MMWHUCTEPCTBO HAYKM U BBICIIIET'O OFPA3OBAHNSA
POCCUICKON ®EIEPAILIAN

OEAEPAJIBHOE I'OCYJAPCTBEHHOE BHO/I’DKETHOE
OBPA30OBATEJ/IBHOE YUYPEXJIEHUWUE BBICIIEI'O OBPA3OBAHUSA
«PSI3BAHCKUM I'OCYJIAPCTBEHHBIN PAJIMOTEXHUYECKUN
YHUBEPCUTET umenu B.®. YTKUHA»

Kadegpa « MUKpO- U HAHO3/IEKTPOHUKA»

OLEHOYHBIE MATEPUAJIbI AUCITUIT/INHbI

KAHJUAATCKHH DK3AMEH

[Tporpamma rnoAroTOBKY HayYHO-T1e/JarOrTMYeCcKUX KaZipoB B acliipaHType

1.3.11. ®usuka 1o1yrnpoBOJHUKOB

KBanudukaiiys (cTerneHb) BbITyCKHUKA —
[IpenosaBaTesb-UccaeA0BaTE b

®opmbl 00yueHUst — OUHast



1 OBIIIME ITOJIOKEHUSA

OLleHOYHbIe MaTepUasbl — 3TO COBOKYITHOCTb yueOHO-MeTOJUUeCKNX MaTepraioB (TPaKTHUeCKUX
3a/laHUM, ornucaHuii (HopM U TMpoleAyp MPOBePKHU), TipeAHa3HaueHHbIX [/Is OLIeHKHM KauecTBa OCBOEHUs
00yvaroIUMHUCS [JaHHOW [AWUCIUIUIMHBI KaK YacTH TIPOTPaMMbl TIOATOTOBKM HAyYHbIX W HAayuHO-
Telaroruueckux KaZpoB B aclIMpaHTYpe.

Llenb — OLIEHUTH COOTBETCTBHE TMPUOOPETEHHBIX 3HAHWN W yMEHWM OOyuarouuxcs LensM U
TpeOOBaHUSIM TPOrpaMMbl TIOATOTOBKM HAy4YHBIX M HAyuyHO-TIelarOTMYecKUX KaZIpoB B acrMpaHType B
X0/ie TIPOBeZleHNs1 IPOMEe)KYTOUHOM aTTeCcTallyu.

KoHTposib 3HaHWII MPOBOAUTCS B (JOpMe TPOMEXYTOUHOM aTTecTaliud. [IpomeKyTouHasi aTTecTalus
MIPOBOJUTCS B (pOpMe 9K3aMeHa.

dopma TpoBeieHHs] JK3aMeHa — YCTHBIA OTBeT TI0 TeOpeTHUeCKMM  BOIpOCaM,

c(OpMyIMPOBAHHBIM C YU€TOM COZep>KaHHs AUCLUTINHBIL.

2 OIIMCAHUE ITOKA3ATEJIEN 1 KPUTEPUEB OIIEHVBAHUA

KauecTBo OCBOeHUsI [JUCLUIUIMHBI OLIEHWBAeTCsl B TIpPOLjecce TMpOBe/ieHUs] dK3aMeHa B (opme
0anbHOM OTMETKH:

«OT/IMYHO» 3aC/Ty)KUBAeT acClUpaHT, OOHApY>KUBILIMM BCECTOPOHHee, CHUCTEMaTHUeCKoe U
riiybokoe 3HaHHe YyueOHO-TIPOTPaMMHOTO MaTepHajia, yMeHHe CBOOOZHO BBLITIOMHATL —3a/jaHMS,
rpeAyCMOTPeHHbIe TIPOrpaMMOM, YCBOUBIIMM OCHOBHYIO Y 3HAKOMBbIM C [JOMOJIHUTE/bHOM JIUTepaTypou,
peKoMeH/J0BaHHOM Tiporpammoii. Kak rpaBusio, olieHKa
«OT/JIMYHO» BBICTAB/ISIETCS ACIUPAHTaM, YCBOMBILKWM B3aUMOCBSI3b OCHOBHBIX MOHSITUN JUCLIUTIIMHBI B UX
3HAaUeHWM [yis MpuoOpeTaeMou Tipodeccuy, TPOSBUBIIMM TBOPUECKHE CMOCOOHOCTH B TIOHUMAaHWH,
W3/I0)KeHUH U UCII0/Tb30BaHUM YueOHO-TIpOrpaMMHOrOMaTepuarna;

«Xopomo» 3aC/Ty>KUBaeT acClupaHT, 0OHapY>KUBIIMK TI0JHOe 3HaHWe yueOHO- TPOrpaMMHOIO
MaTepuasa, YCIellHO BbIMOHSIOUIUMN MpelyCMOTPeHHbIe B MpOrpamMme 3a/laHusl, YCBOMBIIWI OCHOBHYHO
UTepaTypy, PeKOMEeH/IOBaHHYI B mporpaMme. Kak mnpaBuio, OLleHKa «XOpOIIO» BbICTaBJISETCS
acrypaHTaM, TIOKA3aBIIUM CHUCTEMaTHUeCKWH XapakTep 3HAHWW TI0 AWCLUIUIMHE U CIOCOOHBIM K MX
CaMOCTOSITEJIbHOMY  TIOTIOJIHEHWI0O W OOHOBJIEHHMIO B XOJie Ja/bHeuied yueOHOW paboThl U
ripoeccroHaNbHOM [1esiTe/IbHOCTY;

«Y AOB/IETBOPHUTE/IBHO» 3aC/Ty)KUBAET aClMPAHT, OOHAPY>KUBIIMKM 3HAHWS OCHOBHOTO yueOHO-
MIPOrpaMMHOr0 MaTepuasna B 00bemMe, He0OXOAUMOM JI/1s1 a/ibHelIIel yueObl U MpeCcTosIel paboThl 10
CreLyaabHOCTH, CIPAaBJISIOLIUICS C BBITIOJIHEHWEM 3a/jJaHuK, TTpelyCMOTPEeHHbBIX ITPOrpaMMOM, 3HaKOMBbIH
C OCHOBHOU JIUTepaTypoOH, peKOMeH/J0BaHHOUTIporpaMmMoii. Kak mpaBu/io, OLleHKa «Y/OBJIeTBOPUTE/IbHO»
BBICTABJISIETCSl aClMpaHTaM, JOMYCTHBLIMM MOTPEIIHOCTU B OTBeTe Ha 3K3aMeHe U TPU BbINOJHEeHUU
9K3aMEHAlIMOHHbIX 3a/]JaHUK, HO 00/1aJalIUM HEeoOXOAUMBbIMU 3HAHUSIMM /11 UX YCTPaHEHUs IOj
PYKOBO/ZICTBOMIIpeNo/jaBaTeJisi;

«Hey10B/1€TBOPUTE/IBHO» BBICTAB/SETCS aCMPAHTy, OOHaApY>KUBILIEMY TIpOOe/ibl B 3HAHUSX
OCHOBHOTO  y4e0OHO-TIPOTPaMMHOTO  MaTepuasa, /JAOMYyCTHBIIEMY TIPUHIUINAA/bHBIE OMIMOKA B
BBITIO/THEHUM TIPe/lyCMOTPEeHHbIX MPOrpaMMoi 3afiaHuii. Kak mpaBusio, oljeHKa
«HEYJIOBJIETBODUTEIbHO» CTABUTCSl aCIMPAHTaM, KOTOpble He MOTYT TIPO/O/DKUTH OOyueHue WIu
MPUCTYTIUTE K TTPO(eCCHOHATBLHOU AesiTe/IbHOCTU TI0 OKOHYaHUU By3a 0e3 /I0TIO/THUTE/TbHBIX 3aHSATHH T10
COOTBETCTBYIOLLIEeN AUCLIUTI/IMHE.



3. ITIACITIOPT OIEHOYHbBIX MATEPHAJIOB I10 JUCHUIVINHE

Ne n/m  KoHTposinpyemblie pa3jeibl (TeMbl) Bup, meroa, popma
AVCHMILIMHGI (pe3y/1bTaThl 10 pa3jesiam) OLIEHOYHOT'0 MepONpPUATHSA

1 Tema 1. OCHOBBI 37IEKTPOHHOM TeOPUU Kanauaarckuii sK3ameH
T0JTyTIPOBO/IHHAKOB.

2 Tema 2. KuneTtuueckue siBJIeHUs B Kangugarckuii sK3aMeH
TOJIyTIPOBO/IHUKAX.

3 Tema 3. PazaMepHO3aBUCUMBIE 3JIEKTPOHHBIE Kanauaarckuii 5Kk3aMeH
TIPOIIECCHI B TIOJTYTIPOBO/IHUKAX U OapbepHbIX
CTPYKTypax.

4 Tema 4. IToBepXHOCTHbIE Y KOHTAKTHbIE Kanaupgarckuii 5Kk3aMeH
sIBJIEHUS B TIOJTYTIDOBO/IHUKAX U OapbepHbIX
CTPYKTypax.

5 Tema 5. MarHuTHbIe CBOMCTBa TBEP/bIX TeJl. KanauaaTckuii 5K3aMeH

6 Tema 6. 3ak/roueHue. Kanaupgarckuii 5K3aMeH

4 TUITOBBIE KOHTPOJIBHBIE 3AJAHVA 1 THBIE MATEPUA/JIbI

TumnoBbie TE€OpeTHUYECKHE BOIIPOCHI K 3K3aM€EHY ITI0 JUCLHIUII/THHE

1. CratucTuueckue CBOWCTBa 371eKTpoHOB Kiaccuueckue npencraBiaenusi JApyzae-JlopeHia u
KBaHTOBbLIe 30MMepdenba.

2. [TpencraBnenys 0 KBa3MUacCTHULIAX. 3aKOH JAWUCIIEPCHH [I7Ist CBOOOIHBIX 3/IEKTPOHOB.

3. [110THOCTL pa3pellleHHbIX 37eKTPOHHBIX COCTOSIHMM B pa3pellleHHbIX W 3aripeleHHOU
30Hax.

4. OcHOBHbIE XapaKTePUCTUKH JIEKTPOHA B MIEPHOAUYECKOM TI0/Ie pellieTKU. KBazuummyJibC.
AddexTrBHas macca. CKOPOCTb M YCKOpPeHUe 37IeKTPOHA B Iepro/[uUeCcKOM T0Jie pPelleTKy KpUcTasia

5. Mesnkue ¥ T/1y0OKKMe SHepreTUuecKre YPOBHHU B 3allpeljeHHON 30He TOJyTIPOBOJHUKA, UX
rapaMeTphbl U METO/bl U3YUeHUs.

6. CraTucTuKa 3aroJHeHUs JIOKalabHbIX YDOBHEH.

7. HeBbIpok/ileHHBIE W BBIPOKAEHHBIE TIOMYTIPOBOJHUKH. CTaTHCTHUYeCKre O0COOEHHOCTH.
YpoBenb @epMu, KOHLIEHTPALUs 3/IEKTPOHOB U JILIPOK

8. PaccesHue HoOcUTesel 3apsija B MeTa/ylax M TIOJNyNPOBOAHUKAX. [10ABM>KHOCTD

cBOOO/IHBIX HoOcuTened 3apsiia. OCHOBHBle MexaHU3Mbl paccesHus. PaccesHre Ha KosebaHHSIX
KPHCTa/ITMYEeCKOU pelieTK. PaccesiHrie Ha MOHU3UPOBAHHBIX ¥ HEUTPAIbHBIX TTPUMECSIX.

9. KBaHTOBast Teopust KosiebaHUi KpUCTa/UTHUeCKol perieTk. @OHOHBI. DHEPTrUsi U UMITYJ/TbC
¢onoHa. Craructuka (oHOHOB. IIOTHOCTE (DOHOHHBIX COCTOSTHUM. TerI0eMKOCTb KpPUCTaTAYecKon
perieTky, Temriepatypa Jebasi. AHrapMOHU3M KoeOaHui.

10. [Mpubnvkenve >¢dexkTiBHOM Maccbl. [IOHOpPHI M akKLeNTopbl B KyOWueckux
T0JTyTIPOBO/IHMKaX. PacripesiesieHre 5/1eKTPOHHOM MJIOTHOCTH.

11. Knaccuyeckve M KBaHTOBble pa3MepHble 3(Q@eKTbl B OrpaHUMUeHHbIX KpHUCTasulax.
OcCHOBHbIe XapaKTepUCTHYeCKUe JJIMHbI B MOTYTIPOBOAHUKAX U OapbepHBIX CTPYKTYypax.

12. Krnaccrueckue pa3mepHblie 3¢ deKThl Ha /IMHe cBOOOJHOTO Tipobera 1 /i/iMHe OCThIBaHUSI.

13. [1N1OTHOCTh pa3pellleHHbIX COCTOSHUM U 3Heprus Pepmu B [BYMEDHOM 3/IEKTPOHHOU
cucreme.

14. KBa3uozHoMepHasi 371eKTPOHHasi CUCTeMa M KBaHTOBasi TOUKA. DHepreTUUecKuil CIieKTp,

MJIOTHOCTb COCTOSIHUM U SHeprus @epMu.
15. AddexT Dpenkens-Ilyna.
16. TyHHenbHbIA 3P dekT 3uHepa.
17. JIaBUHHOe YMHOKeHHe HOcHTesiel 3apsiia. Y lapHasi MIOHU3alMsl B COOCTBEHHBIX



" JIeTUPOBAHHBIX IMOJTYTIPOBOJHUKAX.

18. 3aBUCHMMOCTh CKOpPOCTM Jpelipa HocUTeseld 3apsiia M TIOABWKHOCTA B
TIOJTYTIDOBO/IHUKAX OT HaNPSDKEeHHOCTU 3/IeKTPUUYECKOTO TIOJIS.

19. 3aBUCUMOCTb ~ KUHETHYeCKUX  KO3((ULMeHTOB  OT  HampshKeHHOCTH
3/1IeKTPUYECKOr0 TOJISL.

20. Henuuelinbie BAX  MoOJ/IyIPOBOJHUKOBBIX ~ KPDUCTQ//IOB B CHAJILHOM
3/1eKTprueckoMm rojie. S u N- obpasHbie BAX.

21. Oddext I'aHHa, oTpuuarenbHas AuddepeHLManbHasi MPOBOAUMOCTL B

MHOT'O/JJOJTMHHBIX TIOJTYTIPOBOJHUKAX, BO3HUKHOBeHHe CBU KosebaHMii 3/1eKTPUYECKOTr0 TOKA B
TMOJIyIIPOBO/IHMKAX CO CJIOKHBIM CTPOEHHEM 30H B k-TIpocTpaHCTBe. DJleKTpUUecKUe 10MeHbl U
TOKOBBIE IIIHYPBHI.

22. @DYHKLMSA pacripefie/ieHdsi B CWIbHOM 3/1eKTPUUYECKOM Tosie. ByvsiHue 3/1eKTpoH-
3/IeKTPOHHBIX CTOJIKHOBEHHWM Ha (YHKLUIO pacripefeneHus. CMellleHHOe MaKCBeJIOBCKOe
pacripefiesieHue.

23. TepmossieKTpoHHast SMUCCUs.  SIBJleHMsI Ha  KOHTaKTe  TOJIyIIPOBOJHUK-MeTasll,
HaTpSKeHHOCTb 3/1IeKTPUUeCKOro T0Jisd, MoTeHLuas, ToamuHa cios lottku. Teopusi BbINpsiMieHHsl Ha
KOHTaKTe MOJTyIIPOBOJHUKA C MeTaslJIOM.

24. ONeKTPOHHO-ABIPOYUHBINA Tepexo/i, KOHTAKTHas pa3HOCTb MOTEHI[Ma/IoB, HaNpsyKeHHOCThb
3JIeKTPUYECKOro T0Jisl, TTOTeHLMas U TOJIIIUHA Pe3KOro p-n-nepexood.
25. Teopusi BbINpsIMIEHUsT Ha p-n-riepexofie. WHXeKUsI W 3KCTPAKLUsi HEOCHOBHbBIX

HOCUTesiel 3apsiia. BiusiHue reHepaiud U peKOMOWHALIMM HOCHTeseld 3apsiia Ha BOJIbT-aMIIEPHYIO
XapaKTePUCTUKY p-n-miepexoja.

26. dusnueckue siB/IeHUs Ha KOHTaKTe MeTasl/l — HeyIopsii0UeHHbIH [10/1y[IPOBOJHUK.

217. O/IeKTPOHHbIe COCTOSIHUSI B KpUCTa/lax. O/IeKTPOH B MEePUOAUYECKOM IMOTeHLMaTbHOM
niosie. OfHO3/IeKTPOHHOe TpubsmkeHre. BomHoble ¢yHkuun bioxa. 3oHa bpuutosHa.

28. CBOICTBa 2HEpPreTMYeCKOTO0 CreKTpa 3/eKTPOHOB, 3HepreTuueckue 30HbL. BoHOBOM
BEKTOP, UMITYJIbC, CKOPOCTb U 3((eKTUBHAsi Macca 3/1eKTPOHa.

29. Xapakrep 3aro/iHeHUs SHepreTUYeCKUx 30H. OJIEKTPOHbI W [JbIPKU. [IW37eKTPUKH,

TOYTIPOBOIHUKY, MeTa/lsibl. THUIbl XMMHWUECKUX CBs3ed. MeTaiinueckde, WOHHbIe, KOBaJIeHTHBIE,
MOJIEKY/ISIDHbIE KPUCTasuIbl. XapaKTepuCTHMKAa SHepreTMUecKUX 30H, pacrpefesieHue 3/eKTPOHHOU
TJIOTHOCTH.

30. Bopopogonogo6Hasi Mo/ie/ib MeIKOTo MpuMecHOro 1ieHTpa. [Tpubmikenue 3¢ dekTHBHOIM
Macchel. JJOHOPBI U aKI[eNnTopbl B KyOWYeCKHX TOTyTPOBOJHUKAX.

31.  Menkue u ryOOKHe SHepreTHUecKrde YPOBHH B 3arlpellleHHOW 30He MOJTyTPOBOJHUKA, UX
rlapamMeTpbl ¥ METOZbI U3yUeHUsI.

32.  CrarucTyKa 3aro/HeHus IOKaTbHBIX YPOBHEH.

33.  HeBbIpox/eHHbIe U BBIPOXK/JEHHBbIE TOMYNIPOBOAHUKUA. CTaTHCTHUECKHe OCOOEeHHOCTH.
YpoBeHb Pepmu, KOHL|EHTPALUSI T€KTPOHOB U JILIPOK.

34.  PaccesHue HOCWTe/Nel 3apsfa B MeTa/ulaX W TOJYNPOBOAHWKAX. I[10ABM)XXHOCTh

cBOOO/HBIX HOcuTened 3apsifa. OCHOBHBIE MexXaHU3Mbl paccesHus. PaccesHne Ha KosebaHHSIX
KPHCTa/UTMYeCKOU pelieTKu. PaccesiHrie HA MOHM3UPOBAHHBIX M HEUTPAIbHBIX TTPUMECSIX.

35.  KmaHTOBasi Teopus Koje0aHU#M KPUCTaIIMUeCKOU pelieTkd. POHOHBI. DHEPrusi U UMITYJIbC
¢onona. Craructuka (oHOHOB. II10THOCTE (POHOHHBIX COCTOSTHMMA. TerI0eMKOCTb KpHCTa/TM4ecKOu
perieTky, Temriepatypa Jebasi. AHrapMOHU3M KoeOaHui.

36. 3aBUCUMOCTB 3/IeEKTPOIPOBOHOCTH MOJYTIPOBOJHUKOB U METasVIOB OT TeMIepaTyphl.

37. Tepmosnektpuueckue 3¢dektol. Opdekr Xomta. [Juddy3roHHbIE ypaBHEHMS.
YpaBHeHUs DUHILTENHA.

38. [eHepauusi 1 pekoMOWHAI[Usi HOcWTesed 3apsifa. HepaBHOBecHble HOCHTENN 3apsifa.

Bpewmsi >xu3Hu. MakcBessioBcKasi peslakcaliysi 3apsiia B TBepbIX TejlaX, BpeMsl pejakcaluy, AebaeBckast
JJIMHa 5KpaHUPOBaHUSI.

39. HepaBHoBecHasi ~ (pyHKLUsI  pacrpefiesieHdsi, KBasuypoBHU @Depmu. YpaBHeHUe
HerpepbIBHOCTU. Bpemsi KM3HHM HEOCHOBHBIX HepaBHOBeCHbIX HocuTesel. [uddy3roHHas AyuHa.



40.

41.

42.

peLLeTKH.

43.

44,

45.
46.
47.
48.
49.
50.
51.

cpefax.

MexaHu3Mbl peKOMOWHaIMU. PekoMOWHaIMs 30Ha-30Ha. PeKOMOWHAIMs C y4acTHEM
yPOBHEH B 3ampeljeHHON 30He, Moziesb [Ilokm-Puga. Mogens pekombuHaruu I1.T.OpelirkuHa.
Mesk30HHBIE 3/IeKTPOHHBbIe Tepexobl. CoOCTBeHHOe ONTHYeCcKoe TOrJIoleHre, Kpai
COOCTBEHHOTO TIOTJIOIIeHHsI. DKCUTOHHBIE 3()eKTHI.
[Tornomenne Ha CBOOOJHBIX HOCUTENAX 3apsiza. [lorsomieHue cCBeTa B TMPUMECHOM
obnactu criektpa. ®oTornpoBoguMOCTb. ONTHUECKOe TIOTJIONeHHe Ha KoJiebaHUsIX KPUCTa//Tn4ecKou

MarHuTHble MOMEHTHI aTOMOB. JlMaMarHeTWKH, IlapaMarHeTMKu. HamarHnuyeHHOCTD,
MarHuTHast IPOHULIAeMOCTb.
MarnutHoe yriopsiioueHre. CrioHTaHHasi HaMarHuueHHOCTb. OOMeHHOe B3auMO/leiiCTBHE.
CrniuHOBbIe BosiHBL. @eppoMarHeTKy, aHTH(eppoMarHeTUKy, (pepprMarHeThKH.

[oMeHHasi CTPYKTypa, MeXaHW3Mbl HAMarHUYMBaHUsI, TUCTEPE3UC.

MarHuTHbIe pe30HaHChI, 3eeMaHOBCKOe pacllleriyieHue.

MarHuTHbIe PUMEeCH B HEeMarHUTHBIX MeTaJsljlax U MoyIPOBOIHUKAX.
OcobeHHOCTH paccestHUsI HOCUTeJTel 3apsijia C IepeBOpPOTOM CITHMHA.
CriuH-opOuTa/TbHOE B3aUMOZENHCTBHE U PacCesiHie Ha MarHUTHBIX LIEHTPax.
CrinHOBBIN 3ddekT Xosa.

Oco6eHHOCTH 3MEeKTPOHHBIX TIPOIIECCOB TIepeHOCa B MarHUTOYIOPSA0UEeHHBIX

Onepatop 340 000 "KomnaHus "TeH3op"
[IOKYMEHT MOZAMUCAH 3IEKTPOHHOW NOAMNMUCHIO

leopruesud, 3aBeaytowmii kadeapont MHIJ
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