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PABOYAS MPOrPAMMA YYEBEHOW ONCLMMIUHBI

B1.B.09 HaHoTexHOonorumu

1. Koa n HanmeHoBaHuMe HanpaBneHusi NoAroToBkKu/cneLnanbHOCTH:
04.03.02 — Xumusi, ¢hu3zuka u MexaHuka Mamepuasios

2. NMpodunb nogroToBKU/cNeymnanusauus: MmamepuasoeedeHue u uHAycmpusi
HaHocucmem

3. Ksanudukaums BbinyckHuKa: 6akanasep
4. ®opma obyyeHUN: OYyHasi

5. Kacheapa, oTBevarowas 3a peanmsauuio QUCLUMNIIMHbLI: MamepuasoeedeHUsl U
uHdycmpuu HaHocucmem

6. CoctaButenu nporpammsbl: Cradkonesyee bopuc Bnadumupoeuy,
kaHOuOam XumMu4ecKux HaykK

7. PekomeHaoBaHa: Hay4HO-METOONYECKNM COBETOM XMMUYECKOro (pakynbTeTa, NpoTOKON
Ne5 ot 19.03.2020

8. YuebHbIn roa: 2023/2024 CemecTp(bl): 7



9.llenun v 3apgayum y4ye6HON ANCLUNIUHbBI

Llenisamu oceoeHusi y4ebHou ducyurniuHbl 6715MmCs:

- chopmupoBaTb Yy CTyQEHTOB CUCTEMY MNPEeACTaBfieHMA O COBPEMEHHOM COCTOSIHUM
HaHOTEXHONOr1m;

- AaTb NpeacraBneHne o6 OCHOBHbLIX TEXHOMOMMAX, UCNOSb3YEMbIX B HACTOsILLEE BpeEMS
N NePCNEKTUBHBIX A4S18 NONyYeHNa HaHOpPa3MepHbIX 0OHLEKTOB

- NpeacTaBvUTb NEPCNEKTMBbLI MCMONb30BaHNA HAHOTEXHOMOMMM B pasfiMyHbIX obnacTtsx
YyenoBe4YeCcKon AeATENbHOCTN.

3adayu y4yebHoU OuCyUrIuUHbI:

CTyaeHTbl OOSKHbI:

- NONYyYUTb NPeLCTaBNeHME O CBA3M Kypca C ApYrMMu AUCUUNIIMHAMK, O ero MecTte
cpeav apyrux AUCUUNIIVH ANs AaHHOIro HanpaBneHns NoLAroTOBKY;

- UMETb NpeAcTaBieHne O BO3MOXHOCTAX HAHOTEXHOSOMMI Ha COBPEMEHHOM 3Tane
pa3BuTMA U 06 Ux nepcrnekTnBax B dyaywiem;

- 3HaTb OCHOBHbIE NOHATUA N onpeaeneHns npegmeTa, CyLLHOCTb U BO3MOXHOCTM
OCHOBHbIX METOLOB UCCNea0BaHNA, MPUMEHSIIOLLMXCA NPU U3YYEHUN HAHOCUCTEM;

- 3HaTb OCHOBHbIE METOAbI M NOAX0AbI, UCMONb3YIOLWMNECH B COBPEMEHHbIX TEXHOMNOMMAX
CUHTE3a HaHOPa3MEpPHbIX CUCTEM.

10. MecTo y4yebHOM ancumnnnHbl B cTpykType OOIT:

OucumnnuHa BXOAWUT B 4YacTb, (hopmMuMpyemMylo yyacTHMKamu obpasoBaTenbHbiX OTHOLUEHWI
(BapunatmnBHasg) 6noka b1.

TpeboBaHust K BXOAHBbIM 3HAHUAM, YMEHUSAM N HaBblKaM: 715 OCBOEHUS Kypca CTYAEHT LOSMKEH
OblTb 3HAaKOM C OCHOBHbIMM pasgenamu oOlen u HeopraHU4Yeckom XumMun, UMETb
npeacraBneHns o MeToaax aHanuaa coctaBa U CTPYKTYpbl BeELLEeCTBa.

N3yyeHne gaHHOM gucumnimHbl 6asvpyeTcsl Ha crnegyrwmnx Kypcax, M3ydeHHbIX CTygeHTamu
paHee:

- dunsmka

- OBLwas n HeopraHMyeckas XMmusi

- Mukpockonuyeckne MeToabl UCCneaoBaHusa CTPYKTYpPbl MaTteprarnonB

- CnekTpockonuyeckne MeToabl UCcreaoBaHna matepmarnos

[aHHasa aucumnnuHa asngeTcsa npegwecTsylowen gucumnnmHam «HaHomatepuansi», « TOHKMe
MNEHKN W TreTepoCcTpyKTypbl». [lapannenbHO C AaHHbIM KypCOM CTyAeHTbl OCBauBaloT
ANCUMNNMHY «HaHoknacTepbl U HAHOCTPYKTYPbI: CUHTE3 N CBOMCTBAY.

11. MnaHupyeMble pe3ynbTaTbl OOY4YeHUA MO AucUUNIMHe/MOAYNo (3HAHUSA, YMeHus,
HaBblKU1), COOTHECEHHbIe C NMaHUPyeMbIiMU pe3yribTaTaMyW OCBOEHUS obGpa3oBaTernbHON
nporpaMmmbl (KOMNETEHLMSAMU) U UHAUKATOPaMUN UX AOCTUKEHUS:

Koga HasaHue Koa(bl) WHpukaTtop(bl) MnaHupyemble pesynbTaTbl 00y4YeHus
KoMMeTeHLnn
MKB-2 | CnocobeH MKB-2.1 | CnocobeH 3HaTb: OCHOBHbIE MOHATUS N MPUHLMMbI

ncnonbL3oBaTb BbIOMpaTh MeToapbl HaHOTEXHONOrNiA; KnaccuduKaumio MeToa0B

3HaHWA 0 MeToaax CUHTE3a HaHOTEXHOIOMMA N BO3MOXHOCTU KaX40ro 13

CUHTE3a U maTtepuanos MeTOO0B, UCNOMb3yeMbIX B HACTOsILLEE BPEMS

CBOWNCTBax pasnuyHoro ANs CMHTe3a HaHOPa3MepPHbIX OOBEKTOB;

maTepuarnos HasHayeHusi (B TOM | MPUHLUMbI yNPaBeHUs HAHOTEXHOMNOMMYECKUMN

pasnuyHoro ynucne npoueccamm

Ha3HayeHus, B TOM HaHomaTtepuanoB) B | YMeTb: UCNOMb30BaTh NOMyYeHHbIE 3HAHUS ANs

yucne COOTBETCTBUU C peanusauum NpoLeccoB CMHTE3a

HaHomaTepuanos, nocTaBrieHHOM HaHopa3MepHbIX 0OBEKTOB (B NepBYO oyepeab B

Ansi peLueHns 3apaden TOHKOMMEHOYHOM COCTOSIHUM)

npodeccroHarnbHbI BrnageTb: HaBblkaMu NOCTAHOBKM U pPELLEHUS

X 3agau KOHKPETHbIX 3aa4 CMHTE3a HaHOMaTepuanos
MKB-2.2 | CnocobeH 3HaTb: COBpEMEHHOE COCTOsIHWE Pa3BUTUSA

Mcnonb3oBaTb HaHOTEXHOMOIM B MUPE W Hallew CTpaHe;




3HaHMs O CBOMCTBAX
mMaTtepunanoB ansa

nepcneKkTuBbl UCMNOJ1b30BaAHUA HaHOTEXHOMNOMNM;
CYLWHOCTb 1 BO3MOXXHOCTU OCHOBHbIX METOL40B

peLweHnda nccrnegoBaHusi CBOMCTB HaHoOMaTepwuanos
KOHKPETHbIX YMeTb: ucnonb3oBaTb nony4yeHHble 3HaHnA OnA
I'IpO(bE‘CCI/IOHaJ'IbeIX n ncecnenoBaHMA OCHOBHbBIX XapaKTepUCTUK
3agav HaHOpa3MepPHbIX 00bekToB

BnageTb: HaBblkamMy NPUMEHEHUST OCHOBHbIX
MeTOO0B UCCNEeLOBaHNS HAaHOPa3MEePHbIX
00BEeKTOB (HAHOMaTepuarnos)

12. O6bemM gncuunnuHbl B 3a4eTHbIX eaguHulax/yac. — 4/144.

dopmMa NPoMeXyTOYHOM aTTecTaLuum — 3a4eT C OLIEHKOM

13. TpyAoeMKoCTb NO BUAam y4yebHoum paboTbl

TpyooemKkocTb
Bug yuebHol paboThl Bcero Mo cemecTpam
7 cemecTp 8 cemecTtp
KoHTakTHast pabota 72 72
nekumnmn 36 36
npakTundeckne 36 36
B TOM Yuche:
nabopaTtopHble - -
KypcoBasi paborta - -
CamocTosTensHasa paboTa 72 72
MpomexyToyHas atTectaums (015 3Kk3ameHa)
Utoro: 144 144

13.1. CogepxaHne gUCUUNIINHDbI

n/n Peanusauus
pasgena
HaumeHoBaHue pasgena OVCUUNIINHBI C
CogaepxaHve pasgena gucumnivHbl
ANCUUNINHBI NOMOLLIbIO
OHMauH-Kypca,
QYMK *
1. Nlekuun
1.1 OCHOBHble NOHATUA OCHOBHble NOHATUA OUCUMMNNNHBI, HAHOTEXHOMNOMN, Mcnonb3oBaHu
HaHOTEeXHomnormm HaHoMaTtepwuarnsl. IcTopus cTaHOBNEHUS N pa3BUTUSA e AYMK
HaHoTexHonorun. CozgaHme ob6beKTOB Mo NpuHumnam | https://edu.vsu
«CBEPXY-BHM3» U «CHU3Y-BBEPX». P eKThI .ru/coursel/vie
HaHOMeTpoBOro MacLtaba w.php?id=995
9
1.2 O630p meToOOB O6wasn knaccudukaumst METOAOB UCCNeaoBaHus VMcnonb3oBaHu
1ccreaoBaHna un NPUMEHNTENBHO K HAHOCUCTEMaM. AHanNUTUYeckme e QYMK
JMNarHoCTUKN HaHOOOBHLEKTOB MeToAbl U cnocobbl BU3yanu3aumn. MeToapl https://edu.vsu
N HaHOCUCTEM MUKpocKonuu. OnTuyeckas MMKPOCKOMMS OIS .ru/courselvie
nccnenoBaHusa HaHooObekToB. CkaHupytowas w.php?id=995
onTuyeckast MUKPOCKONUs BRvkHero nons. 9
KoHdhokarnbHas MUKpOCKONUS.
CkaHupytowme 3oHaoBble MeToabl. CkaHupyoLas
TyHHenbHas mukpockonus (CTM), TYHHeNbHbIN
appekT. AToMHO-cnoBas mukpockonus (ACM).
Opyrve ckaHvpyoLime 30HA0BbIE METOAbI -
MMWKPOCKOMMWS NaTeparnbHbIX CUSl, MarHUTHO-CUNOBast
MMWKPOCKOMMUS,, MUKPOCKOMMUS 3NIEKTPOCTAaTUYECKMX CU,
CKaHUpyoLlasa TEPMOMUKPOCKOMNS.
1.3 OCHOBbI HAHOTEXHOMOIMI Knaccudpumkaums metogoB. CrnoxvBluMecs v Vcnonb3oBaHu




nepcnekTuBHbIe TexHonornu. MNMpoLecckl «cBepxy e OYMK
BHWU3» ONs MONyYeHNA HAHOCUCTEM: N3MeErSbYEeHNe, https://edu.vsu
nutorpadusi, mexaHu4eckasi obpaboTtka, nx .ru/courselvie
0C0BEHHOCTM B MPUMEHEHMU K HAHOPA3MEPHbIM w.php?id=995
obbekTam. 9
Mpouecchkl «cHM3y BBEpx». MeToabl ocaxaeHus 13
rasoBon gasbl (pnsnyeckoe N xmmmdeckoe
ocaxgaeHue 13 rasoon dasbl POId n XOro).
lMnasameHHOEe ocaxaeHne — TreLwmn paspag
NOCTOSAAHHOro Toka. MarHeTpoHHOE pacnblfieHne B
CO3aH1M HaHOPa3MepPHbIX CBEPXMPOBOAHNKOBbBIX
CTPYKTYp. BakyymHas ayroBasi Hannaeka.
MonekynsipHo-ny4yeBas anuTakcus,
MeTannopraHudeckasi razopasHas anuTakcus.
OnuTakcmarnbHoe BbipaluBaHNe KBaHTOBbLIX SIM.
BblpalmBaHue Ha kpato ckona.
MeToap! WabnoHHOro pocta HaHOMaTepuarnos:
nony4YyeHne 30sb-reflb METOAOM KPEMHMEBBIX
HaHOTPYDOK; KpUCTannM4yeckue LeonuThbl Kak
peakTopbl ANs NONy4YEeHUs HaHOYaCTwWL,; POCT B
camocobuparoLmxcs meMmopaHax.
YnopsigodeHue HaHocucteM. Camocbopka u
camoopraHm3auus (reomeTtpudeckas camocbopka,
wabnoHHaa camoopraHusaums, camocobupatoLimecs
Cnou, CaMoOOpPraHN30BaHHbIA POCT KBAHTOBbLIX TOYEK,
NonynpoBOLAHUKOBbLIE OCTPOBKOBbLIE CTPYKTYpbI,
MOHOCION).
30HA0BbIE HAHOTEXHOMNOMMMU.
14 MepcnekTuBbl Wcnonb3oBaHu
ncrnonb3oBaHns . . e OYMK
o O630p OCHOBHbIX HanpaBneHun n oTpacnemn .
HaHOTEeXHoMnorum N https://edu.vsu
NCMNob30BaHNst HAHOTEXHOMOMMIA. [NepcrnekTyBbI ;
pasBUTUSA HAHOTEXHOITOTUIA. .ru/course/ vie
w.php?id=995
9
15 HaHoTexHonoruu n Mcnonb3oBaHu
yenoBeyeckoe 00LLecTBO CoumanbHble NocrneacTBMS BHEAPEHMS e QYMK
HaHOTEXHOMOorMn. ameHeHust B cucteme obpasoanus | https://edu.vsu
1 NMOAroTOBKM Hay4YHbIX KagpoB. Pa3suTtne .ru/coursel/vie
HaHOTEXHOSOorMM B MMPOBOM MacLuTabe. w.php?id=995
9
1.6 Poccunckne MepeyeHb KpUTUYECKNX TexHonormn Poccumnckon Wcnonb3oBaHu
HaHOTexXHonornm denepaumm. e OYMK
MpropuTeTHbIE HanpaBneHUs pasBUTUS HayKK, https://edu.vsu
TEXHONOrMM N TexHukn B Poccunckon degepaumn. .ru/coursel/vie
HaHoTexHonornyeckoe obuiectso Poccun, OAO w.php?id=995
POCHAHO: uenu n 3agauu. lNeprnoanyeckne nsgaHus, 9
nybnukyowme pesynetatbl PyHAaMeHTanbHbIX 1
NpuyKnagHblX UCCNegoBaHUM B 06n1acT HaHOHAYK.
YKypHan «Poccunckme HaHOTEXHOSOrUM».
Pycckos3bl4HbIE MHTEPHET-PECYPChI, MOCBALLEHHbBIE
HaHOTexHonormam. HaHoTexHonormyeckoe
coobulecTtBo «HaHomeTp» http://www.nanometer.ru/.
2. MNpakTnyeckne 3aHATUA
2.1 OCHOBHbIe MOHATUSA 1 3Tanbl Pa3BUTUSA Wcnonb3oBaHu
HaAHOTEXHOMOIMM. e OYMK
OCHOBHbIE NOHATUA https://edu.vsu
HaHOTexXHonornm .ru/course/vie
w.php?id=995
9
2.2 Wcnonb3oBaHu
O630p meTog0B CnekTpockonmyeckme MeTOAbl B MPUMOXEHUN K e SYMK
nccrnegoBaHus um nccregoBaHuio HaHocucteM. PactpoBas .
https://edu.vsu
ANarHoCTUKN HaHOOOBLEKTOB (ckanupytowas) anekTpoHHas mukpockonus (P3OM). ru/courselvie

N HaHOCUCTEM

MpocBeunBatowas anekTpoHHas Mukpockonus (M3OM).

w.php?id=995



http://www.nanometer.ru/

9

2.3

OcHOoBbI HAHOTEXHOMOMMN

KuakodhasHble meToamku. MNMonyvyeHne KonnonaHbIx
KBaHTOBbIX To4ek. MeToabl 30Mb-renb.
dOnekTpoocaxaeHue.

Vcnonb3oBaHu
e AYMK
https://edu.vsu
.ru/coursel/vie
w.php?id=995
9

2.4

MepcnekTuBbl
NCnonb30BaHUs
HaHOTEXHOMOrM

B rnipombiwneHHocmu - co3gaHne HOBbIX TUMOB
asuratenen. Co3gaHne HOBbIX KOHCTPYKLMOHHBIX
MaTepuarnoB (CBEPXIENKMX N CBEPXMPOYHbIX, a Takke
«YMHbIX»). MarHuTHble maTepuanbl. KatanusaTopsl.
B uHgpopmamuke - NnoBblLLEHE NPOU3BOAUTENBHOCTU
cucteM nepegadv, o6paboTkm 1 xpaHeHns
UHpopmauun. OnTnyeckne sanoMmHaroLme
YCTPOWCTBA Ha OCHOBE KBaHTOBbIX Touek Co3aaHue
YCTPOWCTB C NPUBNMKEHNEM BO3MOXHOCTEN K
CBOWCTBaM OOBEKTOB XXMBOW NPUPOALI C 3rieMeHTaMu
WHTennekTa.

B anekmpoHuke u onmoaneKkmpoHUKe -
HaHOpa3MepHble CBEPXMNPOBOAHUKOBbLIE CTPYKTYPHI.
OnNeKTPOHHbIE 3MIEMEHTBI HA OCHOBE
BbICOKOTEMMNEpPaTYypPHbIX CBEPXMPOBOAHUKOB: AaTUNKN
MarHuTHoro nons, MK-na3nyyennsa 6onomeTpmnyeckoro
Tnna. HaHoycTponcTtea Ha ocHose YHT: guopgsl,
NnoneBon TPaAH3NCTOP, XONOAHbIE KaToabl.
MonynpoBoasLine HaHOCTPYKTYPbI: UHXEKLNOHHbIE
nasepbl, KBaHTOBbIE KackagHble nasepsl,
Buonoruyeckne MeTku. BnusHne HaHOTEXHONOMMIN Ha
TPaAVLMOHHYIO 3NEKTPOHUKY. OnTnyeckme
HaHoycTponcTea. CBeTonepecTpanBaemble ANOAbI.
JlazepHble ycTponcTsa ¢ perynupyemMmon AnMHON
BOJTHbI 3@ CYET pa3Mepa HaHoKnacTepa (KBaHTOBbIE
ToukK). HaHoknacTtepsl INGaAs B maTtpuue GaAs.
B aHepzemuke — noBbiweHne 3¢pHeKTUBHOCTH
cyllecTBytoLero obopyaoBanus. MNpobrembl
anbTepHaTMBHOW 3HEPreTUKU: TOMMNNBHLIE 3ITIEMEHTHI,
mMaTepuansl Ans agcopbumm n xpaHeHus sogopoga.
B meduyuHe u buosioauu - BbICOKOI((PEKTUBHBIE
HaHonpenapaTuBHble OPMbI U agpecHble Cnocobbl
[OOCTaBKuM fnekapCTBEeHHbIX CpeacTB. Npobnembl
©0opbObI ¢ pakoBbiMK 3aboneBaHusamn. CosgaHne
OMOCOBMECTMMbIX MaTePMaroB U UCKYCCTBEHHbIX
opraHoB. Makpo-, MUKPO- 1 HAHOTEXHONOMNN
Muokapaa. brouunsl. BuoMmeauUMHCKME HAHOCEHCOPBI
n BnoHaHoceHcopbl. BHyTprcocyancTele HaHo- 1
MUKpPOpOBOThI. BMOMUMETNYECKME HAHOTEXHOMOIUN.
[OHK kak cTpouTenbHbI MaTepuan HaHOTEXHOSOIMI.
B akonozuu - punbTpbl 1 MeMBpaHbl Ha OCHOBE
HaHoMaTepuanoB Ans OYUCTKWN BOAbI U BO3ayxa.
OnpecHeHue Bogbl. Buogatunku onsg To4HOroO
MOHUTOPWHIa OKpY>KatoLLen cpeabl.

B cenbckom xo3sicmee - cosgaHune npenapartos A
NOBLILLIEHWS YPOXANHOCTU U NUTATENBbHOW LLEHHOCTU
c/X KynbTyp. Passutne meTogoB reHeTU4EeCKon
Moamudmkaumm onsa cosgaHus 6onee yCTonumBbIX K
COpHsIKaM U BpeanTensiM COpTOB pacTeHUi
HaHomaTtepuarnbl B KOCMETUYECKOW MPOMbILLNEHHOCTU

Mcnonb3oBaHu
e QYMK
https://edu.vsu
.ru/coursel/vie
w.php?id=995
9

2.5

HaHoTexHonormm n
yernoBeveckoe 0bLLECTBO

KoMmepumnanusaumsi pesyrnbtaToB
HaHOTEXHOOrMYECKNX NCCIELOBaHWIA.
Bonpocbl 6e30MacHOCT HAHOCUCTEM.

Mcnonb3oBaHu
e QYMK
https://edu.vsu
.ru/courselvie
w.php?id=995
9

2.6

Poccunckue

TekylLiee CoCcTosiHME Pas3BUTUS HAHOTEXHOSOMMN B

Vicnonb3oBaHu




HaHOTEXHOMNOMM Poccuiickon ®epepaunn e OYMK
https://edu.vsu
.ru/courselvie
w.php?id=995
9
3. llabopaTopHble 3aHATUSA
3.1
3.2
13.2. Tembl (pasgenbl) AUCUUNIUHBI U BUAbI 3aHATUMX
Bugbl 3aHsaTUI (KONIMYECTBO YacoB)
Ne HavnmeHoBaHmne Tembl
CamocTosTenbHas
n/n (pasgena) oucuUnvHbI Jlekuun MpakTnyeckme | JlabopaTopHbie paboTa Bcero
1 OCHOBHbIE MOHATUSA 4 4 B 6 14
HaHOTEXHOsorMm1
O630p mMeTOAOB
nccnegoBaHus m
2 JNarHoCTUKN 6 6 - 16 28
HaHOOOBLEKTOB U
HaHocUCTEM
3 OCHOBbI HAHOTEXHOOMNI 18 6 - 18 42
MepcnekTuBhbl
4 MCMNoSib30BaHKS 2 10 — 16 28
HaHOTEXHOMNOIMN
5 HaHoTexHonoruu un 5 4 _ 8 14
yenoseyeckoe 06LLEeCTBO
6 Poccuiickne 4 6 _ 8 18
HaHOTEXHOormm
| Uroro: 36 36 — 72 144

14. MeToau4yeckme yKkasaHus ans oby4varolmxcsi N0 0OCBOEHUIO AUCLIUNIIUHDI

B npouecce nsyyeHus gvcunnnuHbl npegnonaraetca: pabota ¢ KOHCNEKTaMy Nekunin mn
nuTepaTtypHbiMM  UCTOYHWKaMW; peLUEHME KOHTPOSibHbIX paboT;, noarotoBka W 3awmta
pedepaToB, ONNOHNPOBAHUE, NOArOTOBKA KPATKMUX COOOLLEHNIA.

Hanbonee 06bEMHBIM 1 BaXKHbIM pa3gerioM, U3y4eHU KOTOPOro Heobxoanmo yaenutb
ocoboe BHMMaHue, saBnaTca «OcHOBbI HaHoTexHonormny». Paspgen «0O63op mMeTogoB
nccnenoBaHUst U ANArHOCTUKM HAHOOOBEKTOB M HaHocucteM» Oasvpyetca B TOM 4ucre Ha
3HaHMAX, NOMyYeHHbIX B Kypcax «Mwukpockonuyeckne MeToAbl WUCCReaoBaHWSA CTPYKTYPbI
mMaTtepuanoB» n «CnekTpockonMyeckMe MeTogbl WCCNedoBaHUs MaTtepuaroB», MNO3ITOMY
oTAenNbHble TeMbl TPEDOYIOT NOBTOPEHNUS.

TeKyLmMi KOHTPOSb NPOBOANTCA B (POPME YCTHOrO Onpoca, KOHTPOSbHbIX paboT.

Bo3aMoXxHO  nonyvyeHne 3a4é€ta aBTOMATOM NpW  BbIMOSIHEHUM  TpeboBaHWUMN,
nepeyuncrieHHbIx B . 20.

PekomeHgauumn no OCBOEHMIO OUCUMMAMHBL: HEOBXoauMbl cuctematmyeckasa paboTa C
KOHCMEKTOM JieKUMA N NUTepaTypHbIMU UCTOYHMKaAMU, a Takke ¢ TemaTudeckumn VIHTepHeT-
pecypcamn. Wcnonb3zoBaHne JYMK https://edu.vsu.ru/course/view.php?id=9959. J3YMK
«HaHoTexHonornn» Ha noptane BI'Y «ONekTPOHHbIM YHUBEPCUTET» COLEPXKUT MeToanyveckune
mMaTepuanbl, npes3eHTauuMuM nekumn, y4vebHble nocobuss M Heobxoaumble ANS U3yYeHUs
ANCUMNMHBLl MaTepuansl. [pyu peanusaummM AUCUUNNAUHBI TaKkKe WCMOMb3YKTCSA CepBUCHI
BnaeokoHdepeHumn (BigBlueButton, Zoom, Discord u ap.), anekTpoHHas noyTta, MecceHmoxXepsb!
N coumarnbHble CeTw.

15. lMepeyeHb OCHOBHOW WU [OMNONMHUTENbLHOW nUTepaTypbl, PECypCOB WHTEpPHET,

Heob6XxoaAnMbIX AN OCBOEHUA OUCLUNIINHBI (Criucok numepamypbl 0pOPMIISemMcs 6 coomeemcmauu
¢ mpebosaHusimu FOCT u ucrionb3yemcs obwiasi Ckgo3Hast Hymepauyusi 0511 8cex 8u008 UCMOYHUKO8)
a) OCHOBHas nuTeparypa:


https://edu.vsu.ru/course/view.php?id=9959

Ne n/n McToYHmnK

MapmuHn-lansma P. HaHomexHonoauu. YOapHbil 6800HbIU Kypc : [y4ebHoe nocobue] / P. MapmuH-
1. lManbma, A. Jlaxmakus ; nep. ¢ aHen. E.I. 3abonoukol ; nep. A.B. 3abonoukozo. — [onzonpyOHbll :
UN3damenbckuli dom MlHmennekm, 2014. — 206 c.

®axnbmaH b. Xumusi Hosbix Mamepuanos u HaHomexHonoauu / b. @axnbmaH ; nep. ¢ aHen. []. O. YapkuHa
2. u B. B. Ymo4Hukosoli ; nod ped. FO. []. Tpembsikosa u E. A. 'ydunuHa. — [onzonpyOHsbil : UIHmennekm,
2011. — 463 c.

0) gononHuTensHasa nuTepaTypa:
Ne n/n McTouHUK
'ycee A. W. HaHomamepuarnsl, HaHOCMpPyKMypbl, HaHomexHonoauu / A. Y. lyces. — U30. 2-e., ucnp. —
3. )
Mocksa : ®usmamnum, 2007. — 414 c.
lyn Y. 1. HaHomexHonoeauu : y4eb. nocobue Ons cmyd., 0byy. 1o HarpasneHuto nodzom.

4. "HanomexHonoauu"/ Y. lyn, ®. OyaHc ; nep. ¢ aHan. nod ped. KO. W. NonosuHa; don. B. B. JlyduHuHa. — 2-
e us0., don. — Mockea : TexHocghepa, 2006. — 334 c.
5 Cy3sdanes W. I. HaHomexHonoaus. @U3UKO-XUMUSI HAHOKIacmepos, HaHOCMyKmyp U HaHoMamepuarsnos /
) W. 1. Cysdanes. — Mockea : KomKHuza, 2006. — 589 c.
6 HayuHbie ocHo8bI HaHOmMexHonoaul u Hoeble npubopsi : y4ebHuKk-moHoepadhusi / nod ped. P. Kencanna, A.

Xamnu, M. leoeeeaHa ; nep. ¢ aHen. A. [. KanawHukosa. — JonzonpydHsbil : Uumennekm, 2011. — 527 c.
Kobasicu H. BeedeHue 8 HaHomexHosoeuro / H. Kobasicu ; nep. ¢ sn. A. B. Xa4yosiHa rnod ped. J1.H.
lMampukeesa. — Mocksea : BMUHOM. Jlabopamopusi 3HaHudl, 2005. — 134 c.

Jluy P. UHxxeHepHble 0CHOBbI U3MepeHUl HaHoMempoegol moyHocmu : [y4ebHoe nocobue] / P. Jluy ; nep.
c aHen. A. B. 3abonoykozo. — JonzonpydHsil : MIumennekm, 2012. — 399 c.

HaHomexHonozuu e anekmpoHuke / nod ped. 0. A. YannbizuH. — Mockea : TexHocghepa, 2013. — 688 c. I/
9. «YHusepcumemckas 6ubnuomeka ONLINE» : anekmpoHHO-6ubnuomeyHasi cucmema. —
URL:http://biblioclub.ru/index.php?page=book&id=4433254

®ocmep J1. HaHomexHonozauu. Hayka, uHHo8ayuu u eosmoxxHocmu / J1. @ocmep ; riep. ¢ aHen. A.

10. XauosiHa. — Mockea : TexHocgbepa, 2008. — 349 c. // «YHusepcumemckasi 6ubnuomeka ONLINE» :
351eKmpoHHO-6ubnuomeyHasi cucmema. — URL:http://biblioclub.ru/index.php?page=book&id=135424
11 Pambudu H. I HaHomexHomoauu u moneKynspHeie komrnstomepsi / H. . Pambudu. — Mockea :

Qusmamnum, 2007. — 255 c.

HeeonuH B. K. 3oHd08bie HaHOMeXHOI02UU 8 3NIEKMPOHUKe : MoHozpachus / B. K. HesornuH. — U30. 2-e,
12. ucnip. — Mockea : TexHocghepa, 2014. — 174 c. // « YHusepcumemckasi bubnuomexka ONLINE» :
anekmpoHHo-bubnuomeyHas cucmema. — URL:http://biblioclub.ru/index.php?page=book&id=260697
Poikos C. A. CkaHupyroujast 30HO08ast MUKPOCKOMUS MO1yrnpoO80OHUKO8bIX Mamepuasiios U HaHOCMPYyKmMyp

13. : Yueb. nocobue dnsi cmyd. 8y308, 0by4. 1o HarnpasneHuto "TexH. ¢pusuka”/ C.A. Pbikos; 100 peo.
B. U.WnbuHa u A. A.lLluka. — CaHkm-llemepbype : Hayka, 2001. — 52 c.

14. Pocculickue HaHOMEexXHO02uU : XypHarn

15. HaHouHOycmpusi : XypHan, peknamHo-u3ddamenbekull ueHmp "TexHocghepa”

16. Nano Letters : scientific journal, American Chemical Society

B) MHpOpPMALMOHHBIE 9NEKTPOHHO-00pa3oBaTerbHbIE pecypchl (oduLmnanbHble pecypebl MHTEPHET)*

Ne n/n Pecypc

17. "YHusepcumemckasi bubsiuomeka online”, http://biblioclub.ru/

18. BnekmporHo-bubnuomeyHas cucmema "KoHcynsmaHm cmydeHma", http://www.studmedlib.ru

10. https://www.lib.vsu.ru/ - calim 3oHanbHoU Hay4Hol bubnuomeku BopoHexckoeo eocydapcmeeHH020

yHUgsepcumema

20 http://elibrary.ru/defaultx.asp — Hay4Has 3/1eKMpPOHHast 6ubniuomeka. lNouck no pechepamam u rnOSIHbIM
' mekcmam cmamed, ornybriuKO8aHHbIX 8 POCCULICKUX U 3apybexHbIX Hay4YHO-MEeXHUYECKUX XYpHanax.

21. http://www.nanometer.ru/ - HaHomexHonoau4eckoe coobwecmso «HaHomemp»

29 http://www.nanonewsnet.ru/ - Hoeocmu HaHomexHoso2ul, UHghopMauUOHHO-aHanumu4yeckoe usdaHue,
' rocesieHHoe gorpocam nonynsapu3ayuu u pasgumusi HaHomexHosoaud 8 P®

23 http://www.rusnanonet.ru/ - uHghopmMayuOHHO-aHanumu4eckul nopmais Pocculickoli HayuoHanbHoU

HaHomexHoJsioau4yeckol cemu

16. MNepeyeHb y4eOHO-MeTOQUYECKOro obecne4vyeHUs ANA CaMOCTOATENbLHOW paboTbl
(yyebHO-memoduyeckue pekoMeHdayuu, nocobusi, 3adadqyHuKku, MemoOu4YeCKUe yKa3aHUs 10 6bIMOSIHEHUI
npakmu4yeckux (KOHMPOJIbHbIX), Kypcoebix pabom u 0p.)

Ne n/n MICTOYHUK
HaHomamepuarsibi: cuHmMe3 HaHOKPUCMaIIUYECKUX MOPOWKO8 U MOSyYEeHUE KOMIaKmHbIX
1. HaHoKpucmarnu4yeckux Mamepuaros : y4ebHoe nocobue dns gy3os /M. 4. Mummosa, E. B. TomuHa,

C. C. JlaspywuHa ; BopoHex. 2oc. yH-m. — BopoHex : JIOI1 BI'Y, 2007. — 35 c.

lMpakmukym cuHmes u uccrnedogaHue HaHOOUCNepPCHbIX cucmeM [BneKmpoHHbIU pecypc] : y4ebHo-

2 memoduyeckoe riocobue : [0na cmyd. 4 k. dHes. omd-HuUsI XuM. ¢bak., 0n1s HarnpaesneHus 020300 - Xumus,
) ¢usuka u mexaHuka mamepuarsnos] / BopoHex. eoc. yH-m ; [cocm.: E. B. ToMuHa u 0p.]. — Sr1eKmpoH.

mekcmosble 0aH. — BopoHex : Is3damernbckuli dom BI'Y, 2015.



http://biblioclub.ru/index.php?page=book&id=443325
http://biblioclub.ru/index.php?page=book&id=135424
http://biblioclub.ru/index.php?page=book&id=135424
http://biblioclub.ru/index.php?page=book&id=135424
http://biblioclub.ru/index.php?page=book&id=260697
http://biblioclub.ru/
http://www.studmedlib.ru/
https://www.lib.vsu.ru/
http://elibrary.ru/defaultx.asp
http://www.nanometer.ru/
http://www.nanonewsnet.ru/
http://www.rusnanonet.ru/

17. OO6pasoBaTtenbHble TEXHOMOrMW, UCNONb3yeMble TMpU peanusauum y4ebHOM
OUCLUMNIUHBLI, BKNOYasi [AUCTaHUMOHHbIe oOpa3oBaTenbHble TexHonoruun (OOT),

3neKTpoHHoe oby4yeHne (30), cmewaHHoe oOOyYeHMe):  UcnonbsosaHne  AYMK
https://edu.vsu.ru/course/view.php?id=9959

Mpn peanusaymm ANCLUMNANHBI UICNOSb3YHTCA Pas3NUYHbIE TUMbl NEKUNA — BBOAHbIE NEKUUH,
MHPOPMAaLMOHHbIE NEKUUKN C BU3yanuaaumen (MynbTUMeannHble Nnpe3eHTauum), no oTaenbHbIM
Temam — 0630pHble. Ha npakTuyecknx 3aHATUSX: BbICTYNNEHME C pedpepaTamm, ONMOHMPOBAHME,
NnoaroToBKa KpaTkMx COOOLLEHMI, CEMUHAPCKNE 3aHATUA. Tekyllas aTTectauus ocyLLeCTBNSETCS B
dopMe KOHTPOSbHbIX paboT 1 YCTHOro onpoca, npomexytoyHasi — no KMM.

Mpy peanu3auumn OUCUMMAMHBLI C WCMNOMb30BaHMEM AOUCTAHUMOHHBIX O0Opa3oBaTenbHbIX
TEXHONOrMM NUCMOMb3YTCA NHCTPYMEHTbI 3NIEKTPOHHON MH(OpMaLMOHHO-06pa3oBaTenbHON cpeabl
BI'Y «3nektpoHHbIn yHuBepcuteT BIY» (https://edu.vsu.ru), cepBuCbl BUAEOKOHMEPEHLNI
(BigBlueButton, Zoom, Discord u gp.), 9NeKTpoHHasa No4yTa, MecCeHaKepbl U coLumnarnbHble CeTU.

18. MaTepnanbHO-TeXHU4YECKOe obecneyeHme AUCLUNIIUHDI:
MynbTumeaniHbin npoektop BENQ, akpaH, HOyTOyK

19. OueHo4HbIe cpeacTBa And npoeeneHuA TeKyLI.I,eﬁ n npomex(yTquoﬁ aTtrecrauum

MopsiaoK OLEHKN OCBOEHMS 0by4YatoLmMMuncst y4ebHOro maTepuana onpegensietcs
COoAEepXXaHNeM crieayrLInx pasaenos AUCUUNIUHGI

HanmeHoBaHue MHavkaTop(bl
r’ﬁ pasgena AUCUMNIUHbI K?_mgt(a;;eH no'ucmmegém) OueHouHble cpeacTsa
(mogyns) KOMNeTeHumnmn
1 OcCHOBHbIE MOHATUSA MKB-2 MKB-2.1 YCTHBIN onpoc
' HaHOTEXHONornm MKB-2.2
0O0630p meToaOB YCTHbIN onpoc
nccnegoBaHna m AKB-2.1 KoHTponbHas pabota Ne1
2. ONarHoCTuku MKB-2 I'IKB-2.2
HaHOOOBEKTOB U :
HaHOCKCTEM
YCTHbIN onpoc
3. Han oOTg:sg;lormﬁ MKB-2 HEE%; KoHTponbHas paboTa Ne2
) KoHTponbHas pabota Ne3
MepcnekTusebl MKB-2.1 YCTHbIN onpoc
4. NCrosib30BaHus MKB-2 HKB—2'2 BawmTa pedepartos
HaHOTEXHONornm ' KpaTtkue coobueHuns
HaHoTexHonormm un AKB-2.1 YCTHbI onpoc
5. yenoseyeckoe MKB-2 FIKB—2.2 3awmTa pedepatos
obLecTBo )
6 Poccuiickne MKB-2 MKB-2.1 YCTHBIN onpoc
' HaHOTEeXHOMNorMu MKB-2.2 3awmTa pedepatosn
MpomexyTouHasa aTTecTaumns
.. . lNepeyeHb sonpocos
dopmMa KOHTPONs — 3a4ET C OLIEHKOW

20 TvnoBble OLEHOYHbLIE cCpeaAcTBa M MeToAMYECKUEe MaTepuanbl, onpeaensmowume
npoueaypbl oLleHUBaHUs

20.1 TeKywWwun KOHTPOSb yCNeBaemMoCTHn



KoHTponb ycneBaemocTu No AUCLMMIIMHE OCYLLECTBNAETCS C MOMOLLbIO CNEeAYHLNX OLEHOYHbIX
CPeAcTB:
KoHmpornbHas paboma
Pegbepam
Kpamkue coobuweHus

Mpegnonaraetcs ucnonb3oBaHne 6annbHo-penTuHroon cuctemol (BPC).

MakcumanbHble 6annbi:

— KoHTponbHas pabota — 5 6annos;

— MoaroToeka pedepata — 10 6annos;

— lNMoaroToBka KpaTkMx coobLeHun — 5 6annos.

OUEHKN «OTMIMYHO» U «XOPOLLIO» MOTYT ObITb BbICTaBEHbI aBTOMATOM Npu COOMOAEHMM YCNOBUIA:
— «OTNNYHO» — 28 BannoB 1 Bbille

— «xopoLoy» - oT 20 go 27 6annos.

MepeyveHb 3apaHMN ONA KOHTPOJbHbLIX paboT
KoHTponbHasa paboTa Ne1

Bpems BbinonHeHns — 60 muH. OguH KUM cogepxuT [Ba BOMpoca M3 MEpPeYHsa HUXe.
Heob6xoamMmo npeactaBnTb pas3BEPHYTHIM OTBET HA BOMPOCHI, HAPMCOBaTb HEOOXOAMMbIE CXEMbI U T.4,.

1. Yt0 Takoe HaHoTexHonorun. Co3gaHve OOBLEKTOB MO MPUHLMNAM «CBEPXY-BHU3» U KCHU3Y-
BBEPX», NPUMEepPbl METOAOB.

2. OnTuyeckass MUKpPOCKONMS AONns  MUCCrefoBaHMs HaHOOOGBbekToB. [1pobnembl nNpuMeHeHus
ONTUYECKNX METOOOB ANSA UCCnefoBaHMS HAHOOOBHLEKTOB.

3. KoHokanbHasa ckaHupyoLwast MMKPOCKOMUS — MPUHLMN METoAa U BO3MOXHOCTMU.

4. PacTtpoBas anekTpoHHas Mukpockonusa (POM) — npuHumn metoga, NpyMeHeHMe.

5. TlMpocBeunBatoLLas anekTpoHHasa mukpockonus (M3OM) — npuHUMI MeToda, BO3MOXHOCTMU.

6. CkaHupywowme 3oHgoBble MeToabl. [MpuvHumnel pabotbl. [lpumepbl MeTogoB. Obnactm
NpUMeEHeHUs

7. TyHHenbHbIN 3hdeKT, ckaHupyowast TyHHenbHast Mukpockonusi (CTM)

8. [lpuHumMn paboTbl TYHHENBHOrO MUKPOCKONA.

9. 3oHabl ansa CTM, TpeboBaHns kK HUM. MeToabl NOArOTOBKM.

10. ATomHo-cunoBas mukpockonust (ACM) — npMHUmMN 1 pexmmbl paboThbl.
11. CpaBHeHune Bo3moxxHocTen metogoe ACM n CTM.
12. [ipyrne ckaHupytowme 3oHgoBblie metodbl (nommumo ACM n CTM)

KoHTponbHasa paboTta Ne2
Bpems BbinonHeHnsa — 45 munH. OguH KM cogepXuT 0guH BONPOC U3 NEpPeYHs HUXe.

1. MexaHnyeckoe wu3MesfibMEHME UM MexaHoxummyeckass obpaboTka Kak MeTodbl CuHTE3a
HaHopa3MepHbIX 00bekToB. CyLWHOCTL METOAOB, annapaTypHoe odopmMneHune. NpeumyLliecTea u
HeaoCcTaTKn METOOB.

2. MeToa MarHeTpoHHOro pacnbineHusi. MexaHnam obpasoBaHus nnasmebl. [NprMHUMNManbHas cxema
YCTaHOBKM, NPUHUMM paboTbl yCTAHOBKM MarHETPOHHOIO pacnbinenus. icnonb3yemMble MULLIEHN U
NOANOXKN. PeakTMBHOE MarHETPOHHOE pachbifieHue.

3. CywHocTb MeToda MOMeKynsapHO-nydyeBon anutakcun. [loHATME anuTakcun, eé Buabl.
MpuHuMNManbHast cxema ycTaHoBKW. HAdenka KHyaceHa. OcobeHHocTM mMeToga W ero
BO3MOXHOCTU. Cxema cnHTe3a Ha npumepe ceepxpelléTkm (GaAs)n(AIAS),.

4. CVD-npouecc: cywHocTb MeToda, ero pasHosugHoctu. CVD-npoueccbl B MUKPOSEKTPOHUKE
(npumepbl xumnyeckux peakuun). MO CVD — cxema npouecca (NnOC ypaBHEHUE peakuun),
ncxogHole BelecTBa. Npenmyllectsa n HegocTaTku MeToga.

KoHTponbHasa paboTa Ne3



Bpems BbinonHeHns — 50 muH. OanH KUM copgepxut oanH mns sonpocosB brioka 1 (naét 70%
OLIEHKM) 1 oauH 13 BornpocoB bnoka 2 (aaét 30% oueHkn) n3 nepeyHs Hmxe. Heobxoamumo npeactaBuTb
pa3BEPHYTLIN OTBET Ha BOMPOC, HAPUCOBaTb HEOOXOAMMbIE CXEMbI U T.4,.

Bnok 1

1. TexHonorusa JleHrmiopa-bnoaxett. CywHOCTb npouecca M cxema YCTaHOBKW, PasHOBUOHOCTU
MeToauK. BO3MOXHOCTM 1 orpaHmyeHns metoaa

2. MeToObl CUHTE3a KBAHTOBbIX HAHOCTPYKTYP: KBAHTOBble $IMbl, KBAHTOBblE MPOBOMOKU U
KBaHTOBbIE TOYKU.

3. 30HOOBblIE HAHOTEXHOMOMMKW: METOAMKM BEeCKOHTaKTHOro (bopMMpoOBaHMSA  HaHopenbeda
(TepMmononeBor MacconepeHoc, NoneBoe NcnapeHne, ocaxxaeHne u3 razoBon gasbl U XUAKOCTH,
rnokansHoe 30HO40BOE OKUCNEeHne U T.4.)

4. 30HOOBble  HAHOTEXHONOMMW:  KOHTAKTHOe  (bopMuMpoBaHME  HaHopenbeda, MeTOLMKM
pPENO3NLNOHNPOBAHNA N MOOMDULMPOBaAHUS O6BEKTOB (aToMbl, Monekynbl, YHT n 1.4.).

Bnok 2

HaHoTexHonoruu n akonorus

HaHoTexHonorun n nuwiesasi NPOMbILLIIEHHOCTb
HaHoTexHonornm B meanumnHe
PagnaunoHHO-xumMmnyeckme HaHOTEXHONOMMK

PN

OnucaHne TEXHONOrMM NPoBEAEHUSA

TpeboBaHus K BbINONMHEHMIO 3a4aHUIA (UK LWKanbl U KPUTEPUM OLLEHUBAHMS)

MakcumanbHbI 6ann — 5.

bann «5» craBuTCcs npu BbINOfHEHWN Bcex 3agaHmi KM, npegcraBneHun pasBEPHYTOro u
npaBuMNbHOrO OTBETa, COMPOBOXAAEMOro HeoOXoAMMbIMWU UIMOCTPALMSAMM U CXEMaMK, OTBETAMU Ha
Kaxabl pasgen sonpoca.

bann «4» craBuTCA npu BbINONHEHUM OT 60% paboTbl M Bbille, MMETCA OTAENbHbIe
HETOYHOCTHN, He rpybble OLWNBKN.

bann «3» ctaBuTcs npu BbiNonHeHun ot 40 ao 59% paboTbl, UMETCA HETOYHOCTU, OTBETHI
HenonHble, OTCYTCTBYIOT HEKOTOPbIE YacTu OTBETA.

Bann «2» ctaBuTCsl Npy OTCYTCTBUWM OTBETA/HEMOSIHOM OTBETE U HEe yuMTbiBaeTcs B GannbHO-
PENTUHIOBOW CUCTEME.

Tembl pedepaToB
. HoBble nogxoabl kK XxpaHeHuto 1 nepegadve MHoOpMaunm ¢ UCNOfb30BaHNEM HAHOTEXHOMOMMI
. KBaHTOBLIE KOMNBIOTEPLI: MPUHLMMbI, MaTepPUarnbl U NEPCNeKTUBLI PasBUTUS
. MepcnekTnBbl MCNOMb30BaHWUS HAHOTEXHOMNOMI B ONTO3MEKTPOHUKE
. HaHoTexHonornn B peleHnn npobrnem Npon3BoACTBa SHEPTUM
. MonekynsapHas anekTpoHuka
. HaHoTexHonorum B megunumHe: HacTosiee n Gyayuiee
. HaHoTexHonornmn B pelueHnmn akonornvyeckmnx npobnem
. MepcnekTrBbl NCNOMb30BaHWSE HAHOTEXHOMOMMIA B CESNTIbCKOM XO35ICTBE
. HaHomaTtepumansl B KoOCMeTUYECKOWM NPOMBILLFIEHHOCTH
10. HaHOMaLLVHBLI 1 HAaHONPUGOPLI
11. Kommepumanuaaums pesyrbTaToB HAHOTEXHOITOTMYECKUX UCCIea0oBaHU
12. HaHoTexHonornm B peLleHun Npobrnem XpaHeHust aHeprum
13. HaHoToKkcukonorus
14. HaHOMexaHU4ecKne NHCTPYMEHTbI
15. HxxeHepHasti HQHOMETPOSOrns
16. PagnaumoHHO-XUMNUYeCKne HaHOTEXHOOMN

OCOoONOOORWN-



17. Puckn, cBsidaHHble C pa3BUTMEM HAHOTEXHOMNOIMM

18. MNMpobnembl cTaHAapTM3aUMmM B 00n1acTy HaHOTEXHOMOIUIA

19. «®aHTacTu4ecKkne» NPOEKTbl HAHOTEXHOITOTN

20. Pa3BuTtne HaHoTexHonoruu B Poccun

21. HaHOoTEXHONOrMM B NULLIEEBON NPOMBILLSIEHHOCTH

22. Pa3BuUTne HAHOTEXHONOMMIA B MMPOBOM MacLLTabe

23. MNepuogmnyeckue nagaHus, nyonukyrowme peaynbTaTbl PyHAaMEHTaNbHbIX Y NPUKNagHbIX
nccnegoBaHun B obnactn HaHoHayk (0630p M3gaHuin)

TpeboBaHusa k odoopMneHunio pedepaTta

PedepaT npencraensercs B anekTpOHHOM Buae B copmate gokymeHta MS Word. WpudpT —
Times New Roman, pa3mep — 13 pt. Nons: BepxHee — 20 MM, npaBoe — 15 mm, nesoe — 30 MM, HUXHee
— 25 mm. AB3auHbin oTcTyn — 1,25 cM. MeXCTpOUYHbIA nHTepBan — NONyTopHbIA. BelpaBHMBaHWe — no
WwupuHe. Tabnuubl N PUCYHKM OOSMKHbI OblTb MPOHYMEpPOBaHbl U MMeTb Ha3BaHus. [locne TUTYNbHOro
n1cTa AOMKHO MATK coaepXaHue.

CTtpykTypa pedepaTa: BBeAeHMEe, OCHOBHOW TEKCT C noapasgenamu, 3aknyeHue, Crmncok
nutepaTypbl. CNMCOK LMTUPYEMbIX UCTOYHUKOB odpopmnisetca B cootBetcTBum ¢ NOCT, konuyecTtBo
WCTOYHUKOB — He MeHee 15. O6béM pedbepaTta — He MeHee 20 cTpaHuu,

OnucaHne TexHONorny NPoBeaAeHUs!

MpeactaeneHne pedpepata npoBoauTcs B opmaTe BLICTYNSeHWe AN ayautopun C
UCMonb3oBaHNEeM Mpe3eHTauuu (Takke 3arpyxaeTcs B COOTBETCTBYWOLWMIA  pasgen  Kypca
«HaHoTexHonorMm» Ha nopTane «3NEeKTPOHHbIN yHMBepcuTeT BIY»), koTopass OormkHa BKMoYaTb B
Gonbluen mMepe WNMIOCTPaATUBHBLIA MaTepuan U MUHUMYM TeKcTa (MOSICHEeHMs, 3arofioBKM, KMoYeBble
MOMeHTbI). o wuToram npoBoaMTCA o06GCyxaeHne pedpeparta, AOKNaOYMKYy 3adaloTcs  BOMPOCH
npenogasartenem u CTyaeHTamu U3 ayamTopun.

TpeboBaHus K BbINONHEHMIO 3a4aHUIA (UK LWKanbl U KPUTEPUM OLLEHUBAHMS)

OueHunBaHMe NpoBOAMTCA MO CNEAYHOLLNM KPUTEPUSAM:

1) lMonHoTa npencTaBneHWss martepuana B pedepaTte, COOTBETCTBME OOBLEMY, CTPYKType,
Hannyne OCHOBHbIX pa3denoB — MakcuManbHo 3 6anna;

2) OdopmneHne TekcTa pedepaTa, npeseHTauuu, cooTeetcTBue TpeboBaHuam mn FOCT —
MakcumanbHo — 2 6anna

3) KauecTBO BbICTYNNEHNs U NpeacTaBneHuns pedepata — MakcumanbHo 3 6anna;

4) OTBETHI HAa BOMPOCHI — MakcumarsbHo 2 6anna.

KpaTtkune coobwieHusn

Peanusytotca B popmate «HaHOHOBOCTU» N «PedepupoBaHne Hay4yHbIX CTaTemn».

«HaHoHoBoCTU». HeobxogmMmo noarotoBuTh NoAOOPKY akTyasbHbIX Hay4YHbIX HOBOCTEN Ha OOHY
TEMY U BbICTYNUTb C HUMU. TemaTuka OOImKkHa ObiTb CBA3aHa WCKMOYMTENBHO C HAaHOMaTepuanamm u
HaHOTEXHONOrMAMUN, codepaTb 6 HOBOCTEWN, NpeacTaBrieHHbIX B hopMe npeseHTauuu, obwun numMmT
BPEMEHW Ha BbICTYMNJIEHNE 6-8 MUHYT.

«PedepupoBaHne Hay4dHbIX cTaTen». Heobxogumo noarotoBMTb OAHO coobuieHne o
NPOYNUTAHHON Hay4yHOW cTaTbe U3 NBOoro XypHana (Ha pycCKOM WM Ha aHrMUACKOM A3blke), TemaTuka
KOTOPOro Tak UNN MHaye cBA3aHa C HAHOTEXHOMOrMAMM U HaHoMaTepuanamu, 0O3HaKOMUTBCS C Her n
paccka3aTb 06 OCHOBHbIX MPEACTaBIIEHHbIX B HEN pe3ynbTaTax C UCMOMb30BaHNEM Npe3eHTauuun.

Tpe6oBaHusa: TUTYNbHbIM cnang — PUNO pgoknag4ymka, cebifika Ha CTaTblo, OPOPMIIEHHas B
cootBetcTBMM ¢ OCT, ckpuH nepBon cTpaHuubl cTaTb (oGpasey, B obwen nanke!). Konnuectso
CNanaoB C UNMCTPaTUBHLIM MaTepmanoM n HeobxoauMbIM TEKCTOM — 4-5. A3bIk nybnukaumm: pycckui
UNWN aHrMUACKMI. Bpems BbICTYNNEHNs — 5 MUHYT.




TpeboBaHus K BbINONMHEHMIO 3a4aHUIA (UK LWKAnbl U KPUTEPUM OLLEHUBAHMS)
OueHnBaHMe NPOBOAMTCA MO CreayloLwmM KpuTepusam:

1) MonHoTa npeacTaBneHnsa matepuana B KpaTKoM coobLieHnn — makcumansHo 1 6anm;
2) OcbopmreHre npeseHTaunm — MmakcumansHo — 1 6ann

3) KayecTBO BbICTYNNEHUA 1 NpeacTaBneHus pedepaTta — MakcumanbHo 2 6anna;

4) OTBETbI Ha BONPOCHI — MakcumarnbHo 1 6ann.

20.2 MpomexyTo4yHan aTrectaums

MpomexyToyHas aTTecTaums No AUCUUNIMHE OCYLLECTBNSETCS C MOMOLLbIO CreayLLnX

OLIEHOYHbIX CPEACTB:

CobecedosaHue no bunemam K 3a4emy

©ONoOGO~WNE
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26.

[NepeyeHb BONPOCOB K 3a4eTy U nopsgok popmmposaHunsa KM

MoHsTME HaHoTexHOMNorMN. HayyHble OCHOBbI U O6BHEKTbI HAHOHAYKM U HAHOTEXHOMNOMNN
CospgaHune HaHOpa3MepHbIX OO BLEKTOB MO MPUHLMUNAM «CBEPXY-BHU3» U KCHU3Y-BBEPX»
O6was knaccudmkauns MeTo4oB UccneaoBaHNs NPUMEHNTENBHO K HAHOCUCTEMaM
OnTuryeckas MUKPOCKONWNA OS5 UCCIeAOoBaHUS HAHOOOBHEKTOB

CkaHupytoLme 30HO0BbIE MeTOAbI, NPUHLKMLI paboTbl U 0BnacTy NpUMeEHEHUS
TyHHenbHbIN 3ddekT. CkaHMpyoLasa TYHHeNbHass MUKPOCKOMNUS

ATOMHO-CUNoBasi MUKPOCKOMNUS, MPUHLMN paboTbl 1 BO3MOXHOCTU NPUMEHEHUS
Mukpockonus natepanbHbIX CUSl, MarHUTHO-CUNOBasi MMKPOCKOMUS U CKaHMpytoLLas
TEPMOMMKPOCKOMNNSA — OCHOBHbIE MPUHLUNMbI U BO3MOXHOCTU NPUMEHEHUSA
JIntorpadoms. Bugbl n 0CHOBHbIE NPUHUMMNBLI MeTo4a

. N\amenbueHne, nutorpadusi, MexaHuveckass obpaboTka: 0OCOBGEHHOCTM B MNPUMEHEHUUN OIS

CUHTE3a HaHOpa3MepHbIX OO bEKTOB

CcoKkyCcMpoBaHHblE WMOHHbIE MNYyYKW W  BbICOKOMHTEHCUMBHbIE Na3epbl B  (POPMUPOBAHUN
TPEXMEPHbIX CTPYKTYP

PVD-npouecc, ero ocHoBHble aTanbl. TexHonornn PVD-npoueccos

MeToabl ocaxgeHna mn3 rasosor dasbl (pusmyeckoe M XMMUYECKOe ocaxJeHue U3 rasoBom
dasbl)

MeToabl NNa3MeHHOro OcaXaeHUs — TNELNA paspsag NOCTOSTHHOTO TOKa U MarHETPOHHOEe
pacnbineHue

MonekynsapHo-nyyeBas anuTakcus: NPUHLUMBI MeTo4a U BO3MOXHOCTHU

MeTannopraHnyeckas rasogasHas anMTakcus

MeToabl WabnoHHOro pocta HaHOMaTepuManos

30HO0BbIE HAHOTEXHOMNOMMN: NMPUMEPLI N BO3MOXXHOCTM

KnokodasHble meToamkun. [NonyveHne KonnongHbIX KBaHTOBbIX TOYEK. 30Mb-reflb TEXHOMOrns
YnopsagoyeHne HaHocucTem. Camocbopka n camoopraHm3aums

MepcnekTMBbl UCNONb30BAHNSA HAHOTEXHOSOMIN B 3MIEKTPOHUKE U ONTO3NEKTPOHUKE
HaHoTexHonornm B aNekTpoHMKe: YCTPONCTBA HA OCHOBE YrnepoaHbIX HAHOTPYBOK (aunoasl,
NosIeBOWM TPAH3NCTOP, XONOAHbIE KaToAbl)

MepcneKkTrBbl NCNONb30BaHUSA HAHOTEXHOSOMMIA B MPOMbILLIIEHHOCTU

lMepcnekTMBbl UCNONb30BAHNSA HAHOTEXHONOMMIN B 3HEPTrEeTUKe

[MepcnekTrBbl UCNOSb30BaAHNS HAHOTEXHOMNOMNIA B MeauUMHE 1 dronorum

besonacHoCcTb HaHOCUCTEM

CouuanbHble NOCNeaCcTBUS BHEAPEHUSI HAHOTEXHOMOMMN. Pa3Bntne HaHOTEXHOMNOMN B MUPOBOM
mMaclTabe

Kaxgbin KM cogepxuT 2 Bonpoca 1 pasHbiX pasgenos NporpaMmmbl.

OnuncaHne TexHoNnorMm NpoBeaeHns
Ha nogroTtosky nnucbemeHHoro oteeTa Ha Bonpocbkl KUM (Ha nuctax otBeToB) Aaétca 60 MUHYT,

nocre aToro NpoBoanTCa ycTHaa 6ecea.

TpeboBaHUsi K BbINOMHEHWUIO 3a4aHWIA, LUKarbl U KPUTEPUMN OLLeHMBaHNS
[ns oueHVBaHNA pe3ynbTaToB 0Oy4YeHUs Ha 3a4eTe UCMOSb3YTCS CrieayloLme nokasaTenu:



— BNageHue nMOHATUMHBLIM  annapaTtoM W OCHOBHbIMM  MPUHUMNAMW  HAHOTEXHOMNOrMn
(TeopeTnyeckMMN OCHOBaAMWU OMCLMMNUHBI), 3HaTb COBPEMEHHOE COCTOSIHME Pa3BUTUSA HAHOTEXHOMOMUN
B MUPE 1 HALUEN CTpaHe, a Takke NepcnekTnBbl UCMOMb30BaHNSA HAHOTEXHOSOMUN,

— CNOCOOHOCTb  WANKCTPUMPOBATbL OTBET Npumepamu, dakTtamu, AaHHbIMU  HayYHbIX
nuccrnegoBaHui;

— CMOCOBHOCTbL MPUMEHSITb TEOPETMYECKME 3HaHWS [Ofs pelleHns NpakTUYeckux 3agad
COBPEMEHHbIX HAHOTEXHOMOMMN (MMETb HaBbIKA MOCTAHOBKM N peLleHNss KOHKPETHbIX 3aday CMHTE3a u
nccnegoBaHUs HaHOMaTepPManos).

[nga oueHnBaHWA pe3ynbTaTtoB 0Oy4eHUs Ha 3a4eTe C OLEeHKOW ncnonbadyeTcsa 4-6annbHas wana:
«OTIMUYHOY», «XOPOLLOY», «YOOBMETBOPUTENBHO», KHEYOOBETBOPUTENBLHOY.

CooTHoLLEHME noKa3aTenen, KPUTEPMEB 1 LLKaSbl OLEHUBAHNA pe3ynbTaToB 00y4eHus.

YpoBeHb
KpuTepum oueHnBaHnA KOMNeTeHL M chopmmposaH LLikana oueHokK
HOCTU
KoMMneTeHUnn
Obyyarowutica 8 nonHol Mmepe ernadeem noHAMUUHbIM arnapamom | [loebiueHHbI OmnuyHo
OaHHolU obriacmu HayKku (meopemuy4eckumMu OCHo8aMu OUCUUNIIUHbI), YpO8€EHb
criocobeH usrocmpuposams  omeem  fipumepamu,  ¢chakmamu,
OaHHbIMU Hay4HbIX uccriedogaHul, MPUMEHSMb MeopemuYyecKue
3HaHuUs Ons peweHuss rfpakmuyYeckux 3ada4y 6 obracmu
HaHomexHosoeul;, 3Haem COBPEMEHHOE COCIMOSHUE pa3sumusi
HaHomexHosioeull 8 Mupe U Hawel cmpaHe, [epcrekmusbl
UCrnobL308aHUSI HAHOMEXHO102Ull 8 Pa3/IUYHbIX OMPAcsIsiX.
Obyyvarowutica ennadeem noHSIMUUHbIM annapamom daHHoU obriacmu ba3zoenili Xopowo
Hayku (meopemu4yeckumMu OCHO8amMu  OuUCUUMIIUHbI),  criocobeH YPOBEHb
ucrosib308ame Ofly4eHHbIe 3HaHuUsl Orisl PeuweHUsl Mnpakmu4yecKux
3a0ay CcoBpeMeHHbIX HaHomexHonoeul, oonyckaem omoesibHbie
owubku rnpu eblbope memodoge cuHme3za U uccredosaHusi
HaHopa3MepHbIX 06LeKMo8s
Obyyvarowutica enadeem 4Yacmu4dyHO meopemuyYyeckumu ocHoeamu | [lopozossbili Ydoesnemeopu-
oucyurnnuHbl, GpasMeHmapHO CcrnocobeH ornucamb KOHKPEemHbie YpPO8EHb mersibHO
Memodb! CUHMe3a U uccriedo8aHuUsi HaHopa3MepHbIX 06bLEKMO8,
He ymeem MpuUMEHSIMb 8 [O/IHOU Mepe roJlyYeHHble 3HaHus Orns
e8blbopa KOHKpemHo20 Memola cuHme3da U  uccriedo8aHusi
HaHopa3MepHo20 obbekma.
Obyuyarwulics OeMoHCmMpuUpyem OmpbIBOYHbIE, (bpacMeHmMapHbIe - Heydosnemsopu-
3HaHus1, doryckaem 2pybbie owUbKU. mesibHO

20.3 ®oHA OLEeHOYHbIX cpeacTB cchOpMNPOBAHHOCTU KOMMNETEHL NN CTYAEHTOB, PpeKOMeHAyeMbIN
ANns npoBeAeHusl AMarHoCTUYeCKnxX pador

MK-2 CnocobeH wucnomnb3oBaTb 3HaHMS O METOAAX CUHTE3a UM CBOWCTBAX MaTepuanosB
pas3nMyHOro Has3Ha4yeHusl, B TOM Yncne HaHoMaTepuaros, ANsi peLleHns NpodeccMoHanbHbIX 3agay

MKB-2.1 CrnocobeH BbibupaTb METOAbI CUHTE3a MaTepuanoB pasfiMYHOrO HasHayeHusa (B TOM
4yucne HaHoMartepuanoB) B COOTBETCTBMM C MOCTaBNEHHON 3agaqven

3Hamb: OCHOBHble MOHATUSE M NPUHUMMbI  HAHOTEXHONOMMN;  Knaccudpmkauuio MeToaoB
HAHOTEXHONOMMN N BO3MOXHOCTWU KaXKO4oro M3 MEeTOAOB, MCMNOMb3yeMblX B HacTosilLlee Bpemsa Ansg
CVHTEe3a HaHopa3MepHbIX 0OBEKTOB; MPUHLUMMbLI YNPaBAEHUS HAHOTEXHOSTOMMYECKUMM NpoLieccamm

Ymemb: ncnonb3oBaTb MOJSlyYEHHblE 3HAHUSA ONA  peanu3aummM  MpoLecCcoB  CuHTe3a
HaHOpa3MepHbIX 0O BbEKTOB (B NEPBYO 04epeab B TOHKOMMEHOYHOM COCTOAHMM)

Brnademsb: HaBblkKaMu MOCTAHOBKN U pPeLLEeHNS KOHKPETHbIX 3a4ay CUHTe3a HaHoOMaTepuanos

MKB-2.2 CnocoGeH 1crnonb3oBaTb 3HAHUSI O CBOWCTBaxX MaTepuaroB ONS PELEHUsi KOHKPETHbIX
npodeccuoHarnbHbIX 3agay

3Hamb: COBpeMEHHOe COCTOsiHMe pa3BUTUS HAHOTEXHOMOTUA B MUPE W Halen CTpaHe;
NepcneKkTUBbl WUCMONMb30BaHUA HAHOTEXHOMOMMI;, CYLIHOCTb W BO3MOXHOCTU OCHOBHbLIX METOO0B
nccrnegoBaHUs CBOWCTB HAaHOMaTepuanoB

Ymemb: ncrnonb3oBaTtb MofydeHHble 3HaHWA ANs U UCCNEeAOBaHWsl OCHOBHBLIX XapaKTepUCTUK
HaHopa3MepHbIX 0GBHEKTOB



Bnademsb: HaBblkaMW MPUMEHEHUSI OCHOBHbLIX METOAOB MWCCReAoBaHWs HaHopa3MepHbIX
06bEeKTOB (HAHOMaTepuManos)

MNepeueHb 3agaHu Anst oLeHKU cPOPMMPOBAHHOCTU KOMNETEeHUUN:

1) 3aKkpbIThIe 3a8aHUgG (TECTOBbIE, CpeaHUN YPOBEHb CIOXHOCTU):

1. KakoB yCnoBHbI Anana3oH pa3amMepoB 0ObEeKTOB, paccMaTpMBaeMbIX B HAHOTEXHOMOIUAX:
a) 0,1-1 Hm

6) 100-1000 Hm

B) 1-100 HM

r) 0,1-500 Hm

2. Kakoe M3 MNepeyncrieHHbIX HWXKEe YTBEPXOEHWUA HEenpuMEHMMO K OnpeaeneHvuio TepMuHa
«HaHoTexHonornm»?:

a) XoTAa 6bl OOUH U3 XapaKTepPHbIX pa3MepoB NeXNT B ycroBHOM ananasoHe 1-100 Hm

6) 06beM CTPYKTYPHbIX eAnHUL, HaHoMaTepmanos cocTasnseT oT 10 go 10° atomos (Monekyn)

B) Npu yMeHbLUeHn obbemMa kakoro-nnbo Bewectsa No OAHOW, ABYM UK TPEM KoopauHaTam 0
pa3mMepoB HAHOMETPOBOro MaclTtaba BO3HMKAET HOBOE KavyeCTBO

r) cosgaHue HaAHOCTPYKTYpP BO3MOXHO TOJIbKO NOCPeACTBOM MaHUNynupoBaHUA
oTAeNbHbLIMM aTOMaMu U MoOrfeKynamm

3. Kak HaHOMeTpoBbIE pa3mepbl BIMSKOT Ha CBONCTBa 0bpasyembix HaHOMaTepuanos (Bblbepute
BCE BO3MOXHbl€ BapUaHThbI):

a) pocT nnowaau NoOBepXHOCTU U NMOBEPXHOCTHON CBOOGOAHOM 3HEpPrum ¢ ymeHblUeHUeM
pa3mepa 4yacTvubl NPUBOAUT K UBMEHEHUIO MeXXaTOMHbIX PAaCCTOAHUN B Hel

6) ANA HAHOMETPOBbIX YAacTUL, U KNAcTepoB XapaKTepHa ctabunusaumsa metactabunbHbIX
CTPYKTYp C noTepen 06bIYHOro 06 LEMHOro pacnosioXKeHusi aToMoB

B) A1 HAHOYACTUL, XapaKTEPHO NIMHENHOE N3MEHEHNE TeMnepaTypbl NNaBNeHNsa B 3aBUCUMOCTH
OT pa3mepa YacTuLbl

r) HaHOMeTpOBble CTPYKTypbl 006nagaldT oOYeHb OONbLIMM OTHOLWEHWeM niowaam
NOBEPXHOCTU K 0O bEMY, YTO NPUBOAUT K pagnKanbHbIM U3MEHEHUAM B XMMUYECKOW aKTUBHOCTU

4. Bbibepute meToabl, MO3BONANOLME MOMYYNTb MHAOPMALUIO O MOPAONOrMN MNOBEPXHOCTU
HaHOpPa3MepHbIX OOBEKTOB M MCMNOMb3YyHOLWME W3MyYeHMe BUOUMOrO [uanasoHa 3NeKTPOMarHUTHOro
cnekrpa:

a) KoHdoKanbHasa nasepHasa CKaHUPYOLWAasa MUKPOCKONUs

6) pacTpoBas aNeKTPOHHAA MUKPOCKOMMS

B) CKaHMpYyOLWasa TyHHEeNbHas MUKPOCKONNS

r) CKaHMpyrowas 6nmkHenonibHasa oNnTUYecKas MUKPOCKONUA

5. Bbibepute wMeTOAbl, MO3BOMSKOWME MOMAYyYUTb MHAOPMAUUIO O COCTaBe MOBEPXHOCTU
(MpMNOBEPXHOCTHOrO Crios) HAHOPa3MepPHbIX OO BEKTOB:

a) nHdpakpacHas konebaTtenbHas CneKTPOoCKoNust

0) nokanbHbIA pEeHTreHOCNEeKTParbHbIN MUKpOaHanm3

B) PeHTreHoBCKasi (pOTO3NEKTPOHHAsA CNEeKTPOoCcCKonus

r) Oxe-3neKTpoHHasA CNeKTPOCKoNus

6. BbibepuTe MeToAbl CYHTE3a HaHOPa3MepHbIX OOBLEKTOB B pamkax rpynnbl METOLOB «CBEpXy-
BHU3Y:

a) MoneKkynspHo-ny4YeBast anMTakcus

6) choTtonutorpadcus

B) MEXaHOXUMUYECKOe U3MeNnbyeHne

r) MO CVD

7. BblbepuTte MeToabl CMHTE3a HaHOpPa3MepHbIX OOBLEKTOB B pamkax rpymnnbl METOOOB «CHU3Y-
BBEPXY!
a) MoneKynsipHo-Ny4YyeBas aNUTaKcus



0) peHTreHoBckast nutorpadus
B) XMMMYECKOE ocaxaeHne u3 naposoun ¢asbl
r) TpaBneHme cqoKyCMPOBaAHHBLIMU MOHHBIMU MyYKamu

8. N3 npuBeaEHHOro nepeyHs Boibepute MeToapbl, NO3BonsAoLWmMe hopMmMpoBaTh MNAEHKN TOrO Xe
CcoCTaBa, Kak U ucxogHoe BellecTBo/MaTepuan:

a) metog MO CVD

0) BaKyyMHO-TepMM4ecKoe ucnapeHume

B) MarHeTpOHHOe pacnbliieHne

r) 30Nb-reflb TEXHONorns

2) OTKpbITble 3a4aHuns (pacyE€THbIE 3a4a4u, NMOBbILLEHHbLIV YPOBEHb CIOXHOCTM):

1. Mpynnbl MeTOOOB HAHOTEXHONOTMMW, B KOTOPbIX aTOMbl, MOMEKyNnbl WU Aaxe OTAerbHble
HaHOYaCTULbl UCMOMb3YTCA B KayeCTBE CTPOMTENbHbIX GNMOKOB, M3 KOTOPbIX CO34al0TCS CIOXHblE
HaHOCTPYKTYpbl, Ha3blBalOTCSA .

MpaBunbHbIN OTBET: « CHU3Y-BBEPXY», KCHU3Y BBEPX»

2. pynnbl METOOOB HAHOTEXHONOMMIN, OCHOBAHHbIE KakK Ha yaaneHun unu apobneHnn o6bEmMHoOro
martepuana, Tak U Ha MUHMaTIopU3aunM MakpoCKOMUYECKON TEXHOMOMMMU U3roTOBMEHNS, MPUBOASLLEN K
MOMYYEHUIO HYXXHOW CTPYKTYpbI C 3a4aHHbIMW CBONCTBaMU, Ha3bIBAKOTCA

MpaBunbHLIV OTBET: «CBEPXY-BHU3», KCBEPXY BHU3»

3. Meton wvccnegoBaHWs, B OCHOBE KOTOPOrO JEXUT MWCCreaoBaHMe OOKOBbIX OTKITOHEHWUIA
KaHTUNeBepa aTOMHO-CUIOBOrO MMUKpOCKOna (Bu3yanusauus Bapuauui MNOBEPXHOCTHOIMO TPEHUS),
Ha3blBaeTCA MUKPOCKONNEN

[NpaBunbHLINM OTBET: NaTeparnbHbIX CUN

4. MeTofg uvccnegoBaHusi, B OCHOBE KOTOPOro NeXUT uccrnefoBaHWe NokasibHbIX 3apsgoBblX
AOMEHOB Ha NOBEPXHOCTN 06pasLa, Ha3biBaeTCA MUKPOCKONUEN
[NpaBuUsibHbLINM OTBET: ANEKTPOCTATUYECKNX CUIT

5. lNpuBeauTe npumMep MeToda WUCCNEOOBaHUSA, MNO3BOMSAIOLWErO MONy4YMTb M3obpaxeHue
OLHOCTEHHbIX YrnepoaHblX HAHOTPYOOK C aTOMapHbIM paspeLleHNEM:

MpaBWnbHbLIN OTBET: NPOCBEYMBAIOLLASA SMEKTPOHHAS MUKPOCKOMWUSA, CKaHMpyoLwasa TyYHHErbHas
mMukpockonusi, CTM, NOM

6. Pexum paboTbl aTOMHO-CUIIOBOrO MMKPOCKOMA, B KOTOPOM B HWXHEM Monynepuoae
KonebaHum KaHTUNeBep HaxoaMTcsa B 06MnacTy oTTankuBarLmMX CUIl, Ha3biBaeTCs
[MpaBWnbHbIN OTBET: MNOMYKOHTAKTHbLIN

7. Pexum paboTbl cKaHMpylOLEero TYHHENbHOro MMUKPOCKOMa, Mpyv KOTOPOM OTCYTCTBYeT
nepemeLleHne 30H4a no BbICOTe (OCU Z) U perucTpupyeTcss U3MeHeHue TyHHeNbHOro Toka, Ha3blBaeTcs
PEXMMOM

[NpaBurbHbLIM OTBET: MOCTOSIHHOW BbICOTHI

8. Pexvm paboTbl CKaHUPYOLLEro TYHHENbHOro MMKPOCKOMNa, MpU KOTOPOM MPOUCXOauT
nepemelleHne 3oHaa nNo ocu Z, a TyHHEemnbHbIi TOK OCTaéTCs MOCTOSIHHbIM, Ha3blBaeTCs
PEXMMOM

MpaBunbHbIA OTBET: MOCTOSAHHOIO TOKa

9. TexHonoruns, No3BonAwOLLas nonyyaTtb MOHOMOEKYINAPHbIe CIToON C UCNOJNMIb30BaHUEM MOJ1EKYyN
NOBEPXHOCTHO-aKTUBHbIX BellecTB Ha NOBEPXHOCTU XNOKOCTU Ha3blBaeTCA TexHomnornen

MNpaBunbHbIM OTBET: JleHrMopa-bnooxeTT

3) NPaKTMKO-OPUEHTUPOBAHHbLIE 3a4a4mn




1. MpeanoxuTte oavH M3 BapMaHTOB Mnpouecca cuHTe3a retepoctpyktypbl ZnO/InP ¢ TonwmHom
nNnénku okcnaa umHka 100 Hm.

2. MpepnoxuTte n 060CHYNTE CNOcob co3gaHmsa anuTakcunanbHom cBepXpeLlleTkn (GaAs)m(AIAS),.
Kakve meToabl KOHTPOMsS TOMWWHBI M COCTaBa CIMOEB MOXHO WCNONb30BaTb B [AHHOM cry4vae?
O6ocHywnTe BbIOOP METOA4A CMHTE3a U UCCIef0BaHUSA YKa3aHHOW CBEPXPELLETKN.

3. lNpegnoxute MO CVD npouecc ¢opmupoBaHmst anuTakcuanbHon nneHkn GaAs Ha
nosepxHocTn GaN. OueHuTe npemmyuiecTtBa n HegoctaTkm metoga MO CVD no cpaBHEHMIO C METOLOM
MOJEKYNAPHO-ITY4EBOMW AMUTAKCUN.

4. Mpeanoxute cxemy npouecca CuHTe3a M 0O6OCHOBAHHLIA METoAd aTTecTauuMum OAHOCTEHHbIX
yrnepoaHbIX HaHOTPYBOK.

5. I'IepeqvlcnvlTe OCHOBHbIE J3Tanbl npouecca HaHeCeHUA I'IOKprTVIIZ MeTogoM peakTUBHOIO
MarHeTpoHHOro pachnbinieHnda MeTannmM4yeckon MULLEHN B aTMOCd)epe Kncnopoaa.

Kputepun u wkanbl oueHnBaHua 3agaHun ®OC:

[nsa oueHnBaHMA BbINONHEHWS 3aaHni ucnonb3yeTcsa 6annbHas Wwkana:

1) 3aKpbITble 3a4aHUsA (TECTOBbIE, CPEeAHUN YPOBEHb CIOXHOCTH):

¢ 1 6ann — ykasaH BEpPHbI/ OTBET,;

¢ 0 6annoB — yka3aH HeBEPHbIN OTBET (MOSTHOCTBLIO UM YAaCTUYHO HEBEPHbIN).

2) OTKPbIThlE 3a4aHuUs (TECTOBbIE, MOBLILLIEHHbIW YPOBEHb CNOXHOCTU):

¢ 2 banna — ykasaH BEpHbI OTBET;

¢ 0 bannoB — ykasaH HEBEPHbIN OTBET (MNOMTHOCTLIO UMM YAaCTUYHO HEBEPHbIN).

3) OTKpbIThbIE 3a0aHUS (MPaKTUKO-OPMEHTMPOBAHHbLIE 3a4aHNs, CPEeAHUN YPOBEHb CNOXHOCTU):

e5 6GannoB — 3agaHMe BLINOMHEHO BEPHO (MOnyvYeH MpaBUMbHbLIA OTBET, OOOCHOBaH
(aprymeHTupoBaH) xog BbIMOSHEHNS (NPU HEOOXOANMOCTW));
e2 Oanna — BbINOMIHEHNE 3aJaHUs COAEPXUT He3HauuTeNbHble OWNOKM, HO npuBeaeH

NpaBUNbHbLIN XOA4 pacCyXOeHW, UnNn nonyyeH BEPHbIA OTBET, HO OTCYTCTBYeT O0B6OCHOBaHWe xoda ero
BbINOSIHEHMS (€CNN OHO 6bINO HEOBXOAMMbIM), UNN 3aJaHne BbIMNOMHEHO HE MOMHOCTbLIO, HO MOMYyYeHbl
NPOMEXYTOYHbIE (YaCTUYHbIEe) pe3yrnbTaTbl, OTpaXatLliMe NPaBUIIbHOCTb XOAa BbIMNOSTHEHUSA 3afaHus,
unu, B criydae ecrnv 3agaHve COCTOUT U3 HECKOSbKUX noA3afaHui, BepHO BbINONHeHo 50% Takumx
noasagaHun;

¢ 0 6annoB — 3afjaHne He BbIMOSHEHO UMK BbINOMHEHO HEBEPHO (NOMNyYeH HENpPaBUibHbIA OTBET,
X0[, BbIMOSHEHNST OLUMOOYEH UMK COAEPXKUT rpyOble oLINGKN).

3apaHua paspgena 20.3 peKoMeHOYHOTCA K UCMNOMb3OBaHMIO MNpU  npoBeAeHUU
AWarHOCTUYeCKUX PpaboT C LuUenbl OLEHKAW OCTaTOYHbIX pe3yribTaTOB OCBOEHUSA [AOaHHOW
AUCLUUNNUHbI (3HAHUW, YMEHUW, HAaBbIKOB).



