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Ha3zpa kypcey

biodisuumi 3acazu eHepreTHYHOro MeTaboni3my (aHri. MOBOIO)

Anpeca BHK/IAJAHHS KypCy

Bys1. ['pymescskoro 4, 79005 JIksis

MakyabTeT Ta Kadeapa,
3a IKOI0 3aKpilJieHa
AHCLHILIIHA

Hionoriunmit (paxynsrer, Kadeapa Giodizuku Ta GioiHdopMaTHKH

I"any3swb 3HaHb, wndp Ta
HA3BA cHeUiaJIbHOCTI

091 Bionoris Ta 6ioximig

Buknaaaui kypey

3asigyBau kadeapu Giodizuku Ta GioiHPopMATHKH,
1.6.H., npo¢). babepkuii Anapiii MupociaBoBuy

KontaxkTa indgopmais
BHKJIA124iB

andriy.babsky@lnu.edu.ua

KonceyapTauii no kypey
BiA0yBAIOTLCSI

locepean, 11:00-12:00 rox (By:n. I'pywescekoro 4, aya. 324)

Ingopmauisn npo Kype

[porpama  BuBueHHs  Kypcy  «bioenepreTuuni  3acaau
eHepreTuyHoro  merabonizMy  (aHri.  MOBOKO)»  CKIlaJeHa
BIAMOBIAHO 10 OCBiTHbO-TIpodeciiiHol nporpaMu  MiArOTOBKH
marictpa creuiansHocti 091  Bionoris Ta  OGioximis, sika
BUKIanaeTbes B | cemectpi B oOcasi 4 kpeautiB  (3a
€BpONeHChbKOIO KPeauTHO-TPaHC(EPHOI CHCTEMOIO).

Koporka anorauist Kypcey

Ileit aurnomoBHmit kypc mnependbavae UMKA  JEKWiH s
nornubiaeHHs  3HaHb TPO  CydYacHI  METOAM  KMITHHHOI
GioenepreTuku,  0coOAMBOCTI  (PYHKLIOHYBAaHHS  OKHCHO-
BI/IHOBHOTO IMXAJIBHOTO JIAHLOra Ta (JOpMyBaHHS [POTOHHOIO
rpagienta sk Gopmu 30epiranHs eHeprii, mpo QyHKUIOHAILHY Ta
CTPYKTYpHY oprasizauito uukmy KpebGca, pisHux Teopiii
CIIpsKEHHS AMXaHHs Ta okucHoro (ocopumoBants, (i3ndHuX
mexanisMmis cuHTesy AT®, ponb aktuBHuX (opMm OKcureny B
HOPMI 1 maToJorii, Npo TPAHCHOPT 10HIB Ta IHIINX PEYOBHH Kpi3b
Gionoriuni MmemGpanu, GioeHepreTuky (POTOCHHTE3Y, 0COOTHBOCTI
GioenepreTukn Oakrtepiil, eHEpreTHKy pi3HHX BHIIB pPyXy.
GioeHepreTudHi 3acaan pisHuX (pizionoriuHux QyHKi.

Kypc Ttakok mictuth npaktuudi pobotu y (opmi ceminapis
CIIPAMOBAHUX Ha PO3IIMPEHHS 3HaHb Mpo. OiodizuuHi 3acaiu
EHEPreTHYHUX  MeXaHi3MiB  Ta  YJOCKOHAJEHHS  HAyKOBOI
PO3MOBHOT i MUCBMOBOT aHTJIIHCHKOT MOBH.

MeTta Ta uijai kypey

[MornuGutn  3HaHHs  MaricTpiB-06i0(i3uKiB y  po3yMiHHI
MEXaHI3MIB YTBOpPEHHSH, 3aracaHHsi Ta BHKOPHCTAHHS PI3HUX
dbopM eHepril y KMBHX OpraHizaMax Ta YAOCKOHAIMTH piBEHb
HAYKOBOI  a@Hrmidcbkoi  MOBM  HAa  MpUKIadl  BHBYEHH:
OioeHepreTHYHUX MEXaHI3MIB.

JlitepaTypa A8 BHBYEHHS
AHCHHILTIHH

1. Hawking S., Mlodinov L. A Briefer History of Time. Xapkig:
KCJ, 2018.

2. Hawking S. The Illustrated Theory of Everything. New
Millennium Press, 2019.

3. Keller P. Basic Principles of MR Imaging. Milwaukee, Wisq
General Electric Company, 1988.

4, Nelson D., Cox M. Lehningers Principles of Biochemistry.




New York: W.H. Freedom and Co., 2005

5. Lowen A. Bioenergetics: The Revolutionary Therapy That
Uses the Language of the Body to Heal the Problems of the
Mind, 1994

6. Sherwood L. Human Physiology: From Cells to Systems, 9th
edition, Brooks/Cole, Cengage Learning, 2016.

7. Widmaier E. et al. Vander's Human Physiology. 11th Ed.
New York, McGraw-Hill, 2008

8. Wehrli F. Advanced MR Imaging Techniques. Milwaukee:
General Electric Company, 1988

9. Wolfe J. Cellular Thermodynamics. In: Encyclopedia of Life
Sciences, Macmillan Publishers Ltd, Nature Publishing
Group, 2002

10. Kaiiky M. ®izuka maiitbytusoro. JIesis: Jlitonue. 2017

Tpusagaicts Kypey

OJHH CEMECTP

Obesir kypey

120 roa, 3 skux 32 roj JeKUiiHHHUX 3aHATb, 16 roJ npakTHYHHX
3aHsITh Ta 72 roj caMocTiiHOT poBGoTH.

OuikyBaHi pe3yibTaTH
HaABYAHHS

[Ticns 3aBeplueHHs Kypey CTYAEHT MOBUHEH HA NiJCTaBi AaHHX
Cy4acHO! aHrIOMOBHOT HAYKOBOT JliTEpaTypH: '

3HaTH 0COBAMBOCTI TEPMOAMHAMIKH PIBHOBAMHUX Ta HEPIBHOBAKHMX
HKHBHUX CHCTEM Ta MONEKY/ISPHI MEXaHI3MU EHEPreTUKH JKHBOI KITITHHH,
npobiemMaTHKy — MEXaHi3MiB  CNPAMKEHHA  JMXAHHA Ta  OKHCHOro
dochopumosants,  ocobauMBocTi  Npo-  Ta  AHTHOKCHAAHTHOrO
meraboni3My, poJib  €HEepreTHYHWX  npouecie  y  ¢opmyBaHHi
e/eKTPOXIMIYHOro MeMOpaHHOrO MOTeHUiaNy Ta y TPaHCNOPTHHUX
cucTeMax KIiTHHHUX MeMOpaH;

BMITH BHKOPMCTOBYBATH OTPHMaHi 3HAHHA Yy PO3YMiHHI MeXaHiimip
ajanTauil 4¥ MaToNOriYHUX 3MiH OPraHisMy i rpamoOTHO ONMCYBATH
OTPHMaHi eKCrMepHMeHTalbHI JaHi, roTyBaTH JiTepaTypHHi ornsa Ta
o0roBopeHHsl  pe3y/nbTaTiB  3a  HANWCaHHA  Te3,  cTartei  Ta
kBasihikauifiHuX pobiT aHrnifcbKOK MOBOIO.

Kypc 3abesneuye nalyTTa TakMX KOMMETEHTHOCTEH Ta nporpamHMX
pe3yNbTaTIB HABYAHHA:

3K04. 3paTHiCTb AiSTH Ha OCHOBI €TUHHHUX MIPKYBaHb (MOTHBIB).

3K05. 3natHicTs po3po0aaTH Ta KEPYBATH MPOEKTAMH.

®KO|. 3paTHicTb KOpHCTYBaTHCA HOBITHIMM JOCATHEHHAMH Gionorii,
HeoOXiAHUMH Ana npodeciitHol, AocNiAHHUbKOT Ta/abo IHHOBaUIHHOT
AisLHOCTI.

MKO03. 3parTHiCTb  KOPUCTYBATHCH  Cy4HacHUMM  iH(popmauiHUMK
TEXHONOTIAMHK Ta aHanisyBaTH iHdopmauito 8 ranysi 6ionorii i Ha Mexi
MpeAMETHUX ray3e.

®K04. 3partHicTe aHanilyBaTH i y3aralbHIOBaTH  pe3y/ibTaTH
JOCHILKEHb Pi3HUX PIBHIB Oopranizauii skuBoro, GionorivHux asuuy i
npoLeciB.

OKO06. 3naTHicTs NPOrHO3yBaTH HAMPAMKH PO3BHTKY cydacHol Bionorii
Ha OCHOBI 3araJbHOTO aHAJli3y PO3BUTKY HAYKHM | TEXHONIOriH.

®KO07. 3partdicTs jaiarHoctyBaT ctaH  GioforidyHMX cucTeM  3a
pe3yJbTaTtaMu JOC/IDKEHHA OPraHi3MiB pisHUX piBHIB opraHizauii.

®KI11. Posyminua  GiodizsMUHUX Ta  MONEKYJSPHUX  MEXaHI3MiB
(GYHKLUIOHYBaHHS Pi3HUX BHIIB  KIiTHH, CYOKNITHHHUX CTPYKTYp,
TKAHMH, OPraHiB Ta OpraHiaMy B UIJIOMY 3a HOPMANbLHUX YMOB Ta
NaToONOrIYHMX CTAHIB, Ta 3a BIMBY 30BHILLHIX YHHHHKIB.

®K12. 3aarsicTe BiANOBIAHO 10 MOCTaBAEHOI 3aaadi, CaMOCTIHHO




Bubupatu  GiodizuuHi  MeToaM  JOOCHILKEHbL i3 ypaxyBaHHAM
ocobnuBocTteii GionoriuHux 00’€KTIB, NIaHyBaTH Ta MPOROAMTH €Tanu
BMKOHaHHsI HayKOBO-TEXHIUHUX po3pobok B rany3i Giodizuku.

MMPHO1. Bonoaiti Aep/KaBHOK Ta [HO3EMHOKY MOBAMM Ha PiBHI,
AOCTATHLOMY s CrIJKYBaHHS 3 npodeciHHUX NUTaHb Ta npeseHTauii
pe3y/IbTaTiB BAACHMX NOCIKEHD.

[TPH02. Bukopucrosysatu Gibaioreku, indopmauifini 6a3nm nanmx,
IHTEpHET pecypcH s Nouryky HeoOXiaHol iHdopmauii.

[MPHO6.  AwanizyBatu  Gionoriudi  sBMIlA Ta  MpoLecH  Ha
MOJIEKYJIAPHOMY,  KJIITHHHOMY,  OpraHisMeHHOMy,  nomyasauiiiHo-
BHAOBOMY Ta OGiocthepHOMY PpiBHAX 3 TOUKH 30py (yHIaMEHTalbHUX
3aralbHOHAYKOBHMX 3HAHb, @ TaKOXK 3@ BMKOPHCTaHHA CheuiaibHUX
CYYaCHUX METOIB JOCIKEHD.

[IPHO7. OnucyBath #  adanizyBaTh  NPHHUMIH  CTPYKTYPHO-
GbyHKILiOHANLHOT OpraHizauii, Mexadi3miB peryasuii Ta ananra:ii
OpraHi3mie 10 BNAMBY PI3HHX YUMHHHKIB. ;

[IPH13. [Hotpumysartucs OCHOBHMX npaBui OionoriuHoi  eTHKH.
Giobesneku, GiozaxucTy, OUIHIOBATH PH3MKH 3aCTOCYBAHHA HOBITHIX
GiONOriYHMX, GIOTEXHOMOMUHUX | MEAMKO-GionoriuHMX MeToaiB Ta
TEXHO/Orii, BM3HAYATH MOTEHLIHHO HeDe3neuni opradisMu  4u
BUPOOHHUI MPOLIECH, WO MOXKYTh CTBOPIOBATH 3arpo3y BHHHKHEHH:
HAA3BUUAHHHMX CHTYaLLiTi.

[TPH14. MotpumyeaTtuch HOpM akaaemiuHoi goOpouecHoCTi nia wac
HABYAHHA Ta MPOBAUKEHHS HAYKOBOT JUANBHOCTI, 3HATH OCHOBHI
NPaBoBi HOPMH LLOAO 3AXHCTY THTENCKTYANbHOT BIACHOCTI,

[TPH16. KpuTH4HO OCMHCTIOBATH TEOPii, MPHHLNMH, METOAH 3 Pi3HHX
rajiy3ei Giosnorii s BUpILLEHHA NPakTHYHKUX 3aaay i npobaem.

[TPH17. BeranopnioBaTH Ta apryMeHTYBaTH HOBi 3alexHOCTI Ta
3aKOHOMIPHOCTI MiZK napaMeTpamM Ta XapakKTepUCTHKAMHM CKIaJHHX
GioisHuHMUX CHCTEM.

[TPH18. AwnanisyBaTd BiZOMi MPHHUMIK Ta MEXaHi3MM CTPYKTYpHO-
(hyHKUIOHANBLHOT OpraHizauii, peryasuii Ta ananrauii opramismie.
[MTPH21. KpUTHYHO OCMMC/IOBATH T4 AHAII3YBATH OCHOBHI HATNPSIMKH
cyyacHOol nMpakTHuHOo1 6iodizuKH, s BUPILLEHHSA aKTyalbHUX MpobJiem.

Kar4osi ciioBa

BioenepreTuka, MiTOXOHPIT, IMIKOI3, OKHCHE
dochopumonannsi, AT®, memOpanHuii noTenuian
(Bioenergetics, mitochondria, glycolysis, oxidative
phosphorylation, ATP, membrane potential)

®opmat Kypey OuHuii: MpoBeAeHHsI JIeKILiH, NpaKTHUHHX/CeMIHapcbKuX podiT Ta
KOHCYJIBTALLT JUIA KPAILoro po3yMiHHS TeM.
Temu HasesieHo y taba. |
[MincymroBuii KonTpoas 3anik y KiHli cemecTpy
IpepexsizuTn Jl1s BUBYEHHS KypCY CTYAEHTH MoTpedyroTh 6a30BUX 3HAHD i3

(pizuku, 6iodiznku, 6ioximii, GioeHepreTHKH, aHIHCHKOT MOBH.

Hapuanbni meToan ta
TeXHiKH, sIKi OYAyTh
BHKOPHCTOBYBATHCS Mi yac
BUKJIAJAHHSI KYPCY

Jlekuis, npesenTauis (imocTpauis, 1eMOHCTpAILif), PO3MOBI/ib,
MOSICHEHHS, AUCKYCis

HeoOxigne od0J1agHaHHSA

[Mepconanbuuii  Komn'loTep  NiAKAOYEHWH 10 IHTEpHETY 3
MOKJIMBICTIO NPOBEAEHHs 3aHATL on-line Ha nnardopmax ZOOM Ta
Microsoft Teams, 3aranbHOBKHMBaHI KOMITFOTEPHI NPOrpamH i
onepauiiHi CHCTEMH, NPOEKTOP

Kpurepii ouinmoBanust

OuinroBaHHs npoeoasTk 3a 100-6anbHoto wkanow. banu




(oKkpemMo A1l KOJKHOTO
BHY HABYAJILHOT
AISTIBHOCTI)

HapaxoBYIOTb 3@ HACTYMHWUM CTiBBIAHOLIEHHAM:

* npakThuHi (ceminapebki) 3aHaTTs: 50 % ceMecTpoBOT OLLIHKH:
MaKcuMalbHa KinbkicTs Ganis — 50;

* KOHTpONbHKIT 3amip (Moaynb): 50 % cemecTpoBOT OLIHKK:
MakcuManbHa Kinbkictb 6anis — 50.

Banu Ha NpakTHYHUX 3aHATTAX: CTYJEHT Mae€ NiAroTyBaTH OJHY
0NoBiAb, sAKa ouiHwerses y 30 OGanie (sakicTe npeseHTauii,
HAYKOBWI | MOBHMIA piBeHb MaTepiany Ta BONOAIHHA HWM, BIANOBII
HA MUTAHHA) TA OJHY PeLeH3il0 Ha JI0MOBi/lb KONErn-CTyAeHTa, SKa
ouiHioeTecs B 15 Ganis (HeBeNMKa CrHIBAOMOBiIAb, AKTYaJbHICTb
o0paHoi TemMH, 3MIiCT 10MOBiAI Ta 0hOPMIEHHS NMpe3eHTaLlil, MOBHH
piBeHb). AKTUBHICTE B OOrOBOPEHHI PO3IJIAHYTHX TEM OLIHIOETLCS Y
5 6anis. Besoro: 30 + 15 + 5 = 50 Ganis.

Banu 3a moayab: CTYAEHTH MULIYTb OAHY MOJIYJbHY KOHTPO.LHY
poboty, sika ouiHtoeTbes y 50 Hanis (20 TecToBMX 3aBAaHb B CHCTEMI
Moodle). [TpurotyBants 10 Moayns nepeabayae caMomniAroToBKy B
cuctemi Moodle (kinbkicTs 103BONEHUX MPO6 3).

AxajsieMiuHa 106poYecHiCTL: OYIKYETbCS, WO PoOOTH CTYACHTIB
OyayTe IX OpUriHaJBHUMHM JOCHIIUKEHHAMH Yl MipKyBaHHAMHM.
BiacyTHicTb nocuiaHb Ha BUKOpUCTAHI Jukepena, (abpukyBants
[pKepes, CrWCyBaHHA, BTpyuyaHHs B pobOTY IHLWIKX CTYAEHTIB
CTAHOBIIATD, ajle HEe OOMEKYIOTb, MPHKIAAM MOXKIMBOI akaaemivHol
HeaobpoyecHoCTi. BusiieHHs 03HaK akaaeMiuHoT Hea00poYecHOCTI
B MUCLMOBIH poDOTI CTyAeHTa € NiAcTaBolo Ang il He3apaxXyBaHHS
BUKIasaueMm, HesanekHo Bia macwrabiB nnariaty 4 oOmady.
BiasiayBanus 3aHsTh € BAKIMBOK  CKJIAJA0BOK  HABYAHHA.
OuikyeTbes, WO BCI CTYAEHTH BiABIAAIOTH YCi neKuil i npakTHuHi
3aHATTA Kypey. CTyAeHTH MaloTh iH(popmyBaTh BuKIajsa4ya rmnpo
HEMOJKIIMBICTD BiABIAATH 3aHIATTS. Y OyAb-AKOMY BHMAAKY CTYAEHTH
30008"s13aHi  JOTPUMYBATHCA  YCIX CTPOKIB  BM3HAYEHHMX 14
BUKOHAHHS YCIX BHMAIB MUCbMOBMX poOIT, nepeadayeHux Kypcom.
Jlireparypa. Yca niteparypa, AKy CTYAEHTH HE 3MOXKYTh 3HAHTH
camocTiiiHo, Oyae HajaHa BHKNAAaveM BMKIIOYHO B OCBITHIX LIIAX
Oes npasa 1T nepenayi Tpetim ocobam. CTyAeHTH 3a0X0UYIOTLCH 10
BUKOPHCTAHHSI TAKOXK H iHWOT NiTepaTypu Ta JUKEpes, aKUX Hemae
cepell peKOMEHI0BaHMX.

Moaituka BuctaBiaenns Oajis. Bpaxosytorbes Ganu Habpani Ha
MOTOUHOMY TECTyBaHHi, caMoCTiiHii poboTi Ta Haan niacymMKoBOIro
tectyBaHHs. [Ipn oMy 00OB A3KOBO BPaxoBYKOTbCA MPUCYTHICTh
HA 3aHATTAX TA AKTHBHICTb CTYAEHTA MijJl 4ac MPaKTHUHOrO 3aHATTS:
HEAOMNYCTHMICTb MPOMYCKIB Ta 3aMi3HEHb HA 3aHATTA. KOPHCTYBAHHA
MOGIIBHUM  Tened)OHOM, TUIAHIIETOM YM  iHWKUMU  MOOINBHUMK
MPUCTPOSMHU MiJl YAC 3aHATTA B LIAAX HE NOB’A3aHUX 3 HABYAHHAM
CMMCYBAHHS Ta NJariaT; HECBOEYACHE BMKOHAHHA MOCTABIEHOIO
3aBAAHHA | T, IH.

Koauni dopmu nopywenns arkazemiunoi jodbpouecHocri He
TOJIEPYIOThCSI.

[TuTanus 10 MOAYJILHIX
KOHTPOJIIB (3amipiB
3HAHD)

1. Modern methods of cellular bioenergetics.

2. Polarography and pH-metry.

3. Nuclear magnetic resonance: spectroscopy + tomography.

4. New data on the functional and structural organization of the
Krebs cycle.

5. Hypothetical and experimental bases for chemical,
conformational and chemiosmotic conjugation theories.
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12

13.
14.
15.
16.

17.
18.
19.
20.
2]
22,

23,
24,

25.
26.
27,
28.
29.

30.
31.
32.
33.

34.
35.
36.

Rotational catalysis of ATP synthesis.

Pro- and antioxidant mechanisms of lipid peroxidation.
Ca®*-transport systems in mitochondria.

Transport of substrates into mitochondria

. Therapeutic effects of succinate.
. The effects of hormones on mitochondrial respiration,

oxidative phosphorylation and oxidation of substrates in the
adaptation of the body to stress.

Comparative characteristics of the energy of skeletal and
cardiac muscles.

Bioenergetic bases of secretory and neurohormonal processes.
Hormonal-substrate-nucleotide systems.

Hereditary and “non-hereditary™ mitochondrial diseases.
Mitochondria as a "target" of action in therapeutic approaches
to treatment.

Free energy and equilibrium constans. Entropy, enthalpy etc..
ATP as a source of energy storage.

Electron flux as a source of biological energy:

Nicotine dehydrogenases. Flavin dehydrogenases.

. Eelectron-transport chain in mitochondria.

Energy storage in the proton gradient. Sodium gradient as a
form of energy storage.

ATPase and oxidative phosphorylation.

Theories of coupling of respiration and oxidative
phosphorylation.

The structure and role of ATPase.

Transport of adenine nucleotides.

Adenylate Kinase and AMP Signaling Networks.
Biophysical bases of motion.

Energy sources for muscle work. Glycolysis during muscle
contraction.

Bioenergetics of white and red muscles.

The role of phosphocreatine in muscles.

The movement of lashes and flagella.

Energetics of photosynthesis Proton and electron cycles in
thylakoids.

Light and dark phase of the photosyntesis.

Features of bioenergetics in aerobic and anaerobic bacteria.
General characteristic and sources of Reactive Oxygen
Species. Processes of lipid peroxidation.

OnuryBanus

AHKeTy-OLIHKY 3 METOIO OLLIHIOBAHHS SIKOCTI Kypey Oy/le Ha/laHo

1o

3aBEPLIEHHIO KYpCY.

Tabummus 1. Cxema kypcey «Bioeneprerituni 3acaan eHepreTH4UHOro MeTadonizmMy» (aur.

MOBOI))
Hazeu nexkuiit i mem npakmuqHux 3auanms nex | mp | cp
Bioenergetics thermodynamics. Thermodynamic basics in
| bioenergetics. Free energy and equilibrium constans. Entropy, enthalpy | 2 1 4
etc.. Additivity of changes in standard free energy.
ATP as a source of energy storage. Energy transfer from ATP: two
. stages of ATP hydrolysis. ATP and bioluminescence. Other macroergic 2 1 5




compounds.
Electron flux as a source of biological energy. Methods of electron
3 transfer. Restorative potential. Nicotine dehydrogenases. Flavin | 2 4
dehydrogenases.
Respiratory (electron-transport) chain of mitochondria. Electron transfer 2
4 reactions in mitochondria. Universal electron acceptors and P 5
transporters. Multi-enzyme complexes of the respiratory chain. Energy
storage in the proton gradient.
5 ATPase and oxidative phosphorylation. 2 4
6 Chemical, conformal and chemiosmatic theories of coupling of 2 2 5
respiration and oxidative phosphorylation. Prof. Peter Mitchell.
Structure of ATPase. The structure and role of the F, domain. The
7 structure and role of the Fo domain. The mechanism of oxidative | 2 4
phosphorylation. Transport of adenine nucleotides. 2
g Adenylate Kinase and AMP Signaling Networks. Adenylate kinase as a " 5
bridge between energy generation and utilization sites. -
Methods of cellular bioenergetics. Isolation of mitochondria and cells.
9 Evaluation of enzyme activity. Polarography. pH-metry. Positron | 2 | 4
emission tomography. :
10 | Nuclear magnetic resonance: spectroscopy + tomography. 2 5
1 Biophysical bases of motion. Mechanism of muscle contraction. Energy 2 -4
sources for muscle work. Glycolysis during muscle contraction. 2
12 | Bioenergetics of white and red muscles. 2 5
ATP hydrolysis and oxidative phosphorylation. The role of
13 | phosphocreatine. Muscle heat production. Heart energy. The movement | 2 4
of lashes and flagella.
Energetic of photosynthesis. General information about photosynthesis. 2 5
14 Physico-chemical bases of photosynthesis. Efficiency of photosynthesis. )
[ntegration of photosynthesis in chloroplasts. Proton and electron cycles
in thylakoids.
15 | Features of bioenergetics in acrobic and anaerobic bacteria. 2 4
Are free radicals healthy? General characteristic and sources of Reactive P 5
16 | Oxygen Species. Processes of lipid peroxidation. Antioxadative defense | 2 -
of cells.
Beboro 32 | 16 | 72
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