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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 5 ot 17.06.2021

ommemKu o NpodrieHUU 8HOCSIMCS 8PYYHYIO)

8. YuebHbIn roa: 2023-2024 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 yyacTHukamm obpasoBaTesibHbIX OTHOLLEHWMNA.
[ns ycnewHoOro OCBOEHWA AAaHHOW OUCUUNIIVHBI, CTYAEHT LOSMKEH npeaBapUTenbHO

n3yuntb  cnegywowme  gucumnnuHel:  Matematuka; ®wusuka; CTpykTypHas xumus U
Kpuctannoxmmus;. [aHHas 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 NNMaHUpyeMbIMU pe3yribTaTaMM 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 M 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 CO  cBoWCTBaMu
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
HaHOMaTepuanos.
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 MaTepmanb|

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 3NIEKTPUYECKOM
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
nonynpoBogHUKax.

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.
dusmnyeckne cBoOWCTBA 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 CBEPXMNPOBOOHUK. 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.
HamarHmunBaHue cBepxnpoBOAHUKOB 1-ro u 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 AHAa W NOTONKa 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, MPUMMECHOE, peLlETOYHOe.

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 PyNNepPeEHOB.

2.16 Mopenb  KkpuTudeckoro  coctoaHus  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
®  U3yyeHMe OCHOBHbIX 1 OOMONMHUTENbHbBIX NIUTEPATYPHBLIX UCTOYHUKOB;
e noaroToBka pedepaToB C Lenblo Gonee AeTanbHOro U3yYeHusi BONpPOCOB, pacCMaTpuMBaeEMbIX Ha
nekumsx;
e TEKyLUMI KOHTPOIb YCNEBAaeMOCTN B (POPME YCTHOro onpoca.

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

a) OCHOBHag nuTeparypa:

Ne n/n UcTouHuk

Wanumoea K.B. ®u3anka nonynpoBoaHMKOB [AnekTpoHHbi pecypc] / Wanuvosa K.B. — 4-e unag.,
1 ctep. — CaHkT-letepObypr : JlaHb, 2010 .— 384 c.

— <URL:http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=648>.

Enndanos I'./. dusumka tBepgoro Tena [OnekTpoHHbIn pecypc] / Enndanos I'.N. — 4-e naa., ctep. —
2 CaHkT-leTepbypr : JlaHb, 2011 .— 288 c.

— <URL:http://e.lanbook.com/books/element.php?pll cid=25&pl1 id=2023>.

MatyxuH B.J1. ®usunka tBepgoro tena [OnekTpoHHbI pecypc] / MatyxuH B. J1., Epmakos B. J1. — 1-e
3 n3a. — Cankr-MNetepbypr : JlaHb, 2010 .— 224 c.

— <URL:http://e.lanbook.com/books/element.php?pll cid=25&pll id=262>.

0) fjononHuTenbHasa nuTeparypa:
Ne n/n UcTouyHuk

4 Mutep KO. OcHoBbl mankm nonynposogHukos / HO. Mutep O, M. Kapgona ; nep. N.U. PewwuHow;
nog pea. b.MN. 3axapyens . 3-e usg. — M. : dusmarnur, 2002. — 560 c.
Mopenuk C.C. MaTtepnanoBegeHue nonynpoBOAHMKOB U AN3NeKTpukos: y4ebHuk ans sysos / C.C.
lopenvk, M.A. Jawescknin. — M. : MUCUC, 2003. — 480 c.
OHuMKNoneamMs TEeXHONMOrMn MNoNynPOBOAHMKOBLIX MaTepuanoB. OJMNEKTPOHHas CTPyKTypa W
6 cBoncTBa nonynpoBoaHukoB : B 2 T. / noa pen. KA. xekcoHa n B. LWpetepa. — BopoHex :
Bogonen, 2004. -T.1 / nep. ¢ aHrn. nog peg. 3.I1. Jomawesckon. — 2004. — 967 c.
WHangep T. ®azoBble nepexodbl U BbICOKOTEMMEPATYPHAsA CBEPXMPOBOAMMOCTb. YHMBEPCambHbIE
CBOWCTBA KyrnpaTHbIX CBepxnpoBoAHMKoB = Phase Transition Approach to High Temperature
7 Superconductivity. Universal Properties of Cuprate Supercondutors / T. WHanaep, k. M. 3uHrep ;
nep. ¢ aurn. W. b. A6gynearngosa ; nog peg. . K. Kamunosa .— Maxaukana : N3g-Bo UH-Ta
dwmsmkm arectaHckoro Hayd. ueHTpa PAH, 2007. — 498 c.
MogenupoBaHuMe 30HHOW CTPYKTYPbl NOSTYNPOBOAHMKOB : Y4ebHOoe nocobume no NekuMoHHOMY Kypcy

5

8 "®usmka  nonynpoBogHukos" :  CneumanbHocTb 014100 -  "MuKpO3nekTpoHuMka U
nonynposogHukoBble Nnpubope!" OMNAO.9.02 / coct. E.H BopmoHTOB [1 gp.] — BopoHex, 2003. — 33 c.
9 Hawenbckun A.A. TexHonorns nonynpoBOAHMKOBbIX MaTepuanoB / A.A. Hawenbckun — M. :

Metannyprus, 1972. — 432 c.
MunbBuackun M.I. TonynpoBogHWKOBbIE MaTepuanbl B COBPEMEHHOW anektpoHuke / M.T.

10 MuneBugckum — M. : Hayka, 1986. — 144 c.

11 MagenyHr O. dusnka nonynpoBOAHUKOBbLIX coeanHeHun anemeHToB Il u V rpynn/ O. MagenyHr. —
M. : Mup, 1967. — 479 c.

12 MonynpoeoaHukoBble coeavHeHus A°B° / noa pea. P. Bunnapacowa, X. lépuHra. — M.

MeTtannyprusa, 1967. — 728 c.

JlbikoB C. H. CBepxnpoBOAMMOCTb MOMYNpPOBOAHUKOB : y4eb. nocobue ans cTyd.By3oB, 00yd. no
13 HanpaeneHuo "TexH. dusnka" / C. H. Jlbiko; noa obw,. pea. B. N. UnbuHa, A. A. Wnka .— CI6. :
Hayka, 2001. — 101 c.

UsiomoB HO. A. BbicokoTemnepaTypHble CBEPXNPOBOAHWMKM Ha ocHoBe FeAs-coeauHeHuin / HO.A.
14 Usiomos, 3.3. KypmaeB .— W3a. 2-e , ucnp. u gon. — M. ; Wxesck : MHcTUTYT KOMNbOTEPHBIX
VccnegoBanui : PerynapHas u xaotudeckas guHamuka, 2010. — 334 c.

BopmoHTOB E.H. WM3mepeHue napameTpoB nOnynpoBOAHWMKOB C MOMOLbIO 3addekta Xonna :
15 MeTod. MmaTtepuanbl Ans  BbiMonHeHus nabopaTtopHon pabotel / E.H. BopmonTtos, J1.H.
Brnagumunposa, M.A. 'yakos. — BopoHex : UL BI'Y, 2008. — 24 c.

B)MH(OPMALIMOHHBIE 3NEKTPOHHO-06pa3oBaTenbHble pecypcehl (ouumnanbHble PECYPChbl UHTEPHET)™:
Ne n/n UcTouHMK
16 http://www.elibrary.ru — Hay4Has anekTpoHHasa bubnumoTeka.

17 http://www.lib.vsu.ru — 3oHanbHas Hay4Has 6ubnuoteka BI'Y.



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/

16. NMepe4vyeHb y4eOHO-MeTOANYECKOrO obecneyvyeHns AN CaMOCTOATEeNIbHOW paboTbl

Ne n/n McTouHnk
1 UccnedosaHue anekmpoghusudeckux ceolicmsa rnosiyrnpo8oOHUKOS : y4eb.-memod. nocobue K crieukypcy
"®u3suka u xumusi meepdoeo mena"/ cocm. N.A. Mummosa [u Op.] — Boporex : JIO BI'Y, 2004 .— 15c.
2 Auerko O.5. OcHo8bI hu3uKU U XUMUU r1oyrnpo8odHUKO8 : y4eb. nocob. ons sysos. / O.b. AueHko, W.T.
Yydomeopues, M.K. Lllapos ;— BopoHex : UIL| BI'Y, 2007. — Y.1: — 62 c.
3 Auerko O.5. OcHo8bI hu3uKU U XUMUU r1oyrnpo8odHUKo8 : y4eb. nocob. dns sysos. / O.b. AueHko, W.T.
Yydomeopues, M.K. Lllapos ;— BopoHex : UIL| BI'Y, 2007. — 4.2: — 50 c.

17. OO6pasoBaTtenibHble TEXHONOrMKU, MUCNOoNib3yeMble MNpu peanusaumm y4ebHoOM
OUCUMNNUHBLI, BKIMOYasAs [AOUCTaHUMOHHbIe obpa3oBaTesnibHble TexHonorum (OOT),
3NneKTpoHHoe obyyeHue (30), cmewaHHoe ob6y4yeHue):

MpoBeaeHme TekyLLen aTTecTaumMm 1 caMoCTOATENbHOWM paboThbl MO OTAENbHLIM pasgenam AUCUMMIUHDI.
OYMK https://edu.vsu.ru/course/view.php?id=6840

18. MaTepmnanbHO-TeEXHUYECKOE obecneyeHme AUCLUNIINHDI:
HoyTOyK, MynbTUMEAMNHBIN NPOEKTOP, 3KpaH

19. OueHou4HbIe cpeacTBa ANsl NPOBeAEeHUA TEKYLEeNn U NPOMEXYTOYHOM aTTecTalum

Mopsiaok OLEeHKM 0cBOEHMS obyyatowmmmncs y4ebHoro MaTepurana onpeaensieTcs
coaepkaHMeM crieayoLmx pasaenos ANCUUNINHDI:

HavmeHoBaHue WHankaTop(bl)
r’,\;gn pasfena AucumnIvHbl KO“&';?;?H AOCTVXEHNA OuerouHbie cpeacTsa
(mogyns) H KoMneTeHumm
SOMJ':I;yMIEI(:OBO,D,HVIKOB y [K-2.1 KoHTponbHas paborta 1,
1. MONYMPOBOHMKOBbIE IK-2 [K-2.2 EOHTpOHbI—iaFl paborTa 2,
mMaTepuansl ecpepar
?BM;;:F?pOBOD,VIMOCTVI n [K-2.1
2. CBEPXMPOBOASLLNE IK-2 [K-2.2 Pedepar 2
mMaTepuansl
lMpomexyToyHasa aTTecTaums lMepeyveHb BONpocos
dopma KOHTpons - 3a4eT

20 TuvnoBble OLEHOYHbIe cpeAcTBa UM MeToAMYECKUe MaTepuanbl, onpeaenstowme
npoueaypbl oLueHUBaHUSA

20.1 TeKywmn KOHTPONb ycneBaeMoCTH

KoHTporb ycnesaemocTy Mo AUCLMMNIIVHE OCYLLECTBAETCH C MOMOLLIbIO CrieayoLLMX OLLeHOYHbIX
cpencTs:

KoHTponbHas paboTa 1.

Bapuarm 1.
1. TlocTponTb 0bpaTHLIE peLLeTKN BCEX NINOCKNX ceTok bpase.



ahrwnN

MocTpouTb nepeyto 30Hy bpunntoaHa ana MUK peweTku.

BbiBecTu ypaBHeHue Jlaya ons andpakuum BosH B Kpuctansne.
BbiBeCcTV AMcnepcnoHHoe CooTHoLWeHne Ansg cBoboaHOro aneKkTpoHa.
BbiBecTn ypaBHeHune obLiero Buga dyHkumMn bnoxa ans kpucrtanna.

Bapuanm 2.

agrwNRE

MocTpounTb NepBble 4 30HbI BpunniosHa ons KBaapaTHOW NNOCKOWN CETKM.

MocTpouTb NepByto 30HY bpunntoaHa ana OUK pelueTku.

[okasaTb, uTo obpaTtHas k LK peweTke asnsetca OLK pewieTtkon.

[NokasaTb 9KBMBANEHTHOCTb ypaBHeHUN Bynbda-berra n Jlaya.

BeiBecTn ypaBHeHve LlpeavHrepa ans Kpuctanna c y4yeToMm agvabaTuuyeckoro  npubnuxeHus,
BaNeHTHON annpokcumaumu, npubnmxkeHmem bopHa — OnneHreriMepa W OLHO3MEKTPOHHOIO
NpuonmxeHus.

KoHTponbHas paboTa 2.

Bapuanm 1.

1.

Monyuntb o6WMIA BMAO 3akoHa AMCnepcun B MOMYNPOBOAHWKE B NPUONMXEHUN CUMbHO CBA3AHHbIX
3MNEKTPOHOB.

2. BebiBecTn o6ulee BbipaxeHune anst apeKTUBHOM MaccChl 31EKTPOHOB B TBEPAOM Tere.

3. B pamkax npubnumxeHusi cUnbHOW CBA3W MOMYYUTb B SIBHOM BMOE BbIPaXEHWE 3akoHa Aucnepcun ans
NPUMUTUBHON KyOUYECKON peLLIETKN.

4. Hantn ad@dekTuBHy0 Maccy MrOTHOCTM COCTOSIHWA B KPEMHWUW, ecnn nonepeyHas v npoaonbHas
cocTasnswowas addEKTMBHON MacCbl paBHbl cooTBETCTBEHHO: m; = 0.98m,, m; = 0.19m,. YuecTb
0COBEHHOCTN N303HEPTETUYECKNX NMOBEPXHOCTEN B KDEMHUN.

Bapuanm 2.

1. Tlonyuntb oOWMA BWMA 3aKOHA [JUCMepcMM B MONYNPOBOAHMKE B NpMOMAMXeHMe KBa3MCBOOOAHbIX
3MNEKTPOHOB.

2. BbiBecTn obLLee BbipaXeHne AN CKOPOCTM SMEKTPOHOB B TBEPAOM Tere B rpaHuuax 30Hbl bpunnioaHa.

3. B pamkax npubnmxeHns cunbHOW CBS3N MOMYYUTb BbIpaKeHus Ans 3dEKTUBHOW MaCChbl 3NIEKTPOHOB Y
KpaeB 30Hbl bpunnoaHa ana NPUMUTUBHOW KyBu4eckon peLueTku.

4. Hantn adeKkTUBHYI0 Maccy MMOTHOCTU COCTOSHWA B FepMaHuu, ecnu nonepeyHas Wn npoaorbHas

cocTaBnswowan aMEKTUBHON MacChbl paBHbl COOTBETCTBEHHO: M, = 0.082mg, m; = 1.60m,. YuecTb
0COBEHHOCTM M303HEPTreTUYECKMX NOBEPXHOCTEN B repMaHui.

Tembl pechepaTtoB 1.

BoOoo~Noog~wONE

OnemeHTapHbIe NONYNPOBOAHMKM.

OdbdbekT Xonna.

MarHuTopesncTnBHbIA 3dEKT.

OdpdekT Tepmo-aac. TepMOaneKkTpuyeckne matepmarnei.

CoBpeMeHHble TEXHOOMMM MPON3BOACTBA KPUCTAIIIOB BbICOKOYMCTOrO KPEMHUS.
Hekpuctannunyeckne nonynpoBOLHMKMN.

TemnepaTtypHasi 3aBUCUMOCTb 3MEKTPONPOBOAHOCTU NOMYNPOBOAHUKOB.
TemnepaTtypHasi 3aBUCUMOCTb NOABWXHOCTU HOCUTENEN 3apsaa B NONynpoBOAHUKAX.
dunsnyeckme CBONCTBA BbIPOXKAEHHbLIX Y HEBbIPOXAEHHbIX MOMYNPOBOAHUKOB.

. MeToapl onpefeneHuns WMPUHBLI 3anpeLleHHON 30HbI B NONYNPOBOAHMKAX.

. ekt BypwiteriHa-Mocca.

. LIMKNOTpOHHBIN pe3oHaHc. N3mepeHne adhdeKTUBHON MacChl 3NEKTPOHOB N ObIPOK.
. KOHTaKT AbIpOYHOro 1 3NEeKTPOHHOTO MONyYNPOBOAHUKOB.

. KonTakt metann-nonynposogHuk. Aunoapsl LUOTTKM.

. OdbbekT MNaHHa. Anoapl MaHHa.

. TyHHenbHbIV anoa.

. [lnasmeHHbIN pe3oHaHC.

. doTo3NeKTpU4eckas NPOBOAMMOCTb NONYNPOBOAHUKOB.

OcoBeHHOCTU CBOWMCTB HaHOpa3MepHbIX NOMYNPOBOAHUKOBbLIX KPUCTAmMOB.

Tembl pechepaTtoB 2:



BbicokoTeMnepaTypHble CBEPXMPOBOASALLME KEPAMUKM.

OnuHa korepeHTHOCTU MNunnapaa. MNapameTp MNH3bypra — JlaHgay.
CBepxnpoBoAUMOCTb B reTepOCTPYKTypax U HaHOMaTepuanax.
MprmeHeHne cBepXxnNpOBOASALLNX MaTepPUanos.

CBepxnpoBOAHNKM HA OCHOBE COeUHEHUI Xenesa.

akrwbdE

OnucaHue TexHonoruu npoeeneHus.

KoHTponbHble paboTbl NpoxXoasaT B MMCbMEHHOM hopMe. B kaXkgon KOHTpOonbHOM paboTe umeetcs 2
BapuaHTa 3agaHuii. Bpemsi BbINONMHEHUSA KOHTPONbHOW paboTkl — 2 Yaca.

PedepaTtbl ochopmnsAoTcsa B neyatHoM (Mnu anektpoHom) Buge. OCHOBHbIE MONOXeHNs pedepara
3a4YNTBLIBAIOTCA Ha MPAKTUYECKUX 3aHATUAX C BO3MOXHOCTbBIO KOHCMEKTUPOBaHNA Hanbonee CyLeCcTBEeHHbIX
MOMeHTOB. Bpems, oTBoagMMOe Ha yCTHbIN Aoknag okono 20-30 MUHYT.

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

KOHTpOJ‘IbHaFI pa60Ta OLEeHMBAETCA NO KOJINYECTBY BbIMNOJIHEHHbIX 3agaHun, npaBUITbHOCTU U NOJTHOTDI
BbIMOJIHEHUA Ka)XaO0ro 3agaHuA.

Pedepart oueHmBaeTcsa no rnybrHe packpbiTUS TEMBbI.
20.2 NMpomexyToyHaa aTrectaums

I'Ip0|v|e>|<yT0L|Ha;| aTtrectauma no amcunniimHe ocyulecTendaeTca C NOMOLLbIO cregyrLwmnXx OueHOYHbIX
cpencTs: co6ecep,osaHme no Gunetam kK 3a4yerTy.

[MepeyeHb BONPOCOB K 3a4eTy U nopsgok popmmposaHus KM:

1. Kputepum nonynpoBoANMOCTU. [bIpOYHbIE N 3NEKTPOHHbIE NONYNPOBOAHUKN. COBCTBEHHbIE U MPUMECHbIE

NonynpoBOAHMKM.

2. O6bwun Bup ypaBHeHus LLpegnHrepa onga kpuctanna.

3. MNocTponTtb Nepsble 30HbLI BpunntoaHa Bcex NoOcknx ceTok bpaee.

4. 3ddekT NaHHa B NonynpoBoaHMKaXx.

5. AgnabaTtuyeckoe npubnmkeHne N BaneHTHas annpokcumauusi Nnpy pelleHnn ypasHenus LpeagmHrepa ons

Kpuctanna.

6. TepmoanekTpuyeckune adpdekTbl B NONYNPOBOAHNKAX.

7. PaccunTaTb BENUYMHY yaernbHOW NPOBOANUMOCTM COOCTBEHHOTO MPOBOAHMKA, €CNN MOABUXKXHOCTb
anekTpoHoB paBHa 1200 CMZ/(B'C), a NoABWXKHOCTb Ablpok 855 CMZ/(B'C), KOHLEHTpaumns 3fIEKTPOHOB 3.10"
cM™.

8. OgHO3NEKTPOHHOE NpUBNMXeHWe Npu pelleHnn ypasHeHus LLpeauHrepa gns kpuctanna.

9. TemnepaTypHas 3aBMCMMOCTb yAENbHON SMNEKTPONPOBOAHOCTM B MOMYNpPOBOAHMKAX.

10. ®dyHkuma bnoxa.

11. 3ddekT Xonna B NONynpoBOgHMNKAX.

12. IMpn cUNBLHOM BbLIPOXAEHUN HANTK KO3 PMLMEHT TepmMo-3aC B InSb ¢ kKOHLEHTpaunen aneKkTpoHOB 10"®
om? npu 100 K, ecnu paccesiHie NpoUCXOANT Ha 3apsikeHHOW npumecn. SddekTuBHas macca
3NEeKTPOHOB Ha AHEe 30Hbl NpoBoAuMocTu pasHa 0.013mg, a WMpUHa 3anpeLleHHON 30Hbl USMEHSIeTCS C
TemnepaTypon no 3akoHy E, = =(0.26 — 2.710'4T) 3B.

13. MpunbnmkeHne CUNbHO CBA3AHHBLIX 3NIEKTPOHOB NPW peLleHnn ypaBHeHus LpeanHrepa gns kpucrtanna.

14. MexaH13Mbl paccesiHus 3reKTPOHOB U AbIPOK B NOMynpoBoAHUKax. Bpemsa penakcauumu.

15. MNpubnmwkeHue cnabo cBa3aHHbIX (MOYTU CBOOOAHBIX) 3NEKTPOHOB AN KpucTanna.

16. B nonynpoBoAHWKE KOHLIEHTpauus 3reKTPOHOB COoCTaBnsana 1.2:10" cm? npun 400 K n 6.5 10" cm® npu
350 K. HanTu wnpnHy 3anpeLleHHon 30HbI, noraras, YTo oHa NMMHENHO MEeHSEeTCa C TemnepaTypon.

17. NpumeHeHne NpubnmKeHNsi CUINbHO CBA3AHHbIX SNIEKTPOHOB ANl MPUMUTUBHOWM KyOMYECKOWN peLLeTKN.

18. CkopocTb 1 apdeKkTMBHaA Macca 3NeKTPOHOB B TBEPAOM Tere.

19. KoHTakT meTann—nonynpoBOAHUK.

20. 3aBUCUMOCTb 3HEPrMmM ANeKTPOHa OT BOMTHOBOIO BEKTOPA y AHa U MOTOJMIKa SHEPreTU4ECKOW 30HbI.

21. 3aBUCUMOCTb NOABUXKHOCTM CBODOAHLIX HOCUTENEN 3apsaa OT TeMnepaTtypbl.

22. Hantu adpdekTnBHYO Maccy nnoTHOCTM cocTosHun B PbTe, ecnu nonepeyHad un npoponbHas
cocraBnsolas dMEKTUBHON MacChl paBHbl COOTBETCTBEHHO: M = 0.24mg, m, = 0.024m, YuecTb
0COBEHHOCTN N303HEPreTUYECKUX NOBEpPXHOCTEN B PbTe.

23. N303HepreTu4eckme NoBEPXHOCTU B TBEPJOM Tere.

24. KOHTaKT BbIPOXAEHHbIX 9MEKTPOHHOIO U AbIPOYHOrO NOMyrnpOBOLAHMUKOB.

25. TeH3op obpaTHOM 3 HEKTUBHON MaACChI.

26. KoHLUEeHTpauus aneKkTpoHOB U ObIPOK B 3HEPreTUYeckon 3oHe.

27. ®yHkums pacnpegenenus ®epmu — [Qupaka. [NoBepxHocTb Pepmu.



28. TemnepaTtypHas 3aBUCUMOCTb MOMOXEHNS YPoBHA depMmn B NONYyNpOBOAHMKAX.

29. NMpumecHbie 30HbI. DdhdekT bypiTetHa-Mocca.

30. MNMNoTHOCTb KBAHTOBbLIX COCTOAHUI B SHEPreTUYEeCKON 30HeE.

31. Paccuntatb 3pdEKTUBHYIO MMOTHOCTb COCTOSIHMM B 30HE MPOBOAMMOCTU MNONYNPOBOAHWMKA, €Cnn
abbeKkTBHAs Macca 3MeKTPoHOB pasHa m* = 0.56m, npu Temnepatype 25 °C. WN3oaHepreTundyeckas
NOBEPXHOCTb Y [HA 30HbI NPOBOANMOCTU chepunyeckas.

32. OdbdexT NaHHa.

33. 3oHHaga cTpykTypa Si, Ge, GaAs.

34. MNornowieHne poToHOB cBOOGOAHLIMU HOCUTENAMM 3apsaa. [nasMeHHbIA pe3oHaHC.

35. B nonynpoBoaHvke n-Tuna nnasMeHHas 4actorta o, = 1.75-10" ru, adhdheKkTnBHAsS Macca 3f1eKTPOHOB
paBHa 0.22m,, ananekTpuyeckas npoHuuaemocTb (0) = 33. Onpeaenntb KOHLEHTPALMIO SNIEKTPOHOB.

36. MarH1Tope3ncTuBHbIN 3P AEKT.

37. ekt embepa.

38. ®doToadhdpekT B p-n nepexone n bapbepe LLUoTTkN.

39. PelueToyHoe nornowieHne poToHOB.

40. DKCUTOHHOE NornoLleHne OTOHOB.

41. KpuTepun BbIPOXAEHHOIO Y HEBLIPOXAEHHOIO COCTOSIHUA 3MIEKTPOHHOrO O rasa B NonynpoBOAHMKaX.

42. CobcTBEHHOE nornoweHne OTOHOB MpY NPSIMbIX U HENPSMBIX MEX30HHbIX Nepexofax 3fIeKTPOHOB.

43. TennoeMKoCTb U TENMNOMNPOBOAHOCTbL CBEPXMPOBOAHUKA.

44. 3dpekT MencHepa B CBEPXNPOBOAHMKAX.

45. Teopusi cBepxnpoBOANMOCTU JIOHOOHOB.

46. OnuHa korepeHTHOCTM Nunnapga B ceBepxnpoBogHukax. MapameTtp MmH3bypra — Jlangay.

47. CeepxnpoBogHuku I-ro u llI-ro poga. Buxpun Abpukocosa.

48. BHyTpeHHWI 1 BHELWHU HoToIdMEKT B NONYNPOBOAHMKAX.

49. Teopusa csepxnposogumoctu bapanHa — Kynepa — Lpuddepa.

50. TepmoamMHamuka nepexofa B cBepxnpoBogsilee coctosgHme. CBs3b MeXAY MarHUTHbIMU U TENSOBBLIMU

CBONCTBaMU CBEPXNPOBOAHMKA.

B kaxdom KVIM rio 2 sonipoca. OAuH U3 KOmopbkIx MOXem S68/151mbCs npakmu4eckum 3adaHuem 8 hopme
3adayu.

OnuncaHne TexHonormm nposegeHuns.

Mocne nonyyeHus ctyaoeHTom 6uneta KUM u 6naHka nucta otBeTa, CaMOCTOATENBHO BbIMOHSOTCS
3apgaHusa KMM B nucbmeHHon coopme. Bpems nogrotoBku 45 MuHyT. Npu BbICTaBNEHUM UTOTOBOW OLEHKM No
NPOMEXYTOYHOW aTTeCTaLMn yYUTbIBAETCS aKTUBHOCTb M YCMELWHOCTb paboThl CTyAeHTa Ha aTanax TeKyLlero
KOHTPOIIS ycrneBaemMocCTHu.

Tpe6OBaHM$I K BbIMOMNHEHMIO 3a4aHWI, LKanb! U Kputepun oueHnBaHUA.

OueHka “3a4TeHO” CTaBUTCH NPW YCNOBMU BbINOMHEHWs 3agaHun no obomnm sonpocam KUMM. MonHoTa
oTBEeTa MO KaXKgoMy BOMPOCY CUMTAETCS AOCTAaTOYHOW, eCnn packpbiTa CyTb Bonpoca, 6e3 o6bsicHeHns
HeCYLLLECTBEHHbIX AeTanewn.

OueHka “He3ayTeHO0” CTaBUTCS NPU OTCYTCTBMU BbIMNOMHEHNS 3a4aHWn XOTs Obl OAHOMO M3 ABYX BOMPOCOB
KUM. Wnun npu 4acTmyHOM BbiNofnHeHUn 3agaHuii no oboum sonpocam KUM, Ho 6e3 packpbiTUsi UX OCHOBHOM
CyTH.



