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AHHOTANMA

3amaua AUCHUILTUHBI - IaTh CTYJIEHTaM HEOOXOMMbIC 3HAHUS B OOJIACTH CIIEKTPOCKOITUH TOYIPOBOTHUKOB U
JUDJIEKTPUKOB, MMO3HAKOMUTH CO BCEM MHOT000pa3veM SKCIEPHMEHTANBHBIX 3¢ (EKTOB, MOKa3arh, KaK 3TH
SKCTIEPUMEHTAJIbHBIC PE3yJbTaThl OOBSICHAIOTCS B PAMKaX COBPEMEHHBIX TEOpETHUECKUX Mojenel. [lomumo
TPAJUIIMOHHBIX Pa3/Ie]IOB, OMUCHIBAIOIINX ONTHYECKUE SBJICHHUS B OOBEMHBIX OOpa3iax, B Kypce OombInoe
BHMMAaHHE YJEJICHO CaMbIM COBPEMEHHBIM HAIPAaBICHHUSM, TaKUM, KaK CIEKTPOCKONMHS HHU3KOPa3MEPHBIX
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

—I03HAKOMUTH CTYACHTOB C OCHOBHBIMH MOHITHAMHU U UJESIMH B 3TOH 00J1aCTH, C IOCTAHOBKOH 3a1a4 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

- Jarh CTyleHTaM HeOoOXOAWMBbIE 3HAHUS B OONACTH CHEKTPOCKOIHUH IOJIYHPOBOJHHKOB U
JM3JIEKTPUKOB, TIO3HAKOMHUTH CO BCEM MHOT000pa3HeM 3KCIEPUMEHTAIBHBIX 3((EKTOB, MOKa3aTh, KaK
3TH IKCTIEPUMEHTAIbHBIE PE3YIbTaThl OOBICHIIOTCA B paMKaX COBPEMEHHBIX TEOPETUYECKUX MOJEIICH.
[ToMrMO TpaZWIIMOHHBIX Pa3ZEiiOB, ONMMCHIBAIOIIMX ONTHYECKUE SIBICHHS B OOBEMHBIX 0oOpasmax, B
Kypce 00JbII0€ BHUMaHHUE YAEJICHO CaMbIM COBPEMEHHBIM HAIPaBICHUSAM, TAKUM, KaK CIIEKTPOCKOMHS
HU3KOpPa3MEPHBIX CUCTEM B YCIIOBHSIX KBaHTOBOro 3¢dekra Xoina, bo3e-koHaeHcanus 3KCUTOHOB U

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 3Haer w© croco0eH HCIIOJIBL30BaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 BnageeT aHaIUTUYECKMMH U BBIYUCIUTEILHBIMHA
METOJJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHUeCKOW 00NacTH cBoell mpodeccrnoHambHON
EITENLHOCTH

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
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((EeKThl KOJJIEKTUBHOIO B3aWMOJEHCTBHS B CHUCTEME SKCHUTOHOB M HEPABHOBECHBIX HOCHTEINCH
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 B3aUMOJICHCTBHUE DJICKTPOHOB ¢ AC(POPMAIMOHHBIMU U TIOJSIPU3AIMOHHBIMU KOJICOaHUSIMH
KPUCTAJUTMYECKON PEIICTKH;
- yuuThIBaTh 3G QEKTH 3ama3/blBaHUsS W MPOCTPAHCTBEHHOW IUCHEPCHH B OOJIACTH SKCHUTOHHBIX
PE30HAHCOB;
- YYUTHIBATh OJKPAaHUPOBAHHME B CJIy4asX HEBBIPOKJACHHOTO M BBIPOXKICHHOTO JJICKTPOHHOTO
(mpIpodHOrO) raza;
- pelath 33J1a4u 10 TeMe JTUCIUTUTAHBIL.

BJIAJIETh:
- TEOPETHYCCKUMHU OCHOBAMHU ONITUYECCKHX METOJIOB UCCIICOBAHUI KPUCTAIIIOB;
- npubImwKeHneM 3PGEKTUBHON Macchl ISl BRIYUCICHHS CIIEKTPOB BOIOPOJONIONO0HBIX MPUMeECEH u
SKCHUTOHOB;
- MareMaTH4ecKUM U TIOHATUHHBIM anmaparoM HM METOJaMH HCCIEeIOBAHUH, COCTaBIISIONIUMHU
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 HMACAJIHHOM KpHCTale U ) 1 4
MPEACTaBICHNS O YHEPIeTUYECKUX 30HAX.
CTpykTypa SHEpreTHYecKHX 30H JUIs
KOHKPETHBIX MOJTYTTPOBOJHHUKOB:
2 repMaHuil, KPEeMHMH, apCeHH]l TaJlIusl. 2 1 4
Mexay30HHBIE ONTHYECKUE MEPEXOnbl U
ONITHUYECKHE CBOMCTBA.
AHanuTH4ecKoe MOBEAECHHE ONTUYECKUX
KOHCTAaHT B  KPUTUYECKHUX  TOUYKax
3 JHEPreTUYecKoro cmekrpa. Henpsameie 2 1 4
3NIEKTPOH-(OHOHHBIE ONITUYECKHE
HePEXOIbL.
4 MHOro()oTOHHBIE ONTHYECKHE MEPEXOMbI ) 1 4
U CTPYKTYpa ONTHYECKUX KOHCTAHT.




MarauToonTHYECKHUE CBOMCTBa
KpuctamioB. llmasMeHHbIE KoneOaHus U
CTPYKTypa IUIA3MEHHOTO Kpas.
OnTuveckue CBOWMCTBA  HOPMAaJbHOTO
MeTaJula U CBEPXITPOBOJIHUKA.

DOKCUTOHBI B KpHcTamiax. [Ipubmmkenne
CHJIBHOW CBSI3U M SKCUTOHBI DpeHxkens.
BonoponononobHas Moaenab 3KCHUTOHA.
DKCUTOHBI B CHJIBHO aHHU30TPOIHBIX
KPHCTAIIIMYECKHUX Cpeax.

DKCUTOH-(OHOHHOE B3aMMOJCHUCTBHE C
neopMalnOHHBIMH "
HOJISIPU3ALIUOHHBIMU ¢oHonamu  u
HenpsMble 9KCUTOH-(DOHOHHBIE
[IEPEXOLIBI. [NonspuzannonHoe u
TUDIIEKTPUIECKOE SKpaHUPOBAHUE
3JIEKTPOH-/IBIPOYHOI0 B3aUMOJIEHCTBUSI B
9KCUTOHE.

BrnusHuEe BHEIIHMX CTaTUYECKUX MOJeH
Ha DKCUTOHHBIC CIIEKTPBI: DKCHUTOHBI B
ANEKTPUUECKOM T0JIe, B MATHUTHOM TIOJIE,
B YCIIOBUSIX OJIHOOCHBIX HAaIPaBJICHHBIX
nedopmanuii.

OddexTrr KOJUIEKTUBHOTO
B3aUMOJICHCTBUSI B CUCTEME SKCUTOHOB U
HEPAaBHOBECHBIX HOCHTEJEH OONbIION
IUIOTHOCTH. OKCUTOHHBIE MOJIEKYJIbl U
TPUOHBI Bo3ze-aiiHmTeiHOBCKas
KOHJICHCALlUsl IKCUTOHOB.

10

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

11

IIpumecHBIe COCTOSHUA B JUDIIEKTPUKAX
U TONyIIpoBoAHUKaxX. [TTy0okue u menkue
MIPUMECHBIE  IIEHTPbl. AKLENTOpPHl U
JIOHOPBI. OKCUTOHHO-IIPUMECHBIE
KOMILJIEKCBI.

12

MHOIr03KCUTOHHBIC IMPHUMCCHBIC
KOMIIJICKCHI, 00010YeUHas MOJCIb TAaKHUX
KOMILIEKCOB. OnTHyecKas OpucHTaNuA
CIIMHOB HOCHUTEJIEH M DJKCUTOHOB B
MOJIYIIPOBOJHUKAX.

13

VYipyroe u HEyIpyroe paccessHue CBeTa B
MOy IPOBOTHUKAX.

14

JIBymepHbIe MaTepuabl: rpades,
JUXaJIbKOTEHUIBI TEPEXOAHBIX METAIIIOB.
[IpoBoguMOCTh ABYMEPHBIX CTPYKTYp U
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 UACAJBHOM KpUCTAJIE W TPEACTABICHUS O JSHEpreTMyeckux 3oHax. OOmas
MOCTaHOBKa 3aja4yn. Anuabarmyeckoe mnpudmmkenue. OTHOAIEKTPOHHOE NPHUONMKEHUE, METOI
Xaptpu-®oka. Metonsl laittinepa-Jlonnona-Ieitsendepra u I'ynna-bnoxa B 3iekTpoHHOI Teopuun
KpucTanioB. O0Iue CBOWCTBA MEKTPOHA, JBIKYIIETOCS B IEPUOAMYECKOM KPUCTAIUTMIECKOM TI0JIE.
Mopnens Kponura-lIlenan. DOddextuBHas Macca, TMOHIATHE O MOJOXHUTEIBHBIX JbIPKaXx.
lamunsronnan JlarTunmkepa, Jerkue W TsDKenble JbIpkH. [IpuOnykeHne CHIBHO CBSI3aHHBIX
3JIEKTPOHOB.

2. CprKTypa OHCPICTUYUCCKUX 30H [JIsI KOHKPCTHBIX MOJYIPOBOJAHUKOB: FepMaHIflﬁ, erMHI/Ifl,
apCCHU I rajuius. MC)KI[YSOHHLIC ONTUYCCKUEC NEPEXOAbI U ONITUICCKUC CBOICTBA.

CTpyKTypa 3HEpreTUYeCKUX 30H Il KOHKPETHBIX MMOJyIPOBOAHUKOB: TepMaHMd, KDEMHHIA, apCEHU
raums. MeXy30HHBIE ONTHUYECKUE Tepexoibl W OonThdeckue cBorcTBa. OOHMI TEOpeTHUECKUN
aHallu3 MEX30HHBIX ONTHYeCKUMX TnepexofoB. OcHOBHbIE NpUOMIKEHHA. | aMHIBTOHMAH
ANEKTPOH-(POTOHHOTO B3amMojeicTBus. KBaHTOBas Teopust MEXK30HHBIX THpoxomoB. CBsA3b C
ONTHYECKMMM  KOHCTaHTaMM Ha  IpuMmepe ocmwnisatopa Jlopenna.  Iusnmekrtpudeckas
MPOHUIIAEMOCTH, KO3()(UIIMEHTHI MOITIOMIEH!S, SKCTUHKIINU OTPasKeHUS, TTIOKa3aTellb IPEeIOMIICHHS.

3. AHaauTHUYECKOE IMOBEACHUEC OIITUYCCKUX KOHCTAHT B KPUTHYCCKHUX TOYKAX OSHEPTETHYCCKOI'O
CIICKTpaA. HerHMBIC BHCKTpOH—(I)OHOHHBIe ONTHUYCCKUC TCPCXOABI.

AHanuTu4ecKoe M0BeJIEHUE ONTUYECKUX KOHCTAHT B KpUTHUECKUX TOUYKAX 3HEPIeTUUECKOI0 CIIEKTpa
(cunrynspaoctu Ban XoBa, TOUKM MakCUMyMOB. MUHUMYMOB, ceUIOBbIe TOukHn). Citydan 3-X, 2-X u
1-ro u3mepenuil. TeopeTHueckuil aHAIU3 U SKCIEPUMEHTAIBHBIE MPUMEPHI: TepMaHUM, CIOUCTHIE
MOJYIIPOBOJHUKOBBIE ~ CTPYKTYpbl. B3ammopelicTBHEe 3MEKTpOHOB C  Je()OpPMALMOHHBIMH U
HOJISAPU3ALNOHHBIMU KOJCOAHUSAMHU KPHUCTAUIMYECKOW pelIeTKH. DJIEKTPOHHBIA MOJISpoH. Mozenb
Opennxa MOJISIPU3ALOHHOTO 3NIEKTPOH-(QOHOHHOTO B3aMMOJICHCTBHSI. Henpsmeie
ANIEKTPOH-(OHOHHBIE ONITUYECKHUE MEePeXo/ibl. [[puMepbl — repMaHuil, KpeMHUH, GoCchuUI rayums.

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

MHoro)oToHHBIE ONTHYECKHE NEPEeXOAbl M CTPYKTypa OINTHYECKHX KOHCTAHT. JIByxdoroHHOE
[OMJIOIIEHNE. BrnusgHuEe BHEMIHWX CTAaTUYECKUX BO3JCHCTBUH Ha JJEKTPOHHBIE CIEKTPBI
MOJYIIPOBOJHUKOB. I'MIpocraruyeckoe JaBji€HUE U  BIMSHME OJHOOCHBIX  HAaIIPABIEHHBIX
nedopmanuii. BozaeicTBrue craruueckoro sekTpudeckoro mnois u 3¢ ekt Opanna-Kenapima.

5. MarHuToonTUYecKue CBOMCTBA KPUCTAIUIOB. [lma3MeHHbIe KoieOaHus U CTPYKTypa TIa3MEHHOTO
Kkpas. OnTuueckue CBOWCTBA HOPMAJILHOTO METaJlIa M CBEPXIIPOBOAHUKA.

BozgeiicTBue BHemIHEro crarmiyeckoro MarHutTHoro noiisi. Ocuwuiarop Jlangay M aumaMarHuTHOE
KBAaHTOBAaHUE AJIEKTPOHHOIO CIEKTpa. MarHuToonTuiyecue OCLMILIILIUM B CHEKTpax IIOIVIOLIEHUS
MOJYIIPOBOJHUKOB.  ODJEKTPOH B TapMOHMYECKOM  IOTEHUHAJIbHOM  mosie  (MOAenb
®oxka-Jlapsuna).Ontnueckue cBoiictBa MetaiioB no [pyne-Jlopeniy. [lnazmennsie konebaHus u
CTPYKTypa IUIa3MEHHOTO Kpas. 3aTyxaHue IUIa3MEHHBIX KojeOaHuil (3aryxanue Jlanpay).
OnTHyeckre CBOMCTBA HOPMAIBHOTO METaJjIa B Mpejiene HU3kux actoT. @opmyna XareHa-Pybenca.
CKUH-CIIOM 1 aHOMAJTLHBIN CKUH 3(DQEKT.

6. DOkcuTOHBI B KpucTauiax. [IpuOnikeHHe CHILHOW CBSI3M W OKCUTOHBI  DpeHkens.
BonoponononoOHast Mopenb 3KCUTOHA. DKCHUTOHBI B CHIJIBHO aHU3OTPOIHBIX KPUCTAJUIMYECKUX
cpenax.



OKCUTOHBI B KpucTaiax. [IpubnrbkeHne cuibHOU CBsi3u M dkcuToHbl ®Dpenkens. [lomepeunoe n
MponosibkHOE  pacuieryieHue. JlaBbImOBCKas OyOneTHas CTPYKTypa CHEKTPOB MOJICKYJISIPHBIX
KPHCTAJJIOB (IKCIIEpUMEHTAIbHBIE ITPUMeEpBl: OEH30J1, aHTpaleH U 1p.). BogoponononoOHast mozens
skcuToHa (3kcuToHbl Banbe-Mortra). [Ipubnmxenue s¢dekTuBHON Macchl i BOAOPOAONOA00HOT0
9KCUTOHA. J[Ba Kiacca IUCKPETHBIX JKCHTOHHBIX CIEKTPOB: pa3pelIeHHbIC M 3alpelieHHbIE B
HYJIEBOM IOPSJKE IO BOJIHOBOMY BEKTOpY omnTH4Yeckue mnepexoabl. llommomenue B obnacTtu
JIMCCOLUMHMPOBAHHBIX  AKCUTOHHBIX  COCTOSHMHA.  OKCHUTOHBI B  CHJIBHO  AaHU3OTPOIHBIX
KPUCTAJUIMYECKUX Cpeaax.

7. DKcUTOH-(hDOHOHHOE B3aMMOJICHCTBUE C Ae(OPMALMOHHBIMH U MOJSIPU3ALUOHHBIMU (DOHOHAMU U
HenpsMbIe 3KCUTOH-(OHOHHBIE Tepexobl. [lonspru3annoHHOe U TUIEKTPUUECKOE SKPAaHUPOBAHHUE
JIEKTPOH-JIBIPOYHOIO B3aUMOJEHCTBHSI B SKCUTOHE.

OKCUTOH-QOHOHHOE B3auMoJeiicTBUEe ¢ Je(hOPMALMOHHBIMU U TOJSPU3ALMOHHBIMH (OHOHAMHU U
HeTpsiIMble 9KCUTOH-(QOHOHHBIE nepexoabl. [Ipumepsl — repmanuii, KpeMHUH W apCeHM] TaJLIHA.
[TondpuzanoHHOE M IUAIEKTPUYECKOE IKPAHHUPOBAHUE SIEKTPOH-IBIPOYHOTO B3aUMOIECHCTBHUS B
skcutoHe. I[lorennuman lOxaBa. DkpaHupoBaHME B CllydasiX HEBBIPOXKICHHOIO M BBIPOXKIEHHOIO
3JIEKTPOHHOTO (JIBIPOYHOTO0) Ta3a, COOTBETCTBYIOIIME AJIMHBI 3KpaHupoBanusa — JleOas-Xrokkens u
Tomaca-®@epmu. PEHTI€HOBCKHE 3KCUTOHBI.

8. BiausHNE BHENIHUX CTAaTHYECKHUX ITOJICH HA SKCUTOHHBIC CIICKTPBbI: 3KCUTOHBI B 3JICKTPUYCCKOM
moJjie, B MArHuTHOM II0JIC, B YCJIOBUAX OJHOOCHBIX HAIIPaBJICHHBIX ,Z[e(l)OpMaL[Hﬁ.

BansHnre BHEIIHMX CTaTHYECKUX II0JICH HA YKCUTOHHBIC CIICKTPLI: 9KCUTOHBI B 3JICKTPUYCCKOM I10JIC,
B MAarHuTHOM T1I0JI€, B YCJIOBHUAX OIJHOOCHBIX HAaIlPaBJICHHBIX zxe(bopMauHﬁ. I[I/IaMaFHI/ITHLIe
OKCHUTOHBI. 3(1)(1)6KTLI 3ala3ablBaHus H HpOCTpaHCTBeHHOfI AUCIICPCHUU B 00JIaCTH DKCHUTOHHBIX
PE30HAHCOB. OKCUTOHHBIE TMOJIAPUTOHBI, Z[O6aBO‘IHBIe CBCTO-OKCUTOHHBIC BOJHBI W  HX
OKCIICPUMCHTAJIbHBIC Ha6J'IIO):[CHI/I$I.

9. D dexTsl KOUIEKTUBHOTO B3aUMOJIEHCTBUS B CHCTEME IKCUTOHOB M HEPABHOBECHBIX HOCHTENEH
OOJIBLION TUIOTHOCTH. DKCUTOHHBIE MOJIEKYJIBl M TPUOHBI bo3e-3iHINTeHHOBCKas KOHACHCAIMS
9KCUTOHOB.

D¢ deKTsl KONIEKTUBHOIO B3aUMOJEHCTBUS B CHCTEME SKCHUTOHOB M HEPAaBHOBECHBIX HOCHTENEH
OOJNBLION TJIOTHOCTU. ODKCUTOHHBIE MOJIEKYJBl M TPUOHBI (IKCIIEPHUMEHTAIbHbIE NPUMEPHl —
repMaHuil, KpeMHHUI, apceHu 1 ramius). bo3e-alHIITeTHOBCKasT KOHAEHCAIs 3KCUTOHOB. JlazepHoe
OXJIaXKJIeHHe U 0603e-3MHIITEHHOBCKAs KOHJCHCALIUS Pa3pEXKEHHBIX aTOMHBIX CUCTEM.

10. KonneHcauus 5KCUTOHOB B Kallld 3JeKTpoH-AbipouHo skugkoctu (D/K). Ilepexoq Motra B
CHCTEME KCUTOHOB OOJIBIION MIOTHOCTH. DKCUTOHHO-ITPUMECHbBIE KOMILICKCHI.

KonpneHncanusg 53KCHUTOHOB B Karuik AieKTpoH-AbIpoyHOM skunkoctu (JK). Pacuer sneprum
ocHoBHOrO coctosiaug JJK (mpumep — repmanuii). PazoBast AuarpamMma IHepexoaa: 3KCUTOHHBIN
ra3 — 3JEeKTPOH-JAbIpoYHast )XHUaKoCTh. [lepexoq MoTTa B cucTeMe 9KCUTOHOB OOJIBIION IIJIOTHOCTH.
VBIleueHUE ANEKTPOH-ABIPOYHBIX Karenb (oHOHaMU. PekoMOMHAIIMOHHBIA MarHeTu3M Karenb K.
I'uranTckue 31eKTPOH-ABIPOUHBIE KAIUIM. DKCIIEPUMEHTAIbHbBIE IPUMEPHI.

11. IIpuMecHBIE COCTOSHUS B AWDICKTPUKAX U MOMYNPOBOAHUKAX. [Ty0oKne U MeJIKue NpuMeCHbIe
LEHTPbl. AKUENTOPHI U JOHOPBI. DKCUTOHHO-IIPUMECHBIE KOMITJICKCHI.

[IpuMecHbIe COCTOSHHUS B OUDJICKTPUKAX U TOMYNPOBOIHUKAX. [J1yOokue W Melkue NpuMecHbIE
HeHTpbl  (knaccuuKamys  COCTOSHUM, MHOTORJICKTPOHHBIE  COCTOSHMSA, KPHCTAJIMYECKHE
pacueruieHus). Menkue 3J1eKTPUYEeCKH aKTUBHBIE MPUMECHBIC LIEHTPHl — AaKIENTOPBl U JIOHOPHI.
JIOHOpHO-aKIIeNTOPHbIE Hapbl W  CBA3aHHas C HUMH  HU3JIydaTenbHash  PEKOMOMHAIIHSL.
OKCUTOHHO-IPUMECHBIE KOMIIEKCHI — aHAJIOT MOJICKYJISIPHBIX CHCTEM B ITOJTYTIPOBOIHHUKE.

12. MHOTro>KCHUTOHHBIE NPUMCCHBIC KOMILJICKCHI, o0oJIoucuHas MOACIb TaKHUX KOMIIJICKCOB.
OnTuyeckas OpUCHTAlUA CIIMHOB HOCHUTEJICH U DKCUTOHOB B MOJYIIPOBOAHUKAX.



MHOTOSKCUTOHHBIE ~ TPUMECHBIE  KOMIUIEKCHI, 000J0YeuHass MOJENb TaKMX KOMIIJIEKCOB.
DNEeKTPOH-3NIEKTPOHHE KOPPEISIMMM W TOHKas CTPYKTypa MHOTODKCHUTOHHBIX KOMILJIEKCOB.
OnTuueckasi OpueHTalUs CIIMHOB HOCUTEJIEH U SKCUTOHOB B IOJIYIIPOBOAHMKAaX. CIMH-pelIeTOYHast
U CIIMH-CIIMHOBAS pejlaKkcalysl.

JIByMepHBIE TOJIYIPOBOAHUKOBBIE CUCTEMBI. CTPYKTYpbl METaJll-IAU3IEKTPUK-TIONYTIPOBOJHHUK,
IeTepPOCTPYKTYPbl: KBAaHTOBBIE SIMbl, CBEPXpEIIETKH, KBAaHTOBble HUTH U Touku. Ilonesoit
Tpau3ucTop. CHEKTpsl pa3MEPHOrO KBAaHTOBaHHMA B HHU3KOPa3MEPHBIX cucTeMax. JIBymepHbIe
9KCUTOHBI B KBAHTOBBIX SIMaX U CBS3aHHBIX KBAHTOBBIX CUCTEMAX.

13. Ynpyroe 1 HEeynpyroe paccesiHie CBeTa B MOIYIIPOBOIHUKAX.

VYipyroe u Heympyroe paccessHue CBeTa B MoaynpoBonHukax. Kmaccuueckwii momxon. PameeBckoe
paccesinue, paccesaue Mu. Ceuenue paccessHusi. KomOumHaInMoHHOE paccesiHue, TEH30p PaccesHUsL.
CrokcoBa M aHTUCTOKCOBA KOMIIOHEHTBl CHUrHajla paccessHus. KBaHTOMexaHudeckass MOJIEIb
KOMOMHALIMOHHOTO paccessHusl. JlmarpaMMHBIN OAXO K BEIYUCICHUIO CEUCHUS PACCESHUSL.

14. JIBymepHble Matepuaibl: rpadeH, IUXaJIbKOTCHHIbl MEepeXonHbIX MeTamioB. IIpoBoxumocTs
IBYMEPHBIX CTPYKTYp U OCOOCHHOCTH, CBS3aHHBIC C JIMHEWHBIM 3aKOHOM AMCIIEpCcHU B rpadeHe.
OnTuueckue cBoiicTBa 2D mMarepHuaos.

JIByMepHBIe MaTepuaibl: TpadeH, IUXaJbKOTCHHIbl IEepPEeXOJHbIX MeTamioB. CBoiicTBa W
0COOCHHOCTH. ONEKTPOHHBIN crnekTp 2D marepuanos. IIpoBomuMoCTb IBYMEPHBIX CTPYKTYp U
0COOCHHOCTH, CBSI3aHHBIE C JIMHEHHBIM 3aKOHOM JucIiepcuu B rpadene. OnTuueckue cBoiicTBa 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, M3y4arouuid TUCHUIUINHY, JOJDKEH C OJHOM CTOPOHBI, OBIAJETh OOIIUM TOHSITHHHBIM
anmaparoM, a ¢ Jpyroil CTOPOHbI, JOJKEH HayYUThCS IPUMEHSATh TEOPETUUECKUE 3HAHUS Ha IPAKTHUKE.
B pesynbrare n3ydeHus AUCLMIUIMHBI CTYJCHT JOJDKEH 3HATh OCHOBHBIE ONpPENCNCHUS IUCLUIIIMHBL,
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:

— YTEHUE PEKOMEHIOBAaHHO JIUTEPaTypHI;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITEIIbHOTO M3yUCHHUS;

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

— IpH HEOOXOAUMOCTH MOJATOTOBKY K PAKTHYECKUM 3aHATHSAM, KOJUIOKBUYMaM, YK3aMEHY.
[TokazareneM BiaJeHUsI MaTepUaJIOM CIYKHT YMEHHE pemarh 3amadd. s popMupoBaHUS yMEHUS
MPUMEHATH 3HaHUS Ha IPAKTUKE CTYJCHTY HEOOXOANMO peraTh Kak MOYKHO OoJIbIIe 3a1ad.

BaxHO 10OWTHCS MOHMMAHUS W3y4aeMOro Marepuana, a He MEXaHHYECKOro ero 3arnoMuHaHus. [Ipu
3aTPYIHEHUU H3y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
JIEKTOPY WJIH MPENOAaBaTeNI0, BEAyIIeMy MPAKTHUSCKUE 3aHATHS.

Bo3MOKeH MPOMEXYyTOUHBIH KOHTPOJIb 3HAaHUH CTYICHTOB B BHJE PEIICHHS 33]a4 B COOTBETCTBHH C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa NepCIeKTUBHBIX TEXHOJIOTUI: 3JICKTPOHMKA U KBAHTOBBIC TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3MKU TBEPIOTO Tela

Kypc: 1

KBaJIH(UKALUS: 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 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 BnageeT aHAIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU 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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
pamMKax TeMaTHYeCKOW 00yacTH cBoel mpodeccrnoHambHON
IEITEILHOCTH

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
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 (EeKThl KOJJIEKTUBHOIO B3aWMOJAEHCTBHS B CHUCTEME SKCHUTOHOB M HEPABHOBECHBIX HOCHUTEINCH

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 3JEKTPOHOB C JAe(hOPMAIMOHHBIMHU U TIOJISAPU3AMOHHBIMU KOJICOAHUSIMHU

KPHCTAJIIMYECKON PEIIeTKY;

- YUUTBIBATH 3(1)(1)6KTBI 3ala3ablBaHus H HpOCTpaHCTBeHHOﬁ JAUCIICPCUU B 00JIaCTH DKCUTOHHBIX

PE30HAHCOB;

- YUYUTBIBATH JSKPAHUPOBAHHUC B CHIyYasiX HCBBIPOKIACHHOTO W BBIPOXICHHOIO J3JICKTPOHHOIO

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



- TEOPETUUYECKUMU OCHOBAMHU ONTUYECKHX METOJOB UCCIIEIOBAaHUM KPUCTAILIOB;

- npubmmwKkeHneM 3pGEKTUBHON Macchl AJsl BRIYUCICHHS CIIEKTPOB BOIOPOJAOIIOAO0HBIX MPUMeECEH H
9KCUTOHOB;

- MareMaTM4ecKUM M TOHATHUHHBIM amnmaparoM M METOJaMH HCCIEJOBaHUH, COCTaBISIIOIIUMHU
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) Beruuciute B pamkax (kp)-metoma d¢QeKTHBHBIE MacChl 3JIEKTPOHOB B  CIEIYHOIIUX
nonynpoBonHukax: GaAs, InAs, GaN.

2) IlomyuuTh 4YHCICHHYIO OLIEHKY OTHOILEHUS BEPOATHOCTEN pa3pelleHHBIX IUIONBHOIO U
KBaJIpYTOJIBHOTO ONTUYECKUX MEPEXOI0B B MPSIMO30HHOM MOITYIPOBOJHUKE.

3) BriBectu 3aBUcHMOCTb 3Hepruu PepMu NIEKTPOHOB OT UX IUIOTHOCTH B CHCTEMAax pa3MEpHOCTU
ID, 2D u 3D, u cBsA3aTh NONy4YEHHBIE BBIPDAXKECHHA C BUIOM CHHIyIspHOCTel Ban-XoBa B
COOTBETCTBYIOLUX U3MEPEHUSIX.

4) PaccMoTpeTh OCOOEHHOCTH SJIEKTPOHHOTO CIIEKTpa B MOAEIBHOW CHUTyallud KBAaHTOBO-TOHKHX
IUICHOK TepMaHusl U KpeMHHUs (ciyyan opueHTanuu iockoctu: 001, 011 u 111).

5) CpaBHUTH TapaMeTphl SKCUTOHOB, JHEPTHIO0 CBS3M W OOPOBCKUU paguyc, B CIEIYIOIINX
nonynpoBogHukax: GaAs, InAs, GaN, Ge.

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

7) Tony4yuTh BBIpaXCHUE AJIi MHUMOH YacTH JUAJIEKTpUYecKod (GyHKIWU B Mozaenu Jlopenma 6e3
3aTyXaHusl.

8) Beruncnuth k03 (HULMeHT momomeHus cBeta ¢ yactotoil Ha 10% mpeBbIaloyIo IIa3MEHHYIO B
Cu u Al mpu KOMHaTHOM TeMIieparype.

8) B mogmenu /[pyne-Jlopenna cBsizath "anexkrpuueckue” (IPOBOAMMOCTh WT.II.) M "onTHyeckue"
(mupnexTpuyeckas GYHKINsS, KOMIUIEKCHBIA KOA(QQHUIMEHT TPEToMIICHUS, KOOPPHUIIMESHTHI OTPaKEHUS,
OKCTUHKIMU M TIPEIOMIICHHUS ) XapaKTEPUCTHKHA METalIa.

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

10) OueHuTh YHCIO YpOBHEH pa3MepHOro KBaHTOBaHUS B KBaHTOBoW siMe GaAs/Al0.3Ga(.7As
mupuHoit 20 HM.

11) OueHuTh MIOTHOCTh, IPH KOTOPOH HaOIIomaeTcs mepexol MoTTa B ra3e SKCUTOHOB OOJIBIIOTO
paauyca. YenoBus boze-koHaeHcanuu 3kcUTOHOB B 2D u 3D ciyyasx.

[Ipumepsl 3K3aMEeHALMOHHBIX OUJIETOB:

burer 1.

1. DneKkTpoHBI B WACAIIbHOM KPUCTAJUIE U MPEICTABICHUS O YHEPreTHUYECKUX 30HaX. AnuadaThuyeckoe
MpHOIINKEHHE. OnHO3NEKTPOHHOE MpHOIMKEHUE, METOJ Xaprpu-Poxka. Mertoubl
laiitnepa-Jlonnona-l'eiizenbepra u I'ynga-binoxa B anekrpoHHOW Teopum KpuctamioB. OOmme
CBOWCTBA DJJEKTPOHA, [BUXKYILEIOCs B IIEPUOAMYECKOM KpHUcTauimyeckoM mnose. Monens
Kponwura-ITennu.

2. OueHNUTh MJIOTHOCTH, IPU KOTOpPOM HaOmromaercs mepexod MoTTa B rase 3KCUTOHOB OOJBIIOTO
paaunyca. YcnoBus boze-konaeHcaruu 3kcutoHoB B 2D u 3D ciyyasx.

buner 2.

1. DddexTuBHAS Macca, MOHATHE O MOJIOKUTEIbHBIX AbIpKax. ['amMunbsronuan JlarTunmxkepa, Jerkue u
TsKeTbIe AbIpKU. [IpubnimkeHne CUIbHO CBSI3aHHBIX JIEKTPOHOB.

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

Kputepun onennBanus



Onenka ommyHo 10 OadioB -  BBICTABISIETCSl  CTYJEHTY, I[IOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAaHHE
HNPUHATHIX PELICHAMN.

Ouenka omM4HO 9 0aulOB -  BBICTAaBISIETCS — CTYAGHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI U YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHUKE [PU PEIICHUH KOHKPETHBIX 33/1a4, CBOOOIHOE U MTPaBHILHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Ouenka oOmMYHO 8§ Oa/UIOB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIE, TIIyOOKHE 3HAHMs y4eOHOH NpOrpaMMbl JUCLHUILIMHBI U YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHHH, C HEKOTOPBIMU HEI0YETaMHU.

OtmeHka Xopoio 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHBIC 3HAHMS HA INPAKTHKE, HO HEJIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET IOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISIETCS CTYJCHTY, €CJIM OH TBEP/O 3HACT MaTepHall, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT MPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OteHka XOpoIo 5 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, paMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA MPAKTHKE, HO JOIyCKaeT B
OTBETE WJIHM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOIMYECTBO HETOYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIN,
Pa3pO3HEHHBIH XapaKkTep 3HAHWIl, HEIOCTaTOYHO HpaBHJIbHBIE (HOPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MOCIIENOBATEIbHOCTH B U3JIOKEHUU MTPOTPAMMHOTO Marepualia, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IpOrpaMMbl, HEOOXOAUMBIE JUIsl JajbHEHIIEero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeI0BAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHOH mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

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

OreHka HEYNOBIETBOPUTENBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiie omuoK B GOpPMYTUPOBKaX
0a30BBIX TOHATHH TUCHUIUIMHBI K BOOOIIE HE UMEET HAaBBIKOB PEIICHUS TUIIOBBIX MPAKTHYECKUX

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

[Ipuem »sk3amena mnpoBoxuTcs 1Mo Owjeram. B kaxmom Owsere mpencTaBiIeHO JABa 3aJaHUS.
Ooyuatoniemycst nipepoctanisercss 30 MUHYT Ha mOAToTOBKY. Ompoc oOydaromierocs He JOJKEH
MPEBBIIIATH OTHOTO ACTPOHOMHYECKOTO Yaca.



