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ITocne o6~enHH9HHH yHIITapHofi rpynnb1 SU(3) II cnHHOBofi 

rpynnb1 SU(;2) B cxeMe Bb1c111efi CIIMMeTpHII SU( 6) · CaKIITofi, . 

[ypcey H PanHK8TTII, TeopHH CIIMMeTpIIII CTana pa3BHB8TbCSI no 

H9CKOnbKIIM HanpaBneHIIHM/ 1/: 1) Monenb KBBPKOB/2,3/: 2) an
re6pa TOl<;OB II nI1cnepCHOHHbie npaBn:na cyMM/4-7/, 3) l:iHH8Mil'l9C

KHfi nonxon K cn:MMeTpIIII bootstr"'f ) / 81; 4) HeKoMnaKTHbie 

rpynnbI/9-12/. 

HacTOSIIIIaSI /lIICCepTaUIISI no.CBSIIII89TCH BOnpocaM CHMMeTpHH, 

B OCHOBHOM .. CBSI3aHHbIM C nocnenHIIM HanpaBneHileM. IlI1ccepTa

UIIH COCTOIIT Il3 Tpex rnaB. 

* 
B nepBOH rnaBe Mb! paccMOTPenn: aneKTPOMarHHTHbie CBOfi

CTBa bapHOHHbIX pe3oHaHCOB, npI1HannelKa1IIHX K npencTaBnenmo 

) 
+ + ·+ 

70 rpynnb1 SU(6 , II pacnanbI MesoHHbIX pesoaaacoB 2 , 1 , 0 , 
+ + 

npn:HannelKalIIIIX K npencTaBnenn:srM 4212 II 5940 rpynnbI SU(6,.6). 
B {j I 6bm nonyqeH aneKTpoMarHHTHbifi TOK 70-nneT B npennono-

lKeHHH, 'ITO on npeo6pasyeTcsr KaK npencTaBneHile 35 rpynnhlSlf(6l 

PenyKun:efi ero no rionrpynne S'U(3)i7i..SU(2) 6bmH Bb1nene

Hhl 8~9KTpH'l9CK8SI II MarHHTH8SI '!8CTII TOKa. TaK K8K B npOH3-

B9/l9HIIII 70*/& 70. npencTaBneHI1e 35 BCTpeqaeTCH /lB8lK/lbI, 

TO Il3 TeHsopa y'.J[ABJC , • peamrnyIOmero npencTaBnenn:e 70, 

MOlKHO o6pasoBaTb nBa nHHefiHO He3aBl!CIIMblX 8pMHTOBbIX TOKa 

~ H ~ ' npeo6pasyIOIIIIIXCSI KaK T9H30p 3_5. 
C· noMOIIIb!O ycnoBHSI. HOpMHpOBKH sapsrnoB Mb! noKasann:, 'ITO 

nonHblli aneKTpOMarHHTHblli TOK IIMeeT Biln: 

3 
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A' ( '\A' ( )A' J.A r-v J:1./A + '!z ~ '.A 

Ha 0CH0Be HaP.JleHHoro BHJla T0Ka 5bmH rronyqe}IbI Bee C00TH0Uie

HHSI Me:ll(Jly MarHHTHbIMH M0MeHTaMH H BepoSITH0CTSIMH rrepex0Jl0B 

pe3oHaHC0B 70-rmeTa. B § 2 5bmH HaiiJleHbl 8 mrnef.iH0 He3aBHCH

MbIX C00TH0IIIeHHii JlJJSI aneKTp0MarHHTHbI:,C pacurerrneHHti Mace pe-

30HaHC0B 707nneTa. 

"B §§ 3-8 paccMoTpeHbI napannenbHO npe.ocTaMemrn 189, 405 

. ) ., + + 
rpyrrrrbI SU(6 , 225, 441 rpyIIIIbI U(6; H 4212 , 5940 rpyrrrrhI 

S U(6,6) . 3TH rrpeJlcTaBneHHSI SIBJJSIJOTCSI HH3IIIHMH rrpeJlcTaB-
. + + + 

nemrn~H, CoJlep)KallIHMH Me30Hbl 2 • 1 ' 0 C H30CIIHHaMH 2, 3/2, 

1,0 H rnrrepsapSIJlaMH ±.2, ±.1, o. OTKpbITHe H0BbIX Me30HHblX peso

HaHC0B B II0CJJeJlHee BpeMSI B035y)KJlaeT HHTepec K H3y'leHHIO STHX 

rrpeJlcTaBneunii. B § § 3,5. npoBeJleHo pasno)KeHHe npeJlcTaBJJemrti 

189, 405 0TH0CHTeJJbH0 II0JlrpyIIIIbl SU(3)~SU(2) . B § 4 

MbI II0KasanH, 'IT0 C Il0MOUiblO HeKOTOpoii npoueJlypbl 'penSITHBH

aauHH' rrpeJlCTaBneHHti 225,441 M0)KH0 nony'IHTb rrpeJlCTaBneHHSI 
+ . + 

4212, 5940. 3Ta rrpoueJlypa C0CT0HT B BBeJleHHH 3aMKHyToti ue-

II0'IKH cjJyHKUHH (yHHTapHaSI qacTb 3JleCb onyureua) 

a6 

-~d J 

ilb 
<pod 

al, 

, lf'od,; ••• J 

t!J af 
T;,t1, ( I) 

.J 

0TJJH'la!OUIHXCSI Me)KJlY co5oft 'IHCJJ0M nyHKTHPHbIX HHJleKC0B H 0T

nenbH0 B3SITbIX. SIBnSIJOIIIHXCSI corromKeHHblMH rroencTaBneHHSIMH rovIIJibl 

SL (27 C). 
·1.IT06b1 rrepef.iTH K SU(6,6), Mb! crpyrrrrnpoBanH cmm0Bb1e 

cpyHKUHH ( 1) B BHJle IIpSIMOr0 IIp0H3BeJleHHSI MaTpHU 4 X 4. B pe-

3YJJbTaTe rrony'IHJJH cneJlylOUIHe rrpaBHJJa "penSITHBH38UHH", rrepeBo-

4 

i 

JUIIIIH·e CIUIH0Bbie cpyHKUHH rpyllllbl U (6) B CIIHH0Bbie cjJyHKUHH 

rpyIIIIbl s U (6J 6) 

c••· o, cp :~; -{ (1-lfo )ic'f"[cr. (1+ tJ) J/P , 

CIIHH 1: · p ~;~-+[ (1-~J)~c-r'[crs(l+jJ)]rSA~, 

rfi [ab] 
H aHanorH'IHO JlJJSI r (e,cl) 1 

CIIHHbl 2, 1,0: 
,h (a.b) J;( i ~1 c-1r1rc, ft i "'1 rn · 
't' (cd J 7 1-Ji Py r;, J ~ };, ~ + j[ ! )J r8 'f p,Y J 

rJle 

(; )~---· 
13 (tr/fb); J C - aHTHCHMMeTpH'l-

13 
Hblf.i TeH30p, Hrpa!OmHf.i ponb MeTpHKH; <J5 , Al" J </JI".,, ..:t:KanSip, 

BeKT0p H o5mHf.i TeH30p BT0p0ro II0pSI.OKa C00TBeTCTBeHH0. 

B § § 6, 7,8 Mb! paCCM0TpenH pacrraa Me30H0B, rrpnHaJlnelKaIUHX 

+ + 
rrpe.ocTaBneHHSIM 4212 n 5940 , Ha H3BeCTHbie BeKT0pHbie n rrce~ao-

CK8JJSipHbie Me30Hbl. EbmH rrony'leHbl SIBHbie Bb!palKeHHSI MaTpH'IHblX 

aneMeHT0B JlJJSI K0HKpeTHbIX cnyqaeB. B § 78 Mb! II0Ka3anH, 'IT0 

MeaoHHbie pesoHaHCbI A 2 .J }( J[ ., /o M0lKHo c paBHbIM 

+ 
ycrrexoM HJleHTHcjJHuHpOB8Tb KaK C Me30HaMH rrpe.ocTaBneHHSI 4212. . . + . 
TaK H C Me3oHaMH npeJlCTaBneHHSI 5940 (ilen5ypro, PaIIIHJl H 

CTpaTaH1131 1meHTHCpHimpoBanH HX C Me30H8MH rrpencTaBneHIISI 4212+). 
+ 

EbmH Bbl'IHCneHbl IIIllpHHbl pacrra.oa Bcex Me30H0B 2 ' a TaK)Ke MaT-
. + + 

pH'IHbie aneMeHTbl pacrra.oa .OJJSI Me30H0B 1 ' 0 C Heo5b!'IHb!MH 3Ha-

qeHHSIMH H30CIIHHa H rnrrepaapSI.oa 1 = . 2 J ~ ) y = + 2 
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B §§ 9, JO Mbl YK838nH Ha HOBOe 06CTOSITenbCTBO, B03HHK8IO

mee B TeopHH CHMMeTpHH: nponaraTopbI 11acTH11, 06nana10mnx pa3-

HbIMH CilHHSMll, HO npnHanneJKamnx K OllHOMY H TOMY JKe npencTaB

neHHJO, MOJKHO o6'he/lHHHTb a OllHOM 'o6meM nponaraTOpe'. HanpH

Mep, 11HcnHTenb 'o6mero nponaraTopa' nnH acero npencTaaneHHH 

+ 5940 JIMeeT Bll/l 

(AB)-(EF)>I 
(;"+.M} <lfJ(cn/JJ(6H) '}' _)1' 

( 2) 

J [ A+: A+!.+ A+;AT:] [ A_:11_: + A_;A_:] , 

rne A± = 1 (1+ A·J) 

C IlOMOmbJO COOTBeTCTByJOmHx npoeKUHOHHbIX onepaTOpOB Mbl 

nony11unu.,.11a ( 2) JlnH nponaraTopoB MeaoHOB co cnuaaMH 2, 1,0 
. 1 

. H3BeCTHbie:.Bblp8JKeHHSI (yHHTapaasr qaCTb H cl>aKTOp [ p~J112 J-
onymeH1,,1),.:,rz,-

j 01'"~6 +_j (0JM0"6+ 01'60,A) ; 01'>'...;, 1 , 

rJle. 

-0;., = I;?+ 
fo/js 
.M2 

TipoeKUBOHHhle onepaTOPhl 6hlnH nocTpoeHhl B § 10. Haesr 

o6mero nponaraTopa 6yJleT o6o6meaa aa cny11aA 6ecxoHe'IHOMep

HhlX npeJlcTaBneHHA B cneayJOmnx rnaaax. 

* 
6 

.1 
'( 

:\ 

! 
( 
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j 

BTopaH rnaaa JIOCBHmaeTCSI BblpO)l{lleHHbIM YHHTapHblM rrpen

_CTaBnemrnM rpynnh1 .SU(2,2) H B03MOJKHOCTH Hx npHMeae

HHH K TeOpHH CHMMeTpHH aneMeHTapHbIX 'ISCTHU. KaK H3BeCTHO, 

B nocnenHee apeMH 6bma npennoJKeHa MmneneM, EynHHH, H 4>poH-

cnanoM rpynna 6 =P.S rne P -rpynna ITyaHKape; 

·· A) -rpynna BHyTp~HHeii CHMMeTpHH, conep*ameii S ~ {;!., C) 
KaK nonrpynny; TO'IKB 03Ha11aeT nonynpHMoe npoH3BeneHHe. tl Ta-

Koii cxeMe 4-MepHhlH HMnynbC 06pa3yeT HenpHBOllHMoe npencTaB

neHHe rpynnb1 G,, H ycnoBHe YHHTapHocTH ..S - MaTpHUbI 

ynoaneTBOpS18TCH. 3neMeHTapHbl8 'laCTHUbl Knaccncl>HUHpyroTCSI no 

YHHTapHbIM npencTaaneHHSIM rpyrrnbI s. llnH npoCTOTbl B Ka

'I8CTBe rpynnb1 BHyTpeHHeii CHMMeTpHH Mb! B3HnH rpyrrny SU{;2,?) 
H /lnH onpeneneHHOCTH iIOnb30BanHCb Bblp0)1{118.HHbIMH YHHTapHblMH 

npencTaBneHHHMH rpynnb1 SU(2;2). 0TM8THM, 'ITO TaKoii BhI-

6op HM8eT TOnbKO 9BPHCTH'I8CKHH xapaKTep H He npeTeHnyeT Ha 

TO'IHYJO KnaccHcl>HKaUJIIO 'ISCTHU. OmiaKo OK83bIBaeTCH, 'ITO HO-

Bb!8 Ba)KHbie OOCTOSITenbCTBa, B03HHKaromne B TeOpHH nonsr C 

6eCKOHe'IHbIMH MynbTHIIneTaMH - IlOHBneHHe KHH0M8TH'I0CKHX «jiaK

TOpoB, ynyqrueHHe CXO/lHMOCTH paanH'IHbIX /lHarpaMM 4>eiiHMaHa -

MO)KHO Bb!SICHHTb Jl8)Ke H838BHCHMO OT BbIOopa caMoii rpynnbI 

BfiyTpeHHeii CHMMeTpHH s . B §§ 11-14 Mbl peanH30BBnH 

Bb!p0)K/l8HHbI8 rrpeJlCTaBneHHSI B rHnboepTOBbIX npocTp8HCTB8X 

OllHOpOJlHbIX «jiyHKUHfi OT 

i i"ld, 
)i = 3:ti J _5 == E fl 3;jt.453t, , 

rne )ij -aneMeHTbl MaTpllllbl JJ ESU{2,2). Eaanc npea-

CTaBneHHH HMeeT BHJl: 

l
j/"1 ~111,) '-.. = n. . f / SN-j,i_ :;;{_ir:;[kmz f:1/f 21ft£ e If/ f J / ,1,J2A th~ J2~ -21 ~5 /.1 l?) _)3 I_; ) J 

7 

I 



j 

1 
l\ 
1l 
I, 

! 

rne 

0 =f-5.t+ _f52-5'J~-_54

J~;J,;J
2
A,{:-

)KHTemr; _N -KoMnneKcHoe •mcno; a., /3 
HOpMnpyromne MHO-

,. e, , t!>" - HeoT:.. 

pHuaTenbHbie uenb1e 1:Jncna; A - co6cTBeHHoe aHa'IeHne reHe-

paTopa rpynnb1 U(1) ; ~,, ,~::; - reHepaTOpbI, rrpnHanne

)K81llne MaKCHManbHOii: KOMIT8KTHOH ITOt:trpynne. 

B Hallleii: peannaaunn Bb1pO)Kt:teHHb1e npencTaBneHnH xapaKTepn-

ayroTcH napoii: 'IHCen ( k0 , N) (2/40 / - uenoe nnn rrony-

uenoe 'Inc no}. tl ~ 22 MbI onpenennnn Bee reHepaTopbI rpynrrb1. 

HamnneM anecb O,llllH Il3 HeKOMil8KTHbIX reHepaTopoB: 

~J (ck.m.Jzm),) = A_la-m1)(k+m2)v,-f,~+J;,h-:fr,n;-j;>.+y, 

+ A2 V(kn~Xkm2+1)/ct-J,~+j;jz+.f ,1n2-J ;-\+fr) 

+ A3V(j1+~+"9~+m~J,t+~,~+J;,k-J, m2 -j;J.+J) 

+ A.1.V(J/m1+-9(~-m2+;)/~+J,~+:f;~+j ,m2-J ;>i+J), 

rn.e .Ai - qiyHKUHil OT ..N ll IlCKOMbIX MHO)KilTeneii: ~¢2A. • 

Yr.nomrn VHilTBDHOCTil. H8K1T8 □bIBBeMoe Ha reHeP/lTOPbl, naeT 

CIIcTeMy ypaBHeHnfi t:tnH qiyHKUIIfi Ai , KoTopasi rroaBonHeT HafiTII 

n./4./4A. 
a) N= 
Hasi cepnsi); 6) 

3Ta cncTeMa nMeeT perneane TonbKO rrpn: 

_ _; + u;(y- n106oe _BemecTBeHHoe 1:Jncno) ( rnaB

az.N ·o ( norronHnTenbH8SI cepnsi), 

y cnoBiie HerrpnBOD.IlMOCTH Tpe6yeT. 'I1'00bl 

i1+J2 -21..tl = 0,1,2, ... 
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B § 14 Mb! ycTaHOBilnn, 'ITO rnaBHasi; cepnH npe,OCT8BJIEmnii: 

B Hallleii: peannaaunn rrpnHan.ne)K11T nonyHenpepbIBl!Oii: cepnII ~ 

· fpaeBa1111 , n n.ann SIBHbI? BHA HHBapnaHTHoii: MepbI dp(f!) Ha 

rpynnOBOM npocTpaHCTBe. ITpe,ocTaBneHUSI, rnaBHOii: cepnn Obinll 

npnMeHeJibI HaMn B cne,oyromnx naparpaqiax K Teopnn cnMMeTpnn 

sneMeHTapHbIX 'IacTnu. cf>epMnoHbI KnaccnqinunpyroTCSI no npe,o

cTaBneHnSIM c 21 .bv I · J , j ., J , . . . . a 6oaOHbI - npen-

CTaBne11nsrM c 21 k., I = O, :1.., 2 , ... 

B § 15· MbI rroc;ponnn 6aa11c nnsi peD.YKunn 

~U(2,2) ::::::, z SU(2)~SU(2)~U(t)},, 

B Bnn.e o6o6meHHoro TeHaopa 

,I\ " t ~--·~ '1····)/J' 
.,/ f1··~f-.,,~···A (p;ff) (a+f=2j,_,e+3=2JJ, 

SIBnmomerocSI OAHOpOllHOii cjiyHKUHeii OT --Ji n 3 i . ITycTb 

Tenepb q; (;,;:,) -HeKoTOpblH aneMeHT rnnb6epTOB8 rrpocT

paHCTBa, peannayromnfi npeacTaBneHne ( Ao,N). PaccMoTpHM 

(j)(p;:,) 
TnnneT. 

KaK 6onbrnoe rrone, coaep)Kamee 6ecKoHe'IHbiii: Mynb

!J}(p;J) MOmHo paano)Kl!Tb cneayromnM o6paaoM: 

Cf (1~) 
A A ,\ .;'\ 

'\ (/;l'1···f"a,J'r-·ft,_ -,~)J-••~1···>:f ( ef\ 
= L 'f- kJ ... '1/J ~---v.,. (P.1;; f1···JJ-a/1,··-lc p;J/ 

KoMITOHeHTbl 

A ,\ 

( f) f'r··f"a f', ···/-".-. 
T ~---~ & ... ~ (p) 

OITHCbIB8IOT 'I8CTHUbI C HMIIYlibCOM f. 
c+8 

II C 'IeTHOCTblO (--) • 

HBHbie Bblp8)KeHHH t:tnSI Het:KOITbKHX KOMIIOHeHT 

( /} f't···FaP, .. .p,,, 
y ~---~~---~ (p) 

6binll D.8Hbl B § 15. TTaparpaqi 16 ITOCBSilllaeTCH BepnmHe B38HMO-
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neii:CTBIUI 6ecK0He'1Horo MynhTimneTa C CH_HrneTOM. TaM 6bin no

ny'leH KHHeMaTH'leCKHii: q>aKTop LinSI '18CTHoro cny'laSI B38HMoneii:

CTBlrn KOMnoHeHTbl Hyneaoro cnHH8 6eCKOHe'IHOro MynhTHnneTa 

C CHHrneToM. KHHeMaTH'leCKHfi !p8KTOP cymecTBeHHO 38BHCHT OT 

BbI6paHHOH rpynnbI BHyTpeHHeii: CHMMeTpHH H ucnonb30B8HHbIX 

npencTaBneHHii:. BoaHHKHOBeH:1e KHHeMaTH'lecxoro ipaKTOpa o6ycnoa-. 

nHBaeTCSI HCKnJO'IHTenbHO Tpe6oB8HHSIMH CHMMeTpHH H SIBnSieTCSI HO

BhlM o6CTOSITenbCTBOM B TeopHH C 6ecKoHe'IHbIMH MynhTHnneTaMH. 

· B § 17 MbI nony'IHnH SIBHbiii: BHll .. o6mero nponaraTopa.. 6ec

KoHe'IHoro MynhTHnneTa. ITyTeM npoeKTilp0B8HHSI MOlKHO !13 "o,6-

lllero nponaraTopa" nony'IHTh nponaraTOpbI nnSI 'IBCTHII c onpe

neneHHbIMH cnHHBMH (KOHTaICTHbie 'lneHbl He Y'IHTblB8JOTCSI) • 

* 
B TpeTbeii: rnaae pacCMOTpeHbl BonpoCbI, CBSI38HHbie C KBaH

TOB8HHeM 6eCKOHe'IHbIX MYnhTHnneTOB • .llnSI llPOCTOTbl Mb! B3SinH 

rpynny SL (2,C) B Ka'lecTae rpynm1 BHyTpeHHeii: cHMMeTpHH. 

B p_a6oTa?C/5-19/ 6bmH paCCMOTpeHbl paanH'IHbie acneKTbl KBaHTOBa

HHSI nonSI C 6ecKoHeti:HbIMH MynhTHnneTaMH. <PenbLIMBH H M9TblOC/17/ 

npenno;>1mnu nonbaoaaTbCSI noneBbIM onepaTopoM, o6paayromHM yHH

Tapaoe HenpHBOllHMOe npencTaBneHHe HeKOTOpoii: BCllOMoraTenbH0ii: 

H30MOpq>HOH ,S rpymibI. 3TO 6ecKOH9'1HO-KOMnOHeHTHOe none 

H83bJBaeTCSI 6onblIIHM noneM. Ha ycn0BHSI npH"l:HHHOCTH <PenbLIMBH 

H M9TbJOC noxaaanu, 'ITO ace 6onb1IIHe nonSI non'IHHSIJOTCSI CT8THC

THKe Boae-3ii:HIIITeii:Ha aeaaBHCHMO OT Toro, o6nanaroT nu co

nep)KamuecSI B 6onhlIIHX nonSIX '18CTHUbl uenbIMH HnH nonyuenbIMH 

cnHH8MH. 

B H81IleM nonxone LinSI onncaHHSI 6ecKoHe'IHbIX MynhTHnneTOB 

6bmo aaeneHo 6ecKoHe'IHoe 'IHcno cnHHopHbIX noneii: U~ C( • , 
"'!1·"• 2J 

V,_, ,_, . , npeo6paayJOllIHXCSI no aeyHHTapHbIM KOHe'IHOMepHbIM 
:1··-~71 

npencTaBneHHSIM rpynnbI BHyTpeHHeii: CHMMeTpHH, H YllOBneTBOpSI-

JOllIHX ypaBHeHHIO BaprMaHHa-BHrHepa (KoMnoHeHTHbie q>H3H'leCKHe 

nonSI). EonblIIOe none SIBnSieTCSI nHHeHHOll KOM6HH8UHeii: !pH3H'leCKHX 

KoMnoHeHTHbIX noneii:. OHO He ynoaneTBOpSieT ypaBHeHHJO THna 
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ypaBHeHHSI·fenhq>aHna-HrnoMa. IlnSI 6onhmHx noneii: Mb! rronbaoaanHCh 

TOnhKO caMocorrpSI)K8HHblMH rrpencTaBneHHSIMH T ""-' (JI, 0) . 
B § 18 Mb! rrocTpounu 6aanc nnSI penyxum1 SL (2,C)=.SU{2)_p. 

OH HM8eT BHLI: 

)~(f;z) f Q1(p;1J3)~~(z), 
J ' 

rne ]1
2
j (p;R~}=~·-·"2,j(f,)~- MaTpHua KoHe'IHoro rrpeo6paaoaaHHSI 

nopeHua; 3.u (z) - 6a3HC .onSI penyKUHH .S~(zc) :::::::,SU(2) 
'.J . 

( cM.f 20/); z - napaMeTp fenhq>aHna-HailMapxa. ~JTo6bl TeopHSI 

o6nanana •nepexpeCTHoil_cHMMeTpneil" (non TepMHH0M •nepexpecT-

aaa CHMMeTpHH" cnenyeT U0HHM8Tb B03M0)KH0CTb npHMeHeHHH npa

BHna aaMeBblnoy). Kp0Me 6a3HCa 3_":g (+;,;z) Mbl BBenH 

eme 6aauc Jcr.y (-;,; z) , no~yqaeMbili ua j"aj (+p;z) 
38,MeHoli jJ➔ - }' . OTM8THM, 'IT0 9TH. 6a3HCbl U03B0nHJOT HaM 

onpeaenHTh MaTpHUbl .D_. (+;,·Ak) ecnu nonbaOBSTbCH ' -.:g-,~, 
opToroaanbH0CTblO J,, ( z): 

:, 

D"'7J @:.p;-"~) }1x1 (±f;3/5;~~)Jr(z), 

rne d,-(z) - HHB8pH8HTH8H Mepa Ha rpynne. EhlnH ll8Hbl T8K>Ke 

ll0K83aTenbCTB8 cneilyJOllIHX COOTH0llieHHA: 

-~- 2Y. 

I11(±1JJ;JI) ~(±p;i9_:__ @-~ si.4s~3 , 

D~·-·"i···~~;Jl'Jf&±lJfJ;=nrx.i .. fi·-~~1'~), 

JJ 



:i 
;J 

D f±p:/J_/,n -.Y@=J:hk3 = oy~ -L 1-t-_.~J ... J~i-J . -p_ . . 0 <' )2y 0. ~fl.t. (j v.P-y 
C{_,i \: ~ · 2:Y ·"' ~ fl1 C{~ 

B § 19 MhI aaemf 6onhllloe none 

(j} (x;~ -i { U <r
21(!';j;Ja(~;jj3)~a. (JJ;h~ )51,. (z)~ -+ 

Jj~h~ ~ -~ 

+ v °'2J~p;JJb+(;;)j3)~2J tl;kk3)5JJ,
3 
(z)e ifx J1u(r)y 

- o6bi'IH8SI llHBapnaHTH8SI Mepa Ha MaCCOBOii: 

rroRepxHocTn: a,. b + - orrep1nop1-,1 aHHnrnnSIUHlf qacTHUhI 

H pO:>KLleHHSI aHTH'iaCTHUhI. flpearrono:HmB, 'ITO orrepaTophI a,_, b 

rae df"(P) 

YllOBneTBOpHIOT 06bI'IHbIM KOMMyTaUlfOHHbIM COOTHOllleHHSIM, Mbl rro

nyqHnll 

[ (jJ (:x,;z))/J (!!; ➔] = s (z-uj{e -ip~-J)+ e ip(X;f1+<r/ 3 ) 
+ JL • 

TaKHM o6paZOMsYCnOBHe IIplf'llfHHOCTll anSI 6onblllllX rroneli Tpe6yeT, 

'IT06hI 6onbllllle rronSI KBaHTOBanHCb rro Eoae, HeaaBHCHMO OT ero 

cmrnoaoro coaep*aHHSI. 3ToT peaynhTaT 6hin nonyqea TaK)l{e 

<PenbllMaHOM ll M 8Tb!OCOM / 17 /. flpoHHTerpupoBaB Terrepb rrnOTHOCTb 

aaeprnn 6onhllloro rrong 

;t 

T
09 f[ f ;~ ;~ -)i2fjlVJ J ~(z) 

➔ 
rro TpexMepHoMy rrpocTpaHcTBy x, MhI nony'IHM anSI aHepruu 

cneayJOmee Bb1pa)l{eHne: 
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p 0 jT00J,;. fdr1i [ a+(i;ii0a.(p;ii~+h(p;i~6t;;;ii3~, 

'½ . 

KOTopoe, nocne KB8HTOB8HHSI KOMnOHeHTHbIX !pH3H'leCKHX noneii: no 

OObl'IHbIM CT8THCTHK8M, CTano nonO)l{HTenbHO HeonpeaeneHHbIM B 
. . 

cnyqae qiepMHOHHoro MynhTHnneTa. MHaqe rOBOpSI, KBaHTOB8HHe 

6onbworo nonSI no Eoae (HeaaBncnMo OT ero cnnHoBoro coaep

)1{8HHR) He COBMeCTHMO C Tpe6oBaHHeM nono>KHTenhHOii: onpeaeneH

HOCTn·aHeprnn 6onbworo nonSI npn npaannhHOii: CBR3H Me)l{LlY cTa

THCTHKoii: H CilHHOM LlnSI KOMnoHeHTHbIX !pH3H'ieCKHX noneii:, 1.JTOObl 

co6nrocTH npaannhHYID C~SI3b Me)l{Lly CTBTHCTHKOH H CilHHOM LlnSI 

KOMnoHeHTRhlX qinanqecKnx noneii: n OLlHOBpeMeHHo ao6HTbCSI nono

JKHTenbHOil onpeaeneHHOCTH aaeprnn 6onbworo nonSI, MhI aon:lKHhI 

BBeCTH BMeCTO nonSI (jJ+ ( 1j; W) .. none 

---._,, iy ;r. 
f (y;w). =[ t{p".)] (JJ (v;w) 

none <jf{71;w) OTnnqaeTCSI OT nonR (JJY.v;w) MHO)KlfTeneM 
2Y 

(:-) B qneHe, c~eTCTBYJOllleM oTpuuaTenbHo-qaCTOTHoii: 

qaCTH. flollCT8BHB (j)(y;w) BMeCTO (/)+(y;w) B Bb1pa-

)l{eHHe ( 3), Mbl nony'IHnH 

"'-../ 

[ <.p(:x,;z), <Jf(y;w)] = S(z-0i/J{x-y) 
± 

flpn 8TOM Hy)l{HO B3SITb KOMMyTaTop LlnSI 6oaOHHOro MynhTHnneTa 

ll aHTllKOMMyTaTop ans qiepMHOHHoro MynhTHnneTa, HHa'le roaopSI, 

HMeeTCR npaBHnhH8Sl CBR3b Me)KllY CT8THCTHKOH ll CITHHOM llnH rroneli 
~ 

CfJ. H (J.J . flcHo, 'ITO B T8KOH Teopnn noKanhHOCTb 6onblllllX 

rroneli HapvmaeTcR ua-aa HenoKanhHoro orrepaTooa &. (b 0
). Bae-

11eHne HenoKanbHbIX oonbllIHX rronen OCTaeTCH cepb83HOH -rpy~HOCTbIO 

Teopnu. 3Heprm1, Bb1pa)KeHHaR c rroMOIIIhJO rroneu 7jJ' n {jJ 
( BMeCTO cp+ H <JJ ) , RBnsreTCSI nonO)KHTenbHO orrpeneneHHOH. 
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/· 

I ,. 

Ilono6Hbiii peaynbTaT nony•rn:n TaK)Ke <PpoHcnanl 15/. TaKHM. 06-

paaoM, ecnH OTK838TbCH OT noKanbHOCTH 6onbllIHX rroneii, TO MO)K

HO ITOCTpOHTb TeopHIO, B KoTopoii aaeprHH rronO)KHTenbHO onpene

neaa, CB060JJ:Hb!e KOMITOHeHTHbJe 'nomI noKanbHbI ( rrpH aanH'IHH B3a

HMoneiiCTBHH OHH 6ynyT HenoKanbHblMH II3-38 KHH9M8TH'ieCKOro 

¢aKTOpa) H eCTb npaBHnbHaH CBH3b Me)KJ:ly CTBTHCTHKOii H CITHHOM 

K8K nnH 6onblIIHX noneii, T8K H nnH KOMITOH9HTHbIX ¢H3H'i9CKIIX ·• 

noneii. 

B § 20 Mb! ITOKaaanH, 'ITO B Hallleii TeopHH HMeeT MeCTO 

Ilp8BHnO 38M9Hbl noy. nnH HnnlOCTpaUHH Mb! BbI'IHCnHnH MaTpH'I-

Hbiii aneMeHT JJ:nH rrpouecca 8HHHrHnHUHII 1. + 1 ~ o+ 0 · 
uony'IeHHbIH MaTpH'IHbIH aneMeHT nen:CTBHTenbHO MO)KHO rrony'IHTb 

aerrocnencTBeHHo H3 MaTDHtJHoro aneMeHTR nn~ npoueccR pacce

HHHH 1 +o➔ J +O (cM. ¢opMyny (28) pa60Tbl-/21/) 

npaBnnoM aaMeHbI noy i. ~ ,s 
B § 21 Mb! ITOCTpOHnH HJJ:pO J,((z,z~ z") 

7 C ITOMOllibIO 

KOToporo MO)KHO H8IlHC8Tb HHBapHaHTHYIO 

6eCKOH9'IHOro ¢epMHOHHoro MYnbTHrrneTa 

Hb!M 6030HHblM MynbTHimeTOM </>(x;i) 

BepllIHHY B38HMoneiiCTBHH 

(j)(x;z) c 6eCKOHe'I-

B cnenyromeM BH.Qe: 

j?f{x;z)(j}(x;zj</J&;z')J{(z,z;z•jd?'(z)d?(zjdjl,(z"). 

B § 22 o6Cy}K.QancH Borrpoc O B03MO}KHQCTH ITOCTpoeHHH ¢opMa-· 

nH3Ma rrepeaopMHpyeMoir TeOpHH rronH C 6ecKoHe'IHbIMII MynbTHITne

TaMII, nnweHHOir 6ecCMbICneHHblX 6eCKOHe'IHblX BenH'IHH. TaM 6bmO 

OTMeqeao, 'ITO BaKyyMHOe Q)KIIJJ:BHHe OT xpoHonorH'IeCKOro rrpOH3-

BeneHIIH T ( </J(x;zJ i!{y; w )) HMeeT rrpH'IHHHb1ii xapaKTep 

TonbKO rrpn cneayrorueM orrpeaeneHHH 

( 

_____., -~ /'v 2)1 ~ 
T lJJ(x;z)tp(y; ij; ~ 0(x-y)<j){:-;9fj}(y;ii}+C-) &(y-~f/J(1p~<f~;9. 

ITpe.QbIJ:lYWee Bb!pa}KeHIIe OTnIIqaeTCH OT rrpOH3BeaeHHH 

T((fJCx:zJfJJty;J} 
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MHO)KIITeneM {--) 
2

)1 BO BTopoM· qneHe. 

Mb! rtoapo6Ho paccMoTpenn rrpouecc pacceHHIIH JJ:BYX 6ecKo-

:aetJHbIX MYnbTIIITneTOB cp II 1> . HaBapHaHTH8H orrepaTop-

H8H ¢yHKUllH, COOTB9TCTBYIOITI8H npoueccy pacceHHHH BO BTopoM 

nopHnKe, HMeeT BHJJ:: 

• j(Ptfof>5"4 iZ12'.zZ37+_): (j}(A;~fJ½;ziijf(!,3 ;z~rj} ( p4 ;z)j: ( 4) 

dfl,{z1)dµ {z2 )dµ,{z3 )dp(z-,.) , 

rne G (p, ,z0 = ff'[ <p,+/¼)'!M2-t, +(,4➔1J}. 

1 f;(z;-z;)/((z;,z:z,zJK{z3 ~z;,zJ?(zf)~(z;) 

Bblp8)K9HHe ( 4) aaeT 6ecKoHe'IHYIO cyMMy qneHoB; K8)KJ:lblii 

qneH OITHCbIB8eT npouecc pacceHHHH COCTOHHHii C onpeneneHHbIMH 

crruaaMH. HanpuMep, nnH rrpouecca _j_ + O ---'7 .:L + 0 Mb1 
2 2 

HMeeM 

U (f.1}U, (A) f{f2)f(f4 )!/
2 

[ CJi+p;J(M2-iE <'2-tA-)} 

( 5) 

j.t{z}-z;Jf\_(z!,z1 ,z)K(:3 ,z~,z~),. (t;z15 f13 ;y5 (A;~) (h,;V 
"+,(zf)d~(zl)o/'(z1)dt,(z;_)f,{z5)d/'{z4 } • 

HHTerpan B (5) HBnHeTCH KllH9M8TH'i9CKHM ¢aKTOpoM, 

o6ycnoBneHHblM CBOiiCTBaMH CHMM9Tpnn. KHHeM8TII'IeCKIIir ¢aKTOp 

ynoBneT~opHeT rrpaBnny aaMeHbI nay, oaaaKo He cymecTByeT ap

ryMeHTOB nng aHanHTII'IeCKoro rrponon)KeHHH. Eb1no ITOK838HO, 'ITO 
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MaTpli'IHb!M aneMeHT ( 5), B · CBOIO O'lepenh, MOlKHO paCCMaTpllBBTh KBK 

cyMMY 6ecKOH9'1HOro 'lliCJJa MaTpli'IHb!X aneMeHTOB, COOTBe_TCT

BYJOIJJliX BCeM nnarpaMMaM, BllpTyanhHbie COCTOS!HllSI KOTOpb!X o6na

Jl6JOT BCeB03MOlKHb!MH CilllHaMn. ~fry cyMM·y CllMBOnli'leCKll. H3~6pa~ 

lKaeM cneny10IJJllM o6paaoM: 

~/2 ( 6)· 

rt1e JlBOfiHaSI nHHllSI===== oaHa'!aeT rrponaraTop 66nh111oro rronSI. 

Mb! OTMeTnnn TBKlKe, 'ITO paBeHCTBO ( 6) llMeeT M9CTO npn ycnOBllll, 

ecnn Mhl rrpeae6pernn TaK H63b!B69Mb!MH KOHTaKTHblMll 'IJJeHaMH. 

Pat1H HarnSIJlHOfi ~H3li'l9CKOfi llHTepnpeTaunn Mb! He BKJJJO'lann aTH 

KOHTBKTHbJe 'lneHhl B rrpaByIO 'laCTh paBeHCTBa ( 6). OJ1H8KO OHH 

nrpaIOT cymecTB9HHYIO ponh: 6ea HllX cyMMa MaTpli'IHbIX aneMeHTOB, 

COOTBeTCTBYJOlllliX nnarpaMMaM npaBofi 'IBCTll, He CXO!lllTCSI K MaTpll'I

HOMY. aneMeHTY, COOTB9TCTBYJOIJJ9MY nnarpaMMe neBofi _ _'la:::Tll. 

B KoHue § 22 MbI c~opMynnpoBann o6o6meHHhJe nptrnnna <I>efiH-

MaHa JlnSI 6ecKOH9'1Hb!X MynbTllnneToB. 

C IIOMOIJ!h!O 8THX npaBHn nerKO JlOKa36Th, 'ITO TOJJhKO co6-

CTBeHHO-aHepreTli'l9CKlle nnarpaMMbl npllBO!ISIT K pacxonnMOCTSIM He-

36BllCllMO OT 3Ha'l9HllSI CIIllHa BO BH9IIIHllX nllHllSIX. 3TOT peaynbTBT 

OTKpbIBBeT HOBYIO B03MOlKHOCTb JlnSI nocTpoeHHSI nepeHopMnpyeMofi 

Teopnll B3aHMOJlefiCTBllSI 'laCTllU C Bb!ClllllMll CIIllHaMll. 

PeaynhTBThl JlHCCepTaunn 6hIJJH orry6nHKOB6Hbl 

Tax/22-301. 
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