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CTaT~4eCK~e B~Xp~ B /2 + l/-MepHo~ a6eneBoR MOAen~ X~rrca 

RBnRIOTCR npocTeRw~M~ 06beKTaM~ c HeTp~B~aI1bHbIM~ TOn0I10n14eCK~

M~ cBoRcTBaM~ B KI1aCC~4ecKoR Teop~~ n0I1R / 1 /. MOAeI1b cOAep~~T 
B3a~MoAeRcTB~e 3apR~eHHoro CKaI1RpHOro nOI1R c 3I1eKTpOMarH~TH~M; 

,,~I TeM He MeHee Bce COCTORH~R c KOHe4HoR 3Hepr~e~ ~MeIOT HYI1eBOR 
3I1eKTp~4eCK~R 3apRA. 

0606~eH~e MOAeI1~ nYTeM A06aBI1eH~R B narpaH~~aH CI1araeMOro 
4epHa-CaRMOHca, He HapywalO~erO'KaI1~6pOB04H~R ~HBap~aHTHOCT~, 
B~3BaI10 3Ha4~TeI1bH~R ~HTepec/2-5/. 3TO CI1araeMOe, He coxpaHRIO
~ee 4eTHOCTb, np~BOA~T K nORBneH~~ Macc~ BeKTopHoro nOI1R 
B npOCTpaHCTBe Tpex ~3MepeH~R/2/. ECI1~ MaCCOB~~ 4I1eH y~e np~

CYTCTBOBan B I1arpaH~~aHe, TO nORBI1RIOTCR ABa COCTORH~R c pa3
I1~4H~M~ MaccaM~/5/. B~xp~ np~06peT~IOT 3neKTp~4eCK~R 3apRA KaK 
B aõenesoã MOAen~ lal, Ta K ~ B ee Hea6eneBblX 0606~eH~Rx 16,71 . 

np~ 3TOM aBTop~ pa60T/8~71 np~wI1~ K B~BOAY 06 YABoeH~~ 4~CI1a 
B03MO~HbIX runoe B~xpeR, OCHOBaHHOMY Ha YKa3aHHOM auure nORBI1e
H~~ ABYX COCTORH~R BeKTopHoro nOI1R c pa3I1~4H~M~ MaccaM~. 

B Aa,HHoR 3aMeTKe Mbl np~BoA~M aprYMeHTbl B n0I1b3Y r-moresu 
06 OTCYTCTB~~ TaKoro YABoeH~R, a TaK~e B~4~CI1ReM nonpaBK~ 

K nOI1RM ~ 3Hepr~~ B~XpR B paMKax Teop~~ B03My~eH~R np~ BseAe
H~~'B I1arpaH~~aH MOAeI1~ cnaraeMoro 4epHa-CaRMoHca. Bce CKa3aH
Hoe H~~e np~MeH~MO ~ K Hea6eI1eBOR Teop~~, ypaBHeH~R KOTOpoR 
AI1R COCTORH~R, o6I1aAalO~~x ~eHTpOM C~MMeTp~~, nOI1HOCTblO aHano
r~4HbI ypaaHeH~RM a6eI1eBOR MOAeI1~ 17/. 

MOAeI1b onpeAeI1ReTCR I1arpaHm~aHOM 

f = - .!.. 5 5 IlV + ..!. (a· + iA ) cJ)(à ll-iAIl )'«1>*'- 4tfl>et> *_02 
+ .E..lllvaF A •

4· IlV' 2 Il Il 8 4 IlV a 

/1/:f IlV - aIl A v - av A Il • 

AnR npOCTOTbl aa PRA CKaJ1RpHOrO nOI1R ~ Bbl6epeM paB':!PIM 1. 
B~xp~ 06I1aAa1OT M~H~ManbHbIM MarH~THbIM nOToKoM~ '2n ~~:li: ~ 

I1~HAP~4ecKo~ c~MMeTp~eR: 

A (p) ( -iep
A o ... Ao (p ) , A cP "" - -p-' A p ".. O, cI> IIC t p) e , 

/2/ 

x2psv'X 2+X 2 ~ lO: arctg (-) .12' 
xl 

ij''-'),';'lllUlJ'. "'d~U ~itCnrryr, 1
.""ô 

U'.J;tiWI HCCle.at)SlUII 
r;i1~fllr!~TEK /ir. 



BapV1aUV1R /1/ npV1BO,QV1T 
A t A . 18.71 , , o· 

K Clle,QYlOl1lV1M ypaBHeHV1HM ,QBV1»<eHV1H ,QllH HO He3aBV1CV1MWX aCV1MnTOTV14eCKV1X peweHV1~ ypaBHeHV1~ /3/ 
aBTopOB pa60T 18,71 K YTBep»<,QeHIA.IO o cYl1lecTBOBaHV1V1 ABYX 

npV1BellO 
TV1noB 

d
2A 

-
dp 2 

2<!J... 
dp 2 

1 dA 
- - -

p dp 

+ 1. ~ 
P dp 

2 
-(l-tA)f = 

2_( (A + 1) 

p2 

2 À . 
- AO) f + 2" f (1 - f 

dAO 
IIP-, 

dp 

2 
) = O , /36/ 

/3a/ 

BV1~pe~ C oAHHaKoBwMV1 3Ha4eHV1HMV1 MarHV1THoro nOTOKa V1 3apHAa 
V1 pa311V14HbIMV1 aCV1MnTOTL-14eCKV1M nOBeAeHV1eM noneü /7a/. 

nOKa»<eM, 4TO no Kpa~He~ Mepe npV1 3Ha4eHV1RX napaMeTpa Jl. B He
KOTOpO~ Mallo~ oKpecTHocTV1 ~ = O 3TO YTBep»<AeHV1e HecqBMecTV1Mo 
C npeAnollo»<eHV1eM 06 orpaHV14eHHocTV1 3HeprV1V1 V1 nOTeHuV1alla Ao: 
BbI4HClleHV1H no TeopV1V1 B03MYl1leHV1~ cBV1AeTellbcTBYIOT B nOllb3Y CY

d2A 
O 

-+ 
dp 2 

1 dAO 2 Jl. dA
---Af =--
p dp O P dp 

/3B/ 

l1leCTBOBaHV1H TOllbKO OAHoro TV1na BV1XpR. 
HTaK, npeAnono»<V1M, clleAYR 16,71, 4TO aCV1MnTOTV1Ka Ao V1MeeT 

BHA O±(~.Ü K O (IJ.±P). Iloxaxes«, 4TO ecnu A O BCIOAY orpaHV14eHa V1 auep
rV1H SV1XPR! KOHe4Ha npa IJ. .... O, TO 11m C + (J.L) = O. ,Qallee, ecrui 

#J. .... O - • 
$YHKUV10Hall 3HeprV1V1 

6WTb 3anV1caH B ~V1,Qe 

C Y4eToM ypaBHeHV1H ,QBV1»<eHV1R /3/ Mo»<eT orpaHV14eHbl raxxe sellV14V1Hbl 

,QllR ,QoKa3aTellbcTBa 3TV1X 

A~ / p , t , #J.A'/ p, TO 11m A o(p) = O.• 
Il-+o 

YTBep»<,QeHV1~ YMHO»<V1M ypaBHeHV1e /3B/ 

PeweHV1H C KOHe4HO~ 3HeprV1e~ ,QOll»<HW Y,QOBlleTBopRTb rpaHV14HWM
•YCllOBV1RM 

/5/lim f = 1 , 
P-+ 00 

lim A = -1 , 
P-+ 00 

f = 1.. fd 2x ( A ' 2 +f'2+A'2+f 2((A+l)2 +A2 ) +~(l_f2)2). /4/
2 . p2 o p2 o 4 

lim A = O , 
p-+oo 

.r p (A~2 + A~t 2) d p == - p. j A oA' d p ~ ..!!. ( j A~P d P + 
O O 2 O 

Ha Aop V1 npoV1HTerpV1PyeM no p 01 O AO 00. nOllY4V1M aepaaeac rao 

00 .A.'2
J -dp). 
O P 

00 '2 
TaK KaK f ~ 21 f ~dp, TO 06a V1HTerpalla B npaaoü 4aCTV1 uepa

O 'p 

/6a/ 

/66/ 

OTMeTV1M, 4TO B oaõorax 16,71 BMeCTO /66/ HallaraeTCH YCllOBV1e 
C = O, KOTopoe He ~lle,QyeT V13 ypaBHeHV1R ,QBV1»<eHV1R V1 Tpe60BaHV1H 
HenpepblBHOCTV1 AOV1 dA 0/ éht i' 3apR,Q BV1XpR Q = .r d 2xAoltIl [2 Mo»<eT 
6~Tb onpe,QelleH V1HTerpV1poBaHV1eM /3B/ V1 OKa3WBaeTCR paBHwM 2~. 

Ha 6011bWV1X pa~cToRHV1RX MO»<HO V1cclle,QosaTb aCV1MnTOTV14ecKoe 
nOBe,QeHV1e nOlle~, 06na,QaI011lV1X CBO~CT~aMV1 /5/. flV1HeapV130BaHHwe 
ypaBHeHV1H /3/, KaK 6wno YCTaHOBlleHO B 16,7/, V1MeIOT 4aCTHwe pe
weHV1R 

11m .A = Um f = O , 
p -+0 P p-+ O 

limA0 = C <00. 
p -+ O • 

/8/ 

/9/ 

4TO npOTV1

V1 18/ Clle,QyeT 

J> o + 8/200 ) 11m IA ' (p ) I ~ 2..-,
Il-+o 2 

seHCTBa orpaHH4eHW V1 
00 

lim J p (A ~2 + A~t 2) dp == O • 
p.-+O O 

nOCKOllbKY 11m f 2= 1, V13 A - C+(IL) Ko(#J.+ p) 
p .... oo o - -

lim 0+ (IJ.) = O. 
p..... o - A' A' 

,Qallee, nYCTb orpaHV14eHbl caepxy Ao' ~,f, _#J.__ • Tor na 
p p 

V13 /3B/ cnenye r , 4TO orpaHV14eHa V1 aropaa npoV13BoAHaR A Q: IA ~I::; 
.~Co. nYCTb 11m IA'(po)\ = 8 > O. Torna B V1HTepBalle (po - õ/2C o' 

00 8S 
lim J pA'~p > Po - , 
p.....o o 40 0 

A + 1 = C ±{J.L) PK 1 (J.L ±P ) , A O = +C ± (Jl.) K O(J.L ±p) , /7a/ aopeuar /8/ npV1 Ô =1 O. Cnenoea r ens ao , limA'(p)
1-' .... O 

= O V1 limAo(p)=
#J.-+o ' 

~ 

~. 
2 Q 

/76/1- f = r/JK O(.J;.p i. 

3ÀeCb . #J.+ = V1 + Jl.2/4 ± J.L/2 - ,QBe pa311V14Hble MaCCbl COCTOHHV1~ 
BeKTopHoro ~OllR, nOHBlleHV1e KOTOp~X xapaKTepHo ,QllH MO,Qelle~ 

co CllaraeMWM 4epHa-Ca~M08ca. ~MeHHO CYl1leCTBOBaHV1e ABYX llV1He~-

;l~~ 

/10/Ã + 1 - Z 1P K 1 (p) , t - 1 • 

= const =O 1 • 

npV1MeHRR T04HO TaKO~ me npV1eM, KaK onV1caHHW~ Bwwe, ~3 /8/ 
Ha~,QeM, 4TO C 1 = O. 

H38ecTHo, 4TO aCV1MnTOTV1Ka seKTopHoro V1 CKallRpHoro nOlle~ ,QllH 
BV1XpR B 06b14HO~ aõeneaoã MO,QellV1 XV1r r ca V1MeeT BV1,Q 
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Bem·14l-1Ha Z 1 OTnl-14Ha OT O 1-1 npl-1 À =1 paaua 1, 7079 18~ CpaBHI-1Bafl 
/7a/, /9/ 1-1 /10/, BI-1AI-1M, 4TO r~nOTeT1-14eCKl-1e peWeHI-1f1 tAo,A 1, f } 
c aCI-1MnTOTI-1K0'1. /Za/, YKa3aHHble B 16, ~/, He nepexona r npa 11 ~ O 
B peWeHI-1f1 {O,A, f} c aCI-1MnTOTI-1KO~ /10/. Eonee Toro, npl-1 
Um A o(p) '# O $YHKl..\1-11-1 Ao, A, f Ill-160 I-1X nponaaonaue AOIl>KHbl 06
1l~0 

nanar s CI-1HrynflpHOCTflMI-1 npa IJ. -+ O. . 
C $1-131-14eCKO~ T04KI-1 3peHHfI 60nee eCTeCTBeHHO O~I-1AaTb, 4TO 

npl-1 .t1anjllx 11 peWeHI-1f1 ypaBHeHI-1~ /3/ 6YAYT 6nH3KH K Ha60PY 
{O,A, f I, COOTBeTcTBy~~eMY He3apfl>KeHHoMY BHXp~. TaKl-1e peWeHI-1f1 

MO>KHO I-1CKaTb B BI-1Ae aCI-1MnTOTI-14eCKI-1X PflAOB 

A ::. n: oa n (p) 11 2n , AO=IJ. ~ a (p)1l 2( n- l ) f = L f (p) IJ. 2n, /11/ 
n~ 1 On ' . n=O n 

a 0= Ã o f O = f. 

B /11/ Y4TeHa CI-1MMeTpl-1f1 /3/ OTHOCI-1Tenb HO 3aMeHbl 11 .... -11, A o.... -Ao. 
Ha~AeM flBHbl~ BI-1A $YHKl..\I-1~ a l' a 01' fi B /11/. npH nOACTaHOB

Ke /11/ B /3/ nonY41-1M nI-1He~H~e OTHOCHTenbHO 3THX $YHKI..\I-1~ ypaB
HeHI-1f1 , 

a 1 ~2 ~ 
a~ - - - aif - 2f 1 (A + 1) Ir: pa~l' /12a/

P 

f~ (Ã+l)2 (A+1)a1 À ~ ~2 
f ~ + - - f 1. - 2! + - f 1 (1 - 3 f ) = - f a 01 ' / 126/

P p2 p2 2 

aÓl - ~2 A'a" + --	 /12B/-a 0 1 ( 
p01 R 

Cy~ecTByeT 4aCTHoe peWeHl-1e /12B/, YAOBIleTBopfl~~ee rpaHl-14
H~M ycnOBI-1f1M /5/: 

a 01 (p)	 = ~ (Ã + 1) . /1 3/ 

3To.peweHHe OKa3~BaeTCfI eAI-1HCTBeHH~M, TaK KaK HeTPYAHO nd
Ka3aTb, 4TO Afifl peWeHI-1~ (tã Ot } OAHopOAHoro ypaBHeHI-1f1 /12B/ 
c rpaHH4H~MI-1 ycnOBI-1f1MH Tl-1na /5/ AOn>KH~ B~nonHflTbCfI COOT~owe

H1-1 fi 

( p ã ~; d p == O, rp (2; ~ t = o , /14/
 
o o
 
~3 KOTOp~X cneAyeT i 0 1 = o.
 

nocnê Toro, KaK Ha~AeHO peWeHl-1e /13/ AnR aOl ,IlerKO y6e
/:
I • AI-1TbCfI, 4TO'CHCTeMa /12a-6/ c rpaHI-14H~MH ycnoBI-1RMI-1 
I lim oõnanaer peWeHl-1eM{a t(p),f 1(p)}:c O 

p .... O, 00 

\'lj 

p2 ~ 

a 1(p) = - (A + 1), f 1 (p) = O. /15/
8 

EAI-1HCTBeHHocTb /15/, T.e. OTCYTCTBl-1e OrpaHI-14eHH~X HeTpI-1BI-1
aIlbH~X peWeHI-1~ OAHOPOAHO~ CI-1CTeMW /12a-6/ YAaIlOCb YCTaHOBI-1Tb 
nl-1Wb 4I-1CneHH~MI-1 MeTOAaMI-1 B cnY4ae À = 1, AIlfl KOTo~oro 1-13BeCTHa 
aHanl-1TI-14eCKafl annpOKCI-1Mal..\l-1f1 $YHKI..\I-1I1t Ã. f 181 . 

OnpeAenl-1M Tenepb CTpYKTYPY aCI-1MnTOTI-14eCKI-1X pa3IlO>KeHI-1~ npl-1 
p .... 00 ,COOTBeTCTBY~~I-1X /11, 13, 15/. 04eBI-1AHO, B HI-1X AOn>KF-Ibl

:~ npl-1CYTCTBOBaTb 06a cnaraeM~X /7a/ c MaCCaMI-1 Il±: 

'tI 1 + A(p) ~ p [C+ (11) K 1(Il + p ) + C_(Il) K (Il_p)] ,
ll 

/16/
AO(p) C_ (11) K o( ll _ p ) - C + (,:.d K (ll + p ). o

CpaBHI-1Bafl /16/ c /13/, /15/, HalltAeM
 

C ±(fl) :: ~ 1 (1 + OCJL 2)) ,
 

r ne Z i - K03$$I-1l..\l-1eHT B aCI-1MnTOTI-14eCKOM pa3nO>KeHI-1I-1 A (p): A (p) = 
=-1+Z 1PK t (p ). 

aaIlee, cornaCHO /3a/ 1-1 /16/ YCTaHOBI-1M aCI-1MnTOTI-1KY nonfl 
Xl-1rrca 191 : 

f == 1 -	 cP Ko(vi À p) + t/J (p ), , 

/17/ 
C 2 e -2f.L+ p C 2 e -21J._ p 4C C e -{IJ.++ IJ..J p 

17 [ + -	 + _t/J(p)	 - + + ------, ] 
2 1J.2(4f.L2 _À)p2 1J.2(41J. 2_A)p2 p(1J. +Jl )2 - À] • 

+ + - - + 

04eBI-1AHO, npl-1 V À > '2tJ._ B pa3nO>KeHI-1I-1 /17/ 6YA6T AOMI-1Hl-1pOBaTb 
c.nara e-aoe t/J{p) , nponyure-u-oe B 16.71 . 

3aMeTI-1M TaK>Ke, 4TO runo r eae 16,71 o cy~ecTBoBaHI-1I-1 ABYX TI-1
nOB He norrraepxnae r ca np« Bbl41-1CneHI-11-1 o rnens aux cnaraesux 
B /11/: AIlfl ac e x n $YHK 1..\1-11-1 a n o a Ono ( n YAOBneTBopfl~T ypaBHe
HI-1RM, aHanOrl-14HWM /12/, peWeHl-1e KOTOpWX npl-1 À = 1 1-1 3aAaHHWX 
rpaH1-14H~X YCIlOBI-1f1X eAI-1HCTBeHHO. 

HaKOHel..\, no $opMynaM /13/, /15/ MO>KHO BW41-1Cnl-1Tb nonpaBKY 
K 3Heprl-11-1 BI-1XPfl ( nopflAKa 1J.2. YAI-1BI-1TeIlbHO, 4TO OTBeT He 3aBI-1
CI-1T OT napaMeTpa À 1-1 He Tpe6yeT 3HaHI-1f1 peWeHI-1~ KaKI-1X-nI-160 
ypaBHeHI-1I1t: 

111 fl2 ~ 2 
~ 

A' ~2 ~ 2 "11 
2 

õ« = - I d2x [A' + - (A + 1) + f (A + 1) ] = -.
4 p	 4JJ 

~ 

3TOT pe ayns r ar 6bln0 6bl I-1HTepeCHO CpaBHI-1Tb c BapHal..\HOHHbIMI-1 
paC4eTaMI-1 3Heprl-11-1 BI-1Xpellt, o npOBeAeH1-11-1 KOTOpblX co06~l-1nl-1 aBTO
pbl pa60T 161 

~ 
4 5 
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MH03eM~eB B.M.	 P2-87-Sü2 
o 3apR~eHHb~ BHXPRX B /2+1/-MepHoH 
a6eneBOH MogenH XHrrca 

PaCCMaTpHBaeTCR aCHMnToTH~ecKoe nOBegeHHe noneH B Knac
cH~ecKoH /2+1/-MepHoH a6eneBoH MogenH XHrrca, B narpaH~HaH 

KOTOpOH BBegeHo cnaraeMoe qepHa - CaHMoHca. Mogenh gonyc- . 
icae r 'cymec-rnoaaane BHXpeH c 3neKTpH~ecKHM s apanot« Q. 
B paxxax TeopHH B03Myru;eHHH Bbl~HcneHbl nortpaaxa a-repor-o no
panx a no Q K nOITRM, ormcuaaroum» HeHTpanhHblH BHXph; npHBO
gRTCR aprYMeHTw B nonh3Y rHnOTe3W 06 OTCYTCTBHH ygBoeHHR 
B03MO~HbIX naxp ensrx KOH!pHrypa~HH. 

Pa60Ta BwnonHeHa B fla60paTopHH TeopeTH~ecKoH !pH3HKH 
mUH1. 

Ilpenpaar Ü6'be,n;HHeHHOrO HHCTHTyra arrepasrx accrrenonanaã. ,Uy6Ha 1987 

llepeBog O.C.BHHorpagoBoH 

Inozemtsev V.I. P2~87-502 
On Charged Vortices in the (2+1)-bimensional 
Abelian Higgs Model 

,We consider the asymptotic behaviour of scalar and vec
tor fields in the classical three-dimensional Abelian 
Higgs model with a Chern-Simons term added to the Lagran
gian. The model exhibits vortices with electric charge Q. 
We calculate corrections of the second order in Q to the 
fields describing a neutral vortex. We also present some 
arguments against to hypothesis of the doubling of possib
le vortex states. 

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