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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: KBaHTOBast pu3HKa HU3KOPA3MEPHBIX CHCTEM
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa QUMK CBEPXIIPOBOANMOCTH U KBAHTOBBIX MaTepPHAaJIOB

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
ceMuHapsl: 60 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrostensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: B.M. [lynanos, A-p ¢u3.-Mar. HAyK, CTAPIINI HAYYHBIH COTPYITHUK

[Iporpamma obcyxneHa Ha 3aceqannu Kadenpa GpU3nKu CBepXIpOBOAUMOCTH U KBaHTOBBIX Marepuainos 21.02.2025



AHHOTANMA

B nanHOoM Kypce paccMarpuBaroTCs (GU3MUYECKHE CBOMCTBA ANEKTPOHHBIX CUCTEM IOHMKEHHON Pa3MEpHOCTH
(2, 1 u 0) 1 HAHOCTPYKTYp Ha MX OCHOBE. JTa 00OnacTe Hayku u300minyer HobOeneBCKHMMM OTKpPBITHSAMH,
[I0O3TOMY B JAaHHOM KypCE€ pacCMaTpUBAIOTCS TAKXKE KOHLEILMM, JIeXKAlle B OCHOBE OTKPBITUH U caMH
OTKpBITUS. B Kypce m3naratoTcsi OCHOBBI KBAHTOBOTO TPAHCIIOPTA 3apsa U CIHMHOBBIX CBOMCTB AJIEKTPOHOB,
cBoiictBa @epmu-xuakoctHoro cocrosaus (FL) m da3 3a mpemenamm FL. Kypc paccuntan Ha
crynerroB-maructpos JIOM (M®PTH), B OCHOBHOM, 3KCIIEPHUMEHTATOpOB. M3maraemeie Marepuaibl
WUIIOCTPUPYIOTCS] OIUCAHUEM KJIFOUEBBIX SKCIIEPUMEHTOB U UX PE3YJILTATOB.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

- OCBOGHHE CTylAeHTamMH (DyHIaMEHTaJbHBIX 3HAHUI B 00JaCTH KBAHTOBBIX 3JIEKTPOHHBIX CBOWMCTB
CHCTEM TOHIKEHHOH pa3MEepHOCTH W HAHOCTPYKTYpP Ha WX OCHOBE, (yHIaMeHTanbHbIX 3(ddekron
TIPOSIBIISIONIUXCS B HU3KOpa3MEHbIX cucTteMax, HobemeBckux oTkpeituii XX u XXIBeka, Jiexalmx B
OCHOBE KBAaHTOBOH (PHM3MKM  HU3KOpa3MEpPHBIX CHUCTEM, H3Y4YCHHE CIIOCOOOB  CO3JaHUS
HaHOXJIEKTPOHHBIX YCTPOWCTB M METOJOB HMX HWCCIIECIOBAHUS, a TakKe o0nacTeld WX MPaKTHIECKOTO
MIPUMEHEHUSI.

3agauu AU CHUIIHHBI

- (hopmupoBanue 6a30BLIX 3HAHUN B 001aCTH KBAaHTOBOW (pu3MKK HHU3KOpasMepHbIX (2d u 1d) cucrem
KaK JMCHUILTHHBI, HHTETPUPYIOIIEH 00mepH3HIecKyIo 1 00IIeTEOPETUIECKYIO MOATOTOBKY (DU3UKOB U
obecrieunBaoiel TEXHOJOIMYECKHE OCHOBBI COBPEMEHHBIX MHHOBALMOHHBIX C(ep IEesITEIbHOCTH B
00J1acT! HAaHOAJICKTPOHUKH U CIIMHTPOHUKHY;

- TOHMMaHHE KIIOYEBBIX (u3ndeckux 3()(PEKTOB, OTKPHITHI, SKCIEPHMEHTOB M TEOPETUYECCKHX
PEe3yIBTATOB, JIEXKALIUX B OCHOBE COBPEMEHHOTO OITMCAHUS CBOMCTB HU3KOPa3MEPHBIX CUCTEM;

- O3HAKOMJICHHME CTYJICHTOB C IIPUHIMIIAMH CO3aHUs yCTPOHCTB HAHOIEKTPOHUKU U CIIMHOTPOHUKH,
uX (YHKIMOHMPOBAaHHS HAa OCHOBE KBAHTOBHIX d3()(EKTOB, BBIABICHHE OCOOCHHOCTEH HX
(YHKIIMOHATBHBIX ~ XapaKTEePUCTUK B CPAaBHEHHHM C  KIACCHYECKMMH  MMKPOIIEKTPOHHBIMHU
yCTpOiicTBaMu;

- (opMHpOBaHHE TMOAXOMOB K BBIIOJHEHHIO CTYACHTAMH HCCICAOBAaHUNH B 0OJAcTH CBOWCTB
HHU3KOpa3MEpHBIX KBAHTOBBIX MAaTepUalloB M CTPYKTYp B paMKaxX BBIIYCKHBIX paOOT Ha CTEHEHb
Mmaructpa, popmupoBaHue 0a30BBIX 3HAHMH W yMEHHW Ul JAJIBHEWIIMX HMCCICAOBAHUN B paMKax
BBIMTYCKHBIX KBATH(DUKAITUOHHBIX paboT.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYaIIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBisieT MOMCK BapuUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

aHaM3 MPOOJIEMHBIX CHTYaIlWii Ha OCHOBE
CHUCTEMHOTO TIOIX0/1a, BBIpadaThIBaTh
CTpaTeruro AeucTBui

YK-1.3 PazpabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTABJICHHOM 1€ Kak IOCJICAOBATeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKA0ro0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIIbHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHUKOB 3TOMN
JesITeTbHOCTH

VYK-2.1 ®opmynupyer B pamkax 0003HaYCHHOUW MPOOIEMBI,
1enb, 3aJadd, aKTyaJbHOCTh, 3HAYUMOCTh (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0 U MHYIO B 3aBUCUMOCTU OT
TUIA TPOEKTa), OXHIAEMBbIC pE3yIbTaThl M BO3MOXKHBIC
cdepbl UX MPUMECHEHUS




VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITeIbHOCTH U IUIAHUPOBATh IMOCIICAOBATEIbHOCTh 1IaroB
I JOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer
IIaH-TpaduK pealu3alud OPOoeKTa B LEJIOM U IUJIaH
KOHTPOJISI €T0 BHITTOJTHEHUS

VK-2.4 Ilpeacrapnsier myOIMYHO PE3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMH Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMUHapax | T.II.

YK-3 CrnocobGeH oprann30BbIBaTh H PYKOBOIUTD
paboToii KoMaH/IbI, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTHIO IS JOCTHKESHUS ITOCTABICHHOMN
3a/1auu

VK-3.2 YuuteiBaeT B cBOCH COITMATBbHOU u
poheCCUOHATBHON JESITEeNhHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUSI U MHEHHs (BKIIOYas KPUTHUYECKUE) JIIONEH, ¢
KOTOPBIMH ~ pabOTaeT/B3aMMOJICHCTBYET, B TOM YHCIC
MOCPEACTBOM KOPPEKTUPOBKH CBOUX JCHCTBUIMA

YK-4 Crioco6eH mpuMeHsITh COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMHYECKOTO M PO(ecCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.1 Cnocoben Bectu 0OMEH /€JI0BOM MHpopMannen B
YCTHOH W MUChMEHHOU (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickoii ®Penepanii M HE MEHEE YEM Ha OJHOM
HHOCTPAHHOM SI3bIKE

VK-4.2 Bmageer HaBLIKAMH, HEOOXOOUMBIMHM IS
HaIlMCaHUs, MHUCHMEHHOTO TIEPEBOAa W PEAAKTHPOBAHUS
pa3IMUYHBIX aKaJeMHYECKUX TEKCTOB (pedepaToB, 3cce,
0030poB, cTaTei u T.1.)

YK-4.3 Criocoben NPEACTABIIATh Pe3yNbTaTh
aKaJIeMUYEeCKO W TPO(eCCHOHANBHON JEATENbHOCTH Ha
pas3IMIHBIX Hay4YHBIX MEpOIIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M IPO(eCcCHOHAIBHOTO B3aNMOAEHCTBHS

YK-5 CniocoGeH aHanu3upoBaTh U yUUTHIBATh
pa3sHoo0pa3ue KyabTyp B IpOLECcCe
MEKKYJIBTYPHOTO B3aUMOACHCTBHS

VYK-5.1 CnocobeH BbIBIATH crieMUPUKY (pumocopckux u
HayYHBIX TPAJAUIIIA OCHOBHBIX MUPOBBIX KYJIBTYP

VYK-5.2 Cnocoben  ompenensth  TEOpEeTHYECKOE U
MPAaKTUYECKOE 3HAUEHHE KYJIBTYPHO-A3BIKOBOTO (aKTopa
IPU B3aUMOJEHCTBUY PA3IMYHBIX GHIOCOPCKUX M HAYIHBIX
Tpaauuui

YK-6 CriocobeH onpeessTh U peaan30BhIBaTh
MPUOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOILICHKH

YK-6.1 Ymeer pemare 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBHOTO  pa3BUTHS,  ONPENeNsTb |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO JIESATEILHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBHITIONHEHUS JACATEILHOCTH C e
pe3ynbTaraMu

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00JacTn
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.1 3HaeT W cOOoCcOOCH  HUCIOJB30BaTh B
npo(eCCUOHANBHON  JesTeNbHOCTH  (yHIAaMeHTalbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 0000mmarTs ¥ KPUTHUYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHATBHOM ESTENbHOCTH

OIIK-1.3 [lonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHun 3a1a4 NpoQecCuOHATBHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb




Ha HAYYHOM sI3bIKe ()OPMYITUPOBATh
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUH HOBBIX 3ajad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoOeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

OIIK-5 CniocoOeH 1 roTOB K MOBBIIIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJICKTHBOM B chepe cBocit
podeCcCHOHAILHOM NI TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCUOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Crocoben paboraTh B KOJUIEKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COLIMAJIbHBIC, STHUYECKHE,
KOH(ECCHOHAIBHBIEC U KyJIBTYpPHbIC Pa3Inyust

OIIK-5.2 Bmaneer
KOJUIEKTUBOM B
JIESITEIIbHOCTHU

HaBBIKOM
cthepe  cBoeit

PYKOBOICTBA  MaJIbIM
npodeCCHOHATBHOM

OIIK-5.3 Crpemurcs K TMOJYyYEHHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHIN B
pamMKax TeMaTHUeCKOW 00yacTH cBoell mpodeccroHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

[IK-2 CnnocoOeH caMOCTOSTEIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiuio

[IK-2.1 Cnoco0eH IUIaHUPOBaTh W TPOBOAWUTH HAYYHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO WMJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIfio pe3ylIETaTOB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
TyONUKAIIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pEepeHIuIx

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MprubOpaMu U yCTaHOBKAMH,
CTIeATN3UPOBAaHHBIMH TTAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
MIPUKJIAJAHBIX TPOTPAMM)

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.




YMETb:

1. CoBpemennble npodaemMbl GU3NKN KOHACHCUPOBAHHOTO COCTOSIHUS

2. Hogeiitme oTKpBITHS B PHU3KKE, B T.Y., B KBAHTOBOW (PU3HKE TBEPAOTO TEa

3. O B3auMOCBS34X U (HyHIAMEHTAJIHHOM E€IUHCTBE €CTECTBEHHBIX HAyK

4. Teoperndeckue mMonenu (GpyHIaMEHTAIbHBIX MPOLECCOB U SBJICHUN B (pU3MKE KOHIEHCHPOBAHHOIO
COCTOSIHUS

5. IlpuHIMIIBI CHMMETPUH, TOIIOJIOTUH, U 3aKOHbI COXPaHEHUS

6. OcHOBHBIE METOZBI CO3[aHNS HAHOCTPYKTYp U HAHOMAaTepuasoB, TpeOyeMble AJsl UCCIeJOBaHUH B
HU3KOTEMIIEpaTypHBIX 3KCIIEPUMEHTAaX.

7. OCHOBHBIE METOIBI CO3JaHHsI W NMPUHUUIBEI (YHKIMOHUPOBAHUS YCTPOWCTB HAHODJICKTPOHUKH U
CIIMHTPOHUKHU.

8. Hayunele 3amauu, HaJ KOTOpPBIMH paboTaroT B 0a30BBIX J1aboparopusix o00pa3oBaTelbHON
[IPOrpaMMBl.

9. TexHuky 06€30MaCHOCTH U MpaBUia PabOTHl B HU3KOTEMIIEPATYPHBIX (DU3MYECKUX SKCIIEPUMEHTAX U
B 9KCIIEPUMEHTAX C CUJIbHBIMU MarHUTHBIMU IIOJIIMU.

1. D¢ddexTrBHO MCTIOIB30BATH HA MPAKTHKE TEOPETUUECKUE 3HAHUSA: TOHATHS, PE3YJIbTaThl, TUIIOTE3bI,
3aKOHBI;

2. IlpencTaBnsaTh maHopamMy YHHBEPCAJIbHBIX METOAOB M 3aKOHOB COBPEMEHHOH KBAHTOBOW (HM3HKH
HU3KOPa3MEpPHBIX CHCTEM;

3. AGcTparupoBaThCsi OT HECYNIECTBEHHBIX (DaKTOPOB NPH MOJCIMPOBAHMM PEATBHBIX (U3NUECKUX
MPOILIECCOB U ABJICHUIM;

4. Jlenarb 4MCICHHBIE OIICHKHN MaciiTada okuaaeMbix 3 dexros;

5. [InaHnpoBaTh ONTUMAIILHOE MTPOBEICHHE SKCIEPUMEHTOB JUTS PELICHUS TOCTABICHHBIX 3a/1a4.

BJIAJIETD:

1. TeopeTMuecKMMH OCHOBaMH 3KCIIEPUMEHTAILHBIX METOJOB IPOBEACHUS W3MEPEHUH B 0o0NacTu
KBAaHTOBOH (HM3MKM HHU3KOPAa3MEPHBIX CHUCTEM C HCIIOJIb30BAaHUEM TPAHCHOPTHBIX, TYHHEJBbHBIX,
TepMoAMHaMHUecKuX, BY, onTHyeckux u pe30HaHCHBIX METO/IOB.

2. Nadopmanueil 0 COBpeMEHHOM COCTOSIHMM HCCIIEIOBAaHUN B 00J1aCTH KBAaHTOBOW (PM3UKH TBEPIOTO
Tena.

3. Teopernueckumu MopensiMu  (YHIAMEHTAIbHBIX MPOLECCOB M  SBJICHUH B  (U3UKE
KOHJIGHCHPOBAHHOTO COCTOSTHHUS.

4. Meronamu aHanu3a U 00padOTKH SKCIIEPUMEHTAIBHBIX TaHHBIX.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora

HeoOxonnMmble cBeneHus M3 KBaHTOBOU
MexaHuku. Peanmzanus — JABYMEpHBIX, 2 1
OJHOMEPHBIX H HYJIb-MEPHBIX CHCTEM

Craructuka COCTOSIHMH B cucTeMax
pa3IMYHON pa3MEpHOCTH. XapaKTEpHbIE
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4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. HeoOxomuMmbie cBeieHUs] M3 KBAaHTOBOM MEXaHWKH. Peanmnzaiiusi JAByMEpHBIX, OJHOMEPHBIX H
HYJTb-MEPHBIX CUCTEM

Hanomunanve 0CHOBHBIX Hayall KBAHTOBOM MEXaHHUKH - OMCAHUS CBOMCTB JIEKTPOHOB B TEPMUHAX
BOJH M YacTHI, KAa4eCTBEHHAs pOJb M CIOCOOBI 3aJaHMs TPAHUYHBIX YCIOBHM YacTHIBI B
MOTEHUUANbHOW siMe. Du3ndyecKkue NPUYMHBI Pa3MEPHOIO KBAHTOBAHUS  YPOBHEH OSHEPTHH.
Beipoxxaenne ypoBHel 1o d3Heprud. OCHOBHBIE 3KCHEPHUMEHTAIbHBIE CHOCOOBI peaTu3aluu
JIBYMEPHBIX U OJAHOMEPHBIX cucTeM. PopMHpOBaHUE IBYMEPHBIX CHCTEM JJIEKTPOHOB Ha IpaHUIIC
KPEeMHHUsI M OKHCJIAa KPEMHHUS, HaJ IOBEPXHOCTbIO KPUOTECHHBIX IHUAJIEKTPUKOB, a TaKXkKe B
rerepocTpyktype GaAs-AlGaAs. Paccmorpena pa®oTra KpeMHHEBOIO IIOJIEBOTO TpaH3HCTOpa B
JUHEHHOM M HeJIMHEHHOM pekumax. OmnucaHbl CIOCOObI HW3TOTOBJIECHUS OIHOMEPHBIX U
HYJIb-MEPHBIX CHCTEM.

2. CTaTUCTHKA COCTOSHUI B CUCTEMaX pa3iIMYHON pa3MEPHOCTH. XapaKTepHble MaciiTaObl YJHEPTHUH,
JUIMH W BpeMEH B Me30CKonuke. JIOKamm30BaHHBIE M MPOTSKEHHBIE COCTOSHHSA PA3IHYHOU
CUMMETPUU

PaccMoTpeHbl TpUYMHBI KBAaHTOBAaHUS HWMIIYJIbCA HAKJIAAbIBAEMbIE T'PAHUYHBIMH YCIOBHSAMHU.
IToncuuTsiBaeTCS MIOTHOCTh COCTOSIHUN DepMU-yacTUll B UMILYJIbCHOM IIPOCTPAHCTBE U 110 S3HEPTUU
JUIsL CUCTEM pa3nuuHoil pazmepHocTu. IIpoBoasrcs onenkn depmueBckoil sHeprun, OepMueBCKON
CKOPOCTH JJIsl IPOCTBIX MOHOATOMHBIX METAJIJIOB C OJHUM JIEKTPOHOM HAa aroM, Ui TUIIMYHBIX
OByMepHBIX cucteM. OOcyxnaercss (U3MYECKHH CMBICT PAa3JIMYHBIX MapaMeTpOB ABYMEPHBIX
CHUCTEeM: JUIMHA TemaoBol auddy3uu, JUIMHA pejakcallid UMIyIbca, JIuHAa cOos (asbpl, JIMHA
penakcanuu sHepruu, sHeprus Taynecca. [IpoBonsTcst OLEHKH XapaKTepHBIX 3HAYCHUH MapaMeTpoB
JUI JIBYMEPHBIX CHUCTEM 3JIEKTPOHOB: DepMHEBCKOM [UIMHBI BOJHBI, JJIUHBI BOJHBI, JIUHBI
penakcanuu uMITyibca. [IpoBOOUTCS KayecTBEHHOE PAacCMOTpEHHE Xapakrepuctuk dDepmu-raza
3JIEKTPOHOB B MeTaJlJIaX - TEIUIOEMKOCTH, IPOBOAUMOCTH, TEIIONPOBOIHOCTH.

3. KBanToBbIi Oaimuctudeckuit Tpancnopt (1). KBaHTOBBIN OaliMCTUYECKHd TPAHCIIOPT B ciaboM
MarHuTHOM mone (2). Hesaryxaromue Toku

OOcCyXIaroTcsi OCHOBHBIC TIOHSTHS M CBOWCTBA KBAaHTOBOTO OaUIMCTHYECKOTO TPAHCIOPTa B
nByMepHoii cucteme. [lpuBeneH BweiBon Gopmynbl  JlaHmayspa Ha Ka4yeCTBEHHOM YpPOBHE.
Paccmotpensr 3ddexrsr ApoHoBa-boma (AB) u Anprmynepa-AponoBa-CrnuBaka. OOcyxarorcs
KITIOYEBbIC JKCIIEPHMEHTa MO TPOBEpKe TeopHil. PaccMorpensl mHTepdepeHimontbie 3QdeKTsl B
0aJITMCTUYECKOM TPAHCIIOPTE.

4. KBa3ukiraccuieckas JAWHaMUKa 3JICKTPOHOB B MArHUTHOM I10JIC

PaccmoTpena quHaMuKa JIEKTPOHOB B IBYMEPHOM CHCTEME B EPIICHIUKYISIPHOM MarHUTHOM IIOJIE.
PaccMotrpeHna 3a1ada 0 ypOBHSIX SHEPIHU U BOJHOBBIX (DYHKIMSIX DJICKTPOHOB B IBYMEPHOI CHCTEME
B KBaHTYIOIIEM IEPICHAMKYIIPHOM MarHUTHOM Iojie. PaccmarpuBaeTcsi CTaTHCTHKA COCTOSHHM,
SHEpreTuveckas IUIOTHOCTh COCTOSHHM, ypoBHM Jlanmay B aBymepHoil  cucteme. OCHOBHBIC
HaOmromaemple  dddexTa - UUKIOTPOHHBIA  PE30HAHC, KBAHTOBBIE  MAarHUTOOCIIUISIINH.
OOcyxaroTcst XapakTepHbIe MaclITadbl B 33]ja4€¢ C MAaTHUTHBIM TIOJIEM.

5. KBaHToBBIli OammucTUYecKUil TPaHCHIOPT B KBaHTyromeM MarHuTHoM mnoine (3). KeanroBblit
addexT Xomna




PaccMoTpeH KBaHTOBBIN OATUIMCTUYECKUN TPAHCTIOPT B MPUCYTCTBUUA MAarHUTHOTO Toisi. OCHOBHBIC
3¢ (eKThI, MPEANeCcTBYIONINEe YCTAHOBIECHUIO COBPEMEHHON TEOpPHH - (DOKYCHPOBKA AJIEKTPOHOB B
MarHUTHOM TIOJie, MAarHUTHbIE TIOBEPXHOCTHbIE YPOBHH, ‘‘CKadyIlllM€ BAOJb IIOBEPXHOCTHU
ANIEKTPOHBI’, pa3MepHasl OTCeUKa KBAHTOBBIX OCHIIUIAIMHI. PaccMoTpeH kBaHTOBBIN dddekT Xona
B 0aJUTMCTUYECKOM TPUOIIKEHUH, KPaeBble COCTOSHHS W HEJOKalbHBIN TpancmoptT. [IpomomkeHo
paccMOTpeHUEe KBAaHTOBOTO OAJTUCTHYECKOTO TPAHCIIOPTA B CJIA0OM MAarHUTHOM TIOJE€ C Y4E€TOM
TPaHUYHBIX  TMEpUOAWYECKUX  ycioBuid. Heszaryxaromme TOKM B HECBEPXIIPOBOISLINX
ME30CKOITMYECKUX KOJNbIlaX. PaccmorpeHa (ha3oBas jgmarpaMma B KOOpDAWHATAX JHEPTUS —
MarHUTHBIA NOTOK. CBOMCTBA MacCHMBOB ME30CKOIIMYECKHUX KOJIEL].

6. TpaHcnopT He 30HHOTO THIIA

PaccmoTpeH 3apsimoBbId TPAaHCIIOPT HE 30HHOIO THUIA, BKIIIOYAs TYHHENbHBIM W IPBLKKOBBIN
TpaHcnopT. Pe3onHaHcHOe TyHHenupoBaHue. IIpuMecHBle YpPOBHH DJHEPrUHM B JIETMPOBaHHBIX
HONYNPOBOAHUKAX. IIppKKOBasg IpoBOAMMOCTE. IIpOBOAMMOCTE € MEPEMEHHOM IJIMHOM IPBDKKA.
Kynonosckas mens.

7. Heobxonumble cBeleHUs! U3 CBEPXITPOBOAUMOCTH

Janbl HeoOXOAMMBIE  CBEICHHA M3 CBEPXIPOBOAUMOCTH. BO3HHMKHOBEHHMS KYyIEpPOBCKHX TIap,
JNEKTPOH-(QOHOHHOE B3aMMOAEUCTBHE, NpuUpona chapuBaHus. BomHoBas ¢yHkums. CuHmeTHoe
COCTOSIHUE. DHEpreTuyeckasl IJIOTHOCTh COCTOSIHMM B CBEPXIPOBOAHMKE. J[MHMHA KOr€peHTHOCTH.
CBepXmpoBOAHUKM TIEPBOrO M BTOporo poma. Oddexr MeiicHepa, cMEmaHHOE COCTOSHUE.
MarHuTHbIE CBOICTBA CBEPXIPOBOAHUKOB MIEPBOTO U BTOPOTO POAA.

8. bannmuctrdeckuii Tpancnopt B cTpykrypax NS u SNS

Paccmorpen Oammmctuueckuid TpaHcmopt B crpykrypax NS m SNS. AnzapeeBckoe oTpaxeHue
KBa3W4acTHIl TIpH TPOXOXKJIEHHWH uepe3 TpaHuily. TpaHcmopT B crpykrypax NIS, SNS, SIS.
Tpancnopt B GaymuctuueckoM u 1updy3uoHHOM npexpene. TyHHenupoBaHHE KyINEPOBCKHX Iap.
Db ekt [Ixozedcona. CriocoObl U3MEPEHUS SHEPTETUIESCKOH SN B CBEPXIIPOBOTHUKE.

9. Hynb-mepHbie cucteMbl. KynoHoBcKkast 6iiokasia

PaccmarpuBaercss OajuicTHUeCKUH TlepeHOC 3apsiia 4depe3 HYJIbMEPHYIO cucTeMy. SIBieHue
KYJOHOBCKOHM Onokanbl. OJHOAIEKTPOHHBIN TPaH3UCTOp, KBAaHTOBBIM HAacocC 3apsja. 3apsoBble
3¢ GeKTH B TpAaHCIIOPTE B HOPMAJIBHBIX M CBEPXITPOBOSIIUX CTPYKTYpax.

10. KBanroBsiii nuddysmnonusid Tpancnopt (1)

PaccmarpuBaroTcsi oCHOBBI TpaHcopTa B Au(hy3noHHOM NpuOImkeHnn. PaccessHre Ha mpuMecsx u
¢dononax. Tay-npubmmkenue. Kiaccuaeckas popmyna Jpyne u nporuBopeuns. Kasukinaccuueckas
teopuss 3ommepdensaa. HeynopsmodeHnsle cuctembl. KBantoBble 3(ddekTsl MHTEphEepeHINU B
tpaHcriopre. Cnabast nokanuzauusi. OrpuiaresbHOEe MarHMTOCONpoTHBiIeHHe. Jlokanu3anus
Amnziepcona. CKeWIMHTOBasI TEOPUS JIOKAINU3AIMHA. AHAIOTHUS B OTITHKE.

11. KBanToBblit nuddysnonnsiii Tpancnopt (2). KBanrytomee marautHoe mosne. LlemouncieHHblit
KBaHTOBBIH 3 ekt Xorra

Paccmotrpen nuddy3noHHBII TPaHCIOPT B KBAaHTYIOIIEM MarHUTHOM moje. KBaHTOBaHHE HOTOKa.
Hemnouncnenusiii kBaHToBBIN 3dextr Xomna B auddy3nonHoMm npudbmmwkennn. Jlokanu3oBaHHbIE U
MPOTSHKEHHbIE COCTOSAHMS. TN CHMMETPHUH M CTaTUCTHUKA YPOBHEW. BoHOBast QyHKIMS SIEKTPOHOB.
TepMoauHaMUKa U TPAHCIIOPTHBIE CBOMCTBA B PEKUME KBAHTOBAHMSI XOJJIOBCKOW MTPOBOAMMOCTH.

12. TIpencraBiieHue 0 KOMIO3UTHBIX (hepMHUOHAX U JPOOHBINH KBaHTOBBIHN 3¢ ekt Xomna

[IpencrapneHre 0 KOMIO3UTHBIX QepMHOHAX W APOOHBIH KBaHTOBBIN 3 dekT Xomra. CocTosHUS C
MOJNYIETbIM  3armoiiHeHueM  ypoBHed Jlanmay. Tomomormueckue wuHBapuaHtel. Yucima YepHa.
Tomonornueckuii nzonstop. Keantoerit 3¢ ekt Xomna B 3D cucreme.



13. Cniun-opbutanbHoe B3anMoeicTBre. CIMH-OpOUTAIFHOE PACIICIUICHHE CIIEKTPa B JIByMEPHBIX
cucremax. Criektp PamOsr

PaccmoTpeno cnuH-opOHMTaIbHOE B3aMMOIEHCTBHE, ero (u3nyeckas npuunHa. CuH-opOUTaIbHOE
paclieruieHle CIIeKTpa B AByMEpHBIX cuctemMax. CriekTp Tumna Pamost.

Cemecrtp: 2 (Becennuit)

14. CnunoBelli 3ddext Xomna. VYmpaBieHHE TOTOKaMH CIHUHOB. JleTeKTHpOBaHHE CIUHOBOM
HaMarHU4eHHOCTU

Paccmorpen aHomanbHbI dddexT Xomna, cnuHOBBIM d¢ddekt Xomma. PaccMoTpeHBl OCHOBBI
CIIMHTPOHUKHU - CIIOCOOBI yIpaBieHHE MOTOKAMH CIHHOB M CHOCOOBI JETEKTHPOBAHHS CIHHOBOMN
HaMarHMYeHHOCTH TPAHCIIOPTHBIMH M ONITHYECKUMH METOJIAMHU.

15. Kanrossiit a3 ekt Xomma. Tonojgoruueckoe paccMOTpEeHHE

PaccmarpuBaercss kBaHTOBBIH d(dekT Xouta ¢ TOMOJOTHYSCKOW TOYKH 3peHus. BBeneHue B
KBaHTOBBIE TOMoNOrnueckue naBapuanTel. ®asza bepuu. Yucna YepHa.

16. BKCHepI/IMGHTaIIBHBIG MCTOJbI UCCJIICAOBAHUSA IJICKTPOHHOI'O CIICKTPA

PaccMoTpeHbl 3KCiepUMEHTaIbHBIE METOIBI HCCIENOBaHUS DIEKTPOHHOTO cIleKkTpa. KBaHTOBBIE
OCLHWUISIIMU B JIBYyMEpHBIX CHCTeMax. l3MepeHHe OpOWUTAIBHOTO M CIHHOBOTO paCIIETIICHUS
ypoBHeld JlaHmay, KBaHTOBBIX OCHWUIALUNA CONPOTHBICHUS, XHMHUYECKOTO IOTEHIHAIIA,
HaMarHu4eHHOCTU U 3HTponuu. [lonHas cinHoBas nossipuszanus. @oToreKTpOHHAs CIIEKTPOCKOIIUS
C YIJIOBBIM pa3pellcHUEM.

17. Muoroyactuunsie 3¢dexrer. Pepmu ra3z u Pepmu xunkocts. OcHoBbl Teopun Jlangay depmu
AKUIKOCTU

PaccmarpuBarorcss MHOTOYacTHYHBIE A(PQPEKTH B DIEKTPOHHOH cucTeme. M3nararorcs OCHOBBI
teopun Jlangay @epmm sxuaxoctd. 3omoroe mnpaBuwino Pepmu. llepeHOpMHpOBKa mapameTpoB
kBazuuactuil. CuHTynspHOCTh BaH-XoBa W 3dekr [lomepanuyka. [lepeHopmupoBka (QyHKIMH
3aIl0JTHEHUS KBa3UYacTHUL.

18. B(I)Q)GKTLI QJICKTPOH-3JICKTPOHHOI'O BSaHMO,I[efICTBPIH B TpaHCHOPTC 3apdaa U B TCPMOAUHAMUKE

PaccmarpuBaercst nposiieHre 3((GEKTOB AIEKTPOH-IEKTPOHHOTO B3aUMOJICHCTBHSA B TPAaHCIOPTE
3apsga ¥ TepMoauHamuke. KorepeHTHble KBaHTOBbIE 3(@dekTsl B paccesHuu. I[lepeHopmupoBKa
VIIMPEHHUS YPOBHEH OSHEPruM H IUIOTHOCTH cocTosHUMK. CHnHMHOBass HaMarHU4€HHOCTb U
BOCIIPUUMYHBOCTh HU3KOPa3MEpHBIX CUCTEM. MeTojbl ee u3MepeHus U pe3yibrarsl. CTOHEpOBCKas
HEYCTOHYMBOCTh. OnpeenieHre MepeHOPMUPOBAHHBIX TAPAMETPOB KBa3UUACTHIL U3 HKCIIEPUMEHTOB.

19. Haxoxxaenue sHepruu ocHOBHOTO coctosiHus. [Ipubnmkenue Xaprpu-doka

Brrumnciienne sHepruu oCHOBHOTO cocrtosHus. [Ipubmmkenune Xaprpu-Doka. Momens Xabbapna.
OcHoBbI IpubMxKeHus cpeanero nous u meroga DFT.

20. TepmonnHaMuyeckas IUIOTHOCTh COCTOSHHUM BO B3aMMOJEWCTBYIOIIEH cucTeMe. BUrHepoBckas
kpucramumsanus. Kitaccnueckoe 1 KBAHTOBOE IIJIaBIICHHE

TepMmonrHamMHuuecKass IUIOTHOCTh COCTOSHUE BO B3auMoOneHCTBYyIomed cucreme. CKHUMaeMoCTb,
W3MEHEHHe ee 3Haka. BnmsHue Oecropsiaka. BiusHWe uuciia KBaHTOBBIX CTelEHEH CBOOOBI.
3apsokeHHass DepMu-KUAKOCTb. BurHepoBckas kpuctammzanus. Kiaccuueckoe W KBaHTOBOE
IUIaBJICHUE BUTHEPOBCKOTO KpHUCTalla.



21. BBenenue B MarHeTu3M HU3KOpa3MepHbIX cucteM. Teopema Mepmuna-Baruepa
BBenenue B Marserrsm HU3Kopa3MepHbIX cucteM. Teopema MepmuHa-Barnaepa.
22. PaccessHne MarHuTHBIMH TipuMecsMu. Dpdext Koo

PaccmarpuBaeTcsi paccessHUE 3JIEKTPOHOB MAarHUTHBIMH HpUMecsMHU. JIOKaan30BaHHBIE MOMECHTHI.
Oddexr Kongo.

23. OpHOoMepHBIE M KBa3HOAHOMEpHbIE cucTeMbl. HeycroitumBocts 3apsaoBoM kanaine (CDW).
HeycroitunBocTth B crinHOoBOM KaHaje (SDW)

BBenenne B (U3MKy OIHOMEpPHBIX M KBa3U-OJHOMEPHBIX cHUCTeM. OpraHuyeckue KpUCTaJUIBL.
HeycroitunBocte B 3apsgoBoM kanane. [lepexon Ilaiiepnca. Bomna 3aps1oBoi INIOTHOCTH.
HeycroitunBocTs B CIMHOBOM KaHase. KBaHTOBaHHE BEKTOpa HECTHMHIa UM MHIYLIMPOBaHHAs I0JIEM
BOJIHA CITMHOBOM IJIOTHOCTH.

24. MHOroYacTU4YHbBIC 3(1)(1)6KTLI u (1)330BO€ pacciioCHrC B HU3KOPA3SMCPHBIX CUCTCMAX

MuorouactuuHble 3G ¢eKTsl (Ha30BOro paccioeHUs B JIBYMEPHBIX M OOHOMEPHBIX  CHCTEMaXx.
[TposiBieHus Ga3oBOro paccioeHus B pa3InuHbIX CUCTEMAxX U B PA3IMYHBIX SKCIEPUMEHTAX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)
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9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OTHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
armaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT MJOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
3HATb KIIFOYEBBIC SKCICPUMEHTBI U SKCIEPHUMCEHTAJIbHBIC OCHOBBI 0a30BBIX Teopnﬁ, YMETb NNPUMCHSATH
MOJIYYCHHBIC 3HAHUSA JJIA pCIICHUSA PA3JIMYHBIX 3a/1a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaMPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

- npopa60TKy yqe6Horo Marcpuajia, MmOArOTOBKY OTBCTOB Ha BOIIPOCHI, MNPCAHA3HAYCHHBIX JJI
CaMOCTOATEJIIbHOI'O U3YUCHUS

— pellieHue 3a/1a4, IpeaIaracMblx CTyIEHTaM Ha 3aHATUSX;
— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
IHUCHHIUINHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydyaeMOro mMarepuana, a He MEXaHHYeCcKOro ero 3amomuHaHus. [lpu
3aTPYINHEHUH W3YYCHHUS OTICNBHBIX TEM, BOMPOCOB, CIEAYeT OO0pamarbcs 3a KOHCYIBTAIUSIMU
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 33a7ad B COOTBETCTBUH C
TEMAaTUKOU 3aHATHIL.



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

kadeapa QU3NKU CBEPXIIPOBOJAUMOCTH M KBAHTOBBIX MarepHajioB
Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

PaszpatGoTunk: B.M. Ilynanos, a-p ¢u3.-MaT. HayK, CTapIIni HAYYHBIHA COTPYIHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTAaBJICHHOM 1€ Kak IOCJICAOBATEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIIFHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHHUKOB 3TOMN
JesITeIbHOCTH

YK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyer B pamkax 0003HaYCHHOUW MPOOIEMBI,
Henb, 3aJadd, aKTyaJbHOCTh, 3HAYUMOCTh (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0 U MHYIO B 3aBUCUMOCTU OT
TUMA TPOEKTa), OXHIAEMBbIC PE3yIbTaThl M BO3MOXKHBIE
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITebHOCTH U IUIAHUPOBATh MOCIICAOBATEIbHOCTh 1IaroB
I JOCTWXKEHUS  JaHHOro  pesynerara. @Dopmupyer
IIaH-TpaduK pealu3alud OpPOoeKTa B LEJIOM U IUJIaH
KOHTPOJISI €T0 BHITTOJITHEHUS

VK-2.4 Ilpeacrapnsier myOIUYHO Pe3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMI Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMUHapax | T.II.

VYK-3 CnocoGeH oprann30BbIBaTh H PYKOBOIUTD
paboToit KoMaH/Ibl, BEIpa0aThIBasi KOMaHIHYTO
CTpATEeTuIO IS JOCTHKESHUS IMOCTAaBICHHOMN
3a/1auu

VK-3.2 YuuteiBaeT B cBOCH COITMATBLHON u
poheCCUOHATBHON JESITEeNbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUSI U MHEHHs (BKJIOYas KPUTHUYECKUE) JIIONEH, C
KOTOPBIMH ~ pabOTaeT/B3aMMOJICHCTBYET, B TOM YHCIC
MOCPEACTBOM KOPPEKTUPOBKH CBOUX JCHCTBUIA

YK-4 Crioco6eH mpuMeHsI T COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMUYECKOTO M MPO(ecCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.1 CnocoGen Bectu 0OMEH /AeJI0BOM MHpopMaunen B
YCTHOH W MUChMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickoii @enepanii M HE MEHEE YEM Ha OJHOM
HHOCTPAHHOM SI3bIKE

VK-4.2 Bmageer HaBLIKAMH, HEOOXOAUMBIMHM IS
HaIlMCaHUs, MHUCHMEHHOTO TIEPEBOJa W PEAAKTHPOBAHUS
pa3IMYHBIX aKaJeMHYECKUX TEKCTOB (pedepaToB, 3cce,
0030poB, cTaTe u T.1.)

YK-4.3 Criocoben NPEACTaBIIATh Pe3yNbTaTh
aKaJIeMUYeCKO W TPOo(EeCCHOHANBHON JEATENbHOCTH Ha
Pa3IUIHBIX Hay4YHBIX MEpOIIPHATHSIX, BKJTIOYast
MEXIyHapO/IHbIE

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENCTBA
WH(POPMALIMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M PO(eCcCHOHAIEHOTO B3aUMOAEHCTBHS

YK-5 CriocoGeH aHanu3upoBaTh U yUUTHIBATh
pa3Hoo0pa3ue KyiabTyp B IpoLECcCe
MEKKYJIBTYPHOTO B3aUMOACHCTBHS

VYK-5.1 CnocobeH BbIBIATH crieMUPUKY (pumocopckux u
HayYHBIX TPAJAUIIIA OCHOBHBIX MUPOBBIX KYJIBTYP

VYK-5.2 Cnocoben  ompenensth  TEOpEeTHYECKOE U
MPAaKTUYECKOE 3HAUEHHE KYJIBTYPHO-A3BIKOBOTO (aKTopa
IPU B3aUMOJEHCTBUY PA3IMYHBIX (GHIOCOPCKUX M HAYYHBIX
Tpaauuui

YK-6 CriocobeH onpeiessITh U peaan30BhIBaTh
MPHOPUTETHI COOCTBEHHOMN AEATENBHOCTH U

AAAAA Rev AA AATAuTrTATT A AT ATITTN YA A ATTATA

YK-6.1 Ymeer pemare 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsTb |
peann30BBIBATH MIPUOPUTETHI COBEPIIICHCTBOBAHUS
COOCTBEHHOM JESITETLHOCTH




Cl11UCUVUUbI1 CC UUBC})JJJCHUIISUD&HYI}I Ha uLHUBC
CaMOOIIEHKH

VK-6.2 OueHuBaeT CBOIO JIESATEIHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBHITIONHEHUS JACATEILHOCTH C e

OIIK-1 Bnaneer cuctemoli pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B o0sacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

pe3ynbTaraMu
OIIK-1.1 3HaeT W CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHAaMeHTallbHbIC

HAay4YHbIC 3HAHU B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [lonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuk ¥ (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHun 3a1a4 NpoQeccuOHaNbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpo0iemMax HayKH U TEXHUKH B 001acTH cBOEH
po¢eCcCUOHANBHON e TeNbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUST PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHanmu3upoBarh 3ajady, [JIaHUPOBAThH
MyTH PEIIeHHs, MpelaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara v [IpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHALHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3In4us

OIIK-5.1 Crocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COLIMAJIbHBIC, STHUYECKHE,
KOH(ECCHOHAIBHBIE U KyJIBTYpPHbIE Pa3Inyuust

OIIK-5.2 Bmaneer
KOJUIEKTUBOM B
eI TEJIbHOCTHU

HaBBIKOM
cthepe  cBoeit

PYKOBOJCTBA  MaJbIM
npodeCCHOHANTBHOM

OIIK-5.3 Crpemurcs K TOJYyYEHHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

IIK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccroHambHON
EITENLHOCTH

I[IK-1.2 CnocobeH  BbIBHTaTb THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIBHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaTh

I1K-2 CrnocoOeH caMOCTOITENBHO WU B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O

[IK-2.1 Cnoco0eH IUIaHUPOBAaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHUS CAaMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA




KOJUICKTUBA OPraHU30BbIBATH U POBOJIUTh I1K-2.2 CnocobeH mNpoBOAWUTH ampoOaluio pe3ylbTaToB
HAy4YHbIC UCCIICAOBAHUA U UX aHp06aLII/IIO HayIJHo—Hccnez[OBaTenLCKOﬁ pa60TBI OCPECTBOM
MyOIMKAIUK HAYYHBIX CTATeH U y4yacTHs B KOH(EPEHIUIX

[1K-3 Cnocob6en npodeccuonansao padorars ¢ |[IK-3.1 Ilonnmaer npuHOunel padoThl HMCIOJIB3YEMOTO
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM 00opynoBaHUs (crierManu3upOBaHHBIX MIAaKEeTOB
o0opynoBanreM (MpuOOpaMH U yCTAHOBKAMHM,  |[TPUKJIAJAHBIX IPOTrpaMMm)

CTIEeUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B U30paHHON MTPEIMETHOM 00IacTH

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHHA
B pesynbrare uzydenus quciuiuinabl « KBaHTOBast U3HKA HU3KOPA3MEPHBIX CUCTEMY O0YJAFOIIUNACS JOIKEH:

3HATh:
1. CoBpemeHHbIe poOIEMbI (PU3NKN KOHACHCUPOBAHHOTO COCTOSHUS
2. Hogeiimme oTKpbITUS B PHU3HKE, B T.4., B KBAHTOBOH (hH3MKE TBEPAOTo Teia
3. O B3auMOCBs35X M (PyHAAMEHTAIBHOM €IMHCTBE €CTECTBEHHbBIX HAYK
4. Teopernueckue mMonenu (QyHIAMEHTAIBHBIX IMPOLECCOB U SBJICHUN B (PM3UKE KOHIIEHCHPOBAHHOTO
COCTOSIHUS
5. IlpuHIMIIBI CHMMETPHUH, TOTIOIOTUH, U 3aKOHBI COXPAHEHUS
6. OCHOBHbBIE METOIBI CO3/1aHHsI HAHOCTPYKTYP M HAaHOMAaTEepHaJIOB, TpeOyeMble AJIsl NCCIeIOBAaHUN B
HU3KOTEMIIEPaTyPHBIX 3KCIIEPUMEHTAaX.
7. OcHOBHBIE METO/BI CO3AAHUS M MPUHIMIIEI (YHKIMOHUPOBAHUS YCTPOHCTB HAHONIEKTPOHUKU U
CIIUHTPOHUKH.
8. Hayunwle 3ajmauu, HaJ KOTOPBIMH paboOTaloT B 0a30BBIX JIabopaTopHsx o00pa3oBaTelbHOU
MPOrpamMMmBl.
9. TexHuky 0€30MaCHOCTH U MpaBHiIa pabOThl B HU3KOTEMIIEPATYPHBIX (GU3MUECKUX IKCIICPUMEHTaX U
B OKCIIEPUMEHTAX C CHJIbHBIMUA MarHUTHBIMH TIOJISIMU.

yMeThb:
1. D¢ dexTHBHO HCTIOIB30BATH HA MPAKTUKE TEOPETHUECKUE 3HAHUS: MOHITHS, PE3YIbTaThl, TUIIOTE3bI,
3aKOHBI;
2. llpencraBnsaTh MaHOpaMy YHHBEPCAJIBHBIX METOIOB M 3aKOHOB COBPEMEHHOH KBaHTOBOW (DH3MKU
HU3KOPa3MEPHBIX CUCTEM;
3. AOcCTparupoBaTrhCsi OT HECYLIECTBEHHBIX ()aKTOPOB MPH MOACIHPOBAHUU PEATBHBIX (PU3UUECKHUX
MPOLIECCOB U SIBJICHMIA;
4. lenarh YHCICHHBIE OLICHKH MaciiTada okuaaeMbix 3¢ exros;
5. IlanupoBarhk ONTUMAIBHOE IIPOBEIECHUE SKCIIEPUMEHTOB JUJIsl PEILIEHUs I0CTaBJIEHHBIX 3a/1au.

BJIA/IETh:
1. TeopeTnuecKuMH OCHOBAMH JKCIEPHUMEHTAIBHBIX METOJOB IPOBEACHUS HM3MEpeHHH B 00JIacTH
KBAaHTOBOW (DM3UKM HHM3KOPAa3MEPHBIX CHCTEM C HCIHOJIb30BAHUEM TPAHCIIOPTHBIX, TYHHEJIbHBIX,
TepMOANHAMUYECKHX, BU, ONTHYECKNX 1 Pe30HAHCHBIX METOIOB.
2. Madopmanneit 0 COBpeMEHHOM COCTOSHHM HCCIIEIOBAHUN B 00J1aCTH KBAaHTOBOW (PM3UKH TBEPJIOTO
Tena.
3. TeopermueckuMu MoaeinssMH  (yHIAMEHTAJIBHBIX HPOLECCOB U  SIBICHUH B  (H3HKE
KOH/ICHCHPOBAaHHOTO COCTOSIHUSI.
4. Meropamu aHanu3a u 00pabOTKU SKCIIEPUMEHTAJIBHBIX JaHHBIX.

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

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaje 3aHATUS 110 TEME IPOIIOTO 3aHATHS.

[IpuMeps! KOHTPOJIBHBIX 3alaHUIH:
1. BeiBectu hopmyity 11l 3aBUCUMOCTH SHEPTHHU AJIEKTPOHA OT IIMPUHBI KBAHTOBOW SIMBI

2. BeiBectu popMysIbl 11 3aBUCMMOCTH SJIEKTPOHHOH IJIOTHOCTH COCTOSIHUN OT HEPTUHU B CHCTEMax
pa3IMYHON Pa3MEpPHOCTHU

3. Uem onpenensercs nepruoj KBAHTOBBIX OCHUJUIALINAN
4. ®opmyna Jlanmayapa



5. Ha xakoM paccTOSHUM HAaXOIATCsl YPOBHU pPa3MEpHOIo KBAaHTOBAHUS B TaApMOHUYECKOM IIOTEHIMaJIE

6. HapucoBarb u 0060cHOBaTh rpadMvecKrii BUJ DKBUIIOTEHIMAJNICH B pexXuMe KBaHTOBOTO 3(ddekra
Xomma mist o6pasma (a) XomioBckoit reomerpun u (0) it qucka Kopouso.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Cemectp 9.
1. II70THOCTH COCTOSIHMI B CHCTEMaX Pa3IU4YHON pa3sMEPHOCTH
2. YcTpo#cTBO 1 paboTa CTPYKTYPbl METaUI-U30JIATOP-MOITYIPOBOJHUK

3. bammctuyeckuii TpancnopT. Popmyna Jlanmayspa. [lpoBoaumocTh cyXeHHH B ABYMEpHON
CHCTEME.

4. TemneparypHasi 3aBUCUIMOCTb MPBIXKKOBOTO TPAHCIOPTA.
5. Huddysuonnsii tpancnopt. ®opmyna Hpyne, 3ommepdensaa. Ipdext Xomna.
6. KsanroBanue Jlangay, ctpykrypa ypoBHe# Jlannay. Llenounciennslii KBaHTOBBIH 3¢ ekt Xoa.

7. JyanbHOCTH 3aps0B M KBaHTOB MOTOKa. Kommno3utHele (epMuoHbl. J[poOHOE KBaHTOBaHHE
XOJUIOBCKOM ITPOBOJMMOCTH.

8. MHurepdepennns 3nexTpoHHbIX BoiH. Cnabas nokanu3zanus. CkeHIMHTOBas THITOTE3a.

9. DHepreTU4ecKuii CIEKTP BO30YKICHUH B CBEpXIIPOBOJHIKE. MI3MepeHue el B CIieKTpe
10. TynnenupoBanue kBazudactull B iepexoae N-S, SNS. AnapeeBckoe oTpakeHue.

11. TynHenupoBaHue KynepoBckux nap. dddekr Jxozedcona.

12. Cnun-opburanbpHoe B3aumozelicteue B 3D, 2D cucremax. AHTHIOKAIU3AIUSL.

13. CniuHoBBIH 3¢ dext Xomna. AHOMaNbHBINA d3QdekT Xona

14. BonHoBas GpyHKIMS 2IEKTPOHOB Ha ypoBHE JlaHmay.

15. BonroBas gyHkus JIahauHOBCKUX KBA3UYACTHIL C APOOHBIM 3aPSIIIOM.

16. CBs3b 3apsiJia KBAa3WYACTHUI] M KBaHTA MMOTOKa. MbIcTIeHHbIH dkcniepumenT Jladomna

Cemectp 10.

1. Cnextp Pamiosr.

2. ®aza bepuu. Yucna Yepna.

3. OcHoBsI Teopun PepMu KUAKOCTH.

4. Oddexr [Tomepanuyka.

5.1lepenopMupoBKa napaMeTpoB KBa3U4aCTHULL

6. MeTozp!l SKCIIEPUMEHTAIBHOTO UCCIIEI0BaHUS 3JIEKTPOHHOTO CIIEKTPA.
7. Oddexr ne [aaza Ban Anbdena u [llyonnkosa-ae ['aaza.

8. OTtpunarenbHas CXUMAEMOCTh JIByMepHON DepMu KUIKOCTH

9. BurnepoBckas kpuctaunzanus. CTOHEpOBCKasi HEYCTI[UUBOCTh

10. HeycroituuBocTts [laitepica. BoxHa 3apsiioBoii MiI0THOCTH

11. BonHa cinHOBO# mmoTHOCTH. KBaHTOBaHME BEKTOpAa HECTUHTAa B MarHUTHOM IIOJIE.

[Tpumeps! 3K3aMEHAMOHHBIX OUIIETOB:

buner 1.

1. B momynpoBoaHuKoBOM 00pasiie BHIPAIICHbI JBE KBAHTOBBIC MBI C JIBYMEPHBIMH 3JIEKTPOHHBIMU
CIIOSIMH, TIApaJUIETILHO IPYT IPYTY, C TOHKUM MOTEHUUAIBHBIM OapbepoM Mexay HUMH. B omHOM cioe
HaXOJATCS JIEKTPOHBI, B IpyroM — IbIpku. K 3TuM crosM Metonom anddy3uu mpuaenaHsl CHIBHO
JIETUPOBaHHBIE KOHTAKTHI, TaK YTO B PE3YJIbTaTe CJIOW OKa3aJduCh COCAWHEHBI MapajulebHO JIPYr ¢
apyroM. KoHneHnrtpamuu HocuTeneld B 00OMX ClIOSX OJMHAKOBEL. Bech oOpasen momerieH B
MEPIEHANKYISIPHOE MarHUTHOE TI0JI€ B YCJIOBUSL KBaHTOBOTO 3(pdekra Xomna. Jokaxkute u n3o0pazure
KaueCTBEHHO, KaK OyleT M3MEHATHCS C MarHUTHBIM I10JIEM JMaroHajbHas M XOJUIOBCKAs KOMIIOHEHTBHI
COINPOTHBIICHUS.

2. N300pa3uth rpaduyecky 3aBUCUMOCTH GXX OT 0XY (WK OT (aKkTopa 3aloiHEHUs ) JUIs IByMEPHOH

CHCTEMBI B pexkuMe ApoOHOro KBaHTOBOTO 3 (dekra Xo/mta B MHTEpBaje (akTopoB 3anoiaHeHus v=0 —
1.



3.00paszen — 2D cucrteMa 3JIeKTPOHOB XOJUIOBCKOW reoMeTpuu, mmpuHOd W u anmuHON L- momereH B
pexxum KOX u yepes Hero mpomyckaeTcsi cinalblif TOK.

(8)B marautHoM mone 4Tecna comporuBinenue oOpasua S-D mpumepHo paBHO 6,5kOM. OueHUTH
KOHIICHTPAIMIO MIEKTPOHOB B 00pas3IIe.

(r)KakoBa BonbT-aMIiepHasi Xxapakreprctuka aucka Kopouno B ycnoBusax KOX

4. BeiBectu dopMylly JUIsl CKadKa TEIUIOEMKOCTH IpU Temreparype Tc - KpUTHUECKOW Temreparype
Mepexoia CBEPXIPOBOJHIKA B HOPMAJIBHOE COCTOSTHUE.

burer 2.

1. BeiBectu opmyiy [uist yMcia cOCTOSIHUNA Ha ypoBHe Jlannay. OObsSCHUTD €€ PU3NUECKHI CMBICIL.
(a)ABymepHas cTpyKTypa IoMelIeHa B iepneHauKysipHoe noue 4 Tecna.

(6) XonnoBckoe CONPOTHUBICHHE OKa3ajoch paBHBIM 0.45kOM. HailTh KOHIIEHTpauuio 3JIeKTPOHOB B
2D cioe B (100) Si u B GaAs?

2. O0BsACHUTD (HU3UYECKYIO IPUUUHY Ki1accuieckoro addexra Xomna 1 aHoOMaIbHOTO 3 dekTa Xoia..
3. Hammcare TemmeparypHyr0 3aBUCHMOCTH IPOBOJUMOCTH IBYMEPHOW CHCTEMBI B OTCYTCTBHH
MarHuTHOTO TMoJisi: (a) B KJIAaCCHYECKOM ciyd4ae, (0) C ydYeToM KBAaHTOBBIX HHTEP(EpECHIIMOHHBIX
nomnpaBok. K 1BymepHoOil cuctemMe mnpuioxkeHo ciaboe (T.e. wct <<l) MarHuTHOE TIOJE,
NEepHeHUKYISIpHOE ee MoBepXHOCTH. OIEeHUTh (a) B KAKOM MHTEpBaJe IOJCH MOXHO OXHAATH
BJIMSIHUS MAarHUTHOTO TOJIL Ha YAENBHOE COMPOTHBIEHHE CUCTEMbI, U (0) Ha Kakyl BEJIMYMHY OHO
W3MEHUTCS IIPU TPHIIOKEHUH TIOJIS.

4. Jloka3aTh BHINOJHEHUE 3aKOHOB COXPAHEHHsI YHEPTUH, UMITYJIbCA U 3aps/a B IPOLIECCE aHAPEEBCKOTO
OTpaKCHHUS.

(a)Ha dI/dV xapaxrepuctuke  cTpykTypel S-N-S  (rme  S-OnHO30HHBIH  CBEPXNPOBOIHUK)
HAOJIONAIOTCSI PE3KHE TPOBANBI NPU  MPHIOKEHHOM HampsbkeHuu V= 5mB, 3.3MB, 2.5MB, 2mB.
MOXXHO 7T U3 3TOTO M3MEPEHHS OLEHUTH BEJIMUYMHY IIEIH B CHEKTpe cBepXmpoBonHuka. Eciu nga, To
KakoBa BEJIMYUHA LIeu ?

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHHUS YYEeOHOHM MNpOorpaMMbl AMCHUIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH II0JyUYCHHbIC 3HaHMsS HA IPAKTUKE, HO HEJOCTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopo1o 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPblE HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U IO CyLIECTBY W3JIaraeT €ro, yMeeT INPUMEHSThH I10JyYCHHbIC 3HaHUs Ha IIPAKTHKE, HO JOIyCKAaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENHHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.



OueHka ylOBJIETBOPUTENBHO 3 Oajula - BBICTABISETCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBATEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ci1abo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMH IS TalbHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajlia - BHICTABISICTCS CTY/ICHTY, KOTOPBIH HE 3HAeT OOJIBbIIEH YacTH
OCHOBHOTO COJep)XaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aim - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiie omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

DK3aMeH MPOBOAWTCA B NMHUCHMEHHON ¢opme 1o OmieraMm ¢ JONOJIHUTENBHOM ycTHOH Oecenmoil. B
KaXIOM Owujere »HK3aMeHa IMIPEACTaBICHbI dYeThlpe Bompoca. [Ipu mpoBemeHMHM SK3aMeHa
oOyuaromemycsi npepoctasisiercsi 60 MUHYT Ha moarotoBky. Ompoc oOydaromerocsi He IOJDKEH
MPEBBIIIATh OJHOTO ACTPOHOMHYECKOTO Jaca.



