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

YTBEPKAEHO

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

A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: Tononornueckue U30asTOPI
110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB
Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUAIIBI

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3MKU TBEPIOTO Tea

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

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: 9O.B. leBsiToB, n-p huz.-MaT. HayK, TOICHT

[Iporpamma obcyxneHa Ha 3acefanuu kadenpsl pusuku TBepaoro tena 04.06.2020



AHHOTANMA

[IpennaraeMsIil Kypc JIEKIUII OpPUEHTUPOBAH HA CTYJAEHTOB-IKCIIEPHUMEHTATOPOB U SIBIAETCS BBEICHHEM B
(GU3UKY TOIOJIOTMYECKUX HM30JIATOPOB U IOIYMETAUIOB. M3IOKEHHE OTpaHMYeHO CPAaBHUTEIBHO MPOCTON
TEXHUKOW W TpeOyeT TOJbKO 3HAHUS KBAHTOBOW MEXaHHUKM Ha YPOBHE BTOPUYHOIO KBAaHTOBaHHA. TeM He
MeHee, 00beM Kypca JOCTaTO4eH /sl KaueCTBEHHOTO MOHMMAaHMS PAJa aKTyaJIbHBIX MPOOJIeM COBpPEMEHHON
(u3MKK TBEPAOTO Tea.

1. leau u 3apauu

Meap AUCUMNIMHBI

* (opmMupoBaHHE y CTYIEHTOB NPO(ECCHOHAIBHBIX KOMIIETEHIMH, CBA3aHHBIX C HCIOJIb30BAHUEM
COBPEMEHHBIX NPECTaBIEHHH B 001acTH (PU3NKN KOHJCHCUPOBAHHBIX CpeE,

* npuOOpeTeHHE CTYIEHTaMH1 HAaBBIKOB CAMOCTOSITEIbHON MCCIIEA0BATENBCKON PabOThI,

® (I)OpMHpOBaHI/Ie IoAXo0a0B, OCHOBAHHBIX Ha ITIOJMYYCHHBIX 3HAHHAX, IMO3BOJAKOIIUX IIPOBOAUTH
HAY4YHBIC UCCJICAOBAHUSA U aHAJIU3UPOBATH MOJIYUCHHBIC PC3YyJIbTAThI,

° pa3sBUTHUC YMeHHﬁ, MO3BOJIAIOMIUX PAa3BUBAThL KAYCCTBCHHBLIC U KOJIMYCCTBCHHBIC (1)I/I3I/I‘ICCKI/IG
MOJCIIN 3JICKTPOHHBIX MTPOLECCOB B TBEPAbIX TECJIaX.

3agaum AU COMIIHHBI
- TIO3HAKOMUTH CTYJIECHTOB C OCHOBHBIMH HOHSATHSIMH M UAESIMHU B 3TOM 00JIACTH, C OCTAHOBKOM 3a1a4
U [IOJXOAAaMHU K uXx peuieHusiM. Ilpeanonaraercs, 4To npociymas 3TOT Kype, CTyAEHTbl CMOI'YT YUTaTh
U TIOHUMATh TEKYIIYIO Hay4HYIO IEPUOIUKY B 3TOH 00JacTu.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

OIIK-1 CniocoGeH pemmarb uccnenoarensckue |OIIK-1.1 3HaeT W CcHOcOOEH  MCIIOJIB30Barh B
3aJia4M, Ha OCHOBE (DyHJIaMEHTAJIbHBIX 3HAHUH B |TPO(ECCHOHATIBHON  JIEATENFHOCTH  (PyHJaMEHTalbHBIC
o0acTi MaTepuaIoBeeHUS ¥ TEXHOIOTHHI Hay4YHbIC 3HAHUS B 00JIaCTH MaTEPHATIOBEICHUS

MarepHuasoB

IIK-1 Criocoben craButh, GopmanuzoBeiBath 1 |[IK-1.3 CnocobeH NpuUMEHATh TeopeThdeckue W (W)
pemars 3a/1a4u, B TOM YUCIIe pa3padaThIBaTh U |IKCIIEPUMEHTAIbHBIE METObI UCCICIOBAaHUN K KOHKPETHOM
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN HAay4HOW 3ajJaye M  HMHTCPIPETHPOBATH  IONYYCHHBIC
M3y4aeMBbIX SBICHUH U MPOIECCOB, CACTEMHO | PE3yJIbTaThl

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

3. [lepeyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCIHILINHE (MOIYJII0)

B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYaOINecst JOJDKHBI

3HATh:
¢dbyHIaMeHTanbHbIe TOHATHS (u3uKu TBepaoro Tena: KeaHTOBBIM »ddekr Xosta, BBeJcHHE
TOIOJIOTMYECKOTO ~ WHBAapHaHTa,  (Pu3W4ecKuid  CMBICH,  IPQPEKTBI  IINEKTPOH-IIEKTPOHHOTO
B3aHMOJICHCTBUSI, TOIIOJIOTUUECKHE H30JISITOPBI, TOIOJIOrHYeCcKast 3aIUIEHHOCTD TPAHCIIOPTa — TEOPHS
Y OKCIIEPUMEHT

YMETh:
N0JIB30BATHCSI MOTYYCHHBIMH 3HAHUSMU JUIS PEIICHUS SKCIIEPUMEHTAIBHBIX U TEOPETUUSCKHUX 3a]ad,
Je7aTh Ka4eCTBEHHBIC BBIBOJBI NMPHU TOJYYCHHH HOBBIX PE3YJIBTaTOB HCCIICAOBAHUH, MPOU3BOAUTH
OLICHKH [apaMETPOB M XapaKTePUCTUK MaTEePUaJIOB.

BJIQJICT!
MOCTAaHOBKOM W MOJEIMPOBAHMEM (H3MYECKHX 3a7ad 10 (HU3HKE KOHJACHCHPOBAHHBIX CpEJ;
KPUTHYECKON OLICHKOM NPUMEHMMOCTH MCIOJIB3YeMBIX METOJIOB; METOJMKON aHainW3a pe3ylbTaToB,
MOJTY9aeMbIX B XOJI€ HAy9HO-HCCIICA0BATEIILCKON PadOTHI.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA




TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Bsenenue. OcHOBHBIE TTOHATHS
1 KBaHTOBOM MexaHukH. HuzkopasmepHbie 4 4 6
CHUCTEMBI
2 KsanToBerit 2 dext Xomna 4 4 6
3 VYpasuenue /lupaka 2 2 6
4 I'pacden 6 6 7
5 JIByMepHBI€ TOIOJIOTMYECKIE U30ISTOPHI 6 6 7
6 TpéxmepHblie TOIIOJIOTUYECKHE 6 6 7
H30JIATOPBI
7 BeiineBckue nosmymeTanisl 2 2 6
Hroro yacos 30 30 45
[TonroToBka k 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszaeiam)
Cemecrtp: 2 (Becennuit)
1. Beegenne. OcHOBHBIE MOHATHSI KBAHTOBOM MeXaHUKU. HU3KOpa3sMepHbIe CHCTEMBI

Beenenne. OcHOBHBIE TOHSTHS KBAaHTOBOH MeXaHWUKH, TpeOyromuecs B JalbHEHIIEM.
[IpencraBnenne o ¢u3MKe HU3KOPA3MEPHBIX CHUCTEM, KBAHTOBBIC MBI, IPOBOJIOKH, TOUKH.
OKclepUMEHTaIbHAs pealu3alys HU3KOpa3MEpPHBIX CUCTEM.

2. KBanToBblit 2 ekt Xomna

Henouncnenusiii KOX: ocHOBHBIE SKCIIEpUMEHTANIbHBIE (JaKThl, KBAHTOBAHUE CIIEKTPA JJIEKTPOHA B
MarHUTHOM IIOJI€.

KpaeBbie cocTosiHus, KpaeBoit Tpancnopt, popmanusm brortukepa-Jlanmayspa.
BBenenue Tonoaornueckoro MHBapruanTa, GU3NIECKUA CMBICI.

O heKThI AIEKTPOH-IITEKTPOHHOTO B3aUMOACHCTBHSI.

3. YpaBuenue Jupaka

[IpexncraBnenue 06 ypaBHeHUH [lupaka, TMPaKOBCKUI CIEKT.

4. I'papen

I'paden. Teopernueckue mpencrasaeHust. OCHOBHBIE SKCIIEPUMEHTAIbHBIE (PAKTHI.

5. JIByMepHBIE TOMOJIOTHYECKUE U30JIITOPHI

KauectBeHnHOE BBeqeHUE B polieMy — 3a1ada Bonkosa-ITankparoBa

Marepuaisl, SKCIIEpUMEHTAIbHASL peaIn3alis IByMEPHBIX TOMOJIOTMYECKHX U30JISTOPOB.

Beiinesckuii criekTp, KpaeBble cocTosiHus, hopmanniM brortukepa-Jlannayspa.
72 TONONOTMYECKUN MHBAPUAHT B ABYMEPHOM ciiyyae, (PU3NYECKUil CMBICIT.




JIByMepHBI€ TOMOJOTHYECKHE U30IATOPBl. OCHOBHBIE IKCIIEPUMEHTAIbHBIE (DaKThI.
Tomnonornyeckast 3alUIEHHOCTh TPAHCIIOPTA — TEOPUSI U IKCIIEPUMEHT.

6. TpéxMepHbIe TOMOJOTHIECKHE U30JIATOPHI

Marepuaisl, 3KCIIEpUMEHTaJIbHAS pealu3alus.
72 TONOJOTHYECKHE MHBAPUAHTHI B TPEXMEPHOM CITyyae.
OCHOBHBIE IKCIIEPUMEHTAJIBHBIE (DAKTHI.

7. BelineBcKUE TI0JyMETaIIIbL
[Tonsatue o BeiieBckux nosymerasuiax.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BATEJILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

VYueOHast aymuTopus, 10CKa, MEAUAIIPOEKTOP, SKPaH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. CimHOBBIE A(PEKTHI B KPa€BOM TPAHCIIOPTE JUIS ABYMEPHBIX TOMOJIOTUYECKUAX U30JSITOPOB, A A.
Kononos u D.B. [lesatos, [Tucema B XKOTD, Tom 104, Beim. 11, ctp. 831 (2016) - 0630p

2. Topological transport in Dirac electronic systems: A concise review, Hua-Ding Song, Dian Sheng,
An-Qi Wang, Jin-Guang Li, Da-Peng Yu, Zhi-Min Liao, Chin. Phys. B 26, 037301 (2017),
arXiv:1701.04983

3. Topological Phases in Two-Dimensional Materials: A Brief Review, Yafei Ren, Zhenhua Qiao, Qian
Niu, Rep. Prog. Phys. 79, 066501 (2016), arXiv:1509.09016

4. KpaeBble COCTOSIHUS B p&KUMaX IEIOYUCICHHOTO ¥ JPOOHOTO KBaHTOBBIX ddexToB Xommia, D.B.
HessroB, YOH, 1.177, Ne2, ctp. 207 (2007).

JomnonHurenbpHas auTeparypa
1. CoBpemenHas kBanToBas teopus [ Tekct]/[[x. 3aiiman , iep. ¢ annt. W. I1. 3Bsaruna, A. I. Muponosa
, -M., Mup, 1971
2. Teopust kBaHTOBBIX xujKocTeil. Hopmansabie pepmu-kuakoctu [Texct]/ /. [atinc, ®@. Hoswep , The
theory of quantum liquids, niep. ¢ anr. H. B. BonkoBoii u JI. A. @anbkoBckoro , -M., Mup, 1967

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://issp3.issp.ac.ru/kafedra/
arXiv.org

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NporpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Ipesenrauus B popmare PPT unu PDF kak npu uyTeHuu JieKUui, Tak U A7 BBICTYIUIGHUH CTY/IEHTOB
Ha CEMUHapax.

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

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJAKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pE3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT JOJIKCH 3HATh OCHOBHBLIC OIPCACIICHHUA W IOHATUA,
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;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HA BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITENBHOTIO U3yUEHUS;

— pelueHue 3aaad, MpeAIaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKYIEW U POMEXYTOUYHON aTTECTALUH.

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

BaxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU M3y4Y€HHs OTAEIbHBIX TEM, BONPOCOB CieAyeT oOpamarbcs 3a KOHCYIbTalUSIMH K
MIpEeNoAaBaTelio.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHUS 33a4 B COOTBETCTBUU C
TEMaTUKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3MKU TBEPIOTO Tela

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: 9O.B. JleBsiToB, n-p (huz.-MaT. HayK, TOICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Cnocoben pemars uccnenoBarenbekue |OINK-1.1  3maer w  cmocobeH — HWCIONB30BaTh B
3a1a4yM, Ha OCHOBE (DyHIAMEHTAJbHBIX 3HaHUH B |IPO()ECCUOHATIBHON  JESATENBHOCTH  (PyHAaMEHTaJbHBIC
o0nacTé MaTepHUaIoOBeICHNS  TEXHOJIOTHH Hay4HbIC 3HaHHS B 00JJaCTH MaTepUaIOBEICHUS

MaTepHajoB

[IK-1 CnocobGen craButh, hopmanuzoBeiBath 1 |[IK-1.3 CrocobeHn mnpuMeHATh TeopeThdeckue u  (WiIn)
pemarh 3a/1a4u, B TOM YHCIIe pa3pabaThiBaTh U |IKCIEPUMEHTAIbHBIE METObI UCCIEIOBAaHUNH K KOHKPETHOMN
HCCJIEA0BATh MAaTeMaTHYECKUE MOJIEIH HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
U3y4aeMBbIX SBICHUH U MPOIIECCOB, CHCTEMHO | PE3yJIbTaThl

aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus qUCIUILIMHE « TOMONIOrHYecKie H30aTOPhDy 00YUArOIIHIACS TOJIKEH:

3HAThb:

¢byHnameHTanpHble TOHATHA (u3ukun TBepporo Tenma: KsaHtoBblil S¢h¢ext Xomna, BBeaeHHUE
TOTOJIOTHYECKOTO ~ WHBapuaHTa,  (U3NYECKHH  CMBICH,  IPQPEKTHl  INMEKTPOH-IIEKTPOHHOTO
B3aUMOJICHCTBUS, TOMOJIOTUIECKHE H30JIATOPBI, TOMOJIOTHYECKAs 3aUMIIEHHOCTh TPAHCIIOPTA — TEOPHS
Y OKCIICPUMEHT

yMeThb:

MOJIb30BAThCS MOJYUYCHHBIMUA 3HAHUSIMU JUISl PEIICHUS! SKCIIEPUMEHTAIBHBIX U TEOPETUUYECKUX 3a/ad,
JIeNaTh Ka4eCTBEHHBIE BBIBOIBI IPH TOJTYYEHHH HOBBIX pPE3YJIbTATOB HCCIENOBAaHUM, MPOU3BOAMUTH
OIICHKH MMAPaMETPOB U XapPAKTEPUCTUK MATEPUATIOB.

BJIaJeTh:

MIOCTAaHOBKOM ¥ MOJENUPOBaHHMEM (HU3MYECKHX 3adad 10 (HU3MKE KOHAECHCHPOBAHHBIX CpeZ;
KPUTHYECKOH OLIEHKON MPUMEHMMOCTH HCIIONB3yEMbIX METOJOB; METOIMKOW aHaji3a pe3ylbTaToB,
MOJTy4aeMbIX B X0JI€ HAy4YHO-HCCIIEA0BATEILCKOM PaboTHI.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllIeMy KOHTPOJIIO
[TpumMepsl 3a1a4 KOHTPOJIBHOU paboThI 1:

3agaga 1. Muorue Bompockl (GH3MKH TBEPAOTO TeJla pacCMaTpUBAIOTCA B TaK Ha3bIBAEMOM
NpUOIMKEHUH HEB3aMMOJICHCTBYIOIINX AJIEKTPOHOB, KOTJAa YYWUTHIBAETCS JIMILIb B3aUMOJICHCTBUE
AIIEKTPOHA C KPUCTATUIMYECKOM pemméTKol Kak u3MeHeHue d(GEeKTUBHONW MacChl dIIEKTpoHa. B To ke
BpeMsl OYEBHJIHO, YTO CYILIECTBYET KyJOHOBCKOE B3aUMOJCHCTBHE MEXAY JIOOBIMH ABYMs
aniekTpoHamMy. OLEHUTh KOHLIEHTPALUIO HOCUTEJIEH Ul cilydas JAByMEPHOIO MeTajula, IIpu KOTOpoi
CHPaBEAJINBO MPEHEOPEKEHNE MEKIIEKTPOHHBIM B3aUMOJECHCTBUEM (IUIsI YUCIIEHHOW OLIEHKU B3SITh
mapameTphbl JABYMEPHOTO 3JIEKTPOHHOro rasza B kpemHueBoir MOII-ctpykrype: sddexTuBHas macca
Hocurens 3apaga 0.19 maccel cBOOOAHOTO 3JEKTPOHA, AUIIEKTPUUECKYIO MPOHUIIAEMOCTb MPUHSITH
paBHotii 10).

3amaua 2. [lyctb umMeeTcsi OAHOMEpHBIH NPOBOAHMK, PEANM30BAHHBIA KaK CyXKEHHE JBYMEPHOM
cucteMbl B GaAs (d¢ddexrtuBHas macca Hocurtenedr m=0.067 cBOOOJHBIX 3JIEKTPOHHBIX Macc,
JOU3JICKTpUUECKas MPOHULAEMOCTh 12.5, seKTpoHHYIO IUIOTHOCTH NpuHATH 102 cm-2 . ) Ilpu
mypuHe npoBoAHrKa 30 HM B HyJ€BOM MarHUTHOM IoJie HaOMIOJaeTcss KBAaHTOBAaHHE OJHOMEPHOM
MPOBOJUMOCTH, CBSI3aHHOE C KOHEYHBIM YHCIJIOM 3allOIHEHHBIX YPOBHEH pa3MEpHOro KBAaHTOBAHUS.
OueHuThb, B KAKOM MAarHUTHOM II0JI€, IIEPIICHIUKYIIPHOM OCH NIPOBOAHUKA, 3TOT ekt nponaaér.




3anaua 3. KBanroBsiii 3¢pdexr Xomna BO3HUKAET B IByMEPHOH cHCTEME, B KOTOPOI 3aloIHEHO 1Iesoe
gucno yposuedd Jlammay. Ilpum »sToM nuccunartvBHas (TPOJOJIbHAS, XX) KOMIIOHEHTa TEH30pa
MarHeToCcONpoTUBICHUsI Rxx  oOpamaercss B Homb, a XOJJIOBCKas (HeauaroHaidpHas. Xy) Rxy
MPUHAMAET KBaHTOBaHHOE 3HaueHwe h/ne2, tme n=1,2,3,4... - cakrop 3amomHeHus (YUCIO
3aloHEHHbIX ypoBHeH Jlanaay). OnpenenuTs KOHIEHTpaLUXIO HOCUTeNEH 3apsiia B oOpasue, eciu B
nonie 10 T HaGmomaeTcest IaTo B XOJUIOBCKOM COMPOTUBIICHUH co 3HaYeHneM 12.9 KOw.

[TpumMepsl 33124 KOHTPOJIBHOU paboThI 2:

3amaua 1. OnpeaenuTh CKUMAEMOCTb TPEXMEPHOTO AJIEKTPOHHOTO Ta3a B MPUOIMKCHHH
Xaprpu-doxa.

3amaua 2. Ilokasarb, 4TO JMCCHUNATHBHAS NPOBOAMMOCTb HUACATBHOW JABYMEPHOM 3JIEKTPOHHOU
CHCTEMbI B KBAaHTYIOILIEM MarHUTHOM I10JI€ paBHA HYJIIO IIPH J1I000M (paKkTope 3aroIHEHHUS.

3amaga 3. Ilpu yuére cnmHa 3MEeKTpOHA KaXKIblil ypoBeHb JlaHmay JOMOTHUTENBHO pacIICIUIEH MO
MPOEKLMUsIM CIHHA (3e€MaHOBCKOE paciiernyieHne). B ciyyae 1ByMepHOTo 3meKTpoHHOro rasa B GaAs
CpaBHUTh BEJIMYMHBI JaHHbIX pacuienyeHuid B none 10 Ti u onpenenuts ycioBus, NpU KOTOPBIX 3TU
pacieruieHus CpaBHSIOTCS. g-(hakTop NPUHSTH paBHBIM (.44,

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. Henouncnennsiit KOX: ocHOBHBIE SKCTIEpUMEHTaIbHBIE (DAaKThl, KBAHTOBAHUE CIIEKTpPa IEKTPOHA B
MarHuTHOM IIOJIE.

2. TpéxmepHbIE TOOJOTNYECKHAE U30JIATOPBI. MaTepHabl, SKCIIEpUMEHTANIbHAS PeaTU3alus
3.KBanToBelii 3¢ ekt Xosia. BBenenue Tomnonornueckoro MHBapuaHTa, GU3NIECKUN CMBICTT

4. 72 Tononoruueckuii ”HBApUAHT B ABYMEPHOM ciiyyae, (GU3NYeCKUil CMBICIT.

5. KBanToBslii a¢pdext Xomna. DPPeKTsl 31eKTPOH-3TIEKTPOHHOTO B3aUMOJICHCTBHS

6. JIByMepHBIE TOIOJOTUYECKHE U30IATOPEL. Tomomorndeckas 3alMIEHHOCTh TPAHCIIOPTA — TEOPHSI U
9KCIIEPUMEHT

7. 72 TOTIONOTHYECKUE HHBAPUAHTHI B TPEXMEPHOM CITy4ae.

8. BelineBckue moayMeTamibl

ITpumeps! 3K3aMEHAIMOHHBIX OMJIETOB YCTHOTO 9K3aMEHa!

buner 1.

Bonpoc 1. Ienouncnennsii KOX: ocHOBHBIE 3KCIIEpUMEHTaIbHbIE (DAaKThl, KBAHTOBAaHUE CIIEKTPa
3JIEKTPOHA B MATHUTHOM TIOJIE.

Bonpoc 2. TpéxmepHbie TONOIOrHYECKUE U30ISITOPEL. Marepuasbl, SKCIIepUMEHTaIbHAS peann3anus

buner 2.
Bormpoc 1.KBanTOBBII 3dhhekT Xomia. BBeeHe TONOIOrH4eCKOro HHBaprUaHTa, (PU3HMUECKUA CMBICIT
Bonpoc 2. Z2 tononornyeckuii ”HBapUaHT B IBYMEPHOM Cilydae, PU3NUECKUN CMBICII.

Kpurepun oneHuBaHus

Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIEHU.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

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



OtmeHka Xopoto 7 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, TPaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHbIC 3HAHMS HA INPAKTHKE, HO HEIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET MOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISIETCS CTYJCHTY, €CJIM OH TBEP/O 3HACT MaTepHal, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT NMPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OteHka XOpoIo 5 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuall, IpaMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA IPAKTHKE, HO JOIyCKaeT B
OTBETE WJIM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOIMYECTBO HETOYHOCTEH.

OreHka yHIOBICTBOPUTENHHO 4 Oayuia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKTep 3HaHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MMOCIIENOBATEIbHOCTH B U3JIOKEHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIHH.

OreHKka yHIOBIETBOPUTENBHO 3 Oajia - BBICTABISCTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPAMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO porpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBICTBOPUTEIHHO 2 0ajia - BBICTABISCTCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKAaeT TIpyOble OMMOKH B
(OopMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh MOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

OueHka HEyIOBIETBOPUTENBHO | Oaii - BBICTABISACTCS CTYICHTY, KOTOPHIH HE 3HA€T OCHOBHOIO
cozepKaHusi yd4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JIOMyCcKaeT rpydeiiniie ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

DK3aMeH MpOBOAUTCS B YCTHOH ¢opme 1o Owmneram. B kaxjgom OwWieTe MNpencTaBIeHO TPH
TeopeTuueckux Bompoca. [lpu mpoBeneHnn audepeHIUpOBaHHOTO 3adeTa  o0ydaromeMycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocs He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



