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pwtl.w4wCi ibCi tnbumpJmCin tSzq.pfltn Lm6bLm hwtlwp: 1984 p. 
U.PbLwtl.flCin. U. '1'lnuw4mln bl U.QwtlnLnl'J.if14n4.n flpbCig hfltlCiw11w11 
wztuwtnwCi9mtl [1] QnLJQ bCi Lml.bL, np flpwtl.fl!Sw4n 4tnpm4 4b11LL1ml. 
Lflntutl.mll t b114!Wl.fl U1Wpw6mpjwCi ub2: 1fltlCiw4wCi UIWU1lSWll[l b114!Wl.fl 
inwpw6mpJwCi 4nCi!j>npu tutlpfl wCi4.b112 !Wl.flnr1.w4wCimpJmCiCi t: UJu 
1'].bll!.Qnttl 4nCi!j>nptl tutlpfl q.bGbpwumpGbp[l pwtl.wpwpnul bCi 4.flpwunpnJfl 
WLq.bppwJfl 4ntlmmwgflnG wnCi!nLf)JnLCiCibpflCi' 
[Ln,Lm] = (n-m)Ln+m +c /12(n3 -n)Jn+m,O: 4.ppwunpnjp WLq.bppw(j wLl.bLfl t1.w11. 

!pflqf14w t CibJ1Um64.bL nlctbq Lflntuwq11bgmpJmGCibpfl l'J.nLWL 
nbqnCiwCiuwjpCi Unl').btfl bl LWllbllfl tnbumpjwG 4WLLIW4gmpjwtlp [2]: 
4.flpwunpnJti WLq.bppwJfl l.jbCitnpnCiwl.jwCi Lfl9ECl' c-G, l.jwpbrnp 
UIW(lWUbtn(l t, n11n pCimpwq.pmtl t tntl.Jwt 4nG!j>nptl mbumpJmCin: 
OpflCiwl.j 411ti1nfll.jwl.jwCi l°'qflCiq.fl un11bLmll c=1/2, flul.j wnwCig qwCiq.tl.w6fl 
wqwtn pnqnCiwJpCi 11w2mfl 11bLL1.emtl c=1: n11n2 wnnlllntl. 4bCimpnCiw4wCi 
LP99Cl l.jwJlbLfl t hwtlwpbt hwtlw4wpq.fl hbnnL mwpw6t1.n11. 
!l>tm4mmwgpwCibJ1[l Cil.jwpwq.pnq wqwtnmpJWCi wumflllwCiCibpfl Ptl.'1 
W(ll'J.JnLCiWpW(l !Wljl: Lt'lS-ti tl.f16w4Cibp[l, '1Ci!LL1bU Ciwbl tn4WL 11w2mb11n 
ri.wuwl.jwpq.4.ntu bCi hwuwCiwJG 4.flpwunpnJfl WLq.bp(lWJjl !Pb11tl.n11. 
Gbpl.jwJwgmtlGbpjl: UnwCioGwLL1bU 4w11brn11 r).b(l bG l.jwtnwpmtl 
wnw2CiwJf1Ci (primary) 11wzmbJ1[l bl Ci11wCig hwUWUIWUlWUtuwCi 
tl.tillwl.jCib11n. n11nCi9, Cib114w1wgmuCib11ti mbunLpJwCi Lbqtl.ntl. wuw6, 
4.ppwunrm1'1 wtq.bp11w1ti Cibpl.jw1wgnltlGb11'1 gw6pwq,mJCi 4211nt1. 
tl.b4tnnpubpCi bu: Unw2CiwJtiCi 11w2mb11a ou.ib11uimn11wl.jwu 
w11mwri.111wLGl:i11'1 tl.b11tm6mp1wCi Cil.jwmuwup l.jwqumu bCi Ljlw4 
wtq.l:ip11w: UJu OLL1b11wmn11w1'1Ci ULq.bp11w1'1 (OU) l.jw11mgt1.w6.ewJpCi 
q.n116wl.jjlgCib11n wnw2uwJ'1Ci CizwCiwl.jmpJmCi mCibCi, 9wCiti np 1111wGg 
tlti2ngn4_ l.jwuw1wl.jwCi llzmmpJwtlp 4w11bLti t hwztl.bL pwquw4bmwG'1 
4nnbuwgflnCi !j>mCil.jgpwCibpa: Sm11w9wCi!.Jm11 Lt'lS wCihpwd'b2mwpw11 
Ll!Wf.lmCiwl.jmu t 2 ULL1'1Cin4. hntmlnp!j> u.iwhLL1wCitl.n11. hnuwG9' tCib11q.tiw­
fltlu.imtu'1 pbCiqnp[!, pwJg aOri.hwCinwlllbu wuw6 mbumpJmCin 4w11n11. t 
mCibCiWL Ciwbl WJL Ull.ljlCiCibnml U1Wgmg'1! LL1WhLL1WCitl.n11. hnuwG9Gb11: 
Pntnn WJULlltiuti 11b1.1.19bnmtl upllbtnntiwJti WLq.bp11wCi wt1.bL'1 hwpmum t 
bl WJCi [lCil'J.Q.1'14nttl t '-l.'1nwunnnJ'1 WLQ.bppwCi n[lll!bU bCipWWLq.bppw: 
UJULl!bU, ori'1Ciw4, 3/2 ULL1'1Cintl. hnuwCi.e'1 wn4WJnLpJmGn hwGq.bgGnttl t 
ubLJnt-Ct.l.wng-llwunCip Wtq.bpriwJn4_ Gl.jwpwq.114_nq unlll!bll4nCi!j>nptl 
hwow1wLtimpjwo: UJO 11tu.i9n. bpp wnl.jw bG tljl .QWGjl s=1 uu.itiunLt 
hnuwCi9ubn, tinw4w0wgtl.mtl t q.np6nqmpJwCi llb2 mnu.intnq,tiw4wCi 
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WCil'J.WO UIW[lntGw4n11. ujlq.tlw-tlnri.btGl:ipmtl' WJULl!bU 4n1Ltw6 '-l.bu­
Qmtlf1Cin-'Lmlti4ml-4.'1pbCifl tlnri.btGbpmtl [3,4,5,6]: Lmtnnpw4wJpCi 
ULL1f1Cint.I. hnuwCi9Cibp[l (LL1W1'1W!f>brillflnGwJjlCi hnuwCipCib11) CimJCill!bU 
pmJLWU1JlbL'1 bCi: Pntn(l tl.bpnh'12JWL 11bLL1.eb11'1 hwtlwp l.jummg4_w6 bu 
wCi4.bJ12 pt.l.ntl. tSzq.pjltn tm6t.1.n11. onri.l:itCibJ1: [7] bl [8] w2tuwtnwCi9Cibrimtl 
qwpq.wgqw6 t OLL1b11wtnn(lWJjlCi Wtq.bpflWJP 4wnmgqw69wJpCi 
q.np6w4flgubrifl hw2t1.tlwCi tljl Wfll'J.JnlCiwt.lbm !lbpn11· nb4m111:iCi1n 
wnCi1mp1mGCil:i11'1 ubpn110: UJu llbpnri.n hCiwpwtl.npnlpJmCi t tnwttiu q.mCibt 
OU-ti pntn11 4wnmg4_w69w1'1Ci q.n116w4j19Cib11n' nLUmllCiwuf111btntl. tlflwJCi 
n11n2 rnfllllfl wnwGCiCiwll!bu LL1W(lq !n(lu-4bmwGfl 4nnl:iuwgflnCi 
!j>mGl.jgjlwGbp: Oq.1nwq.np6btntl. WJU tlbpn11n' [7], [8] w2tuwmwG9Cibpmtl 
tSzq,pflrn W(ltnWhWJl11nLpJmGGbp bCi umwgtl.bt N=1 umLL1b114nCi!j>npll bL 4/3 
ULL1f1Cintl. LL1W1'1W!i>b11tlflnGwJpCi tlnl').btCibpfl OU-fl P"Ll'!ll 4wnmgL1.w69wJf1Ci 
q.n116w4jlgCib11fl hwllw11: 1wp4 t Cizbt. n11 WJU tlbpn11'1 
Wfll'J.JnLGwll,l:itnmpJmCin pCiwtl. tL !'1 uwhtlwCiwljlw4tl.nul 4.b11nhf1ZJWL 
l'J.bLL1.eb11nt1.: UwuGwLtn11wLL1bU [9], [1 O] w2tuwmwCi9Cib11mo gmJg t 
m11tl.w6, nri GnLJCi q.wqwljlwriCibrio 4wribt'1 t hw2n11.mpJwllp 4'1riwnbt 
bri4!Wt'1 umLL1l:iriq.11wtl.fltnwgj1wJfl (N=1 UntLL1b11-Lflmtl.flL) rnbumpJWCi tlb2. 
nrin. '1Ci!LL1l:iU 9w2 hwJtnCifl t, n! 4riflmti4w4wCi (d<10) umLL1l:iritwrib11'1 tljl 
tw4wCi pw11.wri.11f11G t 4wqllmtl: [1 O]-mtl hw2Lt4.w6 bCi umLL1b11-Lflmtl.'1L'1 
rnbumpJwG pntn11 bpb9-l.jbmwujl bl n11n2 !n11u-41:itnwCijl l.jnnbuwgjlnCi 
!j>mGl.jgjlwGl:i11n. '1Ciiu.ibu ul:iljm-Ctl.wrigjl, WJCill!l:iU tt flwllnGjl 
Ub4tnnpCibrmtl: npll!bU hbtnl:iLWGp 6zq.riptn Wf1U1WhWJU1nLpjmCiCibri bCi 
q.rnCitl.l:iL Ciwbl UnLLL1b11-Ltim4.'1L'1 WCil'j.f1Wl'J.WpMw(j q.nri6w4jlgGbri'1 
hwtlwri: n11n2 wCihpwd'bztn nCi11hwGpwgmtlCibrijlg hbtnn tlbpnri.o 4wribt'1 
t 4tiriwnbt bqril:ip mGbgnq Lt'lS-Cib11mo: 4.l:i112'1GCil:i11u LWJCi 
4flpwnnlpJmCiCibp mCil:iCi flGiu.ibu tl.flt1w4wq.riw4wCi :Pflqf14WJmtl (opf1Ciw4' 
bqpwJjlCi 4ritirnfl4w4wCi b(ll:iLntJpCib11. 9t1.wGtnWJf1Ci 1nLfl t!l>b4tn, LtnCil').nJfl 
Llll1"PLbtl bl WJLG), WJGLL1bU tL pwg LW(lbl'1'1 mbumpJmCimtl: 

LtwllwJw4wCi $2'18 4wril:it'1 t 11flmwri4bt nrill!bu Lt'lS' tuntnnritl.w6 
nbtbtl.wCirn OLL1l:i11wmnpGbpntl. (w1uflG9Ci' WJCilllfluti OLL1bpwmnriul:ipnt1.. 
nrinGg wGnllwt 1wljlnqwl.jwCimpJmCin Lfln.eri t 1.r1wriw6nLpJwCi-d'wtlwCiw4'1 
!WLjlnqwl.jwCimpjmGflg): bpb tun1.r1npnuljlg hbtnn llwuCitJ4Gbpflg nowCi9 
zwrimCiwl.jmtl bCi llGwt wnwCig qwCiq.tl.w6fl, mbumpJWCi j1Ci!j>11wl.jwptlflp 
uwhtlwG[! 4114'1Ci 4nCi!j>n11tl tnbumpJmCi t, n11'1 4bCitnpnCiwl.jwCi L'19El! 
hwtlwCiwJCi Qwllntn11!'14ntl.'1 pbnpbtljl, LL1W1'1tnwtl.n11 t L'1Cibt wtl.bL'1 Ljln9p, 
j;!WCi CiwtuCiwl.jwCi "mtm11wtlwGntzw4wq.m1Ci" 4nCi!j>nnll tnbumpJWCiCi t: 
UJu 11bLL19mll w11w2wCimtl t nl:iGn11tl-tuupwJjlCi : hnu9 
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mbumpJwu Lil..llbltmpfl Ltummguwu[!, wCihwubUw111 lllWLtwu 
wprumuwt.Lbm t LnLtwL off-shell hwm4mpJmCiubpfl, flCi!l.llbu optiCiw4 
.'.j>npu-:Pw4i.nnpubpfl bl 4nnbuwgflnu !j>nlCiltgtiwubpti mumuCiwuflpuwCi 
tuurwmu: l>'1qf14w4wu hbi.nw.ernmmpJmCi Cibpltw1wgun11. tlnri.bLCibpti off­
shell hwmLtmpJnluCibp[! mumuCiwutiribLflu ubpnri.fl wriri.JmCiwt.1.b111mpJwCi 
pwpdriwguwCi lflnpd LtwribL'1 t hwuwpbL 'lriflCi:PbLri.'1 Pt.l.tiumfl ltflpwnmuo, 
nrifl WPllJnLU.QnLU ui.nwgtl,mu t tl.fll'.SwltCibflfl LnWpw6nlpjWU Ufl WJUlllflUfl 
pwqflu, nrimu pblbnwguwu pwpri. bpbLnlJpCibri!! huwriwtl,npfluu lfln.ep bCi 
[23,24,25): 

'-lb112f1Ci i.nwuCiwu1w4mu i.nbuw4wu pwpdri tul:iriq.flwul:irifl 
!j>flqflltWJnLO ltWLnWpqw6 WUbuwtwLtwu flflWf'lWpdntpjmCiubpflg Ul:i4[!, 
wCi4wuLtw6, u.DWJpbpq.fl bl t.'-1.flpbGfl Ltn11.tlflg d=4, N=2 
UnLl..llbriuflUl:it.npfllt 3wuq.-Uf1LU'1 .Qtl,WCiLnWjflu t.nbumpjWCi gw611-
tubpq.b111f1Lt uwhuwun Cil.twpwq.pnri WJUl..llbu Ltn!t.Lwa Ciwtuwllln1111:iCigf1wLfl 
(hbU1wq.w1mu· ~N-fl GwfuwlllmnbGgflwL) 62q.pflt.n w111.nwhw11.nmpJwCi 
wnw2w11rim1m t [26,27): U1u hw1111Ciwq.np6mp1wCi hbmbLwG.eubp[! 2wi.n 
tunpu bCi bl pwquwlllflufl: Uw w11w2f1u ri.l:il.ll.QCi t, brip .ewnw!wlfl 
lflnfuwq11n11 .et.1.wui.nw1flu LnbumpJwu ri.f1uwuf1LtwJfl t.l.bpwpbpJWL 62q.pflm 
l.lltif'lnLUCibfl l::iCi Wfltl.mu: DwJpbflq.fl bL 4.'1pbtifl hl::iLnwqnLnmpJnlCi[! 
i'.SwCiWll!Wflh t hw11pmtl ri.l::ill1'1 Untllfbf1Uf1UbU1flf14 3wuq.-U'1LLI'1 uil::iumpjWU 
hWflnLULn lflnLLWJflu 4wnmgqwa.efl pwgwhwJt.nmun (mbu [28], [29]-n l::iL 
Ci11wCigmu ql::iLnl::if'lt.l.w6 h11m0Cibrtn): D'-l-'1 Ciwtuwl.llnLnbugflwLfl 
hWJUlUWpbflntUflg n! 2WU1 wCig ll!Wflq fl.WfldWt.I., nf1 WJU pCiw4wunfll::i(j fl 
hWJUl t Q.WLflU Ciwbl LWl1l::if1'1 UlbUntpjwCi ub2 (30, 31]: Owjpbflq.(! l::iL 
'-l'1pl:iu[! hwCiq.l::igflu Ciwfuwl.llnLnbCigflwLti flfll::iCig wpLnwhw1111npJWCi[!' 
t.l.Wfll.lll:iLnnflbCi oq.mtl.bLnt.I. t.l.l::if12'1Ci'1u hnLnUnfl!j>ntpjmCiflg bl WJCi 
bGpwri.flnLpJmCitig, nf1 Lnbump1mun QWOfl tCibflq.flwCibpp uwhuwCimu 
gmgwpbflntO t tLbltLnf1Wltwu-tlwq.Cifluw4wG fl.nLWLnLPJntCi: np.ewu tL 
62uwpLnwCitlwCi, t.l.b112f1Ciu [!Cifl.WUbU[! bCipWllflnLPJnLU tp, .QWCifl nf1 
hf1uCiqw6 trt Lnl:iumpJwu Ln4 ufl hwLntl,WO[! 0Ci11q.11Ltn11. P'f'IU (Pnq.nllnLCi'1-
'fl11wuwri.-Dnubfl!i>l:iLfl.) tl.'16w4ul:ip'1 munL0Ciwutipmp1wu t.1.11w: 04.-'1 
CiwfuWl..llntnl:iCigpwl(! pw11.ltwgw6 t tll:i4-011.wltwCip tunLnn[lntUWJflO uwuflg 
bL wCit.l.b112 pt.Lntl. n!-funuin11mtlw1f1Ci pwqllwflGui.nwCiLnnCiwJflCi 
m11.11mllObpflg: 1bCig WJU m11.11.muCil:i11'1 hpoCiwnwri ut.iqpmO_eCibnflg 
bLCil::iLnt.I. hw2t.1.w11bLCi t11, Jlfl lllPLnfl hwCiq.bgGl::i[l 11! UpWJO fl.nLWLnlpJWO 
bCipwri.rmLpJWG tuflut.n WlllWQmgllwO[!, WJL CiwbL hwOq.l::igCibfl 
Unl.llbflUflllbLnflfllt 3wCiq.-Uf1LU'1 Ull:iumpJWCi Jl!-tumnnflnLUWjflCi 
hwLn4mp1muGb11fl wnwtlbL hwCiq.wow0wLf19 pwgwhwJLnllwu[!: 
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U.'lnflbj[!, 4..lunql:iCi bl lJ.UwLnflU[! WJU nLf'lflnlpjwllp 4WLnWfll:igf1Ci 
w11w2f1Ci .QWJLbfl[!, WflLnW61:iLntl. f10umwCiLnn0Cil:if1'1 OnflnLLLil::iflfl 
LnwnwompJwCi tlnw llw4w6l[w6 N=2 umlllbrt-3wCiq.-U'1Lu'1 
q.n116n11.mpjnLU[! bl !j>mCi4gfln0WL !Wlfl[!, WjCimhl:iUll:il hw2t.1.l:iLntl h l:iL 2-
flOUUlUJOLnnCiwjflCi Cil:ip1111nulCil:ifl[! Gwtuwl.llnLnl:iOgflwLntU [32]: Uju 
m1111.mp1wup hl::imwq.w w11w20Cipwgn tunmun.mnmu tp WJCi 
hwCiq.wowCi.Q[!, n(l J..flg lll::i6 flCiULnWUUlJlUWJflO pql:i[lfl lll::il.ll.QJllO U'11U 
(UpflJW, 'lpf1Ci!l>l::iL11. 1'1Ln!f1U, UwCitiO)-fl OJlllnLLOl:inf1 UlWflWOnlpjm(j[! !fl 
Lnfltl.mll pwgwhWJU1 lllW[lWOl:iUlpl:ip'1 llf12ngnml.: Uml:iOwtunumpjwG ol:i2 
ql:ipnhflzJWL uw4w6Lf.w6 q.np6n11.mpjnLU[! l:iL !j>mCi4gflnCiWL !Wlfl[! 
Gl:ip4w1wgt.1.wa t t4tltit.LwnflwCiLn ri.ti!l>tritCigflwL al::iLtpti uti2ngnlf., tium l::il 
LWJCi huwpwlf.nnmpJmCiCil::ip t pwgmu Ln4wLflqwgflwJfl 
llwpbUwmflLtwLtwCi Lnl:iumpJwCi wp11JmCiwqbui 4'1!lWlltlwCi hwllwp: 
tuG11pfl tll::i112uwLtwG LnLOUWCi 6wGWll!WPh'1Ci tw4wG fl.bfl 4WU1Wflbgfl(j 
U.ul:i4nwunl[fl bL hwllwhbqfluw4Cil:in'1 Ltnqoflg w11w2 011.t.1.wo bp4m 
q.w11.wll1Wflul::i11: Unw2f1Cin f1Ciu111wCiLnnCiCil:i[lfl llnqnqCibpfl uiwpwompJWCi 
n!-4ntlmLnwuiflt.L ql::i!j>n11uwgflwCi t, n11n hwfiq.l:igCimll t LnWflWOmpJwCi 
uflCiq.muwpmpjmCiGl:ipfl UlWfl[lWLJllOOWU[!, tri4rinpq[! q.LnPWL 
LnflWUWj_WlflWjpG tuopti ll1Whll1WCit.l.n11. l:iupwfunlUp[! q.l:iGl:ipwgCinq 
t.l.l::i4uinpwLtwG qwzLnflG wCiql:ip2 lfln.ep uiwpw6wctwuwCiw4wJ'1Ci 
ll!UlnLJLnUl::ipfl(j hWOWll1Wll1WU1WUtuwun11. Lf.b4Lnnf1WltwCi fl.W2Ul 
wt.1.l::iLWQLibLLI t: t4Ll.'1L1.w11flw(j1.J1 LJlltWLflqwgtiwJti 4flflWllOWCi Lnbuw41:iuiflg 
2wLn 4wpl::ilnfl t, n11 WJU WflllJnLCiwpwp t.l.l::i4LnnpwLtwCi qwzui[! nlCi'1 Lnlt 
l[l:ip2wlf.nn pl[nt.I. tipwptig w11wCiduwgqw6 q[lnCil:ip: UJullltiunt.L 
'1CiLILnwCiLnnGw1'1Ci Cib11qpnulCibp'1 hw2t.lnlUQ hwCiq.mu t hbLnl::iLJWL lllLWCi'1 
tipwq.npMwun· 11wuw4wpq.l::iL t.l.l::i4LnnpwltwCi llWZLnfl qpnCil::ip[! bl hwzlf.l:iL 
WJll 41:iLnl::ifl'1 2112w4wmmu t.l.l::iltUlnpw4wG 11w2uifl wqqbgmpJwG 
ublflw4wCi pL1.t11n: UJu fuCiri.'1fll! '111 Lll::i112Ciw4wCi Lnbu.ent.I. Lnt6mt1 t 
uuiwgl:iL [33]-mo, npn 0Ci11q.11Ltt.lw6 t Cil:i114w1wgt.ln11. wLnbCiwfunump1wu 
tll::i2: Ln4WL'1qwgtiwJfl LnbtuCi'14WJ'1 4f111w11mp1mCi[! !'1 
uwhuwCiwlflw4Ll.nul tlflwJCi CiwtuwlllnLnl:iCigtiwtm.t: 4.t112f1G 
qw11q.wgm0Cibfl[! WJU tll::ipn11fl Lt'1pwllbL'1nLPJWCi LWJU 
hCiwpwL1.n11mpJnlCiCib11'1 WlllWQnLJQCi bG hwG11fluwCinul: UJU 
qwpq.wgnLllCil:iflflg CizbU otiwJCi WLnbCiwtunumpjWU ol::i2 OWUflWOWUCi 
_eCiCiw11Ltt.lw6 4'1f1WL fl.W2Ull:iflfl hl:iLn.Ql:iflfl i.tw4nLnlOWJf1Ci tlf12f1CiCil:i[lfl 
hwzLl.mon [52]: 
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Uztuwmwliph qhmw/Jwli bL lthnwnwltwli wndbpa 

1) QCiWJWO WU1l:iCiwl1.mumpjWCi Ul:i2 UUlWQL.lWO WflllJOLCi_eQl:ipp 
l'il:iowt'iwuCimpjWU Llbpwgw4wCi Lnbuw4wCi pCintjppCi, 'lf1WCig Up UWUCi 
mCil:iu wCil'ip2w4wG 4ti11w11w4wo uzwuwlfmpJmG: UwuCiwLlnriwu.il:iu 
[!Ullhwui LltJ6w4Gl:ipml. Pwp11tJCi-LinLU1bfl-Cf1p!j>l:ipp [!Cir].hWCipwg4,w6 
lln'll:iLtiG 4,bpwpl:ip4.nfl wztuwLilwO.er w1111Jmu,eOl:i11n 4wril:iLr t mnmq.l:iL 
llwCipwhWU1p4Cil:ipmU q.bphWfln1l1tWlfwCimpjWU[! Ll.l:iflWpl:innfl 
q.pU1 w lfrnp Ol:ipn LI.: 
2) bpl.f!Wlfl 4n0!j>npl'i 'lW211lP UlbUnLpJWCi[! tll:i11wpl:ipn11. wztuwLnwCi,eul:ip[! 
Ltwrinfl bu LWJunnl:iu oq.Lnwq.np6tll:iL t!l>l:iltLI1ti4.npbu l:ifllt!wlfl 
Ltw11mgqw6,enL1. !j>pqplfwlfwO hwllwlfwpq.l:inml'i ltflplllplfwLtwO 
bpl:iLnLJpfil:ipp pb Lnl:iuwlfwCi, bL pb lflnriOOwlfwO 
hl:iLnwqnLilmpJnLGCibnnul: 
3) PuUlnWOUlnCiwjpG hwztlp llf12ngnq UU1Wgqw6 n!-tumnnpmUWJpCi 
wprlJnCi,eubflQ umu.il:ipuplll:iU1flP4 SwOq.-UtiLuti ml:iumpJmOGl:ipmll 4wnnl'l 
bCi Onn LnLJU ulfllll:iL ELlWflltubpp bl q.umnCiGl:ipp WflQ.l:iLWlflwLtt'iwO 
(confinement) l:ipl:iLnLJPP u.iwpqwpwCil'iwOn: 
UU1l:iOwtunumpJWU ul:i2 UU1WgLl.w6 W('lr].jnLGj;iObp[! ppb(ig q.pU1W4WCi 
hbLI1wqnuimpJnLGCil:innLL'i pwqapgu oq.mwq.np6l:iL bCi WJL, WJ'l ptlnLll GwbL 
hwllwztuwphwJtiG hll!Wlt tlwJl:iLnfl q.pll1Gw4wCiOl:ip, flG!u.itiuti9 oppCiwlt' 
t,UWf1U1pCib4n In U.CbOltl:irin' Nucl.Phys.8316:590-608, 1989, 
u.flWJpbpq.n' JHEP 0402 (2004) 021, u.flwjpl:ipq.[! l:iL lu.UWL'lWUl:iCiwO' 
Shifman, M. (ed.) et al.: From fields to strings, vol. 3* 1758-1827, 
U1.flwl'inLn'l!flltntln' Phys.Lett. 8541 (2002) 194-200, Li.'-1.w!j>wCi' hep­
th/0310272 l:iL WJLG: 

Uztuwmwliph ¢nndwplilimstmliq 
U1J1l:iOwtunumpJwG hfluOwlfwO Wfl'lJmO,eGl:ip[! pwql'ipgu ql:ilfmgtll:iL m 
,eCiGwp44.l:iL l:iCi uti2wqq.wjpG q.pLnwctnflnqCil:ipmu l:iL wztuwuiwG,ewJpG 
hwCi11till.lml'iOl:ipmu, WJ'l p4,ml'i' 

• International Workshop "Lessons from low dimensions - the 
many aspects of Conformal Field Theory" April 8-10, 2005, Bonn 
University, Germany, 
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• International Conference "Modern Problems of Theoretical and 
Mathematical Physics" September 20-25, 2004, Georgian 
Academy of Sciences, Georgia, 

• 61h International Workshop "Conformal Field Theory and 
Integrable Moels", September 15-21, 2002, Chernogolovka, 
Russia, 

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

• NATO Advanced Research Workshop "Syatistical Field 
Theories", 18-23 June 2001, Villa Omo (Como), Italy, 

• 4th Annual European TMR Conference on Integrability, Non­
Perturbative Effects and Symmetry in Quantum Field Theory, 7-
13 September 2000, Paris, France, 

flG!u.il:iu GwbL rnwppl:ifl q.pmw4wo 4l:i0Ulpn00l:ipfl ul:iupOwpGl:ipml'i' 
uwuOwtlnpwu.il:iu bpl:iLwOp, PnGGp, Pl:illLflOp, 112mlfl 
hwl'iWLUW(lWGObpml'i, S[lpbumti SbuwlfwO :bpqti4wJr Ufl2wqq.wjpG 
LibOmpnumu (ICTP), 'lmpLflCip U11w2wt.ln11 1bmwqnmmpJnL0Gbpp 
LibGmpnCinLu (DIAS), QbnGnq.nLntl4WJP Lw011wmp wul[wO SbuwlfwG 
:bflqti4wJti l"'OumpUlmlllnLu bl wnG: 

=inwmwqwltnullilion 

UmbGwtunumpJWCi pbUWJntl hf1WU1W11Wlt4.w6 t 21 q.pmwlfwCi 
wztuwmwG,e, npnCig gwG4n pbnl[wo t ul:i11.l'iwq.pp Ll.bp2mll: 

Umbliwtunummwli [/wnmqt/wupq 

UmbOwtunumpJnLU[! pw11.Ltwgwo t Gl:ipwompJmuflg, !nflu Q.LmtuObpflg bL 
wulflmpmupg, pqntl 183 . wGtlwGml'iGbpn4, q.pwlfwGmpJWG gwCi4pg: 
U2tuwmwG9p nG11hwump owtlwrn lfwqumll t 262 t2 mu.iwq.pp llll:i,eum: 
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( ( 

2 ))_
2;pr(1+iPb)r(1+iP) 

S . (P) = - TCµ y 1 + b b b 
.\S 2 2 ( 

r(I-iPb )r 1-/; 

ubljm-Cttwrigt't ubljLnnrinul bL 

( ( 
2))_UP r(!+iPb)r(!+~~) 

TCµ } + b b 2 2 b 

s_,s(P)= -:;r -2 (1 . ) (1 iP) 
r --1Pb r ---

2 2 b 
flwllnOjl ubljLnnrimll: 

t;nltnnnn atmbm Ch-l.t't11Llw6 t wJO tt11wLlti6wljOl:i11tt _eOOwri41lwO[!, 
nrinCigmll nril:ilt 62q.11'1Ln llnl)bL'1 hwlit'ttLnnOttwO[! nbtl:ilWUlll 
Ol.lll:i11wL11npubpjl llj12ngnLl pbpblwljttnribu tunLnnpttwo t: 

2.1 pwctCimll mumliuwuti11Llw6 t Smp uml.llb114nCi~Jmpll lln11bLCil:i11'1 

funLnnpmli[! ubljm-Ctlwpgjl <1>
0 _3> UnLl.llbl11)W2lllt't llj12ngntl' 

H<P> (g) = H<P> (0) + g f d 2zd28<l><l.3> (z, 0) , 

nplllb'l. g -Ci funlllnpllwCi l.llWPWObl.llpCi t, jlulj H~P> -Ci !funlllnptlw6 Smp 

lln11bLt't hwlittt111nGJwCiu t: ltnu!J>npli tumnnpmllubrit't 111trnmpJnLCi[! q.t;L­
UwCi-Lnmtt !J>nflCiljgflwJti hwllwp hwCiq.bgumll t 

( ) 
2TC 2 /3 g = &g--g + ... 
J3 

WplllWhWjlllnlpjWU[!, npmbri E = 2/(p +2): 
2TCg = 2TCg' = J3 e(l + 0(& )) wpctb_ejl 11bll1.QnLll pblllw-~muljgttwG 

11w12Gnul t qpn bl, hbl.lltnwpwp, WJl'J. ljl:i111mll Llbriw4wCiq.GLtnu:i t 
UnLl.llbfllfnG!J>nrill hwliw1wLflmpJnLG[!: ltbCimrinCiwljwG Lf19P'1 hw2Ltw114o 
gmJg t LnWLjlu, nri Cinp umlllb11-4mCi!J>npli ljbtn[] hwllWlllWlllwufuwCimli t 

Sm;,~i UlbumpJWCi[!: UCinllWL !WLflbrifl liwtnrif19'1 nLUnurnwuttrimpJmuo 

hCiwriwllnrimpJmCi t lllWLflu hwllwl.llWlllwutuwGmpJmu q.LnCibL Sm bl 
p 

Smr_2 111bumpJnluub11'1 l'J.W2llll:ipfl llf12bL: UwuCiwLtnriwl.llbU <l><•.•±l> (Z, g ") 

16 

--- --- --

uml.llb1111wzL11bp[! ljwribtt't t Cibri4wJwgCibt <l>::::>.> 11wzL11bpfl nrm2w4fl 

q.6wJt'tCi 1.jnllpflCiwgjlwJfl lllbupm.[: 
2.2 bl 2.3 pwctjlCiCibrinlll 11t'tlllW11LfLlmll t hw.CiriwhWJlll sine-Gordwon 

lln11bLC!' 

f 2 { 1 ,. } S.ro = d X 
16

TC 8,<p8 <p+2µcosf3<p : 

n! UUlWUl)Wfllll, wCiljjnLUWjjlCi bl 2W12WLl11.WJflCi .QqwCi111wgmliCib11jl hjlliWCi 
t.lriw 1.jw12mgqw6 tunL11npmliCib11jl L11bunlpJWCi oq.CimpJwlip q.LnCiqw6 l:iCi 
tpulllnCibCigjlwt 11w2Lnb11fl qwljmmliwJjlCi llf12'1CiGb11n wqwLn 

~brilijlnCiwJjlCi ljbLnjl ( /3 2 
= 112) 2112wt.iwmma· g I TC= 1/(2/3

2
) -1 D 1: 

U1111JmCipmll ul.llwgqmli t' 

(exp ia<p ( 0)) g ( 1 ) 
( 

. )s =1+-[-2/f/ - +a2 (1-4log2) 
exp iacp( 0) 

0 
2TC 2 

+a 2 (If/(: )+If/(-;) )+(i-a2 )(1f/(1: a) +lf/C~aJ )+ o(g2

), 

npLnbrt If/ -Ci q.wliw-~mCiljgjlwJti tnq.wpjlpliwljwCi w6wCigJWLG t, ti um 

ll1Whw02llnri. lSzmmpJwllp hwll[!OljCimll t U.LmljJwCinqjl bl 
U.Dwlintn111'14ntlfl npl.llbU qw111.jw6 w12w2w1111qw6 pwOwoblqjl hbm: 

tnnnnn atm/un Cill'1rillw6 t 62q.pj1Ln tm6qn11. gwCigwJflCi 
LltilSwljwq.pwljwO bl CipwCig hwllWlllWlllWUtuwCi .eLtwCi111wJttCi 211.pwCibpjl 
mumliuw utiriowun: 

3.1 pwctCimll ljw12mgqw6 t ltCijlctCijllj-Dwllntn11!'14nll'1 hwqwuwpllwCi 
tt'1lll111'14 [!Cil)hwCipwgmocr 

Y.Du'-l-'1 lln11btObpmll N-ljbLnwGti ljn12buwgpnO !J>mCiljgjlwubfl[! 
pwqw11w11mll bG 1..tuttctujllj-Dwlintn111f14nLlfl hwqwuwpllwucf 

8':P .\' t 0 ® t 0 

""' k ; \.Tl K-=£..J--r, 
azk ;*k zk - z; 

n11'1 w2 llwumll 11ctllw11 !t 6wCiw1bt q.w11b0'1 hwlit'ttlllnCiJwun· 
,\' Q 

Hk = Ltk @t; 

1*kzk-z; 
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(t; I a= 1,- .. 'dim(g)' g L'1'1 Wtq.bpf1WJ'1 q.bubpwrnnrubflG bu, npnGp 

wqnul bu i -fll'J. ubp4WJWQUWU UlWflWOnLpJWG lib2): UJU 
hwll'1tLnnu1wuubp[! umwgLl.mli bG n! hwliwub12 12wgj1nuwt R-UWIIlf1'19nt.I. 
gwugw1'1G unqbtGbf1'1 pL1.wqj1-qwuw4wu uwhuwutig: U1u pwc:tumli gmJg 
t mrt.1.wo, np Ltuj1c:tG'14-Dwlintnl'J.!'14ml.'1 hwLl.wuwrliwG 4n12b41J1 
[!Uf'J.hWGflUJQnLU[! tt'1l4lll'14 R-liWL11f1'19'1 hwuwp (su(2) Wtq.bpf1WJ'1 
l').bll.IQnLli) ll1flLl.nLli t 

K(~-r)'l' = "r (z. -z.)'¥-~(~.'¥) 
a I £..., '-1 I ] :::>.... ] 

'Z; i"' uw 

pwGwObLnt.I., nrt1J1brt 1:.
1 

(A. )-G pLl.wqj1qwuw4wu tt'1llfm'14 r-uwmrtigG t. 

tiu4 r; -u bL ~; -u i-rtl'J. UlWflwOmpJwG Ll.rw wq11nri nnnzw4'1 

OllfbflWUlnpGbp bu: UJu hwt.1.wuwpliwu tm6mliubp[! IIlflLl.mll bG hbmbLJWL 
pwqllw4'1 tiumbq.riwtGbnnLI.' 

'I'(z ··· z ) = rC .• A "'(A. ··· A. I z)"'(A. ... A. I z)dA. ···dA. 
1' ' ,, '1 ':JAi I' ' 11 Y' I' ' n I 11 

1 

npmbri </> (A. I z )-C! Pbmb'1 pL1.wqti11wuw4wG WLllPWJtiu :j>mG4gtiwu t. tiu4 
I 2 .\' -;-n - I 

.. x(A. I z) = flg(z1 -z;) 'flg(A.a -A.Pf flg(z1 -A.,r:: 
j<i a</J j.y 

( g(..t) = H(A.)0(2) ): 
"'lwpqqnLU t, nr WJU hwqwuwpnLU[! Ub[lUlnpbu 4Wllft.l.WO t Ul0f1Wjj1u 
uw4bpbLnLJPl1 t.1.nw npnzt.1.wo 4.bu-DmuflGn-4.tipbufl llnqbtti 4n12buwgflnG 
!jlmG4gj1wGbp[! 04wpwq.pnri WJU1..4bu 4n!Ll.W6 Ltuflc:tG'14-Dwlintnl'J.!'14nLl.­
Pbl'!Gwpqfl hwt.1.wuwpliwG hbrn: 

3.2 pwc:tumll 4w12mgL1.w6 t 'lpflG:Pbtf'lfl :i>w41Ilnf1'1qwgunri F-pt.l.flum[! 
XYZ (4wli np GmJuu t, PwpuLnbf1'1 8-q.wq.wpwufl) unqbtfl hwuwn: 
UJUll.ltiunt.1. q.muLl.wo t Ll.'1t1w4ubrfl mwrwompJwu WJu1..4'1u'1 pwqj1u, np[! 
Lj1nppwq.nLJu'1 t hwugGmli llfnuwrtiqwgj1nu t!l>b4rnGbp[! '1u!1..4bu uwl:iL 
huwpwqnpmpjnLU t UlWL'1U linGnqpnllflWJ'1 UWUlf1'19'1 hUJUUJfl UUlWUWL 
pwgwhWJUl Wf1UlWhWJU1nLpjmGubr: 1j1llpl:ip 4wG hnLUWLnL np WJU 
pwqtiuti oq.1J1wq.nromO[! 41'J.JnLf1WgCifl !j>npli-!l>w41J1npGl:ip'1 l:iL 
4n11buwgj1nCi !j>mu4gj1wGl:ip'1 4w12mgmll[!: 

3.3 pwc:tCinul Wtq.bprwti4 Pbmb-wCiqwgj1 hwuwl.llbpummli 
_eCiCiwr4Ll.mu t obrnwriw4wCi liwupwhwlllj14Cibf1mli 

18 

q.b[1hwrinpqw4wCimp1mCi[! Ci4wrwq.rnri. 'l'1u4fll:il.11 4.j1t1w4CibflnLI. Pwrqflu­
LmLllfl:ifl-Cf1'1:Pl:if111 linl').bl[!' 

" t " t t . H = £..., &1c1,,c1,, - g£..,c1+c.i_c1._c1,+. 
j.uz± j.j' 

UJU hwli'1tll1nUJWCi[! 4Wflbt'1 t ubf14WJWgCibt [!Ul').hWCi[lwgLl.wo Q.w11bG'1 
hwlltitm nCi1wCiCibr'1 li'12ngnLI. · 

H = t[(g-2c;}H, +(&; -3g/4))+g( tH;J, 
1 Li· 2s's~ +(s+s~ +s-s~) 

H - sz - I J I } I } • 

I - I+ g ' 
2 ,., &. -&. 

J~• I j 

SmJg t mpqwo, np Q.w11bCi'1 [!u11hwGrwgL1.w6 H; hwotiturnu1wGGbpQ 

4wrbt'1 t Ul.11UJCiUJL U4uwCi'1Ci'1 bqf1WJ'1U K-UUJIJlf1'19nLI. hUJUUJLflt.l.WO xxx 
un11bt'1 .eLl.wqj1qwuw4wCi uwhuwCij1g: UJU f'J.'11J1wp4mo[! pnLJL t rnwttiu n! 
Oj1WJU oq.mwq.np6bt WLQ.bppwj14 Pl:imb-wuqwg[! unqbl[! tm6btnL 
Ci1..4wmw4nLI., WJL Gwjl:iL hCiwpwqnpmpjmCi t UlWL'1U unql:il[! 
[!CiqhwCipwgCil:i( l'J.!1ll1W(141:iLnLI. npbLt bqpWJj1Ci K-liwmpj1g [!Ci1'].q.f14nri XXY 
onqbm: 

!Jnnnnnn atm/un CiLl.'1rLl.w6 t .ewnw!WL'1 umllfl:iflu'1lll:i1J1f1'14 3wCiq.­
lftitu'1 ml:iumpJnLuGl:ipti n! tunmnpmllwJ'1Ci hwm4mp1mCiCil:in'1 
mumuCiwutiruwCi[! j1CiumwGmnGw1'1G hw2L1.'1 li'12ngnq: 

4.1 pwc:tj1Ci[! GLl.ti11L1.w6 t j1CiumwGmnCibpj1 linl'].mtCil:ipj11J1WflWOnLpJWCi 
t.l.rw ow4wot.1.wo N=2 UnLU1l:iflutiul:irnpj14 3wCiq.-lJ'1LLI'1 q.np6nrtnLPJWCi 
4w12mguwCi[!' Cibp4WJWgLl.w6 l'J.ll!l>bpbGgtiwt bp4f1W!WL'1w4wG l:iqpl:ipnt.1.: 
flwJpl:ipq.-4.j1pbCi'1 Gwtuw1..4nmbCigtiwrn, n11U1l:iU N=2 4'1f1WL '¥ 
UnLUll:iflf'J.W2ll1'1 :j>m04gj1w, muj1 hbUll:iLJWL qb(ltnLOnLpjnLG[!' 

F(lf') =-' '¥2 log-2 _ _:_LP:. - '¥2, 
. '¥2 . ., ( A)fo 

2rc A re n•I '¥ 

npml:irt PLl.WJ'1G F. q.np6w4tigGl:i[l[! n! tunmnpmliwJtiu 

nj1uUL11WG1J1nCiWJ'10 ubpf'J.flnLUubpCi bG: UJU llb6mp1muubp[! 4wril:it'1 t 
Obf14WJwgGbt, nflllfbU fluml:iq.(lWL n-flGmnwGmnCiCil:ipj1 llnqmtubpj1 
l.11Wf1WOnLpjWOp' 

F - fd (n) -s'"' 
" µ e ' 
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( 2) l [ q 5q
2 

9q' 1469q
4 J Tr<p =2a l+-+--+--+ +··· = u, 

2a 
4 

32a
8 

64a 12 8 l 92a16 

( Trrp )=2a I+-+--+--+ +··· , ~ " [ 3q 9q
2 

1q3 2145q" J 
a" I6a

8 
16a12 4096a16 

-Tr<p. =2a 1+-+--+--+ +··· ( 6) 6[ 15q 135q
2 

125q
3 

16335q" J 
2a" 32a8 

64a 12 8192a16 
' 

.( 8) 8 [ 14q 16lq
2 

35q
3 

15337q" J 
Tr<p =2a I+-+--+--+ +··· . 

a" 8a
8 

4a 12 2048a16 

'lch.twri !t ul.llmqbL, nri UlllWgl[w6 WJ1lllWhWJt.nnLpJmubrio pwl[wl[wrinul 
bu [!Ol'J.hWCiJ1WQL[W6 LinCiflzflfl wCimlWLflWCibrifl hbt.nblWUf? hwu11fluwgnrt 
4flriwL o~w4fl wnnCi!nLpJnLCiubpflCi' 

t;qnwltwqmmm.Olibn 

2 

(Tr <p 
4

) = 4q + ~, 
2 

3 

(Tr <l) = 6qu + ~, 
4 

( s) 2 2 u" 
Tr<p = 12q + 6qu +-. 
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UJU~flunl[ wt.nbOw[numpJWO llbp umwgl[bL bCi hbl.llbLJWL wrirlJnLCi90bJ1[!. 
1. trituwlfl l.jnO~npll tnbumpJwG l.jw12mgl{w69wJflG qnpowl.jflgGbp[! 

. qt.nCibtm Cinp bl WflflJnLCiwl[blll bl'J.WUWl.j[f nbl.jmpbOt.n Wl'lU!nLPJnLCifibpfl 
llbpnr].[!: 

2. UriL~bpl.jnCi~bpll Smp llm1bLObpfl OwllnCifl R1, 2 f'lWZLn ~wpmOwlfnri 
P."L"fl , in11u-l.jbtnwGfl l.jnnl:iuwgflnCi ~mCil.jgflwCibritf wpmwhwJtnl{w6 
hfl~bpbf1411W!Wlfiwljw0 !jlmOljgflw(ibpnl{: 
3. Smp .-!nr].btCibpfl pnLn11 l.jwrmlgt.l.w69wJflG q.npowl.jflgubp[!: 

4. 4/3 u~flGwJflCi hnuwCi.e ~wpm0w4nrt tnbumpJmCiCibpfl, flCi!~bu Ln4wL. 
WJG~bu tL 91.{wqflLnlfwL f'lWZLnbfl ~wpmGwlfnrt !npu-ljbtnwufl 
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l.jnnbuwgflnG !jlmCiljgflwGbpfl 6zqpfltn wpmwhwJtnmpJmCio bL WJU 
tnbumpJmCiQbpfl zwp,gfl P"L"P l.jwnmgl[wo.ewJflCi q.npowl.jflgCibp[!: 
5. N=1 um~bp-LflmLlflLfl tnbumpjWU tEU~nCibCigflwL l'J.W2Ulbpfl pnLn[l 
bpb.Q-l.jbmwOfl ljnnbuwgflnCi :PmCil.jgflwCibpfl bl Lflmi.ttiuwu ~wlllflg 
WUl'].(lWfl.WJ1MW0 q.np6wljflg0bpfl 6zq.pfltn W[llllWhWJUlnLpjmOQbp[!: 
6. Smp bl Smp- 2 um~bpl.jnu!j>npll l.llbumpJmfiQbp[! flpwp lltiwgCinrt 

nbunpll tullpfl hbtnwq.f16fl ljwnmgmllo: lumnnpl{w6 l.llbumpJwO wQmlwL 
!Wlfinrtw4wCimpJmCiCil:i11fl llwlllpflgfl hwzl[nulo bl Opw wGLumC.wq.6wJf1Ci 
UlbU.Q[!: UwhllwOwJflO Smp bl Smp-2 UlbumpJmGCibpfl Ln4WL l'].W2lllbflfl 

llflpbl hwllwUjWUlwutuwCimpJWCi l.jwnmgmll[! : 
7. sine-Gordon tnbumpJWCi wCil.jJnLCiWJflO bl 2w12wi..t11wJf1Ci 
.ei..twOmwgmllQbpfl i.t11w hflllCii..two "! utnwCiri.wpt.n tunlllnpmllCibpfl 
l.llbumpJWCi ljwnmgmll[! bl t.eu~nGbOgflwL 11w2mbpfl L[wljmmllwJflC. 
llf12fluubpfl hw2i.lmlln: 
8. 4Gfld'C.f14-flwL1nLnll!f14ni.tfl hwi..twuwpllwu tLfl~lllf14 ouqhwCipwgn.lllQ 
bl WJll hwijwuwrillwO LnL6nLll0bpfl pwqtlwl.jfl f1Gmbq.pwLOb11ni..t 
Gbplfw1wgllwCi ljwnmgmllo: . 
9. XYZ-llnllbLfl hwllwp 'lpflCi!l>bL'lfl F-pwqfluti l.jwnmgmtln bl 
tlnCinr].pntlpwJfl llwmpflgp tLbllbGtnGb11'1 pwgwhWJlll mbu90 WJfl 
pwqflunLtl: 
10. ULq.bpriwf14 Pbuib-wCiqwgfl l.jflpwnmpJwtlp [!Cil'].hwm l{f16wl.jGbpnl{ 
Pw111lf1Ci-Limu.ib11·Crif1~brif1 oCiri.hwCipwgl{w6 llnl'].bLfl LnL6mtln: 
11. t>OutnwOUlnCiObrifl llnl'].nqubpfl l.llwpw6mp1wQ L[pw tlwl.jwoi..two N=2 
um~bp-awCi~·UflLUfl UlbumpJwCi qnpon11mp1wQ, flO!~bu CiwbL 
UL~bpuflllbtnpfll.j ~mQl.jgflnOWL !Wlflfl ObLwl.jbp~nLll[! 'lfl!i>b(lbQgflWL-
b(lljflW!WlfiWl.jWO llbOmpjmfiubrifl Lbql.l.nl{ bl t4l{til{wriflwGm 
Ln4wLtiqwgflWJfl L1wpbL1wmflljwljwQ mbumpJwO l.jflpwnbLflmpJWO 
humwl.j hflllOwi.tnrinulo WJU mbumpJwCi tlbp: 
12. Lintlpf10w1J1n11wljwQ mflU!fl tlfl pwCiwal:nfl wrimwomun. npni..t l.jwpbLfl 
t w1111JmOwLlb1J1npbCi hwzl[wplf bL ljwllwJwl.jwQ pl.l.ni.t f10umw0mn0Cibpfl 
Cibri1lflnLU[!, flOtuibu liwbL q.pwi..tflmwgflwJnl{ ~WJllwGwl[npi..two 
mrt11.numb11n Owtuwu.inuibligflwLmll: 
13. nLl'J.l'J.Wlffl f10uuiw0uinGWJflCi hwzi..tfl llflpngnl{ q.rnGi..two ljflflWL 
11w2mbpfl pCiwl.jwQ gmQfltnLl wumf16wGGbpfl hblllgbpfl Ll.wljmmtlwJflG 
tlflpflGGbrin bL DDllhwOriwgll,w6 LinOtizflfl wCinllwLflwCibpfl hbmblwCi,e 
hwuri.fluwgnl'\ 4fll"WL Ol'\W4fl w12Ci1mp1mCiObpfl ummq.mtln: · 
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Pe3toMe 

.Q111ccepTa41110HHaf! pa6oTa noces:n.4eHa 1113y1.1eH11110 ,qeyMepHblX 
KBaHTOBOnoneBblX Ill peweTO"'IHblX cTaTcplll311'1'-leCKlllX MO.Qeneit;, a TalOKe 
nocTpOeHl/llO 3cpcpeKTlllBHblX MSTO.QOB lllHCTaHTOHHOro lllC"'llllC!l0Hlllfl A!lfl 
111ccne.QOB8Hlllfl HenepTyp6aTlllBHblX CBOll1CTB "'leTblpexMepHblX Teop111it; 
f!Hra-M1,11nnca c pacw111peHHoit; cynepc111MMeTp111eit;. 

OCHOBHble pe3yflbTaTbl nony1.1eHHbl8 B pa60Te: 
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1. nocTpoeH acpcpe1m11BHb1!11 Memoo peKypeHmHbJX coomHoweHuu 
HaXO>K,Q8Hll1s:! CTPYKTYPHblX KOHCTaHT onepaTOpHol/1 anre6pbl B 
ABYMepHol/1 KOHQlOPMHOll1 Teop111111 nons:i. 

2. HaliiAeHbl ece YeTblpeXTOYe4Hble Koppeils:!L\1110HHble cpyHKL\111111, 
c0Aepma1..1.1111e none PaMoHa R1. 2 11111111 R2.1 , e 

cynepc111MMeTpll14HblX MOAens:ix Smp . 

3. Bbl4111CneHbl ece cTpyKTypHble KOHCTaHTbl onepaTOpHolii anre6pb1 
MOAenelii Smp. 

4. noCTpoeH Knacc KOppeils:!L\1110HHblX QJYHKL\111111111, COAep>1<a1..1.1111x KaK 
noKanbHble, TaK 111 Keaa111-noKanbHb1e nons:i B MOAens:1x 
3aMOilOAY111KOBa-4>aTeeea c napaQ>epM1110HHblMlll TOK8Mlll co 
cn111HOM 4/3. Bb11.1111cneHbl ece CTPYKTYPHble KOHCTaHTbl 
onepaTopHolii anre6pb1. 

5. To4HO Bb11.1111cneHbl ece TpeXTo4eYHb1e Koppenfll.llllOHHble 
QJYHKL\111111 3KCnOHeHL.11118IlbHblX nonel/1 111 H8111AeHbl aMnnll1TYAbl 
OTpO>KeHlllfl OT m1ye111nneBCKOlii «CTeHbl» B N=1 
cynepC111MMeTp1114HOlii MOAeill/I f1111y0111nns:1. 

6. lllccneAAOBaHa peHopM-rpynnoeas:1 TpeaKTop111s:1, coeA111HfllOl..l.lafl 
cynepKoHcpopMHble MOAen111 Smp 111 Smp -2, Bb11.1111cneHa 111 

A111aroHan111aoeaHa MaTp111L1a aHoManbHblX paaMepHOCTelii 
803MYl..l.leHHOlii Teop111111. nocTpOeHO COOTBeTCTBl/le Me>K,Qy 
noKanbHblMlll nonflMlll «rpaH1114HblX» Teop111!11 Smp 111 Smp-2. 

7. noCTpOeHbl HeCT8HAapTHble Teopllllll B03MYl..l.leHlllll1, OCHOB8HHble 
Ha ymoeoM 111 paA1118IlbHOM KBaHToeaH111111 MOAen111 "sine­
Gordon"a. Bbl41t1cneHbl eaKyyMHble cpeAHble ecex 
3KCnOHeHL.11118IlbHblX nonel/1. B OKpeCTHOCTll1 TOYKll1 CB060AHblX 
cpepM1110HOB 

8. HaliiAeHo ann111m1111.1ecKoe 06061..1.1eH111e ypa0HeH111s:1 KH111>1<H111Ka-
3aMonoA1.1111Koea, Aflfl peweHl/lfl KOToporo noCTpoeHHO 
lllHTerpanbHOe npeACTaeneH111e. 

9. ,Qns:1 XYZ-MOAen111 6aKcTepa nocTpoeH cpaKTop111ayioU1111lii F-TBlllCT 
,Qp111HcpenAa. B HOBOM 6aa111ce H8111AeHbl flBHble Bblpa>KeHl/lfl Aflfl 
aneMeHTOB M8TPll1l.lbl MOHOAPOM111111. 

10. PeweHa 06061..1.1eHHas:1 MOAenb 6apA111Ha-Kynnepa-Wp111cpcpepa c 
AlllCKpeTHblMlll COCTOflHll1s:!Mll1, Onl11Cbl88IOL.l.18fl 
ceepxnpOBOA111MOCTb B MeTann1114eCKlllX H8HOMeTpOBblX aepHax c 
np111MeHeH1-1eM anre6pa1-14ecKoro aHaa1..1a 6eTe,. 
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11. 4>yHKl..llllOHanbHa.fl Mepa 111 AeliicTe111e N=2 cynep-HHra-M1-1nnca, 
lllHAYLllllPOBaHHble Ha npoCTpaHCTBe MOAynelii lllHCT8HTOHOB, 
npeAcTaeneHbl e AMQ:>Q>epeHL1lll8IlbHo-reoMeTp1111.1ecK111x 
noH.flTlll.flX. 06ocHoeaHo AOnyCTlllMOCTb np111MeHeH111fl 
MaTeMaTlll4eCKOll1 Teop111111 3KBlllBap.flHTHOll1 IlOKan111aa1..1111111. 

12. MeTOAOM IlOKan1113a1..1111111 HaliiAeHa cpopMyna KOM6111HaTOpHoro 
Tl/Ina, n03BOilfll01..l.18fl acpcpeKTlllBHO Bbl4111CJ1111Tb n-lllHCTaHTOHHbllii 
BKnaA a TalOKe rpae111TaL11110HHb1e nonpaeK111 K npenoTeH1..1111any e 
Teop111111 N=2 cynep-HHra-M111nnca. 

13. ,Qns:1 N=2 cynep-HHra-M111nnca Bb14111cneHb1 eaKyyMHble cpeAHble 
Klllpailb~blX nonelii MeTOAOM lllHCT8HTOHHOro C48Ta. npoeepeHbl 
COOTHOUJeHlllfl KlllpanbHOro KOilbl.\a, BblTeK8IOl..l.lllle 1113 
06061..1.1eHHblX aH0Man1111111ii KoH111w111. 

#!} 
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