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Cy~eCTBOBaHIIe HeTpIIBila.JlbHbIX TOIIOJ'Ioru-qec1mx x0Hqm:rypa11;n::ii, 

Hemme:U:HbIX Mogerrei1 B (2+ 1 )-MepHOM npocTpaHCTBe, npIIBITeKaeT BHII­
MaHIIe uccrregoBaTerreii: B CBm:m C 061,ncHeHIIeM TaKIIX 0KOOTII'ieCKIIX JtB­
rreHHH rrrrauapHOII KBaHTOBOII qmomm, I<aK BbICoKoTeMn:epaTypHas: cBepx­
rrpoBogIIMOCTb [1] u KBaHTOBblII a<p<peKT Xorrrra (2). C gpyro:ii CTOpOHbI, 
OTKpbITUe 1IOI(aJIIlOOBaHHbIX C01IUTOHOB B (2+1)-Mepuu [3) H uccrrego­

BaHile IlX 6oraToii )l;IIHaMIIKII B paimax Mogerru .IleBII-CTroapTCOHa (4) 
IIOK&3bIBaeT, 'ITO OHH MoryT Mogem1poBaTb Heynpyrue npo11;eccbI pac­
cen:mrn KBaHTOBbIX -qacTIIll;; Ta.rme, l(aK po)Kgemte II aHHIIrIIITJtll;HJI, crrn­

.lIHUe II pacnag, a T8.K)KC BOaIIMogei'rcTBIIe c BIIpTyaJibHOU 'iaCTIID;e:ii [5]. 
B CBJIOII c aTHM, a TruoKe c rrocTpoeHueM MHoroMepHoii Torrorroru-qecKo:ii 
Mogemi MarHeTIIKa [6], gonycKaro~ero 6umrneapuoa11;uro, noy-qemte gn­

_naMIIKII Bnxpeii: B (2+1)-Mepml npegcTaBrrJieT HeCOMHeHHbill IIHTepec. 
B HacToJI~e11 OaMeTKe, ucnorrboyJI KOMIIbIOTepHyro rpaq,imy PAW , 

npoaHaJIIIOIIpOBaHa g1maMmm TOII01IOru•1eCKII '.HeTpIIBIIa.JlbHbIX, Bnxpe­
BbIX pewemn1: HHTerpupyeMoi'I Mogemi: MarHeTuKa llwuMopu [7]. Ypa­
BHeHn~ gBmKeHlIJ{ 

St = s x cs::r: - s:y) + i.bys-: + i.bxs:, 
4>x:r: + 4>yy = 25 · (S: X s:) 

(1) 

(2) 

orrncbIBaIOT aBOITIOll;IIIO Krracc1NecKoro cmmoBoro BeKTopa S = S(x, y, t) 
egIIHH'iHOII grrHHbI 

§2 = 1, (3) 

C rpaHH'iHbIMII ycrrOBII.lIMII q>eppoMarHUTHoro Tima 



S---+ (0,0,-1) npu :z:2 + v2---+ oo. (4) 

Iknmib:JYJI Texm1Ky XupOThI, cncTeMy (1-2) peµ;yu;upyroT K 6mm­
He1iH01'i cncTeMe µ;nJI K0MnrreI<CHhIX cpyHKu;m'i g(x, y, t), l(x, y, t), TaI<IIX, 
qTO 

2/g 
S1 + iS2 = 1112 + 1912, 

1112 - 1912. 
s3 = 1112 + IYl2 (5) 

,II;m1 aHaJiltTnqecrmx cpymm;ui'i 9(z, t), l(z, t) rmMnrrcI<CHoro nepe~rnH­
Horo 

z == X + iy BO:JHmmeT CHCTe~m Ol];H0MepHbIX HCCTau;uoHapHbIX ypaBHe­
HHU illpeµ;1rnrepa 

i9t + 9zz = il1 + fzz = 0. (6) 

MHoroBIIxpeBbre peweHmr c TonorrorII•recKIIM napnµ;oM N nMeIOT 
Blip; [7]. 

N a· 
9 = 9N = L L 77zm(2itt, .aN =/- 0, (7) 

j=O m+2n=j rn .n. 
N-1 l 

f = fN = L L -t1zm(2itt, (8) 
i=O m+2n=j rn.n. 

rµ;e ai, bi -npmmB0JihHhIC KoMnrrcKCHhIC nocT0HHHhic. CyMMUpoBa­
Hue Em+2n=i npoBoµ;uTcH no BCeM BonMmKHhIM r<oM6irnall;lIHM He0Tpn­
u;aTenbHbIX u;enhrx queen ( m, n ), yµ;omreTBopnromux ycrroBnro m + 2n = 
j. 

IIepBbie '-IeTbipe pewemrn UMCIOT Buµ; 

91 = a1z + a0 , !1 = bo, (9) 

. (12 ?") 92 = a2 2 z + -zt + 91, fz=b1z+l1, (10) 

1 3 . 
.93 = a3(6z + 2zzt) + 92, h = b2(tz2 + 2it) + h, (11) 

( 1 
4 2. 2) 94 = a4 

24 
z + z it - 2t + g3 , J,i = bJ(iz3 + 2izt) + !J. (12) 

2 

~ ·~ 

! 

Onpeµ;ennM u;eHTp j-ro Buxpn z; tmK T0'II<Y c MaKcttMaJibHbIM 0Ha­
qem1eM npoexu;m1 S3 = +1, S = (0,0, 1). 

Kax CJieµ;yeT 1m yp.(5), 

21912 
S3 = l - 1/12 + 1912 ' 

OH HBnJieTCJI HYJICM cpyHI<ll;HII 9N, 

N aN . 
9N = N! D(z - z;) 

II yµ;omteTB0pJieT ypaBHeHIIIO µ;BinKCHirn: 

: 4 ~ ( )-1 
Zj = -;- L-, Zj - Zk • 

Z k("#i) 

(13) 

(14) 

(15) 

,Il;nJI N ~ 2 3T0 ypaBHeHIIe o6rraµ;aeT (2N - 1)-KOHCTaHTOil µ;BmKe­
HIIJI, 06ecneq1rna10meii IIHTerpnpyeM0CTh CIICTCMbl BUXpeii. ,n:,:rn N = 4 
K0HCTaHTbI l];BIUKeHirn eCTb 

4 

11 + iI2 = Ez;, 
j=l 

4 

/3 = E(zJ + zJ), 
j=l 

4 

[4 + ils = L zJ + L 3ZjZkZ/, 

i=l i<k<l 
4 

16 + iI1 = L z'J - L 2z} Zi + 8z1z2z3z4. 
i=l i<K 

(16) 

(17) 

(18) 

(19) 

Ba)lrnM oco6eHHOcTh Moµ;em1 IIwnMopu (1, 2) oarmroqaeTcH B Ha­
m1qm1 BemecTBeHHoro norrn tl>(x, y, t), He ucqeoaromero µ;rrH TononorII­
qecKII HeTpHBUaJibHhIX KOHcpnrypau;11i1 cmrnoBoro Il0JIH S : 

<I> = 2ln(lll2 + 1912
)-

Ecnn BBeCTII none crmpocTen no cpopMynaM [6] 

Vx = Dy'°P, Vy = -Oxif!, 

3 

(20) 

(21) 



OHO yµ;onneTB0pJreT ycn0BIIIO HeC)KIIMaeM0CTH: 

Ox Vx + Oy Vy = 0. (22) 

B aToM cny-qae cpyHK'[(II.!I <I> IIHTcpnpeTnpyeTc.!I KaK <.fiy'l{,,c14u1l mo,ca 
[8]. Hanpanne1me KacaTenbHofr K mm1m <l>=const, K0Topoe onpeµ;e11.1I­
eTC.!I Im paBCHCTBa 

d<I> = -Vxrh: + Vxdu = 0, (23) 

COBna;a;aeT C HanpaB1ICHHCM BCKTopa c1mpocT11. Jiumm ypoBmI IP = 
const .!IB1I.!IlOTC.!I BCKT0pHbI:MII 1IIIHIUIMII Il0JTlI crmpocTe{r (21 ). 

B o6meM cny-qae nonHM HaMarHIPICHH0CTb Bµ;orrh TpeTben ocu (S3 ) 

He coxpaH.µCTC.!I BO BpCMCHII, c 'ICM CB!FrnHa oco6eHHOCTb ;a;nnm.UIKII 

HaMarHII"!eHH0CTII BIIXpeii 
Hu)I{e npnB0p;HTC.!I Tpexi,repHalI H KOHTypHalI npoCK'[(IIII TpeTbe{r KOM­

nmreHTll BeKTOpa CITIIHa S3, cpymnum T0Ka q> II CK0p0CTII fr = ( Vx, Vy) 

KaK cpyHK'[(Hfr x, y ;a;irn panmI'IHbIX MO!v!CHT0B BpetICHII t. 
Ha pnc. 1-8 npe;a;cTaBJ"ICHbl pc:JyJTbTclTbl ;a;rrll op;UHO'IH0ro CTa'[(II0-

HapHoro BIIXp.!I (N=l) · 

91 = z, 
4y 

!1 = 1, 
-4:r 

Vx = l + x2 + y2 ' - 2' Vy - 1 + ;1:2 + y 

c '[(CHTp0M B Ha'IaJTC rmopp;unaT (0, 0). 
Ha puc. 9-38 noKa::JaHo Bnan1mp;e{1cTmrc JJ:Byx Bnxpci°r (N=2) 

92 = 2i(tz2 + 2it) -· i, h = 1, 

Vx = 8 x2y + y3 + y + 4xt 

1 + IYl 2 
' 

.r:1 + xy2 
- x + 4yt 

Vy = -8 1 + lgl2 

(24) 

(25) 

(26) 

(27) 

Ilpu aTOM norro:a..:emre '[(CHTpon BIIXpcii 0IIUCbIBR.CTC.!I ypaBHCHIICM 

lgl2 = (x2 + y2)2 - 2(x 2 
- u2).+ 16:i:yt + 16e + 1 = o, (28) 

HJTII 
(x2 

- y2 - 1)2 + 4(2t + :ry)2 = 0. (29) 

OTcro;a;a nony-qaeM, "ITO n:eHTpbI nnxpeii JJ:BII,KJTC.!I no rnnep6orraM 

x2 - y2 = 1, 
4 

{30) 

TaK "ITO 
2t + xy =:= 0. (31) 

MnHIIMaJibHOe c6mDKCHIIe m1xpe11 Ha paccTO.!IHIIe 2 cooBeTCTByeT ny­
neBOMY MOMeHTY BpeMeHII t=0. 

AHanOrII"IHOC noBeµ;emie IIMeCT MCCTO B crry-qae µ;Byx BIIXpeii c· lIHOll: 

napaMeTpnoauue{1 (p11c. 39-48) 

92 = 2i(½z2 + 2it) - i, h =z. (32) 

Eµ;HHCTBeHHOC OT1IU"IHC :JaK1IIO"IaeTC.!I B yrnupemm cpopMbI BIIXpen. 

Ecmr B npeµ;bIµ;ymIIx C1IJ"IMX BIIXpII 6b!1III a6C01IlOTHO CIIMMeTpII"IHbI, 

TO npu BbI6ope napaMCTP. OB 

g2 = 2i(tz2 + 2it) + 3z - i, h=z, (33) 

Mbl IIMCCM µ;eno c BHXp.!IMII pa:JHOll cpopMbI (puc. 49-58). Ilpn aT0M 

MCHee MaCClIBHbIU BIIXpb pacce1rnaeTC.!I Ha 6onee MaCClIBH0M. 

B cny-qae Tpex Bnxpe{1 (N =3)(puc. 59-68) 

93 = 6(!z3 + 2izt), h = 1, 

nonmrceHne lIX '[(CHTp0B onpeµ;en.!IeTC.!I HJ1IlIMH <pyHK'[(IIH 

jg312 = (x 2 + y2)[(x2 + y2)2 + 48xyt + 144t2
], 

lilIH 
(x2 + y2 + 12t)2 

- 24t(x - y)2 = 0. 

OTcroµ;a npn t < 0 

x 2 + y2 + 12t = 0, 

X = y, 

nony-qaeM "ITO I(CHTpbI BIIXpen µ;BinKJTC.!I no npHMbIM 

X = y = ±[6VI, 
npoxoµ;HmnM -qepen n:eHTp rmop;a;xrnaT. 
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(34) 

(35) 

(36) 

(37) 

(38) 

(39) 
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3aMeHa t -t -t aKBIIBaJieHTHa naMeHe x -t -x JIJIII y -t -y. 
CKopoCTb µ;BmKy~nxcn Bnxpe{1 

• • '2() I X = y = - t -2 
2 (40) 

He qlIIKCIIpoBaHa II y6bIBaCT co BpeueHe?.1, B OTJIIl"{He OT o6bl'iHhIX co­

JIIITOHOB, rµ;e OHa onpeµ;emteTc.!I cner,TpaJibHhIM napaMeTpoM II cTporo 

qlHKCIIpOBaHa. Ho rpUqlll'ICCKOro auarrnna Bil;Jl;HO Tairnrn ' 'ITO BIIXpII, 

He MeH.!I.!I U.MilJIIITyµ;y, IIOMCH.!IIOT CBOIO <flnpMy B npoQecce ycKopeHIUI. 

Ka)Ky~eec.SI IIOMeHeHIIC aMilJIIITY;r:t;bI Ha puc. 59-68 CB.!IOaHO c ,lI3MeHe­

HHeM nx <flopMbI n TO'iHOCTII Bbl'IlICJICHuii. IIcnmrbnyn 6oJiee TOHKYIO 

CeTKY B o6JiaCT.SIX JIOKamioaQIIII BIIXpc{r, Mb! y6eµ;mmcb B coxpa.JleHIUI 

nx aMnm1Tyµ;bI. Ha puc. 69-74 norrnnnubr <flYHKI.Um Torm <P. 
BbipO)Kl];eHHbifr cny,m{r 3x-m1xpeB0{1 IWH4)11rypaQm1 

( 1 3 
93 = 6 6z + 2itz), h=z, 

OilIICbIBaeT µ;Ba JIO!(aJIIIOOBaHHbIX BIIXplI (pnc:.75-76) 

Ha pnc. 77-94 noKanamt µ;1rnnMmrn 3x-nnxpd1 npu 

g3 = 6(tz3 + 2i=t) + 2i(i=2 + 2it) - i 

Ha puc. 95-104 npn 

h=l. 

g3=6(!z3+2izt)+2i(~z2 +2it)-i h=z+l. 
6 · 2 · · 

HarmHeQ, npn N=4 ?.IbI uuceM cm.·Te?-.1y un '-IeTbipex BIIxpeii 

1 4 3 .., g4=24(
24

z +=it-2t·) .f4 =1, 

npeµ;cTaBneHey10 Ha puc. 105-118. 

3AKJIIOl:JEH0E 

(41) 

(42) 

(43) 

(44) 

AHamm µ;uHaMIIKII Bnxpefr Moµ;eJiu Hw11Mop11 normnhIBaeT, '-ITO B OTJIII­
'iIIe OT 06bI'iHhIX COJIIITOHOB: 
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1. XoT.11 aMnmtTyp;bI BIIxpeir B npon;eccc BnanMo;a;eircTBII.11 He MeHn­
IOTC.11, IIX cpopMa npeTepncBaeT nnMeHemrn, cBnnaHHbie c Heco­
xpaHeHIICM HaMarHll"ICHHOCTII CIICTC?-lbI, 

2. CxopocTb B11xpe11 MeHneTcn co BpcMcHeM. 

Ilpll aTOM accon;nnpoBaHHoe c cpyri:Kn;neir TOKa norre cKopocTeir HO­
CIIT Tllnl-r<IHbIH xapaKTep rn;a;po;a;1IHaMII~1ec1mx BllXpex'i, conpOBO)Kp;aro-

11\llX MarHIITHbie BIIXpll. 
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-The integrable dynamics of multi-vortex solutions 
of a two:..dimensional nonlinear wave equations of 
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