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MATEMATHYECKOE MOJIEJIUPOBAHUE ®U3NYECKUX
MNPOLHECCOB B KPUCTAVIMUECKUX CTPYKTYPAX METAJIJIOB U
CIIJIABOB
Ceménoea M.H., beouxoe 10.B.

KiroueBble cjI0Ba: MaTeMaTHYECKOE€ MOJCIHPOBAHHE, METALI, MOTEHIMAd B3aUMOACHUCTBHS,
KpHUCTAJTMYECKasl peIIeTKa, YHepTHsl.

AnHoTanus. CMOAETUPOBAHO XAOTHYECKOE JBIDKEHHE AaTOMOB B JBYMEPHOW M TpeXMEpHOH
KpHCTAUTMUECKUX pemreTkax. [lokazaHo pacrpeneneHie SHepTHH 110 PacueTHON sueiike U BRIXO 3a
eé mpezgensl. OnpeneiaeHO COOTHOUIEHHE HJHEPruil CBsI3W B peajbHBIX MeETalllax U pPacyeTHOH
MOJIENIH, a TaK)Ke OIMpeleleH MOTEHIMAl B3aUMOJIECHCTBUS, KOTOPBIA MOJIYUUIICS MOJIOKUTEIbHBIM.
IMocTpoeHsl  aMIIIUTYAHO-(DA304aCTOTHBIC  XAPAKTCPUCTHKH,  MPOIICJIINEC IPOBEPKY  Ha
YCTOHYUBOCTb.

MATHEMATICAL MODELING OF PHYSICAL PROCESSESIN THE
CRYSTAL STRUCTURESOF METALSAND ALLOYS
Semenova M.N., Bebikhov Yu.V.
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Abstract. The chaotic motion of atoms in two-dimensional #mete-dimensional crystal lattices is

modeled. The energy distribution over the comporeti cell and going beyond its limits is shown.

The relationship between the binding energies al reetals and the computational model was
determined, and the interaction potential was ddteed, which turned out to be positive.

Amplitude-phase-frequency characteristics are coctgd that have passed the stability test.

Using the MatLab software package, the behavioadtb movement) of the
N number of atoms in the crystal lattice was sinmdabty the molecular dynamics
method. Previously, for such purposes, the authieed directly MD modeling
programs, for example, the LAMMPS package [1-3]. Traplement the
calculations, we chose the Verlet high-speed schémgeneral, the formulas are as
follows:

F(t+At) =7 (t) + VAt + 8At% /2
V(t+At/2)=v+aAt/2

a(t) =—grad(U (F(t))) /2
V(t+At) =v(t+At/2)+aAt/2

HereU is the Lennard-Jones potential, which was selefcted a variety of
other pair potentials, as optimal for the condsi@f our problem:

R GRGI

whereo is the value of the interatomic distance at whi{f)=0, ¢ is the depth of
the potential well located at a distance.

The modeling was carried out in two-dimensional 2DBd three-dimensional
(3D) spaces, so the gradient in the third formudes waken first in two and then in

(1)
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three directions. The transformation of the potdnti(r(t)) into U(x(t), y(t)) and
U(x(t), y(t), z(t)) was carried out according to the formulas:
Mo =X +Vj
{fo e 3)
lip =X +Yy] +2ZK

The initial data were 100 atoms with a crystalidatt(cell) size of 10x10 for
2D modeling and 1000 atoms with a cell size of I3:dD for 3D modeling.

In Fig. 1 (a) shows a two-dimensional calculategsia lattice with
parameterdxW. A typical form of the Lennard-Jones potentiaki®wn in Fig. 1
(b). To speed up the calculations, we will cuttbi potential at a distancg=2.5¢.
This choice is due to the fact that at this distati@ value of the interaction energy
is only ~0.0163 of the depth of the well The parameters ands can be found
through the Joule-Thomson coefficient, or by conmgathe experimental value of
the viscosity coefficient with the value obtainedm the formula for the potential
energy.
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Fig. 1. The structure of the computational celldforydeling (a) and the
characteristic form of the Lennard-Jones potei(ial
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Fig. 2. Atom Migrations Beyond the Computationall@& 2D (a) and 3D (b)
Simulation

The main results of modeling are: obtaining a gigghdependence of the
bond energies between the present model and sthdd#a for a metal hcp cell;
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obtaining stable amplitude-phase-frequency charattss; identifying the positive
value of the Lennard-Jones potential and calcidatsisample mean; identification
of isolated cases of atoms leaving the computdticeglazone as a result of chaotic
displacement (Fig. 2).
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