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OuneHouyHbIe MaTepPHAJIbI — TO COBOKYITHOCTh Y4EOHO-METOJMUECKUX MaTepHaoB
(KOHTPONBHBIX 3aJaHHM, onMcaHui (OPM U TPOLETYP), IPEAHA3HAYSHHBIX JUIS OLICHKH KayecTBa
OCBOEHUS 00YYaIOLIMMUCS TaHHOM TUCIUIUIMHBI KaK YaCTU OCHOBHOM MpOQecCOHanbHON
00pa3oBaTeIbHON TPOrPaMMBI.

Ileab — OLIGHUTh COOTBETCTBUE 3HAHHUM, YMEHMH M YPOBHS NPUOOPETEHHBIX KOMIIETCHIIMN
o0ydJaromuxcs neasiM 1 TpeOOBaHUSAM OCHOBHOM MpodecCHOHAIBHON 00pa30BaTeNbHON MPOrpaMMBbl B
XO7ie IPOBEICHUS TEKYILEro KOHTPOJIS U MPOMEKYTOUHON aTTECTalUH.

OcHoBHasi 3agaya — O0ECIEUUTh OLIEHKY YPOBHS C(HOPMUPOBAHHOCTH OOIIEKYJIbTYPHBIX,
o0mrenpodecCHOHATBHBIX U MPO(ECCHOHATBLHBIX KOMIICTCHIIHMA, MTPHOOPETaeMBbIX OOYYAIOIIUMHUCS B
COOTBETCTBUU C 3TUMU TPEOOBAHUSIMHU.

OIIK-1.1 - npumenser ¢yHIaMeHTalbHbIE 3HAHUSA, IOJydyeHHbIE B 00JacTu (hU3HKO-
MaTeMaTHYECKMX HayK W UCIONb3yeT MX B MPO(ecCHOHANBHON NesITETHLHOCTH, B TOM YHCIe B cepe
NeAaroru4eckon AesiTebHOCTH

OIIK-1.2 - nmpumeHnsier (yHIaMEHTaJIbHbIE 3HAHMs, MOJIY4YEHHbIE B OOJIACTH €CTECTBEHHBIX
HayK, ¥ UCIOJB3YET UX B MPOPECCHOHATBFHON AEATEIbHOCTH, B TOM YHUCIE B cdepe Menarorndeckoi
JeSITENIbHOCTH;

OIIK-3.1 - cocraBnser HayyHble U (MJIM) TEXHHUUYECKHE (TEXHOJOTHUYECKHE, WHHOBAIIMOHHBIC)
OT4eThI (IyOJIMKAIIUH, IPOCKTHI);

OIIK-3.2 - odopmisier HaydHbIe M (W) TEXHHYECKHE (TEXHOJOTHYECKUE, HHHOBAIIMOHHEIC)
OTYeTHI (IMyOJIMKAIIUU, TTPOSKTHI).

KoHTpoab 3HaHMi TPOBOAUTCS B GOpME TEKYILIETO KOHTPOJIS U IPOMEKYTOUHOM aTTeCTalluu.

Texylmuii KOHTPOJb YCHEBAEMOCTH IPOBOAUTCS C LIEIBIO ONPEAETICHUS CTENEHU YCBOCHHS
y4eOHOro MaTepuajia, CBOCBPEMEHHOIO BBISBICHMsS U YCTPaHEHUS HEJOCTaTKOB B IIOATOTOBKE
o0ydJaroImuxcs U NPUHATAS HEOOXOAUMBIX MEp IO COBEPIICHCTBOBAHMIO METOAMKH IMPENOAaBaHUS
y4eOHOM JAUCHUIUIMHBI (MOJYJIsI), OpraHU3alMi padOThl OOYUYaIOIIUXCSA B XOJ/I€ YUEOHBIX 3aHATHU U
OKa3aHMs UM MHIUBUAYAJIbHON ITOMOLIH.

K koHTpomo Tekyled ycreBaeMOCTH OTHOCATCSI NpOBEpKa 3HAHUM, YMEHMH M HaBBIKOB,
npUOOPETEHHBIX OOYUYAIOIIMMUCS B XO/I€ BBIMOIHEHUS MHIUBUAYAIbHBIX 33/laHUI Ha J1a00paTOPHBIX
paborax. [Ipu oneHnBaHUYU pe3yabTaTOB OCBOCHUS JJAOOPATOPHBIX pabOT MPUMEHSETCS IIKaJla OLUEHKU
«3a4TeHo — He 3auTeHoy». KomnuyecTBO 1a6OpaToOpHBIX pabOT M MX TeMaTHKa ompejeieHa paboueit
POrpaMMOi JTUCHIUIUIMHBI, YTBEPXKICHHON 3aBETyIOIINM Kadeapoii.

Pe3ynbTar BBHINOMHEHUS KAXKAOT'0 MHIMBUIYAJIBHOIO 3aJaHUsl JOJKEH COOTBETCTBOBATh BCEM
KPUTEPHUSIM OLCHKH B COOTBETCTBMHM C KOMIIETEHLUSMH, YCTAHOBJIEHHOIO ISl 3aJlaHHOrO paszesa
JUCLUTUTHHBI.

[TpomeKyTOUHBIM KOHTPOJIb MO AUCHUIIIIMHE OCYLIECTBIISIETCS MTPOBEIeHNEM dK3aMeHa. Popma
NpOBEIEHUs] HK3aMeHa — YCTHBIM OTBET 1O YTBEPXKIEHHBIM SK3aMEHAI[MOHHBIM Ouieram,
c(OpMYIHPOBAaHHBIM C YYETOM COJep)KaHHs Y4eOHOH IUCHMIUTMHBL. B 3K3aMEHAlMOHHBIA OHIIEeT
BKJIIOYAIOTCS JIBa TEOPETHMYECKUX BoIpoca. B mporecce NOArOTOBKM K YCTHOMY OTBETY
9K3aMEHYEeMBbIi MOXXET COCTaBUTh B IHCBMEHHOM BHUJE IIJIaH OTBETa, BKIIOYAIOIIMNA B cels
OIpeIeNICHUs], BEIBOJIbI ()OPMYIL, PUCYHKH U T.II.

Hacnopm OUECHOYHbBIX mMamepuailos no Oucuunﬂune

Koutponupyemsie pazensl (TeMbl) IUCHUILIAHBI Kon Buna, meton,

Ne KOHTPOJINPYEMOM ¢dbopma
/1 KOMIIETEHIIUU OLIEHOYHOI'0
(vm e€ yacTH) MEpONPUSITHS

1 | BBeneuue OIlK-1.1 3K3aMEH

OcHoBHbIE TPHUOIMKEHUS 30HHOH TEOPUU TBEPAOTO OIK-1.1, OTIK-
2 rena p p pa 1.2, OIIK-3.1, SK3aMeH
OIIK-3.2




OIIK-1.1, OIIK-
3 | CoOcTBEeHHBIE U IPUMECHBIE MOIYIIPOBOAHUKH 1.2, OIIK-3.1, 9K3aMEH
OIIK-3.2

OIIK-1.1, OIIK-
4 | Kunetnueckue sIBICHHUS B IOIYIPOBOAHUKAX 1.2, OIIK-3.1, 9K3aMeH
OIIK-3.2

OIIK-1.1, OIIK-
5 | OnTuyeckue sIBIICHUS B TBEPBIX TeIaxX 1.2, OIIK-3.1, SK3aMeH
OIIK-3.2

OIIK-1.1, OIIK-
6 | SIBieHUS B CHIIBHBIX DJICKTPUUYECKUX MOJISIX 1.2, OIIK-3.1, SK3aMEH
OIIK-3.2

OIIK-1.1, OIIK-
1.2, OIIK-3.1, JK3aMEH
OIIK-3.2

KonrakTHpie n IOBCPXHOCTHLBIC SABJICHUSA B TBCPABIX
TE1ax

OIIK-1.1, OIIK-
8 | CBepxXmpoBOAUMOCTH 1.2, OIIK-3.1, 9K3aMeH
OIIK-3.2

OIIK-1.1, OIIK-
HeymnopsinoueHnHble TBepAbIE TeNa 1.2, OIIK-3.1, 9K3aMEH
OIIK-3.2

OIIK-1.1, OIIK-
10 | OcoOEHHOCTH KUIKOIO COCTOSIHUSA BEIIECTBA 1.2, OIIK-3.1, JK3aMeH
OIIK-3.2

OIIK-1.1, OIIK-
11 | BemectBa, couyeTaroniue nopsiJIoK U 0ecropsiok 1.2, OIIK-3.1, 3K3aMeH
OIIK-3.2

OIIK-1.1, OIIK-
12 | HanomaTepuasasl 1 HAHOTEXHOJIOTHH 1.2, OIIK-3.1, 3K3aMeH
OIIK-3.2

OIIK-1.1, OIIK-
15 | 3akmroyenue 1.2, OIIK-3.1, JK3aMeH
OIIK-3.2

IlIxana ouenxu cpopmuposannocmu KomnemeHyui

B mponecce oueHku cOpMUPOBAHHOCTH 3HAHMM, YMEHHUH U HaBBIKOB OO0Y4aroLIerocs IO
TUCHUIUIMHE, TPOM3BOAMMOM Ha JTame MNpPOMEXYTOYHOW aTTecTauuu B (QopMe 3SK3aMeHa,
UCTIONIb3YyeTCs OajulbHas OLIEHOYHAS IIKaja!

«OTAMYHOY» 3aCITy’KMBaeT 00yUaroniics, OOHAPYKUBIITHH BCECTOPOHHEE, CHCTEMAaTUUYECKOE U
rIyOOKOoe 3HaHWe Y4eOHO-TIPOrpaMMHOrO MaTepuana, YMEHHS CBOOOJHO BBITIONHATH 3a/IaHUs,
IPEAYCMOTPEHHbIE MPOrpaMMOM, YCBOMBIIMM OCHOBHYHO W 3HAaKOMBIM C JIONOJHUTEIbHON
JIUTEPaTypoOr, PEKOMEHJIOBAHHOW mporpamMmoin. Kak mpaBHIIO, OIEHKA «OTJIWYHO» BBICTABIISIETCA
00y4aromMMCsi, YCBOUBIIUM B3aUMOCBSI3b OCHOBHBIX TOHSATHUN TUCIUIUIMHBI B WX 3HAYCHUH IS
npuobpeTaemMoit npodeccuu, MPOSIBUBIIMM TBOPUECKHE CIIOCOOHOCTH B MOHMMAHUU, U3IOXKEHUH U
UCIOJIb30BaHUM Y4eOHO-TIPOrpaMMHOI0 MaTepuraia.

«Xopomo» 3aciaykuBaeT O0Oyd4arollMicsi, OOHApYKUBLIMH TIOJHOE 3HaHUE Y4eOHO-
IPOrpaMMHOI0 MaTepHalla, YCIEUIHO BBINOJHSIOMUN MPEeIyCMOTPEHHbIE B MpOrpamMMe 3a/JaHus,
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YCBOMBIIMK OCHOBHYIO JIMTEPATypy, PEKOMEHJOBaHHYHO B Tporpamme. Kak mpaBuiio, OIeHKa
«XOpOoHI0» BBICTABIACTCA O6y‘-IaIOHII/IMC$[, MOKAa3aBIINM CHCTEMATUUYECKUU XapaxKkTep 3HAaHUHA 110
JTUCIUIIMHE U CIIOCOOHBIN K UX CAaMOCTOSITEIbHOMY MOMOJTHEHHIO M OOHOBIICHUIO B XO/I€ AajbHEHIIen
yaeOHOM paboThI U TPOPECCHOHATIBHON e TETHHOCTH.

«Y10BJIETBOPUTEJBHO» 3acilyXHBaeT oOydaromuiics, OOHapyXMBIIMN 3HaHHE Yy4eOHO-
IPOrpaMMHOI0 MaTepuaiia B 00beMe, He0OXOUMOM Uil JalbHeHe yueObl U npeacrosieil padoTbl
[0 CIEUUAIbHOCTH, CIPABJISIOUIUIICS C BBINOJIHEHHEM 3aJaHUN, MPEIyCMOTPEHHBIX IPOrpaMMOi,
3HAKOMBII C OCHOBHOWM JINTEPATypOH, pPEKOMEHIOBaHHON nporpammoi. Kak mnpaBwmio, ouneHka
«yIIOBJIETBOPUTEIBHO» BBICTABIIAETCS OOYYarOLUIMMCS, IOMYCTUBLIMM IOTPELIIHOCTH B OTBETE€ Ha
9K3aMEHE U TMpPU BBIIOJHEHUM 3K3aMEHAI[MOHHBIX 3a/JaHui, HO oO0JIaJarouIuX HEeOoOXOJUMBIMU
3HAHMSIMM JUISl UX YCTPaHEHUS M0JI pyKOBOJICTBOM IIPENOIABATENS.

«Heyn0oB1€TBOPUTEIBHO» BBICTABIISICTCS OOYYAIONMIEMYCsl, OOHAPYKUBIIEMY TIPOOCIBI B
3HAHMSIX OCHOBHOTO Y4€OHO-POrPaMMHOI'0 MaTepHaa, JOMYCTHUBIIEMY MPUHIIUIHAIBLHEBIE OIIHOKHN B
BBLIIOJIHEHUH MIPETYCMOTPEHHBIX MpOrpaMMoit 3aJaHuH. Kak MIpaBuUJIO, OIIEHKA
((HCYILOBHGTBOPI/ITGJH)HO» BBICTABJISICTCSA 06y11a}01111/1Mcs[, KOTOpI)Ie HC MOFYT HpOI[OJ'DKI/ITI) 06yqu1/Ie
WIH TPUCTYNHUTh K MPOPECCHOHANBHON AEATEIHbHOCTH MO OKOHUAHUHU By3a 0€3 JOMOTHUTEIbHBIX
3aHSATHUM IO COOTBETCTBYIOIIEH TUCIUIIIIMHE.

Tunoevie KOHmMPpOJ/ibHble 3a0aHus Uiu UHbvle mamepuaiibl

Ilpumepvt KOHMPOILHBIX BONPOCOE K 1ADOPAM OPHHIM 3AHAMUAM RO OUCUUNIUHE

Onpeodenenue XOaN08CKOU NOOBUNCHOCTIU U KOHYEHMPAYUuu OCHOBHbIX HOcumeneu 3apsaod 8
HONYNPOBOOHUKAX .

1. O6bsacauTe Pusznueckyro npupoay dpdexra Xomna. [lomyanre BeipakeHHE IS XOJITTOBCKON
Pa3HOCTH NOTEHLUAJIOB.

2. IlokaxkuTe TPACKTOPUM IBUKEHMSI AJIEKTPOHA M JBIPKM B KpHCTale NPU BO3JEHCTBUHU Ha
HEro OpTOrOHaJIbHO HAPABJICHHBIX JJIEKTPUYECKOI0 M MATHUTHBIX MOJIEH.

3. PacckaxuTe O IOCTOMHCTBAaX M HENOCTATKaX PAacCMOTPEHHOIO METOAAa MCCIEAO0BaHUs
s dekra Xomna.

4. Kax yuutbiBaercs nApeidoBas CKOpOCTh Npu ompeaeneHuu xomuiockod OJIC B
BBIPOXKJEHHBIX U HEBBIPOKIEHHBIX MONYNpoBoaHUKaX? IIpu OTBeTE MCHONB3yHTE COOTBETCTBYIOLINE
(GyHKIIMU pacTpeieTIeHuUs.

5. Kak n3mensiercs noctossHHas Xojuia B MOIYNPOBOIHUKAX P—THIIA C POCTOM TEMITepaTypbl?

6. KakoBbl ocHOBHBIE 00acTi mpuMeHeHus dhdexra Xomma?

Onpeoenenue Oup@y3uoHHOU ONUHBL U BPEMEHU HCUSHU HEePABHOBECHBIX HOCUMmenell 3apsaod 8
NOLYNPOBOOHUKAX .
1.ITosicauTe, Kakue HOCUTENN 3apsija SBISIOTCS OCHOBHBIMU, HCOCHOBHBIMHU, PABHOBECHBIMH U

HEpPaBHOBECHBIMHU ?

2.Hanumure ypaBHeHHE HeNpephlBHOCTH. OOBSICHUTE BO3MOXKHBIE MEXAHHU3MbI W3MEHEHHS
KOHILICHTpAllUy HEPAaBHOBECHBIX HOCUTEIIEH 3apsia.

3.PacckaxuTe 0 CyLIECTBYIOIMX MEXaHU3MaX PEKOMOMHAIIMM HOCUTENEH 3apsiia.

4.Cnenaiite BbIBOJl ypaBHEHUS] DUHILTEHHA.

5.Ilosicaute (pu3MUECKU MPUHIUN onpeaeieHus Iup(Gy3NOHHONW UIMHBI U BPEMEHH KU3HU
HEOCHOBHBIX, HEPABHOBECHBIX HOCUTEIIEH 3apsiaa.
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6.BeiBenute BhIpakeHue i AU(Y3MOHHOH JUIMHBI HEPaBHOBECHBIX HOCHUTENECH 3apsia.
[MosicauTe rpadukom, gaite onpeaencane A1 y3noHHON ATHHBI.

U3yuenue cepmanuessbix u KpeMHUEBbIX NIOCKOCMHBIX OUOO08.!
1.Kakue mporeccel HaOMIOJAIOTCS MPU KOHTAKTE JABYX MOIYINPOBOJHUKOB C PA3IUYHBIM THIIOM
npoBoauMOocTH ? I10sICHUTE OTBET pUCYHKAMH.
2.PacckaxuTe 0 KOHTaKTE METaJuia ¢ OIYIPOBOTHUKOM.
3.CnenaiiTe BBIBOJ BRIpaXEHUS st TOMUHBI ciost OI13.
4 Kak BIMsIET BHEIIHEE IOJIe Ha COCTOsiHUuE P—N-tepexona? [losicHUTe OTBET C MOMOIIBIO 30HHBIX
JUarpaMM KOHTaKTOB.
5.Uro Takoe OapwrepHas eMKOCTh P—N-riepexona? Kak oHa 3aBUCUT OT MPHJIOKEHHOI'O BHELIHETO
moys?
6.Pacckaxkute o pu3mdeckoi mpupoae NpssMoro 1 00paTHOro TOKOB.
7.00bsICHUTE HKCHEPUMEHTAIBHO TMOJYYEHHYIO 3aBUCHUMOCTh MPSIMOTO U OOpPaTHOTO TOKOB OT
TeMIlepaTyphbl.

IIpumepovt munosvix mecmoevix 3a0aHUll 011 CAMOCH 0AMEJIbHOU PAdOn bl
Tema: [Jquoonas u ouggy3uonnas meopuu 8bINPAMIEHUS HA KOHMAKMeE MEMALl — NOIYNPOBOOHUK:
1. ®uznueckum OapbepHbIM crnoeM (6aprepoM LIIOTTKM) Ha3bIBaeTCs 3aMMUPAIOUINil CIOW, TOJIIMHA
KOTOpOro:
- OIIPEACIISIETCS TOIBKO Pa3HOCTHIO PadOT BBIX0JIa KOHTAKTUPYIOLIMX MaTepuanoB (eVy = W,, - W,);
- OIIPEAEISIETCS TOJBKO KOHIICHTPAIIUEH CBOOOIHBIX HOCUTENIEH 3apsAI0B B MOIYIPOBOAHUKE (No);
- ONpeAeNsIeTCs. TOIABKO ANEKTPOPU3NUECKUMH MapaMeTpaMi KOHTAaKTUPYIomuX marepuanoB (Vi, No,
£) ¥ HE 3aBHCHUT OT BEJIMYMHBI BHEIIHETO MPUIOKEHHOr0 HATPSHKCHUS (Venew);
- ompenaensieTcs: 3eKTPoU3NUECKUMU TNapaMeTpaMHu KOHTaKTHpyromux marepuanioB (Vi, No, &) U
3aBUCHT OT BEJIMYMHBI BHEITHETO MPUIIOKEHHOT 0 HAPSDKEHUS (Venew).

2. XuMudeckuM OapbepHBIM cioeM (OapbepoM MOTTa) Ha3bIBAC€TCS 3alUPAIONIUN CIIOH, KOTOPBIHA
IpeCTaBiIsIeT COOOM:

- CJIOM MHOT'0 COCTaBa, OTJIMYAIOIINICS BRICOKOW KOHIICHTPAILMEH CBOOOIHBIX HOCUTENEH 3apsia,;

- CJIOM MHOT'0 COCTaBa, OTJIMYAIOIINNICS HU3KOH KOHIIEHTPAIMEeH CBOOOTHBIX HOCUTETIEH 3aps/ia;

- TIOBEPXHOCTHBIM CIIOW TMONYNPOBOAHMKA, OTJIMYAIOUIUiicsS Oonee BBICOKOM KOHIICHTpaIuei
CBOOOHBIX HOCUTEIIEH 3apsia M0 CPAaBHEHUIO C 00bEMOM;

- IOBEPXHOCTHBIN CIIOHM TTOJIYIIPOBOIHUKA, OTIUYAIOIIHNICS O0Iee HU3KOM KOHIIEHTpaIuel CBOOOTHBIX
HOCHUTEJEH 3apsia Mo CPaBHEHUIO ¢ 00BEMOM.

3. TonkuM 3anuparouuM (6apbepHbIM) CIIOEM Ha3bIBAIOT CJIOW, TOJIIIMHA KOTOPOIo:
- MHOT'0 O0JIBIIIE JUIMHBI CBOOOJHOrO Mpodera HocuTelel 3aps/oB;

- He OoJIbIlIe ITTMHBI CBOOOIHOTO MpoOera HOCUTENEH 3apsi/ioB;

- HE MEHBIIIC JUTMHBI CBOOOTHOTO MpoOera HOCUTENCH 3apsI/iOB;

- MHOT'O MEHbIIIE JUIMHBI CBOOOTHOIO Mpodera HocuTelnel 3apsaoB.

4. Tonkuii 3anMparonIuii CJI0M MOXKHO pacCMaTpUBaTh MOA00HO:

- CJIOI0 TBEPJAOI0 IUAJIEKTPUKA MEKY TOKOBEAYIIIMMH YACTAMH;

- CJIOKO JKHUJIKOT'O IUDJIEKTPUKA B JIEKTPOJIMTUYECKOM KOHIAEHCATOPE;
- BO3AYLTHOMY 3a30py MEXY 3JEKTPOJAMH INIOCKOTO KOHAEHCATOpa;
- BAKYyMHOMY 3a30py MEXIY 3JIEKTPOJaMH AJIEKTPOHHOMU JaMIIbl.

5. TI70THOCTh TOKa W3 MOJYMPOBOAHUKA B METAUT ju-u JJISI TOHKOTO 3allUPAIOIIETO CJIOS MOXHO
OTPE/IETATh KaK:



- IEPEHOC HOCUTEJEH 3apsijia 3a CUeT MPOLECCOB I'eHepanuu 1 pekomounanuu B OI13;

- IpoJieT Hocutenel 3apsana uepes OI3 mox aeficTBHEM CHIT 3epKaIbHOT'0 N300paXKEeHHUS;
- npelid HocuTeneil 3apsiia 3a c4eT KOHTAaKTHOW Pa3HOCTU IOTEHLIUAJIOB;

- IUVIOTHOCTh TOKA TEPMOBJIEKTPOHHOM SMHUCCHHU.

6. BAX kKOHTaKTa MeTaJul — MOJTYIMPOBOTHUK TIO JHOTHOM TEOPUH OMUCKIBACTCS (POPMYITON:
- j = js[exp(eV/KT)-1];

- j = js[exp(eV/2kT)-1];

- J = Js[exp(-eV/KT)-1];

- j = Js[exp(-eV/2kT)-1].

7. III0THOCTB TOKA HACHIIICHHUS Js B TOHKOM 3aITMPAIOIIEM CJIO€ MOXKHO OIPEICITUTh:

- KaK Pa3HOCTh TOKa M3 METa/lIa B TIOIYIPOBOIHUK |, U M3 IMOTYIIPOBOJAHUKA B METAILT j, ipH V > 0;

- KaK pa3HOCTh TOKA M3 METaJIa B MOJYIPOBOIHHUK J, M U3 TMOIYIIPOBOJHUKA B METAILT |, ipH V < 0;

- KaKk CyMMY TOKOB M3 METaJUIa B TIOJIYIPOBOIHHUK ], ¥ U3 MOJYIMPOBOIHUKA B METAINI |, ipu V = 0;

- U3 YCJIOBHS PaBEHCTBA TOKOB M3 METajlla B TMOJYIPOBOJHHK |y M M3 TMOJYIPOBOJHUKA B METAILT ju
mpu V =0.

8. Ha BrInpsiMiIsonie CBOWCTBAa TOHKOIO 3alMPAIOLIEro CJI0sI HE BIUSIOT:

- COCTOSIHUE TIOBEPXHOCTH IMOJIYIPOBOIHUKA;

- CHJIBI 3epKaJIbHOT0 N300paKeHUS;

- BpeMsI MaKCBEJIJIOBCKOM pellakcaliiy 3apsaa;

- KOHIICHTpAIUs TI1yOOKHUX YPOBHEH B 3ampelieHHON 30HE (1e(PEKTOB KPUCTATUNIMUECKON PEIIETKH ).

9. Bribepure BAX, COOTBETCTBYIOIIYIO TOHKOMY 3alHUparolIeMy CJIOK (JIMOIHOM Teopuu
BBITIPSIMIICHHUS )

L —
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10. ToncteiM 3anuparonuM (0apbepHbIM) CII0EM Ha3bIBAIOT CIIOH, TOMIIIHHA KOTOPOTO:
- 3HAYUTEIBHO OOJIbIIE JITMHBI CBOOOAHOTO Mpodera HOCUTENEH 3apsJI0B;

- COM3MepHMa C JUTHHOW CBOOOIHOTO MpoOera HOCUTENEH 3apsiiOB;

- 3HAYUTEIHPHO MEHBIIIE JUTMHBI CBOOOHOTO MPOOEra HOCUTENICH 3apsiIOB;

- HAKAK HE CBs3aHa ¢ JJIMHON cBOOOTHOTrO mpobera HocUTenei 3apsiioB.

11. IIpu pacyere MIOTHOCTH TOKA Yepe3 TOJICTHIN 3alMPAIOIINNA CII0H HEOOXOIUMO YUUTHIBATh:
- TOJBKO JPei(hOBYIO COCTABISAIONIYIO TOKA;

- TOJIKO AU(PPY3HOHHYIO COCTaBISIONIYIO TOKA;

- KaKk Jpei¢oBy1o, Tak U AU Hy3UOHHYIO COCTABIISIIOLINE TOKA;

- TOK TEPMORJIEKTPOHHON SMHUCCHUH.

12. TINOTHOCTD TOKA HACBIIICHHUS js B TOJICTOM 3aIUPAIOIIEM CIIOE:

- HAKAK HE 3aBUCHUT OT BEJIMYMHBI BHEIIHETO HAINIPSKEHHUS,

- 3aBUCHT OT BEJIMYMHBI BHEITHETO HANIPSHKCHUS TOJIBKO MpH npsimoM BkIroueHuu (V > 0);

- 3aBHCHUT OT BEJIMYMHBI BHEIITHETO HAIIPSHKEHHS TOJBKO 1pH o0patHoM BkirodeHun (V < 0);



- 3aBUCUT OT BCJIIMYMHBI BHCHIHCTO HAIIPSAXKCHUSA IIPU JIF0OOM BKJIFOUEHHH.

13. Bribepute BAX, COOTBETCTBYIOIIYIO TOJCTOMY 3amuparomemMy cior (aup@dy3noHHONH Teopuu
BBITIPSIMIICHHUS )

L —

\VJ —J \VJ \Y \Y

14. PeanbHbIM (GU3MYECKUM TpoIleccaM, MPOTEKAIONIMM Ha KOHTAaKTe€ METal — MONYNPOBOIHUK,
0O0JIbIIIE COOTBETCTBYET:

- AuoaHasA TCOpHs BBIIIPAMIICHUA

- i dy3nOHHAS TeOpHs BBIPIMIICHHUS;

- moaHas win Auddy3noHHas TEOPHS BHIIPSIMIICHHS B 3aBUCUMOCTH OT XapaKTEPUCTHK KOHTAKTa,

- HU OJTHA M3 TCOPHI HE COOTBETCTBYET B MTOJTHOM Mepe.

Tema: Onmuueckue u gpomosnekmpuyeckue s61eHUs 8 NOAYNPOBOOHUKAX .

1. Cob6cTBeHHOE (yHAaAMEHTAIBHOE) TTOTJIONMICHUE CBETA B TIOMYIPOBOJHUKE COOTBETCTBYET:

- IEpeXo/1y JIEKTPOHA C MPUMECHOTO YPOBHSI B 3alIPEIICHHON 30HE B 30HY ITPOBOIUMOCTH;

- IEPEXOY JIEKTPOHA U3 BAJIEHTHON 30HBI B 30HY IIPOBOJIUMOCTH;

- TIepexo/Ty 3JEKTPOHA U3 BAICHTHOM 30HBI ¢ 00pa30BaHUEM CBSI3aHHOH C HUM JIBIPKH O€3 mepexoa B
30HY MPOBOJUMOCTH;

- Iepexo/1y IEKTPOHA BHYTPHU 30HBI TPOBOAMMOCTH Ha 00Jiee BRICOKUN YHEPreTUUECKUI YPOBEHb.

2. Kpacnas rpanuna ¢horodddekra - 3To:

- MUHMMAaJIbHAs 9acTOTa Vmin (OTOHA CBETA, HEOOX0qUMast 11l BOSHUKHOBEHU (poTodddexTa;

- MaKCUMaJIbHas 4aCTOTa Vmax (POTOHA cBeTa, HEOOXOAUMAs U BOZHUKHOBEHUS (HOTOdPPeKTa;

- MUHUMAaJIbHAs JJTMHA BOJTHBI Amin POTOHA CBeTa, HEOOX0AUMast i1l BOSHUKHOBEHUS GoTodddexTa;
- MakCHMaJbHasi 3HepTusi NVmax HOTOHA CBETa, HEOOXOAUMAs TSl BOSHHUKHOBEHHsT POTOd(eKTa.

3. B mpouecce noriomeHus CBeTa B TBEPAOM TeJIE BBITOIHAIOTCS

- TOJIBKO 3aKOH COXPaHEHHUs DHEPIUU;

- TOJIBKO 3aKOH COXPaHEHHUs UMITYJIbCa;

- OZJTHOBPEMEHHO U 3aKOH COXPAHEHMS YHEPTUH U 3aKOH COXPAHEHHUs UMITYJIbCA;
- HY 3aKOH COXPAaHCHUS YHEPIUU, HU 3aKOH COXPAHECHUS UMITYJIbCa.

4. BreIpaxkeHne, CBS3BIBAIOIIECE MEXTY COOOW MHTEHCHMBHOCTH ITaJIAlONIET0 CBeTa |, HHTEHCMBHOCTH
norjomenHoro ceera dl mpu mpoxokaeHu# JydoM myTH OX ¥ KO3(D(OHUIMEHT MOIJIOMIECHHUS @,
3aIHUCHIBACTCS CIEAYIOUUM 00pa3oM:

- dl = In(aldx);

- dl = exp(-aldx);
-dl = aldx;

- dl = -aldx.

5. OnTuyeckas LIMPHUHA 3alIPEIIEHHON 30HBI ITOJIYIIPOBOAHUKA HE 3aBUCHT OT:
- TEMIIEPATYPHI;
- JaBJICHHS,



- JJIMHBI BOJIHBI ITaAAI0OIICT O CBETA,
- KOHOCHTpaluunu HOCHUTENeH 3apsanaa.

6. Ilomoca mnoriomeHus, CBsA3aHHAs C WOHM3ALMEH MPUMECHBIX IIEHTPOB B IOJYNPOBOJIHUKE,
OTHOCHUTEIBHO I10JIOCHI COOCTBEHHOI'O ITOTJIOIICHMS :

- C,Z[BI/IHYTa B CTOpOHy JJIIMHHBIX BOJIH,

- CIBUHYTA B CTOPOHY KOPOTKUX BOJIH;

- COBHIAAAET C MOJIOCOH COOCTBEHHOI'O MOTJIOIICHUS,

- COOTBETCTBYET (hOTOHAM C OOJIee BEICOKOW IHEPTHECH.

7. Ilpy 5KCUTOHHOM IIOIJIOIIEHUU B TBEPJOM TEJI€ BOZHUKAET CUCTEMA U3:

- CBOOOTHOT'O AJIEKTPOHA U HEMOJIBUYKHOU JBIPKU;

- CBOOOTHOM JBIPKU M HETIOABM>KHOT'O 3JIEKTPOHA;

- CBSI3aHHBIX MEXJly COOOM 3JIEKTpOHA U ABIPKU, CIIOCOOHOM MepeMenaThCst 0 KpUCTAILLY;
- CBSI3aHHBIX MEXy COOOM 3JIEKTpOHA U JBIPKH, YYACTBYIOIIMX B 3JICKTPOIIPOBOIHOCTH.

8. Ilpu nornomuieHny cBeTa CBOOOJHBIMU HOCUTEISIMU 3apsia:

- TOJBKO AJIEKTPOHBI MOT'YT MEPEXOIUTH Ha O0Jiee BEICOKHE YPOBHH B 30HE ITPOBOIUMOCTH;

- TOJIbKO JBIPKU MOT'YT EPEXOINUTh Ha OoJiee BBICOKHE SHEPreTUYECKHE YPOBHU B BaJICHTHOM 30HE;

- 00a THMIa HOCHTEJIEH MOIYT NEpPEeXOJUTh Ha Oojee BBICOKME PHEPreTHMUECKHE YPOBHHU 3a INPEJelibl
CBOMX 30H;

- o0a TUMa HOCUTENEH MOTryT MEepeXOoAUTh Ha OoJiee BBHICOKHE DHEPreTHUECKHE YPOBHU B IIpe/Ienax
CBOUX 30H.

9. Ilornomenue cBeTa KpUCTAUNINYECKOM pEIIETKON CBA3aHO C:

- C U3MEHEHUEM YHEPIUH KoJIeOaHU aTOMOB KPUCTANINYECKON PELIETKHY;

- C pa3pbIBOM KOBAJIEHTHBIX CBSI3E€H MEXAY aTOMaMU KPUCTAIIIMUECKON PEIeTKY;
- C HOHU3ALMEN IPUMECHBIX ATOMOB B KPUCTAJUIMYECKON pELIETKE;

- ¢ "pazorpeBom" IEKTPOHHO-IBIPOYHOTO Tra3a B KPUCTAUNIMUECKON PEIIeTKeE.

10. Ykaxute HegepHoe yTBEPKICHUE:

- BHyTpeHHUH (oT0r(P(PEKT B MONYNPOBOJHUKAX CBSI3aH C TeHEpalueil cBOOOIHBIX HOCUTENEH 3apsia;
- BHYTpeHHUH QOT03(pPeKT B MONYNPOBOJHUKAX CBSI3aH C SMHUCCUI SJIEKTPOHOB 3a Ipeneibl
KpHCTala;

- BHyTpeHHUH (oT0d(P(PEKT B MOIYNPOBOJHUKAX CBSI3aH C BOSHUKHOBEHHEM (DOTOIPOBOANMOCTH;

- BHYTpeHHUH (HOTOdPPEKT B MOTYNPOBOJIHUKAX CBSI3aH C YMEHBIIEHUEM Y/IE€IbHOIO COMIPOTUBIICHUS.

11. KBanToBBIi1 BBIXOJ (hoTOd((deKTa B ciiydae COOCTBEHHOTO MOTJIOMICHUS TP MOHOXPOMAaTHYECKOM
OCBEIIIEHUH - ITO:

- OTHOIICHHE YK CIIa CTEHEPUPOBAHHBIX JICKTPOH-ABIPOYHBIX AP K SHEPTHH MAJAIOIIHNX ()OTOHOB;

- OTHOIICHWE YHCJIa CTeHEPHUPOBAHHBIX JJICKTPOH-JBIPOYHBIX Tap K JUIMHE BOJHBI IMAJAFOIINX
($OTOHOB;

- OTHOIICHHE YK CIIa CTEHEPUPOBAHHBIX JIEKTPOH-ABIPOYHBIX AP K YaCTOTE MAJAOIINX ()OTOHOB;

- OTHOIIICHHE YKCIIa CTEHEPUPOBAHHBIX JICKTPOH-ABIPOYHBIX ITAP K YHCITY TMAJAf0IIHX (POTOHOB.

12. PeJ'IaKCB.I_II/IH (1)OTOHpOBOI[I/IMOCTI/I XAPAKTCPU3YCT ICPEXOAHBIC ITPOUCCCHI ITOCIIC BKIIIOYCHUSA U
BBIKJIIOYCHUSA OCBCIICHMA. Vkaxure HpaBI/IJILHHﬁ BAapHUAHT 3aBUCUMOCTHU HU30BITOYHON KOHICHTpAauu
OT BPEMCHH I1OCJIC BKIIIOUYCHUS U BBIKIIIOYCHHA CBCTA!



I cBet I cBeT I cset I cset

13. BiusiHue MOBEpXHOCTHON peKOMOWHANNHU Ha (OTOMPOBOAUMOCTD OOJIBIIE:
- B MH(paKpacHOI 001acTH CIIEKTPA;

- B BUJUMOM 00JIaCTH CIIEKTPA;

- B YIbTPa(HOIETOBOM 00JIaCTH CIICKTPA;

- HE 3aBUCUT OT JUIMHBI BOJIHBI [AAIOLIET0 U3TyYCHHUS.

14. BentunbHas ¢oto-3/1C 3akmouaercs B:

- YBCIIMYCHHUU KOHTAKTHOH Pa3HOCTH p-n nepexoaa Impru OCBCUICHUH

- IOHIKCHUU KOHTAKTHOM pa3sHOCTH P-N mepexoja Ipu OCBEUICHUH;

- YMEHBIIICHUH TNIOTHOCTH TOKa OCHOBHBIX HOCHUTEJNEH 3apsijia uepe3 p-n nepexo/ia npu OCBEIICHHH;

- YMEHBIICHUH TUIOTHOCTH TOKa HEOCHOBHBIX HOCUTEINIEH 3aps/ia yepes p-n mepexo/ia Mpu OCBEICHUH.

15. ®oto-3/1C B MOAYNPOBOAHUKAX He MOMcen ObITh UCTIONH30BaHA:

- B KQUeCTBE UCTOYHHUKA YHEPTUH B (POTOAIEKTPUUECKUX MPEOOPa30BATEIAX;

- B getekropax MK, Bugumoro u Y@ uznyyeHus;

- B JIETEKTOpaX BBICOKOIHEPTE€TUYECKOr0 JJIEKTPOMArHUTHOTO W3JIy4YeHUS (PEHTTE€HOBCKOE, Y-
U3Jy4eHue);

- B JIETEKTOpPaxX HU3KOIHEPT€TUUECKOr0 AJIEKTPOMArHUTHOTO U3JTyYeHus (pailoararasoH).

Tema: Tennoswvie ceoticmea meepovix mei:

1. ATOMBI (MOJIEKYJIbI, HOHBI) B TBEPAOM TEJIE:

- HaXOZSTCs B y3J71aX KPUCTAIINYECKON PEIEeTKU U HEMOABUKHBI;

- HAXOMATCA B y3J1aX KPUCTAJUIMYECKOW PEIIETKU M COBEPIIAIOT KOiIeOaHUsl OKOJIO TMOJTOKEHHS CBOETO
paBHOBECHS;

- HETIPEPBIBHO MepeMenIaroTcs (MIepeCKaKkuBarOT) U3 OJTHOTO MOJIOKEHUSI PABHOBECHS B JIPYTOE;

- HaXOZTCsl B COCTOSSHUM Xa0TUYECKOT'0 TEIIOBOTO ABHKEHUS.

2. Konebanne, BO3HUKIIIEE Yy OJAHOW YACTUIIBI, HEMEIJIEHHO IMEpPeaaeTcs COCEIHMM dYacTHIlaM, U B
KpHCTauie BO30YXIaeTcsl KOJUIEKTUBHOE JIBMYKCHHUE M3-34:

- CHJI BJIEKTPOCTATUYECKOT O B3aUMOICUCTBUS;

- CHJI MEKaTOMHOI'O B3aUMOJEHCTBUS;

- CHJI DJICKTPOMAarHUTHOTO B3aMMO/ICHCTBUS;

- CWJI TPaBUTAIIMOHHOI'O B3aUMO/ICUCTBUSI.

3. HopmanbHble KoeOaHusT KPUCTATUTMYECKON PEIIETKH — 3TO:

- BUOpatus TBepAOro Tela ¢ OnpeaeICHHON YacTOTOM;

- IBU’KEHHE OT/EIIBHBIX TPYII YACTHUIl B BUJE YIPYIOU BOJIHBI;

- IBUKEHHE OTJIEIbHBIX YACTHI] B BUAE COBOKYITHOCTH CHHYCOUAAIBHBIX BOJIH;

- KOJUIEKTUBHOE JBUKEHUE YACTUI] B BUJIE COBOKYITHOCTH CUHYCOUJAJIbHBIX BOJIH.

4. B xonebartenpHOM cucteme, coctosmerd u3 N atoMoB, o0nagarommx TpeMmsi CTEHEHSIMU CBOOOIbI
KaXX/IbIil, MOXKHO BO30YIUTH:
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- 3N HOpMaJTbHBIX KOJIeOaHUI;
- 3N HopManbHBIX KoNeOaHumii;
- N® HOpManbHEIX KOne6aHuii;
- 33N HopManBHEIX KoeGaHHiA.

5. OnHOMepHast MOJIeTb TBEPAOIrO Tela — 3TO:

- TMHEIHAas 11eTI0YKa aTOMOB, HaXOJISIIIIUXCS Ha PACCTOSHUU @ JIPYT OT PYra;

- MOHOATOMHas MIIOCKOCTh, COCTOSIIAS M3 3JIEMEHTAPHBIX SYECEK ILIOAIBIO a;
- UJieabHasi IPOCTPAHCTBEHHAS] KPUCTAIIMYECKAsL PEIICTKA;

- peaybHasi MPOCTPAHCTBEHHAS KPUCTAINTMYECKAS PEIIETKA C AePEKTaMH.

6. JIuneiinas nenouka coctouT M3 N aromMoB, HaXOMASIIMXCS HA PacCTOSHUU a Apyr oT apyra. Ilpu
3TOM MaKCHMaJbHas JJIMHA BOJIHbBI Amax paBHA:

- max = (N+1)-a,

- Amax = N-a;

- Amax = 2N'a;

- Amax = Z(N'I)'a.

7. Jluneiinas nenouka coctouT U3 N aToMoB, HaAXONAIIMXCS HA PacCTOSHUU a Jpyr oT apyra. Ilpu
9TOM MHUHUMaJIbHAs! JUIMHA BOJIHBI Amin PaBHA:

- Amin = Na/2;
- min = 28;
- Amin = a/2;
'ﬂ,min = aZ/N.

8. Jlns TBepAbIX TEN C JTUCKPETHOM CTPYKTYpOW HMEET MECTO SBJICHUE Oucnepcuu, KOTOpOe
MpeJICTaBIIsIeT COOOI:

- He3aBHCHMOCTh CKOPOCTH PACIIPOCTPAHEHHUS KOJICOAHMIA OT JITTMHBI BOJIHBI,

- 3aBUCUMOCTH CKOPOCTH PaCIpOCTpaHEHHUS KOJIeOaHU OT JTMHBI BOJTHBI,

- He3aBUCHUMOCTh YaCTOThI KOJI€OAHUN OT JUIMHBI BOJHBI,

- 3aBUCHUMOCTbh YacTOTHI KoieOaHuii oT JJIMHBI BOJIHHEI.

9. lucnepcuoHHast KpuBas - 3TO:

- 3aBUCUMOCTb YaCTOTHI KOJI€OaHMs @ OT MEKAaTOMHOI'O PaCCTOSIHUS &,

- 3aBUCHMOCTbD 4aCTOTHI KOJICOAHHUS @ OT BOJTHOBOI'O BEKTOpA (| (JUTMHBI BOJHBI 4);

- 3aBUCUMOCTb JUIMHBI BOJIHBI A4 OT (p)a30BOI CKOPOCTH V PacIpOCTpaHEHUs KOJeOaHuH;
- 3aBUCUMOCTb JIJIMHBI BOJIHBI A OT BOJJTHOBOI'O BEKTOpA (.

10. AxycTudeckue KojaeOaHusI MOXKHO MPEJCTABUTh KaK:

- HOpMaJbHBbIE KOJeOaHUS OJHOMEPHOW IEMOYKU, COCTOSIIUX M3 aTOMOB JIBYX pa3HBIX THUIIOB,
KOTOpBIE COBEPIAIOT KOJIeOaHUs B IIPOTUBOIIONOKHON (haze;

- HOpMaJIbHbIE KOJIeOaHMsI OJHOMEPHOHM IIEMOYKH M3 OJMHAKOBBIX aTOMOB, KOTOPBIE COBEpIIAIOT
KoJie0aHMs B TIPOTUBOIIOIIOKHOHU (haze;

- HOpMaJbHBIC KOJICOAHUS OJHOMEPHOW IEMOYKU, COCTOSIIUX HM3 aTOMOB JIBYX pa3HBIX THIIOB,
KOTOpBIE COBEPIIAIOT KoJIeOaHus B OHOHU (aze;

- HOpMaJlbHBbIE KONeOaHWsI OJHOMEPHOW IETMOYKH M3 OJUHAKOBBIX aTOMOB, KOTOPHIE COBEPIIAIOT
KoleOaHus B OJHOU (hasze.

11. OnTrueckue KonedaHusi MOXKHO IIPECTABUTh KaK:
- HOpPMaJIbHbIE KOJICOAHUS OIHOMEPHOM IIEMOYKH, COCTOSIIMX K3 aTOMOB JABYX pa3HBIX THIIOB,
KOTOpBIE COBEPIIAIOT KOJIeOaHUsI B IPOTUBOIOIOKHOM (a3ze;
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- HOpMaJIbHBIC KOJCOAHHS OJHOMEPHOW IIEMOYKM M3 OJMHAKOBBIX aTOMOB, KOTOPBIC COBEPIIAOT
CUHXPOHHBIE KOJIEOaHNUS;

- HOPMAJIbHBIC KOJIeOaHus OI[HOMCpHOfI LCIMOYKH, COCTOAIIUX H3 aTOMOB [JIBYX pPa3HbIX THIIOB,
KOTOpBIE COBEPIIAIOT KoJIeOaHus B OHOH (aze;

- HOpMaJlbHBIE KOJeOaHMsI OJHOMEPHOW IIETIOYKHM W3 OJMHAKOBBIX aTOMOB, KOTOPBIE COBEPIIAIOT
KosieOaHus B 0JIHOM (hase.

12. Kaxmoe W3 HOPMAaJbHBIX KOJCOAHUI PEHMICTKH MOXET HMMETh TOJbKO JUCKPETHOE 3HAYCHUE
YHEPrUH, KOTOPOE HA YaCTOTE (» PaBHA:

-En=m2)ho,n=0,1,2, ... ;

-En=(n-12)how,n=0,1, 2, ... ;

-En=(n+t1/2)hw,n=0, 1, 2, ... ;

-En=02n-Dhow,n=0,1, 2, ... .

13. MuHuManbHasg NOPLUS SHEPIUU, KOTOPYIO MOXKET IOIJIOTUTh WJIM MCIIYCTUTh pEUIeTKa IpU
TETIJIOBBIX KOJIEOAHUSIX ¢ YACTOTOM @, paBHa:

- E =hol/kT;
- E=hw/2KT;
-E=ho;
-E=hwl2.

14. ®oHoH — 2TO:

- IOPIIUS TOTCHIIMAIIBHON YHEPTUH B3aUMOCHCTBUS YaCTHI] B KPUCTAUNIMUECKON PEIIeTKE;
- IOPLUSI KHHETUYECKOW SHEPTHH YaCTHULIBI B y3JI€ KPUCTAINIMYECKON PEIIeTKH;

- KBaHT dHEPIUHU 3JIEKTPOMAarHUTHBIX KOJEOaHNH KPUCTAIUIMUECKOM pEeIIeTKH;

- KBaHT SHEPTHH TEIUIOBBIX KOJICOAHMI KPUCTATNYECKON PEIICTKH.

15. Pacnpenenenue (¢OHOHOB IO YHEPTUSM ONHUCHIBACTCS (DYHKITUEH:
- MakcBemna-boasmmana;

- ®epmu-lupaka;

- bose-DiiHiITelHa;

- Ipeaunrepa.

Tema: D¢pgpexm Xonna:

1. DddexT Xomma OTHOCUTCS:

- K KOHTaKTHBIM SIBIICHUSIM;

- K TAJIbBAHOMArHUTHBIM SIBJICHUSIM;
- K TEPMOIJICKTPHYCCKUM SIBIICHUSIM;
- K (pOTORNEKTPUUECKUM SIBIICHHSIM.

2. Dddext Xomra 3aKI0uaeTcs:

- B Bo3HMKHOBeHHHu DJIC mpu mpomyckaHuM yepe3 o0pasell MEepeMEeHHOTr0 AIEKTPHYECKOro TOKa B
OTCYTCTBHE BHEIIHETO MArHUTHOT'O TOJIS;

- B BO3HUKHOBEHHMM JOoNOJHUTENbHON D/[C B HampaB€HHMH BHEIIHETO SJIEKTPUYECKOTO MOJISI MpPHU
BO37CHiCTBUM Ha 00pa3el] mepeMEeHHOr0 MarHUTHOTO TOJIS;

- B Bo3HHKHOBeHHu DJIC B HampaBjieHHH, MEPIEHIUKYISIPHOM TOKY, MPH MOMEIICHUH 0o0pasla B
MOTMEPEeYHOe MarHUTHOE TOJIE;

- B Bo3HMKHOBeHMH JJIC B 1enu, cocTosmied M3 JABYX PA3IMYHBIX TBEPABIX TeIN, MPU HATUUUHU
pa3HOCTH TEMIEPATYP CIAEB.



3. Ykaxwure Hanpasienue DJ[C Xoina B mOJTynpoBOJIHUKE N-TUTIA:

—
J

4. Yxaxute Hanpaienre J/C Xomia B HOJyIIpOBOJHUKE P-THUIIA:

—
J

5. Ykaxwure Hanpasnenue DJ[C Xomna B COOCTBEHHOM IOTYIPOBOTHHUKE:

D
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B
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B
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E—

Ex

J

D

-

B

Ex
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D

o

B
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-

B

Ex

—
J
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6. Bemmunna DJ]C Xomna B KOHKPETHOM 00pasiie MOIYITPOBOIHUKA ONPECIISICTCS:
- IMHAMHUYECKUM paBHOBecHeM cuiibl JlopeHla u cuibl AMiiepa;
- TMHaMUYECKUM paBHOBecHeM crutbl Jlopennia u cubl Kynona;
- TMHAMHYECKUM paBHOBecHeM cuiibl JIOpeHIIa u CHIIbI 3epKalbHOTO N300pakeHNUS,

- TMHAMUYECKUM paBHOBecHeM cuiibl JIOpeHIa U CUJIbl BHEIIHETO MATHUTHOT'O TOJIA.

7. Ykaxure popmyny ainsa kodpdurmenta Xosa B COOCTBEHHOM MOTYTPOBOIHUKE:

- Ry =-Alen;
- Ry =Alep;
- szim,
er‘Ii “p+un
2 _nu?
“R, é Py, -nNu,

e (pu,+np,)?

8. Koaddumment «A» B hopmyne aisa kodddunuerta Xomia (CMOTpH BOIIPOC 7) yUUTHIBAET:

- Hpeﬁ(bOByIO INOABUXKHOCTD HOCHUTEIEH BO BHEIITHEM SJICKTPUYCCKOM I10JIC;
- pas3jin4ure B MOABUKHOCTH 3JICKTPOHOB U ABIPOK;

- paccesiHUE HOCUTENeH 3aps/ia Ha TEeIJIOBBIX KOJIeOaHUIX PelIeTKH (MOHU3UPOBAHHBIX TPUMECSX);
- TEMIIEPaTypHYIO 3aBUCUMOCTh K03 urimenta Xoma.

9. Ykaxkute rpadguk TeMIrepaTypHOr 3aBUCUMOCTH K03¢duirerTa Xosuia B MOITyNpPOBOAHUKE N-THMA!
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In |Rx| In |Rx|
|
|
1/T 1/T
In |Rx| In |Rx|
A
|
L
1/T 1/T

10. VYkaxwure rpaduk TemmepaTypHOH 3aBUCUMOCTH Kod(¢uiueHta Xosuia B IMOIYINPOBOJHUKE ]-

THUIIA.
In |Rx| In |Rx|
|
1
1T 1/T
In |Rx| In |Rx|
A
|
1
1T 1T

11. YUto Henmb3st onpenenuTh ¢ MoMOIIbio 3 dekra Xommna:

- KOHIICHTPAIUIO HOCUTEJEH 3apsi/ia B IOIYIPOBOJHHKE,

- UHAYKIMIO MarHUTHOTO TIOJIS;

- IIUPUHY 3aMpelIeHHON 30HbI TOTYTPOBOTHUKA;

- DHEPTHUI0 aKTUBAIIUHU TJIYOOKUX YPOBHEH B MOIYIPOBOTHUKE.

Cnucok munogwvix KOHmMPONAbHBIX 60NPOCOE IK3AMEHY NO OUCUUNTIUHE:
Kiaccudukanust KoHIEHCUPOBAHHBIX cpell (MaTeprasoB) IO arperaTHOMY COCTOSIHHIO.
Knaccugukarus KoHASHCUPOBAHHBIX Cpell (MAaTepHaioB) IO CTPYKTYpE.

OCHOBHBIE THITBI XUMUYECKHUX CBSI3€i B KOHACHCHUPOBAHHBIX Cpeaax (MaTepuaax).
Krnaccudukanus KOHAEHCHPOBAHHBIX Cpell (MAaTEPHAIOB) MO JIEKTPUUECKIM CBONCTBAM.
JAM3eKTpUKU. DIIEKTPOINPOBOAHOCTh AUIIEKTPHKOB.

[TonynpoBOIHUKH. DIIEKTPOIPOBOJHOCTH ITOTYIIPOBOAHUKOB.

CBsI3b  DJIGKTPUYECKUX CBOWCTB C THUIIOM CTPYKTYpPBl H BHJIOM XHUMHUYECKOH CBS3H B
KOHJICHCUPOBaHHBIX cpejiax (Marepuanax).

8. OcHOBHBIE CBOWCTBA U TapaMeTPbl MOHOKPUCTAILIOB. [IpocThie pereTky.

9. OcHOBHBIE CBOMCTBA U TTapaMeTPbl MOHOKPUCTAIUIOB. PemmeTku ¢ 6a3ucom.

NoabkowhE
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10. Metox kpucramiorpadpu4eckoro MHIUIUPOBaHUs. IHIEKCHI Y3710B, HAlIPaBJICHUN U MIIOCKOCTEH.
11. Hedextsl Mmonokpuctaiios. [ledexts mo @penkento u o HIoTTkw.

12. JledexTsl MOHOKpUCTAILIOB. JIMHEIHBIC 1e(DEeKTHI.

13. JledexTsr MoHOKpHCTaIOB. [IOBEepXHOCTHBIE TE(PEKTHI.

14. OcHoBHBIE OCOOEHHOCTH M NMPHHILIMIIBI KBAaHTOBOW MexaHuku. Bomubl ne bpoitnsa. @opmyna s
SHEPTUHU U JUTMHBI BOJTHBI.

15. OcHoBHBIE OCOOCHHOCTH M TIPUHIIUITHI KBAHTOBOM MexaHWKH. COOTHOIIIEHHE HEOIPEACIICHHOCTEH
['eiizendepra.

16. CgoiicTBa BONHOBOW (GyHKIMKH MukpouacTuibl. [Ipumenenwe ypaBHenus Illpemunrepa
OIHCAaHUIO JBUKEHHS CBOOOTHOW MUKPOYACTHUIIBI. 3aKOH JUCIIEPCUH.

17. CgoiicTBa BOMHOBOW (DYHKIIMH MUKpOUYacTHIIbl. KBaHTOBBIE UnCIIa 3JIEKTPOHA.

18. DnemeHTHl 30HHOW TeopuM TBepaoro Ttena. OOpa3oBaHHE pPa3pEUICHHBIX M 3alpelleHHBIX
SHEPreTUYeCKUX 30H TBEPAOro Tela.

19. DddexTrBHAS Macca MUKPOYACTHUIIBI.

20. BeIpox/1eHHBIC M HEBBIPOXK/ICHHBIE KOJUIEKTUBBI MUKpodyacTul]. OyHKINHU pacipeieeHuUs.

21. BeIpox/eHHBIE ¥ HEBBIPOXKICHHBIE KOJUIGKTHBBI MHKpoudacTui. OO0oOmieHHas (yHKIHS
pacrpeneneHusl.

22. HeBbIpOKIIEHHBIC MOMYIPOBOAHUKHN. PacueT paBHOBECHON KOHIICHTpPAIMU HOCUTENEH 3apsiaa B
COOCTBEHHBIX MOITYIPOBOJHUKAX.

23. HeBbIpoxkJIeHHBIE MOJYIPOBOAHUKH. PacueT paBHOBECHOI KOHIIEHTpAllMM HOCHUTENEH 3apsiaa B
JIOHOPHBIX MOTYIMPOBOIHUKAX.

24. HeBBIpOXXJIEHHBIE MONYPOBOAHUKH. PacdeT paBHOBECHON KOHIIEHTPAIMM HOCHTENEW 3apsiaa B
AKLENTOPHBIX MOJTYMPOBOJHUKAX.

25. CoOcTBeHHbIE MOTYIPOBOIHUKHU. DIIEKTPOHEUTPATILHOCTD B MOIYITPOBOIHUKAX.

26. JloHOpHBIE OTYITPOBOIAHUKHU. DIIEKTPOHEHTPATILHOCTD B TIOJIYIIPOBOAHUKAX.

27. AKuenTtopHbIe MOIYITPOBOIHUKH. DICKTPOHEUTPATLHOCTh B MOIYITPOBOIHUKAX.

28. KomneHcHpoBaHHBIEC TOMYIPOBOJHUKH. DIEKTPOHEUTPATLHOCTD B MOMYIPOBOIHUKAX.

29. OcHOBHBIC U HCOCHOBHBIC HOCUTEIIH 3apsiaa. 3aKOH JCHCTBYIONMINUX Macc.

30. PaBHOBecHBIC 1 HEPABHOBECHBIE HOCUTEIN 3aps/ia B MOMyIpoBoaHuKax. KBasnyposHu depmu.
31. PaBHOBECHBIE U HEPAaBHOBECHbIE HOCHTENM 3apsja B IMOJIYNPOBOJHMKAX. Bpems Ku3Hu
HEPABHOBECHBIX HOCUTEJIEH.

32. Buapl pekoMOWHAIIMKA HOCUTENEH 3apsiia B OITYIPOBOTHUKAX. Bpems Ku3HU HOCUTENEH 3apsia.
33. JIluddy3uoHHOE ypaBHECHHUE.

34. YpaBHeHHe DHWHINTEHHA.

35. TemmnoBble cBoiicTBa TBEepAbIX Tel. [loHATHE O HOPMANBHBIX KOJNEOAHUSX KPHCTAJUIMYECKON
pemtetku. [lonarue o poHoHAX.

36. Tepmoanekrpuueckue sapiueHus (3eedeka, IlensThe, ToMcoHa).

37. Ddodexr Xoma.

38. MakcBerioBcKas penakcaius B HOJIyMpPOBOAHUKAX U JUAJIEKTPUKAX.

39. JlebGaeBckas AMHA SKpaHUPOBAHUS.

40. KonurakTtHbie sBiieHUs. TepMonmuHaMuieckas padoTa BeIXO/a.

41. Konurakt aByx MetayuioB. KoHTakTHast pa3HOCTh MOTEHIUAJIOB.

42. KOHTaKT MeTal — HOJYIPOBOIHUK.

43. Dddexr LoTTkm.

44, MexaHu3MBbI TIEpEHOCA 3apsiia yepes dapnep.

45. JlnomHasi TeOpHsl BHITPSMIICHUS HA KOHTAKTE METAJI — MOIYIPOBOIHUK.

46. Iuddy3nonHas Teopus BHITPSIMICHUS HA KOHTAKTEe METAJLT — MOIYIPOBOJHHK.

47. bapwsep Morra.

48. Bnusiaue riy0okux meHTpoB Ha mapamerpsl OI13.

49. Knaccuueckas MoJiesib (POPMHPOBAHUS P-N MEPEXO0B B KPHUCTALTMUECKUX MOTYTIPOBOTHUKAX.
50. bapbepHas eMKOCTh p-N IEPEXOI0B.

51. BAX toHKOr0 p-n rnepexoja.
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52. 3oHHBIC qUarpaMMbl p+-p, N+-N, p-i-n nepexoaoB. ['eTeponepexobl.

53. CoiicTBa peanbHOW MOBEPXHOCTH. [IOBEpXHOCTHBIM 3apsiig M €ro BIMSHHE Ha CBOKCTBa
IIOJIYIIPOBOJHUKA. BBICTpBIE U MEIJIEHHBIE COCTOSTHUSA.

54. TloBepxHOCTHAsI TPOBOIUMOCTE. D(PPeKT moms.

55. TloneBble TPAH3UCTOPHI C P-N IEPEXOIOM U U30JIUPOBAHHBIM 3aTBOPOM.

56. BonbT-(hapanusie xapakrepuctuku M/II-cTtpykryp.

57. Ontuueckue u (QOTOIIEKTPUUECKUE SBIICHUS B MOMYNPOBOAHUKAX. DOTONMPOBOAUMOCTh U
MOTJIOLEHHUE CBETA B MOIYNPOBOAHMKAX. ClIeKTpaibHas KpUBas MOTJIOMICHHUS.

CocraBun
JOLIEHT KadeIphl
MHUKPO- U HAHODJIEKTPOHUKU Mumyctun B.I'.

3aB. kadenpoit MUKpPO- U HAHOAJIEKTPOHUKHU
1.¢.-M.H., TOIICHT JIurBuuos B.T'.
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