MMHMCTEPCTBO HAYKU 1 BBICIIIET'O OBPA3OBAHNSA
POCCUICKON ®EJEPALIN

OEJEPAJ/IBHOE I'OCY JAPCTBEHHOE BHO/I’KETHOE
OBPA3OBATEJIBHOE YUYPEXXJEHWE BBICHIEI'O OBPA3OBAHUSA
«PA3AHCKHUM I'OCYJAPCTBEHHBIN PAIJMOTEXHUYECKUN
YHUBEPCUTET umenu B.®. YTKNHA»

Kadenpa «MHUKpPO- 1 HAHO3/IEKTPOHUKA»

OIEHOYHBIE MATEPUAJIBI JNCILIUIT/INHBI

KAHJHIATCKUU 3K3AMEH

[TporpamMma MoAroTOBKY HayYHO-TIe/JaroriuecKruX KaZipoB B acliMpaHType

1.3.11. ®wusrKa nosyrnpoBOJHUKOB

Keanmudukaiiys (cTerieHb) BbIMyCKHUKA —
[TpenojaBaTenb-uccieioBaTe/b

dopmbI 00yUeHHUS — OUHas



1 OBIIIME ITIOJIOKEHUSA

OuleHOYHBbIE MaTepHasbl — 3TO COBOKYMHOCTb yueOHO-MeTOANYeCKUX MaTeprasioB (MPAKTUYeCKUX
3a[jaHui, onyvcaHU (OpM U TpoLeAyp MPOBEPKH), MpeJHa3HaueHHbIX [/ OLIeHKHA KauecTBa OCBOEHUS
00ydJaromyMucs JaHHOW [JUCLMIUIMHBI KaK YacTH TPOrpaMMbl TIO/TOTOBKM HAyUHBIX W HayuyHO-
Tre/larOrMueckKnx KaipoB B acIiMpaHType.

Llenb — OLIEHUTH COOTBETCTBHE TMPHOOPETEHHBIX 3HAHWUM W YMEHWM OO0yJYaroLU[uxcs LensM U
TpeOOBaHUSM TPOTPAMMBI TIOATOTOBKM HAyYHBIX M HAyYHO-TeJarOTMYeCKUX KaJpOB B aCMMPaHType B
XO0/le TIPOBe/ieHus [IPOMeXKYTOUHOM aTTecTalyu.

KoHTposib 3HaHMWl MPOBOAUTCST B (JOpMe TMPOMEXYTOUYHOM arTectaluu. [IpomMe)xyrouHasi aTTecTalusi
MPOBOJUTCS B OpPMe SK3aMeHa.

dopma TMpoBeJeHUsT 9K3aMeHa — YCTHbII OTBeT TI0 TeOPeTHUUeCKUM  BOIpOcaM,

c(OopMy/IMPOBAHHBIM C YUETOM CO/iepKaHusl AUCLUTIIUHBIL.

2 OIIMCAHUE ITOKA3ATEJIEN 1 KPUTEPUEB OILIEHUBAHUSA

KauecTBo 0OCBOEHMSsS [JUCIUIUIMHBI OL[EHWBAeTCs B TIPOLjecce TMPOBe/ieHHs 3K3ameHa B (opme
0a/IbHOM OTMETKHU:

«OT/IMYHO» 3aCTY)KMBaeT aclHUpaHT, OOHAapY)KUBIIMM BCECTOPOHHEe, CUCTeMAaTUUecKoe U
rinybokoe 3HaHWe Yy4yeGHO-TIPOTpaMMHOIO MaTepuana, yYMeHHe CBOOOJHO BBITIOJIHATE —3a/laHuS,
NpelyCMOTpeHHbIe MPOrPaMMOH, YCBOUBILINM OCHOBHYIO M 3HAKOMBIM C [IOTIO/THUTEHHONW TUTEPaTypoH,
peKOMeH/IOBaHHOM TporpaMMoii. Kak rpaBu/io, orjeHKa
«OTJIMYHO» BBICTABJISIETCSI aCMMPaHTaM, YCBOMBIIIMM B3aWMOCBSI3b OCHOBHBIX TIOHATHN JUCIUTIMHBI B UX
3HaueHWMu [ijisi TipuoOperaeMoil Tmpodeccry, MPOSIBUBIIMM TBOPUYECKWE CIIOCOOHOCTH B TIOHMMAaHUH,
W3JI0)KeHUH Y UCTI0/Ib30BaHUM yueOHO-TTPOrpaMMHOroMaTepuarna;

«Xopomo» 3ac/y)KUBaeT acnupaHT, 0OHApY)KUBIIMM TOJHOe 3HaHWe y4yeOHO- TPOrpaMMHOTO
MaTepHasia, YCIelTHO BBITIOHSIOUIMM peyCMOTPeHHbIe B TIPOrpaMMe 3a/laHusi, YCBOUBIIINI OCHOBHYHO
JIUTepaTypy, PeKOMeH/I0OBaHHYI0 B TIporpamMme. Kak mpaBuio, OlLleHKAa «XOpOIIO» BBICTAB/ISIETCS
acrypaHTaM, TOKa3aBIIMM CHUCTeMaTHUeCKWil XapakTep 3HaHUM M0 AWCLUIUIMHE U CTIOCOOHBIM K HX
CaMOCTOSITE/ILHOMY ~ TIOTIOJIHEHWI0O UM OOHOBJEHWI0O B XOJe JajbHeliedl yueOHOW paboThl U
ripoeccroHaNbHOM JIesTe/IbHOCTH;

«Y I0B/IETBOPUTE/IBHO» 3aC/Iy)KUBAeT aclMpaHT, 0OHapY)KUBIIWM 3HaHWsS OCHOBHOTO yueOHO-
MPOrpaMMHOTO MaTepuasa B o6beme, He0OXOAUMOM JjIst JanbHeel yuebbl 1 TipeficTosiei paboThl 110
CrelMaaTbHOCTH, CIIPABJISIFOIIUIACS C BBITIOJTHEHUEM 3aJjaHul, TpelyCMOTPEHHbBIX TTPOrpaMMO, 3HaKOMBbIH
C OCHOBHOM JIUTepaTypo#, peKoMeHJoBaHHOMIporpaMmMoii. Kak rpaBu/io, OlleHKa «yJOBI€TBOPUTETHLHO
BBLICTABJISIETCsl ACITUPAHTaM, /[OMYCTHUBIINM TIOTPEIIHOCTH B OTBETe Ha JK3aMeHe U TIPU BbITIOJTHEHUU
9K3aMeHAalMOHHbIX 3a/laHui, HO 0o0safaruuM HeoOXOAWMBIMUA 3HAHUSIMH [JIi WX YCTpaHeHUs TOJ
PYKOBO/ICTBOMIIPEITO/IaBaTe/Is;

«HeyaoBieTBOpUTE/IBHO» BBLICTAB/ISIETCS aCMUPaHTy, OOHapy)KuBIIeMy mpobenbl B 3HAHUSAX
OCHOBHOTO  y4eOHO-TIpPOTPAMMHOTO  MaTepHuasa, JOIMyCTHBIIEMY TNpPUHLUINHUAIbHBIE OIIHOKA B
BBITIO/THEHUH MPeIyCMOTPEHHBIX TTPOTpaMMOii 3afiaHuii. Kak mpaBusio, orjeHKa
«HEYZIOBJIETBOPUTEIbHO» CTABUTCSl aClpaHTaM, KOTOpble He MOTYT TIPOJO/DKUTL OOydeHHe WU
TIPUCTYIUTH K MPOQeCCUOHANBHON JesITeTbHOCTH 10 OKOHUaHWU By3a 6e3 I0TIO/THUTEeTbHBIX 3aHSATHH 110
COOTBETCTBYIOIeN UCLIUTIIVHE.



3. ITIACITIOPT OOEHOYHBIX MATEPHUAJIOB 110 JUCLHAIIV/IMHE

Ne n/m  KonTposupyembie pa3jesbl (TeMbl) Bupg, metoa, popma
AUCLUILIMHBI (pe3y/IbTaThI N0 pa3jeiam) OLIeHOYHOIr'0 MepONnpUATHSA

1 Tema 1. OCHOBBI 371EKTPOHHOW TEOPUU KanpaupaTckuii 5K3aMeH
T10/IyIIPOBO/IHUKOB.

2 Tema 2. Kunetnueckue siBjieHHs B KanaugaTckuii 5K3ameH
T10JIyIIPOBOJHUKAX.

3 Tema 3. PaamMepHO3aBUCHMBIE 3/IEKTPOHHBIE KanpaugaTckuii 5K3ameH
TMIPOLIECCHI B MOJTYITPOBO/IHUKAX U OapbepHbIX
CTPYKTYypax.

4 Tema 4. [IoBepXHOCTHbIE U KOHTAKTHbIE KanaugaTckuii 5K3ameH
SIBJIEHUS B TIOJTYITPOBO/IHUKAX U OapbepHBIX
CTPYKTYypax.

5 Tema 5. MarHuTHble CBOMCTBa TBEPAbIX TeJl. KanaugaTckuii 5K3ameH

6 Tema 6. 3ak/roueHue. KanaugaTckuii 5K3ameH

4 TUITOBBIE KOHTPOJIBHBIE 3AJAHNSA 1 UHBIE MATEPUA/JIbBI

TunoBblie TeOpeTUUYECKHE BOIMPOCHI K 3K3dMEHY M0 JUCHUII/THHE

1. CrarucTtuueckre CBOUMCTBa 3/eKTpoHOB Kiaccuueckue ripefcraBienus [pye-JIopeHiia u
KBaHTOBbIe 3oMMepdesb/a.

2. [pencraBieHys: 0 KBa3MUacCTULIAX. 3aKOH JAWUCTIEPCUU [Jisi CBOOOJHBIX 3/1IEKTPOHOB.

3. [TnOTHOCTL pa3pelleHHbIX 371eKTPOHHBIX COCTOSIHWM B pa3pelleHHbIX W 3arpelleHHOMN
30Hax.

4. OcCHOBHBIe XapaKTepUCTUKK 37IeKTPOHA B [epHUOIUUeCKOM I10J1e peleTKd. KBasunumIlysbc.
AddekTrBHas Macca. CKOPOCTb U YCKOPEHHeE 3/IeKTPOHA B [TePUOMUeCKOM T10Jie pPelleTK! KpUcTasuia

5. Menkue v rinyboKve SHepreTHyecKrde YPOBHH B 3alipellleHHOM 30He TO/yIPOBO/HUKA, UX
rapameTpbl U MeTO/jbl U3yYeHUs.

6. CraTycTvKa 3aro/IHeHUs! JIOKa/IbHBIX YPOBHE.

7. HeBbIpo)k/ieHHbIe U BBIPO’KJEHHbIe TOMYIPOBOAHUKHU. CTaTHCTHYeCKre 0COOEHHOCTH.
YpoBeHbs @epMu, KOHLIEHTPALMSA 3JIEKTPOHOB U JBIPOK

8. PaccessHue HocuTenell 3apsfa B MeTaljlax U IIOJIYNIPOBOJHUKAX. [10ABWKHOCTH

cBoOOHBIX HOcHUTenei 3apsiia. OCHOBHble MexaHW3Mbl paccessHus. PaccesHue Ha KojebaHMSIX
KPUCTa/UTMUeCKOU pelieTky. PaccesiHie Ha MIOHW3UPOBAHHBIX U HEUTPA/TbHBIX TTPUMECSX.

9. KBanTOBast Teopusi KosiebaHM KPUCTA/UTNUeCKOH pereTKd. POHOHBI. JHEPTrUsi U UMITYJIbC
tdoHoHa. CtatucTuKa (DOHOHOB. ITNMOTHOCTHL (DOHOHHBLIX COCTOSIHMM. TeroeMKOCTh KPUCTa/ITHUecKou
peleTku, Temreparypa [Jebasi. AHrapMOHU3M KojieOaHuUH.

10. [Mpubmmwxkenve 3hdekTuBHOM Macchl. JIOHOPBI M aKLeNTOpbl B KyOWYeCcKux
MOJTyTPOBO/IHMKAX. PacripeziesieHre 3/1eKTPOHHOM MJIOTHOCTH.

11. Knaccuueckie UM KBaHTOBble pa3MepHble 3(deKTbl B OrpaHMUYeHHBIX KpHCTaslax.
OCHOBHbBIE XapaKTepPUCTHUeCKHe IJTMHBI B TOTYIIPOBOJHUKAX U OapbepHBIX CTPYKTYpax.

12. Knaccuueckue pasmepHbie 3¢hheKThl Ha JyTiHe CBOOOJHOTO mpobera U [yIiHe OCThIBaHUS.

13. [1n0THOCTh pa3pelleHHbIX COCTOSIHUM U 3Heprus PepmMu B [BYMEPHOW 371€KTPOHHOMU
CUCTeMe.

14. KBasuoHOMepHasi 3/1eKTPOHHAsi CUCTeMa M KBaHTOBasi TOUKA. DHEPreTUYecKuil CIeKTp,

MJIOTHOCTh COCTOSTHUM M 3Heprust ®epmu.
15. OddexT Dpenkens-Ilyna.
16. TyHHenbHbINA 3 ekt 3uHepa.
17.  JlaBuHHOe YMHO)XeHHe HOCHTesiel 3apsijja. YiapHasi MOHU3aUst B COOCTBEHHBIX



" JIeTUPOBAHHLIX IMOJIYIIPOBOAHUKAX.

18. 3aBUCHMOCTL CKOPOCTU [ipeiipa HocuTenel 3apsila U TOABWKHOCTU B
T0JIyTIPOBO/IHMKAX OT HaNPsKeHHOCTU 3/1eKTPUUYECKOT0 TIOJI.

19. 3aBUCUMOCTb ~ KMHETHYeCKHX  KO3(QQULMEeHTOB  OT  HamnpshKeHHOCTU
3JIEKTPUYECKOT' 0 TI0JISL.

20. Henuneiinble  BAX  1OJIyIIpOBOJHMKOBBIX ~ KPUCTA/ZIOB B CHUJIBHOM
3/IEKTpUUYeCcKOM 1iosie. S U N- oOpa3Hbie BAX.

21. Oddexkr TanHa, oTpullatenbHas aAudd@epeHiipaabHas MPOBOJAUMOCTh B

MHOT'O/IOJTMHHBIX TTOJTyITPOBOJHUKAX, BO3HUKHOBeHHe CBU KosiebaHuMl 3/1eKTPUUYECKOTO TOKa B
T0JIyTIPOBO/IHMKAX CO CJIOXKHBIM CTPOEHHeM 30H B K-TIpocTpaHCTBe. DJleKTpUUecKre JOMeHbl U
TOKOBBI€e IITHYPBI.

22. dyHKLMS pacrpeseneHrs B CUWIbHOM 3/71eKTPUUeCKOM T1oJie. BiivsiHue 3/1eKTpoH-
3JIEKTPOHHBIX CTOJIKHOBEeHUI Ha (GyHKLUIO pacrpefeneHus. CMellleHHOe MaKCBeJIOBCKOe
pacripeiesieHue.

23. TepMoa7eKTpoHHasi SMUCCUs. SIB/leHMsT Ha  KOHTaKTe  IOJyIPOBOJHUK-MeTall,
HanpsDKeHHOCTb 37IeKTPUUeCKOro MoJist, MoTeHuan, TomuHa ciosi [ottku. Teopust BhIMpsIMIeHUsT Ha
KOHTAaKTe TOJIyTIPOBO/JHUKA C METaJIJIOM.

24, BHEKTPOHHO—ABIPO‘—IHLII‘/JI rnepexo/,, KOHTAKTHAsS PA3HOCTb TMOTEHLMA/IOB, HAIIPDSPKEHHOCTb
3JIGKTPUYECKOTI'O 110JIid, NMOTeHMa/l ¥ TOJIIIKMHAa Pe3KOoro p-n-nepexoaa.
25. TEOPI/IH BBITIPpAMJIEHHS HA p-n-riepexoje. I/IH)KEKL[I/ISI N SKCTPakKLysd HEOCHOBHBIX

HocuTened 3apsiia. BiusiHMe reHepaluM M peKOMOWHALMM HOCUTesed 3apsija Ha BOJIBT-aMIIepHYHO
XapaKTePUCTHKY p-Nn-Tiepexo/ia.

26.  ®usnueckue SBJIEHUS Ha KOHTAKTe META/Ul — HEYIIOPSJOYEeHHbIH MOJTYTIPOBO/IHUK.

217. OJIeKTPOHHBIE COCTOSIHUS B KPHUCTa/IaX. ODJIEKTPOH B TIEPUOAWYECKOM TMOTEHLMATBbHOM
nosie. OfHO3/IEKTPOHHOE Npub/IKeHe. BoHoBble dyHKIMK Bioxa. 3oHa bBpusiiosHa.

28.  CpolicTBa 3HEpreTMUeCKOro CIeKTpa 3JIEKTPOHOB, SHepreTuueckue 30HBL BosHOBOM
BEKTOP, UMITy/IbC, CKOPOCTb U 3(h(eKTHUBHAasi Macca 371eKTPOHa.

29.  Xapakrep 3ariojiHeHHsI SHEpreTUYeCKUx 30H. OJIEKTPOHBI U [JbIPDKU. [IHM3/1eKTPUKH,

MOJIyITpOBOAHWKH, METAJ/IbI. Tunbl XUMHUECKUX CBsI3€. MeTa/yinuecke, UOHHBIE, KOBaJIeHTHEIE,
MOJIEKYJ/IApHbBI€ KPHUCTAJI/IbI. XapaKTepI/ICTI/IKa SHepreTudyeCKrMx 30H, pacrpejejieHne SHEKTPOHHOﬁ
IJIOTHOCTH.

30. Bozopojornoo6Hasi Mojiesib MeIKOro MpUMecHOTo 1ieHTpa. IIpubmikenue 3¢dekTUBHOM
Macchl. JJOHOPHBI U aKIIeNTOphl B KyOMUeCKHX MoJIyTPOBOIHUKAX.

31. Mesikuie ¥ riy0OKHe SHepreTHuecKrde YPOBHH B 3allpelljeHHOM 30He IMOTYyIPOBOAHUKA, X
rapaMmeTphbl U MeTO/ibl U3yUeHUsl.

32. CraTucTyKa 3aroHeHus JoKalbHbIX YPOBHEH.

33. HeBbIpo)k/ieHHbIe U BBIPO’K/EHHbIe TIOMYIPOBOAHUKHU. CTaTHCTHYeCKre 0COOEHHOCTH.
YpoBeHbs @epMu, KOHLIEHTPALMS 3JIEKTPOHOB U JbIPOK.

34. PaccessHue HocuTenell 3apsja B MeTaljaX U IIOJYNPOBOJHUKAX. [10ABWKHOCTD

cBoOOHBIX HOcHTenel 3apsiia. OCHOBHble MeXaHWM3Mbl paccessHUs. PaccessHMe Ha KosieOaHUSX
KPUCTa/UTHUeCKOU pelieTKu. PaccesiHre Ha MIOHW3UPOBAHHBIX U HEUTPA/TbHBIX TTPUMECSX.

35. KBanTOBast Teopusi KosiebaHM KPUCTA/UTNUeCKOH pereTKd. POHOHBI. JHEPTrUsi U UMITYJIbC
tdoHoHa. CtatucTuKa (hOHOHOB. ITNMOTHOCTHL (DOHOHHBLIX COCTOSIHMM. Ter0eMKOCTh KPUCTa/ITHUecKou
peleTkH, Temrieparypa [Jebasi. AHrapMOHU3M KojieOaHUH.

36. 3aBUCHMOCTb 3/1eKTPOTNPOBOJHOCTH MOIYIIPOBOJHUKOB U MeTas/IOB OT TeMIepaTyphl.

37. Tepmosnekrpuueckue 3ddektol. Odpdekt Xonna. AuddysroHHble ypaBHEHWUS.
YpaBHeHus1 DUHIITeMHA.

38. [eHeparusi ¥ pekoMOWHaLMs HOcWTesiel 3apsizia. HepaBHOBeCHBbIe HOCUTENTH 3apsija.

Bpewmsi >ku3Hu. MakcBe/sioBCKasi pesiakcalysi 3apsiia B TBePbIX TesaX, BpeMsi pesiakcaiud, AebaeBckast
JUIMHA 5KpaHUPOBaHUSI.

39. HepaBHoBecHast (QyHKIMSI  pacripefiefieHusi, KBasuypoBHU @epMmu. YpaBHeHUe
HernpepbIBHOCTU. Bpemsi )KU3HM HEOCHOBHBIX HEpaBHOBECHBIX HocuTenel. Jnuddy3roHHas JivHa.



40. MexaHu3Mbl peKOMOWHAI[UK. PekoMOWHal[Usi 30Ha-30Ha. PekoMOWHaIMs C ydacTHeM
YPOBHE# B 3ampelijeHHOU 30He, Moiesib [llokm-Puga. Mogenb pekombunarum [1.T.OpemkuHa.

41.  Mex30HHbIe 3/1eKTPOHHbIe Tiepexofbl. CoOCTBEHHOe ONTHUecKoe TIOTJIomeHne, Kpai
COOCTBEHHOTO TIOTJIOIIeHHsI. JKCUTOHHBIE 3()(HEeKTHI.
42.  TlornomeHne Ha CBOOOJHBIX HOCUTeNSX 3apsfa. llorjomieHwe cBeTa B TIPUMECHOMU

obsactu criektpa. PotompoBoguMOCTb. OnTHYecKoe IOoTJIolleHre Ha KoJsiebaHUsIX KpHUCTa/UTMUecKon
peLLeTKH.

43. MarHuTHble MOMEHTHI aTOMOB. JlMaMarHeTWKH, TlapaMarHeTWKW. HamarHuyeHHOCTh,
MarHuTHasi IPOHUI[aeMOCTb.

44, MarnutHoe ynopsijoueHue. CrioHTaHHasi HAMarHWIeHHOCTb. OOMeHHOe B3aUMO/IeHCTBHE.
CrivHOBBIe BOTHbI. DeppoMarHeTHKU, aHTU(eppOMarHeTUKy, peppruMarHeTHKH.

45, IloMeHHasi CTPYKTypa, MeXaHU3Mbl HAMarHUUUBaHUsI, TUCTepe3uC.

46. MarHuTHbIe pe30HaHChI, 3eeMaHOBCKOe paclijeryieHHe.

47. MarHuTHbIe TIPUMEeCH B HEeMarHUTHBIX MeTaJljlaX U T0JIyIPOBOIHUKAX.

48. OcobeHHOCTH paccesiHUsI HOCKTesIel 3apsi/ia C IepeBOPOTOM CITMHA.

49. CriuH-opOUTa/IbHOE B3aUMO/IEMCTBHE U PACCesTHWE HAa MAarHUTHBIX 1IEHTPax.

50. CnuHOoBBIN 3 dekT Xoa.

51. Ocob6eHHOCTH 3/IEKTPOHHBIX TIPOLIECCOB TepeHoca B MarHUTOYIOPSJOUeHHBIX
cpefax.

Onepatop 340 000 "KomnaHus "TeH3op"

JIOKYMEHT MOZAMUCAH SMEKTPOHHON MOAMMCHIO

COrMACOBAHO ®reoy BO "PrPTy", PrPTY, JlutsuHoB Bnagnmmnp 11.10.24 10:22 (MSK) MpocTtas noanucb
[eoprueswy, 3aBeaytowmii kaceaport MHIJ




