cause of
cluster formation in the sample. The created distortion energy can deform the unit cell. lowering the
free energy of the crystal while increasing the exchange fluctuation. This can be considered as a
kind of topological distortion that depends on the energy of band modulation and in some part on
the exchange energy, which is due to the lack of hybridization. The distortion can change the sign
and the strength of the phase transition and also the spin atomic site dispersion, which is associated
with both magnetic and crystal structures of the affected GdsSis similar to that of GdsSi,Ge,.
However, it could be calculated that the similarity of magnetic structure of high-energy ball-milled
GdsSiy with the annealed GdsSi,Ge, could be due to the loss of long-range crystalline orientation.
This is the cause of cluster formation due to the short-range magnetic order.

250 — .
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Fig. 2:X-Ray diffraction pattern for annealed and ball mill sample

20 A0 H(an i 2 References
[1] E. Bruck, O. Tegus, X.W. Li, Physica B, Vol: 327, P. 431(2003)

Fig. 1: Magnetization measurements
at room temperature for annealed [2] T. Zhang, Y. Chen, Y. Tang, Phys. D, Vol: 40, P. 5778 (2007)

and ball mill sample
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THE CAUSE OF TRIPLET ORDERING TEMPERATURE ON LaFeAsO
A. Yazdanil*, M. Hesanil, N. Kamali Sarvestani'

I Tarbiat Modares University, P.O. Box 14115-175, Tehran, Iran
“e-mail: yazdania@modares.ac.ir

The mechanism of formation of the multi-component ordering parameter of superconducting
magneto-crystalline ordering, at two different triplet critical super-magneto-crystalline points, based
on the double critical point x=0 [1] in the partner layer of LaAsFeO is still a puzzle. Whereas the
lower-symmetry “orthorhombic” crystal structure with an antiferromagnetic ordering  is

transformed to the initial higher-symmetry crystal structure of tetragonal through the mediation of
spin density wave, leading to the conversion of antiferromagnetic Tn=0 to the superconducting state
at Tc=23°C at the critical concentration substitution of ‘F” and ‘H’ (x;°=0.12) [2]. Beyond the range,
the increase of concentration above the highest concentration (x,°=0.5) leads to the conversion of
superconducting character to the antiferromagnetic state with the initial lower-symmetry

orthorhombic structure with a smaller gap (Ts=36°C) [3].

The assumed triplet critical point is a consequence of the competition between two original
electronic regions of “exchange-crystal field effect” and “crystal field effect band function”

resulting in the competition between “local-itinerant” electrons. The competition is characterized
for three effective characteristic parameters on pair potential force; (i) exchange-interaction (ii)
crystal field effect and (iii) hybridization strength. The effects result in the decrease of two sub-
layer ligand field moderation of [LaO]Jrl and [FeAs]'1 partners in La(FeOAs). The decrease of
inter-layer distance is shown to be a consequence of variation of intra- and/or inter-atomic distance
inside each partner layer (Table 1). The mechanism of the formation of strength antiferromagnetic
ordering, is traditionally a consequence of combination of exchange correlation of duality of
“localize-itinerant” electrons of “Fe-Fe” through (i) equal hybridization strengths of electronic
structure of 3d with O and As™ resulting in the competition between the super-double exchange,

which is more evident in the density of states calculation (Fig. 1). The effect can result in the
competition of super-double exchange and indirect exchange between two sites of “Fe-Fe”, which
can be controlled by (ii) the crystal field effect of the light Lanthanide RE — defined by 4f" (n=0,
odd, even), on the compensation of “Fe-Fe” exchange interaction, generating Jahn-Teller distortion
and band structure.

Pure exp. | Pure exp. Pure exp. Pure exp.

(A) 4k (A) 120°k (A) 175 °k (A) 300°k

a 4.0275 5.68262 4.03007 4.03268

b 4.0275 5.71043 4.03007 4.03268

C 8.7262 8.71964 8.7368 8.74111
Space P112/n Cmma P4/nmm P4/nmm

group
Table 1: lattice constant at different
temperature for pure LaFeAsO
References.

[1] Clarina de la Cruz, et. Al, Nature, Vol: 453, P. 899 (2008).
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Fig. 1: The calculation of density of states
for Pure LaFeAsO

[2] T. Nomura, et. Al, Superconductor Science and Technology, Vol: 21, P. 125028(2008).
[3] P. Dai, J. Hu, E. Dagotto, Nature Physics, Vol: 8, P. 709 (2012).
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MAGNETOSTRICTION IN HEXAGONAL HOMNO; SINGLE CRYSTAL
N. Pavlovskiy*, A. Dubrovskiy, K. Shaykhutdinov, K. Terent’ev
Kirensky Institute of Physics, Akademgorodok 50, bld. 38, Krasnoyarsk 660036, Russia
*e-mail: mikOla@yandex.ru

The typical example of hexagonal manganites is HoMnOs3, which magnetic phase diagram is well
established. Following to [1], at temperature Ty = 72 K, HoMnOs; ordered in noncollinear spin
structure with magnetic P6scm group symmetry. At the spin reorientation temperature Tor = 40 K,
manganese moments rotate in a plane with the changing magnetic P6;cm symmetry to P6scm, and
transition temperature ~ to 4 K associated with rare-earth ordering.

In this study, single crystal of hexagonal manganite HoMnO; was synthesized by optical
floating zone melting. The effect of magnetostriction was measured in a temperature range of 4.2 to
100 K at applied magnetic fields up to 14 T. The effect was measured along all axes in different
crystallographic configurations (longitudinal and transverse magnetostriction).

The behavior of the magnetostriction effect showed a large number of features (Fig. 1) observed
in different temperatures and field configurations ,including nonmonotonically striction and change
the sign of the effect. Moreover, the behavior of the magnetostriction effect in temperatures below
the spin-flip transition of Mn correlates well with the magnetic phase diagram HoMnO:s.

However, since original compound attended 2 of the magnetic subsystem (4f and 3d elements),
it was decided to synthesize a pattern of hexagonal substituted lanthanum manganite with
replacement on non-magnetic ion in the rare-earth subsystem in order to determine the impact on
the behavior of 4f subsystem magnetostrictive effect.

For this, the sample was synthesized with a nonmagnetic YMnO3 4f subsystem, on which the
measurement of the magnetostriction effect were also been done. Measurement results showed that
the value of the magnetostriction decreased by the order and lost all the features typical of
HoMnO:;. It can be concluded that the main role in magnetostriction effect is the role of Ho ions.

5e-5

4e-5

3e-5

AL/L

2e5

1e-5

Figure 1. Magnetostriction along c-axis of HoMnO;

[1] F. Yen, C. dela Cruz, B. Lorenz, E. Galstyan, Y.Y. Sun, M. Gospodinov, C.-W. Chu. (2007), J. Mater.
Res., Vol. 22, No. 8
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STRUCTRURAL AND MAGNETIC CHARACTERIZATION OF RAPIDLY QUENCHED
HEUSLER ALLOYS
Vargova Z.l*, Bujnakova L.-l, Galdun L. 2, Mino J. 2, Kanuch P. 2, Ryba T. 2, Varga R. 2
"Inst. Chem., Fac.Sci., UPJS, Moyzesova 11, 040 01 Kosice, Slovakia
2 Inst. Phys., Fac.Sci., UPJS, Park Angelinum 9, 041 54 Kosice, Slovakia
“e-mail: zuzana.vargova@upjs.sk

Scientist Friedrich Heusler discovered the alloy with the composition of Cu,MnAl that behaves
like a ferromagnet, although individual elements are not known for this magnetic effect [1 - 2].
Since that time, a lot of alloys with different compositions were prepared. Heusler alloys are
promising materials for use in different technical fields, like thermoelectrics, spintronics,
magnetocaloric effects, shape memory materials and other.

Heusler alloys are ternary alloys having basic formula X,YZ (with a 2:1:1 stoichiometry) and
they crystalize in structure L2; (space group no.225, Fm-3m). For this structure, four
interpenetrating fcc sublattices are typical and this arrangement can be described by ZnS and NaCl
sublattices as for the half-Heusler alloys [2].

The most common method of preparation Heusler alloys is arc-melting. However, long-term
post-production annealing at high temperatures is necessary to obtain highly ordered crystalline
structure that is crucial for excellent physical properties. This step disqualifies the Heusler alloys
from immediate applications. On the other hand, rapid quenching method has been shown to be
correct way how to produce large amount of properly ordered Heusler alloy in a single production
step [3 - 4].

There exist a simple rules how to produce Heusler alloys giving a necessity of creation of NaCl
crystalline structure from Y and Z elements, in which the X element occupies tetrahedrical holes.
Therefore, high difference in electronegativity and high difference in atomic diameter of Y and Z
elements helps in production of Heusler alloys.

In the given article, we have studied production and characterization of various Ni and Co based
Heusler alloys with their possibility to be employed for shape memory, magnetocaloric,
superconductive, half-metallic and others applications. The main aim is to find a proper
composition that can be repeatedly produced in a large amount.

References.

[1] A. Hirohata, M. Kuchi, N. Tezuka, K. Inomata, J. S. Claydon, Y. B. Xu, G. van der Laan, Opinion in
Solid State and Materials Science, V.10, P. 93 — 107 (2006).

[2] T. Graf, S. S. P. Parkin, C. Fesler, Progress in Solid State Chemistry, V.39, P.1-50, (2011).

[3] T. Ryba, Z. Vargova, J. Kovac, P. Diko, V. Kavecansky, S. Piovarci, C. Garcia, R. Varga, IEEE Trans.
Magn., V.51, P.2600103 (2015).

[4] J. L. Sanchez Llamazares, T. Sanchez, J. D. Santos, M. J. Pérez, M. L. Sanchez, B. Hernando, L1. Escoda,
J. J. Suiiol, R. Varga Appl. Phys. Lett. V.92, P.012513 (2008).
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MAGNETIC PROPERTIES OF THERMOMAGNETICALLY TREATED NiMn/Fel9Ni81
FILMS
Balymov K.G.", Lepalovskij V.N., Vas’kovskiy V.O. and Svalov A.V.
Urals federal university, 620083, Ekaterinburg, Russia
*e-mail: k.g.balymov@urfu.ru

MAT'HUTHBIE COBHCTBA IIJTEHOK NiMn/Fel9Ni81 IIOJIBEPTHY THIX
TEPMOMATIHUTHOM OBPABOTKE
bajbiMoB K.F.*, JlenanoBckuii B.H., BacbkoBckuii B.O., CBajioB A.B.

Ypanvckuii pedepanvruiil ynusepcumem, 620083, Examepunoype, Poccus

OddexkT 0OMEHHOT0 CMEIIEeHHsI aKTUBHO M3ydaeTcs B mocyieqnee Bpems [1,2]. Ha sxcniepumente
OH TPOSIBISIETCS B BHUJE CMEUICHMs] NETJIM TUCTepe3uca BJOJIb OCH MarHUTHoro mois. Taxas
aHOMaJlMsl OKa3ajlach BOCTpeOOBaHHONW B cdepe MNPOU3BOACTBA JATYMKOBOM ammaparypshl,
MOCKOJIbKY ~ fIBIISiETCS  HauOojiee TEXHOJIOTMYHBIM  PEUICHHEM 3aJadyd  I[OJAMarHWYMBaHUS
(GYHKIIMOHATIBHOTO cIos, o0ajaroero, HanpuMmep, appexToM aHU30TPOIHH
MarHUTOCONPOTUBJICHUS. BennumHa OOMEHHOTO0 CMEUICHMS OKa3bIBACTCS UYYBCTBUTEIBHOM K
pa3nuuHbIM  pu3nYecKuM (GakTopaM: TOJUIMHE CIOEB, TEMIIEpaType OTKHUra, KOHIIEHTPAIUH
JJIEMEHTOB B CJOAX M JApyruM. B naHHONl paboTe NpOBOAMIOCH HCCIEAOBAHUE BIMSHUS
TepMooOpabOTKH Ha TUCTEepe3rcHbIe cBoMcTBa MIEHOK Ta/Fel9Ni81/Ni(x)Mn(100-x)/Fel9Ni81/Ta
C OJIHOHANPaBJIECHHOW aHU30TPOIHUEH.

OOpa3ipl ObLIM TOJTYYEHbI METOJOM MarHeTPOHHOTO PACHBUICHHS HA TOAJIOXKKAaX M3 CTEKIIa
¢upmer  Corning. Tommmubl  cnoéB  1éHouHOM  cTpykTypsl  Ta/Fel9Ni81/Ni(x)Mn(100-
x)/Fel9Ni81/Ta COCTaBJISIIN 5 am/5 am/20 am/40 EM /5 HM COOTBETCTBEHHO. CocraB
6uxomnoneHTHoro ciost Ni(x)Mn(100-x) BapsupoBaics B quanazone 20 — 54 mac.%. [lonydeHnnsie
00pa3ubl MOJBEPrajiuCh OTXKUTY B BaKyyMe B TeueHHe 4daca npu Temmeparypax 200°C — 500°C.
MarsuTHbIe U3MEpPEHHUs MPOBOAMINCH C TTOMOIbI0 BuOpomaruuromerpa LakeShore 7407 VSM B
nuamna3zone tremnepatyp 300-700K.

VYcTaHOBNIEHBl  3aKOHOMEPHOCTH  (DOPMHpOBAHHUS ~ OAHOHAIPABIEHHOW  AHU3OTPONUH U
ructepe3ucHbix cBoMcTB MmiI€HOK Ta/Fel9Ni81/Ni(x)Mn(100-x)/Fel9Ni81/Ta npu BapsupoBaHUMN
TeMIepaTypbl OTKHra. B 4acTHOCTH, yCTaHOBJEHO, YTO TEPMOOOPAOOTKA IUIEHOK CIIOCOOCTBYET
yBeNWYEHUIO 3PexTa 0OMEHHOTO CMEIIECHHs, TUana30Ha COCTaBOB, I7Ie OH PEAU3yeTcs, a TaKkxkKe
TeMmIrepaTypbl OJOKMPOBKH. 3a yKa3aHHbIE OCOOCHHOCTH MOXET OTBeUYaTh pa3jIHMuHbIe CTPYKTYPHO-
xumudeckue (aspl, HAOIIOJaeMbIe B HCXOJHOM M T€PMOOOPa0OTaHHOM COCTOSIHUSX.

Pabora BemonmHena mpu (uHAHCOBOWM mommepxkke MwunHoOpHayku Poccuu, mpoekt
RFMEFI57815X0125.

[1] Kulesh N.A., Balymov K.G. et al., IEEE Trans.on Magn., 51, 4800204 (2015)
[2] Pan X., Zhou G.-H. et al., Gongneng Cailiao/JFM, 45, 10105 (2014)
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THE RESONANCE PHENOMENA OF TWO INTERACTING ORDER PARAMETERS
FOR EXTERNAL ACTION
Zavorotnev Yu.D.
Donetsk Institute for Physics and Engineering, 83114 Donetsk, Ukraine
e-mail: zavorotnev.yurii@mail.ru

PE3OHAHCHBIE SIBJIEHUS IBYX B3AUMOJIEHCTBYIOIIUX TAPAMETPOB
MOPSAJIKA ITPU BHEIIHEM BO3JIEHCTBUU
3asopornes 0. JI.
Honeyxuu ¢husuxo-mexuuveckuii uncmumym um. I'arkuna A.A. 83114, Joneyx, Yrpauna

N3yuyeHbl BUABl paclpenesieHu MOJYJIEH CTPYKTYPHOIO M MarHUTHOIO IIapaMeTpOB IMOpPsSAKA
(ITIT) mpm HaANOKEHUW KPY4YEHUS U JABJICHUS, MPUIOKEHHBIX MEPHNECHIAUKYISIPHO “JErkol ocu”
deppomarHeTuka. YCTaHOBJCHO TOSIBICHHE JBYXCTOPOHHHUX OJHO- U IPOTHUBO(A3HBIX
MPOCTPAHCTBEHHBIX aMIUIUTYAHbIX Moxyisiui III1 nmpu takom Bo3zaeictBuu. Ilokazano, 4TO
YBEIIMYCHUE JABJICHUS MPUBOAUT K pOCTy aMIUIUTyabl Monyisinuid [II1. Ykazanel BO3MOXXHBIE
CJIy4au pE30HAHCHBIX SIBJICHUN B CTPYKTYPHON U MarHUTHOM IOJCUCTEMAX.

[Tycts B MOzENbHOM (peppoMarHeTHke ¢ aHuU3O0Tponuei Tuma ~jerkas ock” (OZ) mpuioxeHa
MHTEHCUBHas mactudeckas aedopmarus kpydenuem (UITJIKP), nanpasnennas mo ocu OY. Kpome
atoro, mo ocu OX MPUIOKEHO OJHOOCHOE MOCTOAHHOE nepuoamdeckoe nasineHue (IIIJI) c
BEKTOPOM pacrpocTpanenus Kk . [Ipu onucaHuy Takol MOJENHU ¢ UCHONIb30BaHUEM Teopuu Jlanaay
B HEpPaBHOBECHOM TepMoaunHamuieckoM noteHimane (HTJIIT) HeoOxoaumMo yYUTHIBaTh YIPYTYIO U
MarHuTOYyINpYyTrylo SHEPrUU. B paBHOBECHBIX CUTyallUsIX MOXHO IIyTEM IEPEHOPMHUPOBKHU MOIYYUTh
BEIpakeHHe, KoTopoe GopmanbHo coBmamaer ¢ HTJIIT 6e3 yuera ynmpyroro u MarHUTOYIpPYroro
B3aUMOJCUCTBUI. B wurTore s KpUCTAIOB, MAONMYCKAIOIIMX CYLICCTBOBAHUE WHBAPUAHTOB
Judmuna, noaydaem

=%, 4, % 6 +ﬁpz2 +ﬁF;‘ +&Ff +&sz +&F;‘ +
2 4 6 2 4 6 2 4

S 0 aq.
+}/lq2(Fx2+Fz2)+74Fx2Fzz_72M QZ&_QJCL +
dy dy
2 2
sy | [ Qe ] 4[] |p g (14 Scosthy) 1
dy dy
3mecs  @;,[,,%,0 - (HCHOMCHOIOTHYECKHE KOHCTAHTBI, ¢ U F - CTPYKTypHBIA |

dbeppomarautHeiit [1I1. Ock OZ HampasieHa 1o “Jerkoi ocu’, BpalleHUe MPOUCXOIUT B TIIIOCKOCTH
XZ, OY — ocp BpameHusa, M - momeHT kpyueHus HWIIJIKP, P - emmuuna IIIIJI. B (1)
npeanojaracTes, 4To al,ﬂl,ﬂ4 3aBUCAT OT TCMIICPATYPbI U MCHAIOT 3HAK B KPUTUUYCCKUX TOYKAX,
a,>0,8,>0,5,>0,7,<0,7,<0,8,>0,0>0. 3Haku ocTajibHbIX KOIYPUIMEHTOB OyIyT

MEHSATHCS NPU MTOCTAHOBKE BBIYMCIIUTENBHOIO 3KcrnepuMeHTa. Ciaaraemele ¢ IpOCTPaHCTBEHHBIMU
IIPOU3BOIHBIMH ONIMCBIBAIOT BO3ZHUKAIOLLYIO B pe3yibTare HanoxxeHus UITJIKP npocrpancTBeHHYIO
CIUPATBHYIO CTPYKTYPY. MOKHO TOKa3aTh, 4yTO pazHuma r—s =4. B cuiay 3TOro B HacCTOSIIEH
pabote npuHATO ¥ =6,5=2.
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[Ipu oTkaze oT nmpuOIMKEHUS TOCTOSHCTBA MOAYJIEH HEMPUBOIUMBIX BEKTOPOB HEOOXOAUMO
pemaTh CUCTEMY YpaBHEHUM Oilyiepa, MOMOJHEHHYIO IBYMS HEJTWHEHHBIMHU alreOpandecKuMu
ypaBHeHUAMHU. Huke mpencTaBieHbl HEKOTOpPbIE MOJyUYEeHHBIE pe3yabTaThl U UX aHanu3 Dypre s
pa3HbIX TEMIIEPATYPHBIX HHTEPBAJIOB ¢ yueToM poja DII.
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Puc.3. IIpocTpancTBeHHBIN pe30HAHC. 3aBUCUMOCTh MOAyis mMarHuTHOTO IIIT m ero anamus dypwe
MPU IPUMEPHOM PABEHCTBE BEKTOPOB PACHPOCTPAHECHUS CTPYKTYPHOU cripanbHOU cTpyKTypsl u II1]1.
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EXCITATION BY RF MAGNETIC FIELD AND PROPAGATION OF ELASTIC WAVES
IN THE FERRITE FILMS
D.S. Beznosikovl*, S. V. Osipovl, L.N. Kotovl, V.S. Vlasovl, L.V. Lutsev’
]Syktyvkar State University named after Pitirim Sorokin, 167001, Syktyvkar, Russia
2[0]76 Physical-Technical Institute, Russian Academy of Sciences, 194021, St. Petersburg, Russia
“e-mail: uvn71p3@gmail.com

BO3BYXKJIEHUE ITPU NIOMOIIU PAANOYACTOTHOI'O MATHUTHOTI'O ITIOJISA U
PACITIPOCTPAHEHUE YIIPYTUX BOJIH B ®EPPUTOBBIX INTEHKAX
J.C. BESHOCI/IKOBI*, C.B. OCI/IHOBI, JILH. KOTOBI, B.C. BJIaCOBl, JI.B. .JIyueB2
'®rE0Y BO « Coixmuiékapckutl cocyoapecmeennwitl ynugeepcumem umenu Ilumupuma Copoxkuna»,
167001, e. Coixkmuisxap, Poccus
? Qusuro-mexruueckuil uncmumym um. A.@. Hoghgpe PAH, 194021, Canxkm-Ilemepoype, Poccus

[TpoBeneHO 3KCIEpUMEHTAIBHOE UCCIIeIOBaHNE BO30YKICHUS M PACIIPOCTPAHCHHUSI TIOTIEPEUHBIX
YOPYTUX BOJH B IUIEHKAX >KEJIE30MTTPUEBOrO rpaHaTta, ¢ ToamuHamu 12.8 , 8.15, 5.84 Mxm.
[In€uku OBLTU BHIpAICHBI HA MOJJIOKKE W3 TaJOJUHHUI-TAIMEeBOr0 rpaHara, ToMmuHoH 500 MKM.
Jl51s BO30YX/I€HUs YIIPYTUX BOJH B TUIEHKH MOMEUIAINCh B KATYIIKY MHIYKTUBHOCTH, HA KOTOPYIO
MOJABAINCh MMIYJIBChI TOKa € 4YacToTo 3amosiHeHus 18.8 MI'm. [{ns peructpauuiu ynpyrux
KojeOaHui, TUIEHKU COEIUHSIINCH C KBAaplLEBOM JMHUEH 3aJepKKU B BUJAE LIJIMHApPA, pa3zMepaMu
40%8 MM’ DbGEKTHBHOCTE BO3OYKICHHS HCCIENOBANACH B 3aBHCHMOCTH OT AMILUIATYIBI
IIOCTOSIHHOTO MAarHUTHOrO IOJisl, KoTopoe u3MeHsuiock B mpenenax 8-350 mTiu. IlocrosHHOE
MarHMTHOE T0JIe OBIJIO HAMIPABJICHHO BIOJb MJIOCKOCTH TUIEHKH, a TIEPEMEHHOE MOJIe TI0 HOPMaJu K
I0CKOCTH TIEHKU. [lolydeHHBIE 3aBHUCHMOCTH aMIUIMTYA BO30YXKIAaeMbIX YIPYTUX BOJH
MOKA3bIBAIOT, YTO WX BHUJ OIpPEAEISIeTCS NPoLecCaMd CTaTUYECKOr0 HaMarHWUYMBaHUS U
MOHOJJOMEHHU3AIHEH MIEHOK. B 3aBUCUMOCTH OT (OPMBI MIIEHOK U WX TOJIIHUHBI, MOXXHO BBIJIEIUTH
JIBa OCHOBHBIX MeXaHu3Ma 3(PPEeKTHBHOTO BO3OYXKICHHS YNPYruxX KojeOaHWid B TIEHKAX: 3TO
MPOLIECChl BpPAILEHUS HAMarHMYEHHOCTH M KoOJieOaHWs JOMEHHBIX CTEHOK. Jlias 3TuX nBYX
MEXaHU3MOB XAapaKTEPHBI Pa3HbIE 3aBUCUMOCTH OT MOCTOSIHHOI'O MAarHUTHOrO nodjis. Ui mepBoro
MEXaHM3Ma XapaKTEepPHO YMEHbIIEHHE M HaJU4YMe MaKCUMyMa aMIUIMTYAbl YIPYTUX KoJeOaHWi
P YBEJIIMYEHUU TMOCTOSTHHOTO ToJig. JIJsi BTOPOTrO XapaKTEepeH pOCT aMIUIMTYAbl YIPYTUX
KoJeOaHuil ¢ JaTbHEHIIIM BBIXOJIOM B HACHIIIICHUH C YBEIHUECHHUEM BEIMYUHBI TIOCTOSIHHOTO TTOJIA .
J1Jis KpUBBIX 3aBUCUMOCTH aMILTUTYBI YIPYTUX KOJIEOAHUH OT MOCTOSIHHOTO TIOJIsl, BO30YX/TaeMbIX
B OCHOBHOM KOJICOAQHUSMH JOMEHHBIX CTEHOK, HMEIOTCS OSKCTPEMYMBI, OOYyCIOBIICHHBIC
IpoLIECCaMU BPAILlEHHUs] NPU HAMATHUYMBAHUH IIEHOK.

Pabota BeimonHena B pamkax npoekta Nel503 rocynapcrsennoro 3aganus MOuH PO.
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THE INTERACTION OF MAGNETORHEOLOGICAL ELASTOMERS WITH
THE PERMANENT MAGNETS
Alekhina Yu.A., Makarova L.A., Kramarenko E.Yu., Nadzharyan T.A. and Perov N.S.
Lomonosov Moscow State University, 119991, Moscow, Russia
“e-mail: va.alekhina@physics.msu.ru

B3AMMOJIENCTBUE MATHUTOPEOJOTHYECKHX DJIACTOMEPOB C
MNOCTOAHHBIMUA MATHUTAMHU
Aunexuna I0.A., Makaposa JI.A., Kpamapenko E.1O., Hagkapbsn T.A. u Ilepos H.C.
Mocrosckuii I'ocyoapcmeennwiii Yuusepcumem umernu M.B. Jlomonocosa, 119991, Mockea,
Poccusa

Magnetorheological elastomers belong to a class of so-called “Smart” or “Intelligent” materials.
Under the influence of the environment, namely, the external magnetic field, they are capable of
changing their properties, which provides broad application prospects in various fields.

There are various projects of devices which operating principles are based on the attraction
between the elastomer and a system, which generates the magnetic field. Types of magnetic clips
can be constructed using such mechanisms. The exact calculation of the interaction forces at small
distances is impossible because of the necessity of taking a huge amount of factors into account. For
the determination of the main regularities of the interaction of the elastomer with the magnetic field,
a complex experimental investigation is necessary. Simulation was made using COMSOL
Multiphysics software.

For this investigation, experimental unit based on electronic weigher was developed and
gathered. The interaction force of the elastomer with iron particles at the mass concentration 73%
and a permanent magnets system was measured.

The dependence of the interaction force of
' the elastomer and cylindrical magnet 3mm and
Smm height on the distance between them

- = - F, N modeling 3mm magnet
—a—F N experiment 3mm magnet
F, N modeling 5mm magnet

0.6 _ ——F NexperimentSmmmagnet  (fjg, 1) has a hyperbolic shape. The
0.5 dependence of the force on the distance to the
0.4 power of -3 is nearly linear which confirms the

z 0.3- possibility of description of the permanent
W ool magnet field by the dipole moment. The
0.1 000 ODO;) zgf(_;)O-BG 004 experimental results indicate the viability of the
00 < — measurement methods, which allow to carry out

T 16 "8 "W 12 1 further experiments with different systems of

magnets. The results of the modeling are in

D, mm . .
agreement with experimental data.

Figure 1. The dependence of the interaction force of

the elastomer and the cylindrical magnet with 3 mm The interaction force of the elastomer with
and 5 mm height on the distance and the dependence ~ two magnets placed on different distances from
on the distance to the power -3 (enclosure). each other was also measured (Fig. 2). In case

of the opposite orientations of magnetic poles,
the dependence of the force on the distance between magnets at small distances from the elastomer
i1s more pronounced and nonmonotonic.
a) b)
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Figure 2. The dependence of the interaction force of the elastomer with two magnets system in case of
opposite orientation of the poles (a) and in case of parallel poles (b) on the distance between them and the
dependence on the distance between magnets at the 6 mm distance to the elastomer (enclosure).

The force of interaction of the elastomer and the system of three and four magnets in different
configurations was also measured (Fig. 3). In case of the parallel orientations of all magnets the
interaction force at large distances is more, and at small distances — less, than that in case of
alternating poles orientations. The system of parallel magnets can be described by the dipole
moment, and the system of alternating magnets can be described by the quadrupole moment, which

field decreases rapidly.

a)
1,4+
0,74 — FparaueP 1 parallel’
e , 1,2 )
0,6 i alternating” ~ " | ] alternating
0,5- L
0,4 0,8
< 03] = 06
LL = <
0,2- 0,4+
0,1 0,2
00 0,0 Pt
5 10 15 20 25 5 10 15 20 25
D, mm D, mm

Figure 3. The dependence of the interaction force of the elastomers with the system of three (a) and four (b)
magnets on the distance between them.

The results obtained can be used for determination of the parameters of the system, namely,
elastomer properties and the magnetic system parameters that are necessary for the certain device,
such as magnetic clips for eye surgery.

The work was financially supported by RSF 16-15-00208 grant.
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ELECTRICAL PROPERTIES OF MAGNETORHEOLOGICAL ELASTOMRES
DEPENDENCES ON TEMPERATURE AND STRESS
Makarova L.A.l*, Rusakova T.S.l, Alekhina Yu.A.l, and Perov N.S.'
]Physical Faculty, Moscow State University, 119991, Moscow, Russia
“e-mail: la.loginova@physics.msu.ru

HCCJIEJOBAHUE TEMIIEPATYPHOM U JIEGOPMAIIMOHHOM 3ABUCUMOCTH
SJEKTPHUECKNX CBOMCTB MATHUTOPEOJIOT MTYECKHNX SJIACTOMEPOB
Makaposa J.A."", Pycakosa T.C.", Anexuna ¥0.A.", Ilepos H.C.'
"Mockoscrui 2ocyoapcmeennwlil yrugepcumem, gusuveckuil paxyiomem, 119991, Mockea,
Poccusa

Magnetorheological elastomers (MRE) are so-called ‘“smart material”, their physical properties
can be changed significantly under external influences (temperature, magnetic field, stress, etc.).
MRE represents diamagnetic polymeric matrix with dispersed magnetic micro- or nanoparticles.

The purpose of the work was the research of dielectric permittivity of MRE based on iron (2
mkm) and NdFeB (50 mkm) particles. Mass magnetic particles concentrations were 71wt% (iron),
35wt% and 75wt% (NdFeB). To determine the dielectric properties the plate capacitor with MRE
filler as dielectric was measured. The magnetodielectric effect (MDE) was revealed in MRE at
room temperature, namely, the dielectric permittivity of the samples increased when external
magnetic field, which was perpendicularly to the plane of the capacitor, increased. The
displacement of the filled particles under external magnetic field can leaded to the MDE.

Equipment with the foam plastic measuring cell and the copper-constantan thermocouple was
prepared to investigate the low temperature dependence. The capacitor with the sizes 2x2 cm® with
the MRE sample was placed inside the cell, and liquid nitrogen was poured. The measuring of
capacitance was occurred with immitance-meter AKTAKOM (model 3016). The heating of the
sample was occurred naturally: after evaporation of liquid nitrogen the temperature increased. At
the temperature 77 K of liquid nitrogen the MDE became significantly smaller, the dependence of
MDE on external magnetic field was non-monotonic. The dependences of MDE of both sample
types at room temperature and low temperature are presented at Fig.1.

There were also determined the properties of the MRE which were restored above the glass
transition temperature during heating and the MDE value reached the initial magnitude (Fig.2). The
temperature dependence was reversible with some hysteresis and corresponded to the temperature
change of magnetic properties measured with Vibrating Sample Magnetometer (Fig.3).

To investigate the mechanical stress influence to the MDE value the measuring cell with plane
capacitor with fixed closed side walls and bottom wall and the mobile top wall was prepared. Thus
the elastomer placed between the capacitor plates, occupying all the space between them, the top
plane fitted snugly to the sample. The mechanical stress to the MRE sample was applied by the
screw and a spring, and the value of the stress can be determined by the spring deformation, which
was fixed by the micrometer. The volume changers of the MRE sample were also controlled by the
micrometer. It was found the influence of mechanical stress to the MDE magnitude, namely, the
one became larger when stress applied. The results are presented at the Fig. 4.
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7| —o—Fe 71,5 %, 300 K 1O T FendB 35% 300K
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Fig. 1. The field dependences of MDE of MRE based on Fe 71,5wt% (left) and NdFeB 35wt% (right) at
room temperature (300 K) and low temperature (77 K). At low temperature the increasing or decreasing of
magnetic field is presented with arrow in legend
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Fig. 2. The temperature dependence of the Fig. 3. The temperature dependence of the
capacitance of the plane capacitor with MRE magnetization of MRE based on Fe 71,5wt%. Two
based on Fe 71,5wt% particles. Different curves curves correspond to the different magnetic field
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MAGNETOCRYSTALLINE ANISOTROPY CONSTANTS OF THE YFe; COMPOUND
Bolyachkin A.S.*, Neznakhin D.S., Garaeva T.V., Bartashevich M.I.
Ural Federal University, 620002, Yekaterinburg, Russia
*e-mail: anton.bolyachkin @urfu.ru

KOHCTAHTHI MATHUTOKPUCTAJUIMYECKO AHU30TPOIIUU
COEJUHEHMUS YFe3
boasiukun A.C., He3naxun /I.C., I'apaeBa T.B., bapramesuu M.U.

Ypanvckuii pedepanvrwiil ynusepcumem, 620002, Examepunbdype, Poccus

Coenunenne YFe; urpaer BaxHyr0 poJib IpU M3YYEHUHM MarHUTHBIX cBOMCTB cucteM RFes, roe
R — penkosemenbHbIM 35eMeHT. BBuAy TOro, uto moHsl Y 00JagalOT MPEHEOPEKHMO MabiM
MarHUTHBIM MOMEHTOM, BCE MAarHUTHbIE CBOWCTBa coeinHeHHs YFe; MOryT ObITh NPUMHMCAHBI
noapemerke Fe, yto no3soiser, npencrasus RFes B BUzie 1ByX B3aMMOJCHCTBYIOIINX MarHUTHBIX
MOAPEIIETOK [1], BBIACIUTh MArHUTHBIA BKJIAJ PEIKO3EMEIBHBIX MOHOB. B 3THX LENsAX Ba)KHBIM
SBJIACTCS ONPEACICHUE MATHUTHBIX CBOMCTBA COeIMHEHUs Y Fe3 ¢ BBICOKOM TOYHOCTBIO.

B  nmanHOif  pabGore mpencTaBieHBl  pe3yiabTaThl  M3MEPEHUH C  HUCIOJIb30BaHUEM
MaraurousMeputenpsHoro kommiekca MPMS-XL-7 EC kpuBbIX HaMarHW4MBaHUs MOHOKPHCTAJLIA
YFe; B1osb 0a3uCcHOM MIOCKOCTH (IJIOCKOCTH Jierkoro HamaranuuBanust; [1IJIH) u Bgous c-ocu (och
TpyaHoro HamarHuuuBanus; OTH) B wunrepBane Ttemneparyp 2-600 K. Ompenenensl u
[IPOAHAIM3UPOBAHbl  TEMIIEPATYpPHBIE 3aBUCUMOCTM HAaMarHMYEHHOCTH HACBIIIEHUS  BJIOJIb
yKa3aHHbIX HarpaBieHudl (Mp;y u Mgory COOTBETCTBEHHO) M ycTaHOBIeHa Temneparypa Kropu
Tc =552 + 3 K. IIpoieMOHCTpUPOBAHO HAIWMYME CYILECTBEHHOM aHM30TPOIMU HaMarHWYEHHOCTH
2] p = Mgy — Moth)/Mpy, xotopast mpunumaet 3Hauenue (3,4 +0,7)% npu 2 K 1 MOHOTOHHO
BO3paCTaeT C YBEINYECHUEM TEMIIEPATYPHI.

JUia  onpeneneHus TEMIEPATYPHBIX 3aBUCUMOCTEH KOHCTAHT MAarHUTOKPUCTAJTIMYECKON
aamsorporu K; m K, Obu1 ucnonb3zoBan MoauduimpoBanubeiii meton Cakxcmura-Tomrmcona [3],
KOTOPBIM YYUTBIBACT AHU30TPONHUI0 HAMAarHWYEHHOCTH, a TAKXE BBICOKOINOJIECBYIO MAarHUTHYIO
BOCIIPUMMYHUBOCTE (mapamporiecc). IloMuMO yka3aHHBIX BBbIIIE OCOOCHHOCTEH Ha pe3yiabTar
OIIpeZe/IEHUs] KOHCTAHT BIUSET Malblil yroJ pasopueHTanuu marautHoro nois u OTH kpucranna,
4TO OBLJIO YYTEHO OTIAECIBHO B PaMKax YHCICHHON anmpoKCUMAallWW KPUBBIX HaMarHUYWBaHMSL.
CornacHo paHHbIM annpokcumauuu K nmpuHumaer orpunarenbssle 3HaueHus (K =-11 Mapr/CM3
nipu 2 K), ee TeMneparypHasi 3aBUCUMOCTb COIJIACYIOTCSI CO CTEIIEHHBIM 3aKOHOM AKYJ0Ba-3MHEpa:
K (T) = K;(0) - [Ms(T)/Ms(0)]3. Koncranra K, 6onee yem Ha nopsagok menbine K; (K, =-0.15
Mapr/CM3 nipu 2 K) 1 1eMOHCTpHUPYET YMEHBIIEHUE C YBEITUUYCHUEM TEMIIEPATYPHI.

[1]J.F. Herbst and J.J. Croat, J. Appl. Phys. V. 53, N. 6, P. 4304-4308 (1982).
[2] E.R. Callen and H.B. Callen, J. Phys. Chem. Solids V. 16, P. 310-328 (1960).
[3] A.S. Bolyachkin, D.S. Neznakhin, and M.I. Bartashevich, J. Appl. Phys. V. 118, P. 213902(1)-(4) (2015).
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METHOD OF DETERMINING THE QUANTITATIVE CONTENT OF THE
FERROMAGNETIC PHASES IN THE DEFORMED THREE-PHASE CHROME-NICKEL
STEEL FOR MAGNETIC PARAMETERS
Rigmant M.B., Nichipuruk A.P., Korkh M.K.*

Institute of Metal Physics UB RAS, 620137, Ekaterinburg, Rossia
*e-mail: KorkhMK @imp.uran.ru

METOJ OOPEJAEJEHUSA KOJINYECTBEHHOI'O COAEP KAHUSA
®EPPOMATHUTHBIX ®A3 B JE®GOPMUPOBAHHOMN TPEX®A3ZHON
XPOMOHUKEJIEBOH CTAJIM IO MATHUTHBIM TAPAMETPAM
Purmant M.B., Huuunypyk A.IlL., Kopx ML.K.*

Hncmumym ¢uzuxu memannos YpO PAH, 620137, Examepunbype, Poccus

KadecTBO XpOMOHHUKENEBBIX CTAEH ONpenesieTcsl B EPBYIO ouepeab UxX (a3oBbIM cocTaBoM. B
HCXOJHOM COCTOSIHUM MaTepuai CTalu coaepxut ¢aszy aycreHuta (Yy-¢aza) v, B HEKOTOPBIX
ciyyasix, BTopyto ¢azy — depput (0-dasza). Ho mon Bo3aeiicTBHEM IUIaCTHUECKUX AedopManuil B
CTaJIM MOKET BO3HHUKHYTH TpeThs (haza — mapTeHcuT aedopmanuu (o' -dasza). Hammuue stoii dassl
MEHSIET MEXaHMYECKHME W XHMMHUUYECKHE CBOMCTBA CTalM — IMOBBIIIAETCS XPYHNKOCTh U CHHXKAETCS
KOPPO3UOHHAS CTOUKOCTh. B CBSI3M ¢ 3TUM KOHTPOJIb (Pa30BOTO COCTaBa XPOMOHHMKEJIEBBIX CTajei
SIBJISIETCS] BAXKHOM U aKTyaJlbHOM 3a7a4eil.

®a3zel o0 U o — (PeppOMarHETHKH, HX COIEPKAHHE MPHHATO OMPEACNIATh MO0 MarHUTHBIM
napamerpam matepuasna. OJHUM W3 TaKUX MapaMeTpPOB SIBISETCS HAMArHMYEHHOCTb HACBIIICHUS
cranmu (Hs). Ho mpu OgHOBpEMEHHOM HalW4yuu B cTaau (a3 o U o BeauunHa Hg MO3BOIHT
paccuuTaTh JHILIb UX CyMMapHOE cojep:kanue. B naHHOM ciydae, 4ToObI ONpeeuTh MPOLIEHTHOE
coJiep’KaHue KaXJIoW M3 (QeppOoMarHUTHBIX (a3 HEOOXOJMMO HCIOIb30BaTh APYrHe MarHUTHBIE
rapameTphbl U CBOMCTBA UCCIEAYyEeMOro MaTepuarna.

B nanHO#t pabore mpencTaBieH METOA ONpPEIeNCHHs IPOLEHTHOIO COJEPXKaHHUS JBYX
¢deppoMarHuTHBIX (pa3 pa3HOW MarHUTHOM JKECTKOCTH II0 WX MAarHUTHBIM CBOWCTBaM, NpHU
OJTHOBPEMEHHOM HAITMYHMH JaHHBIX (a3 B OJHOM 00bEeMe CTallu.

B xauectBe ocHOBHOro mapamerpa Obuta BbiOpaHa nauddepeHImanpbHasi MarHUTHAS
BOCIIPUMMYUBOCTD (¥zif) U €€ 3aBUCUMOCTb OT nonst (H) — yu(H). Ha puc. 1 npuBeneHs! npumepsl
HOJTYYEHHBIX 3aBUCHUMOCTEH Yuy(/{) IUId ayCTEHWTHBIX OOpa3sLOB € Pa3IM4YHBIM IPOLCHTHBIM

conepxanueM depputa (puc. 1a) u mapreracuta nedopmanuu (puc. 16):
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Puc.1. 3aBucumoctu y,(H) 1 nByx(a3HbeIX 00pa3LoB: a - ayCTEeHUTHO-(heppUTHBIE 00pa3LIbl ¢ pa3INUHbIM
cozepkanueM 0-(hasbl, O - ayCTCHUTHO-MApPTEHCUTHBIC 00PA3ILIbl C PA3IHIHBIM COIEpKAaHuEM O -(ha3bl.

H, A/lem
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bbUIO yCTaHOBIIEHO, YTO IUIOWIAAU TOJ KPHUBBIMH JYy(H) Ha puc.l. NponopHuOHAIBHEI
MPOIIEHTHOMY COJIEp’KaHUIO (peppOMarHUTHHIX (a3 B oOpasuax (puc.2.):

/_\2500- Nod
T = 12004 °
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| | S 1 ’
= ‘ = ‘
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2 a - o 1000 ) .
] . .
= e =) E 7 Ne3
3 - 19} -
£ 1500 L g 800 -
o = B
3 27 Ned S .
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0 5 10 15 20 25 30 35 40 0 2 4 6 8 10 12 14 16 18 20 22
Puc.2. ITnomanu noj 3aBUCUMOCTSIMU Yy ) OT IPOLEHTHOTO cofepkaHus (peppoMarHUTHLIX (a3 B
IBYX(a3HBIX 00pa3Iax: a — ayCTeHUTHO-(heppUTHBIEC 00pa3Ibl, O — ayCTEHUTHO-MapTECHCUTHBIC 00pa3Ibl

Jlanee Oblia CMOJENMpOBaHA CHUTYyallMs, KOTJa B OAHOM OObEME HCCIIEeIyeMOro Marepuasa
HaxomaTcs JBe (eppoMarHuTHbie (asel: O u . J[Is 3TOro B HM3MEPUTEIBHYIO KaTYyIIKY
MOMEIATNCh 2 00pasna: ayCTeHHTHO-(QEPPUTHBIA W ayCTEHUTHO-MAPTCHCHTHBIN. 3aBUCHMOCTH
Xai{H) nns TakuX COCTaBHBIX OOpasloOB HMENM JABOMHOW MUK WM Heperud, us3-3a pasHOU
MarHuTHON KECTKOCTH (a3 Ol ¥ O, BXOAAIIMX B oOpaserl. JIIs BOCCTAHOBICHHS KPUBBIX Xaif(H)
KaKI0H M3 (QeppoMarHuTHBIX (a3 3aBUCUMOCTb  Yuy(H) coctaBHOro oOpasua Oblia
anmpokcuMupoBaHa ¢yHkuuei Jlopenma. Ilmomanyu moa «BOCCTAaHOBICHHBIMH» (DEPPUTHON H
MapTEHCUTHOM KPUBBIMHU Yyi{H) OKa3anuch MPONOPLUOHAIBHBI IPOLEHTHOMY COACPKAHHMIO DTHUX
¢da3 B cocraBHOM oOpasue. Ilpumep 5SKclepUMEHTalbHO IONYYEHHOW 3aBUCHUMOCTH Yy H)
COCTaBHOTO 00pasiia U pe3yabTaThl AMPOKCUMAILIUY 3TOW 3aBUCUMOCTH NMPUBEICHBI Ha puC.3.:

Yo
5 Puc.3. 3aBucumocts  yu(H) cocraBHOoro  oOpasua,
1 COCTOSILIIETO M3 ayCTEHUTHO-(heppUTHOro (CoaepikaHue O-

“Al /3 ¢azel — 14%) U aycTEeHUTHO-MAapTEHCUTHOTO 00pa3loB
(comepxanme o-pasel — 13,2%) wu pe3ynbraThl ce

anmpokcuMaruy GpyHkiueit Jlopenma.

Ha pwuc.3. mudpamu o603HaueHB: 1 — dKCIIEPUMEHTAIBHO
nony4yeHHas  Kpusas  Yu{H)  cocraBHOoro  obpasua;
2 - «BOCCTAaHOBICHHAas» KpuBas Jy(lH) aycTeHUTHO-
MapTeHCUTHOI0 00pasla; 3 — «BOCCTAHOBJICHHAS» KPHUBAs
Xai(H) aycTeHuTHO-(peppUTHOTO 00pasia

H, Alem

-3‘00 ' -2;)0 ' -1;)0 ' 0 ' 1(‘)0 ' 2(‘)0 ' 3(‘)0

[Tocne mpoBepkn pa3pabOTaHHOW METOJMKH Ha COCTABHBIX 00pa3liaX aHAJOTWYHBIE M3MEPEHUS
ObUTH TIpOBe/IeHBI Ha TpeX(a3HbIX 00pas3lax, M3TOTOBIEHHBIX W3 AayCTCHUTHO-()EPPUTHON CTanu
08X21HO6M2T (conmepkanue O-ha3el — 18%) myrem ee pedopmaruu mpokatkoid. B momydeHHbBIX
obpa3uax, rae o0 ¥ O HaxXOAATCS B OJHOM O0beMe BelecTBa, BIMSHME 3TUX (a3 Apyr Ha apyra
OyzeT 3HaYUTEeNBHO CHIbHEE. TeM He MeHee, UCTIOIb30BaHUE MPENIOKEHHONH METOIUKH TTO3BOIHIIO
C JIOCTaTOYHOH TOYHOCTBIO OIPEEIHTh MPOLEHTHOE COAEPKAHUE KaXT0H M3 (eppoMarHUTHBIX
¢a3 B peasibHOM Tpexpa3zHOM MaTepHare.

HccnenoBanue BBIMONIHEHO 3a cyeT rpaHta Poccuiickoro HaywyHoro ¢onma (mpoekt Ne 15-12-
00001)
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MONTE CARLO SIMULATIONS OF THERMALLY ACTIVATED SPIN DYNAMICS IN
THE ANTIFERROMAGNETIC PARTICLE
Solov yov S.V.l’*, Popkov A.F.l’z, Knizhnik A.A.3, and Potapkin B.V.}
National Research University of Electronic Technology, Zelenograd, Moscow, Russia

’Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Oblast, Russia
IKintech Laboratory Ltd., Moscow, Russia
“e-mail: sv.soloviov@yandex.ru

The study of thermal fluctuations in magnetic nanoparticles attracts regular interest of
researchers in relation to the urgency of the issues of their influence on thermal properties of
magnetic materials of electronics and spintronics. Unlike thermally activated dynamics of
ferromagnetic nanoparticles the thermal fluctuations of antiferromagnetic particles are studied not
so detailed, but from a practical point of view, this problem is also important. Thermal fluctuations
of the antiferromagnetic moment in the ensemble of nanoparticles play an important role in the
temperature dependence of the exchange anisotropy, exchange bias field and drift of blocking
temperature in the thermally assisted information recording. Typically, for the account of thermal
activation effects the Neel-Kramers-Brown approach is used [1-3], which describe the thermal
relaxation of metastable states on the basis of kinetic equations, representing the average behavior
of nanoparticles under fluctuation fields. It is difficult, however, to use such models to describe the
changes in non-equilibrium states of antiferromagnets under conditions of rapid heating and strong
thermal fluctuations. In this regard, we have developed a model for random dynamics of
antiferromagnetic nanoparticles, based on the Metropolis scheme [4] of Monte Carlo simulations,
which gives escape rate consistent with the Kramers theory. This can significantly reduce the time
of numerical simulations in comparison with the Langevin dynamics approach.

In our report, using an equation of the dynamics of antiferromagnetic moment following from
the reduction of equations for the sublattice magnetizations we developed a scheme of transition to
the evolutionary Monte Carlo dynamics that can correspond under certain conditions to the
temporary Langevin dynamics in the Kramers theory for the two-pit potential.

Our model may be used in simulations of exchange-biased ferromagnet-antiferromagnet
heterostructures, widely used in spintronic devices. Stochastic dynamics of antiferromagnetic
moment is very important in the situation of such structures, if the temperature of antiferromagnetic
layer during heating cycle becomes close to the blocking temperature, at which an averaged
exchange field between layers is coming to zero.

This work is supported by the Ministry of Education and Science of the Russian Federation,
government contract No. 14.576.21.0023.

[1] W.F. Brown, Jr. Phys. Rev., V. 130, N. 5, P. 1677-1686 (1963).

[2] H.-B. Brown. J. Appl. Phys., V. 76, P. 6310 (1994).

[3] P. Henggi, P. Talkner, M. Borkovec. Rev. Mod. Phys., V. 62, N. 2, P. 251-341 (1990).
[4] N. Metropolis, et al. J. Chem. Phys., V. 21, P. 1087-1092 (1953).
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THE INFLUENCE OF THE MICROWAVE FIELD FREQUENCY ON THE LINE
WIDTH OF THE SPIN-WAVE MODES.
Zuyzin A. M., Bakulin M. A., Bezborodov S. V.*, Radaikin V.V., Sabaev S. N.
Ogarev Mordovia State University, 430000, Saransk, Russia
“e-mail: sergei2089@mail.ru

3ABUCUMOCTH IIUPUHBI TUHUHA MOJI CHUH-BOJTHOBOI'O PE3OHAHCA OT
YACTOTBI CBY-ITIOJIA
3103uH A.M., Bakyaun M.A., Be3ooponos C.B., Panaiikun B.B., Ca6aes C.H.
Mopoosckuii 2ocyoapcmeennviil ynusepcumem um. H.I1. Ozapésa, 430000e., Capanck, Poccus

Hens manHoOW paboOThl cocTosina B HcciaeAoBaHUU BiusHUS 4yacToTel CBY-nons f Ha
MIUPUHY JIMHAKA TOTJIOMIECHHs CITUH-BOJTHOBBIX (CB) MO/, BO30YKTaeMbIX B IBYXCIIOWHBIX TUIEHKAX
MpU  TEPIECHIUKYSIPHOW W TMapajuIebHONH OPHEHTAIUSAX IOCTOSTHHOTO MAarHUTHOTO mojis H
OTHOCHUTEJIBHO MIOCKOCTH IJIEHKH.

HccnenoBanusi MpOBOAMIMCH Ha JBYXCIOWHOW MOHOKPHUCTAIUIMYECKON MIEHKE (eppuT-
rpaHaTta, IOJYYCHHOH MeToJoM kuakodaszHoi smurakcuud. CocTaB HW  MapaMmeTpsl  CIOEB

UCCIeyeMON IUIEHKU: NEPBBIA CH0H (coM BO3OyxAeHUs) Y, geSmy o, FesO;, uMen TONIMHY
hy =0.72um, namaranuenHocts Hacwimenus 47V, =1740G, s¢ddexTnBHOE TONE OTHOOCHOM

anuszorponuu H eﬁiz —17150e, mapamerp 3artyxanus ImnbOepra « =0.003; rupomarHuTHOe

-1

orHomenne ¥ =1.76-10"0e™" - s7'; Bropoii cuoii (cioil 3aKperieHns), 06nafaAOMHil GONBIIIM

smauenneM @ = 0.2, uMen coctaB Smy ,sEr, ssFesO,,, h, =2.5um, 47M, =1330G, H“/=960e,

y=1.38-10"0e™" - 57", Perucrpammio crexrpos CBP mpoussomumu ua IIIP crnextpomerpe X i Q
nnamazonoB EMX Plus (Bruker) Ha wacrorax CBY nonst f; =9.3GHz u f, =34 GHz.

Ha puc. 1. mpeacraBieHbl 3KCIEPUMEHTAJIbHbBIE 3aBUCUMOCTH IIHpUHBI JHHUI CB-mon
2dH or ux HOMEpa N TpPH MEPHCHAUKYISIPHOW M MAPaUICIbHON OPHEHTAIMAX MTOCTOSHHOTO
MarHMTHOIO NoJii H OTHOCUTENBHO IUIOCKOCTH IUIEHKU JUISl IBYX YaCTOT MUKPOBOJHOBOIO IOJIS
f1=93GHz n f, =34 GHz.

Kax crnenyer u3 puc. 1. mpu yBennyeHHMM HOMEpa MOABI IIMPUHA JIMHUU MOTJIOLICHUS
BO3pacTaeT. JTO CBS3aHO C YBEJIMYEHHEM OTHOCUTEJILHOTO BIMSHHS OONAaCTU 3aTyXaHUs B CIIOE C
oonbmiuM ¢ [1]. Bugno, uyto npu f = 9.3 GHz 3HaueHus MIMPUHBI JUHUN MOJ IIPH NapaiienbHON
opueHTauu H Oojbllle 4YeM NpU NEepHEeHAUKYISIpHOH. OTO0 0OYyCIOBIEHO TEM, YTO IpHU
napajyieIbHOM opueHTauuu H CIoW 3aKpeIuleHus sBJISETCs JUIsl CIIMHOBBIX KojeOaHWi cpenoi
JMCIIEPCUBHON M ITyOMHA NPOHMKHOBEHUS! CIIMHOBOW BOJHBI B CJIOM 3aKperIeHHs CYIIECTBEHHO
Oosiblie, 4YeM IpU NEePHIEHIUKYIAPHOI.

Ha wuyactore f =34 GHz oOHapyXeHO HaoOOpOT MeHblllee 3HaueHue 2dH(n) npu
NapajuleIbHOM OPHUEHTAlMU 110 CPAaBHEHUIO C MNepHeHAUKYIspHON (puc. 1). Jlns oObscHeHus
IIOJIYYEHHBIX PE3YJIbTAaTOB ObUIM pacCUMTaHbl 3aBUCUMOCTH OT [ IOJIEH OJHOPOAHOIO PE30HAHCA B
CJIOSIX C COOTBETCTBYIOLIMMH HCCIeAyeMoW IleHke mnapamerpamu (puc. 2). Kak cienyer us
PHCYHKa [P MapajyIe]bHON OpUeHTauu H OTHOCHUTENBHO IUICHKU C pOCTOM f H3-3a pa3In4HBIX
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3HAYCHHI Y B CIOsIX pPa3HOCTh roJieit OIHOPOJHOIo Ppe€30HAHCAa B CJIOAX 3aKpCIUJICHHUA H

BO30YKJEHHUSI BO3pacTaeT. JTO NMPUBOAUT K YMEHBIIECHUIO INIyOWHBI MPOHUKHOBEHMS CIIMHOBOM
BOJIHBI B CJIOW 3aKpeIUIeHWs M Kak clenctBue ymeHbiieHuto 2dH . Tlpu nepneHIuKyIspHOi
opueHTaui H ¢ pocTtoM [ W3-3 pa3IMYHBIX 3HAYEHHH J pa3HOCTh TMOJIEH OJHOPOIHOTO

pe3oHaHca B c10sX yMeHbInaercs u npu yactore f =13.5GHz wusmensier 3nak. Cioil 3aKperuieHus!

MIEPEXOIUT U3 COCTOSIHMSA PEaKTUBHOM Cpelbl B AMCIEPCUBHYIO. DTO NPUBOAUT K BO3PACTAHUIO
00JIaCTH SKCIIOHEHLUAIBHOTO 3aTyXaHUs U COOTBETCTBEHHO BO3pacTaHHIO €€ BKJIajla B

JMCCHITAIIMIO YHEPTUH CIIMHOBBIX KoJjiebanuii u yBenuuenuio 2dH .
300 — — 20

250
200

I

T 150

N

100

50

y T J T v T y 1
0 10 20 30 40
f, GHz
Puc.2. 3aBucumocTh TONEH  OAHOPOJHOTO

Puc.1. 3aBucumocTp IIMPUHBI JIMHUW  CIUH-
pe3oHaHca B cIOsSX OT f (CIUIOITHBIC JTUHUW —

BOJTHOBBIX MOJI OT HOMEpa MOABI i obpasia No2:

o,A—  ICPICHIMKYISpHAS M  [apajllenbHas CIOH  BO30YXKJICHHUS, IITPUXOBBIE — CIIOH

opuentawns Hupn f, =93GHz, o,A- mpu 3aKpeIUICHHS): a) TMapajulelbHas OpUCHTAIHS
H , b) neprneHIuKyIsIpHAsL.

f» =34 GHz.

[TokazaHo, 4TO BTOpas MpUYMHA, TPUBOJISINAS K K3MEHEHHIO PA3HOCTH TOJIEH OJTHOPOIHOTO
pe30HaHca B CJIOSIX, CBs3aHA CO CMEIICHHWEM PE30HAHCHOW YacTOThI WM, KaK B HAIIeM CiIydae
HaOmonenuss CBP mpu  (QUKCHUpOBAHHBIX YaCTOTaX, CMEUIEHHEM pPE30HAHCHOTO TIOJIS CJIOS
3aKperuieHus: B 00J1acTh OONBIINX 3HAYCHUM U3-3a BIUSHUS 3aTyXaHus [2].

BeileykasanHble TPUYHUHBI TO3BOJISIOT OOBSICHUTH TpaHchopMaiuioo 3aBucumoctein 2dH
OT N ISl ePIeHIUKYISPHON U MapaieNbHON opueHTauuii H TPOUCXOISIIYIO NPU YBEIMUECHUH
yactotel CBY-moms.

[1] 3ro3un A.M., baxxanos A.I'., Cabaes C.H., Kugses C.C. ®TT. 42(7), 1279-1283 (2000).
[2] 3ro3un A.M., bakynmua M.A., Be3zooponos C.B., Panaiikun B.B., Cabaes C.H. XKOT®. 149(4), 827-832
(2016).
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X-RAY DIFFRACTION STUDY OF I0DO-SILATRANES
Zelbst E.A.
Irkutsk State University, 664003, Irkutsk, Russia
e-mail: zelbst@rambler.ru

JTUD®PAKTOMETPUYECKHUE METO/JIbI N3YYEHUS HOI-CUJIATPAHOB
3eabbceT J.A.
Uprymckutl cocyoapecmeennwiii ynugepcumem, 664003, Upxymck Poccus

Hcxons U3 reoMeTpUUYECKHX  XapaKTEepPUCTUK MOJIEKYJ M aHaiu3a HUX YIaKOBKH H3Yy4eHO
BIUSHUE TeTepoaToMa ioJa Ha CHIATPaHWIbHBIM (parMeHT MoOJeKyl dYepe3 OJHO- U
TPEXYIIACPOAHYIO LEMb.

Puc. 1. Monekynsl 1-(fionmerun)- u 1-(Hoanponwn)cunatpanos, I u I1.

VYnanenue aroma Hoaa yepes3 NMPONUIIBHYIO KOHCTPYKLUMIO yriepoiHbix atromoB (CH)s ot
CUJIaTpaHWJIbHOTO ocToBa MojeKkynbl II He oka3bpiBaeT 3HAUMTENLHOTO BIUSHHS HAa T'€OMETPHUIO
MOJIM3Ipa aToOMa KPEMHHUSI IO CpaBHEHUIO ¢ Mouiekyol 1. JloHopHO-akienTopHOe B3auMOIEHCTBUE
aTOMOB KPEMHUI—a30T HECKOJBbKO 0CIa0IeHO, OUYEBUIHO, MPOUCXOIUT 3aTyXaHHE UHIYKIIHOHHOTO
s dexra aTroma Homa, KOTOPOE MPOSBIISAECTCS B YAJIUHEHUH KOOpAUHAIIMOHHOM cBsi3m N—Si Ha 0,05
As mozsekyie II mo cpaBuenwuto ¢ L.

[IpumeuarenbHo, yto B moiekyie II rerepoarom Hopa, Tpu aToma yriaepoja MNPOMUIBLHON
uenu (CH;); u koopauHanroHHas cBsizsb N—Si HaX0JATCs B OJJHOM MIIOCKOCTH, TOPCUOHHBIE YTOJIbI
ICH,CH,CH (178,6°) u SiCH,CH,CH, (179,8°) moutu 180°. B IIOCKOCTH, POBECHHON depes
TPU aToMa Yriiepoja MPONWJIbHOM IIENM OKa3bIBalOTCS HE TOJbKO aToMbl N, Si, I HO u aToMBI
yraepoaa Ce v Haubosnee yaaleHHbI oT Hee aTtoM kuciopoaa O;. [IBa apyrux aroma kuciopoaa O,
n O3 OTCTOAT OT 3TOM IUIOCKOCTH Ha OJAMHAKOBOM pPACCTOSIHUM M TNPAKTUYECKU 3€PKaJIbHO
OTPaXEHBI €10, I0ITOMY, C HEKOTOPOU J10JIel BEpOsATHOCTH, MoJekyna Il 3epkanbHO cHMMeETpHUYHa.

Panee Hamu omnpeneneHbl KPUCTAUNIMYECKHE CTPYKTYPbl HOAMENT — U HOANPONUICHIIATPAHOB.
B ornuyme OT HUX, CUCTEMATUYECKUE MCCIEAOBAHUS HOIMETHUICHIATPAHOB C 3aMECTUTENSIMH B [3-
MOJIOXKEHUU TEeTEPOLUKIOB MPAKTUYECKH OTCYTCTBYIOT. BTopas vacth pa®OThl  MOCBsIIEHA
MCCIIEOBAHUIO YPE3BBIYAHHOTO, M KaXKYIIErocs Ha MEPBBIM B3IJISA MapaJoKCalbHBIM BOIpPOCa
CBSA3BIBAIOLIMX B3aUMOJICUCTBUSAX MEXKAY OJHOMMEHHO 3apsHKEHHBIMH YacTHIIAaMU HoAa Mpu
COKpAaIlEeHHH CyMMbl BaH-/1ep-BaaibCOBBIX paIMyCOB aTOMOB H0o/a Ha = 0.62\, >=43ABIIuIV.
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Puc.2. Monexynst III u IV ¢ Me-3amecTutensmu B 3-TI0JI0KCHUH

Kaszamoce OBI, BBeJeHHME TaKOIrO CHJILHOrO TrajioreHa, kak iox (IMeSa) B akcuaabHOE
MOJIOKCHHUE TPUTOHAIBHOW OMIUpaMUabl KPEMHUS, U3MEHUT JMHY cBsi3u Si-N, HO OHa ocTaercs
0Jin3Ka K OOBIYHBIM 3HAYEHHUSM 3TOU BEJIMUMHBI B CHJIATpaHaX. XapaKTEPHBIM JIJIsl 3aMEIICHHBIX B
B-TIONIOKEHUU CUJIATPAHOB SIBISIETCS TO, 4To anuHa cBsism C-C B reTepolukiax 3HAYUTEITHHO
kopoue (1.45 z&) NPUHATBIX JJIs HUX 3HadYeHui, (=1.52 A). OueBuiHo, BasieHTHBIC ycmius C-§
aTOMOB TIepepachpeiesieHbl y ONMKaUIINX COCeIeH U3-3a TAKOTO 3aMEIICHUSI.

Anamu3 ctpyktyp III m IV mokazan, 4YTO KOHTaKThl JAHHOTO THIIA MOTYT HUIrpaTh
CTPYKTYPOOOPa3yIoUIyio posib B (HOPMUPOBAHUN MOHOKPHUCTAIIA, T.€. IPUBOJIUTH K OMPEICICHHOM
CynpaMoOJIEKYJISIpHON apXuTeKType (puc.3).

B otux KkpucTaimax CyHmIECTBYET BO3MOXKHOCTH  CBSI3BIBAIOIIMX  MEXKMOJCKYISIPHBIX
B3aUMOJICHCTBUN MEXAY OJHOMMEHHO 3apsKEHHBIMU YacTHIIAMH, KOTOPBIE€ BHOCAT 3aMETHBIM
BKJIaJ] B JOPMUPOBAHNE KPUCTAITMUECKON YITaKOBKH.

Puc.3. ®parmeHT KpucTaminueckol yrnakoBku cunarpasa IV.

Crneunduyeckyro OHOJOTUYECKYI0 AaKTHBHOCTh CHJIATPAHOB MOXHO OOBSICHUTh UX HEOOBIUHOM
TPUTOHAIbHO-OMITUPAMUIANBHON CTPYKTYPOH, IPUBOIAIICH, HAPSAAY C MHIYKTUBHBIM B3aUMOJCHCTBHEM
MEXJIy aTOMaMM a30Ta M KHCIOpOJAa Yepe3 CUCTEMY O-CBSI3éd M IPOCTPAHCTBO BHYTpU
reTePOLMKIMYECKOT0 CKEJIETa, K TIOBBIIIEHHON 3JIEKTPOOTPULIATENBHOCTH.
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MODIFICATION OF THE NETZELMANN APPROACH FOR THE DETERMINATION
OF DEMAGNETIZING PARAMETERS OF INDIVIDUAL COLUMNS IN OBLIQUELY
DEPOSITED FILMS
Solovev P.N.!, Izotov A.V."* and Belyaev B.AM
"Kirensky Institute of Physics, SB RAS, 660036, Krasnoyarsk, Russia
?Siberian Federal University, 660041, Krasnoyarsk, Russia
*e-mail: belyaev@iph.krasn.ru

MOJIN®UIIMPOBAHHBIN ITOJXO0/ HET3EJIbMAHA JIJISI OPEJIEJEHUS
MAPAMETPOB PASMATHUYUBAHUSA OTAEJIBHbBIX CTOJBIOB HAKJIOHHO-
OCAKJIEHHBIX IIVIEHOK
Coaosbes I1.H. 1, H3o1o0B A.B.l’z, Beasies B.A.M
"vnemumym gusuxu um. JI.B. Kupencrkozo CO PAH, 660036, Kpachosipck, Poccust

? Cubupcruii pedepanvhwiii ynusepcumem, 660041, Kpacnospck, Poccus

ToHKME MarHUTHbIE IUIEHKH, W3TOTOBJIEHHBIE METOJOM HAKJIOHHOTO OCAXKIAEHHMSI MarHUTHOIO
MaTepuaga Ha MOMJOXKKY, O00JIaJaloT SpPKO BBIPAKEHHOW CTOJ0YAaTOM  HEOAHOPOJHOU
MUKPOCTPYKTYPOH. AHM30TPONHMsS Ha MHUKPOCTPYKTYPHOM YPOBHE NPUBOIUT K BO3HUKHOBEHUIO
0COOEHHOCTEH B MarHUTHOM IOBEJIEHMM TaKUX IJICHOK, YTO IMPEACTaBJIAET B HACTOSIIEE BpeMs
OonpIIoi mpakTUueckuii mHTepec [1]. B manHOW paboTe MBI MPEIIOKUIU TMPOCTYIO MOJECINb,
IpEeJCTaBIAOIYI0 co00i Moaudukanuto noaxona Hersenemana [2], koTopast mo3BosieT onucarb
MarHUTOCTAaTHYECKYIO DHEPTUI0 HAKIOHHO-OCAXACHHBIX IUICHOK CO CTOi04aToil Mopdoioruei, a
TAaK)K€ Mbl IPOJEMOHCTPUPOBAIM, YTO C IOMOILBIO MPEIIOKEHHOW MOJEIH BO3MOKHO
OTIpe/ieNIEHUE HEKOTOPBIX CTPYKTYPHBIX XapaKTEpUCTHK 00pa31OB.

Her3enpman npennosioxui [2], 94TO MIOTHOCTh 3HEPTUM pa3MarHUYMBaHMs T'PaHYIMPOBAHHBIX
IJIEHOK MOJKET OBITh IIPE/CTaBICHA B BUAE KOMOMHAIIMM SHEPTUH Ul ABYX MPEAEIbHBIX CIIy4aeB:
M30JIMPOBAHHOM YACTHIIBI C TEH30POM pa3MarHu4uBaHus N°, 1 OHOPOIHO HAMATHHYEHHOTO Telia B
(OpMe MarHUTHOI MIIEHKU C TEH30POM pasMarHuuMBanus N'. MOKHO MOKa3aTh, YTO B 9TOM CIIyYae
MarHUTOMETPUYECKUH TEH30p pa3MarHu4MBaHus Bcero oopasua

N=N°+p(N'=N°), (1)
rie p — oObeMHbIH (haKTOp YNAKOBKH, KOTOPBIM OIpenesnseT OTHOCUTENBbHOE KOJIUYECTBO
MarHMTHBIX 4YacTULl B oOpasle. OTO BBIPAXEHUE IO3BOJSET ONPEASIUTHh apaMeTphbl
pasMarHUYMBaHUs OTAENbHON YacTuibl N°. OHAKO HEOOXOAUMO yUUTHIBATH MPUHSITOE B JAHHOM
MOX0JIe NPUOIMKEHHE: pacHpelelIeHne MarHUTHBIX YacTUL[ BHYTPM 00pasla JOJIKHO ObITh
OJHOPOIHBIM. B TOXe Bpemsi, Kak MOKa3bIBAaeT OIBIT, U PE3yNbTaThl MojenupoBanus [3], dhakrop
YIIAKOBKM WM yJEJbHAs IUIOTHOCTh HAKJIOHHO-OCAKACHHBIX IUIGHOK SBJsieTcs (DyHKIHEH
TOJIIIMHBI, T.€. KOOPIUHATHI c10s p = p(z). B paboTe MbI oka3anu, 4To 3T0 0OCTOATENBLCTBO MOKHO
yuecTb B Mojenu HerzenbmaHa, pa30OuMB IJIEHKY Ha n CJIOEB U 3aMEHMB (DaKTOp YHNAKOBKH p Ha
HEKOTOPOE d(Q(QEKTHBHOE 3HAYCHUE p, . = En; p? f; p; » TI€ pi — TUIOTHOCTD i-T'0 CJIOS IJIEHKH.

i=1 i=1

Jlannas Moau(uUIMpOBaHHAs MOJAETb ObUIa MCIOJIb30BAaHA JJISI HCCIEIOBAaHUS CBOWMCTB
HAKJIOHHO-OCAX/I€HHBIX MarHUTHBIX IIJIEHOK, CTEHEPUPOBAHHBIX C IOMOIIBIO pa3pabOTaHHOW HAMU
paHee IporpaMMbl MOJEIMPOBAaHMS NPoOLIEcca pOCTa TOHKUX IJIEHOK [4]. B xauecTBe mpumepa, Ha
puc. 1 moka3aHbpl HM300pa)k€HUS MOJYYEHHBIX MOJEIMPOBAHHEM CTPYKTyp. PaccumrtaB meTonom
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MUKPOMAarHUTHOTO MOJIEIUPOBAHHUS MarHuTOCTATHYECKYIO SHEPIHIO TOJYYEHHBIX
MOACIHUPOBAHUCM [JIA PaA3JIAYHBIX YIJIOB OCAaXIACHHA IIJICHOK, MbI OIIPCACINIIN KOMIIOHCHTBI
TEH30pa pa3MarHuuuBanus N°.

= 45°
-~

)

- v o :
N \ \

Puc. 1. IloBepxHOCTH (X-y) W TONEPEUHBIE Cpe3bl (Z-y) IJIEHOK, MOJYYEHHBIX MOJACIUPOBAHUEM JUIS
HECKOJIBKHUX YIJIOB OCAXKICHHUS .. A — pazMep 0JHOH ocaxkaaeMol KyOrmueckon yactuipl, ~ 0.5 HM.

[Mpusenenue TeH3opa N° K IIIaBHBIM OCSM MO3BOJISIET OTPEIECIIUTL CPEHUIM HAKIOH CTOJIOYATOM
CTPYKTYpBI 00pa3noB. Ha puc. 2a mokasaHsl 3aBHCHMOCTH OIPEIEIEHHBIX ¢ MOMOIIBIO TeH30pa N°
yIJIOB HAakKJIOHAa CTOJNOLOB [ OT yriaa OCaXIEHHS ¢, PACCUUTAHHBIE C HCIIOJIB30BAaHHEM
MOIU(DUIUPOBAHHON (P =p.y) U OPUTHHANBHOU (P =po, po — CPEOHsA yHelbHas IIOTHOCTb
obpaszua) monenu Hersenbmana. Ha pucyHke ansi cpaBHEHUs TakKe IpPEICTABICHBI YIJbl P,
MOJTyYEHHbIE U3 CTPYKTYPHOTO aHaJIM3a UccielyeMbIX o0pa3loB. B Toxke Bpems, 3Has napameTpsl
TeHzopa N°, ¢ TMOMOIIBI0 AHATUTUYECKUX BBIPOKEHHH UL pa3sMarHUYMBAIOIINX (PaKTOPOB
BBITSIHYTOIO JJUIMITHYECKOTO LUIMHAPA MOYKHO OIPENEIUTh COOTHOUICHMS €ro IONEpPEYHbIX
pasmepos L/l (puc. 2b). BuaHo, 4TO A1 000UX CTPYKTYPHBIX XapAaKTEPUCTUK PACUET IPU P = Pefr
naeT 0osee TOYHbIC 3HAYEHUS TTO CPABHEHUIO C OPUTHHAIBHOU (p = po) MOAEIBIO.
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Puc. 2. (@) 3aBucuMocTH yria HakKJIOHA CTOJOMOB [} OT yIyla OCaKIEHUS O, MOJYYCHHBIC C ITOMOIIBIO
aBTOKOPPEJSIIIHOHHOTO aHAJIW3a CTPYKTYP, ¥ M3 MarHMUTOMETpHYecKoro teHsopa N°. (b) 3aBHCHMOCTH OT
yIJla OCaKAEHHs . COOTHOLIEHHs MONEPEUHbIX Pa3MepOB JLIMINTHYECKOro cTondua //l,, BBIYUCICHHbIE HA
OCHOBE MarHUTOMETPHYECKOTO TeH30pa N°, U BBIYMCIICHHBIC U3 aBTOKOPPEIIAIIMOHHOTO aHAIM3a CTPYKTYP.

[1] C. Quiros, L. Peverini, J. Diaz, et al., Nanotechnology. 25. P. 335704. (2014).

[2] U. Netzelmann, J. Appl. Phys. 68. P. 1800. (1990).

[3] B.C. Hubartt, X. Liu, J. G. Amar. J. Appl. Phys. 114. P. 083517. (2013).

[4] B. A.Belyaev, A. V. Izotov, and P. N. Solovev. Russian Phys. J. 59. P. 301. (2016).
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INVESTIGATION OF THE RESIDUAL FIELD IN THE SUPERCONDUCTING
SOLENOID OF MPMS-XL-7
Stepanova E.A.l*, Volegova E.A.l’z, Kulikova T.V.l, Smirnova E.V.! and Volegov AS.12
"' Ural Federal University, 620002, Ekaterinburg, Russia
*Ural Scientific Research Institute of Metrology, 620000, Ekaterinburg, Russia
“e-mail: elena.stepanova@urfu.ru

HNCCIEJOBAHHUE OCTATOYHOT O IMOJISAA B CBEPXITPOBOASIIIEM COJIEHOUE
MATHUTOUSMEPUTEJBHOI'O KOMIIJIEKCA MPMS-XL-7
CrenaHoBa E.A.l*, Boaerosa E.A.l’z, KyaukoBa T.B.l, CmupHoOBa E.B.! , Boaeros A.C. 12
"Ypanscruii pedepanvrviii yrusepcumem, 620002, Examepunbype, Poccus
2 Ypanockuti HUHU memponoeuu, 620000, Examepunobype, Poccus

Xopomo HW3BECTHO, 4YTO B CBEPXMNPOBOJALIMX COJIEHOMAAX, KOTOpbIE, B YacTHOCTH,
HCIOJIb3YIOTCS B MarHUTOM3MEpUTENbHBIX KoMmIiulekcax MPMS npousBoznctBa Quantum Design,
CIIA, cymecTByeT 0CTaTOYHOE, UM BMOPOKEeHHOEe, MarHuTHoe noiie [1]. Tlocneanee Heobxoanumo
YUYUTHIBATh TMPHU MPOBEACHUU HU3MEPEHUN MAarHUTHBIX CBONCTB OOBEKTOB B MAarHUTHBIX MOJISAX
BOM3M HYJs. Eciin kospuuTHBHAs cuja 00beKTa UMEET BETUUYNHY, He npeBbimaronryio 10-50 3, To
He00XOIMMO YTOYHHUTH CTENEHb JOBEPHS K MOTy4yaeMbIM 3HAYEHUSM MarHUTHOTO TIOJISL.

HccnenoBaHuss  OCTATOYHOIO  MMOJS  CBEPXIPOBOISLIETO  COJICHOMJA  IPOBEACHO  HA
MarHutTousMeputeabHoM Komiiekce MPMS-XL-7 EC ¢ nmepBuYHBIM mpeoOpa3oBaTeieM Ha OCHOBE
ckBuga. MPMS-XL-7 paccuuTan Ha M3MEpEHHE MarHUTHOIO MOMEHTa 06pa3ioB 10 300 I'c¥em’ B
WHTEpBaje MarHuTHbIX mnojed = 70 kO u B auana3zonHe temmepatyp ot 1,8 mo 400 K.
UyBCTBUTEIBHOCTh TP U3MEPEHUM MAarHUTHOTO MOMEHTA MOXET AOCTHUraTh 10® T'c*em’. Onuoit
n3 Bo3MoxkHocTe manHod MPMS sBasercs ommmst Ultra Low Field (ULF), mo3Bomsromias
U3MEPATh BEIMUYMHY MAarHUTHOIO IOJI B COJIEHOWJE, ONPENENSATh €ro npoduib M YMEHbIIATH
BEJIMYMHY OCTAaTOYHOTO MOJsA. YTNPABIE€HUE MAarHUTOU3MEPUTEIbHBIM KOMIIJIEKCOM MPOU3BOIUTCA
npu nomoumu mnporpamMmbl MultiVu ¢ ynoOHbIM uHTepdeiicoM: B OKHE NpOrpaMMbl €CTb
BO3MOXXHOCTh YCTAHABJIMBATh HEOOXOJUMYIO BEJIMYMHY MAarHUTHOTO TMOJS B BOCHPOH3BOIMMOM
JUana3oHe.

HccnenoBanus ocTaToOuHOrO MOJIS COJIEHOUAA
/' /- npoBeleHsl  npu  Temmeparype 298 K
‘

MMoCpCACTBOM U3MEPCHUSA MArHUTHOI'O MOMCHTA

[\
9]
1

/ /// NajuIalueBoro CTaHAapTHOTro oOpaszua. JlaHHbIi
Marepual SIBISETCSA MayJIueBCKUM

o
N

M10°, Teem®

. napaMarHeTUKOM U XapaKTepHU3yeTcsl JTMHEHHOM
/ 3aBUCHUMOCTBIO ~ MAarHMUTHOTO  MOMEHTa  OT

)
9]
1

/ HaNpsAKCHHOCTH MAarHUTHOT'O ITOJIA.

50 35 0 25 50 Ha pucynke 1 1noka3aHel pe3ysbTaTsl

H,0D U3MEPEHHUs MarHUTHOrO MOMEHTa oOpasia

Puc. 1. TloneBas 3aBHCHMOCT MarHuTHoro BOJH3H HYICBOTO 3HAYCHHS MArHHTHOIO IO
MoMeHTa oOpasia Pd. nocie MPEABAPUTEIIBHOMN YCTaHOBJICHUS
MakcumanbHoro noiss 70 k3. HanpaBneHue M3MeHEHMs MOJs MOKa3aHO cTpesikaMu. BuaHo, 4To
UMeeTCsl «OOpaTHBIN THUCTEpe3UuC», a BEJIMYMHA OCTATOYHOI'O MAarHUTHOTO MOJiA (3HAYEHHE NpU
KOTOPOM BEJINYMHA MarHUTHOTO MOMEHTA paBHA HYJI0) cocTaBisieT 15 O.

220



BICMM-2016 Poster Section PJ

ITpu nomomu onuuu ULF Obl1 u3MepeH npoduiab MarHUTHOIO MHOJS B CBEPXIPOBOJAIIEM
COJIEHOMJIE MOCJIe TOro, Kak B IpOrpaMMe CIepBa yCTaHaBIMBAJIOCH IoJie BeauuuHou + 70 kO, a
3aTeM I0Jie, PAaBHOE HYNIO (CM. PUCYHOK 2a) (LEHTp I'paJUEHTOMETPa PACMOIOKEH B JAHHOM
ciydae B 5,5 cM). [lonydeHHOE 3HaUE€HUE MAarHUTHOTO I0JI B LIEHTPE TPaIUEHTOMETPA COCTABIISAET
+ 13,6 3, a He 0 D, Kak Moka3bpIBaET MporpamMmma.
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\ / o)
0\ / 1,64 '\\
o .\-\ / O 1,51 \-\
TR / = Ry -
N . 1,41 = -~
.\l\ttrrrtt‘ _— ’ .\'\lr.\ Y
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B)
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\.\\-;‘
m™ S .
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-
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L, cm
Puc.2. Tlpodune marauTHOrO mossg B coneHouze: a) — npu 0 O mocie +70 kD, 6) — mocne
npuMeHeHus Magnet Reset, B) — nocie npuMeHneHus onuuu Zero Field.

Jlanee co CBEpXIPOBOMSIIUM COJEHOUJAOM ObLIa MPOBEIECHA MAHUMYJSLUS, KOTOpas B JAaHHOM
n3mepurenbHoM Komiiekce MPMS HasbiBaetcst Magnet Reset u 3akitodaercs B TOM, 4TO 4acTh
COJICHOMJA IEPEBOAUTCS W3 CBEPXIPOBOJALIEIO COCTOSHHUA B HOPMAJIbHOE M TEM YMEHBIIAET
BEJIMYMHY 0cTaTouHOro noiis. [Ipoduiib MarHUTHOTO MOJS LEHTpa cosieHonaa nmocie Magnet Reset
MpeJiCTaBjIeH Ha pUcyHKe 20.

ITpoBenenne manunynsauuu Zero Field npu nmomoumu ULF neiicTBUTENbHO 3aHyNS€T 3HAUYE€HUE
MarHUTHOTO TOJII B LEHTPE TpaaueHToMerpa (Mpoduiab MArHWUTHOTO IIOJIS TIPEICTAaBIICH Ha
pucyske 2B). JlaHHas mpoiieaypa COCTOUT B clieayronieM. KpoMe cBepXmpoBOAsIIEro COJIeHOU1a B
MPMS ecTh MHOTOCEKIIMOHHBIA MEIHBIM COJEHOWA, KOTOPBIA HCIONB3YETCS ISl CO3JaHHs
MIEPEMEHHOT0 MarHUTHOT'O MOJISI IPU IPOBEICHUHM U3MEPEHNUN MATHUTHON BOCIIPUUMYHUBOCTH U JUIS
KOMIIEHCAIIUM OCTATOYHOIO IOJS CBEPXIPOBOASAIIETO cojeHouaa. IMEHHO B HEro mnojaeTrcsi TOK
TakoW BEJIMYMHBI M TaKOrO HAMNpaBJICHMS, KOTOPBIM KOMIIEHCUPYET OCTATOYHOE I0J€ B
CBEPXMPOBOSAIIEM COJICHOUE.

Takum 00pa3oM, IpPOBEIECHHbBIE HCCIIEOBAHUS MTOKA3aJIM, YTO HEOOXOIUMO YUYUTHIBATh HAJIUYUE
OCTaTOYHOIO0 MAarHUTHOTO MOJISI B CBEPXMIPOBOJSILIEM COJICHOMJE MPHU MPOBEACHUHU HU3MEPECHUUN B
HU3KUX MArHUTHBIX MOJIAX U MPUMEHSATH JOMOJHUTEIbHBIC YCHIHS JJIS YMEHBIICHUS BEJIMYMHBI
OCTaTOYHOTO ITOJIS.

[1] Yuncon M. CeepxnpoBosuire Marautel Mup, 1985 406 p.
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FINDING OF THE AMPLITUDE MAXIMUM OF ELASTIC VIBRATIONS OF PLATES
IN THE RADIO-FREQUENCY MAGNETIC FIELD
P.A. Severinl, L.N. Kotovl*, V.S. Vlasovl, A.M. Ulashev'
!Syktyvkar State University named after Pitirim Sorokin, 167000, Syktyvkar, Russia
“e-mail: kotovin@mail.ru

HAXOXJIEHUE MAKCUMYMOB AMILIUTYJI YIPYTUX KOJEBAHUM IVIACTUH
B PAIMOYACTOTHOM MATHUTHOM IIOJIE
CeBepun ILA. 1, KotoB JI.H.I*, Biacos B.C.l, AM. Vasimes'
" @rpoy BO « Coixmuigékapckutl cocyoapecmeennwitl ynugeepcumem umenu IHumupuma Copoxkuna»,
2. Cukmuiskap, Poccus

Pabora nocsdiieHa MOAEIUPOBAHUIO C HUCIIOJIB30BAHUEM AJIOPUTMa «MMHUTALMU OTxkKura» [1],
JUIs MOMCKAa MaKCMMyMOB aMIUIMTYJ YHOPYIMX KoieOaHuM B 3aBUCHUMOCTH OT MaTE€pUaJIbHBIX
napaMeTpoB M MapaMeTPOB BHELIHHX I0JIeH B HOPMAJIbHO HAMAarHWYEHHOW (eppUTOBOH IIACTUHE,
B030y’KaeMOl BHEIIHUM PaJii04aCTOTHBIM MarHUTHBIM I1OJIEM.

[IpakTHyeckas 3HAUMMOCTb PELICHMs 3aladd HAXOXKIEHUS MAaKCUMYMOB aMIUIMTYZ YHOPYIHX
KosIeOaHUH TJIACTUH COCTOUT B TOM, UTO PE3YJIbTaThl MOAEIMPOBAHUSA MOTYT OBITh MCIIOJIb30BaHbI
IUIg ONPENEIICHUs MaTCpUalbHBIX XapAKTEPUCTUK M MApaMETPOB BHEIIHMUX IOJEH, MPU KOTOPBIX
MOTYyT paboTaTh MMHHATIOPHBIE  MOIIHBIE AKyCTHYECKME  H3IydaTenad, oOjajzaroiiue
MarHUTOCTPUKIIHOHHBIM 3P dekTom [2].

B palore mnokazaHa NEpCIEKTHMBHOCTb INPHUMEHEHUS aJIropuTMa <«UMHUTALMM OTKUTa» K
UCCIIEI0OBaHUIO pellakCcalliOHHBIX, MarHMTHBIX U MarHUTOYIpPYrux CBOMCTB
MarHMTOYINOPSIOYEHHBIX cucTeM. JelicTBUE alnropuTMa MMUTALMM OTXKHUIa IPOAEMOHCTPUPOBAHO
HAa 33Ja4€ HaXOXKICHHUS MAKCUMYMOB aMIUIUTYZ YIPYTUX CMELIECHUI B HOPMaJIbHO HAMarHU4eHHOU
(beppuTOBOH MacTUHE B LIMPOKOM HHTEpBajle TeMIepaTyp, BIUIOTh 10 TeMmmeparypsl Kropu, c
Y4E€TOM TEMIEPATypHOTO H3MEHEHMs IapaMeTpoB IUIacTUHBL.  [locTpoeHsl  TpéxmepHbIe
PE30HAHCHBIE TIOBEPXHOCTH 3aBHUCHUMOCTEH aMIUIMTYAbl YHOPYIMX CMEIIEHUHA OT TOJILHHBEI
IUTACTUHBI, YacTOThl (EpPOMArHUTHOTO pPE30HAHCA, MapaMeTPOB W KOHCTAHT 3aTyXaHHS,
MarHuTOYyInpyrou KoOHCTaHThl. Ha oCHOBe aHamm3a TPEXMEPHBIX PE3OHAHCHBIX IIOBEPXHOCTEH
orpenesneHbl 001acTi APGEKTUBHOTO BO30YXKICHUS TUIEP3BYKA MYTEM OIpENCIICHUS 3HAYCHHN
MaTepUaJbHBIX MApaMETPOB M BHEIIHMX I[0JIeH, COOTBETCTBYIOIIUX MAaKCUMyMy YIPYIoOro
CMEIIEHUs U1 JBYX 3HAYCHUH TOJNINUHBI IUIACTUHBI, € YYETOM OCHOBHBIX OIpaHUYEHUN
UCIOJIb3YEMOU MOJIEIIN.

Pabota BeimonHeHa B pamkax npoekta Nel503 rocynapcrsenHoro 3aganus MOuH PO.

[1] Jlomatur A.C., Ctoxactuueckas ontumm3anus B uHpopmatuke. T.1, No 1. C. 133-149 (2005).
[2] Bnacor B.C., UBanos A.Il., lllaBpos B.I'., lllernos B.U., XKypuan pamguosnekrporuku. Ne 1. C. 1-43.
(2014).
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MAGNETIC SUSCEPTIBILITY AND ELECTRON MAGNETIC RESONANCE STUDY
OF Sr DOPED PrMnQO; THIN FILMS
Samoshkina Yu.E.l*, Rautskii M.V.l, Velikanov D.A.! Edelman I.S.l, Andreev N.V.z,
Chichkov V.1
"Kirensky Institute of Physics, SB RAS, 660036, Krasnoyarsk, Russia
National University of Science and Technology “MISiS”, 119049, Moscow, Russia
“e-mail: uliag @iph.krasn.ru

The hole-doped manganites PrjgSro,MnO3s 100 nm in thickness, and PrSro4MnO3 130 nm in
thickness, (PSMO) are characterized using the complementary magnetic susceptibility and electron
resonance methods. Polycrystalline films were prepared by dc magnetron sputtering with the
“facing-target” scheme [1, 2], that allows transferring elements from a target to a substrate without
changes in the composition. Single-crystal zirconium oxide stabilized by yttrium (YSZ) was used as
the substrates.

The temperature dependences of the magnetic susceptibility and the magnetic resonance spectra
of the PSMO films were studied at the two mutually perpendicular magnetic field orientations
relative to the films plane. The magnetic susceptibility demonstrates the ferromagnetic-to-
paramagnetic transition (7¢) at ~ 120 K for the PrygSro.MnO;3; and ~ 250 K for the Pry¢Sro4MnOs.
In paramagnetic phase the temperature variations of the inverse magnetic susceptibility exhibit the
deviation from the Curie-Weiss law up to the magnetic field equal 3 kOe.

The inverse intensity of resonance signal in paramagnetic phase also exhibits the deviation from
the Curie-Weiss law. Furthermore, the electron magnetic resonance study of the PSMO films shows
the complex nature of the paramagnetic phase in the temperature ranges of 7¢ < T < Txand T > Ty,
where Ty is a temperature close to the Curie temperature of single crystals of the same composition:
170 K for the PrygSrp,MnO;3 and 300 K for the Pry¢Sro4sMnOs; [3, 4]. The temperature dependences
of the effective g-value, the linewidth, and the angular variation of the resonance fields were
investigated.

The experimental observation in the ranges of T¢ < T < T is discussed within the framework of
the Griffiths theory that predicts the existence of ferromagnetic clusters above T¢ [5].

The reasons related to the appearance of the features in the range of T > Tx need in further
investigation. For the Pry¢Sro4MnO; film at 330 K the effective g-factor varies depending on the
orientation of the external magnetic field relative to the sample plane: g = 2.0272, when the
magnetic field is parallel to the sample plane, and g = 1.9947, when the magnetic field is
perpendicular to the sample plane. At that, in the film plane the effective g-factor is isotropic. Such
behavior suggests the possible presence of some magnetic phases or the texture of the film.

The work was supported by the Russian Foundation for Basic Researches, Grant No. 16-32-
00209 mol_a and the Grant of the President of the Russian Federation no. NSh- 7559.2016.2.

[1] Y. Hoshi, M. Kojima, M. Naoe et. al. Electron. Comm. Jpn. Pt. I. V. 65, N. 10, P. 91-98 (1982).

[2] E.A. Antonova, V.L. Ruzinov, S.Yu. Stark et.al. Supercond. Phys. Chem. Techn. V. 4, N. 8, P. 1624-
1629 (1991).

[3] N. Rama, V. Sankaranarayanan, M.S. Ramachandra Rao, Journ. Appl. Phys. V. 99, N. 8, P. 08Q315
(20006).

[4] S. RoBler, S. Harikrishnan, U.K. RoBler, et. al., Phys. Rev. B. V. 84, N. 18, P. 184422 (2011).

[5] R. B.Griffiths, Phys. Rev. Lett.V. 23, N. 1, P. 17-19 (1969).
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MAGNETIC PROPERTIES OF Ba;Cu304Cl,
Velikanov D. A.l*, Rabinovich K. S.z, and Samoilenko L. L.
]Kirensky Institute of Physics, SB RAS, Akademgorodok, Krasnoyarsk 660036, Russia
?Irkutsk National Research Technical University, Irkutsk 664074, Russia
“e-mail: dponal @gmail.com

The layered cuprates are of continuing interest for searching a high-temperature
superconductivity. An essential difference between Ba,Cu3;04Cl, and its parent compound La,CuQO4
is the existence of additional Cuy atoms located at the centre of every second Cu; plaquette [1].
Accordingly, there are two quasi-2D antiferromagnetic subsystems with Neel temperatures
Tni=320 and Tnp=40 K[2]. It was also reported about seeing the diamagnetism in the single
crystalline [3] and polycrystalline [4] Ba,Cu304Cl; in weak magnetic fields up to ~ 30 Oe.

The ceramic samples Ba,Cu3O4Cl, were prepared by the method of solid-state synthesis [4]. The
results of magnetic measurements are shown in Fig. 1. SQUID and vibrating sample magnetometers
were used. The compound shows magnetic hysteresis properties and has a significant remanence
(see Fig. 1). This circumstance must be taken into account when the magnetic measurements carried
out in weak fields. The sharp rise in the ZFC-magnetization is most likely associated with a
decrease in coercivity as the temperature increases, which is peculiar to weak ferromagnets [5].
Furthermore, there is an appreciable interaction between the two antiferromagnetic subsystems at
temperatures below 40 K. Unfortunately the existence of superconductivity in Ba,Cuz;04Cl, could
not be found in either of magnetic measurement modes.

The work was supported by Russian Foundation for Basic Research. Project 16-03-00256.
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Fig. 1. The temperature and field dependences of the magnetization for Ba,Cu;0,Cl,

[1] Schmalfuf D., Herms R., Richter J., Schulenburg J., J. Phys.: Condens. Matter, V.15, N.17, P.2667-
2679 (2003).

[2] Noro S., Kouchi T., Harada H., Yamadaya T., Tadokoro M., Suzuki H., Mater. Sci. Eng. B, V.25, N.2-3,
P.167-170 (1994).

[3]Luz M.S., Santos C. A. M., Ferreira B., Machado A. J. S., Braz. J. Phys., V.32, N.3, P.744-747 (2002).

[4] Rabinovich K. S., Zhuravleva A. S., Samoilenko L. L., Shneider A. G., JETP Lett., V.98, N.12, P.813-
815 (2014).

[5] Volkov N.V., Eremin E.V., Bayukov O.A., Sablina K.A., Solov’ev L.A., Velikanov D.A., Mikhashenok
N.V., Osetrov E.L., Schefer]., Keller L., Boehm M., JMMM, V.342, P.100-107 (2013).
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SYNTHESIS AND MAGNETIC PROPERTIES
OF Cu;MnBOs LUDWIGITE
Moshkina E.M.l*, Eremin E.V.l, Eremina R.M.z, Rautskiy M.V.l, and Bezmaternykh L.N.!
'Kirensky Institute of Physics SB RAS, 660036, Krasnoyarsk, Russia
? Kazan E. K. Zavoisky Physical -Technical Institute, 420029, Kazan, Russia
“e-mail: ekoles@iph.krasn.ru

Cu;MnBOs 1s a novel compound of the ludwigite family. The results of the first studies the
structural and magnetic properties of ludwigite are very interesting [1]. The important peculiarity of
this ludwigite is the presence of two Jahn-Teller cations in the structure. As a result strong
distortions of the nearest surroundings Mn and Cu ions original magnetic structure are expected.

Single crystals of the Cu,MnBOs (the max. size: 4%10*3 mm’) were synthesized by the flux method
with the ratio of the initial components Bi,M030,: 1.3B,03: 0.7Na,COs: 0.7Mn;03: 2.1CuO. The
synthesized samples have a monoclinic symmetry and belong to the P2,/c space group.

Field-thermal dependencies of the magnetization measurements revealed the paramagnetic-
ferrimagnetic phase transition at T,;~90 K. Besides, the magnetization dependencies obtained in FC
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Fig.1 The magnetization of the
Cu,MnBO:s ludwigite (H=200 Oe, Hllc)
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Fig.2 The dM*/dT (T) dependencies
(H=20, 50, 200, 1000 Oe)

Acknowledgements

(cooling the sample at nonzero magnetic field) and FH
(heating the sample at nonzero magnetic field after FC
regime) regimes demonstrate an anomalous thermal
hysteresis in the temperature range T=46+85 K. The value
of the hysteresis is AT,=14 K at H=200 Oe (Fig.1). To
study this phenomenon the measurements of the
magnetization thermal dependencies were carried out at
H=20 Oe, 50 Oe, 1000 Oe. It was found that the value of
this hysteresis has a nonlinear dependence on the applied
magnetic field.

The thermal dependencies of the derivative of the square
magnetization dM*/dT (T) are shown in Fig.2 (H=20 Oe,
50 Oe, 200 Oe, 1000 Oe). At T=89 K all the curves
demonstrates magnetic field-independent peak
corresponding to  paramagnetic-ferrimagnetic  phase
transition. In addition, below this temperature the
dependencies dM?/dT(T) have other low-intensive peak.
The position and the shape of this peak are strongly
dependent on the value of the applied magnetic field. It is
supposed that this hysteresis corresponds to spin-
reorientation transition. That is consistent with the
hypothesis on the relationship of the thermal magnetization
hysteresis and the “easy” axes reorientation for previously
studied Mn-Cu ludwigite CU1.5M1’11.5BO5 [1]

This work was supported by the RFBR no 16-32-50083.

[1] L.Bezmaternykh et.al. SSP, 2015, 233-234, 133-136
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METHODS TO DETERMINE THE THICKNESS OF THIN LAYERS - WHAT DO WE
ACTUALLY MEASURE?
Hammer H.

Institute of Applied Physics, Heinrich-Heine-University Duesseldorf
40225 Duesseldorf, Germany

“e-mail: hammer@ uni-duesseldorf.de

There are a number of experiments in which it is necessary to determine film thickness, for
example during preparation of multilayers or during analysis of layered respectively homogeneous
systems. There are a lot of “commercial” devices facing those problems. These measuring devices
calculate and return a value for film thickness. But what do they actually measure? The poster will
present some examples.

1. The so called “Microbalance” or “Oscillating Quartz-Balance’. This method is based on
the physical effect that the oscillation frequency depends on the oscillating mass. In an experimental
arrangement, the optimal position of the oscillating quartz, the detector, is usually close to the
sample. During the deposition process, the mass of the oscillating quartz changes and thereby the
measuring device outputs the deposited film thickness, or strictly spoken the “mean mass
deposition”. What are the assumptions? Normally, we enter all the relevant information about the
deposited element into the device. The device uses the density of the bulk material and calculates
the film thickness under the assumption of a flat film. Two possibly unknown facts in this context
are: 1. In the majority of cases the density of evaporated films is completely different to the density
of the bulk material; 2. Film growth often depends not only on the combination of elements that are
used, but also on the crystallographic orientation of the substrate.

As a result, film thickness may be determined quite precisely during stepwise sample preparation

(relative variation) but the absolute film thickness will remain unknown.
2. The Secondary Ion Mass Spectroscopy (SIMS) .SIMS is based on the fact that sputtering rate
is characteristic for each element. Using a constant flux of primary ions results in a flux of
secondary ions which may be interpreted as a film thickness. Analyzing samples, which were
manufactured externally by a third party prior to analysis, is much more complicated than analyzing
samples during preparation, as conditions under which samples were manufactured are often more
or less unknown. What are the assumptions? Many datasets of sputtering rates exist. Those
sputtering rates are dependent on the kind of primary ions used, their energy and their direction of
incidence. As mentioned above, the presented curves show results of sputtering rates of bulk
material and not of thin films. The results again depend on the density and additionally on the
“chemical state” of the film material. As a result, film thickness may be determined quite precisely
during stepwise sample preparation (relative variation) but the absolute film thickness will remain
unknown.

3. Conclusion: Except for the two methods described above, there are some more experimental
methods to determine thickness of thin layers. However, experiments show that most commercial
instruments measuring thin film thickness are quite good for stepwise thickness variation
experiments, but not for determining absolute thickness. Using self prepared layered samples as
references is recommanded.

References. The poster summarizes results of experiments run by my students, mainly diploma
students. Thanks to all of them. (see: http://www?2.hhu.de/hammer/h.hammer.html)

227



BICMM-2016 Poster Section PK

GROWING SINGLE CRYSTALS OF MAGNETIC MATERIALS BY THE FLOATING
ZONE METHOD
Balbashov A.M.l*, Lazukin A.V. '
INRU " Moscow Power Engineering Institute ", 111250, Moscow, Russia
2 JSC RPA “CNIITMASH ” 115088, Moscow, Russia
“e-mail: balbashovam@mpei.ru

BBIPAIIIUBAHUE MOHOKPHUCTAJIJIOB MATHUTHBIX MATEPUAJIOB METOJIOM
BECTUT'EJBHOM 30HHOM ILIABKHA
ban6amos A.M. 1*, Jasyknn A.B."?

THIY "Mockosckuii anepeemuyeckuu uncmumym', 111250, Mockea, Poccus
’HITO "ITHUUTMAILL" 115088, Mockea, Poccus

B 1enoMm psiie cOBpeMEHHBIX TEXHUYECKUX PEIIEHUN TpeOyeTcsl MPUMEHEHNE MOHOKPHCTAIIOB
MarHUTHBIX MaTepuanoB. OHAKO YHUBEPCAIbHOM TEXHOJIIOTUH UX TOJIYYSHHs HE CYIIECTBYET.

[Ipu cuHTE3¢ MOHOKPHCTAJIOB OKCHUAHBIX MAarHeTHMKOB Tuma ¢eppuroB, (epporpaHarTos,
opTodeppHuToB, rekcadeppuToB, opToGeppuTOB M Ip. BHIOOP METONA BHIPAIMBAHUS SBISETCS
OIIpENeNIAIONMUM Ul TOJIyY€HUs] KPUCTAJUIOB BBICOKOro KadecTBa. Hambonee yHHBepcalbHBIM
ABIISICTCA METOJl pOCTa KPHCTANIOB M3 pacTBOpa-paciiaBa, B KOTOPOM PACTBOPUTENIEM SIBISIOTCS
JIETKOIUIAaBKHE OKCHUJbI MJIM MX cond. Ho 3TomMy MeTony mpucyll psl HEJOCTaTKOB: HEOOJIbLINE
pasMepbl BBIPALIMBAEMbIX KPUCTAJUIOB, BO3MOXHOCTb BXOXKJEHHS KOMIIOHEHTOB pPacTBOpa-
pacmjaBa B COCTaB KPHUCTAUIOB, JUIMTEIBHOCTH IIPOLIECCa BBIPALIUBAHHS, HEOOXOIMMOCTD
MCTIOJIb30BAaHUS B KaUeCTBE TUTJICH M3JeNUil U3 TUIaTHHBI. BhIpamuBanue KpUCTAIJIOB MarHUTHBIX
OKCHJI0B MeTo/ioM bpumkmeHa, XOTS M IO3BOJIAET I0JIydaThb JOCTaTOYHO BBICOKOKAYECTBEHHbIE
MOHOKPHCTAJIJIBl HEKOTOPBIX OKCHUIHBIX (DeppPOMAarHeTUKOB (KPUCTAJUIBI MapraHel LHWHKOBOU
LIMUHEIU) U OONBIIMX pa3MepoB, HO TEXHOJIOTMYECKU U alIapaTHO METOJ CJI0KHO PEaTUu3yeM.
Taxxe He06X0AMMO UCMONB30BaTh KPYNMHOTaOAPUTHBIE IIIIATUHOBBIE TUTIIH.

B mnocnepHue roasl Ui BBIPAIIMBAHUS MOHOKPHCTAJIOB IIHMPOKOTO CIIEKTpa MarHUTHBIX
OKCHUJHBIX MAaTE€pUaJOB YCIICIIHO MpUMEHseTcs MeToj OecturenbHoi 30HHOW maBku (B3II) c
panuanoOHHBIM(CBETOBBIM) HAarpeBOM. DTOT METO/]I MO3BOJISIET MPOBOAUTE IPOLECC BBIPALIMBAHUS
B NPOU3BOJIBHOM Ta30BOW cpene Mo 3HAYUTEIbHBIMH JAaBICHUSAMHU ra3za W MpH TeMIepaTypax 10
2500°C u Oosiee. OH NPUMEHMM TaK)KX€ K MHKOHTPYIHTHO IUIaBAIIMMCS Marepuanam. B 3tom
cllyduae OH Ha3bIBa€TCid METOJOM [BHXKYIIErOCs pacTBOpUTENS. MeTonoM 30HHOW IUIaBKU
BBIpAILEHbl JIOCTATOYHO KAuyeCTBEHHbIE MOHOKPHUCTAJUIBI MHOTHX OKCHIHBIX MAarHeTHKOB, TaKHX
Kak: (heppUTHI-LINHUHENN, FeKcaQeppuThl, JKeJIe30-UTTPUEBbIM U *Kele30-ral0JUHUEBbII IpaHaThl,
MarHeTuT, I'éMaTUT, BIOCTHT, OPTO(EPPUTHI PEAKO3EMENbHBIX AJIEMEHTOB, KEJI€30-COAEpIKallne
JIAHTaCHUTBI, 3aMEIEHHbIE MAHTAHUTBI U MHOTHE APYrHe KOMIIO3ULIUH.

B Toxe Bpems cylecTByeT psJl OrpaHUYEHUH NPH BhIpAIMBAaHUM MOHOKPUCTAJUIOB MarHUTHBIX
okcuaHbIX MaTtepuasioB MeTogoM b3I1. Ha ocHOBe 3kcnieprMEHTaNbHBIX PE3YyIbTATOB, OJYyUYEHHBIX
IIpY BBIPAILMBAHUN MOHOKPHUCTAJIJIOB MAarHUTHBIX OKCcHI0B Ha ycraHoBke B3Il tunma YPH-2-3II,
MIPOM3BECH aHAJM3 aNMapaTypHBIX U TEXHOJOTUYECKUX YyCIOBUM mnpuMeHeHus metoxa B3Il mpu
BBIPAIIMBAHUN MOHOKPHUCTAJUIOB KOHKPETHBIX MAarHUTHBIX OKCHIHBIX COCIUHEHMH W TOJTYYCHHUS
KPHUCTAJJIOB IPUEMIIEMOTO KauecTBa.
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FIB AND PHOTOLITHOGRAPHY FABRICATION OF LOW-DIMENSIONAL DEVICES
Lukyanenko A.V.l’z*, Volochaev M.N.l, Aprelkovoa T.E.z, Patrin G.S."” and. Volkov N.V.!?
]Kirensky Institute of Physics, Russian Academy of Sciences, Siberian Branch, Krasnoyarsk,
660036 Russia
? Siberian Federal University, Institute of Engineering Physics and Radio Electronics, 660041,

Krasnoyarsk, Russia
“e-mail: lav@iph.krasn.ru

METOJIMKA IMOJYUYEHUS HU3KOPA3ZMEPHBIX YCTPOMCTB METOJAMM
OOTOJMUTOIPAOUNU U POKYCUPOBAHHOI'O HOHHOTI'O TYYKA
JIYKbSIHEHKO A.B.l’z*, Bosouaes M.H. 1, AnpeixkoBa T.E.Z, MaTpun F.C.l’z, Boaxos H.B.!?
"' U@ um. JLB. Kupenckoeo CO PAH, 660036, Kpacnospck, Poccus
2 Cubupckuii Dedepanvrulil Ynusepcumem, Uncmumym Husceneproii @usuxu u

Paouosnexmponuxu, 660041, Kpacnospck, Poccus

[Touck HOBBIX MEPCIEKTUBHBIX MATEPHAIIOB UIPAET BAKHYIO POJIb HE TOJBKO IS Pa3BUTHUSA
COBPEMEHHOM MHUKPO3JIEKTPOHUKH, HO U JUIsl TAKOTO MHOTOOOEIIAIONIEro HanpaBieHusl B (Qu3uke
KOHJICHCUPOBAaHHOI'O COCTOSIHMS BEIECTBA, KaK CIMHOBAas DJJIEKTPOHMKA — CIMHTPOHHMKA.
CHUHTpPOHUKA U3YYaeT SBJIEHUS CIUH-3aBUCHUMOTO 3JIEKTPOHHOIO TPAHCIOPTa B TBEPABIX Telax U
HU3KOpa3MEpHBIX CTPYKTypax. B oTiauuMe OT KIJIACCMYECKON JIIEKTPOHMKH, CIHUHTPOHUKA
MO3BOJISICT HWCIOJNB30BATh B KAdyeCTBE HOCHUTENS WH(GOpMAIMKM HE TOJBKO 3apsl, HO W CIHH
JIEKTpOHA. YCTpOICTBA CIIMHOBOM AJIEKTPOHMKHM Oosiee TpeOOBaTEIbHBI K pa3MepaM, KadeCTBY
rpaHull U (U3MYECKHM CBOWCTBaM MAaTe€pHalIOB, MO CPAaBHEHUIO C YCTPOWCTBAMHU KJIACCHYECKOU
MUKPO3JIEKTPOHUKUA. OTO MNPUBOJUT K TOMY, YTO KIJIACCHYECKAas TEXHOJIOTMS W3TOTOBJICHUS
MHUKPO3JIEKTPOHHBIX YCTPOMCTB HE BCErJa IO3BOJSET IOJIYYUTh JKEIaeMble pe3yibTarbl. B
KauecTBE aJbTEPHATUBHON TEXHOJOTMHM HW3TOTOBJICHUS MOXET CIYXKUTh METoA (OpMHUPOBAHUA
HaHOPa3MEPHBIX KAHAJOB C MOMOIIBIO (POKYCHPOBAHHOTO HOHHOTO ITyYKa.

B nanHOll pabore omnuceIBaeTCsd TEXHOJOIMUECKH IIPOLECC H3TOTOBICHUS TUOPUIHON
CTPYKTYpBI (eppOMarHeTHK/IOTYIPOBOJHUK C HAaHOPa3MEPHBIM IOJIYIPOBOAHUKOBBIM KaHAJIOM,
JUI UCCJIEIOBaHMs CIIMH 3aBUCUMOro TpaHcnopTa. OcHOBOW Asi TMOPMIHOM CTPYKTYpbl Oblia
cinouctas crpykrypa Co/Al203/Ge/Al203(100nm/2nm/20nm/100nm), moaydyeHHas Ha MOIJIOXKKE
Si(100) MmeTo10M MarHETPOHHOTO HaIbIJICHUS.

Tomnonorust BepxHero ¢peppoMarHuTHOro ciosi Obliia chOpMUPOBAHA CTAHAAPTHBIM METO/IOM
doronutorpaduu, ¢ TOCIACAYIOMIMM JTaloOM >KMJIKOCTHOTO XHMMHMYECKOTO TpaBieHus. Jlis
dbopMupoBanus TpedyeMoro mpouiIs MOJI0KKA C MACKOW monuMepa oOpadaTeiBaiach B BOJHOM
pactBope HCl B TeueHne ~ 1 MUHYTBI IPU OCTOSIHHOM IIOMEIIMBAHUH, YTOOBI MIOJTHOCTBIO yIAIUTh
Co u3 obnacreit, He TOKPBITHIX (POTOPEIUCTOM.

Hns hopmupoBanust mpoduis CTPYKTYPHI HCIOJNB30BaNTaCh TEXHOJIOTHS aHH30TPOIMHOTO
MJ1a3MOXMMUYECKOTO TpaBJIEHUS B Ta30BOM cMecH, cojaepkaimiedl rexcadropun cepbl. 3a cCUET
BBICOKOHN CEJEKTUBHOCTH JAHHOTO METOJa TpaBieHus, ciiol Co CIyW1 MacKod IpH MOIYy4EHUH
npoduns cTpykTypsl. BpeMs TpaBieHus noadupanoch TAKUM 00pa3oM, YTOOBI MOJHOCTHIO YIAIUTh
cioil TyHenbHO-TIpo3payHoro okcuga Al,O3(2 um) u cinos Ge (20 uM). Baxnwiii mapamerp —
OTKJIOHEHHE OOKOBBIX CTEHOK BBITPABIMBAEMOro Mpoduias OT HOpMaiu, oOpa3oBaHHE KIMHA
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TpaBJIEHUs, pACTBOPEHUE MaTepUalia MoJl 3auuTHON Mackoi. Kak BUAHO U3 pucyHka 1, TpaBieHue
MPOUCXOAUT BEPTUKAIBHO, YTO 0OECIIEUMBAET XOPOIlIee KaueCTBO MOIYYaeMbIX CTPYKTYP.

x um]

Puc.1. ACM-u300paskeHus 1 OTHOMEPHBIN TPOQHIb MOBEPXHOCTH MOTYYEHHON CTPYKTYPHI,
cthopmupoBanHoii Ha notokke Co/Al,03/Ge/Al,O5/Si

®opMHpOBaHME HAHOPA3MEPHOIO KaHajga IPOBOJWIACE C HCIOJIb30BAHUEM CHCTEMBI
chokycupoBanHoro moHHoro mydka Hitachi FB-2100. JlanHbli npubop MO3BOJISET MPOBOIUTH
MOJU(UKAIMIO TIOBEPXHOCTH TBEPABIX TEJ C BBICOKUM IPOCTPAHCTBEHHBIM Pa3pelIeHHEM METOI0M
doxycupoBanroro uoHHoro mydka (DUII) [1]. OcHoBHble npeumymiecTBa meroga DUIT mo
CPAaBHEHHMIO C JPYTMMH METOJaMH HAHOJUTOTpauH: BBHICOKAas CKOPOCTh (OPMHPOBAHUS
TOIOJIOTHYECKOI0 PUCYHKa 0O€3 HCIONb30BaHUS PE3UCTOB M MAacOK; BO3MOXHOCTb 00pabOTKH
IIMPOKOH HOMEHKJIATYypbl MaTEpHUasoB; JIOKAIbHOCTh M M30MpPATENbHOCTh Ipoliecca TpaBlICHUS,
KOTOpBIE JOCTUTAKOTCSl BapbUPOBAHMEM TEXHOJOTMYECKUX IapaMeTpoB B IIMPOKUX mpenenax. B
npolecce KaluOpOBKY Iyyka Ha noiioxkke merogom OUIT popmupoBancs MaccuB U3 CTPYKTYp B
BUJE YriayOJeHHM NMpH pa3iMuYHBIX MapaMeTpax HMOHHO-IY4eBOro BO3JEHCTBUSA. VIHTEHCHMBHOCTH
My4YKa ¥ CKOPOCTh MOJAOMPAINCH TAKMM 00pa3oM, 4ToObI mpope3ats cioit Co, HO OCTaBUTh KaHAII U3
Ge. lnuHa pe3a 5 MKM, mIMpuHA BepxHsas yacTb /0 HM, HWKHAA 4acTh 20 HM. VIOHHBIM Iy4oK:
yckopstoiee Hanpsikenue 40 kB, auadparma 40 MkM, BpeMs BBIIEPKKM B TOUKE 4 MKC, YHMCIIO
npoxonoB 235 KoHTponb TIiyOMHBI NOJYYEHHBIX KaHAJIOB OCYLIECTBISUICA C IOMOILBIO
IIPOCBEYMBAIOLIETO 3JIEKTPOHHOIO MUKPOCKOIIA.

Puc.2. COM-u300pakeHre HaHOpa3MEpHOTo KaHana, noixydeHHoe ¢ nomomsio FIB HitachiFB2100.

CchlIKH HA JIMTEPaTypy.
[1] Jlyumnun B.B., CaBenko A.}JO. ®okycHpOBaHHBIH HMOHHBIH Iy4OK KaK TEXHOJIOTHS JIOKAJIBHOTO
MPEeLU3NUOHHOTO TpaBieHus // Bakyymuas mexnuka u mexnonocus. — T. 18. — Ne 3. — C. 191-195, (2008).
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OBTAINING AND INVESTIGATION OF Z-TYPE HEXAFERRITE SINGLE CRYSTALS
Balbashov A.M."", Mukhin A.A.%, Ivanov V.Yu.?, Iskhakova L.D.’ and Voronchikhina M.E.!
"Moscow Power Engineering Institute, 111250, Moscow, Russia
2A.M.Prokhorov General Physics Institute RAS, 119991, Moscow, Russia
Fiber Optics Research Center RAS, 119333, Moscow, Russia
“e-mail: BalbashovAM @mpei.ru

MNOJYYEHHUE U NCCIEJOBAHUE MOHOKPUCTAJIJIOB TEKCA®EPPUTOB Z-
THUITA
banx6amos A.M. 1*, Myxun A.A.z, HNBaHoB B.IO.z, Hcxakora .JI.I[.3, Boponunxuna M.E.'
"Mockosckuii snepeemuueckuii uncmumym, 111250, Mocksa, Poccust
ZHHcmumym oobweti puzuxu um. A.M. IIpoxoposa Poccutickoti akademuu nayk, 119991, Mockaa,
Poccus

2 . . . .
Hayunwiii yenmp 6onoxonnoii onmuku Poccutickou akademuu Hayk, 119333, Mockea, Poccus

@eppuThl € TeKCaroHaJIbHOW CTPYKTYpPOM TMPHUBICKIM BHHUMaHHE HCCIeloBaTeNeld u3-3a
3HAYUTENIbHOTO MarHUTOAJNEeKTpuyeckoro 3¢ dekra, Ha0II0AaeMOro nMpyu KOMHATHON TeMIeparype
[1-3]. M3yueHuMe MOHOKPUCTAIIMYECKOIO MaTrepuaia
no3BoJsier Ooyiee AeTanbHO HccaenoBarh 3(QexTs B ;
myibTu(depponkax. B  Hacrosmeilt pabGore Obutn SR
BBIPAIIICHbI u UCCIIEIOBaHbI MOHOKPHUCTAJJIBI
rekcadepputoB ¢ z-ctpykrypoir BasCoFeysO4 w
Sr3CosFe2404;. PocT mpoBoamiv Ha yCTaHOBKE 30HHOM

MIJIABKU CO CBETOBBIM HarpeBoMm Y PH-2-3I1.

[Ipu BeipammBanuu Baz;Co,Fe 4041 u Sr3CorFe 04
ONTHUMAaJIbHAsi CKOPOCTh pOCTa cocTaBwia 4-5 MM/4 U
nasnenue kuciaopoaa — 50 arm. COM u POA nokazanu, Puc.1. Jlaysrpamma KpHcTalia

Ba3C02F624041 (1 100)
qTo OTKJIOHCHUEC oT 3TUX rnapameTpoB pocTta

YBEIMYMBACT BEPOSATHOCTH IMOSBICHUS IPUMECHBIX (a3.

[Ipu pocte oOpazyroTcs O6JI0KH, TOMIIMHON 10 1-2 MM B

HalnpaBJIeHUU  pocTa. bilokn  pa3opUEeHTUPOBAHbI

OTHOCHTENBHO JIpYT Apyra Ha 1-2° u J1exaT B IIOCKOCTH

NEePHEHANKYISAPHON OCH LIECTOro MopsaKa.
JlaysrpaMMel BBIpAILEHHBIX KPHCTaJIJIOB

IPEJCTaBIEHbl Ha pUCYHKaX 1 M 2. DiekTpuyeckoe

COMPOTHBIICHHE MOHOKPHCTAIIOB He mpesbimaer 10'-

10 OM cm. Pe3yabTaTel H3MEPEHHS MArHHTHBIX Puc.2. Jlayorpanina Kprctaa
5 Sr3Co,Fe,s04; (0001)

CBOMCTB  COIJIaCYIOTCSI ~ C  pe3ynbTaraMu  JUIs

MOHOKPUCTAJZIOB  z-TeKca(eppuToB,  MOIYHYEHHBIX

Ipyrumu criocobamu [3].

[1] R.C. Pullar, Progr. Mater. Sci. 57, p 1191-1334 (2012)
[2] L. Wang, et al. Scient. Rep. 223, 2 (2012).
[3]J. Kreisel, H. Vincen, F. Tass, and J. Ganne, Journ. Magn. Magn. Matter V.224, N. 17. p. 17-20 (2001).
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