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I. AHHOTALIUA

1. Heab u 3a1a4m JIUCHUTLINHBI

[ensimu OCBOEHUSI TUCLUIUIMHBI SIBIIIETCS W3YyUYEHHE TEOPETUUECKHX OCHOB
MaKpOCKOITMYECKOTO M MHKPOCKOIMMYECKOTO OMHCAaHUS (PU3NYECKHX CBOMCTB
MOJYNPOBOJHUKOBBIX MAaTE€pUAIOB M PACCMOTPEHHUE pPA3IMYHBIX ACHEKTOB HX
MPAKTUYECKOTO MPUMEHEHUS.

3a0auamu OCBOEHUS JUCUUIUIMHBI SIBISAETCA (OPMUPOBAHHE HYETKOTO
MOHUMAaHUSI OCHOBHBIX MOHATHUSX U UJIEH COBPEMEHHOM (PU3UKH MOTYTPOBOTHUKOB
U TIOATOTOBUTH CTYJEHTOB K U3YYEHUIO, B Cllydae HEOOXOIUMOCTH, CHEIHATbHBIX
0030pOB M OPUTHHAIBHBIX Pa0OT MO OTJEIBLHBIM BOINpPOCaM JaHHOW 00JacTH
3HAHUS.

2. MecTo nucuuiuiaabl B ctpykrype OOII

HNucunminna «®u3nka MNONYNPOBOAHUKOBY» OTHOCHUTCS K  MOJIYIIO
[TomynpoBogHuk U AudIEeKTpUku broka 1 «/lucuumimHeyy 4YacTd y4eOHOTO
miaHa, GopMUpyeMOil ydacTHUKaMH 00pa30BaTEIbHBIX OTHOIICHUH.

JlucuuiuinHa u3y4aerca BO 2 CEMECTpE M HMEET JIOTUYECKUE U
COJICPKATEIIbHO-METOJIMYECKUE  B3aMMOCBSA3M CO  BCEMH  JUCHUIUIMHAMU
npodeccruonanbHbIx MoayJe OOIL. [ ocBoeHUS TUCHUIUIMHBI OT CITyliaTene
TpeOyIOTCSI TIpenBapuUTENbHbIE 3HAHMS W HABBIKM M3 KYypCOB HaIpaBlIEHUS
MOATOTOBKM  OakanaBpuata. JucrumiaumHa  «®Pus3uka  MOJYIPOBOJAHUKOBY
oOecrieynBaeT  W3y4YeHUE  JUCHMIUIMH  «TBepmoTenbHass  DIIEKTPOHUKAY,

«CrneuuanbHbI PU3NYECKUI TPAKTUKYM-2).

3. O0beM JUCHMILIMHBI: 3 3a4CTHRIX equHHUIIBI, 108 akageMHYecKrX 4acoB,
B TOM 4YHCJIe€.

KOHTAKTHAasl ayauTopHas padora: sekiuu 30 YacoB, MPAKTUUECKHE
3aHATHs 15 gacos;

caMocTosiTe/IbHas padora: 63 yaca, B TOM 4HUCJI€ KOHTPOJIb 27 4acoB.



4. Ilnanupyemble  pe3yjbTarTbl O0Oy4YeHHUs] 10  JHCHHMILIMHE,

COOTHECEHHBIC C INIAHUPYEMBIMHU peE3yjbTaTaMU OCBOCHHUA Oﬁpa3OBaTeJILHOI71

NMPOrpamMmblI
[TnaHupyemble pe3ysibTaThl OCBOCHUS [Tnanupyembie pe3ynbTaThl 00yUCHHUS 110
00pa3oBaTeNbHON MPOTPAMMBI TUCIIUILTAHE

(popmupyembie KOMIIETCHITHH )

ITK-3. Cnocoben obecrieunts | [1K-3.2 AHanusupyeT uHOpPMAIMIO O KadyecTBe
(GYHKIIMOHUPOBAHHUE PAUOAIEKTPOHHBIX | (PYHKIIMOHUPOBAHUS PaaNO3JIEKTPOHHBIX
KOMILJIEKCOB KOMIUIEKCOB, ~ BHOCUT  MPEIJIOKEHHUS IO

YIAYYIICHUIO 3KCILTYyaTallMOHHBIX XapaKTEPHCTUK
Pauo3IEKTPOHHBIX KOMIUIEKCOB,;

[1K-3.3. opranu3yeT © TPOBOJAUT PEMOHT
PaMO3IEKTPOHHBIX KOMIUIEKCOB M MX COCTaBHBIX
4acTeu.

5. ®opma NpoOMeKYTOYHOM ATTECTALMM M CEMECTP MPOXO0KIACHUS

JK3aMEH BO 2 CEMECTPE

6. SI3bIKk MpenoJaBaHusi: PyCCKUH.



1. Copnep:xanne

AUCHUIIJINHBI,

CTPYKTYPHPOBAaHHOE

nmo TeMaM

(pa3zleJ1aM) C YKa3aHHuEM OTBCIACHHOI'0 Ha HUX KOJUYECTBA aKAACMHUYCCKUX

YacoB U BU/I0B YUeOHBIX 3aHSITHIA.

1.ln1s1 cTyAeHTOB 04HOI (popmMBbI 00yUeHUSsI

YueOHas mporpamma —
HAaMMEHOBAHHE Pa3/ICJIOB U TEM

Bcero
(dac.)

KonrakTtHas pabora (dac.)

Camocros
TeNbHas
pabora, B
TOM YHCIIE
KonTtpons
(uac.)

Jlexuu [TpakTu

€CKUEC 3aHATHUA

BCErO | B
111

BCETO B T.4.

11

T.4.

1. OcHoBbI  30HHOM
110JIyIIPOBOTHUKOB
YpaBHeHue Mlpenuurepa  ans
KpUcTaLa. Anunabartnyeckoe
npuommkeHre.  OJHOANEKTPOHHOE
npubmpkenue. [lepuoauueckoe nosne
u oreparop TPaHCIIALMH.
[TpubmokeHre  CHIbHOCBS3aHHBIX
aMeKTpoHOB. OOpa3oBaHUE 30HHOM
CTPYKTYpbl. Ymucrno cocrosHuil B
paspemieHHo 30He. KBazummmynbe
ANIEKTPOHA. 30HbI bpuiumosHa. 3akoH
JUCIIEPCHH. N3o3HepreTnyeckue
HOBEPXHOCTH. D(P(PeKTUBHA MAaCCHI.
Biisinue BHENIHMX MOJIEH HA CHEKTP
SHEPIUU KPHCTAJUIOB.
Jloxann3oBaHHbIE COCTOSIHUSI.
OnemMeHTapHas TEOpHs HNPUMECHBIX
COCTOSIHHH. IToBepxHOCTHBIE
SIBJICHHUSL. 30HHas CTpYKTypa
HEKOTOPBIX TIOJTYIIPOBO/THUKOB.
ITonsiTne 0 KBa3uyacTHLIAX.

TeOpUH

7 3

2 CraTHCTHKa JJIEKTPOHOB M
JABIPOK B MOJIYIIPOBOAHUKAX

[T1OTHOCT KBAHTOBBIX ~COCTOSTHHIA.
OyHKIMSA pacripeniesieHus
OJIEKTPOHOB ~ TI0  DHEPIeTHYECKUM
coctostHsIM ~ (pynkims  Depmu-
Hupaka). KoHtieHTparys 371eKTpOHOB
B TIOJYNPOBOIHHUKE, COJEpIKalleM
JIOHOPHYIO ~ mipumeck.  MHTerpan
®epmu-/lupaxa. DddexTrBHAT
IUIOTHOCTh ~ COCTOSSHMH B 30HE
POBOIUMOCTH. Konuenrpanms




JBIPOK B IIOJIYIIPOBO/IHUKE,
cozieprKalieM aKLIENTOPHYIO
npuMech. OPQeKTUBHAS TUIOTHOCTh
COCTOSIHUM B  B&ICHTHOM  30HE.
YpaBHEHUE IIEKTPO-HEUTPAILHOCTH.
CreneHb 3aloOJHEHMs IPUMECHBIX
YPOBHEH. CoOCTBEHHBIIH
HOJIYIIPOBOTHUK: COOCTBEHHAsI
KOHLICHTpALUs. HOCUTENIEH 3apsna,
noynoxxeHue  ypoBHsa ®Pepmu B
COOCTBEHHOM HIOJIYIIPOBO/THUKE.
3axoH JICUCTBYIOIINX Macc.
Ilonoxenne ypoBHa Depmu U
KOHIIEHTpaLlUsl HOCUTENel 3apsia B
HEBBIPOXKIECHHBIX HPUMECHBIX
HOJIYIPOBOTHUKAX (TIPUMECh OJJHOIO
BUJIA). [onynpoBoaHUK,
COIEpXKAIMI  AKLENTOPHYKD U
JIOHOPHYIO IPUMECH, -
KOMITEHCHPOBAHHBIN
HOJIYIIPOBOTHHUK. BeiposkieHHbIi
NOJTYNpOBOHUK. [ IpumecHast 30Ha.

3. KunHernueckue siBjIeHHUS B
TI0JIyIIPOBOIHUKAX

HepasHoBecHas byHKUIMSA
pacripe/iesIeHusI. Kunernueckoe
ypaBHeHue bosbnmana.  [loneBoit
YieH KHUHETMYECKOIO YpaBHEHUSL
WNurerpan CTOJIKHOBEHUIA.
W3meneHne pyHKIMU pactipeiesIeHus
B pe3yJibTaTe MPOIIECCOB PACCESTHUS
IOCIIE  TPEKpAILEHUs]  BHEIIHETO
BO3ACHCTBUS. Bpems penakcaiyu.
OOImee KHHETUYECKOE YypaBHEHHE

TUTISt CTaIlMOHAPHOTO ciTyyasl.
Kunernueckue K02(hHUTIEHTHI.
ONeKTpOIPOBOAHOCTh
TIOJTyIIPOBOTHUKOB. [ 1O/BIKHOCTH
HOCHUTENEN 3apsza. VY nenbHas
ANIEKTPOIIPOBOTHOCTb.
["anbBaHOMArHUTHBIE 3 eKTHI:
apdext Xomna,
MarHUTOPE3UCTUBHBIN a3 dexkT.
TennornpoBoIHOCTh

MOJIYITIPOBOAHHKOB. I[Ba MCXaHU3Ma
MEPEHOCa TCIUIA B IMOJYIIPOBOJHUKAX.
TCH.TIOHpOBOI[HOCTB, O6YCJ'IOBJ'ICHHa}I

OJTHUM TUTIOM HOCHTETIEM.
TeronpoBOIHOCTE IIPU  HAJIMYUH
IIEKTPOHOB u JIBIPOK B
IIOJTYIIPOBOTHUKAX.

TepmosnekTpuyeckue SIBJICHUSL:

10




apdexter  3eebeka, Ilenbthe U
TomMcoHa. DneKTpOABIKYIIAS CHJIa
npu HAJTUYUHI rpajiMeHTa
temriepatypel.  OOmmit  aHamM3
KHUHETUYECKUX SIBJIICHUIA.

4. Teopusi paccesiHusi HOCHTeJIeH
3apsiia

Paccesnne  Hocurenelt  3apspa.
Db GheKTUBHOE CEUCHUE PpACCESHHUS.
BepositHocth  paccessHus. CBsi3b
BpEMEHU penaKcaryn c
3¢ dEeKTUBHBIM ceueHneM. Bpemsi u
JUTMHA CBOOONIHOTO mpobera. THIibl
IIEHTPOB paccestHus. P PEKTUBHBIE
CCUCHMS  pacCcesHus W JUIMHBI
CBOOOMHOrO  mpobera  HoOCHTENEH
3apsiga  UIA pa3iMuHBIX  THTIOB
LEHTPOB paccesiHus. Paccesnue Ha
MoHax mnpumecH. Paccesnue Ha
HEUTpaJIbHBIX IIeHTpax. PaccesiHue Ha
TEIUIOBBIX KOJIEOAHUSIX PEILIETKU.

DK3aMeH

27

27

HUTOI'O:

108 30

15 63

I11. O6pa3oBaTeibHbIE TEXHOJIOTHHU

VYuebHas mporpammax-
HaVMEHOBAHUE Pa3/IeNoB U
TEM (6 cmpozom
coomeemcmeuu ¢ paz0enom

Bun 3anatusa

OO6pazoBarenbHbIe
TEXHOJIOTUU

Il PIT]])
1. OcHoBbl 30HHOI Teopuu | Jlexyuu, npakmuyeckue | 1.HU3nodxcenue
110JIyIPOBOTHUKOB 3anamus meopemu4ecko2o Mamepuand
VYpasuenue [penunrepa s (npezenmayus)
Kpuctama.  AnmabaTHdecKoe 2.Pewenue 3a0au
NpUOIMKEHNE. OnHo- 3.CamocmoamenvHoe
SJIEKTPOHHOE  MPUOIIMKEHHE. uzyueHue  meopemuieckKo2o
Ilepoguueckoe  mone Mamepuana
oreparop TPAHCIISILIUH. 4. AxkmusHoe crywanue.
[Tpubnmxenve

CHJIbHOCBSI3aHHBIX JIEKTPOHOB.
O6pazoBanue 30HHOU
CTPYKTYpbL. UHCIO COCTOSAHUI
B paspeleHHoN 30HE.
KBasunmmysse JIEKTPOHA.
3oubl  bpun-mosHa.  3akoH
JCTIEPCHH. N3osnHepreTu-
YecKHe MOBEPXHOCTH.
DddextuBHas Macchl. Biusiare
BHEIIHUX TOJIEH HAa CIHEKTP




SHEPIUU KPUCTAJLIOB.
Jlokanu30BaHHBIE  COCTOSIHUSL.
OnemeHTapHas TEOpUsl
IPUMECHBIX COCTOSTHHH.
IloBepxHOCTHBIE SBJICHUSL.

30HHas CTPYKTypa HEKOTOPBIX
IOJIYIPOBOIHUKOB. [loHsATHE O
KBa3M-4aCTHLIAX.

2 CraTucTuka JIEKTPOHOB H
JABIPOK B MOJIYNPOBOAHUKAX
IInotHOCTH KBAHTOBBIX
COCTOSIHHUIA. DyHKIMA
pacnpeneneHys MEKTPOHOB 110
SHEPreTUYEeCKUM  COCTOSIHHUSM
(byHKIHIS ®epmu-/lupaxa).
KoHIieHTpatusi 3MeKTpoOHOB B
TIOJTYTIPOBOJTHHKE,
coiepKariemM JOHOPHYIO
npumeck. Wuterpan  ®depmu-
Hupaka. OddexTuBHas
IUIOTHOCTb COC-TOSIHUM B 30HE
npoBoarMocTd. KoHieHTparms
IBIPOK B TOJIYIIPOBOJHHUKE,
cofiepKallieM  akKIEeNnTOPHYIO
MIPUMECH. Db dexTurHAsT
IUIOTHOCTHh ~ COCTOSIHUH B
BAJICHTHOM 30HE. YpaBHEHHE
ANEKTPO-HEUTPATBHOCTH.
Crenenp 3aI10JIHEHUS
MPUMECHBIX YPOBHEH.
CoOcTBeHHBII
TIOJTYTIPOBOTHUK: COOCTBEHHAS
KOHIICHTPALUs HOCHUTENEN
3apsiga, TOJIOKEHHWE — YPOBHS
depmu B COOCTBEHHOM
TIOJTYTIPOBO/THHKE. 3akoH
JIEUCTBYIOIIMX Macc.
Ilonoxenue ypoBHs Pepmu u
KOHILIEHTpALUs HOcHUTENEen
3apsila B HEBBIPOXKICHHBIX
MPUMECHBIX MOTYITPOBOAHUKAX
(mpumech ~ OAHOTO  BUJA).
[omynpoBOTHUK, COmepKalHii
aKIENTOPHYI0 ¥ JOHOPHYIO
MIPUMECH, —
KOMITEHCHPOBAHHBIN
MOJTYTIPOBOTHHK.
BriposkieHHbI
MOJTYTIPOBOTHHK.
30Ha.

[IpumecHas

Jlexyuu,
B3AHAMUSL

npakmuiecxKue

1.13znooicenue
meopemuyecko2o mamepuaid
(npeszenmayusi)

2.Pewienue 3a0au
3.Camocmosmenvroe
usyueHue - meopemuiecKoco
Mamepuana

4. AkmuesHoe ciyuiaHue.

3. Kuneruyeckue siBjieHUs B
M0JIy-TIPOBOTHUKAX

Jlexyuu,
S3AHAMUSL

npakmudecxKkue

1. Mznooxcenue
meopemuyecko20 mMamepuaid




HepaBHosecHast byHKIS
pactipenenenus. Kunernueckoe
YpaBHEHHE bonbrvana.
[ToneBoi 4JieH KMHETHYECKOTO
YpaBHEHUS. Wurerpan
CTOJIKHOBEHUI. N3menenune

(GYHKIMU  pacnipefieNieHus] B
pe3yJibTaTe MIPOIIECCOB
paccesiHus 1ocye MpeKpaIieHust
BHEIIIHETO BO3ACHCTBUS. Bpems

peraKcaryu. Oomree
KUHETHYECKOE ypaBHEHHE JUIS
CTaIlMOHAPHOTO CITy4asi.
Kunernueckue

K03 PUIMEHTBI.
DNeKTPONPOBOIHOCTD
TIOJTYTIPOBOTHAKOB.
[TonBrAKHOCTD HOCHUTENEN
3apsia. Y nenbHas
AIIEKTPOIPOBOTHOCTb.
["anbBaHOMarHUTHBIE APPEKTHI:
ekt Xormna,
MarHUTOPE3UCTUBHBINA 3(DDEKT.
TennornpoBoIHOCTh
TMOJTYTIPOBOTHUKOB. JBa
MEXaHU3Ma IIepeHoca Telvia B
MOJTYIIPOBOTHUKAX.
TennonpoBoIHOCTb,

00yclOB/IeHHas OJAHUM THUIIOM
HOCHUTEJIEM.

TernonpoBoJHOCTH IIpH
HAJIMYUH SJIEKTPOHOB ¥ JIBIPOK
B HOJTYIPOBOTHHKAX.
TepMOdIEKTpUYECKUE SBIICHUSL:
adextor 3ecbOeka, [lenpThe U
ToMcoHa. DNEKTPOIBIKYIIAS
CWia NpHM HAJIMYUM TpaJueHTa
temneparypbl. OOmmii aHanmm3

(npezenmayus)

2.Peuwtenue 3aoau
3.Camocmosmenvroe
usyueHue - MeopemuiecKo2o
Mamepuana

4. Akmusnoe ciyuianue.

KUHETUYECKHX SIBJICHUH.

4. Teopusi  paccestnus | Jlekyuu, npakmuyeckue | 1.HU3nodxcenue

HOCHTeJIeH 3apsa 3anamus meopemuyecko2o mamepuana
Paccessnrie HOcuTenel 3apsija. (npezenmayus)

DddexTuBHOE CEUEeHUE 2.Pewenue 3a0au

paccesHusL. BeposTHocTh 3.CamocmosmenvHoe

paccesHus.  CBsi3b  BpeMeHHU
penakcai ¢ 3PPEKTUBHBIM
ceueHueM. Bpems u jumHa

cBobogHOoro mpodera. Tumbl
LIEHTPOB paccestHusL.
O dexTrBHbIE CEUEHHMSI
paccesHus U JUTUHBI
CBOOOTHOTO npobera

usyuenue
Mamepuana
4. AxmusHoe crywanue.

meopemu4eckoco




HOCHUTEJIeH 3apsna JUTS
pPa3IMUHBIX THUIIOB  LIEHTPOB
paccesHus.  PaccesHue — Ha
MoHax InpuMmecu. PaccesHue Ha

HEUTPAIBHBIX LIEHTpax.
Paccesnne  Ha  TeroBBIX
KOJICOQHUSIX PEIICTKH.

IV. OuneHnouynble MaTepuadbl /AJsi NpPOBeleHHsT TeKyled u
NMPOMeKYTOUYHOI aTTecTaluu

Dopma nposedeHuUsi NPOMENCYMOYH020 KOHMPOJs: CTYIAEHThI, OCBOUBIINE
nporpammy Kypca « Ou3uka noiayrnpoBOJIHUKOBY» MOTYT CAATh IK3aMEH IO UTOTraM
CEMECTPOBOM aTTecTanuu cornacHo «I1omokeHno 0 IpOMEKYyTOYHOM aTTeCTalun
(9K3aMeHax W 3ayeTax) OoOydYaromuxcsl Mo MporpaMmam BBICIIETO0 00pa3oBaHUS
TBI'Y» (mpotokon Nell ot 28 anpens 2021 1.).

JlJ1s1 mpoBeieHUs TeKyleil U MPOMeKYTOUHOM aTTeCTAIlUM:
[IK-3. Cnocoben oOecrneuyuTh  (QPYHKIIMOHHUPOBAHUE  PATUODICKTPOHHBIX
KOMILJIEKCOB:
[IK-3.2  Anamusupyer wuHbopmamuio o0 KadecTBe  (YHKIIMOHUPOBAHUS
PAINOdJIEKTPOHHBIX  KOMIUIEKCOB, BHOCUT TMPEUIOKEHUS 10  YIyUYIIECHHUIO
AKCILTYyaTaIllMOHHBIX XapaKTePUCTUK PATHOITICKTPOHHBIX KOMIUICKCOB;
[1K-3.3. Opranusyer ¥ TPOBOJUT PEMOHT PAJMOIICKTPOHHBIX KOMIUIEKCOB U UX
COCTaBHBIX 4aCTEM.

3apanue: Pemenne 3amau
1 Cuwurasi, 4TO paccesHUE€ MPOUCXOIUT Ha AKYCTUYECKUX KOJICOAHUSAX, HAUTH

sBeanuuny Tepmo OJIC repmanus p-tuma, coxepxkamero 6-10%° oM
akuenTopos, mpu T=200K, ecu Ts=32K, Ti=400K. CuutaTs. Uro my*=0,7/me.
2 Haiitu yron Xomna ana repmanus npu 7=30 K B marautHom nosne B=3 Tux,
ecnu 1/ i, =1,5-10 B-c/em?,
Cnoco0 aTrecTanmyy. MMCbEMEHHBIN

Kpurepuu onenku:

perIeHue MoJHO U BEpHO —3 Oaiina;



pellleHne BEepHOE, HO HEAOCTAaTOYHO OOOCHOBAaHHOE WJIM JOIyIleHa
apumernyeckas omuodka —2 6amna;

B PEIICHUH JIOMYIIEHa JJoru4eckas ommoka —1 oa;

pelIeHre OTCYTCTBYET Wi HeBepHO —0 OaIoB.

V. VY4eOHO-MeTOAUHYeCKOe M  HH(OpPMAIMOHHOE  olecledyeHue
TUCHUNITIHHBI

1) PexoMmennyemas iureparypa

a) OCHOBHAs JIUTEpaTypa:

1. anumosa, K. B. ®usuka mnomynpoBonHukoB : yueOnuk / K. B.
[[TamumoBa. — 4-e usn., crep. — Cankt-IlerepOypr : Jlanp, 2022. — 384 c. —
ISBN 978-5-8114-0922-8. — TekcT: snekTpoHHbIM // JlaHb : 3JIE€KTPOHHO-
oubmuoreunas cucrema. — URL.: https://e.lanbook.com/book/210524

2. BBenenue B Teopuio MONyIPOBOJHUKOB [DIEKTPOHHBIN pecypc] / A.
N. AucensMm; AncensMm A. U. - 4-e uzn., crep. - Cankr-IletepOypr : Jlans, 2022. -
624 c. - lonymeno Hayuno-meTonuyeckum coBeToM 1o (pusuke MuHucTepcTBa
oOpaszoBanust U Hayku Poccuiickoii @enepaiun B KadecTBe y4eOHOTo nocoOus st
CTYJ€HTOB BBICHIMX Y4Y€OHBIX 3aBEACHUH, OOy4YaloIUXCi MO (PU3MYECKHM H
TEXHUYECKUM HaIlpaBJICHUSIM U CIELUAIBbHOCTIM -
https://e.lanbook.com/book/212255

0) omoTHUTEIbHAS IUTEepaTypa

1. Jleroctaes, H.C. TBepuoTenpHas 3JEKTpOHUKA : yuyeOHOe mocodue /
H.C. Jleroctaes, K.B. UerBepros. - Tomck : Omb Konrent, 2011. - 244 c. - ISBN
978-5-4332-0021-0 ; To xe  [DOnexktpoHHbld  pecypc]. -  URL:
http://biblioclub.ru/index.php?page=book&id=208951

2. JleroctaeB, H.C. TBepmoTenbHass 3JIEKTPOHHMKA : METOJAMYECKHUE
ykazanusa / H.C. JlerocraeB, K.B. UerBeproB. - Tomck : Tomckuii
rOCYJJapCTBEHHBIN YHUBEPCUTET CUCTEM YIPABIEHUS U PaaUO’NEKTPOHUKH, 2012.
- 51 c. - ISBN 978-5-4332-0030-2 ; To e [Dnextponnsiii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=208948

2) IIporpamMHoOe obecrieueHue



Kaspersky Endpoint Security 10 mist Windows

Adobe Acrobat Reader

Google Chrome

Notepad++

MuorodynkunonansHbii penakTop ONLYOFFICE

OpenOffice

3) CoBpemennbie ipodeccronanbubie 0a3bl JAHHBIX U WH()OPMAITMOHHBIS

CIIPAaBOYHBIC CUCTCMBI

1.DBC«ZNANIUM.COM)» www.znanium.com;

2.9BC «YHuBepcuterckas oubianoTeka onnaiayhttps://biblioclub.ru/;

3.9bC «Jlanb» http://e.lanbook.com

4) IlepeueHb pecypcoB HUH(MOPMAIMOHHO-TEIEKOMMYHUKAIMOHHON CETH
«aTepHEeT», HEOOXOIMMBIX U1 OCBOCHHSI JUCIIUILTHHEI

1) xypHan «®usuka TBepAoro Tenay http://journals.ioffe.ru/journals/1

2) http://physics.info/dielectrics/

4) cpoiicTBa MatepuaioB http://materials.springer.com/

V1. Meroauyeckue marepuajibl s O0y4alOUIUXCH IO OCBOEHUIO
TUCHUNITIHHBI

MeTtoaudecke peKOMEHIalMHU TI0 PEIICHUIO 3a1a9

[. OcHOBBI 30HHOI TEOPUU MOTYTPOBOTHUKOB

CranmoHapHOE COCTOSIHHE YacTHIl KPHCTasla OIMUCHIBACTCS ypaBHEHUEM

[Ipenuurepa:

Hw - Ew : (1.1)

AN
I'me H — ramuiIbTOHHMAH cHCTeMBl, E — CcOOCTBEHHBIC 3HA4YCHUS

raMuwibTOHHUAHA (CYTh — DHEPrus), ¥ — BoJHOBass (PyHKIMsA. JlJis 3JIEKTPOHOB B
NEPUOANYECKOM  T0JIE  KPUCTAUIMYECKOW  pEeIIeTKH  BoJHOBas  (QyHKUUs

onpenensieTcss dyHkuuen (wim BoiaHoi) bioxa:

¥, (r)=e*U, (r) . (1.2)


http://www.znanium.com/

3nech U — moTeHIMAaIbHAS YHEPTHS AIIEKTPOHOB, K — BOTHOBOI BekTOp, I' —
paanyc-BEKTOp AJIEKTPOHA B KPUCTAJLIE.

JIist IpocTOil KyOMYeCKOM pelIeTKH YHEPrus JIEKTPOHa B MEPUOANUECKOM
10JIE KPUCTAJIa UMEET BH/L

E =E, +C+2A(cos(k,a) +cos(k,a) + cos(k,a)), (1.3)

rae E, — ypoBeHb 3HEpruu M30i1MpoBaHHOIO atoma, C — CMEIIEHHE 3TOro
YPOBHSI B pe3yJIbTaTe B3aUMOJICHCTBUS aTOMOB KPUCTAJNIMYECKOW peleTkd, A —
OOMEHHBII UHTETPaJL; a YypaBHEHUE U309HEPIreTUUECKON TOBEPXHOCTH
2
E(p) = E(po)+ 2P (14)
2m*
I7I€ p — KBa3UUMITYJIbC AJIEKTPOHA, Mi* — TEH30p (P PEKTUBHON MACCHI:

1 1 1

- = = . 15
n? 0%E Jok;  6%E/op? (13)

mi*

Jns KpPUCTAJIOB, o0nagaronmx KyOudeckoi CUMMETpUEUN

mi*=my*=mz*=m>*,

II. Cratuctrka 31€KTPOHOB U JIBIPOK B MOJTYIIPOBOJTHUKE
JIns onmcaHusl 3JMEKTPOHOB B IOJIYIIPOBOJHUKE IMPUMEHSETCS CTATHUCTUKA
®epmu. 115 BBIPOKIAECHHOTO MOJTYIPOBOAHUKA, BEPOSATHOCTH TOT'O, YTO KBAHTOBOE

COCTOSIHUE C DHEPTHEN E B 30HE MPOBOAMMOCTH 3aHATO 3JIEKTPOHOM

1
fn ~ exp(E — F/kT) +1 (2.1)
WJIY JBIPKOW B BaJICHTHOW 30HE
1
f,=1- (2.2)

f. =

; .
exp(—(E — F/KT)) +1
B CJIydac HCBBIPOKACHHOI'O IOJYIIPOBOJHUKA HCIIOJB3YCTCA KIIACCHUYCCKaA

CTAaTUCTHUKA BOJIBI_IMaHa, TOrga MOXXHO 3alucartb AJId 3JICKTPOHOB HIIM JOBIPOK

COOTBCTCTBCHHO:



F-E
fn = eXp(?)

fy exp(— E) |
KT

KOHHCHTpaIII/II/I QJICKTPOHOB B 30HC IIPOBOAMMOCTH H JOBIPOK B

(2.3)

BAJICHTHOW 30HE IPU OTCYTCTBUM BBIPOKICHHUS PABHBI

Ny = N¢ exp(F *)

) 2.4
Po = Ny exp(-— Eg *—F *) (2.4)
rac
* /
NC = %(ZﬂmnkT)S
T @5
NV = h—3(27lfnka)3
I[JBI BBIpO)KI[eHHBIX HOHprOBOI[HI/IKOB:
N = 4”(Zm kT)3 o (F%)
h® (2.6)
. .
P = h’;( kTS 2 Ry (-Bg*-F)

3/1eCh:

-E
—— =€ (EC — MUHHMAabHas

e F* — npusenennslii ypoBenbs Mepmu: F* = T

SHEPIUsl AIEKTPOHA B 30HE MPOBOJUMOCTH),

. Ec -E
e Ey* — npuBeneHHas MMpHHA 3a0pPELIEHHON 30HBLI EQ* = % (Ev -
MaKCHUMaJbHasi SHEPTUs JIEKTPOHA B BAJIGHTHON 30HE),
o Fin(...) — UHTErpanl ®epmu MIOJIOBUHHOTO WHJIEKCa:
- T e 2 g
Fr/2(F*) = j ——
01+ exp(e*—F%*)
o o E-Ec
kT

I[JI?I KOHICHTPpAaIKU HOCHUTEJICH B IMOJIYIPOBOAHUKC BBIINIOJIHACTCA 3aKOH

JIEUCTBYIOIINX MAacC

E
ni2 =NgPy =+/Nc Ny exp(——gj (2.7)

2kT



I7Ie Nj — COOCTBEHHAsI KOHIICHTPAITHSI.

[[InpuHa 3anpeneHHoN 30Hbl 3aBUCUT OT TEMIIEPATYPHI IO 3aKOHY:
Eg(T)=Eg(T =0)—aT . (2.8)

Ouepruss ®epmu (wm nonoxenue ypoBHs Depmu) onpenensercs

CJIETYIOITUM 00pa3oM:

Ec +E N
e I COOCTBEHHOTO HOTYIPOBOIHHUKA: F = —C er v —SZT In mi‘ : (2.9)
Mp
. IUISL IOHOPHOTO TTOJTYTIIPOBOTHHKA:
o E E N
ciryyait Hu3kux temreparyp (T — 0):F = EcTEd +k—TIn—OI , (2.10)
2 2 2N
Ng
TEeMIIEPaTypbl UCTOIICHUS NpUMecH: F = Ec +kT InN— , (2.11)
C

L AJI1 aKOCIITOPHOI'O IIOJYIIPOBOIHUKA:

_Ea+Ey KT, N,

ciydyail Huszkux Temmeparyp T —0: F
2 2 2Ny

(2.12)

N
TEMIIEPATYPhI UCTOLIECHUS TpuMech: F = Ey —kT InN—a : (2.14)
Vv

Temneparypa HachlllleHUs, NPU KOTOpou ypoBeHb depmu coBmagaer ¢
YPOBHEM JIOHOPHOH (WJIM aKLIENTOPHOM ) IPUMECH:
Ec -E
Tg=—9C6_—d (2.15)
kin(Nc /Ng)
Temneparypa, pyu KOTOPOH HACTYMAET COOCTBEHHAs! TPOBOJUMOCTH:

Eg

Ti = 5 - (2.16)
kIn{NcNy /2N2 ]
III. Kunetnueckure sIBIEHUS B MOJYIIPOBOIHUKAX
K kuHeTMYecKkMM  SABJICHHUSM  OTHOCATCS: AJIEKTPONPOBOJAHOCTb,

TEIJIONPOBOAHOCTD, TEPMOIJIEKTPUUECKHE SIBJICHUS, IaJIbBAHOMAarHUTHBIE SIBJICHUS
(@ dext Xomia 1 MarHUTOPE3UCTUBHBIN 3(PPEKT), TEPMOMArHUTHBIE SABJICHHUS.

YI[CJ'H)HaH SJICKTPOIPOBOJHOCTD ITOJYIIPOBOJHUKOB OIIPCACIIACTCS



c=0y+0p , (3.1)

rmae
o =enuy,
& " (3.2)
Op =EPHp
— 3JIEKTPOHHAS U IBIPOYHAs AJIEKTPOIPOBOIHOCTh COOTBETCTBEHHO, a
_e(te)
n— m* '
" (3.3)
e(th)
H p - *
Mp

— UX JApei(oBbIC TOJABUKHOCTH.

Oddexr Xomma 3akiaoyaeTcss B TOM, YTO B IPOBOJHHUKE C TOKOM,
MMOMEIIIEHHOM B MarHuTHoe noJje, nossiisitores JJ1C, u, Kak ciecTBUe, BO3BHUKAET
JIOTIOJIHUTEIIBHOE JIEKTPUYECKOE T0JIE.

OJ1C Xoiuta paBHa

Pab = RIEh ' (34)

rae j — Tok, B — BEKTOp MarHWTHOrO IOJIS, OTPe30K abll j LB, h=[ab, R

MOCTOSHHAg XO0Juia;

2 2
_ A PHp —Nin

R — 5
€ (pﬂp +nﬂn)2

(3.5)

A — Xonn-¢pakTop, KOTOPBIA 3aBUCUT OT MEXAHU3MOB PACCESHUS HOCUTENS
3apsja.
B cnalbpix MarHUTHBIX MNOMSIX (ISl JIMHEWHOTO MpPHUOJIMKEHUs), KOrnaa
B/lz, jlIx, [ab]/ly, umeem
iy =e(pup +nup By + Aelppd —np2 JBE, = j
Jx =€\Pup +Npp JEx + ACPU — N, PEY =] 36
iy =e JE, — Aelpu? —nu2 JBE, =0’ (3.6)
Jy =e\pup +nup JEy — Aelppy —npy BE, =0
Jlnis onpeneneHus U3MEHEHUs YJIEIbHOIO COMPOTUBIEHUS B MOMEPEYHOM
MarHUTHOM Tiojie  (MarHUTOPE3UCTHBHBIM  3(P(EKT) cleayer  Y4YUThIBaTh
KBaJpaTUuHOE NpuOmkeHue. Toraa Ay U3MEHEHHs yIEIbHOTO CONMPOTHUBICHUS

moJy4acMm Jid IMOJIyIIpOBOAHMKA C OAHHUM THIIOM HOCHUTCIIA!



A7p= A,u,%B2 sin’ o

3.7)
ap_ A,usz sin? &
- p

BHCCB o — YI'oJI MCXKIY BCKTOpaMHU TOKa H MArHUTHOI'O ITOJIA.
3J'ICKTpOHHa$I TCINIONPOBOAHOCTL ITOJYIIPOBOJHHUKOB, MMCIOIIUX ABA THUIIA
HOCHTeHeﬁ, OoIIpCACIIACTCA CIICAYIOIIUM 06p3,30M:

No Pokintp (Eg + 4kT)2

_2K*T
eT(no/Un + poﬂp)

(3.8)

Ke (noﬂn + poﬂp)+

JIJIsi OyNPOBOAHUKOB C OJHUM THUIIOM HOCHUTENIEH MMEET MECTO 3aKOH
Bunemana-®panna:
2
K-‘*:z(hj T, (3.9)
On

3neck k — mocrosaHas bonbiimana.

N3 TepMO3NeKTpUYECKUX SBJICHUM HAWOOJbIIEe MPAKTUYECKOE 3HAUYCHHE
UMEIOT:

1)  Dddekr Ilenpthe. COCTOMT B HArpeBaHWW WIA OXJIKICHUH (B
3aBUCUMOCTH OT HalpaBjeHHUS TOKa) cras JABYX MaTepHalOB IMPU MPOTEKaAaHUU
Yyepe3 Hero MOCTOSTHHOTO TOKa

Qu =1Ijt (3.10)
rae I1 — koaddunuent [lenpThe.

2) Dddekr 3eebeka (TepmoanekTpudeckuii). COCTOMT B BO3HUKHOBEHUU
TepMo-2/JIC (o) B 11€1IH, COCTOSIIEH M3 ABYX PA3IMUHBIX MOJTYIPOBOJHUKOB, MECTA

CITa€B KOTOPBIX HAXOIATCS IIPU PA3JIMYHBIX TEMIIEPATYPAX:

k 1 F F +Eg
= 2—— |- 2 —= .
“ e Nup + Pip {nﬂn[ ij pﬂp( KT H (3.11)

Texylmuii KOHTPOJIb YCIIEBAEMOCTH

[IpoBoaMTCS B BUJI€ KOHTPOJIBHBIX I10 PELIEHUIO 3a1a4.

3) Bonpochl K 3Kk3amMeHy



1. VYpaBuenne Illpenunrepa ans  kpuctamia. AauabaTHUecKoe
NPUOJIMKEHUE.

2. OAHORTEKTPOHHOE MPUOIIHIKEHHE.

3. [TpubnmxeHrne CUIIBHO CBSI3aHHBIX AJIEKTPOHOB.

4.  Yucno cocrosHuil B pazpemieHHOM 30He. KBazummnynbc. 30HBI
bpunrosHa

S. D¢ dexTrBHAT Macca HNEKTPOHA.

6. JIBr>KeHue 3JIeKTpOHA B KPUCTAJUIE O] JAEUCTBUEM 3JIEKTPUUYECKOTO
OIS

7. DJleMeHTapHas TEOPUS IPUMECHBIX COCTOSTHUM.

8. [ToBepXHOCTHBIE ABJICHUS.

Q. KBazuyacTuiibl (MoJIpOH, IKCUTOH)

10. KonueHTpauusi cBOOOJHBIX HOCUTENEN B Pa3pelIEHHbIX 30HAX.

11. VYpaBHeHue AIIEKTPOHEUTPAIBHOCTH. Crenenn 3aIM0JIHEHUS
IIPUMECHBIX YPOBHEM.

12.  VYposens @epmu B COOCTBEHHOM MOJIYIPOBOTHUKE.

13. Tlonoxenue ypoBHa DepMu B JOHOPHOM MOTYIIPOBOIHHKE.

14. Tlonoxenue ypoBHs DepmMu B aKIIENITOPHOM IOITYITPOBOTHUKE.

15. Tlonoxenue ypoBHss depMu B MOJYIMPOBOJHUKE, COAEpIKaIieM o0a
BUJIa TIPUMECH.

16. Kuneruueckoe ypaBHeHue boiabimana.

17. Bpewms penakcauuu.

18. DneKTpompOBOAHOCTH MOITYIPOBOIHUKOB.

19. TasbBaHOMArHUTHBIC SIBJICHUS.

20. TepMOd3JIEKTpUYECKUE SBIICHHUS.

21. Paccesnue HOcuTenel 3apsia HA HOHAX TIPUMECH.

22. Paccesnue HOocuTenel 3apsia Ha TETUIOBBIX KOJICOAHUSIX PEIICTKH.

VIl. MarepuajbHO-TEXHHYECKOE 00ecredeHue

HaumenoBaHue OcHalleHHOCTH IepeyeHb JMLIIEH3MOHHOTO
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