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6io.noriqnnfi Sar<ynrrer, xa$egpa 6io$i:uxlr ra 6ioiu@opMarl{Kll

fa,ry:r 3HaHb, uruQp ra
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flporpana Br.rBqeHHfl Kypcy <Eioeuepreru.{ui 3acal.u

eHeprerr4r{Horo vera6oni:uy (anrn. uonorc)> cKJIaAeHa

ni.uuoeiAHo Ao ocsirHro-npo$eciftuoi nporpaun niArotonxu
nraricrpa cneqiamnocri 091 Bionoris ra 6ioxirrtis, flKa

BrKra.uaerbcq n I ceuecrpi s o6cssi 4 xpelurin (:a
enponefi crxolo KpeArr:ruo-rpaucSepHolo cucreuoro).

IH$oplrauia npo rcypc

Koporxa auoraqin Kypcy Uefi anr:rouonnprfi Kypc nepeA6a.Iae uIaKJI .nexuifi Axfl
uouu6renns 3HaHb flpo cy.racui MeroAI4 rliruusoi
6ioeuepreruxu, oco6:runocri $ynKIrioHyBaHHs oKrIcHo-

ni4uonnoro Ar4xaJrbHoro naHulora ra $oprraynaHufl rlporoHHoro
rpagieura xx $opun :6epirauua eneprii, upo $yurcuioHa,rruy ra
crpyxrypHy oprani:auirc uI{KJIy Kpe6ca, pisHux reopifi
crtpqxeHHs AprxaHH, Ta oKLIcHoro Soc$op[IJr]oBaHHs, $i:uuuux
rr.rexaHisN{is cHHTe3y ATO, ponb aKrrlnuux $oprra oKcl{reHy B

uopui i na:rororii, rpo rpaHcnopr ionie ra iuruux pevoeuu xpi:t
6ionoriqni uem6paul.r, 6ioeueprernxy $orocllHTe3y, oco6raeocri
6ioeuepreruxu 6arrepifi, eueprerlrxy piurux nu.uis pyxy,
6ioeueprerirqui sacaAu pisnrax Sisionoriunux tpyHxuift .

Kypc raxoN rr.ricrum upaxruuni po6orra y $opui ceurinapin

cnpsMoBaHnx Ha po3IxI{peHH, 3HaHb npo. 6io$i:u.IHi 3acaI:n

eHeprerlrr{Hux rrlexani:Mie ra yAocKoHaneHH, uayxoeoi
po:rrronuoi i nr.rcrNaosoi anuificrxoi uonu.
florrru6uru 3HaHH.s uaricrpin-6io$isurin y po:yrvlinni
Nrexani:ilais yrBopeHH.rr, 3atl'acanrfl Ta BuKopI4craHHq pisuux

$op* eneprii y xrrBt4x oprani:uax ra yAocxonaJturu pineHr
nayronoi auuificmoi N,rosu Ha npuxla.ui BLIBr{eHHq

6ioeneprernrrHr.rx tuexaHisN.Iis.

Mera ra qi,'ri Kypcy

Jlireparyp a D^ts BuBqeHHq

Aucuuunisll
l. Hawking S., Mlodinov L. A Briefer History of Time. Xapxia:

KCA,2018.
2. Hawking S. The Illustrated Theory of Everything. New

Millennium Press, 2019.
3. Keller P. Basic Principles of MR Imaging. Milwaukee, Wisr

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. llth 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. Kafixy M. @i:nxa uafi6yrnroro. Jlrnis: Ilirortuc,20lT
Tpuna,ricu, Kypcy olr.rH ceMecTp

O6cqr Kypcy 120 ro.q, 3 flKprx 32 rol,leruifiHux 3aHqrb, 16 roa flpaKTIrqHHx

3aH.f,rb ta 7 2 rol,cauoctifiuoi po6otu.

Ovircynaui perymraru
HaBЧ aHHЯ

flicnc 3aBepueHH, Kypcy cryAeHr roBI.{HeH Ha niAcrasi AaHI4x

cyuacnoi aHrJroMoBHoi uayrcoroT .rrireparypu :

3Harrr oco6,'u,rsocri repuo4aHauixr piaHoaa:xHux ra uepieHoBitlKHr4x

xHBHx cr4creM Ta MoJreKynrpui uexani3Ml4 eHepreruru xfisoi t<lritunu,
npo6lenaaruxy nexaHisN{is crrprxeHH, AHxaHHs ra oKucHoro

Soc$opu,rroBaHHr, oco6rasocri npo- ra aHrHoKaHAaHrHor-o

uera6orisrnry, poJrb eHepreruqHux npouecin y $oprtryaauui
elexrpoxini.{uoro rraeu6panHoro noreHqia.ny ra y rpaHcnoprHHx
cncreMax ruirusHux lrelr6pau;
eMiru Br.rKopucroByBaru orpauaHi 3HaHHq y posyuinni naexaHi:rtaie

aAanrauii qH [aroJroriqnzx sN{iH oprauianay i rpaltoruo onucyBaru
orpnuaui eKcrrepr,rMeHralrsi gaui, roryaaru rireparypunfi oura ra
o6ronopeuHr pesymraria 3a HarIHcaHHfl Te3, crarefi Ta

xaari$irauiftuzx po6ir aur.nift csxoto MoBolo.

Kypc sa6esileqye ua6yrrr raKux KoMrlereHrHocrefi ra flpofpaMHhx
pe:ynsrarin HaBsaHH,:

3K04. 3aarHicrs Aisru sa ocuoei erHqHHx rnripxyaaHs (rtaoruain).

3K05. 3Aarnicm po:po6.rrrrr.r ra KepyBaru npoeKraMu.

OK0l. 3Aaruicrs KopucryBarucs HoeirHiNul aocsrueHHsMu 6iororii,
seo6xiAHrzna v Nfi npo$ecifiuoi, AocliAul,tqrroi rala6o iuuoaauiftHoi

Aiqrluocri.
OK03. 3AarHicrs KopracryBarnc, cyqacHHMH iH$oprraauifiHur'ara

rexHororicN{n ra aua,risynarrl inQopuaqiro s ranysi 6ionorii i na naeNi

[peAMerHr{x ralysefi.
OK04. 3Aaruicrr auari:yaaru i y:aransHloBarll pe3yrbrarn

AocliAxesr pisuux piauia opraHisaqii xl4Bor-o, 6ionori,{Hr.Ix reHur i

npouecir.
OK06. 3Aarsicrs nporHo3yBarll HarIprMKI,l po3Bl,rrKy cyvacHoi 6io.tioi-iT

Ha ocHoui 3araJrbHoro aHalisy po3BLIrKy HayKIa i rexsolorifi.
OK07. 3Aarsicrr giaruocryoaru craH 6iorori.IHlax cucreM 3a

pe3yJrbraraM n Aoc.ir iAxesru opran i:vr i n pisHr,rx piaH ie opran isauii.

OKl1. Poeyrr,riHnr 6ioQi:uvnrax ra MoreKyrqpHux NrexaHisNaia

Synxqionyaauur pianrax ellAis xrirun, cy6uiranuux crpyKTyp,
TKaHHH, opranin ra opraHi:lry a ui,'IoNay 3a HopMaJIbHHx yMoB ra
naroloriqnux craHia, Ta 3a BTIJII.IBy sonuiu-rnix qaHHurie.

OK12. 3Aarnicrr siAnosiAHo Ao rlocraBneHoi saraqi, canocrifiuo



Bla1nparv 6 3HtIH METOAH AOCn rA)KeHb t3 vpaxyBaH Hfl M

oco6rusocrefi 6io.roriqnNx o6'exris, rIJIaHyBarH Ta npoBoAHTu eraru
Br4KoHaHHq HayKoBo-rexuiqnux pospo6ox a ranyri 6io$isur<n.

IIPH0l. Bonoainr aepxaBHolo ra iuosetut{orc MoBaMH I"la piaHi,

AocrarHboMy Alr cnilxyBaHHfl a npoSecifiHux nl4raHb ra npe:eHrauii
pe:yllraria B,'r acH Hx Aoclirxes u.

IIPHO2. BnrcopucroayBaru 6i6,riorercu, iuSopuauifiHi 6a:u AaHHx,

inrepHer pecypcu Arq rouryKy Heo6xianoi iHQopr'aauil
nPH06. AHa,,risyaarn 6ionoriqni tBHUla ra Ilpouecu Ha

MOreKyrspHoMy, rc,rirranHouy, opraHisMeHHoIvry, norry,rruiftuo-
Br.{AoBor\,ry ra 6iocSepuouy piaHrx 3 roqKLI aopy {yHaaMeHrarbHHx
3ara-rrbHoHayKoBl.Ix 3HaHb, a raKox 3a BHKopHcraHH, cneuia,rugux
cyqacHux MeroAis AocliAxeur.
IIPHO7. Onucyearn fi ana,ri:yoaru rpl{HuHtt}.t crpyKrypHo-

SyHrqionanrnoi opraHi:aqii, MexaHisN{is perynruii ra aAan-rauiI

oprauieruio Ao BnJIHBy pisnux quHHlrrcis.

IIPH13.,{orpr.ruynarncr ocHoBHHx [paBI4Jt 6ionoriquoi eruKH,

6io6ernexu, 6iosaxucry, oqiHrcsaru pI43HKr4 3acrocyBaHHq Hoeirnix
6iororiqnux, 6iorexHoloriqHux i rrlerraxo-6io,roriqnux MeroAis ra
rexuororift, Bn3Haqaru noreuuifiuo He6e:nequi oprauianla qv

supo6Huvi flpouech, rIIo Moxyrb crBoprcBaru 3arpo3y BttHl4KHeHHfl

HaAssuqaftHux cr.rryaqiil.
I-IPHl4. .(orpnr'lyrarucb HopM axaAeuiquoi go6pouecsocri nir qac

HaBqaHHs ra rrpoBaAxeHH, HayKoBoi AislrHocri, 3HarH ocHoeHi

nparoai HopMa uloAo 3axl.Icry iHrerexryamsoi eracuocri.
IIPH16. KpnruuHo ocMucJlloBarrl reopii, npHHuLInH, MeroAI4 s pi:Hrx
ranyaefi 6ionorii 4na aupirueHHs npaKTHqHHx 3aAarr i upo6,rernr.

IIPHl7. Bcrauosrrosa'ru ra apryMeHTyBarH Hosi sarexHocri ra
saxoHonaipuocri uirx napaMerpaMl{ Ta xapaKTepI4crI{KaMI4 cKnaAHHx

6io$isuunux cl4creM.
IIPHl8. Auanisynarn eiaoN,{i rpHHuI,InH ra nexauigMl4 crpyKrypHo-

SyHxqiouanuroi opraui:aqii, perylruil ra aAanrauii opraH i sru i e.

IIPH21. Kpuruuuo ocMhcJlloBaru ra aruatizyuarr ocHogHi HalprMKH

An, llIICHHЯ fl M

K,rro.rosi cJIoBa Eioenepreruxa, uiroxoHApii, uixori:, oKI4cHe

$oc$opunroBaHHs, ATO, neu6panHufi noresqia,'t
(Bioenergetics, mitochondria, glycolysis, oxidative
phosphorylation, ATP, membrane potential)

(Dopmar Kypcy Oqnufi : [poBeAeHHs rerqifi, rpaKTutlHux/ceuinapcsnrax po6ir ia
KoHcynbraqii a:rq Kpauoro po3yMiHH.fl TeM.

Teuu HanereHo y ra6n. I
fliAcymroeuii xourpolr, 3a,'rix y rciuqi ceMecrpy

flpepercni:uru ,{rx nunueHHs Kypcy cryAeHTI4 norpe6y}ors 6a:oeux:saur i:
Sisuxu, 6io$isrKrl, 6ioxiuii, 6ioenepreturu, auuifi crxoi r,tosl4

HasqarnHi ueroAu ra
rexuircn, rri 6yuyru

BrrxoprrcroByBarucq uil qac

BTIKJIAAAHHS KYPCY

Jlexqis, npesenrauia (inrocrpauiq, reNroHcrpauir), po:nonilr,
noflcHeHHfl, IHCKyCifl

Heo6xiane o6.rraAnaHns llepcoHamuufi roltn'torep niAxlroqeHnfi Ao iurepHery 3

Nroxruaicrlo rpoBeAeHHfl 3aH.f,rb on-line ua nlarSopr'.rax ZOOM ra
Microsoft Teams, 3araJl bHoBxusaHi ro Inr n'rorepu i npo rpan ra i

onepaqifi ni clrcreMn, npoeKrop

Kpurepii oqinroeauHq OrliHroeaHHfl rrpoBoAxrs :a 1 00-6aJIbHoto tlrKa,rolo. Ea,rH



(oxpeuo Arq Kor(Horo
BuAy HaBrra.nrnoi

4in.nurocri)

HapaxoBylorb 3a Hacry n H u na c ni esiAHo ue uH.s N{ :

. npaxTurrHi (cevriHapcsxi) :aurmr 50 o/o ceMecrpoBoi ouiHrua;

MaKcr4MaJrbsa ximricrr 6arir - 50;
. KoHTpoJrbnr.rfi sauip (rrroAylr): 50 %o ceprecrponol oqiuxr,r;
MaKcHMaJrbsa xilsxicrs 6anis - 50.
Earu ua npaxTuqHr,rx 3aHflT"rrx: cryAeHT ruae niAroryBaru oAHy

4onoeigs, qKa ouiHroerrcs y 30 6anis (xxicrn npe:euraqii,
uayxoruil i nosHrafi pirens vrarepiany ra eoroAiHH.s HI4M, eianosiai
Ha nHraHHr) ra oaHy peqeH:iro Ha AonoeiAb Koreru-cryAeHra, flKa

oqiuroerscs s l5 6anin (HeaeJIHKa cnisAonosiAt, axryalrriicrs
o6paHoi TeMH, sr\4icr Aonoeiai ra o$opr',uenru [pe3eHraqii, tuosHlafi

pirens). AKrlrsHicrr u o6roropeuHi posrlrHyrux reM oqiHroerrcr y
5 6a,rie. Bctoro: 39 + l5 + 5 = 50 6anie.
EarH sa MoAyJrb: cryAeHrl4 nt4lrlyrb oAHy MoAynbHy KoHrponbHy

po6ory, sra oqiHrcerbc, y 50 6anis (20 recroerax 3aBAaHb g ctacretvli

Moodle). flprarorynaHH.s Ao MoAyns nepeg6auae cauoniAroroBKy B

cucreui Moodle (rinrricru Ao3BorIeHHx npo6 3).

ArcaAe*riqsa go6pouecnicrr: ouixye'rucr, uo po6orN cryAeurin
6yayru ix opuriuamHuuu AocriAxeHHqN.{l4 qh naipryeaHurrrau.

Bi4cyruicrb rocHJIaHb Ha BuKoprzcraui AxepeJla, Sa6pnxyaaHur
AxepeJr, cnHcyBaHHq, BTpyqaHH.s e po6o'ry isurux cryAeuria
craHoBJrflTb, aJre He o6neNyrorb, npHKiIaAH MoxJIHBoT axale:r.riqrioi
seAo6poqecuocri. BHqsireHHq o3HaK axaAenaiquoT neao6povecHocri
B rrlrcbMoBiil po6ori cryAeHTa e ni4craaorc Arfl ii He:apaxyBaHHfl

BHKJraAaqeM, He3aJIexHo eil N,racura6ie nrariary qu o6naaHy.

BignigynaHHn 3aHqrb e BaxJIHBoro cKnaAoBolo HaBr{aHHr.

Ouiryerscr, ulo eci cryAeHrl4 silsiAalors yci nexqii i nparcrruui
3aHsrrr Kypcy. Crylennr Malorb iur[opuynarra BI4KraAaLIa npo

HeN,rox.irusicrr eiAsiAarn 3aHflTTff . V 6yar-rrcoMy BHnaAKy cryAeHTl't
go6os'qgaHi 4orparr,ryBurvcfl ycix crporie BI43Har{eHHx LItfr

Br{KoHaHHJr ycix nugin nHcbMoBI4x po6ir, nepe.46auenl4x KypcoM.

Jlireparypa. Ycq nireparypa, sKy cryAeHrLI He 3Mox(yrb suafiru
cauocriftso, 6yLe HaAaHa BHKJIaAaT{eM BI4Kr}or{Ho e ocsirHix uirsx
6ea upaaa if nepegaui rperin,t oco6ant. Cry.aenru 3aoxoqyrcrbcfl ,1o

Br.rKopr{craHHs raxox fi inuroi .nireparypu ra AxepeJI, ,KHx HeMa€

cepeA peKoMeHAoBaHHX.

[oliruxa BrrcraBJreHHs 6anis. Bpaxonyrortcs 6attu Ha6paui ua

noror{HoMy rec'ryeaHui, ca*tocriftuifi po6ori ra 6anu ni4cyrntronoro
recryBaHHr. flpu qboMy o6os'q3xono BpaxoBylorbcs rlpncyruicru
Ha 3aHsrrflx ra arcrusHicrb cryAeHTa niA qac [paKTl4t{Horo 3aHsrrs;
HeAo[ycrHMicrs nponycris ra sanisHeHr Ha 3aHflrrr; KopHcryBaHH,

uo6irrnuu re,reSoHorv, nJIaHtueroM LrH iuururr,tu uo6ilsHnun
flpucrpoqMu nig uac 3aHflTT, n qilxx He [oB'r3aHHx 3 HaBqaHHrM;

cnr4cyBaHHr ra nrariar; HecBoeqacHe BI4KoHaHH, ttocraBileHoro
3aBAaHHfl i r. iu.
XolHi Qopruu ropymeHHq axaAeuiqsoi go6pouecuocri He

fluraHuq Ao MoryJIbHHx
rconrpo,rin (:anripin

ruaus)

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 coniugation theories.



6. Rotational catalysis of ATP synthesis.
7. Pro- and antioxidant mechanisms of lipid peroxidation.
8. Ca2*-transport systems in mitochondria.
9. Transport of substrates into mitochondria
10. Therapeutic effects of succinate.
11. The effects of hormones on mitochondrial respiration,

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

12. Comparative characteristics of the energy of skeletal and
cardiac muscles.

I 
t3. nioenergetic bases of secretory and neurohormonal processes.

I I 4. Hormonal-substrate-nucleotide systems.

| 
15. Hereditary and "non-hereditary" mitochondrial diseases.

| 
16. Mitochondria as a "target" of action in therapeutic approaches

I to treatment.
17. Free energy and equilibrium constans. Entropy, enthalpy etc..
18. ATP as a source of energy storage.
19. Electron flux as a source of biological energy;
20. Nicotine dehydrogenases. Flavin dehydrogenases.
2 1 . Eelectron-transport chain in mitocho ndria.
22. Energy storage inthe proton gradient. Sodium gradient as a

form ofenergy storage.
23. ATPase and oxidative phosphorylation.
24. Theories of coupling of respiration and oxidative

phosphorylation.
25. The structure and role of ATPase.
26. Transport of adenine nucleotides.
27. Adenylate Kinase and AMP Signaling Networks.
28. Biophysical bases of motion.
29.Eneryy sources for muscle work. Glycolysis during muscle

contraction.
30. Bioenergetics of white and red muscles.
31. The role of phosphocreatine in muscles.
32. The movement of lashes and flagella.
33. Energetics of photosynthesis Proton and electron cycles in

thylakoids.
34. Light and dark phase of the photosyntesis.
35. Features of bioenergetics in aerobic and anaerobic bacteria.
36. General characteristic and sources of Reactive Oxygen

Species. Processes of lipid peroxidation.
OnlrrynaHun AHrery-ouiuxy: Meroro oqinronauu.s srocri Kypcy 6y.ue Ha.uaHo

no 3aBepueHHro Kypcy.

Ta6llrus l. Cxerra Kypcy <<Eioenepreruqui 3acaAr{ eHeprerr.rqHoro Mera6oriruy> (aurn.
uonoro)

Huseu nexqiit i men npaKmuqHtx 3aHt mb JICK rp cp

Bioenergetics and thermodynamics. Thermodynamic basics in
bioenergetics. Free energy and equilibrium constans. Entropy, enthalpy
etc.. Additivity of changes in standard free energy.

2 4

2
ATP as a source of energy storage. Energy transfer from ATP: two
stages of ATP hydrolysis. ATP and bioluminescence. Other macroergic 2

5



compounds

3

Electron flux as a sOurce Of bi010gical energy. :卜 4ethods Of electron
transfer. Restorative potential. Nicotine dehydrogenases. Flavin
dehydrogenases.

2

2

4

4

Respiratory (electron-transport) chain of mitochondria. Electron transfer
reactions in mitochondria. Universal electron acceptors and
transporters. Multi-enzyme complexes of the respiratory chain. Energy
storage in the proton gradient.

2 5

5 ATPase and oxidative phosphorylation 2

2

4

6
Chemical, conformal and chemiosmatic theories of coupling of
respiration and oxidative phosphorylation. Prof. Peter Mitchell. 2

5

7

Structure of ATPase. The structure and role of the Fr domain. The
structure and role of the Fo domain. The mechanism of oxidative
phosphorylation. Transport of adenine nucleotides.

2

2
4

8
Adenylate Kinase and AMP Signaling Networks. Adenylate kinase as a
bridge between energy generation and utilization sites.

2
5

9

Methods of cellular bioenergetics. Isolation of mitochondria and cells.
Evaluation of enzyme activity. Polarography. pH-metry. Positron
emission tomography.

う
乙

2
4

10 Nuclear magnetic resonance: spectroscopy + tomography 2 5

11
Biophysical bases of motion. Mechanism of muscle contraction. Energy
sources for muscle work. Glycolysis during muscle contraction.

2
2

4

12 Bioenergetics of white and red muscles. 2 5

13

ATP hydrolysis and oxidative phosphorylation. The role of
phosphocreatine. Muscle heat production. Heart energy. The movement
qf lashes and flagella.

2

つ

4

14

Energetic of photosynthesis. General information about photosynthesi s.

Physico-chem ical bases of photosynthesis. Efficiency of photosynthesis.
Integration of photosynthesis in chloroplasts. Proton and electron cycles
in thylakoids.

2

5

15 Features ofbioenergetics in aerobic and anaerobic bacteria. 2

2

4

16

Are free radicals healthy? General characteristic and sources of Reactive
Oxygen Species. Processes of lipid peroxidation. Antioxadative defense
of cells.

2
5
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