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1.1 «OnexTpoxumMus HaHOCHCTEM)»
DenepanbHBIM  I'OCYAapPCTBEHHBIM
Pa30oBaHuUsA, YyTBEPKACHHBIM ITPHKA30M
869 MmO HampaBIEHHIO IOATOTOBKU
b IIOATOTOBKM KaIpoOB  BBICIIEH
{HOM 00pa30BaTENBHOM IPOrpaMMBI 10
maeckue Haykd, npodmis 02.00.05

Pabouas nporpamma muctummesl 51.B.
paspaboTaHa B COOTBEICTBHH  C
00pa3oBaTeNBEHBIM CTAHAAPTOM BBICIIIETO Off
Muno6prayku Poccum ot 30.07.2014 Ng
04.06.01 Xwummgeckue Hayku (ypoBg
KBAJIU(UKAIWK) U Y4eOHBIM IJIAHOM OCHO
HanpaBieHuro noarotoBku 04.06.01 Xwu
ONEeKTPOXUMHSL.

Pabouyro mporpamMmy cocTaBui:

npodeccop kadeapsr
(pU3MYECKOM XHMUH, I-p XUM. HayK, IpOd.

OoHOHeHKO H.A. %&i&b

Pabo9as nmporpamma o6cykeHa Ha 3ace/a
«29» ampens 2019 r. mpoToxox Ne 13.

U Kadeapsl GU3NIeCcKOl XUMUH
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3aBemyromuii xadenpoi Gpusmaeckoit Xumu 1
J-p XUM. HayK, mpodeccop 3abonomnkuit B.I.
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YTBepxKeHa Ha 3aCe[aHuy YIeOHO-METOT
«16» mas 2019 r. mporoxon Ne 6.

4eCKOM KoMHUCCUU (aKyIbTeTa

Ilpencenarens YMK bakyiasTeTa

KaHJI. XUM. HayK, foreHT Ctopoxenko T.IT. —

3aB. OTAEIOM aCIIUpaHTypPEI
I-p GU3.-MaT. HAayK, JOLIEHT Crporanosa E.B




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 AMCHUILIHHBI
- chopMHUPOBATH 3HAHUS 00 IIEKTPOXUMHUIECKOM PABHOBECHUU B MEMOPAHHBIX
Y AJIEKTPOJHBIX CUCTEMAX C YYaCTHEM HAaHOYACTHII;
- 00ecCIeunTh YCBOSHUE TEOPETHUECKIUX OCHOB M 3aKOHOMEPHOCTEH KHHETUKH
AIEKTPOMEMOPAHHBIX MPOIIECCOB;

— BBISIBUTH POJIb HAHOpa3MepHbIX 3(P(HEKTOB B MexaHu3Me (HOPMHUPOBAHUS
MOTEHIIMAJIOB U MPOIIeCCaxX THAPATALlMU B DIEKTPOMEMOPAHHBIX CUCTEMAX.

1.3 Mecro aucuMmiavHbl (MOAYJsi) B CTPYKType 00pa3oBaTebHOM

NMPOrpaMMblI

JuciuminHa «DJIEKTPOXUMHUSI HAHOCUCTEMY SBIISIETCS AMCLMIUIMHOM IO
BBIOOPY BapUaTUBHOW 4acTH U OTHOcHUTCS K Onoky b.1 «/lucimmiuneny yaeOHOro
njaHa HanpasyieHus: noarotoBku 04.06.01 Xumuuyeckue HayKu, HaNpPaBICHHOCTD
02.00.05 DnekTpoxumusi.

N3yyeHnto  AUCHUIUIMHBL  «DJIEKTPOXUMHUS ~ HAHOCHUCTEM»  JOJDKHO
NPEAIIeCTBOBATh U3Y4YEHUE AUCHUIUIMHBI «DU3UKOXUMUS HMOHOOOMEHHBIX
MarepuasioB». M3yueHne JaHHOW JUCUWIUIMHBI SIBIISIETCS OCHOBOM A
TuCIUTUINHBL  «DyHIaMEHTaNbHBIE OCHOBBI ONTHUMU3AIMN W HMHTCHCHU(PDUKAINH
MeMOpaHHBIX MpoueccoBy. [lomydyeHHbIe B X0/1€ OCBOCHHS AUCLUIUIMHBI 3HAHUSA,
YMEHUSI M HAaBBIKK MOTYT OBITh IMOJE3HBIMU TMPU BBINOJHEHUHM HAYYHBIX
VCCIICIOBAHNM, a TAKXKE B XO/1€ HAYYHO-IIPOU3BOICTBEHHON NIPAKTHUKHU.

1.4 IlepeyeHb IUIAHMPYEMBIX Pe3yJbTATOB 00yYeHUS MO IAMCIHUILIAHE
(MOmyJII0), COOTHECEHHBIX ¢ IUIAHUPYEMbIMHM Ppe3yJbTATAMH OCBOEHMS
o0pa3oBaTeJbHON MPOrpaMMbI

[Ipouecc w3ydeHHWss AWCUMIUIMHBI HampaBieH Ha  (OpPMHUPOBAHUE
caenyronux kommnereniuii: OIIK-1 u [TK-1.

No HNunexc Copepxanue B pesynbrare u3ydeHus: ydaeOHOM JUCIUTUIMHEI
g, | KOMIET | KOMIETEHLH (v eé oOyJaromuecs: JOIKHbI
CHIIUU YacTH) 3HATh yMeTh BJIaJ€eTh
l. OIIK-1 | cnocoGHOCTBIO TEOPETUYECKHE
CaMOCTOSITEIIbHO OCHOBBI
OCYIIECTBIATh POTEKaHUS
Hay4YHO- NEKTPOXUMUY
HCCIIEI0BATEIBCKYIO €CKHX
JESITeIbHOCTD B | IPOLIECCOB B
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Ne NHupeke Conepxanue B pe3ynbrate u3zyueHus: yaeOHON AUCHUTIIMHBI
Ly, | KOMIET | KOMIETEHIH (v eé 00yYaromuecs T0JIKHbI
€HUNHU 4acTu) 3HATH yMeTh BJIA/IETh
COOTBETCTBYIOLIEH HAaHOCHUCTEMAX
npodeccuoHanbHOM (udp: 3
obmactu c | (OIIK-1)-2)
WCIIOJIb30BAaHUEM
COBPEMEHHBIX
METO/I0B
HCCIeA0BAHUS "
nH(pOpMaIMOHHO-
KOMMYHHUKAIIMOHHBIX
TEXHOJIOTHI
2. IIK-1 CnocoOHOCTBIO Ha3HAUYCHUC, HCIIOJIb30BaTh | OCHOBHBIMU
MPUMEHSITh OCHOBHBIE | 00JacTb HaHOMaTrepuasl | HOHATUSAMH U
MPUHIUIIBI, TEOPUU U | PUMEHEHHUS, bl B Pa3JIMYHBIX | TEPMUHOJIOTHE
KOHILIETIIUN KJIacCU(UKALM | TEXHOIOTHSIX i B obmactu
COBPEMEHHOMN 10 u npuHuun | (Iundgp: Y | cUHTEeTHYECKUX
JNEKTPOXUMHMM  JUISl | IEUCTBUS (ITK-1) -2) IMOJIMMEPHBIX
peuieHus HaHOMaTepual MaTepuasos;
(GyHIlaMEHTaIbHBIX U | OB; METO/bI METOANKAMHU
MPUKJIAHBIX 3a/1a4 UCCJICI0BAHUS HU3MEPECHUS
UX CTPYKTYpBI ¢dusuko-
u ¢buzuko- XUMHUYECKHUX
XUMHUYECKHUX XapaKTEPUCTUK
XapaKTEePUCTUK MOHOOOMEHHBIX
(IMudp: 3 HaHOMaTepHa
(IIK-1)-3) o (Iudp: 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

0DO0).

Bun yueGHOM paboThI Bceero I'ox oOyuenus
4acoB 2

AyIuTOpHBIE 3aHATHS (BCEro) 20 20

B ToM uucne:

3aHATHS JIEKIIMOHHOTO TUIIA 8 8

JlaGopaTopHblie 3aHITHS 12 12

3aHATHS CEMUHAPCKOTO TUMA (CEMUHAPHI, i} B}

IIPAKTUYECKHUE 3aHITHSI)

CamocrosiTesibHas padoTa (Bcero) 97 97




B tom uncine:

[ToaroToBKa K BBHIMOJHEHHUIO U 3AIIUTE JTA0OPATOPHBIX 50 50

pabot

[ToaroToBka K TEKyIleMy KOHTPOJIIO 47 47

KounTtpoJs:

[ToaroroBka K 3K3aMeHy 27 27

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

OO6mast Tpya0E€MKOCTh TUCHMIUIMHBI cocTaBiisieT 4 3ad.en. (144 wgaca), ux
pacripejiesieHre 1Mo Buaam paboT MpeACcTaBieHo B Tabautie (s cmyoenmos 3P0).

Bun yueGHOM paboThI Bceero I'ox oOyuenus
4acoB 3 2
AyIuTOpHBIE 3aHATHS (BCEro) 20 8 12
B ToM uucne:
3aHATHS JIEKIIMOHHOTO TUIIA 8 4 4
JlaGopaTopHblie 3aHITHS 12 4 8

3aHATHS CEMUHAPCKOTO TUTA (CEMUHAPBI,
MPAKTUYECKHUE 3aHSATHUS)

CamocrosiTesibHas padoTa (Bcero) 94 64 30

B ToMm uucie:

[ToaroToBKa K BBIMOJHEHHUIO U 3AIIUTE JTA0OPATOPHBIX 54 34 20

pabot

[ToaroToBKa K TEKyIleMy KOHTPOJIIO 40 30 10

KonTtpoJs:

[ToaroroBka k sKk3aMeHy 30 30

OO01mas TpyA0eMKOCTh 4yac 144 72 72
3a4. e]l. 4 2 2

2.2 CTpyKTYypa IMCHUIIAHBI:

Pacnipenenenue BuaOB yueOHOI pabOTHl U MX TPYJOEMKOCTHU IO pa3fesaM
JUCITUTITUHBL.

Paznmensl AWCHMIUIMHBI, W3y4aeMble Ha BTOPOM TOXy OOYYECHHsS (07
cmyoenmos ODO)




NO KOJ'II/I‘ICCTBO 4qacoB
paS- HaI/IMeHOBaHI/Ie pa3aen03 AyIlPITOpHaH pa60Ta C&MOCTO}ITCJ’IBH&}I
ena Bcero pabota
A a3 | Jp
1 2 3 4 5 6 7
OOmrasg xapakTepUCTHUKA
1. Hast XapaKtep 28 | 2 26
HAHOCHUCTEM
TpaHciopT NOHOB U BOJILI B
2. |'P p % 36 | 2 4 30
HAHOKOMIIO3UTHBIX MeMOpaHax
[TonsipuszarmoHHbIC SBICHUS B
AIIEKTPOIHBIX U
3, POt 27 | 2 4 21
3IIEKTPOMEMOPaHHBIX CHUCTEMaX B
MPUCYTCTBUH HAHOYACTHI]
MomudbnnupoBaHurie
4. A uimp 26 | 2 4 20
HAaHOKOMIIO3UTHBIC MEMOPaHbI
KonTpoJib 27
Bceco: 144 | 8 12 97

Pazpenbl  mucnuniuHB, W3y4aeMble Ha TpeTbeM Toxay oOydeHus (aJuas
ctyaeHToB 3®O)

KonnuectBo vacos
No
AyautopHas [CaMocTosITeN
pas- HaunmenoBanue pasnenon
o Bcero abora pHas paboTa
8 1|13 [ JIp
1 2 3 4 5 6 7
1 OO61ast xapaKTepuCcTHKa 2% | 2 24
HAHOCUCTEM
5 TpaHcnopT HOHOB U BOJIbI B 46 | 2 4 40
HAHOKOMITIO3UTHBIX MeMOpaHax
Hmoeo: 72 | 4 4 64

Pazmensl aucuMIIWHBL, HW3ydyaeMble Ha YETBEPTOM ToAy oOydeHus (AJas
cTyaeHToB 3®O)

No KonngectBo wacos
gea;; HanmeHoBaHue pa3nesion Beero AynutopHas paGota CaMo;fl%;(I)TTeaanag
J 113 JIP
1 2 3 4 5 6 7
[TonsipuzaniioHHbIE SABJICHUS B
1.  |3MEeKTPOIHBIX M ANEKTpOMEMOpaHHbIX | 21 2 4 15
CUCTEMax B IPUCYTCTBMM HAHOYACTHUIL
2 MoudunpoBaHHbIE 21 | 2 4 15
" |HaHOKOMITO3UTHBIE MEMOpaHbI
KoHTpoJib 30
Hmoezo: 72 | 4 8 30
Hmoeo no oucuyuniune: 144 | 8 12 94




2.3 Copnep:xanue pa3aeyoB IUCHUNJINHBI:

2.3.1 3ausaTHA JeKIUOHHOT0 THIIA

HaumenoBanue dopma TEKYIIETO
Ne Copepxanue pasaena
paznena KOHTPOJIS
1 2 3 4
1. Oomas OcCHOBHBIE TIOHATHUS U KJIacCUPHUKAIUS VYcTHbIl onpoc
XapaKTepUCTHKA HaHocHcTeM. CHHTE3 OJTUMEPHBIX
HAaHOCHCTEM HaHoMarepHuasioB. [lonydeHre rOMOT€HHbIX U
reTeporeHHbIX MeMmOpaH. Knaccuduxkanus u
[I0JIy4E€HUE KaTaIu3aTOPOB HA MTOJMMEPHOU
ocHOBe. PU3UKO-XMMUYECKHE CBONCTBA
CHUHTETHUYECKUX MeMOpaH. MeToIblI
UCCJIEIOBaHMsI CTPYKTYPhl HAHOMATEPHAJIOB
2. Tpancnopt HoHOB 1 |MexXaHU3M NPOBOAUMOCTH HAHOKOMIIO3UTHBIX| Y CTHBIN OIIPOC
BOJIBI B MeMOpaH. DIEeKTPOOCMOTHYECKHE SIBJIICHUS B
HAaHOKOMIIO3UTHBIX ~ |MEMOpaHHOM CHCTEME, CONPSHKEHHBIN
MeMOpaHax MEPEHOC MOJIEKYJI BOJIbI C HOHAMU B
AJIEKTPUUYECKOM TI0JIe U criennpuka
ANEKTPOKUHETUUECKUX SBJICHUM MPHU
IIEPEHOCE BOJIBI C IPOTOHAMH.
HanopasmepHsbie ruipaTHpOBaHHbIE
KOMIUIEKCHI B JIEKTPUYECKOM I10JIE.
3. [Tonspuzanmonusie |KoHUEHTpalIMOHHAS U AJIEKTPOXUMHUYECKAS VYcrHblil onpoc
SIBJICHUS B MIOJIApU3aLUs B JJIEKTPOIHBIX CUCTEMAX.
INEKTPOAHBIX U OcHOBHbIE YpaBHEHUS AJIsl INIOTHOCTH
MeMOpaHHBIX noJIsIpu3ytoIiero Toka. Ilonspusanuonsele
CUCTEeMax B SIBJICHUS B DJIGKTPOMEMOpaHHBIX CHCTEMaX B
IPUCYTCTBUU 3aBUCHUMOCTH OT IIPUPOJIBI U COJEPIKAHUS
HAHOYACTHII HAHOYACTHI] B 00beMe U Ha MOBEPXHOCTH.
AHanu3 BOJIbTAMIIEPHBIX XapaAKTEPUCTHK.
4. MoaudunmpoBanusie| BBegeHne MoaupUIIMPYIOMIMX BEIIESCTB B YcrHblii onpoc
HAaHOKOMIIO3UTHBIE  |HAaHOPAa3MEPHBIE MTOJIOCTH MOJIMMEPHBIX
MeMOpaHBbI MaTpull. KoMIuiekc 31eKTpoTpaHCIOPTHIX
CBOWCTB HOHOOOMEHHBIX MEMOpaH B
3aBHCHUMOCTH OT IPUPO/IBI
MOIU(DHUIMPYIOMHUX T00ABOK.
2.3.2 3aHATHA CEeMUHAPCKOTO THIIA
He npedycmompenul
2.3.3 JlaGopaTopHbIe 3aHATHS
Ne Hanmerosarnue HaunmenoBanue 1abopaTopHbIX padboT Popwma Tekymero
paznena KOHTPOJIS
1 2 3 4
1. |Tpauncniopt noHOB U  |M3ydeHue 31eKTPONPOBOTHOCTH 3amura
BOJIBI B HaHOKOMITO3UTHBIX MEMOpaH nabopaTopHOMH
HAHOKOMIIO3UTHBIX  |OmpeneneHue 3JIeKTPOOCMOTHYECKON paboThl
MeMOpaHax MIPOHUIIAEMOCTH HAHOKOMITO3UTHBIX
MeMOpaH




. ITonapuzaunonnsie |MI3MepeHue BOIbTAMIEPHBIX KPUBBIX B 3amura
SIBJICHUS B MeMOpaHHOH cucTeMe nabopaTtopHOit
AJIEKTPOJIHBIX U paboThl
MeMOpaHHBIX
cucremMax B
MIPUCYTCTBUHU
HaHOYACTHII

. MoauduumpoBanusie| I3MepeHne ynce nepeHoca HOHOB B 3amura
HaHOKOMIIO3UTHBIE  |MOAM(DULMPOBAHHBIX HAHOKOMIIO3UTHBIX  |[J1a00paTOpHOM
MeMOpaHbI MeMOpaHax paboThI
24 Ilepeuenn Y4eOHO-MeTOANY€eCKOro obecrieueHust Ji ) 6

CaAMOCTOAITEILHOM PA00THI 00yYaOUIMXCH MO0 AMCIHUTIHMHE (MOLYJII0)

IIOATrOTOBKH

CamocrosiTenbHas paboTa acnupaHTOB MPOBOAUTCA B (hOpME M3YUYEHUS OT-
JEJBHBIX TEOPETUYECKUX BOMPOCOB MO MPEIAraéMoi JINTepaType ¢ JadbHEUIINM
UX OOCYXJICHHEM Ha ayJUTOPHBIX 3aHATHSIX. BO BpeMs caMOCTOATEIbHOU

oOyJaronmecs

o0OecrieueHbl  JOCTYNIOM K 0a3aM  JTaHHBIX,

oubsmoreunbM poHam u cetu MaTepHer.

[Tepeuensb yueOHO-METOINIECKOTO 00ECTIEYeHUSI TUCITUTUIMHEI T10

HaumenoBanue N
Ne BBITIOJTHCHUIO CAMOCTOSITEIbHOW PaOOThI
pasnena
1 2 3
.|O6mas 1. PeoxonkoB [[.U., Jlesuna B.B., [[3un3urypu 2.J1.
XapaKTepUCTHKA Hanomatepuansr: Yue6noe nocodue. M. : BMUHOM. JlaGopatopus
HAHOCUCTEM 3nanuii, 2010. — 365 c.

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.

./ Tpancopt HOHOB U

1. Kononenko H.A., bepesuna H.I1. Metoasl uccnenoBanus u

BOJIBI B xapakrepuzanuu MmemOpaH. ['1aBa B kH.: MeMOpaHbl 1
HAaHOKOMIIO3UTHBIX  |MeMOpaHHbIe TexHonoruu. C.402-455 / Konnextus aBropoB. OTB.
MeMOpaHax pen. A.b. SpocnaBues. M.: Hayunsiit Mmup, 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.
[onapuzaunonusie |1. Kononenko H.A., bepesuna H.I1. MeToas! uccnenoBanus u
SIBJICHUS B xapakrepuzauuu MmemOpas. ['1aBa B kH.: MeMOpaHbI u
JJIEKTPOJHBIX U memOpanHbie TexHonorun. C.402-455 / Komnekrus aBTopoB. OTB.
MeMOpaHHBIX pen. A.b. SpocnaBues. M.: Hayunsiit Mmup, 2013. — 612 c.
cucTeMax B 2. I'mycun H.I1., Kononenko H.A. DnekTpoMacconepeHoc B
MIPUCYTCTBUU MOHHBIX MTPOBOIHUKAX: Yueb. mocooue. KpacHomap, KyoI'Vy, 2011.
HaHOYACTHII
Moaudunupoanusie| 1. MemOpanbl 1 MeMOpanHbIe TexHoJoTHH. / OTB. pea. A.b.
HaHOKOMMNO3UTHbIE |Spocnasues. M.: Hayunsiii Mup, 2013. — 612 c.
MeMOpaHBbI http://biblioclub.ru/index.php?page=book_red&id=4683348&sr=1

2. Kononenko, H.A., ®omenko, M.A., bepesuna, H.II.,
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Boabsdxoruy, FO.M. Tlopucras ctpykTypa MeMOpaHHBIX
MaTepuainoB. YueO. mocobue. KpacHonap: Kybanckuii roc. yH-T,
2013. 121 c.

Y4eOHO-METONMYECKHE  MaTepHayibl  JUIsi  CaMOCTOSTENIbHOH  paboThI
00ydJaronmxcsi U3 4ucja WHBAIUAOB W JIUI C OTPAHMYCHHBIMU BO3MOKHOCTSIMU
3JI0pPOBbsSI TIPEIOCTABISAIOTCS B (opMax, aJanTUPOBAHHBIX K OTPAHUUYEHUSM WX
3/I0POBbsSI 1 BOCTIPUATHSI HHPOPMAIIUHN:

JUist a1 ¢ HapyIIEHUSIMU 3pEHUS:

— B [Ile4aTHOM (popMe yBeJIMUYEHHBIM HIPpUPTOM,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JIist a1 ¢ HApYUIEHUSIMU CITyXa:

— B Ie4YaTHOM popme,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JIist Ut ¢ HApYIIIEHUSIMUA OTIOPHO-/IBUTAaTEIILHOTO arapara:

— B TleyaTHOU popme,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JlaHHBIA TIEpeYeHh MOXKET OBITh KOHKPETHU3MPOBAH B 3aBUCUMOCTH OT
KOHTHUHT'€HTa O0y4aroInXCs.

3. O0pa3oBare/ibHbIE TEXHOJIOTUH

Hnsa  dopmupoBanust npoQecCHOHATbHBIX KOMIIETEHIIMH B MpoIecce
OCBOEHHUSI Kypca HCIOJIb3YETCS TEXHOJIOTUA NpOo(heCcCHOHATBHO-Pa3BUBAIOIIETO
oOydeHus, MpeaycMaTpUBalOIlasi HE TOJIBKO Iepefadyy TEOpEeTUYECKOro
MaTepuana, HO U CTUMYJIMPOBAaHHUE ITO3HABATEIbHBIX JNEHUCTBUN CTyAcHTOB. llpn
IIPOBEICHUM  JICKUMOHHBIX  3aHATUH  WCHOJB3YIOTCS  MYJBTHUMEAUIHBIC
npe3eHTauuu. B paMkax mpakTU4ecKux M J1aOOpaTOPHBIX 3aHITUNA MPUMEHSIOTCA
METO/Ibl IPOEKTHOI'0 O0yUYEHUsl, UCCIEA0BATEIbCKUE METObI, METOJ] KOHKPETHBIX
CUTYyaLUH.

VYcnemHoe OCBOGHME  Marepuana Kypca Ipeanojiaraer  OoJIbIIyro
CaMOCTOSITENIbHYIO padOTy acClUPaHTOB U PYKOBOJACTBO 3TOM pabOTON CO CTOPOHBI
npenogasaresii. B mpomecce  CaMOCTOSATENBHOM — ACATEIBHOCTA — CTYAEHTBI
OCBAaMBAIOT W AHAIM3UPYIOT NEPEAOBOM IENArOTMYECKUNA OMNBIT, HCIOIb3YS
UMEIOLIYIOCS JUTEepaTypy UM HH(OpPMAIMOHHBIE TEXHOJOrHU. JJii MHBAIUIOB U
JIML C OTPAHUYEHHBIMU BO3MOXXHOCTSIMU 3[I0POBbsI pEATU3YIOTCA UHINBH1yaIbHbIE
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 ACSATEIBHOCTD IIPENO1aBATEIS.

Cemectp Bun 3anstui Hcnone3yeMble THTEPAKTUBHBIE Konunuectso
(JI, TTP, JIP) 00pazoBaTebHBIC TEXHOJIOTUH 4acoB
J Jlexnusi-nipe3eHTanus: MeMOpaHHas 2
BOJIbTAMIIEPOMETPHSL.

9



3 JIP N3MepeHne BOIbTaMIIEPHBIX KPUBBIX B 2
MeMOpaHHOM cucTeme

Utoro: 4

JUis M1l ¢ OrpaHMYEHHBIMM BO3MOXKHOCTSIMHU 3/I0pOBbsl IIPETyCMOTpPEHA
OpraHM3alys KOHCYJIbTALUN C UCTIOIb30BAHUEM JIEKTPOHHOM MOYTHI.

4. OueHo4HbIe CpPeACTBA IS TEKYLIEro KOHTPOJISI YCIIeBAEMOCTH H
NPOMEKYTOYHOM aTTecCTANNHU

4.1 ®oH OLIEHOYHBIX CPEACTB /ISl MPOBeIeHUs TeKyllel aTTecTaluu

Bompocsl st yctHOro ompoca mo Teme «OOmas XapakTepucTHKa
HAHOCHUCTEM:

Knaccudukanus HanocucTeM.

DU3NKO-XUMHUYECKHUE CBOWCTBA CHHTETHYECKIX MeMOpaH.

CrnocoOsI onpeiesieHns OOMEHHOM €eMKOCTH HOHOOOMEHHBIX MeMOpaH.
Mertonbl UCCeI0BaHUS CTPYKTYpPbl HAHOMATEPUAJIOB.

[ToprcTOCTh HAHOKOMITO3UTHBIX MEMOPAH U METOJIBI €€ OICHKH.

DN B~ WK —

Bonpocsl ans yctHoro ompoca no teme «TpaHCOPT MOHOB M BOJIBI B
HAaHOKOMITO3UTHBIX MEMOpaHax» U MpH 3aiuTe JadopaTtopHoit paboTel «3yuenue
3IIEKTPONPOBOTHOCTA HAHOKOMITO3UTHBIX MEMOpaH»:

1. IlepeHoc MOHOB B HAHOKOMITO3UTHBIX MEMOpaHax B AJIEKTPHUUECKOM II0JIE.

2. KoHIEHTpalMOHHAs 3aBUCUMOCTh YAEIBHOWH 3IEKTPOINPOBOTHOCTH
pacTBOPOB U MEMOpaH.

3. CompsiKeHHbIH MEPEeHOC MOJEKYJI BOABI C MOHAMU B CHUHTETUYECKHUX
MeMOpaHax.

4. CpoocobObl ompeaeneHus  AIEKTPOOCMOTHYECKON  MPOHHUIIAEMOCTH
MeMOpaH.

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

Bomnpockl st yectHoro ompoca no teme «llonsipuzaninoHHbBIE SIBICHUS B
AJIEKTPOJHBIX W MEMOpPAHHBIX CHCTEMax B TPUCYTCTBUA HAHOYACTUI W TPHU
3amure JiabopatopHoi paboTel  «M3mMepeHHe BOJbTAMIEPHBIX KPUBBIX B
MeMOpaHHOU cucTeme»:

1. IonsipuzanmoHHbIe SBJICHUS B DJIEKTPOJAHBIX 1 MEMOpPAaHHBIX CUCTEMAX.

2.  Compsixenable  3(Q(EKTbl  KOHIEHTPALMOHHOW  MOJIIpU3aldU B
3JIEKTpOMEeMOpaHHON CUCTEME.

3. @axTOpbl, BIMAIOUIME HA BEJIMYMHY NPEIeNbHOTO TOKa B
3IIEKTPOMEMOPAHHOI cUcTeME.

4. CiocoObl onpeieseH s BEIMYHHBI IPEIEIBHOTO TOKA.

5. OcoGeHHOCTH BOJIETAMIIEPHON KPUBOW HAHOKOMITO3UTHBIX MEMOpaH.

Bompocsl st yctHoro ompoca mo  Tteme  «MoauduuupoBaHHBIE

HAHOKOMIIO3UTHBIE ~MEMOpaHb» W TpU 3alMTe JabopaTopHON  palbOThI
10



«3mepenue vucen mnepeHoca MOHOB B MOJU(PHUIIMIPOBAHHBIX HAHOKOMITO3UTHBIX
MeMOpaHax»:

1. MeTonbl MoauGUIIMPOBAHUS HOHOOOMEHHBIX MEMOpaH.

2. Bnustaue momuduimpoBanus MeMOpaH OPraHUYECKUMH KOMIIOHEHTAMH
Ha UX CEJIEKTUBHOCTb.

3. CocoObI onpeie/ICHUsT YUCEIT TePEHOC HOHOB Yepe3 MEMOpaHy.

4. MomudunupoBanue MeMOpaH HEOPTAaHHYECKUMHU KOMITOHEHTaMHU.

5. MomudunmpoBanrne HAHOKOMIIO3UTHBIX MEMOpaH JUIsi NMPUMEHEHUS B
TOILUIMBHBIX DJIEMEHTAX.

4.2 ®oHA OUEHOYHBIX CPeACTB [JI TPOBEJeHUS] NPOMEKYTOYHOM
aTrecTaumuu

4.2.1 Bomnpocsl 1J151 IOATOTOBKH K 3a4eTy (1isl cTyaeHTOB 3D0)

Knaccudukanus HanocucTeMm.

OU3NKO-XUMHUYECKHUE CBOWCTBA CHHTETHUECKIX MeMOpaH.

Crioco0nl onpezienenuss 0OMEHHOM eMKOCTH HOHOOOMEHHBIX MeMOpaH.

MeTonp! nccae10BaHUs CTPYKTYPhl HAHOMATEPHAJIOB.

[lepeHOC MOHOB B HAHOKOMIIO3UTHBIX MeMOpaHaxXx B 3JIEKTPUYECKOM

noJe.

6. KoHiueHTpallMoHHasE 3aBUCUMOCTh  YJIEJIBHOM  3JIEKTPONPOBOIHOCTH
pacTBOpPOB U MEMOpaH.

7. ConpspbKeHHBIM MEPEeHOC MOJEKYJ BOAbl C MOHAMU B CHUHTETHUECKHUX

N B~ WN =

MeMOpaHax.
8. CrmocoObl  ompefeNeHusT  AIEKTPOOCMOTHYECKON  MPOHHUIIAEMOCTH
MeMOpaH.
9. ®akTOphl, BIUAIIIME HA DJJIEKTPOOCMOTHYECKYIO MPOHHUIIAEMOCTh
MeMOpaH.

10.CenekTUBHOCTh HAHOKOMITO3UTHBIX MEMOPAH.

4.2.2 Bomnpocsl AJis1 NOATOTOBKH K IK3aMeHYy

OO1as xapakTepuCTUKa HAHOCUCTEM

OcCHOBHBIE TIOHATHUSA U KIacCH(PHUKAIUST HAHOCUCTEM.

[TommyueHne TOMOTEHHBIX M TETEPOTEHHBIX MEMOpaH.

[Tomxo/pl K XapakTepu3auu MEMOPaHHBIX MaTEPHATIOB.
OU3NKO-XUMUIECKUE CBOWCTBA CHHTETHUECKUX MeMOpaH.

MeTob1 NccIeI0OBaHUS CTPYKTYPhl HAHOMATEPHAIIOB.
DKCIepUMEHTAILHBIE METOIBI OIPEICTICHHSI STICKTPOIIPOBOHOCTH HA
MIOCTOSTHHOM U TIEpEMEHHOM TOKaX.

CocTosiHuE MOHOB U BOJIbI B HAHOKOMITO3UTHBIX MEMOpaHax.

9. Ilepenoc Bombl uepes MemOpany. OcMOC U IIEKTPOOCMOC.

NoUnkwWh =

*
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10. T'panuia paszmena MmemOpaHa-pacTBOP.

11. MeMOpaHHbIi MOTEHIIMAT U METOJIbI €70 U3MEPEHUSI.

12. CeneKTUBHOCTh HAHOKOMITO3UTHBIX MEMOpaH.

13. TlonsipuzanmoHHbIE SBJICHUS B JIEKTPOJAHON CUCTEME.

14. Tlonsipu3anmoHHbBIE SBJICHUS B JIEKTPOMEMOPAHHON CUCTEME.

15. BoapTaMmnepHbie XapaKTepUCTUKA MEMOPAHHON CUCTEMBI.

16. IlpenenbHOE COCTOSIHUE.

17. Conpsoxenubie 3QGEeKTh KOHIIEHTPAITMOHHON TOJIIPU3AIIHH.

18. CaepxmnpenenbHoe coctosgaue. {ucconuanus Boasl. Hapymenue
ANEKTPOHEUTPAIILHOCTH.

19. MoaudunupoBanue memOpan. Hanokommno3utHeie MeMOpaHbl C HOH-
ANIEKTPOHHBIM MEXaHU3MOM ITPOBOJIUMOCTH.

20. Komruiekc 37eKTPOTPaHCIOPTHBIX CBOMCTB HOHOOOMEHHBIX MEMOpaH B
3aBUCUMOCTH OT MPUPOALI MOAUDUIIUPYIOMIHNX JOOABOK.

OueHouHble CpEeACTBA Ui HHBAIMJIOB U JIMI C OTPaAaHUYCHHBIMU
BO3MOKHOCTSIMH  3/IOPOBbSl  BBIOMPAIOTCS € YYETOM MX MHAMBUAYaJbHBIX
NCUX0(U3NIECKUX 0COOCHHOCTEN.

— TpU HEOOXOAMMOCTH HWHBAIUAAM M JUMIAM C OrPAaHUYEHHBIMU
BO3MOKHOCTSIMU  3/I0POBBSl  MPEIOCTABIACTCS JOMOJIHUTENbHOE BpeMs s
MOJITOTOBKU OTBETA HA IK3AMEHE;

— TMpU TPOBEIECHUH TMPOLEAYPHl OLEHUBAHUS PE3YJIbTaTOB OOYy4YCHUS
WHBAJIMIOB M  JUI] C  OrPAHUYCHHBIMH  BO3MOXHOCTSMU  3JI0POBBS
IpeIyCMaTPUBAETCSl MCIOIb30BAaHNE TEXHHUUYECKHX CPEICTB, HEOOXOAUMBIX UM B
CBSI3M C X UHIUBUIYaJbHBIMA OCOOCHHOCTSIMU;

— TOpH  HEOOXOAMMOCTH s  OOyYarolHUXCS C  OTpaHUYEHHBIMH
BO3MOKHOCTSIMU 3/I0POBbSl U HMHBAJIUAOB MPOLEAYypa OLEHUBAHMS PE3YJILTATOB
00y4eHHs TI0 TUCHHUILIMHE MOKET MTPOBOJIUTHCS B HECKOJIBKO TaIlOB.

[Ipouienypa olleHMBaHUS pe3yJIbTATOB OOYYEHUS MHBAIMIOB U JIUI[ C
OTPAaHUYEHHBIMH  BO3MOXHOCTSIMH ~ 3I0POBbSl 10  JIUCUUILIMHE  (MOAYJIIO)
npeaycMaTpuBaeT NperocTaBieHue HHpopMaluu B (popMax, aganTUPOBAHHBIX K
OTpaHUYEHUSM UX 370POBbS U BOCIPUATHUS UH(DOPMAIUK:

JIist a1 ¢ HapyIIeHUSIMU 3pEHUS:

— B IIe4aTHOU popme yBeTMUEeHHBIM MIPUPTOM,

— B hopMe FIIEKTPOHHOTO JOKYMEHTA.

JIns mv1 ¢ HapyIIEHHUSIMU CITyXa:

— B IleyaTHOU (popme,

— B hopMe AIIEKTPOHHOTO JOKYMEHTA.

Jis Au1l ¢ HapyIIeHUAMH OTIOPHO-ABUTaTEIBHOIO amnmapara:

— B Ie4aTHOM popme,

— B (hopMe IIEKTPOHHOTO JOKYMEHTA.

JlaHHBIN epedeHb MOXKET ObITh KOHKPETU3UPOBAH B 3aBUCUMOCTH OT
KOHTHUHT€HTa 00y4YaroInXCs.
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4.2.2 Tlpumep 3K3aMeHANUOHHBIX ONJIETOB

KYBAHCKUI TOCYJTAPCTBEHHBIM YHUBEPCUTET
@aKyJIbTET XUMHUU U BBICOKUX TEXHOJIOTUU
Kadenpa dbusnyeckoit xumuu
DK3aME€H MO JUCHUILUINHE «DIEKTPOXUMUSI HAHOCUCTEM
HanpaBnenue noaroroBku — 04.06.01 Xumuueckue HayKu
[Mpodune nporpammser — 02.00.05 DaexkTpoxXuMus

Bujaer Ne 1

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

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

CryaeHTsl 00s13aHBI CHAaTh DK3aMEH B COOTBETCTBUM C PACIHUCAHHEM H
y4eOHBIM IIJIaHOM. DK3aMEH MO JAUCLHUIUIMHE MPECienyeT Ledb OLEHUTh padboTy
CTyZEHTA 3a KypcC, MOJIy4YEHUE TEOPETUUYECKUX 3HAHUM, UX MPOYHOCTh, Pa3BUTHE
TBOPYECKOTO MBIIUICHUS, MPHUOOPETEHHE HABBHIKOB CAMOCTOATEIbHOW paloThI,
YMEHHE NPUMEHSATH MOJyYEHHBIE 3HAHUS JJIs PEIICHNS IPAKTUYECKUX 3a1a4.

®opma  mpoBeAEHHA ~ JK3aMEHa:  YCTHBIM  OTBET HAa  BOIPOCHI
’K3aMEHAllMOHHOTro Owmiiera. ODK3aMeHATopy MpeloCTaBseTcsl IpaBO 3aJaBaTh
CTYJIEHTaM JIOTIOJIHUTEIbHBIE BOIPOCHI IO BCEW Y4yeOHOM mporpamme
JVCLUIIIINHBL.

PCByJ'IBTaT caauu OK3aMc€Ha 3aHOCHUTHCA ImpenoaaBaTciicM B
9K3aMCHAIMOHHYIO BEAOMOCTDb U 3a4YCTHYIO KHHIKKY.

Kpurepuu oueHkH orBera:

OllEHKA «OTJMYHO»: TIyOOKHE HCUYEPTBIBAIONINE 3HAHUS  BCETO
NporpaMMHOr0  MmaTepuana,  JIOTHYECKM  TOCJeNIOBaTelibHbIe,  IOJIHbIE,
rpaMMaTHYE€CKH  TMpaBUJIbHbIE W KOHKPETHbIE  OTBETHl Ha  BOIPOCHI
HK3aMEHAIMOHHOTO OWiIeTa ¥ JOMOJHUTENbHBIC BOIMPOCHI, WCIOJb30BAaHUE B
HEOOXOAMMOW Mepe B OTBETax S3BIKOBOTO Marepuasa, MpeACTaBICHHOIO B
PEKOMEHTyeMBIX y4eOHBIX MOCOOUSX U JOMOJHUTEIILHOMN JIUTEpaType;

OIICHKA «XO0poIIo»: TBépI[BIe H J0CTAaTOYHO IIOJHBIC 3HAHHUA BCCIO
IMporpaMMHOI'0 MaT€pualia, moCaca0BaTCIbHBIC, IIPABUJIbHBIC, KOHKPETHBIC OTBEThI
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Ha IIOCTaBJICHHBIC BOIIPOCHI IIpHU CBO60,ZIHOM pe€arupoBaHi Ha 3aMCYaHHsA 110
OTACIbHBIM BOIIPpOCaM;

OIleHKA «Y/OBJIETBOPUTEJIbHO»: 3HAaHHUEC U TOHUMAHUE OCHOBHBIX
BOIIPOCOB ITPOrpaMMbl, HAJTMYME HECYIICCTBEHHBIX ONIMOOK MPU HEAOCTATOYHOU
CITOCOOHOCTH WX KOPPEKTUPOBKH, HATMYHE OMPEISICHHOTO KoJIudecTBa (He Ooee
50%) ommOOK B OCBEIIEHUH OTNIEIHLHBIX BOIIPOCOB OMIIETA;

OlIEHKA «HEYI0BJIETBOPUTEJIbHO»: HEMOHUMAHUE CYIIHOCTU H3JIaraeMbIX
BOIIPOCOB, IpyObie (pakTHUYecKHe OLIMOKU B OTBETE, HEYBEPEHHbIE M HETOYHbBIC
OTBETHI Ha JIOTIOJHUTEIbHBIE BOIIPOCHI HK3aMEHATOPA.

5. IlepeyeHb OCHOBHOW M [ONOJIHHUTEJbHOW Y4YeOHOW JIMTepaTyphbl,
HEe00X0IMMOii 1151 OCBOCHUS M CHUIIINHBI (MOXYJISA)

5.1 OcHoBHas1 IMTEpaTypa:

1. PeokonxoB, J[.MI. Hanomarepuwansl [DneKTpoHHBIH pecypc] : yueOHOe
noco6ue / JI.U. Peoxonkos, B.B. JIéBuna, 2.J1. I3ua3urypu. — DJIEKTPOH.
naH. — Mocksa : M3gatensctBo "Jlabopatopus 3uanmii", 2017. — 368 ¢. —
Pexxum pgoctyna: https://e.lanbook.com/book/94117. — 3aru. ¢ skpaHna.

2. MemMOpanbl u MeMOpaHHbIE TEXHOJIOTHH, 1MoJ pena. A.b. Spocnasiesa. 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 mMemMOpaHHBIX cucTeM [Tekct] : ydeOHOe
noco6ue / H. I1. bepesuna ; M-Bo oOpa3zoBanus u Hayku Poc. @exnepanumy,

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

5.2 JlonosiHMTeIbHASI JIATEpATypa:

1. Kononenko, H.A., ®omenko, M.A., bepesuna, H.I1., Bonsdxosuy, F0.M.
[TopucTas cTpykTypa MeMOpaHHBIX MaTepuaioB. Yueb. mocoodue.
Kpacnonap: Kyb6anckuii roc. yu-1, 2013. 121 c.

2. I'nycun H.II., Kononenko H.A. DnexTpomacconepeHoc B HOHHBIX
npoBoHMKaxX: Yuel. mocodue. Kpacnomap, Kyol'y, 2011.
3. DNEKTPOXUMHSI HAHOKOMITIO3UTOB METAILIT-MOHOOOMEHHUK / T. A.

Kpasuenko, E. B. 3onoryxuna, M. 1O. Haiika, A. b. fpocnasies ; Poc.
akaj. Hayk, IH-T oOmieit u neopranndeckoit xumuu um. H. C. Kypnakosa,
M-Bo 06pa3oBanus U Hayku, BopoHexkckuii roc. yH-T. - MockBa : Hayka,
2013. - 364 c. : ui. - bubmuorp. B koH1e 1. - ISBN 9785020381421.

JInss OCBOECHMSI AMCUMUIUIMHBI WHBAIMAAMU W JIMUAMH C OTPAHUYCHHBIMU
BO3MOKHOCTSIMH 3JIOPOBbSI UMEIOTCS U3/IaHUS B 3JIEKTPOHHOM BHUJE B 3JIEKTPOHHO-
oubmoTeuHbIx cucteMax «Jlaub» u «OpaiT».
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5.3. llepuoanyeckne U3TaHNS:
Kypnan Gusudeckoil XUMHH.
DNEeKTPOXUMHUS
BricOKOMONEKYIISIpHBIE COETUHEHUS
JKypHan npukiiaiHon XUMUn
N3eectua PAH. Cepusi: Xumnueckas
Kunertuka u xaranus
Komnonanslii )xypHan
[IepcriekTUBHBIE MaTEPHUAIIBI
TeopeTnueckas U SKCIIEpUMEHTATIbHAS XUMUS
Yenexu XxuMumn

6. Ilepeyennb pecypcoB HHGPOPMANMOHHO-TEJIEKOMMYHUKANIMOHHOM CeTH
«HTepHEeT», HeOOXOAMMBIX IJISI 0CBOEHMS JUCHHUILIUHBI (MOLYJIs1)

1 http://www.memtech.ru — Poccuiickoe memOpanHoe 00111ecTBO

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

3. http://www.nanometer.ru/ - Hanomerp-HanotexHonornueckoe coo0I11ecTBO
4 bubnmuoreka moprana PODU http:// www.rtbr.ru/rfti/ru/library

5. KyoI'vy, kKadenpa bu3rIecKo XUMUU:
http://www.kubsu.ru/University/departments/ CHEM/physchem/

6. MewmOpanbl u1 MeMOpaHHbIe TexHoJoruu / noj pen. SpocnabieBa 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
MEXIyHapOaHOTO u3naTenscTBa Elsevier.

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

oubnuorpaduueckas 6aza nanHeix HucTuTyTa Hayunoit undopmanuu CIIA
(Institute for Scientific Information, ISI), mpencraBnennas na miarpopme Web of
Knowledge komnanuu Thompson Reuters.

9.  www.scopus.com - Scopus (SciVerse Scopus) MyJIbTHAMCHUILTMHAPHAS
oubnuorpaduueckas u pedeparuBHas 0a3a JaHHBIX, CO3/IaHHAS W3ATEILCKOU
kopropauueit Elsevier.

10.http://cyberleninka.ru/about — Hayunas OubOmmOoTeKa OTKPHITOTO JOCTYyIA
«KubepJlenunkay.

7. Meroanueckue YyKazaHus IS OOy4YalOIIUXCHd 10 OCBOCHHIO
AUCHHUIIHHBI (MOAYJIs1)

YcnemHoe 0CBOEHUE AUCLMILUIMHBI IIPEANONIAracT akKTUBHYIO, TBOPYECKYIO
paboTy acnupaHTa Ha 3aHATUAX JIEKIMOHHOTO U CEMHUHAPCKOrO TUIA, a TAKKE BO
BpeMsl BBITIOJIHEHUA J1a00PaTOPHBIX paboT.

CaMmocTosTenbHass paboTa MPOBOAMTCS C LEIbI0 YriayOJeHHs 3HAHHUHA T10
JUCLUIUIMHE U MPElyCMaTpPUBAET:

15



- YTEHHE CTyJACHTaMU pPEKOMEHJOBAHHOW JIUTEPATyphl U YCBOEHUE
TEOPETUYECKOTO MaTepuaa JUCUUIIINHBI;

- IOJrOTOBKY K TAOOPAaTOPHBIM 3aHITHUSIM;

- paboty ¢ IHTEepHET — UCTOUHUKAMU.

CamocrosiTenbHasi paboTa acnmUpPaHTOB MPOBOAUTCS B (POpMe H3YyUECHHS
OTACJIBHBIX TEOPETHUYECKUX BOIPOCOB MO MPEIIaraéMol JIMTeparype ¢
JanbHEHIIMM MX OOCYXXJIEHHEM Ha ayJuTOpHBIX 3aHATUAX. Bo Bpems
CaMOCTOSITENIbHOM TMOJATOTOBKUA OOydYaromfecs: o0ecredyeHbl JOCTylmoM K 0azam
JTaHHBIX, OMOIMOTeYHBIM (hOoHAaM U ceTr VIHTepHeT.

Ha camocrostensHoe wu3yuenue pazgena | «OOmas XapakTepucTUKa
HaHocuctem» OTBoauTCAa 20 yacoB. ACHUPAHTHl JOJKHBI JI€TalbHO HW3Y4YUTh
METONbl  HWCCIACAOBAHHS  CTPYKTYPhl W (PU3UKO-XUMUYECKUX  CBOMCTB
HAHOMATEPHUAJIOB W CHHTETHUYECKMX MEMOpaH, HCIOJb3ys ydeOHBIE MOCOOUs
PeokonkoB JI.W., Jleeuna B.B., d3umsurypu O.JI. Hanomarepuanbl: YdeOHOE
nocooue. M. : BUHOM. Jlab6oparopust 3Hanuii, 2010. — 365 c. u Kononenko, H.A.,
domenko, M.A., bepesuna, H.I1., Bonbdpkouu, FO.M. «Ilopuctas crpykrypa
MeMOpaHHBIX MAaTEPUATIOBY.

Bonpock! a1t caMmOoCTOSTENBHOTO U3YyUECHHUS:

1. CtpykTypa MemMOpaH: MyJIbTHILIETHI, KJIaCTEPHI.

2. HaGyxanue meMOpaH.

3. Metonel wWccnenoBaHUS CTPYKTYpbl HAHOKOMITO3UTHBIX MeMOpaH B
3aBUCHUMOCTH OT YPOBHS UX T€TE€POr€HHOCTH.

4. DU3UKO-XMMHUYECKUE METOAbl HCCIEIOBAHUS CTPYKTYPBI: ONTHYECKHE
(COM, ACM); meton auddepenumanbaoi ckanupytomieil kanopumerpun (ACK);
tepMmorpaBumerpuueckuii ananus (TI'A), tepmomexanuyeckuit ananu3 (TMA),
pe3zoHaHcHbie (IMP, IIMP), pentreHocTpykTypHblid aHanu3, MK-cnektpockomnus.

5. MexaHnueckue CBOMCTBa MOHOOOMEHHBIX MaTepuasaoB. Tepmuyeckas u
XUMHUYECKasi yCTOUYMBOCTh MEMOpaH.

6. IlopucTtocTh CHHTETHYECKMX MEMOpaH W METOJIbl €€ OLEHKH.
Bo3MoxkHOCTH METOJa KOHTAKTHOM 3TaJJOHHOW MOPOMETPHHU.

JIJisi caMOoCTOSATENBEHOTO M3ydeHus: pasjena 2 « TpaHCcopT MOHOB U BOJBI B
HAHOKOMITO3UTHBIX MeMOpaHax» aclupaHThl MOT'YT UCIIOJIb30BATh JIMTEPATYPY:

I. Konouenko H.A., bepesuna H.II. Meroasl wuccinegoBanus u
xapakrepu3anuu MeMOpad. ['maBa B kH.: MemMOpaHbl 1 MeMOpaHHBIC TEXHOJIOTHH.
C.402-455 / Konnextus aBTopoB. OTB. pen. A.b. fApocnasnes. M.: Hayunsiii mup,
2013.-612c.

2. I'mycun H.IIL, Kononenko H.A. DOiekTpoMacconepeHOC B HOHHBIX
npoBogHUKax: Yueb. mocodbue. Kpacuomap, KyoI'y, 2011. 83 c.

B pamkax paznena 2 actupaHThl JOJKHBI pACCMOTPETh BOIIPOCHI:

1. Oco0OeHHOCTH TMepeHoca MPOTOHA B HAHOKOMIIO3UTHBIX MEMOpaHax B
AIIEKTPUUECKOM II0JI€.
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2. DIeKTpoOCMOC B MEMOPAHHOM cHCTEME, COTIPSIKEHHBIN IEPEHOC MOJIEKYJI
BOJIbI C MOHAMH.

3. DNEeKTPOKMHETUYECKHE SBJICHUS B HAHOKOMITIO3UTHBIX MeMOpaHax.

[Tpu camocTosaTenbHOM u3ydeHuu pasnena 3 «llonspuszannoHHbie SBICHUS B
ANIEKTPOAHBIX M AJIEKTPOMEMOPAHHBIX CUCTEMaxX B MPUCYTCTBUM HaHOYacTUI (30
4acOB) aCIIMPAHTHI MOTYT UCIIOJIb30BaTh JUTEPATYPY:

1. Mem6pansl 1 MmeMOpanHble TexHosoruu / OTB. pen. A.b. SpocnaBues.
M.: Hayunslii mup, 2013. - 612 c.

2. TI'mycun H.IIL, Kononenko H.A. DOekTpomMacconepeHOC B HOHHBIX
npoBoHUKax: Yueb. mocodbue. Kpacuomap, Kyol'y, 2014.

Bonpocs! 1151 caMOCTOATEIBHOTO 3YUECHHUS

1. Compsixennble  3(Q(GEKTbl  KOHIEHTPAIMOHHON  MOJSpHU3alud B
3IIEKTpOMEeMOpaHHON CUCTEME.

2. Tonspu3alMOHHbIE SBJIEHUS B MPUCYTCTBUU MOBEPXHOCTHO-aKTUBHBIX
OpPraHUYeCKUX BEIECTB.

3. OcoOGeHHOCTH BOJITAMIIEPHBIX XapAKTEPUCTUK HAHOKOMIIO3UTHBIX
MeMOpaH.

[Ipu camocrosiTensHOM wH3ydeHHH pasfena 4 «MoaudunupoBaHHbBIE
HAaHOKOMIIO3UTHbIE MEMOPAHbD» aCUPAHTHI MOTYT UCIIOIB30BATh JIUTEPATYPY:

1. MemOpansl 1 MmemOpanHbie TexHosoruu. / OTB. pen. A.b. Spocnasies.
M.: Hayunslii Mup, 2013. - 612 c.

2. Kononenko, H.A., ®omenko, M.A., bepesuna, H.I1., Boasdxosuy, F0.M.
[Topucras crpykTypa MeMmOpaHHBIX MatepuaioB. Yueb. mocobue. Kpacnomap:
Ky6anckwuii roc. yu-t, 2013. 121 c.

Bonpocs! 1151 caMOCTOATEIBHOTO N3YUECHHUS

1. CnmocoGbl BBeleHHS MOJU(PHUIMPYIOUIMX BELIECTB B HAHOPa3MEpHbIE
MIOJIOCTH MOJIMMEPHBIX MATPHII.

2. MoauduuupoBanue MeMOpaH HEOPraHMYECKUMHU KOMITIOHEHTaMH.

3. MoaudunupoBaHue HaHOKOMIIO3UTHBIX MEMOpaH Ui NPUMEHEHHUS B
TOTLJIMBHBIX JIEMEHTAX.

MeTtoanyeckue yka3aHus /I  o0y4yalomuxcsl MO TMOATOTOBKe K
BbINIOJTHEHHUIO J1A00PATOPHBIX PadoT

[enbio mpoBeaeHus 1a00paTOPHBIX PadOT ABIAETCA:

—YCTaHOBJICHUE CBS3€H TEOPUM C MPAKTUKON B (pOpMeE 3KCIEPUMEHTAIBHOTO
MOJITBEPOKICHUS TIOJIOKEHUIN TEOPHH;

—00y4eHHe CTYyIEHTOB YMEHUIO aHAIU3UPOBATh MOJYUEHHBIE PE3YIbTAThI;

—KOHTPOJIb CAMOCTOSITENILHON pabOThI CTYJCHTOB 110 OCBOCHHUIO KypCa;

—00y4eHne HaBbIKaM MPOoGeCCUOHATBHON AESITEIbHOCTH.

[lepen BbIMONHEHHEM J1a0OPATOPHBIX pabOT acmupaHTaM HEOOXOIUMO
O3HAKOMHUTBHCSI C METOAMYECKHMMH YyKa3aHUSMU K BBIIOJIHEHUIO pPAa0OTHl U
MOJITOTOBUTH MPOTOKOJ MPOBEIECHUS PaOOTHI, B KOTOPBII 3aHECTH:

— Ha3BaHUE paboTHI;
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— 3aroTOBKM TaONWIl ISl 3alOJHEHUS SKCIEPUMEHTAIBHBIMU JTaHHBIMU
HaOIIOCHUM;

— YpaBHEHHS XUMHYECKHX pEaKIMid TMpeBpalleHH, KOTOphie OymayT
OCYIIECTBJICHBI IIPU BHITIOJTHEHUN YKCIIEPUMEHTA;

pacueTHbie (HOPMYIIHI.

OdopmiieHre OTYETOB JTOJDKHO MPOBOJIUTHCS TMOCIE OKOHYAHUS PabOThI B
nabopatopuu. [[7s MOATOTOBKM K 3alIUTe OTYETa CIEIYeT MPOAHAIM3HPOBATH
DKCIIEPUMEHTANLHBIE  PE3yJIbTAaThl,  COMOCTaBUTh WX C  HM3BECTHBIMU
TEOPETUUECKUMH TIOJIOKEHUSMA WA CIHPABOYHBIMH JAaHHBIMH, OOOOIIHUTH
pE3yNIbTaThl MUCCIEAOBAaHNUN B BUJE BBIBOJOB IO pabOTe, MOATOTOBUTH OTBETHI Ha
BOTIPOCHI, TPHUBOJUMBICE B  METOIMYECKUX  YKa3aHWSIX K  BBIOJHEHHUIO
Ja00paTOPHBIX pPadoT.

8. IlepeyeHbr HHPOPMALMOHHBIX TEXHOJIOTHH, HCHOJb3YEeMbIX IIPH
OCYIIeCTBJIEHMH 00Pa30BaTeJIbHOI0 MPOoIecca Mo JUCHUIINHE (MOAYJI10) (MpH
HE00X0IMMOCTH)

8.1 IlepeyeHb HEOOXOAMMOI0 POIPAMMHOI0 00ecreYeHus

—Microsoft Windows

—TIporpaMMHOe oOecrieueHue At 00pabOTKU SKCIIEPUMEHTATBHBIX JaHHBIX
U MPOBEJICHUS] CAMOCTOSITeNIbHOM paboThl o nucuuruinHe 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/ - anexkTpoHHO-OMOIMOTEUHAS] CHCTEMa H3AaTeNIbCTBa «JIaHb
Koncynsrant [Intoc - cipaBouHast mpaBoBas cuctema http://www.consultant.ru/

9. MaTepuajibHO-TeXHU4YeCKasi 0a3a, He0OX0AMMAasl VISl OCYLECTBJICHUS
00pa30BaTeJIbHOIO MPOLEcca MO AMCHUIIUHE (MOILYJII0)

Jlnst  mpoBeneHWs 3aHATUHW 10 AWCIUIUIMHE WMEETCs HeoOxoaumas
MaTepUalibHO-TeXHUYECKasi 0a3a, COOTBETCTBYIOIIAsl NEUCTBYIONIUM CaHUTAPHBIM
¥ TPOTHBOMOXAPHBIM TpaBwiaM W Hopmam. JlaGoparopus «MemOpaHHOTO
MATEPUAJIOBEICHUSD), NPEJHA3HAUYCHHAsd JJIi NPOBEACHUS JIEKIMOHHBIX U
7a00paTOpHBIX PabOT MO y4eOHON MUCHMIUINHE «DIEKTPOXUMHS HAHOCHCTEM)
CHa0)Xe€Ha PYKOBOJICTBAMHU JJIA BBIMIOJIHEHHUS J1A0OpaTOpPHBIX paboT, ydeOHO-
Ja00paTOPHBIM O0OPYJIOBAHUEM, PEAKTUBAMHU JJII XUMHUUYECKOTO JKCIIEPUMEHTA.
g npoBedeHHs JEKUMU-BU3YIM3aUMM W JICKUMH-TIPE3CHTALMA HUMEETCA
MyJIbTUMEIUMHAS anmnapaTypa U HOyTOyk. IMeroTcst KOMIbIOTEPHI 111 00paboTKU
AKCTIEPUMEHTAJIbHBIX TaHHBIX HA JJA0OPATOPHBIX 3aHITHSX.

18



Bun pa6or

MaTepuaibHO-TEXHHYECKOE 00eCIIeYeHUE TUCIIMIUINHBI
(MOJTyIsl) ¥ OCHAIICHHOCTH

JIleXxMOHHEBIE 3aHITUA

Aymutopust (ayn. 345c¢), ocHamieHHas ydeOHOW MeOenblo,
IIEPEHOCHOW IPE3EHTALMOHHON TEXHUKOH (IIPOEKTOp, IKpaH,
KOMIBIOTEP/HOYTOYK) W COOTBETCTBYIOIIUM MPOTPAMMHBIM
o0ecrieueHHeM  JUJII  JEMOHCTpAllMM  MYJIbTUMEIUHHBIX
MPE3CHTAlUI, MEJIOBOUM MJIM YHUBEPCAIHbHON TOCKOM.

CeMmuHapckue 3aHATHS

Aynuropus (ayn. 345c), ocHamieHHas ydeOHOH Mebenblo,
MEPEHOCHOW TMPE3EHTAIlMOHHONW TEXHUKOH (MPOEKTOp, IKPaH,
KOMIBIOTEP/HOYTOYK MIM TEPEHOCHOM MYJIbTUMEAMIHON
TEXHUKOM) u COOTBETCTBYIOIINM IPOrpaMMHBIM
o0ecreyeHHeM i1 JAEMOHCTPAalUU  MYJIbTHMEIUNWHBIX
MpE3CHTAIl, MEJIOBOUM MJIM YHUBEPCAIBHON JIOCKOM.

JlaBoparopHbie
paboThI

JlaGoparopus MeMOpanHOro MarepuanoBeaenus (345c),
YKOMIUJIEKTOBAaHHAsI CTIeIMaIU3UPOBAaHHON MeOebIo,
BBITSDKHOW CUCTEMOM BEHTUIIALIUU, CPEICTBAMHU I1I0KapHOU
0€30IMMacHOCTH ¥ OKa3aHUsI IEPBON MEIUIIMHCKOW MTOMOIITH,
71a00paTOPHBIM 000PYIOBAHUEM: IIEPEHOCHOE
MYJIBTUMEINITHOE 000pyI0BaHUH (ITPOEKTOP); MOTCHITMOCTAT
AUTOLAB PGSTAT302, renepatop Bogopoaa
nabopaTOpHBIN, BaHHA YJIBTPa3BYyKOBas JabopaTopHas, siuerka
JUTSL UCTIBITAHUS. MEMOPaHHO-3JIEKTPOTHBIX OJI0KOB, BECHI
nabopaTopHbIe, BEChl AHATUTUYECKHE, TEPMOCTAT BO3YILIHBIH,
nonomep-pH-merp, nsmepurens ummuranca E7-21, ucrounux
TOKa UMITYJIbCHBINA B5-50, KOHITYKTOMETp, U3MEPUTEITH
nmienanca Tesla BM 507, Hacoc MHOTOKaHaIbLHBIN
nepctanbrrdeckuii Heidolph Pumpdrive 5001, myasTuMeTpsr
YHHUBEpCaTbHbIC HACTOJIbHBIC, BAKYYMHBIN HacOC
71a00paTOPHBIH, IMIEUKEp 1a00paTOPHBIN, KOMITBIOTEPHI.

I'pynmossie
(MHIUBHUIYaTTbHBIC)
KOHCYJIbTAITU

VYueOHast ayIuTOpHsl, YKOMIUIEKTOBaHHAs y4eOHON MeOenbio
(aym. 343C, Ne 328C, 345C, Ne 334C)

Texymuii  KOHTPOJIb,
MPOMEXYTOUHAS
aTTecTanus

Y4eOHass ayauTOpHsl I MPOBEACHHUS MPAKTHUCCKUX 3aHATHHA
(aym. Ne 343C, Ne 328C, Ne 345C, Ne 334C), ocHamieHHas
yaeOHON MeOebIo

CamocTosdTrenpHas
paboTta

Aynuropuu, OCHAIIICHHbBIE y4eOHO MeOebIo u
KOMITBIOTEPHON TEXHHKOW C BO3MOXHOCTBIO MOIKIIOUEHHS K
cetu «/HTEpHET», NPOrpaMMOM HKPAHHOIO YBEJIMYEHUS H
00€eCTIeueHHBIN JOCTYIIOM B 3JIEKTPOHHYIO WH(OpPMAIMOHHO-
oOpa3oBatenbHyto cpeny yHuBepcuteta (Ne 140, Ne 341C, Ne
329C)
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