Sagaun K Jeknun «Pynskmuu I'punas

VYupaxkueuus (30 6a1710B)
VYupaxkuenue 1. YpaBHenus nsuxkenus (15 6asios)

1. Mcnonb3ys TOMBKO ypaBHEHUs JBUKEHUS JJisl MIOJIEBBIX OIEPATOPOB, MOKAXKUTE SIBHO, 9TO 3anasipiBaiomuii Dr(x — y) =
O(2° —o°) <[é(m), qg(y)]> n Qeiinmanosckuii Dp(x — y) = <T{(£(x)q3(y)}> [IPONIAraTOPHI JIEACTBUTENLHO SIBJISIIOTCST (DYHK-

musivu ['puna ypasrenust Kaeiina-Topmona (To ectb — ymoBaersopsitor ypabHeHnoo Kieitna-Topnora ¢ mpaBoit gacThio

W (x —y)).

2. CﬂeﬂaﬁTe TO 2Ke caMoe JIJId KOMILJIEKCHOM Teopun KﬂeﬁHa—FOp,ZLOHa.. HOKa}KI/ITe, Y9TO IIPpU 3TOM OIIpejie/IeHue Hy>KHO CJIETKa
I\/IO,HI/I(bI/IH,I/IpOBaTI) (I/IHa‘{e TIOJIyIUTCA HOJIB)Z

Di(x—y) = 0" = 4*) ([6(@), 6 W), Dr(e —y) = (T{6@)d1»)}) 1)
(zamysienne Ha caMoM jiesie cBszano ¢ HajuuueM U (1)-cummerpun B 3a1aue — ¢ — ¢e'®).

Yupakuenue 2. KoopaunarHoe npeacrasienue (15 6amion)

Breipasure koppessrop D(z —y) = <¢3(z)g¥)(y)> 71 TPOCTPAHCTBEHHO-TIO00HO# pazHocTn T — ¥y (Tak uto (x —y)? = —r?) uepes

o Maxonansna Ky, (z). Onpegemnre acumnroruky npul r > m™! u r < m™!. Ilociennsaa He JOJXKHA COJEPIKATD 1M
Y p y 1p p )

1, OYEBUIHO, COBIIAJA€T C TOYHBIM IIPOIIAraTopoM B Oe3maccoBoii Teopun m = (.

Baga4un (70 6assos)
3agaua 1. IIpocroii rapmoHnyeckuii ocumuiaTop (30 6asios)

Paccvorpure «0 + 1-MepHYI0O KBAHTOBYIO TECOPHIO TOJIsT» — KBAHTOBYIO MEXAHUKY MPOCTOT'O TAPMOHIMYECKOTO OCIULIATOPA, KO-
TOPBIIT 38/TAETCS CAETYIOMNM AeiCTBAEM:

1

Stote) = 5 [ dt (3(0) - wbo?0)) )

1. IlepelinuTe K KBAHTOMEXaHUIECKOMY OMUCAHUIO, BBEJIST OTIEPATOPHI KOOPJIMHATHI U UMITYJIHCA ¢ KOMMYTAITMOHHBIM COOTHO-
nterueM [¢, 7] = 4. IocTpoiite onepaTopbl pOXKICHUS U yHUITOXKEHUA 4 U at, mmaromammsyiite ramuabTOHIAH.

2. Pemmre ypaBuenus ['eiizenbepra jijist JeCTHUYIHBIX orrepaTopoB. Vcmomnb3ys ux, Berancinre OeitHMaHOBCKUN 1 3ama3/bIBa-
IOIIUIA IIPOIIaraTophl:

Dp(ty — t2) = (T{o(t)d(t2)} ), Drlts — t2) = 0(t1 — t2) ([(t1), d(t2)] ). (3)
ITokaxkure, aro oHu coBnanaor ¢ GyHkuaMmu ['puna kiaaccudeckoro ypasuenus [1I'O. Berauciure nx @ypbe-o6pasb
DF(w) n DR(UJ).
3agaua 2. Paznnunble pyukuuu I'puna (25 Gansos)

Ucnonb3ys nosydenuble 3Hanust, Boraucanre ciaepyomue Peiinmanosekue dynkuuu 'puna (J0CTaTodHo cIejJaTh 9TO JIUIb B
UMILYJIbCHOM IIpeJcTaBiienuu!):

1. @yukmuio I'puna cBobomgHoro Pepmu-raza:
Gr(®1 — o, t1 — ts) = —i (Q T{P(1, 11)¢1 (w2, 12) }|2) (4)

(rme |Q) coorBercrByer 3anonnenuoit Pepmu-cdepe ¢ ummynscamu p < pr). Ilokaxure, uro ecan |Q) = |0) (dbepmuonos
HeT), TO OHA COBIAJAET C 3alla3/IbIBAIOIIIM IIPOIAraTOPOM; OKAYKUTE TAKIKE, UYTO B OOIIEM CJlyuae 3HAK NHMOUHATE3NMAIb-
HOJT MHMMOIT yacTu 0 B 3HAMEHATesIe KaK Pa3 ONpPeJIesIsieTcs 3all0JHEHHOCTBIO COCTOSIHUSI ¢ COOTBETCTBYIOIIUM MMILYIHCOM
B OCHOBHOM COCTOSTHUH.

2. @Oyuknuo ['puHa n1po1oabHBIX (DOHOHOB:

~—

DF({Iil — wg,tl — tg) = <7’{divﬁ(w1,t1) -diVﬂ($27t2)}> (5

1ECJII/I BOCCTaHOBUTH pa3MEpPHbIE KOSCb(i)I/IU\I/IeHTbI, TO CTOHLU\I/Iﬁ TyT macuiradb paCCTOHHI/Iﬁ - h/mc, KOMIITOHOBCKadA JIJINHa BOJIHBI YaCTHUIIBI.




3agauda 3. Cease pynkumii I'puna (15 6ansos)

A~ A~ -2
IIycrs Hy — TPOM3BOJIBHBIN OJHOUACTHIHBIN raMuIbTOHNaH (Hanpumep, Hy = g’—m + U(x)). PaccMOTpUM COOTBETCTBYIOILY IO
MHOT'OYaCTUYHYIO 3a/la4dy C IOJIEBBIM I'aMUJIBTOHUAHOM:

= / da () Byt () (6)

1. IlycTb u3BecTen moJiHbIil HAOOP perteHuit oqHoYacTuIHOro ypasuenus [IIpéaunrepa ¢ ramMmuibronnanoM Hy — opTOHOPMU-
0
poBaHHbIe BOJHOBBIE byHKIMU Py, () U coorBercTBYIOmUe uM sueprun E,,. Boipasure depe3 HUX IOJIEBbIE OIEPATOPHI, &
TaK>Ke 3ala3/bIBAOILYI0 PyhKyuto I pura:

—i0(t1 — t2) [@Z(ml,tl),z/}T(mg,tg)]>, bosons

. N 7
—i0(t; — t2) {w(ml,tl),wT(:Bg,tg)}>, fermions @)

GR(mla m27t1 - tZ) -

2. C spyroit CTOPOHBI, BBIPA3UTE YePE3 T YK€ BEJNINHBI O/IHOYACTHIHYIO (hyHKIno ['puna — pezoaveenmy — OIpe/iessieMyio

CJIETY FOIIMM 00pa30M:
1

Gr(x1,29,F) = (1| —————
alon e B) = ol o =

|z2) (8)
3. Hakomnen, Berauc/mTe nponazamop, ONUCHIBAIONIAI PACIPOCTPAHEHNE YACTUIBI U3 TOYKU Lo B TOUKY €1 3a BpeMs t1 — to:
Gr(@y, o, ty — ts) = —i0(ty — o) (1| Uty — t2) lxa), U(t) = exp (—iﬁot) (9)

4. TokaxkuTe, 4TO BBIIUCAHHBIE BbIle TPU O0OBEKTA (KOTOPBIE, BOOOINE TOBOPS, UMEIOT PA3HYI0 CTPYKTYPY U BO3HUKAIOT B
Pa3HBIX 3a/1a4aX) — YKBUBAJIEHTHBL JIDYT JIPYTY.

5. Berumcsure uX B MMITYJIBCHOM MIPEJCTABJICHAN J7Is ¢BobogHON dactuusl U(x) = 0.



