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J. ·B B e ,a e H H e 

06bi'lli01 KOI"ll8 paCCMaTpMBaeM narpa!I:>KeBy TeopHIO CB060llliOI"O nOJISI 

<II ( x) , KoTopoe npeo6paayeTcSI no nenpnBonnMoMy npencTaBnenniO rpynnhi 

nopenua [f 0 ,f 1 ], sneprnSI ne npnyqaeTcSI nono:>KnTenbno onpenenennofi, 

ecnii e,O - uenoe MJIH nonyuenoe 'liiCJIO II f 1=· eo+ n + 1 , rne n -ue

noe nono:>KHTenhnoe qncno/ 11. Torna none <II ( x) onHCbiBaeT qacTHUbi co 

CnH!IOM s =: e0 , £0 +:1, ••• ,~+ n , qT06bi yCTpaHHTh neonpeneneH!IOCTh B 3ll8Ke 

sneprl!H• na KoMnonenThi nonSI naKnanbiBaiOTCSI nononnHTenh!Ibie ycnoBIHI 

( lloY o ), KOTOpb!e COXp8liSIIOT TOJibKO 'l8Cl'b V S ( x) nOJISI <IJ ( x) • OTIIICbiB810-

. · e 12-61 . 
myro .qacTHUbi c MaKCHManhllbiM cnnnoM s = 

0 
+ n • HanpnMep, ecnn nMeeM 

neno c BeKTop!IbiM noneM, KOTopoe npeo6paayeTCSI no npencTaBnenniO [ 0,2] 

I"pynnbi nopenua H OnHCb!B89T 'l8CTHUbl CO CnH!IOM s = 0 H 1, 

li8 KOMITOHeliTbl nOJISI li8KJI8llb!B89TCSI YCJIOBIIe nopenua/7 / 1 KOTOpoe ycTp8liSieT 

'l8CTb ITOJISI C s = 0, 

flpii li8JIH'lHH B38HMOll9HCTBIISI liy:>KliO BBOllHTb cynepno3MUMIO COCTOSiliMH 

CO CITHli8MH n- 1, n-2 •• • , HO T8KIIM o6pa30M 1 'lT06b! ITp!I Bb!KJIIO'leliiiH BH9III-

li9I"O ITOJISI COBepiiiiiJICSI nepexon CHOB8 K ITOJIIO CO CniiHOM n /3/~ 
B pa6oTe/8/ ·6hmo nonyqeno cneKTpanhnoe npencTaBnenne nByxToqeq-

nofi ljlyHKUIIH llJISI IIIIIpOKOI"O KJI8CC8 nonefi, llnSI KOlle'lliOKOMnoHeliT!Ib!X nonefi 

6e3 li8JIO:>KeliHH n,y,, K8K JI9I"KO npoBep!ITh1 9TH ljlyliKUHII YllOBJieTBOpSIIOT BCeM 

aKCIIOMaM Teopnn nonSI/9/, B TOM qncne II ycnoBHIO cneKTpanbliOCTH, Ho, co

rnacno TeopeMe peKOHCTPYKUllll/9/, MO:>KHO BOCCT8liOBHTb TeOPlliO CB060llliOI"O 

nonSI, anaSI TOJihKO ero nByxTo'le'l!Ibie cpynKUIIH. llosToMy npencTaBnSieT HHTe-

pec ITOITb!T8ThCSI H3M9liHTb narpali:>K9B ljlopM8JIH3M llJISI Teli30pHOI"O nomi <IJ ( x) 
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6e_a TloYo TaKIIM o6paaoM, 'IT06bt :ua aero cneaoBana nono~:uTenbHaH onpe-

aeneHHOCTb sHeprnno 3To MO~Ho caenaTb 1 HanpnMep, cneayrorunM o6paaoM: 

pacruennHH none Ill ( x ) Ha nonH .c onpeaeneHHbiMII 3Ha'!eHIIHMII cnHHa V ( x) 
s 

II npeJJ.CTaBJIHH flarpaH~eBy . <jlyHKUIIlO nonH <Jl ( x ) K8K CYMMY flarpaH~eBbiX 

<jlyHKUIIfi nonefi V s ( x ) 6'ea JloY o 

ITonSI V 
5 

'( x ), onncbrBaroru:ue qacTIIUbi co cn:upoM s , nonyqaroTcSI 

OT llOJISI fiJ ( X ) C llOMOIUblO npoeKUIIOHHbiX onepaT'opoB1 BBeJJ.eHHblX B pa6o

Tel4/o flarpaH~eB <jlopMaJIH3M TeH30pHoro llOJISI BTOporo paara Ha OCHOBe 

npoeKUHOHHbiX onepaTopoB c JloY o 6brn paaBHT B pa6oTe/ 5/, a B pa6oTe/ 6/ 

nocTpoea flarpaH~eB <jlopManuaM TeHaopHbiX noneH: ao 4-Toro paHrao 

Maccbr1 .cooTBeTCTByroruue nonSIM V s (x) , MO~HO Bbr6upaTb npoH3Bonh-

HbiM o6P830Mo flOJIY'!eHH8H H8MH TeOPHSI HBJIHeTCH JIOK8JibHOH,He3aBHCHMO OT 

Bbt6opa M8CCOBOrO cneKTpa. B 9TOM COCTOHT ee OTJIH'!He OT 6eCKOHe'!HO-KOMno-

HeHTlibiX TeOpHH 1 rae, CornaCHO/ }0/ 1 nonH C M8CCOBbiMH cneKTp8MH HBJIHIOTCH 

aenOK8JibHb!MII/ 8/ o 

06'beJJ.HHeHHe noneil: V S (X) C pa3Hb!MH CnHH8MH B eJJ.HHOe none CHJibHO 

cy~aeT KJI8CC B03MO~Hb!X B38HMOJJ.eHCTBHH1 ecnH nOCTynHpOB8Tb B38HMOJleil:

·cTBHH 6ea npoH3BOJJ.HbiXo Eonee Toro, IIa-aa aauenneHHH ypaBueniiii Bsa:uMo

aeil:cTByroruiix no neil:, KOTopbre Mbi nonyqaeM ( JJ.nH HeKOTOpbiX KnaccoB Baau

MOJJ.eil:cTBIIH:), cneJJ.yeT, 'ITO 9TO 06'beJJ.HHeHIIe B cnyqae B38l!MOJleHCTBYIOIUIIX 

noneil: He 51,BnSieTC51 Tp!IBII8JibHbiM, 3JJ.eCb HaM 119 npHXOJll!TC51 CT8JlKHB8TbC51 C 

TPYJlHOCT51Mll BKnro'!eHII51 JJ.OnonHUTeJibHbiX rtoneti, K8K B pa6oTel31 • 

Mbi orpaHU'IHBaeMCH paccMoTpea:ueM apMHTOBbiX TenaopHbiX nonew, Toeo no-

neil:, KOTOpbie npeo6paayiOTCSI no npeacTaBneHIIlO rpynnbi flopeaua c e f)= 0 I I I. 

06o6rueHII9 JJ.nH He3pMIITOBbiX nonei1: MO~HO CJl9Jl8Tb Tpl!Bll8JlbHb!M o6pa-

30M, 

2o Ten3opnoe none 

ITo npeacTanneHHIO [ ·o, n + l ] rpynnbi flopeaua npeo6paayiOTCH Tenaopbi 

paHra II , KOTOpb!e o6naJJ.810T cneJJ.yiOUIHMII CBOHCTB8Mll: 
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( 2,1) 

0 • 

3necb g p.v Me'tpli'IOCKllii T9H30p B IIpOCTpaHCTBe MIIHCKOBCKOro q'oo=-:qkk =1 

<b:1,2,a> 
TeuaopHbie npencTaBneHIISI rpynnbi flopeuua {O,n+:ll ., KOTOPhie SIBnSI-

IOTCSI HerrpliBO.UliMb!Mil OTHOCIITenbHO rpyiiiibl flopeHua, SIBnSIIOTCSI IIpll n > 0 

IIpliBO.UliMb!Mll OTHOCliTOnbHO KBaHTOBOMexaHII"'I:lCKOH rpyiiiibl OyaHKape/9/, 0HII 

conep)KaT npencTaaneHIISI rpynnbi OyaHKape co cniiHOM s = 0, 1, .... n • 

PaanO)KOHIIe TeHaopoB no uenpiiBO.UIIMbiM npencTaaneHIISIM rpynnhi OyaHKape Mbi 

nenaeM IIOCpO.UCTBOM onepaTopoB IIp09UllpOB8HllSI H8 COCTOHHllSI CO CIIllHOM 

s - n s ( s =· 0 •••• , n ) • HBHblll Bll.U 9TliX onepaTopoB MO)KliO nony"'llTb 

oT onepaTopoB K s , nony"'eHHhiX B pa5oTe/8/ nyTeM cnMMeTpnaaunii n Bhi-

"'IITaHnfi IIX umypoa, 

B nMnynhcHoM npencTaaneunn oun SIBnSIIOTCSI nonnHoMaMn 2n cTeneHII 

OTHOCIITenbHO d_, H, cne.UOBaTenbHO, SIBnsiiOTCSI HenoKanbHb!MII onepaTopa,;.. I p ,. 

MH, Oepexon B .x - npencTaaneune nenaeTCSI 1 KaK 05b!"'H0 1 IIOCPO.UCTBOM 
~'- a 

p =· -i _, 
a 

38M9Hbl 
xp. 

OnepaTOpb! n· s y.uoBneTBopSIIOT cnenyromiiM ycnoBnSIM: 

Ill ••• p. n n 
(S) v1 ••• V n 

VI • • • V n ' n 
«S )T .. , T 

I n 

p. I • • ' fl. " n n 
u s s ' (sl r ••• r 

I 

( 2.2) 

li 

( 2,3) 

3necb I -e.[lllllli"'llbiH OIIepaTop B IIpOCTpaHCTBe CllMMeTpll"'OCKllX TOH30pOB 

CO lliHYPOM, PBBHhiM 0. 
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nonS! v B c orrpeaeneHHbiM CllllHOM s rrony"laeM rrocpeacTBOM llP()9K

UilOHHbiX orrepaTopoB: 

P.1···P.n P.1···P.n "'1···"'n 
v ( X ) = II I" . <II ( X ) • 

{s) (s)l/1 ••• 1/n 

( 2.4) 

none . V { s) HMeeT TOnbKO 2 S + 1 

BUllY (2.2) II (2.4), rrony"laeM, "'TO: 

H938BilCHMbJX KOMITOH9HT. l1MeH B 

ft1 ... f' II . n 

{s)l/1 ••• 1/n 

"'1 .•. v 
V , (x)=(}, 

( B ) 
ecnn s,;,. s,. 

Ha ycnoBHSI .rronHOTbi ( 2.3) cneayeT, 'ITo: 

P.1···f'n n P.1···P.n 
<IJ (x)= I V 

B =0 { B ) 

(x). 
( 2.5) 

3 • . flar pBHMeB f/JopM8flH3M CBOOO,QHOI'O IIOnH 
I 

PenRTHBHCTCKII HHBapnaHTHbiH narpaH*HaH peanbHoro cso6oaHoro TeH-

30DHOrO liOnS! 

f< a P. 1···P.n 
x)=_l_. <II ( ) 2 • X 

a <llf'.t•••f' (x) 

a X T 
a XT 

f' 1• .. fL n 
_...!?__:<IJ (x)<IJ (x) 

2 fl1···fln 

( 3.1) 

6e3 ll•Y• llpllBOllllT K BbiP8*9HHIO llnSI 9HeprHH 1 KOTOpoe He. RBnSieTCSI 3H8KO

OllpeaeneHHbiMo 3aecb, KaK o6bi"'H0 1 aHaK : : oaHa"laeT, 'ITO orrepaTopbi aarru

caHbi B HOpManbHOH cpOpMe. 
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Mhi noKa)l{eM 1 'ITO MO)I{HO naMeHHTb' narpaH)I{HaH ( 3.1) TaKnM o5p!i.;. 

: aoM 1 'IT06hi, aaeprnSI nony'lanacb nono)l{llTenbHO onpeLieneaaoii •. ByJleM paccMaT- . 

pllBaTb JlBa cny'laSI: a) KOI'lla HMeeM npOH3BOnbHbdl:. MaCCOBbi.fl: · crieKTp. H 

6) · KOrJla MaCChi 'laCTHU C pa3HhiMH CmiHaMH bllHHB.KOBbio 

a) noK8)1{9M1 · 'ITO nonO)I{lf'I;9nbHYIO onpe)leneHHOCTb aaepr:nfl: ~ cny'l491 , 

KOI'lla • HMeeTCSI, MaCCOBhifl: cneKTlJ~, MO)I{HO nony•uiTb1' ecnH aaM9HHTb narp.$a.., 

)l{llaH (3.1) aa narpaH)I{Haa: 

n 

f(x)=_I_ ~(-l)a( 
2 s =0 

P.t··•P.n 
·av<s> (x) a v ' (x) 

(s)p.l'" P. n 

2 P.t"·P.n 
- m8 l V ( ) ( X ) V ( ) ( X ) l l , 

B 8/lt•"P.n 

Cornacao ( 2.4) 1 narpaH)I{HaH ( 3.2) OTHOCHTenbHO Teaaopaoro nonSI II> ( x ~ 

· He SIBni!eTCSI noKanbHhiMo aTO cne)ly9T ll3 SIBHOI'O BHJla npoeKUHOHHhiX onepa

TOpOB/8/. 

Macchi. MO)I{HO paCCMaTpllB8Tb KaK C06CTBeHHhie 3Ha'leHHSI npo• ' m s 
A 

f( s2) "' onepaTopa cnnaa s 2 • OnepaTop cn:naa liMe-ll3BOnbHOif $yHKUllH 

eT Bllll: 

(3.3) 

I'Jle M p.v - reaepaTophi noJlrpynnhi nopeaua, rpynnhi nyaHKape. 

BapbnpySI narpaH)I{H8H ( 3.2). nonyqaeM ypaBHeHnSI: 

n 

I (.,-1)
8 

( D+m2
)V(s)(x)=O. 

s=O s 
( 3.4) 

npn nony'leHHll 9TH X ypaBHeHHif Mhi fiOnb30BanHCb ycnOBlleM ( 2.3) 0 
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EcnH noneikTBOBaTb Ha cHcTeMy ypaBHeHH'fi (3.3) on~paTopaMH npo-

eKTHpOBaHHH fi (s)(s=O, ••• , n) TO nony'IHM: 

. 2 
<O+m)V (x)=O (s=O, ••• ,nl. 

· s. (s) 

(3.5) 

PemeHHH ypaBHeHHfi (3.5) MO*HO npencTaBHTb nocpencTBOM onepaTopoB 

po~eHHH H yHH'ITO*eHHH~ 

3 S P.1···P.n 
V (x) 

( s) 

y2(2rr)
3 

d p I lp X JL1•• ·JL J -- ~ (a. (p)e- P~a:_,(E) e )us( ~l(3.6) 
. ( ) P 0 (=..., s,( J . 

Po =w s 
p 

rne 
(s) 

w v' 2 2 
= p +ms' 

P.1•••P.n 
us( (p) - C06CTBeHHbie BeKTOpbl $H3H'IeCKO-

p 

ro CDHHa ( 3.3) H ero TpeTbefi npoeKUHH C C06CTBeHHbiMH 3Ha'leHHHMH s 

11 ( I lll. 8TH BeKTopbi ynoBneTBOpHIOT ycnoBHHM opToHopMHpoBaHHOCTH 

-P.1···P.n V1 ••• v 
gp. V ••• gp. V Us( (p )us)"' D (p) =(-1 )S 8)")"' 0 

1 \1 n n - ':. - ':.':. 

( 3. 7) 

rne usC = u 8 -C. 
BeKTOpbi u ,. H u ,,. , ecnn · s of s ' , B cnyqae, Korna m -fo m , 

s~;, a '-' s s 

He HBnHIOTCH 'opToroHanbHbiMH. HaM· Heo6xonHMo TOnbKO ycnoBHe ( 3. 7). J.fc-

nonb3Y~ ( 3. 7). MO)I(HQ ITQK838Tb', 'lTO: 

s 
"C' ( 1 ) s p. 1 ••• p. n ( )- v 1 .•• v n "'p. 1 .•• p. 'v1 • .• V 
... - u p u ( p ) = n n n_ '=--s S ' - S' - ( S ) -

( 3.8) 

fl. 1" •• fl. n' v 1 • •• v n 2 2 
=ll (p =m ). 

( S) S 
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OrrepaTop II< a> , Koraa IIMeeTcSI He rronHOCTbiO Bbipo:lKaeHHbiil: MaccoBbiH 

CIIeKTp, He SIBnHeTCSI IIpOeKUIIOHHbiM orrepaTopoM. 

HO 

P. I··· P.n 
II 

(s) V ••• V 

p. ···P. vl ... vn 
II I n (p)fO, 

(s)V ... v us'(' 
I n 

KOI'Jl8 s f s ' • 

OrrepaTopbi II (s >, B oTnii"'IIe OT rrpoeKuiiOHHbiX orrepaTopoB II<s >• SIBnSiroTcSI 

noKanbHbiMII • 

.[lnSI orrepaTOpOB po)KJleHIIH a:' II YHH"'TO:lKeHIISI a 
8 

( Mbl IIpiiHIIMa

eM OObl"'Hhie K8HOHII"leCKIIe KOMMyTaUIIOHHhie COOTHOIIIeHIISI: 

(3.9) 

Hs ycnoBIISI rronHOTbi rrpoeKunoHHhiX orrepaTopoB cneayeT: 

n 3 

IJ>(x) = l v(s) ----- l_ f ~(a ~p)e-lpx+a* _~p)e 1PX 
a :0 3 s( 0 (s) 0 s~ ._ "' ~-_ 

y2(21T-) p =w. p 
p 

Ms narpaa~aaa (3.2) rronyqaeM cneayromHA TeHsop aHeprHH-HMnynbca: 

n 

TJLV = l . (-1) s 
s=O 

U I ••• U 
av n(x) 

(s) av(s)U ••• U 

___ -!.1-.....2..n : -lv f (x): 

axv 

( 3.11) 
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OnepaTop aHepruu-uMnynbca HMeeT au.o: 

p ll = f d 3 X T /lO:( X) • ( 3.-12) 

no.ocTaBmUI ( 3.6) B ( 3.12) • HMeSI B BHllY ( 3. 7) H ( 3.9) • nonyqaeM 

pll - I. f 
- s( (s) 

Po= w 

3 

d p *. ( p ) a j p ) • --.,.0- as( - s{,-
p 

( 3.13) 

p 

Ha ( 3.13) BH.OHO,. 'ITO onepaTop aHepruA . P 0 
SIBnReTCSI nono>KHTenbHO onpe-

lleneHHhiM. 

· Ha ( 3.10) u ( 3.13) nonyqaeM reAaeH6eproBCKHe ypaBHeHHSI .OBH>KeHHSI 

i [ p ll ,II> v, ... v 
n 

v 1 ••• v 
all> n (x) 

( 3.14) (x)]= ------

axil 

0HH noK83biB8IOT, 'ITO onepaTop SHepi'HH-HMnynbca .oeftCTBHTenbHO SIBnSieTCSI 

reHe.paTopOM npoCTp8HCTBeHHO-BpeMeHHbiX C.OBHI'OB. 

·Cor nacHo ( 3.11) 

ll,···ll a /l, ... ll 
11 n() y rn (~ X =(-l)B (s) 

ax 0 

( 3.15) 

MO>KHO paCCM8TpHB8Tb KSK KSHOHH'IeCKH conpSI>KeHHbie SMY~bCHH K nonsiM ~Jx) • 
KoMMyTaUHOHHbie cooTHollleHHSI .onSI . nomr II> ( x ) nonyqaeM ll3 ( 3.10), 

(3,8) H (3,9): 
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P.t••• P.n v, ..• vn n 
8 

"'P.r··P.n•vl'''vn 2 , ,. 
[ell (x),cll (yl]=i ~ (-1) II t1(m ;x-·y) 

s=O s s 

( 3.26) 

2 
3necb 11 (m

8
, x-y) - 11epeCT8HOBQqHaSI «jlyHKUHSI OaynH-VlopnaHa CK811SipHoro 

.110/ISI C M8CCOft m 
8 

• KoMMyT8UHOHHbi9 COOTHOW9HHSI ( 3.13) SIB/ISIIOTCSI /IOK8/Ib

HbiMHo noneftcTBOBaB rrpoeKUHOHHbiM ollepaTopoM CIIHHa s Ha oi5e cTopOHbi 

(3.16), llonyqaeM 

( 3.17) 

( s = 0, ••• , n ) • 

3TH cooTnoweHHSI MOJI<HO llonyqHTb H H3 ( 3.6). 

Ms ( 3.15) H ( 3.6) 11onyqaeM eme: 

( s=O,,, n) 

H 

(s=O, ,., n) 

EcnH B KOMMyTaUHOIIHbiX cooTHOii:remmx (3.16), (3.17), (3.18) H (3.19) 

110/IO)KHM X O = yO , TO B 11p8Bb!X qaCTSIX 110/lyqaeM .JIH60 HYIIH1 111150 IlpOCTp8H

CTB9HHbi9 nenbTa-«jlyliKUHH H HX. llpOH3BOnHbl9o Ho, cornaCHO pa6oTe1 121, 3TO 

He. llpOTHBopeqHT KanonHqecKoMy «jlopManHsMy. KaK llpHMep B OpHIIO)KeHHH 

llpHBOnSITCSI KOMMYT8UHOHHbl9 COOTHOW9HHSI B9KTOpliOrO 110/!Sio 

11 



6), 'B cny"'ae, xorna MaCChi 'IaCTHUbi c pa3HbiMH .cnHHaMH OJlHH8KOBbi1 

Mo~Ho CHJibHO ynpocTHTb Teopnro, ecnn aaMeHHTb narpaa~naH (3.2) narpaa~-

8HOM 

£ ( 1 a; p. 
1 
... p. n 

xl=-. . (x) a<J)p. ••• p. (x)". 2 ""IL1···P.n (3.20) 
1 n : _ __!!!__ : <f) . (x) <f) u ( x) : 2 ·-----a XII 2 IL1""r ax n 

3aecb 

""IL1•••1Ln IL1···P.n 11 1"" 11 n 
<f) (xl=A <f) (x) 

( 3.21) 
111 ••• 11n 

H 

P.1···1Ln n 
A =~ 

s IL1···1Ln 
<-u n ( 3.22) 

111 ·;·II n s=O (s)ll .•• 11 
1 n 

Hs (2.2) H (2.3) cneayeT: 

2 

A = I . 
( 3.23) 

BapbHpyH narpaa~aH (3.20) n HMeH B BllllY (3.21), nonyqaeM ypaBae

HHH Knefiaa-fopaoaa 

<D+m2
)<J)(xl=O 

( 3.24) 

ll 

"" <0 + m
2

) <f) (x) = 0 • 
( 3.25) 
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YpaaneHIHI ( 3.24) H ( 3.25) ne .HBmnoTC.H neaaBHCHMbiMH, oHH . nepexo.ll.HT Oil-· 

no B Jlpyroe qepea onepaTop A 
Pewenue ypaaneHH.H ( 3.24) MO>Kllo npeJlcTaBHTb B BH.Ile ( 3.10), V'IHTbi-,..,. 

BaSI, 'ITO m s = m , ( s = 0 , ••• , n ) • Cornacllo ( 3.21), <I> ( x) , MO>KliO npeA-

CTSBHTb: 

;ILI'·~Iln(x) =-·1 __ }; 

..[2(2ii')3 
B (, 

BXOJlSIWH9 CI0Jl8 B <I> ( X ) 

BHIO OpTOliOpMHpOBSHHOCTH: 

H <I> (x) T9ll30pbl . u sl~) ynoaneTBOpSIIOT ycno-

( 3.27) 

To9o OHH .HBn.HIOTCSI OpTOliOpMHpOB8liHbiMH 0 He TOnbKO KOI'Jl8 s =s ', KBK 

9'1'0 6binO B Cny,'lae ~C MSCCOBbiM Cll9KTpOM 0 liO H KOI'Jl8 s ,j,. s '. 

Ha ~arpali>KHSlla ( 3.20) nonyqaeM cne.llyiOmuii TeHaop ::mepruii-uMnynb-

ca: 

"'ui ... u· 
a <I> n( x) 

TIL"=:------

3necb 

a <l>ul ... u (x) 
--L--__;o.__ : - g f!V f (X ) • 

a~ Jl I "'f!n( x) 

a x 0 

13. 

(3.28) • 

( 3.29) 



MO:lKHO paCCMaTpHBaTb KaK KaHOHH'l9CKH COllpH:lK9HHb!ll: HMnynhC K llO.IJIO 41 (x ). 

B . OT.JIH'lH9 OT cnyqag a,. 3Jl9Cb. HM99M TO.JlbKO OJlHH COllp.II:lK9HHbifi HMnynhCo 

Ha ( 3.28) t ( 3.10) H ( 3.26) cne)lyeT, 'ITO onepaTop 9HeprHH-HMnynhca MO:lKHO ' 

•·, rrpe)lCTaBHTb B BH)le ( 3.13) •. 

ITone 41(x) H ero KaHoHH'leCKH .conpH:lKeHHbifi HMnynhc yJloBneTJilO~ 

p.!IIOT KOMMyTaUHOHHbiM COOTHOIII9HH.IIM 

Jl···Jl, v 1 ••• v 
[41 1 n(x),41. ~y)]=i 

n ,.,p.
1 

••• p. ,v
1 

••• v 
~ (-l}sfi n n~(m;x-y) ( 3.30) 

I 

s=O 

H 

[ 
Jl1 ••• Jl ( ) .... v 1 ... v ( ] Jl1 ••• Jl 'v 1 ••• v 

1T nx,.'¥ ny)=il n n 
a 

~(m,x-y) 
(3.31 >: 

ax 0 

ITonaraH xO =y 0 , B OTnHtiHe' OT cnyqag a, 113 (3.31) nonyqaeM: 
l 

p. 
1 

••• p. v1 , •• v p.1 ••• p. , v 1 , •• vn 
[IT n(x), 41 n (y)] 

0 
o=-i I n 8 (x-y). 

X =y - -
(3.32) 

4 • . BaaHMO,aeilCTBHH CO CKBIIHpHbiM IIOIIeM 

OnncaHHe qacTHU. c paaHbiMH cnHHaMH s = 0, ••• , n llOCp9JlCTBOM 

e)lHHoro nonH 41(x) noaBonHeT ynpocTHTb narpaH:lKHaH B38HMOJleficTBHR. 

Mbi 6yJleM paccMaTpHBaTb TOnhKO BaaHMOJleficTBHH c npHMOfi CBH3hiO. B aaBH-: 

CHMOCTH OT Toro, yqacTByiOT ·nH BO B38HMO)lei!:CTBHH BCe CllHHOBbie COCTOH-

HltHt KOTOpb!e COJlep:lK8TCH B IIO.Jie 41 ( x) , .JIH60 TO.JlbKO OJlHO COCTOHHHe, 

HanpHMep, C M8KCHM8.JlbHbiM 3H8'l:eH~eM CllHHa, Mbl .6yJleM H83b!B8Tb 9TH 

B3aHMO~efiCTBH.II COOTBeTCTBeHHO He TpHBH8.JlbHbiMH, .JIH60 TpHBH8.JlbHbiMH~ 

KaK npHMep TpHBHanhaoro B38HMOJleficTBHH MO:lKHO paccMaTpHBaTb 

B38HMOJl9tiCTBHe 
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/L1 .. •P.n· £_ (x)=g4> . (x)J (x), 
lnt P. 1 ••• P. n 

( 4.1) 

rne J p.
1 

••• p. n ( x) - COXpaHSUOIUHi!:CH TOK 1 KOTOpbiH He 38BHCHT OT IIOIIH 4> ( x ) • 

TaKne BaanMonei!:cTBHH nnH BeKTopHoro IIOIIH o6cy*nanncb B pa6oTe/13/. 

0pHM9pOM H9TpHBH81IbHbiX B38UMonefiCTBHH HBIIHIOTCH IIOK81IbHbl9 B38HMO-

nei!:CTBHH CO CK811HpHb!M 110119M 

!<) p. 1 ••• p. 
.l. (xl=g4> n(xl4> (x)cp(x). 

lnt p. 
1 

••• p. n · 

(4.2) 

4> (X ) HMeiOT Blln: 

( 4.3) 

Opn IIOMomn llpoeKUIIOHHbiX ollepaTopoB II < s ) Mbi Mo*eM pacmeiiHTb aTy 

cncTeMy Ha n + 1 cncTeM. I1a SIBHoro Bnna ollepaTopoB II< 8 ) c11enyeT1 

'ITO: 

llpH s = 0, ••• ' n , ( 4.4) 

Ecnn Ha 11011e cf> ( x) He H811HIIIeM ClleUH811bHbiX yciiOBHll:, TO Mbi He IIOIIY'lHM 

cso6onHoe ypaBHeHne HH n11H KaKoro .s • KpoMe Toro, ec11n 11o11e cf> He HB-

IIHeTCH ~OCTOHHHhlM0 B 11p8BOll: 'l8CTH ypaBHeHHll: 

IL1···1b /L1···P.n•v1 ... vn 
,(Q+m2s)V(s) (x)=II(s). (4> (x) cp(xll (s=O, ••• ,n) 

v1 ... v n 

6ynyT Y'l8CTBOB8Tb BCe Clll!IIOBbie COCTOSIHHSI 1 KOTOpbie conep*8TCSI B 11011e 

4> (X) 

~yHKUHIO paCIIpOCTpaHeHHH TeH30pHoro IIOIIH 

~epea nBYXTO'l9'lHbl9 ~YHKUHH 8Toro IIOIIH 
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P.1•··P.n•J/1'!'1/n P.1"'P.n 1/1'"1/nl · 
D . ( x- y ) = i < 0 I T ( _<I> . (x) <I> ( ) I 0. > 

0 .• . ,. •• y 

(4.5) 

· P. 1" •fh V 1 "' V · . · 1/1 "' 1/n P. 1"' 1-\,_ • 
=i0(x0 -.l><oi<I> (x)<l> 

0
(y)IO>+i0(yO-xO)<OI<1> (y)<l> 'h)IO>. 

11cnonb3YSI nony'leHHhie B pa6oTe/ 8/ npe.llcTa~iiemui J:d~hTo'leqilhiX '!jly}h~ulifi, 
nony'IIIM: 

n 
. ll 1/ 1"' 1/ ~ 

P.1'"rn' 0 (x-y )= .w 
D s=O 0 

( -1 )s 

(2rr)
4 

J d 4p 

"'P.1·"!Ln' 1/1 "' 1/n lp(x-y) 
II(~) e 

P
2 -m 2

-iE· s . 

( 4.6) 

Dpii UOJIY'I9HIIII ( 4.6) Il3 ( 4.5) Mbl 0~6pOCIIJ1II. BCe "KOHTaKTfJbie" 'IJ19Hhlo KOTO-
, ::: 

pbie nony'laiOTCSI npii KOMMyTaunn 0 -!f>yHKUHH c onepaTopaMH II (s > ,KaK 

8TO o6~'1HO nenaeTCSI/14/. 

113 •( 4.6) cnenyeT, 'ITO npn n > O TeopHSI aenepeaopMnpyeMa I Bt. 1 

ABTop Bhipa:lKaeT rny6oKyro 6naronapaocTb 11. T. ToJlopoBy 3a MHoro~ 

'IIICJieHHbie o6cy:lK.ll9HIISI, a TaK:lKe n.11.Bnox IIHUeBy., X.H.XpHCTOBY . n.U.CTo

HHOBy II K~"E~.PepiiXY 3a IIHTepec K pa6oTe II ue.t-:Hhie 3aMe'laHHH. 

.. 

J1pHnO:JKeHHe 

OneoaTOPhl fl (s) B9KTOPHOI'O UOJISIII HM9IOT BUll: 

p.v 
IIco'> = 

m2 
0 

·' 
n p.v p.v 

( s) = g 
Pp.Pv 

2 
m1 

113 {3.17), (3.19) u (n.l) nony'laeM: 

(<l>k(x), <I> e(y)] o o=(<l>
0

(x), <1>
0

(y)] o o=O, 
X =y ~ X =y 
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[ o k 1 1 a 
<I> ( x,) ' <I> ( Y ) ] 0 0 = + i( -·- + -- ) 

X =y · m2 m 2 a k k 
0 ,. 

B <; -~ >·' 

J2 
----) B < ,::·-1' > 
axk ax k 

(y)] -::("k (x),Vo (y)] o cr=O 

"o =y .. (0) (0) X =y 
0 . 

( Il.2) 
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