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UtNUSU'LJ?PC'L~ZU~n:P.rP~il:P.@-UqprC 

@t;tfwlh wJ1!Jliw!JwbnippnlzrF Uu]nfU.jUlllm]iq wqwumL:pJuib. 
huiJuib.uiqnp.om:pJmb.]ig [1] b.p.b.umh1np.u uiuip.]:i mug i2tJ.uib.uiuii}lu 
Iupm.fillJ:}lhuitf]iqmh' uib.umpJmh, npg hquipw.qpm.tf 1:: 111.l_uip.qhhp.}l 
h qum.nhhhp.}l u:ti2h m.clb.:q tliuJ.uw.qIJ:hgm.:p]mhg, m.dh:q qunaj1 nhdln.fmtl 
tfb.nt.tf 1:: Ulhhumuihhtl:i: U]ihbnLJh chutfuihuiq, tJ.hp.2]ih llp. 11uib.p 
tnUlUUUlUJUilJ.mtf uihuwquib. .f>]iajiqui]]i uitfhhw.quiphnp 
nl..IJ.:qm:pJmhhhppg tfhqg ~2qplnn tfhp-nIJ:b.hp]i quipquigmtfb. ]::, np.nhJ;? 1J1P1l 
muipphptlmtf hh }umnnpm.tfhhpp mhump1mhpg, pwb.p np ll_hp2]ib.u 
qp.plllnhtl:i 11:: md"hIJ. qillui]l hummuimmh]i qhuwnuf: UJuui]iu]:i tfh:pnqhhp"[! 
quip.quigtl_mtl l::ph h]iuhuiqwhmtl llimtUIJ]lh Uihgmuhhp.]i h 
mpU1UU11U11flU1Jph l}U12mhp.]1 11ll.wb.tnU1]ph mhunqa-1mhhhpmtI: il:P.ctb:IJ. 
quii.q]i UfI1TIPthtl]11m&mtig qmuip. 1}_1.n]umqqhgm:p]Ulh lJlPtl UJ.lllmqb.p.g n1-
ruphuw.h mpuitiw.1Ull{lmJ]ih mb.ump-imtmu.f h, UU1uum4_np.U1UJ.b.u, 1miu 
qulfinhp. IDJhi.qliu]i tl]:ium]ilJ. hphnqpp l!Jl.Ul, ]1h1i.q]1uph l: qnh.f>w1b.tib.b.p"[! 
4'2lj_ Ulb.Ul UI]pb. IupntlillJ:p huitfplJ.ui1mtI: Iunuuimtlhuq}ig h hmp.uilj_np.nLta-J m b. 
1:; &2qp.]im pU:lllb.qpb.l]inqa-JUlU q]ip.uinnu.fl!: UJil ]iuq i.qwm~ummJ. 

b:p.q1wl{lrub.p gmb.g]i l!Jiw &Np}lm ]ih1.11b:qp.ll_n11 hunfmqmp.qb:p.]i, 
tfhq1w1}nub.]i uui]ihwJ]ib. 211pmb.b:p.]1 li 1 +1 1wipuib.]i I1li.lllhmlllJ]ih qm2m]i 
mb:unqa-iuih tfn:qb.1hb:p.]i mumtftnuup.p.m:p]nt.hb.b.p"[! U1qb.ppui]iq Pb:mb. 
Ulhquig]i 2P.21llhmqhhpmtf tihnuf hb. wquimui1 [2]: ilp.n2 b:pqm lllllpUlhp. 
~2qp.Jim ]ib.mhqptl_n:q t.fnqb:1hb.p., ]ih1UJ.liuP.e b.b. n1 qOui.J]ih u]iqt.fui t.fnqb.~ 
quitl qpnuu-~hJm tfnqb.ll!· ochntJ.uio b.b. uiu]itli.quimn]iq uiquiuim:pJmtfp' 
b.p.lim.JF, np.b. ]i uqqpmb.b. q]iuiuip.qll_b.11:: n1-mpb.uuih mpUii.fui1mipw1]ih 
tnhUI11.FJil1.Uhb.pmtl: U]u tnb.UUlhlumh]lg bp.4_1Ulip Pb.mb.qp.tJ.Illl 
i2tJ.mb.muii]iu I):Ul2U1J:l. mb.unt.p]mhhb.p."[! 3mpuihuimmq 
1mpnpunnnp]1uib.hp. hh mb:umFJmhhb.p]i ui3b. hwmlJ.mFJmhhb.p]i 
mumt.fb.Uiupp.nt.pJUih huitfwp, npnhp 1b.h quip.n:q hqUip.uiqp.ll_b.t 
J.unmnpmfb.b.p]i mhum:pJuitfp: l.Imp.b.l]i 1:: hmuuiJ_, np Ul]I): 
huimqm:pJmb.b.b.p.}ig uinh1l_uiqh up. tfuml! qmp.nq l: mb:IJ.1mjm}ull_b.1 
mw.p.mO"tudmhuiqmJ]ih uitl_b.l]i pmpC..p 1w.i.J:irui.mqmhmppui.fp 
mb.um:p1mhhb.p: "<{hp."[! u2tl_uio 1+1 (qmtI b.pqm) 1uiipmh]i tln11b.1b.b.p.1! 2wm 
quiphnp. hh hmh lll]h i.qwm~mnn-4_, np plmLJa-JlllU tfb.2 qmh tfhq qmtf 
ptJ.IDajitfhq lIDi.J:lwu]:i hmtflliqmpqb.p.: 'llmmtlmqllihnpb.h wl'llli2J:lh ~2qp.]1ui 
lihmb.qp.tl_n11 tfnqb.1ub.p."[! hIJ.b.t hh ZillJqb.hpb.p.q]i Iiqmnpm.1.J. [3]li 
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uih]lqmnpnui [4] uuiqhhmpqb.b:p.1!, npnhg 1nt.ouuiu huiuuip. Pb:mb:h 
uinui2mIJ:p.hg huil.Jp.whlllJtn Phmh]l whquigJ!: U1u UllIJ:h1hhp.J! 
hquip.lllqpnuf hh N Fnl.ntl 1/2-ui.ajihb.hp.]1 Lfln]uutql}hgmp]mhl?: upui~mtp. 
211.PUIJ]:i. tlp.ui: U]d-tf UipIJ:hh UIJU uhpnl}l?: mh)1 ]:i.p. qlill.hg}:lq U1qhppui]1.q 
6.b.uiq hp.UJ.Ill.UI?: [5]. UIJU oquiUiqnp.oh1ntl, hhUip.urtlnp 't qw.nmgh1 UIJU 
hp.qm uwqhhm]:i.qhhp.]1. I?:hqhuihp.uigtluio IJ:hUJ.php.J!, hp.p 211pw1]1. tlp.w 
2wp.tlmo hh qw.UUIJWqwh S-uUJJ:ihhhp. (6, 7]: Uuihhw.}unump]UIU uh2 
tllllhp.wtiumh 2UIJ1W.11J1i{Uio 't l.w3q hupb:p.q]:i. w.hpqmnp.nUJ. uUiqhtim]11i]i 
]!hl}hw.hp.UigtlUio tnUip.phpmlJ.l?: qw.UUl]Ul'lJ.Ulu s UUJ.ph]:i. hUIUUip.: 
UmhuUI]unumpJmh uh2 oqtnUiqnp.Otlhl 't Phmh]:i. U1qhpp.UI)1l]_ uihqmgl?:, 
npp UIU'lJ.JmhUipmp.I?: 8Uihq-Puipumhp.]1 huitlUimupnt.tih 't, jillf~ 

tiriw2tu'1E t hUiuIJJ:iuuihnt.tI 6'.zqp.]1.tn 1motIUiu hwt.Iwri [5]: 
4nl.J.'j>nrit.I ').w2m'1 Sl:iumraJnLlll.Jtirin. hwl.J11j1uwl.Jwtml. wnwl.Jg 

qwuqlJ.wbj1 121.J.UiutnUIJJ:lh ').UJ.2m]1. Sb:ump]mhhb:p.p tIUiuhuitlnp. 
11tiumhp.Q, t.Ijiwctwlfwllwlj lll{wriwqrimlf till Ljwuwiwl{wll ml:iumraiwu 
t1.wri12n Lfln1211 htinwL1.nrimra1mulll:iri'1 (pwp.6.fl tlll:iflqjlwul:irih) 
uwhlfwllmlf: Pwgji Ll.l:iflnhj12JWL nu11hwum11 p.llnLJfG'1 
hwuqwlfwu12lll:ipj1g, l.jwll tiri4m Lfj1LfJw1.Jgj1g p.wlJ.wljwll hl:mm qmhtln11 
pllwqwt.[wnlll:if1, nrinugnlJ. tL UjWJLfwllwt.lnril[wb t p"4_mhIDUIJph ll:2qp.]1m 
tmbtln:q tinIJ:b:1hhp.]1 mhunt.pJUih p.nrnll qwriqwgmlfn lJ.tiri2'1ll up pmh]l 
mwuhmuimlJ.hhp.mtI: Unw2'11.J pllwqwl[wnn hmhajiuwhnuf 't tiri4rinri11 
utinj1 LflmLWJjill wllgmlflll:if1'1 ml:iumruJmlil?:, l:iri4rinri11n' (umll.jl:ifl-) 
LWfll:if1p UltiUnLfGJnLUQ, nrill WJUOfl p.llnLfi)JWU pntnri 
Ltintuwq11l:igmra1mlllll:i11'1 (lll:i11wn1wL 6qnriwl{wumru1mun) Lfjiwullwljwl.J 
LntiUnLfaJWU lfjiwlj hwlJ.wljllnf1f1.U t: 

1984 ra. U.Pl:itwt.lpl.JQ, U.tf)nuw4nlJ.n tiL U.2wlintnf1.i'14mln '1ril:iug 
hj1Lfllwriw11 w2tuwmwll12mlf [8] 11p.hg]1h hp.q~mtjl. qnhl>np.tI 11w2m]l 
mhunt.J_a-]UIU h]1uphp.I?:: U]U mhump]Ulh ub:2 hptfhmp.mp. m"hll. hh qp.wtlnu.f 
"l]lp.Uiunp.nJ]1 hwuriwhw2'1t.ln h hp.m uimmqhp.wgnulhhp.I?: qmtIUI]l.Uqmh 
qhlunpnuUiqmh lP9PP hUitIUip: PUiqtiwqhmmh]:i. qnnhumg]1nh 
l>mhqg]iuihhp.I?: pUitlmpmp.mtI hh q0ui.]]1h 11pl>hp.hhg]1.m1 
hllll.J.muwp.nufhhpp: lJwl.J pml.J.mlJ.Uih}:lh uho p-1.J.ntl b:p.q~mtjl. ]lhmhqp.l.J.n:q 
1.J.]:i.<S:wqlllqp.mqmh UllIJ:b:1hhp, npnhg 2UIJ1pmu hwh UinUihg qruhql.J.w.o]l 
mb:ump-3mup: limp.hl]i. 't gmm mm1, np mmuhg qwhq1.J.wol1 
mb:ump-3mhhhp.I?: tiho hhnUil.J.npnt.p]mhhhp]:i. tlp.UI hquipwqpl.J.nuf b:h 
qnhl>np.u I}lll2U1P up2ngn1.J.: U]u UllIJ:h1hhpp gUibJl 2hptiwuui]lll:Uihlll]]lb. 
p-hptinIJ:lihunf]:i.qwh mwl]i.u 't hlUUUlUJ.Wtnmu]uwh qnhl>nptI IDhump1wh 
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lJ. hhmpnhwqwh IJ.i9I?l! h qnh:pnp.u ~mtp.n:qwqwhmp-Jmhuhp.I?: [9]:0pphwq' 
qwum1mqll1h S ui.ajihnl.J. pqnmp.nlajiq L:.miq hhphp.q]i umqhhm.J:i.qph 
hmtIIDUJ.UlmUip.imhmu 't hmhp.whm1m qnhl>nptI "<{hu-QmtI.J:i.hn-'Lntlliqnl.J.­
qp.phb(qQ'L'<l,) [10] mb.ump-3mhE:, hp.p hp.w uuiqrup.quiql! phnt.pmqpn:q k-h 
hUil.J.muUip. 't 2S-p, huitIUiuiUimUiu]umh ]umupl! SU(2) 't, puq 
4_b.hmp.nhmqUiu IJ.i9I?I1: IDJU 11l:iuipmu' C=3S/(S+1) (11]: 

f'ihtnhqp.l.J.n:q un11h1hhp.p b. qnhi>np.u 11w2m]1. mhunt.p]mhhb:p.p up2b. 
4_w tI]:i. 2llll.11 hhtnUII!P.I?PP. qnhumpmqm]:i.1.J. qmui [12]: 'lhp.ghhhp b.p.~rutp.. 
IDhhmtIIDuhn 1.J.]:i.<S:mqUiqp.mlp.uh unrih.1 np.p Uiuhh up qruqmpnuf, pUig]l 
1mtf11m( /L) UUJ. b.qmp.m1 uimp.mtihmp.pg, 4_UI hmtlhumt u]?. hnp. uimp.uitfhmp. 
b.u' z, WJUlll hu, np gwhgp hnp.pqnhruqmh m:qqmp-Jtutfp qmh N p-t.lntl 
]lp.Uip.pg mwpphp z uimp.IDuhmp1:q1, ]mq mqrpuhU1JUI9 nup1mp-1ruup 
hp.rubp hnt.]hl.l hh: U1ui.ajiu]l mb.umia-Jmh tp.n]umhgumh-urumppgl?: 
qm]utlmo 't /L-]?.g li N ia-tlm.J. z-p.g: Smhq-Pmpmnhpp hml.J.ruuUlp.UUlu 
2hnph]:i.1.J. UIJU mb.unquJmhg hu }ihmb.qp.l.J.n:q 't, b. 4_uip.b.I]i 't 4_runmgb:1 
hmumuirumum]uwh Pb.mb:]l tlhlJ.tnnpI?:: Untlnp.uiqmh Phmhp. uihqrugg 
1momtI 't uui b:qmp.w1 ui1mp1hu, ui1uP.hph' hmz'l.j_mtf 't tp.np.imbgumh­
ulllmp]lg]:i. ub:tjl.m4_mh ~jmt.hqg]llllhhp.l! h ub.tjl.mqmh 1.j_hqumphb:pg:UJU 
IJ:b:lllI?mu uui b.qmpru1 llllllJlllltfhmphpI?:, np.nbgpg qlll]ul.J.mo 't Phmh]l 
1.j_h4_mnpl1:, pllltlIDp.wp.mu till, wiuui hu qn~l.J.mo, Pb.mhp 
hml.J.Uluurmuhhp]lh: Phtnh]:i. WJU hmy_mumpmuhhpl! tjl.mumnphh ]uw:qnLil 
hh on-mass shell uiw1umltp 11hp.. hp-b. hmhl.J.]:i. m1u UJ.UlJUIDug, muim 
uui hl.J.mp.w1 llllllJ1Ultfb.mphpg ql]i.hb.h qmUU1JU14_ruh, h Phmhp l.J.hqIDnJll?: ~ 
Jlih]l ub.tjl.ruqrub 1.J.b:qmnp. tp.n]umhgtfwh-ummp.pgp hlllump., UlJl 
qprul.J.rup.Ulf1]1 zmm mtlhl.P pmp.q hru"4_ruurup.umh: Uumu hhp Pb.mb:]l 
1.J.hqumpl! ql]i.h]:i. off-shell, li, lllJI} pul.J. U!lllll16'.Ulnn"4_, uhp-nl}l?: mhtJ.mhht 
b.hp Off-shell Bethe ansatz 4_mtf Phmhp ghl}hIDhpIDgl.J.ruo Uhqrug: 
UJuUjl::iU qurnmglJ.mo tlhqmnp]l pl.J.mq]l11wuwl.jwll umhuruhl! q.nqhh]l 
tfwqh!:iui]:i.liJ.i 1.J.b.qmnp.h 't, p.hrupq h, off-shell 1.J.]:i.6:tu4_mu [12]: 1'uq q.IlIJ:hhp 
umqhhmP.4.1! qlllphl]i. 't uuimhru1 tjl.np.iIDhguruh-urump]:i.g]:i. Etlmqji­
fl.W UW l.jwl.J uwhtimhmtI, qIDtI l.jwf1l:iL'1 t hhhg m:q:qruqp qummgb.( 
1lhpghh1n1.J. I}UlUUdJ.lUU Smhq-Pmpumhp.p. hmt.J.ruump.tfruh nmgp.nhllll 
1mbmuhhJlE: l.J.mtiutJllll.J.mh UIIDJlq hmhpuihm2tlli 11hlllI?mtI: U1mu qn:qtI]:i.g, 
q.IlIJ:hh]l UlJU off-shell tlhqmnpb oqUluiqnpoh1ntl, qmphl.P 't 4_mnmgh1 
1Ihp.dh]:i.q-QIDun1n11~qnl.J.]:i. hmtlmump.tfmh 1momuhhp.E:' Iihmb:qp.ru1 
hhpqw1ruguruh mb.upnl.J.: U]u hml.J.mumpmuhhp.~ qoru1P.h 11p:.l>:J?hphhg]lm1 
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hunjmuiµpnufuhp hh '{Ql.,'{ qnu:pnpu IDhumruimunuf' N q hIDmh]l 
qnnhumg]mb. :pmuqgpmb.hpp hm1.fmp [1 O]: fluIDhqpm1 b.hpqmimgrn .. tfuhpg 
qmnmg'4_mu b.h miu tfb.runqn'4_, hruh '{Ql.,'{ IDhumruimul! umhtfUl'tnJ.1110 l:; 
qtutlmJUiqlllu uimp.q h111hp111hUI2'4.:ti qhuipmtl [13): lmamtlhb:p.g 
hunfguqhmtl b:u hmJIDhp Cb.}uuitllllh-"lmplb:uqn]p 1mbnufub.p}1 hhui[14]: 
Uiu tfl:iian111! qpp.mn'4_b.l.fi l:; hmh uul_hl.fi pmp.q qhUlJ!mtl, )1.uluiliuph l:; 
UUipml_h1-P1n}u]l huu.huq111p.qg[15]: :Puluihu h1111uih]l l:;, Bmuq-.PIDpmnb.p.p 
h1111l_mump.nu.fb. mup b.mh l:inwlll.UnLUWiWlflwl.jwlJ h Q]:i.uiuipq 
tmomuhb.p.: [16, 17]-mtf Uip.IlJillUpbb:p.g }!Ul}hlllb.p.Uigll_ma b.u umh Ul]U 
1manufub.p.p qb.uipmu, tfumhunl_np.mui b.u, qlllnmgll_b:t 1: Y:hpdu]1.q­
Q111tfn1n11wlin'4.:ti Q]:i.uiui]lq h1111l_Uiu111p.m..ul! h quihtl_b.1 b.u hp.UI 
tmomtlub.p.}!: 8mig l; mp.tl_h1 np q111nmgtl_mo h1111l_umlllp.mtfl! 
uip.mtflllllll$m3ph 6:2mmruimup h111uo.uqhmtf 1: Y:hpdhpq-Qmtfn1n11~ltntl­
.Pb.nuUip.qp hU1'4_111uU1p.tflllh hb.ui, np.g uqmpUiqp.nu.f l; qnb.~jmp.u '{Ql.,'-1. 
tlnqb.w uinp.}1 ll_p.111: l.,2b.b.p hUih, np pn1np UIJU qhUJ.Pb.p.mtl 1mamuhb.pI?:, 
npnhi;i N qhuiUiup qnnhumgpnh :pmuqg]lllluhp. b.u, qm}utl_1110 hh 
b.p.lD_m$mh}1 gmhg]l Uib.hUltlmub.nmp-Jm'tiub.p.]lg, npnhp '{Ql.,'{ 
mhumruJUib tfb:2 hUiuqpumhmtf q1112mhp.p qnnpq)lummhhp: U3u 
1llhuui111uhw h hhmUippppp. b.p.hmi:ia-}1 :pp.qp.qmqmu ui111ui6'.mng gmpq 
tlumtf 1: muhUI]Ul: Umhhlll}unump-]UIU tlh2 uh.a q1nL}u 1: h'4.:tiptl_Uia off­
shell Bethe ansatz-p.h h bp.lll qnhqphm qpp.ummiaimuuhp.pu: 

biab: lib.hp umhtlmulll$Uiqtl_hhp 1 +1 lm$m'tip phmhqpll_llil 
U1b.umru1mhhhpntl_, Ulll!Ul n-tfUluupqmh]l gptfmh uum1p.]1.gg 
:pmqump]lqmg"4_mtl 1:: lt UIJ.l.llllllhm3m1l_mtf hpqmtfmuhpqmhp S 
tfmmp.]lghb.pp mp.U1Uil}J1JUll_Il"4_: Uh2m2m, miuui)lu]l mb:umiaimuhhpmtf 
humh hp.hmiru}l uimm6:uinJ?: lllh"4_hp.2 :ia-'4.n-4. 2mpdtfUih phmhqp.m1hhp]l 
umqm3nqa3mhlJ 1:, ]lhlJ! tflllphtfUiui]lqnp.b.b. pb.pnLtl 1:: 8uihq-.Pmpumhp.]l 
hm"4_mump.tlUiug, np]lh pllltl_Uip.UI(lmtf 1:: hp.qm..q hmmhp. gptlmh S 
u111uip.]lgn [18, 19]: btl b.iab: qmtfuip.hhp mb.puiuipnLJUJUlU h pp.nuphqp 
uiuiiuuihhb.p.g, hUI"4_b.uuit' uimhuiu2b.1n"4. np.n2Uiqp tf111pu]ltfUil 
UihUil.fiuipqmruimh (tfp.hp.um1 pmh111qp. phb.nub.p), qumuihwup UIJ'i.i 
:pmhqg}lnhilll hUitl_uiuUip.mtfhhp.]l h111tf111qUip.qg, np.]lh uihuip 1: 
p111'4_mp.mp.]l hpqmq b.mUI'i.i]:i. S tl111U1p.pg[! [18, 19):1.,b.p.qm]mtfu UIJU tfbianqg 
qnltl_mtf 1:: pmpmuip111ui)l qimqpp (bootstrap program): Chnp.h]l'4_ UIJU 
tfhianq]l, hm]lllh]l t hp.qm qb.mlllh]l s ummp.]:i.g]:i. 6:2qppm uihup]!, IlJ.l.J?: 
pmp-ump.mui]l bpuiqp.]l tfPui1u on-shell tfmuh 1:: h, qUip.hlP- 1: Uiub.1 111P.1l, 
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ppuiqnpotl_b.1 t 2uiui IDuip.]lhhp. Uinlll2: Off-shell opJhqmuhp.p hunfmp. 
hllltl_wmupnl..uub.p. $huip.b.1m Uinm2]lh $np.C..b.p.J?: h mp.IlJmhphhp.g 
uiuiuiqmhmtf hh '{1:q1qb.1hu]:i.h lJ. q.p.JUI'ti]llJ.p.u [20]' sinh-Gordon-]l, ]:i.uq 
m3hmhb.uih Qmun1n11w4.ntl.Jib.[21] h "lmiu]:i.b.[22]' sine-Gordon-Ji 
qhUJ.Pmtf: Uiumhhuih Y:Uipntl_uqpb. h "lmJUl! [23] mtl_hlP- hmumqmpqtl_ma 
6hmqhpuihg]lh pmruuIDp.mui)l op.mqp]l hpqpnp.:q' off-shell tfmug qmtl 
:pnptf-:p111qump.ub.p.p opUiqpp.E:: 1'nJltf-:pmqmnp."(!(:p:j_>) lllqllil OUI b.p.UIU1Ilp.p 
tfmuip]lgUiqmh 1::t htfb:huih 1:: :pp.q)lqUiqUih "4_mqmmt.Ip. h in qmu out 
'4.:ti&Uiqhhp]l tfP2h: U3u in h out tl.]16'.Uiqhhp.]1. uqUIUlliJl 1UJlU11UI}JlJUll.E: 
mUiwu t hpqm q huiUib]l gptfUlh S tfmmp.]:igg, npg 1 +1 lm$mb]1 6'.zqp]lui 
tmbtlnIJ. tfn:qh1hb.Jlnu.f &zqppui hmimh]l t pmp-UUlJlIDlllP Uinm2]:ih' on­
shell, tfump.g: bp.p in l1UIU: out hpqm qmu hnllluUiub.):l.q '4.:ti6:Uiqhhp. b.b, 
qIDul{b.g]:i.h lllJU hmtl_UiuUipmtlhl:ipE [23], npnhg uihuip 1:: pmlJ.mpw.p.hu :p:p­
hb.Jlg: Utl_b.lP- nL2, UU:]lnhn'4.E: [24] C..hUiq hp.ui hg (Uinw.hg lllll!lli9mgh1m) 
1UJU hmtl_mu111pn1..tlhhpg ('{m3u-Y:Ulp.ntl_ulJ.p.-Utfpnbn'4_ qmtf '{Y:U 
hUitl_Uiump.muuhp.), nJlnbg uihIDp l; pml{mpmphh :p:p-uhp.g, hp.p in-g qw.tf 
out-g lj_UltfUIJUiquih n tfmuh):l.qmu]l tl]l&mqhhJl hb: Utfpnhn\lg m1u 
hm\l.Uiumpn1..tfhb.p.g 1m6hg tf]l 2ll1JlP tfn:qb.thb.p.]1 hllltfmp h quimtl_ 
hhU1U1PJlPFP UlPI}JilLUpbhp.[24): Z.]ltlhtl_h1ntl lUQ (lhtlUib-U]luUihq}lq-
8]?.tfb:p.tfUiu) nh:qmqg]lnb. pwuwohhp]l tl_pui, Uiuihum}unumiaimu tfh2 
U1Jl'4.h1 t '{Y:U hm\l.111m11p.muhb.pp hUitl_Ulmn]lmruJmb. w.uimgm19]![25]: 
biab. hmiuihp b.h :p:p-b.hJlg, qUip.b.lJ:i t hm2'4.b.1 hJllJ.m h mtl_hlP- puip6.p. 
q hmm hp. qnnhuUigJ:inh :pmhqg]lmhhp.E (qllltf '{UIJUltfUiu]?. :pmhqg]lUI'i.ihpg) 
h UJllllhg Uiu]luuiumIDhb.p.g' $npp h tfb:a hb:nm\lnpnl..JUJnLhhb.p.]1 hmump.: 
U1u tlhJl2Jiu }uhqpp.g tmhtl_ht 1:: tfp.UIJh :Pq)luqp tfill}lqp. qhUJ.Pmtf[26], np}l 
:p:j>-uhp.g, op]lumq, uJiqtfUI h u1m ouihp.UimnJlhhJlP. hUitlmp. hmuUIJlUilJ. 
:pmuqg]lUihb.Jl hh: :Puq J!h:qhuihmp qhuipmtf m1u 21llP.PP 
qntqllltf]luimp]mh hmpg"J! uhmtf t pmg: '{Y:U hUitl_m.umJlmtfbb.p]! zmm 
mtl_hlP- pmJlq hh m3h qb.uwb.pmu, b.Jlp S tfuimp.pgJ! Uih4.JmuUiqbUIJ]lh ll;. 
OJl]lhmq, sine-Gordon, q.pnuu-1.,h]m tfn:qh1hb.p.]1 :qhUlJ!mtf: l>nptl­
:plllqUlilphb.pg htfmh :qhuiphpnLtl m.hhh 2llllll JihqhpuhhJl lI pU1p.6.p. qmp.qp 
phuqnp.hhp. hh i.JilPb.p.uiJmh uimplllomruJmh uh2: U3u qhUlJ!b.p.mtf t, np. 
tl_b.p.J! h2tl_uih off-shell Bethe Ansatz-g l.jmtf .Phuih]l E:hl}h.UiupUigtl_Uio 
UiuqUigI?: qpJlmnb.lP- 1: h 1momu 1: pmp.l} tl_hqU1Ilp.mq111h hUitl_muuip.mtfhhp]i 
hmtfmqmp.qE:, J:lhlui)lu]lu 1:: '{'-IU hU1'4_mumpn1..tlbhJ1]1 hUitlmqlllp.q]!: Off­
shell Bethe ansatz-E: mm!lm t :p:p-p. tl_hqmnp.mqmu tlUiuJ!: 
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Umhl.nu.tunumpJuih tfh2 oqtnwqnp.&tlht l: off-shell Bethe ansatz-g, h 
sine-Gordon-Ji 11huwmtf 4_wnmg1l_h1 hh 'llfU hUJ.1l_umwp.mtfhhp.]i 
imomtfhhp:g p.ln.nhqp.w1 hhp.qw]wgmtfhhp.]i uihupn1l_ [25]: lm&mtfhhp.g 
unwuinhlll]}lh :p:p-hh[l hh, Jih2g h2whw4_nuf 1::, np. in-g qUJ.tf out-g 
unwuinhw1P.h 1l.P.6:wl:J.hhp. hh: l>:p-hhp.E; l:J.mnmglj_h1 hh tf]i zwp.p 
otq hp.wump.hhp.p hwtfmp., P.u2uiJ.mP.E hh uuiP.unp.lllJ]lh 11w2ml?:, 
hnuwhphhp.g, l:hhp.qpmJ]l h :J.i.tfUJ.m1uP. phhqnp.g h whlj_hp.2 tatlntl 
UJ.lllhtqmhlj_Illl. tlh&mpt]nthhhp."(!: UJU otq hp.mumphhp.]lg up. pmhpu]l :pnp.tf­
:pUJ.qump.hhp.g' hnuUJ.hp]lhg, l:hhp.q]lw1]1-]ltltqnqu]l rahhqnp.]lhg lj_hp.wb-1{h1 
GU zmp.pp "(!UUl qmpp. qwtq)i hUIUUlU1UlllLUji h hwlfhtfUiuilJ.b:t l:il.J 
Iunuinp.mtfhhp.]l tnhumia-JU1h, m1u]1hph' l>h]htfwh]l qpUiqp.wtfhhp.]i 
uip.IJ.Jmhphhp.Ji hhtn: Utnmglj_mtf l: lJlJitl hUitfU1A.UIJhnqa-Jmh,J:l.h2g gm19 1:: 
tnwl.lm, np. :P:P-Ji 6:]12tn E;hU1p.mp1mh l: qwtnwp.l{hi. wnhlj_wqh UlJU 
6:zUlllLJ.CtJU1tfp, np.nlj_ qllltnwp.tJ.ht l: hUJ.tfhtfUlUlllLpJmh~: lflllh, ]lhw.p.q h, ll1Jl 
ub:ia-n:qhb:p.' 6:2tnh1m, pth np. otqhp.wUlllp.}l. :p:p-h 1:: hwztJ.lj_mtl: Opphwl:J., 
hllltfhtfwtntj_mtl b:h hUJ.tfw.tqmtnUJ..luUJ.h 1}1ll2mhp.p 
2ml}mIJ.U1.qlllhmptJmhhb:p.g tp.npp hhnmqnp.mp]mhhhp.p , qllltl pmp.A.p. 
I:hhp.qpmhhp.]:i. uUJ.htfwhmtf lfnh:pnp.tf tnhumpt]mh hb:m [27]: bp.qm 
b:IJ.mhwqnlj_ l.J.1lltnmp.tj_111& h111tfb:tfUlmnLpt]mhhhp.J?: gm19 hh lllw.1..]iu, np. :p:p­
hhp.g llJ.12Ul hh hU12tJ.Ll111&: 

lld1hhm1ntj_ unwmnhUlJ)ib 1}:)_>-uhp.J?:, qmp.hl.P- t hUJ.ztj_hl pp.jiqb:pUIJph 
:p:p-hb:p.g, ghlllp.h1ntl hU1UUlU1Ulu.lumh phhnn [24,28]: UJhmhhmh, 
oqmmqnp.oh1n1l pp.]lq b:p.UlJ]lh :p:p-hhp.g' l}ll12UlJ.i OUJ. b:p.UJ.mnp.]l h 
l::putqnhhhglillll otq hp.w.ump]l hllltf Ulp., lJU1p.b:l..]i 1:: mnmqh1 p'1_1llhUllll]ph 
sine-Gordon-]1 hllllj_UluUJ.p.nLtfg [28]: 'll.Ulp.qqmtf l:; np., pqmhtnlllJ]lh 
hwlj_UJ.uwp.nu.fl?: mhaji mhp, hpth qumml:J.mh sine-Gordon-]?. 
hmlj_muUip.tfUlu tfh2 qtnhtJ.nIJ. qUIUJ.]l tfhpq qUihq1l_Ulol?: :j_>]lq]l4,UI4_UJ.h 
qUihq1l_m&]1 hhui l.J.lllUJ.tl.UI& l: npnzllll.J.]l 1llnh2mJ.CtJU1.tfp [28], np.1?: 
hm1mhlllphph1 l:]:i.h l>mtnhh-g h QUitfn1n11Hi-4.n1l1?: [29] UlJl h11mhmqn1l_: 
Uhzmzm, hhtnUipp.p]lp. b:h W.Jh tfnqb1hhpp :p:p-hhp.-g, np.nhp mhhh 
um]itftqmnm]iq w.qwUlllL[uJmh' SU(N), O(N u]luhmp.]llllJntl ochntl.UJ.o 
Cf-pnuu-1.,h]m h u]lqtfw. unqh1hhpn: UJU IlLIJ.flilLJ.CtJU1Up Uiz.lummmhphb:p.1?; 
hnp hh uquy_hl [24,30]: PU2UJ.b:U hzb:t hhp, phni.ptJU1U ub.2 lpuh tlhq qmtf 
ptJ.wq]iuhq 2mtp.lllh]1 hmtfw.qwp.qh:r h hp.UJ.hgmtf qmh Ul]htq]luphhpg, 
npnhp np.n2U1.1Jli tfnmw.tlnpmpJU1tfp qmp.hl.P- 1:: hni.Jb.Uighht 6'.zqp.pm 
1motln11 tfnqh1hhp.p hb:m: UJu :qhuwmu :P:J.>-hh:rh oqmmqnp.b-1.j_mtf 
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:PJ.iq]iqmqwh opJhqmhhp. hmztlh1m hmtfmp. [31]: 'Uu111h tfn:qh1hl-q1p 
q]ipmnm:ra-1mhuhpg mml..]iu hh zmm hhmlllpp.p]ip. U1J.11l]Il1-hphhp.[31]: 

U1.11/:iliwh!num@IUJ/J l!ww1.11w/Jl! l' 
w) lfUlnmgb:1 h 6:2qp.J.im 1moh1 mh_liqnmpntq 4UJ.Jqhhphp.q]l tfUJ.qhhm_liq-g 
qwtfUI]illqwh utqpuji qb.tqpmtf: &zqppm lilLOUWU lfti£ngn!.J. qtnuht 
phtnhqp.w1 hmtl.UJ.uUip.mUhhp]l h111tfwqlllp.qg, np.g uq111p.mqp.mtfg 1:: s 
utq]lhntl Zwiqhhph:rq]l tfwqhhm_liqg l.J.Uitfw1w.l.J.w.h 2hptfw.utn]l6:w.hnLtf h 
qwtfw1111qmh w.pmwp_lih tlwhqh]luwqwh :qwzmmtf: 
p.) Cqhw.hp.Uighht Phtnh]l U1qhpp.111]lq Ulhqmg]l tfhpnqh UlJUUJ.hu, np 
hhmpmtlnp. l.P-h_li w.1h oqmwqnp&ht off-shell op]hqmhp. hUJ.ztlhtm hmtfUI11, 
qwnmgh1 lfh]lcH1_liq-Qwtfn1n11Hiqn1l]i hm"4_Uiuwptfmh imomtfhhp.1?; 
l').WUW4W1.J (nwg]lnhwl_, hnwhl1Jmhll12UitPUllJ.U1h h 1::1.liUIIDJ:l.q) nL 

ptlmhmw1]lh qhui.php.mtf: 
q) Oqunlh1n1l off-shell Bethe Ansatz-_li tfhpnq]lg, qmnmgh1 W.JhuiJ:iup 
Lm&mtfhhp :p:p-hhp.]l hwtfmp, n1mhg tf]l2ngn"4_ w1l_hl.P- hhztn lJ.l.P-h_li w1h 

oqmwqnp.&ht :p]iq]iqmqmh illMJmhphhp. umlllhllltm hwtfwp.: 
I').) Cf-u1hh1 'lui1u-lfwpn"4_uq]i-Utf_lip.1.i.n1l]i hm1l_UJ.u111p.nLUhhp.]l llltqwgm]gl?:, 
h1hh1ntl tf]lmJh lUQ (lb:uui1.J.-Uptfwhq]lq-8_litfhptfmh) nhqmqg]lnh 
p.wllw&hhp]lg: 

UnwLlbL hw4tiritS wml:illwtunumra-Jwll l!Ujwmwljlll:ipn wrimwgnL!.J.wb l:ill 
uriw 4.tipllwqrimu: 

U1.11/:il!wh!num@twlJ nnmU?lil:inh ah1.11w{Jwl! l!nnnu@n 
1) Unw£]lh 111hqwtf qwnmgtl_ht l:; 41l1Jqhhphpq]l wh]lqnUlp.nUJ. 

tfwqhb:Ulpqg q111tfm1wquih S uuiJ:ih]l 11htqpmtf, mp1l_h1 t hpm 6'.zqp.]im 

1momu~ h UUltug1l_h1 l: ]lhmhqp.ui1 hunlmump.mtfhhpJ.i hllltfwqUJ.p.q~, np.1?: 

hqwp.wqpmtf 1:: tfnl}hl..]i php.tfnq]lhmtf_liqlllh: 

2) Unm2]lh mhqw.tl qmhtlhl l:; off-shell-Bethe ansatz-g qw.tf Phuihp 

ChqhmhpIDglj_wO- mhqIDg~, np.ll, Ii mlllpphp.ntpt]mh Phmhp untlnp.mqmh 

Uihqwg_li (npg imcrnuf l:; utqhqmp.w1 uipnp1hu), im.O-mu l:; tfuunp.]lgwqmll­

qp:p:phph:hg]lw1 h tfwmp]igwqUJ.h l}]luqphm-l}]l:p:php.hhgJ.l.1111 

hui1l_wuw.pmtfhhp: 
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3) 8mm 1: mp.tJ..1q_, np. 111hlmnfumlm SU(2) ]ihll_mp.]1.mhm qUiqmpUI]]:ih 

gmb.g]:i hmtf111p. qmnmg"4_Uio Phmh]:i tJ..hqmnp.J?: off-shell (tfUiuu1113J:i. 

tlUiqhp.b.mJp]:ig :qn.Lp.u) p"4_mq]1.qUiuUiqmh umhtflllb.mtl UlUJ.Uihn1l_mtf 1; 

"4:b.J:i.c1b.J:i.q-Qllltfn1n1l:W-4.n"4.J:i. hUili_Uiulllp.Ulllh 1momtfhl:tp.J?:: 

4) 5mJ9 1: mp."4_ht b.wb., np UiuhUitfUiuhn XXZ qUiqUipUIJJ:i.h tfn11hl.]:l 

hUitlUip. qummgll_Uio off-shel .Phmh]i. "4_b.qtnnp.f!: pll_Uiq]1.11Uimuqmh 

umhtfUihnu.f mwJllu 1; hnUihl]Jmb.UI~un{lmqwh "4:u)i.dhpq-9.Uiun1n11~4.n"4.J:i. 

hUI"4_wuU1ptfwb. 1momtfJ?::'llwp.q"4_h1 l:;, np. UlJU 1monu.fJ?:, p"4_UIUU1UIJJ:i.h 

"4:b.J:i.db.)1.q-9.Uitfn1n11~qn"4.J:i. hUI"4_Ulump.UU1h 1moulllh p"4_U1q]l.I}:UIU111qllih 

muhuwb.h 1;: 

5)L,111]uq]:iumtf umlllg"4_Uio qmUJ.1?:, Uiuh111tfwuhn SU(2) qlllqUipw]ph 

gUib.gp off-shell "4_hqtnnp.]:i h SU(2) ]1.b."4_lllp.}.1lllb.m tih]:id"b.pq-

9.mtlntllI}:~qn1l]:i hwtJ..wmup.tfwu 1momtfhhp.]1. tl)i.2h, J?:hl}hwb.p.mgll_ht 1: 

4mUUl]Ulqmh UJ.Ulp.q l]:i hU1UJ1UlhU12tl)i. 11huw]i. hWUUlJ:l: 

6) "4:ummg"4_ht 1: Phmh]:i pn1np "4_hqmnphhJ1]1. (pn1np U]_UlJ:lq uiptfmmIDJJ:i.h 

hwuw4wpql:ip.J:i. hmtfmJ:l) pll_mq]1.11wumqmh umhtfmul?:: 

7) UUib.p.mtllllub. nll\J:ihhp. hh b.2tJ..mtf, ia-h ]1.b.~ui hu ummum1 :P:J.>-hb.J1]1. 

hUitfUip 1{"4:U hUitJ..wuUipmtlhhpJ?:' b.1hh1ntJ..11h:qnLqg]mh p.wllwob.b.p]:ig: 

8) Oqmmqnpoh1ntJ.. Phmhp J:!b.l}hwhp.mg"4_Uio muqUigJ?:, lllnm2mplJ.tJ..nuf t 

tllll}hJllg UiuqUIJ.u J?:h:qhUib.mp pwlJwoh :p:p-uhp.p hllluUlp.: sine-Gordon-Ji. 

tfn:qhJll hwtflllp, tfmuhIDll_nplllU]_hu, mumtlhum]i.p:il_mtf 1: ]_ib.mhqp.m1 

b.hpl.J.U1JU19llLUJ?: tfp plllhp OUJ. hplllmnphhp.J:i. :qhuipnuf: 

9) Zlll2ll_qUipqll_h1 1: hnuiqb.m :j_>nptf-:j_>UllJ.mnpJ?: unJllmnb.UIJJ:i.b. IJ:U12tnP 

hllltflllp. h Ul]b. hllltfhUUltntJ..ht 1: S]_ip.]1.hq]:i tflll}hJll ]umnnpmtfhhpp 

mhump]lllh hhm: Up.mug hllltfQhqhmtlI!: hUiuuimtnmtf t I?:hl}hwhmp 

:j_>nptfmJllqtf]i. 6:'.ztnnLpJmb.I!:: 

10) sine-Gordon-]1 tln:qhl.]:l qmJq iutJ..nll_ :p:p-b.hp]i. hunfm]1 qmhtJ..ht t hnJ:l 

hhJ:lqlli]Ulgmtl: 
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11) sine-Gordon-p tfn11h1nuf qnLJq pll_nll_ :p:p-hhp.J:! (hpl.J.m qhmmh]:i b. 

pmmuqhm), hwtlhtlmmll_ht hh lil:qb.uUib.]1. :q]i.Uiqpmtfb.hp]l hhm, tl_hp.moh1nll_ 

2illJ.lPJ:i. I!:UUl S]_ipphq]:i tfn:qhJll hU1UU1UlU1Ill.U}i, U]_Ulhh1ml tl]:i.Ul]U qom]]i.h 

wb.11unlhhp.J?:: L,pmug 1.J.lJ:i."4. hmtfQuqhnu.£1?: hmuuilllmmtf t 

oui. hp.mumphhpp l:i11hum]:i:J.>jll.J.wg]:illlh /hm1lm1qmump1mb.I!:/ I!:um tfhp 

J?:h11h111hmp. p.wllwoh]_i: 

12) ~"4_111um1111}ih l}lll2U1J.i mhum[(}JUlU tfb.2' uUlhtfmU-4.ht 1: p-.1_>mhqg]1.U1JJ:i. 

qmqllll{llllp.J?: wtfhh tl]i. 1nqw1 oui hplllmnp]l hwtfwp: 

13) Pp]i.qhplll]ph :pnpu-:pwqmnpuhp]l hwtf111p qmb.ll_mo t hnp 

hhpqW]lllgnu.f, nJ:ll.l J?:hqpl.J.mtf l:; b.tuh hnp hhp.tfm0"4_m& p-!pmhqg]i.mb.: 

14) q.mull_ht l:; 6:2qp]11.11 ptl_mhmmJ]i.b. sine-Gordon-Ji. :qm2mJ:i 

hmtJ..llluWpnufI!:; Ul]U mhI\J:i mb.)1., hpp qn]nLJU]nLh mu)i. 6:zqp]lm qlllU]_ Lfb[14 

h ll_hp.lllhnptfmll_nptJ..tuo qwllq4_woul:i11'1 tf]:i.2h: 

15) q.mh"4_ht l:; pp]:iq hplll]]:ih f>np.tf-:pmqtnnphhJ:lJ:i um)i.tfl..ljumm]:iq ll_U1ppI!: 

phmpUiqJ:lnrt pwlJwo b.J:i. plllgmmpmp]mhI!:, h1b.h1ntJ.. J.un1.11npmtfhhp]i. 

mhump]Wh um}itfmnmpq tl_mppJ?: quUihUlmnri '{tu]hphp.q]i. ia-hnp.htf)i.g: 

16) Z(N) I"q]i.uq]:i tln:qh1mtf tf]i. pwh]i. 1nlJ.m1 oui hp.llltnnp.b.hp.]1 hmtfUip 

qummgll_111& l:ill plllqtflllq h1.11mu]1 f>nptf-:j_>wq1.11nphhp.J:!: 

17) A(N-1) Sn:q111]]1. ]1.hlnhqpll_nri tfn:qh1mtf l:puuinhhhgJ:i.Ull l}Ul2ll1P 

pwqtfUiqh1.11111hp :P:P-J:i h111tfU1]1 qm'tnJ..ht 1: ]1.h1.11hqp1111 hhp.qmJUI9nu.f: 

li2h!wmw/Jph ahmw[/wll liL l/flnwnw[/wll wndlien 

1) ouwiwo wuiblJwtunumraiwu Lfb2 uuiwg4_wo w11111ml..IQ1..ll:i11'1 
UtiOWUWUUnLr<TJWU l{ti(1WQW4Wli-U1tiUW4Wli plJnLj[ajll.i, 11(1Wlig Lfjl UWUU 
mllblJ wllujl~w4wll Ljjlpw11w4wu u2wlJwl.jmtpJmll: Vwullw4.nriwll.ll:iu, 
h1112ll_P wnhhl.11tl dtutfUih111qwq]1.g tpuui b.J:lJ:itfhhlllUll :}_>]1.q]l.1.J.UlJP 

hh111J1111'4_np.mpm3hhhJ1I!:, 1.J.111J:lhJll t hb.JUUl11J1hl_, np Zlll]qhhphpq]:i tn111pphp 

tfh&mp3111h UUJ.phhhp.nll_ mh]:iqnmp.nui tfmql1hmJi.qI!:, , qtup.hJll ql.}lh]i. qlllhht 

phmJU]UlU tfh2 l.J.Ultf DLit'l.Uil.J.P. 4_Ulilmght: Op.]1.htuq, uui]i.h tfhq 

11 



L.mJqhbphpq]i pqmnpnUJ. tfuiqhb.mp\lJ?: uipqhh puq .Phnl]lhp L.uih UUIJmhh 

I>hutn]luinu.np nbuiqmnpnuf 1l:inp6.huiquih 6'.ui't:tuiUJ.uiphnt.l qlllhhtm 

qmp6b.p b.h qunnuipt.lmtf: 

2) bpq~ui1l:i ]lhlllhqpt.ln:q tll11}b.t't:thpf!:, ]lh~UJ. b.u h2t.lb.1 l:; uipqb.h, quip.nq b.h 

qppuint.lb.1 nb.ui1 tfb.q ~ll11l:im't:t]l qunf pt.luiq}i-tlb.q ~uil):imh]l hrutfUiquipqb.p.p 

hIDtfUip, h IDJI} :qhUJ.pm.tl :j_>pq}iqlllqlllh ub.O-m:ra-1mhhb.p huizt.lb.1m. huitlUip 

tl]luiq ruzluUlUlllIJ. tfhpn11g :P:J.>-hhpp ~uiqpph l:;: 

3) 1 +1 ~UI1l:iuihp ]lhuihqpt.lnq tll11}hthhp.]lg tl]l 2mppmtf qm muptlUJ.mnm]lq 

mquiUllll.FJ"Jill.U, h hp.IDhg m.unuIU.mu]lp.mJ.UJill.U!!- quip.nq l:; l.111-JU u1l:inb.1 

UlJUUJ.Pu]l pIDpl} hp.hn1-Jp]l t.lp.ID, ph2UJ.Puph l:; pnh:t>lllJhtfb.hpg 

{lllp.qh1m1l:iuil.J.tfmh hp.hm.Jp) 8m't:tq-U]l1u]l pt1_Ulltll1Ul]ph 

Ul b.ump]mhhhpm.tl: 

Utnhlmilunump]uih tfb.2 uuiUigt.lIDO- UlPI}]nLhphb.p.g hmhpmhUlJUl hh h tfb.~ 

mqqb.gmiaJm.h till mhhgh1 phuib.qpi{n:q tnhump]m.hhb.pp pbmqmt.lumJ:i 

qIDpquigtfmil t.lp.ID:Up.111mhphhpf!: oqmmqnpO"tlmu hh tfmrab.tfmmpqIDqUiu 

.'.l>liq}il.J.UlJill.U, UJ.Pu:q tfmptfilp :t>Jiq}iqUl]Ill.tl h Pt.lIDhlllW]ph l}Ul2ll1P 

IDhump]UIU tfb.2: 

U2fuwU1wllph tbnn~wpllllm@Jmlln 
UU1bl.Jwjunumra1wll htufl.Jw4wll Wf111JnL1.J,Elll:irio p.wqt.Ipgu ql::i4mgt.ll:iL m 
,EUUWf1441::iL till uf12wqq.Wjfll.J q.rlllwdnri.ml,1..1brimu GL w2juWUlWU,EWJ'11.J 
hwu11rU1mlfl.Jb11mt.I, wm rat.lmt.I' 

• O'Raifeaigh Symposium on Non-Perturbative and Symmetry 
Methods in Field Theory(LOR 2006),Budapest,Hungary,22-24 
Jun 2006 

• Conference Modern Problems of Theoretical and Mathematical 
Physics September 20-25, 2004, Georgian Academy of 
Sciences, Georgia, 

12 

r 

.. 

• 61
h International Workshop Conformal Field Theory and 

Integrable Modls September 15-21, 2002, Chernogolovka, 
Russia, 

• International Workshop 1\Low Dimensional Integrable Models 
and their Applications in Field Theory and Statistical PhysicsLJL,, 
May 21-25, 2001, Annecy-le-Vieux, France, 

• NATO Advanced Research Workshop Syatistical Field 
Theories18-23 June 2001, Villa Omo (Como), Italy, 

• International Conference on Integrable Structures of Exactly 
Solvable Two-Dimensional Models of Quantum Field 
Theory, Kiev ,September 25-30 ,2000, 

f1llil.J.ll::iu l.JwbL lllUJflp.bfl q.f1Lnw4wll 41::iliLn['lnl.Jubrifl ul:itlflliwplil::irimu' 
t.Iwullw4.nriwl.J.ll:iU Pnlil.lfl, Pl::intrllfl, UJmbluhh]?., Umil-'1).mm1nJ]l, UUim-
4:mp1nu]l hwLfwLuwriwuul::irimu, Sriflbumfl Sbuw4wli .1>flqr4wir 
lff12wqqw1flli 41:iumrinumlf (ICTP), .Ppmphuii{hh]l UqqmJph 
llllpnpruUlnp.]lmJmtf, Ol:inl..mqnLn4.4wJf1 Lwu11wmfl wli4_wl.J Sl:iuw4wl.J 

.1>flq'14WJfl f>liulllflLnnLLnmtl h UJj(lJ: 

iOWUIWOW[/nullJl:mn 

UU1tl.1wtunumra1wli rabuw1n4. hf1WLI1Wf1W44,wo t 23 q.tiLnw4wl.J 
w2tuwLnwll.e, nrinl.Jg gwl.J4o. p.l:ip4_wo t ul:iri.lfwq.nfl LJ.l:in2mt.I: 

UU1/:;llwtunum@Jtull ltwnmgl/wtJpn 

Ulllbl.lwtunumra1mllo. p.wri.4wgw·o.t ubnwomra1muf1g, tnriu q.Lmtuul:irirg 
l:iL wu\pmjlnuJflg, taLJ.nLJ. 263 wl.JLj_wumlfl.Jl:i['lnLJ. q.f1W4WUnLJaJWU gwll4rg: 
U2juwlllWU.Ef1 Dllllhwl.Jmp bwLJ.wm 4wqt.InuI t 255 t2 Lnl.J.lWq.flr 
lllt:ij2UU1: 

lJ2tuwtnwl.Jeh pm.[wu11w~nqaJml.Jn 

Z.,l:;nwtlm@Jntllnulhf1Ul.Jw4,np4_wb t ral:iLiwJp uipqpuiqmhmia-1mug: 

hl:ir4w1wgLJ.wo t wllll:illwtunumra1wli ub"2 2n2wlflLJ.wo tuu11tirubrf1 
o.u11hwumr w2wllw4o.: =\wtiwnnLn 4bnutn4. 2wnw11ri4.wb t 
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wztuw UJWllQtJ p.m.J.wl.lflWljnLJUJnLUQ: 
lJnwphlt atnL/lJe l.llJ.tJf1lJ.WO l: S majib.ml 2:ui]q huphp.q]i uib.pqmnp.nUj_ 
tfUiquhm]:i.qp' lpnnmgtfui'i.IJ! b. 6'.2qpJ:rn1 LntbtfUihg, ]:i.u1ui_ hu 'i.IUih 

quitfui]lllqmh 2b.p.tfuiutn]:i..iuib.nu.f b. uip.tnlllp]:i.h tfmqb.]:i.uuiqlllb. :qm2mmtf 
J.U hp.tfnq]:i.b.uitf]llpu h b. qmp.UiqP.llll ]lb.mb.qp.ml hunJ.muuip.mtfh hp. P. 
hUitfmquip.q]:i. m.unu.fb.m.upp.tfui'i.IJ!: U]h Plll1lqm.gm.b l:: hp.qm. tfmu]lg; 
m.nm.2J::th tfuiunuf oqmtlhLml Buihq-Puiputnhp.]:i. hui'1_uiumpmtf]:i.g, 
hphp.lllp.lu]:i.4. 0..hn'1_ quinmg1l_hl bl.I up. pmb.Ji lmbmtfhhp., npnhp ]_UillJl hh 
muii]:i.u hui21l_uip.q ht Z.uitf]:i.1mnh]:i.Uihp uhtpmquih uip.dhphhp.]! b. uhtpUiqmh 
tlhqmnp.hhp.]! uinuib.g hp.ui qnb.qphm mhup]! ptfuib.UI1m: ~tJhp.uip.lu]llJ. 

Uiuh1ml b.quim]:i. m.b.hb.p hhmb.JuilE:; ptfmhuil?tl 8mb.q-.8mpumb.p.]:i. 
hUI1l_ummp.tfuih tfm.bm.tfl! 1/2 uui_}lhp hmtfmp., qumm.gh1 hhp Smhq­
Pmputnhp.]:i. imbmtfhhp.]! S uui_]:i.b.]1 hmtfmp.: Uiumh11 qphp.hhp tf]lmJU 
L.mtf]:i.1mnh]luih]:i. uhtpuiquih uip.dhphhpl! b. Phmh]:i. hui'1_ummpnttfhhp.p 
hw.tfuiqmp.q]!, np.]1 h]ltfUih l}p.w. p-hptfnq]lb.uitI]lqmqUih umhtfmb.nuf 
utnUig'1_m.tf t phmhqpllil hm1l_muUip.mtfhhp.]1 hmtfmqUip.ql!: Uhq 

uihhp.wdh2m hb. Phmh mhqmg]:i. hm'1_mump.mtfb.hpl! 

[
sinh(A.j + iT/s)]N =TI sinh(A.j -A;+ 2irJs) 

sinh(A,j -iTJS) i¢j sinh(A.j-Ai -2iTJS) 

h L.mtfJilmnb.pmhp uhtpUiquih umdhphhp.I! 

E = JN f _!!___ ln sinh( A.1 + isTJ) : 
2itr l=l dA.1 sinh(A.1 -isTJ) 

Phmh uib.qmg]l Ul.JU hUitluiumpm.tfhhp.b. mhhh UlJUJ.hU qn11l_mb 1w.p.m1]:i.h 
lmbnufhhp, hp.p N, M O..qmmtf hh mb.tlhp.2]1,]:i.uq up.mug 
hmpmphpmp]mhJ! 1l_hp.2m1l_np. "t. 

A. (n,j,<r) = A. cn,o-l + i(n + 1-2 j)T/ + t i7r(l - a)+ ycn,j,o-J : 

U]Umb.11 y-h "tpuui_nhhhg]lml tpnpp. l:: Uhb.p Ul.]Umb.11 puhmp.qmtf hhp 

lllJh :qhUJ.121!• hp.p 
Jr 

17=-, 
2v 

np.mhq v -h mtf Pllll2 tulr4. 1:;: l11u I}hUj_pmtI tfhp. Ltup.hp.u UI]hUj_}lu]:i.h l:il.I, 
J:i.u1ui hu]:i.h hh XXZ 1/2 uui]lu]:i. :qhUj_J;1mtf, 
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_. 

(a) 
a= +1,n=1,2, ... v-l 

(b) a= -1, n=1 

Uhhp hmh phb.uip.qmtf l:d1:p mJh I}hUj_pJ!, hp.p v > 2 ,b. 2S< v: 
'Lhp.tfmbhLntl tfuiuh]:i.qhhp]l 1:t ]unnn1uhp]l hUitftup hmtfmuiuimmuluuih 

Pn, Pn IumnLJ.u]mhhhp., uunuhmtf hhp hhmUJUll J:i.hmhqp.ui1 

huitluiuuip.m.tfhhp.J! 

Pn + An,m *Pm -S* ~.v-2 * Pv = S* An,q ,(n,m s v-1) 

Pv + (1- a2) * Pv - s * ~-2,m *Pm = av-q ,(q=2S) 

* b.2uib.J! h2mulllqm.tfnuf l: qnh-4.numg]:i.ui: Uiu pb.mhqpui1 
hmll_uiuuipni.tfb.hp.]l tfb.2 4_np.p.quhp.p J>mp]h O..hmtpnluni.p1m.hhhp.J:! 
hhmhuitb.hp.h hb. 

Anm(co) =-

2cth(7rCO / 2v)sinh[ Jr I 2v(v-max(n, m) ]sinh[;r I 2v(min(n,m))] 

sinh( ;rco I 2) 

sinh [ (;rco I 2v)(v- n)] 
an ( Q)) = ---=-------=-

sinh(J"C@ / 2) 

1 
S(co)=-----

2 co sh( ;rco I 2v) 

tb.hp.qpmb. 1:t uui_Phe mhhh hhml:tJllll mhup]! 
E v-1 - =-I JS* An,/A.)pn(A.)dA.- Jav_9 (A.)pv(A.)dA, 

2JrJN n=I 

v-1 

Sz =s-L jnpn(A.)dA.- f Pv(A.)dA.: 
n=I 

U]U hurqumuip.m.tfhhp.J! huitfuiuimmui]umhmtf hh T=O 2hp.tfumm]1..iuib.p.h 
1:t qhp.n tfuiqb.puuiqmb. IJ:lll2UlP.u: Oqmtlh1ntl 8mhq]1. tfhpnl}]lg lj_U1p.hi]:i. 1:; 
qp.ht uitl_hi]:i. J:!hIJ:hmhm.p. hmtl_U1ump.mtfhhp. qU1UUIJU14_U1h 
2hptfmmn]l.'S:U1hp T 1:t tfuiqb.]luU1quih H :quizm]l huitfmp., 
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en (A)= TS* ln(l + e&n+1(il)IT)(l + e&n-1(il)/T) + 8n,v-2TS * ln(l + 1 + e-&v(il)IT) 

-8 ;rJ. +8 Hu 
n,q cosh(trA I 2) n,v-i 2 ' 

ev(A)= ~v -TS*ln(I+ee,,_2(il)IT), 

F(T,H) = F(O, 0)-T J S(A)ln(l +eeq(it)tT)dA: 

Um t plnnhqpui1 hmtJ.uiumpnuihl:qip. UlJU hunimqmpqg, np[l hquipmqpnuf 
t tfhp tlnqh1J:! qwilm]1uqmh 2hpuuimnpl\uihnui h qmlfUlJUiqUih 
tlUiqhpuuiqUih IJ:ll12U1Ill.u:U1u hmtJ.ummpnufhhpp uuihpmtlruuh 
hhmuiqnumu.fJ:! pmPIJ: 1:;: Utnh'inu]unumpJmh tfh2 hm2tJ.tlm& 1:; Uiqmill 
l::hhpq}illlh mhtnJ:i.'.phpntfmqhp.uw.qmh nhcrJ:iunuf m pwpAp 
2hptfruumpl\uihni.tf, hpp H=O. 

F(T, 0) = -Nln(2s + 1) 

.Z.hmruqmntJ.h1 1:; glllcrp 2hpumutn}il\1llhm1]1h nhct}ltlJ:!: .Z.lll2tJ.tJ.h1 l:: 
l:;hmpmqp.lllh, (lllJntnhit ~hh phptJ.nuf pUihruC..hhpJ:! h11mhg tlh&mp1mh 
UJ.Ultnl\ummj): Uju ql]up hpqpnq tlummtl hhm1llqnmtJ.h1 1:; .'.phptl]mlilllJFh 
tfnqhi. n11Ji iJin]umqqhgmpJUIU muqtuilJ:! qummgtJ.mu 1:;' oqtnuiqnp&h1ntl 
Sruuq-Pwputnhpp htutJ.ruumptlUih UlJh tm&milJ:!,IlpJ:! J:!Um qtunmguUih 
mwtliu lp. .Z.wiqhhphpqp mhJ:iqnmpmqpq tltuquhmpqg qUIUUIJ1Uq1llh 
uUJ.J:ihntl :Uh2m2m umUigl.J.mu 1:; pumUI.'.phptf]mh $n]uwqqhgmp]mh 

(ifaJ )//al )Y;,~1/Ji )(if 1;Jµlf/q) 
ilpmh:q 

ya2b2 = -i(ln R(A = 1/ g)i)a2b2 
~bi ~bi 

1'uq R hnyh 1:;, ph~g oqmlllqnp&l{mtf 1:; .Z.uiJqhhphpqp J:!hqhUIUpUigl{UI& 
tllll}hlJ:! qummgh1m cTliltfUihUiq 

I'i2 ... N (A)= tro (Roi (A)i?o2 (A ) ... RoN(A )) 
d 

H =-lnT. (A) I 12 ... N dA 12 ... N A=O 

npmhit T(A) -h l}m]uUihgtfUih -tfUimp}lgh l:;: 
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<l>UiumUipqhhp hh phptJ.nuf, np UIJU .'.phptf]mhmJP.h tlnqhlJ:! Q2'4}nl.1111hhtn 1:; 
]uUI]um1l_Uicr SU(2) u]:itll:imp.pmJn1l ql]uml{np qpp.1111 qm2m}:l.h, hpp S-J:! 
C..qillmtf 1:; Uiu1l_hp2}:l., Jiu4. rJ C..qmmtf 1:; qpn3]1, hhtnhJUil UJ.111Jtfmhp 

mnqUIJilLF>JUIUp 
7r 
--2s=const 
'f/ 

.Z.Ji2hghhhp, np. rJ-h mhpqnmp.nuil11111J:i uimpmtfhmph t h tfmhmtl t R 

tfmmp.]:ig]:i tlh2: Uhp. lllJlI}Jmhphhp.J:! hrutlJ:!hqb.nuf hh ~]:iqtllllhp 

UIP,IJ:Jmhphhp.]:i hhm: 

bnttnnnn qt/unuf qUipqlllgqmtf 1:; Phmh]:i J:!UqhUiup.UigtJ.UI& UIUqUigJ:! 4,rutf 
off-shell Bethe ansatZ-J:!, nph p. tnUip.php.mpJmb. Phmh]:i un1l_npuiqUih 
UluqUigp, p. qnpm t lm&h1m tfUimp]:igwqUiu :qp'.p.'.phphug]:im1 
hUitJ.UiuUipnl.tfhhpg' 4:h]:icth]lq-2rutfn1IDlitilJ.ntJ.li hurqUiuUipnI.tfuhpo: 

2.1 h 2.2 pUiclphhl:qimtf mumtfhruu]:ip.tJ.h1 1:; UIUhtutlUiuhn 
tJ.P&tuqUiqpuiqtuh tfnqhlf?: hp.~m$ gmhg]:i '1.p.UI, npJ! l.J.tuuitJ.m& 1:; Smhq­
Ptupumhp]:i hllitJ.tuump.tfmu SU{2) (qUIU:tuJUiqmu uimp.q hUihp.Uihtuz1U1 
11huipnuf) ph1l_mp]ituht11 lm&tfmh hhui: Pht11h]l U1qhppUI]lq 111hqUigntJ. 
lJ.Uinmgtlnuf 1:; 111)1} unqhtJi UIWPUI]ph :j>mhqg}ltuh' Phmh]l tJ.hquinp.J!, IlJlI! 
q111]u:1l.tu& 1:; uuihqmp.1111ui111p111tfhuiphp}lgh111hhUiuIDuhnmp1mhhhp]ig: 

lIIDnmgtlUI& Phmhli tJ.hquinp'[! off-shel Bethe ansatz-:ti ]iqbn1nq}lUIJntl 
n~ rah mpUihu.'.php-tfU1mpl1g]l ub}.lmqmh tJ.hqUlilp.h 1:;, UIJl pUitJ.UipUipmtl 1:; 
UltJ.htli pUipl} hUitJ.UiuUiptlUiu' OSBAE (off-shel Bethe ansatz equation)­
:tiu' 

T(A, z)¢(A,Ar ,Az, ... An, z) = A(A, Ai,Az, ... An, z)¢(A,Ai, Az, ... An, z)-

-t Fa(A,Z)¢a: 
a=I A-Aa 
U1u hUitlumlllpi1111h tfh2 T -u l}m]uhUihgtlmh-tllilmpp.gh f q111JutlUI& l:; 

A uui hqtnp.Uil UIUipmtlhtnpp.g h z,,. .. z N mhhUitlmuhnmpimhhhp!ig, ¢-u 

Phtnb:!i tJ.hqmnph 1:;, uUiqUIJU UIJU tJ.PG:mqmtl mpUihui1b:p tf111tnp.]:ig!i 
uh$UilJ.Uih tJ.hqtnnpJ! ~1:;: bpp Phmh UIUqUigp hUitl111uUipnu[l?: mh:q:ti 

mhbuw' Fa = 0, h qhpn IJ:UlllhUiu pn1np UIJUUJ.hU qn~t.1111& n~gmhqUitli 
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(unwant?d) IDhqmtfhhpg, h m1u qh1111:1nuf ¢-h qJlih]l uip.mhu:J.>hp. 

tfuunp]lg]:i. uhi.pmqmh i.J.hqtnnp.g: OSBAE-]1 hmi.J.IDump.tfUih 
ptl_Uiq}i.~wuw4wll umhtfIDhg ummgi.J.m .. tf l:::, hp.p 'l]-h (OSBAE-mtf pn1np. 

tfhompJmhhb.pg lj_lU.:tui.J.IDo hh IDJU hUiuuillluinl.u]:i.g ) &q1.11mtf l qp.nJp. 

H/p=h/p-t fa<fJa ' 
a=l A-Aa 

fipmhti. <p,<fJa, h fa -h, r/J,r/Ja h Fa tfb.omia-Jmlihhp]:i. 

pi.J.Uiq}i.qmumqUiu umhtfmhhhp b.h, ]mq 

N s~ ®s~ 
Hj = L J I 

i*j zj -Z; 

oui hp.Uiuinp.hhp.g q.nqhb.]1 hmhp.UihUIJm hmtfJiluinhpUihhhph hh, i ,j 
]lb.11h;puuhpg gmm hh uiUIJliu )3-h 2IJ.FtUIJ]l, np q hmhp.mtf l:; Uiqqnuf uui}i.h}i 
ouihp.Uiuinp.ll:: UJu ouihpIDump.J! qmhi.J.nuf l:; b.Uili. 1Iu}id-h]lq­
Qmtfnln11W.1intl.ti(1IQ) hUii.J.UiumptfUiu 1ll2 tfmumtf 

a'P N s~ ®s~ 
K-= L J I 'P 

ozj ioF'j zj -z; 
'-l.b"112tillu N qhuiUiup. qnnhumg]mh !pmhqgp.Uihhp.}i hmtfUip 

:q]l!p!php.hb.g]lml hmi.J.UiuIDp.mtf l::: qnh!pnp.tf t{hu-Qmuphn-1.,ntl}iqni.J.-

t{}iia-hb.Ji (t{Q'Lt{) tnlmmpJUIU tfb.2: s;-hpg SU(2) hwl..l("lwhwzlJ.jl 

qhhhpmuinphhp.h hh: Uiu hUii.J.ummp.tfmh imomtfhhpJ! qmp.hJli l 
hhp.qUI]Uighhl hb.UlUJ1lll pUiqtfUiq}i ]1.b.uib.qp.Uithhp.ntl_ 

'P(zp···ZN) = 4 .. 4 X(A,z)tp(A,z)dAi ... dAn 

np.mtf X :pmqg]:i.Uib. lj_Uinmgi.J.mtf l::: hj'fa :pmhqgpIDhhp.]1 oqhnt.p]mtfp h 

mb.]i hhmhJUil mhu;pg' 
N sis; n 1 sk 

z(A.,z) =IT (z; -z)-;-TI (...la -2;J;I1 (zk -A)-;· 
i-<.j a-</3 ky 

lJUIUUIJUil.J.mh UfUip.q_ hmupUihU12i.lJ:i. qhui;pnu.I Uhh;p 2hb.;p 4_Uip.nIJ.UIUnl.tf 
qp.hl OSBAE hllli.J.ummp.mtfg, pmJ9 qIDp.nIJ. hhp lmohl nl.IJ.11.IDqp 
gi.J.mqp~wuw4wll p.iuq.]ip.g q.UI:qb.h]i tfmqb.hmpqp. hmtlmp. h UIJbmhhuih 
lj_Uinmghl "lJQ hUitl_Uiump.tfmh lmomtfg: lmomtfb. mh]i bm]h mhup]! 
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, 

) 

}ih2uihu SU(2) 11huwmtf: x :pmuqg]im1Ji tlh2 1ll]U qlni:wnuf um'i.mu.f b.h 

UfUI]lq hIDhpmhlllztl}i mp.tfmmbb.p.g: 
2.3 b 2.4 pUid-}ib.l.Jhp.g hi.llip.tJ.Ulo b.b. 1Ih]id-hpq-QUitfnln:qW.lJ.ni.Ui 

hunlmmuptfIDh ll:b.IJ:hUihpmgulllhg li hp.mug lmomuhhp.]1. qmnmgtfUih"[! 
tmwl.JljjnLllwtwlf1w4wll h l::lP-uim]iq 11b.lllI!hp.111 .. tl: Uiu 
gh:qhmhpwgnLtfhhp."(! h]1.tfhtJ.Uio b.b Smhq-Pmpumb.p.}l. hUitl_ummptfmh 
b"nwll4Jml..lwtwlf1w4wll h l:::Jliuim]:i.q lmomuhb.11]1. pqIDq}u]:muqUib 
ulllhtfIDhhJlp tl.JlUI, npnhp uimJliu b.h q.n:qb.hp. t:mwll4Jmllwtwlf1w4wll h 
l:::Jliuim]lq tfmqhb.m]1.qhb.p"J!: U1uui}iuni.J. tfhhp mumtfhmu]1.p.mtf hhp XXZ h 
XYZ mhhmtfmub.n 6'.zqp.]lm imotJ.n:q tfn:qb.1uhp."[! b.p.1J2mtli gmhgp. tJ.pm, 
]lu2uib.u mng]lnhui1 lmomtfhb.p.}1. qbui;pmtf: Pb.mb.p U1qb.pp.U1pq IDhqUig]i 
tf}1.2ngni.J. qummgmtf b.b.p OSBAE hUii.J.muIDpmtf"(! h huizi.J.mtf lip.UI 
pi.J.majiqIDuIDqUib uIDhtfIDhg: bnUih"4JmhID2ID1p.UiqU1h 11huwmtI umIDhntu 
hh;p 

m fas; <p~ 
Hk<p = hk<p-L sinh(zk - Aa) a=l 

np.uihIJ. 

Hk = f . 1 [sk ®Si1 +Si ®s; +cos(zk -zi)Si @s:J 
;*k sm(zk - z;) 

q.mqhb.]l l:inwlllumllwtwlf1w4wll hmtf]11mnh1mli l:::: I>u2uihu h nuigpnhIDl 
qhui;pmtf' fa = 0, hk hIDb.:q)luwhmu l:il..I q.nqb.b.]l l:inwl..14JnLUW£Wlf1w4wl..I 

hUIU]llmnh]1.uib.]l uhtliIDqmb. mp.db.phb.p."[!: 'Lm]h c\hn-t]_ qummgtJ.mu hb. 
1Ih]lctb.]1.li-!2munlllIJ:W-4.ntl.Ji l:inwll4JnLUWfwlf1w4wl..I hm'1_Uium11uUib. 

o'P 
K-=Hk'P' 

ozk 
tmhmtfhhp.E ]1.hmhqp.m1 hhp.qm]mgtfUili uib.u;pni.J.' 

'P(zp···ZN) = 4 .. 4 z(2,z)<p(2,z)dA.i ... dArn, 

npmh11. x :pmhqg]lmh quinmgi.J.nt.u l hk 'fa :pmuqg]lmhhp.p u]12ngni.J.. 
N s1s1 m 1 sk 

z(2,z) =IT (sin(z; -zj))-;-IJ (sin(...la -Ap)iTI (sin(zk -...irf-;-: 
i*j eif'/3 ky 

I>ht.UJ. hu hp.hmu l:; m3u mpuimhUIJuintpJmh)l.g, uiiu :pmuqgp.mu 
Lmg]lnhm1 IJ:b.UJ.ppg mmp.php.i.J.mtf t hmtlUIUfllltnUlutumh !pmhqgpUiuhp"U: 
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Sin-ml ym]uuip.]lhb.1mJ., }lh2ui b.u :qm uib.aji mh}l hk, fa :J.lmhqgpmhb.p.}l 

IJ:b.uwmtl:l>h)_ '-l_b.p.mpb.p."4_nuf t 1:\Jluitnl14. trh]ldh]lq-.Qunin1n:qlli.lJ.n'-l}l 
hm"4_uiuuip.t.fuiu[l, UlUJ.Ul UI]h utnmg"4_m.tl 1:: 111hhmumub.n XYZ t.fn:qb.Ui 
11b.uwnu.f: U3u ui'-l_b.Ui pmp.:q lJ.wnmg"4_moE mhp h 1J:iuiuuinp.M.I '{Qt,fLp 
uib.ump3muu 1:: tnnp.p tlFm: Upl}]mhpnuf uuiUig"4_mu 1:: hm'-l_Uiump.mtl N 
q b.tnuih]l lJ.nnb.umg}lnh .'.bm.hqgpmJp hmuuip. h, pmgp umlnp.mqmh 
momhgJui1hb.p.pg UJ.mp.mhtuqmu 1:: uUih momugJm1 gum mnp.}l 
ui111p.php.mp-JUIU' w-p. 

K(~-r)'l' = ""r. (z. -z.)'I' -~(:E.'I'), 
a , .L.J '·' , , aw , 

rzj 1 ;1:1 

npml:iri r,,
1 

( ,i )-ll .124.wqtiri.wuwljwu tLtiLllmtiLt r-llwmntigu t, ti ult r, -ll b. 

:E, -ll i-riri. mwnwomraJwll 4.nw wqri.nri OLl.ll:inwmnnul:in l:iu: UJu 

hwt.J.wuwnuwll Lmbmlll.Jl:irin mrit.J.mtI bl! hl:imb.JWL pwqtiwLtti 
!il!U1 l:iq[lWLUb[1nt.J.' 

\f (z1,.··,zN) =cf ···cf X(A,z)ip(A,,z )dA,1 ···dAm, 

n11U1l:i1l ip(,i,z )-o Pbml:i!i Et.J.wqti11wuwlfwll WL!i.!2WJ!il.J ~ml.Jljg!iwll t, 

jlulj z(A.,z) q}lUJ.tnpq :pmuqg):l.1111.ib.p. hh' 
I 2 

N ;-- ,, - 1 

x(J.,z) = f1g(z1 -zj) "IJg(J.,, -J.P)"Tig(z1 -A,rr: 
j<i a<P j,y 

g(..1) == H(..1)0(..1) 
fl)wnqt.J.nllI t, n11 '-l_b.p.2J:l. hwt.J.wuwnnLlID. ub[1U1nf1blt Ltwl.l.lt.J.wb t U1n(1WJ!il.J 
tiwLtl:i11b.m.Jra!i 4.11w n11n2t.J.wb '-lbu-2mutiun-'-ltiratuti unri.l:iL!i 
Ltnnbuwgpnl.J ~mllljgpwul:irin llltw(lwq11n11, WJULl.jl:iU Ltnit.J.wb Ltutictlltilt-
2wlinLnri.ttiLtnt.J.-Pt:muw11ri.ti hwt.J.wuwnuwll hbU1: bp.p tnnp.}l 
UJ.Ulp.mt.fb.mp.b.p.pg tlhqg 6-qumLtl 1:: 111htlhp.2mp-1mh, Ulp.I}]m.hpm.t.f 
um111g4.mtl 1:: trhpdupq-.Quiun1n11W.lJ.n'-l}l bnwllljJmllwtwt.'1wljwll 
hUiu111p.m..ug: U'-l_b.1]1 puip.:q uruhtfuihm.u qummuUihp nmgpnhm1 
tmomuhhp.g: 
bppnPll qpu.J.ug h'-l}lp.tlmo 1:: 1 +1 2ru1J:imhp 6:2qp.ptn 1mo1l_nri un:qb.1hhp.mt.f 

qnnb.u111g]inh :j_>mhqgpmhhp.}l hUI21l_ump.qph, mJufhu 4.n211_uio , :pnp.u 
:pruquinp.hhp.}l op.mqp.ph: U3u &p.mqpp.g quiqunuf 1:: pnqauuip.tuaji 
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hp.qp.np.:q uuiul!' mhb.hm1n'-l. 6:2qp.}lm b.p.qm 4. b.mUiup S tf mmp.}lgo UJ. b.uip 1:: 
hm2tlh1 off-shell tlhomp-3mhhb.p.g, opplnuq qnnb.umg}lnh qmu 'lm3tnumu}i 
:pmhqgpmhb.p.'J!: .'.bnp.u-:pw.qump.ub.p.g lnlJ.1111 OUJ.b.p.mump.Ji O(x) 
u111mp.pgmqmu qb.Ub.huihhp.u hh :pp.q]:i.qlllqmli lJ.mqmmup. b. in, out 
'-l}ll\:mqhb.p.p t.fp2h 

F: (((p; + P)
2 + i&)(l:<;i-<j:<;n)) :== (0 I Q(O) I Pp···Pn I 0)~1 ,. .. a 

n 

11Llib.um1ntl :J.>np.t.f :pmquinp.hhp.g 4_Uip.n11. hhp hlll2tlhun1np. qnnhulllgpnh 
:pm.hqg}:nulib.p.g, Lfumlimtlnp.111tq b.u, b.p.q q huimhp l:T.UIJUlUU.IUp :pm.hqgpmh 
tp.tlpuiuiljwh OUJ. b.p.Uiuinp.p huit.fUip. ttlq1]1I}]mh Ulw.p.Uiomp-3munu.f' 

(0 I O(x)O(O) I 0) = f fd~p···d~n w:C.91,. .. .9n) 1
2 exp(-r 'tmi cosh(.9;)), 

n=O n .( 4;r) n=l 

Ilp.uihq r= ~~x-1 2 -+-x
2
-

2 DUII}Pllll h1mm11_np.mp-Jmlih 1::, lmq ,9' - h 

Uip.mqUI2mp.dmpJm.hh 1::, np.g quitq"4_mo 1:: ptfUJ.m1uJ:i hb.tn p = ms in h( .9) 
pmhma.b.n11_:: Utlb.1]1 hmp.ump. 1:: uUihtfmhb.1 oduiuuiqmq :pnp.tl- :pmqUlllp. 

.'.bm.uqgpuih' J;· .. n ( .9), np.h uihmlli.Ul}iq :pm.hqg}l.m 1:: pn1np. .9-hb.p.pg, p 
uimppb.p.mp-JmU 11_hpg umhtfmhll_UI&,.'.J?np.tf-:j_>uiqUlllp.p np')! qm]ulj_m& 1::p. .9-
hhp.li mUip.phpmp-mliuhp.pg: U3h hUitlJ:!liqhmtf 1:: 'J!UIJ:hmhpuigtluio :J.>np.tf -
:pUiqUlnp.}l hb.Ul, .91 >- .92 >- ... .9n :qb.uipm.u: Ph)_UJ.b.U gm19 1:: U1p.11_m& 

mmhhmJ:unump-3uiu tfh21 UlJU :pnp.tl- :PUiqump. :J.>mhqgplilh pU111_mpU1p.mtf 1:: 
hhUlb.JUll '{trU hUitlmuuip.mt.fhhp}l hmtflllquip.q}ih 

{i) Jl::·n( ... .9.,.9 .... ) = Jl.:~( ... .9.,.9 .... )S .. (.9. -.9.)' 
... !J... l ) ••. JI j l !J l j 

(ii) Ji'.:.·~n ( .91, .92' · · ,,9n) = /2
1
.:::1 ( .92' · .. .9n' ,91 - 2i;r)' 

(iii) Res.q2 =;"J;'.:.·~n (.91' ... .9n) = 2iC12fL: (.93 ,. .. .9n)(l-S2nS2n-1 '"S2J' 

(iv) Re S .q 2 =.9i~2> J;~ .... ~n ( .91, .92, · · . .9n )1J?ti22i = /ci2)~ .. n ( .9(12)' · · . .9n )~2iR(12) ' 

( ) .rl...n ( n + n + ) _ ±su .rl...n ( n n ) . v JJ...n 0'1 u, ... IJ'n u - e JJ...n O'p ... a'n • 
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U1umhrt tnlillll OUJ. hp.Ulmnp.J:?: &.liunjm]uqnu[ 1:; 0 ~ e±suo ,op.hb-i:1n4.' S-E: 

OUJ.hJlUllllllPP uUJ.llb.h l:;, p.uq cl2 -E: qntfUJ.thpu hw.Ullltnt.bmp]UlU 

tlw.mp.pgb l:;, rp h R -E: hw.umw.mmhhhp. hh: bp.pnpll ql]up. umlll2]ih h 

hp.qpnp.11 UUluhpnuf •l4:U hllll{Ul.ulllpmtlhhp]i tmbmuhl:q1E: qummgl{ht hh 
sine-Gordon-I?:, 1.J.Ulu np bm]hll 1:;, bpw.h l:;pl{p.l{llllhhm Spp.pbq]i ullluu]i-4_ 
tfD.I):hI]l hUl.tllllp. 

1 a 
E 0 =-(8µrp)2 +-2 (cos/Jrp-1) 

2 /3 
LMTM = ifJ(i')'V- M)lfl-_!_ g(ifJrµl/f )2 

2 
lmbmtfbhp.b mhhb hhmh]llll J:?:hql:uul.mt.p. mhupJ:?:. 

ft~.JfJ.1' ... .9-n) =cf dz1 •• 4 dzmh(.9-,z)p 0 (.9-, z)'I' 1...n (.9-, z), 

npuih:q 'I' -ti Phmh]i l{hqmnph qU1.nmg"4_lllb t SU(2) hwllpwhw24.r 
qb:UJ.:Fnt.li .Pht11bp Utqhpp.U1pl.J. mhqmgn-4_ h pw.l{w.p.w.p.nt.tf 1:; OSBAE 
hllll{mump.umhE:, ]iuq h !pnt.bqg]l.mh qwnmg"4_lllb 1:; u]l.w.Jh sine-Gordon-Ji 
S utUmp]ig]i tf]1.2ngn"4_: p-:pmuqgp.mh mmpphp OUJ.b:JltUmnphhp.]1. hw.ulllp 
mhp. mmp.php mhu}?hp h hpw. hw.tluip. ut11w.g"4_ht M.1. hw.ll.ummp.nufhhp: 
C1t11h"4_ht 1:; qhht11 n-]l. qhUJ.Pmtl p-:pmhqg]iuib 

p'f/ = ~±S(2~::Zr :L~> 

nJlmhrt s = s I q , s uUJ.llbll 1:;, ]l.uq q=n-2m ' o OUJ.bp.w.mnp.]l. I]lgph 1:;: Uiu 

~zqp.P.m mp.l}]nt.UFI! n=3,m=1 11hUJ.Pnu.f l{hpuibht hb:F 2w.p.pp. E:um 
S)l.p)ihqp unqhl.11 hWUlnWUlnLllr' g-p., UJ.uihhtn-4_ tlp.ui]h qbui]]lb uihqmtfg: 
U]lint.hhmh hm2'1hl hb:F l>h]btfuihp huitfUIUJ.UlU]:uuih qpmqpmtfE: h 
umuighl Lirhlint.Jb UlpllJnLUPE:· 

( 0 I !"( 0) I p., p,, p, I O);'. ~ -ig sinh( .9,, ) u (p,) cosh( +) + u(p,) cosh(f) 

2 h(912 9 9 cos -) cosh(---11.) cosh(-11.) 
2 2 2 

·22 

- ----- . 

Qnl]qq hu11nh]l "4Jlc'.lmquhpp. :P!J.>-lihpp. huiump p-!pnLhqg]lmJ]l urqh1}1 2wm 
op.p.huiqbhp hh qmhl\.ht 

pif'f/ (.9-,z) = N:'f/ q_(.9-,z), 
- s - 5 

pl/fr'{/ ( .9-, z) = N:r '{/ q+ ( .9-, z), 
n 

p 1
± (9,z) = ±N~·c[.,,e"01 r1 q_(S,z), 

i=l 

n m n m 

q±(.9-,z) = "L:e±BiLez' ± ~>Biz:e-z': 
i=l i=I i=l i=l 

P !pmhl19]1.mhhp.E: qmhl1_ht hh hw.h l:;hhp.q]iw.-]ltfUJ.m1uJ.i. ia-hhqnp.p. h pw.p.&p. 
]1.hmhqp.U1lhhJl}?. hw.ump.: 'lhp.J:?: h2l\.U1b oUJ.b:pmmnphhp.]1 hlllUUIJl hm2l\.l\.ht 
hh hp.qm h pUl.nU.11.J.hm !p!p-hhp.E: ilNp.J.i.m pwltw6h)i l.Ip2ngn4_, puq 
lli]hmhhuih l\.hp.U.1.bl\.ht hh 2mp.}?)i gum S)ip.)ihq]i tflll}b.1]1 g hU.1.UUlU.l.mnt.hp: 
L:.U.1.ztl"4.ht hu hllih :oh1uuU.1.hp qpU.1.qp.U.1.tfuhp.J:?: tint.1u OUJ.hJ:l.UlUlllJlhhJl]l. 
hmtfuq1: Upq]mhphhp.J:?: hw.tfhqlinuf b:U: U]utnh:q php.hhp tfpU.1.]U tfhq 
op.phw.q' hnuw.bp]l. pw.nmq htn :pnp.tl- :pw.qtnnpJ:?: 

-± 1 sinh _!_ .9-12 sinh _!_ ,9.34 1 4 4 

f 1 (.9-)=--gM 2 
1 

2 cosh-(,Sb+.9-24)Le8'Le-8
' 

2 IT co sh - .[).. 2 i=l t=l 

Hj 2 lJ 

Onnonno a1mtua h"4Jlp.ll.w.b 1:; Ehqhw.bmp :j>np.U:- :j>w.qmnp.w.Jpb 
pU!btUA.h]l. q]lp.ummra-1mhhhp.}1h. Unm2ph]! pp.}i.qhpU1])l.h :pnptf­
:j>mqtnnp.hhp.J:?: hm2ll.h1mh h hp.qpnp.q' up. pU1hp mp.]l.2 tfD.I):hthhp.nt.tf :P:P· 
hpg hU124.htmh: UJUJ.pun-4_, hph mhhhp untlitnnhui])l.h :p:p-ub.p.g, tUUJ.UI 
tfhbp hh2tnnt.p]U1Up qllip.n:q hbp hU12ll.hup]l.qhp.ui1ph :j>:j>-hp.g 
oqtnlliqnpbhtnl{ (iv) '{Y:U huiil.mump.mtfE, UI]Uphph, J:?:huip.nt.U: hhp 
hU1UU1UJ.UitnUlu}uuih un1]1mnh-U1hm]mntl1tnnb qw.UJ.'-l_w.b "4Jl.6w.4.]l. phhnO. h 
unI]lmnblll]ph :p:p-hp]l.g umw.bmtf pp.]l.qhp.lll])ih :p:p-hhp.J:?:: UtnU.1.g1l_U1b 
pp.]1.qhpU1Jph E:h11hmhmp. :p:p -hhp.]l. pIDhlllA.b.l! UJ.Uip.mbuiqmu 1: p­
:pmbqg]l.w.h: U3u 6:mb.U1UJ.lllphnl\. tlh'i.ip qmp.n:q hhp hU.12'1hl pp.]lq hp.U.1.]]l.b 
l}U12ui}i. muui}i.c'.lllihbhp.]l. !J.>:P-E: h l:;Euqn'i.ihhg)1.U.1111ui2ui]l. :P:P-E:: 
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.Z.mtfhumuih1ni.J. tfJ:l.tfJlll'i.ig hhm, hUlbqmu hbp ptj_UiuIDUIJJ:l.b sine­
Gordon~p. hUitJ.mumptfUib.J:! 

mp+ a
2 

sin/Jrp = 0, 
/3 

2 1rv 1 ·p O orp + m . : sm rp := : 
SlllJZV j3 

Unw2P.uE qwumlJ.Uiu hUitJ.lllumpm.tfb t, pulJ. hplJ.p.np.q"(!' EtJ.IDumUIJpb. 
hmtJ.Uiump.nttf"[!: .Z.Ultfhummh1ni.J. pp.mp hhui, hmb.qm.tf hb.p 
tfhpq qmuqi{mop h i.J.hpmbnp.tfmi.J.np.i{mo qlllhqi.J.mo]:i. tf]:i.2h qunaj1b 

2 JZV a=m--
sinnv 

U]U mp.q]m'tipg lJ.mphl.]:l t UUlllt.qhL ]unuinp.nt.tfb.hp.p lllhump]mb pn1np. 
qmp.qhp.nt.tf: Qnpp.nJlI} qJ.lunuf ummffllhL hb. b.mh Z(N) l>qpb.qp tfnqhl.]:l n 
q htnmb.]:i. l>l>-hp.g tfp 2mpp otq hp.wmnp.uhp.]:i.' u]:i.qtfm h tfJm (Z(N)-J:i 
qhuwnuf upmb.p 2mm hu) otqhpmumpbhp.J:i hmtfmp: 2:.m21{4.Ulo hb. hmh 
lliJ1l otq hp.lllmnpuhp.]l tf]:i2h qm.ftfmmwgpnh Uinu~nt.J_UJnt.bhhp.g: Ulllmgl{h1 
hu hmh A(N-1) SmpuJJ:i tfUluu]:i.tJ. uihunt.J_UJmh qm2m]:i. h l:;Eutqnbhb.g]:i.m1 
qm2m]:i. :p:p-uhp"[! h gm1g t mptJ.h1 np. pi.J.mbmm1]1.u :qm2m]l SllIJ:mJ]:i. 
hmlJ.mump.mtfE mhaji mu]:i. tfhJ.llJ. h i{hp.mbnJ.ltfmi{nptJ.mo qUib.qtJ.mohhJ.lp 
tfli2h hwummmi{lllo qllltq]l qhtqpnu.f: 

t:Janw/Jwgm@mLlil!l:m 

U]Utqpunl{ Ullllhum]ununt.J_U]lllU uh2 Ullllligi{h1 hb. hb.Ulh]llll Uljll}Jlll.Upuhp."(!. 

i.q.mb.tJ.ht t lpm.fUIJUilJ.mu S uuUibntJ. gbqhmup.mgi{UI& 2:.UI]q hhphp.q]:i 

tfUiqb.hm]:i.qp 6:2qp]:i.tn utq hlJ.tnJ.1E:UtnmgtJ.h1 t ]:iumb:qp.Uil 

hlll"y_UIUUI[Ult.tfuhpp hUiumqUipqE, IlJ.lJ:! uqUip.Uiqpmu C tfnqhl.):l 

pb:ptfnIJ:libwt.fjJ.qmu: 

2. litunmgtJ.b:L l:: Phlllhp Eb.IJ:hmupUigtJ.1110 (off-shell) muqlllgE, np.g, p 
Uluippb:p.nt.J_UJnt.b um1_np.mqmu Phlllh]l muquigp. , 1momtf t ]1.b.~tq hu 

tfmlllp.]lgmqmh IJ::ti!l>:Php.b:hgpID1 IDJhtq hu q 11]1.ulJ.p.b:tn IJ::ti:P:Php.hugJ:i.UIL 

hUil{IDuuipmtfhhp: 
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3.lrummgtJ.b:t bu lrb]:i.db]lq-9.Uitfn1IlIJ:W.4.n1lJ:i hUitJ.umUip.tfUlu 1m&mtfuhp.E 

putnhqp.llll hl•pqmJUigtfmb tnhupntl_, oqtnwqnpoh1ni.J. pi{UiqpquiuUiqUiu 

uUiht.fUiumu qlllhl{Uio Phmh]:i. off-shell tJ.b:qmnpE' SU(2) ]:i.U-Qmp.]:i.mum 

hp.~unp uibhwthuuhn qmqUIFUIJpb glllhg]:i. hUit.fmp : 

4.1.,miu i\hnl{ qmnmgtJ.ht hu lrb]:i.db.]1.q-9.mt.fn1n:qW.qn1l]:i 

hnmh4.Jmum~unJnul.pub hwl{Uiump.uwb 1momt.fbhp.E' oqmmqnp.oh1ni.J. 

XXZ mbhmtfmuhn qmqwJ_UUI]ph gmbg]:i. Phlllhp tJ.hqtnnp."(!: 

5.CbqhUiup.mgtJ.b:t t SU(2) pb:t1_mp.]1.Ulum qmqmpUIJ]1.b gUiug]1. Pb:mh]l 

tJ.hqmnp.]l h SU(2) }lbl{Uip]:i.mum "4:u]:i.du]1.q-9.mtfn1nqW.qn1l]:i 1monu.fbb:p.]1. 

tf]1.2h ummgl{mo lJ.UltqE l]1.]:i. lJ.UitfUIJllllJ.mu tqUip.q hmup.UihUI21lJ:i :qhtqpm.tf: 

6. "4:umm.gi{h1 l:: Phwb:p. i{hqwnphhp.J:i. pi{mqjJ.qUiuUiqlllu umhtfmbE 

tqmp.q hUihp.mhlll2]1.tJ.bhp.]l :qhuwm.t.f: 

7.8mJg t mp.-t1_mo, np 1+1 ~m1p.Uiup 6:2qp.]1.tn 1mol{nq tfn11h1bhp.mtf 1nqm1 

otq hp.mmnp.hhp]l :pnp.u-:pmqmnp.b.hp.p hmtfmp. qpl.J.mo "lUIJU-lJ:mp.ml_uqp­

Utfpp.bml-P. hllllj_ummp.mtfuhpg nhl}nt.qg]lnu plllhUii\.hhp.]1. hhtnhUI'tlp hu: 

8. UnU12lllP.l.J.tlht t, tfnqhl.]:lg mbqm]u, l!b.IJ:hlllbnt.p. pmulll6.h :pnp.tf­

:pmqtnnp:bhp.]:i. hllltflllp., oqlllUiqnp.oh1n1.J. Phmhp EbIJ:hlllhp.lllgtJ.mo muqmgE: 

Umuhlll"tj_np.wtq hu sine-Gordon tflli}hl.]:l hmtfmp. mum.tfumupp.tJ.b:1 t 

1momtfl! t.f]:i. plllb.p otqhp.mump.b.hp]::i qhtqpmu: 

9. Ummgi.J.ht l:: unl.]:lmnbm1]1.u IJ:ll12ll1P hnmqhui .'pnp.ii-:pmquinp.E h 

hmuhtfmui-t1_h1 t }unump.nufb.hp.]l whumpimup hU12tJ.i{mo :Jmp.tf -

:pmqtnnp.]l hhm: Up.Uiug hlll1.f"[!b.l.jhmtf"[! hmuuimmnuf t EUIJ:hmhmp. 

:pnp.tf ml.]:lqup 6:2uimJ_U]nt.hE: 

10) q.wl.JlJ.ht t bnp. uhp.qm]mgmtf sine-Gordon tfnqhl.]:l qnt.Jq qlnnmu]l 

:pnp.tf-:J.>mqmnphhpjJ. hmtfmp: 

11. bpqm h pmnw.qhm :pnp.tf- !i>llll.J.lllllp.hhp"(! , i.J.hpmoh1n"4. 2lllJll?P "(!Um 

SppJ1hq]1. tfnqhl.]:l hmumuunmup. m tqmhh1ni.J. t.fP.w1u qow1P.u mb.I):wtfbhpE, 

hrntfhtfmm1l"h1 hu l>hJhtfrnh]l qprnqrm1tfbhpp. hhlll: 1.,pllihg 1.PPlJ. 
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hunf-ghql:un.ul! huiumuimm.u l OUJ. hp.uiump.hhp.]l hm.j'umquibmpJm..hJ! J!UUl 

J!htµimhm..p. puihuiO.b.]1:: 

12. -:f?l{_uilnnlllJ]lh :qmzm]l mhum{a]Ul.U uh2 UUlhtimhtlh1 l p-:)?m..hqgplll]]l 

quiqU11p.U1p.{! Ul.Uhh u]l 1n\illll OUJ.hp.Ulump.p hlllUUlp.: 

13. P.p.pqhp.m3ph :)?np.u-:pwqmnp.hhp.]l hlllUlllp. qmhll_ht 1::; hnp. 

hhp.quiJlllgmu, nph -ghqp.qnuf uhp. qnqu]lg hnp hhp.umol{_mo p-

:)?mhqgpmh: 

14. q.mhll_ht l O:zqp.pm pl{_mhmmJ]lh sine-Gordon-p. IJ.Ulzm}i 

hllll{_UluWpmtl']!, np.{! mhajl m.h]l uhpq h lj_hp.Ulb.np.Ullll{_np.lj_Ulo 

qwhqtl_mohhp.p U}l.2b. npnzuiqp qIDUJ.]l :qhllJJ!nuf: 

15. q.mhll_ht l pp]lq hplll]ph :)?npu-:j>lllqumphhp.]l Ulupu~mmnpq l{_mpp-g 

phm.plllqp.nq plllhlllil.b.p plllglllmp.mp]Ill.UJ!, h]lub.tl_h1ntl "<l.lllJhphpqp 

]unump.mtlhhp]l mhumpJmhmu um]lu~mnm]lq tlIDPPl! qhmhmmnq 

phn11hu "4p.Ut: 

16.Y:ummgtlht hu Z(N) t>q]luq]l un:qhll1 tnlim1 OUJ.hp.uimnp.b.hp]l hmuUlp 

pw.quIDq hmlllh]l :j>npu-:puiqumphh11f!: 

17. q.mh4.h1 l ]lhmhqp.m1 hhp.qlll]lllgmu' A(N-1) Sn:qlllJ]l p.umhqp.tl_nq 

un:qhtl1 :quizm]l b. lpuUJ.nhhhg]1m1 l}lll2mP. plllquuiqhmuihp :j>npu­

:j>lllqmnphhp.]1 hmtllllp.: 
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,Q1.1ccepTaL1lllOHHa.s:i pa6orn noce.s:ill.\eHa 1113y4eH11110 ABYMepHblX 
T04HOpewaeMblX KBaHTOnoneBblX li1 peweT04HblX CTaTcj:>l.131114eCKlllX 
MOAenelli, a TalOKe pa3Bli1Tlill0 HOBblX MeTOAOB 1.1ccneAOB8Hlilfl. 

OCHOBHble pe3yJlbT8Tbl, nony4eHHble B pa6orn: 
1. BnepBbJe nocrpoeH 111 T04HO peweH aH"130TponHbllli MarHeTVIK 

ra!li3eH6epra C npOl.13BOJlbHblM CnlilHOM S. nony4eHa ClllCTeMa 
V1HTerpa11bHblX ypaBHeHl1Vi onli1CblB810ll.\8.fl TepMOA11H8MlllKY 
MO,QeJll-1. 

2. Bnepsb1e npe.QJ10>1<eH 0606ll.\eHHb1VI aH3aL.I 6ern 1.111111 off-shell 
Bethe ansatz, KOTOpblVI, B OTJlVl4V10 OT HOpMaJlbHOro 6eTe 
aHaaL1a, pewaeT MaTpli14HbJe A1.1cpcpepeH1...11.1anbHb1e 11 
MaTpV14Hble pa3HOCTHble ypaeHeHVl.fl. 

3. 111cnOJlb3Y.fl BOJlHOBYIO cpyHKL.11'1!0 6ern o606ll.\eHHOro 6eTe 
aH38L\a SU(2) 1.1Hsap1.1aHTHOVi HeOAHOPOAHOVi sepw1.1HHolii 
MOAeJll-1 BHe M8CCOBOl'li noeepXHOCrn B KBa3V1KJlaCCl.14eCKOM 
npe,qene, nocTpoeHo peweH1.1e ypasHeHJA.fl KH11)l(Hlr1Ka-
3aMono.Q4111KoBa. 

4. 111cnoJlb3Yfl BOJlHOBYIO cpyHKL.111!0 6eTe o606ll.\eHHOro 6eTe 
aH38Lla All.fl xxz HeO,QHOPOAHOVi sepW11HHOJIJ MOAeJll.1 BHe 
MaCCOBOJIJ noeepXHOCrn B KB8311KJl8CCl14eCKOM npeAene, 
nocTpoeHO peweHl-16 Tp11rOHOMeTpl14eCKOro ypaBHeHlll.fl 
KH111)l(Hll!Ka-3aMonog4111Kosa. 

5. 0606ll.\eHa paHee nony4eHHa.fl CB.fl3b Me>KAY ypaBHeHl.1eM off­
shell Bethe ansatz-a ,QJl.fl HeOAHOPOAHOlii SU(2) sepWlllHHOVi 
MOAen111 s KBaa111Knacc1114ecKOM npeAene 111 SU(2) 11Hsap11aHTHblM 
ypasHeH11eM KHlll)l(H!llKa-3aMonoA4V1KOBa Ha cny4a!IJ 
npoasonbHOVi npocrn!IJ anre6pb1 n1.1. 

6. nocTpoeH KBa3111KJlaCClll4eCKVl171 npeAeJl scex BeKTopoB 6eTe(AJlfl 
scex npoCTblX KOpHeBblX Cli1CT0M). 

7. np11seAeHbl AeTanbHb1e apryMeHTbl .QJlfl nonyYeHV1.fl ypasHeHli1.fl 
BaV!ca -KaposcKoro- CM1i1pHoro AJl.fl cpopM cpaKTopos. 
8. Vlcnollb3Y.fl off-shell Bethe ansatz, npe.QJlO)f(eHa 06ll.\a.fl cpopMyna 
All.fl He4eTHblX cpopM cpaKTOpOB B MOAeJlli1 sine-Gordon, TaK )Ke KaK B 
MOAellVl T11ppli1Hra. 
9. Bbl41i1CJleH TpeXT04e4Hbl!IJ cj:>opM-cpaKTop COJlVlTOHHOro 
non.s:i.npose.QeHo cpasHeHvie nony4eHHblX pe3y11bTarns c rnop111elli 
B03MYll.\eHlll.fl,11 :no nOATBep>f<AaeT 06ll.\lllVI cpopMaJll13M. 
10. Hai'.1,QeHO HOBOe npe,QCTaeneHVJe ,QJl.fl cpopM cj:>aKTOpOB B MOAelll1 
sine-Gordon c 4eTHblM 4V1CJlOM T04eK. 
11. nposepeHO COOTBeTCTBVle T04HblX peay11bTaTOB C pa3JlO)l(eHVleM 
no .Qli1arpaMMaM <t>etiHMaHa All.fl noKaJlbHblX onepampos. 
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12. .Qrn:r Ka)f{,Qoro noKanbHoro oneparopa BBe,qeHo noH.sn111e p­
cpyHKL!lillil B KB8HTOBOH Teop111111 non.si. 
13. Har:;;,qeHo Hoaoe npe,qcraaneH1i1e .QnH 6p1i1aepHblX cpopM 
cj:>aKTOpoB co,qep)f{a~lilH BHOBb BHeceHlilH p- ¢YHK411IO. 
14. Harll,qeHo, YTO TOYHOe KBaHTOBOe ypaBHeH1o1e sine-Gordon 
BblnOilHHeTCH np1o1 ycnoe1o1e TOYHOro COOTHOW9Hlile Me)f{,Qy ronol1 Iii 
nepeHopM11poBaHHor/l MaccaMlil. 

15. np11Be,QeHbl apryMeHTbl B nOJlb3Y 8ClilMnTOTlilY6CKOro nOB6,Q6HlilH 
6030HHblX cj:>OpM cpaKTopos, KOTOpble MOTlilBlilPYIOTCH reopeMol1 
BarllH6epra B reop1t11t1 eoaMy~eH11s:i. 
16. nonyYeHa o6~aH cj:>opMyna ,QnH cpopM cpaKTopos B Z(N) 
Mo,qen1.1 ltla1i1Hra AnH HecKonbK"1X oneparopos. 
17. B A(N-1) "1HTerp1.1pyeMol1 Mo,qen1o1 To,qa .QilH MHororoYeYHblX 
Q:>opM <PaKTopos non.s:i ..., 3KcnoHeH41.1anbHoro nons:i HaH,QeHo 
lllHTerpanbHoe npe,Qcras11eH1t1e. 
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