MuHnCcTepCTBO HAYKH U BhIcLIero oopazoBanus Poccuiickoit @enepannun
denepanbHOE rocy1apcTBEHHOE OI0KETHOE 00pa3oBaTeIbHOE YUPEKICHHUE
BBICILIETO 00pa30BaHUs
«KybaHckuil rocy1apcTBeHHBIN YHUBEPCUTET»

@dakynbTeT XUMHUH U BBICOKUX TEXHOJIOTMH

N YTBEPXKIAIO

APOpeKTop 10 Hay4HOii paboTe

HHEABIHHAM

E.B. Crporanosa
2020

PABOYA4 ITPOI'PAMMA /INCHUITJIMHBI
b1.B./1B.01.01 DJIEKTPOXUMUA HAHOCHUCTEM

Hanpasnenue noarotoBku
04.06.01 XumMu4yecKue HAyKu

HamnpasneHHocTsb (Ipo¢uiib) NporpaMMsl
02.00.05 DaexkTpoxumusi

KBanudukanus BbITyCKHUKA:
HUccaenosaressn. [lpenogaBarenn-UcciaenoBareanb

dopma oOydeHust
OYHAas

Kpacnonmap 2020



Pabouas nporpamma auctuumiuael b1.B.JIB.01.01 «DnekTpoXxumusi HAHOCHCTEM»
pazpabotana B cooTBeTcTBMU ¢  DefepaidbHbIM  TOCYAapCTBEHHBIM
oOpa3oBaTeNbHbIM CTAaHAAPTOM BbICHIEr0 00pa30BaHUs, YTBEPKAESHHBIM IIPUKA30M
MunoOpHayku Poccum ot 30.07.2014 Ne 869 mo HampaBieHUIO MOATOTOBKH
04.06.01 Xwumnueckne Hayku (YpOBEHb TMOJIOTOBKM KaJpOB  BBICIIEH
KBaJIN(PUKALMN) U Y4€OHBIM IIJIJAHOM OCHOBHOW 00pa30BaTEJIbHOM MPOrpaMMBbl 110
HanpaBieHuto noArotoBku 04.06.01 Xumuueckue Hayku, npoduib 02.00.05
DIIEKTPOXUMMUSL.

Pabouyto nporpaMmy cocTaBuII:

npodeccop kadeapsl /
dbuszryuecKkol XUuMuH, J1-p XUM. Hayk, npod. Kononenko H.A. i —

PaGouas mporpamma oOcyk/ieHa Ha 3aceiaHniu Kadeapsl Gpusndeckon XuMun
«15» mast 2020 r. mporokon Ne 10.

3aBenyromuii kadeapoi Gu3ndeckor XuMUn
J-p XUM. HayK, ipoceccop 3abomnoukuii B.1.

VYTBepkaeHa Ha 3aceJaHUU y4eOHO-MeTOMUeCKO KOMUCCHU (haKyIbTeTa
«25» mast 2020 r. mpotokon Ne 5.

[Ipencenarens YMK dakynbteTa
KaHJ1. XuM. HayK, becriaios A.B.

3aB. OTZI€JIOM aCIIUPAHTYPBI %/
Y JOKTOpaHTyph! 3BsAruHLeBa H.TO. Z




1 Hesn 1 3212494 M3yYeHUs JUCHUILTHHbBI

1.1 leab TUCHUNIHHBI

W3ydeHne SIEKTPOIHBIX M DJIEKTPOMEMOpPAHHBIX CHCTEM C YYETOM
COBPEMEHHBIX MPEACTaBICHUNA O (OPMUPOBAHWU HAHOYACTHUIl, MOH-TUIOJIBHBIX
KJIacTepoB Ha Mex(pa3HbIX TpPaHWIIAX W WX BIWSHUS HAa KOMILIEKC
ANEKTPOXUMUYECKUX  XapaKTEepUCTUK W  [apaMEeTPOB  BJIEKTPOJAHBIX U
AIIEKTPOMEMOpPAHHBIX MPOIIECCOB.

1.2 3agaun AMCHHUIIITHHDI
- chopMHUPOBATH 3HAHUS 00 IIEKTPOXUMHUIECKOM PABHOBECHUU B MEMOPAHHBIX
Y AJIEKTPOJHBIX CUCTEMAX C YYaCTHEM HAaHOYACTHII;
- 00ecrneYnTh YCBOCHHE TEOPETUYECKUX OCHOB M 3aKOHOMEPHOCTEN KHUHETHKHU
AIIEKTPOMEMOPAHHBIX MPOIIECCOB;
- BBISIBUTH POJIb HaHOpa3MepHBIX A(PdekToB B MexaHuzme (OpMHUPOBAHUS
MOTEHIIUAJIOB U MPOIECCaX THAPATAIIUU B AJIEKTPOMEMOPAHHBIX CUCTEMaX.

1.3 Mecro aucuMmiavHbl (MOAYJsi) B CTPYKType 00pa3oBaTebHOM

NMPOrpaMMblI

JuciuminHa «DJIEKTPOXUMHUS HAHOCUCTEMY SIBJISIETCS AMCLMIUIMHOM IO
BBIOOPY BapUaTUBHOW 4acTH U OTHOcHUTCS K Onoky Bb.1 «/lucummiuneny yaeOHOro
njaHa HanpasyieHus: noarotoBku 04.06.01 Xumuuyeckue Hayku, HaNpPaBICHHOCTD
02.00.05 DnekTpoxumusl.

N3yyeHntro  AUCHUIUIMHBL  «OJIEKTPOXUMHUS ~ HAHOCHUCTEM»  JOJDKHO
NPEAIIeCTBOBATh M3Y4YEHUE AUCHUIUIMHBI  «DU3UKOXUMUS HMOHOOOMEHHBIX
MarepuasioB». M3yueHne JaHHOW JUCUWIUIMHBI SIBIISIETCS OCHOBOM A
TUCIUTUINHBL  «DyHAaMEHTaIbHBIE OCHOBBI ONTHUMU3AIMN W HWHTCHCHU(DUKAINH
MeMOpaHHBIX MpoueccoBy. [lomydyeHHbIE B X0/1€ OCBOCHHS AUCLUIUIMHBI 3HAHUSA,
YMEHUSI M HABBIKK MOTYT OBIThb IMOJE3HBIMU TMPU BBINOJHEHUHM HAYYHBIX
VCCIICIOBAHNM, a TAKXKE B XO/1€ HAYYHO-IIPOU3BOICTBEHHON NIPAKTHUKHU.

1.4 IlepedyeHb IUIAHMPYEMBIX Pe3yJbTATOB 00yYeHUS MO JAMCIHUIIAHE
(MOmyJII0), COOTHECEHHBIX ¢ IUIAHUPYEMbIMHM Ppe3yJbTATAMH OCBOEHMSA
o0pa3oBaTeJbHON MPOrpaMMbI

[Ipouecc w3ydeHHs AWCUMIUIMHBI HampaBieH Ha  (OpMHUPOBAHUE
caenyronux kommnereniuii: OIIK-1 u [TK-1.

Ne Nupekc Coneprxanue B pe3ynbrate uzyueHus: yaeOHON AUCHUTIIMHBI
0 1; KOMIIET | KOMIIETEHIMH (Hn €€ o0yJaromuecs: JOIKHbI
| eHUOHMH YaCTH ) 3HATh YMeThb BJIaJeTh
1. OIIK-1 | cnocoGHOCTBIO TEOPETUYECKHUE
CaMOCTOATCIIbHO OCHOBBI
OCYILIECTBIISTh POTEKaHUs
Hay4HO- DJIEKTPOXUMHUY
UCCIIEIOBATENBCKYIO €CKUX
ACATCIIBHOCTD B | IpOLICCCOB B
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Ne HNunexc Copepxanue B pesynbrare u3ydeHus ydaeOHOM JUCIUTUIMHEI
Hlj[ KOMITET | KOMIIETCHIMH (WIn e 0o0yuaroumecs J0JKHbI
" | eHumHu 4acTn) 3HATH yMeTh BJIA/IETH
COOTBETCTBYIOLIEH HaHOCHCTEMax
npodeccnoHabHOM (IMudp: 3
obsactu ¢ | (OIIK-1)-2)
HCII0JIb30BaHUEM
COBPEMEHHBIX
METOJI0B
UCCIICI0BAHMSI u
uH(POPMAIMOHHO-
KOMMYHHUKAI[HOHHBIX
TEXHOJIOTHI
2. IIK-1 CriocoOHOCTBIO Ha3Ha4YeHHUE, HCITIOJIH30BaTh OCHOBHBIMH
NPUMEHSATh OCHOBHBIE | 001acTh HaHOMaTepHaja | HOHATHSAMH U
INPUHLUINBI, TEOPUH U | IPUMEHEHHs, | bl B Pa3IM4YHBIX | TEPMUHOJIOTHE
KOHLEMIUU KJaccu(uKaly | TEXHOJIOTHUSIX i B obmactu
COBPEMEHHOM 0 u npuniun | (Huadgp: Y | CHHTETHYECKHX
JJIEKTPOXUMMM  JUISL | EUCTBUS (IIK-1) -2) [IOJTUMEPHBIX
pereHus HaHOMaTepHai MaTepHaos;
(byHIaMEHTAIbHBIX U | OB; METObI METOJIMKAMHU
IPUKJIAJHBIX 33734 UCCIIEI0BaHMS U3MEpEeHus
UX CTPYKTYpbI ¢busuko-
" (busuko- XUMUYECKUX
XUMHAYECKHX XapaKTepUCTUK
XapaKTEPUCTHK HMOHOOOMEHHBIX
(IIudp: 3 HaHOMaTepual
(IIK-1)-3) o (Ilm¢pp: B
(IIK-1) -3)

2. CTpyKTypa ¥ coJep:KaHue TUCHUIIITHHbBI

2.1 Pacnipenesienre TPYyA0EMKOCTH IMCIUIIMHBI IO BUIaM padoT
OO6mrast Tpya0€MKOCTh AUCITUIUIMHBI cocTaBisieT 4 3ad.ed. (144 wgaca), ux

pacnpeneneHue MO BUIaM pabOT MPEACTaBICHO B TaOmHIE (011 CMyOeHmos
0D0,).

Bun yueGHOM paboThI Bcero I'on oOyuenus

4acoB 2

AyIuTOpHBIE 3aHATHS (BCEro) 20 20

B ToM uucne:

3aHATHS JIEKIIMOHHOTO TUIIA 8 8

JlaGopaTopHbI€ 3aHATHS 12 12

3aHATHS CEMUHAPCKOTO TUIA (CEMUHAPBI, . -

MPAKTUYECKHE 3aHATHS)

CamocrosiTesibHas padoTa (Bcero) 96 96




B ToM uncne:

[ToaroTroBka K BBIMOJIHEHUIO U 3alIUTE TaOOPATOPHBIX 50 50

pabot

[ToaroroBka K TeKyniemMy KOHTPOJIIO 46 46

KonTpoJnb:

[ToaroroBka Kk sK3aMeHy 28 28

OO01mast TpyA0eMKOCTh 4yac 144 144
3a4. eJ. 4 4

2.2 CTpyKTYypa IMCHUIIUHBI:

Pacnpenenenvie BumOB y4eOHOW paObOTHl U MX TPYAOEMKOCTH IO pasfesiaMm
JVICIIATUTHHBI.

Paznensl AMCHMIUIMHBI, H3y4aeMble Ha BTOPOM TOAy OOy4YeHHs (0is
cmyoenmos ODO)

NO KOHI/I‘JCCTBO 4acoB
paS- HaI/IMeHOBaHI/Ie pa3z[en0B AyIlPITOpHaH pa60Ta CaMOCTO}ITCHBHa}I
(S ¢: Bcero pabota
a T |13 | Jip
1 2 3 4 5 6 7
OO01mas xapakTeprucTuKa
1. PAaKTep 28 | 2 26
HAHOCHUCTEM
TpancnopT HOHOB U BOJHI B
2. |'P p 36 | 2 4 30
HAHOKOMIIO3UTHBIX MEMOpaHax
[Tongapu3zalinOHHBIE ABJICHUS B
DIIEKTPOIHBIX U
3, PO 26 | 2 4 20
AIEKTPOMEMOPAHHBIX CUCTEMAX B
MPUCYTCTBUM HAHOYACTHUI]
MoudunupoBaHHbIe
4, (uup 26 | 2 4 20
HAHOKOMIIO3UTHBIE MEMOPaHbI
KoHTpoJib 28
Bceco: 144 | 8 12 96
2.3 Conep:kanue pa3iesioB JUCUMIIJIMHBI:
2.3.1 3aHsaTHA JEeKIMOHHOI0 THIIA
HaumenoBanue dopma Tekymiero
Ne Coneprxanue pazaena P Yy
paszznena KOHTPOJIA
1 2 3 4
1. OGmas OcCHOBHBIE TIOHATHS U KJIaCCUDUKAIUS VYcrHbli onpoc
XapaKTEpPUCTHUKA HaHocHucTeM. CHHTE3 OJUMEPHBIX
HAHOCUCTCM HaHOMaTepI/IaJ'IOB. HonyquHe TOMOTCHHBIX U
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rereporeHHsIx MmemOpan. Knaccuduxanus u
MOJTyYeHHE KaTaJu3aTopOB Ha MOJIMMEPHON
ocHoBe. DU3NKO-XMMUYECKHE CBOUCTBA
CHHTETHYECKUX MeMOpaH. MeTozp!
HCCIICIOBAHMS CTPYKTYPBl HAHOMATEPHAJIOB

2. Tpancnopt noHOB 1 | MeXaHU3M NPOBOJAMMOCTH HAHOKOMIIO3UTHBIX| Y CTHBIN OMpOC
BOJIbI B MeMOpaH. DIeKTPOOCMOTHYECKHUE SIBIICHUS B
HAaHOKOMITO3UTHBIX |MEMOpaHHOHN CUCTEME, CONPSHKEHHBIN
MeMOpaHax IIEPEHOC MOJIEKYJI BOJBI C HOHAMU B

AIEKTPUYECKOM I0JI€ U crenuduka
AIEKTPOKUHETUYECKUX SIBJICHUN MPU
MEPEHOCE BOJIBI C IPOTOHAMH.
HanopasmepHble ruipaTUpOBaHHbIE
KOMIUIEKCHI B QJIEKTPUYECKOM IIOJIE.

3. [Hongpuzannonnsle |KoHLIEHTpalMOHHAS U 3JIEKTPOXUMHUYECKAS YcTHBII onpoc

SBJICHUS B MOJIAPU3aLUs B DJIEKTPOIHBIX CUCTEMAX.
AJIEKTPOJHBIX U OcHOBHbIE YpaBHEHUS AJIs IUIOTHOCTU
MeMOpaHHBIX noJisipu3yroiero Toka. Ilonspusanuonseie
CUCTEMax B SBJICHUS B JIEKTPOMEMOPAaHHBIX CHCTEMax B
MPUCYTCTBUU 3aBHUCHUMOCTH OT IPUPOJIBI U COJIEPKaHUS
HaHOYACTHIL HaHOYACTHUI] B 00beMe U Ha MMOBEPXHOCTH.

AHanu3 BOJIbTaMIEPHBIX XapaKTEPUCTHK.

4. MomudunmpoBannsie BBegeHne Moau(pUIMpPYIOMNX BELIECTB B YcTHBII onpoc
HAaHOKOMIIO3UTHBIE  |HaHOPa3MEPHBIE MOJIOCTH MOIUMEPHBIX
MeMOpaHBbI MaTpull. KoMIuiekc 31eKTpoTpaHCIIOPTHBIX

CBOIMCTB HOHOOOMEHHBIX MeMOpaH B
3aBUCHUMOCTH OT IIPUPOJIBI
MOANGUIUPYIOIINX T00ABOK.
2.3.2 3aHATHA CEeMUHAPCKOTO THIIA
He npedycmompenul
2.3.3 JlaGopaTopHbIe 3aHATHS
No Hamvenosanue HaunmenoBanue nabopatopHbix paboT Popwma Tekyuiero
pasznena KOHTPOJIS
1 2 3 4
. |Tpancnopt noHOB 1  |MI3y4eHue 3IEKTPONPOBOTHOCTH 3amura
BOJIbI B HAHOKOMITO3UTHBIX MEMOpaH nabopaTtopHOit
HAHOKOMIO3UTHBIX  |OmpeaeneHue 3JeKTPOOCMOTHYECKON paboTsI
MeMOpaHax IIPOHUIIAEMOCTH HAHOKOMITO3UTHBIX
MeMOpaH
2. llongpuzanunonnsle |MI3MepeHne BOIbTaMIIEPHBIX KPUBBIX B 3amura
SIBJICHUS B MeMOpaHHOU cucTemMe nabopaTopHOM
ANEKTPOAHBIX U paboTbI
MeMOpaHHBIX
CUCTEMAX B
MPUCYTCTBUU
HAHOYACTHII
3. [MoaudunupoBanubie|FI3Mepenune yuces nepeHoca HOHOB B 3amura
HAaHOKOMIIO3UTHBIE  |MOAM(UIMPOBAHHBIX HAHOKOMIIO3UTHBIX  |J1a00paTOpHOM
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| [MeMGpansI [MemGpanax [pa6oTs |

24 Ilepeuenn Y4eOHO-MeTOAM4eCKOro o0ecneuyeHust
CaMOCTOSAITeIbHOM PadoThl 00y4arOIIUXCH 10 JUCHHUILIHHE (MOAYJII0)

IS

CamocTosTenbHas paboTa acUpaHTOB MPOBOAUTCS B (OpME U3YUCHHS OT-
JIENIbHBIX TEOPETHUUYECKUX BOMPOCOB MO MpeajaraeéMoil JuTepaType ¢ AajbHeHInm
UX OOCYXJEHHEM Ha ayIUTOPHBIX 3aHATHAX. BO BpeMs CcaMOCTOSATENbHOM
HNOArOTOBKM  OOydaromuecsi OOecrmeyeHbl JOCTYNoM K 0a3aM  JIaHHBIX,

oubnnoTeuynsM GpoHaam u cetu uTepHerT.

[Tepeuensb yueOHO-METOINIECKOTO 00ECTIeYeHUSI TUCITUTUIMHEI I10

Haumenosanue N
No BBITIOJTHCHUIO CAMOCTOSITEIIbHOW PaObOThI
pasnena
1 2 3
.|O6mmas 1. PerxonkoB JI.1., Jlesuna B.B., [I3uazurypu 2.J1.
XapaKTEPUCTHKA Hanomatepuainsr: Yuebnoe nmocodue. M. : BUHOM. JlaGopartopust
HAHOCUCTEM 3Hanuii, 2010. — 365 c.

2. Kononenko, H.A., ®omenko, M.A., bepesuna, H.II.,
Bonbdxosuy, KO.M. [lopuctas ctpykTypa MeMOpaHHBIX
MartepuaioB. Yueb. mocooue. KpacHomap: Kybanckuii roc. yH-T,
2013. 121 c.

./ Tpancopt HOHOB U

1. Kononenko H.A., bepesuna H.I1. Metoas! uccnenoBanus u

BOJIBI B xapakrepuzanuu MmemOpaH. ['1aBa B kH.: MeMOpaHbl 1
HAaHOKOMIIO3UTHBIX  |MeMOpaHHbIe TexHonoruu. C.402-455 / Konnextus aBropoB. OTB.
MeMOpaHax pea. A.b. Spocnasues. M.: Hayunsiit mup, 2013. - 612 c.
http://biblioclub.ru/index.php?page=book_red&id=468334&sr=1
2. I'mycun H.I1., Kononenko H.A. DnekTpoMacconepeHoc B
MOHHBIX TPOBOJIHMKAX: Yueb. mocooue. KpacHonmap, Kyol'Vy, 2014.
Honspuzaunonusie |1. Kononenko H.A., bepezuna H.I1. Meroas! uccienoBanus u
SIBJICHUS B xapakrepuzauuu MmemOpas. ['naBa B kH.: MeMOpaHbI u
JJIEKTPOJHBIX U memOpanHbie TexHonorun. C.402-455 / Komnektus aBTopoB. OTB.
MeMOpaHHBIX pen. A.b. SApocnaBues. M.: Hayunsrit Mmup, 2013. — 612 c.
cucTemMax B 2. I'mycun H.I1., Kononenko H.A. DnekTpoMacconepeHoc B
MIPUCYTCTBUU MOHHBIX TPOBOJIHUKAX: Yueb. mocooue. KpacHomap, KyoI'y, 2011.
HAHOYACTHII
Momudunupoanusie| 1. MemOpanbl 1 MeMOpanHbIe TexHOJMOTHH. / OTB. pea. A.b.
HaHOKOMMNO3UTHbIE  |SpocnaBues. M.: Hayunsiii Mup, 2013. — 612 c.
MEMOpaHBI http://biblioclub.ru/index.php?page=book_red&id=468334&sr=1

2. Kononenko, H.A., ®omenko, M.A., bepesuna, H.II.,
Bonbdxosuy, KO.M. [Topuctas ctpykTypa MeMOpaHHBIX
MartepuaioB. Yueb. mocooue. KpacHomap: Kybanckuii roc. yH-T,
2013. 121 c.

Y4eOHO-METOAUYECKNE  MaTepuaiabl Uil  CAMOCTOSTENbHOM  paboThI
oOydaromuxcsl U3 4ucia WHBAIUIOB U JIMIl C OTPAaHMYEHHBIMH BO3MOXXHOCTSMHU
3I0pOBBSl MPEIOCTABISAIOTCA B (opMax, aJanNTUPOBAHHBIX K OTPAHUYCHHUSIM HX
3JI0pOBbSl U BOCHIIPUATHUS UHPOPMALUU:



JU1st Ut ¢ HApyIIIEHUSIMU 3PCHUS

— B [IleYaTHOU (popMe yBeJIMUEHHBIM HIPpUPTOM,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JIist a1 ¢ HApYUIEHUSIMU CITyXa:

— B Ie4YaTHOM popme,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JIjist i ¢ HapyIIEeHUsIMUA OTIOPHO-/IBUTaTEeNILHOTO arapara:

— B TleyaTHOU popme,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JlaHHBIA TIepeYeHh MOXKET OBITh KOHKPETU3MPOBAH B 3aBUCUMOCTH OT
KOHTHHT'€HTa 00y4arolnXCs.

3. O0pa3oBaTe/ibHbIE TEXHOJIOTUH

Hns  dopmupoBanuss npoQecCHOHATbHBIX KOMIIETEHIMH B MpoIecce
OCBOEHHUSI Kypca HCIOJIb3YETCS TEXHOJIOTUA Npo(heCcCHOHATBHO-Pa3BUBAIOIIETO
oOydeHus, MpeaycMaTpUBalOIlasi HE TOJIBKO Iepefadyy TEOpEeTUYECKOro
MaTepuana, HO U CTUMYJIMPOBAaHHE ITO3HABATEIbHBIX JNEHCTBUN CTyAcHTOB. llpn
IIPOBEICHUM  JICKUMOHHBIX  3aHATUH  WCHOJB3YIOTCS  MYJBTHUMEAUIHBIC
npe3eHTauuu. B paMmkax mpakTU4ecKuX M J1aO0OpaTOPHBIX 3aHITUH HMPUMEHSIOTCA
METO/Ibl TPOEKTHOI0 O0yUYEHUsl, UCCIEA0BATEIbCKUE METOIbI, METOJ] KOHKPETHBIX
CUTYalHH.

VYcnemHoe OCBOGHME  Marepuana Kypca Ipeanojiaraer  OoJbIIyro
CaMOCTOSITENIbHYIO padOTy acClIUPaHTOB U PYKOBOJACTBO 3TOM pabOTON CO CTOPOHBI
npenogasarens. B mpomecce  CaMOCTOSATENBHOM — ACATEIBHOCTA — CTYIEHTHI
OCBAaMBAIOT W AHAIM3HUPYIOT NEPEAOBOM IE€NArOrMYECKUNA OMBIT, HCIOIb3Ys
UMEIONIYIOCS JUTEpaTypy UM HMH(OpPMAIMOHHBIE TEXHOJOrHU. JJii MHBANIUIOB U
JIMIL ¢ OTPAaHUYEHHBIMHU BO3MOKHOCTSMU 3/10POBbsl PEANM3YIOTCS HHINBULYAJIbHBIE
o0Opa3oBaTeJIbHbIE TEXHOJIOTUH, KOTOpbIE IIO3BOJISIOT IIOJIHOCTBIO
UHIMBUYAJIN3UPOBaTh COAEpPKAHUE, METOJbl U TEMIbl y4EOHON AESITEIbHOCTU
MHBAJINJla, BHOCUTb BOBPEMsI HEOOXOJUMYIO KOPPEKLHIO, KaK B JAESITEIbHOCTbH
CTYyJICHTa-UHBAJIN/A, TAK U B ACATEIBHOCTD IIPENIO1aBaATEIS.

Cemectp Bun 3anstui Hcnone3yeMble THTEPAKTUBHBIE Konnuectso
(JI, ITP, JIP) 00pasoBaTebHBIC TEXHOJOTUH 4acoB
JI Jleknms-ipe3enTanys: MmeMOpaHHast 2
BOJIbTAMIIEPOMETPHSL.
3 JIP N3MepeHne BOIbTaMIIEPHBIX KPUBBIX B 2
MeMOpaHHOM cucTeme
Hroro: 4

JUist Ui ¢ OrpaHUYeHHBIMH BO3MOKHOCTSIMU 3JI0POBbS MPEAYCMOTPEHA
OpraHu3alysi KOHCYJIbTAlUN C UCTI0JIb30BAHUEM JIEKTPOHHOU MOYTHI.

4. OueHo4Hble CpeACTBA IS TeKYIIero KOHTPOJISI YCNEeBAEMOCTH H
NMPOMEKYTOYHOM aTTeCTANNH



4.1 ®oH OLIEHOYHBIX CPEACTB AJIsl MPOBECHHUA TeKylel aTTecTAluu

Bompocsl st yctHOro ompoca mo Teme «OOmas XapakTepucThUKa
HAHOCHUCTEM:

Knaccudukanus HanocucTeMm.

OU3NKO-XUMUYIECKUE CBOWCTBA CHHTETHUECKUX MeMOpaH.

CrnocoOsI onpeienieHns 0OOMEHHOM €eMKOCTH HOHOOOMEHHBIX MeMOpaH.
MeTonpl uCCIeN0BaHUS CTPYKTYPbl HAHOMATEPUAJIOB.

[ToprcTOCTh HAHOKOMITO3UTHBIX MEMOPAH U METOJIBI €€ OICHKH.

DN AW =

Bonpocsl ans yctHoro ompoca mo teme «TpaHCOPT MOHOB M BOJBI B
HAaHOKOMITO3UTHBIX MEMOpaHax» U MpH 3amuTe JadopaTtopHoit paboTel «3yuenue
3IIEKTPONPOBOTHOCTA HAHOKOMITO3UTHBIX MEMOpaH»:

1. IlepeHoc MOHOB B HAHOKOMITO3UTHBIX MEMOpaHax B AJIEKTPHUUECKOM IIO0JIE.

2. KoHIEHTpalMOHHAs 3aBUCUMOCTh YAEIBHOW 3JIEKTPONPOBOTHOCTH
pacTBOPOB U MEMOpaH.

3. ConpspKeHHbBI TEepeHOC MOJIEKYJ BOABI C MOHAMU B CHHTETHYECKHX
MeMOpaHax.

4. CnocoObl ompeaeneHus  3IEKTPOOCMOTHYECKON  MPOHHUIIAEMOCTH
MeMOpaH.

5. @akTOopbl, BIMAIOLIME HA 3JIEKTPOOCMOTHYECKYIO MPOHHUIIAEMOCTb
MeMOpaH.

Bomnpocer mis yctHoro ompoca no teme «llomsipu3anmoHHBIE SIBJICHUS B
AIIEKTPOJHBIX M MEMOpPAaHHBIX CHUCTEMax B MPUCYTCTBUU HAHOYACTUL» U TPHU
3amuTe J1abopaTopHOi paboTel  «M3mepeHue BONBTAMIIEPHBIX KPHUBBIX B
MeMOpaHHOU cucTeme»:

1. IlonsipuzanmoHHbIe SBJICHUS B DJIEKTPOJAHBIX 1 MEMOpPAaHHBIX CUCTEMAX.

2.  Compsixenable  3(Q(EKTbl  KOHUEHTPAUMOHHOW  MOJIIPU3alUU B
3IIEKTpOMEeMOpaHHON CUCTEME.

3. @akTopbl, BIHUAIOUIME HA BEIUYUHY TPEJeNbHOIO TOKa B
3IIEKTPOMEMOPAHHOI cUCTEME.

4. CiocoObl onpeeseH s BEIMYUHBI IPEIEIbHOTO TOKA.

5. OcobeHHOCTH BOJIBTAMIIEPHOM KPUBOM HAHOKOMIIO3UTHBIX MEMOpaH.

Bompocer g yctHoro ompoca mo  TemMe  «MoauduIMpOBaHHBIC
HAaHOKOMITO3UTHBIE MEMOpaHb» © TIpH 3amuTe JabopaTopHOl  pabOTHI
«3mMepeHne yrcen MepeHoca MOHOB B MOJU(MUITMPOBAHHBIX HAHOKOMITO3UTHBIX
MeMOpaHax»:

1. MeTonbl MoauGUIIMPOBaHUS HOHOOOMEHHBIX MEMOpaH.

2. Bnustaue momuduimpoBanus MEMOpaH OpPraHWYECKHMMH KOMIIOHCHTAMHM
HA UX CEJIEKTUBHOCTb.

3. CniocoOsl onpeienienns Yicell IEPeHOC HOHOB Yyepe3 MeMOpaHy.

4. MoaudunupoBanue MeMOpaH HEOPTaHHYECKUMHU KOMITOHEHTaMHU.
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5. MoauduuupoBaHue HAHOKOMIIO3UTHBIX MeMOpaH il NPUMEHEHHUS B

TOIINIMBHBIX 3JICMCHTAX.

4.2 ®oHA OUEHOYHBIX CPeACTB [JI TPOBEJeHUSI NPOMEKYTOYHOM

aTTecTAlMH

Nk

10.
11.
12.
13.
14.
15.
16.

4.2.1 Bomnpocsl 11 NOATOTOBKH K 3a4eTy (1J11 cTyAeHTOB 3PD0)

Knaccudukanus HanocucTeMm.

OU3NKO-XUMHUYECKHUE CBOWCTBA CHHTETHUECKIX MeMOpaH.

CrniocoOnl onpezienennss 0OMEHHOM eMKOCTH HOHOOOMEHHBIX MeMOpaH.

Mertonbl uCCeI0BaHUS CTPYKTYpPbl HAHOMATEPUAJIOB.

[lepeHoC MOHOB B HAHOKOMITO3UTHBIX MEMOpPAHAX B JJIEKTPUUYECKOM

noJie.

6. KoHleHTpallMOHHAsE 3aBUCUMOCTH  YJIEJIBHOM  3JIEKTPONPOBOIHOCTH
pacTBOpPOB U MeMOpaH.

7. ConpsbKeHHBIM MEPEeHOC MOJEKYJ BOAbI C MOHAMU B CHUHTETHUECKHUX
MeMOpaHax.

8. CrocoObl  ompefeneHus:  AIEKTPOOCMOTHYECKOM  MPOHUIIAEMOCTH
MeMOpaH.

9. ®akTopbl, BIUAIONIME HA JJIEKTPOOCMOTHYECKYIO MPOHHUIIAEMOCTH
MeMOpaH.

10.CenekTUBHOCTh HAHOKOMITO3UTHBIX MEMOPaH.

N B~ W=

4.2.2 Bonpocsl 1Ji51 IOATOTOBKH K IK3aMeHY

OO611ast xapakTepuCTUKa HAHOCUCTEM

OcCHOBHBIE MOHATHS U KJIACCU(PUKALINSI HAHOCUCTEM.
[Toy4yeHue TOMOTeHHBIX ¥ T€TePOreHHbIX MeMOpaH.
[Toaxoap! kK XxapakTepu3alui MEMOPaHHBIX MaTEPUATIOB.
OU3NKO-XUMHUYECKHUE CBOMCTBA CHHTETUYECKUX MEMOpaH.
Mertopbl Uccae10BaHusl CTPYKTYPhl HAHOMATEPUAJIOB.
DKCIepUMEHTAIbHBIE METO/IbI ONIPEACICHUS ANEKTPOIPOBOIHOCTH HA
MIOCTOSIHHOM U NEPEMEHHOM TOKaX.

CocTosiHrE HOHOB U BOJbl B HAHOKOMITO3UTHBIX MEMOpaHax.
[Iepenoc Bombl uepe3 memOpany. OcMoC U IEKTPOOCMOC.
['panuna pazaena meMOpaHa-pacTBOp.

MeMOpaHHbIi MOTEHIIMAT U METOJIbI €70 U3MEPEHUSI.
CenekTUBHOCTh HAHOKOMITO3UTHBIX MEMOpaH.
[Tonsipu3anmoHHbIE SBJICHUS B 3JIEKTPOJAHON CUCTEME.
[TonsipuzanmoHHbIE SBJICHUS B JIEKTPOMEMOPAHHON CUCTEME.
BonpTamMiiepHbie XxapakTepUCTUKA MEMOPaHHOUM CUCTEMBI.
[IpeaenbHOE COCTOSIHUE.

10



17. Conpsoxenubie 3QGEeKTh KOHIIEHTPAIMOHHON TOJIIPU3AIIHH.

18. CaepxmpeaensHoe cocTosiHue. J{ucconmanus Boapl. Hapymenue
AIIEKTPOHEUTPATHHOCTH.

19. MoaudunupoBanue memopan. Hanokommno3utHbie MeMOpaHbI C HOH-
AJIEKTPOHHBIM MEXaHU3MOM TIPOBOJUMOCTH.

20. KoMmrIuieKc 3JeKTPOTPAHCIIOPTHRIX CBOMCTB HOHOOOMEHHBIX MEMOpaH B
3aBHCHMOCTH OT TPUPOIHI MOAUPHUIMPYIOIIHNX T00ABOK.

OneHouyHble cpencTBa [Uisi HMHBAIMAOB M JIMI C OTPAaHUYCHHBIMU
BO3MOXKHOCTSIMH  3JIOPOBBSl  BBIOMPAIOTCS C YYETOM WX WHIUBUAYaJbHBIX
ncUX0(U3NIECKUX 0COOEHHOCTEH.

— TMpUd HEOOXOIMMOCTH WHBAIMIAM M JHMIAM C OTPAaHUYECHHBIMU
BO3MOXXHOCTSIMU ~ 37IOPOBBSl  IIPEIOCTABIISICTCS JOMOJHUTEIbHOE BpeMs IS
MOJITOTOBKM OTBETA Ha 3K3aMEHE;

— MOpU TPOBEICHUU TPOLEAYpPHl OLEHUBAHMS PE3YJIbTATOB OOYUYEHUS
WHBAIMIOB W JMI[ C  OTPAaHUYCHHBIMH  BO3MOXXHOCTSMH  370pPOBBSA
peayCMaTpUBAETCA HCIOIb30BAHUE TEXHUYECKUX CPEICTB, HEOOXOAMMBIX UM B
CBSI3U C UX UHJIUBUIYaIbHBIMA OCOOCHHOCTSIMU;

— Npu  HEOOXOOUMOCTH Juisi  OOydarouuxcsi ¢  OrpaHUYECHHBIMU
BO3MOKHOCTSIMU 3/I0POBbSl U HMHBAJIUAOB MPOLEAYypa OLEHUBAHMS PE3YJILTATOB
00Oy4YeHHs 10 JUCIUIINHE MOKET MPOBOJIUTHCS B HECKOJIBKO ATAIOB.

[Ipouenypa oleHHBAaHMUS pE3ylbTATOB OOYYEHHMS] HMHBAIUIOB M JIUI[ C
OTPAaHMYEHHBIMA  BO3MOXKHOCTSMHU ~ 3/I0POBbSI MO  JUCHHUIUIMHE (MOIYJIIO)
npeaycMaTpuBaeT MpeaocTaBieHne uHbopManuu B (Gopmax, aJanTUPOBAHHBIX K
OTPAaHUYCHUSIM UX 370POBbS U BOCIIPUATHS HH(DOPMAITIH:

JUis M1l ¢ HapyIICHUSIMH 3PEHUS:

— B [Ie4aTHOU (popMe yBEeJIMUEHHBIM HIPpUPTOM,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JIJist T ¢ HApyUIEHUSIMU CITyXa:

— B Ie4YaTHOM opme,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JIjist i ¢ HapyIIeHUsIMUA OTIOPHO-/IBUTaTEeNILHOTO arapara:

— B Ie4aTHoOM opme,

— B hopMe FIIEKTPOHHOTO JTOKYMEHTA.

JlaHHbBIN TIepedeHb MOXKET ObITh KOHKPETU3UPOBAH B 3aBUCUMOCTH OT
KOHTHHT'€HTa 00y4aroIuxcs.

4.2.2 IlpuMep 3K3aMeHANIMOHHBIX OWJIETOB

KVYBAHCKUI T'OCYIAPCTBEHHbBIN YHUBEPCUTET
@aKyJIbTET XUMHUHU U BBICOKUX TEXHOJOTUU
Kadenpa ¢puzuueckoit xumuu
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DK3aMeH N0 AUCHUIUINHE «DJIEKTPOXUMHUSI HAHOCUCTEM»
Hanpasnenne noarorosku — 04.06.01 XumMuueckue Hayku
[Ipoduns nporpammsr — 02.00.05 DaekTpoxuMus

Bujger Ne 1

1. Knaccudukanus HAaHOCUCTEM.
2. HOHHpI/ISaLII/IOHHBIG ABJICHHUA B CUCTCMAX C HAHOKOMIIO3UTHBIMHU M€M6paHaMI/I.
3. MeToasl onmpeaeaeHus dISKTPOMPOBOJHOCTH HAHOKOMITO3UTHBIX MEMOpaH.

3aB. kadhenpoi pus. Xumuu B.M.3a6ononkui

CtyneHTsl 00s13aHBI CHAaTh JK3aMEH B COOTBETCTBHH C PACIHUCAHHEM W
y4eOHBIM TUTAHOM. DK3aMEH MO0 JUCIUIUIMHE TPECleayeT 1elb ONeHUTh padoTy
CTYAEHTA 3a KypC, MOJYYEHUE TECOPETUUYECKUX 3HAHUMW, UX MPOYHOCTbH, PA3BUTHE
TBOPYECKOTO MBILIUICHUS, MPUOOPETEHUE HABBIKOB CAMOCTOSITEIBLHON paboThI,
YMEHUE MPUMEHSTH MOJYYEHHbBIC 3HAHUS JJIS1 PEIICHUS MPAKTUYECKHUX 3aa4.

dopMa  MpoBEACHUS ~ JK3aMEHa:  YCTHBIA  OTBET HA  BOMIPOCHI
HK3aMEHAIMOHHOr0 OujeTra. DK3aMeHaTopy MpeAoCTaBISIeTCsl IMPaBO 3a]aBaTh
CTyJIGHTaM JIOTIOJHUTEIbHBIE BONPOCH MO Bcel ydyeOHOM mporpamme
JUCITUTITUHBL.

PCByJ'IBTaT caadunu 9K3aMCHa 3aHOCUTHCA ImpenoaaBaTcicM B
9K3daMCHAIIMOHHYIO BEAOMOCTDb U 3a4YCTHYIO KHUIKKY.

Kpurepuu oneHku orBera:

OllEHKA «OTJMYHO»: TIOyOOKHE HCUYEpNbIBAIOUIME 3HAHUA  BCErO
NpOrpaMMHOrO  MaTepuana,  JIOTHUYECKM  IOCJelOoBaTelibHble,  IOJHbIE,
rpaMMaTHYE€CKH  TMPaBUJIbHBIE W KOHKPETHbIE  OTBEThl HA  BOIPOCHI
HK3aMEHAIIMOHHOTO OWiIeTa ¥ JOMOJHUTENbHBIC BOIMPOCHI, KCIOJb30BAaHUE B
HEOOXOAMMOW Mepe B OTBETax S3BIKOBOTO Marepuasna, MpEeACTaBICHHOIO B
PEKOMEHTyeMBIX y4eOHBIX MOCOOUAX U JAOMOJHUTENILHOMN JIUTEpaTypE;

OIICHKA «XO0poIIo»: TBépI[BIe H J0CTAaTOYHO IIOJHBIC 3HAHHUA BCCIO
NporpaMMHOI0 MaT€pualia, moCaca0BaATCIbHBIC, IIPABUIbHBIC, KOHKPETHBIC OTBEThI
Ha IIOCTaBJICHHBIC BOIIPOCHI IIpHU CBO60,ZIHOM pe€arupoBaHi Ha 3aMCYaHHs 110
OTACIIbHBIM BOIIPpOCAaM;

OlleHKA «Y/OBJIETBOPUTEJIbHO»: 3HAaHWE W TIOHUMAHUE OCHOBHBIX
BOIIPOCOB TPOTPaMMbl, HAJTUIUE HECYIICCTBEHHBIX ONIMOOK NMPH HEAO0CTATOYHOU
CIIOCOOHOCTH X KOPPEKTUPOBKH, HATMYHE OMPECICHHOTO KoJIndecTBa (He Ooee
50%) ook B OCBEIIEHUHU OTACIBHBIX BOIPOCOB OUJIETA;
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OlLIEHKA «HEYI0BJIETBOPUTEJIbHO»: HEIOHUMAHUE CYIIHOCTU H3JIaraeMbIX
BOIIPOCOB, IpyOble (pakTHyecKHe OIIMOKU B OTBETE, HEYBEPEHHBbIE U HETOYHbBIC
OTBETHI HA JOTIOJHUTEJIbHBIE BOMPOCHI HK3aMEHATOPA.

5. IlepeyeHb OCHOBHOW W JONMOJHHUTEJIbLHOM Y4YeOHOHM JIMTEPATYPbI,
HEe00X01MMOii 1151 OCBOCHUS M CHUIINHBI (MOXYJISA)

5.1 OcHoBHas TUTEpaTYypa:

1. PeokonxoB, J[.MI. Hanomartepuwansl [DneKTpoHHBIH pecypc] : yueOHOe
noco6ue / JI.U. Peoxonkos, B.B. JIésuna, 2.J1. 3ua3urypu. — DJIEKTPOH.
naH. — Mocksa : M3gatenbctBo "Jlabopatopus 3uanmii", 2017. — 368 ¢. —
Pexxum nocrtyna: https://e.lanbook.com/book/94117. — 3ari. ¢ skpaHa.

2. MemMOpanbl u1 MeMOpaHHbIE TEXHOJIOTHH, 1MoJ pena. A.b. Spocnasiea. M.:
Hayunbii MHD, 2013. — 611 C. Pexum JOCTyTa:
http://biblioclub.ru/index.php?page=book red&id=468334&sr=1

3. bepesuna, H.II. Dnexkrpoxumus mMemMOpaHHbBIX cucTeM [Tekct] : ydeOHOe
nocobue / H. I1. bepe3una ; M-Bo oO6pa3zoBanusi u Hayku Poc. dexneparum,

Ky6an. rtoc. yH-T. - KpacHomap : KyOaHckmii TOCYymIapCTBEHHBIN
yauBepcutet, 2009. - 137 c. : wun. - bubmuorp.: c. 129-135. - ISBN
9785820906961

5.2 JlonosiHMTeIbHASL JIATEpATypa:

1. Kononenko, H.A., ®omenko, M.A., bepe3una, H.I1., Bonsdrosuy, FO0.M.
[TopucTtas cTpykTypa MeMOpaHHBIX MaTepuaioB. Yuel. mocoodue.
Kpacnonap: Kyb6anckuii roc. yu-1, 2013. 121 c.

2. I'mycun H.II., Kononenko H.A. DnexTpomacconepeHoc B HOHHBIX
npoBoHUKaxX: Yueb. mocobue. Kpacuomap, Kyol'y, 2011.
3. DAEKTPOXUMHMSI HAHOKOMIIO3UTOB MeTaI-uoHooOMeHHUK / T. A.

KpaBuenko, E. B. 3onoryxuna, M. 1O. Yaiika, A. b. fpocnasies ; Poc.
akaj. Hayk, IH-T oOmieit u neoprannueckoi xumuu um. H. C. Kypnaxosa,
M-Bo 00pa3oBanus U Hayku, Boponekckuit roc. yH-T. - MockBa : Hayka,
2013. - 364 c. : ui. - bubmuorp. B kon1e 1. - ISBN 9785020381421.

JInss OCBOCHMSI AMCUMIUIMHBI WHBAIMAAMU W JIMUAMHU C OTPAHUYCHHBIMU
BO3MOKHOCTSIMH 3JI0POBbSI UMEIOTCS U3JIaHUS B SJIEKTPOHHOM BHUJE B DJIEKTPOHHO-
oubmoTeunbIx cucteMax «Jlaub» u «HOpait».

5.3. Ilepuoanueckue M3IaHMs:
KypHnan Gusudeckoin XUMHH.
DNEeKTPOXUMHUS
BrIicOKOMONEKYIISIpHBIE COETUHEHUS
Kypnan npukiagHOd XUMUU
N3eectua PAH. Cepusi: Xumnueckas
Kuneruka u karamus
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Konnonnnslii )xypHan

[IepcnieKTUBHBIE MAaTEpUAIBI

Teopernueckas U SKCIIEPUMEHTAJIbHAS XUMUS
Ycnexu XuMun

6. Ilepeyennb pecypcoB HHGPOPMANMOHHO-TEJIEKOMMYHUKANIMOHHOM CeTH
«HTepHEeT», HEOOXOAUMBIX IJISI 0CBOEHHS JUCIHHUILIUHBI (MOIYJIs1)

1 http://www.memtech.ru — Poccuiickoe MemOpaHHOe 00IIIECTBO

2 http://www.mtc.kubsu.ru/ - HOL] FOxxHbI1#t MeMOpaHHBIN IIEHTP

3. http://www.nanometer.ru/ - Hanomerp-HanotexHonornyeckoe coo0I11ecTBo
4 bubmmnoreka noprana POOU http://www.rtbr.ru/rffi/ru/library

5 KyoI'Y, Kademapa buznueckoit XUMHH:
http://www.kubsu.ru/University/departments/CHEM/physchem/

6. Membpansl 1 MemOpaHHbIe TexHOJOTHH / oA pen. SpocnaBueBa A.b. M.:
Hayunsiit mup, 2013. 612 c. http://www.rfbr.ru/rffi/ru/books/o _1916784#1

7. http://www.sciencedirect.com — TMOJHOTEKCTOBas Hay4Has Oa3a JaHHBIX
MEXIyHapOHOTO u3naTenscTBa Elsevier.

8. http://apps.webofknowledge.com/ - MmynpTHAMCHIMIUIMHAPHAS pedepaTUBHO-

oubsmorpaduueckas 0Oaza maHHbIX MHcTuUTyTa HayuHol wuHbopmammu CIIA
(Institute for Scientific Information, ISI), npeacrasiennas Ha mnargopme Web of
Knowledge komnanun Thompson Reuters.

9. www.scopus.com - Scopus (SciVerse Scopus) MyIbTHAUCIUTIIHHAPHASL
oubnuorpaduueckas u pedeparuBHas 0a3a JaHHBIX, CO3/IaHHAS W3ATEIHCKOU
kopropauueit Elsevier.

10.http://cyberleninka.ru/about — Hayunas OubOmmOTEKa OTKPHITOTO JOCTYyIA
«KubepJlennnkay.

7. Meroanuyeckue YyKazaHus IS OOy4YalOIIUXCHd IO OCBOCHHIO
AUCIHUTIHHBI (MOIYJIs1)

YcnemHoe 0CBOEHUE NUCLMILUIMHBI IPEANONAracT akTUBHYIO, TBOPYECKYIO
paboTy acnupaHTa Ha 3aHATHSAX JEKIMOHHOTO U CEMHHAPCKOTO THMA, & TAaKXKE BO
BpeMsl BBITIOJIHEHUSA J1a00PaTOPHBIX paboT.

CaMmocTosTenbHass paboTa MPOBOAMUTCS C LEIbIO YIIyOJIeHHWs 3HaHWM 110
JUCLUIUIMHE U MPEyCMaTPUBAET:

- YTEHUE CTYyJAECHTAMH pPEKOMEHJOBAHHOW JINTEPATyphl MU YCBOCHUE
TEOPETUYECKOTO MaTepraia JUCIUUIIIINHBI;

- IOATOTOBKY K J1a00OPAaTOPHBIM 3aHATUSIM;

- paboty ¢ IHTepHEeT — UCTOYHUKAMU.

CaMmocTosTenbHass paboTa acIUpaHTOB IMPOBOJUTCS B (opMe H3ydeHUs
OTZEIBHBIX TEOPETUYECKUX BOIPOCOB IO IPEJIaraéMoil  JUTEpAType ¢
JaIbHEWIIMM MX OOCYKJIEHHEM Ha ayAUTOPHBIX 3aHiATHIX. Bo Bpems
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CaMOCTOSITENIbHON TMOJATOTOBKUA OOydYaromfecs: o0ecredyeHbl JOCTyNoM K 0azam
JAHHBIX, OMOIMOTEeUHBIM (hoHIaM U ceTu MHTepHer.

Ha camocrostenbHoe wu3ydenue pazjaena 1 «OOmas XapakTepucTuka
HaHocuctem» OTBoAUTCA 20 yacoB. ACHUPAHTBl JOJDKHBI JETAlbHO H3Y4YUTh
METOAbl  HCCIEAOBAHMUS  CTPYKTYphl U (PU3UKO-XUMHUYECKUX  CBOMCTB
HAHOMATEPHUAJIOB U CHHTETHMYECKMX MEMOpaH, HCHOJb3ys YydeOHble MOocoOus
PeokonkoB JI.M., Jleeuna B.B., d3umsurypu O.JI. Hanomarepuanbl: YdeOHOE
nocobue. M. : BUHOM. Jlabopatopus 3uanwmii, 2010. — 365 c. u Kononenko, H.A.,
®omenko, M.A., bepesuna, H.II., BombpdroBuu, KO.M. «Ilopuctas ctpykrypa
MeMOpaHHbIX MAaTEPUATIOBY.

Bormpocsl U1l caMOCTOSATENBHOTO U3y4YECHHUSL:

1. CtpykTypa MeMOpaH: MyJIbTUILIIETHI, KJIaCTEPHI.

2. Habyxanue memOpaH.

3. Metonpl uccneAOBaHUS CTPYKTYpPbl HAHOKOMIIO3UTHBIX MeMOpaH B
3aBUCUMOCTH OT YPOBHS UX FE€TEPOr€HHOCTH.

4. ®OU3MKO-XMMHUYECKUE METOAbl HCCIECIOBAHUS CTPYKTYPBI: ONTHYECKHE
(COM, ACM); meton nuddepentnanbion ckanupyromieid kanopumerpuu (CK);
tepMmorpaBuMerpuueckuii ananus (TI'A), Tepmomexanuueckuii anamm3 (TMA),
pe3onaHcHble (AMP, I[IMP), pentrenocTpykTypHbii anaim3, MK-cnekrpockornus.

5. MexaHnueckue CBOMCTBa MOHOOOMEHHBIX MaTepuasaoB. Tepmuyeckas u
XUMHYECKasi yCTOWYUBOCTh MEMOPaH.

6. IlopucTocTh CHHTETHYECKMX MEMOpaH M METOJbl €€ OLEHKH.
Bo3MOXHOCTH METO1a KOHTAKTHOM 3TaJOHHOW OPOMETPHHU.

JInst caMoCTOATENbHOrO U3yueHus pazaena 2 «TpancnopT MOHOB U BOJIbI B
HAHOKOMITIO3UTHBIX MeMOpaHax» aclupaHThl MOTYT UCIIOJIB30BATh JINTEPATYPY:

I. Kononenko H.A., bepesuna H.II. Metoasl wucciaenoBaHus u
XxapakTepuzanuu MeMOpan. ['naBa B kH.: MemOpaHbl 1 MEMOpaHHbIE TEXHOJOTHUU.
C.402-455 / Konnextus aBTopoB. OTB. pea. A.b. SpocnaBues. M.: Hayuynsiit mup,
2013.-612c.

2. I'mycun H.IL., Kononenko H.A. DnekTpomacconepeHOC B HOHHBIX
npoBoAHMKaxX: YueO. mocoobue. Kpacnomap, KyoI'y, 2011. 83 c.

B pamkax paznena 2 acnupaHThl JOJKHBI pACCMOTPETh BOIPOCHI:

1. OcobeHHOCTH TIepeHOCa MPOTOHA B HAHOKOMIIO3UTHBIX MEMOpaHax B
AIEKTPUUYECKOM MOJIE.

2. DIeKTpOOCMOC B MEMOPAHHOM cHCTEME, COTIPSIKEHHBIN IEPEHOC MOJIEKYJT
BOJIbI C MOHAMU.

3. DIIEKTPOKMHETHYECKHE SIBJICHUS B HAHOKOMITO3UTHBIX MeMOpaHax.

[Ipu camocTtosTenbHOM U3yueHuu pazzaena 3 «llonasipuzalinoHHbie sIBICHUS B
AIIEKTPOJHBIX U 3JIEKTPOMEMOPAHHBIX CUCTEMax B MPUCYTCTBUU HaHouyacTui (30
4acoB) aCMUPAHThI MOTYT KUCIOJIb30BATh JUTEPATYPY:

1. Mem6pansl 1 MmeMOpanHble TexHosoruu / OTB. pen. A.b. SpocnaBues.
M.: Hayunsiid mup, 2013. - 612 c.
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2. I'mycun H.II., Kononenko H.A. DiekTpomMacconepeHOC B HOHHBIX
npoBoAHMKaxX: YueO. mocoodue. Kpacuonap, Kyol'y, 2014.

Bonpocs! 1151 caMOCTOATEIBHOIO NU3YUEHHUS

1. CompsikenHble  3(Q(QEKTbl  KOHIEHTPAMOHHON  MHOJsSpU3aluu B
3JIEKTPOMEMOpPAHHON CUCTEME.

2. Tlonsipu3allMOHHBIE SIBJIEHUS B NPUCYTCTBUM IMOBEPXHOCTHO-AKTHUBHBIX
OpPraHMYECKUX BEIIECTB.

3. OcoOEHHOCTH BOJBTAMIEPHBIX XaPAKTEPUCTHUK HAHOKOMIIO3UTHBIX
MeMOpaH.

[Ipu camocrosiTenbHOM wu3yueHUU pasgena 4 «MoaupuipoBaHHbIE
HAaHOKOMITO3UTHBIE MEMOPAHbD) aCTUPAHTHI MOTYT MCIIOIB30BATh JTUTEPATYPY:

1. MemOpanbl u MmemOpanHbie TexHonoruu. / OTB. pea. A.b. Spocnasies.
M.: Hayunsiii mup, 2013. - 612 c.

2. Kononenko, H.A., ®omenko, M.A., bepesuna, H.I1., Bonbdxosuy, FO.M.
ITopucras crpykTypa MeMmOpaHHbIX MarepuanoB. Yue0. mocobue. KpacHopap:
Ky6aHnckwuii roc. yu-t1, 2013. 121 c.

Bonpocs! 1151 caMOCTOATENBHOIO U3YUEHHUS

1. Cnoco0Obl BBeneHHS MOIU(PUUUPYIOUIMX BEIIECTB B HAHOpPa3MEpHbIE
HOJIOCTH MOJIMMEPHBIX MATPHUILI.

2. MonudunupoBanre MeMOpaH HEOPTraHUYECKUMU KOMIIOHEHTAMHU.

3. MoauduimpoBanue HaHOKOMIIO3UTHBIX MeMOpaH Ui NPUMEHEHHUS B
TOTUTUBHBIX JIEMEHTaX.

Mertoauyeckue ykazaHus A8 O0y4YalOUIMXCHA 1O TMOATOTOBKEe K
BbINOJIHEHUIO JIA00OPATOPHBIX PadoT

[enbto npoBeaeHus 1a00paTOPHBIX PadOT ABIAETCA:

—YCTaHOBJIEHUE CBSA3€H TEOPUM C MPAKTUKON B (pOpMeE 3KCIEPUMEHTAIBHOIO
HOJITBEPKIECHUS TOJIOKEHUIN TEOPUH;

—00y4eHHe CTYyIEHTOB YMEHUIO aHAIU3UPOBATh MOJYUEHHBIE PE3YIbTATHI;

—KOHTPOJIb CAMOCTOATEIHHON PabOTHI CTYJEHTOB MO OCBOCHHIO KypCa;

—00y4eHHe HaBbIKaM NPO(ECCUOHATIBHON JAESITEIbHOCTH.

Ilepen BbIMONHEHHEM J1IaOOPATOPHBIX padOT acnmupaHTaM HEO0OXOIUMO
O3HAKOMHUTBCSI € METOAMYECKMMM YKa3aHUSIMU K BBIIIOJIHEHUIO PA0OTHI U
HOJrOTOBUTH MPOTOKOJ MPOBEIEHUS PaOOThI, B KOTOPBII 3aHECTH:

— Ha3BaHHe paboThI;

— 3aroTOBKM TaOMUI[ JUIs 3aMOJIHEHUS SKCIEPUMEHTAIBbHBIMU JTaHHBIMU
HaOIIOICHHIA;

— YpaBHEHMsS XUMHYECKHMX pEaKkUMi MpeBpalleHUil, KOTopele OyayT
OCYILIECTBIIEHBI ITPU BBIIIOJIHEHUH SKCIIEPUMEHTA;

pacueTHble (pOpMyIIbI.

OdopMieHre 0TYETOB JOJKHO MPOBOJUTHCS MOCIE OKOHYAHUSA pPabOThl B
naboparopuu. [[nsi MOArOTOBKM K 3alIUTE OTYETA CIEAYET MPOAHAIU3UPOBATH

16



DKCIIEPUMEHTAJILHBIE ~ PE3yJIbTAaThl,  COMOCTaBUTh WX C  HM3BECTHBIMU
TEOPETUYECCKHUMH TIOJOKEHUSMU WJIM CIPABOYHBIMH JTaHHBIMH, OOOOIIUTH
pe3yNIbTaThl UCCIEAOBAHUN B BUJE BBIBOJOB IO pabOTe, MOATOTOBUTH OTBETHI Ha
BOTIPOCHI, TPHUBOJUMBICE B  METOIMYECKUX YKa3aHWSIX K  BBIOJHEHHUIO
J1a00paTOPHBIX pPadoT.

8. IlepeyeHbr HHPOPMALMOHHBIX TEXHOJIOTHH, HCHOJb3YEeMbIX IPH
OCYyIIeCTBJIEHMH 00Pa30BaTEJIbHOI0 MPOIecca M0 JUCHUIINHE (MOAYJI10) (pH
HE00X0IMMOCTH)

8.1 IlepeyeHb HEOOXOAMMOI0 POIPAMMHOI0 00ecreYeHus

—Microsoft Windows

—TIporpaMMHOe oOecrieueHue At 00pabOTKU SKCIIEPUMEHTATBHBIX JaHHBIX
U MPOBEJICHUs] CAMOCTOSITeNIbHON paboThl 1o nucuumuirnHe Microsoft Office (Word,
Excel, PowerPoint);

— KOMITBPIOTEpHBIC TPOTPaMMBI ISl pacueTa TPAHCIOPTHO-CTPYKTYPHBIX
napaMeTpoB HAHOKOMITO3UTHBIX MEMOpaH.

8.2 Ilepeyenb HEOOXOAMMBIX HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM
http://elibrary.ru/ Hayunas snekrponnas 6ubimorexa
http://e.lanbook.com/ - anexTpoHHO-OMOIMOTEUHAS] CHCTEMa H3AaTeNIbcTBa «JIaHb
Koncynwsrant I[lmtoc - cipaBoyHas rpaBoBas cuctema http://www.consultant.ru/

9. MaTepuajibHO-TeXHU4YeCKas 0a3a, HeOOX0AMMAsl ISl OCYLEeCTBJICHUS
00pa30BaTeJIbHOIO MPOLECcCa MO AMCHUIIUHE (MOLYJII0)

Jlist  mpoBeneHWs 3aHATUW 10 AWCIUIUIMHE WMEETCs HeoOxoaumas
MaTepUaibHO-TeXHUYECKass 0a3a, COOTBETCTBYIONIAsl ACHCTBYIONIUM CaHUTAPHBIM
¥ TPOTHBOMOXAPHBIM TpaBwiaM W Hopmam. JlaGoparopus «MemOpaHHOTO
MAaTEPUAJIOBEICHUSD), NPEJHA3HAUYCHHAsd JUIi NPOBEACHUS JIEKIMOHHBIX U
Ja00paTOPHBIX PadOT MO y4EOHOW MUCIUIUIMHE «DJIEKTPOXUMHS HAHOCHCTEM
CHa0)Xe€Ha PYKOBOJICTBAMU JJIA BBIMIOJHEHHUS J1A0OpaTOpPHBIX paboT, ydeOHO-
Ja00paTOPHBIM O0OPYJIOBAHUEM, PEAKTUBAMHU JJII XUMHUUYECKOTO JKCIIEPUMEHTA.
g npoBedeHHs JEKUMU-BU3YIM3aUMM W JICKUMH-TIPE3CHTALMA HUMEETCA
MyJIbTUMEIUMHAS anmnapaTypa U HOyTOyK. IMeroTcst KOMIbIOTEPHI 11 00paboTKU
AKCTIIEPUMEHTAJIbHBIX JTaHHBIX HA JJA0OPATOPHBIX 3aHITHSX.

MarepuaibHO-TEXHHYECKOE 00ECIIeUeHUE TUCIUTIITUHBI

No Bun pa6or
(Mozyssl) M OCHAILIEHHOCTh

1. Jlekimonnele 3ansatus | Aynutopus (aya. 345c), ocHameHHas y4deOHOW MeOenblo,
IIEPEHOCHOW IPE3EHTALMOHHON TEXHUKOHN (IIPOEKTOp, IKpaH,
KOMIBIOTEP/HOYTOYK) W COOTBETCTBYIOIIUM MPOTPAMMHBIM
obOecrieueHreM  JUIsl  JIEMOHCTpAaIlMM  MYJIbTUMETUNHHBIX
MPE3CHTAlUI, MEJIOBOUW MJIM YHUBEPCAIHHOM JTOCKOM.

2. Cemunapckue 3ausatust | Aynuropus (ayn. 345c), ocHaiieHHas y4yeOHOM Mmebenbio,
MEPEHOCHOW TMPE3EHTAIMOHHONW TEXHUKOH (IMPOEKTOp, IKPaH,
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KOMIBIOTEP/HOYTOYK MIM TEPEHOCHON MYJIbTUMEAMIHON
TEXHUKOM) u COOTBETCTBYIOIINM IpOTpaMMHBIM
o0ecrieueHHeM I JAEMOHCTPAallUUd  MYJIbTHMEIUNHHBIX
MIPE3CHTAIl, MEJIOBOM MJIM YHUBEPCAIBHON JIOCKOM.

JlaBoparopHbie
paboThI

JlaGoparopus MeMOpanHOro MarepuanoBeaenus (345c),
YKOMIUJIEKTOBAaHHAsl CTIeIMaIU3UPOBAaHHON MeOebIo,
BBITSIKHOW CUCTEMOM BEHTUISIUU, CPEACTBAMHU MOKAPHOU
0€30IMMacHOCTH ¥ OKa3aHUsI IEPBON MEIUIIMHCKOW MTOMOIITH,
71a00paTOPHBIM 000PYIOBAHUEM: IIEPEHOCHOE
MYJIBTUMEINITHOE 000pyI0BaHUH (ITPOEKTOP); MOTSHITUOCTAT
AUTOLAB PGSTAT302, renepatop Bogopoaa
nabopaTOpHBIN, BaHHA YJIBTPAa3BYyKOBas JabopaTopHas, siueika
JUTSL UCTIBITAHUS. MEMOPaHHO-3JIEKTPOTHBIX 0JIOKOB, BECHI
nabopaTopHble, BECHl AHATUTUYECKHE, TEPMOCTAT BO3YILIHBIH,
nonomep-pH-merp, nsmepurens ummuranca E7-21, ucrounux
TOKa UMITYJIbCHbINA B5-50, KOHTYKTOMETp, U3MEPUTEITH
nmienanca Tesla BM 507, Hacoc MHOTOKaHaIbLHBIN
nepctanprrueckuii Heidolph Pumpdrive 5001, myasTuMeTpsr
YHHUBEpCaIbHbIC HACTOJIbHBIC, BAKYYMHBIN HacOC
71a00paTOPHBIN, MIEUKEp 1a00PaTOPHBINA, KOMITBIOTEPHI.

I'pynmossie
(MHIUBHUIYATTbHBIC)
KOHCYJIbTaIlNH

VYyeOHast ayIuTOpHs, YKOMIUIEKTOBaHHAs y4eOHON MeOenbio
(aym. 343C, Ne 328C, 345C, Ne 334C)

Texymuii  KOHTPOJIb,
MPOMEXYTOUHAS
aTTecTanus

Y4eOHass ayauTOpHsl IS MPOBEACHHUS MPAKTHUCCKUX 3aHATHHA
(aym. Ne 343C, Ne 328C, Ne 345C, Ne 334C), ocHamieHHas
yaeOHOI MeOeTbIo

CaMocTrogTenbHas
paboTta

Aynuropuu, OCHAIIICHHbBIE y4eOHO MeOebIo u
KOMIIBIOTEPHON TEXHUKOW C BO3MOXHOCTBIO MOIKIIOUEHHS K
cetu «/HTEpHET», NPOrpaMMOM HKPAHHOIO YBEJIWYEHUS H
00€eCTIeueHHBIN JOCTYIIOM B 3JIEKTPOHHYIO HH(DOpPMAIMOHHO-
oOpa3oBatenbHyto cpeny yHuBepcuteTta (Ne 140, Ne 341C, Ne
329C)
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