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1. Mecro 1 nean aucuuILIMALI (MOLY.Is1) B cTpyKType OOII

Juctummmaa «Du3nKa MmoTynpoBOAHIKOBY» OTHOCUTCS K TUCIUTUIHHAM 00S3aTEIIbHOM YacTh
00pa3oBaTebHON MTPOTrpaMMBbI 10 HampasiaeHUo moaroToBku 28.03.01 HaHOTEXHOIOTHH M MHKPO-
CUCTeMHasi TeXHUKa. JlJi1 yCBOGHUS NAHHOTO Kypca HEOOXOAWMBI 3HAHUS MO TAKUM MOIYJISM H
TUCIUIUIMHAM B paMKax 00pa3oBaTelIbHON MporpaMMbl OakajiaBpa Kak MoAyib «MaremaTukay,
kypc «KBanToBast Mmexanuka» moayis «Teopernueckas gusuka» u Kypc «Dus3mka KOHIEHCUPOBaH-
HOT'O COCTOSIHUSI.

OcBocHHE TaHHOU MUCIUIUTMHBI 00sI3aTEIBHO U TPEIoiaraeTcs B 6-M ceMecTpe, MOCKOIb-
Ky OHO HEOOXOAMMO Kak IMpeAlIeCTBYIOIIee A JUCHUILIUH MpodecCHoHaNbHOro nukia «dusnka
HU3KOPAa3MEPHBIX CHUCTEM», «MaTepualibl U METOJbl HAaHOTEXHOJOTUM», «DU3HMYECKHUE OCHOBBI
3JEKTPOHUKNY», «HaHoanekTpoHukay, «CxemorexHrnka, «OCHOBBI NMPOEKTUPOBAHUS 3JIEKTPOHHON
KOMIIOHEHTHOH 0a3b1», « OCHOBBI TEXHOJIOTUH AJICKTPOHHONH KOMIIOHEHTHOM 0a3bl», a TAKKe TUCITH-
IVIMH 10 BhIOOpY «KBaHTOBas U ontuyeckas 3JeKTpoHuKa», «CBY-anekrpoHukay, « JkciepuMeH-
TaJbHBIC METOJIbI HCCIIEAOBAHU», «IOHHO-TTydeBbIe METOIBI (DOPMHUPOBAHKSI MUKPO- U HAHOCTPYK-
Typ» U Op.

«®Du3rKa NoJynpOBOJTHUKOBY - €CTECTBEHHOHAYYHAs JUCIUILIINHA, PEICTABIISIONIAs COOOM
pa3zen (U3MKU TBEPIOTO Tela, B KOTOPOM YriyOJNEHHO M3ydaloTcs CBOMCTBA MOIYNPOBOIHUKOB,
OTPENIETSAIONINE UX BEAYILLYIO POJIb B COBPEMEHHOM AJIEKTPOHUKE, a TAK)KE BAXKHBIC JIJIsi TOHUMAHUS
(bu3nYECKUX MPOLIECCOB MPU MPOBEACHUH (YyHIaMEHTAIbHBIX UCCIIETOBAHUI MOIYIPOBOIHUKOBBIX
HU3KOPAa3MEPHBIX CUCTEM.

Henp u3ydyeHusi AMCHUNIHHBI - cHOPMUPOBATH (PYHIAMEHT 3HAHUI U HABBIKOB, HEOOXO-
JUMBIX JUIsI OCO3HAHHOTO M IEJICHANPABICHHOTO HCIIOIh30BaHUSI CBOMCTB MOIYNPOBOJAHUKOB MPHU
pa3paboTKe U CO3/IaHUU MOJTYIIPOBOJHIUKOBBIX IPUOOPOB U 3JIEMEHTOB HAHOAIEKTPOHHUKHU.

3agauaMu Kypca SIBISIOTCS: U3YYeHHE B3aUMOCBSI3U COCTaBa U CTPYKTYPHI MOTYIPOBOIHU-
KOB M UX (pU3MYECKHX CBOWCTB; 00y4YeHHE METO[aM pacueTa U U3MEpPEeHHI mapaMeTpoB U XapakTe-
PHUCTHK TIOJIYITPOBOIHUKOB; CO3/IJaHNE OCHOBBI JJIS TIOCIEAYIOIIETO U3YUeHUs BOMPOCOB (PU3UKH TI0-
JTYTPOBOJHUKOBBIX PUOOPOB, BKIIOYAS SJEMEHTHI M MPUOOPHI HAHODIEKTPOHUKH, (DU3UKU HHU3KO-
Pa3MEPHBIX CUCTEM, TBEPIOTEIHHOM SJIEKTPOHUKU U TEXHOJIOTUH MUKPO- U HAHODJIEKTPOHUKH.

2. Ilnannpyemble pe3yabTaThbl 00y4eHH s M0 JUCHUIIIMHE
I[lnanupyembie pe3yJbTaThbl 00y4eHHs 0 JUCHUIJIMHE (MO- HaumeHoBaHue
AYJII0), B COOTBETCTBHHU ¢ HHAUKATOPOM JIOCTHKEHUS KOMIIe- | OLEHOYHOro
DopmupyembIe TEeHIHHU cpeacrBa
KOMHETCHIHHA HNugukarop Pe3yabTathbl 00y4yeHus
AOCTHKEHHS 10 JAMCHHUILIHHE
KOMIIETEeHIIUH
OIIK-1.  Cmoco6en | OIIK-1.1. 3uaet | 3namo: Konnoxeuym,
pelarthb 3agaud | pyHIaMEHTaIbHBIE — OCHOBBI 30HHOW TEOpHUH TBEp- | KOHMPObHbIE
npodeccnoHaIbHON 3aKOHbl (QU3UKH U | JBIX TEI; 60NpOCHL, IK3aMe-
JIEeSTEILHOCTH Ha | MAaTEMATUKHA, METOJbI — KITacCH(UKAIMIO W 0COOEHHOCTH | HAYUOHHblE  60-
OCHOBC TMPUMCHCHUA | MATCMATUYCCKOTO peaanoﬁ 30HHON CTPYKTYPBI D3JIEMEH- npocusl
€CTECTBCHHOHAYYHBIX | aHAJIN3a U | TapHBIX HOIYIIPOBOJHUKOB U IIOJYIIPO-
1 OOIIEHHKEHEPHBIX | MOJETUPOBAHHS BOJHMKOBBIX COEAWHEHUH, HapaMeTpbl
3HAHWH, MCETOJ0B WX 30HHOM CTPYKTYpBI, ONPEIEIIAIONINE
MaTEMaTHIECKOro BO3MOXHOCTh U A((PEKTHBHOCTh HC-
aHajsa u OJb30BAHMA JUII KOHKPETHBIX IIPaKTH-
MOJCIUPOBAHUA YECKUX MPUIIOKEHUH;
— THIIBL U POJb IPUMECEN B IOJTY-




MPOBOJIHUKAX, METOIbl ONUCAHUS MEJ-
KHX U TIIyOOKWX PUMECHBIX COCTOSIHUH,
METOJIbl pacyeTa IIOJIOKEHUSI YpPOBHS
depMu B TOIYNPOBOAHUKE, OCOOCHHO-
CTH TeMIIepaTypHOH 3aBUCHMOCTH KOH-
LIEHTpallid HOCWTENIeH 3apsiia, OCHOB-
Hble A(QEKTHl, NPOSBISIOMUECS MPH
BBICOKOM YPOBHE JIETUPOBAHUS, IPUPOTY
U CBOMCTBA MOBEPXHOCTHBIX COCTOSHUM;

— CTaTUCTHKY paBHOBECHBIX H
HEPAaBHOBECHBIX 3JIEKTPOHOB U JABIPOK B
MIOJIyIPOBOTHUKAX.

— TEOPUIO SBICHUHI IEepeHoca 3a-
pana.

— ONTHYECKUE, JNEKTPUUECKHE,
raJlbBAHOMAarHUTHBIE, TEPMOAIIEKTpHYe-
CKHE CBOKCTBA MOJIYIIPOBOJAHUKOB.

OIIK YwMmeer
pemarb 3aJauu
npoheCCHOHATBHOMN
JIeSITeTIbHOCTH Ha
OCHOBE TPUMCHCHUS
C€CTCCTBCHHOHAYYHBIX
U OOIIEeNHXEHEPHBIX
3HaHUI

1.2.

Ymemn:

— OOBSICHATH CYIIHOCTHh (hr3nde-
CKHUX SIBJICHUM U MPOLECCOB B MOJIYHpPO-
BOJJHUKAX M MPOCTEHIIUX IMOJTYyIPOBOI-
HUKOBBIX CTPYKTYpax;

— IPOU3BOJIUTh aHAJIHW3 W JeNaTh
KOJIMYCCTBEHHBIC OIICHKA MapamMeTpoB
(hM3UYECKUX TIPOIIECCOB;

— OKCIICPUMCHTAIIbHO OIPCACIATH
OCHOBHBIC TapaMeTPhbl MOIYIPOBOTHUKA
— IIUPUHY 3aMpelieHHON 30HbI, KOHIICH-
TPaLUIo0, MOABUKHOCTb, BPEMs KU3HU,
kodpdunment auddy3un HOcUTeIeH
3apsia;

— M3y4aTh OPWTHHAJbHBIC Hay4Y-
Hble paboThl 1 0030pbI B 00J1acTH (hU3H-
KU IIOJIyIIPOBOJHUKOB.

OIIK 13. W wmers
HaBBIKH TIPUMCHEHHUS
(U3NUECKUX 3aKOHOB
U MareMaTU4ecKuX

Bnaoemy:

HaBBIKAMH TPUMECHEHHUS TOJYYCHHBIX
3HAHUHN I penieHus] KOHKPETHBIX 3a-
a4, BO3HUKAIIUX Kak B HAay4YHO-

METO/IOB JUIsl | MCCIIeJIOBAaTeNIbCKO pabdoTe, Tak W B

peleHus 3aj1a4y | MPOU3BOJICTBEHHO-TEXHOIOTHIECKOM

npodeccnoHanbHON IpoLecce.

JeSITeIbHOCTH

TEOPETUYECKOTO U

MPUKIIAIHOTO

XapakTepa
OIIK 0OC-8. | OIIK OC-8.1. 3uaer | 3namo: Konnoxeuym,
Criocoben byHIaMeHTa bHbIC (yHIaMeHTalIbHBIE OCHOBBI HAHOTEXHO- | KOHMPOIbHble
MPUMEHSTh OCHOBBI HAHOTEXHO- | JIOTUH, (PU3NUECKUE CBOMCTBA CHUCTEM C | 80MPOCHI, IK3AME-
(dbyHIaMeHTaIbHbIE Jorui, (U3NUECKUE | MOHWKEHHOH pa3MEpHOCTBHIO HA OCHOBE | HAYUOHHbIE  GO-
3HAHUS O | CBOWCTBA CHCTEM C | TIOJYIPOBOJIHUKOB. npocwl
¢duznUecKux MOHM)KEHHOH pas-




MEpHOCTBIO.

CBOMCTBaX CHCTEM C
TOHIKCHHOM
Pa3MEpPHOCTHIO n
YUUTHIBATH
COBpPEMCHHBIC

TEHACHIIMU Pa3BUTHUS
HAHO-TEXHOJIOTHU B
cBOEH

OIIK OC-8.2. 3maer
COBpPEMECHHBIC  TECH-
JEHITUU pa3BUTHUS
HAHOTEXHOJOTHH B
cBoeil  mpodeccuo-
HAJIBHOW JEATCIBHO-

3namo

COBpPEMCHHBIC  TCHACHIIMM  Pa3BUTHS
HaHOTEXHOJOTUH CO3aHUs MOIYMpO-
BOJTHUKOBBIX KBAHTOBOPAa3MEPHBIX HAHO-
TeTepOCTPYKTYp B CBoeil mpodeccro-
HaJbHOM JIeITCITLHOCTH.

PO ECCHOHATTLHON | CTH.

JEATEINHLHOCTH.
OIIK OC-8.3. Ymeer | Ymems
OPUMCHATh  3HAHUS | IPUMEHSTh 3HAHUS (DU3UKH MOIYMpPO-
00 OCHOBax HaHOTEX- | BOJHUKOB B CBOEH NpodecCHOHaIbHOI
HONOTHI W (u3uYe- | JAeSITEIbHOCTH.
CKMX CBOHCTBax CH-
CTEM C TMOHWXEHHOU
Pa3MEpHOCTBIO B CBO-
eil  mpodeccuoHab-
HOHU JIeATEIbHOCTH

3. CTpyKTypa U coep:kaHue TUCHUTLTUHBI
3.1. TpyaoeMKOCTbh TMCHHIIHHBI

OO61mas Tpya0eMKOCTh 4 3ET

YacoB 1o yueOGHOMY MIIaHy 144

B TOM YHCJIE

ayJIMTOpPHBIE 3aHTHS (KOHTaKTHas paboTa):

- 3aHATHUS JIEKIIMOHHOIO TUIIA 64

- KOHTPOJIb CAMOCTOSITENTLHON pabOThI 2

camocTosITelbHasE paboTa 33 (pabota B cemecTpe)

45 (Ha MOATOTOBKY K 9K3aMEHY)
[TpomexxyTouHas arrectraius 6 ceMecTp — 9K3aMeH

OO0beM UCIUTUTMHBI COCTABISAET 4 3aUeTHBIX €UHHIIBI, Bcero 144 yaca, u3 KOTOphIX 66 ya-
COB COCTAaBIIIET KOHTAaKTHasl paboTa oOydwaromierocs ¢ npernojaBatesieM (64 daca jekiuu, 2 daca
MEpOIPUATHS TPOMEKYTOYHOM aTTECTAlMM), /8 YacOB COCTABISIET CaMOCTOsITENbHas pabora 00y-

YJarnmerocs.
3.2.  Copep:kaHue TUCHUTLINHBI
HaumeHnoBanue pa3aesna quc- Bcero, B ToMm uncie
HUITHHBI qacoB KonrakrHas padora, 4acoB CamocrosiTeJbHas
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1. Benenue 7 4 4 3
2. OCHOBBI 30HHOM TEOPUU TBEP- 14 10 10
JIOTO Tena
3. CraTHCTHKa paBHOBECHBIX 16 10 10 6
JJIEKTPOHOB U JIBIPOK
4. CratucTuKa HepaBHOBECHBIX 16 10 10 6
JJIEKTPOHOB U JIBIPOK
5. OnTUveckue CBOMCTBA MOITY- 16 10 10 6
MPOBOIHUKOB
6. JltoMuHECHEHIMS U CTUMYJIU- 14 10 10 4
POBAHHOE M3JTy4CHHE
7. SIBneHns mepeHoca 3apsaa B 14 10 10 4
MOJTYTIPOBOTHUKAX
IMpome:xkyTouHasi aTTecTAlUS 10 JUCHUNIIMHE. YK3aMeH — 2 yaca

Conep:kaHue pa3aesoB TUCHUATIHHBI

1. Beenenue. Llenps u 3agaun kypca. OCHOBHas ¥ JIOTOJHUTENbHAS auTeparypa. Obmas xa-
paKTEpPUCTUKA MIPOBOJIHUKOB dJIeKTpuuecTBa. DyHIaMeHTaIbHbIE CBOMCTBA U MIPUPOAA DIEKTPOIIPO-
BOJHOCTH METAJUIOB, MOJIYIPOBOJHUKOB M MOHHBIX IPOBOJHMKOB 3JeKTpuuecTBa. Kiaccuueckas
Teopusl IEKTPOHHOM mpoBoaumoctu. Monens pyae. Ilonarus apeiida, BpeMeHU penakcaluu U
MOJABUKHOCTH HOCHUTENEeW Toka. 3akoH Oma. MexaHu3Mbl 00pa3oBaHUsS HOCHUTENIEH TOKa. DJeK-
TPOHHAsl M JbpIpouYHasi MpoBoauMOCTb. IIpumecHas nmpoBonuMocTs. KauecTBeHHass MHTEpHpeTaus
CBOICTB C TOUKH 3pEHMsI 30HHOM Teopuu. KpaTkas XapaKTepuCTHKa Ba)KHEHIINX KJIACCOB MOJIYIPO-
BonuukoB (A%, ASB®, A?BS, opranuueckue, amopdHbIe TIOMYTPOBOIHUKH).

2. OcHOBBI 30HHOM TeOpuM TBEpIOro Tena. YpasHeHue lllpeaunrepa nns kpucraiia v oc-
HOBHbIe npuOmkeHus teopun tBEporo tena (TT). AauabaTuueckoe NpUOIMKEHUE U BaJICHTHAS
annpokcuManusa. OpHolNeKTpoHHOE NpubnmkeHne. KauecTBeHHOE CpaBHEHHE JHEPreTUYECKUX
CHEKTPOB CBOOOJHOIO 3JEKTPOHA, FIEKTPOHA B aTOME M B KpucTajuie. DHepreTuueckuit cnektp TT
Ha npuMepe KpeMHus. BonHoBas pyHKIus DiIeKTpoHa B KpUCTaJLIE.

Teopema bioxa u e€ cneactBus. JUCIEPCHMOHHOE COOTHOIIEHUE M €ro CBOWMCTBA. 3O0HBI
bpuinntosHa.

[Tpubnuxenne >PppexkTUBHON Macchl. DJAeKTpoHbl M JbIpkd. Monens Kponura-Ilennu.
CTpyKTypa 3HEpPreTUYeCKUX 30H NOJYNpPOBOAHUKOB. CTaHAapTHAs 30HHASA CTPYKTypa U THUIMYHBIE
OTKJIOHEHUS OT Hee (HeNpsIMO30HHOCTh, MHOTOJI0JIMHHOCTb, BBIPOKICHHUE 30H, HECEpUUHOCTh U30-
HHEPreTUUECKUX MOBepXHOCTe). 30Ha bpuitosHa anma3onog00HbIX HOTYIPOBOIHUKOB H 0COOEH-
HOCTH 30HHOU CTPYKTYpbI HEKOTOphIX u3 HUX (Si, Ge, SixGe1.x, GaAs, GaP, GaAsixPx, InSh). Ile-
pPHOJ PEMIETKU U IIUPHUHA 3aNpeI€HHON 30Hbl OCHOBHBIX MOJYNPOBOJHUKOB, U WHXUHUPUHT Mps-



MO30HHBIX TBEP/BIX PACTBOPOB HAa UX OCHOBE. Bogopoonono0Has Mozenb NPUMECHBIX LIEHTPOB U
OHEPreTUYECKUX YPOBHEM B KpHUCTaiUIe. JIOKAIM30BaHHBIE COCTOSHUSA HA IIOBEPXHOCTH KPUCTAILIA.
Yposuu Tamma.

3. CratucTiKa paBHOBECHBIX 3JEKTPOHOB M JAbIpOK. OOIIas XapakTepuUCTHKa PAaBHOBECHOTO
cocrosgnus. I[IpuHuun neranbHOro paBHoBecusa. Mojenb NmOnynpoBOAHMKA. DyHKIMS IIIOTHOCTH
COCTOAHUHN M (DyHKIMSI paclpeesieHus 3JIEeKTPOHOB U JbIPOK. Macca MIOTHOCTH COCTOSIHUH. Ypo-
BeHb Pepmu. PacnipeneneHue 2J€KTPOHOB U ABIPOK 110 SHEPTUU. 3aBUCUMOCTb KOHLEHTPALIUHU JJIEK-
TPOHOB U ABIPOK OT ypoBHs Pepmu. HeBbIpOXKAECHHBIE TOIYIPOBOJAHUKH. Y CIIOBUE MIEKTPUUYECKOU
HelrpanpHOCcTH. TeMnepaTypHas 3aBUCUMOCTb KOHLEHTpalMu Hocutened u ypoBHs Pepmu (cod-
CTBEHHBIN ITOJIYIIPOBOJIHUK, HEKOMIICHCUPOBAHHBIM ¥ KOMIICHCUPOBAHHBIA IPUMECHBIN IOJIYIIPO-
BOJHUK). TemneparypHas 3aBUCUMOCTb IIMPUHBI 3alpeiEHHON 30HBI. Y CIIOBUE PABHOBECUS DJIEK-
TPOHOB U AbIPOK. IIoHSTHE OCHOBHBIX U HEOCHOBHBIX HOCUTENEH TOKa. CUIIBHO JIETMPOBaHHbBIE 10~
JYNPOBOAHUKH. YMEHBIICHHE HEPIUU MOHU3ALMU IIPU CWJIBHOM JIETMpOBaHHUU. [IpbpKKOBas npu-
MecCHasi IPOBOAMMOCTh. BbIpoxkieHne 31eKTpoHHOro raza. CBOMCTBA BBIPOKIACHHOIO U HEBBIPOXK-
JIEHHOTO ra3a.

4. CraTuCcTHKAa HEPAaBHOBECHBIX JIEKTPOHOB U AbIpOK. HepaBHOBecHOE cocTosiHue. [IpuHnun
JIeTajdbHOIr0 paBHOBecHs. I'eHeparus, TepMain3alnus U peKoMOMHaIMs HEPaBHOBECHBIX HOCUTENEH.
CraunoHapHble KOHIIEHTpallMM HepaBHOBECHBIX Hocuteneil. Kasuyposuu depmu. Bpemst xusHu.
VYpaBHeHre HenpephIBHOCTU. MexaHu3Mbl peKOMOMHAIMHU. 3aBUCUMOCTh BPEMEHU JKU3HHU OT ypOB-
HS JIETUPOBAHUS U TEMIIEPATYPHI U1 OCHOBHBIX MEXaHM3MOB peKOMOMHALUU. MexX30HHas U3Iyya-
TeJNbHas pekoMOMHanus. Mexx30HHas Oe3u3iryuaTenbHas pekoMOuHaus. PekomOuHanus uepes Jio-
BymikH (Teopust [okmu - Puna - Xonna). Cinyvaii HECKONBKUX TUIOB JOBYIIEK. LleHTphI mpunumna-
HUS ¥ UX BJIMSHHE Ha KUHETUKY HEPABHOBECHBIX IPOLIECCOB.

5. OnTuyeckue CBOMCTBA MOJYNPOBOIHUKOB. ONTUYECKHE APAMETPBI U CBSA3b MEXKIY HUMMU.
Koadduuument nornomenus. JuddepeHnnanbHbplii 1 UHTETpajdbHBIA 3aKOH MoriomeHus. Mexa-
HU3MBI norjouieHus ceera. CodctBeHHOE noruonieHue. [IpsmMble U HenpsMble ONTUYECKHE TTepexo-
Jbl. CrieKTpaibHas 3aBUCUMOCTh KOA((UIIMEHTA MOIJIOIEHNS U 30HHAsI CTPYKTypa MOJIyIPOBOJIHU-
koB. D¢ ekt Opanna-Kennpima. Dpdext bypmreitna-Mocca. DKCUTOHBI U SKCUTOHHOE TOTJIONIe-
Hue. [Ipumecnoe nornouienue. Ilornomenne u3irydeHus: CBOOOAHBIMHA HOCUTEISMHU.

6. JIrtoMuHECLIEHIIUS U CTUMYJIMpPOBAaHHOE M3nyueHue. Bunapl moMunecueHnuu. @oToaomu-
HecueHus (PJI). Mex3oHHas1, SKCUTOHHAsA, IpuMecHast U BHyTpuueHTpoBas dJI. O6mue 3akoHo-
MEpPHOCTH KUHETUKU U TeMrepaTypHoit 3aBucumoctu @JI. JlroMuHOGDOpH 1 NX TPUMEHEHHE.

CruMynupoBaHHOE H3iydeHue. [[puHIun 1eicTBUS TBEPIOTEIbHBIX JIa3€pOB, UX OCHOBHBIE
XapaKTEPUCTUKHU U TEXHUYECKHUE NNPUMEHEHMs. VIHBEpCHAst HACEIEHHOCTh YPOBHEH U YCUJICHUE U3-
nydeHus. 3-xX U 4-x ypoBHEBBIe cucteMbl. Pesonarop ®abpu-Ilepo. Cnexktp uzmydeHus jiazepa. Yr-
JIOBasi PaCX0JIMMOCTh Iyuka. MoImHOCTh n3nydenus. PyOuHoBbli nazep. Jlazep ¢ MmoaynnpoBaHHO
no0poTHOCTHIO. JlazepHble MaTepuansl. [IpumeHeHne TBepaOTEIbHBIX J1a3epoB. [lomynpoBoaHuKo-
BBIE JIA3€PBHI.

7. SIBneHus mepeHoca 3apsijia B nosynpoBogHukax. OOmias Teopus ABICHUN MepeHoca 3aps-
Ja. Belpaxenue nis miaoTHocTH Toka. KuHetnueckoe ypaBHeHue bosbiMaHa M €ro peleHue i
MOJIyIIPOBOJIHUKA, HAXOASIIErOCsl B 3JIEKTPUUECKOM, MAarHUTHOM M TeMIIEpaTypHoM mnose. Kuneru-
yeckue kodpuuentsl. MHTerpan cronkHoBeHud. Mexanusmsl paccesuust Hocureneid B TT. Ten-



JIOBOE WMJIM pEIIETOYHOE paccesiHue. PaccesHue Ha akyCTMUYECKMX M ONTHUYECKUX KonebaHusax (do-
HOHax) peweTku. [Ibe3oanexTpuueckoe paccesHue. [IpumecHoe paccesstHuE Ha HEHUTPaJbHOW U
MOHM30BaHHOM IpuMecH. BpeMms penakcanuy uMIyJjbca U €ro 3aBUCMMOCTb OT CKOPOCTH I OC-
HOBHBIX MCXAaHU3MOB pPaCCCAHUA. SHCKTpOHpOBOI[HOCTB MOJIYIIPOBOAHHKOB. Brraucnenne KMHETH-
4ecKoro ko3(duienTa, onpenessonero MeKTponpoBoHOCTh. JpelioBas MOABIKHOCTh HOCH-
TeJIel TOKAa M €€ 3aBUCUMOCTb OT YPOBHS JIETMUPOBAaHUS M TeMIleparypsl. TemmeparypHas 3aBUCH-
MOCTb 3JIEKTPONPOBOJHOCTH MOIYIIPOBOJAHUKOB.

4, Oobpa3oBaTe/ibHbIE TEXHOJIOTUH
OcHoBHBIE BUIBI 00PAa30BATEIBHBIX TEXHOJIOTHIA: JICKIIUU, CAMOCTOSTEIbHAs paboTa U Mmpo-
MEXYTOUHAs aTTecTalus B (hopMe IK3aMeHa.

S. YueOHO-MeTOANYECKOE 00ecTieYeHre CAMOCTOSITeIbHON PadoThl 00y4arouXxcs
Buowvt camocmosmenvnoti pabomwvr. CamocTosiTeNIbHasE paboTa MpeayCMOTpEHa MpPU OCBOe-

HUU JIEKIIMOHHOTO MaTepuaia BCeX pa3JieloB AUCUMILIMHBEL. CaMocTosTenbHas paboTa MOXET Ipo-
BOOUTCHA KaK B JOMAIIHUX YCJIOBUAX, TaK U B YATAJIbHOM 3aJIC 6I/I6JII/IOT€KI/I, B KOMIIbIOTCPHBIX KJIacC-
cax, B yueOHbIX KaOMHETaxX ¢ JOCTYIOM K 0azaMm JaHHbIX M K MHTepHeT-pecypcam. Tekymuii KoH-
TPOJIb YCIIEBAEMOCTH CBOJUTCS K KOHTpOJIIO camocrtositeabHoi padotel (KCP) u ocymecTBusiercs
nyTEM KOJUIOKBUYMOB, KOHTPOJIbHBIE BOIIPOCHI KOTOPBIX HE BBIKJIA/IBIBAIOTCS HA OOLIMHA JOCTYII.

JU1s IpOXO’KIEHUs NTPOMEKYTOUYHOM aTTecTaluy M0 JAHHOMY IpeAMETY MPOBOAUTCS 3K3a-
MEH, BKIIIOYAIOLIUil B ce0st OMIIEThI C IBYMsI KOHTPOJIbHBIMU BOIIPOCAMH.

Konmponvnvie (sk3amenayuonnvle) 60npocuvl 015 NPOEEOeHUs NPOMEICYMOUHOU ammecma-
yuu (3K3amena) no umo2am 0C80eHUs. OUCYUNTUHBL:

1. OOmas xapakrepucTthka (kjiaccuukanys) IpPOBOJHUKOB 3JieKTpuuecTBa. Knaccuueckas Teo-
pusl 3IEKTPOHHOM mMpoBoAMMOCTH. 3akoH Oma. MexaHu3Mbl 00pa3oBaHUsI HOCUTENIEH TOKa.
[TpumecHas u AbIpOYHAst MPOBOJUMOCTb.

2. OCHOBHBIE XMMHMYECKHE KJIACChl MOJIYMPOBOJHUKOB. DJIEMEHTapHbIE MOIyNpoBOAHUKH. [Tomy-
npoBouuky THa A3B%, A?B®, A*B®. Opranuueckue moaymnpoBoJHUKH.

3. OcHoBbI 30HHOH Teopuu TBEpAOro tena. YpasHenue Llpenunrepa. CBoGogHast yacTHa. ATOM
Bosloposia. YpaBHenue lllpeaunrepa ans kpuctamia. OCHOBHbIE NPUOIMKEHHSI 30HHON Teopun
TBEPAOro Tena. Anuadbaruyeckoe NpuOIMKeHNE U BalleHTHas anmpokcumanus. OJIHO3JIEKTPOH-
HOE MPUOTMKEHUE. DHEPTeTUUECKHUI CIIEKTP CBOOOIHOTO JIEKTPOHA, aTOMa U KpPHUCTAJIJIa.

4. BonHoBas QyHKIMS 3J1€KTpoHa B nepuoanyeckom mnose. Teopema broxa. CinenctBust TeopeMsl
bnoxa. flueiixa Burnepa-3eiitia. 3oub1 bpuitosna B KyOnueckux KpucTauiax.

5. Ipubnmxenue 3¢p(HeKTUBHON MAcChl. DIEKTPOHBI U ABIPKU B KpHUcTailjie. 30HHAs MOJEINb TBEP-
JIBIX TeJT (METaIbl, MOTYIPOBOJHUKH U AUAJIEKTPUKH). 3alI0JTHEHHE 30H.

6. Mogens Kponura-Ilennu.

7. CrIpyKTypa SHEpreTM4ecKUX 30H HOJYNpPOBOJHHUKOB. [IoHSATHE mMpocTOW 30HHOW CTPYKTYpHI
[TpsiMO30HHBIE U HEMPSMO30HHBIE MOJYIPOBOJAHUKHN. 30HHAS CTPYKTypa KpEeMHHS, repMaHus,
apceHuJa Trajjius, aHTHUMOHHUAA WHAMS U CIOXKHBIX aJIMa30MOAO00HBIX IOJIYIPOBOAHUKOB

(GaAs1xPx u T.11.).
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Bogopononogo6Has MoJenb MPUMECHBIX LEHTPOB U 3HEPreTUYECKUX YPOBHEW B KpHUCTAILIE.
Jloxanu3oBaHHbBIE COCTOSHUS HA IOBEPXHOCTHU KPUCTAJLIA.

CraTrcTHKa PaBHOBECHBIX AJIEKTPOHOB M JBIPOK B MOJNYNpoBOAHMKE. OOmIast XapaKTepuCcTHKa
PaBHOBECHOIO cOCTOsIHUA. [IpyHIMN AeTanbHOrO paBHOBeCH. MozeIb OIyIPOBOAHHUKA.
Oyukuus mwiotHocty coctosiHui §(E) u Macca TIIOTHOCTH COCTOSIHUM JUTs CTAHIAPTHOW U He-
CTaHJAPTHBIX 30HHBIX CTPYKTYp. I[1OTHOCTE COCTOAHMIT HA TUCKPETHBIX IPUMECHBIX LIEHTPAX.
Oynkuus pacnpenenenus. Onpenenenue yposHs @epmu. Pacnpenenenne 371€KTPOHOB U ABIPOK
10 SHEPTUH B SHEPreTUYECKUX 30HaX. KOHIEHTpalu 371€KTPOHOB U JIBIPOK B 30HaX W HA IpH-
MECHBIX YPOBHSX Kak (pyHKIMH ypoBHs PepMu. YclIoBHE 3JIEKTPHUUECKON HEHUTpaIbHOCTH MO-
JyIIPOBOJAHUKA.

CoOCTBEHHBIN MOJYIIPOBOJHUK. 3aBHCHUMOCThH KOHIIEHTPALUU, YPOBHS DepMU W HIMPUHBI 3a-
MPEWEHHON 30HbI OT TEMIIEPATYPHI.

VYcnoBue paBHOBECHUS 3JIEKTPOHOB M JBIPOK B HEBBIPOKIECHHOM IOJIYNPOBOJHUKE. HexoMIieH-
CHUPOBAHHBIM NPUMECHBIM MOJYNPOBOJHUK. 3aBUCUMOCTh KOHLEHTpauuu U ypoBHs depmu oT
YPOBHSI JIETUPOBAHUS U TEMIIEPATYPBI.

KoMneHcupoBaHHbI HPUMECHBIA MOJYIPOBOJHUK. 3aBUCHUMOCTh KOHLEHTpPAlUud M YPOBHS
®epmu OT ypOBHS JIETUPOBAHUS U TEMIIEPATYPBI.

CunpHO JIeTMpOBaHHBIE IOJIYIPOBOJHUKH. BBIpOXKIAEHHE 3JIEKTPOHHOTO (ABIPOYHOIO) ra3a u
€ro CBOMCTBA.

CratucTiuka HEpaBHOBECHBIX AJIEKTPOHOB U JBIpOK. Bpems xu3Hu Hocutenedt Toka. Craunuo-
HapHble KOHIICHTPALlMA HEPAaBHOBECHBIX HocuTenel. Kpasnyposau depmu.

VYpaBHenue HenpepbiBHOCTU. Kimaccudukaius MexaHu3MOB peKOMOUHAIUH.

Mesx30HHas U3MydyaTenbHas peKoMOMHALNS. 3aBUCHUMOCTh BPEMEHHU JKU3HHU OT YPOBHSI JIETUPO-
BaHUS U TEMIIEPATYPBI.

Mesx3oHHas Oe3bI3myuaTenbHas peKOMOUHAIMS. 3aBUCUMOCTh BPEMEHHU JKU3HU OT YPOBHS Jie-
TUPOBAaHUS U TEMIEPATYPHL.

PexoMOuHamus yepes T0BYIIKU. 3aBUCUMOCTb BPEMEHU KU3HU OT YPOBHS JIETUPOBAHUS U TEM-
nepaTypsl.

PexomOMHaIus Mpu HATMYUKM HECKOJIBKUX THIIOB JIOBYIIEK. [[eHTphI MpUIUManus B MOIYIIPO-
BOJHUKAX U UX BJIMSIHUE HA KHHETUKY HEPaBHOBECHBIX IPOIIECCOB B MOJYIIPOBOJHUKAX.
OnTuueckue cBoiicTBa TBepABIX Tel. OnTudeckue KOdPPUIMEHTH. MeXaHu3Mbl MOTIOMEHUS
cBeTa B MOdymnpoBojgHUKaxX. CobcTBeHHOE ((yHIaMEHTAIbHOE MM MEXK30HHOE) MOTJIOLICHHE.
Dddext Opanna-Kennpima. Ipdext bypmreiina-Mocca. DKCUTOHBI U SKCUTOHHOE TMOTIIOIIE-
Hue. [IpumecHoe normnomienue u3nydenus. [loraomenne u3nydeHus: CBOOOAHBIMU HOCUTEIISIMHU.
JlroMuHecHeHIMs MOTYIIPOBOAHUKOB. BHyTpHIleHTpoBas (mpumecHasi) (pOTOIIOMHUHECLIEHIIHS.
PekoMOuHanonHass QOTONIOMUHECLIEHIIUS B TMOJIYIPOBOJAHUKAX. DKCUTOHHAS JIIOMHUHECLIEH-
nus. Mex3onHas Qoromromunecuennus. [Ipumecnas dotomomuuectennus. [IpumecHnas ¢o-
TOJIIOMUHECILICHIIMS Ha TOHOPHO-aKLENTOpHBIX nmapax. Kuneruka ¢oromomunecueHuu. Tem-
nepaTypHas 3aBUCUMOCTb (POTOTIOMUHECHEHIIUH.

CrtuMynupoBaHHOE W3IydeHHE. TBepaoTenpHBIE Ja3epbl. 3-X U 4-X YPOBHEBBIE CHCTEMBI.
Crextp u3myuyeHus azepa. YTIIoBas pacxoJUMOCTh MydKa. MOIIHOCTh U3nydeHus. PyOrnHOBBII
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nasep. Jlazep ¢ MoayIupoBaHHOM 10OPOTHOCTHIO. JlazepHbie MaTepuansl. [IpumeHeHue TBEpAO-
TeJIbHBIX Ja3epoB. [1oTynpOBOIHUKOBBIE JTa3€Phl.

SBnenust mepeHoca 3apsga B moiynpoBogHukax. OOmias Teopwusl SIBICHHUN MEpeHoca 3apsijia.
OO6miee BeIpakeHUE IS IIOTHOCTU TOKa. KuHetnueckoe ypaBHeHue bonbiiMana u ero peiie-
HUE.

Paccesinue Hocutenel Toka. BpeMs penakcanuu umiyiabca. Mexanu3mel paccesinus. Paccesinue
Ha aKyCTHYEeCKMX U onTudeckux ¢oHoHax. IIbezosnextpuueckoe paccessHue. PaccesHue Ha
MOHU30BAaHHOW Y HEUTPaAJIBLHON TPUMECH.

DIEeKTPONPOBOAHOCT MOIYIPOBOJHUKOB U CBS3aHHbIE ¢ Hell sBneHus. [peridoBas moaBux-
HOCTh. PaccesiHue Ha akycTHueckux (POHOHAX, HA HOHU30BAaHHOM U HA HEHTPAIIbHOM IPUMECH.
TemneparypHasi 3aBUCUMOCTD JIEKTPONPOBOJIHOCTH MOJIYITPOBOIHUKOB.

LlonoanumenvHovle 3K3aMEHAYUOHHBLE B0NPOCHL!
Jaiite onpeneseHne NoABUKHOCTH HOCUTENEH 3apsaja. B kakux eqnHunax oHa usmepsercs?
3anummure 3akoH Oma B quddepenunansHoil popme. Kak cBd3aHa MpoBOAUMOCTh € KOHIIEH-
TpalMen U IOJBUKHOCTBIO HOCUTENEH 3apsiia. B Kakux eauMHHULaX OHA U3MepsieTcs?
Hapucyiite 3aBucumocts N(T), W(T) u o(T) B koopauHaTax AppeHuyca.
HasoBute usBectHsle BaMm cTpykTypHBIE THIBI. Kakol CTPYKTYpHBIN THII y ITOJYIIPOBOJHUKOB
Si, Ge, GaAs?
3anumute ypaBHeHue Llpeaunrepa B camom o0111eM Bujie (BpEMEHHOE U CTAllMOHAPHOE).
3anuiuTe BBIPAKEHUE JIJIS1 SHEPTETUYECKOTO CIEKTpPa COCTOSIHUM AJIEKTPOHA B aTOME BOJIOPO-
Ja.
3anumure BeIpakeHHE AJ1s BOJHOBOM (yHKImu bioxa.
3anumure ypaBHeHue llpenunrepa ans 3eKTpoHa B KpUCTAJUIE B OJJHOIEKTPOHHOM MPHOIH-
KEHUHU.
JaiiTe onpenenenne NOHATHS «30HbI bprilItooHay.
Kakoli MHOrorpaHHMK ONUCHIBAET 30HY bpmiiitosHa B KyOM4ecKUX KpUCTaJUIax (MPUMUTHBHAS
suerika, OLIK, T'TIK)?
3anumute ypaBHeHue lllpenuHrepa 1uist 3IeKTpoOHA B KpUCTAJIE B MPUOIMKEHUN 3D PEeKTHB-
Hol Maccel. KakoB ee cmbicn?
PackpoiiTe noHaTHE cTaHAAPTHOM (IIPOCTOI) 30HHOM CTPYKTYPBHI.
[Tepeuncnure OTKIOHEHHS peaJbHON 30HHOM CTPYKTYpBI OT IPOCTOM (CTaHIapTHOM).
Yemy paBHa MIMPUHA 3aMPEIIEHHON 30HBI OCHOBHBIX MOIYNPoBoIHUKOB (Si, Ge, GaAs)?
Hapucyiite (kagecTBeHHO) 30HHYIO CTPYKTYpY Si, Ge, GaAs.
Hapucyiite o0mnryro Mozenb MOJXyNpPOBOAHHMKA, HCIOIb3YEMYIO B CTaTHUCTUKE PAaBHOBECHBIX
3JIEKTPOHHOU M JIBIPOK.
Yro Takoi pyHKIMS IUIOTHOCTU COCTOSIHUM? B Kakux enquHUIaX oHa n3mepsiercs?
Yro takoe pyHKIMA pacnipeaeneHus? B kakux eanHULIaX OHA U3MepseTcs?
Zanummre Beipaxkerue 1 ge(E) u gu(E).
3anumure BeipaxkeHue pyHkuun Oepmu-/upaxa.
3anumuTe ypaBHEHUE 3JIEKTPOHEHTPATbHOCTH MOIYIPOBOJHUKA B CAMOM OOILEM BHJIE.
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6.1.

Hapucyiite xon TemrieparypHON 3aBUCUMOCTH MOJIOKEHUS YPOBHS DepMU B MOJTYIPOBOJIHUKE
N — Tuna (HEeKOMIIEHCUPOBAHHOM).

HanumuTe BeipaskeHHe A71s1 KOHIIGHTPALUU HOCUTENEH 3apsiaa B COOCTBEHHOM HOIYIIPOBOIHU-
K€ (B 3aBUCHMOCTH OT TEMIIEPATYpBhI).

Kak no Haxsony 3apucumoctu Ig ni = f (103/T) onpenenuts AEg?

Kak mmpuna 3anpeneHHoi 30Hbl 3aBUCUT OT TEMIIepaTyphl?

Ioctpoiite 3aBucumocts Ig n = f (10%/T) s HeKOMIIEHCHPOBAHHOTO MOJTYIIPOBOJHUKA N — TH-
na. YTo mo Hel MOKHO ONPEICTUTh?

UTo Takoe HEKOMITIEHCUPOBAHHBIN MOIYIPOBOIHUK?

Urto Takoe BBIPOXKACHHBIN NOIYIIPOBOAHUK? KpuTepuil BBIPOKICHMUS.

JaiiTe onpeneneHue BpEMEHU KU3HH.

3anuiuuTe ypaBHEHHE HEPEPHIBHOCTH JIJISl 3JIEKTPOHOB U JIBIPOK.

[TosicHuTe TePMHUHBI: MEXK30HHASI MU3JTy4aTesIbHAs PEKOMOWHAIINS, MEK30HHAsT O€3bI3ITydaTeib-
Hasi peKOMOMHAaLKs, peKOMOMHALIMS Yepe3 JIOBYIIKH.

YeM oTIMYAIOTCS LEHTPbl PEKOMOUHAIIMM OT LIEHTPOB MPUIUIAHUsA?

Yro Takoe onTuieckrue KodhGUIMeHTs (MHTErpabHbIE)?

3anumute 3akoH broprepa — JlamGepra B auddepenunansHoit popme.

KakoB cmbicn nuddepennnansaoro kodpguipenta noromenus o? B kakux equHuIax oH u3-
mepsiercs?

CBs13b KpacHO IpaHULIbl COOCTBEHHOI'O MOTJIOLIEHUS C IIMPUHOMN 3aMPEIIeHHOM 30HbI B IPSIMO-
30HHBIX U HETPSMO30HHBIX MOJIYIIPOBOAHUKAX.

[Tepeuncnure MeXaHU3MBbI ONITUYECKOTO MOTJIOMIEHHUS B TOJIYIPOBOAHUKAX.

B uem cyTh 3¢ppexra Opanna — Kenapima?

B uem cyTb 3¢ dexra byprreitna — Mocca?

Ha3zoBuTe 0OCHOBHbBIE MEXaHU3MBbI (POTOTFOMUHECIIEHIINH.

Kak co3naTte yciaoBus U1sl BOSHUKHOBEHHSI CTUMYJIMPOBAHHOTO U3JIy4EHUsI B TBEPAOM Teie?
UeM MHOTOMOJTIOBBIH Jla3ep OTIMYAETCS OT OJJHOMOJIOBOTO?

[TpunHumn pa®oTsl 1a3epa ¢ MOAYJIUPOBAHHOMN TOOPOTHOCTHIO.

[TpunHuMn paboThl MHXEKIIMOHHOTO JIa3epa.

[lepeuncnure OCHOBHbIE MEXaHU3MBbI PACCESIHUSI HOCUTENIEH B IIOTYTIPOBOIHUKE.

®oH/ OLICHOYHBIX CPEACTB AJIsl IPOMEKYTOYHOM aTTeCTANMH 10 JMCHHILJIMHE
[lepeyeHp KOMIETEHIMH BBITYCKHUKOB OOpa30BaTEeNbHONW MPOrpaMMbl, B (OPMHUPOBAHUU

KOTOPBIX YUyBCTBYET NUCIMIUIMHA C YKa3aHUEM pe3yJbTaToB oOyueHMs (3HAHWM, YMEHHUH, Biaje-

Hul) npuBenéH BoIe (pa3zaen 2). Hike npuBenena tabauna oOpa3zoBaTeNbHbIX 1€CKPUITOPOB (OT-

JUYUTEIBHBIX PU3HAKOB YPOBHEH OCBOCHUSI KOMIIETEHILIUN ).

YposeHb Ixana oueHuBaHus copMUPOBAHHOCTH KOMIETEHIIU
copmmupo-
BAHHOCTH HeynoB/ieTBo-| yI0BJIETBO- OYeHb
TJI0X0 X0po1Io OTJINYHO NMPeBOCXO0HO
KOMIIETEeH- puTEeNBLHO puTEeIBHO Xopouro
oui (MHIu-




KaTopa a0-
CTHKEHHUS He 3auteno 3a4TEHO
KOMIIeTeH-
mii)
OtcyTcTBHE VYposenb
3HaHUMH TEO- VYposenb 3HaHUH B
€TUYECKOTO 3HaHUH B obObeme
p VYposens MunnMas- i Yposens
Marepuana. . obbeme, COOTBET- o
3HAHUI HIKE | HO JOMyCTH- 3HaHUH B VDOBeHD
. COOTBET- CTBYIOIIEM p
MHHUMAJTb- MBI yPOBEHb o0BeMme, SHAHUH B
HeBo3mox- N CTBYIOILIEM porpamme
3HaHus HBIX Tpebo- 3Hanui. [lo- COOTBET- obBeMe
HOCTb oLie- N nporpamme MOATOTOBKH. >
BaHuil. IMe- | mymieHo CTBYIOIIEM PeRBIIIAIO-
HHTB IIOJTHO- HOATOTOBKH. | J[omyIIeHo P
N T MECTO MHOTO He- TporpamMme 1M 1po-
Ty 3HaHUU 6 5 Honyuiero HECKOJIBKO P
rpyObie BIX TOJTOTOBKH
BCIIEJICTBHE py Py HECKOIBKO HecyIie- A > | rpamMmy moa-
OIIMOKH. omunoKy. 6e3 omuOOK. | roropxu
0TKa3a 00y- HETpyObIX CTBEHHBIX :
Yaromerocs OIInO0K omuboK
OT OTBETa
OTtcyTcTBHE IIponemon- [Iponemon- IIponemon- [Iponemon-
MHHHUMAaJTb- - IMponemosn- CTPHPOBAaHBl | CTPUPOBAHBI | CTPHPOBAHBI | CTPHUPOBAHEI
N U pere-
HBIX YMEHHH. pHp CTPUPOBAHBl | BCE OCHOB- BCE OCHOB- BCE OCHOB- BCE OCHOB-
HUH CTaH-
HeBo3mox- OCHOBHEIE HBIC yMEHUS. | HbIe YMEHHS. | HbICe yMEHHs, | HbIe YMEHUS.
JapTHBIX
HOCTB OI1e- YMEHHUSI. Pemensr Bce | Pemrensl Bce | perueHsl Bce | PereHsl Bce
3amaq He
HHUTH HaJU- A Pemensr OCHOBHBIE OCHOBHBIE OCHOBHBIE OCHOBHBIE
o MIPOJIEMOH-
4yHe yMEeHUH THUIIOBEIE 3a7a4u C 3agaun. Bel- | 3amaum ¢ 3agaun. Bel-
Ymenus CTPUPOBAHbI
BCIIEJICTBHE 3ama4u ¢ HETpyOBIMHU MOJTHEHBI BCE | OTJACNBHBIMH | THOJHEHBI BCE
OCHOBHBIC
oTka3za o0y- HerpyOobIMU OLINOKaMH. 3aJaHusd, B HecyIie- 3amaHus, B
MEHUSL.
YaroIerocs y OLTHOKAMH. BeImonHeHsl | TTOTHOM 00B- | CTBEHHBIM TIOJTHOM
OT OTBETA BemmonHeHsr | Bce 3agaHusA, | eMe, HO He- HeI0YeTaMH,
Hwmenu me- 6 6
BCE 33J]aHUsA, | B IIOJHOM KOTOpBIE C BBITIOJTHEHBI 00BEME DE3
CTO TpyOBIC
HO HE B MOJ- o0bemMe, HO HEJ0YeTaMHU. | BCE 3aJaHUs HCI04YCTOB
OIIUOKH.
HOM O0BeMe. | HEKOTOpBIE C B ITOJITHOM
HEJI0UeTaMH. obbeme.
[Ipu perme- ITponemon- IIponemon-
HUmeetcs IIponemon-
HUH CTaH- cTpupoBansl | IIpomemon- CTPHPOBaH
0 MHHUMAaITb- CTPHPOBAHBI .
TCYTCTBUC JApTHBIX . 6azoBble CTPUPOBaHbl | TBOPYECKUMU
HBII 6a3oBbIe
BIIAJICHUS 3a1aq He HaBBIKH HABBIKA MOAXOM K
MaTepHaIoM HABEIKH
o - | mpoaemMoH- HAGOD HABbI- PpeIIeHHIo
€BO3MOXK- UDOBAHBI HpH perre- HpH periie- HeCTaHIapT-
q CcTpuposa KOB JJI4 pe- HpH periie- ccraniap
aBBIKH HOCTb OIIe- HHH CTaH- HUH HECTaH-
HaBbiku 0a3oBbIE [ICHWS CTAaH- | Ry CTam- HBIX 33714
HHUTh HaJIU- JTAPTHBIX JapTHBIX
HABBIKH. JTAPTHBIX JapTHBIX P P
YHe HaBbIKOB 3amay Oe3 3amayq 6e3
3aj1a4 C He- 3aj1a4 Cc He-
BCJIEZICTBUE Nmenn me- ommnboK U ommboK U
KOTOPBIMHU KOTOPBIMU
oTka3za o0y- CTO rpyObIe HEJJ0YEeTOB. HEJ[09YETOB.
HEeJoYeTaMH | HeJZodYeTaMH
JaroIIerocs OILINOKH.
OT OTBETa
6.2.  OmnwmcaHue NIKaT OT[CHHBAHUS

[Ipu BhICTaBIECHUH 3K3aMEHALMOHHOM OLICHKH, T.€. B XOJI€ MPOMEKYTOYHON aTTECTallNH,
MPUMEHSETCS CEMUOAJUTbHAS IIIKaja, KOTOpas MO OKOHYaHWHM oOydeHus (B aumuiome OakaiaBpa)
Tparcopmupyetcs B nsaTubamuibHyto. O6e mikasnsl mpuBs3anbl K 100-0anpHOM cucTeMe, B KOTOPOit
Oaripl HAaOMpaIOTCs MyTeM OTBETAa Ha OCHOBHBIC M JIOTIOJHHUTENBHBIC SK3aMEHAIIMOHHBIE BOIMPOCHI.



DK3aMEHAIIMOHHBIA OWJIET COJIEPKUT JIBa OCHOBHBIX BOINPOCA. 3a OTBET Ha KaXKIbIH M3 BOMPOCOB

HauncisieTcss MakcumyM 50 G6aio. Mtoro moxxHo HabpaTh MakcumyM 100 6amtoB. Kommiekr mo-

IMMOJIHUTCIIbHBIX 3K3aMCHAIIMOHHBIX BOIIPOCOB MOXKET OBITH MCIIOJIB30BaH AJIl YTOUHCHUA OLCHKHU B

npenenax +£10 6amios.

Kputepuu BbicTaB/1eHUs OLICHKHU NIPH cAa4ye IK3aMeHa

Cemubarmib- . [IaTnbans-
bamner Omnmcanne ceMHUOAIIbHOI HIKaIIBI
Hasl [IKaja Has IIKajia
90-100 55 Otnuunas noarotoBka. CTyIEHT OTBEYAET MOJHOCTHIO Ha BOMPOCHI OuIie- 5
[IpeBocxon- | Ta M JOTOJHUTENBHBIE BOIIPOCHI (3a]aHus), BBIXOISIINE 38 PAMKU H3Y- OTJIIMYHO
HO YEHHOT0 00beMa Kypca U U3YyYECHHBIX QITOPUTMOB H IIOJXOJI0B, ITPOSIBIISS
WHHUIUATUBY M TBOPYECKOE MBIIILICHHE.
80-89 5 Otnmunas moarotoka. CTyIeHT OTBEYaeT NOJHOCTHIO Ha BOMIPOCH! OmileTa
OTJINYHO B paMKaX M3y4YCHHBIX alTOPUTMOB U MOAX0AO0B. [Ipn 0TBETE HA TOMONHH-
TeJbHBIC BOMPOCHI AOMYCKAIOTCS HE3HAUYUTEIILHBIC HETOYHOCTH.
75-79 45 Xopomrtas noaroroBka. CTyJeHT OKa3bIBaeT XOPOLIUI yPOBEHb 3HAHUS BO- 4
OYEHB XO- | MPOCOB OMJIETa ¥ OTBEYAET C HEOOIBIIMMU HETOYHOCTSIMH. XOPOILO
porio
70-74 4 Xopomas moarotoBka. CTyICHT OKa3bIBaCT CPEAHAN YPOBEHb 3HAHMUS BO-
XOpOIIO0 MIPOCOB OMJIETa U OTBEYAET HAa HEKOTOPHIE JOMOIHUTEIbHBIE BOIIPOCHI IIpe-
moaBates (B paMkax Ouiera).
60-69 3 Y noBneTBopuTeNbHAs HOATOTOBKA. CTYAEHT MOKa3bIBAET YOBJIETBOPHU- 3
YIOBJICTBO- | TEJIbHOE 3HAHUE BOIIPOCOB OMIICTa M 3HAHUE 0A30BBIX MOHATHI OTBEYas C yIOBJIETBO-
PHUTEIBHO | HABOASIIMMH BOIIPOCAMH MPEIIOIABATEIS. PHUTEIBHO
40-59 2 CTynIeHT MoKa3bIBacT HEYTOBICTBOPUTEILHOE 3HAHUE OCHOB Kypca U 0a30- 2
HeyloBlie- | BBIX MOHATHI. HeoOxoauMa HOMONMHUTENbHAS TOATOTOBKA JAJIsL yCIElI- HEey/I0BJIe-
TBOPHUTENILHO | HOT'O IPOXOXKACHHS UCIIBITAHUSI. TBOPHUTEIILHO
<40 1 IToaroroBka coBepuieHHO HegocTatouHa. [locneayromas nepecaaya Bo3- 1
TI0XO MOJKHa TOJIbKO C KOMUCCHEHA. II0X0
6.3. MeTouuquKne MaTepUaJibl, ONIpEeaACJAAIOIUEC MPOUEAYPbl OICHUBAHUS

ce0s KOHTPOJBHBIC BOIIPOCHI, COACPKAINIUECA B V‘-IGGHO-MCTOZ[I/I‘ICCKI/IX MTOCOOUSIX.

7. Y4dedHo-MeTOAMYECKOEe M HHPOPMALMOHHOE 00ecneyeHne TUCIUTITUHBI

a) OCHOBHasl JIMTepaTypa:

OI_IGHOLIHHC CpeACTBa KOJUIOKBUYMOB JIA KOHTPOJIA TEKYIIEW YCIEeBAEMOCTH BKIIOYAIOT B

1. IlaaumoBa  K.B. dusuka 1976.-416 c.
https://e.lanbook.com/book/167840
http://spen.phys.unn.ru/library dl.asp?fn=Shalimova.pdf

2. Tlaenos I1.B., XoxioB A.®D. ®usnka TBEpaOTO Tena: Yued.- 3-e usj., crep.- M: Beicur. mk.-

2000.- 494 c.

MOJIyIPOBOHUKOB.-M.:  DHeprus,



https://e.lanbook.com/book/167840
http://spen.phys.unn.ru/library_dl.asp?fn=Shalimova.pdf

http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=44686&idb=0
http://spen.phys.unn.ru/library dl.asp?fn=Pavlov-Khokhlov.djvu
http://www.studmed.ru/paviov-pv-hohlov-af-fizika-tverdogo-tela 0c8e3f3519f.html#

3. Kupees II.C. ®usuka noaynpoBoAHMKOB.-M.:  Bwicm. mk., 1975.-584 c.
http://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=397920&idb=0
http://spen.phys.unn.ru/library dl.asp?fn=Kireev.pdf
http://www.studmed.ru/kireev-ps-fizika-poluprovodnikov 24cecbadf3e.html

4. bonu-bpyesuu B.JI., Kanamnukos C.I'. ®usuka nmoaynpoBoaHukos.-M.: Hayka, 1990.- 688
C.

http://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=445646&idb=0
http://spen.phys.unn.ru/library dl.asp?fn=BonchBuevich-Poluprovodniki.djvu

5. 3u C. O®usuka MOJYNPOBOAHUKOBBIX MpuOOpoB.-M.: Mup, 1984.-T. 1.-456 c.
http://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=324623&idb=0
http://spen.phys.unn.ru/library dl.asp?fn=Sze 2.djvu

0) JOMOJIHUTeIbLHAS JIUTEpaTypa:

1. 3eerep K. dusuka MIOJIyIIPOBOJHUKOB.-M..: Mup, 1977.- 616 C.
http://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=85771&idb=0
http://spen.phys.unn.ru/library dl.asp?fn=Zeeger-Poluprovodniki.djvu

2. Oucryns B.M. Bemenue B Qu3MKy NOIynpoBOgHHKOB.-M.: Beicm. mk., 1984.-352 c.
http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=397943&idb=0
http://spen.phys.unn.ru/library dl.asp?fn=Fistul.pdf

3. Kurrens Y. Bsemenue B ¢usuky tBEpHoro Ttema.-M.: Hayka, 1978.-792 c.
http://www.studmed.ru/kittel-ch-vvedenie-v-fiziku-tverdogo-tela-v-2-h-
tomah_9d52ded9eac.html
http://spen.phys.unn.ru/library _dl.asp?fn=Kittel-VvedVFizikuTvTela.djvu

4. Buxymuan WM., Crapeer B.M. dusuka nomynpoBOAHMKOBBIX NpuOopoB. M. Paano u
¢Ba36.1990.- 264 c.
http://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=454236&idb=0
http://spen.phys.unn.ru/library dl.asp?fn=Vikulin-Stafeev.pdf

5. AncensM A.W. Benenume B Teopuio moaynpoBoaHukoB. M. OMIJL. 1978.-616 c.
http://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=397901&idb=0
http://spen.phys.unn.ru/library dl.asp?fn=Anselm-Poluprovodniki.djvu
https://e.lanbook.com/reader/book/71742/#book _name

6. IO II., Kapnona M. OcHoBbl ¢u3uku nonynpooanukoB /Ilep. ¢ anrn. M.W. Pemunoii. [Toa
pen. B.II.  3axapuenu.- 3-¢ w3m- M.  Ousmarmur, 2002.- 560 c.
http://spen.phys.unn.ru/library dl.asp?fn=Yu-Cardona.pdf

B) NporpamMMHoe odecniedenne u MurepHeT-pecypcsl

http://www.lib.unn.ru/ - ®yunamenranpaas oubnmmoreka HHI'Y

https://e.lanbook.com/ - DnekTpoHHO-O0MOIHOTEUHAs crcTeMa U3, «JIaHb»

http://spen.phys.unn.ru/library.asp - Dnextponnas 6ubnuorexa ®3d HHI'Y

http://www.studmed.ru - YueGHO-MeToqruYecKas InTeparypa Jis CTyICHTOB

http://www.ph4s.ru - O6pa3oBarensHbIi TpoekT A.H. Bapruna



http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=44686&idb=0
http://spen.phys.unn.ru/library_dl.asp?fn=Pavlov-Khokhlov.djvu
http://www.studmed.ru/pavlov-pv-hohlov-af-fizika-tverdogo-tela_0c8e3f3519f.html
http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=397920&idb=0
http://spen.phys.unn.ru/library_dl.asp?fn=Kireev.pdf
http://www.studmed.ru/kireev-ps-fizika-poluprovodnikov_24cecbadf3e.html
http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=445646&idb=0
http://spen.phys.unn.ru/library_dl.asp?fn=BonchBuevich-Poluprovodniki.djvu
http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=324623&idb=0
http://spen.phys.unn.ru/library_dl.asp?fn=Sze_2.djvu
http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=85771&idb=0
http://spen.phys.unn.ru/library_dl.asp?fn=Zeeger-Poluprovodniki.djvu
http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=397943&idb=0
http://spen.phys.unn.ru/library_dl.asp?fn=Fistul.pdf
http://www.studmed.ru/kittel-ch-vvedenie-v-fiziku-tverdogo-tela-v-2-h-tomah_9d52ded9eac.html
http://www.studmed.ru/kittel-ch-vvedenie-v-fiziku-tverdogo-tela-v-2-h-tomah_9d52ded9eac.html
http://spen.phys.unn.ru/library_dl.asp?fn=Kittel-VvedVFizikuTvTela.djvu
http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=454236&idb=0
http://spen.phys.unn.ru/library_dl.asp?fn=Vikulin-Stafeev.pdf
http://e-lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=397901&idb=0
http://spen.phys.unn.ru/library_dl.asp?fn=Anselm-Poluprovodniki.djvu
https://e.lanbook.com/reader/book/71742/#book_name
http://spen.phys.unn.ru/library_dl.asp?fn=Yu-Cardona.pdf
http://www.lib.unn.ru/
https://e.lanbook.com/
http://spen.phys.unn.ru/library.asp
http://www.studmed.ru/
http://www.ph4s.ru/

8. MaTepI/IaJILHO-TeXHH'le(!KOE odecrneuyeHue AUCHHUIIIMHBI

[Tomemnienns npeACTaBIAIOT cO00H y4eOHbBIE ay TUTOPUH JUIS ITPOBEICHHS yUeOHBIX 3aHATHH,
IPEIYCMOTPEHHBIX MTPOrPaAMMOii, OCHAIIEHHbIE 000PYIOBAHUEM U TEXHUYECKUMH CPeACTBaMU 00y-
YEHUS: CIEHUATM3UPOBAHHON MeOeIbl0, MEJIOBHIMH WM MarHUTHO-MapKEPHBIMH JOCKaMHU IS
npezcTaBieHus yueOHoi nHpopmManuu O0JIBIION ayIUTOPHH.

[TomemieHus uisi CAaMOCTOATENBHOM pabOThl O0YYAIOIIMXCS OCHAILIEHBI KOMITBIOTEPHOM TEXHU-
KOH ¢ BO3MOKHOCTBIO MOJAKIIIOUEHUs K ceTd "MHTepHeT" U 00ecreyeHbl TOCTYIIOM B 3JIEKTPOHHYIO
nH(OPMaLIMOHHO-00Pa30BaTENbHYIO CPEY.

[TporpaMma cocTaBiieHa B COOTBETCTBUU ¢ TpeboBanusMu ycranosiennoro HHI'Y o6pa3oBa-
TEJIBLHOTO CTaHJIapTa BBICIIETO 00pa30BaHUs MO HampasieHUIo moarotoBku 28.03.01 HanotexHoio-
TUU ¥ MUKPOCUCTEMHAs TEXHHKA.
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