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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.


https://physics.itmo.ru/ru/personality/valeriy_uzdin
http://physics.itmo.ru/ru/study-program/2980
http://physics.itmo.ru/ru/study-program/3936
http://physics.itmo.ru/ru/study-program/2979
http://physics.itmo.ru/ru/study-program/8729
http://physics.itmo.ru/ru/study-program/8729
http://physics.itmo.ru/ru/discipline/3021
http://physics.itmo.ru/ru/discipline/3068
http://physics.itmo.ru/ru/discipline/3107
http://physics.itmo.ru/ru/discipline/3136

Course content

MnaH Kypca
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CTpyKTypa Kypca

. MarHeTu3M Ha pa3HbIX NPOCTPAHCTBEHHbIX MaclwTabax. Mcnosib3oBaHUe CAMHOBLIX cTerneHen cBobonabl. HoBble MarHUTHbIE

COCTOSAHUA U CTPYKTYPbl: MarHUTHble CBEPXPELUETKN, 0bMeHHble MarHUTHbIE MPY>XWHbI, CKWPMWOHbI U T. AO.

. Nepapxus pusnyvecknx monenen. bespasmepHble NapamMeTpbl. aeanbHbIV ras - ra3 TBepAbIX LWAapPOoB - Klaccuyeckas niasma -

KBaHTOBafA nJjiasma.

. Mpupopa marHeTnsma. na, napa n peppoMarHeTmsm. JIokasm3oBaHHbIE U KOJIIEKTUBU3NPOBAHHbLIE MOAENN MarHeTU3Ma.
. AHTneppomMarHnTHas obMeHHas CBA3b B MarHUTHbIX CBepXpelueTkax. MTMraHTCkoe MarHUTOCONMPOTUB/IEHME.
. Mogenb M3uHra. OTcyTCcTBUE (ha30BOro nepexona B ofHoMepHoV Mmoaenu M3uHra. FonacToyHOBCKME MOAbI.

O6ob6LeHHas mogenb lMevizeHbepra. Men3eHbeproscknii o6MeH, aHNM30TponNus, B3auMoAencTeme 3anowmHckoro-Mopus.
MpubnuxxeHne cpenHero nons. Teopus ha3osbix Nepexonos JlaHpay.

. Mopenu KonnekTMBM3MPOBaHHOIro MarHeTusma Xabbapaa, AHoepcoHa, AnekcaHaepa-AHAepcoHa

. ®yHKUMA MpuHa ana moaenn AHLepcoHa. MA0THOCTb COCTOSAHUI N pacyeTbl MAarHATHOrO MOMEHTA.
10.
11.
12.
13.
14.

HekonnvHeapHbIVi MarHeTU3M B paMKax KOJIIEKTMBU3UPOBAHHbIX MoAesiel. HekonimHeapHbie MarHUTHbIE CTPYKTYpbI.
Tononornyeckue MarHUTHbIE CTPYKTYpbl. berosas namaTb.

YCTONYMBOCTb MarHUTHbIX COCTOSIHUW. Teopuns NepexofHOro COCTOSHUSA.

OnHaMnkKa MarHWTHBIX COCTOAHUN. YpaBHeHue JlaHpay - Jlindwwuua - N'mnbbepTa.

MepcneKTnBbI CMUHTPOHUKN

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.
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. 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.

Recommended resources

OcHoOBHasn:

1. C.B.

BoHcoBckui, MarHeTtusm

2. A.T. TypeBuy, I.A. MenkoB, MarHuTHble kKoniebaHUsa 1 BOHbI

HdononHuTenbHas:
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

Grading Policy

Hapsgy w3yvyeHuem MaTepuana Ha Jekuusax Mpeanosiaraetcs BbIMNOJHEHWE WHAMBUAYAsbHbIX MPOEKTOB, BKJIYAOLWNX
KOMMbIOTEPHOE MOLENUPOBaHVe, aHaUTUYEeCKMe W YUCSIEHHble pacyeTbl, @ TakXXe [OoKJaAbl-npe3eHTaunn ¢ npencTaBieHueMm
pe3ynbTaToB. Ha (hMHaNbHYIO OLEHKY BAUSIOT KaK pe3ysibTaT 3K3aMeHa, Tak U pe3ybTaTbl paboTbl MO NpoekTam.



