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Abstract: the results of numerical calculations of the thermodynamic properties of multilayer films with
alternating magnetic and non-magnetic layers were presented. Computer simulation of such structures within
the frame of the classical Heisenberg model was carried out by Monte Carlo methods. For the Monte Carlo
simulation, the Metropolis algorithm and its parallel implementation using MPI and the Wang-Landau
algorithm were used. The thermodynamic characteristics of multilayer structures, such as the temperature
behavior of magnetization, energy, and heat capacity, were studied.
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YUCJEHHOE MCCJIEJJOBAHUE CBOMCTB MAI'HUTHBIX MHOT' OCJIOMHBIX
IIJIEHOK B PAMKAX MOJEJIA T'EM3EHBEPTA C TIPUMEHEHUEM
BHICOKONPOU3BOAUTEJIbHBIX BEIUYNMCJIEHUM
Kanuran B.JO.}, epxy A.B2, Hedenesn K.B. (Poccmiickas @enepanms)

'Kanuman Bumanuii FOpvesuu - kanouoam Gu3UKO-MAMeMamuiecKux HayK, Cmapuull npenooasamels,
Kagpeopa KOMNLIOMEPHBIX CUCTMEM,
WIKONIA eCmMeCmBeHHbIX HAYK,
Hanvrnesocmounvii pedepanviivlii ynugepcumemn,
Hucmumym npuxnaonou mamemamuxu /[BO PAH;
2[Teporcy Anexcandp Bacunveguu - 6axanasp,
Kagpedpa KOMNLIOMEPHBIX CUCTEM,
WIKOIA ecmeCcmeeHHbIX HaYK,
Janvresocmounvlii (hedepanvuviii yHugepcumem,
*Heeoes Koncmanmun Banenmunosuy - 00Kmop Qusuko-mamemamuyeckux nayx, npogeccop,
Kageopa KoMNbIOMePHbIX CUCTEM,
LlIxona ecmecmeennvix HAYK,
Janvruesocmounslil (hedepanvHblii yHUGepcumem
Hucmumym npuxnaonou mamemamuxu
Janvruesocmounoe omoenenue Poccutickoil akademuu Hayk, 2. Braoueocmox

AHHOmayua: npedcmasiensl pe3yibmanmsl YUCIEHHbIX PACYen o8 MepMOOUHAMUYECKUX C8OUCME MHO2OCIOUHBIX
NJIEHOK C YepeOVIOWUMUCT MASHUMHBIMU U HeMacHUmHuIMU crosmu. Komnviomeproe moodenuposanue maxkux
cmpykmyp 8 pamkax Kidaccuueckou mooenu I etizenbepea npogoounoce memodamu Monme-Kapno. [na
Mooenupogarusi memooom Monme-Kapno ucnonvzosanca aneopumm Mempononuca u e2o0 napainienvHas
peanusayus ¢ ucnoavzosanuem MPI, a maxoce areopumm Banea-Jlanoay. Boiiu usyuenvl mepmoouHamuyeckue
Xapaxmepucmuxkyu MHO20CNIOUHbIX CMPYKMYp, makue Kak memnepamypHoe nogeodeHue HAMAZHUYEeHHOCMU,
oHepauu U menioemMKocmu.

Knrwouesvie cnosa: memoov: Moume-Kapno, anrcopumm Memponoauca, aneopumm Bawnea-Jlanoay, mooens
Telizenbepea, MHO2OCIOUHbIE CIPYKMYPbI.

The necessity of studying magnetic multilayer structures is explained by the prospects of their practical
application as a technological base for creating new storages medium [1, 2]. Multilayer structures are structures of



alternating magnetic and nonmagnetic layers. Within the frame of our model of the multilayer structure, the
magnetic layer of the multilayer one has a size of NxNxL, and represents, the system of spins of Heisenberg
placed in the nodes of a simple cubic lattice, in which the spin has up to 6 nearest neighbors in its film, as well as
interact via the long-range direct exchange with all the spins belonging to the neighboring magnetic films. Non-
magnetic layers reduce the energy, depending on their thickness. The Hamiltonian of the multilayers system was

set as follows:
H =-J12§i§j—J122§i §k—AZZ§i—hZZ§i , ()

<i,j> <i,k> i
5

where Si is the atomic spin at the i-th lattice site, J, — ferromagnetic short-range exchange interaction
inside each layer, J;, — antiferromagnetic long-range exchange interaction between neighboring layers, |A| -
constant of magnetic anisotropy, h - external magnetic field.

The developed software is based on the new, promising programming language Rust. Rust supports
functional, parallel (MPI), procedural and object-oriented programming, that is, almost the entire range of
paradigms actually used in applied programming. For the Monte Carlo simulation, the Metropolis algorithm [3]
and its parallel implementation using MPI and the Wang-Landau algorithm [4] were used.

The thermodynamic characteristics of multilayer structures, such as the temperature behavior of
magnetization, energy, and heat capacity, were investigated using by the Monte Carlo methods, see Fig. 1.
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Fig. 1. The plots of temperature dependences for multilayer film: the quadratic magnetization (a), the energy (b)



In the frame of the classical Heisenberg model, lattice spin systems with direct short- and long-range
exchange interactions were investigated by Monte Carlo methods. The thermodynamic properties of multilayer
films with alternating magnetic and non-magnetic layers were studied.
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