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1. HEJIX OCBOEHUA

1.1 | Llens aucOMIUTHHBI — (OPMUPOBAHIE KOMIICTEHIUH B COOTBETCTBHH C yI€OHBIM IIAHOM, a TAaKKe O3HAKOMUTH CTYICHTOB
c:

1.2 | pa3BUTHEM TEOPHUH AICKTPOHHBIX KBAHTOBBIX SIBICHHN B HAHOCUCTEMAX: MPUMEHEHHEM TEOPUH CITyIaifHBIX
raMUJIbTOHOBBIX MaTpull Burnepa-/lalicoHa B HCCIIEIOBAHUN TEPMOJAUHAMUKI HAHOKIACTEPOB,

1.3 | dpazoBbiMu niepexonamu Ilaiiepica B KBa3HOAHOMEPHBIX MPOBOJHUKAX U (a30BbIMU Niepexonam M3unra u bepesunckoro-
Kocrepnuna-Tayneca B AByMEpHBIX CHCTEMAX,

1.4 | Teopueii ¢pnykryauuii cuHa B oqfHOMepHOH 1ernouke M3unra,

1.5 | reopueit Jlannayspa KBaHTOBaHUsI IPOBOAUMOCTY KBAHTOBOI'O TOYEYHOT'O KOHTAKTA.

1.6 | 3amaum MUCIUIUIMHBI ONpe/ieNieHbl HAYYHUTh:

1.7 OCHOBHBIM NOHATHAM, 3aKOHAM U METOJaM KBAaHTOBOH MEXaHHKH M (QU3UKU (ha30BBIX IEPEXOJIOB B
MHOT'OYAaCTUYHBIX HU3KOPa3MEPHBIX CUCTEMAX M HAHOYACTHULIAX;

1.8 YMeHHIO aHATU3UPOBATh (HU3NUECKYIO KAPTUHY PAacHpeeTIeH s KBAHTOBBIX YPOBHEH HEPTUH IIEKTPOHOB B
METAJUIMYECKMX HAHOYACTULAX;

1.9 Pematp KOHKPETHBIC 3aJla4u IO BBIYUCIICHUIO TEMIICPATYPHBIX, MOJIEBBIX U YaCTOTHBLIX 3aBHCUMOCTEH
TEPMOJANHAMHUICCKUX U KWHECTHUCCKUX XAPAKTCPUCTUK HAHOYACTHUL, TPCACTABIAIOIIUX

1.10 (byHIaMEHTAIBHBIA HHTEpeC I (PU3UKA HAHOCHCTEM U MMEFOLIHUX MPUKIATHOC 3HAUYCHHUE.

2. MECTO B CTPYKTYPE OBPA30OBATEJIGHOM ITPOT'PAMMBI

Bnok OIT: b1.B.JIB.03

2.1 Tpeb6oBanus K HpeIIBa]l)HTeJILHOﬁ MOATOTOBKE 00y4aI0IIerocsi:

2.1.1 |Electron Theory of Metals / DnekTpoHHast TEOpUs METAJIIOB

2.1.2 | Electronic Properties of Quantum Confined Semiconductor Heterostructures / DneKTpoHHBIE CBOIICTBAa KBAHTOBO-
OIpaHMYEHHBIX HOJIYTIPOBOJHUKOBBIX T€TEPOCTPYKTYD

2.1.3 | Foreign Language (English / Russian) / IHOCTpaHHBI 361K (AHTIHICKHUI / Pycckuit)

2.1.4 | Scientific research / HayaHo-uccienoBaTenbCcKas MpakTHka

2.1.5 |Project Management / YnipaBieHue mpoeKTaMu

2.2 JucuunianHbl (MOIY/IH) U MPAKTHKH, VIS KOTOPBIX 0CBOEHHE JAHHON AUCHHUIJIMHBI (MOIYJIs1) HEOOX0UMO KaK
npeauIecTByoee:

221 Master's Thesis / IIpenaumnaoMHas pakTHKA

2.2.2  |IloarotoBka K MpoLexype 3allUThl U 3al1Ta BBITYCKHOW KBATU(HKATHOHHON paboThI

3. PE3YJIBTATBI OBYYEHUS 110 JUCHUIIJIMHE, COOTHECEHHBIE C ®OPMUPYEMbBIMH
KOMIIETEHIIUAMMA

OIIK-1: Cnioco0eH npuMeHATH (PYyHIaMEHTAJIbHbIe 3HAHUSA B 00/1acTH (PU3HKH, 3HAHUS B MEKAUCUMIIMHAPHBIX 00J1aCTAX
JJIsl pelieHUs] HAyYHO-MCCJIeJ0BATE/IBLCKUX 32/1a4, a TAKKe BJIaJeTh OCHOBAMM MeJaroruku, Heo0XoAMMBbIMU LIS
OCYyLIeCTBJICHHS MPENoAaBaTe/IbCKOM AesiTeIbHOCTH

3HaTh:

OIIK-1-31 OcHOBHBIE TOHATHS, 3aKOHBI U METOBI KBAHTOBOI MEXaHUKH U (PU3UKK (a30BBIX IEPEX0J0B B MHOTOYaCTHUHBIX
HHM3KOPa3MEpHBIX CHCTEMaX U HaHOYACTHLAX.

YK-3: CniocofeH ucnob30BaTh pa3jH4yHble METOAbI ICHOTO U HEIBYCMbICJIEHHOT0 (GOpMY/IMPOBAHUS CBOMX BHIBOOB,
3HAHMIT 1 000CHOBAHMIi V1A CTIENMATU3NPOBAHHON U HeCIENMAJTN3HPOBAHHOI ayIUTOPHii B HAIIHOHAJIHLHOM H
MEKIYHAPOJHOM KOHTEKCTaX, OPraHU30BbIBATh M PYKOBOAMTH Pa00T0ii KOMaH/Abl, BbIPA0aThIBasi KOMAH/IHYIO CTPATETHIO
JJIs1 AOCTHKEHUS MOCTABJICHHOM eI

Ymernb:

VYK-3-Y1 YMeTh aHaM3upoBaTh GU3NIECKYIO KApTUHY pacIpeelIeHNs] KBAHTOBBIX YPOBHEH SHEPTHH JIEKTPOHOB B
METaJNTMYEeCKUX HAaHOYACTHUIIAX.

IMK-3: Cnoco0eH npoBoANTH IKCIIePUMEHTAIbHBIE U TeOPeTHYECKUEe HCCIeT0BAHMS (PU3UYECKUX NMPOLIECCOB, B TOM YHCJIE, B
PaMKax HAYYHO-HCCJIEN0BATENBCKAX, OMBITHO-TEXHOJIOTHYECKUX WIH ONBITHO-KOHCTPYKTOPCKUX PaGoT BHINOJTHSIEMBIX B
pPaMKax TeMaTHK OpraHH3aIui

Baaaernb:

TIK-3-B1 Haxonuts peuIeHUd KOHKPETHBIX 3a/1a4 10 BBIYMCIICHHUIO TEMIIEPATYPHBIX, IMMOJIEBbIX U HaCTOTHBIX 3aBUCUMOCTEH
TEPMOANMHAMHUYCCKUX U KWHECTUYCCKUX XaPAKTCPUCTUK HAHOYACTHL, ITPCACTABIAOIIUX (byHZ[aMeHTaHBHLIﬁ HHTCPEC IJIsA (I)I/IBI/IKI/I
HAaHOCUCTEM U UMEIOIMINX MPUKITIaTHOC 3HAYCHUC.




4. CTPYKTYPA U COJAEP)KXAHHUE

Koa
3aHATHS

HaumeHoBaHue pa3neiioB u
TeM /BMJ 3aHATHS/

Cemectp
/ Kypce

Yacos

dopmupyemble
HHIUKATOPHI
KOMIeTeHI Ui

JlutepaTtypa
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IIpumeuanne

KM

Boinmosn
sieMble
padoTsl

Paznea 1. Cratucruka
3J1eKTPOHHBIX CIIEKTPOB B
MeTAJLJIMYeCKHX
HaHokJacTepax/Electron
spectra statistics in metal
nanoclusters

1.1

KBaHTOBBII pa3MepHBIi

s exr;

JIMCKpeTHOCTh COOCTBEHHBIX
3HAYeHUM raMUIIbTOHOBOM
MAaTpHIIBI 3JIEKTPOHA B
METaJUTMIEeCKOM KIIacTepe;
Konuennus cinyyaiHbIX
TaMUJIBTOHOBBIX MaTPHII
JJIEKTPOHOB B
HaHOKIIACTEPaX;

Teopus rayccoBckux
aHcamOJ1eil raMHUIIBTOHOBBIX
MaTpul, Burnepa-
[Haiicona. /Quantum size
effect;

Discreteness of the
eigenvalues of the
Hamiltonian matrix of an
electron in a metal cluster;
The concept of random
Hamiltonian matrices of
electrons in nanoclusters;
The theory of Gaussian
ensembles of Hamiltonian
Wigner-Dyson

matrices. /JIex/

OIIK-1-31

JI1.1J11.2

JI1.3J12.1

JI2.2713.1
€]

1.2

I'eoMeTpuIecKie KOPPesIiy
YPOBHEM 5HEPruu U TEOpEMa
[Toprepa;

DNeMEeHTBI CHMMETPHUHU
raMUJIBTOHOBOM MaTpPHUIIBI;
D¢ dexTrBHOE OTTATKUBAHUE
MEXIy CIlydaliHbIMU
SHEPreTHYECKIMHU YPOBHIMHU
3JIEKTPOHOB B
HaHoKacTepax. /Geometric
correlations of energy levels
and Porter's theorem;
Symmetry elements of the
Hamiltonian matrix;
Effective repulsion between
random energy levels of
electrons in nanoclusters.
/JTex/

VK-3-V1 OIIK
-1-31

J1.1
JI1.2712.1
J12.2J13.1

€]




1.3

Ilepexon OT OPTOrOHANBHOIO
aHcaMOJIs CITyJaiftHbIX
TaMHJIbTOHOBBIX MaTpPHIT K
YHUTapHOMY aHCaMOJIIO IPU
MOCTEICHHOM YBEIIHYCHUH
MarHuTHOTO TOJIS;

Tounoe pemenue MexTsl 11st
JIByXTOYEUHOU
KOPPESIIMOHHOM (QYHKIIHA B
MarHUTHOM IIOJIE;
Bannmuctuyeckue u

G dy3uOHHBIE IPENEITBI
XapakTepa JIBIKCHUS
3IIEKTPOHOB B
HaHok1acTepax./Transition
from an orthogonal ensemble
of random Hamiltonian
matrices to a unitary
ensemble with a gradual
increase in the magnetic field,
Mehta's exact solution for a
two-point correlation function
in a magnetic field;

Ballistic and diffusion limits
of the nature of electron
motion in nanoclusters. /Jlex/

OIIK-1-31

J1.1
JI1.2J12.1
J12.2]13.1

01

14

Pemenue 3anad, BEIBOA
TEOPETHICCKUX
COOTHOILEHUN U
JI0Ka3aTebCTBO

TeopeM. /Solving problems,
deriving theoretical relations
and proving theorems. /TIp/

VK-3-V1 OIIK
-1-31 IIK-3-B1

J1.1
JI1.2J12.1
JI2.2713.1

€|

Pa3nen 2.
TepMoguHaMHU4ecKHE
CBONCTBA MeTa/JNIM4eCKHX
HaHokJacTepos/Thermodyn
amic properties of metal
nanoclusters

2.1

CrarcymMMa HaHOKIIacTepa ¢
SKBUIUCTAHTHBIMH YPOBHSIMH
SHEPIrHu;

VY nenpHas TEMIIOEMKOCTh U
MarHuTHast
BOCIIPUUMYHBOCTh
HAHOKJIACTepa C
PaBHOOTCTOSIIIIUMH YPOBHSAMHU
SHEPrud B

CITy4asix YeTHOTO U
HEYETHOTO YHCIIa
anekTpoHoB. /Partition sum of
a nanocluster with equidistant
energy levels;

The specific heat capacity
and magnetic susceptibility of
a nanocluster with equally
spaced energy levels in

cases of even and odd number
of electrons.

/JTex/

YK-3-Y1 OIIK
-1-31

J1.1
JI1.2J12.1
J12.2J13.1

ol




2.2

OCHOBHBIE IPUHIIUIIBI
Teopuu ['oppKoBa 1
Onuambepra;
ITpuGKEHHBIE METO/IBI
pacudera yAeIbHOU TeI0OBOU
Y MarHATHOH
BOCIIPUUMYHBOCTH
HaHOKJIacTepa Mpu
CITy4alfHOM pacrpe/eieHHun
YPOBHEI! 3HEpruu B
HHU3KOTEMIIEpaTypHOM
npezene. /Basic principles of
the theory of Gorkov and
Eliashberg;

Approximate methods for
calculating the specific
thermal and magnetic
susceptibility of a nanocluster
with a random distribution of
energy levels in the low-
temperature limit.

/JTex/

YK-3-¥1 OIIK
-1-31

J1.1
JI1.3J12.1
J12.2]13.1

01

23

Ycpennenue no
pacmpenenenusM Burnepa-
Haticona-MexTs u Ilyaccona
B MarHUTHOM TIOJIC;
OKcrepuMeHTAIBHOE
HaOJI0ICHHE KpOoCcCcoBepa B
MTOBEJICHUU
TEPMOANHAMUYECKUX
XapaKTePUCTHK
HAHOKIIACTepOB. /Averaging
over Wigner-Dyson-Mehta
and Poisson distributions in a
magnetic field;

Experimental observation of a
crossover in the behavior of
the thermodynamic
characteristics of
nanoclusters. /JIex/

YK-3-¥V1 OIIK
-1-31

1.1
JI1.3J12.1
J12.2J13.1

01

24

Pemenne 3agay, BEIBOL
TEOPETUIECKUX
COOTHOIIEHUH U
JTOKa3aTeTbCTBO

TeopeM. /Solving problems,
deriving theoretical relations
and proving theorems. /ITp/

YK-3-¥1 OIIK
-1-31 IIK-3-B1

J1.1
JI1.2J12.1
J12.2]13.1

01

Paznea 3. Ilepexoast
MEeTAJLI-H30JISITOP B
KBa3HOTHOMEPHBIX
npoBoauukax/Metal-
insulator transitions in
quasi-one-dimensional
conductors




3.1

Merton ypaBHEHUI
Boromro6osa-ne XKenna
lMamunbsToHnan @penuxa c
JIEKTPOH-(POHOHHBIM
B3aHMOJICHCTBUH B
OJTHOMEPHOM TPOBOISIICH
IIETI0YKE aTOMOB;

Y 1BoeHue nepuoia NenoYKku
aTOMOB U (ha30BBII EPEX0/
ITaiiepsica B 0oiHOMEPHOM
MIPOBOJTHUKE B COCTOSTHUU C
BOJIHOH 3aps110BOH
miotHocty (B3IT). /Method
of Bogolyubov-de Gennes
equations

Frohlich Hamiltonian with
electron-phonon interaction
in a one-dimensional
conducting chain of atoms;
Period doubling of a chain of
atoms and the Peierls phase
transition in a one-
dimensional conductor in a
state with a charge density
wave (CDW).

/JTex/

OIIK-1-31

J1.1
JI1.2J12.2J13.
1
€|




32

Teopust ¢pazoBoro nepexona
Kennpima u Komaesa B
COCTOSIHUH C BOJIHOM
3apsoBoi mnotHocTH (B3I1)
B MOJIyMeTaJIax;

ITepexoapl MeTaIIT-H30IIATOP
¢ 00pa3oBaHUEM BOJTHBI
crimaoBo# wotHocTH (BCIT);
Casizannsie BCIT u B3I1
MIePEXO0IbI B MOJICTTH
Xabbapaa ¢ OTTAKUBAHUEM -
AHAJMTHYECKOE PELICHHE
Thna "mosocaroi ¢asel" B
KBa3UOJHOMEPHOM TIpesierie
c1aboii CBsI3U, U OJIM3KOM K
MOJIOBHHHOMY 3aIIOJTHCHUU
3JIEKTPOHHOU 30HBI;

Teopus I'opbkoBa u Jlebens o
CHIDKCHHHU Pa3MEPHOCTH
AJIEKTPOHHOTO CIIEKTpa U
(hopMUpPOBAHUY MarHUTHO-
UHYIIUPOBAHHOTO ()a30BOTO
Hepexo/ia B COCTOSIHUE C
BCII. /The theory of phase
transition by Keldysh and
Kopaev in a state with a
charge density wave (CDW)
in semimetals;
Metal-insulator transitions
with the formation of a spin
density wave (SDW);
Coupled CDW and CDW
transitions in the Hubbard
model with repulsion - an
analytical solution of the
"striped phase" type in the
quasi-one-dimensional weak-
coupling limit, and close to
half-filling of the electron
band;

The theory of Gorkov and
Lebed on the reduction of the
dimension of the electronic
spectrum and the formation
of a magnetically induced
phase transition to a state
with an SDW. /Jlex/

OIIK-1-31

JI1.1J12.2J13.
1
€]

33

Perienue 3aay, BEIBOA
TEOPETUYECKIX
COOTHOILEHUN U
JIOKA3aTeNbCTBO

TeopeM. /Solving problems,
deriving theoretical relations
and proving theorems. /TIp/

OIIK-1-31 IIK-
3-Bl

J1.1
JI1.2J12.2J13.
1
01

Pa3nen 4. MaruuTHbIe
(¢azoBble nepexoas! B
HHU3KOPa3MepPHBIX
cucremax/Magnetic phase
transition in
lowdimensional systems




4.1

Moaens U3unra Ha
JIBYyMEPHOU KBaJgpaTHOU
perreTxe;

Tounoe pemenne Onzarepa
U1 (heppOMarHUTHOTO
(ha3oBoro mepexoaa B
JByMepHOU Mozaenu M3unra;
CreneHHoOe TOBEIeHHE
TEeMITepaTypHOU 3aBHCHMOCTH
TEPMOANHAMHYECKIX
BEITUYUH;

Kputnueckue creneHubie
MOKa3aTeNH IBYMEPHOM
monenu M3unra. /Ising model
on a two-dimensional square
lattice;

Onsager's exact solution for
the ferromagnetic phase
transition in the 2D Ising
model;

Power-law behavior of the
temperature dependence of
thermodynamic quantities;
Critical exponents of the two-
dimensional Ising model.
/JTex/

OIIK-1-31

J1.1
JI1.2J12.2J13.
1
€|

4.2

®a3oBbIi Tepexo
bepesunckoro, Kocrepnuna u
Taynecca (BKT) B nBymepHoit
XY-Moaenuu Teopema
Mepmuna-Baruepa-
XoaHbepra;

Juccouuanys nap BUXpb-
AHTHBUXPb M KPUTCPHI
nepexo/ia B YIopsI0ueHHOE
COCTOSIHUE B TEOPUHU

BKT. /Phase transition of
Berezinsky, Kosterlitz and
Thouless (BCT) in the two-
dimensional XY-model
Mermin-Wagner-Hohenberg
theorem;

Dissociation of vortex-
antivortex pairs and the
criterion of transition to an
ordered state in the BKT
theory.

/JTex/

OIIK-1-31

J1.1
JI1.2J12.2J13.
1
€|

43

CnuHoOBBIE KoJIeOaHUs B
O/JIHOMEPHOM LIeTIouKe
Uzunra;

TouHoe peleHue s
CTaTCyMMBI U
KOPPEJSAIIUOHHON JITHHBI KaK
(yHKIHI OT TeMIepaTypsl;
®a3oBblii IEpeXo] B JabHUN
MOPSIIOK Ha 1enovke M3unra
Ipu aGCOIIOTHOM HyJe. /Spin
oscillations in a one-
dimensional Ising chain;
Exact solution for partition
function and correlation
length as functions of
temperature;

Phase transition to long-range
order on the Ising chain at
absolute zero. /JIex/

VK-3-V1 OIIK
-1-31

J1.1
JI1.2J12.2J13.
1
€]




44

Pemrenue 3amay, BEIBOJ
TEOPETUICCKUX
COOTHOIIEHUH U
JTOKa3aTeTbCTBO

TeopeM. /Solving problems,
deriving theoretical relations
and proving theorems. /ITp/

YK-3-¥1 OIIK
-1-31 IIK-3-B1

J1.1
JI1.2J12.2J13.
1
€|

Paznea 5. KBanToBblii
TPAHCIIOPT: TeOPHUst
Jlannayapa/Quantum
transport; Landauer's
theory

5.1

OCHOBHBIE IPUHIIUIIBI
TEOPUH KBAHTOBOTO
TpaHcniopTa Jlannayapa;
ConpoTHBIEHHE HICATLHOIO
KBaHTOBOT'O IIPOBOJA,
tdopmyna Jlarnayspa-
Byruxkepa;

CyMMHpPOBaHHUE TOIEPEUHBIX
KBaHTOBBIX MOJ
HIIEKTPUIECKOTO TOKA gepes
0aTHCTHYECKYIO KBAHTOBYIO
MIPOBOJIOKY, (hopmyIa
Jlannayapa;
DNEKTPONPOBOJHOCTH
KBaHTOBOM

mpoBoJiokH. /Basic principles
of Landauer's theory of
quantum transport;
Resistance of an ideal
quantum wire, Landauer-
Boutiker formula;
Summation of transverse
quantum modes of electric
current through a ballistic
quantum wire, Landauer's
formula;

Electrical conductivity of
quantum wire.

/JTex/

OIIK-1-31

J1.1
JI1.2J12.2J13.
1
€|

52

Martpuua paccesHus u
teopus Jlangayspa s
KBaHTOBOTO TOYECYHOTO
KOHTAKTa;
OKkcriepUMeHTaNbHAas
peanuzanms;
AnmmabaTHyaecKuii TOUeTHbIH
KOHTAKT;

CryneHuaras CTpyKTypa
SHEPreTUYECKON
3aBUCHMOCTH K03 hHIueHTa
MPOIYCKaHHS Yepe3
MMOTEHUIUATBHBIN

Oaprep. /Scattering matrix
and Landauer theory for
quantum point contact;
Experimental
implementation;

Adiabatic point contact;
Step structure of the energy
dependence of the
transmittance through the
potential barrier. /JIex/

OIIK-1-31

1.1
JI1.2J12.2J13.
1
€|




53 Pemrenue 3amay, BEIBOJ 3 6 OIIK-1-31 IIK- JI1.1

TEOPETHYECKIX 3-B1 JI1.2J12.2J13.
COOTHOIICHUH B 1
JI0Ka3aTeIbCTBO 21

TeopeM. /Solving problems,
deriving theoretical relations
and proving theorems. /ITp/

Pa3gen 6. kKOHTpOIbHAsA
padoTa/control paper

6.1 Konrponbnas padora: 3 2 YK-3-Y1 OIIK | JI1.1J12.2J13.
pelieHue 3a/1a4 1o pasjenam -1-31 TIK-3-B1 1
kypca 1-2 /Solving problems 21
in sections of the course 1-
2 /Mp/

Paznean 7. KypcoBas
pa6ora/Course essay

7.1 OcBoeHne yaeOHbIX 3 66 YK-3-¥1 OIIK J.1
MaTepHuanoB o paszaenam 1- -1-31 TIK-3-B1 | JI1.3J12.2J13.
5. Hanucanue otueta mno 1J13.2
KypCOBOit €]

pabote. /Development of
educational materials in
sections 1-5. Writing a
coursework report. /Cp/

5. ®OHJ OHEHOYHBIX MATEPUAJIOB

5.1. KonTpoabHbIe MeponpusiTHs (KOHTPOJIbHAs paboTa, TeCT, KOJUIOKBHYM, 3K3aMeH H T.IT), BONPOCHI IJIsl
CaMOCTOSITETbHOM MOATOTOBKH

[IpoBepsiembie
Kon KonTponsHoe
WHIAKATOPBI Bompocs! 11 MoAroTOBKN
KM MEpPOIPUITHE N
KOMITETEHITHH
KM1 Ox3amer /Exam OIIK-1-31;YK-3- 1. KBanTOBBIN pasMepHbIii 3)dEKT 1 TUCKPETHOCTh COOCTBEHHBIX
Y1;IIK-3-B1 3HaUYEHUI raMUIbTOHOBON MaTPUIIBI AJIEKTPOHA B

METaJIMIeCKOM KIacTepe.
2. ITonATHE O CIy4alHBIX TAMHUIBTOHOBBIX MaTPHULAX JIEKTPOHOB B
HaHOKITacTepax. Teopus raycCoBBIX aHCaMOIIeH

raMMIbTOHOBBIX MaTpul Burnepa-/laiicona.

3. 'eomeTpuyeckue KOppesIUuI YHEPIreTHUCKUX CIIEKTPOB U TeopeMa
ITopTepa 00 yHHBEPCATBHOCTH (PYHKIHH

pacrpeeneHus COOCTBEHHBIX 3HAUEHHN CITyJallHOW TaMUIIbTOHOBOM
MAaTpPHUIIBI IPU YHUTAPHBIX IPe0Opa30BaHUSAX.

4. DddexTrBHOE OTTAIKUBAHUE MEXY CITydaliHBIMH YPOBHIMH
SHEPTHH JIEKTPOHA B HAaHOKIacTepe (sxooman [Toprepa).

CreneHHOH MOKa3aTenb (GYHKIMU paclpeieNIeHns YPOBHEH B
OPTOTOHANIBHBIX, YHUTAPHBIX U CUMIUIEKTHUECKIX aHCAMOIIX.

5. CraTucTHYECKasi CyMMa U TEMIEpaTypHas 3aBUCUMOCTb
TEIIIOEMKOCTH HAHOKIIACTEPOB C

JIByMsl YPOBHSIMH SHEPIUU paclpeelleHHbIMU 110 Burnepy-Jlaiicony
JUISL OPTOTOHANBHBIX

aHcamOIei.

6. YBoeHue niepro/ia 1enoyky u ¢a3oBslil nepexox [Naitepica Merani-
U30JSTOP B KBa3UOJHOMEPHOM ITPOBOJHUKE, B COCTOSHHE C BOIHOU
3aps/10BoM tuioTHOCTH, B3I1.

7. CrimHOBBIE (DITyKTyaI[X (CIMHOBBIC BOJTHEI) B (DeppOMarHeTHKe IpH
HHU3KHX

TeMIrepaTypax. 3aKOH AUCIIEPCHUH CITHHOBBIX BOJIH B (DeppoMarHeTuxe B
pelIeTOYHOM

Mmozenu ["aifzenGepra.

8. TemneparypHas 3aBUCHMOCTb TEIIOEMKOCTH (peppOMarHeTHKa Ipu
HU3KUX

TeMIlepaTypax- 3akoH biroxa (BbIBOZ cpeqHeit SHeprun BO30YXKICHHOTO
COCTOSIHUS

(eppomarHeTyka ¢ MoMoIbI0 GyHKIMHK pacupeneneHus [lnanka.

9. I'puHOBCKAs (DYHKIHS OTHOMEPHOTO FAPMOHUYECKOTO OCIIAIIISATOPA.
Oo1ee perieHue




HEOJHOPO/IHBIX YPAaBHEHHUH JABIKEHHS OCLUIUIATOPA C BHELITHEH
BBIHYXKIAIOLIEH CHUIION ¢

nomotipio GpyHKiuK ['prHa H30IUPOBAHHON CHCTEMBI.

10. CBobosHAast SHEPTHS U TEIJIOEMKOCTh KBAHTOBOT'O TapMOHUYECKOT0
OCIIHJLIATOPA: BEICOKUE U

HU3KUe TeMneparypsl. (MHuMas yacte GpyHkunu ['prHa U ciekTp
SHEpruil KBaHTOBOI'O

ocruATopa.) /

1. Quantum size effect and discreteness of eigenvalues of the electron
Hamiltonian matrix in

metal cluster.

2. The concept of random Hamiltonian matrices of electrons in
nanoclusters. Gaussian Ensemble Theory

Hamiltonian Wigner-Dyson matrices.

3. Geometric correlations of energy spectra and Porter's theorem on the
universality of a function

distribution of eigenvalues of a random Hamiltonian matrix under
unitary transformations.

4. Effective repulsion between random energy levels of an electron in a
nanocluster (Porter's Jacobian).

Power exponent of the level distribution function in orthogonal, unitary
and symplectic ensembles.

5. Partition function and temperature dependence of the heat capacity of
nanoclusters with

two energy levels distributed according to Wigner-Dyson for orthogonal
ensembles.

6. Period doubling of the chain and the Peierls phase transition of a
metal-insulator in a quasi-one-dimensional conductor to a state with a
charge density wave, CDW.

7. Spin fluctuations (spin waves) in a ferromagnet at low

temperatures. The dispersion law for spin waves in a ferromagnet in a
lattice

the Heisenberg model.

8. Temperature dependence of the heat capacity of a ferromagnet at low
temperatures - Bloch's law (the derivation of the average energy of the
excited state

ferromagnet using the Planck distribution function.

9. Green's function of a one-dimensional harmonic oscillator. Common
decision

non-homogeneous equations of motion of an oscillator with an external
driving force with

using the Green's function of an isolated system.

10. Free energy and heat capacity of a quantum harmonic oscillator:
high and

low temperatures. (The imaginary part of the Green's function and the
energy spectrum of the quantum

oscillator.)




5.2. Ilepeuyenb padoT, BLIMOJIHAEMBIX 10 JUCHUILUIHHE (Moay 10, npakTuke, HUP) - 3cce, pepepaThbl, NpakTHUECKHE U
pacyeTHo-rpaduyeckue padoThl, KYPCOBbIE PAGOTHI, NPOEKTHI U JAP.

ITo xypcy npexycMoTpeHa 1 KOHTposbHast paboTa Julst IPOBEPKU 3HAHUI M yMEHHMH 10 pasjenam Kypca, BKiodasi komrereHnun YK
-7.3-Y1; YK-7.3-B1; IIK-1.1-V1,2; VK-7.1-B1, YK-7.1-V1, IIK-1.1-B2, I1K-1.1-B1
[Ipumep 3amad A KOTPOIBHOH PabOTHIL:

1. Calculate the heat capacity of an ensemble of two-level systems with three electrons with spin 1/2. Assume that the distance
between the levels does not depend on the spin projection on the quantization axis z, and is distributed according to the Wigner-
Dyson law in the orthogonal Gaussian ensemble, with the average distance between the levels D >> T, where T is the temperature.
Considering possible options for filling the lower and upper energy levels, take into account the Pauli principle.

2. Calculate the heat capacity of an ensemble of two-level systems with two electrons with spin 1/2. Assume that the distance
between the levels does not depend on the spin projection on the quantization axis z, and is distributed according to the Wigner-
Dyson law in the orthogonal ensemble, with the average distance between the levels D >> T, where T is the temperature.
Considering possible options for filling the lower and upper energy levels, take into account the Pauli principle.

3. Calculate the magnetic susceptibility of an ensemble of two-level systems with one electron with spin 1/2 in an external magnetic
field H. Assume that the energy levels of the st electron in a magnetic field paramagnetically depend on the spin projection on the
quantization axis z +/- 1/2 and the gap between the levels is distributed according to the Wigner-Dyson law in a unitary Gaussian
ensemble, with the average distance between the levels D >> T, where T is the temperature.

Crnucok TeM utst KypcoBbix padot (YK-7.3-V1; YK-7.3-B1; [IK-1.1-¥Y1,2; YK-7.1-B1):

1. Calculation of the heat capacity and magnetic susceptibility of a nanocluster with equidistant energy levels with an even and odd
number of electrons (in the approximation of a two-level system)

2. Averaging in the limit of low temperatures of the heat capacity and magnetic susceptibility of a nanocluster in the approximation
of a two-level system in the Wigner-Dyson distribution.

3. Two-level correlation function R2 in the Pandey-Mehta representation for a unitary ensemble of random Hamiltonian matrices in
different magnetic fields. Limiting cases of strong and weak fields.

4. Averaging the thermodynamic characteristics of nanoparticles with a two-point correlation function R2 in the Pandey-Mehta
representation for a unitary Gaussian ensemble of random Hamiltonian matrices R2.

5.3. OueHo4HbIE MaTepuaJibl, HCNOJb3yEeMbI€ VISl IK3aMEHa (onncaﬂne GI/IJ'IETOB, TECTOB U T.l'[.)

[Ipumep CTPYKTYypHI 3K3aMEHALIMOHHOTO OUIeTa:

L. DyHIaMEHTAJIbHBI TEOPETUUECKUN BOIPOC IO CTATUCTUKE CIy4alHBIX SHEPreTUYECKUX YPOBHEW B HAHOYACTHUIIAX.
2. DyHIaMEHTAJIbHBIA TEOPETHUECKUI BOIPOC IO TepMOAMHAMUKe nepexona Ilaiiepica MeTami-u301iaT0p B
KBa3MOJHOMEPHOM IPOBOJHUKE, B COCTOSIHUE C BOJHOM 3apsiioBoil miotHocTH (B3IT).

IIpumep sx3amenaronHoro 6mnera B Ipunoxenun. /
An example of the structure of an exam ticket:
1. Fundamental theoretical question on the statistics of random energy levels in nanoparticles.

2. Fundamental theoretical question on the thermodynamics of the Peierls transition of a metal-insulator in a quasi-one-dimensional
conductor to a state with a charge density wave (CDW).

An example of an examination ticket is in the Appendix.




5.4. MeToauka OLIeHKH 0CBOCHHS NUCHMILIMHBI (Moay/1s, npakTuku. HAP)

Onenka Kpurepuu oneHUBaHUS Ha JK3aMEHE

5 «OTnu4HO» OOy4aromuiicss TTy00KO M COepKaTeNbHO PACKPbIBAET OTBET HA KaXKIbIH TeopeTHdecKUuil BOIpoC,
HE JTOIyCTHB OMUOOK. OTBET HOCUT Pa3BEepHYTHIN M HCUEPITBIBAIOIINI XapaKTep

4 «Xopomo» OOydaromuiicss B IEJIOM PacKpbIBaeT TEOPETHYECKHE BOIMPOCHI, OJJHAKO OTBET XOTS OBl HA ONUH U3
HHX HE HOCHUT Pa3BEepHYTOr0 U HCUEPIIBIBAIOIIETO XapaKkrepa

3 «Y IOBJIETBOPUTEITHHO» OOyuaroImuiicst B EJIOM PacKpbIBA€T TEOPETUUECKUE BOMPOCHI U JOMYCKACT PSI
HETOYHOCTEHN

OOyyaromuiics GpparMeHTapHO PACKPHIBAECT COACPIKAHNE TEOPETHUECKUX BOIPOCOB, OMYCKAET 3HAUYUTEIHHEIC
HETOYHOCTHU
2 «HeynoBieTBOpUTEIIEHO» OOyuaromuiicss He 3HaeT OTBETOB Ha MOCTABJICHHBIC TEOPETHUSCKUAE BOTPOCHI

OreHIBaHME PENICHHS 3a/1a4 KOHTPOJIBEHOM paboThI

Onenka Kpurepun oneHuBaHUSL

5 «OTnu4HO» OOy4aromuiicss BBIIONHSET MOJHOE U apTyMEHTUPOBAHHOE pEIIeHUe 3a7adu

4 «Xopomro» OOyJaromuiicss BEIIONHSCT ITOJHOE PEIICHHE 3a/aui, HO He MOXET apryMEHTHPOBaTh CBOE
penieHue

3 «Y IOBIETBOPUTEILHOY OOy4aromuiics B eIOM MPAaBUIIBHO pelIaeT 3ajady, HO He MOXKET apryMEeHTHPOBATh

CBOE pellIeHNe
OOydaromuiicss IPaBIIEHO TIOHUMAET CIIOCO0 PEeIIeHUs 3a1add, HO JOIyCKaeT OIIMOKHA MpPH pPEelIeHuH 3aJadn
2 «HeynosnerBopurenbHO» OOyuvaromuiics He MOXKET PEIIUTh 3a4ady

6. YHEBHO-METOAWYECKOE U HH®OPMAIIMOHHOE OBECIIEYEHHUE

6.1. Pexomenayemas aurepatypa

6.1.1. OcHoBHas JIMTepaTypa

ABTOpBI, COCTaBUTENH 3armaBue bubnmoreka W3natenbeTBO, TO
JIL.1 | Jlanmay JI. 1., T. 10: ®dusznyeckas KHHESTUKA bu6imorexa MUCuC , 1979

JInpmmm E. M.,

ITuraepckuii JI. I1.
JI1.2 |JleBnu B. T'., Biosun T. 2: KBaHTOBas MEXaHHUKA. bu6imorexa MUCuC , 1971

10. A, Mssmume B. A., | KBaHTOBas cTaTuCTHKA U

JleBuu B. T (u3nueckas KMUHETHKA
JI1.3 | Jlanmay JI. 1., T.5: Cratuctuyeckas pusmka bubmrorexka MUCuC , 1964

JInpmun E. M.

6.1.2. lono/THUTe/ILHAS JINTepPaTypa

ABTOpI:I, COCTaBUTECIIN

3ariaBue

bubanoreka

I/I3I[aTeJ'II>CTBO, rona

JI2.1 | bpanunkas JI. JI.

Teopust BeposiTHOCTEN 1
MaTeMaTH4YeCKasi CTAaTHCTHKA.
Pazn.: Ciyvaiinas BenuauHa U
€€ YHCIIOBBIC XaPaKTEPHCTHKH:
VY4e6. mocobue A1 CTy/. CIeIl.
0102, 0608, 0709, 5104

bu6mmorexa MUCuC

M.: Vyeba, 2000

JI2.2 | Bexkunos 10. X,
Wsanos U. A,
Marseesa 1O. JI., op.,
Myxun C. H.

OJeKTpOHHAs TEOpUs
METAJIOB: ¢0. 3a1a4

Bbubmnorexa MUCuC

M.: U3p-so MUCuC, 2013

6.1.3. MeTronuueckue pa3padoTku

ABTOpLI, COCTaBUTCIIN

3ariaBue

bubanoreka

HBH&TCJ’ILCTBO, rong

JI3.1 |Bekumos 0. X.,
Ky3spmun 0. M.

KBaHTOBas U cTaTUCTHYCCKAS
¢u3mKa: Yued. mocobue s
CEMUHAp. U IMPAKT. 3aHSATHI JJIA
CTYZICHTOB CII€IL.
0406,0604,0629

bu6imorexa MUCuC

M.: Vyeba, 1987




ABTOPBI, COCTaBUTEIH 3arnaBue Bbubmmnoreka W3narenscTBo, rox

JI3.2 | BeikoBa M. b., Brimonnaenue u opopmieHne Bubnrorexka MUCuC M.: [MUCuC], 2017
T'opeesa XK. A., BBIITYCKHBIX
Kosznosa H. C., KBATM(DUKAMOHHBIX padoT,
Ionropusii . A. Hay4YHO-HCCIIEN0BATEIIbCKUX

pabot, KypcoBBIX paboT
MarucTpoB ¥ OTYETOB I10
MPAKTUKAaM: METOJI. YKa3aHUs

6.2. Ilepeuenn pecypcoB HH(OPMALIMOHHO-TeIeKOMMYHUKANMOHHOM ceTu «UHTEepHeT»

03.04.02 KBaHTOBast MEXaHMKA M CTaTHCTHKA https://lms.misis.ru/courses/8424
nanHovactur/Quantum Electronic Properties of

91 | Nanosystems(Ha pyc. 1 aHTJI.)

JlocTym 11 CTYICHTOB TIPOXOISAIINX 00YICHHUE MO
kypcy. Pazmemen 8 LMS CANVAS

6.3 IlepeueHb NMporpaMMHOro odecneyeHus

JInnensuu I1O Windows Server CAL ALNG LicSAPk MVL DvcCAL, ITO WinEDUA3 ALNG SubsVL MVL PerUsr u

IL1 PerUsr

I1.2 | Microsoft Office

I1.3 LMS Canvas

1.4 |Python

6.4. Tlepeyens MHPOPMANHOHHBIX CHPABOYHBIX CHCTEM H MPOdecCHOHAIBHBIX 023 TaHHBIX

N.1 |llonHOTEKCTOBBIE POCCUMCKUE HAYUHBIE KYPHAJIbI U CTaThU:

N.2 |— Hayunas snexrponnas 6ubmmorexa eLIBRARY https://elibrary.ru/

N.3 |HWuoctpannsie 6a3b1 maHHBIX (moctyn ¢ [P agpecoB MUCuC):

N.4 |— anasmTrueckas 0asa (nHaekcwl utupoBanus) Web of Science https://apps.webofknowledge.com
N.5 |— aHaymTHuecKas 0a3a (MHACKCHI IUTUPOBaHUsA) Scopus https:/ Wwww.scopus.com/

1.6 |— Hayxomerpuueckas cucteMma InCites https://apps.webofknowledge.com

WN.7 |— HayuHbIe )XypHaibl u3natensbcTBa Elsevier https://www.sciencedirect.com/

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE

Ayn. | Hasunauenne OcHarenne

UYnraneHsrit 3a1 Ne3 (B) KOMIUISKT ~ ydeOHOM wmebenmm Ha 44  Mecra

I

obyuaronuxca, MOV Xerox VersaLink B7025 ¢ dynxiueit
MaciiTaOupoBaHHUsS TEKCTOB M u3obOpaxenuit, 8 ITIK ¢
noctynom k HTC «Murepuer», OMOC yHuBepcurera
gepe3 JIWYHBIA KabOmHer Ha tmiatdpopme LMS Canvas,
nuueH3uonHsle mporpamMmel MS Office, MS Teams, ESET

Antivirus.
JIro6oit kopmyc VYuebHass aymutopusi sl TPOBEICHUS | JOCKA, KOMIUIEKT yueOHOH Mebenu Ha 30 mocaiouHBIX MECT
YuebHast ayquTOpus 3aHATHH JIGKIMOHHOTO THIA W/WIM JUIs
IIPOBEACHUS IPAKTHUECCKUX 3aHATHIL:
JIro6oii xoprryc VYuebHast aymuropust IS IPOBEAEHHUS | IOCKA, KOMILICKT yueOHOH Mebenu Ha 30 mocaJjouHbIX MeCT

Y4eOHast ayTUTOPHS 3aHATHH JICKIMOHHOTO THIIA W/WIN  JUIS
IIPOBEIEHUS IPAKTUYECKUX 3aHITUM:

8. METOANYECKUE YKA3AHUSA JJI51 OBYYAIOIIIUXCA

Jlutepatypa Ui CaMOCTOSITEIFHOTO U3y4eHHsI XpaHUTCS Ha Kadenpe (cM Tatoke ¢ainsl B [TpunoxeHnsx)

CamocrosiTenpHast pabota 00y4aroIuxcs sBisieTcs: popMoil opraHu3aIi 00pa3oBaTeLHOTO MpoLecca Mo AUCIHUIUINHE,
CTHMYITUPYIOIIEH aKTHBHOCTh, CAMOCTOSTEIFHOCT M TI03HABATEIBHBIN HHTEPEC CTYCHTOB.

CamocrostensHas paboTa 00yJaroIuXcst MpeIycCMaTPUBALT YIITyOJICHHOE H3ydeHHE Pa3/iesioB M TEM JTUCIUIUINHEI, OCHOBHBIX U
JIOTIOJTHUTENbHBIX HCTOYHUKOB y4eOHON M HAYYHOU JIUTEPATYPhI, MOATOTOBKY JOKIA0B, BBIIOJIHEHUE KYPCOBBIX padoT.
Marepuaibl JOKIa10B, KypCOBBIX Pa0OT B TATbHEHIIEM MOTYT OBITH MCIIOJIB30BAHBI IIPH BHIIOJHEHAH CTYICHYCCKAX HAYIHBIX
WCCIIEIOBAHUH U CTaTh OCHOBOW JISl IOATOTOBKY BBICTYIUICHHH Ha CTYJICHYECKUX HAYYHO-TIPAKTHYECKIX KOH(PEPEHIHUAXK, YIacTHs B
KOHKypcax.

CamocrosiTenpHast paboTa HampapjieHa Ha MOUCK yueOHO# U HaydHOH WH(pOPMAILIH, Pa3BUTHE aHATUTHYECKIX CIIOCOOHOCTEH,
HaBBIKOB KOHTPOJIS M IUTAHUPOBAHHS yIeOHOTO BpEMEHH, Ha BBIPaOOTKY YMEHHUI M HaBBIKOB PAllMOHATIBHON OpraHU3alny CBOCH
JIeATeITBHOCTH.

CamocrosiTenpHast paboTa BKIOYACT CICIYIONINE BUIBI eI TCIbHOCTH:

- paboTa ¢ JEKIMOHHBIM MAaTepHAaIOM, IPEAyCMAaTPHUBAIONIas IPOPAOOTKY JEKIMOHHBIX MaTepUalioB (KOHCIICKTHL,
MPe3eHTAINN) U YaeOHOM! JINTEPaTypHl;

- nouck (moabop) 1 0030p HaydyHOH M ydeOHOH JHUTEpaTyphl C UCIONb30BaHUEM OMOTUOTEUHBIX U DJEKTPOHHBIX




00pa3oBaTENbHBIX PECYPCOB, HCTOYHUKOB
nuHpopmanuu B cetd «MHTEpHET» 110 U3y4aeMOl TeMe JUCIUILIMHI;
- OCBOCHHE MaTepHuaia, MPeIyCMOTPEHHOTO A CAaMOCTOSTEIBHOTO U3YUCHUS;
- MOATOTOBKA K MPAKTUYECKUM 3aHSITUSM;
- BBINOJIHEHNE KYpCOBOM pabOTHI;
- MOATOTOBKA K 3K3aMEHY.




