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

BaxkHedmmM JOCTHKEHHEM COBPEMEHHOM (HM3MKM KOHICHCHPOBAHHOTO COCTOSHUSI U (PU3UYECKOTO
MaTepualiOBEACHUS SIBUJIOCh OTKPBITUE B IOCIEJHHME TOAbI OOJNBIIOr0 4YHCIa MaTrepualioB C paHee He
HaOronaBmIMMucs cBoicTBaMd. K HUM OTHOCHTCS 00JbIION HAO0OpP MCTHHHO JBYMEPHBIX MarepuajoB
(rpaden u npyrue), Tak Ha3bIBa€MbIe TOMIOJIOTHUECKUE MaTepUalibl [HapuMep, TONOJIOTHYECKHE TUIEKTPUKH
U CBEPXIIPOBOJHHUKH, BEHIEBCKHE M JAMPAKOBCKME MMOMyMeTaibl (Stmi-metals)], cucrembl ¢ (azoBbIM
paccioeHreM, MaTeprallbl CO CITUH-TIONISIPU30BAHHBIMU JJIeKTpHaMu Ha moBepxHoctu Depmu (half-metals) u
npyrue. B aTux marepuanax HaOmomaroTcs HeoObIYHBIE CBoiicTBa (Hampumep, (epMuoHbl MaiopaHsl,
napasoke KieifHa, TOMOMOrHMYECKH 3allUIIEHHBIE JIEKTPOHHBIE BO30YXKICHHS Ha IOBEPXHOCTH), KOTOPbIE
MOTYT OBITh ITOJIE3HBI [T PA3THYHBIX TPUIIOKEHHI, B YACTHOCTH Il KBAHTOBBIX BBIYMCIICHHHA.

Lenp manHOrO Kypca — AaTh JOCTaTOYHO IIMPOKWH 0030p 3JIEKTPOHHBIX CBOMCTB 3THX MarepuaioB. Kypc
JOJDKEH CHOCOOCTBOBAaTh PACHIMPEHUIO KPYro3opa CTYISHTOB B 0ONacTH (U3MKH KOHJACHCHPOBAHHOTO
COCTOSIHUSL M (PU3UYECKOr0 MaTepUaOBEICHHUS, OCBETUTh COBPEMEHHBIE MPOOJIEMBI, CTOSIINE MEpe] STUMH
JIUCIUITIIMHAMH, a TAaKXKe J1aTh IPEICTaBICHNE O BOZMOXKHBIX 00IaCTAX MPUMEHEHUS] HOBBIX MaTepHaJIOB.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

Ilens Kypca — math mpeicTaBieHHE 00 aKTyaJbHBIX 3a/jadax B OOJACTH CO3IaHMSA M MCCIIEIOBAHUS
HOBBIX Ba)KHBIX MaTE€pHajiOB, a TAaKKE O BO3MOMKHBIX TPHIOKECHHUAX 3THUX MarepuaioB. CTyaeHTHI
JOJDKHBI OCBOMTH (DyHAaMEHTaJbHbIE 3HAHUS B OOJIACTH TEOPUU U MPUIOKEHHUH TaKUX MaTepHaloB,
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,

. (opMHUpOBaHUE MOAXOJAOB K BBHIIOJIHEHHUIO HCCIENOBAHUM CTyOeHTaMH B oOOIacTu (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 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCUOHANBHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HaHUS B 00JacTH (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1 Bnaneer cucremoii pyrnamentanbabix |OIIK-1.2 CriocoGeH 0000maTh W KPUTHYECKH OIICHHBATH
HAyYHBIX 3HAHHI B O0JIACTH ONBIT W PEe3yNabTaThl HAy4YHBIX HCCIEIOBAaHUI B o001acTu
(hM3UKO-MaTeMaTHIEeCKUX HAyK npoecCHOHaTBHON e TEBHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasienne o6 akryansHbix |OIIK-2.1 MMeeT npencraBieHne 0 COBPEMEHHOM COCTOSIHUT
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 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh 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 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, 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 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
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 TOJY4YEHUIO HOBBIX 3HAHUIA,

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

[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 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3ybTaThl

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

3HATb.

OCHOBHBIE CBOWCTBA rpa)eHa 1 Jpyrux JBYMEPHBIX MAaTepUAIOB, TOIOJIOTHIECKUX MaTepHasoB, HOBBIX
CBEPXIIPOBOIHHUKOB, MOJYMETAIIIOB U MPEACTABIATH COBPEMEHHOE COCTOSHHUE MPOoOaeM (hHU3N4ecKoro

MaTepraIoBeICHUS.
YMETB:

MOJB30BaThLCS 0a30BBEIM MaTEMAaTHYeCKUM afraparoM, OPHUCHTHUPOBATLCA B COBpCMeHHOﬁ 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 O030p moCIeAHWX  JIOCTHXKECHUH B 4 ’ 4
00JIACTH CO3/IaHUSI HOBBIX MAaTEPUAJIOB
Marepuains JIs1 KBaHTOBBIX

12 P s 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. Kpucrammmueckas crpykrypa. Konyca [lupaka. Kwupambnocts. [lapamoxc Kieitna.
HupakoBckuii cnektp. [IpyyuHBI, O KOTOPHIM BO3HUKAET AWPAKOBCKMH CHEKTP B KpUCTAJIax:
cnemuduyeckas  CUMMETpUS  pEIIeTKH, CWJIBHOE  CIHMH-OpPOMTaJIbHOE  B3aMMOACHCTBHE.
Spin-momentum locking. KBantoBanme JlaHmay W KBaHTOBBIE OCHWUISIHUM B JAWPAKOBCKUX
CHCTeMaX: OTIINYNE OT «OOBIYHBIX)» HCKTPOHHBIX CHCTEM.

2. I'pacen, npopomkenne

OnHOCIIOWHBIN 1 NBYXcloWHbIH rpadeH (cTpykrypsl Tunia AB, AA, ckpydeHHbIH). KupanbHOCTD 1
NONMMHHBIA wuHAEKC. OcoOeHHOCTH KBaHTOBaHWs Jlammay u kBaHTtoBOoro »sddexra Xomna B
OJTHOCJIOWHOM TpadeHe U JABYXCIOHHOM rpadeHe. INeKTPOH-3ICKTPOHHOE B3aUMOJICHCTBUE, BOJIHEI
CIIMHOBOM U 3apsAJ0BOI IMJIOTHOCTH, MMapaMeTphl OPsIIKa.

3. O030p CyMIECTBYIOMINX ABYMEPHBIX CHCTEM

00630p (puznUecKUX CBOMCTB CYLIECTBYIOIINX (BaH-Jep-BaalbCOBCKHUX) ABYMEPHBIX cucTeM. O0mue
CBOICTBa. DNEKTPOHHBIE CBOWCTBA. [lepcreKTUBbI U MPUMEHEHHSI.

4. Tononornyeckrue MaTepuaibl

Tomonornueckne wmarepuaibl. (OCHOBHbIE TOHATHS. 3adeM HYy)KHA TOMOJIOTUS 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.
Anmnabatnueckasi cBs3HOCTh. Tomonornyeckue nedexTel. TomoJoruuecky 3aliMIeHHbIE KpacBbIC
COCTOSIHUSI.

6. Tonosornueckue JUANIEKTPUKH, TPOJIOTKEHNE

[Ipumepsl  CyIIECTBYIOIIMX  TOIMOJOTMYECKHX  JuAeKTpukoB. OcHOBHblE cBoiicTBa. Ponp
CHHH-OPOUTAIBHOTO B3aUMOICHCTBHSL.

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

7. Toronoru4yeckue CBEPXIPOBOIHUKI




Tomonornvyeckue cBepXNpoBOAHUKA. CHMMETPHM M MHOTOKOMITHEHTHOCTH Iapamerpa HOps/Ka.
CBepXIpoBOJMMOCTh, BO3HUKAIONIAs M3-32 ddeKTa OJM30CTH Ha TOBEPXHOCTH TOMOJOTHYECKOTO
mmoniekTpuka.  CBEpXNpOBOAMMOCTH B Marepualle € CHJIBHBIM  CHHH-OPOUTaJIbHBIM
B3aHMOJICHCTBUEM, CBEPXIIPOBOAMMOCTh B 00bEME JIOIHMPOBAHHOTO TOMOJIOTHYECKOTO THANICKTPHKA.
Hematnyeckast cBepXnpoBoauMOoCTh. CBEpXIPOBOAMMOCTE B rpadeHe, B TOM YUCIE B CKPyYCHHOM
JIBYXCIIOHHOM rpadene.

8. Tomonornyeckue CBEpXIPOBOAHUKH, IPOJOIKEHUE

®epmroH Maiiopanbsl B TEOpHUHM OIS U (PU3UKE KOHACHCHPOBAHHOIO COCTOSHHs. Bo3MoOxHBIE
¢usnueckue peanusanuu  GepMuoHa MalHOHpPaHBl B TONOJOTMYECKHUX  CBEPXIPOBOIHUKAX.
OkcnepuMeHTallbHbIe HaOmoaeHus pepMruona MaiopaHsl.

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

Cucrembl ¢  (aszoBeiM  paccioeHueM. Poib  HECTHHTa, MHOTO30HHOCTH M CHJIBHBIX
AIICKTPOH-ICKTPOHHBIX ~ Koppensuuid. CHUCTeMbl €O CHUH-TIOJSPU30BAHHBIMH  JJICKTPOHAMHU
(half-metals).

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

O0630p mocieAHnX AOCTMXKEHUH B 0OJIACTH CO3IaHUS HOBBIX MAaTe€pHalioB, KOTOPBIH OyaeT AaH IO
COCTOSIHMIO TEKyLIeH JuTeparypbl. B wacTHOCTH, OyIyT OCBEIIEHBI MOCIEIHHE IOCTIDKCHHMS B
oOnacTu QU3MKK U TPUIOKEHUH rpad)eHa 1 CBEPXIPOBOAHUKOB.

12. Marepuansl Jjisl KBAHTOBBIX KOMITBIOTEPOB

JIxxo3edcoHoBckre KyOHWThI. IlepcrieKTHBBI TMpPUMEHEHUsT KyOUTOB € MalHOpaHOBCKUMHU MOAAMU
(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, M3y4arolui JUCIUIUIMHY, JOJDKEH, C OMHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pE3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT MHOJUKCH 3HATb OCHOBHBLIC ONPCACIICHUA W IOHATHA,
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 y4eOHOro Marepuala, TOATOTOBKY OTBETOB Ha BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3YUCHUS;

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

— MOJITOTOBKY K BBIMOJIHEHUIO 33aJJaHUN TPOMEKYTOUYHOM aTTeCTallUHU.

[Tokazarenem BrnajieHHUss MaTepraIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaMm
JUCIUTLIAHEL

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOTO MaTrepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUU W3y4YEHHs OTJACIbHBIX TEM, BOMPOCOB, CIEAYET OOpalarbcsi 3a KOHCYJIBTAIUSIMU
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 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
kBaTuuKkanus: 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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

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 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeyiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, 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 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
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 CrpeMurcss K TOIXYYECHUIO HOBBIX 3HAHHM,

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 CrmocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

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

3HAThb:

OCHOBHBIE CBOMCTBA rpa)eHa U IPyrux JAByMEPHBIX MaTepUaliOB, TOMOJIOTHUYECKUX MAaTepHaioB, HOBBIX
CBEPXIPOBOAHUKOB, MOJYMETAUIOB U HPEACTABISTH COBPEMEHHOE COCTOSTHHE MpoOiieM (hHU3HYECKOTO

MaTepuaIoBEICHUS.
yMeThb:

MOJIb30BaThCsl 0A30BBIM MAaTEMaTHYECKHUM aliapaToM, OPHEHTHPOBATHCS B COBPEMEHHOH HAaydHOM

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. Haiigure, xak oT 3Hepruu KOA(QQOUIIMEHT OTPAKEHUS DIEKTPOHA OT MPSIMOYTOJIBHOTO Oaphepa B
rpadeHe pu ydeTe MajbIX HONPaBOK K JIMHEHHOMY CHEKTPY.

2. Haiigute cnexTp BO30YXIEHHMH B TOMOJIOTMYECKOM IUAJIEKTPUKE MPHU yUeTe MallblX IOIMPaBOK K
JINHEUHOMY CIIEKTDY.

3. OueHure 1O NOPSAKY BEJIMYMHBI ILIEJNb MEXIYy MalOpaHOBCKMM COCTOSIHUEM U IIE€PBBIM
BO30Y>KICHHBIM COCTOSIHUEM B KOPE BUXPS B TOMOJIOTUYECKOM CBEPXITPOBOIHHKE.

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

5. C mnomompto Teopuu [mH30ypra-Jlangay HaiinuTe, Kak I[OBIHAET OXHOPOJHAS 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 omIHMuue HYNEBBIX IOBEPXHOCTHBIX COCTOSHHII B TOMOJOIMYECKOM MAMIJIEKTPUKE M
TaMMOBCKHX IIOBEPXHOCTHBIX YPOBHEH 3HEpruu?

4. Kak MOT'YT BJIUATbL MAaroHuTHBIC IPUMCECH Ha TOIIOJOTHYCCKYIO CBEPXIPOBOANMOCTD UJIM 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 kBanToBaHusl Jlanmay u kBaHTOBOrO 3(dexra Xoia B OIHOCIOWHOM TpadeHe u
JIBYXCIIOMHOM TpadeHe..

2. BeiieBckue nomymeTamisl. JIupakoBCKHAe MOTyMETAIIIBL.

burer 3

1. Cucrembl ¢ (¢a30BbIM paccioeHueM. Poib HECTHMHra, MHOTO30HHOCTH U CHJIBHBIX
SNICKTPOH-JICKTPOHHBIX ~ Koppensuui. CHCTeMbl €O CIUH-TIONIAPU30BAHHBIMU  3JICKTPOHAMU
(half-metals).

2. Bo3moxsble ¢uszndeckue peanusanuu  ¢epMuoHa  MaHoHpaHBI B TONOJOTHYECKUX
CBEPXIPOBOAHUKAX. DKCIIEpUMEHTaNIbHbIC HaOmoneHus: pepMuona MaopaHsl..

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

2. OcHOBHbIC (PU3MYECKUX CBOMCTB CYLIECTBYIOIIMX (BaH-IEP-BAaalbCOBCKUX) JABYMEPHBIX CHCTEM.
[lepcriekTuBBI U IPUMEHEHUS.

buier 5

1. ®epmuon Maifopanbl B TEOpUH MO U QU3NKE KOHIACHCHPOBAHHOTO COCTOSIHUS. TOTIONOTUYECKU
3alUILIEeHHbIC KBAHTOBBIC BRIYUCIEHUS U (epMuOH MailopaHsl..

2. Tomosornyeckue IUAIEKTPUKU JBYMEpPHBIE U TpexMmepHble. Poinb KupajabHOH CHUMMETPUH.
Anmnabatuueckasi CBA3HOCTb. Tomosjormueckue nedexTsl. Tormomorudeckd 3allMIICHHBIE KpaeBble
COCTOSIHUSI.

Kpurepun onennBanus



Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka Xopomio 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka ymOBIETBOPUTEIbHO 4 Oaiia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBICTBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEyJOBJIETBOPUTENBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYNOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

JuddepeHnmpoBaHHbIli 3a4€T MPOBOAUTCS B YCTHOH Qopme mo Owneram. B kaxmom Ouere
NPE/ICTaBICHO JBa TeopeTudeckux Bompoca. [Ipm mpoenennn auddepeHIpoBaHHOTO 3a4éTa
oOyuvaromemycst npepocTasisiercss 30 MUHYT Ha TOAToTOBKY. Ompoc oOyuaromierocs He JOJDKEH
MPEBBIIIATH OJJHOTO ACTPOHOMHYECKOTO Jaca.



