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Kypc BBOOUT B OCHOBbI KBAaHTOBOW TeOpPUWU MOJISi KaK YHMBEPCasibHOro hopManniMa AJis ONUCaHUS KBAHTOBbIX B3avMOLEWCTBUNA.
PaccmaTpurBaloTCA KaHOHMYECKOE KBAaHTOBaHME CKassApHbIX, CMUHOPHbLIX Y BEKTOPHbIX MOJEN, CUMMETPUN N 3aKOHbl COXPaHEHUs, a
Tak>Xe nponaraTopbl U AUCKPeTHble Npeobpa3oBaHUs.

N3yyaloTcs MeToAbl Teopuu BO3MYLLEHWA: MpefcTaBfieHMe B3aMMOAENCTBMA, MOCTpoeHue S-maTpuubl, Teopema Buka, TexHuka
dernHMaHOBCKMX AuarpaMM u npasuna PerHMaHa A1 (PEPMUOHHBIX W 3JIEKTPOMArHUTHbIX Mnonen. ObcyxpalTcs CroHTaHHoe
HapyLlleHne cuMMeTpumn, Teopema NoNACTOyHa N KBAHTOBaHME B Pa3/IMyHbIX KasnbpoBKax.

Kypc copMupyeT MaTeMaTUYECKUA U BbIMUCAUTENbHbLIA annapaT, HeobXxoAuUMbIN ANa U3y4YeHUs CTaHZapTHOW MOLeNn, KBaHTOBOW
XPOMOANHAMUKN N COBPEMEHHbLIX TEOPUIA B3aUMOLENCTBUN.

This course introduces the foundations of quantum field theory as a universal framework for describing quantum interactions. Topics
include canonical quantization of scalar, spinor, and vector fields, symmetries and conservation laws, as well as propagators and
discrete transformations.

The course covers perturbation theory methods: the interaction picture, construction of the S-matrix, Wick’'s theorem, Feynman
diagram techniques, and Feynman rules for fermionic and electromagnetic fields. Spontaneous symmetry breaking, the Goldstone
theorem, and quantization in different gauges are also discussed.

Students will acquire the mathematical and computational tools necessary for further study of the Standard Model, quantum
chromodynamics, and modern interaction theories.
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Copep>xaHue Kypca
Structure

CTpyKTypa Kypca

J1.1. BeepgeHune (MoTuBauunsa, obnacTb NPUMEHEHUS, CBA3b C KBAaHTOBOW MeXaHWMKOW, CBA3b C KBAHTOBOW TeOpuen CUCTEM MHOrmX
YacTuy, npocTpaHcTBo Poka).

N.2. O630p opmManm3mMa KaCCMYECKON Teopuu Mnons, ucnosab3yemoro Ans GopmynnpoBkn KT (narpaHxxes dopMannsm,
ramuabTOHOB hopMannsMm, Teopema Hetep).

J1.3-4 KaHOHUMYecKoe KBaHTOBaHue nona KnenHa-ropaoHa. BewecTseHHoOe none n KOMMNAeKCHoe rnone.

N1.5-6. MNpeobpaszoBaHus JlopeHua OnA Mons cnumHa Y2. YpaBHeHne [upaka. YpaBHeHue Beins. PeweHus ypaBHeHUs [Oupaka pas
cBoboHbIX YacTuy,. MaTpuubl Anpaka. bunnHelHble OpMbl C ANPAKOBCKMMU CANHOPaMU.

J1.7-8. KBaHTOoBaHMe nons Aupaka. CBA3b CNUHa CO CTAaTUCTWUKOW. MpoCTenwmnin NnpuMmep KaHOHWUYECKOro KBaHTOBaHWSA CUCTEM CO
cBA3AMM  (CKoBkM [Oupaka). OCHOBHble XapaKTepPUCTUKM KBaHTOBOro nons [upaka. [OupakoBCKU nponaratop. LOUCKpeTHble
CUMMETPUX B TEOPUM AMPAKOBCKOrO Nos.

N1.9. NlnHenHana curma mofens. Teopema onacTtoyHa.
J1.10. KBaHTOBaHME 3/1eKTPOMArHUTHOIO MOJIsi B KYJIOHOBCKOW KannbpoBke. KBaHTOBaHMe B JIOPEHLEBCKON KannbpoBke. FoCThI.

N1.11-13. Teopua BO3MYLIEHUIA ONA B3aUMOAENCTBYOLWMX MOSen Ha npumepe Teopun ¢du-4. MNMpencrasneHne B3anMopencTeus. S-
MaTpuua. AByXTo4YeYHbIE KOPPENAUNOHHbIE yHKUNK. TeopeMa Buka. ®eriHMaHOBCKME AnarpamMmmbl.

J1.14-16. ®enHMaHoOBCKMe nNpaBuia Ana gpepMmoHoB. DeiHMaHOBCKME NpaBuia AJ1 KBAHTOBOW 3/1eKTPOANHAMUKN.

L.1. Introduction (motivation, field of application, relation to quantum mechanics, relation to quantum many-body theory, Fock space).
L.2. Review of the classical field theory formalism used for formulating quantum field theory (Lagrangian formalism, Hamiltonian
formalism, Noether’s theorem).

L.3-4. Canonical quantization of the Klein-Gordon field. Real field and complex field.

L.5-6. Lorentz transformations for a spin-% field. Dirac equation. Weyl equation. Solutions of the Dirac equation for free particles.
Dirac matrices. Bilinear forms with Dirac spinors.

L.7-8. Quantization of the Dirac field. Spin-statistics connection. Simplest example of canonical quantization for systems with
constraints (Dirac brackets). Main characteristics of the quantum Dirac field. Dirac propagator. Discrete symmetries in the theory of
the Dirac field.

L.9. Linear sigma model. Goldstone’s theorem.

L.10. Quantization of the electromagnetic field in the Coulomb gauge. Quantization in the Lorentz gauge. Ghosts.

L.11-13. Perturbation theory for interacting fields using the ¢* theory as an example. Interaction picture. S-matrix. Two-point
correlation functions. Wick’s theorem. Feynman diagrams.

L.14-16. Feynman rules for fermions. Feynman rules for quantum electrodynamics.



