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CornacoBaHo:

3apenyrowmuii Kadenpoii obmeit pu3mukn 1 KBAHTOBBIX HAHOCTPYKTYP




1. AHHOTALIUS

1.1. Kpatkoe onucanue coqiep:kanus JaHHON AUCHUTUINHBL;

Huctunnuna ""HaHod/eKTpoHUKA' OXBaThIBAaCT NMPHUHIUIIBI PaOOThI, (PU3UUECKHE OCHOBBHI U
TEXHOJIOTMM CO3[IaHUsl DJIEKTPOHHBIX YCTPOMCTB Ha HAHOpPa3MEpPHOM ypoBHe. M3yuarorcs
KBaHTOBBIC 3(DQEKThI, MPOSBIAIOMIMECS B CTPYKTypax C pa3MepaMd, CPaBHHUMBIMU C JJIHHOU
cBoboaHOro mpobera HocuTenel 3apsaa. PaccmaTpuBaroTcsi NPUHUMMBL  (HYHKIIMOHUPOBAHUS
COBPEMEHHBIX HAHOZJEKTPOHHBIX KOMIIOHEHTOB, TAaKUX KaK OJHOXJIEKTPOHHBIE TPAH3UCTOPHI,
KBAaHTOBBIE TOYKH, MOJICKYJISIDHBIE M CIUHTPOHHBIE ycTpoiicTBa. Ocoboe BHUMAaHUE YJEISAETCS

NPUMEHEHHIO HAHOAJIEKTPOHHKH B COBPEMEHHBIX MPOIECCOpax, CEHCOpax W OMOMEIMIIMHCKUX

YCTPOMCTBAX.

1.2. TpynoeMKOCTh B aKaJeMHUYECKHUX KpeOuTax U dYacax, (POpPMBI HTOTOBOTO KOHTPOJIS
(9K3aMeH/3auerT);

6 3.c. (2164.), sx3ameH
1.3. B3anMOCBs3b TUCHUIUIMHBI C JIPYTHMMH JUCHUIUIMHAMH Y4eOHOTO IJIaHa CHEIHaTIbHOCTH
(HampaBieHMsI)

TeOpeTI/I‘{eCKaﬂ MCXaHHKa, KBanToBas KCXaHUKa, KsaroBas TEOpHUA TBEPAOI'O TCJIaA.

1.4. Pe3ynbTaThl OCBOEHHUS IPOrPAMMBbI TUCHUIIIMHBIL:

Kon
HHIAMKATOPA
Kon JOCTHIKEHHSI
. | HaumMeHOBaHUe MHAMKATOPA
KOMIETEHIHH (8 HaunmeHoBaHHe KOMIIETEHINH (8 KOMMeTeHIHi . .
JAOCTHKEHUH KOMIIeTeHIn (6
coomeemcmaeuu coomeemcmeauu pabouum ¢ y4eOHbim (6
coomeemcmeuu paboyum ¢
pabouum ¢ NJIaHOM) coomeemcmeuu
VUEOHbIM NIAHOM)
VueOHbIM NAAHOM) pabouum ¢
VUEOHbIM
NAAHOM)

I1K-5 Cnocoben  ananmusupoBath  coctosiHue | [1K-5.1 3Haer COBpEMEHHBIE
HAYYHO-TEXHUYECKON MpOOIEeMBbl IyTeM TeXHUYECKHe TpeOOBaHHUS K
noaoopa, U3yYeHUS " aHaJIn3a BEIOODY KOHCTPYKTHBHO-
JUTEPATYPHBIX U MaTEHTHBIX HCTOYHUKOB TEXHOJOTHYECKOTO 6a3uca

15631 (S 15071 MHKpO- 51
HAHOYJICKTPOHUKH




I1K-5.2

[1K-5.3

Ymeer aHaJM3UPOBATh
JIUTEpaTypHblE W IIATEHTHBIE
UCTOYHUKUA TIpU pazpaboTke

153 (105071 MHKpPO- u
HaHOJIEKTPOHUKHU

Brnaneer HaBbIKAMHU
KOHCTPYHPOBaHUSA U3JCTTUN

MHUKpO- U HAHO3JIEKTPOHUKHU

2. YYEBHAS ITIPOI'PAMMA

2.1. llenu u 3a1a9u AUCIATIIHBI
Hean — Cnenuansubii Kypc «HaHO3JIEKTpOHMKAa» HMMEET IeNbI0 JIaTh CTYJEHTaM OCHOBHBIE
CBEJICHUS O TMPOCTEHIIMX (U3HUECKUX TIPOIECcCax, NPOUCXOASIMIUX B TOJYIPOBOJHUKOBBIX

HAHOCTPYKTYypax.

3agauu — ChopmupoBaTh GyHIaMEHTAIBHBIC TIPEJACTABICHUS O BIMSHHHA Pa3MEPHOTO KBAHTOBAHHUS

Ha XapakTep OAHOYACTHUYHOI'0. IMPHUMECHOTO U OSKCUTOHHOI'O COCTOSSHHHIT B KBaHTOBBIX
HAHOCTPYKTYypax. (O3HAKOMHUTHCSA C OCHOBHBIMH MCTOAaMHU TCOPETUUCCKOI'O OIIMCAHHA SJICKTPOHHBIX

N KYJIOHOBCKHUX COCTOSIHUH B HU3KOPa3sMCPHBIX CUCTEMAX.

2.2. TpynOoeMKOCTh JUCIUIUIMHBI W BHJBI y4eOHOW paboThl (B aKaJeMHUYSCKHX dYacax H
3a4ETHBIX €AUHULAX) (Yoanumsv CmpoKu, KOmopwle He Oy0ym RPUMEHEHbl 8 PAMKAX

oucyunuHsl)

Pacnpenesnenue no
Bust yre6uoi paGors: Bceero, B akan. ceMecTpam
yacax 1
ceM
1 2 3
1.00uas TpyA0eMKOCTb U3y4YeHUsI 216 216

AUCHHUILVIMHBI 10 ceMecTpaM, B T. 4.:

1.1. AynuTopHble 3aHATHUS, B T. U.: 96 96
1.1.1.JIexuun 32 32
1.1.2.TIpakTuyeckue 3aHsATHsL, B T. 4.

1.2. CamocrositenpHast padoTa, B T. 4.: 93 93

1.3. Koncynpranuu 216
HtoroBsiii KOHTpOJIb (DK3aMeH, 3adeT, N 97
Jmd. 3a4eT - yKas3arh)




2.3. Coneprxkanue JUCHUNTHHBI

2.3.1. TemaTu4eckuii MJIaH U TPYA0EMKOCTb ayJAUTOPHBIX 3aHATHIT (MOIYJIH, pa3/eibl

AUCHUILUIMHBI U BUbI 3aHATHI) 110 padodyemy yueOHOMY IJIAHY

Pa3gennl u TeMbl JHCHHUIIIMHBI Bceero Jlexuun Hpaxr.
(ak. 1acos) (ak. 3anaTus
4acoB) (ak. yacoB)
1 2=3+4+5+6+7 | 3 4

PASMEPHOE KBAHTOBAHUE B

I[TOJYIIPOBOJHHUKAX
Beenenue

Paznen 1. OcHOBHBIE KJIACCHI MOTYITPOBOHUKOBBIX

HaHOCTPYKTYP 18 4 14
Tema 1.1. Ilpocmpancmeennoe ocpanuienue Hocumenet 5

3aps0a 8 NOJYNPOBOOHUKAX

Tema 1.2. I[lnomnocmu cocmosiHutli 8 HU3KOPA3ZMEPHbBIX 5
CMPYKmMypax

Paznen 2. OnHOYaCTUYHBINA SHEPTETUUECKUN CIIEKTP B 20 5 14
HAaHOCTPYKTYypax

Tema 2.1. OnexmporHnvie COCMOSHUSL 8 KBAHMOBBIX AMAX 2

Tema 2.2. DnexmponHnvle COCMOAHUA 8 KBAHMOBbIX 5

npPOBOJIOKAX

Tema 2.3.  OnekmporHble COCMOHUSL 8 KBAHMOBLIX MOYKAX 2
HAHOCTPYKTYPhI BO BHEIIIHHUX T1OJISIX

Paznen 3. BiusiHue 351€KTpUUECKOr0 U MATHUTHOTO TOJIEH 20 5 1
Ha OJIHORJICKTPOHHEIEC COCTOSIHHS BO BHEIIHUX IOJISIX

Tema 3.1. Keanmosas sima 60 6HeUHUX NOAIX 2

Tema 3.2. Keanmosas npo8onoka 6 Ma2HUmMHOM noJie 2

Tema 3.3. Keanmosas mouka 60 8HEUHUX NOJIAX 2
KYJIOHOBCKHE COCTOSIHUA B HAHOCTPYKTVYPAX

Paznien 4. IlpuMecHBIC COCTOSIHHSI B HAHOCTPYKTYpax 26 12 14
Tema 4.1. /[gymepHas Ky10HOBCKAs 3a0a4a U NPUMEChH 8 4

K8AHMOBOLL siMe

Tema 4.2. OonomepHas Ky10HOBCKAA 340a4d U NPUMECD 8 4

K8AHMOBOU NPOBOJIOKE

Tema 4.3. IIpumecnvle cocmosanus 8 KBAHMOBOU MOYKeE 4

Paznen 5. HuzkopazMepHbIe SKCUTOHBI 12 4 8
Tema 5.1. Dxkcumonnble cOCMOsSIHUSL 8 HAHOCMPYKMYPAX 4

UTOT'O 96 32 64

2.3.2. Kpatkoe conep:kaHue pa3aejoB JUCHUILINHBI B BUI€e TEMATHYECKOI0 MJIaHA

PASMEPHOE KBAHTOBAHHUE B [TIOJYITPOBOJHUKAX




BBejnenue

SIBrieHue pa3MEpPHOr0 KBAHTOBAHUS B MONYNPOBOAHHMKAX. DQdekThBHas aiauHa BOIHBI Jle
bpoitns. [Tpubnmkenue tensopa s¢ppexruBron macesl. ([1] {1.3;1.4;1.5})

Pa3nen 1. OCHOBHBIE KJIACChI MOJVIPOBOAHUKOBLIX HAHOCTPYKTYP

Tema 1.1. IIpocmpancmeennoe ozpanuvenue Hocumenei 3apada 6 NoJy

npoeoouuKax

OO6pa3oBaHre MOTEHIMAIBHOTO Oapbepa Ha TPaHULE MEPEeXoJ]ia MOIYHPOBOJHHUK-IUIICKTPHUK.
KBanToBas simMa-kak Inpocrteiias HU3Kopa3MepHas cuctema. J[BymMepHble (KBAHTOBBIE SIMbI),
OJIHOMEpHbIe (KBAaHTOBBIC TPOBOJOKH) M HyJIbMEpHbIE (KBAHTOBBIE TOYKH) CHCTEMBI.
[loTeHuuan orpaHM4eHUs KBAaHTOBOM  HAHOCTPYKTYpbl. Mojaenn  OrpaHUYMBAOIIMX
noteHmanos. ([1] {1.6;1.7;1.8})

Tema 1.2. IInomnocmu cocmoanuii 6 HU3KOPA3ZMEPHBIX CHPYKMYpax

[ToHsITHE TIOTHOCTU COCTOSIHUM, (pa30BO€ MPOCTPAHCTBO. [IIOTHOCTH COCTOSIHUI B MAaCCUBHOM
noNynpoBoaHUKE. [LIOTHOCT COCTOSIHMIT B KBAHTOBOHM siMe, mpoBosioke, Touke. ([1]
{2.1;2.4;2.6;2.10;2.11:2.14})

Paznen 2. OnHOYACTHYHBIMH Y HEPreTHYEeCKHH CIEKTP B HAHOCTPYKTYPAaX

Tema 2.1. Dnekmponnwie cOCMoARUsA 8 K6AHMOBIX AMAX

KBanToBass siMa ¢ OECKOHEYHO BBICOKMMHU CTeHKaMH. IIpsMoyrosnbHas siMa KOHEUHOW BBICOTHI.
['pannuHbIe yciaoBHs ¢ ydeToM ckadka 3¢ ¢dekTuBHON Macchl. [Tapabonnyeckas KBaHTOBas sMa.
([1] {2.1;2.2;2.3})

Tema 2.2. Dnekmponnwie cOCMOARUA 8 K6AHMOBIX NPOEOIOKAX

KBaHTOBasi NMpoBOJIOKA C MPSIMOYTOJIBHBIM CEYEHUEM. DJIEKTPOHHBIE COCTOSHUS B KBAHTOBBIX
MIPOBOJIOKAX C KPYIOBBIM C€UEHHEM (OrpaHUYMBAIOIIME MMOTEHIMAIbl OECKOHEUHON U KOHEUHOU
BbicoT). ([1] {2.6;2.7;2.8})

Tema 2.3. DnexmponHbvle COCMOAHUSA 8 KEAHMOBbIX MOUKAX

KBanToBbie Touku. KyOuueckas u cdepudeckas kBaHTOBble ToukH. Cdepuyeckas KBaHTOBas
TOYKa KOHEYHOW IIyOMHBI, KBaHTOBBIN BbIOpoc. [lapaGonnyeckas kBantoBas Touka. ([1] {2.11;
2.12; 2.13}, [2] {1.13})

HAHOCTPYKTYPbI BO BHEIIHUX ITOJIAX

Pa3znen 3. Buausinme JJeKTPUYECKOr0 W MATCHUTHOIO MOJIEH HA OITHOIJEKTPOHHLIE

COCTOSSHUA BO BHCIHIHUX IOJIAX

Tema 3.1. Keanmoeasn ama 60 6HeHuUx ROIAX



BnusiHre 0HOPOJHOTO 3JIEKTPUYECKOTO TIONST HA DJICKTPOHHBIE COCTOSIHHSI B KBAHTOBOW SIME.
OCOOCHHOCTH IITAPKOBCKOTO PACHICIIICHWS B HEMPOHHUIIAEMOW KBaHTOBOW siMe. Hamoxxenue
OIHOPOJAHOTO MAarHUTHOTO TMOJS BJAOJh OCH KBAaHTOBaHHMS SMBIl M  OOpa3oBaHUE
MOJIHOCTBIO TUCKPETHOTO criekTpa y anekrpona. ([1] {2.3; }, [2] {2.1; 2.2; 2.3; 5.2}) Tema 3.2.
Ksanmoesas nposonoka ¢ mazHumHoM noie

KBaHTOBass mpoBONOKa ¢ TMapabOIMYECKUM OrpaHMYMBAIONIMM TIOTEHIHMAnoM. HamoxxeHue
OJIHOPOJHOTO MAarHUTHOTO TOJSI BJOJH OCH KBAaHTOBOM NpOBOJIOKU. [lpuBeneHHas uacTtora
AJIGKTPOHA B KBAHTOBOUW MPOBOJIOKE MPH Hanmmuuu MarHuTHoro mois. ([1] {2.9}, [2] {5.5.1; 5.2}
Tema 3.3. Keanmosas mouxka 60 6HeUIHUX NOJISAX

[{wimHapuyeckass KBaHTOBasS TOYKAa B OJHOPOJHOM MArHMTHOM M DJIEKTPUYECKOM IOJISX.
Cdepudeckue U TWIHHIPAYSCKAE KBAHTOBBIC CIOMCTBIC CTPYKTYPHI BO BHEITHEM OJHOPOIHOM
IEKTPUICCKOM TIOJIC. DJITUIICOMJAIbHAS KBAHTOBas TOYKAa BO BHEIIHEM MArHUTHOM TIIOJIE,
angnabarnyeckoe npubmmkenne. ([1] {2.11; 2.12}, [2] {1.13; 2.8})

KYJIOHOBCKHE COCTOSAHUS B HAHOCTPYKTYPAX

Pa3nen 4. IlppMecHbIe COCTOSIHMSI B HAHOCTPYKTYpax

Tema 4.1. /lgymepran Kyi10H08CKAA 3a0a4a U NPUMECH 8 KE6AHM OGO AMe

JBymepHoe ypaBHenue IllpeauHrepa s aroma BOJOpPOAA. DHEPIHsi OCHOBHOTO COCTOSIHUS
JIByMEpPHOM KyJTOHOBCKOH 3a1aun. BogopomononoOHas npuMeck B kBaHTOBOH sime. ([1] {3.1; 3.2;
3.3; 3.6})

Tema 4.2. Oonomephnas Ky10H06CKaA 3a40a4a U NPUMECH 8 KEAHMOBOIl NPOBOIOKe

VpaBuenne Ulpeaunrepa uisi OAHOMEPHOTO aroma Bojopoaa. HeycToWuymBOCTH OCHOBHOIO
COCTOSTHUSI OJHOMEPHON BOJOPOJOMOJAO0HONM CHCTEMBI, MaJeHue Ha MeHTp. llpumecy B
KBAaHTOBOW MPOBOJIOKE, MOAU(DUIIMPOBAHHBIN OJTHOMEPHBIN KyJoHOBCKUH noTeHnuan. ([1] {3.4;
3.5; 3.6})

Tema 4.3. Ilpumecnvle cocmoanus ¢ K6AHMOGOU NMOYKe

[Tpumech B cheprueckoit kBaHTOBOHM Touke. [10710KUTeNbHBIE YJHEPTHH PUMECH B chepruiecKoi
KBAaHTOBOW TOYKE. DHEPIHs CBA3U MpuMecH B kBaHTOBOM Touke. ([1] {3.1; 3.6}, [2] {3.10})

Paznesa 5. HuzkopasMepHbIe YKCUTOHBI

Tema 5.1. Dkcumonnsvle cOCMOAHUA 6 HAHOCMPYKMYPAX
DJIEKTPOHHO-BIPOYHBIN  T'aMWJIBTOHMAH, TpHUBeJACHHAs dS(dekTuBHas Macca HIKCHUTOHA.
HBYXMepHI)Ie U OJHOMECPHEBIC 3KCUTOHHBIC COCTOSHHA. DKCUTOHHOE IIOTJIOIIICHUE B KBaHTOBOU

touke. Cuila OCUMIIIATOpa IKCUTOHHOT'O MOIJIONIeHUs B KBaHTOBO Touke. ([1] {3.8}, [2] {3.6}).



Cnucok Jlutepatypbl

a) ba3oBblil yueOHHK

1 O.M. Kazapsan, C.I'. Ilerpocsn. dusnueckre OCHOBBI NOJYNPOBOJHUKOBOM
HaHod3JekTpoHuku, Epesan, U3n. PAY 2005.

0) OcHOBHAasI JMTEpPaTypa

1. B.IIL. [parynoB, W.I'. Heussectunii, B.A. I'pugunH. OCHOBBI HaHOAJIEKTPOHHKH,
Hosocubupck. U3n. HI'TY 2004.

2. JLE. BopobbeB u np. OnTudeckue sSBICHUS B MOJYIPOBOJAHUKOBBIX KBAHTOBO-PAa3MEPHBIX
cTpykrypax, Cankr-IlerepOypr, Uza. CII6I'TY 2000.

3. G. Bastard. Wave mechanics applied to semiconductor heterostructures, Les Edition de
Physique, les Ulis Cedex, France 1988.

4. J.H. Davies. The physics of low-dimensional semiconductors, Cambridge University
Press 1998.

5. B.JA. Jlemuxosckuil. I'A. Byramprep. ®u3uka KBaHTOBBIX HU3KOPa3MEpHBIX CTPYKTYD,
Mocksa, M3a. Hayka 2000.

B) JIpyrue nCTOYHUKH

1. http://edu.ioffe.ru

2.3.3. MarepuajabHO-TeXHHYECKOEe o0ecrieyeHue TN CUNIIIMHBI

1. BrluncnurenbHas TEXHUKA
2. Tlpoekrtop

3. Crnaiinockorr

2.4. MoayJabHasi CTPYKTypa [IMCHMIUIMHBI C pacnpeiejeHueM BecoB Mo ¢opmam
KOHTpoJ1ei


http://edu.ioffe.ru/

DopMBbI KOHTPOJIeH

Bec ¢popmbl
(popm)
TeKYUIEro
KOHTPOJISI B
pe3yJbTHPYIO
1ieH oleHkKe
TeKyLIero
KOHTPOJIs1
(mo
MOIYJISIM)

Bec ¢opmbl
MPOMEXRYTOY
HOT0
KOHTPOJISI B
HMTOroBOI
OlleHKe
MPOMEKYTOY
HOTO
KOHTPOJISA

Bec nuTorosoii
OLIEHKH
NMPOMEKYTOUHO
ro KOHTPOJIS B
Pe3yJabTHPYIOLY
el olleHKe
NPOMEKYTOUHBI
X KOHTpoJ1ei

Bec urorosoii
OLICHKHU
NPOMEKYTOYHOTO
KOHTPOJISl B
pe3yabTHPYIOLIeH
olleHKe
NMPOMEKYTOUHBIX
KOHTpoJIel
(cemecTpOBOIi
OLIEHKE)

Beca pesyabTupylomeii
OLICHKHU
MPOMEKYTOUHBIX
KOHTPOJIell  OLleHKHU
HTOrOBOI0 KOHTPOJISl B
pe3yabTHpYIOLIei
OlleHKe UTOr0BOI0
KOHTPOJIs

Buj yueoHoii paGoThl/KOHTPOJIsA

M1t | M2

M1 | M2

M1 M2

KonTtpomsHas pabora (npu naruuuu)

0.5 0.5

YCTHBIN opoC (npu Hanuyuu)

TecT (npu nanuuuu)

JlabopaTopHbie paOOTHI (npu Haruyuu)

0.5 0.5

[TucemenHBIe JOMAITHHE 3a1aHus (Mpu
Haauyuu)

Pedepart (npu naruuuu)

Occe (npu naruyuu)

[Ipoekt (npu nanuuuu)

Pewenue 3adau

0.5 0.5

Beca pe3ynpTupytonmx oneHok
TCKYIIUX KOHTpOJ'ICﬁ B UTOT'OBBIX
OIICHKaX MPOMEKYTOUHBIX KOHTPOJIeH

0.5 0.5

Beca o11eHOK ITPOMEXKYTOUHBIX
KOHTPOJIEH B UTOTOBBIX OIIEHKAX
IIPOMEXKYTOUHBIX KOHTPOJICH

Bec urorosoii orienku 1-ro
MIPOMEXYTOUYHOTO KOHTPOJIS B
Pe3yIBTHPYIOLICH OLICHKE
MPOMEKYTOUHBIX KOHTPOJICH

0.5

Bec utoroBoii oneHku 2-ro
MPOMEKYTOYHOTO KOHTPOJIS B
Pe3yIBTHPYIOMICH OLICHKE
MIPOMEKYTOUHBIX KOHTPOJICH

0.5

Bec pesynbTupyromei oeHKu
MPOMEXXYTOYHBIX KOHTPOJICH B
pe3yNbTUPYIOILEH OLIEHKE HTOTOBOT'O
KOHTPOJIA

0.5

Bec UTOroBoro KOHTpoOJIst
(IK3aMeH/3a4eT) B Pe3yIbTUPYIOIIEH
OLICHKE UTOTOBOI'O KOHTPOJIA

0.5

2=1]>=1

2=11>=1

2=1_ [>=1

=1

>=1

3. Teoperudeckuii 0JI0K (YKazvliearomcs mamepuansvlt, HeoOX00umble 011 0CB0CHUS YUEOHOU

npozpammul OUCUUNIUHDL)

3.1. Marepuainsl 10 TEOPETUUECKON YaCTH Kypca

3.1.1. YueOHuk(n)

! Vue6nslit Moxyns




a) ba3oBblil yueOHUK

1 D5.M. Kazapsn, C.I'. Iletpocsn. dusnyueckre OCHOBBI IMOJYITPOBOJIHUKOBOM

HaHod3JekTpoHuku, Epesan, Uzn. PAY 2005.

0) OcHoBHas IUTEpaTypa

1

B.II. HparynoB, W.I'. Heussectusiii, B.A. I'pugunH. OCHOBBI HaHO3JIEKTPOHUKH,
Hosocubupck. M3n. HI'TY 2004.

JLLE. BopoObeB u ap. OnTuyeckue sBICHUS B IOJYIPOBOJHUKOBBIX KBAaHTOBO-Pa3MEpPHBIX
cTpykrypax, Cankr-IlerepOypr, U3a. CII6GITY 2000.

G. Bastard. Wave mechanics applied to semiconductor heterostructures, Les Edition de
Physique, les Ulis Cedex, France 1988.

J.H. Davies. The physics of low-dimensional semiconductors, Cambridge University
Press 1998.

B.S. lemuxosckuii. I''A. Byransrep. ®Pu3nka KBaHTOBBIX HHU3KOPa3MEPHBIX CTPYKTYp,

Mocksa, U3a. Hayka 2000.

B) [I[pyrue ucrouHnkmn

1.

http://edu.ioffe.ru

@oHIbI OLEHOYHBIX CPEACTB (YKA3LIGAIOMCA MAmMepuaivl, HeodOXooumsle O NPOGepKu

YPOGHA 3HAHUIL 6 COOMEEMCMEUU C COOEPIHCAHUEM YUEOHOU RPOPAMMbBL OUCUUNTUHDL).

4.1. [1naHbl NPaKTUYECKUX 3aHATUI

1. TIpocTpaHCTBEHHOE OrpaHUYEHHE HOCUTENEH 3apsia B Oy MPOBOJUHMKAX
[T10THOCTH COCTOSHUI B HU3KOPA3MEPHBIX CTPYKTYpax

DNEKTPOHHBIE COCTOSIHUS B KBAHTOBBIX sIMax

DNEKTPOHHBIE COCTOSHUS B KBAHTOBBIX ITPOBOJIOKAX

KBaHToBas siMa BO BHELLTHUX TMOJISIX

KBaHTOBast TOUKa BO BHEIIHUX MOJISAX

JIByMepHasi KyJIOHOBCKas 3a/1a4a ¥ IPUMECh B KBAHTOBOH siMe

O}IHOMepHaSI KYJIOHOBCKas 3ajjada 1 IpruMEChb B KBAaHTOBOM ITPOBOJIOKE

© 0o N o gk~ w DN

[IpumecHbIE COCTOSIHUSI B KBAHTOBOM TOUYKE

10. DKcHUTOHHBIE COCTOSIHUS B HAHOCTPYKTYpax

4.2. TlepeueHb BOIPOCOB ISl IK3aMEHA


http://edu.ioffe.ru/

SIBiieHME pa3MEPHOro KBAHTOBAHUS B MOJIYITPOBOJHUKAX.

KBaHTOBBIE sIMbI, KBAHTOBBIE TPOBOJIOKH, KBAHTOBBIE TOUYKH.

[1710THOCTH COCTOSIHUM B BYMEPHOM, OHOMEPHOM U HYJIbMEPHOM CHUCTEMaX.
Paznuunble MOJENN OrpaHUYMBAIOIIMX IOTEHIMAJIOB KBAHTOBBIX HAHOCTPYKTYP.
DJIEKTPOHHBIE COCTOSIHUSA B KBAHTOBBIX siIMax (MOJIEIb MPSMOYTOJIbHOU SIMBI).

KBanToBas sima B OIHOPOJHOM MAarouTHOM U 3JICKTPUUYCCKOM II0JIC.

N o g~ w bR

[TomynpoBoiHUKOBBIE ~cBepxpemieTku. IIpoxoxkaeHne yacTul] Yepe3 MOTEHLHAJIbHbIE

OGapbephl.

8. KBaHTOBbIE NPOBOJIOKM MPSMOYTOJBHOTO W KPYIVIOrO cedeHus (Mojeian OEecKOHEYHO
IyOOKHUX CTEHOK).

9. JIBymepHblif acuMMeTpH4HbIN ociusTop. Kpyrosoit ocummisitop. CreneHb BBIPOKIACHUS
KpPYTrOBOT'O OCIIMILISITOPA.

10. KBanToBas MpoOBOJIOKA B MAaTHUTHOM IIOJIE.

11. KBanToBbIe TOUKH. Pa3nuyHble reoMeTpuu KBAaHTOBBIX TOYCK.

12. DnekTpoHHBIE COCTOSHUSA B HEMPOHUIAEMBIX CHEPUUECKON U AIUTUNTHYECKOH KBAaHTOBBIX
TOYKaX.

13. IlpuMecHBIE€ U IKCUTOHHBIE COCTOSIHUS B KBAHTOBBIX SIMax.

14.TIpuMecHBIE€ U IKCUTOHHBIE COCTOSIHUS B KBAHTOBBIX ITPOBOJIOKAX.

15.OkcuTOHHOE TOTJOIIEHHEe B KBAHTOBBIX Toukax. Cuiia OCHWIUIATOPAa HSKCUTOHHOTO

IOTJIOIICHNS.

4.3. O06pa3ibl IK3aMEHAIMOHHBIX OUIIETOB

MOO BO POCCUIMCKO-APMSIHCKUI1 YHUBEPCUTET
UHCTUTYT MATEMATHUKHU, ®U3UKU U BBICOKUX TEXHOJOIUI
Kadenpa o6uieii puznku 1 KBAHTOBBIX HAHOCTPYKTYP

Hanpagienue: D1eKTPOHHKA U HAHOYJIEKTPOHHKA
Jucuunimmna: Hanosiekrponuka
(6axanaspmuar |V-blii kype, |-blii cemecTp)

IK3aMEeHALUOHHBI Oniter Ne **

1. KBaHTOBEIE MBI, KBAHTOBBIC ITPOBOJIOKH, KBAHTOBBIC TOUKHU

2. 3J'IeKTpOHHBIe COCTOsIHHA B HCIIPOHUIACMBIX C(I)CpPI‘-ICCKOﬁ M DIUIMINTHYSCKOM KBAHTOBBIX
TOYKax.

3. 3J'IeKTpOHHBIe COCTOsAHHA B KBAHTOBBIX sAMax (MO)ICJ'IB npﬁMoyroanoﬁ HMLI).

3aB. kapeapoitOPKH JI.b. Alipanersin
20 .







