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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

IIK-1 Criocob6en craButh, GOpPMaIU30BEIBATE U |ACATCIIBHOCTH




pelarh 3aja4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATH  THIOTE3bI, CTPOUTH
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
M3y4aeMbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHUH U MPOLECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOJyYaTh |MOJEIIN

HOBBIC HayIHBIC PE3YIIbTaThI I[IK-1.3 CmocobeH mNpuUMEHSATh TeopeTudyecKkue u (W)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUsI N0 JUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI
3HAThb!

* CTPYKTYpY U GyHKUUHU OMOJOTHUECKUX MEMOpaH;
* MOJenu MeMOpaHHBIX IPOLIECCOB;
* OCHOBHBIX ITOJIOKECHUSAX MEXaHUKHU U JIEKTPOCTATUKN MEMOpaH;
* OSKCIEpPUMEHTAJbHbIE (PU3NUECKUE METO/IbI NCCIIEI0BaHNs MEMOpaH;
* OCHOBBI TEOPETUYECKHX METOJIOB aHAIN3a CTPYKTYPbl 1 MEXaHUUECKHUX XapaKTePUCTHK MeMOpPaH;
* OSKCIEPUMEHTAJbHbIE (PU3NUECKUE METO/IbI MCCIIEI0BaHUS CTPYKTYPbl MeMOpaH;
* OCHOBBI TEOPHUHU YNIPYTOCTH KUAKHX KPUCTAIIIOB.
YMETh!
*  (opMyaHpOBaTh €N HCCIIENOBAHUM M CTaBUTh HAy4HBIE 33/1a4d 10 MEXaHH3MaM IPOTEKaHUS
MeMOpaHHBIX IPOIIECCOB;
* aHAJIN3UPOBATh (Pa30BBIC TUATPAMMbI MHOTOKOMIIOHEHTHBIX MEMOpaH;
. (¢opMynupoBaTh LEIM HCCICNOBAHUNA W CTaBUTh HAay4yHbIE 3aJaddl IO JIIEKTPOAWHAMHKE
OHMOJIOTHYECKUX MEMOpaH;
* pelath ypaBHEHUS IOBEACHUS OMOIOTHIECKIX MEMOPAH B 3JIEKTPUIECKOM IIOJIE;
*  ($opMyIMpOBaTh LETH HCCIECAOBAHUN M CTAaBUTh HAYYHBIC 3a/1aul 110 MCCJIEIOBAHUIO CTPYKTYpBI
MeMOpaH;
. OIUCHIBATh ITIOBEICHHE MEMOpaH C TOYKH 3PEHHUs TEOPHHM YNPYroCTH OOBEMHBIX KHIKUX
KpPHUCTAJIOB.
BJIaJICTh:

* HaBBbIKaMH B 00JIaCTH BBIYMCIICHHS JIMHEHHOTO HATSXKEHUS TPAHUILIBI ABYX MEMOpaHHBIX (a3;

* METOJaMH BBIYHCIICHUS SHEPTUU TPAHUIIBI Pa3pBIBHOTO JIUITAIHOTO MOHOCIIOS;

* HaBBIKAMU B 00J1aCTH JIEKTPOCTATUKU MEMOPaH;

* METOJaMH BBIYHCJICHUS MEMOPAaHHBIX IOTCHIINAJIOB;

* HaBbIKAMHU B 00JIACTH TEOPUH YHPYTOCTH KHJKUX KPHCTAJUIOB B MPUMEHEHUH K OMOJIOTMYECKUM
MeMOpaHawM;

* METOJIaMM BBIYHCJICHUS SHEPTUHU TOMOJIOIMYECKHX NEPEecTpoek OnomMeMOpaH

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 AKTHUBHBIN TPAHCTIOPT U MOTOPBI. 3 2
2 Jenenne meMOpaH. 3 2
HonHble KaHaIbBl 3JIEKTPOBO3OYIMMBIX
3 3 2
kieTok (Nat+-kanan, K+-kanan).
4 K ncropun npenmera. 2 2
5 MemOpaHHbIE TOTEHIIHATIBL. 3 2
6 MemOpaHHBIi TPaHCHIOPT. 3 2




7 MeMOpaHbI BO BHEIIHUX IEKTPUUECKUX 3 )
MOJISIX.

8 Cnusinue MmeMOpaH. 2 2

9 CrpykTypHas opranuzanusi OnoMeMOpaH. 2 2

10 OU3NKO-XUMHUECKHE U MEXaHHYECKHE 5 )
CBOICTBa MEMOpaH.

11 DyeMeHThl MEMOPaHHOM OMO3HEPTEeTHKH. 2 2

12 |DnemMeHTHI TeOpUH BO3OYUMBIX CPE. 2 8

Nroro yacos 30 30

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUTLTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. AKTUBHBIN TPAHCIIOPT U MOTOPHI.

B nexuum paccMOTpeHBI 1Ba THIIa HACOCOB — HAaTPUEBBIM W NpOTOHHBIH, T.e. Nat/K+-ATdaza n
H+-AT®a3a, a taxxke Bpamarommid Motop (uiareJuisipHbx Oaktepuii. CTpyKTypa 3THX CHUCTEM YiKe
M3BECTHA, HO MEXaHU3M MX ACUCTBUS OCTaérca Ha craguu u3ydeHus. OOCykaas 3TOT BOIPOC MBI
0azupyemcsi Ha pabortax Jloiirepa, Amnens, CokoiloBa ¢ COTpyIHHUKaMH H Jip. (CM. CIIMCOK
muteparypsl). CornacHo Jloirepy, HaTpueBblil HAaCOC B MCXOJHOM COCTOSIHUM KMMEET JIBa KaHaja
JIOCTYTIa, KOTOPBIC pa3ielieHbl BEICOKUM OapbepoM. Beeaenne AT® paaukanbHO W3MEHSET MPO(UIIb
SHEPruH, TaK YTO MOH HATPHs MOMNANAaET B COCTOSIHHE OKKIIFO3MH, B KOTOPOM OH DHEPIe3UpOBaH, HO
OTZeNEH BBICOKMMHU OapbepaMH ClieBa M CIpaBa. JDTO COCTOSHME METacTaOMIbHO M CIEAYIOIIAst
CTazusi COCTOUT B MCUYE3HOBEHMH IMpaBOro Oapbepa, TaK YTO MOH HATPHUSl CKAaThIBACTCSl B MpPaBbIN
KaHaJl JOCTyIla, a 3aTeM I[epeXOnUT B IpaBblil pacTBOp. B KakoM-TO cMblcie Hacoc paboTaeT Kak
mudT, KOTOpbId 3a cuér sHepruu AT® momHMMaeT HMOH HATpusi BBEpX IO DHEPIUHU, a 3aTeM
OTKpBIBAEeT MpaBble BopoTa. Jlajmee B JEKIMU paccMOTpeH MexaHusM JaeictBusi H+-ATda3ebl, e
KIIOUYEBBIM SIBJSIETCS  BpalleHHE Y-CyObEAMHHWIBI, KOTOpPOE HAlOMHHAaET pOTOpP B Cllydae
¢naremnapubix Oaktepuii. Jlasee mpuBeneHa mpocTas OIEHKAa YHWCIA IPOTOHOB, KOTOpBIE
MIEPEHOCSTCS Yepe3 COOTBETCTBYOIINI KaHaM JUIs MOITYYEHHS HY>KHOI CKOPOCTH BpallleHUS.

2. enenne MeMOpaH.

3aBepiiaromasi CTagusl 3HIOLMTO3a COCTOMT B pa3pblBe TOHKOIO INeperielika (HaHOTPYOOUKH),
COCJIMHSAIONIEH BE3WKyNy C Iula3MaTHdeckol MemOpaHoH. PaspwlB ocymecTBisieTcss Oemkom
nuHaMuHOM B mipucyTtcTBuu ['T®. HoBelimue nanHabie 006 3TOM MpoIiecce MoTydYeHbl Ha MOICTBHOM
HAHOTPYOKe, KOTOpas BBITATMBAETCS MATY-NUIETKON W3 IUIOCKOro OHMCIOos. DiIeKTpudeckas Ielb
YTpOEHA TaK, YTO UMEETCS] BOSMOXKHOCTb U3MEPATH TOK, TEKYIIMH Yepe3 HaHOTPYOKyY omnpeneiEHHOM
JUIMHBI TIpY 33/JIaHHOW Ha KOHIAX TPYOKH Pa3HOCTH MOTEHIUAIOB. TakuMm crocoboMm yraércs
U3MEPHUTH PagUyC HAHOTPYOKHM M OINpENeNuTh MOLYJIb M3rnda, €ClM WM3BECTHO HaTsbKeHHe. bernok
JMHAMHH, KOTOPBII BBOIUTCS B PACTBOP, aICOPOUPYETCS Ha MOBEPXHOCTH HAHOTPYOKH B BHE KOJIEI]
U CKMMaET €€ 10 OMPENEeNIEHHOIO paanyca, HO HE MPUBOIUT K JEJIEHUI0. Eciau ke Terneps BBECTH B
pactBop I'T®, To KoIBLIA pa3pylIAIOTCS, HAHOTPYOKA JTOKAJIILHO MPOBHUCACT U 00pa3yeT MHTEpMeIuaT
JIeJIeHNs], YTO B KOHEYHOM CUETe MPHUBOAUT K Pa3phiBy HAHOTPYOKH. B nexuum OynyT H3IOKEHBI
[IOJIyYEHHbIE PE3YJbIaThl, a TAKXKE BBITEKAIOIUE W3 HUX THMIIOTE3bl O BO3MOXKHOM MEXaHU3ME
rpouecca JeIeHHs.

3. MoHHBIe KaHAIIBI AIEKTPOBO30YyAMMBIX KiIeToK (Na+-kaHan, K+-xanan).




Oco0blit mHTEpEC npenctarisaoT Na+- u K+-kaHanbl, T.K. IMCHHO OHU OTBEUAIOT 32 TEHEPAIHIO U
pacrpocTpaHeHHWE  HEpBHBIX  UMIYJIbcoB. OCHOBa  COBPEMEHHBIX  MPEICTABICHHH O
¢ynknuonupoBanun Nat+ m K+-kaHanoB Obuta 3aloKeHa B KIIACCHUYECKUX paboTax XOKKHHA U
Xakcmu. B pesymbrate 3THX  HMCCIEIOBaHHW  YJAJIOCh OCYIIECTBHTh  (DYHKIMOHAIBHYIO
PEKOHCTPYKIIMIO 3THX KaHAJIOB, OCHOBBIBASICh HA M3MEPEHUSAX KMHETHKH HOHHBIX TOKOB B yCJIOBHUSX
¢dukcamu MeMOpaHHOTO NMOTEHIIMAA pa3Hoi BenduHEL. [IpruMensis 6mokatopel Nat+- u K+-xananoB
yAaJI0Ch pas3aenbHo u3MepuTh Na+- n K+-tokn. OCHOBBIBasICh Ha 3TUX Pe3ysbTaTax ObUIN MOTyYEHBI
BOJIBTAMIIEPHBIC XapaKTEPUCTHKH Ka)KJI0TO U3 TOKOB. Mojieib KaHaia BBITIsIENa KaK COBOKYITHOCTh
cieAyronmx  (QYHKIMOHANBHBIX  OJIOKOB:  MOHO(OpPHBIM  y4acTOK, aKTUBAllMOHHBIE U
WHAKTUBAIMOHHBIE BOPOTA, & TAK)KE CEHCOPhI MEMOPAHHOTO MOTEHIINAIIA, YITPABIISIONINE BOPOTAMH.
KonmuyecTBeHHO [eHCTBHME KaHAJOB OIHKCHIBANIOCH C IOMOIIBI0 ypaBHEHHHM XOMHKKHHA-XAaKCIIH.
BakHO MOTYEpKHYTh, YTO BCE M3MEPEHHUS IMPOBOIIINCH HA MAKPOCKOITMYECKOM YYacTKe aKCOHa,
npu4éM MEXaHN3M IepeHOCca HOHOB OCTABAJICSA HEM3BECTHBIM — TO JIM MOBUKHBIE NIEPEHOCUYUKH, TO
mu ocradera. HoBas spa B anekTpo(M3MOIOTMM Hayagach IOCIE CO3MAaHHS METOAA IITY-KJIAMIT
(Heep n CakmaH), KOTOpPBI B COYETaHUH CO CTPYKTYPHBIMH HCCIICIOBAHUSMU U IPUBICUEHHEM
MYTaHTOB TO3BOJIMJI TNEPEHTH Ha YpPOBEHb HM3YYCHHs OJMHOYHBIX KaHajoB. Bce 3TM BOMpOCHI,
BKJIIOYast HOBEHILINE JJOCTHKEHNS, N3JI0KEHBI 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 SIBJICHHUH.
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 yCTaHOBWMJI MEXAaHHU3M JEHWCTBUS TajbBAHUYECKOIO JIIEMEHTA,
CBOOOHBIIN OT KOH(IMKTA C 3aKOHOM COXPAaHEHHS SHEPIHU.

Tak HaumHanace Ouodu3nka MeMmMOpaH, KOTOpass Ha CETOAHS pPaccMaTpUBAETC Kak pasael
MOJIEKYJISIpHOI Ouosiornu KieTku. [oBopst 0 MeMOpaHax, HMEIOT BBHYy HE TOJIBKO IUIa3MaTHYECKHE
MeMOpaHbl, HO U pa3jnyHble MeMOpaHHbIe 00pa30BaHus, HaXOAAUIMeCs BHYTpH KieTku. Ha ceromus
YCTAQHOBJIEHO, YTO MeMOpaHBl OCYIIECTBISIOT MHOXKECTBO BakHeHmmx ¢ynkimid. K ux umcmy
oTHOcsTCA: OapwepHas, wuH(opMamuoOHHas (TeHepauusi M IepeJada HEPBHOIO HMITYJIbCa),
npeoOpa3oBaHUe PHEPIHH, PEryJsAlMs, aKTHUBHBIA TpaHCHOPT. Bee 3TH QyHKINHM OCYIIECTBISIOTCS
Oenkamu 1 OENOK-TUMUIHBIMU KoMmIuiekcamu. Cnenys LpenuHrepy, MpUHATO pacCMaTpuBaTh WX 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 clydyac PaBHOBECHBIX cHcTeM — moteHian Heprcra. [lorteniuman
pacnpenenenus. llorenuman I'ub6ca-JlonHana. MemOpanubiii noreHuman (aud@y3noHHBINA) B
ciry4ae 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 MOTEHIMAaNa: TPAHCMEMOpaHHBIA, MOBEPXHOCTHBIH W TPAHWYHBIA IOTCHIUAJIBL,
BHYTpUMEMOpPaHHBIH CKauOK MOTCHLIUAA.

Mertonpsl M3MEpeHHsT BCeX KOMIIOHEHT MeMOpaHHOro MoTeHIHana: 3JekTpodope3 (ypaBHEHHE
CMOITyXOBCKOT0), M3MEpEHHE MPOBOAMMOCTH MeMOpaHbI 10 THAPO(GOOHBIM HOHAM NPH Pa3IndHON
HOHHOM cuie HMHAUPPEPEHTHOTO JIEKTPOJIUTa, KOMIIGHCAIMsI 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
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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
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1974.
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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.
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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: IIpuknagaple MaTeMaTHKa U (pU3NKa

npo¢ujib NOATOTOBKH: MenunuHcKas Gusnka u ononHpopMaTHKa
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

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

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

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl OIMCAHUS H3y4aeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbI HCCIIEOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydyenus aucuuiuinibl «bruoduzrnka MeMOpaHHBIX IPOLECCOB » 00YYaIOLIUICS JOIKEH:

3HAThb:

* CTPYKTYpy W QYHKIUU OMOJOTHUECKUX MEMOpaH;

* MOACIH MeM6paHHBIX mpoueccCoB;

* OCHOBHBIX IOJIOKEHUSAX MEXaHUKHU U AJIEKTPOCTATUKU MEMOpaH;

* DJKCIIEpUMEHTANbHbIC (PU3UYECKUE METObI UCCIIeI0BaHNs MeMOpaH;

* OCHOBBI TEOPETHYECKHX METOIOB aHAJIN3a CTPYKTYpPhl 1 MEXaHUYECKUX XapaKTePUCTHK MeMOpaH;
* DKCIIEPUMEHTANIbHbIC (DU3NUYECKUE METObI UCCIIEIOBAHUS CTPYKTYPbl MEMOpaH;

* OCHOBBI TEOPUHU YNPYTOCTH KUAKUX KPUCTAILIOB.

yMeThb:

° q)OpMy.]'II/IpOBaTB OcIn I/ICCJ'IG,Z[OBaHI/Iﬁ U CTAaBUTb HAYYHBIC 3aJa4d 110 MCXaHU3MaM IIPOTCKaHUA

MeMOpaHHBIX IPOIIECCOB;

* aHaNM3UPOBaTh (a30BbIC AUATPAMMBI MHOTOKOMIIOHEHTHBIX MEMOpaH;
. dbopMynHMpoBaTh IIEM MCCIICAOBAHUM M CTaBUTh HAy4HbIE 3aJadd I10 JIEKTPOJHMHAMHKE

OuosornyecKkux MemMOpas;

* pemiath ypaBHEHHUS MOBEICHUS OMOIOTHYECKUX MEMOpPaH B AJIEKTPUUECKOM I10JI€;
*  (opmynaupoBaTh LEIM WCCIEAOBAaHUI M CTABUTh HAay4HbIE 3aJa4d 10 HCCIECHOBAHUIO CTPYKTYPHI

MeMOpaH;

° OIIMCBhIBATH ITOBCACHHC MeM6paH C TOYKH 3pCHUA TCOpUH YHPYTroCTU 00BEMHBIX KHUIKNX

KPHCTAJIJIOB.
BJIA/IeTh:

* HaBBIKAMH B 00JACTH BEIYMCJICHHUS JIMHEHHOTO HATSIKCHUS T'paHUILBI ABYX M6M6paHHBIX (1)33;

¢ MCETOAAaMH BBIYHCIICHUA SHCPIUU I'PAHHUIBI PA3PbIBHOIO JIMITIMAHOI'O MOHOCJIOA;

* HaBBIKAMU B 00JaCTH QJICKTPOCTATUKHU MeM6paH;

¢ MCTOJaMH BbIYHCJICHUA MeM6paHHLIX IOTCHIIMAJIOB,

* HaBBIKAMH B 00JIacTU TCOpUHN YHPYTrOCTHU KXKUIAKUX KPUCTAJIJIOB B NPUMCHCHHUU K OMOJIOTHYECKUM

MeMOpaHawm;

¢* MCTOAAMH BBIYMCICHHA SHCPIUU TOIIOJIOTHYCCKUX MMEPECTPOCK OMOMEMOPAH
0 0



3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJIIO

Bo BpeMs TeKyIero KOHTPOJIst CTYJCHT JIOJDKEH YMETh OTBETUTH Ha CIIEIYIOLINE BOIPOCHI:

1. 3amaBasich TUNMHYHBIMHA 3HAYCHUSMH JUAJICKTPUYECKUX ITOCTOSHHBIX BOJHOTO pPAacTBOpa M
JUIUAHOTO OUCIIOS, a TaKKe paJlyCcoM HOHA M €ro 3apsiioM, OLEHUTh ¢ moMolibio (Gopmynsl bopha
paboty nepeHoca MoHa U3 MOJIIpHOH (as3sl B THAPOPOOHYIO.

2. OueHuTh BpeMs yCTaHOBJIEHUS NoTeHuuana HepHcra Ha munuaHoM Ouciioe, KOTOPBIH MPOHHUILIAeM
TOJIBKO JUIsl aHMOHOB (MJIM KaTMOHOB) OMHApPHOTO PacTBOpa MEKTpoiHuTa. Bpemsi oTcuuThIBaeTcs ot
TOT'O MOMEHTA, KOTJIa KOHLIEHTPALUs ¢ OAHOM U3 CTOPOH MEeMOpaHbl U3MEHSAETCS CKadKoM oT ¢l 1o c2.
3. Crnenarb TaKylo ke OLEHKY AJIs ciaydast A1udy3uOHHOTO MOTCHINAIA.

4. OcHOBBIBasACh Ha MaTepuale JeKIuH 4, TAe pedb Iulad O ABOWHOM BJIEKTPUUYECKOM CIIO€ OJUHOYHOM
MeMOpaHBbl, PEHINTh 337ady O paclpeeieHnH MOTEeHIMaaa MeXay AByMs MeMOpaHaMH, pacCTOSHHE
MEX]ly KOTOPBIMU MEHbIIE J1e0aeBCKON AITUHBI.

5. Hcnonb3yst pe3ynbraTsl 3aaud 4 HaWTH CHIIy pacTaJKUBAHUS JBYX MEMOpaH B JByX ClIydasx: a)
Korga (UKCUpOBaH MOBEPXHOCTHBIN NMoTeHIHMaN U 0) Korna ukcupoBaHa IUNIOTHOCTH MOBEPXHOCTHOTO
3apsja.

6. B nekumm 3, B TOH uacTH, IAe peyb LUIa O MEXaHUKE MEMOpaH, TOBOPUIIOCH O Pa3IUYHBIX
ne(opMalMOHHBIX MOJax, B TOM uHcie o aedopmanuu u3ruda. OCHOBBIBAsACh HA 3TOM M UCHOJB3YS
ypaBHeHHe Xenb(Pprxa, BBIYUCIUTh U3THOHYIO SHEPTHUIO JIMIIOCOMBI paguyca R.

7. B pasBurue 3amadun 6, BBIYUCIUTH padoTy, KOTOPYIO HAJO COBEPLIMTH, YTOOBI MPEBPATUTH
cepruecKyI0 JIMIOCOMY B IIMIMHIPUYECKYIO TPYyOKY TOH e IuIomau.

8. B mexumm 5, Berumciss pabory oOpa3oBaHuS TOPBI paadyca I, Mbl OCHOBBIBAJIUCH Ha
napaboIrMYecKol 3aBUCHMOCTH CBOOOJHOW SHepruu oT r. TpeOyeTcss OIEHWUTh, JO KakuX  3TO
MpUOJIMKEHUE CTIPABEJIMBO U CKOJIb BEJIMKA MMOTPEIIHOCTh IPU T > .

9. B nexunu 8 6bUI0 MOKa3aHO, KAK MOXKHO OLIEHUTh CKOPOCTh PACIPOCTPAHEHHS HEPBHOTO MMITYJIbCA
o maakuM BosiokHaM. [TonpoOyiiTe OLeHNTh, KAKOB BBIUTPHILI B CKOPOCTH BO3HUKAET MPH MEPEXoe K
MHETMHN3UPOBAHHBIM BOJIOKHAM.

10. U3 cooOpaxkeHnid pa3MEpHOCTH OLEHHUTH KaKO€ YHCIO MPOTOHOB MPH JAaHHOM A@ HE0O0XOmHMO
MIepEeHEeCTH B EIMHUILy BPEMEHH 4epe3 KaHajbl B CTATOpE BpalIalolIero MoTopa (areJuIspHbIX
OaxTepuii, 4TOOBI 00ECTIEYUTh CKOPOCTH BpalieHuss N 000pOTOB B CEKYHTY.

11. MuHuMU3UpYs CBOOOTHYIO PHEPTHUIO JIUIMAHON HAHOTPYOKH, HAWTH CBS3b €€ paanyca ¢ MOAYJIEeM
n3ruba U HaTSHKEHUEM.

Bo Bpemst 3aHATHII MOT'YT IPOXOANTH MHTEPAKTUBHBIEC OOCYKAEHUS B yaTax Kypca, 4To OyIeT SBIAThHCS
JOMallHUM 33JaHveM. BO3MOXXKHO BBINOJTHEHHME MATEHTHOTO TOHCKA B KA4ECTBE CaMOCTOSTENIBHON
3a1auy. YCIEIIHOE BBIOJHEHUE BCEX 3aJlaHHM 10 Kypcy U BBIIIOJIHEHUE KOHTPOJIBHBIX CPE30B 3HAHUM
JTAET MPEUMYILECTBO Ha 3K3aMEHE.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

3anauu.

1. 3apaBasich TUNWYHBIMH 3HAYCHUSAMHU JUIJICKTPUUYECKHX MOCTOSHHBIX BOJHOTO pacTBOpa H
JUIMUAHOTO OUCIIOS, a TaKKe pajliyCcoM HOHA M €ro 3apsiioM, OLEHUTh ¢ moMolibio (Gopmynsl bopra
paboty nepeHoca MoHa U3 MOJSIPHOH (as3sl B THAPOPOOHYIO.

2. OueHuTh BpeMs yCTaHOBJIEHUS moTeHuuana HepHcra Ha munuaHoM Ouciioe, KOTOPBIH MPOHHUILIAeM
TOJIBKO JUIsl @aHUOHOB (MJIM KaTMOHOB) OMHApPHOTO PacTBOpa MEKTpoiuTa. Bpemsi oTcuuThIBaeTcs ot
TOT'O MOMEHTA, KOT/Ia KOHLIEHTPALUs ¢ OAHOM U3 CTOPOH MEMOpaHbl U3MEHSAETCS CKadKoM oT ¢l 1o c2.
3. Cnenarb TaKylo ke OLIEHKY AJIs ciay4dast A1udy3uOHHOTO MOTECHIUAIA.

4. OcHOBBIBasCh Ha MaTepuaie JeKIuu 4, TAe pedb Iuld O ABOWHOM BJIEKTPUUYECKOM CII0€ OJUHOYHOM
MeMOpaHBbl, PEHINTh 337ady O paclpeeseHnd MOTeHIMala MeXay AByMs MeMOpaHaMH, pacCTOSHHE
MEXK]ly KOTOPBIMU MEHbIIIE J1e0aeBCKON AITUHBI.

5. Hcnonb3yst pe3ynbraTsl 3a1audl 4 HaWTH CHIIy pacTaJKUBAHUS JBYX MEeMOpaH B JByX CIIydasx: a)
Korja (UKCUpPOBaH MOBEPXHOCTHBIM MoTeHIHMaN U 0) Korna (pukcupoBaHa IUNIOTHOCTH MOBEPXHOCTHOTO
3apsja.



6. B nekumm 3, B TOil 4acTH, Ie peyb IUIAa O MEXaHHUKE MeMOpaH, TOBOPWIOCH O Pa3IMYHBIX
nedOopMalMOHHBIX MOJ]aX, B TOM 4Hciie 0 nedopmaruu u3ru6a. OCHOBBIBASCh HA 3TOM U HCHOJIb3YS
ypaBHeHUe Xenb(prxa, BRIYUCIUTh U3THOHYIO SHEPTHUIO JIMTIOCOMBI pajanyca R.

7. B pasButHe 3amaun 6, BBMHCIHTH pabOTy, KOTOPYIO HAJ0 COBEPIIUTH, YTOOBI HPEBPATHTH
chepuyecKyro JUMOCOMY B IIMIMHIPUICCKYIO TPYOKY TOH Ke Miomiau.

8. B umexmum 5, BeuuchAs pabory oOpa3oBaHMs TOPBI paaWyca I, Mbl OCHOBBIBAJIUCH Ha
napaboIrMYecKod 3aBUCHMOCTH CBOOOJHOW SHepruu oT r. TpeOyeTcsl OIEHWTh, JO KakuX  3TO
NpUOTIKEHUE CIPABEUIMBO U CKOJIb BEJIMKA IMOTPEIIHOCTh TIPH T > .

9. B neknuu 8 ObUIO MOKa3aHO, KAK MOXKHO OIEHUTH CKOPOCTh PacpOCTPaHEHUsI HEPBHOTO UMITYIbCa
0 TIIJAKUM BoJoKHaM. [lonpoOyiiTe OleHUTh, KAKOB BBIUTPHIII B CKOPOCTH BO3HUKAET TPH MEPEXoe K
MUEJIMHU3NPOBAHHBIM BOJIOKHAM.

10. U3 cooOpaxkeHHid pa3MEPHOCTH OICHUTHh KaKO€ YUCIO MPOTOHOB MpPU JaHHOM A@ HEO0OXOIUMO
MEPEHECTH B EIWHUIYY BPEMEHHM 4Yepe3 KaHallbl B CTaTope Bpallarollero Moropa (ruaresuisipHbIX
OaxTepuii, 4TOOBI 00ECTIEYUTh CKOPOCTH BpalieHuss N 000pOTOB B CEKYHTY.

11. MunuMu3upyst cCBOOOIHYIO SHEPTHUIO JUIUAHOW HAHOTPYOKH, HAWTH CBA3b €€ paanyca ¢ MOIyJIeM
n3ruda u HaTsDKEHUEM.

KonTtponbHbIe BONPOCHL.

1. BeBectu popmyny HepHera aBymMst cioco6aMu — TepMOAMHAMUYECKH U KHHETHYECKH.

2. Iomyuuts BeIpakeHUE AJs oTeHIMana Jlonnana.

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

4. llonmyuuTs BBIpaXEHHE Ui paclpenesieHus: mnoreHuuana B auddy3HoH oOKIagke IBOMHOTO
3NEKTPUYECKOTO cilosl. HaliTu pacnpenesieHne KOHUEHTPAaUui aHUOHOB U KATUOHOB B JIBOMHOM CJIOE.

5. OOcymuTh SMEKTPOCTATHKY MeMOpaH BKIIOYas BCE KOMIIOHEHTHI MEMOpPAaHHOTO IOTEHIUAa!
TpaHCMEeMOpaHHbBIH, TIOBEPXHOCTHBIN M IPAaHUYHBINA (MU TUTIOIBHBIH).

6. Pacckasare 0 TpEXx MeTomax H3MEpeHHs BCEX KOMIIOHEHT MEMOpaHHOTO MOTEHLHAsa: depe3
ypaBHeHHEe CMOIYXOBCKOTO, METO/ KOMIIEHCAlUd BHYTPUMEMOPAHHOTO CKauKa MOTEHIIMAJa, a TaKKe
METO/]], OCHOBAHHBIN Ha MCIIOIb30BaHUU TUAPOGOOHBIX HOHOB.

7. Merox ONTHYECKUX 30HIOB JUIS U3MEPEHUS TPAHCMEMOpPAaHHOTO HMOTEHIMajga — €ro MPUHIMI U
MpPUMEPHI UCTIONB30BAHMSA ISl PA3IMUHBIX CHCTEM.

8.  MemOpaHHBI TpaHCIOPT — CiIy4aidl NOABIXKHBIX MEPEHOCUMKOB (BaJMHOMMLUH). Teopus u
JKCIIEpUMEHTaJIbHAsl [IPOBEPKA.

9. Ocradernsiii nepeHoc. Caydyan MOCTOSIHHOTO U TIEPEMEHHOTO TOKA.

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

Kputepun onennBanus
Onenka ommuno (10 OGamioB) - BBICTABIISIETCSL  CTYHCHTY, TIIOKa3aBLIEMy BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM MpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka ommuHo (9 ©OamioB) - BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka ommmuHO (8 ©0amioB) - BBICTABISIETCS CTYACHTY, I[IOKa3aBIIEMy BCECTOPOHHHUE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.
Onenka xopoio (7 6aoB) - BEICTABISETCS CTYJCHTY, €CJIA OH TBEP/O 3HAET MaTepuall, TPAMOTHO H
[0 CYIIECTBY M3J1araeT ero, yMeeT MPUMEHAThH IOJIyY€HHbIC 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomo (6 0aoB) - BEICTABISIETCA CTYACHTY, €CJIM OH TBEPIO 3HAET MaTepuall, IPaMOTHO U
[0 CYLIECTBY M3J1araeT €ro, yMeer IPUMEHTh I0JyYeHHbIC 3HAHMUS Ha IPAKTUKE, HO JIOIYCKAaeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.



Ouenka xopomo (5 0auioB) - BBICTABISICTCS CTYISHTY, €CIH OH B OCHOBHOM 3HAaeT Marepuall,
IPaMOTHO M TO CYLIECTBY H3JIaraeT €ro, yMeeT IPHMEHSATh MOJyYCHHbIC 3HAHHMS Ha IMPAKTHKE, HO
JOIYCKaeT B OTBETE WIM B PEIICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

OmeHka ymoBIETBOPUTEIbHO (4 Oaya) - BBICTABISETCS CTYACHTY, IOKa3aBIeMy (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HaHWIl, HEIOCTaTOYHO MNpaBHJIbHBIC (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKOU MMOCIIENOBATEIBbHOCTH B U3JIOKCHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IpOrpaMMbl, HEOOXOAUMBIE JUIsl JajbHEHIIEero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OueHka ymoBineTBOpUTENbHO (3 Oayua) - BBICTABISETCS CTYACHTY, IMOKa3aBIIeMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciado
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHOH mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYJOBIETBOPHUTENHHO (2 Oanta) - BBICTABIISIETCS CTYICHTY, KOTOPBIN HE 3HAeT OOJbIIeH YacTH
OCHOBHOTO COZIEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

Ouenka HeynoBiaeTBOpuTeabHO (1 Gayur) - BBICTABISIETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
coziepKaHusi yd4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT TrpyOeiiniie ommoku B (GOpPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HAaBBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpPeIeIsONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHUH YCTHOro 3K3aMeHa oOydamomemycs npeaoctasisiercss 30 MUHYT Ha IOATOTOBKY.
Ompoc ofyuaromerocs 1o OwileTy Ha YCTHOM OJK3aMEHE HE JO/DKEH IPEBbIIIAaTh OIHOTIO
aCTPOHOMMYECKOTO yaca



