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AHHOTANMA
B coBpemeHHOH (hn3MKe KOHICHCHPOBAHHOTO COCTOSHHS HCCIICNOBAaHUE HAHOCTPYKTYP SIBISCTCS OJAHUM M3
CaMbIX MHTEPECHBIX U NMPHOPUTETHBIX HAIIPABICHUH. DTO OOBACHIETCS HE TONBKO (PyHIAMEHTAIBHOCTBIO UX
(U3MUECKUX CBOMCTB, HO M TPAKTUYECKOW BaKHOCTHIO JTHUX CBOMCTB JUISi CO3IAaHUS HOBBIX YCTPOMCTB
AIIEKTPOHUKH, HOBBIX METOJIOB XpaHEHHs, 0OpabOTKH W mepenadyd WHPOPMAIMKU U M300paKeHUH, HOBBIX
TEXHOJIOTUI 00paOOTKH M CO3/1aHMsI HOBBIX MaTePHAaJIOB C HEOOBIYHBIMU CBOWCTBAMHU.

Hactostmuii kypc siBisieTcsi BBOJHBIM. BynyT 0OOBsICHEHBI OCHOBHBIC IMOHSITHS, WCIOJB3YIONIMECS B JTOH
obnactu. [IponsTocTpupOBaHbl SKCIEPUMEHTAIBHBIE METOABI M3TOTOBIICHUS M HCCIIEIOBAHUS HAHOCTPYKTYP.
[IpuBenens! npuMepsl TEOPETHUECKUX PAacdeTOB, BKIIIOYAsl UYUCIIEHHBbIE. B 4acTHOCTH, CTYIEHTHI IOJyyar
MPaKTUYECKUE HABBIKM B MCIOIb30BaHUM TaKUX MaTpUYHBIX METOAOB JJs pelieHus ypasHeHuil penunrepa
B NPUOIMKEHNH OTMOAIONIMX JUIS TeTEePOCTPYKTYp KaK METOJ MaTpHIbI MEPeHOCa M MaTPHUIbl PacCesHUs.
Oco6oe BHUMaHKE Oy/IET YIeIeHO OMMCAHNIO PE30HAHCHBIX COCTOSIHUHN 3JEKTPOHOB (pe3oHancoB DaHo).

OcHOBHOE BHMMaHHE B Kypce OyIeT yAelNeHO MOIYNPOBOAHUKOBBIM HAHOCTPYKTYpaM, MX JSJIEKTPOHHBIM H
ONTHYECKUM CBOWCTBAM, METO/IaM MX HCCJIEIOBaHMS M M3TOTOBJICHHS, OCHOBHBIM ITPHOOpaM Ha UX OCHOBE.
OnHako OyoyT paccMOTPEHBI U CMEKHBIE BONPOCHI: METOAbI MAaHMITYJIMPOBAaHUS OJUHOYHBIMU aTOMaMU U
MOJIEKYJIaMU C IIOMOIIbIO CKAaHHUPYIOLIETO0 TYHHEJIbHOI'O MUKPOCKOIIA; CBOMCTBA HAaHOCTPYKTYPUPOBAaHHBIX
(hOTOHHBIX KPUCTAJIOB; MJIa3MOHBI B HAHOCTPYKTYPHPOBAHHBIX METaJIaX; MeTaMaTeprasbl.

1. leau u 3apauu

eap AUCUMNIIMHBI

OCBOCHHE CTyAE€HTaMu (yHAaMEHTaJbHBIX 3HAaHWH B 0ONacTH (PU3MKUM HAHOCTPYKTYp, OBIAJEHHE
METOJaMH TEOPETHUECKUX PACUETOB U HKCIIEPUMEHTAIBHBIMH METOIAMHU UCCIIEOBAHNSI HAHOCTPYKTYP,
a TaKk)Ke IOHMMAaHHEM CIIOCOO0B MX MTPAKTUYECKOTO MPUMEHEHHS.

3agauu AU CHUIIHHBI

* (QopmupoBanue 0a30BBIX 3HAaHU B 0OMacCTH (UMK HAHOCTPYKTYP KaK AMCIHILIHHBI,
HHTETpHUpYIOLIel 00meprU3nIecKyIo U 00IIEeTEOPETUIECKYIO MTOATOTOBKY (DU3UKOB M oOecrieunBaromnen
TEXHOJIOTUIECKNE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeIbHOCTH;

* o0ydeHHe CTYICHTOB OCHOBHBIM NPUHIHUIIAM M MOAXoAaM ob0nacTd (U3MKH HAHOCTPYKTYp H
OCBOCHHE OCHOBHBIX TEOPETHYECKHX METO/I0B, IPUMEHUMBIX B 3TOH 001acTH (PU3UKY;

* (hopmMHpoBaHME NPABIIBHBIX TEOPETHUECKUX MOAXOO0B K BHINOIHEHUIO UCCIEAOBAHNIN CTYIEHTaMH B
oOnacT (pU3MKK HAHOCTPYKTYP B paMKaX BBIIYCKHBIX pabOT Ha CTENEHb MarucTpa.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Kox 1 HanMeHOBaHHE KOMITETCHIIUH WHaukatopsl 1OCTHKEHHUS] KOMITIETSHIINU
OIIK-5 CriocoOeH 1 roToB K MOBBILICHUIO OIIK-5.2 Bmageer HaBBIKOM  PYKOBOJACTBA  MajbIM
KBalTU(UKAIMH, TPOPECCHOHAILHOMY POCTY U |KOJUIGKTUBOM B cdepe  cBoell  mpodeccHoHalIbLHON
PYKOBOZICTBY KOJJIEKTHBOM B cpepe cBoeit JesITeTbHOCTH

npodeccuoHaIbHOMN IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMas COLMAIbHBIE, STHUYECKHUE,
KOH(peCCHOHAIbHBIE U KYJIbTYPHBIE pa3Indus

[IK-2.1 CnocoGeH I1ulaHUPOBaTh M MPOBOAWTH HAYYHBIC

[TIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIENOBAHUS CaMOCTOSTEIBHO WIM B COCTaBe HAay4YHOI'O
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO KOJUJICKTHBA

KOJIJICKTHBA OPraHU30BbIBAaTh U NIPOBOJUTH I1IK-2.2 CnocobeH mNpoBOAUTH ampoOalMi0 Pe3yIbTaToB
Hay4HbIE UCCIIEIOBAHKS U UX aNPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTsl MOCPEACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HMCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO

I1K-3 CriocobeH mpodeccroHanbHo paboTath ¢ |« Opy/OBaHHs (TAKETOB MPHKIATHBIX TPOrPAMM)

MCCIIEIOBATEIbCKAM H UCTIBITATEIbHBIM
obopynoBanueM (MprubOpaMu U yCTaHOBKAMH,
CTIeATN3UPOBAaHHBIMH TTAKETaMH PUKIIAHBIX

TAATAAMM ) D TIDANATITITATI TITIAATAIATITATT NATArTTT

[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIHE3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)




LIPUL PAiviivl ] D YIDQUPAMOVYL LLIPVIVIVIAVYL UWJ1av 1L

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATE!
- MECTO U POJIb OOIIMX BONIPOCOB HAyKH B HAYYHBIX HCCIIEAOBAHUSAX;
- COBpeMeHHbIE MPOoOIeMbl (PU3UKHA U MAaTEMATHKH;
- TEOpEeTHYECKHE MOAEIH (QyHIaMEHTAIbHBIX [IPOLIECCOB U SBJICHUH B (PU3UKE U €€ PUIIOKE-HUAX;
- IPUHLIUITBI CHMMETPHUH 1 3aKOHBI COXPaHEHMUS,
- HOBEHIIME OTKPBITHUS €CTECTBO3HAHUS;
- IOCTAaHOBKY MPOO0JIEM MOJIEIUPOBAaHUS PU3NUECKHUX MPOLIECCOB, MPOTEKAIOIIUX B TBEPABIX TE-JaxX;
- 0 B3aUMOCBSA3X U (yHIaMEHTAJILHOM €IMHCTBE €CTECTBEHHBIX HayK.
YMETb:
- 3(¢(eKTUBHO MCHONB30BaTh HA MPAKTUKE TEOPETHUECKUE KOMIIOHEHTHI HAyKH: MOHATHUS, CYXK-ACHUS,
YMO3aKJIFOUEHUS], 3aKOHBI;
- IPEACTABUTH MTAHOPAMY YHHBEPCAJIBHBIX METOAOB U 3aKOHOB COBPEMEHHOIO €CTECTBO3HAHUS;
- paboTaTh Ha COBPEMEHHOM DKCIIEPUMEHTAIILHOM 000PY/I0BaHUY;
- alcTparupoBaThCsi OT HECYIIECTBEHHBIX BIIMSHUN NP MOACITUPOBAHUU PEaNbHBIX (U3NUE-CKUX
CUTYAaLUI;
- IJTAHUPOBATh ONTUMAJIBHOE MPOBEICHNUE IKCTIEPUMEHTA.
BJIaJICTh:
- IJJAHUPOBAaHUEM, TOCTAHOBKON 1 00pabOTKOM pe3ynbTaToB (PU3NYECKOTO SKCIEPUMEHTA;
- HAy4HOW KapTUHOU MUpa;
- HaBbIKAMH CaMOCTOSATEIbHON paboTel B J1Ta0OpPaTOpUM HA COBPEMEHHOM 3KCIIEPHUMEHTAIbHOM
000pyIOBaHUY;
- MaTeMaTHYECKUM MOAETMPOBAHNEM (PU3NUECKHUX 3a/1a4.

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

4.1. Pa3znenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 Bo3HukHOBeHHE HaHODW3WUKH H e ) )
3aa49u
) Knaccudukanuss HaHOCTPYKTYp, cambie ) )
o0miye CBOHCTBa
[ToynpoBOTHUKOBEIE CBEpPXPELICTKH.
3 broxoBckue OCIIIIISIITUU B 2 2
CBEepXpenieTkax
4 [TonynpoBOTHUKOBbIE KBAHTOBBIC —SIMBI ) )
KBaHTOBBIC HUTH M TOYKH
5 Texnonorun W3TOTOBJICHUS ) )
HAHOCTPYKTYP
6 ONEeKTPOHHKIE BO30YKICHUS B ) )
MOJTYIPOBOTHUKOBBIX HAHOCTPYKTYpax
MarpuuHeie METOJIBI penieHus
7 ypaBHEHUS [lpenunrepa JUTS ) )
OrmbarIMX: Marpula IepeHoca |
MaTpuIia paccestHus




3 Pe3oHaHCHBIE COCTOSHUSI B OTKPBITHIX ) )
cucreMax, pe3oHaHchl PaHO
Ontunueckue CBOMCTBA

9 TIOJTYTIPOBOTHUKOBBIX HaHOCTPYKTYP. 2 2
OKCUTOHBI B HAHOCTPYKTYpax

10 Jlokanu3alMoOHHOE M JAWAIEKTPHUECKOE ) )
YCHJIEHHE SKCUTOHOB B HAHOCTPYKTYpax
[TomynpoBOTHUKOBBIE MUKPOPE30HATOPHI

11 C AaKTUBHBIMH KBaHTOBBIMH  SIMaMH, 2 2
MOJISIPUTOHHBIC APPEKTHI

12 |TIpubGopbl HAHOANEKTPOHUKH 2 2
@®oTOHHBIE KPUCTAUIBI, B TOM YHCIE C
ONITUYECKH aKTHBHBIMHU

13  |HaHOCTpPYKTYpamu 2 2
(TOITyIpOBOAHUKOBBIMH u
METaUIMYECKUMH )
Pe3onaHCHBIE COCTOSIHUSA B

14 (hOTOHHO-KPUCTAIITMYECKUX CIIOSIX. ) )
Jlokanu3oBaHHbIE U JEJIOKAIN30BAHHBIC
IUIa3MOHBL. MeTamarepuassl.
30HI0BEIE METO/IBI HCCIICAOBAHHUS
MOBEPXHOCTEN TBEPABIX Ten u

15 a71copOMPOBAHHBIX MOJIEKYIL 2 2
CrekTpockonus HEYTIPYTOro
TyHHeIMpoBaHusi. HanoMoTops!

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

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

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesniam)

Cemectp: 1 (Ocennuii)

1. Bo3HuKHOBEHHE HaHO(l)I/BI/IKI/I n €€ 3aaa4u

BBonnas nexuus. Iopaon Myp U ero 3akoH 3KCHOHEHIMAJIBHOTO pa3BuTus. Puuapn deiiHMmaH Kak
orery HaHopu3uku. [lomympoBomHukoBEIe rerepocTpykTpel: oT wmiedl  (Iepbepr Kpemep,
KBa3WAJIEKTPUUYECKOE TIOJIE M JBOWHAS TETEPOCTPYKTYpa) IO MPAKTHUECKON peanu3anuu (Ja3ep Ha
JIBOWHOM TeTepocTpyKType, XKopec Andepos ).

2. Knaccudukanust HAHOCTPYKTYp, camble 00IIUe CBOHCTBA

[HonmynpoBonHukoBele TeTeporiepexofsl 1-ro u 2-ro poma. CoIvlacOBaHHBIE M HaANpPSKEHHBIE
rereponepexopl. [1omynpoBoIHUKOBEIE CBEPXPELIETKH, KBAHTOBBIE MBI, HUTH U TOUKH.

3. HOJ'IyrIpOBO):[HI/IKOBBIC CBCPXPCUICTKHU. bnoxoBckue OCHWIANUHA B CBECPXPCIICTKAX

CBepxpemeTkl U 3JIEeKTPOHHbIE MHHHU30HBL. bBIIOXOBCKME OCHMIUISILIMM U HEBO3MOXKHOCTH HX
OCyIIECTBUTh B O0O0BeMHBIX Matepuaiax. Waes cepxpemerku JI.B.Kenpprima. I[Ipakruueckas
peanu3anus CBepXpeIIeToK.

4. HOHYHpOBO,HHHKOBBIe KBAaHTOBBIC sIMbI KBAHTOBBIC HUTHU U TOYKH

HpOCTpaHCTBeHHaH JIOKaJIM3alusa JJICKTPOHOB M ABIPOK B KBAHTOBBIX SIMaX, HUTAX M TOYKaXx.
3aBHUCHMOCTD BHCKTPOHHOfI IUIOTHOCTH COCTOSIHHM OT PasMEPHOCTU KBaHTOBOM JIOKAJIN3aIlUH.



5. TexHOI0TrMH U3TOTOBIEHUSI HAHOCTPYKTYP

MonekynspHo-itydyeBast snuTakcus. JKuakocTHas M rasoBas SNHTakcHs. Jlenpra-nermpoBaHue.
CamoopraHuszalys  KBaHTOBBIX  TOYEK B  HAlpsDKEHHBIX  I€TEPOCTPYKTypax.  MeTonsl
HaHoiurtorpaduu. [IpuHI-TeXHOTOTHSL.

6. DneKTpoHHBIE BO30YKACHUS B IOIYIPOBOAHUKOBBIX HAHOCTPYKTYpax

Merton »¢dexTuBHOIl Macchl, CBI3b 3PPEKTUBHOH MacChl € LIMPUHON 3alpPElICHHOW 30HBI.
KBanToBoe TyHHEIMpPOBaHUE.

7. Marpuunbie MeTobl penieHust ypaBHenus lllpeaunrepa ans ormbaroniyx: Marpuiia mepeHoca u
MaTpHIA pacCesTHUSA

Pewenne ypaBrenus IllpenuHrepa Meronom marpuubl nepeHoca. Pacuer aMIummTyn BEpOSTHOCTEN
paccessHus M npoxokaeHus. KsaHTOBble 3(QeKThl HaAOApPbEPHOrO OTPAKEHHS M PE30HAHCHOTO
TyHHenupoBaHus. Pemienue ypasaenus Llpenuarepa MeTogoM MaTpuLbl pacCesiHUS.

8. Pe3oHaHCHBIE COCTOSIHUS B OTKPBITHIX CHCTEMaX, pe3oHaHchl daHo

[IpubnuxeHHOE OMHMCAaHUE PE30HAHCHBIX COCTOAHUH (pe3oHaHcoB PaHO) METOAOM JIMHEAPHU3ALUU
YaCTOTHOM 3aBUCHMOCTH MATpHULBI paccesiHusa. PacueT pe30HaHCHBIX SHEPruil, WIHMPUH YPOBHEM,
COOCTBEHHBIX PE30HAHCHBIX BOJIHOBBIX (DYHKIIHH.

9. OnTuyeckue cBONCTBA MOIYIPOBOJHUKOBBIX HAHOCTPYKTYP. DKCUTOHBI B HAHOCTPYKTYpax
OnTuyeckue CBOMCTBA MOTYIPOBOJHUKOBBIX HAHOCTPYKTYP. DKCUTOHBI B HAHOCTPYKTYpax

BSaHMOﬂeﬁCTBHC OJICKTPOHOB B T'CTCPOCTPYKTYpPaAX C DJICKTPOMATHUTHBIM I10JICM. HpaBHna 3arpeTra
I MEK30HHBIX W MEXKIIOA30HHBIX IIE€PEXOH0B. CHeKTpBI MOTJIOMICHHUSI M TIJIOTHOCTH COCTOSIHUIMA.
KYJ'IOHOBCKI/IG KOppeAIUrU B CIICKTpax MOIVIOMICHUA U 3KCUTOHBIL, BO,Z[OpOI[OHO,Z[O6HBIe CBsA3aHHBIC
COCTOSAAHHS DJICKTPOHOB U JBIPOK.

10. Jlokanu3aunoHHOE U AUIIEKTPUYECKOe YCHICHHE SKCUTOHOB B HAHOCTPYKTYPax

Bonopononono6Hble cB3aHHBIE COCTOSHUS IEKTPOHOB M ABIPOK B T€TEPOCTPYKTYypax MOHUKEHHOM
pa3MEepHOCTH. YCWJIEHHE SKCHUTOHOB 3a CYET KBAHTOBOH JIOKaNW3alUH. OKCHUTOHBI B
IeTepOCTPYKTYpPaxX C CHJIBHO DPa3IMYaAOLUMMUCA AUIIEKTPUUECKUMHU BOCIPUMMYHMBOCTSIMHU CJOEB.
3apsapl n300pakeHus, noreHuMan PerroBol-Kenzplma, IUIEKTPUUECKOE YCHIICHHE 3KCHTOHOB.
[Ipumepsr.

11. IMomynpoBOJHUKOBBIE MHKPOPE30HATOPHI C AKTUBHBIMU KBAaHTOBBIMHU SIMAMHU, IOJSIPUTOHHBIC
3¢ deKTh

Bparrosckoe 3epkano, OPIrTOBCKUIT MUKPOPE30HATOP, OPITTOBCKUI MHUKPOPE30HATOp ¢ KBAaHTOBOM
sIMOW. PacyeTsl ONTHYECKUX CHEKTPOB MPOMYCKAHMS METOAOM MAaTpPHIBI MEpeHOca M MAaTpPHLbI
paccessHuA. DKCUTOH-TIOJSIPUTOHBI KaK JIerkue 0030HbI. bo3e-KoHaeHcaIHst SKCUTOH-TIOTSIPUTOHOB.

12. TIpubopbl HAHOANEKTPOHUKU

Tynnenbubld guon. Jerekrop MK Ha MEXNOA30HHBIX Iepexonax. TpaH3UCTOP C BBICOKOM
ANIEKTPOHHOW TMOJABMKHOCTHIO. CBETOAMOA M Ja3ep C JBOMHON TeTepocTpykTypol. KBaHTOBBIN
KaCKaJHbIH J1a3ep.

13. ®oroHHBIE KpHCTAUIBl, B TOM 4YHCJIE C ONTHYECKH aKTUBHBIMH HaHOCTPYKTypaMHu
(TTOITYTIPOBOTHMKOBBIMH U METAJUTUYECKUMHU )



OT KpUCTAJUIOB JUIS BJEKTPOHOB K MEPHOINYECKU-MOTYITHPOBAHHBIM (OTOHHBIM CTPYKTYpam.
@®oToHHBIE KPUCTAIUIBI M (POTOHHO-KpUCTAIUINYECKUe cinor. DOTOHHAsI CTOM-30HA M 3alpelieHHas
30Ha.

14. Pe3oHaHCHBIE COCTOSHUS B (I)OTOHHO—KpI/ICTaIIJ'II/I‘le CKHX ClIoaX. Jlokanu3oBaHHEIE U
JCJIOKAJIM30BaHHBIC IIJIa3MOHBI. MeTaMaTepI/IaJ]LI.

OnTuueckue PC30HAHCHI B @OTOHHO—KpHCTaﬂHI/I‘IeCKHX CJIOAX. HpI/IMepLII KBa3MBOJIHOBOAHBIC MOIbI
U UX JUCICPCHUOHHBIC 3aBUCUMOCTH. Peszonancel Mu B IJIa3MOHHBIX HaHOYACTUIIAX. O6pa3013aHHe
pPacupoOCTPaAHAIINXCA (,Z[GHOKHJ'II/IBOBaHHLIX) MJI1a3MOH-TTOJIAPUTOHOB.

15. 30H70BBIE METOIBI UCCIEIOBAHUS MOBEPXHOCTEH TBEPIBIX TENT U aACOPOMPOBAHHBIX MOJIEKYII.
CriexTpockomusi Heynpyroro TyHHeauposanus. HanoMmoTopsl

CxaHupyIOIMA TYHHENIbHBIH MHKpOCKOoN. CHIIOBOM CKaHUPYIONIMH MHUKPOCKOI. MHUKpOCKOI
OomwkHero noist. COeKTPOCKOMHUST HEYIPYToro 3JIEKTPOHHOTO TYHHEIMPBOAHUS. MaHUIyTUpOBaHHUE
afcopOMpOBaHHBIME  MOJIEKYJIaMH C TIOMOLIbI0 CKAaHMPYIOIIEr0 TYHHEIBHOTO MHKPOCKOIA.
Hanomotopsl

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOXMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusi, 10CKa, MEIUAIIPOEKTOP, IKPaH.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. I'pyaaman M. «OcHOBBI (hM3HUKH TTOTYIIPOBOTHUKOB. HaHO(H3MKa 1 TEXHUUECKHUE TIPUITOKEHUS.
Mocksa, @uzmarinut, 2012 (mep. ¢ anrmmiickoro). 771 ¢
2. IMurep FO., Manyans Kapjona «OcHOBBI PH3UKH MOIyIPOBOAHUKOB», MockBa, @uzmariut, 2002
(mep. ¢ aHmTUHCKOTO)

JomnonHutenbsHas auTeparypa
1. XK.M. Andepos «/[BoiiHbIe reTepOCTPYKTYpbI: KOHLENLUS U IPUMEHEHUS B PU3HUKE, HIICKTPOHHUKE U
texHonorun», Hobenerckast nexmwst, 2000 r. http://ufn.ru/ru/articles/2002/9/e/
2. I'. Kpémep «KBazuanexkrpuueckoe mosie U pa3pbiBbl 30H. OOydueHne 3JeKTPOHOB HOBBIM (DOKycam»,
Hob6enesckas nekmus, 2000 r. http://ufn.ru/ru/articles/2002/9/f/
3. Ix. C. Kunbu «Bo3MokHOE CTAaHOBUTCS pealbHBIM: H300peTeHUE UHTETPAIbHBIX CXEMY, ,
HobGenesckas neknust, 2000 r. http://ufn.ru/ru/articles/2002/9/g/
4. K. Sakoda “Optical properties of Photonic Crystals”, Springer, 2001
5. E.L.Ivchenko and G.E. Pikus “Superlattices and Other Heterostructures@, Springer, 1997

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOIYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

[MakeT nporpammupoBanus Marinab
9. MeTonnuecKkue yKa3anus /s 00y4al0IUXCs 10 0CBOSHHIO TUCHMILTHHBI (MOTYJIsT)

CryneHT, M3y4arollui TUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IMOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.



B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HATb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOTO Marepualia, IMOATOTOBKY OTBETOB Ha BOMPOCH], NPEAHA3HAUYECHHBIX [T
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydaeMOro mMarepualna, a He MEXaHHYeCcKOro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUN W3YYEHHUS OTIENBHBIX TEM, BOMIPOCOB, CIEMyeT OO0pamarbcs 3a KOHCYIhTAllUSIMU
MpenoaBaTeio

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kageapa Ja3epHbBIX CUCTEM U CTPYKTYPHUPOBAHHBIX MAaTEPUaIOB
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3zpaGoTunk: C.I. Tuxogees, n-p puz.-mMart. HayK, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cpepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHUINS

OIIK-5.2 Brnameer HaBBIKOM  PYKOBOACTBA  MajbIM
KOJUIGKTUBOM B  cdepe cBoeil  mpodeccrnoHambHON
JEATEIIbHOCTH

[IK-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOT0O
KOJUUICKTHBA OPTaHW30BEIBATh U IMTPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[MIK-2.1 Cnoco0eH IUIaHUPOBAaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHUS CAMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIiio pe3ylIETaTOB
HAYYHO-HCCIIET0BATEIHLCKON paboTh MOCPEICTBOM
MyONUKAIMY HAyYHBIX CTAaTe U yJacTusl B KOH(pepeHIuIx

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeIOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (pruOOpaMH U yCTaHOBKaMH,
CIIEeLUATN3UPOBAHHBIMU MTAKETAaMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.1 IloHumaer mnpuHOHUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIBTaTOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHHA

B pesynbrare usydenus AucuuIuinHbl «DU3rKa HAHOCTPYKTYP» OO0YHaIOLIUICS JOIKEH:

3HAThb:

- MECTO U POJIb OOIIMX BONPOCOB HAyKH B HAYYHBIX MCCIIEAOBAHUSAX;

- COBpeMeHHbIE MPOoOIeMbl PU3UKHA U MAaTEMATHKH;

- TEOpEeTHYECKHE MOAEIH (yHIaMEHTAIbHBIX [IPOLIECCOB U SBJICHUH B (PU3UKE U €€ MPUIIOKE-HUAX;
- IPUHLIUITBI CHMMETPHUH 1 3aKOHBI COXPaHEHMUS,

- HOBeHIIIHMe OTKPBLITHSA €CTCCTBO3HAHUA,

- IOCTAaHOBKY r[po6neM MOACIINPOBAHUSA (1)I/IBI/I‘IGCKI/IX mponecCoB, MPOTCKAOIINX B TBCPABIX TC-JIaX;
- 0 B3aUMOCBA34X U q)yHI[aMeHTaJ]LHOM CANHCTBC CCTCCTBCHHBIX HAYK.

yMeThb:

- 3(1)(1)€KTI/IBHO HCIIOJIb30BATh HA NPAKTUKEC TCOPCTUUCCKUC KOMIIOHCHTBI HAYKU: MOHATUA, CYK-IACHUA,

YMO3aKITFOUCHUS, 3aKOHBI;

- IPEICTaBUTh TTAHOPAMy YHHBEPCAIBHBIX METOIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
- paboTaTh Ha COBPEMEHHOM DKCIIEPUMEHTAIILHOM 000PY/I0BaHUY;
- abcTparupoBaTbCsi OT HECYNICCTBEHHBIX BIMSHHNA NPU MOJCIMPOBAHUU PEABHBIX (hU3NUE-CKHX

CUTYaLUiI;

- IJIaHUPOBATh ONITUMAJIBHOC IMPOBCACHUC DKCIICPUMCHTA.

BJIad€Th:

- IJJAHUPOBAaHUEM, TOCTAHOBKON 1 00pabOTKOM pe3ynbTaToB (PU3NYECKOTO SKCIEPUMEHTA;

- HAy4HOW KapTUHOU MUpa;

- HaBBIKAMH CaMOCTOSTSIBbHOMI pa6OTBI B J'Ia60paTOpI/II/I Ha COBPCMCHHOM OJKCICPUMCHTAJIBHOM

000pyIOBaHUY;

- MaTCMAaTU4CCKUM MOACIUPOBAHUCM (1)I/I3I/ILIGCKI/IX 3aaad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

1. Yro Takoe KBA3UIJICKTPHUYCCKOC IMOJIC U YCM OHO OTIIMYACTCA OT JJICKTPUYCCKOIO IIOJIA. MGTO,Z[LI

CO3IaHUsI KBA3UDJICKTPHUICCKOI'O ITOJIA.

2. Onucarh OCHOBHBIE THUIIBI TE€TEPOCTPYKTYp (IO COCTaBy, XapaKTepy CKAYKOB U TMEPEKPHITUS 30H,
CBOWCTBaM KPUCTAIMYECKUX PEIIETOK reTepomnap)



3. Uro Takoe pa3mepHoe kBaHTOBaHHE. OnHCaTh OCHOBHBIE THITBI HAHOCTPYKTYD.
4. OcHOBHBIE METO/IbI U3TOTOBJICHUS HAHOCTPYKTYP.

5. Merton orubaroniux jisi OMUCAHUS 3JIEKTPOHBIX CBOWCTB I'eTEPOCTPYKTYp. DPQeKTHBHAs Macca.
OIHO30HHOE U MHOTO30HHOE TIPUONIMKEHHS. | paHUYHBIE YCIIOBHS B METO/IE OTHOAFOIIHX.

6. MCTO,I[ Marpul MnepeHoca M OCHOBHBIC KBAHTOBBIC Bq)(l)eKTLI B HAHOCTPYKTypax: pPasMCpHOC
KBAaHTOBAaHUC U TYHHCJIIMPOBAHUC.

7. Marpuna paccessHUs M €€ CBOMCTBA.

8. Onucarb MeXxaHU3M BO3HUKHOBEHHSI MUHU30H B CBEPXpPELIETKE

9. Ynpyroe 1 HeyIlIpyroe TyHHEIMPOBAaHUE IEKTPOHOB.

10. Yopyroe TyHHENTHPOBaHUE Yepe3 PE30HAHCHBIE COCTOSHUSI.

11. [TpuHIMn paboThl TPAH3UCTOPA C BHICOKOH MOJBHKHOCTHIO HOCUTETICH.
12. luon Ucaku, pe30HaHCHBIN TYHHEIbHBINA AUO.

13. Yto Takoe Heynpyras TyYHHEIbHAs CIIEKTPOCKOIHSI.

14. OcHOBHBIE MEXaHU3MBl YIPAaBJICHUS IEPEMELICHHEM, AECOPOLHeH, XUMHYECKUMHU PEaKLIHUIMU
OAMHOYHBIX aJCOPOMPOBAHHBIX AaTOMOB M MOJEKYJI IIPU IOMOIIM CKAaHHMPYIOIIEr0 TYHHEIBHOTO
MHKPOCKOIIA.

15. BsaumoneilcTBHE NOJIYIPOBOJHUKOBBIX HAHOCTPYKTYpP € 3JIEKTPOMAarHUTHBIMU  IIOJIAMHU.
DNEeKTPOHHAs MJIOTHOCTh COCTOSIHUI KBAHTOBO-Pa3MEPHBIX CHCTEM, IpaBuia 0TOOpa AJsl MEK30HHBIX
U MEKIIOJ30HHBIX IIEPEX0/I0B.

16. DKCHUTOHBI B MOJYHPOBOJHUKOBBIX HAHOCTPYKTYpax: 3((EeKTbl pa3MEpHOro KBAaHTOBAHHSA, POJIb
TEeMIIEpaTypBhl.

17. DKCUTOHBI B TOTYNIPOBOIHUKOBBIX HAHOCTPYKTYpax: 3((EeKT AUIIEKTPUIECKOTO YCHIICHHS.

18. Uto Takoe (OTOMOMUHHMCLEHIMS M KaK OHA MOXET HCIOIb30BaTbCS JUISI M3YUYECHHS CBOWMCTB
KBAaHTOBBIX HAHOCTPYKTYD.

19. TTpuaIU paboTH TOTYIPOBOAHUKOBOTO JIa3epa Ha JIBOMHOM reTepoCcTpyKType.

20. IlpuHnmn paboThl MOMYNPOBOJHMKOBOTO Jla3epa C TOPU3OHTAIBHBIM — PE30HATOPOM  C
pacnpeneneHHoi 00paTHON CBSI3BIO.

21. IIpuHumn paboThl MOTYIPOBOJHUKOBOTO JIa3epa ¢ BEPTUKAIBHBIM PE30HATOPOM.
22. IlpuHuun paboThl KACKaIHOTO Jla3epa

23. IInanapHBI MUKPOPE30HATOP HAa BparroBckux 3epkanax.

24. DKCUTOHHBIH MOJISIPUTOH B IUIAHAPHOM MOJIYIPOBOJHUKOBOM MHKPOPE30HATOPE.
25. OcHOBHBIE CBOHCTBA (DOTOHHBIX KPUCTAILIOB.

26. Yto Takoe MOISIPUTOHHBINA KPUCTAILI.

27. YacTtoTHas Jaucnepcrs AHNEKTPUYECKOM NPOHMIAEMOCTH MeTamia B Mozxenu [pyae u
Hpyne-Jlopenua.

28. IloBepXHOCTHBIE TUIA3MOHBI Ha TPAHUIIE METAIUT/ KT PUK.

29. Kak Bo30yIuTh MOBEPXHOCTHBIH IJIa3MOH B METaJLIC.

30. Jlokanu3oBaHHbIE IJIA3MOHbI B METAIMYECKUX HAHOYACTHULIAX.

31. [Ina3sMOH-IOJIAPUTOHBI B MOYIMPOBAHHBIX METAUIMYECKUX CIIOSX.

32. Yto Takoe MeTaMaTepHabl.

33. Yro Takoe nuH3a Becenaro.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB

. Tunsl rereporiepexofoB U HAHOCTPYKTYp. I'ereponepexons! I u Il pona

. MeTton orubaromux Jist ONMCaHuUs 3JIEKTPOHHBIX CBOWCTB IOJIyIPOBOAHUKOBBIX HAHOCTPYKTYD.
. MeTox MaTpul nepeHoca u paccesiHus s pemeHus ypasHeHus Llpennnrepa

. OKCUTOHBI B 00bEMHOM HOJTYIPOBOAHUKE U HAHOCTPYKTYpaxX MOHMKEHHON pa3MepHOCTH

. IlomynpoBOTHUKOBBI MUKPOPE30HATOP: pE30HATOPHAs MOAA

. TYHHENbHBIA TUON

. TpaH3HCTOp C BBICOKOW MOJBUKHOCTBIO JIEKTPOHOB

. CBeTonmon Ha IBOWHOM reTepOCTPYKType

O 0 3 N LD B W N~

. KBaHTOBBII KacKaaHbBIN Ja3ep



[IprMepbl KOHTPOJIBHBIX 33JaHUU

1. Paccunrarps 3aBUCHMOCTh kK03(duimeHToB mpomyckanus U orpaxenus diekrpona t(E) u r(E) or
SHEPIUH JIEKTPOHA JUISI TETEPOCTPYKTYPHI, COCTOSIIEH U3 OaphepHOTo cJIosl TOMIIMHEI | mopsiaka 5-10
HM ¥ C pa3pbIBOM 30H (BbIcoTol Oaprepa) U mopsinka 100 maB. Uccnenosars quamazon suepruii 0 < E
< U. D¢ dexTuBHBIE MacChl MaTePHAIOB T€TEPOCTPYKTYPhI MOTYT OBITh pa3IMYHBIMU. (XapakTepHas
s dexTrBHAs Macca MeKTpoHoB nopsaka 0.07me, me - Macca cBOOOTHOTO JIEKTPOHA).

2. Hapbapbeproe otpaxenue. To e, uTo B 3a1a4e 1, HO auis iuana3ona suepruit E>U >0 .

3. Pe3oHaHCHOE TyHHETMPOBAaHHE 4yepe3 CTPYKTypy ¢ AByMs Oapbepamu. PaccunmTarh 3aBUCHMMOCTH
ko3 unmenToB mponyckaHuss W orpaxkeHus snekrpoHa t(E) m r(E) or sHeprum snexTpoHa s
TeTepOCTPYKTYPBI, COCTOAIIEH U3 IBYX OapbepHBIX CIOEB TOIMIMHBI | mopsiaka 5-10 HM U ¢ pa3pbIBOM
30H (BbIcoTOH Oaprepa) U mopsinka 100 M3B, pa3neneHHbIX KBaHTOBOHW siMOM mupuHbl L (opsaxa 1).
ITycTh A IPOCTOTHI MaTepHajIbl KBAHTOBOW SIMBI M BXOHOTO U BBIXOIHOTO MOTYOECKOHEUHBIX CIIOEB
onuHakoBbl. MccienoBarh 0coOeHHO BHUMaTelbHO Auana3zoH s>Hepruit 0 < E < U, rme BO3MOXKHO
pe30HaHCHOE TyHHEIHpoBaHHE. D(PQPEKTUBHBIE MAcChl MaTEpPHAJIOB I€TEPOCTPYKTYphl MOTYT OBITh
pasnmuaHbIMU. (MeTon MaTpuIbl IepeHoca).

4. Pe3oHaHCHOE TYHHEJIMPOBAaHHUE Yepe3 CTPYKTYpy ¢ Tpemsi Oapbepamu. To ke, uTo B 3amade 3, HO C
Tpemsi OapbepamH.

5. Juckperubie ypoBHH B kBaHTOBOH siMe (KSI). PaccuuTarh sHeprum ypoBHEH W COOTBETCTBYIOIIUE
BOJIHOBBIC (DYHKIIMHU DJICKTPOHOB B T€TEPOCTPYKTYPE, COCTOALICH U3 IMHOTO CJIOS MIMPHHBI L (TIopsiaka
5-10 HM), OKpYKEHHOH MOTYOECKOHEYHBIMHU OaphepHBIMHU CIOSIMH C Pa3pbIBOM 30H (BBICOTOMH Oapbepa)
U nopsiaka 100 MaB. D dexTrBHBIE MacChl MaTepPHAIOB TETEPOCTPYKTYPHI MOTYT OBITh Pa3THYHBIMH.
6. JluckperHsie ypoBHU B JBOiHON kBaHTOBOH sime (JIKA). To ke, uto B 3ajade 5, HO ¢ JAByMs
OIMHAKOBBIMH SIMHBIMHU CJIOSIMH, Pa3Ie/ICHHBIMU OapbepHBIM CIIOEM KOHEYHOU TONIIMHEI | (Topsaka 5
HM).

7. Pe3onancHble ypoBHH B KSI, OKpyXEeHHOWH CHMMETPHYHBIMH OapbepaMy KOHEYHOW IIUPUHBI.
Paccunrars »HepruMm ypoBHEHl M  COOTBETCTBYIOIIME BOJHOBBIE (DYHKIMH OJIEKTPOHOB B
TeTePOCTPYKTYpE, COCTOSIIeH w3 sSMHOTO ciios mmpuHbl L (mopsaka 5-10 HM), OKpy>XKeHHOM
OJIMHAKOBHIMU OapbhepHBIMU CIIOSIMU C Pa3phiBOM 30H (BbIcoTOM Oapbepa) U (mopsaka 100 maB)
ToNMuKHE | (mopsiaka 5 HM) U OITyOECKOHEUHBIMH CIIOSIMU SIMHOTO Marepuaiia. D(h(eKTUBHBIE MaCcChI
MaTepuaioB reTepOCTPYKTYPhI MOTYT OBITh Pa3IMUHBIMHU.

8. Pezonancueie ypoBHu B JIKS, okpykeHHOW CHMMETpUYHBIMH OaphbepaMu KOHEYHOW IMUPHUHBL To
€, YTO B 33J1a4e 7, HO JUIS CTPYKTYpPBI C ABOMHON KBAaHTOBOM SIMOIL.

9. Bparrosckoe 3epkano. PaccuuTare CHEKTpbl OTpakKeHUS U NPOIYCKaHHS OPATTOBCKOTO 3epKajia,
cocrosmero u3 N map 1/4 cioeB GaAs/AlAs.

[Mycte nuanexktpuueckas mnponuniaeMoctb GaAs (AlAs) paBHa 12 (9), a ueHTpanbHas 4YacTora
CTOI-30HBI COOTBETCTBYET 3Hepruu portoHa 1 3B.

Kak Benmmko J0MKHO OBITH 4HMCaIO OparroBckux map N, 9ToObl KOI((GHUIMEHT OTPaKCHUS B LIEHTPE
CTOI-30HHBI TTpeBocxoamni R=0.99997

10. BpoarroBckuii Mukpope3oHarop. Paccyurarh CHEKTpbl OTpaKEHHS W TPOITyCKaHHsS OpITTOBCKOTO
MHUKPOPE30HATOPA, COCTOSAIIETO U3 JBYX 3epkas ¢ N mapamu 1/4 cnoeB GaAs/AlAs u pe3oHATOPHOTO
GaAs unu AlAs 1-cos.

[TycTh pe3oHaHCHAs 4acToTa COOTBETCTBYET dHepruu (orona 1 3B.

Kak BenMko MODKHO OBITH YMCIO OparroBCKUX map N, 4ToObI JOOPOTHOCTH MUKPOpPE30HaTOpa OblIa
Q=10000?

11. BparroBckuii MHKpPOPE30HATOP C IKCHTOH-TIONSPUTOHOM. PaccuuTarh CHEKTPBl OTPaKCHUS H
MPOITyCKAaHUSI OP3ITOBCKOTO MHKpPOPE30HATOpa, COCTOSIIIEro M3 AByX 3epkan ¢ N mapamu 1/4 crmoes
GaAs/AlAs, pesonatopHoro GaAs l-ciost ¢ 10-nm kBanTOBO# siMoit InGaAs nocepeaune 1-ciost.
JIvonekTpudeckas POHHMIAEMOCTh KBAaHTOBOM SIMBI HMMEET OJKCHUTOHHBIH pe3oHaHc, e(E)=
e0[1+2EOD/(E02-E2-iEG)], E=hw - wacrtora cBeta, EQ - skcuToHHBIH pe3oHaHc, D - SKCHUTOHHOE
MPOIOJILHO-TIONIEpEYHOE paciieruienne, G — MUpHHAa SKCUTOHHOTO pe3oHaHca. Pacuersl mpoBecTH,
Hamnpumep, ¢ [e 0, EO, D, G]=[12, 1 eV, I meV, 0] u [12, 1 eV, 1 meV, 0.1 meV] u cpaBHUTH TO, YTO
MOJTYYHIIOCH.

12. BparroBckuil MHKPOPE30HATOP C JKCUTOH-TIONSIPUTOHOM. PaccumTarh CHEKTpPHl OTPaXXKeHHUS H
MPOIyCKaHusi OPATTOBCKOIO MHUKPOPE30HATOPA, COCTOALIET0 M3 ABYX 3epkai ¢ N mapamu 1/4 cioes
GaAs/AlAs, pezonaroproro AlAs 1-ciost ¢ 10-nm kBanTOBO# siMolt GaAs nocepeaune 1-crosl.

Kyna Hy)XHO TOMECTHTh KBaHTOBYIO sSMy JUII TOTO, YTOOBI TIOJyYUTh  HEHYJIEBOE
9KCUTOH-MIONISIPUTOHHOE pacuierieHne? Kak ycunuthb 3To paciieruienue?



[Tpumeps! 3K3aMEHAMOHHBIX OUIIETOB:

buner 1.

1. IlonynpoBogHuKOBBIE TeTeponepexonsl. KBasuanekrpuueckoe mnoie.

2. ®OTOHHBIE KPUCTAJIIbl U HOISIPUTOHHBIE KPUCTAILIIbI

buner 2.

1. I'ereponepexonsr I u 11 pona

2. CxaHupyromas TyHHEeIbHAs CIIEKTPOCKOMHS

buner 3.

1. TyHHenMpOBaHUE IEKTPOHOB U JBIPOK B HAHOCTPYKTYpaxX U PE30HAHCHBIE COCTOSHUS.
2. TpaH3uCTOp € BBICOKOI MOABMKHOCTHIO nekTpoHoB (HEMT)

buner 4.

1. DKCUTOHBI B 00BEMHOM TOIYIIPOBOAHUKE U HAHOCTPYKTypaxX MOHWKEHHON pa3MEpHOCTH
2. Pe3oHaHCHBIN TYHHENBHBIN U0/

buner 5.

1. KBa3uaByMepHBIH 3JIEKTPOHHBIH a3 B II0JIEBOM TPaH3UCTOPE HA FETEPOIEPEXOE.

2. CBeToauobl U J1a3ephl HA KBAHTOBBIX HAHOCTPYKTYpax

buner 6.

1. [TomynmpoBOTHUKOBBI MUKPOPE30HATOP C KBAHTOBOM SIMOI: SKCUTOHHBIE TOISPUTOHBI
2. KBaHTOBBIH KacKaJHBIN JTa3ep

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOHM MpOrpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELLICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka OTIMYHO § 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

OHeHKa XOopouro 7 6aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpUAJI, TPAMOTHO H I10
CylIeCTBY H3JIara€t €ro, yMecT MNPUMCHATH IIOJYYCHHBIC 3HAHHSA Ha MNPAKTHUKE, HO HCAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYILLECTBY M3JaraeT ero, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAHNS Ha MPAaKTHKE, HO JOIYCKAeT B OTBETE
WIM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHeHKa XOopouro 5 0aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MAaTrcpuraj, rpaMOTHO
1 M0 CYHECTBY H3JIara€T €ro, yMeCT IMPUMEHATL MOJYUYCHHBIC 3HAHUS Ha IIPAKTHUKE, HO JOIYCKAC€T B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka ynOBIETBOPUTEIBHO 4 Oayula - BBICTABISICTCS CTYIEHTY, IMOKa3aBIIEMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX MOHSITHH,
HapyUICHUS JOTUYECKON MOCIIENOBATEIBbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIC JUIsl JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TOJTyYeHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPAMMHOIO Marepuana, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMH yueOHO MporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIETBOPUTEIHHO 2 0ajia - BBICTABISCTCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZIEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKaeT TIpyOble OMMOKH B
(OopMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.



OueHka HEYIOBIETBOPUTENbHO 1 0aim - BBICTABISAETCS CTYIEHTY, KOTOPBI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue ommOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

DK3aMeH MpOBOIATCS B YCTHOM ¢opme mo Omneram. B kxaxgom Ouiiete NpeAcTaBICHO /Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaroremycs npegocrasisercd 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIIaTh OHOTO aCTPOHOMHYECKOTO yaca.



