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AHHOTANMA

JucturumHa «MeTonbl Me4aTHOW DIEKTPOHWKH» TMpegHa3zHadeHa Uit (QOpPMUPOBAHHS Y OOYyYarOIUXCS
CHEIUATM3UPOBAHHBIX TPEACTABICHUN O TEXHOJIOTHYECKUX TMOIXO0/aX, NPHUHIHUIAX (DYHKIIMOHUPOBAHUS
00opynoBaHuUsI, MaTepraiax Mme4aTHON AIIEKTPOHUKHU U chepax nmpuMeHeHus. Kypc BkiouaeT B ceOs MOHATHS
TEXHOJIOTHI U YCTPOMCTB MEUaTHOHN AIIEKTPOHHUKY, THIIOB U CIIOCOOOB MTPUTOTOBJICHHS YSPHUII ISl YCTPOMCTB
Me€4YaTH, OCHOBHBIE THIIBI MTOJYIPOBOHUKOBBIX MaTepHUajOB HOBOTO MOKOJIEHUS JIJISl U3TOTOBICHUS aKTUBHBIX
AJIEMEHTOB 3JICKTPOHUKH, MaTrephasbl I (POPMHUPOBAHUS TPO3PAYHBIX 3JIEKTPOAOB OMTONIEKTPOHHBIX
YCTPOWMCTB METOJaMM TIe4aTH. 3ajadeldl IUCIMILIMHBI SBIsIeTCs: yriyOreHune 0a30BbIX W (OPMHpPOBaHUE
CIICUUAIM3UPOBAHHBIX 3HAHUNW M MPEACTABICHUA O MPUHLIMNAX TEXHOJOTHMH IEYaTHOW 3ICKTPOHUKH,
OCHOBHBIX THIIAX YCTPOMCTB Me4aTH ¥ TMPUHIMIIAX HX pPadOTh, 00 OCHOBHBIX THIIAX Marepuaiax,
HCTIOIb3YEMBbIX JUIsl U3TOTOBICHUSI aKTUBHBIX AJIEMEHTOB MEYATHOM 3JIEKTPOHUKH.

1. leau u 3apauu

eap AUCUMNIMHBI

@®opmupoBaHue y O0O0y4aroIMXCs CHEIHMATU3UPOBAHHBIX IPEACTABICHUH O TEXHOIOTHYECKUX
MOJXOAAX, MPUHLUUNAX (YHKIMOHUPOBAHUS OOOPYIOBaHUS, MarepHajax MEYaTHOH SJIEKTPOHUKH H
chepax npumeHeHus. Kypc BritowaeT B ceOsi TMOHITHS TEXHOJOTMH W YCTPOMCTB TeYaTHOM
3JIEKTPOHUKH, TUIIOB M CHOCOOOB MPUTOTOBJICHUS YEPHMII IJIsl YCTPOMCTB IEYaTH, OCHOBHBIC THIIBI
[IOJIyIIPOBOJHUKOBBIX MAaTEpUaloB HOBOIO IIOKOJIEHUS MJI HM3rOTOBJIEHUS] AKTUBHBIX 3JIEMEHTOB
ANIEKTPOHUKH, MaTepuaibl Juisd GOPMUPOBAHUS MPO3PAYHBIX JIEKTPOAOB ONTOIEKTPOHHBIX YCTPOMCTB
METO/IaMU T1e4aTu.

3agaun AUCOMIIHHBI
Vriny6nenne 6a30BbIX U (OPMUPOBAHUE CHEIMANIN3NPOBAHHBIX 3HAHUN U MIPEACTABICHUN O MPUHIIUIIAX
TEXHOJIOTUH Me4aTHON 3JIEKTPOHUKH, OCHOBHBIX TUIIAX YCTPONCTB MEYaTH U NPUHIUIAX X paOboThI, 00
OCHOBHBIX THUIIAX Marepuajax, UCIOJIb3YEMbIX JUIsl W3TOTOBJIEHUS AKTUBHBIX 3JIEMEHTOB I1€4aTHOM
IEKTPOHUKHU.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[HﬁI

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

[IK-1.1 CnocobGeH HaxomuTh, aHAIM3UPOBATh M 0000IATH
nHpopMaIrio 00 aKTyalbHbIX pe3yabTaTax UccleI0BaHUN

[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BbIABUrarb  THIIOTE3bI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThiBaTh |MaTeMaTUuecKue MOJCTH Ul  ONHCAaHUS — H3y4aeMBIX
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN SIBJICHUH ¥ ITPOLIECCOB, OLIEHUBATh Ka4€CTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOACIH

aHaJIM3MPOBATh HayYHbIC MPOOIEMbI, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATH TeOpeTHYecKHe H (WIIHN)

HOBBIC HAYyIHBIC PE3YILTATHI JKCIEPUMEHTANIBHBIE METOABI UCCIEIOBAHUNM K KOHKPETHON
Hay4yHOH 3ajade W HHTEPIPETUPOBATh  IOJy4YECHHBIE
PpE3yNbTaThI

3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXY.II0)

B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI

3HaTh:
- IPUHIIMIIBI, JISKAIKE B OCHOBE PaOOTHI yCTPOHCTB NEYaTHOM IEKTPOHUKHY;
- IOAXOABI K pa3paboTKe YepHUII AJIs IeYaTH PUHTEPAMU;
- TEOPETUUECKHUE OCHOBBI METO/IOB aTTECTAllMK U UCCIIEI0BAHUS OIYIIPOBOJHUKOBBIX MaTEpUAJIOB AJIs
MEYaTHOM IEKTPOHUKU;
- JOCTOMHCTBA M HENOCTATKU Ppa3jJUYHbIX IIOJIyIPOBOAHUKOBBIX MAarepuajoB Uil Ie4aTHOH
3IIEKTPOHUKH;
- OCHOBHBIE TOMCKOBBIE CHCTEMBbI, 0a3bl JAHHBIX W BEAyIIHE MEPUOANYECKHE M3IaHUS IO TEYaTHOU
3JIEKTPOHUKE.




YMETb:

- pa3jin4arb OCHOBHBIC BU/bI TOJIYIIPOBOJAHUKOBBIX MATCPHUAJTIOB IJIA IIeYaTHOM OJICKTPOHUKH,

- OOBACHATH NPHHIUIBI PAaOOTHl PAa3IUYHBIX YCTPOMCTB IEUaTHOW SJIEKTPOHMKH, BHIOMpATh THII

YCTPOfICTBa JJIs1 KOHKPCTHBIX 3a1a4, - XapaKTCPU30BATh U aHAJIM3UPOBATh PC3YyJIbTAThI ICUATH,
- pallMOHAJIBHO COY€TaTh Pa3IMIHbIC METOAbI aTTCCTAIMM U UCCIICAOBAHUA MAaTCPUAJIOB IJIs

IeYaTHOMN QJICKTPOHUKH,

- OICHHUBaATb ]_[e.IIeCOO6p213HOCTI> MMPUMCHCHHA IIOJYIIPOBOAHHUKOBBIX WM METAJNIMYCCKUX MATCpPUaAJIOB

ncxoasa nu3 (bHBI/IKO—XI/IMPI‘leCKI/IX 1 TCXHUYCCKUX XAPAKTCPUCTUK;

- aHAIN3UPOBATh HAYYHYIO JIUTEPaTypy € LeNbl0 BbIOOpa MH(OpManuu o paboTe, NEepCleKTHUBAX H

XapaKTCPUCTUKAX PA3TIMIHBIX TEXHOJIOTH1 neyaTtu, OUCHUBATH IICPCIICKTHUBBIL

pa3BUTHS HOBBIX BUIOB YCTPOWCTB I€yaTH, MOAOHPATh MOIYNPOBOAHUKOBBIE U APYrHe HEOOXOANMBIE

MaTepHabl JUIS Ie9aTH aKTUBHBIX AJIEMEHTOB JICKTPOHUKH.
BJIAJIETh:

- OCHOBHBIMH TEOPHSMH M KOHLEMUHUSIMH, ONUCHIBAIOIIMMU HPUHIUIBI PAOOTHl YCTPONUCTB IEYaTHON

DJICKTPOHUKH,

- OCHOBHBIMH METOAAaMU XaAPAKTCPU3ALWU ITOJYIIPOBOAHHUKOBBIX M APYIrUX MATCPHUAJIOB IUIA II€HATH

AKTHUBHBIX 3JICMCHTOB 3JICKTPOHUKU,

- HaBbIKAaMM MOJIEJIMPOBaHUsI [IPOLIECCOB, IIPOUCXOAIINX B YCTPOMCTBAX [1€UATHOM IEKTPOHUKY;
- HaBbIKAMH K MHTEPIPETALH U 00CYKICHHSI PE3yJIbTaToOB IIPOBEACHHOTO UCCIEIOBAHMUSA,
OCHOBBIBAsACh Ha COBPEMEHHOM JINTEpAType 10 TEXHOIOIUAM U YCTPOMCTBaM Ie4aTHON AJIEKTPOHUKH.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIiInHbl (MOIYIIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunaper | JlaGopat. paGoOTHI
pabora

BBenenne B 1eYaTHYIO DJIEKTPOHHKY.

1 MecTo U TeHACHIIMK Pa3BUTHUS TI€YaTHOU ) )
AIIEKTPOHUKHU B obmactu
MHUKPOJIEKTPOHUKE
CpoiicTBa HaHOpa3MEPHBIX OOBEKTOB,

2 MpOSIBIISiEMbIE B COCTaBe  YEPHUIT 4 4
(KUAKUX AUCTIepCchit)

3 BeCKS)HTaKTHBIe METObI HeyarH: 4 4
CTpyHHas TIe4aTh

4 BeckonrakrHbie _ MeTozbl Neyaru: ) )
a’po30JIbHAs CTPYIHAs TEe4aTh

5 beckoHTaKTHBIE METO/IbI I€YaTU: MPSIMOU ’ )
na3epHslii nepenoc marepuana (I1JIIT)
HanoumMmpunTHAS auTorpagus.

6 Ocobennoctu popMupoBaHue 3aJJaHHOTO 2 2
PHUCYHKA C TOMOILBIO [ITaMIIA

7 Marepuanpl I€YaTHOW DJIEKTPOHUKH - ’ )
yoiepoansie HaHOTpyOku (YHT)

3 Marepuanbl Ie4aTHOW JIICKTPOHUKU - 5 )
rpadeH

9 HeopraHVI/meCKHe HOJYTIPOBOJJHUKU B 4 4
MEYaTHOM SIEKTPOHUKE

10 HonuynpOBo;[HHKOBLIe HAHOKPUCTAJUIBI, ) )
CBOMCTBA M IPUMEHEHHS

1 Onrtuka MeTalIMYecKHMX HaHOCTPYKTYD: ’ )
HAHOTIJIa3MOHHKA




[Ipo3paunsie IPOBOJAHUKU JUIst
12 OTITO3JIEKTPOHHBIX IPUOOPOB, OCHOBHBIC 2 2
TpeboBaHHS

Htoro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)

1. BBeneHue B meyaTtHyIO 2JEKTPOHHMKY. MECTO M TCHICHIMH Pa3BUTHS IEYATHOW JJIEKTPOHUKU B
00J1acTH MUKPOAJIEKTPOHHUKE

Knaccudurkanust MeTonoB mnevaTHON 31eKTpOHHKH. KilroueBble TpOIECCHl TEXHOJIOTHH IMe4aTHON
SNEKTPOHUKU: KOHCTPYUPOBAHUE U MPUTOTOBICHUE YECPHUJ PA3HOTO THUIIA, pealn3alys MPOLECCOB
MeYaTd Ha TMOJIJIOKKAX, MOCTOOpaboTKa HamedaTaHHBIX CTPYKTyp. O0nacTh NMpUMEHEHUH METO0B
MeyaTy IJ1sl CO3JaHuUs AIEMEHTOB MUKPOAIEKTPOHUKHU

2. CBolicTBa HAHOPa3MEPHBIX OOBEKTOB, MPOSBJISIEMbIE B COCTABE YEPHMII ((KUAKUX AUCIIEPCU)

Buap! xxunkux aucnepcuii 1 METOAbl UX Xapakrepusauu. [{oHATHS ABOMHOTO 3JEKTPUUYECKOTO CIIOs
n { —TMOTeHIMaNa YacTUl] B JKUAKUX AWCIEpPCHUsx. MeTolbl JUCTIEPTUPOBAHMS U CTaOWiIM3aiuu
KUAKUX Auctepcuid. Metoapsl w3MepeHmid ( —TIOTeHIMAlla ¥ paclpeiesieHus HaHOYACTHUI[ TI0
pasMepam B COCTaBe JTUCIEPCHIA: aKyCTHYECKasi CHEKTPOCKOMHS, THHAMUYECKOE paccesiHuE CBeTa

3. beckoHTaKTHbBIE METO/IbI IT€YaTH: CTPYHHAs IeuaTh

Bupaer ycTpoiicTB cTpyHHOMN Me4aTH MO pekuMaM BhIOpOCa XKHUIKOCTH: HEMPEPBIBHAS [1€4aTh, I€4aTh
no TtpeboBanuio. [IpuHIMNBEI medaTH 1Mo TPeOOBAHUIO C TEPMHUYECKHM M IbE303JIEKTPUYCCKUM
akTuBaTopoM nedatu. [lapameTpsl, ompenenstoniye KadyecTBO CTPYWHOM MeyaTH: MOBEPXHOCTHOE
HaTsDKEHHUE, MHEPIUS U BA3KOCTh YepHHI. [IpreMsl npenorpamenus 3¢ ¢pexra «kopeHHoro miTHay.
OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKU CTPYHHBIX MPUHTEPOB. BapuaHThl MpUMeHEHHH cTpyHHON
neyaTu

4. beckOHTaKTHbIE METO/IbI [1€YaTH: a3PO30JIbHAs CTPYHHas Ileuarhb

IIpenmyinecTBa MeTona a’po30JIbHON CTPYHHON MeYaTH: MPOU3BOAMTH I€YaTh Ha MOBEPXHOCTH CO
CIIOXKHBIM penbedoM, Majas LMIMPHHA a’pO30JILHOTO IOTOKa YepHWI - 10 10 MUKPOH, IIMPOKHI
IManazoH BA3KOCTH 4yepHMI. CrocoObl (pOPMHPOBaHUSI a3pPO30JILHOTO MOTOKa MUKPOHHBIX Kallesb
yepHuI. IIpuHUUMIIBI  yopaBiaeHUs JAHAMETPOM II€YATAIOLICH a’3pO30JbHOM CTPYHM UYEpHUIL.
BsaumoneiicTBue a’po30JbHON CTPyHM C MOMIOKKOW. OCHOBHBIE TEXHMYECKHE XapaKTEPHUCTHKU
a3pO30JIbHBIX CTPYHHBIX IIPUHTEPOB, BApUAaHTh! IPUMEHEHUN

5. beckoHTaKTHBIE METO/IbI TT€YaTH: MPSIMOI JazepHbIN iepenoc marepuaia (I1JII1)

WMunnmmnpoBaHue mpolecca mepeHoca mMarepuana cQOKyCHPOBAHHBIM JIa3€PHBIM JIydoM. Bapuant
o0paTHOTO Ja3epHOro mnepeHoca marepuaina. JlazepHselil nmepeHoc HaHopenbeda. DopmupoBaHUE
ANEeKTPOHHBIX ycTpoiictB MertomoM IUIII. OpHosTamHas me4ars MOJHOTO TPAaH3UCTOPHOIO
ycrpoiictBa. Ileuats metomom IUIIT opraHnueckux cBeTOM3IyHaromux AuoAoB. IIpsMoe mazepHoe
nucbMo (DLW). [Ipumenenne DLW aiist opMmupoBaHus 371eMEHTOB (DOTOHHBIX yCTPOHCTB

6. HanoummnpunTtHas nurorpadus. OcobeHHOCTH (OpPMUPOBAaHUE 3aJ]AHHOTO PUCYHKa C TIOMOIIBIO
Iramma




JIBa OCHOBHBIE THIIA NIPOIIECCAa HAHOMMITPUHTHOM JTUTOTrpaduy, CpaBHUTEIbHAS XapaKTEPUCTHKA: Ha
OCHOBE HCHOJNB30BaHUS Y®D-u3nydyeHus, TEPMUUYECKOE WM Topsiuee THCHeHHe. TpeOoBaHUsS K
mramnaM. [lpomecc oOpaTHOW HAHOMMIPHHTHON JswmTorpadguu. PyrnoHHas HaHOMMIpPUHTHAS
aurorpadus. TommmHa M OTHOPOTHOCTH OCTATOYHOIO CJIOS, TOYHOCTH OTIEYaTKa, KOHTPOJb
nedexroB. KoHTponupyemoe HaHeceHHE pe3KcTa C HCIOJIB30BaHUEM CTpylHOW medatn. KpaeBbie
addexTsl pu padore nutorpada. CpaBHEHHE HAHOMMIIPUHTHOU nuTorpaduu ¢ APYrUMH BUAAMU
nurorpaduii. CHeKTp MpUMEHEHUH HAHOMMITPUHTHOM JIUTOrpaduu.

7. Marepuasbl me4aTHON 3JEKTPOHUKH - yriepoanble HaHoTpyOku (YHT)

OcHoBHble cBoiicTBa u cTpykTypsl YHT. KiroueBbie metons! uccnenosanus Y HT: mpocBeunBaroias
anekTpoHHass Mukpockonus (IIOM), ckanmpyromas snekTpoHHass MHUKpockomusi (COM),
aroMHO-cuiioBasi ~ Mukpockornuss  (ACM),  crmeKkTpockomus  KOMOWHAIIMOHHOTO — pacCesHuUs
(pamanoBcKkas), pEHTIeHOBCKas (hotosnekTpoHHAs CIIEKTPOCKOIHUS (P®2C),
tepmorpaBumerpuueckuii  ananu3 (TI'A). XupamsHocth YHT, ocobennoctu crpykrypsl YHT
METAJJIMYECKOTO U TOJYHPOBOAHUKOBOrO Tuma. Metoabl cunHTe3a u ounctku YHT, Bbimenenue
MOy TIPOBOTHUKOBOMH (hpakimu. [1oneBoit TpaH3UCTOp HA OCHOBE MOJTYMPOBOJHUKOBBIX YHT.

8. Marepuaibl me4aTHOMN JEKTPOHUKH - TpadeH

I'paden B psagy amnorponHsix (GopMm ymiepoaa. DNEKTPOHHAS CTPYKTypa M (hU3HUYECKHE CBOMCTBa
rpadeHa. Mertoabl uccienoBanus rpadena. Metonpl moiydeHUs rpadeHa: MHUKPOMEXaHUYECKOe
pacumierieHue, SnuTakcuanbHeli  Meron, CVD  cumaTes Ha Ni, pacmemrenne YHT.
Onekrpodu3nueckue CBOKMCTBa, yIpaBIeHWE KOHIIGHTpalueill Hocutenel 3apsga. [lomeBble
TPaH3UCTOPHl W CEHCOpPbl Ha OCHOBe rpadeHa, crIocoObl CO3MAaHUs 3alpelleHHONW 30HBI.
YHuBepcanbHOCTH QoTonoromieHus rpapena. ObmacTi npuMeHeHui rpadeHa

9. Heopranmieckue moIyNPOBOAHUKYN B TIEYaTHON AIIEKTPOHHKE

Tunel HEOPraHMYECKUX IONYIMPOBOIHUKOB: MOHOKPHUCTAJUIMYECKUE HAHOJICHTH M HAHOIPOBOJIOKU
Si, GaAs, GaN, InAs u np., Merami-oKCUAHbIe MOMYNpoBOogHUKH InGaZnO, XambKoreHWabI
MeTamioB: MoS2, MoSe2 U ap. Meronbl M3rOTOBICHUS HAHOJIEHT M HAHOIPOBOJIOK W3
MOHOKPHCTAJIa ¥ BBIpAIIMBaHUSI HAHOPOBOJIOK M HAHOIIACTHH. METO/bI TieuaTn HaHOOOBEKTOB C
BBICOKOH TIPOM3BOAMUTEIBHOCTRIO. [lewarp TpaH3ucTopoB Ha THOKOW Tmoiokke. [lomeBbie
Tpau3ucTopsl n- InGaZnO.

10. TTosrynpoBOIHUKOBbIE HAHOKPUCTAILIbI, CBOICTBA U IPUMEHEHUS

Tumbl KBaHTOBOPAa3MEPHBIX CTPYKTYp: KBAaHTOBBIC SIMBbI, KBAaHTOBBIC HHTH, KBAHTOBBIC TOYKH.
KostoniHple KBaHTOBBIE TOUKH, 3aBUCHUMOCTb JHEPIETUUECKOIO CIEKTpa KBAHTOBOM TOUKU OT €€
pasmepa. dopMa KBaHTOBBIX TOYEK, MHOTOKOMIIOHEHTHBIE KBaHTOBble TOYKU. CrHeKTpajbHbIE
KBaHTOBO-pa3MEpHble CBOWCTBA HAHOKPUCTAJUIOB: CIIEKTPbl IODJIOIIEHUS U JIIOMUHECIICHLIUU.
OnyopecueHTHBIH  ONMHKUHT KBAaHTOBBIX ToueK. CHHTE3 KBAaHTOBBIX TOueKk B (Qopme
MOHOJIUCIIEPCTHBIX KOJUIOMIHBIX HAHOKPUCTAIIIOB. DepCcTEepOBCKUI pE30HAHCHBIN IEPEHOC SHEPTHUHU.
[IpuMeHeHNe KOJUIOMIHBIX HAHOCTPYKTYP B (POTOHUKE, CBETOAMOIBL, ()OTOIIEMEHTHI, JIa3€PhI.

11. OnTuka METaIIUYeCKUX HaHOCTPYKTYP: HAHOIIJIAa3MOHUKaA

30HBI JIOKaJTbHOW KOHIEHTpauud DM Mmons Ha MIa3MOHHOW METaJUTMUECKON CTPYKTYpe - «ropsiaue
Toukm». PaccesHue (OTOHOB M CHOHTaHHOE HCITyCKaHHe (OTOHOB. [IpHMEHEHHWS ITa3MOHHBIX
HAHOCTPYKTYp B (DOTOHHKE: (QUIBTPBI, CBETOAUOIBI, (DOTONETEKTOPHI, CEHCOPHI, (DOTOBOJIBTAUKA,
CIIEKTPOCKONIMS ~KOMOHMHAIIMOHHOTO pacCesHHs. YCWIEHHE H3Iy4eHUs Oeloro CBETOAMOAa
HaHo4yacTUIlaMu MeTayuta. OTKphITHE THUTaHTCKOTO KOMOWHAIIMOHHOTO paccesHus. [lna3moHHBIE
CTPYKTYPbI U3 HAHOYACTHII ITFOMUHMS st YO nuanas3oHa.

12. HpospaqHLIe MPOBOAHUKH IJII OIITOSJICKTPOHHBIX HpI/I60pOB, OCHOBHBIC TpC6OBaHI/IH



Bunpl marepmanoB Juis  NPO3pAavyHBIX  IPOBOJHHMKOB: IIMPOKO30HHBIE IOJYNPOBOAHUKH C
MPOBOJUMOCTBIO N- MJIM P-THIA, MPO3pPadHbIe YIBTPAaTOHKUE METaJUIMYecKue cioM, 2D-marepuanbt
(rpader w amanorw), ATUHHOMEpHBbIE MeTaMueckue HaHonpoBookd W YHT. OcHoBHble
XapaKTEePUCTHKH NPO3PavYHbIX MPOBOJHHUKOB: IMPO3PAYHOCTh U CJIOEBOE COMPOTHBICHUEM — JUIS
pa3HbIX MaTepraioB. PopMUpPOBaHUE TPO3PAUYHBIX HEKTPOAOB METONAMHU HEYaTH.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS MYJbTHMEANA IPOEKTOPOM U IKPAHOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Applications of Organic and Printed Electronics. A Technology-Enabled Revolution. Editor -
Eugenio Cantatore. Springer Boston Heidelberg New York Dordrecht London. -2013, DOI
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7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)
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8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha 3aHATHUAX UCIIOJIB3YIOTCS MYJII:TI/IMCI[I/H\/'IHBIG TCXHOJIOI'MH, BKJIIO4ad JEMOHCTPALUIO HpeBCHTaHHﬁ.
9. MeToauveckue YKazaHnus NJist oﬁyqalomnxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CTyIeHT, MpOCHIyIIaBIIMA Kypc 3aHSATHH, JOJDKEH OBNIAAETh OOLIMM IMOHSATUHHBIM ammapaToM |
HAy4UTHCS IPUMEHATH TEOPETUUECKHIE 3HAHUS Ha MIPAKTUKE.

VYenenrHoe ocBoeHue Kypca Tpedyer:

1) mocemienuss Bcex 3aHATHHA, NPELyCMOTPEHHBIX YU4EOHBIM IIJIAHOM; BEACHHE KOHCIIEKTOB 3aHATHUH;
aKTHBHOE y4acTHE B O0CYKIAECHUH TEM;



2) BayKHO AOOWUTHCS MOHMMAHUSI U3y4aeMOro Marepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYHEHUH W3Y4YCHUS OTAENbHBIX TEM, BOINPOCOB, CIEAyeT oOpamarbCsi 3a KOHCYJbTalMeH K
MIpEenoAaBaTeto



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa HAHOMETPOJIOTUM ¥ HAHOMAaTEpPHAaJIOB

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: B.B. UBanos, 1-p ¢u3.-Mat. Hayk, npodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX

HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON

M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HAYTHBIC PE3YJIbTAThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThI

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «MCTO,E[BI IeYaTHOMI QJICKTPOHUKW O6y‘IaIOH_H/II\/’IC$I JOJIDKCH:

3HAThb:

- IPUHLIUIIBL, JIEXKAIUE B OCHOBE Pa0OThI yCTPONUCTB MEYATHON 3JIEKTPOHHKH;

- IOAXO/BI K pa3pabOTKe YePHWII AT [TeYaTu IPUHTEPaMH;

- TEOPETHUYECKHE OCHOBBI METOJIOB aTTECTALIMH U UCCIIETOBaHUS MOIYITPOBOAHUKOBBIX MaTEpUAIOB IS
[I€YaTHOU AIEKTPOHUKY;

- JIOCTOMHCTBa W HENOCTAaTKU PA3NMYHBIX MOJYNPOBOJHUKOBBIX MATEpPHAIOB JJIs I€4aTHOH
JIEKTPOHUKY;

- OCHOBHBIEC TIOMCKOBBIE CHCTEMBI, 0a3bl JaHHBIX M BEAYLIHME MEPHOAWYECKUE M3JaHHA IO MeYaTHOU
JIEKTPOHUKE.

yMeThb:

- pa3nuyarh OCHOBHBIC BU/IbI MOIYIPOBOIHUKOBBIX MaTe€prasoB AJisl IEYaTHON AIIEKTPOHUKHY;

- OOBACHATH NPHHIMIBI PAaOOTHI PAa3IUYHBIX YCTPOMCTB IEUaTHOW SJIEKTPOHMKH, BHIOMpATh THII
YCTpOMCTBA 7151 KOHKPETHBIX 3a/1a4, - XapaKTepPU30BaTh U aHAJIM3UPOBATh PE3YJIbTATHI IEUaTH;

- pallMOHAJIBHO COYETaTh pa3IMyYHble METO/IbI aTTECTALMH U UCCIICIOBAHUS MaTepUajIoB Jis

MIEYaTHOW EKTPOHUKH;

- OLICHMBATh LIEIE€CO00OPa3sHOCTh MPUMEHEHHS IOIYIPOBOAHUKOBBIX M METAJUIMYECKUX MaTepHasoB
UCcXoAs U3 (PU3UKO-XUMHUYECKUX U TEXHUUYECKUX XapaKTEPUCTHK;

- aHAJIN3UPOBATh HAYYHYIO JIUTEPaTypy € LENbl0 BbIOOpa MH(pOpManuu o paboTe, NepCleKTHUBAX H
XapaKTePUCTHUKAX PA3IMYHBIX TEXHOJOTHI Ie4aTH, OLIEHUBATh NEPCIEKTHBBI

pa3BUTHS HOBBIX BUIOB YCTPOWCTB I€yaTH, MOAOHPATh MOIYNPOBOAHUKOBBIE U APYrHe HEOOXOANMBIE
MaTepHabl 1Jis IeYaTl aKTUBHBIX HJIEMEHTOB JIEKTPOHUKH.

BJIaJeTh:

- OCHOBHBIMH TEOPHSMH M KOHLEMLHUSIMH, ONUCHIBAIOIIMMU HPUHIUIBI PAOOTHl YCTPOUCTB ME€YaTHON
IEKTPOHUKH;

- OCHOBHBIMHM METOJAaMM XapaKTepHU3allUU IOJYIPOBOJHUKOBBIX U APYIMX MaTrepUaloB Ul IedaTd
AKTUBHBIX JIEMEHTOB 3JIEKTPOHUKH;

- HaBbIKAMM MOJIEJIMPOBaHUsI [IPOLIECCOB, IIPOUCXOAIINX B YCTPOMCTBAX [1€UAaTHOM IEKTPOHUKY;

- HaBbIKAMH K MHTEPIPETALH U 00CYKICHHSI PE3yJIbTaTOB IIPOBEACHHOTO UCCIEIOBAHMUSA,
OCHOBBIBAsACh Ha COBPEMEHHOM JINTEpaType 10 TEXHOIOIUAM U YCTPOMCTBaM Ie4aTHON AJIEKTPOHUKH.

3. IlepeyeHb THNOBBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaje 3aHATUSA 110 TeME IPEABIIYIIEro 3aHATHS

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bomnpocs! k 3k3aMeHy:




1. CpoiicTBa HaHOPa3MEPHBIX 0OBEKTOB, MPOSBISIEMBIC B COCTaBE YEPHIIT ((KUIKUX JHUCIIEPCUH).
2. beckoHTaKTHBIE METOMBI MIEYaTH: CTPYHHAS M1€YaTh.

3. beckoHTaKTHbIE METO/IbI IIEUaTU: a3p030JIbHAs CTPYyHHas IIeyars.

4. beckOHTaKTHBIE METO/IBI MIEYaTH: MPSMOM azepHbIN epenoc marepuaia (I1JIIT).

5. HanoummnpunrtHas nutorpadusi. OcoOeHHOCTH (HOpMUpPOBaHHE 33JaHHOTO PUCYHKa C MOMOIIBIO
LITaMIIa.

6. Marepuasbl me4aTHON 3JEKTPOHUKH - yriepoanbie HaHoTpyOku (YHT).

7. Marepuaibl me4aTHON JIEKTPOHHUKH - TpadeH.

8. Heoprannueckue noIynpOBOAHUKA B IEYaTHOM SJIEKTPOHUKE.

9. IlonynpoBOAHUKOBBIE HAHOKPHUCTAILIIBI, CBOWCTBA U PUMEHEHHSI.

10. OrnrTuka MeTaIn4ecKMX HAaHOCTPYKTYP: HAaHOIUIa3MOHHKA.

11. Ilpo3pauHble MPOBOJHHUKH IS ONITOIEKTPOHHBIX IPUOOPOB, OCHOBHBIE TPEOOBAHHUS.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. Marepuaibsl me4aTHOW NEKTPOHUKH - TpadeH.
2. BeCKOHTaKTHBIE METOMIBI IEYaTH: CTPYHHAs M1eYaTh.

[Ipumep 2.

1. HanommnpunrHas sutorpadusi. OcoOeHHOCTH (HOpMUpPOBaHHME 3aJaHHOTO PUCYHKAa C MOMOILBIO
HITamIa.

2. Ilpo3paynble TPOBOIHHUKH JJIsi ONTOIEKTPOHHBIX MPHOOPOB, OCHOBHBIE TPEOOBAHMS.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEOHOHM MpOrpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 Oa/IoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHCTEMaTU3UpPOBaHHbIC, [IYOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha MPAKTHUKE TPH PELICHNU KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh UX Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH II0JyuYCHHbIC 3HAaHMUsS HA IPAKTUKE, HO HEJOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Ouenka xopoo 6 6ajIoB - BBICTABISAECTCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

Onenka xopomio 5 0aioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U IO CyLIECTBY M3JIaraeT €ro, yMeeT INPUMEHSThH [10JyYCHHbIC 3HaHMs Ha IIPAKTHKE, HO JOIIyCKAaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.

Onenka ynoBieTBOpuTenbHO 4 Oaiia - BBICTABISIETCS CTYACHTY, MOKa3aBIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MPOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.



OueHka yIOBIETBOPUTEIBHO 3 Oajiia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBATEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ci1abo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMH IS TalbHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajlia - BHICTABISICTCS CTY/ICHTY, KOTOPBIH HE 3HAeT OOJIBbIIEH YacTH
OCHOBHOTO COJep)XaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aim - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiie omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu mpoBeneHUH yCTHOro 3K3aMeHa oOydamomiemycs npeaoctasisiercss 30 MUHYT Ha IOATOTOBKY.
Omnpoc obyuaromerocs no OuiIeTy He JOJKEH MPEBbIIIATh OHOTO Yaca.



