degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: MCTOI[BI IeYaTHOMI QJICKTPOHUKHU
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)HJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa HAHOMETPOJIOTUM U HAHOMAaTEPHAaJIOB

Kypc: 1
KBAJM(PUKAIMA: MarucTp

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

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: B.B. UBanos, 1-p ¢u3.-Mat. Hayk, podeccop

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapsl HAHOMETPOJIOTHH U HaHoMaTepuaioB 22.01.2024



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[I/Iﬁi

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

IIK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccroHambHON

[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pelarh 3aja4u, B ToM uncie pa3padareiBath 1 [IK-1.2  CriocoOeH  BBIABUTATH  THIOTE3bI, CTPOUTH
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
M3y4aeMBbIX SBJICHUH U NMPOIECCOB, CACTEMHO  |BJIEHHH U MPOLECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHaJIM3UPOBaTh HAy4YHbIE TPOOIEMBI, [TOyYaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIBHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINecs JOIKHbBI
3HAThb!




- IPUHIIMIIBL, JISKAIKE B OCHOBE PaOOTHI yCTPOHCTB NEYaTHOM IEKTPOHUKY;
- IOAXOABI K pa3paboTKe YepHUII AJIs IeYaTH PUHTEPAMU;

- TCOPCTUICCKUEC OCHOBBI METOAOB aTTCCTAlMU U UCCIICAOBAHUA TTOJTYITPOBOJHUKOBBIX MATCPHUAJIOB IJIs

IeYaTHOMN QJICKTPOHUKU,

- JOCTOMHCTBA M HEAOCTATKHW Pa3IMYHBIX IIOJYIPOBOAHUKOBBIX MATCpHUAJIOB JIA TeyaTHoMn

DJICKTPOHUKH,

- OCHOBHBEBIC IIOMCKOBBIC CHUCTCMBI, 6a3bl JaHHBIX W BCAYIIHNEC NEPHUOANYCCKHUEC U3AaHHA I10 TeYaTHon

JJIEKTPOHUKE.
YMETB:
- pa3nuyaTh OCHOBHBIE BU/IbI I10JIyIIPOBOJHUKOBBIX MaTe€pUasoB AJIs IIEYaTHON AJIEKTPOHUKY;

- OOBSICHATH HOPUHIHAIIBI pa6OTBI Pa3INIHBIX YCTpOﬁCTB IeYaTHOMN QJICKTPOHUKH, BLI6I/IpaTB THIT

YCTpOMCTBa 17151 KOHKPETHBIX 3a/1a4, - XapaKTepU30BaTh U aHAJIM3UPOBATh PE3YJIbTAThl IEUaTH;
- PallMOHAIBHO COYETATh PA3IMYHBIE METO/bI ATTECTALIMH U UCCIIEI0OBAaHUS MaTepUAIIOB IS
[I€YaTHOU AIEKTPOHUKHY;

- OICHHBATb HCJ’IGCOO6p33HOCTL MNPUMCHCHUSA IMOJYIIPOBOAHUKOBBIX W MCTAJUIMYCCKUX MATCPHUAJIOB

nucexonasa U3 (1)I/I3I/IKO-XI/IMI/I‘-ICCKI/IX 1 TCXHUYCCKUX XapaKTCPUCTHUK;

- aHAJM3UPOBAaTh HAYYHYIO JIUTEPATYpy C LeNbio BbIOOpa MHpopManuu O paboTe, MEPCIEeKTUBAX H

XapaKTCPHUCTUKAX PA3ITIUYHBIX TEXHOJIOTHH IeyaTu, OUCHUBATH NICPCIICKTUBBI

Pa3sBUTHUA HOBBIX BUI0OB YCTpOfICTB ncyaru, HO,E[6I/IpaTL MOJIYIIPOBOJAHUKOBBIC U JPYTrUc HeO6X0):[I/IMBIe

MaTepuabl ISl Ie4aTH aKTUBHBIX AJIEMEHTOB JIEKTPOHUKH.
BJIAJIETD:

- OCHOBHBIMU TCOpPUAMU U KOHLCIIIHUAMHU, OIMUCBIBAIOIINMHU HNPUHIUIIBL pa6OTLI YCTPOI\/'ICTB IeYaTHON

3JICKTPOHUKU,

- OCHOBHBIMH MCTOJaMH XAPAKTCPU3alWU MOJIYIPOBOAHUKOBBIX W APYTHUX MATCPpUATIOB IJId IICUATH

AKTUBHBIX IEMEHTOB 3JIEKTPOHUKY;
- HaBBIKAMH MOJIETTMPOBAHUS IIPOLECCOB, MPOUCXOASIINX B YCTPOUCTBAX MEYaTHON 3JIEKTPOHUKH;
- HaBBIKAMM K MHTEPIIPETalNU U OOCYKICHUS Pe3yJIbTaTOB IPOBEICHHOTO CCIIEA0BaHN,

OCHOBBIBasACh Ha COBpeMeHHOﬁ JIMTCPATypC MO TCXHOJIOTUAM U YCTPOﬁCTBaM Ie4YaTHOM QJICKTPOHUKHMU.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITITMHBI (MOYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTh 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
BBenenne B me4aTHYIO 3JIEKTPOHUKY.
| MecTo U TEHACHIIMU Pa3BUTHS II€YaTHOU ’ )
3IIEKTPOHUKHU B obmactu
MUKPOJIEKTPOHUKE

CBoiicTBa HAaHOpa3MEPHBIX OOBEKTOB,
2 HpOSBISIEMBIE B COCTaBE€  YEPHUI 4 4
(KUAKUX AUCTIepCHiA)

3 beckoHTakTHBIE METOJIBI TeYaTH: 4 4
CTpyiHas Ieyarb

4 BeckoHTakTHbIE _ MeTozBI MeYarTu: ’ )
a’po30JIbHAsI CTPYIHAS TIeYaTh

5 beckoHTaKTHBIE METOJIBI TIEYATH: MPSIMOM ) )
nasepHslii nepenoc marepuana (ITJ11T)
HanoumnpunTHas uTorpadus.

6 OcobeHHOCTH (pOPMUPOBAHUE 33JJAHHOTO 2 2
PHUCYHKa C MTOMOIIIBIO MITaMIIa

7 Marepuanbl Ie4aTHOW JIICKTPOHUKU - ) )

yroiepoanbie HaHOTpyOku (YHT)




] Marepuanpl I€YaTHOW DJIEKTPOHUKH - ’ )
rpadeH

9 Heoprannueckue mOIYNPOBOAHUKH B 4 4
[I€YaTHOU AIEKTPOHUKE

10 [TonynpoBOOHUKOBEIE ~ HAHOKPHUCTAJLIBI, ) )
CBOWCTBA M IPUMEHEHHS

1 OnTvka MeTaNTMYeCKUX HAHOCTPYKTYD: 5 )
HaHOIUIa3MOHMKA
[Ipo3paunsie IPOBOJAHUKU JUIst

12 OIITO3JIEKTPOHHBIX IPUOOPOB, OCHOBHBIC 2 2
TpeboBaHHS

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

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

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)

Cemecrtp: 2 (Becennuit)

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

Knaccuduranuss MeTonoB mevaTHON 31eKTpOHHKH. KIiTroueBble TpPOIECCHl TEXHOJIOTHH IMe4aTHON
SNEKTPOHUKU: KOHCTPYUPOBAHUE U MPUTOTOBICHUE YECPHUJI PA3HOTO THUIIA, pealn3alys MPOLECCOB
MeYaTH Ha TMOJIJIOKKAX, MOCTOOpabOTKa HamedaTaHHBIX CTPYKTyp. O0nacTh NMpUMEHEHUH METO0B
MeyaTy IJ1sl CO3JaHUs AIEMEHTOB MUKPOAIEKTPOHUKHU

2. CBolicTBa HAHOPAa3MEPHBIX OOBEKTOB, MPOSBISIEMbIE B COCTaBE YEPHMII ((KUAKUX AUCIIEPCU)

Buap! xxunkux aucnepcuii 1 METoAbl UX Xapakrepusauu. [{oHATHS ABOMHOTO 3JIEKTPUUYECKOTO CIIOs
n { —MOTeHIMANa YacTUI] B JKUAKUX AWCIEpCcHsx. MeTolbl JUCTIEPTUPOBAHMS U CTaOWiIM3aiuu
KUAKUX Auctepcuid. Metoasl w3MepeHmid ( —TIOTEHIMAlla ¥ paclpeiesieHus HaHOYACTHUI[ TI0
pa3Mepam 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€YaTh
no tpeboBaHuio. [IpuHIMIBEI medaTH 1Mo TPeOOBAHUIO C TEPMHUYECKMM M IbE303JIEKTPUYECCKUM
akTuBaTopoM nedatu. [lapameTpsl, ompenenstoniye KadyecTBO CTPYWHOM MeyaTH: MOBEPXHOCTHOE
HaTsDKEHHUE, MHEPIUA U BA3KOCTh YepHUI. [IpreMsl npenorpamenus 3p¢pexra «koperHHoro miTHay.
OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKU CTPYWHBIX MPUHTEPOB. BapuaHThl MpUMeHEHUH cTpyHHON
neyaTu

4. beckOHTaKTHbIE METO/IbI [1€YaTH: a3PO30JIbHAsL CTPYHHas IleuaThb

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 Karlesb
yepHuI. IIpuHUUMIIBI  yopaBiaeHUs JAHAMETPOM II€YATAIOIICH a’3pO30JbHOM CTPYM YEpHUIL.
BsaumoneiicTBue a’po30JbHON CTPyH C MOMIOKKOW. OCHOBHBIE TEXHMYECKHE XapaKTEPHUCTHKU
a3pO30JIbHBIX CTPYHHBIX IPUHTEPOB, BApUAHThI IPUMEHEHUI

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




WMuunumnpoBaHue Impolecca mepeHoca Marepuaina cQOKyCHPOBAHHBIM JIA3€PHBIM JydoM. Bapuant
o0paTHOTO Ja3epHOro mnepeHoca marepuaia. JlazepHselil mepeHoc HaHopenbeda. DopmMupoBaHUE
ANEeKTpOHHBIX ycTpoiictB MertogoM IUIII. OpHosTamHas me4ars MOJHOTO TPAaH3UCTOPHOIO
ycrpoiictBa. [leuats metonom IUIIT opraHnueckux cBeTOM3IyHaromux AuoAoB. IIpsMoe nazepHoe
nucbMo (DLW). [Ipumenenne DLW aiist dopMupoBaHus 31eMEHTOB (DOTOHHBIX YCTPOHCTB

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

JIBa OCHOBHBIC THIIA IIPOLIECCAa HAHOMMIIPUHTHOM TUTOrpaduy, CpaBHUTEIbHAS XapaKTePUCTHKA: Ha
OCHOBE HCHOJNb30BaHUS YD-u3nydyeHHus, TEPMUUYECKOE WM Tropsiuee THUCHEeHHe. TpebGoBaHusi K
mramnaMm. [lponecc o0OpaTHOW HAHOMMIPHUHTHOW JwuTorpaduu. PyrnoHHas HaHOMMIPUHTHAS
murorpadus. TommmHa W OJHOPOIHOCTH OCTaTOYHOIO CJIOS, TOYHOCTh OTIEYarKka, KOHTPOJIb
nedexroB. KoHnTponupyemoe HaHeceHHE pe3HcTa C HCIOJIB30BaHUEM CTpyHHOW mewatn. Kpaeble
s¢dexTsl pu padore nutorpada. CpaBHEHHE HAHOMMIPUHTHOM nuTorpaduu ¢ APYrUMH BUAAMU
murorpaduii. CriekTp MpUMeHEHHH HAHOUMIIPUHTHON JTUTOrpaduu.

7. Marepuabpl me4aTHON SIEKTPOHHUKH - yriiepoanble HaHoTpyOku (YHT)

OcnoBueie cBoiicTBa 1 cTpykTypsl YHT. KiroueBsie meTons! nccnenosanust YHT: npocBeunBaromas
anektpoHHas Mukpockonus ([I9M), ckanupytomas anexTpoHHas MuKpockonus (COM),
aroMHO-cwiioBasi ~ Mukpockonus  (ACM),  cmeKkTpockonmus  KOMOWHAIMOHHOTO — PacCesHus
(pamaHOBCKas), pEHTIeHOBCKas (hoToaeKTpoHHAS CIIEKTPOCKOIIHUS (P®2C),
tepmorpasumerpuueckuid  ananu3 (TT'A). XupansHocte YHT, ocobGennoctu crpykrypsl YHT
METAJUIMYECKOTO W IOIYIPOBOAHUKOBOrO Thma. Mertoasl cuHTe3a n ounctkun YHT, Beimenenue
MOJTYIIPOBOAHUKOBOM (hpakiyu. [1oneBoii TpaH3UCTOp HA OCHOBE NOTYNPOBOAHUKOBBIX YHT.

8. Marepuainbl ne4aTHOM JICKTPOHUKH - TpadeH

I'paden B psagy amnorponHbix (GopMm yriepoaa. INEKTPOHHAS CTPYKTypa W (DU3HUYECKUE CBOMCTBA
rpadgena. Metonsl uccnenoBanust rpadeHa. Merombl HOydeHHs TrpadeHa: MUKPOMEXaHHYECKOe
pacieruieHue, dnuTakcuanbHbld  Meton, CVD  cumate3 Ha Ni, pacmeruienne YHT.
DnexkTpodu3HYeCKHe CBOWCTBA, YINpaBJICHUWE KOHIIGHTpAIMed HocuTened 3apspa. I[lomebie
TPAH3UCTOPBl M CEHCOPbl HAa OCHOBE rpadeHa, CrIocoObl CO3MaHMs 3alpPCIICHHOW 30HBI.
VYHuBepcanbHOCTh QoTonomionienus rpadena. OOnacTi npuMeHeHui rpadeHa

9. HeOpFaHI/I‘leCKI/Ie NOJIyIPpOBOJHUKHA B IeYaTHOM QJICKTPOHUKC

Tunsl HEOPraHMYECKUX MOIYNPOBOJHUKOB: MOHOKPHCTATIMYECKHE HAHOJICHTHI U HAHOIPOBOJIOKH
Si, GaAs, GaN, InAs wu jap., MeTaI-OKCUIHBIE TONynpoBogHUKN InGaZnO, XambKOTeHUIBI
MerauioB: MoS2, MoSe2 u ap. Merombl H3rOTOBICHHS HAHOJEHT M HAHOMPOBOJOK W3
MOHOKPHCTAJIa ¥ BBIPAIIMBAHUSI HAHONPOBOJIOK M HAHOIIACTUH. METOnbl NeuyaTn HaHOOOBEKTOB C
BBICOKOW TPOHM3BOAMTENBHOCTHIO. [ledaTh TpaH3WCTOPOB Ha THOKOW moanoxke. [lojeBbie
Tpan3uctopsl n- InGaZnO.

10. ITonynpoBOTHUKOBEIE HAHOKPUCTAILIbI, CBOMCTBA U PUMEHECHUS

Tunbl KBaHTOBOPAa3MEPHBIX CTPYKTYp: KBAaHTOBBIE SIMbl, KBAaHTOBbIE€ HMTH, KBAHTOBBIE TOYKHU.
KomnongHele KBaHTOBBIE TOYKH, 3aBHCHMOCTb JSHEPIreTHYECKOTO CHEKTpa KBAaHTOBOW TOYKH OT €€
pazmepa. dopMa KBaHTOBBIX TOYEK, MHOIOKOMIIOHEHTHbIE KBaHTOBble TOUKU. CrHeKTpabHbIE
KBaHTOBO-pa3MEpHbIE CBOMCTBA HAHOKPUCTAJJIOB: CIEKTPHl MOMIOUIEHUS W JIOMHUHECLEHIUH.
@iyopeclieHTHbIM  ONMHKUHT  KBAaHTOBBIX To4deK. CHHTE3 KBAaHTOBBIX TO4eK B  (opme
MOHOJHMCTIEPCTHBIX KOJUIOMAHBIX HAHOKPUCTAIOB. DepCTEpOBCKUI pE30HAHCHBIN MTEPEHOC SHEPTUN.
[TpumeHeHNe KOIJIOUIHBIX HAHOCTPYKTYP B (DOTOHHUKE, CBETOANOIBI, (POTOIEMEHTHI, J1a3ephl.

11. OnTrka MeTaUIMYeCKUX HAHOCTPYKTYP: HAaHOITIIIa3MOHHKA



30HBI JIOKaJbHON KOHLEHTpanuuu DM mojs Ha IUIa3MOHHONW METAJUIMYECKOH CTPYKTYpe - «TopsdHe
Toukn». PaccesHue (OTOHOB M CHOHTAaHHOE HCIycKaHHe (OTOHOB. [IpHMEHEHus MIa3MOHHBIX
HAHOCTPYKTYp B (DOTOHHKE: (QHUIBTPBI, CBETOAMOABI, (HOTOAETEKTOPBI, CEHCOPHI, (HOTOBOJIBTAUKA,
CIIEKTPOCKONMA KOMOMHAIIMOHHOTO pacCesHHUsA. YCWIEHHE M3Iy4deHus Oenoro CBETOAMoAa
HaHO4acTUIaMu MeTaiuia. OTKPBITHE THTaHTCKOrO KOMOMHAIMOHHOTO paccesHus. [lnasmoHHBIE
CTPYKTYpPbI U3 HAHOYACTHIL] ATFOMUHUSA U1l YO nuana3oHa.

12. ITpo3pauHble MPOBOAHUKY Ul ONTOAIEKTPOHHBIX TPHOOPOB, OCHOBHBIE TPEOOBAHUS

Buabl marepmanoB Juis  NPO3pAavyHBIX  IPOBOJHHMKOB: IIMPOKO30HHBIE IOJYNPOBOAHUKH C
MPOBOJUMOCTBIO N- MM P-THIA, MPO3pPadHbIe YIBTPAaTOHKUE METaJUIMYecKue ciou, 2D-marepuanbt
(rpader w ananorw), ATUHHOMEpHBbIE MeTauMueckue HaHonpoBookd W YHT. OcHoBHble
XapaKTEepUCTHKH NPO3PavyHbIX MPOBOJHHUKOB: IMPO3PAYHOCTh U CJIOEBOE COIMPOTHBICHUEM — JUIS
pa3HbIX MaTepraaoB. PopMHUpPOBaHUE TPO3PAUYHBIX HEKTPOAOB METONAMHU HIEYaTH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS MYJbTUMEANA IPOEKTOPOM U SKPAHOM.
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
10.1007/978-1-4614-3160-2, 186 p.

2. Introduction to Nanophotonics. S.V. Gaponenko. Cambridge University Press, 2010, 485 p.
3. Heopraunueckue nanomarepuainsl. J.I. PakoB. bunom-2013, 477 c.
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7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

1. http://www.elsevier.com
2. http://www.elibrary.ru
3. http://www.books.google.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)



Ha 3aHATHUAX UCIIOJIB3YIOTCSA MYJII:TI/IMCI[I/II\/'IHBIG TCXHOJIOI'MH, BKJIIO4ad JEMOHCTPALUIO HpeBCHTaHHﬁ.
9. MeToauveckue YKazaHnus NJist oﬁyqalomnxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CTyneHT, MpOCIyIIaBIINM Kypc 3aHSATHH, JOIDKEH OBJIAJETh OOLIMM TMOHSATUHHBIM ammapaTtoM M
HAy4UTHCS IPUMEHATH TEOPETUUECKHIE 3HAHUS Ha MPAKTUKE.

VYenenrHoe ocBoeHue Kypca Tpedyer:

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

2) BayKHO AOOUTHCS MOHMMAHUSI U3y4aeMOro Marepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYIHEHUU W3Y4YCHUS OTAENbHBIX TEM, BOINPOCOB, CIEAyeT oOpamarbCsi 3a KOHCYJbTalMeH K
MPETIOaBaTeII0



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
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
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIIBUTATH  THUIOTE3Bl, CTPOUTH
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN MareMaTHYeCKHe MOJAENU JUIS  ONUCAHUS  HM3yYaeMBbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH U MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH

HOBBIC

HayqHBIC PC3YJIbTATbI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

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

3HAThb:

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

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

- TEOPETHYECKHE OCHOBBI METOJIOB aTTECTALIMH U UCCIIEIOBaHUS MOIYITPOBOAHUKOBBIX MaTEpUAIOB IS
[I€YaTHOU AIEKTPOHUKY;

- JIOCTOMHCTBA W HENOCTAaTKU PA3NMYHBIX MOJYNPOBOJHUKOBBIX MATEPHAIOB JJIs I€4aTHOU
JIEKTPOHUKY;

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

yMeThb:

- pa3nuyarh OCHOBHBIC BU/IBI MOYIPOBOIHUKOBBIX MaTe€prajoB AJisl IEYaTHOW AIIEKTPOHUKHY;

- OOBACHATH NPHUHIMIBI PAaOOTHl PAa3IUYHBIX YCTPOMCTB IEUaTHOW SJIEKTPOHMKH, BHIOMpATh THII
YCTpOMCTBA 7151 KOHKPETHBIX 3a/1a4, - XapaKTePU30BaTh U aHAJIM3UPOBATh PE3YJIbTAThI IEUaTH;

- pallMOHAJIBHO COYETaTh pa3IMyHble METO/IbI aTTECTALMH U UCCIICIOBAHUS MaTepUaIOB Jis

MIEYaTHOW EKTPOHUKH;

- OLICHMBATh 1IEIE€CO00Pa3sHOCTh MPUMEHEHHS IOIYIPOBOAHUKOBBIX M METAJUIMYECKUX MaTepHasoB
UCcXoAs U3 (PU3UKO-XUMHUUYECKUX U TEXHUYECKUX XapaKTEPUCTHK;

- aHAIN3UPOBATh HAYYHYIO JIUTEPaTypy C LENbl0 BhIOOpa MH(pOpManuu o paboTe, NEepCIEeKTHUBAX H
XapaKTePUCTHUKAX PA3IMYHBIX TEXHOJOTHI Me4aTH, OLIEHUBATh NEPCIEKTHBBI

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

BJIaJeTh:

- OCHOBHBIMH TEOPHSMH M KOHLEMUHUSIMH, ONUCHIBAIOIIMMU NPUHIUIBI PAOOTHl YCTPOUCTB IEYaTHON
IEKTPOHUKH;

- OCHOBHBIMHM METOJAaMH XapaKTepHU3allUU IOJYIPOBOJHUKOBBIX U APYIMX MaTrepUajoB Ul IedaTu
AKTUBHBIX JIEMEHTOB 3JIEKTPOHUKH;

- HaBbIKAaMM MOJIEJIMPOBaHUSI [IPOLIECCOB, IIPOUCXOAIINX B YCTPOMCTBAX [1€UATHOM IEKTPOHUKY;

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

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

C nenplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaje 3aHATUSA 110 TeME IPEABITYIIEro 3aHATHS

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




Bomnpocs! k 3k3aMeHy:

1. CpoiicTBa HaHOPa3MEPHBIX 0OBEKTOB, MPOSBISIEMBIC B COCTaBE YEPHHIT ((KUIKUX JUCIIEPCHH).
2. beckoHTaKTHBIE METOMBI MIEYaTH: CTPYHHAS M€YaTh.

3. beckoHTaKTHbIE METO/IbI IIEUaTH: a3P030JIbHAs CTPYHHas IIeuars.

4. beckOHTaKTHBIE METO/IBI IIEYaTH: MPSMOM Ja3epHbIN nepenoc marepuaia (I1JIIT).

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

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

7. MarepuaJibl me4aTHON JIEKTPOHHUKH - TpadeH.

8. Heoprannueckue noIynpoOBOAHUKA B IEYATHOM AIIEKTPOHUKE.

9. IlonynpoBOAHUKOBBIE HAHOKPHUCTAILIBI, CBOWCTBA U PUMEHEHHSI.

10. OrnrTuka MeTaIn4ecKUX HAaHOCTPYKTYP: HAaHOIUIa3MOHHKA.

11. Ilpo3pauHble MPOBOJHHUKH IS ONTOIEKTPOHHBIX IPUOOPOB, OCHOBHBIE TPEOOBAHHUS.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. Marepuaibsl me4aTHON NEKTPOHUKH - TpadeH.
2. BeCKOHTaKTHBIE METOMBI IEYaTH: CTPYHHAs M1eYaTh.

[Ipumep 2.

1. HanommnpunrHas smtorpadusi. OcoOeHHOCTH (HOpMUPOBaHHME 3aJAHHOTO PUCYHKAa C MOMOILBIO
HITamIa.

2. Ilpo3paynble IPOBOIHUKH JJIsi ONTOIEKTPOHHBIX MPHOOPOB, OCHOBHBIE TPEOOBAHMS.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTaBJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAaHUS YYEeOHOH MNpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH X Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh UX Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIH OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH II0JyUYCHHbIC 3HaHMsS HA IPAKTUKE, HO HEJOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIM OH TBEPJO 3HAET MaTepuall, IpaMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WM B PELIEHUH 3aJjad HEKOTOPblE HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, F[paMOTHO
U IO CYILIECTBY W3JIaraeT €ro, yMeeT INPUMEHSThH [10JyYCHHbIC 3HaHUs 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 MpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIEe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MPOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.



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.



