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ConepxaHue AUCLMMJINHBI OXBaTblBAaeT KPYr BOMPOCOB, CBA3aHHbLIX C OMUCaHWeM (hyHAaMeHTaslbHbIX 3JIEKTPOHHbIX, ONTUYECKUX W
MarHMTOOMNTUYECKNX CBOWCTB MOJIYNPOBOAHMKOBLIX HaHOCTPYKTyp. Ha 6a3e MeTOLOB KBaHTOBOW 30HHOW Teopuu W Teopuu
CYMMETPUN PacCMaTPUBAOTCA dHEpPreTuYeckne CnekTpbl B MONYNPOBOAHUKOBbLIX FE€TEPOCTPYKTYpPaxX MOHMIXKEHHOW pa3MepHOCTU W
HaHOCTPYKTypax Ha OCHOBE Kybu4ecknx W rekcaroHasibHblX MOJIYNPOBOAHMKOB CO CTPYKTYPOWM LIMHKOBOW OBMaHKM U BlopuMTa.
Ocoboe BHMUMaHWe ygnenseTcs crneunduke 3PHEKTOB PasMepPHOro KBaAHTOBAHWS 3JIEKTPOHHBLIX W IKCUTOHHBIX COCTOSHUA B
3aBUCMMOCTU OT (POPMbl M pa3Mepa HaHOCTPYKTYpbl U BbIOOPY TeopeTMyeckux Mopenen ONsS UX onucaHus. M3yvatoTca npasuia
oTbopa ONTUYECKUX MEepexofloB U TOHKas CTPYKTypa 3KCUTOHHOro CrnekTpa MoJlynpOoBOAHUKOBbLIX HAaHOCTPYKTYP: KBAHTOBbIX $M,
KBaHTOBbIX HWUTEN, KBAaHTOBbIX TOYEK W HaHOKPUCTA/JIOB, a TakXe CTPYKTYp C 3KCTpeMasibHOW ABYMEepHOCTbio. [puBOASATCS U
06Cy>KaloTCA OCHOBHblE 3KCMepuMMEeHTalslbHble U TeopeTuyeckue pesysbTaTbl M3 06/11acTV ONTUYECKMX W MarHUTO-OMTUYECKUX
nccnefoBaHui NoaynpoBOAHNKOBbLIX HAHOCTPYKTYP - Kak B acrnekTe NCTOPUYECKOro pa3BUTUS, Tak U C LIesIblo OCBELLEHUS MoCaeLHNX
OOCTUXKEHUI MUPOBOW Haykn B 3To obnacTu.


https://physics.itmo.ru/ru/personality/anna_rodina
http://physics.itmo.ru/ru/personality/olga_smirnova
http://physics.itmo.ru/ru/study-program/2983

Course content

YacTtb I. PasmMepHOoe KBaHTOBaHUE U dHEepreTu4eCcKun CneKTp B NoJiynpoBOAHUKOBbIX
HaHOCTPYKTypax

CTpyKTypa Kypca

1. BeegeHue B MUP MOJIYNMPOBOAHUKOBBLIX HAHOCTPYKTYP U FeTepOCTPYKTYP MOHWXKEHHON pa3MepHOCTU: UCTopuyeckuin o63op u
Knaccndukaums - nekums

2. Pa3mepHOe KBaHTOBaHMe B HAHOCTPYKTYpax: MeToAbl pacyeTa 3JIEKTPOHHOIr0 cnekTpa 1 (OOHOHHOr0 ChekTpa - 1eKums

3. MeTon 3h(heKTMBHOM MaCChbl ANA HAHOCTPYKTYP N FreTEPOCTPYKTYP: FpaHuYHble YCoBUSA ONa ornbatroimnx BOSTHOBbLIX (DYHKLWA 1
pacyeT 3N1eKTPOHHOI0 CMeKTPa KBaHTOBbLIX TOYEK, KBAHTOBbIX IM U KBAHTOBbIX HUTEN; MAOTHOCTb 3JIEKTPOHHbIX COCTOSIHUN - NeKUMs
4. MHOro30HHbLIA kp MeTod O/19 HAHO WU reTepoCTPYKTyp: HenapabonnanyHocTb 3hhekTUBHON Macchl, 0606LEHHbIE TPaHWUYHble
yCJI0BUA 1 BAIMSIHWE NMOBEPXHOCTY Ha 3JIEKTPOHHbLIN CAEKTp B Moaenn KenHa - nekums

5. CnnH-opbuTanbHOE B3auMOAEeNCTBME B HAHOCTPYKTYpax - NeKums

6. PasamepHoe KBaHTOBaHME W BAUSIHWE reTeporpaHuL, Ha 3JIeKTPOHHbIA CMEKTP AbIPOK B KBaHTOBbIX TOYKaX, KBAaHTOBbIX AMax u
KBAHTOBbIX MPOBOJIOKaX B MoAenu JlaTTuH>xepa - nekuus

7. BAvsHne BHELHNX 3NEKTPUYECKOro U MarHUTHOIO MOJIEN Ha IHEPreTUYeCKUn CNeKTP 3/IEKTPOHOB 1 AbIPOK B HAHOCTPYKTypax

8. PeweHune 3agay no Teme “Pa3MepHOe KBaHTOBAHWE W SHEPreTU4eCKUi CrekTp B MOJYNPOBOAHUKOBbLIX HaHOCTPYyKTypax”
npakTuka

YacTtb Il. OnTMY4ecKue n MarHUToonNTUYeCcKue CBOMCTBa NOJIyNPOBOAHUKOBbIX HAHOCTPYKTYP

CTpyKTypa Kypca

9. OnTnyeckme nepexogbl U nNpasuna oTbopa B HAHOCTPYKTypax, ONTUYeCKas opueHTaums u noaspmsaums HoToNOMUHECLEHLNN -
nekums

10. 3KCUTOHbI B HAHOCTPYKTypax: BANAHUE pa3MepHOCTU U S(PPEKTOB ANIIEKTUYECKOro OrpaHuUYeHUs; pexuMbl pa3MepHoro
KBaHTOBaHUA - NeKumsa

11. 3KcMTOHHas hOTOIOMUHECLEHLUMA: ONTUYeCcKne npaBuia oTbopa n TOHKaa CTPYKTypa IKCMTOHHOIrO CMEeKTPa B HAHOCTPYKTYpaXx;
B/INSIHME BHELLUHEro MarHUTHOro Nons - eKuus

12. [lpwuMecHble LUEeHTPbl W  SKCUTOHHbIE  KOMMJEKCbl B  HaHOCTPYKTypax; uW3jayyaTenbHas un  6e3bi3nyyvaTesbHas
pekoMbuHauuna; 3KCUTOH-POHOHHOE B3aUMOLENCTBME N Heynpyroe KOMOBMHaLUMOHHOE paccesiHne cBeTa B HAHOCTPYKTypax - Jiekuus
13. UnpkynsipHas n AMHenHasa nonsapusaunsa oToloMUHECLEHLNM BO BHELLHEM MarHUTHOM MoJie B HAHOCTPYKTypax - Jekumsa

14. Heynpyroe paccesiHne cBeTa BO BHELUHEM MarHUTHOM MoJie B HAHOCTPYKTYypax - JIeKLuuns

15. PeweHne 3a8a4 no Teme “ ONTUYECKME N MarHUTOONTUYECKNE CBOMCTBA MOJIYNPOBOAHNUKOBLIX HAHOCTPYKTYP” - MpakTuKa

16. CTyneH4Yeckne AOKaAbl MO aKTyaJlbHbIM TeMaTuKaM PU3NKU MOSTyNPOBOAHUKOBbLIX HAHOCTPYKTYP - CEMMHAP

Recommended resources

1. laHpay v Jlncwny, Tom Il "KBaHTOBas MexaHuka", Mockea “Hayka” 1989.

2. T.J1. bup n I.E. Mukyc, CnmmeTpus n geopMaLMoHHble 3pdeKTbl B MOSynpoBoaHNKax, MockBa “Hayka”, 1972.
3. MuTtep KO, MaHyanb KapaoHa, OCHOBbI (h1U3MKKN NOAYNPoBOAHUKOB, MockBa, ®un3maTanT, 2002.

4. E.L. lvchenko, Optical spectroscopy of semiconductor nanostructures, Springer, Berlin, 2004.

5. E.L. Ivchenko and G.E. Pikus, Superlattices and Other Heterostructures, Springer, Berlin, 1997.

Grading Policy

MakcumanbHoe KonmyecTBo 6annoB 3a Kypc 100
MakcumanbHoe konnyecTso H6annos 3a pelleHne 3agau 40
MakcumanbHoe KonmyecTBo 6asnioB 3a BbICTYMN/IEHNE Ha CEMUHape 20
MakcumanbHoe konnyecTso H6annoB 3a NpakTUYeckyto paboTy 0
MakcumanbHoe KonmyecTBo 6annoB 3a UHaIbHbIA YCTHBIA 3K3aMeH 40

TN CaMOCTOATEJIbHbIX 3a4aHUN

MpumMep 3apavm nNo Kypcy:
HalTn TOHKYO SHEPreTUYecKyto CTPYKTYpPY NepBoro Bo3by X AEHHOr0 COCTOAHUS 3JIEKTPOHA B CHEPUYECKON U NMOYTU Cheprnyeckon
KBaHTOBOW TOYKE Ha OCHOBe moJsiynpoBoaHnkos CdSe/ZnSe B mogenun KeiHa.

JdonoJsiIHuTesibHble KOM MEeHTapum



MocTpekBU3UTHI (3HAHUA M HaBbIKM NOCJIe OCBOEHUSA Kypca):
3HaHME OCHOBHbIX MOJENEN U HaBblKM pacyeTa 3JIEKTPOHHbIX COCTOSIHWIA B MOJTYMPOBOLHNKOBBIX HAHOCTPYKTYpaXx; 3HaHUE U HaBbIKK
OMMCaHNs SKCUTOHHbIX COCTOAHMIN, OMTUYECKUX U MarHUTOONMTUYECKUX SBJIEHWUI B MOJYNPOBOLHMKOBbIX HAHOCTPYKTYpaXx.

Bonpocsbl K 3K3aMeHy Mo Kypcy:

1. Knaccndumkaums nonynpoBOAHUKOBbLIX HAHOCTPYKTYP Y reTePOCTPYKTYP MOHM>KEHHOW pa3MepHOCTH

2. Pa3mepHoOe KBaHTOBaHMe B HAHOCTPYKTYpax: MeTOoAbl pacyeTa 3JIEeKTPOHHOro 1 (POHOHHOIr0 CnekTpa

3. MeTon 3(hheKTUBHON MacChl A1 HAHOCTPYKTYP U FreTEepOCTPYKTYp: rPaHWYHble yCI0BUS A5 OrmbatoLMx BOHOBbLIX (YHKLUMWIA 1
pacyeT 3/1eKTPOHHOr0 CrieKTpa KBaHTOBbIX SIM M KBAHTOBbIX HATEN C 6€CKOHEYHbIMUN U KOHEYHbIMW NOTeHLMalbHbIMK Bapbepamu

4. SHepreTUYeCKU CMEeKTP 3/IEKTPOHOB B MeToe 3(DPEeKTUBHON MaCChl B KBAHTOBbIX TOYKaX Pa3MyHON (HOpMbI

5. MeToZ 3(hheKTUBHON MacCChl: MIOTHOCTb 3JIEKTPOHHbIX COCTOSAHUI B 06 bEMHbIX MOJYNPOBOAHMNKAX, KBAHTOBbIX SMax, KBAHTOBbIX
HUTAX N KBAHTOBbIX TOYKaX

6. BOCbMU30HHbIA kp MeTon, AN HaHO U reTepoCcTPyKTyp: 0606LLeHHble rpaHnYHble YC/TIOBUS U BANSHWE MOBEPXHOCTU Ha
3/1IeKTPOHHbIV CNeKTp B Mogenn KerHa

7. CnnH-opbuTanbHoe B3aMoAeCTBNE B HAHOCTPYKTYpax

8. PazamepHoe KBaHTOBaHWE U BAMSHWE reTeporpaHunL, Ha 31eKTPOHHbIN CMEKTP AblPOK B KBAHTOBbLIX AMaX B YeTbIPEX30HHOW MOAENN
NaTTuH>xXepa

9. PasMepHOe KBaHTOBaHME AbIPOK B KBAHTOBbIX TOYKaX B YETLIPEX30HHOW U LLECTU30HHOW Mofenu JlaTTuHxXepa

10. BnvsaHne BHELWHEro 31IeKTPUYECKOro noJis Ha SHepPreTUYeCcKnin CNekTp 3/1eKTPOHOB 1 ObIPOK B KBAHTOBbLIX siMaX

11. BavaHWe BHELWHEro MarHUTHOrO MoJieil Ha 3HepreTU4YeCcKn CNeKTP 3JIeKTPOHOB U AbIPOK B HAHOCTPYKTYpax: NepeHopMnpoBKa u
pa3sMepHas 3aBMCUMOCTb g (haKTopa

12. MeXX30HHbIe onTu4eckne nepexoibl 1 Npasuia oTbopa B KBAHTOBLIX IMax, ONTUYeCKas oOpMeHTaLma 1 nonapmsaumns
hoToNOMUHECLLeHLINN

13. Me)x30HHbIe onTu4eckne nepexonbl 1 nNpasuia oTbopa B chepnyeckmnx KBaHTOBbIX TOHKaX, ONTUYECKasa OpueHTauus n
nosisapusauma GoToIoMUHECLLEHLUN

14. SKCUTOHbI B 06bEMHbIX MOJYNPOBOAHNKAX, KBAHTOBbIX IMax, KBaHTOBbIX NMPOBOJIOKaX W KBAHTOBbIX TOYKaX; BANSHMNE
OV3NEKTUYECKOro OrpaHNYeHnst Ha 3HepPruo CBsA3n

15. PeXXnMbl pa3smMepHOro KBaHTOBaHWSA 3KCUTOHOB B KBAHTOBbIX TOYKaX

16. DKCMTOHHas POTOJIIOMUHECLIEHLMA: ONTUYeCKMe nNpaBuia oTbopa 1 TOHKaa CTPYKTYpa 3KCUTOHHOIO CMeKTpa B KBAHTOBbIX fiMaXx;
LMPKYAsipHasa n anHenHas nonspusauma oToIOMUHECLIEHLINN

17. 9KCMTOHHas POTOJIIOMUHECLLEHLMA: ONTUYECKMe NpaBuia oTbopa 1 TOHKaa CTPYKTYpa 3KCUTOHHOIO CrnekTpa B chepnyieckmnx
KBAHTOBbIX TOYKaX; BAUAHME TemMnepaTypbl N BHELLIHEr0 MarHUTHOro noJsis

18. MpuMecHbIe LIeHTPbl U SKCUTOHHbIE KOMMJIEKChI B HAHOCTPYKTYpPaXx: SHEeprus CBA3N U TOHKasa CTPYKTypa

19. SKCUTOHHbIE KOMIMJIEKChl B HAHOCTPYKTYypax: n3ay4aTenbHas n 6esbiznyvaTenbHas pekoMbuHauns

20. Heynpyroe KkoMb1HaLNOHHOE paccesiHne CBeTa B HAHOCTPYKTYpax B HYJIEBOM W BHELUHEM MarHUTHOM roJe



