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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: HoBble kBaHTOBBIE MaTepHaIbI
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa MEKTPOAUHAMUKY CIIOKHBIX CUCTEM U HAHO(OTOHUKU

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHnnpoBaHHblil 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: A.JI. PaxMaHOB, a-p $u3.-Mar. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl SJIEKTPOAUHAMUKH CIOXKHBIX cucTeM U HaHohortoruku 04.06.2020



AHHOTANMA

BaxxHelmmm JOCTMKEHHEM COBPEMEHHON (M3MKH KOHACHCUPOBAHHOTO COCTOSIHUS M (PU3UYECKOTO
MaTepualiOBEICHUS SBUIOCh OTKPBITHE B IOCIEAHHE TOABI OOJIBIIOTO YWCIIAa MaTepHajoB C paHee He
HaOmromaBmMMucs: cBoiictBamMu. K HMM oTHocuTcs Oonbmiol HaOOp HMCTHHHO ABYMEPHBIX MaTepHAJIOB
(rpaden u npyrue), Tak Ha3bIBAEMBbIE TOIIOJIOTHUECKUE MaTepUalibl [HapUMep, TONOIOTHYECKUE TUAIEKTPUKU
U CBEPXIIPOBOJHHUKH, BEHIIEBCKHE W JHUPAKOBCKHE MOIyMeTayUbl (stmi-metals)], cuctemsl ¢ ¢a3oBbIM
paccioeHrneM, MaTepHallbl CO CITUH-TONSIPU30BAaHHBIMH IEKTpHaMU Ha moBepxHocTH ®Pepmu (half-metals) u
npyrue. B aTux Mmarepuanax HaOmomaroTCsi HEOObIYHBIE CBOWCTBa (Hampumep, ¢epMuoHsl MailopaHsl,
napasokce KieifHa, TOMOMOrHMYECKH 3allUIIEHHbIE IEKTPOHHBIE BO30Y)XICHHS Ha TOBEPXHOCTH), KOTOpPHIE
MOTYT OBITh ITOJIE3HBI [T PA3THYHBIX TPUIIOKEHHI, B YACTHOCTH Il KBAHTOBBIX BBIYMCIICHHHA.

Henp maHHOro Kypca — IaTh JOCTAaTOYHO HIMPOKHHA 0030p 3JEKTPOHHBIX CBOWCTB 3THUX MarepuaioB. Kypc
JOJDKEH CHOCOOCTBOBATh DPACIIMPEHHIO KPyro3opa CTYACHTOB B 007acTH (HU3UKH KOHIECHCHPOBAHHOTO
COCTOSIHUSL M (PU3UUECKOTO MaTepUaNOBEICHUS, OCBETUTh COBPEMEHHBIC MPOOJIEMBI, CTOSIIUE MEpel dSTHMHU
JIUCIUITIIMHAMH, a TAaKXKe J1aTh IPEICTaBICHNE O BOZMOXKHBIX 00IaCTAX MPUMEHEHUS] HOBBIX MaTepHaJIOB.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

Ilens Kypca — maTh IpeAcTaBlIeHHE 00 aKTyalbHBIX 3aJa4ax B OOJIACTH CO3MAaHUS U HMCCIEIOBaHUSA
HOBBIX B2)XKHBIX MaTe€pHajoB, a TAKKEe O BO3MOXHBIX MPHUIIOKEHUSAX 3THX MarepuanoB. CTyIeHTHI
JOJDKHBI OCBOUTH (DyHIaMEHTAJIbHbIE 3HAHUSA B 00JAaCTH TEOPUM M NPHIOKEHUH TaKUX MaTepUaloB,
Kak rpadeH u apyrue AByMEpHbIE CTPYKTYPbI POJICTBEHHbIE rpadeHy, TOMOJIOTHYECKUE AUIIEKTPUKH U
CBEPXIIPOBOIHUKH.

3agauu AUCHUILIHHBI

. (dbopmupoBaHre 0a30BbIX 3HAHWN B OOJNACTH (U3UKU KOHJCHCHPOBAHHOTO COCTOSIHHUS, Kak
JTMCUUILIHHBL, HHTETPUPYIOIIEH 001Ie(hu3ndecKyro u 00IIeTeOPETUIECKYO MOATOTOBKY (DH3HKOB;

° (I)OpMI/IpOBaHI/IC 0a30BBIX 3HAHUI B 00IaCTH (1)I/I3I/ILICCKOFO MaTCpUaJIOBCACHUA,

. (opMHpOBaHUE MOAXOAOB K BBHINOJIHEHUIO HCCIEIOBAHUM CTyJeHTaMH B oOMacTu (U3MKU
COBPEMEHHBIX MaT€pHaJIOB B paMKax BBIITYCKHBIX pa0OT Ha CTENEHb MarkucTpa.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1.1 3Haer w© Croco0eH HCIIOJIBL30BaTh B
nmpoeCCHOHANBPHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HaHUS B 00JacTH (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1 Bnaneer cucremoii pyrnamentanbabix |OIIK-1.2 CrocoGeH 0000mmarh W KPUTHYECKH OIICHHUBATh
HAyYHBIX 3HAHHI B O0JIACTH ONBIT W Pe3yAbTaThl HAYYHBIX HCCIICAOBAHWA B OOJIACTH
(hM3UKO-MaTeMaTHIEeCKUX HAyK npoecCHOHaTBHON e TEBHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpHU
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasienne o6 akryansHbix |OIIK-2.1 UmeeT npeacraBieHre 0 COBPEMEHHOM COCTOSTHUH
npo0iemMax HayKH U TEXHHKH B 00JIacTH CBOEH |HMCClie/IoOBaHU B paMKax TeMaTHYecKOW ob0nacTh cBoei
poeCCUOHANBHON NeSTENbHOCTH, CIIOCO0CH  |po(heCCHOHATBHOM e TeNbHOCTH

Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANBHBIE 3a]1a41

OIIK-3.1 Cnocoben aHanu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHss 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIyy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHUIUS

OIIK-5.3 Crpemutrcs K TOIYyYEHHUIO HOBBIX
po(eCCHOHATBHOMY M IMYHOCTHOMY POCTY

3HAHWUH,

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajade W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3ybTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUsI N0 JUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

OCHOBHBIE CBOWCTBA rpa)eHa U JPyruxX ABYMEPHBIX MaTepUAIIOB, TOTIOJIOTHYECKIX MaTeprUajIoB, HOBBIX
CBEPXIIPOBOIHUKOB, MOJYMETAIUIOB U MPEACTABIATH COBPEMEHHOE COCTOSHUE MPOoOiIeM (PHU3N4eCcKOro

MaTepraIoBeICHUS.
YMETB:

MOJB30BaThLCS 0a30BBEIM MAaTEMAaTHYECKUM arraparoM, OPUCHTHUPOBATLCA B COBpeMeHHOﬁ Haquoﬁ

nmuTeparype no npobieme
BJIQJICT!

3HAHUSIMU OCHOB KBaHTOBOM (1)I/ISI/IKI/I KOHACHCUPOBAHHOT'O COCTOSIHHWA W 3HAHUAMU O COBPEMCHHOM

COCTOSIHUHM MPOOJIEMBI

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJCHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

Tema (pa3nen) TUCIUTUITMHBI

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

CamocT.

Jlexuu
pabora

Cemunapsl | Jlabopar. paboTh

I'paden

I'paden, nponomxenne

O030p  CyHIECTBYIOIIUX
CHCTEM

JIBYMEPHBIX

Tononornueckue Marepuanbl

Tonosornueckue TUANEKTPUKH

Tononornueckue
MPOJIOJKEHUE

JIUDIIEKTPUKH,

Tononoruueckue CBCPXIIPOBOAHUKHN

Tomonornyeckue
MPOJOJKEHNE

CBCPXIPOBOAHUKH,

Tomonoruyeckue IOJIYMETAJlJIbI

=[O 0 |Q] & [ ] W [N~

Cuctemsl ¢ (ha30BbIM PACCIIOCHUEM
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1 OO030p TmoOCIEAHWX  JOCTHKEHHWH B 4 ’ 4
00JIACTH CO3/IaHUSI HOBBIX MAaTEPUAJIOB
Marepuains st KBaHTOBBIX

12 P 8 2 2 4
KOMITBIOTEPOB

Hroro wacos 30 30 30

IMoaroroBka K SK3aMeHy 0 vac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue IUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)
1. I'paden

I'paden. Kpucrammueckas crtpykrypa. Komyca Jlupaka. KupansHocts. Ilapamokc Kireiina.
HupakoBckuii cnektp. [IpyyuHBI, O KOTOPHIM BO3HUKAET AWPAKOBCKMH CHEKTP B KpUCTAJIax:
cnemuduyeckas  CUMMETpUS  pEIIeTKH, CWJIBHOE  CIHMH-OpPOMTaJIbHOE  B3aMMOACHCTBHE.
Spin-momentum locking. KsanTtoBanue Jlangay W KBaHTOBBbIE OCHMULIIMA B JUPAKOBCKHX
CHCTeMaX: OTIINYNE OT «OOBIYHBIX)» HCKTPOHHBIX CHCTEM.

2. I'pacen, npopomkenne

OnHOCIIOWHBIN 1 NBYXCIOWHBINA TpadeH (cTpykTypsl Tuna AB, AA, ckpydeHHbii). KupanbHOocTh U
NOJMuHHBIA wuHAEKCe. OcobGeHHOCTH KBaHTOBaHWMsA Jlanmay u kBaHTOBOoro »ddexra Xomia B
OJTHOCJIOWHOM TpadeHe U JABYXCIOHHOM rpadeHe. DIeKTpOH-2JICKTPOHHOE B3aUMOJICHCTBUE, BOJHBI
CIIMHOBOM U 3apsAJ0BOI IMJIOTHOCTH, MMapaMeTphl OPsIIKa.

3. O030p CyMIECTBYIOMINX ABYMEPHBIX CHCTEM

00630p (puzHuUecKrX CBOMCTB CYLIECTBYIOIIMX (BaH-Iep-BaalbCOBCKUX) ABYMEPHBIX cucteM. O0mue
CBOICTBa. DNEKTPOHHBIE CBOWCTBA. [lepcreKTUBbI U MPUMEHEHHSI.

4. Tononornyeckrue MaTepuaibl

Tomonornueckue wmarepuaibl. OCHOBHbIE TIOHATHS. 3adeM HYy)KHA TOIMOJIOTHUSI B  (U3HUKE.
Tomonornyeckue (kBaHTOBBbIE) (ha3oBble nepexoabl. OCHOBHBIE MaTeMaTH4YeCKHe MOHATHS: (asa
beppu, kpruBH3Ha U cBSI3HOCTH beppu, uncna UepHa. Ponbs cummeTpun.

5. Tononoruvyeckue AUIIECKTPUKU

Tomosnornyeckue JUAIEKTPUKKA JABYMEpPHBIE M TpeXMeEpHble. Ponb KUPAIBHOW CHUMMETpPHH.
Annabatnyeckasi cBI3HOCTh. Tomonorndeckue aedexThl. Tomoraormyecky 3allMIICHHBIE KpacBble
COCTOSIHUSI.

6. Tonosornueckue JUANIEKTPUKH, TPOJIOTKEHNE

[Ipumepsl  CyHmIECTBYIOIIMX  TOIMOJOTHYECKUX  AMAIEKTpUKOB. OcCHOBHBIE cBo#cTBa. Poib
CHHH-OPOUTAIBHOTO B3aUMOICHCTBHSL.

TpaHcOpTHBIE CBOMCTBA TOIOJOTMYECKHX AMAICKTPKOB. AHOMaslbHAasi CKOPOCTh. MUHHMMAabHas
MPOBOJUMOCTh.  TOTIONOTMYECKUH MarHUTORNEKTpUIecKuil d(hdekrT. MarHuTHbIE MOHOIOJH.
AHOMaJbHOE aHHU30TPOIHOE MAarHuTOCcONpoTHBiIcHHE. KBaHTOBBIN aHOManbHBIN 3¢dexT Xoia.
CriuHOBBIE TOKH.

7. Toronoru4yeckue CBEPXIPOBOIHUKI




Tomonornyeckne CBEpXNpPOBOAHUKA. CHMMETPHM M MHOTOKOMITHEHTHOCTH Iapamerpa MOpsKa.
CBepXITpoOBOJMMOCTh, BO3HUKAIONIAS M3-32 dQQeKTa OIU30CTH Ha MOBEPXHOCTU TOTOJIOTUYECCKOTO
auoniekTpuka.  CBepXNIpOBOOMMOCTH B Marepuale ¢ CHIbHBIM  CHHH-OPOUTaJIBHBIM
B3aHMOJICHCTBUEM, CBEPXIPOBOAUMOCTh B 00bEME AOMUPOBAHHOTO TOIOJIOTHYECKOTO IMAICKTPUKA.
Hematuyeckast cBepXnpoBoauMOoCTh. CBEpXIIPOBOANMOCTE B TpadeHe, B TOM YHCJIE€ B CKPYYCHHOM
JIBYXCIIOHHOM rpadene.

8. Tomonornyeckue CBEpXIPOBOAHUKH, IPOJOIKEHUE

®epmroH Maiiopanbl B TeopuH HONS M (PU3MKE KOHACHCUPOBAHHOIO COCTOSIHMA. Bo3MokHBIE
¢usnueckue peanusannu  QpepMuoHa MalOHpaHBl B TONOJIOTHUECKUX CBEPXIIPOBOAHHUKAX.
OkcnepuMeHTallbHbIe HaOmoaeHus pepMruona MaiopaHsl.

9. Tonoa0ru4ecKue moIyMeTalIbl
Beiinesckue momymeramisl. Jupakosckue nmomymeramisl. [lociaeqaue qoctmxenus (KpaTkuii 0063op).
10. Cucremsl ¢ $pa3z0BbIM pacciOCHHEM

Cuctembl ¢  (as3oBeiM  paccioeHueM. Poib  HECTHHTa, MHOTO30HHOCTH W CHJIBHBIX
ANICKTPOH-ICKTPOHHBIX ~ Koppensnuid. CHCTeMbl €O CIHH-TIONSPU30BAHHBIMU  BJICKTPOHAMH
(half-metals).

11. O630p MocCNeAHUX TOCTHIKEHHI B O0JIACTH CO3/IaHUS HOBBIX MaTepUAIOB

O0630p mocneaHuX AOCTHXKEHUI B OOMACTH CO3JaHMsI HOBBIX MarepuajioB, KOTOPBIH OyaeT IaH Io
COCTOSIHMIO TeKylleW nureparypbl. B wacTHOCTH, OyayT OCBEIIEHBI IMOCIEIHHE IOCTH)KECHHS B
oOnacTu QU3MKK U TPUIOKEHUH rpad)eHa 1 CBEPXIPOBOAHUKOB.

12. Marepuansl Jjisl KBAHTOBBIX KOMITBIOTEPOB

JIxxo3edcoHoBckre KyOHWThI. [lepcrieKTHBBI NMpPUMEHEHHUS KyOHTOB C MaliOpaHOBCKMMH MOJAMU
(TOTTONIOTMYECKH  3AINUINCHHbIE  KBAHTOBHIC  BBIYMCIICHHS). BO3MOXKHOE  HCIOJIIB30BaHUS
THOJIOTHYECKUX MaTePUaJIOB.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMO¥ AJIl OCYlIeCTBJIECHHS 00pa30BaTEILHOTO
npouecca 1no JUCUUILInHE (MOIYJII0)

[lepconanpHBIN KOMIBIOTEP, MPOEKTOP U IKPAH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Advanced quantum condensed matter physics, One-Body, Many-Body, and Topological
Perspectives
Michael el-Batanouny, Boston University, Cambridge University Press (2020).
2. Topological insulators, Grigory Tkachev, 2016 by Taylor & Francis Group, LLC

JlononHuTenbHas TUTEpaTypa
1. Zoo of quantum-topological phases of matter, Xiao-Gang Wen, arXiv:1610.03911v3
2. Identification of nematic superconductivity from the upper critical field, Jorn W. F. Venderbos,
Vladyslav Kozii, and Liang Fu, arXiv:1603.03406v4
3. Nematic superconductivity in topological insulators induced by hexagonal warping, RS Akzyanov,
DA Khokhlov, AL Rakhmanov, arXiv preprint arXiv:2003.05202

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)



He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexioHHBIX 3aHATHAX UCTIOIB3YIOTCS MYJIBTHMEIUHHBIC TEXHOJIOTUH, BKIIIOUAs IEMOHCTPALHIO
npe3eHTanuii. B mponecce camocTosTenpHOM paboThl 00YYarOIIMXCsi BO3MOXKHO HCIIOJIB30BAHUE TAKUX
MPOrpaMMHBIX CpecTB, kak Mathcad, Scilab u ap.

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

CryneHT, M3y4arollui IUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT JOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

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

— HaNpsDKEHHON CaMOCTOSATENILHOW Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy Yy4eOHOro Marepwana, MOATOTOBKY OTBETOB Ha BOIMPOCHI, MPEIHA3HAUYCHHBIX JUISI
CaMOCTOSITEILHOTO U3YUCHUS;

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

— MOJITOTOBKY K BBIMOJIHEHUIO 33aJJaHUN TPOMEKYTOUYHOM aTTeCTallUHU.

[Tokasarenem BiIaJicHUs MaTepUaIoOM CITYy>KAT YMEHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI IO TeMaM
JUCIUTLIAHEL

BaxxHO m0OOWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTro ero 3amoMuHaHus. [lpu
3aTPYJHCHUH W3y4YeHHs] OTACIBHBIX TEM, BOIMPOCOB, CIEAYET OOpamaThCsl 3a KOHCYNBTAIMSIMHU
MPEIoIaBaTelio.

Bo3MoxxeH npoMeXyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEILICHUS 33/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kageapa MEKTPOAUHAMUKY CIIOKHBIX CUCTEM U HAHO(OTOHUKU
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

PaszpatGoTunk: AL PaxmaHOB, A-p (u3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOIAXO/BI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CnocobeHn ananmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-4 Crioco6eH ycIenHo peanu30BbIBaTh
pelIeHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

OIIK-5 CriocoOeH 1 rOTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCUOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcsi K TMOJyYEHHUIO HOBBIX 3HAHHUH,
poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

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

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pe3YIbTAaTC N3YUYCHUA JUCIIUITIIMHBL «HoBEIe KBaHTOBBIC MaTcpUuaibl» O6y‘{aIOH_II/II\/’IC$I JOJIDKCH:

3HAThb:

OCHOBHBIE CBOIMCTBA rpa)eHa U Ipyrux ABYMEPHBIX MaTepHalIOB, TOMOJIOTHYECKUX MAaTEPHAIIOB, HOBBIX
CBEPXIPOBOAHUKOB, MMOJYMETAJIOB M MPEACTABIATH COBPEMEHHOE COCTOSIHHE MPOoOieM (PU3NUECKOTO

MaTepuaIoBEICHUS.
yMeThb:

MOJIb30BaThCsl 0A30BBIM MaTeMaTHYECKUM armaparoM, OPUEHTHPOBATHCS B COBPEMEHHOW HaydyHOMH

JuTeparype 1no npodieme
BJIA/IETh:

3HAHUSIMH OCHOB KBaHTOBOH (1)I/ISI/IKI/I KOHACHCUPOBAHHOTO COCTOAHUSA W 3HAHHUAMHU O COBPCMCHHOM

COCTOSIHUH TIPOOJIEMBI




3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

[IprMepbl KOHTPOJIBHBIX 33JaHUU

1. Haiizure, kak OT dHEpruM KOA(PQPHUIIMEHT OTPAKEHHS IJIEKTPOHA OT IMPSIMOYTOJILHOTO Oapbhepa B
rpadeHe pu ydeTe MajbIX HONPaBOK K JIMHEHHOMY CHEKTPY.

2. Haiigute cnexTp BO30Y>KIACHHUH B TOIOJOTHYECKOM IMIJIEKTPUKE NMPH Y4YETe MAaJbIX IMONPABOK K
JINHEUHOMY CIIEKTDY.

3. OueHure 1O HOPSAKY BEJIWYMHBI IIEJIb MEXIy MalHOpaHOBCKUM COCTOSHUEM M IIE€PBBIM
BO30Y>KICHHBIM COCTOSIHUEM B KOPE BUXPS B TOMOJIOTUYECKOM CBEPXITPOBOIHHKE.

4. Haiinute, KaK MOBIUAET aHOMaJbHAsA CKOPOCTh HA OCTOSHHYIO XOJLIA.

5. C nomompto Teopun [mH3Oypra-Jlangay HaiinuTe, Kak IMOBIMAET OXHOPOAHAS OJHOOCHAS
nedopmanus Ha KPUTHYECKYIO TEMIIEpaTypy HEMaTHUECKOTO CBEPXITPOBOIHHUKA.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB
1. Ilouemy cniektp rpadeHa TUPaKOBCKUIL?
2. Ilouemy B rpadeHe HET yCTOMYMBBIX MAHOPAHOBCKUX COCTOSTHHIA?

3.B dYeM omIHuYuE€ HYNEBBIX MOBEPXHOCTHBIX COCTOSSHUMI B TONOJOTMYECKOM AUDJIEKTPUKE U
TaMMOBCKHX IIOBEPXHOCTHBIX YPOBHEH 3HEpruu?

4. Kak MOTYT BJIUATbL MarHUTHBIC IPUMECHU Ha TOIIOJIOT'MYCCKYI0 CBEPXIIPOBOAUMOCTD WJIN B YEM 31€Ch
OTJIMYHE OT OOBIYHOM S—CBerHpOBO,Z[I/IMOCTI/I?

5. Yto Takoe Tomonorudeckas 3aH_II/IH_IeHHOCTB?

buner 1
1. Kpucramimgeckas crpykrypa rpadena. Konyca /{upaka. Kupanasaocts. [lapagoke Kneiina..

2. Ilpumepsl CYIIECTBYIOIIMX TOMOJOTHYESCKUX JHUANEKTPpUKOB. (OCHOBHBIE CBoiicTBa. Poib
CIUH-OPOUTATHLHOTO B3aUMOJICHCTBHUSL. .

buner 2

1. Ocobennoctn kBaHTOoBaHWs Jlanmay W kBaHTOBOTO d(dexTa Xoiuta B OJHOCIOWHOM rpadeHe u
JIBYXCIIOMHOM TpadeHe..

2. BeiieBckue nomymeTamisl. JIupakoBCKHAe MOTyMETAIIIBL.

burer 3

1. Cucrembl ¢ (a3oBbIM paccioeHueM. Poiab HECTHHra, MHOTO30HHOCTH W CHIIBHBIX
AIICKTPOH-ICKTPOHHBIX  Koppensiuii. CHcTeMBl €O CIUH-TOJSPU30BAHHBIMH  JJEKTPOHAMH
(half-metals).

2. Bo3MmoxHble ¢usnueckue peanu3anuu  GepMuUoHa  MalOHpaHBI B TOMOJIOTHYECKUX
CBEPXIPOBOAHUKAX. DKCIIEpUMEHTaNIbHbIC HaOmoneHus: pepMuona MaopaHsl..

buier 4
1. Tononoruveckue CBEPXMPOBOAHUKH. CUMMETPUN U MHOTOKOMITHEHTHOCTh TTapaMeTpa MOpsaKa. .

2. OcHOBHbIE (DU3MYECKUX CBOMCTB CYLIECTBYIOIIMX (BaH-IEP-BAaaJbCOBCKUX) JIBYMEPHBIX CHCTEM.
[lepcriekTuBBI U IPUMEHEHUS.

buier 5

1. ®epmuon MaiiopaHsl B TeOpuM TOJS U (PU3HKE KOHACHCHUPOBAHHOTO COCTOSIHUS. TOMONOTHYECKH
3alUILIEeHHbIC KBAHTOBBIC BRIYUCIEHUS U (epMuOH MailopaHsl..

2. Tomosornyeckue IUAIEKTPUKA JBYMEpPHbIE U TpexMepHble. Ponb KupaabHONH CHUMMETPHH.
Annabatnyeckasi CBS3HOCTb. Tomonorumyeckue AeQekTbl. TOMoJOrMueckd 3alluIIeHHBIE KpacBbIC
COCTOSIHUSI.

Kpurepun onennBanus



Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHBIC, DIIyOOKHE 3HAHUS YYEOHOW MPOrpaMMbl JUCIHMIUIMHBI, MPOSBISIOMEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIN,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(OpMyITHpPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYIOBIETBOPUTENbHO 1 Oajnm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT rpyOeiinire ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepeHumpoBaHHbId 3aueT MPOBOTUTCS B ycTHOW ¢Gopme mo Owieram. B kaxmom Owiete
NPE/ICTaBICHO JBa TeopeTHdeckux Bompoca. [lpu mpoBenennn auddepeHIHpOBaHHOTO 3auéTa
oOydJaromemycst npenoctasisiercss 30 MUHYT Ha moArotoBky. Ompoc oOydaromierocs He JIOJDKEH
MPEBBIIIATH OJJHOTO ACTPOHOMHYECKOTO Jaca.



