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AHHOTANMA

Henpto JaHHON MUCUUILIMHEI SBIAECTCS 03HAKOMJICHUE MAarUCTPOB C COBPEMEHHBIMU KCIIEPUMEHTAIBHBIMU U
TEOPETHUECKUMH JOCTHKEHUSIMU B PU3UKE JIMTUIHBIX )KUIKOKPUCTAIUIMYECKUX MEMOpaH M MX TOATOTOBKA K
PEIICHUI0 CIIOKHBIX 3a7ad B OOJIACTM CO3MIaHWUS W WCCIENOBAaHUS CBOWCTB HOBBIX OMOCOBMECTHUMBIX
MarepHuaoB. DIEKTPOCTATHKA TUNHUIHBIX OucioeB. Pa3Hble THITBI MeMOpaHHBIX MOTEHINANOB. MeMOpaHHbBIH
TPAHCIOPT, BKIIOYAs TOJBMKHBIC TEPEHOCUYMKH M KaHaJbl. OJIEKTPO-BO30yIUMBIE Cpefbl. MexaHu3M
BO3HUKHOBEHHSI HEPBHOTO WMIYJIbCA; CKOPOCTh €r0  PaclpoCTpaHEHUs. OIEMEHThl MeMOpaHHOH
OMOSHEPreTUKU. AKTHBHBIA TPAHCIIOPT M Pa3IUYHbIE MOTOpHI. JlaHHAas mporpaMma MIMPOKO HCTOIb3yeT
COBOKYITHOCTh 3HAHWH, TOIYYCHHBIX M3 PaHee YUTaeMbIX KypcoB. CTyIEHT Mocie OCBOCHHUs Kypca Oyner
MMOHUMATh CTPYKTYpY ¥ (YHKIMH OHWOIIOTHYECKHX MEMOpaH, MOJEIN MEeMOpaHHBIX MPOIECCOB, OCHOBHBIX
MOJIOKEHUSAX MEXaHHKH M DIEKTPOCTATUKH MEMOpaH, OJKCIEpUMEHTaJbHblE (U3UYECKUE METOJIbI
WCCIIeOBaHUS MEMOpaH, OCHOBBI TEOPETHYECKHMX METONOB aHaliu3a CTPYKTYpPhl H MEXaHUYECKUX
XapaKTepUCTHK MeMOpaH, dKCIepUMEHTANbHbIE (DU3MYECKUE METOMbl MCCIEeOBAHUS CTPYKTYpPHl MeMOpaH,
OCHOBBI TEOPUHU YIPYTOCTH KUJIKUX KPUCTAIIOB.

1. leau u 3apauu

eap AUCUMNIMHBI

O3HAKOMJIEHE MAarucTpoB C COBPEMEHHBIMH JKCIEPHUMEHTAIBHBIMM W TEOPETUYECKHMH
JTOCTIKCHUSIMH B (DM3HKE JMITUAHBIX SKUAKOKPUCTAIITMUECKUX MEMOPaH U UX MOATOTOBKA K PELICHUI0
CJIOKHBIX 3ajJ]a4d B 00J1aCTH CO3AaHUS U MCCIEJOBAaHUSI CBOMCTB HOBBIX OMOCOBMECTHMBIX MaTCpPHAJIOB.
DJIeKTpOCTaTHKA JHMINUAHBIX OucioeB. Pa3Hple THUNBI MEMOpaHHBIX HOTEHIMANOB. MeMOpaHHBIN
TPAHCIIOPT, BKJIIOYAsl MMOJBM)KHBIC TIEPEHOCUMKH M KaHAJIbl. DJIEKTPO-BO30yIuMBbIe cpelbl. MexaHu3m
BO3HMKHOBEHHUSI HEPBHOTO MMITYJIbCA; CKOPOCTh €r0 pacHpOCTpaHEHHs. OJIEMEHThl MeMOpaHHOM
OMORHEpPreTUKM. AKTHBHBIH TpPaHCIOPT M pas3iMuHble MOTOpHL. JlaHHAas mnporpaMMa IIMPOKO
UCIOJIb3YET COBOKYIIHOCTD 3HAHUM, IIOJY4YEHHBIX U3 paHee YUTAEMBbIX KYPCOB.

3agaum AUCHMIIHHBI
* Hay4uTh CTYACHTOB OCHOBaM (PM3MKHU JKUAKUX KPHUCTAIJIOB;
* Hay4uTh CTYJCHTOB pacueTy (ha30BbIX AHArpaMM MHOTOKOMIIOHEHTHBIX MeMOpaH;

* HAayuyuThb CTYIEHTOB IPUMEHEHMIO aJallTUPOBAHHOM TEOPUU YIPYTOCTU JKUAKMX KPUCTAJLIOB JJIs
OLIGHKU HEPTUH U BBIYMCICHUS (OPMBI MEMOPAaHHBIX CTPYKTYP;

. HAyYUTh CTYACHTOB IPAKTHYECKOMY HMPUMEHEHHIO METOJOB U IOAXOAOB OHMORIEKTPOXUMHH
MeMOpaH, BKITtO4asi TAaCCHBHBIN U aKTUBHBIN HOHHBIN TPAHCIIOPT;

* JIaTh MPEJCTABICHUE O MEXaHW3MaX CIMSIHUSA U JAEJICHUS MeMOpaH.
2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
WCIIONIE3YyeMO B COBPEMEHHOH  HAyYHO-TEXHUYECKOU
nuTeparype, obnagaer HaBbIKAMH YCTHOTO M THCBMEHHOTO
OIIK-2 UmeeT MPEICTABICHUE 00 aKTyaJIbHBIX H3JIOKCHUA PE3YJIbTaTOB Hay‘lHOﬁ ACATCIBHOCTU B paMKax
npoGneMax HayKd M TEXHHKH B 0071aCTH cBoeli | IPOYECCHOHAIBHON KOMMYHHKALMH

npodeccuoHanbHOM JesTeNbHOCTH, ciocober  |OIIK-2.2 Criocoben OLICHUBATh aKTyaJbHOCTh
Ha HAYYHOM sI3bIKe ()OPMYITUPOBATh WCCeOBaHUN B 00macTu  cBoed  mpodecCHOHAITBHON
npodeccruoHaIbHbIC 33]1aun JESATENBHOCTH M UX MIPAKTHUECKYIO0 3HAYMMOCTD

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEHHOCTH

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINKIO 00 aKTyaIbHBIX pe3ylIbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH




[IK-1.2 CnocobeH HWCHONB30BaTh CHEIHATH3UPOBAHHEIC
3HaHUSl QyHIaMEHTAJIBHBIX Pa3/leioB MaTeMaTuku, (PU3HKH,
XUMHUM ¥ OMONOTMM JUIi TIOCTAaHOBKM U PELICHUS

T1K-1 Cnocoben CTaBUTh, (bopMaJ'II/I?:OBLIBaTB u |HAy4YHO-HUCCJICAO0BATCIbCKUX 3aaady B obmactu
pelaTh 3a1a4i, B TOM YUCIie pa3padbaTbiBaTh U OnonHxeHepuy U OHOUH(OPMATHKH
HCCIeI0BaTh MaTeMaTuyeCcKue MOIeTH IK-1.3 CnocobeH BbyIBHTaTh  THIIOTE3bl, CTPOUTH

W3y4YaeMbIX SABJICHUN U MPOLIECCOB, CACTEMHO  |MaTeMaTHYECKWE MOACNH JJsl ONUCAaHHUS H3y4aeMBIX
aHaJM3UPOBATh HAY4YHbIE MPOOJIEMBbI, ONTyYaTh |SBJICHUH U IPOLIECCOB, OLCHUBATh KaueCTBO pa3pabOTaHHON
HOBBIC HAYYHBIC PE3yJIbTaThI MOJENN

[IK-1.5 Cnocoben co3naBaTh MPOrpaMMHBIE CPEACTBA U
0a3pl JAHHBIX, HCIOJb3yeMble B OWOWHXKCHEPHUH W
OnomH(pOpMaTHKe

[MIK-1.4 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3yIbTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbrare 0CBOCHHS AUCHUILTHHBI 00YYaIOIINECs JOIDKHBI
3HATh!
* CTPYKTYpY W QYHKIUU OMOJOTHUECKUX MEMOpaH;
* MOJeN MEMOPaHHBIX POLIECCOB;
* OCHOBHBIX IOJIOKEHUSX MEXAHUKHU U AJIEKTPOCTATUKU MEMOpaH;
* OKCIEPUMEHTAJbHBIC (PU3NUECKUE METO/IBI MCCIICIOBaHNS MEMOpaH;
* OCHOBBI TEOPETHYECKHX METOIOB aHAIN3a CTPYKTYpPhl 1 MEXaHUYECKUX XapaKTEPUCTHK MeMOpaH;
* OKCIEPHMEHTAJbHBIC (PU3UUECKUE METO/IBI MCCIICIOBAaHUS CTPYKTYPbI MeMOpaH;
* OCHOBBI TEOPUH YNPYTOCTHU KUAKHX KPHUCTAJIOB.
YMETb:
*  (opMyaHpOBaTh LM HCCICIOBAHUA W CTABUTh HAyYHBIC 33/1a4d 110 MEXaHH3MaM IPOTEKaHUS
MeMOpaHHBIX TIPOIIECCOB;
* aHaIM3UPOBATh (Pa30BBIC THATPAMMBI MHOTOKOMIIOHEHTHBIX MEMOpPaH;
. dbopMynHMpoBaTh 1€ MCCIIEAOBAHUM M CTaBUTh HAy4HbIE 3aJadd 110 JIEKTPOJUHAMHKE
OMOJIOrHYEeCKHX MEMOpaH;
* pemiath ypaBHEHHUS MOBEICHUS OMOJIOTHYECKUX MEMOpPaH B AJIEKTPUUECKOM I10JI€;
*  (opMyIHpOBATh LEIH HCCICAOBAHUN W CTAaBUTh HAYYHBIC 33/1a4d IO WCCICIOBAHHUIO CTPYKTYPHI
MeMOpaH;
. OITUCHIBATh TIOBEICHHE MEMOpaH C TOYKM 3PEHHS TEOPHH YIPYIOCTH OOBEMHBIX IHKHUIKHX
KPHCTAJIJIOB.
BIIAJICTh!
* HaBBIKaMH B 00JIaCTH BBIYMCIICHHS JIMHEHHOTO HATSHKCHUS TPAHHIIBI ABYX MEMOpaHHBIX (a3;
* METOJaMH BBIYHMCIICHUS SHEPIUU TPAHHIIBI PA3pHIBHOTO JIUIHUAHOTO MOHOCIIOS;
* HaBBIKaMH B 00JIaCTH JIEKTPOCTATHKH MEMOpaH;
* METOJaMH BBIYHMCIICHUS] MEMOPaHHBIX OTEHIINAJIOB;
* HaBBIKAMHU B 00JIACTH TEOPUH YHPYTOCTH YKHIKUX KPUCTAUIOB B MPUMEHEHUH K OMOJOTMYECKHM
MeMOpaHawm;
* METOJAaMH BBIYHCJICHUS SHEPTUHU TOMOJIOTHYECKHUX MEPECTPOCK OHOMeMOpaH

4. Conep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora




AKTUBHBIN TPaHCIIOPT U MOTOPBI.

Jenenne MeMOpaH.

HonHble KaHaIbBl 3JIEKTPOBO3OYIMMBIX
kieTok (Nat+-kanan, K+-kanan).

K HUCTOpUH NTpCAMCETA.

MeMGpaHHBIG IIOTCHIINAJIbI.

MemOpaHHBIi TPaHCHIOPT.

MeM6paHBI BO BHCIIHUX DJJICKTPUYCCKUX
IOJIAX.

Cnusinue MeMOpaH.
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[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszeniam)

Cemectp: 1 (Ocennuii)

1. AKTHBHBIN TPAHCIIOPT U MOTOPBHI.

B nexmum paccMOTpeHBI JIBa THIIAa HACOCOB — HATPHUEBBIM W MPOTOHHKIH, T.c. Nat/K+-ATdaza u
H+-AT®a3a, a taxke Bpamatomuid Motop (uaresuripHbix Oaktepuil. CTPyKTypa 3THX CHUCTEM YKe
M3BECTHA, HO MEXaHM3M HUX JIeHCTBUS ocTaércs Ha cTaguu u3ydeHus. OOCyxkast 3TOT BONPOC MBI
Oasupyemcsi Ha pabortax Jloiirepa, Amens, CokomoBa ¢ COTpyIHHUKaMH H Jp. (CM. CIIMCOK
nuteparypsl). CornacHo Jloirepy, HaTpueBbIi HACOC B MCXOAHOM COCTOSHHM HMMEET JIBa KaHajia
JOCTyTa, KOTOPBIE pa3AesieHbl BEICOKUM OapbepoM. Beeaenne AT® paaukaibHO U3MEHSET NMPO(UIIb
9HEpPI'UH, TaK YTO MOH HATpUs IONAJACT B COCTOSHUE OKKIIO3UU, B KOTOPOM OH HEpre3upoBaH, HO
OTAENEH BBICOKMMHU OapbepaMM ClieBa M CIpaBa. JTO COCTOSHHE METAacTaOWIbHO M CIIEAYIOIIas
CTaJusl COCTOMT B MCUE3HOBCHMHU IIPABOTO Oapbepa, TaK 4YTO MOH HATPHs CKAThIBAETCS B IPaBBIi
KaHaJ JOCTYIa, a 3aTeM IMEPEXOAUT B NpaBblil pacTBOp. B kakoM-To cMbicie Hacoc paboTaeT Kak
mudT, KOTOpbIA 3a cuéT sHeprun ATD momHUMaeT WOH HATpUs BBEPX IO DHEPTUHU, a 3aTeM
OTKpBIBAECT IpaBble BOpoTa. Jlamee B JEKIMM paccMOTpeH MexaHusM JneictBus H+-ATdasel, rioe
KIIIOYEBBIM  SIBIISICTCA  BpAllleHHe Y-CyObEAMHMIBI, KOTOPOE HAallOMHUHAEeT pOTOp B clydae
¢uareusapubix  Oakrtepuil. [anmee mpuBeneHa mpocTas OLEHKA YHCIa MPOTOHOB, KOTOPBIE
[IEPEHOCSTCS Yepe3 COOTBETCTBYIONIUI KaHa JUlsl [TOJYyUYEHUs HYKHON CKOPOCTH BpalllEHUsI.

2. lenenue MeMOpaH.

3aBepuiaronias CTaausl SHAOIMTO3a COCTOMT B pPa3pblB€ TOHKOIO Iepelieika (HaHOTPyOOukn),
COCIMHAIONMIEH BE3WKydy C IUla3MaTHYeckod MemOpaHod. PaspelB  ocymecTBisieTcss Oenkom
nuHaMuHOM B nipucyTctBun [ TD. Hoseiimne nanupie 06 3TOM mporiecce MOMyYeHBI Ha MOJCIBHOMN
HAHOTPYOKe, KOTOpasi BBITATMBACTCS MATY-IHUIETKOW M3 IUIOCKOTO OHCIOA. DJIEKTpHYEecKas Ierb
YTpOEHa TaK, YTO UMEETCS BO3MOKHOCTh U3MEPATH TOK, TEKYIIUH Yepe3 HaHOTPYOKyY ompeneEHHOMI
JUIMHBl TpU 33JaHHOW Ha KOHLAX TPYOKH pPa3HOCTH MOTEHUIUAIOB. TakuM crocoboMm ymaércs
U3MEpPHUTh PaANyC HAHOTPYOKH M ONPENeNUTh MOIYNIb M3rH0a, €ciM MU3BECTHO HaTshkeHHe. bermox
JMHAMUH, KOTOPBI BBOAUTCS B PacTBOP, aAcOpOUpyeTcsa Ha IOBEPXHOCTH HAHOTPYOKH B BUE KOJIEI]
1 CKUMAET €€ 0 ONPENENIEHHOIO paanyca, HO HE IIPUBOAMT K JiejieHut0. Eciu ke Ternepp BBECTU B
pactBop I'T®, To KONBLA pa3pyIIAIOTCs, HAHOTPYOKA JIOKAJIBHO MPOBHUCAET U 00pa3yeT HHTEpMEAnaT
JIETICHUs, YTO B KOHEYHOM CU€Te MPUBOIAMT K pa3pbiBy HAHOTPYOKH. B nexkuum OyayT M3IOKEHBI
[IOJIyYE€HHBIE PE3YIBTAThl, a TAK)KE BBITEKAIOIIME W3 HUX THUIIOTE3BI O BO3MOKHOM MEXaHHM3ME
polecca JeJICHusl.




3. MoHHBIE KaHAIBI AJIEKTPOBO30YAMMBIX KiIeToK (Na+-kaHan, K+-kanan).

Oco0blit uHTEpEC mpenctaBisaoT Na+- u K+-kaHaibl, T.K. IMCHHO OHU OTBEUAIOT 32 TEHEPAIHI0 U
pacrpocTpaHeHHWE  HEpBHBIX  UMITYJIbcOB. OCHOBa  COBPEMEHHBIX  MpPEICTABICHHHA O
¢ynknuonupoBanun Nat+ m K+-kaHanoB Obuta 3alokeHa B KIIACCHUECKUX paboTax XOKKHHA U
Xakcmu. B pesymbrate 3THX  HMCCIEIOBaHHWW  YIAJIOCh OCYIIECTBHTh  (DYHKIMOHAIBHYIO
PEKOHCTPYKIMIO 3THX KaHAJIOB, OCHOBBIBASICh HA M3MEPEHUSAX KMHETHKH HOHHBIX TOKOB B yCJIOBHUSX
¢dukcauu MeMOpaHHOTO NMOTEHIIMAA pa3Hoi BenduHbL. [IpuMenss 6mokatopel Nat+- u K+-xananos
yAaJI0Ch pa3aenabHo u3MepuTh Na+- n K+-tokn. OCHOBBIBasICh Ha 3TUX Pe3yJbTaTax ObUIN MOTyYEHBI
BOJIBTAMIIEPHBIC XapaKTEPUCTHKH KaXKI0TO U3 TOKOB. Moieb KaHaia BBIVIsIEIa KaK COBOKYITHOCTh
cieAyronmx  (QYHKIMOHANBHBIX  OJIOKOB:  HOHO(OpPHBIM  y4acTOK,  aKTUBAIlMOHHBIE U
WHAKTUBAIIMOHHBIC BOPOTA, & TAK)KE CEHCOPhI MEMOPAHHOTO MOTEHIINAIIA, YITPABIISIONINE BOPOTAMH.
KonmuyecTBeHHO [eHCTBHE KaHAJOB OIKCHIBAIOCH C IOMOIIBI0 ypaBHEHHHM XOMKKHHA-XaKCIIH.
BakHO MOMYEpKHYTh, YTO BCE M3MEPEHHUS IMPOBOIIINCH HA MAKPOCKOITMYECKOM YYacTKe aKCOHa,
npu4éM MEXaHN3M IepeHOCca HOHOB OCTABAJICSA HEM3BECTHBIM — TO JIM TOBM)KHBIE NIEPEHOCUYUKH, TO
mu acradera. HoBas spa B anmeKTpo(M3MOIOTUM Hadagach IOCIE CO3MAaHHS METOAA IMITY-KIAMIT
(Heep n CakmaH), KOTOpPBI B COYETaHUH CO CTPYKTYPHBIMHU HCCIICIOBAHUSMU U IPUBICUEHHEM
MYTaHTOB TIO3BOJIHJI TNEPEHTH Ha YpPOBEHb HM3YYCHHs OJWHOYHBIX KaHajoB. Bce 3TM BOMpOCHI,
BKJIIOYasi HOBEHIIINE JJOCTHKEHNS, N3TI0KEHBI B TAHHOMN JICKIHH.

4. K ucropuu npenmera.

OT »neKTpUYECKUX PbIO, M3BECTHBIX CO BPEeMEH AHTHYHOCTH, 10 ombiToB ['anbBanu u Bombra,
KOTOpBIE TOJOXKWIM Hadajo HAydHOMY TMOIXOAY K HM3YYCHHUI0O MEMOpaHHBIX SIBJICHHUU.
Hpamarndeckuit qucmnyt ['anbBanu 1 BonbTa mpUBEN K JBYM BEITHKUM OTKPBITUSM: OBLIO JIOKa3aHO
CYLIECTBOBaHHE <GKUBOTHOTO» JJIEKTPUUYECTBA W OOHApYKEHA KOHTAKTHAS Pa3HOCTb MOTEHIHAJIOB.
Hecmotps Ha ommO0YHYIO0 TPAKTOBKY «METAJUIMYECKOr0o» 3JIeKTpHyecTBa BombTa co3qan HCTOUHUK
TOKa, KOTOPBIH MCXOJHO MOIY4MJI Ha3BaHUE «BOJBTOB CTOJIO», a 3aT€M — I'ajlbBAHMUYCCKUN 3JIEMEHT.
Yepez mHorue roasl Papaneil yCTaHOBWJI MEXAaHWU3M JEHWCTBUS TajbBAHUYECKOIO JIIEMEHTA,
CBOOOIHBIN OT KOH(IUKTA C 3aKOHOM COXPAaHEHHS SHEPIHU.

Tak HaumHanace Ouodu3nka MeMmMOpaH, KOTOpass Ha CETOAHS pPaccMaTpUBAETC Kak pasael
MOJIEKYJISIpHOI Ouosiornu KieTku. [oBopst 0 MeMOpaHax, HMEIOT BBHy HE TOJIBKO IUIa3MaTHYECKHE
MeMOpaHbl, HO U pa3iruyHble MeMOpaHHbIe 00pa30BaHus, HaXOAAUIecs BHYTpH KieTku. Ha ceromus
YCTAQHOBJIEHO, YTO MeMOpaHBl OCYIIECTBISIOT MHOXKECTBO BakHeHmmx ¢ynkimid. K ux umcmy
oTHOcsTCA: OapwepHas, wuH(opMamuoOHHas (TeHepauusi M IepeJada HEPBHOIO HMITYJIbCa),
npeoOpa3oBaHNe PHEPIHH, PEryJsAlus, aKTUBHBIA TpaHCHOPT. Bee 3TH QyHKINHU OCYIIECTBISIOTCS
Oenkamu 1 OENOK-TUMUIHBIMU KoMmIuiekcamu. Cnenys LpenuHrepy, MpUHATO pacCMaTpuBaTh UX Kak
MOJICKYJISIPHBIE MalIMHBI, a KJIETKY — KaK 3aBOJl, KOTOpPbIM COCTOUT M3 MHOIMX LiexoB. Bce atu
BONIPOCHI OyIyT PacCCMOTPEHBI B MOCIEAYIOMIUX JIEKIHIX.

5. MemOpaHHBIE ITOTCHIHAIBI.

Onexrpoxumudeckuii moreHnuan. llorenmman l'anpBanu, moreHmuman Bombra. PaGora BbIXOIA.
MemOpaHHBI TIOTEHIIMAT B clydac PaBHOBECHBIX cHcTeM — moteHian Heprcra. Ilorteniuman
pacnpenenenus. llorenuman I'ub6ca-JlonHana. MemOpanubiii noreHuman (aud@y3noHHBINA) B
ciy4yae HepaBHOBECHBIX cucTeM. Ilorennman 1lnanka, morennnan I'onpamana.

JIBOMHOM 3IEKTPUYECKUM CIOW: pacipeleieHre IOTEHIHAJIa U KOHLICHTPALMU HOHOB Y 3apsKEHHOU
rpanunbl  MeMmOpanel. IloHsiTie o0 MuKpomoreHmuane, MeToa ero pacuyéra. KommoHeHTHI
MEeMOpaHHOTO MOTEHIMANa: TPAHCMEMOpaHHBIA, MHOBEPXHOCTHBIH W TPAHWYHBIA IOTCHIUAJIBL,
BHYTpUMEMOpPaHHBIH CKauOK MMOTCHLIUAA.

Mertonpsl M3MEpeHHsT BCEX KOMIIOHEHT MeMOpaHHOro MoTeHIHana: 3iekTpodope3 (ypaBHEHHE
CMOITyXOBCKOT0), M3MEpEHHE MPOBOAMMOCTH MeMOpaHbI 10 THAPO(GOOHBIM HOHAM NPH Pa3IndHON
HOHHOM cuie HMHAUGPPEPEHTHOTO JIEKTPOIUTa, KOMIIGHCAIMsl BHYTPHUMEMOpPAHHOTO IIOJIS,
mATY-KIaMil. Meton (ryopecieHTHBIX 30H/I0B.

6. MeMOpaHHBIN TPAHCTIOPT.



Bo BBOIHOM Jieknin |1 TOBOPHIIOCH O TOM, YTO OaphepHas QyHKIUS MeMOpaH KpaiHe BaKHa, T.K. OHa
MOAJICP)KUBACT WHIMBUIYaJIbHOCTh KJIETKH M €€ cocrtaB. bapbepHble CcBoOWCTBa OHOMeMOpaH
o0ecrieyeHbl HU3KOW JMANEKTPUYECKOW MOCTOSHHON (¢ ~ 2-3) obmactu TUAPOPOOHBIX XBOCTOB
JUMUAHBIX MOseKy1. OLeHKH BBICOTHI Oaprepa nmo gopmyne bopHa mator Benmmumubsl > 100 kT st
MasbIX TuApo(UIBHEIX HOHOB, Takux kak H+, Na+, K+, CII. Curyanus ¢ rumpodobHbIME HOHAMU
BBIIISITUT TI0 MHOMY, OHH MMEIOT 3HAYUTENbHBIH KodpUIIMEeHT pacnpeneneHus Boga—THaApopoOrKa
B MONB3y mociendei. Mx mepeHoc depe3 MemOpaHy cBogutcs K auddy3us w MHUTpaIuu.
BosBpamiasch kK MajbiM TUAPOGWIEHBIM HOHAM MBI MPUXOIMM K HEOOXOIMMOCTH TPUBICUCHHS
HOJBIDKHBIX TIEPEHOCYMKOB THIIA BAIMHOMHUIIMHA WIM KaHAJIOB, TaKMX Kak TIpaMHLUINH. B
MOCJIETHEM ClTydae 0COOCHHOCTh TPAHCIIOPTa COCTOUT B TOM, YTO OH SIBJISIETCS] OHOPSITHBIM. Teopust
U OKCIIEPUMEHTAIbHBIC HCCIIEAOBaHHMS JITHUX BAapPUAHTOB HMHAYLMPOBAHHOTO HMOHHOTO TPAHCIIOPTa
JeTaIBHO OIMCAHBI B JIAaHHOH JICKIIHH.

7. MeM6paHBI BO BHCIIHUX JJICKTPHUYCCKUX TTOJIAX.

Kitetka mnm nunocoma, Hecylye Ha MOBEPXHOCTH JNEKTPUUECKUM 3apsfl, IBUKYTCS B MTOCTOSHHOM
IEKTPUUYECKOM II0JI€ C IIOCTOSIHHOM  CKOpOCTBIO, KOTOpasi OIpelessAeTCs ypaBHEHHEM
CMONyXOBCKOTO. B mepeMeHHOM 3JIEKTPHYECKOM II0JIe BO3HUKACT T.H. IudekTpodopes. Kaxnas
KJIeTKa 00peTaeT OmnpeaeNEHHbIA IEKTPUUYECKUH MOMEHT, B pe3yJbTaTe 4ero OHU BBICTPAUBAIOTCS
[0 CHUJIOBBIM JIMHUSIM TI0JIS, IPUTSTUBAIOTCS APYT K APYTY U BTATUBAIOTCS B 00JaCTh MAKCUMAJIBLHOTO
nond. Ilpu yBenmueHNM HanpspKEHHOCTH KIIETKH Ae(OpMHPYIOTCS, a 3aTeM, B 00JacTH IOJIOCOB
MPOUCXOAUT SIBJICHUE 3MieKTponopauru. OHO ObUIO JOCKOHAJIBHO MU3YYEHO Ha IUIOCKUX OMCIIOMHBIX
munuHBIX MeMOpanax (BJIM). Bpewms sxu3an BJIM 3aBUCUT OT aMIUTHTY/IbI PHUIIOKEHHON pa3HOCTH
MOTHUMAJIOB ¥ JIMIOMIHOTO COCTaBa. B JaHHOW JIeKUMM TOAPOOHO H3JIOKEHBI Pe3yIbTaThl
HKCIIEPUMEHTOB U COOTBETCTBYIOIIAsl TEOPUS, KOTOPAsi OXBATHIBAET KaK HEOOpPATUMBIH MpoOoi, Tak U
o0paTUMBIH, KOTOpBIA peanusyercss Toiabko B ciydae bJIM  ompenenénHoro cocrasa.
DnexTponopanys UMeeT pA] OMOMEIUIIMHCKUX M OHMOTEXHOJOTMYECKUX MPUIOKEHUH, BKIJIIOYAs
3NIEKTPOTPaHCPEKLHUIO, TPAHCIAEPMATBHYIO SJICKTPOTEPAIINIO U TUATHOCTHKY.

8. Cnusnne meMOpaH.

CinusiHMe pa3IM4YHBIX MEMOpaHHBIX O00pa30BaHW — Ba)KHEHIEE SBICHUE B JKU3HU KIICTKH.
MexaHu3M ClHsSHUS ObUT yYCTAQHOBJIEH Ha MOJENU JBYX IUIOCKUX JIHMITUAHBIX OHCIOEB, KOTOPHIC
COJIMIKAITUCH C MTOMOIIIBIO THIPOCTATHYECKOTO JaBlICHUs. DKCIepuMenTsl MenuksHa, YepHoMopauka
W Jp. TIOKa3aJId, 4TO MEPBOH CTauell mpolecca sSBIIeTCss MOHOCIOHOe ciustare. OHO POUCXOAUT
nyTéM 00pa30BaHMs NIEPEMBIYKH, MTOTYyYUBIICH Ha3BaHUE CTANKA. TEOPUs CTAIKOB M ITOCIEIYIOIINX
cTaauii WX SBOJIONMHU Obuta pazpaborana KosznmoBbeiM m MapkuHbiM. BbuTO MoKa3aHo, 4TO HCXOI
nporecca ONPEAeNseTCs MOJEKYJISIPHONH TeOMETpUel JMITUIHBIX MOJICKYJN, BXOISIIUX B COCTaB
oucioés. Jlanee ObUIO yCTAaHOBIICHO, YTO MEXaHH3M CTAJIKOB YHUBEpCaJleH. JTO ObUIO J0Ka3aco Ha
npUMepe BHUPYCHOTO CIHMSHHSA, T.K. B OTOH CHCTEME EIMHCTBEHHBIM (DBIO30T€HOM SIBIISIOTCS
MOJICKYJIbl TeMarrIlOTHHHHA, CTPyKTypa KoTopbix npu pH7 m pHS Obuia m3BecTHa € aTOMHBIM
paspemenuneM. CpaBHHUTENBHO HelaBHO B nabopatopuu Pormana (CIIIA) 6bu10 J0Ka3aHo, 4TO MpH
9K30LIMTO3€ CHHANTHYECKHUX ITy3BIPHKOB, I1e poiib (pro3oreHoB urpator Oenkun SNARE, pabGoraer
MEXaHM3M CTaJKOB. B 1aHHOW Jnekuumu moApoOHO OOCYXKAEHBI TEOpHS U Pa3IM4HBIC
IKCTIEPUMEHTAIbHBIE TIOXOAbI K N3YYCHUIO MEXaHH3Ma CIIHSTHUSI.

9. CtpykTypHas opraHusamnus OnoMeMOpaH.

Xumudeckuid coctaB MemOpaH. AmdudunbHas npupona dochonunumos, obecrnednBaromas ux
OWCIIOIHYIO OpTaHW3alMI0 B BOTHOM OKpykeHMH. JlarepanbHas opranm3anus. JKunko-mo3angHas
Monenb 3uHrepa W Huxombcona. EE coBpemeHHble MOAW(UKAIMH, KOTOpbIe  MPHBEITH K
NPE/ICTABICHUSAM O CJIOKHOW HMEpPapXuH JIMIMUI-OCNKOBBIX CTPYKTyp. [IOoHsATHE O JMNHIHBIX |
IUNUA-0eNKoBBIX padTax, B KOTOPBIX JIMIHMIHAS KOMIOHEHTA HAXOIUTCSA B YKHJIKO-YHOPSI0YEHHOM
COCTOSIHMM. DKCIIEPUMEHTAIbHOE OOHapyKeHHE papTOB — MHKPOHHBIX W HAHOMETPOBHIX — B
MOZEIBbHBIX JUMHUIHBIX CHCTeMax. Teopus oOpa3oBaHUS M pOCTa JUMHUIAHBIX PAapTOB B YCIOBHAX
MePECHIICHHS, BKIIOYAMONMas CTAJAWU HyKJICalllH, HE3aBHCUMOIO pOCTa, KOAJECCICHIMH, CIMSHUE
padToB M mx apobnenue. Jlumua-6enkoBble padThl BOSHUKAIOT B YCIOBHUSAX HEIOHACHIIICHHS IO
MEXaHU3MY CMa4yMBaHUs, KOrJa OCNIKU SIBJISAIOTCS IEHTPaMU JIOKaJIbHOTO (pasoBoro mepexona. Poib
padroB nposBisieTcs B TpaduKe, CUTHATM3ALNH, CIUSIHUN U JETICHUH MEMOPAaHHBIX CTPYKTYD.



10. ®u3nko-XxMMHUYECKUE U MEXaHHMUECKHE CBOHCTBA MEMOpaH.

B mocnemHue romel MONMYyYMNIM pa3BUTHE HEWHBA3MBHBIC METOIBl HM3YyUCHHS BHYTPUKICTOYHBIX
npoueccoB. OHHU MO3BOJISIOT POABUHYTHCS B (DEHOMEHOJIOTHH JKM3HU KJICTKH, HO HUYETO HE JaloT B
CMBICIIC TIO3HAHUS YCTPOIMCTBA M MEXaHU3Ma JICHCTBUS MOJICKYISPHBIX MAIIMH. 3[€Ch Ha IMOMOIIb
MPHUXOMIAT MOJIENIM, MAaKCUMAalbHO MPHUONMKeHHbIe K OuocucreMaMm. B 3ToM 1utane ocoOyro poib
UTPAIOT IUIOCKUE JIMIHMIHBIE OWCIOM M JIMIIOCOMBI, B KOTOPBIX YHA€Tcsi PEKOHCTPYHPOBATH
paznuyHble Oesku M nenTuibl. Hibke nepednciieHbl Te€ KOHKPETHBIE BONPOCHI, KOTOPBIC IOJKHBI
OBITH pelIeHBI JUTS YCIEITHOTO MOACTHPOBAHHS KOHKPETHBIX OMOCHCTEM.

[Inockue Ouciom W JIMOOCOMBI KaK MOAETH JAJSl W3Yy4YCHHs] CBOWCTB JIMIMAHON KOMIIOHEHTBHI
KIETOUYHBIX MeMOpaH. HarsokeHue ¥ TMOBEpXHOCTHOE JaBiieHHe. JIMANeKTpHUYecKHe CBOWCTBA.
Koaddunumentsr narepanpHoit auddysuu. IIpoBomuMoCcTb MOJENBHBIX M KIETOYHBIX MeMOpaH.
MemOpana kak >xufkuil kpucramt. OCHOBHBIC Je(OPMAIIMOHHBIE MOJIBI: U3THO, paCTsKEHHUE-CKATHE
U THAT. TUNHYHBIE 3HAYCHUS BCEX MOZIYIIEH.

MornekynsipHble MalIUHBI KJIETKH NPUHATO JEJUTh HA JIBE KATETOPHUHU: MPEICYLIECTBYIOIINE, TaKue
KaKk MOHHBIC KaHalbl M HAcOChl, a TaKXe TPaH3UTOPHBIC, KOTOpBIE COOMpArOTCs IO Mepe
HeoOxonuMocTu. Hanbornee sipkue mpuMmepsl, 3T0 MAalIMHbBI, OTBEYAIOIIUE 33 CIUSHUE (IK30LUTO3) U
neneHue (FH0MUTO3) MeMOpaH. ITH BOMPOCH MOAPOOHO OCBEIIEHBI B teknusx 11 u 12.

11. DnemenTH MEMOpPaHHOM OMOIHEPTETHUKH.

3agaya JaHHOM JIEKIMM COCTOMT B TOM, 4TOOBI OOpaTUTh BHMMAaHHE HAa HEKOTOPbHIE ACIEKTHI
MeMOpaHHOI OWMOIHEPreTHKH C TOYKH 3pEHHs OHODICKTpOXUMHH. B omHO#M u3 crareid Mwurtdermn
NOAYEPKUBAII, YTO MUTOXOHJPHS — 3TO TOIUIUBHBIHM 3JIEMEHT. DTO yTBEP)KAECHHE HE COBCEM TOYHOE.
[IpaBuiIbHEE TOBOPHUTH O TOM, YTO TOILIMBHBIM JJIEMEHTOM SIBIISICTCS JIbIXaTeNbHAsI LEMb, KOTOPBIH
COmMpsKEH € XUMHYEeCKUM peaktopomM — H+-ATdazoii, xotopas mnpespamiaer AP B ATO.
[Tnanupyercs Takxke oOCYIUTh MO BuibsimMca, COMTacHO KOTOPOM MPOTOH MEPEHOCHTCS K MECTY
notpebieHus: He uepe3 00bEM MUTOXOHJIPHUH, a JIaTepajibHo, B Xoae auddy3un Baons memOpansl. B
JUTEpaType IO CHUX NHOp HMAYT AUCKYCCHM IO 3TOMY MOBOIY, HO TpHpoaa Oapbepa, KOTOPBIH
yAEp’KUBAET MPOTOHBI Y caMoii MEMOpaHbI, IIOKa HE BBISICHEHA.

12. DneMeHThI TEOpUH BO3OYIUMBIX CPE.

[pocreitmuii mpumMep BO30YAMMON Cpeibl — 9TO OJUHOYHOE HEPBHOE BOJIOKHO. M3BeCTHO, YTO €ro
JIOKaJNbHAsl ~ JENoNiApu3alys TNPUBOAUT K  TIEHEpallMd  HEPBHOTO  HMIIYJbCA,  KOTOPBIM
pacrpocTpaHsieTcsl C IOCTOSHHOW ckopocThro. Ha s3pike W.IIpuroxkuHa HEpBHBIA HMITYJIBC
MpeacTaBiasieT coO0OW  MPOCTPAHCTBEHHO-BPEMEHHYIO  TUCCHUIIATMBHYIO  CTPYKTYpy. BaxkHO
MOAYEPKHYTh AHAJIOTUIO MEXIy paclpOoCTpaHEHHEM HEpBHOTO MMIylIbca M (pOHTA IUIAMEHH,
CKakeM, BIOJb OMK(OpIoBa ImHYypa. B mpuHIuIE MOXHO HAaWTH CKOPOCTh HEPBHOIO HMITYJbCa
OCHOBBIBAsICh HA YPAaBHEHMIX XOKKUHA-XAaKCIIH, XOTA IIyTh 3TOT OYEHb CJIOKEH. B TaHHOM JieKuuu
MbI 00CYX/1aeM JIpyroil MOAXOMA, OCHOBAHHBIA Ha aHAJIM3€ Pa3MEPHOCTEH M BBEIEHUH MEMOPAHHOTO
rereparopa toka (Mapkun u Ynsmamkes, buodusuka, 1968 r.).

Baxuplii mpumep BO30yAMMOW cpeapl — OTO HEPBHO-MBIIIEYHAs TKaHb CepAla, KoTopas
MOJEJINPOBANACh C MOMOIIBIO TU(PHY3HOHHO-XUMHUECKOW CUCTEMBI, Npe1iokeHHoH YKaboTHHCKUM
n KpunckuM. DOta Mozenbs MNO3BONMWIA NPHOMU3UTHCA K ONHCAHUIO SBICHUS (QUOPMILIIALNY,
uMmeroniero OoJbIIoe MeAMKO-OMonorndeckoe 3HadeHue. Kpartkoe oOcyxaeHune 3Tux mpolieM
COIIEPKUTCS B TAaHHOU JIEKLIMHU.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa



basoBas kadenpa npenocraBiaseT IUTepaTypy

1. Chizmadzhev Yu.A. Single membrane in electric field. Chapter 1. In: Book “Bioelectrochemistry of
Membranes”. V.6. Birkhauser Verlag Basel, 2004, p.1-21.

2. Chizmadzhev Yu.A., Teissie J., Walz D. Lipid bilayer electropermeabilization. Chapter 5. Tam xe,
c.173-203.

3. Chizmadzhev Yu.A. The mechanism of lipid/protein rearrangement during viral infection.
Bioelectrochemistry, 2004, v.63/1-2, p.129-136.

4. Frolov V.A.J., Chizmadzhev Yu.A., Cohen F.S., Zimmerberg J. “Entropic traps” in the kinetics of
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5. Bamkupos [1.B. MemOpaHHble HAHOTPYOKH B 3JIEKTPHUUECKOM TI0JI€ KaK CUCTEMA JIJIsl H3MEPEHUS
MEXaHUYECKHX MMapaMeTpOB JHMUIHOTO Oucios. buon. memoOpansl. 2007, 1.24, Ne 2, ¢.183-192.

6. 3apuuneH BT, [Ipay3aun M.P., Unzmamkes 0. A. ®Ousznueckre METOBI TEPEeHOCA HYKIICHHOBBIX
KHCJIOT B TKaHU ¥ KieTku. (0630p) bruon. memOpansr, 2004, T.21, ¢.355-373.
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Mapkun B.C., Unzmamxes F0.A. UnayumpoBanHbIif HOHHBIN TpaHcnopT. M.: Hayka, 1974.
XomxkuH A. Hepsnslii umnynsc. M.: Mup, 1965.

CkynaueB B.I1. Tpanchopmanus sHeprun B bnomemOpanax. M.: Hayxka, 1972.

Anamcon [Ix. duznyeckas xumus nosepxnoctu. M.: Mup, 1980.

. OuunnukoB 10.A., Banos B.T., lllkpo6 A.M. MemOpaHo-akTHBHBIE KOMIUIEKCOHBI. M.: Hayka,
1974.

8. Mapkusn B.C., [Tactymenko B.®., Umsmamkes KO.A. Teopus Bo30ynumeix cpen. M.: Hayka, 1981.
9. Hamackun b.b., Ilerpuii O.A. BBenenue B a5eKTpOXUMHUUECKYIO0 KWHETHKY. M.: Briciias mikona,
1975.

10. Luger P. “Electrogenic lon Pumps”. Sinauer Associates, Inc. Publishers Sunderland,
Massachusetts, 1991.

11. JIeBnu B.I'. ®usuko-xumuyeckas rugpoauaamuka. M., 1959.

12. Pyoun A.B. buodpuszuka. Kaura 1u 2. M.: Beiciast mikosna, 1987.

13. Kotbik A., AAnauex K. MemOpanuslit Tpanciopt. M.: Mup, 1980.

14. Yepnomopauk JI.B., Menuksa [.B., Yuzmamxkes FO.A. Tlnockue numnugHble OUCION Kak MOJIENb
JUIS U3y4YeHHsl CUsHUs Ononornueckux MmemOpan. (O630p) buon. memOpanst, 1987, 1.4, Ne 2,
c.117-164.

15. Umsmamkes FO.A., Uepnomopauk JI.B., [Tactymenko B.®., Adunop WU.I. Dnexrpuyeckuii npoboit
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1982, ¢.161-266.

N v s e

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

DJEeKTPOHHBIE PECYPCHI, BKIIOUAs JOCTYI K 0a3aM JaHHBIX, TOCTYM K (poHAaM OUOIHOTEKH.
http://www.ncbi.nlm.nih.gov/pubmed — 6a3a nanHbIX craren

st wacty 3ansituii notpedyercs Zoom. Google Drive mis qoctyna k Marepuainam Kypcea.
[TpuBeTcTBYeTCS HaMMUUE BO BpeMsi 3aHIATHI cMapT(GOHOB/HOYTOYKOB /ISl yU9aCTHSI B HHTCPAKTUBHBIX
YIPaKHEHHUSX.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.



B pe3yabTaTe U3YUCHHUS AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBIC OIPCACIICHUA AUCHUIINHBI,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCIICHUS PA3JIMYHBIX 3a/a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOTO Marepualia, IMOATOTOBKY OTBETOB Ha BOMPOCH], NPEAHA3HAUYECHHBIX [T
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydaeMOro mMarepualna, a He MEXaHHYeCcKOro ero 3armoMmuHaHus. [lpu
3aTPYINHEHWN W3yYCHUS OTIEIBHBIX TEM, BOIPOCOB, CJIEIyeT OOpamiarhCs 3a KOHCYJbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPaBJIEHHIO: buorexnonorus

npo¢ujib NOATOTOBKH: buorexHonorust u GuoMeUITMHCKAsT HHPOPMATHKA
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadeapa QUMK KUBBIX CHCTEM

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3paborunk: O.B. barumies, ka1 ¢pu3.-Mar. HayK, JOLIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCHOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YeMOH B COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0afaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBAaHUH B o0jacTh cBoeil mpodecCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.1 UmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHOU e TEBHOCTH

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.2 CnocobeH uCnonb30BaTh CICIUATU3UPOBAHHBIE
3HaHUsl QyHIaMEHTAILHBIX Pa3/iejioB MaTeMaTuku, PU3MKH,
XUMUH ¥ OWOIIOTMH JUIsl TIOCTAHOBKH W PEIICHUS

Hay4HO-UCCJIEA0BATEIbCKUX 3a1a4y B obnmactu
OvonH)XeHepUHU U OMOUH(POPMATHKU

[IK-1.3 CnocoGeH BbABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3y4aeMbIX

SIBIICHUW U TIPOIIECCOB, OIEHUBATh KaueCTBO pa3paboTaHHON
MOZEIIN

IIK-1.5 CnocobeH co3naBarh MPOrpaMMHBIE CpEICTBA U
0a3pl JAHHBIX, HWCIHOJb3yeMble B OHWOMHXCHEPHH H
OroMH(pOpMaTHKE

[IK-1.4 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare nzyuenus aucuuiuinHbl «brnodusnka MeMOpaHHBIX IPOLECCOB » 00YHAIOIIMUICS JOJIKEH:

3HATb:

* CTPYKTypy # (DyHKIIUU OHOJIOTHYECKUX MEMOpaH;

*  MOJIeT MEMOpaHHBIX MPOIECCOB;

* OCHOBHBIX ITOJIOKCHUSAX MEXaHUKHU U IEKTPOCTATUKN MEMOpaH;

* OSKCIEPUMEHTAJIbHbIE (PU3NUECKUE METO/IbI MCCIIEI0BaHNI MEMOpaH;

* OCHOBBI TEOPETUYECKUX METOJIOB aHAIN3a CTPYKTYPhl U MEXaHUUECKHUX XapaKTEePUCTHK MeMOpPaH;
* OSKCIEPUMEHTAJIbHbIC (PU3NUECKUE METO/IbI NCCIIEI0BaHUS CTPYKTYPbl MEMOpaH;

* OCHOBBI TEOPUH YIIPYTOCTH KHUAKUX KPHUCTAJUIOB.

yMeTh:

*  (opMyaHpOBaTh €N HCCIICNOBAHUM M CTAaBUTh HAy4HBIEC 33/1a4d 110 MEXaHH3MaM IPOTEKaHUS

MeMOpaHHBIX IPOIIECCOB;

* aHAJIN3UPOBATh (Ha30BBIC TUATPAMMbl MHOTOKOMIIOHEHTHBIX MeMOpaH;
. (¢bopMynupoBaTh LEIM HCCICIOBAHUNA W CTaBUTh HAay4yHbIE 3aJaddl IO JIIEKTPOAWHAMHKE

OHMOJIOTHYECKUX MEMOpaH;

* pelath ypaBHEHUS IOBEACHUS OMOIOTHIECKIX MEMOPAH B 3JIEKTPUIECKOM IIOJIE;
*  ($opMyIMpOBaTh LEIHM HCCIEAOBAHUN M CTAaBUTh HAYYHBIC 3a/1aU 110 MCCIEIOBAHUIO CTPYKTYPBI

MeMOpaH;

. OIUCHIBATh TIOBEICHHE MEMOpaH C TOYKH 3PEHHUs TEOPHHM YNPYroCTH OOBEMHBIX KHIKUX

KpUCTAJJIIOB.




BJIaJIeTh:
* HaBBIKaMH B 00JIaCTH BBIYMCIICHHS JIMHEHHOTO HATSHKCHUS TPAHHIIBI IBYX MEMOpaHHBIX (a3;
* METOAaMH BBIYUCIICHUS SHEPIHU TPAHUIIBI Pa3PBIBHOTO JIMITUIHOTO MOHOCIIOS;
* HaBBIKaMH B 00JIaCTH JIEKTPOCTATHKH MEMOpaH;
* METOJaMH BBIYUCIICHUS] MEMOPaHHBIX TIOTCHIINAJIOB;
* HaBBIKAMHU B 00JIACTH TEOPUH YIPYTOCTH YKHIKUX KPUCTAUIOB B MPHUMEHEHUH K OMOJIOTMYECKHM
MeMOpaHawm;
* METOJAaMH BBIYHCJICHUS SHEPTUHU TOMOJIOTHYECKHUX MEPECTPOCK OHOMeMOpaH

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

Bo BpeMs TeKyIIero KOHTPOJIsl CTYACHT AOJKEH YMETh OTBETHTD Ha CIIEIYIOIINE BOIIPOCHL:

1. 3amaBasicb TUNMYHBIMU 3HAYCHUSMH JUAJIEKTPUYECKUX IIOCTOSHHBIX BOJHOTO pPAcTBOpa U
JUMHUIHOTO OHCTION, a TaKKe PaJluyCcoM MOHA M €ro 3apsiioM, OLIEHUTH C momouibio ¢opmynsl bopra
paboty mepeHoca MoHa U3 MOJISIPHOH (a3bl B THAPOPOOHYIO.

2. OueHuTHh BpeMs yCTaHOBJICHUS MoTeHIMana HepHcTa Ha TMIHUIHOM OHCIIOe, KOTOPBIH MPOHHUIIAEM
TOJBKO JJIs1 QHMOHOB (MJIM KaTHOHOB) OMHAPHOTO pacTBOpa MEKTPOIMTA. BpeMms oTcunThIBaeTcs OT
TOTO MOMEHTA, KOTrJja KOHLIEHTPALKUs C OTHOW U3 CTOPOH MEMOpaHbl U3MEHSIETCSl CKauYKoM OT ¢l 110 c2.
3. Caenarb Takylo *e OLICHKY s ciaydast 1u¢dy3nOHHOTO MMOTEHIHAIA.

4. OcHOBBIBasiCh HAa MaTepua’e JeKIUH 4, TIe pedb IUIa O JBOWHOM 3JIEKTPUYECKOM CII0€ OJUHOYHON
MeMOpaHbl, PEHIUTh 337ady O paclpeleiCHUH MOTCHIMala MEXIy AByMs MeMOpaHaMH, PacCTOSHHE
MEKIy KOTOPBIMH MEHbIIE 1e0aeBCKOM UINHBI.

5. Hcmonb3ys pe3ynbraThl 3a/1aud 4 HAWTH CHITy PacTaJKUBAaHUS JBYX MEMOpaH B JIByX CIIydasx: a)
Korza GUKCUpOBaH MOBEPXHOCTHBIN MOTeHIMAN U 0) Korna GpukcupoBaHa IUIOTHOCTH MTOBEPXHOCTHOTO
3apsija.

6. B nexkumm 3, B TOH wacTH, e peub NUIAa O MEXaHHUKE MeMOpaH, TOBOPWIOCH O Pa3IMYHBIX
nedopMalMOHHBIX MOJaX, B TOM yHciie o nedopmanuu n3rnd6a. OCHOBBIBASICh Ha 3TOM U HUCHOJB3YS
ypaBHeHue Xenb(prxa, BHIUUCIUTD U3THOHYIO SHEPTHUIO JIUIIOCOMBI paanyca R.

7. B pasButHe 3amaun 6, BBIYHCINTH palOTy, KOTOPYIO HAJ0 COBEPLINTH, YTOOBI HPEBPATHTh
chepruyecKyIo JUIMOCOMY B IMIMHAPUYIECKYIO TPYOKY TOH >Ke miiouaiu.

8. B umexmum 5, Bblumcnas pabory oOpa3oBaHMsS MOPBI paaWyca I, Mbl OCHOBBIBAJIMCH Ha
napaboIMyecKol 3aBUCHUMOCTH CBOOOJHOW 3Hepruu oT r. TpeOyeTcssi OLEHUTh, IO KakuX  I3TO
IpuOIMKEHUE CIPABEUINBO U CKOJIb BEJIMKA MTOTPEIIHOCTh MPH T > .

9. B nexuunu 8 ObUIO MOKa3aHO, KAK MOXKHO OLEHUTH CKOPOCTH PaclpOCTPaHEHUsI HEPBHOTO UMITYJIbCa
10 IIaAKUM BojokHaM. [lonpoOyiiTe OlleHUTh, KAKOB BBIMTPHIII B CKOPOCTH BO3HUKAET MU MEPEXOE K
MUEITMHU3UPOBAHHBIM BOJIOKHAM.

10. 13 cooOpaxkeHnii pa3MepHOCTH OIEHUTH KaKO€ YHCIO MPOTOHOB MPH JAaHHOM A@ HE0OXOAUMO
MEPEHECTH B EIWHUILY BPEMEHH 4Yepe3 KaHallbl B CTAaTOpe BpaLIaloIIero MoTopa (aresuIsipHBIX
Oaktepwii, 4ToObI 00ECIIEUNTh CKOPOCTh BpailieHusi N 000pOTOB B CEKYH]LY.

11. MuHIMU3HPYS CBOOOTHYIO PHEPTHIO JIMITUAHON HAHOTPYOKH, HAWTH CBS3b €€ pajmyca ¢ MOAYJIeM
n3ruda U HaTSHKCHUEM.

Bo BpeMsA 3aHATHI MOTYT HNPOXOAUTb UHTCPAKTUBHBIC O6CY)K,Z[€HI/I$I B HaTax Kypca, 4To 6YILCT SABIIATHCA
JIOMAIlTHUM 3aJlaHueM. B03MO)XHO BBINIOJHEHHWE IATEHTHOTO ITIOMCKAa B Kauye€CTBE CaMOCTOSTEIIHLHOM
3aga4u. YcnemHoe BEIIIOIHEHHUE BCEX 3a,Z[aHHI>'I 10 KypCYy U BBIIIOJIHCHUC KOHTPOJIBHBIX CPE30B 3HAHUH
AacT MPEUMYIIECCTBO HA SK3aMCHC.

4. lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

3anaun.

1. 3amaBasicb TUNMYHBIMU 3HAYCHUSMH JUAJIEKTPUYECKUX IIOCTOSHHBIX BOJHOTO pPAcTBOpa U
JIMITUIHOTO OMCIIOS, a TaK)Ke paJiycoM MOHA M €ro 3apsioM, OLEHUTH ¢ moMouibio (Gopmynsl bopHa
paboty nepeHoca MoHa U3 MOJISIPHOH (a3bl B THAPOPOOHYIO.

2. OueHuTH BpeMs yCTaHOBJICHUS MoTeHIMana HepHcTa Ha MIHIHOM OHCIIOe, KOTOPBIH MPOHHUIIAEM
TOJBKO JJIs1 QHMOHOB (MJIM KaTHOHOB) OMHAPHOTO pacTBOpa MEKTPOJIMTA. BpeMms oTcunmThIBaeTcs OT
TOTO MOMEHTA, KOTJIa KOHIIEHTPALUS C OHOM U3 CTOPOH MEMOpPaHbI U3MEHSETCS CKadKoM OT ¢l 1o c2.
3. Cnenarp Takylo ke OLEHKY M ciay4dast 1u(pPy3uOHHOTO MOTSHIINAIA.



4. OCHOBBIBasICh Ha MaTepHaie JeKIuu 4, T1e pedb IIUIa O ABOHHOM AIIEKTPUIECKOM CII0€ OTMHOYHOM
MeMOpaHbl, PEeIIUTh 3a7la4y O paclpe/leICHUH MOTEHIMAala MEXy JByMsi MeMOpaHaMu, pacCTOsSHUE
MEXIY KOTOPBIMH MEHbIIE 1e0aeBCKOM UTHHBI.

5. Hcnonp3yst pe3ynsrathl 3aauil 4 HAUTH CHJIy pacTajKUBaHHS JIByX MeMOpaH B JIBYX Cllydasx: a)
KorJa (PMKCUPOBAH MMOBEPXHOCTHBIM MOTEHIMAT U 0) Koraa (PMKCHPOBaHA INIOTHOCTH IMOBEPXHOCTHOTO
3apsijia.

6. B nekumm 3, B TOil 4acTH, Ie peyb IUIAa O MEXaHHUKE MeMOpaH, TOBOPWIOCH O Pa3IMYHBIX
neOopMalMOHHBIX MOJiaX, B TOM 4Hciie 0 aedopmaruu u3rn6a. OCHOBBIBAsCh Ha 3TOM U HCHOJIb3YS
ypaBHeHUe Xenb(prxa, BRIYUCIUTh U3THOHYIO SHEPTHUIO JIMTIOCOMBI pajanyca R.

7. B pasButHe 3amaun 6, BBIMHCIHTH pabOTy, KOTOPYIO HAJ0 COBEPIIUTH, YTOOBI HPEBPATHTH
chepuyecKyro JUMOCOMY B IIMIMHIPUIECKYIO TPYOKY TOH Ke MIomiau.

8. B umexumum 5, BeumchsAs pabory oOpasoBaHMs TOPBI paaWyca I, Mbl OCHOBBIBAJIUCH Ha
napaboIrMuecKol 3aBUCHMOCTH CBOOOJHOW SHepruu oT r. TpeOyeTcs OIEHWTh, JO KakuX  3TO
NpUOTIKEHUE CIPABEUINBO U CKOJIb BEJIMKA IMOTPEIIHOCTh IPH T > .

9. B neknuu 8 ObUIO MOKa3aHO, KAK MOXKHO OIEHUTH CKOPOCTh PacpOCTPaHEHUsI HEPBHOTO UMITYJIbCa
0 TIIJAKUM BoJoKHaM. [lonpoOyiiTe OleHUTh, KAKOB BBIUTPHIII B CKOPOCTH BO3HUKAET IPH MEPEXoe K
MUEJIMHU3UPOBAHHBIM BOJIOKHAM.

10. U3 cooOpaxkeHHid pasMEpHOCTH OICHUTHh KaKO€ YUCIO MPOTOHOB MpPU JaHHOM A@ HEO0OXOIUMO
MEPEHECTH B EIWHUILY BPEMEHHM 4Yepe3 KaHallbl B CTaTope Bpallarollero Moropa (uaresuisipHbIX
OaxTepuii, 4TOOBI 00ECTIEYUTh CKOPOCTH BpalieHus: N 000pOTOB B CEKYHLY.

11. MunuMu3upysi CBOOOIHYIO SHEPTHUIO JIUIUAHOW HAHOTPYOKH, HAWTH CBA3b €€ paanyca ¢ MOIYJIeM
n3ruda u HaTsDKEHUEM.

KonTtponbHbIe BONPOCHL.
1. BeBectu popmyny HepHera aBymMs cioco6aMu — TepMOAMHAMUYECKH U KHHETHYECKH.
2. Iomyuuts BeIpakeHUE A7 oTeHIMana Jlonnana.

3. VYpaBuenue Hepucra-Ilnanka. J{uddy3nonnsiii morennman — npudmmkenue [nanka Juist cimydas
«TOJICTBIX» MeMOpaH. YpaBHeHue [ opaAMaHa 7151 « TOHKUX» MEMOpaH.

4. Tllonmyuuth BBIp@XEHHE Ui paclpenesieHus: mnoreHuuana B auddy3Hod oOKIagke IBOMHOTO
3NEKTPUYECKOTO cilos. HaliTu pacnpenesieHne KOHUEHTPAalui aHUOHOB U KATUOHOB B IBOMHOM CJIOE.

5. OOcymuTh 23MEKTPOCTATHKY MeMOpaH BKIIOYas BCE KOMIIOHEHTHI MEMOpPaHHOTO IOTEHIUAIa!
TpaHCMEeMOpaHHbBIH, TIOBEPXHOCTHBIN M IPAaHUYHBIN (MU TUTIOIBHBIH).

6. Pacckasare 0 TpEXx MeTomax H3MEpeHHs BCEX KOMIIOHEHT MEMOpaHHOTO IOTCHLMAsa: depe3
ypaBHeHHEe CMOIYXOBCKOTO, METO/ KOMIICHCAIlUM BHYTPUMEMOPAHHOTO CKauKa MOTEHIIMAJa, a TaKKe
METO/]], OCHOBAHHBIN Ha MCIOIb30BaHUU TUAPOGOOHBIX HOHOB.

7. Meroa ONTHYECKUX 30HIOB JUIS U3MEPEHUS TPAHCMEMOpPAaHHOTO HMOTEHIMaja — €ro MPUHIMI U
MPUMEPHI UCTIONB30BaHUSA JJIs1 PA3IMYHBIX CHCTEM.

8.  MemOpaHHBI TpaHCHOPT — CiIy4ald NOABIXKHBIX MEPEHOCUYMKOB (BaJMHOMMLUH). Teopus u
JKCIIEpUMEHTaJIbHAsl [IPOBEPKA.

9. Dcradernsiii nepeHoc. Caydyan MOCTOSIHHOTO U TIEPEMEHHOTO TOKA.

10. Pacuér sHeprun nona B meMOpane meronom bopra. [Ipumepsr — manbie uonst (Na+, K+ u ap.) u
ToT k¢ K+, HO Haxonsmumiicst BHYTpH «OyOnuKa» —BaJTuHOMHIIMHA.

Kputepun onennBanus

Onenka ommuno (10 OGamioB) - BBICTABIISIETCSL  CTYACHTY, ITOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.

Onenka ommmuHo (9 ©OamioB) - BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka ommmuHO (8 ©0amioB) - BBICTABISIETCS CTYACHTY, IIOKa3aBIIeMy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.



OHGHKa XOpouro (7 63.JIJ'IOB) - BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpHaJl, T(PaMOTHO U
0 CymeCTBy H3jaracT €ro, ymeeT NpPpHUMCHATH IOJIYYCHHBIC 3HAHUA HA IMPAKTUKE, HO HECAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Onenka xopoio (6 6aIoB) - BEICTABISETCS CTYJCHTY, €CJIA OH TBEP/IO 3HAET MaTepuall, TPAMOTHO H
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka xopomo (5 0amioB) - BBICTABISIETCS CTYIACHTY, €CIIM OH B OCHOBHOM 3HAeT Marepual,
IPaMOTHO U IO CYIIECTBY M3JIaraeT €ro, yMeeT IPUMEHATh IOJIY4YEHHbIE 3HAHHUS HA IIPAKTUKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

OneHka ymoOBIETBOPUTENBHO (4 Oama) - BBICTABISIETCS CTYACHTY, IHOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHUH ITPOrPaMMHOIO MaTepHaa, HO MPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OueHka ymoBineTBOpUTENbHO (3 Oayuia) - BBICTABISETCS CTYACHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPAMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO porpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYJOBIETBOPHUTENHHO (2 Oania) - BBICTABISIETCS CTYICHTY, KOTOPBIH HE 3HAeT OOJbIIeH YacTH
OCHOBHOTO COZAEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKAaeT TIpyOble OMMOKH B
(OopMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh MOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

Ouenka HeynoBieTBopuTenbHO (1 Gayur) - BBICTABIAETCS CTYAEHTY, KOTOPBI HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKy B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/ad.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

[Ipu mpoBeneHMH yCTHOro 3K3aMeHa oOydamomiemycs npeaoctasisiercss 30 MUHYT Ha IOATOTOBKY.
Ompoc ofyuatomerocs 1o OwileTy Ha YCTHOM OJK3aMEHE HE JO/DKEH IPEBbIIIaTh OIHOTO
aCTPOHOMMYECKOTO yaca



