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A. The entrant should have a good knowledge of 
 
1. Mathematical analysis 
1. Limits of sequences and function. 
2. Continuous and uniformly continuous functions. Types of discontinuities.  
3. Derivative and differentiable functions of one and several variables. 
4. The Taylor formula with different forms of residual terms. 
5. Numerical and functional series. Sum of series, convergence tests. Absolute and conditional 
convergence.  
6. Taylor series.  
7. Multiple integrals. The change variable formula for a multiple integral. 
8. Metric spaces. Convergence in metric spaces. 
 
2. Measure theory  
1. Construction of the Lebesgue measure. 
2. Construction of the Lebesgue integral. 
3. Limit theorems for Lebesgue integral. 
 
3. Functional analysis 
1. Hilbert space. Orthonormal bases. 
2. Linear, continuous, bounded operators. The operator norm. 
3. The Hahn-Banach theorem. 
4. The Banach inverse operator theorem. 
5. Principle of uniform boundedness. 
6. Compact operators and Fredholm theorems. 
 
4. Linear algebra 
1. Matrices and actions on them. The inverse matrix. 
2. Linear transformation. Rank and defect of linear transformation. 
3. Determinants, their properties and applications. 
4. Eigenvalues and eigenvectors of the linear operator. 
5. Jordan's normal form of the matrix. 
6. Reduction of the quadratic form to the canonical form. 
 
5.Analytic geometry 
1. Scalar, vector and mixed products of vectors. 
2. The mutual position of the curve of the second order and the straight line. 
3. The principal directions of the surface of the second order. Characteristic equation. 
4. Mutual placement of two straight lines in space (the condition of contiguity, intersection, 
parallelism, coincidence). 
 
 
6. Differential equations 
1. Equation with separable variables, equations in complete differentials and their integration. 
2. The Cauchy problem for a differential equation of arbitrary order and for a normal system of 
differential equations. Peano's theorem. Picard's theorem. 
3. Fundamental system of solutions of a linear homogeneous differential equation of arbitrary 
order. Wronski fundamental matrix. 



4. Fundamental system of solutions of equations with constant coefficients. 
5. The variations of constants formula for solutions of linear inhomogeneous differential equations 
of arbitrary order and systems of differential equations. 
 
7. Complex analysis 
1. The concept of the derivative of a complex-valued function of a complex variable, the geometric 
meaning of the absolute values and the argument of the derivative. 
2. The basic properties of elementary analytic functions (fractional-linear, power, index, 
logarithmic, Zhukovsky's function). 
3. The integral of the function of a complex variable along the path and its main properties. 
Cauchy’s formula. 
4. Singularities of the function of a complex variable, residues. 
 
8. Partial differential equations 
1. Formulation of the Cauchy problem for the wave equation and the heat equation and their 
physical content. 
2. Formulation of the first mixed boundary-value problem for the wave equation and its physical 
content. 
3. Formulation of the second mixed boundary value problem for the heat equation and its physical 
content. 
4. The formulation of the third external boundary value problem for the Poisson equation and its 
physical content. 
5. The notion of well-posedness (by Hadamard) of the problem of mathematical physics. 
 
9. Probability Theory 
1. Axioms of Probability Theory. Concept of probability space, probability measure, conditional 
probability. 
2. Definition and properties of independent random events and variables. 
3. General definition of random variable and vector. 
4. Mathematical expectation, covariance, variance, their properties. 
5. The probability distribution function and density of a random variables, their properties. 
6. Functions from random variables, transformation of random variables. 
7. Joint distribution function and density, their properties. 
8. Standard probability distributions (binomial, geometric, negative binomial, hypergeometric, 
uniform, epxonential, normal, gamma, beta). 
9. Multidimensional normal (Gaussian) distribution, its characteristics. 
10. Different types of convergence of random variables: on the probability, on average, almost 
certainly, the connection between them. 
11. The Kolmogorov law of large numbers. 
12. Characteristic function and its properties. Weak convergence, Levy's criterion. 
13. The classical central limit theorem for iid random variables. Vector central limit theorem. 
14. Conditional mathematical expectation, conditional distribution, regression function. Normal 
regression. 
 
10. Mathematical statistics 
 
1. The notion of statistical space, sampling, estimators, the concept of unbiasedness, consistency, 
asymptotic normality of estimators. 
2. Method of moments, properties of MM extimators. 
3. Maximum likelihood estimators, their properties. 
4. The Cramer-Rao inequality, effective estimators, sufficient statistics. 
5. Interval estimators, confidence intervals, their construction. 
6. Chi-square, Student and Fischer distributions. 
7. Statistical tests, significance and power. 
8. Statistical tests for parameters of normal distribution. 
9. Non-parametric coherence and goodness-of-fit tests, rank test. 



10. Chi-square tests. 
11. Basics of linear regression. Single-factor analysis of variance (ANOVA). 
12. Classical linear discriminant analysis. 
 
11. Theory of stochastic processes 
1. Stochastic processes with independent increments. Wiener and Poisson processes. 
2. Wide- and narrow-sense stationary processes. 
3. Gaussian processes. 
4. Martingales. 
5. Markov processes. Generator. Forward and backward Kolmogorov's equation. 
6. Markov chains, transition probabilities, classification of states, invariant distribution. 
7. Ito integral, Ito formula, stochastic differential equations. 
 
 
 
B. The entrant should be capable of solving the problems of the following types: 
 
1. Mathematical analysis 
 
1. Compute limits of sequences and functions. 
2. Analyze functions and plot their graphs. 
3. Calculate area, arc length, work, flow with integrals. 
4. Expand the functions into the Taylor and Fourier series. 
 
2. Measure theory 
 
1. Compute the Lebesgue integral 
2. Use limit theorems for Lebesgue integral 
 
3.Functional analysis 
1. Calculate the norms of a linear continuous functions and operators. 
2. Investigate the convergence of linear operators. 
3. Identify the spectrum of a linear continuous operator.  
4. Solve integral equations, apply the Fredholm theorem. 
 
4. Linear algebra 
1. Find the largest common divisor of two polynomials. 
2. Find the inverse matrix. Solve linear equations. 
3. Find the base of the sum and intersection of linear subspaces 
4. To reduce the quadratic form to the canonical form. 
5. Find an orthonormal basis in the Euclidean space. 
6. Find eigenvalues and eigenvectors of a linear operator. 
 
5.Analytic geometry 
1. Determine the equation of the straight line and the plane. 
2. Find the intersection of straight lines and planes, the angles between them. 
3. Bring the conics to the canonic form. 
 
6.Complex analysis 
1. Find conformal maps between domains. 
2. Expand functions in the Taylor and Laurent series, identify singularities. 
3. Calculate integrals using residues. 
 
7. Differential equations 
1. To find a solution to the Cauchy problem of an integrable first-order equation. 
2. Solve linear differential equations with constant coefficients. 



3. Solve linear inhomogeneous equations by variation of constants. 
 
8. Equations of mathematical physics 
1. To reduce to the canonical form the differential equations with partial derivatives of the second 
order with two independent variables. 
2. Separate the variables for solving boundary value problems for equations in two independent 
variables. 
 
9. Probability Theory 
1. Determine the probability of events, using the classical, geometric, axiomatic definition of 
probability. Identify conditional probabilities, use total probability and Bayes’ formulas. 
2. Determine the characteristics of random variables: distribution, density, mathematical 
expectation, variance, characteristic function. 
3. Compute conditional probability and test independence of random events. 
4. Determine joint characteristics of random variables: joint distribution, joint density, covariance, 
joint characteristic function. 
5. Analyze the convergence of random sequences in probability, almost surely, in distribution. 
6. Apply the law of large numbers and the central limit theorem. 
 
10. Mathematical statistics 
1. Determine the order statistics, the empirical distribution function, the sample quantiles, the 
sample mean and variance. 
2. Use the method of moments and maximum likelihood  techniques to construct estimators for 
unknown parameters. 
3. Examine properties of statistical estimators: unbiasedness, consistence, asymptotic normality. 
4. Determine sufficient statistics and effective estimators. 
5. Construct confidence intervals. 
6.Test statistical hypotheses about the distribution parameters. 
7. Test statistical hypotheses independence, homogeneity. 
8. Apply the chi-square test. 
9. Carry out a one-factor ANOVA. 
 
11. Theory of random processes 
1. Determine the characteristics of the random process: finite-dimensional distributions, 
expectation, covariance function 
2. Determine the type of random process. 
3. Classify the states of the Markov chain, determine the invariant distribution. 
4. Apply the Ito formula, solve the linear stochastic differential equation. 


