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[TPOIT'PAMMA-MUHHUMVYM
KaH/IMJAaTCKOI0 3K3aMEHa 10 CIEHUaIBHOCTH
01.04.10 «®u3nka NoaynpoBoIAHHKOBY
[0 TEXHUUYECKUM M (PU3UKO-MATEMAaTUYECKUM HAyKaM
Beeacnue

B ocHOBYy Hacrosimiedl mporpaMMBbl  TIOJIOKCHBI  OCHOBHBIE — pa3jiciibl  (PU3UKH
ITOJTYIIPOBOIHUKOB, Kacalolllecss OCHOBHBIX (U3uueckux npodiiem AaHHOI obsactn, OCHOB
TEXHOJIOrMH M paboThl NpUOOPOB Ha 6a3e MOJIyIPOBOAHUKOBBIX MaTepUasIoB.

IlporpamMma paszpaboTtaiia DKCIIEpPTHLIM COBETOM Bbicuielt aTrecTanlMoOnHOH KOMHMCCHU
MuHuctepcta obpaszoranus Poccuiickoit ®enepanuu 1o $pusnke 1pu yd4acTUH MOCKOBCKOro
rocyaapctBeHHoro yuusepcurera um. M.B.Jlomonocosa, ®TU um. A.d HUodde PAH, UDII CO
PAH, UPD PAH, ®UAH um. I1.H.Jle6enensa, UOM PAH (Huxuuit Hosropon) u CITOI'TY.

1. Xumuueckast CBA3b H ATOMHAsI CTPYKTYPa HOJYNIPOBOHHKOB

DJEeKTpOHHas KOH(pUIypauus BHEIHHUX 000,I04€K aTOMOB M THIIBI CHUJI CBS3H B TBEPBIX
Tenax. BaH-/iep-BaajibcoBa, MOHHAS ¥ KOBAJICHTHAS CBA3.

CTpyKTyphl BaxKHEHIITMX NOJYIPOBOJIHHKOB — DJIEMEHTOB A", AV 1 coesmnenuit Ton
AMBY, AUBVL ANVBYL

Cummerpust  KpucrajlioB. TpaHCHSLMOHHAsd CUMMETPUS KpUCTaIoB. Dasuc wu
KpUCTALUIMYECKas CTPYKTypa. OneMmeHrtaptias siueiika. [lpumurnBhoas —svelika.  Sflueiika
Buirnepa—3eitrua. Peuierka bpase. OOo3uauennst y3710B, HAIpaBIeHUH M IUIOCKOCICH B
kpuctayuie. ObpartHas peleTka, ee coifcTna. 3ona bpusunosia.

ITpumecu u crpykrypubie AeeKTbl B KPUCTAIMYECKUX U aMOPQHbBIX 110J1y1IPOBOAHUKAX.
XuMmudeckast Ipupo/ia U 3JeKTPOHHBIE CBoiicTBa IpuMecel. Toveunble, TMHEHHBIC U IBYMEPHbIC
NedEeKThL

2. OcHOBBI TCXHOJOTHH NOJYIPOBOJHHKOB H METOAbI OLIPEACACHHS HX HAPAMCTPOB

MeTo/1b1 BhipalluBaHus 00bEMHBIX MOHOKPHUCTAJIOB U3 KU/IKOH U ra3zoBoi ¢as.

Metosapl BhIpAIMBAHUS SMUTAKCHATLHBIX TIEHOK (3MUTAKCHS M3 KHJIKOH M ra3oBoif
¢azsbr).

MosnekysipHO-jlyueBast 3uTaKkcusi. Merasioprannyeckast dJIUTaKCHs.

MeTo 151 TerupoBaliust MoJyInpoBOIHUKOR.

OcHOBHBIE ~ METOJABI  ONpejesielst  11apaMeTpOB  IOJIYNPOBOJHHMKOB:  HIMPHHDI
3alpelIEHHONM 30HbI, HOABIKHOCTH M KOHIEHTPAlHH CBODOANBLIX HOCHTCICH, BpCMCHH XKH3HI
IICOCHOBHLIX 1I0CHTCIICH, KOILCHTPALMH H FTyOHIDI 3asicraiius ypolei npumcecci 1 acdexros.

3. OcHOBBI 30HHOIT TCOPHH NOJTYIPOBOIHHKOB

Ocuosuplc npudbmkenus 3ounoir  tcopuu. Bonmosass  Qyuxuust  onekrpona B
nepuoanucckoM 1osic kpucrassia. Teopema biioxa. 3ona bpisumonna. DHepreTHUCCKHE 301bL.

3akoubl  JIMCHCPCHHM U1 Baxuelmmx  nonynposoanukos.  M3oouepreruucckiie
noeepxHocTH. Teuzop obparnolt rhdexrusnon Macceel. Thotnocts cocrostHuit. OcobenHocTH
Ban-Xosa.

YpaBHCHUS JIBUKEHUS 3JIEKTPOHOB M JILIPOK BO BHEIIHMX noJisix. Meron sddexrusnoin
maccbl. MckpuBIieHHE SHEPreTHUeCKUX 30H B JJIEKTPUYECKOM 1OJIC. J[BHIXKEHME JIEKTPOHOB M
JIPOK B MarnuTHOM nosic.  Ompejesienne  dGOCKTUBHBIX  Mace M3 [UKIOTPOHHOIO
(IuaMarHuTHOro) pesonanca. CBsizb  30HHOH CTPYKTYpbl € ONTHYEGCKMMH CBOHCTBaMH
MOJIYIIPOBOIHUKA.

YpOBHH 3HEPIUH, CO3/1aBACMBIC IIPUMECHBIMU LEHTPaMU B 110J1YTIPOBO/IHIMKaX. J[oHopsbl 1
axuenropnl. Mesikue u ri1ybokuce yposnu. Bojiopo1onono6Hsic NpuMecHbie HICHTPBL.

4. PaBunoBecHast CTATHCTHKA 3J1CKTPOHOB H ILIPOK B HOJYIIPOBOAHHKAX

QyHkuus pacnpejesieHus 3IeKkTponos. Konnenrpauus 3JICKTPOHOB M JIBIPOK B 30HAaX,
apdexTuBHAs MIOTHOCTL COCTOSIHMM. HEBBIPOXKICHHBIA W BBIPOKJICHHBIM  3MEKTPOHHBIH
(mpipounbiit) ra3z. KoHUeHTpanuy 3JIEKTPOHOB M JBIPOK Ha JIOKAJILHBIX YpOBHSIX. (Dakrops
BBIPOK/IEHUS TIPUMECHBIX COCTOSIHUH.



[Tonoxxenue yposust PepMu M paBHOBECHAs KOHIICHTpAIUS 3IEKTPOHOB U ABIPOK B
COOCTBEHHBIX U IIPUMECHBIX (HEKOMIIEHCUPOBAHHBIX U KOMIIEHCUPOBAHHBIX ) [TOJIYIIPOBOIHUKAX.
MHoro3apsiasble IpUMECHbBIE LEHTPHI.

5. Knnernueckue siBieHUs B I10JIYIIPOBOIHUKAX

Kunernueckue koadduuueHTsl — NpOBOAMMOCTE, nocrosidas Xomia u tepmo-3/IC.
Hpeiidosas ckopocTs, apetidoBast ¥ XOMIOBCKas MOABMKHOCTH, (akrop Xomna. Jlpeidosnlii 1
Judy3uoHHbIN Tok. CooTHOLICHHE DUHLITEHA.

Mexanu3Mbl paccesiHUsl HOCUTENIER 3apsijla B HeuaealbHol peuierke. B3aumopelicrauc
HoOcUTeJIeH 3apsijla ¢ aKyCTHUYECKUMU U ontuyeckumu GoHoHamu. PaccesHre Hocurelel 3apsijia
Ha 3apsOKEHHBIX W HEUTPATBHBIX MNpuMecsax. lopsuue 2ekTpoHbl.  OTpuuarennuas
JpPepeHHaibHas NPOBOAUMOCTEL. DIEKTPHUUECKHE HEYCTONUMBOCTH; DJIEKTPHUECKHE JIOMCHbL
U TOKOBBIE HIHYPBI.

6. PexomOuuanus »ICKTPOHOB H ABLIPOK B MOJIYNIPOBOHMKAX

['enepanust u pexomOunanusi HCpaBHOBECHBIX HocHTelneld 3apsia. Ksasupasnosccene,
xBazuyposHn  Depmu.  VYpaBHeHue  kuHeTUKHM  pexomOuHanuu.  Bpemena  ku3uu.
DOoTONPOBOAUMOCTD.

Mexanusmbl  pekomOunanuu. Manyuarensuas u Oesplziiydarcibias pekoMOHHAIMS.
Mex3oHHas pekomOunHanus. PekoMmOunanus depes ypoBHM mpumeceit u aedexron. llenrpel
npuimuanus. Qxe-pexoMOuHanus.

HpocTpaiicTBeHHO HEOAHOPO/IHbIE HEPAaBHOBECHBIE pacilpe/ieiieHUs] HOCUTEIICH 3apsijia.
AmOunonspuas qudoysus. Dddext embepa. nuna auddy3un HepaBHOBECHBIX HOCHTECH
3apsija.

7. Konrakribic siBJICHUS B IIOJYPOBOTHUKAX

Cxema JHepreTMueckMX 30H B KOHTaKTe Merajul-noiynponojiuk. Oborauienusie,
o0e/IHeHHbIE M WHBEPCHOIIHBIC CIIOM NPOCTPAHCTBEHHOTO 3apsjaa BOJIM3M KOHTakta. Bo:ibr-
aMmIiepHas xapaxktepuctuka dapnepa HlorTkn.

DHepreTHyeckast inarpamMmMa p-n nepexosia. Miskexms HeoCHOBHBIX HOCHTECIICH 3apsi/ia B
p-n 1Iepexoie.

["erepouiepexo/ibl. DHEPreTHUECKUE JIMarpaMMbl 'ETEPONIEPEXOJI0B.

BapH3oHHBIE TONYTIPOBOHUKH.

8. CBoiicTBa 110BEPXHOCTH 110JIyIIPOBOAHHKOB

[ToBepxnocTible cOCTOsHUS H [TOBCpXIOcTHRIC 30HLL. Mekpunienue 3o, pacnpesiciciiuc
3apsaa u norennuaia BoM3n nosepxuocty. [lopepxnocrias pexomOunanus.

DddekT nossi.

Tammonckue yposuu. CKOpocTh IMoBEepXHOCTHOM peKOMOUHAIIMH.

9. OnrririecKue SIBJICHHSE B HOIYHPOBOIHHKAX

Kommuexkcnass  aMdiekrpHueckass  NpPOHHIAEMOCTL,  110Ka3zarelh  HpesloMICHIs,
K03 duieHT orpaxkenus, kodpdunmerrr noryometus. CBI3b MKy HAMU H COOTHOIIEHHUS
Kpamepca—Kponura.

Mex3onnble niepexoyibl. Kpait  coOCTBenioro moOrjioieHus B cliydae MpsSIMbIX U
HEINPSMBIX, pa3pelleHbIX U 3alPEINCHHDBIX NEPEX0/I0B. DKCUTOHHOE MOIJIOHICHHE U H3IIYUCHHC.
CronranHoe M BBIHYK/ICHIOC H3IVUCHHUC,

[loryomenue ceera 11a ¢cBoOOAHBIX HOCUTESIX 3apsi/ia.

ITornomenue cera na ko:nebanusx pemerkd. Paccesine cpera KoneOaHusIMu pelierki,
KOMOMHAIMOHHOC paccesiiue 1a orruucckux Qoronax (Pamana — JlanacGepra), paccesnue na
akyctuueckux ¢ounonax (bpuinmonia — Manjensurrama).

Bausinue npumccct na orrruucckuc cpolictia. Ilpumecuass cTpykTypa ONTHUCCKHX
CHEKTPOB BOJMM3M Kpasi COOCTBEHHOIO MOIJIOIIEHHUS B IIPSIMO30HHBIX W HEIPSIMO30HHLIX
NOJIYIIPOBOIHUKAX. MexrnpuMecHas u3jydarceiabHasi pCKOMOUHAIUS. DKCUTOHBI, CBA3AHHBIC Ha
HNPUMECHBIX I[CHTPAX.

OnTuueckue siBiaeuuss Bo BHemmux nossx. Jddexr Opanna-Kempuuma. Dddexr
Iokkennca.



D¢ dekr bypureiina-Mocca.

Dddexrsr Papanes u Poiirra.

10. ®oTO0YIEKTPHYCCKHE HBJICHUST

[IpumecHas u coGcTBeHHas GOTONPOBOAUMOCTD. Biusiiue NpUIMIIaHUs HEPABHOBECHBIX
HOCcHTeJIel 3apsiia Ha GOTONPOBOAUMOCTS.

OnTideckas Tcpe3apsjka JIOKaNbHbIX ypoBHell M cBssanHble ¢ HEH ekl
TepmocTuMyIpoBalHas NPOBOAUMOCTD.

doTtopazorpeB HOCUTEIIEH 3apsa.

DOTOINEKTPOMATHUTHLIH 3D BEKT.

11. Hekpucraaaudeckne noxynpoBoAHHKH

AMopdHble M CTekI000pasHble HOIYNnpoBoAHUKH. CTpPYKTypa aTOMHOH MatpHilbl
HeKPUCTAUIMYECKUX TIOTYNpoBouKoB. Mjcansaoe crexsio. [uapuposaninie  amMopginie
MOJIyTIPOBOAHUKH.

OcobenHnocTy  DJICKTPOHHOTO — JHEPreTHHECKOro  CIEKTpa  HEYNOPS/I0YECHHBIX
MOJIyIIPOBOAHUKOB. IlmoTHocTh cocrosnuid. Jloxanusaius dJIEKTPOHHBIX COCTOSHHIM. [Hess
MOJIBUXKHOCTH.

JlerupoBanue HEKPHCTATIIMUECKHUX TTOJTYITPOBOTHIKOB.

MexaHu3MbI Ilepenoca nocuteneii 3apsia. [IpprkkoBas npoBOANMOCTS. 3akon Motra.

CrieKTpbl  ONTHYECKOI'O IIOTJIOUICHHs HEKPHUCTALIMYCCKUX — MaTepuasioB. Ilpapuio
Ypbaxa.

Hecraumonapunie mpoiecesl. Onpeaenenue Aped(poBoi NOJABHKHOCTH MO M3MEPEHUAM
BpeMeHH nposieta. JIuciiepcuoHHbIi MEPEHOC.

BiusiHie BHEIIHUX BO3JICHCTBUH Ha CBOMCTBA HEKPUCTALIMYCCKHX TOJYIIPOBOIHUKOB.
MeTtacTabunbible COCTOSHUS.

12. IToJ1ynpoBOHUKOBBIE CTPYKTYPbI MOHU/KEHHOI PA3MEPHOCTH H CBCPXPEHICTKA

Pasmcproe xpantosanue. J[BymMepHble M KBasMABYMCPHBIC 3JCKTPOHHBIC CUCTCMbI U
CTPYKTYPBI, B KOTOPBIX OHM peanusyioTcs. Kourpa- M KOBAPUAHTHBIE KOMIO3ULHUOHIIBIC
CBEpXpEIIETKH, JICTMPOBAHHbIC CBEPXPCIICTKH Jicruposanus. Kpairoseie nutd. Ksanropnie
TOUKH. DHEPreTUUECKHUil CIIEKTP 3ICKTPOHOB M IIJIOTHOCTH COCTOSIHUN B 3THX CHCTEMAX.

Onraueckue SIBICHUS B CTPYKTypaX ¢ KBAHTOBBIMH sIMaMM, NpaBuna ordopa Juist
MEK30HHBIX M BHYTPH3OHHBLIX (MEKIOJ30HHBIX) IEPEXOn0B. MEeX30HHOC MOIJOWEHUE H
H31ydarenplas peKoMOHHais B 9THX CTPYKTYpax. JIKCUTOHBI B KBAHTOBBLIX AMAax. KBaHTOBO-
pasmepurtii oddext Ulrapxa.

INEKTPUUCCKUE U TallbBAHOMArHUTHLIC SIBJICHUS B JIBYMEPHBIX CTPYKTypax. Ddiexr
[ly6uukona-yie aaza. OGuiee npescrasieniyie o kBaHTosoM 3¢ pekre Xomura.

13. T punuHnL jicicrBHst HOJAYHPOBOINHKOBLIX HpHbopoB

Boabramriepuas XapakrepucTHka p-n 1epexo/a. [Ipubopel ¢ ucnonb3oBannesm p-n
Iepexo/I0B.

Tynuensnpiit anoji. Aunoj Fanna. bunoaspustt tpansuctop. Tupuerop.

DHepreTruecKas JuarpaMma CTpyKTypbl METaT-IUAIIEKTPUK-T10/1yIIPOBOIHHK

(MJII1). Ioneswle Tpansuctops! Ha MJTI-crpykrypax. IIpubops! ¢ 3apsioBoi CBs3LIO.

IIlyMBI B ITOJIYITPOBOIHUKOBBIX IIPUOOpAX.

doToreMenthl U poTomobl. CreKkTpaibias YyBCTBUTEILHOCTL M 00Hapy KU Te/hHas
cirocoBHoCTh.  TTOJIYIIPOBOUIMKOBLIE JICTCKTOPL SICPHBIX  H3jiydeHuil.  DoTodneKTpuHCeKue
npeodpazosatenu, KL npcodpasosanms.

CBeroj oAbl U I0JIYHPOBOHMKOBLIC Jtazephl.  VIDKCKIIMOHHBLIC Jla3ephl Ha OCHOBC
JIBOMHOMI IeTepOCTPYKTYPbI.

Wcnonp3oBaHne HAHOCTPYKTYP B 1IOJIYIIPOBOAHMKOBEIX Npubopax. l'etepoTpan3nctop ¢
ABYMepHBIM 3nekTponHbIM razom (HEMT). I'ereponasepnl Ha OCHOBE CTPYKTYP C KBAHTOBBIMH
AMaMd U KBAHTOBBIMH TOYKaMH. PesonaincHoe TyHHENNpoBanue B aByxOaphLepHOH
reTepoCTPYKTYpPE M PE30HAHCHO-TYHHENbHBIA anoj. ONTHYeCKHMH MOAYNATOP HA OCHOBE
KBaHTOBO-pa3Mmcpioro 3ddexra Hrapka.
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