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4cpBS!KOB A.M. P2 - 11657 

EecKoaeqaag cepHSl 3aKoaoo; coxpaHeHUSl llJISl peJISlTHBHCTCKOJ1 
cTpyHbi B TpexMepHoM npocTpaHCTBe-npeMeau 

PeJISlTHDHCTCKaSl cTpyaa B TpexMepHOM npocTpaHCTne-speMeHu, pac
cMaTpunac'taSl n paMKax TllK aa3biBaeMoro reoMeTpuqccKoro noaxona, omi
Ch!BaeTCSl HeJIHHeHHblM ypaBHeHUeM JlnyDI!liJISl, /1i1Sl KOTOpOf'O nonyqoHA 
6ecKoHcqaaSl nocneaona'l'eJibHOCTb noKaJILHbtX coxpaasnoumxcSI TOKen. Hanuqae 
6eCKOHBqHOft cepHH 3DKOHOB COXpaHeHUSl CBHilCTCJlbC'I'ByeT 0 cyweCTBODAUHH 
CKptotToil CHMMeTpHH paccMaTpunaeMoro ypanHeHHSl. Hal!aeao npeo6pa3onaHHe 
EeKJI) Haa, KoTopoe CBSI3t.tnaeT nna pa3JIHql!hiX peweHHSI ypanHeHI!Sl Jll!yDHJIJISI 

H no3BOJISlCT uccneaonaTL ero rpynnony10 CTpyKTYPY· 

Pa6oTa Bbtn011HCH8 B Jla6opaTOpHH TeopeTuqcCKOli lj;U3HKH 0115H1. 

Coo6l!Iellile 06beUHHeaHoro HHCTKTyTa MepHbiX uccnenonaHHii. llyGaa 1978 

Chervyakov A.M. P2 - 11657 

Infinite Series of Conservation Laws for the 
Relativistic String in Three Dimensional Space
Time 

The relativistic string in three dimensional space
time, considered within the geometrical approach, is 
described by the nonlinear Liouville equation, fer which 
an infinite sequence of local conserved currents has 
been obtained. The presence of infinite series of conser
vation laws points to the existence of latent symmetry 
of the considered equation. The Backlund transformation 
has been obtained that connects two different solutions 
of Liouville's equation and allows one to investigate its 
group structure. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© IB78 06r,e.aHHeHHblil HHCTHTYT HJlepHblX nccnellOBBHBil lly6na 

B pa~e pa6or 'I 6hlno ycrauoaneuo, qro penaTHBHCT
cKaa CTpyua B TpexMepHOM llpOCTpaHCTBe-apeMeHH /HJIH 
CKanapuoe none 6opua-Hu~enb~a a ~ByMepuoM npocTpau
crae-apeMeuu12';, paccMarpuaaeMaa a raK ua3hlBaeMoM 
reoMeTpH'IeCKOM llO~XO~e, OllHCbiBaeTCH HeJIHHeHHhlM ypaa
HeHHeM JlHYBHJIJIH 
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r ~e ¢ (a , r ) .. - ln i 2 (a , r ) , a BeKTOp-~yHK~HH X(a,r) 
onpe~eJIHeT MHpOBYID llOBepXHOCTb CTPYHhl, Ha KOTOpOH 
Bbi6paua OpToroHaJibHaH CHCTeMa KOOp~HHaT 
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B 3TOH ~opMe ypaaueuue /3/ uccne~oeanocb MeTo~oM 
o6paruoil 3a~a'IH Teopuu pacceHHHH /3/. B qacTHOCTH, a 
pa6oTe 
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L. npe~cTaanam~ue 6ecKoHe'IHYID nocne~oaaTeJibHOCTb 
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rJ].e fn - noJJHHOM OT CBOHX nepeMCHHhiX. 0TMCTHM, 'ITO 

onepaTop M, HCnOJ1h3yeMhiH B 3TOH pa6oTe, HMCCT HHTer

paJJhHhiH BHJJ., no3TOMY nony1.fHTh c noMO~hJO TaKoil ( L. M) -
naphl JlOKaJJbHhiC 3aKOHbl COXpaHCHHJI HC yJ].aCTCJI. 

,[I,JJJI onpeJ].CJlCHHJI 6eCKOHC'IHOH cepHH COXpaHHJO~HXCH 

JlOKaJJbHbiX TOKOB ypaBHCHHH /3/ B HaCTOH~CH 3aMCTKC 

BBOJJ.HTCH uooag ( L,M) -:napa. HaiiJJ.eHo npeo6pa3ooauue 

lieKnyu.na, ocTaBJJHJO~ee uuoapuaHTHhiM paccMaTpuoaeMoe 

ypaBHCHHC. 

JloKaJJbllbiC 3aKOHbl coxpaHCHHH J].JlH peJJHTHBHCTCKOH 

CTpyHbl B 'ICTblpCXMCpHOM npocTpaHCTBe-opeMCHH B Ka

JJH6pOBKe X 0 ar 6biJ1H nony1.fCHhl B pa60TC 
141 . 

YpaBHCHHC /3/ MO)I(HO npeJ].CTaBHTh B BHJ].C 

Lu-fL.M]. /4/ 

rJ].e onepaTopbl L u M Bbi6npaiOTCH cne.nyJO~HM o6pa30M: 
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H3 /4/ cne.nyeT, 'ITO co6cToeuuwe ~YHKUHH onepaTopa L 
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MCHHIOTCJI C H3MCHCHHCM a, BblnOJJHHIO~CH B 3TOH CXCMC 

pOJJb 3BOJ1JOUHOHHOB nepeMCHHOH, B COOTBCTCTBHH C ypao

HCHHCM 
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Ypaoueuue /5/ CBJI3biBaeT ~YHKUHIO c/> (a. f3) c 3aJJ.a1.feB 

pacceHHHH, a ypaoueuue /6/ JJ.aeT JaoucnMocTh J].auuwx 

pacceHHHH 01 nepeMeHHOB a. BoccTauooneuue noTeuuuana 
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cf> (a .{3) no ua6opy J].aHHhiX pacceHHHH JJ.OCTHraeTCJI peme

HHeM o6paTuou 3aJJ.a1.fH pacceHHHH JJ.JJH onepaTopa L. 
HaHJ].CM peKyppeHTHhiC COOTHOillCHHJI J].JJJI 6eCKOHC1.JHOrO 

qucna coxpanHJO~HXCJI noKaJJbHhiX TOKOB. KaK o6hi'IHO, 

BBeJ].CM ~YHKUHJO 

113 /5/ u /6/ cne.nyeT, 'ITO oua YJJ.OBJJCTBOpJieT ypaoneHHJIM 

Tuna PHKKaTH: 

a fiw ~ 2 ik w + ~ c/> fi + ~ c/> f3 w 2, 

a (d __ .B:...ec/>(1+2iw-w 2 ). 
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KOTOphiC nerKO nepenHCalb CJJCJJ.YIO~HM o6pa30M: 
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Pemeuue ypaoueHHJI /7/ OTHOCHTCJJhHO ( 2i cf> w) MO)I(HO 

npeJ].CTaBHTh B BHJ].C ~OpMaJlbHOrO pHJ].a no CTC~HHM k- 1: 
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IlO,ZJ;CTaHOBKa pa3JIO)I(eHHS /9/ B ypaBHeHHe /8/ ,n;aeT 6ec
KOHeqHyiO cepHIO 3aKOHOB COXpaHeHHfi : 
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/12/ 

IlpH nepexo.n;e K nepeMeHHbiM CTPYHhl x (a .{3) s $opMyne 
/12/ cne.n;yeT socnoJIL30BaTLC11 ycnoBH11MH opToroHanLHOH 
Kanu6poBKH /2/. Bbipa)l(eHH11 .n;n11 noKaJILHbJX TOKOB s 3THX 
nepeMeHHbJX HMelOT .D;OBOJlbHO CJIO)I(HbiH BH,ZJ;. Ilpuse,n;eM, 
HanpHMep, ,ZJ;Ba nepBbiX TOKa H3 6eCKOHeqHOH cepHH /12/: 
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JloKaJibHLie 3aKOHbl COXpaHeHH11 /11/, no- BH.IJ.HMOMY, 
yKa3biBaiOT Ha cy~eCTBOBaHHe HeKOTOpOH CHMMeTpHH ypas
HeHH11 /3/. TaK, uanpHMep, uanuque 6ecKouequo8 cepuu 
3aKouos coxpaueuus ypasHeHHR Sine- Gordon CB113aHo c 
HHBapHaHTHOCTbiO 3TOrO ypaBHeHH11 OTHOCHTeJILHO 6eCKO
Hequoro qucna o.n;uonapaMeTpuqecKHX rpynn, KOTOpble 11B
JI11IOTC11 6onee o6~HMH, qeM rpynnbl Jiui5<Mo)I(HO ua,n;e11TL
C11, qTo B uccne.n;osaHHH rpynnosou cTpyKTYPhl ypasueHH11 
/3/ oKa)l(eTC11 none3HbJM npeo6pa3oBaHHe lieKnyu.n;a, csH-
3bJBaiO~ee .n;sa pa3JIHqHbJX pemeuus 3Toro ypasHeHH11 cne
.IJ.YIO~HM o6pa30M: 
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/14/ 
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r.n;e A - npoH3BOJILHbJB napaMeTp. 

B 3aKJIIOqeHue oTMeTHM, qTo ypasHeHHe /1/ MO)I(eT 
6bJTb TaK)I(e HCCJie,ZJ;OBaHO MeTO,ZJ;OM o6paTHOB 3a,n;aqH Teo
pHH pacce11HH11, ecnu npe,n;cTaBHTL ero B onepaTopuoM 

BH,ZJ;e: 

L ,.[ L, M]. 
T 

r.n;e (L,M) -napa cosna.n;aeT no $opMe c onepaTopaMH 

L H M ,n;n11 ypasHeHHS Sine-Gordon
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L "' l_ ( r2 0 ) ~ ( A 
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a Ma TPHULI A , B , C , D Bblpa)l(aJOTC11 qepe 3 pemeuue ¢ (a ,r) H 
$yHKUHIO W(a,r)•¢ +c/J. cne,n;yiO~HM o6pa30M: 
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2 C ,._r B, 
i 2 

2 D- 7 Br2 . 
1 

AsTop 6naro.n;apHT 6.M.Iiap6amosa H B.B.HecTepeHKO 
3a noCT011HHOe BHHMaHHe K pa6oTe, B.C.rep.D;)I(HKOBa H 
B.K.MenLHHKosa 3a none3Hble o6cy)l(,n;eHH11. 
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