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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: HI/I3K0p33MepHI>Ie QJICKTPOHHBIC CUCTCMbI
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
Kageapa MEeKTPOHUKU

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHui) - Dx3amMeH

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

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: A.A. 3a0010THBIX, KaHJ. (U3.-MaT. HayK

[Iporpamma obcyxieHa Ha 3acefannu Kadenpsl a1ekTpornkn 12.02.2024



AHHOTANMA

Kypc mocCBsiieH WM3Y4eHUIO COBPEMEHHBIX TIIPEJCTABICHUH O (U3NUECKUX IPOLECCax, SBICHUIX U
3aKOHOMEPHOCTAX (PU3UKH TBEPIOTO TeJa C TOYKH 3PSHUSI AICKTPOHHBIX CBOMCTB M 30HHOW Teopuu. BHawaie
paccMarpuBalOTCS METOABI pacyeTa dJIeKTPOHHOTO CIEKTpa, BKIOYas MeTox dS((GEKTHBHOW MacChl
Kona-JlarTumxepa u npuOiamkeHHe CUIIBHOM CBSI3M B PaMKaxX BTOPHYHOTO KBAHTOBAHUS HA MEPHOTHMYECCKON
pemerke. Oco00oe BHUMaHUE YIACICHO aKTyaJbHBIM TOIOJOTMYECKHM SIBJICHUSM B KOHJICHCHPOBAHHBIX
cpedax, B YacTHOCTH, paccMaTpuBaloTcsi Mojens mnonmaneTwieHa Su-Schrieffer-Heeger, uepHoBckue
n30isTopsl, KBaHTOBBIN 2 dexr Xomra, Z2 TONOIOTHYECKHE H30JSTOPHI, a TaKKe JaHO NMPEACTaBICHHE O
BEHJIEBCKUX M IMPAKOBCKUX TTOJyMeTalIax.

1. lean u 3apa4n

Henp AucoMnInHBI
* NU3y4YCHHUE aKTYaJIbHBIX (PU3NUECKUX BOIIPOCOB 3JIEKTPOHHBIX CBOMCTB TBEPIBIX TEIl.

3agaun AUCHMIIHHBI
* M3y4eHHUE METOA0B PAacu€TOB NIEKTPOHHOIO CIIEKTPa KPUCTAIJIOB;
* U3y4EHUE NTOBEPXHOCTHBIX COCTOSHUIA;
* N3y4YEHHUE TOMOJIOTNYECKUX ABJICHUH B (PM3UKE TBEPIOTO TEa.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBisieT MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHOH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE

YK-1 CriocoGeH ocymecTBIsATh KpUTHIECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

aHaJIn3 HpOGJ’IeMHLIX CI/ITyaL[I/Iﬁ Ha OCHOBC

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTABJICHHOM IIed Kak IOCJICAOBATEeIbHOCTh IIaroB,
HOpeABUIS PE3ydbTaT KaKAO0rO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIbHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHHUKOB 3TOMN
JesITeTbHOCTH

CHCTEMHOTO TT0JIX0/1a, BEIPAaOaThIBATh
CTPATEruIo NEUCTBUN

IIK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHUH B
pamMKax TeMmMaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
[MK-1 CriocobeH craBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CnocoGeH  BbIABUTaTH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAENM M  ONHUCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJICHHUH M MPOIIECCOB, OLICHUBATh KAYe€CTBO pa3paboTaHHOM
aHaJM3MPOBATh HAy4YHbIE MPOOJIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH NpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCIIEPUMEHTAIBHBIC METOJIbI MCCICAOBAaHUN K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pe3yabTaThl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOXYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI
3HaTh:
- METOJIbI pacU€eTa JIEKTPOHHBIX CBOMCTB TBEPABIX TEII;
- OCHOBHBIE TOTIOJIOTHYECKHE CBOWCTBA KPUCTAILIIOB.
YMETh:

- HAXOZIUTh HEKTPOHHBIE CIIEKTPBI KPUCTAIUIOB B MIPOCTEHIINX NPUOTMKEHUIX;
- OIIPENIENATh OCHOBHBIE TOMIOJIOIMYECKUX XapaKTEPUCTUKN 30HHOTO CIIEKTpa.
BIIAJICTh:




- 0a30BBIMH TCOPCTUUCCKUMHU MOLAC/IIMH U METOAAMU pPACHETA JJICKTPOHHBIX CBOICTB KpUCTAJJIOB,
BKJIIO4Yas MMOBCPXHOCTHBIC CBOICTBA.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), 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 paboTy, Jac.
No Tema (pa3nen) TUCIUTUTHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 Kpucrammyeckas pemeTka u ) ) 3
CUMMETPHUH
2 MeTtozsl pacyeTa 30HHON CTPYKTYPHI 8 8 12
3 OcHOBBI 00111e# TOTOJIOTHH 2 2 3
4 Tononoruueckue uzonaropsl B 1D 4 4 6
5 UepHOBCKHE U30JIATOPHI 6 6 9
6 Tononoruveckue U30aTOphI Z2 4 4 6
7 Tomonornyeckue NoIyMeTaIbl U Apyrue 4 4 6
BOIPOCHI
Hroro yacos 30 30 45
[TonroToBka k 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennutit)
1. Kpucramimyeckast pemeTka 1 CAMMETPHH

Teopema bnoxa. OOparHas pemierka. KBasummmynbe. 3oHa bBpuiumosHa. 30HHas CTPyKTypa.
Mertannbl, IUAIEKTPUKH, MOIYNPOBOAHUKU U moidyMeTamibl. [lnoTHocTh cocrosnuii. Crarncthka
HocuTenei 3apanoB. OOpaieHue Bpemenu u Teopema Kpamepca

2. Metozpl pacueTa 30HHON CTPYKTYPBI

[IpubnuxeHne cUIBLHOM CBSI3U B «IIEPBUYHOM KBaHTOBaHUW». 1D nenouka aromoB. Kp-merox (meTon
sddexTuBHON Macchl Kona-JlarTmHkepa) ansi pacuéra 30HHOW CTPYKTYpbl. 30HHas CTPYKTypa
HauOoJiee M3BECTHHIX MOIYIPOBOAHHUKOB (KpeMHHUH, repmanuid, GaAs). MatemaTnueckuil ammapar
BTOPUYHOTO KBAHTOBAaHHMSA MJIsI OINMCAHMA DJICKTPOHOB B KPUCTAJUIMYECKHX pEHIETKaxX B
npuOIMKEHUH CWIbHOHN cBszu. [lpumeprl: MoHO- M auaromHas 1D memouka aromoB, rpades.
IToBepXHOCTHBIEC U KPAaeBbIE COCTOSHUSL.

3. OcHOBBI OO1IIEH TOIIOJIOTHH

Tomonornueckue mpocrpancTBa. HenpepoiBHbie oToOpaxenus. ['omeomopdusm. Tomonormueckue
WHBapHaHTBl W TMPOCTEUIINE NpUMEpHl. OillepoBa xapakTepucTuka. l[omoromuu. OCHOBHBIE
MIPENCTABIEHUS O HAKPBITHAX U PACCIOCHUAX TOMOIOTHYECKHUX IIPOCTPAHCTB

4. Tononornyeckre U30J4ATOpsl B 1D




Monens nonuanermiuieHa (1D memouka atomoB Su-Schrieffer-Heeger). Hamotka. «Kupanbhas»
cumMeTpusi. «COMMTOHBI» M KPaeBble COCTOSHHS, HX YCTOWYHBOCTb.

5. UepHOBCKHE H30IATOPEI

®a3a beppu u €€ cBsI3b C 3apAn0BOM noispusanueil. YHepHoBCKUE M30ATOpbl. Monens XanaelhHa.
[Ipencrasnenne o kBantoBoM 3dexre Xomra u TKNN unBapuante. KpaeBble cocTosHus U UX
YCTOMYHMBOCTB.

6. Tomooru4eckue U30aATOpsl Z2

OcHOBHBIE cBeAeHMS O Z2  TOIOJOTHYECKOW  KilaccMpUKAUMM  KpHCTauloB.  Mozenb
Bernevig-Huges-Zhang. KpaeBble COCTOSHHST B TOIMOJOTHMYECKUX HW30JATOPaxX W MPUHIIMII
cooTBeTcTBUS "00BbeM-TpaHuma.

7. Torojorudeckue NOJIYyMCTAJUIbI U APYTHUC BOIIPOCHI

IIpencraBnenne o0 BEWNEBCKMX M JUPAKOBCKUX MOJNyMeTaluaxXx. Pa3auyHblE HpUMEPHI
TOIOJIOTMYECKUX KiIaccuuKannii pU3NIeCKUX CUCTEM: HEMAaTH4YECKHE JKUIKHE KPUCTAUIbI, BUXPH B
(deppoMarHeTMKke €  JIETKOM  IJIOCKOCTBIO,  OUCIOKAlMM B  KpUCTaJIaX,  TOMHOJOTHA
DepMU-TIOBEPXHOCTH U €€ yCTOUYHUBOCTD.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

YueOHast aymuTOpHs, OCHAIICHHAS! MYJIBTUMEANA IPOEKTOPOM, MEJIOBOW MIJIM MapKEPHOH JOCKOH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
Jluteparypa Bolgaercs Ha 6a30BoH Kadenpe:

1. H. Amixpodt, H. Mepmun «®Pu3zuka tBepaoro tena». Tom 1. M.: Mup, 1979
2. B.I". bontsiacknii, B.A. EdbpemoBuu «Harmsinnas rononorus». Uznarensctso M: Hayka. 1983.

JlononHuTeNbHAS TUTEpATypa
Jluteparypa Boigaercs Ha 6a30BoH Kadenpe:

1. Bernevig B.A., Hughes T.L. «Topological Insulators and Topological Superconductorsy». Princeton
university press, 2013.

2. S.-Q. Shen «Topological Insulators: Dirac Equation in Condensed Matters». Springer, 2012.
3. M. Nakahara «Geometry, Topology and Physics». [OP Publishing Ltd., 2003.

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

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He npenycmorpeHnbl

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)



CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIMM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3IYIBTATC UIYUYCHUA AUCHUILIMHBI CTYACHT AOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA NUCHUILIIINHBIL,
YMETb NPUMCHATD IMOJYUYCHHBIC 3HAHUSA IJIA PCIICHUA Pa3IMYHbIX 3a/a4d.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLIAIUIMHBIL.

BaxxHo 1oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTesto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
Kageapa MEeKTPOHUKU

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: A.A. 3a0010THBIX, KaH[. (PU3.-MaT. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

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

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

aHaM3 MPOOJIEMHBIX CHTYaIlMii Ha OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

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

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM

[MK-1 CriocobeH cTtaBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pears 3a1a4u, B ToM uncie paspadareiBath 1 [IK-1.2  CnocobGeH  BBIOABUTaTH  THIOTE3bl, CTPOUTH
HCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SBJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHI U MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
aHAJM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH NpUMEHSTh TeOpeTHYecKHe U (WiIH)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HAayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3yIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus quciuiuinabl « HU3Kopa3MepHbIe 31eKTPOHHBIE CHCTEMBD) 00YUYaIONTHICS JTOJDKEH:

3HATh:
- METOZBI pacueTa MEKTPOHHBIX CBOHCTB TBEPIBIX TET;
- OCHOBHBIE TOIIOJIOIMUYECKHUE CBONCTBA KPUCTAJLIOB.
YMeThb:
- HAXOZIUTh HIEKTPOHHBIE CIIEKTPBI KPUCTAIUIOB B MIPOCTEHIINX NPUOTMKEHUSX;
- OTIpEeAETISTh OCHOBHBIE TOIMOJIOTHUYECKHUX XapaKTEPUCTHUKH 30HHOTO CIIEKTpa.
BJa/IeTh:
- 0a30BBIMH TEOPETHYECKUMH MOAEISIMH M METOJaMM pacyeTa 3JICKTPOHHBIX CBOWCTB KPHUCTAJUIOB,
BKJIIOYasl IOBEPXHOCTHBIE CBOMCTBA.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0
B Havase ka)xJ0ro 3aHATHS HPOBOIUTCSA KPATKUH ONPOC 10 TeME MPEAbIIYIIEro 3aHATHS.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

BOHpOCLI K 3K3aMCHY:

1.Teopema biioxa. O6parnas pemerka. KBazuummynsc. 3ona bpunosHa.

2.30HHAs CTPYKTypa METaIOB, AUAJIEKTPUKOB, IMOJYIPOBOAHUKOB M IOIyMeTayuloB. llmoTHOCTH
coctosiHui. CTarucTuka HOCUTENE! 3apsaoB.

3. Obpaienue BpeMenn u TeopeMa Kpamepca.
4. IpubnuxeHne CUILHOMN CBSI3U B «TIEPBUYHOM KBaHTOBaHWW». 1D 1iemodka aToMoB.




5. Kp-meronm pansi pacuéra 30HHOW CTPYKTypbl. 30HHas CTPYKTypa HauOoiee M3BECTHBIX
MOJTyTIPOBOJHUKOB.

6. IlpuGnmxeHue CHIBHOW CBS3M BO BTOPUYHOM KBAaHTOBAHUM [UIsl OINHUCAHHS 3JIEKTPOHOB B
KPUCTAJUTMYECKUX PEIIETKAX B MPUOIMIKEHUH CHIIbHOM CBs3U. [Ipumepsi.

7. TammoBckue coctostHus B moaenu Kponura-Ilennw.

8. Tomonoruueckue mpoctpancTBa. HempepoiBHbie oToOpakeHus. ['omeomopdusm. Tomoiormueckne
MHBapUaHTHI U POCTEHIINE TPUMEDPHI.

9. Tomorormuu. OCHOBHBIE TIPEICTABICHUS O HAKPBITUAX M PACCIOCHUSAX TOIMOJOTHMYCCKHX
MPOCTPAHCTB.

10. Monens nonunanerniuiena. Hamotka. «KupaibHas»y cUMMETpHUSL.

11. «Conuronsl» U kpaeBbie coctostaus B 1D nienouka aromoB Su-Schrieffer-Heeger.
12. ®aza beppu u e€ cBsI3b ¢ 3apsA0BOH MOISIpU3AIHEH.

13. YepHoBckue n3oisaTopsl. Monens XanenHa.

14. Kanrossiit a3 dexr Xomma u TKNN uHBapHuaHT.

15. KpaeBbie COCTOSIHUS B YEPHOBCKUX H3O0JSATOPAX.

16. Z2 tononornveckast KiaccupuKaus KpUCTaIoB.

17. BeiineBckre U AUPAKOBCKUE TOTYyMETaJUIbI.

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1:

1. TammoBckue coctostaust B moaenu Kponura-Ilennu.
2. O0panienue BpeMeHu 1 Teopema Kpamepca.

[Ipumep 2.:
1. KeanToBbrit apdext Xomna u TKNN unBapuant

2. IlpubGnmxeHue CUWIBHONW CBSI3M BO BTOPMYHOM KBAaHTOBAHWU JUIS OIMCAHMSA DICKTPOHOB B
KPUCTAJUIMYECKUX PEIIETKaX B MPUOIMKEHHH CHIIBHOM CBS3H.

Kputepun onennBanus

Onenka ommmuno 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHME,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAaHUS Y4eOHOW MpOorpamMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH UX Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HPUHATHIX PELLICHAMN.

Ouenka ommyHO 8§ 06amios - BBICTaBJIETCS CTYAEHTY, II0Ka3aBLIEMY BCECTOPOHHMUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHSATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyUYCHHBIC 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PELIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.

Ouenka Xopo1o 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh MOJIyYEHHbIE 3HaHHUS Ha NPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.

OueHka ymOBIETBOPUTENIbHO 4 Oaiia - BBICTABIAETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BBIX MOHSITHIA,
HapylleHHsl JOrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUN [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE ISl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.



OueHka yIOBIETBOPUTEIBHO 3 Oajiia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBATEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ci1abo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMH IS TalbHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

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

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

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

OmueHka 3a CeMECTp BBICTaBISAETCA IO pe3ylabraTaM YCTHOTO 3K3aMEHa, IMPOBOJMMOIO IO OHIeTaM.
Omnpoc cryaeHTta no OmieTy He noibkeH npeBblmarh 40 MuHYT. Bpemst Ha moArotoBky k oreery - 60
MUHYT.



