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PABOYASA NPOrPAMMA YYEEHOW OAUCLUUMITUHDI

B1.B.12 NMNonynpoBoaHMKOBbIE MaTepuanbl U CBEPXNPOBOAHUKU

1. Kog n HaumeHoBaHMe HanpaBneHua nogrotoBku/cneyuanbHocTu: 04.03.02 Xumns,
du13MKa 1 MexaHuka maTepmanosB

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

4. dopma ob6y4eHus: oyHas

5. Kachenpa, oTBevaroLwan 3a peanmsaumio QUCUUNNUHDLI: Kadeapa maTtepunanoBegeHna u

MHOYCTPUN HAHOCUCTEM

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

7. PekomeHpoBaHa: Hay4yHO-mMeTOOMYECKU COBET XMMMUYECKOro (hakynbTeTa
npotokon Ne 4 ot 11.04.2024

ommemKu o NpodrieHUU 8HOCSIMCS 8PYYHYIO)

8. YuebHbIn roa: 2027-2028 CewmecTp(bl): 8



9.lenu n 3agaym y4eb6HOM ANCLUUNIIUHDI:

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 OCBOEHUS AaHHOW OUCUMNIIMHBI, CTYOAEHT LOSMKEeH npeaBapUTenbHO

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

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

11. MnaHupyemble pe3ynbTaTbl O0y4eHUA MO AucuMnnuMHe/Moaynio (3HaHUA, YMEHUSA,
HaBblK1), COOTHECEHHbIe C MiIaHUpyeMbIMU pe3ynbTaTaMu OCBOeHUs obpasoBaTesibHOMN
nporpamMmmbl (KOMNEeTEHLUAMN) U MHAUKATOPaMM UX AOCTUXKEHUA:

Kopn 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 " CBEPXMNPOBOASALLMX
yucne HaHoMaTepuarnoB | maTepuaroB, a Takke HaHoOMaTepuanos.
HaHoMaTepuanos, Ans ) B COOTBETCTBUU
peLueHus C NOCTaBMNEHHON Bnagetb: HaBblkamu Hay4yHO-060CHOBaAHHOIO
npodeccnoHanbHbIX 3aga4en BblOOpa METOO0B CMHTE3a MaTepuanosB
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
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 y4yebHon paboTbl

Bupg yuebHow paboTbl

TpynoemMKkocTb

Mo cemecTpam




Bcero
Ne cemecTpa
8

Ne cemecTpa

KoHTakTHas paboTa

80 80

B TOM Hucne:

nekumm

40 40

npakTn4yeckne

40 40

nabopatopHble

KypcoBasi paboTta

CamocTtosTensHasi paborta

28 28

lMpomexyToyHag 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 LlpeauHrepa agns  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 3MNEeKTPOHOB U ObIPOK.
KuHeTuueckoe ypaBHeHVe BonbumaHa.
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
reHepaums HocuTenen sapsaa.

MakcBennoBckoe BpeMs penakcauum.
Mex30HHble  u3nydatenbHas M ygapHas
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

NonynpoBOAHUKaX.
[MoBEPXHOCTHbIE YPOBHM. Crion
NPOCTPAHCTBEHHOrO 3apsada. JddeKkT 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

JTloMmnHecUeHUMs NonynpoBOgHUKOB.

Tunel  noMuHecueHuun.  MoHomonekynsipHoe
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
MarHUTHOrO MOMnsi B CBEPXMNPOBOLHUK. Teopusi
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  CBEPXMNPOBOAHWMKOB  2-ro  poAa.
HamarHnuynBaHne cBepxnpoBOAHWNKOB 1-ro u 2-ro
pogaa.

[MoBepxHOCTHas CBEPXMPOBOAHUKOB.
[MoBepxHOCTHas CBEPXMNPOBOAMMOCTb.
[MpOHUKHOBEHNE BUXpPEN B CBEPXMPOBOOHUK W
cuna B3auMMopencTBus mexagy Humu. [lepsoe,
BTOPOE U TPETbE KPUTUYECKOE Mone.

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

MonynpoBoAHMKOBbLIE
maTepuansi

TemnepaTypHasi 3aBMCUMOCTb MPOBOAVMMOCTU Y
NonynpPOBOAHMKOB.

https://fedu.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 NMOTONKa 3HepreTM4eCcKol 30HbI.

view.php?id=6840

2.3 MonoxeHne ypoBHA depmm B 3aBUcuMOCTM 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 NonynpoBOAHMWKOB.

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 noBepxHOCTHOM pekoMOuMHaumMmM Ha | https://edu.vsu.ru/course/
BPEMS XM3HM HOcuTenen 3apsga B obpasuax view.php?id=6840
KOHEYHbIX pa3MepoB.

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

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
HOCUTENSIMU 3apsga, NPUMECHOE, 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 M3Ny4YeHne 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 PyNNepeHoOB.

2.16 Mogenb  Kputudeckoro  coctosiHus  buHa— | https://edu.vsu.ru/course/
JloHooHa. Teopusi  KPUTUYECKOrO  COCTOSIHUSA view.php?id=6840

Kuma—AHLepcoHa.

13.2. Tembl (pa3aenbl) AUCUMNNUHBI U BUAbI 3aHATUN

Buabl 3aHaTUN (4acoB)

Ne HanmeHoBaHue TemMbl
CamocTosTensHas

n/n (pasgena) gucumnnuHel JNlekumm | MNpaktnyeckne | JNlabopaTopHble pabota Bcero
1.1 ®dusmka nonynpoBOOHUKOB WU
- NnonynpoBOAHNKOBLIE 40 40 80
1.11 | matepwuansbl
1.12 | dusmka CBEpPXNPOBOANMOCTHU
- " cBepxnposoaLne 14 14 28
1.16 | matepuansl

14. MeTogM4yeckne ykasaHus Ans ob6y4aroLwmxca Nno 0CBOEHUIO AUCLUNIINHbI



[nsa ycnewHoro ocBoeHMs gUCumnninHel, Heobxoanmo
e U3yyeHMe OCHOBHbIX 1 OOMONMHUTENbHbBIX NUTEPATYPHbLIX MCTOYHWKOB;
e noaroToBka pedepaToB C Lenblo Gonee AeTanbHOro U3yYeHusi BONpPOCOB, pacCcMaTpuMBaeEMbIX 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-OMONMOTEYHast cucTema.

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

Enndanos .. dusuka tBepaoro tena [OnekrTpoHHbIn pecypc] / Enndganos I'.N. — 4-e n3g., ctep. —
2 CaHkr-leTtepbypr : Jlaub, 2011 .— 288 c. /| «JlaHb» : anNekTpPOHHO-OUBNMOTEYHas 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-lNeTepbypr : NaHb, 2010 .— 224 c. // «J1aHby : aNeKTPOHHO-6nbnNuoTeyHasa 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. 3axapyeHs . 3-e usg. — M. : dusmarnur, 2002. — 560 c.
lopenuk C.C. MaTtepranosegeHue nonynpoBOAHVUKOB U ANANEKTPUKOB: y4ebHuk ans sysos / C.C.
Mopenvk, M.A. Jawesckun. — M. : MUCUC, 2003. — 480 c.
OHuMKNoneamMs TEeXHONMOrMn MNoNyNnPOBOAHMKOBBIX MaTepuanoB. OJMNEKTPOHHAs CTPyKTypa WU
6 cBowicTBa nonynposogHukoB : B 2 T. / nog pea. K.A. [xekcoHa n B. Lpetepa. — BopoHex :
Bogonen, 2004. -T.1/ nep. ¢ aHrn. nog pea. 3.1. Jomawesckon. — 2004. — 967 c.
Wrangep T. ®aszosble nepexodbl U BbICOKOTEMNEPATypHast CBEPXNPOBOAUMOCTb. YHMUBEPCanbHbIe
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. WN. K. Kamunosa .— Maxaukana : M3g-Bo UH-Ta
du3nkm farectaHckoro Hayd. LeHTpa PAH, 2007. — 498 c.
MogenvpoBaHne 30HHON CTPYKTYpbl NOJYNPOBOAHMKOB : Y4ebHoe nocobue no NekunoHHOMY Kypcy
8 "®uanka nonynposogHukos" :  CneuyuwanbHoctb 014100 -  "MuUKPOSNEKTpOHMKA U
nonynposogHukosble npubopel” OMNA.9.02 / 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
Wccnegosanun : PerynsipHas n xaotudeckas guHamuka, 2010. — 334 c.
BopmoHTOB E.H. W3mepeHne napameTpoB nonynpoBOAHWMKOB C MOMOLUbIO dddekta Xonna :
10 MeTod. MmaTtepuanbl Ans  BbiNonHeHus nabopaTtopHon pabotel / E.H. BopmonTtos, J1.H.
BrnagmumunpoBa, M.A. N'yagkoB. — BopoHex : UTLL BI'Y, 2008. — 24 c.

5

B)MH(OPMaLIMOHHBIE 3NEKTPOHHO-00pa3oBaTenbHble pecypchl (oduumnanbHble PECYpPChbl MHTEPHET):
Ne n/n UctouHuK
11 http://www.elibrary.ru — Hay4yHasi anekTpoHHasi GubnuoTeka.
12 http://www.lib.vsu.ru — 3oHanbHas Hay4Has 6ubnunoteka BIY.

16. MepeyeHb y4e6HO-MeTOAMYECKOrO 06GecneyeHUs Ans caMoCToATeNIbHOW paboThl

Ne n/n MCTOYHKK
1 MccnepnoBaHue anekTpogmsnyeckmx CBOMCTB NOMynpoBOAHMKOB : y4eb.-meTof. nocobume K cneukypey
"®unsuka n xumusa TBepgoro tena" / coct. .A. MutToBa [n gp.] — Boponex : JIOMN BI'Y, 2004 .— 15 c.
2 AueHko O.B. OcHOBbI PU3MKM U XMMUK NONYNPOBOAHMKOB : y4e6. nocob. ans By3os. / O.Bb. AueHko, U.T.

YynoTteopues, M.K. LLapos ;— BopoHex : WML BI'Y, 2007. —4.1: — 62 c.
AueHko O.B. OcHOBbI PU3MKM U XMMUK NONYNPOBOAHMKOB : y4e6. nocob. ans By3os. / O.b. AueHko, U.T.
Yygoteopues, M.K. Lapos ;— BopoHex : UML BI'Y, 2007. —4.2: — 50 c.



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, BKIOYasas [AUCTaHUMOHHbIe obpa3oBaTesnibHble TexHonorum (OOT),
3NneKTpoHHoe obyyeHue (30), cmewaHHoe o6y4yeHue):

MpoBeaeHme TekyLLen aTTecTaumm 1 CaMoCTOATENbHOWM paboThbl MO OTAENbHLIM pasgenam AUCUMMUHDI.
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 OLEeHKM 0CBOEHMS 0byYatoLwmMmncst y4ebHoro MaTepurana onpeaensieTcs
coaepkaHMeM crneayLmx pasaenos ANCUUNINHBL

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
lMpomexyToyHas aTTectauns MNepeyeHb BONpOCOB
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 pa6ora 1.

BapuaHm 1.
1. TMocTtpouTb OGpaTHbIE peLLeTKM BCcex NNockux cetok bpase.
2. TocTtpontb nepsyto 30HY bpunnioaHa anga 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 BpunnioaHa onst kBagpaTHOW NIOCKON CETKN.
2. TocTtpoutb nepByto 30Hy bpunniosHa ans OLK pelueTku.
3. [Hokasatb, 4yTo obpaTtHas k LK peweTke saBnsetcsa OLK pelweTtkoi.
4. TlokasaTb 3KBMBaNeHTHOCTb ypaBHeHu Bynbda-berra u Jlaya.



5.

BeiBecTn ypaBHeHve LlpeavHrepa ans kpuctanna c y4yeToMm agmabaTuuyeckoro  mpubnuxeHus,
BafleHTHOM annpokcumauuu, npubnmkeHnem bopHa — OnneHrenmepa W OLHOSNEKTPOHHOMO
NpubnmxeHns.

KoHTponbHas pabora 2.

Bapuanm 1.

1.

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

2. BbiBecTn obuiee BbipaxeHue Ans 3deKTUBHON MacChl 3NEKTPOHOB B TBEPAOM TeNeE.

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

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

Bapuanm 2.

1. lonyuntb oOOWWMA BWMA 3aKOHa [JuCrepcuMM B MONYNPOBOAHMKE B NpuMOMAMXKeHMe KBa3MCBOOOAHbIX
3NEKTPOHOB.

2. BbiBecTu obLee BblpaxeHne Ansi CKOPOCTU 3MIEKTPOHOB B TBEPAOM Tere B rpaHuuax 3oHbl bpunnoaHa.

3. B pamkax npubnmxeHns cuUnbHOW CBS3N MOMYYUTb BbIpaKeHus Ans 3dEeKTUBHOW MaCcChbl SNIEKTPOHOB Y
KpaeB 30Hbl bpunntosHa Ansg NnpMMUTUBHOM KyOMYECKOWN peLLeTKu.

4. Hantn addeKkTnBHYO Maccy MMAOTHOCTM COCTOSIHUA B repMaHun, ecnv nonepeyHas v npogonbHas

cocTasnswowas adMEeKTMBHON MaccCbl paBHbl COOTBETCTBEHHO: m; = 0.082mg, m; = 1.60m,. YuecTb
0COBEHHOCTM M303HEPTrETUYECKMX NOBEPXHOCTEN B repMaHuu.

Tembl pechepaTtoB 1.

BoOoo~Noog~wWNE

[EEN
[EEN
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0.
. OdbdbekT BypwTenHa-Mocca.
12.
13.
14.
15.
16.
17.
18.

OnemeHTapHbIe NONYNPOBOAHMKM.

OdbdhekT Xonna.

MarHuTopesncTnBHbIN 3dEKT.

OhdbekT Tepmo-3ac. TepmMoaneKkTpuyeckne matepmarnsi.

CoBpeMeHHble TEXHOMNOMMM MPOU3BOACTBA KPUCTAIIOB BbICOKOYUCTOrO KPEMHUS.
Hekpuctannuyeckne nonynpoBOLHUKMN.

TemnepaTtypHasi 3aBUCUMOCTb 3MEKTPONPOBOAHOCTU NOMYNPOBOAHUKOB.
TemnepaTtypHasi 3aBUCUMOCTb NOABWXHOCTW HOCUTENEN 3apsaa B NONynpoBOAHUKAX.
dunsnyeckme CBONCTBA BbIPOXAEHHbLIX Y HEBbIPOXAEHHbLIX MOMYNPOBOAHUKOB.
MeToabl onpegeneHns LWUpUHbI 3anpeLLeHHON 30Hbl B MOMYNpoOBOAHUKAX.

LINKNOTpOHHbIV pe3oHaHc. ViamepeHune 3hdekTUBHON MacChl 3NEeKTPOHOB U AbIPOK.
KOHTaKT AbIpOYHOro 1 3rIEKTPOHHOIO NONYNPOBOAHUKOB.

KoHTakT meTtann-nonynposodHuk. Anoabl LUoTTku.

OdppexT MNaHHa. Quoabl MaHHa.

TyHHENbHbIM Anoa.

[MnasameHHbIN pe3oHaHC.

doToanekTpnyeckas NPoBOAMMOCTb MONYNPOBOAHNKOB.

OcobeHHOCTN CBOWCTB HaHOPa3MepPHbIX NOMYNPOBOAHUKOBBLIX KPUCTANSIOB.

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 NnpoBeaAeHus.
KoHTponbHble paboTbl NpoxoadaT B NUCbMEHHOW hopMe. B kaxaon KOHTponbHoW paboTe umeercs 2

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



Pedepatbl ohopmnsoTcsa B neyaTtHoM (Mnu anekTpoHom) Buge. OCHOBHbIE NONoXeHus pedepaTa
3a4YNTBLIBAIOTCA Ha MPAKTUYECKUX 3aHATUAX C BO3MOXHOCTbLIO KOHCMEKTUPOBaHNA Hanbonee CyLeCcTBEeHHbIX
MOMeHTOB. Bpems, oTBoAMMOE Ha yCTHbIN Aoknag okono 20-30 MUHYT.

TpeGOBava K BbIMONMIHEHUIO 3a4aHUN (MHM wKanbl U KpuTepun OLI,eHVIBaHVIﬂ).

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 artrectauma no aMcumnniinHe oCywecTBAaeTCA C NOMOLWbIO crnefyrwnx OLeHOYHbIX

cpencTs: cobecepoBaHue no bunetam kK 3a4yerTy.

[MepeyeHb BOMPOCOB K 3a4eTy 1 nopaaok oopmmuposaHmnsg KUM:

1. Kputepuu nonynpoBogMMocTi. [bipOoYHbIE U 9NEKTPOHHbIE NonynpoBoAHVKU. COBCTBEHHbIE N NPUMECHbBIE

NonynpOBOAHUKN.

2. O6bwun Bup ypaBHeHus LpeguHrepa onsa kpucranna.

3. MNocTponTtb Nepsble 30HbLI bpunntoaHa Bcex Nocknx ceTok bpaee.

4. 3ddekT NaHHa B NonynpoBoaHMKaXx.

5. AgnabaTtuyeckoe npubnmkeHWe N BaneHTHas annpokcumauusi Npy peleHnn ypasHenus LpeamHrepa ons

Kpuctanna.

6. TepmoanekTpunyeckme adpdekTbl B NONYNpOBOAHMKAX.

7. Paccuntatb BENUYMHY yAenbHON NPOBOAMMOCTU COBCTBEHHOIrO NPOBOAHUKA, €CNN NOABUXHOCTb
anekTpoHoB paBHa 1200 CMZ/(B'C), a NoABWMXXHOCTb Ablpok 855 CMZ/(B'C), KOHLIeHTpaLys anekTpoHos 3-10"
cm’,

8. OgHoanekTpoHHOEe npubnumxeHue npu peweHnun ypasHeHus WpeaunHrepa ans kpucrtanna.

9. TemnepaTypHas 3aBUCUMOCTb YAEIbHON 3NEeKTPONPOBOAHOCTU B NOMYNPOBOAHUKAX.

10. ®dyHkuma bnoxa.

11. 3ddekT Xonna B NOMynpoBOgHMNKAX.

12. Tpu cUNbHOM BbIPOXAEHUN HANTU KOS DULMEHT TEPMO-3a4C B INSb ¢ KOHUEHTpaUNen 3NeKTPOHOB 10"®
om? npu 100 K, ecnu paccesiHne NpouUCXoanT Ha 3apsiKeHHOM npumecu. OddekTuBHas macca
3NEeKTPOHOB Ha AHEe 30Hbl NpoBoAuMocTmM 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 paccesiHsA areKTPOHOB 1 AblPOK B MONynpoBogHukax. Bpemsa penakcauun.

15. NpubnmwkeHue cnabo cBa3aHHbIX (MOYTU CBOBOAHbLIX) 3NEKTPOHOB AN KpMucTanna.

16. B nonynpoBoAHWKE KOHLIEHTpaLmMsa 3MeKTPOHOB COCTaBnsana 1.2:10" cm? npmn 400 K n 6.5 10" cm® npu
350 K. HanTtu wnpnHy 3anpeLleHHon 30HbI, noraras, YTo oHa NMMHENHO MEHAEeTCA C TemnepaTypon.

17. MpuMeHeHne NpUBAMKEHNS CUNBHO CBA3AHHbIX 3MEKTPOHOB AN MPUMUTUBHOW KYOUYECKOW peLLETKM.

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

19. KoHTakT meTann—nonynpoBOAHUK.

20. 3aBUCUMOCTb IHEPrMM ANEKTPOHA OT BOMTHOBOIO BEKTOPA y AHa U MOTOMKa 9HEPreTU4ECKOW 30HbI.

21. 3aBUCUMOCTb NOABWXKHOCTM CBODOAHLIX HOCUTENEN 3apsda OT TeMnepartypbl.

22. Hantu adpdekTnBHyt0O Maccy nnoTHOCTM cocTosHun B PbTe, ecnu nonepeyHasa u npopornbHas
cocraBnsolas 3hMEKTUBHON MacChbl paBHbl COOTBETCTBEHHO: M = 0.24mg, m; = 0.024m, YuecTb
0COBGEHHOCTU N303HEPreTUYECKUX NoBEpPXHOCTEN B PbTe.

23. N303HepreTu4eckme NoBEPXHOCTM B TBEPAOM Terne.

24. KOHTaKT BbIpOXAEHHbIX 9MEKTPOHHOIO U AbIPOYHOro NOMyrnpoOBOAHUKOB.

25. TeH3op obpaTHol 3dhdEKTUBHON MacChl.

26. KoHuUeHTpaumsa anekTpoHOB 1 AblIPOK B 9HEPreTU4EeCKON 30He.

27. dyHkums pacnpegenenns d®epmu — [upaka. NoBepxHocTb epmu.

28. TemnepaTtypHas 3aBUCUMOCTb MOMOXEHNS YPOBHA PepMu B NOMNyNpOBOAHMKAX.

29. MNpumecHble 30HbI. AhdekT BypuTeriHna-Mocca.

30. MNMNoTHOCTb KBAHTOBBLIX COCTOSAAHWUI B SHEPreTU4eCKon 30He.

31. Paccuntatb 3pdEKTUBHYHO MMOTHOCTb COCTOSIHMMA B 30HE MPOBOAMMOCTU MNOSYNPOBOAHUKA, €Cnn
appeKkTBHAs Macca 3MekTpoHOB pasHa m* = 0.56m, npu Temnepatype 25 °C. U3oaHepreTnyeckas
NMOBEPXHOCTb Y AHS 30HbI MPOBOAMMOCTUN chepuyeckas.

32. 3 dekT NaHHa.

33. 3oHHag cTpykTypa Si, Ge, GaAs.

34. NMornoweHne hoTOHOB CBOBOAHBLIMW HOCUTENSAMY 3apsida. [nasMeHHbIN pe3oHaHc.

35. B nonynpoBoaHuke n-Tuna nnasMeHHas Yactorta o, = 1.75-10" Iy, adppekTnBHaa Macca 3reKTpoHOB
paBHa 0.22m,, ananekTpuyeckas npoHuuaemocTb £(0) = 33. Onpeaenntb KOHLEHTPALMIO SNIEKTPOHOB.



36. MarHnTopesncTuBHbIn adhdexT.

37. ddbdekT embepa.

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

39. PeweTo4yHoe nornotieHne ooTOHOB.

40. JOKCUTOHHOE normfoLleHne POTOHOB.

41. KpuTepun BbIPpOXAEHHOIO N HEBBIPOXAEHHOIO COCTOSIHUSA 3MEKTPOHHOrOo O rasa B NonynpoBOAHMKaX.
42. CobcTBeHHOE nornoLleHne hOTOHOB MpY MPSMbIX U HEMPSIMbIX MEX30HHbIX Nepexofax 3NeKTpoHOB.
43. TennoeMKoCTb 1 TENMONPOBOAHOCTbL CBEPXNPOBOAHMKA.

44. Jbdpekt MericHepa B CBEPXNPOBOOHUKAX.

45. Teopusa cBepxnposoamMmMocTn JIOHAOHOB.

46. [nuHa korepeHTHocTu MNMunnapga B cBepxnpoBogHukax. Mapametp MmMH36ypra — JlaHgay.

47. CeepxnpoBogHukm I-ro u ll-ro poaga. Buxpn Abpukocosa.

48. BHYTpPEHHWI 1 BHELWHNN hoTO3PPEKT B NOMYNpOBOAHUKAX.

49. Teopusa ceepxnpoBogumocTn bapanHa — Kynepa — LWpuddepa.

50. TepmognHamuka nepexona B cBepxnpoBoasilee coctosHme. CBs3b MeXAY MarHUTHbIMU U TEMMOBbLIMU
CBOMCTBaMU CBEPXNPOBOAHMKA.

B kaxdom KM no 2 eonpoca. OOuH U3 KOMOpPbIX MOXem s18/19MbCS pakmu4yeckumM 3adaHuem 8 chopme
3adauu.

OnucaHne TexHonormm npoeegeHnA.

Mocne nonyyeHus ctyaeHtom buneta KMM n 6naHka nucta oTBeTa, CaMOCTOSATENbHO BbIMOMHAKOTCA
3agaHua KMM B nucbmeHHon copme. Bpems nogrotosku 45 muHyT. [Npy BbICTaBNeHMN NTOrOBOWM OLIEHKM NO
NMPOMEXYTOYHOW aTTecTaummn y4uTbIBAETCH aKTMBHOCTb M YCMELWHOCTb paboThl CTyAeHTa Ha aTanax TeKyLero
KOHTpOMS ycneBaemocCTw.

TpeboBaHUs K BbINOMHEHWUIO 3a4aHWUIA, LUKambl U KPUTEPUM OLIEHNBAHUS.

OueHkKa “3a4TeHO” CTaBUTCS NPW YCIOBMU BbINONTHEHUS 3adaHuiA no obomnm Bonpocam KMM. MNonHoTta
OTBETa MO KaXXAOMY BOMPOCY CYMTaETCA AOCTAaTOYHOW, ECNK packpbiTa CyTb Bonpoca, 6e3 06bscHeHNs
HeCyLLeCTBEHHbIX AeTanemn.

OueHka “He3ayTeHOo” CTaBUTCS NMPU OTCYTCTBMM BbINOMHEHWST 3a4aHUIN X0Tsi Obl O4HOMO M3 ABYX BOMPOCOB
KUM. Mnu npu 4acTMYHOM BbINONHEHUN 3adaHuii no obomnm BonpocaM KM, Ho 6e3 packpbiTUsS MX OCHOBHOWN

cyTum.

20.3 ®doHO OUEHOYHbIX cpeacTB C(POPMMPOBAHHOCTM KOMMNETEHUUMW CTYOEeHTOB,

peKomer,yeMblﬁ AnAa npoBeaeHnAa AMarHOCTN4eCKux pa60T
ITIK-2 CnocoGeH Hcnoab30BaTh 3HAHUS 0 METO/1aX CHHTe3a U CBOMCTBaX MaTepHAI0B Pa3IHYHOr0 HA3HAYEHUS], B TOM
YHCc/le HAHOMATEPHAJIOB, 1/l pelleHus npodeccHoHaJIbHBIX 32124

Mepe4yeHb 3agaHNM oNA OLEHKU ChOPMUPOBAHHOCTU KOMMETEHLUN:
OTKpbITHIE 3aJaHUS

1. W3BecTHO, 4TO  KOHUEHTpauusi  CBOGOAHLIX  SNIEKTPOHOB B  HEKOTOPOM
NONynpoBOAHWMKOBOM MaTepuane paBHa n=3.5-10" cm®, nogsuxHOCTb 3MeKTPOHOB
(=410 cm?® /(B-c). HaitTm ypenbHylo anektponpoBogHocTb o  [Omt.cm™] aToro
matepuana?

Omeem: =230 Omtcm™.

2. Ecnn B nonynpoBogHuKe HET npumeceri U COBCTBEHHbIX AedeKkToB, TO: a) KaKoBO
COOTHOLUEHNE KOHLEHTpauumn 3MNeKTPOHOB M ObIpoK n/p-? ©) yem onpegenserca Tvn
npoBogMMOCTU?

Omeem: a) n/p = 1. 6) COOTHOLLEHNEM NOABMKHOCTEN INIEKTPOHOB U AbIPOK.

3. B pamkax Mogenu CunbHOW CBSI3M OObSCHUTE, NOYEMY paspelleHHble 30Hbl,
06pa3oBaHHblE N3 BEPXHMX IHEPreTUYECKUX YPOBHEN aToMOB Ooriee LUMPOKUE, Yem
06pasoBaHHble U3 rMYyBOKNX aTOMHbIX YPOBHEN?



Omeem: NepekpbiBaHMe opbuTanen BEpXHNX YPOBHEN COCEQHMX aTOMOB Bornblue, Yem
rny6oKnx ypoBHEN.

B yem 3aknovaeTcsa pasnuyme ceepxnpoBoaHukos | n Il poga?
Omeem: B cBepxnpoBoadHWKax nepBoro popa a3ddekt MencHepa nosHbIA, a B
CBEpPXNpPOBOAHUKAX BTOPOro pofa - HeMOSHbIN.

B Buae kakmx CTpyKTyp MarHUTHOE Morie NPOHWKaeT BHYTPb CBEPXMNPOBOAHUKa Il poaa B
obnactn HenonHoro acpdekta MencHepa?
Omeem: B Buae Bnxpen Abpukocosa.

3akpbITble 3aaaHus (TecTbl)
(ebibepume 00uH npasusibHbIU omeem u3 rnPeosiIoKeHHbIX apuaHmMoe)

1. MNepBas 3oHa bpunntoaHa gna OLUK pelweTkn nmeet dopmy:
A) kybudeckoro TeTpasgpa
B) rekcaroHansHom nNpuamsl
B) kybookTasgpa
[') TeTparoHanbHOM BunNupamnbl.
Omeem: B).

2. MepBas 3oHa bpunnoasHa gna MUK peweTkn nmeet opmy:
A) pombunyeckoro TeTpasgpa
B) pombunyeckon npuambl
B) pombunueckon nnpammabl
') pombBuyeckoro gogekasgpa
Omeem: ).

3. [pu nermpoBaHnun KpemHUs pocopom, yBeNMUMBaEeTCs KOHUEHTpauUus:
A) dooHOHOB
b) anekTpoHoB
") obIpoK
[1) koHueHTpauusa cBoboaHbIX HOCUTENEN 3apsaa He MeHsieTcs
Omeem: b).

4. Kak meHsieTcs yaenbHasi anekTponpoBOAHOCTL GecnprMecHOro nonynpoBOAHUKA Npu
yBENUYEHUN TEMNEpPATYpPSI:
A) pacteT MOHOTOHHO
B) nagpaetT MOHOTOHHO
B) pacteT HEMOHOTOHHO
M) nagaeT HEMOHOTOHHO
Omeem: B).

5. YpoBeHb ®epmu npu T>0 K onpegensieTca Kak ypoBeHb SHEPrnn, C BEPOATHOCTbIO
3arnonHeHnsa aneKTpoHamMu paBHON:
A)1/4
B) 1/2
B) 3/4
Ni
Omeem: b).



Kputepum n wkanbl oueHnBaHua 3agaHnm ®0C:
[nsa oueHnBaHMA BbINOMHEHMSA 3a4aHUIN Ucnonb3yeTca GannbHas Wwkana:

1) 3aKkpbITble 3a4aHua (TECTOBbLIE, CPeaHUN YPOBEHb CIOXHOCTN):

1 6ann — ykasaH BepHbIN OTBET;
0 6annoB — ykasaH HeBEPHbI OTBET (MOMHOCTBLIO UM YAaCTUYHO HEBEPHbIN).

2) OTKpbITblE 3a0aHUg (TECTOBbIE, MOBbLILLIEHHbLIV YPOBEHb CITIOXXHOCTU):

2 6anna — ykasaH BepHbI/ OTBET,;
0 6annoB — ykasaH HeEBEPHbIA OTBET (MOMHOCTBLIO UITM YACTUYHO HEBEPHbIN).

3) oTKpbIThIE 3agaHUG (MUHU-KENCBI, CPEOHUN YPOBEHb CIOXHOCTU):

5 GannoB — 3agaHve BLINOSIHEHO BEPHO (MOSlydeH npaBWibHbIM OTBET, 0H6OCHOBaH
(aprymeHTMpoOBaH) xo4, BbINOSIHEHMS (NPU HEOBXOAMMOCTW));

2 Banna — BbINOSIHEHME 3a4aHUsS COAEPXMUT HEe3HauYuTemnbHble OLKNOKK, HO NpuBeneH
NpaBWibHbIN  XO4 PacCCYy)XOEHUW, WNu  MNoNydeH BEepHbI OTBET, HO OTCyTCTBYeT
oboCcHOBaHME Xxoda €ro BbIMNOSIHEHUS (€CnM OHO ObINo HeobxoguMbiM), UNKU 3agaHue
BbIMOSTHEHO HE MOMIHOCTbIO, HO MOMyYeHbl MPOMEXYTOYHbIE (YAaCTUYHbIE) pe3ynbTaThl,
oTpaxarolune NpaBUNbHOCTbL XOA4a BbIMOMHEHUSA 3aJaHus, Unu, B Crlydae ecnu 3agaHue
COCTOMT M3 HECKONbKNX NoA3adaHnin, BepHO BbiNonHeHo 50% Takux noasagaHum;

0 6GannoB — 3agaHMe He BbIMNOAHEHO WU  BbLINOMHEHO HEBEPHO (MONyyeH
HenpaBWUITbHbIN OTBET, XOA BbIMOSIHEHUS OLUIMBOYEH UM COAEPXKUT rpybble owmnbKn).

3apaHua paspgena 20.3 peKOMeHAYHTCA K MUCNOMb30BaHUIO NpU MNpoBeAeHUn
ANarHoCTUYEeCKUX paboT C Lenbio OLEHKU OCTaTOYHbIX pe3yribTaToB OCBOEHUS AaHHOW
ANCLUNIINHBI (3HAHUW, YMEHUIN, HaBbIKOB).



