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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 BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIHTEIHLHBIMHU
METOJJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
CPaHUIbl MPUMEHUMOCTH MOIYyYaeMbIX PEIICHUN

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBICHUH M TPOLECCOB, OLCHUTh KaueCTBO pa3paboTaHHON
MOJENN




HOBBIC HAYUHbIC PE3yIbTAThI I1K-1.1 CrocobeH HaxoaWTh, aHAIM3UPOBATH M 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:

- OCHOBHBIC MTOHATHS IO TEME JUCIUTUIHHBL,
- KBAHTOBYIO TEOPHUIO MEK30HHBIX IIEPEXO/I0B;
- (pu3HKY HEMPSAMBIX AMEKTPOH-POHOHHBIX ONTHYECKHUX ITEPEXOI0B;
- mozieab Jlopenn-JlopeHna TusaneKTpruIecKoil MPOHUIIAEMOCTH;
- kp-meTon pacdera 37eKTPOHHOTO CHIEKTpa BOIHM3HM SKCTPEMYMOB
- 3kcuTOoHBI PpeHkensa u Banse-MoTTa;
- BIUSHHAE BHEIIHUX CTATUYCCKUX TMOJICH HA SKCUTOHHBIE CIIEKTPBL;
- 3 QEeKThl KOJJICKTUBHOTO B3aMMOACHCTBHS B CHCTEME JKCUTOHOB M HEPAaBHOBECHBIX HOCHUTEJIEH
OOJIBIION IIOTHOCTH;
- IPUMECHBIEC COCTOSTHHS B TUDJICKTPHKAX U TTOYIIPOBOJAHUKAX;
-pUOTIKEHHE OTHOAIONICH
- 3()pEKThI ONITHYECKOH OPUCHTAIIMN CIIMHOB HOCUTEJICH M IKCUTOHOB B ITOJTYITPOBOJHUKAX;
- ONITHYECKUE CBOHCTBA HU3KOPA3MEPHBIX CTPYKTYP
- YOPYTOe U HEYNIPYTroe paccesiHue CBETa B MOIYIPOBOJHUKAX
-ONTHYECKHUE CBOWCTBA JIBYMEPHBIX MaTeprajoB
YMETh:
- HCTIOJIK30BAaTh auabaTryeckoe MpuoOIIKeHne, kp-mMetos1, mpuOInKkeHne orudaromiei;
- QaHAJTM3MPOBATh ONTHYECKUE CIEKTPHI MOTIONICHUS U JIIOMHHECIICHITUH;
- YUHTHIBATH B3aUMOJICHCTBUE DIIEKTPOHOB C JIe(OPMAIIMOHHBIMU U MOJSPU3AIIMOHHBIMU KOJIEOaHUSIMU
KPHCTAJLTHYECKOH PEIICTKH;
- yuuThiBaTh A QEKTHl 3ama3iblBaHUs W MPOCTPAHCTBEHHOW JWCHEPCHUH B OONACTH SKCUTOHHBIX
PE30HAHCOB;
- YUYUTHIBATh DJKPaHUPOBAaHHWE B CJIy4asX HEBBIPOXKIACHHOTO M BBIPOXKICHHOTO 3JIEKTPOHHOTO
(mpIpOYHOTO) Ta3a;
- pelarhb 3aJla4u 1Mo TeMe JUCIUTLTNHBL.
BJIAJICTh:
- TEOPETHUYECKUMHU OCHOBAMH ONITUYECKHX METOJIOB UCCIICAOBAHUI KPUCTAIIIOB;
- npubmKeHneM 3()(HEKTHBHOM MacChl JUIS BBIYUCICHUS CIIEKTPOB BOAOPOJONOAOOHBIX MpHMEcei u
9KCUTOHOB;
- MaTeMaTM4eCKUM U TIOHATHHHBIM anmaparoM W METOJaMH HCCICJOBAaHHW, COCTaBISIOIIUMHE
cojiep >KaHue TUCITUTLTAHBI.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| ONEeKTPOHbl B HACAIBHOM KpHUCTAJUIE U ) 1 4
MPECTABICHUS O SHEPTETUYECKUX 30HAaX.
CtpykTypa 3HEPreTHYeCKHX 30H MJis
KOHKPETHBIX HOJIYIIPOBOJHUKOB!
2 repMaHuil, KpPEMHHMH, apCeHM] TaJlIus. 2 1 4
Mesxy30HHbIE ONTUUYECKUE IEPEXOAbl U
ONITUYECKHE CBOMCTBA.




AHanUTHYeCKOe MOBEAECHHE ONTUYECKUX
KOHCTaHT B  KPUTHYECKHX  TOYKax
SHEpreTHveckoro cmexkrpa. Hemnpsmbie
ANEKTPOH-(POHOHHEIE OINITHYECKHUE
HePEXOIbL.

MHOro()oTOHHBIE ONTHYECKHE MEPEXOMbI
U CTPYKTypa ONTHYECKUX KOHCTAHT.

MarauToonTHYECKHAE CBOMCTBA
KkpuctauioB. [lna3meHHbie KolebaHUs U
CTPYKTypa MIa3MEHHOTO Kpasl.
OnTudeckue CBOMCTBA  HOPMAaJIBHOTO
METaJlJIa U CBEPXIIPOBOJHUKA.

OkcuToHBI B Kpuctamax. [Ipubnmxenne
CUJIBHON CBSI3M M 3KCUTOHBI DpeHKeIs.
Bonopononono6Has Mozaenb 3KCUTOHA.
OKCUTOHBl B CHUJIBHO aHU30TPOIIHBIX
KpUCTaJUIMYECKHUX Cpeaax.

DKCUTOH-(OHOHHOE B3aMMOJCHCTBHE C
ne(popMaMOHHBIMH u
NOJSAPU3ALMOHHBIME ~ (OHOHAMH U
HeIpsIMble IKCUTOH-(POHOHHBIE
MIePEXOIBL. [MonsipuzannonHoe u
JMAJICKTPUIECKOE 9KpaHUPOBaHHE
AIIEKTPOH-JIBIPOYHOTO B3aUMOJICHCTBUS B
IKCUTOHE.

Brnmsaue BHENIHHMX CTAaTHUYECKHUX ITOJIEH
Ha DKCUTOHHBIC CHEKTPBI: AKCUTOHBI B
ANEKTPUYECKOM T10JIE, B MATHUTHOM II0JIE,
B YCIIOBHUSIX OJHOOCHBIX HAINPABICHHBIX
nedopmanuii.

Db dekTor KOJUIEKTUBHOTO
B3aUMOJICICTBUS B CHCTEME IKCUTOHOB H
HEPAaBHOBECHBIX HOCHTENCH OONbIION
IUIOTHOCTH. ODKCHUTOHHBIE MOJICKYJBl U
TPUOHBI bose-sitHIITEITHOBCKAA
KOHJIEHCALlUsl DKCUTOHOB.

10

KonpeHcanusi 3KCHTOHOB B KaIUIM
ANEKTPOH-IBIpoYHON skuaxoctu (BK).
IIepexon MoTTa B CHUCTEME SKCUTOHOB
OosbLIoN TUIOTHOCTH.
DKCUTOHHO-TIPUMECHBIE KOMIUIEKCHI.

11

[IpumecHble COCTOSIHMA B AMINIEKTPUKAX
U TONynpoBoAHUKaxX. [yOokue u Menkue
[IPUMECHBbIE LEHTpPbl. AKIENTopel U
JOHOPBL. OKCUTOHHO-TIPUMECHBIE
KOMILJIEKCBI.

12

MHOI05KCUTOHHBIE IIPUMECHBIE
KOMIUIEKChI, 000JI04eUHasi MOJENb TaKuX
KOMIUIEKcOB. Omnruyeckass OpUEHTaLUs
CIIMHOB HOCHUTENIEH M 3KCHUTOHOB B
HOJIYIIPOBOJHHKAX.

13

VYrpyroe u Heynpyroe paccesHue cBeTa B
MOy TIPOBOTHUKAX.

14

JIBymepHbBIE MaTepHabl: rpades,
JMXaJIBKOTCHU Bl IEPEXOIHBIX METAJIIOB.
[IpoBogMMOCTE ABYMEpHBIX CTPYKTYp H
0COOCHHOCTH, CBS3aHHBIC C JIMHEHHBIM
3aKOHOM  JAWcliepcud B TpadeHe.
OnTuueckue cBoiicTBa 2D mMarepuaos.

Wtoro wacos

30

15

60




[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzeniam)

Cemectp: 1 (Ocennuii)

1. SHGKTpOHLI B UACAJIBHOM KPUCTAJUIC U NIPCACTABIICHUSA O DOHCPICTUICCKUX 30HAX.

DNeKTpOHbI B MJCATbHOM KpHCTAJUIE M HPEACTaBICHHUSA O DJHepreTHdeckux 3oHax. OOmas
MOCTaHOBKa 3aja4yu. Anmabarmyeckoe mnpubmmkeHue. OTHOAIEKTPOHHOE MNPHUONMKEHHUE, METO.
Xaprpu-®oka. Meronsl [aiitnepa-Jlonnona-Ieiizenbepra u ['yama-bioxa B 21€KTpOHHOW Teopuu
KpuctauioB. OOure cBOCTBa ANEKTPOHA, IBIXKYIIETOCS B IEPUOJMUECKOM KPUCTAJUIMYECKOM TI0JIE.
Monens Kponwra-Ilennn. O¢dextuBHas Macca, TMOHATHE O TOJOKHUTEIBHBIX  JBIPKaX.
l'amunbronnan JlaTTuHpKEpa, JerKHEe W TSDKEble ObIpKU. [IpubnmkeHue CHIIBHO CBSI3aHHBIX
3JIEKTPOHOB.

2. Crpykrypa SHEpreTH4ecKUX 30H JUIsI KOHKPETHBIX IIOJYNPOBOIHUKOB: I€pMaHull, KpeMHMUIA,
apceHM ] TaJIus. Mexay30HHbIE ONTHYECKUE TIEPEXO/Ibl U ONTHYECKUE CBOKCTBA.

CTpyKTypa 3HEpPreTHYECKUX 30H JUIsl KOHKPETHBIX IIOJIYIIPOBOJHUKOB: I'eépMaHuil, KpEMHUH, apCeHU
rajus. MeXay30HHBIE ONTHUYECKHE Nepexoibl W ONTHYecKue cBorcTBa. OOmMI TeopeTHYeCKUn
aHaJIM3 MEK30HHBIX ONTHYECKUX TepexofoB. OCHOBHbIE NpuOMMKEHUs. [ aMuIbTOHMAH
3NIEKTPOH-QOTOHHOTO B3auMozeicTBusA. KBaHTOBas Teopusi MEXK30HHBIX NpoxonoB. CBs3p C
ONTMYECKMMM  KOHCTaHTaMuU Ha Impumepe ocuwuiitopa Jlopenma.  Jlusnexrpuueckast
MPOHHUIAEMOCTb, KO3((HUIMEHTHI MOTIOMEHHS, SKCTUHKLIUN OTPAaXEHHUs, TI0KA3aTelb IPETOMIICHHS.

3. AHanuTHYecKOe MOBEACHHE ONTUYECKUX KOHCTAHT B KPUTHYECKHX TOYKaX IHEPreTUYECKOrO
criektpa. Henpsimbie 21eKTpoH-(DOHOHHBIE ONTUYECKHE TIEPEXOIBI.

AHaJIUTHYECKOE MOBEICHUE ONTHYECKUX KOHCTAHT B KPUTHUECKUX TOYKAX YHEPTETHUECKOTO CIIEKTpa
(cunrynspaoctd Ban XoBa, TOUKM MakCHMyMOB. MUHUMYMOB, ce/UIoBbIe ToukH). Ciydan 3-X, 2-X u
1-ro m3mepenwuii. TeopeTnueckuil aHamU3 U SKCIEPUMEHTAIbHBIC MPUMEPHI: T€PMaHHUM, CIOUCTHIC
MOJYIPOBOJHUKOBBIE  CTPYKTYphl. B3anmopeilcTBue 31€KTpOHOB C  Je(QOpMAlMOHHBIMH U
MOJISIPU3ALMOHHBIMHA KOJICOAHUSMU KPUCTAJUIMYECKON pPELIeTKH. DJEKTPOHHBIA NOJsipoH. Mozaens
Opennxa MOJISIPU3ALLHOHHOTO ANIEKTPOH-QOHOHHOTO B3aUMOJICUCTBUSL. Henpsmbie
3NIEKTPOH-(OHOHHBIE ONITHYECKHUE Mepexosl. [[pumepbl — repmanuii, KpeMHu, Gochua rayms.

4. MHOFO(I)OTOHHLIG ONTUYCCKUC NCPCXOAbI U CTPYKTYpPaA OIITUYCCKUX KOHCTAHT.

MHOro()OTOHHBIE ONTHUYECKUE NEPEXOIbl M CTPYKTypa ONTHYECKUX KOHCTAHT. JIByx(poToHHOE
NOIIONIeHHe. BiusiHUEe BHEIIHMX CTaTMYECKUX BO3JACHUCTBUII HA DJIEKTPOHHBIC CHEKTPBI
MOJYIPOBOJHHUKOB. [ 'MOpoCcTaTHYecKoe JaBlICHWE M BIMSHHE OJHOOCHBIX  HAIPaBICHHBIX
nedpopmanuii. BozaeiicTBrue crarudeckoro anekTpudeckoro mois u dddext dpanna-Kenapria.

5. MarHuTOONTHYECKUE CBOWCTBA KpUCTAIUIOB. [l1a3MeHHbIe KolleOaHus U CTPYKTypa TUIa3MEHHOTO
kpas. OnTHYECKHEe CBOWCTBAa HOPMAJIBHOTO METaJljIa U CBEPXIPOBOIHUKA.

BozzelicTBue BHEIIHEro CTaTW4eckoro MarHuTHoro nosd. Ocuwstop Jlanmay u ImuamMarHuTHoe
KBaHTOBAaHUE JJIEKTPOHHOIO CHEKTpa. MarHUTOONTHYECHE OCHWIUIALMN B CIEKTPax IMONIOIICHHS
MOJTYIPOBOJHUKOB.  OJEKTPOH B TapMOHMYECKOM  IOTEHIUMAJIBHOM  moiie  (MOJeinb
®oxka-/lapsuna).Ontuueckue cBoiictBa MetaiuioB mo [pyne-Jlopeniy. Ilnazmennsie xonebanus u
CTPYKTypa TIUIa3MEHHOTO Kpas. 3aTyxaHue IUIa3MEHHBIX KojieOaHuil (3aryxanue Jlanpay).
OnTryeckue CBOMCTBA HOPMAJIBHOTO MeTaljia B mpejene HU3kux yactoT. Popmyna XareHa-Pybenca.
CKHH-CIION 1 aHOMAIIbHBINA CKUH () (EKT.



6. OkcuToHBI B Kpuctamiax. [lpuOnmmkeHne CUIBHOW CBS3M W OKCUTOHBI  DpeHKes.
Bonopononono6Has Mojienb 3KCUTOHA. OKCHUTOHBI B CHJIBHO aHHU30TPOMHBIX KPUCTAIUTMYECKUX
cpenax.

DKCUTOHBI B KpHcTawiax. [IpuOmkeHne CHIBHOW CBs3M M dKCUTOHBI Ppenkens. [lomepednoe u
NpOONbHOE paciiervieHue. JlaBbIJOBCKash JyOneTHass CTPYKTypa CIEKTPOB MOJICKYJISIPHBIX
KPHCTAIIOB (IKCIIEPUMEHTAIBHBIC TPUMEPBL: OSH30II, aHTpalleH U 1Ip.). BogoponononoOHast Mojienb
skcuToHa (3KcHTOHBI Banbe-Motra). [Ipubmmxenne 3ppekTuBHON Macchl il BOAOPOIONOI00HOTO
9KCHTOHA. J[Ba Kilacca JUCKPETHBIX HSKCHTOHHBIX CIEKTPOB: pa3pelIeHHbIE M 3alpelieHHbIC B
HYJICBOM TIOpSIKE II0 BOJHOBOMY BEKTOPY ONTHYECKHE Iepexonsl. [lomtomenue B obnacTu
JIMCCOLUMHMPOBAHHBIX  DKCUTOHHBIX  COCTOSHHWA.  OKCHTOHBI B  CHJIBHO  aHU30TPOITHBIX
KPHUCTAJUTMYECKHX Cpeliax.

7. OxcuTOH-(POHOHHOE B3auMoJeicTBHE C Ae(OPMALMOHHBIMYA U MOJAPU3ALUOHHBIMU (OHOHAMU U
HeTIpsIMble 3KCUTOH-(DOHOHHBIE Nepexoabl. [lomspu3anoHHoe U AUIIEKTPUUECKOe SKPAHUPOBAHHUE
3NIEKTPOH-IIBIPOYHOTO B3aUMOCHCTBHSI B SKCUTOHE.

OKCUTOH-QOHOHHOE B3aMMoOJIeicTBUE ¢ JIe(hOPMAIIMOHHBIMU U TOJSPU3ANMOHHBIMA (OHOHAMHU H
HEMpsAMBbIE 3KCUTOH-(POHOHHBIC Tepexoanl. [Ipumepbl — repMaHuil, KpEMHUI U apCeHU] TaJUIUA.
[TonapuzanoHHOE W IHANEKTPUYECKOE SKPAHUPOBAHUE IJIEKTPOH-ABIPOYHOTO B3aUMOJCHCTBUS B
skcutoHe. lloTenmman FOkaBa. DkpaHUpOBaHUE B CIIy4asX HEBBIPOKICHHOTO W BBIPOXKICHHOTO
AIIEKTPOHHOTO (JILIPOYHOTO) Ta3a, COOTBETCTBYIOIINE JIUHBI 3KpaHupoBanus — JleOas-XroKkens u
Tomaca-®epmu. PEeHTTeHOBCKHE 3KCUTOHBI.

8. BimsHne BHEIIHUX CTAaTUYECKUX IIOJICH HA SKCUTOHHEIC CIICKTPBI: O9KCUTOHBI B J3JICKTPUYICCKOM
I10JIC, B MArHUTHOM I10JI€, B YCJIOBUAX OJHOOCHBIX HAIIPAaBJICHHBIX He(i)OpMaHHfI.

BnusiHue BHEITHUX CTaTUUECKUX I0JIeH HAa S3KCUTOHHBIE CIIEKTPbI: 3KCUTOHBI B JIEKTPUUECKOM I10JI€,
B MAarHUTHOM TI0Jie, B YCJOBHSX OJHOOCHBIX HalpaBleHHbIX aedopmanuii. J(namarHuTHBIE
9KCUTOHBI. D(dexTsl 3ama3ablBaHus W NPOCTPAHCTBEHHOH IHUCIEPCHH B OONACTH IKCUTOHHBIX
PE30HAHCOB. OJKCUTOHHBIC TOJSPUTOHBI, [100aBOYHBIE CBETO-3KCUTOHHBIE BOJIHBI W HX
9KCTIEPUMEHTAIbHbIE HAOIIOCHNUSI.

9. D deKTbl KONIEKTUBHOTO B3aUMOACUCTBUS B CUCTEME SKCUTOHOB U HEPABHOBECHBIX HOCHTENEH
OOJIBIION TUIOTHOCTH. DKCHTOHHBIE MOIIEKYIBI M TPUOHBI bBo3e-3HHINTEHHOBCKAs KOHACHCAIUS
9KCHUTOHOB.

O dekTsl KOIIEKTUBHOTO B3aUMOJACHCTBHUS B CHUCTEME 3KCUTOHOB M HEPAaBHOBECHBIX HOCHTENEH
OONBIION TNJIOTHOCTH. DKCUTOHHBIE MOJIEKYJIbl M TPHOHBI (3KCIEPUMEHTAJIBHBIC HpPUMEPHl —
repMaHui, KpeMHU, apceHn]] rajuiusi). bo3e-sHHIITeHHOBCKAs KOHAEH AUl SKCUTOHOB. JlazepHoe
oXJIaXKAeHue U 003e-3MHIITEHHOBCKAs KOHJICHCAIS PA3PEKEHHBIX aTOMHBIX CUCTEM.

10. KonneHcanus S5KCUTOHOB B Karulu 3J1eKTpoH-AbipouHoii xkuakoctu (DJ1XK). Iepexoq Morra B
CHCTEME DKCUTOHOB OOJIBIION MIOTHOCTH. DKCUTOHHO-IIPUMECHBIE KOMILIEKCHI.

Konpencanusi SKCMTOHOB B KalulM 3JEKTpOH-AbIpouHor >kuakoctu (DJK). Pacuer sueprum
ocHoBHOTO coctoguus DK (mpumep — repmanwuit). @a3oBas quarpamma nepexoja: SKCUTOHHBIN
ra3 — 3JIEKTPOH-AbIpOoYHas kuIKkocThb. [lepexon MotTa B cucTeMe SKCUTOHOB OOJIBIION TUIOTHOCTH.
VBIleueHUE ANEKTPOH-IIBIPOYHBIX Kareidb (POHOHAMH. PeKoMOMHAIIMOHHEIN MarHeTn3M Kanens JJ1K.
l'uranTckue >IeKTPOH-ABIPOUHBIC KATUI. DKCIIEPUMEHTAIbHbBIE IPUMEPHI.

11. IIpumMecHBIe COCTOSHUS B IUAIIEKTPUKAX M MOTYMPOBOAHHUKAX. [TyOOKHE M MENKHe MPUMECHBIC
LEHTPbl. AKLENTOPbI U JOHOPBI. DKCUTOHHO-IIPUMECHBIE KOMIIJIEKCHI.

[TpumecHble COCTOSIHUS B AMIIEKTPUKAX M TOMYNPOBOAHUKAX. [TIyOOKHMe M MelKHue NpHUMECHbIE
HeHTphl  (KnmaccupuKamus COCTOSIHWH, MHOTORJIEKTPOHHBIE  COCTOSIHUS, KPUCTAJUIMYECKUE
pacuieruieHus). Menkue 3/1eKTpUYeCcKd aKTHBHBIE MPUMECHBIE IEHTPhl — AaKLIENTOPHl U JIOHOPHI.
JIOHOpHO-aKIENTOpHbIE Mapbl W CBA3aHHasT C HUMH  M3JIydaTelbHas  pEeKOMOHMHALuS.
OKCUTOHHO-IIPUMECHBIE KOMIUIEKCHI — aHAJIOI MOJIEKYJISIPHBIX CUCTEM B I1OJYTIPOBOJIHUKE.



12. MHOI0KCUTOHHBIE IIPUMECHBIC KOMIIJICKCHI, 00oI0ueUHas MOJCIb TaKHUX KOMIIJICKCOB.
OnTuueckas OpHCHTalIus CIIMHOB HOCHTEJICH ¥ DKCUTOHOB B MOJIYIIPpOBOJHUKAX.

MHOIOSKCUTOHHBIE ~ IPUMECHBIE KOMIUICKCHI, OOOJOYE€YHasi MOAEIb TaKUX  KOMIUIEKCOB.
ONEKTPOH-3JIEKTPOHHE KOPPENsILMM U TOHKas CTPYKTypa MHOIODKCUTOHHBIX KOMIIJIEKCOB.
OnTuyeckas OpUeHTAlMs CIIMHOB HOCUTEJIEH W 9KCUTOHOB B MOMYyNpOBoAHMKAX. CHUH-peIIeTOuHas
U CIIMH-CIIMHOBAsI peJlaKkCalysl.

JIByMepHbIE TOJIYIPOBOAHUKOBBIE CUCTEMBI. CTPYKTYpbl METaUI-AUNIIEKTPUK-II0JIYyIIPOBOIHUK,
TeTEPOCTPYKTYPbl: KBAaHTOBBIC SIMBI, CBEPXPEIICTKH, KBAaHTOBbIE HUTH U Toukd. [loneBoit
TpaH3ucTop. CHEKTpsl pa3MEpPHOro KBAaHTOBaHMsS B HU3KOPa3MEpHbBIX cuUcTeMax. JIBymepHble
SKCUTOHBI B KBAHTOBBIX SIMaX U CBSI3aHHBIX KBAHTOBBIX CUCTEMaX.

13. Yopyroe u HEyIpyroe paccesiHue CBeTa B MOTYIPOBOAHUKAX.

VYnpyroe u Heynpyroe paccesHue cBeTa B MOynpoBoaHukax. Kiaccudeckuil moaxon. Pameesckoe
paccesinue, paccesiuue Mu. Ceuenne paccesnus. KomOMHanmMoHHOE paccesHue, TEH30p pacCestHUs.
CTokcOBa M AaHTHUCTOKCOBA KOMIIOHEHTBHI CHTHasa paccesHus. KBaHTOMexaHHMYecKash MOJEb
KOMOMHALIMOHHOTO paccessHusA. JluarpaMMHBIN TOJXO0/ K BBIYUCIICHUIO CEUEHHS PACCESTHUS.

14. JlBymepHble MaTepuaisibl: rpadeH, AUXaIbKOTCHUIBl MEPEXOIHBIX MeTayioB. IIpoBommmocTtb
JIBYMEPHBIX CTPYKTYP M OCOOEHHOCTH, CBSI3aHHBIE C JIMHEHHBIM 3aKOHOM IHMCIEPCHH B rpadeHe.
Ontuueckue cBoiicTBa 2D Marepuanos.

JlBymepHBbIe Marepuanbl: rpadeH, AUXaJbKOIeHWABl NepexoAHblXx MeTamioB. CBoiicTBa u
0COOCHHOCTH. ONeKTpoHHBIH criekTp 2D MarepuanoB. [IpoBOAMMOCTE JBYMEPHBIX CTPYKTYp H
0COOCHHOCTH, CBSI3aHHBIC C JIMHEHHBIM 3aKOHOM Jucrepcuu B rpadene. Onruyeckue cBoicTBa 2D
MaTepHajioB. DKCUTOHBL, TPUOHBI U IIpuMecHu B 2D marepuanax.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOTO
npouecca 1no JUCUUILInHE (MOIYJII0)

VYueOHast aymuTopus, 10CKa, MEAUAIIPOEKTOP, SKPaH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JTEparypa
1. OcHoBwl pu3uku nomynpoBogHukoB [Tekct]/1O. I1. Kapnona , -M., ®uzmatiaut, 2002

2. DJEeKTPOHHbIE COCTOSIHUA U ONTHYECKUE Tiepexoabl B TBepabix Tenax [Texkcr]/®. baccanu, Ix.
[Tacropus [lappaBuuunm , -M., Hayka, 1982

3. Tumodees B.b. Ontndeckast criekTpoCKoIusi 0ObEMHBIX MOTYIPOBOHUKOB U HAHOCTPYKTYP: yueo.
nocodbwue. - CII0.: Jlans, 2015.

JomnonHurenbsHas auTeparypa

1. Ipuntunel Teopun TBepaoro tena [ Texcr]| = Principles of the theory of solids : [y4e6. mocobue aist
By30B] / [Ik. 3aiimad ; riep. co BToporo aHnI. u3fl. nox pen. B. JI. bonu-bpyesuua .— M : Mup, 1974
—472 c.

2. lMonmymipoBogHKoBas ontodnekrponuka [ Teket]/T. Mocc, I. Bappen, b. Dmmc , niep. ¢ anm. A. A.
l'unnuyca, A. H. KoBanesa , -M., Mup, 1976

3. AudnexTpuky, moxynpoBoaHuKH, MeTtaiuibl [ Tekct] = Insulators, semiconductors and metals/Jk.
Crmatep , -M., Mup, 1969

4. Teopus axkcutoHOB [Tekcr] = Theory of excitons/P. Hoke , -M., Mup, 1966
5. Teopust monekynspHbix 3kcuToHOB [ Tekct]/A. C. JlaBbios, -M., Hayka, 1968
6. Okcutonsl [Tekcr|, MmoHOTpadus/mox pen. 3. U. Pamba, M. 1. Crepka , -M., Hayka, 1985

7. DNEeKTPOHHO-ABIPOYHBIE KAIUIM B MOMXYyNpoBoAHKKaX. nof penakuueit JI. Kennpima u K. xeddpuca,
- M.: Hayxka, 1988.
8. S.L. Chuang, Physics of Photonic devices, New York: Wiley, 2009.



7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

http://issp3.issp.ac.ru/kafedra/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

[Ipe3enTannu u NpoeKTop.
9. Metonuyeckne yKkazaHusi JUIsl 00y4AIOIMXCH 10 OCBOCHUIO U CHUILTHHBI (MOXYJIs)

CTyneHT, M3y4aouuii IUCHUIUINHY, AOJDKEH C OIHOH CTOPOHBI, OBJIAJETh OOLIMM IOHATUHHBIM
anmnaparoM, a ¢ Jpyroil CTOPOHBI, JOKEH HAyUUThCS IPUMEHATh TEOPETUUECKUE 3HAHUS Ha MPAKTUKE.
B pesynerare M3ydeHUs NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATHh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUYCHHbIE 3HAHUS AJIs PELICHUs pa3IMuHbIX 3a/1a4.

VYeneniHoe OCBOcHHME Kypca TpeOyeT HanpsoKEHHOH CcaMOCTOSITEIbHOH paboThl  CTyJeHTa B
COOTBETCTBUH C JaHHBIMH B padodei mporpamme. CamocTosTenbHas padoTa BKIIOYaeT B cedsl:

— YTE€HHE PEKOMEHI0BAHHOW JIUTEPATYPBI;

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MPEIHA3HAYEHHBIX IJIs
CaMOCTOATEJILHOIO U3yUCHMUS;

— pelleHue 3a/1a4, peAIaracMblx CTyIEHTaM Ha JIEKLUAX U IPAKTUUECKUX 3aHATUAX;

— IIpU HEOOXOANMOCTH MOJATOTOBKY K HPAKTHYECKUM 3aHATHSAM, KOJZIOKBUYMaM, IK3aMEHY.
ITokazareneM BiQAEHUS MaTepUaIoOM CIYXKHUT YMEHHE pemarh 3aaadu. ns GpopMHpOBaHHS yMEHHS
MPUMEHSThH 3HAHUA Ha MPAKTHKE CTYACHTY HEOOXOAMMO pelIaTh Kak MOXKHO OOJIbIIIe 3a/1a4.

BaxHo noOuThCcA MOHMMaHMS M3y4aeMOTo MaTepHaja, a He MEXaHHYECKOTo ero 3amoMuHaHus. [Ipu
3aTPyOHEHUN H3YYCHHUSI OTACIBHBIX TEM, BOIPOCOB, CIEAYeT OOpamaTrhCsi 3a KOHCYJABTALUSMH K
JIEKTOPY WJIM NIPENOoiaBaTeiio, BEAYyIeMy IPaKTUUECKUE 3aHATHSL.

Bo3MoxeH npoMexyTOUHbIM KOHTPOJIb 3HaHUI CTYJEHTOB B BUJIE PELICHUs 3a7a4 B COOTBETCTBUU C
TEMaTUKON 3aHSTUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTUI: MUKPO- K HAHOZJIEKTPOHUKA
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 CriocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00acTu npodeccuoHambLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM M BBIYHUCIHUTEIHLHBIMHU
METOJJaMH pelIeHMs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaTeIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA  H3ydaeMbIX
SIBICHUH M TPOLECCOB, OLCHUTh KaueCTBO pa3paboTaHHON
MOJENN

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

2. Iloka3areim OLleHUBAHUS KOMIIeTeHITHH

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

JOJIKCH:

3HATb:

- OCHOBHBIE MTOHATHUS IO TEME AUCLIMITIINHEL,
- KBAHTOBY0 TEOPHUIO MEX30HHBIX [1€PEXO/I0B;

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

- kp-meTon pacdera 37€KTpPOHHOTO CHEKTpa BOIU3H SKCTPEMYMOB

- 5kcuTOHBI Ppenkens u Banbe-Morra;

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

OOJIBIIION MIIOTHOCTH;

- IPUMECHBIC COCTOSAHMSA B JUIJICKTPUKAX U ITOJTYIIPOBOAHUKAX,

-npubIKeHne orubdaromen

- 3(peKThI ONTHYECKON OPUEHTALIMN CIIMHOB HOCUTENEH M SKCUTOHOB B IOIYIIPOBOAHUKAX;
- ONITUYECKNE CBOMCTBA HU3KOPA3MEPHBIX CTPYKTYP

- YIPYTo€ U HEYNIPYroe paccesiHUE CBETA B MOIYIIPOBOJHUKAX
-ONTUYECKHE CBOMCTBA IBYMEPHBIX MaTepHaIoB

yMeTh:



- HCTIOJIK30BaTh auabaTrueckoe MpuoIIKeHne, kp-mMetos1, mpuOIMKeHne orudaromiei;
- QaHAJTM3MPOBATh ONTHYECKUE CIEKTPHI MOTIONICHUS U JIIOMHHECIICHITUH;
- YUUTHIBATh B3aUMOJCHCTBHUE IEKTPOHOB C Je(POPMAIMOHHBIMHU H MOJSIPU3ALMOHHBIMU KOJICOAaHUSIMU
KPHCTATHYECKOH PEIICTKH;
- yuuThiBaTh 3(PQeKThl 3ama3zabIBaHUS U MPOCTPAHCTBEHHOH IHMCHEepCHMH B OONACTH 3KCUTOHHBIX
PE30HAHCOB;
- YYUTBIBaTh OSKPAHUPOBAHHE B CIIy4asX HEBBIPOKIACHHOTO M BBIPOKICHHOTO BJIEKTPOHHOIO
(mpIpOYHOTO) Ta3a;
- pemIaTh 3a7a4y 10 TeMe JUCLUIUIHHEL.

BJIA/IeTh:
- TEOPETHYECKUMH OCHOBAMH ONTHYECKUX METOIO0B HCCIIEA0BAHNI KPUCTAIIIOB;
- npubmKeHneM 3()(HEKTHBHOM MacChl JUIS BBIYUCICHUS CIIEKTPOB BOAOPOJONOAOOHBIX MpHMEcei u
9KCUTOHOB;
- MaTeMaTM4eCKUM U TIOHATHHHBIM anmaparoM W METOJaMU HCCICJOBAaHHW, COCTaBIISIOIINMHE
CoziepKaHNe TUCLUIUTUHBIL.

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

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB K SK3aMEHY:

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

2) IlomyuuTb 4YHCICHHYIO OLIEHKY OTHOILIEHUS BEPOATHOCTEH pa3pelleHHBbIX [IUIOJIBHOIO H
KBaJPyIHOJBHOTO ONTUYECKUX NEPEX0A0B B MPSIMO30HHOM HOITYPOBOJHHKE.

3) BriBectu 3aBucuMoCTb 3Heprun OepMu IEKTPOHOB OT UX IJIOTHOCTU B CHCTEMaX Pa3MEpPHOCTH
ID, 2D u 3D, u cBsA3aTh NONy4YEHHBIE BBIPDAXKEHHUS C BUJOM CHHIyIspHOcTel Ban-XoBa B
COOTBETCTBYIOLIUX U3MEPEHUSIX.

4) PaccmoTpeTb OCOOCHHOCTH 3JIEKTPOHHOTO CIHEKTpa B MOJCIBHOM CUTyalluM KBAaHTOBO-TOHKHX
IUICHOK TepMaHusl U KpeMHHUs (ciyyan opueHTanuu miockoctu: 001, 011 u 111).

5) CpaBHHUTH HapaMeTpbl HKCHUTOHOB, SHEPTHUI0 CBSI3M MU OOPOBCKUN paiuyc, B CIEAYIOLINX
nonynpoBogHukax: GaAs, InAs, GaN, Ge.

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

7) onyunth BBIpaXKCHHWE JUII MHUMOW YacTW JUIJIEKTpUYeckor QyHKIuu B Moxaenu Jlopenma 0e3
3aTyXaHusl.

8) Beruuciuth KO3(QQHUUHUEHT MOMIOIMIEHHUS cBeTa ¢ yacToToi Ha 10% MpeBhIIAIONIyIO TUIa3MEHHYIO B
Cu u Al mpu KOMHaTHOM TemIeparype.

8) B momenmu [pyne-Jlopenua cesaszare "snmexrpuyeckue" (MPOBOAMMOCTH WT.IL) W "omruueckue"
(mudnexTpuyeckas GyHKIHS, KOMIUIEKCHBIH KOAQQHUIIMEHT TpeIoMIIeHUs, KOODOUITUCHTHI OTPAXKCHHUS,
SKCTHHKIMHU U TPEJIOMIICHHS) XapaKTePUCTUKU METaJlIa.

9) BriBecTu IUCHEPCHOHHYIO 3aBUCUMOCTD Il TOBEPXHOCTHOTO IJIa3MOHHOTO MOJIIPUTOHA.

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

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

[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:
burer 1.

1. DneKTpOoHBI B HICATbHOM KPHUCTAJUIE M MPEACTABICHHUS O YHEPTETUUECKUX 30HaX. AnuabaThuyeckoe
MpHOIINKEHHE. OnHORMEKTPOHHOE npUOIMKEHUE, METOJ Xaprpu-dPoka. Mertoubl
laiitnepa-Jlonnona-l'eiizenbepra u I'ynaa-binoxa B anekrpoHHOW Teopum KpuctamioB. OOmme
CBOWCTBA DJJIEKTPOHA, [BUXKYIIErOCs B IIEPUOAMYECKOM KpucTauimueckoM mnose. Monens
Kponwura-ITennu.

2. OueHUTH MJIOTHOCTh, IPU KOTOpPOW Habiromaercs mepexol MoTTa B rase SKCHTOHOB —OOJIBILIOTO
paaunyca. YcnoBus boze-konaeHcanuu 3kcutoHoB B 2D u 3D ciygasx.



buner 2.

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

2. N3 cootHomennit Kpamepca-KpoHnra nony4urs ONTHYECKUE TIPABUIIA CYMM.

Kputepun onennBanus

Onenka ommyHO 10 OamioB - BBICTaBISCTCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIIAIOIIEMY
HWHTEpeC K JTaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE IPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka oOmMYHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELLICHAMN.

Ouenka ommMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOYETAMH.

Ouenka Xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.

OHGHKa XOopouio 6 0aJI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CyHIE€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA MMPAKTHUKE, HO OJOITYCKACcT B OTBETEC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U IO CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIE 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAET B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynoBIETBOPUTEIbHO 4 Oania - BBICTABISETCS CTYIACHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLIeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B M3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0y4deHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka ynOBIETBOPUTEIbHO 3 Oama - BBICTABISIETCS CTYIACHTY, MOKa3aBIIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, AOMycKaloulemMy OmHOKH B (QopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEeOBAaTENbHOCTH B H3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTyalUH.

OueHka HEyIOBJIECTBOPUTENHHO 2 Oajula - BBHICTABIAETCS CTyACHTY, KOTOPBIA HE 3HAaeT OOJIbIIe 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJI30BaTh IOJyYCHHBIEC 3HAHHS NPH PEIICHUN
TUTOBBIX 3a]a4.

OueHka HEYIOBIETBOPUTEIbHO | 0ajml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozepkaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIMycKaeT rpyOeiimune ommOKd B (GOPMYTUPOBKAX
0a30BBIX HOHATUN TUCIUIUINHBI U BOOOIIIE HE MMEET HaBBIKOB PELICHUS TUMIOBBIX MTPAKTHUECKUX

5. MeTonuveckne MaTepuabl, onpeneasione Npoueaypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[lpuem oK3amMeHa MPOBOXUTCS MO OmieTam. B KkaxjaoMm Ouiere NpeACTaBICHO JBa 3aJaHHS.
Ob6yuaromemycst npenocrasisercs 30 MuHYT Ha moaroroBky. Ompoc oOydaromierocss He JOJDKEH
MIPEBBIIIATH OHOTO ACTPOHOMUYECKOTO Jaca.



