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PaGouas mporpamma aucnmmmns «Mosekyaspaas buzHoNOrHm) s 0OydarommMxCs
0 HanpasieHuio moaroTorku 06.04.01 Buomornms (Marucrepckas mporpamma: ®usuonorus
deNOBEKAa M JKMBOTHBIX), COCTaBleHa HA OCHOBaHMH (elepambHOTO TOCYZAPCTBEHHOIO
00pa3oBaTeNbHOTO CTaHJApTa BEHICIIETO OOpa3OBAHHA — MarucTparypa IO HalpaBlIeHHIO
noaroroBku 06.04.01 Bronorus, yTBepkIeHHOrO NPHKa30M MuHHCTEPCTBA HAYKH M BBICILIETO
obpasosanus Poccuiickoit ®enepaunu ot 11 abrycra 2020 r. Ne 934 (c m3M. u gon.), Iopsnka
OpraHM3allid M OCYIIECTBICHHS 00pa30BaTeNbHOH MEATENLHOCTH MO 06GpasoBaTellbHbIM
IporpaMMam BEICIIEro 00pa3oBaHus — nporpaMMam GaKkanaBpHaTa, IPOTpaMMaM CIIElHATHTETA.
IporpaMMaM MaruCTpaTyphl, YTBEPKIEHHOTO NpHKa3oM MHHHCTEpCTBa HayKH M BBICIIErO
obpasosanus Poccuiickoit ®enepauuu or 06 ampems 2021 r. Ne 245 (c u3M. W gom.). B
COOTBETCTBHH C y4eOHBIM IUIAHOM, YTBEPXKIEHHBIM YdeHbM coBerom ®IBOY BO «Jlonl'Y»
11g Habopa 2024 ropa.

PaspaboTunk:
noueHT Kahenps! GH3HONOTHH YENOBEKa M XKHUBOTHBIX

kaHj. 6uon. Hayk I''A. Banakupena

PaBoyas nporpamma onobpeHa Ha 3aceianuH kadeapbl PH3HONOrMM YeOBEKa H KHBOTHBIX.
ITpoTokoun ot 26.03.2024 r. Ne 14a
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1. MECTO JUCLUITJINHBI B CTPYKTYPE OBPA30BATEJILHOM ITPOT'PAMMBI

JucuunnuHa «MonekymspHas (U3UOIOTHS» OTHOCUTCS K MEAMKO-OMOJIOTUYECKUM HayKaMm H
ABIISICTCS 0053aTEIBHOM MPAKTUKO-OPHUEHTUPOBAHHOMN TUCIUIUTMHON MPO(pECCHOHATBHOTO OJI0Ka.

1.1. TpeGoBanusi K TIpeABAPUTEIBHONW MOATOTOBKE OOYYAIOIMIUXCS, MPEANISCTBYIOINUE U
COIYTCTBYIOIIME JUCLUUIUIMHBI, Ha KOTOPBIX OCHOBBIBAETCS H3Y4YEHHE JAHHOM:
«Dusnonorus yenoBeka M KUBOTHBIX», «buoxumus», «OpraHuuyeckas XUMHUA,
«MonekynsipHasi SHAOKPUHOJIOTUD», «DU3UOJIOTHS] CUHATICOBY.

1.2. IuCIUIUIMHBI, KypCOBBIE PaOOTHI M TPAKTUKH, I KOTOPBIX OCBOEHUE TAHHOM JUCITUTITUHBI
HE00X0IMMO Kak mpenmecTByomniee: «CeHcopHas (U3NOIOTHS.

2. OIIMCAHUE JUCHUTUINHBI
2.1. O6mias XxapaKTepuCTUKa

HaumeHoBaHue nmokaszaTens 3HaueHue noKa3aTels

Hazpanne o6pa3zoBaTesbHOM MPOrpaMmbl 06.04.01 buonorus (Maructepckas
nporpamma: @U3noI0rus YeaoBeKa U
JKUBOTHBIX)

udp 1 Ha3BaHME B COOTBETCTBUH ¢ yueOHbIM TuianoM | b1.B.JIB 7 O6menpodeccrnoHanbHbIH
MOJYJIb

Yactp 00pa3zoBaTesIbHOM pOrpamMmbl JucuumuimHa BeIOOpa

KonmnuecTBO 3a4eTHBIX €IUHULL / BCETO YaCOB 2/70,2

2.2. Pacnpenenenue 4acoB 1o gopmMam U nepruogam o0yueHHs

a, O0111ee KOJIMYECTBO YaCOB
I
dopma 21 3
> | & | nexuu- nabopa- | mpakTu- CaMOCTOSI- dopma
00yueHus | 3 . BCETO

51 OHHBIX | TOPHBIX | YECKHUX | TEIHHOU pabOTHI KOHTPOJIS
Ounas 2 3 13 13 442 70,2 9K3aMeH
Oumnasi, Bcero 2 3 13 13 442 70,2 9K3aMeH
Ouno- 2 4 4 64 72 9K3aMeH
3a0YHas,
BCETO

3. UEJIb AUCHUITJIMHBI
dopMHUpOBaHUE y CTYJACHTOB OOIIECH TEOPETUYECKON KapTHUHBI CTPYKTYPHOW OpraHU3AINH U
(YHKIIMOHMPOBAHUS KJIETKU U €€ COCTABJISIOIINX Ha MOJICKYJIIPHOM YPOBHE; TOHUMaHUE MEXaHU3MOB
paboThl CHUCTEMBI MEMOpPAHHBIX PEIENTOPOB, OMOXMMHUHU TPOILIECCOB TPAaHCMEMOPAHHOTO TEpEeHoca
BEIIECTB M MOJIEKYJIAPHBIX OCHOB (DYHKLIIMOHUPOBAHUS KICTKHU.

4. KOMIIETEHIIMM OBYYAIOILIEI'OCA, ®OPMUPYEMBIE B PE3VJIBTATE OCBOEHU A
KOMITOHEHTA OBPA30OBATEJILHOM ITPOI'PAMMBI, X MTHUKATOPHI 1
[INIAHUPYEMBIE PE3VJIbTATBI OBYUEHUA

4.1 KomnereHuuun

B pesynbrare oOcBOeHUS U3yYEHHS JUCHUIUIMHBI y OOYy4arolmerocss JAOJDKHBI —OBITh
c(hOpMUPOBAHBI KOMITETCHIIUH:

[TK-5. Crtoco6eH mpuMeHATh METOIMYECKIE OCHOBBI TPOSKTUPOBAHMSI, BHITTOJIHCHHS TTOJICBBIX U
na6opaT0pHHx MGIII/IKO-GI/IOJIOFI/I‘-IGCKI/IX, 3KOJIOTHUYCCKUX HCCHGHOBaHHﬁ, HCII0JIb30BATh COBPECMCHHYIO
amnmapaTypy M BBIYUCIIHTENIbHBIE KOMILIEKCH (B COOTBETCTBHHM C HAIPaBJICHHOCTHIO (Tpoduiiem)
IporpaMMbl  MarucTpaTypbl),  ONpeAeNsTb  cdepbl  NPUMEHEHHUs  pPE3yJbTaTOB  HAy4YHO-
HCCIIeI0BATENIbCKUX U OMBITHO-KOHCTPYKTOPCKUX padboT



4.2 NuaukaTopbl KOMIETECHIUHI:

[IK-5.1. YMenue npoBOAWTH aHaIU3 TEHACHIMM pa3BUTHsS PA3IUYHBIX OTpaciedl MeIuKo-
OMOJIOTHYECKUX HayK, OIpeNeNATh TUIOTe3y, LEIM U CTPAaTeruu MCCIeqoBaHus; (popMHUpPOBATh
MH(POPMAIIMOHHO-PECYPCHYIO 0a3y HCCIEOBAaHUS; IUIAHUPOBATh M PEAIM30BBIBATH IIOJIEBBIC U
nabopaTopHble  (U3UOJIOTMUYECKHE, MEIUKO-OMONIOTUYEeCKHe, JSKOJIOTMYECKUE MHCCIEOBaHUS C
HCII0JIb30BAHNEM COBPEMEHHBIX METOJNUECKHUX MOIX00B U CHEUATIN3UPOBAHHOIO 000PYA0BAHUS

[1K-5.2. [lonnMaHue MeXaHU3MOB (PU3HOIOTHYECKUX U3MEHEHUH, BO3HUKAIOIIUX BCIEACTBUE
OJIOKMPOBAaHUSI MEMOPAHHBIX PELENTOPOB WK 1e(DEKTOB B CHCTEME BHYTPUKIIETOYHBIX MECCEHIKEPOB
B IIepe/laye BHYTPUKIETOYHOTO CUTHAIA

4.3.Pe3ynbTarhl 00y4eHHs

[1K-5.1.1 — 3Haet pe3yabpTaThl COBPEMEHHBIX HCCICIOBAHUN B MOJICKYJISIPHON (PU3UOTIOTHH

I1K-5.1.2 — 3Haer Ha3HaueHUe NPUOOPOB JUISI M3YUYEHHsS] MOJEKYJSPHBIX pPEaKIUH,
MIPOUCXOAIINX Ha KIETOYHOM YPOBHE

IIK-5.2.1 — 3HaeT TeOpeTUYECKUE OCHOBBI MOJIEKYJISIPHOM PELENIMKA M IPOLECCOB NEperadu
BHYTPUKJIETOYHOTO CUTHAJIa

[IK-5.2.2 — VYwmeer ONEHUTH pe3yJbTaThl HapylieHUs (DYHKIIMOHHUPOBAHUS MEMOpPAHHBIX
penenTopoB U OJOKUPOBAHUS AKTUBHOCTHU BHYTPHKJIETOYHBIX MECCEHPKEPOB

5. ITPOI'PAMMA JWUCHUITJIMHBI
Ha3Banue TeMbl \ Kpartkoe conepxanue TeMbl
Paznen 1. MonexynsipHast puznonorus MeMOpaHHBIX MTPOIIECCOB M PEIENIIUN
Tema 1. Ctpoenue u | KpaTkasi xapakrepucTtuka MeMOpaH KaK COCTABIISIFOIIEH YacTH KIIETKH.

byHKIIN Jlunuaaenil coctaB MeMOpaH. Docdounuibl MeMOpaH, UX XapaKTEPUCTHKA U
OMOIOTUYECKHIX 0COOCHHOCTH cTpoeHusi MoJekyn. docdormurepuasl MeMOpaH: CTPOCHHE,
MeMOpaH xapaktepucTuku. ChuHroMuenuHel MeMOpaH: CTpPOCHHE, XapaKTePUCTUKH.

OCOOEHHOCTH CTPOEHHUS TIUKOC(HUHTOIMIUAOB U UX CBOicTBa. CTEpoiibl
MeMOpaH: CTPOCHHUE, XapaKTepUCTHKH. [10j0KeHne cTepoioB B MeMOpaHe U
ux cBoiictBa. AMpudunbHas npupoma memOpan. CTpoeHHE MOJIEKYJIIbI
JMIAZIOB KaK CTPYKTYPHOTO KOMITOHEHTa MeMOpaH. OOpa3oBaHHE MUIICIUIBI
MeMOpaHHbIMH JunuaamMu. [ uapoduiabHbiil 1 THAPOPOOHBIH c1oM MeMOpaH.
MexaHu3M TPaHCIOPTA BEIIECTB C Pa3IMYHBIMU CBOMCTBaMH, 3aBHCSIIHE OT
CTpyKTypbl MeMOpaH. benku memOpan. DyHKIuU OenKkoB B MeMmOpaHax.
AMHMHOKHUCIIOTHBIHN cocTaB 0enkoB. HTerpanbHbie U iepudepudecKkue OesKu.
Acummerpus memOpan. CamocOopka MeMOpaH Nnpu A00aBIECHUH B PAacTBOP
JeTeprenra ¢ MeMmOpaHaMu. YTJEBOABI MEMOpaH: CTpoeHHe M (DYHKIIHH.
XKunkocTHO-MO3an4HasE MoOJeib CTpoeHus: MemOpaH. Pa3oBble HEpexoabl
MeMOpaH. VI3MeHEeHUsi B CTPOCHWU MOJICKYJ JIMIIHIOB MPH TOHWKEHUH U
MOBBIIIEHUH TeMnepaTypbl. I3MeHeHus: pu3nuecKkux CBOWCTB MeMOpaH Mpu
(ha30BBIX TIEpEXOax.

Tema 2. O0mias OOm1ast XxapaKTepUCTHKA TPAHCIIOPTHBIX CUCTEM MEMOpaH U X 3HAYCHUE JUIs
XapaKTEepPHUCTHKA KJIeTKU. THITBI IepeHoca BemecTB yepe3 Ononorndeckiue meMopansl. Yacme
TPaHCHOPTHBIX 1. Monexynapnvie Mmexanusmpl RACCUBHO20 MPAHCNOPMA BeU{ECME.
cucrteM MeMmOpaH U | [ToHsITHE SIEKTPOXMMHYECKOTO MOTeHIMana. DHeprus [ubca. Juddysus
UX 3HaYEHUE s yepe3 meMmOpany. YpaBHeHnue ®duka. Kospunment npoHuaeMocTu depes
KJIIETKH MeMmOpaHy. PacTBOoprMOCTh BemecTB B MeMOpaHe, MMEIOIIUX Pa3IHYHYyIO

XUMUYECKYI0 IpUpOAy. TpaHCIOPT THIPATUPOBAHHBIX HOHOB 4Yepe3
MmeMmOpany. Tpancnopt Bonabl. Kunku. AxBamopuH. Monodopsl. dakTopsl,
omnpexaenstomue npouecce nuddysun. ObneruenHas muddysus. MexaHum
obneryenHor auddy3ur Ha TpUMEpPEe MOJCKYJIbl aHTHOMOTHKA BaJIMHA,




TPAaHCHOPTUPYIOLIEr0o HMOHBbl Kanus. Otnuuus mnpoctod nuddys3uu  or
obneruenHoi. OOmme depTbl o00JeT4eHHOW IUPPYy3uH W aKTUBHOTO
TpaHcnopTa uepe3 MeMmOpaHbl. [lepeHoc BemiecTB uepe3 MeMOpaHy IO
MEXaHU3MY «IHHT-TIOHT». DaKTOPbI, ONPEIEISIONIIE CKOPOCTh 00Ier9eHHON
muddy3un. BausHue ropMoHOB Ha pa®oTy MeXaHM3Ma TpaHCIoOpTa C
MIOMOIIBI0 MepeHOoCUnKoB. OcMOC U €ero poib B KM3HM KieTku. [Ipomecc
GuIbTpalluu Kak OAMH W3 BUIOB TPAaHCMEMOPAHHOI'O IMEPEHOCa BEIIECTB.
Yacmp 2. Monekynapnole mexanusmvbl GKmMueH020 MPAHCROPMA 6EU{ECHE.
HccnenoBanus YucuHra o HalM4My MOHHBIX HACOCOB B KOKE JIATYIIKH. Busl
HOHHBIX HAacocOB. Na'/K*-AT®asza: 6Guonorudeckas poib. Ctpoenne Na /K-
AT®asbl. a- u B- cyoseauauipl Na'/K'-macoca. Iukn paGorsl Na'/K'-
nacoca. Kondopmarmonnsie n3menenns Na'/K -nacoca. OKK/I031s HOHOB B
nporecce nepeHoca uoHoB. HMonuble nentpsl Na'/K'-Hacoca. MexaHusm
¢ukcauun wmonoB Na" wum K" aromamu kucnopoma. Ca’"-AT®asza:
Ouosiornyeckas poJjib. DHEpPreTHKa TPAaHCIOPTAa MOHOB Kalblus. MexaHu3M
nepeHoca HOHOB Kanblus. Llukisl padotel Ca**-ATdaskl. [lepenoc KanbIus
yepe3 MeMOpany (Tpanciokanusi). Ctpykrypa Ca?*-AT®asbl. Ponb HOHOB
Maruusi B paboTe KaJibI[MeBOro Hacoca. OyHKIIMOHUPOBaHUE U cTpocHue H ' -
AT®Da3vl. BropuyHbIi aKTUBHBIN TPAHCTIOPT: YHUIIOPT, CUMIIOPT U @HTUIIOPT.
Yacmoy 3. TpancmemoOpannwvlii nepenoc MAKpOMONEKYN: MOIEKYAAPHbLE
mexanuzmol. O0IAs XapakTepucTUKa. DHAouuTOo3. HeobxoanMele ycioBus
JUIsL TIPOXOKAECHMS Tpoliecca AHAOLUTO3a. Tumbl 3HAonuTo3a. KpaTkas
XapakTepucTuka nuHonuro3a. IIpomecc  ¢arommroza. PenenropHo-
OMOCPEIOBaHHbIA 3HAOLUTO3. Ponb KiaTpuHa. OK30LMTO3: OCHOBHBIE
XapaKTEPUCTHUKHU. Tunsl 9K30LUTO3A. Kanpuuii-He3aBuCUMBIN
KOHCTUTYLIMOHHBIM 3K301MTO3. Kanbnuii-3aBUCHMBI HEKOHCTUTYLIHOHHBIN
3K30LIMTO3. Kansnuii-3aBucUMBIH OEJIKOBBIHN KOMILJIEKC SNARE.
Cocrasnsroniue komiiekca SNARE: Oenmok cunrakcun-1, 6emok SNAP-25,
0€eJI0K cHHANTOOPEeBHH. DTalbl K30LUTO3A.

Tema 3. Penenropsl
OMOJIOTHYECKHUX
MeMOpaH: CTpOeHUE
U MOJICKYJISIpHAs
buzmomoTHst
TPaHCAYKIUU
CUTHAJIa

[TonsTe o perenrtopax Owojorudecknx MeMmOpan. DopMupoBaHHe
KOMIUIEKCa TOopMOH-perenTop. CHenupuyHOCTh penenTopoB MeMOpaH.
CoiicTBa penenTopoB. PerenTopbl-noOHHbBIE KaHAJBI: 00IIast XapaKTePUCTHKA.
AUETUIXOIMHOBBIE PELENTOPHL: Kiaccupukanus U cBoicTBa. HUKOTHHOBBIE
peuenropsl  anerwixoiuHa. Ctpoenue. CyObenuHunibl  N-perenTopos.
Pacnionoxxenne monekynsl N-perentopa B MeMOpane. MexaHu3M aKTUBALIUU
N-penenropa. Knaccudukarus N-perenTopoB aleTHiIXojinHa. Perentopsr ¢
TUPO3UHKHUIIA3HON aKTHUBHOCTHIO. PerenTopsl ans ¢akropa pocta. Obmias
xapakrepucTtuka. CTpyKTypa peenTopoB ¢ THPO3UHKIIA3HOW aKTUBHOCTEIO.
Knaccudukanusa peuentopoB. Mexanusm (QpyHKIHOHHUPOBAHUSI PELEOTOPOB.
TpancmemOpanHa Tiepefada CHUTHajda C  TOMOMIBIO  PELENTOPOB  C
TUPO3UHKHUIIA3HONW AaKTHUBHOCTHIO. JTambl Mepefauyd CHrHajlia C IMOMOIIBIO
PELEenTOPOB ¢ TUPO3UHKMIIA3HOH aKTUBHOCTHIO. JlMMepH3anus pernenTopoB u
aBTo(ocopunrpoBanue. Peuentopsl, compsbkeHHble ¢ G-Oenkom: obuas
xapakrepucTuka. CTpOeHHE PEIEenTOPOB U X PACIOJIOKEHHE B MeMOpaHe.
Ouznonoruyeckass poib  PEIEeNnTOpOB, COMPsDKEHHBIX ¢ G-OenkoMm.
Knaccudukanus perentopoB. ApeHaTMHOBBIE pelenTOpbl. MyCKapHHOBBIE
penenTopsl. MexaHu3M aKTUBALUU PEHENTOPOB, COMPSHKEHHBIX ¢ (G-0eIKoM.
G-06enku: crpoenue, knaccudukanus. CyopenuHuIsl G-0eKkoB. Y CHUICHHE B
KacKaJiax mepefadd CUTHAJIOB.

Tema 4.
Bocnpusitue
CUTHAJIOB

OOmias xapakTepUCTHKa MPOLECCOB BOCHPUATHS MeMOpaHaMU CHUTHAJIOB.
Perynsiuuss nuHaAMMYECKMX CBOMCTB MeMOpaH B OTBET Ha HM3MEHEHUS
OCMOTHYECKOT0 JABJIEHUS U TEMIIEPATYPbI OKPYXkKaroLen cpelbl. TeKy4ecTs U




OMOJIOTUYECKUMU
MeMOpaHaMu:
CEHCOpHBIE OETIKU U
JKCIPECCHsI TEHOB

BS3KOCTh OMOJIOTHYECKUX MeMOpaH. BiusHue MOBBIICHUS! TeMIIepaTyphl Ha
CBOMCTBa MeMOpaHbI. BIusSHUE MOBBIMICHUS OCMOTHYECKOTO JABJICHHS Ha
cBoiictBa MeMmOpanbl. JlecaTtypamusi nunuaoB B kietke. OcmoceHcop
npokapuoT — ructuauH-kuHaza KdpD. Onepon ocmocencopa KdpFABCDE,
€ro CTPOCHHUE U PeryIiAlus ero padboTsl. Perynsauus sxcnpeccun onepona kdp.
OpuA Kak OCMOCEHCOpP M OCMOPETYJATOp MeMOpaHbl KieTok. CTpoeHHue u
aktuBanus OpuA. HuskoremmepaTypHblii cTpecc. Perynsanus ¢usnueckoro
COCTOSTHUS MeMOpaH C TIOMOINBI0  Jecarypa3 JKUPHBIX  KHCJIOT.
l'umoTteTnueckasi cxema aKTHBAIIMM TEMIIEPATYPHOTO CEHCOpa — TUCTUAMH-
kmHa3el Hik33. AxTuBanus, CTpOSHHE W MEXAaHHM3M JCHCTBHS THCTHIHH-
KHUHAa3bI Hik33. benkoBeIit OOMEH «JIeHIIMHOBAasA MOJIHUS.
BricokoTeMnepaTypHblii cTpecc.

Tema 5.
MounekysapHblie
MEXaHU3MBI
CIIMSIHUS U
MOBPEXKACHUS
MeMOpaH

OOm1ast XapaKTeprCTUKa MPOLECCOB CIMSHUSA U MOBPEXKIACHUS MEMOpaH U UX
poib B Ku3HM KieTku. CnusiHue MeMmOpaH mpu 3K301uTo3e. MexaHusm
ciusHus MeMmOpaH. DopMHpOBaHHE IUMIUIOB. MeToj M3TY-KIeMna JUls
M3y4YeHMsI Tpolecca CIOUsSHUS MeMOpaH. OJIEeKTpUYECKHE  SIBICHUS,
3apuKcHpOBaHbIE METOJIOM MATY-KJIEMIIa MPU CIUAHUU MeMOpaH. ClnusHus
IUIOCKUX OWCIIOMHBIX JUIUAHBIX MeMOpan. OOmas kapTuHaA Tporiecca.
KoHcTpykuus kaMmepsl A8 HM3yudeHHsl Mpoliecca CIUSHUS OUCIIOMHBIX
aUnuaHbIX MeMOpaH. IlocienoBaTrenbHOCTh MPOMEKYTOUHBIX COCTOSIHUM,
KOTOpass HaOJIoAaeTcss NMpU CIUSHUM JBa IUIOCKUX JIMIHUIHBIX OHMCIIOEB.
[onycnusuue wmemOpan. MexaHusMm mnosyciusHug. Mojenb  CTalKoB.
[ToBpexnenne memOpan. [ToBpexxieHHE KIETOK MPU HEJOCTATKE KUCIOPOAA.
Pome  ¢dochonmmazer A mpm  moBpexaeHnun MemOpan. HaOyxanue
MUTOXOHJIpUI. Mexanu3m HaOyxaHusi MuTtoxoHapuil. [lopounslii kpyr B
natojoruu kietkd. [lepekucHoe OKHCIIEHHE JHUIHI0B Kak IpUYKMHA
MOBpEXJeHUsI MeMOpaH. MexaHu3M NEepeKUCHOTO OKHCICHHS JIMIUIOB.
[IpyunHbl HapymeHuss OapbepHBIX CBOMCTB MEMOpaH B MAaTOJOTHH.
OnexkTpuueckuit mMpoOoil  MeMOpaH Kak yHHMBEpPCAJbHBIH MEXaHWU3M
HapyUIeHUs] LEI0CTHOCTH MeMOpaH. CHM)KEHUE 3JIEKTPUUYECKON MPOYHOCTU
UCKYCCTBEHHBIX (ochoinnuanblx MeMOpaH 0pu JeHCTBUM OCHOBHBIX
noBpexaarommx ¢GakropoB. [Ipodoit MmemOpaH cOOCTBEHHBIM MEMOpaHHBIM
notennuaioM ("'camonpoboit”).

Tema 6. Murpauus
MOJIEKYJI B TOJILIHHE
MeMOpaHBbI

JlBmkenne Moiekyn ¢ochonmnumaoB B OucCiIoe: M3MEHEHHE OpHUEHTALUU
MOJIAPHBIX TOJIOB, JIATEPalbHOE MBIKEHUE, KOJeOAaHUE AaIlWIIBHBIX IIeTei,
o0Opa3oBaHNEe KHHKOB M WX IIE€PEMEIICHHE BIOJb AalWIbHBIX Ilerel (B
MOTIEPEYHOM HAMpaBICHHUH), POTAIIMOHHAS MOABIKHOCTH (BpallleHHue BOKPYT
JUTMHHOM OCH), TIEPEXO/T C OJTHOW CTOPOHBI OMCIIOS Ha ApyTOoii (TI0 THITY (hiwII-
(o), BeIxo u3 Oucnos. Jlokanuzarus u moJIBUKHOCTh OETKOB B MeMOpaHe:
MOHOTONMYECKAsl, ONTONMMYECKasi ¥ MOJUTONMMYECKAs JIOKAIM3aIus OCIKOB B
MeMOpaHe; JarepalibHas, BpalaTelbHas OenkoB B Oucioe, Quum-giomn
nmepexoa OeTKOBBIX MOJICKYJ. BeloK-TUnuaHbIe B3aUMOJCHCTBUS. THIIBI
OCNMOK-IUMUIHBIX B3auUMOJCHCTBUI. BbI3BaHHas OenkoM MoauQUKAIUSL
oucos.

Tema 7.
ComoOnm3anus u
PEKOHCTPYKITUS
MeMOpaH

Metoapl comobunuzanuu  MemOpad. [lonartue o gerepreHTtax. Buabl
nerepreHToB. Munemisl. Bunsl munemt. IIponecc munemtoodpazoBaHus.
Kputnueckass KOHLEHTpauusi MuUIE/UI000pa3oBaHus. Yucino arperamuu.
MexaHu3M  COMOOWIM3aIMK ~ MEeMOpaH  JeTepreHTamMu.  MexaHu3M
PEKOHCTPYKIMH MeMOpaH. MeTo/1bl OUUCTKH CONOOMIIN3aHTa OT JETepPIeHTa.

Tema 8.
I[HuTomna3sMeHHO-
SIEPHBIN TPAHCIIOPT

Crpoenne u ¢GyHknum wMemMOpanbl sgapa. CTpoeHHE SIIEpHBIX — TOp.
[TocnenoBatenbHOCTH SACPHON JOKATW3AUU. belKu UMIIOPTUHBI: CTPOCHUE
u pynkuus. Cxema TpaHcnopTa OEJIKOB M3 IUTOIJIA3Mbl B KJIETOYHOE PO C
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MOCTIeIOBATEAbHOCTSIMU  SIAEPHON JIOKanu3alMy. YeTHOYHblEe CHUTHAJIBI U
MIOCJIEZIOBATEILHOCTH B IEPEHOCE BELIECTB W3 IUTOIUIa3Mbl K SIIpY U B
oOpaTHOM HampaBieHuM. Perymsnus mnpomecca TpaHCHOpTa [0 sfpa.
Perynsiuus TpaHCKPUIIMKY U HUTOIJIA3MEHHO-SIEPHBIN TPAHCIOPT.

Tema 9. JIunmocoMsl
- MOJICTIH
KJIETOYHBIX
MeMOpaH

CrpoeHue JMNIOCOM U BE3UKYJ. MyJbTH-, OJIMIO- U MOHOJAMUIUISPHBIE
Be3uKyIbl. CBoiicTBa umocoM. CrocoObl BKIIFOUEHHSI Pa3IMYHBIX BEIIECTB B
aunocoMel.  IlpuMeHeHHe IMImocoOM H  Be3UKyJd B (DyHIaMEHTaJIbHBIX
UCCleIoBaHMsIX. |IpUMEHEHHE IIMIOCOM W BE3WKYJN B (DapMaKoJIOTHH,
MEIUIMHE 1 KOCMETOJIOTHH.

Tema 10. Perynsiuust
AKTUBHOCTH
MeMOpaHHBIX
bepMeHTOB

Perymsimust cybctparom peaknuu. MeraOonnueckue Ienu. XuUMHYEcKas
MonubuKaus Moyiekysn ¢epMeHTa. JleiicTBue mnpoTenHkuHa3. Poip u
¢bynkuuu uzohepmeHToB. KpaTkocpouHble M J0ITOCPOYHBIE MEXAHU3MBI.
MoHOMepHBIE W OJUIOMEpHbIE Oenku. Ponb JIMNUAHOTO OKpYXKEHUS B
peryJssiun MeMOpaHHbBIX (PepMEHTOB.

Tema 11. Kanpruii
KaK YHUBEPCAJIbHbBIN
peryusTop
BHYTPUKIIETOYHBIX
MPOLIECCOB

OU3NKO-XUMUYECKUE CBoOMcTBa Kanblusg. CTpykTypa HOHa KaJbLUS.
CasspiBanue Ca’’ M IpyruX KaTHOHOB METAILIOB C PA3IMYHBIMK JIMTAHIAMH.
Crpoenne TaHIJIMO3U/I0B, ¢docharununcepuna, KapAUOJIUIHHA.
[Ipennonaraemas CTpyKTypa ydacTka Oe€siKa, CBS3bIBAIOILErO KaJbLUK:
cnHpayb-neTis-ciupaib. VoHOGOpsl W MHIUKATOPHl HOHOB  KaJIbLUS.
AHTHOMOTUK KalbLUMHUIMH M JpyTrue IEePeHOCUUKU KaibLus. MeToabl
perucTpanii M3MEHEHMH KOHILIEHTPAIlMM KalbIMs B  OHOJIOIMYECKHX
sKcnepuMeHTax. KaibplueBble KaHaidbl M IEPEHOCUMKU KaJbIMsl 4Yepe3
6uomemOpansl. [IpoHunaeMocT MeMOpaH JUIsl KalbLUs U JPYTHMX HOHOB.
KanpimeBsle u kanpiizaBucuMble KaHaipl. Cucrema Na/Ca-oOMmeHa B
KIETOYHBIX MeMOpanax. Tpancmopr Ca’' depes MHUTOXOHIPHMATBHYIO
mem6pany. Cuctemsl AT®-3aBucumoro BeiBeeHns Ca’" n3 3puTporuTos u
MBILICYHBIX KJIETOK.

6. CTPYKTYPA N COAEPXXAHUE IUCLIAIIIMHBI

6.1.Dopma 0bydeHus — oyHasi, Kypc — 2, cemecTp — 3

HanmenoBaums pasaciioB U TCM

KonmuectBo yacos
Jlexu. | Jlabop. | [Ipaxr. \ CPC \ Bcero

Paznen 1. MonekynsipHast puznonorus MeMOpaHHBIX MPOLIECCOB U PELCTIUU

Tema 1. Ctpoenue u GpyHKIIIH 1 1 6,2 8,2
OMOJIOTHYECKUX MEMOpaH
Tema 2. OOmias xapakTepUCTHKA 2 2 6 10

TPAHCHOPTHBIX CHCTEM MEMOpaH 1 UX
3HAYEHHE IS KIETKH

Tema 3. Perrentopbl OMOIOrHYECKUX 2 2 6 10
MeMOpaH: CTPOEHHE U MOJIEKYJIsIpHas
(U3HOIOTHS TPAHCIYKIIMY CUTHAJIA

Tema 4. BocnipusiTiie cCUrHanoB 1 1 4 6
OMOJIOrMYeCKUMHU MEMOpaHaMU: CEHCOPHbBIE
OEJIKU M HKCIPECCHsI TeHOB

Tema 5. MonexkynsipHble MEXaHU3MBbI CIIUSHUS 2 1 4 7
U MOBPEXAECHUS] MeMOpaH

Tema 6. Murpauus MoJIeKyJ B TOJIMHE 05 ) 2,5
MEMOpaHBI ’
Tema 7. ComoOunu3amus ¥ peKOHCTPYKITHS 05 4 4,5

MeMOpaH




Tema 8. LlutonnazMeHHO-1epHBIN 1 05 ) 35

TPaHCHOPT ’

Tema 9. JIUITOCOMBI - MOJIENU KIIETOYHBIX 05 ) 2,5

MeMOpaH ’

Tema 10. Perynsnus akTHBHOCTH 8
2 2 4

MeMOpaHHBIX (DEpMEHTOB

Tema 11. Kanpuuii kak yHUBEpCaIbHbIN ) ) 4 8

PEryJISITOp BHYTPUKIETOYHBIX MPOLIECCOB

HToro 3a cemectp 13 13 442 70,2

6.2.®opma 00yueHus — 3a09HasA, Kype — 2

HaunmenoBanus pasaciioB U TCM

KomnnuectBo yacos

Jleku. | JlaGop. | [Ipakr. ‘ CPC ‘Bcero

Paznen 1. MonekymnsipHas ¢pu3noaorus MeMOpPaHHBIX MPOIIECCOB M PELCTIIHH

Tema 1. CtpoeHue u GyHKIUU

OMOJIOTUYECKNX MeMOpaH 0,5 6 6,5
Tema 2. OOmias xapakTepUCTHKA
TPAHCHOPTHBIX CHCTEM MEMOpaH 1 UX 0,6 0,5 8 9,1
3Ha4YeHHE [Tl KIETKH
Tema 3. Perientopsl OMOIOrHYECKUX
MeMOpaH: CTPOEHHE U MOJIEKYJIsIpHas 02 3 2.9
(bU3HOSIOTHS TPAHCIYKIIMU CUTHAIA ’
Tema 4. BocnipusiTue curHanos
OMONOTHYeCKUMHU MeMOpaHaMu: CEHCOPHBIE 02 6 6,2
OEJIKU U KCIPECCHUsl TEHOB
Tema 5. MonekyJisspHbIe MEXAaHU3MBI CIIUSIHUSA
U TIOBpPEX/I€HUS MeMOpaH 0.2 6 6,2
Tema 6. Murparust MOJIEKYJI B TOJIIIIUHE
pan y I 02 4 4,2
MEMOpaHBI
Tema 7. ComoOunu3amus ¥ peKOHCTPYKITHS 03 3 33
MeMOpaH ’
Tema 8. [lutonnazMeHHO-1epHBIN
L Aep 02 4 4,2
TPAHCIIOPT
Tema 9. JInmmocomsl - MOJIENN KIIETOYHBIX
A 02 3 3,2
MeMOpaH
Tema 10. Perynsuusi akTHBHOCTH
Yoo 02 02 8 8,4
MeMOpaHHBIX (EPMEHTOB
Tema 11. Kanbiuii kak yHUBEpCaIbHbBIN
. YHUBEP 03 02 8 8,5
PEryJISATOP BHYTPUKIECTOYHBIX MPOIECCOB
Hroro 3a cemecTp 4 4 64 72




7. OHEHOYHBIE MATEPHAJIBI (CPEACTBA) UL TEKYIIEI'O KOHTPOJIA
YCIIEBAEMOCTH, IPOMEXYTOYHOU ATTECTALINN

Ilepeuensv 6onpocos k KoiI0K8uymMy no meme «MoneKynapHas gusuono2us MemMopaHHvIX npoyeccos u
peyenyuuy

1. ®ynkuymm memOpan. Jlunuaseii coctaB memOpaH. [lomoxkeHue cTeposoB B MeMOpaHe M UX
CBOJCTBA.

2. benku memOpaH. @yHKIMM OeIKOB B MeMOpaHaX. YTIJIeBOIbl MEMOpaH: CTPOSHUE U (DYHKLIUH.

3. XunkocTHO-MO3am4Hasi MOJENb CTpoeHHs MeMmOpaH. Da3oBble Tepexoabl MeMOpaH.
W3meHeHus B CTPOCHUU MOJIEKYJI JIMMUAOB MPU MOHMKEHUH U MOBBIIICHUU TeMrepaTypsl. 3MeHeHus
(u3HYECKUX CBOWCTB MeMOpaH IpH (ha30BBIX MMEPEXO/Iax.

4. OO0mas xapakTepucTHKa TPAHCIOPTHBIX CHCTEM MEMOpPaH U WX 3HaUY€HHUe AJis KIeTKU. THurmsl
IepeHoca BEIIECTB Yepe3 OMoJornueckue MeMOpaHsbl.

5. TlonsiTHe 3MEKTPOXMMHUYECKOT0 MOTeHIIMana. MexaHu3m nmaccuBHOM nuddysum.

6. PactBopuMOCTSb BelleCcTB B MEMOpaHe, UMEIOIINX Pa3HYI0 XUMUYECKYIO ITpupoay. Tpancnopt
TUIPaTHPOBAHHBIX HOHOB uepe3 MmeMOpany. Tpancnopt Boabl. Kunku. AkBanopuH.

7. Mexanu3m obserdeHHOH nudy3un Ha TpUMepe MOJIEKYJIbl aHTHONOTHKA BaiuHa. [lepeHoc
BEIIECTB uepe3 MeMOpaHy M0 MEXaHU3MY «ITUHT-TIOHTY.

8. Otmuuus ot mpoctoi obnerdenHoi nuddysun. O6mue yeptol odnerdeHHon auddysnn u
aKTUBHOTO TpAaHCIOpTa 4yepe3 MeMOpaHbl. MexaHH3M BIUSHUS TOPMOHOB Ha paboTy MexaHU3Ma
TPAHCIIOPTa C TTOMOIIBIO TIEPEHOCYUKOB.

9. Ocmoc u ero ponb B Ku3HU KieTkd. [Ipouecc ¢unabTpanuu Kak OJUH U3 BHJIOB
TpaHCMEMOPaHHOTO MEPEHOCa BEIIECTB.

10. TlonsTue 06 MoHHBIX Hacockl. MccaenoBanust YUCHHTa O HATMYUU HOHHBIX HACOCOB B KOXKE.

11. Crpoenne Na+/K+-Atdaszel. Peakmuonnsnii 1mukin padorsl Nat+/K-+-Hacoca. MexaHusm
¢ukcauuu Na+ u K+ atomamu kuciaoposa.

12. Ca2+-AT®a3a: Ouonoruyeckasi pojib. JHEpPreTUKa TPAHCIIOPTa MOHOB Kayblys. L{ukiisl paboThl
Ca2+-ATdaza. Ctpoenne Ca2+-ATda3zbl. Posb HOHOB MarHust B paboTe KaJIbLMEBOIO HACOCA.

13. ®ynkunonupoBanue u ctpoerne H+-Ardaspl. BropudHblil akTHBHBIA TPaHCIIOPT: YHUIIOPT,
CUMIIOPT M aHTUTIOPT.

14. TpancmeMOpaHHBIA TEPEHOC MaKpOMOJIeKyJ. Kanbluii-3aBUCHMBIN OEIKOBBIM KOMIUIEKC
SNARE. Cocrasnsromue xoMiuiekca SNARE.

15. HeoOxoaumple yCIOBHS ISl TPOXOXKISHUS TpoIllecca SHAOLUMTO3a. THIBI SHIOLIUTO3A.
Kpatkas xapakrepucTika MMHOIUTO3A.

16. PeuenropHo-onocepenyBaHuid 3HIOIUTO3. Ponb  KkimarpuHa. OK30LMTO3: OCHOBHBIE
XapaKTePUCTUKHU. THUIIBI SK301IUTO3A.

17. ®opmupoBaHue KOMILIEKCa TopMoH-perentop. CrenupuuHOCTh PEelenTopoB MeMOpaH.
CBoiicTBa perenTopoB.

18. AUETHIXOJMHOBBIE pelenTopsl: Kiaccudukanuss u cBoiicTBa. CTpoeHHE HHKOTHHOBBIX
pelenTopoB aneTWiIXoiduHa. PacmomokeHue Monekyiasl N-permenTopa B MemOpane. MexaHu3M
akTuBauuu N-penenropa.

19. Peunenrops! mis pakTopa pocta. CTpyKTypa perenTopoB ¢ THPOZMHKUIA3HON aKTHBHOCTBIO.
MexanusMm (yHKIIMOHHUPOBAHUSL pelenTopoB. TpaHcMeMOpaHHa Iepegadya CHUTHajda C IIOMOIIBIO
PELEnTOPOB C TUPO3UHKUIIA3HON aKTUBHOCTHIO.

20. CtpoeHue penenTopoB, COMpsDKEHHBIX ¢ (G-OemkaMu W WX PACIONIOKEHHE B MeMOpaHe.
Knaccudukanus peuentopo, conmpsbkeHHbIX ¢ G-Oenkamu. MexaHW3M aKTHBAllMM PELENTOPOB,
cBsi3aHHBIX ¢ G-0enKoM.

21. G-6enku: ctpoenue, knaccudukanus. Cyobenunuiibl G-0eIKoB.

22. YcuneHue B KacKaJax NepeJayy CUTHAJIOB

23. OOmas XapakTepUCTHUKA TPOIIECCOB CIUSHHUSA U TOBPSKIACHUS MEMOpaH M MX POJIb B KH3HH
KJIETKH.

24. MexaHu3M cinusHAst MeMOpaH. DOpMHUPOBAHUE JTUMILIOB.
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25. Meroa mATY-KIBMIA 7S U3yUEHUs Tpoliecca CAUsSHUS MeMOpaH. DIeKTPUUECKHE SBICHUS
1pu ciugHuK MeMOpaH. ClUSHUS TIOCKUX OUCTIOMHUX TUMUIHBIX MeMOpaH. KoHCTpyKuMs Kamepsl Jis
W3Yy4eHHs Tpoliecca CIUSHUS OUCIONHUX JTUIMHUIHBIX MEMOpaH.

26. IlocnenoBaTenbHOCT MPOMEXKYTOUYHBIX COCTOSIHUM, KOTOpas HaOMIoJaeTcs NMpU CIUSHUU JBa
TUIOCKUX JIMMAAHBIX Oucnoes. [lonycnusHue memOpad. MexaHu3M noychnustHus. MoJemnb CTalIKoB.

27. TloBpexneHue KIETOK IPU HEAOCTaTKe Kuciopoaa. Poib ¢pochonmmnazer A mpu HOBpEKICHUN
MeMOpaH. MexaHnu3Mm Ha0yXaHUsI MUTOXOHIPUH.

28. IlopouHsblii Kpyr B MAaTOJOTMU KJIETKU. llepekrcHoe OKHCIeHuE JIMMUAOB Kak MpUYMHA
noBpexaeHust MeMOpaH. [IpuunHbl HapyieHUs: 0apbePHBIX CBOMCTB MeMOpaH B MAaTOJIOTHH.

29. Dnextpudeckuid poOoii MeMOpaH Kak YHHUBEpCAJIbHBIM MeXaHW3M HapymieHus. [IpoOoi
MeMOpaH cOOCTBEHHBIM MEMOPAaHHBIM MOTEHIHAIOM ("'camorpo6oii").

30. JIsmxkenue wMoisiekyn ¢GocdomunuaoB B Oucioe. Jlokammsamus OETkOB B MeMOpaHe.
[ToABMKHOCTH KOMIIOHEHTOB OHMOJOTHYECKMX MeMOpaH. benok-numnuaHeie B3auMOAeHCTBHUS. THIIBI
OETOK-JIMIUIHBIX B3auMOJIeHCTBHIA. Bri3BaHHas OeIKOM MOTUPHUKAIHS OHCIIOS.

31. Perynauus OuHAMUYECKHX CBONCTB MEMOpaH B OTBET HAa HU3MEHEHHUS OCMOTHYECKOTO
JIaBJICHUS U TEMIIEPATyPbl OKPYIKAIOILIEH Cpebl.

32. TekydecTh U BA3KOCTh OMOJOTHYECKMX MeMOpaH. BivsHHE MOBBIICHUS TeMIepaTypsl Ha
cBOlicTBa MeMOpaHbl. BiusHHE NOBBIMICHHS OCMOTHYECKOT'O JaBJCHHS Ha CBOWCTBA MEMOpaHBI.
Jlecarypauus TUIHI0B B KJIETKE.

33. OcmoceHcop npokapuoT — ructuanH-kuHaza KdpD. Onepon ocmocencopa KdpFABCDE,
€ro CTPOCHHE U PETyJIsus ero padoTel. Perymsmms sxkcnpeccun onepona kdp.

34. OpuA Kak 0CMOCEHCOp U OCMOPETYIISITOp MeMOpaHbI KieTok. Ctpoenue u aktuBanusi OpuA.

35. I'umoreTnyeckasl cxeMa aKkTHUBAIMKM TEMIIEPAaTypHOTO CEeHcOopa — rucTuauH-KuHa3el Hik33.
AKTHBaNus, CTPOCHHUE U MEXaHU3M JIeHCTBUS TUCTHINH-KUHA3BI Hik33. BenKoBbIii TOMEH «JIeHITMHOBAS
MOJTHUS.

36. Crpoenne u ¢yHkuu memOpansl siapa. CtpoeHue siaepHbIXx mop. IlociemoBaTenbsHOCTH
AIEpHON JoKalu3auuu. benku umMnopTuHsl: cTpoeHue U (pyHkuus. Cxema TpaHcmopTa OENKOB U3
LUTOIIJIA3MBbI 10 KJIETOYHOTO S,Apa C MOCJIE0BATENIBHOCTIIMHU 1€PHOM JIOKAIU3aL1H.

37. YenHOuYHbIE CUTHAJIBI U MTOCIIEIOBATEILHOCTH B IEPEHOCE BEIIECTB U3 LIUTOIIA3MBbI K Py U
B 00paTHOM HampaBieHuu. Perymsimus npoiecca TpaHcopTa J10 apa.

38. IlonsTHe amomnTo3a W POJIb 3TOTO MpOIEcca B KU3HU KIIETKH. JIOMEHHast CTpyKTypa Oenka
pS3. IlpuunHbI HEBO3MOKHOCTH 3aIlyCKa IIpoLecca arnonTo3a.

39. Crpykrypa u ¢yHKIHs TeroMepsl. Mexanu3m paboTel TenoMepsl. DepMeHT Teromepasza u
ero GpyHKIus.

40. CtpoeHue TUIoCcoOM U Be3UKYJ. MyJIbTH-, OJTUTO- U MOHOJIAMUJUISIPHBIE BE3UKYJIbl. CBOMCTBA
aunocoM. CriocoObl BKIIIOUEHUS pa3IMYHBIX BELIECTB B JIUTIOCOMBI.

41. IlpuMeHeHHe JUIIOCOM M BE3WKYJ B (yHIAMEHTAIBHBIX HCCieAOBaHMsIX. [IpuMeHeHue
JIMIIOCOM M BE3HKYJ B (DapMaKoIOruu, METUIIMHE U KOCMETOJIOTHH.

42. MemOpaHna KJIETKM Kak TIEpBOE€ 3BEHO B pEaKIMM Ha JACHCTBHE cTpecca. MexaHu3M
TIOBBIIIEHUS BSI3KOCTH IIUTOILIA3MBI 101 ACWCTBUEM HAa MEMOpaHy CUTHaIa U3BHE.

43. CTpyKTypHBIE TEPECTPOWKH B MeMOpaHax mpu AcHCTBUU cTpecca. Ponmp nonoB Ca2+ B
peakiuu MeMOpaHbl Ha HEOJAronpusSTHbIE BO3ACUCTBUS. VI3MEHEHHEe MPOHUIIAEMOCTH MeMOpaH 1o
JEeHCTBUEM cTpecc-(haKTOpOB.

44. MemOpaHHasi TUIIOTe3a cTapeHus. MI3MeHeHne MPOHULAEMOCTH KJIETOYHOW MeMOpaHbl Kak
OJIMH U3 MEXaHU3MOB CTApPEHUS KIIETKH.

45. MeraOonuueckue 1end. Ponb JUNHIHOTO OKPYXKEHHS B PETYJSIUM  MeMOpaHHBIX
(hepMeHTOB.
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Ilepeuens 6onpocos Kk sx3ameny
G-6enku: ctpoenue, knaccupukanus. CyobequauIbl G-0eIKoB.
OpuA kak 0CMOCEHCOp ¥ OCMOpPETyJISITop MeMOpans! kiieTok. Ctpoenue 1 aktuBanust OpuA.
AUETHIXOIMHOBBIE PELENTOpbl: Kilaccupukauus u cBoiicTBa. CTpoeHHWE HUKOTHHOBBIX
penenTopoB aneTuixoinuHa. Pacrnonoxenne monekyisl N-penentopa B MeMOpane. MexaHusm
akTuBanuu N-peuenropa.
benku memOpan. @yHkuuM OenKoB B MeMOpaHax. YT71eBobl MEMOpPaH: CTPOSHUE U (DYHKILIMH.
'umoretrndeckass cxema aKTHUBAIMM TEMIIEPATypHOTO CeHcopa — THCcTUAMH-KuHa3el Hik33.
AKTUBalMs, CTPOEGHUE M MeXaHu3M JedcTBUS ructuanH-kuHasel Hik33. benkoBwlii goMeH
«ICMIUHOBAST MOJHUS.
JIBumkenne Monekyn doconunuaoB B Oucnoe. Jlokanuzamus OenkoB B MeMOpaHe.
[TonBMKXHOCTh KOMITOHEHTOB OHMOJIOTHYECKHX MeMOpaH. Belok-munuaHbie B3anMOJCHCTBHS.
Tunbsl 6enoK-TUMUAHBIX B3auUMOIeHCTBUH. Bri3BanHas OenkoM MoauduKaiys OUCIosl.
KunkocTHo-MO3anuHas MOJIEb CTpoeHust MeMOpaH. dPa3oBble epexo/ibl MeMOpaH. M3Menenus
B CTPOCHUU MOJIEKYJ]l JIUMUAOB MPU MOHWKEHUH M TOBBIIICHUH TeMmmepaTyphl. V3meHeHUs
(u3HYECKUX CBOWCTB MeMOpaH IpH (ha30BBIX MMEPEXO/Iax.
MewMOpaHa KJIETKH KaK TIEpBO€ 3BEHO B PEaKIMK Ha JACHCTBUE cTpecca. MeXxaHu3M MOBBITIICHUS
BSA3KOCTH LIUTOIIIA3MBbI IO JIeHiCTBHEM Ha MEMOpaHy CHrHajla U3BHE.
MembOpanHas runoresa crapeHus. MisMeHeHne NpoHUIaeMOCTH KIETOYHON MeMOpaHbI KaK OJIMH
13 MEXaHU3MOB CTapEHUSI KJIETKH.
MeTtabonuueckue nenu. Poib TUIUAHOTO OKpYKEHUS B PETYIISILIMY MEMOpPaHHBIX (hEPMEHTOB.
MeToa mITY-KIBMIA IS U3yYEHUS MpoLecca CIUIHUA MeMOpaH. DIEeKTPHUECKUE SBICHHS MTPH
cnustHUA MeMOpaH. CAusHUS TIIOCKUX OUCIIONHUX TUMUIHBIX MeMOpaH. KoHCTpyKIHs kKamepbl
JUISL U3yUYEHHS TTPOIecca CIUSHUS OUCIIOMHUX JTUIMUIHBIX MeMOpaH.
Mexanusm oOserdyeHHOW nud@y3un Ha MpuMepe MOJIEKYJbl aHTHOMOTHKA BainuHa. [lepeHoc
BEIIECTB Yepe3 MeMOpaHy M0 MEXaHU3MY «ITHHT-TIOHTY.
Mexanu3m crnussaust MeMOpaH. DopMHUpPOBaHUE TUMILIOB.
Heo6xoauMele ycnoBus st MPOXOXKACHUS Mpoliecca SHA0IUTo3a. Tunsl s3H101MTO3a. KpaTkas
XapaKTepUCTHKA MUHOIUTO3A.
OOIast xapakTepUCTHKA POIIECCOB CIMSHUS M TIOBPEXKICHUSI MEMOpPaH M MX POJIb B )KU3HU KIIETKH.
OO0mas xapaKTepuUCTHKa TPAHCIIOPTHBIX CHUCTEM MEMOpaH M MX 3Hau€Hue Ui KIeTKH. THIbl
MepeHoca BEMIEeCTB Yepe3 OMoIorniecKue MeMOpaHEbI.
Ocmoc u ero ponb B Xu3HM KieTku. Ilpomecc ¢unbTpanum Kak OJUH U3 BHJIOB
TpaHCMEMOPaHHOTO MEPEHOCA BEIIECTB.
OcmMmocencop mpokapuoT — ructuanH-kuHaza KdpD. Onepon ocmocencopa KdpFABCDE, ero
CTPOCHHUE M PETYISAIM ero paboThl. Perymsius skcnpeccun onepona kdp.
OTtnuumst oT mpocToit obnerdyeHHoi nuddysun. O6mme yepthl objerdyeHHoN mauddy3un u
aKTUBHOT'O TPAHCIIOpPTa Yepe3 MeMOpaHbl. MexaHU3M BIUSHHUS TOPMOHOB Ha paboTy MEXaHHU3Ma
TPAHCIIOPTa C TIOMOIIBIO TEPEHOCYUKOB.
[ToBpexxeHne KIeTOK MpH HeAOoCTaTke Kucioponaa. Ponb ¢ochonunaser A npu nmoBpexIeHUH
MeMmOpaH. Mexanu3M HaOyXaHHsI MUTOXOHIPUH.
[TonsTHE amomnTo3a U POJb ATOTO MpoIlecca B KU3HH KIETKH. JJoMeHHas CTpyKTypa Oenka p53.
[IprurHBI HEBO3MOXKHOCTH 3aIyCKa MpoIlecca aronTo3a.
[TonsiTre 06 MOHHBIX HacoChl. MccnenoBanus YUCHHTA O HATUYMHA HOHHBIX HACOCOB B KOXKE.
[ToHsATHE PMEKTPOXUMHUUYECKOTO MOTEHIIMaMa. MexaHu3M naccuBHOU qudy3un.
[TopouHblii Kpyr B NATOJOTMU KIETKU. lIepeKucHoe OKHUCIEHHE JMIHUAOB Kak IPUYMHA
noBpexxaeHust MeMmOpan. [IpuunHbl HapyeHUs: 0apbepHBIX CBOMCTB MEMOpaH B MATOJIOTHUH.
[NocnenoBaTebHOCTh MPOMEKYTOUHBIX COCTOSIHMM, KOTOpas HaONromaeTcss NMpU CIHSHUM J1Ba
TUIOCKUX JIMMMAAHBIX Oucioes. [lomycnusHue memOpan. MexaHusm nosycinustHus. MoJiesnb CTalIkoB.
[IpumMeHeHne TUIOCOM M BE3UKYJI B (yHIAMEHTAIbHBIX UcclieoBaHusX. [IpuMenenue 1unocom
1 BE3UKYJ B ()apMaKoJIOTUHU, METUIIMHE U KOCMETOJIOTUH.
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PacTtBOpuMOCTH BeliecTB B MeMOpaHe, MMEIOIINUX Pa3HYI0 XHMHUYECKYI0 IpUpoay. TpaHcmopT
TUIpaTUPOBAaHHBIX MOHOB uepe3 MeMOpaHy. Tpancnopt Bojbl. Kunku. AkBanopuH.

Perynsiius AuHAMUYECKUX CBOWCTB MEMOpPaH B OTBET HA U3MEHEHHSI OCMOTHYECKOTO JaBIICHUS
1 TEMIIEpaTypPbl OKPYKAIOLIEH CPEMBI.

PeuenrtopHo-onocepenyBanuii  sHAouuTo3. Pomp  kmaTpuHa.  DK30IMTO3:  OCHOBHBIE
XapaKTePUCTUKU. THUIIBI K301IUTO3A.

Peuenrtoper mist aktopa pocra. CTpyKTypa pelenTopoB ¢ THPO3WHKUIA3HON aKTHMBHOCTHIO.
Mexanus3m QpyHKIMOHUPOBaHUS peLenTopoB. TpaHcMeMOpaHHa niepejaya CUrHaja ¢ HOMOIIbIO
PELEnTOPOB C TUPO3UHKUIA3HON aKTUBHOCTHIO.

Ca2+-ATdaza: Gmonormyeckas poiib. JHEpreTrka TPAaHCIOpTa MOHOB Kamblms. LIMKIIBI paGoThl
Ca2+-ATdaza. Ctpoenue Ca2+-ATda3zbl. Posib HOHOB MarHust B paboTe KaJIbLUEBOIO HACOCA.
Crpoenne Nat+/K+-Atdaspl. Peaknmonnsiii mwkn pabdorel Nat+/K+-Hacoca. MexaHu3m
¢ukcauuu Na+ u K+ atomamu kuciaoposa.

Crpoenne m (ynkmum memOpanbl sapa. CtpoeHme simepHbIX Top. IlociemoBaTenbHOCTH
SIIepHON JToKanu3auu. benku uMnopTunsl: crpoenue u ¢pyHkius. CxeMa TpaHcropTa OelKoB
13 LUTOIIA3MBbI /10 KJIETOYHOT'O SApa C MOCIEI0BATEIbHOCTIMHU SIIEPHOMN JTIOKATU3allUu.
CtpoeHne TUIOCOM U BE3UKYJI. MyJbTH-, OJIUTO- U MOHOJAMHUJIIAPHbBIE BE3UKYJbl. CBOWMCTBA
aunocoM. CriocoObl BKIIIOUEHUS Pa3IMYHBIX BELIECTB B JIMTIOCOMBI.

CrtpoeHue penentopoB, compsbkeHHbIX ¢ (-OenkaMu M HUX PAcloNOKEHHEe B MeMOpaHe.
Knaccudukanus penentopos, conpsikeHHBIX ¢ G-0enkamMu. MexaHu3M aKTHBALUU PELeTITOPOB,
cBsi3aHHBIX ¢ G-0esKoM.

Crpykrypa u QyHKIHS TeroMepbl. Mexanu3m paboTsl TeaoMepbl. DepMeHT Tenomepasa U ero
dbyHKIMS.

CTpyKTypHBIE TIEpecTpoiiku B MeMOpaHax npu AeicTBuu ctpecca. Pons nonos Ca2+ B peakiiuu
MeMOpaHbl Ha HEOJarompusTHbIE BO3JAEWUCTBUA. V3MeHeHue NMpPOHMIIAEMOCTH MeMOpaH MoJ
neiicTBueM cTpecc-(paKkTopOB.

TexydecTp M BA3KOCTh OHMOJIOrMYECKHX MeMOpaH. BiusHHe MOBBINIEHHS TeMIlepaTypbl Ha
cBOMCTBa MeMOpaHbl. BiusiHME MOBBIIICHUS OCMOTHYECKOT0 JaBJICHUS HA CBOIICTBa MEMOPAHBI.
Jlecarypanus TUIHI0B B KIETKE.

TpancmeMOpaHHBI TIepeHOC MakpoMouieKysl. Kanbliuii-3aBUCHUMBIN  OEITKOBBIH KOMILIEKC
SNARE. Cocrapisronue koMminiekca SNARE.

YcuneHnue B Kackaziax nepeaadn CUrHajaoB

dopmupoBaHue KOMIUIEKca TOpMoOH-peuentop. CHenupuuHOCTh PEeLenTopoB MeMOpaH.
CBolicTBa peLENTOPOB.

Oynkimr MeMOpaH. JIumaHeri coctaB MmeMOpaH. [TomoykeHne cTeposioB B MEMOpaHe M X CBOMCTBA.
®ynkuuonupoBanue u crpoene H+-AT®a3pl. BropuuHbslil akTUBHBINA TPaHCIIOPT: YHHUIIOPT,
CUMIIOPT U aHTUIIOPT.

YenHOUHbIE CUTHAJBI U NTOCJIE0BATEIBHOCTH B IEPEHOCE BELIECTB U3 LIUTOIIA3MBI K SIAPY U B
oOpaTHOM HampaBieHuH. Perynsuus nporecca TpaHcnopTa 0 aapa.

DnekTpudeckuil MmpoOoii MeMOpaH Kak YHUBEpPCAIbHBIM MeXaHW3M HapymeHus. I[IpoGoi
MeMOpaH cOOCTBEHHBIM MEMOpaHHBIM TTOTeHIHAIOM (''camornpoboi'™).

OBPA3EL] TECTOBOI'O 34/JAHUA
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Tecmosvie 3a0anus no meme « Cmpoenue memopan u mpancmemopanHulil nepeHoc MOJIeK)1»

IInasmaTnyeckas memOpaHa:

a oOpa3yeT 3aMKHYTBIA OTCEK

0 He MOJHOCTHIO MOKPBIBAET KIETKY

B SIBJISIETCSI IPEPHIBUCTON CTPYKTYpPOt

CesleKTUBHASI IPOHULIAEMOCTH MeMOpPaHbI 00yCJI0BJIEHA:
a HaTu4ueM TPAaHCMEMOpPAHHBIX IPaTUCHTOB

0 HaJIMYHEM PEUEenTOPOB

B HEOJMHAKOBOW KOHIICHTpAIUEH HOHOB IO 00€ CTOPOHBI MEMOPAHbI
I HaJW4YMEeM HOHHBIX KaHAJIOB M HACOCOB

B MmemOpaHax J10KkaJIM30BaHbI:

hepMeHThI

MeETaJlIbl

TIII0OKO03a

MOHHBIE HACOCHI

KOHTAaKTHBIE OEIKU

caxapa
AT

METaJLTBI

conu

Oenku

yTJIEBOJIBI

MemOpaHHbIe JUNHIBI NPEICTABIEHBI:
a ¢ochomumuaamu

0  MBIIIBSKOIHUITHIAMA

B QIWITIHUIEPUIAMU

I [JIUKOC(HHUHTOIHITUIAMA
I LepaMHIaMH

€  XOJEeCTepOJIOM
X
3

Bec
a

O N 53 W A mH T W e

MOHOTJIMILIEPUIAMHU
OKCUJTUTIUIAMU
0CTaB INIMKOC()MHIOJTUIINA0OB MeMOPaH BXOISAT:
OCTaTKU HEOPTraHUYECKUX KUCIIOT
0 OocTaTKu caxapoB
B JUCYJb(UIHBIE MOCTHUKU
MouiekyJibl X0J1eCTepruHa B MeMOpaHe:
a o0pa3yloT CBsI3U U OeKaMu MeMOpaH
0 BCTpamBalOTCS MEXIY IBYMs (DOCQOIHUITHAHBIME MOJIEKYJIAMH
CoaeprxaHue xoJiecteposia B MeMOpaHe:
a  yBEIMYMBACTCS B HAIPABJICHUU K HAPYKHOW CTOPOHE MEMOpaHbI
0 yBeIMYMBAETCS MO HAIMIPABJICHUIO KO BHYTPEHHEH CTOPOHE MEMOPAHBI
B KpaifHe HU3KO€ BO BCEM OMJIMIHIHOM CIIO€
OcHoBHBIE JIUNIHABI MEMOPAH SIBJISIOTCS:
a ruapodoOHBIMH
0 THIPOPUIEHBIMU
B aMpuPUILHBIMU
I HEUTpaJIbHBIMU
XBocThI GochoIMNUIHBIX MOJIEKYJI, MMEIIINe U3JIOMbI, SIBJISIIOTCS:

cocraB MeMﬁpaH BXOAAT CJICEAYIOIHE OCHOBHBIC KJIAaCChI OPTaHUYECCKHUX BCIECCTB:
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HaCBHIIIEHHBIMU
HEUTpaIbHBIMU

ampuUIHLHBIMU

HEHACHIIEHHBIMU

KoJsim4yecTBO H3710MOB XBOCTOB JIMIIMI0B C TEKYYECThIO:

a  CBs3aHBI IPSIMONPONOPLUOHATIBHON 3aBUCUMOCTBIO

0 He CBsI3aHBI

B CBf3aHbI 0OPaTHOM 3aBUCHMOCTBIO

Ykaxure BO3MOXKHbIE (POPMBI, B KOTOpBIe (hochoMIHIbLI CAMOOPIAaHU3YIOTCH B BOJAHBIX
PpacTBOPHTEJISAX:

a MeMOpaHy

6 wmwumemy

B HOHHBIN KaHaI

I KHHKH

AcumMeTpusi MeMOpaH 00yCJIOBJIECHA B OCHOBHOM:

HEPaBHOMEPHBIM paclpeieICHUEM JIUIIH]IOB

HEPaBHOMEPHBIM pacrpeie]ICHUEM HOHHBIX KaHAIOB

HEpaBHOMEPHBIM paclpeie]IeHUeM X0JIecTepoIIa

HEPaBHOMEPHBIM pacrpeieieHueM OeIKOB

HEpaBHOMEPHBIM pacrpezeraeHueM GochoaunmuioB

ITonepeunas acuMMeTpusi MeMOpaH CBsI3aHA C:

HEPaBHOMEPHBIM paclpe/ieICHUEM JIUIHIOB

HEPaBHOMEPHBIM paclpeeIeHHEM HOHHBIX KaHAI0B

HEpPaBHOMEPHBIM PACIIPEAEIEHUEM XOJIECTEPOIIA

HEPaBHOMEPHBIM paclpeeIeHUeM OeIKOB

I HEpPaBHOMEPHBIM pacrpeaereHreM GochOoIuIHIoB

B uHTerpajbHbIX MEMOPAHHBIX 0€JIKAX Te HX YYaCTKH, KOTOpbIe NepecekaloT MeMOpaHy,
10 CBOMM XMMH4YE€CKHM CBOHCTBAM SIBJISIIOTCH:

a aMpupUILHEIMU

0 rtuapopoOHBIMU

B THOpOGUIBHBIMU
r

A

- wm O e

H H3 ® Oe

- wm O e

JIO0YJIIPHBIMU
HUTEBHUTHBIMU
TpaHcnopTHbIe sIBJIeHUSI MeMOpPaH onpeIeIsI0TCs:
a JKUAKOM CTpYKTypoi MeMOpaH
0 HamM4MeM CHeIMalIbHBIX OENKOB
B  OapbepHBIMHU CBOHCTBAMH KJIETOYHBIX MEMOpaH
K npoueccam npocroit nuddy3umu oTHOCATCH:
0CMOC
¢bunbTpanus
nuddy3us yepes JTUMHIHBIN Oucioi
i dy3us gyepe3 mopsl B JTUMHTHOM OHCIOe
muddy3us gyepes OENIKOBYIO MOpy
mudy3ust ¢ TOIBIKHBIM MTEPEHOCUNKOM
1 dy3us ¢ PUKCUPOBAHHBIM EPEHOCYUKOM
npoueccam obJier4ieHHoi AndPy3nu oTHOCATCS:
0CMOC
bunbTpanus
nuddy3ust yepes JTUMUIHBIN OUCIToi
Qg dy3us depe3 mopsl B JUMHIHOM OHCIOE

H W O R KON SW O
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o nuddysus uepe3 OETKOBYIO TOPY

e auddy3us ¢ MOABIKHBIM EPEHOCUUKOM

K Tupdy3us ¢ GUKCUPOBAHHBIM MTEPEHOCUYUKOM
IlepemenieHue BoAbI Yepe3 MeMOpPaHy OCYLIECTBJSETCS € IOMOIIbIO:
ocMmoca

¢bunbTpanuu

i dy3un yepes3 JTUIHIHBINA OUCIOi
mudy3un yepes mopsl B TUMUAHOM OHCTIOoe
nuddys3un yepes 0eTKOBYIO IMOPY

T Qy3un ¢ MOABUKHBIM IEPEHOCUUKOM
muddy3un ¢ GUKCHPOBAHHBIM NIEPEHOCUUKOM

¥ 0T w o

KosdduumeHT npoHuIaeMocTH MeMOPaHbI CBA3aH NMPSIMO 3aBUCHMOCTBIO C:

a kodpdunuentom nuddyzuu

0 ko3 duIHMeHTOM pactpeeIeHHs BeIeCTBa
B TOJIIMHOW MeMOpaHbI

I IUIOTHOCTHIO ITOTOKA

KosgduumeHT npoHuIaeMocTH MeMOPaHbI CBA3aH 00PATHON 3aBUCUMOCTBIO C:

a kxodbdumuentom nuddysun

0 kod(hduIHeHTOM pactpeeIeHHs BeIeCTBa

B TOJIIMHOW MEMOpaHbI

I IUIOTHOCTBIO TIOTOKA

Xopomo pacTBOpUMBI B JIMNINAHOH (a3ze MmeMOpaHbI:
OpPTaHUYECKUE KUCIOTHI

KHUPHBIC KUCIIOTHI

BOJIA

HEOPTaHUYECKUE COJIU

caxapa

3¢ups

AMHHOKHUCIIOTHI

IInoxo mpoxoasiT Yepe3 JMNHIHBIN OHUCJIOM:
OpPTaHUYECKUE KUCIOTHI

KUPHBIC KUCIIOTHI

BOJIA

HEOPTraHUYECKUE COJIU

caxapa

3¢upsI

AMHHOKHUCIIOTHI

DJIEKTPOJIUTHI POXOIAT Yepe3 MeMOpaHy:

a cBOOOIHO

0 TMOKPBIBAsICh BOJHOW 000JIOUKOM

B HE MPOXOIAT

Kunku - 370!

a  BBIPOCTBHI BHYTPEHHUX MEMOpaH MUTOXOHIPUI

0 monocTH, 0Opasyrolmecs MeKIy XBocTaMu (POCHOTUMUAHBIX MOIEKYIT
B Iy3BIPHKH ammapara [ oiabmKu

r ocobas cTpykTypa hocdonunuaos, o0pasyemas B BOJHBIX PACTBOPUTEIIAX
C noMoub10 MOJIEKYJ IEPEHOCYHKOB MPONCXOIMT:
a ocMocC

0 dunpTparnus

B mpocTast Tuddy3us

¥ 0 H 7w o

¥ 0T w o
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r obneruenHas auddysus

Ocmoc — 1BHKeHHe Yepe3 MeMOpaHy:
a HMOHOB METAJJIOB

06 coueit

B CTEpOMIHBIX BEUICCTB

I  MOJIEKYJ BOJIBI

Cnenuanu3npoBaHHbIe CTPYKTYPbI, IPeHA3HAYEHHBbIE /15l TPAHCIOPTA BOABI Yepe3

MeMOpaHy, HOCAT Ha3BaHHe:

a H+-AT®aza

o IIOTCHIMAI3aBUCUMbIC KaHAJIbI
B AKBAllOPUHBI

Baarogapsi HAJIMYKMIO B COCTaBe AKBANOPUHA KAKUX BellleCTB, JaHHbIE 00Pa30BaHUsA
00J121210T BBICOKOH CTENEHBIO CEJIeKTUBHOCTH?

a  MEJIUICHHBIX U OBICTPBIX BOPOT

0 JByX MPOTOHOB

B  AKTHBAI[MOHHBIX BOPOT

I' HHAKTUBAIIMOHHBIX BOPOT

JABHoKyie cujIod (pUIbTPALUHU ABJIAETCH:
a  JJIEKTPOXMMHMUYECKHUN I'PaJUEHT

0 TpaaueHT JaBJICHHS

B KOHILIEHTPAIIMOHHBIM IPaJUEHT
JBHoKYyLIEH CHJIOH 0CMOCA SBJISIETCH:

a  DIJIEKTPOXUMHUYECKHU IPaUEHT

0 TrpaaueHT NaBICHUSI

B KOHIICHTPAIlMOHHBIA IPaJUEHT

Honnbie HACOCHI SABJIAIOTCH:

a mnepudepruuecKUMU OeIKaMU

0 UWHTErpajdbHBIMH OEITKaMu

B cuUHroIMnIuIaMu

I  XOJIECTEPOIAMHU

3a cyeTr aKTHBHOI'O TPAHCIIOPTA CO31AK0TCH:
Pa3HOCTH KOHIIEHTpaIUid

Pa3HOCTH AIEKTPUUECKUX MOTEHLUATIOB
MEMOpPaHHBIC TOTCHITHAIIBI

Pa3HOCTU JaBJICHUS

Na/K-ATda3a cocTouT m3:

a OIHOU HNOJUIICONTUIHOU HEenHu

0 JBYX MOJIMIIETITHIHBIX IIETICH

B TpeX MOJMMENTHIHBIX IeTei

H 3w Oe

a-cyobenunnna Na/K-AT®da3bl nepecekaeT MeMOPaHy KJIETKH:

a Spa3

6 7pa3

B 3 paza

r 10pa3

B-cyobennnuna Na/K-AT®a3bl nepecekaer MeMOpaHy KJIETKHU:
a 1pa3

6 2pa3a

B 3 paza

r 4pasa

COKpaIIaeTcsi TpaHCMEeMOpaHHBIN TPaJUeHT KOHIIEHTPAIIMT
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Konus! o-cyobequnnnbl Na/K-AT®a3b1 o0panieHsI:

a B LIUTOIUIA3MY

0 OIMH B LUTOIUIA3MY, IPYroii — BO BHEKJIETOUYHOE IPOCTPAHCTBO

B 00a BO BHEKJIETOUYHOE IIPOCTPAHCTBO

IenTpsl cBsA3bIBaHUSA NepeHOCMMbIX HOHOB Na/K-AT®a3b1 pacnosiosKeHbl:

a B IeTIe Mexnay 3 u 4-if cnupaisiMu, IPOHU3BIBAIOLIMMHA MeMOpaHy 1 00palleHbl BO
BHEKJIETOUHOE NPOCTPAHCTBO

06 Bmerae Mexnay 3 u 4-ii cnupaisiMu, IPOHU3BIBAIOIMMHY MeMOpaHy 1 0OpalleHbl BHYTPb
KJIETKU

B B IeTIe MEeXAY 2 U 3-i cnupaisMu, IPOHU3bIBAIOIIMMHI MEMOpaHy U 0OpallleHbl BO
BHEKJIETOUHOE NPOCTPAHCTBO

I B IeTIe MeXAY 2 U 3-i criupaisaMu, IPOHU3BIBAIOIIMMHI MEMOpaHy U 0OpallieHbl BHYTPb
KJIIETKH

I Ha 2-M JJOMEHE, IPOHU3BIBAIONIEM MEMOpaHy

B-cyobenmauna Na/K-AT®a3b1 ocymecTBisieT QyHKIUIO:

a TIepeHoca HOHOB

6 ruaponuza ATO

B IPaBHJIBHON OPHEHTAINHU (O.-CyOBETMHHUIIEI B MEMOpaHe

B cocrosinum E; ¢pepment Na/K-AT®a3bl ciocobeH B3anMo1eiicTBOBATH C:

a woHamu K*

6 wuoHamu Na*
B uoHamu Mg*"
r woHamu CI

n ATO

Jas nepexona pepmenta u3 cocrosinusi E; B cocrosinue E; HeoOxoaumbI:

a ruaposu3 Mosekyiasl ATO

6 wmons K

B MOHBl Mg”

JHeprust AT® npu padore Na/K-ATd®a3pl TpaTUTCHA Ha:

a npucoenunenne noHoB K" u Na' k aktuHOMY 11eHTpY (epMeHTa

0 Ha mepexon GpepmenTa u3 coctosiHus E1 B coctosiame Ez

DuKcupoBaHue NMepeHOCUMBbIX HOHOB npu padore Na/K-AT®a3bl NpoucxXoauT
0Js1arogapsi HOHAM:

a K'
6 Na'
B O~
r CI

Ha oanoii mojexyae Ca**-AT®a3bl HaAX0AUTCH:

a  OJMH IEHTp CBA3BIBAHUSA 1151 HoHOB Ca’’

6 7Ba LEHTpa CBA3BIBaHMs 11 HoHOB Ca’t

AT® cBsspiBaercsa Ca’*-ATda30ii co cTOPOHBI:

a  LUTOIIA3MBbI

0 BHEKJIETOYHOTO MPOCTPAHCTBA

ITpouecc ruapoanza AT® na moaexyie Ca?’-AT®a3bl 3aMyCcKaeT:
a  caspiBanue Ca’t

06 mnpucoenunenne ATD

B cBs3bIBaHME Mg?"

Ca?" BuITecHsieTCs U3 KoMILIeKca ¢ pepmenTtom Ca?'-ATdasp1:
a  uoHamu Mg>"
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nonamu H*
MOJIEKYJIAMH BOJIbI

B pesyabrare rugposnsa gpocopepmenta Ca?*-ATDa3pl NPOUCXOAMT:

a  OTIIEIJICHUuE HeopraHuvdeckoro ¢ocdara
6 cunre3 Monekyssl ATD
B OTILIEMIeHHe HoHOB Mg?

49. Mounekyaa Ca?*-AT®a3bl NPOHU3BLIBAET MEMOpaHY:
a Spas
6 7pa3
B 10 pa3
r 11 pa3
n 13 pa3
50. CeaspiBanue uonoB Ca** Ca**-AT®a30ii NPOUCXOIUT HA YUACTKE:
a  CcBs3bIBarouieM | u 2-if JOMEHBI
0 cBs3bIBaronIeM 2 U 3-if TOMEHBI
B CBS3BIBAIOLIEM 3 U 4-U TOMEHEI
51. VYuacrok cBsizbiBanus HoHOB Ca?" Ca**-AT®a30ii capKomIa3MaTHYIECKOr0 PEeTHKYJIyMa
oOpaieH:
a B IUTOIUIa3My KJIETKH
0 B IPOCTPAHCTBO CapKOIIA3MAaTUYECKOTO PETHKYITyMa
52. Moaekyaa H-AT®a3bl npoHu3bIBa€T MEMOpPaHY:

a Spas
6 7pa3
B 10 pa3
r 13 pa3

53. Moaekyaa H-AT®a3bI COCTOUT U3:
a 1 cyObenuHUIIBI
0 2 cyObenuHUIL
B 3 cyOBenuHuIl
54. MHcrunnbie cyocrpat H-AT®a3bI siBisieTCS:
a ATO
6 xommiekc AT® ¢ Mg?*
B kommiekc AT® ¢ Mn?*
55. ¥YcraHoBHTE COOTBETCTBHE MEKIY THIIOM BTOPHYHOT0 AKTHBHOT0 TPAHCIIOPTA H €10

CYLIHOCTBIO:

a  OJHOHANpABJICHHBIH MEPEHOC NOHA B KOMILJIEKCE 1 anTHIOpPT
co crenu(pUIEeCKUM EPEHOCUNKOM

0 BCTpPEYHBII MEPEHOC HOHOB C y4acTHe 2 cuMIopr

OJTHOMECTHOM MOJICKYJIbI-TIEPEHOCYNKA
B COBMECTHBII OJTHOHAIIPABJICHHBIA IEPEHOC HOHOB 3 YHUIIOPT
C y4acTHeM JIBYXMECTHOTO TIEPEHOCUUKA
56 W3 npeasioskeHHbIX BAPDUAHTOB Bbl0EpHUTE, YTO SIBJISIETCS HEOOX0AMMBIM JIJIf Tpolecca
SHAOLMUTO3A:
a JHeprus
6 BHexserounsri Ca®"
B COKpaTUTEJIbHBIC AJIEMEHTHI B KIICTKE
57. YcraHoBHTE COOTBETCTBHE MEKIAY THIIOM HAOLUTO3a U €ro CyIHOCTHIO:
a  TIOTJIONIEHUE KPYITHBIX YaCTHI] C YYaCTHEM 1 daronuTos
CIELUATU3UPOBAHHBIX KIETOK
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0 BHIOUMTO3, IPU KOTOPOM MEMOpaHHBIC PELENTOPbl 2 MHHOILMTO3
CBSI3BIBAIOTCA C MOJIEKYJIAMU TOIJIOIAEMOT0
BEILIECTBA, WM MOJIEKYJIaMH, HAXOIAIIUMUCS Ha
MTOBEPXHOCTHU (ParomuTUPyEMOTro 0ObEKTa —

JUTraHIaMHU
B HEM30MpaTeNIbHBIN MpolecC NOTIOUIEHHS )KUAKOCTY 3 PELenTOpHO-
U PaCTBOPEHHBIX B HEM KOMIIOHEHTOB OIIOCPEOBAHHBIN DHIOLUTO3

58. M3 npenyioskeHHbIX BADHAHTOB BbIOCpHUTE Te, KOTOPbIe XapaKTepPU3yIOT KaJbIHii-
HE3aBUCHMBbII YK301IUTO3:
a  KOHCTUTYTHBHBIN 3K30LIUTO3
0 HEKOHCTUTYTHBHBIH 3K30LIUTO3
B HE0OXOAMM JJIs IOCTPOEHUS BHEKJIETOYHOI'O MaTpPHUKCa
I HEOOXOJHMM JUTsl TOCTABKU OCITKOB Ha BHEITHIOK KJIETOYHYIO MEMOpaHy
I HeoOXOAMM JJIs BBIACICHUS HEHpOMeIuaTopoB
59. W3 npenyio;KeHHbIX BADHAHTOB BbIOepHUTE Te, KOTOPbIe XapaKTepU3yI0T KaJbIHii-
3aBMCHMBbIH 3K30IMTO3:
KOHCTUTYTUBHBIN 3K30LIUTO3
HEKOHCTUTYTUBHBIN 3K301IUTO3
HEO0XOAMM JIJIsl IOCTPOEHUS BHEKJIETOYHOI'O MAaTPUKCA
HEOOXOIMM JIJISl TOCTaBKH OEITKOB Ha BHEIIHIOKO KJIETOYHYIO MEMOpaHy
HE00XO0/1UM /1711 BBIACTICHUS HEHpOMEIMaToOpoB
60. U3 nepeuncieHHBIX 0€JIKOB, OCYLIECTBIAINIUX MPOLEcC KAJbIUI-32aBUCHMOT0
IK30LMTO3a, BbIOEPUTE TOT, KOTOPBIH ABJISAETCH AKHENTOPOM KAJIbLMA:
a  CHHANTOTarMUH
0 CHHTaKCUH
B CHHaNTOOpEBHH
r SNAP-25

H 3w Oe

Obpasey sK3ameHayuoOHHO20 Ourema

JloHenkui rocy 1apCTBEHHbI YHUBEPCUTET
®dakyabTeT OMOIOTUYECKUIA
Kadenpa ¢pusnonoruu yenoBeka u >KMBOTHBIX
[Tporpamma Beiciiero oopa3oBanust  IIporpamMmma maructpatypsl

HanpaBnenue noarotoBku 06.04.01 buomorus

Marwucrepckas rnporpamma DuU3n0I0rNs YEJIOBEKA U )KUBOTHBIX
dopma 00yueHust Ounas

Cemectp Tperuit

Jucuuninaa MonekynsipHas GU3HOIOTHS

IK3aMeHANHOHHDBIN OuJteT Ne 1

1. XapakTepucTka JUMUI0B OMOIOrHYECKUX MeMOpaH

2. MexaHM3Mbl aKTUBALIUK PELIETITOPOB-MOHHBIX KaHAJIOB

3. XapakTepucTHKa OCHOBHBIX IPYIII JE€TEPreHTOB
YTBepxkaeHO Ha 3acegaHuu Kadeapsl PU3NOIOTHU YeTOBEKa U )KUBOTHBIX
IIporokon Ne 14a ot "26" mapta 2024 r.
3aB. kadenpoii B.B. Tpym
OK3aMeHaTop I'.A. banakupeBa
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8. PACIIPEJIEJIEHUE BAJIJIOB, KOTOPBIE ITOJIVHAIOT ObYYAIOIIMECSH

OOm1ast orieHKa 3HaHUI OOYYaIOUIMXCS 10 AUCHUILTHHE mpoBoauTcs o 100-0ammpHOM mkae
UCXO/d M3 MaKCUMyMa, IpPUBEICHHOro B Tabnuie Hiwke. OpraHu3alMOHHO-ydyeOHas paboTa B
AyJUTOPHUU OLCHHUBACTCA HAa OCHOBC TAKHX KPUTCPUCB KaK MOCCIIAEMOCTDb 3aH$ITI/II\/'I, CBOCBPEMCHHOC U
KayeCTBEHHOE BBINIOJIHEHUE JIOMAIHUX 3a/laHUM, aKTUBHOCTb BO BpEeMs MPOBEIEHUS JIEKIMOHHBIX U
1a00paTOPHBIX 3aHATHH (ydacTHe B 00CYKACHUHU TEKYIIETO ¥ POUICHHOTO MaTepHalia, pelIeHne 3a1a4

U T.IL.).
8.1.Cemectp 3, ounast hhopma oOyueHus
Howepa Bun pabotsr bannsl
pas3zeinos
OpranuzannoHHo-yueOHas paboTa 00ydarouerocs B 40
1 ayJUTOPUN
CamocTosiTenpHas paboTta 10
HTroro 50
JK3aMeH 50
OO0mmii uror 100

8.2.3a0unHas hopma oOydeHHs

dopma KOHTPOJIS MakcumaabHOE KOJIMYECTBO OAJITIOB
3a ogHy paboTy Bcero
Texy1mmit KOHTPOJIb:
KonnokBuym 1o pazneny | 10 50
DK3aMeH TECTOBBIC 3aJJaHUs 50
HToro 3a cemectp 100

* B COOTBETCTBHH C YTBECPKACHHBIMA OLICHOYHLIMH MaTCpruajlaMu Mo JUCHUIIINHC

CooTBeTcTBUE 0AJIOB OLICHKE

OneHKa 1o Onenka o 100- OreHka 1o nATUOATFHOM IITKasIe
mkane ECTS | OamibHOI mikane sK3aMeH, ¢ depeHIIMPOBAHHbBIN 3a4eT
A 90-100 5 (OTJIMYHO)
B 80-89 4 (xoporo)
C 75-79 4 (xoporio)
D 70-74 3 (yAOBJIETBOPUTENIHHO)
E 60-69 3 (YIOBIETBOPHUTEIHHO)
FX 35-59 2 (HeyIOBJIETBOPUTEIHHO) C BO3MOKHOCTBIO TIOBTOPHOM
aTTecTaluu
F 0-34 2 (HeyIOBJIETBOPUTEIHHO) C BO3MOKHOCTBIO IIOBTOPHOM
cIlauu TIpU yCIIOBUU 00s13aTeIbHOr0 Habopa
JOIIOJIHUTEILHEIX Oa/IJIOB

9. OBECIIEYEHUE OBPA3OBATEJIbHOI'O ITPOLECCA JIJIS1 JIML C OTPAHUYEHHBIMU
BO3MOXHOCTAMMU 310POBbA 1 UTHBAJIN/IOB

B xone peanmmzanuy IUCHMIUIMHBI WCTIONB3YIOTCSA CICAYIONIUE JOTOJHUTEIBHBIE METOJIBI
0o0y4YeHHs, TEKYyIIEero KOHTPOJsSI YCHEBAEMOCTH W MPOMEXKYTOUHOH arTecTaluu oO0y4arouuxcs B

3aBUCUMOCTH OT UX UHAUBUIYIBHBIX OCOOCHHOCTEH:
1) JUTSL CJIETBIX U CIIA00BUMAIIMX
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— JeKIuU O(GOPMIIAIOTCS B BHJIE DJIEKTPOHHOTO JOKYMEHTa, JOCTYIMHOTO C TMOMOIIBIO
KOMITBIOTEpA CO CICIIHATU3UPOBAHHBIM IIPOTPAMMHBIM 00€CIICUCHHEM;

— JUISL BBITIOJTHEHUS 3aJaHUsl MPH HEOOXOIUMOCTHU TMPEJOCTABISETCS YBEIMYMBAIOIIECE
YCTPOMCTBO; BO3MOYKHO TaK)K€ UCITOJIb30BAHNE COOCTBEHHBIX YBEINIMBAIOIINX YCTPOUCTB;

— MUCBEMEHHBIE 3aJIaHusl OPOPMIIAIOTCS YBEIHUECHHBIM MIpU(TOM.

2) JUISL TITyXHUX U C1a00CIIbIIIAIIUX

— JeKIUU 0(hOpPMIIAIOTCS B BUJIE DIIEKTPOHHOTO TIOKYMEHTA,

— MMMCHbMEHHBIC 33JIaHUS BHIIOHSIOTCS HA KOMITBIOTEPE B MUCBMEHHOH opMe;

— 9K3aMeH MPOBOAUTCA B MUCHMEHHOHN (hOpMe Ha KOMITBIOTEPE; BOZMOXKHO MPOBEACHHE B
(dhopMe TeCTHpOBaHUS.

3) JUISL JTUI] C HApYLICHUSIME OMTOPHO-JIBUTATEIILHOTO afmapara:

— JCKIUU OQOPMIIIOTCS B BHJIE DJIGKTPOHHOTO JOKYMEHTA, JOCTYITHOTO C TIOMOIIBIO
KOMITBIOTEpA CO CHEIHATU3UPOBAHHBIM POTPAMMHBIM 00€CIIeYeHHEM;

— MMMCEMEHHBIC 33JIaHUS BHIIOTHIIOTCS Ha KOMITBIOTEPE;

— 9K3aMeH U 3a4€T MPOBOJATCS B YCTHOU (hOpMe WIIH BBITIOIHSIIOTCS B MUCBMEHHOUN opme
Ha KOMIIBIOTEPE.

[Ipu HE0OXO0AUMOCTH MPEeAyCMATPUBAETCS YBEIUYEHUE BPEMEHH AJIsl IOJITOTOBKU OTBETA.

[Tpouienypa nmpoBeAcHHs MPOMEKYTOYHOW aTTECTAUU IS OOYYArOIIMXCSl YCTAHABIUBAETCS C
y4€TOM UX MUHIUBUAYaJbHBIX MCUX0(]HU3nUecknx ocobeHHocTel. [IpomexxyTouHas arrectaius MOXET
MIPOBOAMTHCS] B HECKOJIBKO 3TAIOB.

[IpoBenenue mpoueaypsl OLIEHUBAHUSI Pe3yIbTaTOB 00YUEHHS TOIYCKAeTCs C UCIIONIb30BAaHUEM
JTUCTAHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOJIOTHH.

ObecnieunBaeTcss MOCTYN K WHOOPMAIMOHHBIM M OuOIMOrpaduueckuM pecypcaM B CETH
WuTepHeT mist kKaxaoro odydaronierocst B Gopmax, afanTUPOBAHHBIX K OTPAHUYCHUSM UX 3JI0POBbS U
BOCHPUATHS UH(DOPMALIUHU:

1) JUTSL CIIETIBIX U CJIAOOBUISAIINX

— B Ie4aTHOM (opMe YBEIMUEHHBIM MPUDTOM;

— B (hopMe IIEKTPOHHOTO TOKYMEHTA;

2) JUTSL TITYXUX U CJIa0O0CITBIIAIINX

— B IIeYaTHOH (opme;

— B (hopMe 3IEKTPOHHOTO JOKYMEHTA.

3) JUTSE 00YYArOIIUXCS C HAPYIICHUSIMU OMTOPHO-/IBUTATEIILHOTO armiapara:

— B IeyaTHO# dopme;

— B (hopMe 3IEKTPOHHOTO TOKYMEHTA.

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI'O ITPOLHECCA

VYuebnbie 3ansTus mpoBoasaTcs B 10-M yue6HOM Kopiryce yauBepcutera (T. Jlorerk-050, yi. [{opca,
46). Jlns mpoBeneHUs JIEKIMOHHBIX 3aHATUH TpeOyercs ayauTopusi, oOOpyIOBaHHAsh MEJOBOM JOCKOH,
MYJIbTUMEAUHHBIM TPOEKTOPOM M SKpaHOM, HOYTOYKOM, KOMILIEKTOM Y4eOHOW MeOenu i CTYJICHTOB,
pabounmM MecToM npernoaBaresst. Berxon B IHTepHET MpoBoHOM 1tk ¢ uctionk3oBanueM Wi-Fi.

Jlnst maGopaToOpHBIX pabOT HCIMOJIB3YIOTCS CICIHAIM3UPOBAHHBIC yYeOHBIE J1abopaTopuH,
OCHAIIIEHHBIE HEOOXOIUMBIM aHATOMUYECKHM 000pYIOBaHHUEM.

Jlst caMoCTOATENbHON pabOThI UCIIOJIB3YIOTCS TEKCTOBBIC M JIEKTPOHHBIE pecypchl HayuHoit
OMONMOTEKM YHHMBEpPCHTETa W JPYTMX SJCKTPOHHBIX OMOMMOTEYHBIX 0a3 MaHHBIX, MaTepUAIbHO-
TexHU4ecKas 0a3a yueOHOHM ayauTopun Kadeapsl GU3MOIOTHN YeJI0BEKa U )KUBOTHBIX. [Ipu n3yuenun
JMCLUTUIMHBI IPUMEHSIOTCS SJIEKTPOHHOE 00ydeHHUe U IUCTaHIIMOHHbIE 00pa30BaTEIbHBIC TEXHOJIOTHH.

Ilepeuenv mamepuanibHO-mexHU4eCcKo20 obecneyeHuss OUCYUNIUHbL
1. YueGHbie mocoOus Mo OMOXUMHH B MOJIEKYJISIPHON (DHU3HUOJIOTHH
2. PyxoBozcTBa 10 OMOXUMHUH U MOJIEKYJISIPHON (DPU3NOTIOTHH
3. KoHCIIEKThI TEKIHH (8 91eKMPOHHOM U PACNEYAMAHHOM 8UOE)
4. Meroandeckue yKa3zaHHs il CAMOCTOSITEIbHONW pabOThI CTYICHTOB
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5. Meroauueckue yKa3aHus K JJaOOpaTOpHBIM 3aHATHIM
6. YueOnbie ¢pmibMbl («JIMmuaHbI cocTaB MeMOpany, « DyHKIUN OekoB MeMOpan», « TpaHcayKius
curHasay, «Peuentopsl MemOpan», «Pa3pyiienne memOpan», «Perynsius akTHBHOCTH (DEpMEHTOBY,
«VoHHBIE HACOCHI: CTPYKTypa U LMKJI paboTb», «TpaHCOPT MaKpoMOJEKysl uepe3 MeMOpaHy»,
«PenenTopsl, conpspkeHHble ¢ G-6emKoM», «JIMMOCOMBI M UX UCHIOIb30BAHUE B MEUIIMHE))

7. Tlpe3eHTaluu U caanpl IO BCEM TEMaM Kypca
8. Tabauusl

9. MynbTUMEAMIHBIN IPOEKTOP U SKPaH.

11. PEKOMEHYEMAZ JIMTEPATYPA

HaumenoBanue

Koua-Bo
IK3eMILISIPOB
B OMOJIMOTEKE

JdonHY

Hanuuwne
3JIEKTPOHHOM
BEpPCHHU B
IbC

OcHnognaa numepamypa

Tpymr B.B. ®wusnonorus 4emoBeka M KUBOTHBIX
[OnexTpoHHBINH pecypc] (KOHCHEKT Jekuuid). — JloHenk:
JouHY, 2016. — 370 c. Pasmep daitna: 24,8 M6

Co6GoneB B. 1. OcHOBBI (pn3H0TO0THH BO30Y TUMBIX
TKaHe# [DneKkTpoHHbIH pecypc]: yueb. mocodue / B. U.
CoOones, B. B. Tpymr; Jloneukuii Hau. yH-T, Kad.
dbusnosorun yeaoBeka u KUBOTHBIX. — Jlorenk: lorHY,
2013. — 277 c. Pa3mep daiina: 9,58 M6

®U3HOJIOTUS YETOBEKA U KUBOTHBIX [DIEKTPOHHBIN
pecypc]: (MeToaruecKkue peKOMEeHAANH K
caMocTosTeNbHOU paboTe ctyaeHToB) / B. B. Tpym, B. 1.
Tpymy, I'. A. ®ponosa u ap.; 'OY BIIO [lonenkuii
HalMoOHaNbHBIN yHUBepcuteT. — Jloneuk: JlonHY, 2018. —
469 c. Pazmep caiina: 23,9 M6

CmupaoB B.M. Heiipoduzuonorus u BeIcIasi HEpBHAS
JESITEILHOCTD JIETEH U MOAPOCTKOB: Y4eb. mocodue st
ctyaeHToB nedexroi. ¢ak nea. By3os / B.M. CMupHoB. —
M.: ACADEMIA, 2000. — 396 c.

®ponosa ['.A. ®U3n0I0rUa MEXaHOUYBCTBUTEIILHOCTH
(KFHECTe3Us U 0Csi3aHMe): yueOHOe TocoOre K CIICIKYPCY
"Cencopnas pmuonorus” / I'.A. @ponosa; 'OY BIIO
JloHeLKni HAMOHAIBHBIN YHUBEPCUTET, bruonornyeckuit
dakyneret, Kadeapa gusmonornn yenoBeka u )KUBOTHBIX. -
Honenk: I'OY BIIO "oaHVY", 2017. - 104 c.

Meroaudeckue peKOMEHIAMHU K TPOBEICHHIO
MPaKTUYECKUX 3aHATHH 10 Kypey «®Puznonorus
aHaIM3aToOpOB» [DNeKTpoHHBIN pecype] / [cocT. [.A.
®pomnoral; Jloneukwii Hatl. yH-T. — lonenk: JJonHY, 2014.
— 1,05 Mb.

Meroaudeckue ykazaHus K MPOBEACHHIO JIAOOPATOPHBIX
3aHATUH 10 Kypcey "CeHcopHas ¢pusronorus”
[OnekrponnsIii pecype] / coct. I'.A. @ponosa; Jlorerkuit
Hall. yH-T, Kag. ¢pusnonoruun yenoBeka v 5KUBOTHBIX. —
Jonenk: JlonHY, 2016.— 1,1 M6
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HaumenoBanue

KoJa-Bo
IK3eMILISIPOB
B OMOJIMOTEKE

JdonHY

Hanuuwne
3JIEKTPOHHOM
BEpPCHHU B
IbC

Tpywm B.B. BBenenue B MOJIEKYISPHYIO
SH/IOKPUHOJIOTHUIO [ DNEeKTPOHHBIN pecypc]: (KOHCTIEKT
nekuuit) / B.B. Tpyur; Jlonenkuit Hatl. yH-T. — JloHenk:
JouHY, 2016. — 1,4 M6.

Tpym B.B. BBenenue B MOJIEKYISPHYIO
SHIOKPUHOJIOTHUIO (METOIMYECKHE PEKOMEH 1Al K
MPOBEICHUIO JTAOOPATOPHBIX PadOT U BHIIIOIHEHUIO
CaMOCTOSITEIIBHON PabOThI CTYIEHTOB) [ DIEKTPOHHBIN
pecypc] / B.B. Tpym; Jlonenkuit Hatl. yH-T. — JloHeIK:
JouHY, 2016. — 864 K6.

10.

MeTtoauueckre peKOMEHIANHU JJIs1 IPOBEICHHUS
71a00paTOPHBIX pabOT U CAMOCTOSTETLHON pabOTHI
CTYJICHTOB IO Kypcy «PU3NO0IOTHST OMOTOTHIECKIX
MeMOpan» [DneKkTpoHHBIH pecypc] / [cocT. [.A.
®ponosal; Joneukwnii Hai. yH-T. — Jloneuk: JlonHY,
2011. — 546 K6

11.

Tpyw B.B. ®usnonorvs 3HI10KpUHHON CUCTEMBI C
OCHOBaMHU TATOJIOTHH [ DJIEKTPOHHBIN pecypc]: (yueOHoe
noco6ue) / B.B. Tpym, B.1. Cobones; Jlonenxuii Hai.
yH-T. — Jlonenk: JlonHY, 2016. — 21,8 M6

Jlononnumenvnan numepamypa

12.

IaiiBoponckwmii 1.B. Anatomust u ¢pusronorus 4yeaoBeka:
yueOnuk / U.B. TaiiBoponckuit, I'.1. Huuumopyx, A. U.
["aiiBopoHCKMil. — 5-€ u3a1. — Mocksa: Akaaemus, 2009. —
491 c.

13.

Metoanyeckue yka3zaHusl K IPOBEICHUIO MAJIOTO
IPAKTHUKyMa 110 (U3NO0JIOTUN YEJIOBEKA U JKUBOTHBIX
[DnexTponHslii pecypc] / coct. I A. @ponosa; JloHeIKHi
Ha1l. yH-T, Kad. ¢usmonorum ueinoBeka u )KUBOTHBIX. —
Joneuk: lonHY, 2016.

14.

Bunsarpy6e C.A. MeTtoauueckue peKOMEeHIAIMN K
u3ydeHuro yueOHou nucuumiuasl "Helipodusnonorus"
[Onekrponnsnii pecype] / C.A. Bumsarpybe; [OY BIIO

" loneukuit Hail. YH-T". — J[lonenk: JIonHY, 2016. — 1,3 MG6.

12. ”THOOPMAIIMOHHBIE PECYPCbI

e http://www.studentlibrary.ru/book/ISBN9785970433515.html

e http://www.studentlibrary.ru/book/ISBN9785970419199.html

e http://www.studentlibrary.ru/book/ISBN9785970425947.html

e http://www.studentlibrary.ru/book/ISBN9785970425954 . html
e http://www.studentlibrary.ru/book/ISBN9785970415917.html

e http://www.studentlibrary.ru/book/ISBN9785970429525.html
e http://www.ncbi.nlm.nih.gov/pubmed

e http://elibrary.ru/defaultx.asp
e http://meduniver.com



http://www.studentlibrary.ru/book/ISBN9785970433515.html
http://www.studentlibrary.ru/book/ISBN9785970419199.html
http://www.studentlibrary.ru/book/ISBN9785970425947.html
http://www.studentlibrary.ru/book/ISBN9785970425954.html
http://www.studentlibrary.ru/book/ISBN9785970415917.html
http://www.ncbi.nlm.nih.gov/pubmed
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e http://lib.khspu.ru/resource/r 6.php

e http://www.medicinform.net/human/fisiology.htm

e http://www.edu.ru/modules.php?op=modload&name=Web Links&file=index&l op=viewlink&cid=
2493

e http://kineziolog.bodhy.ru/content/literatura-po-fiziologii-neirona

ObpaszosamenvHule catimul U NOPMAbl
e Cucrema snekrponHoro o0yuenus "[lerac": http://pegas.bsu.edu.ru
e [Tonesnsie ccbutku 1 MHTEpHET-pa3pabOTKN COTPYAHUKOB SIpOCIaBCKOM TOCy1apCTBEHHON
akazemuH: http://www.yma.ac.ru/links.htm

Onexmpontvle bubIUOmMeEKU

o E library: http://elibrary.ru/defaultx.asp

e Hayunas 6ubnuoreka J{oHEIKOTO HAITMOHATFHOTO METUITMHCKOTO YHUBEPCHUTETA!
http://katalog.dnmu.ru/search.php

e buonorus yenoseka: http://humbio.ru/humbio/default.htm

e bect-Men-byk: http://www.medliter.com/

e BupryasbHas OMOIMOTEKA C MOJIC3HBIMU CCHUTKAMH:
http://wwwwin.wplus.net/pp/MediaMedic/libr.htm

o KpbIMckast MeXBY30BCKasi OMOIMOTeKA:
http://elib.crimea.edu/index.php?option=com content&task=view&id=198&Itemid=57

¢ [Q-6ubnmorexka: http://www.iglib.ru/

e DneMeHThI: http://elementy.ru/news?theme=116855

¢ DIIEKTPOHHBIE BEPCUU HAYUYHBIX JKyPHAJIOB:
http://www.maikonline.com/maik/showFreeProductsTitle.do

e buGimoreka JlonHY: http://www.donnu.edu.ua/library/ru/index.asp

e CereBas >HIMKIIONEans «Bukumnequsy»: http://ru.wikipedia.org

Humepaxkmusnvle 0byuaiowue npoepammol
e Atiiac mosra (anri.): http://www.med.harvard.edu/AANLIB/home.html
e AHaTOMMS KUBOTO YeJioBeKa: http://www.yma.ac.ru/books/anat/anatomy/home.htm
e 3HaeTe JIK BbI THCTONOrMIO: http://www.yma.ac.ru/books/hist/test.htm
¢ KpoBb: http://www.yma.ac.ru/books/hist/blood/base.html

DnekmpoHnubvle KHUSU, MeCmbl
e Dunmkiioneaus Tpudonora E.B.: http://www.tryphonov.ru/tryphonov2/terms2/ostbst.htm
® Mopdonorus (cOopHuk TectoB): http://www.morphology.dp.ua/_quiz/
e Anaromust u pusmosorus: http://www.tasmed.ru/the _general _data/anatomy_and_physiology/

13. IIPOT'PAMMHOE OBECIIEYEHUE

1. Windows 7 PRO (xopriopatuBras nuren3ust JJoal'Y Ne 46484614)

2. Microsoft Office (kopnoparuBHas nunensus Joul'Y Ne 46472919)

3. Microsoft Visual Studio (sunensus nporpammsl Dream Spark asist BeICIIHX y4eOHBIX
3aBeJICHUN)

4. AntuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF (sinensun GPL, Apache, BSD
JUTsL CBOOOTHOTO MPOTPAMMHOT0 00ECTICUECHHUS ).


http://kineziolog.bodhy.ru/content/literatura-po-fiziologii-neirona
http://pegas.bsu.edu.ru/
http://www.yma.ac.ru/links.htm
http://elibrary.ru/defaultx.asp
http://katalog.dnmu.ru/search.php
http://humbio.ru/humbio/default.htm
http://www.medliter.com/
http://wwwwin.wplus.net/pp/MediaMedic/libr.htm
http://elib.crimea.edu/index.php?option=com_content&task=view&id=198&Itemid=57
http://www.iqlib.ru/
http://elementy.ru/news?theme=116855
http://www.maikonline.com/maik/showFreeProductsTitle.do
http://www.donnu.edu.ua/library/ru/index.asp
http://ru.wikipedia.org/
http://www.med.harvard.edu/AANLIB/home.html
http://www.yma.ac.ru/books/anat/anatomy/home.htm
http://www.yma.ac.ru/books/hist/test.htm
http://www.yma.ac.ru/books/hist/blood/base.html
http://www.tryphonov.ru/tryphonov2/terms2/ostbst.htm
http://www.morphology.dp.ua/_quiz/
http://www.tasmed.ru/the_general_data/anatomy_and_physiology/
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