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3. KpaTtkasa aHHoTauus (500-700 cMmBONOB, Ha MPOCTOM U

OOCTYNHOM fA3blKe):
Llenbto Kypca ABNAETCA 3HAKOMCTBO CTYAEHTOB C OCHOBAaMM TEOPUU MArHUTHBIX CUCTEM.

Kypc pasaeneH Ha age yacTtu. MNepBas YacTb NocBAweHa GeHOMEHOI0rMYECKOMY ONMUCAHUIO
MarHUTHbIX CUCTEM OCHOBAaHHOMY Ha Moensix M3nHra n pasnnyHbIX BEPCUSAX MOAENM
laii3eH6epra. OCHOBHbIE COCTOAHUA 3TUX MOAENeN aHAaNN3MPYIOTCA B paMKaXx
TEPMOANHAMMYECKOTO NOAX0Aa U Teopua cpesHero nonsa. BbiBoauTca cBA3b C Teopuen
¢dasoBbix Nnepexosos JlaHaay. M3yyatoTca deppomarHuTHble U aHTUGeppPOMarHuTHble
OCHOBHbIE COCTOSIHMA CUCTEMbI, @ TAK e HEKO/IZIMHEAPHbIe MarHUTHbIE COCTOAHUSA, TaKMe Kak
peleTka CKUPMMOHOB W KMPasbHble MarHeTUKW. M3yyaeTcs gucnepcusa CNMHOBBIX BOJIH B aHTH
N beppomarHeTmKax.

BTopas YacTb Kypca nocBAWweHa MUKPOCKOMUYECKMM MOAENAM MAarHUTHbIX CUCTEM, TaKUM KaK
mogaenb Xabbapaa u sd mogenb. M3yvaetca ponb CNMH opbMTaAbHOIO B3aMMOAeNCTBUA
3/IEKTPOHOB NPOBOAMMOCTM Ha 3O PEKTUBHbBIE MarHUTHble B3aumogelictans. NogpobHo
0b6CyKaaeTca MUKPOCKONMYECKAn Teopma B3aumogencTena sanowmHckoro Mopuw.

Short annotation (500-700 characters, in plain and simple language):
This course aims in introducing students to the theory of magnetic systems.

The course is separated in two parts. The first part is devoted to phenomenological models of
magnetic systems, more specifically, to the Ising model and to different versions of the
Heisenberg model. The ground states of these models are analyzed by employing
thermodynamic approach and the mean field theory. A connection with Landau theory of
phase transitions is established. Ferromagnetic and antifferomagnetic ground states as well as
non-collinear ground states, such as skyrmion lattice and chiral magnets, are derived and
investigated. Finally, the theory of spin waves is introduced for both anti- and ferro-magnets.

The second part of the course is devoted to microscopic foundations of magnetism that is
formulated on the basis of Habbard and sd-like models. A special attention is paid to the role of
spin orbit interaction of conduction electrons. Microscopic origin of Dzyaloshinskii-Moria
interactions in magnetic systems is discussed in detail.



5. HasBaHuMe nporpammbl U cemecTp: ???
Study program and semester: ???

6. [leTanbHOe onucaHue Kypca ¢ pasbrueHnem no nekumam/ceMmmHapam/npakTMKam:

Tema

‘ Tun 3ansaTii

Yactb |. DeHOMEHOJIOrHYECKHE MOACINU MarHUTHBIX CUCTEM

1 Mopenb V3uHra B OJTHOM U IBYX U3MEPECHUSIX Jlexums(2) +
cemuHap(2)
2 ®da3oBbIi nepexoy B Mojenu M3unra Jlexuus + cemuHap
3 Teopus ¢azoBbix nepexoaoB Jlangay Jlexmms (2) +
cemuHap(2)
4 Moguens ["aitzenOepra u ee Bapuauu Jlexkuusit+cemunap
3) deppomMarHeTuku, aHTU(HEPPOMATHETUKH H Jlexuusa+cemunap
HEKOJUTMHEApHbIEe MarHETHUKU
6 CnuHOBBIE BOJTHBI Jlexmus(2) +
cemuHap(2)
Yacts |l. KBanTOBBIE MOZIEIN MATHUTHBIX CUCTEM
7 Marsetusm B Mojienn Xab0apia Jlexuus + cemuHap
8 S-d mo100HbIE MOJIETH M UX aHAIU3 B IPUOIMKEHUH Jlexuwmsi(2)+cemMunap
CpEJIHEro noJist
9 CnuH opOUTAbHOE B3aUMOJICHCTBUE Jlexnusi(2)+cemunap.
10 Bzaitmopeiicteue J3suiommuackoro Mopuu Jlexuwms(2)+cemunap(2).
Detailed content and structure with sectioning of lectures/seminars:
| Topic | Class type

Part 1. Single particle QM methods

1 Ising model in one and two dimensions Lecture(2) + Seminar(2)
2 Phase transition in the Ising model Lecture+seminar
3 Landau theory of phase transitions Lecture(2) + seminar(2)
4 Heisenberg model and its derivatives Lecture+ seminar
5 Magnetic ground states: ferromagnets, antiferromagnets, Lecture + seminar
chiral magnets, skyrmion lattices
6 Spin waves in ferromagnets and antiferromagnets Lecture (2) +
seminar(2)
Part Il. Introduction to many-body problems in QM
7 Hubbard model for itinerant magnetism Lecture + seminar.
8 s-d-like models and their mean field analysis Lecture(2)+seminar
9 spin-orbit interaction Lecture(2)+seminar.
10 microscopic foundation of Dzyaloshinskii-Moria Lecture(2)+seminar(2).
interaction




7. PekomeHaoBaHHaA AuTepaTypa:
Textbooks:

1. Ashcroft & Mermin, Chs. 31-33
2. Kittel, Ch. 4
3. D. Mattis, Theory of Magnetism | & II, Springer 1981

8. MpeaBapuTeNibHO NPONAEHHbIE KypCbl, HEOBX0AUMbIE ANA U3YYEHUA NpeameTa:
KBaHTOBAsA MexaHMKa, TepMOANHAMMKA, CTAaTUCTUYECKAA PU3MKa, BTOPUYHOE KBAHTOBaHME,
MHOTO YaCcTMYHaA KBAHTOBAA TeopuA

Course prerequisites:
guantum mechanics, thermodynamics, statistical physics, second quantization, many body
guantum theory

9. TN camoCTOATENbHbIX 334aHNI (NOXKANYNCTA, NPUNOKUTE TaKKe HECKO/IbKO MPUMEPOB):
3apaun pns ceMuHapa

Assignments (please, attach a couple of examples):

Seminar problems

10. Kak oueHuBaeTcA ycneBaemocCTb NO Kypcy:
20% oueHKM: Npe3eHTaLmA pelweHna 3a4a4 Ha cemmnHape
80% OUEHKM: NMCbMEHHbI 3K3aMeH NOo Kypcy

Grading policy:
20% of the final grade: presentation of problems during the seminar
80% of the final grade: written exam after the course

11. lononHUTeibHble KOMMEHTapPUN:
Additional comments:



