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A.B. E4JpeMoB, B.A. PH30B 

OB O,li;HOt1 MO,li;EJU1 
B AKCHOMATHqECKOt1 TEOPHH llORH 

Hanpaaneao B *YPHan 'TeopeTH~ecKaB 

H MaTeMaTH~ecKaB tPH3.HKa• 
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B noc.neAHHe I'OAbl npeAnpHHSITO HCC.11eAOB8HHe OAHOI'O K.nacca MOAe-

/1-7/ ' ' . . ' 
.neil , B ,KOTOpbiX KB8HTOB8HHOe none xapaKTepH3yeTCSI CO CTOpOHbl 

ero a.nre6paHqecKHX.cBoiicTB. B TpaHC.11SIUHOHHO-HHBapHaHTHoit TeopHH cKa

.nstpHoro no.nst ¢ ( p) · Be.nHqHHhi 

cp ( P ), ( cp ( P 1 ) • cf> ( P 2 ) ), " ' • ( " ( cp ( P 1 ) • cf> ( P 2)), cp ( Pa ) ), " ' ']; cp ( P n)] 

• pP 
H T,A, SIBJlSIJOTCSI C06CTBeHHblMH 9.11eMeHT8MH onepaTOpOB ad , p=0,1,2,3, 

T.e. 

H T,A., I'Ae ' p p ..:.reHepaTOpbl TpaHCJlSIUHH rpynnbi· nyaHKEipe. OcHOBHOe '' 

npeAno.nometme ·,yno~siHyThiX' MOAeJleH no cymeCTBY . 38K.11JO'l:aeTCSI B TOM, 

'l:T6 KOMMYT~TOp ( cp ( p ) '• cp (q )]KaK 9.11eMeHT H3 npOCTpaHCTBa C06CTB9HHOI'O 

3H8'l:9HHSI (p+q) p onepaTopa adPp SIBJlSieTCSI JlHHeHHOH KOM6HH8UHeH .11HWb 

eAHHHqHOI'O onepaTopa H co6CTB9HHOI'O 9.119M9HT8 cp (p +q) BHA8 

[ ¢ ( p ) • ¢ ( q ) ] = 8 ( p + q ) f( p ) + g ( p, q ) ¢ ( p + q ) • (1) 
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a nnSI noneii, npeo6paaylOIUHXCSI no npyrn:M npencTaaneHHSIM rpynnbr' nopeH
/5-7/ ua 

[¢>a(p),¢>,e(q)1=B(p+q) fa,e(p)+ ~ ~a,By¢y(p+q). 

HccnenoaaHHSI noKaaarin, 'ITO cornacoaaHHe caoiicTB !f>yHKUHii f( p ) n ~( p,q ), 

BbiTeKalOIUHX na TO)KJlOCTBa .HKo6n nnSI TaKoii anre6pbl noneii, ,c noKanb

HOCTblO H CllOKTpanbHOCTblO llpHBOilHT K OllHHH'IHOfi S -MaTpHUe. 
/56/ 

OnHaKo B pa6oTax ' Bbipa)Kanacb Hane)Kna, 'ITO ecnn cnenaTb nn:-

HeiiHbiM no non10 naoiiHoii KOMMyTaTop [ [ ¢> (p), ¢> ( q )) 
1
¢> ( k ) 1, T.e. npen

nono)KHTb, 'ITO, 6yny'IH aneMeHTOM npOCTpaHCTBa C06CTB9HHOI"O 3H8'I9HHSI 
p . p 

( p+q+ k) onepaTopa ad P , oH npencTaBnSieTCSI B anne • 

[[¢>(p),¢(q) l.¢>(k)1= c(p,q,k)cp(p+q+k), c(p,q,k) ~0, 
(2 >. 

TO ycnOBHSI Ha o6o6IUeHHYlO !PYHKUHlO c( p, q, k), BbiTOK810IUHe H3 .TO)Kil9CTB8 

.HK06H, 

c ( Jl 'q' k ) + c (k' p' ,q) + c ( q' k' p ) 0' (3) 

y)Ke He 6ynyT CTOnb orpaHH'In:TenbHbiMH. Torna, aanaaag. B nononHeHne K 

(2) BBKYYMHOe CpenHee < [ cp ( p ) , cp ( q ) 1 > 
0 

, Mbl CMOl"nH 6bl Bbi'IHCnHTb 

HOTpHBHanbHYlO S -MaTpHUy. 

0nHaKO CBSI3b (3) HO SIBnSieTCSI OllHHCTBeHHblM orpaHH'I9Hii9M Ha !PYHK-

UHlO c(p.q,k). lleiiCTBn:TenbRo, ecnn onpenenn:Tb onepaTop 

K(p,q) =[¢(p), ¢{q)1, 

TO H3 (2) cnenyeT, 'ITO 

4 4 [K{p,q),K(s, t)1=fH(p,q,s,t;u,v)K(u,v)d ud v, 
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rAe H nHHeHHO CBSI3aHo c <jlyHKUH~H c· .•. Ho Tenepb:.TO>KAeCTBa .HKo6H 

AnSI TpoeK onepaTopoB K(p,q), K(s,t), K(u,v) H, K(p,q),,K(s,t), cp(v) 

npHBeAyT K cnO>KHbiM· HenHHeHHbiM ycnOBHSIM Ha c( p, q, k ) .• 

Mbi He 6yAeM 38HHM8TbCSI pemeHHeM sTHX ypaaHeHHH, a, HccneAOBaB 

npeACTaaneHHe rpynnhi TiyaHKape U (a, A ), no KoTopoMy npeo6pa3yeTCSI 

CKanSipHOe none CO CBOHCTBOM (2), noKa)l{eM, ·'ITO onepaTop SHeprHH He 

SIBnSieTCSI nonO)I{HTenh!IO onpeAeneHHbiM, T.e. B paccMaTpHBSeMOH TeOpHH 

ycnOBHe cneKTpanbHOCTH He BbinOnHSieTCSI. 

TiocTpOHM cHatJana reHepaTophi TpancnSIUHH, KOTOpbie npeo6pa3yiOT 

none no 3aKOHY 

[ P A , cp ( p ) ] = p A¢ ( p ) , A = 0, l, 2, 3 • 

CpaBHeHHe COOTIIOllleHHH (4) H (2) nOK83biBaeT, 'ITO 

)I{STbCSI qepe3 KOMMyTaTOp nonSI 

A 4 A P = f d p p f( p ) : [ ¢ ( :- p) , ¢ ( p)] : , A = 0, l, 2, 3 , 

rAe, K8K 06bi'IHO, 

: AB: = AB- <A B >0 • 

(4) 

AOn)I{Hbl Bblpa-

(5) 

:113 ycnOBHSI SpMHTOBOCTH nonSI: cp( p )+ = cp(-p) : H, cneAOBaTenh!IO, Be-

rueCTBeH!IOCTb <jlyH.KUHH f ( p ) -rapaHTHpyeT SpMHTOBOCTb Onepa TOpOB · ( 5) • 

¢lyHKUHSI f( p) , KpOMe TOrO, AOn)I{H8 o6naA8Tb CBOHCTB8MH 

f(p) =f(-:-p); (6) 

f(Ap)'=f(p), (7) 
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nOCKOJibKy p ,\ SIBnSI!OTCSI BeKTOpHblMH 'ori:epaTopaMH no OTHOIIleHHIO K. 

npeo6paaoBaHHSIM flopeHua U (A ) • 
'··· 

; 

nnSI BblllOnHeHHSI 38KOHa npeo6pa30B8HHSI_ ( 4) He06XOllHMO, 'iT06bi 

~ . 4 ~ f p c (:- p ' p' q). f ( p ) d p ;= q ' ~ = 0, 1 ' 2 ' 3 (8) 

3To paBeHCTBO CBSI3biBaeT ljlyHKUHIO C ( p, q, k) , onpeAellSIIOIUyiO llHHaMHKy 

B paCCM8TpHB8eMOH MOAenH C npeACTaBneHHeM ,rpynnbl llyaHKape. llpOHCTe

KaiOIUee H3 apMHTOBOCOnpSIMeHHOro paBeHCTBa (2) CBOHCTBO 

c(p,q,k)* =,c(-p,-q, -k) 

H cneAyiOIUaSI H3 (8) BeiUeCTBeHHOCTb C (- p, p ,'q) ll810T 

c ( -·p' p' - q) .. c ( p'- p' q ) • 

l1cnonb3YSI cooTHOIIleHHe (8) H nopeHU-liHBapuaHTHOCTb c( p, q, k) 

MOMHO noKa3aTb, 'iTO onepaTOpbl 

JLV 4 ~ 
M =if d p f(p):lp [¢(-p), 

~ , v = 0, I , 2 , 3 , 

a¢(p))_pv[¢(-p), 

a Pv 
(9) 

smnSiroTCSI reHep_aTopaMH ~oArpynnnr flopeuua AnSI. nonSI ¢ ( p) 

ayroT ero no aaKoHy 

H llpeo6pa-

[ M ~ v , ¢ < k ) 1 = i < k ~ a ¢ < k >- k v ~~2 > 
a k a · v k ~ 

~v ar 
llpocTnre, no AnHHHbre Bbi':lHcneHHSI KOMMyTaTopoB [~ , M 1 n 

~v a . 
(M , p ) nOATBepMll8IOT, 'iTO onepaTOpb! (5) H (9) npH BblllOnHElHH.~ no-

peHU-HHBapnaHTHOCTH ljlyHKUHH f(p) li c(p,q,k") H COOTHOIIleHHSI (8) Aeii:-
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' 1/Cf. . r ~· 
~ :.~ \t. 

' i.~ 

CTBHTenhHO 38tl810T 9pMHTOBO iipeAC;aaneHHe reHepaTOpOB rpynnhi llyaHKa-

rp (p'), pe. 'Bee APY~He npet:tcTaaiieHusr, no KOTophiM npeo6paayeTcsr 
. /8/ 

6yt:tyT 9KBHBaneHTHbiMH A8HHOMY (eM,, HanpuMep, · )~ 

none. 

· OnepaTophi 4-uMnynhca (5) MO):KHO aanucaTh B t:tpyroft !jlopMe: 

k • 4 ., k . . . . '+' ·. ·', . 
. P . = 2 I d P P r < P > : ¢ < P > ¢, < P > : , k = 1, 2, 3 • 

>. 

llOCKOnhKY f ( p-) - '<IeTH8SJ !jlyHKUHSJ p 1 TO onepaTOp 9Hept'HH He sransr

eTCSJ'nOnO):KHTenhHO onpet:teneHHhiM H aKCHOMa cneKTpanqHOCTH B paCCMaT

puaaeMoft MOt:tenu HapywaeTcsr •. 

. 0TMeTHM B 3aKniO'<IeHHe, '<ITO t:tnsr. TeOpH~, B KOTOpoft BbiiTOnHSJeTCSJ 

cooT Howe Hue ( 1), aaxO*AeHue npet:tcTaaneHHSJ rpynnhi llyaHKape ewe He no-· 

MOt'aeT YCT8HOBneHHlO !jlH3H'<IeCKOft TpHBHanhHOCTHTeOpHH H TOnhKO OAHO

BpeMeHHhlft aHanua anre6pau'<IeCKOft CTpyKTyphi !jlyHKUHft f H I!; C no

KanhHOCThlO u cneKTpanhHOCThiO npHBOAHT K sKauaaneHTHOCTH TaKoft Teo-. . . . ' . 

pun o6o6weHHhiM cao6ot:tHhiM ncin~M, B ·paccMaTpuaaeMoft at:tecb Mot:tenu 

cywecTaeHHhlM t:tnsr HecoxpaHeHHSJ nono):KHTenhHOft onpeneneHHOCTH sHeP!"" 

OKa3ancg CaM !jlaKT nuHeftHOCTH no non10 ABOftHOI'O KOMMyTaTopa, 

Ot:tHH H3 HaC, B.A.P ,,\ BbipS):KaeT 6narot:tapHOCTh n. CTOSJHOBY ,· 

P. 3aftKOBY u E. MapKOBCKOMY aa noneaHbie o6cy*AeHHSJ, 
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· PyKOITHCh nocTynHna B H3.Q8TenhCKHH OT.Qen 
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