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1.HasBaHue: CnNMHTPOHMKA
Course title: Spintronics

2. lekTtop: Banepuit Y3guH
AccucTeHTbl:

Lecturer: Valery Uzdin
Assistants:

3. Kpatkas aHHoTtauma (500-700 cumBO10B, HA NPOCTOM U A,O0CTYNHOM A3biKe):

Kypc npearmnonaraer 3HakOMCTBO ¢ COBPEMEHHBIM COCTOSIHUEM OypHO pa3BHBAIOIIUXCS 00acTeit
(U3UKU ¥ TEXHOJIOTUH, CBA3aHHBIX C MAarHETU3MOM HaHO M MUKpocucTeM. C OHOM CTOPOHBI
OymyT 00CyXIaTbCsi COBPEMEHHBIE METOJIBI MCCIIEOBAHUS HAHOCTPYKTYP, BKITFOUYAst
CHHXPOTPOHHYIO U PEHTI'€HOBCKYIO CIIEKTPOCKOIINIO, HEUTPOHHOE paccessHue, TYHHEIbHYIO
MHUKPOCKOIIHIO U JIP., a C APYTOH CTOPOHBI MPEATIONIATACTCS H3YICHNE TEOPETHUECKUX MTOIXO/I0B,
UCTIOJIb3YEMBIX JUIS OUCAHUS (PU3MUECKUX CBOWUCTB, YIIOPAJOUYCHHS U IUHAMUKI MarHUTHBIX
HAHOCHCTEM M MHTEPIPETAIlH YKCIIEPUMEHTAIBHBIX JaHHBIX. [Ipennonaraercs Takke
BBHITIOJTHEHUE UHIUBUAYATBHBIX MPOEKTOB, CBA3AHHBIX C MOJICTUPOBAHUEM MATHUTHBIX MHUKPO U
HAHOCHCTEM.

Short annotation (500-700 characters, in plain and simple language):

The course involves the study of the current state of rapidly developing areas of physics and
technology related to the magnetism of nano and microsystems. On the one hand, modern
methods for studying nanostructures will be discussed, including synchrotron and X-ray
spectroscopy, neutron scattering, tunneling microscopy, etc., and on the other hand, it is
planned to study theoretical approaches used to describe physical properties, the ordering and



dynamics of magnetic nanosystems as well as for the interpretation of experimental data. It is
also planned to implement individual projects related to the modeling of magnetic micro and
nanosystems.

4. HassaHue nporpammbl U cemectp: MpuKnagHaa u teopetTmyeckan pusnka, NATbl cemecTp
Study program and semester: Applied and Theoretical Physics, fifth semester

5. leTanbHOe onucaHue Kypca:

1. MarHeTn3am Ha pasHbiX NPOCTPAHCTBEHHbLIX MacluTabax. Micnonb3oBaHne CrMHOBLIX
crteneHen cBoboabl. HoBble MarHMTHbIE COCTOSIHUA U CTPYKTYPbl: MarHUTHbIE CBEPXPELLETKM,
0OMEHHbIE MarHUTHbIE NPY>KUHbI, CKUPMWUOHBI 1 ApP.

2. Nepapxmn dpusmyecknx mogenen. bespasmepHole napameTpbl. MioeanbHbiv ras — ras
TBEpPAbIX LWAPOB — Kraccuyeckas nnasma — KBaHToBasi nnasma.

3. NMpupoga marHetnama. ua, napa n peppomarHetTmam. JlokanmsaoBaHHbIE U
KONSIeKTUBN3NPOBAHHbIE MOLENN MarHetTmama.

4. AHTU(hEpPPOMArHUTHOE MEXCIIONHOE B3aUMOLAENCTBME B MarHUTHbIX CBEpXpeLUeTKax.
'MraHTckoe MarHeToconpoTUBNEHNE.

5. Mogenb NaunHra. OTcyTcTBre ha3oBoro nepexona B ogHomepHon moaenu NauHra.
fongcToyHOBCKME MOAbI.

6. O6o6weHHasa mogenb enseHbepra. ObmeHHas aHmM3oTponus. Baaumogencreme
AsanowmnHckoro-Mopun.

7. MpubnwmxeHne cpegHero nons. Teopusa JlaHaay has3oBbIX NEpPEXoOaoB.

8. Mogenwn KonnekTMBnM3npoBaHHoOro marHetuama. Mogenun Xabbapaa, AHOepcoHa,
AnekcaHaepa-AHOepcoHa.

9. ®dyHkumn MpuHa gns mogenu AHgepcoHa. MNNoTHOCTL COCTOSAHUIN U pacyeTbl MarHUTHbIX
MOMEHTOB.

10. HekonnuHeapHbI MarHETU3M B KOSMEKTMBU3MPOBAHHbLIX Moaensix. HekonnuHeapHas
MarHuTHasi CTpykTypa.

11. Tononorn4yeckne MarHUTHblEe CTPYKTYpbl. beroBas marHMTHasi namaTb

12. YCTONYMBOCTb MarHUTHbIX COCTOAHUIN. Teopnsa nepexogHoro COCTosiHMSA

13. [IMHamunka MarHMTHbIX COCTOSAHUK. Y paBHeHue JlaHgay-Jindwmua-M'vnsbepta

14. MNepcnekTuBbl CANHTPOHUKN

Detailed content of the course

1. Magnetism at different spatial scales. Exploring of spin degrees of freedom. New magnetic
states and structures :

magnetics superlattices, exchange magnetic springs, skyrmions etc.

2. Hierarchy of physical models. Dimensionless parameters. ldeal gas — gas of solid balls —
classical plasma — quantum plasma.

3. The nature of magnetism. Dia, para and ferromagnetism. Localized and itinerant models of
magnetism.

4. Antiferromagnetic exchange coupling in magnetic superlattices. Giant magnetoresistance.
5. Ising model. Absence of phase transition in 1-dimensional Ising model. Goldstone modes.
6. Generalized Heisenberg model. Exchange, anisotropy, Dzyaloshinskii-Moriya interaction.
7. Mean field approximation. Landau theory of phase transitions.

8. Models of itinerant magnetism. Habbard, Anderson, Alexander-Anderson Models.

9. Green function for Anderson model. Density of states and magnetic moment calculations.
10. Non-collinear magnetism within the framework of itinerant models. Non-collinear
magnetic structures.

11. Topolpgical magnetic structures. Racetrack memory.

12. Stability of magnetic states. Transition state theory



13. Dynamics of magnetic states. Landau-Lifshitz—Gilbert equation.
14. Perspectives of spintronics

6. PekomeHpa0BaHHaA aMTepartypa:
OcHosHas:

1. C.B. BoHcoBckuit, MarHetnsm
2. A.T.Typesuy, [A. Menkos, MarHuTHble KonebaHua 1 BONHbI

JHononHumenvHaA:

[EY

P. YaiiT, KBaHTOBas Teopusa marHeTnama

J. M. D. Coey, Magnetism and Magnetic Materials

3. Skyrmions. Topological Structures, Properties, and Applications, Edited by J Ping Liu
Zhidong Zhang Guoping Zhao

4. Handbook of Magnetism and advanced magnetic materials, Ed. H. Kronmiiller, S. Parkin

N

7. NpepBapuTenbHO NPOMAEHHDbIE KYpCbl, HeObXoAMMbIe ANA U3yyeHua npegmerTa:

Obuwan ¢pM3mKa. InekTpoanHammKka. KBaHToBasA mexaHuKa. Ctatuctmyeckasa pusmka

8. Kak oueHuBaeTca ycneBaemocTb No Kypcy:

Hapagy nsydyeHmem maTtepmana Ha NeKUMAX NpeanonaraeTca BbiNOJIHEHUE NHOUBUAYANbHbIX
NPOEKTOB, BKAOYAIOLLNX KOMMbIOTEPHOE MOAENNPOBAHNE, aHAIMTUYECKNE N YNCNEHHble

pacyeTbl, a TaKKe AOKNa4bl-NPe3eHTauun ¢ npeactaBneHnem pesynbtatos. Ha uHanbHyto
OUEHKY BAUAIOT KaK pe3ynbTaT 3K3amMeHa, TaK U pe3ynbTaTbl PaboTbl NO NPOEKTam.



