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1 Hesn 1 3212494 M3yYeHUs JUCHUILIHUHBI

1.1 Heab AUCUMNIMHBI

N3yueHnne COBpeMEHHBIX 3JIEKTPOMEMOPAHHBIX MPOIECCOB U TEXHOJOTUH, B
OCHOBE KOTOPBIX JIeKaT (PyHIaMEHTaJIbHBIC 3HAHUS B 00JIACTH IEKTPOXHUMUHU.

1.2 3agaun AMCHUIIITHHDI

- chopMupoBaTh 3HaHHS 00 OOIMIMX, CrEU(UUECKUX W YACTHBIX 3aJadax
COBPEMEHHBIX AJIEKTPOMEMOPAHHBIX MTPOLIECCOB U TEXHOJIOTU;

- 00ecreynTh YCBOEHHUE TEOPETHUYECKUX OCHOB (DYHKIIMOHWPOBAHUSI COBpE-
MEHHBIX 3JIEKTPOMEMOPAHHBIX MPOIIECCOB;

- chopmupoBaTh MpEACTaBICHUS O MPHUHIUIIAX BHIOOpA W peau3aiuu COo-
BPEMEHHBIX JJICKTPOMEMOPAHHBIX MPOIECCOB M TEXHOJOTUW IJIsi pElIeHUs pas-
JUYHBIX HAYYHO-TEeXHUYECKUX 3a]1aY;

- MPUBUTH HABBIKK BEIOOpPA METOI0B MCCIIEOBAHUS, @ TAKIKE TIPEICTABICHHUSI
PE3yNBTaTOB HAYYHBIX UCCIEIOBAHUN Mepe]] HAyYHBIM COOOIIECTBOM U B HAYYHO-
NOMYJISIPHOM BHJIE, B TOM YHCIIE, JIJISl TPAHCIISIUU MOTYYEHHBIX 3HAHUN MOCpea-
CTBOM CPEJICTB MaccOBOM MH(opmaIuy;

- IPUBUTH HABBIKM MCMOJb30BAHMS MOJYYCHHBIX 3HAHUA B 00JIACTU COBpe-
MEHHBIX 3JIE€KTPOMEMOPAHHBIX MPOILIECCOB U TEXHOJOTHM, 8 TAaKKE CMEXKHBIX JHC-
LUUIUTMH U1 pa3paOOTKKA HOBBIX AJIEKTPOMEMOpaHHBIX MPOIIECCOB U PaCIIUPEHUs
chep ux MpuUMEHEHHUS.

1.3 Mecto nucuuniimuabl B cTpykrype OOII BO

Huctummaa «CoBpeMeHHBIE 3JIEKTPOMEMOpPAaHHBIE TPOIECCHl U TEXHOJIO-
TUM» OTHOCUTCS K 00s3aTelNbHBIM AWCIMIUIMHAM BapWaTUBHON yacth Ojoka bl
"Mucuurmuael (Moayan)" OOIT BO nanpasnenus 04.06.01 «XuMuueckre HayKuny,
HAIpPAaBJIEHHOCTh DJieKTpoxuMus. M3ydenuto aucuuruinabl «COBpEeMEHHBIE HJIeK-
TpOMEeMOpaHHBIE TPOIECCHl M TEXHOJIOTHUW» JIOJDKHO MPEANIeCTBOBATh M3yUCHHE
TaKuX JUCIUIUIMH, KakK «Jlormka M MeToAoJIorusi Hay4dHOro mno3HaHusy, «Ho-
CTpPaHHBINA S3BbIK B CIEHHUATBHOCTU» U «DUMKOXUMUS MOHOOOMEHHBIX MaTepua-
J0B». JIaHHAsT TUCUUIUIMHA SIBJISIETCS. OCHOBOM JUIsl U3yUYeHUsl AUCHUIUIMHBI « DyH-
JaMEHTaJIbHbIE OCHOBBI MHTCHCU(PUKAIINA MEMOPAHHBIX TTPOIIECCOBY.

1.4 IlepedyeHb IUIAHMPYEMBIX Pe3yJbTATOB 00yYeHUS MO IAMCIHUIIAHE
(MOxy110), COOTHECEHHBIX € IUIAHMPYEMbIMHU Pe3yJbTATAMH OCBOEHHS 00pa-
30BaTeJIbHOM NPOIrPaMMbI

[Ipouiecc m3yyeHUs AUCHUILUIMHBI HANpaBlieH Ha (OPMUPOBAHUE CIIEYIO-
mmx komrerennuid: OITK-1: TTK-1.

Ne WNunexe | Conepxkanue Kome- B pesynbrare u3ydeHnus: yaeOHOM JUCIUTUIMHEI
I r'[ KOMITe- | TeHIUH (Wi e€ Ja- oOyJaromuecs: JOIKHbI
" | TeHnuuM CTH) 3HATH yMeTh BJIA/IETh
l. OIIK-1 | CiocoOGHOCTBIO caMO- | OCHOBHBIE 3a-

CTOATEIBHO 0Cy- | KOHOMEPHOCTH

IIECTBIATh  HAy4YHO- | IPOTEKaHUs

HCCIIEIOBATENBCKYIO AIIEKTPOMEM-

JeSITeIbHOCTh B COOT- | OpaHHBIX IpO-




Ne Nunexc | ConepkaHue Komrie- B pesynbrate uzyueHus: yaeOHON AUCHUTUIMHBI
L. | KOMme- | TeHIMH (wnu e€ va- o0yJaromuecs: JOIKHbI
TEHIIUU CTH) 3HATH yMeTh BJIA/IeTh
BETCTBYIOLLIE  IPO- | LIECCOB
¢beccuonansHolt  00- | (Indp: 3
mactu ¢ ucnosb3oBa- | (OIK-1) - 3)
HUEM  COBPEMEHHBIX
METOJIOB  HCCle[0Ba-
HUA U WH(OOPMAIMOH-
HO-
KOMMYHHUKAI[MOHHBIX
TEXHOJIOTUH
2 [K-1 CrnocoOHOCThIO TIPHU- | OCHOBHBIE 3Ta- | ONPEACNATh U | HABBIKAMHU HC-
MEHSTh OCHOBHBIC | TIBI Pa3palbOTKH | 00eCTeunBaTh | MOJL30BAHUS
MPUHLIMIIBI, TEOPUU M | COBPEMEHHBIX | YCJIOBHS, HEOO- | COBPEMEHHBIX
KOHILICTIIUN COBpE- | AJIEKTPOMEM- XOJIUMBbIE ISl | JOCTHXKEHUM B
MEHHOM  DJIEKTPOXHU- | OpaHHBIX TeX- | ONTUMAJIBHOTO | OOJIACTH BJIEK-
MUMU I PEIICHHs | HOJOTUH U | IPOTEKAHUS TPOXUMHH,  a
(GbyHIaMEHTAIbHBIX M | TPOIIECCOB AIEKTPOMEM- TaKK€  CMEeX-
MPUKJIAJHBIX 337024 (ugp: 3 | OpaHHBIX TPO- | HBIX IUCLU-
(IIK-1)-1). IIECCOB IJIMH IS pas-

(Idudp: Yy
(IIK-1)-1)

paboOTKH HOBBIX
TEXHOJIOTHI
(Idudp: B
(IIK-1)-1)

2. CTpyKTypa ¥ colep:KaHue JUCHUIIIHHBI

2.1 PacnpeaesieHue TPy10EMKOCTH JUCHMILIMHBI IO BUAAM padoT
OO6mrast TpyaI0EMKOCTh TUCIUILINHBEI cocTaBisieT 3 3ad.en. (108 wacoB), ux
pacmnpeneneHue o BUaaM padoT MPEACTaBICHO B Ta0IHIIe
Ounas popma obyuenus

Bun yueGHOM paboThI Bcero Kypc
4acoB (dacer)

2

AyIuTOpHBIE 3aHATHS (BCEro) 108 | 108

B tom uncre:

3aHsATHUS JEKIMOHHOTO TUTIA 8 8

3aHATHS CEMUHAPCKOTO TUTIA (CEMUHAPBI, TPAKTHUECKHUE 6 6

3aHSTHUSA)

JlaGopaTopHble 3aHITHS 16 16

CamocrosiTeJibHasi pa6oTa (Bcero) 78 78

B Tom uncrne:

Ilpopabomxka yuebnoeo (meopemuueckoeo) mamepuana 16 16

Buvinonnenue unousuoyanvhvix 3a0anuti (n0020moska co- 42 47

00wenull, npezeHmayuti)

Pegepam - -

Iloozomoeka k mexywemy KOHmMpOJo 30 30

IIpomMe:kyTouHAasi aTTecTAlUM (324€T) - -




OO0mmas Tpya0eMKOCTh qac 108
3a4. enl. 3
3aounas popma obyuenus
Bun yaeOHo# paboThI Bcero Kypc
4acoB (dachr)
2 3
AyauTOpHbBIE 3aHATHS (BCEro) 108 36 | 72
B ToMm uncne:
3aHATHS JIEKIIMOHHOT'O TUIIA 8 4 4
3aHATHS CEMUHAPCKOTro TUIIA (CEMUHApPBI, IPAKTUYECKUE 10 4 6
3aHITHUS)
JlaGopaTopHbIe 3aHATHS 12 - 12
CamocrosiTeJibHasi pa6oTa (Bcero) 78 28 | 50
B tom unce:
IIpopabomxka yuebHoeo (meopemuueckozo) mamepuana 18 6 12
Buvinonnenue unousudyanvHuix 3a0anuii (n0020mosKa co- 44 18 | 26
00WeHull, npezeHmayuti)
Pechepam -
Ilooecomoska k mekyujemy KOHMPOIIO 16 4 12
IIpomexyTouHasl aTTeCTANMU (324€T)
OO0mmas Tpya0eMKOCTh qac 108 36 72
3a4. efl. 3 1 2

2.2 CTpyKTYypa IM CHUATLTHHbI

Pacnipenenenuie BUgoB yueOHON pabOThl U UX TPYIAOEMKOCTH IO paseam

JUCHUIIIINHBI.
Ounas popma obyuenus
KonuuecTBo yacos
Ne
CamocrosiTenbHas
pas- HaumeHnoBanue pa3aenon Aynuropnas pabota
Bcero pabora
nena
J I3 | JIP
1 2 3 4 5 6 7
{ CoBpemeHHbIe MEMOpaHHbIE IPOLECCHI 20 ) 13
' KaK aJIbTEPHATUBA «YEPHON» XUMUMU.
DnekTpoMeMOpaHHbIE TEXHOIOTUN
2. OYMCTKH, PA3ACICHHS M KOHIICHTPHUPO- 32 2 2 8 20
BaHUS BEIICCTB.
DNEKTPOXUMHUYECKHE MTPOLIECCHI U SB-
3. JICHUs], JIEIKAILKNE B OCHOBE COBPEMEH- 28 2 2 4 20
HBIX MEMOpaHHBIX TEXHOJOTHUH.




KoanuectBo uacos

Ne
CamocrosTenbHas
pas- HanmenoBanue pasnenon AynuTopHas pabora
Bcero pabora
nena
J n3 | Jp
OcanxooOpa3oBaHKe U OTPaBICHHUE
4. 3apsHDKEHHBIX MEMOpaH B COBPEMEHHBIX| 28 2 2 4 20
3HeKTp0MeM6paHHBIX TEXHOJOTHUAX.
Bceeo: 108 8 6 16 78
Pa3nenbl nucumumHel, u3ydyaemble Ha 2 Kypce (aas ctyaeHToB 3P O)
N KonuuecTBo yacos
- CamocrosiTesbHast
pas- HaumenoBanue pasnenos AynutopHas paboTa
Bcero pabora
nena
J I3 | Jp
1 2 3 4 5 6 7
{ CoBpeMeHHbIE MEMOpaHHBIE TIPOIIECCHI 20 ) 18
" |KaK aJbTepHATUBA «YEPHOIN» XUMUMU.
DJIeKTpoMeMOpaHHbIE TEXHOIOTHU
2.  |o4HCTKH, pa3aelieHus U KOHIICHTPUPO- 6 2 4 - 20
BaHHUs BCUICCTB.
Bcezo: 36 4 4 - 28
Paznensl quctunivbbl, u3ydaeMbie Ha 3 Kypce (A9 ¢cTyaeHToB 3P O)
KonuuecTtBo yacoB
Ne
CamocrosTenbHas
pas- HanmenoBanue pasnenos AynuropHas paboTa
Bcero pabota
nena
J n3 | Jp
1 2 3 4 5 6 7
3HeKTp0XI/IMI/I‘-IeCKI/I€ MMPOLCCChI U SIB-
3. JICHUS], JIEIKAIKNE B OCHOBE COBPEMEH- 40 2 4 8 26
HBIX MEMOpPaHHBIX TEXHOJIOTHI.
OcanxooOpa3oBaHue U OTPaBICHHUE
4.  [3apsDKEHHBIX MEMOpaH B COBPEMEHHBIX| 32 2 2 4 24
AIEKTPOMEMOPAHHBIX TEXHOJIOTHSIX.
Bceco: 72 4 6 12 50
HUTOI'O no 2 2co0am obyuenus 108 8 10 12 78

2.3 Conep:kanue pa3iejioB JUCHUILIMHBI
2.3.1 3aHsaTHA JEeKIMOHHOI0 THIIA




HanmenoBanue dopma TEKyIIEero
Ne Conepxanue pasaena
paznena KOHTPOJIA
1 2 3 4
1. | CoBpemeHHbIE MeM- | BBenenue. DKonoruyeckue M 3KOHOMHYE- | YCTHBIN Ompoc
6paHHI>Ie TPOIIECCHI KAK CKHEC NPCANOCHIIKHU JJIA MEPEX0oaa K HOBbIM
ANbTepHATHBA «aEpHOiDy | PECYPCO- H sHEprocOeperaImM TEXHOJIO-
MU rusim. [Ipumepsl peanu3anuy HOBBIX SHEP-
' ro- U pecypcocOeperaromumx 3EeKTPOMEM-
OpaHHBIX TEXHOJIOTHH B XMMHYECKOHW IpO-
MBIIIJICHHOCTH ¥ CMEKHBIX 00J1aCTAX.
2. | DnexTpoMeMOpaHHbBIE KoncTpykiuu anekrpoMeMOpaHHbIX MOAY- VYcrHblil onpoc
TEXHOJIOTUHU OYHCTKH, Heﬁ, NpCeAHa3HAUYCHHLIX IJId OYHUCTKH, pa3-
pasieNeHus W KoHuen- | ACTCHHS M KOHICHTPHPOBAHHS BEIICCTB.
Nx npeumyiectsa u HegocTaTku. OnTu-
TPUPOBAHUS BEIIECTB.
MaJlbHbIE YCIIOBHSI pealn3aiu 3JIeKTPO-
MeMOpaHHBIX TpolieccoB. X T0CTOMHCTBA
Y HEJIOCTaTKHU.
3. | DrnexTpoxuMHuuecKkue MexaHu3MBbI IiepeHoca HOHOB U BOJIbI B VYcTHbIl onpoc
MPOLIECCHl W SIBIICHUSA, MeM6paHHI)IX CUCTEMAX B YCJIOBUAX ITPOTEC-
JICKAIAE B OCHOBE co- | KAHHMSA JICKTPHYECKOrO TOKA. Ocobennoctu
peann3aiuu MeKTPOMeMOpaHHBIX MPOIiec-
BPEMEHHBIX ~ MEMOpaH- . .
. COB B IHUIIEBOM, (hapMarieBTUIECKO Tpo-
HBIX TCXHOJIOTHH. MBIIIJICHHOCTH U B MEIUIIHE.
4. | OcagkooOpazoBanne U | OcoOeHHOCTH (QYHKIIMOHUPOBAHUS 3apsi- YcTHbIH onpoc
OTpaBJICHUE 3apsKeH- KCHHBIX MeM6paH B MHOI'OKOMITIOHE€HTHBIX
HBIX MeMmbpaH B coppe- | PACTBOpax. MexaHu3Mbl IPOLIECCOB OCAI-
KOOOpa30BaHUs U OTPaBIICHHUS] MEMOpaH.
MEHHBIX  3JIEKTPOMEM-
OpaHHBIX TEXHOJIOTHUSX.
2.3.2 3aHATHA CEMMHAPCKOI0 THIIA
HanmMeHnoBanue dopma TeKy1ero
Ne Conepxanue pasaena P yi
paszena KOHTPOJIA
1 2 3 4
1. | DnexrpomemOpaHHBIE [TpuHIHITBE BEIOOpA ONITUMATBHBIX TEXHO- TectupoBanue,
TEXHOJIOTUH OUYMCTKH, Jorui OYMCTKH, pa3aCICHUA U KOHIICHTPU- pEeIICHUC CUTya-
pasjienieHus U KoHuen- | POBaHNA BEIIECTB B 3aBUCHMOCTH OT KOH- LMOHHBIX 33/1a4
KpPETHBIX yciaoBHi. [ mOpumaHbie MeMOpaH-
TPUPOBAHUS BEUIECTB.
HbIE TEXHOJIOTUU C TPUMEHEHUEM JIIEKTPO-
MeMOpaHHBIX MOAyJiel. Pemenue cutyanm-
OHHBIX 3a]1a4
2. | DHEeKTpOXUMUUYECKHE Juddy3noHHbIe, MUTPALIMOHHBIE, KOHBEK- VYcrHblii onpoc
MpPOLECCHl U  SBJIEHUS, TUBHBIC 1 CMCITAHHBIC MCXaHU3MbI TPAHC-
JIeKAIIe B OCHOBE co- | HOPTa HOHOB M BOJIbI B aIeKTpoMeMOpaH-
HBIX MOJYJIsIX. BiusiHue TOKOBBIX PEXKUMOB
BPEMEHHBIX  MeMOpaH-
. Ha 3 (PEKTUBHOCTD IIEKTPOMEMOPAHHBIX
HBIX TE€XHOJIOTHUH. MPOTIECCOB.
3. | OcagkooOpa3oBanne ¥ | XUMHUYECKHUE OCHOBBI 0Opa30BaHUs MaJO- VYcTHbIl onpoc

pPacTBOPUMBIX BEIIECTB Y MOBEPXHOCTEH U
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OTpaBJICHHE  3apsDKEH-
HBIX MeMOpaH B COBpe-
MCHHBIX SJICKTPOMCM-

6paHHBIX TCXHOJOIusgx.

B 00bEeMe 3apsHKEHHBIX MEMOpaH B yCIIOBHU-
AX MPOTEKAHUS IEKTpUIecKoro Toka. Cro-
coOBI IPOJICHUS CPOKA CITY>KOBI 3apsiKEH-
HBIX MEMOpaH B 3JIEKTPOMEMOpaHHBIX MPO-
eccax.

2.3.3 JlaGopaTopHbIe 3aHATHS

HanmenoBanue ®opma TeKyIero
Ne HaumenoBanue 1abopaTopHbIX paboT P yi
paznena KOHTPOJIS
1 2 3 4
1. | DnekrpomemOpaHHbIE ObecconBaHue BOJHBIX paCTBOPOB METO-  |3amiuTa Jiabopa-
TEXHOJIOTUH OUYHMCTKH, JOM JOJICKTpOJuain3a. TOpHOﬁ pa6OTBI
pasieleHus U KOHLEH- [IpenenbHOE KOHIICHTPUPOBAHUE BOAHBIX 3amanl nabopa-
pacTBOpPOB. TOPHOU PabOTHI
TPUPOBAHUS BEIICCTB
2. | DIEeKTpOXUMHUYECKUE Omnpenenenue BkiIaaoB 3dexra sxk3anpra- |3ammra gadopa-
npoueccel M sBJIEHHs, | LMH IIPEJCIBHOrO TOKA, TPaBUTAIMOHHOW M |TOPHOU pabOTHI
JeKALE B OCHOBE co- | Y1CKTPO- KOHBEKLIMH B CBEPXNPEICITbHbII
MaccoIepeHoC.
BPEMEHHBIX  MeMOpaH-

HEIX TEXHOJIOTHH.

3. | OcagkooOpa3oBanre U | M3ydeHue mpoiecca ocagkooOpa3oBaHus B
IpOLIECCE DIEKTPOANANIN3A IPUPOTHBIX

BOJ.

3ammra nmabopa-

OTpaBJICHUE TOPHOU pabOTHI

3apsHKEH-
HBIX MeMOpaH B COBpe-

MCHHBIX SJICKTPOMCM-

6paHHBIX TCXHOJIOTHAX.

2.3.4 IlpuMepHasi TeMATHKA KYPCOBBIX padoT (IIPOEKTOB)
KypcoBbie paboThl He TPETyCMOTPEHBI Y4EOHBIM IJIAHOM

2.4 IlepeyeHb y4eOHO-METOAUYECKOI0 O0ecriedYeHHUs ISl CAMOCTOATE Ib-
HOI1 padoThI 00Y4AKIIMXCS MO JUCHUILINHE (MOTYJIIO)

CaMmocTosTenbHas paboTa acUpaHTOB MPOBOAUTCS B (OpPME U3YUCHHS OT-
JETBHBIX TEOPETUYECKUX BOMPOCOB MO MpejaracéMoi JUTepaType U CamMOCTOs-
TEJIBHOTO peIIeHUs 3ajad ¢ JaTbHEHIIMM HX pa300poM wWiu OOCYXICHHEM Ha
ayJIMTOPHBIX 3aHATUAX. BO BpeMsi caMOCTOSITEIbHOM MOATOTOBKM OOydarouiuecs
obecnieuennl goctynoMm k cucreme MY JIJI KyoI'Y, nocrynom uepe3 MHTEpHET K
uHpopMarimoHHo-aHaAIIUTHYeCKUM Oa3zam manHHbiX PUHIL u Scopus, a Takke k
oubsmoreunbiM (poHmaMm (daeKkTpoHHas Oubnuoreka auccepranuid PI'b, Dnek-
TpoHHas OubOnmoreka grebennikon.ru, MHdpopmanmonHeie pecypchl KOMIIAHUH
«naTerpym-TexHno», Hayunsie 6a3bl komnanuu «lVct Beto Uadopmeitn CepBu-
cu3, Uuk», Ob/] komnanuu EBSCO, Hayunsie 1. xypHansl SAGE, DnektponHas
OoubnuoTedHast cuctemMa m3aarenbcTBa «JlaHb», DnexrtpoHHas koyutekius Oxc-
dopackoro Poccuiickoro ®oHma u ap. )



Obecnieuenne 00y4arOMUXCs UHBAIUIOB U JUI] C OTPAaHUUYEHHBIMH BO3MOXK-
HOCTSIMU 3/I0POBbSI Y4€OHO-METOJJMUECKIMHU PECYpCaMH OCYHIECTBISIETCS B (op-
Max, aJanTHPOBAHHBIX K OTPAaHHYCHHSM HX 3/I0POBbSL.

[TepedyeHn yueOHO-METOIUYECKOTO 00ECTICUeHUS TUCIUTIITUHBI IO

«4EPHOM» XUMHUH.

HaumenoBanue N
Ne BBITIOJTHEHUIO CAMOCTOSTEIILHOU PaboThI
pasznena
1 2 3
1.|CoBpemennbie wMem-| 1. Pourcelly, G., Nikonenko, V.V., Pismenskaya, N.D. and Ya-
OpaHHBIE TIPOIECCHI roslavtsev, A.B. (2012): Applications of charged membranes in
KaK ANTbTepHATHEA separation, fuel cells and emerging processes. In: Ionic Interac-

tions in Natural and Synthetic Macromolecules, Eds. Ciferri, A
and Perico, A. (Hoboken, NJ: John Wiley & Sons, Inc.), 761-
816. MY IJI KyoI'V, - 6a3a nHpopManmoHHBIX TOTPEOHOCTEH,
http://infoneeds.kubsu.ru/; 6ubmmotexa kadeapsl pusxumun
KyoI'VY).

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 KyoI'Y, no-
crynHa B MHTepHeT www.sciencedirect.com
http://dx.doi.org/10.1016/j.coche.2014.01.001)

|DnekTpomeMOpaHHbIe

TEXHOJIOTUM OYMCTKH,
paszneneHuss U KOH-
LIEHTPUPOBAHUS  Be-

mICCTB.

1. Pourcelly, G., Nikonenko, V.V., Pismenskaya, N.D. and Ya-
roslavtsev, A.B. (2012): Applications of charged membranes in
separation, fuel cells and emerging processes. In: lonic Interac-
tions in Natural and Synthetic Macromolecules, Eds. Ciferri, A
and Perico, A. (Hoboken, NJ: John Wiley & Sons, Inc.), 761-
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3. O0pa3oBare/ibHbIE TEXHOJIOTUH

[Ipu peanuzamuu y4eOHOIl pabOTHI MO OCBOEHHIO Kypca «COBpEMEHHBIE
3JIEKTpOMEMOpaHHbIE MPOLIECCHl U TEXHOJIOTUN» UCIOJb3YKOTCSI COBPEMEHHBIE 00-
pa30BaTENIbHbBIE TEXHOJIOTUU:

. nH(OPMAITMOHHO-KOMMYHHUKAITMOHHBIC TEXHOJIOTUH;
. MIPOCKTHBIE METOIbI O0YUEHUS;

. UCCIIEIOBATEILCKUE METO/IBI B O0YUCHHH;

. npoOsieMHOE 00yUEHHE.

VYcnemHoe ocBOeHHE MaTepuaia Kypca npearnoyiaraetT O0JbIIyl0 caMOoCTOs-
TEJIbHYIO pabOTy acIMPAaHTOB M PYKOBOACTBO 3TOI pabOTON CO CTOPOHBI IIpernoia-
BaTeJs.

s popmupoBanus npodhecCHOHaTbHBIX KOMIETEHIIMM B MPOIECCe OCBOE-
HUSl Kypca HCIOJIb3YETCs TEXHOJOTUs Mpo(heCcCHOHATBbHO-Pa3BUBAIOIIETO 00yde-
HUS, IpelycMaTpUBaroLiasl He TOJIBKO Mepeavy TEOPETUYECKOro MaTepurania, Ho U
CTUMYJIMPOBAHUE U PA3BUTHUE NMPOTYKTUBHBIX MO3HABATEJIBHBIX JIEUCTBUHN CTYACH-
TOB (Ha OCHOBE ICHUXOJIOTO-MEJArOrMYeCKO TEOPHUH MO3TAHOTO0 (GOPMUPOBAHUSA
YMCTBEHHBIX JIEHCTBHIA).

Bun 3ansarus Hcnonb3yeMbie HHTEPaKTUBHBIE 00pa30BaTEIbHBIE Konuaectso
(JI, TP, JIP) TEXHOJIOTHH 4acoB
JI Jlexnms-6ecena, METO.T MOMCKA OBICTPHIX pEIICHUN B 6
rpymme
11P [TpoOneMHBIIT ceMuHap 6
JIP PaboTa B MasbIX rpymnmnax 12
Umoeo: 24

I[JI}I WHBAJIMAOB U JIUI[ C OIrPaHUYCHHBIMHU BO3MOXKHOCTAMHU 300POBbA pCalln-
3YIOTCAA HMHIAWBUAYAJIbHBIC 06p330BaT€HBHBI€ TEXHOJOI'MHM, KOTOPLIC ITO3BOJIAIOT
IMOJIHOCTBIO MHAUBUAYAIU3HUPOBATh COACPIKAHUC, METOJbBI 1 TCMIIbI y‘l@6H0ﬁ ACA-
TCJIbHOCTHU MHBAJINAA, BHOCHUTH BOBPEM HCO6XO,Z[I/IMI>I€ KOPPCKIOHMH KaK B ACATCIIb-
HOCTb CTYACHTAa-UHBaJIMAA, TaK U B JCATCIbHOCTD IIPCIIOaAaBaTCIIA.

4. @oHJ OLEHOYHBIX CPEACTB /UISl MPOBEJCHUs] TEeKylleld M NMPOMeKy-
TOYHOM ATTECTALUM ACTIMPAHTOB

TunoBbie KOHTPOJIbHbIE 3aJaHUS UJIM HHbIe MAaTePUAJIbl, HEOOX0AMMbIE
MJISE OLCHKH 3HAHMH, YMEHHUH, HABBIKOB M (UJIM) ONBITA JAeATEJIbLHOCTH, Xa-
PaKTEePU3YyIUMX 3Tanbl POPMHUPOBAHUSA KOMIIETEHUHMH B MpoLecce 0CBOCHUA
o0pa3oBaTeibHO MPOrpaMMbI

JleKIIMOHHBIE 3aHATHSA

Bonpocsl aisi yctHoro ompoca mo pasgeiny «CoBpeMeHHbIe MeMOpaHHbIE

MPOLECCHI KAK ATbTEPHATHBA «YEPHOID> XUMHID)

1. B 4em OCHOBHBIE pAa3INUUs MEKIY «UEPHON» U «3EJICHON» XUMUECH?

2. Kak mpoucxoauT nepexo/1 Ha «3eJIeHble» TexHonoruu B Poccun?

3. Uem 00ycroBieH NEpexod K HOBBIM PECYPCO- U 3HEProcOeperarommum MeM-
OpaHHBIM TEXHOJIOTHSM B CTPaHAX C Pa3BUTHIMH SKOHOMUKAMU?
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4. IlepeuncauTe OCHOBHBIE IPUHIIUIIBI «3€JIEHON» XUMUHU.

Kakue 13 NpuHIHUIIOB «3€J€HOW» XUMUU MOTYT OBITh PEAM30BaHbl B AJIEKTPO-

MeMOpaHHBIX TEXHOJOTHUAX ?

6. Pacmudpyiite Tepmun ZLD. KakoBo MecTo 3JIeKTpOMEMOpaHHBIX MPOIECCOB
s peanu3anuu ZLD texHonornii?

7. TlosicHUTE TEPMUH «TUOPUAHBIE MEMOPaHHbIE TEXHOIOTUI?

e

Bomnpocel 11 YCTHOTO ONpoca Mo pasjgeny «JeKTpoMeMOpaHHbIe TeXHOJIO0-

TUM OYUCTKH, Pa3ieIeHNs U KOHUEHTPUPOBAHNS BeIIeCTB)»

1. Yem OTIMYAIOTCS BIIEKTPOIHU3EPHI U ANEKTPOIAUATU3ZATOPHI?

2. KakoBbI 1OCTOMHCTBA U OTPaHUYEHHS TPAJULIUOHHOIO 3JIEKTPOAHAIN3A?

3. KakoBbl OCHOBHBIE TPEH]IBI COBEPIIECHCTBOBAHUS MEMOpPAHHBIX MAKETOB JJICK-
TPOJMAIN3aTOPOB?

4. Ilepeuncnure napaMmeTpbl HHEPTHBIX CIIEHCEPOB, KOTOPBIE ONIPEAEIISIOT UHTCH-
CHUBHOCTbH IIpPOLIECCa 00ECCOIMBAHUS B TPAAULIMOHHOM 3JIEKTPOANAIN3E.

5. llouemy U1 OCYIIECTBIIEHUS 3JIEKTOJCUOHU3ALNN UHEPTHBIE CIIEHCEPBI 3aMe-
HSIOT HOHOOOMEHHBIMU?

6. KakoBbl OCHOBHBIE KOHCTPYKIIMHM HOHOOOMEHHBIX CIIEHcepOB?

7. KakoBbl mpenMylecTBa M HEAOCTATKM MEMOpPaHHBIX METOJIOB IOJy4YEHUS
AIEKTPOIHEPTUU?

Bonpochl /151 YCTHOTO 0poca 1o pasjeny «JeKTPOXUMHUYeCKHe MPOoecchl U

SIBJICHN S, JIeKallie B OCHOBE COBPeMEHHbIX MEeMOPAHHBIX TEXHOJIOTHii»

1. B 4eMm cyTh U KaKOBBI ABMXKYIIHE CUIIbI AU(PHY3HNOHHOTO TPAHCIOPTA HOHOB?

2. B ueM CyTh 1 KaKOBBI JBKYIIHE CHIIbI JIEKTPOMUTPAITMOHHOTO TPAHCTIOPTa HOHOB?

3. B 4eM cyThb U KaKOBBI ABUKYIIHE CHUJIbl KOHBEKTUBHOTO TPAHCIIOPTa HOHOB?

4. KakoBa pojib XUMHYECKHX pEaKIUi B 3JIEKTPOMEMOpPaHHBIX MpoIleccax, pea-
JU3yeMbIX B (papMalieBTUYECKON 1 MUIIEBON MPOMBIIIICHHOCTH?

5. Tloyemy ass 3THMX BUJOB MPOMBIIIIEHHOCTH K MEMOpaHaM MPeIbsIBISIOT MO-
BbIILICHHBIE TPEOOBaHUS?

6. HazoBute uszBectHble BaM anekTpomeMOpaHHbIE MPOIECCHI, KOTOPHIE UCIIONb-
3YIOT B MEIHIINHE.

Bonpocel 17151 yCTHOTO onpoca 1o pasaeiay «Ocaakoodpa3oBanue U OTpaBJeHUe

3apsiKeHHbIX MeMOPaH B COBPEMEHHBIX 3JIEKTPOMEMOPAHHBIX TEXHOJIOT HAX)»

1. HwmeroT u 3nekTpoMeMOpaHHbIE METO/IbI KAKUE-THO0 OTpaHUYeHUs?

2. C xakuMmu mpoOiieMaMy CTaJIKUBAIOTCA T€, KTO MBITAETCS 3aMEHUTH TPaIUIIH-
OHHBIE TEXHOJIOTUH JIEKTPOMEOPAHHBIMU?

3. Kakwue BemiecTBa B HauOObIIEH CTETIEHN COKPAIIAOT KU3HEHHBIA ITUKI MEM-
OpaH u nmouemy?

4. Tlouemy npBUHAS JOJS HAYYHBIX IMyOJUKAIUN B 00JaCTH MEMOpPaH MOCBSIIICHA
6opbOe ¢ 0caaKo0Opa3zoBaHUEM U OTpaBICHUEM MEMOpaH?

5. Kakue mMepsl BbI IPEANPUHSIN Obl, YTOOBI YBETUYHUTD KU3HEHHBIN UK MEM-
OpaH mpu nepepadoTKe MHOTOKOMITOHEHTHBIX PACTBOPOB?
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CeMuHapckue 3aHATHSA

IIpuMep TecTOBOTO 3aJaHUs MO pa3ieay «JIeKTpoMeMOpPaHHbIe TEXHOJIOTHH
OYNCTKH, pa3/ieleHus 1 KOHIEHTPUPOBAHMS BelleCTB»

1. Kakoe oTHoIIeHHE pacCTOsTHUA Mex Ay kuikaMmu ceTku (1) k ee Tommuue (h) sB-
JSIETCSI ONTUMAJTBHBIM?

a) I/h=1;

0) 3<1/h<5;

B) 1/h=8;

2. Kakoii n3 nOHOOOMEHHBIN creiicepoB oOecrneuynBaeT MUHUMAJIBHBIN «BBIOpPOC
conun»?

a) CMEIIaHHbIN MOJIUCION KATHOHO- 1 aHUOHOOOMEHHOM CMOJIBI;

0) moaucaoil aHHOHOOOMEHHOM CMOJIBI;

B) MOHOCJION KaTHOHO- U aHUOHOOOMEHHOW CMOJIBL;

r) OunoJisipHas BCTaBKa U3 KATUOHO- U aHUOHOOOMEHHBIX BOJIOKOH.

IIpumepsl CUTYallHOHHBIX 3324 MO pa3ieldy «JeKTPoOMeMOpPaHHbIE TeXHO-
JIOTUM OYUCTKH, pa3/ieJieHUs U KOHIIEHTPHUPOBAHUSA BelECTB)

1.

Bam Hyx)HO 0becrneunTh HEMPEPHIBHYIO JEHOHU3AIMIO Pa30aBIECHHBIX Paauo-
AKTUBHBIX CTOKOB, KOHLIGHTpAlUsS PAJUOHYKIUIOB B KOTOPBIX paBHa 5 MI/I,
CKOPOCTh TMOCTYIUICHHSI 3TUX CTOKOB paBHa 1 kyO. m/4. Kakas KoHCTpyKuus
MEMOpPaHHOTO MOJYJISl U KaKue TOKOBBIE pexkuM Bol BbiOepeTe? Kakumu npus-
munamMu Oynere pyKOBOJICTBOBAThCS MpU BbIOOpe MeMOpaH M IpPYrHMX KOH-
CTPYKIIMOHHBIX MaTepUasoB?

B cBsi3u ¢ pacnpoctpanenueM Ha Poccuio eBporeickux HOpM Ha cOpoc pas-
OaBICHHBIX CTOKOB B OTKPBITHIE BOJI0OEMBI, BaM CpOYHO HY>KHO MOAATh 3asBKY
Ha KOHKYPC Hay4yHBIX MPOEKTOB. B 3asBke Bbl JOKHBI MPEIOKUTE U 000C-
HOBaTh camyto 3()(PEeKTUBHYIO U HKOJOTHYECKHU IIeTIeCO00Pa3HYI0 TEXHOIOTHIO
npeoTBpameHus Takux copocos. Kakyio texnonoruto Ber npennoxure? Ka-
KyIO JIONOJHUTENIbHYI0 HHQOPMAIMIO 3aIPOCUTE y MOTCHUUATIbHBIX 3aKa34yH-
koB? Ha kakue paznenbl KOHKYPCHOW JOKyMEHTAaluu oOpaTute 0coboe BHH-
MaHHe?

Bomnpocsl 1J11 yCTHOT0 onpoca no pasjaeny «JeKTPoXuMuYecKe Mpouecchbl u
SIBJICHUS, JIeAKAINE B OCHOBE COBPEMEHHbIX MEMOPAHHBIX TEXHOJIOTHID)

1.

2.

W

KakoBbl aBmxyme cuiibl AUPQPY3MOHHOTO, 3JIEKTPOMUTPALIMOHHOTO M KOH-
BEKTUBHOI'O TPAHCIIOPTA HOHOB?

Kakumuy ypaBHEHUSIMU OHU OIIACHIBAIOTCS?

B kakux ayekTpomMeMOpaHHBIX MPOLECCaX U MOYEMY HYKHO YUYMUTBHIBATh Iepe-
HOC BOJbI yepe3 MeMOpaHbl? KakoBbl MEXaHU3MBI 3TOTO IepeHoca’?

B kakux anekTpomMeMOpaHHBIX IpoLeccax U Mo4eMy HeOOXO0IUMO CTUMYJIHPO-
BaTh JJIEKTPOKOHBEKIIMIO WM IPABUTALMOHHYIO KOHBEKIIUIO?

B kakoil cTeneHy U Mo4yeMmy TOKOBBIE PEKHMMBI BIMSIOT Ha AJIEKTpoMeMOpaH-
HBIE MPOLIECCHI?

Kakue TokoBbIe pexuMbl BaM n3BecTHbI?
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BonpochI /151 YCTHOTO ompoca no pasaeiay «Ocaakoo0pa3oBaHue U OTpaBJie-
HUe 3apsi’KeHHbIX MeMOpPaH B COBPEMEHHBIX JIEKTPOMEMOPAaHHBIX TEXHOJI0-
TUSIX>»

l.

2.

e

KakoBbl TeopeTuueckne OCHOBBI MPOIECCOB OCAAKOOOPA30BaHUS B AJIEKTPO-
MeMOpaHHBIX CUCTEMaX?

Kakum 06pa3om nporiecchl 0cagkoo0pa30BaHus YUUTHIBAIOTCS B COBPEMEHHBIX
MOJIEJIbHBIX MPEICTABICHUSX ?

[loueMy B Hay4yHOU JINTEPATYpE I ONMUCAHMS MPOLIECCOB, CBSI3aHHBIX C CO-
KpalieHueM CpoKa CIy>KObl MeMOpaH HMCIHOJIB3YIOT NIBa TepMuHA: scaling u
fouling?

Kakune mexanu3Mbl oTpaBiieHus MemMOpan Bam u3BecTHbI?

KakoBbI 0OCHOBHBIE CTTOCOOBI OOPHOBI ¢ OTPABIICHHEM MeMOpaH?

MOHO 1M CHU3UTH MPOLIECC OTPABICHUS MEMOpPAH, BApbUPYs TUIPOJIUHAMU-
YECKHE U TOKOBBIE PEXKUMBI?

JlaGopaTopHble 3aHATUA

Bomnpocsl k 1abopaTopHbIM padoTam
Jlabopamopnas paboma: «QObecconusanue 800HLIX PACMBOPO8 MEMOOOM IJIeK-

Mpoouanu3a,

1. Kakue TpeOoBaHUS MPEIBIBISIIOTCS K pPacTBOpaM, KOTOpBIE MOAAIOTCS Ha
AJIEKTPOIMATU3HBIA MOIYIIb I 00€CCONMUBAHMS.

2. Kak ocymecTisiercs NpeAnoAroToBKa TAKUX pacTBOPOB?

3. Kak paccunrtarh BBIXOJl 1O TOKY, (pakTOp 0OECCONMBAHMS, SHEPro3aTpaThl Ha
npoiiecc 00eccoIuBaHus?

4. Tlpu KaKkuxX TOKOBBIX PEKHUMaX OCYLIECTBIIAECTCS MPOLECC 00ECCOTMBAHUS?

5. Kak npaBusibHO BbIOpaTh 3TH pPEKUMBI?

Jlabopamopuas paboma. «llpedenvHoe KOHYeHMPUPOBAHUE BOOHBIX PACMBOPOBY

l.

2.

e

Kakue TpeOoBaHus NpPEenbSABISAIOTCA K pacTBOpaM, KOTOpbIE IMOAAIOTCS Ha
AJIEKTPOIUATIN3HBIA MOYJIb JUIsl IPEAEIBHOTO KOHLIEHTPUPOBAHUS ?

Kak ocymiecTBisieTcst npeAnoAroToBka Takux pacTBOPOB?

ITpu Kakux TOKOBBIX pEKMUMax OCYLIECTBIIECTCS MPOLECC MPEAEIBHOTO KOH-
LEHTPUPOBAHHUS?

Kak npaBuibHO BBIOpaTh 3TH PEKUMBI?

Kak paccuuTaTh 3Hepro3arpaThl Ha NPOLECC MPEAEIBHOIO KOHUEHTPHPOBA-
HUS?

Jlabopamopnas paboma: «Onpedenerue 6Kk1a008 dphgexma sK3aremayuu npe-
0elbHO20 MOKA, 2PABUMAYUOHHOU U IIEeKMPO- KOHBEKYUU 8 CBEpXNpeOeibHblil
MACCONEPEHOCH.

l.

Yro Takoe 9K3aJIbTalus IpCACIIbHOIO TOKa?
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2.

[Touemy nmst orneHKH BKJIaga 3TOTO d(PdeKrTa Hy KHO U3MEPUTh MapIiUaIbHbIN
TOK 1O HWOHaM — TPOAYKTaM JHCCOIMAIIMK BOABI Ha TpaHUIle MeMmOpa-
Ha/pacTBOp.

Kak pa3genuTs BKJIaabl TPABUTAIIMOHHON KOHBEKIIMHU M JIEKTPOKOHBEKIIUHU B
NIEPEHOC HOHOB COJH?

Kak ocymecTBisieTcsi MpoIecc W3Y4YeHHS MacCOOOMEHHBIX XapaKTePUCTHK
AIIEKTPOIMATM3HBIX KaHAIOB 00eCcCoIMBaHus?

Jlabopamopnas paboma. «H3yuenue npoyecca ocadkoobpasosanus 6 npoyecce
NEKMPOOUATU3A NPUPOOHBIX B0OY.

1.

2.

Kakue 31ekTpoXxuMuyecKkue METOAbl O3BOJISIIOT MPOCIEIUTh TUHAMUKY OCal-
K00Opa30oBaHMs HA HOHOOOMEHHBIX MeMOpaHax?

Kak o1ieHuTh pocT 3HEpro3arpaT u CHUKEHHE 3PPEKTUBHOCTH IJIEKTPOIUATH-
3a, BBI3BaHHBIE 0CaIKO0Opa30BaHuEM Ha MeMOpaHax?

Kak npousBectu mpouecc pereHepanud MeMOpaH 3JIeKTPOXUMHUECKUM METO-
oM?

DoH/1 OLIEHOYHBIX CPEICTB /IJIs MPOBeeHHUsI MPOMEKYTOUYHOM aTTecTa-
uuu 179 cryaeHrop O®0O

Bomnpocs! k 3auery:

1. OcHOBHBIE pa3InUMs MEKIY «UEPHON» U «3EJEHON) XUMUEH.

2. IlpennocsUiKy nepexoaa K HOBBIM PECYpCO- U HEProcOeperarwImM TEXHO-
JIOTHUSIM.

3. OCHOBHBIE NIPUHLMIIBI «3EJIEHON» XUMUHU.

4. Kakve u3 NpUHUUIIOB «3€JIEHOW» XUMHH MOTYT OBITh PEAM30BaHbI B AJIEK-
TPOMEMOPAHHBIX TEXHOIOTHSIX ?

5. CoBpemeHHbie ZLD TeXHOIOTUH.

6. I'nOpuaHbie MEeMOpaHHBIE TEXHOJIOTUH C MPUMEHEHHEM 3JIEKTPOMEMOpaH-
HBIX MOJTYJIEH.

7. Metoasl 00e3BpeXUBAHUS )KUJIKUX HU3KO PaTUOAKTUBHBIX OTXOIOB.

8. KoHcTpykuust MEMOpaHHBIX MOAYJIEN JUIsl TPAJAULMOHHOIO JIEKTPOINAIHN3a.

9. Ha3HayeHMe MHEPTHBIX CIEHCEPOB, Pa3ICSIOLIINX MEMOPAHBI.

10.KoHCTpyKIIMU MEMOPAHHBIX MOJTYJIEH JI SJEKTPOEUOHU3AIUU.

11.Ha3naueHne nOHOOOMEHHBIX CIIEHCEPOB, Pa3CIAIOIIUX MEMOpPaHbl B MOAY-
JSIX JUISL 3EKTPOACHOHU3ALIUY.

12. KoHCTpyKLMH MEMOpPAHHBIX MOTYJIEH /JIsl TIOJYUYEHUS SJIEKTPOIHEPTUU.

13.MexaHu3Mbl IEPEHOCA HOHOB U BOJIbI B MEMOPAaHHBIX CUCTEMAX B YCIIOBUSAX
IPOTEKAHUS IEKTPHUUECKOrO TOKA.

14. KoHcTpyKkunn MeMOpaHHBIX MOJAYJIEH, MPUMEHSIEMBIX B (hapMalleBTUUECKOM
Y IHILEBON NPOMBILIUIEHHOCTH.
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15.TpeGoBanusi, NpeabsIBIIeMble K MaTepuataM 3JEKTPOMEMOpPAHHBIX MOMY-
Jeil, MpUMEHsEMbIX B MEAHULIMHE, (PapMaIleBTUUECKON U MUILEBOM MPOMBIIII-
JIEHHOCTH.

16.KoHCTpyKLIMM MEMOpAaHHBIX MOAYJEH, NMPUMEHSEMBIX Il MPEAEIIBHOTO
KOHLIEHTPUPOBAHMSI pPaCTBOPOB.

17.KoHCTpyKUIMM MeMOpaHHBIX MOAYJEH, MPUMEHSEMbIX JJIsi OCYIIECTBICHHS
IIPOLIECCOB KOHBEPCUU COJIEU B KMCJIOTHI 1 OCHOBAHU.

18.0co0eHHOCTH (HYHKIMOHUPOBAHUS 3apsyKEHHBIX MEMOpaH B MHOTOKOMIIO-
HEHTHBIX PacTBOPAX.

19.IIpoueccel, mpensTcTByrOUME Oojiee HIMPOKOMY BHEIPEHUIO 3JIEKTPOMEM-
OpaHHBIX TEXHOJIOTHI B IPOMBIIIEHHOCTb.

20.B kakux ciaydasx M MOYEMY BO3HHMKAET ONACHOCThH BBIBOJA U3 CTPOS MEM-
OpaH U 2JEKTPOJOB B PE3YJILTATE 0CATKOOOPA30OBAHMS?

21.B kakux ciydasx M IOYEMYy BO3HMKAET ONACHOCTH BBIBOJA U3 CTPOS MEM-
OpaH B pe3yJibTaTe UX OTPABJICHUS?

22.Cnoco0b1 00pb0BI ¢ 0cagK000pa30BaHUEM.

23.MexaHu3MBbl OTPABICHUS MEMOpaH.

24.0OcHOBHBIE MEpBI, MpEANpPUHUMAEMBIE A1 OOpPHOBI C OTPAaBIEHUEM MEM-
OpaH.

DoH/1 OLIEHOYHBIX CPEICTB JIf POBeIeHUs MPOMEKYTOYHOM aTTecTa-
M Ui cryaeHTos 300

Bonpocsl k 3a4eTy Ha 2 Kypce 14 cTyaeHToB 3P0

1. OcHOBHBIE pa3IHUuUs MEKIY «UEPHON» U «3EJICHON» XUMUEH.

2. Ilpeanochbulky mepexoaa K HOBBIM PECYPCO- M SHEProcOeperaroniiM TeXHO-
JIOTUSIM.

3. OCHOBHBIE IPUHLIUIIBI «3EIEHOW» XUMUH.

4. Kakve u3 NpUHUUIIOB «3€JI€HOW» XHUMHH MOTYT OBITh PEAIM30BaHbI B AJIEK-
TPOMEMOPAHHBIX TEXHOJIOTUAX ?

5. CoBpemenHbie ZLD TeXHONOTUH.

6. I'ubpuaHble MEMOpPAaHHBIE TEXHOJIOTUU C MPUMEHEHHEM D3JIEKTPOMEMOpaH-
HBIX MOZYJIEH.

7. Metoabl 00€3BpeKUBaHUS KUIKUX HU3KO PAIHMOAKTUBHBIX OTXOI0B.

8. KoHcTpykuust MeMOpaHHBIX MOAYJEH IS TPAJAULIMOHHOTO AJIEKTPOINATH3a.

9. Ha3HaueHue MHEPTHBIX CHENCEPOB, pa3IeNAOIINX MEMOPaHB.I.

10.KoHCTpyKLIMKM MEMOpPAaHHBIX MOIYJIEH IS JIEKTPOIEUOHU3ALIHH.

11.Ha3HaueHne MOHOOOMEHHBIX CIIEHCEPOB, Pa3ENIAIOIINX MEMOpPaHbl B MOAY-
JAX JJISL DJIEKTPOIEHOHU3AL .

12.KoHCTpyKLIMKM MEMOpPAHHBIX MOYJIEH ISl IOMYyUYEHUS SJIEKTPOIHEPTUH.
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Bomnpocsl k 3auery Ha 3 kKypce s cTryaeHToB 3P0

1. MexaHu3Mbl IEpeHOCa HOHOB U BOJIbI B MEMOPAHHBIX CHCTEMAaX B YCIOBHUAX
IPOTEKAHUS IEKTPHUUECKOrO TOKA.

2. KoHCTpyKIIMM MEMOpPAaHHBIX MOy, IPUMEHIEMBIX B (hapMalleBTHUECKOM
Y TIUIIICBOM MPOMBIIIIICHHOCTH.

3. TpeOoBanus, npeabsBIseMble K MaTepuaiaMm 3JIEKTPOMEMOpPAHHBIX MOJY-
Jel, TpUMEHSEMbIX B MeIUILIMHE, (hapMalleBTUYECKON U MUIIEBOM MPOMBIIII-
JIEHHOCTH.

4. KoHCcTpyKUMH MEMOpPaHHBIX MOAYJEH, MPUMEHSEMbIX IS TPeaesbHOTO
KOHILIEHTPUPOBAHUSI PACTBOPOB.

5. KoHCTpyKIIMM MeMOpaHHBIX MOJYJEH, MPUMEHSIEMBIX IJIS OCYIIECTBICHUS
MPOLIECCOB KOHBEPCUHU COJIEH B KUCIOTHI U OCHOBAHUSI.

6. OcobeHHOCTH (YHKIIMOHUPOBAHUS 3aPSHKEHHBIX MEMOpaH B MHOTOKOMIIO-
HEHTHBIX PacTBOpax.

7. Tlpomecchl, NpensATCTBYIOMKE 0oJjiee MHUPOKOMY BHEIAPEHHUIO 3JICKTPOMEM-
OpaHHBIX TEXHOJIOTHH B MPOMBIILIEHHOCTb.

8. B Kakux cilydasXx ¥ MOYEMY BO3HUKAET OMACHOCTh BBIBOJA M3 CTPOSI MEM-
OpaH 1 AJIEKTPOJIOB B PE3yJIbTaTe 0CaAKO00pa30BaHUS?

9. B Kkakux ciydasx ¥ Mo4eMy BO3HUKAET OMACHOCTb BBIBOJA U3 CTPOSI MEM-
OpaH B pe3ysbTaTe UX OTPaBIICHUA?

10.Crioco6n1 00pBOBI ¢ 0CATKOOOPa30BAHUEM.

11.MexaHu3Mbl OTpaBiieHUs] MEMOpaH.

12.0cHOBHBIE MEpBI, MpeAnpuHUMaeMble i OOpbObI C OTpaBICHUEM MEM-
OpaH.

dopMa KOHTPOJIS I NPOBEACHHS TPOMEKYTOUHOM aTTECTALHUM MO TUCIU-
IUIMHE — 3aYer.

CryneHTsl 00s13aHBI CIATh 3a4€T B COOTBETCTBUH C PACIICAHUEM U y4EOHBIM
IUTAaHOM. 3aueT sBIseTCs (POPMON KOHTPOJS YCBOCHUS CTYACHTOM Y4eOHOU Mpo-
IpaMMBbI TIO TUCIUTIIIMHE, BHIMTOJTHEHUS JTA0OPATOPHBIX U KOHTPOJBHBIX padoT. 3a-
4eT M0 MPOCIIYIIAaHHOMY KYpPCY MOXKET ObITh BHICTABJICH HA OCHOBAHHUH OIEHKH Jie-
STEILHOCTHU CTYJCHTA B CEMECTPE, & UMEHHO - 10 IMOCENAeMOCTH JICKIIUN, Pe3yib-
TaTaM BBITIOJIHCHHSI 3aJJaHUl U 1ab0paTopHBIX paboT. 3amuTa 1abopaTOpHBIX pa-
00T OCYIIECTBISETCS MOCIE BBIMOTHEHUST PaOOTHI HA OCHOBAHUU MPOBEPKHU IMUCH-
MEHHOTO OTYEeTa ¥ YCTHOTO W/MJU MHUCHMEHHOTO OMpoca OO0yYaroluXcsi 0 TeMe
nabopatopHoit paboThl. J{ns momydeHus 3aueta o0yJaromuiics J0/DKEeH AaTh yI0-
BJICTBOPHUTEIIbHBIE OTBETHI HA BCE BOTPOCHI.

Kpurepuu ouenku:

- OlleHKA «3aYTEeHO»: CTYJCHT BJa/IeeT TCOPETUUECKHUMH 3HAHUSIMU OCHOB
(YHKIIMOHUPOBAHUS COBPEMEHHBIX 3JIEKTPOMEMOPAHHBIX MPOLECCOB, JEMOHCTPH-
pyeT OCHOBHBIE 3HAHHUA 00 OOLIMX, CHEIU(PUUYECKHX M YaCTHBIX 3aJadyax COBpe-
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MEHHBIX 3JIEKTPOMEMOpaHHBIX MPOIECCOB M TEXHOJOTUH; MMeeT cHOopMHUpOBaH-
Hbl€ NPEJCTaBICHNs O MPUHLMIIAX BbIOOpA U peaau3alui COBPEMEHHBIX AJIEKTPO-
MEMOpaHHBIX IPOLECCOB M TEXHOJOTMHA JUIsl PELIEHUS pPa3lIMYHBIX Hay4dHO-
TEXHUYECKUX 3a/1a4.

- OLICHKA «He 3a4YTeHO»: MaTepuall He YCBOEH WIM YCBOEH YAaCTUYHO, OT-
CYTCTBYIOT LEJOCTHBbIE 3HaHMA 00 OOIMMX, CHeHM(PHUECKHX U YaCTHBIX 3aJadax
COBPEMEHHBIX 3JIEKTPOMEMOPAHHBIX MPOLECCOB M TEXHOJOTHM;, CTYACHT 3aTpy-
HSIETCSl B OOBSICHEHUU MPHUHIIUIAX BBIOOpA M pean3alid COBPEMEHHBIX AJIEKTPO-
MEMOpaHHBIX MPOLECCOB M TEXHOJOTMH JUIsl PELIEHUS pPa3lIMYHBIX Hay4dHO-
TEXHUYECKUX 3a/1a4.

5. IlepeyeHb OCHOBHOI U IOMOJHUTEIbHOM YU4eOHOM JIUTEPATYPbI,
HEe00X0IMMOii 1151 OCBOCHUS M CHUIIIMHBI (MOXYJISA)

5.1 OcHoBHas1 IMTEpaTypa
1. MemOpanbsl 1 MeMOpaHHbIe TexHojoruu, moa pea. A.b. SApocnaBueBa [Dnek-
TpoHHBIA pecypc| : M.: Hayunsiii mup, 2013. — 611 c. Pexum pgocryna:
http://biblioclub.ru/index.php?page=book red&id=468334&sr=1

5.2 JlonotHMTeIbHASI JTATEpaTypa
1. Mynnep M. Beeaenue B MeMOpanHyto TexHosnoruto. M.: Mup, 1999. 513 c.

5.3. [lepuoanyeckue u3aaHusl
1. XKypHan «IeKTpOXUMUsI»

6. Ilepeyennb pecypcoB HHGPOPMANMOHHO-TEJIEKOMMYHUKANIMOHHOM CeTH
«HTEpHET», HEOOXOIUMBIX JJI5l OCBOECHHS TUCHUTLIHHBI (MOTYJIs1)
1. Pycckoe memOpanHoe o001miecTBO «MeMmOpaHbl U1 MEMOpaHHBIE TEXHOJIOTHUN:
http://memtech.ru/index.php/ru/
2. MY JIUT KyoI'y
(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: Ionic 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/

Nudopmarmonno-ananutudeckue 06a3pl maHHbiX PUHIL u Scopus, a Takxke
oubsmoreunbie  QoHmbl  (dMeKkTpoHHAs ~ Oubnuoreka  guccepraumii  PI'b,
OnextpoHHass OuOmmoreka  grebennikon.ru, HMudbopmarmonasie  pecypchl
komnanun  «Muterpym-Texno», Hayunsie ©6a3pt  komnanuum «Hct Bsio
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Nudopwmeiimmn Cepsucus, Mux», b/ komnanun EBSCO, Hayunbie 3. xypHaibl
SAGE, DOnexktpoHHas OuOnMoTedyHass cuUcTeMa  u3AaTenbcTBa  «JlaHby,
OnexktponHas kojuiekius Okcdopackoro Poccuiickoro ®onma u 1ip.)

7. MeToanuyeckue YKa3zaHMsli IS OOyYAIOUIUXCHA IO OCBOEHHUIO
AUCIHUTIHHBI (MOIYJIs1)

CamocrosiTenbHast padoTa aCMPAHTOB OCYLIECTBISETCS B (hopMe U3yUEHHUS
HAyYHOU JIUTEpaTyphl, MyOJUKYEMON B BHICOKO PEHTHHTOBBIX MEPUOANICCKUX U3-
JTAHUSAX C JaTbHEHIIIIM Pa300poM MiIH 00CYKICHHEM MPOYUTAHHBIX CTaTeH (B TOM
YHUCJIe€ Ha WHOCTPAHHBIX S3bIKAX) HA CEMUHAPCKUX ayJTUTOPHBIX 3aHATUSX. BBIOOD
MHOCTPAHHBIX CTaT€l M MX MNEPEBOJ| MPOUCXOIUT B TECHOM COTPYIAHUYECTBE C
MpernoiaBaresieM TUCUUIUINHB « THOCTpaHHbIN S3bIK». BO BpeMsi caMOCTOATENb-
HOW TOATOTOBKM OOydaromuecss obecrmedeHbl qoctynoM udepe3 MHTepHeT K WH-
dbopMalMOHHBIM 0a3aM JaHHBIX U OMOJIMOTEeYHbIM (OHIAM BEIYIIMX YHUBEPCUTE-
TOB.

8. Ilepeyenbr WHGOPMALMOHHBLIX TEXHOJIOTHI, HMCIOJb3yeMbIX NP
OCYIIECTBJIEHMH 00Pa30BaTEJILHOI0 MpoIecca Mo AMCHUIuInHe (MOaYJI10) (MpHu
HE00X0IUMOCTH)

8.1 Ilepevyenb HE0OXOAUMOI0 MPOrPAMMHOI0 00ecTiedeHUst

Microsoft Windows 8, 10

Microsoft Office Professional Plus

CrienmaM3upoBaHHasi aBTopckas 0aza maHHbIX «ED-manager» (mpemocTas-
JISIETCS TIPETIoIaBaTelIeM).

8.2 Ilepeyenb HEOOXOAMMBIX HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM

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

9. MaTepuajibHO-TeXHUYecKasi 0a3a, HeOOXOAUMAs JJIsl OCYLIeCTBJICHHUSA
00pa30BaTeJbHOIO MPOLEcca MO AMCIHUIIUHE (MOLYJII0)

I[JI}I ITPOBCACHUA 3aHATUM 110 JUCIHHUIITMHE UMCECTCA HCO6XOIII/IM8,$I MaTepu-
AJIBHO-TCXHUYCCKAas 68.33, COOTBCTCTBYIOIIIAA I[CI\/’ICTBYI-OH_II/IM CaHHUTApHBIM U IIPO-
THUBOIIOKAPHBIM IIpaBUJIaM XU HOPpMaM.

MarepuaibHO-TeXHUYECKOE oOecrieueHue AUCIUTUTHHBI

Ne Bug pabor
(MOysIs1) ¥ OCHAIIEHHOCTh

1. Jlexumonnsle 3ausATHS | Aynutopus 343c, ocHamleHHas ydeOHOW MeOenbio, KOMITb-
I0TEPOM C COOTBETCTBYIOLIUM MPOTrpaMMHBIM OOECIIeUeHH-
em (Windows, Microsoft Office), mepeHOCHBIM MPOEKTO-
pOM, MEJIOBOM TOCKOM.

2. Cemunapckue 3ausatust | Aynuropus (ayn. 343c), ocHamieHHas y4eOHOM MeOenblo,
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KOMIIBIOTEPOM C COOTBETCTBYIOIIUM IMPOTPaMMHBIM 0O0ec-
nedenueM (Windows, Microsoft Office), mepeHocHbIM Tpo-
€KTOPOM, MEJIOBOM JOCKOM.

JlaGopaTopHsbie
3aHATHSA

JlaGoparopus AIIEKTPOMEMOPaHHBIX SIBJICHUH,
YKOMIUIEKTOBaHHAass  CHELUUaJu3UpOBaHHON  MeOeblo,
BRITSDKHOM CHCTEMOM BEHTHWISIIMUA, MEJIOBON JIOCKOM,
CpPEICTBaMH TMOKapHOW O€30MacCHOCTH W OKa3aHHUs MEepBOU
MEIUIIUHCKON MTOMOIIIH, JTaOOpaTOPHBIM 000PYIOBAHUEM:
norennuoctar Autolab PGSTAT 100 N; HCTOYHHMK TOKa-
BoneTMeTp Keithley 2200-60-2 ; HCTOYHHMK TOKa-BOJIBTMETP
Keithley 2100/E ; nmanoomeT™eTp Keithley 6221/2182 A;
BOJITMETP YHHBepcanbHbld B7-71/1; nacoc mmpuieBoi
Dixion Instillar 1428; pH metp — monomep Okcmept-001;
KoHAaykTOMEeTp Jkenepr-002; Hacoc mNepucTalbTUYECKUN
MHorokaHanpHbId Heidolph Pumpdrive 5001; pH wmetp
FEP20-ATC Kit pH; xonaykromerp FEP30-KIT; Bech
AHAIUTHYECKUE Ohaus PA 214C; aHaJIU3aToOP
Bnarocoaepxkanusi Ohaus MB-25; tepmoctat Isotemp 6200
H7; cymmnpnbnii mkadp BINDER FD 1150; cymmnbHbIN
mkad Binder FD 53; meiikep skompubop; Memanka
Heidolph; memanka JIAB-ITY-01; tepmoctat TX-TC-01;
nporpammatop I[IP-8; morenumocrar I1MN-50-1.1; mnuTka
snektpudeckas ~ IJI® C-MAG HS 7; Hacoc
MEPUCTATHTHUCCKUN OTHOKAHATBHBIN; paboyasi CTAHIIHS.

JlaGopatopust 3nekTpomeMOpanHoro cunTeza Ne 330C,
YKOMIUIEKTOBaHHAs CHEeIUAIN3UPOBAaHHON Me0enblo,
BBITSDKHOM CHUCTEMOM BEHTWISALMM, CPEACTBAMM II0XKApHOU
0€30MacHOCTH M OKa3aHUs MEPBOM MEIUIIMHCKOW TTOMOIIIH,
1a00paTOPHBIM 000pyI0BaHUEM: NOTEHLUOCTAT-
ranpBaHocTaT P-301, umnenancmerp Z-1000P, uzmepurens-
aHAJIN3aTOpP HMIIEJAHCA, BOJBTAMIEPHBIX M IE€PEXOAHBIX
XapakTEepUCTUK  MeMOpaH, IOTEHLUUOCTaT-IrajbBaHOCTAT
Autolab PGSTAT 100N, pH-merp nonomep 3SKCIIEPT-
001, turpatop aBTomartmueckuii TitroLine 6000, nonomep
N-130, xoumykromerp  OKCIIEPT-002, dboTomeTp
¢dorosnextpuueckuit KDPK-3, BombTMETp yHHBEpCaIbHBIN
B7-78/1, BombT™MeTp yHuBepcanbHbIW B7-34A, renepatop
CUTHAJIOB crieranbHol Gopmbl ['6-33, UCTOUHMK NUTaHUSA
MOCTOSIHHOTO TOKa b5-50, BECHI 3JIEKTPOHHBIE
naboparopusie HR-120, Hacoc mepuctanbruyeckuii JIAB-
HII-1, TEpMOCTAT JKUIKOCTHOU JIAB-TXK-TC-01,
nepeMemmBatouiee ycrporctso JIAB-ITY-01

I'pynmoBeie  (MHIWBH-
NyallbHbIE) KOHCYJIbTa-
92071

VYueOHas aymuTOpHsi, yKOMIUIEKTOBAHHAS YIYeOHON MeOEbIO
(ayn. 343C, Ne 328C, Ne 334C)

Texkymuii  KOHTpPOJIb,
IIPOMEXKYTOUYHAsA aTTe-
CTalus

VYueOHast ayquTOpUs Al MPOBEACHUS MPAKTHUECKUX 3aHs-
i (aym. Ne 343C, Ne 328C, Ne 334C), ocHaimieHHas y4eo-
HOI MeOEIIbIO

CamocrosTenpbHas pa-
6ora

AyauTopuu, OCHAIICHHBIC Y4eOHOW MeOeTbl0 M KOMIIBIO-
TEPHOW TEXHUKOW C BO3MOXHOCTBIO TMOJKIIOYEHUS K CETH
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«HTEpHETY, MPOTPAaMMON dKPAHHOTO YBEIUYCHUS U 00ec-
MEYCHHBIN JIOCTYIIOM B AJIGKTPOHHYIO HH()OPMAIIMOHHO-
obpasoBarenbHyto cpeny yHuBepcutera (Ne 140, Ne 341C,
Ne 329C)
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