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Abstract
The present paper considers a mathematical model describing the time evolution of spin states and magnetic properties of a nano-
material. We present the results of two variants of nanosystem simulations. In the first variant, cobalt with a structure close to the
hexagonal close-packed crystal lattice was considered. In the second case, a cobalt nanofilm formed in the previously obtained nu-
merical experiment of multilayer niobium–cobalt nanocomposite deposition was investigated. The sizes of the systems were the
same in both cases. For both simulations, after pre-correction in the initial time stages, the value of spin temperature stabilized and
tended to the average value. Also, the change in spin temperature occurred near the average value. The system with a real structure
had a variable spin temperature compared to that of a system with an ideal structure. In all cases of calculations for cobalt, the ferro-
magnetic behavior was preserved. Defects in the structure and local arrangement of the atoms cause a deterioration in the magnetic
macroscopic parameters, such as a decrease in the magnetization modulus.
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Introduction
The analysis of phase transitions and related critical phenome-
na in condensed media is a complex, time-consuming, and often
a high-cost process from a technological point of view [1-3]. On

the one hand, this is due to the need to use a comprehensive ap-
proach in theoretical studies, since the behavior of different
phases is often described by different models or state equations
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ture and the local arrangement of the atoms, cobalt retains its
ferromagnetic character. However, there may be a decrease or
deterioration of the magnetic macroscopic parameters, such as
the magnetization modulus.

Conclusion
A mathematical model capable of reproducing the time evolu-
tion of spin states and magnetic properties of a nanomaterial is
proposed. This model reflects the response of an external mag-
netic field on the behavior of individual atoms, and considers
the internal structure and features of structural defects at the
nanoscale when calculating the macroscopic magnetic charac-
teristics of a material.

The spatial distribution of cobalt atom spins for an ideal crys-
talline hexagonal close-packed lattice was studied. The struc-
ture of the nanofilm formed in a numerical experiment during
deposition on a substrate maintained at a constant temperature
of 300 K shows that the spin directions are significantly de-
pendent on the material structure. Under an external magnetic
field with an induction of 1.0 T, a reorientation of spins along
the external magnetic field is observed for crystalline ordered
cobalt. Conversely, for cobalt from the nanofilm a more chaotic
distribution of spins is characteristic, but also with a predomi-
nant direction parallel to the vector of induction of the external
magnetic field.

In numerical experiments, for the ideal and real structure it is
obtained that after preliminary adjustment and significant jumps
in the initial time intervals, the change of spin temperature
occurs in a small range of values near the average thermostat
target value. The system with the real structure has a less stable
behavior of the spin temperature and a larger scattering of in-
stantaneous values, which may indicate a less energetically
stable state of the nanomaterial.

Analyses of simulation results show that for both calculation
variants, with ideal hexagonal close-packed and with real struc-
ture, the ferromagnetic behavior is preserved for cobalt. Defects
in the structure and local arrangement of atoms can be the cause
of the deterioration of magnetic macroscopic parameters. For
example, the magnetization modulus for the considered nano-
system in the case of the real structure decreased by 30–50%.

The mathematical model used in this work serves as a predic-
tive tool, allowing to correct nanocomposite manufacturing pro-
cesses and to reveal their weak points (e.g., the influence of
indistinctly separated interfaces of nanofilms on the magnetic
properties). Experimental studies on the subject of work are as-
sociated with a number of difficulties, and related results are
planned to be published in following papers.
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