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1. OBJIACTBh IPUMEHEHUA U MECTO JUCHUIIJIMHBI B YYHEBHOM ITPOLECCE

Obs3arenbHas JUCHUIUIMHA BapUATHBHOM YacTH MPO(decCHOHATBLHOro 0JIoKa y4eOHOro IuiaHa
HanpasieHuss noarotroBku 06.04.01 buonorus. U3yuenme guctuiuinHbel «MoleKyssipHas
(bu3noaorus» OCHOBBIBAETCS Ha 0a3e NUCLUIUIMH: (PU3MOJIOTUS YEIOBEKa U JKUBOTHBIX, IMMYHOJIOT U,
Oouodusuka, (HU3MOIOTUS CUHANCOB. SIBISETCS OCHOBOM Ui HM3YYEHHUS CIEAYIOIIUX JAMCHUILINH:
(U3MO0JIOTHS CEHCOPHBIX CHCTEM.

3HaHUs, TOJYYCHHBIC TIPH HM3ydyeHHUH Kypca «MosekymsipHas (Gu3HoIoTus», POPMUPYIOT Yy
CTYJEHTOB CHCTEMY 3HAHUN OTHOCHUTEIBHO MOJEKYJISPHBIX MEXAaHM3MOB KIIETOYHON peLeniuH,
peryiasiuu KJIETOYHBIX (YHKIMH, a Tak e IO03BOJSIIOT HCMOIb30BaTh MPO(EeCCHOHAIBHO
npopMIMpOBaHHBIE 3HAHUS B SKCIEPUMEHTAIBHON (PHU3HOIOTMHM M COBPEMEHHOW MEIUIMHE NpU
UCCIICIOBAaHUM BJIMSHUSA PA3IMYHBIX (DAKTOpPOB Ha OIpEJENIeHHbIE IPOLECChl, NPOXOAALIME B
KUBOTHOM OpPIaHU3Me€, IPOrHO3UPOBATh PE3YNIbTAThI 3TUX BINSHUM.

2. CTPYKTYPA JUCHUIITIUHBI

3aouHas opma
oOyueHus

ouHas (popma

XapakTeprcTUKa yueOHOW AUCIUIUTAHBI
PAKTEp e 00y4YeHHs

Hanpasnenne noarotoBku 06.04.01 buonorus

Marucrepckas nporpamma DU3M0NIOTHS YeJIOBEKa U )KUBOTHBIX

OO6pa3oBarenbHas IporpaMMa

aKaJeMU4ecKas MarucTparypa

Kanuduxarus

MarucTp

KonnuecTBo copepkaTeapHbIX MOIyIeN

1 copepxkarenbHblii MOyJIb, 11 TEM

JucuuruimHa 6a30Boi / BApHATUBHOM YacTu
00pa3oBaTeNbHON TPOTPaAMMBI

JucuuninHa BapuaTUBHOM 4acTH

npogeccHOHATBLHOTO OJI0Ka MO BEIOOPY CTYACHTA

oOpazoBarenbHO# TTporpammbl BO 1o
HanpassieHuto 06.04.01 buosorus

DopMBbI KOHTPOJIS

MOOYIbHbIU KOHMPOJIb, IK3AMEH

TMokasarem ouHas (popma 3aoyHas hopma
00y4YeHHS 00y4YeHHS
KonnuecTBo 3a4eTHBIX €MHHUIL (KPEIUTOB) 2 2
KonuaecTBo yacon 72 72
T'on monroroBku 2 2
Cemectp 3 3
KonnuecTBo yacos
- JIEKIIMOHHBIX
- IPAKTUYECKUX, CEMUHAPCKUX 14 6
- 1aOOPaTOPHBIX 14
- CAMOCTOSATENbHOI paboThI 44 66
B T.4. MHAMBHIyaJIbHOE 33/1aHHE

HenenbHoe KOIUYECTBO YaCOB, T.4. 5,1

ayAUTOPHBIX 2
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3. OIIMCAHUE JUCIHUIIJINHBI

Ieau u 3agaun

Ileny — ¢dopMupoBaHue Yy CTYIACHTOB OOIIEH TEOPETUYECKOM KapTUHBI CTPYKTYypHOU
opraHu3aiy U (QYHKIMOHUPOBAHMS KIETKM M €€ COCTaBISIOIIMX Ha MOJIEKYJISIPHOM YpPOBHE;
MOHMMAaHHE MEXaHU3MOB pabOTBHl CHCTEMBbl MEMOpaHHBIX pPELENTOpPOB, OMOXMMHH IPOIECCOB
TPaHCMEMOPAHHOTO MEPEHOCA BEIIECTB M MOJIEKYJIIPHBIX OCHOB (DYHKIIMOHUPOBAHUS KIICTKH.

3aoauu — chopMupoBaTh MOHATHA O KIETOYHBIX MOJIEKYJISPHBIX KacKalax peakuui,
TpaHCMEMOPAHHOM MEPEHOCE BEIECTB U IIACTUYECKUX MTPOLeccax MEMOpaH.

TpeGoBanus K pe3yJbTaTaM OCBOCHUSI IMCUMILUIMHBI. [Iponecc n3ydeHus IUCHMIUIMHBI
«MonexynspHas (U3MOJIOTHS» HAPABJICH HA (POPMUPOBAHUE HIIEMEHTOB CIEAYIONIMX KOMIIETECHIIHHA
B cootBeTcTBUU ¢ PI'OC BO P® nmo nanpasnenuto nmoarotrosku 06.04.01 buonorus (marucrepckas
nporpaMmma «®@U3HOJI0THUs YeI0BEKa U KUBOTHBIX»):

JlucuumuvHa HaueneHa Ha (OPMHUPOBAHHE 00WenpogheccuoHanbHblx U NpogheccuoHaIbHbIX
KOMnemenyutll BbITyCKHUKA.

a) oowexyromypuwvix (OK):

OK-1: crtocoOHOCTBIO K a0CTPaKTHOMY MBIIIJICHUIO, aHAJIU3Y, CHHTE3Y;

0) oowenpogpeccuonanvnuix (OIIK):

OIIK-3: roTOBHOCTBIO HCIIOIH30BaTh (PyHIAMEHTAJIbHBIE OMOJIOTHYECKUE TTPEICTABICHHS
B cepe npodeccHoHATBHON AeSITEeTFHOCTHU JJI TOCTAHOBKY U PEIICHUS HOBBIX 3a]1a4;

B) npogheccuonanvuvix (I1K):

HAYYHO-HCCJIe0BATEIbCKAA IeSITeJIbHOCTD:

[TK-2: ctocoOHOCTHIO TIIIAHUPOBATh U PEATH30BBIBATH MPOPECCUOHATBHBIC MEPOTIPUATHUS
(B COOTBETCTBUU C HAIIPABJICHHOCTHIO (IIPOQHIEM) TPOTPaMMbI MarCTPATYPHI).

B pesyabTare n3yyeHust y4eOHOM TUCHUIINHBI CTY/ACHT J0JIKEH

OpUeHmupo8amuvCcs B Kpyre OCHOBHBIX MPOOJIEM, KacalouIuXcs MPOTEKaHNUS MOJIEKYIISIPHBIX
MPOIIECCOB, COMPOBOXKIAIOMINX (PU3UOJIOTHYECKHE PEAKIINH;

3HamMb MEXaHU3MBbI peall3aliy BHYTPUKIETOUHOM Mepeiayu CUrHaia yepe3 perenTophbl
Pa3HBIX TUIIOB; CYTh MOJIEKYJISIPHBIX IPOLIECCOB, 00ECIICUNBAIOLINX KU3HECITEIBHOCTD KIICTKH;

YMemb COTIOCTABIIATH X0J KACKAaTHBIX MOJIEKYJIIPHBIX peaKInii 1 000CHOBBIBATh X POJb B
($u3MOIOrNUeCcKuX Mporeccax;

é1adems METOAUKAMU PETYIISIUN MOJICKYISIPHBIX peaKLUi.



4. COAEP KAHUE JUCIMIIJIMHBI 1 ®OPMbI OPTAHU3ALIUU YYEBHOI'O

MPOILIECCA

HopsinkoBbIi
HOMep U TeMa

Kparkoe cogepxanue TeMbl

CooeporcamenvHutit mooys 1.

MouJekyasipHasi Gu3no0J0rusi MeMOpPaHHBIX MPOLECCOB U peneniuu

Tema 1. CTpoeHue
U QYHKUHMHU
OMOJIOrHYeCcKHUX
MeMOpaH

Kpartkas xapakTepucTuka MeMOpaH KaK COCTaBJISIONIEH YacTH KICTKU. JIMmmuaHbIi
coctaB MeMOpaH. Dochoaunuapl MeMOpaH, UX XapaKTEepHCTHKA U OCOOEHHOCTU
crpoeHusi Mosekya. docormuiepuapl MeMOpaH: CTpOEHHE, XapaKTEPHUCTHUKU.
Counromuenuubl MEMOpaH: CTPOEHHUE, XapaKTepHUCTUKH. OCOOEHHOCTH CTPOEHHUS
[JIMKOCQUHTONMITUIOB W WX  cBoiictBa. Creponbl  MeMOpaH:  CTpOEHHE,
xapakrepucTuku. IlomoxeHne crepoloB B MeMOpaHe M HX  CBOWCTBA.
AvpudwibHas mnpupoma MemOpad. CTpoeHHe MOJIEKYJIbl JIMITHAOB — Kak
CTPYKTYpPHOTO KOMIIOHEHTa MeMOpaH. OOpa3oBaHHE MHIEIUIEI MEeMOpaHHBIMU
murmaaamu.  [uapodunbablii W TUApodOOHBIE  clion  MeMOpaH. MexaHu3m
TPaHCIIOPTa BEIIECTB C PA3IMYHBIMU CBOWCTBAMH, 3aBHCSIIME OT CTPYKTYPHI
MemOpaH. benku memOpan. dyHkmn OGeTKOB B MeMOpaHax. AMWHOKUCIIOTHBIN
cocraB OenkoB. MHTerpanbsHbie U neprudepudeckue Oeki. ACUMMETpHs MEMOpaH.
CamocOopka MeMOpaH Tpu JOOABJICHWU B PacTBOp JETEpPreHTa ¢ MeMOpaHaMM.
VYrneBonsl MeMOpan: crpoeHne W (pyHkimu. JKHMAKOCTHO-MO3aMuHas MOJETb
crpoeHust MemOpaH. dazoBble Tmepexombl MeMOpaH. V3MeHeHHWs B CTpOSHHH
MOJICKYJT JIMMWIOB TPU TIOHIKEHHMHM W TIOBBIICHHM TeMIeparypbl. M3meHeHus
(U3NYECKIX CBOMCTB MeMOpaH MpH (pa3oBbIX MEpEXo/iax.

Tema 2. O0masn
XapaKTepUCTHKA
TPAHCIOPTHBIX
cUCTeM MeMOpaH u
UX 3HAYeHHe s
KJIETKH

OO01mmast xapakKTepuCTUKa TPAHCIIOPTHBIX CHCTEM MEMOpaH M WX 3HA4YeHUE IS
KJIETKH. THIIBI IEpeHOoca BEMIECTB uepe3 Ononorndeckue memopansl. Yacme 1.
MoneKynapusle mexanuzmovl RACCUBHO20 mpaHncnopma eeujecme. Ilonstue
AJICKTPOXUMHYECKOTO TMoTeHnuana. OJHeprus [ubca. Huddysus depes
meMmOpany. VYpaBHenne @uxa. Kosdpduuumenr mnponumaemoct dyepes
MeMOpaHy. PacTBOpHMOCTH BEIIeCTB B MeMOpaHE, WMEIONIUX Pa3InYHYIO
XUMHUYECKYIO ITpUpoay. TpaHCIOPT rHIpaTUPOBAaHHBIX HOHOB Yepe3 MEMOpaHy.
Tpancnopt Boabl. Kunku. AxkBanopus. Monogopsl. @akTopsI, ONpeaesionme
nporecc nuddysun. OobneruenHas nuddysus. MexaHusm o00JIeryeHHOM
nuddy3un Ha MpUMepe MOJICKYJIBI aHTUOMOTHKA BAJIMHA, TPAHCIIOPTHPYIOMIETO
uoHbl Kamus. Otiauuus npoctoid quddysun ot obnerueHHor. OOImMe 4epThI
obneryenHor auddy3un U aKTUBHOTO TpaHCIoOpTa Yepe3 MmemoOpansl. [lepeHoc
BEIIECTB 4epe3 MeMOpaHy IO MEXaHHU3MYy «IIHHT-TIOHI». DakTophl,
OTIPENIETISAIONNE CKOPOCTh oOsierdeHHOW auddy3un. BiausHue ropMoHOB Ha
paboTy MexaHU3Ma TPAHCIIOPTa C TIOMOIIBIO MEPEHOCYHKOB. OCMOC U €Tr0 poJib
B km3HM KiIeTku. [Ipomecc ¢uiprpanmmm Kak OAMH W3 BHUJOB
TpaHcMeMOpaHHOro mepeHoca BemecTB. Yacmy 2.  Monekynapuoie
MexXanuzmvl aKmueHo20 mpancnopma eeujecme. ViccnenoBanusi YUCHHTa 0O
HAJIMYMH MOHHBIX HACOCOB B KOXKE JIATYINKH. BUIbI HOHHBIX HacocoB. Na' /K -
AT®aza: Ouonormueckas poab. Crpoenue Na'/K'-AT®aszel. a- u P-
CyObEIMHUIIBI Na'/K*-nacoca. [k paboThI Na'/K*-nacoca.
Konpopmannonnsie nzmenenus Na'/K -Hacoca. OKKII031s HOHOB B IpoLiEcce
nepeHoca MoHOB. Mounble mentpsl Na'/K'-Hacoca. Mexanusm (Qukcaruu
noHoB Na' u K' aromamu xucnopona. Ca’*-ATdasa: Guonorndeckas poib.
DHepreTvka TPaHCIOPTAa MOHOB KaJIbIUs. MeXaHu3M MepeHoca HOHOB KaJbIIHAL.
Iuknsl  paGorst Ca’*-AT®asel. [lepeHoc Kambusi depe3 MeMOpaHy
(Tpanciokanus). CTpykTypa Ca®*-AT®assl. Poib HOHOB Maruus B pabote
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KadblMeBOro Hacoca. MyHKIMOHMpoBaHME M crpoenue H -ATDasvl.
BTopuuHBbIil aKTUBHBIN TPAHCHOPT: YHUIIOPT, CUMIIOPT U aHTUNOPT. Yacmsb 3.
Tpancmemopannslii nepeHoc MaKpoMoOeKyi: MOJIEKYAAPHbIE MEXAHUZMDbI.
OOmass  xapakTepucTHkKa. OHIONHWTO3. HeoOXoawmple  yCIOBUS IS
NPOXOXKJAECHHUS  mpouecca HHAouMTo3a. Tumbl  sHAouurosza. Kparkas
XapaKTepUCTUKa  muHONMTO3a.  [Ipomecc  daromuroza.  PemenropHo-
ONOCPENOBaHHbIA  3HAONMUTO3. Poib KiIarpuHa. DK30IMTO3: OCHOBHBIE

XapAKTEPUCTUKH. Tunel 9K30IIUTO3A. Kanbiuii-nHe3aBucCUMBIN
KOHCTUTYILIMOHHBIA HK301IMTO3. Kanbiuii-3aBUCUMBI  HEKOHCTUTYIIMOHHBIN
AK301IUTO3. Kanbrnuii-3aBucuMbIiH OEJIKOBBIN KOMILJIEKC SNARE.

Cocrasistromie komiuiekca SNARE: Oenok cuaTakcuu-1, Oemoxk SNAP-25,
0eJIOK CHHANTOOPEBHH. JTambl HK301IUTO3A.

Tema 3.
Penenropsl
OMOJIOTHYECKHX
MeMOpaH:
CTpPoeHHe U
MOJIEKYJIsIpHAS
¢usuosnorus
TPAHCAYKIUH
CHIHAJIa

[Tonsitue o peuenrtopax Ouonornyeckux MemOpan. PopMUpoBaHHE KOMILIEKCA
ropMmoH-perenTop. CrienmpuIHOCTh perenTopoB MeMOpaH. CBOHCTBA PEIETITOPOB.
Peulenropbl-noHHBIE  KaHAbL:  OOMIAs  XapaKTEpUCTHKA.  ANETUIXOJIMHOBBIC
peuentopel:  kimaccuduKamys W CBOMCTBA.  HHKOTHHOBBIE — pPEIENTOPHI
anerwixommHa.  Ctpoenme. CyObemununbl  N-perientopoB.  PacmonoskeHne
Mosiekynbl  N-perienitopa B MeMOpane. MexaHu3M  akTHBaluM  N-perienTopa.
Knaccudukammst N-perentopoB aneTwixoduHa. Perentopsl ¢ THPO3UHKUIA3HOM
aKTUBHOCTHIO. Perteniropsl uist pakTopa pocra. Obmias xapakrepuctika. CTpyKTypa
pELEenTopoB € TUPO3MHKWIA3HOW aKTUBHOCTHIO. Kiaccudukaimsi perenTopos.
MexaHu3m (QyHKIIMOHUPOBAHUS PEIenTopoB. TpaHcMeMOpaHHa Tiepeaya CUrHaIa
C TIOMOIIBK PELENTOPOB C TUPO3MHKWIIA3HOW AaKTUBHOCTBIO. JTambl IEpeaadyu
CHTHaJIa C TIOMOIIBIO PELIENTOPOB C TUPO3UHKIIIA3HON aKTUBHOCTHIO. J{uMepu3ariys
petenTopoB U aBrodochopunrpoBanue. Perienropsl, conpsbkeHHbIe ¢ G-0enkom:
obmast xapaktepuctuka. CTpoeHHEe PElenTOpOB M UX PaCIOOKEHUE B MeMOpaHe.
du3HoIOruUecKas poiib PEIenTopoB, conpsbkeHHbIX ¢ G-0enmkom. Knaccudukarms
PpeLenTopoB. AJNpPEeHATMHOBBIE pelenTopbl. MyCKaprHOBBIE pelienTopbl. Mexanu3m
aKTHBAlIMU PELENTOpPOB, CONpsbKeHHbIX ¢ G-Oenkom. G-0Oenku: cTpoeHue,
kiaccupukanus. CyOobenuuniel G-OenkoB. YCHICHHE B Kackalax Iepeaayd
CUTHAJIOB.

Tema 4.
Bocnpusitue
CUTHAJIOB
0MOJIOrH4eCKUMH
MeMOpaHaMu:
CEHCOPHbIE 0eJIKHU
U JKCIpeccust
reHOB

OOmasi XapakTepuCTHKa MPOLECCOB BOCHPHATHS MEMOpaHaMU CHUTHAJOB.
Perynsimuss AuHaMH4YeCKUX CBOMCTB MeMOpaH B OTBET Ha H3MEHEHHUS
OCMOTHYECKOTO JIaBJICHHSI U TEMIIepaTyphl OKpyxarollen cpeabl. TekydecTs u
BA3KOCTh OHMOJOTHYECKHX MeMOpaH. BiusHue MoBBIIIEHUS TeMIepaTypbl Ha
CBOMcTBa MeMOpaHbl. BiHsHHME TMOBBIIICHUS OCMOTHYECKOTO MaBJICHUS Ha
cBoiicTBa MeMmOpanbl. [lecarypammss munugoB B kjieTke. OcmoceHcop
npokapuor — ructuauH-kuHaza KdpD. Onepon ocmocencopa KdpFABCDE,
€ro CTpOCHUE U peryisiius ero padoTsl. Perynsus skcnpeccun onepona kdp.
OpuA Kak OCMOCEHCOpP M OCMOpETYJSATOp MeMOpaHbl KieTok. CTpoeHue u
aktuBaiusa OpuA. HwuskoremmepaTypHbiii cTpecc. Perymsmus ¢usudeckoro
COCTOSTHUSI MEMOpaH ¢ MOMOIIIBIO IecaTypas KUPHBIX KUCIOT. [ umoTeTndeckas
CXeMa aKTUBAllUM TEMIIEpaTypHOTO CEeHcopa — ructuauH-kuHa3bl Hik33.
AKTHUBaLMsI, CTPOCHUE W MEXaHU3M JEUCTBUS TUCTHUAMH-KMHA3bl Hik33.
benkoBbIf TOMEH «IEHIIMHOBAs MOJHUS». BhICOKOTEMIIEpATypHBIN CTpecC.

Tema S.
MouJiekyasipHbie
MeXaHM3MbI
CIUSIHUS U
NMOBPEKIeHUsA
MeMOpaH

OOmrast XxapakTepuCTHKa MPOIECCOB CIUAHUS U TMOBPEXKACHUS MEMOpaH U HX
ponb B KH3HM KIeTKH. CrusiHue MeMOpaH IpH SK30IUTO3e. MexaHu3M
ciussHust MeMmOpaH. ®opmupoBaHHME AMMIUIOB. MeTOJ MAITY-KIeMIa s
U3ydeHHs]  Tpolecca  CIUSHUSA  MeMOpaH. DISKTPUYECKHE  SIBJICHHSA,
3apuKCHpOBaHbIE METOJOM MATY-KJIEMIY NpU CIUSHUUM MeMmOpaH. ChusHus
MJIOCKUX OWCITOMHBIX JIMNUAHBIX MeMOpaH. OOmas KapTuHa Ipolecca.
KoHcTpyknust kamepsl I M3YyYEHUsS TpoOIecca CIUSHUS ~ OMCIOWHBIX
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aunuaHbIX  MeMmOpaH. [locienoBaTenbHOCTh MPOMEXKYTOUHBIX COCTOSHUH,
KOTOpass HaOJIoJaeTcs MpH CIUSHUM JIBa IUIOCKUX JIMIOHUIHBIX OHCIOEB.
[Tomycnusitaue wmemOpad. MexaHU3M  TOJNYCIUSHUA. MoJenb  CTalKOB.
[oBpexnenne meMOpaH. [loBpexaeHue KIETOK MpPU HEAOCTATKE KHCIOPOa.
Pors  dochomumnazer A mnpu  moBpexaeHun MemOpaH. HaOyxanue
MHUTOXOHApHA. Mexanusm HaOyxaHusi MHUTOXOHApHH. [lopouHblii Kpyr B
NaToJOTUU  KJEeTKU. llepekucHoe OKHCIIeHHWEe JHMMNHUI0B Kak MpUYMHA
HNOBpEXJICHUS MeMOpaH. MeXxaHu3M TEepeKUCHOTO OKHCICHHUS JIMIHUIOB.
[Tpyuunbl HapymieHus OapbepHBIX CBOWCTB MeMOpaH B MATOJIOTHH.
DnexTpudeckuil mpoOoi MeMOpaH Kak YHHUBEpPCAJIbHBIM MEXaHH3M HapyIICHUS
LEJTOCTHOCTH MeMOpaH. CHuxeHnune BJIEKTPUYECKON MPOYHOCTH
UCKYCCTBEHHBIX  (OChHOMUNHUIHBIX MeMOpaH Tpu JEHCTBUM OCHOBHBIX
noBpexaaomux (akropos. I[IpoGoit mMeMOpaH COOCTBEHHBIM MEMOpPaHHBIM
noreHnnuaioM ("camomnpoboit”).

Tema 6. Murpanus

JBrxeHne Mosiekys1 hochoIumuaIoB B OMCIIOe: N3MEHEHNE OPHEHTAIIMH TIOJISIPHBIX

MOJIEKYJI B TOJIOB, JIATepAILHOE JIBIDKEHHUE, KOJeOaHUe alliyIbHBIX LIerel, 00pa3oBaHie KUHKOB
TOJIIIUHE U WX MEpPEeMEIICHUE BJOJb AlWIbHBIX LeNed (B MONEPEeYHOM HalpaBJICHUN),
MeMOpaHbI POTAIMOHHAS TIOABMYKHOCTH (BpallleHHe BOKPYT JUIMHHOW OCH), TIEPEXOJ C OIHON
CTOpOHBI Owmcioss Ha Apyrod (mo Ty uumn-Qior), BBIXOA W3 OUCITOSL.
Jlokamu3auyst M TOJBW)KHOCTH OGJIKOB B MeMOpaHe: MOHOTONHYECKas,
OuTONMYecKas ¥ TIOJMTOITUYECKAst JIOKAIM3alksl OCJIKOB B MEMOpaHe; JaTepaibHasl,
BpararenabHas 0enkoB B Oucioe, (aumn-¢ion nepexos OeIKOBBIX MOJIEKYI. bemok-
JINIUIHBIE B3aUMOAEHCTBHA. THIIBI OEIOK-IMIINIHBIX B3aUMOIECTBHI. BeI3BaHHas
6es1koM MoarHKaIs OUCIOSL.
Tema 7. Metonpl comoOunuzanmu  MemOpan. [lonsatue o gerepreHtax. Buasl
Couro0uym3anust | gerepreHToB. Munemisl. Bunet munemn. Ilpomece munennoodpa3zoBaHus.
PEKOHCTPYKIHSA Kputnueckass KoHIEHTpauusi MuIleiooopazoBaHusi. Yucio arperamuu.
MeMOpaH Mexanuzm  comoOwnu3anuu  MeMOpaH — JeTepreHtamu.  MexaHusm
PEKOHCTPYKIIMU MeMOpaH. MeTo/1bl OYNCTKHU CONIOOMIIN3aHTa OT JEeTEpPreHTa.
Tema 8. Ctpoenue u ¢yHkuuun wmemOpanbl snapa. CTpoeHue SOEpHBIX —IOP.
Huromnasmenno- | [locmenoBarenbHOCTH SACPHON JTOKANMH3AMKA. BeTKH UMIOPTHUHBL: CTPOCHUE H
si/IePHbIi ¢byuknusa. Cxema TpaHcmopTa O€NKOB M3 LMTOIUIa3Mbl B KIIETOUHOE SIAPO C
TPAHCHOPT MOCITIEAOBATEIHPHOCTSAMU  SIACPHON JOKaIM3aluu. YeTHOYHBIE CHTHANBI H

IIOCJIEIOBATEIbHOCT B IIEPEHOCE BEIIECTB M3 ILMUTOILIa3Mbl K SIpy U B
oOpaTHOM HampaBieHMU. Perymsamust mporecca TpaHCHOpTa 10  sapa.
Perynaums TpaHCKpUNIMU ¥ UTOIIA3MEHHO-SIEPHBIN TPAHCIIOPT.

Tema 9. JInnmnocomMsbl

CrpoeHue nunocoM M Be3UKyJd. MynbTH-, OIMIO - M MOHOJIAMUJUISIPHBIE

- MoJ1eJIH Be3uKyJbl. CBoicTBa nunocoM. CrocoObl BKIIOYEHHS Pa3IMYHbBIX BEIIECTB B
KJIETOYHBIX aunocoMsl.  IIpuMeHeHne JUNOCOM M BE3WKY1T B  (YyHIAMEHTAIbHBIX
MeMOpaH uccienoBanusx. IlpuMmeHeHue nUIoOcoM U BE3UKYlD B  (papMakoioruw,
MEJIUIIUHE U KOCMETOJIOTHH.

Tema 10. Perynsmus cyb6ctpatom peakumu. Metabonuueckue uenu. XuMHUYEcKas
Peryasinus MouduKays Mosekyn pepmenta. [leiictBue nporennkunas. Pons u pyHKInN
AKTHBHOCTH uzopepmMeHToB. KpaTkocpouHbie U JOITOCPOYHbIE MEXaHU3Mbl. MOHOMEpHBIE
MeMOpaHHBbIX U oJuroMepHele Oenku. Posib JIMIUIHOTO OKPYXEHHS B PEryJsLuu
(hepmenTOB MeMOpaHHBIX ()EPMEHTOB.

Tema 11. Kannuumii
KaK
YHHBEpPCAJIbHbIN
peryJasarTop
BHYTPHKJIETOYHBIX
MPOLECCOB

OU3UKO-XUMHUYECKHUE CBOMCTBA Kaiblius. CTpyKTypa MOHA Kayblwsl. CBsi3bIBaHHUE
Ca®™ W JpyrMX KaTHOHOB META/UIOB C PAa3IMYHBIME JIMTaHgaMu. CTpOCHHE
ranrmo3uzioB, (ocharummincepuna, kapauommnuHa. [Ipeanonaraemas cTpykTypa
y4yacTka OeJiKka, CBS3BIBAIOIIETO KalbIMi: CrUpaib-eTisi-ciupaib. Monodopsl u
WH/IMKATOPbI NOHOB KAITBIMS. AHTUOMOTHK KATBIUMUIMH U JPYrHe MePeHOCUNKH
Kanplys. MeTtogpl perucTpaii  M3MEHEHHWM  KOHILIEHTpallud — KajdblUs B




OHMOJIOTHUECKHMX dKCIepruMeHTax. KaibliueBble KaHAIbl M TEPEHOCUYMKU KaTbITHS
yepe3 OnomemOpansl. [IpoHunaeMocts MeMOpaH A KaJbLUS U JPYTHX HOHOB.
Kanemuessle 1 xanpiizaBucuMble KaHaibl. CrcremMa Na/Ca-oOMeHa B KJIETOYHBIX
memOpanax. Tparcropr Ca®* depes MHTOXOHIpHATBHYIO MeMOpany. CHCTEMBI
AT®-3aBrCHMOTrO BEIBEACHUA Ca®* u3 SPUTPOIMTOB Y MBIIICYHBIX KIIETOK.

TemaTH4ecKku NJaH

KoanuecTBO 4acoB

Ounas dpopma

3aounas opma

B T.4. B T.4.
Ha3Bauust coaepKaTeabHbIX 2| g s |8 o | g s |2
~ %) a 2 a
MOIy/1€H 1 TEM = = 5 a 5= g <| 2 = 5] a 5= é «
S| 5| 2| clgg>g 8| E| E| 2l582>6
a2 | £ = A a2 | 2 5153 F
I~ = < o Q O ™ =~ < o Q le]
) = o |lg Ss s ) = o B = s
5| 2| oo 98 e 5| 2| oo 98 a
S| e |2 = S| 9|8 =)
E| 8|3 |& | B2 |z
o = 3] =
ConepxarejbHbIH MOAYJIBb 1.
MouJiekyJisipHas GU3HOJIOTHSI MEMOPAHHBIX MPOIECCOB U penenuuu
Tema 1. Ctpoenue n KLU
P ymxn 9 212 |5 7 1 6
OMOJIOTMYEeCKNX MeMOpaH
Tema 2. OOu1ast XxapakTepUCTHKA
TPAHCIIOPTHBIX CUCTEM MEMOpaH U UX 10 2 12| 6 9 1 8
3HAUEHUE NSl KJICTKH.
Tema 3. Penientopbl OMOIOTHYECKUX
MeMOpaH: CTPOCHUE M MOJICKYJIsIpHAs 8 2 12 |4 9 1 8
(bu3HnoNorus TpaHCAYKIUY CUTHATIA.
Tema 4. Bocripusitue curHanos
OMOJIOTUYECKUMHU MEMOpPaHAMM: 7 1 2 | 4 6,5 0,5 6
CEHCOPHBIE OCTTKU 1 IKCIPECCHsI TCHOB.
Tema 5. MonekynspHble MEXaHU3MBI
CIIMSIHUS U TIOB 45 0,5 4 6.5 0,5 6
pEXKICHUS MEMOpaH.
Tema 6. Murpaiiust MOJIEKYJI B TOJIIUHE
pat 4 e o 5 0,5 2 42 0,2 4
MeMOpaHBI.
Tema 7. ComroOnnn3anus u 55 05| 2 3 62 02 p
PEKOHCTPYKIMS MEMOpaH. ’ ’ ’ ’
Tema 8. [luTomiazMeHHO-SAEPHBII 5 6 6
TPaAHCIIOPT. 45 0, 4 3 0.3
Tema 9. JIunmocoMsl — MOAEIH { 5 5 4 4
KJICTOYHBIX MEMOpaH. 5 3 0.3
Tema 10. Perynsuusi akTHBHOCTH 6 6.5 5 6
MeMOpaHHBIX (PEPMEHTOB. 10 2|72 ’ 0,
Tema 11. Kanbiuii kKak yHUBEpCaTbHbBIN
PETYJIATOP BHYTPUKIETOUHBIX 6 2 4 6,5 0,5 6
MIPOLIECCOB.
Hmozo 1o conepxareaIbHOMY MOIYJITIO
1 72 14 | 14 | 44 72 6 66
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5. METOAUYECKUE PEKOMEHJIALIHWUA JIUIA ITPOBEAEHUSA JIEKIIMOHHBIX,

HNPAKTUYECKHUX U IABOPATOPHBIX 3AHATHUI

JlexuroHHbBIE 3aHATUS YYEOHBIM TJIAHOM HE MPETYCMOTPEHBI.

TeMbl NpakTHYECKUX 3aHATHI

No Konunuectro yacos
HazBanue Temsl
/i JIOO 300
1 Tewma 1. Ctpoenune n GyHKIIMH OMOJIOTHYECKUX MEMOpaH 2 1
) Tewma 2. O0m1as XapakTEpUCTHKA TPAHCTIOPTHBIX CUCTEM MeMOpaH U ux ) 1
3HAUEHUE NI KIETKU
3 Tema 3. Perienitropsl OM0ONIOTHYECKUX MEMOpPaH: CTPOEHHUE U ’ 1
MoJIeKyJsipHasi GU3HONOTHS TPAHCAYKIIMU CUTHAJA
4 Tema 4. BocripusiTie cCUrHaJIOB OMOJIOTMYECKUMHI MEMOpaHaMu: 1 0.5
CEHCOPHBIE OCJIKU M DKCITPECCHS TCHOB ’
5 Tema 5. MonekynspHble MEXaHU3MbI CITUSHUS U TIOBPEXKACHUS MeMOpaH 0,5 0,5
6 Tema 6. Murparust MOJIEKYI B TOJIIUHE MEMOPaHBI 0,5 0,2
7 Tewma 7. ComoOunu3anus ¥ peKOHCTPYKIIHSI MEMOpaH 0,5 0,2
8 Tema 8. [{luTOommIa3MEeHHO-SIACPHBIA TPAHCTIOPT 0,5 0.3
9 Tema 9. JIunmocoMbl — MOJIENN KIIETOYHBIX MeMOpaH 1 0,3
10 | Tema 10. Perynsiust akTHBHOCTH MEMOpaHHBIX ()epMEHTOB 2 0,5
1 Tema 11. Kanpuuii kKak yHUBEpCAJIbHBIA PETYIATOP BHYTPUKIETOUHBIX ’ 05
MIPOIIECCOB ’
Bcero 14 6
Tembl J1a00PATOPHBIX 3aHATHI
KomuectBo
Ne
/i Haszeanue Temsl 1acoB
JADO | 300
1 Crpoenue 0MOJI0TMYECKUX MeMOpaH
Brienenne MemMOpaH >pUTPOIMTOB 4YEJIOBEKa M KAYEeCTBEHHbIE pPEAKLUUU Ha
COCTaBJISIIOLIME  KOMIIOHEHTH  MeMOpaH. MeTton  BblmeneHuss MeMOpaH
3pUTPOIMTOB. KauecTBeHHbIE PeaKIMK Ha COCTABISAIONINE KOMIIOHEHTH MEMOpaH.
KauecTBennble peakiuu Ha OENKH: CCa)kIeHHe OEIKOB XMMHYECKHUMH areHTamH,
OuypeToBasi peakiMs, HUHTHAPUHOBAS pPEAKLUs, KCAHTONPOTEHMHOBAs peakuus, | 2
peaKius Ha CepocoepkKaliue aMuHOKNCIOTHI, peakius Byasene. KauecTBeHHbIE
peakMu Ha YIJEBOJbI: peakius Ha BOCCTAaHOBJEGHHE coJiell Mmenu, mpoda
badpena. KauecTBeHHbIe peakiiuu Ha JIUMUIbI: KAYECTBEHHAS] peaKLUs Ha KHUPbI U
Macna, oOOHapyKeHHe TIIMIepuHa (aKkpolenHoBas 1poba), ompeneneHue
HEHACBIIIEHHOCTH KUCIOT B cocraBe »kupa. OmnpeneneHue LETO0CTHOCTH
KJICTOYHOM MeMOpaHbI
2 TpancmemMOpaHHbBIH epeHOC BellecTB
TpancmeMOpaHHBI TEPEHOC BEIIECTB M BIMSHUE PA3IMYHOW KOHIIEHTPAUUH | 2
HMOHOB Ha JIMHAMUKY IIepeHoca 3aps10B uepe3 MeMOpaHy
3 Penentopsl 6Mo10rn4ecKkux MeMOpaH 2
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PaccmoTpeHnme pa3nuyHbIX CXeM Mepeaun CUrHajla OT PelienTOPOB Pa3HbIX TUIIOB
U HW3y4yeHHE MEXaHU3MOB aKTHBAllMM U CHCTEM BTOPUYHBIX TOCPEIHUKOB
nepegavyy CurHana

Bocnpusitue curuajgoB 0M0JI0rM4eCKMMU MeMOpaHaAMM: CEHCOPHbBIE 0eJIKU
PaccmoTpenue cTpoeHns MeMOpPaHHBIX CEHCOPOB PA3HOTO THIIA U MEXAHU3MOB UX
aKTUBALUU

Conrodnan3anus 1 peKOHCTPYKIHMA MeMOpaH
Hab6nronenue 3a conmoOmmm3anuel JUIUI0B 1eTepreHTaMH.

JIunocombl — Moe U KJIETOYHBIX MeMOpaH
HccnenoBanne MexaHU3MOB (OPMHUPOBAHHUS JIMIIOCOM M PAaCCMOTPEHHE UX
cBoiicTB. Kiaccuduxanus numnocom.

Peryasiunsi akTHBHOCTH MeMOPaHHBIX (pepMEHTOB
PaccmoTpenue pa3nuyHbIX CIIOCOOOB Perysiiuy aKTUBHOCTH MEMOpaHHUX
dbepmMeHTOB

Bcero

14

6. METOAUYECKHUE PEKOMEHJIAIIMH IO OPTAHU3AIIUU CAMOCTOSTEJBbHON

PABOTHI CTYJEHTOB

Ne
0/

HazBanue teMbl

KomnnuectBo
4acoB

D0 | 300

Crtpoenue OMoI0rHYeCKMX MeMOpaH
CocraBneHue OJIOK-CXEM, OTPAKAIOMIUX CBA3M MEXAY KOMIIOHEHTaMHU
Ouosormdeckux MemOpaH W uX QyHKIUSAMH. V3ydeHne MOJIEKyIsIpHOU
CTPYKTYpHI TUMTUOB, BXOSIINX B COCTaB MEMOpaH.
Brimonaenue 3ananuii 6;10k0B A, b u B ¢poHma o1ieHo4YHBIX CpeacTB 1Mo
JTUCITUTUIMHE TI0 TeMe

O01as XxapakTepucTHKA TPAHCIIOPTHBIX CUCTEM MeMOpPaH U UX 3HAYeHHue
A5 KJIeTKHU
CocraBieHre CpaBHUTEIbHOM XapaKTEPUCTUKHU Pa3HbIX BUJIOB aKTUBHOTO,
[ACCHBHOT'O U BTOPHUYHOTO aKTUBHOTO TpaHcnopra. CocTaBieHne 0JI0K-CXeM
MEXaHHU3MOB JIEATEIHHOCTH MTACCUBHOTO M aKTUBHOTO (Hea MpuMepe HOHHBIX
HAcOCOB) TpaHcnopTa. BeimonHenue 3a1anuii 6;10k0B A, b u B ponna
OIICHOYHBIX CPEJICTB MO JTUCIUIUIMHE IO TeME

Penenrropnsl Omosiornyeckux MmeMOpaH
CocrapinieHre pa3InyHbIX CXEM Mepeiadn CUTHAJIA OT PEIENTOPOB PA3HBIX THUIIOB
n I/I3yquI/Ie MCXAaHU3MOB adKTHUBAllUWM W CHCTEM BTOpI/I‘-IHBIX HOCpeI[HI/IKOB
niepefaun curHaia. BeimoaHnenue 3amnanuii 610koB A, b 1 B donma oneHouHBIX
CpeI[CTB 10 JUCIIUITIJIINHE 110 TEMC

Bocnpusitue curHajioB 0MoJ10rH4eCKMMHA MEMOPAHAMHU: CEHCOPHbIE 0eJIKH
CocraBieHre CXeM CTpPOCHHs MEMOpaHHBIX CEHCOPOB pa3HOrO THNA H
MEXaHU3MOB WX aKkTUBAIMH. BeimomHenue 3amanuii 610koB A, b u B ¢onna
OIICHOYHBIX CPEJCTB MO JAUCLMILIUHE 110 TEME

MoviekyJisipHbIe MeXaHU3MbI CIUSIHUS U TIOBPeEKIeHNsI MeMOpaH
CocrapiieHrEe CXEM, OTPAXKAIOIIUX MTPOIIECCHI CIMSIHUS U TIOBPEKICHHUS MEMOpaH.
Breimonaenue 3amanuii 6;10k0oB A, b m B ¢oHma OIEHOYHBIX CpPEACTB MO
JUCLIAIIIIMHE 110 TEME

Murpanusi MoJieKyJI B TOJIIIMHE MeMOpPaHbl
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CocraBnenue 0JIOK-CXeM, OTPAKAIOIIMX MPOIECCHl MUTPALH JIUITUIHBIX 1
0EeNKOBBIX KOMIIOHEHTOB MeMOpaH. Brinonnenue 3ananuii 6;10xos A, b u B
(OH/1a OIIEHOYHBIX CPE/ICTB M0 JUCIUILIMHE 110 TEME

7 Cono0uu3zanusi 1 peKOHCTPYKIIUSA MeMOpaH
CocragiieHre 0J0K-CXeM, OTPaKAIOIIUX MIPOIECCHI pa3pyIICHUs U COOPKU
MemOpaH. CocTaBieHHE CPaBHUTEIHLHON XapaKTEPUCTUKUA METOIOB 3 6
pEeKOHCTpYKIMK MeMOpaH. BrimonHnenue 3aganwnii 6;10koB A, b u B ponna
OIICHOYHBIX CPEJCTB MO JAUCLMILIUHE 110 TEME

8 uroniazMeHHO-/IePHbIA TPAHCIIOPT

CocraBiieHHE MOIIArOBON CXEeMbl TpaHCIOpPTa OENKOB uepe3 MeMOpaHy sjpa.
OnpeneneHrie poyi TPaHCTIOPTHBIX OeNkoB. Beimonuenue 3aganuii 6mokos A, b
u B doH/a 011eHOYHBIX CPEICTB MO TUCHUIUIMHE N0 TEME

9 JInnmocomMsl — MOJIeJIM KJI€TOYHBIX MeMOpaH

CtpoeHue JIUIOCOM M BE3UKYJI. MyNnbTH-, OJIMIO - U MOHOJAMHUISPHbBIE
BC3UKYJIbI. CBOMCTBA JUIIOCOM. CHOCOGBI BKJIFOUCHUS Pa3JIMYHBIX BCUHICCTB B
auniocoMmbl. [IpuMeHeHHME JHMIIOCOM W BE3WKYI B (DyHIaMEHTaIbHBIX 2 4
UCCleIoBaHMsIX. [IpUMEHEHHEe JUIMOCOM U BE3UKYT B (apMakKoJOTHH,
MEJUIIMHE U KOCMETOJIOTHH. BrimonHnenue 3aganuii 61okoB A, b u B ¢onma
OLCHOYHLIX CPCACTB MO0 JUCHUIIJIMHEC 110 TCMC

10 Peryasinisi akTHBHOCTH MeMOPaHHBIX (hePMEHTOB
CocraBieHue CpaBHUTEIBHOW XapaKTEPUCTUKHU  PA3JIUYHBIX  CIIOCOOOB 6 6
pEeryJsUy aKTUBHOCTH MeMOpaHHBIX (epMeHTOB. BrimonHeHuWe 3amaHuit
650k0B A, b 1 B (hoHI1a OIIEHOYHBIX CPEACTB O AUCHUILIMHE 110 TEME

11 Kanbumii kKak yHMBepCaAJIbHbIN PeryJsiTop BHYTPUKJIETOYHBIX MPOIECCOB
MeToibl perucTpanuu U3MEHEHUH KOHIICHTPAINH KalbI[Us B OMOJIOTHYECKUX
JKcnepuMeHTax. KanplnueBble KaHATbl M IEPEHOCUMKHU KajdbLUs 4epes
6uomemOpansl. [IpoHuriaeMocts MeMOpaH [Jsl KalblMi U JPYTUX HOHOB.
KanmenmeBele u kanpiizaBucuMble KaHaiubl. Cucrema Na/Ca-oOmeHa B 4 6
KIETOYHBIX MeMOpaHax. TpaHcmopt Ca®* 4yepe3 MUTOXOHIPHAIbHYIO
MeMOpany. Cucrembl AT®-3aBHCUMOTO BBIBEICHUS Ca®™ u3 SPUTPOLIUTOB U
MBIIIIEYHBIX KJIETOK. BeimonHenue 3amanuii 6mokoB A, b u B ¢donma
OIICHOYHBIX CPEJCTB MO NUCHMILIMHE 10 TEME

Bcero 44 66

7. AHAUBUAY AJIBHBIE 3AJJAHUSA
(yueOHbIM nIaHoM He npedycMompeHbyl)

8. KOHTPOJIBHBIE BOITPOCHI K TIPOMEKYTOYHOM ATTECTAIIUA

Bonpocul kK modynbHoMy KoHmMpONIO

1. ®ynxkuun memOpad. JlunuaHeni coctaB MemOpaH. [losnokeHne cTeposoB B MeMOpaHe W HX
CBOJCTBA.

2.  benku MmemOpaH. @yHKIMU OETIKOB B MEMOpaHax. YTJIEBOIbI MEMOpaH: CTPOSHHE U (PYHKIIUH.

3. JXunmkocTHO-MoO3am4Hasi MOJENbh CTpoeHHs MeMmOpaH. Da3oBble mepexoabl MeMOpaH.
V3MeHeHHs B CTPOCHUH MOJICKYJI JIMITUI0B TPY OHM)KEHUH U MOBBIIICHUU TeMIIepaTypsl. M3mMeHeHus
(hbU3UYECKUX CBOMCTB MeMOpaH mpu (pa3oBbIX Mepexoax.

4. OOmas xapakKTepuCTHKa TPAHCIIOPTHBIX CUCTEM MEMOpaH U UX 3HaYCHHUE IS KIETKU. THIIbI
MepeHoca BEMIeCTB Yepe3 OMoIornuecknue MeMOpaHsbI.

5. TloHsATHE 3MEKTPOXUMHUUECKOTO MOTEeHIIaNa. MexaHu3M naccuBHOM quddy3un.

6. PactBopumoOcTh BemiecTB B MeMOpaHe, MMEIOIIHUX pa3HYI0 XHUMUYECKYIO TPHUPOIY.
Tpancnopt ruapaTUPOBaHHBIX HOHOB Yepe3 MeMOpany. Tpancropt Boabsl. Kunku. AkBamopus.
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7. Mexanusm obnerdeHHon nud@y3uu Ha IpUMEpe MOJICKYJIbl aHTHONOTHKA BainuHa. [lepeHoc
BEIIECTB Yepe3 MeMOpaHy 10 MEXaHU3MY ITUHT-TIOHT .

8. Otnmumst ot mpocrtoit obsmeryennon nuddysun. OOmue yepTsl ooneryeHHon nuddy3uu u
aKTUBHOTO TpaHCIOpTa 4epe3 MeMmOpaHbl. MexaHw3M BIUSHUS TOPMOHOB Ha paboTy MexaHW3Ma
TPAHCIIOPTA € MOMOIIBIO IEPEHOCUNKOB.

9. OcMmoc u ero ponb B KHM3HM KiIeTKu. [Ipouecc QuuabTpanuu Kak OJUH W3 BHJIOB
TpaHCMEMOPAHHOTO IIEPEHOCA BEIECTB.

10. Tlonsarue 06 noHHBIX Hacockl. MccaenoBanust YUCHHTA O HATHYUU MOHHBIX HACOCOB B KOXKE.

11. Crpoenne Na+/K+-Atdassl. Peakuumonnsii muka pabotrsl Na+/K+-Hacoca. MexaHusm
¢ukcanuu Na+ u K+ aromamu kuciopoja.

12. Ca2+-AT®daza: Guonornveckas pojib. JHEPreTuka TPAHCIOPTa MOHOB Kablvs. LUKl paboThI
Ca2+-AT®daza. Crpoenne Ca2+-ATda3zbl. Posib HOHOB Maraust B paboTe KajabLHEBOIO HACOCA.

13. ®yakunonupoBanue u crpoerre H+-ATdas3sl. BropuyHblil akTHBHBIA TPAHCIIOPT: YHUIIOPT,
CUMITIOPT U aHTUIIOPT.

14. TpancmeMOpaHHBIM TEPEeHOC MakKpoMoJieKys. Kanbnuii-3aBUCHUMBIA OEIKOBBIN KOMILIEKC
SNARE. Cocrasnstomue kommiekca SNARE.

15. HeoOxomumble ycrmoBus Uil TPOXOXKIEHHUS MpoIlecca IHAOUMUTO3a. THIBI DHAOLUTO3A.
Kparkas xapakTepucTrKa NTUHOIIUTO3A.

16. PementopHo-omocepenyBaHuii  3HAOUMTO3. Ponb KiarpuHa. DK30IMTO3: OCHOBHBIC
XapaKTEePUCTUKU. TUIBI 3K301IUTO3A.

17. ®opmupoBaHHE KOMIUIEKCa TOpMoOH-perenTop. CrnenuduuHOCTh PENenTopoB MeMOpaH.
CBoiicTBa peLenTopos.

18. ANETHIXOJWHOBBIE PEHENTOphl: Kiaccudukanus u cBoicTBa. CTpoeHHE HUKOTHHOBBIX
peuenTopoB anetwixoiuHa. Pacnonoxenue Mosekynsl N-pementopa B MeMOpaHe. MexaHu3m
akTuBanuu N-penenropa.

19. Peuentops! ans dakropa pocra. CTpyKTypa pelienTOpOB ¢ TUPO3UHKUIA3HON aKTHBHOCTBIO.
Mexanu3m (QyHKUHOHHpPOBaHUS perentopoB. TpaHcmemOpaHHa mepenaya CHUTHaja € IOMOIIBIO
PELENTOPOB C TUPO3UHKUIA3HON aKTUBHOCTHIO.

20. CtpoeHue perenTopoB, CONPsDKEHHBIX ¢ G-0elnkaMu W WX PACIOJOKEHHE B MEMOpaHe.
Krnaccudukanus pernentopoB, conmpsbkeHHbIX ¢ G-Oenkamu. MexaHWU3M aKTHBAIIMM PELENTOPOB,
cBsI3aHHBIX ¢ G-0eaKoMm.

21. G-6enku: crpoenue, knaccupukarus. Cyoreaunuisl G-0enkoB.

22. YcuieHue B Kackajax nepegayv CUrHaJIOB

23. OOmias XapakTepUCTUKA MPOIIECCOB CIUSHUA U TOBPEXKICHUS MEMOpaH M HX pOJib B KHU3HU
KJIETKH.

24. Mexanu3sM crnusiHus MeMOpaH. @OpMHUPOBAHUE TUMILIOB.

25. Meroa mATY-KIBMIA A7 U3y4EHUs Ipolecca CAusHUs MeMOpaH. DIIeKTpUUeCKHe SBIICHUS
npu ciussHud MeMmOpaH. CIHsIHHS TUIOCKUX OMCIOWHHMX JTUMHIHBIX MeMOpaH. KoHcTpykumst kKaMepsl
JUIS U3YYEHHUs TIpoliecca CIUSHUS OUCIONHUX JUIHUIHBIX MEMOpaH.

26. IlocnenoBareabHOCTh MPOMEKYTOUHBIX COCTOSIHHM, KOTOpash HaOMIomaeTcss NMpH CIUSHUM J1Ba
TUIOCKUX JIUMUAHBIX OucioeB. [lomycnusaue MemOpan. Mexanu3m noayciausHus. MoJienb CTalIKoB.

27. TloBpexneHue KIETOK MpH HeJocTaTke Kuciopona. Poms  docdonumazsr A mpu
MOBPEXKACHUH MeMOpaH. MexaHnu3m HaOyxaHHUsl MUTOXOHIPUH.

28. IlopouHblii Kpyr B Marojoruu KieTku. IlepexucHoe okuciaeHuEe JIUNUAOB Kak MpUYMHA
noBpexaeHust MeMOopan. [Ipuunnbl HapyieHus: 0apbepHbIX CBOMCTB MEMOpPaH B MAaTOJIOTHH.

29. Dnektpuyeckuii mpoOoil MeMOpaH Kak yHUBEpCaJbHBI MexaHu3M HapymieHus. [IpoGoi
MeMOpaH COOCTBEHHBIM MeMOpaHHBIM MOTeHIHAIOM (''caMornpo0oit'”).

30. JIlBmwxkenue Mousiekyn ¢Gochonunuao B Oucnoe. Jlokamuzamuss OenTKoB B MeMOpaHe.
[ToaBMKHOCTH KOMITIOHEHTOB OMOJOTHYECKMX MeMOpaH. bemok-munuuHbie B3awmmonencTBus. THIbI
OCTOK-JIUITUIHBIX B3aUMOICHCTBUI. Bri3BaHHas 6eTKOM MOauUKALIUS OUCITOS.

31. Perymsammss nuHaMHUYECKHX CBOMCTB MeMOpaH B OTBET Ha HM3MEHEHHUS OCMOTHYECKOTO
JABJICHUS U TEMIIEPATypPhl OKPYKAIOLIEH CPebl.
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32. TekydecTh W BSI3KOCTh OMOJIOTMYECKUX MeMOpaH. BimsiHue MOBBIIEHUS TeMIEpaTyphl Ha
CBOMCTBa MeMOpaHbI. BnusHHE MOBBINICHUS OCMOTHYECKOTO MJAaBIICHWsS Ha CBOWCTBA MeMOpaHBI
Jlecarypanus TUMHIOB B KJIETKE.

33. OcmoceHcop npokapuoT — ructuauH-kuHasza KdpD. Onepon ocmocencopa KdpFABCDE,
€ro CTPOCHHE U PETyJsius ero padotsl. Perynsuus skcrpeccun onepona kdp.

34. OpuA Kak 0CMOCEHCOp U OCMOPETYIIATOp MeMOpaHbI KiieTok. Ctpoenue u aktuBarus OpuA.

35. I'unorernueckas cxeMa aKTHBAIlUU TEMIIEPATYPHOTO CEeHcOopa — ructuauH-kuHasel Hik33.
AKTUBalMs, CTPOGHHE M MeXaHU3M jJectBusi ructuauH-kuHa3el Hik33. benkoBeiii  1oMeH
«JIEAIIMHOBAST MOJIHUS».

36. Crpoenue u Qynkiun mMemOpanbl sigpa. Ctpoenue saepHbix nop. IlociemoBarenbHoCcTH
SJIEpHON JIOKanu3aluu. benku uMmopTuHbl: crpoeHue U ¢yHkmnus. Cxema TpaHcmopTra OEIKOB U3
LUTOIIa3MBbI 10 KJIIETOYHOTO sJipa C MOCIEA0BATEIbHOCTIMH SACPHOMN JIOKAIU3AIUH.

37. YenHOYHBIE CUTHANBI U MOCJIEIOBATEIbHOCTH B IEPEHOCE BEHIECTB U3 IIUTOILIA3MBI K SJIpYy U
B 00paTHOM HampaBlieHWU. Perymsius mpoliecca TpaHcopTa JI0 siapa.

38. IlonsTHE amomnTo3a U poJib ATOrO Mpollecca B XKU3HU KIETKU. JloMeHHast CTpykTypa Oenka
pS3. IIpuynHBI HEBO3MOKHOCTH 3aIllyCKa IIpolecca arnonTos3a.

39. Crpykrypa u pyHkuus teaoMmepbl. Mexanusm pabotsl Tenomepsl. DepMeHT TeroMepasa u
ero pyHKIus.

40. CtpoeHue JUIOCOM W BE3UKYJd. MyNbTH-, OJWr0- U MOHOJAMWIIAPHBIC BE3UKYJIBI.
CgoiicTa nunocoM. CriocoObl BKIIFOUEHHUS PA3IMYHBIX BEIIECTB B TUTIOCOMBI.

41. IlpuMeHeHHE TUIIOCOM M BE3UKYd B (GyHAAMEHTAIBHBIX HcCienoBaHusIX. [IpuMeHeHue
JUTIOCOM | BE3UKYI B (hapMaKOJIOTUH, MEAUIIMHE U KOCMETOJIOTHH.

42. MemOpana KJIETKM Kak TIEpBOE€ 3BEHO B pEakIMH Ha JACHCTBHE cTpecca. MexaHu3m
MOBBIIIECHUS BS3KOCTHU ITUTOIUIA3MBI MTOJI ICHCTBIEM Ha MEMOpaHy CUTHAJIA U3BHE.

43. CTpyKTypHBIE TEPECTPOWKH B MeMOpaHax mpu AcicTBUU cTpecca. Poins moHoB Ca2+ B
peakiuu MeMOpaHbl Ha HeOIAarompusTHBIC BO3ACHCTBUS. VI3MeHEHHE MPOHUIIAEMOCTH MEMOpaH MO/
nencTBreM cTpecc-(haKkTOpOB.

44. MemOpaHHas rUnoTe3a crapeHus. M3MeHeHne MpOHUIIAEMOCTH KJIETOUYHOW MeMOpaHbl Kak
OJIMH M3 MEXaHU3MOB CTAPEHUSI KIETKH.

45. Merabonuyeckue 1ienu. Poib JIMMUIHOTO OKPYXKEHUS B PETyIAUA  MEMOpPaHHBIX
(dhepMeHTOB.

9. OBPASEIl MOAYJBbHOI'O KOHTPOJISA
(obpazey eapuanma u Kpumepuu oyeHUBaAHU)
rOY BIIO JIOHEIIKU HAIIMOHAJIbHBIII YHUBEPCUTET>»
buonornueckuii pakynbTeT

Hanpaenenue noocomosxu: 06.04.01 Buonozus

Mazucmepckas npoepamma: Quzuonozun uenoeexa u HcuOMHBIX
ObpaszosamenvHas npocpamma. aKademuuecKkasn mazucmpamypa
Cemecmp I

Yuebnas oucyuniuna Monexynapuasa gpuzuonocus

MOAYJBbHASA KOHTPOJIbHAS PABOTA
BAPHUAHT Nel

1. ®ynkiun MmemOpan. JIummaseiii cocraB MmeMOpaH. [lomoskeHre creposioB B MEMOpaHe M X CBOMCTBA
2. TpancmeMOpaHHBIN TIepeHOC Makpomosekyi. Kanbiuii-3aBucumeiii 6enkoBsiii kommiekc SNARE.
Cocrapisromnue koMmiuiekca SNARE.
3. G-6enku: crpoenue, kiaccupukanus. Cyobenuuuisl G-6emKoB
4. Ocmocencop mpokapuotr — ructuauH-kuHaza KdpD. Omepon ocmocencopa KdpFABCDE, ero
CTPOEHUE U PETYISIUS ero padboTsl. Perymsiuus sxcnpeccun onepona kdp
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YTBepiKaeHo HA 3aceqaHuN Kadeapbl PU3H0JI0THHN YeT0BEeKA U sKMBOTHBIX
[Ipotokon Ne 14 ot "14" anpenst 2020 r.

3aB. kadenpoit B.B. Tpym DK3aMeHaTop I'.A. ®posnosa
Kpurtepuu oneHnBanus MoOAyJIbHOI0 KOHTPOJISI
Homep 3a0anusn Konuuecmeo 6annoe
1 5
2 5
3 5
4 5
Bcero 20 6ay10B

10.OBPA3EILl DK3AMEHAIIMOHHOI'O BUJIETA

Teopemuueckue 60npocyl K 5K3aMeH)
G-6enku: ctpoenue, knaccupukanus. CyobeauHuIs G-0enKoB.
OpuA Kak 0cMOCEHCOpP M OCMOPETYIISTOp MeMOpaHbl KieTok. Ctpoenue u aktusarms OpuA.
AUETHIXOIMHOBBIE PELENITOPHI: KiIaccu(uKalys U CBONCTBA.

4. CTpoeHHE HHUKOTMHOBBIX PELENTOPOB allETWIXOJMHA. PacnoioxeHue Monekynbl N-
perieniropa B MemoOpane. Mexanusm aktuBanuu N-perentopa.

5. bBenku mem6Opan. @yHkuun OeKOB B MeMOpaHax. YT1eBoAbl MeMOpaH: CTPOSHUE U (DYHKIIHH.

6. T'mnorernueckas cxemMa aKTHBAIlMU TEMIIEPATYPHOTO CEHCOpa — ructuauH-kKuHasel Hik33.
AKTHBalMs, CTPOCHHE M MeXaHU3M JectBusi ructuauH-kuHa3el Hik33. benkoBeiii  1oMeH
«JIEAIIMHOBAST MOJIHUS».

7. Bunel aBmxeHus Mosekyn pocdonunuaos B bucioe.

8. Jlokammzanus 6enkoB B MeMOpane. [1o1BHKHOCTh KOMITOHEHTOB OMOJIOTMYECKHX MeMOpaH.

9. DBenok-munuaHele B3auMOAEUCTBUS. THUIILI OEIOK-TIMIIMAHBIX B3aUMOJEHCTBUI. Bri3BanHas
OenkoM MoauduKaIys OUCIos.

10. XKunkoctHO-Mo03an4yHasi MOJElNb CTpoeHHs MeMmOpaH. Da3oBble mepexoabl MeMOpaH.
W3meHenus B CTpOEHUU MOJIEKYJT JIMTIAI0B TPU NOHM>KEHUH M TIOBBILLIEHUU TeMIiepaTypbl. Mi3Menenus
(hU3UYECKUX CBOMCTB MeMOpaH npu (pa3oBbIX Mepexoax.

11. MemOpana KJIeTKM Kak IEpBOE 3BEHO B peakluu Ha JACWCTBUE cTpecca. MexaHu3Mm
MOBBILIEHUS BS3KOCTHU IIUTOILIA3MBbI [TOJ1 ICHCTBIEM Ha MEMOpaHy CUTHAaJIa U3BHE.

12. MemOpanHas rumnote3a crapeHus. M3MeHeHrne nmpoHUIIAeMOCTH KJIETOUYHOW MeMOpaHbI Kak
OJIMH U3 MEXaHU3MOB CTaPEHUSI KJIETKH.

13. Merabonuyeckue 1enu. Poib JMOUIHOTO OKPYXEHUS B PETyISAlUd MEMOpPaHHBIX
(hepMeHTOB.

14. MeToz m3TY-KIAMIIA ISl U3YYEHUS MpoLecca CIUSAHUS MeMOpaH. DIeKTpUUYECKHE SBICHUS
NP CIIMSTHUM MEMOpaH.

15. CrnusiHue miIocKuX OMCIOWHUX JHUMUIHBIX MeMOpaH. KOHCTpyKIMs KaMepsl JUIsl U3y4eHHUs
rporiecca CIUsHHS OUCIONHUX JTUTTHIHBIX MeMOpaH.

16. Mexanusm oOnerdeHHol auddy3un Ha mpuMepe MOJEKYIbl aHTHOMOTHKA BAIMHOMHULIMHA.
[lepenoc BemiecTB yepe3 MEMOpaHy IO MEXaHU3MY «ITHHT-TIOHT».

17. Mexanusm ciusiHust MeMOpaH. @opMHUpOBaHUE TUMILIOB.

18. HeoOxomuMmble ycrmoBuUs Il TIPOXOXKIEHHUS MpoIlecca IHAOUMUTO3a. THIBI DHAOLUTO3A.
Kpatkas xapakTepucTrka mMHHOIIUTO3a.

19. OOmias xapakTepuCTHKa MPOLECCOB CIAMSHUS U MOBPEXKICHUS MEMOpaH M HX POJIb B JKU3HU
KJIETKU.

W=
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20. OO6mias xapakKTepUCTHKA TPAHCTIOPTHBIX CHCTEM MEMOpaH U UX 3HAYCHHE JIJISl KJIETKH. THIbI
MepPeHoca BEIIeCTB Yepe3 OMOIOTHYecKue MeMOpaHbI.

21. OcMoc W ero poiab B KU3HM KieTkd. [Ipomecc ¢GuiabTpanuu Kak OJWH W3 BHJIOB
TpaHCMEMOPAHHOTO TIEPEHOCA BEIIECTB.

22. OcMmocencop mpokapuoT — ructuaua-kuHaza KdpD. Onepon ocmocencopa KdpFABCDE,
€ro CTPOCHHE U PETYISIUs ero padoTel. Perynsius sxcnpeccun onepona kdp.

23. Otauums oT mpocToi obserdyeHHon auddy3un. Oomue yepThl obnerueHHON nuddy3un u
aKTUBHOTO TpaHCIOpTa 4epe3 mMemOpaHbl. MexaHw3M BIUSHUS TOPMOHOB Ha paboTy MexaHW3Ma
TPAHCIOPTA C TOMOIIbIO IEPEHOCYUKOB.

24. TloBpexxJeHne KIETOK MpH HegocTaTke Kuciopona. Poms  docdonumazsr A mpu
MOBPEXACHUH MeMOpaH. MexaHnu3m HaOyxaHUsI MUTOXOHIPUH.

25. TloHsATHe amomTo3a W Pojb ATOTO IMpollecca B KU3HU KIETKH. JloMeHHas cTpykTypa Oenka
pS3. [Ipu4rHBI HEBO3MOKHOCTH 3aITyCKa MpoIlecca arnonTosa.

26. Ilonsatue 00 MOHHBIX Hacockl. MccaenoBanust YUCHHTA O HATMYUU MOHHBIX HACOCOB B KOXKE.

27. TloHsATHE YIEKTPOXUMUUYECKOTO MOTEeHIInaNa. MexaHnu3Mm naccuBHou nuddy3um.

28. IlopouHblii Kpyr B Marojoruu KieTku. IlepexkucHoe okuciIeHWE JIUNUAOB Kak MpUYMHA
noBpexaeHust MeMOopan. [Ipuunnbl HapyieHus: 0apbepHbIX CBOMCTB MEMOpPaH B MAaTOJIOTHH.

29. TlocnenoBareabHOCTh MPOMEKYTOUHBIX COCTOSIHMM, KOTOpash HAaOMIoTaeTcss NMpH CIUSHUM JBa
TUIOCKUX JIUMUAHBIX OucinoeB. [lomycnusaue MemOpan. Mexanu3m noayciausHus. MoJienb CTalIkoB.

30. IlpuMeHeHuEe IUIIOCOM M BE3UKYNI B (YHIAMEHTAIbHBIX HCCIEeNOBaHUSAX. [IpuMmeHeHue
JIUTIOCOM U BE3UKYJ B (hapMaKoJIOTUU, MEAUIIMHE U KOCMETOJIOTHH.

31. PacTBopuMOCTh BeIIECTB B MeMOpaHe, HMEIOIIUX PA3HYI0 XHUMUYECKYIO MPHUPOY.
TpancnopT ruapaTHpOBaHHBIX HOHOB Yepe3 MeMOpany. Tpancropt Boabl. Knaku. AxkBamopuH.

32. Perynsuusi NUHAMUYECKUX CBOWCTB MEMOpaH B OTBET Ha M3MEHEHHS OCMOTHYECKOTO
JABJICHUS U TEMIIepaTyphbl OKPYKaloe cpebl.

33. PeuentopHo-onocepenoBaHblii  3HAOUUTO3. Ponb kinaTpuHa. DK30LMTO3: OCHOBHBIE
XapaKTepUCTUKHU. THIIBI SK301IMTO3A.

34. Peuentops! ans paktopa pocta. CTpyKTypa pelenTopoB ¢ THPO3UHKHMHA3HON aKTUBHOCTHIO.
Mexanu3m (QyHKUHOHHpPOBaHUS perentopoB. TpaHcmemOpaHHa mepenaya CHUTHaja € IOMOIIbIO
PELENTOPOB C TUPO3UHKMHA3HON aKTUBHOCTHIO.

35. Ca2+-AT®aza: Ouosorndeckast poJib. JHEpreTuka TPAaHCIIOPTa HOHOB KaJbIust. [[Kib1 paboTh
Ca2+-AT®a3za. Crpoenue Ca2+-ATda3bl. Poib HOHOB MarHus B paboTe KajlbLMEBOTO HACOCA.

36. Crpoenne Na+/K+-Atdaspl. Peakumonnsiii mukn padotrel Na+/K+-nHacoca. Mexanusm
¢ukcanuu Na+ u K+ aromamu kucnopoja.

37. Ctpoenne u ¢yHKimu mMeMOpansl siapa. Ctpoenue sgepubix mop. [lociaemoBarenbHOCTH
SIEPHON JIOKaMM3aIiy. benku MMIOpPTUHBL: cTpoeHue u ¢QyHkmus. Cxema TpaHcmopTra OETKOB H3
LUTOILIA3MBI JI0 KJIETOYHOTO S/Ipa C MOCJIE0BATEIbHOCTSIMU SIIEPHOM JIOKATH3aIUH.

38. CtpoeHue penenTopoB, COMpspDKEHHBIX ¢ G-O0emkaMu W MX PACIONIOKEHHE B MeMOpaHe.
Krnaccudukanus penentopoB, compsbkeHHbIX ¢ G-Oenkamu. MexaHU3M aKTHBAIlMM PELIETITOPOB,
CBsI3aHHBIX ¢ G-OemKoMm.

39. CrpoeHue IHIOCOM M Be3UKYN. MyNbTH-, OJUIO- M MOHOJAMWUISIPHBIE BE3UKYJIBL.
CgoiicTa nunocoM. CriocoObl BKIIFOUEHUS PA3IMYHBIX BEIIECTB B TUTTIOCOMBI.

40. Crpykrypa u QyHKIMS TermoMepbl. Mexanu3m paboThl TesoMepbl. DepMEHT TeioMepasa U ero
yHKI.

41. CTpyKTypHBIE TEPECTPOUKH B MeMOpaHax mpu AcicTBUU cTpecca. Poins moHoB Ca2+ B
peakiuu MeMOpaHbl Ha HEOJIAarompusTHBIC BO3ACHCTBUS. VI3MeHEeHHEe MPOHUIIAEMOCTH MEMOpaH MO
nencTBUEeM cTpecc-(haKkTOpOB.

42. TexydecTb W BSA3KOCTH OMOJOTMYECKHX MeMOpaH. BiusHHE MOBBIMICHUS TEMIEPATyphl Ha
cBOicTBa MeMOpaHbl. BnusHue MOBBINIEHHS OCMOTHYECKOIO JaBJIEHHWS Ha CBOWCTBA MeMOpaHbI.
JlecaTypanus JUMUIOB B KJIETKE.

43. TpancmeMOpaHHBIM TEPEHOC MakKpoMOJIeKys. Kaibiuii-3aBUCHUMBINA OETKOBBIN KOMILIEKC
SNARE. Cocrasnstomue kommiekca SNARE.
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44. YcuneHue B KacKaJax Mepeayu CUTHAIIOB

45. ®opmupoBaHHME KOMIUIEKCAa TOpMOH-penenTop. Crnenun(puyHOCTh PenenTopoB MeMOpaH.
CaoiicTBa penenTopoB.

46. dynkumn meMmOpad. JlunuaHeli coctaB MemOpaH. [lojokeHne cTeposioB B MeMOpaHe U HX
CBOICTBA.

47. ®dynkuuoHupoBaHue u crpoeHre H+-Atdaspl. BropuuHblii akTHBHBIN TPAaHCIIOPT: YHUIIOPT,
CUMIIOPT ¥ aHTHUIIOPT.

48. YenHOYHBIE CUTHAJBI U MIOCIIEN0BATEIBHOCTH B IEPEHOCE BELECTB U3 LUTOIIA3MBI K SApY U
B 00paTHOM HampaBieHuu. Perynauus nporecca TpaHcnopra J10 sapa.

49. DnexTpuueckuil mpo6oit MemMOpaH Kak yHHMBEpCAJIbHBIH MexaHW3M HapymeHus. [IpoOoii
MeMOpaH COOCTBEHHBIM MeMOpaHHBIM MOTEeHIHAIOM (''caMornpo0oit”).

roYy BIIO JIOHEIIKWI HAIITMOHAJIbHBIII YHUBEPCUTET»
buonornueckuii pakynabTer

Hanpaenenue noocomosxu: 06.04.01 Buonozus

Mazeucmepcras npoepamma: Quzuonozun uenoeexa u HcuOMHBIX
ObpaszosamenvHas npocpamma. aKademuuecKkas mazucmpamypa
Cemecmp I

Yuebnas oucyuniuna Monexynapuasa gpuzuonocun

Oxzamenayuonnwviii burem Nel

1. Mexanuzm oOneryeHHOH muddy3un Ha HpUMEpe MOJEKYJIbl AaHTUOMOTHKA BaJIMHOMHIIMHA.
[Tepenoc BemiecTB yepe3 MeMOpaHy 10 MEXaHU3MY «ITHHT-TTOHT».

2. Peuentopsr mis ¢akrtopa pocra. CTpyKTypa peLENTOpPOB C THPO3HMHKHHA3HOH aKTUBHOCTBIO.
MexaHn3M QyHKIMOHHPOBAaHUS penenTopoB. TpaHcMeMOpaHHa mepeaada CUrHajia ¢ MOMOIIBIO
PELEenTOPOB ¢ THPO3MHKMHA3HOM aKTUBHOCTBIO.

3. DnekTpuyeckuii MpoOOH MeMOpaH Kak YyHHBEPCAJIbHBIA MeXaHW3M HapymeHus. [Ipoboit
MeMOpaH COOCTBEHHBIM MEMOpaHHbBIM MoTeHIanoM ('camonpo6oii')

YTBepKaeHo HA 3aceqaHuN Kadeapbl PU3H0JI0THHN YeJT0BEeKA U JKUBOTHBIX
[Ipotokon Ne 14 ot "14" anpenst 2020 r.

3aB. kadenpoii B.B. Tpym DK3aMeHaTop I'A. ®ponosa

Kpumepuu OUEHUBAHUA IK3AMEHA

Homep 3a0anusn Koauuecmeo o6annos
1 5
2 5
3 5
Bcero 15 6annoB
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11. OBPA3EIl TECTOBOI'O 3AJJAHUA

TEMA 1-2. CTPOEHUE BUOJIOI'MYECKUX MEMBPAH.

TPAHCMEMBPAHHBINA MEPEHOC MOJIEKY.I

I[lnazmaTnyeckasi MeMOpaHa:

a o0pa3yeT 3aMKHYTBIN OTCEK

0 HE MOJHOCTBIO MOKPBIBAET KIIETKY

B  SIBJIIETCS IPEPBIBUCTON CTPYKTYpPOU

CelekTHBHASI IPOHULIAEMOCTH MeMOPaHbI 00yCI0BJICHA:
a  HaJIU4YUEeM TpaHCMEMOpaHHBIX TPaJUEHTOB

0 HaIMYMEM pElenTOpOB

B HEOJMHAKOBOW KOHILIEHTpAIMEeH HOHOB 10 00€ CTOPOHBI MEMOPAHBI
I HaJM4MeM MOHHBIX KaHAJIOB U HACOCOB

B memOpaHax JIOKaJIU30BaHbI:

(hepMeHTHI

METaJUIBI

TIII0KO03a

MOHHBIE HACOCHI

KOHTAKTHBIC OEJIKU

caxapa
JIITU TG

METaJIbI

conu

Oenku

YTJIE€BOIbI

MeMOpaHHbI€e JUNUIBI PEICTABJIEHbI:
a  Qochomununamu

0  MBIBLIAKOIUIIMIAMU

B aNWIrIMLepuIaMu

I [IHKOC(HUHTONUTUAAMHA
I IepaMHIaMH

€  XOJIECTEpPOJIOM
X
3

B
a

O H WO N oW O

MOHOTIJIMLIEPUAAMHU
OKCHJIUITUIAMU
COCTAB IIMKOC(PMHITOJIMIIUI0B MeMOPAH BXOAAT:
OCTaTKHU HEOPTraHMYECKUX KUCIIOT
0 ocCTaTkH caxapos
B JUCYIb(PUIAHBIE MOCTUKU
MouiekyJibl X0J1eCTEepHHA B MeMOpaHe:
a 00pa3yroT CBs3M M OeKkaMu MeMOpaH
0 BcTpamBalOTCA MEXIY ABYMS (POCHOTUIHIHBIMUA MOJIEKYIaMU
Conep:xanue xoJiecTepoJia B MeMOpaHe:
a  yBEIIMYMBAETCS B HANPABJICHUH K HAPYKHOU CTOPOHE MEMOPAHbI
0 yBeNIWYMBAETCS MO HAMPABICHUIO KO BHYTPCHHEH CTOPOHE MEMOpPaHbI
B KpaiiHe HM3KOE BO BCEM OMIIMIUIHOM CIIO€
OcHoBHbIE JJUNUABI MEMOPaH SIBJISKOTCS:
a ruapodoOHbIMU
0 ruapoPpUILHBIMU

cocraB MeMﬁpaH BXOJAT CJIEAYIOIIHME OCHOBHBIC KJIACCHI OPraHU4Y€CKHUX BEIICCTB:



10.

11.

12.

13.

14.

15.

16.

17.

18.
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B aM(puUILHBIMU
I' HEUTpAIbHBIMU

XBocTHI (OCPOIUIUIHBIX MOJIEKYJI, HMEIOLIHE U3I0MbI, ABJIAIOTCH:

a  HaCBIUICHHBIMU

0 HEUTpaIbHBIMHU

B aM(puUILHBIMU

I' HEHACBHIIICHHBIMH

KosnuecTBO M3/10MOB XBOCTOB JIMIUAO0B € TEKY4eCThIO:
a  CBs3aHbI NPSIMONPONOPLUOHATEHON 3aBUCIMOCTBIO
0 He CBS3aHBI

B  CBs3aHBl OOPATHOM 3aBUCUMOCTbHIO

Ykaxure BO3MOKHBIE (OPMBI, B KOTOpBIe (ochoannuabl
pacTBOpHTeJISAX:

a MeMmOpaHy

0 wmwmmemry

B HMOHHBIN KaHAI

I KHHKH

AcumMeTpusi MeMOpPaH 00yCJIOBJIEHA B OCHOBHOM:
HEpaBHOMEPHBIM paclpe/ieICHUEM JIUITHI0B
HEpaBHOMEPHBIM paclpeieIeHUEM HOHHBIX KaHaJIOB
HEPaBHOMEPHBIM paclpe/ie]IeHuEM X0JIeCTepoIa
HEpaBHOMEPHBIM paclpeiejIeHueM OeKoB
HEpaBHOMEPHBIM pacrpeaeneHneM Gpochoaunuion
Ilonepeunas acumMMeTpusi MeMOpPaH CBsI3aHA C:
HEpPaBHOMEPHBIM paclpeieICHUEM JIUTTUIOB
HEpaBHOMEPHBIM paclpe/ie]ICHHeM HOHHBIX KaHaIO0B
HEpPaBHOMEPHBIM pacIpe/ieICHUEM X0JIeCTepoia
HEPaBHOMEPHBIM paclpeiejeHueM OeKoB

I HEepaBHOMEPHBIM pacripeienieHueM (pocdoaunuaos

N 2w O

= W O\ e

CaMOOPraHM3yroTcsd B BOJIHBIX

B uHTEerpajJibHBIX MEMOPAHHBIX 0€JIKAX Te UX YYACTKHU, KOTOPbIE MepecekalnT MeMOpaHy,

0 CBOUM XHMHYECKHM CBOMCTBAM SIBJISIIOTCS:

a aMpubUILHBIMU
6 ruapodoOHbIMH
B ruOpodrIbHBIMU
I TI00YISIpHBIMU

I HUTCBHIHBIMU

TpaHcnOpTHBIE SIBJIEHHSI MEMOPAaH ONpeaessilioTCs:
a  JKUAKOU CTPYKTYpOil MeMOpaH

0 HaIWYMEM CIIEMUAILHBIX OEIKOB

B 0OapbepHBIMU CBOMCTBAMH KJIETOUHBIX MEMOpaH
K npoueccam npocroit nuddy3uu oTHOCATCH:

a ocMoc

0 QuupTpanus

B nuddy3us yepes JIUMUIHBINA OUCIOn

r auddysus yepes nmopsl B IMMUIHOM OuCIoe

o nuddys3us uepe3 OCIKOBYIO TTOPY

e auddy3us C MOABUKHBIM EPEHOCUUKOM

K auddy3us ¢ QUKCHPOBAHHBIM EPEHOCUYUKOM

K npoueccam odJieryuenHoi nudpPy3um oTHOCATCS:
a ocMoc
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bunpTparus

muddy3us gepes JTUMUIHBIN OUCIToi

i Qy3us yepes mopsl B JUMUIHOM OHCTO0e
muddy3us yuepes3 OETKOBYIO MTOPY

1 Qy3us ¢ MOABUKHBIM IEPEHOCUNKOM
muddy3ust ¢ GUKCUPOBAHHBIM MTEPEHOCUNKOM
IlepeMenienre Bo/ibI Yepe3 MeMOPaHy OCYLIECTBJISETCS € IOMOIIbIO:
ocMoca

bunpTparun

muddy3un yepes3 TUMUIHBINA OUcIoi
muddy3uu yepes mopsl B JIUMUTHOM OUCIIOE
mudy3un gepe3 6ETKOBYIO TIOPY

mudy3un ¢ MOJBHKHBIM IEPECHOCUUKOM

i dy3un ¢ GUKCUPOBaHHBIM MEPEHOCUUKOM

¥ 0 0w o

¥ 0 3 0w oe

Koa¢gpnunent nponunaeMocTu MeMOpPaHbI CBSI3aH NPSIMOM 3aBHCHMOCTBIO C:

a kodddunuentom auddy3uu

0 Kkod(UIIMEHTOM paclpeaeNeHUs BEIIeCcTBa
B TOJIIMHONW MEMOpaHBI

I IJIOTHOCTHIO MOTOKA

Ko3dpuunenT npoHuniaeMocT MeMOPaHbI CBA3aH 00PATHOM 3aBUCUMOCTBIO C:

a kodddunuentom auddy3uu

0 Kkod(UIIMEHTOM paclpeaeNeHUs BEIecTBa
B TOJIIMHONW MEMOpaHBI

I' IUIOTHOCTBIO ITOTOKA

Xopouio pacTBOPpUMBI B JIMNIUAHOM a3ze MeMOpaHbI:
OpPTraHUYECKUE KUCIOTHI

KUPHbIE KUCIIOTHI

BOJA

HEOPraHUYECKUe COJU

caxapa

3upHI

aMUHOKHCIIOTBI

I1noxo mpoxoasiT Yepe3 JTUNUAHBINH OUCJIONM:

X 0 0w oe

a  OpPraHWYECKHE KHCIOTHI
0 KHUPHBIC KHUCIOTHI

B  BOjJa

I HEOpraHM4ecKHe COJin

I caxapa

e ahups

K aMHUHOKHCJIOTHI

DJIeKTPOJMTHI MPOXOIAT Yepe3 MeMOpaHy:
a cBOOOOHO

0 TOKpBHIBAsCh BOJHON 00OIOUKOMH

B HE MPOXOAST

Kunku - 310:

a  BBIPOCTHI BHYTPEHHUX MEMOPaH MUTOXOHIPHIMA

0 mojocTH, 00pa3yIIHECs MEXTY XBOCTaMH (OCHOIUITHIHBIX MOJIEKYIT

B IIy3bIPbKH amnmapara [ oabmxu

r ocobas cTpykrypa ¢pochonunuaos, odpazyeMas B BOJIHBIX PaCTBOPUTEISAX

C nomoub10 MOJICKYJI NEPEHOCYUKOB MPOUCXOIUT:
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a ocMoc

0 dJunpTpanms

B mpocras nupdys3us

r obOneruenHas quddy3us

OcMmoc — 1BH:KeHHe Yepe3 MeMOpaHy:
a  HMOHOB METAJUIOB

06 coneit

B CTEPOUIHBIX BEIICCTB

I  MOJEKYJ BOIBI

Crnennanu3upoBaHHbIe CTPYKTYPbI, IpeAHA3HAYECHHBIE 1JIs1 TPAHCIIOPTA BOABI Yepe3

MeMOpaHy, HOCAT HA3BaAHHUE:

a H+-AT®daza

0 NOTeHUMaI3aBUCHUMbIE KaHAJIbI
B  aKBallOpPUHBI

Baarojapsi HAIMYHIO B COCTABE AKBANIOPHHA KAKHX BeleCTB, TaHHbIE 00pa30BaHusA

00J1a1a10T BLICOKOM CTENEeHbI0 CEJeKTHBHOCTH?

a  MEJIEHHBIX U OBICTPBIX BOPOT

0 IBYX MPOTOHOB

B AKTHUBAIIMOHHBIX BOPOT

I' WHAKTHUBAIIMOHHBIX BOPOT

JABHaKyeH cuJIoH (PUILTPALMHU ABJIAETCH:

a  DJIEKTPOXMMHYECKUH TPATUCHT

0 TpaaMeHT IaBJICHUS

B KOHIEHTPAIMOHHBIN TPAJIUCHT

JABmiKymei cuiioii ocMoca AABJIsIeTCH:

a  DIIGKTPOXUMHUYECKUU TPAJUCHT

0 TpaaMeHT JaBJICHUS

B KOHIEHTPAIMOHHBIN TPAJIUCHT

Honnble HacoChI ABJIAIOTCH:

a mnepudepuueckuMu OeTKaMI

0 UHTerpaJbHBIMU OEIKaMH

B cuHTOIMUTIUIAMU

I  XOJecTeposamMHu

3a cyeT AKTHBHOI'0 TPAHCIOPTA CO3AKOTCSI:
Pa3HOCTH KOHIIEHTpaLUI

0 cokpamaercst TpaHCMeMOpaHHBIN TPAIUCHT KOHIIEHTPALIUN

B Pa3HOCTHU AJIEKTPUUYCCKUX TTOTCHIIMAJIOB

I MeMOpaHHBIC MOTEHIHAIIBI

I Pa3HOCTH JIaBJICHUS

Na/K-ATd®a3a cocTouT H3:

a  OJHOU ITIOJUIIENITUIHOU IIENU

0 JBYX MOJUMNEITHIHBIX IETeH

B TPEX MOJUNENTHIHBIX IETeH

a-cyobennunua Na/K-AT®a3bl nepecekaer MeMOpPaHy KJIETKH:

a Spa3
6 7pa3
B 3 pasza
r 10pa3

B-cyobenununa Na/K-AT®a3bl nepecekaer MeMOpaHy KJIETKH:

a 1pa3
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6 2paza
B 3 paza
r 4paza

37. Kouupbl a-cyobenuunubl Na/K-AT®a3b1 o6paiienbi:
a B IUTOIJIa3My
0 OJMH B IUTOILIa3My, APYyTroil — BO BHEKJIETOYHOE POCTPAHCTBO
B 00a BO BHEKJIETOYHOE MIPOCTPAHCTBO
38. IlenTpnl cBsI3bIBaHNS NepeHOCUMBbIX HOHOB Na/K-AT®a3bl pacnoJio:KeHbl:
a BIeTIIe MeXAY 3 U 4-i criupaisiMu, TPOHU3BIBAIOIITUMU MEMOpaHy U 00paleHbl BO
BHEKJIETOYHOE MPOCTPAHCTBO
0 B meryie MeXAy 3 U 4-i cCriUpaisiMu, TPOHU3BIBAIOIITUMH MEMOpaHy U 00paleHbl BHYTPb
KIIETKH
B B IETJIC MeXAY 2 ¥ 3-i CrIUpasiMU, IPOHU3BIBAIOIIIUMU MeMOpaHy U 00paleHbl BO
BHEKJIETOYHOE MPOCTPAHCTBO
I B Iemie Mexay 2 u 3-if cnupaisiMu, IPOHU3BIBAIOIIMMU MeMOpaHy U 00pallleHbl BHYTPb
KIJIETKH
I Ha 2-M JOMeHe, IPOHU3BIBAIOIIEM MEMOpaHy
39. PB-cyobeamnuua Na/K-AT®a3bl ocymecTBiisieT GyHKIHIO:
a TepeHoca HOHOB
06 rugponuza ATD
B NPaBWIbHOW OPUEHTAIIUH O-CYOBEAMHULIBI B MEMOpaHe
40. B cocrosinum E; pepment Na/K-AT®da3bl ciocobeH B3auMoAeliCTBOBATH C:
a wnonamu K*

6 wonamu Na*
B moxamu Mg”*
r wuwoHamu CI'

n ATO

41. Jlns nepexoaa ¢pepmenta u3 cocrossuus E; B cocrosinue E; Heo0xoaumbi:
a ruapoau3 MoJiekysbl ATO
6 wonsl K
B woHbl Mg™
42. Dueprus AT® npu padore Na/K-AT®a3pl TpaTUTCA HAa:
a npucoequnenne nonos K™ u Na* k aktuBHOMY 1ieHTpy (hepmeHTa
0 Hamnepexon pepmenTta u3 cocrosiuus E; B cocrosame E,
43. @uxkcupoBaHHe NepeHOCMMbIX HOHOB Npu padore Na/K-AT®a3b1 npoucxoaut 6s1arogaps

HOHAM:
a K'
6 Na'
B OF
r CI

44. Ha oxHoii MoJieKyJIe Ca**-AT®azwl HAXOIUTCH:
a OAVH LCHTP CBA3BIBAHUA IJII HOHOB Ca2+
6 1Ba LEHTpa CBA3BIBAHMS 1yist HOHOB Ca’
45. AT® cssbiBaercs Ca’*-AT®azo0ii co CTOPOHBI:
a  IUTOIIa3Mbl
0 BHEKJIETOYHOTO MPOCTPAHCTBA
46. TIIpouecc ruapoausza AT® Ha MmosekyJie Ca**-AT®azpI 3alyCKaer:
a ces3piBanne Ca™*
0 mnpucoenuaenue ATO
B cBsi3biBaHHe Mgt
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Ca®* BbITecHsieTcst 3 KomILtekca ¢ pepmentom Ca’*-AT®da3zpr:

a  wmoHamu Mg”*

6 wonamu H'

B MOJICKYJIaMHU BOJIBI

B pesyabTare ruaposusa gocpodepmenra Ca®*-AT®a3sI NPOMCXOIMT:
a  OTHICTUICHHE HeopraHudeckoro gocdara

06 cunte3 Moiekynsl ATO

B OTIeIUIeHHe noHoB Mg

Mouaekyaa Ca™*-AT®a3b1 NMPOHU3bIBAET MeMOpaHy:

a Spa3
6 7pa3
B 10 pa3
r 11pa3
o 13 pa3

Casi3piBanne nonoB Ca’* Ca?*-AT®a30ii mpoucxoxuT Ha yuacTKe:

a  cBA3BLIBaroIIeM 1 U 2-i TOMEHEBI

0 cBs3bIBatomIeM 2 U 3-if JOMEHBI

B  CBA3BLIBAIONIEM 3 U 4-i1 TOMEHEBI

Yuacrok cBsi3biBannst nonos Ca** Ca**-AT®dazoii CAPKOILIA3MAaTHYECKOI'0 PETUKYJIyMAa
oOpaieH:

a B LIUTOIIA3MY KJIETKH

0 B IPOCTPAHCTBO CAPKOILIA3MATHYECKOTO PETUKYTyMa

Mouekyna H -AT®a3bl NpoHU3bIBaET MeMOpaHy:

a Spa3
6 7pa3
B 10 pa3
r 13pa3

MoJekyaa H-AT®a3bl cocTOMT u3:

a 1 cyOpequHUITBI

6 2 cyOwbeauHuIl

B 3 cyObeauHuIl

Hcrunnble cyocrpat H -AT®a3b1 siBasieTcs:

a ATO

6 xommiekc AT ¢ Mg**

B kommrekc AT® ¢ Mn**

YcTaHOBHTE COOTBETCTBHE MEKIY THIIOM BTOPUYHOI0 AKTHBHOI0 TPAHCIOPTA U €ro

CYIIHOCTBIO:

a  OJHOHANPABIICHHBINA TIEPEHOC HOHA B KOMIUIEKCE cO | aHTHIOpPT
crieupUIECKUM MEPEHOCUNKOM

0 BCTpEYHBIH MEPEHOC HOHOB C y4acTHE 2 CHMIIOPT
OJTHOMECTHO# MOJICKYJIbI-ICPECHOCUHKA

B COBMECTHBIN OJHOHAIIPABJICHHBII MEPEHOC HOHOB C 3 YHHIIOPT
y4acTHEM JBYXMECTHOTO TIEPECHOCUHKA

N3 npensioskeHHbIX BAPHAHTOB BbIOEPHUTE, YTO SIBJISIETCS HEOOXOAUMBIM JIJIs MpoLecca

IH/IOIUTO3A:

a  DHeprus

6 BHexiaerounsii Ca’*

B COKpATHUTEIIbHBIC AJIEMECHTHI B KIICTKE

YcTaHOBHTE COOTBETCTBHE MEKIY THIIOM HIOIMTO32 U €ro CyIMHOCThIO:

a  MOMIONICHUE KPYIMHBIX YaCTHIL C y4aCTHEM 1 daromuros
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CTICIIATIM3UPOBAHHBIX KIETOK
0 9HIOUUTO3, IPH KOTOPOM MEMOpAHHBIE PELETITOPHI 2 NUHONIWTO3
CBSI3BIBAIOTCS C MOJIEKYJIAMH TTOTJIONIAEMOTO
BEIIIECTBA, MJIM MOJIEKYJIaMH, HAXOJSIIIMMHUCS Ha
MOBEPXHOCTHU (haroluTUPyeMOro 00beKTa —

JUranaamu
B HeW30MpaTEeNbHBINA MPOIECC MOTTOMICHNUS KUIKOCTH 3 PeLenTOPHO-OMOCPeI0BaHHBIH
Y PaCTBOPEHHBIX B HEWl KOMIIOHEHTOB SHIOLMTO3

58. W3 npenyioskeHHbIX BADHAHTOB BbIOepHUTE Te, KOTOPbIe XapaKTEePHU3YIOT KaJIbIIHIi-
HEe3aBHCHMBII IK301IUTO3:
KOHCTUTYTUBHBIN K30LIUTO3
HEKOHCTUTYTHBHBIN 3K30LIUTO3
HEO0XO0AUM JIJIS IOCTPOCHUS BHEKJIETOYHOT'O MaTpHKCa
HEOOXOUM JIJIS TOCTAaBKH OEJIKOB Ha BHEIITHIOK KJIETOUYHYIO MeMOpaHy
HEO0XOAUM /7S BBIACTICHUS HEHpOMeIuaTopoB
59. W3 npenyioskeHHbIX BADHAHTOB BbIOEpHUTE Te, KOTOPbIe XaPaKTEPHU3YIOT KaJIbIIHIi-
3aBHMCHMBbIH IK30LIUTO3:
KOHCTUTYTUBHBIN K30LIUTO3
HEKOHCTUTYTHBHBIN 3K30LIUTO3
HEOOXOAUM JIJIs IOCTPOCHUS BHEKJIETOYHOT'O MaTpHKCa
HEOOXOUM JIJIS TOCTAaBKH O€JIKOB Ha BHEIITHIOK KJIETOUYHYIO MeMOpaHy
HEOO0XOAUM /7S BBIACTICHUS HEHpOMeIuaTopoB
60. W3 nepedunciieHHbIX 0€JKOB, OCYIIECTBJISAIOIINX MPOLECC KAJbIUIT-3ABHCHIMOI0
IK30LMTO03a, BbIOEpHUTE TOT, KOTOPBIH IBJISIETCH AKLENTOPOM KAJIbIHs:
a  CHHamTOTarMuH
0 CHUHTaKCUH
B CHHaNTOOpEeBUH
r SNAP-25

N 5 ®w O

N 5 ®w O

12. KPUTEPUU OLIEHUBAHUASA

IIo xypcy mnpeamnosaraeTcss IPOBEACHUE IPOMEXYTOYHOM arTecTalvu B BUIE MOMAYJIBHOTO
KOHTPOJISl, CAMOCTOATENBHOM paboThl U SK3aMeHa.

Pacnpeoenenue 6annos, Komopvie Mozym noiy4unms CHyoeHnbl
6 npoyecce uzy4eHus OUCHUNIUHbL

Opranun3zannoHHo- CPC MonyabHbIi JK3aMeH Bcero
yueOHasi padora KOHTPOJIb
CTyJAeHTa
Max 30 6annos max 40 6amioB max 20 6amioB | max 15 6anos 100
0amioB
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IlIxana coomeemcmeusn 6417106 HAUUOHAILHOU WIKATIE

Onenka Onenka mo OueHka 1o rocy1apcTBeHHOM IKaJIe Ounenka mo
no mkaJjie | 100-6anabHoi (3x3ameH, 1uddepeHIMPOBAHHBII 3a4eT) rocyJ1apcTBeHHOM
ECTS mIKaje mKaJje (3a4er)
A 90-100 5 (oTIMYHO) 3a4TEHO
B 80-89 4 (xopo11o) 3a4TCHO
C 75-79 4 (xopomio) 3a4TEHO
D 70-74 3 (yIOBJIIETBOPUTEIILHO) 3a4TE€HO
E 60-69 3 (yIOBJIETBOPUTEIIBHO) 3a4TEHO
FX 35-59 2 (HEeyIOBIIETBOPUTEIBHO) HE 3a4TEHO

C BO3MOXHOCTBIO ITOBTOPHOU CHA4H
F 0-34 2 (HEeyIOBIIETBOPUTENBHO) HE 3a4TEHO
C BO3MOKHOCTHIO TIOBTOPHOU CIa4yMl MPH yYCIOBUH
00s13aTeIbHOTO HAOOpa AOTOTHUTEIBHBIX OAJITIOB

13. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI'O ITPOLECCA

[IpakTrueckue 3aHATHS NPOBOMSTCS B ayJUTOPUHU, OCHAIICHHOW MYJIbTHUMEIUWHOW TEXHHKOM,
rpadorpoeKTOPOM, JOCKON U TAOIUIIAMH.

JlabopaTopHble 3aHATHS TPOBOISATCA B ayAUTOpUH, OOOPYIOBAHHOM KOMITBIOTEpAMHU C
JTUIEH3MOHHBIM TPOTPaMMHBIM OOECTieueHHeM, JOCTYIIOM K ceTh WHTepHeT, cTojlaMu, JOCKOM,
TaOIUIIaMU, ClIaiIaMu, 1a00paTOPHBIM 000PYI0BAHUEM JIJISl BBITIOTHEHUS padoT.

14. PEKOMEH/IOBAHHAS JIMTEPATYPA

Koa-Bo Hannumue

Ne IK3EMILIAPOB | JIEKTPOHHOM
HaumenoBanue

n/n B OulMoTeKe BepPCUH B

TlonHY IBC

OcHnognas numepamypa
1. Tpym B.B. ®uzuonoruss 4YemoBeKa M KUBOTHBIX
[DnexTpoHHBIN pecypc] (KOHCHEKT jekuuil). — JloHenk: - +
HouHY, 2016. — 370 c. Pa3mep daiina: 24,8 M6
2. Co6oueB B. 1. OcHOBBI (pr3non0ruu BO30yIUMBIX
TKaHel [ DnekTpoHHbIH pecypc]: yuebd. mocodue / B. U.
Cob6ounes, B. B. Tpym; Jloneukwuit Hat. yH-T, Kad. - +
dusnonornu yenoBeka u )XuBoTHbIX. — Jlonenk: JJouHY,
2013. - 277 c. Pazmep daiina: 9,58 M6
3. DU3N0IJIOTHS YEIIOBEKA U )KMBOTHBIX [DIEKTPOHHBIN
pecypc]: (MeToauyeckue peKoMeHAaluu K
camocTosTeNbHON pabdore crynenTos) / B. B. Tpym, B. .
Tpym, I'. A. @ponosa u ap.; 'OV BIIO [loneuxuii
HalMOHANBHBIN yHUBepcuteT. — Jonenk: JonHY, 2018. —
469 c. Pasmep ¢aiina: 23,9 M6
4. CmupnoB B.M. Heiipodusnonorus u Beiciias HepBHasI
JeSATEeTLHOCTH ACTEH M MOAPOCTKOB: Yuel. mocodue s

5
CTyneHTOB nedekroi. ¢ak mnen. By3oB / B.M. CMupHoB. —
M.: ACADEMIA, 2000. — 396 c.
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HauMenoBanue

Koj-Bo
IK3EMILISIPOB
B On0aMOTEKE

JdouHY

Hanu4uue
3JIEKTPOHHOM
BEpPCHH B
IBC

®ponosa ['.A. PU3H0NOrNs MEXaHOUYBCTBUTEIILHOCTH
(KMHECTE3Us U OCS3aHKE): YUeOHOE MOCOOHE K CIIEKYPCY
"Cencopnas ¢puzuonorus” / I'.A. @ponosa; 'OY BI1O
JloHenKui HaMOHAJIBHBIN YHUBEPCUTET, bronornueckuit
daxynbsTer, Kadenpa puszmonoruu yenoseka v )KUBOTHBIX. -
Joneuk: 'OV BIIO "HonHY", 2017. - 104 c.

Meroauueckue peKOMEeHIAMK K IPOBEICHUIO
MPAKTUIECKHUX 3aHITUHN MO Kypcy «DU3N0I0rus
aHaJIM3aTOpPOB» [DNeKTpoHHBIN pecypce] / [cocT. I.A.
®ponosal; lonenkuii Han. yH-T. — Jloneuk: JJouHY, 2014.
— 1,05 Mo.

Metoandeckue yka3aHus K IPOBEICHUIO TJa00OPaTOPHBIX
3aHsTHI 10 Kypcy "Cencopnas ¢usnonorus”
[DnexTponnslii pecypce] / coct. I'.A. ®ponoa; JloHenkuit
Hall. yH-T, Kad. ¢puznonoruu yenoBeka v >KMBOTHBIX. —

Honenk: lorHY, 2016. — 1,1 M6

Tpyw B.B. Beenenue B MOJIEKYIISIPHYIO
SHJIOKPUHOJIOTHIO [ DNEKTPOHHBIN pecypc]: (KOHCIIEKT
nexuwmit) / B.B. Tpym; Jloneukwuii Hatl. yH-T. — JloHelK:
JlouHY, 2016. — 1,4 MG.

Tpyw B.B. Beenenue B MOJIEKYIISIPHYIO
SHJOKPUHOJIOTHIO (METOINYECKHE PEKOMEHIallU K
IPOBEICHUIO JIAOOPATOPHBIX PabOT U BBHIIIOTHEHUIO
CaMOCTOSITEIbHON PabOThI CTYJEHTOB) [ DIEKTPOHHBIN
pecypc] / B.B. Tpym; Jloneukwuit Hatl. yH-T. — JloHeLk:
JouHY, 2016. — 864 K6.

10.

MeTtonudeckue peKOMEHIAINH [Tl POBEICHUS
71a00paTOPHBIX pabOT M CAMOCTOSITEIFHON pabOTHI
CTYJEHTOB T0 Kypcy «Du3uonorus OHOI0rHIeCKIX
MeMOpaH» [DnekTpoHHBIH pecypc] / [cocT. ['.A.
®poinosal; Jlonenkuit Hau. yH-T. — [loneuk: lonHY,
2011. — 546 K6

11.

Tpym B.B. ®usnonorus 3HI0KpUHHON CUCTEMBI C
OCHOBaMU TATOJIOTHH [ DJIIEKTPOHHBIN pecypc]: (yueOHoe
noco6ue) / B.B. Tpym, B.1. Cobones; Jloneuxuii Hai.
yH-T. — Jlonenk: JlonHY, 2016. — 21,8 M0

Jonoanumensnasn numepamypa

12.

["aiiBoponckwmii M.B. AHatomus u puzronorus 4emoBeka:
yue6nuk / U.B. TaiiBoponckuii, I'.11. Huunmnopyx, A. U.
l"aiiBopoHckwmil. — 5-€ u3a. — MockBa: Akanemus, 2009. —
491 c.

13.

MeTtonudeckue yka3aHus K IPOBEACHUIO MaJIOTO
MPaKTUKyMa M0 (U3MO0JIOTUN YeJIOBEKa U JKUBOTHBIX
[DnexTponnslit pecypc] / coct. I'.A. ®ponosa; Jlonenkuit
Ha1l. yH-T, Kad. ¢usnonoruu yenoBeka v >KUBOTHBIX. —
Honenk: JouHY, 2016.
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Koua-Bo Hanu4uue
Ne IK3eMILIAPOB | JICKTPOHHOI
HaunmeHnoBanme
n/n B On0/1MOTEKE BepPCHHU B
JouHY IbC
14. | Bumbarpy6e C.A. Meronuieckue peKOMEeHIANHN K
n3ydeHuro yueOHou aucuuiumael "Helipodusnonorus” i N
[Onextponnsiii pecype] / C.A. Bunparpy6oe; 'OY BIIO
" lorenkuii Hatt. yH-T". — Jlonenk: JlonHY, 2016. — 1,3 MO.

15. ”TH®OOPMAILIMOHHBIE PECYPCBHI

1. http://www.xumuk.ru/

2. http://humbio.ru/humbio

3. http://meduniver.com/Medical/Physiology/

4. http://elibrary.ru/defaultx.asp

5. Hayunas 6ubnmoreka JIoHEIKOTO HAITMOHATHFHOTO MEIUITMHCKOTO YHUBEPCHUTETA!
http://katalog.dnmu.ru/search.php

6. becr-Men-byxk: http://www.medliter.com/

7. KpbiMckas MeXBY30BCKast OMOIHOTEKA:

http://elib.crimea.edu/index.php?option=com_content&task=view&id=198&Itemid=57
8. 1Q-6ubmmorexa: http://www.iglib.ru/
9. Dummknoneaus Tpudonosa E.B.: http://www.tryphonov.ru/tryphonov2/terms2/ostbst.htm
10. Aratomus u ¢usnosnorus: http:/ www.tasmed.ru/the general data/anatomy_and_physiology/

16. IIporpammHoe obecnieueHue

Windows 7 PRO (kopnoparusnas nunensus JOHHY Ne 46484614),

Microsoft Office (kopnoparusnas smnen3us JJOHHY Ne 46472919),

Microsoft Visual Studio (nmuuen3ust nporpamMmel DreamSpark ams BeICIINX y4eOHBIX 3aBEICHHI),
Adobe Acrobat Reader, xPDF, R Studio (muuen3un GPL, Apache, BSD mist cBo6ogHOTO
POrPaMMHOT0 0OecrieueHMsI)

el NS

Pabouas mporpamma paccMOTpeHa W TepeyTBEpKIeHa Ha 3acelaHuu Kadeapbl Gpu3HoIOrUn
yeJIoBeKa U JKMBOTHBIX C U3MEHEHHUAMHU (0e3 M3MEHEHHMI ) Ha roa. [Tporokon 3acenanus
kadenpsr Ne oT

3aB. kadenpoit GU3NOIOTUY YEIOBEKA U )KHBOTHBIX B.B. Tpym




