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Pabouas mnporpamma muctmmiuasl b1.B.OJ[.3 «®yHIaMeHTalbHBIE OCHOBEI
ONTHMH3AIMA W WHTEHCHQUKAMA MeMOpaHHBIX IIPOIECCOB» pa3paboTaHa B
cootBeTcTBUU ¢ DenepanbHBEIM TOCYIapCTBEHHBIM 00pa30BaTEIbHEIM CTaHIAPTOM
BBICIIIET0 00pa3oBaHMs, YTBEPXKACHHBEIM NpuKa3oM MuHoOpHayku Poccuu ot
30.07.2014 Ne 869 mo nampasnenuto noarotoBku 04.06.01 Xumudeckue HayKu
(YpoBeHb IMOATOTOBKH KaJpOB BBICIIEH KBaTUGUKAIUKA) W YYEOHBIM ILIAHOM
OCHOBHOM 00pa3oBaTeNbHOM IporpaMMEI 110 HampaBieHuro moarotoBku 04.06.01
Xumuyeckue Hayku, npoduns 02.00.05 DnexTpoxumus.

Pabouyro mporpaMmy coCTaBHII:

npodeccop xadenpsr
(Gu3pdecKoll XuMuu, I-p XUM. Hayk, mpod. Hukonenko B.B.  /

Pabouas nporpamma oOcyxeHa Ha 3aceianiy Kadeapsl GU3NUECKON XUMHUH
«10» ampens 2018 r. mpotoxom Ne 11.

3aBenyromui kapeapoit Gu3nIecKol XUMUK
I-p XUM. HayK, mpodeccop 3adomorkuii B.H.

YTBepKIeHa Ha 3aceJaHiy yIeOHO-MeTOIIYeCKONH KOMUCCHH (haKyIbTeTa
20 anpensa 2018 r, mpotokos Ne 5.

IIpencenarens YMK dakynbrera
KaH. XUM. HayK, noueHT Cropoxxenko T.IT. %

3aB. OTIEJIOM aCIIUPaHTYPHI W/
I-p ¢u3z.-mMaT. HayK, noreHT Ctporanosa E.B.
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1 Ileau 1 3a1a4n 0CBOEHHUSI AUCHUILINHBI

1.1 Ieab AMCUMIJIMHDI:

Lenpro qucuuminbel 51.B.0J1.3 «DyHIaMEHTAJIbHBIE OCHOBBI ONTUMU3ALIUU
U MHTeHCU(UKAIIUU MEMOpPaHHBIX MPOIIECCOBY SABISETCS oOecneueHue npodeccuo-
HaJIbHOM MOJITOTOBKH aCITIUPAHTOB B 00JIACTH JICKTPOXUMUHU U IJIEKTPOXUMUYECKUX
IIPOU3BOJCTB.

1.2 3agayy JUCHHUILIMHLBI:
dopmMUpOBaHUE TOTOBHOCTH

— (QopMymupoBath 00mue, ciennPpUIecKue U YaCTHBIC 3a7a4ud B OOJACTH DJICK-
TPOXMMHH U HIEKTPOXUMUICCKUX MTPONU3BO/ICTB;

— OCYIHIECTBJISITh OTOOP M peaN3alrio CoAepKaHus yaeOHOTO MaTepraia B o0a-
CTH DJIGKTPOXUMHUH U DICKTPOXHUMHUECKUX MTPOU3BOJICTB B COOTBETCTBHH C IIe-
JSIMU ¥ 33/1a9aMH TIOJITOTOBKHU CIIEITUATMCTOB TIO CIICIIUATBHOCTH «DIIEKTPOXH-
MU,

— BBIOWpATh M PEAJTM30BBIBATH JJICKTPOXMUMHUYECKAE TEXHOJOTHH IS PEIICHHS
pPa3TUYHBIX HAYYHO-TEXHUYECKUX 3a]1a4;

— BBIOMPATh ONTHMAJILHBIN JIJIS1 BBITIOJHEHHSI KOHKPETHON HAYYHOU WJIM Hay9IHO-
TEXHUYECKOU 3a7a9i METOJ HCCIICIOBAHUS;

— TIPEACTaBIAThH PE3YJIbTAThl HAYYHBIX UCCIICIOBAHUIN B 00JaCTH JIEKTPOXUMUU B
HAYYHO-TIOMYJISIPHOM BHJI€ M TPAHCIUPOBATh UX MOCPEJCTBOM CPEICTB MacCO-
BOM MH(OpMaIUK;

— HCIIOJI30BaTh COBPEMEHHBIE JOCTH)KCHUS B 00JIaCTH AIEKTPOXUMHHU U CMEXK-
HBIX JTUCITUIUINH JIJIS pa3pabO0TKU HOBBIX METOJIOB HCCIICOBAHMUS i HOBBIX DJICK-
TPOXHUMHYCCKHUX TECXHOJIOTHH.

1.3 Mecto aucuuniaudbl B cTpykrype OOII BO

Hucuunnuna «PyHIaMEeHTaIbHbIE OCHOBBI ONTHUMU3ALMK U UHTEHCU(UKA-
MU MeMOpaHHBIX MPOILIECCOB» BXOAUT B BapuaTHMBHYIO yacTh Onoka bl "luciu-
ruHbl (Moynn)" OOIT BO nanpasnenus 04.06.01 «XumMuueckue HayKu, HarpaB-
JIEHHOCTb DJiekTpoxumus. [IpeaiiecTByommuMu JUCIUIUIMHAME SBIISIFOTCS «DJIEK-
TpoxuMus (KaHIUJATCKUNA SK3aMeH)», «DU3NKOXUMUSI MOHOOOMEHHBIX MaTepHa-
J0B», «COBpeMEHHBIE ANEKTPOMEMOpPAHHBIE MPOIECCHl U TeXHOIOruu». [lomyyen-
HBIE B X0J1€ OCBOCHHMSI JAHHOMW NUCIMIUIMHBI 3HAHUS, YMEHUSI U HABBIKK MOT'YT OBbITh
MOJIE3HBIMU MPU BBIMOJHEHUH HAYUYHBIX UCCIEIOBAHUMI.

1.4 IlepedeHb MIAHMPYEMBIX Pe3yJbTATOB 00y4YeHUS MO AUCHUILIHHE (MO-
AYJII0), COOTHECEHHBIX € IJIAHUPYEMbIMH Pe3yJIbTATAMH OCBOCHUSI 00pa30Ba-
TeJIbHON MPOrpaMMBbl

[Ipouecc n3yueHus: AMCUUIIIMHBI HAMpaBieH Ha (YOPMHUPOBAHHE CIIEAYIOIINX
kommereHmii: OIIK-2. ITK-1.




(TTK-1)-1)

IIECCOB
(Iugp: Y
(IIK-1)-1)

Ne HNunpexc | CoxpepxkaHue Komre- B pe3ynbrarte uzyueHus: yaeOHON AUCHUTIIMHBI
g, | KOMIe- | TeHIMH (wu e€ ya- 00yYaromuecs T0JIKHbI
TEHIIUU CTH) 3HaTh yMeTh BJIA/JETh
1. OIIK-2 | ['0TOBHOCTBIO OpraHu- | aKTyajabHbIE BBISIBIIATD HaBbIKAMHU BbI-
30BaTh pabOTy Hccie- | HayyHble IMpo- | Haubosee akTy- | SBJICHUS W TO0-
JIOBATENLCKOTO  KOJI- | O1eMbl B 00Ma- | ajdbHBIE TEMBI | CTAHOBKH aKTy-
JICKTUBA B O0JIACTU XU- | CTU  DJIEKTPO- | HAYYHO-UCCJIe- | allbHBIX Hayd-
MUU ¥ CMEKHBIX HAYK | MEMOpaHHBIX | JOBaTElIbCKOW | HBIX IPOOJIEM B
MPOIIECCOB U | pabOTHl B TPO- | 00JIACTH XUMHUHU
TEXHOJIOTHH U | (hecCHOHAIb- u CMEXKHBIX
nyTH uX pemie- | Ho  obnactu | Hayk (Lludp:
Husa ucxoxas us | (Indp: Y | B (OIIK-2)-1)
copeMenHoro | (OIIK-2)-1)
YPOBHSI XUMUU
U CMEXKHBIX
TUCITUTLIAH
(ndp: 3
(OIIK-2)-1)
ITK-1 CnocoOHOCThIO TIPH- | OCHOBHBIC ONpeAcNsaTh W | HaBbIKAaMU HC-
MEHSITh OCHOBHBIC | dTambl  pa3pa- | 00ecrneunBaTh | MOJb30BAHHUS
NPUHLIUIBI, TEOPUU U | OOTKH  COBpe- | YCIOBHS, HEOO- | COBPEMEHHBIX
KOHIIEMIIUN COBPEMEH- | MEHHBIX DJIeK- | XOJUMbIE IS | TOCTHXKEHUH B
HOM  DJICKTPOXMMHH | TPOMEMOpaH- | ONTUMAJIBHOTO | O0JacTH dJIeK-
Uit pemieHust (QyHIa- | HBIX TEXHOJO- | MPOTEKaHUs TPOXUMUH, A
MEHTAJIBHBIX U TpHU- | THH U Tpolec- | SIEKTPOMEM- TaKK€  CMEeX-
KJIQOHBIX 3a1a4 coB (IHu¢p: 3 | OpaHHBIX MPO- | HBIX JUCLU-

IUIMH I pas-
paboOTKH HOBBIX
TEXHOJOTHI
(Idudp: B
(IK-1)-1);
HaBbIKAMHU  UC-
MT0JIb30BAHHUS
TEOPETHUECKUX
MpeICTaBICHUI
COBPEMEHHOM
3IEKTPOXUMHUHU
u CMEXKHBIX
JUCUUIUINH JUIs
pelieHus mnpak-
THYECKHX 3a/1a4
(Idudp: B
(IIK-1)-2

2. CTpyKTypa M cofepKaHue IUCHUILTHHBI

2.1 PacnpeaesieHue TPy10EMKOCTH JUCHMILIMHBI IO BUAAM padoT
Ounas popma o0yueHUs

Bun yue6HOH paboThI

\ Bcero \

Kypc




4acoB (dackr)
4
AyIHTOpHBIE 3aHATHS (BCEro) 54 54
B Tom uncie:
3aHATUS JEKIMOHHOTO TUIIA 18 18
3aHATHSI CEMUHAPCKOTO TUIA (CEMUHAPBI, IPAKTUUECKHE 18 18
3aHATHSA)
JlaGopaTopHbie 3aHITHS 18 18
CamocTosiTesibHas padoTa (Bcero) 54 54
B Tom uncne:
IIpopabomxka yuebHoeo (meopemuuecko2o) mamepuaia 10 10
Buinonnenue unousudyanvHuix 3a0anuii (n0020moska co- 14 14
0OWenull, npezenmayuii)
Pepepam 10 10
Iloozomoska k mexywemy KOHMpPoro 10 10
IIpomexyTouyHas aTTecTanuu (3a4er) - -
OO6mast Tpy10€MKOCTh Jac 108 108
3a4. efl. 3 3
3aounas opma oOydeHUs
Bun yueGHOM paboThI Bcero Kypc
4acoB (dachrn)
5
AyIHUTOpHBIE 3aHATHS (BCEro) 24 24
B Tom uncie:
3aHATUS JEKIMOHHOTO TUIIA 8 8
3aHATHS] CEMUHAPCKOTO TUIA (CEMUHAPBI, IPAKTHUECKHE 4 4
3aHATHUSA)
JlaGopaTopHbie 3aHITHS 12 12
CamocrosiTesibHas padoTa (Bcero) 84 84
B Tom uncne:
IIpopabomxka yuebHoeo (meopemuuecko2o) mamepuaia 24 24
Buinonnenue unousudyanvHuix 3a0anuii (n0020mosKa co- 30 30
0OWenull, npezenmayuii)
Pepepam 10 10
Iloozomoska k mexywemy KOHMporo 10 10
Iloocomoska Kk npoMedNCymoyHoMy KOHMPOTIO 10 10
IIpomexyTouyHas aTTecTanMu (3a4€T)
OO6m1ast Tpy10€MKOCTh Jac 108 108
3a4. efl. 3 3

2.2 CTpyKTypa AUCHUILTHHBI
Pacnpenenenue Bu0B yuyeOHOM pabOThl U MX TPYAOEMKOCTH IO pasfesiaMm
JTUCIUIUTAHBL ISl O4YHON (POPMBI 0OYUCHHUS:



KomnnuectBo yacos

Ne AynuropHas CamocTosiTenbHast
pas- HanmenoBanue pasnenon
o Bcero pabora paborta
8 a1 | 13 | 7P
1 2 3 4 5 6 7
Brenenue. O630p MexXaHHU3MOB Tie-
1. peHoca yepe3 HOHOOOMEHHbIE MeM-| 10 2 4 4

OpaHBbl.

3aKOHOMEPHOCTH MEPEHOCa HOHOB

2. 10 2 4 4
B JIONPEIEILHOM TOKOBOM PEXKUME.

MexaHu3MBI IEpEHOCA HOHOB B
3. CBEPXIIPEIETILHOM TOKOBOM pe- 10 2 8
KUME.

BnusiHre CBOMCTB MOBEPXHOCTH
4 MeMOpaH Ha MHTEHCUBHOCTb JJICK- 10 5 2
' TPOKOHBEKIIMM U CKOPOCTb I'€HE-

pauuu nonos H 1 OH™.

Bnusaue crenenu rugpodoOHOCTH
U 3JICKTPUYECKOI reTepOoreHHOCTH
5. 18 2 4 6 6
MOBEPXHOCTH MEMOpaH Ha mapa-

METPBI MaccorepeHoca.

Binsinue reoMeTpuuecKkor HEOTHO-
6. POIHOCTH MOBEPXHOCTH MEMOpaH 14 2 6 6
Ha TIapaMeTphl MacCoTepeHoca.

Bompockl onTuMu3anum KOHCTPYK-
7. I MEMOPaHHOM SYEHKHU U DJICK- 12 2 4 6
TPUUECKOTO PEKUMA.

MonooOmenubie Hacanku. [Tomyue-
8. 8 T 14 2 6 6

HUE CBEPXYMUCTOU BOJBI.

ACI/IMMeTpI/I‘IHI:Ie TOKOBBIC pC-

9. 10 2 2 6

KHUMBI.

Bcezo: 108 18 18 18 54

Pacnpenenenue Bu0B yuyeOHOM pabOThl U MX TPYAOEMKOCTH IO pasfesiaMm
JUCIUIUIMHBI 11 3204HON (DOpMBI 00yUYEHUSI:

Ne KonunuecTBo yacos
- AynutopHas CamocTosiTenbHast
pas- HaumenoBanue pa3aenon
nena Bcero pabota paborta
JI I13 JIP
1 2 3 4 5 6 7
Beenenue. O630p MexXaHHU3MOB Tie-
1. |peHoca yepe3 HOHOOOMEHHbIE MEM- 6 1 1 4
OpaHsbl.




No KonmuecTBo yacon
- AynuropHas CamocTosiTenbHast
pas- HaumenoBanue pa3zaenon
nena Bcero pabora paborta
JI I13 JIP
5 3aKOHOMEPHOCTH MEPEHOCA HOHOB 1 { { 10
' B JIOTNIPEIETIbHOM TOKOBOM PEXHME.
MexaHu3Mbl IEPEHOCA HOHOB B
3. CBEPXIIPEIETILHOM TOKOBOM pe- 11 1 10
KUME.
Binsinve cBOMCTB MOBEPXHOCTH
4 MeMOpaH Ha MHTEHCUBHOCTD JJIeK- T { 10
' TPOKOHBEKIIMH U CKOPOCTH IreHe-
pauyuu nonos H u OH™.
Bnusaue crenenu ruapodoOHOCTH
U DJIEKTPUYECKON TeTepOreHHOCTH
5. 15 1 4 10
MOBEPXHOCTH MeMOpaH Ha mapa-
METPBI MaccoNepeHoca.
Binsinue reoMeTpuuecKkoi HEOTHO-
6. POJHOCTH MTOBEPXHOCTH MEMOpaH 15 1 4 10
Ha MapaMeTphbl MacCONepeHoOca.
Bormpockr onTuMHU3aIiuu KOHCTPYK-
7. [IUU MEMOpaHHOU STYCHKH U dJICK- 12 1 1 10
TPUUECKOTO PEeKUMA.
HNonoo6mennbie Hacanku. [lomyde-
8. . 15 1 4 10
HUE CBEPXYHUCTOMN BOJIBI.
AcHUMMeTpUYHBIE TOKOBBIE Pe-
9. 11 1 10
KUMBI.
Bcezo: 108 8 4 12 84
2.3 Conep:kanue pa3iejioB JUCHUILIMHBI
2.3.1 3aHATHA JeKIUOHHOI0 THIIA
®dopmMma TeKy-
HaumenoBanue p Y
No Conepxanue paszzaena IIEro KOH-
paszena
TPOJISt
1 2 3 4
1 Beenenue. O0- Copbuust >neKTponuTa. JIEKTPOIPOBOIHOCTh U | Pemenue cu-
30p MexaHn3MoB | AU dy3noHHAs POHMIAEMOCTb. MUKpOreTeporeH- | TyauoHHbIX
MepeHoca Uepes Haﬁv MOI[CgI:. d)olemepOBKa Mojenu. Pemenue nps- | 3aaad.
MO U 00paTHOM 3ajay; HaXOKJIEHUE IapamMeTpoB
MOHOOOMEHHBIE p Aat, A pametp
MOJIETIH M3 KCIICPUMEHTAIBHBIX TAaHHBIX.
MeMOpaHbI.
2 3aKOHOMEPHO- OnHomepHast MozieNb eKTpoauddy3un 6unapuoro | Pemrenue 3a-
CTH TIepeHoca AJIEKTPOJIUTAa B MeMOpaHHO# cucTeme. JlamuaapHoe | may
TEUCHHE KUAKOCTH MEXKIY IBYMS apaJUIeITbHBIMH




HMOHOB B J0TIpe-
JIETLHOM TOKO-
BOM PEKHME.

mnactuHaMu. Pemenue ypaBaenust HaBoe-Ctokca u
npoHIIb CKOPOCTHU B KaHaJIe MEXIy ABYMs Hapa-
JEeTbHBIMHU TIacTUHaMu. KoHBeKTHBHO-TM( P Yy3HnOH-
Has Moziesib. PacipeienieHre KOHIIEHTPALUH U TUIOT-
HOCTHU TOKa. BonpTamnepHas xapakrepucTtuka. Pac-
4eT ToMmuHb! Auddy3uonnoro ciosi. CpaBHEHHE
pacdera ¢ 3KCIIepUMEHTAIBHBIME JaHHBIMH. Heno-
CTaTKU MojeNu. /[ByMepHas KOHBEKTUBHO-IUD Y-
3MOHHast Mojienb. MaTemarudeckast GopMyIupoBKa
3aauu.

MexaHu3MebI me-
peHOCa HOHOB B
CBEpXIIpEIEIIb-
HOM TOKOBOM pe-

DddekT qucconmaluy BoIbl, SK3aIbTallid, TPABUTA-
[IMOHHOW M D3JEKTPOKOHBEKIIMH. AHAIH3 JKCIEepHU-
MEHTAJIBHBIX JAHHBIX, KX CPABHCHHE C Pe3yJIbTaTaMu
TEOPETUUYECKIX PACUETOB.

Penrenue 3a-
aad

JKHUME.
Bnusiaue ['uppoanHamMuyeckue pexXUMbl IIPU UCIIOJIB30BAaHUU | Y CTHBIN
CBOMCTB HOBEPX- YCJIOBUM NPWIMIAHUA U MPOCKAIb3bIBAHUS Y oIpoc

HOCTH MeMOpaH
HA UHTEHCHUB-
HOCTB JJICKTPO-
KOHBEKIIUH U
CKOPOCTh I'eHe-
pauyuu noos H'
nu OH".

CTeHKH. JImnHa nmpockaib3biBanus. Biusiaue ruapo-
¢dobGHOCTH U MOP(OTIOTHH TOBEPXHOCTH Ha IEKTPO-
MIPOBOAHOCTH M IMCCOLMALINIO BOJbI. TeopeTuye-
CKHE U MPAKTUYECKHUE aCTIeKThI UCCIIEIOBAHUS TH/I-
podunsHO-THAPOPOOHOTO OastaHCca TOBEPXHOCTH
MyTeM U3MEPEHUs] KOHTAKTHOTO yTjla CMauyHuBaHUSI.

Bnusnue cre-
neHu ruapodoo-
HOCTH U DJIEK-
TPUYECKOI TeTe-
POTEHHOCTH T10-
BEPXHOCTH MEM-
OpaH Ha mapa-
METpBI Maccore-

B3auMoBnusiHre TUCCOIUAMN BOJBI U 3JIEKTPOKOH-
BeKIuU. Brusane ruapodoOHOCTH MOBEPXHOCTH HA
AJIEKTPOKOHBEKIHIO. CBsI3b THAPOPOOHOCTH TTO-
BEPXHOCTH U €€ 3JIEKTPONPOBOIHOCTU. CBS3b JEK-
TPOIPOBOTHOCTH TTOBEPXHOCTH MEMOpaHBI, JIOKAIb-
HOTO MepeHanpsKeHUs] 1 MHTEHCUBHOCTH IeHepa-
uuu H+, OH- nounos. [lonstue BbIxoaa no ToKy, €ro
CBSI3b C YHMCIIaMU TIEpEeHOCa HOHOB yepe3 MeMOpaHy.

Pemenue 3a-
nau

peHoca.
Bausguue reo- [IpoTekanue IMEKTPUIECKOTO TOKA Yepe3 U30THY- TBopueckoe
METPUYECKO ThI€ TIOBEPXHOCTH; paclpeIeICHUE JIMHUM 3JIEKTpU- | 3aJaHue
HeoHOpoHOCTH | UECKOTO TOKA. Pacnipenenenue nmuHMI TOKA KHUIKO-
CTH PSIIOM C TIPEeNsTCTBUEM. BiusiHME TIOKaTbHBIX
MOBEPXHOCTHU o
5 MepeHanpsHKeHUH Ha IUCCOIMAIIMIO BOIbI. BiusiHue
MEMOpaH Ha A~ | 1) yreHIUATbHOTO TOKA JKHIKOCTH HA MpOTEeKaHUE
PaMETPBI MACCO- | 51K TPOKOHBEKIIUH.
nepeHoca.
Bompocst ontu- | [Ipunosxkenue Teopuu nogodus k snekrpomemopan- | Camocros-
MU3AIHIH KOH- HbIM npoueccam. Yucna Peitnonbaca, muara, TeJIbHAs pa-
[epByna, [Ipanatnsa. Bug 3aBucumoctu Sh-Re. oora

CTPYKIIMH MEM-
OpaHHOM STYCUKH
U JJICKTpUYe-
CKOTO pexKuMa.

Ponb cenaparopa-typOynuzatopa. Pacuer D/ anma-
paToB 17151 00€CCOIMBAHUA U KOHLIEHTPUPOBAHMSL.
[Mogxons! k ontumuzanuu /] mpouecca. Ucnonb3o-




BaHHME KOHBEKTHBHO-IU(Dy3nOHHAS MOJIEIIN: BbI-
60p reomeTpruecKuX (Me:kMeMOpaHHOE paccTos-
Hue, hopma cemaparopa) U TUAPOTUHAMUYECKUX
(CKOPOCTH MPOTOKA pacTBOpa) MapaMeTpoB MPH MHU-
HUMU3ALNUN ce0ECTOMMOCTH POAYKTA.
8 HonooOomennsie | [TapameTpsl, onpenensioniie npon3Boautensiocts | Pedepar

Hacazaku. [Toqy- | BOJOOYHMCTKHU IpPH paboTe B CHIILHO pa30aBIICHHBIX

yenne cepxym- | PACTBOaX. Metoabt I/IHTGHCI/I(I)I/IK%L[I/II/I maccornepe-

CTOM BOJEL HOCA IMPH MOJTYYEHUU CBEpXUnCTOr Boabl. [Ipodu-
nupoBaHue MeMOpaH. BHeceHre HOHOOOMEHHBIX BO-
JIOKOH. MOHUTHBIE HaCagKHU: MOHOCJION U MOJUCIIOH.

9 AcummeTpuy- DnexkTpoauanu3 Ha nepeMeHHoM Toke. MmmynscHbie | Pedepar

HbIE TOKOBBIE pe- | TOKH. IlapaMeTpbl MMITyJIbCHBIX TOKOB: KOO HIH-

SKUIMBL €HT 3aIlOJTHeHUS, JITUTEIbHOCTh UMIYIIbCA; UX BIIH-
SIHUE Ha TI0JIe KOHIIEHTPAIMK B IPUMEMOpPaHHOM
cioe pactBopa. [IpuMeHeHne acCUMETPHUYHBIX TOKO-
BBIX PEKMMOB B IPOMBIIUIEHHOCTH.

2.3.2 3aHATHSA CEMMHAPCKOI0 THIIA
Ne | HammenoBanwue pas- Tema cemunapa dopma TeKy-
nena IIEro KOH-
TPOJIS

1. |Beenenue. O630p me- |I[Iporpamma MGM, peanusyromiast Mukporerepo-| Perienue cu-
XaHU3MOB MEpEeHOCca  [TeHHYIO MOJelb. Pacdyer copOIuu 31eKTPOaUTa. | TyallMOHHBIX
yepe3 HOHOOOMEHHbIe |Pemenne olHOMEpHBIX 3a1a4 371eKTpoaud hy3un 3aja4
MeMOpaHbI. AJICKTPOJIUTA Yepe3 MEMOpaHy.

2. |3akoHomepHOCTH Tiepe-|Pemenne ypaBuenus HaBre-Crokca u mpoduns | Pemienue 3a-
HOCA MOHOB B JIOTIpe-  |CKOPOCTHU B KaHaje MeXAy ABYMs Mapaliielib- nad
JIeTbHOM TOKOBOM pe- |HBIMH IUTaCTUHAMH.

KUME

3. |Baustaue crenenu rua- [['unpodoOHOCTE ClIOKHBIX TOBepxHOCTEN. Co- Pewenue 3a-
podobHOCTH U A5eKk-  [cTostHUE dakupa, cocTossare Kaccwe. ['mctepe- naq
TPUUECKOM T€TeporeH- |3uc cmMauuBaHus. Y paBHeHue Kaccbe-bakcrepa,

HOCTHU MOBEPXHOCTU  |pacueT ruaApo(HoOHOCTH KOMITIO3ULIMOHHBIX T10-

MeMOpaH Ha rnapa- BepxHocTei. CBs3b ruipohOOHOCTHU U IIEKTPH-

METpbI MacCcONepeHoca. |4eCKOil HEOAHOPOJHOCTH MOBEPXHOCTU MEM-
OpaH.

4. |Bonpocel ontumu3za-  |ITaket mporpamm ELDIAL - «Onekrponuanusy». | CamocTtos-
IIUM KOHCTPYKIIUU KonsekrusHo-1updy3nonnas moaens. Pacuer TeJIbHAs pa-
MEMOPaHHOM SIMEUKHU U |3JEKTPOANAIM3ATOPOB IS 0OECCOTMBAHUS U oora

SJICKTPHUYCCKOTO pC-
JKHMa.

KOHLIEHTpUpOBaHus. PacueT anekrpoanainzaTo-
POB C CEeTYATHIMU NMPOKIAJAKAMH U € TPOPUIHPO-
BaHHBIMH MeMOpaHamu. Mcrnionp30BaHue moaxo-
JIOB TEOPUHU MOI00US U HKCTIEPUMEHTAIbHBIX
JAHHBIX.




5. |AcummeTpuyHbie TO- |BuI TOKOBBIX 3aBUCUMOCTEMN JJIsl UMITYJIbCHBIX Pedepar
KOBBIE PEKUMBI TOKOB B IOTEHIIMOCTATUYECKOM U TaJIbBaHOCTA-
TUYECKOM TOKe. KHHeTHueckue 3aBHCUMOCTH
(opMBI KOHLIEHTPAITMOHHBIX MTPOpUIEH B MEM-
OpaHe u nmpuMeMOpaHHOM pacTBope. Biusiaue
Ha (popmy mpoduei ko3 puLneHTOB 3anoIHe-
HUs UMITYJTbCOB. Koad pumumeHTs! 3anonHenus,
UCIIOJIb3yeMble B MUPOBOH JINTEpaType.

Wroro: 18

2.3.3 JlaGopaTopHbIe 3aHATHS

Ne | HammenoBanwue pa3s- Tewma maGopatopHoit paboThI dopma TeKy-
nena LIET0 KOH-
TPOJIs
1. |Biusnue crenenu rua- (Iloayuenne BoabTaMIEPHBIX XapaKTEPUCTUK 3amwura JIP

podobHOCTH U Anek-  (MeMOpanbsl MK-40 u memOpansr MK-40 ¢ romo-
TPUYECKOHN T€TEPOreH- [T€HU3UPOBAHHOU IIOBEPXHOCTH.

HOCTH ITOBEPXHOCTHU
MeMOpaH Ha rnapa-
METPBI MACCONIEPEHOCA.
2. |Bnusnaue reomerpuue- |[lomyueHue BoJbTaMIEPHBIX XapaKTEPUCTHK 3amura JIP
CKOW HEOJHOPOJHOCTH |MCXOAHOM U MpoduiIupoBaHHOW MeMOpaH MA-
MOBEPXHOCTU MeMOpaH (41.

Ha IapaMeTpbl Macco-

nepeHoca.
3. [MorOOOMEHHEIE [TonydyeHne KOHIIEHTPAMOHHBIX 3aBUCUMOcCTeH | 3ammuTa JIP
Hacaakd. [lomydeHne |37eKTPONPOBOAHOCTH 0OECCONICHHOM BOIBI IPU
CBEPXYHUCTON BOJIBI. HCITOJIb30BAaHUHU «ITyCTOTOY KaHajla M KaHajia C
MOHOOOMEHHOM 3aCHIIKOIA.
Hroro: 18

2.3.4 IIpumepHasi TeMaTHKAa KyYPCOBBIX PadoOT (IIPOEKTOB)
KypcoBbie paboThl He IPETyCMOTPEHBI YIEOHBIM IJIAHOM

2.4 llepevyeHb yueOHO-METOAMYECKOTO O0ecTeYeHU NI CAMOCTOSITE/Ib-
HOM paldoThI 00y4YarOUIUXCH M0 JUCHUILIHHE (MOAYJIIO)

CamocrosiTenbHas paboTa acmMpaHTOB MPOBOAUTCS B (popme M3ydeHus: oT-
JENbHBIX TEOPETUUECKUX BOMPOCOB M0 MPEIaraeéMoi JTUTEPAType U CaMOCTOSI TENb-
HOTO peIIeHHs 3a7a4, a TakKe B (opMe MOJTOTOBKUA TBOPUECKHX 3aJlaHuil U pede-
paToB C JANbHEUIINM UX pa300poM WM OOCYKJIECHHUEM Ha ayIUTOPHBIX 3aHATHUAX.
Bo Bpemsi camocTosiTeIbHOM MOATOTOBKY O0y4Yarolirecs: 00ecedeHbl T0CTYIOM K
cucreme MY JIJI KyoI'Y, noctynom yepe3 MHTEpHET K MHOOPMAIIMOHHO-aHAJIUTH-
yeckuM 6azam nanabix PUHL] u Scopus, a Takke k 6ubnuoreynsiM GoHaaM (diek-
TpoHHass  OubnmoTreka  auccepranuit  PI'b,  DOnexrponnas  Oubnuoreka
grebennikon.ru, Mudopmarmonnsie pecypchl kommnanuu «MHTErpyM-TexHO»,
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Hayunsie 6a3p1 komnanuu «Hct Boto Undop-meiimn CepBucusz, Unk», 9B/ xom-
nanun EBSCO, Hayunslie ai. xypHansl SAGE, Onextponnas 6ubianoTedHasi cu-
creMa uzaarenbctBa «Jlanby, DnexrponHas kosiekius Oxcdopickoro Poccwuii-
ckoro ®oHaa u JIp. )

Obecnieuenre 00y4arOIUXCsi THBAIUIOB U JIUI] C OTPAaHUYEHHBIMH BO3MOXK-
HOCTSIMU 3[I0OPOBBSI Y4EOHO-METOAMUECKUMH PECYpPCaMH OCYIIECTBIsETCS B (op-
Max, aJIallTUPOBAHHBIX K OIPAHUYEHUSIM UX 3[JOPOBbS.

VYcnemHoe OCBOGHHME AMCIMIUIMHBI MpEANoaraeT akTUBHOE, TBOPYECKOE
y4acTHe CTy/IeHTa ITyTeM IJIaHOMEPHOM, TOBCEAHEBHOM pabOTHI.

Obwue pexomenoayuu.

W3yyeHue JUCHUIUIMHBI CJEIyeT HayuHaTh C MNpopabOTKU pabouei
POrpamMMBbl, yAEIAS LEJISM U 3a/1a4yaM, CTPYKTYPE U COAEP>KaHUIO Kypca.

Nmeetcs 31eKTpoHHAS BEPCUS JIEKIIUHN IO JAHHON TUCIMILIUHE.

OcHoBHOW (opmoii OO0ydeHHS aCHUPAHTOB SBISETCS CaMOCTOSITEIbHAS
pabota Han ydueOHBIM MatepuanoM. Ilpornecc u3yueHus TUCHUILUIMHBI COCTOUT U3
CJIETYIOIINX 3TATOB:

1. TlpopaboTka TeEOpEeTUYECKOTO MaTepHalia TI0 PEKOMEHIOBAHHOU
JUTEpaAType U KOHCIIEKTaM JICKIIH.

2. Pewienue 3anau.

3. BemmonHeHwue U 3ammTa 1ab0paTopHbIX padoT.

4. BeinoJHEHUE TBOPUYECKUX 3a/IaHUi, TOATOTOBKA pedepaToB.

5. BolnonHeHne caMoCTOSATEIbHBIX PadoT.

6. Cnaya 3au€ta B YCTHOM WJIM TUCbMEHHOM ¢Gopme (10 YCMOTPEHHIO
npenojaBate’s).

CamocrosiTenibHble  paOOThl  BBIMOJHSIOTCS  KaXKIbIM ~ aClIMPaHTOM Ha
OTHIENbHBIX JIMCTKaX. He momyckaercs HCMOJIb30BaHUE JIOOBIX  CPEJCTB
KOMMYHHUKAIMH (HOYTOYKH, MOOUJIbHBIE TeIEe(OHBI C BEIXOIOM B MHTEPHET U IIp. ).

JlomyckaeTcss ~ MCHOJBb30BaHUME  pabouux  TeTpaned, B  KOTOPBIX
3aKOHCIIEKTUPOBAaHbI HanboJiee BaKHBIE C TOUKH 3PEHHUS KAXKIOTO U3 aCUPaHTOB
MOMEHTBI, BBIJICIIEHHBIE ITPH CAMOCTOATEIBHON POPAOOTKE KaXKIA0H U3 TEM.

JlaGopatopHas paboTa BBITIOIHAETCS HHANBUAYATBHO WU B COCTaBE IPYIIIHL.
Bce BbluucneHus, BKIIOYas OILEHKY TOYHOCTH OKCIIEPUMEHTA, >KEIaTeIbHO
IPOBOJUTh BO Bpemsi 3aHsATHS. [IpM HeImOCTAaTOYHOM KOJUYECTBE BPEMEHHU HX
MO>XHO BBIMIOJIHATH B Yachl CaMOCTOATENbHON paboThl ¢ 00sA3aTENbHBIM
MPEICTABICHUEM PE3yJbTAaTOB MPENOJIaBaTeNI0 HA MOCIAEAYIOMNX 3aHATUSAX WU
KOHCYJIbTAIIMSIX.

3amura 1abopaTopHBIX padOT OCYIIECTBIISIETCS 10 MEPE X BHIMOJHEHUS WU
B CHEIMaJbHO BBIJICJICHHOE JUISI ATOTO BpPeMs B COOTBETCTBUU CO CpPOKaMH,
onpeneaeHHbIMU TpadukoMm. 3aiiuTa MpoJeTaHHON padoThl OCYIIECTBISIETCS B
UHAMBUAYAIbHOM TOpsSAKE. Y KaXAOro AachupaHTa JOJDKEH ObITh CBOU
odopmiennslit otaet. [pu 3amuTe m1abopatopHOit paboThI ACIUPAHT JOJIKEH:

- 1aTh HEOOXOAMMBIC TTOSICHEHUS 110 TEME padOTHI;

- OTBETHUTbH Ha JOTOJHUTEIbHBIE BOIPOCHI.
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3 Ob6pa3oBaTe/ibHbIE TEXHOJIOTUN

Hns  ¢dopMupoBaHHS KOMIIETCHIIMA B  TIPOIECCE OCBOCHUSA Kypca
UCTIONB3YETCSl  TEXHOJOTHS  MpodecCHOHANBHO-PAa3BUBAIOIIETO  OOYyYCHHS,
npeaycMaTpuBaromas He TOJBKO Mepenady TEOpPEeTHUECKOTO MarepHualia, HO U
CTUMYJMpPOBAaHUE W Ppa3BUTHE NPOAYKTHBHBIX IMO3HABATENIBHBIX JICHCTBUI
CTYAEHTOB (Ha OCHOBE IICHXOJIOTO-TIEJJATOTHYECKON TEOpUH  TOATAITHOTO
dbopMUPOBaHNS YMCTBEHHBIX JICHCTBUN).

Bup 3anstus Hcnonbp3yeMbie HHTEpaKTUBHBIE 00pa30BaTeIbHbIE KonuuectBo
(JI, I1P, JIP) TEXHOJIOTUH 4acoB
JI Jlexuusi-6ecea, METO/I OUCKA OBICTPBIX PEIICHUH B | 8
rpymnmne
IIP [IpoGnemHbIi ceMHHap 4
JIP PaboTa B ManbIx rpymmax 12
Umoeco: 24

J1J11 "HBAIMIOB U JIMI] C OTPAHUYECHHBIMUA BO3MOKHOCTSIMHU 3/I0POBbS PEATIU3YIOTCA
WHJUBHUAYaJIbHbIE 00pa30BaTEIbHbIC TEXHOJOTHMH, KOTOPBIE MO3BOJISIOT IMOJTHOCTHIO
WHIUBUTYJIM3UPOBATH COACPKaHNE, METOIBI ¥ TEMIIbl yUeOHOM NeITeTbHOCTH HH-
BaJnia, BHOCUTH BOBPEMS HEOOXOIUMBIE KOPPEKITUH KaK B IESITEILHOCTh CTYICHTA-
VHBAJIM/IA, TAK U B AEATEIBHOCTb MMPETIOAABATEIIS.

4.OueHoYHbIE CPEeACTBA VISl TEKYHIEr0 KOHTPOJISI YCIIeBAEMOCTH U IIPOMEKY-
TOYHOM aTTECTALUU

Pemenne cutyanmoHHbIX 3a1a4 o TeMe «BBegenne. O630p MexaHU3MOB Mepe-
HOCA Yepe3 HOHOOOMEeHHbIe MeMOPaHbD»

Hcnonb3yeTcss KoMnbloTepHas nporpamMmma «MukporereporenHas mojaeias MGMy,
B KOTOPYIO MOKHO TMOJICTaBJISATh TaKUe MapaMeTpbl MeMOpaHbl, KAk OOMEHHas eM-
KOCTbh, KO3 duiimeHTs AU Py3un MPOTUBOMOHOB M KOMOHOB, KOHCTaHTa J[OHHaHa,
a TAK)Ke AJIEKTPONPOBOJIHOCTh B M30-TOUKE, Mapamerp ['HycuHa n napaMeTp ynops-
noueHHocTH MemOpanbl. [lpenmaraercss HaOOp SKCIIEPUMEHTATBHBIX JAHHBIX IO
g ¢y3un yepe3 MeMOpaHy, cOpOLMH, KOHUEHTPALMOHHBIX 3aBUCUMOCTEHN JIEK-
TpornpoBoAHOCTH. Heo0XxoauMo NnpeaokuTh napaMmeTpbl MUKpPOT€TEPOreHHON MO-
JIEJH, MPEACTABIAIOINECS aIeKBaTHBIMU C TOUYKH 3PEHUS NPEACTaBICHUN O CTpoe-
HUM U CBOWCTBAaX MeMOpaHbl, ¥, BApbUPYS UX, IOIYYUTh TAKHE PACUECTHBIE JTaHHBIE
mud¢ys3un yepe3 MemMOpaHy, cOpOLIMU U KOHLIEHTPALIMOHHBIX 3aBUCUMOCTEN AJIEK-
TPOIPOBOAHOCTH, YTOOBI OHU MUHUMAJIBHO OTJINYAJIUCH OT SKCIIEPUMEHTAIIbHBIX. B
Ka4yeCTBE PEIICHUS CUTYallMOHHON 3ajaul He0OX0IUMO YKa3aTh MapKy MEMOpaHsbl,
JUISl KOTOPOW ITPOU3BOJMIICS PacCyeT, a TAKXKE MOJCTABICHHBIE 3HAYCHHS IapameT-
POB MHUKPOTE€TEPOT€HHOU MOJIEIIN.

Pemenue 3a1a4 no teme «3aKOHOMEPHOCTH MEePEHOCA HOHOB B J0NpPeIeIbHOM

TOKOBOM pe)KI/IMe»
3aoaua 1. Tennoobmen

Uenosek okazancs 3a 6oprom cyana t(B)=14 °C. Haiinure, Ha CKOJIBKO TPaJycoOB MOHU3UTCS t°
ero tena 3a 10 MuH, eciu SHEpreTuKa AbIXaHUs BO3pacTET B 3,5 pasa, IpU 3TOM B HOPMAJIbHOM
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COCTOSIHUU CKOPOCThH MPEBpaIleHus 3Hepruu 72 kkan/gac. [IpuHATh KOAQPHUIUEHT TerIonpo-
BogHocTH 0=0,06 kJ[x/(M"2-K-c); TemmoemkocTs Tena: C=0,86 kkan/(kr-K), miomanas moBepx-
HocTH Tena 1,8 M%. Macca tena 70 xr.

3aoaua 2. Bvigedenue npodykmos memadooausma

Paboty mouek OleHUBAIOT 1O KOHIICHTPAIMK KpeaTHHUHA B KpoBH. HopManbHasi KOHIIEHTpaIHs
kpeaTuHuHA B KpoBU Cip=10 mr/mn. ['ematokput kpoBu H=0.4 (06beMHast 10JI SPUTPOLIUTOB B
kpoBH). KoHIIeHTpalus: KpeaTHHUHA B TKAHEBOUM M BHYTPUKIIETOUHOM KUIKOCTH MIPUMEPHO Ta-
Kas JKe, KaK U B T1a3Me KpoBU. KpeaTnHHH BBIBOIUTCS BMecTe ¢ Modo, Vy=2,4 11/cyT. Onpene-
JHUTH CKOPOCTh POU3BOJCTBA KpeaTnHuHa G (Mr/4ac), o011y Maccy KpeaTHHHHA B OpraHu3Me
M (wmr).

3anaum no teMe «MexaHU3MBbI NepeHOCAa HOHOB B CBepPXIIpeleJbHOM TOKOBOM
pexxumMe»

1.1. Onpenenuth MUMHMMAJIBHYIO JUIMHY KaHajla 00€CCOJIMBAHMSI 3JIEKTPOINAIN3aToOpa, Ha
KOTOpPOM JIOCTHraercsi creneHs odecconuBanus 50 %, ecnu

. yucia nepenoca = 0,98;
. MexxMeMOpaHnHoe paccTosiHue = 0,45 MM;
. CKOPOCTh TEUEHHUS pacTBopa 3,2 cm/c;

C‘II/ITaTB, 4TO B paCTBOPC UMCCTCA TOJIBKO HanHﬁ-XHOp.

1.2. lan snekTpoauaiu3Hbli anmapar, coaepsxkamuid 100 napHsix kamep.
MexxmembpanHoe paccrosinue = 0,5 M.

Jnuna kaHama 60 cwm.

Pa3mep memOpanst 60 Ha 40 cM.

OmnpenenuTs MPOU3BOJUTEIHFHOCTD aliapara, Py KOTOPOW CTENeHb 00eCCONUBAHUS JI0-
cturaercs paBHoit 60 %. HyxHo HaliTu ckOpoCTh pabOTHI anmapara.

1.3. Tpebyercst CIpOCKTHPOBATH AJIEKTPOAUATIU3HBIN anmapar, KOTOPbIi Obl o0ecrieunBa
80% obecconmBaHus pacTBOpa XJIOPUIA HATPUS.

Pa3mep memOpan 60 Ha 40.
Paccrosinne mexxny memOpanamu = 0,4 M.
Ammapat J0JDKEH UMETh TPOU3BOIUTEIILHOCTE 2 M3/9ac.

HaiiTi yncno nmapHbIX KaMep B anmapare.

1.4. Tpebyercst CIPOCKTHPOBATH AJICKTPOAUAIIU3HBIN anmapar, KOTOPbIi Obl o0ecrieunBa
80% obecconnBaHMs pacTBOpa xjopuaa HaTpus. 3BeCTHO, YTO IPU CKOPOCTH TEUEHUS
YKUJKOCTH 2 cM/C Ha KaxabIx 10 cM JJIMHBI KaHada KOHIEHTpalus yosiBaeT Ha 20%.

[[upruna memOpan 40 cwm.

Paccrosinne mexny memOpanamu = 0,4 MM.
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Anmapar 10/DKeH UMETh POM3BOAUTENBHOCTD 2 M>/4ac.

Haiitu JJIMHY KaHaJjla 00EeCCOJIMBAHUS M YHCIIO IMIapHBIX KaMCpP B allliaparec.

Bomnpocsl Aj151 yCTHOr0 onpoca 1no reme «Biusinue cBoiiCTB MOBEPXHOCTH MeM-
OpaH HAa HHTEHCHBHOCTD JIEKTPOKOHBEKIIMU H CKOPOCTh reHepainuu noHos H'
n OH»

hd

10.

Uem namMuHapHOE TEUEHHUE JKUIKOCTH OTiIMYaeTcs oT TypOynentHoro? Ilo ka-
KUM IapaMeTpaM MOXKHO ONPEIEIUTh, IBJSETCS U TeYEHUE JJaMUHAPHBIM UITU
TypOyJe€HTHBIM?

Uto Takoe nuddy3noHHBIA TOTpaHUYHBIN Cioi? [ uaApoIMHAMUYECKUMA TToTrpa-
HUYHBIN coi? Kak OHM COOTHOCATCS MEXITy cO00M?

[Tonsitue o quddysnonnom cioe: cioit Heprcra, momnast Tommuaa guddy3u-
OHHOTO CJIOS, TUJIPOJIMHAMUYECKHI MOTrpaHCIION.

Uemy paBHA CKOPOCTh TEUEHHUS )KUJKOCTH B sIIpE TIOTOKA? Y CTEHKHU TPYObl WIIH
MJIOCKOM TJIACTUHKU?

UTto Takoe yclIOBUS MPUIIUIIAHUS Y CTEHKHU U YCJIOBUS CKOJIBXEHUS Y CTEHKH?
Kakune marepuans! sistorcs ruapodoOusiMu? ['napodunsasiMu? Kakosa Oy-
JeT ruApopoOHOCTh MEMOPAHHBIX MaTepUaIoB?

UYemy paBHa qynHa ckonbkenus (slip length)?

Kak yBenmueHne CKOpPOCTH JABIKEHHUS KHUAKOCTU y CTEHKHM KaHasla BIUSET HA
IPUIOBEPXHOCTHYIO KOHUEHTPALINIO?

Kak M0OXXHO MakCHUMalIbHO YBEIUYUTH TypOYJIECHTHOCTH JIBHXKEHUS >KUAKOCTU
nyTeM yBeJudeHus ruapodoOHOCTH?

Kak rugpodoOubie 061acTi HAa MOBEPXHOCTU MEMOpPaHbl BIUSIOT HA Pa3BUTUE
reHepanuu nonos H+, OH-?

3ajgaum no reme «Bausinue creneHu ruApo(PoOHOCTH U YJIEKTPUIECKOM reTepo-
TeHHOCTH MOBEPXHOCTH MeMOPaH HA MapaMeTPbl MAaCCONEPEHOCA

l.

3Has1, 4To yroy cMaurMBaHus oOpasiia MmemOopansl MA-41 coctaBun 66°, a yromn
CMauMBaHUs MOJIMATUIICHA, BXOJSIIETO B €€ COCTaB, COCTaBIiseT 76°, paccuu-
TalTe MO0 MOBEPXHOCTH JAHHOTO 00pasia, 3aHATOW moimdTUiIeHOM. Haxo-
JIUTCS JIU JaHHOE 3HayeHue B auana3zoHe 50-70%, xapakTepHOM sl TaHHBIX
memOpan? M3o0pazute cxembl BAX, XapakTepHbIX 11 JaHHOTO o0Opasia u AJis
TUMYHON MA-41, ykaxkute oTIINYUSL.

CycneH3uro MoMudJIeKTpoInTa HaHocuiin Ha Memopanbl AMX n CMX. Ha BAX
MOAU(PUITUPOBAHHBIX MEMOpaH MPOU3OIILIN CIASAYIOMNE N3MCHECHHUS: TIPECITh-
vl TOK 119 CMX cocrtaBun 0,8 ot ucxognoro, AMX - 1,5 oT ucxomHoro.
Jnmuna mato gt CMX cocraBuna 0,9 ot ucxoanoro; AMX - 0,5 oT UICX0AHOTO.
OrnpenenuTe BEpOSTHBIA COCTAB MOJMAIICKTPOJINTA, MPENOI0KUTE, KAKUE SIS
W3MEHEHMsI, IOMUMO YKa3aHHBIX, MPOU30IILIN C BOJIHTAMIIEPHBIMUA XapaKTepH-
ctukaMu. C MOMOIIBIO KAKOTO METOJ/Ia MCCIIEI0BaHUSI MOYKHO TTPOBEPUTH ClIe-
JIAaHHBIE BBIBOJIBI?
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TBopueckoe 3a1anue no teme '"'BiusiHne reoMeTpu4ecKoil HEOJHOPOAHOCTH
NMOBEPXHOCTH MeMOpaH HA mapaMeTpbl MacconepeHoca'
Mooicem svinonnames uHOUBUOYAILHO UNU 8 MATbIX 2PYANAX

OCHOBBIBasICh Ha 3HAHUSX O TUAPOAMHAMUYECKOM PEKUME PAJIOM C IPENSATCTBUEM
U pacrpe/iesieHuH JIMHUN TOKa PSIZIOM C U30THYTOM MOBEPXHOCTHIO, TpeOyeTcs onpe-
JeIuTh U U300pa3uTh B jpg, png, wiu ppt ¢aiae BUXpEeBbIE 00JACTH PSAIOM C
(rpymnna 1) kaBepHOI Ha MOBEPXHOCTU MeMOpaHbI (rpymnna 2) KOHycOOOpa3HbIM BbI-
CTYIIOM Ha MOBEPXHOCTH MeMOpaHbl. [IpuHATE, UTO 3MEKTpUUECKas COCTABIIAIOIMIAS
MOJIS HaIlpaBJIeHa MEPHEeHIUKYISIPHO MeMOpaHe, a MOTOK KUAKOCTU HaIlpaBiieH
BJI0JIb IOBEPXHOCTU MEMOpPaHHbI.

CamocrosiTeibHasi padora no teme '"Bonpochl oNTHMU3ANMN KOHCTPYKUIMHU
MeMOPAHHOI IYeHKH U 3JIEKTPUIECKOro pe:kuma. '

Bapmuanr 1
1. 3amava. Haiitu onTumanbHOE HanpsHKEHUE U ce0ECTOMMOCTD BOIbI, TIOJTy4aeMon
npu /] pactBopa NaCl ¢ konuentpauueii 0.01 mons/n. [IpunsTH, 4TO CKOPOCTH Te-
yeHus pactBopa 1.6 cm/c, koapdunuent nudpdys3uu comu D NaCl=1.6x10-5 cm2/c.
Croumocts MemOpan 1000 py6./mM2. CTommocTh 31. SHEpruM paBHa 2 pyod. 3a
kBTxuac. 3arpaTamu 371€KTpOIHEPTHH HA MEPEKAUKy pacTBopa npeHedpeys. Uncno
pabouunx 4dacoB B roay 5840, croumocth 000pynoBaHusi 0€3 CTOUMOCTH MeMOpaH
200 000 pyOneii. IIpousBoauTenbHOCTh YeTaHOBKM 1 M3/4 o aumroaty u 0.2 M3/4
no koHueHrpaty. [llupuna paboueit yactu MeMOpaHbl (=IIMpUHA Kamepbl obecco-
auBanus) 40 cM, paccTosiHEEe MEeXTy cocerHuMu MmemOpanamu h=0.5 mm. CteneHp
ob6eccommmBanus 0,8. MakcumanbHOE YUCIIO JIET dKcIuTyatauu 12 net. [pegycmot-
peTh 3aMeHy MeMOpaHbl Kaxible 4 roja.
2. Yro takoe kputepuu noaodus? Kakue kpurepun noaoous Bl 3HaeTe?
3. Buna 3aBucumoctu Sh-Re.

Bapuanr 2

1. 3amava. Haiit onTumanbHOE HanpsHKEHUE U ce0ECTOMMOCTD BObI, TOJTy4aeMon
npu /] pactBopa NaCl ¢ konuentpauueii 0.01 mons/n. [IpunsTH, 4TO CKOPOCTH Te-
yenus pacteopa 1.6 cm/c, koopduuuent auddysun comn DNaCl=1.6x107 cm?/c.
Croumocts MemOpan 1000 py6./m>. CTOMMOCTH 311 DHEprud paBHa 2 py0. 3a
kBTxuac. 3arpaTamu 371€KTpOIHEPTHH HA MEPEKaUKy pacTBopa npenedpeus. Uucno
pabouunx 4dacoB B roay 5840, croumocth 000pynoBaHusi 0€3 CTOUMOCTH MeMOpaH
200 000 py6neit. IIpon3BoauTenbHOCTE yeTaHOBKU 1 M3/4 o gumroaty u 0.2 m/a
no koHieHtpary. lllupuna paboueit yactu MmeMOpaHsbl (=IIMpPHUHA KamMepbl 00ecco-
nuBaHus) 40 cM, paccTosiHEEe MeXIy coceqHuMu MeMOpaHnamu h=0.5 mm. CteneHp
ob6ecconmBanus 0,8. MakcumanbHOE YUCIIO JIET dKcIuTyatanuu 12 net. [Ipegycmot-
peTh 3aMeHy MeMOpaHbl Kaxk/ible 4 roja.

2. VI3 kakux reoMeTpUYECKUX napamMeTpoB BoIBOATCS yncia PeitHonbaca, [lmuara,
[epByna, [IpanaTna? C kakuMu GU3NIECKUMHU MTPOIIECCAMU OHU CBSI3aHbI?

3. KakoBa ponb cenaparopa-typOynu3aropa B MemOpanHO# cucteme? B dem ero

15



noJyiokuTenbHoe Bnusinue? OrpunarenbHoe? B kakux ciaydasx nenecoodpas3Ho mnpu-
MEHSTh CenapaTop-TypOyInu3aTop, a B KaKMX — MHOE HAIlOJIHEHUE KaHaia?

Bonpocsl /151 TOATOTOBKH K 3a1MTe JJA00PaATOPHBIX padoT

Brusnue cmenenu cuopogobrocmu u 31eKmpuieckol 2emepo2eHHoCmuy H08epPXHO-
cmu MemOpaH Ha napamempsbl MAcconepeHocd.

N —

Kaxkue BUJIbI 37IEKTPOKOHBEKIIMU BaM n3BeCTHBI?

B kakoii cTenenu u noyemy cTeneHb Tuapo(HoOHOCTH MOBEPXHOCTH BIUSET HA
Pa3BUTHE 3JIEKTPOKOHBEKIUU?

Kakwue akTopsl onpenesstoT creneHb ruipoPoOHOCTH TOBEPXHOCTH HOHOO00-
MEHHBIX MeMOpaH?

Kak anekrpuyeckass HEOIHOPOJAHOCTh IOBEPXHOCTH BIIUSET HAa CONPSKEHHbBIE
3¢ (eKThl KOHLIEHTPALIMOHHON Mossipu3anun’?

Kak onenuBarot crenenb rujpopoOHOCTH TOBEPXHOCTH HOHOOOMEHHBIX MEM-
OpaH, moueMy ee Jydille u3MepsATh Ha HAOyXIux oopasmax?

Brusnue 2ceomempuueckoii HeOOHOPOOHOCMU NOBEPXHOCMU MeMOpaH HA napa-
Mempbl MacconepeHoca.

Kakne MeToJpl MO3BOJISIIOT OICHUTh T€OMETPUYECKYIO0 HEOTHOPOIHOCTH TO-
BEPXHOCTH MeMOpaH?

Kak reomerpudeckasi HEOTHOPOTHOCTH TIOBEPXHOCTH BIIMSET HA CTETICHD TH/I-
podobHOCTH MeMOpaH?

Kakwe 13 n3BECTHBIX KOMMEPUYECKIX MEMOpaH 00JIaJaf0T TeOMETPHUYECKON He-
OJTHOPOTHOCThIO?

Kak reomerpuueckasi HEOJTHOPOIHOCTD MOBEPXHOCTH BIIMSIET HA BOJIbTaMIIEP-
HBIC XapaKTEPUCTUKUA U XPOHOIIOTCHIIMOTPAMMbI HOHOOOMEHHBIX MeMOpaH?
KakuMu MeTo1aMu MOXKHO YBEIHUYUTH (YMEHBIINUTh) TEOMETPHUCCKYIO HEO/I-
HOPOJHOCTH IMOBEPXHOCTH MeMOpaH?

Honoobmennvle nacaoku. Ilonyuenue ceepxuucmoii 800bl.

N —

[Tepeunciute TUTTEI HOHOOOMEHHBIX HACAIOK.

Kakue siBjeHNS BO3HHMKAIOT B KaHajaX 00ECCONMBAHUS MPU HAIMYUU B HUX
MOHOOOMEHHBIX HAacagoK?

Kak Ha mpakTuke peanu3yeTcs BBEACHHUE B MEKMEMOpPaHHOE MPOCTPAHCTBO
KaHaJIOB 00€CCOIMBAHNS HOHOOOMEHHBIX HACAA0K?

Kakue TeXHMUYECKHe PEIICHHS JIe)KaT B OCHOBE HENPEPBIBHON pereHeparuu
MOHOOOMEHHBIX HacagoK?

HazoBute 00ilacT MUHEpaM3aIllid UCXOAHOTO PacTBOpa ISl 00eCIICUCHHUS
ONTHMAaNBbHON 3(P(PEKTUBHOCTH MOHOCJIOHWHBIX M IOJUCIOWHBIX MOHOOOMEH-
HBIX HACAJIOK.
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Tembl pedepaToB no paszneny "HonoooMennbie Hacaaku. [losryyenne cBepx-
yucToH BoaALI"

1. XumMuyeckue MeToAbl MOTYYEHUS] CBEPXUUCTON BOBI.

2. ®uznueckue METOAbI MOJYUEHUSI CBEPXUNCTON BOJIBI.

3. EMKOCTHas1 AeMOHU3aIMs: TEKYIEee COCTOSHUE MPUMEHEHUS IMpoIecca U Mep-
CIIEKTUBBI Pa3BUTHSL.

4. AnmnapatHoe oQOopMIIEHUE OYHCTKH BOJbI HA MPEANPUITHH [0 BHIOOPY acmu-
paHTa].

5. DAeKTpOoANAIN3aTOPhI C MPOPUINPOBAHHBIMU MEMOPaHAMH.

6. DNeKTpOoANANIN3aTOPhl C HOHOOOMEHHOM 3aCHINKOM.

7. IlpuMeHeHre NOHOOOMEHHBIX BOJIOKOH ISl IOJyYE€HHSI CBEPXUYUCTOM BOJIBI.

8. ComnpsbkeHUe 3JIEKTPOAHAIN3a C MOHHBIM OOMEHOM: MHOTOCTYIIEHYAThIE CHU-
CTEMBI BOJIOOYHUCTKH.

9. Metonbl perenepanuu CMEIIaHHOCIOWHBIX HOHOOOMEHHBIX KOJIOHOK.

Tembl pedpepaToB 1o pasaeny "'AcUMMeTPUYHbIE TOKOBbIE PeKUMBI''

1. JlocTomHCTBa M HEAOCTATKH aIlllapaTOB HEMPEPBIBHOTO ACHCTBHS U aAllllapaToOB
MEPEKII0YAEMOM JTUHUU.

2. Hcnonb3oBaHHE aCHMMETPUYHBIX TOKOBBIX PEKUMOB IIPHU AIEKTPOAUATU3E TH-
LIEBBIX MPOIYKTOB.

3. MHcnonb3oBaHWE aCUMMETPUYHBIX TOKOBBIX PEKUMOB ITPH 3IEKTPOIAATIU3E pac-
TBOPOB C BBICOKOU KECTKOCTBIO.

4. Vcnonb30BaHUE aCUMMETPUYHBIX TOKOBBIX PEKMMaX B HOBBIX JIEKTPOAUAIIHA3-
HBIX YCTPOMCTBAxX: yCTPOMCTBA JO3UPOBAHUS JIEKAPCTBEHHBIX MPEMAPATOB.

5. AcHMMeETpUYHBIE TOKOBBIE PEXUMBI, UCIOJIb3YEMbIE B YCTAHOBKAX, COYETAIO-
IIMX EMKOCTHYIO 3JIEKTPOJACHOHU3AIMIO U AIEKTPOAUAIN3 (MMPOEKThI rpynn M.
Beccnunra u J[. Xana).

4.2 ®oHJ OLEHOYHBIX CPEICTB JJIA NMPOBeAeHUs MPOMEKYTOYHOM aTTe-
cTalun

dopMa KOHTPOJIS AJIA MPOBEACHHS POMEXYTOYHOM aTTeCTallMy MO JUCLU-
IJIMHE — 3a4eT.

CtyaeHTsl 00s13aHbI CIATh 3a4€T B COOTBETCTBUU C PACIIUCAHUEM U YUEOHBIM
IIaHOM. 3aueT sBisieTcs: (POpMOM KOHTPOJIS YCBOEHHUS CTYJIEHTOM y4eOHOM mpo-
rpaMMbl MO AUCLMIUIMHE, BBIMOJHEHUS JTa0OPATOPHBIX U KOHTPOJBHBIX padoT. 3a-
YeT MO MPOCIYIIAaHHOMY KYPCY MOKET ObITh BBICTABJIEH HA OCHOBAHUM OLIEHKH Jie-
ATEJIBHOCTH CTYJEHTA B CEMECTPE, @ UMEHHO - IO MOCEIAaeMOCTH JIEKLHMI, PE3Yb-
TaTaM BBIMOJHEHUS 3aJaHi 1 1JabopaTopHbIX paboT. 3amuTa 1abopaTOpHBIX paboT
OCYLIECTBJISETCS B TEYEHUE CEMECTPA MOCIIE BBINOJHEHUS SKCIIEPUMEHTAIBHOMN Ya-
CTH pabOThl HA OCHOBaHUH MPOBEPKH MHUCHbMEHHOTO OTYETa U YCTHOTO U/WITU MUCh-
MEHHOTO OMpoca 00yJaromMxcs Mo TeMe JabopaTopHOi paboTel. s monydeHus
3ayeTa 00y4JaroIUCs TOJKEH JaTh YIOBIETBOPUTEIbHbBIE OTBETHI HAa BCE BOMIPOCHIL.
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Kpurepuu ounenku:

- OLICHKA «324YTEeHO»: CTYACHT BJIAJECEeT TEOPETUUECKUMHU 3HAHUAMU 110 JJaH-
HOMY paszeily, yMmeeT (hopMyIupoBaTh o0IIMe, crienu(puIecKue U YacTHbIE 3aa4u
B 00JIaCTH AJIEKTPOXUMHUHU U BJIEKTPOXUMHUUYECKHUX MPOU3BOJICTB; 3HAET OCHOBHBIE
CBOICTBa, 00JaCTH IPUMEHEHM S, METO/IbI CCIIEI0BAHUSI HOHOOOMEHHBIX MaTepHua-
JIOB, JIOMYCKA€T HE3HAUUTENbHbIE OIIMOKU; CTYJE€HT YMEET IPABUIBHO BbIOHMpATh
ONTUMAaJIbHBIM JUUISl BBIIIOJIHEHHUsSI KOHKPETHOM HayYHOM WM HAyYHO-TEXHHYECKOU
3a/la4yd METOJ UCCICAOBAHMS.

- OLICHKA «HEe 32a4YTEHO0»: MaTepuall He YCBOEH WJIM YCBOEH YaCTU4YHO, CTy-
JICHT 3aTPYAHSETCS B OMUCAaHUM OCHOBHBIX 3a7a4d B OOJIACTH DJIEKTPOXUMHUH H
ANEKTPOXUMHUYECKUX ITPOU3BOJICTB, 3aTPYIHIETCS IPUBECTU IIPUMEPHI METOAOB HC-
CJIETOBaHMSI OCHOBHBIX CBOWCTB HOHOOOMEHHBIX MaTepUasoB.

Bomnpoce! AJ1s1 MOATOTOBKH K 324€Ty 10 JMCUHUIINHE:

1. Crpykrypa MeMOpaH. I3MeHeHune cTpyKTyphbl ipu HaOyxanuu. IlpencraBnenus
Hpetidproca n T'mpke. CoBpemeHHbIe MOjenH CTpyKTypbl MemOpan (Kpoiiep,
Kebenn).

2. MukporeTeporeHHas MOJelb. DJIEKTPONPOBOIHOCT U JU(PPY3NOHHASI IPOHU-
naemMocTh. Pemenne npsaMoi u 0OpaTHOMU 3a/1a4; HAaX0XKACHHUE MapaMETPOB MO-
JEJH U3 SKCIIEPUMEHTAIbHBIX JaHHBIX.

3. JlamuHapHOE TEUYECHHE KUAKOCTU MEXKAY ABYMs NapajuICIbHBIMU IIACTUHAMH.
Pemenue ypaBHenuss HaBbe-CTokca M mpo@uiib CKOPOCTH B KaHAlIE MEXIY
JBYMS TapaJUIEIbHbIMU IJTACTUHAMH.

4. Pacuet TommuHbl Aud@y3uoHHOrO cios. CpaBHEHHE pacuera ¢ SKCIEpUMEH-
TaJbHBIMM JaHHBIMU. Hepgocratku monenu.

5. Buzsl IpoueccoB CBEPXMIPEIEIbHOTO MEPEHOCAa HOHOB, UX MPAKTUYECKas 3HA-
YUMOCTb.

6. Croco0bl KOHTPOJIS IITyOMHBI IPOTEKAHUS [TPOLIECCOB CBEPXIIPEAEIBLHOIO NIEpe-
HOCa UOHOB.

7. llyTu BnIusHHUA CBOMCTB MOBEPXHOCTH MEMOpaHbI Ha CTETNEHb PAa3BUTHS IPO-
1ecca AUCCOLUALMU BOJIBI.

8. CBoiicTBa NOBEPXHOCTH MeMOpaHbl, BIMSIOIINE HAa Pa3BUTUE IEKTPOKOHBEK-
LIUU B CUCTEME.

9. Mertoas! uamMepenus ruipohoOHOCTH MOBEPXHOCTH HOHOOOMEHHBIX MEMOpaH.

10. Baustaue ruapodoOHOCTH MOBEPXHOCTH MEMOpPAH Ha CTENEHb PA3BUTHUS AJIEKT-
POKOHBEKIMH. B3anMOBIIMsAHNE 3JIEKTPOKOHBEKIIMY U JUCCOLUALUN BOBI.

11. Pacnipenenenue JTUHUHN 3JEKTPUUYECKOTO TOKA U JJUHUM CKOPOCTEN MOTOKA KU~
KOCTH PsiIOM ¢ AedeKTaMu MeMOpaHBbI.

12. BiinsiHME BBICOKMX JIOKAJIBHBIX PA3HOCTEH NOTEHIMAIOB HA PA3BUTHE IIPOLIEC-
COB CBEPXIIPEIEIBHOIO IIEPEHOCA HOHOB.

13. Ilpunosxenue Teopuu NoAoOus K anekTpoMeMOpaHHbIM npoieccaM. Uncina Peii-
Honpaca, LlImunra, llepByna, [Ipannras. Bun 3aBucumoctu Sh-Re.

14. Iloaxons! k ontumuzauuu D/ npouecca. Mcnonp3oBaHue KOHBEKTUBHO-IU(D-
dby3uOHHasT MOJIEIU: BHIOOP T€OMETPUUECKUX (MEKMEMOpPaHHOE PaCCTOSHHE,
dopma cemnapaTopa) U THAPOIMHAMUYECKHX (CKOPOCTh MPOTOKA pacTBOpa) ma-
paMeTpoB NPYU MUHUMHU3ALUU CEOECTOMMOCTH IPOYKTA.
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15.
16.

17.

18.

S.

Mertoab! noJly4eHus: CBEPXUNCTON BOJIBI.

KoHCTpyKTHBHBIE OCOOEHHOCTH AJIEKTPOAUATIN3ATOPOB, HCIOJIB3YEMBbIX IS
OUYMCTKHU CHJIBHO pa30aBJI€HHBIX PaCTBOPOB.

[TapameTpbl UMIYIBCHBIX TOKOB U MX BIHUSAHHUE Ha 3 (HEKTUBHOCTH 0OECCONMBa-
HUS.

[IprMeHeHne aCHMMETPUYHBIX TOKOBBIX PEKMMOB B IIPOMBIIUIEHHOCTH.

IlepeyeHb OCHOBHOWI W [IONMOJHHMTEJbHOW Y4YeOHOW JHMTEepaTyphl,

HEe00X01MMOii 111 OCBOCHUS TMCIUIIMHBI (MOXYJISA) -

5.1. OcHoBHas JUuTEpPaTypAa

I'ymepoB, A.M. Martemarnueckoe MOAEINPOBAHNE XUMHUKO-TEXHOIOTMUECKHUX
MPOIIECCOB [DNEKTPOHHBIN pecypc] : yueOHoe mocobue / A.M. 'ymepoB. —
OnextpoH. gaH. — Cankr-IletepOypr : Jlans, 2014. — 176 c¢. — Pexkxum no-
ctyna: https://e.lanbook.com/book/41014. — 3aru. ¢ sxpana.

MembOpanbsl 1 MeMOpaHHble TexHonoruu, noxa pea. A.b. SpocnaBueBa. M.:
Hayunbii MHp, 2013. — 611 C. Pexum JNOCTyma:
http://biblioclub.ru/index.php?page=book red&id=468334&sr=1

5.2. lonoJiHUTEILHAS JIUTEPATYPA

Marematruueckoe MoJIeTUpOBaHEe MEMOPAHHBIX MPOIIECCOB C UCIIOIb30BAHUEM
Comsol multiphysics 4.3 [Tekct] : yuyeOHOE mocoOue il CTyJACHTOB, Maru-
ctpauToB / A. M. Y3aenoBa, A. B. KoBasienko, M. X. Yprenos, B. B. Huko-
HEHKO ; M-Bo 00pa3oBanus 1 Hayku Poc. @enepanuu ; KybaHckuit roc. yH-T. -
Kpacnonap : Kybanckuii rocygapcTBeHHbINH yHUBEpCUTET, 2013. - 224 ¢. : Wi -
bubauorp.: c. 199. - ISBN 9785820908736 : 41.81.

Kynunos, 11.B. MaremaTuueckoe MOJAEIMPOBAHUE TUAPOAMHAMUKH U TEII000-
MEHa B JIBIDKYIIMXCS KUIKOCTIX [DNEKTPOHHBIN pecypc] : yueOHoe mocodue /
N.B. Kynunos, B.A. Kynunos, A.B. Epemun, C.B. Konecuukos ; nox pen. .M.
Kapramosa. — Dnexrpon. nan. — Cankr-IlerepOypr : Jlans, 2015. — 208 c.
— Pexxum moctyma: https://e.lanbook.com/book/56168. — 3ari. ¢ sxpana.

5.3. Ilepuoanueckue u3gaHus

Kypuan «MemOpaHbl 1 MEMOpPaHHbBIE TEXHOJIOTUNY
Kypuan «Dduznyeckast XUMHUSH

6. Ilepeyennb pecypcoB HHGPOPMAIMOHHO-TEJIEKOMMYHUKANMOHHON CeTH

«HTepHET», HeOOXOAMMBIX IJISI 0CBOEHMS JUCHHUILIUHBI (MOIYJIs1)

DnekTpoHHas OMOIMoTeUHas cucTeMa u3aareiabcrna "Jlanp".

Nature Publishing Group.

Hayunas snexktponnas 6ubnuoreka (HOB).

Komnekmus xypHaioB u3narenscra Elsevier Ha moptane ScienceDirect.
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Poccuiickas ~ memOpanHass  cetb  Russian  membrane  network
www.rusmembrane.net/

DnekTpoHHbIe yueOHUKU Kadeapsl MemOpannoi TexHonoruu Poccuiickoro
XUMUKO-TeXHOJIOrn4ecKoro YHuBepcurera UM. J.W. Menpeneena,
http://membrane.msk.ru

Nudopmarnmonno-ananutudeckas 6aza PUHIL (http://elibrary.ru)

Nudopmarnmonno-ananutudeckas 6a3a Scopuc (http://scopus.com)

7 MeToauuecKkue yKa3zaHusl 1 MaTePUAJIbI 110 BUAAM 3aHATHIA

VYcenemnoe OCBOEHWE NUCHUIUIMHBI MPEANOJIAraeT akTUBHOE, TBOPYECKOE
y4acTHe aclUpaHTa MyTeM IJIAHOMEPHOM, MOBCETHEBHON paOOTHI.

OO61ue peKkoMeH1alu

W3yyeHue JUCHUIUIMHBI CJEIyeT HayuHaTh C MNpopadOTKU pabouei
nporpamMmbl, 0co0O€ BHHUMAaHME, YJIeiss IedsM W 3ajadyaMm, CTPYKType U
COZAEPKAHUIO Kypca.

Nmeercs anekTpoHHast BEPCUs JICKIHUU IO TaHHOW JTUCUUILIHHE.

OcHoBHOM (QopMOii 00yueHHUs CTYACHTOB SBJISIETCS] CaMOCTOSATENbHAs paboTa
HaJ| yueOHbIM MaTepuaioM. [Iponecc nzydeHus: quCIUIUIHHBI “DyHIaMEHTaTbHBIC
OCHOBBI ONTUMHU3ALNU U MHTCHCU(PHUKAIUU MEMOPAHHBIX MPOILECCOB” COCTOUT U3
CIEAYIOUIUX 3TAOB:

1. IIpopaGoTka TEOpeTHUECKOrO0 MaTepuaja IO PEKOMEHJOBAaHHOMY
JUTEPATypPHBbIM UICTOYHUKAM M KOHCIIEKTaM JIEKIIUH.

2. BrinonHeHne caMmocToATENbHBIX PadoT.

3. IloaroroBka M MpeACTABICHHUE TEpPEl OAHOKYPCHUKAMHU NPE3CHTAUN U
pedepaToB Ha 3aJJaHHYIO TEMY.

4. BrITioIHEHHE JTa00paTOPHBIX padoT.

5. Pemienue 3amauy.

6. Choaun 3adyera B YCTHOW WJIM NMHCHbMEHHON (opme (10 YyCMOTpPEHHUIO
PEenoaBaTess).

[Ipe3eHTanuu Ha 3aaHHYIO TEMY BBIIOIHSAIOTCS B iporpamme Power Point.
OHa [IOMKHA COCTOATH M3 5-8 ClailioB M colepKaThb OCHOBHBIE ONpPENENICHUs,
(bakTUYeCKuil MITIOCTPUPOBAHHBIN MaTepral, BHIBOABI U CIIHCOK MCIOJIb30BAHHBIX
MCTOYHHKOB.

Martepuan nnsi cooOuieHus: HEOOXOJMMO HCKAaTh B KHHUTrax, >KypHaiax u
WHTEPHET-UCTOYHUKAX, OMYyOJIMKOBAaHHBIX B MOCJEIHUE 3 roja.

Jloknan, conpoBOKIAOIINI IPE3CHTALUIO, TOJKEH 3aHUMaTh 7-10 MUHYT.

Jloknmaael M Mpe3eHTAlMU MPEABAPUTEIBHO MPUCHUIAIOTCS MPENOIaBaTENIO
10 DJIEKTPOHHOM MOYTE HA MPOBEPKY.

CamocrosiTenibHble  paOOThl  BBIMOJHSIOTCS KaXKIbIM  aClIMPaHTOM Ha
OTHIENbHBIX JIMCTKaX. He momyckaercs HCMNOJIb30BaHUE JIOOBIX  CPEICTB
KOMMYHHUKAIMH (HOYTOYKH, MOOUIIbHBIE TeIEe(POHBI C BEIXOIOM B MHTEPHET U TIp.

JlomyckaeTcsi ~ MCHOJBb30BaHUME  pabouux  TeTpaned, B  KOTOPBIX
3aKOHCIIEKTUPOBaHbl Han0OJIEE BAXKHBIE C TOUYKU 3PEHUS KAXKIOTO U3 CTYJIECHTOB
MOMEHTBI, BBIJICIIEHHBIE ITPH CAMOCTOATEILHON POPAOOTKE KAXKIA0H U3 TEM.
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JIaGopatopHbie pabOTHl BBIMONHIIOTCS WHAWBUAYaJbHO WJIM B TPYIIIE.
ITpenBapuTenbHO HWAET O3HAKOMIIEHME C JIA0OpaTOpPHBIM  00OpPYJIOBaHHUEM,
UCIOJIB3YEMBIM B DJKCIEPUMEHTaX, a TakK€ C TEXHUKOW O€30MacHOCTH IpHU
BBIIIOJIHCHUN DKCIIEPUMEHTAJIbHBIX paboT. Pesynbratsl U3MEpEHNN
PETUCTPUPYIOTCS B LU(POBOM BHJIE C UCIIOJIB30BaHUEM KOMIBIOTEPOB. OOpadoTKa
JaHHBIX OCYILIECTBIISIETCS ¢ NpUMEHeHueM nporpammel Excel mo anropurmy u
mabjaoHaM, MPENOCTAaBIEHHBIM mpernojaBareneM. llodydyeHHble pe3ysbTaThl
MIPEICTABIISIFOTCS B BUJIC TaOIHI] U TPaUKOB.

8. IlepeyeHbr HHPOPMALMOHHBIX TEXHOJIOTHH, HCIOJb3YEeMbIX IPHU
OCYLIECTBJICHHH 00pPa30BaTeJIbLHOI0 Mpouecca no AMCHUILINHEe (MOaYJII0) (IpH
HE00X0IMMOCTH)

8.1 IlepeyeHb HEOOXOAMMOI0 MPOIPAMMHOI0 00ecreYeHus

1. Microsoft Windows 8§, 10
2. Microsoft Office Professional Plus
3. Comsol multiphysics

ABTOpCKHE NporpaMMHbIE TPOAYKThI «Mukporereporentnas moaeias MGM», «31-
Huan» (BeimosiHEHBI B cpenie Excel, npenocraBisiorcs npenoaaBaTeem).

8.2 Ilepevyenb He0OXOAUMBIX HH(POPMAIMOHHBIX CIIPABOYHBIX CUCTEM
CnpaBouno-tipaBoBas cucrema «Koncynerant [Tmrocy» (http://www.consultant.ru)

9. MaTepuajibHO-TeXHUYecKas 0a3a, He00OXoAUMAas AJIsl OCYLeCTBJICHHSA
00pa30BaTeJbHOIO MPOIeCcca MO JUCUHUILTIMHE (MOTYJIIO)

AynuTopus A IpOBENEHUs JEKIMOHHBIX U MPAKTUYECKUX 3aHATUH, OCHA-
IIEHHBIA NEPCOHAIBLHBIMU KOMITBIOTEPAMU C MPEAYCTaHOBJIEHHBIM MPOTPAMMHBIM
oOecrnieueHneM, ykazaHHeIM B 1.8.1. Taxke HeoOXonuma MyJIbTUMeIUHAs CH-
CTeMa, BKJIIOYAIOIIAst CTALIMOHAPHBIN MM MOOMIIbHBIN AKpaH, HU(POBOI MPOEKTOP,
MOJIKJIFOYAEMBIN K KOMITBIOTEPY U JIa3€PHYIO YKa3Ky.

YueOHo-Hayunble nadboparopuun (326C, 330c) 11t BEIIOTHEHUS TabopaTop-
HBIX paldoT, B KOTOPOI HAXOAUTCS ANEKTPOXUMHUYECKUH KomIuiekc Autolab-100 c
IporpaMMHBIM obecrieueHrneM Nova; 3JeKTPOXUMHUYECKUE YCTaHOBKH, B KOTOPBIE
BXOJISIT IEPUCTATBTHUECKHE HACOChI, pH MeTpbI 1 KOHIYKTOMETPHI, a TaKxke Habop
AIIEKTPOAUATN3HBIX STUCEK JIJISl TOTYUYCHHS BOJIbTAMIIEPHBIX XapaKTEPUCTUK, XPOHO-
NOTEHLIMOTPaMM U U3MEPEHHs] MaCCOOOMEHHBIX XapaKTEPUCTHK OTIEIBHBIX MEM-
OpaH 1 KaHAJIOB 00€CCOIMBAHUS; YCTAHOBKHU JUIsI U3MEPEHUS YIII0B CMaYUBaHUS T10-
BEPXHOCTH MEMOpaH, ONTUYECKUNA MUKPOCKOII JJIsi BU3yaIH3allMi OBEPXHOCTH U
Cpe30B MeMOpaH; BeChbl aHAMTUYECKHE, YCTAHOBKA JJISl TIOJIY4YEeHUs JUCTUILTUPO-
BAaHHOM BOJbI JJISl IPUTOTOBIICHUS PACTBOPOB; KOMITBIOTEPHI JUIsl PETUCTPALIUH U 00-
pabOTKM SKCIIEPUMEHTABHBIX TAHHBIX.
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Bun pabor

MarepuaibHO-TEXHUYECKOE 00ECIIeUeHNE TUCIIUTIITNHBI
(MoysIsl) M OCHAILIEHHOCTh

JleKIIMOHHEBIE 3aHITUS

Jlekimonnast aymuropus (aym. 322c¢, 328c, 343c),
OCHalleHHas Yy4eOHOW MeOenblo, CTallMOHAPHON WM
MEPEHOCHOW TIPE3CHTAIMOHHOM TEXHUKOH (TIPOEKTOp,
9KpaH, KOMIIBIOTEP/HOYTOYK) ¥  COOTBETCTBYIOUIMM
IpPOrpaMMHBIM  o0ecreueHueM s JAE€MOHCTpaluu
MYJIbTUMEAUNHBIX IPE3CHTALUMN.

CeMHHapCcKue 3aHATUS

Aynutopus (ayn. 322c, 328c, 343¢), ocHamneHHas yaeOHOM
MeOeNbI0, KOMIIBIOTEPOM C COOTBETCTBYIOLIUM IPOTPAMM-
HbIM oOecrieueHueM (Windows, Microsoft Office), mepenoc-
HBIM [IPOEKTOPOM, MEJIOBOHN JOCKOM.

JlaGopaTopHbie
3aHATUA

JlaGopatopust 35eKTpoMeMOpaHHbIX sIBISHUN 326C, , YKOM-
IUIEKTOBaHHAs CHELMATU3UPOBAHHON MeOEIbIO, BHITSKHON
CHUCTEMOU BEHTWJISIIMU, MEITOBOM JTOCKOM, CpEJICTBaAMU T0-
KapHOU 6€30MaCHOCTH U OKa3aHUs IEPBON MEAUITUHCKON
oMoIIu, JabopaTopHbiM obopyaoBanueM: [loTeHnmocrar
Autolab PGSTAT 100 N; HCTOUHUK TOKa-BOJIBTMETP
Keithley 2200-60-2 ; uctounuk Toka-osapT™meTp Keithley
2100/E ; nanoBonsT™metp Keithley 6221/2182 A; BonbT™MeTp
yHuBepcanbHbI B7-71/1; Hacoc mmpuieBoit Dixion Instillar
1428; pH metp — nonomep Oxcnepr-001; KOHIYKTOMETD
Oxenept-002; HacOC NEPUCTATBTUYECKUN MHOTOKAHAbHBIN
Heidolph Pumpdrive 5001; pH merp FEP20-ATC Kit pH;
koHaykromeTp FEP30-KIT; Beckr ananmutrueckue Ohaus PA
214C; ananuzarop Biaroconepxanus Ohaus MB-25; Tepmo-
crat Isotemp 6200 H7; cymmmbasiii mkag BINDER FD
1150; cymunbhsiii mkag Binder FD 53; meiikep sxomnpu-
6op; memanka Heidolph; memanka JIAB-ITY-01; TepmocTat
TXK-TC-01; nporpammarop I1P-8; morenimocrat I1M1-50-
1.1; muutka snexkrpuueckas [HIJIO C-MAG HS 7; nacoc ne-
pUCTaIBTUYECKHI OJIHOKaHAIbHBIN; paboyast CTaHIus.

JlaGoparopus snektpomemOpanHoro cunte3a Ne 330c,
YKOMIIJIEKTOBAHHAS CHeUNaJIn3UpOBAHHON MeOebIo,
BBITSDKHOM CHCTEMOM BEHTWIALIMM, CPEACTBAMM II0XKApPHOU
0€30MacHOCTH M OKa3aHUs MEPBOM MEIUIIMHCKOW TTOMOIIIH,
1a00paTOPHBIM 000pyI0BaHUEM: MOTEHLIUOCTAT-
raneBaHocTaT P-301, umnenancmerp Z-1000P, uzmepurens-
aHAJIN3aTOpP HMIIEJAHCA, BOJBTAMIIEPHBIX M IEPEXOAHBIX
XapaKTepUCTUK  MeMOpaH, MOTEHLMOCTAT-TajlbBaHOCTAT
Autolab PGSTAT 100N, pH-metp nonomep SKCIIEPT-001,
tutpaTop aBroMatnueckuit TitroLine 6000, nonomep 1-130,
KOHAYKTOMETP OKCIIEPT-002, dorometp
dotoanexkrpuuecknii KOK-3, BonmbTMETp yHHMBEpCATbHBIN
B7-78/1, BonpTMeTp yHuMBepcanbHbIE B7-34A, renepatop
CUTHAJIOB crienuanbHol (opmbl ['6-33, UCTOUHUK TUTAHUS
HOCTOSIHHOTO TOKa b5-50, BeChl 37IeKTpOHHBIE J1a0OpaTOpHBIE
HR-120, nacoc nepucranbrudyeckuii JIAb-HII-1, Tepmocrar
KUAKOCTHOU JIAB-TXX-TC-01, MEPEMEILNBAOIIEE
yctpoiictBo JIAB-ITY-01.
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['pynmioBeie  (MHIUBH-
ZyallbHbIE) KOHCYJIbTa-
U1

VYueOHas aymuTOpHsi, yKOMIUIEKTOBAaHHAS YIY€OHON MeOEIIbIO
(ayn. 343C, Ne 328C, Ne 334C)

Texkymuii  KOHTpPOJIb,
IIPOMEKYTOYHAsI aTTe-
cranus

y‘ICGHaH ayauTopud A NpOBCACHUA IMPAKTUYCCKUX 3aHA-
tui (aya. Ne 343C, Ne 328C, Ne 334C), ocHamieHHast yaeOHOM
MeOEeIBIo

CaMocrosiTenbHas pa-
oora

AyauTtopuu, OCHaIICHHBIC YIeOHON MeOETbI0 U KOMIThIOTEP-
HOM TEXHUKOW C BO3MOXHOCTBIO MOJKIOYEHU K ceTn «MH-
TEPHET», IPOTrPAMMOI IKPAHHOT'O YBEJIMYEHHS U 00eCTIeyeH-
HBII JIOCTYIIOM B 3JIEKTPOHHYIO MH(POPMAIMOHHO-00pa3oBa-
tenpHyIo cpeny yHuBepcuteta (Ne 140, Ne 341C, Ne 329C)
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