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AHHOTANMA

Henpto JaHHON TUCUUILIMHEL SBISETCS 03HAKOMJICHUE MATUCTPOB C COBPEMEHHBIMU SKCIIEPUMEHTAIBHBIMU U
TEOPETHUECKUMH JOCTIKEHUSIMH B (PU3UKE JIMITUAHBIX KUJIKOKPUCTAITMYECKUX MeMOpaH U WX TOATOTOBKA K
PEIICHUIO CIIOKHBIX 33Jlad B OOJacTH CO3JaHUWS W HWCCISNIOBAHUS CBOWCTB HOBBIX OHMOCOBMECTHMBIX
MarepHuaioB. DIIEKTPOCTATHKA JIMITUIHBIX OrciioeB. Pa3Hble THIIBI MEMOpaHHBIX MOTCHIIMANIOB. MeMOpaHHBIH
TPAHCIIOPT, BKIIIOYAs TIOJ[BIKHBIC TIEPEHOCUYMKM W KaHAJbl. OIJIEKTPO-BO30OYIMMEBIE Cpelbl. MexaHu3M
BO3HUKHOBEHHSI HEPBHOTO WMIYIbCA; CKOPOCTh €r0 PAaclHpoCTpaHEHHs. ODJIEMEHThl MeMOpaHHOU
OMOSHEPreTUKU. AKTHBHBIA TPAHCIIOPT M Pa3IUYHbIE MOTOpHI. JlaHHAas mporpaMma MIMPOKO HCTOIb3yeT
COBOKYITHOCTh 3HAHWM, MOJTYYCHHBIX U3 paHee YHTaeMbIX KypcoB. CTYIEHT Mocje OCBOCHHS Kypca OyaeT
MMOHUMATh CTPYKTYPY U (YHKIIUH OHOJOTHMYECKHUX MeMOpaH, MOJAETH MEMOpPaHHBIX IMPOIECCOB, OCHOBHBIX
MOJIOXKEHUAX MEXaHWKH W DJIEKTPOCTATHKK MeMOpaH, OSKCIEpPUMEHTAIbHbICE (QU3UYECKHE METO/bI
WCCIeOBaHUS MEMOpaH, OCHOBBI TEOPETUYECKHX METOJOB aHaim3a CTPYKTYphl W MEXaHHUYECKUX
XapaKTepUCTHK MeMOpaH, dKCIepUMeEHTalbHbIe (pU3MUecKne METOABI WCCIIEOBaHHS CTPYKTYphl MEeMOpaH,
OCHOBBI TEOPUHU YIPYTOCTH KUJIKUX KPUCTAIIOB.

1. leau u 3apauu

eap AUCUMNIMHBI

O3HAaKOMJIEHE MAarucTpoB C COBPEMEHHBIMH  JKCIEPUMEHTAIBHBIMH H  TEOPETHUYECKUMU
JTOCTHKEHUSIMH B (PM3HMKE JIUIUAHBIX KUAKOKPUCTAIUIMYECKUX MEMOPaH U UX MOATOTOBKA K PELICHUIO
CJIOKHBIX 3aJa4 B 00JIaCTH CO3[AaHHUS M MCCIIEIOBAHUS CBOMCTB HOBBIX OMOCOBMECTHUMBIX MaTEpUaIOB.
DJIeKTpOCTaTHKA JMMNUAHBIX OucinoeB. Pa3Hble TUIBI MeMOpaHHBIX TMOTEHIMANIOB. MeMOpaHHBII
TPAHCIIOPT, BKJIIOYAs MOJABMKHBIE NEPEHOCYMKH M KaHAJIbl. DJIEKTPO-BO30yAMMBIE cpenbl. MexaHu3m
BO3HMKHOBEHHUSI HEPBHOTO HMITYJIbCa; CKOPOCTh €ro paclpoCTpaHEHUs. DIEMEHTHl MeMOpaHHOMH
OMORHEPreTUKU. AKTHBHBI TpPaHCHOPT M pasziIuuHble MOTOpbL. JlaHHas mnporpaMMa LIMPOKO
UCIOJIb3YET COBOKYIIHOCTD 3HAHUM, IIOJY4YEHHBIX U3 paHee YUTAEMBbIX KYPCOB.

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

* HayuyuTb CTYJEHTOB IIPUMEHEHHIO AJAlTHUPOBAHHOM TEOPUM YIPYIOCTH >KUIKUX KPUCTAJUIOB IS
OLIGHKU HEPTUH U BBIYMCICHUS (OPMBI MEMOPAaHHBIX CTPYKTYP;

. HAyYUTh CTYACHTOB MPAKTHUYECKOMY INPUMEHEHUIO METOIOB M IOAXOJ0B OHOIEKTPOXUMHUHU
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 Brnameer mnpodeccHOHANLHOW TEPMUHOIOTHEH,
WCIIONIE3YyeMO B COBPEMEHHOH  HAyYHO-TEXHUYECKOU
nuTeparype, o0nagaeT HaBBIKAMH YCTHOTO M MUCHMEHHOTO
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 Crniocoben OLICHUBAaTh aKTyaJIbHOCTh
Ha HAYYHOM sI3bIKe ()OPMYITUPOBATh WCCIEeOBaHUN B 0O0MAcTH CBOeH MpodeccHoHaIbHOM
npodeccruoHaIbHbIC 33]1aun JESATENBHOCTH M UX MIPAKTHUECKYIO0 3HAYMMOCTD

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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON

IIK-1 Criocob6en craButh, GOpPMaIU30BEIBATE U |ACATCIIBHOCTH




pemarh 3a/1auu, B ToM uncie pa3padarsiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOJyYaTh |MOJEIIN

HOBBIC

Hay4HBIC PE3YIIbTATHI [IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pE3yNbTaThI

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

3HATb.

YMETB:

* 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.

*  (opmynupoBaTh LIENU HCCIECAOBAHWN M CTaBUTh Hay4yHbIC 3aJadd 110 MEXaHM3MaM IPOTEKAHUS
MeMOpaHHBIX IPOIIECCOB;

* aHAJIN3UPOBATh (Pa30BBIC TUATPAMMbI MHOTOKOMIIOHEHTHBIX MEMOpaH;

. (GopMynHpoBaTh IIETM HCCICAOBAHUI M CTaBUTh HAay4yHBIC 3aJaddl 110 3JIEKTPOIUHAMHUKE
OHMOJIOTHYECKUX MEMOpaH;

* pemarb ypaBHEHHUs MIOBEICHHS OMOJIOTHIECKUX MEMOpPaH B AJIEKTPUIECKOM I10JIC;

*  (opMyaHpOBaTh LEIHU HCCIECAOBAHUN M CTAaBUTh HAYYHBIE 33/1a4d 110 MCCIEIOBAaHUIO CTPYKTYpBI
MeMOpaH;

. OIUCHIBATh TOBEIEHHE MEMOpaH C TOYKH 3pPEHHS TEOPUH YIPYTrOCTH OOBEMHBIX >KHAKHX
KPHCTAJLJIOB.

BJIAJIETh:

* 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;

* HaBbIKAMU B OOJIACTH TEOPHUHU YNPYTOCTH JKUAKHX KPUCTAJUIOB B NMPUMEHEHHH K OHOJIOTMYECKHM
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 nexuuu paccMOTpeHBI Ba THIA HACOCOB — HATPUEBBIH M MPOTOHHBIN, T.e. Nat/K+-ATdaza u
H+-AT®a3a, a Taxke Bpamarommii MoTop (areuisipHbIx Oakrepuil. CTPYKTypa 3TUX CHUCTEM YKe
M3BECTHA, HO MEXaHU3M MX ACUCTBUS OCTaérca Ha craguu u3ydeHus. OOCykaas 3TOT BOIPOC MBI
O0azupyemcsi Ha paborax Jloiirepa, Amens, CokonoBa C COTpyAHHKaMH W JAp. (CM. CIHCOK
muteparypsl). CornacHo Jloiirepy, HaTpueBbIi HAcOC B MCXOAHOM COCTOSHMM MMEET JiBa KaHaja
JI0CTyTIa, KOTOpBIE pa3zielieHbl BEICOKMM OapbepoM. Beenenne ATD pagukanibHO U3MEHsIeT npoduib
SHEPruM, TaK YTO MOH HATPHS MONAAAET B COCTOSHUE OKKIIO3HH, B KOTOPOM OH dHEPre3upoBaH, HO
OTzeNEH BBICOKMMHM OapbepamMH CiieBa U CIIpaBa. JTO COCTOSHUE METAcTaOWIBHO M ClIeIyroliast
CTazusl COCTOUT B MCUYE3HOBEHHHM NPABOro Oapbepa, Tak YTO MOH HATPHUs CKAaTBIBACTCS B IMPAaBbId
KaHaJl JOCTyIa, a 3aTeM IEePeXOAUT B MpaBblil pacTBOp. B kakom-TO cMmbicie Hacoc paboTaeT Kak
mudT, KoTopblii 3a cuér sHepruu ATD nogHMMaeT WOH HATPUsl BBEPX IO DHEPTUH, a 3aTeM
OTKpBIBaeT MpaBble BopoTa. Jlamee B jekuuu paccMoTpeH MexaHu3m aenctBus H+-ATdazsl, e
KIIIOYEBBIM SIBJIISIETCA  BpallleHHE Y-CyObEAMHHUIBI, KOTOpPOE HAIOMHHAET pOTOpP B CiIydae
¢naremnapubix  Oaktepmii. Jlasee mpuBeseHa MpocTas OLEHKA YHCJIA TPOTOHOB, KOTOpPHIE
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 IUIa3MaTHYecKkod MeMOpaHoW. PaspeiB ocymectBisercss OekoM
muHaMuHOM B mipucyTcTBuU [ T®. HoBeiimue nanapie 00 3TOM IpoIecce MOyYeHBl Ha MOIEIhHOM
HAHOTPYOKe, KOTOpas BBITSATMBAETCS MAITY-NUIETKON M3 IUIOCKOTO OMCIIOf. DIeKTpUuYecKasl Lemb
YTpOEHA TaK, YTO UMEETCS] BOSMOXKHOCTb U3MEPATH TOK, TEKYIIMH Yepe3 HaHOTPYOKyY omnpeneiEHHOM
JUIMHBI TIPY 33JaHHOW Ha KOHIAX TPYOKHM Pa3HOCTH TMOTEHIMAaNoB. TakuM crocobom ymaércs
HU3MEPUTH PAagUyC HAHOTPYOKHM M ONpPENeNuTh MOAYJIb M3rMda, eciM W3BECTHO HaTsbKkeHue. bernok
JIMHAMMH, KOTOPBIH BBOAUTCS B pacTBOP, afAcOpOUPYeTCsl Ha MOBEPXHOCTH HAHOTPYOKH B BUIIE KOJIELl
U CKMMaeT €€ 10 ONpeNenéHHOro paguyca, HO He IPUBOANT K AelieHnto. Eciin ke Tenepb BBECTH B
pactBop I'T®, To KOJIBLIA Pa3pyIIAIOTCS, HAHOTPYOKA JIOKAIBHO MTPOBUCAET M 00pa3yeT HHTepMeaAnar
JeJIeHUs, YTO B KOHEYHOM CU€TE NPUBOIAUT K Pa3pbiBy HAHOTPYOku. B nexuuu OyayT H3IOKEHBI
[IOJIyYEHHBbIE PE3YJIbTaThl, a TAaKXKe BBITEKAIOLIME M3 HUX TMIIOTE3bl O BO3MOXKHOM MEXaHU3MeE
rpouecca JeIeHHs.

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



Oco0blii uHTEpeC npeAcTaBisitor Na+- u K-+-kaHanel, T.K. IMCHHO OHU OTBEUAIOT 3a TeHEPaIlUIo U
pacrpocTpaHeHUE  HEpPBHBIX  UMIYJIbcoB. OCHOBa  COBPEMEHHBIX  IIPEJACTABICHUH O
¢ynknnonnpoBanun Na+ u K+-kaHanoB Oblna 3ajiokeHa B KiaccH4ecknx paborax XOmKKHHA U
Xakcmu. B pesymbrate 3TMX  HMCCIEIOBAaHMW  YJAJIOCh  OCYIIECTBUTh  (DYHKIMOHAIBHYIO
PEKOHCTPYKIMIO 3THX KaHAJIOB, OCHOBBIBASICh HA U3MEPEHUAX KMHETHKH MOHHBIX TOKOB B YCIIOBHUSX
¢dukcau MeMOpaHHOTO MOTEHIIAIA pa3Hoil BennduHbL. [IpuMensis 6mokatopel Nat+- u K+-xananoB
yAAJIO0Ch pazaenabHo u3MepuTh Na+- u K+-toku. OCHOBBIBAsICh Ha 3THX pe3y/bTaTax ObLIH MOIYYEHBI
BOJIBTAMIIEPHBIC XapaKTEPUCTHKH KaKIOTO M3 TOKOB. Mol KaHalla BHIIVIsIeNIa Kak COBOKYITHOCTD
ClleAylonMX  (QYHKIMOHANBHBIX  OJOKOB:  WOHOQOPHBI  yYacTOK,  AaKTHBAallAOHHbIE U
MHAKTUBAIIMOHHBIE BOPOTA, @ TAK)KE CEHCOPHI MEMOPAHHOTO IMOTEHIIMANA, YIIPABIISIOIINE BOPOTAMHU.
KonmnyecTBeHHO [eHCcTBHE KaHAJOB OIMMKCHIBAIOCH C IOMOIIBIO YpaBHEHUH XOMKKHWHA-XaKCIH.
BaxHO TOMYEpKHYTh, YTO BCE M3MEPEHHs MPOBOAWINCH Ha MaKPOCKOIMMYECKOM Y4YacTKe aKCOHa,
npu4éM MEXaHN3M MEepeHOCca HOHOB OCTaBajICSd HEU3BECTHBIM — TO JIM MOJBHKHbBIE TIEPEHOCYUKH, TO
mu acragpera. HoBas spa B anmekTpou3MOIOrHM Hayalach MOCIE CO3MaHUS METoJa MITY-KIaMIl
(Heep n CakmaH), KOTOpPBI B COYETaHUH CO CTPYKTYPHBIMH HCCIICIOBAHUSMU U IPUBICUEHHEM
MYTaHTOB TIO3BOJIMJI TEPEHTH Ha ypOBEHb M3Y4YCHHUS OJMHOYHBIX KaHAJIOB. Bce 3TH BOIpOCHI,
BKJIIOYast HOBEHILINE JJOCTHKEHNS, N3JI0KEHBI B TAHHOMN JICKIHH.

4. K ucropuu npenmera.

Ot »nekTpuuecKux pbl0, M3BECTHBIX CO BPEeMEH AHTUYHOCTH, 10 omblToB l'anbBanu u Bombra,
KOTOpBIE TOJOXKMJIM HayajJO0 HAy4HOMY IOAXOAY K HW3YyYCHHIO MEMOpPaHHBIX SIBICHUIL.
Hpamarndeckuit qucyT ['anpBanu 1 BonbTa mpuBEN K IByM BEIIMKAM OTKPBITHIM: OBLIO JIOKa3aHO
CYLIECTBOBaHHE <GKUBOTHOTO» JJIEKTPUUYECTBA W OOHApYKEHA KOHTAKTHAS Pa3HOCTb MOTEHIHAJIOB.
Hecmotps Ha ommO0YHYI0 TPAKTOBKY «METAJUIMYECKOTO» JIEKTpHUecTBa BosbTa co31an HCTOYHUK
TOKa, KOTOPBIA MCXOJHO MOJYYHJI Ha3BaHHUE «BOJIETOB CTOJIO», a 3aT€M — raJlbBAaHUUECKHUI AJICMEHT.
Uepez MHorue romel Papageil yCTaHOBWI MEXaHU3M JECHCTBHSI TajJbBaHUYECKOIO DIIEMEHTA,
CBOOOHBIIN OT KOH(IMKTA C 3aKOHOM COXPAaHEHHS SHEPIHU.

Tak HaunmHamace Ouodus3Mka MeMOpaH, KOTOpass Ha CETOAHA pPacCcMarpUBaeTCs Kak paszel
MOJIEKYJISIpHOI Onosiornu kietku. [oBopst 0 MemOpaHax, UMEIOT BBUY HE TOJBKO IUIA3MaTHUECKUE
MeMOpaHbl, HO M pa3IMuHble MeMOpaHHbIe 00pa30BaHusl, HAXOAIIUeCs] BHYTpH KieTku. Ha cerogns
YCTAQHOBJIEHO, YTO MEMOpaHbl OCYIIECTBISIOT MHOXKECTBO BakHeHmux ¢ynkumi. K ux uymcmy
oTHOCsATCA: OapwepHas, wuH(opMamuoHHas (reHepauusi M IepeJada HEPBHOTO HMITYJIbCa),
npeo0pa3oBaHUe PHEPIHH, PETYIAIMS, aKTUBHBIM TpaHcropT. Bee 3T (QyHKIMM OCyIIeCTBISIOTCS
Oenkamu 1 OENOK-TUIUIHBIMU KomIuiekcamu. Cnenys L penunrepy, IpuHATO paccMaTpyBaTh UX Kak
MOJIEKYJISIPHBIE MalIMHbI, a KIETKY — KakK 3aBOf, KOTOpPbIM COCTOMT M3 MHOrux IexoB. Bce atu
BONIPOCHI OyIyT PacCCMOTPEHBI B MOCIEAYIOMIUX JIEKIHIX.

5. MemOpaHHBIE ITOTCHIHAIBI.

Onexkrpoxumudeckuii noreHuman. llorenuman [aneBanu, moteHuman Bossra. PaGora BhIxona.
MeMOpaHHBI TIOTEHIIHAT B Cllydyae PaBHOBECHBIX cucTeM — morteHnuan Hepucra. [Torennman
pacnpenenenus. llorenuman I'uG6ca-HonHana. MemOpannslii noreHuuan (aud@y3suoHHBIR) B
ciry4ae HepaBHOBECHBIX cucTeM. Ilorennman 1lnanka, morennnan I'onpamana.

JIBOMHOM ANEKTPUUYECKUM CIION: pacupenesieHHe NOTEHIMAaNa U KOHUEHTPAUH HOHOB Y 3apsKEHHOU
rpaHunbl  MeMmOpanbl. lloHsiTHE 0 MUKpomoTeHIMalie, MeToA ero pacuéra. KoMmoHEHTHI
MEeMOpaHHOTO IOTEHIMaNa: TPAHCMEMOpAHHBIA, MOBEPXHOCTHBIH W TPAHWYHBIM IOTEHIHAIBI,
BHYTpUMEMOpPaHHBIH CKauOK MOTCHLIUAA.

Mertonpsl W3MeEpeHHsT BCEX KOMIIOHEHT MeMOpaHHOro MOTeHIHana: 3JekTpodope3 (ypaBHEHHE
CMOITyXOBCKOT0), MU3MEPEHUE MPOBOAMMOCTH MEMOpPaHbl MO IHMIPOPOOHBIM HOHAM TPH PA3TUIHOM
HOHHOM cuie UHANGGEPEHTHOTO JIIEKTPOINTA, KOMIEHCALUs BHYTPUMEMOPAHHOTO IIOJI,
mATY-KIaMil. Meton (ryopecieHTHBIX 30H/I0B.

6. MeMOpaHHBIN TPAHCTIOPT.



Bo BBOJHOM JiekniK | TOBOPUIIOCH O TOM, 4TO OaphepHas GyHKIUS MeMOpaH KpaiiHe BaKHa, T.K. OHa
MOAJICP)KUBACT WHAWBUAYaJIbHOCTh KIETKH W €€ cocraB. bapbepHble CBOHCTBa OMOMeMOpaH
o0ecrieyeHbl HU3KOW JUIJICKTPUYECKOW MOCTOSHHOW (¢ ~ 2-3) obmactei ruapodOOHBIX XBOCTOB
JUMUAHBIX MOseKy1. OueHKH BBICOTHI Oaprepa mo gopmyne bopHa maror Bemmamaer > 100 kT s
MasbIX ruApo(HILHBIX HOHOB, Takux kak H+, Na+, K+, ClI. Cutyauus ¢ ruapohoOHBIME HOHAMU
BBIIVISITAT TI0 MHOMY, OH MMEIOT 3HAYHUTENbHBIN KOA(QPHUIUEHT pacipeaeieHus Boga—Tuapohoonka
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
MOCJICTHEM ClTydae 0COOEHHOCTh TPAHCIIOPTa COCTOMUT B TOM, YTO OH SIBIISICTCS OAHOPSAHBIM. Teopus
U OKCIIEPUMEHTAJbHBIE HCCICIOBAHUS ITUX BAPHAHTOB WHIYLMPOBAHHOTO HOHHOTO TPAaHCIIOPTA
JeTaIBHO OIMCAHBI B JIAaHHOH JICKIIHH.

7. MeM6paHBI BO BHCIIHUX JJICKTPHUYCCKUX TTOJIAX.

Kitetka nnm nunocoma, HecyIMe Ha TIOBEPXHOCTH AIEKTPUUECKUN 3apsij, ABUXKYTCA B MOCTOSHHOM
IEKTPUUECKOM II0OJE€ € IIOCTOSIHHOM CKOpOCTBbIO, KOTOpas OINpeneisieTcs ypaBHEHHEM
CMonyXoBCKOro. B mepeMeHHOM 3JEKTpUYECKOM IIOJI€ BO3HHMKAeT T.H. Audnekrpodopes. Kaxnas
KJIeTKa 00peTaeT OmnpeaeNEHHbIA IEKTPUUYECKUH MOMEHT, B pe3yJbTaTe 4ero OHU BBICTPAUBAIOTCS
0 CHUJIOBBIM JIMHUSIM TI0JIS, IPUTATUBAIOTCS APYT K APYTY U BTSATMBAIOTCS B 00JACTh MaKCUMAJIBHOTO
nond. Ilpu yBennuenun HanpspKEHHOCTH KIIETKH Ae(OpMHpPYIOTCS, a 3aTeM, B 00JIaCTH IOJIOCOB
MPOUCXOAUT SIBJICHUE 3MeKTponopauru. OHO OBUIO JOCKOHAJIBHO M3YyYEHO HA IUIOCKUX OMCIONHBIX
munuHEIX MeMOpanax (BJIM). Bpewmst sxu3an BJIM 3aBHCHT OT aMILTUTY/IbI IPUIIOKEHHON Pa3HOCTH
MOTHUMAJIIOB M JIMOUAHOTO cocCTaBa. B 1MaHHOW JeKuuyd mNoAPOOHO H3JIOKEHBI PE3yJAbTaThl
9KCIIEPUMEHTOB U COOTBETCTBYIOIIAs TEOPHUsI, KOTOpasi OXBaThIBAET Kak HEOOPAaTUMBIN MPoOOH, Tak U
o0paTHUMBIH, KOTOpBIA peanusyercsi Toiabko B ciydae bJIM  ompenenénHoro cocrasa.
DnexTponopanys UMeeT psii OMOMEAMIMHCKUX M OHMOTEXHOJOTMYECKHX HPUIIOKEHUH, BKIIIOYAs
3NIEKTPOTPaHCPEKLHUIO, TPAHCIAEPMATBHYIO SJICKTPOTEPAIINIO U TUATHOCTHKY.

8. Cnusnne meMOpaH.

CinusiHMe pa3IM4YHBIX MEMOpaHHBIX OOpa30BaHWI — BaKHEWIEE SIBICHUE B JKU3HH KIECTKH.
MexaHu3M ClHsSHUS ObUT yYCTAQHOBJIEH Ha MOJENU JBYX IUIOCKUX JIHMITUAHBIX OHCIOEB, KOTOPHIC
COJIMKAITUCH C TIOMOIIIBIO THAPOCTATHYECKOTO AaBIICHUs. DKCIIepUMeHTh MenuksHa, YepHoMopauka
U JIp. IOKa3aJM, YTO MEPBOM CTaIUei mporecca sBIsSeTCs MOHOCIOWHOe ciaustaue. OHO TPOUCXOAUT
nyTéM 00pa30BaHMs MEPEMbIYKH, ITOTYYUBILIEH HAa3BaHUE CTAJKa. TE€OpHs CTAIKOB U MOCIEAYIOUINX
cTaauii WX SBONIOIMU Obuta paspaboranHa KoszmoBeiM u MapkuHbIM. BBIIO MOKa3aHO, 4TO HMCXOJ
nporecca ONpPEAeNseTCs MOJICKYISIPHON TeOMeTpUel JIMIHUIHBIX MOJICKYJ], BXOISIIMX B COCTaB
oucioés. Jlanee ObUTO yCTAHOBJIEHO, YTO MEXaHU3M CTAJIKOB YHHBEpCaJICH. DTO OBUIO JI0Ka3aeo Ha
OpUMepe BHUPYCHOTO CIHSHHS, T.K. B JTOH CHCTEME EIMHCTBEHHBIM (DbIO3OTCHOM SIBIISIOTCS
MOJIEKYJIbl TeMarrIlOTHHHHA, CTPYKTypa KoTtopsix mpu pH7 m pHS Obula m3BecTHa ¢ aTOMHBIM
paspemenuneM. CpaBHHUTENBHO HelaBHO B nabopatopuu Pormana (CIIIA) 6bu10 J0Ka3aHo, 4TO MpH
9K30LIMTO3€ CHHANTHYECKHUX ITy3BIPHKOB, TIe poib (pro3oreHoB urpatot Oenku SNARE, paboraer
MEXaHM3M CTaJKOB. B 1MaHHOH JieKIMM TOIPOOHO OOCYXKICHBI TEOpUS M pa3i4yHbIe
IKCTIEPUMEHTAIbHBIE TIOXOAbI K N3YYCHUIO MEXaHH3Ma CIIHSTHUSI.

9. CtpykTypHas opraHusamnus OnoMeMOpaH.

Xumudeckuid coctaB MeMOpaH. AMmduduisHas npupoaa Qocdonunumaos, obecrieuuBaromas Hx
OWCIIOIHYIO OpraHW3alMi0 B BOXHOM OKpYyKeHHMHU. JlarepanpHas opranm3anus. Kumko-mo3zandHas
Monenb 3uHrepa W HuxombcoHa. EE coBpeMeHHble MoAM(HKALNNK, KOTOpble  NPUBEIN K
NPE/AICTABICHUSAM O CIOKHOW HWepapXuu JHUIMUAA-OCIKOBBIX CTPYKTyp. lloHSATHE O JMNHIHBIX |
TUNUA-0enKoBbIX padTax, B KOTOPBIX JIMIHIHAS KOMIOHEHTA HaXOAUTCS B JKUIKO-YIOPSIOYCHHOM
COCTOSIHUM. ODKCIIEpUMEHTAIbHOE OOHapyXeHHe padTOB — MHUKPOHHBIX M HAaHOMETPOBBIX — B
MOZEIBbHBIX JIMIUIHBIX CHCTEMax. Teopus oOpa3oBaHMS M POCTa JIMIHUIHBIX padToB B YCIOBHAX
MEePECHIIIECHNs, BKIOYAIONasi CTaAUd HYKJICAaluH, HE3aBUCHMOTO POCTA, KOAICCUCHIUH, CIHSIHUC
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 mnocnenHue rompl MOMYYHMIM Pa3BHTHE HEHMHBA3WBHBIC METONIBI W3YYCHHUS BHYTPHUKICTOUHBIX
npoueccoB. OHU TO3BOJISIIOT IPOABUHYTHCS B ()EHOMEHOJIOTHH KU3HH KIIETKU, HO HUYETO HE JaI0T B
CMBICIIC TIO3HAHUS YCTPOMCTBA M MEXaHW3Ma JIEHCTBUS MOJICKYISPHBIX MAIlWH. 31€Ch Ha IOMOILb
MPHUXOMISAT MOJIENIH, MakCUMallbHO TPUONIDKEHHBIE K OmocucreMam. B 3ToM miaHe 0ocoOyro podib
UTPAIOT IUIOCKUE JIMOHIHBIE OWCIOM M JIMIOCOMBI, B KOTOPBIX YHa€rcs PEKOHCTPYHPOBATh
paznuyHble OesNKW M mentuasl. Huke mepeducieHbl Te KOHKPETHBIE BOIPOCHI, KOTOPbIE IOJDKHBI
OBITH pelIeHBI JUTS YCIEITHOTO MOACTHPOBAHHS KOHKPETHBIX OMOCHCTEM.

[Inockue OuciioM M JIMNOCOMBI KaK MOAENH MJsl W3yYEHHUs] CBOWCTB JIMIHMOHOW KOMITOHEHTBI
KIETOUYHBIX MeMOpaH. HarsokeHne ¥ MOBEpXHOCTHOE JaBiieHHe. JIMdNeKTpudecKne CBOWMCTBA.
Koaddunuentsr narepanvHoit nuddysun. IIpoBomnMOCTh MOIENIBHBIX M KIETOYHBIX MeMOpaH.
MemOpana kak kujkuii kpucrami. OCHOBHEIE Jie(hopMaIlMOHHBIE MOJIBI: U3THO, pacTsKeHUE-CKATHE
U THAT. TUNHYHBIE 3HAYCHUS BCEX MOZIYIIEH.

MornekynsipHble MallUHBI KJIETKH MPUHATO JEIUTh HA JIBE KAaTETOPHH: NPEACYLICCTBYIOLINE, TaKUe
KaKk MOHHBIE KaHAJIbl M HACOCHl, a TakKXe TPAH3UTOPHBIE, KOTOpble COOMpAIOTCS IO Mepe
HeoOxonumoctu. Hanbonee sipkue npumepsl, 3T0 MalllMHBI, OTBEYAIOIINE 32 CIUAHUE (PK30LIMTO3) U
neneHue (FH0MUTO3) MeMOpaH. ITH BOMPOCH MOAPOOHO OCBEIIEHBI B teknusx 11 u 12.

11. DnemenTH MEMOpPaHHOM OMOIHEPTETHUKH.

3agaya JaHHOM JIEKIMH COCTOMT B TOM, 4TOOBI OOpaTUTh BHUMAaHHE Ha HEKOTOPBIC AaCIEKTHI
MeMOpaHHOI OMOYHEPreTHKH C TOYKH 3peHHs OmolsnekTpoxuMuu. B omHoW m3 crareit Mutdemnn
NOAYEPKUBATI, YTO MUTOXOHJPUS — 3TO TOIUIMBHBIN JIEMEHT. DTO YTBEPKICHHUE HE COBCEM TOYHOE.
[IpaBuiibHEE TOBOPUTH O TOM, YTO TOIUIMBHBIM DJIEMEHTOM SIBIISICTCS JbIXaTeIbHAs LElb, KOTOPBIH
compsk€H C xuMmMudeckuM peaktopoM — H+-AT®azoi, kotopas mnpeBpamaer AP B ATO.
[Tnanupyercs Takxke oOCYIUTh MIACK BuiibsiMca, COIIACHO KOTOPOI MPOTOH MEPEHOCHTCS K MECTY
notpebieHus: He uepe3 00bEM MUTOXOHAPHUH, a JaTepaibHo, B Xoje uddy3uu Baoip MmeMOpansl. B
JUTEpaType OO0 CHX HOp HWAYT JAUCKYCCHH IO 3TOMY IIOBOXY, HO Hpupoma Oapbepa, KOTOPBIH
yAEp’KUBAET MPOTOHBI Y caMoii MEMOpaHbI, IIOKa HE BBISICHEHA.

12. DneMeHThI TEOpUH BO3OYIUMBIX CPE.

[pocreitmumii npumMep BO30YAMMOM Cpeibl — 3TO OJUHOYHOE HEPBHOE BOJIOKHO. MI3BECTHO, YTO €ro
JIOKaNbHAsl ~ JAENONApU3aldsg  NPUBOAUT K  TEHEpallMM  HEPBHOTO  HMMIYNbCa, KOTOPBIH
pacrpocTpaHsieTcsi C IOCTOAHHOW ckopocThro. Ha s3pike W.IIpuroxkuHa HEpBHBIA HMITYJIBC
MpeacTaBiasieT Cco0OW  MPOCTPAHCTBEHHO-BPEMEHHYIO  JUCCHIIATHBHYIO  CTPYKTypy. Bakno
MOAYEPKHYTh AHAJOTUIO MEXAy PpaclpoCTpPaHEHWEM HEPBHOTO HMITylTbca M (pPOHTA IJIaMEHH,
CKakeM, BIOJb OMK(oOproBa mHYypa. B mpuHuMnE MOXHO HATH CKOPOCTh HEPBHOTO HMITYJIbCA
OCHOBBIBAsICh HA YPAaBHEHUAX XOIKKHMHA-XAKCIIH, XOTs IIyTh 3TOT OYEHb CIOXKEH. B TaHHOM JieKknuu
MbI 00CYX/1aeM JIpyroi MOAXOMA, OCHOBAHHBIM Ha aHAIM3E Pa3MEPHOCTEH W BBEIEHUM MEMOPaHHOIO
rereparopa toka (Mapkun u Ynsmamkes, buodusuka, 1968 r.).

Baxuplii mpumep BO30yAMMOH cpelbl — O3TO HEPBHO-MBIIICYHAs TKaHb CepAlla, KOoTopas
MOJEJINPOBANACh C MOMOIIBIO TU(PHY3HOHHO-XUMHUECKOW CUCTEMBI, Npe1iokeHHoH YKaboTHHCKUM
n KpunckuMm. OTa Mozaenb MO3BOJNIMIA HPUONM3HUTHCA K ONUCAHMIO SBIEHHUS (DUOPHILIALNH,
uMmeroniero OofpIIoe MeAUKO-OMonoruyeckoe 3HadeHue. Kpartkoe oOcyxkieHue 53TUX MpodieM
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
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15. Umsmamkes FO.A., Uepnomopauk JI.B., [Tactymenko B.®., Adunop WU.I. Dnexrpuyeckuii npoboit
OucnolHBIX TUNUIHBIX MeMOpaH. (O630p) Utorn Hayku u Texauku. buodusuka, 1.2. M.: BUHUTH,
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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)

CTyneHT, W3ydYarolmMi JUCIUIUINHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.



B pe3yabTaTe U3YyUCHHUA AUCHUIUIMHBI CTYACHT AOJIKCH 3HAaThb OCHOBHBIC ONPEACIICHUSA NUCHUIIINHBI,
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 yd4eOHOro MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcs 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPaBJIEHHIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: MenunuHcKas Gusnka u ononHpopMaTHKa
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadeapa QUMK KUBBIX CHCTEM

Kypc: 1

KBaJU(PUKAHA: 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 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YeMOH B COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCHMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHU B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHT
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (WIn)
JKCIIEPUMEHTAJIbHBIE METOIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
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:

° (bOpMy.]'H/IpOBaTB Jatsaest I/ICCJ'IC,I[OBaHI/Iﬁ U CTAaBUTb HAYYHBIC 3aJla4¥ [0 MCXAHU3MaAM MNPOTCKAHUS

MeMOpaHHBIX IPOIIECCOB;

* aHaNM3UPOBaTh (a30BbIC AUATPAMMBI MHOTOKOMIIOHEHTHBIX MEMOpaH;
. dopMynupoBaTh €M MCCIEAOBAHUI M CTaBUTh HayyHbIE 3aJaddl 10 3JIEKTPOIUHAMUKE

OuosornyecKkux MemMOpas;

* pemiath ypaBHEHHUS MOBEICHUS OMOIOTHYECKUX MEMOpPaH B AJIEKTPUUECKOM I10JI€;
*  (QopMynrpoBaTh LETH WUCCICAOBAHUM M CTaBUTh HAYYHBIC 3a/1a4d 10 HCCICIOBAHUIO CTPYKTYPHI

MeMOpaH;

° OIIMChIBATH IIOBCICHHC M€M6paH C TOYKH 3pCHUA TCOpUHU YHPYTOCTHU 00BEMHBIX KHUIKHUX

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,

* HaBEIKAMHU B 001acTH TCOpUHN YHPYTOCTHU KUJAKUX KPHUCTAJUIOB B MPUMCHCHUU 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
JMIUAHOTO OMCIIOS, a TaKKe PaAMyCcoOM HMOHA M €r0 3apsA[oM, OLEHUTH ¢ momomuibio (Gopmynsl bopha
paboty nepeHoca MoHa U3 MOJIIpHOH (as3sl B THAPOPOOHYIO.

2. OueHuTh BpeMs YCTaHOBICHHUS MoTeHIMana HepHera Ha TUNUIHOM OMCIIOE, KOTOPBIN MPOHULIAEM
TOJIBKO ISl @aHUOHOB (WJIM KaTMOHOB) OMHApHOTO pacTBOpa 3JEKTPOJUTA. BpeMs OTCUMTBIBAaETCS 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. OcHOBBIBasiCh Ha MaTepuae JIeKUUH 4, rie peysb nuia 0 ABOWHOM 3JIEKTPHUUECKOM CJI0€ OIWHOYHOM
MeMOpaHBbl, PELINTh 33Ja4y O PacHpelesIeHNH MOTEHIMaNa MeXIy ABYMS MeMOpaHaMH, pacCTOSHHE
MEX]ly KOTOPBIMU MEHbIIE J1e0aeBCKON AITUHBI.

5. Hcnonb3yst pe3ynbraTsl 331aud 4 HAWTH CUJIy PAacTaJKUBAHUS JABYX MEMOpaH B JIByX CIIydasx: a)
Korga (UKCUpOBaH MOBEPXHOCTHBIN NMoTeHIHMaN U 0) Korna ukcupoBaHa IUNIOTHOCTH MOBEPXHOCTHOTO
3apsja.

6. B nekuum 3, B TOH 4YacTH, rge pedub Ijla O MEXaHMKe MeMOpaH, TOBOPHIIOCH O Pa3IUYHBIX
nedopMamoHHBIX MOJax, B TOM umcie o aedopmanuyn u3ruda. OCHOBBIBAACH HA 3TOM M HCIONb3YS
ypaBHeHHe Xenb(Pprxa, BBIYUCIUTh U3THOHYIO SHEPTHUIO JIMIIOCOMBI paguyca R.

7. B pasBurue 3amaud 6, BBIYUCIUTL pabOTy, KOTOPYIO HaJ0 COBEPIUIUTH, YTOOBI IMPEBPATUTH
cepruecKyI0 JIMIOCOMY B IIMIMHIPUYECKYIO TPYyOKY TOH e IuIomau.

8. B umexuumm 5, BblumMcisas paboTy o0pa3oBaHUs IOpHI paamyca I, Mbl OCHOBBIBAINCH Ha
napaboIrMYecKol 3aBUCHMOCTH CBOOOJHOW SHepruu oT r. TpeOyercss OICHHUTh, JO KakuX  3TO
MpUOJIMKEHUE CTIPABEJIMBO U CKOJIb BEJIMKA MMOTPEIIHOCTh IPU T > .

9. B nexuuu 8 ObIIO MOKA3aHO, KAK MOKHO OIIEHUTH CKOPOCTh PAaCIpOCTPAaHEHNsI HEPBHOTO MMITYJIbCa
o maaKuM BosiokHaM. [lonpoOyiiTe OLeHUTh, KAKOB BBIMTPHIII B CKOPOCTH BO3HHUKAET MPH MEPEXOE K
MHETMHN3UPOBAHHBIM BOJIOKHAM.

10. U3 cooOpakeHuii pa3MEpHOCTH OLIEHUTH KaKO€ YHCIO IMPOTOHOB MpPHU JaHHOM A@ HE0OXOAUMO
MepeHEeCT! B EIUHUILy BPEMEHH dYepe3 KaHajlbl B CTAaTOPE BPAILAIOIIEr0 MOTOpa (hareuIsipHbIX
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 MOTYT IPOXOANTH MHTEPAKTUBHBIC OOCYKAEHUS B yaTax Kypca, 4To OyJeT sSBIAThHCS
JOMallHUM 33JaHreM. BO3MOXXHO BBINOJHEHHE MAaTEHTHOTO IOHWCKA B KA4ECTBE CaMOCTOSITENBHON
3a1auy. YCIEIIHOE BBINOJHEHUE BCEX 3aJlaHUM 10 Kypcy U BBIIOJIHEHUE 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
JMIUAHOTO OMCIIOS, a TaKKe PaAMyCcoOM HMOHA M €r0o 3apsA[oM, OLEHUTH ¢ momouibio (Gopmynsl bopha
paboty nepeHoca MoHa U3 MOJSIPHOH (as3sl B THAPOPOOHYIO.

2. OueHuTh BpeMs YCTaHOBICHHUS MoTeHIMana HepHera Ha TUNUIHOM OMCIIOE, KOTOPBIH MPOHULIAEM
TOJIBKO JIJIsl aHUOHOB (WJIM KaTMOHOB) OMHApHOTO pacTBOpa 3JEKTPOJUTA. BpeMs OTCUMTHIBAaETCS 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. OcHOBBIBasiCh Ha MaTepuae JIeKUUH 4, re peysb nuia 0 ABOWHOM 3JIEKTPHUUECKOM CJI0€ OIWHOYHOM
MeMOpaHBbl, PELINTh 33Ja4y O PacHpelesIeHUH MOTEHIHaNa MeXIy ABYMS MeMOpaHaMH, pacCTOSHHE
MEXK]ly KOTOPBIMU MEHbIIIE J1e0aeBCKON AITUHBI.

5. Hcnonb3yst pe3ynbraTsl 3a1aud 4 HAWTH CUJIy PAacTaJKUBAHUS ABYX MEMOpaH B JIBYX CIIydasx: a)
Korja (UKCUpPOBaH MOBEPXHOCTHBIM MoTeHIHMaN U 0) Korna (pukcupoBaHa IUNIOTHOCTH MOBEPXHOCTHOTO
3apsja.



6. B nekumm 3, B TOM wactu, rJe peyb IUIa O MEXaHWKE MEMOpaH, TOBOPHIIOCH O Pa3IHYHBIX
nepOpMaIMOHHBIX MOJaX, B TOM uuciie o jaedopmanuu n3ru6a. OCHOBBIBAsSCh HA ATOM M HCIIONB3YS
ypaBHeHUe Xenb(prxa, BRIYUCIUTh U3THOHYIO SHEPTHUIO JIMTIOCOMBI pajanyca R.

7. B pasButHe 3amaunm 6, BBIYUCIHTH pPadOTy, KOTOPYIO HAJI0 COBEPIINTH, YTOOBI INPEBPATUTH
chepuyecKyro JUMOCOMY B IIMIMHIPUICCKYIO TPYOKY TOH Ke Miomiau.

8. B mexkumum 5, BbMuMCIAS paboTy 00pa3oBaHHsS IOPBHI pajdyca I, Mbl OCHOBBIBAINCH Ha
napaboIrMuecKod 3aBUCHMOCTH CBOOOJHOW SHepruu oT r. TpeOyercss OICHHUTh, JO KakuX  3TO
NpUOTIKEHUE CIPABEUIMBO U CKOJIb BEJIMKA IMOTPEIIHOCTh TIPH T > .

9. B nekuuu § O6bUIO TIOKA3aHO, KAK MOXHO OIICHUTH CKOPOCTh PACIIPOCTPAHEHUSI HEPBHOTO MMITYIbCa
0 TIIaAKKM BoJOKHaM. [TorpoOyiiTe OeHUTh, KAKOB BBIMTPHIII B CKOPOCTH BO3HHKAET IPH MEpexoe K
MUEJIMHU3NPOBAHHBIM BOJIOKHAM.

10. U3 cooOpaxxeHuil pa3sMEpHOCTH OLEHHUTh KaKOE YHCJIO TPOTOHOB NPU JAaHHOM A@ HE0OXOIUMO
MEPEHECTH B EIMHUILY BPEMEHH 4Yepe3 KaHaIbl B CTAaTOpPEe BpAIAONIero MOTOpa (uiareJuIsipHbBIX
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. VYpaeuenue Hepucra-Ilnanka. Auddy3uonnsiii norennuan — npudnmxenne [lnanka ams cmydas
«TOJICTBIX» MeMOpaH. YpaBHeHue [ opaAMaHa 7151 « TOHKUX» MEMOpaH.

4. Tlomyuutb BBIpaKEHHE IJsl paclpeneieHds NoreHIHana B IupQy3HOH 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 M3MEpeHHs BCEX KOMIIOHEHT MEMOpPAHHOTO IOTEHIHana: depe3
ypaBHeHHEe CMOIYXOBCKOTO, METO/ KOMIICHCAIIMH BHYTPUMEMOPAHHOTO CKauyKa MOTEHIHANA, a TaKkKe
METO/]], OCHOBAHHBIN Ha MCIIOIb30BaHUU TUAPOGOOHBIX HOHOB.

7. Mertoa ONTHYECKUX 30HIOB ISl M3MEPEHMs TPAaHCMEMOPAHHOTO MOTEHLMANA — €ro MPHHIUI U
MpPUMEPHI UCTIONB30BAHMSA ISl PA3IMUHBIX CHCTEM.

8.  MeMOpaHHBI TpaHCHOPT — Ciy4yail MOABM)KHBIX MEPEHOCYMKOB (BaJMHOMHULMH). Teopus wu
JKCIIEpUMEHTaJIbHAsl [IPOBEPKA.

9. Ocradernsiii nepeHoc. Caydyan MOCTOSIHHOTO U TIEPEMEHHOTO TOKA.

10. Pacuér snepruu noHa B memopane metonom bopha. [Ipumepst — manbie nonsl (Na+, K+ u np.) u
ToT k¢ K+, HO Haxonsmumiicss BHYTpH «OyOnuKa» —BaJTuHOMHIIMHA.

Kputepun onennBanus
Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI  CTY[ACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka ommyHo (9 0OamioB) -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka omm4yHO (8 0amwioB) -  BBICTABISIETCS  CTYJACHTY, II0Ka3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PEIICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.
Ouenka xopouio (7 6aIoB) - BBICTABISETCS CTYICHTY, €CIM OH TBEPJO 3HAET MaTepHaj, TPaMOTHO M
[0 CYIIECTBY H3J1araeT ero, yMeeT NPUMEHSTH MOJy4YeHHbIC 3HAHMS HA MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[I0 CYILLECTBY H3JaraeT €ro, yMeeT NPUMEHATh IOJIY4YEHHbIE 3HAHUS Ha IPAKTUKE, HO JIOIYCKaeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.



Ouenka xopomo (5 0a/uioB) - BBICTABISCTCS CTYACHTY, €CIM OH B OCHOBHOM 3HAeT MaTepHal,
IPAMOTHO M IO CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTH IOJy4YCHHbIC 3HAHMS Ha IMPAKTHKE, HO
JOIYCKaeT B OTBETE WIM B PEIICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

OmeHka ymoBIETBOPUTEIbHO (4 Oaia) - BBICTABIACTCS CTYACHTY, NOKa3aBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapyUICHUS JOTMYECKOU MOCIIEOBATEILHOCTH B U3JIOKEHHU TIPOrPAMMHOTO MaTepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3/eibl y4eOHON HPOrpaMMbl, HEOOXOAUMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OueHka ymoBineTBOpuTeNIbHO (3 Oamia) - BBICTABIACTCS CTYACHTY, NOKa3aBIIeMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUH IPOrPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/iejaMH y4eOHOM MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIETBOPHUTENBHO (2 0aia) - BEICTABISCTCS CTYJCHTY, KOTOPBIN HE 3HAeT OOJbILEH YacTh
OCHOBHOTO COZEp)KaHUs Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THIIOBBIX 33]1a4.

Ouenka HeynoBiaeTBOpuTeabHO (1 Gayur) - BBICTABISIETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (GpopMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs mnpepoctasisercs 30 MUHYT Ha HOATOTOBKY.
Ompoc oOyuatomerocs 1o Oujery Ha YCTHOM »OSK3aMEHE HE JIOJDKEH IIPEBBIIIAaTh OIHOTO
aCTPOHOMMYECKOTO yaca



