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1. Ileau ocBoeHUsI TUCUHUILIUHBI

HGHBIO OCBOCHHUA OUCHUIIIINMHBI «Puzngeckoe MaTCpruAJIOBCACHUC B JJICKTPOHUKC U
HAHODJICKTPOHUKE» SBISCTCS: M3Y4YeHUE (PyHIAaMEHTATBHBIX TECOPETUUYECKUX MPEICTABICHHNA O
[IOIYIPOBOJHUKOBBIX MaTepuanax, CTpyKTypax Ha MUX OCHOBE W IPOLECCaX, MPOUCXOAAININX B
HUX T0J] IHCTBHEM BHEITHUX TOJICH U 3JICKTPOMArHUTHBIX BOJIH.

3amavamMu  AuCHUIUIMHBL  «DU3MYecKoe  MaTepuajoBeICHHE B JJIEKTPOHUKE U
HAHORJICKTPOHHUKEY SBJISIETCS: 3HAKOMCTBO OCHOBAMHU TEOPETHUECKUX TPEACTABICHUN O 30HHOU
CTPYKTYype M CTaTUCTHUKE HOCHUTENEH 3apsga B IMOJYNPOBOAHHKOBBIX MaTepUaax, a TaKKe C
(GU3MYECKUMU TIPUHIMIIAMH, JSKAIIUMH B OCHOBE PabOThI OaphepoB W TpaHHI] pasneia u
CTPYKTYp Ha UX OCHOBE.

2. Mecro nucuumiuHbl B cTpykrype OIl 6akanaBpuara

JucuumimHa «@Pu3nueckoe MaTepUajJOBEIEHUE B DBJIEKTPOHUKE M HAHOAIEKTPOHHUKE)
OTHOCHUTCS K BapuaTHBHON uacTH 0a30BOro OJ0Ka; SBISIETCS AUCLHUIUIMHOW IO BBIOOPY
cTyaeHTa. Ee M3yueHue OCHOBBIBAETCS HA 3HAHMSX, YMEHUSAX U BJAJCHUSAX, IOJYYEHHBIX B
pe3yJbTaTe OCBOCHMs CIEAYIOIUX JUCHUIUIMH: DJIEKTPHYeCTBO M MarHerusMm, Onruka,
Pu3uka aTOMOB U ATOMHBIX AIBJIeHMI, DJIEKTpoANHAMHIKA, KBaHTOBas Teopus.

[Tomy4yeHHble mNpuU OCBOCHMM JIUCHMILIMHBI (PH3HYeckoe MaTepHATOBEJAeHHE B
3J1eKTPOHUKE M HAHOYJIEKTPOHWKE3HAHUS, YMEHUS M BJaJCHUS HEOOXOAUMBI JJIsi M3Y4YCHHUS
HOCEIYIOMUX TUCHMILIMH NPO(ECCHOHAIBHOIO LIUKJIIA, a TAKXKe AJI MPOJOJDKEHHU 00y4YeHuUs B
Mmaructparype no HanpasieHuto 11.03.04 DiexTpoHuka m HaHodJIeKTpoHmka. Hapsny c
IPYTUMH  JTUCLMIZIMHAMU  NpO(eCcCHOHANIBHOrO  LUKIa  JUcHuIUIMHA — PDusnyeckoe
MaTepUajloBeleHHe B JIJEKTPOHMKE M HAHOIJEKTPOHMKe O00eCreunBaeT pean3aluio
npodwuis noArotroBku UHTerpajbHas 3JJeKTPOHNKA M HAHOYIeKTPOHHUKA.
3. Ilnanupyemblie pe3yjabTaTbl OOy4YeHMS] MO JAUCUUILJIMHE, COOTHECEHHbIE C

IVIAHNPYeMbIMH pe3yabTaTamu ocBoeHusi OIl 0akanaspuarta

[Tponiecc M3ydeHUs MUCLMIUIMHBI HalpaBleH Ha (POPMUPOBAHHE CIEAYIOIIMX 3JIEMEHTOB
komrnereHmii B cootBerctBuu ¢ ®I'OC BO, OIl BO u npuoOpeTeHus cCleaylouux 3HAHHM,
YMEHUH, HaBBIKOB U (UJIM) OIBITA AEATEIbHOCTH!

Kox
KOMIIETEHIUH

DopMyJIMPOBKA
KOMIIeTEHNH

IlepeyeHb NJIAHUPYEMBIX Pe3yJILTATOB
o0y4eHust

IIpodeccnonanbHbIe KOMIIETCHUUH

I1K-3 TOTOBHOCTbH 3HaTh:
aHAIM3UPOBATh U ® OCHOBHBIC ITAIbl Pa3BUTHUS (DH3UKHU MOTYIPOBOIHUKOB,
CHUCTEMaTU3UPOBATh BKJIFOYAIOIIINE KakK KJIaCCHUYECKUN MMOIXOL,
PE3yABTATHI UCIIOJIB3yEeMBIH B MaTepUATIOBEICHHUH, TaK M ITOIXOJ Ha
HCCIICTOBAaHUH, OCHOBE KBAaHTOBOH MEXaHUKH, CTATUCTHUECKOU (PU3UKH
MIPEJICTABIISITh Y 3JICKTPOJAMHAMHUKH CIIOMIHBIX CPEJI;

MaTepHuaJbl B BUC
HAyYHBIX OTYETOB,
MyOTUKAINM,
Mpe3eHTaul

30HHYIO CTPYKTYpy TBEPABIX Tel, B OCOOCHHOCTH
HOJTYIIPOBOAHUKOBBIX Marepuaios (Si, Ge, GaAs);
MEXaHU3MBI SIBJICHHI TEPeHOCa W OCHOBHBIX THIIOB
paccestHus B TIOIYIIPOBOTHUKOBBIX MaTepHaliax;
CTaTHCTUKY DJIEKTPOHOB U JBIPOK B TOJYIPOBOIHHKAX
U CBS3aHHBIE C OJTHUM OCOOCHHOCTH (DHU3UYECKUX
XapaKTePUCTHUK Pa3IMIHBIX MaTepUaJIOB;

SIBIIGHUSI Ha TIOBEPXHOCTH W TpaHHIAX pas3zena,
OCOOCHHOCTH KOHTAKTHBIX SIBJICHHH TpPU BHEIIHEM
BO3JICHCTBUH, 00yCIIaBIUBAIOIINX TeHEepaIuio
HEPAaBHOBECHBIX HOCHUTEIICH 3apsia;




® XapakTepHble  MaclmTaObl  BEJIWYMH,  OCHOBHBIE
¢usnueckue COOTHOILICHUS u KOHCTaHTBI,
OTHOCSIIMECS K OJTOMYy pasfeny ¢GU3UKH U HUX
Pa3MepHOCTb;

e 0COOCHHOCTH pa3MEpHOrO KBAaHTOBaHMS M KBAHTOBOTO
TYHHEJTUPOBaHUS B MOJTyTIPOBOAHHUKAX u
WCTIONB30BAaHUM STUX SIBICHUH ISl CO3aHHUSI HOBOTO
KJ1acca MpuOOpPOB COBPEMEHHON HAHOAIEKTPOHUKH.

YMmeThb:

® HpI/IMeHHTI: 3HaHHA, HOJIy‘IeHHBIG HpI/I H3y‘IeHI/II/I
JHCIHATIIHHBI dusuka NMOJIyNPOBOIHUKOB H
HU3KOPa3MePHBIX CHCTEM, TP  PaCCMOTPEHUU

BOIIPOCOB, CBSI3aHHBIX c TEOPETHUYECKUMH,
SKCIICPUMCHTAJIbHBIMU n TEXHOJIOTHUYCCKUMU
acrieKTaMu UCCIICIOBAaHUN B busuke
MONYIMPOBOAHUKOB, MHKPO- U  HAHOIIEKTPOHHKE,
busnke MTOJTYTTPOBOHUKOBBIX puOOpPOB,
OTITORJIEKTPOHHUKE;

® HCIIOJIB30BATH VISl TOTO METObI U 3HAHUS
MOJTyYEHHBIE MTPU U3yUYEHUH IPYTUX PU3NUECKUX U
MaTEeMATHYECKHUX JUCIUTLINH.

Baanern:

® CHEeNUaJIbHOW TEPMUHOJIOTUEN;

® HaBbIKaAMH peH_IeHI/ISI THUITIOBBIX 3a1a4 (bI/ISI/IKI/I
MIOJIYTIPOBOTHUKOB, CBSI3AHHBIX C TEOPETUICCKUMHU U
E)KCHepI/IMeHTaJ'IBHBIMI/I HNCCJICIOBAHUSIMHN OCHOBHBIX
XapaKTEPUCTHUK MOITYITPOBOTHUKOBBIX MaTEPUAJIOB U
CTPYKTYP, KaK OCHOBBI DJIEMEHTHOM 0a3bl [t
COBPEMEHHON MUKPO- U HAHODJICKTPOHUKH.

4. O0beM, CTPYKTYpa M CoAep:KaHUe JAUCHUIIMHBI «Pu3nyeckoe MaTepuaoBeleHUE B
3JIeKTPOHHUKeE U HAHOJJIEKTPOHUKE)

4.1. OOwasi TPyaA0eMKOCTh JUCHHILIMHBI COCTABJISIET 5 3a4eTHBIX eAuHuUll, 180 yacos.
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MOJIYITPOBOJIHUKOB.
DIIEKTPOHBI B UACATBHOM
2 |kpuctaiie. OCHOBBI 6 | 8 | 6 2 10 |®DpoHTanbHBIM Opoc.
30HHOUM TEOpHUH




IIOJIYIIPOBOTHUKOB.

CraTucTHKa 3JEKTPOHOB U
JBIPOK B 6 | 6 | 8 2 10 |®DpoHTanbHBIM Opoc.
MOJIYIPOBOIHUKAX.

I'panune! pasznena.
Kunerndeckue sBICHUA B
OUIIOJIIPHBIX 6 | 6 | 8 18] 2 10
MOJIyIIPOBOJHUKAX.
OnTuyeckue cBOMCTBA.

@pOHTAIBHBIN OIIPOC.
Kontponbnas padoTa.

Pa3zmepHOe KBaHTOBaHUE,
KBaHTOBBIC SIMBI U
CBEPXPEIIETKH. 6 | 2 1 5 |®poHTanbHbBIN OMPOC.
HeynopsinoueHnsie
MIOJIYITPOBOJTHUKH.

2 10,51 33,5 DK3aMeH

Bcero 30 /30 {3011 ]05]785

4.2.

Conep:xaHue pa3iesioB U CHUNITHHBI

Paznen 1. Benenue B (pu3UKY MOJTYNIPOBOIHUKOB.

1.1.

1.2.

1.3.

[Tpenmer ¢pu3nku noaynpoBOIHUKOB. OCHOBHBIEC IOJIOXKEHUS U IIPUHIIUIIBL.

Beenenne. Tumbsl xwmmudeckoit cBsizu. Cunbl  Ban-gep-Baanbca  (mucnepcuonHoe,
OpUEHTAIIMOHHOE W  MHAYKIHMOHHOE  B3auMmozeiictBus). loHHasd, KoBaleHTHas,
MeTaJUIMYecKass M BOAOpoAHas cBsa3u. Kpucrammueckas pemierka. Pemerka bpaso.
Pemerka ¢ 6a3ucom. IIpsmast u obpatHas pemetku. OG03HaYEHUS YIJIOB, HApaBICHUH U
riockocTeil B kpucrauie. Knaccugukanus TBEpAbIX TNl M0 XapaKTepy CHII CBA3H U COCTaBY
(omemeHTapHble, OMHApHBIC, TPOHHBIC, OPraHUYECKHE), MO CTPYKTYpE - YINOPSIOUYCHHBIC
KpUCTAININYECKHE (HampUMep, C TETPadJIpHuecKol KOOpAUHAIMed - aiMa3omojo0HBIE,
BIOPIIUT), KPHUCTAUIMYECKHE C DdJeMEeHTaMH Oecropsaka (TBepAble  PacTBOPHI),
HEYNOPSI0YCHHBIC - aMop(HBIC. DIIeMEeHTapHbIe MOMynpoBoaHUKH. Si, Ge, GaAs.

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

CtpykTypa SHepreTMYeckux ypoBHeH B artoMe. CTpOoeHHE HIEKTPOHHBIX 000JI0YeK
3JIEMEHTOB Iepuoanueckoit cuctemol [[.M1.MenzaeneeBa. DHeprus U IBUKEHHUE AJIEKTPOHA B
TBEPAOM Tejle. OHEPreTHUUECKUH CIEKTp AJIEKTPOHOB B KpHUCTaUIEe. 3alojHEHHE
SHEPreTHUECKUX 30H. J[MANEeKTpUKH, MOIYNPOBOAHMKH, MeTayuibl. DddeKkThuBHas Macca.
DNEeKTPOHBI B TEMJIOBOM paBHOBecUHU. BpipoxiaeHue. IIpoBoIMMOCTb pa3iuyHbBIX THUIIOB
TBepAbIX Tel. JlepeKThl KpUCTAIIUYECKOW CTPYKTYpbl (BakaHCHU, MPUMECH, aTOMbI B
MEXI0Y3/IMsIX, AUcIoKanuuu M T.1.) [lpocreiimas Moaenp HPUMECHOTO COCTOSIHUSL B
MOJIyIPOBOJIHUKE. (MOJENb HW30JIMPOBAaHHOrO aToma) JlermpoBaHHe MOJIYIPOBOJAHUKOB.
JIOHOpHas M aKLeNnTOpHas MPOBOAMMOCTH. KoMIEHCHUpOBaHHBIE M CUIIBHO JIETMPOBaHHbBIE
nonaynpoBoaHukH. [lepexoasr MoTTa u AHIEpcoHa.

SIBneHus nepeHoca B IOJIYIPOBOJHMKAX. MexaHU3Mbl paccesHUs HOcHUTened. Bpems
penaKcanuH.

OneMeHTapHass TEOpUsl  AJIEKTPONPOBOJHOCTH  MOJIYNPOBOJHUKOB. TemmepaTypHas
3aBHUCHUMOCTh TPOBOJUMOCTH [UIsi COOCTBEHHBIX W TNPUMECHBIX MOJYNPOBOIHUKOB.
[TonBMKHOCTB, ATTMHA CBOOOJHOrO npobdera, Bpems penakcauud. OyHKIUS pacnpeeeHus
®epMu. YpoBeHb XMMHUYECKOro mnoteHuuana. [lnotHocts cocrosuuit. KoHneHnTpaums
HOCHUTEJIEH B DHEPreTUYECKOW 30HE. DJEKTPONPOBOJHOCTH (IEKTPOHHAS U ABIPpOYHAs) U
MOABMKHOCTh HOCHUTENEH 3apsga B NOJNyNpoBOAHMKaX. IloHsATHE O HOpPMaJIbHBIX
Kosnebanusax pemerkd. CrnekTp HOpMalbHBIX KojeOaHuil. Temmeparypa Jle6as. ®OHOHBI.
DJIEKTPONPOBOAHOCTh. MeEXaHM3Mbl  PacCesHUsl HOCHUTENEH 3apsaa. 3aBUCHUMOCTh
NOJBMKHOCTM W JJMHBI  CBOOOAHOTO mpoOera d3JEKTPOHA OT  TEMIIEpPaTyphbl.
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TermmonpoBOAHOCTh MOJYIPOBOAHUKOB. TEMIONPOBOAHOCTh KPUCTAJUIMYECKON PEIIECTKHU.
DneKTpOHHAas TEIIONPOBOIHOCT. 3aKoH Bunemana-dpanna.

Pazgen 2. DjekTpoHbl B HAeAJIbHOM KpucTadwie. OCHOBbI 30HHOW TeopHH
MOJIyNIPOBOIHUKOB.

2.1.

2.2.

2.3.

VYpasuenue lllpenunrepa nis 3MeKTpoHOB B kpucTaiie. OCHOBHBIC MPUOIMKEHUST 30HHON
TEOPUHU.

OO6mrasi mocTaHOBKa 3ajaud. Ajuabatudeckoe mpuOmmkeHue. OIHOIEKTPOHHOE
npubmmxenne. Meron Xaptpu. Meron Xaptpu-DOoka. DIEKTPOH B MEPUOIUIECKOM TOJIE
peleTKU KpucTauia. Y cioBue NukiIndHocTu bopHa-Kapmana. fueitka Burnepa — 3eitua.
3ona bpummosna. Teopema bnoxa. IlpuOmmkeHHe CHIBHO CBSI3aHHBIX 3JIEKTPOHOB.
['aMunbTOHMAH KpHUCTA/UIa U U30JIMPOBAHHOIO aTOMa. DHEPreTUYECKUHN CHEKTP UACATBHOTO
Kpuctaimia. Jlokanu3oBaHHBIE W JIENOKAIM30BAaHHBIE BOJHOBBIE (yHKIMHA. OOMEHHBIH
uHTerpain. HWHTerpam mnepekphITUa. ODHEPreTUYECKUd CHEKTp ISl Cciaydas MpOCTOH
KyOudeckoi pemeTku. OCHOBHBIE MOJIOKESHHS 30HHOUM TEOPHUHU.

DNEeKTPOH B IEPUOINYECKOM TToie KprcTayia. OCHOBHBIC MPUOIMIKEHHS 30HHOM TEOPHH.
JIBM>KeHME 2JIEKTpPOHA B MJealbHOM Kpucramie. Sueiika Burnepa — 3eiitua. IlepBas 30Ha
bpuntosna. OcoOwie TOukH. 30HHAs CTPYKTypa TBepAoro Teida B monaenu Kponumra —
Ilennun. 3axkon aucnepcuu. KBasuBosHOBOM — BekTop. UYumcio  cocrosHud u
KBa3MHENPEPBIBHBIN CIEKTP.

3akoH aucnepcun. DddexruBHas macca. Metos 3¢ heKkTHBHOM Macchl.

3akoH pgucnepcud. OCHOBHBIE THIBI 30HHOW CTPYKTYphl MOJYNPOBOJHUKOB. 3OHHAs
crpykrypa Si, Ge, GaAs. H3o03Heprernyeckue mnoBepxHOCTH. ddexkTuBHas macca
anekTpoHa. Jlpipka. KBasuummysbc. JIBUKeHHE HOCUTENEH B dJIeKTpuYeckoM mose. CBs3b
MEXIy CWIOH M yckopeHueM. TeHzop oOparHOW 3(p(EeKTUBHONH Macchl. ITUICOUA
a¢pdextuBHol  Maccel.  [IpomonpHas w  momepedyHas — 3(PGEKTHBHBIE  MacCHI.

M305HepreTHieckue MOBEPXHOCTH: PajHyc-BeKTOp () U HOpManb (V) K HMOBEPXHOCTH.

Meron 3¢ dekTuBHON Macchl. BiusHue BHEIIHMX TMOJIEH Ha CHEKTP DPHEPTUU KPHUCTAILIA.
Jlokann30BaHHBIE COCTOSIHUA.

Pazgen 3. CraTucTuKa 3JIEKTPOHOB U ABIPOK B MOJYIPOBOJIHHUKAX.

3.1.

3.2.

PaBHOBecHast cTaTUCTUKA HOCUTENEH 3apsia B OJIyIIPOBOHUKAX.

Pacnipenenenne ®epmu-lupaka. IlnoTHOCTE cocTOosiHUN W (YHKIMS pacrpeacieHHs
AJIEKTPOHOB 10 KBAaHTOBBIM COCTOSIHMSAM. KOHIIEHTpanuu 3J€KTPOHOB U ABIPOK B 30HAX.
OddekTuBHBIE MIOTHOCTH COCTOSHHM SJEKTPOHOB W JABIPOK B 30HaX. HeBBIPOKIEHHBII
AJIEKTPOHHBIN (ABIPOUHBIN) Ta3. Brrancnenue nonoxxeHus: ypoBHs depmu B cOOCTBEHHOM
nojaynpoBoaHuKe. CTaTUCTHMKA 3alOJHEHUS MPUMECHBIX YypoBHEH. YpoBeHb dDepmu B
MIOJIYIIPOBOJIHUKE C MpUMeECSIMH oOAHOro tuna. CTaTHUCTHKa 3JEKTPOHOB M JBIPOK B
KOMIIEHCUPOBAHHBIX MOJYIPOBOAHUKAX.

IIpocTpaHCTBEHHO HEOJHOPOAHBIE PAaBHOBECHBIE COCTOsHUA. HepaBHOBECHBIE HOCUTENU
3apsna.

IIpocTpaHCTBEHHO  HEOJHOPOAHBIE  PABHOBECHBIE  PACHPENEICHHUS  KOHLIEHTpALMil.
BuyTpennee snekTpuyeckoe mojie. DKkpaHupoBaHue. JIuHeiHass Teopus >KpaHUPOBAHMS.
Jnuna Jlebas. DHepreTuueckass auarpaMMa KOHTaKTa METalI-TIONYyHpOBOAHMK. bapbep
[ITorTkn. BO3HUKHOBEHHE HEPABHOBECHBIX HOCHUTENEH 3apslia B MOJYNPOBOJHUKAX.
OnTuueckast TeHepanus. Temmbl TeHepallMd ©W  PEKOMOWHAIIMHM;, BpeMs KU3HU.
CoOoTHOILIEHHs MEXTYy BPEMEHAMM PEJIAKCAMU SHEPIMU U UMIIYJIbCA U BPEMEHEM JKU3HHU.
KBa3upaBHOBecue u KkBa3uypoBHH Depmu.

Paznen 4. I'panuusbl pa3nena. Kunernueckue siBjieHUsI B OMNOJISIPHBIX MOJYIIPOBOJIHHUKAX.
Onruyeckne cBoiicTBA.

4.1.

['panunbl paznena. [loBepXxHOCTHBIE COCTOSAHMS. ['eTeponepexosl.
KonrakTHble SIBICHUS. Pa60Ta BbIXO/JA. Konraxraas PAa3HOCTb MOTCHIUAJIOB. BBIHpHMﬂeHHG
Ha KOHTaKTe IBYX MeTa/uioB. KOHTAakT Meramia M MOJyHpOBOAHMKA. BeimpsmieHue Ha
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KOHTakT€ MeTaJlyla M MOJyHNpoBOJAHMKA. KOHTakT 3JIEKTPOHHOTO U ABIPOYHOIO
MOJIyTIPOBOTHUKOB. Brimpsimienne Ha p-n mnepexoxe. Dddexr mons. [loBepxHOCTHbIE
cocTosiHus. ['eTepornepexoasl.

4.2. Ku"etnueckue sBJICHUS B IOJIYIIPOBOAHUKAX.
Tepmoanexkrpuueckue sBieHus. KadectBenHas kaptuHa dddektoB Ilenpre, 3eecbdeka.
["anpBaHOMArHUTHBIC u TEPMOMArHUTHBIE SIBJICHUSL. D¢ ekt Xomna.
MarnurtocomnpoTtupiieHre. TepMOMarHuTHbIE SIBJICHUS.

4.3. OnTuyeckue cBONCTBA OTYPOBOIHUKOB.
OnTuyeckne CBOWCTBA TMOJYNPOBOAHUKOB. ['€Hepanuss W pEeKOMOWHAIUS HOCHUTENCH.
®otomnpoBoguMocTh. CHEKTp TMOMIOMEHUS U (OTOUYBCTBUTEIBHOCTh. MeEXaHU3MBI
MOTJIOLIEHUSI CBETa B IOJYNPOBOJHUKAX (MEX30HHOE, NPHUMECHOE, HKCUTOHHOE, Ha
CBOOO/IHBIX HOCHUTETISX).

Pazgen 5. Pa3mepHoe KBaHTOBaHHEe, KBAHTOBble SIMbI M  CBepXpelIeTKH.

HeynopsinoueHHble MOJIyNPOBOIHUKH.

5.1. OcHOBHBIE TPEACTABICHHS O pa3MEPHOM KBAHTOBAaHWM B KBAHTOBBIX SIMax W
CBEPXPEILIETKAX.
KBaHTOBBIE sIMBI B IOJIYIPOBOJHHKAaX. YCIOBHS KBaHTOBaHUA. [loa30HBI pazMepHOro
KBaHTOBaHUsA. [IIIOTHOCTH COCTOSIHMK B KBAaHTOBOW sIME. YJIbTPAKBAHTOBBIM MpEEIL.
Ontudeckre CBOWCTBA HHU3KOpAa3MEpPHBIX CTPYKTyp. CBepxpemeTku. MekK30HHOE
MOIJIOLIEHUE CBETA KBAHTOBOM SIMOU.

5.2. OcHoBHBbIE npeAcTaBIeHUs (U3UKU HEYTOPSAJOUYEHHBIX MOIYITPOBOIHUKOB.
CrnyualiHblii OTeHIIMAA. XBOCTHI IIJIOTHOCTH COCTOSIHUM U JIoKanu3auus. [IpoBogumMocts 1o
JIOKaJIM30BAHHBIM COCTOSIHUSIM, 3aKOH MOTTa JIs MPBIKKOBOM MPOBOAUMOCTH. ONTHYECKHE
MepexoJbl B HEYMOPSIOYEHHBIX TMOJYMPOBOAHUKAX. XBOCTHI ONTHYECKOTO MOTJIOMICHUS
(mpaBwmio Ypbaxa).

4.3.1. JlabopaTOpHBIi NPAKTHKYM

Ne pazpena TpyroemkocTs
Ne i/ HHCI?HII?IP[HLI HaumeHoBaHue J1a00paToOpHBIX padoT py?qacu)
1 1 BinsiHue TemnepaTyphl Ha JIEKTPONPOBOIHOCTD 4
MOJIYITPOBOTHUKOB
2 1 dusnueckue 0OCHOBHI pabOTHI TEPMOpPE3UCTOpA 4

3aBUCUMOCTb 3JIEKTPONPOBOAHOCTH
3 1 IIOJIIIPOBOJHHUKOB OT HAINIPSKEHHOCTU 4
JIEKTPUUECKOTO MOJIs

M3MeHeHre mpoBOAMMOCTH MOJIYIIPOBOIHUKA B

4 4 4
MarHUTHOM TIOJI€.

5 4 Nzyuenne r¢dexra Xoma B MOTYIPOBOTHUKAX 5

6 4 TemmeparypHas 3aBUCUMOCTb KO3 PHUIIHEHTA 4
TEPMOD/IC
@DOTOMPOBOAUMOCTH MOTYIPOBOJHUKOB.

7 4 Onpenenenne TemMIepaTypHOl 3aBUCUMOCTH 5
YYBCTBUTEILHOCTU U KPATHOCTHU
(GhOTOMPOBOASIINX MaTEPHAIIOB

Bcero 30




5. OoOpa3oBaTtenbHbIe TeXHOJIOTHH, HCIOJIb3yeMble npu OCYIIeCTBJICHUH
00pa30BaTeIbLHOIO NMpPoIecca MO0 JUCUMUILIHHE

B mporiecce 00yueHHs NCTIONB3YIOTCS CIIEAYIONIME 00pa30BaTeIbHBIE TEXHOJIOTHU:

BBoaHas jekuus — AaeT NepBOE LETOCTHOE MPEACTABICHNE O AUCIUIIIINHE U OPUEHTHPYET
CTYJIEHTA B CHUCTEME M3yUEHHs JAHHOW TUCHUILIUHBI. CTYyIEHTHI 3HAKOMSTCS C Ha3HAYEHUEM U
3aJjayaMy Kypca, €ro pojbio U MECTOM B CUCTEME Y4eOHBIX AUCHMILIMH U B CUCTEME MOJITOTOBKU
B 1enoM. Jlaercs kpaTkuii 0030p Kypca, UCTOpHUS Pa3BUTHS HAYKU U MPAKTUKH, TOCTHKECHUS B
9TOM cdepe, HMMEHAa M3BECTHBIX YYEHBIX, H3JaraloTcs MEepCleKTUBHbIE HaIpaBJICHUS
uccinenoBanui. Ha 53ToMl JeKUMM BBICKA3bIBAKOTCS METOAMYECKHE M OPraHU3alMOHHBIE
0COOEHHOCTH pabOThl B paMKax JaHHOM TUCHUIUIMHBI, a TAK)KE AA€TCs aHallu3 PEKOMEHIyeMOn
y4e0HO-METOINYECKON TUTEPATYPHI.

AxkanemMudeckasi JeKuus (WM JIEKIHUS OOIIEro Kypca) — MOCJIeI0BATEIbHOE H3JI0KEHUE
MaTepuana, OCYIIECTBIAEMOE NPEUMYIIECTBEHHO B BHJE€ MOHOJOTa MPENnoaaBaTelis.
TpeOoBanusi K aKaaeMHUYECKOW JICKIIMH: COBPEMEHHBINM HAy4HBIH YPOBCHb W HACHIIICHHAS
WH(OPMATUBHOCTh, yOETUTENIbHAs apryMEHTalus, JOCTYIHAas W TIOHSATHAs pedb, 4YeTKas
CTPYKTypa W JIOTMKa, HAJIWYUE SPKUX TMPUMEPOB, HAYUYHBIX JOKA3aTeNbCTB, OOOCHOBAHUM,
(axToB.

[IpakTHyeckoe 3aHsiTHEe — 3aHATHE, MOCBSIIEHHOE OCBOEHUIO KOHKPETHBIX YMEHUH U
HAaBBIKOB U 3aKPEIJICHUIO MOTYYEHHBIX Ha JIEKIIUHA 3HAHUH.

JlabopaTopHble padoThl - OpraHu3aius yudeOHo! paboThl ¢ peaTbHBIMH MaTePUATLHBIMU 1
UH(POPMALIMOHHBIMHA 00BEKTaMHU, SKCIIEPUMEHTaNIbHAs paboTa ¢ aHAJIOrOBBIMU MOJEIISIMU
peaTbHBIX 00BEKTOB M (PU3UUECKUX SIBJICHHI.

6. Ilepeyenb HH(POPMANUOHHBIX TEXHOJOIWHd, HCIHOJb3yeMbIX NPH OCYUIeCTBJIECHUH
00pa3oBaTeILHOIO MpoLecca MO JAUCHHUIUINHE, BKJIKYas IepevYyeHb JULIEH3MOHHOT0
NMPOrpaMMHOI0 o0ecriedyeHUss W MH(OPMAIMOHHBIX CIHPAaBOYHBLIX cHUcTeM (MpH
HEe00X0AUMOCTH)

B mporiecce ocymiecTBieHUs: 00pa30BaTEIbHOTO MPOLECCA UCTIONb3YIOTCS:

— 15t GOPMUPOBAHUS TEKCTOBBIX M IPaMUECKUX MaTEpPHUAIOB POMEXKYTOUHON U TEKyIIeH
arrectanuu — nporpammsl Microsoft Office, rpaduueckuii penaxrop Inkscape;

— I Toucka y4eOHOW smreparypbl Oumbmumorexku Spl'Y — ABTOMaTH3MpOBaHHAS
6ubmmoreuynas nnpopmarnronnas cucrema "BYKU-NEXT" (ABUC "Byku-Next").

7. IlepeyeHb OCHOBHOW M IONMOJHUTEJbHON Yy4YeOHOW JIUTepaTypbl, PpPecypcoB
HHG(POPMAIIMOHHO-TEJIEKOMMYHUKAUMOHHOI ceTn «VHTepHeT», HEOOXOAUMBIX sl
OCBOEHMS TUCIUIIUHBI

a) OCHOBHasl JIMTepaTypa:

1. B.JL.Lbonu-bpyesuu, C.I".Kanantankos — ®@u3nka moJympoBOIHUKOB. Yuel. mocooue ajs
By30B — M.: Hayka, 1990. - 688 c.

2. K.B.llanumoBa — ®u3rka moaynpoBOAHUKOB: YueOHUK. 4-¢ u3., crep.— CIIO.:

WznarenscTBo «Jlaney, 2010. — 400 c.

A.C.Kupees ®u3zuka noiaynpoBOJIHUKOB. - M.: Briciias mkona, 1989. 590 c.

4. A.U.Ancenbm, BBenenue B Teopuio MoJyNpOBOJAHUKOB, . Yued. mocoOue i By30B 3-¢
u3., crep.— CII6.: U3narenscTBo «Jlanby, 2008. — 624 c.

5. T'.I'.3erps, B.W.Ilepens OcHOBBI pu3nKH NOTYIPOBOIHUKOB, Pu3mariut, 2009. 334 C.

(O8]

0) 10MOJTHUTEJIbHASA JIUTEepaTypa:
1. IOT., Kapagona M. OcHOBBI (hU3HKH MTOTYTIPOBOAHUKOB / miep. ¢ anri. M.W. Pemmnoii - 3-¢
3. - M.: ©U3MATIIUT, 2002.-560c.



9.

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

16.

M.I'pyaaman - OCHOBBI (hU3UKa MOTYNIPOBOAHUKOB. HaHODM3HMKA U TEXHHUECKHIE
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 TTPHUOOPOB :
meron. ykazanus / JI. B. boukapesa, A. C. Pynsiif, A. b. Uypunos. - Spocnasins.: Spl'Y,
2007.-66c.

B.N.®uctyns. Beenenue B ¢puznky noinynpoBogHUKOB. M: Briciias mkomna. 1984.
N.M.InannbKoBCKU. DIEKTPOHBI U IBIPKU B MOJIyNIpoBogHUKax. M: Hayka.1972.

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

Ky3znernosa N.A. ®usnueckas KHHETHKA OIYIPOBOJHUKOB: yueOHOE 1mocodue. -
Spocnasns.: Apl'Y, 2006.-104c.

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

JI.C.Ctunn6anc ®uznka noaynpoBoaHUKoB. M., «CoBerckoe paguoy», 1967. 452 ctp.
P.Cmur ITonynpoBoguuku. M., «Mwup», 1982. 560 C.

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

Jx.Ciarep AupneKkTpuky, MOTYIPOBOAHUKH, MeTauibl. M., «Mup», 1969. 648 C.
Jlx.bnekmop CratucTrKa 3J1EKTPOHOB B MOIYIPOBOAHUKAX, «Mup», M., 1964. 392 C
I'.E.ITuxyc OCHOBBI TEOpUH MOTYTIPOBOTHUKOBBIX MTpuO0opoB, «Haykay, M.-JI., 1965. 450 C.
C.M.PpiBkuH @OTO3JEKTPUUECKUE SBJIEHUS B MOIYIIPOBOAHUKAX, Puzmarrus, M., 1963.
496 c.

B.JI.bonu-bpyesuu, W.I1.3esrun, U.B.Kapnenko, A.I'.Mupono CoopHuUK 33134 110 GpHU3NKe
MOJYTTPOBJITHUKOB. - M.: Hayka. I'n. pen. ¢us.-mar. mut., 1987.— 144 c.

B) pecypchl cetn «MHTEpHET»

1.

2.

DneKkTpoHHas OubroTeka yueOHbIx MaTepuainon SApl'yY
(http://www.lib.uniyar.ac.ru/opac/bk_cat find.php).

Nudopmanmonnas cucrema "EnnHoe 0KHO A0cTyna K 00pa3oBaTellbHBIM pecypcam”
(http://www.edu.ru (pa3zaen YdueOHO-MeTOAMYECKAsE OMOTUOTEKA) WIIH T10 MPSIMOM CCHLITKE
http://window.edu.ru/library).

DIeKTPOHHO-OMOINOTeYHas cucTeMa « Y HUBEpCUTeTCKas oubnuoTeka online»
(www.biblioclub.ru ).

CriermanbHOTO IPOrpaMMHOT0 o0ecrieyeHus He TpedyeTcs.

B kauectBe HMHTEpHET-pecypcOB MOTYT OBITh HCIIOJIE30BaHBl W3BECTHBIE TTOMCKOBBIC

cuctembl (www.yandex.ru, www.google.ru, www.gigapedia.org ). Caiir ®TU um A.®.Uodde
PAH (www.ioffe.ru) u npyrue HHTEpHET peCypchl C COOTBETCTBYIOIIEH TEMATHKOM.

8.

MarepuajbHO-TeXHHYECKas 0a3a, He00X0AUMAas 1JIsl OCYLIeCTBJICHUS
00pa30BaTeJILHOI0 NMPOLEcca Mo AUCHUIIUHE
Aymutopun, 00OpyAOBaHHBIC IS TPOBEACHHS JIEKIUW, MPAKTHUYECKHUX, JTa0OPaTOPHBIX

3aHATUH U KOHCYJIbTAlMH, (POHJ HAYYHOU OMOIMOTEKN YHUBEPCUTETA, KOMIIBIOTEPHI C JOCTYIIOM
B MHTEepHET, 000pYyJ0BaHUE IS IEMOHCTPALUI AJIEKTPOHHBIX MYJIBTUMEAUUHBIX MPE3CHTAIHH,
nabopaTtopHoe obopynoBaHue lleHTpa KOJIIEKTMBHOTO NOJb30BAaHUS «J/lMarHOCTHKAa MHUKpPO U
HAaHOCTPYKTYp».

ABTOp:!
JoteHT 6a30Boit Kadeapsl HAHOTEXHOJIOTUN B AJICKTPOHUKE, K.(.-M.H. A.b.Uypumnos

(moxnuce)



IMpuaoxenne Nel k padoyeil nporpamMme I CHUTIIAHbBI
«Pu3nvecKoe MaTepuaioBeeHne B JJIeKTPOHNKE U HAHOYJIEKTPOHHUKE»

DoH/1 OLICHOYHBIX CPEACTB
AJISl IPOBEACHUs TeKYylIel U IPOMEKYTOYHOM aTTecTalliy CTYAeHTOB
10 TUCHUILTHHE

1. TunoBble KOHTPOJIbHBbIE 32IaHUSI UJIH HHbIE MATEPHAJIbI,
Heo0X0AUMBbIe J1JIfl OLeHKH 3HAHUI, YMEHUIi, HABBIKOB M (WJIH) ONbITA 1eSATeJIbHOCTH,
XapaKTepu3yLHX 3Tanbl (popMHPOBAHUA KOMIIETEH LU

1.1 KoHTpoJibHBbIE 32JaHUA M HHbIE MATEPHUAJIbI, HCIIOJIb3yeMble B MpoLecce TeKyel
arrecTanuu

KonTpoasHnas padora

IIpumepsl 3a1a4 ¢ OTBETAMM M pPellICHUSIMH 110 TeMe
«CTaTHCTHKA 3JIEKTPOHOB U ALIPOK B MOJIYNPOBOIHHKAX)

3agaua 1.1

Haiitu, yemy paBHa cOOCTBEHHAsi KOHIICHTpAIMs CBOOOIHBIX HOCUTENCH 3apsaa B KpeMHUU Si,
repmanuu Ge, apcenusie raust GaAs u anTuMoHu e HHAUA InSb mpu KOMHaTHOH TemnepaType
T=300 K u Temneparype xkunakoro azora T=77 K.

Pemenue
KoHnnenTpanuss CcoOCTBEHHBIX HOCUTENEH 3apsa nj HMEEeT CUIBHYI TEeMIIEPaTypHYIO

3aBUCUMOCTE U OIIPEACTIACTCA KaK
E

n,.=«/NCNVe_m (L.1),

rae d¢dexTrBHas MWIOTHOCTH cocTossHUM B C 1 V 30HaxX Ny TakkKe 3aBUCUT OT Temmeparypsl T
1 3¢ (HEeKTUBHON MacChl HOCUTENEH 3apsa B 30He m*:

3 3
m'kT % | m® % T %
— | =2,5-10"| — —

h m, 300
Hlupuna 3anpemenHol 30HbI Eg mMeeT cnabyio 3aBUCUMOCTh OT Temreparypbl Tumna Eg =Eg —
oT. Bennuunsl Eg 1 o mpuBenens! B Tabnuie "CpoiictBa momynpoBoanukoB npu T=300 K",
TaM K€ MOXXHO HalTh BenmuunHbl N¢ W Ny . Pacder 3HaueHWil 3(QGEKTHBHON IMIOTHOCTH
coctosnuii B C W V 30HaX M KOHIIGHTpPALlMM COOCTBEHHBIX HOCUTENEH 3apsaa ni mpu
TeMrepaType KuaKoro azora 77 K npuBoauTcs HUXKeE.

N, =2 2x (1.2).

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%



3agaua 1.2

Kpemunii Si u apcenun ramums GaAs JerupoBaHbl JJOHOPHOM NMPUMECHIO 10 KOHILIEHTPAIIUH
Ng=10'7 cm?. Cunras npumech MOTHOCTHIO HOHU30BAHHON, HANTH KOHIIEHTPALMIO OCHOBHBIX H
HEOCHOBHBIX HOCHUTENEH 3apsiaa npu temiepatype T=300 K.

Pemenue

[IpumMech MOTHOCTBIO HMOHW30BaHA, KOI/IA KOHLEHTPAIUs PAaBHOBECHBIX JJIEKTPOHOB paBHA
KOHIIEHTpAalUUHU JIETHpPYIOIIeH mpuMecd No=Ng. M3 OCHOBHOro COOTHOLIEHHS — JUIsS
TOJTYIIPOBOJHUKOB: No-Po=N;i> HaleM KOHLEHTPAIUIO HEOCHOBHBIX HOCUTENIEH 3apsaaa po=ni>/no.
Jst Si po=2.6-10%, s GaAs po=1.2-107 cm>.

3agaua 1.3

Paccuurare 00beMHOE monoxeHue ypoBHI DepMu Qo OTHOCHUTEIBHO CEPEIMHBI 3allPELICHHOM
30HBI B COOCTBEHHBIX IOJYIPOBOJHHKAX — KpeMHUHM Si W aHTUMOHMAEe MHAus InSb mpu
temneparypax Ti= 300 K u T>=77 K (c yderom pa3iauuHbIX 3HaueHUH 3((PeKTHBHBIX Macc
3JICKTPOHOB H JIBIPOK).

Pemnenue
B co6cTBEeHHOM MONTYNIPOBOAHUKE No=po M MOJ0KEHNE YpOBHA DEepMU OTHOCUTEIBHO CEPEAUHBI
3anpeleHHON 30HbI OTYPOBOAHUKA (P0 MOKHO PACCUUTATH KaK

*

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

T.o., B kxpeMHMH ypoBeHb DepMHU JIEKUT HWKE, a B AHTUMOHHUAE HMHIUS BBIIIE CEPEIUHBI
3aIPEILEHHON 30HbI MOJIyNpoBoAHUKA E;.

30HHas AMarpaMMa MoJlylmpoBOJHUKA, KOraa ¢o>0, m*p>m™*..

3amgaua 1.4
Haiitu oO0bemHoe mnosnoxenue ypoBHS Depmu @o B repmanuu Ge wmapku ['IA-10 mpu
temnepatype T=300 K.

Pemenue
B nerupoBaHHOM MOJIYNPOBOJHUKE Po>>n; ,lI0JI0KEeHUE YpOBHS DepMH (o MOKHO PaCCUUTATH
no opmyne
_ kT Py
@y =——In| ==
q n;
KoHnenTpanuio OCHOBHBIX HOCUTENIEH po HaleM, 3Has BEIMUYMHY YAEIbHOTO COMPOTHBICHUS
p=10 Om:-cMm, Kak

(1.4)

10



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 ypoBus @epmu B InSb nHaitnem mo dhopmyre:
kT
9y =——InPo (1.4),
q n;
00=0.085 3B.

YroObl HAWTH (Mo OTHOCHUTEIIHHO CEPEJMHBI 3aNPEHICHHOW 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. Ecimu paccuurats mnonoxenue ypoBHs Depmu
otHOocuTenbHO Kpas C—30HBI, TO Eg¢/2—@on =0.115-0.104=0.011 »B - 310 He mnpeBbImIaeT
BenuuuHbl 2KT (0.013 3B npu T=77 K) T.e. n—InSb — Beipoxnen, p—InSb — Her.

3amgaua 1.6

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

Pemenue

3Has yaensHoe conpoTtuBieHue p=4.5 Om-cmM, o Gpopmyie

1
Py=—"— (1.5)
qup
HalineM yposenb nernpoanus Ng=1-10' cm, a nanee mo dpopmyne
kT _ p
@, =—In—* (1.4)
q n;

nosioxkeHue ypoHst @epmu @o=0.284 5B nipu 300 K u ¢o=0.52 3B npu 77 K.

3amaua 1.7
HaiitTu ynenbHOe CONPOTUBIEHHE P IIEKTPOHHOIO M JBIPOYHOTO KPEeMHHS Si ¢ JIETHpYIOUIeH
npumechio Ng,=10'¢ cM™ npu komuaTHo# Temneparype.

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

3amaua 1.8
PaccunTarh cOOCTBEHHOE YIENBbHOE COMPOTUBICHUE Pi MOHOKPUCTAIIIIOB KPEMHUS Si, TepMaHUs
Ge, apcernaa rayuust GaAs u anTuMOHUIa HHAKS InSb pu KOMHATHOM TeMreparype.

Pemenue
B coGcTBEeHHOM MOJTYTIPOBOAHUKE Y IENIbHAS 3JICKTPOIPOBOAHOCTD PaBHA

o, =qnu, +qpp,=qn,(u,+p,)

u cootBeTcTBeHHO P, =1/0; :

11



| 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=xT. B ciy4yae noiaHoil MOHU3aLUK IIPUMECH
KOHILIEHTpALUs JbIPOK P ONpPEAEISIETCS KaKk

p=NVexp£EV_F) (1.6)

kT

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

3amgaua 1.10

HaiiTu, kak u3MeHHUTCS OOBEMHOE MOJIOKEeHHE YpoBHSI DepMu (o B IIIEKTPOHHOM apPCEHHIIC
rans GaAs ¢ p=1 OMm-cm npu uzmMenenun remmnepatypsl ot T=300 K no T=77 K.

Pemenue

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

I
— 2kT
n,=\/N.N,e

BeiunciaeM @o: npu T=300 K ¢0=0.47 3B u npu 77 K @o =0.72 3B, Torma A@po=0.25 »B

CaroiicTBa m01ynpoBoaHuKkoB npu T=300K

| I Si I Ge | GaAs || InSb |
| & [ 11.9 [ 16 | 109 | 17 |
| Ne.ow™ | 2810° || 104100 | 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 nornomieHnu
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 pu yMeHblenuu 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 TUIl OJAHOBAJIEHTHBIX AKLENTOPOB C KOHILIEHTpaluen
Na.

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

[onmyuute Bblpaxkenue s 3PGEKTUBHON IUIOTHOCTH COCTOSIHMK B BaJCHTHOM 30HE IS
TSDKEIBIX U JIETKUX JIBIPOK.

Omnpenenute 3aKOH U3MEHEHHsI KOHIICHTPALlMU HOCHUTENEH 3apsaa OT BpEMEHH B MaTepuaie
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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10.
11.
12.

13.

14.
15.

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

[TpuBennTe NpUMEpPHI MOIYIPOBOIHUKOB.

Hanwumure BolpakeHue 11 MOCTOSIHHOU XoJuia.

Cdopmynupyiite Teopemy bioxa.

Urto Takoe nepas 30Ha bpuuitosna?

Jaiite onpeneneHns NpsIMO30HHOTO U HENTPSIMO30HHOTO TIOJYTIPOBOHUKOB.

[IpuBeauTe mpuMepbl MHOTOJOINHHBIX IOITYIIPOBOAHUKOB.

Hanumwure BblpakeHMe A7 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 YypaBHEHHE 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. Meran

b. TlomynpoBogHUK

c. JludnexTpuk

d. [TomympoBOMHUK WU TUIIEKTPUK

BosHoBast GyHKIHS 3JEKTPOHA B MEPUOJUUECKOM TOTCHIIHAIIE JACTCs BhIpAKCHUEM (7 —

paaMyc-BEeKTOp 3JEKTpOHA, K — TPOU3BOJBHBIA BEKTOp C JICHCTBUTEIbLHBIMU
KOMITOHCHTAMH ):

a. exp(iEf)uk (7);rae u, (F)=u, (F+d), @ — sextop pemerknu

!

(
b. exp(ilgf)uk (17); rae u, (7) =u, <I7+B) , b — BekTOp 0OpaTHOM pereTkn
(

C. exp(ilgf)uk(F);rz[e u, F)zconst

d. exp(lgf)uk (7);rne u, (F)=u, (F+a), d — Bexrop pewerku

Kakoe 13 mpeanonokeHunili He UCIOIb3yeTCsl B 30HHON TeOpuu?

a. Bce spa pacnosniokeHbl CTpOro NEpUOJUYHO B MPOCTPAHCTBE

b. B3aumopeiicTBue 3J€KTPOHOB JPYr C APYTOM 3aMEHSETCS HEKOTOPHIM (P PEKTHBHBIM
BHCIIHHUM IIOJIEM

C. ATOMHBIE i7Jpa CUMTAIOTCS HETOABHKHBIMU

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. YMensiaercs

c. He n3mensiercs

d. MoeT Kak yBeIHMYNBAThLCS, TAK M YMEHBIIATHCS

BripaskeHnue A cpeIHEeTo 3HAUYCHUS CKOPOCTH V 3JIEKTPOHA B UJICATHHOM KPUCTAILIIE UMEET
BUJI (P — KBa3UUMITYJIBC, Mo — Macca CBOOOTHOTO 3JIEKTpoHa, E(p) — aHEprus 31eKTpoHa):

a. o= p/m,
b. 1 =VE(p)

c. v=42myE(p)

d. v=0, mockosbKy 3JIEKTPOH HE HAXOAUTCS BO BHEIIIHEM I10JIC

OnHO U3 yCIIOBUH MPUMEHUMOCTH MeTo1a 3P (HEKTUBHON MaCCHI 3aKITIOYAETCS B TOM, YTO:

a. DddexTuBHAs Macca T0JDKHA ¢1a00 OTJIMYATHCS OT MAcChl CBOOOIHOTO JIEKTPOHA

b. HaknaapiBaemblii HETIEPUOANIECCKUHN TTOTSHIHAI JJOJDKEH OBITh MaJIbIM

c. Ilepuoanueckas coctaBisoas MOTEHIMANA I0JKHA OTCYTCTBOBATh

d. HaknagpiBaeMblii  HEMEpPUOAWYECKUI MOTEHIMA MPaKTHUYECKH HE MEHseTcs Ha
MPOTSHKEHUH ITOCTOSTHHOM peleTKH

CnucoK BONPOCOB K IK3aMeHY

OcHoebl pu3uKku noaynpoeoOHUKOE

l.
2.

e

11.

12.

Bgenenue. Mcropuueckue 3Tamnsl B pa3BUTHH PU3UKU MOTYTPOBOIHUKOB.

Tunel xumuyeckoit cBsi3u. Cunbl Ban-nep-Baanbsca (qucnepcnoHHOE, OPUEHTAIMOHHOE U
MHIYKIMOHHOE B3auMojelcTBus). MoHHas, KOBaJeHTHas, MeTalsIMyeckass U BOJOPOJHAs
cBsi3u. Kiaccudukanus TBEpAbIX TEN MO XapaKTepy CHII CBS3H.

Kpucrannmueckas pemerka. Pemerka bpaps. Pemerka ¢ 6asucom. Ilpsmas u oGparHas
pemrerku. O003HAYEHUS YTIIOB , HAPABICHUH U IIIOCKOCTEH B KpHCTAJLIE.

DneMeHTapHbIe MoaynpoBogHuKH. Si, Ge, GaAs.

CTpykTypa DJHEpPreTuyecKux ypoBHed B aTome. CTpOECHHE SJICKTPOHHBIX 000JI0YEK
3JIEMEHTOB Tepuoanueckoit cuctemol [[.M1.MenzaeneeBa. DHeprus U IBUKEHHUE AJIEKTPOHA B
TBEPJOM TeJie. DHEPreTUUECKUIN CIIEKTP FIEKTPOHOB B KPHUCTAJLIIE.

3amoJIHEHHE  DHEPreTUYECKUX  30H.  JIMANEeKTpUKH, MONYNPOBOJAHHMKH,  METaJUIbL.
[IpoBOAMMOCTD pa3IUYHBIX TUIIOB TBEPABIX TEIL.

JlepeKxThl KpUCTAIUIMUECKONH CTPYKTYphl (BakaHCHH, MPHUMECH, aTOMbl B MEXAOY3JIHIX,
nuciokanuu U T.1.) [lpocreiimas Moaenb TPUMECHOTO COCTOSIHHMSI B IOJYNPOBOIAHHKE.
(Mozenb M30JIMpPOBaHHOrO artoma). JlermpoBaHue mMOMynpOBOAHUKOB. JlOHOpHas U
aKlenTopHas  NpoBOAUMOCTH. KoMIEHCHMpOBaHHBIE W CHUJIBHO  JITUPOBAHHBIE
noaynpoBoaHuk. [lepexoasr MoTTa u AHIEpcoHa.

DneMeHTapHasi TEOpHUsi  DJIEKTPOIPOBOJHOCTH  IMOJYNPOBOAHUKOB. TemmeparypHas
3aBUCHUMOCTh IPOBOJUMOCTH [UIsl COOCTBEHHBIX U TPUMECHBIX MOJYNPOBOIHUKOB.
[TonBMXHOCTB, UTMHA CBOOOAHOTO TTPOOETa, BpeMsl pellaKCalllu.

DddexTrBHAsT Macca. DIESKTPOHBI B TETUIOBOM paBHOBECHHU. BrIpokaeHne

Oyuknua pacnpenencHuss depmu. YpoBeHb XMMHYECKOro mnoreHuuana. I[lmoTHocTs
cocTosiHui. KoHIIEeHTpalysi HOCUTENEed B SHEPTETUYECKON 30HE.

DNEKTPOIPOBOAHOCTh (JIEKTPOHHASI M JBIPOYHAs) U IOABM)KHOCTb HOCHUTEJIEH 3apsaa B
MTOJIYIIPOBO/IHHUKAX.

[TonsTe O HOpPMaIbHBIX KoJebaHusx pemeTkd. CHEKTp HOPMAIBHBIX KOJICOAHHIA.
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 MPOoOera IeKTPoHa OT TEMITEPaTyPh.
TermmonpoBOAHOCT MOTYNIPOBOIHUKOB. TeMIONPOBOIHOCTh KPUCTATUTMYECKONW PEIIETKHU.
DneKTpOHHAas TEIIONPOBOIHOCT. 3aKoH Bunemana-dpanna.

KonrakTtabie sBnenus. Pabora Berxoga. KonTakTHast pa3HOCTh MMOTEHITUATIOB.

BrinpsiMienre Ha KOHTaKTe IBYX METaJIOB.

KonTakt wMeTamna © MONYyNpoOBOJHMKA. BbIpsMieHHe Ha KOHTakTe MeTauila 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
["anpBaHOMArHUTHBIC 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.

[IpubnmxkeHne CUIBHO  CBSI3aHHBIX  JJCKTPOHOB. | aMUIBTOHMAH  KpuUCTALIA U
M30JIMPOBAaHHOTO aTOMA.

OHepreTU4ecKuil CeKTp UACAIbHOro Kpuctaiia. JIokaan3oBaHHBIE U AEIOKAIN30BaHHbBIE
BOJTHOBBIE (PyHKITMU. OOMEHHBIN HHTETpai. HTerpat 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. M303HepreTHuecKue moBEepXHOCTH.

DddexTuBHas Macca neKTpoHa. [[pIpka.

KBaszuumnyinec. J[BukeHue HocuTened B ayeKTpudeckoM mosie. CBs3b MEXIy CHUIIOW U
YCKOPEHUEM.

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

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

paanyc-BeKTOp (p' ) 1 HOpMauth (V) K TIOBEPXHOCTH.

Meron 3¢ dekTuBHON Macchl. BiusHue BHEIIHMX TMOJIEHM Ha CHEKTpP SHEPTUU KPHCTAILIA.
JlokannM30BaHHBIE COCTOSIHUA.

Cmamucmuka 31eKmpoHo8 u OblPOK 6 NOAYNPOBOOHUKAX.

l.
2.
3.

Pacnipenenenue 351eKTpoOHOB 110 dHEpreTu4eckuM ypoBHAM. Oynkuus @epmu — Jlupaka.
[ImoTHOCTH cOCTOSHUI. 3aCEIE€HHOCTh YPOBHEM.

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

IIpumecHsble nonynpoBogHuky. [lonoxenue yposas depmu.

6. IlpuMecHble MOJYNPOBOAHUKHU. TeMmreparypHas 3aBUCUMOCTh KOHLIEHTPAIIMU HOCUTEJIEH
3aps/ia B MOTYNPOBOJAHUKAX.

e

Pazmepnoe keanmoeanue, Keanmoewvie aAmbl U ceepxpeuiemxu. Heynopaoouennvie

noYnPO6OOHUKU.

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 U JIOKATU3AITUS.

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

5. Onruueckue mnepexojpl B HEYNOPAJOYECHHBIX IOIYNPOBOJAHMKAX. XBOCTHI ONTHYECKOIO
morJIoeHus (mpaBmwio Ypbaxa).

2. IlepeyeHb KOMIIETEHUMH, 3TANBI X (OPMUPOBAHMS, ONIMCAHUE MTOKA3aTeJIeld 1
KPUTEpPHeEB OLlCHNBAHMS KOMIIETEHI[UII HA PA3JIMYHbIX 3Tanax ux GgopMupoBaHus,
ONUCAHMe HIKAJIbI OLlEeHUBAHUSA

2.1 IlIkana oueHuBaHusA CPOPMUPOBAHHOCTH KOMIIETEHIIUI U ee ONMCAHUe

OnenuBanue YpoBHS CcHOPMHPOBAHHOCTH KOMIETEHIM B TMpoOLlECCe OCBOEHUS
JTUCHHUILIMHBI OCYIIECTBIISIETCS IO CIAEAYIOIIEH TPeXypOBHEBOM IIKae:

IloporoBelii ypoBeHb - TMpEANOiaraeT OTPAKEHUE TEX OXKHUIAEMBIX pPE3yJIbTaTOB,
KOTOpPBIE ONPEACIAI0OT MHUHUMAJIBbHBIA HAa0Op 3HAHWW W (WJIM) yMEHWW M (WJIM) HaBBIKOB,
MOJIYYCHHBIX CTYACHTOM B PC3YJIbTATC OCBOCHHA JUCHUIIINHBI. HOpOI‘OBBIﬁ YPOBCHBb SABJIACTCA
00s3aTeNbHBIM ypOBHEM [UIsl CTyJE€HTa K MOMEHTY 3aBEpIICHHUS UM OCBOCHMS JaHHOU
JUCHUITIIUHBI.

IIpoaBUHYTHII YPOBEHD - MIPENIoIaraeT CocOOHOCTh CTY/IEHTa UCIOIb30BaTh 3HAHMS,
YMCHUA, HABBIKH U (I/IJ'II/I) OIIBIT ACATCIIBHOCTH, IMOJTYYCHHBIC IMPU OCBOCHWUN AUCHUIUIMHBI, JJIA
pemenuss npodeccHoHanbHBIX 3anad. [IpoABUHYTHIH YpOBEHb  MPEBOCXOIUT TOPOTOBBII
YPOBCHBb IO HECKOJIBKHUM CYIICCTBCHHLIM IIPHU3HAKAM.

Bbicokuii ypoBeHb - mpeanosiaraeT crnocoOHOCTh CTYAEHTa UCIOJb30BaTh MOTEHLHUA
MHTETPUPOBAHHBIX 3HAHUH, YMEHUH, HAaBBIKOB U (WJIM) OIBITA AEATEIBHOCTH, MONyUYECHHBIX MPU
OCBOGHUHU JMCLUMILUIMHBI, [ TBOPYECKOTO pelIeHHs MNpodecCHOHANbHBIX 3aJad U
CaMOCTOATCIIBHOTO IIOMCKAa HOBBIX IMOAXOAOB B HUX PCHICHUU ITYTEM KOM6I/IHI/IpOBaHI/ISI n
UCIIOJIb30BAaHUSI M3BECTHBIX CIOCOOOB pELICHUS MPUMEHUTENHBHO K KOHKPETHBIM YCIIOBHUSIM.
Bricokuil ypOBEHb IPEBOCXOAUT IIOPOTOBLIN YPOBEHB 110 BCEM CYILIECTBEHHBIM IIPU3HAKAM.
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3. MeToguyeckue peKOMeHIAUM NMPenoaBaTesio
MO Nnpoueaype ONeHUBAHUSA 3HAHUI, YMEeHH i, HABBIKOB M (MJIM) ONBITA JeSITeJIbHOCTH,
XapaKTePU3YHIIMX 3TANbI (POPMUPOBAHUS KOMIIETEHIUM

[enpro mporexyphbl OIICHUBAHMUSI SIBIISIETCS ONPEICIICHUE CTETICHU OBIIAJCHHS CTYICHTOM
O)KHJIaeMBIMU pe3yJIbTaTaMHd OOy4YeHHUs (3HAHUSAMHU, YMEHUSMH, HaBbIKAMH U (WJIH) OIMBITOM
JIeATEIIbHOCTH ).

[Ipouenypa oueHUBaHMS CTENIEHU OBIAJACHUS CTYICHTOM OXXHMJIA€MBIMHU pe3yJbTaTaMU
00y4eHHUs OCYIIECTBISIETCS C TOMOINBI0 METOAMYECKHX MAaTEpHUaoB, IPEACTABICHHBIX B
paznene «TumoBble KOHTPOJIbHBIE 33/aHUS WIM MHBbIE MaTepUaibl, HEOOXOIUMBIE AJI OLIEHKH
3HaHWM, YMEHHI, HAaBBHIKOB U (WJIM) OMNbBITa JEATEIBHOCTH, XapaKTePU3YIOIMUX OTaIbl
(dbopMUpOBaHUS KOMITETEHITHID)

3.1 Kputepun oueHuBaHNs CTENEHN OBJIA/ICHUS 3HAHUSIMH, YMEHUSIMH, HABBIKAMH U
(WIK) ONBITOM /1eATEJILHOCTH, ONPeAe/sAole YPOBHU c)OPMUPOBAHHOCTH KOMIIETEH LUl

IloporoBelii ypoBeHb (00IIHE XapaKTEPUCTUKH ):

— BJaJIeHUE OCHOBHBIM 00bEMOM 3HaHUII 110 porpaMMe TUCIUTIIHHBI;

— 3HaHWE OCHOBHOM TEPMHUHOJIOTHMH JAaHHOW 00JIaCTH 3HAHWM, CTHJIMCTUYECKH TPaMOTHOE,
JIOTUYECKH MPaBUIILHOE U3JI0KEHUE OTBETA Ha BOMPOCHI 0€3 CYIIECTBEHHBIX OLINOOK;

— BJaJiecHUe WHCTPYMEHTApHUEeM JTUCIUIUIMHBI, yYMEHHME €ro HCIOjJb30BaTh B pEIICHUU
CTaHJIaPTHBIX (TUTIOBBIX) 33124,

— CIIOCOOHOCTh CaMOCTOSITENIFHO TPUMEHSTh THUIIOBBIE pEIIEHHs B pamMKax pabouei
MPOrpaMMBbI TUCHUTUIHHBI;

— YCBOEHHE OCHOBHOM JIUTEPATYPHI, PEKOMEHIOBAHHOHN paboveil mporpaMMoOi JUCITUTIIIMHBL,

— 3HaHWe 0a30BBIX TEOPHUH, KOHIENIWKA W HANPABICHHUH IO N3y4aeMOU NUCIHMIUINHE;

— camocTosTeNnbHas padoTa Ha MPaKTUYECKUX U J1a0OpAaTOPHBIX 3aHATUAX, MEPUOIUYECKOE
y4acTHe€ B TpPYINIOBBIX OOCYXICHHUSAX, OCTATOYHBIH YPOBEHb KYJIbTYphl HCIOJHEHHUS
3aJaHUM.

IIpoaBuHyTHIN YpoBeHb (00IIHE XapaKTEPUCTHKH):

— JIOCTaTOYHO IIOJIHBIE M CHCTEMaTU3UpPOBAHHbIE 3HAaHHUA B O00bEME MPOrpaMMBbI
JTUCIUILTAHBL,

— HCHOJb30BAaHHE OCHOBHOM TEPMHHOJIOTUM JaHHOW O00JIaCTH 3HAHUN, CTUIIMCTUYECKU
IPaMOTHOE, JIOTUYECKH TMPABUIBHOE H3J0XKEHHE OTBETa HAa BOIPOCHI, YMEHHE JCNaTh
BBIBO/IBI;

— BJaJieHUE WHCTPYMEHTapueM JUCLUUILIMHBI, YMEHHE €ro HCIOJb30BaTh B pPELIECHUU
y4eOHBIX U MPo(eCcCHOHANBHBIX 3a/1a4;

— CIIOCOOHOCTH CaMOCTOSITENIBHO peIlaTh CIOXKHBIE 331a4u (IpobjaeMbl) B paMKax paboueit
MIPOrpaMMBbI TUCHUTUIHHBI;

— YCBOCHHE OCHOBHOW H JOTOJHUTEIBHON JUTEPATyphl, PEKOMEHIOBAaHHOW paboueit
MPOrPaMMOI TUCIUTUTHHEI;

— YMEHHE OpPHCHTHUPOBAThCS B 0a30BBIX TEOPUSX, KOHIICTIHUAX ¥ HAMPABICHUAX IO
M3y4aeMol AUCUHUIUIMHE U JaBaTh UM CPaBHUTEIbHYIO OLIEHKY;

— caMocTosTenbHas paboTa Ha MPAKTUYECKUX U JIaOOpATOPHBIX 3aHATHUSAX, ydyacTHE B
IPYNIOBBIX 00CYXKIEHUAX, BHICOKUI YPOBEHb KYJIbTYPhI HCIIOJHEHUS 3aJaHHH.

Bbicokuii ypoBeHb (0011I1€ XapaKTEPUCTUKH ):

— CHCTeMaTHU3WpOBaHHBbIC, TNyOOKME W  TIONHBIE 3HAHUS 1O  BCEM pasjeiam

JTUCIUIUTNHBL,



— TOYHOE WUCIOJb30BAaHUE TEPMUHOJOTHM JAaHHOW OONAacTH 3HAHUHM,  CTUIMCTUYECKU
IPaMOTHOE, JIOTMYECKU IPAaBWIBHOE H3JI0)KCHUE OTBETa HA BOIPOCHI, YMEHHE JENaTh
00OCHOBAHHBIE BBIBO/IBI;

— Oe3ynpedHoe BIaJeHUEe HHCTPYMEHTApHEM JAMCLUUIUIMHBL, YMEHHE €ro UCIOJb30BaTh
B IIOCTAHOBKE U PEIICHUN HAY4YHBIX U MPO(EeCcCHOHANBHBIX 33/1ay;

— CIIOCOOHOCTb CAaMOCTOSITENIFHO M TBOPYECKM peIIaTh CIOXKHbBIE 3agaud (ImpoOjembl) B
paMkax pabodei mporpamMMbl TUCLUILINHBI;

— TMOJIHOE M TINIyOOKOE YCBOGHHE OCHOBHOW M JIONOJHHUTEIbHOH  JIMTEPATYpHI,
pPEeKOMEHI0BaHHOH pabodell mporpaMMOi TUCIIUILIHHEI,

— yMEHHE OpPHUEHTHPOBATHCSA B OCHOBHBIX TEOPUAX, KOHLENLIMAX M HANPABICHUAX IO
M3y4aeMOM NUCLHIIMHE U JaBaTh UM KPUTUYECKYIO OLIEHKY;

— aKTHBHas CaMOCTOsATENIbHAs paboTa Ha MNPAKTUYECKUX M JIAOOPAaTOPHBIX 3aHATUSAX,
TBOPYECKOE ydYyaCTHE€ B TPYMIOBBIX OOCYXJEHUSIX, BBICOKUH YpPOBEHb KYJBTYPbI
HUCIIOJIHEHUS 3aJaHUH.

3.2 Onucanue mpoueaypbl BbICTABJICHUA OLEHKHU

B 3aBucuMocTH OT ypoBHS C(HOPMUPOBAHHOCTH KaXKAOH KOMIIETECHIIMA IO OKOHYaHHHU
OCBOCHHUS OUCHUIUIMHBI CTYICHTY BBICTABJISICTCA OLICHKaA. I[J'ISI AUCHUIIIIMH, HU3Y4YaCMbIX B
TEYEHUE HECKOJIBKMX CEMECTPOB, OI[CHKAa MOXXET BBICTABJIATHCS HE TOJBKO N0 OKOHYAHHUHU €€
OCBOGHHUS, HO M B MPOMEXKYTOUHBIX CeMecTpax. BHUJ OIEHKH («OTIUYHO», «XOPOIIOY,
«YIOBJIETBOPUTEIILHO», «HEYIOBJICTBOPUTEILHO», «3a4TCHO», «HE3a4TEHO») ONpeAeseTCs
pabodeii mporpaMMoi TUCIUILITNHBI B COOTBETCTBUU C YUCOHBIM IIJIAHOM.

OlneHKa «OTJIIMYHO» BBICTABISIETCS CTYICHTY, y KOTOPOTO KaKAas KOMIETECHIUS
(TMTOJIHOCTBIO WJIM YaCTHYHO (popMupyemast JTaHHOM TUCIMIIMHON) cOpMHpPOBaHA Ha BBHICOKOM
YPOBHE.

OneHka «XOpOIIO» BBICTABISIETCS CTYICHTY, Yy KOTOPOTO KaXJas KOMIIETCHIIUS
(TTOTTHOCTBIO WM YACTUYHO (popMUpyeMasi TaHHOUN JUCIUTIIMHON) chopMUpOBaHA HE HIDKE, YEM
Ha IIPOABUHYTOM YPOBHE.

OneHKa «yIOBJIETBOPUTEIBHO»  BBICTABISCTCS CTYIEHTY, Y KOTOPOTO KaKIas
KOMITETEHIHS (ITOJTHOCTBHIO MIIM YaCTUYHO (pOopMUpYyeMasi JaHHOW JUCHUIUIMHON) chopMHUpOBaHa
HE HIWKE, YeM Ha ITOPOTOBOM YPOBHE.

OreHKa «HEYAOBJIETBOPUTEIBLHO» BBICTABISETCA CTYICHTY, Y KOTOPOTO XOTsI Obl O/HA
KOMITETEHIIHS (TIOJIHOCTBIO WJIM YaCTUYHO (opMHpyeMasi TaHHOW TUCIUTLTNHOMN) chopMHUpOBaHa
HUKE, YeM Ha TTIOPOTOBOM YPOBHE.

OneHka «3a4eT» BBICTABISIETCS CTYICHTY, y KOTOPOTO Kaaas KOMIICTCHITHS
(TTOJIHOCTHIO WIJIM YAaCTUYHO (opMHpyeMasi JaHHOW TUCHMIUIMHON) chOpMHUpOBaHA HE HIDKE, YEM
Ha IMOPOTOBOM YPOBHE.

OI_IGHKa «HE3a4YTCHO» BBICTABJIACTCA CTYACHTY, Y KOTOPOI'O XOTA 651 OJHa KOMIICTCHI A
(TTOTHOCTBIO WJIM YacTHUYHO (popMuUpyemas JaHHOW TUCHHUIIINHON) chOpMHUpOBaHA HUKE, YEM
Ha TIOPOTOBOM ypPOBHE.
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IIpunoxkenne Ne2 k padoueil nporpaMme AUCHUILINHBI
«Du3nyeckoe MaTepUATOBEACHUE B 3JIEKTPOHUKE H HAHOIJIEKTPOHHUKE)

MeToaudyecKue YKazaHud 1J1dd CTYACHTOB 10 OCBOCHHIO TUCIHUITIJIMHBI

Kypc HampaBnen Ha ¢GOpMUpPOBaHHME Yy Y4YalUXCS 3HAHWA OCHOBHBIX HJIEH W
MPEACTABICHU TEOPUHM W METOJOB COBPEMEHHOW (PM3MKH TOJynpoBOAHUKOB. OCHOBHOMU
dopmoii u3n0oKeHUsT yueOHOro MaTepHaia 1o AuciuIinHe «duznyeckoe MaTepuaIoBeeHUE B
JJIEKTPOHUKE M HAHOAJIEKTPOHHUKE)» SBJISAIOTCA Jekuuu. [lo psgy TeM mnpeaycMOTpeHbl
MPAKTUYECKHUE 3aHSATHUS, HA KOTOPBIX MPOUCXOANUT 3aKPEIUICHNE JIEKIIMOHHOTO MaTepuaia myTeM
NPUMEHEHHUS €ro K KOHKPETHbIM (M3MUECKUM 3aJadaM M OTpaboTKa HAaBBIKOB pacdeToB
GUBMYECKUX  XapaKTEPUCTUK TOIYNMPOBOJHUKOB. IIporpamMma OCBOCHHS — IUCIUTUIHHBI
IpelycMaTpuBaeT TakKe MPOBEJACHHE IUKIIA JaOOPATOPHBIX PadOT, B KOTOPBIX MPHOOpETaloTCs
HABBIKM TTOCTAHOBKHU YKCIIEPHUMEHTOB 10 HCCIIETOBAHUIO CBOMCTB MaTepHAJIOB, a TAKXKE aHATU3 U
MHTEPIPUTALMS SKCIIEPUMEHTAIBHBIX PE3yJIbTaTOB C UCHOJIB30BaHNEM 3HAHUHN NMPUOOPETEHHBIX
HA JISKIHSIX U MPAKTUYECKUX 3aHATHSIX.

B kypce paccmaTpuBaroTCsi OCHOBHBIE MPHUOIMKEHUS 30HHOW TEOPHHM TBEPIOTO Tela,
BIMSIHAE BHEUIHMX BO3JCHCTBUI Ha MOBEJCHUE HOCUTENICH 3apsaa, CTaTHCTUKA 3JIEKTPOHOB U
JIBIPOK B TOJYNPOBOJHUKAX, CTATUCTUKA PEKOMOMHAIIMM HEPaBHOBECHBIX HOCHUTENEH 3apsia,
SIBIICHUS B KOHTAaKTax, p-n mepexol. B Kypce Takke 3aTparuBaloTCs HEKOTOPHIE BOIMPOCHI
(GU3MKN TOTYNPOBOAHUKOBBIX CHCTEM TIOHMKEHHOW pa3MEpHOCTH, TaKME€ KaK HaXOXKJIeHUe
HHEPreTUYECKOr0  CIEKTpa JJIEKTpOHA B  HHU3KOpPa3MEpHBIX CHCTEMaX, OCOOCHHOCTHU
SKpPAaHUPOBAHUS AIIEKTPUUECKOIO MOJI B CUCTEMaX MOHMKEHHOW pa3MepHOCTH

JUnist yCHEemHOro OCBOSHUS TUCIUILIUHBI OYeHb BaYKHO PEIICHUE JTOCTATOYHO OOJBIIOrO
KOJIMYECTBA 3aJla4, KaK B ayJIMTOPUHU, TaK U CAMOCTOATEIHHO B KaYeCTBE AOMAIIHUX 3aJaHUU.
[Ipumepsl pemienuss 3amay  pa3OuUparoTCs Ha JEKIHUSIX M TMPAKTUYSCKUX 3aHATHIX, NpU
HEOOXOJUMOCTH N0 Hambojee TPYIHBIM TeMaM MPOBOJAATCS IOIMOJHUTENbHbIE KOHCYJIbTALIUU.
OcHOBHas 1edb pelIeHUs 3a7ady — IIOMOYb YCBOUTh OCHOBHBIE TOJOXEHHUS (UBHUKU
MOJyIPOBOIHUKOB. [[1s1 pemeHust Bcex 3a1ad HEOOXOIUMO 3HATh M MOHUMATh JIEKIIMOHHBIN
marepuai. [loaTomy B mporecce HU3y4eHHUs JAUCHUILUIUHBI PEKOMEHIYETCS pEeryJsipHOe
MOBTOPEHHUE MPOWUICHHOTO JEKIIMOHHOTO Marepuana. Martepuan, 3aKOHCIIEKTHPOBAHHBIA Ha
JEeKIHIX, HeOOXOAMMO JIOMa eIle pa3 MpopadarbiBaTh W MHPU HEOOXOJUMOCTH JOIOJHSTH
uH(popMaliel, MOJyYeHHON Ha KOHCYJNbTALUAX, NMPAKTHUECKUX 3aHATHSIX WU U3 ydyeOHOU
JTUTEPATYPHI.

CamocrosiTenpHas paboTa BKIIOYAeT B CeOsl:

® YTeHHE U KOHCIEKTHPOBAaHNE PEKOMEHIOBAHHOM JINTEPATYPHI;
e mpopaboTKy yueOHOro Marepuaia (1o KOHCIIEKTaM JICKITUH, yaeOHON 1 HaydHOM

JUTEpaType),

® TIOJArOTOBKY OTBETOB Ha BOIPOCHI, TPEeIHA3HAUYECHHBIX Ul CAMOCTOSTEILHOTO N3YyUEHUS;

® pelleHHue 3a7a4, IpeIaraeMbIX CTYJCHTaM Ha JIEKIUAX U IPAKTHUECKUX 3aHATHUSX;

® T[OATOTOBKY K KOHTPOJISIM 3HAHUH y4alluxcs, KOTOpbIe MPOBOAUTCS Ha KaXJIOM 3aHATHH,
3a4éTy

B pe3ynbrare nzydeHus AUCUMILTAHBI CTYIEHT JI0JDKEH 3HATh OCHOBHBIE IOHSTHS U
3aKOHBI (PU3UKU TOTYIIPOBOTHUKOB, A TAKIKE HCIIONIB3YyEMbIE B (PU3HKE MOTYTIPOBOIHUKOB
OCHOBOIIOJIAralolIe MOJIEIN U TEOPUH; YMETh pPelaTh 3aJa4u 10 OCHOBHBIM pazjienaM QU3uKu
MOJTYTIPOBOIHUKOB; MCIIOJIL30BATh NOMyUYEHHBIC 3HAHUS JUISI ONIPEIEIICHUS TapaMeTPOB U
MHTEpIpEeTalny (PU3NUYECKUX CBOMCTB MOJIYIPOBOIHUKOB;

JUnisi TpOBEPKM M KOHTPOJISI YCBOCHHSI TEOPETUYECKOTO MaTepualia, MPHOOPETEHHBIX
MPAKTUUYECKUX HABBIKOB pa0OThl M MPOBEACHUS PACUETOB, B T€UEHHE OOyUEHHUs MPOBOAATCS
MEPONPHITHS TEKYyIeHd aTTECTAllMd B BHJIE CAMOCTOSTEIBHBIX PA0OT (B ayJIUTOPUHU) U IBYX
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KOHTPOJIBHBIX paboT. Takke MPOBOAATCS KOHCYJIbTAHMH (NMPU HEOOXOAMMOCTH) MO pazbopy
3aJaHMi U1 CAMOCTOSITENIbHON PabOThI, KOTOPbIE BBI3BAIN 3aTPYyAHEHHUS.

DK3aMeH NMPUHUMAETCS 110 9K3aMEHAIIMOHHBIM OMJIeTaM, KaKAbIi 13 KOTOPBIX BKIIFOYAET
B ce0s1 J1Ba TeOpeTHUECKUX Bompoca. Ha caMoCcTOsATeNbHYIO MOATOTOBKY K 9K3aMEHY BBLACISCTCS
3 AHS, BO BpeMs MTOJITOTOBKH K 9K3aMEHY MPEyCMOTPEHA TPYIITOBasi KOHCYJIbTAITHSI.

OcBOUTh BONPOCHL, U3JIaraeéMble B TPOLECCe M3YYCHHUS TUCHUIUIMHBI «DH3HuKa
MIOJTYTIPOBOJTHUKOB M HU3KOPAa3MEPHBIX CHCTEM» CaMOCTOSTEIBHO CTYIEHTY KpailHe CII0KHO.
DTO CBS3aHO CO CIIOKHOCTBIO M3y4aeMOro MaTepuayia U 0oJbpmuM 00beMoM Kypca. [loaTomy
MIOCEIICHUE BCEX aYIUTOPHBIX 3aHSATHH SBISETCS COBEPIICHHO HEOOXOAMMBIM. be3 ynopHbIX u
PEryJIsipHBIX 3aHATHH B TEUEHUE CEMECTpa CIaTh SK3aMEH 10 MTOTaM H3YYEHUS TUCIMILIMHBI
CTYACHTY NMPAKTHYECKH HEBO3MOXHO.

Y4eOHO-MEeTOANIECKOE 00ecIIeueHne
CaMOCTOSITEJIbHOH Pa0dOThI CTYIEHTOB 10 JUCUMUILJIMHE

Jlist caMOCTOSITeNbHOW PabOThI OCOOCHHO PEKOMEHIYETCSl HCIOIb30BaTh YUeOHYIO
JUTEPATypy, C MOAPOOHO pa300paHHBIMU PEIICHUAMH 3aad 1Mo (PU3MKE MOIYNPOBOAHUKOB U
¢usuke TBepaoro rena. K Takum MOXKHO OTHECTH CIEIYIOIIUE U3IaHuUS:

e B.Jl.Lbonu-bpyesuu, WN.I1.3Bsarun, 1.B.Kapnenko, A.I'.'MuponoB COopHUK 3amad 10
¢u3uke noxynpoBigHUKOB. - M.: Hayka. I'n. pen. ¢us.-mar. nmur., 1987.— 144 c.

e JI.M.Cupora ®uzuka tBepaoro Tena. COOpHUK 33124 ¢ HOJPOOHBIMU PELICHUSMHU.
Y4ebHoe mocobue. - M.: JIubpokom., 2016.— 184 c.

Jlanuble y4yeOHble MOCOOMS MpeAHa3HAuYEHbI JUIs MPOBEACHUS MPAKTUYECKUX 3aHSITUN IO
Kypcy (HU3UKM TOYNPOBOJHHMKOB, Takke OyAyT HMCKIIOYMTEIBHO TOJE3HBI U JUIs
CaMOCTOSITeNbHOM paboThl B cOOpHUK BKIIIOUEHBI 33]]a4i 110 OCHOBHBIM pa3zesiaM JEKIHOHHOTO
Kypca (ctaructuka, nuddysus u npeiid HocuTeneu 3apsna, p-n MEepexoabl, KOHTAKTHBIC U
MOBEPXHOCTHBIE SBJICHHS B TONyrnpoBoaHuKax). B kuure J[.M.CupoTsl 3amauu B JOCTYITHOU
dopme  momoralT  YSACHUTh  (PU3MUECKHMH  CMBICH  PA3IUYHBIX  KO3(PPHUIMEHTOB,
XapaKTEPU3YIOIIUX CBOMCTBA PEANbHBIX KPUCTAUIMYECKUX MATEPHUAJIOB, OLEHUTh WX BEINYUHY
U aHU30Tponuio. JlaHHBI COOPHUK CTAaBUT CBOCH IEIbI0 MOMOYb CTYACHTY pa3o0parbes ¢
pa3HBIMH BUIAMH 3a7ad 0 (U3MKEe TBEPAOro Tela, MPEANOoJaraloliuX JOBOJBHO BBICOKHIA
YpOBEHb  (PU3UKO-MaTeMaTH4eCKOM moAroToBKW. COOpPHMK TOJE3eH ISl  CTYACHTOB
CHEIMAIbHOCTeW,  CBA3aHHBIX C  MauepuajoBeleHHEeM,  (U3MYECKUMHU  OCHOBaMHU
MHUKPORJIEKTPOHUKH M DJCKTPOHHOM TEXHHMKH, a TakXe JUIsI BCEX, KOMY HEo0X0IuMO
pa3zo0paThCsi C OCHOBHBIMU MOHSTUAMU U METOJaMH (PU3UKU TBEPAOTO Tela.

B nHayane xaxzmoro pasaena MpUBEICHBI OCHOBHBIE ()OPMYJIBI C KPATKUMH TOSCHEHHUSIMHU.
[Tocne cncka 3aaa4, B KOHIIE TOCOOUS, 1al0TCS PEIIEHUS U OTBETHI.

Taxke g mombopa yueOHOM JUTEpaTypbl PEKOMEHAYETCS MCIONIb30BaTh IIUPOKUIN
CIIEKTP MHTEPHET-PECYPCOB:

1. MexnayHapoanblii Hay4yHo-oOpa3oBatejbHbIii  caiit EqWorld. Caiit EqWorld
CONICPKUT  OOMmMPHYH  HWHOOPMAMIO O  pa3IMYHBIX  KjJaccaXx  OOBIKHOBEHHBIX
muddepernmanbabix  ypaBHeHud  (O1Y), muddepeHManbHbIX YpaBHCHHA C YaCTHBIMH
npou3BoaHbiMU (YpUIl), uHTErpanbHbIX ypaBHEHUH, (PyHKIIMOHAIBHBIX YPaBHEHUH M JpPyrux
MaTeMaTHu4eckux ypaBHeHHH. Oco0oe BHHMaHUE YJEJIEHO YpPaBHEHHMSIM MaTeMaTH4eCKON
¢usukn u MexaHuKku. [IpuBeneHbl TaOJIWIBI TOYHBIX PEIICHUN, OMHUCAHBI METOJBI PEUICHUS
YPAaBHEHUH, €CTh HUHTEPECHBIE CTAaTbU, JAHBI CCBUIKM Ha MAaTEMaTUYECKHE MTPOTrpaMMbl, yKa3aHbI
ajgpeca HAy4YHBbIX CAaWTOB, M3JATENILCTB, XXYPHalIOB U Ap. Mmeercs AuHAMUYECKHU paszel
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EqArchive, KoTopblil JaeT BO3MOKHOCTh aBTOpaM OIEPATUBHO IMyOJIMKOBATh CBOU YpaBHEHUS U
UX TOYHBIC pEIEHUs, TMepBble MHTETrpaibl U npeodpazoBaHus. CoaepX HUT ydeOHYI0 (HU3UKO-
MaTeMaTU4YecKylo OuOIMOTEeKYy, B KOTOPYIO aBTOPbI MOTYT J100aBIsTh CBOM KHUTH U
TMCCEePTALINY, a TaKke HOPYM JJIsi BOIIPOCOB U AUCKYCCHH.

EqWorld pabotaer Ha pyccKOM M aHTJIMHCKOM si3bIKax (TJIaBHAs CTp. caiiTa mepeBeicHa
Tak)Ke Ha HEMEIKWd, (paHIy3CKHi, UTATLIHCKUA W HCIAHCKUH S3BIKH) W MpEAHAa3HAueH s
HIMPOKOTO Kpyra yYeHbIX, IperojaBaTeieil By30B, WHKEHEpPOB, aCIIUPAaHTOB U CTYJCHTOB B
Pa3TUYHBIX 00JIACTSAX MaTEMaTUKH, MEXaHUKHU, GU3UKH, XUMUH, ONOJIOTUN U WHKCHEPHBIX HAYK.
Bce pecypchl caiiTa sSBISIOTCS O€CIUIaATHBIMU TSI €T0 MOJIb30BaTeleH.

EqWorld conepxut oxomo 2000 BeO-cTpanuil (KHUTH OHMOTMOTEKH HE YYHUTHIBAIOTCS),
ero nocemaroT Joad u3 200 ctpaH Mupa, CpelHss MocemaeMocTh caiita mpesbimaer 3000
4yelnoBeK B CyTKu.Azpeca caiita B HWutepHere: http://eqworld.ipmnet.ru/indexr.htm (pyc.),
http://eqworld.ipmnet.ru (anr.).

2. DJIEKTPOHHO-0MO/INOTEYHasl CHCTeMa «YHHUBepcHTeTckasi OmOamorexka online»
(www.biblioclub.ru ) - smekTpoHHas OuONMOTEKa, obOecreunBaroias JAOCTYyI K HamOoJee
BOCTPEOOBAHHBIM MaTepHaIaM-IIEPBOMCTOUYHUKAM, Y4eOHOH, Hay4HOH U XyJ0XKECTBEHHOU
JUTEPAType BEIYIINX U3IATENbCTB (*perucrparus B 3JIEKTPOHHONW OUOIMOTEKE — TOJIBKO B CETH
yHuBepcureta. [locne perucrpauun pabora ¢ CUCTEMON BO3MOXKHA C JII00O0M TOYKH JIOCTyNa B
Internet.).

2. Nudopmanuonnass cucrema "EnumHoe oKHO pgocrtyna Kk o0pa3oBaTeJbHbIM
pecypcam" (http://window.edu.ru/library).

Lenpto co3manust uH(popmanmonHo cucrembl "EauHoe OKHO  JocTyma K
obpasoBarenbHbiM pecypcam” (MC "Emmnoe okHO ") sBIseTcss oOecredeHre CBOOOJIHOTO
JIOCTYTa K MHTETPAJIbHOMY KaTajlory 00pa3oBaTeIbHBIX MHTEPHET-PECYPCOB M K DJICKTPOHHOM
OuOIMoTeKe Y4eOHO-METOAMYECKUX MaTepuajoB Ui o0mero W 1podecCHOHATBHOTO
o0Opa3oBaHusl.

Nudopmanmonnas cuctema "EamHoe OKHO JocTyma K oOpa3oBaTeldbHBIM pecypcam”
co3mana mo 3akazy ®DexepanbHOro areHrcrsa mo ooOpazoBanuto B 2005-2008 rr. 'omoBHOM
pazpaboTuuk mpoekta - @DenepalibHOE TOCYAAPCTBEHHOE AaBTOHOMHOE  YUYPEKICHHE
l'ocynapcTBeHHBIM Hay4yHO-MCCIEIOBATENbCKHUI WHCTUTYT WH(POPMALMOHHBIX TEXHOJOTHHA H
tenekommyHukaruii (PI'AY 'HUU UTT "Undopmuka") www.informika.ru.

NC "Enunoe okxHO" o0ObequHSET B eAMHOE WH()OPMANMOHHOE TMPOCTPAHCTBO
3JIEKTPOHHBIE Ppecypchl CBOOOJHOTO JOCTymHa Al BceX ypoBHeH oOpaszoBanuss B Poccum.
Paznienb1 3TOM cuCTEMBI:

DJIeKTPOHHAsE _OMOJMOTEKAa — SBJISIETCA KPYNMHEHIIUM B POCCUUCKOM CEIMEHTE
WHTepHeTa XpaHUIUILEM ITOJTHOTEKCTOBBIX BEPCHA yUEOHBIX, y4€OHO-METOINYECKUX U HAyYHBIX
MaTepHaJIOB C OTKPBITHIM JocTynoMm. buGmmoreka comepxut Oonee 30 000 marepuanos,
UCTOYHHKAMU KOTOPBIX SIBJIISIIOTCA  0OJiee  TPEXCOT POCCHHCKUX BY30B M JPYTUX
0o0pa3oBaTeNbHbIX U HAay4HBIX YyupexaeHuil. OCHOBY HamoOJHEHUS OMOIMOTEKH COCTaBISIOT
AIIEKTPOHHBIE BEPCUU y4eOHO-METOJMYECKUX MAaTEpUaAIOB, TOATOTOBJIECHHBIE B BY3aX,
IpouIe/INe pereH3UPOBaHNEe U PEKOMEHJOBAHHbBIE K MCIOJIb30BaHUIO COBETaMU (DaKyJIbTETOB,
y4eOHO-METOIUIECKUMU KOMUCCHSIMHU u OpYTUMH BY30BCKHUMHU CTPYKTYpaMHu,
OCYIIECTBIISIOIIMMHU KOHTPOJIb YU€OHO-METOINYECKON e TEIIbHOCTH.

HNuTerpajbHblii  Katajor o0pa3oBaTeJbHbIX HHTEPHET-PECYPCOB  COAEPIKUT
IpEJICTAaBICHHbIE B CTAaHJApTU30BaHHON (opMe MeTaJaHHbIE BHEIIHUX PECYpPCOB, a TaKke
COJICPKHUT ONMMCAHUS TOJTHOTEKCTOBBIX IMyOJUKAIMI 3JeKTpOHHOU OmbaroTexu. O0muii 00bem
karaimora mpeBsimaer 56 000 meraonucanuii (13 HUX OKojo 25 000 - BHEHIHHE PECYPCHI).
Pacumpennsiii nouck B "Katamore" ocymiecTBisieTcs MO Ha3BaHUIO, aBTOPY, AHHOTALUM,
KJIIOYEBBIM CJIOBaM C BO3MOXXHOW (uibTpanueil mo TemaTuke, NMpeAMeTy, TUIy MaTepuana,
YPOBHIO 00pa30BaHUA U ayAUTOPHUH.
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HN30pannoe. B pasnene mnpenactaBieHbl MOJ0OPKH HaMOOJEe COIEPKATCIBbHBIX |
NOJIE3HBIX, M0 MHEHHUIO pPEIaKIMM, WHTEPHET-PEeCypcoB Ui 0Omero u mpoecCHOHAIBLHOTO
o0OpazoBaHwUs.

bubauorexkn By30B. Pasznen comepkuT mMOIOOpKH CaHTOB BY30BCKHX OHOIMOTEK,
3JICKTPOHHBIX KATAJIOTOB OMOIMOTEK BY30B U MOJTHOTEKCTOBBIX JIEKTPOHHBIX OMOIMOTEK BY30B.
OdeHb MOJE3HBIMH ISl CAMOCTOSITENILHON pa0OTHI SBISICTCS W3IAHMS, SJICKTPOHHBIC KOIHU
KOTOPBIX IIUPOKO MPEICTABICHBI B PA3JINYHBIX 3JIEKTPOHHBIX OMOIMOTEKaX

JIist caMOCTOSITENIbHOTO To00pa JuTepaTypbl B Oubnuoteke Spl’Y pekomenmyercs
HUCIIOJIB30BAaTh:

1. JInunbiii kaoOuHetr (http:/lib.uniyar.ac.ru/opac/bk login.php) naeTr BO3MOXKXHOCTb
NOJy4eHHs on-line 1ocTymna K CIUCKY BBIJAHHOH B aBTOMAaTU3MPOBAHHOM PEXHUME JIUTEPATYPHI,
MPOCMOTPA M KOTIMPOBAHWSI SJICKTPOHHBIX BEPCUI M3IaHUN COTPYTHUKOB YHUBEpcUTeTa (yuebd. u
METO/1. TOCOOMS, TEKCTHI JICKIMHA | T.1.) it paboThl B «JInuHOM KaOnWHETE» HEOOXOAMMO 3alUTH
Ha caift Hayunoit 6ubmuorexku Spl'Y c mo6oif Touku, uMmeromeil goctyn B Internet, B mMyHKT
MEHIO «OJIEKTPOHHBIA KaTajor»; TMPOWUTH MPOIENypy aBTOPH3AIMH, BBIOpAB BKIAAKY
«ABTOpU3aIUs», U 3aMOJHUTH PECTABICHHBIC OIS HH()OPMAIIHH.

2. DyleKTpOHHAsA OM0JMoTEeKa y4yeOHbIX MaTepuanoB SApl'Y
(http://www.lib.uniyar.ac.ru/opac/bk_cat find.php) conepxut 6omnee 2500 MONHBIX TEKCTOB
y4eOHBIX W Yy4eOHO-METOJUYECKUX MATEPUANOB IO OCHOBHBIM H3yYaeMbIM JAHCIUIUIMHAM,
U3JIaHHBIX B YHUBEpcUTeTe. JOCTYII B CETH YHUBEPCHUTETA, JINOO IO JIOTUHY/TApOITIO.

3. DaekTpoHHas kapToTeka «KHUroo0ecne4eHHOCTh
(http://www.lib.uniyar.ac.ru/opac/bk_bookreq find.php) packpeiBaet y4eOHbIH (oHa HayIHOI
ouommorexkn  Spl’Y, mpemocraBiser — OomepaTUBHYI0 — MHPOPMAUIO O  COCTOSHUU
KHUT0OOECTICUeHHOCTH TUCIIUTUIMH OCHOBHOW ¥ JIOTIOJIHUTEIHHON TUTEPATYpPOH, a TaKKe IIUKIIA
JTVCIATUTMH ¥ CHIEIHATBbHOCTEH. DIIeKTpOHHAasi KapToTeka « KHUT000ecIeYeHHOCTEY) JOCTYITHA B
CeTH yHHBepcUuTeTa u uepe3 JInunblii kKaOuHeT.
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