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AHHOTANMA

3aaua JAUCIUILIMHBI - 1aTh CTYJICHTaM HEOOXOJJMMbIE 3HAHHS B 00JaCTH CIIEKTPOCKOIINH MOTYTPOBOTHUKOB U
JURJIEKTPUKOB, MMO3HAKOMHUTH CO BCEM MHOTO00pa3WeM SKCIIEPUMEHTAIBHBIX 3(h(EKTOB, ToKa3aTh, KaK 3TH
JKCTIEpUMEHTAIIbHBIE PE3YJbTaThl OOBIACHIIOTCS B paMKaX COBPEMEHHBIX TeopeTHdeckux mojeneil. [lomumo
TPAJUIIMOHHBIX Pa3/IeNIOB, OMUCHIBAIOIINX ONTHYCCKUE SBICHUS B OOBEMHBIX 00pasmax, B Kypce OoJbIIoe
BHMMAaHHE YJEIEHO CaMbIM COBPEMEHHBIM HANpaBICHUSAM, TaKUM, KaK CHEKTPOCKOMUS HU3KOPa3MEPHBIX
cucreM, bo3e-koHIeHC AU SKCUTOHOB U MOJISIPUTOHOB, ONTUYECKUE SIBJICHUS B IBYMEPHBIX MaTepuaax TUIa

ANXAJIBKOTCHHU 0B IIEPEXOAHBIX METAJIJIOB, IJICHKAaX MMEPOBCKUTOB.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

—II03HAKOMUTH CTYACHTOB C OCHOBHBIMH IMOHSITHAMHU U HJIESIMHU B 3TOH 00JIaCTH, C TIOCTAHOBKOW 3a7a4 U
OAX0AaMH K ux peweHusM. [Ipeanonaraercs, 4ro, npociaymas 3TOT Kypc, CTYIAEHTbl CMOTYT YUTaTh U
MOHUMATh TEKYIYIO0 HAy4YHYIO IEPHOANKY B 3TOH O0JIaCTH.

33]13‘[1/[ JAUCHUIIINHBI

- JaTh CTylEHTaM HeoOXOAWMBbIE 3HAHWSA B O0JACTH CIEKTPOCKONUHU IOJYIPOBOAHUKOB H
JM3JICKTPUKOB, MO3HAKOMHUTH CO BCEM MHOI000pa3HeM 3KCIIEPUMEHTANbHBIX 3()()EeKTOB, MOKa3aTh, KaK
9TU IKCTIEPUMEHTAJIbHBIE PE3YIbTaThl OOBSICHAIOTCS B pAMKAaX COBPEMEHHBIX TEOPETUYECKUX MOJEIIEH.
[ToMrMO TpaZWIIMOHHBIX Pa3ZEiiOB, ONMMCHIBAIOIIMX ONTHYECKUE SIBICHHS B OOBEMHBIX 0oOpasmax, B
Kypce 00JbII0€ BHUMAHUE YJCICHO CaMbIM COBPEMEHHBIM HAINlPABJICHUSAM, TAKUM, KaK CIIEKTPOCKOMHNS
HU3KOpPa3MEPHBIX CUCTEM B YCIOBHUSX KBaHTOBOTO 3(dekra Xomna, bo3ze-koHaeHcAsl SKCUTOHOB H

Ap.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0yacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 SHaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKd ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHHBIMHU
METOJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.1 CriocoGeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax MCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
EITENLHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

3. IlepevyeHnb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILTHHE (MOXYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




- OCHOBHBIE NTOHATHUS IO TEME AUCLIMITIINHEL,
- KBAHTOBY0 TEOPHUIO MEX30HHBIX [1€PEXO/I0B;
- (pu3HUKyY HEPSAMBIX NEKTPOH-(POHOHHBIX ONTHYECKHUX IIEPEXOI0B;
- mozensb JlopeHu-JIopeHna Iu3aeKTpuyecKor IPOHUIIAEMOCTH;
- kp-meton pacdera 371€KTpOHHOTO CHEKTpa BOJIM3H SKCTPEMYMOB
- 5kcuTOHBI Ppenkens u Banbe-Morra;
- BIIUSIHYE BHEIIHUX CTaTHYECKUX IOJIEH Ha SKCUTOHHBIE CIIEKTPBI;
- 3¢ QeKThl KOIJIEKTHBHOTO B3aMMOACHCTBHSA B CHCTEME 3KCUTOHOB M HEPaBHOBECHBIX HOCHUTEJIEH
OO0JIBLION TNIOTHOCTH;
- IPUMECHBIE COCTOSIHUA B AUIIEKTPUKAX U M1OJIyIIPOBOIHUKAX;
-npubIKeHue orubdaromen
- 3(peKThI ONTHYECKON OPUEHTALIMN CIIMHOB HOCUTENEH M SKCUTOHOB B IOYIIPOBOJAHUKAX;
- ONITHYECKNE CBOMCTBA HU3KOPA3MEPHBIX CTPYKTYP
- YIPYTOo€ U HEYNIPYroe paccesiHUe CBETA B MOIYIIPOBOJHUKAX
-ONTUYECKHE CBOMCTBA IBYMEPHBIX MaTepHaIOB
YMETB:

- HCTIOJIB30BAaTh aarabaTHIecKoe puoimKeHne, kp-mMeros, mpubImKeHne oruoaroniei;
- aHAM3UPOBATh ONTHYECKUE CIIEKTPBI MOIVIONICHHUS U TIOMUHECIICHITUY;
- YUUTBIBATH B3aUMOJICHCTBUE DIICKTPOHOB € J¢(OPMAIMOHHBIMU U MOJSPU3ANUOHHBIMHA KOJICOAHUSIMHU
KPUCTAJUTMYECKON PEIICTKH;
- yunThiBaTh 3G (EKTHl 3ama3iblBAHUS W TMPOCTPAHCTBEHHOW JUCIEPCHU B O0NACTH SKCUTOHHBIX
PE30HAHCOB;
- YUYUTHIBATh DJKPAHUPOBAHHWE B CIy4asX HEBBIPOKIACHHOTO U BBIPOXJICHHOTO 3JICKTPOHHOTO
(mpIpodHOrO) raza;
- pelath 33J1a4u 10 TeMe JTUCIUTUTAHBIL.

BJIAJIETh:
- TEOPETHYCCKUMHU OCHOBAMHU ONITUYECCKHX METOJIOB UCCIICOBAHUI KPUCTAIIIOB;
- npubmKeHreM d(p(GHEKTUBHONW MAaCChl JUISI BBIYHUCIICHUSI CIIEKTPOB BOJIOPOOINOAO0HBIX MPUMECEH H
SKCHUTOHOB;
- MareMaTM4ecKUM U TIOHATUHHBIM amnmaparoM ¥ METOJlaMH HCCIIEIOBAaHUN, COCTaBISIONIMMU
CoZIepYKaHUE TUCITUILTUHBI.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 DNEeKTPOHbI B WACATBLHOM KpHUCTAIUIE U ) 1 4
MPEACTaBICHNS O YHEPIeTUYECKUX 30HAX.
CTpykTypa DSHEpPreTHYeCKHMX 30H JUIA
KOHKPETHBIX MOJTYTTPOBOJHHUKOB:
2 repMaHuil, KPEeMHMH, apCeHH]l TaJlIusl. 2 1 4
Mesxay30HHBIE ONTHYECKHUE TEPEXOAbl U
ONITHUYECKHE CBOMCTBA.
AHanuTH4ecKoe MOBEAECHHE ONTUYECKUX
KOHCTAaHT B  KPUTUYECKHUX  TOUYKax
3 JHEpreTHYecKoro cmekrpa. Hemnpsmelie 2 1 4
3NIEKTPOH-(OHOHHBIE ONITUYECKHE
HePEXOIbL.
4 MHOro()oTOHHBIE ONTHYECKHE MEPEXOMbI ) 1 4
U CTPYKTYpa ONTHYECKUX KOHCTAHT.




MarauToonTHYECKHUE CBOMCTBa
kpuctamioB. [lma3sMeHHbIE kKoneOaHus U
CTPYKTypa IUIA3MEHHOTO Kpas.
OnTuveckue CBOWCTBA  HOPMAIBLHOTO
MeTaJula U CBEPXITPOBOJIHUKA.

OKCUTOHBI B KpucTaax. [Ipubnmkenue
CHJIBHOW CBSI3U M SKCUTOHBI DpeHxkens.
BonoponononobHas Moaenab 3KCHUTOHA.
DKCUTOHBI B CHJIBHO aHHU30TPOIHBIX
KPHCTAIIIMYECKHUX Cpeax.

DKCUTOH-(OHOHHOE B3aHMOJCHCTBHE C
neopMalnOHHBIMH "
HOJISIPU3ALIUOHHBIMU ¢oHonamu  u
HenpsMble 9KCUTOH-(DOHOHHBIE
[IEPEXOLIBI. [NonspuzannonHoe u
TUDIIEKTPUIECKOE SKpaHUPOBAHUE
3JIEKTPOH-/IBIPOYHOI0 B3aUMOJIEHCTBUSI B
9KCUTOHE.

BriusHuEe BHEIIHMX CTaTUYECKUX MOJIeH
Ha DKCUTOHHBIC CIEKTPBL: DKCHUTOHBI B
AIIEKTPUUECKOM T10JI€, B MArHUTHOM TIOJIE,
B YCIIOBUSIX OJIHOOCHBIX HAaIPaBJICHHBIX
nedopmanuii.

OddexTrr KOJUIEKTUBHOTO
B3aUMOJICHCTBUSI B CUCTEME SKCUTOHOB U
HEPaBHOBECHBIX HOCHTENEH OONbIION
IUIOTHOCTH. OKCUTOHHBIE MOJIEKYIbl U
TPUOHBI Bo3ze-aiiHmTeiHOBCKas
KOHJICHCALlUsl IKCUTOHOB.

10

KonzmeHcanusi 9KCHTOHOB B KaIUIM
ANeKTpoH-IbIpouHoit skunkoctu (BK).
[lepexon MotTa B cuUCTeME 3KCHTOHOB
OoJBIION TUIOTHOCTH.
OKCUTOHHO-IPUMECHBIE KOMIIJIEKCHI.

11

IIpumecHBIe COCTOSHUA B JUDIIEKTPUKAX
U TIONyTNpoBoAHUKaxX. [Ty0okue u menkne
MIPUMECHBIE  IIEHTPbl. AKLENTOpPHl U
JIOHOPBI. OKCUTOHHO-IIPUMECHBIE
KOMILJIEKCBI.

12

MHOIr03KCUTOHHBIC IMPHUMCCHBIC
KOMIIJICKCHI, 00oI0ueuHas MOZCIb TaKHUX
KOMILIEKCOB. OnTHyecKas OpucHTaNuA
CIIMHOB HOCHUTEJIEH M DJKCUTOHOB B
MOJIYIIPOBOJHUKAX.

13

VYIpyroe u HEyIpyroe paccesHue CBeTa B
MOy IPOBOTHUKAX.

14

JIBymepHbIe MaTepuabl: rpades,
JVXaJIbKOTEHUIBI TEPEXOAHBIX METAJIIOB.
[IpoBoguMOCTh ABYMEpHBIX CTPYKTYp H
O0COOCHHOCTH, CBSI3aHHBIE C JIMHEHHBIM
3aKOHOM  jaucmepcun B Tpadene.
Ontuueckue cBoiicTBa 2D Marepuanos.

Wtoro wacos

30

15

60

HO,I[FOTOBKa K 3K3aMCHY

30 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2.

Coneprxanue TUCIUIUIAHBI (MOMYJIs), CTPYKTYPUPOBAHHOE MO TeMaM (pasiernam)




Cemectp: 1 (Ocennuii)
1. DNeKTPOHBI B HICAIbHOM KPUCTAILIC U MPEACTABICHUS O SHEPTETHYCCKHUX 30HAX.

DNEeKTPOHbl B HWACATBHOM KpHUCTAUIE M NPEACTAaBICHHA O OJHEpreTMdeckux 3oHax. OOmas
MOCTaHOBKa 3aja4yn. Anuabarmyeckoe mnpudmmkenue. OTHOAIEKTPOHHOE NPHUONMKEHUE, METOI
Xaptpu-®oka. Metonp! [aiitinepa-Jlonnona-I'eitsendepra u ['ynna-bnoxa B 3nekTpoHHOH Teopuu
KpucTanioB. O0Iue cBOWCTBa AMEKTPOHA, IBIKYIIETOCS B EPHOINYECKOM KPUCTAITMYECKOM IOJIE.
Mopnens Kponura-Ilennn. OddextuBHas Macca, TMOHSATHE O TOJOKUTEIBHBIX — JBIPKax.
lamunsronnan JlarTunmkepa, JeTkue W TsDKesble JbIpKH. [IpuOnmkeHne CHIBHO CBS3aHHBIX
3JIEKTPOHOB.

2. CprKTypa OHCPICTUUCCKUX 30H [JISI KOHKPCTHBIX IOJYHPOBOAHUKOB: T epMaHHﬁ, erMHHﬁ,
apCCHU I rajuius. MC)KI[YSOHHLIC ONTUYCCKUEC NEPEXOAbI U ONITUICCKUC CBOICTBA.

CTpyKTypa 3HEPreTHYeCKuX 30H JUIsI KOHKPETHBIX MOIYIPOBOJHUKOB: T€PMaHUi, KPEMHUH, apCeHU T
raums. MeXy30HHBIE ONTHUYECKUE Tepexoibl W OonThdeckue cBorcTBa. OOHMI TEOpeTHUECKUN
aHallu3 MEXK30HHBIX ONTHYECKMX TnepexofoB. OcHOBHbIE NpuOMKeHHs. [ aMUIBTOHHAH
ANEKTPOH-(POTOHHOTO B3auUMoAeHcTBUs. KBaHTOBas Teopust MeEXK30HHBIX IHpoxomoB. CBs3b €
ONTHUYECKNMM  KOHCTaHTaMHM Ha Ipumepe  ocmwuiatopa JlopeHnma.  J[ManekTpuueckas
MPOHUIIAEMOCTH, KO3()(UIIMEHTHI MOITIOMIEH!S, SKCTUHKIINU OTPasKeHUS, TTIOKa3aTellb IPEeIOMIICHHS.

3. AnanuTHYeckoe MOBEACHUC OITHYCCKHUX KOHCTAHT B KPHUTUYCCKUX TOYKAX OHEPIrCTUYCCKOIO
CIICKTpaA. HerHMBIC BHCKTpOH—(I)OHOHHBIe ONTHUYCCKUC TCPCXOABI.

AHanuTu4eckoe M0BeICHUE ONTUYECKUX KOHCTAHT B KpPUTHYECKUX TOUKAX 3HEPreTUUECKOIO CIIEKTpa
(cunrynspaoctu Ban XoBa, TOUKM MakCUMyMOB. MUHUMYMOB, ceUIOBbIe TOukHn). Citydan 3-X, 2-X u
1-ro u3mepenuii. TeopeTudeckuii aHaNM3 M DKCIIEPUMEHTAIbHBIE MPUMEPHI: TePMaHUIA, CIOUCTHIE
MOJYIIPOBOJHUKOBBIE  CTPYKTYpbl. B3aumopelicTBHEe 31€KTpPOHOB C  JIe)OpMALMOHHBIMH |
HOJISAPU3ALNOHHBIMU KOJCOAHUSAMHU KPHUCTAUIMYECKOW pelIeTKH. DJIEKTPOHHBIA MOJISpoH. Mozenb
Opennxa MOJISIPU3aLMOHHOTO 3JIEKTPOH-(OHOHHOTO B3aMMOJICHCTBHSIL. Henpsmeie
ANIEKTPOH-(OHOHHBIE ONITUYECKHUE MEePeXo/ibl. [[puMepbl — repMaHuil, KpeMHUH, GoCchuUI rayums.

4. MHOTO(OTOHHBIE ONITUYECKUE MIEPEXO/Ibl U CTPYKTYpa ONTUYECKUX KOHCTAHT.

MHoOro)oToHHBIE ONTHYECKUE MEpPexXoabl M CTPYKTypa ONTHYECKHX KOHCTAHT. J[ByxdoToHHOE
[IOMVIOIIEHNE. BrnusgHuME BHEMIHUX CTATUYECKHX BO3JCHUCTBUNM HAa OJJEKTPOHHBIE CIEKTPHI
MOJYIIPOBOJHUKOB. I'MIpocraruyeckoe JaBji€HUE U  BIMSHME OJHOOCHBIX  HAaIIPABIEHHBIX
nedopmanuii. BozaeicTBrue craruueckoro sekTpudeckoro mnois u 3¢ ekt Opanna-Kenapima.

5. MarHuToonTu4ecKkue CBOMHCTBA KpUCTAILIOB. [lna3MeHHbIe KOeOaHus U CTPYKTYpa IIa3MEHHOTO
Kkpas. OnTuueckue CBOWCTBA HOPMAJILHOTO METaJlIa M CBEPXIIPOBOAHUKA.

BozgeiicTBue BHEMIHEro CTarn4eckoro mMarHuTHoro nond. Ocuwiisitop Jlanmay u nmamarHUTHOE
KBAaHTOBAaHUE 3IEKTPOHHOIO CHEKTpa. MarHuToonTHyecue OCLMWUIALUHM B CIEKTpax MONIOLICHUS
MOJYIIPOBOAHUKOB.  OJEKTPOH B  TapMOHMYECKOM  IOTCHUMAJIBHOM  Toje  (Monenb
doxka-Jlapsuna).Ontndyeckue cBoiictBa MetaiioB 1o Jlpyne-Jlopeniyy. IlnasmMennble koneOaHus u
CTPYKTypa IUIa3MEHHOTO Kpas. 3aTyxaHue IUIa3MEHHBIX KoseOanui (3aryxanue Jlanpay).
OnTHyeckre CBOMCTBA HOPMAIBHOTO METaJjIa B Mpejiene HU3kux actoT. @opmyna XareHa-Pybenca.
CKUH-CIIOM 1 aHOMAJTLHBIN CKUH 3(DQEKT.

6. DOkcuTOHBI B KpucTauiax. [IpuOnwkeHuWe CHIIBHOM CBA3M M OKCUTOHBI DpeHkes.
BonoponononoOHast Mozpenb 3KCUTOHA. OKCHUTOHBI B CHJIBHO aHHU30TPONHBIX KPUCTAJUIMYECKUX
cpenax.



OKCUTOHBI B KpucTaimax. [IpubnmmkeHue cuiabHON CBsi3W W dKcHTOHBI Dpenkens. [lonepeunoe u
NpOJONBbHOE —pacuierieHne. JlaBblqoBcKas JyOneTHas CTPYKTypa CIEKTPOB MOJEKYJISPHBIX
KPUCTAJUIOB (9KCTIEpUMEHTAIIbHBIE TPUMEpPBI: OESH30J1, aHTpalleH U Jp.). BogopomonomxobHas Mojaeib
skcuToHa (3KkcuToHbl Banbe-Motra). [Ipubnmxenne 3ppekTruBHON Macchl A BOZOPOIONOI00HOTO
9KcUTOHA. J[Ba Kiacca IUCKPETHBIX SKCHTOHHBIX CIEKTPOB: pa3pelIeHHbIC M 3alpeliCHHbIE B
HYJICBOM TIOpPSIZIKE IO BOJHOBOMY BEKTOpY ONTHYECKHE Tiepexoipl. [lomomenue B oOmactu
JIUCCOLMUPOBAHHBIX  AKCUTOHHBIX  COCTOSHMHA.  OKCHUTOHBI B CHJIBHO  aHU3O0TPOIHBIX
KPHCTAUTMYECKHUX Cpeax.

7. OxcnTOH-()OHOHHOE B3amMozeiicTBUE ¢ 1e(hOPMAIIMOHHBIMU M HOISAPU3aLUOHHBIME (DOHOHAMH U
HenpsMbIe KCUTOH-(OHOHHBIE Mepexonsl. [lonsapu3aMoHHOE U AUAIEKTPHUYECKOE DKPAHUPOBAHUE
JIEKTPOH-JIBIPOYHOIO B3aUMOJEHCTBHSI B SKCUTOHE.

OKCUTOH-(QOHOHHOE B3aMMoOJeHcTBHE € Ne()OpPMALMOHHBIMU W MOJSPU3ALMOHHBIMA (POHOHAMU H
HeTpsIMble SKCUTOH-(QOHOHHBbIE nepexoabl. [Ipumepsl — repmaHnii, KpEeMHUH M apCeHUI Tajulusl.
[TondpuzanoHHOE W IHUIIEKTPUYECKOE HKPAHUPOBAHUE IJIEKTPOH-ABIPOYHOTO B3aUMOJCHCTBUS B
skcuroHe. Ilorennman lOxaBa. DkpaHupoBaHHE B CilydasX HEBBIPOXKICHHOIO M BBIPOXKIEHHOI'O
3JIEKTPOHHOIO (JIBIPOYHOIO0) Tra3a, COOTBETCTBYIOIINE JAJUHBI 3KpaHupoBanus — Jlebas-Xrokkemns u
Tomaca-®@epmu. PEHTI€HOBCKHE 3KCUTOHBI.

8. BiausHME BHEIIHUX CTAaTHUYECKHMX IOJIEH HAa YKCUTOHHBIC CIICKTPbI: DKCUTOHBI B JJICKTPUYCCKOM
moJjie, B MArHuTHOM II0JIC, B YCJIOBUAX OJHOOCHBIX HAIIPaBJICHHBIX ,I[e(l)OpMaL[Hﬁ.

BausiHyue BHEIIHUX CTaTHUYECKUX MOJICH HA SKCUTOHHEIC CIHCKTPBI: 9KCUTOHLI B 3JICKTPUYICCKOM II0JIC,
B MAr"HuTHOM 1IOJI€, B YCJIOBUAX OJHOOCHBIX HAaIIPaBJICHHbBIX ;[e(bopMauHﬁ. I[I/IaMaFHI/ITHLIe
OKCHUTOHBI. 3(1)(1)€KTBI 3ala3abIBaHuA U HpOCTpaHCTBGHHOﬁ AUCICpCruu B 00JIaCTH SKCHUTOHHEIX
PE30HAHCOB. DKCHUTOHHBIE TIOJIAPUTOHBI, Il06aBO‘IHBIe CBCTO-ODKCUTOHHBIC BOJHBI MW  HUX
OKCIICPUMCHTAJIbHBIC Ha6J'IIO):[CHI/I$I.

9. D deKThl KOUIEKTUBHOTO B3aUMOJIEHCTBUS B CHCTEME YKCUTOHOB U HEPaBHOBECHBIX HOCHUTEJIEH
OOJNIBLION TUIOTHOCTH. ODKCUTOHHBIE MOJIEKYIBI M TPUOHBI bo3e-3iHIITEHHOBCKAs KOHACHCAIUS
9KCUTOHOB.

D¢ deKTsl KONJIEKTUBHOTO B3aUMOJECIHCTBUS B CHCTEME KCHTOHOB M HEPAaBHOBECHBIX HOCHUTENEH
OOJNBLION TJIOTHOCTU. ODKCUTOHHBIE MOJEKYJIbl U TPHOHBI (SKCIEPUMEHTAIbHBIE NPUMEPHI —
TrepMaHni, KpeMHUH, apceHu/] rajuusi). bo3e-aiHITeHHOBCKas KOHIEHCAIMsl DKCUTOHOB. JlazepHoe
OXJIaXKJIeHHe U 0603e-3MHIITEHHOBCKAs KOHJCHCALIUS Pa3pEXKEHHBIX aTOMHBIX CUCTEM.

10. KonneHcauus 5KCUTOHOB B Karlid 3J1eKTpoH-AbIpouHoii xkuakoctu (D/K). Ilepexon Morra B
CHCTEME KCUTOHOB OOJIBIION MIOTHOCTH. DKCUTOHHO-ITPUMECHbBIE KOMILICKCHI.

KonneHcanusg 53KCUTOHOB B KalulM AIEKTPOH-AbIpouHOM sxuaxkoctd (JXK). Pacuer sueprum
ocHoBHoro coctosinust DK (mpumep — repmanuii). da3oBasi [uarpamMma mepexona: SKCUTOHHBIN
ra3 — JJIeKTPOH-ABIpoUHas kuIKocTh. [lepexon MoTTa B cucTeMe SKCUTOHOB OOJBIION TUIOTHOCTH.
VBIleueHUE ANEKTPOH-IBIPOYHBIX Karneidb (JoHOHaMH. PexoMOnHannonHbli Marnetusm kanens /K.
I'uranTckue 31eKTPOH-ABIPOUHBIE KAIUIM. DKCIIEPUMEHTAIbHbBIE IPUMEPHI.

11. IIpuMecHBIE COCTOSHUS B AMAICKTPUKAX M MOJYNPOBOAHMKAX. [71y0OKHMe M MelKue MpUMecHbIe
LEHTPbl. AKUENTOPHI U JOHOPBI. DKCUTOHHO-IIPUMECHBIE KOMITJICKCHI.

[IpumMecHbIe COCTOSHUSL B IUAJIEKTPUKAX W IOJYNPOBOAHUKAX. [TyOOKHEe M MEJKHE MPUMECHBIC
HeHTpbl  (knaccuuKamys  COCTOSHUM, MHOTORJICKTPOHHBIE  COCTOSHMSA, KPHCTAJIMYECKHE
pacuieruieHus). Menkue 3JIeKTPUYECKH aKTHBHBIE MPUMECHBIE LIEHTPbl — aKLENTOPbl M JIOHOPHI.
JIOHOpHO-aKIeNTOPHbIE Hapbl W CBA3aHHas C HUMM  HU3JIydaTelbHas  PEKOMOMHAIMSL.
OKCUTOHHO-IPUMECHBIE KOMIIEKCHI — aHAJIOT MOJICKYJISIPHBIX CHCTEM B ITOJTYTIPOBOIHHUKE.

12. MHOTr03KCUTOHHBIC IMPUMCCHBIC KOMILJICKCEI, o0oItoucuHas MOACIb TaKHUX KOMIIJICKCOB.
OnTuyeckas OpUCHTAlUA CIIMHOB HOCHUTEJICH U DKCUTOHOB B MOJYIIPOBOAHUKAX.



MHOTOSKCUTOHHBIE ~ IPUMECHBIE  KOMIUIEKCHI, 000J04YeYHass MOJeNlb TaKUX  KOMILICKCOB.
DNEeKTPOH-3NIEKTPOHHE KOPPEISIMMM W TOHKas CTPYKTypa MHOTODKCHUTOHHBIX KOMILJIEKCOB.
OnTuueckasi OpUeHTalMs CIIMHOB HOCUTEJEH U 9KCUTOHOB B NONyIpoBoAHUKaX. ClMH-peleTo4Has
U CIIMH-CIIMHOBAS pejlaKkcalysl.

JIByMepHBbIE TOJYNPOBOAHUKOBBIE CUCTEMBI. CTPYKTYpBl METaul-AUAICKTPHUK-TIOIYIPOBOAHUK,
IeTepPOCTPYKTYPbl: KBAaHTOBBIE SIMbl, CBEPXpEIIETKH, KBAaHTOBble HUTH U TOouku. Illonesoit
Tpan3ucTop. CHEKTpsl pa3MEpPHOrO KBAaHTOBAaHHMS B HHU3KOPa3MEPHBIX cucTeMax. JIBymepHbIe
9KCUTOHBI B KBAHTOBBIX SIMaX U CBS3aHHBIX KBAHTOBBIX CUCTEMAX.

13. Ynpyroe 1 HEeynpyroe paccesiHie CBeTa B MOIYIIPOBOIHUKAX.

VYipyroe u Heympyroe paccesHue CBeTa B MOIyIpoBoaHMKax. Kiaccumueckuit moaxoxa. PaneeBckoe
paccesiue, paccesnue Mu. Ceuenue paccessHus. KomOmHanmoHHOE paccestHue, TEH30p PacCesiHHUSL.
CrokcoBa M aHTUCTOKCOBA KOMIIOHEHTBl CHUTHaja paccesiHus. KBaHToMexaHHyecKass MOJENb
KOMOMHALIMOHHOTO paccessHusl. JlmarpaMMHBIN OAXO K BEIYUCICHUIO CEUCHUS PACCESHUSL.

14. JIBymepHble Marepuainsl: rpadeH, IUXaJbKOTeHHIbl MEPeXOAHBIX MeTauioB. [IpoBoanmocTh
JBYMEPHBIX CTPYKTYp M OCOOCHHOCTH, CBSI3aHHBIE C JIMHEHHBIM 3aKOHOM JWCIEpCUH B TrpadeHe.
OnTuueckue cBoiicTBa 2D mMarepHuaos.

JIBymMepHble MaTepuaibl: TpadeH, IUXaTbKOTCHHIbl IEpeXoAHbIX MeTamioB. CBoiicTBa W
0COOCHHOCTH. ONeKTpoHHBIH cnekTp 2D marepuanoB. [IpoBOOMMOCTH OBYMEPHBIX CTPYKTYP H
0COOCHHOCTH, CBSI3aHHBIC C JIMHEHHBIM 3aKOHOM Jucriepcun B rpadene. Onrtuyeckue cBoicTBa 2D
MaTepHuanoB. DKCUTOHBL, TPUOHBI U TpuMecHu B 2D marepuanax.

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. OcuoBbl pusuku nonynpoBonuaukoB [Texct]/HO. I1. Kapnona , -M., ®usmariut, 2002

2. DJIEKTPOHHBIE COCTOSIHHS U ONITHYECKHE Tiepexoibl B TBepabix Tenax [Texcr]/®. baccanu, [Ix.
[Tacropus IlappaBuuunm , -M., Hayka, 1982

3. Tumodees B.b. Ontuyeckast crieKTpOCKOUs 0ObEMHBIX MMOJYNPOBOJIHUKOB U HAHOCTPYKTYP: yueo.
mocod6wue. - CII0.: Jlans, 2015.

JomnonHurensHas aureparypa

1. [punmunsr Teopuu TBepaoro Tena [Teker] = Principles of the theory of solids : [y4e6. mocobue ms
By30B] / JIk. 3aiiMaH ; mep. co BTOporo anmi. u3a. nox pen. B. JI. bonu-bpyesuua .— M : Mup, 1974
— 472 c.

2. IomympoBomHuKoBas onrodnexrponuka [Tekcr]/T. Mocc, I. bappen, b. Dmuc , iep. ¢ anm. A. A.
l'unmuyca, A. H. Kosanesa , -M., Mup, 1976

3. JIudnekTpuky, MoaynpoBogHUKH, MeTaibl [ Texct| = Insulators, semiconductors and metals/J{x.
Cmatep , -M., Mup, 1969

4. Teopus axcutoHoB [ Texct] = Theory of excitons/P. Hoke , -M., Mup, 1966
5. Teopust monekysipHbIx 3kcuToHOB [TekcT]/A. C. laBbinos, -M., Hayka, 1968
6. Oxcuronsl [ Tekcr], Mmonorpadus/mon pen. 3. M. Pamba, M. JI. Crepmxa , -M., Hayka, 1985

7. DNEeKTPOHHO-JIBIPOYHBIC KAIUIM B MOXYNPOBOAHUKAX. o] penakuuedt JI. Kennpima u K. Jxeddpuca,
- M.: Hayka, 1988.
8. S.L. Chuang, Physics of Photonic devices, New York: Wiley, 2009.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)
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8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Ipe3eHTanuu u NpoexTop.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUNIMHBI (MOXYJIs1)

CTyneHT, M3y4arouuii IUCHUIUIMHY, JOJDKEH C OIHOW CTOPOHBI, OBJIAJECTh OOLIMM IOHATUHHBIM
armnaparoM, a ¢ APyroi CTOPOHBI, JOJKEH HAYYUThCS IIPUMEHSATH TEOPETUUSCKHE 3HAHUS Ha IIPAKTHKE.
B pesynbrare u3ydeHus: AUCUUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIC ONPEAEICHHS IMCLMILUINHEL,
YMETh IPUMEHSITh TTOJTyYSHHBIC 3HAHUS JUTS PEIICHUS Pa3IUYHBIX 3a7ad.

VYenemHoe  OCBOeHHE Kypca TpeOyeT HampsHKEHHOW CaMOCTOSTENbHOW palboThl  CTy[JeHTa B
COOTBETCTBUU C JJAHHBIMH B pabodeii mporpamme. CamocTosTeNbHas padoTa BKIIFOYAET B ceOsl:

— YTEHHUE PEKOMEH/I0BaHHOM JINTEPATYPBbI;

— npopaboTKy Y4eOHOro Marepuaia, IOArOTOBKY OTBETOB Ha BONPOCHI, INPEAHA3HAYCHHBIX IS
CaMOCTOSITEIIbHOTO M3yUCHHUS;

— peleHune 3a1a4, NpeaiaraéMbIX CTYICHTaM Ha JICKIUAX U PAKTHYCCKUX 3aHSATHSIX;

— IpH HEOOXOAUMOCTH MOJATOTOBKY K PAKTHYECKUM 3aHATHSAM, KOJUIOKBUYMaM, YK3aMEHY.
[TokazareneM BIIQJCHUS MaTepUAIIOM CIY)KHT YMEHHE pemarb 3aaadd. ns GpopMUpOBaHHS yMEHHS
NPUMEHSTh 3HaHHS Ha PAKTHKE CTYJCHTY HEOOXOIUMO pelIaTh Kak MOKHO OOJIbIIIe 3a/1a4.

BaxHO 10OUTHCS MOHMMaHMS M3y4aeMOTO MaTepHaja, a He MEXaHHYECKOTO ero 3anoMHuHaHus. [Ipu
3aTPYAHEHUH W3YYCHMsI OTACIBHBIX TEM, BOIIPOCOB, CIIENyeT OOpamaTbcsi 3a KOHCYJIBTALUSIMHU K
JIEKTOPY WJIH MPENOAaBaTeNI0, BEAyIIeMy MPAKTHUSCKUE 3aHATHS.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.



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
kadeapa QU3MKU TBEPIOTO Tela

Kypc: 1

kBaTuuKkanus: MarucTp

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

PaszpatGoTunk: A.B. YepHeHko, kaH[. (pu3.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH nNpodeccuoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIMTEIHLHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax HCCIeOBaHUN B
paMKax TeMaTH4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PEIYIBTATC U3YUCHUA NTUCHUILJIMHBI «CHGKTpOCKOHI/IH MOJYIIPOBOAHUKOB U NUIJICKTPUKOBY» 06y‘laIOH.IHI>iCH

JOJIKCH:

3HATb:

- OCHOBHBIE MTOHATHUS IO TEME AUCLIMITIINHEL,
- KBaHTOBY0 TEOPHUIO MEXX30HHBIX [1€PEXO/I0B;

- (pu3HUKy HEPSAMBIX IMEKTPOH-(POHOHHBIX ONTHYECKHUX IIEPEXOI0B;
- mozensb JlopeHu-JIopeHna Iu3neKTpuyecKor IPOHUIIAEMOCTH;

- kp-meton pacdera 371€KTpPOHHOTO CHEKTpa BOIM3H SKCTPEMYMOB

- 5kcuTOHBI Ppenkenst u Banbe-Morra;

- BIIUSIHYE BHEIIHUX CTaTHYECKUX IOJIEH Ha SKCUTOHHBIE CIIEKTPBI;
- 3¢ QeKThl KOIJIEKTUBHOTO B3aMMOACHCTBHSA B CHCTEME 3KCUTOHOB M HEPaBHOBECHBIX HOCHUTEJIEH

OOJIBIIION MIIOTHOCTH;

- IPUMECHBIC COCTOSAHMSA B JUIJICKTPUKAX U ITOJTYIIPOBOAHUKAX,

-npubIKeHne orubdaromen

- 3(peKThI ONTHYECKOI OPUEHTALINN CIIMHOB HOCUTENEH M SKCUTOHOB B IOJYIIPOBOJAHUKAX;
- ONITHYECKNE CBOMCTBA HU3KOPA3MEPHBIX CTPYKTYP

- YIPYTo€e U HEYNIPYroe paccesiHUE CBETA B MOIYIIPOBOJHUKAX

-ONTUYECKHE CBOICTBA IBYMEPHBIX MaTepHaioB

yMeTh:

- HCTIOJIB30BAaTh aarabaTHIecKoe puoimKeHne, kp-mMeros, mpubImKeHne orudaroniei;
- aHAJIM3UPOBATh ONTHYECKUE CIIEKTPBI MOIVIONICHHUS U TIOMUHECIICHITUY;
- YYUTBIBATh B3aUMOJICHCTBHE DJIEKTPOHOB C JAe(hOPMAIMOHHBIMU U MOJIIPU3AIMOHHBIMU KOJICOAHUSIMHU

KPHCTAJIIMYECKON PEIIeTKY;

- YUYUTBIBATH 3(1)(1)6KTBI 3alra3ablBaHusa H HpOCTpaHCTBeHHOﬁ AUCIICPCHUU B 00JIaCTH DKCUTOHHBIX

PE30HAHCOB;

- YUYUTBIBATH JOKPAHUPOBAHUC B CJIy4dasiX HCBBIPOKICHHOTO W BBIPOXICHHOIO SJICKTPOHHOIO

(mpIpodHOTO) rasza;
- pemark 3aJ1auu 1o TeMe AUCIIUILTAHBL,
BJIAJIE€Th:



- TEOPETUUYECKUMU OCHOBAMHU ONTUYECKHX METOJOB UCCIIEIOBAaHUM KPUCTAILIOB;

- npubImKeHrneM 3(p(HEeKTUBHOW MAacChl JUIsS BBIYHUCICHUS CIIEKTPOB BOJOPOAONOAOOHBIX MPUMECEH H
9KCUTOHOB;

- MareMaTM4ecKUM U TOHATUHHBIM amnmaparoM M METOJaMH HCCIEIOBaHUN, COCTaBISIOIIMMU
COZIEp’KaHUE IUCLUIINHBIL.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllleMy KOHTPOJIIO
He npenycmorpeno.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB K 3K3dMCHY:

1) Beomuuciute B pamkax (kp)-meroma sddexkTuBHBIE Macchl 3JEKTPOHOB B CIEAYIOLINX
nonynpoBonHukax: GaAs, InAs, GaN.

2) IlomyuuTb 4YHCICHHYIO OLIEHKY OTHOILIEHUS BEPOATHOCTEH pa3pelIeHHBIX [IUIOJIbHOIO H
KBaJIpYTOJIBHOTO ONTUYECKUX MEPEXOI0B B MPSIMO30HHOM MOITYIPOBOJHUKE.

3) BriBectu 3aBucuMoCTb 3Hepruun OepMu IEKTPOHOB OT UX IJIOTHOCTH B CHCTEMaX Pa3MEPHOCTH
ID, 2D u 3D, u cBsA3aTh NONy4YEHHBIE BBIPDAXKECHHA C BUIOM CHHIyIspHOCTel Ban-XoBa B
COOTBETCTBYIOLUX U3MEPEHUSIX.

4) PaccmoTpeTh OCOOCHHOCTH 3JIEKTPOHHOTO CIEKTpa B MOJEIBHOM CHUTyalluM KBAaHTOBO-TOHKHX
IUICHOK TepMaHusl U KpeMHHUs (ciyyan opueHTanuu iockoctu: 001, 011 u 111).

5) CpaBHUTH MapaMeTpbl JKCHTOHOB, JHEPTUI0 CBS3M M OOPOBCKHI paguyc, B CIETYIOIINX
nonynpoBogHukax: GaAs, InAs, GaN, Ge.

6) U3 cootnomenuii Kpamepca-Kponura nomydnts onTudeckue npaBuia CyMM.

7) Honyunth BBIpaXKCHHWE JUII MHUMOW YacTW JUIJIEKTpUveckoir QyHKiuu B Moxpenu Jlopenma 6e3
3aTyXaHusl.

8) Beruuciuth KO3(QQHUUHUEHT MOMIOIMIEHHUS cBeTa ¢ yacToroi Ha 10% MpeBbIAIONIyIO TUIa3MEHHYIO B
Cu u Al mpu KOMHaTHOM TeMIieparype.

8) B momenmu [pyne-Jlopenua cesazare "snexrpuyeckue" (MPOBOAMMOCTh WT.IL) W "omruieckue"
(mudnexTpuyeckas GyHKINS, KOMIUIEKCHBIH KOAQQHUIIMEHT MpeIoMIIeHUs, KOO DUITUECHTHI OTPAXKCHHUS,
OKCTUHKIMU M TIPEIOMIICHHUS ) XapaKTEPUCTHKHA METalIa.

9) BriBectn AUCTICPCUOHHYIO 3aBUCUMOCTD AJId MOBCPXHOCTHOTO INIA3MOHHOI'O MOJISIPUTOHA.

10) OueHuTb YHUCIIO YpOBHEH pa3MepHOro KBaHTOBaHMS B KBaHTOBOHW smMe GaAs/Al0.3Ga0.7As
mupuHoit 20 HM.

11) OueHUTH IOTHOCTB, IPU KOTOPOW Habmrofaercs nepexos; MoTTa B ra3e SKCUTOHOB OOJIBIIOTO
paauyca. YenoBus boze-koHaeHcanuu 3kcUTOHOB B 2D u 3D ciyyasx.

[Ipumepsl 3K3aMEeHALMOHHBIX OUJIETOB:

burer 1.

1. DneKkTpoHBI B HICATbHOM KPHUCTAJUIE M MPEACTABICHHUS O YHEPTETUUECKUX 30HaX. AnuabaTuyeckoe
MpHOIINKEHHE. OnHORMEKTPOHHOE npUOIMKEHUE, METOJ Xaprpu-dPoka. Mertoabl
laiitnepa-Jlonnona-l'eiizenbepra u I'ynga-binoxa B anekrpoHHOW Teopum KpuctamioB. OOmme
CBOWCTBA DJJEKTPOHA, [BUXKYIIErOCs B IIEPUOAMYECKOM KpucTauimdeckoM mnose. Monens
Kponwura-ITennu.

2. OueHUTh MJIOTHOCTh, IPU KOTOpPOW Habiromaercs mepexol MoTTa B rase SKCUTOHOB —OOJIBILIOTO
paaunyca. YcnoBus boze-konaeHcaruu 3kcutoHoB B 2D u 3D ciyyasx.

buner 2.

1. DddexTuBHAS Macca, TOHATHE O MOJOKUTENBHBIX AbIpKax. ['amuibroHnan Jlartunmpkepa, 1erkue u
TsKeTbIe AbIpKU. [IpubnimkeHne CUIbHO CBSI3aHHBIX JIEKTPOHOB.

2. 13 cootnomennit Kpamepca-KpoHnra nony4urs ONTHYECKUE TIPABUIIA CYMM.

Kputepun onennBanus



Onenka ommyHO 10 OamioB - BBICTABISIETCS CTYACHTY, IIOKa3aBIIEeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YeOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.

Ouenka ommmM4HO 9 Oa/ulOB -  BBICTABISIETCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PEIICHUU KOHKPETHBIX 3371a4, CBOOOIHOE M IIPaBHIbBHOE 000CHOBaHHE
NPUHSATHIX PEIICHUH.

Ouenka omMYHO 8§ OamwIioB - BBICTABISETCA  CTYIACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIE, TIIyOOKHE 3HaHMs y4eOHOH NMPOrpaMMbl JUCLUUILIMHBI U YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHHH, C HEKOTOPBIMU HEI0YETaMHU.

OtmeHka XopoIo 7 0ajioB - BBICTABISETCS CTYIACHTY, €CII OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, ymMeeT NPUMEHSTh IOJy4YeHHbIC 3HAHHMS Ha NPAKTUKE, HO HEIOCTaTOYHO
IpaMOTHO 0OOCHOBBIBAET IOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISIETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYILECTBY M3JIaraeT €ro, yMeeT NPUMEHATh NOIyUYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOMYyCKAaeT B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OreHka XOpoIIo 5 6ayuIoB - BHICTABIISCTCS CTY/ICHTY, €CJIH OH B OCHOBHOM 3HAEeT MarepHal, rPaMOTHO
U 110 CYLIECTBY M3JIaraeT €ro, yMeeT IPHMEHSTh MOJyYCHHBIC 3HAHHS Ha MPAKTHKE, HO JIOIyCKaeT B
OTBETE WJIHM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOIMYECTBO HETOYHOCTEH.

OreHka ymOBIETBOPUTEIbHO 4 Oaiia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWIl, HEIOCTaTOYHO MpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapYUICHUS JOTWYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO MaTrepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3/eibl y4eOHON HPOrpaMMbl, HEOOXOAUMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBICTBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUH IPOrPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/iejaMH y4eOHOM MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENIBHO 2 0aluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUs Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THIIOBBIX 33]1a4.

OreHka HEYIOBICTBOPUTEIBHO | 0ajml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne ommOKd B (GOPMYIUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI K BOOOIIE HE UMEET HAaBBIKOB PEIICHUS TUIIOBBIX MPAKTHYECKUX

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

IIpuem »sk3ameHa mnpoBoxuTcsi Mo Owieram. B kaxaom Ouiere NpeACTaBICHO JBa 3aJaHMA.
Ooyuatoniemycst nipepocranisgercs 30 MHHYT Ha TOAToTOBKY. Ompoc oOydaromierocsi He JOJDKeH
MPEBBIIIATH OTHOTO ACTPOHOMHYECKOTO Yaca.



