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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/cNneymnanusauus: MmamepuasoeedeHue u UuHAycmpusi
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 XxumMu4ecKux HayK

7. PekomeHaoBaHa: Hay4HO-METOONYECKNM COBETOM XMMUYECKOro (pakynbTeTa, NpoTOKON
Ne5 ot 17.06.2021

8. YuebGHbIn roa: 2024/2025 Cewmectp(bl): 7



9.llenun v 3apgayum y4ye6HON ANCLUNIUHbBI

Llenismu oceoeHusi y4ebHou ducyurniuHbl S8115HMmCs:

- 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 MCNONb30BaHNA HAHOTEXHOMOMMM B pasfiMyHbIX 0bnacTtsx
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 NMOHATUA N onNpeaeneHns 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 6asnpyeTcsl Ha CrneayrLmnx Kypcax, M3y4eHHbIX CTyAdeHTamu
paHee:

- dunsmka

- OBLwas n HeopraHMyeckas XMmusi

- Mukpockonuyeckne meToabl UCCrneaoBaHus CTPYKTYPbl MaTteprarnonB

- CnekTpockonuyeckne MeToabl UCcreaoBaHna matepmarnos

[aHHasa aucumnnuHa aBngeTcsa npegwecTsylowen gucumnnmHam «HaHomatepmansiy», « ToHKue
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
nporpamMmmbl (KOMNETEHLMSAMU) U UHOAUKATOPaMMN UX AOCTUKEHUS:

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

MK-2 | CnocobeH MK-2.1 | Bbibupaet metoapl 3HaTb: OCHOBHbIE MOHATUSA 1 MPUHLMMbI
ncnonb3oBaTb CMHTEe3a HaHOTEXHOMOMMN; Knaccnukaumio MeTogoB
3HaHWs 0 MeTodax maTepuanos HaHOTEXHONOMMIN N BO3MOXHOCTU KaXXAoro us
CMHTE3a U pasnu4yHoro MeTOAO0B, NCNOSb3yeMbIX B HAacTosILLee BpeMs
cBoKcTBax HasHayeHus (B TOM | Ans CMHTE3a HaHopa3MepPHbIX OO BLEKTOB;
mMaTepuarnos ynucne MPUHLMMbI YIPaBNeHNs HAHOTEXHOMNOMMYECKUMHN
pasnuyHoro HaHomaTepuanoB) B | mpoLeccamu
Ha3HayeHus, B TOM COOTBETCTBUU C YMeTb: UCNoMnb30BaTh NOSy4YeHHble 3HaHWUs AN
yucne nocTaBreHHOM peanusaunm NpoLLeccoB CUHTE3a
HaHoOMaTepuaros, 3agadyen HaHopa3MepHbIX 0OBEKTOB (B NepBYO oyepeab B
Ansi peLueHns TOHKOMMEHOYHOM COCTOSIHUM)
npodeccrmoHanbHbl BnageTb: HaBblkamMy NOCTAHOBKM W peLLeHns
X 3agav KOHKPETHbIX 3a4ay CMHTe3a HaHoMaTepuanos

MK-2.2 WNcnonb3yeT 3HaHusa | 3HaTb: COBPEMEHHOe COCTOSIHNE Pa3BUTUSA
0 CBOMCTBax HaHOTEXHOMOMMIN B MUPE WM Hallen CTPaHe;




mMaTtepuanoB and

HaHOpa3MepPHbIX 00bekToB

nepcneKkTuBbl UCMNOJ1b30BaAHUA HaHOTEXHOMNOMNM;

peLweHnda CYLWHOCTb 1 BO3MOXXHOCTU OCHOBHbIX METOL40B
KOHKPETHbIX nccrnegoBaHusi CBOMCTB HaHoOMaTepwuanos
ﬂpO(beCCI/IOHaJ'IbeIX YMeTb: ucnonb3oBaTb nony4yeHHble 3HaHnA OnA
3agad n ncecnenoBaHMA OCHOBHbBIX XapaKTepUCTUK

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

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

dopmMa NPOMeXyTOYHOM 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 NOHATUSA OUCUUNNNHBI, HAHOTEXHOMNOMNN, 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 MMKPOCKOMMS OIS .ru/courselvie
nccnenoBaHusa HaHoo6bekToB. CkaHMpytowas 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 -
MUWKPOCKOMMWS NaTeparnbHbIX CUS, 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 rasoon dasbl POId n XOro).
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 A4S NOMy4YeHUsS HaHOYacTuL; 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
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 TexHukn B Poccunckon depepaumm. .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
HaHOTEexXHonornm .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 KOHCTPYKLIMOHHBIX
MaTepuarnoB (CBEPXITIENKMX 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 6onomeTpmuyeckoro
Tnna. HaHoycTponcTtea Ha ocHose YHT: guopgsl,
NoneBon TPaAH3NCTOP, XONOAHbIE KaToabl.
MonynpoBoasLine HaHOCTPYKTYPbI: UHXEKLNOHHbIE
nasepbl, KBaHTOBbIE KackagHble nasepsl,
Buonoruyeckne MeTku. BnusHne HaHOTEXHONOMMIN Ha
TPaAVLMOHHYIO 9NEKTPOHUKY. OnTnyeckme
HaHoycTponcTea. CBeTonepecTpanBaemble ANOAbI.
JlazepHble ycTponcTsa ¢ perynupyemMmon AnnHom
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 Bogopoaa.
B meduyuHe u buosioauu - BbICOKOI((PEKTUBHBIE
HaHonpenapaTuBHble OPMbI U agpecHble Cnocobbl
[OOCTaBKuM fnekapCTBEeHHbIX CpeacTB. Npobnembl
©0opbObI ¢ pakoBbiMK 3aboneBaHnsaMmn. CosgaHue
OMOCOBMECTMMbIX MaTePMaroB 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 - punbTpbl 1 MeMBpaHbl Ha OCHOBE
HaHoMaTepuanoB Ans OYUCTKN BOAbLI 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. Passutne meTogoB reHeTU4EeCKon
Moaudmkaumm 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 NCCIEAOBaHMIA.
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 MCMNoSib30BaHUS 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 nsydyeHus avcunnnuHel npegnonaraetca: pabota ¢ KOHCNeKTaMy Nekunin u
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 «0O63op mMeTonoB
nccnenoBaHUst U ANArHOCTUKM HAHOOOBEKTOB M HaHocucteM» Oasvpyetca B TOM 4ucre Ha
3HaHUAX, MNONYYEHHbIX B Kypcax «Mukpockonuyeckne meToabl UCCNenoBaHWS CTPYKTYPbI
mMaTtepuanoB» n «CnekTpockonMyeckMe MeTogbl WCcnefoBaHUs MartepuarnioB», 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.

PekomeHgauun no OCBOEHMIO AUCLMMIMHBL: HEOBXoAuMbI cucTemaTtmyeckas pabota ¢
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
BuaeokoHdepeHumn (BigBlueButton, Zoom, Discord u ap.), 9neKTpoHHasa noyTa, MecCeHoxepbl
N coumarnbHble CeTw.

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

Heob6XxoaAnMbIX AN OCBOEHUA OUCLUNIINHBI (Criucok numepamypbl 0pOPMIISemMcs 6 coomeemcmauu
¢ mpebosaHusimu FOCT u ucrionb3yemcs obwast ckeo3Has Hymepauyusi 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. 3abonoukoeo. — [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. FO. []. Tpembsikosa u E. A. '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. Mockea : ®@uamamnum, 2009. — 414 c. // «YHusepcumemckasi bubnuomeka online» : 371€KMPOHHO-

bubnuomeyHasi cucmema. — URL : https://biblioclub.ru/index.php?page=book red&id=68859
lyn Y. 1. HaHomexHonoeuu : y4eb. nocobue O cmyd., 0byy. 1o HarpasneHuto nodzom.

4, "HanomexHonoeauu"/ Y. lyn, ®. OyaHc ; nep. ¢ aHan. nod ped. KO. U. NonosuHa; don. B. B. JlyduHuHa. — 2-
e us0., don. — Mocksa : TexHocghepa, 2006. — 334 c.
5 Cys0anes U. [1. HaHomexHonozus. ®U3uKo-xuMusi HaHOKIIacmepos, HaHOCMyKmyp U HaHoMamepuasnos /
) W. I. Cy3zdanes. — Mockea : KomKHuza, 2006. — 589 c.
6 Hay4Hble ocHo8bl HaHOMeXxHo02ul U Hosble rnpubopsl : y4ebHUK-MoHogpacghusi / nod ped. P. Kencanna, A.

Xamnu, M. leozeeaHa ; nep. ¢ aHen. A. . KanawHukosa. — [JoneonpyOdHeili : Uimennekm, 2011. — 527 c.
Kobasicu H. BeedeHue 8 HaHomexHonozauto / H. Kobasicu ; nep. ¢ an. A. B. XayosiHa nod ped. J1.H.
lMampukeesa. — Mockea : BMUHOM. Jlabopamopusi 3HaHud, 2005. — 134 c.

8 Jluy P. UHxXeHepHbIe 0CHO8bI U3MepeHUl HaHoMempoegol mo4YHocmu : [y4ebHoe nocobue] / P. Jluy ; nep.
) ¢ aHen. A. B. 3abornoukozo. — [Joneonpy0dHsil : MIHmennekm, 2012. — 399 c.

HaHomexHonoeauu 8 annekmpoHuke / nod ped. 0. A. YannbieuH. — Mocksa : TexHocghepa, 2013. — 688 c. /]
9. «YHusepcumemckasi 6ubnuomexka ONLINE» : anekmpoHHo-6ubnuomeyHasi cucmema. —
URL:http://biblioclub.ru/index.php?page=book&id=4433254

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

10. XauosiHa. — Mockea : TexHocgbepa, 2008. — 349 c. // «YHusepcumemckasi 6ubnuomeka ONLINE» :
351ekKmpoHHO-6ubnuomeyHasi cucmema. — URL:http://biblioclub.ru/index.php?page=book&id=135424
Pambudu H. I. HaHomexHonozauu u monekynspHbie komrnsomepsl / H. . Pambudu. — Mockea :
Qusmamnum, 2007. — 255 c.

HeeonuH B. K. 3oHO08ble HaHOMeXHOI02UU 8 3/1eKMPOHUKe | MoHozpadhusi / B. K. HegonuH. — U130. 2-e,
12. ucrip. — Mocksa : TexHocgepa, 2014. — 174 c. // « YHusepcumemckasi bubnuomexka ONLINE» :
31ekmpoHHO-6ubnuomeyHasi cucmema. — URL:http://biblioclub.ru/index.php?page=book&id=260697
Poikos C. A. CkaHupyroujast 30HO08ast MUKPOCKOIUS MO1yrnpo8oOHUKO8bIX Mamepuarios U HaHOCMPYyKmMyp

11.

13. : Yueb. nocobue dnsi cmyd. 8y308, 0byy. 1o HarnpasneHuto "TexH. pusuka”/ C.A. Pbikos; 100 peo.
B. W.WnbuHa u A. A.llluka. — Cankm-lNemepbype : Hayka, 2001. — 52 c.

14. Pocculickue HaHOMexHono02uu : XypHar

15. HarouHOycmpus : XypHan, peknamHo-uzdamernbckul yeHmp "TexHocghepa”

16. Nano Letters : scientific journal, American Chemical Society

B) MHPOPMALMOHHBIE 9NEKTPOHHO-00pa3oBaTerbHbIE pecypchbl (oduLmnanbHble pecypebl MHTEPHET)*:

Ne n/n Pecypc

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

18. 3AnekmpoHHo-6ubnuomeyHas cucmema "KoHcynbsmaHm cmydeHma”, http://www.studmedlib.ru

10. https://www.lib.vsu.ru/ - calim 3oHanbHoU Hay4Hol bubnuomeku BopoHexckoeo eocydapcmeeHHo20

yHUgepcumema

20 http://elibrary.ru/dejaultx.asp — Hay4Has 3/1eKMPOHHast 6ubniuomeka. lNouck no pechepamam u rnOIHbIM
) mekcmam cmamedu, onybnuKko8aHHbIX 8 POCCULCKUX U 3apybeXHbIX Hay4YHO-MexXHUYECKUX XypHanax.

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

29 http://www.nanonewsnet.ru/ - Hogocmu HaHomexHono2ul, UHGhopMayUOHHO-aHarumu4eckoe usdaHue,
' rocesiueHHoe goripocam nonynsapu3ayuu u pasgumusi HaHomexHosnoaud 8 P®

23 http://www.rusnanonet.ru/ - uHghopmMauyUOHHO-aHaIUMu4YecKull nopmaisi poccutickoli HayuoHabHoU

HaHomexHoso2u4yeckol cemu

16. MepeyeHb y4ebOHO-meTOAMYECKOro obGecneyeHuss ANA CaMOCTOATENIbHOM pPaboThbl
(yyebHO-memodudeckue pekomeHOayuu, nocobusi, 3adadvyHuUKuU, MemoOUYECKUE yKa3aHUsi MO0 8bIMOSTHEHU
npakmu4yeckux (KOHMPOIbHbIX), Kypcoebix pabom u 0p.)

Ne n/n McTouHnK
HaHomamepuarsibi: cuHmMe3 HaHOKPUCMaIIU4eCKUX MOPOWKO8 U MOSTyYEeHUE KOMITaKmMHbIX
1. HaHOKpucmarsnau4yeckux mamepuarnos : yyebHoe nocobue 0ns 8y3o8 / M. 5. Mummosa, E. B. TomuHa,

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

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

2 memoduyeckoe riocobue : [0na cmyd. 4 K. dHes. omd-HuUs1 XuM. ¢bak., 0ns HanpaesneHus 020300 - Xumus,
) ¢usuka u mexaHuka mamepuarsnos] / BopoHex. eoc. yH-m ; [cocm.: E. B. TomuHa u 0p.]. — O51eKmpoH.

mekcmosbie 0aH. — Boporex : U3damenbckuli dom BI'Y, 2015.



https://biblioclub.ru/index.php?page=book_red&id=68859
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. OOpasoBaTesfibHble TEXHOJNIOMMU, MUCNONb3yeMble Npu peanusauum y4ebHOM
OUCLUMNIINHBI, BKNKOYasi [AUCTaHUMOHHble oOOpa3oBaTenbHble TexHonorun (OOT),

3nekTpoHHoe oO6y4yeHne (J0), cmewaHHoe oOOy4YeHue).  VcnonbsosaHne  JYMK
https://edu.vsu.ru/course/view.php?id=9959

[Mpn peanusaumm ANCLMNINHBI UCNOSb3YKTCA pasfnnUYHble TUMbl NEKUNA — BBOAHbIE NeKuuu,
MHPOPMAaLIMOHHbIE NEKUUKN C BU3yanuaaumen (MynbTUMeaunHbIe Nnpe3eHTauum), no oTaenbHbIM
TemaM — 0630pHble. Ha npakTuyeckux 3aHATUSX: BbICTYNeHMe ¢ pedepaTtamu, ONMOHMPOBaHME,
NoAroToBKa KpaTKMX COOOLLEHMI, CEMUHAPCKNE 3aHATUA. Tekyllas aTTectauus ocyLecTBnsieTcs B
dopMe KOHTPOSbHbIX paboT 1 YCTHOro onpoca, npomexytoyHas — no KMM.

Mpn peanu3aumm OUCUUMNNWHBLI C WUCMNONb30BaAaHMEM [OUCTAHUMOHHBIX 0Opa3soBaTenbHbIX
TEXHONOMMM NUCMOMb3YTCA NHCTPYMEHTbI 3NIEKTPOHHON MHpOpMaLMOHHO-06pa3oBaTenNbHOM cpeapbl
BI'Y «3nektpoHHbin yHuBepcuteT BIY» (https://edu.vsu.ru), cepBuCbl BUOEOKOH(EPEHLMN
(BigBlueButton, Zoom, Discord n gp.), aneKkTpoHHasa noyTa, MECCEHAXEPLI U coUManbHble CETU.

18. MaTepuanbHO-TeXHU4YecKoe obecnevyeHme AUCLUNIINHDI:
MynbTumeaniHbin npoektop BENQ, akpaH, HOoyTOyK

19. OueHo4HbIe cpeacTBa ANA NPOBeAeHNA TEKYLEN N MPOMEXYTOYHOMN aTTecTaumm

MopsinoK OLEHKN OCBOEHUMS 0by4YatoLwmmMmcs y4ebHoro matepuana onpegensietcs
coaepkaHMeM crneayoLmnx pasgenos AUCUMMNHBIL

HanmeHoBaHue WHavkaTop(bl
rrl\}gn pasaena AvMCLMNIMHbI Ktl)_ll\agf(%;)eH p‘cﬂ:-r”x(eﬁf]g) OueHouHble cpeacTea
(mogyns) KoMneTeHunn
1 OCHOBHbIE NOHATUSA AK-2 MK-2.1 YCTHBIN onpoc
' HaHOTEXHONOrMu MK-2.2
0O630p meToaOB YCTHBIN onpoc
nccnenoBaHma u AK-2.1 KoHTponbHasa pabota Ne1
2. ONarHocTuku MK-2 I'IK-2.2
HaAHOOOBLEKTOB U '
HaHOCUCTEM
YCTHbIN onpoc
3. Han o?giggzlormm MnK-2 HE;; KoHTponbHas pabota Ne2
) KoHTponbHas pabota Ne3
MepcnekTusbl nK-2.1 YCTHBIN onpoc
4, ncrnonb3oBaHNs MK-2 I'IK-2.2 3awmTa pedepatosn
HaHOTEXHOOINN ) KpaTtkue coobuieHus
HaHoTexHonormm n AK-2 1 YCTHbIN onpoc
5. YyerioBeyeckoe MK-2 I'IK-2.2 3awwTa pecepaTtoB
obLuecTBO )
6 Poccuiickue nK-2 MK-2.1 YCTHBIN onpoc
' HaHOTEXHONOrN MK-2.2 BawuTta pedpepatoB
lMpomexxyTouHas aTTecTtauuns
.. . lNepeyeHb gorpocos
dopma KOHTPONSA — 3a4€T C OLIEHKON

20 TvnoBble OLEHOYHbLIE CcpeaAcTBa UM MeToAMYeCKUe MaTepuanbl, onpeaensmoLwue
npoueaypbl oLleHUBaHUSA

20.1 TeKywun KOHTPONb ycrieBaeMoCTu



KOHTpOJ'Ib ycnesaemMoCTn no ancumniimHe oCcywecTBnaeTca C NOMOLbHO crneayrlnx oueHOYHbIX

CPeAcTB:
KoHmpornbHas paboma
Pegbepam

Kpamkue coobuweHus

Mpegnonaraetcs ucnonb3oBaHne 6annbHo-penTuHroon cuctemol (BPC).
MakcumanbeHble 6annebi:

— KoHTponbHas pabota — 5 6annos;

— MoaroToeka pedepata — 10 6annos;

— lNMoaroToBka KpaTkmMx coobLeHun — 5 6annos;

— [IwarHocTtnyeckas paboTa B KOHUe cemecTpa — 5 6GannoB npu BbiNONHEeHUn He meHee 70%
3afaHui gnarHoctundeckom paborsl.

OUEHKN «OTMIMYHO» U «XOPOLLO» MOTYT ObITb BbICTaBEHbI aBTOMATOM Npu COOMOAEHMN YCNOBUIA:
— «OTNUYHO» — 35 GannoB U BbiLLE
— «xopotoy - oT 30 oo 34 6annos.

MNepeyeHb 3apaaHni ANA KOHTPONbLHLIX paboT
KoHTponbHas pabota Ne1

Bpemsi BbinonHennss — 60 muH. OgnH KMM cogepxuT OBa Bompoca M3 MEPEYHA HUXKeE.

HeoGxoanmo npeacTaBuTb pa3BEPHYTHIA OTBET Ha BOMPOCHI, HAPUCOBATb HEOBXOANMbIE CXEMbI U T.4.

1.

N

o akw

B2 ©o0oN

0.
11.
12.

Uto Takoe HaHoTexHonornn. CosgaHnme OOBLEKTOB MO MPUHLMNAM «CBEPXY-BHU3» U «CHU3Y-
BBEPX», NPUMEPbI METOOB.

OnTuyeckasd MUKpOCKONMS ANA  MUccrnefoBaHMs HaHooObekToB. [1pobnembl  npuMmeHeHus
ONTUYECKNX METOAO0B ANSA UCCnegoBaHMs HAHOOOBHLEKTOB.

KoHdokanbHasa ckaHMpylowasa MMKPOCKONWUS — NPUHLMMN METOA4A U BO3MOXXHOCTM.

PacTtpoBas anekTtpoHHas Mukpockonus (P3M) — npuHuun metoda, NpMMEHEHNE.
MpoceeumnBatowwasa anekTpoHHas Mukpockonus (M3AM) — npyHUMN MeToaa, BO3MOXHOCTW.
CkaHupytowme 3oHgoBble meToabl. [puHumnbl  pabotbl. [Mpumepbl MetogoB. O6Gnactu
NpUMeEHEHMUS

TyHHenbHbIN 3 dEKT, CKaHUPYHOLWAsa TyHHeNbHas Mukpockonus (CTM)

MpuHUMN paboTbl TYHHENBHOrO MUKPOCKOMA.

3oHapbl ansa CTM, TpeboBaHus K HUM. MeToabl NOArOTOBKM.

ATomHO-cunoBast Mukpockonusi (ACM) — npuHUMN 1 pexrMbl padoThl.

CpaBHeHune Bo3amoxHocTen metogos ACM n CTM.

Opyrne ckaHupyowme 3oHaoBble MetoAbl (nomumo ACM n CTM)

KoHTponbHasa paboTa Ne2

Bpems BbinonHeHns — 45 muH. OguH KM cogepXuT oguH BONPOC U3 NEPEYHS HUXKe.

MexaHnyeckoe u3MenbyeHne U MexaHoxumuyeckass o6paboTka kak MeTodbl CuHTe3a
HaHopa3mMepHbIx 06bekToB. CyLHOCTE METOA0B, annapaTtypHoe odopmrieHune. Npeumywiectsa n
HeoCTaTKM METOA0B.

MeTon MarHeTpoHHOro pacnbifnieHns. MexaHnam obpasoBaHns nnasmsbl. MNpruHUMNuaneHas cxema
YCTaHOBKM, NpMHUMN paboTbl YCTAHOBKM MarHETPOHHOIO pacnblfieHns. icnonb3yemMble MULLEHN U
NnoAanoXkn. PeakTMBHOE MarHETPOHHOE pacnblfieHue.

CywHoCTb MeToda MONEKYNAPHO-Ny4eBON anutakcuu. [loHsaTMe anutakcuu, €€ BuAbl.
MpuHuMnnanbHass cxema YycTaHoBKW. HAdenka KHyaceHa. OcobeHHoCcTM MeToga W ero
BO3MOXHOCTU. Cxema cuHTe3a Ha npumepe ceepxpellétkn (GaAs)m(AIAS),.

CVD-npouecc: cywHoCTb MeToda, ero pasHoBugHoctn. CVD-npoueccbl B MUKPOSMEKTPOHMUKE
(npmepbl xnmudeckux peakuun). MO CVD — cxema npouecca (Mnc ypaBHEHWE peakuumm),
ucxogHole BellecTBa. [Npemmyllectsa n HegocTaTku MeToaa.

KoHTponbHasa paboTta Ne3



Bpemsa BbinonHeHns — 50 muH. OguH KM cogepxut oamH ns sonpocoB bnoka 1 (gaét 70%
OLeHKWN) 1 oguH 13 BonpocoB bnoka 2 (aaét 30% oueHkn) n3 nepeyHs Hmke. Heobxogmmo npeacraBuTb
pa3BEpHYTbIA OTBET HA BOMPOC, HAPUCOBaTb HEOOXOANMbIE CXEMbI U T.A.

Bnok 1

1. TexHonorus Jlenrmiopa-bnogxeTT. CylWHOCTb npouecca U cxema YCTaHOBKM, Pa3HOBMAHOCTU
MeToauK. BO3MOXHOCTM 1 orpaHMyeHus metoaa

2. MeToabl CUHTE3a KBAHTOBbIX HAHOCTPYKTYP: KBAHTOBbIE $IMbl, KBAHTOBblE MPOBOMOKN U
KBAHTOBbIE TOYKMW.

3. 30HAOOBLIE HAHOTEXHOMOrMW: MeToauMkM BEeCKOHTAKTHOro opMMPOBaHUA  HaHopenbeda
(TepMononeBor MacconepeHoc, NoneBoe NcnapeHue, ocaxaeHne 3 rasoBon asbl U XXMOKOCTH,
rfiokanbHOe 30HO0BOE OKUCIEHNe U T.4.)

4. 30HOOBble  HAHOTEXHOSIOMUW:  KOHTaKTHoe  (bopMUMpoBaHME  HaHopenbeda, MeTOAMKM
pPeno3nNUNOHNPOBaHNS U MOAUMULMPOBaAHUA O6BEKTOB (aToMbl, Moriekynsl, YHT u 1.4.).

Bnok 2

HaHoTexHonoruu n akonorus

HaHoTexHonorum n nuuwesas NPOMbILLNEHHOCTb
HaHoTexHonoruv B MmeguumnHe
PagnaunoHHoO-xumMmmnyeckme HaHOTEXHOMNOMMK

PN

OnucaHne TexXHONorny NPoBeAeHUs

Tekylime aTtTecTauuM NpPoOBOAATCS B COOTBETCTBMM C [lONOXeHMEM O Tekyllei aTTecTauuu
obyvalolmxca No  nporpaMMam  Bbicluero obGpasoBaHus  BopoHexckoro  rocygapCTBEHHOro
yHuBepcuTeTa. KoHTponbHass paboTa npoBOAMTCS B MUCbMEHHOM BWAe, OJMTENbHOCTb KOHTPOSbHOW
paboTbl yKkasaHa B COOTBETCTBYIOLLEM pasderne, nepeyeHb TeM AOns NOATOTOBKU CTyAeHTaM WM3BECTEH
3apaHee. BoamoxHo npoBefeHne B doopmate yCTHOro cobecegoBaHns nocre noaroToBkM NMMCbMEHHOTo
oTBeTa.

TpeboBaHuSA K BbINONMHEHWNIO 3a4aHMIA (UNK LWIKanbl N KPUTEPUM OLIEHMBAHUS)

MakcumanbeHbii 6ann — 5.

Bann «5» ctaBuTca npu BbiNonHeHun Bcex 3agaHun KUM, npenctaBrneHuuM pasBépHYTOro u
NpaBUNbHOrO OTBETA, CONPOBOXAAEMOro HeobXxooMMbIMK MAMOCTPAUMAMM U CXEMaMK, OTBETaMU Ha
Kaxkabln pasgen sonpoca.

Bann «4» crtaButca npu BbinonHeHUM oT 60% paboTbl M Bbiwe, MMEKTCHS OTAerbHble
HETOYHOCTWU, HE rpyOble OLLNGKN.

Bann «3» craButca npu BbinonHeHun oT 40 oo 59% paboTbl, METCS HETOYHOCTU, OTBETHI
HenosHble, OTCYTCTBYIOT HEKOTOpPLIE YacTK OTBETA.

Bann «2» ctaBuTCa NpyM OTCYTCTBUM OTBETA/HENONHOM OTBETE U HE Yy4YuTbiBaeTCcA B GanmbHO-
PENTUHIOBOW CUCTEME.

Tembl pedhepaToB
. HoBble nogxoapl K XxpaHeHuto 1 nepegayve MHpopMaumm ¢ UCNOMb30BaHNEM HAHOTEXHONOMMN
. KBaHTOBLIE KOMNBIOTEPBI: NPUHLMMLI, MaTepuarbl U NepcrnekTuBbl pasBuUTUS
. MepcnekTnBbl MCNONb30BaHNSE HAHOTEXHOMOIMI B ONTO3NEKTPOHMKE
. HaHoTtexHonornn B pelueHmn npobnem NnponsBoacTBa SHEPTUM
. MonekynapHasi aneKkTpoHuka
. HaHoTexHonorum B megunumHe: HacTosiee n byayuiee
. HaHoTexHonornun B peLlueHmmn akonorndyeckmx npobnem
. MepcnekTrBbl NCNOMb30BaHWUS HAHOTEXHOMOMMIA B CESNTIbCKOM XO351CTBE
. HaHomaTtepuanbl B KOCMETUYECKON NPOMBbILLUNIEHHOCTH
10. HaHOMaLLMHBLI 1 HAaHONPUGOPLI
11. Kommepunanusaumsa pesynbTaToB HAHOTEXHOTOMMYECKUX UCCreaoBaHum
12. HaHoTexHonorun B peLleHmmn npobnem XxpaHeHus aHeprm
13. HaHoToKCKKOMOrMs
14. HaHOMexaHU4eCcKne NHCTPYMEHTDI
15. HxxeHepHast HaHOMeTpPOonorng

O©CoONOOTA~,WN-=-



16. PagmaumoHHO-XuMmn4yeckne HaHOTEXHOMNOMMN

17. Puckn, cBs3aHHble C pa3BUTMEM HAHOTEXHOMNOIMM

18. MNMpobnembl cTaHgapTM3aumMm B 06/1acT HAHOTEXHOMOIMIA

19. «®aHTacTU4eckne» NPOEKTbl HAHOTEXHONOIN

20. Pa3Butme HaHoTexHosnorum B Poccuun

21. HaHOoTEXHONOrMM B NULLIEEBON NPOMBILLSIEHHOCTH

22. Pa3BuTne HaHOTEXHONOrMI B MMPOBOM MacLuTabe

23. MNepuogmnyeckue nsgaHus, nyonukyowmne pesynbTaTbl PyHOAMEHTaNbHbLIX U NPUKNAaHbIX
nccnegoBaHui B o6nactu HaHoHayk (0630p nsgaHuin)

TpeboBaHua kK ooopMneHunto pedepaTta

PedepaT npencraensercs B aneKTpoHHOM Buae B hopmate gokymeHta MS Word. Wpndt —
Times New Roman, pa3amep — 13 pt. Nons: BepxHee — 20 mm, npaBoe — 15 mm, neeoe — 30 MM, HUXHee
— 25 mm. AB3auHbii oTcTyn — 1,25 cM. MeXCTpO4YHbIN MHTepBan — MOMyTOPHbIN. BeipaBHMBaHME — no
WwupuHe. Tabnuubl U PUCYHKM OOIMKHbI OblTb MPOHYMEPOBaHbI U MMETb Ha3BaHus. [locne TUTYNbHOro
nucTa OOMmKHO naTu coaepXaHue.

Ctpyktypa pedeparta: BBeOeHWEe, OCHOBHOW TeKCT C nogpasgenamu, 3akmioyeHue, Crncok
nutepaTypbl. CAMCOK LMTUPYEMbIX UCTOYHUKOB odpopmniseTca B cootBetcTBum ¢ NOCT, konuyecTtBo
NCTOYHMKOB — He MeHee 15. O6bém pedhepaTa — He MmeHee 20 cTpaHuL.

OnucaHne TexHONOrMM NpoBeaeHns

Mpencraenenne pedepata npoBoauTcA B dopmaTe BbICTyNNeHWe nns aygutopum
MCNonNb3oBaHMEM Mpe3eHTaumMm (Takke 3arpyxaeTca B  COOTBETCTBYHWOLIMA pasgen  Kypca
«HaHoTexHonormn» Ha nopTane «OIEKTPOHHbIN yHUBepcuTeT BIY»), KOTOpas OOMMKHA BKMNO4YaTb B
fbonblen mepe WMNNIOCTPATUBHLIN MaTepuan M MUHUMYM TekcTa (MOSICHEHWS, 3arofioBKW, KIOYeBble
MOMeHTbl). [lo uToram npoBoguTcs ob6cyxaeHue pedepaTta, AOKNaAYMKY 3aJaltTcsi BOMNPOCHI
npenogasartenem v CTyaeHTaMmun n3 ayautopum.

TpeboBaHWA K BbINONMHEHWUIO 3a4aHUI (MKW LWIKanbl U KPUTEPUM OLLEHMBAHUSA)

OueHunBaHMe NpoBOAMTCA MO CNEAYHIOLLNM KPUTEPUSAM:

1) lNonHoTa npegcTaBneHusi matepuana B pedbeparte, COOTBETCTBME OOBLEMY, CTPYKType,
HanMyne OCHOBHbIX pa3genoB — MakcumanbHo 3 6anna;

2) OdopmneHne TekcTa pedeparta, npes3eHTaumu, cootBetcTBue TpebosaHuam un FOCT —
MakcumarnbHo — 2 6anna

3) KayecTBO BLICTYNNEHUs 1 NpeacrasneHms pedepata — MakcumanoHo 3 6anna;

4) OTBETHI Ha BONPOCHI — MakcumManbeHo 2 6anna.

KpaTkune coobweHusn

Peanuayiotca B popmaTe «HaHoHOBOCTUY N «PedepunpoBaHme HayuHbIX CTaTemny.

«HaHoHoBoCTU». HeobxogmMmo noarotoButb NogdOpPKYy akTyasbHbIX Hay4YHbIX HOBOCTEN Ha OOHY
TEMY W BbICTYNUTb C HUMU. TemaTtuka JOrmKkHa ObiTb CBA3aHa WCKNIOYMTENBHO C HaHOMaTepuanamun u
HaHOTEXHONOrMAMU, codepaTb 6 HOBOCTEWN, NpeacTaBfeHHbIX B bopMe npeseHTaumu, obwun numMuT
BPEMEHU Ha BbICTyNMeHne 6-8 MUHYT.

«PedepupoBaHne HayyHbix cTaTen». HeobxogMmo nogrotoBuTb OAHO COoOOLWeHue O
NPOYNTAHHON Hay4yHOW cTaTbe U3 NBOoro XypHana (Ha pyCCKOM WM Ha aHrMUACKOM A3blke), TemaTuka
KOTOPOro Tak UMW MHave cBA3aHa C HAHOTEXHOMOrMSAMU U HaHoMaTepuanamu, O3HaKOMUTBLCS C HEN U
paccka3aTb 00 OCHOBHbIX MPEACTABIIEHHbIX B HEW pes3ynbTaTax C WUCNONb30BaHWEM MNpPe3eHTauuun.
TpeboBaHua: TuUTynbHbIi cnang — OUO  poknagumka, cCbika Ha cTaTblo, OgopmIieHHass B
cootBetcTBMM ¢ TOCT, ckpuH nepBown CTpaHuubl cTaTbk (oGpasey B obwen nanke!). Konnyecteo
CnanaoB C UNMKCTPATUBHLIM MaTepmanomMm n HeobxoauMbIM TEKCTOM — 4-5. A3blk nybnukaumm: pycckui
UK aHrmuncknin. Bpems BbICTYNNEHUS — 5 MUHYT.

OnuvcaHne TeXHONOrMM NpoBeaeHns

MpencraBneHne kpaTkux coobLueHun NpoBoauTca B oopmaTe BbICTYMNNEHWe Ans ayauTopum C
NCNonNb3oBaHMEM Mpe3eHTaumMm (Takke 3arpykaetcd B COOTBETCTBYWOLWMMA  pasgen  Kypca
«HaHoTexHonormm» Ha noptane «3ONEeKTPOHHbIN yHuBepcuTeT BIY»), KOoTOpas AoSmkHa BKNYaTh B
fonbllen mepe MNNIOCTPATUBHLIN MaTepuan U MUHUMYM TekcTa (MOSICHEHWS, 3arofioBKW, KIloYeBble



MOMeHTbI). [No ntoram npoBoanTCA o6cy>K,£|,eHV|e, OOKNaa4yuKky 3aaaroTCcA BOMPOCHI npenogaBaTterniemMm u
CTyaAeHTaMun n3 ayamnTtopun.

TpeboBaHuA K BbINOMHEHUIO 3a4aHMIA (MNK LIKasbl N KPUTEPMM OLIEHMBAHUS)
OueHuBaHme NpoBOANTCS MO CNEQYHOLLNM KPUTEPUSAM:

1) MonHoTa NpeacTaBneHnsa matepuana B KpaTkOM CoobLLEeHNN — MmakcumansHo 1 6annm;
2) OchopmneHne npeseHTauum — makcumansHo — 1 6ann

3) KayecTBO BLICTYNNEHUS 1 NpeactaBneHms pedepaTta — MakcumanbHo 2 6anna;

4) OTBETHLI HAa BOMPOCHI — MakcMmMmanbHo 1 6ann.

20.2 NMpomexyTo4yHana aTrecTaums

MpomexxyToyHas aTTecTauus No AUCLUNINHE OCYLLECTBNSETCS C NOMOLLLIO CrieayoLwmnx

OLEHO4YHbIX CpeacTB.

CobecedosaHue no bunemam K 3a4emy

©ONO G WNE

11.

12.
13.

14.

15.
16.
17.
18.
19.
20.
21.

22.
23.
24,
25.
26.

lMepeyeHb BOMPOCOB K 3a4eTy U nopagok popmuposaHns KUM

lMoHsATMe HaHoTexHOMNormn. HayyHble OCHOBbI U O6BEKTLI HAHOHAYKU U HAHOTEXHOMOMK
CospgaHune HaHOpa3MepHbIX 06 BLEKTOB MO MPUHLMNAM «CBEPXY-BHU3» U KCHU3Y-BBEPX»
O6was knaccudmrkauns MeToaoB UccrneaoBaHNs NPUMEHNTENBHO K HAHOCMCTEMaM
OnTnyeckas MMKpOCKONUS ANsi UCCNeaoBaHUA HAHOOOBEKTOB

CkaHupytoLime 30HO0BbIE MEeTOAbI, MPUHLMMLI paboTbl 1 06nacTn NpUMeHeHUs
TyHHenbHbIN 3ddekT. CkaHMpyoLasa TYHHeNbHass MUKPOCKOMNUS

ATOMHO-CUTOBas MUKPOCKONUS, NPUHLMMN paboTbl U BO3MOXHOCTU NPUMEHEHMS
Mwukpockonusa naTeparnbHbIX CUIT, MarHUTHO-CUITOBast MMKPOCKOMMWS U CKaHMpPYoLLas
TEPMOMMUKPOCKOMNNSA — OCHOBHbIE MPUHLUNMbI U BO3MOXHOCTU NPUMEHEHUSA
JIntorpadoms. Bugbl n oCHOBHbIE NPUHUMNBLI MeTo4a

. MamenbyeHne, nutorpadus, mMexaHudeckas obpaboTka: OCOBEHHOCTM B MNPUMEHEHUM [nS

CVHTEe3a HaHopa3MepHbIX 0OBHEKTOB

CdoKkycMpoBaHHblE WMOHHbIE MYyYKW U  BbICOKOMHTEHCWMBHbIE Nasepbl B  OPMUPOBAHUN
TPEXMEPHbIX CTPYKTYP

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

MeToabl ocaxageHus M3 rasoBor asbl (PM3MYECKOE U XUMUYECKOE OCaXKOEHWE N3 rasoBom
dasbl)

MeToabl NNasmMeHHOro ocaxaeHnsa — TNerLWwnn pas3pa NoCTOAHHOIO ToKa U MarHETPOHHOE
pacnbineHve

MonekynspHo-ny4yeBas anuTakcus: NpUHUUNBLI MeToga U BO3MOXHOCTU

MeTannopraHnyeckasa rasogasHas anMTakcus

MeToab! WabnoHHOro pocTta HaHOMaTepMarnos

30HA0BbIE HAHOTEXHOOMMK: NPUMEPbLI U BO3MOXHOCTM

KngkodasHble meToankun. NonyveHme KonnongHbIX KBaHTOBbIX TOYEK. 30Mb-reflb TEXHONorns
YnopsinoyeHve HaHocuctem. Camocbopka 1 camoopraHnsaums

[MepcnekTrBbl CNONb30BaHUA HAHOTEXHOSOMMI B 3NIEKTPOHMKE U ONTO3NEKTPOHNKE
HaHoTexHOonornm B aNekTpoHMKe: YCTPONCTBA HA OCHOBE YrnepoaHbIX HAHOTPYBOK (anoabl,
NnosieBOM TPaH3UCTOP, XONOAHbIE KaToAbl)

lMepcnekTBbl UICNOMb30BaAHNSA HAHOTEXHOOMIN B MPOMBbILLSIEHHOCTH

[MepcnekTrBbl NCNONBb30BaHNSA HAHOTEXHOSOMI B SHEPreTUKe

MepcnekTrBbl UCMOMb30BaHUA HAHOTEXHONOMMIA B MeauLmHe 1 Gruonorum

BesonacHocTb HaHoCKCTEM

CoumanbHble NOCneACcTBUSA BHEOPEHUS HAHOTEXHOMNOrMN. Pa3BuTme HAHOTEXHOSOMMn B MMPOBOM
mMacwTabe

Kaxgbin KUM cogepxuT 2 Bonpoca v pasHblx pasgenos nporpaMmbi.

OnwncaHne TexXHONorMmM NPoBeAEHUS
Ha nogrotoBky nMcbMeHHOro oteeta Ha Bonpockl KMM (Ha nuctax otBeToB) gaétcsa 60 MUHYT,

nocrne 3Toro NnpoBoANTCA yCTHaA becena.

TpeGOBaHVIFI K BbIMONMHEHMIO 3a4aHWN, LWKanbl U Kputepun oueHnBaHUA
[ns oueHnBaHus pe3ynbTaTtoB o6yqu|/|;| Ha 3a4eTe UCNOoNb3YHTCA Crneayrline nokasaTtenn:



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

— CMNOCOOHOCTb  WANKCTPUMPOBATbL OTBET Npumepamu, dakTtamu, OaHHbIMU  HayYHbIX
nuccrnegoBaHui;

— CMOCOBHOCTbL MPUMEHSITb TEOPETMYECKME 3HaHUS [ONsl PeLUeHUMsl MNpakTUYeckux 3agad
COBPEMEHHbIX HAHOTEXHOMOMMN (MMETb HaBbIKA MOCTAHOBKM N peLleHNss KOHKPETHbIX 3aday CMHTE3a u
nccnegoBaHUs HaHOMaTepPManos).

[nga oueHnBaHuA pe3ynbTaTtoB 0Oy4eHUs Ha 3a4eTe C OLEHKOW ncnonbayeTcs 4-6annbHas wana:
«OTIMUYHOY», «XOPOLLOY», «YyOOBNETBOPUTENBHO», KHEYOOBNETBOPUTENBHOY.

CooTHoLLEHME noKa3aTenen, KPUTEPMEB 1 LLKaSbl OLEHUBAHNA pe3ynbTaToB 00y4eHus.

YpoBeHb
KpuTepum oueHnBaHnsA KOMNeTeHL M chopmmposaH LLikana oueHokK
HOCTU
KoMMneTeHUnn
Obyyvarowutica 8 nonHol Mmepe ernadeem MOHAMULUHbIM arnnapamom | [loebiueHHbI OmnuyHo
OaHHolU obriacmu HayKku (meopemuy4eckumMu OCHo8aMu OUCUUNIIUHbI), YpO8€EHb
criocobeH usrocmpuposams  omeem  fipumepamu,  ¢chakmamu,
OaHHbIMU Hay4HbIX uccriedogaHul, MPUMEHSMb Mmeopemuyeckue
3HaHuUs Ons peweHuss rfpakmuyYeckux 3ada4y 6 obracmu
HaHomexHosoeul; 3Haem COBPEMEHHOE COCIMOSHUEe pa3sumusi
HaHomexHosioeull 8 Mupe U Hawel cmpaHe, [epcrekmusbl
UCrnobL308aHUSI HAHOMEXHO102Ull 8 Pa3/IUYHbIX OMPAcsIsiX.
Obyyvarowutica ennadeem noHSIMUUHbIM annapamom daHHoU obriacmu ba3zoenili Xopowo
Hayku (meopemu4yecKUMu OCHO8amMu  OQUCUUIIIUHbI),  CMOCOBEH YPOBEHb
ucrosib308ame Ofly4eHHbIe 3HaHuUsl Orisl PeuweHUsl Mnpakmu4yecKux
3a0ay CcoBpeMeHHbIX HaHomexHonoeul, oonyckaem omoesibHbie
owubku npu eblbope memodoge cuHmesa U uccredosaHust
HaHopa3MepHbIX 06LeKMo8s
Obyyvarowutica enadeem 4Yacmu4yHO meopemuyYyeckumu OCcHo8amMu lNopozoenili 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 Has3Ha4yeHus, B TOM Yncne HaHoMaTepuaros, ANsi peLleHns NpodeccnoHarnbHbIX 3aga4

MK-2.1 CnocobeH BbiIGMpaTb METOAbl CMHTE3a MaTepuarnoB pasfMYyHOro HasHadyeHusi (B TOM
4yucne HaHoMartepuanoB) B COOTBETCTBMM C MOCTaBNEHHON 3agaqven

3Hamb: OCHOBHble MOHATUSE W NPUHUMMbI  HAHOTEXHONOMMN; Knaccudpmkauuio MeToaoB
HaAHOTEXHONOMMN N BO3MOXHOCTU KaXK4Oro M3 METOAOB, WCMOSb3yeMblX B HacTosilee Bpems Ang
CVHTEe3a HaHopa3MepHbIX 0OBEKTOB; MPUHLUMMbLI YNPaBAEHUS HAHOTEXHOSTOMMYECKUMM NpoLieccamm

Ymemb: ncnonb3oBaTb MOJSlyYEHHblE 3HAHUA ANA  peanu3auMyM  NPOLECCOB  CUMHTE3a
HaHOpa3MepHbIX 0OBbEKTOB (B NEPBYIO 04epeab B TOHKOMSIEHOYHOM COCTOSAHMM)

Brnademsb: HaBblkKaMu MOCTAHOBKN U pPeLLEeHNS KOHKPETHbIX 3a4ay CUHTe3a HaHoOMaTepuanos

MK-2.2 CnocoGeH ncrnonb3oBaTtb 3HaHWS O CBOMCTBAX MaTepuanoB AN PELUEHUs] KOHKPETHbIX
npodeccuoHarnbHbIX 3agay

3Hamb: COBpEeMEHHOe COCTOsiHMe pa3BUTUSI HAHOTEXHOMOMMA B MUPE W Halleh CTpaHe;
NepcneKkTUBbl WUCMONMb30BaHUA HAHOTEXHOMOMMI;, CYLIHOCTb W BO3MOXHOCTU OCHOBHbLIX METOO0B
nccrnegoBaHUs CBOWCTB HAaHOMaTepuanoB

Ymemsb. ncrnonb3oBaTtb MosydeHHble 3HaHWA ANS U UCCIEeAOBaHWS OCHOBHBLIX XapaKTepUCTUK
HaHopa3MepHbIX 0GBHEKTOB



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

MNepeueHb 3agaHu Anst oueHKU 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 XapaKTePHbIX pa3MepoB NeXnT B ycroBHoM ananasoHe 1-100 Hm

6) 06bem CTPYKTYPHbIX eAnHUL, HaHoMaTepmanos coctasnseT oT 10 go 10° atomos (Monekyn)

B) Npu ymMeHbLUeHn obbemMa kakoro-nnmbo 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 pasmepbl BIMSOT Ha CBOWCTBA 0Opa3yembix HaHOMaTepuanos (Bblbepute
BCE BO3MOXHbl€ BapUaHThbI):

a) pocT nnowaan NOBepXHOCTU U NOBEPXHOCTHOW CBOOOAHOM 3HEPrum C yMeHbLlUeHUeM
pa3mepa 4yacTvubl NPUBOAUT K UBMEHEHUIO MeXXaTOMHbIX PAaCCTOAHUN B Hel

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

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

r) HaHOMeTpOBble CTPYKTypbl 006nagaldT oOYeHb OONbLIMM OTHOLWEHWeM niowaam
MOBEPXHOCTU K OO bEMY, YTO NPUBOAUT K pagnKarbHbIM U3MEHEHUAM B XMMUYE€CKON aKTUBHOCTHU

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

a) KoHdoKanbHasa nasepHasa CKaHUPYOLWAasa MUKPOCKONUs

6) pacTpoBasi aNEKTPOHHAsH 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 CneKTPOCKONuUs

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 anuUTaKkcus



0) peHTreHoBckast nutorpadus
B) XMMMYECKOE ocaxaeHne u3 naposou ¢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 UCMOMb3YIOTCA B KayeCTBE CTPOMTENbHbLIX BIOKOB, M3 KOTOPbIX CO34al0TCA CIOXHbIe
HaHOCTPYKTYpPbl, Ha3blBaOTCA .

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

2. pynnbl METOOOB HAHOTEXHONOMMIN, OCHOBAHHbIE KakK Ha yaaneHun unu apobneHnn o6bEmMHoOro
mMartepuana, Tak 1 Ha MUHMaTIoOpU3aLun MakpOCKOMUYECKON TEXHOMOMMU U3roTOBMNEHNUS, MPUBOASILLEN K
NOMYYEHUIO HYXXHOW CTPYKTYpbI C 3aaHHbIMW 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. MeTog uvccnegoBaHusi, B OCHOBE KOTOPOro NeXUT uccrnefoBaHWe NokasbHbIX 3apsgoBbIX
AOMEHOB Ha NOBEPXHOCTN 06pasLa, Ha3biBaeTCA MUKPOCKONUEN
[NpaBuUsibHbLINM OTBET: ANEKTPOCTATUYECKNX CUIT

5. lNpuBeauTe npumMep MeToda WUCCNEOOBaHUSA, MNO3BOMSAIOLWErO MONy4YMTb M3obpaxeHue
OLHOCTEHHbIX YrnepoAaHblX 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 HaxoauTcsa B 06MacTy oTTankuearLWMX CUI, Ha3blBaeTcs
[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

[NpaBunbHbLIM 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. TexHonorus, no3BonAoLLas nonyyaTtb MOHOMOJEKYNAPHbIe CIToON C NCNOoJNMb30BaHUEM MOJ1EKYN
NOBEPXHOCTHO-aKTUBHbIX BellecTB Ha NOBEPXHOCTU XNOKOCTU Ha3blBaeTCA TexHomnornen

MNpaBunbHbIM OTBET: JleHrMopa-bnooxeTT

3) NpaKkTUKO-OPUEHTUPOBAHHbIE 3ada4u




1. MNMpeanoxuTte oavH N3 BapMaHTOB npouecca 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 MeTogoOM pPeakKTUBHOIO
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, CPEAHUN YPOBEHb CIOXHOCTH):

¢ 1 6ann — ykasaH BEpHbI 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 (MOSTHOCTLIO UMM YAaCTUYHO HEBEPHbBIN).

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 — BbINOMHEHNE 3aJaHUs COAEPXUT He3HaYUTENbHble OLWMUOKM, HO npuBeadeH

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 (YaCTuYHbIe) pe3yrnbTaTbl, OTpaxawLwme NpaBuUITbHOCTb XOAa BbIMNOSHEHUS 3a4aHus,
unu, B criydae ecrnv 3agaHve COCTOUT M3 HEeCKOMbKWUX MoA3afaHuin, BepHO BbiNOnHeHO 50% Takumx
noasagaHun;

¢ 0 6annoB — 3ajaHne He BbIMOSTHEHO UMK BbIMOMHEHO HEBEPHO (MOMyYeH HenpaBuUIlbHbIN OTBET,
X0[, BbIMOSHEHNST OLLMOOYEH UMK codepXuT rpybbie owmnibKn).

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



