Sajgaan K jgekunn «Oyaxiuu ['puHas

Yupaxkaenus (30 6as0B)

VYupaxkuenue 1. YpaBHenus aBurkenusi (15 6ason)

1. Vcnonb3ys TOABKO ypaBHEHUs! JIBUMKEHUS JJisl [IOJIEBbIX OIIEPATOPOB, IOKAXKUTE sIBHO, YTO 3anasipiBaiomuii Dg(z — y) =

0(z° — y¥) <[¢(x), (;AS(y)]> u Qeitumanosckuilt Dp(x — y) = <T{¢A5(x)(2>(y)}> MPONAraTOPHI JIEHCTBUTENBHO SIBJISIIOTCST (DYHK-

musivu ['puna ypasuenust Kaeiina-Topiona (To ectb — yjoBierTBopsitoT ypabHeHnoo Kieitna-Topiona ¢ mpaBoit 1acTbio

00 (z —y)).

2. Caemnaiite TO Ke camoe Jijisi KoMILiekcHoi Teopun Kieitaa-T'opgona. [Tokaxkure, 9To Ipy 3TOM OIpejie/ieHre Hy>KHO CJIErKa
MoAuUIUPOBATH (MHAYE IOy YUTCS HOJID):

Da(x —y) = 0" = ") (). 6’ W]},  Drlw—y) = (T{3(2)d' W)}) M

(3amyseHne Ha caMOM jese cBsi3aHo ¢ HaamdueM U (1)-cuMmMerpun B 3ajade — ¢ — ¢e'®).

Yupaxkuenune 2. Koopaunaraoe npeacrasienue (15 6amios)

Bripaszure koppessarop D(x —y) = <<§(az)d§(y)> 711 TIPOCTPAHCTBEHHO-TI0I00HO# pazHocTn T — ¥ (Tak uto (x —y)? = —r?) uepes

HKIIIO MaKaoHaabla £, (z). Onopegennure acCUMITOTUKY IpU- 7 m- - ur m~ . llocienuss He OOJIKHA COOAEp2KaThb M,
y M K 0 y npul r > m~! <m LIl

U, OYEBUIHO, COBIIAAET C TOYHBIM IIPOIIAraTopoM B Oe3maccoBoit Teopun m = (.

Bagaqan (70 GasioB)

Bamaga 1. IIpocroii rapmonndeckuii ocuusstop (30 6asaoB)

Paccvorpure «0 + 1 -MepHYI0O KBAaHTOBYIO TE€OPHIO MOJIsT» — KBAHTOBYIO MEXAHUKY ITPOCTOTO TAPMOHUYECKOTO OCITULIATOPA,
KOTOPBIN 33/1a€TCs CIeAYIONTIM JeHCTBAEM:

Slot) = 5 [ dt (3#(0) - we?0)) £l

1. TlepeiinuTe K KBAHTOMEXAHUIECKOMY OIMCAHUIO, BBEJIS OEPATOPHI KOOPAWHATHI M MUMILYJIbCA ¢ KOMMYTAITMOHHBIM COOTHO-
urenmeM [¢, 7] = 4. IlocTpoiiTe omepaTopbl POYK/ICHHS I YHHUTOKEHUs G U G, 1uaronaimsyiite raMuIbTOHHAH.

2. Pemmre ypaBuenns ['eiizenbepra mjist jecTHUIHBIX omepaTopoB. Vcmonb3ys nx, Beranciante PeitHMaHOBCKUN 1 3ama3/IbIBa-
IOIIUIA IIpOIIaraTopbl:

Di(ts —12) = (T{3(1)d(t2)}) . Drlts = t2) = 0(t — t2) {[B(2). S(t2)]) . 3)

ITokaxkure, aro oHu coBnamaor ¢ GyHkmusaymu ['puna kiaaccudeckoro ypasuenus [1I'O. Boraucinre nx @ypbe-o6pass

Dp(w) n DR(UJ).

Bamada 2. Ca3b dynknuii 'puna (20 6ansios)

A~ ~ a2
IIycrs Hy — Hpou3BOIbHLI OHOYACTHYHBLA TaMuibronnan (nampumep, Ho = 2 4+ U(x)). PaccmoTpuM coOTBETCTBYIONLYIO
MHOTOYACTUYHYO 33J1a9y C [MOJIEBBIM TaMUJIBTOHUAHOM:

ﬁ:/mwwWW@> (4)

1ECJ’II/I BOCCTaHOBUTH pa3MeEpHbIe KOSCb(i)I/IH\I/IeHTbI, TO CTOHLU\I/Iﬁ TyT maciradb paCCTOHHI/Iﬁ - h/mc, KOMIITOHOBCKadA JAJINHa BOJIHBI YaCTHUIIBI.




1. IlycTb n3BecTen moHBIH HAOOD perteHuit oqHoYacTHIHOTrO ypasHenus IIIpéaunrepa ¢ ramMuabToHnanoM Hy — OpTOHOPMU-
poBaHHBIE BOJHOBBIE DYHKIUM Yy, () U cOOTBeTCTBYOIME UM Heprun F,,. BeipasuTe vepes HUX MOJIEBbIE OIEPATODHI, a
TaKXKe 3ala3/[bIBAIOIIYI0 yrkyuo I'puna:

~if(ts — t2) ([(@r,t1), 01 (@2, 12)] ), bosons

. R 5
—’L'Q(tl - tz) {¢($1,t1),¢T(w2,t2)}>, fermions ( )

GR(mla m27t1 - t2) -

2. C apyroii CTOPOHBI, BBIPA3UTE YePE3 T YKE BEJIMINHBI OJHOYACTUIHYIO (DYHKIMIO ['pUHA — PE30AbEERMY — ONPEIENISIEMYIO
CJIETYFOIIMM 00pa30M:

Gr(x1, T2, E) = (1| ———— |x2) (6)

3. Haxomner, BbIYuc/IMTE NPONA2aMOpP, OMUCHIBAIONINAI PACIPOCTPAHEHNE JACTUIIBI U3 TOUKU Lo B TOUKY &1 3a BpeMsd t1 — to:
Grlzy, za,t1 — to) = —i0(t, — t2) (@1| Uty — t2) |@2), U(t) = exp (ﬂ'ﬁot) (7)

4. IIOK&}KI/ITG7 YTO BBIIIMCaHHBIC BbIIIEC TPpU O6'beKTa (KOTOpre, BOO6HL€ I'oBOp4d, UMEIT pa3Hy}o CprKTypy U BO3HUKAIOT B

Pa3HBIX 3&,&&an) — 9KBUBAJICHTHLI JIDYT APYTY.

5. Beluncaure ux B UMILYJILCHOM MIPEICTABJICHAN it cBOGoaHO vacTunpt U(x) = 0.

Banagda 3. Pazuunbie dynkuuu I'puna (20 6assios)

Ucnonb3yst nosydenuble 3Hanus, Boraucsure cienyomue Pelinvanosckue dyukuuu ['puna (10cTaTodHo cienarb 9T0 JHIIb B
UMILYJIBCHOM IpeJicTaBiienun!):

1. @yukmumio I'puna cBobomgHoro Pepmu-rasza:
Gr(r — @2, ty — by) = —i (Q T{h(w1, 1101 (w2, 12) } ) (8)

(rme |©2) coorBercTByer 3anosnHenHoit @epmu-cdepe ¢ ummynbcamu p < pr). Hokaxkure, uro ecau |Q) = |0) (bepmuonos
HeT), TO OHA COBIIAJIACT C 3alla3/IbIBAIOIIIM IIPOIAraTOPOM; OKAYKUTE TaKKe, YTO B OOIIEM CJIydae 3HAK NHMUHATE3NMAIb-
HOJT MHMMOIT JacTn 40 B 3HAMEHATEJIe KaK Pa3 ONPeJesIsAeTCs 3al0HEHHOCTBIO COCTOSIHUS ¢ COOTBETCTBYIOIIAM HMILYIHCOM
B OCHOBHOM COCTOSIHUH.

2. Oyukmuio ['puma mpoaoabHBIX (POHOHOB:

Dp(y — a0, t1 — ta) = <7’{divﬁ(m1,t1) -div'&(acg,tg)}> 9)



