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I. BBe~eHHe. rpYnna CHMMerpMH 

B nocne~Hee Bpe:u:sr mupoxo oOcyx~ercsrti-S]Bos:u:oXHocrh 
npKMeHeHMH YHMTapH~x ( OecxoHet:~Ho:u:epH~x) npe~craBneHHR He-

xo:u:naKTHHX rpynn ~a xnaccHmHxaUHH sneueHrapHUX qacrH~. 3ro 

HanpaBneHHe recHo cssrsaHo c nonurxoi npeo~oneHHH rpv~ocre«, 

B03HMKaiJUIHX B crap~X HeYHHTapHHX CXeMaX Sf,(6;~-TS] MRM 

Lf(06) (!6-IBJ B paMKaX 3THX CXeM, KaK H3BeCTHO, HeB03MO!HO 

HallHCaTL HHBapHaHTH~e ( OTHOCHTeRLHO COOTBeTCTBYDIIIHX rpynn) 

BORHOBHe YJRBHeHHSI ,MlEe MH CBOOO~YX lll.CTH~, a raxxe 

MHBapHaHTH~R narpauXKaH CBOOO~H~X none!. IT03TOMY Her CMHCRa 

rpeOoBaTL CTOporo! HHBapHaHTHOCTH :U:aTpHqH~X aneMeaTOB npo~eCCOB 

OTHOCMTenLHO 3THX rpynn.TaKoe rpeOOBaHHe npHBeno dill X npOTH-

BopeqHD c ycnoBHe:u: YHMrapHocrH S-uarpu~~. 

lna nocrpoeHHa nocne~oBarenLHoR reopHH pensrrHBHSHpoBaHHoR 

CHDerpHH SU(6) HYJ.:HO HcnonLSOBaTL raxyJJ rpynny CH.MllerpHH 

G , xoropasr co~epmJia 6~ o.xnopo~JJ rpynny nopeHua 

H rpynny SU(6) xax no~pynm>1, H npH aro:u: odhmtlie t:~erh!pex

MepHue HMnyRLC~ qacrHn petiRH3uBaJIH 6~ ee HenpHBO~HM~e npe~cras-

JieHHHo 

OxasaJiocL, qro npH ~OBOJILHO npocr~x H npaB~ono~oOH!IX 

npe~onoxeHHHX[J, 4 ,B] ara rpynna ~OJIXHa OHTL nonynpHMHM npoHs

Be~eHHe:u: rpynn~ ITyanxape 9 H rpynn~ BHyrpenHeR CHMMeTpHH S 
CO~epmfl!e! HeKOTOpyll no~rpynny S~ (_2,c), H30:U:Op<l>Hyll rpynne llo

peaua: 

r:\ vtd C 
L' = d 5]0 

J 

J S =:J S4(2C). (I.I) 



EcJUr He paccwTpKBan reaepaTopu Pr- rpynnu TpaHCJilillHR, 

co~epmute~cH B P , TO BMecto (I.I) ltDieeM 

'(}: = ;£ B S' (1,2) 

r~e ~:oAHopoAHaa rpynna nopeHna. 06osHaiiHM renepatopu rpynnu 

-=J qepe3 ~}' , reHepatopu rpynnu S qepes IJ , a re

HepatopH no,ll;rpynnu Sl- (2,C) , co~epmmelltca B S , 11epes ~Y 

( Sl.CHO, \ITO reaepaTOpY o;.y BKJID\IallTCli B .EJ- ). JierKO BH,l{eU, 

ttTO reHepaT ophl 
'71 __ 'I __ (I.J) <1w ---- <),y ~Y 

KOMMYTHPYilT c reaepaTopaMH rpynnu )) H o6pasynT anre6py ~) 
HeKOTopo~ rpynm:l 2'.~, H30Mop<PHollt rpynne ::1.·· • TaKHM oc5pasoM, 

...__, 
rpynny d Mo:mo paccwTpHBaTI> KaK np.ID4oe npoHSBe,l{eHHe 

rpynnH S R HeKoTopollt rpynnu ;;f'_-' H30MOp<iJHollt rpynne .;;£ 
c reHepaTopaMH (I.J): 

6 = ~~JrsS. 
(1.4) 

EcJIH BKJIIl\IHTL eme reHepaTOphl ~~ , TO BMeCTO (1.4) HMeeM: 
(1.5) 

G sfJ'rsS, 

r,ll;e y?J' H30MOp<iJRa rpynne IIyaHKape ff . 
B HaCTOliute~ pa6oTe Mhl K3JIOXHM OCHOBHble pesyJILTaThl, nonylleH

Hhle HaMH no KBaHTOBOIIt TeopHH TIOJili C 6eCKOHeiiHYMH MYJILTKTIJieTaMH. 

B naparpa<Pe rr 6y,l{et paccMotpeaa KnaccH<i>HKaUHli ~~actHU no 

6eCKOHe\IHOMepHHM YHHtapHHM np~ctaBJieHHliM HeKO:MnaKTHHX rpynn. 

3TH npe,l{CTaBJieHHli peaJIH3YilTCli B fHJIL6eptOBOM npoctpaHCtBe 

O,l{HOpO,l{HhiX ~HKUH~. Tax 6y,l{et nony\leH liBHYIIt BH,l{ MatpHUH KOHeiiHOrO 
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<i~ 
··.:·.·~·· .. · l"·);j 

·' 

.;r, .. ; 
)J 
1~\ 

/1 

npeo6pa30BaRHli nopeuua :I)j
3
;jjJ , KOTOJBR Hrpaet BaZHym 

pOJIL B Hamel T90pHH. 

B napar~e m MH H3YQHM B3aHMO,l{9RCtBHe 6eCKOB9QRHX 

MyJILTHDJI9TOB H yrtazeM Ba BOBOe 06CTORTeJILCTBO, B03RHKalllllee 

B teopiiH C 6eCKOR9tUIHMH yYJILTHDJ19T8lOI, a HMeHH0 1 H9JIOMJILBOC'l'L 

,l{JIJI B38.DIO,l{el CTBYJllllHX KOMDOHeHTBHX noneR • 

B napar~e IY 6y,l{et paccwotpeao KBaBtOBaHHe uonel c 

6ecitoaeqBHYH wyJILtHnnetaMH. Ey,l{et nortasaao, q:ro CYllleCTBYilT 

CB060,l{HHe JIOKaJILBHe nOJIH, OnHCbiBallU{He 6eCKOReQHHe MyJILTHDJietH 

C BOpwaJILHOI CBli3Lil MeX,l{y CDHHOM H CtatHCTHKOR. 

B naparpa<Pe Y 6y,l{yt c<PopuynHposaau o6o6uteaaue npaBHJia 

telltHMaBa ,l{JIJI teopHH C 6ecKOHeqHHMH MyJILtKnJietaMH. 

II. Knaccr¢mta11Ha qactHn no 6ecKoHe11HoMepHhiM npe.gctasneaHHM 

I, KaaoBHqecKHI <SasHc 

IIpH H3yqeaHH KJiaCC~HKaUHH qactmu ,l{octatoQHO paccxotpetL 

TOJILKO rpynny BHYtpeaaelt CHIOietpMH S • TaK KaK S H6KOMnaKT

Ha, TO ee aenpHBO,li)!MHe YHHtapHHe npe,l{ctaBJieHHli, DO KOTOJiiM 

KJiaCC~HUHPYDTCli QaCTHuY, 6eCKOH6QHOMepHH. Ka~oe taKoe npe,l{

C~BJieHHe pacutennsetca aa npauyn CYMMY 6ecKoHeqHoro ~~Hcna 

aenpHBO,l{HMHX KOHeQHOM9pHYX npe,l{CTaBJieHHR MaKCKMaJILHOIIt KOYDaET

HOR no,l{rpynnu Sc rpynnu s. HanpH.Iolep, se = Sli(6), 
ecnH S = Sl,(6,c), S, = V(6)®U(6), ecnH S = U(6_,6) 

llycn a -co;poxynaocu Bcex napaYerpos, xapaKtepH3YilutHX 

MHHoe YHHTapaoe npe,l{ctaBJieHHe rpynnhl S , J: - taKas ze 

COBOitYDHOCTL ,!{Jill no,l{rpynnY ~c ' a I" - COBOKYDHOOT& BC9X 

muexcos, aywepyllutKX pa3JIHQHhle c5a3HcHhle seiCtopii B Ka~Oil uenpH-
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BO~OM npe~CTaB!eHHH no~rpynnH ~ • TaxHM Odpa30M, K~Hl 

da3HCHOH BeKTOp YHHTapHoro npe~CTaB!eHHSl rpynnLI S xapax

repH3yeTCSl TpeMSl HH~eKCaMH a~,jt H Od03Ha~aeTCSl ~epe3 ~~fV;>. 

TaKOH da3HC dy~eM Ha3LIBaTb KaHOH~eCKHM. Ka~oe YHHTapHOe He

npHBOJO{MOe npe,ncraueHHe rpynnu £!!>' xapa.KrepHayerca napol qwceJI 

- we coil ~acTHULI qrv H HeKoropw ~eJILIM HJIH noJIY~enLIM .s' , 

KOTOpoe 03Ha~aJIO dLI CnHH ~CTH~LI, eCJIH dLI rpynna f?j)' COBnaJla 

C ~ • ba3HCHLie BeKTOpLI 3TOrO npe~CTaBJleHHSl OTJlH~DTCSI 

Melr,lzy' cod oR 4-m.myn:&colL H odoaHa~amrc H ~ep ea / S'/J) . 
PaccMoTpm.t CHa~ana qacTH~H B noRoe c 4-mmyJt:&co:w: fJ=== (iJ=o_,i~. 

Tor~ H3 (1.5) BH~O, QTO BeKrOpLI COCTOHHHSI 3THX ~aCTH~ MOryT 

dsrh npe~craBneHH B BH~e 

/s'f,rpf) = Jsf')0/'1}f'> 
A IlpH npeodpa.ao:aa.HHH nopeHWi, nepeBo~.llllleM p B _p 

COCTOHHH.fl (2.1) nepexo~.f!T B 

I s,P;otJF) ~ U (~~;)}s},<y~ 

U( ~~}) = ~xpl i~y Ufv (p(-fo')J J 

r~e ('/~' (p<:--f;)-napa.:u:erpu npeodpa.3oBaHHH .lf<:-f 
(1.3) cne~er, qro 

U (-1p<-J) U'(~p). ~(~(-J) 

u) ( 11~-;) = ex? t i0-:Cvr~' (t<-J)) 

U6 (lp(c-j) = ~xp j i~r wf'J' (~-j Jj 
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(2.I) 

, BeKTOpLI 

• .llan:&me, H3 

~ 
I 

H noar~y MH HUee:w: 

u(l,(-;)lsft*'>= ur~;)/sJ>/®~~;)/.y~> . (2.2) 

IlepBLIA MHOZHT8!:& B npaBOI ~aCtH (2.2) 8BJlSl8TC.fl da3HCHLIM B8KTOpOM 

ls1' > npe~cTaBJI8HH8 rpynnLI gd~ , a BTOpol UHO:!KT8Jl:& Od03Ha~HM 
qppea 

lfo Cl,t-; )/~iu) ===== I ctiCPJrr;5) 
Tenep:& BMecro reueparopoB Fy rpynnu ..S BBe~e:u: reHepa

ropLI, 3aBHC.IIIllHe OT jD 

~ (r) === u; ()t-p)Ej LJ; -
1

(1/""";) 
nerxo BH~en, qro reBepa-ropu .I_f(p) y~oBneTBopamr raKm.t ze 

KO:MMYTaUHOHHLIM COOTHOmeHHHM, qro H reueparopH fy t H OTHOCH

reJibHO da~ca ~~\f)~(P~OHH HMeDT TaKHe ze MarpHqHLie 3JieMeHTH, 

QTO H ~ OTHOCHT8.1IbHO da3HCa /cyf') : 

('Vr;,>t~)l-)C!)I~~)r~~ = <y~· lr; h/)t') (2.3) 

PaBeHCTBO (2.3), B CBOD oqepe~:&, oauaqaer, qro j~(p)~(~)) 
.aBnaercH KaHOHHqecKHM da3HCOM YHHrapHoro npe~craBneHHH rpynnLI 

C reHeparopaMH ~GP) • B qacTHOCTH, COBOKynHOCT:& napa:u:erpoB~Vb) 
xapaKrepH3yer H8npHBO)UU408 npe~CTaBJieHHe MaKCHMaJibHOH 3aBHCS~eit 

'or ~ KOMnaKrHon no~rpynnLI ~c ~) • TaKHM odpaao:w:, npH 
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xnaccH¢HKaUHH qacTHU MH llORL3yeMCH 6a3HCaMH, COOrBeTCTBYD~ 

3aBHCH~ OT' p MaKCKMaRLHHM KOMnaKTHHY no~rpynnaM ~~ ~) 

rwnm• S. J 

2. YHHTapHoe npe,llcTaBJieHHe rpynnw SL (_zc) 
> 

Pa.CCMOTpHM 6onee no~poCIHO cnyqatt s= Sl(~r) IIpe~cTaBJie
HHe 3TOtt rp,ynnH Y~OCIHO peanH30BaTL B rHnLCiepTOBOM npocTpaHCTBe 

¢YHKIUIR fiz.1•z.t.) ~BYX KOMIIneKCHHX nepetleHHHX ~ H Z 2 • 

~eTanLHO 3T8. TeOpHH H3Jiara.eTCH B paCioTe[Ig} 3~eCL MY npHBO~ 
TORLKO OCHOBHHe CBe~eHHH, HeOCIXO~MHe ~H nocne~D~HX pa3~enoB. 

I\alJ[,Itoe HeiipHBO,m'IMOe YHHTapHOe npe~CTaBneHHe xapaltTepH3yeTCH 

napolt qHcen av ===()-)f) , ue f - .1IIlCioe ~encrsHrenLHoe qucno 

( w paccuarpusaeu ocuoBHym cepHD), )1- .uenoe HJIH nonyuenoe 

qucJio. Da3HCHOMY BeKTOpy )yj>1))~ > CO CllHHOM j H ero npoeltUHe~ 

j
3 

COOTBeTCTByeT ¢YHKUHH(lgJ 

i2 (z;.~) = h}0'J+V~h;J!(J-J~!(j+0!(/-JI)! J 1· 
(2.4) -. 

( 
-.i -2.) i_l-i-j '\'I tld ~ ( JY~+f, -yJ;jJ-~,)"t.,72yi7'-J 

• ZtZ. -tZ.zZ _/ L__, Cj) \z (ZJ \ZJ (z../ 
. d Jf(j-,;j-dJ/(;'+J;+d)!(j-Y-d).' I 

B rHJILCiepTOBOII npOCTpa.HCTBe ~ Jl-+ 1: --l, -)'+ 1_ -/) 
O~OpO~HWC qJyHKUHR CTeneHH O.IUIOPO.IUIOCTH ,\., = ( Jl+ ff -J,--Y+ {? -!) · 
IlpH 3TOM CRanHPHOe DpOH3Be~eHHe onpe~eJIHeTCH BMpBXeHHeM 

<?f,)j;h,,))J) = Jj fJi (z,i)J;J (z,1)1zlz (2.5) 

8 

MaTpHqHHR 3JieMeHT KOHeqHHX npeoCipa30BaHHR 

XOTOpHR onpe~eJIHeTCH XaK 

s ~ (2y c) 3 J ----7 lJ_g 

J).~J . '/ . /~ \ 
,/)3 jJJ.•·\..c ../' 

l{ /Yf,JlJ> = .s; l);{;j'jj (t)/YjJ,}Ji> 
)]3 

/ 

MOIHO HaRTH no (2.4) H (2.5). ~JIH qHCTOfO Bpa.meHHH TiopeHua 

B llJIOCKOCTH (x.J,x
4

) MH HMee:tli9,20] 

. ~r 

_[3J~)j; (E) = 

(2 ,6) 

1 (2. 7) 
-=~= ~~LJ (2,;+1)(2J't1)r:i~)( u-;3)!v+~J! (1-0! ?AJJ!(!'-A)! (,F~J;!(r-1! L~ 

r;+;+D! ( ) 

·L(-1i+"' ( ·'+"'+,;:,+P)! (i+j'-d-d'r~.;-~~)! 
JJ/ J 1 J'! (i-jr.lj!J?h-JJ! (Y-t;/J+J}!(!y;+·d')!(j-v-dJ!(p-Y-J:}! 

2(2.i' +.;j+Y+H ~ )j' ( ., i J ,, , ~ J 
· t 

2 
-· ~J +1+ i, td..+;;; t-JI+ 1 ;j"*) + 2 j 1 --c / 

~ = ( r f) ; F (~!;l; z) ·- rHnepreo:MeTpHqecKaH ¢YHKUHH. 

~HKIUIH IJJ~y;{t)OCIJia~amT CJie~IJ~WI npOCTIDm CBORCTBaWI 

D.?.,., (::.L) = sii'fi;; ' JthV:lJ tfd .?{;rJ 

'f "' -.1 D;};i)J~ (t-) = LJ:;~;J'.I ( E t_) J 

Djljj'$ (t) = ( 0 ,/rj L zJ/D JI_J (. -) -1 - . ·t ·t E 
/; ·-}.J ;,; ' -.lJ ' 

2: 
)j3 0;~iif ( £)D;;~j11jj (i) === iJ:J" ~Ji% 

9 
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ilpH H3yqeHHH BepmHH H aMnHHTY~ pacceaHHH ropa3~0 Y~06Hee 

nepeXO~HTb OT &aHO~ecxoro 6a3HCa (2.4) X 6a3HCY, XOTOpHI 

cTpOHTCH cxe~n~u o6pasOY: 

J.b. · · · /,. e) J -1-jrh b,4_ · · -~·~v . f '" ,;-Y ( z,,zL) ==- (zcz-j / .~.~ ___ 4 +JI J (a,6= t') 
UjdfL ••• "J't.v I 

(2.9) 

r~e 

(2.10) lh 6,61 ... 6t' 
Y a,<L._- · · «-t+k 

-l 
~ (-iJ -t.'(t+/v!(2~~~~.2L(z ;zc)st/S~ .. r".. z "'~>+: -tt -s:o :.·.let--s).' ( t+lt--s)!(2i-+k-)! • JJ GJ, 4.s zd·~-i" "''t+I.Z --- z ) 

t..j' 03Ha ttaeT Cl1Mlde'I pM3ai.UfiO no HHJ!OII4M K BepXHIDl HH~6XCW4 a 
(~ 6,6 ... 6 

l1 b B o·uenbHOCT14. CnHHOpbl rj;_ :e t Clrf).IMeTpHqHll no BepXHIDl 14 
.t,J.2 .. - dt.-lt 

HHXHHM HH~excaK H KYenT HyneBon mnyp no nn6on nape H3 o~oro 

BepxHero H O~OrO HHEHero HH~eKCOB - OHH HBHHDTCH HenpHBO~HMHMH 

OTHOCRTeHDHO rpynnbl SU(2) • 

IlpH npeodpa3oBaHHH gt:::SL(~9) cmmop __c4 --';·r 
J dt--•':Jtl-' 

B 

U / t,!J2
. ~iY = )"~ D"'4--J., ;0v· .. <:J'+~' /.)1_[ "'c/.e ... d;!p 

_g ,J.,.t~ ... "j+JI •-:;..J a1<tr-':;'t-J' j <ltd; ... cfpv\ S lj c1c2 ... ~~t-Y 
J 

r~e MaTpHqHI:le 3HeMeHTll D-- J,, ~ ... ~--., ; c-1c.2 ... '}Pt-V 
dJdz ... ~i+Y) 0d.t · · ".f!.J/ 

. . Yj' 

HBJIHDTCH OOOOIIeHHe:W l?j~ ;)j'J (g) 

IO 

14 paBHll[l9{ 

(8) 

nepexo~HT 

(2.II) 
-' 

I j, b. • c1c ... · CJ't-V D o, 2. • . - ;;-" ) ~ " -

- <~,a.2'"'7-t-YiJ.Jd2·""':J'!...v (1) = 

(2. 12) 
~ JniJb (i_:_P,j-t-lj) 

--.2~ 2 (-·If (2,j--s)!(zJ'-u)! • 
k"htdX(9'J) ~;: s .' k! (2j).' (j'-P)! {j'+l)! (j-JI-s)! (j+P-s).1 ( k+j-,j~s) !(h:)+j'-- s+l)! 

• 
r ( -1- -j+ s) 
---·-----
r (!] -J+s-1<.) 

. ' j. J 
J--1(j+S J) J'-JJ+l f j'--1'-t-2 

D( C·, C. 
j-t--P-t-1 j'+P+2. 

J. k {' jf- -J'-S 

l •• () 

cj 1k 1-P-s 

\"' 
• L_ _ _, j/\ c,, .. fAc-t J'Pt ... ~~ bs g ck+l ..• J ck+j+Y-S .5'+4,,1 ... g+ l;-11 

J, dl>,_ d1 dS "Hi "-_j-t-JI Jk-t-1 dR+j-Y--3 -' 
P(a.,61c1J;) 

ue + A ~"-) A 33 = <v>.+ o( == o(·(t+ J ; ~ = 
-1 -> ... 

--Q((j'' • 
0(., I 

4 I' doc( ~ 

6'
0 

= 1, ~- 4 Ma.TPRI.Ul llay}lH, )...,, 03aaqaeT cyMMHpOBaHHe no 
.P( d.,b,c,d-) 

BCeM nepecTaHOBKaM <t,b1 c.,J B OT,JJ;eHbHOCTR. 

BCHKYD O,JJ;HOpO~IJ ¢YHKUHD <f(z..t.,z2) 

M0%110 pa3HOlmTD no CnHHOpW4 j .!:; ...... 
R3 npocTpaHCTBa ~+i-I.J-Y+~-j 

9 ~-, <i.!C2•·•~/+P f ~~ ... ~~}/ ( ) 
(z.t,Z.z. =L ~,Z2 J f j' 1 r J,Jz "• d.;:J' C.JC2. "' ~'+JI 

(2.13) 

II 



r.ite 'f;,~;:: .. Ta.Klte ClOOleTpHllHH no BepXHID.! H HHllliHM HH,JteKCaJ4 

H oellT ayJieBota mnyp. Hx KaK H fd,Jz... w 6y.D;eM Ha3HBa.Tl> o6o6-
J e.tt:z·" 

meHHHMH CnHHOpaYH. IlpH npeo6pa30BaHHH jtS[,.(~c)<l>YHK~HSI f(2<t,Zz) 

nepexo.D;Ht B l(gy;(z1,z~.) , Kotopyll onJl'l':r. pasJiolltH1l no CnHHOpal4 

f 41>r • lblee:M 
iLt<Lz ... 

U ~ L U lltd:<"'"7t}'f kfz ... 1;;)1 ( ) {z.t;zz = z11 Z2 • J<f .-• ~ r P.tbz ... 'J y df4z ... ";jH' 
J 

H3 (2.II) (2.I2) H 2.14) CJie~et 3aKOH npeo6pa30BaHHR ,li;JIH 

cnHHopa (/J a,ar· 
1 b1 b ...... 

(2.I4) 

U d,<l2 ... a.,j+V )~ D .&Jz ... ~·'-yjiitaz .. ·'!/+Y <;c ...... c.'tY (2.15) 
s r Ptb!J'" ~--Y = j' CtC2."' c;•tv; 4.l>, ... 'J-Y (s)fJ,d~ ... l~'-JI. 

3 • YHHTapHO CU S- J4atpHyH 

UsyliH:U tenep:r. ctpyKTYPH S-- :uatpHUH B pacc:uatpHBaeMoll 

teOpHH Cwo.IetpHHo .IlJI.11 npOCTOTH paCCMOTpHM nO.D;p06HO ynpyroe 

~CCeHHHe CHHrJieTa aa qactHuaX HS HeKOTOporo 6eCKOHeqHoro 

MY Ji:r.tHnJieta. 060SHallHM llepe3 lf H 'f' HWIY JII>CH CHHrJieta )1;0 H 

nocJie pa.ccemiHa, a qepes f ,[{ ,j (p), j; (!) H l', a' 

j'(j>),j; (pj- IDifiYJII>CH H .D;pyne KBaHTOBHe llHCJia qaCTHI.Ui HS 6ec

KOHellHOrO JzyJII>THfiJieta )1;0 H nOCJie pacceHHHH, COOTBeTCTBeHHO. 

3JieMeHT T-uaTpHUH H:Ueet BH,ll; c ;)' '--= ::1+ iJ) 

( 1'';f>~<XJ'(f''JJ;(t01 T/ r ;;.a.)(J>)J~(f}) --

12 

\J \ .. 

~~·). .' 

'• ~: . ·.' " 
= (2 x)+ S('!tf;+r-t'-1')~rt' Ttl; (t';f'J'(F'}j;(f~~'fiPJCf>j,(fiJ · 

(2.!6) 

IIepexo,Jts ot c:la3HCOB I 1 ; J>Olj(f)h (]>)) E BOBiiK CSa3BC8M 

11; p«jjJ > np11 DOJIOIUI opeocs~aoBaBBJI 

I p<{i{p)j,(p)> = DJ~V,(f>;j~~ (A.,.~;)/ J«)Ji> l 

:uomo oomMn, uo 8.11DJD1Tf,J,a T "'(f'ifJfi'!Jjf(P:)}f;pJ(j)j, (~ 
10188T C.I8~Q'D •cDBBOBJD• Ctpyxrypy 

To(( t';· .. lfj·) - 0tnJ:<,);J'JJ0;'4)IftJi~(f>i/J;~;)F~t), c2.r1) 

rJte F(.d )- cKaJispB8.a ~BltlUIS ot s H -i • 3to osaallae%, uo 

•co&OB8.&• CtpyKoeypa 8JIDJiftf,ltH BDOJIBe oope.D;eJieHa H X8.JBKTepH-

3f8%CS ~BKIOUDDI ~;,Jj,{l>);j'jf (11*-f) • Hs (2.!6) H (2.1;/) 

CJh:,Jzyet, llTO 8JITB8piOITOB8.8 llaCU 8JOIJiftY.ItHt EOTOJBJI 0603Ba-

lla8TCJI qepes A q , paBBa 

A ... (,'il'3'cpy-: Cfvl 1 iJJCtJJ, (}>~ = 
(2.18) 

~:(JtJJ: {fJji',H(~(-1') n;;,>hC~>>;)'iJ (A'*;)ImF {8.-t) . 

Pacc:uotpiDI tenep:& YCJIOBHS YJlftapaoct• B ,uyxllactB'IBOII npHdJDize

BHB. liO,JtCTaBJI88 (2.16) H (2.!7) B DpaBYD qacn COO%BOmeBHJI 

. i(T+ T) = r+r , 

D 



a 3aTeM DOR~3YSC~ CBOICTBOM 
--------

<( ' ) <( 

lJ;r'J)jlMi'(J')jf(J') (A-9(-l' 0r'IJ)J(rJj)11r,J)~~~r,> (-L,~_l) = Jj'~.J; 
J ctjrr)/;{'f)) = Djr1J;;(?Ji)'r?)j/(f) (1t~l')J ~i'(J),;I(PJ> ~ 

no.ny'W.eM: 

A" (~';!~'(P')JJ(p')l q ;Jj(}')/J(j>}J 

= Dj~(t')j: (JJ;j'jt (J..,~J' )Dt~~!>)J~(}J;jll}l (;._;(-f). (2.19) 

. -kzj ~Z ·1{§ ~.(1> (P+1-.t"-tjF(s~t')F{a,tj. 

T8.VIM odpa3oM, nocxe cy&HpoBa&lla no decKo&elUlouy tU!Cxy 

tJaCtHD; 113 ,JtaliBOro uynTIIM8Ta MY noxytU!M taKYJ) ze CnliJHOBYI> 

C'rpYKtypy, 'liTO H HCXO~a. YcXOBIIe YHHtap&OCTH B ~BHOM cxyqae 

npocto CBO.ltHTCa K eurpax:&aouy ypaB&e&HI> ,ltlla F (a. t) , 
aaaxorH'IIHCIIY ypaBH8HHI> B CJIYtJ8.8 pacceS&Ha CKaxSpBYX 'llaCTH~. 

CxyqaH paccea&Hs qactH~ 113 ~yx decKOaeqaYX uyx~"rHnxetoB 

paCCMa'rpZBaetCS aaanorH'IIHO. My BH,lUIM, 'll'rO B ~BYXtJaC'rH'IIHOM npHt1XH

E9HHH He B03HHitaet npoTiiBopeqlle C YCXOBH8M y&HTap&OC'rHe 3To 

CBS38HO C TeM, 'litO !l>OpMYXa CYIDIHPOBaHHS no npowezytO'IIHYM COC'rOSl

mHSM IIHBapHaH'rHa O'rHOCH'r8X:&HO rpynnY CHYKetpHH. CX~OBateX~HO, B 

Xl>dOM DpHt1XHZ8HHH DOCXe CYMMHpOBaHHS DO npoMezytOQHYM COC'rOSlHHSM 

w Beer~ no.nytJaeM BYpazeaHe, n:sapHa&uoe onocH"renao pac

cwatpHBaewol rpynnY. 

I4 

'· 

C~enaew e~e o~o 3aMetJa&He. !MnxHtY~ (2.17) 3aBHCH'r 

llBHO OT mmyUCOB 'llaC'rH~ j>m H <f(t} , ltO'rOJtie npHHHMal>'r 

pa3Biie 3Ha'lleBHS B pa3BYX CHCt9MaX Otcqeta. O~Haxo, no~3YHC~ 

cBoltcno:u: D - IPYHit~HI, wo:mo noxa3au, qto ata a:aa:nnmy,na He 

3aBHCH'r Ot BYdopa CBCteMY OTcqeta. 

ill. BepmnHH H aMDXH'rYAY pacceauua 

B atoM pa3~exe MY 6y~eM H3Y'IIaT~ CTRVKTYPY BepmHHHHX IPYHK~lt 

H aMnXHTY~ pacceHHHS B paMKa.X TeOpHH CHMMeTpHH C 6eCltOHe'IIHHMH 

MYX~THDXeTaMH. nns npOC'rOTH H3XOEeHHS B JtaqecTBe rpynnH BH,YTpeaaelt 

Cmo&eTpHH S MY paCCMOTPHM rpyiiiiY S 1.-r (21 C) • C~enaHHHe HHJB:e 

BYBO~H OCTai>TCS B Cl/IX9 TaKxe B 06~eM cnyqae. 

I • Ea3HC .lt!I S peJtYR!lHH 5 L (Z C)= S U(2)p 

ilpe~e qe:aa: npHCTYUHT~ K H3J'IIeHHD BepmHH H aMnnHTY~ pacceSHHS 

MH ~OXJB:HH llOCTpOHT~ B SBHOM B~e ltaHOH~eCRHI 6a3HC, COOTBe'rCTBYD

~tt pe~K~HH SZ,(21C)=> SU(2>;,,talt KaK qacT~H C 3a~aHHHMH CDHHIDU'l B 

Ka~OM MYX~THnnete onHCHBai>TCS aenpHBO~MHM npe~CTaBneHmew uano~ 

rpynnH SU(2),- no~rpynnH rpynnH SL (2,C) 1 ROTOpaS OCTaBnSeT HH

BapRa.HTHHM 4-mmyn~c p • TaRHM o6pa3ml, ayZHo noctpoHT~ 

Ka~Oe HenpHBO~~oe npe~CTaBJieHHe rpynnY .$l (2,C) B BB~e 

COBOJtYDHOCTH CDHHOpOB MaROlt rpynnH Sl/(2) • ~XH 3TOf0 ~OCTaToq-

HO HCXO~HTL H3 (2.9) H 3aMeHHT~[2!] ~ 

Zc.Ze Ha. z(_ ifl)czi a 
'\.. .m i ' 

st 
d 

1Hl (- t):. 
HMeeM: 
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. . • j-1' . 8 

f 4b~ ... ~-v (f;Z\="" (-lY (,i-r).'(j+11)/(2j-s)! (Ze(-iJt-z.i}. 
<J,4R "' d.j+l' / fo sf{/J1-S)J{j+Y-s)f{2j)f \" 1ft, .l _,./ 

(3.1) 

)/t( >f) ~ (- i~) J,s z z- ~+J. z ~'-'-JI • - - ,,, - .1._ z ... ,,, 
111/ a., m ds <ls+t 'i-t-Y 1 

ue J; ==PrO,. ; (6.t)t = (~)t = <fu; (~)j = -(<>.t); = -i~1~ ; 

!4···~-J' z;) (~ )
4

1> - 3JI8Ke&tlil KatpBil fiay.IIH ~ • 3TH CDJIBOplil a, .• ')'t-; (/';~ 

118JIOI rpyDDiil S V(2). npeo 6pa3yDtC Jl DO COOTB 6'f CtBYJ>DUDL COBB OpBiiiK 
1> . 

npe~ctaBXeBHIK o~opo~on rp,ynnY llopeu~ H y~oBnetBOpJlDt ycxoBHJ>; 

~ ip ) 4t f £1'" j,k "' tj-Y / 0 
-- . tJ>ji! = ' :m J,k. a-1 ... at .. . J+Y :) 

(3.2) 

KOtOpoe osuaqaeT, qTo OHH ODHCHBaDt COCTOJlHHJl C onpe~eJieHHHMH 

CDHHaMH. 

fiycn Tenep:& t - ~D6oit 31I8K8HT H3 rHJI:&6epTOBa npoctpaHCTBCJ., 
•, 

ocyllleCTBJIJlDDtero ~aHHoe YHHTapuoe npe~cTaBJieHHe rp,ynnu Sfr (~cJ· 
Tor,un :{ MOllt8T 6HT:& npe~CTaBJieH B BB,D;e 

v ( . :) ~ Y d.t4~·" '!,z+Y ( ))j b,i,. ... ii-Y ,. . ) ~ p,z =L ./\., . . . }> d ChZ 
j 1>, 4 ... ~-)1 d.t it.t ... ~+J' 

(3.3) 

KounoHeHTH X4't.'.'.' (;) Beer ABo uolltHo BudpaT:& TaK, t~Todu OHH 6HJIH 

CKMMeTpHqHHMJII OTHOCHTeJI:&HO KH~8KCOB Ka~OrO THDa H Y~OBJieTBOpSlJIH 

YCJIOBIDJ 

(!:!A_) ik X d! ... ~r· "i+" () = 0. 
Jn ai b1 ... bl<"' h,j-Y J 

I6 

;' •••• 

l j ·: ',, 

~' (' 
' i~< 

B ~•uelleK BepmRHH B .atpxqaue aJieueutu npo~ecca pacceaaBa 

6y;a:a B&palaU qepe3 3tll ltOIDIOR8HtH X z:::.·: 

2. CtBJKtypa Bep!IJ • §MPBJtYg pacceau•s 

Jln.11 DpOCtOTH paCCKOtpD npe~e BCero tp8XJIHB81H08 B38JDio

;a:eiC%BB8 B81tOfOpHX 6eCEOH8'11HHX yYX:&tBDnetOB C CBHrneTOK, DpB'II8K 

Jtll.ll 6ec:a:oaeuoro uyn%mneta nonolltiiK J = 0 • B atoM CJIY'IIlie 

BBBapaautuas sepiiiBRa oeet BB.lt 

r(p',f) -= J(l'~r~lt~f(k):} I :X +(J.';z)X(p;z) drdz 
(3.4) 

ue j(T'~'~k~ - npo13BOJiltHiill IP\JJ11qaltt op, <f(k) - BOJIBOBal 
I 

4IYB1tiUII curxeta, R=.;-;' • JousylicJ, 4loJ>KY:.IIOI (3.3) Ml 

X(p;z) H X(p1;z), DOJIY'IID / 

rc,t~-- (3.5) 

~s(P: ':~<? (it)'\ x-+.4 .. ·~j!.y r, ,)M .it· .. a;~Jii.i, ... Jj_,. IJ,! ·\X'~· .. ~:+.~~ (,) 
f f ~ a, ... s;+f ~fj b, ... I:J!_yi'l·"t:;J'+Y V f) J, ... dj-Y 'J ' 

JJ 

AJ.1 ll_t_ ... ~,;.i, .. .i..~ \ 
r.D;e KatpB~ JV1 ~ .• ~'!JI; e, ... ;.,. {J.!f; IBJIIIltCH UBellatH'II8CltmDI cpaJttO-

paKH B DOXHOctJ,J) ODpe~e~HDTCI HHterpa.IIOM 

\A a, .• a;~~-;i, ... ~.., c ~ iff+.i, ... ;i'+JI. fd, ... ~·-,.c ~ 1 J-1!1. b~b - J:.. ' '()>t.z) p·z dz z b,,.,~-JijC:.I'"Cj+JI r'f- -2 b1 .. ,J:J'-JI J"j C.t,•C;+J' 1 

(3.6) 
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l!T06bl BhiJICHHTD C_BoticTBa 3THX tPaKTOpOB, p:l.CCMOTpHM CH8.11a.Jia ti8.CTHblti 

c.nyt~alit, KOrAa )1=0 • Tor,n;a nepBHti <lJaKTop, BXO,ll;JIIIlHlit B B9pWHHY 

C Tp9MH JIOp9HU9BCKH CKa.JIHpHHMH t~a.CTHUBllH, p:l.B9H: 

1A ~r ~., ·"'') if it " J)_i. 
_L¥1 (j~J>) = ~) lZ4 (- * t z) \~ (- ~)J z / dzdz = 

(3.7) 

= _J£ __ - /_n, q'+ ~-
2~ o<-Vc~~l 

' 0( ==== -- ( J>'J>) 
---.Jlii-

3TO 03Hatl8.eT, liTO ti8.CTb BepWHHH, COOTB9TCTBymmaa B38.HMO,ll;elitCTBHD 

CKa.JIHpHHX tla.CTHI~ p:l. BHa: 

(o/ rJ o) = g(l'/;':k~J_ L~ q+Val!- 1 SO(k).t+(pjX(p) . (3.8) 
2V<XL1 d.--Vct£-1 

3,n;ech CJie.n;yeT OTM9THTh, liTO KHH9M8.THtleCKHlit ¢a,KTOp )1~ft) IIOJI -

HOCTbD onpe,n;eJIH9TCJI TOJIDKO B ~H3Hti9CKO!it 06JiaCTH COOTBeTCTBYD~X 

rrpoueccoB. Ta.K, HanpHMep, .n;JISI KaHa.Jia pa.cceHHHSl \. t =- (t-rY<0 
:.JTOT .9la.KT op p:l.B9H 

iv!(r~t)=L(t)= _xm2 fn 2m.~i+[t(t-·:lm2)]7f2 
[t(f-~m/)]}12 2m•- t- L·t(i--fm2)JY2 

(3.9) 

a B a.HHHrHJIHUHOHHOM Ka.Ha.Jie ( s = - ( p-+ t:"f > 4.m~ 
OH pa.BeH 

Jltl(-J>ft) = r(s) = JlJn 
2 In, 2m2-.s+ [.s(s-·'lm/)] 71!. (3.10) 

[s(s-~.mo~]7'2 2m:_s -[s(:f-1·m~].Yz 
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Z,; 

:,·:,:· 

A:!~ 

OfM9THK, QTO HB OCBOB9 ~OPMYJIH (3.8) H9Jlb3H BHtiHCJIBTb KHH9Ka.TH

qecJtHI c~~Urop F(-1;) npB xoiii1JlexcHHx i; • Huau roBopa, He 

c~ecrsyer reoperBqecxoro odoc&oBa.HHa ~~ ero a&anHtaqecxoro 

up O,li;OJIZ9HHie 

ABaJl:oraqao, B3 ~OJI'YJlH (3.5) IIOJiyqo C1I9,llyDII(ee BHpaXeHHe 

,l{lla uarpam10ro 3JieMeHra nepexo~ 

B ltaHaJie paccemHSI: 

j = 1 ---).- j'= (} 

(o I r(p!;) j1) = 
(3.II) 

= _g(;,'!'Jk.j. 1-iim3 [t- 2:m"-t ~ 2.m:.. i+Vtrt-1m.>J;]w(~)t-t-/l,)l[(.,)b' 
t{t-J:rnj 2'{t(t-~.m! 2m"- t- Vt(t--hn/) I· lP /'il/;jf" l 

r,lte l{(p) -pe1IS:THBHCtCKa.S: BOJIHOBaJI ~HKJU'IH Me30Ha CO CIIHHOM 1 B 

Ba qa.JibHOM COCTOIIHIH 

Vf(J) = }-(~)tXt (t) 
QqeBH,JUio, qro 3,JteC» a.BTOKatHt~ecKM nonyt~aetca L-S cBa3h. 

Pacc:uorpo teneph cJiyqalt, KOr~ Y-- i_ • My1IDTHn1Iet8J4 

Ta.KOrO po~ ,ltOJIZHH npBHa,n;Jiezatb BC9 H3B9CTHH9 6apHOHH CO CIIHHOM 

I/2. qaC'fb BepmHHH, COOTB9TC'fByDII(a.JI B38.HUO,ll;9~C'fBHD CIIHHOpOB CO 

CIIBHOM I/2, p:l.BHa: 

«frcp:p)l.i) = 

(J .12) 

~ S(f:,·:J.j {t r .Srt(•'Y'J%- ~-(•'ifj"l.,(~llr(pfli/'( ~ ) 
2 ~+<>Y~~JY'" t J' . I '-1 . f. 
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r~e ~a y~o6crBa Bwecro ~BYXKOMnoHetHoro cnHHopa 

MH HCfi0HD30BaHH ~paKOBCKHH CllHHOp 

XC 

Vi~- (1/J") ~ (;;:) ; :t i ~~ (- f/:): X j 

(jJ -= (j)+y+ ; lt -= ( ~ ~) . 

nHH COCTOHHHH C ~pyrHMH CfiHHaMH MOZHO nonyqHTL BHpaXeHHe ~XH 

BepmnH aHaHorH4HHM nyreu. 

MH BH,ll;HM, qro HapH~ C npOH3BOJIDHblMH cpopMIPaKTOpaMH j(p,f~zk_~ 

3aBHCH~HMH or ~HHaMHKH npo~eccoB, BepmHH~ co~epxar KHHeuarnqecxne 

cpaKTOpH, fiOHHOCTLD onpe~eJIReM~~ CBOHCTBaMH CMMMeTpHH. JU1HaMH

qecKHC cpopucpaKTOpH 06H~aDT 06H4HHMM aHa~HTHqeCXHUH CBOBCTBrulH H 

CBOHCTBaMK nepeKpeCTHOn CKMMeTpKHe qTO KacaeTCH KRHeMaTH4eCKHX 

cpaKTOpOB, TO OHH Y~OBHeTBOpHDT 06HGHOMY npaBHJIY 3aMeHH noy 

( npH nepexo~e or KaHana pacceaHHa B KaHan aHHHrHJIRUHH ~ocraroqHo 

3aMeHHTL --l: Ha ,s ) , HO He cy~ecnyer reopermec.KOro o6ocHoBa.

HHR ~H HX aHamiiTR46CKHX 11pO~OHllteHIDt • 

PaccuorpnM, HaKoHe~, ynpyroe pacceaHHe CHHrJiera Ha qacrn~e 

H3 MYHDTH!lJiera c Y= 1 . nHR npo~ecca 

-1 

0 + ~ --7 o-+ z 
HMCeM CJIC~D~Htt UaTpHqH~H 3JieMeHT: 

fil (9,f;p;~ 
= A(s,t) m/ ~~ J[.zm2-tJ-Vt{i--tmyJ~['m~f-Vt{t--t~jl~l~(l~(JY, 

(4m"-~[i(t-1Jtt') :zl :J) '1~ 

r~e /l(s,-tj- HeKoropaa HHBapHaH-rHaR aMHJIHry~a, onpe,ll;eJisno~aaca 
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·:~ 

.~-~ 

i:f~i:~j.'; 

~HHaMKKOH npo~ecca H 06Jia~aD~aR 06HqHHMH aHaJIHTHQeCXHMH 

CBOHCTBaMH. 3~eCD HHTepeCHO OTMeTHTD, qro cpH3H4eCXHe a:t.mJIHTY~H 

He aHaHHrHqHu no f B 3JIJIHnce neuaHa. 

PaccuorpHM renepL BepmHHH B3aHMo~eftCTBHa rpex 6ecxoHeqHux 

MYHDTHOJietOBe nna 3TOrO UOCTpOHM HHBapHaHTHYD TpexuepHYD KOM6HHa

~KD O~HOpO~HX cpyHK~HH, npHHa~exa~HX K tpeu pa3HHM HenpHBO~ 

YHHTapHHM np~ctaBJleHHBM (J!f) ' ( Y~ f') , ( y~ f") · 
06o3Ha qHM 3TH O.ltHOPO~HLte cpyHKIUfH qepe3 :f (z), .f'(z'), .f"(z/1) 
H TIOCTpOHM HHBapHaHTHYD TpexuepHYD KOM6HHaUHD B Bale[221 

] {fij/f") = f 1\ {z,z~z')j(z)j'(zjj"(z')lrfzJdrfzJ't(z~ · 
HanoeM YCJIOBHe HHBapHB.HTHOCTH tPYHKUHH J(/,f:f") OTHOCHTeJIDHO 

npeo6pa30BaHID1 rpynnu SL (2,c) 

I (Jj:h Ts/,'7jf") = I(:IJ:J) 
HHH 

j f( (z,z~zjj(zg)f'{z~)f(z"i) ?(z)J;4z)cfrr~j . 

= j 1( (z, z~zjj(z)j' (.r1j"(s') frzJ?(zjf-(z') 

3ro ycnoBHe rpe6yer, trro6u 11~0 Jf~,z:z) 6Wio HHBapHaHTHI>IM 

OTH OCHTeiiLHO npeo6pa30B aHHH 

z~zs , z'---:) z~ 1 z"~ z~ 

Taxm.t oCipa3ou, smpo !( ~,z;z~ saBHCHT or cne~llll!HX rpex 

HHBapHaHTHHX KOM6HHaiUia: 

Z I 1/ I q Z' 1/ /1 -= z tZ%- Z:zZ_t. ' = -Z.zZz- ZzZ.L Z /1 I I 
' = Z1Zz -Z%Z.1. 
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Kpowe toro MODO no:rasan, Q!O upo 1( (z,z;z~ .unaetca O.lUio

pv,li;Bol cpymt1Uf81 CO CJie.J;YIIIIUDiif C!8DeH.IUIR CBOdO,JUi 

- 2J'-iy-1' 2.J1-•f- 1 O!HOCH!6UHO z "' z* 

- 2Y'- i_~ 1- i J 2Y
1
- 'f1

-1 
O!HOCR!eJII>HO z.' 11 z'* 

2 1/ • II f 
_ 21''- •s ,_ 1 , y - •J - O!BOCR! eJII>HO z' 

'"' 
z''* 

B pe3ynnate su;po l(r~,z~z') Hlleet Bif.ll 

}\ { s,z~z~ = z~z*N;z,N:z'*N:z,N:Z"*N;_" , 

ue .N;,N/,N/ Y.ltOBJietaopaDT cJJe.~tYIJIIID y~BHeHHSK: 

- 2V- iy -1 = .N/+N/ 
I ' I 1 A r 1\TH -2Y- tf- = tvt+.LV.t 

2Jt-"1-1 = M+N:, 
2v1-iy'- 1 = .N; +-N./, 

- 2Y11-1'-1 = .N.t_+Nf n 'II 1 AT+N.'· 2}1 - ~- = .JV2 .L • 

PemeHeew 3THX ypa.aHea:wl! HBJIHetcll 

2N, 
2N;_ 
2 N' 

1 

z.1v; 
2 N" 1 

2.N_% = 

2(Y-~'-Y') _.._ i( r-J1-f'J --- 1 

2 (-V+Y'+J'~ + i( f_JLJu)- 1 
2(-Y+JI~Y:> + i(- j+j'-J' --1 ' 

2 ( J/-}"1-tY1 + i (-j'+f'--JII)- 1, 

2(-Y-Y/+Y'~ +-i(-y-_f-l-J")-1, 

2 (Y+Y'-J'") + i(-f-J'+j8
) --1 • 
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Z~z~;v.; 
TaK KaK DpOii3B6,1teHH6 . ~ 2 :£1M66T CMbiCJI TOJlbKO TOr.zta, KOr.zta 

Af-M =Uenoe llHCno, TO JierKo YBH.zteTI>, llTo BeJIHilima :J (Y-Y'-YV 

.ltOJIXHa ~Tb uenHM llHCJIOM[2J: 
3. HeJIOKaJILHOCTL B3aHMogeHCTBHa 

iloJiyllHM TenepL CBH3L M6%,1ty DOJIYil6HHNMH Bbllli6 pe3yJILTaTaMH .11 

B03MOliHOCTLD DOCTp06H11H JiarpaHJ:HaHa JlOKaJibHOru B3aHMO,It6HCTBI1SI. 

nnSI npOCTOTbl paCCMOTpHM Tp6XJIHH6~H06 B3aHMO,D;eJ:!CTBI16 M6l!':.JJY 

llaCTH®MH .113 uynLTimneTa c Y= 0 .11 HeKoTOpb!M CHHrneToM. 

B } - npe.n;cTaBneHHe narpaHJIHaH B3aHMo.n;ei1cTBHSI, HHBapHaHT

Hbl~ OTHOCHT6JibHO rpynmi Sl, (2,C) , DOJiyllaeTCSI .113 cpopMyJihl (2.5), 

eCJI:£1 llOJIOXHTb .n;HHaMHil6CKHn cpopMcpaKTOp paBHUM KOHCTaHTe. ITepeXO,ItSI 

3aTeM B X-npe,ltC TaBJI6Hl'l6, Cpa3y DOJIYI!IU4 JiarpaHJIHaH B3aHMO ,nei1 CT

BHH, l'IHBap~HTHb!R OTHOCHT6JibHO .n;aHHOll rpynnH. qaCTb JiarpaHKHaHa, 

COOTB6TCTBYIJlllaH B3al1MO,Itei1CTBHD Tpex l!aCTJ.fl.\ CO CllHHOM 0, paBHa: 

L_/~nl {x) = ty:rxJ { .t -l?xJ r-(n )X (x) j ' (J.lJ) 

,~ 

r.n;e 

r ( 0) ===I_ ck 0 k 
k=O 
~ )' )2. 0 = _-;>_-+-

- ( ll~ ():XI" 

~ ~ 1>+-k..( \ (2c-.J.)!! r(a.+.t)r(-2b+1) 
cA L L (-l) \~)(2a.H)2k+G.m2..k6!d(.k-n)! · r(·HJ-Vr(-26+1-k+~ ) 

.11=0 J.~o,I>=O 

C=J,j(li+V 
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~ ~ + 
0p~111eM l ,~;elcu:re-r Ha ,X: (:r-) , a _1_ ,~;elctByeT Ha .;r (X,). 

'OX/" 'a¥"/" 
AHanorHqHHe pe3yJI:&TaTY MODO OOJlY'fH'.r:& TaKJ:e ,lUll ,ll;pYrHX CJlyq8.6Bo 

HarpaHZHaH B3aHMOX81CTBHJI (3.13) CO,II;epZHT deCKOHeqaoe qHCJlO' 

opOH3BO,II;HHX, KOTOIJi8 B03RmtallT HM6HRO H3-3a tpedOBaHHJI CHlollletpBK. 

llpHqKHa HX B03HHKHOB6HHi 3aKJlJlqae-rca B CJl6,ll;yll~6Mo 3JleKeHtapHYe 

qaCTHUY, BXO,II;JIDUI6 B KaZ).ttdt d8CltOHeqHYI yYJl:&THIIJleT rpynnY S/_{2,c), 

ltKaCC~HnHPYilTCH DO seopHBO,II;HMYM npe,II;CTaBJI6HHJIM KBJlOI r.p,ynnYSl/(2~. 

J{JIH ODHCaHHS: 3THX qacTH~ B pa.KXB.X KBaHTOBOlt TeOpuH DOJlJI MY ,II;OJl:IRY 

BBectH OecKoseqsoe qucno cnHHopo:s EapruaHa-Bursepa~ 

7/; AJ~ .. A.nz ( 0 '/B., :n. .ll ~ 
;~LI.t· .. u..rz, (3.14) 

___ 1 __ (J t/J~A,Az .. .A.,. iJa tflt:->&A~ ... A.z~~, -iJ>x} 
- (2njY2j l Y'~J!, ... B~ {p)e --t- r B.tB~ ... B-n {p)e S(JAmJ&q,o)Jj>. 

Ilycn X - aeKotopal sJie.u:es-r rpynnY :sayrpeHseD cH.14.14etpn .S, 
ltOTOpYI He 3a.BHCBT OT HMDYJl~Ca ~ o fiOCKOJl:&Ky qaCTH~ C onpe

,11;6JleHHYMB CDHHaMH odpaSyllT KaHOH~eCKHI OaSHC, COOTBetCTByll~HD 

3aBHCi~el OT } pe,ll;yltnHH S ~ (2, c) ::=:::> S U ( 2) .J> .7 

TO MaxpwqHYI 3AeMeHT npeodpa30B8HHJI ~yp:&e KOKnOHeHT OOJleBYX 

oneparopoB f/J(±~:.'.'(P) npH npeoOpuoBaHHH X 3a.BHCHT oT }' [24] 

tfJ(±)A, ... Am /~X_ :t_' X4J ... A.IJV;~ ... 4 (t. ~\{/)(±)~ ... c.~~. I") . x 't' B_~ ... B_,. v. -L B.t ... B./1/; £; ... ~ ~~_P;r L?t ... zz ~.P/ 
l;l 

(3.15) 
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Otcll~ cJie,~;ye-r, q-ro no,~; ~lctBueu npeodpasoBasxa ·J( 
noxe:sae cneparopa f/J~~::·rx) no,~;Bepramtca ae.aolta.t:&aowy npeodpaso:saom 

Kacam~euyca npoHsBO ,II;HYX B cex nopaJtKOB~ 

X 1/).AJ. ... A.., {~)X-.1=" xA1 ... A_m;,4 ... ~(--iL '\t/J ~ ... f:.R. (x) 
TB_~ ... B.n, L 4 ... B.Jio;c; ... cA 8XJT J1 ... zz "/ 

l,t 

HarpaHJ:HaB B3aKMO,B;eiCTBHJI MOJ:eT dYT:& HHBapHaHTHYM OTBOCBTeJl:&HO 

npeodpa30Ba.Jnta mxoro po,~~;a TOJl:&Ko B TOM cJlyqae, Kor~ oa co,~;epat 

OeCKOHeqsoe qJrtCliO npOB3BO,IOIYX. HJm.qe rOBOpa, Dpuqaa B03BHKBOB8BHJI 

OecKoHeqaoro qxcma npoHSBO,II;HYX B xarpaaJEHaae 3altJlmqaerca B toM, 

qro HeKOMOaltTHaJI rpynoa CHUMeTpMH JIBJlHeTCJI rpynnol HeJlOKaJlbHYX 

npeo6pa30BaHHI KBaHTOBaHHYX DOJlel, ODHCYBallJIIRX deCKOHeqHJie yYJlbTJII

nxeTH AaHBOD rpynnw[25,2I]. 

IY. KBaaroBaBHe cBodo&uat noJieR c decEoueqsYMn 

u;yJI:&THOJleTa.MH 

B pa0otax[24 ,26,27,28] dYJIH C,ll;eJlaHY pasJlHqBHe DODYTKH 

BBeCTH KB8HTOB8.HH!ie OOJISI, ODHCYBall~He deCKOHeqaye yYJl:&TBOJieTY. JLta 

onHcaHHI 1ta~oro decKoseqsoro MYJI:&THnJlera aBTOpB padoTY[261npe,~;
xaraJiu noJILSOBar:&ca noJieBYK oneparopou, odpasym~ YHHTapHoe 

HenpuBO,II;HMOe npe,II;CTal.leHHe BeKOTOpOI BCDOMOrateJl:&HOR H30MOpPBOI 

~ rp,ynna. 3-rot noJieBol aneparop HOCHT HH,II;eKcY, npoderall~He 

deCKOHeqHoe MHOJ:eCTBO 3HaqeHHR, npHqe.u: KaX,II;OI ltOMDOHeBT6 3TOI 

OeCKO&eqao-KOMDOHeHTHOI BeJIHqHHY COOTB6TCTBY6T O,II;Ha qaCTH~o lJia 

TaKOro nonenoro oneparopa KOXHO aanHcaTL xm:& o,101o BOJlHOBoe 

ypa~HeHHe - ypaBHiHHe KJielaa-rop,II;OHa, He3aBHCHKO OT TOro, HMellT JIB 

COOTBeTCTBYD~e qacTK~ ~eJIHe HJIH DOJly~eJIHe CDHHY. Tor~ BCe 
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tiacnn.(hl ,n:oJIE:Hhl no)'(4HHHTLC.fl craTHCTHKe Eo3e-3t!HWTettHa He 3aBHCHMO 

OT me cnMHOB • ~)TO 6eCKOHC4HO-KOMIIOHCHTHOe none Ha3h!BaeTCSl 

dOJibWHM HJIH oOmHM IIOJ19M,a ero KOMIIOHBHThl- KOMIIOH9HTHhiMH IIOJISIMH. 

;tpyron MeTo,n: 6h!JI npe,n:Jiol!:eH B paOoraxL24 , 27~ CorJiaCHO 3TOMY 

MCTO!~ ~Sl OnHCaHHSl Kal!:,IJ;Oro 6eCKOH94HOro yYJlbTHnJieTa HC06XO,ltHMO 

BBCCTI1 6e CKO HC4H 09 1H!CJIO CnHHOpllhiX noJie~, npeo6pa3yDmHXCSl no 

HCyHUUTpHblM KOHe 4HOMCpl!HM IIpe,ItCTUBJieHHSIM BCnOMOrUT8JlbHOl1 rpyniihl 

M y ,IJ;OBJI CTBOp.RlDI!IMX ypaBHBHUIO EaprMaHa-BHrHepa ( KOMIIOH9HTHhl8 tPl13H49-

CKHe nOJISI) • B pa!-!lCaX :JTOfl CX9Mhl Mellt.IJ:Y CIIlfHOM M CTUTHCTliiKOil 

HMC8TC.!l HOp!;IaJibHU.fl CBil3b. l\poMe TOre, B pa6oTl24]Clb!JIO IIOICU3UHO 

( Ha ocHoBe coo6pa%eHHl1 oelmero xapaKTepa), 4TO aunJIHTY,Ithl nepeKpecr

HhiX npoueccon CBSI3aHhl MCE:.IJ:Y coeloil npaBHJIOM 3aMBHhl Hoy. HHaqe 

rOBOpSI, npaBHJI 0 3UMCHhl Hoy M CBOH CTBa CHMMCTpHH COBMCCTHhl. Dh!JIO 

IIOKa3aHO, 4TO ypaBH9HHC EaprMaHa-BHrHepa HHBapHaHTHO OTHOCHTCJlbHO 

npe oopa3oBaHHl1 rpynnhl G [ 24 J 
EcTeCTB9HHO B03HHKaeT Bonpoc, MOXHO JIM B paMKaX BTOpOrO H3 

Bb!WeynOM.fiHYThiX MCTO,IJ;OB BBCCTH oOmee IIOJie? Ey,n:eT JIH TOr,n:a 

TUKOe IloJie JlOKaJibHhiM O,IJ;HOBp8M9HHO C KOMIIOHCHTHhiMH IIOJIRMH. Kpo.Me 

TOro, Cly)'(eT JIM 3HeprHSl nonSI, noJiy4eHHU.fl H3 JiarpaHZKaHa, nOJIOZHTeJib

HO onpe,n:eneHa H HHBapHaHTHa OTHOCHTenbHO rpynnhl BHYTpeHHel1 

CHMMeTpHH. 3,n:eCb Mhl Aa.IJ:HM IIOJIO%HTeJibHhle OTBeThl Ha BCe 3TH 

BOIIpocJr29~ Kpoue Toro, Mhl IIOKaXeM, 4TO H3 KOMUYTUUHOHHOrO COOTHo

WeHHR ClOJlbillOrO nOJI.fl IIYTBM npeKTHpOBUHHSl MOEHO IIOJiy4HTb KOMMyTUUHOH

Hhle COOTHOWCIIH.fl ,IUI.fl KOMIIOHBHTHhiX tPH3HqecKHX noneR. Pa,D;H IIpOCTOThl 

Mhl BCerAa ely ,IteM paCCMatpHBaTb rpynny CHMMBTpHH Sf., ~C) • 0TM8THM, 

qro oelmee none Clhlno pacc.MoTpeHo x.axze B padore[27? O,n:aaxo .IJ:JI.fl 

4UCTHU C nonyueJihiM CIIHHOM ClOJlbWOe IIOJie, BB8,It8HHoe B 3TOR paeloTe, 

He MOXeT 6h!Tb JIOKanbHhiM O,IJ;HoBpe.MeHHO C KOMIIOHBHTHhiMH IIOJIRKH Cle3 

HapyweHHSl CHMM9TpHHo 
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B Hamel teopHH 6o~moe none ae y,n:oBJietBopaer ypaaaeHHD 

'.rHIIa reJI~H~-firJIOYa[~o~ XOTOpoe peJI.fl'.rHBHCTCXB BHBapH8HTHO 

BO Bapymaet CmDle'!pHII G~E.S II B eleCXOHe'IIHOK llfJibTHIIJiete Bee 

a.neueampuwe qacmlUi BYpo:QeHY no :ua.cce. B ~uelmeK MY noJD.-

3yeuca touxo cauoconpazeHBYIOI npe,n:ctaBJieHHmm '[; ro../ ( ~o) 

I. HoBII 6a3JIC ,lUISI ;QeJ1YKIU!H .SL (2,c) ==> SU(2-1. 

Da3HCY ,lUIS pe_zyx:mdt SL(2,C) = SU(2.) , SL,(21 c)= SU(2)_p 

elYJIH yze noctpoeuw B napar~x rr H m ( cK. (2.9), (2.10) H 

(J.I ) ). Da3HC ~g nepBOI pe~XUIH o6pa~eTCR H3 OelOeliqeHHhiX 

CIIHHOpOB SU(2) ;:-:.3-y (z) ( .ltll.fl .f!CHOCTH Mhi CHa6:meu OCS06IqeHHble 
a_, ••• ~+-}' 

CDHHOphl rpynnli SU(2) 3Ba.KaKH ~ , XOTOphle 03Ha'llaDt, '11'£0 

COOTBeTCTBYDDUfe HHABKCii OTHOCSITCS X CHCTeKe, r,n:e qaCTHIUi IIOXORTCSI), 

a ela3HC ~.fl BtopoR pe,Itylt~HH o6pa3yetCI H3 CIIHHOpOB BHAa 

f ~ ... ~-y (.J>;z) , npeoelpa3yD!IlHXCSl DO COOTBetCTBY.Ili!IHK CIIHHOpHiiK 
~··· .lj+Y 

npe,n:cTaBKeHHSIK rpynnu nopeHua. 

( ·-")c C IIO:YO!qbll HJ.myKbCOB - !/> • MOZHO npeBpaTHTb nyHKTilpHHe 
• • .111/ b 

HH.IteKcli cmmopa j!.1 ... ~-,. (.};z I B aenyHKTHPHhle HH.zteKchl. Kpoue 
~ ... "!1+-Y / 

TOrO BCe BepXHHe HH,lteXCii KOIHO ODYCTHTb IIyTeK YMHOEeHHI Ha aHTH-

ClUl:YeTpH'IIHhlli CDHHOp f
4

b o llerxo DOKa3aTb, liTO B pe3yJibTaTe Mhl 

IIOJIY4aeM CHM:YetpH~Hhle CDHHOpli ; ,IJ;H.fl KpaTKOCTH Oel03Ha'llaeM 

noJiy49HHble CUMMeTpH4Hii8 CD.It!HOphl qepe3 

f~ {z)= i ~ (z) a.y ~ .?f ... iJrj 

f d. 1/;z) ==~~ fa -l . (f;z) 'flu ~'1 ~ 
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llonLsyncL renep1 Mero~oM, pa3BHTHM BanHaeproM B paaorefJIJ 

(eM. ~axx:e paaor.bl ~en.~Ma.Ha H M:n~ca [ 26)1, uli BBe~eM Hapn.zy co cmf-

HOpoM _j: ezqe 2 :;j_ 1 cmmopon CO BC6B03.MOJCHiiM I.JHCnOil HHZHHX J-a,; 

flYHKTHpHiiX HH,ll;6KCOB nyTeM YMHOllt6HHH :/:z . (p;Zj Ha HyJB:.HOe qHCJIO 
HMnynLCOB (- £}> • i: ·")a' :J 

.In- ili 

~~a~ ... ay {j;z) = ( .(!) <i_fi ( ~ - "./> • ;z ' 1ib <lJ 4]42 ... i/.:1 /> 

f ').<l.'(- •Jdi (- ·j1_f / z) . . . ·z -- - !:l... 1- :t_ ... ·- tf_ • J~(' ' cJ;z . .,., ... ":! ( ,., ) -- ( "" .;, m. .. "" ":;' """"":i 

Bee 3TH CflHHOp.bl HBnHDTCH KOMflOH6HTaMH BOJIHOB0£1 ~YHK~HH 
:SaprauaHa-BHrHepa ~~:··C:2) (Jizj , r~e qi npHHHMaer renep1, 
yx:e qerHpe snaqeHHH I,2,I,2. 

BMeCTO aa3HCa ~. (z) MOXHO fl01lb30BaTbcH aa3HCOM h. (z), 
J2y ~J3 

SIBJIHili!IHMCH mmeih!OH KO:MaHHUI.lHe£1 £. {z) npH ciJHKCHpOBaHHO.M 3Ha-

qeHHH j • i.iex.zy aa3HCO.MH ;; (z l H £. (p;z) CYI!I6CTByer 
/IJ ~ . npocran CBH3L: 

f. (J;z) =L ~· (;d4)~k (zJ. 
"';Y Ak; ~ '.J (4.I) 

!JarpHI.la .IJ.. (p;!tly I nnnnercH c roqaocnD ~o Hexorop!ix ':/ '/ 
npeoOpaaoaanHK MaTpHUeU KOHeqnoro npeoOpasoBaHHH Hopen~, nepe-

BO~HI!Iero qaCTHI.lli K3 COCTOHHHH ITOKOH B COCTOHHHe C 4-HMITYJILCO.M Jb 
(cu. naparp~ IT). 
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qTOOii reopHB OO~~aAa"nepeKpeCTHOK CHMMeTpHeK" (DO,ll; T6pYHHOM 

•nepexpecraas CHMMerpxs• cAe,ll;yer noHHMaTL B03MOZHOCTL npxMeHeHxs 

npaBHJia 3aMeHli Hoy) xpoue aas.11ca fcty· (p;z) :w BBe~eu e111e OasHc 

£.( -j>;z), noJiyqaewtt H3 -+ .(hz) nyreM 3aMeH!i h ~ - h . 
'i. J<fy . r r 
~ Hs ycJIOBHH oproroHanLHOCTH BeKropoB OasHca -f .. (z) 

)clt/3 
Herpy~o nonyqHrL 

Dey(=±_ j>;kkJ == j fri (±;;z)h~(z)?rz) ? 

ue ~{~-HHBapHaHrHas Mepa Ha rpynne. 

lloxaxeu renep~, cne,ll;JDIIIYD BaJCHyD cpop~Jiy: 

5--4:) (±l';J~)D ot~(±J; ilJ ----:- ~,tS~,t.1 7 

(4.2) 

(4.3) 

-~· "'1 cfi o6: r~ ~·+ 
D Y(:r_p;i0=[~··t~ (±}';iiJ 6~}, ... (J:x)l;i ; Y-t = (<lf J) · 
a) Paccuorpo caaqaJia cJiyqa.lt, Kor .IUl. nepe~ } CTOHT 3Ha.K +. 

llOJIL3YHCh (4.2),M~ HMeeM: 

- ( ~~-~· il Jf'i \.£~· + (4.4) J-D~v;h;jD 'J{f;~;; = JJ-- <fj(P;z); (f;w)j~(z)j~(w}ftz)Jrrw). 

TaK KaK cmmop!i ij ~·zJ odpa3yilT OpTOHOpMHpOBaHHYil CHCTeuy 

B exropoB B rHnL6epToBoM npocrpaHcrBe, ro HMeer uecro c;re.lf..YDu,ee 

KOBap:HaHTHOe COOTHOmeHHe 

z iL} {J;z)j ~zj(J;~ = ~ {z-w)' 
d 

(4.5) 
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r.Jte OCSOCSJ118RBaJI rfJYREIUIJI ~{z-~ onpe,JtenJietcJI C IIOMO~II 
. cne,l(yDJQel cfJop.ry.IIli 

j ~{z-w)j(wJdr(w-) = j(z) 
llo.JtcraBHB (4.5) B (4.4), cpa3y nonyqHK (4.3). 

B) llepeR,JteM x cnyqa~:~, xor.~ta nepe.Jt ; crou 3Ha.K MHHyc. 
BBe.JteM npeo6pa3oBaaHe: 

T: z ~E., z*b z* 4 __ ..._ z,t6«- . t. _[a.t (o .:1..) 
a / a.u ' 

7 
" ' aP- = -1 o ' 

KOTOpoe KeHHer 3HaK BpeMeHROI KOMIIOHeHTB H OCTaBnHeT B8H3M8HHHM 

3HaK IIpOCTpaHCTBeHHHX KOMIIOHeHT Bexropa ~ = Zr(~)[ z*s . 

C IIOMO~II nerxo IIpOBepHeMOrO COOTHOmeHHJI 

fJ., ... a:J (-l';z) = ta,dj ··· ld1}·~;;· [ ( -f'i;/ ... a.fj (A,J;.iz)] + 
MU IIOJIYllHM 

/ u)D ~·(- .. \ ;;[: nc(2,}. ~-~-~;RKJ -1;~-tv = 
.;. 

= /J f-14~ (p.,-/;w)J<i;j{Jo,-/;z)J:z: (ur)h~ (z)/r('f'z)?(r~. 
Tax xax Mepa ~~) HHBapHaHTHa raxze OTHOCHrenLao T-npeoCSpa3oBa

·aHH,ro,noBropKB .ltORa3aTenLCTBO npe~~~ero cnyllaH,MOXHO nonHOCTLil 

.ltORa3aTL ~opuyny (4.3). Cne~~He coorHomeHHJI raxze 6y~rnone3HH 
B ,lta.JILHettmeM: 

± ·kk 1 - .!:./!... = ± ;/i/i
3 

, Dq,...cti ... v( ,, ~ y-1 +hi/ 'fi c£1 .. ,i .. ·<ry· ]> ~ (- .8"'i D ~ "0 (4.6) 

D1, (±,; i{JD 
1''f±;;ii,) ~ Sy ~ "'~' ;f.)!-.. (h !){; } (4. 7) 
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A\P )fl . ( )f r.ne ( /' ;~ === (j,._J'r « , Tr ,. = ( 

0 • ("f';i) ' 
( 6;)! 0 

)loxaJKeM cnpaBe,IVIHBOCTb COOTHOmCHHSI ( ~~. 6) • .llJia 

onpe.~ten emm HMeeM: 

~-oro HH,l\exca no 

JJ_, . ., ... "d (t;)l, )~ ~< ., ":! (±;Ji~,& ;j )Z D,. ., '"!/ (r;;ll~ 
Tenepb neno npoBepHTD, llTo 

/ D . + . . . . 1 s "i \.+ m) 4 -

G 
a.i ( i/) a· 

\; ..... ~, ... ":~ ~-}')t,)D~ ... "' "":/""''~2 I+ ifi)di c;;Ef;, -
\.. Ill/ bi hi 

= D~ .. 'fi"· :J (*t.J~3). 
ilepe~,neM K ,l\OKa3aTenbCTBY COOTHOrueHJi'ISI (4.7). ilOAb3YRCb (3.1) 
( 4.1) H opTOfOHaJlLHOCTbD B6KTOpOB /;, (z) , MOlllliO no.nytUfib cne

J,/y 
.JtYK.lJzyll <Popuy JIY: 

L)~ ... a
2
i (±_p)IJD+ z, .. .bv(±J)tJ= tfJ(: 5£)J; ... (+ ~4)t: · 

CooTHOWeHHe ( 4. 7) ,l\OKa3biBa eTCH renep:& C TIOMOUU>Il npe.Jtbi.IJyllle~ 

<l>opuyJibl nyTeM BB6,!\6HHSI rpeti6CKHX HH,l\6KCOB, nplmHMaDll\HX tieTI:lpe . . 
3HalleHHH 1,2,1,2 , no npoue,Jtype, HCnoJib3oBaHHoH npli'I 

no ey lleHii'IIi'I f . (± p; z) . 
<{71 
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2. noKaHLHOCTh OOHLmoro nona H KOYnOH9HTHHX noneR 

llycn renepL <jJ - Hexoropmt 3HeMEIIT rHnL6epto:ea npocrpaHCTBa, 

peaJIH3YDlllHit caMoconpu:eHHoe npe,~~;craBneHHe T --v ( Y, o) · 
Ey,~~;eu pacc:MarpHBaTL yu KaK o6mee no11e, co,~~;epza~ee 6ecKoHeqHHR 

MYHLTHTIJier; ljJ = f/4 + f/J_ MOJJIO pa3HOlltHTL no 6a3HcaM i~ (±p;z) 
cne,D;yDlllHM o6pa30M: 

(/J{;;z) -~ <j/;){;)4~ {;;l<k)£k.J (z)+ ljJ<t;J{-;)D'Y (-;;ilJt_, (z) , ( 4 .8) 

Cnm-r op!i 

BHrHepa 

(jJ <~'1{1), (jJ c~11{-}) , y,D;OBHeTBopaDIIUI!e ypaBHeHKHK EapruaHa-

( ·1 + d)fJi 1/Jclt ... Oii···~-(:+ ,\ = 0 
- :m a(i I -I_; l 

MOJJIO, B CBOD oqepe,D;L
1 

pa3HOlltHTL no CnHHOBHM COCTOHHHHM ( no j
3 

npOH3BO,llHTCH Cy.MMKPOBaHHe) 

v~~Jc t) = 

·tt a(;;· (-r) = 

u q
2i(p;-A)a(f;jjJ ' 

o(. ( '+(,..) . ) v 7} -p;,h) b l';Ji-') J 

r ,Ite a, b +__ onepa.T OpH aHHHfHHH~HH qaCTH~ H pOlU9HlUl aHT:RqaCTH~, 
cooneTcrBeHHO. 

HanMmeM TenepL o6~ee none (4.8) B x-npe,D;craaneHHH: 

1/) (x;z) j2.. J ·u ~j(f:JJ)af/;Jh)D~. (J';Ji_,)jki {z)e-"+ r M7 P J ,} ~ 

+ v"ll(-;;j,)l'?!;jj.)D'o/ (-;•Ai.)J.~, (•)< '~" }fr/) , 
(4.9) 
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r,D;e Jf'(j!)- 06Y'1Baa BBBapHaHTHa.H Kepa Ha !m.CCOBOI llOBepXHOCTH. 

3p:IIB'lOBO COllPHZ8BR08 BYpaK8BIIe ,II;IIH o6~ero nona BKeeT BB,D;: 

(jJ+(.,;w) ~ /J.,} u.,/~>J.)a+;l;p,)IJ'V(rii,)!Jt(+ '&+ 

+ - ( . '\, _, ·\D IJ(rj( " 1.£+ ( -i!y} 1 _,) (4.IO) 
1f .,. -/'i/J;o(J;jJ,J -j>;kk_,)J Rl, w)(. J ~(J / . 

llpe,llllonouB, 'lro oneparopH a, !J y,~~;oueraopamr odH'IBYK xouyr&IUioB-
HYK cooraomeBBHK 

[ a(f1;j)J)' a+(/>~iJJV]± 

[ 6( f;jj~)' P'(;"'\jj~) ]± = 

J .. , s. . . , S(;="' ~,) JJ ;/1/J -j> 

~)' 5J; S(f-f') 

J 
(4.II) 

J 

H nonL3yHc~ (4.6) (4.3) H cne~m~BMH cooraomeHBHKH, aBnam~cH 

OdOd~eBHYKH ~opuynaKH CYKKHpOBaHBH llO CllBHOBOK,Y HH~eECy: 

· - 1 ( i ~ ')"'1 ~ -£ )'~zj u 
01

Y(j>;j.)uf3:;. {;;JJ) = 2 2} -I-;, /jit ... \1.- m.Jfo;· ' 
(4.12) 

. - ( ) y' -1 (,., . A, ~ ( j_ ) ~· 
-v"'J(N;)v;,J v;;; ~(-) 2li'1+ ~l·· H;, _;foi ' (4.D) 

nonyqHM: 

[ W(x;&,<j}{yw~ ---Li (zJjT(w)~f[ ~ -if'(zJ)+ (-le if>(x-y)J~(/) l . (4.14) 
± l<k; kkl l>.kJ ~ I j 
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L_ 

TaKHM o6pa3oM, ycnoBHe npHllHHHOCTH Tpe6yeT, llT06H o6~ee none 

KBaHTOBanDCL ITO Eo3e, eCHH OHO HBHHeTCH 6030H~M 6eCKOHellHHM 

MYHbTnnneTOM H no ~pMH, ecnM OHo - ~epUHOHHHD 6ecxoHeqHuD MYRLTH

nner. BHpaxeHHe (4.14) MOXHO HaiTMCaTb B donee KOMnaKTHOM BH~e, 

ecnH nonL 30Banc H ( 4.5) 

L CjJ(x;z), YJ(yjw~± ~ (z-~iLl (:{;t) · ( 4.15) 

3TO KOUMYTaUHOHHOe COOTHOmeHHe HHBapHaHTHO OTHOCHTen:&HO rpynnu 

cHMMeTpHH G 
QqeBH~HO, ~HH XOMnOHeHTHHX rroneR C onpe~eneHH~ CllHHaMH 

HMeeTCH 06HllHaH CBH3L M~~ CTafHCTHXOD H COHHOU. 

IToxazeM Tenep:&, ~0 H3 XOMMyTaUHOHHOrO COOTHOilleHHH (4.15) 

~H 60nbmOrO nonH nyTeM npoeKTHpOBaHHH MOZHO nonyllHTL KOMMyTa~HOH

HUe COOTHOmeHHH ~H KOMnOHeHTHRX ~H3HqeCKHX noneR. 
q . c( • 

KmmoHeHTbl v; ':!(!) ; CjJ Y(-J>) B Bhlpa:m:eHHH (4.8) MOXHO HamiCaTb 

B cne~nmeM BH~e: 

(j' '~(±I') ~~= IJ C¥2)(t I; iy ~~i; ( 4.16) 

r~e (/~i - BOHHOBaSI <!JYHKUHH l.laCTHUhl, HaXO~SillleRCH B IIOKOe. Tor~a I J 

Mel!r,ey" <!JYHKIUU!MH 

H 

<;Jo('i (',) = jc ljfzJ(J)e- it~ fjJ~f-J)e y,~J ff/) 

y;iii ( x) --=! [ lfii3 e - 'f'X+ 9'<~ e ir J trl) ) 
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• 

cyme crByer npocras: cBs:a:&: 

<¥% • /) a:.)/ ; ' . {jJ ~{.J;) = .L/ {__ i"J:; iyfJ{, (x) • (4.17) 

ilo~craBHB (4.16) B (4.9) H no~•3yac• <Pop~nol (4 • .3~ MY 

nonyqHM 

y(x;z) = j{['J{i;,ii
3
(z)£ -~ +fA~f{zJe- ~J -?rz) 

= 2_, fl/ (xt£ .. (z) . 
. ~~ '"/} i~J 

I<J 

(4.18) 

Ha30BeM KOMDOHeHTH p"'~(x) H w.J {x.) COOTBe'l'CTB8HHO 

<PH3HlleCKHM H H~H3HqecxHMH xounoHeH'l'aMK 6onLmoro nons:. ITo~craBHB 

(4.18) B (4.15) H ITOJ1:&3yS:CL ycnOBH8M ITOJIBO'l'll BeK'l'OpOB i
4 

{z), 
MOZHO n OJiyqH'l' :& ,JVIS: Hef>H3HqecKHX KOMnOHeH'l' cne,~cyDII(ee KO:MI4y'l'aUHOHH08 

COO~HOilleHHe 

[ ~iJ(x)dPti~(y)]±= ~i'~3i)i!J{x-J~) · (4.!9) 

C IIOMOII(bV (4.17) (4.19) H (4.7) M03HO BYB6C'l'H KOMUYTa~OHHOe 

COO'l'HOmeHHe ~S: <!JH3HqeCKHX KOMUOH6H'l'o 0HO HU6e'l' ~H~: 

L VJ •,;( ~, 9f,Jy!] ±- s1 ( ;i~,.,J; ... (~+.:;z iLl rx~1), 
/\ 

r~e 'J y f) . 
i if -ax,.. 

(4.20) 

1\ouuytaiUIOHHOe COO'l'HOill6HH8 ( 4.20) HHBapHaH'l'BO OTHOCHTeJILHO 

rpynrrh! SL(2,c)· 
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Trutml oOpUOM, IIY BIIJUDI, Q! 0 KO:UO DOCTpOBrL TeopJIIl, B 
Koropol Oo~moe none H ero Kounoaears 8B4SDtcs no&anLRHKH npH 

npaBKILaol cssau Ke~ crar•crKKol • cn••o•. Uo•oaeKie Meaaercs, 

eCBH peqa •~er o B3aHKo~lcrBYIJ~X Ke~ coOol uonsx. Ecnx 

npeAnoROIHK, qro Oonamoe J3aKKo~elcra~ee none BOKaiLao, r.e. 
Deer Kecro CJie,JWilJIIee coonomeaue 

[ f/J("";~, ~+r,;w>J± - 0 (x-!1/ )o "/"" , 
KOtOpoe COBKeCtHIIO C rpeOOBaRlfJUIH CIDOietpn, TOr,Jta .US KOIUIOReHT
RHX B3aiDII,D;eiCTBYDIUIX oonel •oxa.tltBOCTit Hapymaercs 

[ f'V{x), ~,.(y) ]+ + 0 ,u ( .¥-y) > 0 

3. Jlarpaazes 4Jop:uanu314 H •uepeKpecraas cpe;ws• 

JlarpaHzaaa ,D;Rs scero OecKoHeqaoro yYBLTHBnera HKee.r BH,D;: 

j - p. m"J-·"i···'o/ ~ 1 _,,_ ~'/' . c- -L -- 1 ---+ fL - J 2 J; .. 1, .. "? ( r\ 'd.<!' 

_:!_ 0~"•fi• .. <¥2:_( Tr2f~ (/) 'l_tmbi·-~j _m (/) _IJJofmt1i 1 + 2 ""i- ~ r . r~ .. "'l' J 
(4.2!) 

llpH BapLBpOBaHHH KOYnOReHtHHe DOJIS C pa3BHMB.CDHHaMH cquralltCS 

Re3aBucJD(HI(H. Oos~ oyreM H3 ( 4.2!) nonyqae» .~tns reHaopa 3HepmH
mmynca OecKoaeqaoro uyuunJiera cne,l.ij'llJIIee sspazeaHe 

if =L_-f tu (r}/"' ?f/J4't-Gi··OfzJ - 0~ .. y .... qz,;(r)fi tu<¥t-6i· .. ·oy l. 
of" J t '""·fi-"'J .;.., -J-7 -a.l' :~.., r ) 
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Tiocne KBaHTOBaHHa 3HeprHa 6eCKOHeqHoro MynLTHnnera 3aAaeTCR 

¢opMYnoa: 

'b __ j 75,., .l: f;vr-+"'~[·'?Jw.)•(iiJj,)+l(Fyj,/fPifj;)j 

-JJ! Vp~m%f fj{fl';z)fjl_ (p;~+ fj;i{J;z)~l(p;z): dr{z) · 

TaKHM o6pasoM, aHeprHa ~ o6~ero nona nonoXHTeHLHo-onpe.~teneHa 
H HHBapHaHTHa OTHOCHTenLHO rpynns BHYTpeHHen CHMMeTpHH. 

PaCCMOTpHM tenepb B3aHMOAell CTBHe 6eCKOHel!HOro MY nLTlmJreTa C 

HeKOTOp~M CHHrneTHHM noneM. OnepaTOpHaH ¢YHKUHS KMeGT BH~: 

g (s,t,w) J ~~p1;z)P(/';z)lr(z) J ( 4.22) 

r.~te _g(s,t,u-)-HeKoropiDi I!JopM..qJaKTop. B B~pazeHKH (4.22) 6b!JIH 

onyu{eH~ nonense oneparops CHHrneTHoro nona. lloACTaBHB (4.9) 

(4.10) B (4.22), nonyl!HM )T)Ia KaHana pacceRHHH n KaHana aHHHnrnnu~nr 

en e,D;yll~He MaTpHl!Hble aneweHT!li 

(4.~3) 

"z~ u cf:; ( /)D ~p~JtJil. {p;h~) u h(,) ) 
JMJ ~~ 

~ -17"1 (-p)D'Y(-t~MJDa,. (p;1~)-u
1~(;). 

~~ . /~ 

(4.24) 

Bb!palB:eHHH (4.23) (4.24) nOKa3HBaDT B CaMOM o6meM BH.Ite,l!TO B 

paCCMa.TpHBaeMOM CJJY!lae HMeeT MeCTO npaBMO 3aMeHU Tioy. 0AHaKO 

nor<a He cymecTByeT TeopeTHl!eCKHX apryMeHTOB )T)IH aHMHTV!1ieCKOrO 

npo~onzeHHR (4.23) B (4.24). 
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.lUis .lfJIJIIlCT!RUHH pa.CCMOTpHM npOL\eCc aHHMfHJISIL\11'11 J I:;;~ ){+0. 

Bhltl.lfCJIHM liBHoe· BhlpallCeHHe MSI MaTp.lft!HOfO 3JieMeHTa. l10JI1>3y HC.b ( 4.24) 
( 4 2\ Mhl no.myqHM· .... . /, . 
1!~ {-?)ufr>) j f (-J;z)ft ( J;z) ?(z) === 

=,=~ --li(-?)·u. "(;) .? (/~v;;Ti f{-:;\1-;;~1-- V:~{c;·~J ~ (4.25) 

r .n;e ex =-= --- -.!'!!> 
JU2-

Bh!pal!CeHne (4.25) ~eilCTBHTeJII>HO MOliCHO Henocpe~CTBermo ITOJiyl.lHTl> 

113 MaTpH'IHOfO 3JieMeHTa llpOL\eCCa p:l.CC6SIHHH (3.12) llpUBllJIOM 3aMeHhl 

Jioy . 

Y. OooomeHHhle nooBH;1a <l?e«m.m.Ha MS! OecKoHel.lHhiX MYJII>THnneroB 

I. BeplliHHHaR rbYHKIJHSI 

PaccMorpHM renep1> Bep111imy B3aHMo.n;eilcTBHR OecKoHeqHoro 

ljlepMHOHHoro Mynnrrnnera {jJ(x;z) c OecKoHel.lHhlM 0030HH1Ui MYJI:&THnne

T OM ~(x;z) • ).(JIR ¢epMHOHHOrO UJ Jll>THITJiera BOCllOJll> 3J.eMCR HenpiiBO

).{IDruM YHI1Tupuhlul npe,~tcraueuHew ('J},o) ( !f ~= -}_: ~ ± _, l_- _) · · ·), 
a ,lUISI Oo30HHoro uyJII>THnJiera -HenpHBO).{HMhiM yHHTapHblM npe~craBJieHMeM 

( >6, o) ( >J ~= o) .1,2_~ .. ) • Tor.u;a HHBapHa.HTHaJI BeplliHHHaR ¢YHKL\HH 

HMeer B H.n;: 

j fjJ +{x;z) fjJ(x;zJ cjJ{x;zJJ{ (z,z;z~ frzJdrrzjf(z'~ ; (5.1) 
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rAe J\_(z,z;z')=z-~-L*Y;,-zr"'-z'*J£-zt'ii-2!f-1L' 'If -~+7!7-1 

YcJIOBl1e nenotrHCJleHHOCTH MH 2~j,-"'1!f B HameM cnyqae y.n;oBnerBopJieTcJI. 

!10J!b3JRCb ¢opJzyJIOli (4.16), Mhl llOJIYliHM .lVIJI HHBapHaHTHOH BepntHHHOi-1 

:I1yHKWllil (5.1) Bb!p8.ll:eHHe 

(/~~ {x)rtjJ {x) rAR
1 
{x)( ~~ t) 

r ,i\0 lj ~L) ~~j.1 , 1i.k
3 
-- He¢H3Hl.l6CKHe KOMnOHeHThl, a oOOClllleHHbl e :y

CMMBOJihl 3aiTHCblBaDTCJI C IIOMO!lli>Kl CJie,n;yK>lllero HHTerpa;ra 

( t
1

3 
j t) = J f:!: (zJ/;)

3 
{z)hk; {z•)KJz,z~zjf(z)dt{eJ};•(zj. (5.c) 

OCioelU~eHHble KO 3qxpHL\HeHTbl 1\Jiedw-rop~oHa M JI y HMTapHbiX npe.u;craBJieHHit 

0)\HOpO~HOli rpyiiiThl JlopeHL\a OblJIU He,®.BHO ITOJiylJeHbl B p:l00Te[J
2! 

IlO)J.CTaBUB (4.9) (4.10) B (5.1), MOliQIO T!OJIYI.IliTD I'IHBapHaHTJry!O BepUIHHHJK> 

(;JyHKr~mo, BblpruJCennyK> llepe3 cpH3HlJeCKHe KOMnoHeHThl. HanpHuep, ~Jill 

fit:p~H!HlJ B3al'IMO~ellCTBl1R ITOJ!OlKHTeJII>HO l.laCTOTllbiX KOMllOHeHT MLI I'!Meel.! 

j{{ ./;•(f)Jr(f)Jr (1) c i(;-r r)x iJ!~t {r) 0'f2m(r) r/J vn(r). 

• /) «yz(hi<0f jm (/);;j~)/??n· ( r)kJ) ( i3 j:1 t) 
2. l'uccellHI'!e ,ll,BYX OecKonelJHhlX MYJI:&THnneroB 

IiOJ!hUJOe none, DBe~eHHOe HaMH D naparpacpe IY, OKa3h!BaeTCJI OlJeHb 

:;o,'le:mb!M IIpH lpOpMYJit1pOBKe !Ip:l.BHJI <.i?el:iHMaHU .n;JIII reopHH C deCKOHelJHb!MH 

r.rJJI:OTJmJieTaMH. Padora.H c OOJll>llll'IM noneM, nerKo o0p:l30BaTb pa.3JlHtrHble 

HHBapwaHTHhle BeJlHlJI'!Hbl. C ITOMOIIIDIO 00Jil>lllOf0 TlOJIR MOlKHO cpasy ccpopM;yJIH

IlOBC.Tb npaBHJla <i>ei-1HMaHa. Ho CHalJaJia JAb! XOT11M OCTaHOB HThC .II Ha O,ll;HOM 
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npHHUHIIHa~bHOM Bonpoce, a HM8HHO,Ha BOrrpoce 0 B03MOXHOCTR fiOCTpoe

HRR cpopMaJIU3Ma peHOpMMpyeMOM T80pH.11 fiOJIJI C 6eCKOH8tlHb!Mlf My1IbTH

IIJieTaMI1, Jll1lliElFfHOH 6eCCMb!CJI8HHI:l:X 6eCKOH8tlHbiX BepmnH. 

B pa6oTaxl33]H11wn~ pa3BHJI ¢opMann3M peHopMnpoBaHHHX 

noJiei1, mrr.n;e B rrpouecce BbltlRCJieHni! He npnderan K deCKOHetlHUM 

BeJIH4l1HaM. C fiOMOJJ.IbKl :3TOrO ¢OpMaJIH3Ma MOXHO liOJIYtl.11Tb B Teopvm 

B03:MYI!1CHHi1 peey J!bTaTbl OdbltlHOli KBaHTOBO~ TeopvrH IIOJIJI. l13JIOXHM BKpaTl\8 

Teopmo HHWHDMI>I. Hcxo.n;a .113 ycnoBnn YHHTapHOCTH n acnMIITOTHtleCKHX 

ycJioBn:.~l MO)!{HO uamrcaTb .n;JIJI ¢YHKUHi1: 

T (•t ... x;.) == (- i) n }(~ .. · 1\ xJl <J:/ T (~(.x,_) .. .y(-¥Jl/~ I o) 
CJ!8)J;yKJJJ.IYID CI1CT8My ypaBH8HV.M! 

T (~t ... ~) -+- T* (-1f ... 4) -+-
"'' ~- i:;1 I 7/,/ I ~ AC:+)/. ,\ Jl(-1-~ ) * 1 / 0 l.5.J) t/~ L_. -1, dudrn<~ ... ~u1 ... ~Lllur~)"'LJ (~-ll i(x-41"\~· .. iil= , 

Co.mh f=C · ';/ 

,_,I 
r.n;e L 

<oJnb 03HatlaeT CYW.HrpOBaHHe liO BC8B03MOXHb!M KOMdHHal(HJIM np11 

pa 3)l;eJI 8HHH II ep 8M8HHbiX ~, ... , -fn- Ha .I03 e rpyrrmr xj, ... -' ~; 11 
I I 

· xk+J , .•. , x.n. c Lf o , k =!= Jt- • 

OrpaHHtlHBaRCb TOJ!bKO cBJI3aHHbiMH ~arpaMMaAm,MoxHo 
BBecnr rrpeo6pa3oBaHHe \Pypbe )J;JIH 7 

. i - (, 1 . i(;p!+ ... +Axn-) 
T (.x, ... :r1.) = - (2Jlf{fl-1J_J 4, ... "tn J 6,+ ... -iJj e G ~lj) 
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r )J.C 6 -4>YHKIJ;HJI oT cxanapHbiX npoH3Be;n;eHH~ HMnynbCOB p; 
noJib3YHCb odiiUiM BH;D;OM I4HTerpa1IbHoro npe;n;cmBneHHJI ¢YHKUHH G , 
lhriiiHl!G'!Ma npHW81I K CJI8.D;Y'Illll8My "napa.MeTpHtleCKOMY )ll{CnepCHOHHOMy 

cooTHOW8HHil 11 
( C BHtlHTaHHeM H 6e3 BHtlHTaHHJI): 

r qO 

0 Jr 
J\t; 0rArr)) =;: L f[ J Y-> _lrrv G.(J>¢r )') (5.4) 

r ;n;e ) - OdUUdl napaMeTp, KOTOpHR HYlltHO YMHODTb Ha BCe CKaJIRpmae 

npOH3Be.n;eHHJI HMnYJlbCOB }i • 
Ypa.BH8HH8 (5.3) H COOTHOIIleHHe (5.4) ll03BOJIJIDT onpe;n;eJI:I'!Tb 

cjJyHKUH:I'I ·r(x1 ... :x,) . HmnmmMa IIOJIYtlHJI ;n;JIJI nponararopa CKaJiapaoro noJI.!I 

~~ i1 ¢yHKUHH rp>ma )l;IIJI npouecca IfiCC8JIHHJI CKaJI.!!pHoro fiOJIJI fj! Ha 

CI~aJIRpHOM II01I8 ¢ BO BTOpOM IIOpJI;n;Ke T80pHJil B03MYill8HHJI 

CJ! e.n;yDI!1H e B bl pallte Ill'! JI: 

~IT(q;(x)~YY»Ii> = L1F~-J;~+ J 1r'L1F (x~;f)6tr1 ) 
(m+f'f 

r,n;e m;f-- MaCChi COOTBeTCTBYili!1H8 llOJIHM 11 
H f 

'(5~ ~ .1(;;! s'J VG ~( -"';"Y l r j_ ~ "?'9'J 

i/1\~ /\~ K;JnK:; <c-) T~!(rJ¢(r~) }V(.tJ)~(x.,» IcY = 

7 

-=-= -- .~ 2L1F 0-xJ ;j [s(xrA!).l'(.xJ.:..xj) + S0rxvci'P:rx.z) J 

4I 

(5.5) 

(5.G) 



3TO HSBeCTHYe pesyn:l>TaTli Od!iqHOR ltBaHTOBaHHOR TeOpHH nonR. 

Paccua~pHBas renepL donLmoe none xax peanLnoe none, y~oBnerBopa~ 
Dtee napl.:UeTpHileCKOMY ~cnepCHOHHO:UY COOTHOmeHHI) (5.4), Jlli MOJ:eJl 

DpHJIEIIHU BeCL tiJopllaJIHS.U: HHmHXHMH K TeOpHH nOJIJI C 6eCKOH81lHli1lH 

MYJILTHnJieTaMH. ilOJIL3YJICL TenepL (4.!5) H YllHTNBaJI CBORcr.sa CHMMeTpHH, 

w nonyqH:u ~R decxoHellHIDC MYJILTHnneToB f/rf;z) H ¢(x;z) cne~I)IIU!e 
BHpalleHHJI: 

<of!{{ilfx;z)0'fy;wJ/€> = }(z-7LlF{.t-y;~ + 
+} [ j "r'A, ('-,; y)<ry;] 1\ (•f •· •')/( (.., •: • ')fM+ (•') 

(111+-jt)' 

(:-z)+;c;R;K:; X~ (oj r(rr;,;z:;fp~;~)fJ~;~rJ~;zJ}jo) = 

(5.7) 

r 11 ~ C5.8) 
= -s~(x,-x_,;m)lJ(~-~~JYxrxv+t'P,-xt)S0-x .. ~f{zJ-zJf\(zi.z,yl(/z11zJ,zJ1jl(Ki)JI'(S!l). 

B KMDynbCHOM npe~C~BJI9HRH ~YHKUHJI rpHHa (5.8) HM9eT BH~ 

lJ (p;iZj"= $
2

[ '! . + ~ t. ]11-~lz~)l\~,;z,,z~~Z41;',z~/f.r0Jf(z9 • (5•9) 
/ (ft+fo)+m"--u (h+A)+m.-t£. 

lJo:mo TenepL lil.nJ.fCaTD HHBapi.faHTHYI) oneparopHyl) ~YHKUHI), COOTB6TCT

Byl)~l) nponeccy paccesHHJI BO BTopo.u: nopa~e: 

fo(NV~J+;z,z~z~zv: f/JfA;z;J~;zJff~~;z~cf(J.,;~f) ;,(zJdl'fz.)frzJJ,rzv • 
(5.IO) 
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BupaJ:eHHe (5.!0) ~er decxosellHYI) cy:M:My qneHoB, xax~tt llJieH 

anHCliBaeT npouecc pacceRHHJI COCTOJIHHR C onpe~eJieHHNMH CITHHaUH. 

PaccMoTpo, mnpHMep, npouecc Jli.CCe.HHHR -}+0 -~ cE::- + 0 

BO BTOpOII DOPJI~Ite TeopHH B03MYlll8HHll. CllHTaJI llaCTHizy .1,_ npHHa~Jie-
2 

xa!llelt DOJII) (/J~;£) , a llaCTHI.\Y 0 - nonD {J(x;z) , w HMee:u cne-

,eyllllld WTpHilHlilt 3JlaMeHT: 

L 1. 1 z 1. +---· U (P~)~(/'J)f(/'L)f(/!f)~ (p,+fi}+m~tE (!++p
4
}+m"--iE 

(5.II) 

fr -p_ :J ~I' (z!-zJ/((z/,z,,z~ 1\ (~,z;,~)£ {Mzyj ( PJ;z~j(fr;z1/(;4; z9f(z0df{ssJ)df(z;)dl'fe~-)f(v;~~'0· 

MHTerpan B npe~li~llle.U: BHpaXeHHH JIBXJieTCH KHHeMaTHileCKHM 

¢aKTOpOM ( JIBH!ilt BH~ ~HH llaCTHOro CJIYilaJI pacceHHHJI deCKOHeqaoro 

MYHLTHnneTa sa CHHrnere 6Hn nonyqeH B naparp~e ill), odyCJioBneHHHM 

CBonCTBaMH CHMMerpMM. KaK dURO CKa3aHO, KHHeMaTHileCKHe ~aKTOp!i 

YAOBHeTBOp.IIDT ITpaBHJIY 3aMeHN noy, O~HaKO He CYllleCTByer apryMeHTOB 

AnH HX aaanHTH4ecxoro npo~onxeHHR. 

AHia:MHilecxHM ¢axrop 

1 
-+ (fi-7J>~) 

(l'f+~f+:m/-i£ 

OOJia,rr.a.er 06NilHHMH aHMHTHil eCKHMH CBOll CTBa:MH. 

0TMeTHM 3AeCb O~HO Baxnoe OdCTO.HTeHLCTBO TeOpHH C OeCKOHeqH~H 

MYJI bTHITneTaMH. IlOJib3YJICb (5 .2), ( 4. 6), ITOCHe HeCHOXHHX BbiKJ!a~OK MOJ:HO 

Ham:ICaTb Ma.TpHilHblfi ::JJ!eMeHT (5.II) C TOilHOCTbll ~0 TaK HaSNBaeMh!X 

KOHTaKTHUX TepMOB B cneAYD~eM BHAe: 
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co 

~,( h)rfl+ )( i £~)D~vh)D(4;t~~ [ ~-6iz;ss~fl :u .. )D114(!}zm;) J 
·D(M~kJ)D~(h;i~) ( ~:, ~Jrr,;)u(J.tj + ( h~f.,) , cs.r2) 

!lj'A, . 
r.n;e }12==:: Ji+fzj Yzk- nponararop COCTOSiHlfli CO CITHHOM k 

fl """'f,} ~ 
~ .. \ /'_; ~-

( ,_, ,,l'.t ( ·A ~~~~~ 
- 'f'+.=.; )i • .. - '}'+~ J:Sh. 

;4.zn2_ it 

TaKHM o6pa30M1 MaTpHQHHR 3ReMeHT (5.II) MOZHO paCCMaTpHBaTL KaK 

CYMMy deCKOHeQHOrO QHCna MaTpHQHUX sneMeHTOB, COOTB6TCTBYD~X 

Be eM ,IIJfai'P'J,MMaM BToporo nopa:.n;xa npouecca paccea:nHa: ~ +o 
7 

f + 0, 

BHpTyanLHI:le COCT ORHHS: KOTOpHX 06Ra.D;a.JJT BCeBOSilOZHHMH cmmaMH. 3xy 

cyMMy CRMBomrqecKH nso6paxaeM cne.n;yJJ~M o6pasou: 

K=KTk+··· 
r.n;e .n;Bounaa: HHHna: osnaqaer nponararop 6onLmoro nona:. 

ITpn nonyqeHHH (5.I2) Ml:l He odpa~aRH BHHMaHHe Ha KOHTaKTHHe 

QHeHH. B KOH~HrypaUHOHHOM npocTpaHCTBe 3TH KOHTaKTHHe QReHH 

B03HHKaJJT B pesynuaxe .n;el1CTBHa: onepaTOp9. IJ,2A 0·'J;~:t(d).f/z~,{t'J;r'J) 
Ha <l>YHKUHH {} , <I>nrypnpyiOD!He B nponaraxope 6onLmoro noJIH ~~ : 

() (.r-JJ)<(J / ~(x;z0W(y;~j)/~ + P(J-1<j /(l'(y;zJ)~P-;~:i)J~ 

JlJig HarJIJI.D;IIOil cpH3HQeCKOil HHTepnpeTaL{HH MJi He BKHJJQJfRH 3TH 

KOHTaKTHHe QHeHI:l B CYMMy (5.I2), O.D;HaKO OHH HrpaDT cy~eCTBeHHyiO 

pOJIL B Hamel! TeOpHU; 6e3 HHX CYMMa (5.I2) He CXO.D;HTCJI K MaTpHQHOUy 

sneMenry (5.II). 

Bee H3ROXeHHHe pe3yRLTaTI:l MOZHO TaKxe DOJiyQHTL C DOMO~D 
CJie.n;yn~x o6o6~eHHHx ITp9.BHR ~eUnuana: 
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I. BHeiiHel HHHHH conocraBHTb {jJ(x;z) HJTM t/J(x;z) ; 
2. BHyrpeHKeR RHHHH, H~~el1 OT TOQKH Xi B TOQKY ~ 

conocraBHTL nponararop 6onLmoro rronH 

~ ( z;-zj) ~(.x;-~· jnv) _, 
r.n;e Z;

1 
Zj - nepeMeHHHe CHMJdeTp:HH, COOTBeTCTBYJl~He ,II;ByM KOHuaM 

nponaraxopa ; 

3. K~OR BepmHHe B3aHMO,II;eHCTBHJI Tpex JIHHHH \ BHyTpeHHHe 

l1 Bl!emHHe), COOTBeTCTBYilltHX nepeMeHHHM CHMMeTpHl1 Z.L, 4.,, 43 , 

conocraBHTD R.n;po l{(z,Zz,iJ :11 npomnerp:HpOBaTb no z,~z,~., Z.a ; 

4. llTOdH ITOJIYQHTL MaTplfQHHil 3JieMeHT ,II;JISI npo~ecca B3aHM.O,II;OilCT

BUSI COC TOJIHHil C onpe,IJ;eJieHHI:lMH Cll11Ha!411, HYXHO cnpoeKTHpOBaTb 

BHOUll!l1e JIHHHH Ha HHTepeCyD~He HaC COCTOS:HHSI. 

OmeTHM, qro MH rroJiy'illlJIH ,II;JISI nponaraTopa dORbllloro noM! rjJynK~HIO 

f1F (xi-Xj) B OTJIHQHe OT aBTOpa pa60TH[J
4], KOTOpbli1, CJIO~.Il ITO,II;XO.lJY 

il>on,IJ;MaHa-MnDca[ 26 ~ nonyqHn ee .n;nR rrponaraTop Bcex xounoHeHTHhiX 

ITOJIOil He3aB!IlCHMO OT HX CDHHOB. 

C llOW~Dil c<J>opMyJIHpOBaHHHX Bllllle Od061D,eHHhiX npaBHJI <l?eilHMaHa JierK 

noKa3aTL, qro B KBanxonott reopHH nonH c 6ecxoHeQHHMH MYJILTnnneraMH 

TOJILKO ,li;Be CJie.D;YIJ~HX ,llliarpaMMH DpHBO,II;RT K paCXO,IWMOCTSIM, H03aBHCHMO 

OT 31El.'ieHHR emma l1HTepecyiOU\:HX HaC COCTOJIHHR BO BHel!IHHX JIHHHSIX. 

--0--·-- "··'>._.-" o~--·'----· -'-
JTOT pe3yJILTaT, KOTOpHH dbiJI TaKJ!te llOJiy'ieH B pa6orax[2?,JS~ OTKpNBaeT 

HOBYD B03MOXHOCTb ,JVIR ITOCTpOeHHSI peHOJ.mpyeMOH reopHH B3aHMO,II;ei1CTBHSl 

'iaCTH~ C BHCmHMH CDHHaMH. 

B saxnmenne aBTophl Bl:lP'J.iilaDT rJiy6oxyD 6naro.n;apHocn npo<PeccopaM 

R.ll.EoronJJdOBy, A.H.Tanxenn.n;se. H.T.ToMPOBY sa HHTepec K padoTe H 

~eHHI:JO OdCyllt,ltOHH.Ilo 
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