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I. General provisions

1. The program was drawn up in accordance with the Order of the Minister of Education
and Science of the Republic of Kazakhstan dated October 31, 2018 No. 600 «On Approval of the
Model Rules for Admission to Education in Educational Organizations Implementing Educational
Programs of Higher and Postgraduate Education» (hereinafter referred to as the Model Rules).

2. The entrance exam for doctoral studies consists of writing an essay, an exam in the
profile of a group of educational programs and an interview.

biok banbr
1. Interview 30
2. Essay 20
3. Exam according to the profile of the 50
group of the educational program
Total admission score 100/75

3.The duration of the entrance exam is 3 hours 10 minutes, during which the applicant
writes an essay and answers the electronic examination ticket. The interview is conducted at the
university premises before the entrance exam.

I1. Procedure for the entrance examination

1. Applicants for doctoral studies in the group of educational programs D194 —
«Mathematical and computer modeling» write a problematic / thematic essay. The volume of the
essay is at least 250words.

The purpose of the essay is to determine the level of analytical and creative abilities,
expressed in the ability to build one’s own argumentation based on theoretical knowledge, social
and personal experience.

Types of essays:

motivational essay revealing the motivation for research activities;
scientific-analytical essay justifying the relevance and methodology of the planned
research;

problem/thematic essay reflecting various aspects of scientific knowledge in the subject
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. The electronic examination card consists of 3 questions

Topics for exam preparation according to the profile of the group of
the educational program:



Course: "Mathematical Modeling of Nonstationary Physical Processes"

Mathematical modeling of physical processes. Mathematical modeling of atmospheric
processes. Mathematical modeling of ocean and sea pollution. Mathematical modeling of short-
term weather forecasting. Mathematical modeling of tropical cyclones (tornadoes). Mathematical
modeling of near-Earth space. Mathematical modeling of the hydrodynamics of aluminum
electrolyzers. Modeling of ionospheric plasma dynamics. Mathematical modeling of internal
flows. Mathematical modeling of chemical processes in a confined space. Fractional-step methods
for three-dimensional parabolic equations. Fourier method for the three-dimensional pressure
equation in nonstationary physical processes. Reynolds stress model for velocity and scalar fields.
Data files for physical processes.

Course: ""Mathematical and Computer Modeling of Medical and Biological Processes"

Dynamical systems: basic concepts and properties. Dynamical systems: phase portraits and
trajectories. One-dimensional systems. Analysis of equilibrium points of two-dimensional linear
dynamical systems. Concept of the characteristic equation. Stability of equilibrium points.
Lyapunov’s direct method. Stability and instability by the first approximation. Lyapunov theorem
(Sylvester criterion). Routh—Hurwitz criterion. Nonzero equilibrium points of dynamical systems.
Population dynamics. Exponential growth model and logistic equation. Models of interaction
between two species. Generalized models with prescribed functions. Models involving
biochemical reactions. Laws of mass conservation. Enzyme kinetics. Morphogenesis models in
reaction—diffusion systems. The Brusselator model. Spatial morphogenesis models in reaction—
diffusion systems. Numerical simulation of the leopard-skin pattern model in reaction—diffusion
systems.

Course: "Modeling the Stability of Deformable Systems"

Main types of continuous media. Absolutely rigid and deformable bodies. Basic
assumptions. Major branches of mechanics and their fields of study. External and internal forces.
Classification. Internal stresses. Stress tensor. Reciprocity law of shear stresses. Saint-Venant
compatibility equations. Geometry of deformation in elastic systems. Displacements and strain
tensors. Fundamental equilibrium (motion) equations of deformable media. Types of nonlinearities
in deformable systems. Main sources of nonlinearity. State equations of a system. Classification of
operator equations. Degrees of freedom. Classification of oscillatory processes. Types of
nonlinearities. Classification of dynamical systems. Characteristics of different types of dynamical
systems. Their mathematical representation. Fundamental principles and methods for constructing
dynamical models. D’Alembert’s principle. Lagrange’s equations of the second kind.
Ostrogradsky—Hamilton variational principle. Examples (pendulum oscillation model). Systems
with one or several degrees of freedom. Systems with distributed parameters. Variational method
and its application to modeling spatial motion of deformable media. Example of a rod element
(nonlinear case). Stability of equilibrium states of deformable systems. Dynamic stability of
deformable systems. Stability of beam equilibrium. Critical axial compressive load. Types of
boundary conditions for beam ends. Influence of support conditions on the critical load. Stability of
beams with variable cross-sections. Filippov’s spatial deformation model of a rod element.
Potential energy and kinetics of spatial deformation of a rod element. Bubnov—Galerkin method.
Transformation of continuum motion equations into ordinary differential equations. Example of a
one-dimensional element. Harmonic balance method. Primary resonance and higher-order
resonances. Determination of amplitude—frequency characteristics for geometrically nonlinear
systems. Bifurcation. Dynamic stability. Examples. Lyapunov stability criteria. Routh—Hurwitz
criterion. Perturbed-state equations. Duffing equation. Mathieu equation. Hill equation.
Transformation of the perturbed-state equation of a nonlinear system into a Hill-type parametric



equation. Floquet theory for determining instability regions of mechanical systems. Characteristic
determinant of the first instability region. Characteristic determinants of the second and third
resonance instability regions.
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