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AHHOTAIIUA
[TporpamMma rocyaapCTBEHHOTO 3K3aMEHA MO CNEeUAIbHON AUCIUIUINHE «Du3nka
KOHJICHCUPOBAHHOTO  COCTOSIHUS» TpPEeAHA3HaueHa i oO0ydaroluxcs Mo
00pa3oBaTENbHON MPOrpaMMe BBICIIETO OOpa3oBaHUs - MporpamMme MOATOTOBKH
HAy4YHO-TIEAAroru4eckux KajapoB B acnupaHType no HampasieHutro 03.06.01 —
«Dusuka u acTpoHOMU», MPodriTs «Du3nKa MOTYITPOBOTHAKOBY .

[Iporpamma coctaBieHa Ha OcHOBaHMH DeneparbHOr0 rocyAapCTBEHHOrO
00pa30BaTeIbHOTO CTAHAAPTA BHICIIETO 00pa3oBaHUs (YPOBEHb MOATOTOBKH
KaJpoB BHICHICH KBanmudwukanmu) 1o HampaiaeHuo moarotosku 03.06.01 —
«Du3rka U acTPOHOMHS», THIOBOHW MOpOrpaMMbl KaHIUJATCKOTO 3K3aMEHa IO
CIEHUATIbHOCTH, YTBEPXKIACHHONW mpukazoM MuHoOpHayku Poccun ot 8 okTa0ps
2007 1. Ne 274 wu pabouell mnporpamMMmbl YueOHON JUCHUILIMHBI «Du3nKa
MOJIYPOBOJHUKOBY»  00Opa30BaTENbHOW  TNPOrpaMMbl  aCMUPAHTYpPbl MO
Hampasneanio 03.06.01 — «®uzwka w acrpoHomus», npodumio «Dusnka
MOJIyIPOBOJTHUKOB»,  pa3paboTaHHOH B  (demepalbHOM  TOCYIapCTBEHHOM
OIOJKETHOM ~ YUPEKICHUM Hayku WHCTUTYyT€ aBTOMATUKM U MPOLECCOB
ynpasjieHua J[aJpHeBOCTOUHOTO OTeNieHus Poccuiickoil akaieMuu HayK.

["ocynapcTBeHHBIN YK3aMEH TPOBOIUTCS B (pOpME YCTHOTO Ompoca.

[Iporpamma rocy1apCTBEHHOIO 3K3aMEHAa BKJIFOYAET B ce04:

* AHHOTALMIO;

* COJIEpIKaHUE TOCYAAPCTBEHHOIO SK3aMEHa,

* BONPOCHI K TOCYIAPCTBEHHOMY SK3aMEHY

* CIIUCOK PEKOMEHAYEMOM JIUTEPATYPHl K HCTOUHUKOB.

I. COJAEPKXAHME I'OCYJAPCTBEHHOI'O DK3AMEHA

1. Xumnueckasi CBSI3b U ATOMHAaSl CTPYKTYpPa MOJIyNPOBOAHUKOB
OnekTpoHHas KOH(Urypamus BHEITHUX 000JI0YEK aTOMOB M THUIBI CHJ CBS3W B
TBEpbIX Tenax. BaH-nep-BaanbcoBa, MOHHAA U KOBaJIEHTHAsA CBA3b. CTPYKTYpHI

BOXHEHIIINX TMOJYIPOBOJAHHUKOB — 3JIEMEHTOB Ay, Ay; M COCAWHEHWH THIIOB



AmBv, AuBv,, AwByi. CumMmerpus kpuctaminoB. TpaHCHAIMOHHAA CHUMMETPHUS
KpUCTAUIOB. bazuc m kpucrajuimueckas CTPyKTypa. OJEMEHTapHas sUeHKa.
[TpumutuBHas gueiika. Aueiika Burnepa—3eiitia. Pemetka bpase. O603HaueHus
y3JI0B, HalpaBJICHUH M IIOCKOCcTel B KkpucTtayuie. OOparHas pelieTka, ee
ceoiictBa. 3oHa bpwmmosna. [lpumecn u  cTpykTypHBIE neeKThl B
KPUCTAUTMYECKNX W aMOP(HBIX TOJYMPOBOJHAKAX. XHWMHUYECKas TPHUPOAA W

AJICKTPOHHBIE CBOMCTBA MpUMecei. TodueuHble, TMHCHHBIC U BYMEPHBIC TE(EKTHI.

2. OcHOBBI 30HHOI1 TEOpHUU MOJIYNPOBOIHUKOB

OcHoBHBIE TPUOMDKCHUS 30HHON Teopuu. BomHoBas (yHKIMA »ICKTpOHA B
nepuoauueckoM Tone kpuctamia. Teopema bnoxa. 3ona bpummosHa.
DHepPreTHYecKue 30HbI. 3aKOHBI AUCHEPCHH U BAXKHEHITHUX ITOTYIPOBOJIHHKOB.
H3osHepreTnueckne TOBEPXHOCTH. TeH3op oOparHoW 3(P¢eKTHBHON MAaCCHI.
IInotHOCTH cocTosinmii. Ocodennoctr Ban-Xoga.

VYpaBHECHHS JBIOKCHHS OJICKTPOHOB W JBIPOK BO BHEIIHMX MOAX. Meron
s dexTuBHO Macchl. VICKpUBICHHE YHEPTETUUECKHUX 30H B AJICKTPUUECKOM TIOJIE.
JIBMOKEHHE SJICKTPOHOB M JBIPOK B MarHUTHOM nojie. Onpeaenerune 3¢ heKTUBHBIX
Macc M3 MAKJIOTPOHHOTO (IMaMarHUTHOTO) pe3oHaHnca. CBsA3b 30HHOW CTPYKTYPHI C
ONTHYCCKAMH CBOMCTBAMM IIOJYNPOBOJHHMKA. YPOBHH JHEPTHH, CO3/J1aBacMBIC
MIPUMECHBIMH IISHTPAMH B TIOJyIPOBOAHHKAX. JIOHOPHI M aKIEenTopsl. Menkue u

riy0okue ypoBHH. Bo1opoaono100HbIe MPUMECHBIE [IEHTPHI.

3. PaBHoBecHasi CTATUCTUKA 3JI€KTPOHOB U JIBIPOK B MOJIyNIPOBOAHUKAX

OyHKIMA pacnpeacineHus 3IeKTPOHOB. KOHUEHTpaus 3JIEKTPOHOB W ABIPOK B
30Hax, (eKkTUBHAS MIIOTHOCTH COCTOSHMHA. HEBBIPOXKICHHBIA W BHIPOKICHHBIH
ANEKTPOHHBIN  (MpIpouHbIA) Ta3. KoHIEHTpanmy SIEKTPOHOB W JBIPOK Ha
JIOKATBHBIX YPOBHAX. DaKTOPBI BEIPOKIACHUSA NPUMECHBIX COCTOSTHUN. [lonoxenne
ypoBHA OepMu W PpaBHOBECHAs KOHLIEHTPALMSA JJIEKTPOHOB W JIBIPOK B
COOCTBEHHBIX W TPUMECHBIX (HEKOMIICHCHPOBAHHBIX W KOMIICHCHPOBAHHBIX )

MOTYNPOBOAHUKAX. MHOTr03apsiAHBIE TPUMECHBIE LICHTPHI.



4. Kunernueckue siBJieHHsl B MOJIyNPOBOAHUKAX

Kunetnueckue kodpPUITUEHTH — TTPOBOIUMOCTD, MOCTOSHHAS XOJUIa U TEPMO-
OJIC. NpeiidoBas ckopocTh, aperidoBas M XOJNIOBCKas IMOJBH)KHOCTH, (haKTOp
Xomma. JlpetidoBeii w  auddy3monnsii  Tok. CooTHOmEHHWE OHHINTEHHA.
MexaHu3Mbl  paccedHUs  HOCHTENECH  3apsAJa B  HEUACATbHOHW  PEIIETKE.
BzaumoneiictBue HocutTened 3apsAla ¢ aKyCTHUYECKMMHU M ONTUYECKUMU
¢ononamu. Paccesnne HocuTenel 3apsna Ha 3apSOKEHHBIX W HEHTPATbHBIX
npuMmecsix. [opsume  snexrponsl.  OtpunarensHas — auddepeHuanbHas
MPOBOAUMOCTh. JICKTPUUECKHE HEYCTOMUMBOCTH, DSJICKTPUUYECKHE JOMEHBI U

TOKOBBIC IITHYPBHI.

5. PexomOuHauus 3JIeKTPOHOB U AbIPOK B MOJIyIPOBOJIHUKAX

I'enepanus  u  pekoMOMHAIlMs ~ HEPABHOBECHBIX  HOCUTENEH  3apsja.
KBazupaBHoBecue, kBa3uypoBHU Depmu. YpaBHEHHWE KUHETUKHA PEKOMOWHAIIWU.
Bpemena  xu3HWM. OoTONPOBOAUMOCTS. MexaHu3Mbl  PEKOMOMHAIIHMH.
WznyuarensHas u 6e3bI3ydaTesibHas pekoMOuHaimsa. Mex3oHHas pekoMOUHaIuA.
Pexombunanms yepe3 yposuu npumeceid u aedekton. Llearpsr npunmunanus. Oxe-
PEKOMOMHAIUA. [IpocTpanCcTBEHHO HEOJTHOPOIHBIE HEPABHOBECHBIE
pacnpeneseHus HocuTeneh 3apsana. Amoumnomsipaas auddysua. Iddexr lembepa.

Jlnmvaa nuddy3nm HepaBHOBECHBIX HOCUTENEH 3apsa.

6. KoHTaKkTHBIE SIBJIeHHs B MOJIYNPOBOIHUKAX

Cxema sHepreTUUeCKMX 30H B KOHTAKTE METaJI-MoNynpoBoAHUK. OOoraIieHHbIe,
0o0CTHEHHBIE W WHBEPCHOHHBIE CJIOM TMPOCTPAHCTBEHHOTO 3apsAaa BOMW3H
KOoHTakTa. BonmbT-amriepHas xapaktepuctuka Oapbepa IlloTTku. DHepreTuueckas
adarpaMma p-n mepexona. MHXKeEKiMa HEOCHOBHBIX HOCHUTENICH 3apsaa B p-n
nepexoae. lereponepexoapl. IJHEPreTHUECKUE aUarpaMMbl Te€TEPOINEPEXO/IOB.

BapuzonHsie TOTyNIPOBOJHUKH.



7. CBoiicTBa MOBEPXHOCTH MOJIyNIPOBOJHUKOB

[ToBEepXHOCTHBIE COCTOSIHUA M TOBEPXHOCTHBIE 30HbI. VICKpPUBJIEHUE 30H,
pacnpeneieHue 3apAna M MNoTeHuuana BOMM3M MOBEPXHOCTH. lloBepXHOCTHas
pexomOuHarusa. Oddext mons. TamMmoBckue ypoBHU. CKOPOCTh TOBEPXHOCTHOM

pEeKOMOMHAITUH.

8. OnTrueckue siBJIEHNS B MOJYNPOBOHUKAX

KommiekcHass nusnekTpudeckass TPOHHUIAEMOCTh, TOKA3aTeNb MPETOMIICHUA,
koddunmenT orpaxenus, kodpdumment nornomieHus. CBsA3b MEXIY HUMH U
cootHotmeHus Kpamepca—Kponura. Mex3onnbsie nepexosl. Kpali coOCTBEHHOTO
MOTJIONMICHAS B CJIydae TPSIMBIX W HEMPSAMBIX, PA3PEHICHHBIX W 3aMperieHHBIX
MEPEX0A0B. DKCUTOHHOE MOTIIONIEHUE U u3NTyueHne. CIOHTAaHHOE U BBIHYKJIEHHOE
U3JTyYCHHUE.

[Tormomenne cBeTa Ha CBOOOMHBIX HOCHUTENAX 3apsaa. [lormomenue cBera Ha
KOJICOAHUAX  PEIICTKH. Paccesnue CBeTa  KOJICOAHMSIMU  PEIICTKH,
KOMOWHAITMOHHOE paccesHue Ha ontuueckux (ononax (Pamanma — JlanmcOepra),
paccesiHue Ha akyctuueckux ¢ononax (bpuwmmosna — Manaensinrama). Brinsane
puMeceii Ha ONITHYECKHUE CBOMCTBA. [IpuMecHas CTpyKTypa ONTHYECKUX CTIEKTPOB
BONMM3M Kpas COOCTBEHHOTO TOTJIONICHUS B TMPAMO30HHBIX W HETPSIMO30HHBIX
MOJTyIPOBOHUKAX. MeXnpuMecHas W3TydaTellbHas PEeKOMOWHAIAS. ODKCHUTOHBI,
CBA3aHHBIC HA MPUMECHBIX TEeHTpax. ONTHYECKHUE SBICHUS BO BHEIIHWUX TOJIAX.
Oddexr dpanma-Kengpima. Oddexr Ilokkennsca. Dddexr Bypmreiina-Mocca.
Oddexter Papanes n Doiirra. IlpumecHas u coOcTBeHHas (POTOMPOBOIUAMOCTS.

BnusHue nmpununanus HEPaBHOBECHBIX HOCHTENIEH 3apsiaa Ha (POTOMPOBOIUMOCTD.

9. Hexpucraaiudeckne moJIynpoBoOIHUKH

AmopdHbIe U CTEKT000pa3Hbie TOMYyNPOBOAHUKH. CTPYKTYpa aTOMHOW MaTpPHIIHI
HEKPUCTAUTMYECKUX TOJYyNMPOBOMHUKOB. WmeanpHoe crekmo. [ mmpupoBaHHbBIE
amopdubie TONMYNPOBOAHUKH. (OCOOEHHOCTH SJICKTPOHHOTO SHEPTETHUCCKOTO

CIICKTPA  HEYMNOPSJOYEHHBIX  IOJYNPOBOAHUKOB.  IIIOTHOCTH  COCTOSIHUIA.



Jlokanuzauus »neKTPOHHBIX cocToAHui. Illens noaBmxkHOCTH. JlermpoBanme
HEKPUCTAUIHYECKAX TMMOJYNPOBOJHUKOB. MeEXaHW3Mbl TEPEHOCa HOCUTENEH
3apsiaa. llpbikkoBas mpoBOAMMOCTh. 3akoH Motra. CHeKTpsl ONTHYECKOTO
MOTJIOIICHUA HEKPUCTAJTHYECKUX MaTEpHAJIOB. [IpaBuno VYpbaxa.
Hecrammonapasie mpomeccel. Ompenenenue apeiidoBoii  MOABHKHOCTH IO
W3MEPECHUSAM BPEMEHM MpojeTa. J[MCHEepCHOHHBIN TEpeHOoc. BiuaHue BHEMIHMX
BO3JIEUCTBUI Ha CBOMCTBA HEKPUCTATTMYECKUX IMOJIYITPOBOHUKOB.

MeTtacTabHubHBIE COCTOSHUA.

10. ITosrynpoBOAHMKOBBIE CTPYKTYPbI NOHUKEHHOI Pa3MEPHOCTH

U CBepXpeuleTKu

[llkamer 1ouH B COBpEMEHHOM (pM3HMKE TBepaoro Tena. PasmepHocTsh. PasmepHoe
KBAHTOBaHWE. TpaHCmoOpT  HOCHUTENEHM  TpU  Pa3IMUHBIX  Pa3MEPHOCTAX
MOJIYIPOBOJHUKOBBIX ~ CTPYKTYp. OnTuueckue CBOWCTBA B CHCTEMAx ¢
MOHWKEHHOW Pa3MEPHOCTHIO. TeopeTHUeCcKOEe ONMUCAHUE AIEKTPOHHBIX COCTOSTHUN
B JBYMEPHOM 3JICKTPOHHOM Tra3e. OKCHOEPUMEHThl MO 3JICKTPUUYECKOMY
TPAHCIIOPTY W WX WHTEpOpeTanua. OJEKTPUUECKUE W TaIbBAHOMArHUTHbBIC
ABJICHUSI B JBYMEPHBIX CTpyKkTypax. Oddexr [lyobnmkosa-ge [aaza. OOmee
npeacraBieane o kBaHToBOM 3ddexre Xomma. OnThyeckue CBOWCTBA.
[TpakTuueckas peanu3aiusi CUCTEM C JBYMEPHBIM 3JICKTPOHHBIM razoM. MeToasl
IrE€HEpallMi TOpAYMX HOCUTENICH: PpOJb TETEPONEPEXOJ0B.  DJICKTPOHHAS
CIIEKTPOCKOMUS TOPSYUX DSJICKTPOHOB. TPAHCIOPTHHIE W ONTHUYECKUE METO/IbI
uccnenoBanusi. CTPYKTYpbl ¢ MEPEHOCOM HOCHUTENEH B CUJIBHBIX 3JIEKTPHUUECKUX
noisax. TyHHeIWpoBaHUE dYEpe3 OJWHOUHBIM Oapbep. TyHHenMpoBaHHE uYepes
JBOMHOM Oapbep C KBAHTOBOM sMOM. MHOXXECTBEHHBIC TYHHEIIbHBIE OapbEpPhI.
OJIEKTPOHHAs CTPYKTypa HIACalbHOW cBepxpemieTku. KoHTpa- U KOBapUaHTHBIE
KOMIMO3UIIUOHHBIE CBEPXPEIICTKH, JIETUPOBAHHbIE CBEpXpemeTku. ONnTHYeCKue
CBOWCTBA  CBEPXPEIICTOK (MEX30HHOE  TOTJIONMICHWE W  HM3JIydaTesibHas

peKOM6I/IHaHI/I$I). OKCHATOHBI B KBAHTOBBIX sMax. bI0XOBCKHe OCIIJIAIMN U



nectHubl [llTapka. M3mMepeHns 3IE€KTPUYECKOTO TPAHCIOPTA B CBEPXPELICTKAX.

[IpuMeHEeHUA CBEPXPEIIETOK.

11. CoBpemeHHbIE METO/IbI HCCJIEA0BAHUS MOBEPXHOCTH IMOIYIPOBOJHUKOB

[lpencraBnenrsi O BBHICOKOM M CBEPXBBHICOKOM Bakyyme. COBPEMEHHBIC METOJIbI
WCCIICI0BAHMSA TIOBEPXHOCTH TBEPIOTO Teja M MX Kiaccrpukaiwsi. OU3HIecKue OCHOBBI
20C. Ananmuz cocraBa noBepxHocTH TBepaoro tena Metogaom S0C. TlocmoliHbii aHamm3
¢ npuMeHerreM Mmetoma DOC. DotoanekTpoHHas SMmuccHus. Mcrounmkn (POTOHOB.
Crnextppt POOC g aHammza  cocTaBa  MOBEPXHOCTH.  M3ydeHuwe Hapy»KHOM
SHEPreTHUECKON TOJI0CH MPOBOAHUKOB MeTooM POIC. POOC - Kak CeKTpPOCKOIHS
JUTS aHAJTA3a COCTaBa TIOBEPXHOCTH. DHU3HUECcKre OCHOBBI METO/IA criekTpockonmu X113,
[Tnasmonel. Crektpockorus X113 s ananmza noBepxHOCTU. OnpeeyieHue CTPYKTYPhbI
noBepxHocth Metogamu JIMD. ®usnueckue ocHoBbl Metoma JIOBD. Ilpumenenue
merona JIOBD mis u3ydeHHs SMUTAKCHUAJIBHOTO POCTA MOMYMPOBOAHUKOB W JIPYTUX
MPOIIECCOB HAa MHOTOCTIOMHBIX TMOBEPXHOCTAX. YDIC Kak METoa HMCCIIeI0BAHMS
ANIEKTPOHHOM CTPYKTYphI TBEpAbIX Ten. dusnueckue ocHOBBI MeToga CTM. Konmenms
ckanupoBanus. CBB ycTaHOBKa ISl CKaHMPYIOIICH TYHHENTbHOM MUKPOCKOMHUU
OMICRON MULTIPROBE. Ilpumenenne merona CTM pmis aHammza CTPYKTYPbI

TIOBEPXHOCTH TBEP/IOTO TEJA U TIOBEPXHOCTHBIX (a3.

BOIIPOCBI KT'OCYJAAPCTBEHHOMY 3K3AMEHY

1. Kpucrammueckne n amopdusie Tena. TpaHCIAIMOHHAs CUMMETPHUS. DJIeMEHTapHAsA
aueiika. Peretka bpase. ToueuHble 1 MPOCTPAHCTBEHHBIE TPYIITHI.

2. OcoOeHHOCTH PacnpOCTPAHEHUS BOJIH B IEPHUOAMUECKUX CTPYKTYpax. 3akoH bperra.
3. OO6parHas perierka. 30Hb1 bpumosHa.

4. Toueunsie nedextol, x oOpazoBanue u muddysusa. Bakancun. AToMbI BHEIPEHHUS.

KomOuHarim atToMHBIX J1e(heKTOB.



5. KpaeBbie u BuUHTOBBIC auciokaimu. Bektop broprepca. OHeprusi JucCIOKaivi.
[lepenon3anue u CKOMTbKEHUE. Pa3sMHOMKEHNE UCTOKALAN.

6. BiusgHye paaualioOHHBIX, MEXaHMYECKUX, TEPMUUYECKUX BO3JACHCTBHI HAa pealbHYIO
CTPYKTYPY TBEPABIX TEJL.

7. CrpykTypHbIE B (pU3HUECKIE OCOOCHHOCTH HOHHBIX, KOBAJICHTHBIX, METAJUTHICCKUX 1
MOJICKYJIIPHBIX.

8. OmnucaHue 3HEPreTHUYECKOro COCTOSHUS KPUCTA/lIa MPY MOMOIIIM T'a3a KBA3UUYACTHIL,
DOTOHBI, MArHOHbBI, SKCUTOHBI, IUIA3MOHbI W Jp. OJEKTPOHbI B METAUIE Kak
KBa3n4acTHIbl. KBa3uMMITy IbC. 3aKOH AUCTIEPCHH.

9. Teopema bnoxa. I'pannunsie ycrmopus. [ImoTHoCTh coctosHmit. CraTucTHKa rasa
kBaznuacTuil. bo3onsl 1 pepMuoHbL. B3arMoaeicTBrE YacTHII.

10. Konebanwne permierku — GoHOHBL. TemmoeMKOCTh peleTki. AHFApPMOHN3M H TETUIOBOE
pacIIMpeHue.

11. OnHosnexTpoHHas Moesb. | IprbmmkeHne CUIbHOM 1 clTaboi CBA3H. 30HHAS cXema 1
THITHI TBEPIBIX TEI.

12. BBIpOKIEHHBIA  ANIEKTPOHHBINA Ta3. JIEKTPOHHAA TEIJIOEMKOCTb, TOBEPXHOCTH
depmu. DeKTPOHBI U AbIPKH. [IMKITOTpOHHAsA Macca.

13. Bpemena penakcarun. Mexanu3mbl PaccesiHUs ANIEKTPOHOB. PaccesHre Ha mpuMecsx
1 JICPEKTHI.

14. OnexTpoH-(pOHOHHBIC ~ CTOJKHOBEHHS. HoOpManbHBIE TIPOIIGCCHI W TPOLECCHI
niepedpoca. MaraurocorporusiieHre 1 3ddext Xosma.

15. OnexTpoHHast CTPYKTypa TWUIMYHBIX MOJYMPOBOJHUKOB. | epMaHuii. Y3KO30HHbIC
nonynpoBoaHUKH. [IpuMecHsie ypoBHW. JloHOpEI M akuenTopel. TemmeparypHas
3aBUCUMOCTb MPOBOIMMOCTH.

16. P-n nepexompl. GoTONPOBOAMMOCTh. PeKOMOMHAIISA W peNaKcalysi HEPaBHOBECHBIX
Hocureneit. [ opstare Hocurerm. Dddekt ['anHa.

17. 3aBUCHMMOCTh HIMPUHBI 3AMPEIICHHOW 30HBI OT THMA XWMHWYECKOH CBS3H.
[Tpumepsl W30AJMEKTPOHHOTO psiAa TONYMPOBOJHHUKOB (CTpOKa B  TaOmwIle

Menneneesa). 3amaun.



18. 3aBUCUMOCTh WIMPHUHBI 3AMPENICHHOW 30HBI OT MOPSIAKOBOrO HOMepa Z
AJIEMEHTA, BXOJMAMIETO B COCTAB TMOJYMPOBOTHWUKOB (CTOOEI] B TadmMIe
Menneneesa). 3amadn.

19. Juddysns wHocuTeneir 3apsga B moaymnpoBogHuke.  OmnpenencHue.
Juddy3noHHblii  TOK  JABIPOK, OJHOMEPHBIM W TPEXMEPHBIH  Ciydan.
Huddysnonnsiii Tok 31ekTpoHoB. [uddysnonnas qouHa. Bpems xu3au.

20. Jpeiid mocureneit 3apsga. Onpenenenre. [loasmkHocTh. [IpetidoBpiii TOK
JBIPOK, SJIEKTPOHOB.

21. TlomHsrit TOK B moaynpoBoAHUKE (hopmyria).

22. YpaBHEHHE HENPEPHIBHOCTHU AJIA ABIPOK, AJIS AJIEKTPOHOB. OJHOMEPHBIA U
TpeXMEPHBIN ciiyyau. CTallmoOHaApHOE COCTOSAHUE.

23. BonHOBbIE CBOWCTBA MHKPOYACTHLI. ['mnoresa ne bpoitns.
OKCMEPUMEHTAJIbHBIE JOKA3aTE/IbCTBA BOTHOBBIX CBOMCTB YACTHIL.

24. CoctossHusL »JIeKTpoHa B Kpuctayuie. BomnHoBoit Bektop. IlpaBuna ero
KBaHTOBaHHUs. Y ciioBrue bopHa-Kapmana.

25. llpubnumxenue cwibHOM cBs3u. (OOpa3oBaHHE HHEPreTHUECKUX 30H B
kpuctajie. Yucno ypoBued. [1lupuna 30Hb1. BeIpoXKaeHHBIE U THOPUIHBIE 30HBI.
26. 3asucumoctb E(k) anma mpocroit xkyOudeckoit pemierku. OOmme cBOHCTBA
dbynknmm E(k). [epuon ¢pynakuun E(k). 3onb1 bpmmiiosna.

27. DddexTrBHAS Macca IESKTPOHOB U IBIPOK. 3aBUCHMOCTD SHEPTHH JICKTPOHA
OT KBa3UUMITYJIbCa BOJIU3U KPAEB 30H.

28. Bogopoaomnoao6Has MOAETb IPUMECHOTO IIEHTpPA.

29. ®ynkiuun Oepmu-/upaka. Yposeub Oepmu.

30. II1OTHOCTH COCTOSIHUN B CBOOOJHOM M BAJI€HTHOM 30HAX.

31. KonueHTpaus 3J€KTPOHOB W JBIPOK B MOJYIPOBOJHMKE, OOIIMI Clydyai
(BBIBOJ (hOPMYJTHI ).

32. HeBbIpoXkKACHHBIN  TOJYNPOBOAHUK.  BBIPOXKIECHHBIH  MOTYNPOBOIHUK.

[Tonoxenue yposus @epmu, hopmysl it KoHtenTpanum HOCUTENEH 3apsaa.



33. CoOcTBEHHBIN HEBBIPOKICHHBIA MMOJYNPOBOJHUK. 3aBUCUMOCTh YPOBHS
depMu M KOHIIEHTpauuuW HocuTened ot  Temmeparypel. (CoOCTBEHHBIM
BBIPOK/ICHHBIHA MOTYNIPOBOIHUK.

34. HesbipoxacHHbIN noaynpoBoAHUK N-tuna. Ciiyyail HU3KUX TEMIEpaTyp.

35. HeBbipoxaeHHbIH MoNynpoBoaHUK N-tumna. Ciyuaii BBICOKHN TeMIIeparTyp.
36. 3aBHCHMOCTbh KOHIEHTPALIUK 3JIEKTPOHOB U ypoBHSI DepMu OT TeMIeparypsl
B MOJIYNPOBOJHUKE N-THUIIA B IIMPOKOM JAUANA30HE TEMIEPATYP.

37. 3aBUCHUMOCTh KOHIIEHTPALUM JBIPOK U ypoBHsA DepMu OT TeMIeparypbl B
MOJIYMPOBOJHUKE P-THUIa B IMPOKOM JHAMA30HE TEMIEPATYP.

38. KoHueHTpands HEOCHOBHBIX HOCHTEJIEH B TMOJYNPOBOJHMKE. 3aKOH
«JIEHCTBYIOIIKUX MACC» TSl HEBBIPOKICHHOTO MOJIYITPOBOJHUKA.

39. KoHTakTHas pa3HOCTh MOTECHIMAIOB. Ee nmpoucxoxaeHue, BEIMUMHA, CIOCO0
U3MEPEHUA.

40. JIBoiiHOM 3apsOKEHHBIM CJOHW Ha KOHTAaKTe JBYX KPHUCTA/UIOB. ToOIIMHA
3apsHKEHHBIX CIIOCB B METAIJIE U B TIOJIYITPOBOHUKE (OTICHKA).

41. Kontakt Metajiyia U nojiynpoBoAgHuka N-Tumna, ABa ciydad. [I[poBoaumMocTb
MIPUKOHTAKTHOTO CJI0S1 TOJIYITPOBOHUKA.

42. KoHTakT MeTajuyia U TOJynpoBOAHWKA P-Tuma, nBa ciyuyad. 3anopHbld U
AHTU3ANIOPHBIN CJIOH.

43. Dnextpuyeckoe mone B P-N mepexoae. 3aBHCHMOCTh HANPSHKEHHOCTH H
MOTEHIMAJa OT KOOpAWHATHI. M3ru0 sHepreTuyeckux YpOBHEH CBOOOIHON U
BAJIEHTHOM 30H.

44, TommuHa 3apsbkeHHbIX c1oeB B P-N nepexoae. Tonmuua P-N nepexona.

45. T'ereponepexon. 3oHHas auarpamMma. OCHOBHOE OTIIMUME TeTeporepexoia oT
roMOMnepexoaa.

46. Onrrryeckure MEeTOABI MCClieIoBaHsT. BO3MOKHOCTH, CBA3aHHBIE C HCITOJIB30BAaHHUEM
JIA3€PHBIX UICTOUHHUKOB CBETA.

47. ATOMHas CTpPyKTypa TIOBEPXHOCTM M JWHAMHUKA TIOBEPXHOCTH aTOMOB.
[ToBEpXHOCTHBIE CTPYKTYPbI ¥ PEKOHCTPYKIMA TOBEPXHOCTH.

48.  Komebanwns moBepXHOCTHBIX aTOMOB. J[eheKThI Ha MOBEPXHOCTH.



49.  DnekTpoHHas CTPYKTypa MoBEpXHOCTH. [ IoBEpXHOCTHBIE 3JIEKTPOHHBIE COCTOSTHUA.
DJEKTPOHHAS TIOTHOCTD BOIM3H TOBEPXHOCTH. 1 [0BEpXHOCTHBIE MTA3MOHBI.

50.  AmcopOmus usmueckas u xummdeckad. JlecopOiust. CyOMOHOCTION, MOHOCITON 1
MHOTOCITOWHAs afacopOrws. J[BymepHbIe (ha30BbIE TIEPEXOTHI.

51.  TloBepxHOCTHAT M TIPUITOBEPXHOCTHAS TP y3HAL.

52. Meropl NOTy4YEeHUS AaTOMAPHO-UYMCTOM MOBEPXHOCTH.

58.  MexaHusM M KMHETMKA POCTa TOHKUX IUICHOK. ['€TEepOreHHOE M TOMOTE€HHOE
saponpimeoopazoBanre. Judysusa. Peaximsas Ha MexdazHoi Tpanuie. J[uarpamMmer
COCTOSTHHSI.

59.  Crpykrypa mieHok. AMopgHbIE, TOTMKPACTAINTAYECKAE M MOHOKPHACTAITAYECKHAES
mreHkH. J{edekrsr. HecooTBeTCTBHIE peItieToK Ha IrpaHMIIe pa3/iera.

60. Mopdomormss ToHKMX MmIeHOK. Koamecnenims, mmrpamms #u auddy3roHHOS
niepepacnpenencHre. OCTPOBKOBBIC TICHKH.

61. Meroapl MoMy4YeHUA TOHKHUX TUIEHOK OCAKACHHMEM B Bakyyme. MojieKyisipHas v
TBepIo(da3HAT STIATAKCHA.

62.  Macc-CeKTpOCKONUA BTOPUUHBIX HOHOB.

63.  DNeKTpOHHAs 0¥KE-CMEKTPOCKOITHSL.

64.  Jlmdpakims MeIICHHBIX HIICKTPOHOB.

65.  CHeKTpOoCKOMMs SHEPTETUUECKUX TIOTEPh AEKTPOHOB.

66.  DOTOAIEKTPOHHAS CHEKTPOCKOTIHA.

67. MeToapl 3IEKTPOHHON MUKPOCKOTHH.

68.  CHeKTpoCKOMNMs pacCeIHHbIX HOHOB.

69. OO6paszoBaHue CHIMIMIOB Ha KpeMHHMHU. [Ipodmie KOHIIGHTpaIW Ha TPaHMIIC
paznena u hazoBast AuarpamMma cocTosHui. KnHeTrka u MeXaHu3M pocTa CHITUITHAIOB.

70. OnekTpoHHas W aTOMHas CTPYKTypa TPaHMIlbl Pazjiena MeTalI-KpeMHHI Ha
HAYaJTbHBIX CTaTHAX (DOPMHPOBAHHA.

71.  OnurakchanbHBIA POCT CHIMIKMAOB HA KPEMHHM M CTPYKTypa TPaHMIIbI pas3iena
CUJIALIN/I-KPEMHUH.

72.  KoHTakT MeTaI-ToyIPOBOIHHK.

73.  ToHKWE MJIEHKHA CUJTMIUIOB B MUKPOJICKTPOHHKE.



92.  Metoa poCcBEUMBAIOITIEH IIEKTPOHHON MUKPOCKOIHH.

93.  MeTo/ 3EeKTPOHHOM 03Ke- CIIEKTPOCKOTIHH.

94.  Meron mudpaKiym AEKTPOHOB.

95. Metoa xapaKTepUCTHUECKUX MOTEPh SHEPTHH AIEKTPOHAMHU.

96. Metoa cKaHUPYIOIIEH AIEKTPOHHON MUKPOCKOTIHH.

97.  AtomHas CHIOBas MUKPOCKOTIHA.

98. Illkampl AMH B COBPEMECHHOM (PHM3MKE TBEpAOro Teia. PasMepHOCTS.
PasmepHoe kBaHTOBaHME.

99. TpaHcnopT HOCHUTEJICH NPU PA3TUUHBIX PA3MEPHOCTIX MOTYTPOBOAHUKOBBIX
CTPYKTYp. ONTHYECKHE CBOMCTBA B CUCTEMAX C TOHUKEHHON Pa3MEPHOCTHIO.

100. Teoperuueckoe ONHUCAHUE HIICKTPOHHBIX COCTOSSHUA B JABYMEPHOM
AJIEKTPOHHOM Ta3e. OKCIEPUMEHTHl MO AJIEKTPUYECKOMY TPAHCIOPTY W HUX
UHTEPIPETALIUS.

101. DOnexkTpuyeckue U rajibBAHOMAarHUTHBIC SBJICHUSA B ABYMEPHBIX CTPYKTypax.
Oddexr IlyoHukoBa-a¢e ["aa3a.

102. Obmee mpenctasnenne o0 kBaHTOBOM 3¢ dekre Xosna (IMeTOUUCICHHOM U
JTPOOHOM).

103. Onrtuueckue cpoiicTBa. [lpakThueckas peanu3aiusi CUCTEM C ABYMEPHBIM
AJIEKTPOHHBIM T'a30M.

104. Metoapl reHepaluy ropsurnX HOCUTENEH: POJIb TETEPONEPEXOI0B.

105. DOnekTpoHHass CHOEKTPOCKOMUA TOPAYUX SJIEKTPOHOB: TPAHCIOPTHBIE U
ONTHUYECKUE METOJIbI UCCIIETOBAHUS.

106. CrtpyKTyphl C NEPEHOCOM HOCHUTEJICH B CHITBHBIX 3JIEKTPUUECKUX TOJISIX

107. . TyHHenupoBaHWE 4Yepe3 OAMHOUHBIM Oapbep. TyHHeTHWpoOBaHHE UYEpe3
JBOMHOM Oapbhep ¢ KBAaHTOBOM SIMOIA.

108. MHoXEeCTBEHHbIC TYHHEJIbHBIC  Oapbepbl. JJEKTPOHHAsA  CTPYKTypa
WJICATIbHOU CBEPXPELIETKH.

109. KoHTpa- 1 KOBapuaHTHbIC KOMIIO3UIIMOHHBIE CBEPXPEIICTKHU, JISTUPOBAHHBIE
cBepxpermeTkr. ONTHYECKHE CBOMCTBA CBEPXPEIIETOK (MEK30HHOE TOTJIONMICHUE 1

u3IyvaTelbHas peKoMOuHAIIHSA).














