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AHHOTANMA

OcBoeHue cTygeHTaMH 0a30BBIX 3HAHUI B 00JAaCTH KBAaHTOBOM MAaKpO(M3MKHU Ul JAJbHEWIIEro M3y4eHUs
COOTBETCTBYIOLINX Pa3/leioB TEOPETHUECKON (PHU3HMKH, a Takke yrTyOJIIEHHOTO M3ydeHHs (yHAaMEHTAIbHBIX

OCHOB COBPEMEHHOMU (DPUBHKH.
1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

OcBoeHue cryneHTamMH Oa30BBIX 3HAHUH B 00JacTH KBaHTOBOW MakKpo(M3MKH Al JaIbHEHIIEro
U3Y4YECHUS COOTBETCTBYIOIIMX pa3/elioB TEOPETUUECKOM (H3MKM, a Takke yIIyOJIeHHOro W3y4YeHUs
($yHIaMEHTaIbHBIX OCHOB COBPEMEHHOW (DM3UKH.

33]13‘[1/[ JAUCHUIIINHBI

* (opmupoBanue y o0ydaromuxcs 0a30BbIX 3HAHUN U MTOHATHH B 00JIACTH KBAHTOBOW MaKpO(DU3UKHU U

(HU3UKHN KOHAEHCUPOBAHHOTO COCTOSHHUS.

. ¢opMupoBaHNE YMEHHH W HAaBBIKOB IPUMEHATh M3YyYEHHbIE TEOPETHYECKHE 3aKOHBI U
MaTeMaTHYeCcKue HHCTPYMEHTHI [UI PEIICHHS 3a1a4 KBAHTOBOW Makpo(U3UKU

. dbopmupoBanre 00MEPU3NIECKON KyIBTYphl: YMEHUs BBIIEISTH CYIIECTBEHHBbIC (QH3NUECKHE
SBJICHUS M TIpeHeOperath HeCYNIeCTBEHHBIMU; YMEHHS NPOBOIUTH OLEHKH (PU3MYCCKHX BEIHYMH;
YMEHHUS CTPOUTH NPOCTEHIINE TEOPETUIECKIE MOJIECIIH, OIIMCHIBAIOIINE (PU3MYECKHE ITPOLIECCHI.

2. llepevyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(popManuy,
NPUMEHSTh CUCTEMHBIN MOAXOJ ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
NeMCTBUS IO PELICHUIO 3a1a91

OIIK-1 Criocoben npuMeHSITh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLCHUs

[IK-1 CnocoGeH mi1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEIMETHOM 001acTH) U (M) TEOPETUIECCKHUE
(aHATMTHYECKHUE ¥ IMUTAIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM M TEOPUSIMH COBPEMEHHOM (pHU3uKn

IIOHATHUAMMU,

[1K-3 CnocoGeH BbIOMpATh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELICHHS 3a]1a4 B
M30paHHON IpeAMETHOM 00IacTH

[IK-3.1 3naer npuHUMIIEI PabOTHI M JHAana3oHbl paboumx
[apaMeTpoOB HCIOIb3YEMOT0 HAyYHOTO 000pyI0BaHUS

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HATb.




O (dbyHIaMeHTaNbHbIE 3aKOHBl M TIOHATHS KBAaHTOBOM MAakpo(M3MKH, a TaKKe TPAHUIBI HX

MIPUMEHUMOCTH:

O OCHOBHBIE METOZ]a OIUCAHUs KPUCTAUIMYECKUX CTIPYKTYp, IOHATUSA IPUMHUTUBHOH MU
JNIEMEHTApHON sueek, sueiika Buraepa-3eiitua, moHSATHS 0O0paTHOW pPEIIETKH M IMEPBOH 30HBI
bpwirosHa.

[l OCHOBHBIE 3KCIIEPUMEHTAIBHBIE METOJBI ONPENEICHHUS NapaMeTPOB KPUCTATUINYECKUX CTPYKTYp:
PEHTTEHOBCKHE M HEUTPOHHBIE METO/IBI HCCIIeI0BaHus, Tudpakius bparra-Bynbda.

U CrocoObl ONHMCAaHMS KOJUJICKTHUBHBIX BO30YKICHUH KPHUCTANIMYECKOM PEIIETKH, HMETh
npeacTapieHne o GOHOHAX.

[J  Meron omnucaHHs MOBEAECHHA IEKTPOHOB B TBEPIBIX TEJAX: 30HHAs TEOpHUs, paclpeiciieHue
®depmu-/lupaka, MOJIEIb CUIILHOM U cl1abo# CBS3H.

0COOCHHOCTH CTPOCHHS MTOTYIIPOBOJHUKOB, a TAKXKE [MOBEACHHSI JIEKTPOHOB B MTOJYTIPOBOIHUKAX.
OCHOBHBIE II0JIO’KEHUSI IEKTPOHHO-IBIPOYHOM [IPOBOJUMOCTH METAJIOB U MOIYIIPOBOJHUKOB.
MMETh NIPEJICTABICHUE O MPUMECHON MPOBOJUMOCTH B MOJIYIIPOBOIHUKAX

CBSI3b KOHTAKTHAs pa3HOCTH MoTeHnuanoB u tepmo IJC.

0a30Bble MOJEIIN ONMCAHUS ABJICHUN CBEPXTEKYUECTH U CBEPXIPOBOAUMOCTH

10JIOKEHUSI KBAHTOBOI'O ONMCAHUS MarHUTHBIX CBOMCTB TBEPIBIX TEI

I B

YMETb:

[J TpUMEHSTb N3yYeHHbIC 3aKOHBI KBAHTOBOM (DM3MKH JUI PELICHUS KOHKPETHBIX 3a]a4:

[J  yMeTbh MOJI30BaThCS KiTacCU(UKAIMEeH THIIOB KPUCTaNIMIeCcKUX peméTok bpase.

[J 1OpuUMEHSTHb 3aKOHbI JUCTIepcHr (POHOHOB JUIsl pacu€Ta TEIUIOEMKOCTH KPUCTAIIIOB B MKax MOJEIIN
Jlebas u DHHIITEHHA.

[J BBIYMCIATH 3aKOH TUCIIEPCHH IS DJICKTPOHOB U IBIPOK B paMKax CJIa00i U CUIIBHOH CBS3H

[l ompenemnsTh YpOBEHb dHEPruH epMH B METa/UIaX U MOIYHPOBOIHHKAX OTHOCHUTEIHHO Kpasi 30HbI
MIPOBOANMOCTH

[J ompenensaTs BUJ TEMIIEPaTypHOH 3aBUCUMOCTH 3JIEKTPOIPOBOIHOCTH IIOIYIIPOBOJHUKOB

[J BBIYMCIATH BHJ BOJIBTAMIIEPHON XapaKTEPUCTUKU P-N IIEpexoaa

O aHAJIM3MPOBaTh (hU3MYECKHE 3a7aud, BBIJEIAS CYIIECTBEHHBIE M HECYIIECTBEHHBIC ACIEKTHI
SIBIICHHSA, M HAa OCHOBE MNPOBEAEHHOIO AaHAIN3Aa CTPOUTH YNPOIIEHHBIE TEOPETHUECKHE MOIAEITH
(UBNYECKUX SIBICHUM;

O NPUMEHATh pa3IUYHBIE MATEMaTHYECKHME WHCTPYMEHTBI pEIIEHUs 3adad HCXOnd U3
c(OpPMYIHPOBAHHBIX (U3NUECKUX 3aKOHOB, M IIPOBOJUTH HEOOXOIMMbIE aHATUTHUECKUE U YHUCIICHHbIE
pacy€Thl.

BIIAJIETh:
[l OCHOBHBIMH METOJaMH PEIICHHS 3371a4 KBAHTOBOM MaKpO(PHU3UKH;
O OCHOBHBIMH MaTEMaTHYECKMMHM HWHCTPYMEHTAMHM, XapaKTepHBIMHM JUIs 3aJad KBaHTOBOM
Makpo(U3HUKH.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Kpucramnuueckass cTpykTypa TBEpAbIX ) ) 6
TelL
2 Tumnsl cBsA3eH B KpHUCTaJUIAX. 2 2 6
3 KonebOanusi KpHCTaNIMYECKUX PEIIETOK. ) 5 6
@DOHOHBI.
4 Permerounas TeninoeMKoCTb. 2 2 6
5 CBOOOIHBIN AIIEKTPOHHBINA Ta3. DHEPrus ) ) 6
Depmu.




6 30HHBIN XapaKTep CIEKTpa JIEKTPOHOB B ) ) 6
TBepabIX Tenax. [loBepxuocts depmu.

7 Kunernka a1ekTpoOHOB B METaIaxX. 2 2 6

] [lonynpoBogHUKH.  DNEKTPOHHBIE | ) 5 6
JBIPOYHBIE BO30OYKICHUSI.

9 Kuneruka HocuTenel 3apsifa u cBOMCTBa ) ’ ]
MOJTYTIPOBOJHHUKOB.

10 |CBepxTekydecTs ¥ CBEPXIPOBOIUMOCTb. 2 2 8

1 CgoiicTBa CBEPXIPOBOAHHUKOB. 4 4 3
DHepreTuyeckas IIelb.

12 |HuzkopasmepHble CHCTEMBI. 2 2 6

13 |Marnerusm Bemects. CraTuka. 2 2 6

WHaMMKa ~ MartetukoB.  CIMHOBBIE

14 A 2 2 6
BOJIHBI.

Hroro yacos 30 30 90

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 6 (Becennuit)
1. Kpucramindeckasi CTpyKTypa TBEpIBIX TEJ.

TpaHCIsIIMOHHAS CHUMMETpPHsI KPHCTAJUIOB, pelieTka bpapa, sjeMeHTapHas U MPUMHUTHBHAS SUCHKH,
0azuc. PeHTreHOBCKHME W HEWTPOHHBIE METOIbl HCCICIOBAHHSA KPHCTALUIMYECKHX CTPYKTYD,
nudpakuus bparra—Bynbda, oOpaTHas pemeTka, 30Ha bpuimtosna.

2. Tunsl cBA3€#l B KpUCTaLIAX.

Tumbl cBA3ell B KpUCTaJUIaX: KyJIOHOBCKas (MOHHBIE KPUCTAJUIbI), KOBAJECHTHAsl CBsI3b (aTOMHBIC
KpPHCTAJIJIbI), BaH-/IE€P-BaalbCOBCKAst (MOJICKYJISIPHBIE KPUCTA/UIbI), METaJuIMdecKas (MeTaJulbl).
DOHeprus oTTankuBaHus, noreHuuan Jleanapaa—/xonca. JleeKTbl KpUCTAITNIECKON PEIIETKH.

3. Konebanwus kpuctammmaeckux pemerok. GoHOHEL.

lapmonnueckre KomeOaHWS OJHOMEPHOM pEMIETKH OAWHAKOBBIX arOMOB M PEIIETKH U3
YepeayIOIIUXCsl aTOMOB JIByX COpPTOB. Anamabatudeckoe MNpuOIMKEHHE. 3aKOHBI ANCIEPCHH,
KBa3UHMMITYJIbC, aKyCTHUYECKHE M ONTHYECKHE MOl KojeOaHWil aToMoB B Kpucramwax. llepexox k
HOpMaJbHBIM MosiaM. POHOHBI KaK KBa3WYaCTHIIbl, aHATIOTUS ¢ (POTOHAMHU.

4. PermerouyHast TEINIOEMKOCTb.

Bo30yxeHHble coCTOSIHUSI KpucTaia. Pemerounass TeroeMkoctTh. 3akoH Jromonra u [lTH.
JebaeBckoe mpubIMKeHUe Il aKyCTHYECKON BETBH KojieOaHuil TBepIoro Teia, TeMieparypa ledas.
Monens DHUHINTEHA AJ1 ONMMCAHUS ONTHYECKUX BeTBeW KojeOaHWil TBepnoro Tena. Pemerounas
TEILIONPOBOAHOCTS, IIPOLECCHI Iepedpoca.

5. CBoOOIHBIN 3NEKTPOHHBIH ra3. DHeprus Oepmu.

Mopaenbs cBOOOAHBIX 3JIEKTPOHOB. XapakTep paclpelesieHUs] 3JICKTPOHOB IO SHEPrHH IIPH HYyJe
TEeMIIepaTyp, HaJU4Yhe MakcuMalibHOM sHepruu (3Heprust Pepmu). DHEpreTHUECKOe paclperieseHne
3JIEKTPOHOB TPU HEHYNIEBOW TeMiepaTtype (pacmpenesnenue depmu). XUMIOTEHINAN, TEMIEpaTypa
BBIpOKIeHUA. [110THOCTh cocTostHMT Ha moBepXxHOCTH Depmu. DNEeKTpoHHAas TEIIOEMKOCTh U €e
TeMIlepaTypHas 3aBUCUMOCTb, COOTHOIIIEHUE C PEIIETOYHOMN TEINIOEMKOCTBIO.




6. 30HHBII XapakTep CIEKTpa IMEKTPOHOB B TBepAbIX Tenax. [loBepxnocts Oepmu.

duznyeckas NMpUYNHA MOABIEHUS 30H pa3pelIeHHBIX U 3alpelIeHHbIX 3HAaY€HUW dHEPTUU, MOJAETHU
cmaboit m cunpHOU cBsizu. Teopema bnoxa. Pacuer 3akoHa gucnepcuy B MOIEIH CHIIBHOHM CBS3U.
dotoHHBIE KpUCTAIUTBL. KauyecTBeHHOE OOBSICHEHHE Pa3iMuusi B JIEKTPONPOBOIHOCTU HU30JIATOPOB,
MOJTyIIPOBOJHUKOB M MeTauioB. OOBSCHEHWE CIUIONIHOTO CIIEKTpa W3IyYEeHUS TBEPABIX Tell
[MonsTre 0 GepMU-KUAKOCTH, DIEKTPOHBI M JILIPKU KaK KBa3UIaCTHIIBL.

7. KuneTuka 351eKTpOHOB B MeTaJljax.

DJNEeKTPONIPOBOJHOCTh  KJIACCHYECKOro  rasa  Hocurenedt B momenu  [pyne—Jlopenna.
DNeKTPONpPOBOAHOCT,  MeTayua.  Pomep  anuHBI  cBOOOgHOTrO  mpobera.  DiIeKTpOHHAs
TEIJIONPOBOAHOCTh. KadecTBEHHOE pa3nnyue MEXaHU3MOB pENAKCAllMd DSHEPIUM W HMITyJbCa
JIIEKTPOHOB B IMPOLECCAaX TEIUIO- M AIEKTPOIPOBONHOCTH, 3akoH Buuemana—®panua. IIpaBuio
MarTrcena Ais 9JI€KTPOHOB MPOBOAMMOCTH B MeTajulax. TeMIeparypHas 3aBHCHMOCTBH pacCesHUs
AIIEKTPOHOB Ha (JOHOHAX M MIPUMECSX H APYT Ha Apyre. 3akoH broxa—IproHaiizeHa.

8. [TomynpoBOIHUKH. DIIEKTPOHHBIE U ABIPOYHbIE BO30YKICHNUS.

DJIeKTPOHHBIE U JBIPOYHbIE BO30YKICHUS B MOJIYINPOBOIHHUKAX, 3aps IbIpoK. DddeKkTuBHas macca
HOCHTENeH  3apsima.  YClIoBHE — 3neKTpo-HeTpasbHOCTH.  COOCTBEHHbIE W HIPUMECHBIE
IOJIyIIPOBOJHHUKY, IOHOPHBIE M aKLENTOPHbIE YPOBHM, OLIEHKA SHEPrMM MEJIKMX I[PUMECHBIX
ypoBHeW. TeMrieparypHas 3aBUCUMOCTb MOJIOKEHUS ypOBHS DepMU B OTYyIPOBOJHUKAX.

9. Kuneruka HOocUTeNneH 3apsia U CBOMCTBA MOIYIPOBOJHUKOB.

3aBHCHMOCTh KOHLIGHTPALUH IPOBOSIIMX 3JIEKTPOHOB OT TEMIeEpaTypbl. DJIEKTPONPOBOIHOCTD
noTynpoBOogHUKOB. [loaBmkHOCTS HOCUTeNel. TemmeparypHas 3aBUCHMOCTb BPEMEHH pellaKkCaluu
3NeKTpoHOB. KOHTaKkTHBIE SBIICHUS B MOJYNPOBOAHMKAX. PaBEeHCTBO XWMIOTEHIMAJIOB IpPU
paBHOBeCHHU. (p—N)-TIepexof BO BHEIIHEM OHJIEKTPHUYECKOM THoie. Brimpsmusiomue cBoiicTBa
(p—n)-miepexona.

10. CBepxTeKyuecTb ¥ CBEPXIPOBOAUMOCTD.

CaepxrekydecTb. KBaHTOBbIC BO30OYKICHHS B CBEPXTEKY4YeW JKHIKOCTH, 3aKOH JIUCIIEPCHUHU.
Kputepuit cepxrekyuectn Jlanmay. KauecTBeHHOE OOBSCHEHHE OTCYTCTBHS BS3KOCTH B
CBEpPXTEKy4eM Tejud. SIBJICHUE CBEPXIPOBOIUMOCTH, OTIMYHE CBEPXIPOBOJHHKA OT HICAIBLHOIO
MeTanna, 3¢dekt MeliccHepa, JOHIOHOBCKas TIIyOMHA NPOHMKHOBEHUS. PoNb KpHCTAIMYECKOM
pelIeTKH B SIBJICHHUH  CBEPXIPOBOIUMOCTH, H30TOM-3P(dEeKT, KymepoBCKOe CIapHBaHHE.
KauecTBeHHOE T107100M€ SBJICHUN CBEPXTEKYUCCTH M CBEPXITPOBOAMMOCTH KaK KBAHTOBOTO SIBJICHUS B
cucreme 0030HOB.

11. CBoiicTBa CBEpXIPOBOJHUKOB. DHEPreTUYECKas IIeIb.

JllnHa KOTEPEHTHOCTH, HYJICBOM MMIIYJAbC Mapbl, S-CHApUBaHUE JJIEKTPOHOB. CBA3b JIMHBI
KOTEPEHTHOCTH C BEJIMYMHOW CBepXmpoBozsmiei miend. Benuumna menun B Teopun bBKIIL
Kputnueckoe marautnoe none. Kputnueckuid Tok, npaBuino CuiibcOu. KBaHTOBaHME MarHUTHOTO
noroka. CeepxnpooaHuku I u Il pona, NoHATHE O BUXPSIX MarHUTHOIO IIOTOKA, BUXPEBasi peIleTKa,
NUHHUHTL. [lepBoe W BTOpOE KpPUTHYECKHE MO, OLEHKM WX BEIWMYHMH. BhICOKOTEMIIepaTypHbIE
CBepXIpoBOAHUKH. OOMacTH MNPaKTHYECKOTO MCHONB30BaHUS W MEPCHEKTUBBI NPUMEHEHUS
CBEPXIIPOBOANMOCTH.

12. Huzkopa3MepHbIE CUCTEMBI.



D¢ dexr Aaponoa—boma. HuskopazmepHble CTPYKTyphl, IIOHSATHE O KBAHTOBBIX SIMaX, IPOBOJIOKAX U
TOYKAX. JIByXMepHBIii Xapakrep JIBHDKCHUS ANIEKTPOHOB B CTPYKTYpax
MeTan—okucen—nonynpoBogauk (MOII-ctpykrypa). KsantoBanme Jlannmay. Oddexr Xomna B
MOJYIIPOBOJTHUKAX, XOJUTOBCKOE YIEIbHOE CONPOTHBIICHHE (TTocTostHHAs Xoiia). KBaHTOBEIH d(dekT
XoJna, KBaHTOBBII 3TaJIOH COITPOTHUBIICHHUS.

13. Margerusm Bemiects. CTaTuka.

MarneTu3m BemniecTB: aua-, mapa- u (eppomarnernku. Dopmyna JlamxkeBeHa—bpumosHa st
ONMCaHUs HaMarHW4uBaHus NapamarHeTukoB. [lapamarserusm llaynu m nuamarnetusm Jlannay.
KsantoBass mpuponma ¢deppomaranernsma. Mopenp [IelizenOepra st ommcaHuss OOMEHHOTO
B3aM-MOJEHCTBUS, HEPrusl annzorponuu. OqHononHas anuzotponus. Moxens M3unra.

14. Jlunamrka MarHeTHKOB. CIIMHOBBIEC BOJIHEI.

Teopust cpemHero monst AJid ONWCAaHWA MAarHUTHOTO yropsimodeHusd. 3akoH Kropu—Beticca.
Bo30yxnenust B cnuHOBOW cucteme (eppomarHeTu-koB. Kiaccuyeckoe W KBaHTOBOE OIMCAaHHE
CIIMHOBBIX BOJH. 3akoH 3/2 Biio-xa. Marnetu3m anekTpoHoB mpoBogumoctu. Kputepuit CroHepa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEIHLHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

* JlekunoHHas ayqUTOPHs, OCHAIIEHHAS MYJIBTHMEAUHHBIM ITPOSKTOPOM H IKPAHOM

* OOGopynoBaHue [yIsl JIEKIIMOHHBIX IEMOHCTpAINit

* Y4eOHbIC ayAUTOPHUHU, OCHAIEHHBIE TOCKOW

» JlocTyn k OMOIHOTEKaM y9eOHON TEXHUUYECKON TUTepaTyphl, B TOM YHUCIIE 3JI€KTPOHHBIM,
HEOOXOAMMBIN JIJISI OCYIECTBICHUS CAMOCTOSATEIILHON paboThl 00yYarOIIUXCS.

* [lomemenus, 000pyIOBaHHBIE [Tl TPOBEICHUS JIA0OPATOPHBIX PabOoT.

* Y4eOHO-1abopaTopHbIe YCTAaHOBKH JUTs M3y4eHus 3akoHa Kropu-Betica Bkitouaromue B ce0st
PE30HAHCHBIN TEHEPATOP ¢ BHEITHEH KaTyIIKOM B KOTOPOI pa3MeniaeTcs o0paserl raJoJuHus, TIeYb C
HarpeBaresieM, TepMonapa, 4acToToMep.

* VuebHO-naboparopubie ycranoBku st DIIP, Bkirouaromue B cebs: JIATP st mutanus
MOAYJISIIIMOHHBIX KaTyIIEK IEKTPOMArHuTa, BOJIBTMETP (2 mIT), BRICOKOUYACTOTHBIN TeHEepaTop,
4acToTOMeEp, ocmuIorpad, OJI0K MUTaHUS MOCTOSIHHBIX MIEKTPOMAarHUTOB, KOJIeOaTeIbHbIH KOHTYP B
KaTyIIKy HHIyKTHBHOCTH KOTOpOro nomeruaercst oopazen JDIII.

* YuebHO-1abopaTopHbIC YCTAHOBKH JIJISl ONPEACTICHHS IIMPUHBI 3aPEIIEHHON 30HbBI
MOJYIIPOBOJTHUKOB COCTOSINAS U3 OJIOKA MUTaHUs, OCIHIUIOrpada, TepMOIaphl, BOJIBTMETPA,
U3MepUTeNs J0OPOTHOCTH, 1€Ub C PETYIUPYEMOI MOIIHOCTBIO HarpeBa

* Y4eOHO-1ab0paToOpHbIe YCTAaHOBKH JUIS ONIPEACICHUs (POTONPOBOAMMOCTH ITOTYTTPOBOIHUKOB
BKJIIOYAIOIIHE B ce0sl MOHOXPOMATOpP, HEOHOBYIO JIAMITY, JIaMITy HaKaJIMBAaHHS U U3BECTHBIM CIIEKTPOM
m3nmydenus, horosnementa Ha ocHoBe CdSe u CdS, BonsT™MeTp, OJIOK MUTAHUS.

* Y4eOHO-1a00paTOpHbIE YCTAHOBKH [UIS ONIPEAEICHUS] KOHTAKTHOM Pa3HOCTHU MOTEHIMAIOM
COCOATIIME U3: ocumnIorpada, reaeparopa MpsIMOyTOJIbHBIX HMITYJIECOB, H3MEPUTEIHHOTO MOCTHKA
VHHCTOHA, ANO0AA, TEKTPOIEUH, TEPMOTIAPEI

* Y4eOHO-1abopaTopHbIe padOThI 110 U3YYECHUIO TYHHEIFHOTO MO COCTOSIINE U3 OCIMILIOrpasia,
0110Ka MUTaHUs, CTHEAA C COOPaHHBIMM PA3IMYHBIMU CXeMaMH BKIIIOUCHHUS TYHHEJIBHOTO JHOJA.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa
1. KBanToBast MUKpO- 1 Makpodusuka [Tekcr] : yaebd. mocobue st By3oB / 0. M. [unentok .— M. :
®duszmarknura, 2006 .— 640 c.
2. KBanToBast m3nka KOHJAEHCUPOBaHHBIX cucTeM [ Tekcr] : yuel. mocobue /it By3oB / H. A.
Kupnuenko ; M-Bo o6pazoBanuust u Hayku PD, Mock. ¢us.-texH. un-t (roc. yu-T .— M. : MOTH,
2012 .— 200 c.
3. OcHOBHI (pU3HKK KOHJICHCHPOBAaHHOTO cocTosiHus [Teker] : [yue6. mocobue ans By3os] / FO. B.
ITerpoB .— [onronpynnstii : UaTennekrt, 2013 .— 216 c.



4. COopHuk 3aaa4 1o oduiemy Kypcy ¢usuku [Teker] : B 3 u. U. 3 : AromHas u siaepHas Gusuka : yued.
nocobwue Jist By30B / mox pea. B. A. OBunHkHHA .— 2-€ U3J1., ucrp. u gon. — M. : ®uzmarkaura, 2009
—512¢

5. JJaboparopHslii npakTUKyM 10 obmeit ¢pusuke [Teker] : B 3 1. T. 3 : KBanToBas ¢usuka : yueb.
nocobwue st By3oB / @. @. Uromwn, FO. A. Camapckuid, FO. M. [unentok ; nox pen. 0. M.
Hunenroka ; Mock. ¢u3.-TexH. UH-T (TOC. YH-T) .— 2-€ U34., uctp. u gon. — M. : ®uzmarkaura, 2005
—432c.

6. Kanmamuukos H.IT., CmonabipeB M.A./OcHOBBI Qu3nku B 2-x ToMax M.-JlaGoparopust 3uanuii, 2017

JlononHuTenbHAs TUTEpaTypa
1. Beenenue B pusuky tBepaoro tena [Tekcr] : yueObHuk /it By3oB / U. Kurrens ; mep. mop pen. A. A.
I'yceBa .— 2-e u3z., crepeorun. / nepened. ¢ u3a. 1978 r. — M. : Meaua Crap, 2006 .— 792 c.
2. Jlexkumu 1o obmieit ¢pusnke. Crpoenue Bemectsa [ Teker] : yue6. mocoome aist By3oB. U. 1/ A. J1.
I'magyn ; M-Bo oOpasoBanus u Hayku Poc. denepaunn, Mock. ¢us.-TexH. uH-T (roc. yHT .— M. :
H3zn-o MOTU, 2007 .— 128 c.
3. BBeznieHre B KBaHTOBYIO (DM3UKY cucTeM MHOTUX yacTull [ Tekcr] : yueb. mocobue ais By30B / A. A.
UBanoB ; M-Bo oOpazoBanus u Hayku Poc. @eneparinu, Mock. (pu3.-TexH. UH-T (Toc. YH-T) .— 2-€ U3/l.,
nepepad. u gorn. — M. : Uzg-so MOTH, 2007 .— 163 c.
4. OcHoBol pusuku [Teker] : Kype obmieii ¢pusnkn : B 2 T. T. 2 : yueOHUK Ju1st By30B. KBaHTOBas 1
craructuueckas ¢usuka. Tepmonunamuka / B. E. benonyukun, J{. A. 3aukun, 0. M. [lunexiok ; nox
pen. FO. M. llunentoka .— 2-e u3a., ucnp. — M. : @uzmarauT, 2007 .— 608 c.
5. BBeznienune B kBaHTOBYIO (u3uKy [Tekct] : yued. mocobue ans By3oB / JI. JI. Tonpaun, . W.
HosukoBa .— M. : Hayka, 1988 .— 328 c.
6. OCHOBBI KBaHTOBOH (M3UKHU U cTpoeHHe BemiecTBa [Tekcr] : yue6. mocobue st By3oB / U. I1.
Kprinos ; M-Bo BoictI. u cpen. crien. oopazosanusi PCOCP , Mock. pusuko-texH. uH-T (Troc. yH-T) .—
M. : MOTH, 1989 .— 184 c.
7. O6uwit kype ¢puzuku [Texer] : B 5 1. T. 5 : AroMHas u saepHas pu3uka : yued. mocodue /st By30B /
. B. CuByxun .— 2-e u3n., crepeorurt. — M : @msmariur : MDTHU, 2002, 2006,2008 .— 784 c.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1. http://lib.mipt.ru/catalogue/1412/?7t=750 — anekrponnas oudnrnoreka MOTH, paznen «Obmas
¢duznkar»
2. http://mipt.ru/education/chair/physics/S_6/ -- Marepuaisl o Kypcy KBaHTOBOM Makpo(pH3UKH

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nek1inoHHBIX 3aHATUSX UCIIONb3YIOTCS MYIBTUMEIUIHBIE TEXHOJIOTUH, BKIIIOYasl JEMOHCTPALIUIO
Npe3eHTALUN.

Jluteparypa, pekoMeHIyeMas K Kypcy, JOCTYIHA B 3JICKTPOHHOM BHJE (CM. II. [ 1] mepevHs pecypcoB
WH(POPMALIMOHHO-TEICKOMMYHHUKAIMOHHOH ceTu "MHTepHeT", He0OXOAUMBIX /711 OCBOCHHS
JHUCIUIIINHBI (MOJYJIs1)), TAK YTO CTYACHTHI MOTYT YATAaTh Y4EOHUKH MPSMO CO CBOMX IIIAHIIETOB.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

Crynent, m3yqaronmii Kypc «OCHOBBI coBpeMeHHOW Qu3nku: KBaHTOBass Makpo(u3nKay, TOKEH He
TOJIBKO U3Y4YHUTh 001IMe (PU3NIECKUE 3aKOHBI M ITOHSTHS, HO HAYYUTHCS IPUMEHSTh UX Ha IPAKTUKE.

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paOboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa Haja TEMOHU.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMN JINTEPATYPBI,

— TpopaboTKy ydeOHOro marepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW JHUTeparype),
MIOATOTOBKY OTBETOB Ha BOIIPOCHI, IIPETHA3HAYECHHBIX JUIS CAMOCTOSTEIBHOTO H3yUeHHS;

— pCHICHUC 3a/iaY, IMpcyIaraCMbIX CTyACHTAM Ha JICKIUAX U MPAKTUYCCKUX 3aHATUAX,



— MOJTOTOBKY K MPAaKTHYECKUM 3aHATHSAM, KOHTPOJIBHOM paboTe, crade 3aaHuil, IK3aMeHy.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHIUBUAYaIbHBIX KOHCYIBTAllUN.

[Mokazarenem BiaJeHUs MaTepUANIOM CIYXHUT yMEHHWE pemiath 3aaadd. J{ias GopMupoBaHUS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha MPAKTUKE CTYIACHTY HEOOXOIMMO pellaTh KaK MOXKHO OOJIbIIIe
3afau. [Ipu penrenun 3a1a4 Kaxaoe IeHCTBIE HEOOXOAUMO apTyMEHTUPOBATh, CChUTASCH HA H3BECTHBIC
TEOPETUYECKHUE CBEACHMS U NIPOBOIUTH BCE HEOOXOAMMBIE BBIYUCIICHHUS, JOBOMS 33]1ady /0 KOHEYHOTO
oTBeTa. 3ajada CUMTAeTCs PEIIEHHOH, €CIM OHAa COACPKUT OOOCHOBAaHHOE pEICHWE: CCHUIKH Ha
MpUMEHseMbIe PU3NIECKUE 3aKOHBI 1 KOPPEKTHBIE BHIKJIAIKH, a TAKXKE TMPaBUIILHBIA YACICHHBIA OTBET
(ecnu B 3amade eCTh YUCIOBBIC JaHHEIC).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa obueit pusnku

KYpC: 3

kBaTuuKkanus: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 6 (BeCeHHUN) - DK3aMeH

PaspaGorunkm:

A.W. Mopo3os, 1-p ¢u3.-Mart. Hayk, Ipodeccop
HO.M. Hunenrok, n-p ¢pu3z.-mMar. Hayk, mpodeccop
A.O. PaeBckuid, kauJl. pu3.-Mar. HAyK, TOIIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

OIIK-1 CrocobeH npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CniocobeH aHanmM3upoBarh MOCTABICHHYIO 3aady,
HaMeuarTb IIyTH €€ PEeLeHUs

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUIECCKHUE
(aHATMTHYECKHUE ¥ IMUTAIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM M TEOPUSIMH COBPEMEHHOM (pU3HKH

IIOHATHUAMMU,

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUM I PELLICHHS 3a/1a4 B
M30paHHON peAMETHOMH 00IacTH

[IK-3.1 3naer npuHOMIIBI PabOTHl M JHana3oHbl paboumx
apaMeTpoB MCIOIb3YEMOT0 HayYHOTO 000pyI0BaHUS

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare nzyueHus AuCIMIUIMHBI « OCHOBBI COBPEMEHHON (QU3UKM» 00YUarOUIMNACS TOTKEH:

3HATh:
O (dyHIaMeHTalbHbIE 3aKOHBl M TOHATHS KBAaHTOBOM MAakpo(U3MKH, a TaKkKe TPAHUIBI HX
MIPUMEHUMOCTH:
O OCHOBHBIE METOZ]a OIUCAHUs KPUCTAUIMYECKUX CTPYKTYp, IOHATUSA IPUMHUTUBHOW MU

JIIEMEHTApHON s4eek, sdeiika BurHepa-3eiiTua, moOHATHS 0OOpaTHOM

bpwirosHa.

pPEmIETKM W TEpPBOM 30HBI

[l OCHOBHBIE 3KCIIEPUMEHTAIBHBIE METOJBI ONPENEICHHUS NapaMeTPOB KPUCTATUINYECKUX CTPYKTYp:
PEHTTEHOBCKHE M HEUTPOHHBIE METO/IBI HCCleIoBaHus, mudpakius bparra-Bynbda.

O CrocoObl
npeacTapieHne o GOHOHAX.

OIIMCaHusA KOJIJICKTHBHBIX B036y)K):[€HI/Iﬁ KpHCTaJ’IJ’IH‘IeCKOﬁ pCH_IéTKI/I,

HUMCTb

[J  Meron omnucaHHs MOBEAECHHA MIEKTPOHOB B TBEPIBIX TEJAX: 30HHAs TEOpHUA, paclpeiciieHue
®depmu-/lupaka, MOJIENTb CUIILHOM U cl1abo# CBS3H.

I B

yMeThb:

0COOCHHOCTH CTPOECHHMS MTOJTYTIPOBOJHUKOB, a TAKXKE [MOBEACHHSI JIEKTPOHOB B MTOJYTIPOBOIHUKAX.
OCHOBHBIE TIOJIOKEHUS IEKTPOHHO-ABIPOYHON MPOBOAMMOCTH METAJUIOB U TOTYITPOBOAHUKOB.
HUMETH MPEJCTaBIEHUE O MPUMECHOI MPOBOIUMOCTHU B MOIYIPOBOAHUKAX

CBSI3b KOHTAKTHas pa3HOCTH MoTeHnuanoB u repmo IJC.

0a30Bble MOJEIIN ONMCAHUS ABJICHUN CBEPXTEKYUECTH U CBEPXIPOBOAUMOCTH

MIOJIO’KEHUSI KBAHTOBOTO OITMCAHUSI MATHUTHBIX CBOMCTB TBEPIBIX TEI



[J TpUMEHSTH N3yYeHHbIC 3aKOHBI KBAHTOBOM (DM3MKH JUI PELICHUS KOHKPETHBIX 3a]a4:

[J  yMeTbh MOJIb30BATLCS KiIacCU(UKAIMEH THIIOB KPUCTANIMIeCKUX perméTok bpase.

[J TOpuUMEHSTHb 3aKOHBI JUCTIepCHU (POHOHOB JUIsl pacu€Ta TEIUIOEMKOCTH KPUCTAIIIOB B MKax MOJEIN
Jlebas u DHHIITEHHA.

[J BBIYMCIATH 3aKOH TUCIIEPCHH IS DJICKTPOHOB U IBIPOK B paMKax cJIa00i U CUIIBHOH CBS3H

[l ompenemnsTh YpOBEHb dHEPruH (epMH B METa/ulaX U MOIYHPOBOIHHKAX OTHOCHUTEIBHO Kpasi 30HbI
MIPOBOAMMOCTH

[J ompenensaTs BUJ TEMIIEpaTypHON 3aBUCUMOCTH 3JIEKTPOIPOBOIHOCTH IIOIYIIPOBOJHUKOB

[J BBIYMCIATH BHJ BOJIBTAMIIEPHON XapaKTEPUCTUKU P-N IIEpexoaa

O aHAJIM3MPOBaTh (hU3MYECKHE 3a7aud, BBIJEIAS CYIIECTBEHHBIE M HECYIIECTBEHHBIC ACIIEKTHI
SIBIICHHSA, M HAa OCHOBE MPOBEAEHHOIO AHAIN3a CTPOWUTH YHPOIIEHHBIE TEOPETHUECKHE MOIAEITH
(UBNYECKUX SBICHUI;

O NPUMEHATh pa3IUYHBIE MATEMaTHYECKUE WHCTPYMEHTBI pEIIEHUs 3adad HCXOnd U3
c(OpPMYIHPOBAHHBIX (U3NUECKUX 3aKOHOB, M IPOBOJUTH HEOOXOINMbIE aHATUTHUYECKUE U YHUCIICHHbIE
pacy€Thl.

BJIaJeTh:
[l OCHOBHBIMH METOJaMH PEIICHHS 337a4 KBAHTOBOM MaKpO(PHU3UKH;
O OCHOBHBIMH MaTEMaTHYECKMMHM HWHCTPYMEHTAMHM, XapaKTepHbIMH JUIs 3aJad KBaHTOBOM
Makpo(U3HUKH.

3. IlepeyeHb THNOBLIX (IIPMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0



3. [lepedyeHb THMOBBIX KOHTPOJIbHBIX 3aJaHUi, HCMOJIb3yeMbIX VIS OLlEHKH 3HAHUIi, yMe-
HUM, HABBIKOB

CHOUCOK dDK3aMEHAILIMOHHBIX OUJIETOB

1. Kpucramnuueckue CTpyKTypbl TBEPABIX T€J, TPAHCIALUOHHASI CHMMETPUS

KpHUCTaJJIOB, peuieTka bpasa, aieMeHTapHas U NPUMHUTHUBHAS sSUYEHKHU (Ha Ipumepe

'K pemmerkn), 6a3uc.

2. PeHTreHOBCKUE U HEUTPOHHBIE METO/IbI UCCIIEOBAHUS KPUCTAIIMUECKUX CTPYKTYP,
mudpakuus Bynsga-bparra, ooparnas pemerka, 3oHa bpustosHa.

3. Tumnsl cBA3el B KpUcTaIax: KyJOHOBCKasl (MOHHbIE KPUCTAJLIbI), KOBAaJEHTHAs

(oOMeHHOE B3auMOJIECTBHE), BaH-/I€P-BaAIbCOBCKAs (MOJIEKYISIPHBIE KPUCTAJLIBI),
MeTaJlJIN4ecKast.

4. KonebaHuss MOHOATOMHOH IIETIOYKH, IIOHSATUE O KBa3UUMIYJbce. JIUCKPETHOCTh
KBa3UUMITyJIbCa KaK CJIECTBUE IIEPUOAUYECKUX TPAHUYHBIX YCIOBHH.

5. Konebanus 1ByXaTOMHOMW IETIOYKH, aKyCTHYECKasi U ONTHYECKasi BETBU KOJICOAHUH.

6. HopmanbHble Kose0aHusl peleTKy, MOHATHE 0 poHOHAX. DOHOHBI KaK KBa3UYACTHIIbI.

7. PerierouHas TemnoeMKocTb. Moaens DiiHIITEHA

8. Pemerounas reroemkocts. Moaens Jlebas, Temmneparypa [ebas.

9. PemierouHas TEIIIOEMKOCTh IBYMEPHON U OJJTHOMEPHOU PEIIETOK.

10. Pemeroynas TemIonpoBOAHOCTb IPU BBICOKUX Temreparypax. IIpoueccs nepedpoca.

11. PemreTo4yHast TEMIONPOBOAHOCTH (H)OHOHHOTO ra3a MNPy HU3KUX TeMIIepaTypax.

12. Mogenb cBOOOAHBIX 3JIeKTpOHOB. MMmyibe, ckopocTh U 3Heprus depmu,

TEMIEPATypa BbIPOXKICHUS.

13. Pacnpenenenue ®epmu-/lupaka, XUMIIOTEHITAA.

14. Bxnajz 351eKTPOHOB B TEIUIOEMKOCTh METAJUIOB, TEMIIEpATypHasi 3aBUCUMOCTb,

COOTHOILLIEHUE C PEIIETOYHOM TEIJIOEMKOCTBIO.

15. ®uznueckas npuyrHa MOSABICHUS 30H Pa3peliEHHBIX U 3alPEIEHHBIX 3HAUEHUN

SHEPIUu, MOJIEIH C1a00l M CUiIbHOM cBsA3H. [IpOBOJHUKY, H30JIATOPHI, U OTYIPOBOIHUKH.

16. IonsTHE O PEPMHU-KUAKOCTH, HIIEKTPOHBI M TBIPKH KaK KBA3UIACTHUIIHI.

17. DnexrponpoBoaHocTs MeTamuioB. Popmyna pyne-Jlopenuna.

18. IlpaBuio Maruccena. TemnepaTypHasi 3aBUCHMOCTbD JIEKTPOIIPOBOJTHOCTH TIPH

BBICOKHMX TEMIIEpaTypax.

19. DeKTPONPOBOHOCTH METAJIIOB NP HU3KHUX TeMrepaTypax. 3akoH bioxa-I'pronaiizena.

20. DnexTpoHHAs TEeIJIONPOBOIHOCTh. 3akoH Bunemana-dpanua.

21. DnexTpoH-IBIpOYHBIE BO3OYKICH M B COOCTBEHHOM IONYNpPOBOIHUKE. Pacmpenenenue
3JIEKTPOHOB M JIBIPOK B 30HE MPOBOJMMOCTH M B BaJeHTHOW 30He. IlonsaTHe 00 >dexTuBHOM
Macce B 3aKOHE AUCIIEPCHH.

22. 3aBUCUMOCTh KOHLIEHTPAIMH JIEKTPOHOB U JIBIPOK B HEBBIPOXKIEHHOM COOCTBEHHOM MOIY-
IPOBOAHMKE OT Temneparypsl . Ctatdakropsl 30H. [lonoxenue ypous depmu (XUMIIOTEHIINA-
Ja) B COOCTBEHHOM TOJIYIIPOBOIHUKE.

23. JloHOpHBIE B aKIIENTOPHBIE TPUMECH B MOYITPOBOAHNKAX. OIEHKAa SHEPTHHA MEIIKOTO
JIOHOPHOT'O YPOBHH.

24. TemmepaTypHasi 3aBUCUMOCTh KOHIIEHTPAIIMH HOCUTEJIEH B MPHUMECHBIX ITOJYIIPOBOIHUKAX U
IIPABHIIO «pblYaray.

25. DIEeKTPONPOBOAHOCTh COOCTBEHHBIX TIOJTYIPOBOTHIKOB.

26. DIEKTPONPOBOAHOCTh MPUMECHBIX MOTYIPOBOAHUKOB. Pabouast 001acTs.

27. PactipesienieHue 3apsiioB B (p-N)-niepexo/ie, BOSHUKHOBEHHE MOTCHIIUATLHOTO
Oapbepa;(p-N)-nepexol BO BHEIIHEM 3JEKTPHYECKOM TOJI€ M €ro BOJbT-aMIIEpHas XapaKTepu-
CTHKA.

28. CepxTekyuecTb. KBaHTOBBIE BO30YX/IEHUS B CBEPXTEKYUEH KUAKOCTH, 3aKOH



mucniepcun Jlannay. KadectBeHHOE 0OBSICHEHHME OTCYTCTBHSI BSI3KOCTH B CBEPXTEKYUeM TEJIHH,
KPUTHYECKAsE CKOPOCTb.

29. SIBneHne CBEPXIPOBOJUMOCTH, KPUTHUYECKAs TeMIiepaTypa, 3hdext MeiicHepa,
JIOHJOHOBCKas INTyOMHA IPOHUKHOBEHUS.

30. TepMoMHAMHYECKOE KPUTUYECKOE MArHUTHOE TI0JI€, €r0 3aBUCUMOCTb OT TEMIIEPATYPHI.
31. Ponb kpuCTaIN4eCKO peETKH B SBICHUH CBEPXIPOBOIUMOCTH, U30TOM-3((DEKT,
KYIIEpOBCKOE criapuBaHue. VIMITynbC ¥ CIIMH KyIIEPOBCKOM Iapsbl AJIEKTPOHOB. JyIMHA
KOT'€pEHTHOCTH, €€ CBA3b C BEIMYMHON CBEPXIIPOBOASAILIECH ILEIH.

32. Kputrueckuil TOK B CBEpXITPOBOIHUKAX, CBSI3b €T0 BEIMYUHBI C KpuTepueM Jlanaay.

33. KBaHTOBaHME MarHUTHOI'O MIOTOKA B CBEPXIPOBOAHUKAX.

34. CeepxnpoBoguuku I pona u Il pona, BepxHee u HIbKHee KpuTudeckue nojs. [lonsrue

0 BUXPSAX MarHUTHOIO MOTOKA (BUXPsAX AOPHKOCOBa), BUXpEBas PELIETKA.

35. Db dexr Aaponosa-boma.

36. KBanroBanue Jlanaay sHepreTHyecKkoro CreKkTpa 3JIeKTPOHOB, 3all0JIHEHHE YPOBHEN B
JIBYMEPHOM 3JIEKTPOHHOM ra3e B MarHUTHOM I10JIE.

37. DddexT Xo1a B HOTYIPOBOJHUKAX, XOUIOBCKOE yJI€IbHOE CONPOTUBIIEHUE
(mocrosinaas Xoma). [TorsTHE O 1IeTOYNCIEHHOM KBaHTOBOM 3¢ ¢dexTe Xoiuia, KBaHTOBBIH 3Ta-
JIOH CONPOTHUBJICHUS.

38. [lna-, mapa-, peppomMarueTuku, aHTH(GEeppOMarHeTUKN U PeppUMarHeTHKH.

39. Teopus napamaraerusma bpuiosna.

40. ®eppomarnetusm. ['mmoresa monexyssipaoro moiist Beiicca, 3akon Kropu-Beiicca.
Mopnens [eitzenbepra.

41. CiuHOBBIC BOJIHBI. 3aKOH JUCTICPCUU CITMHOBBIX BOJH B )eppoMarHeTrke. MarHoHEI.
3axon 3/2 bnoxa.

42. BemecTBO MPH BHICOKHX JIABJICHUSX.

4. Kputepuu olleHNBAHUSA

[To pe3ynbTaTam pemeHus 3a1a4 MMCbMEHHOM YacTH K3aMeHa 3a KaXKAYI0 33/1a4y BBICTaBIISIETCS
oT 0 10 3 6aI0B COrIacHO CIEAYIOIIUM KPUTEPUIM:

3 6asuta: 3agaua perieHa MOJIHOCThIO BEPHO (T. €. IPUBEACHBI TPaBUIbHOE 00OCHOBAHHOE
pelIeHre W JaHbl OTBETHI HAa BCE BOMPOCH 3a/1aud). BO3MOXKHO HamMunMe MEIKHUX HEIOYETOB
(omMCKH, HECYILIECTBEHHbIE aprU(PMETHUECKHE OLTHOKHN).

2 Ganna: 3ajava penieHa, XoJ pelleHus 3a7aud B 11€JIOM BEPEH, HO €CTh CYIIECTBEHHbIE
HEeT0uETHI (OIMOKY B BBIKJIA/IKAX, a0CYp/HBIN OTBET U T.I1.).

1 6amn: 3agada He peleHa, HO BCE OCHOBHBIE (DM3MUYECKHE 3aKOHBI, HEOOXOAUMBIC IS
peleHust, ChOopMYIUPOBAHBI TPABUIIBHO.

0 GammoB: 3amaya He peIlleHa WJIM PElIeHa HeBEpHO (OCHOBHBIE 3aKOHBI 3allMCaHbI C
omnOKaMu, MO0 He MOJHOCTBIO, MOAXOJ K PELICHUIO 3aJaud NMPUHIMIIHAIBHO HEBEPEH MU
peleHue 3a1a9u He COOTBETCTBYET YCIIOBHIO).

[Tony4yeHHble 6ayIbl CYMMHUPYIOTCS U BBICTABIISIETCS OLIEHKA 32 MUCbMEHHYIO YacTh SK3aMeHa 110
CIEYIOLIEH cXemMe

Onenka bayner Cymma
0asoB

10 15
13-14
12

OTJINYHO

11
9-10
8

XOPpOLIO

g1l |N|o|©




4 6-7

YIIOBJIETBOPUTEILHO 3 5
HEY/I0BJIETBOPUTEIBHO 2 2-4
1 0-1

OreHka 3a MICHBMEHHYIO YacTh dK3aMeHa ONpe/esieT MAaKCHMaTbHYI0 UTOTOBYIO OIICHKY 32 JK-
3aMeH. B MCKIIFOUMTENBHBIX CITydasiX, €CIIM Ha YCTHOM 4acTH AK3aMeHa CTYACHT JEeMOHCTPHPYET
MIPEBOCXOHBIC TCOPETHUECKUE 3HAHUS U YPOBCHD MOHUMAHUS MIPEIMETa, UTOTOBAs OIEHKA MO-
JKeT OBITh MOBHIIICHA, HO He OoJee, ueM Ha 2 6auta (1o 10-0aybHOM 1IKae).

Ha YCTHOM 3K3aMCEHE IMPEnogaBaTeiib OUCHUBACT OTBET CTYACHTA B ILICJIOM U BBICTABJISICT OLICHKY
CorjiaCHO HpI/IBGI[éHHBIM HHWKC KPUTCPpHUAM U HU3JIOKCHHBIM BbIIIC 3aMCYHAHUAM KacCaTCJIbHO
MMMCHhMEHHOM YacTH YK3aMeHa:

Ouenka «otau4Ho (10)» BbICTaBIIETCSA CTYAEHTY, MOKA3aBIIEMY BCECTOPOHHUE CUCTEMATU3H-
pOBaHHbIE TTTyOOKHE 3HaHUS y4eOHOM MporpaMMel U 3a e€ MpesenaMu, a TaKkKe YMEHHUE yBepeH-
HO NPUMEHSATH UX Ha MPAKTUKE [IPU PEIICHUN CII0KHBIX HECTAaHAAPTHBIX 33/1a4.

OrueHka «oTan4Ho (9)» BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHUE CHCTEMATH3HPO-
BaHHbIE NTyOOKHE 3HaHUs y4eOHOM IPOrpaMMbl U YMEHUE YBEPEHHO IPUMEHATh MX Ha MIPAKTHUKE
IIPU PEIICHUN HECTAHIApPTHBIX 3aJ1a4.

Ouenka «oTJau4HO (8)» BBICTaBIIAETCA CTYAECHTY, [I0OKA3aBIIEMY BCECTOPOHHHUE CUCTEMAaTU3HUPO-
BaHHbIE NTyOOKHE 3HaHUs y4eOHOM TPOrpaMMbl U YMEHHUE YBEPEHHO IPUMEHSTh UX Ha MPAKTHKE
IIpU PELICHUH HECTaHJApPTHBIX 3a/a4, OJHAKO JIOIYCTUBIIEMY HEKOTOpPblE HETOUHOCTH IPU OT-
BETE.

Ormerka «xopomuio (7)» BBICTABISIETCS CTYACHTY, €CJIM OH MPOJAEMOHCTPHPOBAI TBEPIOE 3HAHUE
U YBEpPEHHOE NMOHMMAaHHE MaTepuasia ydeOHOM MporpaMMbl U yMEHHE CBOOOJAHO MPUMEHSTH (Hu-
3UYECKHE 3aKOHBI HA ITPAKTUKE IIPU PEIICHNHU TUIIOBBIX 3a/1a4.

Ouenka «xopouro (6)» BBICTABISICTCS] CTYICHTY, €CIIH OH HPOJEMOHCTPUPOBAN TBEPAOE 3HAHHE
MaTepuaia y4eOHON mporpaMMbl U YMEHUE MPUMEHSATh (PU3NYECKHE 3aKOHBI HA MPAKTUKE MPU
pELICHUH TUIIOBBIX 3a/]1a4.

Ornerka «xopouio (5)» BBICTAaBISIETCS CTYAEHTY, €CJIH OH MPOJIEMOHCTPUPOBAT TBEPIOE 3HAHUE
U MOHMMaHHe MaTepuana y4eOHOH MporpaMMbl U YMEHHE NPUMEHATh (PU3NYECKUE 3aKOHBI Ha
MPAaKTUKE TMPHU PEIICHUH TUIIOBBIX 3aj]ad, OJIHAKO JOMYCTHUJ MPH OTBETE Psi TPyObIX HETOUHO-
CTEN.

O1leHKa «yTOBJIETBOPUTENILHO (4)» BBICTABISETCS CTYICHTY, MOKa3aBlIeMy (hparMeHTapHbIH
XapakTep 3HaHUH, JOMYCKaBLIEMY HETOYHOCTH B ()OPMYIMPOBKE OCHOBHBIX 3aKOHOB U 0a30BbIX
MOHSITHUN, HO TIPU 3TOM MPOJIEMOHCTPUPOBABILIEMY CIIOCOOHOCTDH pelIaTh MPOCThIE 3a7auu U Bila-
JIeHHE OCHOBHBIMU pa3jieiaMy y4eOHOH mporpamMMbl, HEOOXOIUMBIMH IS JaibHeiero ooyye-
HUSL.

OueHka «ya0BJIeTBOPHTENbHO (3)» BBICTAaBISICTCS CTYICHTY, ITOKa3aBIIEMy CHIIBHO (parMeH-
TapHBIA XapakTep 3HaHUH, JOIMycKaBIIeMy I'pyOble OMMOKH B (POPMYIHPOBKE OCHOBHBIX 3aKO-
HOB M 0a30BBIX MOHSTHH, HO TIPU TOM IPOJEMOHCTPHUPOBABIIEMY CIIOCOOHOCTh PEIIaTh MPO-
CTBI€ 3a/1a4M U BIJIaJICHUE OCHOBHBIMM pa3jielaMy y4yeOHOW Mporpammbl, HEOOXOAMMBIMU ISt
JanbHENIero o0yueHusl.



O1icHKa «HEYA0BJETBOPUTEIbHO (2)» WU «HEyT0BJIeTBOPUTEabHO (1)» BhICTABISIETCS CTY-
ACHTY, KOTOpBII;'I HC 3HACT 3HAYUTCIIbHYIO 4aCThb OCHOBHOI'O COACPIKAHUA TPOTrpaMMbl, CUCTCMA-
THYECKH JIOMYCKAET rpyOble OMUOKU MpH (GOPMYITHPOBAHUN OCHOBHBIX (DM3HYECKUX 3aKOHOB
WK HE CITOCOOEH KOPPEKTHO MPUMEHATH (PU3NUECKUE 3aKOHBI JaKe JUIS PEIICHHS IPOCTHIX 3a-
.

5. MeToauyeckue MaTepuaJibl, onpeaesiiolue npoueaypbl oleHNBaHUA 3HAHUH, YMEHUId,
HABBIKOB M (MJIM) ONBITA JeSITeJILHOCTH

ITopsinok npoBeeHusi yCTHOIO IK3aMeHa.

DK3aMeH MPOXOIHT B TPAJAULMOHHON (popMe Gecepl MPernoaaBaTelis o CTYACHTOM 110 TeME JK-
3aMEHAIMOHHOT0 OuieTa. DK3aMEHAI[MOHHBIN OMIIET COAEPKUT JIBa IMYHKTA: «BOIPOC MO BHIOO-
pPY» U OJJMH BOIIPOC U3 MPOTPaMMBI Kypca.

«Bormpoc 1mo BbIOOPY» CTYIEHT TOTOBUT CaMOCTOSITENIbHO A0 SK3aMeHa. BriOop TeMmbl
OCYIIIECTBIISIETCSl IIPU KOHCYJIbTALMU IIpenoaBaTesis, BEAYLIEro ceMUHapcKkue 3aaanus. Bompo-
COM IO BBHIOOPY MOXKET OBITH 1) yriiyOiieHHOE M3JI0KEHHE OJHOIO U3 MyHKTOB MPOTpammbl, 2)
BOIIPOC WX 3a/1a4ya, HEMOCPEJCTBEHHO CBA3aHHbIE C TEMAaTUKOM Kypca, OJHAKO HE 3aTPOHYTHIE B
HEM, 3) M3JI0KEHHE U 3allUTa Pe3yabTaToB JabOPaTOpPHON paboOThI, MPOJEIAHHON CTYIEHTOM B
7a00paTOPHOM MPAKTUKyME B KauecTBE JOMOJIHHUTENbHON paboTel. Ha oTBeT mo «Bompocy 1o
BBIOOPY» CTYZIEHTY MpeaocTaBisiercs He 6osiee 10 MUHYT.

Ha moaroroBky k oTBeTy no ousnery cryaenty aaércs ot 30 qo 45 munyt. B Teuenue sk-
3aMeHa CTYICHTY HE pa3pelaeTcsi MoJIb30BaThCs BIYMCIUTEIBHON TEXHUKOM, INTEPATypOii, 3a-
paHee NOArOTOBJICHHBIMUA COOCTBEHHBIMH 3aIUCSMH U APYTUMH MaTepHaAIaMH, OTHOCSIIIIUMUCS K
peaIMeTy, KpoMe IK3aMEeHAIIMOHHOM MTPOrpaMMBbI Kypca.

B mporiecce oTBeTa Ha «BOIPOC IO BBIOOPY» pa3pemiaeTcs Mojb30BaThCs 3apaHee MoAro-
TOBJICHHBIM IUIAHOM OTBETa M 3apaHee MOIrOTOBJICHHBIMHU WJLTIOCTpanusamMu/rpadukamu, mpe-
CTaBJICHHBIMH B OyMa)XHOM BHjE, JIMOO Ha 3JCKTPOHHOM Hocutene (maHmeT/HoyToyk). Mc-
noJib3yeMble TpaduKHu WM WUTIOCTPALlMU HE JOJDKHBI COJEpKaTh yacTe TekcTa mokiana. Ha
MOJIFOTOBKY OTBETA Ha «BOMPOC 10 BbIOOPY» (IOBTOpEeHME) AaéTcsl HE Oosiee 5 MUHYT.

B mporecce oTBeta mo Ouiery 5K3aMeHATOP MOKET 3a/1aBaTh YTOYHSIOIIKE BOIPOCHI.
[Tocne oTBera mo OuETy 3K3aMEHATOp BIIpaBE 3a/1aBaTh CTYJAEHTY JIIOObIE JOMOJHUTEIbHBIE
BOIIPOCHI IO ITpOrpamMme Kypca.

B coBokynHOCTH ompoc 00ydaromierocs Ha YCTHOM SK3aMEHE HE JOJIKEH IMpEeBbIIIATh
JIBYX aCTPOHOMUYECKUX YACOB.



MUHUCTEPCTBO HAYKU U BBICIIETO OBPA3OBAHUA POCCUNCKON PEAEPAIIUUA
MOCKOBCKUN ®U3SUKO-TEXHUYECKUI I/IHCTI/ITYT(HAHI/IOHAHBHHﬂ I/ICCJ‘IEILOBATEIIBCKI/II"/I yHI/IBEPCI/ITET)

Jk3ameH 6 cemecTpa no kadeape obuieli Pusnkm
pasgen « OcHoBbI coBpeMeHHON hU3nKn>» 2018/2019 r.

BUJIET Ne 1

1. Bompoc 1o BBIGODY.

2. Kpucrannuieckue CTPYKTYPBI TBEPALIX TEJI, TPAHC/ISAIMOHHAS CUMMETPUs KPUCTAJLIOB, peréTka bpana,
9/IEMEHTAPHAsT U TPUMATHBHAs sideiiku (Ha npumepe I'IIK-pemérkn), 6azuc.

3. Bamada. X0OJUIOBCKHUH JATYUK JJIsi U3MEPEHUsI MATHUTHOI'O TI0JIsl H3TOTOBJIEH B BUJIe KyOUKa, OJBUXKHOCTD
nocureseil Toka pasna g = 0,5 m?/(B-c). Kakoe Hanpszkenme HaIo HPHIOXKHTH K IIPOTHBOIIOJIOAKHBIM
rpaHsiM KyOumKa, 9ToObI B MarHuTHOM mojie H = 1 D XOJIJI0BCKash pa3HOCTH MOTEHINAJIOB Obljaa paBHA

V=1wmB?

Saseytomuit Kadeapoii, mpodeccop A .B. Makcumbruen

MUHUCTEPCTBO HAYVKU U BBICIIETO OBPA3OBAHUA POCCHUNCKON PEAEPAIIUUA
MOCKOBCKUI ®U3UKO-TEXHUYECKUI I/IHCTI/ITYT(HAHI/IOHAHBHHﬂ I/ICCJ‘IEILOBATEIIBCKI/II"/I yHI/IBEPCI/ITET)

Jk3ameH 6 cemecTpa no Kadeape obuieli Pusnkm
pasgen « OcHoBbI coBpeMeHHON hU3nKN» 2018/2019 r.

BUJIET Ne 2

1. Bompoc 1o BBIGODY.

2. PenTtrenoBckue u HEUTPOHHBIE METOJLI WCCJIEIOBAHUS KPUCTAJJIMIECKUX CTPYKTYp, Audpakiius
Bynwda-bparra, obparnas permérka, 30ua bpuioana.

3. Bamada. OIEHUTb OTHOCUTE/BHBIN BKJIAJ SJIEKTPOHHOTO ra3a B OOIIYI0 TEIJIOEMKOCTh cepebpa IIpu KOM-
HaTHOI Temrieparype. Temmeparypa [lebast y cepebpa pasra © = 220 K, sueprust ®epmu e = 5,5 3B.

Sapeayronuit Kadeapoii, mpodeccop A.B. Makcumbrues

MUHUCTEPCTBO HAYVKU U BBICIIETO OBPA3OBAHUA POCCUNCKON PEAEPAIIUU
MOCKOBCKUN ®U3BUKO-TEXHUYECKUI I/IHCTI/ITYT(HAHI/IOHAHBHHI/"I I/ICCJ‘IE,ZLOBATEIIBCKI/II"/I yHI/IBEPCI/ITET)

Jk3ameH 6 cemecTpa no Kadpeape obuieli Pusnkm
pasgen « OcHoBbl coBpeMeHHON hU3nKN>» 2018/2019 r.

BUJIET Ne 3

1. Bompoc 1o BBIGODY.

2. Tunbl cBsA3ell B KpucTajiax: KyJIOHOBCKasi (ATOMHBbIE KPHUCTAJIbI), KOBaJeHTHast (OOMEHHOe B3anMO-
JieficTBre), BaH-JeP-BaabCOBCKasl (MOJIEKYJISIPHbIE KPUCTAJLIbI), MeTajumdeckas. [loreanuan Jlennapi-
J>koHca.

3. Bagaua. Uwmeercst nmaekrpudeckuit Kpucrajy ¢ temeparypoit ebas © = 300 K. Kak msmenurcs
€ro pereTovHast TeIJIONPOBOIHOCTD ipu yBejaudeHun temieparypol or 5 K mo 15 K? Cuurars, uro npu
YKa3aHHLIX TeMIIepaTypax JJnHa CBOOOIHOrO 1podera (bOHOHOB OrpaHUYeHa Pa3MEPaAMU KPUCTAJLIA.

Sapeayronuit Kadeapoii, mpodeccop A.B. Makcumbrues



