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Annotation

The course subject is to familiarize students with known applications of electron-beam plasma in industrial
and aerospace technologies. Development of students' initial practical knowledge and skills when working
with various beam-plasma systems is the main subject of part of training in the laboratory equipped with
plasma generators and plasma chemical reactors with various supporting facilities including safety
sub-systems. Controlling systems for these setups and units are considered as well.

1. Study objective

Purpose of the course

To acquaint students with the real beam-plasma systems applied in industrial and aerospace
technologies. Basic principles of these systems design and safe maintenance are demonstrated in
typical experiments related to plasma chemistry and plasma aerodynamics

Tasks of the course

» Familiarization of students with known applications of electron-beam plasma in industrial and
aerospace technologies:

* Demonstration to students of the work of beam-plasma systems for materials production and
laboratory setups for plasma aerodynamic experiments

» Development of students' initial practical knowledge and skills when working with beam-plasma
systems;

* Development of students' skills in designing main and supporting systems of beam-plasma setups
including controlling their systems.

2. List of the planned results of the course (training module), correlated with the planned results of the
mastering the educational program

Mastering the discipline is aimed at the formation of the following competencies:

Code and the name of the competence Competency indicators

Gen.Pro.C-1.1 Apply fundamental scientific knowledge in

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

knowledge in the field of physical and
mathematical sciences

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

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

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

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

3. List of the planned results of the course (training module)
As a result of studying the course the student should:
know:
* principles of operation and design of beam-plasma setups used in typical industrial and aerospace
technologies.
» methods of work on beam-plasma setups for various purposes, features of their operation and
maintenance; principles for ensuring the reliability and safety of beam-plasma setups.
*» methods for control the main parameters characterizing the operation modes of beam-plasma setups;
be able to:



» apply in practice the basic concepts used in the analysis and synthesis of beam-plasma systems;
» analyze the main parameters characterizing the operating modes of beam-plasma setups in solving
practical technological and engineering problems;
* carry out preliminary design of beam-plasma setups for various experiments taking into account the
features of the planned experiments;
» analyze possible danger under the electron-beam plasma generating setups operation and measures to
avoid risks of any kind;
» master new subject areas, theoretical approaches and experimental techniques related to the analysis,
design and application of beam-plasma systems for technological purposes.

master:
* the skills of mastering a large amount of interdisciplinary and special information;
» a culture of setting goals in the design and application of beam-plasma systems in industrial and
aerospace technologies;
» skills of working on beam-plasma setups, ensuring their reliable and safe operation.

4. Content of the course (training module), structured by topics (sections), indicating the number of
allocated academic hours and types of training sessions

4.1. The sections of the course (training module) and the complexity of the types of training sessions

Types of training sessions, including independent work

Ne Topic (section) of the course
Laboratory Independent

Lectures Seminars .
practical work

Basic circuit solutions of beam-plasma
1 installations designed for industrial and 2 2
aerospace technologies

Control methods for setups that realize
2 combined beam-plasma effects on matter 2 2
in gaseous, liquid and solid states.

Methods  for measuring  physical
3 quantities characterizing beam-plasma 2 2
setups operation for various purposes.

Processes in beam plasmas generating

4 setups responsible for effective and safe 2 2
equipment operation.
Technological processes of

5 low-temperature plasma-stimulated 2 2

synthesis of inorganic compounds.

Technological processes of controlled
6 destruction of macromolecular 2 2
compounds in electron-beam plasma.

Generation of hybrid plasmas and

7 technological processes of coating 3 3 15
deposition in hybrid plasmas.

AH in total 15 15 15

Exam preparation 0 AH.

Total complexity 45 AH., credits in total 1

4.2. Content of the course (training module), structured by topics (sections)

Semester: 3 (Fall)




1. Basic circuit solutions of beam-plasma installations designed for industrial and aerospace
technologies

Introduction. Subject, goals and objectives of the course. Technique of electron beams generation.
Methods for injection of electron beams into dense gaseous media, injection windows. Electron
guns, high voltage power supplies. Main systems and components of beam-plasma generators.
Elements of internal equipment of plasma-chemical reactors. Ensuring the safety of beam-plasma
installations.

2. Control methods for setups that realize combined beam-plasma effects on matter in gaseous, liquid
and solid states.

Control of the accelerating voltage and current of the electron beam. Control of the energy release
density in the working volume of beam-plasma installations. Control of pressure and component
composition of the gaseous plasma-forming medium. Formation of the working zone containing
dispersed powders and liquids in a beam-plasma setups Temperature control of the setup working
volume. Automatic maintenance of the specified modes when the setup operates.

3. Methods for measuring physical quantities characterizing beam-plasma setups operation for
various purposes.

Temperature measurements in beam-plasmas. Measurement of heat flows in the working zone of the
reactor, calorimetry of the reaction volume. Optical measurements as a source of information about
the parameters of the reaction volume. Mass spectrometry of the reaction volume. Dosimetry of
X-ray radiation in beam-plasma setups.

4. Processes in beam plasmas generating setups responsible for effective and safe equipment
operation.

Heating of solids contacting with electron-beam plasma, phase transitions. Plasma chemical
processes in solids, liquids and gases. Radiation emission. Electrostatic effects.

5. Technological processes of low-temperature plasma-stimulated synthesis of inorganic compounds.

Synthesis of nitrides and oxides of metals in electron-beam plasma. Mechanical and chemical
properties of oxides and nitrides synthesized in electron-beam plasma. Synthesis of coatings on the
surface of dispersed powders.

6. Technological processes of controlled destruction of macromolecular compounds in electron-beam
plasma.

Obtaining low molecular weight compounds by controlled destruction of polysaccharides. Obtaining
valuable water-soluble products from natural organic raw materials. Beam-plasma modification of
proteins. Control of hydrophilic-hydrophobic properties of polymers and biopolymers by
beam-plasma treatment. Technologies for the disposal of household and industrial waste based on the
beam-plasma effect on the substance. Conversion of liquid and gaseous hydrocarbons in
non-equilibrium plasma.

7. Generation of hybrid plasmas and technological processes of coating deposition in hybrid plasmas.

Technique of generation of hybrid plasma generation and features of the organization of work
processes in hybrid reactors. Hybrid plasma generation by joint action of electron beams and RF gas
discharge. Deposition of coatings in hybrid plasma. Obtaining single-layer and multilayer coatings in
hybrid plasma: various combinations of deposited materials and coating materials. Deposition of
carbon coatings.

5. Description of the material and technical facilities that are necessary for the implementation of the
educational process of the course (training module)



Experimental complex "Beam-plasma systems and technologies" as part of the ELU-1 and ELU-2
installations, diagnostic equipment, auxiliary and special technological equipment (room 222 of the
UPM building). Personal computers of the required performance.

Necessary equipment for lectures and practical exercises: computer and multimedia equipment
(projector, marker board, Internet connection).

6. List of the main and additional literature, that is necessary for the course (training module)
mastering

Main literature
1) M. Vasiliev, T. Vasilieva. Materials production with Beam Plasmas. In Encyclopedia of Plasma
Technology (Ed. J.L. Shohet, Taylor & Francis), 2017.
2) M. Vasiliev, Applications of Electron-Beam Plasmas in Plasma chemistry. Encyclopedia of
low-temperature plasma. V. XI, P. 436-445. Chief editor V. Fortov. Moscow. Nauka, 2001.4)
3) M.N. Vasiliev, A.H. Mahir. Electron—-Beam Plasma Systems in Industrial and Aerospace
Applications // Publications of the Astronomical Observatory of Belgrade, 2008, No. 84, P. 421-425.

Additional literature
1) T. Vaislieva, S. Lysenko, D. Bayandina, M. Vasiliev. Electron beam transport in dusty plasma //
Nuclear Instruments and Methods in Physics Research A —2011. - V.645. — P. 90-95.
2) M. Vasiliev, Aung Tun Win, 1. Pobol. “New applications of the Beam-Plasma Systems for the
materials production” Int. J. Nanotechnology. 2014, Vol. 11, Nos 5/6/7/8, P. 660-668.
3) Bychkov, V.; Vasiliev, M.; Koroteev, A. Electron-Beam Plasma: Generation, Properties,
Applications; Moscow State Open University Publishers: Moscow, Russia, 1993.
4) T. Vasilieva, S. Lopatin, V. Varlamov, V. Miasnikov, Aung Myat Hein, M. Vasiliev. Hydrolisys of
chitin and chitosan in low temperature electron-beam plasma // Pure and Applied Chemistry - — 2016. —
V.88, N9 — P. 873-879.

7. List of web resources that are necessary for the course (training module) mastering
Not used

8. List of information technologies used for implementation of the educational process, including a list
of software and information reference systems (if necessary)

Microsoft Office. Internet access.
9. Guidelines for students to master the course

Successful mastering of the course "Design and Maintenance of Beam-Plasma Systems" requires
significant self tuition of the student. Self tuition includes:

- reading and taking notes of the recommended literature;

- study of educational material (based on lecture notes, educational and scientific literature);

- solving problems offered to students at lectures;

- preparing to self tuition and tests.

The guidance and control over the student self tuition is carried out by the analysis of the self tuition
results, tests, and individual consultations.

A student studying the discipline must consolidate the knowledge gained while studying the courses
Plasma Physics, Plasma Chemistry, Plasma Engineering Systems, High Energy Chemistry of Inorganic,
Organic and Bioorganic Compounds, System Analysis and Modeling of Beam-Plasma Systems. He
must also acquire new basic knowledge related to the physical processes that occur during the
interaction of an electron-beam plasma with matter. As a result of studying the discipline, the student
should get a general idea about the design of beam-plasma installations for technological purposes and
the principles of their safe operation. As an illustration of the educational material in practical classes,
students are shown experiments on the use of electron-beam plasma in production technologies.



The program of the training course provides for students to get acquainted with the equipment and
instruments used in experiments on technological applications of electron-beam plasma, the features of
maintenance of the main and auxiliary systems of the technological complex and a number of
independent measurements on operating installations. When performing laboratory work, the student is
given the opportunity to study the properties of materials obtained by methods of beam-plasma impact
on a substance. At the same time, the methodology for conducting such analyzes should be proposed
by the student himself.

Successful mastering of the discipline requires intense independent work of the student. The course
program provides the minimum required time for a student to work on a topic. Independent work
includes:

- reading the recommended basic and additional literature;

- learning to read technical descriptions and operating instructions for the equipment used in the
experiments;

- preparation of proposals for setting up experiments within the framework of individual and group
projects;

- familiarity with publications on the subject of proposed projects.

The guidance and control of the student's self tuition is carried out by the teacher when listening to
presentations prepared by students, as well as during discussions during practical classes.

The main indicators of mastery of the material are the ability to demonstrate knowledge obtained from
lecture materials and recommended literature, the correctness and completeness of answers to the
teacher's questions that are asked to them during classes and related discussions.



SUPPLEMENT

Assessment funds for course (training module)

major: Applied Mathematics and Physics

specialization: Beam-Plasma Systems and Technologies/I1y4ukoBo-1ia3MeHHbBIE CHCTEMBI I TEXHOJIOTHH
Phystech School of Aerospace Technology
Chair of Logistics Systems and Technologies

term: 2

qualification: Master

Semester, form of interim assessment: 3 (fall) - Grading test

Author: M.N. Vasilev, doctor of technical sciences, full professor



1. Competencies formed during the process of studying the course

Code and the name of the competence

Competency indicators

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 assess professional
experience and research findings

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

2. Competency assessment indicators

As aresult of studying the course the student should:

Kknow:

* principles of operation and design of beam-plasma setups used in typical industrial and aerospace

technologies.

* methods of work on beam-plasma setups for various purposes, features of their operation and
maintenance; principles for ensuring the reliability and safety of beam-plasma setups.
* methods for control the main parameters characterizing the operation modes of beam-plasma setups;

be able to:

» apply in practice the basic concepts used in the analysis and synthesis of beam-plasma systems;

» analyze the main parameters characterizing the operating modes of beam-plasma setups in solving
practical technological and engineering problems;

* carry out preliminary design of beam-plasma setups for various experiments taking into account the

features of the planned experiments;

» analyze possible danger under the electron-beam plasma generating setups operation and measures to

avoid risks of any kind;

» master new subject areas, theoretical approaches and experimental techniques related to the analysis,
design and application of beam-plasma systems for technological purposes.

master:

* the skills of mastering a large amount of interdisciplinary and special information;
» a culture of setting goals in the design and application of beam-plasma systems in industrial and

aerospace technologies;

» skills of working on beam-plasma setups, ensuring their reliable and safe operation.

3. List of typical control tasks used to evaluate knowledge and skills

The list of laboratory works, the implementation and delivery of which is required to receive a grade

for a differentiated test:

* Thermal and chemical-thermal treatment of steels in electron-beam plasma. Intensity of the X-ray
radiation measurement when experiment carrying out.

» Low-temperature plasma-stimulated synthesis of titanium oxides. Supporting of the plasma chemical

reactor reliability.

* Aerosol fly-out caused by the electron beam injection. Instabilities of the reaction volume.
* Generation of hybrid air plasma. Possible ignition of fuel-air mixtures in hybrid plasma



4. Evaluation criteria

1. The principle of operation of beam-plasma installations.

2. Formation of a plasma generating medium in beam-plasma reactors.

3. Physical processes occurring in the gaseous reaction volume.

4. Processes occurring at the interface between beam plasma and solid body.

5. Beam-plasma reactors for technological purposes: main and auxiliary systems.

6. X-ray radiation emission and radiation protection of beam-plasma setups.

7. Methods for measuring the main parameters characterizing the mode of operation of a beam-plasma
reactor.

8. Experiment on thermal and non-thermal plasma chemical materials treatment™ arrangement and
safety.

9. Mechanisms of stability loss in the gaseous reaction volume.

10. Mechanisms of stability loss in the reaction volume containing a condensed dispersed phase, and
methods for suppressing instabilities.

The mark is excellent 10 points - given to a student who has shown comprehensive, systematized, deep
knowledge of the curriculum of the discipline, who is interested in this subject area, who has
demonstrated the ability to confidently and creatively apply them in practice in solving specific
problems, free and correct justification of the decisions made.

An excellent mark of 9 points is given to a student who has shown comprehensive, systematized,
in-depth knowledge of the curriculum of the discipline and the ability to confidently apply them in
practice in solving specific problems, free and correct justification of decisions made.

An excellent grade of 8 points is given to a student who has shown comprehensive, systematized,
in-depth knowledge of the curriculum of the discipline and the ability to confidently apply them in
practice in solving specific problems, the correct justification of the decisions made, with some
drawbacks.

A good score of 7 points is given to a student if he firmly knows the material, expresses it competently
and to the point, knows how to apply the knowledge gained in practice, but does not adequately
substantiate the results obtained.

A good score of 6 points is given to a student if he firmly knows the material, expounds it competently
and to the point, knows how to apply the knowledge gained in practice, but makes some inaccuracies in
the answer or in solving problems.

A good score of 5 points is given to a student if he basically knows the material, expresses it
competently and to the point, knows how to apply the knowledge gained in practice, but makes a large
number of inaccuracies in the answer or in solving problems.

The mark is satisfactory 4 points - given to a student who has shown a fragmentary, scattered nature of
knowledge, insufficiently correct formulations of basic concepts, a violation of the logical sequence in
the presentation of the program material, but at the same time he has mastered the main sections of the
curriculum necessary for further education and can apply the acquired knowledge in sample in a
standard situation.

The mark is satisfactory 3 points - given to a student who has shown a fragmented, scattered nature of
knowledge, makes mistakes in the formulation of basic concepts, disruptions in the logical sequence in
the presentation of program material, poorly knows the main sections of the curriculum necessary for
further education and hardly applies the acquired knowledge even in standard situations.

The score is unsatisfactory 2 points - given to a student who does not know most of the main content of
the curriculum of the discipline, makes gross errors in the formulation of basic principles and does not
know how to use the knowledge gained when solving typical problems.



The mark is unsatisfactory 1 point - given to a student who does not know the main content of the
curriculum of the discipline, makes gross errors in the formulation of the basic concepts of the
discipline and generally does not have the skills to solve typical practical problems.

5. Methodological materials defining the procedures for the assessment of knowledge, skills, abilities
and/or experience

To pass an oral differential test the student is given 60 minutes for preparing and 15 minutes for
presentation. The discussion on the student presentation should not exceed 15 minutes.

When preparing differential testing, students can use the discipline program, lecture notes and any
other information excluding on-line Internet resources.

The main indicators of the discipline mastering are the assessments of the teacher during the midterm
control. Boundary control is applied in the following forms:

» assessment of answers to questions in the process of a short (up to 5 minutes) selective oral survey
before the start of each practical lesson based on the materials of the previous lesson;

» assessment of the ability to perform quantitative assessments (at the blackboard and / or in writing)
of the most significant quantities characterizing the operation of beam-plasma systems and plasma
properties at various conditions;

» assessment of activity and answers to questions when solving typical problems in accordance with
the program of practical classes.



3. llepeyeHb THUMOBBIX KOHTPOJBHBIX 3aJaHMii, MCHOJb3YeMbIX /IJs OLEHKH 3HAHMIi,
YMeHUil, HABbIKOB

3.1. [lepeyeHb J1a0OpPATOPHBIX PadOT, BBLINMOJHEHHE M ¢a4a KOTOPBIX 00si3aTejibHA IS
MOJIy4eHHs OlleHKHU 10 Ju(depeHunpoBaAaHHOMY 3a4eTy.

e TepMmuueckas M XHMMHMKO-TEPMHUYECKAas KOHCTPYKLHMOHHBIX CT&JI€d B 3JIEKTPOHHO-
MY4YKOBOM IJIa3Me.

e HuskoremneparypHsli IJ1a3MEHHO-CTUMYJIMPOBAHHBIA CUHTE3 OKCUAO0B TUTAHA.

e VhpasiaeHue ruApoWIBHO-THAPOGOOHBIMU  CBOMCTBAMH  BBICOKOMOJICKYIISIPHBIX
COCIMHEHUH C IIOMOLIbI0 HEPAaBHOBECHOM ILIA3MBI.

e ['eHepanus ruOpuAHOMN M1a3Mbl BO31yXa.

3.2. IlepevyeHb KOHTPOJILHBIX BOMPOCOB (B NMPOU3BOJIHLHOM MOPSIAKE) M MOATOTOBKH K
cjaye JIadOpaTOPHBIX padoT.

1. IlpuHuun necTBus My4KOBO-IIIA3MEHHbBIX YCTAaHOBOK.

2. ®opMHpOBaHHUE IIA3MO0OPA3yIOIEH Cpebl B MyYKOBO-TUIA3MEHHBIX PEAKTOpax..

3. ®usnyeckue NpoLecchl, MPOUCXOAIINE B ra3000pa3HOM PEaKLIMOHHOM 00BbeMe.

4. Tlponecchl, NpOUCXOAAIIME HA IPAHULIE KOHTAKTA ITy4KOBas IJ1a3Ma - TBEPJ0€ TEIO.

5. IlyukoBo-IuIa3MEHHBIE PEAKTOPbl TEXHOJIOTMYECKOTO HAa3HAYEHUS: OCHOBHBIE H
BCIIOMOTaTeJIbHbIE CUCTEMBI.

6. MeTtoabl 1MarHOCTUKHU 3JIEKTPOHHO-ITYYKOBOH I1a3Mbl

7. Metoapl W3MEpEHHUST OCHOBHBIX MApaMETPOB, XapaKTEPHU3YIOIMIMX PEKUM PaOOTHI
IIy4KOBO-IJIA3MEHHOI'0 PEaKTOpa.

8. OU3MKO-XMMHUYECKHE TPOLECCH, NPOUCXOIANINE TIPH TEPMHUUYECKOH U XHMHKO-
TEpMUYECKOI 00paboTKe MaTepualioB B 3JIEKTPOHHO-ITYYKOBOH ILIa3Me.

9. OU3UKO-XMMHUYECKHE MPOIECCHI, MPOUCXOIAIINE TIPU CHHTE3€ OKCHIOB W HHUTPHIIOB B
JIEKTPOHHO-ITyYKOBOM IazMe. Ilmazmoxumuueckas MOZENb 3JIEKTPOHHO-ITYYKOBOM
IUIa3MBbI KMCIIOPOJa U a30Ta.

10. ®us3uko-XxMMUYECKHE  MPOLECChl, MPUBOJAIMIME K  HM3MEHEHUIO  T'HIPO(QUIBHO-
rUAPOPOOHBIX  CBOMCTB  BBICOKOMOJIEKYJIIPHBIX  COEAMHEHUH TOJ  JIeHCTBUEM
HU3KOTEMIIEPATYPHOH TIA3MBI.

11. MexaHu3mMbl OTEPH YCTOMYMBOCTH ra3000pa3HOr0 PEaKIMOHHOTO 00beMa B MyYKOBO-
IUIa3MEHHBIX YCTAHOBKAaX TEXHOJIOIMYECKOIO HA3HAYECHHUS.

12. MexaHu3Mbl ~ TIOTEpPU  YCTOWYMBOCTH  PEAKIIMOHHOTO  O0BEMa,  COJEPIKaIlIero
KOHJIEHCUPOBAHHYIO JTUCIIEPCHYIO (a3y, ¥ CIIOCOObI 01aBICHNS HEYCTOMYUBOCTEH.

4. Kpurepun oneHuBaHus

OCHOBHBIMH MMOKa3aTEISIMHU BJIAACHUA MAaTCPUAJIOM SABJIAIOTCA YMCHUSA ACMOHCTPHUPOBATHL 3HAHUAA,
MIOJIyYEHHBIE U3 MAaTEpPHAJIOB JIEKIUNA U PEKOMEHIYEMOU JIUTEpaTypsl, IPaBUIBHOCTh U MOJIHOTA
OTBETOB Ha BOIIPOCHI IIpENoAaBaTesisi, KOTOPblE MM 3aJalOTCs MpPH NPOBEACHUM 3aHATUI U
COIYTCTBYIOIIUX  JUCKYCCHH.  JIOMOJHUTENBHBIM  ONpOC  CTYACHTOB  IpU  cladye
muddepeHIIMPOBAaHHOTO 3a4eTa He NMPEAYCMOTPEH, OJIHAKO OIIEHKA, BBICTaBJsieMas CTY/EHTY,
IperoiaraeT y4eT KauecTBa 0TYETOB, OJITOTABIMBAEMBIX CTYAEHTOM JUIsl CAa4YH J1a00OpaTOPHBIX
pabor.

OoleHKa «omauuno (10)»  BbICTAaBIISIETCS  CTYIEHTY, IIOKa3aBUIEMY  BCECTOPOHHHE,
CHUCTeMaTH3UPOBAaHHbIE, TIyOOKHE 3HAHUS Y4eOHOW MpOorpamMMbl JUCIHIUIMHBI MPU OTBETE Ha
BOINPOCHl JK3aMEHAIlMOHHOrO OwujeTa, a TakKe Ha JONOJIHUTENbHbIE BOMPOCH (BHE
9K3aMEHAIlMOHHOTO OMIleTa) U 3a/1a4M IO MPOrpaMMe JUCHIUTUIHHBI.



OLICHKa «omauy4Ho (9)» BBICTABIAETCS CTYIAEHTY, II0Ka3aBIIEMy CHCTEMATH3UPOBAaHHBIE,
ri1yOOKHe 3HaHUs y4eOHOM IPOrpaMMbl TUCIIUIIMHBI IPY OTBETE HA BONIPOCHI 3K3aMEHAI[HIOHHOTO
Ousera, a TaK)Ke Ha JOMOJIHUTENIbHBIE BOMPOCH (BHE IK3aMEHAIIMOHHOTO OUJIeTa) 1Mo IporpaMmMe
JUCLIUILINHBL.

OLICHKA «OomJauy4Ho (8)» BBICTABISAETCS CTYIEHTYy, IIOKa3aBIIEeMy CHUCTEeMAaTU3UpPOBAaHHBIE,
IyOOKHe 3HAHUS yU4eOHON MPOrpaMMBbI JUCIUILTUHBI IPU OTBETE HA BOITPOCHI 9K3aMEHAIMOHHOTO
Ouieta U MpaBUIIbHBIE OTBETHl HE MEHEE YEM Ha J[Ba U3 TPEX JOMOJHUTEIbHBIX BOMPOCOB (BHE
AK3aMEHAIIMOHHOTO OMIIeTa) 1Mo MpoTrpaMMe TUCITUTUTHHEI.

OLICHKA «Xxopouto (7)» BBICTABIACTCA CTYACHTY, IIPOJEMOHCTPUPOBABIIEMY TBEpAbIE,
CHUCTEMaTU3UPOBAHHbIE 3HAHUSA MaTepuayla HK3aMEHAIlMOHHOIo OMileTa, HO JOMYCKAaIoLIEMy B
OTBETE Ha BOMPOCHI 10 OMIJIETY WU JIOMOJHUTEbHBIE, YTOYHSIOINE BOIIPOCH B paMKax Ouiera
HETOYHOCTH, HE CBS3aHHBIE C IPUHLUINAIBLHBIMYU OIINOKAaMH UM HE 3HAHWEM MaTepuaa.

OIICHKA «xopouio (6)» BBICTABIISIETCS CTYICHTY IPOJIEMOHCTPUPOBABIIEMY,
CUCTEMATHU3UPOBAaHHBIE 3HAHUS MaTepuana 3K3aMEHAllMOHHOIo Ouiera, HO JOIYCKAaloUleMy B
OTBETE Ha JOIOJHUTEIbHbBIE, YTOUHSIONINE BOMPOCH (HE OoJiee MATH) B paMKax Ouiiera He Oolee
JIBYX OIMIUOOYHBIX OTBETOB, HE CBS3AHHBIX C MIPHHIIUITAATHHBIM HETTOHUMaHUEM MaTepUaa.

OILICHKA «xopouo ) BBICTaBJIAETCSA CTYJIEHTY IIPOJIEMOHCTPUPOBABILIEMY,
CHUCTEMaTU3MPOBAHHbIE 3HAHMS MaTepualla K3aMEHAIlMOHHOIo OMJIeTa, HO JIOMYCKAIoIIeMy B
OTBETE Ha JOMOJIHUTEIbHBIE, YTOUHSIOUINE BOIPOCHI (He OoJiee msITH) B paMKax Omiiera He Ooiee
YeThIpeX OLIMOOUYHBIX OTBETOB, HE CBSI3aHHBIX C MPUHIMIINAIBHBIM HEIIOHUMAHUEM MaTepuana.

OLICHKAa «y0o6nemeopumenvho (4)» BBICTABIACTCS, €CIM BO BpEMSA OTBETa Ha BOIPOCHI
HK3aMEHAIIMOHHOTO OWjeTa, a Ipyu HEOOXOAMMOCTH W JIOMOJHHUTEIBHBIX BOIPOCOB (BHE paMOK
Ousera) CTyJJeHT MOKa3bIBAa€T HETBEP/10€ 3HAHHE 0A30BBIX MOJIOKEHHM, CBSI3aHHBIX C MaTEPUAIOM
OuieTa v JOMOJHUTEIBHBIX BOIIPOCOB (JOMYCKAET OMIMOKH B ONpEaesICHIUsX, (yHIaMEHTaIbHbIC
3aKOHax, U T.I1.), JONYCKaeT HapyIIeHHE JJOTHYECKOM MOCIIe0BaTeIbHOCTH IIPU OTBETaX, HO pU
3TOM JEMOHCTPUPYET 3HaHHWE OCHOBHBIX Pa3/IeJIoB yueOHOM MPOrpaMMsl.

OLICHKAa «y0061emeopumenvro (3)» BBICTABISAETCS, €CIM BO BpeMsi OTBETa Ha BOMIPOCHI
HK3aMEHAIMOHHOTO OMiIeTa CTYACHT MOKa3bIBaeT Pa3pO3HEHHBIN XapaKkTep 3HAHUI, HEYETKUE, HO
0e3 TpyObIX OMIMOOK, POPMYIMPOBKH 0a30BBIX MOJIOKEHHUM, BXOIAIIMX B MaTepHaslbl OWIeTa,
JIOMyCKaeT HapylIeHUE JIOTHYECKON MOCIeOBAaTeIbHOCTY B H3JI0KEHUU MPOTrPaMMHOTO
MaTepuaia, HoO IpU 3TOM JIEMOHCTPUPYET 00lllee MOHMMaHUE U KJIIOYEBbIE 3HAHUS OCHOBHBIX
paszienoB yuyeOHOM MporpaMMal.

OLICHKAa «Heyooenemeopumenvho (2-1)» BBICTABISETCS, €CIM BO BPEMS OTBETAa HAa BOIPOCHI
HK3aMEHALIMOHHOTO OuiieTa, CTYJEHT IOKa3bIBAeT, YTO HE 3HaeT OOoJbLIel YyacTM OCHOBHOTO
CoJIepKaHUsl MaTepuajoB OWieTa, JOMyCKaeT rpyOble OomMOKHM Mpu (HOpMYIHpPOBKaxX 0a30BBIX
MOJIO’KEHUH, BXOSIIMX B MaTepuabl OMieTa; BO BpeMs OTBETa Ha BOIIPOCHI Ouiera odpalaercs
K CIIPaBOYHBIM MaTepHaiaM (KOHCIIEKTaM JICKIUi, CEeMUHApOB U IIp.).

5. Metoanueckue MaTepualibl, oNpeae/somue Npoueaypbl OlleHUBAHNS 3HAHUI HABBIKOB

U (MJIM) ONBITA AeSATeJIbHOCTH

OCHOBHBIMU TIOKA3aTeIsIMU YCBOCHMS MaTepHAJIOB M3YYEHUS IUCLUUIUIMHBI SBISIOTCS OLICHKH

IpernoiaBaTess B X0/1e pyOeKHOTO KOHTPOIIst. PyOexHbIi KOHTPOJIb TPUMEHSIETCS B CIETYIOITIX

dopmax:

— OILIEHKa OTBETOB Ha BOIMPOCHI B Mpoliecce KpaTkoro (A0 5 MUH) BHIOOPOYHOT'O YCTHOTO OIpoca
nepe1 HayajaoM KaKJI0To MPAKTHYECKOTO 3aHATHS 10 MaTepHaliaM MPEIbIIYIIET0 3aHsTHS;



OILICHKA YMCHUS BBIMOJIHATH KOJIMYCCTBEHHBIC OIICHKH (Y JTOCKH W/WIA B TUCBMEHHOM BHJIC)
Haubosee 3HAYMMBIX BEIUYHMH, XapaKTEepHU3YyIOIUX paboTy My4YKOBO-TNIA3MEHHBIX CHCTEM
TEXHOJIOTMYECKOT0 Ha3HAYEHHUS U CBOMCTBA ILJIa3Mbl B PA3JIMYHBIX YCIOBUSIX;

OIICHKAa aKTUBHOCTH M OTBETOB Ha BOIIPOCHI MPU PEIICHUU TUIIOBBIX 3a/1a4 B COOTBETCTBUU C
POrPaMMOil MPAKTUYECKUX 3aHSITHIA.



