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1. MecTo u nesu TuCHUILUIMHBI B cTpykType OITOIT

Huctunnuna «HoBble 37eKTpoHHBIE U CIHHOBBIE 3((EKTHl B MOIYNPOBOJHUKOBBIX
CTPYKTYypax u rpadene» sBisgercs (paxyJlIbTaTUBHON AUCHMILTUHON M U3y4aeTcs Ha 3 roay
0o0yueHwus, B 6 cemecTpe.

HeJ’IﬂMI/I OCBOCHMSA NUCHUIIJIUHBI ABJIAIOTCH.

e OBJAJCHHE  OCHOBHBIMM  IOJOXCHMSMHM  COBPEMEHHOM  KBAHTOBOM  TEOpUU
MOJYTIPOBOJTHUKOBBIX CTPYKTYpP C CHIBHBIM CIUH-OPOUTAJIBHBIM B3aUMOJICHCTBHEM, B
YaCTHOCTH, CTPYKTYD, IPUHAJICIKANINX K KJIACCY TOMOJIOTHYECKUX U30JIATOPOB;

® OCBOCHHME METOJOB PAacuéTa KBAHTOBBIX COCTOSIHWM, CIIMHOBOW IOJIIPU3ALMH, a TaKKe
pEJIAKCALIMOHHBIX, TPAHCIOPTHBIX M ONTHYECKUX XapaKTEPUCTUK B H3y4aeMbIX
CTPYKTYypax,

e [puoOpeTeHHe NPAKTUUECKUX HABBIKOB pacdy€Tra OCHOBHBIX [AapaMETPOB THUIMYHBIX
CTPYKTYp [UIl UCIOJb30BAaHUS HUX B OKCIEPUMEHTAIBHBIX U  I[POMBIIIJICHHBIX
NPUJIOKEHUSAX, B TOM YUCIIE B KAUYECTBE YCTPOUCTB XpaHEHUsI U 00paboTKu nH(pOpMaIiu
B CXEMaX KBaHTOBBIX BBIUUCIICHUN;

e O3HAKOMJICHHE ¢ (U3UUYECKUMU CBOMCTBaMU JBYMEpHOI (hopMBI yriiepoaa — rpadena, kak
KaHJuJaTa B MaTepUasl 111 IpruOOpOB MUKPO- U HAHOAJIEKTPOHUKH;

® OCBOEHHE METOJIOB pacuéTa JIEKTPOHHBIX M TPAHCIIOPTHBIX CBOMCTB COCTOSIHHIA rpadeHa
U JIpyruX JBYMEPHBIX CTPYKTYp, KBa3H4YacCTHIBl B KOTOPBIX OIMCBIBAIOTCS
PEIATUBUCTCKUM ypaBHEHUEM Jlupaka.

3. CTpyKTYypa M cojiep:KaHue TUCHUIIHHBI.

O0beM MUCHUIUIMHBI (MOMAYJSI) COCTaBisieT Bcero - 36 4acoB, W3 KOTOPBHIX 36 YacoB
COCTaBIISIET KOHTAKTHasl paboTa 00yJaromerocs ¢ mpenoaBareyeM (3aHATHS JIEKIIMOHHOTO THITA
— 18 vaca, 18 yaca — 3aHATHUS] CEMHHAPCKOTO THIIA).

Tadauua 2
CTpyKTypa IMCUHNJIHHBI
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U30JISITOPOB.
2.
DJIEKTPOHHBIE
u
TPaHCIIOPTHHIE
cromeTEa 35 9 9 - 18 17
rpadpeHOBBIX
CTPYKTYpP u
MaTepuajoB C
JIUPaKOBCKUM
CIEKTPOM.
B T.u.Texymui 5
KOHTPOJIb
[IpomexyToUHasl aTTeCTalus — 3a4eT
Tadauua 3
Conep:xanue I CUUILTHHBI
— Haumenosanne payiena Conep:xanue pasena Hpi‘;ﬂ“::ﬂﬂ ®opMa TeKylero
JAUCHUITJINHBI N — KOHTPOJIsA
1. DJIEMEHTBI CnuH-opouTaibHOE Jlexmun, [Ipesenranuu
CIIUHTPOHUKHU U | B3aUMOJICHCTBUE KaK MPaKTUYECKHE | 00y4YarOIUMHUCS
buzuku MCTOYHUK HOBBIX 3aHSATHUS. JOKJIaJI0B o
TOMOJOTUYECKIX s¢dekToB B WHAUBHUIYaIbHBIM
M30JITOPOB. MOJIYIIPOBOTHUKOBBIX TEMaTHYeCKUM
CTPYKTypax. 3a/IaHUSIM.
OcHOBHbIE
MEXaHU3MBbI

JYHEPreTUYECKOU U
CIIMHOBOM
penaKkcanuu.

[TpunIUIB pabOTHI
HEKOTOPBIX YCTPOUCTB
CIIMHTPOHMKHU.

DJIEMEHTBI TCOPUU
TOTOJIOTHIECKUX
U30JISITOPOB.

0630p OCHOBHBIX
s dexTon u
MIPUIIOKEHU N
TOMOJOTUYECKUX

U30JISITOPOB.




2. ONEKTPOHHBIE U | DNEeKTpOHHAas Jlexuun, IIpeszenranun

TPaHCHOPTHBIE CTpyKTypa rpadeHa. MPAKTUYECKHE | 00yYaArOIUMUCS
cBoiicTBa TpadeHOBBIX | YpaBHeHHE Jlupaka 3aHATHUS. JIOKJIaZI0B 10
CTPYKTYp U | JJIsI DJIEKTPOHOB B VH/IUBUYaJIbHBIM
MaTepHualoB c | rpadeHne. TEMaTUYECKUM
JUPAKOBCKUM 3a/IaHUSIM.

[Tapanokc Knelina u
CHEKTPOM.
0COOEHHOCTH

TYHHEJIMPOBAHUS B
rpadene.

ONEeKTPOHHBIE
COCTOSIHUS B
rpadeHOBBIX
HAHOJICHTAX.

KBanToBanue Jlannay
JUTSt 0e3MaccoBbIX
JInpakoBCKUX
(hepMHOHOB.

4. ®opMbl OPraHU3aUA U KOHTPOJISA CAMOCTOATEILHOM padoThl 00y4YaroImuXxcst

CamocrosrenbHas paboTa o0yyaromuxcs MpearogaraeT u3yuyeHne KOHCIEKTOB JIEKLNH,
BBIJIEJICHHBIX pa3/IeJIOB OCHOBHOM JUTEpaTyphl, a TaKXKe JOMOJHUTEIbHONU JIUTEpaTypshl,
HOJrOTOBKY YCTHOTO JOKJajna (MyOJMYHOTO BBICTYIUIEHUS), MOJATOTOBKY K HPOMEXKYTOUHON
aTTEeCTallUU.

IlepeueHp OCHOBHOI M JOTIOJHUTEIBHON JUTEPATYpPhl AJI CAMOCTOSTEIIBHOTO U3Yy4EHUs
IpUBEJEH B 1. 7 HacTosuiei Pabouell mporpaMMbl JUCITUIUINHBL.

KoHTpobHBIE BOITPOCHI A1 IPOMEKYTOYHON aTTECTALIMH, IIPUMEPHBIE TEMBI 111 YCTHOTO
noknana (myOJuYHOTO BBICTYIUICHMS) TIPUBEIACHBI B M. 6.4 Hactosmed Paboueilt mporpamMmbl
JUCLHUTIITUHBI.

5. DoH OLIEHOYHBIX CpEeACTB AJd aTTeCTAallM| 10 TUCHUIIJIMHE

5.1. Kpumepuu u npouedypvt oyeHusanus pe3yibmamos 00yueHus no OUCyuniuHe.
[Ipu BBITIOTHEHUN BCEX PAaOOT YUUTHIBAIOTCS CIICAYIONE OCHOBHbIE KPUTEPHH:

— YpOBEHb TEOPETHMUECKMX 3HaHWWM (MOJpa3ymMeBaeTcs HE TOJBKO (opMaibHOE
BOCIIpoM3Be/ieHne WH(OpMaIMu, HO W TOHUMAHWE TIPEIMETa, KOTOPOE TMOATBEPKIAETCS
NpaBUJIBHBIMU  OTBETaMHM HA  JIONOJIHUTEIbHBIE, YTOYHSIOIIME BONPOCHI,  3a/laHHbIE
IK3aMEHATOPaMHu);

— YMEHHE HCIOJB30BaTh TEOPETHUECKUE 3HAHWS TMpPH aHajdn3e KOHKPETHBIX MpoOieM,
CUTYyalUi;

— Ka4eCTBO M3JI0KEHUS MaTepHana, TO €CTh 000CHOBAaHHOCTb, YETKOCTh, IOTHYHOCTh OTBETA, a
TaK)Ke €ro MOJHOTA (TO €CTh COJEPIKATEILHOCTh, HE MCKITIOYAIOIIast JAKOHUYHOCTH);



- CIIOCOOHOCTH yCTaHABIMBATh BHYTPH- U MEXKIPEIMETHbBIE CBSI3H,

- OPUTMHAJIBHOCTb MBIIUICHUs, 3HAKOMCTBO C JIOIIOJIHUTEJIBHON JIMTEPATypOd U APYyrue

baxTopsI.

Onucanue wKavl OUCHUBAHUA HA npomeofcymounoﬁ ammecmauuu 6 ¢OPM8 IK3aMeHa

Onucanue wKavl OUCHUBAHUA HA npome.ucymounoﬁ ammecmauuu 6 d)opme 3auema

Onenka

YpoBeHb NOATOTOBJIEHHOCTH, XapaKTePU3yeMbli OllEHKOI

3aumeno

BIIQZICHUE IIPOrpaMMHBIM MaTepUaoM, IIOHUMaHUe CYILIHOCTH
paccMaTpUBaeMbIX ITPOLIECCOB U SIBIICHUH, YMEHNE CAMOCTOSTENIbHO 0003HAUUTD
npoOJeMHbIE CUTYallud B OPTaHU3AI[MH HAYyYHBIX MCCIEIOBAHUMN, CIIOCOOHOCTD
KPUTHYECKH aHAJIM3UPOBATh U CPABHUBATH CYLIECTBYIOIIHUE MOAXOABI U METObI
K OLIEHKE pe3yJIbTaTUBHOCTH HAYYHOW MAEATEIbHOCTH, CBOOOJHOE BIaJCHHE
UCTOYHHUKAMU, YMEHHUE YETKO U SICHO U3J1araTh pe3yJbTaTbl COOCTBEHHOU padoThI,
CJIe1I0BAaTh HOPMaM, IPUHATHIM B HAYYHBIX JUCKYCCHUSX.

He
3a4meHo

HEMOHMMAaHHE CMbICIAa KIIOUEBBIX MpoOJieM, HEIOCTaTOYHOE BIIaJICHUE
HAayKOBEIYECKON TEPMUHOJIOTHEH, HEYMEHHE CaMOCTOSTEIbHO O0O03HAYUTH
npoOJieMHbIE CUTyallid, HECIOCOOHOCTh AaHaTU3UpOBaTh U  CPaBHUBATH
CYIIECTBYIOIIME KOHIEMIMU, MOAXOAbl U METO/bl, HEYMEHHE SICHO H3JaraTh
pe3yNbTaThl COOCTBEHHOW paboOThI, CIeI0BaTh HOPMaM, MPHUHITHIM B HAYYHBIX
JICKYCCHUSIX.

5.2,

Hpumepbl munoeslx KOHmMPOJIbHbIX 300GHUIL UTU  UHBIX mamepuaioes,

UCno1b3yembvlx o ouenueanus peyjiomamoes 06ylleHu}l no ()ucuunﬂuue

5.2.1. IIpu npoBeieHNH 3aueTa 00yJaIOMIMMCS TIPEIAraloTCs CIeIyIOIIne KOHTPOIbHEIE
BONPOCHI, OXBATHIBAIOIINE MTPOTPAMMY JTUCIIUTUIMHBI

1.

2.

NGO

10.

11.
12.
13.

Mukpockonuyeckne MexaHu3Mbl (OPMUPOBAHUS CIUH-OPOUTATILHOTO
B3aMMOJCHCTBHSI.

OcHoBHbIE TapaMeTPbl HEKOTOPBIX BUI0B CIMH-OPOUTAIBHOIO B3aUMOCHCTBUS B
MIOJIyIPOBOXHUKOBBIX HAHOCTPYKTYpaXx.

OcHOBHBIE MEXAaHU3MbI YJHEPIETUYECKON pestakcaly pu B3auMOIEHCTBUU CHCTEMBbI
C TEPMOCTATOM.

['maBHBIE MEXaHU3MBbI CIIMHOBOM peJlakCcallii B MOTYTPOBOIHUKOBBIX
HAHOCTPYKTYypax.

[TpuHLIMIIBI paOOTHI CIMHOBOTO M0J1a M CIIMHOBOTO TPAH3UCTOPA.

OcHOBHBIE CBOMCTBA TOMOJIOTUYECKUX U30JISITOPOB.

MeTobl pacuéra KpaeBblX COCTOSHUN B TOTOJIOTMUYECKUX H30JIATOPaAX.
Habmiogaemble B skcriepuMeHTax A(GGEKTbl W MPUIOKEHHUS TOMOJIOTHYECKUX
U30JIATOPOB.

DJeKTpOHHAas CTPYKTypa rpadena. YpapHeHnue Jupaka 1iis 21eKTpOHOB B rpadeHe.
TyHHenupoBaHue yepe3 NPsSMOYTOJIbHBIN NOTEHIMATBHBIN Oapbep B rpadeHe.
[Tapanokc Kneitna.

DJEeKTPOHHBIE COCTOSHUS B Ipa)eHOBBIX HAHOJIEHTAX.

KBanroBanue Jlannay s 6e3maccoBbix JIupakoBckux (pepMUOHOB.

JlupakoBckas yacTHuIla B IEPUOINYECKOM MTOTEHIMAIE. MeTol MaTpuLbl IEPEHOCA.

7. Y4yeOHO-MeTOAMYECKOEe M HH(POPMALMOHHOE 0O0eceuyeHUue TUCIHILIMHBI

a) OCHOBHas JIuTeparypa:
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2. Xowmuukui, [I.B. Qusuueckue ocnogvl memo0oos ynpasienus CRUHOBOU NIOMHOCIBIO 8

HAHOCMPYKMYPAxX CNUHMPOHUKU (YueOHo-Memoouueckoe nocooue). DoH
00pa3oBaTeNbHBIX JIEKTPOHHBIX pecypcoB HuxKeropoackoro rocy1apcTBEHHOTO
yauBepcutera uM. H.W. JIo6auesckoro, 2011, 94 ¢. (CBoOOAHBIN JOCTYII B CETH
Wurepuer: http://phys.unn.ru/click_download.asp?contentid=3620)
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Graphene to Topological Insulators and Weyl Semimetals // Annual Review of
Condensed Matter Physics, 2014,V. 5, p. 83. (CBoGoaHbIi 1ocTyt B ceTrt HTEpHET:
http://arxiv.org/pdf/1306.2272v1)

7. Allain, P.E., Fuchs, J.-N. Klein tunneling in graphene:optics with massless electrons
// The European Physical Journal B, V. 83, p. 301. (CBoOGOAHBII HOCTYII B CETH
Wurepner: http://arxiv.org/pdf/1104.5632v3.pdf

8. Castro Neto, A.N., Guinea, F., Peres, N.M.R., Novoselov, K.S, Geim, A.K. The
electronic properties of graphene // Review of Modern Physics, 2009, V.81, p.109.
(CBoGomubIit mocTyn B cetn MuTepHer: http://arxiv.org/pdf/0709.1163)

0) OMOJIHUTENbHAS TUTEpaTypa:

1.

Hemuxosckuit, B.SI. Huskopazmepnvie cmpykxmypol cnunmponuxu. Kypc nexyuti. Huxxauit
Hosropoa: 13a-so Huxeropoackoro rocynusepcurera, 2007. — 126 c.
http://www.lib.unn.ru/php/details.php?Docld=449220

Fabian, J., Matos-Abiague, A., Ertler, C., Stano, P., Zutic, I. Semiconductor spintronics //
Acta Physica Slovakia, 2007, V. 57, p. 565. (CBo6oaHbIit qocTym B cetn HTEpHET:
http://arxiv.org/pdf/0711.1461)
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http://arxiv.org/pdf/1002.3895)
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http://arxiv.org/pdf/1008.2026)
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http://arxiv.org/pdf/1405.5774v1.pdf)

Yamakage, Ai, Ezawa, M., Tanaka, Y., and Nagaosa N. Charge transport in pn and npn
junctions of silicene // Physical Review B, 2013, V. 88, p. 085322. (CBoOoHbIIi AOCTYI

B cetn MHTepHeT: http://arxiv.org/pdf/1303.6599)



http://www.unn.ru/books/met_files/spintronik.pdf
http://arxiv.org/pdf/1104.5632v3.pdf

7. Barbier, M., Vasilopoulos, P., and Peeters, F. M. Extra Dirac points in the energy
spectrum for superlattices on single-layer graphene // Physical Review B, 2010, V. 81, p.
075438. . (CroboaubIi moctym B cetu MaTepHert: http://arxiv.org/pdf/1002.1442)

8. Bomkos, b.A., [lankpatoB, O.A. bezmaccogvle 08ymepHbie INeKMPOHbL 8 UHBEPCHOM
koumaxme [l Tlucema B JKOTD, 1985, 1.42, ¢.145. (CBOOOAHBII TOCTYII B CETH
Wurepnert: http://jetpletters.ac.ru/ps/99/article_16385.pdf)

B) IporpammHoe obecrneuenue u MurepHeT-pecypcesl
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2. http://journals.aps.org/rmp/ — caiit ;xypuana Review of Modern Physics.

3. http://journals.aps.org/prl/ — caiit xxypnana Physical Review Letters.

4. http://journals.aps.org/prb/ — caiit sxypuamna Physical Review B.
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Matter.
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TEOPETHYCCKOU (PUBUKIY.
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CBOOOJHBIM JIOCTYIIOM K ITyOIHMKaIUIM.

9. http://www.lib.unn.ru/ — uatepuer-pecypcesl DyHmamenTanbHo# 6ubmmorexku HHIY.

~

8. MaTrepuajibHO-TeXHUYECKOE oDecniedeHne TUCIUNINHBI

[lomemienuss Ay TPOBENEHUS 3aHATUN: JIGKIIMOHHOTO THIA, TPYNNOBBIX U
WHAUBUAYAIbHBIX KOHCYJIbTAIMA, TEKYIIETO KOHTPOJIS U MPOMEKYTOYHON aTTeCTalluH, a TaKKe
MOMCIICHUA I XpaHCHUS U HpO(bI/IJIaKTI/I‘IeCKOFO O6CJIy>KI/IBaHI/I$I O60p}II[OBaHI/I$I U IMIOMCUICHUA
JUISL CaMOCTOATENIbHOM paboThl OO0yYarolIMXCsi, OCHAIEHHBIE KOMITBIOTEPHOW TEXHUKOU C
BO3MOXXHOCTBIO MOJKIIOYeHHsI K ceTu "MHTepHeT" U olecrieueHrueM JOCTyIa B JIEKTPOHHYIO
nHpopmanmoHHo-00pazoBaTenbHy0 cpeny HHIY.

ABTOpBI

JOLIEHT KadeIpbl TEOPETUUECKON PU3NKH
¢dusnveckoro GakyapTeTa,
K. (.-M. H., IOIICHT / Xomwukuii 1.B. /

JOLEHT Kaeapbl TEOPETUIECKON (PU3UKU
¢usuueckoro akynbreta,
K. (.-M. H., IOIIEHT / MakcumoBa I'.M. /

Penenzenr (b1)

3aBemyromuii kadenpoit 1.¢.-M.H., noi. bypmos B.A.

IIporpaMmma onmoOpeHa Ha 3aceJaHUM METOAMYECKOW KOMHUCCHH (U3UYECKOTO (haKyibTeTa OT
2022 rozaa, npoTokoi Ne 6/H



