Computer modeling

1. The name of the educational program, within the framework of which the discipline is read

Master's program "Nanoscale structure of materials" in the direction 03.04.02 "Physics".
2. Total labor intensity

6 credits, 216 hours, 18 hours of lectures, 36 hours for labs, 6 hours for controlled self-preparation, 129 hours for self-preparation, 27 hours for preparation for the exam.
3. The place of discipline in the structure of the educational program

To successfully study this academic discipline (module), the following knowledge, skills and habits are necessary:

Knowledge: the foundations of general physics, solid state physics.

Skills: computer visualization skills are desirable.

Skills: work with a personal computer.

The knowledge obtained as a result of mastering the discipline can be used by students in the course of studying the following disciplines: "Modern supercomputer technologies and data analysis", "Project management", "Research seminar". Also, the knowledge gained as a result of mastering the discipline can be used by students in preparing Master thesis.
4. The purpose of studying the discipline

The purpose of mastering the discipline of "Computer Modeling" is the formation of students' knowledge in the field of computer modeling of systems at various hierarchical levels of the structure of matter.
5. Content of the discipline

Module 1. "Quantum-chemical methods for modeling electronic structure and geometric structure".

General principles of computer modeling.

Methodology of mathematical modeling. The concept of multiscale modeling.

Quantum description of the structure of the atomic world. Theoretical "first principles" methods for describing the systems of many interacting particles - from Hartree-Fock to the theory of the electron density functional.

Modern numerical methods for computer modeling. Supercomputers and parallel computing.

Review programs for calculations "from the first principles" and on the basis of the theory of density functional, their capabilities. Possibilities of the program code ADF.

Approximation of pseudopotentials. Features of VASP.

Transition to systems with a large number of particles. Semiempirical methods for calculating the electronic structure of particle systems.

Diluted magnetic semiconductors: properties, applications.

Laboratory work No. 1 "Analysis of the electronic structure of dilute magnetic semiconductors".

Metal- Organic Frameworks structures (MOF): structure, properties, applications.

Laboratory work No. 2 "Study of MOF-74 on the basis of the density functional theory".

Nanoclusters: computer simulation.

Laboratory work No. 3 "Modeling of the atomic structure of metal nanoclusters".

Module 2. "Methods of molecular dynamics."

Methods of molecular dynamics. The program VASP.

The transition from the electronic structure of systems with several atoms to the electrical, mechanical and magnetic properties of macroobjects. Modeling of macroscopic processes by methods of classical dynamics.

Laboratory work No. 4 on the study of substances in the condensed state by molecular dynamics methods.

Module 3. "Modeling of X-ray absorption spectra."

X-ray absorption spectroscopy is a method for studying the nanoscale atomic structure and the electronic subsystem of materials. The method of complete multiple scattering. The finite difference method.

Laboratory work No. 5 "Investigation of the nanoscale atomic structure of materials: modeling of X-ray absorption spectra".
6. Basic educational technologies

The educational process is based on the concept of competence training, focused on the formation in the students of a specific list of competencies, the actualization of theoretical knowledge. Deployment of the competence model of training presupposes a wide application of innovative ways of organizing the educational process, namely, technologies of self-directed learning, including a point-rating system.

In order to form and develop the required competences in the teaching process, the lecture work (lectures and laboratory classes) is combined with the out-of-class independent work of students.
7. Forms of control

The current control of the discipline provides for monitoring the attendance of lecture classes, monitoring the performance of laboratory work.

Border control in the discipline provides for the protection of laboratory work and testing.

Intermediate attestation in the form of an exam.
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