o JUCHMUIIJIMHE:
0 HANIPpaBJI€HHUIO:

degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JI0BY30BCKOIi MOATOTOBKE

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
OCHOBBI COBpeMEHHOH (PU3UKH
IIpuknagHbie MaTeMaTHKa U (pU3MKa

npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

Kypc:
KBaJIU(PUKALMSA:

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa oomeit Gu3nku

3

Oakanasp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 6 (BECCHHHI) - DK3aMEH

AynHuTOpHBIX 4acoB: 75 BCETO, B TOM YHCIIE:
nexuud: 30 yac.
ceMuHapsl: 45 vac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 75 4ac.

[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 180, Bcero 3au. en.: 4

KonuecTBo KOHTPOIBHBIX paboT, 3a1aHuil: 4

[Iporpammy coctaBuiu:

B.H. I'mazkoB, kanj. ¢us.-mar. Hayk

A.1O. Kynniend, kauj. (pu3.-Mart. HayK

A.O. PaeBckuid, kauJl. pu3.-Mar. HAyK, TOIIEHT
A.J1. KanamHukoB, KaHj. Gu3.-Mar. HayK
A.B. KyObimkuH, JI-p TexH. HayK, npodeccop

[Iporpamma obcyxneHa Ha 3aceanuu kKadeapsl oomein ¢pusuku 06.03.2020



AHHOTANMA

Kypc coBpemenHO# (pu3uKku sIBISIETCS 3aKIIIOYUTEILHBIM KypCOM B paMKax o0mero kypca ¢usuku. OcBoeHue
Marepuala 3TOro Kypca Mo3BOJSIET KBaJIM(HUIIMPOBAHO MPUCTYNATh K M3YUYCHHUIO COBPEMEHHBIX HAYUYHBIX W
MIPUKJIAHBIX 33/1ad (DU3UKU ¥ TEXHHUKH, a TAKXKE TEPEXOIUTh K U3yUYECHUIO KYPCOB TEOPETUIECKON (U3UKHU H
CHEIHAIN3UPOBAHHBIM KypcaM OKCIepUMEHTanbHOW Gu3ukd. Jlns ocBoeHHs] JAHHOW JIMCIUTUIMHBI
oOyuaromuiicss JoMkeH oOmanaTh B3HAHWSIMH W YMEHUSMH B paMKax KypcoB (DM3HMKH: MEXaHWKH,
TEPMOJIMHAMHKH, DIIEKTPOMATrHETH3Ma, ONTHKH W KBAaHTOBOW (U3WUKH, M KYpCOB BBICIICH MaTeMaTHUKH:
AHAIMTHYECKOW TEOMETPHH, JIMHCWHON anreOphl, MaTreMaTHYeCKOrO aHanu3a, JAu(QepeHIraIbHbIX
YpaBHEHHI, B TOM YHUCJI€ B YACTHBIX MMPOU3BOIHBIX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

OcBoeHue cryneHTamMHu Oa30BBIX 3HAHUH B 00JacTH KBaHTOBOW MaKpo(M3MKH Al JaIbHEHIIEro
U3Y4YECHUS COOTBETCTBYIOIIMX Ppa3/eloB TEOPETUYECKOM (M3MKM, a Takke yIIyOJIeHHOro W3y4YeHUs
($yHIaMEHTaIbHBIX OCHOB COBPEMEHHOW (DM3UKH.

33]13‘[1/[ JAUCHUIIINHBI

* (opmupoBanue y oOydaromuxcs 0a30BbIX 3HAHUN U TTOHATHH B 00JIACTH KBAHTOBOW MaKpO(DU3UKHU 1
(hM3MKH KOHJICHCHPOBAHHOTO COCTOSTHHUSL.

. ¢dopMupoBaHNE YMEHUH W HAaBBIKOB IIPUMEHATh H3YyYCHHbIC TEOPETHYECKHE 3aKOHBI |
MaTeMaTHYeCcKue HHCTPYMEHTHI JUI PELCHHS 3a1a4 KBAHTOBOW MakpOo(U3UKU

. dbopmupoBanre 00MEPU3NIECCKON KyIBTYphl: YMEHHs BBIIEISTH CYIIECTBEHHBbIC (QH3NUECKHE
SBJICHUS M TIpeHeOperath HeCYNIeCTBEHHBIMU; YMEHHS HPOBOIUTH OLEHKH (PU3MYECCKHX BEIHYMH;
YMEHHUS CTPOUTH NPOCTEHIINE TEOPETUUECKIE MOJIEIIH, OIIMCHIBAIOIINE (PU3MYECKHE ITPOLIECCHI.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, VYK-1.1 AnanusupyeT 3a1ady, BRI 3Tallbl €€ PelIeHus,
KPUTHYECKUH aHaJN3 U CUHTE3 HHPOpPMaK, |OCHCTBUSA MO PELICHUIO 3a1a4l

MPUMEHSATh CUCTEMHBIH MTOXOJ TS PELICHUS
MOCTAaBJICHHBIX 3a7a4

OIIK-1 CrocobeH npuMeHSTh OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3aady,
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B HaMeyJaTh MyTH €€ peIeHUs

oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON eI TeNbHOCTH

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH [IK-1.1  Bnageer  ¢yHAaMEHTAIbHBIMH  MOHATHUSIMH,
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI 3aKOHaMHM M TEOPUSIMH COBPEMEHHOH (PpHU3nKH

MPEeIMETHOM 001acTH) U (MJIN) TEOPETUICCKHUE
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
HCCIEI0OBaHUS

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:




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 KOHTAKTHAsl Pa3HOCTH MOTeHIMaN0B 1 TepMoIJIC.

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
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 Crpykrypa no KoJieOaHus ) 3 5
KPUCTAJUIMYECKUX PEIIETOK.
) Temnoémkocts TBEpHOro Ttena. Monenb ) 3 5
Jlebas.
3 DNeKTPOHHBIN (hepMu-Tas. 2 3 5
4 DJEKTPOHBI B KPHUCTAILIE. 2 3 5
5 KI/IHeTI/I‘IeCKI/'I'e u AIEKTPUUECKHUE ) 3 5
SIBJICHUS B TBEPABIX TEJIaX U METaJlIaX.
6 OOBEMHBIE TOTYTTPOBOTHUKH. 2 3 5




7 MCTE),HLI W3yYEHUS CIIEKTPOB KoeOaHHH ) 3 5
B TBEPIBIX TENAX.

8 DJNEeKTPOHBI B MATHUTHOM TIOJIE. 2 3 5

9 HuzkopasmepHsbie 3IIEKTPOHHBIE ) 3 5
CHCTEMBI.

10 HwuskopasmepHble CTPYKTypbl Ha OCHOBE ) 3 5
MOJTYTIPOBOJHHUKOB.

11 KsanToBeiii s ekt Xoma. 2 3 5

12 |CBepxreKyuecTb. 2 3 5

13 |DnekTponnHaMHKa CBEPXIPOBOAHUKOB. 2 3 5
DHepreTuvyecKue JuarpaMmbl TSt

14  |kBa3M4aCTUYHOIO TOKAa B KOHTaKTax 2 3 5
CBEPXIPOBOJHUKOB.

15 |Maruerusm . 2 3 5

Nroro yacos 30 45 75

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue AUCHUTLTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 6 (Becennuit)

1. CtpykTypa u KoseOaHus KPUCTAJUIMIECKUX PEUIETOK.

Kpucrann kak cucrema ¢ TpaHchasnuoHHOM cummerpueil. llpencraBnenne o pemérke bpase,
JNIEMEHTAapHON stueiike, cuMMeTpun Kpucramia. OOparHas pemérka, BEKTOp oOpaTHOW peméTKu.
Judpakuuss Ha KpucTaiie, CBA3b ycloBHS bparra ¢ BekTopoM oOpaTHOH pemérkdh. Ympyrue
KoJieOaHUsI B ILIETIOYKaX. DKBHUBAJICHTHOCTh BOJIH C BOJHOBBIMU BEKTOPaMH, OTIMYAIOIIUMUCS Ha
BekTop oOpatHoil pemérku. [lepsast 30Ha bpummosHa.

2. Tennoémkocth TBEpAOTO Tena. Monens Jlebast.

Konebanust pemeéTky, onNTHYecKHe W aKyCTHYECKHE MO[bI, IOJIOKEHHE 3BYKOBBIX KOJIeOaHUWH B
tononHoM criekrpe. Iloacuér momHoTO YMcna koieba Hu. Mojenb Jlebas u mMoziens DHHIITENHA.
Breruncnenne Ttemnoémkocth B moxenu [lebas, xapakrtepHas BelwuuMHa Temmeparypbl JleOas,
HU3KOTEMIIEpaTypHBbIN 3aKkoH T3.

3. DneKTpoHHBIN (epMu-ras.

[Mpunuun [laynu. Pacnpenenenne depmu. MneanbHbiil depmu-ras, sHeprusi U uMmiyiabc Depmu.
[TnoTHOCTE CcOCTOSIHUH. DHEPrusi M TEMIOEMKOCTh HJeallbHOTO (epmu ra3a. DJNEKTPOHHBIC U
IbIpouHble BO30YkneHusa. Ponbp B3ammopelcTBUs uyacTul B (pepmu-rase, CBA3b C IUIOTHOCTBIO
¢bepmu-raza. PaccmoTpenne neproainueckoro NoTeHIana B MOAEIH cl1aboii

CBSI3M, KaK MOJENb LIENOYHBIX MeTa/uioB. IlpnunHa oOpa3oBaHus 3ampemiéHHBIX 30H: AU(DPAKLIUA
Bynbsda—bperra snekrpoHoB Ha peméTke.

4. QHGKTpOHLI B KpUcCTaJljie.

[MpubnuxkeHne CUIBLHOW CBSI3U. 30HHAS CTPYKTypa, pa3peui€HHble W 3ampeliéHHbIC 30HBI, CBSI3b
3aMOJIHEHHA 30H ¢ NMpoBoAuMOCThIO0. IloBepxHOCTs Depmu A MEKTPOHOB B Kpuctamwie. ITonsaTue
3 PEKTUBHON MaCCHI.

5. Kunetnueckue u QJICKTPUUICCKUC SABJICHHUS B TBép,Z[BIX TCIax n METaJljiax.




HnuHa u BpeMsi cBoOogHOrO mpodera. GOHOHHAS M AIEKTPOHHAs TEIJIONPOBOAHOCTH. IIpomecch
nepebpoca B TPEXPOHOHHBIX Mpomeccax. 3aBUCHUMOCTb BKJIAJOB pPAa3IUYHBIX IIPOIECCOB B
TEIUIONPOBOAHOCTL OT Temmeparypel. KuHeTHueckoe ypaBHEHHE, T-NPUOIMKEHHE, MOJAEIb
Hpyne—Jlopenua, JIEKTPOIIPOBOJHOCTD. OJEeKTPOH-3JIEKTPOHHBIE, JNEKTPOH-(POHOHHbIE
CTOJIKHOBEHHsI W paccesiHue Ha mnpumecsx. [Ipasuno Martucena, 3akoH bioxa—Ipronaiizena.
ONeKTpOHHAas TEeIUIONpOBOAHOCTh. KaduecTBeHHOE pas3iuune MEXaHHW3MOB peJIaKCallud SHEPruHu U
HUMITYJIbCa 3JIEKTPOHOB B IPOLIECCax TEIUIO- U 3JIEKTPONPOBOAHOCTH, 3aKOH Buaemana—®panna.

6. OOBEMHBIE MTOTYTIPOBOIHUKH.

[IleneBoi crieKTp MOIYNPOBOAHUKOB. DJIEKTPOHHBIC U IBIPOYHBIE BO30Y)KIACHHS B MOTYIIPOBOJHHUKAX,
3apsa  AbIpoK. [IpuMecHble JOHOpHBIE W AKUENTOPHbIE YPOBHM B  cIa0O0JErMpPOBAHHBIX
MTOJTyIIPOBOJTHUKAX, OLIEHKA 3HEPIMM MEJNKUX MPHUMECHBIX ypoBHEH. llonoxeHne XMMIOTEHIIMANIA B
[OJIyIIPOBOJHHUKAX, IPaBUJIO pblyara. JIEKTPOIPOBOJHOCTH IOJIYNPOBOAHUKOB. TemmneparypHas
3aBHCUMOCTb BPEMEHU PENAKCAllU UMITYJIbCA JIEKTPOHOB. p—N MEPEXOI.

7. Metoapl N3y4eHHs CIEKTPOB KoJIeOaHUH B TBEPABIX Telax.

OKCIepUMEHTANIbHBIE METOAbl M3YYEHHUS! CIEKTPOB KOJNEOAaHMH © CTPYKTYpPBl KPHUCTAJUIOB.
HK-cnexktpockonus. KoMmMOMHAIMOHHOE — paccestHHE CBeTa:  MaHJENbIITaM-PAMaHOBCKHE |
MaH/EIbIITaM-OpPUIUIIO9HOBCKHE MpOLecChl. PeHTreHoBckas nudpakuus W HEyNpyroe paccesHue
PEHTIEHOBCKUX JIy4el. YIIPYroe U HEyIpyroe paccesiHue HEUTPOHOB.

8. DIeKTpOHBI B MATHUTHOM TIOJIE.

[Napamaruerusm Ilaynmu. YpoBuu Jlangay (KBaHTOBOMEXaHHMYECKHH M KBA3WKIACCHUYECKUH BBIBOM).
[uxnoTpoHHBI pe3oHaHe, ocumwuisiuuu e [aasa, ux cBA3p ¢ reomerpueil nosepxHoctu depmu.
Krnaccuueckuit a¢ppexr Xomna B moaynpoBOJHUKAX.

9. HHSKOpEBMepHLIe QJICKTPOHHBIC CUCTCMBIL.

Kputepun HuskopasmepHoctu — JuHa c0osi (paspl, AymHa CBOOOJHOrO mNpobera, KBaHTOBaHHE
criekTpa. JIByMepHbIe cHCTEMBl — MPHONMKEHUE TIPSIMOYTOJNbHONH KBAaHTOBOW SIMBI, CIEKTP.
OnHOMEpHBIE CHCTEMBI CIIEKTP, KBAHTOBAHUWE MPOBOAMMOCTH. HynbMepHbIE CHCTEMBI — KBAHTOBBIE
ToukH. CHeKTp, KylTOHOBCKas 0J0Ka/a, OMHOAICKTPOHHBIN TPAH3UCTOP.

10. Huzkopa3mepHbie CTPYKTYPBI Ha OCHOBE TOJIYTIPOBOAHHUKOB.
I'ereponiepexoy, o6pa3zoBaHue KBaHTOBOM siMBbI. [losieBoii TpaH3ucTOp.
11. KBanToBbIii 2 dext Xoma.

OcHOBHBIE IKCIIEpUMEHTaNbHbIE (pakThl 0 nenouncienHoM KOX. OgHOUacTHYHBIA CHEKTp, LIENH,
3aru® ypoBHeH Ha Kparo oOpasna. [IporekaHume Toka, AMAMarHUTHBIA M TPAaHCHOPTHBIA TOKH.
OtcyTcTBHE paccesHus Ha3al, nuccunanus 3aepruu. Ipoobusiit KOX — ocHOBHBIE (haKThI.

12. CBepxTeKy4decTs.

MarnutHble cBoiicTBa cBepxmpoBogHHKOB (I poma). TepmoanHamuka CBEPXIIPOBOIHHMKOB.
Ceepxtekydecth 4He. A-touka. Criektp: ¢oHOHBI U poToHBL. Kputepuit Jlanmay. JIByX>KHIKOCTHAS
Mozenb. TepMonuHamMuMKa CBEpPXIPOBOOHHKOB. KpuTuueckas Ttemieparypa M KpUTHYECKOE
MarHuTHoe TmoJjie. MarHuTHbBIE CBOWCTBA CBEPXIPOBOIHUKOB, 3PQekT MeliccHepa. DHTpomus
CBEPXIPOBOAALIETO COCTOSHUSA. CKAauOK TEIIOEMKOCTH.

13. DnexTponuHaMHKa CBEPXIPOBOAHUKOB.



OcnoBbl Mukpockonuku. CaepxmnpoBoguuku 1l poma. VYpaBuenue JlongonoB. KommdectBeHHoe
ornucanue 3pdekra MeiliccHepa, TyOMHa NPOHWKHOBeHHsA. KBaHTOBOE 0000INEHHE YpaBHEHUS
JIoHZOHOB, KBaHTOBaHME MAarHUTHOTO MOTOKa. OCHOBBI MHKpPOCKONUKHM. KymepoBckue mnapbl u
CBEPXIIPOBOASAIIMI KOHJEHCAT. [IIOTHOCTE COCTOSHUNA M 1Ienb B cHekTpe. J[JIMHa KOT€peHTHOCTH.
CeepxmnpoBoguuki 1l pona. Buxpu AOpukocoBa u BUXpH B resinu. HukHee 1 BepxHee KpUTHUECKOE
I10JI€, CMEIIAHHOE COCTOSHUE.

14. DHepreTuueckue AUMarpaMMbl AJ1s KBa3UYaCTUYHOIO TOKA B KOHTAKTaX CBEPXIPOBOIHUKOB.

Oddexr xozepcona. KpazuuacTuuyHoe TyHHEIMPOBAHUE, DHEPTrEeTHUECKHUE AUarpammbl. D¢¢exT
Jlxo3edcona (cTanMOHApHBIA W HeCTallMOHApHBIN). PesuctuBHas wmoxenb. J[xozedcoHOBCKas
renepauus. CKBuI.

15. Maraetuswm .

MarHuTHbBIN MOPSAAOK B KpUCTAJIaX, 0OMEHHOE B3aMMOJICHCTBHE KaK MPUYMHA €r0 BOSHUKHOBEHHUSI.
deppomarHeTrkn 1 aHTH(peppoMarHeTuku. Mojenb MoJeKynspHoro nons. 3akoH Kropu—Beiica.
HamarnuuenHocts ¢eppoMarnetuka B MOAETH MOJICKYJaspHOro mojs. CHHHOBBIE BOJHBI B
(deppoMarseTuke, UX CHEKTp M BKJIAJ B HU3KOTEMIIEPATYpPHYI0 HAMAarHUYEHHOCTb U TEINIOEMKOCTD
(dbeppomMarueTHka.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

* JlexuuoHHAas ayquTOpHsl, OCHAIIEHHAS MYJIbTUMEAUNHBIM IPOEKTOPOM U SKPAHOM

» OOopynoBaHue JUIsl JICKIIMOHHBIX IEMOHCTpaLUit

* VueOHbIC ayTUTOPUH, OCHAIIEHHBIE JTIOCKON

» Jloctyn k OubnmoTekaM y4eOHOH TeXHUUYECKOH JTUTEPaTyphl, B TOM YHCIIE JIICKTPOHHBIM,
HEOOXOIUMBIH JJIsl OCYIIECTBICHHUS! CAMOCTOSTEILHOW PA0OTHI 00YUarOIIUXCSI.

* [lomemenus, 000pyIOBaHHBIE IS IPOBEACHUS Ja00PATOPHBIX PadoT.

* VuebHO-TabopaTopHbIC YCTAHOBKH JIJIsl M3y4eHus 3akoHa Kropu-Betica Brirouaromue B ce0st
PE30HAHCHBIN TeHEPaTOp C BHEIIHEH KaTyIIKO B KOTOPOH pa3Mernaercs oOpasel] raJoiuHusl, nedb ¢
HarpeBareseM, TepMonapa, 4aCToToOMep.

* YueOHo-nmaboparopusie yctanoBku s DIIP, Bkirrouaromue B ce0si: JIATP mnst muranus
MOAY/ISIIMOHHBIX KaTyIIeK IEKTPOMArHuTa, BOIBTMETP (2 IIT), BHICOKOUACTOTHBIN reHepaTop,
9acToTOMep, OcumuIorpad, OJIOK MUTaHUS TIOCTOSTHHBIX JICKTPOMAarHUTOB, KOJICOATEIbHbIH KOHTYP B
KaTyIIKy WHIyKTHBHOCTH KOTOpOTo TioMeriaercst oopazen JIDIIT.

* Y4eOHO-1a00paTOpHbIe YCTAHOBKH ISl ONPEICIICHUS IIMPHHBI 3alPEIIEHHON 30HBI
MOJYTPOBOJHUKOB COCTOSINAS U3 OJI0Ka MUTaHUs, OCIMIUIorpada, TepMONaphl, BOIBTMETPA,
U3MepUTENs JOOPOTHOCTH, 11€Yb C PETYIMPYyEMON MOIIHOCTBIO HarpeBa

* Y4eOHO-1abopaTopHble YCTAaHOBKH VIS OIIPEAEIeHUs (POTONPOBOAMMOCTH MOTYIIPOBOAHUKOB
BKJIIOYAOIIME B CE0sl MOHOXPOMATOP, HEOHOBYIO JIAMITY, JIAMITY HaKaJIMBAaHHS Y U3BECTHBIM CIIEKTPOM
nusny4yenus, porodnementa Ha ocHoBe CdSe u CdS, BonsT™METp, OIOK TUTAHUSI.

* Y4eOHO-1a00paTOpHbIC YCTAHOBKH [UIS ONIPEACICHUS KOHTAKTHOW Pa3HOCTH ITOTEHIIHATIOM
COCOATINHME U3: ocmuIorpada, reueparopa NpsIMOyTOJIbHBIX UMITYJILCOB, H3MEPUTEIHHOTO MOCTHKA
VHHCTOHA, INO0/A, ITEKTPOIICYH, TEPMOTIAPEI

* VYuebHO-nabopaTopHbie paboThI 110 U3YYEHUIO TYHHEIFHOTO IN0/a COCTOSIINE M3 OCHUILIOrpasia,
0J10Ka MUTaHuUs, CTHEAA C COOpPaHHBIMH PAa3IMYHBIMHU CXeMaMH BKIIFOUSHHUS TYHHEJIBHOTO THO/A.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. KBanToBast MUKpO- 1 Makpodusuka [Tekcr] : yued. mocobue st By3oB / 0. M. Hunentok .— M. :
®duzmarkuura, 2006 .— 640 c.
2. KBanToBas (hu3mka KOHJEHCUPOBAHHBIX cucTeM [Tekcr] : yuel. mocobue miis By30B / H. A.

Kupuuenko ; M-Bo obpazoBanuus u Hayku PD, Mock. pusz.-texH. un-1 (Toc. yH-T .— M. : MOTH,
2012 .—200c.



3. Coopnuk 3a1a4 o oduiemy kypey ¢usuku [Teker] : B 3 u. Y. 3 : AromHas u sinepHas Qusuka : yued.
nocobwue Jist By30B / mox pea. B. A. OBunHkHHA .— 2-€ U3J1., ucrp. u gon. — M. : ®uzmarkaura, 2009
—512¢

4. JIaboparopHsbiii pakTukyM 1o odmieit ¢pusuke [Teker] : B 3 1. T. 3 : KBanToBas ¢gusuka : yueod.
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. OCHOBBI KBaHTOBO# (u3MKH U cTpoeHue BemecTa [ Texct] : yae6. mocooue mst ByzoB / U. I1.
Kpsios ; M-Bo Boictl. u cpel. crien;. oopasosanusi PCOCP , Mock. pusuko-rexH. uH-T (TOC. YH-T) .—
M. : MOTH, 1989 .— 184 c.
6. O6uwit kype ¢pusuku [Texer] : B 5 1. T. 5 : AromHas u aaepHas pusuka : yued. mocodue i By30B /
. B. CuByxun .— 2-e u3n., crepeorunt. — M : @uzmariut : MOTU, 2002, 2006,2008 .— 784 c.

PexomennoBanHas tureparypa 1Jisi CaMOCTOATEIILHOIO U3yUEHHUSL.

1. OcHOBBI (PHU3HKHM KOHJICHCHPOBAHHOTO COCTOSIHUS : [yue0. mocobme aist By3oB] / FO. B. TlerpoB .—
Honronpynnstii : UaTennekrt, 2013 .— 216 c.

2. Beenenue B kBaHTOBYIO (pr3HKy: yueO. mocodue s By3oB / JI. JI. Tonpaun, I. M. HoBukoBa .— M.
: Hayka, 1988 — 328 c.

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://mipt.ru/education/chair/physics/S_6/ -- Mmarepuanbl 10 Kypcy KBaHTOBOI Makpo(Hu3uKu

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nekumoHHBIX 3aHATHIX UCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
MpEe3EHTALUN.

Jluteparypa, pekoMeHyeMas K Kypcy, JOCTYIHA B 3JIEKTPOHHOM BHJE (CM. II. [ 1] mepeuns pecypcoB
WH(POPMAIMOHHO-TEIICKOMMYHHUKAIIMOHHOM ceTn "MHTepHeT", He0OXOAMMBIX JIJISl OCBOCHHS
JUCHUTUTHHBI (MOAYJIS1)), TAaK YTO CTYACHTHI MOTYT YUTATh YIEOHUKHU MPSAMO CO CBOMX IUIAHILIETOB.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Crynent, m3yuatoniuii kypc «OCHOBBI COBPEMEHHOUW (M3HMKW», OJDKEH HE TOJIBKO HM3Y4YUTh OOIIHe
(uznYecKue 3aKOHbBI ¥ MMOHSTUS, HO HAYYUThCS TPUMEHSTH UX HA MIPAKTHKE.

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENILHOM padoThHl cTyneHTa. B mporpamme
Kypca TpHUBEIACHO MHHHUMAIBHO He0oOXoAMMOE BpeMsi s pabOThl CTYyJAEHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE U KOHCIIEKTUPOBAHUE PEKOMEHIOBAHHOU JIUTEPATYPHI,



— TpopaboTKy ydeOHOro Mmarepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW JHUTeparype),
MOATOTOBKY OTBETOB Ha BOIIPOCHI, IIPETHA3HAYECHHBIX JUIS CAMOCTOSTEIIBHOTO H3yUeHHS;

— peleHue 3a1a4, IpeiaraéMbIX CTYJICHTaM Ha JICKIUAX U TMPAKTUICCKUX 3aHATHSX,

— MOJTOTOBKY K MPAaKTHYECKUM 3aHATHSAM, KOHTPOJIBHOM padoTe, crade 3aJaHuil, IK3aMeHy.
PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSITENBHOW pPabOTO CTylneHTa OCymecTBisercss B (opme
WHMBU1YaJbHBIX KOHCYJIBTALUH.

[TokazareneM BIIQJCHUS MaTEepUAIIOM CIY)KHT YMEHHE pemarb 3aaadd. Jns GpopMUpOBaHHS yMEHHS
NPUMEHSTh TEOPETUUSCKHE 3HAHUS Ha MPAKTUKE CTYJACHTY HEOOXOAMMO peIlaTh KaKk MOXKHO OoJblIe
3amad. [Ipu pemenny 3a1a4 KaKa0¢e IeicTBUE HEOOX0MMO apryMEHTHPOBATh, CChUIAsICh HA M3BECTHBIC
TEOPETUYECKUE CBEICHHS U IPOBOIUTH BCE HEOOXOIMMBIC BBIYHMCIICHHMS, JOBOJS 33/1ady 10 KOHEYHOTO
oTBeTa. 3ajaya CUMTACTCS PEIIEHHOH, €CIM OHa COACPKUT OOOCHOBAaHHOE pPEIICHHE: CCHUIKM Ha
npuMeHsieMble (pU3NUECKHe 3aKOHBI U KOPPEKTHBIC BBIKIIA/IKHU, & TAKKE MIPABUIbHBIA YUCICHHBIH OTBET
(ecnm B 3a/1au€ €CTh YUCIIOBBIC JTaHHBIC).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kageapa obueit pusnku

KYpC: 3

kBaTuuKkanus: OaxanaBp

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

B.H. I'mazkoB, kanj. ¢us.-mar. Hayk

A.1O. KynnieBnd, kauj. (pu3.-Mart. HayK

A.O. PaeBckuid, kauJl. pu3.-Mar. HAyK, TOIIEHT
A.J1. KanamHukoB, KaHj. Gu3.-mMar. HayK
A.B. KyObimkuH, JI-p TexH. HayK, npodeccop



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  Bnageer  ¢yHAaMEHTANbHBIMH  MOHATHUSIMH,
3aKOHaMHM M TEOPUSIMH COBPEMEHHOM (pU3HKH

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus aucuuiuinabl «OCHOBBI COBPEMEHHOM (PHU3HMKI» 00ydatoIMiics JOKEH:

3HAThb:
[ (bYH,Z[aMeHTaJ'H)HLIe 3aKOHbl M IIOHSATHS KBAHTOBOI MaKpO(bI/IBI/IKI/I, a TaKXC TIpaHUIBI HX
MIPUMCHUMOCTHU:
[ OCHOBHBIC MCTOJAa OHNHUCAHUA KPUCTAJUIMYCCKUX CTPYKTYp, MNOHATUA HpHMHTHBHOﬁ n

JIIEMEHTApHON sveek, sueiika Buraepa-3eifTia, moHSATHS 0OpaTHOW pPEMETKH W TEPBOH 30HEI

BbpumtrosHa.

[J  OCHOBHBIE HKCIIEPUMEHTAJIbHBIE METO/bl OIPEAEICHUs MapaMeTPOB KPUCTAIIMUECKUX CTPYKTYP:
PEHTTEHOBCKUE M HEUTPOHHBIE METOABI HccieqoBanus, nudpakuus bparra-Bynbda.
U CIOCOOBI  ONMHMCAaHUS KOJUICKTHUBHBIX BO30YKICHUH KPHUCTANTMYECKOW PEIMETKH, HWMEThH

npeaAcCTaBJICHUC O (I)OHOHaX.

[J  Meroj omnMcaHus IIOBEAECHUS DJIEKTPOHOB B TBEPABIX TeJlaX: 30HHAs TEOpHs, paclpelelieHue
®epmu-Aupaka, MOJEIIb CUIIBHON U c1ab0il CBA3H.

N I A

yMeTh:

0COOCHHOCTH CTPOEHHS MOITYIPOBOJHUKOB, a TAK)KE MOBEICHUS 3JIEKTPOHOB B MOIYIIPOBOAHUKAX.
OCHOBHBIE TIOJIOKEHMS JIEKTPOHHO-IBIPOYHON MPOBOAVMMOCTH METAJUIOB U TIOIYIIPOBOAHHUKOB.
HUMETb IIPEJCTaBIECHUE O IPUMECHOM IPOBOIMMOCTH B I10JIyIIPOBOJAHUKAX

CBSI3b KOHTAKTHas pa3HOCTH NOTeHuUanoB U TepmMoIIC.

0a30BbIC MOJIETIH OTMCAHMUS SIBICHUN CBEPXTEKYUYECTH M CBEPXIIPOBOANMOCTH

MOJIOKEHUSI KBAHTOBOTO OTIMCAHUS MArHUTHBIX CBOMCTB TBEPIBIX TEJ

[l NIpUMEHSTh U3y4EHHbIC 3aKOHBI KBAHTOBOM (DM3UKH [UIs peIleHHs KOHKPETHBIX 3a/1au:
[J yMeTb MOJIb30BaThCs Kiaccu(UKaIMel TUIIOB KpUCTaNIMYeCKNX petéTok bpase.
[l  TpUMEHSTH 3aKOHbI AUCHEPCHH (POHOHOB JUIA pacuéra TEIUIOEMKOCTH KPUCTAJUIOB B MKaX MOJIEIH

Jlebast n DWHIITEHHA.

[l BBIYMCIATH 3aKOH JUCIIEPCUH VIS 3JIEKTPOHOB U JBIPOK B paMKax cl1aboil U CUIIbHON CBS3H
[J onpemensTb ypOBeHb SHEPIuu (epMu B METAIIaX U MOJYIPOBOJHUKAX OTHOCHUTEIBHO Kpasi 30HBI

IIPOBOAUMOCTHU

[l ompenenars BUJ TEMIEPATYPHOH 3aBUCIMOCTH JIEKTPONPOBOJHOCTH MOIYIIPOBOHUKOB

[J BBIYMCIATH BUJ BOJIBTAMIIEPHON XapaKTEpUCTUKU p-n Mepexona

O aHaIM3MpOoBaTh (U3MYECKHE 3aJa4M, BBLACTSS CYLIECTBEHHBIE M HECYIIECTBEHHBIC AaCIEKTHI
SIBJICHUSl, U Ha OCHOBE IIPOBEAEHHOIO aHalu3a CTPOUTh YIPOIUEHHBIE TEOPETUUYECKUE MOZIEIU

(U3NYECKUX SBICHUH;

0 NPUMCHATH PA3JIMYHBIC MATCMATUYCCKUE HWHCTPYMCHTBI PCHICHHUSA 3aJad HMCXOAA U3
C(I)OpMYJ'II/IPOBaHHBIX (I)I/IBI/I‘IGCKI/IX 3aKOHOB, U IPOBOAWUTH HeO6X0):[I/IMBIC AHAJIMTUYCCKHUEC N YHCJICHHBIC

pacy€Thl.
BJIaJeTh:



[J OCHOBHBIMH METOJAMHM PEILICHHS 33]]a4 KBAHTOBOW MaKkpO(pU3UKHU;
0 OCHOBHBIMH MAaT€MaTHYeCKMMH MHCTPYMEHTAaMH, XapakTepHbIMH M 3aJad KBAHTOBOU
MakpO(U3HUKH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0



3. llepeyeHb TUNMOBBIX KOHTPOJbHBIX 3a/IaHMI{, HCNOJIb3YeMBbIX Il OLIEHKH 3HAHU, yme-
HUH, HABLIKOB

Cmcok dK3aMeHaIlOHHBIX OuIIeTOB

1. Kpucramnuueckue CTpyKTypbl TBEPABIX T€J, TPAHCIALUOHHAS] CUMMETPHS

KpUCTAJIJIOB, pelieTka bpass, anemMeHTapHas U IpUMUTUBHAS SYEHKU (HA IpUMeEpe

I'IK pemierkn), 6a3uc.

2. PeHTreHOBCKME M HEUTPOHHBIE METO/IbI UCCIICIOBAHUS KPUCTAILUTMUECKUX CTPYKTYP,
mubpaxuus Byneda-bparra, obpatHas pemierka, 3oHa bpunosna.

3. Tumsbl cBA3eli B KpUCTAIIax: KyJOHOBCKas (MOHHBIE KPUCTAJLIBI), KOBAJCHTHAs

(oOMeHHOE B3aMMOJICHCTBHE), BaH-/IEP-BaAIbCOBCKAs (MOJICKYJISIPHBIE KPUCTAJLIbI),
MeTaJlJIn4ecKasl.

4. KoneOaHuss MOHOQTOMHOM IIETIOYKH, IIOHSATUE O KBa3UUMIYyJbce. JIUCKpeTHOCTh
KBa3MMMIIYJIbCa KakK CJIEICTBUE NEPUOANYECKUX TPAHUYHBIX YCIOBUH.

5. Konebanus AByXxaTOMHOM 1IETIOYKH, aKyCTHYECKas M ONTHYECKas BETBU KOJeOaHUH.

6. HopmanbHbIe Koe0aHust pemeTKH, MOHATHE 0 poHOHAX. DOHOHBI KAK KBa3UYACTHIIHI.

7. Pemterouynast TemnoeMKOCTh. Moaens DUHINTENHA

8. Pemerounas teruioemkocTs. Mopens Jlebas, Temmeparypa [ebdas.

9. PemrerouHas TemioeMKOCTh ABYMEPHON U OJJHOMEPHON PEIIETOK.

10. PemeTouyHast TEMIIONPOBOAHOCTD MIPU BBICOKUX Temrieparypax. [Ipomeccs nepedpoca.

11. PemeTo4yHas TemIoNpOBOJHOCTh (POHOHHOTO rasa Mpu HU3KUX TeMIIepaTypax.

12. Mogenbs cBOOOAHBIX AIIEKTPOHOB. MMIyibe, ckopocTh 1 sHeprus Pepmu,

TEeMIepaTypa BbIPOXKICHUSI.

13. Pactipenenenne ®@epmu-/upaka, XUMIIOTCHIIHAL.

14. Bxnaz 351eKTpPOHOB B TEIUIOEMKOCTh METAJLIOB, TEMIIEpaTypHasi 3aBUCUMOCTb,

COOTHOILIEHUE C PEIIETOYHOM TEIJI0EMKOCTBIO.

15. ®usnueckas npuYMHAa MOSBICHUS 30H Pa3pelIEHHBIX U 3aPEIIEHHBIX 3HAUCHU N

SHEPTUU, MOJEIH CTa00N U CUITLHOU CBsI3H. [IpOBOAHUKHU, U30JSTOPHI, U TOTYITPOBOTHHUKH.

16. [TonsTHE O HEePMU-KUAKOCTH, DIEKTPOHBI U JBIPKU KaK KBA3UYACTHIIBI.

17. DnexrponpoBoaHocTh MeTaiioB. ®opmyna Hpyne-Jlopenia.

18. [IpaBuno Maruccena. TemreparypHasi 3aBUCIMOCTD 3JIEKTPOIPOBOITHOCTU TIPH

BBICOKHX TEMIIepaTypax.

19. DnekTponpoBOIHOCTH METAIIIOB MPU HU3KUX TemIiepaTypax. 3akoH brnoxa-I'proHaiizena.

20. DneKTpoHHAS TETUIONPOBOIHOCTE. 3aKoH Bunemana-dpanma.

21. DnexTpoH-IBIpOYHbIE BO30YXKIEH M B COOCTBEHHOM MOJYNpoBOJHUKE. PacmnpeneneHue
AJIEKTPOHOB U JIBIPOK B 30HE MPOBOJAMMOCTU M B BajieHTHOU 30HE. [lonstre 00 »¢dexTuBHOM
Macce B 3aKOHE JIUCIIEPCHH.

22. 3aBHCUMOCTH KOHIIEHTPAIMH AJIEKTPOHOB U JIBIPOK B HEBBIPOXKIEHHOM COOCTBEHHOM IOITY-
OpOBOJHUKE OT Temreparypsl . CtatdakTtops! 30H. [lonoxenue ypoBHs Pepmu (XUMIOTEHIHA-
Ja) B COOCTBEHHOM IOIYIIPOBOHUKE.

23. JIoHOpHBIE U aKLIENTOPHbIE IPUMECH B MOJTYIPOBOAHUKAX. OLEHKa SJHEPIMU MEJIKOTO
JIOHOPHOT'O YPOBHS.

24. TemmnepaTypHasi 3aBUCUMOCTh KOHIICHTPAIIMH HOCUTENEH B MPUMECHBIX TIOMYIIPOBOJHUKAX U
MPAaBUIIO «pblyaray.

25. DIEKTPONPOBOAHOCTh COOCTBEHHBIX MOIYIPOBOTHUKOB.

26. DIEKTPOIPOBOAHOCTh MTPUMECHBIX MOYITPOBOAHUKOB. Pabovast 001acTs.

27. Pactipenenienue 3apsoB B (p-N)-niepexo/ie, BOSHUKHOBEHHE OTCHIIUAIBHOTO
Oapbepa;(p-n)-nepexo/l BO BHEIIHEM 3JICKTPHUYECKOM M0JI€ M €ro BOJbT-aMIIEpHasl XapaKTepu-
CTHKaA.

28. CepxrekyuecTb. KBaHTOBBIE BO30YX/IEHUS B CBEPXTEKYUEH KUIKOCTH, 3aKOH



mucnepcun Jlannay. KauectBeHHOe 00BbsICHEHUE OTCYTCTBHSI BS3KOCTHU B CBEPXTEKYUEM TENHU,
KpUTHYECKast CKOPOCTb.

29. SIBiieHHne CBEPXIIPOBOJMMOCTH, KPUTHYECKas TeMIiepaTypa, 3¢ dh ekt MeiicHepa,
JIOHAOHOBCKAs TTyOMHA TPOHUKHOBEHHUSI.

30. TepmomHaMuyeckoe KpUTHUIECKOE MAarHUTHOE T10JIe, €r0 3aBUCUMOCTb OT TEMIIEPATyphI.
31. Ponb KpUCTAITUYECKOM PEMIETKH B ABICHUH CBEPXIPOBOIUMOCTH, H30TOM-3((DeEKT,
KYIEpOBCKOE criapuBaHue. MIMImynbc U CIIMH KylepoBCKOI maphl 3JeKTpoHOB. [lnnHa
KOTE€PEHTHOCTH, €€ CBSI3b C BEIMYMHOIN CBEPXITPOBOIAIICH IIIEIH.

32. Kputnueckuil TOK B CBEpXIPOBOIHUKAX, CBSI3b €r0 BEIMYUHBI ¢ KpuTepueM Jlanaay.

33. KBanToBaHne MarHuTHOTO IMOTOKA B CBEPXIIPOBOIHUKAX.

34. CeepxmnpoBoauuku I poxa u Il poma, BepxHee u HUXKHEE KpuTHdeckue mosrst. [lonstue

0 BUXPSIX MarHUTHOTO MOTOKA (BUXPsX AOPUKOCOBA), BUXPEBas PEIIETKA.

35. DddexT Aaponosa-boma.

36. KBanroBanue Jlanaay sHEpreTHYeCcKOro CIeKTpa 3JIEKTPOHOB, 3aII0IHEHIE YPOBHEH B
JIBYMEPHOM 3JICKTPOHHOM ra3e B MarHUTHOM II0JIE.

37. Db dext Xomna B HOTYIPOBOIHUKAX, XOJUIOBCKOE YCIBHOE COMTPOTUBIICHHE
(moctosinHas Xomna). [TorsTre o menouncieHHoM KBaHTOBOM 3¢ dekte Xosuia, KBaHTOBBIN 3Ta-
JIOH CONPOTHBIICHHUS.

38. lna-, mapa-, peppomarHeTuku, aHTu(peppoMarHeTHKy U eppruMarHeTUKH.

39. Teopwust mapamaraerusma bpummosna.

40. deppomarnerusm. ['unoresa monekynsapHoro mois Beiicca, 3akon Kropu-Beiicca.
Mopuens ['efizenOepra.

41. CriuHOBBIE BOJIHBI. 3aKOH TUCIEPCUU CIIMHOBBIX BOJH B (peppoMarHeTuke. MarHoHbI.
3akon 3/2 broxa.

42. BeniecTBO pU BHICOKUX JaBICHUSIX.

4. Kputepuu oueHUBaHUs

[To pe3ynbraTam pemeHus 3a/1a4 MMCbMEHHON YacTH K3aMeHa 3a KKy 33/1a4y BBICTABIISETCS
o1 0 10 3 6aIoB COTIaCcCHO CIEAYIOIIUM KPUTEPUIM:

3 Gayuta: 3agayva perieHa MoJHOCTHIO BEPHO (T. €. MPUBEJEHBI MPABUIILHOE 000CHOBAHHOE
pellieHrue U JaHbl OTBETHI Ha BCE BOMPOCHI 3aqaur). BO3MOXXKHO HalIM4YUE MENKHX HEIO4YETOB
(onucKH, HECYIIECTBEHHbIE apu(METHUECKHE OIIHOKH).

2 6ama: 3ajaya peleHa, X0/l pelleHus 3a/1aud B LEJIOM BEpPEeH, HO €CTh CYIECTBEHHbIE
He0UETHI (OITMOKHM B BBIKJIAJIKaX, a0CYpAHBIM OTBET U T.I1.).

1 Gayn: 3agaya He pelieHa, HO BCe OCHOBHBIE (hU3MUYECKHE 3aKOHBI, HEOOXOAUMBIE IS
pemeHusi, chopMYITHPOBAHBI TPABHIIBHO.

0 GamnoB: 3amava He pellleHa WIM pelieHa HEBEPHO (OCHOBHBIE 3aKOHBI 3allMCaHbI C
omurOKaMu, MO0 HE IMOJHOCTHIO, TOAXOJ K PEHICHUIO 33aJaud MPUHIMITHAIGHO HEBEPEH WU
peleHne 3a7auyil He COOTBETCTBYET YCIOBHIO).

[Tony4yeHHbIe OaJTBI CYMMHUPYIOTCS 1 BBICTABIISIETCS OLIEHKA 32 MUCHBMEHHYIO YacTh HK3aMeHa 110
CIENYIOLIEH cXemMe

Onenka baner Cymma
0ajioB

10 15
13-14
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OTJIMYHO

11
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XOpOLIO

U1 | |0 |©




4 6-7

YIOBJIETBOPUTEIHLHO 3 5
HEYIOBJIETBOPUTEIHHO 2 2-4
1 0-1

OricHKa 3a MMCHMEHHYIO YacTh dK3aMeHa OIMpeIe/sieT MaKCHMAJIbHYI0 HTOTOBYIO OIICHKY 3a 9K-
3aMeH. B HCKIIFOUMTEINBHBIX CIIy4asiX, €CIM Ha YCTHOM YacTH 3K3aMeHa CTYIEHT AEMOHCTPUPYET
IIPEBOCXO/IHBIE TEOPETHUCCKUE 3HAHKUS U YPOBCHb IIOHUMAHHMS MPEJAMETa, HTOroBask OI[CHKAa MO-
JKeT OBbITH MOBBINIEHA, HO HE Ooliee, ueM Ha 2 6auia (mo 10-0amipHOM mKae).

Ha YCTHOM OK3aMCHC HpCHOI[aBaTeJIb OLICHUBACT OTBET CTy,Z[eHTa B IICJIOM U BBICTABJISICT OI_[eHKy
COTJIACHO MPUBEAEHHBIM HUKE KPHUTEPHUSAM W M3JI0KEHHBIM BBIIIEC 3aMEYaHUAM KacaTelIbHO
HNUCLMEHHOM YacTU dK3aMeHa:

Ouenka «oriau4HO (10)» BBICTaBIIAETCSA CTYAEHTY, OKA3aBLIEMY BCECTOPOHHUE CUCTEMATU3H-
pOBaHHBIE TITyOOKHE 3HAHHS YIeOHOH MPOTrpaMMEbI H 3a e€ TpeaesiaMy, a TaKKe YMEHHE YBEpeH-
HO IPUMEHSATh UX HA IIPAKTUKE IIPU PELICHUU CJIOXKHBIX HECTaHAAPTHBIX 3a1a4.

Ouenka «oTam4HO (9)» BBICTABISETCS CTYJCHTY, IIOKa3aBLIEMY BCECTOPOHHHE CUCTEMATH3UPO-
BaHHbIE NTyOOKHE 3HAHMS y4eOHOM MPOrpaMMbl U YMEHUE YBEPEHHO MPUMEHATh MX Ha MPAKTHUKE
IIPU PELICHUN HECTaHIapPTHBIX 3a]1a4.

Ouenka «oTau4HO (8)» BBICTABIIAECTCA CTYACHTY, IIOKA3aBIIEMY BCECTOPOHHHUE CUCTEMAaTU3UPO-
BaHHBIE NITyOOKHE 3HAHUS y4eOHOUW MPOrpaMMbl U YMEHUE YBEPEHHO IPUMEHSTh UX Ha MPAKTHKE
IIpU PELICHUH HECTAHAAPTHBIX 3a/ad, OJHAKO JOIYCTUBIIEMY HEKOTOPBIE HETOUYHOCTHU IIPU OT-
BETE.

OreHka «xopouio (7)» BBICTABISIETCS CTY/ACHTY, €CJIH OH MPOJAEMOHCTPHPOBAI TBEPIOC 3HAHUE
U yBEpEHHOE NOHMMaHMe MaTepuana yueOHOH MporpaMMbl 1 yMEHUE CBOOOJIHO MPUMEHATh (pu-
3MYECKHE 3aKOHBI Ha TPAKTUKE MIPU PEIICHNUN TUIOBBIX 3a/1a4.

Ormenka «xopouro (6)» BBICTABISIETCS CTY/ACHTY, €CJIH OH MPOJAEMOHCTPHPOBAN TBEPIOC 3HAHUE
MarepHaia yd4eOHOH MporpamMMbl M YMEHHE NMPUMEHATh (U3NYECKUEe 3aKOHBI Ha MPaKTHKE MpU
peIIeHNH TUTIOBBIX 3ajad.

Orenka «xopoio (5)» BBICTABIIAETCS CTYIACHTY, €CIIH OH MPOJIEMOHCTPHPOBA TBEPIOE 3HAHHE
U MOHMMaHHe MaTepuana y4eOHOIl MporpaMMbl U YMEHHE NMPUMEHATh (PU3NYECKUE 3aKOHBI Ha
HpaKTI/IKe HpI/I pCHIeHI/II/I TUIIOBHBIX 3a1a4, OJHAaKO I[OHyCTI/IJ'[ HpI/I OTBECTEC pﬂ)l pr6I)IX HETOYHO-
CTEH.

OreHKa «ya0BJIeTBOPHTENbHO (4)» BBICTAaBISCTCS CTYICHTY, MOKa3aBieMy (hparMeHTapHbIH
XapakTep 3HaHWM, TOMYCKaBIIEMY HETOYHOCTU B (POPMYJIMPOBKE OCHOBHBIX 3aKOHOB U 0a30BbIX
HOHATHUH, HO IPU 3TOM NMPOJEMOHCTPUPOBABIIEMY CITIOCOOHOCTD pelIaTh MPOCThIE 33Ja4u U Bia-
JIeHHEe OCHOBHBIMH pa3jiesiaMHi yueOHO! MporpamMmbl, HEOOXOIMMBIMU JJIsl JanbHeiero ooyye-
HUSL.

Or1cHKa «yTOBJIETBOPUTENBHO (3)» BBICTABISCTCS CTYJCHTY, IMOKA3aBIIEMYy CHJIBHO ()parMeH-
TapHBIN XapakTep 3HaHUM, J0MycKaBlIeMy IpyOble omIMOKH B (OPMYJIHPOBKE OCHOBHBIX 3aKO-
HOB U 0a30BBIX MOHATUN, HO MPHU STOM MPOAEMOHCTPUPOBABIIEMY CIIOCOOHOCTH peliaTh MPo-
CThIE 3aJ]aud U BIIaJICHHE OCHOBHBIMH pazjielaMH y4eOHOW MporpaMMbl, HEOOXOJAUMBIMU IS
JAIbHEUIIEro 00yueHusl.



O1icHKa «HEYT0BJIETBOPUTENBHO (2)» WU «Hey10BJIeTBOPHTENbHO (1)» BhICTaBISICTCS CTY-
JICHTY, KOTOPbIi HE 3HACT 3HAYUTEIBHYIO YaCTh OCHOBHOTO COJICP)KaHMs IPOrPaMMBbI, CHCTEMa-
THUYECKHU JOIYCKAET rpyObie OMUOKH MpH (HOPMYTUPOBAHUH OCHOBHBIX (DU3NYCCKHUX 3aKOHOB
WK HE CITOCOOEH KOPPEKTHO MPUMEHATh (PU3NUECKUE 3aKOHBI JaKe IS PEIICHHS IPOCTHIX 3a-
nad.

5. MeToauyeckue MaTepuaJbl, onpeaesioue Npoueaypbl OlleHMBAHUA 3HAHUH, YMEHHUIA,
HABBIKOB M (MJIM) ONbITA J€ATEJIbHOCTH

IHopsiiok NpoBeeHUs] YCTHOTO IK3aMeHa.

OK3aMeH NPOXOAUT B TPAJAULMOHHON (popMe Oecelbl pernoaaBatelis co CTYACHTOM 110 TEME JK-
3aMEHAIMOHHOTO OMiieTa. DK3aMEHAIMOHHBIN OWJIET COJEPKUT JIBa MTyHKTA: «BOMPOC IO BBHIOO-
py» U OJJMH BOIIPOC U3 IPOTrpaMMBbI Kypca.

«Bonpoc mo BbIOOpPY» CTYIEHT TOTOBHT CaMOCTOSATENBHO A0 dK3aMeHa. BbIOOp TeMsl
OCYILECTBIIICTCS NPH KOHCYJIbTALMU IPEoiaBaTessl, BEAyLIero ceMuHapcKue 3aaanus. Bompo-
COM TI0 BBIOOPY MOXKET OBITH 1) yriryOJieHHOE HM3JI0KCHHE OJHOIO M3 IyHKTOB IMPOTPaMMBbI, 2)
BOIPOC WJIM 3a]lauya, HEIOCPEICTBEHHO CBSA3aHHBIE C TEMAaTUKOM Kypca, OJJHAKO HE 3aTPOHYTHIE B
HEM, 3) M3JIOKCHHE U 3allUTa PEe3yJbTaTOB JaOOPATOPHON pabOThI, MPOJICIIAHHON CTYICHTOM B
71a00paTOPHOM IPAKTUKyME B KauecTBE JONOJIHMUTENbHOM paboTel. Ha oTBeT mo «Bompocy 1o
BBIOOPY» CTYIIEHTY TpenocTaBisieTcs He Oonee 10 MUHYT.

Ha noaroroBky k oTBeTy 1o ouiery cryneHty aaércs ot 30 1o 45 munyt. B Teuenue k-
3aM€Ha CTYACHTY HE pa3penaeTcs M0JIb30BaThCs BBIYMCIUTEIBHON TEXHUKOW, JINTEpaTypoH, 3a-
paHee MOATrOTOBIEHHBIMU COOCTBEHHBIMHU 3aIIUCSIMU U IPYTMMHU MaTepHajaMy, OTHOCALIUMHUCS K
IpeaMeTy, KpoMe 3K3aMEeHAIMOHHOM MPOrpaMMBl Kypca.

B nporecce oTBeTa Ha «BOIPOC 10 BBIOOPY» pa3pelaeTcs Mojb30BaThCs 3apaHee MoAro-
TOBJICHHBIM IUIAHOM OTBETa M 3apaHee MOATrOTOBJICHHBIMHU HILTIOCTpanusmMu/rpadukamu, mpei-
CTaBJICHHBIMH B OYMa)XHOM BHJE, JTUOO HA BICKTPOHHOM HocuTene (IuiaHmer/HoyToyk). Mc-
MoJIb3yeMble TpapuKH WIN WUTIOCTPALlMU HE JIOJDKHBI COJEpKaTh yacTed Tekcra qokiana. Ha
MOJrOTOBKY OTBETA Ha «BOIPOC MO BBIOOPY» (IOBTOpeHUE) AAETCs HE Oosiee 5 MUHYT.

B mporecce orBera mo Omiery SK3aMeHATOP MOKET 3a/1aBaTh YTOYHSIIOIIHE BOIPOCHI.
[Tocne oTBera mo OuMIIETY K3aMEHATOp BIIpaBe 3aJaBaTh CTYACHTY JIIOObIE OMOJHUTEIbHBIE
BOTIPOCHI IO ITpOrpamMme Kypca.

B coBokymHOCTH ompoc 00yyaromierocss Ha YCTHOM 3K3aMEHE He JIOJDKEH IMPEBBIIATh
JIBYX aCTPOHOMHYECKUX 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



