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1. Goals and objectives

Goals

The purpose of the state exam is to establish the level of training of the student in the disciplines and the
compliance of the results of mastering the educational program with the requirements of the educational

standard in the direction of training.

Objectives

- assessment of the degree of mastering by students of the theoretical provisions of the main disciplines;
- assessment of the ability to apply the knowledge gained to solve specific problems.

2. List of competences, the level of which is assessed in the state examination

Code and name of competence

Indicators of competence achievement

UC-1 Use a systematic approach to critically analyze
a problem,and develop an action plan

UC-1.2 Search for solutions by using available sources

UC-2 Able to manage the project through all stages
of implementation

UC-2.1 Set an objective within a defined scientific
problem; formulate the agenda, relevance, significance
(scientific, practical, methodological, or other depending
on the project type), forecast the expected results and
possible areas of their application

UC-2.2 Forecast the project outcomes, plan necessary
steps to achieve the outcomes, chart the project schedule
and monitoring plan

UC-4 Use modern communication tools in the
academic and professional fields, including those in
a foreign language

UC-4.1 Exchange business information in oral and
written forms in Russian and at least one foreign
language

UC-4.4 Use modern ICT tools
professional collaboration

for academic and

Gen.Pro.C-1 Gain fundamental scientific knowledge
in the field of physical and mathematical sciences

Gen.Pro.C-1.1 Apply fundamental scientific knowledge
in the field of physical and mathematical sciences

Gen.Pro.C-1.2  Consolidate and critically
professional experience and research findings

aSSESsSs

Gen.Pro.C-1.3 Understand interdisciplinary relations in
applied mathematics and computer science and apply
them in professional settings

Gen.Pro.C-2 Acquire an understanding of current
scientific and technological challenges in
professional settings, and scientifically formulate
professional objectives

Gen.Pro.C-2.1 Assess the current state of mathematical
research within professional settings

Gen.Pro.C-2.2 Assess the relevance and practical
importance of research in professional settings

Gen.Pro.C-2.3 Understand professional terminology used
in modern scientific and technical literature and present
scientific results in oral and written form within
professional communication

Gen.Pro.C-3 Select and/or develop approaches to
professional problem-solving with consideration to
the limitations and specifics of different solution
methods

Gen.Pro.C-3.3 Gain knowledge of analytical and
computational methods of problem-solving, understand
the limitations of the implementation of the obtained
solutions in practice

Gen.Pro.C-4 Successfully perform a task, analyze
the results, and present conclusions, apply
knowledge and skills in the field of physical and
mathematical sciences and ICTs

Gen.Pro.C-4.2 Apply knowledge in the field of physical
and mathematical sciences to solve problems, make
conclusions, and evaluate the obtained results

Gen.Pro.C-4.3 Justify the chosen method of scientific
research




Pro.C-1 Assign, formalize, and solve tasks, develop
and research mathematical models of the studied
phenomena and processes, systematically analyze
scientific problems and obtain new scientific results

Pro.C-1.1 Locate, analyze, and summarize information on
current research findings within the subject area

Pro.C-1.2 Make hypotheses, build mathematical models
of the studied phenomena and processes, evaluate the
quality of the developed model

Pro.C-1.3 Apply theoretical and/or experimental research
methods to a specific scientific task and interpret the
obtained results

Pro.C-2 Organize and conduct scientific research
and testing independently or as a member (leader) of
a small research team

Pro.C-2.1 Plan and conduct scientific research
independently or as part of a research team

Pro.C-2.2 Test research results through scientific
publications and participation in conferences

Pro.C-3 Use research and testing equipment
(devices and installations, specialized software) in a
selected subject field

Pro.C-3.1 Understand the operating principles of the
equipment and specialized software

Pro.C-3.3 Evaluate the accuracy of the experimental
(numerical) results

3. List of sample questions for the state examination

1. What sources did you use when searching for scientific information on the topic of your research?
2. In which publications are the results of your work published?
3. What mathematical models did you use when processing the research results?

4. What is the novelty of your research results? How would you describe this novelty: a concept, an idea
that enriches a well-known concept, or as a new technique that expands the boundaries of knowledge?

5. At which conferences were the results of your work presented?

6. Why did you choose this method for research?

7. What is the error of your chosen method of analysis? Show the confidence interval on the graph.

8. Describe your chosen research method.
9. How was the experimental data processed?

10. What is the reliability of the results you received?

11. Formulate the practical value of your research.
12. What is your contribution to the results of scientific works published by the team with your

participation?

13. What justifies the theoretical significance of the results of your research?
14. What justifies the practical significance of the results of your research?
15. Your forecast for the prospects of using the results of your work.

4. Procedure of taking a state examination

A student who has fully completed the curriculum of the educational program and does not have
academic debts is allowed to the state exam in the direction (specialty) of training.

Before the state exam, students are consulted on the state exam program.

The main questions on the state examination are regulated by the Regulations on the final Qualification
work of MIPT students.

The defense of the final qualification work is carried out in the form of a report on the results of the
completed scientific research (presentation). The duration of the student's report is no more than 15
minutes. At the end of the report, the student answers the questions of the members of the state
examination commission without additional time for preparation. The student's survey may not last more
than 1 astronomical hour.

5. Description of the facilities required for the state examination



auditorium for consultations and certification testing, equipped with workplaces for students and the
state examination commission, a blackboard, multimedia equipment.

6. List of reccommended reading

Main literature

1. IlonroroBka u 3ammra OakajgaBpCKOM pabOThI, MaruCTEPCKOW QUCCEpPTAlMM, JUILUIOMHOIO MPOEKTa
[Dnexktponnblii pecypc], yue6. mocobme / 0. H. HosukoB. — CII6., Jlams, 2019.— URL:
https://e.lanbook.com/book/122187 (nara obpamenus: 29.01.2021). - [Tonnsrit Teker (Pexxum poctyma :
u3 cetu MOTU / Ynanenuslii 1ocTyt)

1. ITonoxeHue 0 BBIMYCKHON KBaTH(pUKaMOHHOU padore cTyneHToB MDTU (0O1UIEHHCTUTYTCKOE, B TOM
yucie ansa JIOU, kpome mnpusoxkeHuid 1 u 2, KOTOpble 3aMEHEHBbI pelIeHHeM YUYEHOIro COBETa
(PU3TEX-IIKOJIBI, CM. CCBUIKY HUXKE)
https://mipt.ru/docs/download.php?code=prikaz_ob utverzhdenii_polozheniya o vypusknoy kvalikafit
sionnoy_rabote studentov_mfti 49 1 ot 21 01

2. IlpaBuna mysa crygeHtoB JIOU (3amenstor mpuiiokeHus 1 u 2 oOmenHCcTUTYTCKOTo IlomoxkeHust o
BKP)
https://mipt.ru/education/departments/Ipr/students/%D0%9F%D1%80%D0%B0%D0%B2%D0%B8%D
0%BB%D0%B0%20%D0%9B%D0%A4%D0%98%20%D0%BF%D0%BE%20%D0%92%D0%9A %D

0%A0.pdf
3. Tlopsimok pa3MelneHHsi BBIMTYCKHBIX KBAIM(UKAIIMOHHBIX pabOT B JIEKTPOHHOH OHOIMOTEYCHOI
CUCTEME MOTHU (OOIICMHCTUTYTCKHUIA)

https://mipt.ru/education/departments/Ipr/students/%D0%9F%D0%BE%D1%80%D1%8F%D0%B4%D
0%BE%D0%BA%20%D1%80%D0%B0%D0%B7%D0%BC%D0%B5%D1%89%D0%B5%D0%BD%
D0%B8%D1%8F%20%D0%92%D0%9A%D0%A0%20%D0%B2%20%D0%AD%D0%91%D0%A1.pd
f

4. Tlopsimok mposeneHuss [MMA ¢ TpUMEHEHHEM JHMCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHIA
https://mipt.ru/education/departments/Ipr/students/%D0%93%D0%98%D0%90%20%D1%81%20%D0
%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%B
D%D0%B8%D0%B5%D0%BC%20%D0%94%D0%9E%D0%A2.pdf

Additional literature

1. UckyccTBO mucarh HaydHblE CTaTbd, HaydHO-IIpakTHueckoe pykoBozactBo / E. 3. MelnuxoB. —
Honronpynusiii, Muremnext, 2020.— URL: http://books.mipt.ru/book/301312 (nara oOpaieHus:
18.12.2020). - ITonnslit Texet (Pexxum noctyna : u3 cetu MOTU / Vnanennsiii noctyi)

7. Guidelines for students preparing for the state examination

When preparing for the state exam, students are advised to recall the topics of the disciplines included in
the program of the exam, using, if necessary, lecture notes and recommended literature. After repeating
each topic, the student is advised to independently write the formulations and proofs of the theorems
contained in the program of the oral part of the state exam, without using literature and aids. If this fails,
then it is recommended to repeat this procedure. If there are questions that the student cannot
independently solve with the help of the recommended literature, it is recommended to ask these
questions at the consultation conducted by the teacher of the department in the relevant discipline.

8. Methodology and assessment criteria for the state examination

The results of passing the state exam are determined by the grades "excellent", "good","
nn

satisfactory","unsatisfactory". Grades "excellent", "good", "satisfactory" mean a successful defense of the
Final research project (FRP) with the appropriate qualification.

The assessment for the state exam is made by the state final commission taking into account the opinion
of the supervisor, the report of the graduate and the public discussion, as well as taking into account the
following criteria —



- validity of the relevance of the research topic, compliance with the content of the topic, completeness of
its disclosure;

- clarity of the work structure and logical presentation of the material, methodological validity of the
research;

- effectiveness of using the selected research methods to solve the problem;

- possession of the scientific style of presentation;

- validity and value of the research results and conclusions, the possibility of their application in practice;

- compliance of the form of submission of the FRP with all the requirements for the design of works;

- quality of the oral report, fluency in the FRP material;

- depth and accuracy of answers to questions, comments and recommendations during the protection of
the work.

When making an assessment, publications, author's certificates, etc. can be taken into account.

The criteria for evaluating the protection of the FRP are given in the Regulations on the final
Qualification work of MIPT students.

9. Peculiarities of state final examinations for persons with disabilities and persons with special needs

For students with disabilities, the final state assessment takes into account the particularities of their
psycho-physical development, their individual capacities and their state of health (hereinafter referred to
as the individual characteristics).

9.1. The following general requirements shall be ensured in the conduct of the FSA:

— conducting state final examinations for persons with disabilities in the same room as students without
disabilities, if this does not create difficulties for the students when taking the final examinations;

— presence of assistant(s) in the classroom to provide students with disabilities with the necessary
technical assistance, taking into account their individual characteristics (to take the workplace, move
around, read and complete an assignment, communicate with members of the SEC);

— the use of technical aids for students with disabilities in taking the FSA, taking into account their
individual characteristics;

— ensuring that students with disabilities have unhindered access to and use of classrooms, toilets and
other facilities.

9.2. At the written request of a student with a disability, the duration of the state certification test may be
extended beyond the established duration of the test:

— the duration of the written state examination - not exceeding 90 minutes;

— the duration of the preparation of the student's answer to a state examination held orally - not more than
20 minutes.

9.3. A student with a disability shall submit a written application no later than 3 months prior to the
commencement of the State Attestation Examination regarding the need to create special conditions for
him/her when conducting state attestation tests, indicating the specifics of his/her psychophysical
development, individual capabilities and state of health. The application shall be accompanied by
documents confirming the learner's individual characteristics (in the absence of these documents from the
Institute Directorate).

In the application, the student shall indicate the need (lack of need) for the assistant's presence at the
state attestation test, the need (lack of need) for increasing the duration of the state attestation test in
relation to the established duration.

10. Examples of control tasks, tickets
Examples of tasks are given in the supplement.



A. Plasma Physics

A. Pu3uka mia3mspl

1. Ideal and non-ideal plasmas.

1. UneanbHasg 1 HenaeaabHas Iia3Ma.

2. Equilibrium and non-equilibrium plasmas.

2. PaBHOBECHAs U HEPAaBHOBECHAS ILJIa3Ma.

3. Saha equation. System of equations to
determine composition of partially ionized
equilibrium plasma.

3. YpaBuenue Caxa. Cucrema ypaBHEHUH AJs
OIpeIeNIeHUs COCTaBa YaCTUYHO MOHU3UPOBAHHOM
PAaBHOBECHOM ILJIa3MBl.

4. Debye theory of shielding. Debye radius.
Electrostatic energy of interaction in plasma.

4. Teopus sxpanupoBanus Jlebas. Panuyc Jlebas.
DJIeKTpOCTaTUYECKAsl SHEPT U B3AUMOJICHCTBUSI B
rasMe.

5. Electrical conductivity and ambipolar
diffusion of plasma.

5. DNeKTpONpOBOAHOCT M aMOumnosipHas quddy3us
IUIA3MBI.

6. lonization. Dominant ionization mechanisms
in plasma.

6. Monusanus. JJomuHupyrOIne MEXaHU3MbI
MOHU3ALIMHY B ILIa3MeE.

7. Electron-ion recombination. Recombination
mechanisms and products.

7. DNEKTPOHHO-UOHHAS peKOMOMHAIHsI. MeXaHU3Mbl
Y TIPOJTYKTHI PEKOMOMHAIINY.

8. Fundamental properties of the Electron-beam
plasma; comparison with gas discharge
plasmas.

8. OCHOBHBIE CBOICTBA JIEKTPOHHO-TYYEBOM
IJIa3Mbl; CPAaBHEHHUE C Ta30pa3psAHON MIIa3MOM.

B. Plasma Chemistry

B. XumMmus nia3msl

1. Interaction of ionizing radiation and plasma
with matter: similarities and differences.

1. B3aHMOHeﬁCTBH€ HOHU3UPYIOIICTO U3TTYUCHUS U
IJ1a3MbI C BEHICCTBOM: CXOACTBA U pa3JIM4usl.

2. Plasma-stimulated degradation of organic
polymers: the role of active plasma particles
and plasma electrons. Mechanisms of
degradation reaction. The plasma-stimulated
ageing of organic polymers.

2. Ctumynupyemas 1ia3Moi gerpagamnus
OpPTraHUYECKUX MOJIMMEPOB: POJIb AKTUBHBIX YACTHI]
TJ1a3Mbl ¥ TUTA3MEHHBIX 3JIEKTPOHOB. MeXaHU3MBI
peakuuu aerpaganud. CTUMyIUpyeMoe Tia3Mon
CTapeHUE OPraHUYECKUX MOJUMEPOB.

3. Plasma-stimulated polymerization of organic
polymers: examples and mechanisms. Plasma-
stimulated grafting and crosslinking.
Applications of plasma-modified polymers in
biology, medicine and technology.

3. [Ima3MeHHO-CTUMYTUPOBAHHAS TTOTMMEPHU3ALIHST
OpPraHMYECKUX MOJIUMEPOB: IPUMEPBI U MEXAHU3MBI.
IIpuBHBKa U CIIMBaHUE, CTUMYJINPYEMBIE IIJIA3MOM.
[TpumeHeHne MOIUPHUIMPOBAHHBIX II1a3MOM
MI0JIMMEPOB B OMOJIOTUH, METUIIMHE U TEXHHUKE.

4. Plasma-stimulated oxidation of organic
polymers: main mechanisms and chemical
functional groups formed due to the plasma
action. The rate constants of the plasma
chemical reactions (by an example).

4. IIma3MeHHO-CTUMYJIHPOBAHHOE OKHCIICHHE
OpPraHMYECKUX MOJMMEPOB: OCHOBHBIE MEXaHU3MBI U
XUMHYECKUE ()YHKIIUOHAIBHBIC TPYIIITHI,
oOpa3yromrecs 1o AeicTBUeM Tu1a3Mbl. KOHCTaHTHI
CKOPOCTH TNIA3MOXMMHUYECKHUX peakiui (Ha
puMepe).

5. Plasma chemistry of saturated and
unsaturated hydrocarbons — main pathways.

5. IlmasMoxuMus HaChIIICHHBIX 1 HCHACBIIIICHHBIX
YTrJI€eBOAOPOAOB — OCHOBHBIC ITYTH.

6. Plasma-stimulated synthesis of oxides and
nitrides on metallic surfaces: plasmachemical
reactions and thermal effects. Biomedical and
industrial applications of plasmachemically
synthesized oxide- and nitride-coatings.

6. [1n1a3MeHHO-CTUMYIMPOBAHHBIA CHHTE3 OKCUI0B U
HUTPUJIOB HA METAJNINYECKUX TOBEPXHOCTSX:
MJIa3MOXUMHUYECKHE PEaKUU U TEMJI0BbIE d3PPEKTHI.
bromenuuMHCKOE M MPOMBIIUIEHHOE IPUMEHEHHE
MIa3MOXUMUYECKH CUHTE3UPOBAHHBIX OKCUHBIX U
HUTPUJHBIX OKPBITHH.

7. Plasma chemistry of atmospheric and low
pressure plasmas: main differences.

7. Ilnazmoxumus mia3mMbl aTMOC(HEPHOTO U HU3KOTO
JIaBJICHMSI: OCHOBHBIE PA3JINYHSL.

C. Plasma technical systems

C. I1l1a3MeHHbIe TeXHUYEeCKHe CUCTEMbBI

1. Principle of the Electron-Beam Plasma
generation. General design of Beam-Plasma

1. TIpuHUIHMIT TeHEepaIK AIEKTPOHHO-ITYYKOBOM
r1a3Mbl. O01Iast KOHCTPYKIUS MTyYKOBO-TINIA3MEHHBIX




Systems: main subsystems and their co-
operation.

CUCTEM: OCHOBHBIC ITOACUCTEMBI U UX
B3alMOJICHCTBUE.

2. Injection windows for electron beams of
various power and geometry.

2. HXKEeKIMOHHbBIE OKHA U1 AJIEKTPOHHBIX ITY4YKOB
Pa3IM4HON MOLIHOCTH ¥ TEOMETPHH.

3. Combined action of the electron-beam
plasma on matter: active factors and their
separation.

3. KomOuHMpOBaHHOE BO3JEHCTBUE 3JEKTPOHHO-
IIy4YKOBOM TJIa3Mbl Ha BEIIECTBO: AaKTHBHBIEC (PaKTOPEI
U MX pa3JielieHue.

4.  Technologies based on thermal action of
the Electron-Beam Plasma on solid matter.

4. TexHOJIOTHHM, OCHOBAaHHBIC Ha TEIIOBOM
BO3JCHCTBUU AJIEKTPOHHO-ITYYEBOM MJIa3Mbl Ha
TBEPJIOE BEMIECTBO.

5.  Technologies based on non-thermal
action of the Electron-Beam Plasma on solid
matter.

5. TexHOIOTMH, OCHOBAaHHBIE HA HETEIIJIOBOM
BO3JICUCTBUH JIEKTPOHHO-ITYYKOBOH IIJIa3Mbl Ha
TBEPAOE BEILECTBO.

6.  Technologies based on thermal and non-
thermal action of the Electron-Beam Plasma on
gases.

6. TGXHOJIOI‘I/II/I, OCHOBAHHBIC HA TCIIJIOBOM U
HETCIIJIOBOM BOS,I[GfICTBHH BHeKTPOHHO'quKOBOﬁ
IJIa3MBI Ha ras3sbl.

7. Requirements for Beam-Plasma Systems
used in industrial and aerospace technologies.
Safety of Beam-Plasma Systems: electrical
safety, X-ray protection, environment safety.

7. TpeOoBaHMS K MTyYKOBO-TUIA3MEHHBIM CHCTEMAM,
HCIIOJIb3YCMbIM B ITPOMBIINIJICHHBIX U
A’POKOCMHUYECKUX TEXHOJIOTUSX. be3zomacHocTh
IMYYKOBO-ILUIA3MCHHBIX CUCTEM:
AIIEKTPOOE30IIACHOCTb, 3aIIUTa OT PEHTTEHOBCKOTO
U3JIydeHHs, 0€30MaCHOCTh OKPYXKAIOIIEH Cpe/Ibl.




