MMHUCTEPCTBO HAYKM U1 BBICIIIEI'O OBPA30OBAHNA
POCCUIMCKOM ®EJEPAITAN
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HPOF PaMMad ITOATOTOBKH HAYYHO-TI€dIrOTUUECKUX KaZIPDOB B ACITUPAHTYPE

1.3.11. ®usuka roJayrpoBOJHUKOB

Keanudukarys (cTerneHb) BbIITyCKHUKA
—IIpeniofaBarenb-uccaesoBarTesib

®opmbl 00yueHUs — OuHast



1 OBIIIUE ITOJIOKEHUSA

OrleHOUHbIE MaTepuanbl — 3TO COBOKYITHOCTh Y4eOHO-MEeTOAMUYECKHMX MaTepHhasioB
(MpakTHUUecKUX 3a/laHuM, onucaHuii (HopM U TMpoleAyp TMPOBePKH), TpeAHa3HAUeHHBIX /s
OLIEHKM KauecTBa OCBOEHUSI OOydaroIMMHCS JAHHOW JUCIMIUIMHBI KaK YaCTU MPOrPaMMbI
TMO/ITOTOBKU HAayYHBIX U HAyYHO-TIeJarOriyeCcKUx KaJ[poB B aCIIUPaHTYpe.

Llefib — OLIEHUTh COOTBETCTBHE MPHOOPETEHHBIX 3HAHWUM W YMEHHWM O00yuaroIuxcs
1esisiM ¥ TpeOOBaHUsIM TIPOTPaMMBI TIOJTOTOBKM Hay4YHBIX M HayYHO-TIeJaroruyecKux KaJpoB
B aCMUpaHType B XO7ie MPOoBe/leHNs TPOMEXXYTOUHOM aTTeCcTaluu.

KoHTposib 3HaHMM  TIpOBOAWUTCA B (opMe TMPOMEXYTOUHOM  aTTecTaluu.
[TpomMe)xyTouHast aTTecTalysi IPOBOAUTCS B (hopMe IK3aMeHa.

dopmMa TIpoBesileHUs] K3aMeHa — YCTHBI OTBeT TI0 TeOpeTHYeCKUM BOIPOCAaM,
chopMyJ/IMPOBAHHBIM C YUeTOM COZepKaHUSl TUCLIUTIIHBI.

2 OIIMCAHUE ITOKA3ATEJIEN 1 KPUTEPUEB OIIEHVBAHUA

KauecTBO 0CBOEHMS [JUCLIMIUIMHBI OL[eHWBAeTCsl B TIPOLIeCCe MPOBe/IeHHs SK3aMeHa B
dbopMe OaTLHOM OTMETKHU:

«OTIMuHO» 3aC/Ty’>KUBaeT acIpaHT, 00OHAapY>KUBIINH BCECTOpPOHHee,
cucTeMaTh4eckoe M rIy0OKoe 3HaHHe yueOHO-TIPOrpaMMHOTO MaTepuana, yMeHHe CBOOOIHO
BBITIOJTHATE 3a/jaHusl, TIPeAyCMOTPEeHHbBIE TTPOrPAMMOM, YCBOMBLIMIA OCHOBHYIO M 3HAKOMBIH C
JIOTIOJTHUTE/TbHOW JTUTepaTypoid, peKOMeHJ0BaHHOW TporpamMmoii. Kak mpaBusio, orjeHKa
«OTJIMYHO» BBICTAB/ISIETCS aCMUPAHTaM, YCBOWBIIKMM B3aWMOCBSI3b OCHOBHBIX TIOHSITUH
JUCLITUIMHBI B WX 3HAaUeHWW Ayisi TipuobpeTaemoii mpodeccuu, TPOSBUBIIMM TBOpPYECKHe
CIIOCOOHOCTM B TOHMMAHWM, W3JI0)KEHWA W WCIOb30BaHUU  yueOHO-TIPOrpaMMHOTO
MaTepHara;

«Xopomio» 3acay)KMBaeT aclupaHT, OOHApY)KMBILWK TIONHOe 3HaHWe YueOHO-
MIPOrPaMMHOTO MaTepHasia, YCIeIIHO BBIMOJHSIOIIMA TIPeAyCMOTPEeHHBIE B TIPOrpaMMe
3aZlaHus, YCBOMBIIMN OCHOBHYIO JIUTEpaTypy, PEeKOMeH/[0OBaHHYI0 B rmporpamme. Kak
MIPAaBUJIO, OIleHKAa «XOPOIIO» BBLICTAB/SETCS acClUpaHTaM, [T0Ka3aBIIMM CHUCTeMaTHUeCKUi
XapakKTep 3HaHWH TI0 AWUCLUTUIMHE U CTOCOOHBIM K WX CaMOCTOSITeJIbHOMY TIOTIOJTHEHHUIO U
0OHOBJIEHUIOB XO/ie a/ibHelIel yueOHoH paboThl U NpodheCcCoHaTLHON eATeTbHOCTH;

«Y {OB/IETBOPHUTE/IBHO» 3aC/Ty)KUBAeT aCITUPaAHT, 0OHAPY>KUBILWM 3HaHUST OCHOBHOT'O
yueOHO-TIPOrpaMMHOTO MaTepuajia B 0o0beMe, HEOOXOJUMOM /AJs AajbHeHIied yueObl u
nipejcTosiiieli paboThl TI0 CITELUATbHOCTH, CHPAaB/ISIONIUIACI C BBITOJHEHUEM 3aJJaHUH,
MpelyCMOTPEHHBIX TIPOrPaMMOM, 3HAKOMBIA C OCHOBHOM JIMTEpaTypoi, peKOMeH0BaHHOM
nporpaMMoii. Kak TIpaBW/IO, OIleHKa «YZOBIeTBOPUTENbHO» BBICTABJISETCS aCTMpPaHTaM,
JOIMYCTHUBLIMM TTOTPEIIIHOCTH B OTBETE Ha SK3aMeHe W TMPU BBINOJHEHWH 3K3aMeHalMOHHBIX
3aflaHui, HO 00/1aZIaloLUM He0OXOANUMBIMU 3HAHUSIMHU [IJIsl UX YCTPaHeHHsI TI0f], PyKOBO/ICTBOM
TIpero/iaBaTe’is;

«HeypoBiieTBopuTe/IbHO» BBICTABJISIETCS aCMUPaHTy, OOHApy>XuBIIeMy MpoOesbl B
3HAHUSAX OCHOBHOIO Y4eOHO-TIPOrPAMMHOTO MaTepHasa, [OMYyCTHBIIEMY TPUHLMITHATbHbBIE
OLIMOKY B BBIIOJTHEHWH MPeIyCMOTPEHHBIX TIPOrpaMMOoi 3azianuii. Kak mpaBuio, orjeHKa
«HEY/IOBJIETBOPUTEIbHO» CTAaBUTCS aclMpaHTaM, KOTOpble He MOTYT TMPOZAO/DKUTh 00yueHue
WIM TIPUCTYNIUTL K TIpOeCCMOHANbHOW /1eSITe/IbHOCTH 10  OKOHYaHWM By3a 0e3
JIOTIOJTHUTEJTBHBIX 3aHSATHH 110 COOTBETCTBYIOIIEH AUCIUTIIUHE.,
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3. ITIACITIOPT OIEHOYHbBIX MATEPHAJIOB I10 JUCHUIVIMHE

KoHTpo/mmpyemble pa3fesbl (TeMbl) Bup, meroa, popma
JUCIIUIIMHEI (Pe3y/IbTaThl M0 pa3jeiam) OLleHOYHOI'0

Tema 1. OCHOBBI 3/IEKTPOHHOM TeOPUU MepOonpUsITUS
T10JIyTIPOBOJHUKOB. Kanaupgarckuii sK3ameH
Tema 2. KuneTnueckue siBjieHUSI B KanauaaTckuii 5K3aMmeH
T0JIyTIPOBOAHUKAX.

Tema 3. PazaMepHO3aBHUCHUMbIE 3/IEKTPOHHBIE KanauaaTckuii 3K3aMeH
TIPOLIECCHI B TIOJTYTIPOBO/IHUKAX U GapbepHbIX

CTPYKTypax.

Tema 4. IToBepXHOCTHBIE ¥ KOHTAKTHbIE SIBJIEHUS Kanaupgarckuii 5Kk3ameH
B TIOJTYTIPOBO/ITHUKAX U OapbepHBIX CTPYKTYpax.

Tema 5. MarHuTHbIe CBOMCTBa TBEPABIX TeJl. Kanaupaarckuii 5Kk3ameH
TeMma 6. 3aknroueHue. KanauaaTckuii 5K3aMeH

4 TUITIOBBIE KOHTPOJIbHBIE 3AJAHVA 1 THBIE MATEPHUA/JIbI

Tunosblie TeopeTHu4YeCKHe BOMPOCHI K 3K3dMEHY M0 AUCIUITI/IMHE

CratucTuueckue CBOMCTBAa 5/eKTpOHOB Kiaccuueckue tipeactaBieHus [pyge-
JlopeHlia ¥ KBaHTOBbIe 3oMMepdenba.

[pexcTaB/ieHys 0 KBa3uuacTULaX. 3aKOH JUCIIEPCUU AJisi CBOOOJHBIX 3/IEKTPOHOB.
[1n0THOCTL paspelleHHBIX 3/IEKTPOHHBIX COCTOSIHUM B pa3pelleHHbIX U 3arpeljeHHOU
30HaXx.

OCHOBHBIE  XapaKTepUCTHMKHU SJIeKTPOHA B [EPUOSUYECKOM T[10Jle  peLleTKHU.
KBasuumnynec. DddektuBHas wmacca. CKOpPOCTb W yCKOpeHHe 3/eKTpOHa B
NepUOUYeCKOM T10J1e pelleTKU KpUCTasla

Menkue u riyboKue SHepreTiyecKre YPOBHM B 3arpelljeHHOW 30He MOJTyTTPOBOHMYKA,
YX T1apaMeTpbl U MeTO/bl U3YUYeHUS.

CraTucTUKa 3aroJIHeHUs JIOKaJIbHbIX YDOBHEH.

HeBbIposK/ieHHbIE U BBIPOXKAEHHBIE TIOMYTPOBOJHUKH. CTaTUCTHUeCKre 0CODeHHOCTH.
Yposenb ®epmu, KOHLIEHTpALMs 3/IEKTPOHOB U [IbIPOK

PaccessHue HocuTenel 3apsza B MeTa/ulax Y IOMYNPOBOAHUKaxX. [loABMXXHOCTB
cBoOO/IHBIX HOCHTenell 3apsizia. OCHOBHble MeXaHU3Mbl paccesHusi. PaccessHue Ha
Kosile0aHWsSIX KPUCTA//TMYeCKOW pelieTKW. PaccessHue Ha WOHU3UPOBAHHBIX |
HeNTpa/IbHbIX IPUMeCsX.

KBaHTOBasi Teopust KosebOaHWI KpPHUCTa//TMYeCKOW perieTKu. POHOHBL. JHeprus u
uMIynbC  QoHoHa. CratucThKa (OHOHOB. [I70THOCTH (DOHOHHBIX COCTOSIHHM.
TeryoeMKOCTb KPUCTa//IMUeCKOW pelieTkd, TemrepaTtypa /[lebGas. AHrapMoHH3M
KosieOaHM.

[Tpubmokenne >3ddekTrBHOM Macchl. [IOHOPBI M aKLENTOPhl B KyOMUecKux
MOJIyNIpOBO/IHMKAX. Pacrnipe/ienieHre 5/1eKTPOHHOM MJIOTHOCTH.

Krnaccuueckre u KBaHTOBble pa3MepHble 3()(eKTbl B OrpaHMYEHHBbIX KpHUCTasulax.
OCHOBHBbIe XapaKTepUCTUUeCKHe [JMHbI B TIOJNYIIPOBOJHWKAX M OapbepHBIX
CTPYKTypax.

Knaccruueckue pasmepHble 3¢ ekt Ha [JmHe cBoOogHOro rmpobera W [JiMHe
OCTBIBaHMS.

[TnoTHOCTH pa3peleHHbIX COCTOSHUNA U 3Heprus @epMu B ZIBYMEPHOU 3/IEKTPOHHOU
CUCTeMe.
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KBa3suogHoMepHasi 37eKTpOHHasi CHACTeMa M KBaHTOBasi TOYKA. OHEPreTUUeCKUil
CMEKTP, MJIOTHOCTb COCTOSIHUM U 3Heprusi PepMu.

Sddekt Ppenkensi-Ilyna.

TyHHenbHBIN 3¢ dexT 3uHepa.

JlaBuHHOE yMHO)KeHHe HOCHTesel 3apsija. YgapHas MOHMU3ALUs B COOCTBEHHBIX U
JIETUPOBaHHBIX MOYyIPOBOJHUKAX.

3aBUCUMOCTh  CKOPOCTU  [Jpeiida HocuTesneid 3apsja U  TOJBWKHOCTH B
TIO/IYIIPOBOHUKAX OT HaIpsKeHHOCTH 3/IeKTPUUeCKOIo I10JIs.

3aBUCUMOCTb KUHETUYeCKUX KO3(QQULMEHTOB OT HarpsDKEeHHOCTU 3JIeKTPUYECKOro
TIOJISL.

Henmunelinble BAX mnonynpoBOAHUKOBBIX KPUCTA/IIOB B CUJIBHOM 3/1€KTPUYECKOM
niosnie. S v N- obpa3nbie BAX.

Oddexkr TanHa, oTpuuarenvHas  AuddepeHiManbHasi  TPOBOJUMOCTL B
MHOTOOJIMHHBIX MOJIYTIPOBOJHUKAX, BO3HUKHOBeHUe CBY KosteOaHui
3/IEKTPUYECKOTO TOKa B TIOJYNIPOBOJAHUKAX CO CJAOXHBIM CTpOeHWeM 30H B k-
MPOCTPaHCTBe. DJIeKTPUUeCKHUe JOMeHbl U TOKOBbIe LIIHYPHI.

@YHKLMSA pacripefie/ieHdss B CUIbHOM 3JIEKTPUUECKOM I1ojie. BiusiHWe 371eKTpoH-
3/IEKTPOHHBIX ~ CTOJIKHOBEHM Ha  (QyHKUMIO  pacripefieneHusi.  CMellleHHOe
MaKCBeJUIOBCKOe pacripe/iesieHue.

Tepmos/ieKTpOHHAsA 3MHUCCHA. SIBeHMsI Ha KOHTakKTe [OIYIIPOBOJHUK-MeTa/ll,
HarlpsDKeHHOCTh 3JIeKTPUUeCKOoro I10JisA, IoTeHLurasl, ToauHa cios lortku. Teopus
BBITIPSAIM/IEHUS] HA KOHTaKTe I10/IyIIPOBOJHUKA C MeTa/l/IOM.

ONeKTPOHHO-bIPOYHBIN repexof, KOHTAaKTHasi PasHOCThb TOTEeHL[MAJIOB,
HaTpsKeHHOCTh 371eKTPUUECKOTO M0J1sl, MOTeHLMas U TOJILL{KHA Pe3Koro p-n-nepexood.
Teopusi BbIIpsAM/IEHUS Ha p-n-niepexofe. VHXeKLUs U SKCTpakLys HEeOCHOBHBIX
HocuTeslelt 3apsifa. BiiisiHuMe TeHepalu W peKOMOWHALIMKM HOCUTesed 3apsiia Ha
BOJIbT-aMIIEPHYH0 XapaKTepUCTHKY p-Nn-repexo/a.

dusnyeckue sBIeHMsI HA KOHTAKTe MeTasl/l — HeynopsiZloYeHHbIN MOTyTIPOBOJHUK.
OJNIeKTpPOHHble  COCTOSIHMSI B KpUCTa/ulaX.  OJJIeKTPOH B [epUOAUYeCKOM
roTeHIMabHOM T0J1e. OfHO3IeKTpOHHOe NprbmKeHre. BomHoBeie dhyHKIMu biioxa.
3oHa bpunrosHa.

CBolCTBa 3HEpPreTUYECcKOro CIeKTpa 3/eKTPOHOB, SHepreTUueckve 30HbL. BosHOBOM
BEKTOP, UMITYJIbC, CKOPOCTb U 3((eKTUBHAsi Macca 3/1eKTPOHa.

XapakTep 3aro/IHeHUs 3HepreTU4YecKUX 30H. OJIEKTPOHBI M [JbIPKU. [IW3JIEKTPUKY,
MOJIyNIPOBO/IHMKH, MeTasibl. TUIbl XMMHUUYECKUX CBsi3eld. MeTa/uinueckue, MOHHBIE,
KOBaJ/ICHTHbI®, MOJIEKY/ISIpHble KpPUCTa/Ulbl. XapaKTepuCTHUKa SHepreTU4yecKux 30H,
pacrpejiesieHye 371eKTPOHHOM TJIOTHOCTH.

BopopoznonofobHass Mofieslb  MeNKOro — MpUMecHOro  ILieHTpa. [IpubmkeHue
3¢ peKTUBHOM Macchl. JJOHOPBI U aKL[eNTOPbI B KyOUUeCKUX MOyITPOBOJHUKAX.
Meskue u T/1y00KHe SHepreTHyecKrie YPOBHH B 3allpelljeHHOUN 30He MOJTyTPOBOHMUKA,
MX MapaMeTpbl U METO/Ibl U3yUYeHHUs.

CraTuCTHKa 3ar0/IHeHUs JIOKaIbHbIX YPOBHEM.

HeBbIpOXK/IeHHBIE ¥ BBIPOJKZEHHBIE MTOTyTPOBOAHUKH. CTaTUCTUUECKHe 0COOEHHOCTH.
YposeHb @epMu, KOHLIEHTPALIUS 3/IEKTPOHOB U [IbIPOK.

Paccesinue HocuTeneil 3apsja B MeTa/uylax U TMOAYNPOBOAHUKaxX. [loABM)KHOCTB
cBOOOJHBIX HOCUTesel 3apsja. OCHOBHbIe MeXaHWM3Mbl paccesiHUs. PaccestHue Ha
Kole0aHUsAX KPUCTA/UTMYECKOH pelieTkKd. PaccesHe Ha WOHW3WPOBAHHBIX U
HeWUTpabHBIX TIPUMECSIX.

KBaHToBasi Teopusi KosiebaHUI KpUCTa//IMUeCcKOW pereTKu. POHOHBL. DHEprusi u
uMnyabC QoHoHa. Cratuctuka (OHOHOB. [I1OTHOCTH (POHOHHBIX COCTOSIHUM.
TernmoeMKoOCTb KpPHCTa/UTMUECKOM pelleTky, Temreparypa /[lebas. AHrapMoHu3m
Kosie6aHUM.
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3aBHCUMOCTb 3/71eKTPOIPOBO/IHOCTH MOTYNIPOBOJHUKOB U MeTa/lJIOB OT TeMIlepaTyphl.
Tepmosniektpuueckue 3¢dekTel. Oddekt Xomana. Auddys3roHHble ypaBHeHUS.
YpaBHeHUs1 DUHINITeNHa.

eHepauyisi © peKOMOWHAIMs HOCHUTesel 3apsifa. HepaBHOBecHble HOCHTeNX 3apsijia.
Bpewmst >xu3Hu. MakcBe/noBCKasi pesjakcalldsi 3apsiia B TBepAbIX TejlaX, BpeMs
pesiakcalyu, febaeBcKas [yiiHa SKpaHUPOBaHUSI.

HepaBHoBecHass GyHKI[USI pacmipefiesieHds, KBa3uypoBHU @DepMu. YpaBHeHUe
HeTIpepLIBHOCTH. BpeMsi JKU3HM HEOCHOBHBIX HepaBHOBECHBIX  HOCHUTeJIeH.
OuddysronHas ajivHa.

MexaHu3Mbl peKOMOWHALMKM. PeKoMOWHalMs 30Ha-30Ha. PeKoMOMHAIMS C yyacTheM
yPOBHeli B 3ampelrjeHHOW 30He, Mozenb Illokmu-Puga. Mogenb pekoMOWHAIUH
I1.T.OpelukuHa.

Me>k30HHbBIE 371IeKTPOHHBIE Tiepexo/ibl. CoOCTBeHHOe ONTHYecKoe TIOoTJIoleHre, Kpail
COOCTBEHHOTO TIOTJIOIIeHHsI. DKCUTOHHBIE 3()(eKTHI.

[Mornoiiene Ha CBOOOJHBIX HOCHTE/NSIX 3apsifia. IlorsomjeHne cBeTa B TIPUMeECHOM
obmactu crnektpa. doTompoBoguMOCTE. ONTHYeCKOe TIOTJIOIeHHe Ha KoJiebaHusX
KPUCTa/I/TUYeCKOU pelleTKHU.

MarHutHble MOMEeHThbI aTOMOB. /lMaMarHeTHWKH, MapaMarHeTMKA. HamarHu4eHHOCTb,
MarHUTHasi IPOHUL[aeMOCTb.

MaruuTHoe yIopsijoueHue. CnioHTaHHas HaMarHU4YeHHOCTb. ObmeHHOE
B3aumo/eiictBue. CHMHOBbIe BOJIHBL ~PeppoMarHeTHKH, aHTU(eppPOMarHeTUKH,
(hepprvMarHeTUKH.

[loMeHHasi CTPYKTypa, MeXaHW3Mbl HAMarHUUMBaHUs1, TUCTEPE3UC.

MarHuTHbIe pe30HaHChl, 3eeMaHOBCKOe paclijeryieHue.

MarHuTHbIe PUMeCH B HEeMarHUTHBIX MeTaJljlaX U TOJ/IyTIPOBO/JHHKAX.

OcobeHHOCTH paccestHUsI HOCUTe el 3apsifia ¢ IepeBOPOTOM CIIMHA.
CriuH-opOuTa/TbHOE B3aUMOZEHCTBHE U PaCcCesiHUe Ha MarHUTHBIX LIEHTPax.
CrnivHOBBIN 3¢ ekt Xosa.

Oco6eHHOCTH 3/IeKTPOHHBIX MPOLIECCOB MepeH0ca B MarHUTOYTIOPsiZIOUeHHBIX Cpejiax.

[IOKYMEHT MOAMWUCAH 3/IEKTPOHHOM MOANUCHIO

COIMMACOBAHO ®reoy BO "PrPTY", PrPTY, JlutBnHoB Bnagummp 16.07.25 11:45 (MSK)
leopruesud, 3aBeaytowmii kadeapont MHIJ
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