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CONTENT
1. Goals and objectives of the entrance examination in the specialty

The entrance exam is intended to determine the practical and theoretical
preparedness of the applicant and is conducted to determine the correspondence of
knowledge, skills and skills to the training requirements in PhD doctoral studies in
the field of training.

At the entrance examination, entering the doctorate must show the depth of
knowledge in the main disciplines of previous training, research capacity, which
are sufficient and necessary for the successful mastery of the PhD doctoral
program.

The applicant should show the ability to work independently with
contemporary literature, demonstrate his achievements in the field of modern
nuclear physics in the form of author's publications, diplomas, certificates, etc.

The form of the entrance examination is a written examination. The
examiners write down their answers to the questions of the examination ticket on
the answer sheets, which are checked by the examination board in an encrypted
form.

2. Requirements for the level of training of persons entering Ph.D.

The previous level of education of persons wishing to master the PhD doctoral
program is a higher or postgraduate education.

The procedure for admission of citizens to PhD doctorates is established in
accordance with the standard rules of admission in the educational organization
that implement professional training programs postgraduate education.

Requirements for applicants:
must:
- be able to carry out a qualitative and quantitative analysis of physical processes,
have the ability to determine the objectives of special studies and use the methods
of the sciences studied to solve the tasks;
- to have knowledge of fundamental phenomena and effects in the field of physics,
experimental, theoretical and computer methods of research in this field;
- to be able independently or in the system of further education to study special
problems of physics and new methods of research

3. Prerequisites for the educational program
1. Models of nuclei
2. Nuclear reactions at intermediate energies



4. The list of examination topics

1. The atomic nucleus
Composition of the nucleus, mass number, nuclide, nuclear isomers, core mass,
spin and magnetic moment of the nucleus, binding energy, energy levels of the
nucleus, nuclear forces, stability of the nucleus, nuclear model.

2. Radioactivity
General characteristics of radioactivity, natural and artificial nuclei, decay energy,
radioactive families, the law of radioactive decay, decay, decay, decay, Geiger-
Nettol law

3. Methods of scattering
Scattering experiment, kinematics of process scattering, kinematics of decays,
kinematics of birth reactions, kinematics of elastic scattering, effective scattering
cross section, probability of decays.

4. Sources and Particle Detectors
Sources of particles, types of accelerators, installations with colliding beams,
targets, particle detectors.

5. Properties of atomic nuclei
Elementary elements of the atom, antiparticles, mass and binding energy of the
nucleus, the specific binding energy of the nucleus, spin, parity, electromagnetic
moments of the nucleus, the shape of the nucleus, the size of the nucleus, the
structure of the atomic nuclei.

6. Nuclear Models and Nuclear Forces
Nuclear models, a semiempirical formula for the energy of the nucleus, the model
of nuclear shells, nuclear forces, the meson theory of nuclear forces.

7. Radioactive transformations
Radioactivity, radioactive series and transuranium elements, neutrinos, gamma
radiation of nuclei, the Mossbauer effect.

8. Nuclear Reactions and Nuclear Power
Nuclear reactions, the mechanism of nuclear reactions, the mechanism of fission of
heavy nuclei, fission chain reaction, nuclear reactors, synthesis reaction,
thermonuclear energy in nature, controlled thermonuclear fusion.

Discipline "Nuclear Reactions at Intermediate Energies”
1. Cerenkov radiation

ChR as interference effect, threshold character of ChR, spectrum, angular
distribution and polarization of ChR, ChR as part of ionization losses,



identification of particles by recording ChR.

2. Detectors
Classification of detectors, gas detectors, physical processes in the detector gas,
primary and complete ionization; sigma-electrons; Drift and diffusion of charged
particles; Gas strengthening; breakdown; Photoionization, and photoabsorption,
ionization chamber, waveform, induction effect, cylindrical proportional counter,
loading effect, working mixtures, track detectors, time-projection chamber,
semiconductor detectors (PPD).

3. Accelerators and particle detectors
Accelerators, accelerators with colliding beams, detectors of single charged
particles, detectors of showers and calorimeters.

4. Hadron-hadron interactions
Cross sections and decay rates, isospin, strangeness and isospin, the Bright-Wigner
resonance formula, boson resonances, the creation of particles at high energies.

5. The static quark model of hadrons
Decuplet of baryons, spin and color of quarks, baryon octet, vector mesons, lepton
decays of vector mesons, pion-nucleon cross section, magnetic moments of
baryons.

6. Weak interactions
Classification of weak interactions, nuclear decay, Fermi theory, interaction of free
neutrinos, neutrino helicity, parity violation.

7. Electromagnetic interactions
Elastic scattering of spinless electrons by nuclei, transmitted 4-momentum,
electron scattering by a nucleon, guantum electrodynamics and processes of higher
orders.

8. General principles of relativistic kinematics
Integrals of motion, conservation laws, relativistic transformations of angles and
momenta.

9. Effective cross-sections and their formation when the coordinate system
is changed.
Integral and differential cross sections, relativistic transformation of angular and
impulse distributions.
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Scale of examinations for admission to doctoral studies in the specialty
«8D05308-Nuclear Physics»

Characteristics of student
work

The
range
of
rating
points

Evaluation
ECTS

Traditional (4-level)
Rating scale

"Excellent” - work of high
quality, the level of performance
meets all the requirements, the
theoretical content of the course
of the model of the nuclei is
mastered completely, without
gaps, the necessary practical
skills of working with the
mastered material are formed,
all the training tasks stipulated
in the training program are
fulfilled, the quality of their
performance is estimated by the
number of points close To the
maximum

90-100

excellent

"Very good" - the work is good,
the level of implementation
meets most of the requirements,
the theoretical content of the
course of nuclear reaction at
intermediate energies IS
mastered completely, without
gaps, the necessary practical
skills of working with the
mastered material are basically
formed, all the training tasks
stipulated in the training
program are fulfilled, Of them is

80-89

B+

Credited

good




The Traditional (4-level)

Characteristics of student ragfge Evaluation Rating scale

work . ECTS
rating

points

estimated by the number of
points close to the maximum

"Good" - the level of
performance of the work meets C+
all the basic requirements, the
theoretical content of the course
IS mastered completely, without
gaps, some practical skills of
working with the mastered
material are not sufficiently 70-79 satisfactorily
formed, all the training
assignments provided by the
training program are fulfilled,
the quality of performance of C-
none of them is not estimated by
the minimum score , Some of
the completed tasks may contain

errors
"Satisfactory" - the level of
performance of the work meets D+

most of the basic requirements,
the theoretical content of the
course is partially mastered, but
the gaps are not essential, the
necessary practical skills of | g5_gg
working with the mastered
material are basically formed, D
most of the training tasks
provided by the training satisfactorily
program are fulfilled, some
types of tasks are executed with
errors

Credited

"Mediocre” - the work is weak,
the level of implementation does
not meet most requirements, the
theoretical content of the course | 90-59 D-
Is partially mastered, some
practical skills are not formed,
many of the training




The Traditional (4-level)

Characteristics of student ragfge Evaluation Rating scale

work . ECTS
rating

points

assignments provided by the
training program are not met, or
the quality of some of them is
estimated by the number of
points close to the minimum

"Unsatisfactory”  (with  the
possibility of retake) -The
theoretical content of the course
iIs partially mastered, the
necessary practical skills are not
formed, most of the training
assignments provided by the
training program are not
fulfilled, or the quality of their | 25-49
performance is estimated by the
number of points close to the
minimum;  With  additional
independent work on the
material of the course, it is F _
possible to improve the quality Unsatisfacto
of the performance of study ry

assignments

Not credited

"Unsatisfactory™ (without the
possibility of retake) - the
theoretical content of the course
IS not mastered, the necessary
practical skills are not formed,
all the completed training tasks
contain gross errors, additional
independent work on the course
material will not lead to any
significant improvement in the
quality of the performance of
the training assignments

0-24




