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H3yqeHHe ,D;HHaMHqecKHX caweTpHll no3BOXHno B nocne,n;HHe 

I0-15 neT ,I(OCTHrHyTb 6onbmax ycnexoB B caMHX pa3nHqHliX 

o6nacTax KBaHTOBoll TeopHH nona. 3,n;ecb npex,n;e Beere cneAJeT 

OTM8THTb H3B8CTBli8 ,I(OCTHX8HHff B nocTpOeHHH e,n;HHliX KanH6pOBOqBHX 

Teopun cHnbHoro, cna6oro H 3neKtpoM8.I'HHTHoro B3aauo,n;ettcT-

BHll 3neMeHTapHliX qacTHU, H3yqeHH8 cynepcru.wetpHqHHX MO,n;enen 

H ycnemHoe onHcaaae HH3K03Bepretl{qecKoR a,n;poaaon qiH3HKH 

c acnonb30BaHHeM anre6pu TOKOB, L - Mo,n;enen a KBaHTOBoll 

KHpanbHOll TeopHH nona. IIno,n;OTBOpHliM HBnaetca COBM8CTH08 

HCITOnb30BaHH8 H,I(8ll KHpanbHOil CHMM8TpHH H MO,D;enH KBapKOB 

,n;na onHcaHaa pa3nHqHoro po,n;a pacna,n;oB a,n;poHHHX pe3oHaHCOB. 

OtKpHtae rny6oKoHeynpyrHx npoueccoB HaH6onee ecTeCTBeHHO 

o6~aCHH8TCH CYll\8CTBOBaHH8M BHYTPH 3n8M8HTapHHX qacTHU 

ToqeqHHX o6~eKTOB - KBapKOB /I/. 0,n;HaKo KBapKH ,n;o CHX nop 

811\9 He o6Hapy~HnHCb 3KCnepHM8HTanbHO. 3To nopo,n;nno MH0~9CTBO 

TeopeTHqecKHX Mo,n;enen 3n8M8HTapHliX qacTHU, B KOTOPHX ,n;enaDTCH 

IlOilliTKH o6~HCHHTb HSB03MOXHOCTb CYII\SCTBOBaBHa CB06o,D;BliX 

KBapKOB. O.n;HaKO BOnpoc ,n;o CHX nop ocraeTCH OTKpliTHM. 

B HaCTOHll\8li ~ccepTaUHOHHOll pa60T8 H3yqanrca BOnpocH, 

CBH3aHHli8 C npo6neuoll CHMMerpan :rneM8HTapHHX qacTHU H HX 

KBapKOBOll CTpyKTypoll. B aen accneAJDTCH MSXaHH3Mli CilOHTaHHO

ro Hapymemrn CHMMeTpllil B 'E- Mo,n;enax H npe,n;naraDTCH Mo,n;ena 

KBapKoB, B pauKaX KOTOPHJC OHH He MoryT CYll\8CTBOBaTb KaK 

CB060,D;HHS qacTHUH. 
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Hauoonee ecTeCTBeeeon peanu3auuen .n;uHaMnqecKoA 

Cll'.11teTp1rn anredphl TOKOB cero.n;H/1 cq11TaeTC/I MeXBHll31,I CTIOHTBHHoro 

eapymeHH/1 CIIJJ!AeTplll-! 121 • 3TOT MexaHH3M xopomo H3BeCTeH B 

Teop1rn TBep,n;oro Tena, r,n;e OH npllllO,D;HT K CBepxi:ipoBOUII.OCTH 
II CBepxTeKyqeCTH / 3/, 

CymecTBYDT ,D;Ba MeTo.n;a nocTpOeHll/1 B3BHMO.n;eAcTBII~ 

HHBBPIIBHTHOro OTHOCIITenbHO Hapymeaeon CIIMMeTpllll. 

I. MeTo,n; nneellHhlX 2: - uo,n;enen / 4/ - 1111eenea11 

pea11113au1111; 

2. ivleTo,n; q,eeoueeonor11t1 ec.P;ux 11arpaein1aeoB /S/ -

He1IHHeAHBH peaJIH3Bllllll, 

Xopo1110 H3BeCTHO, tlTO KBK ~· -Mo,n;e1111, TaK 11 

qieeoueeonormecK11e narpaelltllaHhl (q,JI) .n;aDT B ,n;peBeceoM 

np1101111xeHl!H COOTHomee11e ron,n;Oeprepa-TpeAMBHB / 6/ 1111H 

Hll3K03HepreTnt1ecK11e TeopeMN ( E << l r3B). XOT/1 /13hlK 

1JI ,D;n/1 OTIHCBHH/1 pe3y1lbTBTOB anreOphl TOKOB c rpynnoBoA TOtlKH 

3pemrn Oonee y,n;oOeH H aar1111,n;ea, tteu ·113h!K Z- Mo,n;enen, 

Bee xe MeTo,n; LJ -110,n;enen ocTaeTc/1 npnaneKBTeJII,HhlM 

113-38 ero MBTeMBTlltieCKOA npocTOThl. 

Ec1111 Tenepb nonHTBTbC/1 onncaTb cKeflnnaroaoe noae~eene 

CTpyKTYPHhlX qiyHKUHA rnyOOKOHeynpyroro qJOTOpox,n;een11, 

KOTopoe OWIO npe,n;CKa3BHO EbepKeHOM /?/ 'npn TIOMOJ!lH .z; 
MO~eneA ( OTIIITb HBC IlpHB1!8KaeT HX npOCTOTa), nonyqaeM 

npOTIIBOpeqne c COOTHOJ!leHHeM l{annaHa-rpocca /Bl ,ltJl/1 

CTpyKTYPHhlX qiyHKUIIA. Tpy.n;HOCTb B03HHKBeT, IlOCKOJlhKY runoTeTH

tleCKHe ~ - t!BCTl!llhl ,14BDT ,ll;OBOJlbHO Oonbmon BKJia,n; B 31leKTp11-
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t1ecK11n TOK 191. ropa3,n;o ycnewaee B 3TOM aanpaaneHHII 

0h!JIH IICTI01lb30BBHhl MO,D;eJIH KBBpKOB /IO/, 

HacToamaa ,D;ilccepTauna nocBameea Hccne,n;oBaHHD cnoHTBHHoro 

aapymeHHH B npe,n;cmB11ee11ax [NllrN/2] rpynnhl SU(2)0S?.((2), 
BKJIDtleHHD Mace ron,n;CTOYHOBCKHX 'la.CTHU ( tlBCTllllli C Ma.econ, 

paBHon Hynn B Teop1111) B pawcax rpynm,1 SU (3) 0 SU (3) 
nocpe,n;cTBOM npauoro HapymeHIIH cnwteTpllH MBCCa.MH COOTBeTCTBYD

m11x ron,n;CTOYHOB II JtBYX Mo,n;enen, oOecnet111BBDJ!lllX y,n;epl!CBHl!e 

KBBpKOB, nocrpoeaHWC B pru.!KaX He1IOKB1lbHOll KBBHTOBOll Teop1111 

TIOJIH /II/ . 

~11ccepTBUIIH COCTOHT 113 BBe,n;eH1111, Tpex rnaB II ,n;Byx 

npn11o~eH11n n npe,n;Bap11eTc11 KpaTKon cBo,n;Kon nonytteHHhlX pe3y1lh

TaToB. Ka:a:,n;aH rnaBa CHaOxeea KpaTKOll BHHOTBUHen. 

Bo BBe,n;eHIIH pe3DMllpOBBH COBpeMeHHLIR CTBTYC .ltllBBMll

qecKIIX CIIMMeTp11n B KBBHTOBon TCOpllll nonH II OCHOBHhle npoOneMhl, 

CB/138.HHhle C Teop11en KnapKOB/121, KOTOpBH np11BO,D;HT K TOMY, 

•ao KBapKII ,llOJIJ:Hhl cy11teCTBOBBTb KBK pea1lbHlie tlBCTllllhl, XOT_H 

3Kcnepm.ieHTMbBO OHII ,n;o CIIX nop He oOaapy:a:eHhl /IJ/. 

B nepnon r11ane KparKo 11311aranrca ocHonHUe no110:a:e1rna 

Teop1111 1111aeRHhlX II ue1111aeRBhlX pean11aau11n nonynpocrux 

KOMTIBKTHhlX rpynn JIii. 

B KattecrBe np11110:a:ea11a Karon reop1111 11cc11e,n;yerc11 uexae113M 

B03HIIKHOB ea11a cnoHTBHHoro mi.pyme Hll/1 B 4- MO,D;eJIHX' 

co,llep:a:a!lillX I; - t1acr11ey n[N/lJNJl) 1111Henaux npe,1tcTan11e

HIIHX rpynnh! S2/. (2) © S'/J { 2) 
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l!aMH IlOKa3aHo, '-ITO CilOHTUHHOe HapymeH He B CJry'-lae [N11., A'hJ 
npe.11crnBneHHll rpynm1 S U(l) 0 SU(l) npol!BJUleTc/l .l\JII! N 
'-leTHoro, eCJIH BUOpaTh 3aTpaBO'-IHl1tt napaMeTp- KBa.11paT Maccu 

'l. cll' B nurpaHJ1rnaHe, HHBapHaHTHOU. OTHoc11TeJihHO S2/ {2)@ 

© S 2/ { 2) - OTPHUUTeJILHl1M ( ~2. < 0 ) ; .l\JI/l N He'-leTHoro 
c;- 2 2- 2. 

npol!BJI/leTc/l npH Bcex 3Ha'-leHH/!X ( T.e.c'£ > OJ c«-=O_,c"'-1< O ). 

~anee noKa3aHo, '-ITO B npe.lteJie Mace rOJI,l\CTOYHOBCKHX 

'-laCTHU, CTpeM/!IIIHXC/l K OecKoHe'-IHOCTH, nony1,1aeTC/l HeJIHHel\Hal! 

peUJIH3aUHll. 

0,1\Ha H3 rJiaBHUX TPY.l\HOCTell TO'-IHl1X .l\HHaMH'-leCKHX 

CHMMeTpHtt COCTOHT B TOM, '-ITO Macc11 COOTBeTCTBYDIIIHX roJI,l\CTOY

HOBCKHX '-laCTHU cne.nyeT nonaraTL paBHl1MH HYJID, .Una ycrpauemrn 

3TOll TPY.l\HOCTH npHXO,l\HTCH BBeCTH npaMoe HapymeHHe CHl!MeTplrn. 

TaKal! npoue,l\ypa Ouna npoae.11eHa B pa1.1Kax rpynn11 S71(3)@S7fl.3) 
H noKa3aHo, '-ITO oaa pa3yMHa, IlOCKOJihKY nonyqeHHOe 3Ha'-leHHe 

napaMerpa c (C:::s - 1,H) HUXO.ltHTCI! B xopomeu cornacaa 

co 3Ha'-leHHeM, YKa3aHHl1M renn-MaHHOM, OaKCOM H PeHHepoM 1161 

BTopa/l H TpeTb/l rnaa11 IlOCB/!D1eH11 Teop1rn KBapKOB. OCHOBHa/l 

npoOneMa TeopHH KBapKOB COCTOHT B TOM, '-ITO nponararop KBapKa 

HMeer IlOJIDca, H, TaKHM o0pa3oM, OH ,ltOJIXeH POX.l\UThCH BO 

B3UHMO,ltel\cTBHHX. Bo3HHKaeT ecTeCTBeHH08 IlP8.ltilOJIOXeHHe, '-ITO 

OTCJTCTBHe KBapKa B CB000,ltHOM COCTO/!HHH MOXHO oO~HCHHTh, 

8CJIH nponaraTop KBapKa OKaJ:8TC8 uenon aHanHTH'-18CKOll qiyHKUHen. 

HaMH 0!1JIH npe,ltnOlt8Hl1 H paCCMOTp8Hl1 .ltB8 MO.lt8nH, npHBO.Jt8111H8 K 

TOMY, '-ITO nponaraTop KBapKa MOJ:8T 3JieraHTHl1M o0pa30M B03HHK

HyTh B BH,lte uenon aHanHTH'-18CKOl\ qiyHKUHH. 
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Bo BTopol\ rnaae Ilp8,ltJIOX8Ha MO.ltenh, OilHCl1BaD111a1I qaCTHUl1 

( YCJIOBHO Ha311Ba8M!1e KBapKaMH) B pauKax H8JIOKUJlhHOll TeOpHH 

non/!, npe,ltJIOlt8HHOll EqlHMOBl1M 1141. Hal.I y,Jtanocb nocTpOHTh 

MO.lt8nb, B KOTopon, Bo-nepaux, Y.ltOBJl8TBOp8Hl1 BC8 aKCHOMl1 

KBaHTOBOll reopHH IlOJill, BO-BTOpux, KBapKH H8 pOJ[AUDTCH, H, 

B-TpeTbHX, CKellnHHrOB08 IlOB8.lt8HHe a.MnnHTY.lt HHKnD3HBHl1X npo

ueccoB npo/!BJl/!8TC/l yxe B HH3filHX IlOPll.ltKUX reopHH 803MJllleHHA. 

llarpaHimaH B3UHMO.l\ellCTBHa, onHCl1BaDD1Hll MO.lt8nb, HMeer 

BH.lt: 

'iI(X)= ~Jl(J.Jrrx)'j()() + e Arx) r (X)Cf (X) + 

+ e A(x) e.,.(xJerxJ • 
3.lt8Cb 7[(.X) , A(x) H e(x) - CKaJ18pH11e nona, 

KOTOpue /!BJl/!DTC/l aaanoraMH nonea CHnbHOB38.Hll.O.ltellcTBYDIIIHX 

'-IUCTHU ( M830HOB H OapHOHOB), aneKTpoMarHHTHOro IlOJl/l H non/! 

3neKTpOHOB B peanhHOM HHKJIID3HBHOM (ep)-pacce/!HHH. 

(1) 

qroOu IlOJIY'-IHTh y011BaHHe B HH3meM nopaAKe TeopHH BOSMYlll8-

HHll, neoOxO,ltHMO C'-IHTan, '-ITO none KBapKOB Cf (X) COCTOHT H3 

ABYX qiepMHOHHUX KBapKOB 

9(X)q{X):::. 9o (X)Cf0 (X) -r Cf-1(,r)Cj1 (X) • 
(2) 

IIpeAUonoimM, t1To nponararopu none a '{o {X) H 91 { Jr.) 

3a,JtallTCl'I 

r--1 
qo 9o == V( te;) 
r--, 

1,, 11 == V' ( l. 2e JJ 
(J) 
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r.1te V( l 2f2
)-u.e11aa aHaJ1HTHt1ecKaa cpyHKU.1.rn, 110 HeBeil!eCTB8HHaa. 

BuelepeM 
1

.2. 
00 -

V( J/-{2.'= j df e ) 
I -o-0 (J- tt 2-it)o.-

(4) 

r.1te a. - napauetp TeopHH. 

J.l pa!.!Kax 3TOR MO.lt811H Mlil paCCMOTp811H ceqeHHe npou.ecca, 

COOTB8TCTBYDil!88 ,ItHarpaMlle ~eRHuana ( CM.pHc.I). 

Ce11ettHe npou.ecca onpe.ne11aetca q>OpMynaMH 

d 2
0 

dfclv 
I ~--

[Q2_]2 ~Ot ( Q~ fW); 

o;., c Q~ !ZIT)= i1- Ir:: r a5 ,w-J) 
n 

r.ne 

fr= mv.) 
2 2. 

9 =--(}< 0) 

- oelH11HH8 CK8RJIHHrOBHe nepeweHHHe. 

6 

2mv I 
IUf' = Q2. > -

(5) 

(6) 

J 
lj 

r 

\I 
! 
(; 

B npe.ne11e Q2.-> •,,o H (UT-> i J MH no11y•m11H 

.n11a F;, { Q~ /UT) cne.nyDil!ee acru.mtotH11ecKoe noBe,IteHHe 
3n ·.5" 

r. (Q2 ) = com(. (ruf-1) ~ (?) 
rh ) W- [ Qz.]2c~ 

CKeRJIHHrOBHR npe.ne11 onpe.ne11aeTCH napaMeTpOM t , nocKOJ!bKy 

q>OpMyJ!a (7) nOJiy118Ha npH 02e2 
_>) i • 

B Tp8TbeR r1laBe npe.n11araeTCH MO,lt811b, KOTOpaa OCHOBaHa 

Harpe.nno1IOX8HHH, IITO ~aapKH He CYil!8CTBynT KaK oelHIIHHe qacTHU,U. 

TaKoe npe.nno11o~eHH8 MOXHO onucaTb C118.nyDil!HM oelpa30M: 

ITpe,1tnonaraeTCH' IITO KBapKH HBJIHDTCH IIHCTO KBaHTOBO

no11eauim Oel'b8KT8MH, T8KHMH I IITO B K118CCHll8CKOM npe.nene OHU 

HC1le3aDT, T.e. KJ!aCCH118CKOe none KBapKOB TOX,It8CTBeHHO 

paBHO HY11D: 

C/1(11, (X) = 0 . 

npyrHMH CJIOBaMH, 3TO 03Haqaer, IITO B narpaHGaHe, 

onHCHBaD~eM CBOClO,ItHOe none KBapKOB, 

l = 900 ZrpJ9(xJ~ 
onepatop l ( P) ,ltO.n:J:eH<iiTb BHClpaH TaKHI,( oelpa30M, 

(8) 

(9) 

llTOClH 8.ltHHCTBeHHIDI peweHHeM ypaaHeHHH .nna H8B38HMO.iteRcTBYDil!8ro 

KBapKa 

](f) rtx) = 0; (IO) 

• 
7 



OblJIU qiyHKL\1111 (3) • B TO lKe BpeM/1 Mil TpeOyeM, 'IT00bl qiyHKL\1111 

rp1rna CTOJl/1 Cf (X) 01rna HeTpl!Bl-!allbHOM. EcTeCTBeHHble TpeOo

BUill-1/1, HUKJia.nunaeMble Ha Bl-I.I( onepaTopa l(f) B (9), 

llp!-!BO,l(/IT K TOMY 1 'ITO OH l-lM;eT B11,l(; 

l 
~l Ph~) ( io1 = e 

) 

(II) 

r.ne f(l) - BemecTBeHHail 11enaa qiyHKL\1111. TaKaa nocTaHOBKa 

3a,l(attl-! 03HattaeT, 'ITO, B npl1HL\l1Ile, none KBapKa, OTCYTCTBYff 

B CB000,l(HOM COCT0/1Hl1l1, MOlKeT 0b1Tb CB83aHO C .npyrl1Ml-l qll-13!-l

qecKl1MH CTOJl/1Ml1 l1 o0ecnettl1Tb l1X H8TPl1B!-laJibHOe B3al1MO,l(elicTBl1e. 

HaMH IlOKa:JaHO 1 'ITO TaKaff UOCTaHOBKa 3a,JJ,iittl1 He l1MeeT pemeH!-1/1 

B paMKax MeTO,l(OB JIOKaJlbHOM KBaHTOBon Teopl1l1 UOJI/1, HO 

peruaeTC/1 B HeJIOKaJibHOM reop1111. 

nanee Mb! npe.nnonarana, 'ITO non11 Me3oHOB l1 OapHoHoB 

B3al1MO,l(ei1cTBYDT .npyr C .npyroM TOJlbKO t1epe3 UOJl/1 KBapKOB, 

Tana 

lx ~ f t1¥ 1 + 3' (BqJC cfqJ, (I2) 

r.ne M 11 8 - Me30HHlle l1 OapHOHHble nonH cooTBeTCTBeHBO. 

TaKoli no.nxo.n 6un npaMeHeH K l13ytteHl1D MaCCOBblX 

qiopMyJI ,l(Jl/1 OKTeTa ncea.nocKaJIRpHblX Me30HOB l1 6apHOHHblX OKTeTa 

c .neKynneToM B paMKax aapymeaaon rpynnu$U(3). rronytteaaue 

MaccoBue qiopuynu aaxo.n11Tcil B xopomeM cornac1111 c r11n0Te3on 

renn-MaHHa /I5/ 06 OKTeTaon ,l(OMl1HaHTHOCTl1. 

IlOCTpOeHHble MO,l(eJil1 KBapKOB i!BJli!DTCil nepBbllll1 marai.tl1 K 

l-lCilOJ!b30BaHIDJ MeTO,l(OB HeJioKaJibHOn reop1111 B ,l(HHaM11Ke 

Cl1JlbHblX B3al1MO,l(encrBl1i1. 

8 
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OCHOBHble pe3yJibTaTbl .I(l1CCepTaL\l1H HeO,l(HOKpaTHo 

.noKJiaAUBaJIHCb na ceM11uape llaOopaTopH11 TeopeTH'lecKoil qi113HKl1 

oirim l1 KruPe){pU TeopeT11'!eCICOii tjl113l1Kl1 YHl1BepCl1TCTa l1M.li.-A.l{OMCIICKOro 

( 1!CCP), 0UJil1 )J.OJIOliCellU 11a l,leJK.n.ynapOJJ.HOil KOwjlepemnm 110 1jll13V.Ke nuco

KllX. 3Hepr,1il B r. Jl11tim1ne ( l!CCP), ua J.!el!(,l(yHapo.nnoil wKOne a,1e11e11Tap

HUX qaCTl!!~ D baillKO none (1JrocJiaB1111) l1 Ha XYLl :,!el!(,l(yllapo.n11oil KOHqie

peHL\l1l1 B T6l1Jl11Cl1 ( CCCP) ll 011yOJil1!COBallbl B cne.n.YDllll1X paoorax; 
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