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AHHOTaAUMs

PaccmaTpmBatoTca IOKaAbHbIE CUMMETPUM B TEOPUM MOPOKAEHHOTO NPOCTPAHCTBA-BPEMEHM.
MoKa3aHo, 4To B 31O Teopuu nmetotca U(1), SU(2) n SU(3) noKkanbHble cummeTpumn. PaccmoTtpeH
KOPMYCKYNAPHO-BO/IHOBOM Ayain3M.

BBeaeHue
B aTOM cTaTbe A paccMaTpPMBaO IOKa/IbHbIE CUMMETPUM B TEOPUM MOPOKAEHHOIO NPOCTPAHCTBA-
BpeEMEHMW.

U(1) cummeTpus

Kak 6blna nokasaHo B npeaplaywmx ctatbax [1][2], Habaogaemoe NpPoCcTPaHCTBO-BPEMSA A0JIKHO
UMeTb CUMMETPUIO K NpeobpasoBaHuam JSlopeHua. TaK ¥e, 6bIn0 NOKasaHo, YTo GYHKLUMUN Pa3noKeHus
(1 cBA3aHHbIE C HUMW BOTHOBbIE GYHKLMKU) MOTYT UMETb BU,

a(x,t)e Wt

KaK 6b110 NoKa3aHo, NpU U3MEHEHUU COCTOAHMA YaCTULLbI MO NMPUUYNHE KaKOro-1Mb0 BHELUHEro
BO34eNncTBMA, MHPopmMaLMa 06 3TOM HaYHET PacNPOCTPAHATLCA OT TOYKM U3MEHEHUS BO BCE CTOPOHbI U
C OAMHAKOBOM CKOPOCTbIO, PAaBHOM CKOPOCTM CBETA. ITO 03HAYAET, UTO A0/IKHA ObITb HEKOTOPasA
KpyroBas fioKa/bHasA cummeTpus. Tak KaK BOIHOBble QYHKLMU KOMIMIEKCHbIE, TO U CUMMETPUM L0/KHbI
6bITb KOMMNNEKCHBLIMW. B 3TOM C/ly4ae, MOXKHO FOBOPUTb, YTO BOJIHOBbIE QYHKLMU AONKHbI COAepKaTb
U(1) cummetputo.

SU(3) cummeTpus

U(1) cummeTpumsa, onMcaHHasA Bbille, OTHOCUTCA K USMEHEHUAM, PAcnpPOCTPAHAIOLLMMCA CO CKOPOCTbIO
cseTa. MOXKHO /M HAWTK Kakne-nnmbo Apyrue NoKabHble CUMMETPUMU, HE PAaCNPOCTPaHAOLWMECA HA
$pOoHTe CBETOBOM BO/HbI?

B1AHO, YTO [O/IKHA CYLLECTBOBATH CUMMETPUSA K MOBOPOTaM B 3-X MEPHOM EBKIWUA0BOM NMPOCTPAHCTBE.
Mpu noBopoTe, GYHKLUM PA3N0KEHUA LOMKHbI NEPEXOANTL CaMM B ceba. CUMMeTpUA J01XKHa BbITb
JIOKa/IbHOM, NOTOMY YTO MHAYe Npu NoBopoTax byAeT HapyLIaTbCA NPUHLMM JIOKANbHOCTU.

[lonyKHa 1 NpyY 3TOM BbINONHATLCA CUMMETPUA K OTPAXKEHUAM? [N oTBETa Ha 3TOT BOMPOC HYXKHO
MOHATb, MOXHO /I NOCTPOUTb NOJHbIN GYHKLMOHANbHbIN 6a3nc GyHKUMIA pasnoxkeHns 6e3 cummeTpun
K oTparkeHuto. Cnocoba NocTpouTb Takoi 6asunc He BUAHO. M3 3TOro MOXKHO cAeNlaTb BbIBOZ NPO
HeobX0AMMOCTb CUMMETPUM K OTPaXKeHUI0. TaK KaK BONHOBas GpyHKLMA ABAAETCA KOMIMIEKCHOM
bYHKLMEN, TO HAWAEHHAs CUMMETPUA TaKKe A0KHA ObITb KOMNIEKCHON. TeM CaMbiM, MOXKHO
roBOpUTb, YTO HalgeHa fIoKanbHaa SU(3) cuMmeTpus, coyeTaloLlan CUMMETPUIO K NOBOPOTaM U
CUMMETPUIO K OTPAXKEHUAM.



SU(2) cummeTpus

Mpepnonoxum, YTo UMeeTcA HeKoTopan rpynna yHKumin, ygosaetsopstowas SU(3) cummetpun. B
HEKOTOpPbI MOMEHT BPEMEHU, OHU M3MeHUAKCB. [pynna GyHKLMI No npexkHemy yaosnetsopsaeT SU(3)
CUMMETPUN, HO C 3TUMU d)yHKLI,VIFIMVI npounsownn nNsmeHeHuUA.

Kak aTto byaet HabatogaTbca? B aTom cnyyae, byaeT pacnpocTpaHATLCA HEKOTOPbIN GPOHT,
cogeprKaluii uHpopmaunio 06 nsmeHeHun. o atoro ¢ppoHTa Yactuua yaosnersopaeT SU(3)
CUMMETPUU, NO3XKE TOXKe YA0BNETBOPAET, HO C USMEHEHUAMM. DTO 03HAYaeT, YTo Ha GpoHTe
pacnpocTpaHseTcs HekoTopas SU(2) cummeTpus, KoTopas npousBoanTb cmeHy SU(3) cummeTpun.

Bonpoc o Tom, noyemy BooblLie YacTuubl ¢ SU(3) cummeTpuein MoryT nepexoamTb MexKay pa3HbiMu
SU(3), peluaetca B paMmKax aHTPOMHOro nNpuHLUMna.

Kopnycky/ispHO-BOJIHOBOM AyasiN3M

B KBaHTOBOW TEOPUN UMEIOTCA PAL KOHLENUMI, KOTOPbIe NPAKTUYECKN HEBO3MOXKHO HArNA4HO
06BACHUTL. MIX MOYKHO TONIbKO MPUHATL, Ha OCHOBE TOTO YTO OHW COTIACYHOTCA C Pe3yNbTaTamu
aKcnepumeHToB. OAHOM M3 TaKUX KOHLLENLMIA ABNAETCA KOPMNYCKYNAPHO-BOHOBOW Ayanunsm.

KaK noHATb 3Ty KOHUENUMIO B paMKax TEOPUU SIMEPAKEHTHOIO NPOCTPAHCTBA-BPEMEHN?

[na oTBETAa Ha 3TOT BOMPOC, HYXHO NOHATH YTO YACTULLbl B PaMKax 3TOM TEOPUUN NPOABAAIOTCA TO/IbKO
npu HabatogeHUU. Yactnubl — 370 Habop GYHKLMI PA3OKEHMA C HEKOTOPbLIMU FPYMNNOBbIMM
CBOMCTBaMM, TAKMMM YTO OHU NpW HabNOAEHUM BCEraa TONIbKO B KAKOM-TO OAHOM KBAaHTOBOM
COCTOAAHMM, YA0BNETBOPAIOT IOKA/bHBIM CUMMETPUAM U T.N. Be3 HabaoaeHUA OHM 3BONOLUOHUPYIOT
KaK BOJIHbl. Tak peanu3yoTcA KOPNyCKyAAPHO-BOJIHOBOM AyanunsMm.

3ak/jloueHue

PaccmaTpuBaloTca JIoKa/ibHble CUMMETPUN B TEOPMU NOPOXKAEHHOrO NPOCTPaHCTBa-BpPEMEHM.
MokasaHo, uTo B 31Ol Teopum umetotca U(1), SU(2) n SU(3) nokanbHble cummeTpun. Tem cambim, B
TEOPUN MMEIOTCA BCE CMMMETPUU, nmetolmeca B CTaHaapTHOM MO/, a TaKKe MMEEeTCA cneumanbHas
1 0611an Teopua OTHOCUTEIBHOCTU. ITO rOBOPUT O TOM, YTO B pamKax MNMNBM teopun OTO 1 KBaHTOBaA
MeXaHWKa /Ierko 1 NpocTo o6begnHAIOTCA, Ha OCHOBE 04HOro GyHAAMEHTaIbHOIO NOJIA, pPellaeTca
LLeNbl KOMMNIEeKC GyHAAMEHTaIbHbIX BONPOCOB GU3NKKM U punocodum. YTo Kak bl ABNAETCA TEM, UTO
06bIYHO OXMAAIOT OT eAUHOW Teopum Nons. Bnpouyem, Noxoxe, B HayKe 3a4acTylo Xopoluasa peknama
TEOPUN ABNAETCA HE MEHEEe BaXHbIM, YeM COBCTBEHHO CO3AaHNe TEOPUN.

PaccmoTpeH KopnycKynapHO-BONHOBOM Ayanusm.

CTaTba A0BOJIbHO “Cbipasn”, CKOpee 3TO 3aroTOBKa NoJ, CTaTblo. BbiBOA CUMMETPUIA PACKPbIT OBOLHO
cnabo Ho, Ha MO B3rNAA, Ha JOCTaTOYHOM Ha TEKYLLMIA MOMEHT YPOBHeE. [NaBHOE YTO CAeNaHo —
0603HaYeHbl NAEN 1 NOKa3aH CNocob NoyYeHUs OKaAbHbIX CUMMETPUIA. MbITaTbCA JO0BOAMUTL CTATbiO
[0 XOPOLLEro YPOBHA NOKa He BUKY CMbIC/a, 3TO ByAeT noTepelt BpeMeHU. 3aHATLCA 3TUM UMeeT
CMbIC/1 TONIbKO MOC/IE TOT0, KaK NoJIly4ymTCs ony6IMKOBaTb B HAaYYHbIX }KypHanax OCHOBHbIE UAEN TEOPUM,
a UMEHHO YKa3aHHble B CCbl/IKax CTaTbMy.
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