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HacTOl!W8l! nuccepTaUHll'noCBl!WeHa KBBHTOBOll TeopHH CBo6on-
. . ' 

HbIX noneit, onHCblB8IOWHX '18CTHUbl npOH3BOnbHoro· cnHHa. PaccMaT-

PHB80TCll K8K TOT cny11aii, Korna STD ocywe_CTBnl!eTCSI KoHe'IHOKOM

noHeHTHblMH nonl!MH, T8K H cny11ali 6eCKOH8'1HOKOMIIOH8HTHbIX none!!. 
· /12-16/ 

.UnccepTaunH oc11oaa11a Ha pa6oTax • .UanbH~liwee paa-

BHTHe TeopHSI nony11nna B Pline pa6oT, H3 KOTOpb!X Mb! ynoMHHa-
/ 17-19/ . 

eM 

Bo BBeneHHH cnenaH o6aop pa6oT, CBSI38HHbIX C paccMaTpH

BaeMoll aana11eli,H nonpo6HO paCCM8TpHB8IOTCl! oco6eHHOCTH H Tpyn

HOCTH, C KOTOpb!MH ~CTpe11aeMCll, Korna HMeeM neno c· MHOrOKOM

IlOH8HTHbIMH nonHM~. 

B nepaott rnaae paccMaTpHBaeTCl! 1wyxT011e11Hal! lj>yHKUHH 

(BaKyyMHOe O)KHna11ne npoHaBeneHHll nayx onepaTopoB nonH) nnll 

nonell, KOTOpb!e npeo6paay10TCll no npOH3BOnbHOMY HenpHBOnHMOMY 

npencTaaneHHIO rpynnb1 SL (2, C ) PaccM0Tpe11 TaK)Ke npuMep nonst, 

npeo6paay10merocst no 11eK0TopoMy 11enpHBOAHMOMY npencTaaneHHIO 

rpynITbl Sp ( 4 P SL (2, C ). B 0Tnu11ue OT nonell, onHCbIB810WHX 

'18CTHllbl C onpeneneHHblM CITHHOM, anecb Heo6xonHMO paano)Kl{Tb 

nayXTO'le'IHYIO lj>yHKllHIO, He TOnbKO no nonHoll Macce, HO T8K)Ke H no 

CITHHY (T.e~ no BTOPOMY H3 onepaTOpOB Ka3HMHpa rpynnbl TTyaHKape). 

Mcnonb3yst nony11eHHoe B aToll rnaae npencTaaneHne nnll nayxT0'1e11-

Holl lj>yHKllHH, HCcnenylOTCSI noKanbHOCTb H CPT -HHB8pH8HTHOCTb · 

Teopuli. 

TTpH H8XO)KAeHHH npencTaBneHHll nBYXTO'le'IHOii iJ>yHKUHH cywecT

BeHHO HCnonb3yeTCSI lj>opManH3M onHoponHbIX lj>yHKUHli nayx KOMnnexc

HblX nepeMeHHblX (BMeCTO TeH30pHoro lj>opManH3Ma) nnll onHC8HHSI 
/20/ 

HenpuaonHMbIX npencTaaneHHit rpynnb1 RopeHua • 

B nepBOM naparpalj>e nccnenyeTCll nayXTO'l8'1H8SI iJ>yHKllHl!: 

Fcj,y}x-y; z ,w) = < 0 I cf, (x,z) ,f, ( y; w) IO> ( 1) 
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ynoBneTBOpl!IO.U!Sll ycnOBHl~M cneKTpanbHOCTH, KOBapHSHTHOCTH H 

ITOnO)KHTE!~bHOCTHo 3necb <p H if npeo6pa3ylOTCll IlO IlpOH3BOnb-

HblM HenpHBOnHMbIM npencTaBneHirnM [ f CY e 11 H [ f '0 , f ; ] rpynnbI 

SL ( 2' C ) • T.e. OHH l!Bnl!IOTCl! oi:iHoponHblMH lj>yHKUHllMH nepeMeH-

HblX z H w co CTeneHblO onHoponHoCTH: 

V l e 1+£0- I, V2= f 1-fo- l, 

H 

v; = f; + f~ - l, v;=e;-e~-1, ( 2) 

COOTB8TCTB8HHO. 3necb z H w - ·KoMnneKCHb!e SL(2,C)cmmopb1. 

Yno6HO Bb!p83HTb ycnoBHe Cil8KTpanbHOCTH B HMnynbCHOM 

npenc'I'aaneHnH: 

4 -Ip x ) ( ) F(x;z,w)=Jd pe 0(p K_e;z,w 
(3) 

rne '.9(p)=0(p0)0(p 2 ) H p = p all 
- /l 

YcnoBHe HHBapHaHTHOCTH nayXTO'l8'1HOii lj>yHKUHH.npH npeo6pa-

· 30B8HHH Bcex_ee apryMeHTOB HaKn8AbIBaeT Ha l!Apo 

npeo6paaoaaHHll (3) Tpe6oBaHHe: 

-1 -1 
K(ArA*;zA ,wA ) K(p;z,w), 

rne A ~ SL(2, C) • KpoMe Toro, Hnpo K non)KHO 

K lj>ypbe-

(4) 

6b!Tb on-

HoponHoli lj>yHKUHeit nepeMeHHbIX z H w CTeneHH OAHoponHOCTH 

vi, v 2 H v;, v; , COOTBeTCTBeHHo. 

Ma ycnoBHll HHB8pH8HTHOCTH (4), cneKTpanbHOCTH H onHopon-

HOCTH HaxonHM o6wnll BHn nm, Hnpa K 

5 



fo+fo fo-fo frfo- 1 frfo-1 
K<.!!; z,w)=(Z£w) (zew) (z_e:i) (wf w) X (

5
) 

X h { p 
2 

; cos () ) , 

r.ne 

p2 (z aµ;-) ( w aµ; ) 
cos 8 = 1- -----------

( z p z )( w p; ,., -
€=.la =(o 1\ 

2 
-1 0) { 6) 

a h - npoll3BOnbH8l! cf,yHKUHSlo 

B cny'Iae, xorna e O > l f'0 l , sinpo K , aanaaaoe qepea 

(5), l!BnsieTCSI OltH03H8'IHOA ll perynsipaoA cf,yHKUHeA B o6naCTH HH

Terpl!pOB8Hl!SI B (3), OltH8KO aTo He S!BnS18TCSI orpaHH'I8Hl!eM. 

Bo- aTopoM naparpacf,e sinpo K 

cf,yHKUHSIM onepaTopa xaanpaTa cnHaa: 

pa3nOJK8HO no co6CTB8HHblM 

82 "'_!_M Mµv - - 1-M Mva /l 
2 µv P2 µa· P P v (7) 

r.ne M µv - reaepaTOpbI rpynnbl SL{2,C) B npencTaaneHHll 

[f 0,f 1 ] Hnll [i~,l'.;]. 

·rrocxonbKY Mb! llHTepecyeMCSI nopeHU-HHB8pll8HTHbIMll pell!eHHSI

Mll {B cf,opMe (6)) ypaaaeHHSI: 

" [ S 2 -s(s+l)]K (p;z,w)=O, 
s_ (8) 

y.no6Ho nepell:TH a CllCTeMy noKOSI ( ; = 0 ) I .nnsi KOTopoll: l!MeeM: 

"2 ➔ ➔ 2 1 11 1 a a 2 
S (p=O) =M =-M 11 M =-(zo-1 -- --=-a 1 z) ·(9) 

2 4 az az 
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.. ··IToncTaansill {6)··1F(7) a (8); nony,meM cneny10mee ypaBHeHne nnll ,..:, . , . . ' , . , . . 

h s 

2 
•.. 2 d d 
-- I sin () --~2 -2[ f'0 +<f 0+1) cos8l--+s(s+l)-f0{f 0 + 1) lb .=o.( lO) 

d(cos 8) d cosO 

06mee pe1IIea11e ypaaueHl!ll ( 10), perynsipaoe npn cos2 8=1 

l!M08T Blllt: 

2 2 {f o+f'o ,l'.o-l'.'o) 
h

5
(p ,cos0)=p

8
(p )P (cos0) ( 11) 

rne 
(a,/3) 

p u lx) - nonl!HQMbi Jlxo6H ( e O ~ I l'. 'o I') • 

Mb! nony,mM TOT JKe C8MbIA peaynbTaT, ecnn HCnOnbayeM Bbl-
~ 2 µv 

p8lK8Hl!e nnll S , B KOTOpOM M 38)l8Hbl nocpencTBOM w 
a 

• H_ ('ITO SIBnlleTCSI cnencTBll8M coxpaHeHl!SI cnnHa). 
aw 

B · o6meM cny,me, h ( p 2 ,Cllfl ()) - cynepno3l!Ullll co6cTB8HHbIX 

cf,yHKUHH onepaTopa (7), Ilpl!'leM s npl!HHMaeT KOHe'IHOe qncno 

3H8'18HHH1 ecnn no Kpall:Hell: Mepe onHo na npencTaaneHHH [f
0
,f 1] 

ll [£ 'o ,l'.;] SIBnl!eTCSI KOH8'IHOM0pHbIM, ll 6ecKOH8'IHOe 'Il!Cno 3Ha'Ie

HllH - BO acex OCTBnbHbIX cnyqal!X, 

Ecnn ifr=cf,* (T,e. fo=-f'o '>0 ll e; = f 1 ) I HMeeM: 

2f f. -l'. -t 
K(p;z,w) =(zpw) 0 (zpz) I O 

f' -f -1 
(wpw) I O X - - ... -

( 12) 

x:£ p 

s'~.fo 

2 co,2£0> 
s ( p ) P s _ £

0 
( cos () ) . 

7 



llm, KOHe'IHOMepHbll!; npe.QCTaanemdi rpynnbl SL(2,C) 

f C fo ecTh nenoe nonomHTenbHoe 'IHcno H K
8 

- nonHHOM OT-

HOCHTenbHO p • B aToM cny'Iae ycnoaue (cna6on) noKanhHOCTH 

.QnH .QBYXTO'I0'IHOfi ¢yHKllHH 3KBHBaneHTHO CPT -HHBapHBHTHOCTH. 

<Olcf,(x;z )cf, (y;w) *IO >:=<Olcf,(x;w)*cf,(y;z) IO>, ( 13) 

llnH 'I0Tblp0XB0KTOpHoro nonH H3 ( 12) nonyiiaeM: 

KAA'(,!!;z,w) = [ p o(p2)pl'pV+p1(p2)(pl'pv-p2gµv )]x 

( 14) 

x(zuµiHwuv;>. 

llnH 6eCKOH0'IHOKOMnOH0HTHblX nonen noKanbHOCTb .QBYXTO'I0'I

Hofi_¢yHKllHH 6y.QeT HCKnlO'I0HHeM. llnH 3Toro· Heo6xo.QHMO, 'IT06bl 

K HBnHnOCb nonHHOMOM OTHOCHTenbHO zpz , WpW H zpw - . - .... 
we, z ) • llnH nom, tp ( x; z ) • onHCb!BSJOmero 'ISCTHllbl MSCCbl 

m H npeo6pa3y10merocH no HeKoTopoMy yHHTapHoMy npe.QcTaBne

HHIO [ f O , i U ] ( rnaBHSH cepHH), HM0eM: 

( 
.) ZW )fO Z; IU 2 2 K#* .r,;z,w =<-_- (-_-) O(Hw)o(p -m ). 

WZ WW 
(15) 

llnH aettCTBHT0nbHblX caMoconpHmeHHblX npe.QcTaBneHHit ( e O = 0 

H f t = f l ) CB060.QHOMY noKanhHOMY non!O C MSCCOfi m COOT-

B0TCTByeT: 

_ f1-t 

K..1...1.ip;z;w)=[zpzwpw] o(p 2 -m 2 ) 
"f"fl...... ~ ,.,, 

( 16) 
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: ·/11/ 
8TH npHM0pbl no.QTB0PmJ:SIOT TeopeMy, noKa3aHHYIO B pa6oTe. 

B TpeTbeM rraparpa¢e yKa3aH Knacc npHMepoB o6o6meHHbIX 

CB060AHbIX HenoKanbHb!X 6ecKoHe'IHOKOMfiOH0HTHbIX noneli: C pacTymHM 

MaCCOBb!M cneKTpoM, nm, KOTOpbIX MOmHO npoaeCTH cyMMHp0B8HH0 

OTHOCHTenbHO s 

llnH aToro npennonaraeM, 'ITO: 

p ( p2) 
s 

a - £0 
N C O ( P2 _ m ; ) , 

e + r • m t 
8 

ri:1e 

m
8

=m
0
+a(s-f

0
),N>0, O<C<l. 

H3 (3), (12) H (17) nonyqaeM: 

F ¢¢*(x;z ,w) 

rne 

2 f 0 
N2 

J Q e -lm(nx) 

= F ( ¢*cf, x;w, z ), 

(R+C e -ia(nx) 

R 

-la(nx) 2 ( ( ) 1
1

/
2 

R = I 1-2 C cos 0 e + C exp -2 i a n x , 

Q
. ( ) 2f O ( •_) f 1-f0-I ( - ) f 1-f0-1 
= znw znz wow 

.., - -
3A0Cb o6o3H8'IHnH P =VP

2
D • ~ ,.,_ 

9 

( 17) 

d
3 

n 

2n° 

( 18) 



Ha (18)" cnenyeT, '!TO nayxTo'!e'!Hall ~YHKUHH, KaK H B cnyqae 

06bJ'IHOll -Teopm! KOHe'IHOKOMnoHeHTHblX noneli, CTpeM~TCll K Hymo, 

KaK r >. e -mo r ( C HeKOTOpb!M nellCTBHTenbHb!M >. ) nm1 

r =-<x-y) 2 '➔ oo • 

B qeTBepTOM naparpa~e naa npuMep 6ecKoHe'IHOKoMnoaeHTHoro 

noKanbHoro (a CM1,1cne ll:>Ka~~e) nonH, npeo6paay10merocH no aenpH-

BOAHMblM npeACTaBneHHSIM rpynnhl Sp ( 4 ) , nnH KOToporo npen-

cTaaneHHe nonrpynn1,1 SL ( 2, C) npHBOAHMO H pacnanaeTcll Ha 

6ecKoHe'IHYIO npllMYIO cyMMY KOJ!e'IHOMepHblX npencTaBneHHll. 

llByXTO'le'IHYIO ~YHKUHIO Anll TaKoro nonll MO:>KHO npeACT8BHTb 

B BHne: 

Ft/nf,*(x;z,w) 

00 ([f 0 ,lf 0l+n+d,[f'0 ,n+lf'0 1 + t ]) 
I, F (x;z,w), 

n,n d> 
( 19) 

(r, r ') 
rne F - AByXTO'le'!H8ll ~YHKUHll Anll noneli, KOTOpb!e npeo6pa-

ay10TCll no HenpHBOAHMb!M npencTaaneHHllM r 

SL(2, C) 

llnH cao6onaoro nonH npennono:>KHM: 

pnn 
s 

( p 2) = cnn 8 ( p 2 - m 2 ) • 
s s 

OKa3b!BaeTCll,• '!TO nnll AOCTaTO'IHO 6onbworo 

u· r' rpynn1,1 

(20) 

p , H ecnH no-

CTOllHHble C nn 
s 

Bb!6paHbl TaK, '!TO Bbmonaeao aepaBeHCTBO 

, 
nn 

cs 
I 

< 3 
s(s!) (2s)!(n+n'+I)! 

(21) 
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AByXTO'le'!Hall ~YHKIIHll ( 19) llBnlleTCll noKanbHOll a CMbICne ll:>Ka~~e. 

TTpH 9TOM MaCCOBb!il: cneKTp MO:>KHO 38A8B8Tb npoH3BOnbHO. 

Bo BTopoli rnaae AHCCepTBUHH p8CCM8TpHB8eTCll 'ABYXTO'le'!Hall' 

~yHKUHll 6HnOK8nbHOro nonll. 

B nllTOM naparpa~e nocTpoeH o6mull BHA HHB8pH8HTHOll 'nayx

TO'!e'IHOll' ~yHKUHH 6HnoKanbHoro nonH: 

5 ¢,<I>(x1,x2;Y1•Y2) =<O I ¢,(xi ,x2) <l>(yl •Y2) IO> ( 22) 

rne nonll 

BBJOmHe 

¢, (XI ·~) H <I> (YI , Y 2 ) MO:>KH0 paccMaTpHBaTb, KaK onHCbl-

061>eKTbl, COCTBBneHHb!e H3 6eccnHHOBblX '18CTHn. 

YcnOBHe cneKTpanbHOCTH no3BOnlleT HaM aanucaTb 'ABYXTO'le'1-

Hy10' ~YHKUHIO B BHne: 

4 4 4 
-IP(X-Y)-lpx-lqy 

5(X-Y;x,y)=fd Pd pd qe S(P) K(P,p,q), 
(23) 

rne 

a p 

X=--½-(x 1+x 2 ), Y=-
1
-(yl +y2 
2 . 

p 

I I 
x =2(x1-x2)• y=2(y1-y2), 

H q - COOTBeTCTBy10mHe HMnynbCbI: 

p =P1+P2=q1+q2, 

P=P1-P2 • q =q 1-q 2 • 

( 24) 

(25) 

no OTHOCHTenbHblM nepeMeHHblM llAPO K MOlKHO paccMaTpHB8Tb H 

B x -npencTaaneHHH. 
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Y CnOBHE!. pemITHBHCTCKOfi 'nHBapnaHTHOCTII Tpe6yeT, 'IT06b! Sl.!l

po S!Bnsinoch 'PYIIKUIIeH TOnbKO OT 11eaaBIICIIMblX HHBapHaHTOB, KOTOpbie 

MOryT 6b!Th nocTpoeHbl H3 '!eTbipex-BeKTOpoB p p H q 

HHBapnaaTHhifi onepaTop KBa.11paTa yrnoaoro MOMeHTa ,msi .11ayx

qacTI1'IHOfi CHCTeMbl HMeeT BH.!l: 

s 2 = - _1_ w w p. = _1_ M M p.v - _1_ M M va pP. p 
p 2 p. 2 p.v p 2 p.a v '( 26) 

r.11e 

w 
JL 

1 =-£ va 
2 p.vap M P p ( 27) 

Ha (27) cne.11yeT, '!TO B (26) .11aJOT BKna.11 TOnhKO reHepaTOpbl M,.,_v 

rpymihl nopeHua, .11efiCTBYJOIIllle Ha OTHOCHTenhHbie HMnynhCbI. IToa

TOMy 3.!leCh OTHOCl!TenbHhie· HMIIynbCbl (Hnll KOOp.!ll!HaTbI) COOTBeTCTBY-' '• 

JOT "cnHHOBbIM" nepeMeHHblM z H W , _KOTOpble np11MeHS1nHCb 

B nepaon rnaae .11nccepTaunn. 

B wecToM naparpaq>e '.!lBYXTO'le'!Hasi" qiyHKUHSI paanaraeTCH no 

YHHTapHbIM HenpHBO.!lHMbIM npe.11cTaBneHHSIM rpynnbl nopeHua, KOTopaSI 

.11efiCT.ByeT Ha OTHOCl!TenbHbie nepeMeHHbie. Llnsi 8TOfi uenn 11cnonbayJOT,.;.. 

csi npeo6paaoBaHHSI IIJannpo-renhq>aH.11a-rpaeaa. TeM caMhIM nony'!eHo 

q>opManhHOe paano>KeHl!e ".!lBYXTO'le'IHOii" 'PYHKUHH 6nnoKanbHOI'O nong· 

no .!lBYXTO'le'!HblM q>yHKUHSIM nonen, KOTOpbie npeo6paayJOTCSI no YHHTap

HbIM aenpHBO.!lHMblM npe.11cTaBneHl!SIM rpynnbl nopeaua. 

'LlByXTO'!e'IHYJO" q>YHKUHJO 6nnoKanhHoro nong MO>KHO paano>KHTb 

no co6CTBeHHbIM 'PYHKUHSIM onepaTopa KBa.11paTa 'cnHHa" (26) H onepa

TOpOB KaaHMHpa rpynnhI nopeHua n 0( 4, 1 )( 0 (3,2)) , .11efiCTB}'JOIUIIM 

Ha OTHOCHTenhHbie nepeMeHHbie, He npnMeHml npeo6paaoBaHHSI lllann

po-renbq>aH.11a-rpaeBa. 3To .11enaeTCSI B Ce.!lbMOM, BOCbMOM n .11eBS1TOM 

naparpaqiax. 

Bn.11 paano>KeHnfi aaBHCHT OT Toro, SIBnSIJOTCSI nll p 
2 

H q2
. 

>/< 0 COOTBeTCTBeHHO. B cnyqae, Kor.11a p
2>0 H q

2
>0. HMeeM: 
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.\•. 
\.· 

.> -~. 

·., 

.' .. 

. -~t~ 

: ~., ' 

✓, 

00 
3/2 R 00 

/ K(P,p,q)= f df:l(p2)- +1,-, f df:l'(q2)-a 2+1/3' 
X 

f:l=-oo f:l'=-oo 

Xl: J dp 
f =o P=-"" 

(--'+f> Pp ) 
- 2 (- ----

p --2---2-
-t/2+1p yP P 

(--'+fl p q ) X 
• 00 - 2 <--~ 

'P -f dp -1/2+1p' yP2 q2 

f:l,f:l'' p, p ( p 2 
) pf ( cos O ) ' X Cf f 

r.11e 

p'=-oo 

2 

cos O = 
Pp Pq -P pq 

y[(Pp)2 _p2p2][(Pq)2-P2/ 

(28) 

( 29) 

3.11ecb f:l n p xapaKTepnayJOT Henp11Bo.!lHMh1e npe.11cTaBneHH.S1 

rpynnbJ 0(4, 1) n nopenua COOTBeTCTBeHHo; P; - q>yHKUlilI ne>KaHA

pa, a Pf - nonHHOMhI ne>KBH.!lpa. B cny'!ae, Kor.11a p 2<0 nnn q 2<0, 

paano>KeHne .11nsi K nony'!aeTcsi na (28) nyTeM aHannTH'!ecKoro 

npo.11on>KeHHS1. B nocne.11HeM cny'lae Heo6xo.11nMo yqecTh n yHHTapHb1e 

npe.11cTaanennsi na .!lHCKpeTHofi cepun. Llnsi aTofi uenn B (28) Heo6xo-

.!llIMo 3aMeHHTh p/L ➔ qf , r.11e 
V m 

f ytr 
q m = -;:-i?2+2 m 

2 

x F ( 2m-f 
2 ' 

2 
r(I+f+2m ) ((Pp) )-l/4+2m 

----1 · X 

r (1 + 2 m ) p 2 
p 

2 

1+2m - f 
--2-

2 2 
p p ) 

1+2m; f.>2p2-(Pp)~ 

13 
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·~ :, 

(anecb m uen6e aeoTpnuaTenhaoe qncno), n naTerpnpoBaane 

no · p aaMeHl!Tb CYMMllpOBaHneM no m 

Heo6xonnMo OTMeTHTh, qTo npu paanolKea1111 sinpa K Mb! 

orpaanqnnHCb TOilbKO YHHTapHblMH npencTaBneHHSIMH. 

HaBapnaHTHoe sinpo K MOlKHO paccMaTpl!BaTb H KSK HeKo-

TOPYID aMnnllTYAY ynpyroro pacceSIHHSI ABYX CKanSipHbIX qaCTHU BHe 

MaccoBOH noBepXHOCTH. nepexon Ha MaCCOBYID noBepXHOCTb, Hanpn

Mep, B cnyqae paBHbIX Mace, MOlKHO ocymecTBHTb, ecnn noncTaBHTb 

B ( 28) 

Pp=Pq=O, p
2

=q
2

=4m
2 -s, 

1 
cos0=-0-

2 

2t ) , 

4m
2 

- s 

(31) 

rne s II .IIBflSIIOTCSI nepeMeHHblMH MaanenbcTaMa, a 0 

yron MeJKAy OTHOCHTenbHblMH l!MnynbcaMH BXO/Ulmnx H BblXOASIIIIIIX 

qacTnu B cncTeMe ueaTpa Mace. 

nerKO npoBepHTb, qTo AByxToqeqHaSI ~YHKUHSI qeTbipexBeKTOpHO~ 

ro nonsi, KOTOpaSI nonyqaeTc~ H3 ( 12) noncTaHOBKOH, f 0 = f 'o =o ll 

I'. 1 = f; = 2 • ynoBneTBOpSieT BCeM aKCIIOMaM Teopnll nonsi, B TOM 

qncne n ycnoBHIO cneKTpanbHOCTH, 6ea HanolKeHHSI Ha KoMnOHeHTbl 

nonSI nononHnTenbHblX ycnOBHH. To JKe CaMoe OTHOCHTCSI H K npOH3BOnh

HOMY TeH3OpHOMY nonro. noaTOMy npencTaBmleT HHTepec nonb1TaTbCSI. 

nonyqnTh 9TOT peaynhTaT n 11a narpaHJKeBoro ~opMannaMa. 3TOMY 

BOnpocy noCBSIII!eHa TpeTbSI rnaBa nnccepTaUHH. 

B neCSITOM naparpa~ BBOASITCSI onepaTOpbl npoeKTHpOBaHHSI Ha. 

COCTOSIHHSI C onpeneneHHbIM cnHHOM nnsi TeH3OpHoro nonSI npOH3BOnbHO

ro paJira. llnsi 9TOH uenn ncnonbayroTcSI sinpa Ks ABYXToqeqaoli 

~YHKUHH TeHaopHoro nonsi. nocpenCTBOM 9THX onepaTopoB MOlKHO no

nyqHTb none C onpeneneHHblM cnHHOM: 

/l!" .. /ln /ll••• /ln 
v(s) (x)=Il(s)vl ... V n 

a /l1•••/ln 
(-)W (x). 

ax 
(32) 
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OnepaTOpbl npoeKTHpOBBHHSI n (s) S!BflSIIOTCSI HenoKanbHb!MH. 

B OAHHH8AU8TOM naparpa~e paCCMOTpeH narpaHJKeB ~OpMannaM 

cBooonaoro apMHToBoro Teaaopaoro nonsi. Ecnn ncxonHTb na narpaH

:l1rnaaa: 

f (x) 
n .. 
I (-1) 

s=O 
fs(x), (33) 

rne 

_ _JL lo••JL n 2 
fs(x)=..!...· aves) (x) 

2 • axX 
aV(s) /LI ... JL n 

ax>,. 
m /LI•• •/ln( ) • . s • V XX 

.--2-. (s) (34) 

X v() /l (x):, B/lt••• n 

nnsi onepaTopa aaeprnn nonyqaeM Bb1palKeHne: 

n s 
po 

I I fd 
3

p a:((p) 8 .. ( (p) • 
s=O ( =-• (35) 

cneKTP KOTOporo SIBflSI8TCSI nonOlKHT8nbHO onpeneneHHblM. 3necb a:, 
li as(· - onepaTOpbl POJKAeHHSI li yanqTolKeHJISI qaCTHUbl C Maccoli 

m s • CilHHOM ·s n ero TpeTbeli npoeKunn ( 

KaHOHHqeCKli conpSilKeHHbie HMnynbCbl noneli ·v(s) 

1T /l1 ••• /ln (x) =(-l)s 
s 

JLt ... /lp 
av (s) • \x) 

""a;o 

liM8IOT BHA: 

(36) 

Oan yni;>BneTBOpSIIOT cnenyromnM KOMMyTaunOHHbIM COOTHOWeHHSIM C no-

flSIMH V 
(s) 

1'1·••/l V1···vn /l1·••/ln,V1 .. •J.ii2 2 
[rrs n (x),V(s') (y)1=-i8ss,n(.,) (p ·=ms) x 

(37) 

a 
x~--

ax0 
tl (x-y; m2 

) 
s 
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Ecnn x O = y 

O 
, B -rrpaaoll 'laCTH ( 37) rrony'laeM rrpocTpaac-:i:aeaeyro 

. 8 -qlyHKUHIO H . ee rrp_Olf3B0AHbie K0He'lHOI'O rropHA_Ka. C orpaHH'leH.;.. 

Hb!MH Koa#1r11n"e11TaM1r.· _<;:neAoBaTenbHO, cpopMamraM HBnHeTCH K~Ho-

Hlr'leCKHMo 

H, H8K0Heu, B ABeHaAI18T0M rraparpacpe o5cyJKAaeTCH B03MOlKHOCTb 

orrncaHH.II B38HMOAeliCTJ3H.II MeJKAy TeH30pllbIM rroneM H aneKTpO_Mar

HHTHbIM nnn CKanHpHbIM rroneM. IT0Kaaa110, 'ITO rrpn B38HMOAeliCTBHlr 

·c 11ecoxpa11aromHMCH TeH30pHbIM TOK OM ypaBHeHlr.lI AnH rronell . onpeAe·:.. 
, 

neHHOI'O CIIHH8 aauennHIOTC.llo K 8TOMy cny'laIO 0THOCHTC.II paccMaTpn_-

BaeMbie B3aHMOAeliCTBH.II C aneKTpOMaI'HllTHbIM JI CKanHpHbIM non.11M_H •. 

B nenax rrocTpoeHHH AHarpaMM <f>el!HMaHa · A8HhI cpyHKUHH p_ac-

IIpOCTpaHeHH.II AnH . llpOH3BOnbHOI'O TeH30pHOI'O non.11, H3 K0TOpb!X cneJJ.Y-: 

eT, 'ITO TeopHH HBnHeTCH HenepeHopMHpyeMoll. 
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