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 mocCBsmeH W3y4YEHUIO COBPEMEHHBIX NPEACTaBICHHH O (QHU3MYECKHX IMpoleccax, SBICHHAX U
3aKOHOMEPHOCTAX (PU3UKH TBEPIOTO TeJa C TOYKH 3PSHUSI ANICKTPOHHBIX CBOMCTB M 30HHOW Teopuu. BHawaie
paccMarpuBalOTCS METOABI pacyeTa d3JIeKTPOHHOTO CIIEKTpa, BKIOYas MeTox J(H(EKTHBHOW Macchl
Kona-JlarTumxepa u npuOImKeHHe CHIBHOW CBS3U B paMKax BTOPHMYHOTO KBAHTOBAHHS Ha MEPHOJHMYECCKON
pemerke. Oco0oe BHHUMaHHE YIEIECHO AKTYaJbHBIM TOIOJOTHYECKHM SBJICHUSM B KOHICHCHPOBAHHBIX
cpedax, B YacTHOCTH, paccMaTpuBaloTcsi Mojens mnonmaneTwieHa Su-Schrieffer-Heeger, uepHoBckue
n3oisTopsl, KBaHTOBBIN 2 ekt Xoma, Z2 TOMOJOTHYECKHE H30JIATOPHI, a TaKXkKe JaHO TPEICTAaBICHUE 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

YK-1.1 Ananuzupyet npoOIEMHYIO CUTYAIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBisier MOWCK BAapUaHTOB  PELICHUSA
MOCTAaBIICHHOH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE

YK-1 CriocoGeH ocymecTBIsATh KpUTHIECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIPAaOaThIBATh
CTPATEruIo NEUCTBUN

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTeIbHOCTh IIaroB,
HOpeABUIS PE3ydbTaT KaKAO0rO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOM
JesITeTbHOCTH

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH craBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3Bl, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MareMaTHYeCKHe MOAEIM M ONHCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHaJM3MPOBATh HAy4YHbIE MPOOJIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTb TEOpeTHUeCKue H (WIIH)
IKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
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:
- HaXOJUTh DIIEKTPOHHBIE CIIEKTPHI KPUCTAIIIOB B MPOCTEHIIINX MPUOINKECHHUSX;
- OIPEAENSATh OCHOBHBIE TOMOJIOTHYECKUX XapAKTEPUCTUKHU 30HHOTO CIIEKTpa.
BJIAJICTh:



- 0a30BBIMH TCOPCTUUCCKUMHU MOIACEIMH U METOHAaMU pacyeTa 3JICKTPOHHBIX CBOICTB KpUCTAJIJIOB,
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 pemieTka 1 ) ) 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 noxyMeTanibl 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. Kpasummmynbe. 3oHa bpmumrosHa. 30HHas CTPYKTypa.
Mertannbl, AUANIEKTPUKH, MOJYHIPOBOAHUKA M MoiyMmeTasuibl. [lmotHocTh coctosHmMid. CraTtucTuka
HocuTenei 3apanoB. OOpaieHue Bpemenu u Teopema Kpamepca

2. Metozpl pacueTa 30HHON CTPYKTYPBI

[TpubnuxeHne cUIBLHOHN CBSI3U B «IIEPBUYHOM KBaHTOBaHUM». 1D memnouka aromoB. Kp-meTon (Meton
sddexTuBHON Macchl Kona-JlatTmHxkepa) juis pacdéra 30HHOH CTPYKTYyphl. 30HHAsl CTPYKTypa
HauOoJiee M3BECTHBIX MOIYNPOBOAHUKOB (KpeMHHUH, repmanuid, GaAs). MaremaTnueckuil ammapar
BTOPUYHOTO KBAaHTOBAaHHMSA MJIS OMNMCAHMA DJICKTPOHOB B KPUCTAJUIMYECKHUX pEHIETKax B
npuOIMKEHUH CUIbHOHN cBs3u. [lpumepsl: MoHO- M auaromHas 1D memouka aromoB, rpade.
IToBepXHOCTHBIEC U KPAaeBbIE COCTOSHUSL.

3. OcHOBBI OO1IIEH TOIIOJIOTHH

Tomonornueckue mpocrpancTBa. HempepsiBHble oToOpaxkenus. l'omeomopdusm. Tomomormueckue
WHBapHaHTBl W TMPOCTEUIINE NpUMEpHl. OillepoBa xapakrepuctuka. lomoromuu. OCHOBHBIE
MIPENCTABIEHUS O HAKPBITHAX U PACCIOCHUAX TOMOIOTHYECKHUX IIPOCTPAHCTB

4. Tononornyeckre U30J4ATOpsl B 1D




Monens nonuanermiviena (1D memouka atomoB Su-Schrieffer-Heeger). Hamorka. «Kupanbaas»
cumMeTpusi. «COMMTOHBI» M KPaeBble COCTOSHHS, HX YCTOWYHBOCTb.

5. UepHOBCKHE H30IATOPEI

®a3a beppu u €€ cBsI3b C 3apsAn0BOM noispusanueil. YepHoBckUE n30ATOpbl. Monens XanaenHa.
[Ipencrasnenue o kBantoBoM 3ddexre Xomta u TKNN unBapuante. KpaeBble cOCTOSHUS U HX
YCTOMYHMBOCTB.

6. Tomooru4eckue U30aATOpsl Z2

OcHOBHBIE  cBeleHHsT O Z2  TONOJOTHYECKOM  Kiaccu(puKauuum  KpucTauioB.  Mogens
Bernevig-Huges-Zhang. KpaeBble CcOCTOSHUS B TOMOJOTHYECKHX HM30JATOpaX M MPHHIUI
cooTBeTcTBUS "00BbeM-TpaHuma.

7. Torojorudeckue NOJIYyMCTAJUIbI U APYTHUC BOIIPOCHI

IIpencraBneHne o0 BEWIEBCKMX M JUPAKOBCKHX IOJyMEeTalulaX. PasznuuHble  NpUMEpPHI
TOIOJIOTMYECKUX KiIaccuuKannii pU3NIeCKUX CUCTEM: HEMAaTH4YECKHE JKUIKHE KPUCTAUIbI, BUXPH B
(deppoMarHeTMKke C  JIETKOM  IUIOCKOCTBIO,  JAMCIOKAMM B KpPHUCTaUlaX,  TOIMOJIOTHUS
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)



CTyneHT, W3ydYaroNmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTe U3YyUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
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 y4eOHOro Marepuala, TOATOTOBKY OTBETOB HAa BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUCHUS;

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

— MOJITOTOBKY K BBIMOJIHEHUIO 33JJaHUI TEKYLIEH U IPOMEKYTOUHOM arTecTaluu.

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

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOTO MaTrepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUN W3YYCHHUsS OTJEIBHBIX TEM, BOMPOCOB, CIEAyeT OOpamiaTrhCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTeIio.

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



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

KBAJM(PUKAIMA: 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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK 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 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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pears 3a1a4u, B ToM uncie paspadareiBath 1 [[IK-1.2  CrocoGeH  BBIIBUTAaTh  TUIOTE3bl, CTPOHTH
HCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SIBJICHHH M MPOLIECCOB, OLEHUBATH KAUECTBO pa3paboTaHHON
aHAJM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIH)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
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:

- 0a30BEIMH TCOPECTUUYCCKUMU MOIACIIAMHU U MCTOAAMU paCUYCTa JJICKTPOHHBIX CBOICTB KpHUCTAaJJIOB,
BKJIO4as IOBEPXHOCTHBIC 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.

2.30HHast CTPYKTypa METajuIOB, AMNIICKTPUKOB, MOJIYNPOBOJHUKOB W MMOJyMeTaiioB. [lmoTHocTh
coctosiHui. CTarucTuka HOCUTENE! 3apsaoB.

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




5. Kp-meronm pans pacu€ra 30HHOW CTPYKTYpbl. 30HHas CTPYKTypa HaubOoliee M3BECTHBIX
MOJTyTIPOBOJHUKOB.

6. IlpuOnmxeHne CHIBHOW CBA3M BO BTOPHUYHOM KBAaHTOBAaHUHU JJISI OINHKCAHUS DJEKTPOHOB 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. Tomoromuu. OCHOBHBIE TIPEICTABICHUS O HAKPBITUAX M PACCIOCHUSAX TOIMOJIOTMYECKHX
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. IlpubnmxeHue CUIBHOW CBSI3M BO BTOPMYHOM KBAaHTOBAaHMM JJISi OIHMCAHUS D3JIEKTPOHOB B
KPUCTAJUIMYECKUX PEIIETKaX B MPUOIMKEHHH CHIIBHOM CBS3H.

Kputepun onennBanus

Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.

Onenka omM4YHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U MPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELLICHAMN.

Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
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 IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PELIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.

OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U IO CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIE 3HAHMS Ha IMPAKTHKE, HO JIOMYCKAET B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.

OueHka yHIOBIETBOPUTENBHO 4 Oanga - BBICTABISAETCSA CTYAEHTY, IHOKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLEHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.



OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JieliaMy y4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OueHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCSl CTYACHTY, KOTOPBIA HE 3HAET OOJbIICH YacTH
OCHOBHOTO COJepKaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKka HEYNOBIETBOPUTEIBHO | 0amn - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

OmueHka 3a CeMECTp BBICTaBISAETCA IO pe3ylabraTaM YCTHOTO 3K3aMEHa, IMPOBOJMMOIO IO OHIeTaM.
Omnpoc crynenTta no OwieTy He AoJDKeH npesbimarh 40 MuHyT. Bpemsi Ha moAroToBky K orBeTy - 60
MUHYT.



