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 QU3NKA U TEXHOJIOTHH HAHOCTPYKTYP

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 obcyxaeHa Ha 3aceqannu Kadenpsl GU3UKU U TEXHOJIOTHH HAHOCTPYKTYp 24.05.2022



AHHOTANMA

B nanHOM Kypce paccMarpuBaroTCs (PM3MUECKUE CBOMCTBA IEKTPOHHBIX CHCTEM HMOHIKEHHOW pa3MEepHOCTH
(2, 1 1 0) m HAHOCTPYKTYp Ha MX OCHOBE. JTa oOmacTh Hayku u300minyer HoOeleBCKMMH OTKPBITHSIMH,
[I0O3TOMY B JAHHOM KypC€ paccMaTpHUBaIOTCs TAaKKe KOHLENLMH, JeKallue B OCHOBE OTKPBITUH U caMu
OTKpBITUS. B Kypce m3naraloTcsi OCHOBBI KBAHTOBOTO TPAHCIIOPTa 3apsiia U CHUHOBBIX CBOWCTB 3JEKTPOHOB,
coiictBa Depmu-xunkoctHoro coctosHust (FL) u ¢a3 3a mpenmemamu FL. Kypc paccuntan Ha
crynerroB-maructpoB JIOU (M®PTU), B 0OCHOBHOM, OKCIEPUMEHTATOpOB. M3iaraeMmplie MaTepHalbl
WUIIOCTPUPYIOTCS] OIUCAHUEM KJIFOUEBBIX SKCIIEPUMEHTOB U UX PE3YJILTATOB.

1. lean u 3apa4n

eap AUCUUIIMHBI
OCBOCHHE CTylAeHTamMH (DyHIaMEHTAILHBIX 3HAHWW B OONACTH KBAHTOBBIX JJIEKTPOHHBIX CBOMUCTB
CHUCTEM TOHIKEHHOH pa3MEpHOCTH M HAHOCTPYKTYp Ha HMX OCHOBe, (pyHIaMEHTAIbHBIX 3(PQPEKTOB
MIPOSIBIISIONUXCS B HU3KOpa3MeHbIX cuctemax, HobeneBckux otkphitrii XX u XXIBeka, nexamux B
OCHOBE KBAaHTOBOH (PH3MKM  HU3KOPa3MEPHBIX  CHCTEM, M3y4YCHHE CIIOCOOOB  CO3JaHUS
HaHOXJIEKTPOHHBIX YCTPOWCTB M METOJOB HMX HCCIEIOBAHUS, a TaKke 00JIacTedl MX MPaKTUYECKOTO
MIPUMEHEHUSI.

3agauu AU CHUIIHHBI

* (opmupoBaHue 0a30BBIX 3HAHUI B 00IaCTH KBaHTOBOW Pu3NKN HU3KOpa3sMepHbIX (2d u 1d) cucrem
KaK JUCHUILIHHBI, MHTETPUPYIOIIEH 00me(pH3HIeCcKyI0 U 00IIETEOPETUIECKYIO MOATOTOBKY (PU3UKOB U
obecrieunBaoNiel TEXHOJOTMYECKHE OCHOBBI COBPEMEHHBIX MHHOBALIMOHHBIX C(ep NeATeTbHOCTH B
00J1acT! HAaHOAJICKTPOHUKH U CIIMHTPOHUKHY;

*  TOHMMaHHE KIIOYEBBIX (PU3MYeCKHX S(PPEKTOB, OTKPHITHH, SKCIIEPUMEHTOB U TEOPETHYCCKHX
PEe3yIBTATOB, JIEXKALIUX B OCHOBE COBPEMEHHOTO OITMCAHUS CBOMCTB HU3KOPa3MEPHBIX CUCTEM;

* 03HAKOMJIEHHE CTYICHTOB C MPHHLUIIAMYU CO31aHUs YCTPONHCTB HAHOAIEKTPOHUKH M CHMHOTPOHHKH,
uX (YHKOMOHMPOBAaHHMS HA OCHOBE KBAaHTOBBIX J((EKTOB, BBIIBICHHE OCOOCHHOCTEH UX
(YHKIIMOHAJBHBIX ~ XapaKTEePUCTUK B CPAaBHEHHHM C KJIACCHMYECKMMH  MHKPOJIEKTPOHHBIMHU
yCTpOiicTBaMu;

. (GopMUpOBaHUE TIOIXOAOB K BBHIMOJHEHUIO CTYACHTAMU HCCICIOBAaHHN B 0OJIACTH CBOWCTB
HHU3KOpa3MEpHBIX KBAHTOBBIX MAaTepUalioB M CTPYKTYpP B pPaMKaxX BBITYCKHBIX paOOT Ha CTEINCHb
Mmaructpa, (popmupoBaHre 0a30BBIX 3HAHMHM M YMEHHUH /IS JajJbHEHIINX MCCIICIOBAHUI B paMKax
BBIMTYCKHBIX KBATH(DUKAITUOHHBIX paboT.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

YK-1.1 Ananu3upyet npoOIEMHYIO CUTYAIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOWCK BapUaHTOB 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 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTAaBJICHHOM IIeld Kak IOCJICAOBaTeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKA0ro0 M3 HUX M OLEHMBAs HX
BIMSIHUE HAa  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOILICHUS YYAaCTHMKOB JTOM
JesITeTbHOCTH

VYK-2.1 ®opmynupyet B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0O U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS




VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

YK-2.2 Crniocoben MIPOTHO3UPOBATH pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBAThH MOCJIEJ0BAaTEIbHOCTD IIIAroB
I JOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer
IIaH-TpadUK peayn3alud MpoeKTa B 1eJOM H  IUIaH
KOHTPOJISI €T0 BHITTOJTHEHUS

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTei,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EepeHIusX,
ceMUHapax | T.II.

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

VK-3.2 YuureiBaeT B cBOCH COIMaJIbHOH u
poeCCUOHANTBHON JeSTENbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUS M MHEHHs (BKJIIOYAas KPUTHUYECKHE) JIIOAEH, C
KOTOPBIMH ~ PabOTaeT/B3auMOJICHCTBYET, B TOM YHUCIIE
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 Bectn 00OMeH aenoBoil nHpopmanueid B
YCTHOHM M MHCbMEHHOH opMax Ha rocylIapcTBEHHOM SI3bIKE
Poccuiickoii ®enepauum W HE MEHEE YEM HA OJIHOM
HHOCTPAHHOM SI3bIKE

VK-4.2 Bnageer HaBbIKaMH, HEOOXOOMMBIMHU IS
HATKWCAHUSA, MUCHMECHHOIO TMEPeBOAa M PEAAKTUPOBAHUS
pa3IMUYHBIX aKaJeMHUYECKUX TeKCToB (pedeparos, i3cce,
0030poB, cTaTei u T.1.)

YK-4.3 Crnocoben MIPECTABIATD PE3yNbTaTh
aKaJIeMUYecKoll W TMpo(decCHOHATIBHON JesITeThHOCTH Ha
pas3IMIHBIX Hay4YHBIX MEpOIIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

YK-4.4 CriocoOeH WCMONIb30BaTh COBPEMEHHBIE CpEICTBA
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 BBISBIATH crieUUPUKY (PUI0ocCOhCKUX U
HayYHBIX TPAJAUIIIA OCHOBHBIX MUPOBBIX KYJIBTYP

VYK-5.2 Cnocoben  ompenensth  TEOpEeTHYECKOE U
MPAaKTUYECKOE 3HAauYCHUE KYJIbTYPHO-SI3BIKOBOTO (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 pemars 3a1a4vi COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPEACsTh U
peaTn30BhIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CIOCOOBI W CPEJACTBA BBITIOJIHCHUS JEATEIBHOCTH C €&
pe3ynbTaraMu

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

OIIK-1.1 3HaeT W cHocoOGH  MCIONbL30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 00600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTu
npo(heCCHOHATBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCIUIIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHuK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTH IPH
peleHun 3a1a4 NpoQecCuOHATBHON AEATENbHOCTH

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

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

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBAaHU B obnmactu cBoel mpodeccrnoHambHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb




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

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH 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 aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl NPH PEIICHUN HOBBIX 3a]ad, MPUMEHSsS 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 CrocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1auu, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpATh CIIOCOO
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 COIIMAJIbHBIC, ITHUYECKUE,
KOH(ECCHOHAIBHBIEC U KyJIBTYpPHbIC Pa3Inyust

OIIK-5.2 Bmaneer
KOJUIEKTUBOM B
JIESITEIIbHOCTHU

HaBBIKOM
chepe cBoel

PYKOBOICTBA  MaJIbIM
npodeccuoHaIbHON

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO 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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIe/OBaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MareMaTH4ecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

[MK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ MPOBOJAWTH Hay4dHBIC
HCCJICAOBAHUS CaMOCTOSITENIbHO MM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mNpoOBOAWTH anpoOaIuio pe3yiIbTaToB
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 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
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. Teopernueckue mMonenu (GpyHIaMEHTAIbHBIX MPOLECCOB U SBICHUN 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. Hayunbple 3amauu, Hax KOTOpeIMH paboTaloT B 0a30BBIX JlabopaTopusx o0pa3oBaTelbHON
[IPOrpaMMBl.

9. Texnuky 06e30MacHOCTH U IpaBuiIa pabOThl B HU3KOTEMIIEPATyPHBIX (PU3NUECKUX HKCIICPUMEHTAX U
B 9KCIIEPUMEHTAX C CUJIbHBIMU MarHUTHBIMU IIOJIIMU.

- 3((EKTUBHO HMCIONB30BAaTh HA MPAKTUKE TEOPETUUECKUE 3HAHMSA: MOHATHS, PE3YJbTaThbl, TMIIOTE3bI,
3aKOHBI;

- IPEACTABIATh MAHOpPAMy YHHMBEPCAIbHBIX METOJOB M 3aKOHOB COBPEMEHHOW KBAaHTOBOM (DH3UKH
HU3KOPa3MEpPHBIX CHCTEM;

- abcTparupoBaTbCsi OT HECYUIECTBEHHBIX (PAaKTOPOB MPU MOJENHPOBAHUHU PEAbHBIX (PU3NUECKUX
MPOILIECCOB U ABJICHUIM;

- JIeNiaTh YMCIICHHBIE OIEHKH MaciiTabda okuaaeMbix 3pQexros;

- IUIAHKPOBATh ONITHMAJIBHOE POBEICHUE IKCIIEPUMEHTOB JIJIsl PEIICHHS TIOCTABJICHHBIX 3a/1a4.

BJIAJIETD:

- TeopernueckuMu OCHOBaMH 3KCIIEPUMEHTAJIBHBIX METOAOB IPOBENCHUS H3MEpEeHHH B 00JacTu
KBAaHTOBOH (M3UKM HHU3KOPAa3MEPHBIX CHCTEM C HCIOJIb30BAHUEM TPAHCIOPTHBIX, TYHHENbBHBIX,
TepMoIuHaMuueckux, BY, onTuueckux u pe30HaHCHBIX METOIOB.

- Nadopmanmeirt 0 COBpEeMEHHOM COCTOSIHUM HCCIIEIOBAHUN B 001aCTH KBaHTOBOHM (PM3UKU TBEPAOTO
Tena.

- Teopernyeckumu MopensiMu  (pyHIAMEHTaIbHBIX TMPOLECCOB M SBICHUH B  (QH3MKE
KOHJICHCUPOBAaHHOI'O COCTOSIHUSI.

- Metonamu ananusa 1 00pabOTKU IKCIIEPUMEHTAIBHBIX JaHHBIX.

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. Peanmuzanusa — ABYMEpHBIX, 2 1
OJHOMEPHBIX H HYJIb-MEPHBIX CHCTEM

CrarucTuka COCTOSSHMM B  cHCTEMax
pa3IMYHON pa3MEpHOCTH. XapaKTEpHbIE
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4.2.

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

Cemectp: 1 (Ocennwii)

1. HeoOxomuMblie cBefieHWsT W3 KBAaHTOBOW MEXaHWKH. Peanmu3zaruisi IByMEpHBIX, OJHOMEPHBIX H
HYJTb-MEPHBIX CUCTEM

Hanomunanvue 0CHOBHBIX Hayasl KBAHTOBOM MEXaHHUKH - OMUCAHHS CBOMCTB 3JIEKTPOHOB B TEPMHUHAX
BOJH M 4YacTHIl, Ka4eCTBEHHas pOJb M CHOCOOBI 33JaHUsl TPAaHWYHBIX YCJIOBHH 4YacTUIIBI B
MOTEHIHANBHON sAMe. Du3nUecKne NPUYMHBI pPa3sMEPHOTO KBAHTOBAHUS  YPOBHEH DHEPIUM.
Beipoxxaenne ypoBHel 1o d3Heprud. OCHOBHBIE 3KCHEPHUMEHTAIbHBIE CHOCOOBI peaTu3aluu
JBYMEPHBIX M OJHOMEPHBIX cHUCTeM. POPMUPOBAHUE JABYMEPHBIX CHUCTEM 3JEKTPOHOB Ha I'PAHHULIEC
KpEMHMsI M OKHCJIA KpEMHMs, HaJl IOBEPXHOCTbIO KpPUOICHHBIX JUAIEKTPUKOB, a TakKXKe B
rerepocTpyktype GaAs-AlGaAs. Paccmorpena paboTa KpeMHHEBOIO MOJEBOIO TPAaH3UCTOPA B
JUHEHHOM M HEIMHEeHHOM pexumax. OmnmcaHbl cHnocoObl HM3TOTOBIEHHS OJHOMEPHBIX U
HYJb-MEPHBIX CUCTEM.

2. CTaTUCTHKA COCTOSHUI B CUCTEMaX pa3iIMYHON pa3MEPHOCTH. XapaKTepHble MaciiTaObl YJHEPTHUH,
JUIMH ¥ BpeMeH B Me3ockonuke. JIokamm3oBaHHBIE M MPOTSKEHHBIE COCTOSHHSA PA3NHYHOU
CUMMETPUU

PaccMoTpeHbl TpUYMHBI KBAaHTOBAaHUS HWMIIYJIbCA HAKJIAAbIBAEMbIE T'PAHUYHBIMH YCIOBHSAMHU.
[ToncuuTsiBaeTCs MIOTHOCTh COCTOSIHUN DepMU-4acTUL] B UMILYJIbCHOM IIPOCTPAHCTBE U 110 S3HEPTUU
JUIsL CUCTEM pa3nuuHoil pazmepHocTu. IIpoBoasrcs onenkn depmueBckoil sHeprun, OepMueBCKON
CKOPOCTH JJIsl IPOCTBIX MOHOATOMHBIX METAJIJIOB C OJHUM 3JIEKTPOHOM HAa aroM, Ui TUIIMYHBIX
nByMepHBIX cucteM. OOcyxaaercs (U3MYECKUMH CMBICH pa3iIMYHBIX IapaMeTpOB JIByMEPHBIX
CHUCTEeM: JUIMHA TemaoBod auddy3uu, JUIMHA pelakcaldd UMIyNbca, AnuHa cOos (asbl, amuHa
penakcanuu sHepruu, sHeprusi Taynecca. [IpoBoadrcs OLEHKM XapaKTEpHBIX 3HAYCHUN MapamMeTpoB
JUIl JIBYMEPHBIX CUCTEM 3JIEKTpOHOB: DEpMHEBCKOM MAJIMHBI BOJHBI, UIMHBI BOJIHBI, JUIMHBI
peslakcauuy UMITyJabca. [IpOBOIMTCS KauyeCcTBEHHOE pPacCMOTpeHHE XapakTepucTuk Depmu-raza
3JIEKTPOHOB B MeTaJlJIaX - TEIUIOEMKOCTH, IPOBOAUMOCTH, TEIIONPOBOIHOCTH.

3. KBanToBbIi Oamictndeckuii TpancrnopT (1). KBaHTOBBINM OaJIMCTHYECKUI TPAHCIIOPT B claboM
MarHuTHOM mone (2). Hesaryxaromue Toku

OOcCyXIaroTcsi OCHOBHBIC TOHSTHS M CBOWMCTBA KBAaHTOBOTO OaJUTMCTHYECKOTO TpPAHCIIOPTa B
nByMepHoOW cucteme. [lpuBenmeH BbIBox Qopmynsl Jlanmayspa Ha KaueCTBEHHOM YpOBHE.
Paccmotpensr 3ddexrsr ApoHoBa-boma (AB) m Ansrinynepa-AponoBa-CrnmBaka. OOcyxoaroTcs
KITIOUEBbIC JIKCIIEPHMEHTa IO TpoBepke Teopuil. PaccMorpensl mHTepdepeHnnonHbie 3QQeKTs B
0aJITMCTUYECKOM TPAHCIIOPTE.

4. KBa3ukiraccuieckas JAWHaMUKa 3JICKTPOHOB B MArHUTHOM I10JIC

PaccmoTpena quHaMuKa JIEKTPOHOB B IBYMEPHOW CHCTEME B IIEPIICHIMKYISIPHOM MarHMUTHOM IIOJIC.
PaccMotrpeHna 3a1a4a 0 ypOBHSX HEPIHH U BOJHOBBIX (PYHKIIUSX DJIEKTPOHOB B ABYMEPHOW CHUCTEME
B KBaHTYIOIIEM IEPICHAMKYIIPHOM MAarHUTHOM Iojie. PaccmarpuBaeTcsi CTaTHCTHKA COCTOSHHY,
JHEpreTuveckas IUIOTHOCTh COCTOSIHMI, ypoBHM Jlanmay B nBymMepHOil  cucrteme. OCHOBHBIE
HaOmromaemple  d¢deKTa - [UKIOTPOHHBIH  pPE30HAHC, KBAHTOBBIE  MAarHHTOOCIWILISIIHH.
OOcyxaroTcst XapakTepHbIe MaclITadbl B 33]ja4€¢ C MAaTHUTHBIM TIOJIEM.

5. KBaHToBBI OammucTHYECKUH TpaHCHIOPT B KBaHTYyIomeM MarHUTHOM mnone (3). KBaHToBBIH
addexT Xomna




PaccMoTpeH KBaHTOBBINM OAUTMCTUYECKHHA TPAHCTIOPT B MPUCYTCTBUM MarHuTHOTO moiist. OCHOBHbBIE
3¢ (eKTHI, TPEIIeCTBYIONINEe YCTAHOBICHUIO COBPEMEHHOUW TeOpur - (HOKYCHPOBKA JJIEKTPOHOB B
MarHUTHOM TI0Jie, MAarHUTHbIE TIOBEPXHOCTHBIE YypPOBHH, “‘CKauyllde BIOJIb IOBEPXHOCTH
ANIEKTPOHBI’, pa3MepHas OTCEYKa KBAHTOBBIX OCIMILIAIMI. PaccMoTpeH kBaHTOBBIN 3 dexr Xomna
B 0aJUTMCTUYECKOM MPUOIMKEHUH, KpacBble COCTOSHUS M HEJIOKAIBbHBIM TpaHcnopt. [Ipomomkeno
paccMOTpeHHEe KBAaHTOBOTO OAJTUCTHYECKOTO TPAHCIOPTa B CIIA0OM MAarHUTHOM TIOJE€ C YYE€TOM
TPaHUYHBIX  TMEpUOAMYECKUX  ycioBuid. Hesaryxaromme TOKM B HECBEPXITPOBOAAIINX
ME30CKOITMYECKUX KoJbllaX. PaccMorpeHa a3oBas guarpamMmMa B KOOPJAMHATaX OdHEPTUS —
MarHUTHBIA NOTOK. CBOMCTBA MacCHMBOB ME30CKOIIMYECKHUX KOJIEL].

6. TpaHcnopT He 30HHOTO THIIA

PaccmoTpeH 3apsimoBbId TPAHCIIOPT HE 30HHOIO THUIIA, BKIKOYAs TYHHENBHBIM M IPBLKKOBBINA
TpaHcnopT. Pe3onHaHcHOe TyHHenupoBaHue. [IpumecHble YpPOBHM DSHEPIMM B JIETMPOBAaHHBIX
HONYHNpOBOAHUKAX. IIppKKOBasg ImpoBOAMMOCTbE. IIpOBOAMMOCTD € MEPEMEHHOM IJIMHOM IPBLKKA.
Kynonosckas mens.

7. Heobxonumble cBeleHUs! U3 CBEPXITPOBOAUMOCTH

Janbl HeoOXOAMMBIE  CBEICHHA M3 CBEPXIPOBOAUMOCTH. BO3HHMKHOBEHHMS KYyIEpPOBCKHX TIap,
JNEKTPOH-(QOHOHHOE B3aMMOACHCTBHE, NpuUpoxa crapuBaHus. BomHoBas ¢yHkums. CuHIIIETHOE
COCTOSIHUE. DHEpreTHyecKkasl IJIOTHOCTh COCTOSHHM B CBEPXIPOBOJHHKE. J{JIMHAa KOr€pEeHTHOCTH.
CBepXmpoBOAHUKK TEpBOrO0 M BTOporo poxa. Oddexkr MeiicHepa, CMeIIaHHOE COCTOSHHUE.
MarHuTHbIE CBOICTBA CBEPXIPOBOAHUKOB MIEPBOTO U BTOPOTO POAA.

8. bannmuctrdeckuii Tpancnopt B cTpykrypax NS u SNS

Paccmorpen Oammuctuueckuid TpaHcnopr B crpykrypax NS m SNS. AHapeeBckoe OTpaKeHHE
KBa3W4acTHIl TIpH TPOXOXKJIEHHWH uepe3 TpaHuily. TpaHcmopT B crpykrypax NIS, SNS, SIS.
Tpancnopr B GamnuctudeckoM u auddy3uoHHOM mnpedene. TyHHenupoBaHUE KyNEpOBCKUX Tap.
Db ekt [Ixozedcona. CriocoObl U3MEPEHUS SHEPTETUIESCKOH SN B CBEPXIIPOBOTHUKE.

9. Hynb-mepHbie cucteMbl. KynoHoBcKkast 6iiokasia

PaccmarpuBaercss OayuiMcTHUECKMH TIEpeHOC 3apsiaa dYepe3 HYIbMEPHYIO cHcTeMy. SIBieHue
KYJIOHOBCKOHM Onokanbl. OJHORIEKTPOHHBI TPaH3WCTOp, KBAHTOBBIA HACOC 3apsia. 3apsioBbie
3¢ GeKTH B TpAaHCIIOPTE B HOPMAJIBHBIX M CBEPXITPOBOSIIUX CTPYKTYpax.

10. KBanroBsiii nuddysmnonusid Tpancnopt (1)

PaccMarpuBaroTCsi OCHOBBI TpaHCTIOpTa B MU Qy3HOHHOM MpUOIIKeHNH. PaccessHue Ha IpuMecsx
¢dononax. Tay-npubmmkenue. Kimaccuueckas ¢popmyna pyne u nporuBopeuns. Kpasukiiaccuaeckas
teopus 3ommepdensaa. HeynopsimoueHHble cucteMbl. KBaHTOBBIE 3(QekThl uHTEpdEepeHn B
tpaHcropre. Cnabast sokanu3aumsi. OTpuarenbHOe MarHUTOCONpoTUBICHUE. Jlokanm3arms
Amnziepcona. CKeWIMHTOBasI TEOPUS JIOKAINU3AIMHA. AHAIOTHUS B OTITHKE.

11. KBanToBblil nuddy3nonnsiii Tpancnopt (2). KBanrytomee maranutHoe nose. LlenouncieHHbIil
KBaHTOBBIH 3 ekt Xorra

Paccmotrpen an¢¢y3noHHBIH TPaHCHOPT B KBAHTYIOIIEM MarHUTHOM moje. KBaHTOBaHHME MOTOKa.
Hemnouncnenuslii kBaHTOBBIN 3dexr Xomna B nuddy3noHHoM npubiamkeHud. Jlokann3oBaHHbIE 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 (EepMUOHAX U JPOOHBIH KBaHTOBBIH dQdekr Xomna. CocTosHUS C
MOJNYIETbIM  3amoHeHneM ypoBHer Jlanmay. Tomonormueckwe wHBapuanThl. Ywcna YepHa.
Tomonornueckuii nzonstop. Keantoerit 3¢ ekt Xomna B 3D cucreme.



13. Cnuu-opburanbpHoe B3anmonaeicTere. CMH-OpOUTAIbHOE PACHICTIIICHHE 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. CnunoBeiii >dpdext Xomna. YmpapleHHE IMOTOKAMH CHUHOB. JleTeKTHpOBaHWE CIHHHOBOW
HaMarHU4eHHOCTU

Paccmorpen aHomanbHbI dddexT Xomna, cnuHOBBIM 3ddekr Xomra. PaccMOTpeHBI OCHOBBI
CIIMHTPOHUKHU - CIIOCOOBI yIpaBlieHHE MOTOKAMH CIMHOB M CIIOCOOBI JIETEKTUPOBAHUS CIIMHOBOW
HaMarHMYeHHOCTH TPAHCIIOPTHBIMH M ONITHYECKUMH METOJIAMHU.

15. Kanrossiit a3 ekt Xomma. Tonojgoruueckoe paccMOTpEeHHE

PaccmarpuBaercss kBaHTOBBIH 3¢ ¢ekt Xoina ¢ TOMOJOTUYECKOW TOYKH 3peHus. BeeneHue B
KBaHTOBBIE TOMoNOrnueckue naBapuanTel. ®asza bepuu. Yucna YepHa.

16. BKCHepI/IMGHTaIIBHBIG MCTOJbI UCCJIICAOBAHUSA IJICKTPOHHOI'O CIICKTPA

PaccMoTpeHbl 3KCiepUMEHTaIbHBIE METOIBI HCCIENOBAHUSA AIIEKTPOHHOIO crnekTpa. KBaHTOBEBIE
OCLWUISILMM B JIByMEpPHBIX cUCTeMax. l3MepeHue OpOMTANIbHOTO M CIMHOBOTO pACIIECIUICHUS
ypoBHeW JlaHaay, KBaHTOBBIX OCHMJULSILIMM  CONpPOTUBIEHHS, XHMHYECKOTO IOTEHIMAIA,
HaMarHU4eHHOCTHU U 3HTponuu. [lonHas cnuHoBas nosspusanyst. PoTo3MEKTPOHHAS CIIEKTPOCKOIMS
C YIJIOBBIM pa3pellcHUEM.

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

PaccmarpuBarorcss MHOrOuacTH4yHble A((QEKThI B IJNEKTPOHHOW cucTeMe. M3maraioTcsi OCHOBBI
teopun Jlangay @epmm sxuaxoctd. 3omoroe mnpaBuwino Pepmu. llepeHOpMHpOBKa mapameTpoB
kBazuuacTuil. CHHTYISIpHOCTh BaH-XoBa M d¢dekt [lomepanuyka. [lepeHopmupoBka (yHKIMN
3aIl0JTHEHUS KBa3UYacTHUL.

18. 3(1)(1)6KTLI QJICKTPOH-3JICKTPOHHOI'O BSaHMO,I[efICTBPIH B TpaHCHOPTC 3apdaa U B TCPMOAUHAMUKE

PaccmarpuBaercst nposiieHre 3((EKTOB 3IEKTPOH-3JIEKTPOHHOTO B3aHMMOJICHCTBHSI B TPAHCIIOPTE
3apsga M TepMoAuHamuKke. KorepeHTHble KBaHTOBbIE 3(QeKThl B paccesHuu. [lepeHopMupoBKa
VIIMPEHHUST YPOBHEH OSHEPrUM U IUIOTHOCTH cocTosHUH. ChnHMHOBass HaMarHU4eHHOCTb |
BOCIIPUMMYHBOCTh HU3KOPa3MEpHBIX cUCTeM. Merosl ee usMepeHust U pe3yibrarel. CTOHEpPOBCKas
HEYCTOHYMBOCTh. OnpeenieHre MepeHOPMUPOBAHHBIX TAPAMETPOB KBa3UUACTHIL U3 HKCIIEPUMEHTOB.

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

Brrunciienne sHeprum ocHOBHOTO cocrostHus. [Ipubmmkenne Xaprpu-®oka. Moxens XaObapna.
OcHoBbI IpubMxKeHus cpeanero nous u meroga DFT.

20. TepmoanHaMuyeckasi TUIOTHOCTh COCTOSIHUM BO B3aMMOZAEMCTBYIOIIe cucteme. Burneposckas
kpucramumsanus. Kitaccnueckoe 1 KBAHTOBOE IIJIaBIICHHE

TepMmonrHamMuuecKass IUIOTHOCTh COCTOSHMH BO B3auMMOJACHCTBYHOmIEeH cucreme. CKUMaeMOCTb,
W3MEHEHHe ee 3Haka. BnmsHue Oecropsiaka. BiusHWe uuciia KBaHTOBBIX CTelEHEH CBOOOBI.
3apsokenHas DepMu-KuAKOCTb. BurHepoBckas kpuctamnuzanus. Kiaccmueckoe 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 paccessHUEe 3JI€KTPOHOB MArHUTHBIMH HpuUMecsMU. JIOKaaM30BaHHbIE MOMEHTBI.
Oddexr Kongo.

23. OpHOoMepHBIE W KBa3MOAHOMEpHBIE cucTeMbl. HeycTtoitunBocTh 3apsinoBom kanaie (CDW).
HeycroitunBocTth B crinHOoBOM KaHaje (SDW)

BBenenne B (U3MKy OZHOMEPHBIX M KBa3H-OJHOMEPHBIX cucTeM. OpraHudeckue KpHCTalIbl.
HeycroitunBocte B 3apsmoBoMm kaHane. lIlepexon Ilaiieprnca. BomHa 3apsnoBoi IIIOTHOCTH.
HeycroitunBocTs B ciMHOBOM KaHase. KBaHTOBaHUE BEKTOpa HECTUHIA M MHIYLUPOBaHHAs I10JIEM
BOJIHA CITMHOBOM IJIOTHOCTH.

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

MHorouactuuHble 3¢ ¢ekTsl (pa30BOro paccioeHusi B JIBYMEPHBIX W OJHOMEPHBIX  CHUCTEMax.
[TposiBieHus Ga3oBOro paccioeHus B pa3InuHbIX CUCTEMAxX U B PA3IMYHBIX SKCIEPUMEHTAX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

KommnsroTep, mpoekTop, A0cKa.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI
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npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)
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9. MeTonuuecKHe yKa3aHus 151 00y4AIOMIMXCS 0 OCBOEHHIO TUCHUILTHHBI (MOTYJIsI)

CryneHT, M3y4arolui JUCHUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
3HATh KJIFOUCBBIC SKCIICPUMCHTLI U SKCIICPUMCHTAJIbHBIC OCHOBBI 0a30BBIX TeOpHﬁ, YMCTb NPUMCHSTH
TMOJIYYCHHBIC 3HAHHUA AJI1 pCUICHUS pa3JIMIHbIX 3aJ1a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATHUSX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JJaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajeHHUss MaTepraIoM CIIYXHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMam
JUCIUTLIAHEL

BaxxHO moOWTHCS TTOHMMAaHWS W3y9aeMOTO MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUU W3y4YEHHs OTJACIbHBIX TEM, BOMPOCOB, CIEAYeT OOpamarbcsi 3a KOHCYJIBTAIUSIMU
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSTHI.






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 U TEXHOJIOTHH HAHOCTPYKTYP

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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOH
JesITeIbHOCTH

YK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyeT B pamKkax 0003HAYEHHON MPOOIIEMBI,
1eNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJUYECKYIO U UHYIO B 3aBUCHMOCTH OT
TUNA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Crniocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBATh MOCIEJ0BAaTEIbHOCTD IIAroB
I JOCTWXKEHUS  JaHHOro  pesynerara. @Dopmupyer
IUIaH-TpadUK peayn3alud MpoeKTa B 1eJOM H  IUIaH
KOHTPOJISI €T0 BHITTOJITHEHUS

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTew,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EpeHIusX,
ceMUHapax | T.II.

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

VK-3.2 YuureiBaeT B cBOCH COIIMaJIbHOM u
poeCCUOHANTBHON JeSTENbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUS M MHEHHs (BKJIIOYAas KPUTHUYECKHE) JIIOAEH, C
KOTOPBIMH ~ PabOTaeT/B3auUMOICHCTBYET, B TOM YHUCIIE
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 Cnocoben Bectn 00OMeH aenoBoil nHpopmauueid B
YCTHOHM M MHCbMEHHOH opMax Ha rocylIapcTBEHHOM SI3bIKE
Poccuiickoii ®enepanum W HE MEHEE YEM Ha OJHOM
HHOCTPAHHOM SI3bIKE

VK-4.2 Bnageer HaBbIKaMH, HEOOXOOWMBIMHU IS
HATKMCAHUSA, MUCHBMECHHOIO TMEPeBOAa M PEAAKTUPOBAHUS
pa3IMUYHBIX aKaJeMHUYECKUX TeKCToB (pedeparoB, i3cce,
0030poB, cTaTe u T.1.)

YK-4.3 Crniocoben MIPECTABIATD Pe3yNbTaTh
aKaJIeMU4YecKoll W TMpo(decCUOHATIBHON JesITeThHOCTH Ha
Pa3IUIHBIX Hay4YHBIX MEpOIIPHATHSIX, BKJTIOYast
MEXIyHapO/IHbIE

YK-4.4 CriocoOeH WCMONb30BaTh COBPEMEHHBIE CpEICTBA
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 BBISBIATH crieUUPUKY (PUI0COGCKUX U
HayYHBIX TPAJAUIIIA OCHOBHBIX MUPOBBIX KYJIBTYP

VYK-5.2 Cnocoben  ompenensth  TEOpEeTHYECKOE U
MPAaKTUYECKOE 3HAuYCHUE KYJIBbTYPHO-SI3BIKOBOTO (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 pemars 3aaa4vi COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pPa3BUTHS,  ONPEACSITh U
peann30BBIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESITETLHOCTH




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

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CIOCOOBI W CPEJACTBA BBITIOJIHCHUS JEATEIBHOCTH C €&

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

pe3ynbTaraMu
OIIK-1.1 3HaeT W cHocoOGH  HCIONb30BaTh B
mpoeCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC

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

OIIK-1.2 Cnocoben 0600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXANCLIUILIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHKi ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
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 NmeeT npeacTaBieHre O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBaHU B obnmactu cBoel mpodeccroHanbHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH 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 aHamu3upoBarTh 3ajiady, MJIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS 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 CrniocobeH TpUMEHSTh 3HaHWS B  0O0JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auk, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAaTh CIIOCOO
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 COIIMAJIbHBIC, ITHUYECKUE,
KOH(ECCHOHAIBHBIE U KyJIBTYpPHbIE Pa3Inyuust

OIIK-5.2 Bmaneer
KOJUIEKTUBOM B
eI TEJIbHOCTHU

HaBBIKOM
chepe  cBoel

PYKOBOJCTBA  MaJbIM
npodeccuoHaIbHON

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO 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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
EITENLHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajaue W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3yabTaTh

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

[MK-2.1 CnocoOeH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA




KOJIJICKTUBA OPraHU30BbIBATH U IPOBOAUTDL
HAY4YHBIC UCCIICAOBAHUA U UX anp06auI/Ho

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKaluK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B U30paHHON MTPEIMETHOM 00IacTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TIPOTPaMM)

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHHA

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «KBanToBas (1)I/I3I/IKa HU3KOPA3MCPHBIX CUCTCM» O6y‘IaIOH.IHﬁC§I JOJIDKCH:

3HAThb:

1. CoBpemeHHbIe poOIEMbI (PU3NKN KOHACHCUPOBAHHOTO COCTOSHUS

2. Hogeiimme oTKpbITHS B PHU3HKE, B T.4.,

B KBAaHTOBOH (1)I/IBI/IK6 TBCPAOTo TCJIa

3. O B3auMOCBs35X M (PyHAAMEHTAIBHOM €IMHCTBE €CTECTBEHHbBIX HAYK
4. Teopernueckue mMoneiu GyHIaMEHTAJIbHBIX MPOLECCOB U SBICHUHA B (PM3MKE KOHACHCUPOBAHHOTO

COCTOAHUA

5. IIpyHIMIIBI CAMMETPHH, TOIIOJIOTHH, U 3aKOHBI COXPAaHEHUS
6. OCHOBHbBIE METOIBI CO3/1aHHsI HAHOCTPYKTYP M HAaHOMAaTEepHaJIOB, TpeOyeMble AJIsl NCCIeIOBAaHUN B

HU3KOTCMIICPATYPHBIX SKCIICPUMCHTAX.

7. OcHOBHBIE METO/BI CO3AAHUS M MPUHIMIIEI (YHKIMOHUPOBAHUS YCTPOHCTB HAHONIEKTPOHUKU U

CIIMHTPOHUKMU.

8. Hayunble 3amauu, Hax KOTOpeIMH paboTaroT B 0a30BBIX JlaOoparopusix o00pa3oBaTelbHOU

MPOrpamMMmBl.

9. Texnuky 6€30MacHOCTH M MpaBUiIa PAOOTH B HU3KOTEMIIEPATYPHBIX (PU3MUYECKUX IKCIICPUMEHTaX U
B OKCIIEPUMEHTAX C CHJIbHBIMUA MarHUTHBIMH TIOJISIMU.

yMeTh:

- 3(1)(1)GKTI/IBHO HCIOJIb30BATh HAa MPAKTUKEC TCOPCTUUYCCKHUC 3HAHUSA: ITOHATUSA, PC3YJIbTAaThl, THMIIOTC3bI,

3aKOHBI,

- NPCACTABJIATH IMAHOPAMYy YHUBCPCAJIbHBIX MCETOAOB U 3aKOHOB COBpeMeHHOﬁ KBaHTOBOM (1)I/ISI/IKI/I

HHU3KOPa3MEpPHBIX CHCTEM;

- a6CTpaFI/IpOBaTLC$I OT HCCYHICCTBCHHBIX (baKTOpOB IIpn MOACIIMPOBAHUHN PCAJIbHBIX (bHSI/I‘{eCKI/IX

MPOLIECCOB U SIBJICHMIA;

- A€JaTh YMCJICHHBIC OLICHKH maciiTada OXKHAACMbIX B(b(l)eKTOB;
- INITAaHUPOBATh ONITUMAJIbBHOC IMTPOBECACHUC SKCIICPUMEHTOB UIA PCIICHUA ITOCTABJICHHBIX 3a/1a4.

BJIaJeTh:

- TeopernueckuMu OCHOBaMH JKCIIEPUMEHTAILHBIX METONOB IPOBEICHUS H3MEPEHHH B 00JacTh
KBAaHTOBOW (DU3UKM HH3KOPAa3MEpPHBIX CHUCTEM C HCIIOJIb30BAHMEM TPAHCIIOPTHBIX, TYHHEIIBHBIX,
TepMOANHAMUYECKHX, BU, ONTHYECKNX 1 Pe30HAHCHBIX METOIOB.

- Nadopmarueir 0 COBpEeMEHHOM COCTOSIHUM HCCIIEIOBAHUN B 001aCTH KBaHTOBOUW (PM3UKH TBEPIOTO
Tena.

- Teopernueckumu MopenssMH  (GYHIAMEHTAIBHBIX  IPOLIECCOB W  SBICHMH B  (u3HKe
KOH/ICHCHPOBAaHHOTO COCTOSIHUSI.

- Metonamu ananusa u 00pabOTKH YKCIIEPUMEHTAIBHBIX JJAHHBIX.

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

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro Marepuana MPOBOAWUTCS YCTHBIH ONpoOC B
Hayaje 3aHATUS 110 TEME IPOIIOTO 3aHATHS.

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

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB
Cemectp 9.
1. II70THOCTH COCTOSIHMI B CHCTEMaX Pa3IU4YHON pa3sMEPHOCTH



2. YeTpoHCcTBO M paboTa CTPYKTYPhl METAILI-U30JISATOP-TIOTYTPOBOTHUK

3. bammctuueckuit Tpancmnopt. ®opmyna Jlanmayspa. IlpoBomMMOCTH CyXeHUH B JAByMEpPHOM
CHCTEME.

4. TemneparypHasi 3aBUCUMOCTb MPBIKKOBOTO TPAHCIOPTA.
5. Huddysuonnsiii tpancnopt. ®opmyna pyne, 3ommepdensaa. Ipdext Xomnna.
6. KsanroBanue Jlangay, ctpykrypa ypoBHe# Jlannay. Llenounciennslii KBaHTOBBIH 3¢ ekt Xoa.

7. JyanpHOCTh 3apAgoB W KBaHTOB NoToka. KommosuTHble (epmuoHbl. [[poOHOE KBaHTOBaHHE
XOJUIOBCKOM ITPOBOJMMOCTH.

8. Murepdepenns 3nexTpoHHbIX BoH. Cnabas nokanu3zanus. CKeHIMHTOBAs THITOTE3a.

9. DHepreTUvecKuii CEKTP BO30YKICHUH B CBEpXIIPOBOTHIKE. MI3MepeHue e B CrieKTpe
10. TynnenupoBanue kBazu4actull B iepexoae N-S, SNS. AnapeeBckoe oTpakeHue.

11. TynnenupoBaHue KynepoBckux nap. dddekr xozedcona.

12. Cnun-opburanpHoe B3aumozelicteue B 3D, 2D cucremax. AHTHIOKAIU3AIUS.

13. CniuHoBBIHM 3¢ dext Xomna. AHOMabHBINA d3QdekT Xoa

14. BonHoBas GpyHKIMS 2IEKTPOHOB Ha ypoBHE JlaHmay.

15. BonroBas gyHkus JIahauHOBCKUX KBA3UYACTHIL C APOOHBIM 3aPSIIIOM.

16. CBs3b 3apsijia KBAa3WYACTHUI] M KBaHTA MMOTOKA. MbIcTeHHbIN dkcniepumenT Jladomna

Cemectp 10.
17. Cnekrp Pamont
18. ®aza bepun. Yucna Yepna

19. OcHoBbl Teopun Depmu xuaxoctH. Dddexr [lomepanuyka. [lepeHOpMHUPOBKA MapamMeTpoB
KBa3HM4YaCTHII

20. MeToapl IKCIIEPUMEHTAIBHOTO WCCIEIOBaHMS JJICKTPOHHOTO criekTpa. Dddekr ne ['aaza Ban
Anbdena u [llyonukosa-ae ['aaza.

21. OTpunarenbHas C)XUMaeMOCTh AByMepHOi dDepmu )xuaKoCcTH

22. BurnepoBckast kpuctaumsaius. CTOHepOBCKasi HEYCTIYUBOCTh

23. HeycroitunBocts Ilaiiepica. BonHa 3apsinoBoil mioTHOCTH

24. BonHa criuHOBOM TI0THOCTH. KBaHTOBaHME BEKTOpa HECTUHTa B MAarHUTHOM IIOJIE.

[IprMepbl KOHTPOJIBHBIX 33JaHUN

1. BeiBecTr (opMyiTy [UTs 3aBUCUMOCTH SHEPTHHU JIEKTPOHA OT IIMPUHBI KBAHTOBOM SIMBI

2. BeiBecTr popMyIibl UIs 3aBUCHMOCTH 3JIEKTPOHHOM IUIOTHOCTH COCTOSHUM OT 3HEPTHH B CHCTEMax
Pa3IMYHON Pa3sMEPHOCTH

3. Uem onpenensaercs nepruoj KBAaHTOBBIX OCLHUUIALNAN

4. ®opmyna Jlanmayspa

5. Ha xakoM pacCcTOSTHUM HaXOAATCS YPOBHHM pa3MEpHOrO KBAaHTOBaHMS B TAPMOHNYECKOM MTOTEHLIATIE

6. HapucoBath U 000CHOBaTh rpadUUYeCKUil BHJ SKBUIOTCHI[HAICH B PEKUME KBAHTOBOTO 3((eKTa
Xoma muis o6pasia (a) XomtoBckoi reomerpuu U (0) aiist aucka KopOuHo.

[TpumMepsl 3K3aMeHANIMOHHBIX OuieToB (cemecTp 10)
buner 1.

1. B nonynpoBogHHKOBOM 00pasie BHIpAIlEHb! [JBE KBAHTOBBIE SIMBI C JBYMEPHBIMU 3JIEKTPOHHBIMHU
CIIOSIMH, TIApaJUIETILHO IPYT APYTY, C TOHKAM MOTEHUUAIBHBIM OapbepoM Mexay HUMH. B omHOM cioe
HaXOJATCS JIEKTPOHBI, B ApyroM — AbIpk. K 3TuM cinosiMm MetonoM aup¢y3un NpuaenaHsl CHIBHO
JICTUPOBAHHBIE KOHTAKTBI, TAK YTO B PE3yJbTaTe CJIOM OKAa3ajJiCh COCIUHEHBI MapajuleJbHO APYT ¢
apyroM. KonneHnrtpamuu Hocutened B 00OMX CIOSX OXMHAKOBBL. Bech oOpaser; mnomemieH B
MEPIEHANKYISIPHOE MarHUTHOE TI0JI€ B YCJIOBUSL KBaHTOBOTO 3(pdekra Xomna. Jokaxkute u n3o00pazure
KaueCTBEHHO, KaK OyleT M3MEHATHCS C MarHUTHBIM I10JIEM JMaroHajbHas M XOJUIOBCKAs KOMIIOHEHTHI
COIIPOTHUBIICHUSL.

2. N300pa3uth rpaduyuecku 3aBUCUMOCTH GXX OT OXY (WiIH OT (hakTopa 3aroTHeHUs ) IS JBYMEPHOU
CHCTEMBI B pekuMe ApoOHOro KBaHTOBOTO 3((dekra Xoiia B MHTEpBaje (akTopoB 3anoiaHeHus v=0 —
1.

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



(8)B marautHOM mone 4Tecna comporuBienue obpasma S-D mpumepHo paBHO 6,5kOM. OueHUTH
KOHLIEHTPALUIO 3JICKTPOHOB B 00pasLe.

(r)KakoBa BonbT-aMIiepHas xapakrepuctuka aucka Kopouno B ycnoBusax KOX

4. BriBectu (Gopmyily AJsl CKayka TEIJIOEMKOCTH IpH TeMIiieparype Tc - KpPUTHYECKOH Temieparype
Iepexozia CBEPXIPOBOJHUKA B HOPMAIILHOE COCTOSIHUE.

buner 2.
1. BeiBectu (hopmyity Jutst ynciia cOCTOsIHHI Ha ypoBHe Jlannay. OObsSCHUTH ee PU3NIECKHI CMBICIL.
(a)/lBymepHas CTpyKTypa HOMeIleHa B epreHIuKysipHoe none 4 Tecna.

(6) XonnoBckoe COMPOTHBICHHE OKa3alloch paBHBIM 6.45kOM. HaliT KOHIIEHTpAIUIO AJIEKTPOHOB B
2D cnoe B (100) Si u B GaAs?

2. O0BscHUTD (HU3HYECKYIO IPUUUHY Ki1accuueckoro s¢dexra Xomna 1 aHoMaJIbHOTO 3ddexTa Xoia..
3. Hamucare TeMmepaTypHyIO 3aBUCHMOCTb INPOBOAMMOCTH IBYMEPHOH CHUCTEMBI B OTCYTCTBUH
MarHuTHOTO MoJisi: (a) B KJIACCHYECKOM citydae, (0) ¢ y4eToM KBaHTOBBIX HHTEP(EpPEHIMOHHBIX
nomnpaBok. K JBymepHoil cucTtemMe TpwiokeHO ciaboe (T.e. ®ct <<l) MarHuTHoOe TIOJeE,
MEPIEeHANKYISIpHOE ee ToBepXHOCTU. OueHuTh (a) B KAKOM HHTEpBAJIC IOJCH MOXHO OXHIATh
BIIMSHUSI MarHUTHOTO TIOJIS1 HA YJENbHOE CONPOTHBICHUE CUCTEMBI, U (0) Ha KaKyl0 BEIMYMHY OHO
WU3MEHUTCS [IPH MPUIIOKEHUH TIOJIS.

4. JlokazaTh BBIIIOJIHEHUE 3aKOHOB COXPaHEHHsI SHEPTHH, UMITYJIbCa U 3apsiAa B IPOLecce aHAPEEBCKOTO
OTpa)KEHUs.

(a)Ha dI/dV xapakrepuctuke  cTpykTypbl S-N-S (e S-0JHO30HHBI  CBEPXITPOBOJHHK)
HAOIIONAIOTCsl PEe3KHE MPOBaJbl NPU MPHIOKEHHOM Hampsbkennn V= 5umB, 3.3mMB, 2.5MB, 2mB.
MO’KHO JI1 M3 3TOTO U3MEPEHUs OLICHUTh BEIWYMHY IEIH B CIIEKTpe cBepXIpoBoaHHKa. Ecnu na, To
KaKoBa BEJIMYUHA LI ?

Kpurepun oneHuBaHus
Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpamMMbl IUCHUIIIMHBL, TPOSBIIAIOIIEMY
HWHTEpeC K JTaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIEHUM.
Onenka oOmMYHO 9 Oa/uloB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHual, IPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHATh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIYCKaeT B OTBETE
WJIM B PELIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U IO CYLIECTBY M3JIaraeT €ro, yMeeT NMPUMEHAThH MOJyYEHHbIE 3HAHMS Ha IMPAKTHKE, HO JIOMYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka ynoBIETBOPUTEIbHO 4 Oamia - BBICTABISETCS CTYIACHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLEHUs JIOTHYECKON II0CIIEeI0BATEIbHOCTH B M3JIOKEHUM IIPOIPaMMHOIO0 Marepuajla, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ynoBIETBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYIACHTY, IMOKa3zaBIIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWM, AOMycKaloulemy OmHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.



OueHka HEyIOBJIETBOPUTENHHO 2 Oajula - BHICTABIAETCS CTyACHTY, KOTOPBI HE 3HAaeT OOJIbIIe 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT TrpyOble OMMOKH B

(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHUS NPH PEIICHUN
TUTIOBBIX 3a]a4.

OreHka HEYNOBIETBOPUTEIBHO | 0ayml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH MPOBOAUTCA B MHUCbMEHHOW (opMe Mo OujeraMm ¢ JOMOJHHUTEIbHON ycTHOH Oecemoi. B
KaKIOM Owujere »SK3aMeHa MpeACTaBIeHbl dYeThlpe Bompoca. [Ipuy TpoBeaeHuH 3K3aMeHa
oOyuaromemycsi npexpoctasisiercss 60 MuHyT Ha mToaroToBky. Ompoc oOyuaromierocs He JOJDKEH
MPEBBIIIATh OJHOTO ACTPOHOMHYECKOTO Yaca.



