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

YTBEPKAEHO
JupexTop pu3TEeX-IMIKOJIbI
3JIeKTPOHHUKH, JOTOHMKHU U
MOJICKYJISIPHOH QU3UKH

B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: duzuka HAaHOPa3sMCPHbIX 00BEKTOB
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
JlenapTaMeHT XUMHH

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBbI IPOMEKYTOUHOM arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

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

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy cocrasuin: A.B. Huxonaes, 1-p ¢pu3.-MaT. HayK

[Iporpamma obcyxaeHa Ha 3aceqanuu aenapramenta xumuu 29.05.2020



AHHOTANMA

Kypc "®usmka HaHOpa3MepHbIX OOBEKTOB" TpeAycMaTpvBaeT H3ydeHHE OOIIMUX MPEACTaBICHUH O
HAHOCTPYKTYPHBIX Marepuanax: Qymiepeax, HaHOTpyOKax, rpad)eHe, CIOUCTBIX T€TEPOCTPYKTYP, KOJIIOUTHBIX
KBaHTOBBIX TOUKaX H T.JI.

3amaun Kypca
- 71aTh KJIacCU(UKALNIO HAHOCUTPYKTYPHUPOBAHHBIX MAaTepHAJIOB;

- 000CHOBaTh CBSI3b MEXK]y DIIEKTPOHHBIM CTPOCHUEM M (QU3NYECKUMHE ((DU3NKO-XUMUIECKIMH) CBOHCTBAMH
BEIIIECTB;

- IO3HAKOMUTL C COBPCMCHHBIMH HAHOCTPYKTYPHBIMU MAaTCpUalaM U MCTOAAMU HUX IOJYUCHUA,
- IO3HAKOMHUTE C 00JIACTHIO IMPUMCHCHUSA HAHOCTPYKTYPUPOBAHHBIX MATCPUAJIOB.

[To pesymbTaram 0cBOEHUS Kypca CTYICHT JOJKEH:

3HaTh:

- BUJIBI ¥ KJTACCU(DHUKAIINIO HAHOCTPYKTYPUPOBAHHBIX MaTEPHAIIOB;

- CBSI3b MEXKJTY 3JICKTPOHHBIM CTPOSHHEM M MarHUTHBIMU 3P PeKTaMu;
- THITBI TIOJTYTPOBHUKOBBIX CBEPXPEIIETOK.

VYMeTs:
- OTIPENIEIATh THIT KPUCTATUIMYECKOW PEIICTKH.

Bnaners:
- 3HAHUSIMU O CIIOMCTBIX MOIYIIPOBOJHUKAX, TETEPOCTPYKTYpPaAX.

OcHOBHOE COACPIKAHUC KypCa U3JIOKCHO B CJICAYIOIIUX pa3aciiax:

. Bugsl n kitaccudukanms HaHOCTPYKTYPHBIX MaTepHaioB

. CiuHTpOHMKA U MarHUTHbIE 3G (PEKTH B HAHOCTPYKTYPHBIX Marepuaax
. CrpykTypHbIe QOpMBI yIiiepoaa

. DKCcIieprMEeHTaJIbHBIE METO/IBI TOTYUYEHHS U IUArHOCTHKA (DyssiepeHoB

. I'paden

. DKCIIepUMEHTAJIbHBIE METO/IBI MTOYYSHHS U IUArHOCTHKA rpadeHa

. YriieponHsie TpyOdaThie MaTepratbl

0 NN N bW~

. DKCTIepUMEHTaTbHBIC METOBI TIOYUEHHUS U TUarHOCTHKA HAHOTPYOOK

9. TexHONMOTMYECKHE TPUMEHEHHUSI YIIEPOTHBIX HAHOTPYOOK 1 rpadeHa

10. Cnoucthie MONyIPOBOIHUKH, TETEPOCTPYKTYPHI U TIOTYTIPOBOJHUKOBEIE CBEPXPEIIETKH
11. TToynpOBOTHHUKOBBIE Ja3€phl

12. KonnouHble KBAHTOBEIE TOUKH

1. leau u 3apauu

eap AUCUMNIMHBI

- aTh OOIIMe MPEACTABICHUSI O HAHOCTPYKTYPHBIX Marepuaiax: (Qymiepeax, HaHOTpyOkax, rpadene,
CJIOMCTBIX T€TEPOCTPYKTYP, KOJJIOUAHBIX KBAHTOBBIX TOUKAX U T.1I.

3agaum AU COMIIHHBI
- 71aTh KJIacCU(UKALNIO0 HAHOCUTPYKTYPHUPOBAHHBIX MAaTepHAJIOB;

- 00OCHOBaTh CBSI3b MEXKIY OJEKTPOHHBIM CTpOeHHUEM H (pu3mueckuMu ((PU3NKO-XUMHUUECKUMU)
CBOMCTBaMH BEILECTB;

- IO3HAKOMUTL C COBPCMCHHBIMH HAHOCTPYKTYPHBIMU MAaTCpUaIaMi U MCTOAAMU HUX IOJYUCHUA,
- IO3HAKOMHUTE C 00JIACTHIO IMPUMCHCHUSA HAHOCTPYKTYPUPOBAHHBIX MATCPUAJIOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M



OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocobeH oCyIiecTBISTh ITOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEIICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyert 3aaady, BbIJIEIAS 3TAIbl €€ PEelIeHuUs,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.3 PaccmarpuBaeT pas3iIH4YHBIE BapUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX NIPEUMYILECTBA U HEOCTaTKU

[MK-1 CriocoGeH m1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

IIK-1.1 Bnameer  QyHmameHTambHBIMH
3aKOHAMU M TEOPHUSIMH COBPEMEHHOU (DPU3UKH

IIOHATUSAMU,

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIECHUH B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINecs JOIKHbBI

3HATb.

- BUJBI U KJIaCCU(UKALIMIO HAHOCTPYKTYPUPOBAaHHBIX MaTepHalioB;
- CBSI3b MEX]Ly SJICKTPOHHBIM CTPOCHHUEM U MarHUTHBIMHU 3(dexramu;
- THIIBI TOTYIPOBIHUKOBBIX CBEPXPELIETOK.

YMETB:

- OIIpCACIIATh TUIL KpI/ICTaJIHI/I‘ICCKOﬁ PCUICTKU.

BJIAJIETh:

- SBHAHUAMHU O CJIOUCTBIX MOJYIIPOBOAHUKAX, TCTCPOCTPYKTYpPaAX.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIHHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUaM Y4eOHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 Bupbt u Kjaccuuranys 4 1
HAHOCTPYKTYPHBIX MaTepHajIoB
) CHOUHTPOHHKA U MarHUTHbIC YPQEKTH B ) 1
HAHOCTPYKTYPHBIX Marepraiax
3 CrpykTypHble popMbl yriepona 4 1
4 @ymnepeHsl 2 1
5 I'paden 2 1
6 DKcIepUMEHTalIbHBIC METO/IBI ) 1
MOJTy4eHHs U TUarHOCTHKa rpadeHa
7 VYriepoiHblie TpyOUaThie MaTepratbl 2 1
3 DKCrepUMEeHTaJIbHbIE METOIbI 4 1
MOJTyYeHHS U IUArHOCTHKA HAHOTPYOOK
9 [Ipumenenmne mpon3BoaHBIX rpadenHa 2 1
Crouctsie MOJTYIIPOBOJHUKH,
10 |rerepocTpyKTYyphbl U IOIYIIPOBOJHUKOBBIE 2 1
CBEPXPELIETKH
11 [TomynpoBOTHUKOBBIE JTa3€pPbI 2 2
12 |KosnounHble KBaHTOBBIE TOUKU 2 3
Nroro gacos 30 15
[loaroroska k sK3aMeHy 0 gac.




OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 7 (OceHHwmi)
1. Buzsl u knaccuukanys HAaHOCTPYKTYpPHBIX MaTepHaioB

Bupgpl n xnaccudukaiys HaHOCTPYKTYPHBIX MarepuanioB. HaHOCTPYKTYpHBIE OOBEKTHI Pa3TUuHON
pa3MEpHOCTH U XMMHYecKas CBs3b. Poib KBaHTOBBIX 3(ddekroB anexTporHOTo 0oOMeHa. Kparkuit
0030p METO/IOB pacyera OSICKTPOHHOH CTPYKTYpbl MOJEKyJ. Aauadaruueckoe MpHOIMKEHHE.
Kparkoe BBeJcHHE B TEOPHIO JJICKTPOHHOTO CTPOEHHs KpuctaimwioB. O030p MeTOnOB pacyera
SNIEKTPOHHON 30HHOW CTPYKTYpBl. METON CHIBHOH CBS3M W €ro NMPUMEHEHUE U YIIEPOIHBIX

CTPYKTYD.

2. CnMHTpOHMKA U MarHUTHBIE 3()(EKThl B HAHOCTPYKTYPHBIX MaTepHaiax

CBsi3p MEXAy OJIEKTPOHHBIM CTPOGHHEM U MarHuTHbIMH dddekrammu (InamMarHeTH3MOM,
napaMarHeTU3MOM M MarHUTHOe ynopsigoueHuem). ['amunsronnan [eiizenbepra-/{upaka-Ban dineka.
[Tapamarnernsm Ilaynu wun Ban-®ioka, auamarHetusm Jlanmay. MexaHW3Mbl  MarHUTHOTO
YIOPSAIOYEHUS.

3. CtpykTypHble HopMBI yriepoaa

VYrepon u ero annotponHsie Gopmbl (Tpadut u anMas). YriepolHble HAHOCTPYKTYPHBIE MaTepHalbl:
(ymiepeHsl, yriaepoaHble HAHOTPYOKH, HaHOAJIMa3bl, TpadeH. DNEeKTPOHHbIE 00OJOYKH yriiepona M
OCHOBHBIC (OPMBI XUMHUYECKOW CBs3M (sp2 ® Sp3 THOpuUaM3aIysi aTOMHBIX opoOwTaneit). Metox
XIOKKes 1151 yriepoaHbIX cTpyktyp ([ u [ MonexynsipHbie opourainm). Monekyinsl (ymieperoB Co(
n C70 u ocoOeHHOCTH uX J3JeKTpOoHHOTO cTpoeHus. Dymnepen C60 kak TmceBIOaTOM
UKOcadIpryeckoil cummerpun. Dymieputsl u Qymiepunsl. Pa3oBbie MEPEXOAbl, MOTUMEPH3ALUS,
CBEPXIIPOBOAUMOCTb U Tepexo] MeTaiut-u3oisrop. [Tunoas! u sun0odymnaepeHs.

4. OynnepeHsl
DKCrepUMeHTaIbHbIE METOBI TOIYYEHUS U INarHOCTHKA (DYIIIIEPEHOB.
5. I'paden

I'paden kak QyHmameHTaNbHAs yriaepoaHasl CTPYKTypa, oOMaaaromas AByMEpHON TPaHCISIIMOHHON
cumMmerpueid. OTHOMMCTHBIA TpadeH: 30HHAs CTPYKTypa, LUKIOTPOHHAs Macca, IUIOTHOCTb
COCTOSIHWH, TUPAKOBCKUE (PEPMHUOHBI U XHPATbHOE TYHHEIUPOBaHUE. J[ByIMCTHBIA U MHOTOJIMCTHBIN
rpadeH, «CTONKN» Ipad)eHOBBIX MIIOCKOCTEH.

6. BKCHepI/IMGHTaHBHBIG MCTOABI IMOJYUYCHUS U JUArHOCTUKA I pa(beHa

DKcnepuMEHTalIbHbIE METObl TOJIYYEHHUSI U AUarHocThka rpadena. [loBepxHOCTHBIE COCTOSHUS B
rpadene. Makpomonekynsl u3 rpadena. Kpaii rpadena (tuma «3urzar» u «kpecio»). Crekrp
nojocok rpadena, 3hdexkT cnuH-opOUTaNBHOrO B3amMoecTBusA. ['padeH B MarHUTHOM MoOJIE:
nraMaraetusM u dg ekt Xoma.

7. YrneponHsie TpyOuarble MaTepHalibl



VYreponnbie  TpyOuarble Marepuansl (ymiepognele HanoTpyOku, YHT). Opnocnoitbele u
MHOTOCJIOWHBIE TpyOKH. I[lodydeHue sIEKTPOHHOrO CcHeKTpa OJHOCIOWHBIX HAHOTPYOOK U3
ANeKTpOHHOTO crniekTpa rpadena. Onnocrennsie YHT Trna «3urzar» u «kpecioy. Xupansasie YHT.
Merannuyeckue u nonynpooaHukosie Y HT. Munuinenu B 31€KTPOHHOM CIIEKTPE.

8. 3KCHCpHM€HTaJ’IBHBIG MCTOJBI IMMOJTYUYCHHUA U AUAaTrHOCTHKA HaHOpr6OK

DKCrepUMEeHTaJIbHbIE METOAbI MOJTYyYeHHsS M JUAarHOCTHKAa HAaHOTPYOOK. DIEKTPOHHBIC YPOBHHU B
KOPOTKHMX HAHOTpyOKax — KBAaHTOBBIX To4kax. Meramumyeckuii HaHompoBoj BHyTpu YHT —
HaHOCTEpKeHb. [ eTepoaTomMubie HAaHOTPYOKH — 6opaszoTHbie (BN), u apyrue (SiC/BN, BC2N, GaAs,
AIN). Mopuukanus 3JeKTPOHHBIX CBOWCTB HAHOTPYOKH IyTEM H3MEHEHUS ee reoMeTpuH (M3ruo,
Y- u T-o6paseie coenunenns YHT) u MeTomom ee JerupoBaHHsS a30TOM, OOPOM U KHCIOPOJIOM.
HanotpyOku mnst  onekTpoHMKH  (AMOA, TPaH3UCTOP). ODHEPTUM  ONTHYECKUX  IIEPEXOI0B
MeTaNIMYeCKUX HaHOTpyOoKk. HanomnpoBoaa u Hanoctepkau (ZnO).

9. IlpuMeHeHne PON3BOAHBIX rpadeHa
TexHonorn4yeckue NPUMEHEHNS YIIIEPOIHBIX HAHOTPYOOK U rpadeHa.
10. Ciiouctble NOIYIIPOBOJHUKH, TE€TEPOCTPYKTYPBI U MOIYIIPOBOJHUKOBBIE CBEPXPEIIETKU

Crnouctsle  MONYNPOBOIHUKU, TE€TEPOCTPYKTYPHl U IOJIYIPOBOJHUKOBBIE  CBEPXPEILETKU.
Krnaccuueckue rerepocTpykTypbl. @yHaaMeHTanbHble (U3UYECKHE SIBICHUS B TeTEPOCTPYKTypax.
KBaHTOBBIE $IMBI M KBaHTOBBIM KOH(aiMeHT. Tumsl HOTYNPOBOJHUKOBBIX CBEPXPELIETOK.
I'eTepocTpyKTypbl ¢ KBaHTOBBIMH TOYKAMHU M CBEpXpeEIIeTKaMH. [eTepoCTpyKTypbl ¢ KBaHTOBBIMH
IIPOBOJIOKAMHU U KBAaHTOBBIMU TOUKAMHU.

11. ITomynmpOBOIHUKOBBIE Ja3€phl

[lonynpoBonHuKoBEIe Jlazepsl M KBaHTOBBIM Kackamueid Jnazep KKJI (QCL). HuBepchas
3aceneHHocTh B KKJI u kackamubie nporecchl. O0IacTH MHKEKIIUH YIEKTPOHOB M aKTHBHBIE 30HBI.
Ocobennoctu koHCTpyKimit KKJI, ncnonszoBanue rpedHeBbx BOMHOBOMOB. OcHOBHEIE THIbl KKJI:
nazep Pabpu-Ilepo, nazep ¢ pacnpenenennoit ooparnoii cesizpto POC (DFB — distributed feedback
laser), nazep ¢ BHemHUM pe3oHaropoM. TepareproBbie KKJI. OcHOBHBIE JOCTOMHCTBA U IPUMEHEHUE
KKIIL

12. KomnouaHble KBAHTOBELIE TOUKHA

KomoniHpie KBaHTOBBIC TOYKM KaK HOBBIH Kiacc TOMHHOGOpPOB. KBaHTOBO-pazMepHbIH dPQEKT.
MHoroskcuToHHas TeHepanus. IPGEKT MepaHust JJIOMUHECICHINN. XUMUUECKUEe METOIbI CHHTE3a
KBaHTOBBIX TOueK. [IpuMeHene KBaHTOBBIX TOYEK B COJHEYHBIX Oarapesx, (OToneTeKTopax,
CBETOAMO/IAX, Ja3epax 1 XeMOCEHCOpax.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

ayauTopusi, CHaOKEHHas I0CKOM, POEKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa

1. Mexanuka u MonekyssipHast pusuka [ Tekcr] : [yue0. mocobue mist By3os] / JI. J1. Jlannay, A. U.
Axwuesep, E. M. Jludpuun .— 4-e uzn. — Honronpyasstii : Uatennekt, 2014 .— 400 c.

JomnonHutensHas auTeparypa

1. Teopernueckas ¢usuka [Tekcr] : B 10 T. T. 10 : ®uznueckas kuHeTHka : yue0. mocobue Jiist By30B /
JI. . Jlanpay, E. M. JIudwmun ; nox pea. JI. I1. [TutaeBckoro .— 2-e uzf., ucnp. — M. : ®uzmamiur,
2001, 2002, 2007 .— 536 c.



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 AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

HE NPeNyCMOTPEHBI.
9. MeTtonuyeckne yKkazaHusi JUIsl 00y4AIOIMXCH 10 OCBOCHUIO AU CHUILTHHBI (MOXYJIs)

CryneHT, MpoCcIyaBIInui Kypc, JOIDKEH OBIAJETh TEOPETHUECKON 0a30i KBAHTOBOW XMMHUHU YCIEIIHOE
OCBOEHHE Kypca TpeOyeT CaMOCTOSTEIbHOM paboThl CTy/AEHTA 10 5 4aCOB B HENEIIO.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— ipopaboTKy ydeOHOTO MaTepurana (110 KOHCIIEKTaM JICKIIUH, Y4eOHO! 1 HaydyHOU TUTepaType);

— YTEHHE U KOHCIIEKTHPOBAHUE JOTIOIHUTEIHHON JTUTEPATYPHI;

— TIOZITOTOBKY OTBETOB HA BOIMPOCHI, MPEAHA3HAYECHHBIX JIJISI CAMOCTOSTEIIFHOTO U3yUCHUS;

— peleHue 3a1a4, MPeIiaraéMpIX CTYyJICHTaM Ha JICKIUSX;

— TIOATOTOBKY K AP PEPEHIIUPOBAHHOMY 3a4ETY.

PykoBOACTBO ¥ KOHTPOIIb CaMOCTOSTENHHOW pabOThl CTyJAEHTa OCYIIECTBIsSCTCS B (dopMme
WH/IMBHU]yaJIbHBIX KOHCYJIBTAIINH.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClEIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
JlenapTaMeHT XUMHH

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

PaszpatGoTunk: A.B. Huxonaes, a-p ¢pu3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 Criocoben oCymiecTBIsTh [TOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

[MK-1 CriocoGeH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnameer  yHmameHTambHBIMH
3aKOHAMU M TEOPHUSIMU COBPEMEHHOU (DPU3UKH

IIOHATUSAMU,

I[IK-1.4 VYmeer cTpOoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare nzyueHus AUCHMIUIAHBI « PU3HKa HAHOPa3MEPHBIX 0OBEKTOB» 00YUAIONIHICS TOIKEH:

3HATb:

- BUJBI U KJIaCCU(UKALIMIO HAHOCTPYKTYPUPOBAaHHBIX MaTepHalioB;
- CBSI3b MEXK]Ly SJICKTPOHHBIM CTPOCHHUEM U MarHUTHBIMHU 3(dexramu;
- THIIBI TOITYIPOBIHUKOBBIX CBEPXPELIETOK.
yMeTh:
- ONIPENENATh THIT KPUCTATUINYECKON PEIIETKH.
BJIaJeTh:
- 3HAHUSIMU O CJIIOUCTBIX MOIYNIPOBOAHMKAX, TE€TEPOCTPYKTYpax.

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

C 1menpro TEKyIEro KOHTPOJS YCIEBAEMOCTH IMPEAYCMOTPEH KPATKHM OMpPOC MO TeMe MPEIbITyIIuX
3aHATHH.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. Bugsl u kiaccudukanys HaHOCTPYKTYPHBIX MaTepuasos.

2. HanocTpykTypHBIE OOBEKTHI PA3TUYHON Pa3MEPHOCTU U XUMHUYECKAs CBSI3b.
3. Ponb kBaHTOBBIX 3PEKTOB ANEKTPOHHOTO OOMEHa.

4. Meto CUIIBHOM CBSI3U M €r0 MPUMEHEHHUE IS YIIIEPOIHBIX CTPYKTYP.

5. CIMHTpOHMKA U MarHUTHbIE 3(PEKTH B HAHOCTPYKTYPHBIX MaTrepuaiax.

6. CBsA3b MeXAy OJIEKTPOHHBIM CTPOCHHEM W MAarHUTHbBIMH 3¢dexTtamu (AruaMarHeTU3MOM,
[apaMarHeTU3MOM U MarHUTHOE YIOPSIOYEHHUEM ).

7. Famunbsronnan [elizenoepra-/lupaka-Ban dnexka.

8. [Napamarnetusm Ilaynu u Ban-®moka, auamarnetusm Jlanaay.

9. MexaHn3Mbl MArHUTHOTO YIIOPSZIOYEHUS.

10. Ymepon u ero amiorporHbie Gopmbl (Tpadur u anmas).

11. VYrnepoaHbsle HAHOCTPYKTYPHbIE MaTepUabl: (QysIepeHbl, YIIIEpoIHble HAHOTPYOKH, HaHOAIMA3hl,
rpades.

12. DnexkTpoHHBIE OOOJOYKH yTIIepoJa W OCHOBHBIE (OPMBI XHMHYECKOM CBs3M (sp2 u sp3
rHOpHUIN3aIUs ATOMHBIX OpOUTAalIeHt).

13. Meton XIOKKeNs ISl YIIIEPOIHBIX CTPYKTYP.

14. Monexynbl pymieperoB C60 nu C70 1 0COOCHHOCTH HUX 3JIEKTPOHHOTO cTpoeHus. Dymnepen C60
KaK IICEBJ0aTOM MKOCayIPUYECKONH CHMMETPHU.

15. OdynnepuThl U QysUICPUIBL.

16. da3oBble Epexo/bl, NOIUMEPHU3AIIHS, CBEPXIIPOBOANMOCTD U MEPEX0 METAILT-U30JATOp. [Iumomst
1 3HI0(]YIIIEPEHBI.




17. DxcniepuMeHTaIbHbIE METO/IbI MTOYYESHUS U AUATHOCTHKA (PyJIsIepeHOB.

18. I'paden kak (yHIaMEHTATbHAS YIIIEPOIHAS CTPYKTYpa, 00JIafaroas JByMEpHON TPAHCISIITMOHHON
CUMMETpPHEM.

19. OpHonmucTHbI TpadeH: 30HHAS CTPYKTypa, UUKIOTPOHHAs Macca, IUIOTHOCTh COCTOSHHIA,
IMPaKOBCKHE (EPMUOHBI U XUPAIBbHOE TYHHEINPOBAHHUE.

20. JIBynuCTHBIN ¥ MHOTOJIMCTHBIN TpadeH, «CTOMKW» rPa(eHOBBIX MII0CKOCTEH.

21. DkcniepuMeHTaIbHbIE METO/IbI TIOYYEHHUS M TUArHOCTHKA TpadeHa.

22. TloBepxHOCTHBIE cocTosiHUsI B rpadene. Makpomonekynsl u3 rpadena. Kpaii rpadena (tuna
«3HUr3ar» U «KPeciom).

23.Cnektp mosocok rpadeHna, 3¢p¢pexT cnuH-opOuTanbHOro B3auMoneicTBusi. [padeH B MarHUTHOM
nose: quamaraeTusm u 3ddexr Xomra.

24. VYrepopnele TpyOuarble Marepuansl (ymieponansle HaHOTpyOku, YHT). OpnocnoiiHble u
MHOTOCJIOWHBIe TpyOku. [lomydeHue ONEKTPOHHOTO CHEKTpa OJHOCIONHBIX HAHOTPYOOK W3
3JIEKTPOHHOIO CIIEKTpa rpadeHa.

25. Opnocrennsle YHT Tuma «3urzar» u  «kpecino». Xwupanbhele YHT. Merannuueckue u
nonynpoBoaHUKoBble YHT. MuHUIIENH B 3JIEKTPOHHOM CIEKTPE.

26. DKCTIepUMEHTAJIbHBIC METOIbI TIOYYCHUS ¥ TUArHOCTHKA HAHOTPYOOK.

27. DIeKTpOHHBIE YpPOBHM B KOPOTKHX HAHOTPyOKax — KBaHTOBBIX TOYKaxX. MeTayuin4ecKuit
HaHONpoBOoJ BHYTpU YHT — HaHOCTEpKEHD.

28. Terepoaromubie HaHOTpyOkHM — OopazotHeie (BN), m mpyrme (SiC/BN, BC2N, GaAs, AIN).
Moaudukanust 37MeKTPOHHBIX CBOWCTB HAHOTPYOKH IyTeM HM3MEHEHHs ee reoMerpuu (um3rud, Y- u
T-o6pa3bie coequnenust YHT) u MeToioM ee JIerupoBaHus a30TOM, OOPOM U KUCIIOPOJIOM.

29. HanoTpyOku JUIsl DJEKTPOHHMKHM (IUOA, TPAH3UCTOP). OHEPrHMH ONTHYECKUX TIEPEXOioB
MeTaJJIMYeCcKuX HaHOTpyOok. HanonpoBoxa u Hanoctepxxuu (ZnO).

30. TexHoMOrMYeCKME MPUMEHEHUS YIIEPOAHBIX HAHOTPYOOK U rpadeHa.

31. Crnoucrtbsle MOJYNPOBOIHUKH, TI€TEPOCTPYKTYPHl U  IOJYPOBOIHUKOBBIE CBEPXPELIETKH.
Krnaccuueckue rerepoctpykrypel. DyHaaMeHTanbHble (DU3UYECKUE SIBICHUS B TeTEPOCTPYKTypax.
KBaHTOBBIC IMBI M KBAHTOBBIN KOH(altMeHT. THITbI OTyIPOBOJTHUKOBBIX CBEPXPEIIETOK.

32. TeTrepocTpyKTyphl ¢ KBAHTOBBIMHM TOYKAMH U CBEpXpelleTkaMu. [eTepocTpyKTyphl ¢ KBaHTOBBIMU
MIPOBOJIOKAMH ¥ KBAHTOBBIMU TOUKAMHU.

33. TlomynpoBonHUKOBbIE Ja3epbl M KBaHTOBbIM Kackangublii nazep KKJI (QCL). HuBepchas
3aceneHHoCcTh B KKJI u kackaabie niporecchl. O0IacT MHKEKIUHU IEKTPOHOB M AKTUBHBIC 30HBI.

34. Ocob6ennoctu koHcTpyknuii KKIJI, mcnonb3oBanue TrpeOHEBBIX BOMHOBOAOB. OCHOBHBIC THIIBI
KKIJI: nazep dabpu-Ilepo, nazep ¢ pacnpeneneHHoit obparnoii ceszsio POC (DFB — distributed
feedback laser), mazep c¢ BHemHuM pe3onaropom. TepareprioBeie KKJI. OcHOBHBIE JTOCTOMHCTBA W
npumenenne KKJI.

35. KonnonnHele KBaHTOBBIE TOYKM KakK HOBBIHM Kiacc JOMHHOGOpOoB. KBaHTOBO-pazMepHBIN 3PQEKT.
MHoroskcutoHHast renepanys. IPPeKT MepIanus JIOMUHECIEHIHH.

36. XuMmuuyeckue METOIbl CHHTE3a KBAaHTOBBIX TOueK. IIprMeHene KBaHTOBBIX TOYEK B COJHEYHBIX
Oarapesix, HOTOOETEKTOpaX, CBETOANOAAX, JIA3€PaX U XEMOCEHCOPaX.

Kpurepun oneHuBanus
Onenka ommuno 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHWSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
INPUMEHATh UX Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.
Onenka omM4YHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.



OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYIACHTY, €CII OH TBEPIO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaraeT ero, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka xopo1o 5 6ajuIoB - BBICTABISACTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIY B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamiga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILCHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOI0O MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NalbHEHWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OJIyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTeIbHOCTH B M3JIOKCHHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJy4YCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIECH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaxX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYIOBJICTBOPUTENBHO | Oayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBenennu yctHoro auddepeHpoBaHHOro 3aueTa odyyaromemMycs npenocrasiusercs 30 MUHYT
Ha moarotoBky. Ompoc oOyuatomierocss mo Oujery Ha yCTHOM Iu(@epeHIUpOBAaHHOM 3adyeTe He
JIOJKEH NPEBBIIIATH OJIHOTO aCTPOHOMMUYECKOI0 yaca.



