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Description of discipline «<FUNCTIONAL BIOCHEMISTRY»

The purpose of the discipline "Functional Biochemistry" is to study and clarify
the general patterns of the flow of various metabolic pathways and the relationships
between them, both at the level of the cell and at the level of the whole organism of
various biological objects.

The task of the course is to acquaint students with the main pathways of
metabolism; formation of students' ideas about the metabolic ways of transformation of
organic compounds, the relationship between them and the possibility of their
regulation, the topography of metabolic processes.

Theoretical aspects of the discipline are consolidated in laboratory classes, so
students need to acquire and consolidate skills when working in a biochemical
laboratory, which will allow them to plan scientific research and analyze the obtained
experimental data in the future.

Area of knowledge, specialty, academic programme, academic degree

Academic degree Bachelor

Specialty 162 «Biotechnology and bioengineering»

Academic program «Biotechnology and bioengineering»
Characteristics of discipline

Type Normative

Total number of hours 150

Number of ECTS credits 5

Number of modules 2

Form of assessment Exam

Indicators discipline
for full-time and part-time forms of university study

Full-time Part-time
Year of study 3 3
Term 5 5
Lectures 30 h 4h
Practical, seminars 30 h -
Labs 45h 6 h
Self-study 45 h 140 h
Number of hours per week for full-time
students 7h

1. The aim, competences and expected learning outcomes of the discipline

The aim of the discipline "Functional Biochemistry” is to study and clarify the
general patterns of the flow of various metabolic pathways and the relationships
between them, both at the level of the cell and at the level of the whole organism of
various biological objects.

Theoretical aspects of the discipline are consolidated in laboratory classes, so
students need to acquire and consolidate skills when working in a biochemical
laboratory, which will allow them to plan scientific research and analyze the obtained
experimental data in the future.




List of educational components that precede the study of the academic discipline
(if any) Biochemistry

Competences acquired:

Integral Competence (IC):
3MaTHICTh PO3B’A3yBaTU CKJIQJHI CHEIlalli30BaHl 3ajJa4l Ta MPaKTH4HI MpoOJIeMH, 10
XapaKTepU3yIThCS KOMIUIEKCHICTIO Ta HEBH3HAUCHICTIO y OloTexHosiorii Ta
OioimxkeHepii, abo y mpolleci HaBYaHHS, LIO0 Tepeadadae 3acTOCyBaHHS TEOpid Ta
MeTO/1B 610TeXHOJIOTii Ta O101HXEeHepii

General competence (GC):
GC 01. 3gaTHicTh 3aCTOCOBYBATH 3HAHHS y MPAKTUYHUX CUTYAIlIsX
GC 05. 3gaTHIiCTh BUMTHUCS 1 OBOJIOAIBATH CYYaCHUMH 3HAHHAMU
GC 07. [Iparaenns g0 30epekeHHST HABKOJIUIITHHOTO CEPEIOBHUIIA
GC 09. 3gatHicTh 30epiratu Ta IPUMHOXKYBAaTU MOPaJIbHI, KyJIbTYPHI, HAYKOBI I[IHHOCTI
1 IOCSITHEHHS CYCIJILCTBA HA OCHOBI PO3YMIHHSA 1CTOPIi Ta 3aKOHOMIPHOCTEH PO3BUTKY
MPeMETHOI 001acTi, 1i MICI y 3arajbHiil CHCTeM1 3HaHb PO MPHUPOY 1 CYCHIIBLCTBO
Ta y PO3BUTKY CYCHUIbCTBA, TEXHIKM 1 TEXHOJIOT1M, BUKOPUCTOBYBATU Pi3HI BUAU Ta
dbopMH pyXOBOi AKTMBHOCTI [IJIi AKTUBHOTO BIJAMOYMHKY Ta BEJIEHHSA 3J0pPOBOTO
CIIOCOOY KHUTTS.

Special (professional, subject) competence (SC):
SC12. 3paTHICTP BUKOPHCTOBYBAaTH IPYHTOBHI 3HaHHA 3 XiMii Ta Oionorii B oOcss3i,
HEOOXITHOMY ISl JOCATHEHHS IHIIUX PE3yJIbTaTiB OCBITHBOI TPOrpamMu
SC14. 3patHicTe mpamroBaTH 3 OIOJOTIYHMMH areHTaMH, BUKOPHUCTOBYBAaHUMH Y
O10TEXHOJIOTTYHHUX Tpouecax (MIKpOOpPraHi3Mu, T'puOHM, POCIHMHHM, TBAPUHHU, BIPYCH,
OKpeMI TXH1 KOMITIOHEHTH)
SC15. 3pmatHicTh 37iHCHIOBATH EKCIIEPUMEHTAIbHI JOCTI/PKEHHS 3 BIOCKOHAJICHHS
O10JIOTIYHUX areHTIB, y TOMY YMCJI1 BUKJIMKATH 3MIHU Yy CTPYKTYP1 CIIaJKOBOTO arapary
Ta (QYHKIIOHAJbHIM aKTUBHOCT1 010JI0T1YHMX areHTIB

Program learning results (PR):
PRO6. BwmitTu Bu3HauaTH Ta aHali3yBaTh OCHOBHI (DI3MKO-XIMiUHI BJIACTHBOCTI
OpPraHiYHHUX CHOJYK, IO BXOJAATH 0 CKJIAAy Oi0JOTiYHMX areHTiB (O1KM, HYKJICTHOBI
KHCIIOTH, BYTJICBOIH, JIIITIIN).
PROY. BmiTu 3acTOCOBYBaTH 3HAHHS CKJIQJy Ta CTPYKTYpPHU KIIITHUH PI3HUX O10JOTTYHUX
arcHTIB 11 BU3HAYEHHS ONTHMAIBHUX YMOB KYJBTHBYBaHHS Ta TOTCHIlATY
BUKOPUCTAHHA JTOCHII)KYBaHUX KJITUH y O10TE€XHOJIOTTII.
PR10. BwmiTu mpoBOAMTH €KCIIEpUMEHTAIbHI JOCHIDKEHHS 3 METOI BHU3HAYCHHS
BIUTMBY (Di13UKO-XIMIYHUX Ta O10J0T1YHUX (AKTOPIB 30BHIINIHHOTO CEPEIOBUINA Ha
KUTTENSUIBHICT KIITHH )KUBUX OPTaHI3MIB.
PR11. Bmitu 3mificHoBaTH 0a30BI TE€HETHYHI Ta IUTOJIOTIYHI JOCIIKEHHSI 3
BJIOCKOHAJICHHS 1 TIABUIICHHS OIOCHMHTETUYHOI 37aTHOCTI OIOJIOTIYHMX areHTIB 3
ypaxyBaHHSIM TpUHIHMIIB OioOe3neku, Oio3axucty Ta Oioethku (iHIYKOBaHHMN
MyTareHe3 3 BUKOPUCTAHHSIM (hi3MYHHUX 1 XIMIYHMX MyTareHHuX (axrtopiB, BigOip Ta
HAKOMWYCHHS ayKCOTPO(HUX MYTaHTIB, IEPEHECEHHs TeHETUYHOT iH(OpMAIIiT TOIIIO).
PR12. BukopucTtoByr0YM MIKpOOi10JIOTiUHI, XiMiuHi, (i3uyHi, (I3UKO-XIMIYHI Ta
OloxiMiuHI ~METOOW, BMITH 3JIHCHIOBATH XIMIYHMA  KOHTpOJb (BH3HAYCHHS
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KOHIEHTpallli pO34MHIB  J€31H(IKYBaIbHUX 3ac00iB, THUTPYBAJbHUX  AareHTIB,
KOHIICHTpAIlii KOMIIOHCHTIB TOXXHBHOT'O CEPEIOBHIIA TOIIO), TEXHOJIOTIYHHIA KOHTPOJIb
(KOHIICHTpAIIIi JHKepET BYTJICIIO Ta a30Ty Y KyJIbTypalbHIl PIAMHI YIIPOIOBXK MPOILIECY;
KOHIICHTpAIlii I[IJLOBOrO IMPOAYKTY); MIKPOOIOJOTTYHUN KOHTPOJIb (BU3HAYCHHS
MIKPOO10JI0T14HO1 YUCTOTHU [MOKUBHUX CepeIOBHII] micias cTepuIizarlii,
MIKpOOI0JIOr1YHOT YUCTOTH OIOJIOTIYHOrO areHTa TOIIO), MIKPOOIOJOTiYHOI YUCTOTH Ta
CTEPUIIBLHOCTI O10TEXHOJIOTTYHUX MPOIYKTIB PI3HOTO MPU3HAYEHHS.

PR22. Bmitu BpaxoByBaTH COIliaJibHI, €KOJOTiYHI, €THUYHI, €KOHOMIYHI aCIeKTH,
BUMOTH OXOPOHHU TIpalli, BHUPOOHWYOI caHiTapii 1 MOXKEeKHOT Oe3meKu MmiJ Yac
dbopMyBaHHS TEXHIYHUX pillleHb. BMITH BHKOPHUCTOBYBaTH pi3HI BUIU Ta (opMu
PYXOBO1 aKTHBHOCTI [IJI1 AKTHBHOTO BIAMOYMHKY Ta BEICHHS 3I0POBOTO CIIOCOOY
KUTTSL.

PR24. BMiTu 3acTocyBaTH KpIOKOHCEPBAIllI0 Ta KplO30epexeHHs s 30epesKeHHS
OIOpI3HOMAHITTSI  POCIMH  Ta  MIKpPOOpPraHi3MiB.  MPOBECTH  1JIEHTU(DIKAIIIO
PEKOMOIHAHTHUX KJIOHIB, TPOBECTU KIOHAJIbHE MIKPOPO3ZMHOXKEHHS POCIUH Ta
OoTpuMaTH 0€3BIpyCHUIN MOCAJKOBUIN MaTepial 1 aJanTyBaTH HOTo 10 YMOB €X ViVO.
PR25. BMmiTH BHUKOPHCTOBYBaTH METOAM MIKPOCKOINIYHUX JOCIIKEHb, TEXHOJIOT1H
MOHOKJIOHAJIbHUX aHTUTLI, aHTUTEHIB, IMYHO1arHOCTUKH, 1ICHTU(IKAIl aHTUTCHIB Y
TKaHMHAX pOCIuH, i130depMeHTIiB Ta 3amacHux OuikiB, JHK-mapkepiB, ocHOBHUX
npuniunis [1JIP, JIHK-30H11B, MOJIEKYJISIPHO-TEHETUUHUX MapKePiB.

2. The program and structure of the discipline Eunctional Biochemistry

Number, hours
Modules and full-time part-time
topics week | number total number total
| | sem | lab | ind | indep. | | pr|lab |ind | indep
1 2 314 |5]|6 7 8 9/10| 11|12 | 13

Module 1. Dynamic biochemistry. Metabolic processes in the cell. Biological and coenzyme for the
role of vitamins. Enzymatic processes. Exchange of proteins and amino acids. DNA replication.
RNA transcription. Biosynthesis of proteins.

Theme 1.1 10 2 |2 3 |- 3 10 1 9
Exchange  of
substances and
energy.

Theme 2.12 10 2 |2 3 |- 3 9 9
Vitamins.

Theme 3.13 10 2 |2 3 |- 3 9 9
Enzymes.

Theme 4. 4 10 2 |2 3 |- 3 10 1 9
Enzymatic
catalysis

Theme 515 10 2 |2 3 |- 3 11 2 9
Protein
metabolism.




Theme 6.6 10 2 |2 3 |- 3 10 1 9
Amino acid
metabolism.

Theme 7.17 10 2 |2 3 |- 3 9 9
Nucleic  acids
metabolism.

Theme 8. 8 10 2 |2 3 |- |3 9 9
DNA
replication.

Theme 9. 9 10 2 |2 3 |- |3 9 9
RNA
transcription.

Theme 10. 10 |10 2 |2 3 |- |3 9 9
Biosynthesis of
proteins.

Number for 100 20|20 |30 30 95 3 2 90
thematic
module 1

Module 1. "Bioenergetic processes in the cell. Carbohydrate metabolism. Ways of decomposition
and synthesis of carbohydrates. Photosynthetic processes in plants. Lipid metabolism (B-oxidation
of fatty acids and synthesis of fatty acids). Structure of biological membranes. Respiratory chain of
mitochondria. Oxidative phosphorylation. Krebs cycle. Phytohormones"

Theme 11. 11 |10 2 |2 3 3 13 1 2 10
Carbohydrate
metabolism.
Biosynthesis of
carbohydrates
in plants.

Theme 12. 12 |10 2 |2 3 3 12 2 10
Lipid
metabolism.

Theme 13. 13 |10 2 |2 3 3 10 10
Biological
membranes.
Participation of
biological
membranes in
the metabolism
of  substances
and energy.

Theme 14. 14 |10 2 |2 3 3 10 10
Krebs cycle.

Theme 15. 15 |10 2 |2 3 3 10 10
Phytohormones

Number for 5010| 10 |15 15 55 1 4 50
thematic
module 2

Total number 150 13030 |45 45 150 4 6 140




3. Topics of Lectures

Ne Topic Number, hours
1 |Exchange of substances and energy 2
2 |Vitamins 2
3 |Enzymes 2
4 |Enzymatic catalysis 2
5 |Protein metabolism 2
6 |Amino acid metabolism 2
7 |Nucleic acids metabolism 2
8 |DNA replication 2
9 |RNA transcription 2
10 |Biosynthesis of proteins 2
11 |Carbohydrate metabolism. Biosynthesis of carbohydrates in 2
plants
12 |Lipid metabolism 2
13 |Biological membranes. Participation of biological membranes 2
in the metabolism of substances and energy
14 |Krebs cycle 2
15 |Phytohormones 2
Total 30
4. Topics of Seminars
No Topic Number
of hours
1 | Modern methods of isolation and purification, separation of 2
proteins - salting out, electrophoresis, chromatography,
Western blot analysis, PCR, etc.
2 | Enzymatic apparatus of the cell 2
3 | Biochemical mechanisms of cell death 2
4 | Biochemical mechanisms of plant resistance to the action of 2
stressful abiotic and biotic factors
5 | Source of vegetable proteins. Characteristics of plant proteins 2
and their importance. Amino acid composition of plant
proteins
6 | The role of amino acids in the protection of agricultural crops 2
from stress
7 | Biologically active substances of plant origin. Their role in 2
the processes of photosynthesis and respiration.
8 | Phytohormones and their regulatory role. 2
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9 | Plant antibiotics - anticipins. Representatives, classification, 2
role and functions

10 | Selective accumulation of chemical and radioactive elements 2
by plant organs and tissues. Consequences

11 | Oxidative stress under the action of xenobiotics 2

12 Plant antibiotics - classification, mechanism of action and 2

role.

13 | Molecular biological and biochemical mechanisms of action 2
of chemical carcinogens. Stages, metabolic transformations,
cell penetration, etc.

14 | Plant tumors and their causes. Methods of preventing the 2
development of the tumor process and fighting it.

15 | Chemical composition of medicinal plants. 2
Total 30

5. Topics of Labs

Ne Topic Number

of hours

1 | Qualitative reactions to the components of nucleoproteins 3
(proteins, monosaccharides (ribose and deoxyribose), purine
bases, phosphoric acid)

2 | Construction of a calibration curve for determination of 4
protein concentration by the Lowry method using calf serum
albumin

3 | Quantitative determination of protein concentration with 4
biuret reagent

4 | Effect of activators and inhibitors on enzyme activity 2

5 | Isolation of folic acid (vitamin B) from yeast 3

6 | Quantitative determination of vitamin C (ascorbic acid) in 3
plant material

7 | Quantitative determination of vitamin A in plant material 3

8 | Quantitative determination of vitamin P in tea (according to 3
Leventhal's method)

9 | Qualitative reactions to enzymes of the respiratory chain of 4
mitochondria

10 | Determination of glucose concentration in plant material 4

11 | Quantitative determination of the content of photosynthetic 4
pigments

12 | Determination of catalase activity 4

13 | Determination of ascorbate peroxidase activity 4
Total 45




6. Topic of self-study

No Topic Number of
hours
1 | The history of the development of biochemistry. The 3
contribution of outstanding domestic and foreign scientists
to the development of biochemistry as a science
2 | Scientific discoveries in the field of Biochemistry. Nobel 3
winners
3 | Technologies for the selection and storage of biological 3
materials (cell suspensions, tissues, blood, etc.)
4 | Accumulation of nutrients in plant cells and tissues 3
5 | Ways of entry of substances into the cell and mechanisms 3
of removal from the cell
6 | Structural and physiological features/differences of plant 3
and animal cells
7 | Biochemical features/differences of plant and animal cells 3
8 | The mechanism penetration of substances into cells 3
9 | Methods for investigations biochemical mechanism cell 3
death
10 | Estimation activity of antioxidant enzymes in plants and 3
animals cells
11 | Inductor of Oxidative stress. 3
12 | Biochemical role of the reactive oxygen species (ROS) 3
13 | Biochemical mechanism synthesis of amino acids in plants 3
14 | Role the biochemistry in development of biotechnology 3
15 | Modern nanobiotechlogy in biological science 3
Total 45
7. Methods of assessing expected learning outcomes:
- exam;

- module tests;

- essays;

- defense of labs;
- presentations.

8. Learning methods:

- method of practice-oriented learning;

- method of blended learning;

- method of learning through research;

- method of educational discussions and debates;
- method of teamwork, brainstorming.




9. Results Assessment.

Assessment of knowledge of a higher education applicant is carried out on a 100-
point scale and is translated into a national assessment in accordance with the current
"Regulations on exams and credits at NULES of Ukraine"

9.1. Distribution of points

Type of learning activity Learning Assessment
Module 1. Dynamic biochemistry
Module test 1. 100
Total for module 1 100
Module 2. Bioenergetic processes in the cell

Module test 2. 100

Total for module 2 100

Study work (M1 +M2)/2*0,7 <70
Examination 30

Total per course

(Study work + Exam) < 100

9.2. Scale for assessing student’s knowledge

Rating of a higher education applicant,

National system assessment (exam)

points
90-100 excellent
74-89 good
60-73 satisfactory
0-59 unsatisfactory
9.3. Assessment Policy
IMoaiTuka mono, PoOotm, sKi 37al0ThCS 13 TOPYIICHHSM TEpMiHIB 0Oe3
AeAJIAMHIB Ta| TOBAXHUX MPUYMH, OI[IHIOIOTHCS Ha HUXKYY OIIHKY.
nepecKJaaJaHHs [lepecknaganHsi MOIYNIB BiAOYBA€ThCA 13 JI03BOJIY
JIEKTOpa 32 HAasBHOCTI MOBAXHUX MPUYUH (HAPHUKIAL,
JIKApHAHUMN).
IMoaiTuka moxo, CrnucyBaHHS IMijJ Yac KOHTPOJIBHUX POOIT Ta €K3aMEHIB
aKaJieMiqHOL 3a00poHeHI (B T.4. 13 BHKOPHUCTAHHSIM MOOLUIBHUX
A00POYeCHOCTI nesaiiciB). CamocTtiiiHi pobotu, pedepatu TOBUHHI
MaTHl KOPEKTHI TEKCTOBI MOCWUJIAHHS HA BUKOPHUCTAHY
JiTepatypy Ta/ado eleKTpOHHI JHKepena.
IMoaiTuka mono, BiaBiayBaHHS 3aHATH € 000B’SI3KOBUM. 32 00’ €KTUBHUX
BiABiTyBaHHS MIPUYYH (Hampukia, XBOpOOa, MIXKHapOJIHE
CTa)KyBaHHS) HaBYaHHS MOXeE B1I0YBaTUCh
IHAUBITyaIbHO (B OH-JaH (PopMi 3a TIOTOKEHHSIM 13
JIEKaHOM (PaKyJIbTETY).




10. Educational and methodological support:
- electronic educational course of the educational discipline (on the eLearn educational
portal of NUBIP of Ukraine -https://elearn.nubip.edu.ua/course/view.php?id=3693);
- abstracts of lectures and their presentations (in electronic form);
- textbooks, training aids, workshops;
- methodical materials on the study of the academic discipline for students of higher
education full-time and part-time forms of higher education.

11. Recommended sources of information
1. Lehninger Principles of Biochemistry. D.L. Nelson, M.M Cox. Publisher: W.H.
Freeman (5th Edition), 2009, ISBN-10: 0-7167-7108-X. ISBN-13: 978-0-7167-7108-1.
1100 p. DOI:10.1007/978-3-662-08289-8.
https://www.researchgate.net/publication/48376766_Lehninger_Principles_of Biochem
istry
2. Fundamentals of Biochemistry A Textbook H.P. GAJERA, S.V. PATEL, B.A.
GOLAKIYA. INTERNATIONAL BOOK DISTRIBUTING CO. First Edition, 2008,
557 p. ISBN: 978-81-8189-165-5
https://labalbaha.wordpress.com/wp-content/uploads/2014/04/fundamentals-of-
biochemistry.pdf
3. Biochemistry (4-th Edition). U. Satyanarayana, U. Chakrapani. ELSEVIER. 2014,
2014. 809 p. ISBN: 978-81-312-3601-7
https://recnotes.com/wp-content/uploads/2020/11/Biochemistry-U-Satyanaryan-4th-
Edition.pdf
4. Cell biology. Thomas D. Pollard, William C. Earnshaw. Elsevier Sciense, 2002. 804
p.
5. Principles and Techniques of Biochemistry and Molecular Biology (7-th edition).
Edited by KEITH WILSON and JOHN WALKER. CAMBRIDGE UNIVERSITY
PRESS. 2010. 761 p. ISBN 978-0-521-51635-8 (hardback) — ISBN 978-0-521-73167-6
(pbk.)
https://www.kau.edu.sa/Files/0017514/Subjects/principals%20and%20techiniques%200
f%20biochemistry%20and%20molecular%20biology%207th%20ed%20wilson%20wal
ker.pdf
6. Bionoriuna i Oioopraniuna ximis. Ilinpyunuk y 2 tomax/ JI..I. Ocranuenko, B.K.
PubGansuenko /- K.. BumaBuHuuo-momirpadiuauii meHTp «KWIBChKUI yHIBEpCHUTET»,
2015. - 918 c.
7. bioximis. [Tinpyunuk / JI..I. Ocramuenko, T.P. Aunpiituyk, F0./1. babentok Ta in. / 3a
pea. JLI. Ocramuenxko — K.: BwupaBauvo-nomirpapiunuii ueHtp «KuiBcbkuid
yHiBepcuteT», 2012. — 796 c.
8. bioximisa. Iligpyunuk / Kyuepenko M.€., babentox 0./., Bacunbes O.M.,
Bunorpanosa P.I1., Boiiminekuii B.M., Kypcekuit M. 1., Pubansuenxo B.K., [{yn3eBuu
b.0O. — K.: BIIL «KuiBcbkuit yHiBepcute», 2002. — 480 c.
9. Monekymspuaa Oiomnoris. [liagpyuank / CuBono6 A.B. — K: BIII «KwuiBcbkuit
yHiBepcurer», 2008. — 384 c.
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http://dx.doi.org/10.1007/978-3-662-08289-8
https://labalbaha.wordpress.com/wp-content/uploads/2014/04/fundamentals-of-biochemistry.pdf
https://labalbaha.wordpress.com/wp-content/uploads/2014/04/fundamentals-of-biochemistry.pdf
https://recnotes.com/wp-content/uploads/2020/11/Biochemistry-U-Satyanaryan-4th-Edition.pdf
https://recnotes.com/wp-content/uploads/2020/11/Biochemistry-U-Satyanaryan-4th-Edition.pdf
https://www.kau.edu.sa/Files/0017514/Subjects/principals%20and%20techiniques%20of%20biochemistry%20and%20molecular%20biology%207th%20ed%20wilson%20walker.pdf
https://www.kau.edu.sa/Files/0017514/Subjects/principals%20and%20techiniques%20of%20biochemistry%20and%20molecular%20biology%207th%20ed%20wilson%20walker.pdf
https://www.kau.edu.sa/Files/0017514/Subjects/principals%20and%20techiniques%20of%20biochemistry%20and%20molecular%20biology%207th%20ed%20wilson%20walker.pdf

10. Kyuepenko M.€., babenrok 10./1., Boitminekuiit B.M. Cy4acHi MmeToan 610XiMIYHUX

nociikens. K.: ditocorionentp, 2001, — 424 c.
11. Thomas D. Pollard, William C. Earnshaw, Ph. D. Cell biology. — Elseviar Sciense

(USA), 2002. — 804 p.
12. Tapacenko JI.M., Henopana K.C., I'puropenko B.K. ®@ynkuionansHa 0ioximis. —

Binnunsg, Hosa xuura, 2007. — 378c.
13. I'y6ebkuii FO.1. bionoriuna ximis. — KuiB-Biaauns:, Hoa kaura, 2007. — 656c¢.
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