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1. Ilean ocBoOeHUs AUCIUTIIHHBI

Henbto ocBoeHus quctumuinHbl «®Pu3nka MoIynpoBOAHUKOB U HU3KOPAa3MEPHBIX CHUCTEM)
ABIISIETCS: M3yUeHHE (PyHIaMEHTAIbHBIX TEOPETUYECKUX MPEACTABICHUI O MOTYyIPOBOIHUKOBBIX
MaTepuaiax, CTpyKTypax Ha UX OCHOBE U IpoLEccax, IPOUCXOAAIIMX B HUX IOJ AECHCTBUEM
BHEIIIHUX OJIEW U AJIEKTPOMATHUTHBIX BOJIH.

3ajayamMu AMCUMIIMHBL  «DU3MKa TOJYNPOBOJHUKOB U HHU3KOPAa3MEPHBIX CHUCTEM)
ABJISIETCSI: 3HAKOMCTBO OCHOBAMM TEOPETHYECKUX MPEACTABICHUN O 30HHOW CTPYKType H
CTaTUCTHKE HOCHUTENICH 3apsja B MOJIYNPOBOJHUKOBBIX MaTepHajax, a Takke ¢ (PU3NYECKHUMU
MPUHILIMIIAMH, JEKallUMH B OCHOBE pabOThl 0aphepoB W IpaHHUIl pa3flelia U CTPYKTYp Ha X
OCHOBE.

2.  MecTo IMCHUILUIMHBI B CTPYKTYpe 00pa30oBaTe/ibHOI MPOrpaMMbl

Hucuummba «®@u3uka MOJYNPOBOJAHUKOB M HHU3KOPAa3MEPHBIX CHUCTEM» OTHOCHUTCA K
BapUaTUBHOW dYacTH 0a30Boro OJ0Ka; SBIAETCS IUCHUILIMHON 1O BBIOOpPY cryaeHTa. Ee
U3yYeHHE OCHOBBIBACTCS HAa 3HAHUAX, YMEHHMSIX M BIAQJCHUSAX, MOJYYCHHBIX B pe3yJbTaTe
OCBOEHUS CIEAYIOUINX ITUCHUIUIMH: DJIeKTPUYecTBO U MarHeTusM, Ontuka, @u3suka aToMoB
U AaTOMHBIX fIBJIEHUH, DJieKTpoAuHaAMuKa, KBaHTOBasi Teopus.

[TomydyeHHble TpU  OCBOGHUM  JUCHUIUIMHBI ~ @HU3MKAa  MOJYNPOBOAHMKOB U
HHM3KOpPa3MepHbIX CHCTeM 3HaHWA, YMEHHS M BIAJCHUA HEOOXOOUMBI Uil H3YUYCHHUS
MOCIEAYIOIUX AUCUUIUIMH TpodeCcCHOHAIBHOTO UK, a TAKXKEe [Tl IPOAOKEHNs 00yUeHHs B
Maructparype no HanpasieHuto 11.03.04 DiexTpoHuka m HaHoJeKTpoHmka. Hapsny c
JIpYTUMHU JTUCIUTLTHHAMEI npodeccuoHaIbHOTO LUKJIa JTUCLUILTNHA duzuka
NOJYNPOBOJHUKOB M HHM3KOPAa3MEPHBIX CHCTeM O00€CleYMBaeT peamu3anuio npopus
noarotoBku MHTerpajbHasi 31eKTPOHUKA U HAHOIJIEKTPOHHKA.

3. Ilnanupyemblie pe3yjabTaTbl OOy4YeHMS] MO JUCUUILJIMHE, COOTHECEHHbIE C
IUIAHUPYEMBIMHU Pe3yJIbTATAMH OCBOCHHS 00Pa30BaTeIbHOI MPOrPaMMbl

[Iponiecc M3ydeHUs MUCLMIUIMHBI HalpaBleH Ha (POPMUPOBAHHE CIEAYIOIIHX 3JIEMEHTOB
komrereHmii B coorBerctBuu ¢ ®I'OC BO, OIl BO u npuobpeTeHus Cleayloux 3HAHHM,
YMEHUH, HaBbIKOB U (UJIM) OIBITA AEATEIbHOCTH!

Nuaukarop
dopmupyemast

JOCTHKEHUS IlepeueHb MIAHUPYEMBIX Pe3yJbTATOB

KOMIleTeH sl (Kox
KOMIIeTeHIUHU (KO 1 o0yueHust
U (opMyJIMPOBKA)
¢opmyIHpoBKa)

Oo0menpogeccuoHabHbIe KOMIIETEHIIUU
IIK-5 N TIK-5.1. 3naer 3HaTh:
Cnocoben busnueckue ® OCHOBHBIC dTaIbl Pa3BUTHS QU3HKH
BBITIOJTHATH pa0OTHl | XapaKTEPUCTUKH MOJIYTIPOBOJHUKOB, BKJIIOYAIOILIUE KaK
o MAaTEepHAJIOB U U3JIEIIHI KJIACCUYECKHUU MOIXO0/I, UCTIONb3YEMbII B
TEXHOJIOTNMYECKOMI AJICKTPOHHOU TEXHUKH. MaTepHuaoBE/ICHNHU, TaK U MMOAX0J Ha OCHOBE
MMOATOTOBKE KBAaHTOBOM MEXaHHKHU, CTATUCTHYICCKOM
HpOI/ISBOI[CTBa (bH3HKH n BHGKTpO,Z[I/IHaMI/IKI/I CIIJIOIIHBIX
MaTepHalioB U cpen;
HA3IENNI ® 30HHYIO CTPYKTYPY TBEpPABIX TEI, B
SIIEKTPOHHOM 0COOCHHOCTH TOTYTPOBOTHUKOBBIX
TEXHUKU marepuaios (Si, Ge, GaAs);

® MEXaHU3MBI SIBJICHUH MIEPEHOCA K OCHOBHBIX
THUIIOB PACCCAHUA B IIOJYIIPOBOJHUKOBBIX
Marepuaax;




® CTaTHCTUKY AJIEKTPOHOB U JIBIPOK B
MOJYIIPOBOAHUKAX U CBA3AHHBIC C OTUM
0COOEHHOCTH (PU3NYECKUX XaPAKTEPUCTHK
pa3IMYHBIX MATEPUAIIOB;

¢ SBJICHUS HA MOBCPXHOCTU U I'paHULIAX
paszena, 0cOOEHHOCTH KOHTAKTHBIX SIBIICHUM
IIpHU BHCIIHEM BOB,Z[eI‘/JICTBI/II/I,
00yCIIaBIMBAIOIINX TEHEPAIHIO
HEPaBHOBECHBIX HOCUTEINICH 3apsia;

® XapakTepHbIe MacIITaObl BEINYHH,
OCHOBHBIE (PM3UYECKHE COOTHOILICHHS U
KOHCTAHTBI, OTHOCSIINECS K ITOMY pa3ieny
(UBUKH U UX Pa3MEPHOCTb;

® 0COOCHHOCTH pa3MEpHOTO KBAaHTOBAHHS U
KBAaHTOBOI'O TYHHCIIMPOBAHUS B
MOJTYTIPOBOJTHUKAX M MCTIOh30BaHUH STHX
SIBJICHUU JJIs1 CO3JaHHsI HOBOI'O KJIacCa
puOOPOB COBPEMEHHOM HAaHOIEKTPOHHUKH.

N1 TIK-5.2. 3naer
TEXHOJIOTHYECKHE
MIPOIIECCHI CO3/IaHUS
MaTepuasoB, MPUOOPOB 1
YCTPOMCTB 3JIEKTPOHUKH
1 HAaHODJIEKTPOHUKHU.

YMmerh:

® PUMEHATH 3HAHMS, TIOITy4YECHHbBIC TIPU
M3yYEHHUH JUCUUIUIMHBI PU3HKa
MOJIYIIPOBOIHUKOB U HU3KOPa3MepPHBIX
CHCTeM, IIPU PAaCCMOTPEHUH BOIIPOCOB,
CBSI3aHHBIX C TEOPETHUECKHUMH,
HKCIIEPUMEHTAIBHBIMH U TEXHOJIOTHYECKUMHU
acrieKTaMH MCCIIeI0BaHM B (hr3uKe
HOJYIPOBOJHUKOB, MUKPO- U
HAHOAJIEKTPOHUKE, (hU3HKE
MOJTYIPOBOJHUKOBBIX PHOOPOB,
OIITOJIEKTPOHHKE;

® CIIOJIB30BATh Il TOTO METO/IbI ¥ 3HAHUS
MOJTyYCHHBIE MTPH U3YUYEHUH IPYTUX
(U3MUECKUX ¥ MAaTEMATUYECKUX JTUCIUIUINH.

N1 T1K-5.3.
OcyuecTBisieT
HACTPOUKY MPUOOPOB U
000pyI0BaHUS B
COOTBETCTBHH C
MpaBUJIaMu HaCTPOMKHU U
JKCILTyaTallUu.

Baanern:

® CIELHAIBHON TEPMHUHOJIOTUEH;

® HaBbIKAMH PELICHHS TUTIOBBIX 33134 (PU3UKH
IIOJIyIIPOBOIHUKOB, CBA3aHHBIX C
TEOPETUYECKUMU U HKCIIEPUMEHTAIbHBIMU
HCCJICIOBAHUSIMU OCHOBHBIX XapAKTCPUCTUK
IIOJIYIIPOBOJHHUKOBBIX MaTE€PUAJIOB U
CTPYKTYp, KaK OCHOBBI JJIEMEHTHOU 0a3bl
JUIsl COBPEMEHHON MUKPO- U
HAHOYJICKTPOHUKH.




4.

O0bem, CTPYKTYpa M colepsKaHue TUCIUTIIUHbI

O0mas Tpya0eMKOCTh IUCHUILIHHBI COCTaBJIsIeT 4 3aUeTHBIX eqnHu, 144 yacos.
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MOJTYIPOBOTHUKAX. Kontponbnas padora.
Ornruyeckue CBOKUCTBA. OVK B LMS Moodle
Pa3zmepHOe KBaHTOBaHUE,
Samanus Ui
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Conep:xaHue pa3ieioB AUCHUTNITHHBI

Pa3nea 1. Benenune B (puM3MKy NOJYNPOBOHUKOB.

1.1. IIpeamet du3uKH MOTYNPOBOAHUKOB. OCHOBHBIE MMOJI0KECHUSI M IPUHIIUTIBI.
Beengenue. Tunsl xumuueckoit cBsizu. Cunbl  Ban-gep-Baanbca (aucnepcuonHoe,
OpUEHTAIIMOHHOE W  MHAYKIHOHHOE  B3aumozeiictBus). oHHas, KoBajJeHTHas,
MeTaJuiMueckass ¥ BojaopojHas cBs3u. Kpucrammmueckas pemierka. Pemerka bpasa.
Pemerka ¢ 6a3zucom. [Ipsimas u obpatHas pemerku. OO603HaUCHUS YTJIOB, HAIIPABJICHUH U
II0CKOCTeH B Kpuctauie. Kiaccudukanus TBEpAbIX TN M0 XapaKTepy CHII CBS3H H COCTABY
(a;meMeHTapHble, OWHApHBIC, TPOWHBIC, OPTraHUYECKUE), TIO CTPYKTYpE - YMOPSIOUYCHHBIE



1.2.

1.3.

KpUCTAINIMYECKHE (HalmpUMep, C TETPadJIpHuecKoi KOOpAUHAIMed - aiMa3omnofo0HBIE,
BIOPIIMT), KPHUCTAUIMYECKHE C DdJeMeHTaMHu Oecropsiaka (TBepAble  PacTBOPHI),
HEYNOPSI0YCHHBIC - aMOop(HBIC. DIIeMEeHTapHbIE MOTynpoBoAHUKH. Si, Ge, GaAs.

[TonaTue 06 PHEpreTHvYecKrux 30HaX. MeTaibl, MOJYNPOBOAHUKUA U JTUAIEKTPUKH C TOUKH
3pEeHUs 30HHON TEOPHH.

CtpykTypa 5HepreTMYeckux ypoBHeH B artoMe. CTpoeHHE »HIEKTPOHHBIX 000JI0YeK
3JIEMEHTOB Tepuoanueckoit cuctemel [[.M1.MenzaeneeBa. DHeprus U IBUKEHHUE AJIEKTPOHA B
TBEPAOM Tejle. OHEPreTHMUECKUH CIEKTp AJIEKTPOHOB B KpHUCTaLUIEe. 3alOojHEHHE
SHEPreTHUECKUX 30H. JMANEeKTpUKH, MONYNPOBOAHMKH, MeTayuibl. DddekTuBHas Macca.
DNEeKTPOHBI B TEMJOBOM paBHOBecUHU. BpipokiaeHue. IIpoBOIMMOCTb pa3iauyHbBIX THUIIOB
TBepAbIX Tel. JleQeKThl KpUCTAIIUYECKOW CTPYKTYpbl (BakaHCHUU, MPUMECH, aTOMbI B
MEXI0Y3/IMsIX, AUcIoKauuu u T.a1.) [lpocreiimias Moaenb HPUMECHOIO COCTOSIHUSL B
MOJIyIIPOBOJIHUKE. (MOJENb H30JMPOBAaHHOrO aToMa) JlermpoBaHHe MOJIYIPOBOJAHUKOB.
JIoHOpHas M aKLeNnToOpHas MPOBOAUMOCTH. KoMIEHCHUpOBaHHBIE M CUIIBHO JIETMPOBaHHbBIE
nonaynpoBoaHukH. [lepexoasr MoTTa 1 AHIEpcoHa.

SIBneHus nepeHoca B IOJIYNPOBOJHHMKAX. MexaHU3Mbl paccesHus HOcHUTened. Bpewms
penaKcanum.

OneMeHTapHass TEOpUsl  AJIEKTPONPOBOAHOCTH  MOJYNPOBOJHUKOB. TemmepaTypHas
3aBHUCHUMOCTh IPOBOJUMOCTH [UIsl COOCTBEHHBIX W TPUMECHBIX MOJYNPOBOIHUKOB.
[TonBuXHOCTB, ATMHA CBOOOJHOTO mpobdera, Bpems penakcanuu. OyHKIMS pacnpeeeHHs
®epMu. YpoBeHb XMMHUYECKOro mnoteHuuana. I[lnotHocts cocrosumii. KoHneHnTpaums
HOCHUTEJIEH B DHEPreTUYECKOW 30HE. DJIEKTPONPOBOJHOCTH (IEKTPOHHAS U ABIpOYHAs) U
MOABMKHOCTh HOCHUTENEH 3apsga B MNOJyNpoBOAHMKaX. IloHsATHE O HOpPMaJIBHBIX
Kosnebanusax pemerkd. CrnekTp HOpMalbHBIX KojeOaHuil. Temmeparypa Jle6as. ®OHOHBI.
DJIEKTPONPOBOAHOCTh. MeEXaHM3Mbl  pacCesHUsl HOCHUTENEH 3apsaa. 3aBUCHUMOCTh
NOJIBMKHOCTH W JJHMHBI  CBOOOAHOTO mpoOera d3JEKTPOHA OT  TEMIIEpPaTyphbl.
TemmonpoBOAHOCTh MOJYIPOBOAHUKOB. TEMIONPOBOAHOCTh KPUCTAUIMYECKON PEIIECTKHU.
DneKTpOHHAas TEIIONPOBOIHOCTb. 3aKoH Bunemana-dpanna.

Pazgen 2. DjaekTpoHbl B HAeAJIbHOM KpucTadwie. OCHOBbI 30HHOW TeopHH
MOJIyIIPOBOIHUKOB.

2.1.

2.2.

2.3.

VYpasuenue lllpenunrepa nis 31eKTpoHOB B kpucTayie. OCHOBHBIC MPUOIMKEHUST 30HHON
TEOPUHU.

OO6masi TocTaHOBKa 3adaud. Ajuabatudeckoe mpuoOmmkeHue. OIHOIEKTPOHHOE
npubmmxenue. Merox Xaptpu. Meron Xaptpu-DOoka. DIEKTPOH B MEPUOIUIECKOM TOJIE
peleTKy KpucTauia. Y cioBue HukiIndHocTu bopHa-Kapmana. fueitka Burnepa — 3eiTua.
3ona bpummosna. Teopema bnoxa. IlpubmikeHHe CHIBHO CBSI3aHHBIX 3JIEKTPOHOB.
['aMunbTOHMAH KpHUCTA/Ia ¥ U30JIMPOBAHHOIO aTOMa. DHEPreTUUYECKUHN CIEKTP UACATBHOTO
Kpuctaiia. JlokanuM3oBaHHBIE W JIENOKAIM30BaHHBIE BOJHOBBIE (GYyHKIMHA. OOMEHHBIH
uHTerpain. HWHTerpam mnepekphITUa. ODHEPreTUYECKUd CHEKTp ISl Cciaydas MpOCTOH
KyOudeckoi pemeTkd. OCHOBHBIE MOJIOKEHHS 30HHOUM TEOPHUHU.

DNEeKTPOH B EPUOINYECKOM TToie KprcTaia. OCHOBHBIC MPUOIMKEHHS 30HHOM TEOPHH.
JIBM>KeHME 3JIEKTpPOHA B MJlealbHOM Kpucramie. Sueiika Burnepa — 3eittua. IlepBas 30Ha
bpunmosna. OcoObie TOuku. 30HHAs CTPYKTypa TBepAoro Teida B monaenu Kponumra —
Ilennn. 3axkon  aucnepcun. KBasuBosnHOBOM  BekTop. UYucio  cocrosHud u
KBa3MHENPEPHIBHBII CIEKTP.

3akoH aucnepcun. DddexruBHas macca. Metoz 3¢ heKTHBHOIM Macchl.

3akoH pgucnepcrd. OCHOBHBIE THIBI 30HHOW CTPYKTYphl MOJYNPOBOJHUKOB. 3OHHAs
crpykrypa Si, Ge, GaAs. HM3o03Hepreruyeckue mnoBepxHOCTH. ddexTuBHas macca
anekTpoHa. JIpipka. KBazuummysbc. JIBUKeHHE HOCUTENEH B dJIeKTpuYeckoM mose. CBs3b
MEXIy CWION M yckopeHueM. TeHzop oOparHOW 3(GEeKTUBHONH MacChl. ITUIICOUA
a¢pdextuBHol  Maccel.  [lpomonpHas w  momepedyHas — 3(PGEKTHBHBIE  MacCHI.



M309HepreTHieckue MOBEPXHOCTH: Pafnyc-BeKTOp () U HOpMalb (V) K MOBEPXHOCTH.

Meton 3¢ ¢dexTuBHON Macchl. BrnusHHe BHEIIHMX TOJIEH HA CHEKTP SHEPIUU KpHCTaIa.
Jloxann30BaHHBIE COCTOSHUA.

Pa3nes 3. CtaTucTHKA 3J1€KTPOHOB H AbIPOK B IOJIYNPOBOJHUKAX.

3.1. PaBHOBeCHasi CTAaTUCTUKA HOCUTEIIEH 3apsi/ia B MOJyIPOBOJHUKAX.
Pacnpenenenne ®epmu-upaka. IlnoTHOCTH cocTosHUN M (QYHKUMS pacupeneTIeHHs
JJIEKTPOHOB 10 KBAHTOBBIM COCTOSIHMAM. KOHIIEHTpanuu 3J€KTPOHOB U ABIPOK B 30HAX.
D¢ dhexkTuBHBIE MIOTHOCTH COCTOSIHUNA 3JEKTPOHOB U JBIPOK B 30HAaX. HEBBIPOXKICHHBIH
AJICKTPOHHBIN (IBIPOYHBIN) Ta3. Beruucnenue monoxxenus ypoBHs DepMu B COOCTBEHHOM
nosiynpoBosHuKe. CTaTUCTHKA 3alOJHEHUS NPUMECHBIX ypoBHeH. YpoBeHb dDepmu B
IOJIyIIPOBOJHUKE C MpUMECAMH OAHOro tuna. CTaTHUCTHKa DSJIEKTPOHOB M IBIPOK B
KOMIIEHCUPOBAaHHBIX IIOJIYIIPOBOJHUKAX.

3.2. IIpoCTpaHCTBEHHO HEOJHOPOJHBIE PABHOBECHBIE COCTOSIHMA. HepaBHOBECHBIE HOCUTENIU
3apsja.
IIpoCcTpaHCTBEHHO  HEONHOPOAHBIE  PABHOBECHBIE  pPACHPEIEICHHS  KOHLICHTPALMi.
BuyTpeHHee anekTpuyeckoe Ioisie. DKpaHuUpoBaHue. JIMHelHas Teopus 3KpaHUPOBAHMUSL.
Jlmuaa [leGasi. DHepreTuyeckas auarpaMMa KOHTAaKTa METaJI-TIONYNpPOBOIAHUK. bapeep
[ITortkn. BO3HMKHOBEHHME HEPABHOBECHBIX HOCUTENEH 3apsia B IOIYNPOBOAHHUKAX.
Onrtuueckass reHepanus. Temmbl TeHEpalMd W PEKOMOMHAIMM; BpeMs  KHU3HH.
CooTHoIIEHNST MEXAY BpEMEHAaMH PENaKCalliy SHEPrUU U UMIIYJIbCa U BPEMEHEM YKU3HU.
KBazupaBnoBecue u kBaznypoBHu Oepmu.

Pasznen 4. I'panunsl paznena. Kunernyeckue siBjieHusi B OMNOJISIPHBIX MOJYNPOBOAHUKAX.

Onruyeckue cBoiicTBa.

4.1. I'panuuel pazaena. IloBepxHOCTHBIE COCTOSIHUSA. | eTeponepexosl.
KonrakTtabie sBnenus. Pabora Berxoga. KonTakTHas pa3HOCTh MOTEHIIMAIOB. BeIpsamiieHue
Ha KOHTaKTe IBYX MeTauioB. KOHTAKT Meramia W MOJyIPOBOJHUKA. BeIMpsmieHue Ha
KOHTakT€ MeTajyla M MOJyNpoBOAHMKA. KOHTakT 3JIEKTPOHHOTO U ABIPOYHOIO
MOJIyIIPOBOTHUKOB. Brimpsiminenne Ha p-n mepexone. Dddext moms. [loBepXxHOCTHBIC
cocTosiHus. ['eTepornepexoasl.

4.2. Ku"etnueckue sBJICHUS B IOJIyIIPOBOAHUKAX.
Tepmonnextpudeckue sBneHus. KauectBennas kaptuHa 3¢ddexroB Ilenpre, 3eebeka.
["anpBaHOMArHUTHBIC u TEPMOMArHUTHBIE SIBJICHHUSL. Dddexr Xoma.
MarnurtocomnpoTtupieHre. TepMOMarHuTHbIE SBJICHUS.

4.3. OnTuyeckue cBONCTBA OTYNPOBOIHUKOB.
OnTuyeckne CBOWCTBA TMOJYNPOBOAHUKOB. ['€Hepanuss W pEeKOMOWHAIUS HOCHUTENCH.
®oronpoBoauMocTh. CHeKkTp ToOMIONmeHUsT ©  (OTOUYBCTBHUTEIBHOCTh. MeXaHU3MBI
MOTJIOLIEHUSI CBETa B IOJYNPOBOJHUKAX (MEX30HHOE, NPHUMECHOE, AIKCUTOHHOE, Ha
CBOOO/IHBIX HOCHUTETISX).

Pazgen 5. Pa3mepHoe KBaHTOBaHHEe, KBAaHTOBble SIMbI M  CBepXpelIeTKH.

HeynopsinouenHble MOJIyNPOBOIHUKH.

5.1. OcHOBHBIE TPEACTABICHHS O pa3MEPHOM KBAHTOBAaHWM B KBAHTOBBIX SIMax W
CBEPXPEILETKAX.
KBaHTOBBIE sIMBI B IOJIyIPOBOJHHKAaX. YCIOBHS KBaHTOBaHUA. [l0a30HBI pazMepHOro
KBaHTOBaHUsA. [IIIOTHOCTP COCTOSIHMK B KBAaHTOBOW sIME. YJIbTPAKBAHTOBBIM MpEIEIL.
Ontudeckre CBOWCTBA HHU3KOPAa3MEpPHBIX CTPYKTyp. CBepxpemeTtku. MekK30HHOE
MOIJIOLIEHUE CBETA KBAHTOBOM SIMOU.

5.2. OcHoBHBbIE npeAcTaBieHUs (U3UKU HEYNTOPSAJOUEHHBIX MOIYITPOBOIHUKOB.
CrnyualiHplii OTeHLIMA1. XBOCTHI IIJIOTHOCTH COCTOSIHUM U JIoKanu3auus. [IpoBogumMocts o
JIOKAJIM30BAHHBIM COCTOSIHUSIM, 3aKOH MOTTa U1 NPBIKKOBOM MPOBOAUMOCTH. ONITHYECKHE
MepexoJbl B HEYMOPSIOYEHHBIX IMOJYMPOBOAHUKAX. XBOCTHI ONTHYECKOTO MOTJIOMICHUS
(mpaBwmino Ypbaxa).



JlaGopaTopHbIii NPAKTUKYM

Ne pazpena TpyroemkocTs
Ne i/ pasi HaumenoBanue 1abopaTopHbIX padoT pyA
AUCUHMILIMHBI (4achl)
1 1 Bnusinue TemnepaTypsl Ha 3JI€KTPOIIPOBOTHOCTh 4
HOJIyIPOBOJIHUKOB
2 1 dusndeckue 0CHOBBI PaOOTHI TEPMOPE3UCTOPA 4

3aBUCUMOCTb 3JIEKTPONPOBOAHOCTH
3 1 [IOJIYIIPOBOJHUKOB OT HAIIPSKEHHOCTU 4
JIEKTPUUECKOTO MOJIs

N3menenue MMPOBOAMMOCTH IMOJYIIPOBOJHUKA B

4 4 4
MarHuTHOM TOJI€.

5 4 Wzyuenue a¢dexra Xomnna B MoIynpoBOAHUKAX 5

6 4 TemmnepaTypHas 3aBUCUMOCTb Kod(durimenrta 4
TEPMO3/IC
@DOTOMPOBOAUMOCTH MOTYIPOBOJHHKOB.

7 4 Onpenenenne TeMepaTypHOl 3aBUCUMOCTH 5
YYBCTBUTEIHLHOCTU U KPATHOCTHU
(GOTONMPOBOASIINX MaTEPHAIIOB

Bcero 30

5. OOpa3oBaTe/ibHbIEe TEXHOJOTMH, B TOM YHCJI€e TEXHOJOTHH JIEKTPOHHOI0 00y4YeHHUs U
AMCTAHIMOHHBIE 00pa3oBaTebHbIE TEXHOJOTHHU, HCMOJIb3yeMble NPH OCYIIEeCTBICHHH
0o0pa3oBaTeIbHOIO Mpolecca Mo JMCHUIJIMHE

B npornecce 00ydeHns NCONB3YIOTCS CIEAyIOIINEe 00pa30BaTeIbHbIE TEXHOIOTUU:

BBoaHas jqekuus — AaeT NEPBOE LIETOCTHOE NIPEACTABICHNE O AUCLUIIIIMHE U OPUEHTUPYET
CTyJI€HTa B CHCTEME M3yYEHUs NAHHOU AMCHUILIMHBL. CTyIEHTBI 3HAKOMATCA ¢ HA3HAYCHHUEM U
3aJauaMy Kypca, €ro pojblo 1 MECTOM B CHCTEME YUEOHBIX TUCIMILIMH U B CUCTEME MTOITOTOBKH
B 1enoM. Jlaercss kpatkuil 0030p Kypca, CTOpUS pa3BUTUS HAYKHU U IPAKTUKHU, JOCTUKECHUS B
3TOH cdepe, HUMEHAa M3BECTHBIX YUYEHBIX, M3JIaraloTCs IEPCIEKTUBHBIC HAINPABICHUS
uccienoBanuii. Ha 5TOM JeKIMM  BBICKA3bIBAIOTCS METONWYECKHE U OPTraHU3AallMOHHBIC
0co0eHHOCTH padOThl B paMKaxX AaHHOW AMCUUIUIMHBI, a TAKXKE JTACTCA aHAJIN3 PEKOMEHIyeMOn
y4eOHO-METOIUYECKOM JTUTEepaTyphbl.

AxaneMuyeckasi JeKIMs (WIK JIEKIUs OOILEro Kypca) — IMOCJIEJOBATEIbHOE U3I0KECHUE
MaTepuana, OCYyILIECTBIEMOE IPEHMYIIECTBEHHO B BUJE MOHOJOra IpENnojaBaTels.
TpeboBaHust K aKaJAeMHUYECKOH JIEKIMU: COBPEMEHHBIH HAy4YHBIH YPOBEHb M HACBILICHHAS
UH(POPMATUBHOCTb, YyOEOUTENIbHAs AapryMEHTalus, JOCTYIHas M TIOHATHas pedb, 4YeTKas
CTPYKTypa W JIOTHKA, HalU4Me SPKUX HPUMEPOB, HAYUYHBIX JI0KA3aTEIbCTB, OOOCHOBaHMHIA,
¢bakToB.

IIpakTH4eckoe 3aHsITHEe — 3aHATHE, IOCBSIIEHHOE OCBOEHUIO KOHKPETHBIX YMEHUH U
HABBIKOB M 3aKPETUICHUIO IIOJyYEHHBIX Ha JIEKIIUY 3HAHUU.

JlaGopaTopHbie padoThl - opraHu3aiys yueOHoi paboThl ¢ peaIbHBIMH MaTEPUAIBHBIMUA U
UH(POPMALMOHHBIMHA 00BEKTAMH, SKCIIEPUMEHTANIbHAs pab0Ta C aHAJIOrOBBIMU MOJEIISIMU
peabHBIX 00BEKTOB U (PU3NYECKUX SIBICHUH.

KoncyabTaumu — BUJ y4eOHBIX 3aHATHH, SBISIOMMKCST OIHONM W3 (OpM KOHTPOJIS
CaMOCTOSITENIbHOW  paboThl  CTyAeHTOB. Ha KOHCyJbTamusX MO Mpockde CTyIEHTOB



paccMaTtpuBaroTCsi HawOosiee CIIO)KHBIE MOMEHTBHI INPH OCBOCHHM MaTepHala JUCIUILINHBI,
npenoaaBarcyib OTBEYACT Ha BOIIPOCHI CTYACHTOB, KOTOPBLIC BO3HUKAKOT Yy HHUX B IMPOLECCE
CaMOCTOSITEIIbHOU PaOOTHI.

B npouiecce 00ydeHus: HCHOIB3YIOTCS CIIEIYIOIME TEXHOJIOTHH 3JIEKTPOHHOTO 00YYEeHHUs

U AUCTAaHIIMOHHBIC 06p330BaTCJ'II)HI)Ie TEXHOJIOTHUH:

DJIEKTPOHHBIN Yy4eOHbI Kypc «®u3MKa MOJYNPOBOJHHKOB M HHU3KOPa3MepHBIX

cucrem» B LMS Juiekrponnslii yuuBepcuter Moodle SApI'Y, B koTopom:

- TPEACTABJIEHBI TEKCTbl KOHCIIEKTOB JIEKIUHA B BUJE MPE3CHTAUUMH II0 BCEM TEMaM
JVICIIATUTHHEI,

- TPENCTaBIICHBI 3aJaHUsl JJsi CAMOCTOATEIbHOW pPAa0OTHl OOYyYaroMMXCsA IO TeMaM
JVICIIATUTHHEI,

- OCYHICCTBJIACTCA MMPOBCACHUC OTACIIbHBIX MepOHpI/IHTI/Iﬁ TCKYILICTO KOHTPOJIA
yCIIEBa€MOCTH CTYICHTOB;

- MMPCACTABJICHLI ITpaBHJIa ITPOXOKACHU A HpOMe)KYTOqHOﬁ aTTCCTalluy 110 AUCIIMUIIIINHE,

- TPeInCTaBlieH CIUCOK YYeOHOH IJUTepaTypbl, PEKOMEHAYeMOH Il  OCBOCHUS
JUCHUIIIINHBI,

- mpenctaBieHa wuHGOpMaIus O (GopME W BPEMEHH TPOBEICHHS KOHCYJIbTALUH T10
AUCHUIIIIMHE B PCIKUMC OHHaﬁH;

- mocpenctBoM  (opymMa  OCYIIECTBIISICTCS CHHXpOHHOe W (WJIM) aCHHXPOHHOE
B3aHMOﬂCﬁCTBH€ MCKOY O6y‘IaIOH_II/IMI/IC$I U T1penoaaBaTrCiicM B paMKaxX H3YUYCHUA
JVICTIATUTHHBL.

IlepeyeHb JUIEH3HOHHOr0 W (WJIH) CBOOOJHO PACHPOCTPAHSIEMOI0 NMPOrPAMMHOIO
o0ecrnevyeHusi, UCMOJIb3YeMOr0 MPH OCYIIECTBJICHUH 00Pa30BaTeJILHOIO Mpolecca Mo
AUCHMIIUHE

B mporiecce ocymiecTBiaeHusI 00pa3oBaTEIBHOTO MPOIEcca O AUCIUTUINHE HCIIOTB3YIOTCS:
Ui (OPMHUPOBAHUS MATEPUANIOB JJIsi TEKYILEro KOHTPOJS YCIIEBA€MOCTH W IPOBEACHUS
NPOMEKYTOUYHOW —aTTecTaluu, Uit (HOPMUPOBAHHS METOAMYECKHMX MAaTEpHUaoB II0
JTUCLUTUTHHE:

— mnporpammbl Microsoft Office;

— rpaduueckuii penakrop Inkscape (Freeware);

— rpaduuecknii penakrop GIMP (Freeware);

— Adobe Acrobat Reader;

Ilepeyenb coBpeMeHHBIX NpPOdecCHOHAIBHBLIX 0a3 JaHHBIX W HMH(OPMAIMOHHBIX
CIPABOYHBIX CHCTEM, MCIOJb3yeMbIX IMPH OCYLIECTBJIEHHUH 00pa3oBaTeIbHOIO
npouecca no JuCIUILInHe (MPU He00X0AMMOCTH)

B npomiecce ocymiecTBieHUs: 00pa3oBaTeNLHOTO MPOIIecca MO JUCIHUILINHE UCTIONh3YOTCS:
ABTOMaTtH3upoBaHHass  OuOmmoreyHo-uHpopmarmonHas  cucremMa  «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat find.php

IlepeyeHb OCHOBHOM W JONMOJHHUTEJbLHOW Y4eOHOH JHMTEpPaTypbl, PpecypcoB
HH(POPMALMOHHO-TEJIEKOMMYHUKAIMOHHOH ceTH «VHTepHeT», HEO0XOAUMBIX sl
OCBOEHHS TUCHUITIUHBI

a) OCHOBHAs JIUTEpaTypa:

1.

2.

4.

B.JI.bonu-bpyesuy, C.I". KanamuukoB — @u3nka noixynpoBOIHUKOB. Y4ued. mocoOue Juist
By30B — M.: Hayka, 1990. - 688 c.

K.B.[ITanumoBa — du3uka noaynpoBOJAHUKOB: YueOHUK. 4-¢ u3n., crep.— CIIO.:

M3 narensctBo «Jlame», 2010. — 400 c.

A.W.AHncenbM, BBeenue B TeOpHUIO MOTYIPOBOJIHUKOB, . Y4el. mocodue A By30B 3-¢
u3., crep.— CII6.: U3marenscTBo «Jlanby, 2008. — 624 c.

I'.I".3erps, B.W.Ilepens OcHOBBI (pu3HKH MOTYTIPOBOIHUKOB, Pu3mariut, 2009. 334 C.

0) 1OMOJIHUTE/IbHAS JINTepaTypa:



10.
11.
12.
13.
14.
15.

16.

1O T'., Kapnona M. OcHOBBI (pU3HKH TTOJIYITPOBOTHUKOB / iep. ¢ anri. .M. PemmuHoii - 3-¢
u3l. - M.: DU3MATIINT, 2002.-560c.

M.I'pynaman - OcHOBBI (hU3UKA MOTYTIPOBOAHUKOB. HaHODM3HMKA U TEXHHUECKHE
npuinoxkenus. ®umatiut, 2012. 772 C. ( M. Grundmann - The Physics of Semiconductors.
An Introduction Including Devices and Nanophysics. © Springer-Verlag Berlin Heidelberg
2006, 690c. ISBN-10 3-540-25370-X)

boukapesa, JI. B. u np. ®u3rka noaynpoBOAHUKOB U MOJIYITPOBOIHUKOBBIX TTPHOOPOB :
meron. ykazanus / JI. B. boukapesa, A. C. Pynsiif, A. b. Uypunos. - Spocnasins.: Spl'Y,
2007.-66c.

B.N.®uctyns. Beenenue B ¢pusnky nonynpoBogHUKOB. M: Briciias mkomna. 1984.
N.M.InannbKoBCKUI. DIEKTPOHBI U IBIPKU B MOJIyNIpoBoAHUKax. M: Hayka.1972.

Wnbun B.U., Mycuxun C.®., [lluk A.fl. BapuzoHHble NOJyIPOBOIHUKH U
reTEPOCTPYKTYphI: YueOHoe mocodue st By30B. - CI16.: Hayka, 2000.-100c.

Ky3znenosa N.A. ®usnueckas KHHETHKA OIYIPOBOJHUKOB: yueOHOE 1mocodue. -
Spocnasns.: Apl'Y, 2006.-104c.

[MaceiakoB B.B., Yupkun JI.K. [ToaynpoBogHUKOBBIE TPUOOPHI: YI€OHUK IS BY30B - 7-¢
u3 ., ucnp. - CII6.: Jlans, 2003.-480c.

JI.C.Ctunn6anc ®uzrka noaynpoBoaHukoB. M., «Coserckoe paguoy», 1967. 452 ctp.
P.Cmur ITonynpoBoguuku. M., «Mup», 1982. 560 C.

K.3eerep ®usuka nomynpoBogaukos. M., «Mup», 1977. 629 C.

Jx.Ciarep AupnekTpuky, NOTyIPOBOAHUKH, MeTauibl. M., «Mup», 1969. 648 C.
Jlx.bnekmop CratucTrKa 3J1€KTPOHOB B NOIYIIPOBOAHUKAX, «Mup», M., 1964. 392 C
I'.E.ITuxyc OCHOBBI TEOpUH MOTYTIPOBOTHUKOBBIX MTpuO0opoB, «Haykay, M.-JI., 1965. 450 C.
C.M.PpiBkuH @OTO3JEKTPUUECKHE SBJIEHUS B MOJIYIIPOBOAHUKAX, Puzmarrus, M., 1963.
496 c.

B.JI.bonu-bpyesuu, W.I1.3Bsrun, U.B.Kapnenko, A.I'.Muponos CoopHuK 33134 110 Gpu3nke
MOJIYTTPOBJITHUKOB. - M.: Hayka. I'n. pen. ¢us.-mar. nut., 1987.— 144 c.

MarepuanbHO-TeXHHYECKasi 6a3a, He0OX0TUMAas /1JIsl OCYLIEeCTBIECHUSA
00pa30BaTeJILHOrO MpPoIecca Mo TUCIUTIINHE
MarepuanbHo-TeXHHUYECKass 0aza, HEoOXoauMasi AJisi OCYIIECTBICHHUS OOpa30BaTEILHOTO

mpoiiecca 1Mo AUCIUIUIMHE BKIIOYAET B CBOM COCTaB CIEIUAIbHbIC TTOMEIICHHUS :

y‘-Ie6HI>Ie ayauTopuun IJisd MpOBCACHUS 3aHATUNI JICKITMOHHOI'O THUIIA,
y4eOHbIE ayTUTOPHUH JJIsI TPOBEACHUS IPAKTUICCKUX 3aHITHH (CEMUHAPOB);
y‘-I€6HI>Ie AyaAuTOpUU IJId TPOBCACHUS I'PYHIIOBLIX U UHAWBUAYAJIbHBIX KOHcyHBTaHHﬁ;
nabopaTtopHoe obopymoBaHue L[eHTpa KOJUIEKTUBHOTO MOJIb30BaHHS «J{MarHOCTHKAa MUKPO
¥ HAaHOCTPYKTYP»
y4eOHbIC ay TUTOPHH IS TIPOBEICHHS TEKYIIEro KOHTPOJIS U IIPOMEXYTOYHON aTTeCTallNy;
IIOMCHICHUA OJIA CaMOCTOSITCILHOU pa6OTI>I;
MIOMEIICHUS Il XpaHCHUS U MPOPUIAKTUICCKOTO OOCITY)KUBAaHHS TEXHHUYECKUX CPEICTB
00ydeHusl.

CrienaipHble TIOMEIIEHHSI YKOMIUICKTOBAHBI CPEICTBAMU OOYYCHHS, CITY)KAIIUMH IS

npezcTaBieHus yueOHoi nHpopmManuu 60JIBIION ayAUTOPUH.

[Tomemenust yIsi cCaMOCTOATENBHON PabOThl O0YYaIOIMIMXCS OCHAIEHBI KOMIBIOTEPHOMN

TEXHUKOW C BO3MOXKHOCTHIO MOJAKIIOUEHUs K ceTH «VHTepHeT» M obecrneueHueM J0CTyma K
3JICKTPOHHOM MH(POPMAIIMOHHO-00pa3oBaTeabHOM cpene SApl'Y.

ABTOp:!
JotneHT 6a30Bo# Kadeapsl HAHOTEXHOJIOTUN B SJIEKTPOHUKE
B SI® OI'BYH ®TUAH uwm. K. A. Banuea PAH, k.¢.-M.H. A.b.Uypunosn

(TIO/IIHUCH)



IMpuaoxenne Nel k padoyeil nporpamMme I CHUTIIAHbBI
«®Pu3nKa noJynpoBOJHUKOB U HU3KOPA3MEPHBIX CHCTEM

DoH/1 OLICHOYHBIX CPEACTB
JJISl POBEACHH TEKYIEro KOHTPOJIS yCIeBaeMOCTH
U IPOMEKYTOYHOM ATTECTAllUHM CTYACHTOB
10 JMCUHUIIHHE

1. Tunosble KOHTPOJIbHbIE 32IaHUS H HHbIE MATEPHAJIbI,
HCIOJb3yeMble B Mpoliecce TEKYIero KOHTPOJIs YCIeBaeMOCTH

1.1 KoHTpoJibHBIE 3aJaHUS1 M HHbIE MATEPHUAJIbI, HCIIOJIb3yeMble B IpoLecce TeKyen
arrecTanuu

KonTpoasnas padora

IIpumepsl 3a1a4 ¢ 0TBETAMM M pPellICHUSIMH 110 TeMe
«CTaTHCTHKA 3JIEKTPOHOB U ILIPOK B MOJYNPOBOIHHKAX)

3agaua 1.1

Haiitu, yemy paBHa cOOCTBEHHAsi KOHIICHTpAIMs CBOOOIHBIX HOCUTENEH 3apsaaa B KpeMHUU Si,
repmanuu Ge, apcenusie raust GaAs u anTuMoHH e HHAUS InSb pu KOMHaTHOH TemnepaType
T=300 K u Temneparype xkuuakoro azora T=77 K.

Pemnenue
KoHnnenTpanuss CcoOCTBEHHBIX HOCUTENEH 3apsia N HMMEEeT CUIBHYI TEeMIIEpPaTypHYIO

3aBHCHUMOCTH H ONPEIEICTCS KaK
_Ee
n, = N.N,e * (1.1),

rze 3¢ dexkTuBHas IWIOTHOCTH cOcTOsAHUM B C M V 30Hax Ncy Takxke 3aBUCHT OT Temreparypbl T
1 3¢ (HEeKTUBHON MacChl HOCUTENEH 3apsa B 30He m*:
% ! 3
2
m*kT \? ol m* %
— | =2,5-10 —
300

Hlupuna 3anpemenHol 30HbI Eg mMeeT cnabyio 3aBUCUMOCTh OT Temmeparypbl Tumna Eg =Eg —
oT. Bennuunsl Eg 1 o mpuBenens! B Tabnuie "CpoiictBa nmomynpoBoanukoB npu T=300 K",
TaM K€ MOXXHO HalTh BenmmunHbl Ne W Ny . Pacder 3HaueHWil 3>(QGEKTHBHON TMIOTHOCTH
coctosHuii B C W V 30HaX M KOHIIGHTpPALlMM COOCTBEHHBIX HOCUTENEH 3apsaa ni mpu
TeMnepaType XuaKoro azora 77 K npuBoauTcs HUXKeE.

N., 6 =2|2x 1.2).
cyV hZ m0 ( )

Si Ge GaAs InSb
N, cm™ 3.6:10'8 1.4-10" 5.8-10' 5.1-10%
Ny,cm™ 1.4-10'® 6.9-10'8 9.8:10" 1.5-10"8
nj,cM> 3.10%° 1.4-107 2.8:107% 1.2-10%
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3anaua 1.2

Kpemunit Si m apcenun rawms GaAs JerMpoBaHbl JOHOPHOM MPUMECHIO 10 KOHIIEHTpAIUU
Ng=10'7 cm3. Cumrast MIPUMECH MOJIHOCTHIO MOHU30BAHHOM, HAUTH KOHLUEHTPALIMIO OCHOBHBIX U
HEOCHOBHBIX HOcHUTENEH 3apsana npu temneparype T=300 K.

Pemenue

IIpuMech MOJIHOCTBIO HMOHM30BaHA, KOIAA KOHLEHTpAaLUs PaBHOBECHBIX JJIEKTPOHOB paBHA
KOHIIEHTpAllUl  JIETHpYyIOIIel mnpuMecu Nno=Ng. M3  OCHOBHOro COOTHOLIECHHS — JUIst
TIOJTYTIPOBOJHUKOB: No-Po=N;i> HAMJEM KOHLEHTPAIUMIO HEOCHOBHBIX HOCUTENEH 3apsaaa po=ni>/no.
Jnsa Si po=2.6-10°, nna GaAs po=1.2-107 em>.

3amaua 1.3

Paccuurare 00beMHOE MosI0KEeHHE YPOBHS PepMU (o OTHOCUTEIBHO CEpEIUHBI 3alpelieHHON
30HBI B COOCTBEHHBIX MOJYIPOBOJHUKAX — KpeMHUM Si u aHTUMOHHIe HWHaus InSb npu
temriepatypax Ti1= 300 K u T>=77 K (c yderom pa3nuyHbIX 3HadeHUH 3()PEKTUBHBIX Macc
AJIEKTPOHOB U JBIPOK).

Penrenne
B coGcTBeHHOM TOJTYITPOBOHUKE No=po U TIOJIOKEHHE YPOBHI DEepMH OTHOCUTEIHLHO CEPEIUHBI
3alpenieHHON 30HbI MOTYIPOBOIHUKA (P0 MOKHO PACCUUTATh KaK

*

3 m
@, =—kT1n —£ (1.3)
4 m,
®o 300 K 77K
Si -0.0124 3B -0,0032 »B
InSb +0,074 »B +0,019 B

T.o., B kxpeMHMH ypoBeHb DepMHU JIEKUT HWKE, a B AHTUMOHHUJAE WHIUS BBIIIE CEPEIUHBI
3aIPELLEHHON 30HbI MOJIyNpoBoAHUKA E;.

30HHAas AMarpaMMa MoJynpoBOJHUKA, KOraa ¢o>0, m*p>m™*..

3amgaua 1.4
Haiitu o6bemHoe mnonoxenue ypoBHS Depmu @o B repmanun Ge wmapku ['IA-10 npu
temneparype T=300 K.

Pemenue
B nerupoBaHHOM TMOIYNPOBOJHHUKE Po>>N; ,MIOJOKEHUE YpOBHA DepMH (o MOKHO pacCUUTATh
no opmyne

kT
@y =—1In D

q n;
KonienTpannio OCHOBHBIX HOCUTENEH po HaiJieM, 3Has BEIUYUHY YACIBHOTO CONPOTUBIICHUS
p=10 Om:-cMm, Kak

(1.4)
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1
Po=—"— (1.5),
qup

B pesynbTare: po =3.3-10' em3, o =0.067 3B.

3amaua 1.5

Paccuurare 00beMHOE monoxkeHue ypoBHI DepMu Qo OTHOCHTEIBHO CEPEIMHBI 3allPELICHHOM
30HBI B 3JIEKTPOHHOM U JBIPOYHOM aHTHUMOHMAE WHAMs InSb npu a3zotHoU Temmeparype T=77 K
¥ KOHIIEHTpaIuH Jerupyromeii mpumecu Na,=10" em,

Pemenne
[Tonoxenune ypoBust @epmu B InSb nHaitnem mo dhopmyire:
kT
0, =—InLe (1.4),
q n;
©0=0.085 3B.

YroObl HAWTH Qo OTHOCHUTEIIEHO CEPEMHBI 3aNPEHICHHONW 30HBI, HY)KHO YYECTh C/IBHUT YpPOBHSI
®depmu B cCOOCTBEHHOM TOJIyITpoBoIHUKE (cM. 3aaa4da 1.3) Ha —0.019 3B, umeem: @on=0.104 5B B
n—tune InSb u @op=0.066 3B B p— InSb. Ecnmu paccuurats mnonoxenue ypoBHs Depmu
otHOocuTenbHO Kpas C—30HBI, TO Eg¢/2—@on =0.115-0.104=0.011 »B - 310 He mnpeBsbImIaeT
BenuuuHbl 2KT (0.013 3B npu T=77 K) T.e. n—InSb — Beipoxnen, p—InSb — Her.

3amgaua 1.6

Paccunrtare mnonoxxeHue ypoBHsS DepMH Qo B TNPUOTIKEHHHM IOJHOCTHIO HOHU30BAHHOM
npumMecH B kpemHun mapku KO®-4.5 npu temneparypax Ti= 300 K u T,=77 K.

Pemenue

3Has yaenpHoe conpoTtuBieHue p=4.5 Om-cm, o Gpopmyie

1
Po=—"— (1.5)
qup
HaiineM yposenb nerupoanus Ng=1-10' cm, a nanee mo dpopmyne
kT
0, =—InLe (1.4)
q n;

nosnoxkeHue ypoHs @epmu @o=0.284 3B nipu 300 K u ¢o=0.52 3B npu 77 K.

3agaua 1.7
HaiiTu ynenbHOe CONPOTUBIEHHE P IMEKTPOHHOTO M JBIPOYHOTO KPEMHHS Si ¢ JIETHpYIOLIEH
npumechio Ng,=10'¢ cM™ npu komuaTHo# Temneparype.

Pemenue
n—Si p=0.42 Om-cMm, p—Si p=1.05 Om-cm.

3amgaua 1.8
PaccunTarh cOOCTBEHHOE YIENBbHOE COMPOTUBICHUE Pi MOHOKPUCTAIIIIOB KPEMHUS Si, TepMaHUs
Ge, apcernia rayuist GaAs u anTuMoHUIa WHAKS InSb ipu KOMHATHOM TeMreparype.

Pemnenue
B coGcTBEeHHOM MOJTYIPOBOAHUKE Y IENIbHAS 3JICKTPOINPOBOAHOCTD PaBHA

o, =qnu, +qpp,=qn,(p,+ 1,

M COOTBETCTBEHHO p; =1/0;:
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| I Si | Ge | GaAs | InSb |

| pi ,OM-CM [ 1.9:10° [ 43 | 6.4-107 | 410 |

3amgaua 1.9

HaiiTu xoHUEHTpaIMIO JISTUPYIOLIEH aKIenTOpHON MpUMecH At KpeMHus Si u repmanus Ge,
IpY KOTOPOM HACTyNaeT BBIPOXKJEHHE KOHLEHTpallud CBOOOJIHBIX HOCHUTENEH 3apsija Ipu
koMHaTHOU TemmepaTtype T=300 K.

Pemienne

BripokieHne B OJIyIIpOBOTHUKE HACTyMaeT, Koraa yposeHb @epmu F npubmmkaercs k C— wm
V- 30He Ha paccrosiHue nopsaaka kT, t.e. F — Ev=kT. B ciy4yae noiaHoi MOHU3aLUU IIPUMECH
KOHILIEHTpALUs JbIPOK P ONpPEAEISIETCS KaKk

p=NVexp[EV_Fj (1.6)

kT

¥ paBHA ypoBHIO jerupoBanus Na: Na=p=N,/q. Jns Si: N,=3.8-10'® cm>, mna Ge: N,=2.2-10'8
-3
c™M .

3agaua 1.10

HaiiTu, kak u3MeHHUTCS OOBbEMHOE MOJIOKEeHHE YpoBHSI DepMu (o B IIIEKTPOHHOM apPCEHHIIC
ranus GaAs ¢ p=1 OMm-cm npu uzmMenenuu remnepatypsl ot T=300 K no T=77 K.

Pemenue

Ne=7.4-10"* cM>. YuuThsiBas TeMrepaTypHyIo 3aBUCHMOCTb Nj
E

&
— N N 2kT
n, = ci¥yé

BeiunciaeM @o: npu T=300 K ¢o=0.47 3B u npu 77 K @o =0.72 3B, Torma A@o=0.25 »>B

CaroiicTBa m01ynpoBoanuKkoB npu T=300K

| I Si I Ge | GaAs || InSb |
| & [ 11.9 [ 16 | 109 | 17 |
| Ne.om™ | 2810° || 1.0410° | 47107 || 3710 |
| Ny, o | 102100 || e1r10® | 7010% || 116100 |
| E,..2B I 1.12 I 0.66 I 143 | 0.18 |
| Ego,0B | 1.21 | 0.80 I 156 | 0235 |
| a,5B/K [ | 2410* || 3910* | 4310¢ | 2810¢ |
| 1oB [ 4.05 [ 4.0 | 407 | 4.6 |
| ni,em | 16100 || 25100 | 11107 || 210 |
| peo?Blc! | 1500 || 3900 || 8500 | 78000 |
| Bl | 6000 | 1900 || 400 || 5000 |
| n I 3.44 I 4.0 I 3.4 I 3.75 |
| 1,0 | 25103 | 103 [ 108 | 1078 |
| m*ge | 1.08 | 0.56 | 0068 | 0013 |
| m*q | 0.56 I 0.35 I 045 | 0.6 |
| ldober, MEM [ 24 | 0.68 | 2250 | |
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PadoTa BbIX01a U3 MeTaJI0B, OB

L Mg | Al | Ni | cu | Ag || Au | Pt |
| 34 || 41 | 45 | 44 || 43 | 47 | 53 |
CBoiicTBA IMIJIEKTPUKOB

| | EeoB | e | e | p, r''em! [ Enp, B/em |
| sion | 90 | 382 || 213 | 2,33 [ 1,2:107 |
| osisNe || s ] es | 42 | 3,11 [ 6,0-10° |
| Tamos || 45 | 27 | 50 | 8,53 [ 6,0-10° |

)]

2)

3)

4)

S)

6)

7)

8)
9)

10)

IIpumepsl 3a1a4 17151 KOHTPOJIHLHOH PadoThI

BbruncauTh MoABMKHOCTD, KOTOPOW 00IalaeT IEeKTPOH B o0paslie repMaHus n-TUMa, ecliu
yaenpHOe comnportuBienue repmanus p=0,1 Om-cMm, a KOHUEHTpalus 3JEKTPOHOB B HEM
n=10'7 cm73,

BEIYHCIUTB IEKTPOIPOBOHOCTE repManHs, coaepxkamero Ni=10!7 cm™ atoMoB MbImIbsKa
1 N>=5-10'® v~ aTomoB rammus.

[MnacTuHKa MOMYMPOBOTHUKA N-THIA, KBAJAPATHOTO CEYEHUS C IMHPUHON a=1 MM moMereHa
B MarHutHoe mnosie. Tok, mpoxoasmui yepe3 miacTuHy, paBeH [=50 mMA. Benuuuna
oOpasoBaBIeiicss pa3HocTH ToTeHIManoB Xojuta cocraBmsser U=10 MB. Onpenenuts
MHTYKIIIO MarHUTHOTO TOJIs, ECITM KOHIIEHTpalus HocuTeneil 3apaaa n=10'% cm.

CKOJIBKO 3JIEKTPOHOB U ABIPOK 00pa3yercsi B MaleHbKOM Kpuctaie BaO mpu mornomieHnu
uM cBetoBoif sHeprun W=10"!! Ik ¢ anunoit Bomael A=200 uM? Ha KakoM XapakTepHOM
PAcCTOSIHUU MPOUCXOTUT OCHOBHOE IOIJIOIIEHUE CBETOBOM SHEPruu, eciiu KO3 UIUEHT
nornomenus o=3-10° cmL.

VY KpeMHMsI HIMpUHA 3alpelieHHON 30HbI paBHa npuMepHo 1.2 3B, a y repmanus — 0.75 B
(mpu T=0 K). Iy1s1 KakuX JJIMH BOJIH 3TH KPUCTAIUIBI HETIPO3PAYHBI?

Kak wu3MeHuTCSs KOHUEHTpalus »JJIEKTPOHOB B COOCTBEHHOM TMOJYIPOBOJHUKE B
HEBBIPOXKJIEHHOM cityyae npu yMenblenuu temneparypsl oT 300 K 1o 100 K. Cuurats, 4to
HIMPUHA 3aMPEIIeHHOM 30HbI paBHa 1,1 3B. 3aBUCHUMOCTBIO IIMPHUHBI 3aIIPEILIEHHON 30HBI OT
TeMITepaTypbl TPeHEOpEYb.

Onpenenure 3aBUCUMOCTh YpoBHS @DepmMu 0T TemmepaTypbl B HEBBIPOKICHHOM
MOJIyIPOBOJIHUKE, COAEPIKALLEM OJIMH THUIl OJAHOBAJIEHTHBIX AKLENTOPOB C KOHILIEHTpaluen
Na.

Boeruncnute 3 ¢deKkTHBHOE YKUCIO COCTOSHUN ISl ABYMEPHOW CHUCTEMBI C KBaJpaTUYHBIM
3aKOHOM JIMCIIEPCHH.

[omyunte BbIpaxenue s 3PGEKTUBHON IUIOTHOCTH COCTOSIHMKA B BaJCHTHOM 30HE IS
TSDKEIBIX U JIETKUX JIBIPOK.

Omnpenenure 3aKOH U3MEHEHHsI KOHIICHTPALlMU HOCHUTENEH 3apsaa OT BpEMEHH B MaTepuale
p-THIA, €CIM TOCJ€ BBIKJIIOYEHUS HCTOYHMKA MEX30HHOW TeHepalul HepaBHOBECHBIX
HocuTenel 3apsaa Temn pekomOunanuu R=a(np-nopo), rae a=const, n, p — HEpaBHOBECHbIE
KOHLEHTPALUU JIEKTPOHOB U ABIPOK COOTBETCTBEHHO, No, Po — PABHOBECHBIE KOHLIEHTpALUN
3JIEKTPOHOB U JBIPOK COOTBETCTBEHHO.

Jlns mpoBeZieHHs KOHTPOJIBHOM paboOThl MOKET ObITh HCIONIb30BaH 3afgayHuK B.JI.boHu-

bpyesnu, W.I1.3Bsarun, W.B.Kapnenko, A.I'MuponoB COopHuk 3amad 10 (¢uU3HKe
HOJYIPOBINHUKOB. - M.: Hayka. I'n. pen. ¢us.-mar. nut., 1987.— 144 c.
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NN A WD -

*

10.
11.
12.

13.

14.
15.

1.2 IIlpyMepbI KOHTPOJILHBIX BOMPOCOB W (MJIM) 3aJJaHUH ISl POBEAeHUSA
NMPOMEKYTOYHOM aTTeCTAlUMN

[TpuBennTe NpUMEPHI MOIYIPOBOIHUKOB.

Hanwumure BolpakeHue 11 MOCTOSIHHOU XoJuia.

Cdopmynupyiite Teopemy bioxa.

Urto Takoe nepas 30Ha bpuuitosna?

Jaiite onpeneneHns NpsIMO30HHOTO U HENTPSIMO30HHOTO TIOJYTIPOBOJHUKOB.

[IpuBeauTe mpuMepbl MHOTOJOINHHBIX IOITYIIPOBOAHUKOB.

Hanumwure BblpakeHHe AJ1 IUIOTHOCTH COCTOSHUM B 30HE IPOBOJUMOCTU B Ciydae
U30TPOITHOrO NapaboIMYECKOro 3aKOHA JUCIIEPCHU.

3anummute Gynkiuto Gepmu-Jlupaka.

3anumure BbIpaKeHHE s 3(PQPEKTHBHOM Macchl IUIOTHOCTH COCTOSHUM B Ciydae
IUNTUYECKUX N303HEPTETUYECKUX [TOBEPXHOCTEN.

Kakue nonynpoBOAHUKY HA3BIBAIOTCS KOMIIEHCUPOBAHHBIMU?

3anumuTe BeIpAKEHUE AJIs AJIMHbBI SKpaHupoBaHus Jlebas.

3anumure ypaBHEHHE KUHETUKM pPEKOMOMHAIMM B IPOCTPAHCTBEHHO OIHOPOAHBIX
CUCTEMAX.

3anumure ypaBHEHHE KHHETHKH pPEKOMOWHAIMKM B TPOCTPAHCTBEHHO HEOJIHOPOIHBIX
CUCTEMAX.

[lepeuncnure BO3MOXKHbBIE MEXAaHU3MbI PEKOMOMHALINY.

[IpuBeauTe npuMepsl HEYNOPSAAOYEHHBIX ITOITYIIPOBOJIHUKOB.

IIpuMepsI TeCTOBBIX 3a1aHUMH 110 JUCUUILIHHE

[TpoBoauMOCTs MaTepuasia MpU aOCOJIIOTHOM HYyJIe TEMIIEpaTypbl paBHA HYNIIO. ITOT
MaTepua:

a. Merain

b. IMomynpoBoaHHUK

¢. JusnekTpux

d. TTomaynpoBOIHUK WM JTUDIIEKTPUK

BosHOBast pyHKIHMS AJIEKTPOHA B MEPHOAMYECKOM IMOTEHITHANIE HACTCS BhIpaXKEHUEM (7 —

paaMyc-BEeKTOp 3JEKTpOHa, K — TPOWM3BOJBHBIA BEKTOp C  JAEHCTBUTEIbLHBIMU
KOMITOHCHTAMH ):

—

a. exp(iEF)uk (7);rae u, (F)=u, (F+d), G — exrop pewerku
(

b. exp(iEF)uk (F);rz[e u, F)zuk(F+13), b — BekTOp 0OpATHOM peIeTKN

c. exp(iEF)uk (7); rae u, (F)=const
d. exp(lgf)uk (17);r;[e u, (17) =u, (F—i—ﬁ), d — BEKTOP pEIIETKU

Kaxkoe u3 npeanonoxxeHuii He KUCHOIb3YETCA B 30HHOU TEOPHUH?

a. Bce sipa pacnosniokeHbl CTpOro NEPUOJNYHO B POCTPAHCTBE

b. B3aumopeiicTBue 31EKTPOHOB JPYT C JAPYTOM 3aMEHSETCS HEKOTOPBHIM A((PEKTHBHBIM
BHEITHUM TI0JIEM

C. ATOMHBIC Si7Jpa CYMTAIOTCS HETIOABIKHBIMHU

d. DaexTpoHBI HE B3aUMOACUCTBYIOT APYT C IPYTOM
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4.

B npuOnikeHnn CHIIBHO CBS3aHHBIX 3JIEKTPOHOB C YBEIMYEHHMEM IIMPUHBI pa3perieHHON
30HBI AP PEKTHUBHAS Macca IEKTPOHA!

a. YBenuuuBaeTcs

b. Ymenbaercs

c. He uzmensercs

d. Moxer KaK yBeTUUHBATHCS, TAK U YMEHBIIATHCS

Bripaskenue A cpeiHEeTo 3HAUYCHUSI CKOPOCTH V 3JIEKTPOHA B UJICATBHOM KPUCTAILIIE UMEET
BUJT (P — KBa3UUMITYJIBC, Mo — Macca CBOOOTHOTO 3JIEKTpoHa, E(p) — a3HEprus 31eKTpoHa):

a. o= p/m,
b. 5=VE(p)

c. v=4/2mE(p)

d. v =0, mOCKOJIbKY JIEKTPOH HE HAXOJUTCS BO BHEIIHEM T10JI€

OnHO U3 yCIIOBUN TPUMEHUMOCTH MeTo1a (P PEKTUBHOM MACCHI 3aKTFOYAETCS B TOM, UTO:

a. DddexTrBHAs Macca JOKHA €1a00 OTIWYATHCS OT MacChl CBOOOTHOTO AJIEKTPOHA

b. HaknanpiBaemblil HenepruoIu4ecKuidi MOTEHIUAN JJOJDKEH OBITh MallbIM

c. Ilepuonuueckas cocTapisionas NOTEHIMANIA JOJKHA OTCYTCTBOBATh

d. HaknmangpiBaeMblii HENEPUOAMYECKHH TOTCHIIMAI TMPAKTHYECKH HE MEHSETCS Ha
MPOTSKEHUH MOCTOSHHOM PEeIIeTKH

Cnmcox BONPOCOB K 3K3aMEHY

OcHo6bl (pu3uxu noaynpo8oOHUK08

l.
2.

e

11.

12.

Benenue. Mcropuueckue 3Tarmbl B pa3BUTHH (PU3UKH TOTYTIPOBOIHUKOB.

Tunsl xumuyeckoit cBsizu. Cunbl Ban-nep-Baanbca (qucnepcnoHHOE, OPUEHTAIMOHHOE U
MHIYKIIMOHHOE B3auMojelcTBus). MoHHas, KOBaJeHTHas, MeTalsIMyeckass U BOJOPOJHAs
cBsi3u. Kiaccudukanus TBEpAbIX TEN MO XapaKTepy CHII CBS3H.

Kpucrannmueckas pemerka. Pemerka bpaps. Pemetka ¢ 6asucom. Ilpsmas u oGparHas
pemrerkn. O003HAYCHUS YTIIOB , HAMPABICHUH U IIIOCKOCTEH B KpHCTAJLIE.

DneMeHTapHbIe moaynpoBogHukH. Si, Ge, GaAs.

CTpykTypa DJHEpPreTudecKux ypoBHed B arTome. CTpOCHHE DOJICKTPOHHBIX O000I0YEK
3JIEMEHTOB Tepuoanueckoit cuctemol [[.M1.MenzaeneeBa. JHeprus U IBUKEHHUE AJIEKTPOHA B
TBEPJOM TeJie. DHEPreTUUECKUIN CIIEKTP AIEKTPOHOB B KPHUCTAJLIIE.

3anoJIHEHHE  DHEPreTUYECKUX  30H.  JIMANEeKTpUKH, MONYNPOBOJAHMKH,  METaJUIbL.
[IpoBOAMMOCTD Pa3NIUYHBIX TUIIOB TBEPABIX TEIL.

JlepeKkThl KpUCTAIUITMUECKONM CTPYKTYphl (BakaHCHHM, MPHUMECH, aTOMbl B MEXAOY3JIHIX,
nuciokanuu U T.1.) [lpocreiimas Mojenb TPUMECHOTO COCTOSIHHMSI B IOJYNPOBOIAHHKE.
(Mozenp W30JIMpPOBaHHOrO artoma). JlermpoBaHue mMONMYNpOBOAHUKOB. JlOHOpHas U
aKlenTopHass  NpoBOAUMOCTUH. KoMmeHCMpOBaHHBIE W CHUJIBHO  JITUPOBAHHBIE
nonaynpoBoaHuku. [lepexoasr MoTTa 1 AHIEpcoHa.

DneMeHTapHasi TEOpUsi  DJIEKTPOIPOBOJHOCTH  IMOJYNPOBOAHUKOB. TemmeparypHas
3aBHUCHUMOCTh IPOBOJUMOCTH [UIsl COOCTBEHHBIX W TNPUMECHBIX MOJYNPOBOIHUKOB.
[TonBMXHOCTB, UTMHA CBOOOAHOTO TTPOOETa, BpeMsl pellaKCalllu.

DddexTrBHAsT Macca. DIEKTPOHBI B TETUIOBOM paBHOBECHHU. BrIpokaeHne

Oyukuua pacnpenencHuss depMu. YpoBeHb XMMHYECKOro mnoreHnuana. I[lmoTHocTs
cocTosiHui. KoHIIEHTpalysi HOCUTENEe B SHEPTETUYECKON 30HE.

DNEeKTPONPOBOAHOCTL (JIEKTPOHHASI M JBIPOYHAs) U IOABM)KHOCTb HOCHUTEJIEHW 3apsaa B
MTOJIYTIPOBO/IHHUKAX.

[TonsTe O HOpPMalbHBIX KoJebaHusx pemeTkdn. CHEKTp HOPMAIBHBIX KOJICOAHUIA.
Temmnepatypa Jle6ast. DOHOHBI.
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13.

14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24.

25.

26.

DJIEKTPONPOBOAHOCTh. MeEXaHM3Mbl  pacCesHUsl HOCHUTENEH 3apsjia. 3aBUCHUMOCTh
MOJIBMKHOCTH U JJIMHBI CBOOOTHOTO MPOo0era IeKTPpoHa OT TEMITEPaTyPhl.
TermmonpoBOAHOCTh MOTYIPOBOIHUKOB. TeMIONPOBOJHOCTh KPUCTATUTMYECKONW PEIIETKHU.
DneKTpOHHAas TEIIONPOBOIHOCTb. 3aKoH Bunemana-dpanna.

KonrakTtabie sBnenus. Pabora Berxoga. KonTakTHast pa3HOCTh MMOTEHITUATIOB.

BrinpsiMienre Ha KOHTaKTe IBYX METaJIOB.

KonTakt wMeTamna © MONYyNpoOBOAHMKA. BbIpsMieHne Ha KOHTakTe MeTaula U
MOJTYTIPOBOIHHKA.

KoOHTaKT 3/1eKTPOHHOTO U IBIPOYHOTO MOJYIPOBOJHUKOB. BrinpsiMienue Ha p-n riepexoie.
Dddext mons. [ToBepxHOCTHBIE cocTOsTHUS. [ 'eTeporepexobl.

Tepmoanexkrpuueckue sBieHus. KauectBennas kaptusa 3¢ dekron [lenbre, 3ecOeka
["anpBaHOMArHUTHBIE U TEPMOMArHUTHBIC siBIIeHUS. DddexT Xoma.
MarnurtocornpoTtupiieHre. TepMOMarHuTHbIE SBJICHUS.

Onrtuyeckre CBOWCTBA IMOJYNPOBOAHMKOB. ['eHepanuss M peKoMOWHAIMS HOCUTENEH.
®OTONPOBOIUMOCT.

CrekTp mOrNIOMIEHHU W (POTOUYBCTBUTEIBHOCTh. MeEXaHM3MBI TOTJIOIICHHS CBETa B
MOJTYTIPOBOTHUKAX (MEK30HHOE, TPUMECHOE, SKCUTOHHOE, Ha CBOOOTHBIX HOCUTEIISIX).
OnTuyeckre CBOMCTBA HU3BKOPA3MEPHBIX CTPYKTYp. MeX30HHOE TOTJIOIIEHUE CBETa
KBaHTOBOM SIMOM.

dnexkmponsl 6 udeanvnom Kpucmainie. OcHo6vl 30HHOI Mmeopuu.

l.
2.
3.

e

9.

10.
11.
12.

13.
14.

15.
16.

17.

OO6mrast mocTaHoOBKa 3a7a4yu. AnradaTudecKkoe mpuoOIMKeHne.

OnnosnextponHoe npubmpkenne. Meron Xaptpu. Meron Xaptpu-®Poxka.

DJIEKTPOH B MEPUOJUYECKOM TMOJI€ PEIIETKH KpHUCTaUIa. Y CIOBHME IUKIMYHOCTH bopHa-
Kapmana.

Sueiika Burnepa — 3elitua. 3ona bpuimosna. Teopema bioxa.

[IpubnumxkeHne CUIBHO  CBSI3aHHBIX ~ JJEKTPOHOB. | aMUIBTOHMAH KpUCTALIA U
M30JIMPOBAaHHOTO aTOMA.

OHepreTU4ecKuil CeKTp UACAIbHOro Kpuctaiia. JIokaan3oBaHHBIE U AEIOKAIN30BaHHbBIE
BOJTHOBBIE (PyHKITMU. OOMEHHBIN HHTETpai. MHTerpan nepekphuITusi.

DHepreTUYecKnii CHeKTp Ui ciay4as MpocTod KyOuueckod pemeTkd. OCHOBHBIC
MOJIOKEHUS 30HHON TEOPUH.

JIBU>KeHME 2JIEKTPOHA B MJlealbHOM Kpucramie. Sueiika Burnepa — 3eittua. IlepBas 30Ha
bpunnrosna. OcoObie TOUKH.

30HHas CTpyKTypa TBepaoro tena B mojenu Kponura — [lennu.

Mogens Kponura — [lennu. 3akoH nucnepcum.

KBazuBosiHOBO# BekTOp. UNCII0 COCTOSTHUMN U KBa3UHETIPEPBIBHBINA CIIEKTP.

3akoH pgucnepcud. OCHOBHBIE THIBI 30HHOW CTPYKTYphl MOJYNPOBOJHUKOB. 3OHHAs
crpykrypa Si, Ge, GaAs. M303HepreTHuecKkue moBepXHOCTH.

DddexTuBHas Macca neKTpoHa. [[pIpka.

KBaszuumnyinbc. J[BukeHue HocuTeneld B yeKTpudeckoM mosie. CBs3b MEXIy CHUIIOW U
YCKOPEHHUEM.

Tenszop obparHoit 3P pexTuBHOM Macchl. Dmuncous 3GPEKTUBHOM MACCHI.

[IpononpHass u momepeuHas >(QQeKTuBHbIE Macchl. M303HepreTuueckre MOBEPXHOCTH:

pannyc-BEKTOp ([_5 ) ¥ HOpMaJb (\7) K [IOBEPXHOCTH.

Meron 3¢ dekTuBHON Macchl. BiusHue BHEIIHMX IMOJIEH Ha CHEKTP SHEPTUU KPHUCTAILIA.
Jlokann30BaHHBIE COCTOSIHUA.

Cmamucmuka 31eKmpoHo8 u OblPOK 6 NOAYNPOEOOHUKAX.

l.
2.
3.

Pacnipenenenue 351eKTpoOHOB 110 dHEpreTu4eckuM ypoBHAM. Oynkuus @epmu — Jlupaka.
[ImoTHOCTH cOCTOSAHUI. 3aCEIEHHOCTh YPOBHEM.

CoOcTBeHHBIE TOMYNPOBOIHUKU. KoOHIEHTpamuss HocuTenedl 3apsiia B OTCYTCTBHE
BbIpokaAeHUA. [looxenue ypoBus @epmu
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4. CoOcTBeHHBIC MOTYTPOBOAHUKN. DP(HEKTHUBHAS Macca IMIOTHOCTA COCTOSTHHUH.

IIpumecHsble nonynpoBogHuky. [lonoxenue yposas depmu.

6. IlpuMecHble MOJYNPOBOAHUKHU. TeMreparypHas 3aBUCUMOCTh KOHLIEHTPAIIMU HOCUTEJEH
3aps/ia B MOTYNPOBOJAHUKAX.

e

Pazmepnoe keanmoeanue, Keanmoewvie aAmbl U ceepxpeuiemxu. Heynopaoouennvie

noYnRPO6OOHUKU.

1. KBaHTOBBIE SIMBI B MOJYNPOBOAHUKAX. YCIOBUS KBaHTOBaHUA. [loa30HBI pa3zMepHOro
KBaHTOBaHUs. [[TOTHOCTH COCTOSIHUM B KBAHTOBOM SIME.

2. Onrhyeckue CBOWMCTBA HHM3KOPAa3MEpPHBIX CTPYKTyp. CBepxpemeTku. Mex30HHOE
MOTJIONIEHUE CBETAa KBAHTOBOM SIMOM.

3. OcHOBHBIE TpEACTaBICHHUS (PU3UKH HEYMOPSJOUYCHHBIX IOTYNPOBOAHUKOB. CiydailHBIN
MOTEHIMAN. XBOCTHI TIJIOTHOCTH COCTOSIHUM M JIOKATA3AITUS.

4. IlpoBoguMOCTh TO JIOKAJIM30BAaHHBIM COCTOSIHHMSM, 3aKOH MoTTa 11 MOpPbIKKOBOM
MIPOBOJIUMOCTH.

5. Onruueckue mnepexojpl B HEYNOPAJOYECHHBIX IOIYNPOBOJAHMKAX. XBOCTHI ONTHYECKOIO
moTrJIoIeHus (MpaBmiIo Ypobaxa).

l'[paBn.ﬂa BBICTABJICHHA OLICHKHN HA 3K3aMCHE.

B sk3aMeHanmoHHbIe OMIIET BKIIFOYAETCS [Ba TEOPETUYECKUX Bormpoca. Ha moaroTosky k
OTBETY JaeTcs HE MeHee lyaca.

[Io wToram »sK3aMeHa BBICTABISETCS OJIHA U3 OLEHOK: «OTIUYHO», «XOPOLIOY,
«YIIOBJICTBOPUTEIILHO» HIIA «HEYIOBICTBOPUTEIHHOY.

Onenka «OTJIMYHO» BBICTABISETCS CTYACHTY, KOTOPBIA JIEMOHCTPUPYET IIyOOKOe U
IOJTHOE  BJaJeHHE COAEp)KaHWEM MaTepuaja UM TOHATUHHBIM  anmapaToM  (U3HKH
IOJIyIIPOBOJIHUKOB; OCYLIECTBIIIET MEKIIPEIMETHBIE CBA3U; YMEET CBS3bIBaTh TEOPHIO C
npakTukoil. CTyZneHT JaeT pas3BepHyThble, IOJHBIE U UYETKHE OTBEThl Ha BOIPOCHI
9K3aMEHAIlMOHHOTO OWjera W JONOJHUTENbHBIE BOIPOCHl, COOJIOJAET  JIOTMUYECKYIO
IIOCJIE0BATENBHOCTD IPU M3JI0KEHUM MaTepuana. ['paMOTHO HCNONb3YET TEPMHUHOJIOTHIO
(GU3UKN NOTYIPOBOJHUKOB U (PM3UKU KOHJEHCHPOBAHHOI'O COCTOSHUS

Onenka «Xopomo» BBICTABISAETCS CTYIEHTY, OTBET KOTOPOTO Ha SK3aMEHE B LEIOM
COOTBETCTBYIOT YKa3aHHBIM BBIIIE€ KPUTEPHUSAM, HO OTIMYAECTCS MEHbIIEH OOCTOATENBbHOCTHIO,
ri1yOuHON, 00OCHOBAaHHOCTBIO M TOJHOTOW. B OTBeTe MMEIOT MECTO OTJENbHBIE HETOYHOCTH
(HeCYIIIECTBEHHBIC  OIIMOKM), KOTOpPBIE  HWCIPABISAIOTCS ~ CaMUM  CTYACHTOM  TIOCTe
JIOTIOJTHUTEIBHBIX U (MJIM) YTOYHSIOIINX BOIIPOCOB 3K3aMEHATOPA.

OuneHka «Y10BJIETBOPUTEIbHO» BHICTABIISETCS CTYACHTY, KOTOPBIN 1aeT HEAOCTATOYHO
NOJHBIE M TOCJENOBaTElIbHBIE OTBETHl HA BOIPOCHl JK3aMEHAlMOHHOTO Owmiera u
JOTIOJTHUTEIIbHBIE BOIIPOCHI, HO IIPH 3TOM JAEMOHCTPHPYET YMEHME BBIICINTH CYIIECTBEHHBIC U
HECYIIIECTBEHHBIE ITPU3HAKHA U YCTAHOBUTH PUUMHHO-CIICACTBEHHBbIE CBA3H. OTBETHI U3JIaraercs
B TEPMHMHAX (PU3HMKH MOJIYNPOBOJHUKOB, HO IIPU 3TOM JOIYCKAIOTCS OLIMOKU B ONpPEAEICHUU U
PacKpbITUH HEKOTOPBIX OCHOBHBIX IMOHATUH, (OPMYJIHUPOBKE IOJIOKEHHH, KOTOPHIE CTYAEHT
3aTPyJHSAETCS MCIPABUTh CaMOCTOATENnbHO. Ilpm aprymeHranmm oTBeTa CTYIOEHT HE
00OCHOBBIBAET CBOM CyXAeHHUs. Ha yacTb JOMOJHHUTENBHBIX BOIPOCOB CTYACHT 3aTpyIHSETCS
JlaTh OTBET WIN AT HEBEPHBIC OTBETHI.

Onenka «HeynoB/1eTBOPUTEIBHO» BBICTABISETCS CTYACHTY, KOTOPBIH AEMOHCTPUPYET
pa3po3HEHHbIE, OECCUCTEMHbIE 3HaHUS; OECHOPSIOYHO U HEYBEPEHHO H3jaraeT MaTepual; He
YMEET BBIIEIATH [NIABHOE U BTOPOCTENIEHHOE, HE YMEET COCUHATh TEOPETUUECKUE MTOJIOKEHHUS C
IPAaKTUKOH, HE YCTaHABIMBACT MEKIPEIMETHBIE CBS3U; JONYCKaeT TIpyOble OIIMOKU IpU
ONpPEACIICHUN CYILIHOCTH PACKpPbIBAEMBIX IOHSTHUM, SIBJICHWM, BCJIEICTBUE HEMOHUMAHUS HX
CYIECTBEHHBIX M HECYLICCTBCHHBIX IPU3HAKOB M CBS3€H; JACT HEIOJIHBIE OTBETHI, JIOTUKA U
MOCJIEI0BATENbHOCTD H3JI0O)KEHHUS KOTOPBIX MMEIOT CYLIECTBEHHbIE U IPUHLIMIHAIbHBIC
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HapyLICHHs, B OTBETaX OTCYTCTBYIOT BBIBOJABI. JIONOJHUTENBHBIE W YTOYHSIOIIUE BOIPOCHI
DK3aMEHaToOpa HEe MPHUBOIAT K KOPPEKLUUU OTBETOB CTyAcHTa. Ha OCHOBHyIO 4acThb
JOTIOJIHUTEIBHBIX BOIIPOCOB CTYACHT 3aTPYIHACTCS JaTh OTBET UM 1a€T HEBEPHBIC OTBETHI.
Onenka «HeynoBIeTBOPUTENBHO» BBICTABISIETCS TAKXKE CTYAEHTY, KOTOPBIA B3slI
9K3aMEHAIMOHHBIN OMJIET, HO OTBEYaTh OTKAa3aJCs.
JlonyckaeTcst BO3SMOXHOCTh OJIMH Pa3 MOMEHATh YK3aMEHALIMOHHBIN OUJIEeT, HO TIPU 3TOM
UTOTOBasl OLIEHKA aBTOMATUYECKH CHU)KAETCsl Ha OJJUH OaJll.
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IMpuioxenne Ne2 k padoveil mporpaMme I CHUIIIAHbI
«®Pu3nKa noJynpoBOJHUKOB U HU3KOPA3MEPHBIX CHCTEM

MeTonnquKne YKazaHud 1JI CTYACHTOB 110 OCBOCHHIO JUCITUIIJIHNHBI

Kypc HampaBnen Ha ¢GOpMUpPOBaHHME Yy Y4YalIUXCS 3HAHWA OCHOBHBIX HJIEH W
MPEACTABICHU TEOPUHM W METOJOB COBPEMEHHOW (PU3MKH TOJynpoBOAHUKOB. OCHOBHOM
dbopMoil M3NIOKEHHST y4eOHOro MaTepuana Mo AUCHUIIINHE «DHu3uKa TOMYMPOBOIHUKOB U
HU3KOpPa3MEpHBIX CHUCTeM» SIBISOTCA Jekiuu. [lo psgy Tem mpeaycMOTpeHbl HMpaKTHUECKHe
3aHSTHSI, HA KOTOPBIX MPOUCXOANT 3aKpEIUICHHE JIEKIIMOHHOTO MaTepHaia MmyTeM MPUMEHEHUs
€ro K KOHKPETHBbIM (U3NYECKUM 3ajjauaM M OTpabOTKa HABBIKOB pacueToB (PU3MUYECKUX
XapaKTePUCTHK MOJYIPOBOAHUKOB. [Iporpamma OCBOEHUS IUCIHHILIMHBI TMPEAYyCMaTPUBACT
TaKk)Ke TPOBEJCHHE IMKJIA JTA0OpPaTOPHBIX pabOT, B KOTOPBIX MPHOOPETAIOTCS HABBIKH
MOCTAHOBKH JKCIIEPUMEHTOB TIO0 HCCIECIOBAaHUIO CBONCTB MaTepuajoB, a TaKKe aHalu3 u
MHTEPIPUTALMS SKCIIEPUMEHTAIBHBIX PE3yJIbTaTOB C UCIOJIB30BaHUEM 3HAHUM NMPUOOPETEHHBIX
HAa JISKIHSIX U TMPAKTUYECKUX 3aHATHSIX.

B kypce paccmaTpuBaroTCsi OCHOBHBIE MPHUOIMKEHUS 30HHOW TEOPHHM TBEPAOTO Tela,
BIIMSTHUE BHEIIHUX BO3JICHCTBUI Ha MOBEJECHUE HOCHUTENEH 3apsia, CTATUCTHKA SJEKTPOHOB U
JIBIPOK B TIOJYNPOBOJHUKAX, CTATUCTUKA PEKOMOMHAIIMM HEPaBHOBECHBIX HOCHUTENEH 3apsia,
SIBIICHUST B KOHTAaKTax, p-n mepexol. B Kypce Takke 3aTparuBaloTCs HEKOTOPHIE BOMPOCHI
(GU3MKN TOTYNPOBOAHUKOBBIX CHCTEM IOHMKEHHOW pPa3MEpPHOCTH, TaKME€ KaK HaXOXKJeHUeE
HHEPreTUYECKOr0  CIEKTpa dJIEKTpOHA B  HHU3KOpPa3MEpHBIX CHCTEMaX, OCOOCHHOCTHU
SKpaHUPOBAHUS AIIEKTPUUECKOIO MOJIS B CUCTEMaX MOHMKEHHOW pa3MepHOCTH

Jljis yCenHoro OCBOSHUS AUCIHUILTUHBI OY€Hb BaXXHO PEIICHHE JOCTATOYHO OOJBIIOTO
KOJIMYECTBA 3aJla4, KaK B ayJIUTOPUHU, TaK U CAMOCTOATEIHHO B KaYeCTBE AOMAIIHHUX 3aJaHUU.
[Ipumepsl pemienuss 3amad  pa3OuUparoTCs Ha JEKIUSIX M TMPAKTUYSCKUX 3aHATHIX, NpU
HEOOXOJUMOCTH N0 Hambojee TPYIHBIM TeMaM MPOBOJAATCS IOIMOJHUTENbHbIE KOHCYJIbTALIHUU.
OcHOoBHasi 1eNb pelmIeHUs 33aJa4y — TIOMOYbh YCBOUTH OCHOBHBIC TMOJIOKCHHUS (PU3UKU
MOJyIPOBOJHUKOB. J[71s1 pemeHust Bcex 3a1ad HEOOXOIWMO 3HATh M MOHHUMATh JIEKIIMOHHBIN
matepuan. I[loaToMy B mpormecce W3Y4YEHHS AWCHHUIUIUHBI PEKOMEHAYETCS pETyJspHOe
MOBTOPEHHUE MPOWUJICHHOTO JEKIIMOHHOTO Marepuana. Martepuain, 3aKOHCIEKTHPOBAHHBIM Ha
JEKIHIX, HEOOXOAMMO JIOMa eIle pa3 MpopadarbiBaTh W HpPU HEOOXOJUMOCTH JOIOJHSTH
uH(popMaliel, MOJyYeHHON Ha KOHCYNbTAlUAX, MPAKTHUECKUX 3aHATHSIX WU U3 ydeOHOU
JTUTEPATYPHI.

CamocrosiTenpHas paboTa BKIIOYAeT B CeOsI:

® YTeHHE U KOHCIEKTUPOBAHHE PEKOMEHIOBAHHOM JINTEPATYPBHI;
e mpopaboTKy yueOHOro Marepuaia (1o KOHCIIEKTaM JICKITUH, yaeOHON 1 HaydYHOM

IuTeparype),

® [IOATOTOBKY OTBETOB Ha BOIMPOCHI, MPEAHA3HAYECHHBIX I CAMOCTOSTEIIbHOTO U3YUEHHUS;

® pelleHHue 3a7a4, IpeIaraéMbIX CTYJCHTaM Ha JIEKIUAX U IPAKTUUECKUX 3aHATHUSX;

® T[IOATOTOBKY K KOHTPOJISIM 3HAHHUH y4alluxcs, KOTOpble MPOBOAUTCS HA KAXKJIOM 3aHSATHUH,
3a4éTy

B pesynbrare nzydeHus AUCUMILTUHBI CTYIEHT JI0JKEH 3HATh OCHOBHBIE IOHSTHS U
3aKOHBI (PU3UKH MOYITPOBOJTHHUKOB, & TAKXKE UCIIOJIb3yeMbIe B (PH3UKE MOTYIPOBOTHUKOB
OCHOBOIIOJIAraolye MOJIEIN U TEOPUH; YMETh pPelaTh 3aJa4u 10 OCHOBHBIM pazjienaM GU3uKu
MOJTYTIPOBOTHUKOB; MCIIOJB30BaTh TOMyUYEHHBIC 3HAHUS JUIS ONIPEIEIICHUS TapaMeTPOB U
MHTEpIpEeTaluy (PU3NUYECKUX CBOUCTB MOIYIPOBOIHUKOB;

Jliss mpoBepKHM M KOHTPOJS YCBOCHHS TEOPETUYECKOro MaTepuala, MPUOOPETEHHBIX
MPAKTUYECKUX HABBIKOB pa0OThI W MPOBEACHUS PACUETOB, B T€UeHHE OOyUEHHUs MPOBOAATCS
MEPONPHSITHS TEKYyIeHd aTTECTallMd B BHJIE CAMOCTOSTEIBHBIX PA0OT (B ayJIUTOPUHU) U IBYX
KOHTPOJIBHBIX paboT. Takke MPOBOAATCS KOHCYJbTAMH (NMPH HEOOXOAMMOCTH) 1O pazbopy
3a/laHui AJI1 CAMOCTOSTENILHOM padO0ThI, KOTOPHIE BEI3BAIIU 3aTPYIHECHHS.
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DK3aMeH NMPUHUMAETCS 110 3K3aMEHAIIMOHHBIM OMJIeTaM, KaKAbIi 13 KOTOPBIX BKIIIOYAET
B ce0s J1Ba TeOpeTHUECKUX Bompoca. Ha caMoCcTOsATETbHYIO MOATOTOBKY K 9K3aMEHY BBLAEISCTCS
3 AHS, BO BpeMs MTOJITOTOBKH K 9K3aMEHY MPEyCMOTPEHA TPYIIITOBAast KOHCY/IbTAITHSI.

OcBOUTh BOINPOCHL, U3JaraeéMble B TPOLECCe M3YyYCHHUS TUCHUIUIMHBI «Du3HuKa
MIOJTYTIPOBOJTHUKOB M HU3KOPAa3MEPHBIX CHCTEM» CaMOCTOSTEIBHO CTYIEHTY KpailHe CII0KHO.
DTO CBS3aHO CO CIIOKHOCTBIO M3y4aeMOro MaTepuasia u 0oibpmuM 00beMoM Kypca. [loaTomy
MIOCEIICHUE BCEX aYIUTOPHBIX 3aHSATHH SBISETCS COBEPIICHHO HEOOXOAMMBIM. be3 ynopHbIX u
pEryJsipHBIX 3aHATHHA B TEUEHUE CEMECTpa CIaTh SK3aMEH 10 MTOTaM H3YYEHUS TUCIMILIMHBI
CTYACHTY MPAKTHYECKH HEBO3MOXHO.

s caMocTOsATeNhbHOW pPabOThl OCOOCHHO PEKOMEHAYETCSl HCIOIb30BaTh YUYEOHYIO
JUTEPATYpPy, C MOAPOOHO Pa30OpaHHBIMU PEHICHUSMH 337ad M0 (PU3MKE MOTYNPOBOTHUKOB. K
TaKUM MOYXHO OTHECTH CIIEAYIOIINE U3TaHuUs:

e B.Jl.bonu-bpyesuu, WN.I1.3Bsarun, M.B.Kapnenko, A.I'.'MuponoB COopHUK 3amad 10
bu3uKke momynpoBoaHUKOB. - M.: Hayka. I'n. pen. ¢us.-mar. out., 1987.— 144 c.

JlaHHBIE y4eOHBIC MMOCOOWS MpeIHAa3HAYCHBI IS TPOBEICHHS MPAKTUYCCKUX 3aHSATHUH IO
Kypcy U3HKU MOAYIPOBOJHUKOB, TakXke OyAyT MCKIIOYHTETBHO TIOJNIE3HBI W IS
CaMOCTOSITeNIbHOW paboThl B cOOpHHK BKITIOYEHBI 33/1a49H TI0 OCHOBHBIM pa3jieiaM JICKITHOHHOTO
Kypca (craructuka, nuddysus u npeiid HocuTenen 3apsna, p-n MEepPexoabl, KOHTAKTHBIC U
MIOBEPXHOCTHBIC SIBJICHUS B ITOJYTIPOBOJHHUKAX ).

B nauane xaxmoro paszaena mpuBeeHBI OCHOBHBIE (DOPMYIBI ¢ KPATKHUMH TOSICHCHUSIMU.
[Mocne cnivicka 3ama4, B KOHIIE TIOCOOUS, TAIOTCS PELICHUS U OTBETHI.
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