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Beenenne

B ocHOBY HacTOsilliedl MporpaMMbl TMOJOKEHbl OCHOBHBIE pa3felibl (U3HUKU
TIONYPOBOJJHMKOB, KACAKIIMECs OCHOBHBIX (U3M4YecKUX IpobiieM [aHHOi
00nacTH, OCHOB TEXHOJIOTMU W pabOThl MpUOOpPOB Ha Hasze ToJyNpPOBOAHUKOBBIX
MaTepualoB.

[TporpamMma paspaboraHa SKCIEpTHBIM COBETOM Bbicuiell arrectaliMOHHON
Komuccun MunuctepeTBa obpaszoBanust Poccuiickon ®enepatuu no Gusuke npu
yyacTUM MOCKOBCKOI'0O rocyaapcTseHHOro yHusepcutera uM. M.B.JIomoHocOBa,
OTU um. A.®.Uodpdpe PAH, UDII CO PAH, UPD PAH, OUAH wum.
[T.H.Jle6eneBa, UOM PAH (Huwxnuiit Hosropon) u CII6GI'TY.

1. XumMH4YecKkasi CBA3bL U aTOMHAsA CTPYKTYPA MOJAYyNPOBOAHHKOB

DNeKTpoHHas KOH(Urypalusi BHELIHUX 000J0YEK aTOMOB U THIIBI CUJI CBS3H B
TBEPABIX Tejax. BaH-nep-BaaibcoBa, MOHHAs U KOBAJICHTHAs CBS3b.

CTpyKTypbl Ba)XHEHIUMX IOJYIPOBOAHUKOB — 3JIEMEHTOB AV AN
COeJIMHEHUH TUITOB AHIBV, AHBVI, AVBY!,

CumMmeTpust KpUCTAIIOB. TpaHCHAMOHHAs CUMMETpUs KpucTauloB. basuc u
KpUCTallJIHYecKasi CTpPYKTypa. JneMmeHTapHas sdelika. [IpumMuTuBHas s4enka.
Auetika Burnepa—3eiitua. Pemetka bpase. O603HaueHus y37108, HallpaBlIeHUH U
riockocteil B kpucrame. ObpaTHas peleTka, ee cBoicTBa. 30Ha bpuirosna.

[Tpumecn M CTPYKTypHBle Ae(eKTHl B KPHUCTAUIMYECKMX M aMOPMHBIX
MONYNPOBOAHUKAX. XUMHUYECKass NPUPOAA U DJEKTPOHHBIE CBOMCTBA IIPUMECEH.

ToueyHsle, TMHEHHBIE U AByMEPHBIE AC(EKTHI.

2. OcHOBBI TEXHOJIOFHH NOJAYINPOBOAHHKOB H METOAbI OIIPedeJICHHI HX

napamMeTpoB
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MeTtozpl BeIpauBanus OOBEMHBIX MOHOKPUCTAJUIOB M3 JKUJIKOW H Ia30BOM
¢as3.

MeTo/bl BBIpAIMBaHKS SIHTAKCHATBHBIX IJICHOK (SMHMTAKCHs M3 JKUIKOH U
ra3oBoi ¢asbl).

MosekyispHO-TydeBas dIuTaKcus. MeTautopranu4ecKkas SnuTakCcHsL.

MeTo/1BI TerupoBaHus NOJTYMPOBOIHUKOB.

OCHOBHBIE METOABI OIpeJeIeHUs] MapaMeTpoB MOJYIPOBOAHHKOB: IIMPHHEI
3arpelieHHoN 30Hbl, MOJBHXXHOCTH W KOHLEHTPAlMH CBOOOJHBIX HOCUTEINEH,
BPEMEHHU HHM3HM HEOCHOBHBIX HOCHTENEH, KOHIEHTPAIMH U TIyOHHBI 3ajeraHusi

ypOBHel nipuMeceit u 1edeKTos.

3. OcHOBbBI 30HHOH TEOPHH NOJYNPOBOAHHKOB

OcHOBHBIE TIpHOIMKEHHsS 30HHOU TeopuH. BomHoBas QyHKIMA 3JEKTpOHA B
nepuoaMdecKkoM moie Kpuctawia. Teopema bnoxa. 3ona  bpuiiosHa.
DHEepPreTHYecKue 30HBbl.

3aKOHBI JUCIIEPCHH TS BaXKHEHIINX ITOIyIPOBOJHUKOB. M303HepreTuieckue
nmoBepXHOCTH. TeH30p oOparHOM 3(h¢exTrBHON Macchl. [IMOTHOCTE COCTOSHHU.
Ocobennoctu Ban-Xoga.

VpaBHeHHS NBUKEHHsS 3JIE€KTPOHOB M ABIPOK BO BHEIUHMX mnossax. Meroa
3¢ dekTHBHON Macchl. VIcKpUBiIeHUEe I3HEPreTHUECKUX 30H B 3JIEKTPUYECKOM MOJe.
JIBMKeHHE 3JIEKTPOHOB M JBIPOK B MarHMuTHOM mone. Onpeznenenue 3pHeKTUBHBIX
Macc U3 LUMKIOTPOHHOIO (AMaMarHuTHOro) pe3oHaHca. CBsA3b 30HHOH CTPYKTYPBI €
ONTHYECKUMHU CBOMCTBAMHU TIOJTYIIPOBOIHHUKA.

YPpOBHM 3HEpPTHH, CO3/1aBaeMble IPUMECHBIMU IIEHTPAaMH B ITOJIYITPOBOJHUKAX.
JloHopbl M akuentopsl. Menkue W riyGokue ypoBHM. BomopoaononoOwHbie

NMPpUMECHBIC LIEHTPHI.

4. PaBHOBecHasi CTATHCTHKA 3JIEKTPOHOB H AbLIPOK B MOJIYIIPOBOAHHKAX
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dDyuKiMa pacrpe/ieneHus 3ekTpoHoB. KoHueHTpalus 3JIeKTPOHOB U ABIPOK B
30Hax, 3(QeKTHBHAs UIOTHOCTD COCTOSHUM. HeBBIPOXKIEHHBIH W BBIPOXKICHHbIN
HMEKTPOHHBIA  (IblpouHblil) ra3. KoHueHTpauuu 3J€KTPOHOB U ABIPOK Ha
JIOKATBHBIX YPOBHsAX. MaKTOPhl BBIPOXKAEHHUS IPUMECHBIX COCTOSHHMU.

ITonoxkenne ypoBus @PepMu M DPaBHOBECHAs KOHLEHTpAlMs 3JICKTPOHOB M
JBIPOK B COOCTBEHHBIX U IPHUMECHBIX  (HEKOMIICHCHPOBAHHLIX W

KOMITEHCHPOBAHHBIX ) MTOJIYIIPOBOAHUKAX. MHOro3apsiiHblie IPUMECHbIE IICHTPBIL.

5. KuneTnueckue siBJieHHs B MOJYNPOBOJAHHKAX

Kunernueckue ko3 UIHEHTHI — MPOBOAUMOCT, HOCTOHHAs Xojula H TepMO-
SJC. JlpeiidoBas cKOpOCTh, ApeiidoBas W XOJUIOBCKas MOIBHKHOCTH, (HaxkTop
Xonna. JIpetidosslii 1 auddy3nonnsiil Tok. CooTHONIEHHE DAHIITEHHA.

MexaHU3Mbl paccestHUsl HOCHTeNneWd 3apsfa B HEHAEANbHOH peIleTKe.
BiaumogelicTBie HOCHTEJeH 3apsAa ¢ aKyCTHYECKMMH M ONTHYECKUMHU
dononamu. PaccesHue HocHTeNeil 3apsfia Ha 3apsHKCHHBIX W HEHTpPaJbHbIX
npumecsix.  lopsume  3nekTponsl.  OtpuuarensHas — auddepeHIMATbHAS
[POBOAMMOCTb. JJNEKTPUUECKHE HEYyCTONYMBOCTH; JJICKTPUYECKHE IOMEHBI M

TOKOBBIE IIIHYPBI.

6. PexoMOHHAILIHS 3/IEKTPOHOB H AbIPOK B MOJIyNIPOBOAHHKAX

[enepais ¥ pekOMOMHAUWA  HEPaBHOBECHBIX  HOCHTENeH  3apsja.
KBasupapHoBecHe, KBa3uypoBHH Depmi. YpaBHEHHE KMHETHKM DPEKOMOUHAIWH.
Bpemena xw3au. GoTONPOBOAUMOCTD.

Mexanusmbl  pekoMOWHauud.  M3nydartenbHas M Oe3pIsnydaTesnbHast
pekomOuMHauus. Mex3oHHas pexkoMOuHaLMs. PekoMOuHanus uepes ypOBHH
npumeceii u fedextos. LlenTpsr npununanus. Oxe-peKOMOMHALKS.

[TpocTpaHCTBEHHO HEOJHOPOIHbIE HEPaBHOBECHBIE PACTIPENENeHHs] HOCHTEeH
3apsma. Am6umonspuas auddysus. Dddexr Jembepa. lmna auddysnn

HEPABHOBECHBIX HOCHUTEJIEN 3apsaa.

7. KonTakTHbIE iBJeHHS B MIOJYNPOBOJAHHKAX




Cxema JHEpPreTHYECKMX 30H B  KOHTAKTe  METaUI-TIONYIPOBOAHHUK.
O6oramennble, 00eJHEHHbIE ¥ HHBEPCUOHHBIE CJIOM IIPOCTPAHCTBEHHOIO 3apsina
BOJIN3U KOHTaKTa. Bonbr-amrepHast xapaktepuctika 6apbepa LLloTTka.

DHepreTuueckas jguarpamMma p-n  rnepexoja. MHKeKius —HEOCHOBHBIX
HOCHTEIeH 3apsja B p-1 TiEpexojie.

I'eTeporiepexobl. JHEPreTUIECKUE JIHarpaMMBbl reTepOIIEPEeXo10B.

Bapu3oHHbIe OTYIIPOBOJHUKH.

8. CpoiicTBa MOBEPXHOCTH MOJIYIIPOBOJHHKOB
IToBEpXHOCTHBIE COCTOSHMS W TOBEPXHOCTHBIE 30HBI. VICKpUBICGHHE 30H,
pacmpezesieHde 3apsiaa W TOTeHIuana BOmM3M nosepxHocTH. IToBepXHOCTHas
pexoMOHHAIU.

Dddext mos.

TammoBckue ypoBHH. CKOPOCTh OBEPXHOCTHOH pEeKOMOMHALIMH.

9. OnTHYecKHe siBJICHHS B MOJYNIPOBOAHUKAX

KommiekcHas AM3JIeKTprYecKas NPOHULAEMOCTh, IOKa3aTesb IPEIOMIICHHMS,
K03(PUIHEHT OoTpakeHHs, KodhduuueHT mornouieHus. CBA3b MEXAY HUMH H
coorHoueHuss Kpamepca—Kponura.

Mesk30HHBIe epexoabl. Kpail cOOCTBEHHOTO MOTJIONICHHS B Cily4ae IPAMbIX U
HETIPAMBIX, pa3pelleHHbIX U 3alpelIeHHbIX N1E€PEX010B. DKCHTOHHOE NOIJIOMIEHHEe
1 n3nydenre. ClloOHTaHHOE U BBIHY)KIEHHOE U3Jy4eHHe.

ITorsomneHue cBeTa Ha CBOOOIHBIX HOCUTEISAX 3apsa.

[TornomeHue cBeTa Ha KonebaHusx pelieTkH. PaccesHue cBera KojneGaHUsIMU
pelieTky, KOMOMHAIMOHHOE paccesHie Ha onTuyeckux QoHoHax (Pamana —
JlangcGepra), paccesHue Ha akycTuueckux ¢ononax (bpwuiosHa  —
Mamnenpirama).

BnusHue mnpuMeceid Ha omnTHYeckue cBodcTBa. [IpumecHas CTpyKTypa

ONTHYECKUX CIICKTPOB BOJIU3U Kpas COOCTBEHHOI'O IOTJIOUIEHHS B NpAMO30HHBIX H




HeMpsIMO30HHBIX TIOJYIPOBO/IHHKAX. MeknpuMecHas U3JydaresbHast
peKOMOMHAIMS. IKCUTOHBI, CBA3aHHbIE Ha IPUMECHBIX IIEHTpaXx.

OnTu4ecKre SBJICHHS BO BHeHHWX noisix. ddexr Ppanua-Kessiua.
Dddext ITokkensca.

D dexr bypiureitna-Mocca.

Db dexrsr Gapages u Pourra.

10. @oTo3neKTPHYECCKHE SIBJICHHS
IlpumecHas u cobctBeHHass (HOTONPOBOAMMOCTh. BilMSHHE TNPUIAIIAHMS
HEpPABHOBECHBIX HOCHTEJIEH 3apsijia Ha (POTOMPOBOAUMOCT.
Ornrrueckas mepesapsaka JOKaJIbHBIX YPOBHEH M CBS3aHHbIE C Hell 3 (QeKTsl.
TepMocTuMynMpoBaHHAs MPOBOAUMOCTE.
doTopa3zorpeB HOCUTEIEH 3apsaa.

@D0oTO31EKTPOMArHUTHBII dhdEKT.

11. HekpucTa/uiH4yecKHe NOJYNPOBOAHHKH

AmopdHble M CTek1000pasHble monynpoBonHuku. CTpyKTypa aTOMHOH
MAaTpUIBl  HEKPMCTAUINYECKHX  IOIyNpoBONHUKOB.  MpaeansHOE — CTEKIIO.
["vapupoBaHHbIE aMOPQHEIE MOy TPOBOIHUKH.

OcoBEeHHOCTH 3JIEKTPOHHOrO 3JHEPreTHYECKOro CIEKTpa HEeyNopsJ0YCHHBIX
MOMYNpPOBOAHMKOB.  IINOTHOCTE  cocTOsHMM.  Jlokamus3auus — 3JI€KTPOHHBIX
cocrosiauii. Illenp MoABMXHOCTH.

JlerupoBaHue HEKPUCTAIUIMYECKUX MTOJYITPOBOIHUKOB.

MexaHu3Mbl epeHoca HocuTenel 3apsja. TIpbiKKOBas NPOBOAMMOCTb. 3aKOH
Morra.

CrnekTpsl ONTHYECKOrO IOMJIOLIEHHS  HEKPUCTAIMYECKHX MaTepualos.
I[TpaBuio Ypbaxa.

Hectauronapusle mpoieccel. Onpenenenne ApeihoBOH TOABHKHOCTH 0

M3MEepEeHHsIM BpeMEeHH MpoJeTa. JIucrepCHOHHBIH MepeHoc.
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Biysuue  BHEIHHX  BO3JACHCTBMI HAa  CBOWCTBA  HEKPHCTAUIMYECKMX

101y IPOBOAHUKOB. MeTacTabHUIIbHBIE COCTOAHUS.

12. IMoynipoBOAHHKOBbIE CTPYKTYPhI HOHHKEHHOH Pa3MepHOCTH H
cBepXpelleTKH

PasmepHoe KBaHTOBaHHe. J[IByMepHBIE W KBasujIByMepHBIE BIICKTPOHHBIE
CHCTEMBI M CTPYKTYpbl, B KOTOPBIX OHM peanusyrorcst. KoHTpa- U KOBApHAHTHBIE
KOMITO3ULIMOHHBIE CBEPXPEIETKH, JIErMPOBAaHHbIE CBEPXPEIIETKU JIErMPOBaHMI.
KBaHTOBBIE HUTU. KBAaHTOBbIE TOUKH. JHEPreTUYECKHH CIIEKTP 3JCKTPOHOB H
[UIOTHOCTh COCTOSIHUM B 3THX CUCTEMAX.

Orruyeckde SBIGHUS B CTPYKTypax ¢ KBAHTOBBIMU sSiMaMH, HpaBuja orbopa
IS MEX30HHBIX M BHYTPHU3OHHBIX (MEXIIOJ30HHBIX) NEepexonoB. Mex3oHHOe
NOrJIOIIeHNe ¥ U3dydyaTenbHas PeKOMOMHALMS B OTUX CTPYKTYpax. DKCHUTOHBI B
KBaHTOBBIX SIMaX, KBAaHTOBO-pa3MepHsblii apdexr Hirapka.

DnexTpUUECKHe ¥ TalbBaHOMAUHMTHBIE ABIEHHs B [IBYMEPHBIX CTPYKTypax.
Dddexr [Lly6uuxopa-ne aaza. Obliee npeacTaBieHre O KBAHTOBOM d(dekte

Xouna.

13. IIpuHuMNBI JeiicTBUS NOJYIPOBOAHHKOBBIX NPHOOPOB

BosbTaMIiiepHas xapakTtepucTuka p-n nepexosa. ITpubopsl ¢ UCIOJIB30BaHUEM
p-n Iepexo10B.

Tynnenbusiii auoa. Juoxn INanna. Bunonsiprelii Tpansuctop. Tupucrop.

DHepreTudeckasi auarpamMMa CTPYKTYpbl MeTall-Anud1eKTPUK-TI0NyTIPOBOIHHK
(MJII). Ilonepwle Tpamsucropsl Ha MJIII-cTpyktypax. [lpubopsr ¢ 3apsnoBoi
CBSI3bIO.

1IyMEI B ITOTYyTPOBOHAKOBBIX IpUOOpax.

dorosnementsl uW  ¢Qoroauoxabl. CnexkTpanbHas  UyBCTBUTEIBHOCTH M
obHapyxuTenbHas cnocoGHocTh. ITonynpoBOJHMKOBBIE JIETEKTOPBI  ANEPHDIX

u3nydenuit. @ortosnexTpudeckue npeodpasorarenu, KITJ[ npeobpazoBatus.
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CBeToauo/sl M IONYNPOBOAHUKOBEIE Jasepbl. MHXeKUWOHHbBIE nazepbl Ha
OCHOBE JIBOHHON reTepoCTpPyKTYphI.

Ucnonb3oBande  HAHOCTPYKTYP B IIOJIYIPOBOJHHKOBBIX  IIpHOOpax.
[eTepoTpan3ucTOp ¢ AByMepHBIM 371eKTpoHHbIM razoMm (HEMT). I'eteponasepsi Ha
OCHOBE CTPYKTYP C KBAHTOBBHIMH IMaMH U KBAHTOBBIMM TOYKamH. Pe30HaHCHOE
TYHHEJIUPOBAHKE B JBYXGapbepHO# TeTepocTPYKType H Pe30HAHCHO-TYHHEbHbBIA
mion. OnTudeckuil MOIYNSATOP Ha OCHOBE KBaHTOBO-pasMepHoOro asddekra

LTapka.
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