ENTRANCE EXAMINATION PROGRAM

FOR LANDAU PHYSTECH SCHOOL OF PHYSICS AND RESEARCH
MATHEMATICS AND MECHANICS
COMPETITIVE GROUP
FOR APPLICANTS ENTERING PHD PROGRAMS

At the entrance examination applicants will be asked questions on their final qualifying
work and questions from the section corresponding to specialty of their future research

activity. Questions on the final qualifying work (master or specialist's degree):

1. Main provisions.
2. Novelty.
3. Relevance.

Theory of Probability and Mathematical Statistics

1.
2.

10.

Point estimation. Methods: moments, maximum likelihood, sample quantiles.

Interval estimation. Exact and asymptotic confidence intervals. Methods: central
function, construction of an asymptotic confidence interval.

Hypothesis testing. Test statistics and critical value. Hypothesis testing results,
statistical significance. Type I and Il errors. Significance level, power of the criterion.
P-value and its interpretation.

Multiple hypothesis testing. FWER and FDR. Basic methods, their features. Bonferroni
method. A p-value adjustment. The result of multiple tests of the same hypothesis.
Criteria for agreement. Criteria: Kolmogorov test, chi-square, normality tests.
Correlation analysis. Meaning and formulation of the problem for continuous and
discrete cases. Correlation coefficients, their features. Contingency tables. Basic criteria
for testing interconnectedness, examples.

Dispersion analysis. Independent and related samples. Main criteria, conditions of their
applicability. Examples.

Linear regression. Least square method. Properties of the least squares estimator, linear
Gaussian model. Interpreting OLS Regression Results in statsmodels.

Regularization. Motivation. Ridge, Lasso, Elastic Net. Behavior of regression
coefficients depending on the regularization parameter.

Decision trees. The procedure for constructing a tree, the criteria for information
content, the answer in the sheet. Bias variance decomposition. Random forest,

advantages and disadvantages.



11.

12.

13.

14.

Decision trees. The procedure for constructing a tree, the criteria for information
content, the answer in the sheet. Gradient boosting, advantages and disadvantages.
Neural networks: error backpropagation mechanism, network optimization. Fully
connected neural networks. Activation functions.

Neural networks: error back propagation mechanism, network optimization.
Convolutional neural networks: motivation, types of layers.

Quality metrics. Confusion matrix. Classification quality metrics, their features. ROC

and PR curves. Regression quality metrics. Cross validation.
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