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B pa6on/1 1 paccMoTpeHo ypaeHeHI-!e AnR 16-KoMnoHeHTHOH KOMn
neKCHOH eonHoeol:1 ~YHK~I-11-1. YcTaHoeneHo, 4TO rpynnol:1 BHyTpeHHei:1 
CI-IMMeTpl-11-1 Teop!-11-1 RBnReTCR 16-napaMeTpl-14ecKaR rpynna D= 80(4.~ 
X U(l). npeo6pa30BaHI-!R D-rpynnbl He MoryT 6b1Tb 1-!HAY~I-IPOBaHbl 
KaKI-!MI-1-nl-160 npeo6pa30BaHHRMI-1 npOCTpaHCTBeHHO-epeMeHHbiX KOOp
AI-IHaT · rettepaTOPbl 3TOH rpynnbl, B OTnH4He OT 06b14HO paccMaTpi-1-
BaeMbiX rpynn BHyTpeHHeH CI-IMMeTpHH, npeo6pa3y~TCR no TeH3op
HbiM npeACTaeneHI-!RM rpynnbl nopeH~a. CooTBeTcTey~~~-~e coxpaHR~

~HecR HeTepOBCKHe TOKI-1 RBnR~TCR TeH30PHbiMI-1 TOKaM!-1. noKanl-!aa
~I-IR napaMeTpoe D -rpynnbl npHBOAHT K paccMOTpeHH~ KanH6poeo4-
HbiX TeH30PHbiX nonei:1 CO CTPYKTypoi:1, aHanorH4HOH CTPYKType Ka
nH6pOB04HbiX noneH, B03HHKa~~HX npl-1 noKanl-13a~HI-1 KOH~OpMHOH 
rpynnbl. Co CXOAHbiM nono>KeHHeM Mbl BCTpe4aeMCR B TeOpi-IH TeH30p
HOrO eonHoeoro ypaeHeHHR. 

TeH30pHoe eonHoeoe ypaeHeHHe onpeAenReTcR HHBapHaHTHbiMH 
AH~epeH~HanbHbiMH onepaTOpaMH BHeWHero AH~epeH~HPOBaHHR H 
o6o6~eHHOH AHBepreH~HH 12-51 • BonHoeaR ~YHK~HR eCTb HeOAHOPOAf 
HaR A~~epeH~HanbHaR ~opMa 121 /cyMMa OAHOPOAHbiX AH~~epeH~Hanb-

4 
HbiX ~OpM/ F= I $ Fp • no OTHOWeHHIO K rpynne nopeH~a none .F npeo6-

p=O 
pa3yeTcR KaK npRMoe npoH3BeAeHHe ABYX AHPaKOBCKHX cnHHopoe. 
TexHHKa 1-!ccneAOBaHHR BHeWHHX AH~epeH~HanbHbiX ~OPM xopowo 
pa3BHTa. Ha ee OCHOBe nOKa3aHo/SI, 4TO none F MOIKHO nOA4HHHTb 
ABYM penRTHBHCTCKHM ypaaHeHHRM nepeoro nopRAKa. 

PaccMoTpHM narpaH>KHaH 

Q 1 1 
o~.. 0 = 2 (F,oF+dF) +'2(oF+dF,F) +m(F,F), /1/ 

KOTOpbiH npHBOAHT K ypaBHeHI-1~ ABH>KeHHR 

(8+d)F =-mF, (1'i=C=l). /2/ 

Mbl Hcnonb3YeM o6o3Ha4eHHR pa6oT 16•71 H n03TOMY He 6yAeM noApo6-
HO OCTaHaBnHBaTbCR Ha onpeAeneHHRX H pa3DRCHeHHRX, KOTOpble TaM 
AaHbl. nono>KI-!M, no onpeAeneHH~, 

4 _ a 1 ••• ap 3 _a1 ••• "p _ ~···ap 
(F,H)=If h ,(F,H),='Ii(f h -f h ), 

p =0 a 1" •• ap r 1""0 J.ta 1" • .ap J.ta t•• .ap 

rAe 4epTa 03Ha4aeT KOMnneKcwoe ~npAMeR~e. 
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p(p+l) 
4 --c nOMO~biO onepaTopa J (JF = }; (-1) 4 * F , J 2=-1), KOMMYTI1py10-

p=O P 
~ero c onepaTopoM 8+ d, eaeAeM npoeK~I10HHble onepaTOPbl II+= Let± iJ) 

- 2 
11 o6pa3yeM nonR '1'=11+ F, clbl1...:F.I1Haapl1aHTHOCTb narpaH>KI1aHa f 0 
OTHOCI1TenbHO npeo6pa30BaHI1~ 

F .... e 1aF, F ... etJ{3 F 

npi1BOA11T K Bblpa>KeHI1RM AnR COXpaHRIO~I1XCR TOKOB 

Je =(F,F) =('1',11>) +(11>,'1') , Je'=(F,JF) =i('P,Il>) -i(ll>,'l') . 
Jl Jl Jl Jl Jl Jl Jl p. 

171 
Oone IJI = (1/J ,1/Jp. ,1/J p.) nOA411HReTCR ypaaHeHI1RM 

aai/Ja =m!/J, 

d •1• -d •1• -it Rda,,,f3 =m• 1• 
IL 'I' v v 'I' p. p.vat-' 'I' 'I' vp. 

dai/J -di/J=ml/1 , 
aJl Jl p. 

/4/ 

/5/ 

!61 

rAe t 
1
.waf3 - eA11HI14Hbt~ aHT11CI1MMeTPI14Hbt~ nceBAOTeH30P c t 0123 = 1 • 

HeTpi1Ka npocTpaHcTaa MI1HKOBCKoro onpeAenReTCR TeH3opoM 

g = diag(+---). JlV 

113 ypaBHeHI1~ /6/ 11 11M KOMnneKCHO COnpR>KeHHbiX nyTeM 11CKni0-
4e~R m nony411M ypaBHeHI1e Henpepb1BHOCTI1 

rAe 

avn (1/J)=O, 
/LV 

171 

1111)1/J) =gil) ~1/1-if; a 1/1 a )+ 1/1 Jl ;j;v + ;j; Jl 1/Jv -J Jla 1/1:. + 

+ - it -a ,,,{3 
1/J 1/J /LV - JlVa{J 1/J 'I' 

- Ae~CTBI1TenbHbl~ TeH30pHbl~ TOK, aHanOri14Hbl~ BeKTOpHOMY TOKY 
aepoRTHOCTI1 a Teop1111 Al1paKa. HcXOAR 113 paaeHcTea /7/, HeTPYAHO 
C$OpMynl1pOBaTb 11HTerpanbHbl~ 3aKOH coxpaHeHI1R. 0TMeTI1M, 4TO 
eeni1411Ha 1100 (1/J) cy~eCTBeHHO nonO>KI1TenbHa, nOCKOnbKY 

- 3 - -
Iloo<!/J)=!/JI/J+};(!/J 1/1 +1/J.o 1/Jo ), a=O a a a a 

PaccMOTPI1M oTo6pa>KeHI1e 'I' ~};'1', 3aAaeaeMoe 
POM }; a{3 

1/1 , = - 1._ }; 1/1 af3 
8 af3 
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CaMOAyanbHbiM 611BeKTO-
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1/J' = L (L}; 1/J a - .!.._}; 1/J a + }; t/1 ) , 1/J' = .!.._}; 1/1 a • /8/ 
JlV 2 2 /LU •V 2 Va •Jl JLV JL 2 /LU 

Opeo6pa3oaaHI1e /8/ eeKTOP nepeeOA11T e eeKTOp, a cKanRp 11 ca
MOAY<!nbH~ti1 6~_eKTop 3~~cb. abi~Ty1aiO.T KaK eA11Hoe ~enoe. yrseKT_o
pbtw};~h=Ea1~ -rF.J, rAe Ea~=B~ 8d -8{38w~ 3aAaiOT onepaTOPbl }; =-};l

1 
, 

Ae11ctay10~11e B npOCTpaHCTBe peWeHHI1 BOnHOBOro ypaeHeHHR. naTI1H
~KI1e 11HAeKCbl i,j HyMepyiOT 611BeKTOpbl 11 npo6eraiOT 3Ha4eHI1R 0,1, 
2, 3. OnepaTopbt };ij YAOeneTeopRIOT cneAYI0~11M nepecTaHOB04HbiM 
COOTHOWeHI1RM 

[}; ij ' }; k f 1 = ~ f t7\r }; mn 
/9/ 

co CTPYKTYPHbiMI1 KOHCTaHTaMI1 rpynnbl 80(3,1) . OnepaTOPbl };ij KoM
MYT11PYIOT C onepaTopaMI1 CABI1ra P1 11 He KOMMYTI1PYIOT C reHepaTo
paMI1 rpynnbl fupeH14a M kf 

{};ij ,Mkf]=~ f~\f};mn /10/ 

Op11H~11n11anbHO ea>KHO, 4TO a paMKax paccMaTp11eaeMoA cxeMbl 
cy~eCTBOBaHHe rpynnbl BHyTpeHHei1 CI1MMeTpl111 cneAyeT 113 OAHOPOA
HOCTH npocTpaHCTaa-apeMeHI1/S/. TaKI1M o6pa30M, B paMKaX 11CCne
AYeMOrO BOnHOBOrO ypaBHeHI1R OKa3btBaeTCR B03MO>KHbiM BKni04HTb 
BHyTpeHHI1e CI1MMeTpl111 B Knacc npocTpaHCTBeHHO-speMeHHbiX CI1M-
MeTp111i1. 

narpaH>KI1aH fU 11HBapl1aHTeH 
30BaHI1R 

OTHOCI1TenbHO rno6anbHOrO npeo6pa-

'P(x) .... exp(Lg};abw )'l'(x), 
2 ab 

1 - b ll>(x) .... exp(-g};a w )ll>(x). /11 I 
2 ~ . 

CooTBeTCTBYI0~11A coxpaHRIO~I1i1CR TOK 11MeeT B11A 

Jab= ('I' 'iab Ill) (Ill lab'l') 
IL ' Jl + ' Jl 

/12/ 

83ai1MOAei1CTBI1R, o6ycnoeneHHble coxpaHRI0~11MI1CR TOKaMI1 /5/, 
paccMaTpi1Bani1Cb B/7/, 3AeCb >Ke paCCMOTpi1M KpaTKO B3ai1MOA8~CTBI1e 

BI1Aa 

f =.!.·gA JlJab , /13/ 
B3 • 2 ab· "Jl 

Aab Aba w rAe .. ,.,_ =- "Jl - Ae11CTBI1TenbHOe TeH30pHoe none. ab 
BonHoeoe ypaeHeHI1e np11 Hanl141111 eHewHero nonR A.~ nony4aeT-

CR 3aMeHOA B /6/ 

all .... VIL=a/L-~ gA~~Jllab. /14/ 

11MeeT MecTo cneAYIO~ee yTeep>KAeHI1e. Ecn11 !/J,!/J11 ~!/J11vYAOBneTeopR-
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~T ypaeHeHH~ /6/ C KOBapHaHTHO~ npOH3BOAHO~ /14/, H ecnH 
Aq! /l =0, TO HHTerpan Jll00(1/J)d 3x He 3aBHCHT OT BpeMeHH. 

11cnonb·3yR BbiTeKa~UIHe H3 ycnOBH~ caMOAyanbHOCTH COOTHOWeHHR, 
nocne rpoM03AKHx npeo6paaoeaHH~ nony4HM, 4TO Ha peweHHRx 
ypaBHeHH~ ABH~eHHR BblnOnHReTCR Ba~HOe COOTHOWeHHe 

avn/lV(I/J) =2gAp.a~ll~V (1/J)' /15/ 

H3 KOTOporo cneAyeT HCKOMbl~ peaynbTaT. 
npH Bbi~OAe ypaBHeHH~ BTOpOrO nopRAKa, KOTOPble Mbl He BblnHcbl

eaeM BBHAY HX rpOM03AKOCTH, nORBnReTCR KOMMyTaTop 

1 kf ~ V V - V V =--gF ..:. 6, 
/l V V /l 2 • • /lV kL 

/16/ 

kf kf kf 1 kf ab mn kf 
rAe F ''!lv .. all A ··v -av Pi "IL - T gfab "mn A "!l A .. v -TeH30P nonR A .. !l· 
npH KBaAPHPOBaHHH CHCTeMbl /6/ C npOH3BOAHO~ /14/ ypaeHeHHR AnR 
none~ !/Ill H 1/1,1/J!lv paaAenR~TCR. Hay4eHHe HenHHe~HbiX ypaaHeHH~, 
KOTOpbiM nOA4HHR~TCR nonR A~~ - npeAMeT HaWHX AanbHe~WHX HC-
cneAOBaHH~. /l 

B 3aKn~4eHHe aBTOPbl Bblpa~a~T 6naroAapHOCTb y4aCTHHKaM ce
MHHapoa nr~ OHRH H H~AH 6CCP 3a o6cy~AeHHe peaynbTaTOB pa6o
Tbl. 
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