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PABOYAS MPOrPAMMA YYEBEHOW ONCLMMIUHBI

B1.B.09 HaHoTexHOnorum

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. CocTtaButenu nporpammbl: Crnadkonesuyee bopuc Bnadumupoeuy,
KaHOuOam xuMu4YecKux HayK, doyeHm

7. PekomeHaoBaHa: Hay4yHO-METOONYECKUM COBETOM XMMUYECKOro (pakynbTeTa, NpoTOKON
Ne4 ot 25.04.2023

8. YuebHbIn roa: 2026/2027 CemecTp(bl): 7



9.llenun v 3apgayum y4ye6HON ANCLUNIUHbBI

Llenismu oceoeHusi y4ebHou ducyuniiuHbl 68715 MCs:

- chopmupoBaTb Yy CTyQEHTOB CUCTEMY MNPEeACTaBfieHMA O COBPEMEHHOM COCTOSIHUM
HaHOTEXHONOr1m;

- AaTb NpeactaBneHne o6 OCHOBHbIX TEXHOMOMMAX, MCNONb3yEMbIX B HACTOsLEE BpeEMS
N NePCNEKTUBHBIX A4S18 NONyYeHNa HaHOpPa3MepHbIX 0OHLEKTOB

- NpeacTaBvTb NEPCNEKTMBbLI UCMOMNb30BaHNA HAHOTEXHOMOMMA B Pa3nu4YHbIX 06nacTax
YyenoBe4YeCcKon AeATENbHOCTN.

3adayu y4yebHoU OuCyUrIuUHbI:

CTyaeHTbl OOSKHbI:

- NONYyYUTb NPeLCTaBNeHME O CBA3M Kypca C ApYrMMu AUCUUNIIMHAMK, O ero MecTte
cpeav apyrux AUCUMNIIvMH ANs AaHHOrO HanpaBneHnsa NOArOTOBKY;

- UMETb NpeAcTaBieHne O BO3MOXHOCTAX HAHOTEXHOSOMMI Ha COBPEMEHHOM 3Tane
pa3BuTMA U 06 UX NnepcnekTnBax B dyayLiem;

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

- 3HaTb OCHOBHbIE METOAbI M NOAX0AbI, NUCMONb3YOLWMNECA B COBPEMEHHbLIX TEXHOMOMMAX
CUHTE3a HAaHOPa3MEPHbIX CUCTEM.

10. MecTo y4yebHOM ancumnnnHbl B cTpykType OOIT:

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

TpeboBaHus K BXOAHbIM 3HAHUAM, YMEHUAM U HaBblKaM: 159 OCBOEHUS Kypca CTYLEHT LOSMKEH
OblTb 3HAaKOM C OCHOBHbIMM pasgenamu oOLen W HeopraHNM4Yeckom XUMUK, UMETb
npeacraBneHns o MeTogax aHanua3a coctaBa M CTPYKTYpbl BELLECTBA.

N3yyeHne gaHHOM gucumnnmHbl 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 gucumnnnuHam «HaHomartepmansi», « ToOHKMe
MNEHKN W TreTepoCcTpyKTypbl». [lapannenbHO C AaHHbIM KypCOM CTyAeHTbl OCBauBaloT
ANCUMNNMHY «HaHoknacTepbl U HAHOCTPYKTYPbI: CUHTE3 N CBOMCTBA».

11. MnaHupyeMble pe3ynbTaTbl OOY4YeHUA MO AucUUNIMHe/MOAYNo (3HAHUSA, YMeHus,
HaBblKU), COOTHECEHHbIE C NMaHUpPyeMbiMU pe3yribTaTaMu OCBOEHUS obGpa3oBaTeribHOM
nporpaMmmbl (KOMNETEHLMSAMU) U UHAUKATOPaMUN UX AOCTUKEHUS:

Koga HasaHue Koa(bl) WHpukaTtop(bl) MnaHupyemble pesynbTaTbl 00y4YeHus
KOMNeTeHumnn

MK-2 | CnocobeH MK-2.1 | Bbibupaet metoapl 3HaTb: OCHOBHbIE MOHATUSA U MPUHLMMbI
ncnonb3oBaTb CMHTEe3a HaHOTEXHOMOMMN; Knaccnukaumio MeTogoB
3HaHWs 0 MeTodax maTepuanos HaHOTEXHONOMMIN N BO3MOXHOCTU KaXXAoro us
CMHTE3a U pasnu4yHoro MeTOA0B, NCNOSb3yeMbIX B HAacTosILLLEe BPeEMS
cBoucTBax HasHayeHus (B TOM | Ans CMHTE3a HaHopa3MepPHbIX OO BLEKTOB;
mMaTepuarnos ynucne MPUHLMMbI YIPaBNeHNs HAHOTEXHOMNOMMYECKUMHN
pasnuyHoro HaHomaTepuanoB) B | mpoLeccamu
Ha3HayeHus, B TOM COOTBETCTBUU C YMeTb: UCNOMb30BaTh NOMyYeHHble 3HaHWUs Ans
yucne nocTaBreHHOM peanusaunm NpoLLeccoB CUHTE3a
HaHoOMaTepuaros, 3agadyen HaHopa3MepHbIX 0OBEKTOB (B NepBYO oyepeab B
Ansi peLueHns TOHKOMMEHOYHOM COCTOSIHUM)
npodeccrmoHanbHbl BnageTb: HaBblkamMy NOCTAHOBKN U peLleHnst
X 3agav KOHKPETHbIX 3a4ay CMHTe3a HaHoMaTepuanos

MK-2.2 WNcnonb3yeT 3HaHMsa | 3HaTb: COBPEMEHHOe COCTOSIHNE Pas3BUTUSA
0 CBOMCTBax HaHOTEXHOMOMMIN B MUPE WM Hallen CTPaHe;




mMaTtepuanoB and

HaHOpa3MepPHbIX 00bekToB

nepcneKkTuBbl UCMNOJ1b30BaAHUA HaHOTEXHOMNOINM;

peLweHnda CYLWHOCTb 1 BO3MOXXHOCTU OCHOBHbIX METOL40B
KOHKPETHbIX nccrnegoBaHusi CBOMCTB HaHoOMaTepwuanos
ﬂpO(beCCI/IOHaﬂbeIX YMeTb: ncnonb3oBaTb nony4eHHble 3HaHnA OnA
3agad n ncecnenoBaHMA OCHOBHbBIX XapaKTepUCTUK

BnageTb: HaBbIkaMW NPUMEHEHUS OCHOBHbIX
MeTOO0B UCCNEeLOBaHNS HAaHOPa3MEePHbIX
00BEeKTOB (HAHOMaTepuarnos)

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

dopmMa NPOMEeXyTOYHOM aTTecTaLumn — 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 maclrtaba 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 BM3yanuaauuu. Metoapl https://edu.vsu
N HaHOCUCTEM MUKpocKonuu. OnTuyeckas MMKPOCKOMUS 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 HAHOTEXHOMOII 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
Mpouecchl «cHM3y BBEpX». MeToabl ocaxaeHus u3
rasoBon gasbl (pnsnyeckoe N xmmmdeckoe
ocaxgaeHue 13 rasoson dasbl POId n XOr o).
lMnasameHHOEe ocaxaeHne — TreLwmn paspag
NOCTOSAAHHOro Toka. MarHeTpoHHOE pacnblfieHne B
CO3aH1M HaHOPa3MepPHbIX CBEPXMPOBOAHNKOBbBIX
CTPYKTYp. BakyymMHas ayroeasi 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 LeonuTbl Kak
peakTopbl AN NOMy4YeHUs HaHOYacTuL,; poCT B
camocobuparoLmxcs meMmopaHax.
YnopsigodeHue HaHocucteM. Camocbopka u
camoopraHm3auus (reomeTtpudeckas camocbopka,
wabnoHHaa camoopraHusaums, camocobupatoLimecs
Cnowu, CaMoOpraHn30BaHHbIN POCT KBAHTOBbLIX TOYEK,
NonynpoBOLAHUKOBbLIE OCTPOBKOBbLIE CTPYKTYpbI,
MOHOCION).
30HA0BbIE HAHOTEXHOMNOMMMU.
14 MepcnekTuBbl Wcnonb3oBaHu
MCMNOSIb30BaHUSA . . e OYMK
o O630p OCHOBHbIX HanpaBneHun n oTpacnemn .
HaHOTEeXHoMnorum N https://edu.vsu
NCMNonb30BaHNs HaHOTEXHOMOM. NepcnekTyBbl ;
pasBUTUA HAHOTEXHOITOMUA. .ru/course/we
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 TexXHUkKN B Poccunckon depepaumn. .ru/coursel/vie
HaHoTexHonornyeckoe obwectso Poccuun, OAO w.php?id=995
POCHAHO: uenn n 3agauun. lNeproanyeckne nagaHums, 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 OCHOBHble MOHATUSA 1 3Tanbl Pa3BUTUSA Wcnonb3oBaHu
HaAHOTEXHOMOIMM. e OYMK
OCHOBHbIE NOHATUA https://edu.vsu
HaHOTEexXHonornm .ru/courselvie
w.php?id=995
9
2.2 Mcnonb3oBaHu
O630p meTog0B CnekTpockonmyeckme MeTOAbl B MPUMOXEHUN K e SYMK
nccrnegoBaHus um nccregoBaHuio HaHocucteM. PactpoBas .
https://edu.vsu
ANarHoCTUKN HaHOOOBLEKTOB (ckanupytowas) anekTpoHHas Mukpockonus (P3M). 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 (CBEPXITIENKMX N CBEPXMPOYHbIX, a Takke
«YMHbIX»). MarHuTHble maTepuanbl. KatanmsaTopbl.
B uHgpopmamuke - NnoBblLLEHE NPOU3BOAUTENBHOCTU
cucteM nepegadv, o6paboTkm 1 xpaHeHns
UHpopmauun. OnTnyeckne sanoMmHaroLme
YCTPOWCTBA Ha OCHOBE KBaHTOBbIX Touek Co3aaHue
YCTPOWCTB C NPUBNMKEHNEM BO3MOXHOCTEN K
CcBOWCTBaM 0OBbEKTOB XXMBOW MNPUPOALI C 3rieMeHTaMu
WHTennekTa.

B anekmpoHuke u onmoanekmpoHuKe -
HaHOpa3MepHble CBEPXMNPOBOAHUKOBbLIE CTPYKTYPHI.
OnNeKTPOHHbIE 3MIEMEHTBI HA OCHOBE
BbICOKOTEMMNEpPaTYypPHbIX CBEPXMPOBOAHUKOB: AaTUNKN
MarHuTHoro nons, MK-na3nyyennsa 6onomeTpmuyeckoro
Tnna. HaHoycTponcTtea Ha ocHose YHT: guopgsl,
NnoneBon TPaAH3NCTOP, XONOAHbIE KaToabl.
MonynpoBoasLine HaHOCTPYKTYPbI: UHXEKLNOHHbIE
nasepbl, KBaHTOBbIE KackagHble nasepsl,
Buonoruyeckne MeTku. BnusHne HaHOTEXHONOMMIN Ha
TPaAVLMOHHYIO 9NEKTPOHUKY. OnTnyeckme
HaHoycTponcTea. CBeTonepecTpamBaemble 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: TOMMNBHbLIE 3NTIEMEHTHI,
mMaTepuansl Ans agcopbumm n xpaHeHus sogopoga.
B meduyuHe u buosioauu - BbICOKOI((PEKTUBHBIE
HaHonpenapaTuBHble OPMbI U agpecHble Cnocobbl
[OOCTaBKuM fnekapCTBEeHHbIX CpeacTB. Npobnembl
©0opbObI ¢ pakoBbiMK 3aboneBaHnsaMmn. CosgaHue
OMOCOBMECTMMBIX MaTepPMaroB U UCKYCCTBEHHbIX
opraHoB. Makpo-, MUKPO- 1 HAHOTEXHONOMNN
Muokapaa. brouunsl. BuoMmeauUMHCKME HAHOCEHCOPBI
n BnoHaHoceHcopbl. BHyTprcocyancTele HaHo- 1
MUKpPOpOBOThI. BMOMUMETNYECKME HAHOTEXHOMOIUN.
[OHK kak cTponTenbHbIi MaTepuan HAHOTEXHOSOIMMIA.
B akonozuu - ounbTpbl 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 NUTATENbHOW LIEHHOCTH
c/X KynbTyp. Passutue MeTtogoB reHeTU4eCKon
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
yernoBeyeckoe 0bLLECTBO

KoMmepuunanusaumsi 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 3aHATUA
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 MCMNoSib30BaHUS 2 10 — 16 28
HaAHOTEXHOMNOIMN
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 avcunnnuHbl npegnonaraetca: pabota ¢ KOHCNEKTaMun nekunin n
nuTepaTtypHbiMM  UCTOYHWKaMW; peLUEHME KOHTPOSibHbIX paboT;, noarotoBka W 3awmta
pedepaToB, ONNOHNPOBAHUE, NOArOTOBKA KPATKMUX COOOLLEHNIA.

Hanbonee 06bEMHBIM 1 BaXKHbIM pa3gerioM, U3y4eHU KOTOPOro Heobxoanmo yaenutb
ocoboe BHMMaHue, saBnswTca «OcHOBbI HaHoTexHonormny. Pasgen «O63op MeTonos
nccnegoBaHust U ANArHOCTUKM HAHOOOBEKTOB M HaHocucTeM» OasvpyeTca B TOM 4uCre Ha
3HaHUAX, MNONYyYeHHbIX B Kypcax «Mukpockonuyeckne meToabl WUCCNeaoBaHWUs CTPYKTYpbl
mMaTtepuanoB» n «CnekTpockonuyeckMe MeToabl WccrnegoBaHUs MaTtepuarnoBy», MNO3TOMY
oTAenNbHble TeMbl TPEDOYIOT NOBTOPEHNUS.

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

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

PekomeHOauumn no OCBOEHMIO OUCUMMAMHBL: HEOBXoauMbl cuctemartuyeckas 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 «ONeKTPOHHbLIN YHUBEPCUTET» COOEPXUT MeToauyeckme
mMaTepuanbl, npes3eHTauuMuM nekumn, y4vebHble nocobuss M Heobxoaumble ANS U3yYeHUs
ANCUMNMHBL MaTepuansl. [lpyu peanusaumm OUCUMNAWHBI TakXe WCNOMb3yHTCA CepBUCHI
BuaeokoHdepeHumin (BigBlueButton, Zoom, Discord u ap.), anekTpoHHasa noyTa, MecceHoxepbl
N coumnarnbHble CEeTW.

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

Heob6XxoaAnMbIX AN OCBOEHUA OUCLUNIINHBI (Criucok numepamypbl 0pOPMIISemMcs 6 coomeemcmauu
¢ mpebosaHusimu FOCT u ucrionb3yemcs obwasi ckgo3Has Hymepayusi 0711 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. — [onzonpyOHsll :
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. 0. []. Tpembsikosa u E. A. I'ydunuHa. — [onzonpyOHbil : IHmennekm,
2011. — 463 c.

©0) fononHUTenbHasa nuTeparypa:
Ne n/n MICTOYHUK

'ycee A. . HaHomamepuansl, HaHOCmMpPyKmMypbl, HaHomexHonoauu / A. U. lyces. — U30. 2-e., ucnp. —
3. .
Mocksa : ®usmamnum, 2007. — 414 c.
lyn Y. 1. HaHomexHonoeuu : y4eb. nocobue 0 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.
Cy3sdanees W. . HaHomexHonoaus. @U3UuKO-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 HaHomexHosnoeuro / H. Kobasicu ; nep. ¢ sin. A. B. Xa4yosiHa nod peod. J1.H.
lMampukeesa. — Mockea : BMUHOM. Jlabopamopusi 3HaHuu, 2005. — 134 c.
Jluy P. UHxxeHepHble 0CHOBbI U3MepeHUl HaHoMempoegol mo4yHocmu : [y4ebHoe nocobue] / P. Jluy ; nep.
c aHen. A. B. 3abonoykozo. — JonzonpydHsil : Iumennekm, 2012. — 399 c.
HaHomexHonozuu e anekmpoHuke / nod ped. 0. A. YannbizuH. — Mockea : TexHocghepa, 2013. — 688 c. I/
9. «YHusepcumemckas 6ubnuomeka ONLINE» : anekmpoHHO-6ubnuomeyHas 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
Pambudu H. I HaHomexHomoauu u MoseKynspHble Komnstomepsl / H. . Pambudu. — Mockea :
Qusmamnum, 2007. — 255 c.
HeeonuH B. K. 3oHd08bie HaHOMeXHOI02UU 8 3N1EKMPOHUKe : MoHozpachus / B. K. HesonuH. — 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. CkaHupyroujasi 30HO08ast MUKPOCKOIUS MO1yrnpoO80OHUKOBbIX Mamepuasios U HaHOCMPyKmMyp

11.

13. : Yueb. nocobue dnsi cmyd. 8y308, 0by4. 1o HanpasneHuto "TexH. puduka”/ C.A. Pbikos; 10d ped.
B. U.WnbuHa u A. A.lLluka. — CaHkm-llemepbype : Hayka, 2001. — 52 c.

14. Pocculickue HaHOMEexXHO02uU : XypHarn

15. HaHouHOycmpusi : XypHan, peknamHo-u3damernbekull ueHmp "TexHocghepa”

16. Nano Letters : scientific journal, American Chemical Society

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

Ne n/n Pecypc

17. "YHusepcumemckasi bubnuomeka 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 3/1eKMPOHHast 6ubniuomeka. lNouck no pechepamam U MOSIHbIM
' mekcmam cmamed, ornybriuKO8aHHbIX 8 POCCULICKUX U 3apybexXHbIX Hay4YHO-MEeXHUYECKUX XYpHanax.

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

29 http://www.nanonewsnet.ru/ - Hoeocmu HaHomMexHos102ull, UHGhopMaUuUOHHO-aHanumu4yeckoe usdaHue,

rocesieHHoe gorpocam nonynsapu3ayuu u pasgumusi HaHomexHosozaud 8 P®
http://www.rusnanonet.ru/ - uHghopmMayuoHHO-aHanumu4eckul nopmais Pocculickoli HayuoHanbHoU
HaHomexHooau4Yeckol cemu

23.

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

Ne n/n MICTOYHUK
HaHomamepuarsibi: cuHmMe3 HaHOKPUCMaIUYeCKUX MOPOWKO8 U MOSIyYeHUE KOMIaKmHbIX
1. HaHoKpucmarnuJyeckux Mamepuaros : y4ebHoe nocobue dns gy3os /. 4. Mummosa, E. B. TomuHa,

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

lMpakmukym cuHmes u uccredogaHue 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. TomMuHa u 0p.]. — Sr1eKmpoH.

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



http://biblioclub.ru/index.php?page=book&id=443325
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http://www.nanonewsnet.ru/
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17. OO6pasoBaTtenbHble TEXHOMOrMW, UCNONb3yeMble TMpU peanusauum y4ebHOM
OUCLUMNIUHBLI, BKNOYasi [AUCTaHUMOHHbIe oOpa3oBaTenbHble TexHonoruun (OOT),

3neKkTpoHHoe ob6y4yeHne (30), cmewaHHoe oOOyYeHue): UcnonbsosaHne  IAYMK
https://edu.vsu.ru/course/view.php?id=9959

Mpn peanusaymm ANCLUMNANHBI UICNOSb3YHTCA Pas3NUYHbIE TUMbl NEKUNA — BBOAHbIE NEKUUH,
NHPOPMAaLMOHHbIE NEKUUKN C BU3yanuaaumen (MynbTUMeAnnHble Npe3eHTauumn), No oTAeNbHbIM
Temam — 0630pHble. Ha npakTuyecknx 3aHATUSX: BbICTYNNIEHME ¢ pedpepaTamm, ONMOHMPOBAHME,
NnoaroToBKa KpaTkMx COOOLLEHMI, CEMUHAPCKNE 3aHATUA. Tekyllas aTTectauus ocyLLeCTBNSETCS B
dopMe KOHTPOSbHbIX paboT 1 YCTHOro onpoca, npomexytoyHasi — no KMM.

Mpy peanu3auum OUCUMMIAMHBLI C MWCMONb30BaHMEM AUCTAHUMOHHBLIX 0OpasoBaTenbHbIX
TEXHONOrMM NUCMOMb3YTCA NHCTPYMEHTbI 3NIEKTPOHHON MH(OpMaLMOHHO-06pa3oBaTenbHON cpeabl
BI'Y «3nektpoHHbIn yHuBepcuteT BIY» (https://edu.vsu.ru), cepBuCbl BUAEOKOHMEPEHLNI
(BigBlueButton, Zoom, Discord n gp.), aneKTpoHHasa no4yTa, MecCeHaKepbl U coLmarbHble CETMU.

18. MaTepnanbHoO-TeXHU4YeCcKkoe obecneyeHme AUCLUNIIUHDI:
MynbTumeaniHbin npoektop BENQ, akpaH, HOyTOyK

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

MopsiaoK OLEHKN OCBOEHUS 0by4YatoLmMmMmcst y4ebHoro matepuana onpegensietcs
COoAEepXXaHNEeM crieayroLnx pasaenos AUCLUNIUHDI

HanmeHoBaHue MHavkaTop(bl
r’ﬁ pasgena AUCUMNIUHbI K?_mgt(a;;eH no'ucmmegém) OueHouHble cpeacTsa
(mogyns) KOMNeTeHumnmn
1 OcCHOBHbIE MOHATUSA nK-2 MnK-2.1 YCTHBIN onpoc
' HaHOTEXHONornm MK-2.2
0O0630p meToaOB YCTHbIN onpoc
nccnegoBaHna m AK-2 1 KoHTponbHas pabota Ne1
2. ONarHoCTuku MK-2 I'IK-2.2
HaHOOOBEKTOB U '
HaHOCKCTEM
YCTHbIN onpoc
3. Han oOTg:sg;lormﬁ MK-2 HES; KoHTponbHas paboTa Ne2
) KoHTponbHas pabota Ne3
MepcnekTusebl MK-2 1 YCTHbIN onpoc
4. NCrosib30BaHus MK-2 I'IK—2'2 BawmTa pedepartos
HaHOTEXHONornm ] KpaTtkue coobueHuns
HaHoTexHonormm un AK-2.1 YCTHbI onpoc
5. yenoseyeckoe MK-2 I'IK—2.2 3awmTa pedepatos
obLecTBo )
6 Poccuiickne AK-2 MK-2.1 YCTHBIN onpoc
' HaHOTEeXHOMNorMu MK-2.2 3awmTta pedepaToB
MpomexyTouHasa aTTecTaumns
.. . lNepeyeHb sonpocos
dopMa KOHTPOMs — 3a4ET C OLIEHKOW

20 TvnoBble OLEHOYHbLIE cCpeaAcTBa M MeToAMYECKUEe MaTepuanbl, onpeaensmowume
npoueaypbl oLleHUBaHUs

20.1 TeKywWwMn KOHTPONb yCrneBaeMoCTu



KoHTponb ycneBaemocTu Mo AUCLMMIIMHE OCYLLECTBNSETCS C MOMOLLbIO CNEeAYLWNX OLEHOYHbIX
CPeAcTB:
KoHmpornbHas paboma
Pegbepam
Kpamkue coobuweHus

Mpegnonaraetcs ucnonb3oBaHne 6annbHo-penTuHroon cuctemol (BPC).

MakcumanbHble 6annbi:

— KoHTponbHas pabota — 5 6annos;

— MoaroToeka pedepata — 10 6annos;

— lNMoaroToBka KpaTkmMx 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 3apgaHMM ONA KOHTPOSbHbIX paboT
KoHTponbHasa paboTa Ne1

Bpemsa BbinonHeHnss — 60 muH. OamH KM cogepXuT gBa Bonpoca M3 MNEpeYHs 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, ckaHupyoLwas TyHHenbHast Mukpockonust (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 3oHaoBblie Metogbl (nommumo ACM n CTM)

KoHTponbHasa paboTta Ne2
Bpems BbinonHeHnsa — 45 muH. OgnH KM cooepXXmut OanH BOMPOC N3 NEPEYHS HXKe.

1. MexaHnyeckoe wu3MesfibMEHME UM MexaHoxummyeckass obpaboTka Kak MeTodbl CuHTE3a
HaHopa3MepHbIX 00bekToB. CyLWHOCTL METOAOB, annapaTypHoe odopmneHune. MNpenmyliecTsa n
HeaoCcTaTKn METOOB.

2. MeToa MmarHeTpoHHOro pacnbineHusi. MexaHnam obpasoBaHust nnasmbl. [MprMHUMNManbHas cxema
YCTaHOBKM, NPUHUMM paboTbl yCTAHOBKM MarHETPOHHOIO pacnbinenus. icnonb3yemMble MULLIEHN U
noanoXkn. PeakTMBHOE MarHETPOHHOE pacrhbIfiEHME.

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: cywHoOCTb MeToda, ero pasHosugHoctn. CVD-npoueccbl B MUKPOSMEKTPOHUKE
(npumepbl xumnyeckux peakuun). MO CVD — cxema npouecca (NnOC ypaBHEHWE peakuun),
ncxogHole BelecTBa. Npenmyllectsa n HegocTaTku MeToga.

KoHTponbHasa paboTa Ne3



Bpems BbinonHeHns — 50 muH. OanH KUM copgepxut oanH mns sonpocosB brioka 1 (gaét 70%
OLIEHKW) 1 oauH 13 BonpocoB bnoka 2 (gaét 30% oueHkn) n3 nepedHs Hmxe. Heobxoaumo npeactaBuTb
pa3BEPHYTbIN OTBET Ha BOMNPOC, HAPMCOBaTb HEOOXOANMbBIE CXEMbI U T.4,.

Bnok 1

1. TexHonorus JleHrmiopa-bnogxkeTT. CylWHOCTb npouecca U cxema YCTaHOBKM, PasHOBUAHOCTU
MeToauK. BO3MOXHOCTM 1 orpaHmyeHns metoaa

2. MeTodbl CMHTE3a KBAHTOBbIX HAHOCTPYKTYP: KBAHTOBLIE $IMbl, KBaHTOBblE MNPOBOMIOKN U
KBAHTOBbIE TOYKMW.

3. 30HOOBblIE HAHOTEXHOMOMMKW: METOAMKM BEeCKOHTaKTHOro (bopMMpoOBaHMSA  HaHopenbeda
(TepMmononeBor MacconepeHoc, NoneBoe NcnapeHne, ocaxxaeHne n3 rasoBon asbl U XXMOKOCTH,
rnokanbHO€e 30HA0BOE OKUCEHNE N 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
PaguaunoHHo-xMmMmnyeckmne HaHOTEeXHOMNorMm

PN

OnuncaHne TexHonornM NpoBeaeHus

Tekylime aTtTecTauuM NpPoOBOAATCSA B COOTBETCTBUM C [lONoXeHMEM O Tekyllei aTTecTauuu
obyyalowmxca Mo nporpammaM  Bbiclero obpasoBaHuss  BOpOHEXCKOro  rocyapCTBEHHOro
yHuBepcuTeTa. KoHTponbHast paboTa npoBoAMTCS B MUCbMEHHOM BuAe, ONIMTENbHOCTb KOHTPOMbHOWM
paboTbl ykasaHa B COOTBETCTBYIOLLEM pasfene, nepeyeHb TEM NS NMOATOTOBKU CTyAeHTaM WU3BECTEH
3apaHee. BoamoxHO npoBefeHve B oopmate yCTHOro cobeceoBaHnsa nocre noaroToBky NUCbMEHHOTO
oTBeTa.

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

MakcumanbHbIi 6ann — 5.

Bann «5» ctaBuTcs npu BbiNonHeHun Bcex 3agaHun KUM, npegctaBneHMnM pasBEPHYTOro u
NpaBWUINbHOrO OTBETAa, COMPOBOXAAEMOro HeoOXoaUMbIMWU UIMCTPaLMSMM N CXeMaMK, OTBETAMU Ha
Kaxkabln pa3gen sonpoca.

Bann «4» ctaBuTCca npu BbINOfNHEHUM OT 60% paboTbl M BbilWe, MMEKTCA OTAENbHbIE
HETOYHOCTWU, He rpydble OLLNOKN.

Bann «3» crtaButca npu BbinonHeHun oT 40 oo 59% paboTbl, UMETCS HETOYHOCTU, OTBETHI
HEeMnosHble, OTCYTCTBYIOT HEKOTOpPLIE YAacTK OTBeTA.

Bann «2» ctaBuTCa NpyM OTCYTCTBUM OTBETA/HENONHOM OTBETE U HE Y4uTbiBaeTCA B GanmbHO-
PENTUHIOBOW CUCTEME.

Tembl pedepaToB
. HoBble nogxoapl K XxpaHeHuto 1 nepegayve MHpopMaumm ¢ UCNOMb30BaHNEM HAHOTEXHOSOMMMN
. KBaHTOBbIE KOMMbLIOTEPLI: MPUHLUMMBI, MaTepuanbl U NepPCneKkTUBbI Pa3BUTUSA
. MepcnekTrBbl NCNOSb30BaHWUS HAHOTEXHOMOMMIA B ONTO3NEKTPOHUKE
. HaHoTexHonorum B pewweHnn npobnem nponsBoacTea aHeprum
. MonekynapHas anekTpoHuka
. HaHoTexHonorum B megunumHe: HacTosiee n byayuiee
. HaHoTexHonormm B peLlueHnm akonorn4eckmx npobnem
. MepcnekTrBbl NCNOMb30BaHWSE HAHOTEXHOMOMMIA B CESNTIbCKOM XO35ICTBE
. HaHomaTtepumansl B KoOCMeTUYECKOWM NPOMBILLFIEHHOCTH
10. HaHOMaLLVHBLI 1 HAaHONPUGOPLI
11. Kommepumnanusaumsi pesynbTaTtoB HAHOTEXHONOMMYECKNX UCCregoBaHnin
12. HaHoTexHOonormm B peLLeHnn npodrnem XpaHeHus aHeprum
13. HaHoTOKCKKOMOrMA
14. HaHOMexaHn4YeCcKkne MHCTPYMEHTDI
15. HxxeHepHasti HQHOMETPOSOrns
16. PaguaumoHHO-XMMNYeckme HaHOTEXHOMNOormm

OCOoONOOORWN-



17. Puckn, cBsidaHHble C pa3BUTMEM HAHOTEXHOMNOIMM

18. MNMpobnembl cTaHAapTM3aUMmM B 001acTy HaHOTEXHONOIUIA

19. «®aHTacTu4eckne» NPOEeKTbl HAHOTEXHOMOMNIA

20. PasBuTtre HaHoTexHonormm B Poccuu

21. HaHOoTEXHONOrMM B NULLIEEBON NPOMBILLSIEHHOCTH

22. Pa3BuUTne HAHOTEXHONOMMIA B MMPOBOM MacLLTabe

23. MNepuogmnyeckue nagaHus, nyonukyowmne pesynbTaTbl PyHOAMEHTANbHbLIX U NPUKNAaHbIX
nccnegosaHuii B obractu HaHoHayk (0630p usgaHui)

TpeboBaHusa k odoopMneHunio pedepaTta

PedepaT npeacraenseTca B 9NeKTpoHHOM Buae B opmate gokymeHta MS Word. Wpudt —
Times New Roman, paamep — 13 pt. lNonga: sBepxHee — 20 mm, npasoe — 15 mm, nesoe — 30 MM, HUXHee
— 25 mm. AB3auHbi oTcTyn — 1,25 cM. MeXCTpOUYHbIN MHTEPBan — MOJyTOPHbIN. BbipaBHMBaHME — no
WwupuHe. Tabnuubl N PUCYHKM OOSMKHbI OblTb MPOHYMEpPOBaHbl U MMeTb Ha3BaHus. [locne TUTYNbHOro
nucTa AOMKHO MATK CoaepXaHue.

Ctpyktypa pedeparta: BBeJeHWE, OCHOBHOW TEKCT C noAapasgenamu, 3akrniovyeHue, Crncok
nutepaTypbl. CNMCOK LMTUPYEMbIX UCTOYHUKOB odpopmnisetca B cootBetcTBum ¢ NOCT, konuyecTtBo
WCTOYHUKOB — He MeHee 15. O6béM pedbepaTta — He MeHee 20 cTpaHuu,

OnucaHune TexHOnorMn NpoBeaeHns

lMpenctaeneHve pedepaTta npoBoAUTCA B (@opmaTe BbICTYNreHWe And aygutopuu C
MCNonb3oBaHWeEM Mpe3eHTaumMm (Takke 3arpyxaetcd B COOTBETCTBYWOLWMWA  pasgen  Kypca
«HaHoTexHonormm» Ha noptane «3NeKTPOHHbIN yHuBepcuTeT BIY»), koTOpas AomkHa BkN4YaTb B
fonblien mMepe WNNIOCTPATUBHBLIA MaTepuan U MUHUMYM TeKcTa (MOACHEHMWS, 3aroSyIoBKM, KITOYEBbIE
MOMeHTbI). [lo wuToram npoBoguTcs obcyxaeHue pedepaTa, LOKMAA4YMKy 3a4atoTcs  BOMPOCHI
npenogasarternieM U CTydeHTaMu U3 ayautopum.

TpeboBaHWA K BbINONMHEHWUIO 3a4aHUI (MW LWKarbl U KPUTEPUM OLLEHMBAHUS)

OueHuBaHMe NpoBOAMTCA MO CNEAYHOLLNM KPUTEPUSAM:

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

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

3) KauecTBO BbICTYNNEHNs 1 NpeacTaBneHns pedepata — MakcumanbHo 3 6anna;

4) OTBETHI HAa BOMPOCHI — MakcumarsbHo 2 6anna.

KpaTkue coob6LieHus

Peanusytotcsa B hopmaTe «HaHoHoBOCTUY N «PedepnpoBaHme Hay4HbIX CTaTemny.

«HaHoHoBoCcTU». HeobxogmMmo noarotoButh NogdopKy akTyasbHbIX Hay4YHbIX HOBOCTEN Ha OOHY
TEMY W BbICTYNUTb C HAMKU. TemaTuka JOormKHa OblTb CBA3aHa WUCKKYUTENBHO C HaHOMaTepuanamum m
HaHOTEXHONOrMAMUN, codepaTb 6 HOBOCTEWN, NpeacTaBrieHHbIX B hopMe npeseHTauuu, obwun numMmT
BPEMEHM Ha BbICTYNNeHne 6-8 MUHYT.

«PedepupoBaHne HayyHbix cTaTen». HeobxogMmo noarotoBUTb OAHO COOOLWeHue O
NPOYNUTAHHON Hay4yHOW cTaTbe M3 NBOro XXypHana (Ha pPyCCKOM WM Ha aHrMUACKOM A3blKe), TemaTuka
KOTOPOro Tak UMM MHave cBA3aHa C HAHOTEXHOMOrMAMU U HaHoMaTepuanamu, O3HaKOMUTBCS C HEN U
paccka3aTb 06 OCHOBHbIX MPEACTaBIIEHHbIX B HeEW pesynbTatax C WUCMNOoNb30BaHWEM MNpe3eHTauun.
Tpe6oBanua: TutynbHbin cnang — OUO poknaguvka, ccbilka Ha cTaTblo, odopMreHHas B
cootBeTcTBMM ¢ TOCT, ckpuH nepBown CTpaHuubl cTaTbk (oGpasey B obuwen nanke!). Konnuyecteo
Cnangoe C MAMNOCTPATMBHBIM MaTepuanomMm n HeobXogMMbIM TEKCTOM — 4-5. A3biK nybnukauun: pycckum
UNW aHrMUACKMN. Bpems BbICTYNNEHUA — 5 MUHYT.

OnuncaHne TexHonornM NpoBeaeHus

MpeacTtaBneHve KpaTkUxX COOOLLEHUA NpoBOAUTCA B hopmate BbICTYMNeHWe AN ayauTopun ¢
MCMoNb3OBaHMEM  Mpe3eHTauun (Takke 3arpykaeTcs B COOTBETCTBYWOLMA  pasgen  Kypca
«HaHoTexHonornm» Ha noptane «3NEeKTPOHHbIA YHMBepcuTeT BIY»), KoTOpas [ofkHa BKM4vaTbh B
Gonblueii Mepe UNMCTPaTUBHBLIA Matepuan U MUHUMYM TekcTa (NMOSICHEHWUs, 3arofioBKM, Kr4YeBble
MOMeHThI). o ntoram npoBoauTcst 06CYyXXOAEHUE, AOKNaQ4MKy 3afaloTcs BONPOCHI NpenogaBaTtenemM u
CTyaeHTaMu U3 ayautopum.



TpeboBaHWA K BbINONHEHWUIO 3a4aHUI (MK LWIKanbl Y KPUTEPUU OLLEHMBAHUS)
OueHnBaHWe NpoBOAUTCS MO CNeayoLWMM KPUTEPUSIM:

1) MNonHoTa npegcTaBneHns MaTtepuana B KpaTkomM CoobLLueHnn — makcumanbHo 1 6anm;
2) OdopmMmneHne npeseHTaumm — makcmmanoHo — 1 6ann

3) KauecTBO BbICTYNNEHNS U NpeacTaBneHuns pedepata — MakcumarnbHo 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

[NepeyeHb BONPOCOB K 3a4eTy U nopsgok popmmposaHunsa KM

lMoHsTME HaHOoTexHOMNorMN. Hay4Hble OCHOBbI U OGBEKTLI HAHOHAYKM U HAHOTEXHOOMNN

CospgaHune HaHOpa3MepHbIX OO BLEKTOB MO MPUHLMUNAM «CBEPXY-BHU3» U KCHU3Y-BBEPX»

O6was knaccudunkaunsa MeTogoB UCCeA0BaHUSA NPUMEHUTENBHO K HAHOCUCTEMAM

OnTuryeckas MUKPOCKONWNA OS5 UCCIeAOoBaHUS HAHOOOBHEKTOB

CkaHupytoLmne 30H0BbIE MeTOAbI, NPUHLKMBI paboTbl M 0BNacTy NPUMEHEHNS

TyHHenbHbIN 3ddekT. CkaHMpyoLasa TYHHeNbHass MUKPOCKOMNUS

ATOMHO-CUITOBas MUKPOCKONUS, NPUHLMN paboTbl 1 BO3MOXHOCTU NPUMEHEHMS

Mukpockonus natepanbHbIX CUSl, MarHUTHO-CUNOBasi MMKPOCKOMUS U CKaHMpytoLLas

TEPMOMUKPOCKOMNA — OCHOBHbIE MPUHLMIMBI M BO3MOXHOCTM NPUMEHEHNS

9. Jlutorpadms. Bugbl 1 OCHOBHbIE NPUHLMMNBLI METOAA

10. NamenbyeHune, nurtorpadusi, MexaHuveckass obpaboTka: OCOBGEHHOCTM B MNPUMMEHEHUU OIS
CUHTE3a HaHOpa3MepHbIX OO bEKTOB

11. ChoKkycMpOBaHHbIE MOHHbIE TMYYKM U  BbICOKOMHTEHCUMBHbLIE nasepbl B  OpPMUPOBaHUU
TPEXMEPHbIX CTPYKTYP

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

13. MeToabl ocaxaeHus 13 rasoBown asbl (PU3MYECKOEe W XMMWUYECKOe OCaXaeHue K3 rasoBon
dasbl)

14. MeToabl NasMeHHOro OCaXKaeHust — TIeLWmin paspsia NOCTOAHHOIO TOKa U MarHETPOHHOE
pacnbinexne

15. MonekynspHo-nydeBasi annTakCusa: NPUHUMIMLI METOAA U BO3MOXXHOCTM

16. MeTannopraHnyeckas rasogasHas anMTakcus

17. MeToabl WabnoHHOro pocta HaHOMaTepu1anos

18. 3oHOOBbIE HAHOTEXHOMOMNK: NMPUMEPLI U BO3MOXHOCTU

19. XKugkodasHble meToanku. [Nony4vyeHne KonnonaHbiX KBaHTOBbIX TOYEK. 30Jb-reflb TEXHOMOoMns

20. YnopsigoyeHune HaHocucTem. Camocbopka n camoopraHm3aums

21. lNepcnekTnBbl UICNOMb30BaHNA HAHOTEXHOSOMMNIN B 3NIEKTPOHUKE M ONTO3NEKTPOHUKE
HaHoTexHonornm B aNekTpoHMKe: YCTPONCTBA HA OCHOBE YrnepoaHbIX HAHOTPYBOK (aunoasl,
NosIeBOW TPAH3NCTOP, XONOAHbIE KaToAbl)

22. [NepcnekTnBbl NICNOMB30BaHNA HAHOTEXHOSTOMMA B MPOMbILLIEHHOCTHU

23. [NepcnekTnBbl NCNOMb30BaHNA HAHOTEXHOOMNN B SHEPreTUKE

24. NepCcneKTMBbI NCNOJIb30BaHNS] HAHOTEXHOMNOMMIA B MeauUMHE 1 Bronorun

25. besonacHoCTb HAHOCUCTEM

26. CoumanbHble NocneacTBus BHeAPEHUA HAHOTEXHONOMMn. Pa3BnTne HaHOTEXHOMOMMn B MUPOBOM
Maclutabe

Kaxgbin KM cogepxuT 2 Bonpoca 1 pasHbiX pasgenos NporpaMmmbi.

OnucaHune TexHONorMn NpoBeaeHns

Ha nogrotoBky nMcbMeHHOro oteeta Ha Bonpockl KM (Ha nuctax otBeToB) gaétcsa 60 MUHYT,
rocne 3Toro NPoBOAUTCH yCTHas Gecepa.

TpeboBaHus K BbINONHEHMIO 3aaHWUA, LWKanbl U KPUTEPUU OLEHNBAHNUS

[nsa oueHnBaHMA pe3ynbTaTtoB 00y4eHUs Ha 3a4eTe UCNOoNb3YTCA cneayroLine nokasarenu:

— BNageHve MNOHATMMHBIM  annapatoM W  OCHOBHbIMW  MPUHUMMNAMUM  HAHOTEXHOMOIMN
(TeopeTnyeCKMMN OCHOBaMU OMCUMMIIVHDI), 3HaTb COBPEMEHHOE COCTOSHME Pa3BUTUSA HAaHOTEXHOMNOMNI
B MUPE 1 HaLleW CTpaHe, a Takke NepcneKkTMBbl UCMOMb30BaHUSA HAHOTEXHOOMUN,
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— CNocoBHOCTb  WMANKCTPUpPOBaTbL OTBET NpuMmepamu, akTamu, AaHHbIMU  HayYHbIX
nccrnegoBaHui;

— CMOCOBHOCTb MPUMEHSITb TEOPETMYECKME 3HaHWUSI [ONs1 PelleHMs MNpaKTUYEecKux 3agad
COBPEMEHHbIX HAHOTEXHOMOMMN (MMETb HaBbIKM MOCTAHOBKM U PeLUeHUs] KOHKPETHLIX 3agad cMHTe3a u
uccnegoBaHUa HaHOMaTepuarnosB).

[na oueHnBaHWA pe3ynbTaTtoB 0Oy4eHUs Ha 3a4eTe C OLEHKOW ncnonbayeTcsa 4-6annbHas wana:
COTANYHOY», «XOPOLUOY», «yO0BNETBOPUTENBHOY», «HEYAOBNETBOPUTESTLHOY.

CooTHoLLEHME noKa3aTenen, KPUTEPUEB 1 LLKaSbl OLEHUBAHNA pe3ynbTaToB 00y4eHus.

YpoBeHb
KpuTepum oueHnBaHnA KOMNeTeHL MM cchopmmposaH LLikana oueHoK
HOCTU
KOMMeTeHuun
Obyyvarowutica 8 nonHol mepe eradeem MOHAMULHbIM arnnapamom | [loebiueHHbIl OmnuyHo
OaHHoU obriacmu Hayku (meopemu4eckumMu OCHo8aMu OUCUUNIUHBI), YpO8€EHb
criocobeH uslocmpuposams  omeem  npumMepamu,  hakmamu,
OaHHbIMU  Hay4HbIX uccriedosaHul, MPUMEHSMb MmeopemuYyecKue
3HaHuUs Ons  peweHus  fpakmuyYeckux 3alday 6 obnacmu
HaHomexHoJsoeul; 3Haem COBPEMEHHOE COCMOSHUEe pa3eumus
HaHomexHosloeull 8 Mupe U Hawel cmpaHe, [epcriekmushbl
UCMoib308aHUSI HAHOMEXHO102ul 8 Pa3/iuYHbIX OMpPacrisXx.
Obyyarowutics ennadeem MoHSIMUUHbBIM annapamom daHHoU obriacmu ba3zoenili Xopowo
Hayku (meopemu4eckUMU OCHO8aMu  OQUCUUMIIUHbI), CMOCOBEH YPOB8EHb
ucronbL308amb  MOMyYeHHble 3HaHus O PeweHusi Mpakmu4yecKux
3a0ay CcoBpeMeHHbIX HaHomexHonoeul, d0onyckaem omoersibHbIe
owubku rnpu eblbope Memodo8 CcuHme3sa U uccriedosaHus
HaHopa3sMepHbIX 06beKmos
Obyyvarowutica enadeem 4Yacmu4yHO meopemuyYyeckumu ocHosamu | [lopozosnbili Yoosnemeopu-
oucyurnnuHbl, GpasmMeHmapHo crnocobeH ornucamb KOHKPEemHbie YPO8€EHb mersibHO
MemoObl cuHMe3a U uccriedosaHusi HaHopPa3MepPHbIX 06 bEKMOS,
He ymeem MpuMeHsimb 8 r0/IHOU Mepe [10flyYeHHble 3HaHusl Orst
eblbopa KOHKpemHo20 Memoda cuHme3da U  uccriedo8aHusi
HaHopa3MepHo20 obbekma.
Obyuyarwulcs OeMoHCmMpuUpyem OmpbIBOYHbIE, (hbpacMeHmMapHbIe - Heydosnemsopu-
3HaHus, doryckaem epybbie owubKu. meJibHO

20.3 ®oHA oueHOYHbIX cpeacTB cPOPMUPOBAHHOCTU KOMMNETEHLUNA CTYAEHTOB, PeKOMEeHAYEeMbIN
OnA npoBeAeHUs AUMarHoCTUYeCcKUx padoT

MK-2 CnocobeH wucnonb3oBaTb 3HaHMSE O METOAAX CUHTE3a M CBOWCTBAX MaTepuanosB
pas3nMYyHOro Ha3Ha4YyeHusl, B TOM YnUcre HaHoOMaTepuarnoe, s peleHnsa npodeccuoHarnbHbIX 3agad

MK-2.1 CnocobeH BbIGMpaTb MeToabl CMHTE3a MaTepuarnoB PasfMYHOrO Has3HayeHusi (B TOM
yncne HaHoMaTepuanoB) B COOTBETCTBMM C MOCTaABNEHHON 3agaqven

3Hamb: OCHOBHble MOHATUSI WM MAPUHUUMAbI  HAHOTEXHOMOMNI;, Krnaccudukauuw MeToaoB
HAHOTEXHONOMMN N BO3MOXHOCTU Ka)KOoro M3 MeTOAOB, UCMNOSb3yeMblX B HacTosillee Bpems Ans
CMHTEe3a HaHopa3MepHbIX 0OBEKTOB; MPUHLMMbLI YNPaBNeHUst HAHOTEXHOITOMMYECKMMM NpoLieccamm

Ymemb: ncnonb3oBaTb MOJSlyYEHHblE 3HaAHUSA ANs  peanu3aumMM  NpoLEecCoB  CUHTEe3a
HaHOpa3MepHbIX 0OBLEKTOB (B NEPBYO 04epeab B TOHKOMMEHOYHOM COCTOSAHMM)

Bnademsb: HaBblkKaMy MOCTAHOBKMN N PELLEHNS KOHKPETHbIX 3aay CMHTe3a HaHoOMaTepuanos

MK-2.2 CnocobeH ncnonb3oBaTb 3HaHUS O CBOMCTBax MaTepuanoB AMS PELUeHUSs KOHKPETHbIX
npodeccrmoHanbHbIX 3aga4

3Hamb: COBPEMEHHOe COCTOSiHME pPas3BUTUS HaAHOTEXHOMOrMM B MUPEe W Hawew CTpaHe;
NepcrnekTnBbl  UCMOSIb30BaHUS HAHOTEXHOSOMMIA; CYLLHOCTb W BO3MOXHOCTM OCHOBHbIX MeTOO0B
nccrnefoBaHUsi CBOMCTB HAHOMaTtepuanos

Ymvemsb: ncnonb3oBaTtb MNOMyYeHHblE 3HAHWUA AN U UCCNEefoBaHWUA OCHOBHBLIX XapakTepuUCTUK
HaHopa3MepHbIX 06bEKTOB

Brnadempb: HaBblkaMuW MPUMEHEHUS OCHOBHbIX METOOOB WCCNeaoBaHWs HaHOpPa3MepHbIX
06bEeKTOB (HAHOMaTepManos)



MNepeuyeHb 3agaHui Ansi oueHKU cPOPMUPOBAHHOCTU KOMMNETEHLUK:

1) 3aKkpbIThle 3agaHUgA (TECTOBbIE, CpeaHU YPOBEHb CITOXHOCTU):

1. KakoB yCnoBHbIN Anana3oH pa3sMepoB 0OBbEKTOB, pacCMaTpPUBAEMbIX B HAHOTEXHOSOMUAX:
a) 0,1-1 Hm

6) 100-1000 Hm

B) 1-100 Hm

r) 0,1-500 Hm

2. Kakoe 13 nepeynucrnieHHbIX Hmxe YTBEepPXAEHUA HEenpuMMEHUMO K OonpedeneHuto TepMmuHa
«HaHoTexHonornm» ?:

a) XoTA 6bl OOWH M3 XapakTePHbIX pa3MepoB NeXNT B ycrioBHOM AgnanasoHe 1-100 Hm

6) 06beM CTPYKTYPHbIX €AUHUL, HaHOMaTepuanos coctasnseT ot 10 go 10° aTomos (Monekyn)

B) NP1 YMeHbLueHun obbema kakoro-nnbo BellecTsa Nno OAHOW, ABYM UMW Tpem KoopauHaTam Ao
pa3MepoB HAHOMETPOBOro macwtaba BoO3HMKaeT HOBOE Ka4eCTBO

r) co3paHue HaHOCTPYKTYP BO3MOXHO TONbKO MNOCPEeACTBOM MaHUNynUpoBaHUS
oTAeNbHbIMU aTOMaMu U MoJfieKynamm

3. Kak HaHOMeTpoBble pa3Mepbl BNNSAIOT Ha CBOMCTBa obpa3yembix HaHOMaTepuanos (Bbibepute
BCE BO3MOXHbl€ BapuaHThbl):

a) pocT nnowaan NOBepXHOCTU U NOBEPXHOCTHOW CBOGOAHOM 3HEPrUU C YMEHbLUeHUEM
pa3mepa YacTuubl NPUBOAUT K U3MEHEHUIO MeXaTOMHbIX PAaCCTOSIHUWA B HEN

0) Ans HaHOMEeTPOBLIX YacTUL, U KIacTepoB XapaKTepHa ctabunusauusa metactabuUnbHbIX
CTPYKTYp C notepen 06bIYHOro 06 LEMHOro pacnosioXXeHusi aToMoB

B) 4N HAHOYACTUL, XapakKTepPHO NIMHENHOE N3MEHEHME TeMnepaTypbl NaBneHns B 3aBUCUMOCTH
OT pa3mepa 4acTuupl

r) HaHOMeTpOBble CTPYKTypbl o00OnagalT oO4veHb OONbLIMM OTHOWEHWEM niolaau
NOBEPXHOCTU K 06 bEMY, YTO NPUBOAUT K paguKarbHbIM U3SMEHEHUAM B XMMUYECKOM aKTUBHOCTHU

4. Bbibepute meTonbl, MO3BONANOLME MOMYYNTb MHAOPMALUIO O MOPAOSOrMN MOBEPXHOCTU
HaHOpPa3MepHbIX OOBEKTOB M MCMONb3YHOLME M3NYYEHUE BMOMMOTO AManasoHa 3MeKTPOMarHUTHOro
cnekTpa:

a) koHhoKkanbHasa nasepHasa ckaHUpyroLwas MUKPOCKONUS

6) pacTpoBasi aNEKTPOHHAsH MUKPOCKOMMUS

B) CKaHupyoLasi TYHHeNbHas MUKPOCKONUS

r) CKaHMpyrowas 6nmkHenonbHasa oNTUYecKas MUKPOCKONUA

5. Bblbepute MeTOAbl, MNO3BOMSAKOLWME MOMYYNTb MHAOPMALMIO O COCTaBe MOBEPXHOCTU
(MPUNOBEPXHOCTHOrO CNOKA) HAHOPa3MepPHbIX 06 HLEKTOB:

a) MHdpakpacHasi konebaTenbHas CrnekTpocKonus

0) nokanbHbI PEHTreHOCNEKTParbHbI MUKPOaHanm3

B) PeHTreHoBCKasi (pOTO3NEKTPOHHAs CNEeKTPOoCKonus

r) Oxe-3aneKTpoHHas cneKTpocKkonus

6. BoibepnTe MeToabl CMHTE3a HAHOPa3MEpPHbIX OOBHEKTOB B paMKax rpynnbl METOAOB «CBEpPXY-
BHU3»:

a) MONeKynsipHO-Ny4YeBas annTakcus

6) dboTonutorpadus

B) MeXaHOXMMMUYeCKoe U3MenbyeHne

r) MO CVD

7. Bbibepute meToabl CMHTE3a HaHOPa3MepHbIX OOBLEKTOB B pamMKax rpynnbl METOAOB «CHU3Y-
BBEPXY:

a) MonekynsipHo-Ny4YeBas aNUTaKcusa

6) peHTreHoBckasa nutorpadus

B) XMMMUYECKOe ocaxaeHue U3 napoBomn ¢asbl

r) TpaBneHme choKyCMPOBaAHHBIMN MOHHBIMU My4Kamu



8. /13 npnBeaéHHOro nepeyHsi Bbloepnte MeToAdbl, No3BonsoLWMe HPoOpMUPOBaTb NITEHKN TOrO Xe
cocTaBa, kak 1 ucxogHoe Bellectso/mMatepuan:

a) metog MO CVD

0) BaKyyMHO-TepMMYECKoe ucnapeHue

B) MarHeTpOHHOe pacnblfieHne

r) 3oMnb-refnb TeXHonorus

2) OTKpbITblE 3a0aHUS (PACYETHbLIE 3aa4U, NOBbLILLIEHHbIN YPOBEHb CIIOXHOCTH):

1. Tpynnbl MeTOAOB HAHOTEXHOMOMMA, B KOTOPbIX aTOMbl, MOMEKyfbl W Aaxe oTAefbHble
HaHOYaCTULbl UCMOMb3YOTCA B KauyeCTBE CTPOMTENbHbLIX GNOKOB, M3 KOTOPbIX CO34at0TCS CIOXHbIE
HaHOCTPYKTYPbl, HAa3blBAKOTCS .

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

2. ['pynnbl METO4OB HAHOTEXHOMOMMIA, OCHOBAHHbIE KaK Ha yganeHun nnn apobneHnn o6 LEMHOro
MaTepuana, Tak U Ha MUHMaTIOPU3aLUMM MakpOCKOMMYECKOW TEXHONOMMN U3roTOBNEHNS, NPUBOASLLEN K
MOMNYYEHUIO HY>KHOW CTPYKTYPbl C 3ajlaHHbIMW CBOMCTBaMM, Ha3bIBaOTCA

MpaBunbHbIN OTBET: «CBEPXY-BHU3Y», KCBEPXY BHU3»

3. MeTtoan wvccnenoBaHus, B OCHOBE KOTOPOro NeXuT wuccrnegoBaHWe OOKOBbIX OTKIOHEHWI
KaHTUNeBepa aTOMHO-CUIOBOrO MMUKpOCKONa (BuM3yanusauus BapuauuMi MNOBEPXHOCTHOMO TPeEHUs),
Ha3blBaeTCA MUKPOCKONNEN

[NpaBurbHbLINM OTBET: NaTeparnbHbIX CUN

4. MeTog uvccrnegoBaHus, B OCHOBE KOTOPOro NEXUT MCCreaoBaHue foKanbHbIX 3apsgoBbiX
AOMEHOB Ha NoBepXHOCTN obpa3La, Ha3biBaeTCA MUKPOCKONUEN
[NpaBuUrbHLINM OTBET: 3ANEKTPOCTATUYECKNX CUIT

5. lNpuBegute npumMep MeToda WCCNEeaOoBaHUSA, MNO3BOMSAIOLWErO MNONy4YMTb M3obpaxeHue
OAHOCTEHHbIX YriepoAHbIX HAHOTPYOOK C aTOMapHbIM pa3peLLEHNEM:

MpaBWnbHLIN OTBET: NPOCBEYMBAIOLLANA SFIEKTPOHHAS MUKPOCKOMNWUSA, CKaHMpyloLwas TyHHeNbHas
Mukpockonusi, CTM, N3OM

6. Pexum paboTbl aTOMHO-CMNIOBOrO MMKPOCKOMNA, B KOTOPOM B HWXHEM nonynepuoge
KonebaHun kaHTUNeBep HaxooMTCs B 06n1acTu oTTankuBarLmMx Ui, HasblBaeTcs
MpaBunbHLIN OTBET: MOMYKOHTAKTHbLIN

7. Pexum paboTbl CKaHUPYKOLLEro TYHHENbHOr0 MWKPOCKOMa, MpuM KOTOPOM OTCYTCTBYET
nepemeLleHne 3oH4a no BbiCOTe (OCU Z) U perncTpupyeTcst USMeHeHne TyHHeNbHOro Toka, Ha3blBaeTcs
peXnMoMm

[NpaBurbHbLIM OTBET: MOCTOSIHHOW BbICOTHI

8. Pexum paboTbl CKaHUPyKOLLEro TYHHENbHOro MMKPOCKOMa, NpW KOTOPOM MpOMCXoanT
nepemellieHMe 3oHga no ocn Z, a TYHHErbHbIM TOK OCTaAE€TCA MOCTOSIHHbLIM, Has3blBaeTCsA
PEXMMOM

[NpaBunbHLIN OTBET: MOCTOSIHHOIO TOKa

9. TexHomnorms, NO3BoNsLLAs nonyyaTtb MOHOMOJIEKYINAPHbIe CITON C NCNOJNMIb30BaHUEM MOJ1EKYI
NOBEPXHOCTHO-aKTUBHbIX BeELlECTB Ha NOBEPXHOCTU XKNOKOCTU Ha3blBaeTCA TexXHomnornen

lMpaBunbHbLIN OTBET: JleHrmiopa-brnogxeTtT

3) NPaKTMKO-OPUEHTUPOBAHHbIE 33434

1. MNMpeanoxuTte oavH N3 BapMaHTOB npouecca cuHTe3a retepocTpyktypbl ZnO/InP ¢ TonwmHon
nnénku okcmaa unHka 100 HMm.



2. MpepnoxuTte n 060CHYNTE CNocob co3naHMsa anuTakcuanbHOW cBepXpelleTku (GaAs)m(AIAS),.
Kakne meToadbl KOHTPOMNA TOMWMWHbI M COCTaBa CNOEB MOXHO WCMOMb30oBaTb B JaHHOM criyvae?
O6ocHyiiTe BLIGOP METOAA CUHTE3a U UCCNEeLOBaHUS YKa3aHHOW CBEPXPELLETKN.

3. MNpegonoxute MO CVD npouecc ¢opMmupoBaHus anuTakcuanbHon nreHkn GaAs Ha
nosepxHoctn GaN. OueHunTe npeumyllecTsa u HegoctaTkn metoga MO CVD no cpaBHeHWMO ¢ METOAOM
MOJIEKYNAPHO-ITy4EBOMW SMUTAKCUN.

4. MNpennoxute cxemy npouecca cuHTe3a U 0O6OCHOBaHHbIA MeTof aTTecTauun OOHOCTEHHbIX
YrnepoaHbIX HAHOTPYGOK.

5. MNepeuncnnte OCHOBHble 3Tanbl MPOLIECCa HAHECEHUS MOKPbITUA METOOOM pPEeakTUBHOIO
MarHeTPOHHOro pacrblfieHUss MeTannM4eckon MULLEHN B aTMocdepe Kucrnopoaa.

KpuTtepumn u wkanbl oueHnBaHusa 3agaHnm ®0OC:

[ns oueHnBaHNA BbINONTHEHMS 3a4aHWI MCnonb3yeTcsa GannbHas wWwkana:

1) 3aKpbIThble 3a4aHUSA (TECTOBbIE, CPEAHUN YPOBEHb CIOXHOCTH):

¢ 1 6ann — ykasaH BepHbIN OTBET;

¢ 0 6annoB — ykasaH HEBEPHbIN OTBET (MOJSTHOCTLIO UM YaCTUYHO HEBEPHBIN).

2) OTKpbITble 3aaHus (TECTOBbIE, MOBbILLIEHHbI YPOBEHb CNOXHOCTU):

¢ 2 banna — ykasaH BEpHbI OTBET;

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

3) OTKpbITblEe 3a0aHUs (NPaKTUKO-OPUEHTUPOBaHHbIE 3a4aHns, CPeAHUN YPOBEHb CNOXHOCTH):

e5 6GannoB — 3agaHMe BbLINOMIHEHO BEpPHO (MONyYEH MpaBUIbHBLIM OTBET, 0OOOCHOBAaH
(aprymeHTupoBaH) xog BbIMNOSHEHNS (NPU HEOOXOANMOCTW));
e2 Ganna — BbINOSIHEHME 3adaHWUs COAEPXKMT He3HauuTenbHble OWWOKKM, HO npuBeaeH

NpaBUNbHbLIN XO4 PacCyXOEHWUW, U NonyyYeH BEPHbIA OTBET, HO OTCYTCTBYeT O0OOCHOBaHWe xoda ero
BbINOSIHEHMSA (€CNN OHO BbINO HEeObXoAMMbIM), UK 3aJaHne BbIMNOMHEHO HE MOMHOCTbLI0, HO MOSyYeHbl
NPOMEXYTOYHbIE (YaCTuyHble) pe3ynbTaTbl, OTpaXxarwLme NpaBUNbHOCTb XO04a BbINOMHEHUS 3adaHus,
unu, B criydae ecnv 3agaHue COCTOUT M3 HECKONbKUX MOA3afaHui, BepHO BbinonHeHo 50% Takmx
noasagaHui;

¢ 0 6annoB — 3agaHne He BbIMOSHEHO UMM BbIMOMHEHO HEBEPHO (MOMyYeH HenpaBuIlbHbIN OTBET,
X0[, BbIMOSTHEHUST OLLMOOYEH NN COAEPXKUT rpyOble OLINOKN).

3apaHua paspgena 20.3 peKoOMeHOYHTCA K UCMNOMb3OBaHMIO MNpU  npoBeAeHUU
ANarHocTMYeckux paboT C LuLenbi OLEHKU OCTaTOYHbIX pe3ynbTaToB OCBOEHUS [aHHOW
ANCLUUNNUHbI (3HAHUW, YMEHUW, HAaBbIKOB).



