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1 ]_[e.]'ll/l H 3aJa91 OCBOCHUA JUCIIUITIMHBI

1.1 Ileab AMCIHUIIHHBI;

Lenpto aucuumanHael 51.B.0/1.3 «PyHIaMEHTAJIbHBIE OCHOBBI ONITUMHU3AILINN
1 UHTeHCU(UKAIIUU MEMOPAHHBIX MPOIECCOBY SABISETCSA oOecreueHue npodeccuo-
HaJIbHOM MOJITOTOBKU aCITUPAHTOB B 00JIACTH JIEKTPOXUMHUH U DJICKTPOXUMHUYECKUX
IIPOU3BOJCTB.

1.2 3agauyu JUCUHUILIMHBI:
dopMUpPOBAHUE TOTOBHOCTH

— (dopmynupoBaTs obmiue, crenupuIecKue U YacTHbIC 3a/1a4ll B 0OJACTH DJIEK-
TPOXUMUU U INEKTPOXUMUIECKUX TIPOU3BOJICTB;

— OCYIIECTBJISITH OTOOP U peanu3aluio cojepkanus yueOHoro Matepuania B o0Ja-
CTH AJIEKTPOXUMHUU U DIIEKTPOXUMHUUYECKUX TTPOU3BOJICTB B COOTBETCTBUH C Iie-
JSIMU 1 33J1a4aMU MTOATOTOBKHU CIIEIMAIMCTOB IO CHEIUAIBHOCTH «DJIEKTPOXH-
MU,

— BBIOMpaTh U PEAU30BBIBATH DJIEKTPOXUMHYECKUE TEXHOJOTUHU JUIsl PEIICHUs
Pa3IMYHBIX HAYYHO-TEXHUUECKHUX 3a]1a4;

— BBIOMpaATh ONTUMATBHBIN JIJIS1 BRITOJTHEHHUS KOHKPETHON HAYyYHOU WUIM HAYIHO-
TEXHUYECKOH 3a7]a4l METOJI MCCIICTIOBAHNS;

— TPEJCTaBJIATh PE3yIbTaThl HAYUYHBIX UCCIEAOBAHUI B 00JIACTH SJIEKTPOXUMHUHU B
HAyYHO-TIOMYJISIPHOM BHUJIE U TPAHCIHUPOBATH UX MOCPEJACTBOM CPEICTB Macco-
BOM MH(pOpMaINY;

— HCMOJB30BaTh COBPEMEHHbBIC JOCTHKEHHSI B 00JIACTU DJIEKTPOXUMHUU U CMEXK-
HBIX TUCIHTUIAH JIJIs pa3paO0TKH HOBBIX METOI0B UCCIICIOBAHUS U HOBBIX DJICK-
TPOXUMHUYECKHUX TEXHOJOTHH.

1.3 Mecro aucuuniunbl B ctpykrype OOII BO

HucnunnnHa «DyHIaMeHTaIbHbIE OCHOBBI ONTHUMHU3AlUA U MHTCHCU(PUKA-
MM MEeMOpaHHBIX MPOIIECCOB» BXOAWT B BapuaTHBHYIO dacTh Onoka bl "luciu-
winHbl (Moaynn)" OOIT BO nanpasnenus 04.06.01 «Xumudeckue HayKu», HampaB-
JIEHHOCTh DJiekTpoxuMusl. [IpeecTByommMMy AUCHUIITIMHAMHY SBJISIIOTCS «DJIEK-
TpoxuMus (KaHIUJATCKUN dK3aMeH)», «DU3NKOXUMHUSI MOHOOOMEHHBIX MaTepHa-
J0B», «COBpEMEHHBIE AIEKTPOMEMOpaHHBIEC MPOIIECCHl M TeXHOJIOTHMY. [lomyden-
HBIC B X0JI€ OCBOCHHS TAHHOMW NUCIMIUIMHBI 3HAHUS, YMEHHS M HABBIKK MOT'YT OBIThH
MOJIC3HBIMU TPY BBIMOJIHEHUHU HAYYHBIX HCCIICI0OBaHUMH.

1.4 TlepeyeHb NIIAHMPYEMBIX Pe3yJbTATOB 00y4YeHHs MO AUCHUILTHHE (MO-
AYJI10), COOTHECEHHBIX C IVIAHUPYEMBbIMH pPe3yJibTaTaMH OCBOCHHsI 00pa30Ba-
TeJIbHOM MPOrpaMMbl

[Ipotiecc u3yueHus TUCUUILIMHBI HAllpaBjieH Ha (OPMUPOBAHUE CIIETYIOLIUX
komrierenunid: OITK-2, TTK-1.




e HNupexc | CoxpepxkaHue Komrie- B pesynbrare uzyueHust yaeOHON AUCHUTIIMHBI
L. | KOMIe- | TeHIMH (nwnu e€ ya- 00yYaromuecs T0JKHbI
TEHLIUH CTH) 3HaTh yMeTh BJIA/IETh
1. OIIK-2 | '0TOBHOCTBIO OpTaHU- | AKTyaJIbHBIC BBIABIIATD HAaBBIKAMH BBbI-
30BaTh paboOTy Hccie- | HayyHble IMpo- | Haubosee akTy- | SIBICHUS MU TO-
JIOBAaTEJIbCKOrO  KOJI- | Onembl B 00ia- | ajbHbIE TEMbI | CTAHOBKH aKTy-
JICKTUBA B O0JIACTH XU- | CTU  DJIEKTPO- | HAYYHO-UCCIE- | albHBIX HAy4-
MHUU ¥ CMEKHBIX HAYK | MEMOpPaHHBIX | JOBAaTEIbCKOW | HBIX MPOOJIEM B
MPOLIECCOB M | pabOTHI B MPO- | 0OJACTH XUMHUHU
TEXHOJIOTUH U | pecCHOHAb- u CMEXHBIX
yTH uX pemie- | Hod  obOnactu | Hayk (Ludp:
Hus ucxons u3 | (Iudp: ¥ | B (OIIK-2)-1)
coBpemennoro | (OIIK-2)-1)
YPOBHSI XHUMHUU
u CMEXKHBIX
JTUCHUTLITAH
(IMugp: 3
(OIIK-2)-1)
[1K-1 CnocoOHOCTBhIO TPHU- | OCHOBHBIE OmnpenensiTh U | HaBbIKAMHM UC-
MEHSTh OCHOBHBIE | ATambl  pa3pa- | odecreunBarh | MOJIb30BAHUS
MPUHLIMIIBI, TEOPUU U | OOTKM  COBpE- | yCIOBUS, HEOO- | COBPEMEHHBIX
KOHIICTIIINM COBPEMEH- | MEHHBIX DJIEK- | XOAUMBIE  JIJISl | IOCTUKEHUN B
HOM  DJEKTPOXMMHH | TPOMEMOpaH- | ONTUMAIBHOTO | OOJIACTH  DJIEK-
JUIsE pemieHus (yHIa- | HBIX TEXHOJIO- | MPOTEKAHUS TPOXMMUH, A
MEHTaJbHbIX W TpHU- | TUH U MPOLEC- | HIEKTPOMEM- TAKKE  CMEX-
KJIQIHBIX 3a]1a4 coB (IIngp: 3 | OpanHBIX TPO- | HBIX IUCIU-
(IIK-1)-1) IIECCOB IUIMH IS pas-

(IMugp: Y
(IIK-1)-1)

pabOTKU HOBBIX
TEXHOJIOTUI
(IIngp: B
(IK-1)-1);
HaBBIKAMH UC-
II0JIb30BaHUs
TEOPETUYECKUX
IIPEACTaBICHUI
COBPEMEHHOM
3JIEKTPOXUMHUU
u CMEKHBIX
JUCLUIIIUH TS
pELIeHHs TpaK-
TUYECKHUX 3a/1a4
(IIngp: B
(ITK-1)-2

2. CTpyKTYypa M coepKaHue TN CHUILTHHbI

2.1 Pacnipeaesnenue TPyI0éMKOCTH TUCIUIIHHBI 110 BUAAM padoT
Ounas popma 00yueHUs

Bun yuebHol paboThl

Bcero

Kypc




JacoB (dachrn)
4
AyauTopHbIe 3aHATHS (BCEro) 54 54
B ToM guce:
3aHsATHs IEKIMOHHOTO THIA 18 18
3aHATHS] CEMUHAPCKOTr0 TUIA (CEMUHAPBI, IPAKTUUECKUE 18 18
3aHSATHS)
JlaGopaTopHble 3aHATHS 18 18
CamocrosiTesibHas padoTa (Bcero) o4 o4
B tom uncine:
IIpopabomxka yuebHoeo (meopemuueckozo) mamepuana 10 10
Buvinonnenue unousudyanvHuix 3a0anuii (n002omosKa co- 14 14
0OweHull, npeseHmayuil)
Pegepam 10 10
Iloozomoska k mexywemy KOHmMpoo 10 10
IIpome:kyTouHasi aTTecTalum (3a4er) - -
O61as TpyA0eMKOCTh Jac 108 108
3ad. efl. 3 3
3aounas ¢hopma 00yueHuUs
Bun yuebHoit paboTbl Bcero Kypc
4acoB (dacer)
5
AyIuTOpHBIE 3aHATHS (BCEro) 24 24
B ToMm uncie:
3aHATUA JEKIIMOHHOIO TUIIA 8 8
3aHATHS CEMUHAPCKOTO TUIIA (CEMUHAPBI, TPAKTHUECKHE 4 4
3aHSTHSA)
JlaGopaTopHble 3aHATHUS 12 12
CamocrosiTesibHas padoTa (Bcero) 84 84
B ToM ynce:
IIpopabomka yuebrnoco (meopemuueckoeo) mamepuana 24 24
Buinonnenue unousuoyanvhvix 3a0anutl (n0020moska co- 30 30
0buenutl, npezeHmayutil)
Pechepam 10 10
Iloozomoska k mexywemy KOHmpOouo 10 10
Iloozomoska Kk npomesicymouHomy KOHmpOoo 10 10
Ipome:kyTouHasi aTTecTanum (3a4er)
OO61mmas Tpy10eMKOCTh yac 108 | 108
3ad. ejl. 3 3

2.2 CTpyKTYypa IMCUMILINHBI
Pacnipenenenue BuaoB yueOHOM paOOTHI U MX TPYAOEMKOCTHU IO paszesiaM
JTUCUUTUIMHBI 151 OUHOM (pOpMBI O0yUEHHUS



KomnuectBo yacos

Ne AynuropHas CamocrosiTenbHast
pas- HaumenoBanue pa3aenon
o Bcero pabota paborta
8 A [ m3 [ Jp
1 2 3 4 5 6 7
Brenenue. O630p MeXaHHU3MOB Tie-
1. peHoca yepe3 HoHOOOMeHHbIe MeM-| 10 2 4 4

OpaHBbI.

3aKOHOM€pHOCTI/I IIEPEHOCAa HOHOB

2. 10 2 4 4
B JIONIPEIETIbHOM TOKOBOM PEXHME.

MexaHu3MbI IIepeHOCa HOHOB B
3. CBEpXIIPEIETbHOM TOKOBOM pe- 10 2 8
KUME.

BnusiHne CBOMCTB OBEPXHOCTH

MeMOpaH Ha HHTEHCUBHOCTbH DJICK-
4. 10 2 8
TPOKOHBEKI[MM U CKOPOCTb I'€HE-

pauuu nonos H' u OH.

Bnusaue crenenu ruapodoOHOCTH
U DJIEKTPUIECKON TeTePOreHHOCTH

5. 18 2 4 6 6
MOBEPXHOCTU MeMOpaH Ha mapa-
METPhI MaccoIepeHoca.
Brnusgaue reomeTpuueckor HEOJHO-

6. POIHOCTH NTOBEPXHOCTU MEMOpaH 14 2 6 6

Ha IMapaMCTpbl MACCOIICPCHOCA.

Bonpoce!l onTuMHU3aUuu KOHCTPYK-
7. UM MEMOpaHHOH SUSHKH U HJIeK- 12 2 4 6
TPUYECKOTO PEKHUMA.

HMonoooMmenHbIe Hacanku. [lomyue-
8. 8 VIl 14 2 6 6

HUE CBEPXYHUCTOUN BOABI.

Ac e € TOKOBLIE pe-
MM TpI/I‘IHI)I TOKOBEI p 10 2 2 6

KHUMBI.

Bceco: 108 18 18 18 54

Pacnipenenenne BuaoB yueOHON paOOTBI U MX TPYJOEMKOCTHU IO pa3zesiaM
JUCHUIUIMHBI 151 3204HOM (hOpMBI 00YUEHUSI:

Ne KonmuecTBo yacoB
- AynauTtopHas CamocrosTenbHas
pasz- HaumenoBanue paszienon
nena Bcero pabota pabota
JI 113 JIP
1 2 3 4 5 6 7
Beenenne. O030p MexaHU3MOB Iie-
1. |peHOCa Yepe3 HOHOOOMEHHBIE MEM- 6 1 1 4
OpaHbl.




KomnuectBo yacos

Ne
AynuropHas CamocrosiTenbHast
pas- HaumenoBanue pa3aenon
nena Bcero pabota paborta
JI 113 JIP
3aKOHOMEPHOCTH IIEPEHOCA HOHOB
2. 12 1 1 10
B JIONIPEIETIbHOM TOKOBOM PEKUME.
MexaHu3Mbl IepeHoca HOHOB B
3. CBEpXIIPEIETbHOM TOKOBOM pe- 11 1 10

KHMCE.

Binsinve cBOCTB MOBEPXHOCTH
MeMOpaH Ha HHTEHCUBHOCTb DJICK-
TPOKOHBEKIIMM M CKOPOCTh T'€HE-
pauuu nonos H u OH™.

Bnusaue crenenu ruapodoOHOCTH
U JICKTPUYECKON reTepOreHHOCTH
MOBEPXHOCTH MEMOpaH Ha mapa-
METpBI MaccomepeHoca.

Brnusgaue reomeTpuueckon HEOJHO-
6. POJTHOCTH TTOBEPXHOCTH MEMOpaH 15 1 4 10
Ha [MapaMeTpbl MACCONEPEHOCA.

Bormpockl onTuMH3aIiuu KOHCTPYK-
7. [IUU MEMOpaHHOU STYCHKH H JJICK- 12 1 1 10
TPUYECKOTO PEeKUMA.

HNonooOmennrie Hacaaku. [Tomyye-
HUE CBEPXYHMCTON BOJBI.

AcHMMeTpHYHBIE TOKOBBIE Pe-
P P 11 1 10

JKHUMBI.

Bcezo: 108 8 4 12 84

2.3 Conep:kaHue pa3iejoB IMCHUIIMHBI

2.3.1 3angaTHA JeKIIUOHHOI0 THIIA

®dopma TeKy-
Haumenosanue
No Coneprxanue paszaena 1IEro KOH-
paznena
TPOJIS
1 2 3 4
1 Beenenune. O6- CopbOuust  anekTponuTa. DIEKTPONPOBOIHOCTh U | Pemenue cu-

30p MexaHu3MoB | AMPDY3HOHHAs MPOHNULAEMOCTb. MUKPOreTeporeH- | TyaluHOHHBIX
Has Mozenb. DopmynupoBka Mozenu. Pemenne nps- | 3a1ad.

nepeHoca uepes g D
MO M OOpaTHOM 3ajay; HaxOXJCHUE TapamMeTpPOB

MOHOOOMEHHBIE
MOJICTTH M3 KCIICPUMEHTAILHBIX JTaHHBIX.
MeMOpaHBI.
2 3aKOHOMEPHO- OnnomepHast MoJiens AnekTpoanddy3uu ouHapaoro | Pemenwne 3a-
CTH TIepeHoca ANEKTpONIUTa B MEMOpaHHoOI cucteme. JlamuHapHoe | 1a4y

TCYCHUC XKXUAKOCTH MCXKIY ABYMs IMapaJICJIbHBIMU

7



HMOHOB B JIOTIpE-
JEIILHOM TOKO-
BOM pEKUME.

mwiactuHaMu. Pemenue ypasuenust HaBre-Ctokca u
npouIIb CKOPOCTH B KaHAJIe MEXy IBYMs Mapa-
JenbHBIMU TUIacTuHaMu. KoHBeKTHBHO-M(Gy31n0H-
Has Mozienb. Pacnipenenenre KOHIEHTPALIMH U TUIOT-
HOCTH TOKa. BonprammnepHnas xapakrepucrtuka. Pac-
4eT ToNmuHb A dy3uonnoro cnosi. CpaBHEHHE
pacdera ¢ 3KCIIepUMEHTaILHBIMY JaHHBIMH. Heno-
CTaTKU MoJeNu. JIByMepHas KOHBEKTHBHO-IUDDyY-
3MOHHAst MoJenb. MaremaTudeckast GopMyIupoBKa
3aJauu.

MexaHu3MEbI ne-
pEHOCa HOHOB B
CBEPXIIPEIEIIb-
HOM TOKOBOM pe-

DddekT qucconuanuy BoIbl, SK3aabTallid, TPaBUTa-
LUOHHON M SJIEKTPOKOHBEKIMU. AHAIN3 IKCIIEpHU-
MEHTAJIbHBIX JaHHBIX, UX CPABHEHHE C pe3yIbTaTaMu
TEOPETUUECKUX PACUETOB.

Pemrenue 3a-
nad

JKUME.
Biugaue I'mpponunaMudeckue peKuMbl TP UCITOJIB30BAHUN | Y CTHBIN
CBOJCTB TIOBEpX- YCJIIOBUU MPUINTIAHUS U IPOCKAIb3bIBAHUSA Y onpoc

HOCTH MEeMOpaH
HA UHTEHCHB-
HOCTb DJIEKTPO-
KOHBEKIUH U
CKOPOCTh I'€He-
panuu nonos HY
n OH".

cteHku. J[mMHa npockalib3bIBaHus. BiusiHue THAPO-
¢boOGHOCTH 1 MOP(OTIOTHH TOBEPXHOCTH HA AIIEKTPO-
MIPOBOJIHOCTh M TUCCOIMAIINIO BOJIbL. Teopernye-
CKHE Y TIPAaKTUYECKUE ACTICKThI UCCIICOBAHUS TH]I-
podunsHO-THAPOPOOHOTO OaslaHCca MOBEPXHOCTH
MyTeM U3MEPEHUST KOHTAKTHOTO yTila CMauyHuBaHUS.

BiusHue cre-
neHu ruapodoo-
HOCTH U 3JIEK-
TPUYECKOH TeTe-
POTEHHOCTH TI0-
BEPXHOCTH MEM-
OpaH Ha mapa-
METpPBI Maccorie-

B3anMoBnusiHME TUCCOIUAIIMN BOBI U AJIEKTPOKOH-
BeKIMU. Brussaue rupodoOHOCTH MMOBEPXHOCTH HA
ANEKTPOKOHBEKINIO. CBsI3b rHipooOHOCTH MO-
BEPXHOCTH U €€ 3JIEKTPONPOBOAHOCTU. CBSA3b dIIEK-
TPOMPOBOAHOCTH MOBEPXHOCTU MEMOPaHBI, JTOKahb-
HOT'O NepeHanpsHKeHUs] 1 MTHTEHCUBHOCTH TeHepa-
uun H+, OH- nonos. [loHsiTHe BBIXO/a IO TOKY, €T0
CBSI3b C YHCIIaMU TIEpeHOCa HOHOB Yepe3 MeMOpaHy.

Pemenue 3a-
nau

peHoca.
Bnusiaue reo- [IpoTekaHue HMEKTPUYECKOTO TOKA YePe3 U30THY- TBopueckoe
METPHYECKOH TBIC TIOBEPXHOCTH; PacIpeieliCHUE IMHUH JJIEKTPU- | 3aJaHHC
HeoHOpOHOCTH | UECKOTO TOKA, Pacnipenenenvie TuHUI TOKa )KHUIKO-
CTH PSZIOM C TIPETIATCTBHEM. BisiHIE JTOKATbHBIX
MTOBEPXHOCTH .
5 MepeHanpsKeHU Ha AUCCOIMAIINIO BOIbI. BrusHue
MEMOpaH Ha A~ | gy reHIMaTBHOrO TOKA KUAKOCTH Ha IPOTEKAHHE
PaMCTPBI MACCO- | 5eKTPOKOHBEKIIHH.
nepeHoca.
Bonpocer ontu- | [Ipunosxkenue reopun monodus k anekrpomeMoOpan- | Camocros-
MU3AIHH KOH- HbIM nponieccam. Yucna Peitnonbaca, [muara, TeJbHAS pa-
lepByna, [Tpanarns. Bug 3aBucumoctu Sh-Re. 6ota

CTPYKILIUU MEM-
OpaHHOM sTueiiku
U DIIEKTpUYe-
CKOTO peKuMa.

Ponw cenaparopa-typoynusaropa. Pacuer D] anma-
paToB ISl 00€CCONMBAHUS U KOHIIEHTPUPOBAHHUS.
[Mogxoasr k ontumm3anuu /] mpomecca. Ucmons3o-




BaHHME KOHBEKTHUBHO-IU(PPy3nOHHAS MOJIEIIN: BbI-
00p reoMeTprUIecKuX (MeKMEMOpPaHHOE PACCTOs-
Hue, (hopMma cenapaTopa) U TUAPOTUTHAMAICCKUX
(CKOpOCTB MPOTOKA PACTBOPA) MAPAMETPOB MIPH MH-
HUMU3AIHHA Ce0ECTOMMOCTH MPOIYKTA.

8 Honooomennbie | [lapamerpsl, onpenenstoniie npon3BoauTenbHocts | Pedepar
Hacazku. [lodqy- | BOJOOYHMCTKH IpPH paboTe B CHIILHO pa30aBIICHHBIX
yenne cpepxun- | PACTBOPAX. MeTtopl HHTGHCI/I(l)I/IKEiLII/II/I Maccorepe-
CTOM BOJEL HOCa IpU MOITy4YeHUH cBepXurcToi Boabl. [Ipodu-
aupoBaHue MmeMOpaH. BHeceHre HOHOOOMEHHBIX BO-
JIOKOH. MlOHMTHBIE HacaJK1: MOHOCJION U MOJIMCIION.
9 Acummerpuu- DnexkTpoauanu3 Ha nepeMeHHoM Toke. MimmynecHbie | Pedepar
HbIE TOKOBBIE pe- | TOKH. IlapaMeTpbl MMITyJIbCHBIX TOKOB: KOO uIm-
SKUMEL €HT 3aII0JTHeHUS, JITUTEIbHOCTh UMITYJIbCA; UX BIIH-
SIHAE Ha I10JI€ KOHIEHTPALUK B IPUMEMOPaHHOM
cioe pactBopa. IIpuMeHnenne accuMeTpUUHbIX TOKO-
BBIX PEXHMOB B IPOMBIIUIEHHOCTH.
2.3.2 3aHSATHS CEMHUHAPCKOTO THIIA
Ne | HammeHnoBaHue pas- Tema cemuHapa dopma TeKy-
aena LIET0 KOH-
TpOJIs

1. |Beenenune. O630p me- |([Iporpamma MGM, peanu3syromias Mukporerepo-| Pemenue cu-
XaHMU3MOB IIEpeHoca  |TeHHYI0 Mojelb. Pacder copOuuu 37eKTpoauTa. | TyalMOHHBIX
Yyepe3 HOHOOOMEeHHbIe |Pemenne oTHOMEpHBIX 33134 3IeKTpoIupy3un 3a1a4y
MeMOpPaHBI. HJIEKTPOJIUTA Yepe3 MeMOpaHy.

2. |3akoHoMepHOCTH Tiepe-|Pemenne ypaBuenust HaBbe-Ctokca u npoduiis | Pemenue 3a-
HOCA MOHOB B JIONIPe-  |CKOPOCTH B KaHAJIe MEXAY IBYMsI [Tapaslieib- nad
JIEIIbBHOM TOKOBOM pe€- |HBIMHU IUIACTUHAMM.

KUME

3. |Boustane crenenu rua- (['unpodoOHOCTE criokHBIX ToBepxHOCTEeH. Co- | Pemenue 3a-
pocdoOHOCTH 1 35ek-  |cTostHMe dakupa, cocTosiHue Kaccre. ['ncrepe- nad
TPUYECKOM T€TEPOreH- (3uc cMauuBaHus. Y paBHeHHe Kaccee-bakcrepa,

HOCTH MOBEPXHOCTH  [pacueT ruipohoOHOCTH KOMITO3UIIMOHHBIX MO-

MeMOpaH Ha napa- BepxHOCTeH. CBs3b THIPO(YOOHOCTH U IIEKTPHU-

METPBI MACCONEPEHOCA. | 4ECKOM HEOAHOPOJHOCTU IIOBEPXHOCTU MEM-
OpaH.

4. |Bonpocs! ontumuza-  (ITaker nporpamm ELDIAL - «Onexkrponuanuzy». | Camocrtos-
IIUM KOHCTPYKIINU KonBektuBHO-1udpy3nonHas moneinb. Pacuer TebHas pa-
MeMOPaHHOM STYEUKH U |3JIEKTPOIUATN3aTOPOB ISl 00€CCOTUBAHUS U 6ota

NEKTPUUECKOTO pe-
KHUMA.

KOHLEHTpUpOoBaHud. Pacder anekTpoananuzaro-
POB C CETYATHIMU MPOKIAJKAMH U C TPOYUINPO-
BaHHBIMH MeMOpaHamu. Mcnionbp3oBanue noaxo-
JIOB TEOPHHM MOJIO0HUS M SIKCIIEPUMEHTATbHBIX
JTAHHBIX.




5. |[AcummerpuuHbie TO- | Bua TOKOBBIX 3aBUCHMOCTEH TSI UMITYJIbCHBIX Pedepar
KOBBIE PEKUMBbI TOKOB B IIOTEHIIMOCTaTUYECKOM U rajlbBaHOCTA-
TUYecKoM Toke. KuneTnueckre 3aBUCUMOCTH
(opMBI KOHLIEHTPAIIIOHHBIX PO UIIECH B MEM-
OpaHe u npumMemMOpaHHOM pacTBope. Brnusinue
Ha Gopmy npoduiieit Ko3PPUITMEHTOB 3aIoIHEe-
HuUsl UMIyIbcoB. KoadduunenTs! 3anonHenus,
UCIIOJIb3YEMbIE B MUPOBOM JIMTEPATYPE.

Uroro: 18

2.3.3 JlabopaTopHble 3aHATHSA

Ne | HammenoBaHue pas- Tewma mabopatopHOit paboThI dopma TeKy-
Jena IIET0 KOH-
TpOJIA
1. |Bnusinue crenenu run- |[lonydeHue BonbTaMIIEPHBIX XapaKTEPUCTUK 3amura JIP

podobHOCcTH U 2sek-  (MemOpanbl MK-40 u memOpanbr MK-40 ¢ romo-
TPUYECKOHN T€TEPOTreH- [T€HU3UPOBAHHOU IIOBEPXHOCTH.

HOCTH MOBEPXHOCTH
MeMOpaH Ha napa-
METpPbI MacCcoIepeHoca.
2. |Boustane reomerpuue- |[lorydeHre BOIbTaMIIEPHBIX XapaKTEPUCTHK 3amura JIP
CKOW HEOJHOPOJHOCTH |MCXOAHOM U MPOPUIMpOBaHHONH MeMOpaH MA -
OoBEpXHOCTU MeMOpaH |41.

Ha IapameTpbl Macco-

TepeHoca.
3. [MorOOOMEHHEIE [TonyyeHue KOHLUEHTPAUMOHHBIX 3aBUcuMocTei | 3amura JIP
Hacanku. [lonyyenue |37MeKTPONPOBOJIHOCTH OOECCOIEHHON BOABI IIPU
CBEPXUYUCTOU BOJIBI. HCIIOJIb30BAaHUU «IIyCTOI'0» KaHaJla U KaHaJla C
HOHOOOMEHHOM 3aChIITKOM.
Hroro: 18

2.3.4 IlpumepHasi TeMAaTHKA KyPCOBBIX padoT (IPOEKTOB)

KypcoBsie paboThl HE NPEyCMOTPEHBI YYEOHBIM TLJITAHOM

2.4 IlepeyeHb y4eOHO-METOAMYECKOr0 00eCIeYeHU AJIs1 CAMOCTOSATE/Ib-
HOH padoThHI 00YYAKOINMXCH 10 JUCHHUIIUHE (MOLYJIIO)

CamocTosTenbHast paboTa aclupaHTOB MPOBOAUTCA B (OpME M3YUYEHUS OT-
JIEJIbHBIX TEOPETUYECKUX BOMPOCOB 0 MPeAiaraeMoi JTUTepaType U CaMOCTOATE b~
HOTO pelIeHHs 3aj1ad, a Takke B opMe OATOTOBKM TBOPUYECKUX 3aaHui U pede-
paToB C JANBHEUITUM UX Pa300pOM WM OOCYKICHHEM Ha ayJAUTOPHBIX 3aHSATHUSX.
Bo BpeMsi caMocTOSITETbHOM OATOTOBKM 00ydYaromirecss 00ecrevyeHbl JOCTYIIOM K
cucteme MY JIJI KyoI'Y, noctynom yepe3 MuTepHET K MHPOPMAIIMOHHO-aHATUTH-
yeckuM 0a3zam nanubix PUHIL u Scopus, a Takke k OUOIMoTeyHbIM poHIaM (IJIeK-
TpoHHast  Oubmmoreka  muccepraruit  PI'b,  DOnexktponnas  OubimoTeka
grebennikon.ru, Wudopmarmonnsie pecypcbl kommanuu «MaTErpyM-TexHO»,
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Hayunsie 6a3p1 komnanuu «Mct Boro Uudop-meiin CepBucus, Uuk», 9B/ kom-
nanun EBSCO, Hayunbie ai1. xypHansl SAGE, DOnekrponHas 6ubinorednas cu-
crema uznarenbcTBa «Jlanby, DnekTpoHHas koyuekuus Oxcdopackoro Poccuii-
ckoro ®oHma u J1Ip. )

ObecnieueHne 00y4arOIUXCsS HHBAIUIOB U JIUI] C OTPAaHUYEHHBIMH BO3MOXK-
HOCTSMU 3JI0POBBSI Y4eOHO-METOAMUECKUMH PECYpCaMH OCYIIECTBIsETCS B (op-
Max, aJJallTHPOBAHHBIX K OTPAHUYEHUSM UX 370POBBSI.

VYcnenHoe OCBOGHHME IUCHMILIMHBI TpPENIoiaraeT akTUBHOE, TBOPYECKOE
ydacTHe CTy/IeHTa IyTeM IJIaHOMEPHOM, MOBCETHEBHOM PabOTHI.

Obwue pexomenoayuu.

W3yyeHue JUCHUIUIMHBI CIEAyeT HayMHATh C MpopaboTku paboueit
MPOrpaMMBbl, yAEIs LEIsM U 3a/ladyaM, CTPYKTYpe U COAEP>KaHUIO Kypca.

Nmeetcs 3neKTpoHHAS] BEPCHS JIEKIUH MO JAHHOW TUCUIUILIUHE.

OcHoBHOI (opMOil 00ydUeHHS ACHUPAHTOB SIBISIETCS CaMOCTOSITENIbHAs
paboTta HajJ ydueOHBIM MatepuaiioM. [Iponecc u3ydeHus MUCHUIIMHBI COCTOUT U3
CJIEIYIOLIUX 3TAIOB:

1. IlpopaboTka TeopeTUYECKOTrO MaTepuaiga IO PEKOMEHIOBaHHOMN
JUTEPATYPE U KOHCIIEKTaM JIEKLHUH.

2. Pemenue 3amad.

3. BrinosiHeHME U 3a1uTa 1a00paTOPHBIX padoT.

4. BolnoJIHEHUE TBOPUECKUX 3aJJaHUM, TOATOTOBKA pedepaToB.

5. BbInosHeHHe caMOCTOATEIbHBIX PadoT.

6. Cnaua 3ay€ta B YCTHOM WM NUCBMEHHOW (opme (MO0 YCMOTPEHUIO
npernoaaBaTens).

CamocTosiTenbHble  PaOOThl  BBINOJHSIOTCS KaXIbIM aclMpaHTOM Ha
OTHENbHBIX JHUCTKax. He pgomyckaeTcss MCHOJIb30BaHUE JIIOOBIX  CPENCTB
KOMMYHUKaI# (HOyTOyKH, MOOWIIbHBIC TeJIe()OHBI C BEIXOJIOM B HHTEPHET U TIP.).

JlomyckaeTcsi ~ UCIOJNBb30BaHME  paboyux  TeTpajed, B  KOTOPBIX
3aKOHCIIEKTUPOBaHbl HAU0O0JIEe BaXKHBIE C TOUKHU 3PEHUSI KAKIOr0 U3 aCHUPAHTOB
MOMEHTBI, BBIJICJICHHBIE TIPU CAMOCTOSITETLHON MTPOPa0OTKE KAXKI0M U3 TEM.

JlabopaTopHas paboTa BBINOJHAETCS MHANBUAYAJIbHO UM B COCTABE IPYIIIIHI.
Bce BbluMclieHHs, BKJIIOYas OLEHKY TOYHOCTH JKCIIEPUMEHTA, KeIaTelIbHO
IPOBOAUTH BO BpeMs 3aHATHs. lIpu HeEnoCTaTOUHOM KOJIMYECTBE BPEMEHHM HX
MOKHO BBINIOJIHATH B Yachl CaMOCTOSITEIbHOM paboThl ¢ 00s3aTeIbHBIM
IpEJICTaBICHUEM PE3yJIbTaTOB IMPENOJIaBaATENI0 Ha MOCIEIYIOMINX 3aHATUAX WU
KOHCYJIbTaIIUSIX.

3amuTa 1a00paTOPHBIX pabOT OCYIIECTBISIETCS IO MEPE UX BBHITOJTHEHUS WU
B CHELHUAIBHO BBIIEIECHHOE I 3TOrO BPEMS B COOTBETCTBUM CO CPOKAMH,
onpeneneHHbIMU TpadukoM. 3aluTa NpoAeNaHHOW pabOThl OCYIIECTBISETCA B
WHIUBUIYAIbHOM TOpsiAKE. Y  KaXAOro aclupaHTa JOJDKEH ObIThb CBOM
odopmiieHHBIN oTueT. [Ipu 3amure madbopatopHoi pabOTHl aCIUPAHT TOKEH:

- 1aTh HEOOXOAMMBIE TIOSICHEHUSI TIO TeMe pabOTHI;

- OTBETUTD Ha JOTOJHUTEIbHBIE BOIIPOCHI.
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3 O6pa3oBaTeibHbIE TEXHOJIOTHH

Jnst  gopmupoBaHUsT KOMIIETEHIIMH B TpollecCe€ OCBOEHUS  Kypca
UCIIOJIB3YETCSl  TEXHOJIOTHS  Mpo(decCUOHATbHO-PA3BUBAIOIIETO  OOy4YEHUS,
npeaycMaTpuBaroiias He TOJBKO Tepeladyy TEOpPETUYECKOro MaTepuana, HO H
CTUMYJMPOBAaHUE M Pa3BUTHE TMPOAYKTHBHBIX TIO3HABATEIbHBIX JCHCTBUI
CTYJIEHTOB (Ha OCHOBE ICHUXOJIOTO-TIEJJAarOTMYECKON TEOpPUH  MOATAIHOTO
(dbopMHpOBaHUS YMCTBEHHBIX JIEUCTBHI).

Bun 3anstus Hcnonp3yembie HHTEPaKTHBHBIE 0Opa3oBarenbHble | KomudecTBo
(JI, I1P, JIP) TEXHOJOTUH 4acoB
JI Jlexnus-6ecena, METO/I MOMCKA OBICTPBIX pemieHuil B | 8
rpyrre
1IP [TpobnemMHBbIi ceMuHap 4
JIP PaboTa B MasbIX rpymnmax 12
Hmoeo: 24

I[JBI HWHBAJIMAOB U JIMII C OTPAHUYCHHBIMH BO3MOKHOCTAMH 3J0POBBA PCAIN3YIOTCA
HNHAWBUYAJIbHBIC O6pa30BaTeJII>HI)Ie TCXHOJIOI'NH, KOTOPBIC ITIO3BOJIAIOT ITIOJIHOCTBIO
HHAUBUAYAJIU3UPOBATH COACPIKAHNUC, MECTOAbI U TCMIIbL y‘-I@6HOI>i ACATCIBbHOCTH UH-
BaJinJa, BHOCUTb BOBPCM:I H€O6XOI[I/IMBIC KOPPCKOWH KaK B ACATCIIBHOCTL CTYJICHTA-
HHBAaJINAA, TaK U B ACATCIIbHOCTDL IIPCIIOAaBaTCIIA.

4.OueHoOYHbIE CPeCTBA sl TEKYIIEro KOHTPOJIsSl yCIeBaeMOCTH U IPOMeEKY-
TOYHOM ATTECTAIIUA

Peurenne cuTyanmoHHbIX 3a/1a4 1o teMe «BBeaenue. O030p MexaHHU3MOB Tepe-
HOCa yepe3 HOHOOOMeHHbIe MeMOpPaHbD)

Hcnonp3yeTcst KoMIbloTepHas nmporpamMmma «Mukporereporernnas moneinb MGMy,
B KOTOPYIO MOKHO TIOJICTaBJISITh TaKWE MapaMeTpbl MEMOpaHbl, Kak OOMEHHasi eM-
KOCTb, KO3 ($ULHUEHTHI TP Py3un NPOTUBOMOHOB U KOMOHOB, KOHCTaHTa JlOHHaHa,
a Tak)Ke 2JIEKTPOIPOBOJHOCTh B M30-TOUKe, TapameTp [ HycnHa u mapameTp ynopsi-
noueHHOoCcTH MeMOpanbl. [Ipemaraercss HaOOp SKCIEPUMEHTAIBHBIX JAaHHBIX IO
maddy3un yepes meMOpaHy, COpOIMHU, KOHIICHTPAIIMOHHBIX 3aBUCUMOCTEH DJICK-
TponpoBoAHOCTU. HeoO6xoaumo npeioKuTh napaMeTpbl MUKPOTETEPOTreHHON MO-
JIeJH, TIPEJICTABISIONMINECS aJICKBATHBIMU C TOUKH 3PEHUS MPEACTABICHHI O CTpoe-
HUU U CBOMCTBAaX MEMOpAaHbI, U, BAPHUPYS WX, TOJYIUTh TAKUE PACUCTHBIC JaHHBIC
muddy3un gyepe3z memOpaHy, COpOIIUU U KOHIICHTPAIIMOHHBIX 3aBUCUMOCTEH DJIeK-
TPOMPOBOJIHOCTH, YTOOBI OHU MUHUMAIBHO OTJINYAIHUCH OT SKCIIEPUMEHTAIIbHBIX. B
Ka4yeCTBE PEIICHUS CUTYallMOHHOHN 3a7]aui HEOOXOAMMO yKa3aTh MapKy MEMOpaHbI,
JUTSE KOTOPOM TIPOM3BOJIMIICS PacyeT, a TakKe MOJCTaBJICHHbIC 3HAYCHUS TTapaMeT-
POB MHKPOTE€TEPOTEHHON MOJICTIH.

Pemienue 3agau no reme «33KOHOMCPHOCTI/I MmepeHoca HOHOB B 10NIPEACIbHOM

TOKOBOM pemnMe»
3aoaua 1. Tennoobmen

Yenosek okazancs 3a 6optom cynHa t(B)=14 °C. HaiiguTe, Ha CKOJIBKO TpaJlycoOB TOHU3UTCS 1°
ero Tena 3a 10 MUH, eciIi SHEepreTUKa JAbIXaHus BO3PACTET B 3,5 pasa, PU 3TOM B HOPMAIILHOM

12



COCTOSIHUU CKOPOCTh MPEBpaIleHus S3Hepruu 72 kkan/gac. [IpuHsITh KO3 PUIHUEHT TerIonpo-
BogHocTH 0=0,06 kJ[x/(M"2-K-¢); TemmmoemkocTs Tema: C=0,86 kkan/(kr-K), miomanp moBepx-
HoctH Tena 1,8 M?. Macca tena 70 Kr.

3a0aua 2. BeigedeHnue npooykmos memaboiuzma

Paboty noyek oLieHHMBAIOT 110 KOHLIEHTPALMK KpeaTUHIHA B KpoBU. HopmaiibHas KOHLEHTpauus
kpeaTuHHHA B KpoBU Cip=10 mr/mn. ['ematokput kpoBu H=0.4 (06beMHas 101151 SpUTPOLIUTOB B
KkpoBH). KoH1leHTpalus KpeaTHHUHA B TKAHEBOM U BHYTPUKJIETOUHOM KUJKOCTH IPUMEPHO Ta-
Kas JKe, KaK U B Ty1a3Me KpoBU. KpeaTnHUH BBIBOJUTCS BMecTe ¢ Modoi, Vy=2,4 11/cyT. Onpene-
JUTH CKOPOCTh MPOM3BOJCTBA KpeatnHuHa G (Mr/4ac), o0IIyo Maccy KpeaTHHHHA B OpraHu3Me

M (wmr).

3anaum no teme «MexaHU3MBbI NIEPEHOCAa HOHOB B CBePXIIpeaebHOM TOKOBOM
pexume»

1.1. OnpeaenuTs MUHUMAJIBHYIO JJIMHY KaHala 00€CCOIMBaHUS AIEKTPOUAIN3aTOpa, Ha
KOTOPOM JIOCTUTAETCs cTeneHb ooecconuBanus 50 %, ecnu

. yucia nepenoca = 0,98;
. MexxMeMOpaHHoe paccTosHue = 0,45 MM;
. CKOPOCTh TE€UECHHS pacTBOpa 3,2 cM/C;

C‘II/ITaTB, 4TO B paCTBOPC UMCCTCA TOJIBKO HanHfI-XJIop.

1.2. lan snexTpouaiu3HbIi ammapat, cogaepxkamnuii 100 mapHbIX kamep.
MexmemOpanHoe pacctosiaure = 0,5 MM.

JnmuHa xanana 60 cwm.

Pazmep memOpanst 60 Ha 40 cm.

OrnpenenuTs MPOU3BOAUTEIBHOCTD afllapaTta, Mpu KOTOPOM CTENeHb 00ECCOUBAHUs J0-
cturaercs paBHoit 60 %. HyxHo HaliTH CKOpOCTh pabOoTHI anmapara.

1.3. TpeOyeTcst cipoeKTUPOBATH 3JIEKTPOAUATU3HBIN armapar, KOTOpblii Obl 00ecreynBal
80% oOecconmBaHMs pacTBOPA XJIOPHUJIa HATPHSL.

Pazmep memOpan 60 Ha 40.
Paccrosinue mexny memopanamu = 0,4 M.
Anmapar J0JDKeH UMETh POU3BOAUTEIHHOCTH 2 M3/4ac.

Haiitn yncio mapHbIX KaMep B anmapare.

1.4. TpeOyeTcst CIPOEKTUPOBATH JIEKTPOIUANMIHBIN anmapaT, KOTOpblid Obl 00ecreunBa
80% obecconuBaHusl pacTBOpa Xjopuja HaTpus. M3BeCTHO, UTO IPU CKOPOCTHU TCUCHUS
KUAKOCTH 2 cM/Cc Ha Kaxabix 10 cM JUITMHBI KaHaa KoHIeHTpaius yobiBaeT Ha 20%.

upuna memOpan 40 cm.

Paccrostnue mexay memOpanamu = 0,4 M.
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Anmapar JI0/5KeH IMETh POM3BOIUTENLHOCTE 2 M /4ac.

Haiitu JIMHY KaHaJla 00eCCOJIMBaHUS M YUCIIO IIapHbIX KaMCpP B allllapare.

Bonpocsl AJ1s1 yCTHOTO onpoca 1o reme «Biiusinue CBOMCTB MOBEPXHOCTH MeM-
OpaH HAa HHTEHCHBHOCTD YJIEKTPOKOHBEKIIMH M CKOPOCTh reHepamuu noHos H*
u OH»

o1

™~

10.

Yem naMUHApHOE TEUEHHUE KUJIKOCTH OTIMYaeTcs oT TypOyiaeHTtHoro? Ilo ka-
KUM IIapaMeTpaM MOXHO ONPEIEIHUTh, SIBJSETCS U TeYCHUE JTJAMUHAPHBIM UITU
TypOyJeHTHBIM?

Uto Takoe nuddy3noHHBIH TOrpaHUYHbIN ciior? ['uapoauHaMUUecKuid orpa-
HUYHBIN ci0i? Kak OHM COOTHOCATCS MEXTy COO0M?

[Tonsitue o auddy3nonHom cioe: cior Heprcra, momnas tommuHa nuddys3u-
OHHOTO CJOSI, THIPOIUHAMUYECKUI TOTPAHCIION.

Uemy paBHA CKOPOCTh TEUCHHUS KUJKOCTH B S/Ipe MOTOKA? Y CTEHKHU TPYObl N
MJIOCKOM TIJIACTUHKU?

Uto Takoe yclIOBHS MPUWINIAHUSA Y CTEHKH U YCIIOBHS CKOJIbKEHHUS Y CTEHKU?
Kakue matepuansl sBisiroTcs rugpodoousivu? I'mapopunsaeiMu? Kakosa Oy-
neT THAPOPOOHOCT MEMOPAHHBIX MAaTEPHUATIOB?

Yemy paBHa jymmHA ckosbkenus (slip length)?

Kak yBennueHne CKOpOCTH JBWXKEHHS >KMIKOCTH Y CTEHKH KaHaja BIMSIET Ha
IIPUITOBEPXHOCTHYIO KOHIICHTPALUIO?

Kak M0OXHO MakCHUMalbHO YBEIUYUTHh TYpPOYJIEHTHOCTb JABUKCHHS >KUJIKOCTH
MyTeM YBEJIMYEHUs TUAPOPOOHOCTH?

Kak rugpodoOHbie 0651acTi HA MOBEPXHOCTH MEMOpaHbl BIUSIOT HA Pa3BUTHE
reHeparuu nonos H+, OH-?

3amayu no reme «Bansinue creneHu ruAPoGoOHOCTH U ITEKTPUIECKOH reTepo-
TeHHOCTH MOBEPXHOCTH MeMOPaH HA MapaMeTPbl MAaCCONEPEHOCA

1.

3Has, 9TO yroJ cMaunBaHusl oopasia memopansl MA-41 coctaBun 66°, a yroiu
CMAuMBaHUS MOJIMATUIIEHA, BXOASIIETO B €€ COCTaB, COCTaBisieT 76°, paccuu-
TalTe JOJII0 MOBEPXHOCTH JAHHOTO 00paslia, 3aHsaTo moiaudTuieHoM. Haxo-
JIATCS JIA JAaHHOE 3HadyeHue B auamnazoHe 50-70%, xapakTepHOM Ui JaHHBIX
MemOpan? N3o00pa3ute cxembl BAX, xapakTepHbIX JI JAHHOTO 00pa3iua u Jyist
TANMUYHOU MA-41, yKaKuTe OTIn4us.

CycreH3u10 MoIudIeKTpoInTa HaHocuiii Ha MemOpanbl AMX u CMX. Ha BAX
MOAU(PUIMPOBAHHBIX MEMOpaH MPOU3OILIN CIEAYIOIINE U3MEHEHUS: TIPeIeIb-
vl TOK 019 CMX cocrtaBun 0,8 ot mcxogHoro, AMX - 1,5 or HCXOTHOTO.
Jmuaa mnato mst CMX cocraBuna 0,9 ot ucxoanoro; AMX - 0,5 oT uCXogHOTO.
Ornpenenute BEpOSITHBIN COCTAB MOJUAJICKTPOJIUTA, IPENOJIOKUTE, KAKUE €IIIe
M3MEHEHHUS], IOMUMO YKa3aHHBIX, POU3OIILIN C BOJIbTAMIEPHBIMU XapaKTEPH-
ctukamu. C MOMOIIBI0 KAKOT0 METOJIa UCCIEAOBAHUS MOXKHO MPOBEPUTH CIIe-
JIAHHBIC BHIBOBI?
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TBopueckoe 3aganue no teme '"BiausiHne reoMeTpu4ecKoil HEOJHOPOIHOCTH
NMOBEPXHOCTH MeMOPaH HA MapaMeTPbl MacconepeHoca'’
Mooicem ebinoanamcs UHOUBUOYATILHO UU 8 MATbIX 2PYNNAX

OCHOBBIBasICh HA 3HAHUAX O THAPOAMHAMUYECKOM PEKUME PSAIOM C MPEIATCTBAEM
U pacrpeiesIeHUH JUHUNA TOKA PAJIOM C U30THYTOM MOBEPXHOCTHIO, TpEOYeETCs onpe-
IeTUTh U M300pa3uth B Jpg, png, wiu ppt daiine BUXpeBble 00JIACTH PSIIOM C
(rpymmna 1) kaBepHOI Ha MOBEPXHOCTH MEMOpaHbI (Ipymmna 2) KOHyCOOOpa3HbIM BbI-
CTYIIOM Ha MOBEPXHOCTU MeMOpaHbl. [IpuHATE, UTO 3IEKTpUUYECKas COCTABIIAIOIIAS
NOJISI HalpaBJIeHA MEPIEHIUKYISIPHO MEMOpaHe, a MOTOK KUJIKOCTH HaIlpaBJeH
BJI0JIb IOBEPXHOCTU MEMOpPaHHbI.

CamocrosiTenbHasi padora mo teme '"Bonpochl onTUMHU3AIMN KOHCTPYKUIMHU
MeMOpaHHOH A4YeiKU U JIeKTPUIECKOro pe:xxuma."

Bapuanr 1
1. 3apayva. HaitTu onTumManbHOE HAMPSHKEHUE U CEOECTOMMOCTD BOJIbI, MOTy4aeMOi
npu D/ pactBopa NaCl ¢ konuentpanueit 0.01 mons/n. ITpuHATH, 4TO CKOPOCTH TE-
yeHus pactBopa 1.6 cm/c, korddunment nuddysuu comu D NaCl=1.6x10-5 cm2/c.
Croumocts MeMOpan 1000 py6./m2. CTOMMOCTH 3. SHEpPruu paBHa 2 pyo. 3a
kBTxuac. 3aTpaTaMu 3JIEKTpOIHEPTUH Ha MIEPEKAYKy pacTBopa npeHedpeys. Yuciao
pabounx yacoB B rogy 5840, crouMocTb 000pyAOBaHUs O€3 CTOUMOCTH MEMOpaH
200 000 pyOneit. [IpousBoauTenbHOCTh ycTaHOBKH 1 M3/4 o qumtoaty U 0.2 M3/4
1o KoHueHrtpaty. lllupuna paboueii yactu MeMOpaHbl (=IIMpPHUHA KaMepbl 00ecco-
muBanud) 40 cM, paccTosgHue Mexay coceiHUMU MeMOpaHamu h=0.5 mm. CreneHpb
obecconuBanus 0,8. MakcuMmanbHOE YUCIO JIET SKcIuTyaTanuu 12 net. [Ipexycmor-
peTh 3aMeHy MeMOpaHbl Kaxk/ble 4 roja.
2. Yto takoe kputepuu nogodus? Kakue kputepun nonodus Bel 3HaeTe?
3. Buza 3asucumoctu Sh-Re.

Bapuanr 2

1. 3agauva. HaiiTu onTumanbHOE HAMPSHKEHUE U CEOECTOMMOCTD BOJIbI, MOTy4aeMO
npu D/ pactBopa NaCl ¢ konuenrpanueit 0.01 Moas/n. [TpuHATE, 4TO CKOPOCTH Te-
ueHus pacteopa 1.6 cm/c, koopdumuent auddysun comn DNaCl=1.6x10"° cm?/c.
Croumocts MemOpan 1000 py6./m2. CTOMMOCTH 5I1I. PHepruu paBHa 2 py0. 3a
kBTxu4ac. 3aTpaTamMu 3JIEKTPOIHEPTHUN Ha TIEPEKAaYKy pacTBopa mpeHeopeus. Yncio
pabounx yacoB B rogy 5840, crouMocTb 000pyaoBaHus 0€3 CTOMMOCTH MeMOpaH
200 000 py6neit. IIpon3BoauTenbHOCTS yeTaHOBKU 1 M3/4 o aumroaty u 0.2 M3/4
no koHieHntpaty. [llupuna paboueii vactu MeMOpaHbl (=IMIMPUHA KaMepbl 00ecco-
muBanus) 40 cMm, pacctossHue Mexay coceqHuMu MeMmOpanamu h=0.5 mm. Crenenb
obecconuBanus 0,8. MakcuMmanbHOE YnCIO JIeT sKerutyaTanuu 12 aet. [Ipexycmor-
pETh 3aMEeHy MeMOpaHbl KaKbIe 4 TO/a.

2. VI3 KakuX reOMETPUYECKUX MapaMeTpoB BeIBoIATCs uncia Peitnonbaca, HMunra,
[llepryna, [Ipanarna? C kakuMu GU3UIECKUMU TTPOIIECCAMU OHU CBSI3aHbI?

3. KakoBa ponb cemnaparopa-TypOynu3aropa B MeMOpaHHou cucteme? B uem ero
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NOJIOKUTENbHOE BiMsiHUE? OTpuiaresnbHoe? B kakux cirydasx 1enecooopa3Ho npu-
MEHSATh CenapaTop-TypOyJIn3aTop, a B KAKMX — MHOE HAIlOJIHEHUE KaHana?

Bonipocsl /151 IOATOTOBKH K 3alMTe JIAa00PATOPHBIX PadoT

Brusinue cmenenu 2udpogobrHocmu u 31eKmpuyeckou 2emepoceHHOCMU NOBEPXHO-
cmu MemMOpaH Ha napamempsbl MAcCoOnepeHoca.

1.
2.

Kaxkue BUJIbI 27IEKTPOKOHBEKIIMU BaM n3BeCTHBI?

B kakoii cTenenu u nouemy crerneHb TuapohoOHOCTH TOBEPXHOCTH BIUSIET Ha
Pa3BUTHE 3JIEKTPOKOHBEKIUU?

Kakue akTopsl onpenesstoT creneHb ruipoPoOHOCTH TOBEPXHOCTH HOHOO00-
MEHHBIX MeMOpaH?

Kak anekrpuyeckass HEOTHOPOJAHOCTh TOBEPXHOCTH BIIMSIET Ha CONPSKEHHbIE
3¢ (PEeKTH KOHIIEHTPAITMOHHOM MOJISPU3AIUN ?

Kak onenuBatot crenenb rugpohoOHOCTH MOBEPXHOCTH HOHOOOMEHHBIX MEM-
OpaH, moyemy ee Jydlie U3MepsTh Ha HaOyXIux oopazuax?

Brusauue ceomempuueckou HeoOHOpOOHOCMU NOGEPXHOCMU MeMOpaH Ha napa-
Mempbl MACCOnepeHoca.

1.

Kakue MeToapl MO3BOJIIOT OLIEHUTh FT€OMETPUUYECKYIO HEOJHOPOIHOCTh T0-
BEPXHOCTH MeMOpaH?

Kaxk reomerpryeckass HEOJHOPOAHOCTD MOBEPXHOCTH BIIMSCT HA CTEIICHb TH/I-
podhobHOCTH MeMOpaH?

Kaxkue u3 nu3BecTHbIX KOMMEPUECKHUX MEMOpaH 00J1aJJatl0T FTEOMETPUIECKOMN He-
OJHOPOTHOCTHIO?

Kax reomeTrpuueckasi HEOJTHOPOJHOCTh TTOBEPXHOCTH BIUSET HA BOJIbTaMIIEP-
HBIE XapaKTEPUCTUKU U XPOHOMOTEHIIMOTPAMMbl HOHOOOMEHHBIX MEMOpaH?
Kakumu meTonamMu MOKHO YBEJIUYUTH (YMEHBIIIUTH) T€OMETPUUECKYIO HEO/I-
HOPOJHOCTb MOBEPXHOCTU MeMOpaH?

Honoobmennvle Hacaoxu. [lonyyenue ceepxuucmoii 600bl.

=

[Tepeuncnute THITEI HOHOOOMEHHBIX HACAIOK.

Kakue siBjeHMS BO3HMKAIOT B KaHajaX 00ECCONMBAHUS MPU HATMYUU B HUX
MOHOOOMEHHBIX HacaI0K?

Kak Ha mpakTuke peanm3yeTcsl BBEJACHHE B MEXMEMOPAHHOE MPOCTPAHCTBO
KaHAJIOB 00€CCOJIMBaHUS HOHOOOMEHHBIX HAcaa0K?

Kakne TexHMUecKue pemieHus JiekKaT B OCHOBE HENPEPHIBHOM pereHeparuu
MOHOOOMEHHBIX HAacaJo0K?

HazoBure obiactTy MHHEpaIM3allMk MCXOIHOTO PAacTBOpaA I oOecreUeHUs
ONTUMATBHON 3(P(HEKTUBHOCTH MOHOCJIIOWHBIX M TOJHCIOWHBIX MOHOOOMEH-
HBIX HAcaJIoK.
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Tembl pedepaToB no paszneny "HonoodMennble Hacaaku. [losryyenne cBepx-
yucToH BoaALI"

1. XuMHUYeCKrEe METO/IbI MOTYUYEHUS CBEPXUUCTON BOJIBI.

2. ®u3nYecKue METO/IbI MOTYUYEHUS CBEPXUUCTOM BO/IBI.

3. EMKOCTHasi IeMOHU3aIMs: TEKYIlee COCTOSHUE MPUMEHEHUs Mmpolecca U mep-
CIIEKTHUBBI PA3BUTHSI.

4. AnmapatHoe ohOpMIICHHUE OYMCTKH BOJbI HA MPEANPHUATHH [0 BBIOOpY acIiu-
paHnra).

5. DAEKTPOANAIN3ATOPHI C MPOPUINPOBAHHBIMU MEMOPAHAMHU.

6. DIEKTpOANAN3ATOPBI ¢ HOHOOOMEHHOM 3aCHITTKOM.

7. IlpuMeHeHrne MOHOOOMEHHBIX BOJIOKOH IS MOJTyYEHHUsI CBEPXUYUCTON BOJIBI.

8. CormnpsbkeHUe 3JIEKTPOAUAIN3a C MOHHBIM OOMEHOM: MHOTOCTYIIEHUYAThIE CH-
CTEMBI BOJJOOYUCTKH.

9. MeTozp! pereHepanuy CMEIIaHHOCIOMHBIX HOHOOOMEHHBIX KOJIOHOK.

Tembl pedpepaToB no pasgesy "AcuMMeTpUYHbIEC TOKOBbIE PesKUMbI'"

1. JlocToMHCTBA U HEAOCTATKH allapaToB HEMPEPHIBHOTO JCUCTBUS U allapaToB
NEPEKITI0YAEMO JINHUH.

2. Hcnonb3oBaHME aCHMMETPUYHBIX TOKOBBIX PEKUMOB MIPH AIEKTPOIUATHU3E TTH-
HIEBBIX POYKTOB.

3. Hcnonp3oBaHNE aCHMMETPUYHBIX TOKOBBIX PEXKUMOB IPH SJICKTPOAHATIN3E pac-
TBOPOB C BBICOKOU KECTKOCTBIO.

4. Hcnonab30BaHHE ACHMMETPUYHBIX TOKOBBIX PEXUMaX B HOBBIX 3JIEKTPOIAATIN3-
HBIX YCTPOMCTBAX: yCTPOICTBA JO3UPOBAHUS JIEKAPCTBEHHBIX MPEMAPATOB.

5. ACHMMETpUYHBIE TOKOBBIE PEKUMBI, UCIIOJIb3YEMbIE B YCTAHOBKAX, COYETAIO-
IIMX €EMKOCTHYIO 3JIEKTPOICHUOHU3ALNIO U 3JIEKTpOoArann3 (IpoeKThl rpynn M.
Beccnunra u J[. Xana).

4.2 ®oH/I OLIEHOYHBIX CPEACTB /IJIS NMPOBeAeHHs NMPOMEKYTOUYHOM aTTe-
CTAMHU

dopMa KOHTPOJIS I TIPOBEACHHSI MPOMEKYTOUHON aTTEeCTAIlMU TI0 JUCITU-
TUTMHE — 3a4eT.

CtyaeHTsl 00s13aHbI CIATh 3a4€T B COOTBETCTBUU C PACITUCAHUEM U YUYECOHBIM
TJIaHOM. 3a4eT ABisieTcsl (OPMOM KOHTPOJS YCBOSHUSI CTYACHTOM y4eOHOM mpo-
rpaMMBbl 0 TUCIUIUIMHE, BHIMOIHEHUS TAOOPATOPHBIX U KOHTPOJIBHBIX paboT. 3a-
YeT MO MPOCIYIIAHHOMY KYPCY MOKET OBITh BBICTABJICH HA OCHOBAHUU OIEHKH JI€-
ATETLHOCTH CTYJICHTa B CEMECTPE, & UMEHHO - TI0 TOCEAEMOCTH JICKIIUN, PE3yilhb-
TaTaM BBIMIOJTHEHUS 3aJaHUI U JTa0OpaTOPHBIX paboT. 3ammTa 1ab0paTOPHBIX padoT
OCYIICCTBIISCTCS B TCUCHUE CEMECTPA MOCIIC BHIMOIHEHHUS YKCIIEPUMCHTAIILHOM Ya-
CTH pabOTHI HA OCHOBAHWH MPOBEPKU MUCHMEHHOTO OTYETA U YCTHOTO W/UJIH TTHCh-
MEHHOTO OIpOoca 00YYaIIIMXCs MO TeMe JlabopaTopHOU padboThl. Jjisi mosydeHus
3ayeTa 00yJarOIIHIACs JOJDKEH IaTh YIOBICTBOPUTEIBLHBIC OTBETHI HA BCE BOIPOCHI.
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Kpurepuu ouenkmu:

- OLICHKA «3a4TEHO»: CTYJICHT BJIaJIe€T TEOPETUUECKUMH 3HAHUSMHU 110 J1aAH-
HOMY paszeiy, yMmeeT (hopMyIupoBaTh o0IIMeE, clielu(UIECKUE U YACTHBIE 3a]a4n
B 00JIaCTU AJIEKTPOXUMHUHU U DJIEKTPOXUMHUECKUX MPOU3BOJCTB; 3HAECT OCHOBHBIE
CBOICTBa, 00JaCTU IPUMEHEHHUS, METO/IbI UCCIIEOBAHHSI HOHOOOMEHHBIX MaTepHa-
JIOB, JIOMYCKA€T HE3HAUUTENbHbIE OIIMOKHU; CTYyIEHT YMEET MPaBUIBHO BbIOUPAThH
ONTUMAJIBHBIN JUIsl BBINIOJHEHUS KOHKPETHOW HAYYHOW WJIM HAYYHO-TEXHHUYECKOU
3a/la4yd METOJ UCCIICIOBAHHUS.

- OLICHKA «He 3a4YTEeHO»: MaTepuaj HE YCBOEH WM YCBOEH YaCTUYHO, CTY-
JICHT 3aTPYAHAETCA B OMUCAHUHM OCHOBHBIX 3a7]aud B OOJIACTH DJIEKTPOXUMHUH H
ANEKTPOXUMHUYECKUX ITPOU3BOJICTB, 3aTPYIHIETCS IPUBECTH IPUMEPHI METOI0B HC-
CJIETOBaHMSI OCHOBHBIX CBOMCTB HOHOOOMEHHBIX MaTepHaIOB.

Bomnpoce! AJ1s1 MOATOTOBKH K 324€Ty 10 AMCUHUIINHE:

1. Crpyxrypa MmemOpaH. MI3meHeHue cTpyKTypsl ipu HaOyxanuu. [IpencraBnenus
Hpeiiproca u I'mpke. CoBpemMeHHbIE MoOJenu CTpYKTypel MeMOpaHn (Kpoiiep,
Kebenn).

2. MukporereporeHHasi MOJIeb. DJIEKTPOIPOBOAHOCTD U U Py3rOHHAs TPOHU-
aeMocTh. Pemenue npsiMoi 1 00OpaTHOM 3a/1a4; HAX0XK/ICHHE MapaMeTPOB MO-
J€JH U3 SKCIIEPUMEHTAIbHBIX JaHHBIX.

3. JlaMuHapHOE TeYeHHE KMJIKOCTH MEXAY JBYMs MapaljieIbHbIMU IIACTUHAMMU.
Pemenne ypaBHeHust HaBbe-CTokca M mpoduiib CKOPOCTH B KaHAIE MEXKIY
JBYMS TapaJUIEIbHbIMU IJTACTUHAMU.

4. Pacuer tommmubl 1udPy3uoHHOrO cios. CpaBHEHUE pacyeTa ¢ IKCIEPUMEH-
TaJbHBIMM JaHHbIMU. HenocraTtku Moaenu.

5. Bugasl nponeccoB cBEpXNpPEAEIbHOrO MEPeHOca HOHOB, UX MPAKTUYECKas 3Ha-
YUMOCTb.

6. CrocoObl KOHTPOJIS TITYOUHBI TPOTEKAHUS MPOIIECCOB CBEPXIPEICTHLHOTO Mepe-
HOCa MOHOB.

7. IlyTn BIMSHMS CBOWCTB MOBEPXHOCTM MEMOpAHbI HAa CTENEHb Pa3BUTHUS MPO-
1ecca JUCCOLMALIMM BOJIBI.

8. CBoiicTBa MOBEPXHOCTH MEMOpaHbl, BIUSIOIINE Ha PAa3BUTHE AJIEKTPOKOHBEK-
LIUU B CUCTEME.

9. Meroas! u3Mepenus ruApohoOHOCTH TOBEPXHOCTH HOHOOOMEHHBIX MeMOpaH.

10. Biusiaue ruapodoOHOCTH TOBEPXHOCTH MEMOpaH Ha CTETICHb Pa3BUTHUS DJICKT-
POKOHBEKIMH. B3anMOBIIMsHNE 37IEKTPOKOHBEKIIMM U JUCCOLIUALIUN BOJIBI.

11. Pacnipenenenue TUHUI 3JIEKTPUYECKOTO TOKA U JIMHUN CKOPOCTEH TOTOKA KU/
KOCTH PAJIOM C JeheKTaMu MEMOpPaHBI.

12. BiusiHre BBICOKHX JIOKAJIbHBIX Pa3HOCTEW MOTEHIMAIOB HA pa3BUTHE MpPOIEC-
COB CBEPXIIPEAEIIBHOIO IIEPEHOCA HOHOB.

13. Ilpunoxkenre Teopun No100Ms K 3eKTpoMeMOpaHHBIM Mpolieccam. Yucna Peii-
Houpaca, llmuara, [llepsyna, [Tpanatis. Bunx 3aBucumoctr Sh-Re.

14. Tlogxoasl k ontumuzaruu JJ1 mpornecca. Mcmonb30BaHne KOHBEKTUBHO-IH (-
by3uoHHAs MOJENH: BBIOOP TeOMETpHUECKHX (MEKMEeMOpaHHOE pPaCCTOsHUE,
dbopma cenapaTopa) U TUIPOIMHAMUYECKUX (CKOPOCTh MPOTOKA pacTBOpa) ma-
paMeTpoB NP MUHUMH3ALUU CEOECTOUMOCTHU MPOIYKTA.
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15. MeToabl Oay4YEHUsI CBEPXUUCTON BOABI.

16. KoHCTpYKTUBHBIE OCOOCHHOCTH 3JIEKTPOAHAIN3ATOPOB, HCIONb3YyEMbIX IS
OYUCTKH CUJILHO pa30aBJICHHBIX PaCTBOPOB.

17. TlapaMeTpbl UMITYJIbCHBIX TOKOB U MX BIIUSHUE Ha 3(PPEeKTUBHOCTh 00€CcCoIrBa-
HUSL.

18. IlpumeHeHNE aCUMMETPHYHBIX TOKOBBIX PEKUMOB B TTPOMBIIIIICHHOCTH.

5. IlepeyeHb OCHOBHOW W /JONOJHHMTEILHON Y4YeOHOW JMTEepPaTrypbl,
He00X0IMMOii VIS OCBOCHUSI JUCHUILIMHBI (MOXYJIA) -

5.1. OcHoBHas JuTEpaTypa

1. T'ymepon, A.M. Maremaruueckoe MOICIMPOBAHUE XUMHUKO-TEXHOJIOTMYECKUX
MPOLIECCOB [DIIEKTPOHHBIN pecypc] : yueOHoe nmocobue / A.M. ['ymepoB. —
OnektpoH. gaH. — CankTt-IlerepOypr : Jlaub, 2014. — 176 ¢. — Pexum jno-
ctyna: https://e.lanbook.com/book/41014. — 3arn. ¢ sxpaHa.

2. MemOpanbl 1 MeMOpaHHBIC TexHOJIOTHH, moa pea. A.b. SpocnaBueBa. M.:
Hayunsiit MHUD, 2013. — 611 C. Pexum JOCTyTa:
http://biblioclub.ru/index.php?page=book_red&id=468334&sr=1

5.2. JlonoJIHUTe/IbHASA JIUTEPATYypa

1. MaremaTnueckoe MOACIUPOBAHNE MEMOPAHHBIX MTPOIIECCOB C UCTIOIB30BAHUEM
Comsol multiphysics 4.3 [Tekcr] : yueOHOe mocoOue A CTyIECHTOB, Maru-
ctpanToB / A. M. ¥Y3nenora, A. B. Koanenko, M. X. ¥Yprenon, B. B. Huko-
HEHKO ; M-Bo oOpa3zoBanus u Hayku Poc. ®enepanuu ; Kybanckuii roc. yH-T. -
Kpacnonap : KyGanckwuii rocynapctBennbiii yuusepeuret, 2013. - 224 ¢. : ui. -
bubmuorp.: c. 199. - ISBN 9785820908736 : 41.81.

2. Kynaunos, 11.B. MaremaTudeckoe MoIeTMpOBaHIE THAPOIUNHAMUKH U TETI000-
MEHA B JABMXKYIIUXCS KUJIKOCTIX [DIEKTPOHHBINA pecypc] : yueOHoe mocodue /
N.B. Kynunos, B.A. Kynunos, A.B. Epemun, C.B. Konecnukos ; noa pea. 9.M.
KapramoBa. — Dnektpon. nan. — Cankrt-Iletepoypr : Jlansb, 2015. — 208 c.
— Pexxum noctyna: https://e.lanbook.com/book/56168. — 3ari. ¢ sxpana.

5.3. [lepuoanyeckue u3gaHus

Kypuan «MemOpanbl 1 MEMOPaHHBIE TEXHOJIOTUN
Kypnan «Duzndeckass XUMH»

6. Ilepeyennb pecypcoB HHPOPMALMOHHO-TEJIEKOMMYHUKALNIMOHHOM CEeTH
«HTEpHET», HEOOXOAMMBIX /IJI1 OCBOEHUS AN CIUIIMHBI (MOLYJIA)

DnexkTpoHHas OnbIuoTeuHas cucreMa u3narenscrea "Jlannp".

Nature Publishing Group.

Hayunas snexkrponnas 6ubnuorexa (HOB).

Konneknus xypHanoB uznatenscTBa Elsevier Ha moptane ScienceDirect.
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Poccuiickass ~ memOpanHas  cetb  Russian  membrane  network
www.rusmembrane.net/

OnexkTpoHHbIe YyueOHUKH Kadenpsl MemOpannoit Texnonoruun Poccuiickoro
XUMHKO-TeXHOJI0THYECKOT 0O YHuBepcurera M. .. Menpeneena,
http://membrane.msk.ru

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

HudopmannonHo-aHanutudeckas 6a3a Scopuc (http://scopus.com)

7 Metoanyeckne yKa3aHusi 1 MAaTEPUAJIbI IO BUIAAM 3aHATUH

YcnemHoe OCBOGHHE IHUCHMILIMHBI IPEAIONAraeT akTUBHOE, TBOPYECKOE
y4acTHe aclUpaHTa IyTeM IJIaHOMEPHOW, TTOBCETHEBHOM pabOTHI.

OO1ue pekoMeHaaluu

W3ydyeHne IUCHUMIUIMHBI CIEAyeT HauyuHaTh C MpopaboTKu paboueit
nporpaMMbl, 0co00o€ BHHUMaHuE, yJelsis LelasIM U 3ajJadaM, CTPyKType u
COJZIEp’KaHMIO Kypca.

HNmeeTcst aneKTpOHHAs BEPCUS JIEKIHUK M0 JAaHHOW JUCHUTUINHE.

OcHOBHOI PopMOi1 00yUeHUs CTYIEHTOB SBJSIETCA CAMOCTOSITENIbHAS padoTa
HaJl y4eOHBIM MaTepuaiioM. [Iporiecc nzydeHus TUCHUIUINHBI “DyHIaMEeHTaIbHBIC
OCHOBBI ONTHUMU3ALNA U UHTEHCU(PUKALMH MEMOPAHHBIX IPOLECCOB” COCTOUT M3
CJIEAYIOIIMUX JTAIOB:

1. IIpopaboTka TEOPETUUECKOTO MaTepuansa IO PEKOMEHJIOBAaHHOMY
JUTEPATYPHBIM HCTOYHUKAM U KOHCIIEKTaM JICKIUH.

2. BeInosHEeHNEe caMOCTOATEIbHBIX padoT.

3. IloAroToBka W NpeACTaBICHUE IE€pEe] OJHOKYPCHHKAMHU NPE3CHTaUul U
pedeparoB Ha 33JaHHYIO TEMY.

4. BrinonHeHue J1abopaTopHBIX padoT.

5. Pemenue 3anau.

6. Choaum 3adera B YCTHOW WJIM THCHbMEHHON (opme (10 YyCMOTpPEHHIO
NpernoaBaTess).

[Ipe3eHTanu Ha 33JaHHYIO TEMY BBINOIHSAOTCA B iporpamme Power Point.
Ona nomKHA COCTOSTh M3 5-8 ClaiZioB M coaepkKaTh OCHOBHBIE OMpeeNieHus,
(baKTHYECKUI MILTIOCTPUPOBAHHBIA MaTepral, BBIBOJbI M CIIMCOK UCHOJIb30BAHHBIX
MCTOYHHUKOB.

Marepuan s cooOIIeHUs] HEOOXOJIMMO MCKaTh B KHUTAaX, >KypHajgax M
MHTEPHET-UCTOYHHUKAX, ONyOJMKOBAaHHBIX B MOCIEAHKE 3 roja.

Jokian, conpoBOXKIAOMINN TPE3CHTAINIO, TOJKEH 3aHUMaTh 7-10 MUHYT.

Jloknaznpl M Mpe3eHTauuy NPEeIBapUTEIbHO MPUCHUIAIOTCSA MPENOIaBaTEeIto
10 3JIEKTPOHHOM I0YTE HA MPOBEPKY.

CamocTosiTenbHbIE PAaOOTHl  BBINOJHSIOTCS KaXIbIM aCIHpPAHTOM Ha
OTHENbHBIX JHUCTKax. He JomyckaeTcss HCNONb30BaHUE JIIOOBIX  CPENCTB
KOMMYHUKAIUKU (HOyTOYKH, MOOMIJIbHBIE TENE(POHBI C BEIXOAOM B MHTEPHET U TIP.

JlomyckaeTcsi ~ UCIOJNb30BaHME  pabouyux  TeTpajed, B  KOTOPBIX
3aKOHCIIEKTUPOBaHbl HanboJiee BAXKHBIE C TOYKU 3PEHUS KAKIOTO M3 CTYJIEHTOB
MOMEHTHI, BBIJICJICHHBIE TTPU CAMOCTOSTENBHOU MPOPAOOTKE KAKION U3 TEM.
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JlabopaTopHbie pabOTHl BBIMOTHSIIOTCS WHIWBHAYAIbHO WM B TPYIIIE.
[IpenBaputenbHO HJIET O3HAKOMJIEHHWE C J1a0OpaTOpHBIM  00OPYJIOBAaHUEM,
UCIIOJIb3YeMbIM B JKCIIEPUMEHTaX, a TaKKe C TEXHUKOW Oe30MacHOCTH MpuU
BBITIOJTHEHUU AKCIEPUMEHTAIIbHBIX pabor. Pe3ynbTaTh U3MEPEHUN
PErUCTPUPYIOTCS B IU(PPOBOM BHUJIE C UCTIOIB30BAHUEM KOMIBbIOTEpOB. OO6padoTka
JIAHHBIX OCYIIECTBISACTCS C TMPUMEHEHHEM Iporpammbl Excel mo amroputmy u
mabioHaM, TPEJOCTaBIECHHBIM IpenojaBaTeneM. llomydeHHble pe3yibTaThl
MPECTABIISIOTCA B BUJE TAOIUI] U TpaUKOB.

8. IlepeueHb HWH(POPMALMOHHBIX TEXHOJOTHMH, HCIOJb3yeMbIX HPH
OCYyILLeCTBJICHMH 00Pa30BaTeILHOIO NMpouecca no AMCHUILINHEe (MOAYJ/II0) (Ipu
HEO0XO0IMMOCTH)

8.1 IlepeyeHb HEOOXOAMMOTI0 POTPAMMHOIO O0ecreYeHus

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

ABTOpCKHE TporpaMMHBIE TPOIYyKThl « Mukporereporennas moaens MGMy, «1-
Juan» (BeimoHEeHHI B cpesie Excel, mpenocrarmnstorcs npenonaBarenem).

8.2 [lepeyenb He0OXOAMMBIX HHPOPMANMOHHBIX CIIPABOYHBIX CHCTEM
CrpaBouno-mpaBoBas cucreMa «Koncynprant ITmroc» (http://www.consultant.ru)

9. MarepuajbHO-TeXHUYecKas 0a3a, He00OX0AMMAas JJIs1 OCYLIECTBJICHUS
00pa30BaTeJbHOI0 MpoIecca Mo JUCHUIINHE (MOTYJIIO)

Aynutopust 11 MPOBEACHUS JIEKIIMOHHBIX M NMPAKTHYECKUX 3aHIATHI, OCHA-
LIEHHBIA ITEPCOHAIBHBIMA KOMIIBIOTEPAMU C IPENYCTAHOBJICHHBIM IPOTPAMMHBIM
obOecnieueHreM, ykazaHHbIM B 1.8.1. Takke HeoOxoauma MyJbTUMEIUIHAs CU-
CTeMa, BKJTFOUAIOIIIas CTAIMOHAPHBIM UM MOOMIIBHBIN 3KpaH, IU(PPOBOM MPOEKTOP,
MOJKII0YaeMbIi K KOMIIBIOTEPY U JIA3EPHYIO YKA3KY.

Y4ebHo-HayuHbIe 1abopatopun (326C, 330c) ans BHIIOIHEHUS JIabOpaTop-
HBIX paboT, B KOTOPOW HAXOIUTCS dJIeKTpoxummueckuii komruieke Autolab-100 c
nporpaMmMHbeIM obecniedueHrneM NOVa; 3JeKTpOXMMHUYECKHE YCTaHOBKH, B KOTOPBIE
BXOJISIT MEPUCTATIBTUYECKHE HACOChI, PH METphl U KOHIIYKTOMETPBI, a TaK:Ke Habop
ANEKTPOIUATUIHBIX STUEEK JIJIS MOTYUYEHUS BOJbTAMIIEPHBIX XapaKTEPUCTUK, XPOHO-
NOTEHIIMOTPAaMM U U3MEPEHHS] MACCOOOMEHHBIX XapaKTEPUCTUK OTICIbHBIX MEM-
OpaH 1 KaHAJIOB 00€CCOIMBAHUS; YCTAHOBKH JIJIsl U3BMEPEHHUS YTII0B CMauyrBaHUS TIO-
BEPXHOCTH MEMOpaH, ONTUYECKUI MUKPOCKOII IS BU3YaJIU3allii MOBEPXHOCTH U
Cpe30B MeMOpaH; BEChl aHATUTUYECKUE, YCTAHOBKA IS MOTYYSHHs TUCTUILTUPO-
BaHHOM BOJIbI JJIsl IPUTOTOBJIEHUS PACTBOPOB; KOMIIBIOTEPHI JJIs1 pErHUCTpaIiiu U 00-
pabOTKHM SKCIEPUMEHTAIBHBIX JTaHHBIX.
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Bua pabor

MarepuanbHO-TEXHHYECKOE 00€CTICYCHNE T CIIUTUTMHBI
(Moynsl) ¥ OCHAILIEHHOCTh

.HGKI_II/IOHHI)IC 3aHATHUA

Jlekumonnas ayautopus (aym.  322c¢, 328c, 343c),
OCHalleHHas y4yeOHOW MeOenblo, CTalMOHAPHOH WM
MEPEHOCHONW TIPE3CHTAIMOHHON TEXHUKOH (IIPOEKTOp,
9KpaH, KOMIIBIOTEP/HOYTOYK) M COOTBETCTBYIOIIUM
nporpaMMHbIM  oOecriedeHueM Il JE€MOHCTpaluu
MYJIbTUMEIUNHBIX NIPE3ECHTALNM.

CCMI/IHapCKI/Ie 3aHATHA

Aynuropus (aya. 322c¢, 328c¢, 343c), ocHaiieHHas y4eOHOM
MeOeIbI0, KOMIIBIOTEPOM C COOTBETCTBYIOIIMM MPOrpaMM-
HbIM oOecrieuenreM (Windows, Microsoft Office), mepenoc-
HBIM IIPOEKTOPOM, MEJIOBOM JOCKOM.

JlaGopaTopHbie
3aHSITHS

JlaGopatopus 35meKkTpoMeMOpaHHbIX sBIeHUN 326¢, , YKOM-
IJIEKTOBAHHAS CIIEUAIN3UPOBAHHON MEOEIIBIO, BBITSKHOM
CHUCTEMOM BEHTUJISILIUU, MEJIOBOU TOCKOM, CPEICTBAMH I10-
JKapHOU 0€3011aCHOCTH U OKa3aHUs MEPBON MEIULIMHCKON
oMoIIIH, 1abopatopHbIM obopynoBanuem: [loteHmocrar
Autolab PGSTAT 100 N; HCTOUYHUK TOKa-BOJIBTMETP
Keithley 2200-60-2 ; ucrounuk Toka-sojapT™MeTp Keithley
2100/E ; nanoBonsT™metp Keithley 6221/2182 A; BoapT™MeTp
yHuBepcanbHbiii B7-71/1; nacoc mmpuieoit Dixion Instillar
1428; pH metp — nonomep Dxcnepr-001; KOHTYKTOMETD
Okcnept-002; Hacoc NepUCTAIBTHYECKUI MHOTOKAHAJIbHBIN
Heidolph Pumpdrive 5001; pH merp FEP20-ATC Kit pH;
kouaykromeTp FEP30-KIT; Becol ananutuueckue Ohaus PA
214C; anaymzarop Brnaroconaepxkanus Ohaus MB-25; tepmo-
ctat Isotemp 6200 H7; cymmnehsriii mikadg BINDER FD
1150; cymmnbasbnii mkag Binder FD 53; melikep sxonpu-
oop; memainka Heidolph; memanka JIAB-ITY-01; tepmocTaT
TXK-TC-01; nporpammarop I1P-8; morerumocrat ITH1-50-
1.1; muntka snexrpudeckas IJID C-MAG HS 7; Hacoc ne-
PUCTATBTUYECKUI OHOKAaHAIbHBIN; paboyas CTaHIUS.

JlaGopatopust anexkrpomeMmOpannoro cunte3a Ne 330c,
YKOMIUIEKTOBAaHHAs CHeUaIN3UPOBaHHON Mebenblo,
BBITSDKHOM CHCTEMOM BEHTWIALIMHU, CPEICTBAMHU MOKapHOM
0€30macHOCTH M OKa3aHMs NEepBOM MEIUIIMHCKON MOMOIIH,
1a60paTOPHBIM 000pyI0BaHUEM: MOTEHIINOCTAT-
ranpBaHocTar P-301, umnenancmerp Z-1000P, usmepurens-
aHAJIN3aTOp HMMIIEAAHCA, BOJBTAMIEPHBIX M MEPEXOJHBIX
XapaKTepUCTUK  MeMOpaH, IOTEHLIHOCTaT-raJlbBAaHOCTAT
Autolab PGSTAT 100N, pH-metp nonomep SKCITEPT-001,
tuTpaTop aBromarndeckuii TitroLine 6000, nonomep 1-130,
KOHJTYKTOMETD OKCIIEPT-002, dbotomeTp
¢dorosnextpuueckuit KDPK-3, BonmbTMETp yHHBEpCaIbHBIN
B7-78/1, BonpT™meTp yHuBepcanbHbli B7-34A, reneparop
CUTHAJIOB crieranbHOi Gopmbl ['6-33, HCTOYHMK NMUTAHUSA
MOCTOSTHHOTO TOKa b5-50, BEChI 2JIeKTpOHHBIE TA00paTOPHBIC
HR-120, nacoc nepucransruueckuit JIAb-HII-1, Tepmocrat
YKUJIKOCTHOM JIAB-TK-TC-01, MepeMEIINBAOIIEe
ycrpoiictBo JIAB-ITY-01.
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['pynmioBeie  (MHIUBH-
ZyaJIbHbIE) KOHCYJIbTa-
1097071

VYyebnas aymuTopusi, YKOMIUIEKTOBaHHAsI y4eOHON MeOebIo
(ayn. 343C, Ne 328C, Ne 334C)

Texkymuii  KOHTpPOJIb,
IIPOMEKYTOYHAsl aTTe-
cranus

Y4yeOHast ayquTOpuUs ISl MPOBEICHUS TPAKTUYECKUX 3aHsI-
i (aya. Ne 343C, Ne 328C, Ne 334C), ocHanieHHast yaeOHOM
MeOeIbIo

CamocrosTenpHas pa-
oora

Aynuropuu, OCHaIlIEHHbIE y4eOHOU MeOebi0 U KOMITBIOTEP-
HOW TEXHUKOW C BO3MOXHOCTBIO MOAKIIIOUEHUA K ceTh «H-
TEPHET», IPOrpaMMOi IKPAHHOT'O YBETMYCHHS U 00eCIIeYeH-
HBII JOCTYIIOM B DJIGKTPOHHYIO HH(POPMAITMOHHO-00pa30Ba-
TenbHyI0 cpeny yauBepcurera (Ne 140, Ne 341C, Ne 329C)
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