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Kypc npeanonaraeT 3HaKOMCTBO C COBPEMEHHbIM COCTOSIHMEM BYPHO Pa3BUBAIOLLMXCA 061acTen MU3NKN U TEXHONOMUN, CBA3AHHBIX C
MarHeTW3MOM HaHO M MUKpocucTeM. C OLHON CTOPOHbLI ByayT 06CYy)KAAaTbCA COBPEMEHHblE METOAbl NCCAeLOBaHNA HAHOCTPYKTYP,
BKJIKO4Asi CUHXPOTPOHHYIO 1 PEHTIeHOBCKYIO CMEKTPOCKOMUI0, HEMTPOHHOE paccesHne, TYHHENIbHYIO MUKPOCKOMMWIO U Ap., @ C APYron
CTOPOHbI MpeaAnonaraeTcs UlyvyeHve TeopeTUYeCcKnx NoaxoA0B, NCMOsb3yeMblX 4SS ONUCAHUS (PUINHECKNX CBOMCTB, YNOPSA0YEHNS
N OUHAMWKU MarHUTHbIX HAHOCUCTEM U WHTEprnpeTauun 3KCNepuMeHTaslbHbIX AaHHbIX. [pefnonaraeTcs TakXe BbINOJHEeHne
VNHAUBUAYANbHBIX MPOEKTOB, CBA3AHHbLIX C MOAEMPOBAHNEM MAarHUTHBIX MUKPO U HAHOCUCTEM.

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.
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Copep>XaHue Kypca

MnaH Kypca

CTpyKTypa Kypca

1. MarHeTu3M B pa3HbIX NPOCTPAHCTBEHHbIX MacwTabax. i3yvyeHne cTteneHen ceobofbl A5 CMHA. HOBble MarHUTHbIE COCTOAHUSA U
CTPYKTYpBbI:

MarHuTHble CBepXpeLleTKn, 06MeHHble MarHUTHbIE NPYXNHbI, CKUPMUOHbI U T. 4.

2. Nepapxusa cdunsnyecknx mopenen. bespasmepHole napameTpbl. aeanbHbIA ras - ra3 Cr/OWHbIX WAapPOB - KJacCuyeckas niaasma -
KBaHTOBas nia3ma.

. Mpupoga marHeTusma. ina, napa n peppomMarHeTnusM. JIokasM3oBaHHbIE N CTPAHCTBYOLWME MOAESIN MarHeTu3Ma.

. AHTeppomMarHMTHasa obMeHHas CBA3b B MarHUTHbIX CBepxpelleTkax. [MraHTCkoe MarHMToCconpoTuBJIEHNE.

. Mogenb N3nHra. OTcyTCcTBME (ha30BOro nepexona B o4HOMepHOM moaenn NsnHra. FrongcTtoyH moabl.

. O6obweHHas moaenb ennseHbepra. ObMeH, aHu3oTpoNus, Bsanmopencrteme O3snowmnHcKoro-Mopus.

. AnnpoKkcumaumnsa cpegHero rnons. Teopus a3oBbix Nnepexonos JlaHaay.

. Mogenu cTpaHcTByloLero MmarHeTmsma. Xabbapa, AHOepcoH, AnekcaHap-AHOepcoH Mogaenc.

. ®yHKUMA TpnHa ons monenn AHOEepCoHa. MNOTHOCTb COCTOSIHUIA U pacyeTbl MAarHUTHONO MOMEHTa.

10. HekonnMHeapHbIA MarHeTU3M B paMKax CTPaHCTBYOLWNX Mogenen. HekonanHeapHble MarHUTHbIE CTPYKTYPbI.

11. Tonosornyeckne MarHUTHble CTPYKTYpbl. Berosasa namaTe.

12. CTabuibHOCTb MarHUTHbIX COCTOAHMIA. Teopns NepexogHoOro COCTOAHMNS.

13. AnHaMrKa MarHUTHbIX COCTOAHWI. YpaBHeHue JlaHpay - Jludwmy - M'mnsbepTa.

14. NepcneKkTuBbl CMUHTPOHUKMN.
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Plan of a course

CTpyKTypa Kypca

1. Magnetism at different spatial scales. Exploring of spin degrees of freedom. New magnetic states and structures : magnetics
superlattices, exchange magnetic springs, skyrmions etc.

. Hierarchy of physical models. Dimensionless parameters. Ideal gas - gas of solid balls - classical plasma - quantum plasma.
. The nature of magnetism. Dia, para and ferromagnetism. Localized and itinerant models of magnetism.

. Antiferromagnetic exchange coupling in magnetic superlattices. Giant magnetoresistance.

. Ising model. Absence of phase transition in 1-dimensional Ising model. Goldstone modes.

. Generalized Heisenberg model. Exchange, anisotropy, Dzyaloshinskii-Moriya interaction.

. Mean field approximation. Landau theory of phase transitions.

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

. 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.
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PekoMeHayeMble pecypcCbl

OcHOBHas:
1. C.B. BoHcOBCKMI, MarHeTusm
2. Al. Typeswuy, .A. MenkoB, MarHuTHble KonebaHns 1 BOJIHbI

JononHuTesnbHasn:

1. P. YanT, KBaHTOBasa Teopus MarHeTnsma

2. ). 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. Kronmduller, S. Parkin

Monutuka oueHuBaHus

Hapsagy w3ydeHuem MaTepuana Ha JekuMsax MpeanosiaraeTcs BbIMNOJHEHWE WHAMBUAYasbHbIX MPOEKTOB, BKJIOYAIOLINX
KOMMbIOTEPHOE MOLENUPOBaHMe, aHaJUTUYeCcKMe W YUCSIeHHble pacyeTbl, @ TakXe [OoKJaAbl-npe3eHTaunn ¢ npencTaBieHVEM
pe3ynbTaToB. Ha (hMHaNbHYIO OLEHKY BAUSIOT KakK pe3ysibTaT 3K3aMeHa, Tak U pe3ybTaTbl paboTbl M0 NpoekTam.



