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Yupaxkaenus (40 6as110B)

VYupaxkuenune 1. Teopema Buka (15 6ansoB)

1. (xak HeaB3d AenaTn) IlycTh [n) — n-Toe BO3OYKEHHOE COCTOSTHIE KBAHTOBOTO OCHULIATOpa. Beraucimre (n|aaa’al |n).
CpaBHHTE C pE3yIBTATOM, KOTOPBI OJIy InJIcst 661 npH (OmmGOYHOM ) IPIMEHEHIH TEOPEMBI BUKa U BBIYUCIECHAN MOTIAPHBIX
CBEPTOK.

2. («Golden rules) Teneps paccmorpure BemiecrBennyio Teoputo Kueiina-Topunona. Ucnons3ys reopemy Buka, Borauciure
CJCAYIOMUNA MATPUYHBIA 9JI€MEeHT

Viea = ol ( [ 0 @) Ipp )

(oupejiesienue |p) Bl HalijETe B 3a/1a9aX KO BTOPOI Jiekuu). Bee MMILy/IbChl MOKHO CYUTATH IIOIAPHO PA3JIXIHBIMU.

VYupakaenue 2. YpaBHenusi asrmxenus (15 6aios)

1. Vcnonb3ys TOMBKO ypaBHEHUs JBHKEHUs JJIs IOJIEBBIX OIEPATOPOB, HOKAXKUTE sIBHO, YTO 3anasapiBatouil D (z — y) =
0(x® — o°) <[q§(m), q@(y)]> u Qeitumanosckuilt Dp(x — y) = <T{¢3(x)q3(y)}> [IPOIIAraTOPBI JIEHCTBUTEIBHO SBJISIOTCS (DYHK-

muamu [puna ypasuenust Kueiina-Topaona (To ectsh — yznosyiersopsior ypasuenuto Kieitna-T'opiona ¢ mpaBoit 4acTbio
10 (@ —y)).

2. Cpenaiite To ke camoe a1 KomiwiekcHoi# Teopun Kneiina-T'opmona. ITokaxknuTe, 9T0 IpH 3TOM OIIpEIEIEHNE Hy?KHO CJIETKA
MOAUUIUPOBATH (MHAYE IIOJIyYUTCS] HOJIb):

Di(z—y) = 0" —4") ([6@). 6'W)]), Dr(e—y) = (T{3@)d'»)}) (2)

(samysieHme Ha caMoOM jeJie cBsA3aHo ¢ HajmuaueM U(1l)-cumMmerpun B 3a1ade — ¢ — pe'®).

Yupaxkuenune 3. Koopaunaruoe npeacrasienue (10 6amios)

Beipasure koppessitop D(z —y) = <¢A5(x)$(y)> IS TIPOCTPAHCTBEHHO-TIONOOHO pasHocTH x — ¥y (Tak uro (z —y)? = —r?) "epes

bynxmmo Makonamsaa K, (z). Onpenemure acumntoruky mpu' r 3> m™t u r < m™L. Tlocieamss me J10M7KHA CONEPKATD M,

U, OYEBUIHO, COBIIAJIa€T C TOYHBIM IIPOIIaraTopoM B He3maccoBoii Teopun m = 0.

Bana4un (60 6as0B)

Banaga 1. IIpocroii rapmonunyeckuii ocuuiisitop (20 6as110B)

Paccmorpure <0 + 1-MepHYI0 KBaHTOBYIO TEOPHIO IOJIs> — KBAHTOBYIO MEXAHUKY IIPOCTOIO TaPMOHUYECKOTO OCIMJLIATOPA,
KOTOPBII 33/Ia8TCS CJEYIONIUM JIefICTBUEM:

Stote) = 5 [ dt () - wte*v) Q

1. TlepelinnTe K KBAHTOMEXaHUIECKOMY OIUCAHUIO, BBE/IS OMEPATOPHI KOOPJAUHATHI U UMITYJIHCA ¢ KOMMYTAITMOHHBIM COOTHO-
enneM [¢, 1] = i. TlocTpoiiTe onepaTopbl POXKIEHNS] U yHUUTOXKEHUs! 4 1 al, nmaromasmsyiiTe raMIIBTOHHAH.

Ecn BOCCTAHOBUTH paszMepHbie KO3(bMUIHEHTDI, TO CTOANIMI TYT MACIITA0 PACCTOAHUN — /i/MC, KOMITOHOBCKAS JJIMHA BOJHBI YACTHIIBI.



2. Pemure ypaBuenus [eitzernbepra /st TECTHUIHBIX OmepaTopoB. Vcmoab3ys ux, Beranciante PefiHManOBCKAM 1 3aIma3/IbIBa-
FOIIUI TIPOITAraToOPhI:

Dp(ty —t2) = <7A'{¢A5(t1)¢3(t2)}> . Dpr(ti —t2) = 0(t1 — t2) <[¢A§(t1), Qg(tz)]> . (4)

Ilokazkure, 9TO0 OHU COBHAJAIOT ¢ (pyHKIUsMU ['puHa Kiaccudeckoro ypashenusi [1I'O. Berauciure nx @ypbe-o6pasbl

Dp(w) u Dr(w).

3. Ucnonb3yst TOJBKO OLEpATOpHbIE YPABHEHWs Jisl JBUXKeHUs moJiei ¢(t) u 7(t), NHOKaKUTe SIBHBIM BBIYHUCJIEHUEM, YTO
[IOCTPOEHHBIE TYT OOBEKTHI ABJOTC MYHKIUAME | puna ypasaerus [1T°0.

Bamada 2. Ca3p dysaknuii 'puna (20 6ansios)

~2

IIycrs Hy — HpoM3BOMBbHLI OHOYACTHYHBLA Tamuibronnan (nampumep, Ho = 2 + U(x)). PaccmoTpumM cooTBETCTBYIONTYIO
MHOTOYACTUIHYIO 33129y C [IOJIEBBIM MaMUJIbTOHHAHOM:
i = [ dwi (@) b @) (5)

1. Ilycre uzBecTeH moJiHBIN HAGOP pelneHnii ogHOoYacTUIHOrO ypapHenus [IIpéaunrepa ¢ ramuibrornanoM Hy — opToHOpMU-
poBaHHbIe BOJHOBBIE byHKIMU Py, () U coorBercTBYIOmUe uM ueprun E,,. Boipasure yepe3 HUX IOJIEBbIE OIEPATODPDI, &
TaKzKe 3ala3/bIBAONLYI0 Pyrkyuo ['puna:

—if(ty — to) [q;(xl,tl),z/}uxg,@)D, bosons

. R 6
—i0(t1 — ta) {w(ml,tl),wT(mg,tg)}>, fermions (6)

Gr(x1,x2,t1 —t2) =

2. C apyroit CTOpOHBI, BEIDA3UTE Yepe3 Te K€ BEeJIMUNHBI OJTHOYACTUIHYO DYHKIUIO | prHa — pe3oaveenmy — OIpeesseMy o
CIIEYFOTIM 00pa30M:

Gr(T1, T2, B) = (x1| ———— |22) (7)

3. Haxkomnen, BoraucamTe nponazamop, ONUCHIBAIONIAI PACIPOCTPpAHEHNEe JACTUIIBI U3 TOYKU T2 B TOUKY &1 3a BpeMs t1 — to:
Gr(@y, o, ty — ta) = —i0(t, — t2) (@1 | Uty — t) |lza), U(t) = exp (—u;rot) (8)

4. TokaxkuTe, 4TO BBIIUCAHHBIE BbIle TPU O0OBEKTA (KOTOPBIE, BOODINE TOBOPS, UMEIOT PA3HYI0 CTPYKTYPY U BO3HUKAIOT B

Pa3HBIX 3a/la4aX) — YKBUBAJIEHTHBI JIDYT JIPYTY.

5. Beluncaure uX B UMILYJIBLCHOM IIPEJCTABIEHUN it cBOGoaHOI vacTunpl U(x) = 0.

Banaya 3. Pazuunbie dynknuu 'puna (20 6aniios)

I/ICIIOHbSyH IIOJIYY€HHbIC 3HaHUA, BBIYUC/IUTE CJIE/IYIOIIue DeifHMaHOBCKIE beHKLLI/II/I FpI/IHa (,Z_IOCTaTOLIHO cejiaThb 9TO JIMIIb B
UMITYJIbCHOM Hpe,ZLCTaB.HeHI/II/I!) :

1. @yukmuio 'puna cBobogHoro Pepmu-raza:
Gr(x — @a,ty — ty) = —i (Q T{th(x1, 11)Y (2, 12) } Q) 9)

(rzme Q) coorBercrByer 3anoinennoii Pepmu-cdepe ¢ umiryabcamu p < pr). Hokaxkure, aro ecau [2) = |0) (bepmuonon
HET), TO OHA COBIAJIALT C 3AIa3/IbIBAIOIINM TIPOIATATOPOM; MOKAYKUTE TAKIKE, ITO B OOIIEM CJTyvae 3HAK NHOUHATEZNMAb-
HOIt MHUMO# JacTu i0 B 3HAMEHATE e KAK PA3 OIPEJIENSIETCs] 3aII0JJHEHHOCTBIO COCTOSTHUSI ¢ COOTBETCTBYOIIAM MMITYTHCOM
B OCHOBHOM COCTOSIHUH.

2. Oyukruio ['puHa mpo0bHBIX (POHOHOB:

D@1 — 20, b1 — t2) = <7'{divﬂ(m1,t1) -divﬂ(:cg,tg)}> (10)



