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)

o AMCHUIIJIMHE: Tononornueckue H30JIATOPbI
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)HJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

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

Kypc: 1
KBAJM(PUKAIMA: 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
[Ipennaraemblii Kypc JEKUUA OpPUEHTHUPOBAH HA CTYJAEHTOB-IKCIIEPUMEHTATOPOB U SBISIETCS BBEJICHUEM B
(U3MKY TOIOJNOTHYECKHX H30JIATOPOB M MOMYMETAINIOB. M3lI0KeHHe OrpaHUYEHO CPaBHUTEIHHO MPOCTOM
TEXHUKOH M TpeOyeT TONIbKO 3HAaHWs KBAHTOBON MEXaHWKH Ha YPOBHE BTOPHUYHOTO KBaHTOBaHWS. TeM He
MeHee, 00beM Kypca JOCTaToueH JJIsi KaueCTBEHHOTO MOHMUMAaHUS Psijia aKTyalbHBIX MPOOIeM COBpEMEHHON
(hM3UKH TBEPOTO TENA.

1. leau u 3apauu

Meap AUCUMNIMHBI
* (QopMmHupoBaHUE y CTYACHTOB MPO(EeCCHOHATHHBIX KOMIIETEHITNH, CBSI3aHHBIX C UCIOJIh30BAaHUEM
COBPEMEHHBIX TPEICTaBICHUN B 00NacT (PM3NKH KOHJCHCUPOBAHHBIX CPEJl,

* npuOOpeTeHHE CTYIEHTaMH1 HAaBBIKOB CAMOCTOSITEIbHON MCCIIEA0BATENBCKON PabOThI,

® (i)OpMI/IpOBaHI/Ie IoAX0a0B, OCHOBAHHBIX Ha IIOJYYCHHBIX 3HAHUAX, ITO3BOJIAIOMINX ITPOBOAUTH
HAY4YHBIC UCCJICAOBAHUSA U aHAJIU3UPOBATH MOJIYUCHHBIC PC3YyJIbTAThI,

° pa3BUTUC YMeHHﬁ, MO3BOJIAIOMIUX PA3BUBATh KAYCCTBCHHBLIC W KOJIMYCCTBCHHBIC (I)I/IBI/IIIGCKI/IC
MOJCIIN 3JICKTPOHHBIX MTPOLECCOB B TBEPAbIX TECJIaX.

3agaum AU COMIIHHBI
- IO3HAKOMUTH CTYJIEHTOB C OCHOBHBIMH HMOHSATHSMH U UACSIMU B 3TOM 001acTH, C TOCTaHOBKOM 3a1a4
U NIOAX0JaMHU K ux peuieHusM. [Ipennonaraercs, yTo nNpociayuiaB 3TOT KypC, CTyAEHThl 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

Kon 1 HaumMeHOBaHKE KOMIIETEHINH WNnaukaTtopsl AOCTHKEHUS] KOMIIETEHIIN
OIIK-1 Brnaneer cuctemoit pynnamenransaeix |OIIK-1.1  3Haer wu  cnocobeH  HCMONB30Barh B
Hay4YHbBIX 3HaHUH B o0acTu npo(ecCHOHAIBHON — JeATeNIbHOCTH  (yHIaMEHTaJIbHbIC
(u3HMKO-MaTeMaTHYECKUX HayK Hay4HbIC 3HaHUS B 00JacTy (PU3NKO-MaTeMaTHIeCKUX HayK

[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.3 Crnocobern mnpuMeHSTh TeopeTwueckue W (WIIN)
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U |IKCIIEPHUMEHTAJIbHBIE METOIBI UCCICIOBAaHUN K KOHKPETHOU
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN HAy4HOW 3aJa4e M HWHTEPIPETUPOBATH  IOJIYYCHHBIC
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO | pPE3yJIbTaThl

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATh:
dbyHIaMeHTanbHble TOHATUS (u3uku TBepAoro Ttena: KeantoBweid 3¢ddexkr Xomna, BBeneHUE
TOIOJIOTUYECKOTO  WHBAapHaHTa,  (QU3MYECKHHd  CMBICH,  IPQPEKThI  IMEKTPOH-IICKTPOHHOTO
B3aMMOICHCTBUSI, TOIIOJIOTHYECKUE U30JIATOPHI, TONOJIOTHYECKas 3alUIIEHHOCT TPAHCIIOPTA — TEOPHUS
Y OKCIICPUMEHT

YMETh:
HOJIB30BATHCSI MOJYYCHHBIMHM 3HAHUSIMU JUISI PELICHHS YKCIICPUMEHTAIBHBIX M TEOPETHYECKUX 3aj1ad,
Je7IaTh Ka4eCTBEHHBIC BBIBOIBI NMPU TONYYCHHH HOBBIX PE3YJBTaTOB HCCICIOBAaHHUHN, NMPOU3BOIAHMTH
OLICHKH NapaMEeTPOB ¥ XapaKTePUCTUK MaTePUaJIOB.

BJIQJICT!

MOCTAHOBKOW M MOJEIMPOBaHUEM (HU3WYECKUX 3a7ad Mo (U3MKEe KOHIEHCHUPOBAHHBIX CpEl;
KPUTUUYECKON OLEHKON NPUMEHUMOCTU MCIIOIb3yEMbIX METOJOB; METOIUKON aHaju3a pe3ylbTaToB,
MOJTy4aeMbIX B X0/ HAyYHO-HUCCIEI0BATEIBLCKON paboThI.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

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




TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Baenenue. OcHOBHBIE TTOHATHUS
1 KBaHTOBOM MexaHuku. HuzkopasmepHsbie 4 4 6
CHCTEMBI
2 KsanToBerit a3 dext Xomna 4 4 6
3 VYpasuenue /lupaka 2 2 6
4 I'pacden 6 6 7
5 JIByMepHBIE TOIIOJIIOTMYECKIE U30ISTOPHI 6 6 7
6 TpéxmepHblie TOIIOJIOTUYECKHE 6 6 7
H30JIATOPBI
7 BeiineBckue nomymeTamisl 2 2 6
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)
1. Beenenne. OCHOBHBIE MMOHATHS KBAHTOBON MeXaHUKH. HU3KOpa3MepHbIe CHCTEMBI

Beenenne. OcHOBHBIE TOHSTHS KBaHTOBOM MeEXaHUKH, TpeOyrompecss B JallbHEHIEM.
[IpencraBnenne o (¢u3MKe HUIKOPa3MEPHBIX CHCTEM, KBAaHTOBBIC SIMbI, IIPOBOJIOKH, TOYKH.
OKclepUMEHTaIbHAs pealn3alns HU3Kopa3MEepPHBIX CUCTEM.

2. KBanToBblit 2 ekt Xomna

Lenouncnennsiit KOX: ocHOBHBIE SKCIIEpUMEHTAIbHbIE (DaKThl, KBAHTOBAHUE CIEKTpa JEKTPOHA B
MarHiTHOM IIOJIE.

Kpaessie cocrosinus, kpaeBoii Tpancnopt, GopmanusM brortukepa-Jlannayspa.
BBenenue Tonoaornueckoro MHBapuanTa, GU3NIECKUA CMBICI.
O heKThI AIEKTPOH-3ITEKTPOHHOTO B3aUMOACHCTBHUS.

3. YpaBuenue Jupaka

[Ipencrasnenue 00 ypaBHenuu Jupaka, AMPaAKOBCKUH CIIEKTP.

4. I'paden

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

5. JIByMepHbI€ TOIIOJIOTHYECKHUE U30JISATOPHI

KauectBeHHOe BBeeHue B mpobiemy — 3agada Bonkosa-Ilankparosa

Marepuasl, 5KCIEpUMEHTaIbHAs peATN3alHs JBYMEPHBIX TONOJOTHYECKHUX HU30IATOPOB.
BeiineBckuii criekTp, KpaeBble cocTosiHUS, (opMmanniM brortukepa-Jlannayspa.

72 TONONOTMYECKUN MHBAPUAHT B ABYMEPHOM ciiyyae, (PU3NYEeCKUil CMBICIT.
JIByMepHBIE TONOJIOTHYECKUE U30ISATOPbl. OCHOBHBIE SKCIIEPUMEHTAJILHBIC (PaKTHI.




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 00pa30BaATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

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

OcHoBHas JuTeparypa

1. CimHOBBIE A PEKTHI B KPa€BOM TPAHCIOPTE JUIS ABYMEPHBIX TOMOJIOTUYECKUAX U30JSTOPOB, 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 pEKUMaX EIOYUCICHHOTO ¥ JPOOHOTO KBaHTOBBIX ddexToB Xomia, D.B.
HesstoB, YOH, 1.177, Ne2, ctp. 207 (2007).

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

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

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

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3YeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Ipesenrauus B popmare PPT unu PDF kak npu uyTeHuu JIeKUui, Tak U A7 BBICTYIUIGHUH CTYIEHTOB
Ha CEMUHapax.

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

CTyneHT, W3ydYarolmMid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pPE3YyabTaTC HU3YUCHUA AUCHUIIIMHBI CTYACHT NOJIUKCH 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;

— HanpspKEHHOW CaMOCTOSITENIEHOM PaboThI CTY/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, MpeAaaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— HOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIEW 1 MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajgeHHs MaTepHajoM CIYXXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHMYeCKOro ero 3amomuHaHus. llpu
3aTPYHEHUU W3YyY€HHs OTAEIbHBIX TEM, BOIPOCOB CcIeAyeT oOpamarbcs 3a KOHCYJIBTAlMAMH K
MIpENoAaBaTelto.

Bo3MOXeH NpoMeXyTOUHBINH KOHTPOJIb 3HAHUM CTYACHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTUKON 3aHATUH.



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
kadeapa QU3MKU TBEPIOTO Tela

Kypc: 1

kBaTuuKkanus: 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 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO

[IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYUYHbIE PE3yJIbTaThl

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus qUCIUILIMHE « TOMONIOTHYecKie W30S TOPDY 00YUarOIIHIACS TOJIKEH:

3HAThb:

(byHnamMeHTanpHble TOHATHA (u3uku TBepporo tena: KsaHToBbId dddekr Xomra, BBeneHHE
TOTOJIOTHYECKOTO ~ WHBapuaHTa,  (QU3WYECKHH  CMBICH,  OPQPEKTBl  IJIEKTPOH-IIEKTPOHHOTO
B3aUMOJICHCTBUS, TOMOJIOTMYECKHE U30JIATOPHI, TOMOJIOTHYECKas 3aIUIIEHHOCTD TPAHCIIOPTA — TEOPHS
Y 9KCIICPUMEHT

yMeThb:

MOJI30BaThCS MOJYUYECHHBIMU 3HAHUSIMU JUJISL PELICHUS SKCIEPUMEHTAIBHBIX U TEOPETUUYECKUX 3a]ad,
JIeNaTh KadeCTBEHHBIE BBIBOABI MPH TOJIYYEHHUH HOBBIX PE3yJIbTaTOB HMCCIEAOBAHUN, MPOU3BOIUTH
OIICHKH MMAPaMETPOB U XapPAKTEPUCTUK MATEPUATIOB.

BJIaJeTh:

MIOCTAaHOBKOM M MOJENUPOBaHHMEM (U3MYECKHX 3ahad 10 (U3MKE KOHAEGHCHPOBAaHHBIX Cper;
KPUTHYECKOH OLEHKON MPUMEHMMOCTU HCIIONB3yEMbIX METOJOB; METOIMKOW aHaji3a pe3ylbTaToB,
MOJTy4aeMbIX B X0JI€ HAy4YHO-HCCIIEA0BATEILCKOM PaboTHI.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKylIeMy KOHTPOJIIO
[TpumMepsl 33124 KOHTPOJIBHOU paboThI 1:

3agaga 1. MHorue Bompochl (U3MKM TBEPAOTO Telda pPACCMAaTPUBAIOTCS B TaK HA3bIBAEMOM
MpUOJIMKEHUH HEB3aMMOJICHCTBYIOIINX JIEKTPOHOB, KOIJA YYMTBHIBACTCS JIMIIb B3aWMOJCHCTBHE
AIIEKTPOHA ¢ KPUCTAJUTMYECKON pemETKON Kak u3MeHeHue 3()(eKTHBHOW Macchl 2MeKTpoHa. B To xe
BpeMsl OYEBHJIHO, YTO CYIIECTBYET KYyJOHOBCKOE B3aMMOJCHCTBHE MEXKAY JIOOBIMH JBYMs
ekTpoHamMy. OLEHUTh KOHLIEHTPALUI0 HOCUTENEH s cilydas ABYMEpPHOIO MeTallia, IIpU KOTOpPOi
CHPaBEJINBO MPEHEOPEIKEHNE MEKIICKTPOHHBIM B3aUMOJCHCTBHEM (HJIsl YHUCIEHHOW OLICHKH B35Th
mapameTpbl JAByMEPHOTO SJIEKTPOHHOTO raza B kpemHueBoil MOII-cTpykrype: 3¢ dexTuBHas macca
Hocurens 3apaga 0.19 maccel cBOOOJHOTO 3JEKTPOHA, JUIJICKTPUUECKYIO MPOHUIAEMOCTb NPUHSTH
paBHotii 10).

3amaua 2. Ilyctp umMeeTcsi OJHOMEpPHBIH MPOBOJHHK, PEaTM30BAHHBIA KaK Cy)KEHHE JIByMEpHOM
cucteMbl B GaAs (3¢dexruBHas macca Hocutenelr m=0.067 CBOOOJHBIX AJIEKTPOHHBIX Macc,
IU3JIEKTpUYECKas MPOHULAEMOCTh 12.5, aleKTpoHHYI0 MiIoTHOCTh npuHaTh 10001020020 em-2 .
mypuHe npoBogHMKAa 30 HM B HYJIEBOM MarHUTHOM II0Jie HAOIIOJaeTCss KBAaHTOBAaHHE OJHOMEPHOM
MPOBOJUMOCTH, CBSI3aHHOE C KOHEUHBIM YHCIIOM 3allOJHEHHBIX YPOBHEH pa3MEpHOr0 KBaHTOBAHUS.
OueHuThb, B KAKOM MarHUTHOM II0JI€, IIEPIICHIUKYIIPHOM OCH NPOBOAHUKA, 3TOT ekt nponaaér.




3anaua 3. KBanroBsiii 3¢pdexr Xomna BO3HUKAET B AByMEPHON CHCTEME, B KOTOPOH 3allOJIHEHO LeNIoe
yucno yposued Jlangay. [lpu sTtoM pauccunaruBHas (NPOMOSBHAS, XX) KOMIIOHEHTa TEH30pa
MarHeToCcONpoTUBICHUsI Rxx  oOpamiaercs B HOmb, a XoJulOBcKas (HenuaroHajbHasg. Xy) Rxy
MPUHAMAET KBaHTOBaHHOE 3HaueHwe h/me2, tme n=1,2,34... - ddakrop 3anonHeHus (YUCIO
3aroHeHHbIX ypoBHe# Jlanaay). OnpenenuTs KOHLUEHTpAHMIO HOCHUTENEH 3apsiaa B oOpasue, eciid B
nonie 10 T HaGmomaeTcest IaTo B XOJUIOBCKOM COMPOTUBIICHUH co 3HaYeHneM 12.9 KOw.

[TpumMepsl 33124 KOHTPOJIBHOU paboThI 2:

3amaua 1. OmnpenenuTh CHKAMAEMOCTh TPEXMEPHOTO DJJIEKTPOHHOTO Taza B MNPUOIMKCHUN
Xaprpu-doxa.

3amaua 2. [lokazaTb, YTO IMCCHUIATHBHAs MPOBOJUMOCTh HIEATBHON JIBYMEPHOH 3JIEKTPOHHON
CHCTEMbI B KBAaHTYIOILIEM MarHUTHOM I10JI€ paBHA HYJIIO IIPH J1I000M (paKkTope 3aroIHEHHUS.

3amaga 3. Ilpu yuére cnmHa aMEeKTpOHA Ka)xAbld ypoBeHb JlaH[ay IOMONHUTENHHO PACHICTUIEH IO
MPOEKLHUsAM CIHHA (3e€MaHOBCKOE pacuieryieHne). B ciiyuae aBymepHOro siekTpoHHoro raza B GaAs
CPaBHUTh BEJIMYMHBI JaHHBIX pacuierieHuid B noae 10 Ti ¥ onpenenuTs yciloBusl, IPU 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. Henouncnennsiii KOX: 0CHOBHBIE DKCIIEPUMEHTANbHBIE (DaKThl, KBAHTOBAHUE CIIEKTPA DJICKTPOHA 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 TOIOJIOTUYECKHE M30IATOPEL. Tormomornyeckas 3ayIEHHOCTh TPAHCIIOPTAa — TEOPHS U
9KCIIEPUMEHT

7. 72 TOTIONOTHYECKUE HHBAPUAHTHI B TPEXMEPHOM CITy4ae.

8. BelineBckue moayMeTamibl

ITpumeps! 3K3aMEHAIMOHHBIX OMJIETOB YCTHOTO 9K3aMEHa!

buner 1.

Bonpoc 1. Lenouncnennsiii KOX: oCHOBHBIE DKCIIEpUMEHTAIbHBIE (AKThl, KBAHTOBAHHE CIEKTpa
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 ommuHo 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIEHU.

Onenka oOmM4YHO 9 Oa/uloB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.



OHGHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, yMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IIPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka ynoBIEeTBOpUTENbHO 4 Oamja - BBICTABISACTCS CTYHCHTY, IOKa3aBlIeMy (parMeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1rieHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

OueHka HEYIOBIETBOPUTENbHO 1 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)KaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHYECKHX
3a/ad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

OK3aMeH MpoBOAUTCS B ycTHOW ¢(opme mo Owineram. B kaxmom Owiere NpeACTaBICHO TpPH
TeopeTuueckux Bompoca. [lpu mpoBeneHnn audepeHIUpOBaHHOTO 3adeTa  o0ydaromeMycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocs He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



