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1. Heau u 3apa4m y4eOHOM AU CHUTIIIUHBI

1.1 Ieap AUCHUIIHHBI

Lenpto ocBoeHUsT yueOHON AMCIMILIMHEI «MaTeMaTHiecKue METO/IbI U MOje-
J¥ HAHOTEXHOJIOTHI) SBISIETCS pa3BUTHE MPO(ECCHOHATBHBIX KOMIIETEHTHOCTEH
PUOOPETEHUS MPAKTUYSCKUX HABBIKOB B MOJICIIMPOBAHHMM 337a4 DJICKTPOXUMUYE-
CKOW THAPOTUHAMHKH, PCATU3YIONIMX WHHOBAITMOHHBIA XapaKTep B BBICIIEM IPO-
deccruoHaTbHOM 00Pa30BaHU.

B pesynbrare m3ydeHus HACTOSIICH TUCIUIUIMHBI aCHUPAHThI MOJIy4aT 3Ha-
HUSI, IMEIOIIIME HE TOJILKO CaMOCTOSITEIIbHOE 3HAYCHHE, HO W sBISIoNIMecs GyHa-
MEHTOM JIJISl U3YUCHHUS Psfa TMOCASAYIONINX CIeHUATbHBIX JUCIUIUIMH U MpaKTHde-
CKOM Hay4YHO-MCCJIEMOBATEIBLCKOM PadOThI acUpaHTOB 1o Mpodmio MaremaTtnde-
CKO€ MOJICITMPOBAHNE, YUCICHHBIC METO/IBI M KOMIUIEKCHI ITPOTPaMM.

1.2 3agaun AMCHMIIJINHBI:

. chopMupoBaTh 3HAHHUS O MATEMAaTHYECKUX METOJIaX HCCIIEIOBaHUS
HAHOMATEPUAJIOB U HAHOIIPOIIECCOB, 00 OCHOBHBIX 3aKOHAX U BBIPAKAIOIITUX
ypaBHEHUSX B 00JACTH MOJIETUPOBAHMS SIBJIEHUN MEPEHOCa B DJIEKTPOMEM-
OpaHHBIX CUCTEMaX;

. 00y4HUTh HEKOTOPHIM OCHOBHBIM IMOAXOAaM K MaTEMaTUYECKOMY MO-
JENUPOBAHUIO U MPUBUTH HABBIKU PAa0OThI C UEPAPXUUYECKOU CHUCTEMON Ma-
TEMaTUYECKUX MOJIETICH, OMUCHIBAIOIMINX TIEPEHOC B DIIEKTPOMEMOpPAHHBIX
CUCTEMaX;

. NPUBUTH MPAKTUYECKUE HABBIKUA PEIICHUS 33/1a4u JJIEKTPOXUMHUUECKON
TUAPOJMHAMHUKH, B TOM YHUCJE C MOMOIIBI MCIIOJB30BAHUS MTPOTrPaMMHBIX
MIPOJIYKTOB, PEATU3YIOIIUX CUCTEMY MaTeMaTHYECKUX MOJIEIeH.

1.3 MecTo yueOHoi nucuuninnbl B crpykrype OOII BITO

JucimruimHa «MareMaTudecKkue METOAbl U MOJEIM HAHOTEXHOJOTUI» OTHO-
CUTCA K 00s3aTeNbHBIM JUCIMIUTMHAM BapuatuBHOW dactu (b1.B) ydeOHoro miana
HanpasyieHus: moaroroBku 09.06.01 Mudopmarvka W BBIYHCIUTENIbHAS TEXHUKA
npoduis Matemarnueckoe MOICTUPOBAHUE, YUCIIEHHBIE METO/IbI M KOMILIEKCHI MPO-
TpaMM.

Ona HampaBiieHa Ha (popMupoBaHUE y OOYyYAIOIIMXCS 3HAHUM U YMEHU, SIB-
JISTFOLIMXCS. OCHOBOM JIJI M3YYEHUS Psiia APYTUX CHEUUATbHBIX JUCUHUIUINH, a TAKKe
NPAKTUYECKON HAYYHO-UCCIIE0BATENIbCKON NEATEIbHOCTH.



1.4 IlepeyeHb MUIAHUPYEMBIX pe3y/IbTATOB 00y4YeHUs] M0 AMCLHUILIMHE, CO-
OTHECEHHBIX € IUIAHMPYEMBIMHM Pe3yJIbTATAMH OCBOCHHUSI 00pa30BaTeJbLHOI
NPOrpaMMslI

B pesynbrate u3yueHus AUCUMIUIMHBI y aCTIMPaHTa JOKHBI COPMHUPOBATHCS
CJIETYIOIINE KOMIIETEHIINH, B COOTBETCTBUHM ¢ TlacrioptoM (1.3 OOII):

OIIK-3: cnocoOHOCTh K pa3pabOTKE HOBBIX METOJOB MCCIIEIOBAHUS U UX
IPUMEHEHUI0 B CaMOCTOSITEJIbHOM HAay4YHO-UCCIEAOBATEIbCKOW NIESITENBHOCTH B
obnactu npodecCuOHAIBHOUN ESITETbHOCTH.

OIIK-5: ciocoOHOCTh OOBEKTUBHO OIIEHUBAThH PE3yJIbTaThl UCCIEIOBAHUMA U
pa3paboTOK, BHIOJIHEHHBIX APYTUMH CICIIUATUCTAMU U B APYTUX HAYYHBIX ydpe-
KICHUSX.

IIK-2: rmiy0OKO MOHUMAET ¥ TBOPYECKH UCTIONB3YET B HAYYHOM U MPOU3BO/I-
CTBEHHO-TEXHOJIOTUYECKOUN NIeSITENbHOCTH 3HAHUS (DYHIAMEHTAIbHBIX U MPUKIIA-
HBIX Pa3/ieNiOB CIEIUATbHBIX JTUCIUIUIMH.

IIK-3: cnocoOHOCTh K METOJaM MAaTeMaTHYECKOro MOJEIUPOBAHMS, YKC-
JIEHHBIM METOJIaM U pa3pabOTKe MPOrPaMMHBIX KOMILJIEKCOB.

PacmmdpoBka koMIeTeHITU:

3HaTh:

- OCHOBHBIE NPHUHIUIIBI IUIAHUPOBAHHUS WM  peAM3alUd  HAy4YHO-
uccienoBaTenbCckux U nouckoBbix uccnenopannii (lludgp: 3 (OMK-3) - 1).

- (pyHmaMeHTaIbHBIC U TMPHUKIAIHBIC Pa3/Ielibl MATEMAaTHIYECKOTO MOCITHPO-
BaHMsI, YHCIIEHHBIX METOA0B U KoMIuiekcoB nporpamm (Iugp 3 (IIK-2)-1).

- OCHOBHbIE MeTO/bl MaTeMaTuyeckoro moaenuposanus (Iugp 3 (IIK-3)-
1).

Ymern:

- IUTAaHUPOBATH HAYYHO-UCCIIEAOBATEIbCKUE M MOUCKOBBIE UCCIICIOBAHUS B
3aBUCUMOCTH OT IMocTaBlieHHBIX 1iened u 3aaa4d (ludgp: ¥V (OIIK-3) -1).

- OOBEKTUBHO OIICHUBATh PE3YyIbTAThl CBOMX HAYYHBIX Pa3pabOTOK, BBIMOJI-
HeHHbIX apyrumu crennanucramu (ludgp: ¥ (OIIK-5) -1).

- TIOHUMATh W TBOPYECKU MCMOJB30BAaTh B HAYYHOW M MPOU3BOJICTBEHHO-
TEXHOJIOTUYECKON NEeATETLHOCTH 3HAHHS (DyHIaMEHTaIbHBIX M MPUKIATHBIX pa3-
nenoB cnenuanbHbiX aucuuiuivd (ugp: Y (IIK-2)-1).

- HCIOJIb30BaTh METOJIBl MaTeMAaTHYECKOro MOJEIUPOBAHUS, YUCICHHBIC
MeTOobI U pa3padarsiBaTh porpaMmMmubie komiuiekesl (Ludgp: YIIK-3)-1)

Baapers:

- OCHOBHBIMHU MpHEMaMU ¢ METOJaMU IUIAHUPOBAHUS  HAY4YHO-
uccienoBaTeabckux U nouckoBeix uccaenopanuii (Lludgp: B (OIIK-3) - 1).

- COBPEMEHHBIMHU METO/IaMU PEILICHUS] HAyYHbIX 3a]]a4 B 00JIaCTU CBOMX Ha-
yunbIx uHTEepecoB (Iugp: B (OIIK-5) - 1).

- CIOCOOHOCTBIO K METOJIaM MaTEMaTHUE€CKOTr0 MOAEIUPOBAHUS, YUCIICHHBIM
MeTo/iaM U pa3zpaboTrke nmporpaMMubIx komruiekcos (Iugp: B (ITK-3)-1).



2. CTpyKTypa U coaep:KaHue IMCUUIIMHBI

2.1 PacnpenesieHue TPYI0€MKOCTH AMCUMILIMHBI 10 BUAAM padoT

O6mras Tpynoémkocts auctuiuinabel 30 coctasmsier 3 3ad.en. (108 akame-
MHYECKHUX YacOB), UX pacIpeaesieHue 1o BuaaM padoT MpeICTaBICHO B TaOuIIE.

Bun pabotsr TpynoeMKoCTh, 4aCOB
Cemectp 4, 5

OO0masi Tpy10eMKOCTh 108
AynutopHas padora:
Jlexyuu (J1) 4+4
Ipaxmuueckue pabomut (I1P) 4+6
Jlabopamopuwsie pabomul (JIP) 0+12
CamocrosiTeibHas padora:
Kypcogoii npoext (KII), kypcoBas pabora (KP)
Pacuetno-rpaduueckoe 3amanue (PI'3)
Pedepar (P)
Dcce (D)
KCP
Konrponsnas padora (K)
CamormnonroroBka (mpopaboTKa 1 MOBTOPEHHE JEKIIHOHHOTO MaTe- 28+23
pHaia u MaTepuaia yueOHUKOB U y4eOHBIX TOCOOMIA, TOJITOTOBKA K
71a00PATOPHBIM M MPAKTUICCKUM 3aHSTUSIM, KOJUIOKBHYMaM | T.]11.)
IoaroroBka u caavya 3K3aMeHa 0+27
Buj1 MTOroBOro KOHTpPOJIf 9K3aMEH

2.2 CTpyKTypa AMCUMILINHBI

Pacnpenenenne BUOOB y4eOHON pabOThl M MX TPYLOEMKOCTH MO pasaenam

JUCHUITIIINHEBI.

Paznensl qucuumuinHel, n3ydyaemele B 4 u 5 cemectpax B 3PO0.

KoanuectBo yacos

Ne AynuropHas OK3.

i HanmenoBanue paszena, TeMbl

Bcero pabora

Cawm. pa-

P oora

JI ITP
1 2 3 4 5

6 7 8

Pa3znen 1. Matemarnueckoe MOAeJIHPO-
BaHMe MEePEeHO0Cca B IJIEKTPOMeMOPAHHBIX
CHCTEMAaX € y4eTOM KOHBEKTHBHBIX Te-
YeHHUu

Hanomatepuaiiel 1 HAHOTIPOLIECCHI B TIPH-
pozne. CBs3b CTPYKTYpBI U CBOWCTB. Poiib
1. |compsixeHHBIX 3P PEKTOB B IMEKTPOXUMH- 6 2
YEeCKHX cucTeMax. MUKpo- 1 HaHO(DITIOH-
JIVKA.

4+0

JIeKOMITO3HIIHSI CUCTEMbI yPaBHCHUMN
2. |Hepucra-ITnanka ¢ y4eTOM yCJIOBHS DJIEK- 6 2
TPOHEUTPAITLHOCTH.

4+0 2




HanmMeHnoBaHue pasaeiia, TCMbL

KonnuectBo yacos

Bcero

AynuropHas

pabota

I1P

JIP

Cawm. pa-
6oTta

OK3.

2

JI
4

5

6

7

MartemaTHueckoe MoJeINpOBaHUE Nepe-
HOCa B IBYMEPHBIX DJIEKTPOMEMOpaHHBIX
CUCTEMaXx.

14

4+4

Marematndeckoe MOIETHPOBaHKE TIepe-
HOCa B 3JIEKTPOMEMOPAHHBIX CUCTEMAX C
y4EeTOM TPaBHTAIIMOHHON KOHBEKITHH.

10

4+4

Marematudeckoe MOIETHPOBaHKE TIepe-
HOCa B 3JIEKTPOMEMOPAHHBIX CUCTEMAX C
Y4ETOM DJICKTPOKOHBEKIINH.

10

4+4

AHanu3 KOHBEKTUBHO-TU(D (D Y3MOHHON MO-
JIeNIV dJIeKTpoauanusa. Y paBHeHue JIeBeka.

10

4+4

Pa3gen 2. MaTtemaruieckoe MOAeJIHpPO-
BaHMe TMIPOAUHAMMKH B 3JIEKTPOMeM-
OpaHHBIX CHCTEMAX C Y4eTOM CONpsi-
KEHHBIX XMMHYEeCKHX PeaKkIuil 1
CBOICTB N0BEPXHOCTH MeMOpaH

BnusiHue conpspkeHHBIX XMMUYECKHX pe-
aKIUi Ha TIEPEHOC B 3JIEKTPOMEMOPaHHBIX
CHUCTEMax C Y4E€TOM 3JIEKTPOKOHBEKIIHH.

4+4

VYcaoBus IIPUIUIIAHUSA U CKOJIBXXCHUA IIPpU
MOJCIMPOBAHNHU IICPCHOCA B SJICKTPOMEM-
6paHHI)IX CUCTEMAX C YYETOM DJICKTPOKOH-
BCKIIMH.

0+4

VYuaer creneHu ruipoGoOHOCTH TTOBEPXHO-
CTH IIPY MOJEIMPOBAHUHU IIEPEHOCA B
AIEKTPOMEMOPAHHBIX CUCTEMAX C yYETOM
AJIEKTPOKOHBEKLINU

0+3

IToaroroBka u caaua 3K3aMeHa

27

HUroro:

108

10

12

28+23

27




2.3 Conep:xanue pa3aesioB JUCHUILIMHBI

2.3.1 3aHgTHd JeKIMOHHOI0 THIIA

HanmenoBanne dopma Tekyuie-
Ne Coneprkanue pasena/MoTyIst
paznena/Momyns 0 KOHTPOJISI

1 2 3 4

1 | Marematuueckoe Mo- | Tema 1. Hanomarepuanbl 1 HAHOIIPOLIECCHI B YcTHsbli orpoc,
JNeTMpOBaHKe epeHo- | mpupoje. CBs3b CTPYKTYpHI U CBOMCTB. Poib AHAJIUTHYECKUN
ca B DJIEKTPOMEM- COTIPSDKEHHBIX A((EKTOB B AIEKTPOXUMUYECKHX | 0030p MO Ipo-
OpaHHBIX CUCTEMaX ¢ | cucTeMaX. MUKpO- 1 HaHO(IIOWIHKA. oeme.

Y4YE€TOM KOHBEKTHB- Tema 2. JlekOMIIO3UIIMSI CUCTEMBI YpaBHEHU
HBIX TCUCHUHN Hepucra-ITnanka ¢ yueTomM yciaoBus 3JI€KTpoO-
HEUTPaJIbHOCTH.
Tema 3. MatemaTudyeckoe MOIEIMPOBAHUE TIe-
peHoca B IByMEPHBIX 3JIEKTPOMEMOPaHHBIX CHC-
TEeMax.
Tema 4. MatemaTndeckoe MOJEINPOBAHUE T1E-
peHoca B JIeKTpoMeMOpaHHbBIX cUCTEMaX C y4e-
TOM IpaBUTALIMOHHOW KOHBEKIINH.
Tema 5. MatemaTudyeckoe MOJIEIMPOBAHUE TIe-
peHoca B JIEKTPOMEMOpaHHbIX CHCTEMaXx C yde-
TOM 3JIEKTPOKOHBEKLIUU.
Tema 6. Ananu3 KOHBEKTHBHO-IU (D HY3HOHHON
MOJEJIH 3JIEKTpoinanu3a. Y paBHeHue Jlepeka.

2 | Maremarnueckoe MO- | Tema 1. BnusiHue CONPSKEHHBIX XUMHUYECKHUX YcTHBIH ompoc,
JEIUPOBAHKE THIPO- | peaKLMi Ha MEPEHOC B AJIEKTPOMEMOPAHHBIX aHaJIUTHYE-
JUHAMUKH B 3JIEKTPO- | CUCTEMAX C YUETOM 3JIEKTPOKOHBEKIIMH. CKuit 0030p 1o
MEMOpPaHHBIX CUCTE- Tema 2. YcnoBust NpUIUNaHUS U CKOJIBKEHUS npobieme.

Max C y4ETOM CONpsA- | IPU MOJEIMPOBAHUH IIEPEHOCA B MIEKTPOMEM-
KEHHBIX XUMUUECKHX | OpaHHBIX CUCTEMaX C yYETOM AJIEKTPOKOHBEK-
pEeaKUUii U CBOMCTB IUH.
IIOBEPXHOCTHU MEM- Tema 3. Yuer creneHu ruipooOHOCTH MOBEPX-
Opan HOCTH IIPY MOJEIIMPOBAHNNU NIEPEHOCA B JJIEK-
TPOMEMOPAHHBIX CUCTEMAX C YUETOM DJIEKTPO-
KOHBEKIIHH.
2.3.2 3aHATHA CEMUHAPCKOI0 THIIA
HanmenoBanue N dopma Tekyuie-
Ne TemaThka NpakTUYECKUX 3aHATHH (CEMUHApPOB)
paznena/MoayIst 0 KOHTPOJISI
1 2 3 4

MaTtemMaTH4ecKoe MO-
JEIUPOBAHUE TIEPEHO-
ca B DJICKTPOMEM-
OpaHHBIX CHCTEMAX C
Y4€TOM KOHBEKTHB-
HBIX TCUCHUH

Tema 1. MaTemMaTU4deCKHE MOJIECIIH, OITMCHIBAIO-
IIUE CBSA3b CTPYKTYPbl HAHOMATEPHAJIOB C UX
CBOMCTBAMM.

Tema 2. JIBymepHbIE MOJICIIH TIEPEHOCA B JICK-
TpoMeMOpaHHbIX cuctemMax. BeiBoa dopmyn ass
pacuera npeenbHOM IIOTHOCTH TOKA.

Tema 3. JIBymepHBIE MOJEIN NIEPEHOCA B AJIEK-
TpoMeMOpaHHBIX cucTeMax. BeiBoa dopmyn s
pacueTa pacnpeieneHus: KOHUEHTpAUi 1 MI0T-
HOCTH TOKa.

Hoknan mo ma-
Tepuaisam cTa-
ThU, UCCIIEIO-
BaHUA.




HanmenoBanue . dopma TeKyuie-
Ne TemaTuka NpakTUYECKUX 3aHATUH (CEMUHAPOB)
pazzaena/mMomyns 0 KOHTPOJIS
1 2 3 4
Tema 4. IlocTaHOBKA 3a1a4X U aJITOPUTM YHC-
JICHHOT'O aHaJIM3a [IEPEeHOca B 3JICKTPOMEMOpaH-
HBIX CUCTEMAaX C y4eTOM IPaBUTAIIHOHHON KOH-
BEKILIUH.
Tema 5. IlocTaHOBKA 3a/1a4u ¥ QITOPUTM YHUC-
JICHHOTO aHaJIM3a [IEPEeHOca B 3JIEKTPOMEMOpaH-
HBIX CUCTEMAaX C yYETOM 3JICKTPOKOHBEKIINH.
Tema 6. MatemaTnieckoe OIUCaHUE KOHBEK-
TUBHO-TH ()P Y3nOHHOI MOJIENN AIIEKTPOANAIIH3A.
Ypasuenue Jlesexka.

2 | Maremarnueckoe MO- | Tema 1. YueT conpsKEHHBIX XUMHUecKuX peak- | 1. Jlokmaxa mo
JEJIMPOBAaHUE FMIPO- | LMK IPU MOJEIMPOBAHUU IIEPEHOCA B AJIEKTPO- MaTepuaiam
JUHAMUKHU B 3JIEKTPO- | MEMOPAHHBIX CUCTEMAX C YYETOM 3JIEKTPOKOH- CTaThH, UCCIIE-
MEMOpaHHBIX CHCTE- | BEKIHH. JIOBaHUS.

Max ¢ yueToM conps- | Tema 2. MaTemaTHuecKoe BbIpaKeHHE yclIoBus | 2. 3amura
KEHHBIX XUMHUYECKUX | MPWINIAHUA U CKOJIBKEHUS IIPH MOJIEINPOBa- IIPOEKTHOTO
peaxIuii U CBOMCTB HUH [IEPEHOCA B IIEKTPOMEMOPAHHBIX CUCTEMAX | 3aJaHHs
MIOBEPXHOCTH MEM- C Y4E€TOM 3JIEKTPOKOHBEKIIUH.
Opan Tema 3. BBenenue ycnoBusl cTeneHu Tuipodoo-
HOCTH ITOBEPXHOCTH B MO/JIENIb IEPEHOCA B DJICK-
TpOMeMOpaHHBIX CHCTEMAX C YUYETOM 3JIEKTPO-
KOHBEKIIHH.
2.3.3 JIabopaTopHbI€e 3aHATHUS
Ne Hanverosanne HanMeHnoBanue nmabopaTtopHOl paboThI Popwma Tekyrie-
pazzaena/mMomyns I'0 KOHTPOJIS
2 3 4

MaTteMaTH4ecKoe MO-
JIeTUPOBAaHHUE TIEPEHO-
ca B DJIEKTPOMEM-
OpaHHBIX CUCTEMAX C
Y4€TOM KOHBEKTHB-
HBIX TCUYCHUH

Jlekommosunus cucrteMsl ypaBHeHurd HepHera-
ITnanka ¢ y4eTom yCioBUs JIEKTPOHENTPAIbHO-
CTH.

PacueT npenenbHON IIOTHOCTH TOKA B IByMED-
HOW MOJIEJIU [IEpEeHOCca.

Pacuer pacnpeneneHus KOHIEHTPALUH U TIIOT-
HOCTH TOKa B IByMEPHOH MOJEIH IIEPEHOCa.

[TocTpoenue anropuTMa YUCIACHHOTO aHAIN3a U
pelIeHHE 3a1a4 110 MOAECIMPOBAHUIO TIEPEHOCA B
AJIEKTPOMEMOPAHHBIX CHCTEMAaX C yU4eTOM Tpa-
BUTAI[MOHHON KOHBEKIINH.

[TocTpoeHue anroputMa 4YUCICHHOTO aHAIN3A U
pellIeHre 3a1a4 110 MOJIEJINPOBAHUIO IIEPEHOCa B
AIEKTPOMEMOpPAHHBIX CHCTEMAaX C YUETOM 3JIeK-
TPOKOHBEKIIHH.

N3yyenue ponau rpaHUYHBIX YCIOBHM IIPU MOJE-
JMPOBAHUU TEPEHOCA B IIEKTPOMEMOpaHHBIX
CUCTEMAX C YYETOM IEKTPOKOHBEKIUH.

Ormpoc 1o pe-
3yJIbTaTaM WH-
JAUBUYAJIBHOI'O
3aJlaHuMsI




HanmenoBanue dopma TeKyuie-

Ne HanmenoBanue nabopaTtopHoii paboThl
pazzaena/mMomyns 0 KOHTPOJIS
1 2 3 4
2 | Maremartuueckoe Mo- | Pemenue 3amau no MmojenupoBanuto nepesoca B | Ompoc 1o pe-
JEeTMPOBAaHKUE THAPO- | SJIEKTPOMEMOPAHHBIX CHCTEMaX C YUYETOM CO- 3yabTaTaM MH-
JTMHAMUKH B 3JICKTPO- | MPSHKEHHBIX XUMUYECKUX PEeaKIUi JTUBHyaTbHO-

MEMOpPaHHBIX CUCTe-
Max C yY€TOM COMpsI-
AKEHHBIX XUMUYECKUX
peaKuuii U CBOMCTB

0 3aAaHuA
Pemenne 3amad mo MOACIIMPOBAHUIO IIEPCHOCA B

3HeKTp0MeM6paHHLIX CUCTEMAxX C yCJIOBHEM
MPUITHUITIAHUA U CKOJIBXKCHUA

IIOBEPXHOCTH MEM- Pemenue 3aga4 no MoIeIMPOBAHUIO NIEPEHOCA B

6paH 3HeKTp0MeM6paHHLIX CUCTCMaAxX C y4CTOM CTC-

MeHU TUAPO(HOOHOCTH MTOBEPXHOCTH MEMOPaHBI

2.3.4 KypcoBbie padoThl — He NPexyCMOTPEHbBI

2.4 IlepeyeHb Y4eOHO-METOAMYECKOI0 oOecmeyeHUs: AJIsi CaMOCTOs-
TeJbHOH padoThl 00y4YaK0IIErocs Mo JUCHUILIUHE

Lenbro caMOCTOSTENbHOW pabOThI CTYIECHTA SIBISIETCS yriayOneHue 3HaHUM,
NOJYYEHHBIX B pE3y/lbTaTe ayAUTOPHBIX 3aHATUN. BripaOaThIBaloTCS HAaBBIKU ca-
MOCTOSITENIbHON paboThl. 3aKpEIUISIOTCS ONBIT M 3HAHUSA, MOJYyYEHHBIE BO BpeMs
71a00paTOPHBIX 3aHSATU.

Obecnieuenrne 00ydarOMMXCs MHBATUAOB U JIUI C OTPAHUYEHHBIMU BO3MOXK-
HOCTSIMU 37I0POBbsI YI€OHO-METOJAMUECKUMU PEeCypcaMu OCYIIECTBISIETCS B (op-
Max, aJalNTUPOBAHHBIX K OTPAaHUYEHUSAM UX 3/10POBBS.

Ilepeuens yueOHO-METOANYECKOrO 00ECIIEYEHNS TUCIIH-
HanmeHnosanmne p ya 1 4

Ne TUIMHBI TIO BBITTOJIHEHUIO CAMOCTOSITETIbHOM paboThl
pazzena
1 2 3
1. |Maremarnueckoe MOJeIupo- | MemOpaHbl 1 MeMOpaHHbBIE TEXHOJIOTHUH, OTB. pea. A.b.
BaHUE [IEPEHOCA B JIEKTPO- SApocnasues, — M.: Hayunsiii mup, 2013. — 611 c.

MeMOpaHHBIX CHCTEMAX C yde-
TOM KOHBEKTHBHBIX TCUCHUIN
2. Maremaruueckoe mogenupo- | Yzaenoa A.M., Kosaienko A.B., YprenoB M.X. Ma-
BaHUE TUJIPOJUHAMUKH B 3JICK- | TEMAaTUYECKOE MOJIETMPOBAHNE MEMOPAHHBIX MPOILIEC-
TpoMeMOpaHHBIX CUCTEMax ¢ | coB ¢ ucnonb3oBanueM Comsol Multiphysics: Yue6HOe
Y4eTOM CONPSDKCHHBIX XUMH- | mocooue. — Kapauaesck: KUI'Y, 2012. — 182 c.

YECKHUX pEeakIMil U CBOWCTB
MOBEPXHOCTU MeMOpaH

3. O0pa3oBaTejibHbI€ TEXHOJOTHH

C TOYKM 3peHHs IPUMEHSIEMBIX METOI0B UCIOIb3YIOTCSA KaK TPAAUIIMOHHBIE
MH()OPMAIIMOHHO-00BSICHUTENIbHBIC JICKIIUU, TaK U WHTEPAKTUBHAs Mojadya Mare-
pruajia ¢ MyJIbTUMEOUWHON CHCTEMOW. KOMITBIOTEpHBIE TEXHOJOIMM B JAHHOM
ciiyyae 00ecreyuBaOT BO3MOXKHOCTh PA3HOIIAHOBOIO OTOOpaXKEHUsl aJrOpUTMOB
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U JIEMOHCTPAIMOHHOI'0 Marepuaia. Takoe couyeTaHue Mmo3BoJsieT ONTUMAIIbBHO UC-
[I0JIb30BaTh OTBEAECHHOE BPEMSI U PACKpPBIBATH JIOTHUKY U COAEpPKAHUE JTUCLUILIH-
HBI.
Jlekyuu npencTaBiIAIOT cO00M cUCTEMAaTUYECKHE 0030pbl OCHOBHBIX ACTIEK-
TOB MHHOBAILIMI B MaT€EMaTHYECKOM MOJEIMPOBAHUY, IIPX 3TOM aCIUPAHTHI MOJY-
YaroT INyOOKHE 3HAHUA U MPEACTABICHUS O CYLIHOCTH, HaIlpaBieHUsX U (opmax
MaTEMaTUYECKHUX METOJIOB U MOJIeNIeld HAHOTEXHOJIOT U .
Cemunapol-npakmukymsl  TPEIINONAralOT  MCHOJIB30BAHUE MHOYKECTBA
B3aMMOCBSI3aHHBIX M B3aUMHO-/IOMOJHIIOUIMX METOJ0B, B TOM YHCIIE:
e JIOKJIaJ IO MaTepuaiaM CTaThbu (MCCIICIOBAHUS);
e mpoOsieMHas MUKPOJIEKIUS — JIEKIIMOHHas (hopMa, B KOTOPOi Tpoiiecc o0yue-
HUS CTYJEHTOB MPUOINKEH K ITOUCKOBOM, UCCIEA0BATEILCKOU IEITEIbHOCTH;
®  (KpPYIJIBIM CTOJI», OPUEHTUPOBAHHBIA HA BBIPAOOTKY yMEHUI 00CYXIaTh Mpo-
0J1eMbl, 00OCHOBBIBAThH MPEANOaracMbie PeIleHrs U OTCTauBaTh CBOU yOeXkK-
JICHUS;
®  «MO3rOBOHM LITYPM», AKTYAITU3UPYIOIIHNM OPraHU3aLUI0 KOJUIEKTUBHON MBICIIH-
TEJIbHON JI€ATENbHOCTH 10 MOUCKY HETPAJAMIIMOHHBIX MyTeH U CrocoOoB pe-
HIEHUS] KOHKPETHOM MpOOJIeMBI.
NHauBuayalbHbIE 3a7aHUsl MPOEKTHOTO THIIA CBS3aHBl C HACTOSAILEH WU
Oynyiel mpopecCuOHAIbHON AESITENbHOCThIO CTYJIeHTa. B 3TOM KauecTBe MOTYT
UCIIOJIb30BaThCS:
® 33/IaHMsI HA KOMIIBIOTEPHOE MOJIEIMPOBAHUE PA3IUYHBIX METOIOB M MOJEIeH
HAHOTEXHOJIOTU;

e 33/1aHMs Ha pa3pabdOTKy NPOrpaMMHOI0 MPOAYKTA ISl MAaTEMaTUYECKOIO0 MO-
JEIUPOBAHUS AIEKTPOXUMHUYECKHX ITPOLIECCOB U CUCTEM;

® 33/laHMs Ha Pa3pabOTKy MPOEKTHOW JOKYMEHTAllUU MPOrpaMMHOIO MPOIYKTa
JUISL MaTEMAaTUYECKOr0 MOJEIUPOBAHUS PA3JIMYHBIX AJIEKTPOXUMHUYECKON TPO-
1[ECCOB U CUCTEM.

Jlabopamopnoe 3anamue 103BOISET HAYYUTh ACIIUPAHTOB NPUMEHSThH TEO-
peTUYecKHe 3HaHMS MPHU PELICHUN U UCCIIEOBAHUM KOHKPETHBIX 3ajad. Jlabopa-
TOPHBIE 3aHATHA MPOBOAATCA B KOMIBIOTEPHBIX KJIACCax, MPH 3TOM IMPAKTUKYETCS
pabora B rpynmnax. [logxon pa30opa KOHKPETHBIX CUTYalMil IIUPOKO UCIOJIb3YET-
Csl KaK IpernojaBaresieM, Tak U aCIUPaHTaMH IIPU IIPOBEIECHUM aHAIU3a PE3yJIbTa-
TOB CaMOCTOATEIbHON pabOThl. DTO 00YCIOBIEHO TEM, YTO B MPOLIECCE UCCIEA0-
BaHUs 4acTO BCTPEYAIOTCA 3aJa4M, I KOTOPBIX €IUHBIX MOAX0J0B HE CYIIECTBY-
er. Kaxxnas KoHKpeTHas 3aj1aya 1pyu CBOEM HCCIIEIOBAHUN UMEET MHOMXKECTBO MOJ-
XO0JIOB, a 3TO TpeOyeT pa30opa M OLIEHKU 1[I0 COBOKYMHOCTH KOHKPETHBIX CH-
Tyaruil. ITOT MOAX0] OCOOCHHO HMIMPOKO HCIONB3YETCS MPHU ONPEICICHUH aIeK-
BAaTHOCTH MaTEMaTHYECKOH MOJENN U Pe3yIbTaTOB MOJAEIUPOBAHUS ISl MaTeMa-
THYECKUX METOJOB U MOJIETIE HAHOTEXHOIOT U M.

[IpeanoyTUTENbHBIM SIBIISIETCA MPOBEACHUE dK3aMeHa B (hopMme KOH(epeH-
MU aCMHUPAHTOB, MOCBALUIEHHON 0030py MPOUCXOMASIIHUX B 00JACTH MaTeMaTH4Ye-
CKHX METOJIOB M MOJEJIE HAHOTEXHOJIOTNI MHHOBALIMOHHBIX MPOLECCOB U, OJHO-
BPEMEHHO, MPOEKTUPOBAHUIO OPUTMHAIBHBIX HHHOBALIMOHHBIX PELLICHUI.

10



Hcnonb3yembie HHTEPaKTUB-
Cemectp Brin sausmis HbIE€ 00pa3oBaTEIbHBIE TEXHO- Komrsecrso
(JI, 1P, JIP) J— 4acoB
1 JI Hnmepaxmusrnas nooaua ma- 8
mepuana ¢ My1bmumeOutiHo
cucmemo. Qbcysxcoenue
CJLOJHCHBIX U OUCKYCCUOHHBIX
80NPOCO8.
1IP «Kpyenviit cmony, mozeosou 10
WmypMm, 3auuma NpoeKmHo20
3a0aHUs.
JIP Komnviomepnuvle 3anuamus 6 6
PEHCUMAX 83AUMOOEICMBUSL
«npenooasameins - CmyO0eHmy.
HUTOI'O 24

4. OueHoYHbIE CPEACTBA I TEKyLIero KOHTPOJIA yCIeBaeMOCTH, MPpoMe-
JKYTOYHOM aTTeCTAIUM MO UTOraM OCBOEHMS JUCIUIIINHBI

4.1 ®oH/ OLIEHOYHBIX CPEACTB /IS MPOBeIeHUs TeKylIel aTTecTaluu

VY4eOHas NeATenbHOCTh MPOXOJUT B COOTBETCTBUM C IpaMKOM Y4eOHOro
nporecca. [Iporecc camocToATebHOW PabOThl KOHTPOIUPYETCS BO BpeMs ayu-
TOPHBIX 3aHATUN U UHIUBUAYAJIbHBIX KOHCYIbTALIUM.

@OHJ OLEHOYHBIX CPEACTB AUCHMIUIMHBI COCTOUT W3 CPEICTB TEKYIIETO
KOHTPOJISI U UTOTOBOM aTTecTaluu (PK3aMeHa).

B kauecTBe OLEHOYHBIX CPEACTB, MCHOJIB3YEMBIX JJIs1 TEKYIIEr0 KOHTPOJIS
YCIIEBAEMOCTH, IpeIaraeTcsl mepedeHb BOMPOCOB, KOTOPhIE MPOpadaThIBAIOTCS B
IpoIecCe OCBOCHMS Kypca. JIaHHBIM NEepeyeHb OXBATHIBAET BCE pas3Aeibl Kypca.
Kpome Toro, Ba)kHbIM 3JIEMEHTOM TEXHOJIOTHH ABJISAETCS CAMOCTOSITEILHOE pelle-
HUE 33J1a4, a TAaK)Ke BBIMOJHEHUE JJa00paTOPHBIX PabOT B KOMITBIOTEPHOM KJlacce,
MIPEICTABISIONIMX COO0N MHANBUAYATBHBIE 3aJaHUs TSI KAXKI0T0 acllipaHTa.

Bomnpocs! aj1s1 ycTHOro omnpoca mo pasjaeiay «MaremaTudeckoe MOJeJIUPOBAa-
HHE TEepPeHoCca B IEKTPOMEMOPAHHBIX CHCTEMAaX € Y4eTOM KOHBEKTHBHBIX
TEUYCHUN»

UYro BKIIIOYAET B ce0s MOHATHE HAHOMATEPUAIIbI?

[IpuBenuTe npuMepbl HAHOMPOLECCOB, MPOUCXOIAIINX B IPUPOE.

Kak cBsi3aHa CTpyKTypa HAHOMATEPHUAIOB C UX CBOMCTBAMM ?

Kakum o0pa3zom oTpaxaercs CBs3b CTPYKTYpbl HAHOMATEpHUAJIOB C UX CBOU-

CTBAMH B MATEMAaTUYECKUX MOJEIAX?

5. PacckaxuTe 0 poiu CONPSDKEHHBIX 3(PQPEKTOB B ANEKTPOXUMUYECKUX CHUC-
TEMax.

6. PackpoiiTe mOHATHS MUKPO- U HAHO(DITIOUTUK Y.

=
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7. Kakue ypaBHEHUS, XapaKTEpHU3YIOLIUE KOHLIEHTPAIUU 3apsKEHHBIX YaCTHII
(MOHOB M KaTHMOHOB) B 3JIEKTPOJIUTE, COCTABIISIIOT OCHOBY MaTe€MaTU4YECKON
MOJIENIY IIPOLIECCOB AIEKTPO- U MacconepeHoca?

8. Kak ocymiecTBisiercst JeKoMIo3unns cucteMbl ypasHeHni Hepuera-I1manka
C YYETOM YCJIOBHS 3JIEKTPOHEUTPAIIBHOCTH ?

9. PacckaxuTre O MNPUHIUIIAX MaTEMaTHYECKOrO MOJEIMPOBAHUS MEepeHoca
MOHOB B JIBYMEPHBIX 3JIEKTPOMEMOPAHHBIX CUCTEMAX.

10.Kak nmpousBoauTCs pacyeT NpeebHON IJIOTHOCTH TOKAa B ABYMEPHBIX MO-
JeNISIX MIEPEHO0Cca B 3JIEKTPOMEMOPAHHBIX CHCTEMAX ?

11.Kak mpou3BOAMTCS pacyeT pacnpelesieHus] KOHLEHTPAalMi B JBYMEPHBIX
MOJIETISIX TIEPEHOCa B AIEKTPOMEMOPAHHBIX cUCTEMax ?

12.Kakum 00pa3oM MOXKHO Y4YeCTh BJIMSHHE TI'PAaBUTAIMOHHON KOHBEKIUHU B
MOJIEJISIX MIEPEHOCA HOHOB?

13.TlocTaHoBKa 33124 B MOJIEINIM [IEPEHOCA HOHOB B 3JIEKTPOMEMOPAHHBIX CUC-
TEMaXx C Y4ETOM 3JIEKTPOKOHBEKIIUH.

14.KakoBa posib rpaHUYHBIX YCJIOBHH NPU MOJEIUPOBAHHMM IEPEHOCA B DJIEK-
TPOMEMOPAHHBIX CUCTEMAX C YUETOM 3JIEKTPOKOHBEKIIUH?

15.Yt1o orpaxaer ypaBHeHue JIeBeka?

16.Yto mpencrapisier coO0M KOHBEKTUBHO-AUG(PY3MOHHAS MOJIEIb JJIEKTPO-
nuanusza’?

Bomnpocs! 1j1s1 ycTHOTO ompoca mo pasaenay «MaTemaTudeckoe MoJeTHpPOBa-
HHeE THAPOJAMHAMHUKH B YIEKTPOMEMOPAHHBIX CHCTEMAX C YUYETOM CONpPSIKeH-
HBIX XMMHYECKHUX PeaKUil ¥ CBOICTB MOBEPXHOCTH MeMOPaH»

1. Kakue xumuyeckue peakiimi MOTYT MPOTEKATh MPU MEPEHOCE HOHOB B DJICK-
TPOMEMOpPaHHBIX CUCTEMAX ?

2. Kakum 00pa3oM MOKHO y4eCThb COIpPSKEHHbIE XUMUYECKHE PEAKIUU TPH
MOJICTTUPOBAHHH TIPOIIecca IEPEHOCca B JIEKTPOMEMOPAHHBIX CHCTEMaX ?

3. Kak orpaxkaercs ycioBHe 0CaakooOpa3oBaHMs B MOJEISAX MEPEeHOCa UOHOB
yepe3 MeMOpany?

4. KakuM TpaHUYHBIM YCJIOBHEM OTPAKAIOT JBIKCHHE (CKOJBKEHUE) KHUIKO-
CTU OTHOCHUTEIIbHO HEMOJIBI)KHOM MOBEPXHOCTH MPU MOJIETUPOBAHUU TIepe-
HOCa B AJIEKTPOMEMOPaHHBIX CUCTEMaX C yU4ETOM SJIEKTPOKOHBEKIINN?

5. Kak marematuyecku OTpakaeTcsl yCIOBWE MPWIMIIAHKWS HAa TPAHUIIE MEM-

Opana/pacTBop?

Urto Ha3bIBAIOT TUAPO(YOOHOCTHIO TTOBEPXHOCTH MEMOPAHBI?

K xaxuMm apdexram npuBoauT ruapodhoou3aius moBepxXHOCTH MeMOpaHbI?

8. Kak yuutsiBaercs creneHb rufpooOHOCTH MOBEPXHOCTH B MOJEIIX Tepe-
HOCA B DJIEKTPOMEMOPAHHBIX CHCTEMAaX C yU4e€TOM JIEKTPOKOHBEKITUH ?

s
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IIpumepsl 3a1a4 AJ151 CAMOCTOSITEJILHOTO PellleHUs1 HA CeMUHapaXx-
NPaKTHKyMax

3agaua 1.

B muiiockoMm kaHalle 3eKTpoaMaIn3aTropa CKOpOCTh TE€UeHHs pacTBopa 1.6
cM/c, paccrosiHre Mexay memOpanamu 0.8 MMm. PaccuuTtarh majeHue JaBlICHUS U
00BEMHYIO CKOPOCTh pacTBopa B kaHasne mupuHoi 40 cM. [loctpouts KOHLIEHTpa-
LIUOHHBIM NpOQMIb U HAUTHU CTENIEHb 00ECCOIMBAHUS PACTBOPA B CEYEHUH Ha pac-
crossuun 40 cM OT BXoja B KaHasl. PaccunMTaTe pacxoj AJIEKTPOIHEPTUH, HEOO0XO-
MOt JUTs TonyueHust 1 M 06eccONeHHO BOIbI; yUecTh BKIA/bI, TIPUXO/IAIIHECS
COOCTBEHHO Ha AJIEKTPOJAMAIM3 M Ha pabory Hacoca. [IpuHATH, 4TO OCHOBHBIM
KOMIIOHEHTOM pacTBopa sBiasiercss NaCl (D= 1.6 107 cm/c, v = 107° em’/c, ¢'=
0.02 monb/m); yMcaa nepeHoca NPOTUBOMOHOB YE€pe3 aHMOHO- U KATHOHOOOMEH-
Hyt0 MeMOpanbl puHATH 0.95, ki Hacoca 0.6. Pacxox 3nekTposHepruu B pacyere
Ha 1 yac pa0Gotsl annapata (B Brxuac) paBeH:

Ha OJ1: Agpp=1U, rae I — cuna toka B A, a U — HanpskeHHe Ha BceM anmapare B B;
Ha NepeKauky: Ap,mp= Ap W/n, , rie Ap — najeHue AaBiIcHUs B H/M®, W — 00bem-
Hasi CKOPOCTb B M /4ac, a Np — KILI Hacoca.

3angaua 2.
OrnpeaenuTs MUHUMAJIBHYIO JIJTUHY KaHalla 00€CCOMBAHUS DJIEKTPOIUAIIN3A-
TOpa, HA KOTOPOM JIOCTUTAETCS CTeneHb ooecconuBanus 50 %, eciu
e yucna nepenoca = 0,98;
e MexMeMOpaHHoe paccTosiHue = 0,45 MM;
® CKOpPOCTb T€UEHHMS pacTBopa 3,2 cM/c;
Cuurarb, 4TO B paCTBOPE UMEETCS TOJIBKO HATPHUM-XIIOP.

3agauya 3.

JaH snextpoananu3Heii anmnapar, cogepxamuii 100 napHbsix kamep. Mex-
meMOpanHoe paccrogaue = 0,5 mm. J{nuna kanana 60 cm. Pazmep memOpanst 60
Ha 40 cMm. Onpenenuts MPOU3BOJUTENBFHOCTD alapara, Ipu KOTOPOM CTENEeHb
oOecconuBanus gocturaercs paBHoit 60 %. HyxHo HailTH ckopocTh paboThI amn-
napara.

3agauad.

Tpebyercst cipoeKTUPOBATh IEKTPOIMATU3HBIN anmapar, KOTOpbIid Obl o0ec-
neunBan 80% obecconmuBaHus pacTBOpa xJjiopuja Hatpus. Pasmep memOpan 60 Ha
40. Paccrosanue mexny memOpanamu = 0,4 MM. Animapar J0IKEH UMETh POU3BO-
IUTENBHOCTD 2 M°/gac. Haiity dmcio MapHBIX KaMep B almapare.
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3apauva S.

TpeOyercs cpoeKTHUPOBATH JIEKTPOUATU3HBIN anmnapar, KOTOpbii Obl 00ec-
neuuBai 80% obecconuBaHus pacTBOpa XJiopuaa Hatpus. M3BecTHO, 4TO mpu CKO-
POCTH TEUEHHUSI KUJKOCTH 2 cM/C Ha KaxabIX 10 cM JJIMHBI KaHala KOHIIEHTpaIus
yobiBaer Ha 20%. llupuna memOpan 40 cMm. Paccrosnue mexay memOpaHamu =
0,4 MM. AnimapaT AOJKEH UMETh POU3BOAUTEIBLHOCTD 2 M°/gac.

Haiitu iy KaHana o0eccoNMMBaHus U YHUCIIO TTAPHBIX KaMep B anmapare.

Texkymuid KOHTPOJIb HA JA00PATOPHBIX 3AHATHUAX OCYLIECTBJIAETCH C MOMO-
IO pacnpenejeHUs HHANBUHAYAJIbHBIX PAa3JHYHBIX HA0OPOB BXOJHBIX JaH-
HBIX JJ151 pa0oThl B mporpammax «Ji-Auamn», «kED Manager».

4.2 ®oHI OLCHOYHBIX CPEACTB AJs1 NMPOBEACHUS NMPOMEKYTOYHOM aTTe-
cTauuu

IIpuMepHBIN NepeYeHb BOIPOCOB K IK3aMEHYy:

1. Hanomarepualibl 1 HAHOIIPOIIECCHI B IPUPO/IE.

2. MaremaTu4ecKkre MOJIENN, OMUCHIBAIOIINE CBSI3b CTPYKTYpPbl HAHOMA-
TEPUAJIOB C UX CBOWCTBAMU

3. Ponb comnpsixeHHBIX 3G (HEKTOB B 2NIEKTPOXUMHUYECKUX CHCTEMAX.

4. Mukpo- 1 HaHouronuka. OOIIMe TOHSTHS.

S. Jexomnosunusa cucreMmsl ypaBHeHurd Hepncra-Ilnanka ¢ yderom yc-
JIOBUSL AJIEKTPOHEUTPATILHOCTH.

6. MaremaTtn4yeckoe MOJIEIMPOBAHUE MEPEHOCA B JBYMEPHBIX 3JIEKTPO-
MeMOpaHHBIX CUCTEMAX.

7. JIByMepHbIE MOJIeNIM TMEpeHoca B JJIEKTPOMEMOpPaHHBIX CHCTEMaX.
Pacuer nmpenenbHOM IIOTHOCTH TOKA.

8. JIBymMepHbIe MOJENH TEPEeHOCa B AJIEKTPOMEMOpaHHBIX CHCTEMaX.
Pacuer pacnipenenenys KOHUEHTpAUUKA U INIOTHOCTH TOKA.

9. MaremaTuyeckoe MOJIETUPOBAHKUE MEPEeHOca B IIEKTPOMEMOPAHHBIX

CUCTEMAX C YYETOM I'PABUTALIMOHHON KOHBEKLINH.

10. IlocraHoBKa 3amauvl M QJITOPUTM YMUCJICHHOIO aHaln3a IEpEeHOca B
AIEKTPOMEMOpPaHHBIX CUCTEMAX C YYETOM 3JIEKTPOKOHBEKIIHH.

11. Posb rpaHMYHBIX YCIOBUU IPU MOAEIUPOBAHNUN NIEPEHOCA B AIEKTPO-
MEMOpPAHHBIX CHCTEMAaX C YY€TOM AJIEKTPOKOHBEKIIUU.

12. AHanu3 KOHBEKTUBHO-IM(PPY3UOHHOM MOJEIH 3JIEKTPOIUATU3A.
YpaBuenue Jlepeka.

13. BuausiHHE CONPSHKEHHBIX XMMHUYECKMX PEAKUUNA Ha MEPEHOC B 3JEK-
TPOMEMOPAHHBIX CUCTEMAX C YYETOM 3JIEKTPOKOHBEKIUH.

14. VYcnous npuiaunaHus U CKOJIBKEHHS IIPU MOJIEITUPOBAHUM IIEpEHOCa
B AJIEKTPOMEMOPAHHBIX CUCTEMAX C YYETOM DJIEKTPOKOHBEKIIUH.

15. VYder crenenu THIPOPOOHOCTH TMOBEPXHOCTH TPHU MOJECITUPOBAHUHU
NepeHoca B AIEKTPOMEMOPAHHBIX CUCTEMAX C YYETOM 3JIEKTP OKOHBEKIUH.
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[Ipumep sK3aMeHAIIMOHHOTO OWyIeTa:

JucuunnuHa «MareMaTtuyeckue METOAbl U MOJEIU HAHOTEXHOJIOIUID)
PK3AMEHAILIMOHHBIN BUJIET Ne 2

Mukpo- u Hanopmonuka. OO1re TOHITHS.

. JIByMepHBIE MOJENU TMepeHoca B AIEKTPOMEMOpaHHBIX cUCTeMmax. Pacuer
pacnpeeneHus] KOHIIEHTPAIUi ¥ TUIOTHOCTH TOKA.

3. BnusHME CONPSHKCHHBIX XUMUYECKUX PEAKIUi HA TIEPEHOC B AJIEKTPOMEM-

OpaHHBIX CHCTEMaX C Y4ETOM DJIEKTPOKOHBEKITHH.

N —

3aB. kadeapoil MPUKII. MATEMATUKU

H-p. buz-mar. Hayk, mpodeccop M.X. YpreHoB

)}

5. IlepeyeHb OCHOBHOW M [ONOJHHUTEJbHON y4eOHOM JMTEpPaTypbl, HE00-
XOAMMOM JIJISl OCBOCHUS JUCHUIIJIUHBI

5.1 OcHoBHas JuTEepaTrypa
MemOpanbl 1 MeMOpaHHbIE TEXHOJIOTHH, OTB. pea. A.b. SpocnaBues, — M.:
Hayuns1ii mup, 2013. — 611 c.
V3nenoa A.M., KoBanenko A.B., YprenoB M. X. Maremarnueckoe MOJEIUPOBa-
HHE MEMOpaHHBIX MPOLIECCOB ¢ ncnonb3oBanueM Comsol Multiphysics: Yye6Hoe
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8. Pourcelly, G., Nikonenko, V.V., Pismenskaya, N.D. and Yaroslavtsev, A.B.
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emerging processes. In: Ionic Interactions in Natural and Synthetic Macromol-
ecules, Eds. Ciferri, A and Perico, A. (Hoboken, NJ: John Wiley & Sons, Inc.),
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6. Ilepeuens pecypcoB HHGOPMANUOHHO-TEJIEKOMMYHHMKAIIMOHHOM CETH
«HTEpHET», HEOOXOAMMBIX IJIS OCBOEHMS TUCIHUTIINHBI

1. Topsumit H.B. DnekrpomemOpannbie nporeccel. Y4yeOHoe nmocodbue — M: PXTY
uM. J[.1. MenneneeBa, 2007 [DneKTpOHHBIN pecypc]
http://www.membrane.msk.ru/books/?id b=14

2. DJIEKTpOHHO-OMOIMOTEeUHAS cucreMa HN3narenbcTBO «JlaHbY.
http://e.lanbook.com

3. Poccuiickas memOpanHas cetb Russian membrane network
http://www.rusmembrane.net/

4. Komnekuus xypHaioB uznatensctBa Elsevier na moptaine ScienceDirect.

7. Meroguyeckre peKOMEHAAUMM 10 OPraHM3AlMHU U3YyYeHHMs JUCLUII-
JIMHBI

YcnemHoe OCBOCHHE IUCHMIUIMHBI MPEANOIAraeT aKTUBHOE, TBOPYECKOE
ydacTue aclypaHTa MyTeM IJIaHOMEPHON, TOBCEAHEBHOMN pabOTHI.

Heorpemiiemoli 4acThio mpouecca OOy4YeHHs] acHUpPAaHTOB SIBISETCA
camocrosiTenpHass pabora Haj y4yeOHbIM MarepuanoM. Ilpomecc wuzyuyeHus
JUCHUIUIAHBI «MaTteMaTH4eCcKue METOAbl 1 MOJEIN HAHOTEXHOJIOTUI» COCTOUT U3
CJIENYIOIIMUX JTAIOB:

1. IlpopaboTka TeopeTMHecKoro marepuaja IO KOHCIEKTaM JEKUUH Hu
PEKOMEH/IOBaHHBIM  y4e€OHHKaM, CIHCOK KOTOPBIX TPHUBEACH B padodyeil

IporpaMmme JIUCITUTIIIMHBI «MaremMaTuueckue METO/IbI u MOJICIHN
HAHOTEXHOJIOTHI.

2. Pemenne 3aga4 W BBINOJHEHUE 3aJaHMM HA  KOMIIBIOTEPHOE
MOJIETTUPOBAHUE.

3. Joknan mo maTepuanam cTaTbu (UCCIIEIOBAHMUS).

4. npuBuayanbHbIe 3aaHKs MPOEKTHOTO THUIIA.

5. Cpava sK3amMeHa B YCTHOM WJIM NMUCbMEHHOW (QopMe (110 YyCMOTPEHHUIO
penoaaBaTes).

[Ipu pemienun 3aay Ha ceMUHApPaX-MPAKTUKYMaxX JOMYCKAETCS HCIOJIb30-
BaHUE pabOYMX TeTpajeil, B KOTOPHIX 3aKOHCIEKTUPOBAHBI HanOoJee Ba)KHBIE C
TOYKU 3PEHHUSl KaXJOro OOy4yarolerocsi MOMEHTHI, BBIJICIICHHbIE IPU CAMOCTOSI-
TENbHOU MPOPa0OTKE KAXKI0M U3 TeM. 3aJJlaHusl Ha KOMIIbIOTEPHOE MOJEIUPOBAHUE
BBITOJTHSIOTCS Ha 1a00paTOPHBIX 3aHATHAX B KOMIIBIOTEPHBIX KJlaccax.

Kaxnplil aciupaHT mosiyyaeTr 3aJaHue MPOBECTH aHAIU3 CTaTbM (HCCieno-
BaHUs), MOCBSALIEHHON MaTeMaTUYECKUM METOAAM M MOJEISM HAaHOTEXHOJIOTHH.
AcnUpaHT OCYIIECTBISIET MOUCK paboT camocrosTenbHo. Kputepuem BbiOOpa B
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NEPBYIO OYepe/b JI0JKHA ObITh HOBU3HA M AKTYaJlbHOCTh TEMbI CTaThbH (UCCIEH0-
BaHWs). ACIUPAHT MPEACTABISIET CBOIO PabOTy B BHJE JOKJIaJa HA CEMUHAPCKUX
3aHATHUAX.

B kauecTBe MHIMBUAYAIBHOIO 3a/JaHHSI IPOEKTHOIO TUIA MOT'YT OBITh HC-
M0JIb30BaHbI 3aJIaHKsI HA KOMIIBIOTEPHOE MOJEIMPOBAHUE PA3JIMYHBIX METOJIOB U
MoJieJIell HAHOTEXHOJIOT Ui, 3a/laHusl Ha pa3pabOTKy MPOrpaMMHOI0 MPOAYKTa ISt
MaTEMaTUYECKOI0 MOJIETUPOBAHMS SJIEKTPOXUMHUYECKUX MTPOLIECCOB U CUCTEM, 3a-
JaHUS Ha pa3pabdOTKy MPOEKTHOM TOKYMEHTAIMU MPOrpaMMHOIO MPOJyKTa ISt
MaTEMaTUYECKOI0 MOJIETMPOBAHUS PA3IMUHBIX IEKTPOXUMUYECKON MPOLECCOB U
CUCTEM.

8. Ilepeuenb WHPOPMANMOHHBIX TEXHOJIOTHI, HCHOJb3YyeMbIX IPH
OCYLIECTBJIEHMH 00Pa30BaTeILHOIO Mpoecca no AMCHUILVInHEe (MOAY/110) (Ipu
HEe00X0UMOCTH)

8.1 IlepeyeHp HEOOXOAUMOI0 MPOTrPAMMHOI0 O0ecCIIeYeHU s
1. Omnepammonnas cucrema MS Windows.

2. HWurerpupoBannoe oduicHoe npmioxkenue MS Office.

3. IIporpammusie npoaykTsl «a-Auam», «ED Manager».

8.2 [lepeyenp HE0OXO0AUMBIX HHPOPMALMOHHBIX CIIPABOYHbBIX CHCTEM
1. Bukuneausi, cBo00aHas SHIMKIIONEAUS. [ DIEKTPOHHBIHN pecypc]. —
http://ru.wikipedia.org

2. OnekrtpoHHas obudnmnoreka Kyol'y.

9. MartepuajibHO-TeXHUYECKOe o0ecneyeHue y4eOHOM JUCHUIIMHBI

Krnacc mis mpoBeneHnss MpakTUYECKUX 3aHATUNA, OCHAIICHHBIA MEPCOHANIb-
HBIMHM KOMIIBIOTEPAMHU C MPEAYCTAHOBIEHHBIM IPOrPAMMHBIM 00€CIIEUEHUEM, YKa-
3aHHbIM B 1. 8.1. Taxke HeoOXoauMa MyJIbTUMEAMIHAS CUCTEMa, BKIIIOYAIOLIas
CTAllMOHAPHBIN UM MOOWJIBHBIN 3KpaH, HU(PPOBOM MPOEKTOP, MOAKIIOYAEMBIN K
KOMIIBIOTEPY, U JIa3€PHYIO YKa3Ky.
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