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Basics of Synchrotron Radiation and Its Applications/OcHOBBI CHHXPOTPOHHOT0
U3J1y4YeHHUs] U ero NpuMeHeHus!

Purpose of the course:

The objective of the course is to form understanding of the basic physical principles of synchrotron
radiation (SR) generation and use in the fields of biology, medicine, chemistry, geology, materials
science, archeology, etc., including the unique opportunities, provided by the latest generations of
SR sources. The final part of the course touches on the use of radiation from free electron lasers
(FEL).

Tasks of the course:

1) Acquaintance of students with the basic physical principles of the generation and use of SR in
the fields of biology, medicine, chemistry, geology, materials science, archeology

2) Acquaintance of students with the unique opportunities provided by the latest generation of SR
sources

3) Acquaintance of students with FEL.

List of the planned results of the course (training module)
As a result of studying the course the student should
know:

1. Basic physical principles of SR generation and use in the fields of biology, medicine, chemistry,
geology, materials science, archeology

2. Unique opportunities provided by the latest generation of SR sources

3. Basics of FEL

be able to:

1) Apply knowledge about the physical principles of the generation and use of SR for solving
fundamental professional problems;

2) Creatively use in scientific activity the knowledge about the unique opportunities provided by
the latest generation of SR sources;



3) Highlight and systematize the main ideas in scientific texts;

4) Critically evaluate any incoming information, regardless of the source;
5) Generate new ideas and methodological solutions;

6) Carry out the design of their scientific activities;

7) Present your scientific results in oral reports.

master:
1) Methods of theoretical and experimental research;

2) Skills of search (including using information systems and databases), processing, analysis and
systematization of information;

3) Skills of critical analysis and assessment of modern scientific achievements.

Content of the course (training module), structured by topics (sections):
1. Introduction

Current progress in study of micro-, nano- and atomic structure of matter. Imaging, diffraction and
spectroscopic approaches using electromagnetic radiation, electrons and neutrons as a probe.
Resolution limits.

2. Properties of probe beams

Geometrical properties of probe beams: source size, divergence, cross-section, emittance. Flux,
flux density and brightness. Spectral flux density. Wave properties of electromagnetic radiation
beams, diffraction limit and coherence.

3. Interaction of electromagnetic radiation with matter — 1

Elastic (coherent) scattering of electromagnetic radiation by electron: Thomson and Rayleigh
approximations, complex scattering factor, resonant (anomalous) scattering, scattering cross-
section.

4. Interaction of electromagnetic radiation with matter — 2

Elastic scattering by atom, molecule, crystal and disordered matter. Refraction and reflection as
elastic scattering phenomena, complex refractive index. Scattering from inhomogeneous media.
Refraction and reflection in X-ray range.

5. Interaction of electromagnetic radiation with matter — 3

Absorption of X-rays and related processes (Auger, X-ray fluorescence), absorption cross-section.
Inelastic scattering: Compton and Raman.

6. Basics of modern X-ray imaging and microscopy techniques

Principles of X-ray imaging optics. Optical resolution limits. Absorption and phase contrast.
Photon statistics and resolution limits imposed by absorbed dose. K-edge subtraction imaging, soft
X-ray imaging, tomography.



7. Basics of modern X-ray scattering and diffraction techniques

Principles of small-angle scattering and reflectometry. Wide-angle scattering from crystalline and
disordered matter. Resonant techniques. Diffraction (lensless) microscopy and the problem of
single-molecule imaging. Correlation techniques.

8. Basics of modern X-ray spectroscopy techniques

Principles of soft and hard X-ray spectroscopy. Inelastic scattering spectroscopy. Combination of
spectroscopic and imaging/diffraction techniques.

9. Nature of synchrotron radiation

Limitations of laboratory X-ray sources. Use of relativistic particles for X-ray generation.
Cyclotron and synchrotron radiation. Bending magnet spectrum. Technical aspects of particle
accelerators, time structure of synchrotron radiation for storage ring.

10. Insertion devices

Shifters, wigglers and undulators. Spectral and geometrical properties of undulator radiation.
Effect of electron beam emittance, ,,diffraction limited* storage rings. Wiggler regime.

11. Beamlines

Beam conditioning: filters, slits, reflective, refractive and diffraction X-ray optical elements. Beam
monitors. X-ray detectors.

12. X-ray free electron lasers

Synchrotron radiation from ensemble of electrons. Slicing and self-amplified spontaneous
emission. Time structure of synchrotron radiation for XFEL. Applications: time resolved studies,
‘diffraction before destruction’ regime, use of coherence.



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HUKA

specialization: General and Applied Physics/O0mas n npukiaaanas gusnka

Chinese/KurTaiicknii A3bIK

Purpose of the course:

The formation and development of intercultural, professionally-oriented communicative
competence of students at the elementary level to solve communicative problems in the
professional, business, socio-cultural and academic spheres, as well as for the development of
professional and personal qualities of bachelor graduates.

Tasks of the course:

Achieving the elementary level of intercultural professionally-oriented communicative
competence in the course of studying the discipline "Chinese language" requires to solve a number
of tasks which consist in the consistent mastering a set of sub-competencies. The main of the latter
are:

— linguistic competence: the ability to understand other people's speech and express oneself in
Chinese;

— sociocultural competence: the ability to take into account in communication speech and non-
speech behavior adopted in China;

— social competence: ability to interact with communication partners using the relevant strategies;

— discursive competence: knowledge of the rules for building oral and written discourse messages,
the ability to build such messages and understand their meaning in the speech of other people;

— strategic competence: the ability to use the most effective strategies in solving communicative
problems;

— subject competence: knowledge of subject information when organizing one’s own utterance or
understanding of the utterance of other people;

— compensatory competence: he ability to overcome the communication barrier through the use of
well-known speech and meta-language means;

— pragmatic competence: the ability to choose the most effective and expedient way of expressing
thoughts, depending on the conditions of the communicative act and the task.

List of the planned results of the course (training module)

As a result of studying the course the student should



know:
— Basic facts, realities, names, sights, and traditions of China;
— historical, social, political and cultural events in China;

— phonetic, lexical and grammatical, stylistic features of the Chinese language and its difference
from the native language;

— main features of written and oral forms of communication.

be able to:
— Generate adequate oral and written texts in the context of a specific communication situation;
—realize the communicative intention with the aim of influencing the communication partner;

— adequately understand and interpret the meaning and intention of the author in the perception of
oral and written authentic texts;

— identify similarities and differences in the systems of native, first foreign (second foreign) and
Chinese languages;

— show tolerance, empathy, openness and friendliness when communicating with representatives
of another culture.

master:

— Intercultural professionally-oriented communicative competence in different types of speech
activity at the elementary level;

— sociocultural competence for successful understanding in the conditions of communication with
representatives of another culture;

— various communication strategies;

— learning strategies for organizing their learning activities;

— strategies of reflection and self-esteem to self-improve personal qualities and achievements;
— different methods of memorization and structuring of digestible material;

— Internet technologies to select an optimal mode of obtaining information;

— presentation technologies for providing information.

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

1. Introductory-phonetic and introductory-hieroglyphic course. Meeting Chinese colleagues,
fellow students, neighbours.

Introduction into the basics of Chinese pronunciation (putonghua) and the basic rules of
calligraphy and hieroglyphics.



Communicative tasks: to perceive by ear and reproduce words, word combinations, phrases
according to the pronunciation norm of the Chinese language. To read words, word combinations
and phrases both written in pinyin and in hieroglyphs, according to the pronunciation norm of the
Chinese language. To compose phrases, including everyday life phrases, according to the lexical
and grammatical norms of the Chinese language. To use courtesy phrases. Participate in a
dialogue-inquiry and dialogue-incitement to action. To take part in the role-playing game “Meet
the Chinese colleagues”.

Pronunciation: The sound-letter standard for recording Chinese words is pinyin, following the
basic requirements for pronouncing Chinese sounds and distinguishing all Chinese sounds by ear.
Following the rules of the tone system of the Chinese language, the main types of intonation of
Chinese sentences.

Vocabulary: phrases of greeting and farewell, fixed expressions, courtesy phrases. Names of the
countries, cities in China and the world. Common last names, social roles, educational supplies.

Grammar: the main communicative types of sentences - narrative (affirmative/negative),
interrogative (general and special question), imperative, exclamatory and their structures (word
order, topic and comment (subject and predicate, inverted object etc.). A sentence with a quality
predicate, quality adjective in the commentary position. Negative sentence form with quality
predicate, quality adjective in the commentary position. Sentences with a linking verbzgshi, the

position of the negation A5bu in a sentence with a linking verbz&shi, interrogative sentences with

particles™ ma, IEba, I8 ne. Attribute in the possessive meaning. Particle# de. Order of attributes

in a Chinese sentence. Personal pronouns in Chinese, their functions and usage. Demonstrative
and interrogative pronouns in Chinese. Interrogative sentences with interrogative pronouns. Word
order in an interrogative sentence with an interrogative pronoun. A sentence with a verb predicate
(action verb in the commentary position). Adverbsthyéand&Rdou, their place in a sentence with
regard to the predicate. The combination of the adverb#&Bdou with the negationZSbu.

Writing: basic rules of calligraphy. The basics of hieroglyphics, mastering graphemes and
hieroglyphs in accordance with the lexical and grammatical material studied. Writing short written
statements according to the communicative task.

2. Getting to know the university campus, orientation in the city.

Buildings inside the campus, the insides of the building, different institutions and their location
relative to each other, orientation in space and in cardinal directions. Using the acquired knowledge
and skills in speech.

Communicative tasks: to perceive by ear and reproduce words, word combinations, phrases
according to the pronunciation norm of the Chinese language. To understand the main content of
various authentic pragmatic and journalistic audio and video texts on relevant topics. To extract
the necessary/requested information from various audio and video texts on the relevant topics. To
read words, word combinations, phrases and small texts, written both in pinyin and in hieroglyphs,
according to the pronunciation norm of the Chinese language. To read authentic texts of various
styles using various reading strategies/types in accordance with the communicative task. To
compose phrases and short texts according to the lexical and grammatical norms of the Chinese
language. To use courtesy phrases. To participate in a dialogue-inquiry and dialogue-incitement



to action, to make a dialogue-exchange of views and a combined dialogue, including elements of
different types of dialogues. To talk, to reason within the studied topics and problems, and give
examples and arguments. To describe events, to state facts and what one has read/heard een. To
describe the university campus, ways to get to one’s destination. To take part in the role-playing
tour around the campus. To talk about locations and movement directions.

Pronunciation: meeting the basic requirements for pronouncing Chinese sounds and differentiating
all of Chinese sounds by ear. Following the rules of the Chinese language tone system. The main
types of intonation of Chinese sentences, the melody and rhythm of Chinese sentences of different
types, phrasal accent.

Vocabulary: fixed expressions, courtesy phrases. Date, time, time of day, days of the week,
postpositions (locatives) to specify spatial relationships.

Grammar: the main communicative types of sentences - narrative (affirmative/negative),
interrogative (general and special question), imperative, exclamatory, and their structure schemes.
Sentences of presence and possession with the verbZ& you. Location indications with verbsfEn &

Postpositions (“adverbs of place”) specifying spatial relationships (BiJ#1qianbian, f§#Ihoubian,
L %51shangbianetc.), in the function of a subject, an object and an attribute. Sentences of location

(verbfEzai, verbA you, linkerZshi).

Writing: mastering graphemes and hieroglyphs according to the lexical and grammatical material
studied. Writing messages or written statements in according to the communicative task.

3. Everyday life at work and at home, telling the exact time, plans for the nearest future.

Discussing the daily timetable, class schedule, plans for the nearest future, appointing a meeting.
Using the acquired knowledge and skills in speech.

Communicative tasks: to perceive by ear and reproduce words, word combinations, phrases
according to the pronunciation norm of the Chinese language. To understand the main content of
various authentic pragmatic and journalistic audio and video texts on relevant topics. To extract
the necessary/requested information from various audio and video texts on the relevant topics. To
read words, word combinations, phrases and small texts, written both in pinyin and in hieroglyphs,
according to the pronunciation norm of the Chinese language. To read authentic texts of various
styles using various reading strategies/types in accordance with the communicative task. To
compose phrases and short texts according to the lexical and grammatical norms of the Chinese
language. To use courtesy phrases. To participate in a dialogue-inquiry and dialogue-incitement
to action, to make a dialogue-exchange of views and a combined dialogue, including elements of
different types of dialogues. To talk, to reason within the studied topics and problems, and give
examples and arguments. To describe events, to state facts and what one has read/heard een. To
talk about the past experience in the everyday and professional life. To tell the exact time, the
beginning and the ending of events, class schedule, plans for the nearest future.

Pronunciation: meeting the basic requirements for pronouncing Chinese sounds and differentiating
all of Chinese sounds by ear. Following the rules of the Chinese language tone system. The main
types of intonation of Chinese sentences, the melody and rhythm of Chinese sentences of different
types, phrasal accent.



Vocabulary: fixed expressions, telling the exact time, days of the week, part of the day, adverbs of
time today, tomorrow, yesterday, counting from 1 to 100, address, phone number.

Grammar: the main communicative types of sentences - narrative (affirmative/negative),
interrogative (general and special question), imperative, exclamatory and their structure schemes.
Adverbial modifier of time; ways to specify time and date. Ordering adverbial modifiers of time
in a sentence. Special question to the adverbial modifier of time. The verb & and the negation%

£ . Interrogative wordsJLu %/, phrasal particlesiEu 0.

Writing: basic rules of calligraphy. The basics of hieroglyphics, mastering graphemes and
hieroglyphs in accordance with the lexical and grammatical material studied. Writing small written
statements according to the communicative task.

4. Talking about address, phone number, travel route. Shopping. Family. The weather.

Talking to the shop assistant, discussing the planned purchase, its price and quantity. Talking about
the family members and pets. Discussing seasons and the weather in Russia and China, the air
temperature. Discussing preferences.

Communicative tasks: to perceive by ear and reproduce words, word combinations, phrases
according to the pronunciation norm of the Chinese language. To understand the main content of
various authentic pragmatic and journalistic audio and video texts on relevant topics. To extract
the necessary/requested information from various audio and video texts on the relevant topics. To
read words, word combinations, phrases and small texts, written both in pinyin and in hieroglyphs,
according to the pronunciation norm of the Chinese language. To read authentic texts of various
styles using various reading strategies/types in accordance with the communicative task. To
compose phrases and short texts according to the lexical and grammatical norms of the Chinese
language. To use courtesy phrases. To participate in a dialogue-inquiry and dialogue-incitement
to action, to make a dialogue-exchange of views and a combined dialogue, including elements of
different types of dialogues. To talk and reason within the topic studied and give examples and
arguments. To describe events, to state facts and what one has read/heard een. To construct mini-
dialogs with the shop assistant about the planned purchase, its price and quantity. To make dialogs
about the family members. To discuss climate peculiarities of Chine and the speaker’s country, the
weather in different seasons, temperature conditions.

Pronunciation: meeting the basic requirements for pronouncing Chinese sounds and differentiating
all of Chinese sounds by ear. Following the rules of the Chinese language tone system. The main
types of intonation of Chinese sentences, the melody and rhythm of Chinese sentences of different
types, phrasal accent.

Vocabulary: fixed expressions, courtesy phrases, purchase, goods, shops, money, counting words
for different objects, money, family members. Family members and pets. Seasons of the year, the
weather, natural phenomena.

Grammar: the main communicative types of sentences - narrative (affirmative/negative),
interrogative (general and special question), imperative, exclamatory and their structure schemes.
Interrogative wordsJLu % /. Numerals —and P. Using counting words depending on the noun.



Quality predicate and special question to a quality predicate with the interrogative word & 4. 1.

Writing: mastering graphemes and hieroglyphs according to the lexical and grammatical material
studied. Writing messages or written statements in according to the communicative task.

5. Talking about present moment of action. Daily and weekly class schedule, plans for tomorrow.

Discussing free time, home tasks, present actions. Discussing plans for the nearest future, at first
and then. Using the acquired knowledge and skills in speech.

Communicative tasks: to perceive by ear and reproduce words, word combinations, phrases
according to the pronunciation norm of the Chinese language. To understand the main content of
various authentic pragmatic and journalistic audio and video texts on relevant topics. To extract
the necessary/requested information from various audio and video texts on the relevant topics. To
read words, word combinations, phrases and small texts, written both in pinyin and in hieroglyphs,
according to the pronunciation norm of the Chinese language. To read authentic texts of various
styles using various reading strategies/types in accordance with the communicative task. To
compose phrases and short texts according to the lexical and grammatical norms of the Chinese
language. To use courtesy phrases. To participate in a dialogue-inquiry and dialogue-incitement
to action, to make a dialogue-exchange of views and a combined dialogue, including elements of
different types of dialogues. To talk, to reason within the studied topics and problems, and give
examples and arguments. To describe events, to state facts and what one has read/heard een. To
discuss present actions, to talk about the class schedule and about what happens every day, every
week etc. To discuss planned actions for the nearest future and their sequence.

Pronunciation: meeting the basic requirements for pronouncing Chinese sounds and differentiating
all of Chinese sounds by ear. Following the rules of the Chinese language tone system. The main
types of intonation of Chinese sentences, the melody and rhythm of Chinese sentences of different
types, phrasal accent.

Vocabulary: fixed expressions, courtesy phrases. Time expressions from ... till ..., present
moment, every day, days of the week, at first, then, institutions and purposes to visit those.

Grammar: the main communicative types of sentences - narrative (affirmative/negative),
interrogative (general and special question), imperative, exclamatory and their structure schemes.

Adverbs of present tense¥l FEand IE 7, expressions&...&B, time period expressionM.. B, J¢... 24
...

Modal verb $¥T&, talking about the purpose of a trip using a serial verb construction® P& 3k

Z<. Adverb—#E. General question with an affirmative-negative predicate.

Writing: mastering graphemes and hieroglyphs according to the lexical and grammatical material
studied. Writing messages or written statements in according to the communicative task.



6. Discussing the product before purchasing, friend’s birthday, choosing a present, talking about
preferences.

Talking about choosing the color of the clothes, about preferences. Discussing a purchase, its
benefits and drawbacks. Choosing a birthday present for a friend, discussing different options and
people’s preferences. Using the acquired knowledge and skills in speech.

Communicative tasks: to perceive by ear and reproduce words, word combinations, phrases
according to the pronunciation norm of the Chinese language. To understand the main content of
various authentic pragmatic and journalistic audio and video texts on relevant topics. To extract
the necessary/requested information from various audio and video texts on the relevant topics. To
read words, word combinations, phrases and small texts, written both in pinyin and in hieroglyphs,
according to the pronunciation norm of the Chinese language. To read authentic texts of various
styles using various reading strategies/types in accordance with the communicative task. To
compose phrases and short texts according to the lexical and grammatical norms of the Chinese
language. To use courtesy phrases. To participate in a dialogue-inquiry and dialogue-incitement
to action, to make a dialogue-exchange of views and a combined dialogue, including elements of
different types of dialogues. To talk, to reason within the studied topics and problems, and give
examples and arguments. To describe events, to state facts and what one has read/heard een. To
discuss a product before purchase, its benefits and drawbacks. To discuss a present for a friend
and help with the choice. To give advice and arguments.

Pronunciation: meeting the basic requirements for pronouncing Chinese sounds and differentiating
all of Chinese sounds by ear. Following the rules of the Chinese language tone system. The main
types of intonation of Chinese sentences, the melody and rhythm of Chinese sentences of different
types, phrasal accent.

Vocabulary: fixed expressions, courtesy phrases, colors and shades, properties of objects,
expression “a little...” (H— mJL...), vocabulary related to birthdays.

Grammar: the main communicative types of sentences - narrative (affirmative/negative),
interrogative (general and special question), imperative, exclamatory and their structure schemes.
Attributive construction with the B, adverb H— g JL... and adverb &, alternative question with

the conjunction &2, attribute with the “prefix” 7] (R[:X8d, TA[FRI, T ER).

Writing: mastering graphemes and hieroglyphs according to the lexical and grammatical material
studied. Writing messages or written statements in according to the communicative task.



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HUKA

specialization: General and Applied Physics/O0mas n npukaaagHas ¢pusuka

Digital Transformation: Social and Economic Challenges/IlndgpoBasi rpancopmanms:
colrabHble 1 JKOHOMUYECKHUE BbI30BbI

Purpose of the course:

To familiarize students with contemporary processes of digital transformation, what consequences
they might have and challenges they will lead to, to provide students theoretical tools for
understanding these processes, and optimally reacting to challenges they arise.

Tasks of the course:
- To provide an overview of theoretical approaches to economic transformation;
- to work out framework for transition analysis;

- to introduce students into main social and economic challenges caused by digital transformation
and what dramatic consequences they might lead to;

- to familiarize students with possible economic outcomes and to show what economic policy
should be to overcome all problems, avoid disastrous scenarios and get use of all the bounties
digital transformation can bring.

List of the planned results of the course (training module)
As a result of studying the course the student should

know:

- Core approaches to economic transformation;

- criteria used to determine stages of economic development;

- key problems of traditional economic methodology being applied to digital economy analysis.

be able to:
- Analyze social and economic phenomena caused by digital transformation;

- analyze transitional dynamics and predict possible economic outcomes for world economy,
national economy, and the student himself/herself;

- determine main social and economic challenges digital transformation arises;



- provide policy options for a changing world.

master:
- Tools for economic transition analysis;

- tools of critical economic thinking.

Content of the course (training module), structured by topics (sections):
1. Economic Transformation: Literature Survey

Various criteria of stage determination and approaches to transformation. Critique of
postindustrialism. Resource scarcity and economic transformation. Vital resources and stages of
development. Transitional dynamics and transformational crises. Digital economy and economics
dead-end.

2. Economic Methodology: Are Our Tools Good Enough?

Resource scarcity and science without subject. Methods that we use and why they do not work
anymore. Economic transformation: basic methodology.

3. Digital Economy: Challenges We Face

Resource scarcity, heterogeneity and foodchain structure of world economy. Great capital vs. labor
(knowledge) battle. Monopolization and inequality. Global capital model failure. World without
jobs. Challenges for science: areas of research.

4. Economic Policy in New World

Economic Policy Analysis: Are Our Tools Good Enough? Three Possible Outcomes: Capitalist
(Disastrous), Revolutionary (Utopian), Regulatory (Second Best). New Challenges — New Policy.
Economic Policy Mechanism



Annotation
Major: 03.04.01 IIpukaagHbie MaTeMATHKA U (PU3UKA

specialization: General and Applied Physics/O0mas n npukiaagHas ¢pusuka

Electron Microscopy of Biological Objects/JaekTpoHHAsE MUKPOCKONMS OHOJIOTHYECKUX
00bEKTOB

Purpose of the course:

the formation and improvement of the students' competencies in the field of modern ideas about
the cryo-electron microscopy method - a modern and dynamically developing experimental
method that is actively gaining popularity for research in the field of structural biology, which
makes it possible to determine the structure of macromolecular complexes with a resolution close
to atomic.

Tasks of the course:

1) Acquaintance of students with the methods used for the structural characterization and analysis
of interactions between proteins and drugs, an overview of general principles of organization of
proteins and nucleic acids.

2) Acquaintance of students with fundamental principles underlying cryo-electron microscopy,
including theoretical training:

a. principles of operation of electron microscopes and an overview of the modern world instrument
infrastructure;

b. introduction to Fourier transforms and principles of image formation;
c. stages and features of sample preparation;

d. data collection strategies and basic image processing workflows for all three main methods of
modern cryo-electron microscopy: tomography, single-particle analysis, and two-dimensional
electron crystallography.

List of the planned results of the course (training module)
As aresult of studying the course the student should
know:

1) The principles of operation of cryo-electron microscopes, features and advantages of modern
cryo-electron microscopes;

2) Features of the preparation and conduction of experiments on cryo-electron microscopy:
heterogeneity of samples and problems associated with biological samples; transmembrane



proteins and features of their study; tomography and analysis of individual particles; the use of
electronic tomography to study the structure of proteins; analysis of helical structures;

3) Basics of 3D reconstruction. Modern software and algorithms for image analysis and 3D
reconstruction (cisTEM, RELION, SPHIRE, cryoSPARC, etc.);

4) Databases EM. Validation of data and reconstructions obtained on their basis.

be able to:

1) Apply knowledge based on modern ideas about the method of cryo-electron microscopy to solve
fundamental professional problems;

2) Creatively use in scientific activity knowledge about the principles of operation of electron
microscopes and modern world instrumental infrastructure;

3) Highlight and systematize the main ideas in scientific texts;

4) Critically evaluate any incoming information, regardless of the source;
5) Generate new ideas and methodological solutions;

6) Carry out the design of their scientific activities;

7) Present your scientific results in oral reports.

master:
1) Methods of theoretical and experimental research;

2) Skills of search (including using information systems and databases), processing, analysis and
systematization of information;

3) Skills of critical analysis and assessment of modern scientific achievements.

Content of the course (training module), structured by topics (sections):
1. Structure of proteins

Levels (primary, secondary, tertiary), of protein organization, kinds of proteins (soluble vs
membrane), domains.

2. Structure of nucleic acids

Double helix, RNA vs DNA, sugar puckering, forms of DNA.

3. Drug-protein interactions

Affinity, specificity, thermodynamics of binding.

4. Introduction into drug fragment design and virtual screening

Drug development pipeline, lead discovery and validation, Lipinski rules, ADMET.

5. Main biophysical methods for the study of proteins



Short introduction and comparison of X-ray crystallography, NMR, cryo-electron microscopy, etc.
6. Sample preparation in EM

Types of grids, girds preparation, assembly, major problems and troubleshooting.
7. Electron microscope

Basic anatomy, guns, lenses, columns, detectors.

8. Image formation

Amplitudes and phases, contrast transfer function.

9. Single particle analysis

Pipeline and practical aspects.

10. Tomography

Pipeline and practical aspects.

11. Hands-on Seminars

Preparation of grids, negative staining

Working with the electron microscope

Data analysis and processing. Part 1

Data analysis and processing. Part 2

Model building and refinement



Annotation
Major: 03.04.01 IIpukaagHbie MaTeMATHKA U (PU3UKA

specialization: General and Applied Physics/O0mas n npukaaagHas ¢pusuka

English Language. Intercultural Communication/Anrauiickuii i3bIK. MexXKYyJIbTypHas
KOMMYHUKaIUS

Purpose of the course:

Formation of cultural and linguistic competence as a basis for a respectful intercultural attitude
towards spiritual, national, and other values of other countries and nations; development of
graduate students' cultural sensitivity, the ability to correctly interpret specific manifestations of
communicative behavior in different situations; intercultural contacts, practical skills and abilities
in communicating with representatives of other cultures, the ability to correctly interpret specific
manifestations of communicative behavior and tolerant attitude to them; mastering intercultural
interaction up to the necessary and sufficient level to solve communicative and social problems in
different cultural, everyday, academic and professional tasks, in communication with
representatives of other cultures.

Tasks of the course:

To form the learner's ability to solve communicative tasks by language means in various situations
of intercultural communication, to interact on the interpersonal and professional level in a foreign
language, considering the peculiarities of the culture of the language being studied, as well as the
ability to overcome intercultural differences in situations of everyday, social and professional
communication; to develop the ability to reflect on one's own and other cultures, which initially
prepares one to have a respectful attitude to cultural manifestations of the target language; to
expand the knowledge on the corresponding culture for deep understanding of diachronic and
synchronic relations between one' own and the culture of the target language; to acquire new
insights into the conditions of socialization and enculturation in one's own and other cultures,
social stratification, and sociocultural forms of interaction in shared cultures.

To achieve the goals and objectives of mastering the discipline, students must master a foreign
language professional communicative competence, including:

Ethnographic competence: the ability to understand the country of the studied language, its history
and culture, everyday life, prominent representatives, traditions and manners; the ability to
compare the history, culture, customs of their own and other cultures, understanding of cultural
specificity and the ability to explain the causes and origins of a particular cultural characteristic.

Linguistic competence: the ability to correctly construct grammatical forms and syntactic
constructions in accordance with the norms of the studied language.



Sociolinguistic competence: the ability to use and transform language forms in accordance with
the situation of foreign-language communication.

Sociocultural competence: the ability to consider verbal and non-verbal behavior of the studied
language country in communication.

Social competence: the ability to interact with communication partners, possession of appropriate
strategies.

Discursive competence: the ability to understand and achieve coherence of individual statements
in meaningful communicative models.

Strategic competence: the ability to use the most effective strategies in solving communicative
tasks.

Object competence: knowledge of meaningful information when organizing one's own statement
or understanding other people’s statements.

Subject-professional competence: the ability to operate with knowledge in real world
communication with representatives of the studied culture, showing empathy as the ability to
understand the norms, values and motives of behavior of representatives of another culture.

Communicative competence: the ability to establish and maintain contacts with representatives of
different age, social and other groups of both their own and other cultures, the ability to be a
mediator between their own and other cultures.

Pragmatic competence: the ability to choose the most effective and expedient way of expressing
thoughts, depending on the conditions of the communicative act and the task set.

List of the planned results of the course (training module)

As a result of studying the course the student should

know:

- interrelation, mutual influence and interaction of language and culture;

- the role of language as an organic part of culture in human life, behavior and communication
with speakers of other languages and other cultures, national individuality and identity of peoples;

- the concept of a cultural and anthropological view of a person, his/her way of life, ideas, attitudes,
customs, system of values, perception of the world - his/her own and others';

- the influence of culture through language on human behavior, worldview and life in general;

- the history of emergence, development stages and teaching methods of intercultural
communication;

- the meaning of the concept of "culture", its role in the communication process, as well as the
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relationship with such concepts as "socialization", "inculturation", "acculturation", "assimilation",
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"behavior", "language", "identity", "global citizenship";
- the impact of various social transformations on cultural identity changes;

- the specifics of how other cultures are perceived, the causes of prejudice and stereotypes in
intercultural encounters;



- mechanisms of forming intercultural tolerance and dialogue of cultures;
- types, kinds, forms, models, structural components of intercultural communication;
- the norms and styles of intercultural communication;

- features of mentality and national customs of different cultures, cultural standards of ethnic,
political and economic plans;

- linguistic worldview of native speakers of foreign languages, their distinctive features of outlook
and understanding of the world;

- ethical and moral norms of behavior in a culturally different environment;

- language standards of oral communication culture, ethical and moral norms of behavior adopted
in the country of the studied language; stereotypes and ways to overcome them; norms of etiquette
in the country of the studied language;

- methods of systematic and critical analysis; methods of developing an action strategy for
identifying and solving a conflict situation;

- stages of the project life cycle; stages of project development and implementation; methods of
project development and management;

- team building techniques; methods of effective team management; basic leadership theories and
leadership styles;

- rules and patterns of personal and business oral and written communication; modern
communication technologies in Russian and foreign languages; existing professional communities
for professional interaction;

- regularities and peculiarities of social and historical development of different cultures;
peculiarities of intercultural society diversity; rules and methods of effective intercultural
interaction;

- methods of self-assessment, self-control and self-development

be able to:

- apply the techniques of studying cultural systems and intercultural situations;

- perceive, analyze, interpret and compare cultural facts;

- determine the role of basic cultural concepts in intercultural communication;

- find adequate solutions in various intercultural communicative situations;

- analyze the peculiarities of intercultural communication in a team,;

- reflect on the reference system of one's own culture;

- recognize and correctly interpret nonverbal signals in the process of intercultural communication;
- compose a communicative portrait of a representative of another linguistic culture;

- discover the meanings of concepts and actions in an intercultural situation;



- analyze coincidences and differences in communicative behavior from the perspective of the
cultures in contact;

- adequately implement one' s communicative intentions when communicating with
representatives of other linguistic cultures;

- switch when encountering another culture based not only on linguistic, but also on non-linguistic
norms of behavior;

- identify the causes of communicative problems and apply ways to overcome them;

- take the position of a partner in intercultural communication and identify possible conflicts as
conditioned by the values and norms of one' s culture;

- successfully overcome barriers and conflicts in communication and achieve mutual
understanding;

- reveal the relationship and mutual influence of language and culture;

- be tolerant of other cultures and languages;

- analyze the main stages and regularities of the historical development of society to form their
civic position;

- respect and preserve the historical heritage and cultural traditions;

- use models of social situations, typical scenarios of interaction of participants of intercultural
communication;

- guide the principles of cultural relativism and ethical norms, which imply rejection of
ethnocentrism and respect for the diversity of foreign language culture and value orientations of
foreign-language societies;

- overcome the influence of stereotypes and carry out intercultural dialogue in general and
professional lines of communication;

- model possible communicative situations between representatives of different cultures and
societies;

- apply methods of systematic approach and critical analysis of problem situations; develop action
strategies, make concrete decisions to implement them;

- develop a project taking into account the analysis of alternative options for its implementation,
determine the target stages, the main directions of work; explain the goals and formulate tasks
related to the preparation and implementation of the project; manage the project at all stages of its
life cycle;

- develop a plan of collective and organizational communications in preparation and
implementation of the project; formulate tasks for team members to achieve the set goal; develop
a team strategy); apply effective styles of team leadership to achieve the set goal;

- apply communicative technologies, methods and ways of business communication in practice for
academic and professional interaction;

- determine theoretical and practical significance of cultural and linguistic factors in the interaction
of different philosophical and academic traditions;



- understand and tolerate intercultural diversity of society; analyze and take into account the
diversity of cultures in the process of intercultural interaction;

- solve the problems of personal and professional development, determine and implement the
priorities of improvement of own activity; apply the methods of self-assessment and self-control.

master:
- norms of etiquette and behavior when communicating with representatives of other cultures;
- principles of tolerance in resolving intercultural conflicts;

- methods of communicative research, the ability to apply the acquired knowledge in research
activities, oral and written communication;

- communicative strategies and tactics characteristic of other cultures;

- skills for proper intercultural communication, independent analysis of intercultural conflicts in
the process of communication with representatives of other cultures and ways to resolve them;

- the ability to correctly interpret specific manifestations of verbal and nonverbal communicative
behavior across cultures;

- oral and written communication skills in Russian and foreign languages to solve interpersonal
and intercultural communication issues;

- skills of operating with a focus on ethical and moral norms of behavior accepted in a foreign
cultural society;

- the necessary interactive and contextual knowledge, allowing to overcome the influence of
stereotypes and adapt to changing conditions in contact with representatives of different cultures

- methodology of systematic and critical analysis of problematic situations; methods of setting a
goal, determining the ways to achieve it, developing action strategies

- methods of project development and management; methods of resource and project efficiency
evaluation;

- the ability to analyze, design and organize interpersonal, collaborative and organizational
communication in a team to achieve an objective; methods of organization and management of the
team;

- methods of interpersonal business communication in Russian and foreign languages, with the use
of professional language forms, tools, and modern communication technologies;

- methods and skills of effective intercultural interaction;

- technologies and skills for managing one's own cognitive activity and improving it on the basis
of self-assessment, self-control and principles of lifelong learning.

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

1. Topic 1. Culture and language



The fundamental principles of intercultural communication and dialogue of cultures. Cultural
worldview: an understanding of the values, norms, and morals of one's own culture and those of
others. Types of relations between cultures. Linguistic system. The communicative function of
language. Various forms of language communication. Human speech as a means of transmitting
and receiving the bulk of vital information. The correlation between human speech and the
language system as a whole. The meaning of language in peoples' cultures. Language as a unique
means of storing and passing information, as well as controlling human behavior. The relationship
between language, culture and communication. Language culture, language personality
communication, identity, stereotypes of consciousness, world pictures, etc.

Communicative tasks: to carry out communication in oral and written forms: explaining the values
and ethical norms of one's own culture and those of other cultures; discussing the characteristics
and types of relationships between cultures; discussing the importance of taking into account the
differences in the means of communication and the communication styles of other cultures;
expressing hypotheses and one's own perspective on the interaction between language and culture.

2. Topic 2. Typology of cultures

The fundamental principles of intercultural communication and dialogue of cultures. Cultural
worldview: an understanding of the values, norms, and morals of one's own culture and those of
others. Types of relations between cultures. Parametric model of culture by G. Hofstede. Theory
of cultural standards by A. Thomas. Differentiation of cultures by R. Lewis and F. Trompenaars.
Perceptual stereotypes, prejudices and their functions, importance for intercultural
communication. Tolerance in intercultural communication.

Communicative tasks: to carry out communication in oral and written forms: explaining the
differences in various types of cultures; discussing the specifics of cultural standards, models,
concepts; describing the values, norms, and morals of one's own culture and those of other peoples;
analyzing coincidences and differences in communicative behavior from the perspective of
contacting cultures; taking the partner's position in intercultural communication and identifying
possible conflicts as conditioned by values and norms of his/her culture; discussing possible
problems in communication with the representative of another culture and ways to resolve them
in case analysis.

3. Topic 3. The essence and types of intercultural communication

Existing cultural differences between different people. Overcoming intercultural differences as the
main goal of interpersonal communication. Cognitive, social and communication styles of
intercultural communication. Verbal and nonverbal communication. Forms and methods of verbal
and nonverbal communication. Paraverbal communication. National and cultural characteristics
of verbal and nonverbal communicative behavior in different cultures.

Communicative tasks: to carry out communication in oral and written forms: describing events,
concepts (space, time, personality, life, etc.) in terms of one' own and other cultures; discussing
means of verbal and nonverbal intercultural communication; finding similarities and differences
in ways of intercultural communication, typical for foreign and one' own cultures; modeling
features of communicative behavior of representatives of one' own and other cultures in a role

play.



4. Topic 4. Intercultural scientific communication

Forms of academic and intercultural communication: oral, written, formal, informal. Academic
communication: intercultural aspect. Intercultural academic communication and the problems of
translation. Academic text as a subject-sign model in a monocultural and intercultural
environment. Difficulties and contradictions that occur in the perception and understanding of
foreign-language texts.

Communicative tasks: to carry out communication in oral and written forms: describing
similarities and differences in foreign-language and native-language academic communication;
using cultural standards in situations of oral and written intercultural academic communication;
transforming academic texts (from oral to written, from formal to colloquial, etc.); translating
academic texts with regard to cultural context and genre tyle affiliation.

5. Topic 5. International academic mobility

Academic mobility as a means of intercultural communication. The importance of intercultural
communication for academic mobility. Features of social and academic adaptation in the context
of academic mobility. Intercultural communication and communicative competence in the process
of academic mobility.

Communicative tasks: to carry out communication in oral and written forms: discussing the
benefits of international academic mobility; giving examples of academic mobility in foreign-
language and native-language cultures; solving issues related to cultural adaptation in an
international academic environment; participating in a role play on typical situations of
international academic mobility.

6. Topic 6. Intercultural communication in business

Etiquette and business communication features in different countries. General principles of
business etiquette. National principles of business negotiations. Comparing the etiquette of
business negotiations. European and Asian communication styles. General features of business
etiquette in Asian countries. The influence of different cultural factors on business development
of companies planning to enter foreign markets. Communication strategies for achieving mutual
understanding in international business. Working with Chinese partners. Knowledge of cultural
characteristics as a competitive advantage. Participating in international projects and programs.
Working in an international team.

Communicative tasks: to carry out communication in oral and written forms: describing corporate
cultures, norms of business etiquette and behavior accepted in the native and foreign countries;
solving common problem situations in intercultural business communications; using effective
interpersonal communication strategies in intercultural business communications; writing a
business e-mail to a foreign partner taking into account his/her cultural affiliation; negotiating with
representatives of another linguistic culture.



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HUKA

specialization: General and Applied Physics/O0mas n npukaaagHas ¢pusuka

English Language. Leadership and Communication in Science, Industry and
Academia/AHriamiickuii A3bIK. JIngepcTBO 1 KOMMYHHMKAIIUS B HAYKe, HHAYCTPUM U 00pa3o

Purpose of the course:

Formation and development of social, business, cultural and professionally-oriented
communicative competencies in accordance with the Common European Framework of Reference
for solving communicative tasks in the socio-cultural, academic and professional-business spheres
of activity, as well as for the development of professional and personal qualities of master’s
graduates.

Tasks of the course:

To form the learner's ability to solve communicative tasks by language means in various situations
of intercultural communication, to interact on the interpersonal and professional level in a foreign
language, considering the peculiarities of the culture of the language being studied, as well as the
ability to overcome intercultural differences in situations of social and professional
communication. To achieve the goals and objectives of studying the course, students are to master
a foreign language general professional communicative competence, including:

Linguistic competence: the ability to correctly construct grammatical forms and syntactic
constructions in accordance with the norms of the studied language.

Sociolinguistic competence: the ability to use and transform language forms in accordance with
the situation of foreign-language communication.

Sociocultural competence: the ability to consider verbal and non-verbal behavior of the studied
language country in communication.

Social competence: the ability to interact with communication partners, possession of appropriate
strategies.

Discursive competence: the ability to understand and achieve coherence of individual statements
in meaningful communicative models.

Strategic competence: the ability to use the most effective strategies in solving communicative
tasks.

Object competence: knowledge of meaningful information when organizing one's own statement
or understanding other people’s statements.

Pragmatic competence: the ability to choose the most effective and expedient way of expressing
thoughts, depending on the conditions of the communicative act and the task set.



List of the planned results of the course (training module)

As a result of studying the course the student should

know:

- methods of system and critical analysis;

- methods of developing an action strategy to identify and solve a problem situation;
- stages of the project life cycle;

- stages of project development and implementation; methods of project development and
management;

- methods of forming teams;

- methods of effective team management, characteristics of communicative behavior in the process
of intercultural communication;

- basic leadership theories and leadership styles;
- rules and patterns of personal and business foreign language oral and written communication;

- modern communication technologies in Russian and foreign languages, culturally determined
features of communication in the process of intercultural communication;

- existing professional communities for professional interaction;
- patterns and features of socio-historical development of various cultures;
- features of the intercultural diversity of society;

- rules and technologies of effective intercultural interaction; methods of self-assessment, self-
control and self-development.

be able to:
apply methods of a system approach and critical analysis of problem situations;

- to search for solutions to the problem situation and develop a strategy of actions to achieve the
goal, to make certain decisions for its implementation, using the skills of foreign language oral
and written speech;

- to assess the impact of the decisions taken on the external environment of the planned activity
and the relationships of the participants in this activity;

- to develop a project considering the analysis of alternative options for its implementation, to
determine the target stages, the main directions of work;

- formulate goals and objectives, relevance, significance related to the preparation and
implementation of the project, expected outcomes and possible areas of their application, using
the skills of foreign language oral and written speech;

- manage the project at all stages of its life cycle;



- organize and coordinate work with due account for the diversity of the project participants’
cultures;

- develop a plan of group and organizational communications during the preparation and
implementation of the project;

- formulate tasks for team members to achieve the goal; develop a team strategy using the skills of
foreign language oral and written speech;

- apply effective team leadership styles to achieve the set goal;
- exchange business information in oral and written forms in the language being studied,

- to present the results of academic, scientific and professional activities at various events,
including international;

- to put into practice communication technologies, methods and patterns of business
communication for academic and professional interaction;

- to identify the specifics of the philosophical and scientific traditions of the main world cultures,
to understand and tolerate the intercultural diversity of the society;

- analyze and consider the diversity of cultures in the process of intercultural interaction;

- to solve the tasks of personal and professional development, to determine and implement
priorities for improving the own activities;

- apply methods of self-assessment and self-control; apply methodologies of improving and
preserv health in the process of life.

master:
- methodology of system and critical analysis of problem situations;

- methods of setting goals, determining ways to achieve it, developing strategies for actions using
foreign language oral and written speech skills;

- methods of project development and management, forecasting the results of activities using the
skills of foreign language oral and written speech;

- methods of assessing the need for resources and the effectiveness of the project using the skills
of foreign language oral and written speech;

- ability to analyze, design and organize interpersonal, group and organizational communications
in a team to achieve a goal;

- methods of organizing and managing a team, applying the skills of intercultural interaction in the
language being studied;

- methodology of interpersonal business communication in the language being studied, using
professional language forms, means and modern communication technologies for academic,
scientific and professional interaction;

- methods and skills of effective intercultural interaction;



- skills necessary for writing translation and editing various academic texts (abstracts, essays,
reviews, articles, etc.);

- ability to determine theoretical and practical significance of the cultural and linguistic factor in
the interaction of various philosophical and scientific traditions;

- technologies and skills to manage the own cognitive activity and improve it based on self-
assessment, self-control and principles of self-education throughout life.

Content of the course (training module), structured by topics (sections):
1. Topic 1. The new reality of the leadership concept

Leadership in modern society, science, industry, education. Modern concepts of leadership. Types
of leadership and personal characteristics of a leader. Leadership technologies. A team as a social
group. Principles of team building, roles and tasks within the team. The role of a leader in a team,
leadership communication. Effective and dysfunctional models of leadership communication.
Organization of interpersonal, group and organizational communications in a team. Team and
motivation, feedback.

Communicative tasks: to carry out communication in oral and written forms:

to discuss basic principles of teamwork; to discuss effective team interaction; to give arguments
for the definition of "team spirit"; to collaborate, cooperate, express the own point of view,
constructively overcome differences, use the potential of the group and achieve collective results;
to use methods of communicative interaction and significantly increase the effectiveness of a
multinational team; to establish the most effective rules of communication when interacting with
the team; ask clarifying questions, leading the interlocutor to his opinion; conduct interviews,
building a system of effective interaction when discussing a given topic; mediate when
disagreements arise and successfully resolve them; create an atmosphere of friendliness and
openness; convincingly express judgment and influence the opinion of the interlocutor; recognize
the needs and interests of the interlocutor and build on them in the process of dialogue.

2. Topic 2. The phenomenon of scientific leadership in the modern world

Scientific leadership and its historical transformations. Scientific potential and leadership in
science. Communicative nature of leadership in science as a specific model. World leaders in
science and technology. The Strategic Academic Leadership program "Priority 2030" is leadership
in the creation of new scientific knowledge. Goals of the program. Objectives of the program.
Priorities of the program.

Communicative tasks: to carry out communication in oral and written forms:

to describe and discuss effective models of leadership communication; to discuss conditions
conducive to competitiveness and scientific leadership; to reason the choice of effective methods
in scientific communication; to discuss their features; to discuss the main characteristics of the
chosen method; to evaluate models of leadership communication and effective methods in
scientific communication; to describe and discuss the goals, objectives and priorities of the
academic leadership program; to describe stages of the research project.



3. Topic 3. Leadership in academia, science and industry

Successful career at the university. The program "Leaders of Russia". The program "School of
Rectors". Development of strategic plans for the development of the university. The connection of
science, technology and education in universities. Personnel reserve. Research leadership.
Creation of scientific schools. Scientific projects in education. The MIPT project "Talents in the
Regions". Institute of mentoring in science, education, entrepreneurship. Practices of scientific,
educational and corporate volunteering.

Communicative tasks: to carry out communication in oral and written forms:

discuss the principles of modern scientific leadership, functions and competencies of a leader in
education, science, industry; discuss responsibility for the results and consequences of their
scientific activities; give arguments for the definition of "scientific ethics"; coordinate the efforts
of all project participants (team, working group), delegate authority; predict the possible
development of the technological system in terms of influence the impact of technology on society;
to reveal the relationship between the leadership style and the effectiveness of innovation; analyze
the results of the implementation of large-scale projects in the field of science and education and
their impact on the scientific and technological development of the country; determine the
conditions for the disclosure of leadership potential; use effective strategies of the communicative
behavior of a leader in science, education and industry.

4. Topic 4. Scientific, educational and scientific-technical projects

Features of the team of a scientific, educational, scientific and technical project. Professional
communication in the project team. Goals, objectives, content, basic requirements for the
implementation of the project, expected results; scientific, scientific-technical and practical value.
Opportunities and solutions, necessary resources for the implementation of the project.

Communicative tasks: to carry out communication in oral and written forms:

discuss the implementation stages of a scientific, technological and business project; discuss the
principles of the distribution of roles in the project team; form a team united by a common
professional trajectory based on the principles of team building; create a group project taking into
account the genre features of the research plan, business plan, technological solution, etc.; make
arguments in favor of choosing one or another shared workspace, identify adequate interpersonal
communication strategies in the team and use them while preparing a group project; to have a
convincing influence on team members; to give rational arguments in defense of their position; to
conduct a discussion based on the principles of eco-friendly communication: adequately express
agreement and disagreement, use effective strategies for interacting with an unfriendly audience,
create a productive working atmosphere, avoiding conflicts and disagreements; to choose the
appropriate way of presenting a project; to defend the project by providing verbal and non-verbal
influence on experts and representatives of a wide audience; substantiate the relevance, theoretical,
practical, social significance of the project, its investment attractiveness and competitive
advantages.



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HUKA

specialization: General and Applied Physics/O0mas n npukaaagHas ¢pusuka

Genetics and Metabolic Engineering, Genome Editing/I'eneTnueckasi u meradoinuyeckast
HH)KeHepHsl, peIaKTHPOBAHHE TeHOMA

Purpose of the course:

formation and improvement of students' competencies in the field of genetic engineering or
methods of construction and analysis of recombinant DNA molecules

Tasks of the course:

1) Acquaintance of students with the general principles and methods of constructing recombinant
DNA

2) Acquaintance of students with modern approaches to genome editing based on recombination
and CRISPR / Cas methodology

List of the planned results of the course (training module)

As a result of studying the course the student should

know:

1) Basic principles and methods of constructing recombinant DNA

2) Modern approaches to genome editing based on recombination and CRISPR / Cas methodology

be able to:
1) Apply methods of constructing recombinant DNA to solve fundamental professional problems;

2) Creatively use in scientific activity knowledge about genome editing based on recombination
and CRISPR / Cas methodology;

3) Highlight and systematize the main ideas in scientific texts;

4) Critically evaluate any incoming information, regardless of the source;
5) Generate new ideas and methodological solutions;

6) Carry out the design of their scientific activities;

7) Present your scientific results in oral reports.



master:
1) Methods of theoretical and experimental research;

2) Skills of search (including using information systems and databases), processing, analysis and
systematization of information;

3) Skills of critical analysis and assessment of modern scientific achievements.

Content of the course (training module), structured by topics (sections):
1. Introduction

Enzymes used in genetic engineering. Autonomous units of replication are the basis of genetic
material in the design of new systems.

2. Cloning basics

Construction of hybrid plasmids. Transformation/transfection of cells. Analysis of clones.
Expression of cloned genes.

3. Mutagenesis. Genome editing in prokaryotes

The rate of spontaneous mutagenesis. Induced mutagenesis in E. coli cells. Site-specific
mutagenesis of genes located on a plasmid. Protein engineering. Transposon mutagenesis. Site-
specific mutagenesis of the bacterial chromosome on the example of E. coli and other
microorganisms.

4. Genomic editing in eukaryotic cells

DNA mutagenesis in eukaryotic cells. TALENs and ZFN-nucleases for genetic engineering in
eukaryotes. CRISPR-Cas9 system.

5. Vectors for cloning genes in E.coli and other bacteria

Vectors of the pBR and pACYC series. pUC series vectors. pGEM series vectors. T-vectors and
TOPO cloning. Phage vectors. Cosmids. Vectors for cloning large DNA fragments (such as Bac).
Broad host range vectors and vectors for gram-positive bacteria. Expression vectors and reporter-
vectors. Vectors for the construction of biosensors.

6. Eukaryotic expression vectors

Eukaryotic expression systems based on fungi (yeast, Aspergillus). Yeast vectors of the Yac series.
Eukaryotic expression systems based on CHO and insect cells (baculoviruses).

7. Metabolic engineering (ME)
Metabolic engineering as a tool for obtaining microbes with desired properties.
8. ME development stages. Precision directed ME

Three stages of ME development (brief description and distinctive features, examples of
achievements at individual stages).

9. Systems ME



Systems ME (brief characteristics of the components, fundamental difference from precision-
directed ME, cyclicity of research).

10. Genomics, trancriptomics and proteomics for metabolomics

X-omics technologies: Genomics, Transcriptomics, Proteomics, Metabolomics - the essence of
"post-genomic" methods, the results obtained, successful examples of use for solving ME
problems.

11. Fluxomics

Why Fluxomics is often called the quintessence of all other X-omics technologies. FBA and 13C-
MFA - the commonality of the mathematical apparatus of the quasi-stationary solution of
stoichiometric equations and the difference in the use of models, approximations and experimental
data, and therefore the results.

12. Application of 13C-MFA for medical devices

13C-MFA principles and results obtained for developing an experimental strategy and analyzing
the results of ME.

13. Induction and dynamic control

Regulated cultivation - similarities and differences between inducible expression and "Dynamic
metabolic control".

14. ME successes

By the 30th anniversary of ME in 2021 - examples of outstanding success (creation of producers
of aa, 1,3-propanediol, 7-ADCA, 1,4-butanediol, arteminisin, isobutanol).



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HUKA

specialization: General and Applied Physics/O0mas n npukiaagHas gusuka

German for Scientific Purposes/HeMmeukuii fi3bIK /151 HAYYHBIX 1eJIei

Purpose of the course:

Formation and development of social, business, intercultural and professionally-oriented
communicative competencies for solving communicative tasks in the socio-cultural, academic and
professional-business spheres of activity, as well as for the development of professional and
personal qualities of a graduate.

Tasks of the course:

To form the learner's ability to solve communicative tasks by language means in various situations
in the academic and professional sphere, to acquire knowledge in a wide range of fields of science,
to make an in-depth analysis of information and to form his opinion both orally and in writing.

To achieve the goals and objectives of mastering the discipline, students must master a foreign
language professional communicative competence, including:

Linguistic competence: the ability to correctly construct grammatical forms and syntactic
constructions in accordance with the norms of the studied language.

Sociolinguistic competence: the ability to use and transform language forms in accordance with
the situation of foreign-language communication.

Sociocultural competence: the ability to consider verbal and non-verbal behavior of the studied
language country in communication.

Social competence: the ability to interact with communication partners, possession of appropriate
strategies.

Discursive competence: the ability to understand and achieve coherence of individual statements
in meaningful communicative models.

Strategic competence: the ability to use the most effective strategies in solving communicative
tasks.

Object competence: knowledge of meaningful information when organizing one's own statement
or understanding other people’s statements.

Domain expertise: the ability to operate with knowledge in conditions of real communication with
the studied culture representatives, manifestation of empathy as the ability to understand the
norms, values and motives of behavior of another culture representatives.



Communicative competence: the ability to establish and forge contacts with representatives of
various age, social and other groups of native and other linguistic cultures, the ability to be a
mediator between the own and foreign-language cultures.

Pragmatic competence: the ability to choose the most effective and expedient way of expressing
thoughts, depending on the conditions of the communicative act and the task set.

List of the planned results of the course (training module)
As a result of studying the course the student should

know:

- features of speech activities in German;

- the main phonetic, lexical and grammatical phenomena and structures used in oral and written
speech when communicating in German, their difference from the native language for the reasoned
and logical construction of statements that allow the application of the studied language in
everyday, academic, scientific, business and professional communication;

- features of foreign-language academic communication, techniques for extracting and delivering
foreign-language information for academic purposes;

- fundamentals of organizing written communication, types of written communicative tasks and
functions of written communication tools;

- specifics of using verbal and non-verbal means in situations of foreign-language communication;

- types and features of written texts and oral presentations, general content of complex texts on
abstract and specific topics, features of foreign-language texts, universal patterns of structural
organization of the text, including highly specialized texts;

- rules of using various technical means for the purpose of searching and extracting foreign-
language information, basic rules of determining the relevance and reliability of foreign-language
sources, analysis and synthesis of information;

- world achievements, discoveries, events from the field of history, culture, politics, social life;

- general forms of teamwork organization; special aspects of behavior and interests of other
participants; fundamentals of strategic planning of the team to achieve the goal,

- standard types of communicative tasks, goals and objectives of business negotiations, socio-
cultural features of business negotiations, their communicative-pragmatic and genre features;

- vocabulary and terminology for academic, scientific and professional communication.

be able to:
- understand and use language tools in all types of speech activities in German,;

- conduct discussions in German in various spheres of communication: everyday life, socio-
cultural, socio-political, professional;



- verbally implement a communicative intention in order to influence a communication partner to
start, conduct/maintain and finish a dialogue-asking about what he saw, read, dialogue-exchanging
opinions and observing the norms of speech etiquette, if necessary using strategies to restore a
failure in the communication process (re-questioning, paraphrasing, etc.);

- extract general and detailed information when reading authentic scientific and scientific-
journalistic German-language texts;

- provide information based on the read text in the form of a prepared monologue (presentation on
the proposed topic);

- understand monologue and dialogue statements in direct communication and in audio/video
recordings;

- understand communicative intentions of the received written and oral messages;
- expand the proposed argument in the form of illustrations, details, explanations;

- use modern information technologies for professional activity, business communication and self-
development;

- convey in Russian the content of German-language scientific and scientific-journalistic texts in
the field of professional activity;

- select literature on the topic, compile a bilingual glossary, translate and review special literature,
prepare scientific reports and presentations based on the read special literature, explain the own
point of view and tell about plans;

- carry out oral and written foreign language communication in accordance with the student’s field
of professional activity;

- use the techniques and principles of building public speech for the report;

- recognize and differentiate linguistic and speech phenomena, distinguish basic and secondary
information when reading texts and listening to speech, use standard means of oral and written
communication in interpersonal communication; apply adequate communicative means in
standard interaction situations on professionally oriented topics;

- use graphic editors, create easily perceived visual materials;

- describe graphical information (circular histogram, table, column and line graphs); write a short
article on a given topic;

- write a summary, a review, a short article-advice on the proposed topic;
- abstract and annotate foreign-language professional texts;
- present research results in a written and oral form;

- apply information and communication technologies in communication and speech activity in a
foreign language;

- identify and formulate problems that arise in the process of learning a foreign language; evaluate
the student’s capabilities, the realism and adequacy of the planned ways and ways to achieve the
planned goals.



master:

- intercultural professionally oriented communicative competence in different types of speech
activity;

- various communication strategies: educational strategies for organizing educational activities;
strategies of reflection and self-assessment in order to improve personal qualities and
achievements; strategies for perception, analysis, creation of oral and written texts of various
types; Internet technologies for choosing the optimal mode of obtaining information; different
methods of memorizing and structuring the acquired material;

- presentation technologies for information communication;

- method of searching and analyzing information from various sources in the professional field;
- skills of annotating and abstracting original scientific and scientific-journalistic articles;

- methods of assessing and self-assessing the results of foreign language learning activities;

- methods of identifying and realizing individual language capabilities, personal and professionally
significant qualities in order to improve them;

- the ability to understand the speech of native speakers at a fast rate and respond adequately
considering cultural norms of international communication;

- the ability to create clear, logical monologue and dialogue statements in various situations of
everyday and professional communication, using the necessary set of communication tools;

- techniques of public speech and business and professional discourse in German.

Content of the course (training module), structured by topics (sections):
1. Topic 1. Flexible skills

Social and emotional intelligence. Personal and social skills. A relationship with the self. Skills
and abilities to recognize emotions, understand the intentions, motivation and desires of other
people and their own, managing emotions in order to solve practical problems. Inner harmony.
Self-understanding. ~ Self-regulation. =~ Motivation. =~ Empathy.  Creativity.  Sociability.
Corporationism. Criticism. Key characteristics of a successful person. Success of the individual.
Overcoming difficulties.

Communicative tasks: to carry out communication in oral and written forms: to build logical
statements about personal and social skills, to describe various situations using illustrations; to use
aphorisms in communication and be able to interpret them; to discourse upon ways of achieving
success, possibilities of developing internal potential, life prospects, life meaningfulness,
formation of responsibility assumed voluntarily; to talk about ways of self-improvement.

2. Topic 2. Communication in the modern world

Communication in society. Culture of communication based on common values: honesty, respect,
mutual trust. Types and forms of communication. Means of communication. Social network.



Communicative tasks: to carry out communication in oral and written forms: to search, receive,
transmit and exchange information, to apply in practice various types of information messages:
statements, texts, images, sound messages, signals, signs, forum messages, conducting
discussions, expressing one's own opinion, reviewing texts, description of illustrations; reasoned
essay.

3. Topic 3. Ecology, nature, society

Modern environmental problems. Interaction of nature and society. Environmental protection.
Biosphere and humans. Ecological consciousness.

Communicative tasks: to carry out communication in oral and written forms: to exchange opinions
on the role of ecology and modern humans’ attitude to nature; to discourse upon the dependence
of public health on environmental factors; to discuss the impact of environmental factors on the
generation of the future; to make descriptive essays on the subject; to draw conclusions, formulate
an opinion on the role of society in the preservation of natural habitats on the planet.

4. Topic 4. Social and ethical issues in science, industry, and consumption

Globalization of consumption and social consequences. Science for sustainable development.
Production and consumption. Conscious consumption. Principles and strategies of minimalism.
Consumer culture. Consumption as a new form of control in society.

Communicative tasks: to carry out communication in oral and written forms: to discuss the
problems of consumption globalization to meet the needs of the individual, society, the state; to
express a reasoned opinion about the role of science and the impact of economic development on
consumer attitudes to the world; to discuss socio-ethical issues and social consequences of
consumerism.

5. Topic 5. The New Digital World

Global technological processes related to digitalization. Digital technologies — the Internet of
Things. The digital world of science and business. Immersion in the digital world. Safe gadgets.
Young hackers. The influence of the digital world on the perception of modern life.

Communicative tasks: to carry out communication in oral and written forms: to be able to search
for the necessary information on the topic; to prepare reports on the topic; to express their own
judgments about the advantages, limitations and prospects of using digital technologies, and their
capabilities; to participate in a group discussion; to exchange opinions on technological
innovations for solving various problems using technical means of the digital world; to compose
essay-reasoning on the proposed topic.

6. Topic 6. Industry 4.0: on the way to "digital" production

Integration and cooperation with the use of digital technologies and increased flexibility in the
organization of work. Transformation of economic sectors and types of activities and its impact
on employment. Creating new markets and new forms of work through digital platforms. Problems



related to big information data. Relation between the use of human and machine labor (devaluation
of experience, individual support). Possibility of flexible working conditions in terms of time and
location. Profound changes in the structures of organizations.

Communicative tasks: to carry out communication in oral and written forms: to discuss flexibility
in the organization of work in the context of the Work 4.0 concept; to talk about transformation of
economic sectors and its impact on employment and activities in the world of labor; to recognize
needs and interests of the interlocutor and base on them in the process of dialogue; to make
messages about the creation of new markets and new forms of work through digital platforms; to
express the own point of view, to speak constructively about the relationship between the use of
human and machine labor; to make messages about the choice of a strategy for flexible working
conditions; to be able to justify the chosen strategy; to prepare a report on the proposed topic.



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HUKA

specialization: General and Applied Physics/O0mas n npukaaagHas ¢pusuka

Intrinsically Disordered Proteins/BHyTpeHHe HeynopsiioueHHbIe OeJIKu

Purpose of the course:

formation and improvement of students’ competencies in the field of intrinsically disordered
proteins, their structural peculiarities, multifunctionality, binding promiscuity, means for the
cellular control of their functionality, and relation to liquid-liquid phase transitions that represent
a foundation of the biogenesis of membrane-less organelles.

Tasks of the course:
1) Acquaintance of students with intrinsically disordered proteins
2) Acquaintance of students with means of cell control

3) Acquaintance of students with liquid-liquid phase transitions, which are the basis of biogenesis
of membrane-less organelles

List of the planned results of the course (training module)
As a result of studying the course the student should

know:

1) Determination of intrinsically disordered proteins

2) Modern means of cellular control

3) Phase transitions liquid-liquid, which are the basis of biogenesis of membrane-less organelles

be able to:
Apply the methods of biophysics to solve fundamental professional problems;

2) Creatively use in scientific activity knowledge about the possibilities of applying modern
methods of biophysics;

3) Highlight and systematize the main ideas in scientific texts;
4) Critically evaluate any incoming information, regardless of the source;

5) Generate new ideas and methodological solutions;



6) Carry out the design of their scientific activities;

7) Present your scientific results in oral reports.

master:
1) Methods of theoretical and experimental research;

2) Skills of search (including using information systems and databases), processing, analysis and
systematization of information;

3) Skills of critical analysis and assessment of modern scientific achievements.

Content of the course (training module), structured by topics (sections):
1. Protein primary and secondary structure, posttranslational modifications
Describe the general properties of 20 amino acids.

Understand the molecular interactions stabilizing protein structures.
Discuss peptide bond and Ramachandran Plot.

Identify major features of a-helix and b-sheet structures.

Discuss posttranslational modifications.

2. Protein tertiary structure

Protein tertiary and quaternary structure

Protein structure classification and its use in databases

Protein structure and function: Classic viewpoint

3. Factors defining protein folding in vitro and in vivo

Protein folding: globular proteins

Models of protein folding

Protein folding: membrane proteins

4. Protein folding in vivo; protein assembly

Protein folding in vivo

Chaperone

Assembly of oligomeric proteins

5. Protein misfolding and disease

Abundance of conformational diseases

Molecular mechanisms of amyloidogenesis

6. Sequence features of intrinsically disordered proteins (IDP); disorder predictors



Types of IDPs

Properties of IDPs

Predicting IDPs and IDRs

Different types of disorder predictors

7. Disorder prediction: Applications and observations
Implications for structural genomics

Abundance of IDPs

Disorder-based interactions

Disorder and PTMs

8. Strange biophysics of IDPs: Structural peculiarities and conformational behavior of IDPs

Complexity from simplicity

Structural heterogeneity

Potential relation to chaos

Wavy evolution

9. Experimental unfoldomics: Means for the IDP analysis
Five blind men and elephant

Unusual conformational behavior

“Turned out” response of IDPs to changes in their environment
Enrichment of cell extracts in IDPs

10. Multifunctionality and binding promiscuity of IDP
Getting more from less

Where you did not find disorder

A few illustrative examples of multifunctionality

11. Means for the cellular control of the IDP functionality
Intrinsic disorder inside the cell: Controlled chaos
Alternative splicing

Post-translational modifications

12. IDP relations to liquid-liquid phase transitions and biogenesis of membrane-less organelles

What is to liquid-liquid phase transition
Membrane-less organelles

Abundance of IDPs in MLOs

Mechanism of phase separation: Role of water



13. Concept of protein structure-function continuum

Proteoforms

Structural heterogeneity: not only foldons

14. Pathological unfoldomics: Connection between misbehavior of IDP and human diseases
Uncontrolled chaos: D2 concept

Some illustrative examples of IDPs in diseases

15. Pathological unfoldomics: Intrinsically disordered proteins in diseases

More illustrative examples of IDPs in diseases

Bioinformatics analyses

IDPs as drug targets



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HKA

specialization: General and Applied Physics/O0mas n npukaaagHas ¢pusuka

Mathematical and Computational Approaches to Neural Function/MaremaTuueckue u
BbIYHCJIUTEIbHbIE MOAX0/bI K (P)YHKIMOHUPOBAHUIO HEPBHOM CHCTEMbI

Purpose of the course:

formation and improvement of students' competencies in the field of mathematical and
computational approaches to the study of biophysics of neural dynamics and neural networks.

Tasks of the course:

1) Acquaintance of students with mathematical and computational approaches to the study of
biophysics of neural dynamics

2) Acquaintance students with computational models of how the dynamics of neural circuits
produces calculations in the brain and cognitive functions

List of the planned results of the course (training module)
As a result of studying the course the student should
know:

1) Basic mathematical and computational approaches to the study of biophysics of neural
dynamics

2) Modern computational models of how the dynamics of neural circuits produces calculations in
the brain and cognitive functions

be able to:

1) Apply mathematical and computational approaches to the study of biophysics of neural
dynamics to solve fundamental professional problems;

2) Creatively use in scientific activity knowledge about the possibilities of applying modern
methods of biophysics;

3) Highlight and systematize the main ideas in scientific texts;
4) Critically evaluate any incoming information, regardless of the source;
5) Generate new ideas and methodological solutions;

6) Carry out the design of their scientific activities;



7) Present your scientific results in oral reports.

master:
1) Methods of theoretical and experimental research;

2) Skills of search (including using information systems and databases), processing, analysis and
systematization of information;

3) Skills of critical analysis and assessment of modern scientific achievements.

Content of the course (training module), structured by topics (sections):
1. Modelling Behavior I

Reinforcement models of behavior

2. Modelling Behavior 11

Models of behavioral pathologies

3. Neural Decoding

Mathematical models of decoding sensory stimuli

4. Neural Decision Making

Mathematical models of neural mechanisms of decision making

5. Neural Encoding

Mathematical models of encoding sensory stimuli and receptive fields
6. Networks and Learning

Computational models of neural network behavior and plasticity

7. Biophysics of Neurons |

Models of neuronal excitability and spike generation

8. Biophysics of Neurons 11

Mathematics of Neural Excitability

9. Neural Bursters

Multi-time scale dynamics of complex neural behaviors

10. Neural Oscillations I

Mathematical modelling of the emergence of single neuron oscillations and networks of neural
oscillators

11. Neural Oscillations 11

Mathematical approaches to analysis of emergence network oscillations



12. Approaches to Neural Stochastic Models

Mathematical analysis of noise induced neural dynamics



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HUKA

specialization: General and Applied Physics/O0mas n npukinagHas ¢pusuka

Molecular Physiology Of The Nervous System/MouiekyasipHasi Gu3no/10rusi HepBHOM
CHCTEMBbI

Purpose of the course:

The goal of the course is to introduce students to modern ideas about the evolution, molecular
organization and function of the nervous system and the brain, about the key unsolved problems
of the functioning of the human brain, to provide information about the molecular mechanisms of
some pathologies of the nervous system and approaches to their treatment.

Tasks of the course:

1) Acquaintance of students with contemporary information about the formation of the nervous
system

2) Acquaintance of students with modular and hierarchical organization of the brain, about the
types of intercellular interactions, architecture and physiological properties of the main protein
modules that ensure the functioning of the nervous system

3) Acquaintance of students with fundamentals of electrophysiological and imaging research
methods

List of the planned results of the course (training module)

As a result of studying the course the student should

know:

1) contemporary information about the formation of the nervous system

2) modular and hierarchical organization of the brain, about the types of intercellular interactions,
architecture and physiological properties of the main protein modules that ensure the functioning
of the nervous system

3) fundamentals of electrophysiological and imaging research methods

be able to:
1) Apply the methods of biophysics to solve fundamental professional problems;

2) Creatively use in scientific activity knowledge about the possibilities of applying modern
methods of biophysics;



3) Highlight and systematize the main ideas in scientific texts;

4) Critically evaluate any incoming information, regardless of the source;
5) Generate new ideas and methodological solutions;

6) Carry out the design of their scientific activities;

7) Present your scientific results in oral reports.

master:
1) Methods of theoretical and experimental research;

2) Skills of search (including using information systems and databases), processing, analysis and
systematization of information;

3) Skills of critical analysis and assessment of modern scientific achievements.

Content of the course (training module), structured by topics (sections):
1. Introduction to nervous system. Key components of the nervous system

Main features, structure and function of the nervous system. Molecular and modular organization
of the nervous system. Types of intercellular interactions: electrical, humoral and synaptic
communications. The synapse is a key multimolecular complex of the nervous system. Chemical
and electrical types of synapses. Neurotransmitters in nervous system.

Neural circuits. Central nervous system and peripheral nervous system. Somatic and autonomic
nervous systems. Hierarchical organization of the nervous system.

2. Evolution of nervous system, modular and hierarchical organization of the brain

Stages of evolution of nerve cells, nervous systems. The pattern of sequential brain development
- cephalization. Evolution of vertebrate brain. The enlargement of the cerebral cortex in the process
of primate evolution. Facts and myths about the brain. Nervous system of vertebrates and
invertebrates.

3. Part 1. Key modules and components of the nervous system: neurons. Part 2. Key modules and
components of the nervous system: glial cells

The main components of the nervous system: neurons and glial cells. Camillo Golgi and Santiago
Ramon y Cajal - the founders of neuroscience. Neuronal doctrine. Structure and function of
cellular elements. Typical neuron morphology, electrical properties and functions. Classification
of neurons. Neurons - elementary analogue-digital modules.

Main types of glial cells: astrocytes, oligodendrocytes, microglia, ependymal cells, satellite and
Schwann cells.

Main functions of glial cells.

4. Architecture and physiological properties of the main modules of nervous system. Synapses and
ion channels



Synapses are a key module of the nervous system. A brief history. Types of synapses: chemical
excitatory and inhibitory, electrical synapses.

Ionic channels fundamental instruments of excitation and inhibition: types of channels and general
principles of organization.

5. Ion channels of the nervous system. Crystal structure and molecular principles of functioning
Families of ion channels of the nervous system.

Ionotropic and metabotropic receptors.

General architecture and crystal structure of voltage-gated and receptor-operated channels.

How do ion channels operate? Single-channel properties. Molecular principles of ionic selectivity.
How activation of channels integrates in synaptic potentials.

6. Formation of synapses and synaptic plasticity

Multi-storey architecture of synapses. Principles of the molecular organization of excitatory and
inhibitory synapses.

Plasticity of synaptic transmission. Dendritic spines - morphological modules of brain plasticity.
Spine mobility. The role of the actin cytoskeleton and calcium in the synaptic plasticity.

7. Molecular organization and function of presynaptic terminals
Basic organization of presynaptic terminals.

Key steps of neurotransmitter release.

Termination of the neurotransmitter action.

Presynaptic vesicles organization and function.

Delivery of neurotransmitter to presynaptic terminals. Anterograde and retrograde axonal
transport. Motor proteins: dyneins and kinesins.

Molecular organization of the main proteins that ensure the fusion of vesicles with the presynaptic
membrane: SNARE complex and Synaptotagmin. Neuropathology associated with impaired
axonal transport.

8. Key modules of electrical information transfer. Part 1. Molecular basis and principles of the
voltage-gated ion channels functioning. Part 2. Molecular architecture of voltage-gated ion
channels

Basic properties of neurons. The main types of voltage-gated channels. Action potential: main
components. Sodium channels: molecular organization. Variety of sodium channels Sodium
channel blockers.

Calcium channels organization and function.

Potassium channels: molecular organization. Molecular basis of ionic selectivity. Families of
voltage-gated ion channels. Crystal structure of potassium and sodium channels. Specific blockers
of potassium and sodium channels.

Some diseases resulted from dysfunction of voltage-gated channels.



9. Part 1. Synaptic transition. Molecular organization of neurotransmitters and receptors. Part 2.
Synaptic transition. Architecture and molecular basis of excitatory receptors and synapses
functioning

Diversity and classification of neurons. Anatomy of neurons. Signal transmission by excitatory
and inhibitory synapses. Types of synaptic contacts. Fast and slow synaptic transmission:
ionotropic and metabotropic receptors

Classes of neurotransmitters. Receptor families of rapid synaptic transmission. lonotropic
glutamate receptors: classification and pharmacology. Crystal structure of NMDA and AMPA
glutamate receptors. Unique complexity of organization and management of NMDA receptors:
block by Mg ions; high permeability to calcium ions and co-activation with glycine or serine.

10. Part 3. Synaptic transition. Inhibitory ionotropic receptors of nervous system: GABA- and
glycine Cys-Loop receptors

Families of synaptic receptor-operated channels.

Cys-loop receptor channels. GABA - the main inhibitory neurotransmitter in the central nervous
system. Structural organization of GABA receptors. lonotropic GABAA and GABAC receptors.

How activation of GABA receptors causes inhibition. Pharmacology of GABA receptors.

Glycine is the main inhibitory neurotransmitter in the spinal cord. Some functions of glycine
receptors. Classification of glycine receptor subunits. Distribution of glycine receptors in nervous
system. Pathologies of the glycinergic system.

11. Part 1. Metabotropic receptors. General principles of G-proteins functioning

What are metabotropic receptors? What are G protein receptors? Types of G-protein subunits.
Basic principles of action. Some pathologies resulted from dysfunction of metabotropic receptors.

12. Part 2. Metabotropic receptors. Metabotropic glutamate. Glutamate, GABA and AX receptors

Functional modules and types of metabotropic receptors. Distribution of metabotropic glutamate
receptors. Mechanisms of glutamate receptors physiological functioning. Modulation of
endocannabinoid-dependent neurotransmitter release. Some other physiological functions

Short history of metabotropic GABA receptor. Structure organization, distribution, pharmacology
and main functions.

Muscarinic acetylcholine receptors. Molecular architecture, main families, distribution,
pharmacology and physiological functions.

13. Channelopathies - diseases caused by dysfunction of ion channels
Main classes of channelopathies.
Inherited channelopathies: neurological and cardiac channelopathies.

Autoimmune channelopathies: Myasthenia gravis; Lambert-Eaton myasthenic syndrome;
Paraneoplastic cerebellar degeneration (PMD); Limbic encephalitis.

14. General principles and techniques of electrophysiological recordings



Short history of electrophysiology. Main approaches for cellular electrical signals recording:
intracellular microelectrode recording; voltage-clamp and current clamp; patch-clamp technique;
extracellular recording; heterologous expression of ionic channels in cell lines and Xenopus
oocytes. What information can be obtained from recording of electrical signals.

15. Methods for visualizing of specific receptors and channels. Methods for monitoring and
modulation activity of cells in neuronal system

How to visualize specific molecules in living cells? Fluorescence and luminescent process.
Visualizing of functional proteins using genetically encoded biosensors. Confocal and multiphoton

microscopy.

Optosensoric and photopharmacology and optogenetic.



Annotation
Major: 03.04.01 IIpukaagHbie MaTeMATHKA U (PU3UKA

specialization: General and Applied Physics/O0mas n npukaaagHas ¢pusuka

Populism, Fakes, and Post-Truth: Algorithm-Driven Media Consumption and New Social
Phenome/Ilonyau3m, geiikn U nocTnpasaa: aJropuTMHU3MPOBAHHOE MeIHATIOTP

Purpose of the course:

To familiarize students with new media and communication environment and its impact on society,
especially in field of public sphere (including political public sphere), provide them tools to
analyze media and communication field and its role within the society.

Tasks of the course:
- To introduce students into core concepts of media and their connections with social realm;
- to give an overview of the contemporary social media driven media consumption;

- to make students able to use social theories in field of media in order to analyze society and role
of new technologies within it;

- to provide both social-deterministic and techno-deterministic vision of the role of media and
make students able to apply them;

- to introduce students into the core elements of theory of media effects and make them able to
take into consideration the ‘effect-driven’ approach.

List of the planned results of the course (training module)

As a result of studying the course the student should

know:

- Core theories and approaches to the role of media and communication within the society;
- core theories of media effects;

- approaches to new social phenomena;

- criteria for analysis of media complexity;

- role of media in politics.

be able to:

- Distinguish between socially-oriented and techno-deterministic theories;



- criticize contemporary communicative capitalism driven by technological algorithms;
- separate well news sources from bad ones, be able to find a bias in media messages;

- write essays on social topic in English language.

master:
- Tools for news analysis;
- tools for analysis of political speech and declarations;

- tools of critical information thinking.

Content of the course (training module), structured by topics (sections):
1. Media, communication and social institutions

Notion of communication and social communication. Differences in communication between
animals and humans. 3 types of interactions in societies and their interconnection. Evolution of
interactions and evolution of societies. Role of major media innovations in previous
communicative revolutions. Role of printing press and printed book. Media and economic
institutions. Media and political institutions. Media and cultural institutions. Soft power and hard
power.

2. Media and technological determinism in approaching changes in society and its critic

Media and technological determinist vision vs society-centric vision of changes. Linear and non-
linear technological development. Everett Rogers and simplistic vision of innovations. Works
about technological impact of media: Lerner and MIT school. Latour and Flichy: toward socio-
technical complexity. Overview of techno-determinist theories:

- McLuhan and technical thinking on media
- Information society theories

- Castells and network society theory

- Web 2.0 and prosumerist culture

- Works on new media activism

Critic of technological determinism.

3. Contemporary algorithmic media reality: social media, prosumerism, sharing economy.

Core technological changes in recent decades driving media development: raise of media channels,
digitalization, device individualization. Rising speed and storage capacity for content. Video as a
core content. Social media as new media reality. Alone together philosophy.

Convergence culture and prosumer (playbour) vision. Sharing economy ideology. Political
economy of sharing and prosumerism (as critique):

- General models of accumulation of capital



- Idea of digital exploitation

- Network and convergence-based society as still capitalist

4. Some basic concepts about news and truth.

The concept of truth in the society and its ambivalence. Truth and opinion dialectical relationship.
News and views separation in journalism. Ideology of news in journalism. Principles of news.
Dependent journalism as political activism and propaganda but one of the core function of
journalism — core normative visions of journalism. Normativistic and non-normativistic view.

5. Fake news as a parallel communicative flow

Historical origins of the term “fake news”. How multi-channel media undermines the principles
of news. News and views separation in digital reality of prosumerist media. Lowering bargains for
creating content.. Fake news, disinformation and misinformation. Fake news as propaganda. Types
of fake news. Fake news and strategic disinformation. Regulation of fake news: fake news laws,
strategic disinformation dispositive, algorithmic solutions, media literacy as magic pill.

6. Media bias in new communicative environment: why fake news works?

Notion of media bias. 5 filters of Herman and Chomsky. Core approaches to media effects.
Cognitive dissonance effect. Confirmation bias and selective exposure. Agenda setting in new
media. Two steps flow model and how it combines personal trust with mass information in new
media world. Media and viral content distribution in new environment.

7. Political public sphere and new media reality: populism and radicalization

Approaches to media and politics. Different visions of power. Public sphere as core concept about
communication and politics. Crisis of rational debate in contemporary media. Rise of alternative
media. Core concepts of alternative media. Rise of informational and public in politics. Populism
as informational phenomenon. Radicalization of political media outlets. Echo-chambers and echo-
bubbles and fragmentation of the debate.

8. Activism and new media

Political activism as a concept. Political participation and how new media are challenging it.
Ideology if participatory media. Arab spring and “Twitter revolutions™: concept of participatory
digital media for changing political regimes. Role of digital media in Trump elections. Critique of
digital revolutions. Concept of connective and collective actions and their differences.



Annotation
Major: 03.04.01 IIpukaagHbie MaTeMATHKA U (PU3UKA

specialization: General and Applied Physics/O0mas n npukaaagHas ¢pusuka

Review Of Methods Of Mathematical Physics In Biophysics/Metoabl MmaTeMaTn4yecKoi
¢usukn B Ouopusuke

Purpose of the course:

formation and improvement of students’ competencies in the field of methods of statistical physics
and field theory to complex physical systems, and applications of these methods to biophysics.

Tasks of the course:

1) Acquaintance of students with mathematical models of (biological) membranes and their
physical predictions.

2) Acquaintance of students with the methods of mathematical and physical description of
polymers

3) Acquaintance of students with modern mathematical applications to the study of biopolymers

List of the planned results of the course (training module)

As a result of studying the course the student should

know:

1) Basic mathematical models of (biological) membranes and their physical predictions.
2) Basic methods of mathematical and physical description of polymers

3) Modern mathematical applications to the study of biopolymers

be able to:

1) Apply mathematical models of (biological) membranes and their physical predictions to solve
fundamental professional problems;

2) Creatively use in scientific activity knowledge about the possibilities of applying modern
mathematical applications to the study of biopolymers;

3) Highlight and systematize the main ideas in scientific texts;
4) Critically evaluate any incoming information, regardless of the source;

5) Generate new ideas and methodological solutions;



6) Carry out the design of their scientific activities;

7) Present your scientific results in oral reports.

master:
1) Methods of theoretical and experimental research;

2) Skills of search (including using information systems and databases), processing, analysis and
systematization of information;

3) Skills of critical analysis and assessment of modern scientific achievements.

Content of the course (training module), structured by topics (sections):
1. Biological membranes

A review of the biological membranes and their characteristic properties to be modeled by
mathematical methods

2. Mathematical background

An introduction to the mathematical methods necessary for descrition of membranes. Elements of
differential geometry

3. Elastic model
The basic model of membranes and its predictions. Determination of the parameters of the model
4. Elements of field theory

A review of the methods of quantum field theory and renormalization group used in studies of the
phases of membranes

5. Thermal fluctuations

Application of the field theory methods to the description of the phase diagram and universal
properties of membranes

6. Membrane interactions

A review of different forces between membranes and their description using renormalization group
methods

7. Fat membranes. Diffusion and Brownian motion

Discussion of generalizations of the membrane models that include effects of finite thickness. A
brief review of the theory of diffusion and Brownian motion

8. Polymers
A basic review of polymer molecules and their physical properties
9. Ideal polymer chain

A discussion of the flexibility of polymers and its measures



10. Elasticity of polymers
A review of the basic theory of the entropic elasticity of polymers and polymer networks
11. Polymer fluids

A discussion of the viscosity (viscoelasticity) of the polymer fluids, its microscopic origin and
applications

12. Polymer networks and genome folding

A review of applications of stochastic modular networks to the study of the spatial organization of
the chromatin in cell nuclei

13. Protein structure

An introduction to the structure and function of polypeptide molecules. A review of protein folding
problem

14. Field theory model of folded proteins
A review of an effective field theory description of the secondary structure of proteins
15. Knotting of polymers

A discussion of knotted structures in polymers and biomolecules



Annotation
Major: 03.04.01 IIpukagHbie MaTeMATHKA U (PU3HUKA

specialization: General and Applied Physics/O0mas n npukiaaanas pusnka

Russian as a Foreign Language/Pycckuii si3blk KAK HHOCTPAHHbI

Purpose of the course:

The Russian as a foreign language (A2) course is aimed at the formation of intercultural
professionally oriented communicative competence from the zero level to the elementary level
(according to the European scale of foreign language proficiency levels) for solving social and
communicative tasks in various areas of everyday, cultural, professional and scientific activities
in the Russian language, as well as for further self-education.

Tasks of the course:

The tasks of the formation of intercultural, professionally oriented communicative competence
consist of the gradual mastery by students of a set of competences, the main of which are:

— linguistic competence, i.e. the ability to adequately perceive and correctly use language units
based on knowledge of phonological, grammatical, lexical, stylistic features of the studied

language;

— sociolinguistic competence, i.e. the ability to adequately use realities, background knowledge,
situationally conditioned forms of communication;

— sociocultural competence, i.e. the ability to consider during the communication speech and
behavioral models adopted in the relevant culture;

— social competence, i.e. the ability to interact with communication partners, to make contact and
maintain it, owning the necessary strategies;

— strategic competence, i.e. the ability to apply different strategies to maintain successful
interaction in oral/written communication;

— discursive competence, i.e. the ability to understand and generate foreign language discourse
considering cultural differences;

— general competence, including, along with knowledge about the country and the world, about
the features of the language system, also the ability to expand and improve their own picture of
the world, to be guided by the media sources of information;

— intercultural competence, i.e. the ability to achieve mutual understanding in intercultural
contacts, using the entire set of skills to realize the communicative intention;

— compensatory competence, i.e. the ability to avoid misunderstandings, to overcome the
communication barrier through the use of well-known speech and metalanguage means.



List of the planned results of the course (training module)

As a result of studying the course the student should

know:

— The main facts, realities, names, attractions, traditions of Russia;

— some achievements, discoveries, events in the field of Russian science, culture, politics, social
life;

— basic phonetic, lexical-grammatical, stylistic features of the Russian language and its difference
from the native language;

— the main differences in writing and speaking.

be able to:
— Generate adequate oral and written texts in a specific communication situation;

— to realize the communicative intention with the purpose of influencing the communication
partner;

— adequately understand and interpret the meaning and intention of the author in the perception of
oral and written authentic texts;

— identify similarities and differences in the systems of native and foreign languages;

— show tolerance, empathy, openness and friendliness when communicating with representatives
of another culture.

master:

— Intercultural professionally oriented communicative competence in different types of speech
activity at the level of A2;

—social and cultural competences for successful mutual understanding in terms of communication
with representatives of another culture;

— various communication strategies;
— learning strategies for organizing the learning activities;

— strategies of reflection and self-evaluation for self-improvement of personal qualities and
achievements;

— different methods of memorization and structuring digestible material;

— Internet technologies to select the optimal mode of obtaining information.

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

1. My World



Communicative tasks. To talk about your everyday activity. To tell the time. To make an
appointment. To talk about your family. To fill the registration form.

Vocabulary. Verbs describing everyday activity. Time. Parts of the day. Numbers 10-100. Events.
Family. Registration form.

Grammar. 1st conjugation of verbs. 1 wac, 2-4 gaca, 5-20 gacoB. Consolidate conjugation of verbs.
Possessive adjectives: Moii/Mosl, TBOI/TBOSI.

Phonetics. Pronunciation of sounds: T, Tb. Pronunciation of [11], unstressed «s1», «e». Pronunciation
of [x], [m]. Devocalization of sound «x» at the end of words.

2. Our Lesson

Communicative tasks. To understand your teacher’s instructions in Russian. To ask people if they
have something. To indicate something. To set a meeting. To talk about your plans for a week.

Vocabulary. Verbs describing activities at the lesson. Personal things. Numbers 100-1000. Days
of week. Events.

Grammar. Imperative form of verbs - unraiite, cnymaiire etc. Construction “y mens ects”. Gender
of nouns. Construction “Y mens + co6siTie”. Nouns in plural. Days of week.

Phonetics. Pronunciation of "o" in unstressed position. [], [ur]. Devocalization of sound «k» at
the end of words. Pronunciation of y, T.

3. In the City

Communicative tasks. To talk about your city. To ask where to go. To understand signs of a city.
To buy a ticket for metro. To order in a restaurant. To refuse an offer. To say where you were
yesterday.

Vocabulary. Places in town (parks, restaurants, museums etc.). Words for ordering in a café or
buying a ticket for metro. Russian way to say “last/next week”.

Grammar. Endings of adjectives. Possessive pronouns. The prepositional case for locations. The
past tense of the verb “to be”.

Phonetics. Devocalization “n” at the end of words and in front of voiced consonants. Practicing
the phrase “k coxxanenuto”. Words where “a” is pronounced as [m1].

4. My Home

Communicative tasks. To describe your house. To call for a master to fix broken things at home.
To explain location of things in the house. To talk about your free time and ways to rest at home.

Vocabulary. Furniture. Rooms. Verbs (to sleep, to want, to see, to watch, to hate). Parts of a house
(wall, floor etc.). Outside the house (garden, forest). Verbs describing activities at home.

Grammar. Neuter gender nouns in plural. Masculine gender nouns in plural. Exceptions. The
prepositional case, exceptions. The past tense. The accusative case for objects.

Phonetics. Pronunciation of the names of the rooms. Pronunciation of words with a change of
stress in the prepositional case (B necy, Ha moixy, etc.). Pronunciation of [x]. Being surprised by
the word “yx TBI1!”



5. Tasty Food

Communicative tasks. To explain what you need to buy. To talk about food preferences. To order
and pay in a restaurant. To talk about recipes. To invite friends for dinner. To express admiration
or criticism.

Vocabulary. Phrases for shopping. Phrases for restaurants. Phrases for inviting and accepting
invitations.

9 ¢ 2 ¢

Grammar. Personal pronouns with “nyxno”, “nano”, “apasurcs”. The instrumental case after the
preposition “c”. The future tense.

Phonetics. Pronunciation [b1], [1]. Devocalization of the voiced consonants at the end of words (0,
I, B, 3, K, T'). Intonation of admiration: “Kaxk xopomo!”

6. Health

Communicative tasks. To talk to a doctor. To talk about health. To give recommendations. To talk
about mood (I am sad, happy etc.). To agree/disagree.

Vocabulary. Parts of body. Health. MoxHno/nens3a. Emotions. Mood.

99 ¢c

Grammar. Construction “y meHst 66u1”. Personal pronouns of with age, “moxH0”, “Henb3s”. Short
forms of adjectives.

Phonetics. Intonation of the interjection "aii!" when expressing pain. Pronunciation of b, b.
7. People

Communicative tasks. To talk about people’s character. To describe appearance. To compare
things. To buy clothes. To agree to do something.

Vocabulary. Adjectives. Describing a person. Adjectives. Appearance. Clothes. Colors. Size.

Grammar. Endings of adjectives. The comparative and superlative degree. The genitive case in
possessive constructions. Endings of adjectives.

Phonetics. Pronunciation of [m1], [m]. Combination «mx». Intonation of admiration urprise using
the word “tak”. Pronunciation of “€” after the hushing sounds.

8. Transport

Communicative tasks. To talk with a taxi driver (price, address, etc.). To order a taxi. To cancel,
reschedule or confirm a meeting. To talk about your trip. To describe cities.

Vocabulary. Transport. Dates. Verbs: nepenects, OTMEHUTb, TOATBEPIANUTH, NPUHUTH/TPHUEXATh,
yiitu/yexatb. The compass. Words for travelling.

Grammar. The prepositional case for transport. Ordinal numbers. The accusative case for

directions with prepositions “B”, “Ha”.

Phonetics. Practicing the difference of pronunciation between "e" and "€" in the conjugation of the
verbs "uatu", "exare". Words where the letter "r" is pronounced as "B" (ero, ceromus).
Devocalization "3" in the preposition "u3".

9. My Family



Communicative tasks. To talk about family. To accept the invitation. To talk about hobbies. To
refuse the invitation. To ask and tell about biography.

Vocabulary. Family. Relatives. Activities during the holidays. Verb “ymets”. Verbs: moxeHuThCH,
POAUTLCA, CIYYUTHCA, TIO3HAKOMUTLCA.

Grammar. The genitive case. Possession. Reflexive verbs (the present tense). 3anumarbcs + the
instrumental case. Reflexive verbs (the past tense).

Phonetics. Devocalization of sound “x” at the end of words. Pronunciation of Tc, Tbc = [11].
Pronunciation of u = [»1] after w1, x, 11.

10. Holidays

Communicative tasks. To congratulate with holidays. To tell about traditions. To sign postcards.
To say wishes. To suggest the idea of gifts. To express surprise.

Vocabulary. Name of the holidays. Verbs: mpa3gHoBath, mo3apaBisiTh, MpOLIAThCS, TYISTh.
Wishes (happiness, love, luck, etc.). Gifts.

Grammar. [Tozapasnare + the instrumental case. The genitive case with the verb xenats. The
genitive case after prepositions.

Phonetics. Words with an unpronounceable "a". Words where r = [B]. Intonation of the phrase "/la
nagHo?!"

11. Shopping

Communicative tasks. To understand the information on the labels of cosmetic products. To buy
groceries. To communicate in the store. To buy clothes.

Vocabulary. Body parts. Cosmetic. Stores. Numbers and time. Fruits and vegetables. Clothes,
shoes, accessories. In the store.

Grammar. The genitive case. Plural. The genitive case with numbers. The genitive case.

Phonetics. Devocalization of "B" at the end of words. Devocalization of paired voiced consonants
before voiceless consonants. The difference in pronunciation between "6omnbmoit" and "6ombie".

12. Countries and Nationalities

Communicative tasks. To ask a person where he he is from. To talk about countries. To talk about
the weather. To talk about the season. To talk about traditions and nationalities.

Vocabulary. Countries. Months. Weather. Season. Verbs (to love, to call, to speak). Traditions and
nationalities.

Grammar. Months in the prepositional case (when?). 2nd conjugation of verbs. Nationalities.

Phonetics. Pronunciation of p, p», 10. Pronunciation of the names of nationalities.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpagsaenue: 03.04.01 IIpukiaagabie MaTeMaTHKA U (PU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

buoJsiorust onyxoJieBoi KJIeTKU

Heab AMCHUNIMHBI:

Ilenp Kypca COCTOMT B O3HAKOMJICHHH CTYJEHTOB C COBPEMEHHBIMHM 3HAHMSAMHU U IOCICIHUMU
HAYYHBIMH JIOCTHXKCHHUSAMH B OMOJIOTUH U MEAMIIMHE, CBI3aHHBIMU C IPUYMHAMU BOSHUKHOBEHHUS,
MEXaHU3MaMH DPA3BUTUS U KIMHUYECKHMMH IPOSBICHUSIMH OIyXojied (HOBOOOpa3oBaHHWIA), a
TaKXe ¢ pa3paboTKON METO/IOB MX JIUATHOCTUKH, JICYCHUS U MPODUITAKTUKH.

3agauu AMCHUIINHBIL:

CTYZ[CHTI)I, 3aBCPIIMBIINC OCBOCHHUEC KypCa, J0JI’)KHBL O6HaIIaTI) IMPOYHBIMHU 3HAHUSAMU B obnactu
MOJICKYJIAPHBIX OCHOB O6pa3OBaHI/I$I OITYXOJICBBIX KJICTOK U PA3BHUTHA KAHLICPOIrCHE3A.

IlepeyeHb MuIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)
B pe3synbrare ocBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI

3HATh:

-TEOPETUYECKHE U METO/10JIOTUYECKHE OCHOBBI OMOXUMHUH;

-XUMHUYECKOE CTPOCHHE KUBOM MaTepUH: CTPYKTYpPY U QYHKIUU OEITKOB ¥ HYKJIEUMHOBBIX KUCJIOT,
MPUHLIMIIBI 1 MEXaHU3Mbl BOCIIPOU3BEACHUS M COXPAHEHUSI A€30KCUPUOOHYKIEMHOBON KHCIOThI
(AHK) B psny mnokoneHud (peruMkanuss M pemnapanusi), JIEKOAUPOBaHHE TI'e€HETHYECKOMN
uHpopManuu MoJekyinamMu pubonykienHoBoi kucinoTtsl (PHK), mexanusmbl mporeccunra
NEPBUYHBIX TPAHCKPUIITOB, 3Tallbl M MEXaHU3Mbl OWOCHHTE3a O€NIKOB (TpaHCIALHNS),
HOCTPaHCIIALMOHHAs MOAU(DUKaLus OENKOB;

-OCHOBHBIC 3aKOHOMCPHOCTHU Ppa3BUTUA U IKUBHCACATCIIBHOCTU OpraHM3Ma Ha OCHOBC
CTPYKTypHOﬁ OpraHu3alnu KICTOK, (bYHKHHOHHPOBaHHe KJICTOYHOI'O IUKJIA,

-00111M€e BOMPOCHI Pa3BUTHUS CTPYKTYPBI U QYHKIIUH OIYXOJIEBBIX KIJIETOK;
-(haxTopsl, hopMuUpyrOIIKE 370POBLE YEIOBEKA. DTHOJIOTHIO M MTATOT€HE3 OITyXOJIH;

-OCHOBHEBIC 3aKOHOMCPHOCTH PA3BUTHA MMATOJOTHMYCCKUX IMPOLECCOB U COCTOSIHU. OHYXOHeBBIﬁ
pocT;

-(pu3HKO-XMMHUYECKHE MEXaHU3Mbl TATOJIOTUHU: POJIb TOBPEKICHUS PA3JIMYHBIX CTPYKTYP KIETKH
B ee marojioruu; GpocoiaumnasHoe MOBpekAeHUE MEMOpaH; MEPEeKUCHOE OKHMCICHHE JIUIUIOB;
OCMOTHYECKOE HApYyLIEHUE CTPYKTYPbI U (YHKIHUHU KIETOK;

-OMOXVMMHIO TATOJOTHYECKHUX MPOIIECCOB: METa0O0IM3M OMyXOJEBOTO pocTa, PepMEHTATHBHYIO
cucTeMy, OMOXUMHUIO IMMYHUTETA MIPU OIYyXO0JIEBOM POCTE.



yMeTb:

-popmyIMpoBaTh U MJIAHUPOBATH 3aJ1a4M HCCIEAOBaHUN B OMOXUMUHU, MOJIEKYIISIPHON OHOJIOTHH
Y UMMYHOJIOTUU;

-C TIOMOIIBI0 TIEPCOHAIBHOTO KOMIBIOTEpAa HAXOAUTh Oubimorpaduyeckyro uHGOpMAIUIO 10
3aJJaHHOM TEMAaTHKE;

-BOCTIPOM3BOJIUTh COBPEMEHHBIC METO/IbI MCCIICIOBAHMS U pa3padaThiBaTh HOBBIC METOIMYCCKUE
MOAXOMBI JUISl pELISHUS 3a/1a4 MEUKO-OMOJIOTHUYECKUX UCCIIEIOBaHU;

-UCII0JIb30BATh TCOPCTUYCCKUEC U MCTOJUYCCKUC TOAXOABI IJIA U3YYCHHUA IPUPOAbl U MEXAaHHU3MOB
Pa3BUTHA MATOJIOTUYCCKUX ITPOLECCOB,

-0peCaCIATh U OLICHUBATH BO3MOKHOCTHU MOACITIUPOBAHHUSA ITATOJIOTMYCCKUX ITPOLECCOB,

-UCII0JIb30BATh IIPOIrpaMMHBIC CUCTCMbI JJIA 06pa6OTKI/I OKCIICPUMCHTAJIBHBIX W KIIMHHUYCCKHX
JaHHBIX, U3YUCHUA OHMOXMMHUYECKHUX IMpoueCCOB B OPraHru3Me.

BJIa/1eTh:
- METOJIMKAMH TUIAHUPOBAHUSA U Pa3pa0OTKH CXEMbl MEIUKO-OMOJIOTMUYECKUX SKCIIEPUMEHTOB;
-OCHOBHBIMHU METO/IaMH JIA0OPaTOPHO-OMOXUMHYECKOM U MHCTPYMEHTAIBHOU TUArHOCTUKY;

-MCTOAAMHU BBIACIICHUA U PA3ACIICHUSA MAKPOMOIJICKYJI; HaABbIKaMU pa6OTI>I C aBTOMAaTHU4YCCKHMMH
J03aTopaM, OCHOBHBIMH IIpUEMaM XpOMaTOl"pa(I)I/II/I;

-CIIEKTPOPOTOMETPUICCKUM aHAITU30M PA3IHNIHBIX OMOIIOTHUECKUX CHCTEM;

-MCTOAaMHU (bnyopecueHTHoro, XCMHIIFOMHUHCCIICHTHOT'O aHaJIku3a.

TeMbl U pa3jaeiibl Kypca:
1. Benenue

[Tonsitus  “omyxonp”, “mOOpOKAUECTBEHHBIE M 3JIOKAYECTBEHHBIE  HOBOOOpa3oBaHUs’
“omyxoJieBas iporpeccusi (MHBa3us U MeTactazupoBanue)”. Knaccudukanus HoBooOpa3oBaHU,
3200JIeBa€MOCTh HACEJICHUS MHUPA U )KUBOTHBIX Pa3IMIHBIMU ()OPMaMU OITyX OJICH.

2. ba3zoBbie MeXaHU3MBI BOSBHUKHOBCHUS OHYXOJ'ICI\/'I

bazoBble MexaHM3MBbl BOSHUKHOBEHUS OITyXoJei. MI30bITOUHOe pa3sMHOKEHUE KIIETOK BCIIEJCTBHE
HapyILEHN TO3UTUBHOW M HETAaTUBHOM PETYJISILMUS KJIETOYHOIO IUKIIA.

3. «OHKOT€H» U «OITYXOJIEBBII» CYIpPECCcop

[ToHATHS «OHKOTEH» U «OIYXOJNEBBI» cympeccop. HapymeHus ¢GyHKIMH OHKOT€HOB U
OIYXOJIEBBIX CYIPECCOPOB, PETYJHUPYIOIIUX KIETOUHBIM IUKI, B KIETKaX pPa3JIMYHBIX
HOBOOOpPA30BaHUIl yenoBeKa.

4. MexaHu3Mbl pEIJIMKATUBHOTO CTAPEHUS



MexaHu3Mbl PEIUIMKATUBHOTO CTAapeHMsl KJIETOK M MX HapylIeHUs MpH KaHieporeHese. Poib
TeJI0Mepa3bl B UMMOPTAIU3ALMHA HEOIIJIACTUYECKUX KIIETOK.

5. MexaHu3mbl IporpaMMUpyeMoi T'MOeIn KIETOK

CnocoObl U MEXaHM3MbI MPOTPAMMHPYEMO THOETW KIETOK (amonTo3, ayrodarus u 1ap.).
HapymieHust peryssiun anonro3a u ayro(arui B OIyXO0JIeBBIX KIIETKaX.

6. 'eneTnueckast HeCTaOMILHOCTE

['eHeTnyeckass HECTaOWJIBHOCTh HEOIUIACTUYECKMX KJIETOK: MYyTH BO3HHUKHOBEHHS U POJb B
OITYXOJIEBOW MPOrPECCU.

7. HapylieHue aare3uu 1 UTOCKEJIETa

HapYLHCHI/Ie Arc3u U NUTOCKECIICTA OIYXOJICBBIX KJICTOK W CBA3AHHOC C HUMU HpI/IO6peTeHI/IC
JIOKOMOTOPHOT'0» (beHOTI/IHa. OnuTeNnuaIbHO-ME3SHX UMaJIbHAS TPaH3ULIUA B UHBA3UBHOM POCTC
PAaKOBBIX onyxoneﬁ.

8. Bo3znaelictBue OITYXOJICBBIX KJIIECTOK Ha MUKPOOKPYKCHUC

Bo3szeiicTBue 0IyX0JeBbIX KIETOK Ha MUKPOOKPYKEHHUE: Pa3pyLIEHNE BHEKJIETOYHOIO MaTPUKCa,
CTHMYJISILIUSI aHTHOTeHE3a, MOAM(DHUKAIINS CTPOMBI.

9. Ponp Monudukanuii MUKpOOKpPYKEHHS B MHBa3UBHOM POCTE OIyXOJIeh

Ponp Momudukammii MUKpPOOKPY)KEHUS B HWHBA3UBHOM POCTE OMyXojed. MexaHu3Mbl
METacTa3upOBaHUs PAKOBBIX omyxoJiell. OCOOEHHOCTH MPOTrPECCUN JIEHUKO30B.

10. Hapymienus ¢pyHkimn onkooenkoB Ras u omyxoneBoro cynpeccopa pS53

Hapymenuss ¢ynkuuu onkoOenkoB Ras u omyxoneBoro cympeccopa pS3 — nHaubonee
YHHUBEpCaIbHbIE MOJIEKYIIPHbIC H3MEHEHUS B KJIETKAX Pa3IMYHBIX HOBOOOPAa30BaHUIA YETIOBEKA U
JKUBOTHBIX. Me€XaHU3Mbl OHKOT'€HHOT0 JIelicTBUsS MyTauuii Ras u p53.

11. Posb XUMHYECKHUX KaHIIEPOTEHOB
Posb XUMHUECKUX KaHLEPOT€HOB, PAHAllNU U HHPEKIIMOHHBIX areHTOB B Pa3BUTHH OITYXOJIEH.
12. OHKOreHHBbIE BUPYCHI YEIOBEKa

OHKOreHHbIE BUPYChHI YEJIOBEKA: MEXAHU3Mbl OHKOTE€HHOTO JEUCTBUS M THUIIBI BO3HUKAIOIIMX
OIyXOJIEH.

13. CriocoOsI Hpoq)HHaKTHKH, JUArHOCTUKH U JICYHCHHA 3JI0KAYCCTBCHHBIX OHYXOJIGI‘;I

Hosrele cnocoOsr HpO(l)I/IJ'IaKTI/IKI/I, JUArHOCTUKHM H JICHCHHUSA 3JIOKaAYCCTBCHHBIX OHYXOJ'IGI\/'I,
OCHOBAHHBIC HAa BBIICHCHUH MOJICKYJISIPHBIX MECXaHU3MOB KaHIICPOTCHE3Aa.

14. Muiienu 1eficTBUS NPOTUBOPAKOBBIX MPEMapaToB

OCHOBHBIE MUIIEHU JCUCTBUS MPOTHBOPAKOBBIX TMpENapaTtoB. AHAIW3 TE€HOMHBIX U
OMOMENUIIMHCKNX 0a3 MaHHBIX 10 TEMATHKE.

15. Bupycorenernueckas KOHIENIUS paKa

Bupycorenernueckas konuenuusi paka JLLA. 3unbbepa. [loHSATHE OHKOT€HHOrO BHUpYCA.
OcHOBHBIE TPYIIIBI OHKOT'€HHBIX BUPYCOB YEJIOBEKA U JKUBOTHBIX (aI€HOBUPYCHI, T€PIIECBUPYCHI,
MANOBUPYChI, PETPOBUPYCHI U Ip.).



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

buodgusnka meMOpaHHBIX U MUTOXOHAPHAJIBHBIX MIPOLECCOB

Heab AMCHUNIMHBI:

- popmupoBanue 6a30BBIX 3HAHHI 110 OHOPHU3NKE MEMOPAHHBIX M MUTOXOHIPUATBHBIX ITPOLIECCOB
— HayKe O CTPYKType U (PyHKIHSIX OMOXMMHUYECKUX CHUCTEM, MCIOJIB3YIOUINX YHEPTUIO CBETAa U
OKHCITUTEIbHO-BOCCTAHOBUTENFHBIX ~ PEaKIHMid IS DHEProoOecnedeHus:  MOAABISIONIETO
OOJIBITMHCTBA J)KUBBIX CHCTEM.

3agauu AUCHMILINHBI:
. (dhopMUpOBaHHE y 00YJIAOIIUXCS O0MICH OMOXUMUYECKON U OMOPU3NIECKON KYTbTYPHI.

® BBIpa60TKa YMCEHUA OPUCHTHUPOBATLCS B MHpOBOﬁ JIATEPAType, CBSI3aHHOM C MEXaHHU3MaMH
TpaHC(l)OpMaI_II/II/I H UCIIOJIb30BAHUA SHEPIUU B )KUBbIX CUCTCMAX.

. ¢dopmupoBaHre OOIIETO IMOHMMAHUS OCHOBHBIX IPHHIUIOB (YHKIMOHUPOBAHUS
OMOJIOTUYECKUX CUCTEM.

. (dbopMHpOBaHKE YMEHUS CTaBUTh 3a/1a4M, CBSI3aHHBIE C PoOIeMaMH HaCTOALIETo pa3jesa
HaYKU.
. (dbopMHpOBaHNE HABBIKOB MPUMEHEHUS MTOJTyYSHHBIX 3HAHUH JJIS1 peIIeHHs] TOCTAaBIEHHBIX

3aaa4, CBA3aHHBIX C HpO6JI€MaMI/I InepeHoca W HCIOJIb30BaHUSA DHCPIruu B OMOJIOTMYSCKUX
CHUCTCMaAXx.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B PE3YIbTATC OCBOCHUA TUCHUIIIIMHBL 06yt1a}oumec;1 JOJI’KHBI

3HATh:

. OCHOBHOM (pepMEHTHBIN COCTaB MEMOPAHHBIX YHEPTETUUECKUX CUCTEM;

. OCHOBHBIE CBOMCTBa OMOJIOTMYECKUX MeMOpaH;

. 0COOEHHOCTH OEITKOBO-TUITUHBIX B3aUMOICHCTBUI B OMOJIOTUUECKIX MeMOpaHax;

. TIPUHIIUIIBI paboThI MIPOTOHHBIX TIOMII, OCYILIECTBIISIOIINX TE€HEepaLnIo

SJICKTPOXUMHNYECKOT'O MCM6paHHOFO INOTCHIIMAJIa B OMOJIOTUYECKUX CUCTEMAX;
* IIPHUHIUIIBI pa6OTI)I HOHHBIX KaHaJIOB;

® COBPCMCHHBIC NPCACTABJICHUSA O MCXaHHU3MaX 3JJICKTPOHHOI'O MU MOHHOI'O0 TPAaHCIIOPTa B
OMOJIOTHYECKUX CUCTEMAX,



. COBPEMEHHBIC MPECTABICHUS O pab0Te OMOTOTHYECKUX (HOTOCUCTEM.

yMeThb:

. NPUMEHSATh TNPHOOPETEHHBIMM 3HAHUS s aHanu3a WHGOPMAIMM B  HOBEWIIMX
JUTEPATYPHBIX UCTOYHHKAX;

® HCIIOJIB30BAaTh PE3YJIbTAThI aHAJIM3a JIUTCPATYPhI B cBocH HpaKTquCKOfI JACATCIIBHOCTH.
BJIAJ1€Th:

® YMCHHUEM CUCTEMATU3HUPOBATE 3HAHUSA, ITOJIYYCHHBIC B IIPOLECCE pa60TbI;

* YMCHHUECM HaBbIKaMU HpaBHJILHOI;'I IMOCTAaHOBKM 3a1a4 AJid pCHICHUA CJIIOKHBIX BOIIPOCOB,

CBSI3aHHBIX C W3YYEHUEM CTPYKTYphl U (DYHKIIMOHUPOBAHUS MONMU(DEPMEHTHBIX MEMOPaHHBIX
CUCTEM.

TeMbI U pa3jeiibl Kypca:

1. BBenenue B OMORHEPreTUKY. XEMUOCMOTUYECKUN MPUHIUI SHEPTrETUUYECKOIO COIPSHKEHHUS.
XHUMHUYECKUN ITPOTOHHBIN [TUKJI.

- BBenenue B 6H03HepreTI/IKy.

O6mue noustus. Onpenenenue nNoHATHs Ouo3Hepreruka. Mcropus Bonpoca. buosnepreruka B
cucreMe OHMOJOTMYECKMX HayK. 3aKOHbI OHMOPHEPTreTHKH. bHosHepreTnka TeIIOKPOBHBIX,
MUTOXOHJIpHH. CHcTeMbl (OTOCHMHTE3a OaKTepuil, XJIOpOIIacTOB. baKkTepHOpOIONCHH Kak
penukToBast cuctema porocuHTe3a. POTOCHUHTE3 BBICIIMX PACTEHUHN, XJIOPO(PUILI.

- XeMHOCMOTHYECKHI MPUHIUIT SHCPICTHUICCKOI'0 COIIPAKCHUA.

OmnpeneneHne NOHATUS SHEPIreTUUECKOT0 CONPsKEHU. XeMHOCMOTHYEecKas runoTe3a MuTdesia.
Ponp memOpanbl B cucTeMe 3amacaHMsi SHEPIMM OKHMCIUTENbHBIX peakuuid. MemOpaHHBIN
noteHuuan. OO0OCHOBaHME XEMHOCMOTHYECKON TeopuH. MeXaHu3M JOKaJIbHOTO CONpPSIKEHUS
Bunbsamca. 2 CTpyKTYpHBIX COCTOSSHUSI M 2 pexXHuMa paboThl CHCTEMbI OKHCIUTEIBHOIO
dbochopunupoBanus. [lepexon hochopunupyromiet CuCTeMbl B COCTOSIHUE CYTIEPKOMITIIEKCA.

- XUMHUYECKUN POTOHHBIN LIAKII.

JIBa xmroueBbIX mpouecca B cucreMe cuHTe3a AT® B muToxoHIpusx. IIpoToHHBIE mOMITBI —
TEHEepaTopbl AJIEKTPOXMMHUYECKOTo mnoreHuuana. ATd-cuHTeTazHas cuctemMa — CHCTEMa
TpaHchOopMaIuU SHEPTHH IEKTPOXUMUUYECKOTO TOTCHIMANIA B SHEPTHIO MUPOGochaTHOM CBSI3U
mosiekynbl AT®. I'panuent pH u snexTpuueckoe mojie Ha MUTOXOHAPUAIBHON MeMOpaHe Kak
UCTOYHUKN »dHepruu peaknuu cuHTe3a ATd. Mexanusm paOoThl MNPOTOHHBIX IOMII
(coBpeMeHHbIE JTaHHBIE).

2. HpI/IHI_II/IHBI paGOTLI OMOJIOTHYECKUX HOHCEJIEKTUBHBIX KaHAIOB. THIBI M MEXaHU3MbI
9JICKTPOHHOI'O0 TpaHCHIOpTa B OMOJIOTUYECKUX CHCTEMaX. HpI/IHL[I/IHBI (pYHKL[I/IOHI/IPOBaHI/IH
(I)OTO‘IYBCTBI/ITCHBHBIX CHUCTEM GaKTepI/Iﬁ u paCTCHHﬁ.

- HpI/IHHI/IHI)I pa6OTI)I OHMOJIOTMYECKUX MOHCEIEKTUBHBIX KaHAJIOB.



DJIEMEHTHl KOOPJWHAIMOHHON XUMHUU OMOJIOTMYECKH Ba)KHBIX KaTHOHOB MeTaiuioB (Na+, K+,
Ca2+) wu XxJopua-aHMOHA, WOHHBIM paauyc U IUIOTHOCTh 3apsna. CelleKTHBHOE
KOMIIJIEKCOOOpa30BaHNE y MOHOB Kallusl U HATPUsl, CTPYKTYPbl KOMILJICKCOB HATPUS U KaJlUs C
KpayH-3¢upamu. PaccMoTpeHHe psiga HEKOTOPHIX MPHUPOJHBIX AHTHOMOTHKOB KaK aHAJIOTOB
KpayH-3(UpoB. DHEPTUU KPUCTAIUIMYECKHX PEIIETOK W CBOOOIHAS PHEPTUsl CONbBATAIMH IS
pa3nuyHbIX conedl Harpus U KanusA. CTpyKTypa KajlumeBOro KaHajga ©  (as3bl  €ro
¢yunkunonupoBanusi. CelleKTUBHOCTH pa0OThHI KaHAJIOB M I€CONbBATALMs HOHOB. JINMUTHpYIOIIast
cTaausd. MeTosbl MOHMKEHUSI YHEPIMM NEPEXOAHOI0 COCTOSHHUSA, HUCIIOJIb3yEMBbIE MPUPOJON B
MOHHBIX KaHaJaX.

- THIBI B MEXaHU3MBI OJICKTPOHHOI'O TPAaHCIIOPTAa B OMOJIOTMYECKHUX CUCTEMAX

Oprannyeckue MPOBOJAHUKKA U TOJYNPOBOAHUKH. [IpUUMHBI MPOBOAMMOCTH AOMUPOBAHHOTO
MOJIMAHWIMHA, TOJHUANCTHIICHA, PAa3IMYHBIX  AJUIOTPOMHBIX  MOAU(HKAIMA  yriiepona;
BO3HUKHOBEHHUE JICIOKAIU30BAHHBIX COCTOSIHUM 3JIEKTPOHOB B OPraHMYECKUX CUCTEMAaX, CTEKUHT
U T-m-compsbkeHue. Bompoc 0 NpUHIMNHAIBHOW CHOCOOHOCTH OHOJIOTMUECKUX CHUCTEM
CHHTE3UPOBATh AHAJIOTM OPraHUYECKHUX MPOBOJHUKOB U TMOJYIPOBOJHUKOB. ['eMbl U
JKEJIe30CepHbIE KJIacTephl KaK XOpOIIUEe MOJENHN AJIsl BHEIIHEC(hEpHOro nepeHoca 3JIeKTpoHa 1o
Mapkycy. benkn kak amMop(dHBIE TIONYNPOBOJHUKA C BapuaOCIIbHON  IPBIHKKOBOU
MPOBOJIUMOCTBI0, MOJIeNIb MOTTa M KOHIIEMIHS JOKAIM30BAaHHBIX cocTossHUM. OnbiThl JlaBmu
2011-2015 ¢ >7EKTPOHMPOBOASIIUMU (PHUIaMEHTaAMH OaKTepui, pe3yabTaThl U HMX KpPUTHKA.
Omnpitel Yanca 1960-1967 no nepeHocy 37eKTpoHa ¢ HUTOXpOoMa ¢ Ha (poTocucTeMy MypHypPHBIX
Oaktepuii — oTKpeITHE 3 dekTa Oe30apbepHOro nepeHoca (TyYHHEIUPOBAHUS) SJIEKTPOHOB B
OMOJIOTHYECKNX cHucTeMaxX. Teopus 3IEeKTPOH-KOJIeOaTeNbHBIX B3aUMOACHUCTBUIA: (aKTOp
O®panka-KoHnaoHa, sHeprusi peopranusaliiu Cpebl, MpeaeabHble TEMIIEpaTypHbIE Cy4au.

- [IpuntMIBl GYHKIMOHUPOBAHUS (POTOUYBCTBUTEIBHBIX CUCTEM OAKTEPUIl U PACTCHHIA.

CBs3b CTPYKTYpBl XpomModopa €O CIEKTpalbHOM OO0JIACTHIO MOTJIOLIEHUS JUIsl OpPraHU4YEeCKHUX
COCMHEHUI: pa3Mep CONPSDKEHHOW CUCTEMbI, HAJIMYUE JIOHOpPAa M aAKLENTOpa JJIEKTPOHHOU
IUIOTHOCTU B CTPYKTYype, MPUMEPHbI KpacuTeNlel pa3HOro CHEKTPalbHOTO auamna3oHa, 3(dQext
MPOTOHUPOBaHUS (YHKIIMOHATBHBIX TPYII U €ro BIMUSHHE Ha CIeKTp Xpomodopa. CBs3b
CTPYKTYpBI XpoModopa CO CHEKTpalbHON 00JIacThI0 MOTJOMIEHHUS IS METAUIOOPTaHHYeCKHUX
COEMHEHUN U KOMIUIEKCOB: 3JIEMEHTHI TEOPUM KPUCTAJUIMYECKOTO I10JIs, BBICOKOCIIMHOBBIE U
HU3KOCIIMHOBBIE KOMIUIEKCHl MOHOB >Ke€le3a, MapraHiia, IMHKa W MEIH, BIUSHUE CIadoro u
CHJIBHOTO OKTadJIPHYECKOTo TOJS JIMTAHAOB IJI CIydas YKa3aHHBIX (PU3UIOTHMUYECKH Ba)KHBIX
MEpEeXOAHBIX  MeTauioB. IIpuumHBI  BBICOYAMIIEr0 KBAaHTOBOI'O  BBIXOJA  HPUPOIHBIX
(OTOCUHTETUYECKUX AHTEHH: TMPOCTPAHCTBEHHBIH W KUHETHYECKHH acleKThl PaboThI
MyJIbTUTEMOBBIX ~ aHTEHH, pa30op pe3ylbTaTOB JKCIEPUMEHTOB C  HCIOJIB30BaHHUEM
(beMTOCeKYHAHBIX JIa3epOB U JIAaHHBIX PEHTTeHOCTPYKTYPHOTO aHanuza. PaccmoTpeHue
dboTOoCHHTE3a KakK OJHOTO W3 TPOIECCOB XHWMHH BBICOKMX DJHEPrUid, WCKYCCTBEHHBIN
KaTaJIUTUYeCKUi (OTONMU3 BOABI. MexaHU3Mbl MOJICKYJISIPHON pelakcalid B MPOCTPAHCTBEHHO
HEOJHOPOIHBIX JUAIEKTPUUECKUX Cpeaax.

3. Cucrema »53JIEKTpOHHOrO TpaHcnopTa. DOTOCHUHTETUYECKHE T'€HEPATOphl MPOTOHHOTO
norennuana. Cucrema cunreza ATO.

- Cucrema 3JeKTPOHHOTO TPAHCIIOPTA.



@epMEHTHBIM COCTaB CUCTEMbl TpaHcmopTa 3JekTpoHOB. Kommiekcel [ — IV. OcHoOBHBIE
CTPYKTYpHBIE napaMeTpbl KoMiuiekca . Oco0eHHOCTH CTPYKTYpPHBIX IMapaMeTpoB KoMILIeKcoB 1
u III. Kommueke IV kak mpoToHHas ToMra ¥ Kak (hepMEHTHasl CUCTEMa, OCYIIECTBIISIOIAs
BOCCTAHOBJIEHHME KHCI0poa. [IBa THIla MPOTOHHBIX KaHAJI0B. OCOOEHHOCTH CTPOEHUS KOMILIEKCa
IV kak TepMHMHAIBHOIO YydacTKa 3JIEKTPOH-TPAHCIOPTHOM cHUCTEMBl. ATOMAapHOE CTPOEHUE
KOMILIEKCOB [ — IV 110 JaHHBIM PEHTI€HOCTPYKTYPHOI'O aHAJIU3A.

- ®OTOCUHTETUYECKHE reHEpaTOpPhI IPOTOHHOTO IIOTCHIIMAIA.

@DOTOCHHTE3 KaK OCHOBHOM MCTOYHHK DHEPIUU JKUBBIX CUCTEM Ha IIaHeTe. CBETOBbIE peakuu B
nyprnypHbIx O6akrepusx. I'eneparus ApH+ B mypnypHbix 6aktepusx. [yt nepeHoca 31eKTpOHOB
B xJjopomuacrax. IIpOTOHHBI LUMKI B XJOpOIUIacTax. bBakTepuOpOAONCHH W IypIypHBbIE
MeMOpaHbI rajlo0aKTEpU.

- Cucrema cunresa ATO

AT®aza xak Owuosormueckas wmamuHa. OrnpeneneHue MOHATHA MAlIMHBL MamuHsl U
croxactuueckue aBukeHusd. Ctpykrypa AT®-cunteraszsl. @ynkuuonuposanue FO. Mexanusm
cure3a AT®. TpancrnopT aleHUHOBBIX HYKJIEOTHI0B U Pi B MUTOXOHIpUSX.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

BBenenue B MEIMIIUHCKYI0 O0HOPUBNKY

Heab AMCHUNIMHBI:

chopmMupoBaTh y OOYyYarOMIMXCS IIEJIOCTHOE MPEICTABICHHE O TEOPETUUYECKUX OCHOBAX U
OCHOBHBIX METOJIaX MOJIEKYJSIpHOH Ouopu3uku, o Ouoduznke MeMOpaHHBIX IPOLECCOB,
CTPYKTYpE U (YHKIIMOHUPOBAHUH OMOJIOTHIECKUX MEMOpPaH, OCHOBHBIX METOJIaX MCCIIEOBAHUS
MEMOpaHHBIX MPOIECCOB, O TEOPETHUYECKUX OCHOBAX M OCHOBHBIX METOJAaX H3Yy4YeHUs
(OTOOMONOTHYECKUX  TPOIECCOB, O TEOPETHUYECKMX OCHOBAX W OCHOBHBIX METOAAX
paaranuoHHON OMO(MU3UKU, 00 OCHOBHBIX OMO(MU3NYECKUX METOJIaX PETUCTPAIMU TIOKa3aTeleh
(GYHKIMOHATIBHON JESTETHbHOCTH, TMPUMEHEHHE IMOJyYCHHBIX 3HAHWHW W HABBIKOB B PEIICHUU
pohecCHOHANBHBIX 3aj1au.

3agauyd IUCHUILINHBI:

OOy4HTh CTYIEHTOB TEOPETUYECKHMM M MPAKTHUYECKHMM OCHOBAaM METOJIOB COBPEMEHHOM
¢bryopeciieHTHONH MUKPOCKOIUH.

IlepeyeHb MuIaHUPYEMBIX Pe3yJbTATOB 00YUYEHHS 1O JUCHHUILJIMHE (MOYJII0)
B pesynbrare oCBOCHUS AUCITUTUIMHBI 00YYaIOIIUECs JOJKHBI
3HATh:

Teopernueckre OCHOBBI METOIOB MEIUIIMHCKON OMO(PU3HUKH, COTIACHO TEMAaTUUYECKOMY TUTaHy.

yMeTb:

- popMyIHpOBaTh U IUITAHUPOBATH 33/1a4U UCCIICIOBAHUM B 00JIACTH COBPEMEHHOM MEIUIIMHCKOM
onodusuky;

- C IOMOUIBIO NECPCOHAJIBHOI'O KOMIIBKOTEPA HAXOJAUTH 6I/I6J1H0rpa(1)1/1qec1<y10 I/IHq)OpMaI_II/II-O 1o
3aJaHHOM TEMATUKCE,

- BOCITPOHU3BOJUTE COBPEMCHHBIC METOABI UCCIICAOBAHUA U pa3pa6aTBIBaTI) HOBBIC METOJUYCCKUC
moaXoabl IJIA pEIICHUSA 3a1a4;

- UCIIOJIB30BATh TCOPECTUUYCCKUEC U MCTOAUYCCKUC MMOAXOAbI, o6cy>1<;1aeMHe B KYpCE;

-  HUCHOJb30BaTh 3HAaHUS OHMO(PU3MYECKHX MEXaHM3MOB BHYTPH- U  MEXKKJIETOYHBIX
B3aMMOJEMCTBUM Ul TPOrHO3UPOBAHMSI BOSMOKHOCTH Pa3BUTHUS MATOJIOIMUECKUX MPOLIECCOB B
OpraHus3Me.



BJIAJ1€Th:

- MCTOAUKAMU INIAHUPOBAHUA U p33pa6OTKI/I CXEMBbI MC,Z[I/IKO-6PIOHOFI/I‘ICCKI/IX OKCIICPUMCEHTOB;
- OCHOBHBIMH MCTOAaMH Ha60paT0pH0-6HOXHMI/I‘IeCKOﬁ n HHCTPYMCHTaHBHOﬁ JUArHOCTHUKU,
- CHCKTpO(bOTOMeTpI/I‘ICCKI/IM AHAJIN30M Pa3JIMYHbIX OHOJOrHYECKUX CHCTEM,

- TCOPETHUYCCKUMHU MW MCETOAUYCCKHUMH IIOAXOJaMH I H3YUCHHUA IPUPOABI MU MEXAHHU3MOB
Pa3BUTHA IIATOJIOTUYCCKUX ITPOLECCOB.

TeMbl U pa3jesibl Kypca:

1. Beenenue

Beenenue. llenu u 3agaun xypca. [loBTopeHre 0CHOB OMOXUMHH U MOJICKYJISIPHOH OMOJIOTHH.
2. DneKkTpuyeckasi IpoOBOJMMOCTh OPraHOB U TKaHEH

DJeKTpuyecKasi MpOBOJUMOCTh OPTaHOB U TKaHEH. MeTo bl u3MepEeHUsI.

3. O01ire 3akOHOMEPHOCTH PabOThl OPraHOB YYBCTB

OO61ure 3aKkOHOMEPHOCTH PabOTHl OPraHOB UYBCTB. bruodusnueckne 0CHOBBI 3peHUsl.

4. MexaHnnueckue CBOMCTBA TKaHeH. buoMexanuueckue mpomeccsl

MexaHuueckrue cBOMCTBa TKaHel. buoMexanudeckue IIpoUeCCChl B IIPHUPOIC. buomexannueckue
IMpoueCChl B OonoxuMuH. bromexanuyeckue MoJienu TKaHer. MoJieab KOJIareHO-3JJaCTUHOBOIO
BOJIOKHA. MexaHnJecKrne CBOHCTBA MBIIIIII.

5. Ponn MOTCHIUAI-3aBUCUMBIX U JIMTAHA-OIICPUPYCMBIX HOHHBIX KaHAJIOB

Ponp moTeHIuan-3aBUCHMBIX U JIMTaHA-OIICPUPYEMBIX HMOHHBIX KaHAJIOB B (I)OpMI/IpOBaHI/II/I
B036y)KI[eHI/I$I KJICTKHU, I'CHEpalluu IMOTCHIINAJIOB JIENCTBUS B HOpMEC U IIpHU MATOJIOTUH. Amnanus
HMOHHBIX TOKOB, aKTHBHOCTH KaHAJIOB W COCTOSHHUA MeM6paHLI Ipu IMpoOBCACHUU B036YHHMOﬁ
KJIETKOM CCpUN HMITYJILCOB. Ponp crenoBBIX NOTEHIIMAJIOB. AKTI/IBaI_II/ISI pHTMOBO,Z[HTCJ'IGﬁ B
HeﬁpOHaX IIpu TCPMO-, XEMO- U MCXAHOCTUMYIIALIUH.

6. MemOpanHbiii Hacoc — TpaHcnioptHas ATdaza

Knaccudpukanus wmemOpannbix ATda3 (AT®azer P-tuna, V(F)-tunma, ABC-tuma), wux
Jokanu3anus U QyHKIUH.

7. CB06OI[HO-paI[I/IKaJ'II>HLIC MMPOLECCHI ITPU MATOJIOTUA

CB00O0OIHO-paKATIBHBIE TIPOIIECCH MTPH MaToNOTHu. Poik akTuBHBIX popm kucioposa. Llemnnsie
peakiu. AHTHOKUCIUTEIbHBIN CTaTyc: (PepMEHTH U OCHOBHBIC aHTHOKCH/IAHTHI.



AHHOTAUM K pad04YuM NMpPOrpaMMaM I CIUIINH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

I'enoMuKa MUKPOOPraHU3MOB

Heab AMCHUNIMHBI:

ChopmupoBaTh y CTYACHTOB MpeACTaBIeHHE 00 00JacTH HCCICIOBAHUS TE€HOMUKHU
MUKpPOOPTraHU3MOB

3agauu AUCHMILINHBI:
Cdopmuposath nipecTaBIeHHe 00 OCHOBHBIX BOIPOCAX METArHOMHUKHU ¥ TCHOMUKH:

OpFaHI/ISaHI/IH ICHOMOB pPa3HbIX MHKpOOpFaHI/I3MOB.'KaKHC OpraHu3Mbl IIPUCYTCTBYIOT B
COO6H.I€CTB€? e Kak st OpraHu3Mbl B3aHMMOCBA3AHbI W KaK q)YHKHI/IOHI/IpyeT COO6H.I€CTBO B
HeJ’IOM? 'KaKYI-O IMOJIb3Y MOKCT IMOJIYYUTb OT 9TUX OPraHU3MOB yeaoBek? ObacTu IMPUMCHCHHA
MCTarcHOMHKHU.: ° HOJ'Iy‘ICHI/Ie PIH(bOpMaI_[I/II/I O BCEX q)opMax JKHU3HHU Ha IINIAHCTC °© O6Hapy>1<eHHe
HOBBIX (HpaKTI/I‘ICCKI/I HOJ'IC3HBIX) (bepMeHTOB U MeTabOoJIUTOB HccnenoBanue BIUSHUS
3an$[3HCHHI>'I Ha 3KOCHCTCMbI M BBIABJICHHC COO6IH€CTB, CIIOCOOHBIX K OYHMCTKE 3arpsA3HCHHBIX
3KOCUCTEM * McclieoBaHNe BIUSTHUS MI/IKpO6I/IOMa YCJIOBCKA Ha €TI0 310POBLC * ITaneorenomuxa.

ITepeyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUYeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YyYaIOIHeCcs JOKHBI
3HATh:

TCOpCTI/ILIeCKI/Ie OCHOBBI METOA0B I'€CHOMUKH 1 METAar€CHOMHKHU

yMeThb:
- @opMynHUpOBaTh U MJIAHUPOBATH 3a]1a4l UCCIIEI0OBaHUN B O0JIACTH COBPEMEHHOM F€HOMMKH;

- C IOMOUIBIO NECPCOHAJIBHOI'O KOMIIBKOTECPA HAXOAUTH 6I/I6J'II/IOI‘pa(1)I/I‘leCKYIO I/IHCI)OpMaI_II/IIO o
3aJaHHOM TEMATHUKCE,

- BOCITPOHU3BOJUTE COBPEMCHHBIC METOABI UCCIICAOBAHUA U pa3pa6aTBIBaTI) HOBBIC METOJUYCCKUC
moaXoabl IJIA pEIICHUSA 3a1a4,

- UCIIOJIB30BATh TCOPECTUYCCKUEC U MCTOAUYCCKUC MMOAXOAbI, O6cy)KI[aCMBIC B KypcCcC.

BJAACTh:

- MetogukaMu IJTaHUPOBAHUA U aHAJIM3a JAHHBIX TCHOMHBIX OKCIICPUMCHTOB,



- OCHOBHBIMH METOAaMHU Jab0paTOpHO-OMOXUMHUYECKON U MHCTPYMEHTAIBHON TUArHOCTHKHU.

TeMbl U pa3jesibl Kypca:

1. BBenenue u uctopusi FeHOMUKH

DBOIOIUS TOIX00B K paciin(poBKe TeHOMHBIX MOCIEI0BATEIbHOCTEH
2. Kak ycTpoeHbl TeHOMBI U KaK OHU paboTaroT

Kak ycTpoeHbl TeHOMBI U Kak OHH PabOTaloT.

[TocTpoeHne OCHOBHBIX KOHIEHIINI MOJEKYISIPHONH OMOIOTHH.

3. OcHoBHble MeTOABI cekBeHnpoBanus JJHK

Mertonbl cekBenupoBanusa JJHK - TpaguinOHHbIE U HOBBIX IMOKOJICHUI

CexsenupoBanue JIHK no metony Canrepa: BO3MOXKXHOCTU U orpanuyeHus. [IpuHiun aeictBus,
JIOCTOMHCTBA U HEJJOCTATKH T€HOMHBIX CEKBEHATOPOB BTOPOTO U TPETHETO MOKOJICHU N

4, MOJIGKyJI?[pHI)IC 0a3bl JaHHBIX 1 aHHOTallus T'CHOMHBIX HOCHCIIOB&TCHBHOCTCﬁ
MOJ'IGKy.]'IHpHLIC 0a3sl JaHHBIX.

AHHOTaI_II/IH T€HOMHBIX MOCJIe0BATEIbHOCTEM: OCHOBHBIE 3aJIa4d U MOJAXO0JIbI K UX PCUICHUIO.

5. DBOJIIOIUSI TEHOMOB

Pannue sranel 3Bomtonuu reHoMoB. Mup PHK. YpoBuu uzmenenuit resoma. OTHOCUTEIbHBIN
BKJIQJI MYTAllMOHHBIX U PEKOMOWHAIIMOHHBIX IPOIECCOB B SBOJIOLHUIO TeHOMa. MoOUIbHBIE
TEHETUYECKUE DJIEMEHThl KaK Topsiune TOYkM pexkomOuHauuu. Knaccuduxanus, crpoeHue u
OCHOBHBIE CBOWMCTBa MOOWJIBHBIX TE€HETHYECKHX 3JIEMEHTOB »JykapuoT. Kraccuduxamus,
CTPOCHHE U OCHOBHBIE CBOMCTBAa MOOWJIBHBIX T'€HETHYECKHX 3JIEMEHTOB MPOKapHoT. Bkiajg
TOPU30HTAJIBHOTO IIEPEHOCAa TIEHOB B HBOJIOIMIO TE€HOMOB Mpo- M 3yKapuoT. OcTpoBa
MIaTOT€HHOCTH.

6. OpFaHI/BaHI/IS{ TCHOMOB PA3JIMYHBIX I'PYHIT OPraHU3MOB

OOcyxneHre XapakTepHbIX OCOOEHHOCTEHl TIeHOMOB OakTepuil, apxed, rpu0oB, pacTEHHUH,
JKHUBOTHBIX, YCJIOBCKA.

7. OyHKIMOHAJIbHAS TEHOMUKA

[Toaxoapl K MAEHTH(UKALMKA T€HOB B I€HOMHBIX IOCIEOBATEIBHOCTAX U OMNPEAETICHHUI0 HX
¢byuknuii. Konuenuus MuHuMansHOro reHoma. I[IpupoaHsie MUHUMAaIbHbIE TEHOMBI OaKTepui,
apxei, 3yKapHoT — X pa3Mep, YUCJIO T€HOB, 0OCOOEHHOCTH OpraHU3aluu



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

Kparkoe BBeeHue B 0MOuHGOPMATUKY

Heab AMCHUNIMHBI:

O3HaKOMUTH clylIaTteaeid ¢ OCHOBHBIMU MCTOYHUKAMU JIAHHBIX, UCIIOJIb3yEMbIX B T€HOMHOU U
CTPYKTypHOU OnonH(popMaTrke, a Takxke ¢ 6a30BBIMU aITOPUTMAMH U IPOTPAMMHBIMH MTaKeTaMHU
JUISL aHAJIA3a MTOJTy4aeMbIX JTAHHbIX.

3agauu AMCHUIINHBIL:

c(hopMUPOBaTh AKTyaJIbHBIE 3HAHUS 110

1) VcTouHMKaM JaHHBIX, UCHIOJIb3yEMBIX B OMOMH(OpPMATUKE
2) Cnocobam xpaHeHHs TEHOMHBIX JaHHBIX
3) Cnocobam aHanM3a T€HOMHBIX JIaHHBIX, B YACTHOCTH BBIPABHUBAHHS HYKJICOTHUIHBIX

MIOCJIEIOBATEIBHOCTEN M MOCTPOSHUS (PUIIOTCHETHYECKUX IEPEBHEB

4) Crnioco6am XpaHeHUs JaHHBIX O MOJIEKYJISIPHBIX CTPYKTYpax

5) ITogxonam k aHamu3y CTPYKTYPHBIX JaHHBIX

6) IlonxonaM K BU3yanu3aluu CTPYKTYPHBIX JTaHHBIX

7) MonennpoBaHUIO0 METOJOM MOJIEKYJISIPHON INHAMUKH

8) [lonxonaM K BHPTyaJbHOMY CKPUHHMHIY JIMTaHIOB M pa3pabOTKU JIEKapCTB HAa OCHOBE

CTPYKTYPHBIX JaHHBIX

chopMupoBaTh HABBIKA HCIIOIB30BaHUS OOIIECTBEHHO JOCTYMHBIX 0a3 JaHHBIX C IEJIbIO
MOJIYYeHUS! TEHOMHBIX W CTPYKTYpPHBIX JIaHHBIX; aHajdn3a II0CJIEeI0BATEIbHOCTH TEHOB, B
YAaCTHOCTH BBIPAaBHUBAHUE TOCIEAOBATEIIbBHOCTEH M BOCCTAHOBJICHHE (DUIIOTEHETUYECKOTO
JepeBa; BU3YAIM3allUM CTPYKTYpPhl  OHMOJOTMYECKUX  MOJEKYJ, aHajiu3a CTPYKTYpbI
OMOJIOTHYECKUX MOJIEKYJ, B YaCTHOCTH BBIMOJHEHUE CTPYKTYPHOE BhIpaBHUBAHUE, IPOU3BOINUTH
CpaBHEHHUE JBYX U 00Jiee CTPYKTYpP, TPOU3BOAUTH PACUETHI TEOMETPUUECKUX XapaKTEPUCTHUK.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00YYeHHs MO JUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJarOIIHECs TOHKHBI
3HATh:

1) VIcTOYHMKM JJAaHHBIX, UCHIOJIb3YyEMBIX B OMOMH(pOpMATHKE



2) Crioco0ObI XpaHEHHSI TCHOMHBIX JTAHHBIX

3) CriocoObl aHanu3a TEHOMHBIX JAHHBIX, B YaCTHOCTH BBIPABHMBAHUS HYKJICOTHUIHBIX
MOCIIE0BATEIHPHOCTEN M MOCTPOCHHMSI (PHIIOTEHETHIECKHX JCPEBHEB

4) CriocoObl XpaHeHuUs JAHHBIX O MOJEKYJSPHBIX CTPYKTYpax

5) ITogxoae! K aHAIM3Y CTPYKTYPHBIX JTaHHBIX

6) [Toaxop! K BU3yalu3aluy CTPYKTYPHBIX JaHHBIX

7) MoaenupoBaHre€ METOAOM MOJICKYJISIPHOW TMHAMUKU

8) [Tomxoapl K BUPTyaIbHOMY CKPHHHMHTY JIMTAQHIOB M Pa3pabOTKU JIEKapCTB HA OCHOBE

CTPYKTYPHBIX JaHHBIX

yMeTb:

1) ITonp3oBaThCs O6H.[CCTBCHHO AOCTYIIHBIMU 0azamu AAaHHBIX C MLCJbIO IIOJTY4YCHUA
TCHOMHBIX U CTPYKTYPHBIX JaHHBIX

2) AHaJ'II/ISI/IpOBaTL MMOoCJICAOBATCIIBHOCTH I'CHOB, B YAaCTHOCTHU [JCJIATb BbIPABHHBAHHC
HOCH@HOB&TGHBHOCTeﬁ 1 BOCCTAHOBJICHHUC (I)I/IJ'IOFeHeTI/I‘IeCKOI‘O ACpECBa

3) Busyanu3upoBarh CTpYKTYpbl OMOJIOTHYECKUX MOJIEKYJT

4) AHaJ'II/ISI/IpOBaTL CTPYKTYPhIL OMOJIOTUYECKHUX MOJICKYJI, B YaCTHOCTHU BBbIIIOJHATDH
CTPYKTYPHOC BLIpABHUBAHUEC, MIPOU3BOJUTH CPABHCHHUC ABYX U boiee CTPYKTYp, IPOU3BOAUTDH
pacdCThbl TCOMCTPUICCKHUX XAPAKTCPUCTUK

BJIAJIeTh:

1) HaBbikamu BbIOOpa METOJIOB U CPEACTB PELICHHUs 3aa4y UCCIEeI0BaHUS

2) Meronamu TEOPETUYECKOTO U HKCIIEPUMEHTAIIBHOTO UCCIIEI0BAHMS

3) HaBbikamMu moucka (B TOM 4YHCJI€ C UCIOJb30BaHWEM HMH(POPMALMOHHBIX CUCTEM M 0a3

JaHHBIX ), 00pabOTKH, aHATTN3a U CHCTeMaTU3aluy HHHOpMaIuu

4) HaBblkamMu KpUTHYECKOTO aHAIN3a U OLEHKH COBPEMEHHBIX HAYYHBIX JOCTHKECHHUU

Tembl U pa3aensl Kypca:
1. BBeneHue B TEeHOMHYIO U CTPYKTYpPHYIO OMOMH(POPMaTUKY

yCTpOI‘;ICTBO OHOJIOTHYECKOM KIICTKH. 3KCHepI/IMeHTaJILHBIC MCTOAbI HU3YYCHUSA KIICTOK M HX
COCTaB/ISAIOMMUX. bHonornueckue AaHHbIE — T€HOMHBIE U CTPYKTYPHBIC. CnocoObl XpPaHCHUA
OMOJIOTHYECKUX JaHHBIX. H_[I/II)OKO HCITOJIb3YCMBIC 0a3bl JaHHBIX. HCJ'II/I n 3agadu
6I/IOI/IH(I)OpMaTI/IKI/I. OcHOBHBIE noaxodbl, UCITOJIB3YCMBIC B 6I/IOI/IH(I)0pMaTI/IKC.

2. MeTonp! aHaan3a TeHOMHBIX JaHHBIX



BripaBHMBaHME HYKJICOTHUIHBIX M aMUHOKHCIOTHBIX IocienoBarenpHocTer. Iloctpoenue
¢mtorenernyeckoro aepea. [lonck roMonoruyHbIx nocienoBarenbHocTell. CoxpaHsomuecs 1
BAPUATUBHBIC YYACTKH I0CIEA0BATEIBHOCTEH.

3. MeTozp! BU3yanu3auuu CTPYKTYPHBIX TaHHBIX

[ToTpeOHOCT, B BU3yalM3allMd CTPYKTYPHBIX JaHHBIX. OCHOBHBIC BHJBI IPEACTABICHUS
CTPYKTYPHBIX  JaHHBIX. [IporpaMMHBIC TAKeThl, HCIIOJb3yeMbIC TIPH  BHU3yaJIU3aLUU.
ABTOMaTH3aIlisl BH3yaJW3alldd CTPYKTYPHBIX JIaHHBIX. [lOJrOTOBKA WJLTFOCTpAIlUN IS
myOJUKaIuu.

4. MeTo/1bl KOJJMYECTBEHHOTO aHAJIN3a CTPYKTYPHBIX JaHHbBIX

3amauyy, BO3HMKAIOUIME IpPU aHAIMW3E CTPYKTYPHBIX JaHHBIX. OCHOBHBIE T€OMETPUYECKHE
XapaKTepUCTHUKU OMOJOTMYECKUX MOJIEKyl U OoOpa3ylIluX HMX XUMHUYECKUX TpYIIIL.
[TporpaMMHBbI€ MAKEThI, UCIIOJIb3yEMbIE IIPU AHATIU3€ CTPYKTYPHBIX JAHHBIX.

5. MeTtoabl MOICTUPOBAHUS OMOJIOTHYECKUX MAKPOMOJIEKYIT

Ponb (bYHKI_II/II/I OHCPIruu Ipu MOJACIUPOBAHUHA OMOJIOrHYECKUX MaKpOMOJICKYII. Buabl cunoBbIx
MTOJICH. MOI[GJ'II/II)OBEIHI/IC MCTOAOM MOJ'I@Ky.TIHpHOﬁ JuHaMuKH. lcronn3oBaHue 6apOCTaTOB,
TCPMOCTATOB. MOI[GJ'II/IpOBaHI/IC OEJIKOBBIX CTPYKTYp IO I'OMOJIOTHH. Hpez[CKasaHHe OEJIKOBBIX

CTPYKTYP.

6. [Tonxop! K paliioHaIbLHOMY JU3alHY JIEKapCTB

ITouck MOTEHIUAIBHBIX JIUTAHA-CBI3BIBAIOIINX KapMaHOB Ha OCHOBEC CTPYKTYPHBIX JaHHBIX.
HOCTpOGHI/Ie OMOJINOTEKH TCCTUPYCMbBIX JIMTAHOOB. HpOBe)IeHI/Ie BUPTYAJIbHOT'O CKPHWHUHIA
JIMrasjgoB. MeToibl OLICHKH OHCPI'vU CBA3BIBAHUS JIMT'aHOB. CDapMaKO(I)OpHHﬁ aHanmu3. MeTo bl
OIITUMH3alINK JIMTAaHOO0B.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

OCHOBBI MOJIEKYJISIPHOW I'ePOHTOJIOTHH

Heab AMCHUNIMHBI:

OCBOCHHUE CTyJeHTaMH (pyHIaMEHTAIbHBIX 3HAHUHU B 001acTH OMONIOTHHU, OMOXUMUH, OHO(DU3UKI
CTapeHHs YeJIOBEKa, U3yUYeHHE CIIOCOOOB M METOJOB UX MCCIIEIOBAHMS, a TAKXKE MPAKTUYECKOTO
MPUMEHCHUS JUTS BIUSHUS HA MPOIIECC CTAPEHUS U COXPAHEHUS 3]0OPOBBSI.

3agauu AMCHUIINHBIL:

. dbopMupoBanre 0a30BBIX 3HAHWNA B 00JACTH OMOPU3UKHM CTApeHUS KaK JUCIUILIAHBI,
WHTETPUPYIONICH OMOJIOTUYECKYI0, OHOXMMHYECKYI0 M OOIIETCOPETHYECKYIO IOJATOTOBKY
O0no(pM3MKOB M 00CCIICUUBAIOIICH TEXHOJOTHICCKUE OCHOBBI COBPEMEHHBIX WHHOBAIIMOHHBIX
chep AesITeNbHOCTH;

® O6yquI/Ie CTYACHTOB IIPpUHIIUIIAM (1)YHKL[I/IOHI/IpOBaHI/I$I CUCTCM OpraHu3mMa 4YCJIOBCKA,
BBIABJICHHC UX BO3PACTHBIX I/I3MeHeHI/II71, MNPUBOJAIIUX K BOSpaCTHOﬁ ACrpagalv U JICTAJIbHOMY
ucxony,

. (¢bopMHpOBaHHE TOAXOJOB K BBINOJIHEHUIO MCCIEAOBAaHUN CTyJIEHTaMU B 00JacTH
061o(U3MKHN B paMKaxX BBITYCKHBIX pa0OT Ha CTENEHb MarucTpa.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00y4YeHHS MO JUCHHUILINHE (MOAYJIIO)
B pesynbrare oCBOCHUS AUCITUTUTMHBI 00YJarONTUeCs JOMKHBI

3HATb:

OCHOBHBIC TCOPUU CTAPCHUS,;

OCHOBHBIC MOJICKYJIAPHBIC CCHCOPBI BHYTPCHHCETO 1 BHCHIHETO COCTOAHUA KIICTKHU,

OCHOBHBIC CTPECCHI, TOBPCIKAAOMIUC KIICTKY,

OCHOBHBIC CUCTEMbI KOHTPOJIA Ka4CCTBA, 3alIUTHI U PCIIapalluu,

OCHOBHBIC U3BMCHCHHA BO BSaHMOHeﬁCTBHH KJICTOK 1 CUCTEM OpraHHu3Ma C BO3PAaCTOM,

OCHOBHBIC (I)I/I3I/I‘-IGCKI/IC, 6I/IO(I)I/ISI/I‘-ICCKI/IC U OHOXUMHUYECKHE MCTOABI HCCICIOBAHUA B
TCPOHTOJIOTHH;

- MCETOAbI KPUTHYECKOTO aHa/IM3a WU OLCHKU COBPCMCHHBIX HAYYHBIX ﬂOCTH)KeHHﬁ, a TaKXKe
METO/JIbl TCHEPUPOBAHUA HOBBIX I/I)]Gfl IIpu pCICHUN UCCIICA0BATCIBCKUX U IMPAKTHUYCCKUX 3a/1a4,
B TOM YHUCJIE B MCKIAUCIHUIIMHAPHBIX o6nacmx;

- COBPCMCHHLIC CIIOCOOBI MCIIOJIb30BaHUS I/IH(bOpMaI_II/IOHHO-KOMMyHI/IKaL[I/IOHHBIX TEXHOJIOTHI.



yMeTb:
- IOCTPOUTH B3aMMOCBSI3U MEX/1y Pa3HbIMU MOBPEKACHUSAMU B KIIETKE;

- OICHUBATb 3(1)(1)CKTI/IBHOCTB BMCIIATCIILCTB B OHpeI[eJIéHHbe/'I MCXAaHU3M CTApCHUS IJIA BJIUSAHUA
Ha COCTOAHUEC CUCTEMBI B IICJIOM,

- HCII0JB30BaTb OCHOBHBIC 3aKOHbI €CTCCTBCHHOHAYYHBIX OJUCHUIIIIMH B HpO(i)CCCHOHaHBHOfI
JCATCIIBHOCTH,

- paboTaTh ¢ HayYHO-TEXHUYECKON HHpOopMaIueii;
- BBIJICJISTh U CUCTEMATU3UPOBATh OCHOBHBIC UJIEW B HAYUHBIX TEKCTaX;
- KpUTHYECKH OLIEHUBATH JII00YI0 MOCTYMAIOIIYI0 HHPOPMAIKIO, BHE 3aBUCUMOCTH OT HCTOYHHKA;

- [IpU pCHICHUHN UCCIICAOBATCIBCKHUX U MPAKTUYCCKUX 3aa4 rCHEPHUPOBATH HOBLIC UICH.

BJIa/1eTh:
- HaBBIKaMU BbIOOpA METOJIOB M CPEJICTB PEIICHUS 33]1a9 UCCIICIOBAHUS;
- METOJIaMHU TEOPETUYECKOTO U SKCIICPUMEHTAIBHOT'O UCCIICAOBAHUS;

- HaBbIKaMHU ITOHUCKa (B TOM YHCJIE C UCIIOJIB30BAHUEM I/IH(bOpMaIII/IOHHI)IX cucTeM # 0a3 I[aHHI)IX),
00paboTKH, aHaJHM3a U CHCTEMAaTU3aluy HH(pOpMaIm;

- HaBbIKaMW KPUTHYCCKOT'O aHAJIN3a U OLCHKHU COBPEMCHHBIX HAaYUYHBIX [[OCTI/I)KeHI/If/'I.

TeMbl U pa3jaeiibl Kypca:
1. O630p MPU3HAKOB CTAPEHHUS

MOJIEKYJISIDHBIE NIPU3HAKU CTApEHMs KJIETKH, BO3PACTHBIE CUCTEMHBIE U3MEHEHUS B OpraHU3Me,
OCHOBHBIE TEOPHUM O MEXaHM3MaX CTapeHHs, BMELIATEIbCTBA IPOTHUB CTAPEHUS C OLEHKOMN
110004YHbIX 3 (HEKTOB.

2. Hapymenue cTabMiIbHOCTH F€HOMa

xumuyeckass crpykrypa JIHK, mnpoctpanctBenHoe ycrpoiicteo JIHK B wmeradazHom wu
uHTepdazHoMm sape, MUTOXOHApUsX. Mctounuku mnospexaeHuir JHK (oxucnurenbHbIH,
BOCCTaHOBUTENIbHBIA cTpecchl). CEeHCOpHBbIE W HCIOJHUTEIbHbIE OCNKH, pearupyromue Ha
nospexxaenus JIHK. Ilpunnun pabGotsr Oenka PARP1 mpu penapamum paspeisoB JIHK,
IKCIIEPUMEHTAJIbHBIE TOAXO0Abl OIeHKH akTUBHOCTH PARPI1. Teopum HakomieHus MyTaiuu,
aKTHBAllMM  pPETPOTPAHCIO30HOB  KaK MEXaHHW3M  CTApeHUs, TE€Hbl, OINPEIEISoIue
MPOAOJKATENIBHOCTD KU3HU, BiausiHue MUKpOPHK.

3. TenomepHas TeOpus CTapeHus

[Tporiecc ykopoueHue KOHIIOB XpomMocoM (IPQeKT KOHIIEBON HEAOPEIUIMKAIUU, YKOPOUEHHE,
YCKOPEHHOE CTPECCOM), PETIMKATUBHBIN CTpecC, PEIUIMKATUBHOE CTapeHUe, TeIIOMEepHas TEOpHs
cTapeHusi, T- TeTns, BIUSHUE YKOPOUEHUS TEIOMEP Ha OKCIPECCHI0 TEHOB, OIU3KHX
MPOCTPAHCTBEHHO. BMemarenscTBa sl COXpaHEHUsI CTAOMIIBHOCTH T€HOMA. MEXaHU3M PaOOThI



TeIoMepa3bl W albTePHATUBHOrO  ymIuHeHUs1  tenmomep  (pexomoOmnarms  JIHK),
[Mutoduyopumerpudeckuit u [ILIP mMeToapl 1Isi OLEHKH IMHBI TEIOMEp KIETOK, MOIXOMIBI
OIICHKH aKTUBHOCTH TEJIOMEpa3bl.

4. Bo3pacTHbI€ SMUT€HETUYECKUE U3MEHEHUS

BO3pAacTHBIEC DSIHUICHETHMYECKWE UW3MEHEHHUs, HuX HacjiexyemocTs, metabonu3sm NADH B
NPWIOKEHUU K TOJJACPXKAHUIO OKUCIUTEIbHO-BOCCTAHOBUTEIHHOIO OajaHca, CTpPecc-OTBETY.
ONUTeHEeTUYECKOE PEPOrpaMMHUPOBAHUE IIPU PA3BUTUU HOBOTO opranu3ma. Kokreins Smanaku
JUISL BOCCTAHOBJICHHSI «MOJIOA0ro» snurenerndyeckoro npodwmis JAHK. Dnurenernueckre yacel
kak Mmapkep crapeHus. Ilpunnun paboter SIRT1 kak NAD-3aBUCHMOTr0 3MHUT€HETHYECKOTO
MOAYJIATOpA. I'eponporexTopHbII MEXaHU3M pecseparpoa, n00aBOK
HUKOTHHaMMIaAeHuHauHykieotuna NAD, snusaue mukpoPHK.

5. Ilotepst mpoteocTasza

[Tporennonaruu, ¢hazoBblil MEPeXo KUAKOCTb-KUAKOCTb, CTPECC-TPaHyJIIbl, CUCTEMa KOHTPOJIIS
KauecTBa OENKOB, MyTH MHIYKIMH nepexoa Ha katabonmusm. DIIP-cTtpece, BoccTanaBiuBaromas
cpena B OIIP xak mpuunHa MOSBICHUS HEBEPHO CBEPHYTHIX OEIKOB. AKTHBHBIE KapOOHUIbHBIC
coeMHEeHUs U KapOoHUIMpoBaHue 0enkoB. [loBpexnenrne 6MOI0rnueckux MeEMOpaH U U30JIALUS
BaXHBIX OCJIKOB B arperatax. [10xo1b1 OIIeHKH YpOBHU 3(PPEKTUBHOCTH Mporiecca ayrodaruu mo
JBYIIBETHOMY ()IYOPECIIEHTHOMY 30HIY M YPOBHIO dKcripeccun Habopa OenkoB (ATGS, ATG12,
LC3, LAMPI1, p62). I'eponpoTeKTOpHBI MEXaHW3M OIPAaHUYEHUS KaJIOpUH, palnaMuLUHA U
panoioros, MeThopMaHa 1 MUMETUKOB OIPaHUYCHHS KaJIOPHH.

6. [Torepst GyHKIIMOHATLHOCTH MUTOXOHIPHIA

HapylIeHUs OKUcCIUTeNnsHOro Qochopunuposanus; Mexanusm flip-flop mepeGpoca >kupHBIX
KHCJIOT MEX]ly BHYTPEHHEH M BHEIIHEH MOBEPXHOCTHIO MEMOpaHbl; MUTOXOHJIPHAJIBHBII BEIOPOC
CBOOOJHBIX DPAJUKAIOB, B TOM YHCJIE B OTBET HAa OKHUCIHMTEIBHBIA CTPECC, MHUTOTOPME3HC,
MEXaHU3MBl HACTPOHKM MPOTOHHOTO TPAJAMEHTA, MHTOXOHIPHUATHHO-IN30COMAIIbHAS OCh,
mMuTodarus, TMnoQyclunH, MUTOXOHpUaIbHas QYHKIHS T€I0Mepasbl.

7. B03paCTHa}I AUCPCT YIS A pa6OTLI MOJICKYJIAPHBIX CCHCOPOB IMUTAHUA U SHEPTHUU

mTORC1, AMPK, SIRTI, nepectpoiika MeTabonu3Ma OT aHabonM3Ma K KaTaOoIu3My Hpu
orpaHu4eHuu Kanopuil. M30bIToOuHass XUMHUYEcKass AaKTMBHOCTb MeTa0OJMTOB Kak (akrop
CTApEHHUS.

8. CeHeClIEHTHBIE KIIETKU

METOJ JIeTeKIIMM CEHECLIEHTHOI'O COCTOSIHUS IO IOBBIIIEHHOW aKTUBHOCTH (epMeHTa OeTa-
rajjakTo3ua3bl, runepakcrpeccuu pl6INK, npuHIun aHTaroHMCTHYECKO mieoTponuu, 06xon
CEHECLIEHTHOCTH, KPHU3HUC, KIJIETOYHAas CMepTh, MHAYLHpPOBaHHAas ayrodaruei, LUTO30JbHas
tenomepHast JJHK, mexanusm pabotsl cGAS-STING cuctemMbl BHYTPUKJIETOYHOTO UMMYHHOT'O
OTBETa, IIMTOCTATUKH, CEHOJIUTHUKH, (U3UUYECKUE OTpPaHUYCHUS [UIl SKU3HEAEATEIbHOCTH
OITyXOJIEBBIX KJIETOK.

9. cTonienue 3aacoB CTBOJIOBEIX KJIETOK

ACUMMCTPUYHOCTD ACJICHHA, KBUHCCHCHTHOCTH, MOJICKYJIAPHBIC CCHCOPBI COCTOAHUA KIICTKH,
MCXAaHU3MBbI 6CCCMepTI/ISI CTBOJIOBBIX (B TOM YHCJIC HOJ'IOBBIX), OITYXOJICBBIX KJICTOK, OITYXOJICBBIC
CTBOJIOBBIC KJICTKH.

10. U3MeHeHe MEKKIIETOUYHBIX B3aNMOIEHCTBHUHN



KOHHEKCHHBI, MEXKJIETOYHBIN MaTpHKC, 9K30COMBI, MMMYHOCEHECLIEHTHOCTb.
WNH}rnaMMHKUHT, OCHOBHBIE HWIPOKH IPOIECCOB BOCHAJCHHsS (CEHECICHTHBIE KJIETKH,
runotanamyc, natepierikun (IL)-1, ¢akropsl Hekpo3a onyxonu (TNF), mexanuszm pabotsr NF-
kB), MHCYnHHOpPE3eCTEHTHOCTh, TOPMOHAIbHASL Tepanus, BO3PACTHBIC M3MEHEHHUS IUPKATHBIX
PUTMOB, MEJIATOHMH IPOTHB CTapeHUs U paka. MukpoOuora u €€ BIMSHHE HAa MMMYHHUTET,
MOJIBEPKEHHOCTD K 3a00JICBAaHUSM;.

11. I[OJ'IFO)KI/IBYH_[I/IC JKUBOTHBIC HAa ITPUMEPE I'OJIOr0 3€MJICKOIIA

MOJIeJIb KOPOTKOKUBYIIero opranu3Mma killifish, Mexanu3mel, mpoijieBaromme CpoK >KM3HU TOJI0T0
3eMJICKOIIa.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

IIpoucxosknenne ;KU3HH, KJIETKHA U DYyKAapHOT

Heab AMCHUNIMHBI:

Henpro nucuumumnsl «IIpoucXoxkaeHUE KU3HU, KIETKA U 9yKapUOT» ABIISIETCS O3HAKOMIICHHUE C
COBPEMEHHBIMU Hay4YHBIMH JAHHBIMU 00 ACTPOHOMUYECKHUX, Ie0JIOTHYECKUX,
TEPMOJUHAMHYECKUX, XMMHUECKUX M OHOJOTMYECKHX AaCMEKTax MpOoOJIEMbl IMPOUCXOXKACHUS
YKU3HU, U MHTETpaLisl Ha 3BOJIIOLIMOHHON OCHOBE CBEJIEHUHN U3 KypCOB MOJIEKYJISIPHON OMOJIOTHH,
OMOXMMHUHM M KJIETOYHOW OMojoruu it (pOpMHUPOBAHUS y CTYJCHTOB MaKCHMAJIbHO CBS3HOMN
Hay4YHOM KapTUHBI MUDA.

3agauyd AUCHUILINHBI:
1) chOpMHUPOBATH aKTyaJIbHBIC 3HAHUS 110 TIPOOJIEME TIPOUCX 0K ICHUS KU3HHU;

2) chopMupoBaTh TNOHUMaHUWE (PYHIAMEHTAIBHBIX (U3NYECKUX, AaCTPOHOMUYECKUX,
XUMHYECKHX U TEOJOTMYECKMX OrPaHUYEHHH Ha BO3MOXKHOE pazHooOpasue OHOJIOTHYEeCKHX
CHUCTEM;

3) chopMHUpOBAaTh CHUCTEMHOE IIOHMMAaHHME KJIETOYHOW, MOJEKYJISIpHOW OMOJOTHH |
OMOXWMUY, 3HAHHE HE TOJBKO TOT'O, «KaK €CTh», HO M «KaK €Ile¢ B MPUHITUIIE BO3MOXKHO» U
«I0YeMy €CTh WMEHHO TaK, a He IO-JAPYyroMy», IO03HAKOMUTh C OHOTEXHOJIOTHYCCKUMU
MIEPCIIEKTHBAMH AJTbTEPHATUBHBIX OMOJOTHYECKHX CUCTEM;

4) c(OpMHPOBATH 3BOJIIOLIMOHHOE MBIIIJIEHHE: TOHUMAHNE POJIH YBOJIIOLMOHHBIX IPOLIECCOB
(ecTecTBEHHBIH OTOOp, TOHKA BOOPYKEHUH, Apeil() IreHOB, 3BOMIONMS CIOKHBIX CHCTEM IyTEM
CMEHbI (DYHKIMIT) B CTPYKTYpe OMOJIOTHYECKUX CUCTEM.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI
3HATh:

- OCHOBHBIE (PU3NYECKHE, ACTPOHOMUYECKHME W XHMUYECKHE OTpaHUuYEHUsI Ha CTPYKTYpy H
pacupoCTpaHEHNE KUBBIX CHCTEM;

- YCJIOBUA TPOUCXOXKICHUS U oOuTaHUs ;[peBHeﬁmeﬁ KHM3HHU Ha 3CMJ'IG;
- IyTH a0OMOreHHOI0 CUHTE3a OCHOBHBIX 6I/IOMOH€KYH;
- BOBMOJXHOCTHU U OI'PaHUYCHUA pI/I6031/IMHOF0 KaTaJIn3a pa3jInIHbIX peaKuHﬁ;

- (I)I/I3I/ILICCKI/IG U XUMHUYCCKUC IMMPOLCCChI HAPYIICHUA XHpaHBHOﬁ CUMMCTPUH,



- MIPOUCXOKJEHUE CUCTEM TPAHCISALWH, PEITUKAluU, MeMOpaH, MEMOpPaHHbBIX PHEPIeTUYECKUX
CUCTEM;

- IPOUCXOKACHUC SYKAPUOTUUCCKUX KIICTOK.

yMeTb:

- paboTaTh C HAYYHOU JIUTEPATYPON OMOJIOTHUECKON TEMATHKH, B TOM YUCIIC HAYYHBIMH CTaThIMHU
1 0030pamMu.

BJIAJ1€Th:
- HaBBbIKaMM BBI60pa MCTOAOB U CPEACTB PCIICHUA 3a1a4 UCCIICAOBAHUA,
- METOAaMHU TCOPETHICCKOI'0 N SKCIICPUMECHTAJIbHOI'O NCCIICAOBAHN,

- HaBBIKAMHU TIOMCKa (B TOM YHCJIC C HUCIOJIb30BAaHHEM HH(OPMAIMOHHBIX CUCTEM U 0a3
JIaHHBIX ), 00pabOTKH, aHAJIM3a ¥ CHCTeMaTH3allui HH(pOpMaInu;

- HaBbIKAMU KPUTHYCCKOT'O aHaJIn3a U OLICHKHU COBPEMCHHbBIX HAaYYHBIX JOCTHIKCHUH.

TeMbI U pa3jeiibl Kypca:
1. AcTpoHOMMYECKHE IPEATOCHUIKH (POPMUPOBAHUS IPUTOIHBIX JJIS )KU3HU ILJIaHET.

Crpoenne CoJIHEUHOM CHUCTEMBI U €€ MNpoucxoxiaceHue. [lpoToraHeTHbIE IUCKH,
AKKpEeLUAIJIaHET 36MHOW TpYIIbl U IUIAHET-TUTaHTOB. Murpauuu 1uiaHer U Mojaenb Hwuiel.
N3BecTHBIC 2K30IIJIaHETHBIE CUCTEMbI M OLICHKH PAcIPOCTPAHECHHOCTH 3€MJICTIOIOOHBIX TIJIaHET B
I'anaktuke

Crpoenue muaHeT 3eMHOro THma. ['paBuTanmMoHHas auddepeHHanus, SApO, MaHTHSI U
I1aHeTapHas kopa. TekToHuKa TuTochepHbIX UT. MnakTHoe npoucxoxaeHue JIyHsl.

ATMocdepbl miuaHeT 3eMHOro tuma. CocTaB BYyJKAaHMYECKHX Ta30B U MEXaHM3MBbl IOTEpU
atMocheprl. DoToxumuueckue npoueccsl B atmochepe. Ilapaukossiit 3¢ dekr. [locT-umnakTHbIN
OKEaH MarMsl U €ro BIUsSHUE Ha (opMUpOBaHHE 3eMHON KOPbI, aTMOC(EPHI U OKEaHOB.

2. @opMHUPOBaHUE MEPBBIX KHUBBIX CUCTEM.

HcTopus npencraBieHuit o npoucxoxaeHuu xusHu. OnbiTel [lactepa. Koanepsarsl OnapuHa,
«repBUYHBIN OynboH» Xonaenna. OnsiTel Mumiepa-tOpu.

I'enomubie PHK u pu6osumel. Teopus PHK-mupa. Buosneprermueckne M 3KOIOTHYECKHE
acnekTel PHK-mupa.

Tepmonuuamuka o00pa3oBaHus OHMOMOIMMEPOB B BOJIHOM cpeae. Poilb  TEepHOIUYECKOTO
BBICHIXaHMSI W MMHEPAIbHBIX CYOCTpaTOB B aOHOreHHOM OOpa3oBaHMM OHOIMOJIMMEPOB,
«TEPBUYHAS TTHIIIAY.

Cpena oburtanust nepBbix (opMm sxu3nHu. Kammii, dochop, mepexomnsie metayisl. YepHble
KYPWIBLIUKY, IEIOYHbIE TUIPOTEPMBI, Ieiizepbl, Gpymapossl U rps3eBble KOTiIbl. OcoOeHHOCTH
(OTOXUMHH a30TUCTHIX OCHOBAHUIA.



OOpa3oBaHrue MeTaHa W JPYrod OpraHUKH B MPOIECcCE CEpIeHTHHU3AMUH. DOTOXMMHUYECKHE
npeBpalleHus MeTaHa B aTMocdepe.

['eoTepmanbHble MEXAaHU3MBl BOCCTAaHOBJICHMS YIJIEKHCIOro rasza. JKene3o-cepHbIi Mup.
[{uHKOBBII MUp U aOUOTeHHBIH (POTOCHHTE3 Ha CyNb(duUIe IUHKA.

Cunre3 OuoMoieKkya H3 MNPoOAyKTOB arMmocdepHor doroxumun. Peakuus byrneposa.
O0pa3oBaHue a30TUCTHIX OCHOBAHUHN U3 IMaHUAa U hopMaMua.

CHOXHOCTH CHHTE3a HYKJICOTHIOB M3 PHOO3BI M A30TUCTHIX OCHOBaHWH. OOXOAHBIE MyTH
nonydeHus: HykieoTunoB. Cunte3 Cazepiienna. CuHTE3 MPOCTHIX CaxapoB U3 IHUAHUJA.
[{unanocynb(puIHBINH TPOTOMETA00TH3M.

MexaHu3Mbl OSBICHUS XUPATbHON YUCTOTHI. XUpadbHasi aCUMMETPHUS METEOPUTHON OpraHUKU
U €€ MPUYNHBL. ACTPOHOMHYECKHE UCTOYHHUKH MOJIAPU30BaHHOTO Y D-u3inydeHus. ACUMMETpUs
Caboro SAEpHOTO B3aUMOJEHCTBUS. XupaibHble 3(G(deKThl 0eTa-yacTHI] U BTOPHYHBIX
JJIEKTPOHOB.

DU3NKO-XUMHYECKHE MEXaHU3MEBI YCUJICHUA XHpaHBHOﬁ ACUMMCTPHUH. CBs3b XHUPaJIbHOCTHU
AMHWHOKHUCIIOT U CaxapoB.

AGuorennsii cunte3 PHK-momoOHpix mnonumepoB. Ponb MuHepanpHBIX CcyOCTpaTtoB U
pactBopuTenei. JlurupoBanue u nmouMepu3ausl.

PuGo3umbI-nionumepassl 1 pub03uMbI-ura3sl. OrpanmdeHus ux d¢dexruBHocTH. [Topor Difrena.
Kpocc-xupanpHbie puO03UMBI.

Ponbp kodepMeHTOB W MeTalioB B aKTHBHOCTU (epmeHTOB M pubo3umoB. Mup PHK-
Ko(epMeHTOB. DOTOAKTHUBHBIE PUOO3UMBI.

[Tpoucxoxaenne obmena BemecTB. KarabGomus3m, aHa0oiIM3M U LEHTPAIbHBIM MeTabOoIM3M.
[Tenrozodocharupiii 1ukia, 1ukial  Kpebca —  OOBIYHBIE W BOCCTAHOBUTEIHHBIM.
BoccranosurensHslii anetiii-KoA nyts ¢pukcannn CO2 u ero cBsi3b ¢ OMOCUHTE30M ITYPUHOBBIX
OCHOBaHUM.

3BOJ’IIOI_II/I}I LHCHTPAJIBHOT'O MeTaboan3Ma. qbopMaan[eer[, MypaBbUHAd KHCJIOTAa U CO «xak
CY6CTpaTI>I IJIsL JPEBHETO MeTaboau3Ma. BO3HUKHOBEHHE TIIMKOIN3A U NUKJIa er6ca.

AJ'IBTCpHaTI/IBLI PHK—MI/Ipy KCGHOHYKJ'ICI/IHOBBIC KHCJIOTBI, TENTUANUI-HYKJIICHUHOBBIC KHUCIIOTHI.
HpOTOMeTa6OHI/I‘leCKI/IC mopenu. Poib AUCKPETHOI'O TCHCTUYCCKOT'O KOAA B 5BOJIFOITUHU.

3. [IpoucxoxaeHue KIECTOUHOMN KU3HU.

Pu6ocomblr, TPHK u GenkoBbiit cunte3. [Ipoucxoxaenne TPHK, rumore3a reHOMHON MeTKw,
runore3a KohepMEeHTHBIX PYKOATOK.

Crtpoenue u sBomouust pubocomsl. [lenTuaun-tpancdepasHbliii U JEKOAUPYIOUUN LIEHTPHI.
[Tporopubocoma 6€3 nekoIUPYIOMIETo IeHTpa. Bo3mMoskHbIe GyHKIINHM HEKOJUPYEMBIX TTEeTITH IOB.

BHyTpeHHHE HECTPYKTYpUPOBAaHHBIE JOMEHBI PUOOCOMHBIX OEIKOB KaK PEIHKTHI JpeBHEHIINX
KOJUPYEMBIX OENTKOB, 0COOEHHOCTH MX aMMHOKHUCIIOTHOTO COCTaBa.

Ta6m/1ua TCHCTUYCCKOT'O KOJJa U €€ 3aKOHOMCPHOCTH. I'nmoTe3sr MMPOUCXOKACHUSA TCHCTUYCCKOT'O
Koaa: CTCPCOXMMHUUYCCKOC COOTBETCTBUC M KOIDBOJOOHA C MYTAMH CHHTC3a. ,HBa ceMeiicTBa



amuHoanuia-TPHK-cuaTeTa3. OnepannoHHbIN KO aKIIENTOPHOTO CTEOJIS U €T0 CBSA3b C OOBIYHBIM
T€HETHYECKUM KOJIOM.

[TopsiioK MOSIBIEHUS aMUHOKHCIIOT B apceHalie 0eskoBoro cuare3a. O00MIeHHbIE U BBIMEpIIINE
AMHHOKHUCIIOTHI. DBOJIOIMSA BTOPUYHBIX M TPETUYHBIX CTPYKTYpP OEJIKOB.

LUCA - mnocnemHmii BceoOHui TpemaoK KiIeTOYHbIX opraHu3moB. HaGop renoB LUCA.
[TpoucxoxaeHEe BUPYCOB.

Oponrorust HykiIenHoBbIX kucioT. [Ipemmymecrsa JTHK mepen PHK. OcobenHocTn cuHTe3a
NE30KCUPUOOHYKICOTU IOB. [IpoMeKyTOUHBIC BapHAHTHI HYKJICMHOBBIX KUCIIOT. POIlb BUPYCOB B
nosienienuu JJTHK.

Mexanusmbl permukanuu reaoma LUCA. PazHooOpasue COBpeMEHHBIX MEXaHU3MOB PEIUTHKAIIAN
JHK. DBostoIMOHHBIE CBSI3U MOJIMMEPA3 Pa3IMYHbIX THUIIOB.

MemOpanbl Oaktepuil ¥ apxed, ux pasnuuus. Dusorenus (epMeHTOB CHHTE3a JIHUIHJIOB.
Bo3smoxnas crpykrypa nununos LUCA. Ilponunaemocts mMemMOpaH Uisl pa3sHbIX MOJIEKYN U
VOHOB.

HatpueBas u npotonHas MeMOpaHHasi SJHEPTeTHKA, UX IBOJIIOIMOHHBIE CB3U. [IpoucxoxaeHue u
dbyskun poropHoit MemopanHoit ATda3sbl. [IpuHIHIBI paOOTHI 2IEKTPOH-TPAHCIIOPTHHIX LIETICH.
Q-nux. [Ipoucxoxaenre MeMOpaHHOM SHEPTeTUKU U3 CUCTEM HOHHOTO TOMEOCTasa.

®orocunaTe3. OyHKIMU XITOPOPUILIOB M KAPOTUHOUIOB. Pa3nuuHbie BapuaHThl aHOKCUTCHHOTO
¢dorocuntesa. I'eoxumuueckue cuenpl (GorocuHTe3a. IIpoucxoxkaeHue  KHCIOPOAHOIO
¢dorocuHTE3A.

[TpoucxoxaeHune 3ykapuoT. XuUMepHas NPUPOLA HYKAPUOTHUECKOW KIeTKH. KoMIoHEeHTbI
apxeHoro u OaKTEepUAIbHOTO MPOUCXOXKIEHHUS. ODHIOCUMOMOTHUYECKOE MPOUCXOKICHUE
MUTOXOHAPUM W TIacTui. bakTepuanpHble KOMIIOHEHTBI, HE CBSA3aHHbIE C IpeAKaMU
MUTOXOH/ApHH. CHUHTpO(HBIE TEOPUH MPOUCXOXKICHUS HyKapuor. Ponp Kuciopoma B
IPOMCXOXKACHUH dyKapuoT. Jlokuapxen — Omkaiiiue apxeiHble poJICTBEHHUKH SYKapHOT.

OcoOennoctu  TpaHcmsiumu  u - npoueccuHra  MPHK  sykapuor.  KsnupoBanue u
nonuageHuaupoBanre. Ounorenust GepMEHTOB KIMUPOBAHUS dYKapUOT U BupycoB. CTpykTypa
u ¢unorenus sykapuorndeckux JIHK-nmommmepas. BupycHas Teopusi mpoucXoxaeHus sapa.
IIponcxoxaeHrne MUTO3a U ME03a U3 KU3HEHHOTO [IMKJIA JIN30T€HHOTO BUPYCA.



AHHOTAUMH K pa00o4ynM NPOrpaMmMam AMCUHUIIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

PentrenoBckasi kpucraaiorpagpuss MeMOPaHHBIX 0€JIKOB

Heab AMCHUNIMHBI:

- O3HAKOMJICHUE CTYJICHTOB C NPUHIMIIAMU W METOJaMU (PU3UKH pacCesTHUS HEUTPOHOB M
PEHTTEHOBCKHUX JIy4el M UX MPAKTHUECKOTO MCIOJIB30BaHUS B 00JACTH CTPYKTYPHOU OUOJIOTHH,
dbopMHUpOBaHKE CIICIIMATBHBIX KOMIIETCHIIMM B 00JACTH MCIOJIb30BaHUS KpHUCTAIorpaduu st
Hay4dHOM pabOThI B 0OJIACTH CTPYKTYPHO-(PYHKIIMOHAIBHOU XapaKTEpH3alUd OHOJOTUYECKHUX
CHUCTEM.

3agauu AMCHUIINHBIL:

l. CdhopmupoBaTh 3HaHUS 110 TEOPUH M (PU3HMUYECKUM TPUHITUIIAM PACCESHUS PEHTTEHOBCKUX
JIy4el U HEUTPOHOB.

2. JlaTh npeacTaBIeHUs O TEOMETPUUYECKON KpUcTamiorpaduu, OCHOBaX KPUCTAITUIOXUMHH U
KPUCTAIIO(PU3UKH.

3. ®opmupoBaHue 0a30BBIX 3HAHUI 110 KPUCTAJUIU3ALUHU BOJOPACTBOPUMBIX U MEMOPAHHBIX
O€eJIKOB.

4, IisyquHe IMPUHIIUIIOB OopraHu3aluunu OCIIKOBBIX KpHUCTAJIJIOB n IMPOBCACHUC
SKCIICPUMCHTOB 10 KpUCTAJJIU3allun OCIIKOB.

5. ®opMUPOBaHUE 3HAHUI O METOJI€ PEHTTEHOCTPYKTYPHOIO aHaIu3a OEJIKOBBIX MOJIEKYI.

6. ®opMHUpOBaHUE MPAKTUUECKUX HABBIKOB MO OOPAILIEHUIO C OENKOBBIMU KpUCTAIJIAMHU U
cOopy IUPPaKIMOHHBIX JaHHBIX C HUX.

7. dopmupoBaHue 3HaHUN B 00JacTH pacyera CTpaTeruu cOopa KpHCcTaIorpaduyeckux
JAHHBIX, a TaKXe ONpEeJeNeHUH CTPYKTYyphl OENKOB, YTOUHEHHUH MOJIENM U BaJUJALUH
MIOJIyYEHHBIX PE3YyJIbTATOB.

8. dopmMHUpoBaHUE 3HAHUI O METO/E€ M3Yy4eHHUs OEJIKOB B PAacTBOPE METOJAMHU PaCCEsTHUS
HEHUTPOHOB U PEHTI€HOBCKHUX JIy4eil.

9. ®opMHUpPOBaHUE HABBIKOB IPUMEHEHHUS NOJyUYEHHBIX 3HAHUI B CAMOCTOSITENILHOM, B TOM
quciIe Hay4YHO-HMCCIE0BATENIbCKOM, padoTe, pelIeHnu 3a/ad, a TakkKe aHaliu3e MOJYyYEHHBIX
pE3yJIbTaTOB.

IlepeyeHb MuIaHUPYEMBbIX Pe3yJIbLTATOB 00YUYEHHS 10 JUCHHUILIMHE (MOAYJII0)
B pesynbrare 0cBOGHUS AUCIUILTUHBI 00YYatoNecs J0KHBI

3HATb:



- Teoputo JUGPAKIUM PEHTTCHOBCKUX JIyde Ha KPHUCTAUIMYECKUX CTPYKTypax u
MOJIMKPUCTAITMYECKUX 00pa3Iax;

- XUMHYECKOe CTPOEHHE OENIKOB, UX 3JIEMEHTHI BTOPHYHON CTPYKTYPHI;

- IPUHIUIIBI pa6OTI)I Pa3IUMYHBIX METOJOB KpHUCTAIJIM3allui BOJOPACTBOPHUMBIX 6eJ'IKOB, (baSOBYIO
JuarpaMMy KpUuCTaUIM3aluu,

- YCTPOMCTBO OMOJIOTMYECKON MEMOPAHBI, YTO COOOU MPEACTABISIOT MEMOpPaHHBIE OCIIKHY;
- CJIO)KHOCTH pabOThI ¢ MEMOpAaHHBIMU OCJIKaMU;
- METOJIbl KPHCTAIN3AMA MEMOPAHHBIX OCJIKOB B PACTBOPE JETEPIeHTA, TUIIBI KPUCTAILIOB;

- [IPUHOMUIIBI MMOAXO0Ja K KPpUCTAJIIIN3alluu MeM6paHHbIX 0€JIKOB C MCIOJIB30BaHUEM JIMITUAHBIX
da3, dhazoByr0 nUarpaMMy MOHOOJICHH/BOJIA;

- IPUHLUIIBI ONTUMHU3ALUH KPUCTAIIIM3ALMOHHBIX YCIOBH;
- ATaIbl PELIEHUS] TPEXMEPHBIX CTPYKTYp OEJIKOB METOJJOM PEHTT€HOCTPYKTYPHOI'O aHAJIN3a;
- IPUHIMIIBI cOOpa KpUCTAIIOTrpaQUUECKUX JaHHBIX;

- HHCTPYMEHTBHl miig paboThl C KpucTaiorpaduyecKUMH JaHHBIMH U OMpeesieHuUs
MPOCTPAHCTBEHHOM CTPYKTYpHI O€TKa;

- METOJIbI perieHust (pa3oBoi MPOOIIEMBI;

- TPUHOUIIBI HU3YUYCHUS HpOCTpaHCTBCHHOﬁ OpraHu3annu OEJIKOBBIX MOJICKYJT MCETOAOM
MaJIOYIJIOBOI'O pacCeiaHnd PCHTTCHOBCKUX J'Iy‘lef[.

yMeThb:

- TNPUMEHATh DSKCIEPUMEHTAIBHBIE METOJABl PEHTICHOCTPYKTYPHOTO aHalu3a W METOJOB
paccesiHus;

- IPUTOTOBUTH IpenapaT OeiKa A KpUCTAIUIU3aUY;

- IPOBECTH HKCIEPUMEHT IO KPUCTAIM3AIMU OelKa;

- aHAJIM3UPOBAThH U ONTUMHU3HUPOBATH KPUCTAIIIN3ALMOHHBIN IPOTOKOT;
- IPOBOJIUTH TU(PPAKIINOHHBIN SKCIIEPUMEHT;

- paboTaTh ¢ KpucTaIOrpahuIecKUMU IPOrpaMMHBIMU TTAKETaMHU.

BJAACTh:

- METOJaMH MPUMEHEHHS TJIaBHBIX 3aKOHOMEPHOCTEH AUQPaAKIIMNA, OCHOBHBIX METOJIOB aHAJIN3a
T (paKIIMOHHON KapTHHBI;

- MCTOJUKAMH KpUCTAJJIU3allUH BOAOPACTBOPUMBIX 66HKOB;

- METOJMKAMHU KPHCTAIM3AIllMA MEMOpPaHHBIX OCJIKOB B PacTBOpE JETEPreHTa M B JIMITUIHBIX
Me3odazax;

- HaBbIKaMu pabOTHI HA aBTOMATHU3WPOBAHHON KPUCTANIN3ALIMOHHON CUCTEME;



- HaBblkaMu pa0OTBl Ha  aBTOMATU3MPOBAHHOM  cHUCTeMe [  HaOMIOJEeHHd  3a
KPHUCTATU3AL[IOHHBIMU NTPOOaMU;

- METOJIMKOM TOATOTOBKM BBIPAIEHHBIX KPHCTAIOB JUIS TNPOBEACHHS AU(PAKIMOHHOTO
IKCIEPUMEHTA;

- METOJUKON cOopa AupaKIIMOHHBIX JAHHBIX ¢ KpUcTauia 0emka;

- TMPaKTUYECKUMH HaBBIKAMH B pacyeTre cTpareruu cOopa JaHHBIX, HMHTETPUPOBAHUU U
LIKaJUPOBAHUU TAHHBIX;

- IPaKTUYECKMMH HaBBIKAMU OTIPEIeNICHUsI IPOCTPAHCTBEHHOM CTPYKTYpPHI OelKa;

- METOJUKOM MTPOBEACHUS SKCIIEPUMEHTA IO MAJIOYTJIOBOMY PACCESHUIO PEHTICHOBCKUX JTy4eil.

TeMbl U pa3jesibl Kypca:
1. l'eomeTpuyeckast KpucTauiorpadus

[Tonstue o kpuctame. [Ipoekuu Kpucramia. DneMeHTapHas s4eiika, KaTeropuy U CUHTOHUU.
Wuaexcel MI0cKocTed U HampaBlieHU. DIeMEeHThl CUMMETPUH M MX B3aumoJeiictBue. Kiaccer
cumMMmeTpuu (Touyeunble rpymmsl). Obiiee u yactHOe nonoxeHus. CUMMETpuUsl JUCKOHTUHYYMA.
Cucrema tpancisinuii bpase. basuc. [IpoctpanctBennbie rpynmbl. [IpaBuibHbIe CHCTEMBI TOUYEK.

2. OCHOBBI KPUCTAUNIOXUMHH U KPUCTAIUIODUZUKA

AToMmHBIN (MOHHBIN) paguyc. [noTHble ynakoBku, ux nopsl. IlpencraBienue cTpyKTypbl uepes
IUIOTHBIE YNAKOBKH, KOOPIMHALMOHHBIE NOJMAAPBI U CeTKU. lloHATHE CTpYKTypHOro THIa.
CranpaptHas uHQOpMaLUsA O CTPYKTYpHOM Tuile. OCHOBHBIE CTPYKTYpPHBIE THUIIbI 3JIEMEHTOB U
COEIMHEHUI.

Onementsl kpuctauiopusuku. [Tpunnun Kropu-Heiimana. [IpenenbHble Tpynmbl CUMMETPHH.
[TpyHIMIT TEH30PHOTO ONMUCAHUS PUZNYECKUX CBOMCTB KpHUCTAJLIA.

3. Judpakuus Ha KpUCTaIIaX

Paccesnue kpucraiuiamu manoro pasmepa. MHrepdepennonnas ¢ynkuus. YpaBHenue Jlays.
VYpasuenue Bynbda-bperra. Uunexcel untepdepeniuu. OOpatHas pemerka Kak IepuoIuuecKoe
pacripesiesieHue HHTep(HEepPEeHIMOHHBIX MAKCUMYMOB.

Panuyc-BekTop oOpaTHOM pemieTku U ero cBoiicTBa. CBA3b 0OpaTHOM PEIIETKU C CTPYKTYPOH,
pasmepoM u HopMoit KpHcTasLa.

['eomeTrpuueckass uHTepnpeTanus ypaBHeHus Jlays (moctpoenue OBanbaa). [IpuHIMIBI
OCHOBHBIX METO/IOB PEHTI€HOCTPYKTYPHOT'O aHAIU3A.

4. ®usukKa peHTTeHOBCKUX Jydeil. OCHOBHBIE METO/IbI PEHTTEHOCTPYKTYPHOI'O aHAIN3A

ITonyuenne M CBOMCTBAa PEHTTEHOBCKHMX Jydel. PeHTreHoBckue criektpel. B3aumopeincrsue
PEHTTEHOBCKUX Jydel ¢ BemecTBOM. CHocoObl perucTpanu pEeHTTC€HOBCKOTO H3IIYYEHUS.
Mertonsl uccnenoBaHus MOHOKpuctamioB (Mmeron Jlays, wmeton BpamieHus). llonsartue
TU(GPaAKIMOHHOTO Kjlacca CHUMMETpud. Meroa monukpuctamia. [lomydeHue u  pacuer
peHTreHorpaMMm.  WHIUIIMpOBaHUE  pPEHTreHOrpaMM. PeHTreHoBckas — AUQPPAKTOMETPHUS.
MoHoxpomaTu3anus peHTT€HOBCKOTO U3JIYYEHUS.



5. OcHOBBI (DM3UKH paCCESTHUS HEUTPOHOB

PaccesiHue pEHTreHOBCKHX Jy4ed SJIGKTPOHOM M aTOMOM. ATOMHas (YHKLHUS PACCESHHS.
Paccesnue HenpuMHuTHBHON siueiikoil. CTpyKTypHas aMIuIuTyAa. VIHTerpanpHble, 30HalIbHBIE U
cepuasibHbIe TIoracaHusi. BiusHWE MOTIOMIEHUS M TEIUIOBBIX KOJIeOaHWH Ha WHTEHCHUBHOCTHh
UHTEPPEPEHIIMOHHBIX MaKCUMYMOB. DopMysbl A pacdyeTa MHTErpajlbHOM MHTEHCHBHOCTH B
KHMHEMaTU4ECKOU TEOpUH.

6. Teopust HHTEHCUBHOCTH JU(GPAKIIMOHHOTO pacCesHUS KPUCTAIIAMH

BbiBox MHTErpajibHOW HMHTEHCUBHOCTU (MOLIHOCTH) PpAacCesHUS MOHO- M IOJMKPHUCTAIOM.
OcHOBHBIE NOJIOKEHUS IUHAMUYECKOW TEOPUHU PACCESIHUS PEHTI€HOBCKUX JIyyed. DKCTUHKLUA.
OcobeHHOCTH paccessHUsI OBICTPBIX 3JEKTPOHOB M TEIJIOBBIX HEHTPOHOB KPHCTAIIAMH.
[Tony4yenne AUQPPAKIMOHHBIX CIIEKTPOB PACCESHUS SJIEKTPOHOB M HEHUTpoHOB. llpumeHeHue
HEUTPOHOTPAMM JUI aHAIN3a KPUCTAJUIMYECKON CTPYKTYPHI BEIIECTBA.

7. Kpucramnuzanus 6e1KoB

OU3NKO-XUMHUYECKUE OCHOBBI KpPHUCTAUIM3AllUM MaKpoOMOJeKysl. TexHuuyeckue crocoObl
KPHUCTAJTU3AI[MA BOJOPACTBOPUMBIX OenkoB. bronornyeckne MmemOpaHbl, MeMOpaHHBIE OCIKH.
Ocobennoctu oOparieHus: ¢ MeMOpanHbIMU Oenkamu. Kpucrammmsanus MeMOpaHHBIX O€JIKOB B
pactBope nerepreHta, tun I m tun Il xpucramnoB memOpanHbIX OenkoB. Kpucrammmzarms
MeMOpaHHBIX OCJIIKOB C HCIOJb30BaHUEM JHUNUAHBIX Me30o(ha3. PaszoBas nuarpamma
MOHOOJIEHH/BO/Ia. MeXaHU3M KpHCTaIM3alMl MEMOpaHHbIX OEIKOB B JIMINUAHON KyOM4ecKoi
daze. ABTOMATU3MpPOBAHHBIE  KPUCTAJUIM3ALMOHHBIE cucTeMbl. OlleHKa  pe3ysIbTaToB
KPUCTAJTIM3ALMOHHOI O SKCIIEPUMEHTA, ONTUMHU3aLUs KPUCTAIIIN3ALMOHHBIX YCIOBUH.

8. CHaTre MU paKIMOHHBIX JaHHBIX

[TonroroBka KpUCTAJUIOB JJsl CHATUS AU(pakuuMOHHBIX AaHHbIX. Kpuonmporekuums. TexHuka
SKCIICPUMCHTA II0 CHATHUIO I[I/I(l)paKHI/IOHHBIX JaHHBIX. HOSI/IIII/IOHI/IpOBaHI/Ie KpucTajijla Ha
PEHTreHOBCKOM ycTaHoBKe. CTpareruss U OCHOBHBIE TapameTpbl cOopa naHHbiX. OOpaboTka
HKCMIEPUMEHTABHBIX JaHHBIX. OnpeaeneHue napaMeTpoB dIEMEHTAPHON PEIIeTKH, HHACKCAIUS
kpuctama. OnpeneneHne KOIMYecTBAa MOJEKYN B dJE€MEHTapHOU sueiike. YTounenue Jlaye u
MIPOCTPAHCTBEHHOM Tpymmbl Kpuctamia. [lonHoTa Habopa AN YTOYHEHHOW MPOCTPAaHCTBEHHOMN
rpynnsl. Pacuer ctpareruu coopa qudpakiimoHHbIX JaHHBIX. HTerpupoBanue qudpakImOHHbBIX
JaHHBIX Ha TMPUMEPE KpUCTAIOTpapUUecKuX MaHHBIX JU30IMMa U OaKTePHOPOONCHHA.
[[IkanupoBaHue JaHHBIX.

9. Onpenenenre NpOCTPaHCTBEHHOM CTPYKTYphI Oerka

dazoBas mpobiema. MeToa MOJNEKYJIIpHOro 3ameleHus. Beibop craproBoit Mojenu mo 0azam
JAHHBIX TPEXMEPHBIX MAaKpPOMOJIEKYJSIPHBIX CTPYKTyp. KpuTuueckue mnapamerpsl npu
UCIOJIb30BaHUH (DYHKIIMU BpAIIEHUS U TpaHCISIMUA. MeToa aHOMalIbHOTO paccesHus. Perenue
(a30Boit MPOOIEMBI METOZIOM MOJIEKYJISIPHOTO 3aMEIleHHs Ha MpUMepe KpUCTaorpaduyeckux
JAHHBIX JH30LKMMa U OakTepropoponcuHa. MHTeprnperanus KapT 3JIEKTPOHHOM IUIOTHOCTH U
IIOCTPOEHHUE MOJIETIM MAaKpPOMOJIEKYJbl. YTOYHEHME MOJEIN CTPYKTYpPhl C HCIOJB30BAHHUEM
CTEPEOXMMHUUYECKUX W DHEPreTUUECKUX OIPAaHWYEHMH, NapaMeTpbl YTOUYHEHHUS. AHaIu3
KOPPEKTHOCTH T€OMETPHUH M CTEPEOXMMHHM YTOUYHEHHOW MOJEIN CTPYKTYPbl MaKpOMOJIEKYII.
ABTOMAaTHU3MPOBAHHOE IOCTPOCHUE CTPYKTYp O€IKOB. YTOYHEHHE CTPYKTYp JIM30LMMa U
OaktepropogoncuHa. M3yueHue KapT 3JIEKTPOHHBIX IUIOTHOCTEH. Bammpanus momyueHHbIX

CTPYKTYP.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

Pemenne 0uosiornyeckux 3aaay Ha sisbike Python

Heab AMCHUNIMHBI:

[IpuobOperenne  crygeHTamMmu  0a30BBIX ~ HABBIKOB  pEIICHUS  OWOJIOTMYECKUX U
OMOMH(OPMATUIECKUX 33124, a TAK)KE CIIOCOOO0B MPE3EHTAINH MOTYYSHHBIX JaHHBIX, C TOMOIIBIO
IporpaMM Ha si3bIKe IporpaMMupoBanus Python

3agauu AMCHUIINHBIL:

o0ecneunTh MOBTOPEHUE CTYIEHTaMU OCHOB si3blka Python, m3ydyenue paboThl C TEKCTOBBIMHU
¢daiinaMy, OCBOEHHME METOJOB CTAaTUCTHUYECKOIO aHaJlW3a U  MAIIMHHOTO OO0Yy4eHHUs
IPUMEHUTEIBHO K OMOJOrMYECKMM JIaHHBIM (9KCIIpeCCHsl TE€HOB W HHble HaOOpbI
AKCIEPUMEHTAJIbHBIX JI@HHBIX M T.I.), IPUOOPETEHUS HABBIKOB BU3YyalM3allMU pPE3YyJIbTATOB
aHaJIM3a U MOATOTOBKH Ka4E€CTBEHHBIX HAYYHBIX WIIIOCTPALUN.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILJIMHE (MOYJII0)
B pe3ynbrare ocCBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI
3HATh:

[Tpocteie (int, float, str, bool, char) u cocTaBHBIe THIIBI JAaHHBIX (CIUCOK, KOPTEX, CIOBaphb,
MHO’KECTBO) U UX

KOMOWHAIMK; (YHKIIUH JUIST KOHBEPTAIUN THITOB; TIOJKIIOYCHUE MOJTYJICH W UCTIOIh30BAHUE UX
(GYHKIMH; CO3MaHUe W HWCIOJIb30BAaHWE TIEPEMEHHBIX, OIpPENCICHHEe W BBI30B (DYHKIIHIA,
Joru4eckue oreparopsl; norudeckoe Beipakenue (if.. elif...else); 6a3oBbie MOHATHS OOBEKTHO-
OPUEHTUPOBAHHOTO TOJXO0Ja B MPOrPaMMHUPOBAHUU; OCHOBBI PalOTHI ¢ (ailnaMu: co3naHue,
YTeHHUEe, COXpaHEHHe, 3amuch B (haill; MpUMEHEeHHe METOAO0B OMOIHOTEeK numpy U pandas st
YTeHUS U 3aliCU B TEKCTOBBIE (paiinbl; onmeparopsl mukia: while, for; mocrpoenue rpadukos ¢
UCIOJIb30BaHUEM Mojyiei matplotlib u seaborn; MeTons! kinactepusanuu (Mepapxudeckon, k-
CPEIHUX ); METO/I TJIABHBIX KOMITOHEHT JIJIsl YMEHBIICHUS Pa3MEPHOCTH JaHHBIX; 0a30BbIE METO/IbI
pelieHus 3a1a4 KiacCuUKAIUU U PETPEeCCUH.

yMeThb:

PaGorate ¢ TekcToBbIMH (ailiaMu, U3BIEKaTh W3 HHUX HEOOX0IuMyr WH(GOpPMAIIHUIO,
CUCTEeMaTU3UPOBATh, 0000IIATH,



BU3YaJIbHO TPEJCTABIATH MOJIYYECHHBIC Pe3yabTaThl aHAJIM3a HAYYHBIX JAHHBIX (TpadHuecKu
ucronb3oBaHueM Oubmmorek matplotlib u seaborn) craHmapTHEIMH METOJAMH CTATUCTHKH U
MaIIMHHOTO 00yUYeHUs C mpuMeHeHneM OnomoTek sklearn, numpy, scipy.

BJIA/IETh:

MeronaMu M OCHOBHBIMM IMOJIXOJAMHU U1 ABTOMATH3AllMM BBINOJHEHUS HAyYHBIX 33/1ad M
MPE3EHTAUNUN UX PE3YyJIbTATOB.

Tembl U pa3ensl Kypca:
1. BBeaenue B s13bIK mporpammupoBanusi Python

BBonHOe 3aHsTHE. 3HAKOMCTBO C OCHOBHBIMH JJIEMEHTaMHU sI3bIKa NMporpaMMupoBanus Python u
BO3MOKHOCTSIMHU €TI0 HHTEPIIPETaTOpa Ha MpUMepe pabOThl C KOPOTKUMH ITOCIIEI0BATESILHOCTIMU
JIHK. OcHOBHBIC THIIBI JaHHBIX, LIMKJIbI, BETBICHHE.

2. Pabora c daittamu

Pa6ota c (aitnamu. UteHue, 3anmuch U peaakTupoBanue (aioB Ha MpuMepe padboThl ¢ daiaaMu
HYKJICOTH/IHBIX TIOCJICIOBATEILHOCTEH.

3. Benenue B 00bEKTHO-OPUEHTUPOBAHHOE ITPOTrPAMMUPOBAHHE

OOBbEKTHO-OpUEHTUPOBAHHBIN IOJIX0/] B IporpaMMupoBaHuu. Co3/laHuE 3JIEMEHTAPHBIX KJI1ACCOB
JUIs pabOThI C TPEXMEPHBIMU MOJIEKYJISIPHBIMU CTPYKTYPaMHU.

4. Moaynbs Numpy ¥ METOJIbl TUHEHHON anreOpsl

Monyne Numpy. PaGora ¢ mMHOromepHelMH MaccuBamMH numpy. lIprMeHeHue BCTPOEHHBIX
METO/IOB JIMHEWHOW anreOphl IJisi perieHus: OMOJOTMYECKHX 3afad (JTUHEeHHas perpeccus).
[IpencraBieHne YMCIEHHBIX JaHHBIX B (hopme, y10OHOM 115 JajdbHEHIIEero HCIOIb30BaHusl.

5. Moaynbe matplotlib 1 0cCHOBBI BU3yanu3ay HayYHbIX JaHHBIX

Mopyns Matplotlib. MUcions3oBanue maccuBoB Numpy nj1st moctpoeHus guarpamm. [loctpoenue
CTaTUYECKMX W aHUMHPOBAHHBIX TpaMKOB W JUarpaMM pa3iuyHbIX THIOB. [locTpoeHue
TpexXMepHbIX quarpamm. OgopmiieHrne n300paxeHui Juisi HaydHbIX MyOIHKauil.

6. Moayib biopython u pabota ¢ OMOTOTHYECKUMU MTOCIIEA0BATENLHOCTIMU

Hcnonb3oBanue  moxyns  biopython. PabGora ¢  HYKICOTMAHBIMH U OEIKOBBIMHU
nocnenoBarenbHocTsAMU. [lonck mocnenoBatenbHocTed B 0a3ax naHHbIX (BLAST). Co3nanue
MHOXECTBEHHBIX BHIPABHUBAHHUH U pab0OTa ¢ HUMH.

7. AHanu3 1aHHBIX T€HHOM SKCIPECCUHU U METO/Ibl MAITUHHOTO 00Y4YEeHHUS

AHaJIM3 JTaHHBIX TeHHOW 3Kcrpeccuu. CTaTHCTUYECKUE MOJIENM M METO/bl Kiactepuzanuu (K-
means, HepapxuuecKas Kiacrepusainus). MeToasl MAaIIMHHOTO OOydYeHus s paboThl ¢
OMOJIOTMYECKMMHU  JaHHBIMH. AJITOPUTMBI  KJIacCU(UKAIUK, PErPecCUd M YMEHBIICHUS
pPa3MEpHOCTH.

8. Monynp scipy Ais pelieHus 3a1ad ONTUMU3ALNHU, alllIPOKCUMAIMU U YUCIEHHOTO pPEeIICHUS
cuctem 1ud. ypaBHEHUN



3amaun Ha ONTHUMU3AIMIO. ANMPOKCHMAIUs HAaOOPOB JaHHBIX KPUBBIMH PA3IMYHOTO BHUJA.
Hcnonp3oBaHne MOAYNS SCipy ISl YUCICHHOTO pelieHus cucreM auddepeHnanbHbIX
ypaBHEHHUI Ha IpUMepe 3a/1a4 OMOXUMUYECKOW KMHETUKH. MeToapl moad0opa KO3 UITUEHTOB TI0
HA0OPY UMEIOIINXCS YKCIIEPUMEHTATbHBIX TaHHBIX.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

CTpykTypa ¥ IMHAMHKA MeMOpaHHbIX 0ejikoB MeToa0oM SIMP

Heab AMCHUNIMHBI:

O3HaKOMHUTH CllylIaTeNed ¢ MHCTpyMEHTapueM coBpeMeHHo SIMP-crnekTpockonuu BBICOKOIO
pazpemienus. CiymaTeau u3ydyaT Jydllde NMPAaKTUKU M y3HAIOT O BAXKHEHIINMX JOCTUKEHMSIX
METO/1a B IPUMEHEHUH K HAyKaM O JKH3HHU.

3agauu AMCHUIINHBIL:

. ¢dopmupoBanre 06a30BBIX 3HAHUW O MPUHIUIHAIBLHOM YCTpOWCTBE coBpeMeHHoro SIMP-
CIIEKTPOMETpPA U KJIKOYEBBIX JOCTHKEHHUAX C MOMEHTA MOSIBICHUS METOA 10 COBPEMEHHOCTH;

. oOyueHue CTYyJeHTOB UHTEPIPETUPOBATH OJHOMEPHBIN MPOTOHHBIN U yriaepoanbiil IMP-
crekTp ans mosiekyn maccoit 50-300 Jla; yctaHaBIMBaTh XMMUYECKYIO CTPYKTYPY MOJIEKYIbI 110
JaHHbIM ~ SIMP-crieKTpocKonMM M Macc-CIIEKTPOMETPUH;  BBINOJHATH  IOCIEA0BATEIbHOE
OTHECEHHUE CUTHAJIOB ISl U30TOMHO-MEUYEHBIX OEJIKOB.

Ilepevenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOLIHECs JOJKHBI
3HATh:

- Bo3smoxxnoctn coBpemenHoi SIMP  cnekTpockonuu, NperMMyLIECTBA W OTPaHUYECHMS
METO/1a;

- OcHoBHble THUIIBI SIMP-3KCIEpUMEHTOB, YMETh MX HCIIOJIb30BaTh B padoTe;
- Crpareruto paboTbl ¢ HU3KOMOJIEKYJISPHBIMU COETMHEHUSIMU MeToaoM SAMP;

- Crpareruto paboThl ¢ BOJOPACTBOPUMBIMU U MEMOpaHHBIMU OenkamMu MeToaoM SIMP.

yMeTb:

- Hcnons3oBath OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYUYHBIX TUCITUTLIAH B
npohecCHOHANBHOM e TeNbHOCTH,

- paboTaTh ¢ Hay4YHO-TEXHUYECKON HH(pOopMaIueil;
- BBIJICJIATh U CUCTEMATU3UPOBATh OCHOBHBIC UJIEU B HAYYHBIX TEKCTaX;

- KPpUTHYCCKU OLCHHBATH J'IIO6YIO MMOoCTyHnaromyro I/IH(I)OpMaL[I/IIO, BHC 3aBHCHUMOCTH OT
HNCTOYHHUKA,



- IIpH pCHICHUN UCCIICA0BATCIBCKUX U MPAKTHYCCKUX 3aaa4 'CHCPUPOBATh HOBBIC UJICH.

BJIA/IETh:
- HaBbikamu BbIOOpa METOJIOB U CPEICTB PEUICHUS 3a/1a4 UCCIICI0BAHMS;
- METOJaMH TEOPETUYECKOTO U IKCTICPUMEHTAIBHOTO UCCIICAOBAHUS;

- HaBBIKAMHU TIOMCKa (B TOM YHCIIE C HCIOJIb30BaHWEM HH()OPMAIMOHHBIX CHCTEM H 0a3
JIaHHBIX ), 00pabOTKH, aHAJIM3a ¥ CHCTeMaTH3allui HH(pOpMaInu;

- HaBbBIKAMU KPUTHYCCKOI'O aHaJIN3a U OLUCHKHU COBPCMCHHLIX HAYUYHBIX I[OCTPDKGHHﬁ.

Tembl U pa3iennl Kypca:
1. Beegenue B SIMP cnekrpockomnuto

Co3nanne Merona B cepeaune XX Beka. KimtoueBsie 3tansl 3pomonnn AMP: cBepxmpoBosiiue
BBICOKOIOJIbHBIE MarHuthl, Dypee-AAMP, nBymepnas u MHoromepHas AMP-cnexrpockonus,
M30TONHOE MEUYEHUE, KPUOTE€HHO-0XJIAKICHHBIEC TaTYUKH.

2. SIMP HU3KOMOJEKYJIAPHBIX COEAUHEHUN

Ananmu3 npotoHHoro SMP-cniekTpa: XMMHYECKUH CIBHMI, WHTErpall, MYJbTUILIETHOCTD.
Orpannuenust nporoHHoro SAMP. JIBymepusbiii SIMP Ha ecrecTBEHHOM CoO/iepKaHUU HU30TOIOB:
crektpel COSY, TOCSY, HSQC, HMBC. Bbinenenue CiMHOBBIX CUCTEM, aJlTOPUTM aHaU3a
crekTpoB. CoBMeCTHOE ucnonb3oBanue AMP-cekTpockonuu U Macc-ClieKTPOMETPUU BBICOKOTO
paspenieHus il yCTaHOBJICHUS XUMUYECKON CTPYKTYpPbl HU3KOMOJIEKYJISIPHBIX COEAMHEHUH.

3. SIMP 6enkoB u CTpyKTypa OMONOIUMEPOB

Crparernn paboThl C HATUBHBIMM M M30TONHO MedeHbIMH Oenkamu. IlocienoBatenbHoe
OTHECEHUE CUTHAJIOB, XapaKTEPHbIE CIMHOBBIE cUCTeMbI 20 aMuHOKUCIOT. binskue, cpennue u
nansHue NOE-KOHTakThl, 0COOEHHOCTH aib(a-CIUpaIbHBIX U OeTa-CTPYKTYPHBIX O€JIKOB B
cnektpax AMP. Pacuer cTpykTypsl Genka no qanueiM SAMP.

4. O6padotka SAMP cnektpos (signal processing)

Orpannyenue knaccudeckoro @ypbe mpeoOpa3oBaHUs MPU PETUCTPALUU CIEKTPOB OOIBIION
pazmepHocti. Ctparerun HemonHoro camrummpoBanus (NUS, Non-Uniform Sampling), ux
onTuMM3aIys. MeToibl peKOHCTPYKINHU curHana IMP mo HemoIHBIM JaHHBIM.

5. Iunamuueckue npoueccsl B IMP

Penakcamuss  simepHbix  cnuHOB.  CBsI3p  pelakcallil € pa3MepoM  MOJIEKYNbl |
BHYTPUMOJIEKYJISIPHOM THHAMUKON. XUMHUYECKUNH/KOH(DOPMALIMOHHBIN OOMEH.

6. MounekynspHble MEXaHU3MbI OnoJorHuecKoi (pyHKuuu 6eakoB MmetogoM SIMP

SAMP Teteposinepnas AMP-criekTpockonusi Kak METOJI HHTETPaTUBHON CTPYKTYPHOH OHOIOrHH
u onodpusuku. CTpyKTYpHO-TWHAMHUUYECKHE CBOMCTBA OCIKOB M MX OWONIOTHYECKas (PyHKITHSI.
Kondopmannonusle nepecTpoiku U CTPYKTYpHO-(QYHKIIMOHAJIbHbIE JETEPMUHAHTHI OENKOB.
MexmMonexkynsipHble B3aUMOACUCTBUS OEJIKOB B MeMOpaHe M HMX pOJb B MEXKIETOYHON



curHanuzauuu. IlpuMepsl MONIEKYISIPHBIX MeXaHU3MOB (YHKIMH OEITKOB B HOpPME U MPHU
3a00JIeBaHUSAX OpraHu3Ma (HelpoaereHepaTUBHBIX U OHKOTEHHBIX ).



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpagsaenue: 03.04.01 IIpukiaagabie MaTeMaTHKA U (PU3HKA

Hanpasiennocts: General and Applied Physics/O0mast u npukjiagnas pusuka

®duryopecuieHTHAs MUKPOCKOIIHS CBEPXBBICOKOT0 pa3pelieHHsI JKUBbIX KJIETOK

Heab AMCHUNIMHBI:

CdopmupoBaTh y CTYIEHTOB IMPEACTABICHUE O IIMPOKOM CIIEKTPE METOJOB COBPEMEHHOM
MHUKPOCKOIIUH CBEPXBBICOKOTO PA3PEIICHUs] U OJJUHOUYHBIX MOJIEKYII

3agauu AMCUUIIINHBIL:

U3JIOKUTh TEOPETUYCCKHE M MPAKTUYECKHUE OCHOBBI METOJOB COBPEMEHHOW (IIyOpPECIICHTHOMN
MHUKPOCKOIIHH.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 10 JUCHHUILIMHE (MOYJIIO)
B pesynbrare ocBOCHUS AUCIUIIIMHBI 00YYaIONIUECs JOJIKHBI
3HATh:

TeOpeTI/I‘{eCKI/Ie OCHOBBI MCTOAOB COBpeMeHHOﬁ MHUKPOCKOIIMU CBEPXBBICOKOI'O PA3pCIICHUS,
COIVIACHO TEMAaTUYCCKOMY IJIaHY

yMeTb:
-(popMynupoBaTh U IIAHUPOBATh 33]a4U MCCIIEIOBAaHUN B 00JIACTH COBPEMEHHOM MUKPOCKOIHH;

-C TOMOILBI0 TIEPCOHAILHOTO KOMIIBIOTEpPA HAXOAWUTh OmOIMorpaguueckyro MH(pOpMalnuio Mo
3aJaHHOM TEMAaTHUKE;

-BOCIIPOU3BOANUTL COBPEMCHHLIC METOJAbI UCCIICAOBAHUA U p83pa6aTI>IBaTb HOBBIC MCTOIUYCCKUC
noAXoAbl U1 pCIICHUS 3a1a4;

-UCII0JIB30BATh TCOPETUUCCKUEC U METOJUYCCKHUEC MMOAXOAbI, O6CY)KI[aeMI)IC B KypcCe

BJIaJIeTh:

- METOJIMKAMH TUTAHUPOBAHUS U Pa3pa0OTKH CXEMbl MEIUKO-OMOJIOTHYECKUX SKCIIEPUMEHTOB;
-OCHOBHBIMHU METOJaMH JTA00PATOPHO-OMOXMMHUYECKON 1 HHCTPYMEHTAIBHON TUarHOCTUKH;
-CTIEKTPOPOTOMETPUIECKUM aHATTU30M PA3TUIHBIX OMOJIOTUUECKUX CHCTEM;

-MCTOdaMHU (bnyopecueHTHoro, XCMHIIFTOMHUHCCIICHTHOI'O aHaJIn3a



Tembl U pa3aennbl Kypca:
1. ®uszuveckrue oCHOBBI (hITyOPECIICHITUN

Ousnyeckue OcCHOBBI (Quiyopecuennuu. Jluarpamma S6moHCKOro. CTOKCOBCKHIA —CJIBWT.
®dochopecuennus. oromerpagarus.

2. Cxema ¢u1yopeclieHTHOTO MUKPOCKOTIa
Cxema (uryopectieHTHOr0 MUKpockomna. KordokanpHbIii MEUKpocKor. Spinning disc MUKPOCKOII.
3. OcuoBHble TUIIH (h1yopodopoB

OcHoBHble TUTBI (PIIyopoOpoB, MX CBOWCTBA, MpPEUMYIIECTBA U HEAOCTaTKU. CBS3b MEXKIY
pa3MepoM COMPSKEHHOM CHCTEMBI M CHEKTPOM (hIyopecleHIIun opraHudeckux (Gpayopodopos.
OcHOBHBIE JOCTOMHCTBA M HEAOCTAaTKU (PIyOpPECHEHTHON MHUKPOCKOIUU [0 CPABHEHHUIO C
JPYTMMH METOJIaMU UMa/I)KUHTA KUBBIX CUCTEM.

4. MeTobl ITyopeclieHTHOTO MeUeHUs OETTKOB

Metonsl hiyopeciieHTHOro MeueHHs OeIKOB in vitro u in vivo. diayopecieHTHbIE OeNKH.
5. Metozs! (hayopeclieHTHOM MOKPacKu OpraHes

Mertoas! piryopeciieHTHON TOKPAaCKU OpPraHesul B 3YKApUOTHYECKOM KIIETKE.

Bpewms sxxusznu guyopecuenunu. Metoq FLIM: cxema skcriepuMeHTa, IpUMEHEHUSI.

UyBCTBUTEIBHBIE K OKPYXEHHUIO (DiryopectieHTHbIe ceHcophl. Kakue mapameTpsl GuryopecueHInu
MOTYT 3aBUCETh OT OKpYykeHHs (piryopodopa? [Tpumepsr n3mepsieMbIx HU3NIECKUX BEINIHH.

6. OEpcTepOBCKUI IEPEHOC YHEPTUHU

OépcrepoBeknii nepeHoc sHeprun (ayopecteniuu - FRET. YcnoBue Ha goHOp U akienTop,
3aBUCUMOCTH 3(PeKkTuBHOCTU NIepeHoca oT paccrosiHud. M3mepenne FRET — Bo3MokHbIE CXEMBI
skcniepumenTa. FRET-cencopel. Single-molecule FRET: wu3yuenne koHdopmannoHHON
JTUHAMHUKU OMOMOJIEKYII.

7. AndpakiMOHHBIN IIpeen pa3peieHus

Hudpaxuonnslii npenen paspemenus. [loustue point spread function (PSF). [lexonBomtonus
M300paKeHMIi: TeopeTHdYecKasi OCHOBA METO/Ia U OTPAHUUYEHUSI.

8. Meton nonHoro BHyTpeHHero orpakenust TIRF

Meron mnonHoro BHyTpeHHero ortpaxeHus TIRF. ®usnyeckue OCHOBBI, NPUMEHEHUS U
HepocTaTku. Meton nByx(GoToHHOTO BO30OyxkaeHHs ¢dayopecueniiuu 2PE. JloctomHcTBa U
00JacTh MpUMEHEHHUS.

9. Meton 4Pi yBennueHus pa3perieHnst B MUKPOCKOITHH

Merton 4Pi yBenuuenus paspenieHust B MUKpockonuu. Cxema ycTaHOBKH. MeToJ] MUKPOCKOITHU
ceeroBoro jnucra (light sheet microscopy). Cxema yCTaHOBKH, OCHOBHBIE JOCTOMHCTBA U
PUMEHEHHS.

10. Meroabl MUKpPOCKOIIMY CBEPXBBICOKOrO paspemienus STED



Metoapl Mukpockonuu cBepxBbicokoro pazpemeruss STED (Stimulated emission depletion),
GSD (Ground state depletion), RESOLFT (Reversible Saturable Optical Fluorescence
Transitions). ®@u3uvecKkrue OCHOBBI, TOCTAHOBKA YKCIICPUMEHTA, IOCTOMHCTBA U OTPAHUYCHUSI.

11. Meroabl MUKPOCKOIIMM CBEPXBBICOKOIO paspeuieHus SIM

MeToapl MUKPOCKOIIHH CBEPXBBICOKOTO paszpemienus SIM (Structured Illumination Microscopy),
SSIM (Saturated Structured Illumination Microscopy). IlpuHIMD mOMy4YeHUsS BBIMTPHIIIA B
pa3penieHun.

12. Meroabl MUKPOCKOIIMU CBEPXBBICOKOIO paspewmeHuss PALM

Metoapl MHKpPOCKOTMH CBepxBbicokoro paspemenus PALM (Photoactivated Localization
Microscopy), STORM (Stochastic Optical Reconstruction Microscopy). OCHOBHOW MPUHIIHII.
[ToaroroBka 00pa3IoOB U MPOBEJACHNUE IKCIIEPUMEHTa. OrpaHHYCHHS.

13. Meronbl onpesieneHns Z-KOOpAUHATH B MUKPOCKOIIMHU € JIOKAJIU3aluell OJMHOYHBIX MOJIEKYJI

MeTtoasl omnpesienieHuss Z-KOOPAUHATH B MUKPOCKOMHH C JIOKATU3aluell OJMHOYHBIX MOJEKYI
(3D-Single Molecule Localization Microscopy; 3D-SMLM). 3agaua kiacTepHOTO aHaiu3a U
omnpezeneHus kouokaiauauu B SMLM.

14. TpekuHT OJUHOYHBIX MOJIEKYJ

TpekuHr oaMHOYHBIX MOJIEKYyJd. Bun xpusoil r2(t) uist pa3HbIX peXHMOB JBH)KEHUS MOJIEKYIL.
IIpeumyiecTBa U3BMEpEHNN Ha YPOBHE OJAMHOYHBIX MOJIEKYIL.

15. Meton FCS

Meton FCS (Fluorescence Correlation Spectroscopy). Onpeenenne KoppelssiuuoOHHON QYHKITHH,
3aBUCUMOCTh KPHUBOH KOPpEISLMH OT mapaMmeTpoB oOpas3iia. OCHOBHBbIE MpuUMeHeHUs. Merton
FCCS: fluorescence cross-correlation spectroscopy. MeToasl Mccle0BaHUS B3aUMOJICHCTBUN
Mexay Ounomonexymamu: ananu3 kojokanmzauuu, FRET, VN-VC cucrema (Bimolecular
fluorescence complementation), proximity ligation assay, TpeKuHT oluHOYHBIX MoJiekys, FCCS.



