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
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OCHOBBI COBpeMEHHOH (PU3UKH
IIpuknagHbie MaTeMaTHKa U (pU3MKa
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Kypc:
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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 coBpemenHON (pu3uKu SBISIETCS 3aKIIFOYUTEILHBIM KYypCOM B paMKax o01ero kypca ¢usuku. OcBoeHue
Marepuala dTOro Kypca TMO3BOJISIeT KBUTH(UIIUPOBAHO MPHUCTYNATh K W3yUYEHUIO COBPEMEHHBIX HAyYHBIX U
MIPUKJIAHBIX 33/1ad (PU3UKU U TEXHUKH, & TAKXKE MEPEXOANTh K U3YYCHHIO KYPCOB TEOPETUUECKON (DM3HUKHU H
CHENHUaIN3UPOBAHHBIM KypcaM OJKCIIEPUMEHTaNbHON (u3uku. Jljis OCBOGHUS JaHHOW JIMCIUTUIMHBI
oOyuaromuiicss JOMKEeH oONanaTh 3HAHWSAMH W YMEHHSAMH B paMKaX KypcoB (HU3UKHA: MEXaHUKH,
TEPMOJIMHAMHKH, DIIEKTPOMAarHeTH3Ma, ONTHKH W KBAaHTOBOM (DM3HMKH, W KypCOB BBICIIEH MaTeMaTHKH:
AHAIMTHYECKOW TEOMETPHH, JIMHEWHON anreOppl, MaTeMaTHMdecKoro aHammsa, auddepeHInanbHbIX
YpaBHEHHI, B TOM YHUCJI€ B YACTHBIX MMPOU3BOIHBIX.

1. lean u 3apa4n

Henp AucoMnInHBI
OcBoeHue cTyaeHTamMyd 0a30BBIX 3HAHMM B OONAacTH KBaHTOBOM MakpOo(QHU3WMKU IS JajdbHEWUIIETo
U3Y4YECHUSI COOTBETCTBYIOLIMX pAa3/eJIOB TECOPETHUECKOM (M3MKH, a TakkKe YNIyOJICHHOTO H3y4eHHs
($yHIaMEHTaIbHBIX OCHOB COBPEMEHHOW (DM3UKH.

3agauu AUCHUTLIHHBI
* (opmupoBanue y oOydaromuxcs 0a30BbIX 3HAHUN U MTOHATHI B 00JIaCTH KBAHTOBOW MaKpO(U3UKU U
(hM3MKH KOHJICHCHPOBAHHOTO COCTOSTHHUSL.

. ¢dbopMupoBaHHE yMEHHH U HAaBBIKOB NPUMEHATh H3yYCHHBIE TEOPETHYECKHE 3aKOHBI M
MaTeMaTHYeCcKue HHCTPYMEHTHI JUI PELCHHS 3a1a4 KBAHTOBOW MakpOo(U3UKU

. dbopmupoBanre 00MEPU3NIECCKON KyIBTYphl: YMEHHs BBIIEISTH CYIIECTBEHHBbIC (QH3NUECKHE
SBJICHUS M TpeHeOperaTtb HECYIIeCTBEHHBIMH; YMEHHUS TPOBOIMTH OLCHKH ()U3UYECKUX BEINYMH;
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 Ananusupyert 3aaady, BBIJIENsS 3TAIbl €€ pPelleHus,
KPUTHYECKUH aHaJN3 U CUHTE3 HHPOpPMaK, |OCHCTBUSA MO PELICHUIO 3a1a4l

MPUMEHSATh CUCTEMHBIH MTOXOJ TS PELICHUS
MOCTAaBJICHHBIX 3a7a4

OIIK-1 CrocobeH npuMeHSTh OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABICHHYIO 3ajady,
(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:




YMETb:

(dyHIaMEHTaJIbHBIC 3aKOHBl W TIOHATHS KBAaHTOBOM Makpo(U3MKH, a TaKKe TPAHUIBI HX

MNPUMCHUMOCTHU:

OCHOBHBIE METOJa ONUCAHUS KPUCTAUIMYECKUX CTPYKTYP,

IOHATHA HpPIMPITPIBHOﬁ n

JJIEMEHTApHON sueek, sueiika Buraepa-3eiitua, moHsATHS 00paTHOW pPEIIETKH M TNEPBOM 30HBI

bpwirosHa.

OCHOBHBIE JKCIIEPUMEHTAIBHBIE METOABI ONPEIEIICHNS MMapaMETPOB KPUCTAUIMYECKUX CTPYKTYDp:
PEHTTEHOBCKHE M HEUTPOHHBIE METO/IBI HCCIIeI0BaHus, Tudpakius bparra-Bynbda.
CHOCOObl ONHMCAaHMS KOJUJICKTHUBHBIX BO30YKICHHH KPHUCTANTMYECKOM PEIIETKH, HWMETh

npeacTapieHne o GOHOHAX.

METO/I OMHCaHUsS MOBEACHUS JJIEKTPOHOB B TBEPIBIX TeJax: 30HHAS TEOpUs, paclpeacicHHe
®depmu-/lupaka, MOJIEIb CUIILHOM U cl1abo# CBS3H.
0COOCHHOCTH CTPOEHHSI ITOTYTIPOBOIHUKOB, a TAKXKE ITOBEJICHHSI IEKTPOHOB B MTOJIYNIPOBOJIHUKAX.
OCHOBHBIE IIOJIOKEHUS! 3JIEKTPOHHO-BIPOYHON [IPOBOJAUMOCTH METAJUIOB U MOIYIIPOBOJHUKOB.
WUMETD MPEICTaBICHUE O IPUMECHOM MPOBOJUMOCTH B IOJIYIPOBOJAHUKAX
CBA3b KOHTAKTHAs Pa3HOCTH MOTeHIHanoB 1 TepmMoIJ[C.
0a30Bble MOJIEIIN OIMCAHUS SBJICHUN CBEPXTEKYUECTH H CBEPXIPOBOANMOCTH
IIOJIOKEHUS KBAHTOBOTO OIMCAHUsI MATHUTHBIX CBOMCTB TBEP/BIX TEI

MPUMEHSTh U3Y4YCHHBIC 3aKOHBI KBAHTOBON (DM3UKH s peIICHHUs] KOHKPETHBIX 3a/1au:
YMETb MOJIb30BaThCsI KIIACCH(HUKAINEH TUITOB KPUCTAITMUECKHUX peméTok bpage.
MPUMEHSThH 3aKOHBI JUcTiepcru (POHOHOB IJIs pacdéra TeIIOEMKOCTH KPUCTAIIIIOB B MKax MOJEIN

Jlebas u DHHIITEHHA.

BBIUMCIIATH 3aKOH AUCIIEPCUU TSl JIEKTPOHOB M JBIPOK B paMKax caaboil v CUIIbHON CBSI3U
OIIPEAETATh YPOBEHb dHEPruu (pepMu B MeTajiax M MONYNPOBOAHUKAX OTHOCHTENILHO Kpasi 30HBI

IpoOBOAUMOCTHU

OIpenessITh BUJ TEMIIEPATYPHON 3aBUCUMOCTH JIEKTPOIPOBOAHOCTH IIOJIYIIPOBOJHUKOB

BBIYHCIIATH BU BOJ'IBTaMHCpHOfI XapaKTCPUCTUKU P-N IIEpexoaa
aHaJIU3UPOBATH q)HSI/I‘IeCKI/Ie 3aJa4u, BBIACIIAA CYHICCTBCHHBIC W HCECYHICCTBCHHBLIC ACIICKTBI
SBJICHHUsSA, M Ha OCHOBC HpOBeILéHHOFO aHalin3a CTPOUTH ynpoméHHHe TCOPCTUICCKUC MOIACIN

(UBNYECKUX SIBICHUM;

MNPUMCHATL PA3JIMYHBIC MATCMATUYCCKHUC HWHCTPYMCHTLL

pacy€Thl.

BJIAJIETh:

OCHOBHBIMH METOaMH PELICHNS 3a/1a4 KBAHTOBOW MaKpO(U3UKY;

peleHnsT 3amad  MCXOAsS W3
c(OpPMYIHPOBAHHBIX (PU3MUECKUX 3aKOHOB, U MPOBOAUTH HEOOXOAMMBIEC aHATUTUYECKHE U YHCIICHHBIC

OCHOBHBIMHM MATCMATUYCCKUMU HUHCTPYMCHTAMHU, XAPAKTCPHBIMHU [Jid 3a4a4 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 KonebaHus ) 3 5
KPUCTAJUIMYECKUX PEIIETOK.
) Temnoémkocts TBEPHOTO Tena. Mopaeinb ) 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 U3yUYEHUs CIIEKTPOB KOJIeOaHUH ) 3 5
B TBEPIBIX TENAX.

8 DJNEeKTPOHBI B MATHUTHOM TIOJIE. 2 3 5

9 HuzkopasmepHsbie 3IIEKTPOHHBIE ) 3 5
CHCTEMBI.

10 HwuskopasmepHble CTPYKTyphl 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  |kBa3sM4aCTUYHOIO TOKa 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 ¢ TpaHCIANUOHHOM cummerpueil. IlpeacraBmenue o pemérke bpase,
JNIEMEHTAapHON sueiike, cuMMeTpun Kpuctama. OOparHas pemérka, BEKTOp OOpaTHOM pelETKH.
Judpakius Ha KpucTaiie, CBiI3b YCIOBUS bparra ¢ BEKTOPOM o0OpaTHOW pemETKH. Ympyrue
KoJieOaHUsI B LIETIOYKaX. DKBUBAJICHTHOCTh BOJIH C BOJHOBBIMU BEKTOPaMH, OTIMYAIOIIMMHCS Ha
BekTop oOpatHoil pemérku. [lepsast 30Ha bpummosHa.

2. Tennoémkocth TBEpAOTO Tena. Monens Jlebast.

Konebanusi pemérky, ONTHYECKHE W aKyCTHYECKHE MOJIbI, MOJOKEHHUE 3BYKOBBIX KoJcOaHW B
tdhononHoMm cnekrpe. logacu€r momHoro uncna koneba Huil. Monens ebast m Momens DUWHIITEHHA.
Breruncnenne Ttemnoémkoctd B Mozenu [leGas, xapaktepHas BeinwmuuHa Temneparypbl [lebas,
HU3KOTEMIIEpaTypHBbIN 3aKkoH T3.

3. DneKTpoHHBIN (epMu-ras.

[punuun [laynu. Pacnpenenenne ®epmu. WneanvHeiii ¢epmu-ra3, sHeprus U ummnyinbe depmu.
[110THOCTE COCTOSIHMA. DHEprusi M TEIUIOEMKOCTh HAealbHOro (epMu Traza. DIEKTPOHHBIE U
IBIpOYHBbIe BO30YKAeHMA. Ponb B3aumMonmeHCTBHs 4acTULl B (epMHU-Taze, CBsI3b C IJIOTHOCTBHIO
¢bepmu-raza. PaccmoTpenne neproainueckoro NoTeHIana B MOAEIH cl1aboii

CBSI3M, KaK MOJENb LIETOYHBIX MeTa/uloB. IlpuunHa oOpa3oBaHus 3ampeliéHHBIX 30H: AU(MPAKLIUA
Bynbsda—bperra snekrpoHoB Ha peméTke.

4. QHGKTpOHLI B KpUcCTaJljie.

[MpubnuxkeHne CUIBLHOW CBSI3U. 30HHAS CTPYKTypa, pa3peui€HHble W 3ampeliéHHbIC 30HBI, CBSI3b
3aMOJIHEHHA 30H ¢ MPOBOAMMOCTBIO. [loBepxHOCTE DepMu ISl 3IEKTPOHOB B Kpucrasie. IlonsaTue
3 PEKTUBHON MaCCHI.

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




JnuHa u Bpemsi cBoOogHOro mpobera. MOHOHHAs M 3MEKTPOHHAS TEIJIONPOBOAHOCTH. lIpomecch
nepebpoca B TPEXPOHOHHBIX Mpoueccax. 3aBUCHUMOCTh BKJIAJOB DPA3JIUYHBIX IPOIECCOB B
TEIUIONPOBOAHOCTL OT Temmeparypel. KuHeTHueckoe ypaBHEHHE, T-NPUOIMKEHHE, MOJAEIb
Hpyne—Jlopenua, JIEKTPOIPOBOAHOCTD. ONEeKTPOH-3IEKTPOHHBIE, JNEKTPOH-(POHOHHbIE
CTOJIKHOBEHHsI M paccessHue Ha npumecsx. llpaBuno Marrtucena, 3akon broxa—Ipronaiizena.
ONeKTpOHHAas TEIUIONPOBOAHOCTh. KauecTBEHHOE pa3iauuue MEXaHU3MOB pejlaKCallud 3HEPruu U
HUMITYJIbCa 3JIEKTPOHOB B IPOLIECCax TEIUIO- U 3JIEKTPONPOBOAHOCTH, 3aKOH Buaemana—®panna.

6. OOBEMHBIE MTOTYTIPOBOIHUKH.

[IleneBoii crieKTp MOIYyNPOBOIHUKOB. DIIEKTPOHHBIC U IBIPOYHbIE BO30YKICHHS B OIYTPOBOJHHUKAX,
3apsa  AbIpok. [IpuMecHble [OHOPHBIE M aKIENTOPHBIE YPOBHU B  CJIA0OJETUPOBAHHBIX
MOJIyIIPOBOJTHUKAX, OLIEHKA SHEPIMH MEJIKHX NMPUMECHBIX ypoBHEW. [lonokeHne XMMIIOTEHIHana B
IOJIYIIPOBOJHHMKAX, IPAaBUIO pblHara. OJEKTPOIPOBOAHOCTb IIONYIPOBOAHUKOB. TemieparypHas
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. KoMmOMHAIMoOHHOE  paccessHME CBETa: MaHJENbIITaM-PaMaHOBCKHE U
MaH/EIbIITaM-OpPUIUIIOSHOBCKHE MpoLecchl. PeHTreHoBckass audpakuvs U HEYNPYroe paccesHue
PEHTIEHOBCKUX JIy4el. YIIPYroe U HEyIpyroe paccesiHue HEUTPOHOB.

8. DIeKTpOHBI B MATHUTHOM TIOJIE.

[Napamarnerusm Ilaynmu. YpoBHu Jlanmay (KBaHTOBOMEXaHMYECKHUH M KBa3HKJIACCHUYECKHN BBIBOI).
[uxnoTpoHHBIN pe3oHaHe, ocumuisinuu e ['aasa, ux cBsA3p ¢ reomerpueil nosepxnoctu depmu.
Krnaccuueckuit a¢ppexr Xomna B moaynpoBOJHUKAX.

9. HHSKOpEBMepHLIe QJICKTPOHHBIC CUCTCMBIL.

Kputepun Hu3kopasmepHoctd — anuHa c6osi ¢asbl, IIMHA CBOOOIHOrO mpoOera, KBaHTOBAaHHE
criekTpa. JIByMepHbIe cHUCTeMBl — TPUOIMKEHUE TMPSMOYTONBHON KBAaHTOBOW SIMBI, CIIEKT.
OnHOMEpHBIE CHCTEMBI CIEKTpP, KBAHTOBaHUE MPOBOAMMOCTH. HynbMepHBIE CHCTEMBI — KBAHTOBBIC
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 3KCTIEpUMEHTaNbHbIE (hakThl 0 HenouucieHHoM KOX. OnmHoyacTUYHBIN CHEKTp, ILENH,
3aru® ypoBHeH Ha kparo oOpasua. [IporekaHue TOka, MTUAMATHUTHBIA W TPAHCIOPTHBIA TOKH.
OtcyTcTBHE paccesHus Ha3al, nuccunanus 3aepruu. Ipoobusiit KOX — ocHOBHBIE (haKThI.

12. CBepxTeKy4decTs.

MarnuTHble cBoiicTBa cBepxipoBogHHKOB (I  poma). TepmommHamuka CBEpXIPOBOIHUKOB.
Ceepxtekydecth 4He. A-touka. Criektp: ¢oHOHBI U poToHbl. Kpurtepwmii Jlannay. JIByx:kuakocTHas
Mozenb. TepMomuHamMMKa CBEpPXIPOBOAHHMKOB. KpuTuueckas Temmeparypa W KPUTHYECKOE
MarHuTHoe Tmoje. MarHuTHbIE CBOWCTBA CBEPXIPOBOTHHUKOB, 3(dekr MeiiccHepa. DHTponus
CBEPXIPOBOAALIETO COCTOSHUSA. CKAauOK TEIIOEMKOCTH.

13. DnexTponuHaMHKa CBEPXIPOBOAHUKOB.



OcnoBbl Mukpockonuku. CepxmnpoBognuku Il poma. YpaBuenue Jlonmonos. KonumuectBennoe
ornucanue d¢¢ekra MeliccHepa, TTyOMHa MPOHUKHOBeHUs. KBaHToBoe 0000IIeHNE ypaBHEHUS
JIoHZOHOB, KBaHTOBaHME MAarHMUTHOTO MOTOKAa. OCHOBBI MHUKPOCKOMMKH. KymnepoBckue mapsl U
CBEPXIPOBOASALIMN KOHJEHCAT. IIIOTHOCTh COCTOSIHUI U 11eb B CHEKTpe. JlirMHa KOrepeHTHOCTH.
CeepxmnpoBogauki 1l pona. Buxpu AGpukocoBa u Buxpu B rennu. HmwkHee 1 BepxHee KpUTHUECKOE
I10JI€, CMEIIAHHOE COCTOSHUE.

14. DHepreTuueckue AUMarpaMMbl AJ1s KBa3UYaCTUYHOIO TOKA B KOHTAKTaX CBEPXIPOBOIHUKOB.

Oddexr Ixozedcona. KBazuyacTnyHoe TyHHEIMPOBAHHUE, SHEPreTHUYECKUEe Auarpammbl. Dddexr
Jlxo3edcona (cTanMOHApHBIA W HeCTallMOHApHBIN). PesuctmBHas wmonenb. J[xo3edcoHOBCKas
renepauus. CKBuI.

15. Maraetuswm .

MaruuTHbBIN NOPSAOK B KPUCTAIIIaX, OOMEHHOE B3aUMOJCHCTBHE KaK MPUYMHA €T0 BOSHUKHOBEHHS.
deppomarHeTkn W aHTU(EppOMarHeTUKU. Mojenb MoJeKyisipHoro mois. 3akoH Kropu—Betica.
HamarnudenHocts ¢deppoMarHeTuka B MOAETH MOJIEKYIsipHOro mojis. CHMHOBBIE BOJHBI B
(deppoMarueTuke, UX CHEKTP M BKJIAJ B HU3KOTEMIIEPAaTypHYI0 HAMAarHWYEHHOCTh M TEIUIOEMKOCTh
(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, m3y4atoniuii kypc «OCHOBBI COBPEMEHHOW (PU3WKW», JODKEH HE TOJIKO W3YyYWUTh OOIIHe
(uznYecKue 3aKOHbBI ¥ MMOHSTUS, HO HAYYUThCS TPUMEHSTH UX HA MIPAKTHKE.

YcnemHoOe 0CBOCHHE Kypca TpeOyeT HaNpsKEHHOW caMOCTOSTEILHOM padoThI CTy/ileHTa. B mporpamme
Kypca TIpUBEJICHO MHUHUMAIBLHO HEOOXomMMoe Bpemsl Juis pabdoThl CTyJeHTa HajJ TEMOM.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE U KOHCIIEKTUPOBAHUE PEKOMEHIOBAHHOU JIUTEPATYPHI,



— TpopaboTKy ydeOHOro Marepuaia (IO KOHCIIEKTaM JICKIWMH, y4eOHOH M Hay4dyHOW JHTeparype),
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 CaMOCTOSTENbHOW pPabOTOil CTyneHTa OCyIecTBIseTcss B (opme
WHMBU1YaJbHBIX KOHCYJIBTALUH.

[TokazareneM BiaJeHUsI MaTepUaIOM CIYXXHT YMEHHE pemarh 3amadd. s popMupoBaHUS YMEHUS
NPUMEHSTh TEOPETHUYECKHUE 3HAHUS Ha MPAKTHKE CTYICHTY HEOOXOOMMO pelIaTh KaKk MOXKHO OoJbliIe
3amad. [Ipu pemeHny 3a1a4 Kaxa0e JeicTBIHEe HEOOXOAMMO apryMEHTHUPOBAaTh, CChUIAsICh HA U3BECTHHIC
TEOPETUYECKUE CBE/ICHUS U MPOBOJMUTH BCE HEOOXOANMBIC BBIUMCICHHS, JJOBOMIS 331ady 10 KOHEYHOTO
oTBeTa. 3ajada CUUTACTCS PEIIEHHOW, €CIIM OHA COIEPKHUT OOOCHOBAaHHOE pEIICHHE: CCHUIKH Ha
npuMeHsieMble PU3NUeCKHe 3aKOHBI U KOPPEKTHBIE BBIKIIAJIKH, & TAKXKE IPABUIbHBIN YHCICHHBIA OTBET
(ecnm B 3a/1au€ €CTh YUCIIOBBIC JTaHHBIC).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa U MeAaroruka
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 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
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 CnocobeH aHanM3upoBaTh MOCTABICHHYIO 3ajady,
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:

(bYHZ[aMeHTaJ'ILHLIe 3aKOHBl M IIOHSATHS KBAaHTOBOM MaKpO(l)I/ISI/IKI/I, a TaKXC TIpaHUIbl HX

MIPUMCHUMOCTHU:

OCHOBHBIE METO/A ONHCAHMS KPUCTAJUIMYECKHX CTPYKTYp, NOHSATHS NPUMHUTHBHOA U
JIIEMEHTApHOU siueek, suelika Burnepa-3eiitiia, moHsATHS 00paTHOW pPEMETKH W TMEPBOH 30HBI

BbpumtrosHa.

OCHOBHBIE JKCIIEPUMEHTAJIbHBIE METO/bl OIPEACICHUs apaMeTPOB KPUCTAIIIMUECKUX CTPYKTYP:
PEHTTEHOBCKUE M HEUTPOHHBIE METOABI HccieqoBanus, nudpakuus bparra-Bynbda.
CIOCOOBI  ONMMCAaHUS KOJUICKTHUBHBIX BO30YXKICHUH KPHUCTAUTMYECKOW PEMETKH, HWMETh

npeaAcCTaBJICHUC O (I)OHOHaX.

METOZl OIIUCAHMs IIOBEIEHUsI IEKTPOHOB B TBEPIBIX TeJax: 30HHAs TEOpUsl, paclpelleieHue

®epmu-Aupaka, MOJEIIb CUIIBHON U c1ab0il CBA3H.

0COOEHHOCTH CTPOEHHUSI MOTYIPOBOTHUKOB, a TAKXKE TIOBEICHNS 3JIEKTPOHOB B MOIYIIPOBOIHUKAX.

OCHOBHBIE TTOJIOKEHUS SJIEKTPOHHO-IBIPOYHOM MPOBOAMMOCTH METAJUIOB U MOJIYIIPOBOAHHUKOB.

UMETb IIPEJCTAaBICHUE O IPUMECHOM TPOBOJUMOCTH B I10JIyIIPOBOJHUKAX

CBSI3b KOHTAKTHAas pa3HOCTU NOTeHUHa1oB U TepMoIIC.

0a30BbIC MOJIETIM OTIMCAHMUS SIBICHUN CBEPXTEKYUYECTH M CBEPXIIPOBOAUMOCTH

MTOJIO’KEHUS KBAHTOBOTO ONMCAHMS MATHUTHBIX CBOMCTB TBEPABIX TEI

yMeTh:

INPUMEHSATh U3yUCHHbIE 3aKOHBI KBAHTOBOW (DM3UKH ISl peIIeHHUs KOHKPETHBIX 3a/1au:
YMETb NOJIb30BATHCS KiIACCH(PHUKAMEH THIIOB KPUCTAINTMUYECKHUX pemérok bpase.
HNPUMEHATh 3aKOHBI TUCTIEpCUH (POHOHOB AJIS pacuéTa TeIIOEMKOCTH KPUCTAIOB B MKaX MOJEIH

Jlebast n DWHIITEHHA.

BBIYHCIIAT 3aKOH JUCIICPCUH JJIS SJIEKTPOHOB U ABIPOK B paMKax cl1a00ii M CHIIBHOMN CBS3H
OTIpeNeNATh YPOBEHb 3HEPru hepMu B METalaX U MOJYNPOBOIHUKAX OTHOCHUTEIBHO Kpasi 30HBI

IIPOBOAUMOCTHU

ONPENENATH BUJl TEMIIEPATYPHOU 3aBUCUMOCTH JIEKTPONPOBOTHOCTH MOITYIIPOBOIHHUKOB
BBIUUCIIATH BUJ BOJIBTAMIIEPHOMN XapaKTEPUCTUKH p-N Iepexoaa
aHaIM3UpOBaTh (U3UUECKHE 3a/aud, BBIIEISIS CYLIECTBEHHBICE M HECYIIECTBEHHBIE ACIIEKTHI
SIBJICHUs,, U HA OCHOBE IPOBEIEHHOIO aHalIM3a CTPOUTH YIPOLIEHHbIE TEOPETUYECKUE MOJIEIIU

(U3NYECKUX SBICHUH;

MNPUMCHATL PA3JIMYHBIC MATCMATHUYCCKHUE HWHCTPYMCHTBI PCEIICHUA 3aJad HCX0Ad U3
C(I)OpMan/IPOBaHHBIX (1)I/I3I/I‘IGCKI/IX 3aKOHOB, U TPOBOAUTH HCO6XO,Z[I/IMBIG AHAJIMTHYCCKUEC U YHUCJIICHHBIC

pacy€Thl.
BJIaJeTh:




OCHOBHBIMH METOJIaMH PEIICHUS 33/1a4 KBaHTOBOM Makpo(H3HKH;
OCHOBHBIMH MAaT€MaTHYeCKMMH WHCTPYMEHTaMHM, XapakTepHbIMU JJs 3aJad KBAaHTOBOM
MakpO(U3HUKH.

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



