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1. Write Unix commands to create a folder, to move it, and delete it.
2. Select is the extension of the file with reads (sequencing data) information?
a) gff
b) faa
c¢) fastq
d) gbk
3. What program can be used to filter reads from adapters?
a) Prokka
b) TOGA
c) QUAST
d) Trimmomatic

4. Which scale is used to record information about nucleotide quality in the read? This scale is
used to plot “Per base quality” in the FastQC program.

5. Which of the following parameters are related to the assessment of read quality?
a) adapter content
b) GC content
¢) quality of bases (nucleotides) in the sequence
d) the length of the largest contig

6. Arrange the following sequences in ascending order of length (from minimal to maximum):
contig, read, scaffold.

7. Arrange the steps of the genome assembly algorithm. In your answer, write a sequence of
letters without commas and spaces (for example: abcde).

a) scaffold assembly,

b) quality control of the assembly,
¢) library preparation,

d) quality control of reads,

e) assembly of contigs,

f) sequencing

8. Write at least three metrics for assessing the quality of genome assembly (for instance, from
the QUAST report).

9. Do you think this assembly can be considered of high quality? Explain your view point.



# contigs (>= @ bp)
# contigs (>= 1000 bp)
igs (>= 5000 bp)
# contigs (>= 10000 bp)
# contigs (>= 25009 bp)
# contigs (>= 5eee9 bp) 1
Total length (>= @ bp) 4646332
Total length (>= 100 bp) 4646332
Total length (>= 5080 bp) 4646332
Total length (>= 10000 bp) 4646332

Total length (>= 25000 bp) 4646332
Total length (>= Seeee bp) 4646332
# contigs 1
Largest contig 4646332
Total length 4646332
GC (%) 50.80

4646332

4646332
1
1

per 180 kbp

10. Name at least one tool to assess the quality of genome assembly.
I1. Write a Python command that outputs the string “Hello, World!”
12. What is x after x = 10; x += 1; x =x * 2 (Python)?

13. What types of RNA do you know?

14. How many genes are in the human genome?

a) 10.000 - 15.000
b) 20.000 - 25.000
¢) 30.000 - 35.000
d) 40.000 - 45.000

15. The bat and ball together cost $110. The price of the bat is $100 more than the ball. How
much is the ball price?

16. If the chance of getting sick is 20 out of 100, what is the percentage chance of getting sick?
17. What are polyT primers used for? What are polyA primers for?
18. Select the process of RNA synthesis from the DNA matrix?

a) replication
b) transcription
¢) translation
d) duplication
19. Which statement is used to interrupt an infinite loop in Python?
a) stop
b) continue

c) false
d) break

20. Which of these commands creates the file?

a) touch file.txt
b) less file.txt
¢) update file.txt
d) rm file.txt

21. What happens if a T > AG insertion occurs in the sequence (replacing one nucleotide with
two)? How might this affect transcription and data processing?

22. How are unknown nucleotides labeled in the sequence?



a) A
b) T
c) N
d) C
23. Which two parts has the nucleotide fasta file?
a) header and sequence
b) gene name and its length

¢) protein sequence and its function
d) start and stop codons

24. Which of the following is not a stop code?

a) UAA
b) UGG
c) UAG
d) UGA
25. Which organelle carries out protein synthesis by the RNA matrix?
26. What is the difference between prokaryotes and eukaryotes?
27. Which area of bioinformatics studies the totality of an organism's genes?

a) Metagenomics
b) Genomics
¢) Proteomics
d) Transcriptomics

28. Which instruction is used to declare functions in Python?

a) for

b) def

¢) func

d) function
29. Specify the name of the document that describes the rules for writing code in Python.
30. The combination of three consecutive nucleotides in a nucleic acid molecule is called:

a) duplex
b) trypanosoma
c) triplet

31. Expand the parentheses in the expression according to the order in which the expression is
evaluated (priority of operations):
aand b or not a and not b
32. Specify the result of the expression "354" + "67" (Python).
33. What is the resulting value of 1 + "ab"?
a) [13 ].ab95
b) lab
C) lﬁiabﬁﬁ
d) TypeError
34. Which Python function turns a list into a set?
35. Which of the following is not a variable name according to PEP8?

a) 123name
b) my-name
C) my_name



d) my name
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Molecular Biology and Biotechnology»

Part 1 - Molecular biology

The central dogma of molecular biology. Semi-conservative DNA replication.

Experiments that confirmed semi-conservative DNA replication.

2

Definition of the central dogma

Exceptions of the central dogma

Relation of a gene and the central dogma
Definition of transcription and translation
Role of DNA for data storage

Role of RNA for information transition

Role of proteins as effectors

Schematic description of a replication process
Experiments of Meselson and Stahl

Nucleosides, nucleotides and their examples. Purines and pyrimidines nitrogenous bases.

Biological roles of nucleotides in cells,

3,

Nucleosides and nucleotides: definitions and difference

Nucleotide composition of DNA and RNA

Difference of sugars in DNA and RNA

Difference of the free nucleotides and associated into a string
Purines and pyrimidines: structure and difference in hydrogen bonds
Roles of nucleotides in cell

The principles of DNA packaging in eukaryotic and prokaryotic cells. The structure of

nucleosomes.

Difference in nucleic acid location in pro and eukaryotic
Forms of DNA in the cell
DNA forms and stability, supercoiling

Histone types, nucleosome structure




— Regulation of expression through the nucleosomes and condensation
= Solenoid structure, chromosomal structure
4. The main types of RNA: structure and functions
— Main types of RNA and their functions
— mRNA: production and modification
— tRNA: structure and basic features
— rRNA in eukaryotic and prokaryotic organisms
— Conservative regions of features of RNA: locations and functions
— microRNA, snRNA, InRNA, minRNA: types and functions

3. Genetic code. The essence of genetic coding. Basic properties and universality of the
genetic code.

— GenCode definition
— Triplets in code
— Degeneration of code
— Universality of code
— Polarity of code
— Non-overlapping of code
— Unambiguousity of code
— ORF in code
— Stop codons
— Start codon
6. The structure of prokaryotic genes: coding sequence and promoter.
— Operonic structure of prokaryotic genes, introns in prokaryotes
— Polycistronic operon structure, role of RBS
— Promoter-operator relationship, role of promoter
— Start codon, genetic code modification
— Enhancers and silencers
7. The mosaic structure of eukaryotic genes (introns and exons), organization of promoters.

— Exon-intron structure, difference from prokaryotic organisms, alternative splicing,
mechanisms of splicing

— Gene clusters definition



8.

Transcription factors and its role
Structural elements of the promoter

Replication stages in prokaryotes: initiation, elongation and termination. Replication

enzymes of prokaryotes.

9.

Start of the synthesis, role of proteins in the preparation of DNA

Leading and lagging strand, difference, additional enzymes on the lagging strands
DNA-dependent DNA polymerase 3 type: subunits and their functions

Theta and rolling circle replication, difference

Replication stages in eukaryotes: initiation, elongation and termination. Replication

enzymes of eukaryotes: types and functions.

10.

Replication start in eukaryotes

Telomeres role and structure

Leading and lagging strands

Initiation of replication

Initiation of replication, cell cycle S-phase

€ and & polymerases

Differences between eu- and prokaryotic DNA

Transcription as an intermediate stage of gene expression. Stages of transcription

(initiation, elongation and termination).

11.

Definition of transcription

Role of promoter in the initiation of transcription, formation of the transcription bubble,
abortive initiation

Formation of the transcription bubble, abortive initiation

Transcription regulation in eukaryotes: transcription factors, enhancers, silencers
Special DNA sequences involved in transcription

RNA polymerases involved in prokaryotic and eukaryotic transcription
Elongation of transcription

Termination of transcription

Translation of proteins. Protein as a product of gene expression.

Definitions of translation, genetic code, and triplets

Levels of protein structure

Role of ribosomes in translation



12.

13.

14.

Initiation of translation

Start and stop codons

Elongation of translation

Termination of translation

Post-translational modifications

Protein folding

DNA repair mechanisms.

Consequences of DNA damage for the cell
Error-prone DNA polymerases (translation synthesis)
Base excision repair, nucleotide excision repair
Mismatch repair

Non-homologous end joining

Homologous recombination
Microhomology-mediated end joining

Accuracy of DNA repair mechanisms

Recombinant DNA technology: cloning vectors. Restriction enzymes and ligases.

Types of cloning vectors

Features of cloning vectors

Restriction endonucleases and ligases: definitions, usage for cloning vectors

Selection of transformed bacteria
Definition of cell competence
Confirmation of assembled vector structure
Expression vectors

Protein production via vectors

Polymerase chain reaction. Principle, variants, applications.

Definition of PCR

Stages of PCR

Description of PCR stages
Components needed for PCR
RT-PCR

PCR visualization, qPCR



13,

1.

PCR for the detection of mutations

PCR in practice

The chemical composition of proteins. Classification and properties of amino acids.
Chemical structure of proteins

Types of amino acid side chains

Zwitterions, charged states of amino acids

Influence of amino acids on protein structure

Motifs in proteins

Protein modifications

Part 2 - Microbiology

Bacterial taxonomy and nomenclature. Non-taxonomic groups: strains, serotypes.

Describe taxonomy and identify non-taxonomic groups (if possible) for Escherichia coli
O157:H7 and Lactobacillus sp. ATCC 15578.

2

Description of all taxonomic units

Definition of strain

Definition of serotype

Description of E.coli and Lactobacillus strain/serotype

Define main ecological groups of bacteria depending on oxygen presence. What

techniques can be used for cultivation of anaerobes? What techniques can be used to increase
oxygenation for aerobes? Provide examples of aerobic and anaerobic organisms.

3.

Definitions of ecological groups of bacteria depending on oxygen presence
Examples of techniques for anaerobes cultivation

Examples of techniques for aerobic cultivation

Define main ecological groups of bacteria depending on temperature and pH. Adaptations

to temperature: sigma factors, membrane fluidity, chaperones.

4.

Definitions of ecological groups of bacteria depending on temperature
Definitions of ecological groups of bacteria depending on pH

Description of each mechanism of adaptation with examples of specific molecules,
enzymes and systems

Define isolate, pure culture, strain. Describe purpose of use for following growth media:

general nutrient media, minimal media, enrichment media, selective media, differential media.
Describe steps of Gram staining and how it can be used for microorganism identification.

Definitions of isolate, pure culture, strain



— Description (purpose) for different types of growth media
— Description of Gram staining procedure and stains
~ Application of Gram staining

3, Bacterial cell wall. Draw a scheme and describe the structure of Gram positive and Gram
negative cell walls. Provide examples of two organisms for each group (different genera). On
scheme, identify periplasmic space, proteins, lipopolysaccharide, teichoic acid. Identify features
of Mycoplasma and Mycobacteria cell envelope. Do they stain by Gram staining? Provide at
least one example of Gram positive and Gram negative organisms, Mycoplasma, Mycobacteria.

— Composition of Gram negative cell wall and scheme

— Composition of Gram positive cell wall and scheme

— Description of Mycoplasma envelope and its composition

= Description of Mycobacteria cell envelope and its composition
— Examples of microorganisms for each group

6. What is a biofilm? Describe stages of biofilm formation. Name at least 3 components of
the biofilm matrix. Define biofilm subpopulations: fast growing, slow growing, persisters,
mutants.

— Biofilm definition

— Stages of biofilm formation

— Matrix components

~ Definition of 4 subpopulations

7. Give definitions of fed-batch culture, repeated fed-batch culture, batch culture,
continuous culture. Draw a standard bacterial growth curve. Identify stages of growth. Describe

— Definitions of fed-batch culture, repeated fed-batch culture, batch culture, continuous
culture

— Scheme, names of each growth phase, analysis of each stage

— Definition of quorum sensing, description of its effect on bacterial culture growth

8. Describe bacterial cell division. What is a 7 ring? What is the difference between binary
fission and budding? Provide examples of bacteria which have binary and budding types of
division. What is a generation time?

— Description of bacterial cell division
— Zring description

— Binary fission of bacteria

— Budding of bacteria

— Examples of bacteria for each type of division




9.

Definition of generation time

Bacteriophages. Describe lytic and lysogenic life cycle. What is a prophage? Examples of

dsDNA and ssDNA bacteriophages. How bacteriophages P1 and T7 are used in genetic
engineering?

10.

Definition of bacteriophages

Description of lytic life cycle

Lysogenic life cycle

Definition of a prophage

Example of dsDNA and ssDNA bacteriophages

Bacteriophage P1 for temperature-dependent cell lysis

T7 bacteriophage promoter for increased rate of gene expression

Describe and draw schemes of 3 main types of horizontal gene transfer in prokaryotes.

Describe conditions of chemical transformation and electroporation. What are the features of
competent cells in comparison to other strains?

11.

Description and scheme for transformation
Conjugation

Transduction

Description of principle for chemical transformation
Description of principle for electroporation

Features of competent cells

Regulation of gene expression in bacteria. DNA folding, examples of histone-like

proteins. Sigma factors. Regulator operons: lac operon, tryptophan operon.

12.

Description of DNA, nucleoid and histone-like proteins (HU, HNS, SMC)
Definitions of sigma factors, their functioning with examples

Description of /ac operon functioning

Description of #p operon functioning

Antibiotics targets. Mechanisms of antibiotics resistance (at least 3). Definition of

multidrug antibiotics resistance. R plasmids.

Antibiotics targets
Corresponding mechanisms of resistance
Definition of multidrug resistance

Definition of R plasmid



13.

Examples of antibiotics and their targets (at least 5). Bacteriocins: source, function.

Antimicrobial peptides: source, function. Quorum quenchers: source, function.

14.

Examples of antibiotics and their targets
Sources and mechanisms of bacteriocins
Sources and mechanism of AMP
Sources and mechanism of QQ

Bacterial antigens (O-, H-, Vi-antigen). Pathogenicity, virulence, attenuation. Virulence

factors, pathogenicity islands. Colonization and invasion.

la.

Definition of O-, H-, Vi-antigen

Definition of pathogenicity, virulence, attenuation
Definition of virulence factors, pathogenicity islands
Colonization and invasion

Definition and difference between microbiota and microbiome. Dysbiosis. Probiotics and

prebiotics. Commensal and conditionally pathogenic bacteria. Mechanisms of regulation of
intestinal microbiota composition (at least 3).

1;

Definition of microbiota and microbiome
Definition of dysbiosis, probiotics and prebiotics
Definition of commensal and conditionally pathogenic bacteria

Mechanisms of regulation of intestinal microbiota composition

Part 3 — Cell biology

Provide the structure of a eukaryotic cell. Name non-membrane, single-membrane and

double layered organelles. Briefly describe their main functions.

Mitochondria: structure and functions

Endoplasmic reticulum: structure and functions

Golgi complex: structure and functions

Cytoplasmic membrane: structure and functions

Nucleus: structure and functions

Centriole, purinosome, etc: structure and functions

Describe the structure of a eukaryotic nucleus and its membrane.
Nuclear envelope, lamina: structure and functions

Nuclear transport description



Karyoplasm, nucleolus: structure and functions

3. Provide a scheme of human cell cycle. What are the main phases and regulators of the
cell cycle?

— Definition of interphase and mitosis

— Main phases of cell cycle and their features

— Regulation of cell cycle progression by CDK complexes
4. Describe stages of mitotic cell division of a eukaryotic cell. What are the main phases and

their characteristics?

x

Definition of karyokinesis and cytokinesis
Phases of karyokinesis and their features

Describe an anaerobic glucose oxidation process. How glucose is transported to the cell?

What are the steps and products of glycolysis?

6.

Constant and insulin-dependent glucose transporters
Hexokinase, aldolase, GAPDH and their reactions in glycolysis
Other participating enzymes and their reactions

Provide a scheme of tricarboxylic acid cycle with its stages and compounds. Describe

main functions of the cycle in the cell.

|

7.

Sequence of a cycle stages

Formula of citrate, a-ketoglutarate, succinate, oxaloacetate
Formula of cis-aconitate, isocitrate, succinyl-CoA, fumarate, malate
Role of a compound in cell metabolism

Describe oxidative phosphorylation and its main stages. What are the complexes of the

electron transport chain and what are their functions?

8.

Full name, function and features of Complex I
Full name, function and features of Complex II
Full name, function and features of Complex III
Full name, function and features of Complex IV
Full name, function and features of Complex V

Provide names and structures of non-essential and conditionally essential amino acids.

Where does the biosynthesis of them take part inside the cell?

Name and structure of amino acid



— Location and enzymatic process of biosynthesis

9,

Describe types and mechanisms of membrane transport. Provide examples of compounds

transported by each type.

10.

Description of membrane transport mechanism
Examples of compounds transported by each listed mechanism

Draw a scheme of a typical optical microscope. What are the main parts of it? What is the

principle of image production in brightfield, darkfield and phase-contrast microscopes?

11:

Components of a conventional microscope and their functions
Principle of brightfield microscopy

Principle of darkfield microscopy

Principle of phase-contrast microscopy

What is the principle of enzymatic reaction? Provide a formula of Michaelis—Menten

equation. How is this equation obtained, what is the Michaelis—Menten constant?

12,

Scheme of a typical enzymatic reaction

Michaelis—-Menten equation for enzymatic reaction

Plot of reaction rate vs substrate concentration dependence

Michaelis constant definition

Differential representation of enzymatic reaction rate and its derivation

Signal transduction in human cells. What are primary transducers, receptors and

secondary transducers? Provide examples.

13,

Definition of signal transduction

Features of primary transducers

Features of receptors

Features of secondary transducers

Examples of transducers and receptors, their cascades

Provide the main principle of optical absorbance and fluorescence in terms of

applications in molecular biology.

Definition of optical absorbance, Beer—Lambert law and its formulation
Additivity (linear combination) of optical absorbance in mixtures
The use of optical absorbance in molecular biology studies

Definition of fluorescence in terms of energy during nonradiative transition



— Stokes shift illustration on a wavelength vs intensity plot
— The use of fluorescence in molecular biology studies

14. Name B vitamins and their role in human cellular metabolism.
— Name of vitamin B

= Role in human cellular metabolism
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structure and functions.

functions

38 KaxblH MyHKT (OCHOBHbLIE
THnbl PHK / ux pynkuin)

Bonpoc/zanauue Kpurepnii* Konuyecrso 6anaos**
MPOMEKYTOYHOE HTOr0BOE
Part 1 - Molecular biology
1. The central dogma of Definition of the central dogma - 1
molecular biology. Semi- Exceptions of the central dogma . 1
conservative DNA Relation of a gene and the central - 1
replication. Experiments that d
confirmed semi-conservative | 9°8Ma
DNA replication. Definition of transcription and 0,5 1
translation 3a Ka)knoe onpeneneHue
Role of DNA for data storage - !
Role of RNA for information - 1
transition
Role of proteins as effectors - 1
Schematic description of a - 1
replication process
Experiments of Meselson and - 2
Stahl
2. Nucleosides, nucleotides Nucleosides and nucleotides: 0,67 2
and their examples. Purines | definitions and difference 3a KaXa0e onpeneneHue
and pyrimidines nitrogenous 0,67
bases. Biological roles of 33 Ha3BaHHe OTNHYHIi
nucleotides in cells. Nucleotide composition of DNA - 1
and RNA
Difference of sugars in DNA and - 1
RNA
Difference of the free nucleotides - 1
and associated into a string
Purines and pyrimidines: structure 1,5 3
and difference in hydrogen bonds | 3a kasusiis MYHKT (CTpYKTypa
/ Ha3BaHue OTJIHY Hif)
Roles of nucleotides in cell - 2
3. The principles of DNA Difference in nucleic acid - 1
packaging in eukaryotic and | location in pro and eukaryotic
prokaryotic cells. The Forms of DNA in the cell - 1
structure of nucleosomes. DNA forms and stability, 1 2
supercoiling 3a Kaxablit myHkT (hopmer u
crabunbHocts JIHK /
CYNepPCKpyUYMBaHHeE)
Histone types, nucleosome 1 2
structure 38 KaXKIbIH MYHKT (THMBI
THCTOHOB / CTPYKTYpa
HYKJIeocoM)
Regulation of expression through - 2
the nucleosomes and
condensation
Solenoid structure, chromosomal 1 2
structure 32 KaXIBIH MyHKT (CTPYKTYypa
COJIEHOMAA / CTPYKTypa
XpoMOcoM)
4. The main types of RNA: Main types of RNA, their 1 2




mRNA: production and 1 2
modification 3a Kbl MyHKT
(nonmyuernue MPHK /
Moaudukaums)
tRNA: structure and basic 0,5 ]
features 3@ KaXKIbli MyHKT (CTPYKTYpa
TPHK / ocHOBHbIE
XapaKTEPHCTHKH)
rRNA in eukaryotic and 1 2
prokaryotic organisms 3a Kaxbli myHkT (pPHK B
JIYKapHOTHYECKHX KeTKax /
pPHK B npokapuoTHyeckux
KIeTkax
Conservative regions of features 0,5 1
of RNA: locations and functions 3a Kaw bl MyHKT
(pacnonoxenue
KOHCEpBaTHBHBIX o0nacTe /
HX (PYHKLHH)
microRNA, snRNA, InRNA, - 2
minRNA: types and functions
5. Genetic code. The essence | GenCode definition - 1
of genetic coding. Basic Triplets in code - 1
properties and universality of | Degeneration of code - 1
the genetic code. Universality of code . 1
Polarity of code - 1
Non-overlapping of code - 1
Unambiguousity of code - 1
ORF in code - 1
Stop codons - 1
Start codon - 1
6. The structure of Operonic structure of prokaryotic - 1
prokaryotic genes: coding genes, introns in prokaryotes
sequence and promoter. Polycistronic operon structure, 1 2
role of RBS 3a KaKIblH MyHKT (CTPyKTypa
MOJIMLUMCTPOHHOIO OfnepoHa /
poib
pHOOCOMOCBSA3LIBAIOILIETO
LeHTpa)
Promoter-operator relationship, 1.5 3
role of promoter 3@ KaXKabli MyHKT (CBA3b
NMpoMoyTep-onepaTop / poib
NpoMoyTepa)
Start codon, genetic code ] 2
modification 3a KaXIblif [y HKT
(cTapToBBIi KOMOH /
MoIH(UKauHus
reHeTHYECKOro Koaa)
Enhancers and silencers 1 2
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from prokaryotic organisms,
alternative splicing, mechanisms
of splicing
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MPOKAPHOTHYECKHUX




OpraHu3Mos /
anbTEPHATUBHbIH criaiicuHr
/ MeXaHH3Mbl CrIaiicHHra)

Gene clusters definition

Transcription factors and its role

1
33 Kax sl nyHKT ((akTopsl
TPAHCKPHUILKK / X POJib)

Structural elements of the
promoter

8. Replication stages in
prokaryotes: initiation,
elongation and termination,
Replication enzymes of
prokaryotes.

Start of the synthesis, role of
proteins in the preparation of
DNA

1
3a KawKablit MyHKT (Hayano
cuHTe3a / pons GeskoB B
nonyuenun JTHK)

Leading and lagging strand,
difference, additional enzymes on
the lagging strands

1
3a KaxIbli MyHKT (BeayLuas
M OTCTaIOLLAA HUTH / uX
pasHULA / JOTIONHUTENEHbIE
(epMEHTHI Ha OTCTAIOLIHX
HHUTAX)

DNA-dependent DNA
polymerase 3 type: subunits and
their functions

1.5
3a KaXKIbl# MyHKT
(cybbennnuusl hepmenta /
HX (YHKUMH)

Theta and rolling circle
replication, difference

0,67
3a OMpe/Ie/IeHHe Kaxka0ro
BHA periMKalnu

0,67
3a Ha3BaHHWe OTJIMYMII

9. Replication stages in
eukaryotes: initiation,
elongation and termination.
Replication enzymes of
eukaryotes: types and
functions.

Replication start in eukaryotes

Telomeres: role and structure

1
3a KablH Ny HKT (posib
TEJIOMEPOB / UX CTPYKTYpa)

Leading and lagging strands

0,5
3a Ka)K[10€ onpesesieHne

Initiation of replication

Initiation of replication, cell cycle
S-phase

1
3a Ka)Iblil MyHKT
(MHMUMAUMA pennukaumu / S-
tbaza kneTouHoro umkna)

g€ and § polymerases

1
3a Kax10€e OonpeneneHne

Differences between eu- and
prokaryotic DNA

10. Transcription as an
intermediate stage of gene
expression. Stages of
transcription (initiation,

elongation and termination).

Definition of transcription

Role of promoter in the initiation
of transcription, formation of the
transcription bubble, abortive
initiation

0,67
3a Kaxablid NyHKT (posib
npomoyTepa / (hopMHUpOBaHHe
TPAHCKPHILIMOHHOIO MMy3bIps
/ MpepBaHHas HHULMALIA)

Transcription regulation in
eukaryotes: transcription factors,
enhancers, silencers

0,33
3a Kaxabli nyHKT (pakTopsl
TPaHCKPHIMLUUH, YCHITUTENH,
Y LUWTEJH)

Special DNA sequences involved




in transcription

RNA polymerases involved in
prokaryotic and eukaryotic
transcription

1
3a kawablit nyHkT (PHK
nosMMepasa, y4yacTByoIas B
TPAHCKPHILHH NMPOKapHoOT / B
TPAHCKPHUMLHH 3YKapHOT)

Elongation of transcription

Termination of transcription

11. Translation of proteins.
Protein as a product of gene
expression.

Definitions of translation, genetic
code, and triplets

0,33
3a KaKIoe onpeneneHne

—

Levels of protein structure

Role of ribosomes in translation

Initiation of translation

Start and stop codons

Elongation of translation

Termination of translation

Post-translational modifications

Protein folding

12. DNA repair mechanisms.

Consequences of DNA damage
for the cell

p | | i | | et | i ] v o | D

Error-prone DNA polymerases
(translation synthesis)

Base excision repair, nucleotide
excision repair

1
3a Kaxablil MyHKT
(3KCUM3HOHHAA penapauus
ocHosaHui JTHK /
HYKIE€OTHAOB)

Mismatch repair

Non-homologous end joining

Homologous recombination

Microhomology-mediated end
joining

Accuracy of DNA repair
mechanisms

13. Recombinant DNA
Technology: cloning vectors.
Restriction enzymes and
ligases.

Types of cloning vectors

Features of cloning vectors

Restriction endonucleases and
ligases: definitions, usage for
cloning vectors

0,67
3a KaK[0e onpeaefeH1e

0,67
32 OMHCAHHE HCIOJIL30BAHMA

Selection of transformed bacteria

Definition of cell competence

Confirmation of assembled vector
structure

Expression vectors

Protein production via vectors

14. Polymerase chain
reaction. Principle, variants,
applications.

Definition of PCR

Stages of PCR

Description of PCR stages

0,33
3a OMHCAHHE KaXKI0ro 3Tana

—_—] =] =] ] —

Components needed for PCR

RT-PCR

PCR visualization, qPCR

1




38 Ka¥KIbIH MYHKT
(Bu3yanusaums [TL{P /
KonuyectseHHas ITL[P)

PCR for the detection of - 2
mutations
PCR in practice - 1
15. The chemical Chemical structure of proteins - 1
composition of proteins. Types of amino acid side chains . 3
Classification and properties Zwitterions, charged states of - 1
of amino acids. amino acids
Influence of amino acids on - 1
protein structure
Motifs in proteins - 2
Protein modifications - 2
Part 2 - Microbiology
1. Bacterial taxonomy and Description of all taxonomic units 1 6
nomenclature. Non- 3a OMUCaHKe Kaxaoi
taxonomic groups: strains, TAKCOHOMHYECKOH € IMHHLIBI
serotypes. Describe Definition of strain - 1,5
taxonomy and identify non- | Definition of serotype - 1,5
taxonomic groups (if Description of £.coli and 0,5 1
possible) for Escherichia coli | [ acrobacillus strain/serotype 38 OMUCAHNE KasA0r0 BUIA
O157:H7 and Lactobacillus GakTepwit
sp. ATCC 15578.
2. Define main ecological Definitions of ecological groups 1 5
groups of bacteria depending | of bacteria depending on oxygen 3a OMHCaHHWe Kaka0i rpymnmel
on oxygen presence. What presence
techniques can be used for Examples of techniques for 0,22 2
cultivation of anaerobes? anaerobes cultivation 3a Kaykablif npumep
What techniques can be used Examples of techniques for 1 3
to increase oxygenation for | aerobic cultivation 3a Kaxblil npumep
aerobes? Provide examples
of aerobic and anaerobic
organisms,
3. Define main ecological Definitions of ecological groups 0,43 3
groups of bacteria depending | of bacteria depending on 3a onuMcaHHe Kax10i rpynmel
on temperature and pH. temperature
Adaptations to temperature: | Definitions of ecological groups 0,5 4
sigma factors, membrane of bacteria depending on pH 3 OMMCaHHe Kaxa0ii rpynmsl
fluidity, chaperones. Description of each mechanism of 1 3
adaptation with examples of 33 ONMCaHHe Kaxaoro
specific molecules, enzymes and MeXaHH3Ma
systems
4. Define isolate, pure Definitions of isolate, pure 1 3
culture, strain. Describe culture, strain 3a KaXkaoe onpeaeneHue
purpose of use for following Description (purpose) for 1 5
growth media: general different types of growth media 32 Kam/10e OnucaHte
nutrient media, minimal Description of Gram staining - 1,5
media, enrichment media, procedure and stains
selective media, differential Application of Gram staining & 0,5

media. Describe steps of
Gram staining and how it can
be used for microorganism
identification.




5. Bacterial cell wall. Draw a
scheme and describe the
structure of Gram positive
and Gram negative cell
walls. Provide examples of
two organisms for each
group (different genera). On
scheme, identify periplasmic
space, proteins,
lipopolysaccharide, teichoic
acid. Identify features of
Mycoplasma and
Mycobacteria cell envelope.
Do they stain by Gram
staining? Provide at least one
example of Gram positive
and Gram negative
organisms, Mycoplasma,
Mycobacteria.

6. What is a biofilm?
Describe stages of biofilm
formation, Name at least 3
components of the biofilm
matrix. Define biofilm
subpopulations: fast
growing, slow growing,
persisters, mutants,

7. Give definitions of fed-
batch culture, repeated fed-
batch culture, batch culture,
continuous culture. Draw a
standard bacterial growth
curve. Identify stages of
growth. Describe level of
protein synthesis and number
of live and dead cells on
each stage. What is quorum
sensing and how it affects
culture growth?

8. Describe bacterial cell
division. What is a Z ring?
What is the difference
between binary fission and
budding? Provide examples
of bacteria which have
binary and budding types of
division. What is a
generation time?

9. Bacteriophages. Describe
Iytic and lysogenic life cycle.
What is a prophage?
Examples of dsDNA and
ﬂDNA bacteriophages. How

Composition of Gram negative 0,25 2
cell wall and scheme 3@ Ha3BaHHe Ka/10ro
KOMIOHEHTa
0,25
3a cXeMaTHYHOe
u300paxkeHHe Kakaoro
KOMIOHEHTa
Composition of Gram positive 0,25 2
cell wall and scheme 3a Ha3BaHHE KaX10ro
KOMIOHEeHTa
0,25
3a CXeMaTHYHOe
H3o0paxeHne kaxaoro
KOMMOHEHTa
Description of Mycoplasma - 2
envelope and its composition
Description of Mycobacteria cell - 2
envelope and its composition
Examples of microorganisms for 0,5 2
each group 3a K&Kl npumep
Biofilm definition 1 1
Stages of biofilm formation 0,8 4
3a ONHCaHWe Kaknoii ctaguu
Matrix components 0,6 3
3a Ha3BaHWE Kaa0TO
KOMIOHEHTa
Definition of 4 subpopulations 0,5 2
3a KaX10€ onpe/eseHue
Definitions of fed-batch culture, I 32 kaxn0e onpenenenne 4
repeated fed-batch culture, batch
culture, continuous culture
Scheme, names of each growth 1 4
phase, analysis of each stage 3a OMmUcaHue Kaxaoii dassl
Definition of quorum sensing, 1 2
description of its effect on 38 KB myHKT
bacterial culture growth (onpenenerue uyBcTsa
KBOpyMa / onicanue ero
BIIUAHHA Ha poCT
GakrepranbHoii KybTypeI)
Description of bacterial cel] - 1
division
Z ring description - 2
Binary fission of bacteria - 2
Budding of bacteria - 2
Examples of bacteria for each 0,5 2
type of division 3a KK ablH npumep
Definition of generation time - 1
Definition of bacteriophages - 1
Description of Iytic life cycle - 2
Lysogenic life cycle - 2
Definition of a prophage - 1
Example of dsDNA and ssDNA 0,5 2




bacteriophages P1 and T7
are used in genetic
engineering?

bacteriophages

3a Kawkablil npuMep

Bacteriophage P1 for
temperature-dependent cell lysis

T7 bacteriophage promoter for
increased rate of gene expression

10. Describe and draw
schemes of 3 main types of
horizontal gene transfer in
prokaryotes. Describe
conditions of chemical
transformation and
electroporation. What are the
features of competent cells in
comparison to other strains?

Description and scheme for
transformation

Conjugation

Transduction

Description of principle for
chemical transformation

Description of principle for
electroporation

Features of competent cells 0.4
33 Ka Iy 0coOeHHOCTh
11. Regulation of gene Description of DNA, nucleoid and 0,67
expression in bacteria. DNA | histone-like proteins (HU, HNS, 3a OMHUCAHKE KA} AO0ro
folding, examples of histone- | SMC) obbekTa

like proteins. Sigma factors.
Regulator operons: lac
operon, tryptophan operon.

Definitions of sigma factors, their
functioning with examples

1
33 KayKIbli MyHKT
(onpenenexue curma-
(akTopos / ux
(YHKUHOHHPOBaHHE ¢
npUMepamu)

Description of /ac operon
functioning

Description of trp operon
functioning

12. Antibiotics targets.
Mechanisms of antibiotics
resistance (at least 3).
Definition of multidrug
antibiotics resistance, R

Antibiotics targets

1
3a KaIbli npumep

Corresponding mechanisms of
resistance

1
32 OMUCAHHE KaXJ0ro

MeXaHH3Ma
plasmids. Definition of multidrug resistance -
Definition of R plasmid -
13. Examples of antibiotics Examples of antibiotics and their 0,5
and their targets (at least 5). | targets 3a Kax[bli npumep
Bacteriocins: source, aHTHOHOTHKA
function. Antimicrobial 0,5

peptides: source, function.
Quorum quenchers: source,
function.

33 Ha3BaHHe MHUILLIEeHE
Ka)KIoro aHtTuOMoTHKA

Bacteriocins: sources and
mechanisms

1
338 K&XKIblH MyHKT
(MCTOYHMKM BaKTEPUOLHHOB /
MEXaHH3Mbl X JelicTBUA)

AMP: sources and mechanisms

1
3a Kayablil MyHKT
(MCTOYHHKH aHTHMHKPOGHBIX
NeNnTHAOB / MEXaHH3Mbl MX
neicTBHA)

QQ: sources and mechanisms

0,5
33 KawablH MyHKT
(MCTOUHMKH CPeNICTB ans
NoJaBlIeHHs KBOpyMa /




MEXaHHU3MbI UX AeHCTBHS)

and functions

3a OMHUCAHHE CTPYKTYPhI
Ka¥KJ10r0 MpUMepa

14. Bacterial antigens (O-, Definition of O-, H-, Vi-antigen 1 3
H-, Vi-antigen). 33 Ka<10e onpeaeneHue
Pathogenicity, virulence, Definition of pathogenicity, 1 3
attenuation. Virulence virulence, attenuation 3a KaJKJI0€ onpejesieHne
factors, pathogenicity Definition of virulence factors, 1 2
islands. Colonization and pathogenicity islands 32 KaXJ10€ OrnpeenenHue
invasion. Colonization, invasion 1 2
3a KaXkKJ10e Onpe/esieHune
15. Definition and difference | Definition of microbiota and 1 2
between microbiota and microbiome 34 Ka)K[I0e onpenesneHue
microbiome. Dysbiosis. Definition of dysbiosis, probiotics 1 3
Probiotics and prebiotics. and prebiotics 32 Ka¥1o0e onpenesneHue
Commensal and Definition of commensal and | 2
conditionally pathogenic conditionally pathogenic bacteria 3a Ka)K10€ onpeneneHue
bacteria. Mechanisms of Mechanisms of regulation of 1 3
regulation of intestinal intestinal microbiota composition 33 OMUCAHHE KAXKIOro
microbiota composition (at MexaHH3Ma
least 3).
Part 3 — Cell biology
1. Provide the structure of a Mitochondria: structure and l 2
eukaryotic cell. Name non- functions 3a Kaablil myHKT (CTpYKTypa
membrane, single-membrane MHTOXOHAPHH / UX QYHKLHMHK)
and double layered Endoplasmic reticulum: structure 0,75 1.5
organelles. Briefly describe and functions 3a KaXAbli MyHKT (CTpyKTYpa
their main functions. 3HIOMIa3MaTHYECKOTO
petHKynyma / ero GyHkunm)
Golgi complex: structure and 0,75 1,5
functions 3a KaXKABIA Ny HKT (CTpYKTYpa
annapata [onbaxu / ero
hyHKLMN)
Cytoplasmic membrane: structure 0,75 1,5
and functions 3a KaXKIbIH MyHKT (CTPYKTYpa
LHTOIIa3MaTHYECKOIH
MemOpaHsi / ee hyHKUMK)
Nucleus: structure and functions 0,75 1,5
3a KaKIblH MyHKT (CTpyKTYypa
Anpa / ero pyHKuUn#)
Centriole, purinosome, etc: 0,5 2
structure and functions 3 OTHCAHHUE CTPYKTYPBI
Ka)JI0ro npuMepa
0,5
3a onucaHue PyHKUMil
K&XKJI0TO0 MpHUMepa
2. Describe the structure of a | Nuclear envelope, lamina: 1 4
eukaryotic nucleus and its structure and functions 3a OMUcaHue CTPYKTYphI
membrane. Ka)<aoro npumepa
l
3a onucaHue GyHKuui
KaK10ro npHMepa
Nuclear transport description - 3
Karyoplasm, nucleolus: structure 0,75 3




0,75
3a onucaHue QyHKLUHI
KaXJ0ro npumepa

3. Provide a scheme of
human cell cycle. What are

Definition of interphase and
mitosis

0,5
3a KaXK[10€ oTpeeneHue

the main phases and Main phases of cell cycle and 1 6
regulators of the cell cycle? their features 3a Ha3BaHUe Kax 1ol da3sl
]
3a onucaHue ocoOeHHocTel
Kaxnoii Qasbl
Regulation of cell cycle 1 3
progression by CDK complexes 3a Kbl npumep
4. Describe stages of mitotic | Definition of karyokinesis and 1 2
cell division of a eukaryotic | cytokinesis 3a KaxJ10€e OrpeaeseHute
cell. What are the main Phases of karyokinesis and their 1 8
phases and their features 3a Ha3BaHHe KaxIol da3bl
characteristics? 1
3a onucaHue ocobenHocTel
Ka10# (a3bl
3. Describe an anaerobic Constant and insulin-dependent 1 2
glucose oxidation process. glucose transporters 3a KaK10€ ompeeeHue
How is glucose transported Hexokinase, aldolase, GAPDH 1 6
to the cell? What are the and their reactions in glycolysis 33 ONHCAHHE KaxKa0ro
steps and products of tbepmenTa
glycolysis? 1
33 ONMCAaHME peakuuil B
FIMKOTH3E KaXI0ro
depmenTa
Other participating enzymes and 0,5 2
their reactions 33 OMUCAHHE Kak/0ro
¢bepmenTa
0,5
3a ONHCaHHe peakuuii
Kaxaoro epmeHTa
6. Provide a scheme of Sequence of a cycle stages - 2
tricarboxylic acid cycle with | Formula of citrate, a- 0,75 3
its stages and compounds. ketoglutarate, succinate, 3a Kaxayro Gopmyny
Describe main functions of oxaloacetate
the cycle in the cell. Formula of cis-aconitate, 0,6 3
isocitrate, succinyl-CoA, 3a Kaxayro hopmyny
fumarate, malate
Role of a compound in cell 0,5 2
metabolism 3a KaKIblil Mpumep
7. Describe oxidative Full name, function and features 0,67 2
phosphorylation and its main | of Complex I 3a Kax</iblil MyHKT (Ha3BaHue
stages. What are the Kommiekca / GyHkunnm /
complexes of the electron 0Cc0OEHHOCTH)
transport chain and what are | Full name, function and features 0,33 1
their functions? of Complex II 3@ Kax bl MyHKT (Ha3BaHue
Komnekca / QyHKLMH /
0Cco0EeHHOCTH)
Full name, function and features 0,67 2

of Complex 111

3a KaXbli MyHKT (Ha3BaHue
KoMmnaexca / gyHkumu /




0coDeHHOCTH)

Full name, function and features 0,67 2
of Complex IV 3a Kaxabli NyHKT (Ha3BaHHe
komrexca / GpyHkumm /
ocobeHHOCTH)
Full name, function and features 1 3
of Complex V 3a Kaw/blil MyHKT (Ha3BaHHe
Kommiekca / pyHkuuu /
0CcO0EHHOCTH)
8. Provide names and Name and structure of amino acid 0,25 7
structures of non-essential 3a Ha3BaHWE KaXIon
and conditionally essential AMUHOKHCIIOTHI
amino acids. Where does the 0,25
biosynthesis of them take 3a ONUCAHKUE CTPYKTYPhl
part inside the cell? Ka)10H aMHHOKHCIIOTBI
Location and enzymatic process 1,5 3
of biosynthesis 38 KaKIbli MyHKT
(MecTOnonoMkeHue
6uocuHTesa /
(depmeHTaTHBHBIH MpoLecc)
9. Describe types and Description of membrane 1,5 6
mechanisms of membrane transport mechanism 3a OMHUCAHHe Ka)a0ro
transport. Provide examples MeXaHH3Ma
of compounds transported by | Examples of compounds 1 4
each type. transported by each listed 3a KaX bl mpuMep
mechanism
10. Draw a scheme of a Components of a conventional 1 2
typical optical microscope. microscope and their functions 3@ Ka)<abli MyHKT
What are the main parts of (coctaBnstolLMe MUKpPOCKONA
it? What is the principle of / uX dyHKUAH)
image production in Principle of brightfield - 2
brightfield, darkfield and microscopy
phase-contrast microscopes? | Principle of darkfield microscopy . 2
Principle of phase-contrast - 4
microscopy
I'1. What is the principle of Scheme of a typical enzymatic - 1
enzymatic reaction? Provide | reaction
a formula of Michaelis— Michaelis—Menten equation for - 1
Menten equation. How is this | enzymatic reaction
equation obtained, what is Plot of reaction rate vs substrate - 2
the Michaelis—-Menten concentration dependence
constant? Michaelis constant definition - 2
Differential representation of - 4
enzymatic reaction rate and its
derivation
12. Signal transduction in Definition of signal transduction - 1
human cells. What are Features of primary transducers - 1
primary transducers, Features of receptors = 1
receptors and secondary Features of secondary transducers - 1
transducers? Provide Examples of transducers and 1,5 6

examples.

receptors, their cascades

3a Ka bl npuMep

13. Provide the main
principle of optical
absorbance and fluorescence

Definition of optical absorbance,
Beer—Lambert law and its
formulation




['in terms of applications in Additivity (linear combination) of - z |
molecular biology. optical absorbance in mixtures
The use of optical absorbance in -
molecular biology studies
Definition of fluorescence in - 2
terms of energy during
nonradiative transition

39

Stokes shift illustration on a - 1
wavelength vs intensity plot
The use of fluorescence in - 2
molecular biology studies
14, Name B vitamins and Name of vitamin B 0,5 2,5

their role in human cellular 3a Kbl npumep

metabolism, Role in human cellular 1,5 75
metabolism 3a Kakbli mpumep

[Tpumeuanue:
* YacTb Bonpoca/3anaumus, KOTOpYIO HEOOX0AMMO packpbITh
** ecnu cTyneHT npaBuABHO PAacKpbIBaeT kpuTepHii (moanyHkt KPUTEpHS), TO NOMy4aeT yKa3aHHOE KOJHYecTRO

Gannos, ecin kpurepuii (noanyHKT KpuTepus) He PaCKpBLIT WM PACKPBIT HEBEPHO, TO CTY IeHT nomyyaer 0 Gannos
33 KpUTEPHIi (NOAMyHKT KpuTeps)

Cymma HaGpaHHBIX GaIoB 3a TCCTHPOBAHHE OLEHHBAETCA MO MPABHITY OKPYTIJIEHHS JI0 LIEJIOT0

3Ha4Y€HH4.

Ha arrecraunonnom ucnbrrammu 3AMPCIIACTCS UCTIONB30BATE 3AIMCH, KOHCIIEKTHI JIeKIUi i
HHBIC MaTCPHAIIBL, & TAK)Ke SNEKTPOHHBIE YCTPOHCTRA.
Ilpu ucnons3osanmu nammeix MATCPHANIOB OTBETBI CTYAEHTA aHHYIHPYIOTCS, ATTeCTALHONHOE

TCCTHPOBAHHE CYHTAETCS He IIpOﬁL[EHHBIM.




[TPUJIOXKEHME 3

[Ipunoxenue x pacnopspkeHuio ot 1%2.01.202% Ne &
Cucrema nepeBosa nokasareseii B 6a/UIbHO-PEHTHHIOBYIO CHCTEMY

Ilokasarensimu akaneMHueckoll yCreBaeMOCTH W y4eOHO-HAYYHOM AKTHBHOCTH CTYJIEHTOB,
KOTOPBIC YYHTBIBAKOTCA IPH IMPOBEHEHHUH aTTeCTAllMOHHOTO CcoOeceloBaHUsl, SBISIOTCS:
aKaJICMHYCCKas pasHULA, HATHYHE JOCTHXKCHHUH 110 Hay4YHOH ¥ yueOHON JesTeTbHOCTH, CpeIHui

- Oamn 1o akageMHUYecKoii CripaBke.

Jlannble mokasaTenu MOTyT ObITh y4TeHbI Ul BCeX HAMPABIEHHH MOATOTOBKH, 3a KOTOPBIMH

3aKpernIeHbl 06pa3oBaTe/IbHBIE IPOrpaMMbl XHMHKO-GHOIOTHYECKOTO KIIACTepa.

Jlnst ocyuiecTBlIeHUs PAaHXXMPOBAHWs CTyICHTOB B OOLUEM CIHCKE B CIydae KOHKypca Ha
BaKaHTHbIE OIO/UKETHBIE MECTa BCE MOKA3ATENH NEPEBOITCS B GaIUIBHO-PEHTHHTOBYIO CHCTEMY

COTJIACHO TAOJIHIE HUWKE.

B cilydae €CJIH CTYOCHT HE IMPOXOJHT aTTECTAallHOHHOE TECTHPOBAaHHUE, OH CUYHTAETCs HeE

MIPOIIEIIIAM aTTECTAl[MOHHOE UCIIBITAHUE, H OalIJIbI 11O TTOKA3ATEIM He YYHTBIBAKOTCA.

Cucrema nepeBosa nokasarereii akaeMHY€CKoil yCIIEBAEMOCTH U y4eGHO-HAYYHOH aKTHBHOCTH

CTYZECHTOB B OaJlJIbHO-PEHTHHIOBYIO CHCTEMY

No IMokazarens Kpurepuii uamepenus Bann
1 | Akagemuueckas pasHuna* 0-2 IMCUMIUIHHBY/TIPAKTHKH 5
3-5 TUCHUIUIMH/TIPAKTHK 3
6-8 IMCUMIUINH/IPAKTHK 1
Oosiee 8 AMCHUMIMH/TIPAKTHK 0
2 | Hanuuue noctuxennit MOOEIUTEND HIIH TIpH3ep 3
MEXIyHapOAHbIX oTuMIIHa / 3a KaxIoe
COPEBHOBAHHUH JOCTHIKEHHE
HaJlHYHe CTAaTbH B XKYpHaJe, 3
peueHsupyemoM 6asoit Scopus, 3a Kaxzaoe
Web of Science JIOCTHIKEHHE
Y4YacTHE B MEXKIyHapOIHON 3
KOH(pEepeHLNH/CUMIIO3UYME 3a Kaxmoe
JIOCTHIKEHHE
noOeuTeNb HIIH TIPU3ep 2
BCEPOCCHICKHUX OtMIHa / 3a KaXKJ0€e
COpPEBHOBAHMUH JOCTHIKEHHE
HaJlMyHe CTaThH B XypHaJe, 2
penenzupyemom BAK 3a Kaxjaoe




JOCTHXKEHHE

YYaCTHE BO BCEPOCCHIMCKOIR 2
KOH(DEpEeHLMH/CHMITO3HYMe 3a KaXKa0e
JOCTHIKEHUE
noGeauTeNs HIN IpU3ep 1
PETrHOHANBHBIX HJIH 3a Kax10e
BHYTPHUBY30BCKHX OJTHMIIHAL / JIOCTHIKCHHE
COpPEBHOBAHUH
HaJlMYue CTaThU B XKypHaJe, 1
peuensupyemom PUHI] 3a Kaxzaoe
JIOCTHKEHHE
y4JacTue B 1
PETHOHAILHON/BHY TPUBY30BCKOMH 3a Kaxoe
KOH(epeHIMH/CHMITO3Hy Me JIOCTHIKEHUE
IPOYHE TOCTHKEHHUS 1
3a KaxJoe
JIOCTHIKEHHE
HEeT JOCTHXKEHHIH 0
3 | Cpennuit 6amr** 4,7-5,0 5
4,3-4.6 4
3,9-4,2 3
3,5-3.8 2
3,0-3,4 1
menee 3,0 0

* AxazieMutecKas pa3sHuIA I0CYUTHIBASTCS HA OCH

(e popM KOHTpOIIS)

** Cpennuii G/l yYHTBIBAETCS COrTIACHO aKaJeMHYEeCKOH cn

SHA4YEHHUA 10 NECATHYHOIrO 3HAKa

OBAaHHH KOJIHYECTBA JHUCLHILIHH/TI PaKTHK

PaBKe 110 MpaBUjly OKPYTIeHHS




