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1 Hesn 1 321241 M3yYeHUs TUCUUIIINHBI

1.1 leab TUCHUIIHHBI

N3yueHnne COBpeMEHHBIX 3JIEKTPOMEMOPAHHBIX IMPOIIECCOB U TEXHOJOTUH, B
OCHOBE KOTOPBIX JIeKaT (hyHIaMEHTaIbHbIC 3HAHUS B 00JIACTH AJICKTPOXUMHUMU.

1.2 3apaumn AUCHUIINHBI

- chopmupoBaTh 3HaHHUS 00 OOMIMX, CIENM(PUUSCKUX M YaCTHBIX 3ajadax
COBPEMEHHBIX JIEKTPOMEMOPaHHBIX MIPOLIECCOB U TEXHOJIOTUH;

- 00ecreynTh YCBOCHUE TEOPETUUYECKUX OCHOB (DYHKIITMOHHPOBAHUS COBpE-
MEHHBIX JIEKTPOMEMOPAHHBIX MPOIIECCOB;

- chopMHUpPOBATh MPECTABICHUA O MPHUHIMIIAX BBHIOOpAa W peanu3aliul co-
BPEMEHHBIX JJIEKTPOMEMOPAHHBIX MPOIECCOB M TEXHOJIOTWN IJIsl PEIIeHUs pas-
JUYHBIX HAYYHO-TEXHUYECKHX 33]1a4;

- IPUBHUTH HABBIKK BHIOOPA METOJIOB UCCIICIOBAHUS, a TAK)KE MPEACTABICHUS
pe3yabTaTOB HAYYHBIX MCCIEAOBAHUN Mepe HaydHBIM COOOIIECTBOM U B HAyYHO-
NOMYJISIPHOM BHUJIE, B TOM YHCIIE, JUIsl TPAHCIALMKA TOJYYSHHBIX 3HAHUM TOCpe/I-
CTBOM CPEJICTB MacCOBOM MH(MOpMAITUH;

- MIPUBUTH HABBIKM KCIIOJIB30BAaHUS MOJYYEHHBIX 3HAHUW B 00JacCTH COBpe-
MEHHBIX 3JIEKTPOMEMOPAHHBIX MPOIIECCOB U TEXHOJOTUM, a TAKKE CMEXHBIX JIUC-
UTUTH U1 pa3paOOTKH HOBBIX JIEKTPOMEMOpPaHHBIX MPOILIECCOB U PACIIUPEHUS
cdep ux MpUMEHEHUSI.

1.3 Mecto aucuuniaunbl B cTpykrype OOII BO

HuctumimHa «CoBpeMEHHbIE 3JEKTPOMEMOpPAHHBIE MPOLECCHl U TEXHOJIO-
TMW» OTHOCHUTCS K 00s3aTelbHBIM JMCLMITIMHAM BapuUaTUBHOM yactu Onoka bl
" NMuctummael (Moxynn)" OOIT BO nanpasnenust 04.06.01 «Xumuueckue HayKu,
HAIPABJIEHHOCTh DJieKTpoxuMus. M3ydyenuto aucuuiuinabel « COBpEMEHHBIE 3JIEK-
TpOMEMOpaHHbIE MPOLECChl U TEXHOJOTHMM» JIOJHKHO MPEANIeCTBOBATh M3yUYEHUE
TaKUX AUCIHUIUIMH, Kak «Jlormka W MeTomojorusi HayyHOro mno3HaHus», «Ho-
CTPaHHBIN S3BIK B CHENUATBLHOCTHY U «DU3UKOXMMHS MOHOOOMEHHBIX MaTepua-
70B». JlaHHAs TUCUMIUIMHA SIBIASIETCS OCHOBOM JIJIi M3YUYEHHUS TUCHUIUIMHBI «DyH-
JTaMEHTaJIbHbIE€ OCHOBBI MHTEHCU(PUKALUA MEMOPAHHBIX TPOLIECCOB.

1.4 TlepeyeHb NMIAHMPYEMBIX Pe3yJabTATOB O0y4YeHHMSl MO JAMCLHHUIIMHE
(MOIyJ/I10), COOTHECEHHBIX € IUIAHUPYEMbIMM pe3yJibTATaMH OCBOEHHUsI 00pa-
30BaTeJbHOM NMPOTrPAMMbI

[Ipouecc u3ydeHUs] MUCHUIUIMHBI HamNpaBieH Ha (POPMHUPOBAHUE CIEAYIO-
mux kommereHuu: OIIK-1: TTK-1.

No Nunexc | ConpepkaHue KoMrie- B pesynbprare uzydeHus: yueOHON AUCIUTUIAHBI
. 1; KoMIie- | TeHuuu (i e€ ya- o0ydaromuecs: JOIKHbI
" | TeHIMM CTH) 3HATh YMeTh BJIaJleTh

1. OIIK-1 | CriocoOHOCTBIO CaMoO- | OCHOBHbIE 3a-

CTOSATEIBHO 0Cy- | KOHOMEPHOCTH

LIECTBJIATh  HAY4YHO- | MPOTEKAHMS

HCCIIEA0BATENBCKYIO ANEKTPOMEM-

JeSITEIbHOCTh B COOT- | OpaHHBIX MPO-




Ne Nunexc | ConpepkaHue KoMiie- B pesynbrare nzyuenus: yueOHON AUCIUTIIIMHBI
LI KOMIIe- TeHUHH (Uu e€ ya- 00ydaromuecs: JOKHbI
TEHLIUU CTH) 3HATh yMeTh BJIA/IETh
BETCTBYIOLIEM  IPO- | LIECCOB
¢deccuonanpHolt  00- | (Lngp: 3
Jactd ¢ ucnojb3oBa- | (OIK-1) — 3)
HHUEM  COBPEMEHHBIX
METOZI0B  HCCIeA0Ba-
HUSA ¥ UH(DOpPMAIOH-
HO-
KOMMYHHUKAIIMOHHBIX
TEXHOJIOTHI
2 [1K-1 CrocoOHOCTBIO TPHU- | OCHOBHBIE 3Ta- | ONMPEAENATh U | HAaBbIKAMU HC-
MEHSITh OCHOBHBIE | TIbI pa3pabOTKH | 0OecreYnBaTh | MOJb30BAHMS
MIPUHIIMIIBI, TEOPUU M | COBPEMEHHBIX | YCIOBUS, HEOO- | COBPEMEHHBIX
KOHIICTIIIII COBpE- | AIEKTPOMEM- XOIUMBIE  JUISl | MOCTHOKEHHM B
MEHHOM  DIIEKTPOXHU- | OpaHHBIX TeX- | ONTHUMAJIBHOTO | O0JIACTU DJIEK-
MUM ISl PEIICHMs | HOJOTUH U | MPOTEKAHUS TPOXMMHUH, A
(GyHIaMEHTAIbHBIX M | TPOIECCOB 3JEKTPOMEM- TAKKE  CMEX-
MPUKIIAAHBIX 33124 (IIudp: 3 | OpaHHBIX TIPO- | HBIX IUCIIH-
(IIK-1)-1). IIECCOB IUIMH IS pas-
(IMudp: Y | paboOTKH HOBBIX
(IMTK-1)-1) TEXHOJIOTHIi
(IIngp: B
(IIK-1)-1)

2. CTpyKTYypa U coJep:kaHue TUCHUILINHBI

2.1 Pacnpeaesienue Tpy10€MKOCTH IMCUMIIIMHBI 10 BUAAM padoT

OO6mrast Tpya10EMKOCTh TUCHIUTIINHEI cocTaBisieT 3 3ad.en. (108 wacom), ux
pacripeiesieHue 1o BujiaM padoT MPEACTaBICHO B TaOIuIle

Ounas ¢oopma obyuenus

Bun yuebHoit paboTbl Bcero Kypc
4acoB (uacer)
2
AyIuTOpHBIE 3aHATHS (BCET0) 108 | 108
B ToM uucne:
3aHATHS JIEKIIMOHHOTO THUIIA 8 8
3aHATUS CEMUHAPCKOTO TUTA (CEMUHAPBI, TPAKTUYCCKHE 6 5
3aHATHA)
JlaGopaTopHble 3aHATHS 16 16
CamocrosiTesibHas padora (Bcero) 78 78
B Tom uncie:
IIpopabomxka yuebHnozo (meopemuueckoco) mamepuand 16 16
Buvinonnenue unousuoyanvhuix 3a0anuti (n0020moexa co- 42 42
00WeHUll, npezenmayuti)
Pechepam - -
Ilooecomoska k mexkyujemy KOHmMpPOIIO 30 30
IpomexxyTounas atrectanuu (3a4er) - -




OO0mas TpyA0eMKOCTh Jac 108

3a4. efl. 3

3aounas gpopma obyuenus
Bun yaeOHO# paboTh Bcero Kypc
4acoB (gacel)
2 3

AyauTOpPHBIE 3aHATHS (BCEro) 108 36 | 72
B ToM uucne:
3aHATHUA JIEKIUOHHOIO TUIIA 8 4 4
3aHsATHUSI CEMUHAPCKOTro TUIIA (CEMUHAPBI, IPAKTUUECKUE 10 4 6
3aHATHUSA)
JlaGopaTopHblie 3aHITHS 12 - 12
CamocrositesibHas padora (Bcero) 78 28 | 50
B Tom uncie:
IIpopabomxka yuebnoco (meopemuueckoeo) mamepuana 18 6 12
Buvinonnenue unousuoyanvhvix 3a0anuil (H0020mosKa co- 44 18 | 26
oOwenull, npezenmayuti)
Pechepam -
Iloozomoeka k mexywemy KOHmMpPO.0 16 4 12
IIpomexyTouHAasi aTTeCTANMM (329CT)
OO61mast TpyA0eMKOCTh qac 108 36 | 72

3ad4. eI. 3 1 2

2.2 CTpyKTYypa IMCUMILINHBI

Pacnipenenennie BumoB yueOHON pabOThl U MX TPYAOEMKOCTH TIO pa3jesiam

JUCITUTITUHBL.
Ounas ¢oopma obyuenus

KonuuectBo yacos
Ne
CamocTosTenbHas
pas- HanmenoBanue pa3nenos AynuropHas pabota
Bceero pabota
nena
J I3 | JIp
1 2 3 4 5 6 7
1 CoBpeMeHHbIe MEMOpPaHHbIE IPOIIECCHI 20 ) 18
' KaK aJibTePHATHBA «IEPHOI» XUMHUU.
DneKTpoMeMOpaHHbIE TEXHOJIOTHI
2. OYUCTKH, Pa3/ieleHUs] U KOHIIEHTPUPO- 32 2 2 8 20
BaHHUS BEICCTB.
DEeKTPOXUMHUYECKHE TIPOIECCHI U SIB-
3. JICHUS, JIS)KAIIUE B OCHOBE COBPEMCH- 28 2 2 4 20
HBIX MEMOpPaHHBIX TEXHOJIOTHH.




KonnuectBO yacoB

Ne
CamocrosTenbHas
pas- HaunmeHnoBanue pasneinoB AynuTopHas padora
Bcero pabota
nena
J I3 | JIP
Ocankoo0pa3oBaHue U OTpaBIICHUE
4. 3apsHKEHHBIX MEMOpaH B COBPEMEHHBIX| 28 2 2 4 20
AIIEKTPOMEMOPAHHBIX TEXHOIOTHSX.
Bcezo: 108 8 6 16 78
Paznensl nuctuminHeel, u3ydyaemsbie Ha 2 Kypee (aas ¢cTyaeHToB 3D O)
KonunuecTBo yacos
Ne
CamocrosTenbHas
pas- HaunmenoBanue pasnenoB AynuTopHas padora
Bcero pabota
nena
J I3 | JIP
1 2 3 4 5 6 7
N CoBpeMeHHBIC MeM6p"aHHbfe mponecest| 5 ] ] 18
KaK aJbTePHATUBA «IEPHON» XHUMHUHU.
DJIeKTpOMEMOpaHHbBIE TEXHOJIOTUN
2.  |OYMCTKH, pa3ielieHUus U KOHIIEHTPUPO- 6 2 4 - 20
BaHMS BEICCTB.
Bcezo: 36 4 4 - 28
Paznensl nucuuminHeel, u3ydaemseie Ha 3 Kypce (aas ¢cTyaeHToB 3D O)
N KonuuectBo yacos
. CamocrosiTenbHas
pas- HaunmenoBanue pa3zienoB AynuropHas paboTa
Bcero pabora
nena
J I3 | JIP
1 2 3 4 5 6 7
DEeKTPOXUMHUYECKHE TPOIECCHI U SIB-
3.  |meHws, Iexarire B OCHOBE COBPEMEH- 40 2 4 8 26
HBIX MEMOpPAHHBIX TEXHOJIOTH.
OcankooOpazoBaHue U OTPaBJICHHE
4.  |3apsDKEHHBIX MEMOpaH B COBPEMEHHBIX| 32 2 2 4 24
AIIEKTPOMEMOPAHHBIX TEXHOJIOTHUSIX.
Bceeo: 72 6 12 50
UTOI'O no 2 200am obyuenus 108 8 10 12 78

2.3 Conep:kaHue pa3iejoB IMCHUILIMHBI
2.3.1 3angaTHA JeKIUOHHOI0 THIIA




HanmenoBanue ®dopma TEeKyIIEero
No Coneprxanue paszena
paszena KOHTPOJIS
1 2 3 4
1. | CoBpemeHnHbIe MeM- | BBenenue. Dkosiornueckue M 3KOHOMMYE- | YCTHBIM onpoc
6paHHBIe MPOLECCHl KaK CKHEC NPCANOCHIIKHU JJIA IMEPEX0Ja K HOBbIM
ANlbTepHATHBA «uEpHOiD» | PECYPCO- H AHEprocOEperaouM TEXHOJIO-
N— rusM. [Ipumepsl peanu3anuu HOBBIX 3HEp-
' ro- U pecypcocOeperaromux 3IeKTPOMeM-
OpaHHBIX TEXHOJIOTUH B XMMHYECKOH IpPO-
MBIIIJICHHOCTH ¥ CMEKHBIX 00J1aCTSIX.
2. | DrnexTpomeMOpaHHBIC KoHncTpykuuu anekrpoMeMOpaHHbIX MOAY- VYcrHblii onpoc
TEXHOJIOTUU OYHUCTKH, Heﬁ, npeaAHa3HAUYCHHBIX AJId OYHUCTKH, pa3-
pasneneHHs W KoHieH- | AC/ICHHS U KOHLEHTPHPOBAHUS BEILIECTB.
Nx npeumyiectsa u HegoctaTku. OnTu-
TPUPOBAHUS BELLIECTB.
MaJIbHbIE YCIIOBUS PeaIu3alUu AJIEKTPO-
MeMOpaHHBIX npoueccoB. Mx nocronHcTBa
Y HEJJOCTATKHU.
3. | DieKTpoXHuMHUYECKHE MexaHu3Mbl IEPEHOCA HOHOB U BOJBI B YcrHbliil onpoc
MPOLECChl U SIBJICHUS, MeM6paHHBIX CHUCTCMAX B YCJIOBHUAX IIPOTEC-
JIGKAIAE B OCHOBE co- | KAHMSA JICKTPHYECKOrO TOKA. OcobenHoctu
pealn3aiuy IeKTPOMEMOPaHHBIX MPOIIeC-
BPEMEHHBIX  MeMOpaH- . .
. COB B IIUIIEBOM, (hapMaIieBTUIECKOM MPo-
HBIX TCXHOJIOTHH. MBIIUIEHHOCTH U B MEJULIMHE.
4. | OcankooOpazoBanue wu | OcobeHHOCTH (HYHKIITMOHUPOBAHUS 3aps- VYcerHbll onpoc
OTpaBIIeHHE  3apskeH- | KCHHBIX MEMOpaH B MHOTOKOMIIOHEHTHBIX
HBIX MeMOpaH B coppe- | PACTBOpax. MexaHu3MBbI IPOLECCOB OCal-
KOOOpa30BaHUs U OTPABIICHUS] MEMOpaH.
MEHHBIX  3JIEKTPOMEM-
OpaHHBIX TEXHOJIOTHUSX.
2.3.2 3aHSATHSI CEMHUHAPCKOTO THIIA
Haumenosanue dopma TeKyIero
No Coneprxanue pasjena p ym
pasziena KOHTPOJIS
1 2 3 4
1. | DnextpomemOpaHHbIE [IpuHIKIIBI BEIOOpA ONITUMANTBHBIX TEXHO- TectupoBanue,
TEXHOJNIOTHH  OYMCTKH, | JIOTUH OUMCTKH, Pa3[eNeHus U KOHIEHTPU- | PEICHUE CUTYya-
pasfeNeHns W KoHIeH- | POBAHW BEIECTB B 3aBUCHMOCTH OT KOH- [IUOHHBIX 3a/1a4
KpEeTHBIX ycioBuid. [ uOpuHbIe MeMOpaH-
TPUPOBAHUS BEIIECTB.
HbI€ TEXHOJIOTHH C IPUMEHEHUEM DJIEKTPO-
MeMOpaHHBIX MoyNel. Pemenue cutyaru-
OHHBIX 3aJ71a4
2. | DIeKTpOXHMHUYECKHe Huddy3nonnsie, MUTpalliOHHbIE, KOHBEK- VYceTHBII onpoc
NPOLIECCHl U SABJIEHUS, TUBHBIC U CMCIIAHHBIC MCXaHU3MBI TPpaHC-
JIeKAIAE B OCHOBE co- | 1IOPTa HOHOB H BOJIBI B AIEKTpOMeMOpaH-
HBIX MOJYJISIX. BIusiHue TOKOBBIX PEKUMOB
BPEMEHHBIX  MeMOpaH-
. Ha 3()(PEeKTUBHOCTH HIEKTPOMEMOPAHHBIX
HBIX TEXHOJIOTH. IPOIECCOB.
3. | OcaakooOpa3oBanue u | XUMHUYECKHE OCHOBBI 00pa30BaHUs MaJlo- VYcTHBIH onpoc

PaCcTBOPUMBIX BEIECTB Y IIOBEPXHOCTEN U

7




OTpaBJICHHE  3apsDKEeH-
HBIX MeMOpaH B COBpe-
MEHHBIX  DJIEKTPOMEM-

6paHHBIX TEXHOJIOI'UAX.

B 00bEeMe 3apsHKEHHBIX MEMOpaH B yCIIOBHU-
X IPOTEKAHUs dJIEKTpUUecKoro Toka. Cro-
COOBI TIPOJUICHUS CPOKA CITYKOBI 3apsKEH-
HBIX MEMOpaH B 3JIEKTPOMEMOpaHHBIX MPO-
eccax.

2.3.3 JlabopaTopHble 3aHATHA

Haumenosanue ®dopma TeKyIero
Ne HaumenoBanue 1abopaTopHbBIX paboT p ym
pazneina KOHTPOJIS
1 2 3 4
1. | DnexTpomemMOpaHHbIE ObecconrBanme BOAHBIX PACTBOPOB METO-  |3amiuTa Jabopa-
TEXHOJIOTUH OYHCTKH, JIOM JJICKTPOJIraJIn3a. TOpHOﬁ pa6OTI)I
pasjeleHus 1 KOHIEH- [IpenenbHOE KOHIIEHTPUPOBAHUE BOAHBIX 3aIHI/ITfl nabopa-
pacTBOPOB. TOPHOI pabOTHI
TPUPOBAHUS BEIICCTB
2. | DIIGKTPOXUMHUYECCKUE Omnpenenenue BkiIanoB dddexra sk3anpra- |3ammra gadopa-
npoueccsl M sIBJIeHMs, | MU TIIPEJICIbHOTO TOKa, IPaBUTAIMOHHOW U |TOPHOM pabOTHI
JeKALME B OCHOBE co- | YICKTPO- KOHBEKLIMH B CBEPXIIPEICITbHBII
MacCconepeHoc.
BPEMEHHBIX  MeMOpaH-

HBIX TEXHOJIOTUH.

3. | Ocamkoobpa3oBanue u | M3yuenue npoiecca ocagkooOpa3oBaHus B
IIPOLIECCE IEKTPOAHANIN3A IPUPOJAHBIX

BOJIL.

3ammra 1abopa-

OTpaBJICHUE TOPHOM PabOTHI

3apsiKeH-
HbIX MeMOpaH B cOBpe-

MCHHBIX OJICKTPOMEM-

6paHHBIX TCXHOJIOTHAX.

2.3.4 IlpumepHasi TeMaTHKAa KypCOBBIX padoT (IPOEKTOB)
KypcoBsie paboThl HE IPETyCMOTPEHBI YUEOHBIM IJIAHOM

2.4 IlepevyeHb y4eOHO-MeTOANYECKOT0 00ecreYeHUsl Il CAMOCTONATE/Ib-
HOM padoThI 00YYAKIIMXCH M0 JTUCHUILTHHE (MOIYJIIO0)

CamocrosiTenbHas paboTa acupaHTOB MPOBOAUTCS B (POPME M3YyUEHHUS OT-
JENbHBIX TEOPETHYECKUX BOMPOCOB MO MpPEAJaraéMoil JHUTEepaType U CamMOCTOS-
TEJIBHOTO pelIeHUsl 3a1ady ¢ JalbHEUIINM KX pa300poM WU OOCYKJIEHHEM Ha
ayJIMTOPHBIX 3aHATUAX. BO BpemMs caMOCTOATENHHON MOATOTOBKH O0ydYaromuecs
obecrieuensl goctynom k cucteme MY IJI Kyol'Y, nmoctynom uepes MuTepHeT k
nHpopMarmoHHO-aHAIMTHYeCKUM Oa3zam manHeix PHHIL m Scopus, a Takxke k
ounbnmotreynbiM (oHmaM (dekTpoHHas OubOamorexka muccepranmii PI'B, Diek-
TpoHHast OumOymoteka grebennikon.ru, MudopmarmonHsie pecypchl KOMIAHUU
«Muterpym-Texno», Hayunsie 6a3er kommnannu «Vct Bero Uadopmetinma CepBu-
cu3, Muk», Ob/] komnannun EBSCO, Hayunslie 311. )xypHansl SAGE, DnexTpoHHas
OoubnuoTeuHasi cuctema uzaarenbcTBa «Jlanb», DnexkrpoHHas kosuiekuus Okc-
dopackoro Poccutickoro ®ona u ap. )



Obecnieuenne 00y4arOIUXCs MHBAIUIOB U JIHI] C OTPAHUYEHHBIMU BO3MOXK-
HOCTSIMU 3/I0POBbSI Y4€OHO-METOMUECKIMHU PECYpCaMH OCYIIECTBIICTCS B (op-
Max, aIanTHPOBAHHBIX K OTPAHHYCHUSM HX 3JI0POBBSI.

Hepequb yqe6H0-MeToz[quc1<oro obecnieueHus JUCHUITIIMHBI I10

U OTpaBICHHUE 3aps-
KEHHBIX MeMOpaH B
COBPEMEHHBIX  3JIEK-
TPOMEMOPaHHBIX
TEXHOJIOTUSIX.

HaumenoBanue N
Ne BBITIOJITHEHUIO CaAMOCTOATCIIbHON pa60TBI
pasnena
1 2 3
1.Cospemennbie Mem-| 1. Pourcelly, G., Nikonenko, V.V., Pismenskaya, N.D. and Ya-
6pannele  mpoueccer| oslavtsev, A.B. (2012): Applications of charged membranes in
KAK  AIBTEpHATHBA separation, fuel cells and emerging processes. In: Ionlc.lnte.rac-
«aBpaoii XM, tions m_NaturaI and Synthetic Macromolecules, Eds. Ciferri, A
and Perico, A. (Hoboken, NJ: John Wiley & Sons, Inc.), 761-
816. (MY IJI KyoI'Y, - 6a3a nH(bOPMAIMOHHBIX TOTPEOHOCTEH,
http://infoneeds.kubsu.ru/; 6udnnoreka kadeapsr GuU3XUMUMA
KyoI'Y).
2. Seung-Hyeon Moon and Sung-Hyun Yun Process integration
of electrodialysis for a cleaner environment, Current Opinion in
Chemical Engineering, 4 (2014) 25-31 (MY JI Ky6I'V, no-
crynHa B MaTepaer www.sciencedirect.com
http://dx.doi.org/10.1016/j.coche.2014.01.001)
2.2nextpomembpannbie| 1. Pourcelly, G., Nikonenko, V.V., Pismenskaya, N.D. and Ya-
texuonoruu ounctku,| roslavtsev, A.B. (2012): Applications of charged membranes in
pasjienenus M KOH- s_eparqtion, fuel cells and em_erging processes. In: Ionic_lnte_rac-
LCHTPUPOBAHUA  Be- tions in Natural and Synthetic Macromolecules, Eds. Ciferri, A
and Perico, A. (Hoboken, NJ: John Wiley & Sons, Inc.), 761-
THECTE. 816. MY JI KyoI'Y, 6ubmmoteka kadenpsr puzxumun
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3. O0pa3oBaTe/bHbIE TEXHOJIOTHH

[Ipu peanuzanuu y4eOHOM pabOTHI MO OCBOEHUIO Kypca «CoBpeMeHHbIE
3JIEKTPOMEMOpaHHbIE MPOLIECCHI U TEXHOJIOTUN» UCIOJB3YIOTCS COBPEMEHHBIE 00-
pa30BaTENIbHbBIE TEXHOJIOTUU:

. WH(OPMAITMOHHO-KOMMYHHUKAITMOHHBIC TEXHOJIOTHH;
. MIPOCKTHBIC METOBI O0YUCHUS;

. UCCIICIOBATEIILCKUE METO/IbI B O0YUCHHH;

. npo0JieMHOE 00yUCHHE.

YcnemHoe 0cBOeHHE MaTepuala Kypca IpenoiaraetT 00iblIyl0 caMoCTOsI-
TEJNbHYIO pab0Ty aCUPAHTOB M PYKOBOJICTBO ATOU pabOTOI CO CTOPOHBI Mpenoa-
BaTEJIs.

s popmupoBanus npodecCHOHATBHBIX KOMIIETEHIIMN B MPOIIECCE OCBOE-
HUSI Kypca HCIMOJB3YETCsl TEXHOJIOTUs MpodecCHoHaIbHO-Pa3BUBAIOIIETO 00yUe-
HUS, IpeycMaTpuBalolias He TOJBKO Nepesady TEOPEeTUYECKOro MaTeprala, Ho U
CTUMYJIMPOBAHUE U Pa3BUTHE MPOJYKTHUBHBIX [TO3HABATEIbHBIX JEHCTBUI CTYyIEH-
TOB (Ha OCHOBE ICHUXOJIOTO-TIEAAarornyecKo TEOPHUH MOITATHOTO (HOPMUPOBAHUS
YMCTBEHHBIX JIEUCTBHH).

Bun 3ansatus Hcnonb3yembie MHTEpaKTHBHBIC 00pa30BaTEIIbHEIC KomnmaecTro
(JI, ITP, JIP) TEXHOJIOTHH 4acoB
JI Jlexnus-6ecena, METOT MOMCKA OBICTPBIX pELICHUH B 6
rpyIie
11P [TpoGneMHBbIi ceMuHap 6
JIP Pabota B ManbIx rpynnax 12
Hmoeo: 24

I[JIH HHBAJIMAOB U JIMI] C OI'PaHNYCHHBIMU BO3MOKHOCTAMHU 3J0POBbA pCallu-
3YIOTCA HMHIWBUAYAJIBHBIC O6p330BaTeJ'IBHI>Ie TCXHOJIOTHH, KOTOPBIC ITIO3BOJIAIOT
IMOJIHOCTBIO MHAUBUAYAIU3UPOBATb COACPKAHNC, MCTOAbI 1 TCMIIbI yqe6H0171 AC-
TCIbHOCTH MHBAJINA4, BHOCUTH BOBPCM:A HGO6XOI[I/IMI>IC KOPPCKIHUHU KaK B ACATCIIb-
HOCTb CTYACHTA-UHBAJINA4, TaAK U B ACATCIbHOCTD IIPCIIOAaBATCIIA.

4. ®oH/ OLEHOYHBIX CPEACTB /JJIf NMPOBeJAEHHUs] TEeKYyIleil U MPOMEXY-
TOYHOM ATTECTAMU ACIMPAHTOB

TunoBbie KOHTPOJIbHBIE 32JaHUS UM UHbIE MATEPHUAJIbI, HEO0XOAUMBbIE
JJIS OLEHKM 3HAHMH, YMEHHMH, HABBIKOB U (WJIH) ONbITA JAeATEJbHOCTH, Xa-
PAKTEepU3yINMX 3TaNbl POPMHUPOBAHUSA KOMIIETEHIMH B IMpPolecce 0CBOCHUSA
00pa3oBaTeIbHOM MPOrPaMMbI

JleKIIMOHHBIE 3aHATHSA

Bonpocel Ajisi ycTHOoro ompoca mo pasaeay «CoBpeMeHHbIe MeMOpaHHbIE

MPOLECCHI KAK AJIbTEPHATHBA «YEPHOI» XUMUM»

1. B 4em OCHOBHBIE PA3NUUHS MEKIY «UYEPHOIN» U «3ETEHOM» XUMHEH?

2. Kak npoucxoauT nepexo] Ha «3eJeHbley» TexHoaoruu B Poccun?

3. UeM 00ycioBIeH Mepexoa K HOBBIM PECypco- M 3HEprocOeperaroium MeM-
OpaHHBIM TEXHOJIOTHSIM B CTpaHax C pa3BUTHIMU YKOHOMUKaMU?
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7.

[IepeuricnuTe OCHOBHBIE TPUHIIUIIBI «3E€JIEHONY» XUMUH.

Kakue 13 NpuHIUIIOB «3€JI€HOW» XUMHUU MOTYT OBITh PeaIn30BaHbl B AJIEKTPO-
MEMOpaHHBIX TEXHOJIOTHUSX?

Pacumdpyiite Tepmua ZLD. KakoBo MecTo anekTpoMeMOpaHHBIX MPOIECCOB
115 peanuzanuu ZLD TexHomoruii?

[TosicHuTe TepMHUH «TUOPUHBIE MEMOpPAHHBIE TEXHOJIOTUNY?

BOHPOCBI AJIA YCTHOI'0O ommpoca 1mo pasjaenay «3.]'ICKTpOMeM6paHHLIe TEXHOJIO0-
' OYMCTKH, PA3ACJICHUA U KOHIHCHTPUPOBAHUA BEIIECCTB»

1.
2.
3.

o

YeM OTIMYAOTCS IIEKTPOIU3EPHI U AIEKTPOIUATU3ATOPHI?

KakoBbI TOCTOMHCTBA M OrPaHUYEHUS TPAJAULIMOHHOTO AIEKTpOarann3a’?
KakoBbl OCHOBHBIE TPEH]IbI COBEPIICHCTBOBAHMS MEMOPAHHBIX MAKETOB AJIEK-
TPOAUAIN3ATOPOB?

[lepeuncinre mapaMeTpsl HHEPTHBIX CIIEHCEPOB, KOTOPBIE ONPEIEISIIOT NHTEH-
CUBHOCTbD IIpolecca 00eCCONMBaHMsI B TPAJAULIMOHHOM AJIEKTPOINATIHU3E.
[Touemy 11 OCYIIECTBIICHHSI JJIEKTOIEHOHU3ALMHA UHEPTHBIE CIIEHCEPHI 3aMe-
HSIFOT MOHOOOMEHHBIMU?

KakoBbl OCHOBHBIE KOHCTPYKLIMM HOHOOOMEHHBIX ClielicepoB?

KakoBbl mpeumyInecTBa W HEJOCTAaTKU MEMOpPAaHHBIX METOJIOB IOJIYy4YEHUS
AIEKTPOIHEPTUU?

Bomnpocs! IUIs1 yCTHOTO 0IPoca Mo pa3aeny «JIeKTPOXUMHYECKHEe MPOecchl U
sIBJICHMS1, JIe)KaIle B OCHOBE COBPeMEHHBIX MEMOPAHHBIX TEXHOJIOT i

1.
2.
3.
4
5.

6.

B ueM cyTh 1 KaKOBbI ABMKYIIUE CUIIbI AU(P(HY3MOHHOTO TPAHCIIOPTA HOHOB?
B 4eM CcyTp 1 KakoBbI IBHOXKYILME CHJTBI AIEKTPOMHUIPALIMOHHOTO TPAHCIIOPTa HOHOB?
B ueM cyTh 1 KaKOBBI ABMKYIIME CUJIbl KOHBEKTUBHOI'O TPAHCIIOPTA HOHOB?
KakoBa posib XUMHUECKUX PEAKIUA B AJIEKTPOMEMOpPAHHBIX Mpolieccax, pea-
JN3YyEMBIX B (papMalieBTUYECKOMN U MUILEBOM TPOMBIIIIEHHOCTH?

[Touemy 1uist 3TUX BUJOB IMPOMBIIUIEHHOCTH K MeMOpaHaM NpeIbsABIAIOT MO-
BBIIIIEHHbIE TPEOOBAHMS?

HazoBute nsBectHbie BaM anekTpoMeMOpaHHbI€ MPOIECCH, KOTOPHIE UCHOJb-
3YIOT B MEJIULIMHE.

Bomnpocskl U1s1 yCTHOTO onpoca no paszaeiy «Ocaakoodpa3oBaHue U OTPaBJIeHHE
3apsiZKeHHBIX MEMOPaH B COBPEMEHHBIX 3JIEKTPOMEMOPAHHBIX TEXHOJIOTHSIX)

1.
2.

HmeroT u anekTpoMeMOpaHHbIe METOIbI KaKHUe-THO0 OTpaHYEHUS?

C kakumu TpobiieMaMyu CTaJKUBAIOTCS T€, KTO MBITACTCS 3aMEHUTH TPAIHIIH-
OHHbIE TEXHOJIOTHH 3JIEKTPOMEOpaHHBIMU?

Kakwue BemecTBa B HanOOJIBINCH CTEIIEHH COKPAIAIOT )KMU3HCHHBINA ITUKJI MEM-
OpaH u nouemy?

[ToueMy nbBUHAs J0JIS HAYYHBIX MyOJIMKaIMiA B 00J1aCTH MeMOpaH MOCBSIIEeHa
60pr0e ¢ ocaarooOpa3oBaHUEM U OTPABJICHHEM MeMOpaH?

Kakue mepsl Bbl IpeAnpuHsIINA Obl, YTOOBI YBEIUYUTh KU3HEHHBIA [IUKJI MEM-
OpaH 1npu nepepadoTKke MHOTOKOMIIOHEHTHBIX PacTBOPOB?
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CeMuHapckue 3aHATHS

IIpumep TeCTOBOrO 3aJaHUA MO pasfeny «JIeKTPoMeMOpaHHbIe TEXHOJIOTMH
OYMCTKH, Pa3aec/JICHUA U KOHHNCHTPUPOBAHUA BCIIECCTB»

1. Kakoe oTHoIeHHE paccTossHUs MexkAy *Kuinkamu ceTku () k ee Tonmuue (h) sB-
JISIETCS ONITUMAJILHBIM ?

a) I/h=1;

0) 3<I/h<5;

B) I/h=8;

2. Kakoii u3 nOHOOOMEHHBIH crielicepoB 00ecreyMBacT MUHUMAJIBHBIA «BBIOPOC
coJm»?

a) CMEIIaHHbIN TOJMCIION KaTHOHO- U aHHOHOOOMEHHOW CMOJIBI,

0) MoauCI0M aHHOHOOOMEHHOM CMOJIHI;

B) MOHOCJIOM KaTHOHO- 1 aHHOHOOOMEHHOM CMOJIHI;

r) OUIOJIsIpHas BCTaBKa U3 KATHOHO- 1 aHHOHOOOMEHHBIX BOJIOKOH.

IIpuMepbl CHTYAaUMOHHBIX 33/1a4 MO pa3jenay «JJIeKTPOMeMOPAHHbIE TeXHO-
JIOTUM OYUCTKH, pa3ieJieHUs 1 KOHIEHTPHPOBAHUSA BelLECTB)

1.

Bam Hy)xHO 0o0OecrneunTh HENPEPHIBHYIO AEMOHHU3ALUIO pa30aBICHHBIX PAJIUO-
aKTUBHBIX CTOKOB, KOHUEHTpALMs PAaJUOHYKIUIOB B KOTOPBIX paBHA 5 MI/J,
CKOPOCTh MOCTYIUJIEHUSI 3TUX CTOKOB paBHa 1 ky0. M/4. Kakas KOHCTpyKLHs
MeMOpaHHOTO MOJYJIsl M KaKue TOKOBbIE pekuM Brl BeiOepeTe? Kakumu npuH-
nunaMmu OyJeTe pyKOBOJCTBOBATbCS IMPHU BbIOOpE MEMOpaH M APYTHX KOH-
CTPYKLMOHHBIX MaTEPUAIOB?

B cBs3u ¢ pacnipoctpanenueMm Ha Poccuto eBpomneickux HOpM Ha cOpoc pas-
OaBJIEHHBIX CTOKOB B OTKPBITHIE BOJAOEMbI, BaM cpouHO HY>KHO NOJATh 3asBKY
Ha KOHKYpPC Hay4yHBIX MPOEKTOB. B 3asBke Bbl NOMKHBI IPEIIOKUTH U 000C-
HOBaTh caMyio (P(GEKTUBHYIO M IKOJOTHUECKH 11€J1eCO00Pa3HYI0 TEXHOJIOTUIO
npenoTBpanieHus: Takux copocoB. Kakyro texHomoruto Bl mpennoxure? Ka-
KYIO JOMOJHUTENbHYIO MH()OPMALMIO 3aPOCUTE Yy MOTEHUIMAIbHBIX 3aKa3uu-
koB? Ha kakue pasznenbl KOHKYPCHOM JIOKYMEHTaIlluh 0OpaThuTe 0c000€ BHU-
MaHHe?

Bomnpocek! 1J151 yCTHOr0 0onpoca 1no pasjaeny «JeKTPoXuMHYecKue npouecchl u
sIBJICHMNS], JIe:Kallle B OCHOBE COBPEMEHHBIX MEMOPAHHBIX TEXHOJIOTHII»

1.

2.

KakoBbl nBuxymue cuibl AUGPy3nOHHOTO, JIEKTPOMUTPALIMOHHOTO U KOH-
BEKTUBHOI'O TPAHCIIOPTA HOHOB?

Kakumu ypaBHEHUSMH OHU OMKUCHIBAIOTCS?

B kakux snekTpoMeMOpaHHBIX MPoIleccax U MOoYeMy HYKHO YUHTHIBATH Tepe-
HOC BOJIbI uepe3 MeMOpaHbl? KakoBbI MEXaHU3MBI 3TOTO TiepeHoca?

B kakux s5eKTpoMeMOpaHHBIX TIPOIIECCax U MoYeMy HEOOXOIUMO CTUMYJITUPO-
BaTh JICKTPOKOHBEKIMIO WM IPABUTAIMOHHYIO KOHBEKIIUIO?

B kakoii cTeneHn M mouyeMy TOKOBBIE PEKUMBI BIUSIOT Ha AJIEKTPOMEMOpaH-
HBIE MPOLIECCHI?

Kakue TokoBbie pexumbl Bam n3BecTHbI?
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Bonpocsl /151 YCTHOTO ompoca mo pasaeiay «Ocaakoo0pa3oBaHue U oTpaBJie-
HUE 3apsi’KeHHbIX MeMOpPaH B COBPEMEHHBIX JJIEKTPOMEMOPAHHBIX TE€XHOJIO-

TUSIX»

1. KakoBbl TEOpPETHUECKHE OCHOBBI IMPOIIECCOB OCAaTKOOOpPA30BAHUS B AJIEKTPO-
MeMOpaHHBIX cUCTeMax?

2. Kaxum 06pa3om nporecchl 0caako00pa30BaHus YUUTHIBAIOTCS B COBPEMEHHBIX
MOJICTIBHBIX MPEACTABICHUSIX?

3. Tlouemy B Hay4HO# JUTEpaType ISl OMHCAHUSA MPOIECCOB, CBSI3aHHBIX C CO-
KpalleHHEeM CpoKa CIIy>)kObI MeMOpaH HCIOJB3YIOT J1Ba TepMmuHa: Scaling u
fouling?

4. Kakue MexaHu3Mbl OTpaBiieHUs MeMOpaH Bam n3BecTHBI?

5. KakoBbl OCHOBHBIE CTTIOCOOBI OOPHOBI C OTpaBiIeHUEM MeMOpaH?

6. MOXHO 71 CHU3UTH MPOLIECC OTpaBICHUS MeMOpaH, Bapbupysl THAPOANHAMHU-

YCCKHUC U TOKOBBIC pGH(HMLI?

JlaGopaTopHble 3aHATHSA

Bomnpocs! k 1a6opaTopHbIM padoTam
Jlabopamophnasa paboma: «Obecconueanue B00HbIX PACMBOPOE MEMOOOM 3JleK-

Mpoouanu3a»

1. Kakue TpeOoBaHUSI NPEABIBISIIOTCA K pacTBOpaM, KOTOpbIE IMOJAIOTCA Ha
ANEKTPOIUATU3HBINA MOJIYJb JIJ1s1 00€CCONMBAHUS.

2. Kak ocymiecTBisieTcs mpearnoAroToBKa TaKUX pacTBOPOB?

3. Kak paccuntarh BBIXOJ MO TOKY, (pakTop 0OeccoMBaHUsA, SHEPro3arpaThl Ha
npoiiecc odbeccosiuBaHus?

4. Ilpu KaKuX TOKOBBIX PEXKUMAaX OCYIIECTBIIAETCS MPOLECC 00eCCOIBaHUsA?

5. Kak npaBuiibHO BBIOPATh 3TU PEKUMBI?

Jlabopamopnas paboma: «llpedenbHoe KoHYeHMpuposanue 600HbIX PACMBOPO8»

1. Kakue TpeOoBaHMS MNPENBABIAIOTCA K pacTBOpaM, KOTOpbIE IMOJAIOTCS Ha
AIIEKTPOAUATU3HBIN MOYJIb ISl IPEIEIBHOTO KOHUEHTPUPOBAHUA?

2. Kak ocyuiecTBiseTcs MpearnoaroToBka Takux pacTBOpOB?

3. Ilpu KakMX TOKOBBIX PEXHMAaX OCYIIECTBISETCS MPOIECC MPeneIbHOro KOH-
LEHTPUPOBAHHUS?

4. Kak npaBuibHO BBIOpATh 3TH PEKUMBI?

5. Kak paccuurtarh sHeprozarpaThl Ha MPOLECC MPENETbHOTO KOHIEHTPUPOBA-

HUSA?

Jlabopamopnas paboma: «OnpedeneHue 6Kk1A008 3¢hghexma 3K3anrbmayuu npe-
0€IbHO20 MOKA, 2PASUMAYUOHHOU U IIEeKMpPO- KOHBEKYUU 6 CBepXNpedeibHbl
MACConepeHoc.

1. Yro Takoe 3K3aJIbTalus MPEAEIbHOTO TOKa?
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2.

[Touemy nnst oreHKH BKJIaga 3TOTO d(deKxTa HyKHO U3MEPUTH MapIUaTbHbIN
TOK 1O HWOHAM — TPOAYKTaM AWCCOIMAIIMM BOJABl Ha TpaHUIle MeMOpa-
Ha/pacTBOp.

Kak pa3genuTs BKJIAIbI TPAaBUTAIIMOHHOW KOHBEKIIMU U JIEKTPOKOHBEKIIMH B
MIEPEHOC HOHOB COJIH?

Kak ocymiecTBisieTcsi Mpolecc M3YYeHHS MacCOOOMEHHBIX XapaKTePUCTHK
AIIEKTPOIMATM3HBIX KaHAIOB 00eCcCOMMBaHus?

Jlabopamopnasa paboma: «H3yuenue npoyecca ocadkoobpazosanusi 8 npoyecce
NIEKMPOOUATUZA NPUPOOHBIX BOON.

1.

2.

Kakue 351eKTpOXMMHUYECKUE METO/IbI MMO3BOJISIOT MPOCIEIUTh JUHAMUKY OCajl-
K00Opa3oBaHUs HAa HOHOOOMEHHBIX MEMOpaHax?

Kak oueHuTh pocT 3HEepro3arpar u CHI>KEeHHE 3()(PEKTUBHOCTHU 3IEKTPOIUAIIU-
3a, BbI3BaHHBIE 0CaIKO00pa3oBaHuEM Ha MeMOpaHax?

Kak npousBectu mpouecc pereHepaluuu MeMOpaH 3JIEKTPOXUMUYECKUM METO-
noM?

@oH/1 O1LIEHOYHBIX CPEICTB /JIs1 MPOBeIeHUs NMPOMeKyTOUHOI aTTecTa-
M 1J4 cryaearop O®0O

Bomnpocs! k 3auery:

1. OcHOBHBIE pa3aNuus MEXAY «YEPHOI» U «3EJICHOI» XUMHEH.

2. Tlpeamnockuiky mepexo/ia K HOBBIM PECYPCO- U IHEProcOeperaroniim TeXHO-
JIOTHSIM.

3. OCHOBHBIE PUHITUTIBI «3ETCHONY XUMUH.

4. Kakue u3 NpuHIUIIOB «3€JIEHON» XUMUU MOTYT OBITh pPEAIM30BAHBI B AJIECK-
TPOMEMOPaHHBIX TEXHOJIOTHUSX?

5. Compemennsie ZLD texHomorum.

6. I'ubpuaHble MeMOpaHHBIE TEXHOJOTHUU C MPUMEHEHHEM JIIEKTPOMEMOpaH-
HBIX MOJTyJIEH.

7. MeTonbl 00€3BpEKUBAHUS KUAKUX HU3KO PAIMOAKTUBHBIX OTXOOB.

8. KoHcTpykiust MeMOpaHHBIX MOIYJICH ISl TPAAMIIMOHHOTO 3JIEKTPOANATN3A.

9. HasznaueHue WHEPTHBIX CIEHCEPOB, Pa3aesaIONINX MEMOpPaHHI.

10.KoHCTpyKIIMK MEMOpPAHHBIX MOIYJIEH ISl 3JIEKTPOICUOHU3ALINH.

11.Ha3naueHre MOHOOOMEHHBIX CIIEHCEepPOB, pa3ACISIFONINX MEMOpPaHbl B MOTY-
JSX IS DJIEKTPOAEHOHHU3AL Y.

12.KoHCTpyKIIuM MEMOPaHHBIX MOAYJEH JUIsl MOTYYEHUS SIEKTPOIHEPTHH.

13.MexaHu3Mbl IEpeHOCa MOHOB U BOJbI B MEMOpPAHHBIX CUCTEMAaxX B YCIOBUSX
MPOTEKAHUS IEKTPUUECKOTO TOKA.

14 KoHcTpyKIIuu MeMOpaHHBIX MOAYJEH, MPUMEHAEMBIX B (hapMalleBTUYECKON
Y IUIIEBON NPOMBILIJIEHHOCTH.
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15.TpeboBanus, mpeabsBIsieMble K MaTepHaiaM 3JIEKTPOMEMOpaHHBIX MOJY-
Jeil, TPUMEHSAEMBIX B MEIHULIMHE, (PapMalEBTUYECKON 1 MUIIEBON MTPOMBILI-
JIEHHOCTH.

16.KoHCTpyKIIMM MEMOpaHHBIX MOJYJIEH, MPUMEHSIEMBIX AJIs MPEAEIbHOTO
KOHIIEHTPUPOBAHHUS PaCTBOPOB.

17.KoHCTpyKIIMM MEMOpPAaHHBIX MOAYJEH, NIPUMEHSIEMBIX JJI1 OCYLIECTBICHUS
IPOLIECCOB KOHBEPCHH COJIEN B KUCIOTHI U OCHOBAHHS.

18.0cobenHocty (HyHKIMOHUPOBAHUS 3apsKEHHBIX MEMOpPaH B MHOTOKOMIIO-
HEHTHBIX PacTBOpax.

19.11poneccel, npensaTCTBYIOMKE 0o0Jiee MHUPOKOMY BHEAPEHUIO IJIEKTPOMEM-
OpaHHBIX TEXHOJOTUH B IPOMBIIIIICHHOCTb.

20.B kakux ciaydasx W MOYeMy BO3HHMKAET OMACHOCTh BBIBOJA U3 CTPOS MEM-
OpaH M 3JEKTPOIOB B PE3yJIbTAaTE 0CATKOOOPA30BaHUS?

21.B kakux ciaydasx U MOYeMY BO3HMKAET OMACHOCTb BBIBOJA U3 CTPOS. MEM-
OpaH B pe3yJIbTaTe UX OTPABJICHUS?

22.Cioco0n1 60phOBI C 0CaTKO0Opa30BaHUEM.

23.MexaHu3MBbl OTpaBICHUS] MEMOpaH.

24.0OcHOBHBIE MEpBI, MpeArnpuHUMaeMble A5 OOpbObl ¢ OTpPaBICHUEM MEM-
OpaH.

@oHI OLIEHOYHBIX CPEACTB JJIsl MPOBeIeHUsI MPOMEKYTOUHOM aTTecTa-
uuM 17 cTyaeHToB 30

Bomnpocsl k 3auety Ha 2 kypce 1jas cTtyaeHToB 300

1. OCHOBHBIE Pa3TUUMS MEXIY «UEPHOID U «3EICHOW» XUMHEH.

2. Tlpenmockuikyu mepexojia K HOBBIM PECYPCO- U SHEProcOeperarouM TeXHO-
JIOTHSIM.

3. OCHOBHBIE PUHIIUIIBI «3EJICHON» XUMHH.

4. Kakuve u3 IPUHITUIIOB «3€JICHOH» XUMHUU MOTYT OBITh peaJTu30BaHbI B JJICK-
TPOMEMOPAHHBIX TEXHOJOTHSX ?

5. CoBpemennbie ZLD TexHonorumu.

6. T'ubpuaasie MeMOpaHHBIE TEXHOJOTHUU C MPUMEHEHUEM D3JIEKTPOMEMOpaH-
HBIX MOZYJIEH.

7. MeTobl 00€3BpEIKUBAHUS KUIKUX HU3KO PaIMOAKTUBHBIX OTXOJIOB.

8. KoHcTpykius MeMOpaHHBIX MOYJICH JIJIsi TPAAUIIMOHHOTO JIEKTPOAUATN3A.

9. HasnaueHue WHEPTHBIX CIIEHCEPOB, Pa3ICISAIONINX MEMOPAHHI.

10.KoHcTpyKITnu MEMOpaHHBIX MOJTYJICH ISl DJIEKTPOACHOHU3AINH.

11.Ha3znaueHrne MOHOOOMEHHBIX CIIEHCEPOB, PA3ICISIIONTNX MEMOPAHBI B MOJTY-
JISIX JUTSE DK TPOACHOHU3AIINH.

12. KoHCTpYKIIMU MEMOPAHHBIX MOJYJIEH JUIsl OJTYyYEHHUS SJIEKTPOIHEPIUH.
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Bomnpocs! k 3auety Ha 3 kypce s cryaeHToB 3P0

1. MexaHu3MBbI IEPEHOCA HOHOB U BOJBI B MEMOpPaHHBIX CUCTEMAaX B YCIOBHSIX
MPOTEKAHUS JIEKTPUIECKOTO TOKA.

2. KoHCTpyKIIMM MEMOpaHHBIX MOJYJICH, TPUMEHSIEMbIX B (papMaleBTUYECKOM
Y TIUILEBOI MPOMBIIUICHHOCTH.

3. TpeOGoBanus, mpeabsBIsieMble K MaTepuaiaMm 3JIEKTPOMEMOpPaHHBIX MOJY-
Jell, TpUMEHSIEMbIX B MEIULIMHE, (hapMalleBTUYECKON 1 MUILEBON MPOMBIIII-
JICHHOCTH.

4. KOHCTpYKIIMM MEMOpaHHBIX MOIYJIEH, MPUMEHSEMBIX JIsi TMPEAeTbHOTO
KOHILIEHTPUPOBAHUS PaCTBOPOB.

5. KoHcTpyKkiuu MeMOpaHHBIX MOJYJEeH, MPUMEHSIEMBIX JJIS OCYLIECTBICHUS
IPOLIECCOB KOHBEPCUH COJIEH B KMCIOTHI 1 OCHOBAHUSL.

6. OcobeHHOCTH (YHKIIMOHUPOBAHUS 3apsSHKEHHBIX MEMOpaH B MHOTOKOMIIO-
HEHTHBIX PAaCTBOpax.

7. Tlpomecchl, MpensATCTBYIOMKE 0oJjiee MIMPOKOMY BHEAPEHHUIO SJICKTPOMEM-
OpaHHBIX TEXHOJIOTUH B IPOMBIIIICHHOCTb.

8. B kakux ciydasx W MOYeMy BO3HHMKAET OMACHOCTH BHIBOJIA U3 CTPOSI MEM-
OpaH U 3JIEKTPOJIOB B pe3yJIbTaTe 0caikooOpa3oBaHus?

9. B kakux cilydasx U [OYEMY BO3HHUKAET ONACHOCTH BBIBOJA U3 CTPOSI MEM-
OpaH B pe3ysibTare UX OTPaBICHU?

10.Crioco6s1 60pBOBI ¢ 0CaAKO0OPA30BAHUEM.

11.MexaHu3MbI OTpaBJICHUS MEMOpaH.

12.0OcHoBHBIE MeEpHI, MpeanpUHUMAEMbIe I OOpHOBI C OTpaBICHUEM MEM-
OpaH.

d)opMa KOHTPOJIA IJIA IPOBCACHHA HpOMe)KYTOqHOﬁ arTeCcraluu 1mo aAucCnu-
IINIMHC — 3a4CT.
CTy,Z[eHTBI 00s13aHbI CHaThb 3a4CT B COOTBCTCTBUHU C PACIIMCAHHUCM H y‘{e6HBIM

IIaHOM. 3a4eT ABisieTcsl (OPMOM KOHTPOJS YCBOSHUSI CTYIECHTOM Y4eOHOU mpo-
rpaMMBbl 0 TUCIMIUIMHE, BHIMOIHEHUS TAOOPATOPHBIX U KOHTPOJIBHBIX paboT. 3a-
YeT MO MPOCIYIIAaHHOMY KYPCY MOKET OBITh BHICTABJICH HA OCHOBAHUHU OIEHKH JIe-
ATEIHHOCTH CTYJIEHTa B CEMECTpPE, a IMEHHO - 0 TIOCENIaeMOCTH JICKIUH, pe3yilb-
TaTaM BBITIOJIHEHHUS 3aJlaHUi M TaOOpaTOpHBIX padoT. 3ammTa 1ab0paToOpHBIX pa-
00T OCYIIECTBISETCS MOCIE BBIMOTHEHUS PaOOThI HA OCHOBAHUU MTPOBEPKH ITHCH-
MEHHOTO OTYeTa W YCTHOTO W/WJIM MUCHBMEHHOTO OMpoca OOyYarIIMXCS M0 TEME
nabopaTopHO#l paboThl. /{15 momyueHus 3auera oOyJaromIuics TOJDKEeH AaTh YAO-
BJIETBOPHUTEIIbHBIE OTBETHI HAa BCE BOIIPOCHI.

Kpurepum ouenkmu:

- OLICHKA «3a4YTEHO»: CTYACHT BJIAJICET TEOPETUUECCKUMH 3HAHUSIMA OCHOB
(YHKIIMOHUPOBAHUS COBPEMEHHBIX 3JIEKTPOMEMOPAHHBIX IIPOLECCOB, JEMOHCTPH-
pYyeT OCHOBHbIE 3HaHMsI 00 OOIIMX, CENU(PUUYECKHMX M YaCTHBIX 3ajadax COBpe-
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MEHHBIX JJICKTPOMEMOPAHHBIX IMPOIIECCOB M TEXHOJOTUW; MMeeT chopMupoBaH-
HbIC MPEACTABICHUS O MPUHIIMIIAX BbIOOpa U pealii3alliid COBPEMEHHBIX JIEKTPO-
MEMOpaHHBIX MPOIIECCOB W TEXHOJOTUWA IJisi pEUICHUS pPa3IUYHbIX HAy4YHO-
TEXHUYECKHUX 3a71a4.

- OLIEHKA «He 3a4YTeHO0»: MaTepual HEe YCBOCH WJIM YCBOEH YaCTHYHO, OT-
CYTCTBYIOT IICJIOCTHBIC 3HAHUS 00 OOMMUX, CHENMU(UUECKHX W YaCTHBIX 3aJadax
COBPEMEHHBIX JJIEKTPOMEMOPAHHBIX MPOIECCOB M TEXHOJIOTHH, CTYICHT 3aTpy.-
HSETCA B OOBSICHEHUH TMPHUHIIMIAX BBIOOpA M peau3alii COBPEMEHHBIX JJIEKTPO-
MEMOpaHHBIX MPOIIECCOB W TEXHOJOTUWA I PEIIEHUs Ppa3IUYHbIX Hay4YHO-
TEXHUYECKHUX 3a71a4.

5. [lepevyeHb OCHOBHOW M JONIOJIHUTEILHOM Y4eOHOI JUTEPATYPHI,
He00X0AUMOi1 1JI1 OCBOCHUS TUCHMILIMHBI (MOYJIA)

5.1 OcHoBHas1 TUTEpaTypa
1. MemOpanbl 1 MeMOpaHHbIE TexHoJIoruH, moj pen. A.b. SIpocnaBuea [Dnek-
TpoHHBIM pecypc] : M.: Hayuneit mup, 2013. — 611 c. Pexumm npocryna:
http://biblioclub.ru/index.php?page=book red&id=468334&sr=1

5.2 /lono/iHUTEIbHAA JIUTEPATYPA
1. Mynaep M. Beegenue B MeMOpanHyto TexHosnoruto. M.: Mup, 1999. 513 c.

5.3. llepuoanyeckue u3aanusi
1. KypHan «INeKTPOXUMUS

6. [lepeyenn pecypcoB HH(POPMALMOHHO-TEJTEKOMMYHUKAIIUOHHON CeTH
«/HTEpHET», HEOOXOAMMBIX /IJI1 OCBOEHUS AN CIUILIMHBI (MO1YJIA)
1. Pycckoe memOpanHoe o0miecTBo «MemOpaHbl U MEMOpPaHHBIE TEXHOJIOTHI:
http://memtech.ru/index.php/ru/
2. MY JUI Ky6I'yY
(http://moodle.kubsu.ru/pluginfile.php/15451/mod_resource/content/2/Ciferri_927
0_c20_main.pdf) Pourcelly, G., Nikonenko, V.V., Pismenskaya, N.D. and Yaro-
slavtsev, A.B. (2012): Applications of charged membranes in separation, fuel cells
and emerging processes. In: lonic Interactions in Natural and Synthetic Macromol-
ecules, Eds. Ciferri, A and Perico, A. (Hoboken, NJ: John Wiley & Sons, Inc.),
761-816.
Springer, http://www.springerlink.com
ScienceDirect, http://www.sciencedirect.com/

NudopmarnmonHo-ananutudyeckue 0as3pl nmanHbix PUHIL m Scopus, a Takke
oubmmoreunple  GoHnmel  (dnekTpoHHas  OuOmmoreka  mucceprammii  PIb,
OnekTpoHHass  Oubnuoreka  grebennikon.ru, MHdopmanmonHsle  pecypchl
komnanuu «UHterpym-Texno», Hayunble 06a3el kommanun «Mct Bbio
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http://moodle.kubsu.ru/pluginfile.php/15451/mod_resource/content/2/Ciferri_9270_c20_main.pdf
http://www.springerlink.com/
http://www.sciencedirect.com/

HNudopwmeiimmn Cepucus, Muky», b/ komnanun EBSCO, Hayunsle 3. xxypHambl
SAGE, OnektpoHHas OubiuoTeuyHass CcuUCTeMa  M3JaTelabcTBa  «JlaHby,
DnexTponHas koiwiekius Okcdopackoro Poccuiickoro ®ona u ap.)

7. MeToanueckue YKa3aHusi JsA OOy4YalOIIUXCsl IO OCBOEHHUIO
TUCHHUILIAHBI (MOIYJIs1)

CamocTosiTenbHas paboTa aCIMPAHTOB OCYIIECTBISIETCS B (popMe M3ydeHUs
HAyYHOH JINTEPaATyphl, MyOJUKYEMOH B BHICOKO PEHTHHTOBBIX MEPUOIUICCKUX W3-
JAHUSIX C JaJbHEHIIUM pa300poM WM OOCYKACHUEM MPOUYUTAHHBIX cTaTel (B TOM
YHUCJIe Ha HHOCTPAHHBIX S3BIKAX) Ha CEMUHAPCKUX ayJIUTOPHBIX 3aHATHSAX. BBIOOD
WHOCTPAHHBIX CTaTell M HMX TEPEBOJ] MPOUCXOIUT B TECHOM COTPYAHHYECTBE C
MpernoiaBaTesieM JUCIUIUIMHBI « THOCTpaHHBINA S3bIK». BO BpeMsi caMOCTOSTEb-
HOM TIOATOTOBKM OOydaromuecss oOecredeHbl TOCTYIIOM uepe3 MHTepHeT K WH-
dhopMallMOHHBIM 0a3aM JaHHBIX U OMOIMOTEYHBIM (OHAAM BEIYIINX YHUBEPCUTE-
TOB.

8. Ilepeyenr uHGOPMAIMOHHBIX TEXHOJOTHIl, HCHOJb3yeMbIX MPH
OCYIIECTBJIEHHMH 00Pa30BaTEJILHOIO Mpoecca no AMCHUILInHEe (MOAYJ/I10) (IpHU
HEe00X0IUMOCTH)

8.1 IlepeyeHb HEOOXOAMMOT0 POTPAMMHOI0 00ecIeYeHHus

Microsoft Windows 8, 10

Microsoft Office Professional Plus

Crnennanv3upoBaHHas aBTopckasi 0aza nannbix «ED-manager» (mpemoctas-
JI€TCS IPETNO/IaBaTEIEM ).

8.2 IlepeueHb HeOOXOAMMBIX HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM

Scopus, http://www.scopus.com/
eLIBRARY.RU (H3B), http://www.elibrary.ru/

9. MaTepuaibHo-TeXHHUYecKasi 0a3a, HeoOXoAUMaAsi 1JIsl OCYIIeCTBJIEHUS
00pa30BaTeJIbHOI0 MPOLECCA MO AUCHUIINHE (MOLYJII0)

Jlns mpoBeneHns 3aHATUH 0 JUCHHUIUIMHE UMEETCsl HeoO0XoauMasi MaTepH-
ATbHO-TEXHUYECKasi 0a3a, COOTBETCTBYIOIAS JCUCTBYIOIIUM CAaHUTAPHBIM U TPO-
THBOIIOKAPHBIM ITPAaBUJIaM U HOpMaM.

MarepuanbHO-TEXHUYECKOE 00eCTIeYeHNE TN CIIUTUTMHBI

Ne Bun pabor
(MOIyINsT) ¥ OCHAIIEHHOCTH

1. Jlexmmonusle 3ansaTHsl | Aynutopus 343C, ocHaleHHass y4eOHONW MeOenbio, KOMITh-
I0TEPOM C COOTBETCTBYIOIIMM MPOTPAMMHBIM 0O€CTICUeHH-
em (Windows, Microsoft Office), mepeHOCHBIM TpPOEKTO-
pOM, MEJIOBOU JTOCKOM.

2. Cemunapckue 3ansatus | Ayautopus (aya. 343c), ocHameHHast ydeOHOM MeOenblo,
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KOMIIBIOTEPOM C COOTBETCTBYIOIIUM MPOTPaAaMMHBIM 0OOec-
neuenueM (Windows, Microsoft Office), meperocHbIM 1po-
€KTOPOM, MEJIOBOU JOCKOM.

JIaGopatopHsble
3aHSTHS

JlaGoparopus ANMEKTPOMEMOpPAHHBIX SIBJICHUH,
YKOMIUICKTOBaHHAss  CHELUaIU3UpPOBAHHON  MeOernblo,
BBITSDKHOM CHCTEMOM BCHTWJIAIIMH, MEIOBOM JOCKOM,
CpelcTBamMH IMOXKapHON 0€30MaCHOCTH U OKa3aHUs MEepBOi
MEIUIIMHCKON MTOMOIIIH, JTA0OPaTOPHBIM 00OPYIOBAHUEM:
norennuoctaT Autolab PGSTAT 100 N; HCTOYHHMK TOKa-
BonbsTMeTp Keithley 2200-60-2 ; HCTOYHHMK TOKA-BOJIBTMETP
Keithley 2100/E ; nmanoBomsT™eTp Keithley 6221/2182 A;
BOJITMETP YHHUBepcanbHbIi B7-71/1; Hacoc mmpuieBoi
Dixion Instillar 1428; pH merp — monomep Dxcmept-001;
KoHIyKTOMEeTp Jkcnepr-002; Hacoc mNepucTaIbTUYSCKUN
MHorokaHanbHbeli Heidolph Pumpdrive 5001; pH wmetp
FEP20-ATC Kit pH; xonmykromerp FEP30-KIT; Becsw
AHAIUTUYECKUE Ohaus PA 214C; aHaJIM3aTop
Biaroconepxkanust Ohaus MB-25; tepmocrat Isotemp 6200
H7; cymunbnsiii mkag BINDER FD 1150; cymunbHbIN
mkap Binder FD 53; meiikep skonpubop; Memranka
Heidolph; memanka JIAB-IIY-01; tepmocratr TXK-TC-01;
nporpammatop I1P-8; morenmmocrar I1M-50-1.1; mumTka
anektpuueckas NI C-MAG HS 7; Hacoc
MEePUCTATBTUYECKUIN OTHOKAHAIIBHBIN; paboyasi CTaHIUA.

JlaGopatopust snexkrpomemOpanHoro cunre3a Ne 330C,
YKOMIUIEKTOBAaHHAs CHeUaIN3UpOBaHHON Mebenblo,
BBITSDKHOM CHCTEMON BEHTWIALIMHU, CPEICTBAMHU MOKApPHOM
0€30macHOCTH M OKa3aHMs NEepBOM MEIUIIMHCKON MOMOIIH,
1a60paTOPHBIM 000pyI0BaHUEM: MOTEHIINOCTAT-
ranpBa”ocTar P-301, umnenancmerp Z-1000P, usmepurens-
aHAJIM3aTOpP HMMIIEAAHCA, BOJBTAMIIEPHBIX M MEPEXOJHBIX
XapaKTepUCTUK  MeMOpaH, IOTEHUIHOCTaT-raJlbBAHOCTAT
Autolab PGSTAT 100N, pH-merp nonomep DKCIIEPT-
001, tutpatop aBTomartuueckuil TitroLine 6000, noHomep
N-130, xounykromerp  OKCIIEPT-002,  ¢ortomerp
¢dorornexkrpuyeckuit KDOK-3, BonbTMETp yHHBEpCaIbHbIN
B7-78/1, BonbT™MeTp yHuBepcaibHblii B7-34A, reneparop
CUTHAJIOB crienuanbHON ¢opMmbl ['6-33, UCTOUHUK NMUTaHUS
IIOCTOSIHHOT'O TOKa Bb5-50, BECHI DIEKTPOHHBIE
nabopatopubie HR-120, nacoc mepucrtanptudeckuii JIAB-
HII-1, TepMOCTaT SKUIKOCTHOH JIAB-TXK-TC-01,
nepeMenuBaromiee ycrporcteo JIAB-ITY-01

I'pynnoBeie  (MHIUBU-
IyalbHbIE) KOHCYJIbTa-
095051

VYyeOHast ayIuTOpHsl, yKOMIUIEKTOBaHHAs yueOHOI MeOelnbio
(ayn. 343C, Ne 328C, Ne 334C)

Texkymuii  KOHTpOJIb,
IIPOMEXKYTOYHAs aTTe-
cranus

qu6Ha$[ ay,HI/ITOpI/ISI JJIA HpOBe)IeHI/ISI HpaKTI/I‘—IeCKI/IX 3aH-
tuit (aya. Ne 343C, Ne 328C, Ne 334C), ocHaimieHHasi y4ue0-
HOM MeOeJIbIo

CamocrosiTenbHas pa-
6ora

AyIuTopHuH, OCHAIllEHHBbIE y4eOHOW MeOenbi0 M KOMIIbIO-
TEPHOU TEXHUKOW C BO3MOKHOCTBIO MOJKIIIOYEHUS K CETH
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«HTEpHETY», MPOTrpaMMOl SKPAHHOTO YBEIMYCHHUS U 00ec-
MEYCHHBIN JIOCTYIIOM B DJIGKTPOHHYIO HH()OPMAIMOHHO-
obpasoBarenbHyto cpeny yHuBepcutera (Ne 140, Ne 341C,
Ne 329C)
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