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A: AHOTATIUfl

I4zytanar ce ocHoBuu QuauqHu u QuanrorurMr4rrH[ ,BJreHr{.fl r{ npoqecr4, Ko}rro
lpoTl{qaT B xuB}ITe opraHu3Mr,r Ha MoJreKyJIHo, KfleTSqHo V TSKaHHO HI4BO C rleJr

kr3flcHfrBalae Ha TIpUHIII{IrI{Te, Bbpxy Kor{To e lr3lpaAeua Qusuororr{sra Ha opraHu3Ma B

HOpMa 14 [aTOJrOrI{r.

Pa^:uex4ar ce rroH{Tr4, or rn6epnervrKara, cBbp3aHu c peryJrarlrr.f,Ta,
caMoperyila\vrflTa 14 MoAeJrl,rpaHero na 6zororr{qHrlr cr{creMr{. Knem.{Hara 6uoQnszra
pa3rnexAa BbrlpocLlre 3a crpyKrypara u SyHrquxra Ha 6raorvreru6paHure, Ha rpaHcrropra
Ha BeIIIecrBa u fionu upffi Iuena6paHu. Irlsyuanar ce ereKTpurlHr4Te cnoftcrna Ha
6uouorn.rHr4Te ueu6panu.

B na6oparopwffa cryAeHTure rrpoBexAar 6uoQz:uqHr{ eKcrrepLTMeHTr{, Hf,Korl or
Kolaro Bbpxy MoAeJI , a Apyrrr in vivo. Jla6oparopHLrre ylpaxHeHr4f, AorrbnBar u
unlocrpl{par neKII}IoHHuf, Marepr{aJr 14 AaBar Bs3MoxHocr Ha cTyAeHTr.rTe Aa pa3BkrflT
cBoLITe yMeHLIf, sa pa6ora c u3MepBareJrHa aflaparypa 14 3a cr{creMarr{qHoro flpeAcraBf,He
Ha pe3yJrTaTuT e oT eKcneprr MeHTarrHvrT e cv r43cJreABaHr4r.

Cnel 3aBbpruBaHe Ha Kypca ce oqaKBa cryAeHTr{Te Aa ca 3arro3HarLr c ocHoBrare Ha
6uo$ruzurlHure rlpoqeclt, [poruqarqv B KJrerKr4Te Ha xuBr{Te opraHr{3Mr4.





E. TEMATI4TIEH IIJIAH HA JIEKT\LILI I4 yIIPAXHEHpIfl

JlercquH (14 vaca)

Nb Tervra
Epofi

qacoBe

1

Ocnonnn rroHflTrrfl ua rcu6epHerrrKara.
Ilpe4rvrer vr 3a4a'rtlz Ha rn6epHeru Kara. Ku6epnervqHkl cucreMz. Teopna
na uuSopMallusra. Perynupaue 14 yrpaBJreHr{e.

Ku6epnerrrKa na 6no.iror[rrH[Te crrcreMrr.
flpe4uer na 6raoru6epHerzrcara. Oc o6eHocrr{ na 6uonorLTrrHzTe
cv creMlr : caMoopraH vsapfl. u c aMoperyJrr,rp aHe. Perynuparrlr{ cLrcreMu B
qoBeruKrt fl, opr:a:rtusrrra. Mo4eJrlrpaHe na 6uororkTqHrrre cLT creMil. B vtAose
MOAeJII,I.

2

2

Buqone 6uororuqnn *repr6paHrr. Crcran rr crpoerrc Ha rvreru6paHrrre.
Bn4oae ecrecrBeHll u I{3KycrBeH}r rvreu6pann. MonerynHu MoAerrusa

crpyKryp ar a Ha laeu6pauure.

Mexanu.urn cnoficrBa Ha 6[oror[.rHrrre uerr6panu.
Mexanz.urz ceoficrBa Ha rraerra6pannre. CsoficrBa r{ ABrrxeHr.re Ha
vr erra 6p anHrrre rturrrrAvr. (Dyn rquz, p €13 rronox eHI,r e u €rJr orp o n vfl Ha

rraerr,r6p anHrrTe 6elrrqn.

2

J

[acuseH TpaHcrropr Ha HeeJrerTpoJrrrrr{.
Cso 6o.qH a 4uQyzus. Hecno6oAHa 4n$ysux. O6rer.reH a an$y sur,.

Ocnosa u Qunrpaqna. EnexrpoocMosa.

IIac[seH TpaHcnopr Ha fioHu.
Enercrp_oxr4MrrrreH rroreHrlr{an. Mexanz3Mu 3a [acuBeH TpaHcnopr Ha
fioHu. LIortrtu rrororlr4. Irlonna [poHprrlaeMocr na ueu6paHzTe.
fronno paBHoBecne - 4u$y3uoHeH [oreHrl]rErJr ]r AoHaHoB rroreHrlr4rrrr.

2

4
Arcurnen TpaHc[opr.

Harpueeo-KaflfieBa fionna floMrra. Kanqrzena fionna rroM[a. Arrraseu
TpaHc[opT Ha rrpoToHkl.

2

5

IlorenqnaJr Ha norcofi.
Pannosecen ueu6paHeH [oreHIIrrErJr. CraqrEoHapeH rroreHqr{ru na uorofi
na ueu6pann.

lorenquaJr Ha geficrnue na nrr6yArrMrr MeM6panu.
Brs6y4zrvrocr. MexaHLr3bM vr eranvr Ha rrpoqecaHa nrs6yx4aHe.
flpar na nts6yxAaHe rI JIoKarrHLr rroreHrlnaJrvr. Ko4upaHe Ha roireMkrHara
Lr [poAbJrxureJrHocrra Ha Aeficrnue Ha Apa3HurreJrr. AsroMatr,r.f,.

2





6

IlponeN4aHe Ha nrr6yxq4aHero.
Jlorcaruu roKoBe. ErerrpzuecKa eKBr{B€IJreHTHa cxeMa Ha K[erbrrHa
uerr,r6p aHa. Ka6 emro yp aBHeHue. BpeueKoHcraHra ra rrpocrpaHcrBeHa
KoHcraHra. Cropocr Ha pa3[pocrpaHf,BaHe Ha nrs6yx4aHero.

2

7

flonrpxHocreH ererffpuqeH 3apsA Ha KJrerKrrre.
BtsHLIrsaHe Ha rroBbpxHo creH eleKTpLtqeH 3aprA. .{noen eJreKTpr{rreH
cnofi . P asnpe4eJreHLre Ha rroreH r\krura. Tpaucuena6panen n
eJreKTpoKnHeTr{qeH rroTeHrlrrafl.

E.nercrpoQopesa.
Oup e4eneHu e 14 KoJrr/rrlecrBeHo oflv caHlre Ha eJreKTpoQop esara.
3asucr.rldocr Ha enempo{operrrrrHara [oABuxHocr or pH uiron:nara
cvna. Me4uqnncKu npkT lroxeHr{.r Ha eJreKTpoS opesara.

2

oBrrlo 1.4





Jla6oparopHrr rr ceMrrHapHrr yrpa)r(HeHrrfl

Ilb Teua Epofi
IIACOBE

1

@tlsrl.rHo MoAeJrrrpaHe Ha rrpoueca na guQyurfl rrp$ rrevr6pana.
@usz.rHoro MoAeJILrpaHe - ocHoBeH MeroA 3a u3fraBaHe Ha 6uouorz.rHz
o6exru. [uQysrEx rlpe3 ueu6pana I{ BbsMoxHocrrzre 3a MoAeJrrapaHe c
rroMorrlTa Ha eJreKTpuqna Bepr{ra. IlparruuecKo r{3cJreABaHe Ha
lapaMerpr4Te Ha 4rafiyar{f, c rroMorrlTa Ha MoAen.

2

2

Oupe4e.rrfl He Ha rrpoflycrcJr rrBocrra Ha rr3nycrBeHa rvreru6pana.
Ilacnnen TpaHcropr Ha BeIIIecrBa. 3aros Ha @nr. Mero4u 3a r{3fraBaHe
Ha rpaHcrropra Ha Berrlectna. flparrrlqecKo olpeAeJrrHe Ha
uponycxrzpo crta na usrycrseHa rvreru0 p ana qpe3 uHAV KaropeH MeroA.

2

J

Ifacunen rpaHcrropr Ha xJropnu fionn [pe3 rr KycrBeHa
rloJry[poHr{rlaeMa uerr6pana.

@ngu.IHz rIpuHIIulI{ Ha xeMo4kruru3ara. Tpancuopr Ha BerrlecrBa rrpr4
xeMoAt4 €rJr Lt3ffi a. flparruvecKo Lr3cJreABaHe Ha rpaHclop r a Ha xJropHu
fionu B Aualrlrcarop.

2

4

Ilrc.rreAnaHe Ha rrpexoAHrr [poqecll B rrepBHo BJraKHo c rroMorrlTa Ha
MOAeJr.

Ilpexo4rut rlpoqecv B HepBHo BnaKHo. Ka6enno ypaBHeHue. EnexrprrreH
MoAeJr 3a u3cneABaHe Ha [pexoAH]r [poqecn. OnpeAeJrtrHe Ha
BpeMeKoHcTaHTa Ha rrpexoAeH npoqec B MoAeJr.

2

5

Onpe4e.nflHe Ha fionoQoperlrqHara rrpoHr{rlaeMocr Ha rroBe[rKa Koxa.
Jlexapcrnena fionoQopesa Karo fiusnorepaleBrrlrrreH MeroA - ocHoBHrr
TIpLIHIII{IIE. flparrzqecKo rlpoBexAaHe Ha fi ono$opesa. flpzn rJkrrrLr Ha
6esouacHocr. oupeAeJr.rHe na fioHo0operLrrrHara rrpoHr{qaeMocr Ha
KOXa - BS3MOXHOCTT,I 3a rrpeqr{3Ha Ao3t4poBKallpLr [porleAypaTa.

2

6

onpege"nr He Ha eJrercTpoKrrHerrrrrH rrr rroreHrlrraJr Ha KJrernrr.
flonrpxuocrHo HarrpexeHu e Lr eJreKTp oKr{HervqeH rroreHrlz an.
Ha6nro4eHze Ha KJrerbrrHa enerrpo$ope3a. I4suepraue na
ereKTpoKLr HeTuqHkr.f, [oTeHrluaJr Ha ApoxALt.

2

7

Onpe4e.nflHe gaBrlcltMocrra Ha Kozr(Horo cbnporrrBJreHne in vivo or
qecToTaTa Ha IIpoMeHJIHBIIfl TOK.

flponaerurlBoroKoBrr [apaMerpu Ha 6r.rororn.rHa rbKaH. LIsrr,repnaHe Ha
r4MrreAaHca H a xzsu o 6er rv rrp:rt p €I3[uqHLr qecrorkr.

2

8 rrpe4rvrer lr 3aAarr[ na 6r.roQu3r{Kara. Mero4u 3a rr3cJreABaHe B
6roOrgrrcara. (cenannap)

I

9 Texnurca na 6egonacHocrra.
3auosHasaHe c r.rHcrpyKrlnara tro rexHr{Ka Ha 6egouacuocrra.

1
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B. JII4TEPATYPA

3AIbJDIUITEJIHA:
1. Y're6Ho cbAbpxaHue [o yre6uara Azcrlr{rrJrr{na,,EzoSvgnKa" 3a cleqLraJrHocr

,,Me4nquHa",4ocr6rrHo B Blackboard Learn* cucrepra 3a eJreKTpoHHo rr
Ar{craHrlrroHHo o6y.renue na Me4zqr{HcKr{ yHr{Bepcurer - Bapna

2. YultsaHufl.3a na6oparopHkl ylpaxHeHr{r, HaJrr.rrrHu r Karegpa"@ursttxatt
6uoSzsura".

IIPENOPbVIITEJIHA:
1. M. Mapznoa, Bno$usnra, CoQar ,200Lr.

f orrbJrHrrTEJLHA:
1. Leake Mark C, Single-molecule cellular biophysics, Cambridge University press

,2013
2. T.F.Weiss, Cellular Biophysics, v.1 : Transport, v.2: Electrical Properties, The MIT

Press, 1996,
3. R. Cotterill, Biophysics - An Introduction, Wiley, 2004.
4. Russell K., Hobbie, Bradley J Roth, Intermediate Physics for Medicine and Biology,

5th Edition, Springer, 2015.
P.Davidovits, Physics in Biology and Medicine, Harcourt Academic Press, 2OOl.5.

6.

7.

8.
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r. KOHCTIEKT 3A II3fII4TA IIO ,,EI{OOr43LIKA,,
rlacr I. EIIOKI,IBEPHETI4KA

1. OcHonHrr rroHflTufl Ha rcu6epHeurrcara.
flpe4vrer v 3a4aqv ua ru6epHerr{Kara. Kz6epnerr{qHr{ crrcreMr{.
Teopzr na raH$opMarlurra. PerynupaHe 14 yrrpaBJreHue.

2. Ku6epHerlrKa na 6uo.nor[rrH[Te crrcreMrr.
IIp e grraer sa 6uoxu6 epueruxara. Oco6 e Hocrlr sa 6rEororr{qHr{re cr{creMr4 :

caMoopfaHu3arlufl Lr caMopefyJrlrpaHe.
Peryrupaqr{ cr{creMu B qoBeIrrKzf, opraHr{3bM.
Mo4enupaHe Ha 6uororu.rHrrre clrcreMlr. Bra4one MoAenu.

rlacr II. EI{OOI,I3I4KA HA KJIETKATA
PagAe.rr II-1. EI,IOJIOIIqHII MEMEPAHI,I

10. Bu4one 6uo.norlrrrHll rvrem6panu. CrcraB rr crpoex Ha uerr6panure.
Bz4one ecrecrBeH v u vr3ry crBeHn rraenr6panu.
MorerylHr{ M oA e Jr Lr 3a crpyKryp ara n a rraeu 6p alailT e .

1 1. MexaHrrrrHrr cnofi crna na 6uo.nor[rrH[Te rvlervr6paHn.
Mexanv.rnn csoficrBa Ha ueu6panure.
C s o fi crsa r{ ABLrxe H ue Ha uerr,r 6p anHV Te rrtrtrr4 Au.
(DyurcqzrE, pa3rronoxeHz e r{ €rJrorpo laufl, Ha rraeu6p auHure 6 enrrqz.

Parse.n rr-2. TTPOHI,ITIAEMOCT HA KJIETbTTHTITE MEMBpAHII
13. [acuBeH TpaHcrropr Ha HeeJrercTpoJrrrrrr.

C ro6o4n a gufly zLtr,. Hecno6o4na 4uSygu.s. O6neKqeHa au$ysut .
OcNaosa z Qulrpaqnx. EnerrpoocMo3a.

14. IIacnBeH TpaHcrropr Ha fionu.
Elerrpoxl{MztleH [oreHIII,I€IJI. Mexanu3Mr4 3a nacr{BeH TpaHcrropr na fioHn.
I4ola:au rororlr{. llonna rpoHr4rlaeMocr na rvreu6paHVTe.
fronno paBHoBecre - ar6y3uoHeH rroreHrl,€u Lr AoHaHoB noreHrlr,rrrJr.

L5. ArcruBeH TpaHcrropr.
Harpueno-KaJrlzeBa fionna rloMrra. Kanquena fioHna rroMrra. AxrzseH TpaHcrropr Ha
rrpoToHu.

Pass e"rr II-3. EI,IOTIOTEHIII4 AJIII
16. [oreHrlrraJr na noKofi.

PasHosecen ueu6paHeH TIoTeHIILI€IJI. CraqnonapeH rroreHrluuu na norofi na uenr6panu.
L7. [oreHrlrraJr na AeficrBrre Ha nrs6ygurvru rvreu6paHrr.

Bts6y4nMocr. MexanrzsbM kI erarrkr Ha rpoqecaHanrs6yx4ane. flpar Ha nrs6yxAaHevr
JIOK€LIHI4 IOTOHIII4 €LIIIlt.

Ko4Iapane Ha roneM?IHara lI rrpoAbJrxureJrHocrra Ha 4eficrrze Ha Apa3HLrreJr.f,.
Anrouarzs.

18. flponexAaHe na nrr6yxAaHero.
Jloralnn roKoBe. Erexrpu.recKa eKBnBaJreHTHa cxeMa Ha KJrerbqna ueu6paHa.
Ka6 euHo yp aBHeHr,re. BpeuexoHcraHTa r,r flpocrp aHcrBeHa KoHcraHTa.
Cropocr Ha pa3npocrpaurtBane na srs6yxAaHero.





' Parle"rr II-4. EJIEKTPOKI4HETI4qHI,I flBJIEItlWfl
19. IloerpxHocreH erenTp[qeH 3apflA Ha KJrerKr.rre.

BtsHLIrsaHe Ha rloBtpxHocreH eJreKTpr.rqeH 3apflA. ,{noeH eireKTpuqeu clofi.
Parupe4eJreHkIe Ha rroreHllualra. Tpancueu6panen kr eJreKTpor[HeruqeH rroreHrlr4zrJr.

20. E.nercrpoQopesa.
oupe4eneH[e r{ KoJrrlrErecrBeHo oluc aHr{e Ha eJreKTp o0opesam.
3aszcuNdocr Ha ererrpo$operilqHara rroABr{xHocr or pH u fionnara cuila.
Me4zqrancKz [puJroxeHLr.f, Ha eJreKTpoQopesara.

3AlbtDKn T EJr HA Jr U TE PATVPA :
1. Y.re6Ho cbAbpxaHr{e no yre6nara Aucrl}rrrJrrrHa
,,Me4uqzHa", 4ocrbnHo B Blackboard Learn* cucreMa l

o6y.renue Ha Me4uqLrHcKu yHuBepcnrer - Bapna

2. YnrrsaHz.f, 3a ua6oparopnu ynpaxHeHlrr, HaJrzqHkr B Kare4pa "@r43uKa u
6raoQrEarara".

IIPE II OPb q NTEilHA JIN TE PATVPA :
1. M. MapzHoa, EuoStrsvrna, CoQzr,2001r.

I O IIbJI HM TEJI HA JIN TE PATVPA :
1. Leake Mark C, Single-molecule cellular biophysics,

(www.cambridge.org/97 811 07005 83 9), ZOt3
Cambridge University Press

2. T.F.Weiss, Cellular Biophysics, v.l: Transport, v.2: Electrical Properties, The MIT
Press, t996.

3. R. Cotterill, Biophysics - An Introduction, Wiley, 2004.

4. Russell K., Hobbie, Bradley J Roth, Intermediate Physics for Medicine and Biology,
5th Edition, Springer, 2015.

P.Davidovits, Physics in Biology and Medicine, Harcourt Academic press, ZOO1.
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3a eneKTpoHHo u AucTaHrIr{oHHo

5.

6.

7.

8.

9.





4. OOrUI,r HA OByTIEHIIE, KOHTPOJT r,r OIIEHKA

O6yrenzero Ha cryAeHTI{Te tro Ar{crlr{nJrr{Hara "EuoQuszKa" BKrrotrBa [pucbcrBeHl{
JIeKIIVu, na6opatopHrr ylpaxHeHur lr ceMrrHapu, caMorroAroroBKa u KoHcyJrra\vvr.

Ycso.f,saHero Ha Marepllana or Bcf,Ko ra6oparopHo ylpaxHeHr4e ce npoBepflBa
reKyrrlo qpe3 KpaTsK recT.

O6yrenuero 3aBbpluBa c rlollaraHe Ha ceMecrpLtaJreH r43rrr4T, xofiro ce cbcroLr or
IIpaIOB TeCT, IIVCMeHa II yCTHa rIaCT.

E. IIPI,IMEPHI,I TECTOBE 3A TEKYIII KOHTPOJI
1. flacnmrrrflT TpaHcrlopr Ha BerrlecrBara B:ar'aru ce ocbrrlecrBrBa 3a cMerKa Ha:

a) eueprz flTa Ha KJrerKara;
6) nrHureH eJreKTpuqeH r,r3ToqHHK;

n) eneprzr ra Ha HflKaKbB rpaAr4eHT.

2 . flotorrr 4zQyn4upaJro BerrlecrBo rrpeAcraBJlf, Ba :

a) o6evrtr Ha BelqecrBoro, 4u$yn4rapaJro 3a eAuHlrrla BpeMe npes MeM6panara;
6) vracara Ha BerqecrBoro,4z@ynazp€lJro 3a eAuHraqa BpeMe;
n) rvracara Ha BelqecrBoro, 4zfiyn4nparro 3a eAlrHr{qa BpeMe rrpe3 eArHurla lJrorq.

3. 3aronrr na @ur pa3HrexAa rrpoqeca:
a) cno6o4ta gu$yzur.1'

6) guSysus rp* rraerra6pana;

n) ocuosa.

4. KoeSuqrleHTlr Ha rlpoHt4llaeMocr rpr,I HecBo6o4na au$yzur saBLrcui
a) carvro or reMrrepurypara u BuAa na 4lr$yHAzparrloro BerrlecrBo;
6) cauo or BLrAa Ha rraeu6panara ll nefinoro cbcrof,H[e;
n) rcarro or reMuepuryparaLTB:,z.Aa na 4n$ynAuparrloro BerrlecrBo, TaKa Lr or BrrAa Ha

naevr6paH ara u nefi noro cbcrof, Hrre.

5. B yupaxHeHr4ero ce r{3cJreABa [poqeca:
a) cno6o4ta au$yzut;
6) necno6oAHa 4uSyzut;
n) ocnaosa.
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