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Kypc paeT npencTtaBfieHMe O COBPEMEHHbIX MeTodax TEeopum MHOrUX Tesl MU UX MPUMEHEHUM [LJiS OMUCAHUs CTPYKTYPS,
ONHAaMUYECKNX XapaKTepUCTUK M MPOLLeCCOB B MHOMOYACTUYHbLIX CMCTEMAX, TaKMX KakK aTOMbl, MOJEKYJbl, aTOMHblE KaacTepbl,
HAHOCTPYKTYpbl, TBEPAbIE Tena.

Kypc HayvMHaeTcs C pacCMOTPEHUs] CUCTEM HEB3aUMOAEWCTBYIOLMUX YacTul - 6030HOB U (HEPMMOHOB, UX CTATUCTUKK, @ TaKxe
TPYAHOCTEN UCMONb30BaHUS TPaAULMOHHOW TEeopMU BO3MYLLUEHW/ MpW y4YeTe B3auUMOLENCTBUS Mexay uYacTuuamu. [Lanee
obcy>kpaTcs TpaAWuUVOHHbIE OOHOYaCTUYHbIE METOAbl, Takne Kak MeTon Tomaca-®epmu, NMpubav>XeHWe NoKanbHOW MIOTHOCTH,
npubavmxeHne XapTpu-®oka. bosblloe BHUMaHWE YLEeNsieTcs Teopun (yHKUMOHaNa MJIOTHOCTM, B 4acTHOCTW, MpUbAnKeHue
JIOKaIbHOW MJOTHOCTYU, Kak LUMPOKO MCMOb3YyeMOoi B pacyeTax MHOr03JIeKTPOHHbIX CMCTEM. B nmocneaytoLler YacTu Kypca noapobHo
paccMaTpuBalOTCA MoJieBble MeTOLbl TEOPUU MHOMMX Ten: BTOPUYHOE KBaHTOBaHMWe, npencTaBieHVe B3avMOAEeNCcTBUSA, onepaTopsl
nons, yHKUUM FprHa, AnarpaMMHas TexHuka. MocneaHsas 4acTb Kypca NocBsilleHa NPUMEHEHNI0 AnarpaMMHON TeXHUKN PelHMaHa
n FonacToyHa A4S pacyeToB CTPYKTYpPbl Y NMPOLLECCOB B3aVMOAENCTBUS CUCTEM MHOTMMX Tes C 3JIeKTPOMarHUTHbBIM MoJsieM 1 ApYrMu
YacTuuamu.

The course presents the modern methods of many-body theory and it applications to describe the structure, dynamic properties and
processes in many-particle systems like atoms, molecules, atomic clusters, nanostructures, condensed matter.

The course starts with the consideration of the systems of independent particles - bosons and fermions, their statistic and the
difficulties of application of the traditional perturbation theory to take into account the interaction between particles. Then the single-
particle approaches like the Thomas-Fermi method, the Local Density Approximation (LDA), the Hartree-Fock approximation, are
discussed. The essential attention is paid to the Density Functional Theory, in particular to the LDA, which is widely used in
calculations of many-electron systems. The next part of the course considers the field theory methods in many-body theory in details:
second quantization, interaction representation, field operators, Greene functions, and diagram technique. The part of course is
devoted to the application of the Feynman and Goldstone diagram technique to the calculations of structure and processes of
interaction of many-body systems with electromagnetic field and incident particles.
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Course content

JeTanbHoe onucaHue Kypca c pasbueHuem no nekuumsaMm/ceMmHapaM/npakTukam:

CTpyKTypa Kypca

Tema Tun 3aHATUA
1 BBeneHue B KBaHTOBYIO 3a4a4y MHOrux Tes. MNyTu pelweHns: KaHOHMYecKkue npeobpasoBaHus, Teopus Nekuunsa +
BO3MYLLLEHNI, METOAbI KBAHTOBOW TEOPMN Mons. cemMuHap
MHOro3n1eKTPOHHbIA aToM. [MpyMep: 0CHOBHOE COCTOosiHME aToMa renns. CnuH 1 NpuHuun Maynm: cnMmmeTpus Nlekunst +
2 BOJIHOBbIX DYHKLMIA, AeTepMUHaHT CnaTepa, MaTPUYHbIE 3/1IeMEeHTbl OT OLHOAETEPMUHAHTHbLIX BOJIHOBbIX »
N ceMuHap
YHKLNNA.
Jlekuunsa +
3 MeTon camocorsiacoBaHHOro cpegHero noas. MNpubnmxeHns XapTpu n XapTpu-coka. cemmHap
. Nekuwnsa +
4 DNEeKTPOHHBIN ra3 B NpubavmxeHnn Xaptpu-Poka.
ceMuHap
o Nekuwnsa +
5 DNEeKTPOHHbIN ra3 B npubamxeHnn Xaptpu-doka. u
ceMunHap
6 Teopusa pyHKUMOHaNa NJOTHOCTU: NMPUBANIKEHNE NIOKaIbHOW NMIOTHOCTKU, 0606l EeHHaa rpagneHTHas Nekuwnsa +
annpokcuMauus, rmbpmaHble pyHKLNOHaNbI. ceMuHap
Nekuwnsa +
7 BTopuyHoe kBaHTOBaHMe.
ceMuHap
8 Teopusa npeactasneHnn: npeactasnenmne WWpeanHrepa, npeacrtasneHune NenseHbepra n npeacrasneHne Nekuwnsa +
B3aMMoOencTBma. S-maTpuua. AgnabaTuyeckas runoresa. ceMuHap
BeepeHune B hopManusm pyHkUuUn puHa:
1) OnpepeneHuve nponaratopa. 3anasgbiBaoLias u onepexatwowas dyHKuMn prHa, cnekTpanabHoe Nlekuns +
9 npencTassieHne, nosntoca MyHkumn puHa. cemuHa
2) YpaBHeHue ansa dyHKUuMn prHa, MaTeMaTnyYeckoe onpepeneHne. P
3) ®dyHKUMA TpuHa cBOBOAHOM YacTULbI.
10 OpHoYacTM4YHaa hyHKUMA FprHa B cCUCTeMe B3aMOAENCTBYOWMX YacTul,. Teopema Nenn-MaHHa v Jloy. Nekuwnsa +
Teopema Buka. ceMuHap
11 Ovnarpammbl eiHMaHa A4sa PyHKUUN ogHOYacTUYHOM MpuHa. AunarpaMMHas TeXHMKa B KOOPAMHATHOM © Nekuwnsa +
MMMYyJIbCHOM MPOCTpPaHCTBe. cemmHap
12 YpaBHeHue [laicoHa ons pyHKUMM ogHoYacTuyHom MpnHa. CobcTBEHHO-3HEepreTuyeckas 4acTb. lnarpaMmmHoe Nekuns +
npeacTasneHne npubamxeHunsa Xaptpu-doka. ceMunHap
13 Teopema NonacToyHa U gnarpaMmHas TexHuka FonactoyHa. MNpubnmxeHne Tamma-LaHkoBa. MpubnvxeHne Nekuwnsa +
cnyYanHbIX a3 ¢ obMeHoM. cemMuHap
Nekuwnsa +
14 [Byx4yacTunyHasa dpyHKuma MpnHa. YpaBHeHns XeauHa. GW npubnvxeHne. YpasHeHne bete-Connutepa. cemmHap
Detailed content and structure with sectioning of lectures/seminars:
CTpyKTypa Kypca
Topic Class type
1 Introduction to many particle problem. Briefly about different ways to solve it: canonical transformation, Lecture +
perturbation theory, quantum field theory methods. Seminar
The many-electron atom: example - the ground state of the helium atom. Electron spin and Pauli principle: Lecture +
2 | symmetry of wave functions, determinantal wave functions, the expectation value of symmetric operator and the Seminar
normalization of a determinantal wave functions.
. . ) . ) Lecture +
3 Basics of the self-consistent mean filed theory. One-electron approximations: Hartree and Hartree-Fock. Seminar
. . . Lecture +
4 The homogeneous electron gas in the Hartree-Fock approximation. )
Seminar
. . . Lecture +
5 The density functional theory: Thomas-Fermi theory, Hohenberg-Kohn theorems, Kohn-Sham approach. Seminar




The density functional theory: the local density approximation, the generalized gradient approximation, hybrid Lecture +

6 . .
functionals. Seminar
- . Lecture +

7 Second quantization. Briefly. u.
Seminar
8 Time evolution picture: the Schrodinger representation, the Heisenberg representation and interaction Lecture +
representation. S-matrix. Adiabatic hypothesis.. Seminar

Introduction to Green's function:
1) Definition as propagator. Casual, retarded and advanced Green's functions. Spectral representation, poles of

9 Green's function. Lsegf:ir:a:r
2) Equation for Green's function, mathematical sense.
3) Green's function of free particle.

. s . . Lecture +
10 Green's function for system with interaction. Gell-Mann-Low theorem. Whick's theorem Seminar
. Lecture +

11 Zero-temperature Feynman diagrams. )
Seminar
. . . . . Lecture +
12 Dyson equation for Green's function. The self-energy. Diagrammatic representation of Hartree-Fock approach. Seminar
13 Goldstone's theorem and diagrammatic technic. The Tamm-Dankoff approximation. The random phase Lecture +
approximation with exchange. Seminar

The two-particle Green's function. The two-particle vertex. Hedin's equations. GW approximation. Bethe-Salpeter Lecture +

14 . )
equation. Seminar

Recommended resources

OcHOBHas

1. B.K./MBaHoB, A.H.inaToB, P.I".MN0oN03k0B, KBaHTOBasa Teopusi MHOrMx Tes, yiebHoe nocobue.

2. H.Mapuy, Y.9Hr, C.CamnaHTxap. MpobsiemMa MHOrMx Ten B KBAHTOBOW MexaHuke.«Mup», M. 1969.

3. A.A.Abpukocos, A.lN.MopbkoB, UN.E.A3910WNHCKMA. MeToabl KBaHTOBOW TEOPUM NOJIA B CTaTUCTUYECKON usumke. dusmat, M. 1962.
4. E.M.lmBwny, J1.MN.Mutaescknin. Ctatuctnyeckas usmka. Yactb 2. IX ToM TeopeTnydeckon dunsmnkn JlaHpay. «Hayka», M. 1978.
5. P.MaTTyK, ®eiHMaHOBCKME AnarpamMmmbl B npobreme MHorux ten. «Mup», M. 1969.

6. C. Penmc, Teopns MHOr03/1€KTPOHHbIX cnuctem, «Mup», M. 1976.

7. G.D. Mahan, Many Particle Physics, 2000.

8. P. Coleman, Introduction to Many-Body Physics, Cambridge University Press, 2015.

JononHutenbHas

1. l.Lindgren, J.Morrison. Atomic many-body theory. Springer. 1982.

2. A.F.Fetter, J.D.Walecka. Quantum theory of many-particle systems. McGraw Hill Book Company. 1971.

3. A.b.Murpan. KayecTBeHHble MeTObl B KBAHTOBON Teopun. «Hayka», M. 1975.

4. H. Bruus, K. Flensberg, Many-body quantum theory in condensed matter physics, 2002.

5. O.ManHc. NMpobnema MHorux Ten. «/IHoCTpaHHasa nutTepaTypa», M.1963.

6. Teopusa HEOOHOPOLHOI O 3JIEKTPOHHOr o0 rasa. lMopa pen. C.JlyHakeucTa u H.Map4a. «Mup», M. 1987.

7. 0. Taynec. KBaHTOBas MexaHnKa CUCTEM MHOMMX YacTuy,. «Mup», M. 1975.

Grading Policy

[lBa NpomMeXXyTo4YHbIX 3a4eTa (B cepefnHe ceMecTpa N B KOHLE) U 3K3aMeH.

Two intermediate attestation and final exam.



