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1. MecTo ¥ Heab JUCUMILIMHBI B CTPYKTYype T[TA

Huctunnuna «®u3uka noaynpoBOAHUKOB (KaHAUJATCKUM 9K3aMEH )» OTHOCUTCS K YUCITY
0653amenvHblX TUCHHMIUIMH 00pa30BaTeIbHOTO KOMIIOHEHTa IPOTPaMMBbl  aCIHUPAHTYpPhl U
u3ydaercs Ha 4 rogy oOy4eHus B 7 ceMecTpe.

Hesab IUCHMIVIMHBI — SABIsETCS POPMHUPOBaHUE MPOPECCUOHATIBHBIX 3HAHUN, YMEHUH U
HABBIKOB B O0OJIACTH OXBAaTBIBAIOIICH OCHOBHBIE pa3zeiibl (DU3HKHU MOIYIPOBOJAHHUKOB, a TAKKe
OCHOBBI TEXHOJIOTUU U MPUHIUIIBI pa0OTHI MPUOOPOB Ha Oa3e MOIYNPOBOJHUKOBBIX MAaTEPUATIOB.

2. Ilaanupyemble pe3y/ibTaTbl 00y4eHHUS 10 JUCHMUILIIMHE

BrinyCKHHK, OCBOMBIIHI TPOrpaMMy, JOJKEH
3HaTh:
- aKTyaJIbHbIE IIPOOJIEMBI ¥ COBPEMEHHOTO COCTOSTHUH TTOJIyTTPOBOIHUKOBOH MUKPO- M HAHOIJIEKTPOHUKH;
- (pu3HMUecKrue OCHOBBI IPOIECCOB B OONACTH (DM3UKHU TIOIYIPOBOAHUKOB U (PH3UKH KOHAECHCHPOBAHHOTO CO-
CTOSIHUS,;
- (u3uUIecKre OCHOBBI TEXHOJOTHH BBIPAIIMBAHMSA MOIYNPOBOJHUKOBBIX MaTEpPHAIOB M CTPYKTYp Ha MX OC-
HOBE;
Ymern:
- CaMOCTOATCJIIbHO IUIAHUPOBATHL U IPOBOAUTH (1)I/ISI/I‘ICCKI/IC OKCIICPUMEHTHI B obiacTu TMOJIYIIPOBOAHUKOB H
[IOJTYIIPOBOAHUKOBBLIX HAHOCTPYKTYP U aHAJIU3UPOBATh UX PE3YNIbTATHI,
- pa3pabaTbiBaTh HOBBIE MOJEIN (U3MYECKUX MPOLECCOB B 00JacTH (U3UKH MOIYNPOBOJHUKOB U (PHU3MKU
KOHJICHCHPOBaHHOTO COCTOSIHUS;
- FICCJIEI0BATH ONTORJIEKTPOHHBIE CBOMCTBA MOy POBOIHIKOBEIX KBAHTOBO-Pa3MEPHBIX T€TEPO-HAHOCTPYKTYD;
Baagern:
- CHOCOOHOCTSIMY aHAJIN3a U OLICHKU Hay4JHOH nH(popManuy B 001acT (U3UKH ITOJYIIPOBOAHUKOB.
- HaBBIKAMH MOJEIHMPOBAHMSA (U3UUECKHX IIPOIECCOB B 0OJACTH (U3HKH ITOJYIPOBOAHUKOB M (DHU3MKH
KOHJICHCUPOBAHHOTO COCTOSHUSI.
- HaBbIKaMU pa60T1>1 C HUCCJICAOBATCIIBCKUM U KOHTPOJIbBHO-U3MCPUTEIbHBIM O60pyI[OBaHI/IeM JJIA U3YUYCHUSA
ONTUYECKUX CBOMCTB MOIYNPOBOJHUKOBBIX KBAHTOBOPA3MEPHBIX I€TePO-HAHOCTPYKTYP.

3. CTpyKTypa M coiep:KaHue TUCIUNIUHBI.

O0beM AUCUMILTUHBI (MOIYJIsl) COCTAaBIsIET 2 3.€., BCETO - 36 4acoB, U3 KOTOPBIX 2 Yaca
COCTaBJISIET KOHTaKTHas paboTa oOydaromierocs ¢ TMpernojaBaresieM, 32 yaca COCTaBIIsET
caMOCTOSTeNIbHAsI paboTa 00yUaromerocs.
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1. Xumunueckass CBsS3b U aToMHasg | 2 2
CTPYKTypa IOJTYNIPOBOJHUKOB
2. OCHOBEI TEXHOJIOTUH | 2 2
HOHprOBO}IHI/IKOB nu METOAbI
OTIPEJICIICHHUS MX IapaMeTPOB
3. OcHOBbl  30HHOH  Teopuu | 2 2
MIOJIYITPOBOTHUKOB




4. PaBHOBecHas cTaTUCTHKA | 2 2
JJIEKTPOHOB u JIBIPOK B
TIOJTYTIPOBOTHUKAX
5. Kunernueckue  sBieHus B | 2 2
TIOJTYTIIPOBOTHUKAX
6. PexomMOuHanust 3JIEKTPOHOB H | 2 2
JIBIPOK B TOJIYTIPOBOTHUKAX
7. KonrtaktHbIE SIBJICHUSA B |2 2
TIOJTYTIPOBOTHUKAX
8. CsaoiicTBa MOBEpXHOCTH | 3 3
MOJTYTPOBOTHUKOB
9. OnTHyeckue SBIICHUS B|3 3
MOJTYTPOBOTHHUKAX
10. ®OTO3IEKTPUIECKHE SIBICHUS 3 3
11. Hexpucrammmaeckue | 3 3
MOJTYTPOBOTHUKA
12. I1oynpOBOXHUKOBBIE CTPYKTYpPHI | 3 3
TIOHIKEHHON Pa3MEpHOCTH u
CBEPXpEUIETKH
13. IIpuHnMns neucTBust | 7 2 2 3
MOJYTIPOBOTHUKOBBIX NPUOOPOB
IIpomekyTouHasi aTTeCTALUS: — 9K3aMEH
| Mtoro | 36 | 2 | |2 | 32
Ta6auna 3
Conep:xanue IMCUMILTHHBI
Ne | HammeHnoBanue pazaesa ®opma npoBeeHUs Popma
R I — Copep:kaHue pa3gena SAHSTHS TeKylIero
KOHTPOJIst
1 | Xumuueckasi cBA3b U | DIEKTPOHHAs CamocrosrensHas | Koncynbranus,
aTOMHasl  CTPyKTypa | KoH(purypauus BHEIIHUX | paboTa cobeceioBaHuE

MOJIyIPOBOIHUKOB.

000JI0YEK aTOMOB M THIIBI
CHJI CBS3U B TBEPJBIX TEJAX.
Ban-nep-BaanbcoBa, noHHast
U KOBaJICHTHAs CBA3b.
CTpyKTYpBI BaXHEUIIINX
IIOJIyIIPOBOTHUKOB —
snementos  AY, AV' =n
coequHenuii tunos A''BY,
ATBV, AIVBVIL

Cummerpus KpHUCTAJIJIOB.
TpancmaunoHHas
CUMMETpUS KpHUCTAJIJIOB.
bazuc wu kpucrammueckas
CTPYKTypa. OJeMEHTapHas
AJerKa. [IpumuTHBHAS
gquerika. Sfluelika Burnaepa-
3eiitia. Pemerka bpase.
O06o03HaueHus y3JI0B,
HaIlpaBJICHUH M TUIOCKOCTEH
B  kpucramie. OOpaTHas
pelieTka, ee CBOMCTBa. 30Ha
bpuitrosHa.




IIpumecu ©  CTpYKTypHBIE

e eKThI B
KPUCTAJUTUYECKUX "
aMop(HBIX
MOJTYTIPOBOIHHUKAX.
XuMmuyeckass mpupora u
3JIEKTPOHHBIE CBONCTBA
MpUMeceH. Toueunsble,

JUHEHHBIE ¥  JIByMEpHBIE
e EKTHI.

OCHOBBI TEXHOJIOTHHU
MOJIYIIPOBOJTHUKOB 1
METO/IbI OTIPEICTICHIS
HX IMapaMeTPOB.

Mertobt BBIpALTUBAHUS
00BEMHBIX MOHOKPHCTAIIJIOB
13 KUIKOU 1 Ta30BOH (as.
MeTtosl BBIpALIUBAHUS
SMHUTAKCUAIBHBIX  IUICHOK
(omuTaKcUs W3 KUAKOM H
ra3oBou (hassi).
MonekynsipHO-TTyueBas
SIHUTAKCHSL.
Merannopranuueckas
STIHUTAKCHS.

MeTtosl JETUPOBAHUS
MOJTYTIPOBO/THUKOB.
OcHoBHbIE METO/IbI
OTIpENIeJICHUs]  MapaMeTpoB
MOJIyIIPOBOIHUKOB: ITUPHUHBI
3anpenieHHON 30HBI,
MOJIBI>KHOCTH u
KOHIICHTPAIU!  CBOOOTHBIX
HOCHUTEJIEH, BPEMEHU KHU3HU
HEOCHOBHBIX HOCHUTEIICH,
KOHIIEHTPAllMd ¥ TIIyOUHBI
3aJIeTaHusA YPOBHEM
npuMecei u 1eeKToB.

CaMocTosTebHas
pabora

Koncynpranus,
cobeceoBanue

OCHOBBI 30HHOU
TEOpUHn
MOJTYTIPOBOTHUKOB.

OcHoBHbIE  TPUOIMKEHUS
30HHOW Teopun. BonHoBas
(GyHKIMS ~ DJIEKTpOHAa B
MIEPUOJUYECKOM nojue
kpucraimia. Teopema bnoxa.
30Ha bpumnrosna.
DHEPreTU4eCcKue 30HbI.
3aKOHBl  AMCIEPCUU IS
BOKHEHIINX
MIOJIyIIPOBO/IHUKOB.
N303HepreTnueckue
IIOBEPXHOCTH. Tenzop
oOpaTHOI s dexTuBHON
MAaccChl. [InotHOCTH
cocrosiHuil.  OcoOeHHOCTH
Ban-Xoga.

YpaBHeHus NBIDKECHUS
WIEKTPOHOB U JIBIPOK BO

CaMmocTosTenbHast
pabora

Koncynpranus,
cobecenoBanue




BHEIIHUX IMOagX. Merton

s dexTuBHOM MAacCBlI.
Hckpusnenue

SHEPreTUYecKuX 30H B
NIEKTPHUYECKOM noJe.

JIBukKeHHE JJIEKTPOHOB U
JIBIPOK B MAarHUTHOM IIOJIC.
Omnpenenenne 3¢ HEeKTUBHBIX
Macc H3 UUKIOTPOHHOTO
(TMamMarHUTHOTO)
pe3onanca. CBsi3b 30HHOM
CTPYKTYpbl C ONTHUYECKUMU
CBOMCTBaMH
MOJIyIIPOBOIHUKA.

YpoBHU JHEPIUH,
CO3/1aBaeMbl€ IPUMECHBIMU
HEHTpaMH B
IIOJIYyIIPOBOJIHMKAX. JJOHOpBI
W aKuenropel. Menkue u
rryOoKue YPOBHH.
BonoponononoOusie
MPUMECHBIE IIEHTPHI.

PasHOBecHas
CTaTUCTHUKA
3JIEKTPOHOB M JBIPOK
B IIOJIYTIPOBOJAHHKAX.

QyHKIMA ~ pacnpeneneHus
31ekTpoHoB. KoHueHTpanus
JJIEKTPOHOB UM JIBIPOK B
30HaX, s dexTuBHAS
IJIOTHOCTh COCTOSIHMI.
HesbIpox1eHHBIN u
BBIPOKIEHHBIN
ANEKTPOHHBIA  (ABIPOYHBIN)
ras. Konuenrpannn
JJIEKTPOHOB M JBIPOK Ha
JIOKaJIbHBIX YPOBHSIX.
DaxTopsI BBIPOXKJICHUS
IIPUMECHBIX COCTOSIHUM.
[Tonoxenne ypoBHs depmu
u paBHOBECHAs
KOHIICHTpALKs YIEKTPOHOB U
IBIPOK B COOCTBEHHBIX H
MIPUMECHBIX
(HEKOMIIEHCUPOBAaHHBIX U
KOMITEHCUPOBAaHHBIX)
MIOJIYIIPOBOJAHMKAX.
MHoro3apsiiHble IPUMECHBIE
LICHTPBI.

CaMocTrosTeIbHas
pabora

Koncynbranus,
cobeceloBaHue

Kunetnueckue
SIBJICHUS B
MOJIYTIPOBOHHUKAX.

Kunernueckue

K03 HULIUEHTHI —
MPOBOJAMMOCTh, TIOCTOSTHHAS
Xomna uw Tepmo-O/1C.
HpetidhoBas CKOPOCTb,
npeiidoBass W XOJUIOBCKas
TTOJBHKHOCTH, daktop

CamocTogTenpHas
paborta

Koncynpranus,
cobeceoBanme




Xomma.  JlpeitdoBbiii  u
muhy3n0oHHBIH TOK.
CooTHotieHue DHIITEHHA.
MexaHu3mbl paccestHus
HOCUTENEN 3apsana B
HeuIealbHON pelIeTKe.
BzaumopeiictBue HocUTENEH
3apsa ¢ aKyCTUYECKUMH H
ONTUYECKUMU  (POHOHAMH.
Paccesinne HOCHUTEJICH
3apsjia Ha 3apsSKEHHBIX U
HEHUTpPaTbHBIX MpUMECSX.
I'opsiumne JIEKTPOHBL.
OrtpunarenbHas

Qg depeHmaIbHas
MIPOBOJANMOCTb.
DNEeKTpUYECKUE
HEYCTOMYHUBOCTH;
JNEKTPUYECKUE JIOMEHBI H
TOKOBBIE IIIHYPBI.

PexoMOuHarmst I'enepanus u pexomOunamus | Camoctosrenbhas | Koncynprarus,
AJIEKTPOHOB U JBIPOK | HEPAaBHOBECHBIX HOCHUTENEH | paboTa cobeceoBaHUe
B [IOJIYIIPOBOJIHMKAX. | 3apsaa. KBasupaBHoBecue,

KBa3HMypOBHU ®epmu.

YpaBHeHue KUHETUKU

pekomOunanuu.  Bpemena

KU3HU. DOTONPOBOANMOCTb.

MexaHu3Mbl peKOMOUHAIINH.

N3nyvarenbHas "

0e3bI3mydarenbHas

pekoMOuHanus. Mex3oHHas

peKoMOUHAIIUS.

PexombOunarms yepes

YPOBHH npuMecein u

ne(eKToB. LlenTpsl

MPUJINIIAHUS. Oxe-

peKoMOUHAIIUS.

[IpocTpancTBEHHO

HEOJIHOPOJHbIE

HEpaBHOBECHBIE

pacnpeneneHus HOCUTeNen

3apsa. AmOumnonspaas

i dy3us. D¢ ekt

HembOepa. [nuna auddysun

HEPAaBHOBECHBIX HOCUTENEH

3apsiia.
KontakThbie siBneHns | Cxema sHepretudyeckux 30H | CamocrositenbHas | KoHcymnpTamnms,
B MOJYNPOBOJAHUKAX. | B KOHTAaKTe MeTal- | paborta cobeceioBaHue

MOJIyIPOBO/IHUK.

OOoraiieHHbIe, 00eIHEHHbIC
U WHBEPCHOHHBIC  CIIOH
IPOCTPAHCTBEHHOrO 3apsia




BONMHM3M KOHTakTa. BombT-
amIepHas XapaKTepHUCTHKa
Oapwepa LloTTkH.
DHepreTuyeckas aAuarpamMma
p-n mnepexona. HWmxekuus
HEOCHOBHBIX HOCUTENeH
3apsia B p-n nepexo/ie.
I'eTeponiepexoibl.
DHepreTU4ecKue
JarpamMmbl
reTepoInepexooB.
Bapuzonnsie
MIOJTYIIPOBOTHUKH.

CBoiicTBa
MMOBEPXHOCTHU
MOJTyIPOBOIHUKOB.

[loBepXHOCTHBIE COCTOSIHUS
U TIOBEPXHOCTHBIC 30HBI.
Uckpusnenune 30H,
pacmpeneneHue 3apsga U
MoTeHIuMana BOJIH3H
TMOBEPXHOCTH.
IToBepxHOCTHAA
pEeKOMOMHAIIUS.
DddexT moms.
TamMmmoBCKHE YPOBHH.
CKOpoCTh  MOBEPXHOCTHOM
PEKOMOMHAIINY.

CamocTosTenbHas
paborta

Kouncynpranus,
cobecejoBaHuE

OnTuyeckue SBICHUS
B ITOJIYTIPOBOJHMKAX.

Kommiekcnas
JTUDJICKTPUIECKast
MIPOHUIIAEMOCTb, TIOKA3aTelb
pesoMiIeHus1, KoaGUIUEHT
oTpakeHHs, Ko3(duiueHt
nornomeHusi. CBsi3b MEXKIY
HAMH U COOTHOUIEHUS
Kpamepca—Kponwura.
Mex30HHbBIE epeXObl.
Kpait COOCTBEHHOTO
MOTJIONIEHUsT B Cly4ae
NpSAMBIX ¥ HEMPSAMBIX,
pa3peleHHbIX u
3aMpeIIEHHBIX  MEePEeX0JI0B.
DKCUTOHHOE TOTJIOIICHUE U
n3nydyeHne. CHOHTaHHOE |
BBIHYK/ICHHOE U3JIyYeHHE.
Tlornomenune cBeTa Ha

CBOOO/HBIX HOCHUTEIIAX
3apsja.

[lornomenne  cBera  Ha
KoJe0aHusIx PEIIEeTKH.
Paccesinue cBeTa
KoJe0aHusIMHU pEeIIeTKH,

KOMOHMHAIIMOHHOE paccesHue
Ha onTuYeckux (HOHOHAX
(Pamana — JlanncOepra),

CamocTosTenbHas
paborta

Koncynpranus,
cobeceoBanue




paccestHiEe Ha aKyCTHYECKHX
¢ononax (bpwmarosHa —

Manjensirama).
Bnusnue  npumeceit  Ha
OITHYECKHUE CBOICTBA.
[IpumecHas CTPYKTypa
OIITHYCCKHUX CIIEKTPOB
BOJM3HM Kpasi COOCTBEHHOTO
IOTJIONICHUS B
MPSMO30HHBIX u
HETPSIMO30HHBIX
MTOJTYTIPOBOTHUKAX.
MexnpumecHas
U3IydaTesbHas

pexoMOMHANUsA. DKCHTOHBHI,
CBSI3aHHBIC Ha TPUMECHBIX
IIEHTpAX.

OnTudeckue SBICHUS  BO
BHEIIHUX TOJIAX. Oddexr
O®panna-Kennpima. D¢ dekr
[Tokkenbca.

Dddext bBypmreitna-Mocca.
DddexTs dapanes u
doiirra.

10 | ®orosnexrpuueckue | [lpumecnas u cobctBenHas | CamocrositenbHas | KoHncynpramus,
SIBJICHMUS. (OTONPOBOUMOCTb. pabora cobecejoBaHuE
Bnuszue OpUIUIAHUS
HEPABHOBECHBIX HOCHUTEJEH
3apsna Ha
(hOTOMIPOBOUMOCTb.
Ontuueckass — mepesapsiika
JOKAJbHBIX  YpPOBHEH M
CBSI3aHHBIE C HEM >PQeKTHI.
TepmocTumynupoBaHHast
IIPOBOJMMOCTD.
@oTopa3orpeB  HOCHUTENEH
3apsiaa.
@DOTOINEKTPOMArHUTHBIN
s dekr.
11 | Hekpucramiuueckue | AMop¢dHbie n | CamocrodarensHas | Koncynpranus,
MOJTyIIPOBOIHUKH. CTEKJI1000pa3Hble paborta coleceioBaHNE
MIOJIyIIPOBOAHUKH.
CrpykTypa aTOMHOM
MaTpHIIbI
HEKPHUCTAIITNYECKUX
MIOJIyIIPOBO/IHUKOB.
WNneanpHoe CTEKJIO.
I'uppupoBanHble amopdHbIe
MOJIyIIPOBOIHUKH.

OcoOeHHOCTH AJIEKTPOHHOTO
JHEPreTHYECKOr0  CIEKTpa
HEYIOPsII0OYSHHBIX




IOy IIPOBOIHUKOB.

[lnoTHOCTH COCTOSTHU.
Jlokanu3anus SJIEKTPOHHBIX
COCTOSIHUM. Ilens
MOJABUKHOCTH.

JlerupoBanue
HEKPUCTAJUTUYECKUX
TTOJTYTIPOBOTHUKOB.
MexaHu3Mbl IepeHoca
HOCHUTENCH 3apsa.

IIpppKKOBast MPOBOJAUMOCTB.
3akoH Morra.

Criextpsl ONTUYECKOTO
MOTJIOIEHUS
HEKPUCTAJIINYECKUX
MaTepHaloB. IIpaBuino
VYpbaxa.

HecrannonapHsie mpoueccsl.
Omnpenenenue  apeidoBoii

IIOJIBYDKHOCTH 110
H3MEPCHUSIM BpEMEHU
npoJsiera.  JlucnepCUOHHBIN
MepPEeHOC.

Bmsane BHEIITHUX
BO3/ICHCTBUII HA CBOWCTBa
HEKPUCTAIUTUYECKUX
MOJTYTIPOBOIHUKOB.
MeTacTaOuabHEIC
COCTOSIHUSL.

12 | IHonynpoBoaHukoBbie | PazmepHoe kBaHToBaHue. | CamoctosTenbHas | KoHcynbpTarms,
CTPYKTYPBI JIBymepHbBIE u | pabora cobecenoBanue
MMOHM)KEHHOMN KBa3uJIByMEpHBIE
pa3MepHOCTH U | DJICKTPOHHBIE CHCTEMBI W
CBEPXPEUIETKH. CTPYKTYpbI, B KOTOPBIX OHH

peanuzytorcs. KoHTpa- u

KOBapUaHTHbIC
KOMITO3UILIMOHHBIC
CBEpPXPEUIETKH,
JIETUPOBAHHbBIE
CBEPXPEUIETKH JIETUPOBAHUS.
KBaHnToBEBIE HUTH.
KBanToBrnie TOYKHU.
DHepreTU4ecKui CIIEKTD

JJIEKTPOHOB U  IUIOTHOCTH
COCTOSIHUM B 3THX CUCTEMaX.
Onruyeckne  SIBIIGHUS B
CTPYKTypax ¢ KBaHTOBBIMH
sMaMH, TpaBuiia oToopa s
MEK30HHBIX 51
BHYTPH30HHBIX
(MEXMOI30HHBIX )
MEepEX0I0B. Mex3oHHOE




MOTJIONEHUE "
U3IyvareabHast
pekoMOMHAIUA B JTHX
CTPYKTypax. DOKCHTOHBI B
KBaHTOBBIX sIMaX, KBaHTOBO-
pasmepnsbii 3¢ dekt Llrapka.
DNEeKTpUYECKUE u
rajlbBaHOMarHUTHBIC
SBIIGHUS B  JBYMEPHBIX
CTPYKTYypax. Dddekr
lyOHukoBa-ae l'aaza.
OO6mee mnpeacraBieHUe O
KBaHTOBOM 3¢ dekre Xoma.

13

[TpuHIMIIBL NEiiCTBUS
MOJTYTIPOBOTHUKOBBIX
pUOOPOB.

Bonasramnepnas
XapaKTEPUCTUKA p-n
nepexona.  IIpuboper ¢
HCIIOJIb30BAaHUEM p-n
MEepPEX0/I0B.

Tynnensnsii  guon. Juon
I'anna. bunonspHsiit

TpaH3uctop. Tupucrop.
OHepreTuyeckas aAuarpaMma

CTPYKTYPbI MEeTasuI-
TIDJICKTPUK-
MTOJTYTIPOBOTHUK

(MJIT). [Toneswie

Tpanzucropel Ha ~ MJIII-
crpykrypax. [Ipubopsl ¢
3apsI0BOM CBSI3bIO.

[TymsI B
TOTYTIPOBOTHHUKOBBIX
npubopax.

DOTO3IEMEHTHI u
¢dotoanonsl. CriekTpanbHas
YyBCTBUTEIBHOCTh u
oOHapyXHUTeIbHas
CIIOCOOHOCTb.
[TonynpoBOAHMKOBEIE
JE€TEKTOPBI SIIEPHBIX
W3JIy4EHUH.
DOTOINEKTPUUECKUE
npeoOpasoBarenu, KT
npeoOpa3oBaHusl.
CBeTOUOIBI u
MOJTYTIPOBOHUKOBBIE
JIa3ephl. NuxexkmoHHbie
Jla3epbl HA OCHOBE JIBOMHOM
TeTEPOCTPYKTYPHI.
Hcnonb3oBanue
HaHOCTPYKTYP B
MOJTYTIPOBOHUKOBBIX

npudopax.

CamocTosTenbHas
paborta

Kouncynpranus,
cobecejoBaHuE




I'ereporpansucrop c
IBYMEPHBIM  3JIEKTPOHHBIM
razom (HEMT).
I'ereponaszepsl Ha OCHOBE
CTPYKTYp C€ KBaHTOBBIMHU
AMaMH ¥ KBaHTOBBIMHU

TOYKAMH. Pe3onancuoe
TyHHETUPOBAHHE B
IBYX0apbepHOit
TeTEPOCTPYKTYpe H
PE30HAaHCHO-TYHHEJIbHBIN
U0, OnTuyeckut

MOJYJIATOp  Ha  OCHOBE
KBaHTOBO-Pa3MEPHOI0
addekra [llTapka.

4. ®opMbI OPraHu3aluM U KOHTPOJIA CAMOCTOSATEIbHOU PadoThl 00yYAOIIUXCS

CamocTosiTenbHas paboTa 00yJaromuXcsl MpeanoiaraeT u3yuyeHue KOHCIEKTOB JICKIIHMT,
BBIZICJIICHHBIX PAa3/CIOB OCHOBHOM JIMTEPATypbl, a TaKXe JOINOJIHUTEIBHOU JIMTEpaTypHl,
MOATOTOBKY K IPOMEXYTOUHOU aTTECTALIUH.

i npoxoKAEHWus TPOMEKYTOUYHOW aTTECTAllMU TMOCJE 3aBEpPUICHHUS] CEMeECTpa
MPOBOAMTCS SK3aMEH, BKJIIOYAIOMIMKA B ceOs NPUBEICHHBIC HUXKE BOIPOCHI, BKIIOYCHHBIE B
HK3aMEHAIMOHHBIC OUJIETHI.

5. ®oH O1I€HOYHBIX CPECTB /ISl ATTECTALMHU MO TUCIHIIJINHE

5.1. Kpumepuu u npouedypvt oyeHusanus pe3yibmamos 00yueHus no OUCyuniuHe.
[Tpu BbINOTHEHUH BCEX padOT YUUTHIBAIOTCS CIIEAYIOIINE OCHOBHbIE KPUTEPHUH:

— YpOBEHb TEOPETHMYECKHUX 3HaHUM (TMOoJpa3yMeBaeTcsi HE TOJbKO (opmanbHOe
BOCTpOM3BeJeHHE HH(pOpMAUMKU, HO M TOHHUMAaHHE TWpeaMeTa, KOTOpOe MOATBEPIKIAeTCs
MpaBUJIBHBIMU OTBETAMHM Ha JIONOJHUTENIbHBIC, YTOUHSIIOUIME BOIMPOCHL, 3aJaHHBbIE YJIEHaAMHU
KOMHCCHH);

— YMEHHE HCIOJB30BaTh TEOPETHUECKUE 3HAHWS TpPH aHajdn3e KOHKPETHBIX MpoOieM,
CUTyalul;

— Ka4eCTBO U3JI0KEHUS MaTepHaa, TO €cTb 000CHOBaHHOCTb, YETKOCTh, IOTHYHOCTh OTBETA, a
TaK)Ke €ro MOJHOTA (TO €CTh CO/IEPXKATENbHOCTh, HE UCKITIOYAIOLIas CKAaTOCTH);

- CIIOCOOHOCTh yCTaHABIUBATh BHYTPH- U MEXKIPEIMETHbBIE CBSI3H,

- OpUTHMHAJIBHOCTh MBIIIJICHUS], 3HAKOMCTBO C JIOTIOJHHUTENBHOM JHUTEpaTypol U JApyrue
baxTopsbI.

Onucanue wKavl OUeHUeaHus Ha npomeofcymoqnoﬁ ammecmauuu 6 qbopme IK3ameHa
OneHKa omauyHo — HUCUYCPIBIBAIOIICC BIIAACHUC ITPOTPaMMHBIM MaTCpUajioOM, IOHUMAaHUEC

CYIIHOCTH PacCMaTPUBAEMBIX NPOLECCOB U SIBIICHUH, TBEPJAOE 3HAHWE OCHOBHBIX ITOJIOKECHHUU
JUCLUIUTMHBL, yMEHHE TPUMEHATh KOHILIETITYaIbHBIH anmapar Mpy aHaIu3e aKTyalbHbIX IPOOIeM.
Jlormuecku nocienoBaTeNbHbIE, COIEP/KATENbHBIE, KOHKPETHBIE OTBETHI HA BCE BOIIPOCHI.
OneHka xopouio — JOCTaTOUHO IOJIHBIE 3HAHMSI IPOIrPaMMHOI0 MaTepHala, paBUiIbHOE
NOHMMaHHE CYTH BOIIPOCOB, 3HAHHME OIpeNeNeHUu, yMeHue QOpMyIUpOBaTh TE3UCHI U
aprymMeHTbl. OTBETBl TIOCICNOBAaTENIBHBIE W B LEJIOM IPAaBUJIbHBIC, XOTA JOIIyCKaKOTCS




HETOYHOCTH, IIOBEPXHOCTHOE 3HAKOMCTBO C OTIEJIBHBIMU TEOPUSIMU U (PaKTaMH, TOCTATOYHO
(dopmanbHOE OTHOILIICHHE K PEKOMEHIOBAHHBIM JJIs1 IOJrOTOBKH MaTepHaliaMm.

Ouenka yodoeremeopumenvho — (pparMeHTapHbIC 3HAHUSA, PACIUIBIBYATHIC MPEICTaBICHUS
o npeamMete. OTBET COAEPKUT KaK MPABUIIbHBIC YTBEPKIACHHUS, TaK U OIIMOKH, BO3MOXKHO, TPyOBIE.
HcnpITyeMblii TIIOX0 OPUEHTHUPYETCS B yUeOHOM MaTepuaie, He MOKET YCTPAaHUTh HETOYHOCTH B
CBOEM OTBETE JIaXKe I10CJIE HABOASIINX BOIIPOCOB.

OueHka weydosenemeopumenbHo — OTCYTCTBUE OTBETa XOTsI Obl Ha OJMH M3 OCHOBHBIX
BOINPOCOB, JINOO rpyOble OMIMOKM B OTBETaX, IOJHOE HEMNOHUMaHHWE CMbICIA MpoOiIeM, He
JIOCTaTOYHO ITOJIHOE BJIaICHUE TEPMUHOJIOTUEN.

5.2. Ilpumepst munoevlx KOHMPOIbHBIX 3A0AHUN UAU UHBIX MAMEPUaIos,
UCROIb3YeMbIX 0151 OUCHUBAHUA PE3YTbMANO8 00yUeHUA RO OUCYUNTIUHE
Pa3znen 1. Xumunueckasi CBSI3b M1 aTOMHAasi CTPYKTYPa NMOJYNPOBOIHHUKOB

l. DneKTpoHHAas KOHPUTYpaIKs BHEITHUX 000JIOUEK aTOMOB M THUIIBI CHJI CBSI3M B TBEPJIBIX
tenax. Ban-nep-BaanbcoBa, MOHHAs U KOBaJIGHTHAs! CBSI3b.

2. CTpyKTypsl BaxkHeimux nomynposogaukos — snementos AV, AV u coenunenuii Tunos
ARV, ARV AVBVL

3. CummeTpusi KpuCTaUiOB. TpaHCHSIIMOHHAS CUMMETpUS KpUCTawioB. basuc wu

KpUCTaJNTMYECKasi CTPYKTypa. DieMeHTapHas sueika. [IpumutuBHas sueiika. Slueiika
Burnepa-3eiitia. Pemerka bpaBe. O0o3HaueHus y3710B, HallpaBICHUN U IJIOCKOCTEH B
kpuctaie. OOpaTHas pelieTka, ee cBoicTBa. 30Ha bpuitosHa.

4. [TpumecH u CTPYKTYpHBIE JEPEKTH B KPUCTAILUTMYECKUX U aMOP(HBIX TOTYIPOBOTHUKAX.
Xumuueckas MpUPOJa W IJICKTPOHHBIC CBOMCTBA NpuUMeceld. TouedHbIe, JIMHEHHbBIC U
JIBYMEpPHBIE Ie(EKTHI.

Pa3nen 2. OCHOBBI TEXHOJOTHHM TOJYNPOBOAHMKOB ¥ METOABI OMNpeaeJieHHs] HUX
napamMeTpoB

l. MeTtob1 BhIpalIuBaHusl 00BEMHBIX MOHOKPHUCTAJUIOB U3 KUAKOW U Ta30BOM ¢a3.

2 MeTozbl BBIpAIIMBAHUS SMUTAKCHAIBHBIX IUICHOK (SMHUTAKCHUA U3 >KUAKOW M Tra3oBOM
ha3zsi).

3. MonekyapHO-1y4yeBas dNUTakcus. MeTajutoprannyeckas dJIUTaKCUs.

4. Mertoasl 1ernpoBaHus MOJTYITPOBOIHHUKOB.

3. OCHOBHBIE METO/IBI OIIPEIETICHMSI TAPaMETPOB ITOJIYTPOBOAHHUKOB: IIIMPUHBI 3aIIPELIEHHON

30HbI, IMOJABHXHOCTU W KOHUOCHTpAIUH CBO6OI[HI)IX HOCI/ITGJ'[CI\/JI, BPEMCHH JKU3HU
HEOCHOBHBIX HOCHUTENeH, KOHIIEHTpAllMU W TIIyOWHBI 3alleraHusl YPOBHEW mpumecedl u
nedeKToB.

Pa3znen 3. OcHOBBI 30HHOM TEOPUM MOJIYIIPOBOJHHKOB

1. OcHOBHBIE TpUONMKEHUS 30HHOW TeopuH. BonHOBas (QyHKIMS 5>IEKTpoHa B
MepUOINYECKOM noJie kpuctauia. Teopema bnoxa. 3ona bpuiuitosna. DHepreTudeckue
30HBI.

2. 3aKOHbl ~ JUCIEPCUM JUI  BAXHEHUIIMX MOJYIPOBOJHUKOB. M303Heprernueckue

noBepxHocTu. TeHzop oOpatHoi »d¢ddexkTuBHON Macchl. [IIOTHOCTE  COCTOSTHHIA.
Ocob6enHoctu Ban-Xoga.

3. VYpaBHEHUS IBUKEHUS JIEKTPOHOB U JBIPOK BO BHEUIHMX MOJAX. MeTon 3 deKTUBHOM
Macchl. VckpuBneHue »HHEpPreTHYeckuxX 30H B JJEKTPUYECKOM moje. J[BHkeHue
9JIGKTPOHOB W JBIPOK B MarHuTHoM moje. Omnpenenenue 3(QeKTUBHBIX Macc H3
LUUKJIOTPOHHOTO (JHaMarHUTHOro) pe3oHaHca. CBsA3b 30HHOU CTPYKTYpPBI C ONTHUYECKUMHU
CBOMCTBAaMH IOIYIIPOBOJIHUKA.

4. YPOBHHU 5HEPruM, co3JaBacMble IPUMECHBIMH LIECHTPAMH B ITOJIYIIPOBOAHUKAX. JOHOpEI 1
akuientopsl. Menkue u riry0bokue ypoBHH. Bogopononogo6Hbie mpuMecHbIE LIEHTPHI.



Pasznen 4. PaBHoOBecHasi CTATHCTHKA 3JICKTPOHOB U NBIPOK B MOJYIIPOBOAHUKAX

1.

@OyHKIMS pacupeleneHns 2JIeKTPOHOB. KOHIEHTpalys 3JIEKTPOHOB U JBIPOK B 30HAX,
3¢ deKTUBHAS MIIOTHOCTh COCTOSIHHMA. HEeBBIPOKIEHHBIN M BBIPOXKICHHBINA AJIEKTPOHHBIN
(1pIpouHbIil) ra3. KoHLeHTpauy 3JIeKTPOHOB U JIBIPOK Ha JIOKAJIbHBIX YPOBHAX. DaKTOPbI
BBIPOKJCHUS IPUMECHBIX COCTOSIHUM.

ITonoxxenne ypoBHa depmu M paBHOBECHAsS KOHIICHTpALUs JIEKTPOHOB M JABIPOK B
COOCTBEHHBIX ¥  TPUMECHBIX (HEKOMIICHCHPOBAHHBIX U  KOMIIEHCHPOBAHHBIX)
IIOJIyIIPOBOHUKAX. MHOro3apsaHble IPUMECHBIE LIEHTPBI.

Paznen 5. Kunernueckue siBJieHHsI B OJYNIPOBOJAHHKAX

1.

Kunernueckue ko3(p@GUIHMEHTH — MPOBOAMMOCTh, MOCTOsIHHAsA Xoiuia u Tepmo-2/(C.
HpeiidoBass ckopocTh, aperdoBas M XOJUIOBCKas IOIABMIXKHOCTH, (akTtop XoJia.
HpetidoBsiii u quddy3nonabii Tok. COOTHOIICHNE DUHINTCHHA.

MexaHu3Mbl paccessHUsT HOCUTEINIEH 3apslia B HEUACAIbHOM pelieTke. B3anmonencreue
HOCHUTEJEH 3apsia ¢ aKyCTUYECKUMH U ONTHYecKuMu (poHoHamu. PaccesHue HocuTenei
3aps/ia Ha 3apsyKEHHBIX U HEUTPaJIbHBIX TpUMecsX. ['opsiune 3nexkTponsl. OTpunaTenbHas
muddepeHranbHas MPOBOANMOCTE. DJIEKTPHUSCKUE HEYCTOWYMBOCTHU; JJIEKTPHUYCCKHE
JIOMEHBI U TOKOBBIE IIHYPBI.

Pa3nesn 6. PexoMOMHANUs 3JIEKTPOHOB M IBIPOK B MOJYNPOBOAHUKAX

1.

I'enepanuss n pexoMOMHALMs HEPABHOBECHBIX HOcHTeNed 3apsana. KasupaBHoBecue,
kBazuypoBHu @Depmu. VYpaBHeHHE KUHETHKM peKoMOMHanMu. BpemeHa JKU3HU.
DOoTONPOBOIUMOCTb.

Mexanu3mbl pekoMOMHAIMH. M3myuyatenbHass W Oe3bI3iydaTesbHas pPEKOMOMHAIIMSA.
Mex3oHHast pexomOuHauus. PexomOuHauus dyepe3 ypoBHHM IpUMece M JIe(eKTOB.
Hentpsl npununanus. Oxe-peKoMONHAIHS.

IIpocTpaHCTBEHHO HEOIHOPOJHBIE HEPABHOBECHBIE PACIPECIICHUs HOCUTENEH 3apsia.
AmOunonspaas auddysus. Opdexr HemOepa. nuHa auddys3un HepaBHOBECHBIX
HOCHTENEN 3apsiza.

Pa3gen 7. KoHTakTHbIE sIBJIeHUS B MOJYNPOBOIHHKAX

l.

CxeMa »HHEPreTMYeCKMX 30H B KOHTAaKT€ METAJI-MOJYynpOBOAHUK. (OoraiieHHEbIe,
oOeIHEHHbIE M HMHBEPCHOHHBIE CIIOM MPOCTPAHCTBEHHOTO 3apsiia BOJM3M KOHTAKTA.
BonbT-amnepnast xapakrepuctuka 6apsepa LLloTTku.

DHepreTuyeckas quarpamMma p-n nepexoga. MHXeKurs HEOCHOBHBIX HOCUTENEH 3aps/ia B
p-n mepexone.

I'eTeponepexoapl. DHEPreTUYECKUE JUArPaMMbl T€TEPONEPEXOI0B.

Bapuzonnsie moymnpoBOIHUKH.

Pa3nen 8. CBoiicTBa NOBEPXHOCTH NMOJIYIIPOBOIHUKOB

1.

2.
3.

IToBEpXHOCTHBIE COCTOSIHUS U ITOBEPXHOCTHBIE 30HBI. VICKpUBIIEHNE 30H, paclpeaesieHue
3apsifia U oTeH1uana Boau3u nosepxHoctu. [loBepxHocTHas pekoMOUHAILINS.

D¢ ekt nos.

TammoBckue ypoBHU. CKOPOCTh TOBEPXHOCTHOM PEKOMOUHALINY.

Paznen 9. OnTuueckue siBjieHHs B NMOJYNPOBOJHHUKAX

1.

KoMmmuiekcHass ~ nuanekTpudeckas  MPOHMIIAEMOCTb,  IIOKa3aTelb  MPEIOMIICHHS,
Ko3hduLMeHT oTpaxkeHus, KodpduuueHT mnornomeHus. CBsA3b MEXIy HHUMU U
cootHowmeHus: Kpamepca—Kponwra.

Mesx3oHHbIe Iepexo/ibl. Kpail coOOCTBEHHOr0 MOTJIOMIEHUS B CIy4ae IPSIMbIX U HENPSIMBIX,
pa3pellieHHBIX U 3alpelieHHbIX MEPEeX0J0B. DKCUTOHHOE IOIJIOLIEHUE M HM3JIy4YCHHE.
CroHTaHHOE U BBIHYKJICHHOE U3ITyUeHHE.



[Tornomenue cBeTa Ha CBOOOJHBIX HOCUTEIISX 3apsia.

[Tornomienue cBera Ha KoJeOaHUSIX pelIeTKU. PaccesHue cBeTa KoJeOaHUSIMH PEIICTKH,
KOMOWHAIIMOHHOE paccessHue Ha ontudeckux ¢onoHax (Pamana — JlanjacOepra),
paccestHue Ha akycTrueckux ¢pononax (bpmmosna — Manaensinrama).

BnusHue mnpumeceit Ha onTHueckue CBOWCTBA. [IpuMecHas CTPyKTypa ONTHYECKHX
CIIEKTPOB BOJU3U Kpasi COOCTBEHHOTO IMOTJIOMIEHHUS B MPSMO30HHBIX U HEMPSMO30HHBIX
MOJYIIPOBO/IHUKAX. MEXIpUMECHasT U3JIy4aresibHass pEeKOMOWHAIMA. DKCUTOHBI,
CBSI3aHHBIC HA TPUMECHBIX [IEHTPAX.

OnTtuueckue sBICHUS BO BHemHUX mnoisax. Oddexkr Dpanna-Kennpimma. Dddexr
ITokkensca.

Oddekt bypmreitna-Mocca.

D¢ dexter Papanes u Doiirra.

Paznes 10. ®oToziekTpryecKne siBJIeHHSA

1.

2.

3.
4.

[IpumecHas u cobcTBeHHast (HOTONMPOBOIUMOCTD. BiusiHre mpuaunanus HEpaBHOBECHBIX
HOCHUTEIIEH 3apsaa Ha (OTONPOBOAUMOCTb.

OnTuueckass mepe3apsAaka JOKAJbHBIX YpPOBHEH M CBs3aHHbIE C HeH dS(QexTsl.
TepmocTuMynMpoBaHHask TPOBOAUMOCTb.

®doTopazorpeB HOCUTEIEH 3apsia.

@DOTO3IEKTPOMArHUTHBIN 3P PEKT.

Pa3nes 11. Hekpucraiimmyeckue noxynpoBOAHUKHI

1.

A

7.

AMopdHble U cTekiioo0pa3Hble MONYNpOoBOAHUKH. CTpPyKTypa aTOMHON MaTpHUIlbI
HEKPUCTATMYECKHUX TOTYITPOBOIHUKOB. M eanbHoe crekio. ['uapupoBanabie amophHbIC
MOJIYIIPOBOIHUKH.

OcobeHHoCTH 3JIEKTPOHHOTO SHEPreTUYECKOrO CIIEKTpa HEYIOPSAOYECHHBIX
MOJynpOBOAHUKOB. [LIOTHOCTB cocTOsHMM. JIoKanM3anus 3JIEKTPOHHBIX COCTOSHHM.
[lenb NOABUKHOCTH.

JlerupoBaHue HEKPUCTALINYECKUX TIOJIYIIPOBOIHUKOB.

Mexanu3mbl nepeHoca Hocutenel 3apsaa. [IpprkkoBas npoBoAUMOCTb. 3akoH MoTTa.
CrieKTpbl ONITUYECKOTO MOTIIOMIEHHUS HEKpUCTAITNYEeCKHX MaTepuaioB. [IpaBuio Ypbaxa.
Hecraunonapusie mporeccol. Onpenenenue apei(oBoi MOIBHKHOCTH IO U3MEPEHUSIM
BpEMEHU IposieTa. JMCIIepCuOHHBIN ITEPEHOC.

BnusiHe BHEIHUX BO3ACWCTBUI HA CBOMCTBA HEKPUCTAUIMYECKHUX IMOJYIPOBOJIHUKOB.
MeracTaOuiIbHBIE COCTOSHUS.

Pa3nesa 12. IlonynpoBogHUKOBBIE CTPYKTYPbI NOHMKEHHOWH Pa3MEpPHOCTH U CBepXpelieTKH

1.

PasmepHoe kBaHTOBaHHe. [IByMepHble M KBa3WIABYMEpPHBIE 3JIEKTPOHHBIE CHUCTEMbI M
CTPYKTYpBI, B KOTOPBIX OHU peanu3ytorcs. KoHTpa- u KoBapraHTHBIE KOMITO3UIIOHHBIE
CBEpXpEILETKH, JITUPOBAHHBIE CBEPXPELIETKH JIerHpoBaHus. KBaHTOBbIE HHTH.
KBaHTOBBIE TOUKHM. DHEPTE€TUUECKUI CIEKTP IEKTPOHOB U IUIOTHOCTh COCTOSIHUM B 3TUX
cucreMax.

Onrtruyeckue SIBICHUS B CTPYKTypax C KBAaHTOBBIMH SIMaMH, TpaBHia OTOOpa st
MEX30HHBIX U BHYTPU30HHBIX (MEXKIIO30HHBIX) MEPEeX010B. MeX30HHOE MOTJIOLICHNE U
W3IydyaTenbHas PEKOMOWHAIMS B JTUX CTPYKTypax. DKCHTOHBI B KBAaHTOBBIX SMax,
KBaHTOBO-pa3MepHbIi a¢ ekt LTapka.

DJNEeKTpUYeCKue W TalbBAaHOMArHWTHBIC SIBICHUS B JIBYMEPHBIX CTPYKTypax. DdQexT
[ITyonukoBa-ae ["'aaza. Obuiee npescraBiaeHne o KBaHToBoM 3¢ dekre Xoa.

Pa3nes 13. [IpuHOMnbI JeiicTBUS MOJYNPOBOJHUKOBBIX IPHOOPOB

l.

2.

Bonbsramnepnas xapakTtepuctuka P-n mepexona. I[Ipubopsl ¢ ucnosb3oBaHueM P-N
MIEPEXO0JI0B.
Tynuenensii quoa. Jduon I'anna. bunonsipueiii Tpanzuctop. Tupucrop.



SAINA

DHepreTuyeckas JuarpaMMa CTpyKTypbl METaUI-AUIIEKTPUK-TTOIYITPOBOIHHUK
(MUTI). [Tonessie Tpan3uctopsl Ha M/I1-cTpykTypax. [Ipubopsl ¢ 3aps0BOii CBSA3bIO.
HIymbl B TOTYPOBOIHUKOBBIX MTPHOOpaXx.

®otosnemenTsl U (oroanoabl. CriekTpanbHas YyBCTBUTEIBHOCTh M OOHAPYKUTEIbHAS
CIIOCOOHOCT. [TonynpoBOAHUKOBBIE JIETEKTOPBI AJIEPHBIX U3JIy4EeHUI.
doroanekrpudeckue mpeodpaszosarenu, KI1J] mpeodbpasoBanusi.
CBeroanoasl U MOJYNPOBOJHUKOBBIE Ja3epbl. MHKEKIMOHHBIE Jia3epbl Ha OCHOBE
JIBOMHOW I€TepOCTPYKTYPHI.
Hcnonb30BaHre HaHOCTPYKTYP B MOJYNPOBOJHUKOBBIX MpubOopax. I'eTepoTpan3ucTop c
nByMepHbIM 3yeKkTpoHHBIM Tazom (HEMT). T'erepona3zepsl Ha OCHOBE CTPYKTYp C
KBAaHTOBBIMM sSIMaMU M KBAHTOBBIMM TOYKaMU. PE30HaHCHOE TYHHEIUMPOBAHHUE B
IBYXOapbepHOH TeTePOCTPYKTYpe U PE30HAHCHO-TYHHENBHBIH 1uoj. Ontudeckuid
MOJYJISITOP Ha OCHOBE KBaHTOBO-pa3MepHoro 3¢ dexra Lllrapka.

6. YueOHO-MeTOAUYeCcKOe U MH(OPMAITMOHHOE 00ecTieyeHne TUCIUTIIUHBI.

a) OCHOBHAasl JIMTepaTrypa:

1.

[[TanumoBa K.B. ®u3uka nomynpoBogHUKOB.-M.: Dueprus, 1976.-416 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135488202&DB=1
http://phys.unn.ru/library dl.asp?fn=Shalimova.pdf
https://e.lanbook.com/book/648#book name

[TaBnos I1.B., XoxmoB A.®. ®usuka TBEPIOTO Tena : Yuebd.- 3-¢ u3., crep.- M: Brici.
k.- 2000.- 494 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135448392&DB=1
http://phys.unn.ru/library_dl.asp?fn=Pavlov-Khokhlov.djvu
http://www.studmed.ru/pavlov-pv-hohlov-af-fizika-tverdogo-tela 0c8e3f3519f html#
Kupees I1.C. ®usuka noiaynpoBogHukoB.-M.: Beici. mik., 1975.-584 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135415500&DB=1
http://phys.unn.ru/library_dl.asp?fn=Kireev.pdf
http://www.studmed.ru/kireev-ps-fizika-poluprovodnikov_24cecbadf3e.html
bonu-bpyesuu B.JI., Kanamaukos C.I'. ®usuka nomynpoBoauukos.-M.: Hayka, 1990.-
688 c.

http://www lib.unn.ru/php/catalog.php?Index=0&IdField=135377974&DB=1
http://phys.unn.ru/library dl.asp?fn=BonchBuevich-Poluprovodniki.djvu
http://www.ph4s.ru/books/poluprov/BPP.rar

3u C. ®u3uka noaynpoBOAHUKOBBIX prOopoB.-M.: Mup, 1984.-T. 1.-456 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135407373&DB=1
http://phys.unn.ru/library dl.asp?fn=Sze 2.djvu
http://www.ph4s.ru/books/poluprov/zi-fizikapolupr.rar

®usuka TBEpROro Tena: JlaboparopHelii mpakTukyM. YuebHoe nocobue. B 2 1. /Ilox pex.
mpod. A.D. Xoxmosa. Tom 2. duznueckue cBoOMCTBa TBEPABIX Tell. -M: Bricmr. mik.,
2001.-484 c.

http://www.lib.unn.ru/php/details.php?Docld=42525

0) 10MOJTHUTEJIbHAS JIUTEepaTypa:

l.

3eerep K. ®usuka nomnynpoBogHukoB.-M.: Mup, 1977.- 616 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135407011&DB=1
http://phys.unn.ru/library_dl.asp?fh=Zeeger-Poluprovodniki.djvu

@ucrtyns B.W. Beenenue B ¢pu3uKy nosynpoBoaHUKoB.-M.: Beicmr. mik., 1984.-352 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135480171&DB=1
http://phys.unn.ru/library_dl.asp?fn=Fistul.pdf



http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135488202&DB=1
http://phys.unn.ru/library_dl.asp?fn=Shalimova.pdf
https://e.lanbook.com/book/648#book_name
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135448392&DB=1
http://phys.unn.ru/library_dl.asp?fn=Pavlov-Khokhlov.djvu
http://www.studmed.ru/pavlov-pv-hohlov-af-fizika-tverdogo-tela_0c8e3f3519f.html
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3. Kurrens Y. Beenenue B ¢pusuky tBEpaoro tena.-M.: Hayka, 1978.-792 c.
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http://www.studmed.ru/kittel-ch-vvedenie-v-fiziku-tverdogo-tela-v-2-h-
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4. Buxymun .M., CradeeB B.l. ®uszuka nmoaynpoBoJHUKOBBIX TpruOopoB. M. Paano u
cB136.1990.- 264 c.
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http://phys.unn.ru/library_dl.asp?fn=Vikulin-Stafeev.pdf
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5. Amncensm A.W. Beenenue B Teoputo nonynpoBoaHukoB. M. ®MJI. 1978.-616 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135367685&DB=1
http://phys.unn.ru/library_dl.asp?fn=Anselm-Poluprovodniki.djvu
https://e.lanbook.com/reader/book/71742/#book name

6. IO II., Kapnona M. OcHoBbl pusuku nomynpoBogaukoB /Ilep. ¢ anrn. .M. PemmHoii.
ITon pen. B.I1. 3axapuenu.- 3-e uza.- M.: @uszmatiut, 2002.- 560 c.
http://www.lib.unn.ru/php/catalog.php?Index=0&IdField=135413168&DB=1
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B) MporpamMMHoe odecrieuenne 1 UutepHer-pecypcebl
http://www.lib.unn.ru/ - ®ynnamenrtanbuas 6ubnuorexka HHI'Y
https://e.lanbook.com/ - DnekTpOHHO-O0MOIMOTEYHAs crucTeMa U3, «JIaHb»
http://phys.unn.ru/library.asp - Onexrponnas 6ubiaroreka @3® HHI'Y
http://www.studmed.ru - YyeOHo-MeTOAMYECKAs TUTEPATYPa ISl CTYICHTOB
http://www.ph4s.ru - O6pa3oBarenbHblii npoekt A.H. Bapruna
http://www.twirpx.com - O01IeA0CTYIHBIN CAUT WWW.twirpx.com

7. MaTtepuaibHO-TEXHHYECKOe o0ecneyeHne I CHUIITUHbI

° IOMEILIEHUS ISl IPOBEICHUS 3aHATUN: JIEKIIMOHHOIO THUIIA, CEMUHAPCKOr0 THUIIA,
prr[HOBI)IX nu I/IHI[I/IBI/II[yaJ'II)HI)IX KOHCynBTaHHﬁ, TGKYHIGFO KOHTpOJ'If[ nu HpOMC)KYTOLIHOI\/’I
aTTecTallid, a TaKXe TIOMEIICHUS Uil XpaHeHWs W NPOPHIAKTUYECKOTO OOCITYKHUBAHUS
000pyZIOBaHUSA W TIOMEIIEHUS Al CaMOCTOSITENbHON paboThl O0YyYarolMXcs, OCHAICHHbBIE
KOMIIBIOTEPHON TEXHUKOW C BOZMOXKHOCTBIO MOAKIIOUeHHUs K cetu "MHTepHeT" u obecrneueHrnem
JOCTYyTa B 3JIEKTPOHHYIO HH(POPMAIIMOHHO-00pa3oBaTenbHyto cpeny HHIY;

. MaTepHalbHO-TEXHHYECKOe O0ecIedeHre, HeOoOXOAUMOoe JUIsl — peasH3alin
JMCIUILIMHBL, BKITIOYast 1a00paTOpHOEe 000pYAOBaHHUE;

o JMLEH3HOHHOE IporpammHoe obecriedenue: Windows, Microsoft Office;

. oOydJarouiMecss W3 4YHWCla JHIl C OrPAaHMYCHHBIMH BO3MOXKHOCTSMH 370POBbBS

o0ecreunBaroTCs 3JIEKTPOHHBIMU U (MJIK) MeYaTHBIMU 00pa30BaTeIbHBIMU pecypcaMu B hopmax,
aJaNTUPOBAHHBIX K OTPAaHUYEHUSM UX 310POBbSL.
pecypcam.

Pabouas mporpamMma y4eOHOW AMCHUIUIMHBI COCTABJIEHA B COOTBETCTBHM C Y4YEOHBIM
I1aHOM, ITos10’keHnEM 0 TOATrOTOBKE HAYYHBIX M HAYYHO-IIEJarOTMYECKUX KapOB B aCIUPAHTYPE
(anpronkrype) (IlocranoBnenue IlpaButensctBa PO ot 30.11.2021 Ne 2122), ®enepanbHbIMU
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roCy/1apCTBEHHBIMU TPeOOBAaHUSIMU K CTPYKTYpe MpOrpamMM MOJATOTOBKM HAy4YHBIX UM HAy4YHO-
MeJaroruyeckux kaapoB B acnupantype (agptonkrype) ([Ipukaz MwunoOpHayku PO ot

20.10.2021 Ne 951).
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