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PABOYASA NPOrPAMMA YYEEHOW OAUCLUUMITUHDI

B1.B.12 NMNonynpoBoaHMKOBbLIE MaTepuanbl U CBEPXNPOBOAHUKU

1. Kog n HaumeHoBaHMe HanpaBneHua nogrotoBku/cneyuanbHocTu: 04.03.02 Xumuna,
dun3mnkKa n MexaHvka maTepuanos

2. Mpodunb noaroToBku/cneuymanusauua: matepmanosegeHme n NHOYCTpus HaHOCUCTEM
3. KBanudwmkauusa BbinyckHukKa: 6akanasp

4. dopma oby4eHuUA: oYHas

5. Kacbegpa, oTBevalowas 3a peanmsauuio gUCUMNNUHBLIL: kKadeapa matepuanoBefeHna u

MHOYCTPUN HAHOCUCTEM

6. CoctaButenm nporpamMmmsbl. UJapOB Mwuxann KoHCTaHTUHOBWY, KaHOMO4AT XUMNYECKUX HayKk,
OOUEHT

7. PekomeHpoBaHa: Hay4yHO-mMeTOOMYECKU COBET XMMMUYECKOro (hakynbTeTa
npotokon Ne 3 ot 19.04.2022

ommemKu o NpodrieHUU 8HOCSIMCS 8PYYHYIO)

8. YuebHbIn roa: 2024-2025 CemecTp(bl): 6



9.lenu n 3agaum y4eb6HOM AUNCLUNIINHDI:

M3yyeHne coBpeMeHHbIX NpeLCTaBrneHn 0 husmke CBepPXnNpPoBOANMOCTU, O 30HHON
CTPYKTYype MnonynpoBOLAHUKOB, UX 3NEKTPUYECKNX U OMTUYECKNX CBOMCTBAX.

10. MecTo y4ye6HOM ancumMnnunHbl B cTpykType OOIT:
B1. YacTtb, hopmupyemas y4acTtHukamm obpasoBaTesibHbIX OTHOLLEHWMN.
[ns ycnewHoOro OCBOEHWA AAaHHOW OUCUUNIIVHBI, CTYAEHT LOSMKEH npeaBapUTenbHO

n3yuntb  cnegywowme  gucumnnuHel:  Matematuka; ®wusuka; CTpykTypHas xumus U
Kpuctannoxmmus;. [JaHHas gucuunnvHa sBnsieTca npeawecTtBylowen Ansg  OUCUMMINHE
MaTepunanoBseneHue; HaHomaTepuanbl; Matepuanbl  Ons 9NEKTPOHHOWM  TEXHWKW,

nepCI'IeKTI/IBHbIe beHKLI,VIOHaJ'IbeIe mMartepumarnbl.

11. MnaHupyeMble pe3ynbTaTbl OOYYEeHUA MO AUcCUUNIIMHEe/MOAYNO (3HAHUSA, YMeHus,
HaBbIKM), COOTHECEHHbIE C NNaHUpyeMbIMU pe3yribTaTaMu OCBOEHUSA ob6pa3oBaTesfibHOM
nporpamMmmbl (KOMAETEHLMAMU) U UHAUKATOPAMMN UX AOCTUKEHUS:

Kon HaseaHue Koga(bl) WHpmnkaTtop(bl) MnaHnpyemble pesynbTaTbl 00y4eHUus
KoMMneTeHumnn
MK-2 | CnocobeH MK-2.1 | CnocobeH 3HaTb: OcHoBHble MeToAbl CUHTE3a
MCnonb3oBaTb 3HaHUSA BbIOUpaThb NonynpoBOAHUKOBbIX n CBEPXMNPOBOAALLNX
0 MeTodax CUHTe3a U MeTOoAbl CUHTEe3a | MaTepuarioB, B TOM Yucne HaHoMaTepuarnos.
CBOWCTBax mMaTepunanos
mMaTepuanosB pasnn4Horo YmeTb: MpUMeHsITb 3HaHUSE CMEXHbIX AUCLUMNIINH
pasnnMyHoro HasHa4yeHus (B PU3MKN M XUMUW 4151 TOMCKA U CO34aHUS HOBbIX
Ha3HayeHuss, B TOM TOM Yucne NonynpoBOAHUKOBbIX n CBEPXMNPOBOASALLNX
yucne HaHoMaTepuarnoB | maTepuaroB, a Takke HaHoOMaTepuanos.
HaHoMaTepuanos, Ans ) B COOTBETCTBUU
peLueHus C NoCTaBMNEHHOM Bnagetb: HaBbikamn Hay4yHO-0G0OCHOBAHHOMO
npodeccnoHanbHbIX 3aga4en BblOOpa METOO0B CMHTE3a MaTepuarnos
3agav MK-2.2
CnocobeH 3HaTb: B3anmocBA3b TuUna XMMUYECKOW CBA3WN,
ncnonb3oBaTb KpUCTannu4yeckom CTPYKTYpbl, MUKPOCTPYKTYpbI
3HaHu4 o W 30HHOW  CTPYKTYpbI coO  cBowWcTBaMu
cBouncTBax NonynpoBOAHUKOBbIX n CBEPXMNPOBOASALLNX
mMaTepuanoB Ans | maTtepuaros.
peLleHns
KOHKPETHbIX YMeTb: MNMpuMeHaTb TeopeTUveckme 3HaHus Ansi
npodeccnoHarnbH | peleHns NpaKTUYEeCKNX 3apay
bIX 3aga4 NonynpoBOAHNKOBOIO MaTepuanoBeaeHus,
TEexXHonormm NonynpoBOAHMKOBbIX "
CBEpPXMPOBOASALLMX MaTepuarnoB, B TOM 4uUcrne
HaHOMaTepunanos.
Bnagetb: HaBblkamu  unccnegoBaHUsi CBOWCTB
MonynpoOBOAHUKOBBIX n CBEPXNPOBOAALLNX
MaTepuarnoB, a Takke HaHOMaTepuanos.

12. O6bemM gucUMNNnHbLI B 3a4eTHbIX eauHuuax/yac — 3/108

dopma NPOMEeXYTOYHOM aTTecTauumn — 3a4er.

13. TpyaoeMKocTb NO BMAaM y4ebHon paboTbl

Bug yuebHow paboTbl

TpynoemMkocTb

Mo cemecTpam




Bcero
Ne cemecTpa
6

Ne cemecTpa

KoHTakTHas paboTa

B TOM Yucne:

nekumm

54 54

npakTn4yeckne

54 54

nabopatopHble

KypcoBasi paboTta

CamocTtosTensHasi paborta

MpomexyToyHag aTTecTaumns

NToro:

108 108

13.1. CopepxaHme AUCLMUNIIUHLI

n/n

HaumeHoBaHuve pasgena
ONCLUNIUHBI

CopepxaHve pasgena aMcunnimHbl

Peanusauusa pasgena
AVCLUMIMHBI C MOMOLLBIO
OHNaviH-kypca, YMK *

1

. Jlekunn

1.1

dusunka
nonyn pOBOp,HI/IKOBbIe MaTepVIaJ'IbI

1.2

1.3

1.4

15

1.6

1.7

nonynposoaHUKOB

n

BeegeHve B hn3nky nonynpoBOAHMKOB.
Knaccudpukauma  Bewects N0 yAEnbHON
anekTpuyeckon nposoaumocTu. pencraBneHust
o} MexaHn3me 3NEKTPONPOBOAHOCTHU
COBCTBEHHbIX Y NPUMECHbIX NOMNYNPOBOAHUKOB.

https://fedu.vsu.ru/course/
view.php?id=6840

30HHasi Teopusi NONYNPOBOLHNKOB.

YpaBHeHvne LllpeauHrepa agnsa  KpucTtanna.
MpubnmxeHus: agnabatuyeckoe,
O[HO3MEKTPOHHOE, CUMBbHO- M CcrabocBA3aHHbIX
anekTpoHoB. 30Hbl BpunntoaHa. 3ddekTnBHan
mMacca HocuTernen 3apsga.

https://fedu.vsu.ru/course/
view.php?id=6840

Cratuctmka cBobOAHbLIX HOcUTenew 3apsiga B
nonynpoBOAHMKAX.

[MNOTHOCTL KBAHTOBbLIX COCTOSAHUMN.
pacnpefneneHunsi ®epmun—[npaka. CreneHb
3anonHeHust NPUMECHbIX YPOBHEWN.
KoHueHTpaunm 3nekTpoHOB M ObIPOK B 30HaXx.
[MprMecHbIe 1 CODCTBEHHbIE MOMYNPOBOOHUKMW.

dyHKLMA

https://edu.vsu.ru/course/
view.php?id=6840

PaccesiHne cBoGoaHbIX HocuTeneln 3apsija B
NonynpoBOAHMKAX.

MexaHuambl paccesiHUsi 3NEeKTPOHOB U ObIPOK.
KuHeTuueckoe ypaBHeHve BonbLMmaHa.
PaBHoBecHoe cocTosiHue. Bpemsi penakcauuu.

https://fedu.vsu.ru/course/
view.php?id=6840

ABneHus nepeHoca 3apsga B
nonyrnpoBOLHUKaX.

HepaBHoBecHass  yHKUMS  pacnpeneneHus.
YpenbHas anekTpuyeckas NPOBOAMMOCTb
nonynpoBoAHUKOB. 3aBnCUMOCTb noABMXHOCTU
HocuTenen sapsga ot TemnepaTypbl.

https://edu.vsu.ru/course/
view.php?id=6840

PekombuHaums cBobogHbIX HOCUTENEN 3apsaa B
nosnynpoBOAHMKAX.

PaBHoBecHbIe n HepaBHOBECHble HOCUTENU
3apsga. MoHo- u  6unonsipHas onTuyeckas
reHepaumsi HocuTenen sapsiaa.

MakcsennoBckoe Bpems penakcauuu.
Mex30oHHble  u3nyyatenbHass U yaapHas
pekomMOnHauuu.

https://fedu.vsu.ru/course/
view.php?id=6840

nOBerHOCTHbIe ANIEKTPOHHbIE COCTOAHUA B

https://edu.vsu.ru/course/




1.8

1.9

1.10

1.11

nonynpoBOAHMKAX.
[MoBEPXHOCTHbIE YPOBHM. Crion
NMPOCTPaHCTBEHHOIrO 3apsiga. JddhekT nons.

CKOpOCTb NOBEPXHOCTHOW peKoMOMHaLNN.

view.php?id=6840

KoHTakTHble siIBNEeHNs B NONYyNPOBOAHMKAX.
MonynpoBOAHUK BO BHELUHEM 3IIEKTPUYECKOM
none. TepMoanekTpoHHass pabota Bbixoaa.
KoHTakTHas pasHOCTb noTeHuuanoB. KoHTakT
MeTann—nonynpoBOAHNK. OvogHas  Teopwus
BbINPSIMIIEHUS TOKA.

https://edu.vsu.ru/course/
view.php?id=6840

MornoweHue ONEeKTPOMarHUTHOro unsny4yeHuma B
nonynpoBoAgHUKax.

CI'IeKTp OTpaxxeHua n nornoweHuA.
CobcTBEHHOE  MOrfoLweHne npu npdaMbix w”
HenpAamMbIX nepexoaax. MornowieHne CcunbHO
JiermpoBaHHOro 1 nosiynpoBoAaHMKa.

https://fedu.vsu.ru/course/
view.php?id=6840

JTloMmHecueHLMA NONyNnPOBOOHNKOB.

Tunel  noMuHecueHuun.  MoHomonekynspHoe
cBeyeHne TBepabix Ten. PekomOGuHaUWOHHOE
n3nyyeHne nOMyrnpoBOLHUKOB MPU MEX3OHHbIX
nepexogax. PekoMBuHaUMOHHOE n3nyyYeHne npu
nepexogax Mexgy 30HOW U NPUMECHbIMU
YPOBHSAMM.

https://edu.vsu.ru/course/
view.php?id=6840

doTo3aNEKTPUYECKNE ABMNeHns B
nonynpoBOAHMKAX.
PoT0a(hheKTbI: BHYTPEHHUIN, BHELIHUW, Ha P-n

nepexogde, Ha 6apbepe WoTTku.

https://fedu.vsu.ru/course/
view.php?id=6840

1.12

1.13

1.14

1.15

1.16

dusnka cBepxnpoBoanMMoOCTN U
CcBepxXnpoBOoAHUKOBbIE
maTtepuanbl

BeegeHne B (pU3MKY  CBEPXMPOBOAUMOCTM.
dusnyeckne cBoWCTBa MaTepuanoB MpU HU3KUX
Temnepatypax. OTKpbITUE CBEpPXNpPOBOAVMOCTHU.
O6wye cBefeH sl 0 CBEPXMPOBOAHMKAX.

https://edu.vsu.ru/course/
view.php?id=6840

AnekTpoanHamumka CBEPXNPOBOANMOCTH.
Odpekt MeiicHepa. nybuHa NPOHUKHOBEHWUSI
MarHMTHOrO MONsi B CBEPXMNPOBOLHUK. Teopus
JloHgoHosB.

https://fedu.vsu.ru/course/
view.php?id=6840

TepmoanHaMmka CBEPXNPOBOAMMOCTH.
TepmoanHaMuka nepexona B CBEPXNpoBoasiLee
cocTosiHne. CBA3b MeXAy MarHUTHbIMU  ©
TENIOBbLIMU CBOWCTBaMU CBEPXNPOBOAHUKA.

https://fedu.vsu.ru/course/
view.php?id=6840

CBepxnpoBOgHMKM 1-ro n  2-ro poaa.
BbicokoTemMnepaTypHble CBEPXMPOBOAHUKN.
CBepxnpoBOAMMOCTbL B FETEPOCTPYKTypax U
HaHoMaTepuanax.
lMpomexyTouHoe COCTOSIHNE B
cBepxnpoBoAgHukax 1-ro popga. CwmelnaHHoe
COCTOSIHME  CBEpPXMNPOBOAHMKOB  2-r0  poja.
HamarHmnunBaHue cBepxnpoBOAHUKOB 1-ro 1 2-ro
pogaa.

lMoBepxHoOCTHasA CBEpPXNPOBOAHUKOB.
lMoBepxHoOCTHasA CBEpXNpPOBOANMOCTb.
[MpOHUKHOBEHNE BUXpPEN B CBEPXMPOBOOHUK W
cuna B3auMMopencTBus mexagy Humu. [lepsoe,
BTOPOE U TPETbE KPUTMYECKOE None.

3Heprus

https://edu.vsu.ru/course/
view.php?id=6840

Teopun cBEPXNPOBOANMOCTMU.

Teopus ceepxnpoBognmoctu MMH3bypra-JlaHgay.
Mukpockonunyeckas Teopus
ceepxnpoBoaumocTu. Teopusa bapauHa—Kynepa—

Wpudepa.

https://edu.vsu.ru/course/
view.php?id=6840

2. MpakTn4yeckmne 3aHATUA

21

2.2

MNonynpoBoAHMKOBLIE
maTepuansl

TemnepaTypHasi 3aBMCUMOCTb MPOBOAVMMOCTU Y
NonynpPOBOAHMKOB.

https://edu.vsu.ru/course/
view.php?id=6840

Yncrno CoCTOstHUA B 3HEPreTMyeckonm  30He.

https://edu.vsu.ru/course/




3aBUCYMOCTb 3HEPruM 3r1eKTPOHa OT BOSTHOBOIO
BEKTOpa Y AHA W NMOTONKa 3HepreTMYeCcKol 30HbI.

view.php?id=6840

2.3 MonoxeHne ypoBHA depmm B 3aBUcCUMOCTM OT | https://edu.vsu.ru/course/
KOHLIEHTpauMnM npumecu W TemnepaTtypbl Ansi view.php?id=6840
HEBbIPOXAEHHOMO nonynpoBOAHMKA.

KomneHcauus anekTpnyeckn akTMBHOW NpUMECH.

2.4 PaccesaHne Ha atomax u  unoHax npumecwy, | https://edu.vsu.ru/course/
ancrnokaumsix, TennoBbIX KonebaHuax peLueTku. view.php?id=6840

25 Odpekt Xonna. MarHutopesuctmsHbein acpdekT. | https://edu.vsu.ru/course/
TepmoanekTpuyeckue ABNEHNS. view.php?id=6840
TennonpoBoAHOCTb NonynpoBOAHMKOB.

OneKkTponpoBOAHOCTE  MOMNYMNPOBOOHMKOB B
CUNbHOM anekTpuveckoM none. OddekT aHHa.
TyHHENbHbIN 3 EKT.

2.6 MexaHnambl  pekoMbuHaumn. PekomOuHauumsa | https://edu.vsu.ru/course/
HOcUTEenen 3apsiga Yepes JNIOBYLLUKN. view.php?id=6840

2.7 BnusiHne noBepxHOCTHOW pekoMOMHauMM Ha | https://edu.vsu.ru/course/
BPEMS XXM3HM HOcUTenen 3apsga B obpasuax view.php?id=6840
KOHEYHbIX pa3MepoB.

2.8 KoHTakT metann—metann. lNepexoabl p-n, n+-n u | https://edu.vsu.ru/course/
p+-p. eteponepexopbl. KOHTaKT BbIPOXAEHHbIX view.php?id=6840
3NEKTPOHHOIO U AbIPOYHOIO MOSYNPOBOAHUKOB.

TyHHenbHbIN gnod. OMudeckuin nepexoq.

2.9 BnusaHne BHELLHWNX BO3AENCTBUN Ha | https://edu.vsu.ru/course/
COBCTBEHHOE MOrMoLWeHne MNonynpoBOAHUKOB. view.php?id=6840
Mornowenwne: 9KCUTOHHOE, cBOOOAHbIMM
HOCUTENAMM 3apsaaa, MPMMECHOe, pEeLIETOYHOe.

2.10 Penakcauus nomuHecueHuun | https://edu.vsu.ru/course/
nonynpoBOAHUKOB. TemnepaTypHoe TylleHue view.php?id=6840
NIOMVHECUEHLIMM NonyrnpoBOL4HUKOB.

CnoHTaHHOE M BbIHYXXOEHHOE U3My4YeHne aToma.
CTMMynMpoBaHHOE M3Ny4YeHUe TBEpPAbIX TeN.

211 Penakcauusa  ¢otonpoBoaumoctn.  AdbdoekT | https://edu.vsu.ru/course/
Hembepa. PoTO3NEKTPOMArHUTHbIN 3eKT. view.php?id=6840

2.12 | dnsmka cBEpPXNPOBOAUMOCTM U | [puMeHeHNe CBEPXNPOBOAHNKOB. https://edu.vsu.ru/course/

cBepxnpoBoasiue maTepuansl view.php?id=6840

2.13 OBYyx>kMaKoCTHAA MoLenb CBEPXMPOBOAHMKOB. | https://edu.vsu.ru/course/
KuHeTnyeckas WMHOYKTMBHOCTb. KBaHTOBaHue view.php?id=6840
MarHMTHOrO NOTOKA B CBEPXMNPOBOOHUKAX.

2.14 TennoemkocTb n TennonpoBogHocTb | https://edu.vsu.ru/course/
CBEpXMNpOoBOAHMKA. view.php?id=6840

2.15 BbicokoTemnepaTypHble ceepxnpoBogsawme | https://edu.vsu.ru/course/
Kepamukm co CTPYKTYpOM nepoBCKuTa. view.php?id=6840
CBepxnpoBOAMMOCTb YrnepoaHbiX HAHOTPYOOK 1
NerMpoBaHHbIX PyNNIEPEHOB.

2.16 Mopenb  KpuTudeckoro  coctoaHuss  buHa— | https://edu.vsu.ru/course/
JloHooHa. Teopusi  KPUTUYECKOrO  COCTOSIHUSA view.php?id=6840

Kuma—AHLepcoHa.

13.2. Tembl (pa3aenbl) AUCUMNIUHBI U BUAbI 3aHATUN

Buabl 3aHaTUN (4acoB)

Ne HanmeHoBaHue TemMbl
CamocTosTensHas

n/n (pasgena) gucumnnuHel JNlekumm | MNpaktnyeckne | JNlabopaTopHble pabora Bcero
1.1 ®dusmka nonynpoBOOHUKOB WU
- NnonynpoBOAHNKOBLIE 40 40 80
1.11 | matepwuansbl
1.12 | ®usmka CBEPXNPOBOANMOCTU
- " cBepxnposBogsLmne 14 14 28
1.16 | matepuansbl

14. MeTogM4yeckne ykasaHus Ans ob6y4aroLwmxca Nno 0CBOEHUIO AUCLUNIINHbI



[nsa ycnewHoro ocBoeHMs gUCumnninHel, Heobxoanmo
e U3yyeHMe OCHOBHbIX 1 OOMONMHUTENbHbBIX NUTEPATYPHbLIX MCTOYHWKOB;
e noaroToBka pedepaTtoB C Lenblo Gonee AeTanbHOro U3yYeHusi BONpPOCOB, pacCcMaTpuMBaeMbIX Ha
nekumsx;
e TEKyLUMI KOHTPOIb YCNEBAaeMOCTN B (POPME YCTHOro onpoca.

15. lMepeyeHb OCHOBHOM WU [OOMNOJSIHUTENILHOW nUTepaTypbl, PECYpPCOB WHTEpPHeET,
Heo6X0AMMbIX AN OCBOEHUA AUCLUNIUHbI

a) OCHoBHas nuTeparypa:

Ne n/n UcTouHuk
Wanumoea K.B. ®u3anka nonynpoBoaHMKOB [AnekTpoHHbi pecypc] / Wanuvosa K.B. — 4-e unag.,
1 ctep. — CaHkt-lNeTepbypr : JlaHb, 2010 .— 384 c. // «JlaHb» : 3NeKTPOHHO-6MGMOTEYHast cucTeMa.

— <URL:http://e.lanbook.com/books/element.php?pll cid=25&pll id=648>.

Enndanos .. dusumka tBepgoro tena [OnekTpoHHbIn pecypc] / Enndanos I'.N. — 4-e naa., ctep. —
2 CaHkt-leTtepbypr : Jlaub, 2011 .— 288 c. // «JlaHby» : anNekTpPoOHHO-6UBNMOTEYHas cuctema. —
<URL:http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=2023>.

Matyxun B.J1. dusuka TBepaoro tena [OnekTpoHHbIn pecypc] / MatyxuH B. J1., Epmakos B. J1. — 1-e
3 n3g. — CaHkt-lNeTtepbypr : NaHb, 2010 .— 224 c. // «J1aHby : aneKTpoHHO-6ubnmoTeyHasa cuctema. —
<URL:http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=262>.

6) gononHuTenbHasa nuTeparypa:
Ne n/n UcTouHumkK

4 Mutep HO. OcHoBbl humsmkn nonynposoaHukoB / HO. Mutep O, M. KapaoHa ; nep. V.. PewnHow;
nog pea. b.MN. 3axapyens . 3-e usg. — M. : dusmarnur, 2002. — 560 c.
lopenuk C.C. MaTtepranosegeHue nonynpoBOAHVUKOB U ANANEKTPUKOB: y4ebHuk ans sysos / C.C.
lopenvk, M.A. Jawesckunn. — M. : MUCUC, 2003. — 480 c.
OHuMKNoneaus TEeXHOMOrMM MOMyNnPOBOAHMKOBBIX MaTepuanoB. OJMEeKTPOHHas CTPyKTypa W
6 cBowcTBa nonynposogHukoB : B 2 T. / nog pea. K.A. [xekcoHa n B. Lpetepa. — BopoHex :
Bogonen, 2004. -T.1/ nep. ¢ aHrn. nog pea. 3.I1. Jomawesckon. — 2004. — 967 c.
WHangep T. ®asoBble nepexodbl U BbICOKOTEMNEPATYpPHAs CBEPXMPOBOAMMOCTb. YHUBEPCAlbHbIE
CBOWCTBa KynpaTHbIX CBepxnpoBogHukoB = Phase Transition Approach to High Temperature
7 Superconductivity. Universal Properties of Cuprate Supercondutors / T. WHangep, Ox. M. 3uHrep ;
nep. ¢ aurn. W. b. A6gynearngosa ; nog peg. . K. Kamunosa .— Maxaukana : N3g-Bo UH-Ta
du3nkm farectaHckoro Hayd. LeHTpa PAH, 2007. — 498 c.
MogenvpoBaHne 30HHOW CTPYKTYpbl MOJYNPOBOAHMKOB : Y4ebHoe nocobure no NeKUMoHHOMY Kypcy
8 "®uanka  nonynposogHukos" :  CneuyuwanbHoctb 014100 -  "MuUKPOSIneKTpoHMKa WU
nonynposogHukosble npubopsl” OMNA.$.02 / coct. E.H BopmoHToB [1 Ap.] — BopoHex, 2003. — 33 c.
UsiomoB HO. A. BbicokoTemnepaTypHble CBEPXNPOBOAHWMKU Ha ocHoBe FeAs-coeguHeHuin / HO.A.
9 Usiomos, 3.3. KypmaeB .— W3a. 2-e , ucnp. u gon. — M. ; Wxesck : MHCTUTYT KOMNbOTEPHbIX
Wccnegosanui : PerynsipHas n xaotudeckas guHamuka, 2010. — 334 c.
BopmoHTOB E.H. M3mepeHne napameTpoB nonynpoBOAHMKOB C MOMOLUbIO dddekta Xornna :
10 MeTod. MmaTtepuanbl Ans  BbiMonHeHus nabopaTtopHon pabotel / E.H. BopmonTtos, J1.H.
Brnagumunposa, M.A. 'yakos. — BopoHex : UL BI'Y, 2008. — 24 c.

5

B)MH(OPMaLIMOHHLIE 3NEKTPOHHO-00pa3oBaTenbHbIE pecypchl (oduumnanbHble PECYPChbl MHTEPHET):
Ne n/n UcTouHuK
11 http://www.elibrary.ru — Hay4yHasi anekTpoHHasi GubnuoTeka.
12 http://www.lib.vsu.ru — 3oHanbHas Hay4YHas 6ubnunoteka BIY.

16. MepeyeHb y4e6HO-MeTOANYECKOrO 06GecneyeHUs Ans caMoCToATeNIbHOW paGoThl

Ne n/n McToYHUK
1 MccnepnoBaHue anekTpogmsnyeckmx CBOMCTB NOMynpoBOAHMKOB : y4eb.-meTof. nocobume K cneukypey
"®unsuka n xumua TBepgoro tena" / coct. M.A. MutToBa [n gp.] — Boponex : JIOMN BI'Y, 2004 .— 15 c.
2 AueHko O.B. OcHoBbI PU3NKM N XUMKM MONYNPOBOAHMUKOB : y4eb. nocob. ans By3os. / O.B. AueHko, U.T.

Yypoteopues, M.K. Llapos ;— BopoHex : UML BI'Y, 2007. —4.1: — 62 c.
AueHko O.B. OcHOBbI PU3NKM 1 XUMUM NONYNPOBOAHUKOB : y4eb. nocob. ans By3o.. / O.b. AueHko, U.T.
YypoTeopues, M.K. LLapos ;— BopoHex : UMLL BI'Y, 2007. —4.2: —50c.



http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=648
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=2023
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=262
http://www.elibrary.ru/
http://www.lib.vsu.ru/

17. OOpasoBaTtefibHble TEXHONOrMKU, MUCNofib3yeMble MNpu peanusaumm y4ebHoOM
OUCUMNNUHBLI, BKMOYaA [AOUCTaAHUMOHHbIe obpa3oBaTesnibHble TexHonorum (OOT),
3NneKTpoHHoe obyyeHue (30), cmewaHHoe o6y4yeHue):

MpoBeneHue TekyLLen aTTecTaumm 1 CaMOCTOATENbHON paboTbl N0 OTAENbHBLIM pasaenam AUCLUMINHBI.
OYMK https://edu.vsu.ru/course/view.php?id=6840

18. MaTepnanbHoO-TeXHUYECKOEe obecneyeHme AUCLUNIINHDI:
HoyTbykK, MynbTUMeOUNHbIA NPOEKTOP, SKpaH

19. OueHou4HbIe cpeacTBa ANl NPOBeAEHUA TEKYLEN U NPOMEXYTOYHOM aTTecTauum

Mopsiaok oLeHkM ocBoeHMs obyyarowmmmncs y4ebHoro MaTepurana onpeaensieTcs
coaepkaHMeM crieayoLmx pasaenos ANCUUNINHDI:

HaunmeHoBaHve WHpmnkaTtop(bl)
rll\;gn pasfena aAvcumniHbl Kona;l((a;;eH AOCTVXEHNA OueHouHbie cpencTaa
(mopyns) 4 KoMneTeHuumn
::J-?yM;SOBOAHMKOB y [K-2.1 KoHTponbHas paborta 1,
1. NONYNPOBOAHNKOBbIE IK-2 [K-2.2 IIf)omporu:;aﬂ paborTa 2,
martepwuarnbl eepar
?BM;;::DOBOD,VIMOCTVI 7 [K-2.1
2. CBEPXMPOBOASILLNE IK-2 [K-2.2 Pegepar 2
martepwanbl
lMpomexyToyHasa aTTecTaums lMepeyveHb BONpocos
dopma KOHTpons - 3a4eT

20 TuvnoBble OLEHOYHbIe cpeAcTBa M MeToAMYECKMe MaTepuanbl, onpeaenstowme
npoueaypbl oLueHUBaHUs

20.1 TeKywWwMn KOHTPOSb yCneBaeMocCTun

KoHTpornb ycneBaemocTy No AUCLMMNIIHE OCYLLECTBAETCH C MOMOLLIbIO CriedyoLLMX OLLeHOYHbIX
cpencTs:

KoHTponbHas pabora 1.

BapuaHm 1.
1. TMocTtpouTb OGpaTHbIE peLLeTKM BCcex NNockux cetok bpase.
2. TMocTtpouTb NepByto 30HY bpunntoaHa ana MUK peweTku.
3. BbiBecTn ypaBHeHue Jlays anga andpakuum BonH B Kpuctanne.
4. BblBECTV AMCNEPCUOHHOE COOTHOLLEHME ANsi CBOGOAHOrO 3MeKTpoHa.
5. BbiBecTu ypaBHeHue obuiero Buaa dyHkunm bnoxa ons kpuctanna.

BapuarHm 2.
1. TlMocTtpouTb nepsble 4 30HbI BpunntoaHa ons kBagpaTHOW NIIOCKON CETKM.
2. TlocTtpoutb nepyto 30Hy bpunniosHa ans OLK pelueTku.
3. [okasatb, 4to obpaTHas k 'LIK pewweTke siBnsietca OLIK pelueTkon.
4. TlokasaTb 3KBMBaNeHTHOCTb ypaBHeHu Bynbdga-berra u Jlaya.



5.

BeiBecTn ypaBHeHve LlpeavHrepa ans kpuctanna c y4yeToMm agmabaTuuyeckoro  mpubnuxeHus,
BaJleHTHOM annpokcumauuu, npubnmxkeHnem bopHa — OnneHrenmepa W OLHOSMEKTPOHHOMO
NpubNmxeHns.

KoHTponbHas pabora 2.

Bapuanm 1.

1.

Monyuntb 0OWMN BMAO 3akOHa Aucnepcun B MNOMYMNPOBOAHUKE B MPUOMAMXKEHUM CUMbHO CBA3aHHbIX
3MNEKTPOHOB.

2. BbiBecTn obuiee BbipaxeHue s 90dEKTUBHOM MacChl 371IEKTPOHOB B TBEPAOM Tere.

3. B pamkax npubnmxeHust CUNbHOW CBSI3M MONTy4MTb B SIBHOM BUAE BbIpaXXeHME 3aKOoHa gucnepcumn ansi
NPUMUTUBHON KyOUYECKON peLLeTKU.

4. Hantn addeKkTMBHYI0O Maccy MnMOTHOCTU COCTOSHUA B KPEMHWUW, €Cnn nonepeyHass u npofosibHas
cocTaBnswowan adMEKTMBHON MacCbl paBHbl COOTBETCTBEHHO: m; = 0.98m,, m; = 0.19m,. YuecTb
0COBEHHOCTM M303HEPTETUYECKNX NOBEPXHOCTEN B KPEMHUN.

Bapuanm 2.

1. Tlonyuntb oOWMA BMA 3aKOHa [JuUCMepcuMM B MONYNPOBOAHMKE B NpMOMAMXKeHMe KBa3MCBOOOAHbIX
3NEKTPOHOB.

2. BbiBecTu obLuee BblpaxeHue s CKOPOCTU AEKTPOHOB B TBEPAOM Tene B rpaHuuax 3oHbl bpunntosHa.

3. B pamkax npubnmxeHns cUnNbHOW CBSA3U MOMYyYMTb BbIpaXKeHuUs Ans 3PdMEKTUBHON MaCChl 3MEKTPOHOB Y
KpaeB 30Hbl bpunntosHa Ansg NnpMMUTUBHOM KyOMYECKOWN peLLeTKu.

4. Hantn addeKkTnBHYO Maccy MMAOTHOCTM COCTOSIHAA B repMaHun, ecrnu nonepeyHas v npogonbHas

cocTasnswowas adMEeKTMBHON MaccCbl paBHbl COOTBETCTBEHHO: m; = 0.082mg, m; = 1.60m,. YuecTb
0COBEHHOCTM M303HEPTrEeTUYECKMX NOBEPXHOCTEN B repMaHui.

Tembl pechepaTtoB 1.

BoOoo~Noog~wWNE

[EEN
[EEN

19

0.
. ObdhekT BypwteriHa-Mocca.
12.
13.
14.
15.
16.
17.
18.

OnemeHTapHbIe NONYNPOBOAHMKM.

OdbdhekT Xonna.

MarHuTopesncTnBHbIA 3dEKT.

OhdbekT Tepmo-3ac. TepmMoaneKkTpuyeckne matepmarnsi.

CoBpeMeHHble TEXHOMNOMMM MPOU3BOACTBA KPUCTAIIOB BbICOKOYUCTOrO KPEMHUS.
HekpucTtannuyeckne nonynpoBOgHUKN.

TemnepaTtypHasi 3aBUCUMOCTb 3MEKTPONPOBOAHOCTU NOMYNPOBOAHUKOB.
TemnepaTtypHasi 3aBUCUMOCTb NOABMKHOCTM HOCUTENEN 3apsaa B NONyNnpPoBOAHNKAX.
dunsnyeckme CBONCTBA BbIPOXAEHHbLIX Y HEBbIPOXAEHHbLIX MOMYNPOBOAHUKOB.
MeToabl onpegeneHns LWNPUHbI 3anpeLLeHHON 30HbI B NONYyNpoBOAHMKAX.

LINKNOTPOHHBLIV pe3oHaHc. MamepeHve apdekTUBHON MaccChl 3NEKTPOHOB U AbIPOK.
KOHTaKT AblpOYHOIo U 9NEKTPOHHOrO NONYyNnpPOBOAHUKOB.

KoHTakT meTann-nonynposogHuk. Auoabl LLoTTKuK.

OdpdbexT MNaHHa. Quoapbl MaHHa.

TyHHENbHbIM anoa.

[MnasameHHbIN pe3oHaHC.

doToanekTpuyeckas NpoBoAMMOCTb NONYNPOBOAHUKOB.

OcobeHHOCTM CBOWCTB HAHOPa3MEPHbLIX NMOMyNpPOBOAHMKOBbBIX KPUCTAssoB.

Tembl pechepaTtoB 2:

agrwbdE

BbicokoTeMnepaTypHble CBEPXMPOBOAALLME KEPAMUKMN.

OnuHa korepeHTHocTu Munnapaa. MapameTtp MH3Gypra — JlaHpay.
CBepxnpoBoAMMOCTb B reTEPOCTPYKTYpax U HaHoMaTepuanax.
[MpumeHeHne cBepxnpoBOAALLMX MaTepranos.

CBepxnpoBOAHMKN HA OCHOBE COeAMHEHNN Xernesa.

OnucaHne TeXHONorMm NpoBeaAeHus.
KoHTponbHble paboTbl NpoxoadaT B NUCbMEHHOW hopMe. B kaxaon KOHTpornbHoW paboTte umeetcs 2

BapuaHTa 3agaHuii. Bpemsi BbINOMHEHUSA KOHTPONbHOW paboThl — 2 Yaca.



Pedepatbl opopmnsoTcsa B ne4aTtHoM (Mnm anekTpoHoMm) Buge. OCHOBHbIE NoONoXxeHus pedepaTa
3a4MTBIBAIOTCA Ha MPaKTUYECKUX 3aHATUAX C BO3MOXHOCTBIO KOHCMIEKTUPOBAHMS Hambornee CyLeCTBEHHbIX
MOMeHTOB. Bpems, oTBoaMMOe Ha yCTHbIN Aoknag okono 20-30 MUHYT.

TpeGOBava K BbIMONMIHEHUIO 3a4aHUN (MHM wKanbl U KpuTepumn OLl,eHI/IBaHVIiI).

KOHTpOJ'IbHaﬂ pa60Ta OLEeHMBAETCA NO KOJINYeCTBY BbIMOJIHEHHbIX 3a4aHunn, npaBuUIIbHOCTU U NOJIHOTDI
BbIMOJIHEHUA Ka)XO0ro 3agaHuA.

Pedepat oueHuBaetcs no rnybuHe packpbiTUS TEMbI.
20.2 NMpomexyToyHaa aTrecTaums
I'IpomemyTquaﬂ aTtrecTtauma no amcunniimHe ocyuwecTBendaeTcAa C NOMOLLbHO creyrwmnXx oueHOYHbIX

cpencTs: cobecepoBaHue no bunetam kK 3a4very.

[MepeyeHb BOMPOCOB K 3a4eTy 1 nopaaok oopmmuposaHmnsg KUM:

1. Kputepum nonynpoBoANMOCTU. [bIpOYHbIE N ANEKTPOHHbIE NONYNPOBOAHUKN. COBCTBEHHbIE U MPUMECHbIE

NonynpoBOAHMKM.

2. O6bwun Bup ypaBHeHus LpeguHrepa onsa kpucranna.

3. MNocTponTtb Nepsble 30HbLI bpunnoaHa Bcex NOcknx ceTok bpaee.

4. BdpdekT NaHHa B NoNynpoBoaHMKaX.

5. Agnabatuyeckoe npubnmkeHne N BaneHTHas annpokcumauusi Npy peleHnn ypasHenus LpeagmHrepa ons

Kpuctanna.

6. TepmoanekTpunyeckme adpdekTbl B NONYyNpOBOAHMKAX.

7. PaccunTaTtb BENMYMHY yYAENbHON NPOBOAMMOCTM COBCTBEHHOrO MPOBOAHMKA, €CNN NOABUXHOCTb
3nekTpoHoB paBHa 1200 CMZ/(B'C), a NoaBWXHOCTb Ablpok 855 CMZ/(B'C), KOHLIeHTpaLys anekTpoHos 3-10"
cm’,

8. OgHOo3NekTpoHHOe npubnuxeHue Npu pelleHun ypasHeHus WpeaunHrepa ans kpucrtanna.

9. TemnepaTypHas 3aBUCUMOCTb YAEINbHON 3NEeKTPONPOBOAHOCTU B MOMAYNPOBOAHUKAX.

10. ®dyHkuma bnoxa.

11. 3ddekT Xonna B NOMynpoBOgHMNKAX.

12. Mpn cUNBLHOM BbLIPOXAEHUN HANTK KO3 PMLNEHT TepMo-34C B InSb ¢ kKOHLEHTpaunen aneKkTpoHOB 10"®
om? npu 100 K, ecnu paccesiHie NpoUCXOANT Ha 3apsikeHHOW npumecn. SddekTuBHas macca
3NEeKTPOHOB Ha AHE 30HbI NpoBoauMocTyM pasHa 0.013mg, a WMpuHa 3anpeLleHHON 30Hbl USMEHSIeTCS C
TemnepaTypon no 3akoHy E, = =(0.26 — 2.710'4T) 3B.

13. MpunbnmkeHne CUIbHO CBA3AHHBLIX AMEKTPOHOB NPW pelleHnn ypaBHeHus LLpeanHrepa ons kpucrtanna.

14. MexaHn3mbl paccesiHa neKTPOHOB U AbIPOK B MOMynpoBoAHukax. Bpemsi penakcauum.

15. NpubnmwkeHue cnabo cBa3aHHbIX (MOYTU CBOOBOAHBIX) 3NEKTPOHOB AN KpucTanna.

16. B nonynpoBoAHWKE KOHLIEHTpaLMsa 3MeKTPOHOB COCTaBnsana 1.2:10" cm? npmn 400 K n 6.5 10" cm® npu
350 K. HanTtu wnpnHy 3anpeLleHHOon 30HbI, noraras, YTo oHa NIMHENHO MEHSIETCS C TeMnepaTypon.

17. NpumeHeHne NpubnmxeHnst CUNbHO CBA3AHHbIX SNIEKTPOHOB A MPUMUTUBHOM KyOMYECKOWN peLueTKu.

18. CkopocTb 1 acpdeKkTMBHaA Macca 3NeKTPOHOB B TBEPOOM Tere.

19. KoHTakT meTann—nonynpoBoAHUK.

20. 3aBUCUMOCTb IHEPrMM ANeKTpOoHa OT BOMHOBOIO BEKTOPA Y AHA U MOTONKa SHEPreTMYEeCKOn 30HbI.

21. 3aBUCUMOCTb NOABWXHOCTM CBOBOAHLIX HOCUTENEN 3apsda OT TeMnepartypbl.

22. Hawntu adpdekTnBHyl0O Maccy nnoTHOCTM cocTosHuin B PbTe, ecnu nonepeyHasa u npoponbHas
cocraBnsolas aMEKTUBHON MacChbl pPaBHbl COOTBETCTBEHHO: M = 0.24mg, m; = 0.024m, YuecTb
0COBEHHOCTN N303HEPreTUYECKUX NOBEPXHOCTEN B PbTe.

23. N303HepreTu4eckme NoBEPXHOCTU B TBEPAOM Tene.

24. KOHTaKT BbIpOXAEHHbIX 9MEKTPOHHOIO U AbIPOYHOro NOMyrnpoOBOLHUKOB.

25. TeH3op obpaTHol 3dhdEeKTUBHON MacChl.

26. KoHuUeHTpaumsa anekTpoHOB M AblIPOK B 9HEPreTU4ECKON 30He.

27. dyHkums pacnpegenenns d®epmu — fupaka. NoBepxHocTe Pepmu.

28. TemnepaTtypHas 3aBUCUMOCTb MOMOXEHNS YPOBHA PepMu B NOMNYNpOBOAHMKAX.

29. lNpumecHble 30HbI. AhdekT BypuTeriHa-Mocca.

30. MNMNoTHOCTb KBAHTOBbLIX COCTOSAAHWUI B 9HEPreTUY4EeCKon 30He.

31. Paccuntatb 3pdeKTUBHYHO MFIOTHOCTb COCTOSIHMM B 30HE MPOBOAMMOCTM MNONYNPOBOAHWUKA, €Cnn
abbeKkTBHAs Macca 3MekTPoHOB pasHa m* = 0.56m, npu Temnepatype 25 °C. U3oaHepreTnyeckas
MOBEPXHOCTb Y AHS 30HbI MPOBOAMMOCTU chepuyeckasl.

32. OdbdexT MaHHa.

33. 3oHHas cTpykTypa Si, Ge, GaAs.

34. lMNMornoueHne oToHoB cBOGOAHBIMW HOCUTENSIMU 3apsaaa. [1nasMeHHbIN pe3oHaHC.

35. B nonynpoBoaHvke n-Tuna nnasMeHHas 4actorta o, = 1.75-10* ru, addheKkTnBHaAs Macca afeKTPOHOB
paBHa 0.22m,, ananekTpuyeckas npoHmuaemocTb £(0) = 33. Onpeaenntb KOHLEHTPALMIO SNIEKTPOHOB.



36. MarHuTopes3ncTuBHbIn 3 dexT.

37. ddbdekT dembepa.

38. ®doToahdekT B p-n nepexone n bapbepe LLoTTkN.

39. PeweTo4yHoe nornotieHne (ooTOHOB.

40. DOKCUTOHHOE nornoLleHne POTOHOB.

41. KpuTepun BblpOXAEHHOIO N HEBLIPOXAEHHOrO COCTOSIHUS 3NEKTPOHHOrO O rasa B NonynpoBOAHMKaX.
42. CobcTBEHHOE NornoLleHMe OTOHOB NPU NPAMbIX U HEMPSIMbIX MEX30HHbIX Nepexoaax 3NeKTPoHOB.
43. TennoemKoCTb U TENMNONPOBOAHOCTb CBEPXMPOBOAHMKA.

44. DddpekT MelicHepa B CBEpXNPOBOAHMKAX.

45. Teopus ceepxnpoBoANMOCTU JIOHOOHOB.

46. [OnvHa korepeHTHocTuM [Nnunnapga B cBepxnpoBogHukax. NMapametp MmMH36ypra — JlaHgay.

47. CBepxnpoBogHuku I-ro u ll-ro poga. Buxpn Abpukocosa.

48. BHYTpeHHWIN N BHELLHWI OTO3(MEKT B NONYNPOBOLHMKAX.

49. Teopus cBepxnpoBogmmoct bapanHa — Kynepa — Wpuddepa.

50. TepmognHamuka nepexona B cBepxnpoBoasilee coctosiHme. CBA3b MeXay MarHUTHbIMWU U TENNOBbIMMA
CBOMCTBaMU CBEPXMNPOBOAHMKA.

B kaxdom KVIM o 2 sonipoca. OAuH U3 KOmopbIxX MOXem s18/15iMbCsl Ipakmu4eckum 3adaHuem 8 hopme
3adauu.

OnucaHue TexHonorMmM NpoBeaeHus.

Mocne nonyyeHus ctyaeHtom buneta KMM n 6naxka nucta otBeTa, CaMOCTOATENbHO BbIMOMHAKOTCA
3agaHua KMM B nucbmeHHon copme. Bpems nogrotosku 45 muHyT. [Npy BbICTaBNeHMN NTOrOBOWM OLIEHKM NO
NMPOMEXYTOYHOW aTTecTaummn y4uTbiIBAaeTCH aKTMBHOCTb U YCMELWHOCTb paboThbl CTyAeHTa Ha aTanax TeKyLero
KOHTpOMS ycneBaemocCTw.

TpeboBaHUS K BbINONMHEHWNIO 3a4aHWI, LWWKanbl U KPUTEPUM OLIEHNBAHMS.

OueHkKa “3a4TeHO” CTaBUTCS NPW YCIOBMU BbINONTHEHUS 3adaHuiA no obomnm Bonpocam KMM. MNonHoTta
OTBETA MO KaXXAOMY BOMPOCY CYMTAETCA AOCTAaTOYHOW, ECMNW pacKpbiTa CyTb Bonpoca, 6e3 06bsCHeHNsI
HecyLLeCTBEHHbIX AeTaneun.

OueHka “He3ayTeHo” CTaBUTCS NMPU OTCYTCTBMM BbINOMHEHWST 3a4aHUIN X0Tsi Obl O4HOMO M3 ABYX BOMPOCOB
KUM. Mnu npu 4acTUYHOM BbINONHEHUN 3aaaHuii no obonm Bonpocam KM, Ho 6e3 pacKkpbiTUsi MX OCHOBHOM

cyTum.



