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Eap6awoa E.M., HecTepeHKO B.B., 4epBSIKOB A.M. P2 - lll41 

BecKOHe'tiHBSI penSITHBHCTCKaR crpyaa, Harpy*eHHBR roqeqaoH Maccoil 

nonyqeHhl T01.J:Hhie KnBCCH'IeCKRe peweHHH B BHJ19 HHTerp8110B q,ypbe 

.URSl ypaBHeHHfi LI,BH)K9HHSI 6eCKOH9'1HOii pe1lRTHBHCTCKOif CTpyHbl, Harpy)f(eHHOif 

To'le'IHOH Maccoft. J.1cnonbayercg Kanu6poaKa, a KOTopoli napaMerp apeMeHHOif 
aaomouuu r nponopuuoaanea co6craeHHOMY apeMeHu roqeqaoH qaCTHUhi. Ka
rn6poao'l!Hhie ycnOBHSI OK83blB810TCSI CBSI3SIMH BTOpOI"O p0.0.8, ll08TOMY KOMMy

TBTOpbl JlHHBMH'IeCKRX nepeMeHHbiX CTpyHbl cne.ayeT onpenenSITb C nOMOIUblO 

CK060K nupaK8, 

Pa6oTa BbiiiOnHeHa B na6opaTOPHR TeopeTH'IeCKOit ¢H3HKR 011.fll1. 

llpenpBHT 061oeJIBHeHHOr"O BHCTBTYT& BJlepHWX BCCJJeJlOBABBi. ,lty6H& 1977 

Barbashav El,M., Nesterenko V.V., Chervjakov A.M. P2 - lll41 

Infinite Relativistic String with a Point-like Mass 

Exact classical solutions of the equations of motion for the 
infinite relativistic string loaded with a point-like mass are obtained 
in terms of the Fourier integrals. The gauge when the time evolution 
parameter r is proportional to the proper time of a point-like 
particle is used. The gauge conditions in this case are the second
class constraints. So in the quantum case the commutators of 
dynamical variables have to be defined by the Dirac brackets. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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PeJlH'l'HBHCTCKBS:I CTPYHa c Macca.MK Ha KOHUa.x SIBJIReTCH 

npocTOI III HarJIJI,llHOI MO,IteJI:blO Sarnq>aHHJI KBapKOB B a,Itpo~I/. 
HeJIIIIHelmle rpaHIII'D!He yCJioBIIIS! B ypaBHemmx ,ItBIDKeHIDI TaKot.i 

CTPYHH He nosBOnSIIDT n~TI. TO~e pemeHIDI/2/. B pa6oTaxl31 
npe,It.~Iaranoci. ,ItOnOJIHIIITI. o6HtmyJO OPTOroHani.HYJO Ka1lli6poBey 

TaKHMH yCJIOBJmMH Ha m6op napaMeTpoB 6' , q; , 'IT06H q; 

6HnO nponopqHOHanbHO C06CTBeHHOMY BpeMeHM MaCCHBHHX KO~OB 

CTPYHH. B peayJII.TaTe aToro rprum'l!me yCJioB:wt JIHHeapH3YJOTCH, 

O,ItHaKO TaKaS! napaMeTpiiiSauHS! llOSBOJISieT OITHCaT:b JIHWb Ol'paHH'IeH

HI:l:li KJiacc .ItBIDKemrl!: CTPYHH. 

HHaSI CHTYauHSI 6y,IteT B TOM CJIY'Iae, eCJIH 3TOT MeTO.It 

npHMeHIIITI. K 6ecKoHetrnoti CTPYHe, HarpyJKeHHoil: TOJII.Ko o,IUrot.i 

TO'Ielllio!.t Macco:lt. HIIIKa.KHX orpaHK'IeHd Ha ,ItonycTHMhle .n;BIDKeHIDI 

CTPYHH s.nec1. He BOSHIIIKaeT,H B SIBHOM BH,Ite y.ItaeTCSI nonyqHTb 

TO'il!He pemeHIDI ypaBHeHd .ItBIDKeHIDI ,lJ,IUI TaKoA CTPYJibl. MMeHHo 

aTa sa,Itaqa III paccMaTpiiiBaeTCSI B .ItaHHOi pa6oTe. 

ne!.tCTBIIIe ,lJ,IUI 6eCKOHe'IHOti PeJISITHBHCTCKOi CTPYJibl c 

To'!le'IHot.i Maccot.i ?r1 B TO 'IKe 6 = 0 orrpe,IteJmM CJie.n;yiOOtHM o6pa
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_z • '1 ') 
r.ne r -KOHCTaHTa, HM910018Sl pasMepHOCTb L • X= oX/of) 

:/:_ = ()X/ CJ 6 . Bap:&HpoBaime .n:eiicTB:IDI ( I) c y'leToM 

Toro, 'ITo8xfCG,f-1)=8x1 c~rt:z)=0H 8x1 C6=:oo/£}=0 
IIpHBO,ll;RT K ypaBHeHIDIM ,I(BHllt9H:IDI 

. • II 

X/(6/(:)- X/C6:t)= 0 (2) 

H HeJIHHeHHOMY ycnoBmo B TO "iKe 0 = 0 

7n J (Xv(C?,t) ) [ I 

1 

d~ '( X'<o,r) ~ y x. (0•0, <)- x, (0-0, n). (3) 

II pH aToM Ha HCKOMble pemeHBH X! C ~f) HaJIOJKeHH, KaK o6H"iHO, 

yCJioBHH opToroHa.JI:&Hoii KaJIH6poBKH 

• J :2 
(x=tx)=O. 

(4) 

YpaBHeHBH (2-4) HHBapHaHTHll IIpH rrepexo.n;e K HOBHM rra-

pa.MeTpaM 1. ] 
6c6n = ..i.[fcc+ o)-fc~-o>] fc<5,;n= z [fc!'+ 6')+ fc!'-o> 

j 2 ) 
C IIpOHSBOJI:&HOH <fJYHKUHe:li f . IIoaTOMY Bcer.n;a MOXHO BH6paT:& 

J TaR, "iTO rrapaMeTp BpeMeHHOK 3BOJiiliUIH q: 6y.n;eT IIpOITOpUHo

Ha.JieH C06CTB9HHOMY BpeMeHH '!aCT~ 

• 2 - 3/2 
x co.,n=mr. (5) 

)lelcTBHTeJI:&HO, ecnH BB9CTH HOBH:li JIOpeHUeBCKHii BeKTOp ~(Sf)=. 

E.X_r(o(~f)_,fi'(~f')) , TO X;(Q/£:) MOXHO rrpe.n;~Ta-
BHT:& cne.nynJtKM o6pasoM: 

. ~. [a _ ~ 21 ,2 
XJ'(O/t)= (}f X.rCO.f)J /f('l:). 
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'ITo6H (dXJ(O/t){af) 2
= md- 3f2 , .IJ;OCTaTO'IHO ITUROXHTb 

p J 
2 -1 '/2 . t. 

tCn=m r :Xf(O;'t:). 

C Y'!8TOM (5) ycnoBHe (3) n~Heap~3yeTCR I 
1 4 

:x
1

co,rt)=t [x
1

co+O,q:)-x1 co-o;nJ, ~= ~ 112 • 
(6) 

--iw'i 
Pas.n;eJieHHe rrepeMeHHHX X(G_;'t')= e Ucw,o) 

IIpHBO,ll;RT K KpaeBOH 3a,JJ;a"ie Ha <fJYliKUHIO U (W, 6) 
If 2. U (w o)+w UCw,o)=O, 

- w 2U.(w,o)= ~ {u(w,o+o)-U(~ o-o)]. 

PemeHBH 3TOH 3a,JJ;a"iH MOXHO rrpe.n;CTaBHT:& B CJie~eM BH.I(e 

U(w,o)== Uw [co.5(w6)- fl s-<n(w/6/)]) 

2 -i/2. 
r.n:e HOpMHpOBO'IHHH MHOJmTeJI:& Nw = [.9T(i + f/P )] . <J.iyma.J,HH 

U(w,6) y.n;oBJie'rBOpmoT yCJioBIDIM OIJTOI'OHaJI:&HocTH 
+ c><> 

]otcrU(w,6)JCo)U(w:o)= Scw+w')+ dCw-w') 
-00 

ll ITOJIHOTH 
+00 

}~wU(c:>}JJUC~o·l~) = Sc~o'). 
-00 

(7) 

(8) 

-1 
B aux <fJoPMYJiax BecoBM <fJYHKU,Hfl JCo)=i.+ A JC6), a d(6,6

1
) 

OITpe.n;enHeTCH C ITOMO~bD paBeHCTBa 
-t9<> 

}ol6'/co')OC6,'6) = /un) 
-oo 

KOTOpoe ,I(OJIXHO 6HT:& CITpaBe~BO ~ IIpOH3BQnbHOH '!eTHOH 

<fJYHKJJ;D {co)== /(- ~) , - c;><> ..::: 6' <: + oo • 
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,ll;1m Roop~aT eTpyHH Xf(O,'f) :HMeeM Tenep:& CJie.I!YDIIee 

npe.n;eTa.BJieHHe: 
..j.OO 

-<. j' --iw f" x1 c~rc)= Yif' olw ci-~w) e U(W,o)) (
9

) 

-00 

* r.n;e c/..)(-w) = cLf(w) · 

TIOJIHHi HMeyJI:&e paeeMaTpnaer.roA eHeTeMH e Y'IEiTOM ( 9) 

HMeeT BH.n; + oo + oo 

p ~-F6 ;fr ~ T J16JC6l:Xyu, r)~ f i/o, <l+ T }' 6 :i:/<;<l, r -o<> -00 _ 616 , - oo 
BBO)l.II aaTyxaJJitHA MHODTeJI:& e , £ > 0 ,IT,JI.fl CXO,I(i!MOeTH l'IH-

TerpaJIOB OT oeiJ;WJJmPymtHX <IJYHKUHi, llOJIYllaeM Ff =0 
Tio.n;eTaHOBKa pememm ( 9) B yCJIOBIJJi OpTOI'OHaJI:&HOI KaJIH6-

poBKH ( 4) ilpHBO.n;HT K Orpaml'l:eHHRM Ha ifJYP:&e-aMIJJIJITY,Il;ll 

L± ijl AfAI {J ·w\fi-·2-W)-0 ()?)= z ~wtvwiV2-wot(w)ci..-(2-W}(I .. "+-t[{ }\ -+--t- ""'[7( - • 
(IO) 

3TH ypaBHeHHII .n;OJIJtHll 6HT:& .n;onOJIHeHH YCJIOBH€M (5), 1!3 KOTOpol'O 

CJie.n;yeT eute o.n;Ha cMa:& Ha aMnJIHTY.n;H d..,(w) 

Leer)= i}Jw Nw/t/2-wcL(w)r:L(<r-w)-~ SC2)=0. 
(II) 

YpaBHeHHR ( IO) H (II) e~eeTBeHHo OTJilfllaJOTM OT or

paHH'lemtii Ha aMilJIHTY,IJ;Ii dv(W) , KOTOplie HMeM r.EeTO B TeopHH 

CB060.n;HO~ 6eeKOHe'iHOi eTpyHH~4/ 
LoC'i!)= : /Jwr:J.-(w)dv(2-w )= 0 · 

ECJIH MaCey 'iaeTHn!l yeTpeMHT:& K JIYJID, TO l- 00 H Bee CM3H 

L± (2) H L (2) nepexo.IIJIT B Lo(2) . 
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YtmTHBWI (II), orpaHH'ieHHII (IO) MOlltHO 3aMeHHT:& O.n;HHM 

yCJioBHeM: 

L,l~)=jJdw-w(fi!-w)NwN2-wrUw)d.v(i'-w)=0. (I2 ) 

Ha pas.n:olleHHII ( 9) e Y'IEiToM yeJIOBM opToroHa.n::&HoeTH 

(7) UOJIYllaeM 
~00 

dv1cw)=e~wi[JJoU(w,G)f(~c6,'f)-.<.w,7<o)Xfc~nJ, (I3) 

r.n;e fr - IJJI~T':oeT:& RaHClfiH'ieeKOI'O IDdilYJI:&ea,fr(6,f:.)='(}(fJ)Xf0,'C). 

HenOJI:&ayR ifloPMYJIY (I3), Hal.n;eM eK06KY IIyaecoHa {pyp:&e-aMllJIHTy.n; 

{c:LfCwi\olvv(Wt)}=--< ~1...,wi d(w~+w2 ). 
Tenep:& MOEHO :mr<mCJIHT:& eK06KH TiyaeeoHa eBSiaei (II) H (I2). 

TaK, Hanpm.tep, ,H,1lll LC'?) HMeeM 

{L<q))Lc92)} = 
(H) 

w-Q, w-9~ 

=-i(Q-Q ) J. f'JwN N 1-~. ·-;;rr O((wJo{(~.*"Qz-w) • 
1 ll 2. J '"" !J(22-w 2. . 2. 

t.L (w-Qt))!i.fCU-.C2>) 
'<+~~;. ~ 

TaKHe lie CJIO&HHe BH:pa&eHHJI ilOJIY'IallTM H ,H,1lll CKo60R IlyaeeoHa 

eMaeiL~.crrJ.),L1C'i2)u.lcrr~),L1c'i:). TaKHM o6paaoM, yCJioBHR (II) H 

( I2) JIBJISm'l'M eM3JIMH BTOpol'O po.n;a no T€pMHHOJIOI'HH ,lllq>rumf'?/ 
3TO CJie,IJ;OBaJIO o:&H,D;aT:&, TaR KaK TaKHe eM3H Beer.n;a ilOJIBJJJIIOTM 

B KBnH6poBO'iHHX TeOpHHX, ROr.n;a ilOJIHOeT:&D fPHKCHPYeTM KanH0pOB

d6/. B pacer.mTpHBaeMoM CJlYliae BH6op napaMeTpoB 5 , <t 
llOJIHOeT:&D 3$ReHPOBaH YCJIOBHIIMH (4) H (5). 

B KBaHTOBOI TeOpHH eMSH BTOporo po.n;a .n;OJI&HH BllilOJ!Hj{T:b

M KaK OHepaTOpHHe paBeHCTBa. ,ll;1m 3TOI'O KOwryTaTOpli .n;HHBMH

'ieeKBX nepeuemmx CJie.n;yeT onpe.n;emrr:& e nouOUU>m eR06oK JT.Hpa-
rmf5,6/ 
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* -i 
[fJ 1=--df, d J =-~ ff, ~J+-i {J, ~ Hlf~, ~- J f~·, ~}) 

r.ne lf-<. = 0 - CBH3R BToporo po.na ( B paccMaTpRBaeMOM 

CJIY'lae 3TO ypa.BHeHIDI (II) R ( I2) ) • li3-3a CJIOlKHOCTR MaTPH-

U!i f'f~, 11 (!fJopr,wJia ( 14)) 1TpaitTH'i6CKH BOCIIOJI:b30BaT:bCfl M6TO.I(OM 

.Ii,11pa.ru1 l1 IlOCTpOliT:b KBaHTOBYJO 'l'eOpl110 He y.naeTCH. Bo3MO.l1lmfi IJYT:b 

IIp60.I(OJI6HKff 3TOfi Tpy.I(HOCTJ.l 3aKJIJQqaeTCH B IIOHCK6 TaKHX KaHOHl1-

'i6CKl1X rrepeMeHHHX .I(JIH KBaHTOBaH!1H, KoTopHe HMeJil1 6H HYJieBHe 

CK06Kl1 IJyaccoHa co CBH3HMl1 L (?) 11 Ll2) . 
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