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ПОЯСНИТЕЛЬНАЯ ЗАПИСКА
The state interdisciplinary exam is part of the final state certification in the direction of 01.04.02 Applied Mathematics and Computer Science. It is designed to identify the degree of readiness of the graduate to independently perform a variety of professional tasks set by the State Educational Standard, and to continue education in graduate school.
The content of this program reflects the basic requirements for the professional education of masters of applied mathematics and computer science. The program corresponds to the cycles of the “Major Disciplines” and “Special disciplines” in the curriculum during the period of education of graduates, consistent with the original educational standard in the direction 01.04.02 Applied Mathematics and Computer Science.

Настоящая Программа в своем содержании отражает основные требования к профессиональной подготовке магистров прикладной математики и информатики, соответствует циклам «Дисциплины направления» и «Специальные дисциплины» действовавшего в период обучения выпускников учебного плана, согласуется с Оригинальным образовательным стандартом по направлению 01.04.02 Прикладная математика и информатика. The program of the state interdisciplinary exam has a generalizing character and directs graduates to consolidate comprehensive and holistic knowledge in their professional consciousness. The program includes the main topics of disciplines studied by students in the process of their study. It allows students to use literary sources, on which these disciplines relied, in preparing for the exam. 
At the state exam, a graduate must confirm knowledge of the studied disciplines, sufficient for professional work in the field of mathematical and computer modeling, as well as for subsequent training in graduate school. He should have a sufficiently formed scientific outlook in this area and demonstrate by answering the exam questions the knowledge and fluency in:
· system of scientific concepts;

· facts of mathematical theory;

· computational methods.
The student must also demonstrate:

· clear presentation logic;

· the ability to systematize and summarize the studied material;

· a vision of the possibilities of using the obtained theoretical knowledge for modeling and analysis of natural science systems and technologies.

PROGRAM CONTENT AND EXAM QUESTIONS
Section 1. Asymptotic methods for linear and nonlinear systems
Fast oscillating asymptotics. Technique of generalized functions in asymptotic analysis. Stationary phase method. Algebraic averaging method. Basic nonlinear models in mathematical physics, the concept of a generalized solution, the method of the inverse scattering problem, the method of weak asymptotics, the method of regularizations. Description of the propagation and interaction of nonlinear waves.
Question №1.  Algebraic averaging method for linear systems.
Question №2.  Solutions of the homological equation in the matrix case.
Question №3.  Averaging method for perturbed dynamic systems.
Question №4. Asymptotic methods for integrals of rapidly oscillating functions. Applications in the wave theory.
Question №5.  A scheme for constructing asymptotic solutions of nonlinear equations using the Whitham method.
Section 2. Methods of modeling for complex and quantum molecular systems
Symmetry algebras of fundamental quantum models. The method of constructing irreducible representations for an algebra with the "creation-annihilation" structure. The construction of coherent states. Coherent transformation of the spectral problem. Quantum systems in an external electromagnetic field. The topological nature of the Aharonov-Bohm effect. Nanostructures: quantum wells, quantum threads, quantum dots. Description of quantum multi-particle systems: secondary quantization, the method of equations of motion. Strongly correlated electronic systems, Hubbard model. Computer modeling of molecules. Mechanics of intermolecular interactions: molecular docking. The empirical force field method in molecular modeling. The method of molecular dynamics.
Question №1.  The coherent transformation method for a perturbed quantum oscillator.
Question №2.  Aharonov-Bohm effect. The topological nature of the effect and the gauge invariance of the Aharonov-Bohm phase.
Question №3.  Conformational space of the molecular system. Approximations used in the calculations of the energy of polyatomic systems. What methods are used to conduct a conformational search in the analysis of biomolecular systems?
Question №4. Landau Fermi-liquid theory. Non-interacting electron gas. Fermi Sphere. Phases of the interacting electron gas. Quasi-particles.
Question №5.  Models of quantum wells, quantum dots, and quantum wires.
Section 3. Mathematical modeling of statistical systems
Collective behavior in systems with a large number of particles. Random walks, Brownian motion, diffusion. Stable and unstable trajectories, the concept of ergodicity and chaos. Thermal equilibrium. Microcanoid and canonical ensembles. Entropy. Temperature. Gibbs distribution. The canonical partition function. Lattice models: Ising model, Schelling model, percolation. Spontaneous symmetry breaking. Order parameters Intermittent and continuous phase transitions. Versatility and scaling. Markov chains and the transfer-matrix method. Mathematical modeling of molecular machines. Proteins as natural molecular machines. Protein dynamics: state space and energy landscape. Basic kinetic equation. Spectral diffusion in proteins..
Question №1.  Basic statistical concepts: thermal equilibrium, entropy, temperature, free energy. Gibbs distribution.
Question №2.  Phase transitions. Spontaneous symmetry breaking. Order parameters
Question №3.  Statistical laws of the Brownian motion, nuclear decay, the conformational motion of the ideal polymer coil.
Question №4.  Mathematical models of molecular machines. Modeling protein dynamics.
Question №5.  Kinetic equation and spectral diffusion in proteins.
Section 4. Supercomputer technology
Classification of computing systems. Parallelism on tasks and data. Systems with shared and distributed memory. Acceleration of vector operations, graphics accelerators. Grid technology and distributed computing. Cloud computing. The theory of parallel algorithms. The concepts of workload, performance and acceleration. Informational dependence of operations, execution graphs, minimal graphs. Efficiency of parallelization of typical computer simulation algorithms. Internal parallelism of modern processors, scalar and superscalar architecture, command pipeline. Multi-core processors.
Question №1.  What is the difference between multiprocessor computing systems with shared and distributed memory? What technologies of creating parallel programs are used for systems of the first and second types?
Question №2.  What is static (block) and dynamic (block-cyclic) parallelization of loop iterations? When do you need the dynamic paralleling?
Question №3.  Sufficient conditions for the determination of a set of operations on general data (sufficient conditions of Bernstein).
Question №4.  Problems of development of the supercomputer industry in Russia. Why and what supercomputers of the exaflops class are needed?
Question №5.  Stochastic properties of molecular dynamic systems. Exponential instability of trajectories. The time of dynamic memory.
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CRITERIA FOR EVALUATING THE RESPONSES TO THE FINAL STATE INTERDISCIPLINARY EXAM 
01.04.02 APPLIED MATHEMATICS AND COMPUTER SCIENCE
The final state interdisciplinary exam in the direction of 01.04.02 Applied Mathematics and Computer Science is a written exam.
Students receive assignments that contains three main questions from sections of exam Program.

The student has to, firstly, answer each basic question (2-4 pages per question), and, secondly, he may write an abstract or essay on one of the topics of the Program, but not repeating the main questions.
The answer to each basic question is evaluated in points on a 10-point scale (starting from zero), and the additional abstract is evaluated in points on a 5-point scale (starting from zero). Thus, the maximum number of points that can be scored is 10 x 3 + 5 = 35.
The final grade of the exam
	10 
	32-35 points


	9 
	28-31 points 


	8 
	24-27 points 


	7 
	21-23 points 


	6 
	18-20 points

	5
	15-17 points

	4 
	12-14 points

	3 
	9-11 points 


	2 
	6-8 points 


	1 
	3-5 points

	0 
	0-2 points


