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Bhduyh hpwuwwynigimGp: UhlGs wydd huynGh G0 nbwhunwiywa
£Jubunwjhl Nwjywnh StunipjniGGlph  (BNS) wprynLOwybin
nLuntiGwuppdw 2w uwhdwGwihwly pyny ubtipnnlbn:
UdbkGwhwiwlwpgywé dninbtignidp fuminnpnuiGiph wnbuncpynlGG b, npp,
gwynp, hiwuwnwihg wppnGpelbp t wnwihu dhwyt pudwlwGuwiwth
thnpp Juwuwh hwunwwuniGGtph nbwpnid: Nudbin Yuwwh nbwpnod, hGswtiu
ophGwly LJwlGunwihG  LpndinnhGwdhywih  gwoép  EGbpghwGbph
uwhtwOmy,  funmnpnuilbph wbunepynGp Yhpwnbith sk Wu
inbuwGlynLGhg 5nplswih hGunbgpynn LJwbnwjhG Nwzwnh
StunipjnLGGbpp (2d PRNAS) th Jnpwhwinnly hnpdwnwwn GG RNS-Gaph
wjh hwinynipyniGbbph nunudGwuppdwG hwdwp, npnGp s6G Ywpnn
GQwpwapyby funuinpnuiGtph wnbunipjwdp: Ywnpbih £ hnwwyg, np wyn
hwunynipyniGGtiphg ndwGp wridwqb npwywwbu Ywpnn GG b hwpn quip
Gwb. vwwpwoéwdwiwlwlwiht wybp pwpdp swihnnuyubnipjudp
ntiunpyniGGEpnld: UnGdnpd "winh StunepynlGGbpp - (WNS)
hwlnhuwGwiny £1S-GGpph  0p  dwulwynp  wewlg qulGqywdh
inbuncpyniGGtph nbwpp dhwdwidwGwy GUupwgpnd GG Yudwjwlwb
nbunipjwl Juppp thnpp hbnwynpnipyntGGhph (gwén - tGtipghwGbph)
uwhiwanuld: Pwgh ybpnhhzjwy pGnhwGnep pOnyph hwGquiwGpGtiphg,
JwG Gpynt dhojwGghg pwywywl hbene pGwquywnGtp, npnGgny L)
wwjiwlwynpjwsd £t 2d bRAS-Ghph pnirG qupqugnidp ybpohG 20
wnwpned: UnwohlG pGwagwywrep Gpypnpn ubnh thnipwyhG wGgnudGhph
inGuntpyniGG E, Gpypnpnp (unuwbp-) pwptph wbunipynibp, npG wjuop
pGnipjwl pninp thnfuwqntignip)niGGtph (Gepwrjw) dgnnulywbnipnilp)
thwulwlwb nkunipjwb dhwly hwydwlyGnpna t:

COnhwlpwwybuy  wuwé,  nipwpwGynp  dptwlwgpulwb-
dhahywlywl hwiwywpg Gpypnpn Jupgh thnyuyhG wGgdwh Yewnh
2ngwlwpnid Ywpnn b Ghwpwgpdby npGik tdyhnyw pdwbinwhG
nwawh wbunipjudp: UTNngwlyndp gnyg b wygb, np wGdhpwwtiv
Yphwnhlywlywa Yhnned, npinkn Ynebjwghnb GpbwpnipyniGn wadbpe Gbé
tE, hwdwlwpgp dtinp £ phipnud ng Ghwyl dwuinwpw)hG, wytic wydbih
twjG YnGpnpd hwdwswpnipinil: dbpphGu nhpbninpdhqiGhph fudph
wja  GGpwfunuipG E, npp  YnnpnhGwwnGtiphg  Ywiuwé  ulupwp
pwqiwwwwnyphsh Gauninipjuip whthnhnht t pnnGnid dinphlwG: Spp
nwpwintpjwl swihnnwlwanipntlp dks £ Gpuniuhg, YnGpnpd funidpp
dybppwiynp swihwGh £ G Gpw  wnwowgnpwéd uwhdwbwihwlyndGhpp
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pwywlhwb G wbunipnGp  Ggphn  [(nusbint hwdwp: 1984 .
U.RGlwyhOp, U.Mnpwindp Gu U.2wdninnshyndp hpkiGg hhdGwpwp
watuwwnwlpnid [1] gnuyg GG wytby, np hpwdhSwyp Yupnily Yepwny
thnfuynid £ Gpyswih nwpwénipjwb dbg: IpdGwlwl wwwndwnp bplswih
wwpwénipjwl YnGdnpd fudph whybpe swihnnulwbnipntGh Lt Wyu
ntwpnd YnGhnpd fudph qbGEpwinnpGtipp pwywpwpnid 5G dhpwunpngh
wigbppuyjh UndnLinwghnG wnbsnLp)nLGGEphG*
[L,,L,]=(n-m)L,,, +c/12(n’~n)s,,, . Yhpwunpnjh wigtippwl wybih Yun

n+m

dhghyw t  Gpdnddl; nudbin thnfjuwgnbgnipniGGbph oy
ntgnGwlGuwhG dnnbih Gu pwpbph wbunppywl Yuwwwygnipyjwdp [2]:
dhpwunpnjh - wigbppugh YEGunpnGwlwG  |hgpp  c-G,  Ywpbinp
wwpwibwnp t, npp pGnipwgpnid & ndjwp YnGHnpd  wnbunipynilp:
OphGwy Yphnhywlywb hghGgh dnnbiintd ¢=1/2, hul wnwGg qubqlwéh
wquwwn pnqnbGwhG nwwnh nbwpnd c=1: Npnz wenudnd YeGupnGwlywG
thgpp Ywpbtih b hwdwpbp  hwiwlwpgh hbene vnwpwéynn
dintyuniwghwGlipp  Ohwpwapnn wquuinipjwl wuwnhtwGGbph pyh
wpryntlwpwp swih: YAS-h dhswyGbpp, hGswbu Gwbe pnwy nunbpp
nwuwlwpgynid GG hwdwdwyG Jhpwunpnjh  wigbppwih  spbpunn
GopywjwgnudGtiph:  Unw0dGwwbu Ywpbinp nbp B0 Ywwwpnid
wnwluwjhG (primary) nwwnbpp b GpwlGg hwiwwwunwufuwb
dhswybbpp, npnlp, GhpYwjwgnidGeph wbunpjwb (hqund wuwé,
Jdhpwunpnjh - wigbippwh  GepluwjwgnudGeph  gwépwgnyl  Yarny
yblywnnpGepG LG: UnwolwjhG nwwnbpp owbpwwinpwlwG
wpunwnpuwiGph  4bppnednpjwl Gwwndwdp  Jugind GG thwy
wigbppw: Wu OwbtpwinnpwihG Uigbppwih (OW) LYwenigdwdpuwyhb
gnpéwyhgltipp wnwebwihG GwlwynipyniG nuGbG, pwGh np npwig
Ghengny Ywiwjwlwl Gauinipjwip Gwpbih £ hwodb) puqdwlbunwGh
Ynnbigwghnh $nLGyghwGlipp: Snipwpwiynip YIS whhpwdbnwpwnp
wwpntGwynd £ 2 uwyhGny hnpndnpd wwhwwbynn hnuwbp' EGepghw-
hdwniuh plGgnpp, pwjg pGnhwlpwwbu wuwé wnbunpnibp Yupnn t
ntibOwy Gube wy vwhGObpnd ppwgneghs wwhwwGynn hnuwGpGbp:
Pninp wyuwhuh nbwpbpnud uhdbnphwih wiqbppwt wybh hwpniun b
GL w)l plngpynid £ Jdhpwunpnh wigbippwl npwbu GGpwwigbippw:
Ujuwtiu, ophlwy, 3/2 uwhlny hnuwbGph welwynipjnibp hwGgbgbnud t
Lbynt-Cupg-NwinGh  wiqbppwynd  GUwpwapdnn  unwybipynGdpnpd
hwowswihnipjwG: UG nbwpp, bpp welw GG Sh pwGh s=1 uwhny
hnuwpltip, hpwywlwgynd t qnpénnnipjul vke winwyninghwyw
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wlnwd  wwpniOwynn uhgiw-dnnbGEpnLy wjuwybu  Yngywé  dbu-
anudhOn-Lndhyny-vhptih  dnnbGGpny [3,4,5,6]: UnwnpwlwjhG

uyhlGny hnuwGpGhpp (WwpwdbpdhnGwihG hnuwbpGbp) GnijGwbu
pnijjwwnpbh GG: Pnpnp dbpnbh2jwp nbwptiph hwdwp Ywenigwd GG
widtipe puny G2gpphwin |néynn dnnbiGhp: [7] G [8] w2uwwnwGpGhpnud
qupgwgywéd t owbpwwnpwihG  wiqtippwih  Yurengywépughl
qgnpéwlhglGtph  hwydwl dh wpynibwybn  dGpnn  rbGYnLpbGn
wnGsnip)niGhGtiph dtpnnp: Wu dbpnnp hGwpwydnpnipynil E vwhu qunGbg
OuU-h pninp Yurnigywdépwihb gnpéwiyhglbpp’ ntunwdGwuhpbpng GhwjG
npn  whwh wewidlwwbu  wwpq  snpu-YGnwbGh  YnebywghnG
dnLlyghwGbp: Oquwanpétiny wyu dbpnnp’ {71, [8] wfuwwmwGpGbpnLyd
62qnphwin wpnwhwjinnepnllbp GG unwgybp N=1 untwybpynGdnpd b 4/3
uwhGny wwpwdbndhnGuyhG dnnbGiph OU-h pnpnp YwnnigdwépwjhG
gnpéwlhgliph  hwiwp: 3Iwpy Lt G, np  wu dGpnnph
wpyntbwybwnnepyntp pGwy £ sh  uwhiwlwihwlynid ybpnhhjuy
ntwpbipny: Uwulwynpwwbu [9], [10] wluwwnwbplbpnud gnuyg L
wnpjwd, np Gnyl qunuwihwplbbpp Ywpbh £ hwennnipjwdp Yhpwnb
GpYyswih untytipgpwyhunwghwih (N=1 unwytip-Lhniyhy) nbunpjuG dbp,
npp, hGswbu pwe hwynGh £, ng Yphihlwywh (d<10) untwbipiwnbiph ch
twywb pwnwnphsl £ Juqinid: [10]-ntd hwydwé GG unwwytip-Lhnwhih
wbtunipjwl pninp tipbip-YGnwGh Gu npny snpu-YGwnwGh YnebwghnG
dnGyghwbtpp, hOswbu  LEyn-Gwpgh, wjlwbu Ek  NwdnGh
ubiywnpGbpnud:  Npubtiu hbwnblwlp G2qphn wpwnwhwjnnpyniGGbp GG
gyt Gwbt  unwybp-Lhnwhth  wOnpwnwpddwG  gqnpdwyhgGhph
hwdwp: Npn2 wlhpwdtun plnhwbpwgnudbbphg hbnn dEpnnp Yupbih
E Uphpwnbt, bgpbp  nGbgnn  UNS-Ghpnud:  JdbpohGGhpu  (wyG
YhpwnenepyntGGtp nulbG hGswbu phswlwgpulywa hghlwynd (ophGuly
tiqnuyhG YphihywhwG bpbunyplbn, pywbuwhG 3ngh b, YnGanjh
wpnpLGo Gl w) b)), wybwtu £ puwg (wpbph inbunipyniGne:

Ywiwjwlwb RIS Ywpbih E nphuwwpybp npwybu YIS funinnpjwd
nbywan owbpwinnplGtpny (wjuhGpG wjbwhuh owbipwuinnpGbpny,
npnlg winiw| swihnnwlwonwpnilp thnpp £ nwpwénipjuwb-dwdwawyh
swihnnwlwGnipjnLGhg): 6pb fununnpnidhg hbunn dwulGhyGtiphg ndwGp
2wpniGwyniy 60 0Ow| wewGg qulgywoh, wmbunipjwld hGppwlwpdshp
uwhdwbp YpyhG YnGpnpd wbunpiniG t, nph YEGupnGwlwh |hgpp
hwiwdw)l Qudnpnnshyndh plinpldh, wwpwnwdnp £ hGG wdbih thnpp,
pwl GwhuGwywhd “nipnpwiwiniwywuagnyi” Ynbdnpd nbunipjwhG L
u nbwpnid wnwowlnLd L ntOnpd-fudpwjhG . hnup
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1 pudgdmdgh ddnun] ddg ‘duby pmhmhmd hulgndl d-ngat
:[z2] a0 gmfdununjmpguim 3 9mhhdmnnd pgdugnmpmugmy duu
‘dquun’ Juggyuq-ugmiun-nyudmg hudgohmadh wguhnyu Ludbmdmhy
maEEEui:a::::B:;nd pudgphyunmymdgmp nimyp ngén
gy Jugogiafdiwamuyh pmhmngdub dulud Y-ngst Impumumuunm
] ;:S:a:_ U :6ynufhgmngun gpmhmonmyp Yo Ighumnnd dugglquup
:cjzduSc; Ypwnfmy dulud ndimun 3 piufdiudupmudmny 1gmp doiubgquun
pmhmhZ{mymunpmyg :1 noufdwungun  Jdgopubmimhdgn 6pmun
19 Jugdon] nyfmwgmhd  nyndminy  ‘umpmbmod gmhmhyunmogedmo
Ludmm pubmbdmb nuiud ynymnlm Yo 6nuuhmpdbyhn
dpwbguup  gmhmhZmymdgmy  pufmbmuwngy  jdgndgmuimniZm
6ulfm 1q Ygygmnhn g ‘YogmiEmunime] ‘Yiggumg ] hyydunZ In6muwnn 3
gdngqun gmhmhZmymugmy 6yhmhmomomp Uy ‘Gypliuh [ 2] yugunndmg-y
hulghbmbdmb 2w Jighm  hnd  ‘6Ydgndgmumn{¢m  gmhmnmu
[0z] yquag-e ‘[61] Yybuadngbimeh ‘Yugbmbno 7 hulgnum dbyhn Guudap
nin :(ngat) duudqn nmpug ndimwngmhg Umumhme Umopmy nmogiul
Junniguug gmhmubmhmgyh Yiqubguiny gnmiu hmodmund gmhmhmd
1 Ylgumdyh @du ‘budnp pmhmngu duby Yo Yo pufdwludb ppln
:mybmbyumfMubyu Jugnoiunypmdmun glubmhméiupmamdunTiu
Juqo-su,g  omhmpdbhn  pg pugbmgmhmdy  paduhywnhady
dnudu  ‘vgy  YuggmduZz thm3myp  pymwngmhd  gmnjnmumhmomy
amh ‘Juqniquugp gymbnymb gpmhmnml  luhpuul wnydbln
dgmthm3hdg ng 9mhimh ngduwndgn Qugnlquug Yugo-stg Ynymnlm
dulug :(@-[g)] nqun Umpmy Ydggnmomugmg) dypiunjmeng ypmithm?
dughnm Yo Ydon] pdudguh gmhmaonimp 3 plugmmymn ddu ‘giudununf
Juhdbguigy, hunmymgeomum Y-g,h ngmuu Ighdmundt 3 4iqumh

dunn- w¢m ugompbngmb Luhidbaugy du ‘6nhZn pgudm gluigugh
:[21] vy Yugguuinhmg
-pu¢ Y-sugd 1 Dwpdpum  pgduwndgn dbulmpom  gdfmungmpd
gmpbauug nfm Ju ‘qmp pg2q mdh Jdunn diquup Y-pngh 01
piudbmumhg dgudu ‘ngy Yugppiwdmnmhmy Judmpugg-huhySuulupmg

-hynpynr  'pq  piuphpdomy  domfdunZg  Yugopiufeiunjutimine
a&ESENEc_B;S dugnpiudmnmhmy Tmybnqundyu
gpmnnmihminmgme  :dmgmy  Ydgt (gmpymn - pmhmnmu- -Ubmpd

Jlquup ypmdmbmb-g Juguindmg ugnmomy 3u) Yugnbydnnmp-1 hywnnyly
nq 15h6mugmyund ddgndpiufudm nfm piu-[gL] pudggiqlup Y-hngh
dungmybhniudg guybmfguuh pq pwdmdmhmd Boudu ‘ng bumhmomy
Jugpaiudmnmhmy Tmy6ngquadylt ndfmedb nugonydunh du ‘d@ngnbalit
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pwgmnyugmy ] gdmdmpopdy  gmpbmimhugn - pyYfmimubnuny
Yuggprugwl  gmgdmnmhmy  Jhuhdbulupmg-hunpdgh  @duwnhgh
nyimdyim joys-yo Yyimdu? yngumy hubydnmp-1 Impuybmu du ‘pmhdin
1 6hub pu-[gi] :198do (UgomelZ gmhmnygbmp dnqumy) Yomoymn
nmhmnmu-ybmhd Jugniquug gylmBygmb6 ugnmomy 3u 19 Jugomybhniug
nuybmfinauly ygmungh-u pudgniquup y-hngh giufdivgum yimgmpumb
yo omhb6mhnmy 34d@ 4ighm wvimZ mh ‘6ymmh 9gmhhmwmZyy ngudm
1984y Yugplguug pmhmdbmhmoyh gmhmhywunguh 1g g-gh Ybmg
:Ugnnufeuumdyh
Ifm hydmpbmd Tgound 3 Ludmh  Unwldiungun  Yuggpiuduwnun]
ynymnim du ‘3 wimyphn :pwfdiungn Jugnppiudutnun} wndmungmun
u gmhnoyy muh gmpBmuigmhd nyimpiulfhnpm 3 omhBmbumb pu
-[¥1] ‘Ugufdiuybmundmple Jigempmd ghuhgguulupmg 1g yhugmihiug
Umomy winbiuwnn Imfdgdmdgh Jugogndédn nyfmpiuiuhmh JuguZmu
Imyb6nngumndy Jlglup uopiog-suis Igumunmh nyy piunguumnjngmh
hmpumomy pmhmhmd do gmhoody muh pmadynmogiuniu Jugdmal
gUfmopmpymn  dgdudmun dhuhy3uulupmgn 19 dhugmihiurn ow-fgL]
:6lnpyl dmdmhmd 3 juunqy donimb dniufdwbmpy Jugpniufdiuhinmy
(loys-go) TImhul dugplguup phug  ‘dupmb  ‘6Bimg :Upmpoiul
nydbZg (mb6Ydinmg-g 13 dwhghn  Jugohdgnmp)  piugmudmhma
fidys-uo  (nifm 19 mobyn-(u)o ‘Ubnyude) Ugomphbomg ‘uopion
-auis hmnydo) Juan-si,gad pz huydmpbmd ng piudnd duqnpniuldiudgum
yuaunndmg-bgmg 19 dniufeuyigoiulunh ysyduinmyp-g ‘hudgnniufdiuinum
Judnquindmg-bnmg nliun ] omhduhmomgpimm nqmnlun
dpiugul wndubZe Yugniglug nmhmubmhmoyh nyimbomb huhd oqp du
‘doquimhn :[z1] nuapnuldwigum Ydquindmg-bnpmg g piudmdmpmd
dugnbydinmp-g  Yomhygnmp-whdy hnd ‘dimfiubmundm. Jdqob6ydnmy
-S Ugmhypnmg-whdg 3 puhgwlugh 164unmp-g pmoub (Ugn-Suay,
pz) 0udgnniufdiunqun ynymnm Uuhgiul nygudble Tmnp 3 pruhmpiudme,
dngiufdiungun  “‘Ugpimubguny gmopdm?  Tmhul  huhd m;u_é_a 4
pupmiymm dguduwnunf Uggmhbmb, Ynymnim gdq ‘ngmmdupmonmp
:0udgd  duqp  pg omhbgmb  duqohypnmp  dulud  hudgmiguqy
gpmpoduwnun| ddg ‘pupbmuin 3 dghunmh dgddmun gdhuyl yn ,_
‘hubusdyn
y6mbgm-quigg gmhmhyompyuupdgd pgyfmpiudunnun] 3u  doybmungy
nyfmdgn]-pdunqu nfm Iquynmppiuniu dgndih dydddmuingy vnmg pu-[11]
1 Tghdynmppiunu dnwfdiuduhmdmpy nfm piudmgt hydingpdndghiun
néYn yuqunh djodmhmudgny 1 czccazswécaascs_é.




inbunwpjufi uwbyuinpp YwrnigiwGp, wlhwibiwwm ww Ywu
wpynibwybw £ |nhw) off-shell hwuwlynipjnGhbph, hGswbu ophGuly
$npd-dwhwninpGph L YnnbywghnG $nuGyghwGbiph  nLunuiGuuhpiwa
fuGnpnud: dhqhywlwh hbwnwpepppnipynil GhplwjwgGnn, dnnbGtph off-
shell hwunynipyniGGEpp nuunwiGwuhpbihu Sipnnh wpnynuGwybunepywi
pwpdnwgiwi thnpd Ywnbith b hwdwnb) phGdbnh pdhunh Yhpwnnuip,
nph wpmyniGentd unwgynid £ Jh§wyGiph nwpwénipjwa th wyjlGwhuh
pwqpu, npnud phtkrwgdwa pwpn GptivnypGtpp hGwpwynphGu thnpp GG
[23,24,25]:

dtpehG  vwulwdjwynd  wbuwlwh  pwpdp  EGipghwGbph
$hahlwynud Ywwwpdwé wikGwtwywh hpwnwpdnipyniGbhphg dklp,
wlywuyws,  L.2wjpbpgh G tdhptiGh  Ynnihg d=4, N=2
uniybipuhdtinphy  SwGg-Uhjuh  pywGuwihG  wnbunipjwl  gwép-
tGtpgbwhy vwhiwbp Gywpwgpnn wjuybu Ynsdwé GwiuwwninbGghuwgh
(htrnwquynuy® 24-h GwfuwwninbGghw)) G2gphin wpnwhwjnipjwa
wnwownpnuiG t [26,27]: Uju hwynGwanpénipjwl hbinbuwGpGhpp 2w
funpG GG G pwqiwwhuh: Uw wewehG ntiwpl t, btpp pwnwswih
thnfuwqgnnn pYwGunwihG nbunipjwG nhGwdhywih Ybpwpbpjwy S2gphn
wannuiGbp GG wpdnud: Quypbipgh  GL dhpliGh  hbnwgnnnpyniGp
Gwlhwwwph £ hwppnud nbwh unuwytipuhibunphy 3wGg-Uhjuh nbuntpjw
hwpniun hnuyhG Ywenigwéph pwgwhwynnudp (wnku [28], [29]-p bt
Opwagnud  qwbnywé  hnnudGbipp):  2d-h  GwuwwninbkGghw) h
hwjinGwptipnudhg ns 2w wig wwpq nupdwd, np w)G pGwlwGnpbG h
hwjin £ quihu Gwb (wpbph wnbunipjwG dby [30, 31]: Qu)pkpgp bt
Jdhpbilip hwlqtighl GwhiwwninbGghwih hpliGg  wpuwhwnnpwGp
dupwbwnnptG  oqubiny  JtipghGhu  hnindnp$nipyniGhg  bL  wyG
GGpwnpnipyniGhg, np wbunipyniGp gwénp tGpqhwlbph uwhdwGned
gnigwpbpnid £ bEhinpuywi-dwqGhuwyw pniwpnipyniG: NppwG ky
G0wpunwliwd, JbpehGu pOnwdkGp GGpwnpnipynG tp, pwGh np
hhdGywé Ep wbiunipjwl |ny dh hwndwép pGngpynn ATU (Pngnidn|Gh-
Mpwuwn-2ndtpdtn)  JhGwyGhph  nunuiGwuppnipwG  dpw:  24-h
OwhwwynunbGghwip pwnlugwé t dky-onwlywGh funwnpniiwhG Swuhg
b.  wOdbpe puUnd  ng-funinpnudwhG pwqiwhGuunwGunnGuw)jhG
ninanudGtiphg: 3609 wju  nugnnuiGiph  hhdGwpwnp  uyqpeniGpGhphg
GlOGnY hwzqweb)G tp, np whnh hwGgbgGbp ng dhwyG pnuwnipjwG
Gopwnpnipjwl  fubun  wwwgnigdwlp, wy Gwb  hwGqbglbp
unwtipuhdbwphly 3wlq-Uhjup wnbunLpju ng-fununnpnLiw)hG
hwwynipymGGph  wewyby hwGqwiwlwthg  pwgwhwjndwhp:
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L.9npLjp, 4.bungbt GL UUwwhup wju nnnnipjwidp  Jwwnwpbghl
wnwohG  puyitpp  wpuwétind  pOGunnwbnnGGeph - dnnniGeph
wnwpwonLpjw b dpw dwlwéjwé N=2 unuybip-3wlq-Uhpup
gnpdnnnip)nLlp Gie $nilyghnGwy swihp, wyGnihtnbe hwadbind 1- b 2-
hGuunwGwnnGujhG  Gepapnudlbpp OwjuwwnnbiGghwind  [32):  Uu
nuinnnipjwdp  hbnwqw  wepweplpwgp  fungpnnunntd tp wy
hwlqwdiwGpp, np 3-hg UGS hGuunwGunnGwihG pdtph nbwpnud UN3U
(Uphjw, nphGdLn, 3hwnshG, UwGhG)-h dnnniGbph tnwpwénug)nilp sh
wnpyntd pwgwhwjn ywpwitwptph dhengnny: UwnbGwiununpjwb ko
ybipnhhjw dwlwédwés gnpdnnnpynlip B $nuGyghnGup  swihp
GbpYwjwglws b EYdhdwphwbn nhdbpbGghwy atiikiph dhengny, hGsp G
Lw)a hGwpwynpnipjnLbGtin k pwgnLy LnYywhqughwjh
Jwpbdwwhlwlywa wbunipyjul  wpnynibwybin  Yhpwrdwl  hwdwnp:
hulnpp 4Gpelwlwh (nuédwl SwlwwwphhG twlwh nbp Ywwnwpbghl
L.LEYpwundh Gt hwiwhbnhOwlGEph Ynndhg wewg dnwd bLpyne
qunwuwuwnGtp: UnwohGp hGunwGunnGGhph dnppGEph nwpwénepjwb
ns-Ynintnnwwnhy nbidnpdwghw £, npp hwGqgbglnud £ wwpwénipjwb
uhGgniywpnupynlGabph nwppwpnLdiwlp, Gpypnpnp Q{npw|
unpwiwswihwiht  fiph wwhwwOdnn GOopwhunwipp  qlGpwglnn
Jbyunpwywl nwowhG  wGybpe thnpp  wnwpwdwdwiwbulywih
wuwnjnGtphl hwiwwwwwwnwujfuwbnn dtywnnpwlwa nwzun
wybjwgaba t: tyypdwphwbn (nyuihqughwih Yhpwndwl nbuwlbnhg
wun Jwpbinp k, np wju wpynibOwpwp JGyumnpuwywG nwwp nuGh ny
doppwynp  pdnd  hpwphg wnwGdbwgyws  qpnGep:  Ujuwhunyg
hGuunwlwnnGwihG GepnpnudGiph hwadndp hwbgned | hbnbigw) wwGh
hpwanpéiwlp nwuwlwnpab] Ytyunnpulwb nuwnh gpnGbipp Ge hwadb
wjn Ytwbph  powlwipnid  Jywnpwlywb  nwawinh  wgnbgnipjwl
utithwlywG pybpp: Wu puGnhpp hp JbpoGwlwh wbupnd |niénud k
uinwghby [33]-nLy, npp pGngpyywsd bt GEpywjwgynn winbGwiununipjwb
0bp: Lnjwihqughwjh wnbfuGhywyh Uhpwnnipynilp sh
uwhiwlwhwlyynLd OhwjG GwjuwwnuntGghwiny: dbpohl
qupqugnuiGlipp wju utipnnh Yhpwnbhnipjw Lwya
hGwpwynpnipynitGGtiph wwwgnygd GG hwlnhuwond: Uju
qunqugnuilGtphg G260 dhw)l wwnbGwiununpjub G669 Gwlpwiwul
pGlwpyywé Yhpwy nwywnbph hGwnpbph JuyninwiwghG  dhehGGtph
hwynuip [62]:




UnbGwfununtppul Ouunuwlylb ¢
w) UpyniGwybin  dtpnnGbp qunGti nunudGwuppbine  hwdwp

owbpwwinpwihG wigbippwl b ynetiywghnG pmGyghwltipp Gh 2wpp
tpyswih pywGunw)hG nwazwnh nbtuntpyniLGhbpnd:

A nGGnpd-fuipwhG  neunudGwuhpnipywi GOpwplby fununnpdwo
untiytip-ynGpnpd  wnbunipynGGlipp: g unnwGnwpw  funinnpnidGtiph
inbunipjw oqlnipjwip hwpyki sine-Gordon dnnbth tpuwnGbOghwg
nuzwntiph YwyniniwhG ShehGGhpp:

g) Oquilt(ny wigtippwhy Phwnb-whqugh dpnnhg Ywnenigh) YGhdGhy-
Quitn{nnshljnuh hwlwuwpdwG thuwhy pGrphwGpwgniip b (nudt) w)h:
Uiqtippwhy Ptinb-whqugh yhpwenipjwip  dGLwlybputy Guo Lokt
pGnhww  yhGwybtpny PwpnhG-Unuytip-Gphdtinh  pGhwGpwgyws
dnnbp:

n) hGunwGunnGwhG hwadh dhongny nuntiGwuhnby untybtipuhdtitnphy
3whq-UhLuh wkunwgyntGlbiph ng funwnpnudwghG hwnynugynGGlpp:

Unwybl hwyhps wunbGuiununipjub GwwwnwyGhpp wpnwgndwé GO
Gpw YtpGwgnntd:

UwnbGwlunumpwl npnyplbnh ehnwlwl Gnpniipn

7) UnwohG wiqwd dwhyby b yhpwrybt t Gpuswid YnGHnpd nbunipjwl
YunnigywépwihG gnpowlyhglbipp quibint 6h Gnp GL wpmynbwybn
tnwGwy nbynipklun wnGsnipynLGGlph depnnp:

2) GgpinnpkG qulGdwé LG untwbpynGdnpd  Smp dnnbiGtiph MwanGh
Ri2 nuan  wwpnlwynn pnnp snpu-YtitnwGh  Ynnbywghnh
pniGyghwatipp:

3) 3wydws GG Smp dnntlGEph  poinp Qunnigywépw)hl
qnpowyhgbbnp:

4) qnGyws 66 4/3 uwhGwyhh hnuwlp wwpniGuynn nbunipyntbGenh
hGswbu nyw(, wylwbu b pdwghinfw) nwanbn wwpniGwlynn sepu-
ytwnwGh YnebywghnG $nLGyghwbhn: 3wyywé LG wju nbunipynLGGtiph
unph pninp Yuenigdwépw)hG gnpéwyhgltinp:

5) fyqnunpkG  hwyywe GG N=1 untwtip-Lhnidhth  wbunupjwl
tpuwynGtGghwy - nwzwbph  pninp tptp-Uawwbh  Ynebywghnb
$nGlyghwGtipp tL qunGwé &G LhnupgwG wwinhg wihnpwnwpddw
qnpéwyhgltinp:
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6) NunudGwuppqwé £ Smp GL Smp-2 untwybpynGPnpd nbungynLGGEpp
hpwp §hwglnn rGGpd fudph htinwghép: Jwzyywé b wayntGwqéwh
inkiuph k ptipdwé fununinpywé nbunpjw whndwy
swihnnwlywGnipyntGGeph dwuwnphgp: -QunGywd. L
hwiwwwwnwufuwGnipyntl  tpynt vwhdwGwhG  Smp B Smp-2
intiuntpyntGGlph [nYwy nwzwntiph dheti:

7) Ywnnigywé £ ng unwGnwnn funiinpnudGph wbunipyntG@ hhdGywoé
sine-Gordon wnbunipjw walynLGwyhb tiL 2wnwynwjhG
pywGunwgniGph  Upw GL hwadwé GG tpuwnGhGghw) nwwintiph
JuwyneniwyhG hehGOtipp: : o

8) uljws Lt UGhdGhy-2wdininnshyndh hwywuwpiwG  Ehwywhy
pGnhwGpwgnid: Wn hwdwuwpdwh |nincdbbph hwiwp Qurnigywé t
puqiwyh hGubkigpuwGapny Ghplwjwgntd: '

9) XYZ-Gnntiih hwdwp Yuemgus t TnhGdtinh  F-pwghup b
pwgwhuwjnnpbl hwzyywé GG dnGnnpndhwih dwuwnphgh tEdkEGnGEnp:
10) Uiqtppwhy RLnb-wiqugh Yhpwenipjwip (ndjws o pGnhuwin
UhswyGtpny Pwpnhb-Unuytp-Cphdtph pGnhwGpwgywé dnnb)p:

17) bGunwGwnGibph dnant Geph nwpwéntpjwl Ypw dwywoyws N=2
untwtip-3whq-Uhluh  wnbiuntpjwl qnpénnnipynilp, * -hGswbu: - GwbL
unwwtipuhdttphy $nLbGyghnluyy swihp, Strwhtpwyws - GG
nhptiptiGighw|-tpypwswihwlwi dghénignLGGlph  1Gqund, npri G
wpwohG  wlqwd  hunwynptG  hhdGwynpyby I tydpywppwlun
(nywhqughwh twpbdwwnhyuywb nbuntpjwh Yphpwnetihnig)ntlp wju
plwgqwywrnLy: '

12) Lnywi hqughwjh dtpnnh yhpwriwdp qunbyws E yndphGwuwnnpuywh
nhwyh th pwlwdby, npny Ywptih k wpryntGwytunnplG  hwadwpyby
YwiwywywG pyny hGunnwGuinGatph Ghpnpnudp,  hGswhu  GubL
gpwihunwghw)ny wwydwGwynpywé : nunnudltipp
GwuwwnutGghwned:

73) UnwohG wGquwd ninnuyh  hGunwGunGwihG hwyyh dhengny
qnGywé GG UYhpw) nwzwnbph  pGwlywG gnighsny  wuwnhGwGGEph
htnptph dwynindwyhG dhehGGtpp b unniqywo %G pOnhwGpwgywé
UnGhyhp  wGndwihwGbph  hbnbiuwGp  hwbnhuwgnn Uhpwy onwyhp
wnGsnLpynLboGtipp: .
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Urfuunnwliph gfnwiwd bt hnwrwlwl wpdbipn

7) 20wwé  wuwbGwpununipwG Ghp  unwgywé  wpmynlplbiph
dhswiwubnipjwl Ybpwgwywl wbuwywh pGnyphG, npwig Gh dwul
nLGEG wGihpwlwG Yhpwrwlwh Gawbwynipintb: VwubGwynpwwbu
pGnhwwn  YhSwyGhpny  PwpnhG-Yniwbp-Cphdtiph  pOnhwGpwgywsé
dnnbLhG Ybpwptipdnn wziuwnwiph wpnyniGpGlpp Yuwpbih b unnigli
dwhpwhwwhyGtpnud gbEphwnnpnuwywGnepjusbp yGpwpbpnn
ghunwithnpébipny:

2) bplswih YnGdnpd nunh nbuntpywbp Ybpwpbpnn w2huwnwiplbpp
ywpnn GG wyGnptG  ogquwgnpéyti  EdLUwnhynpblG  Gphswih

Jwnnigywépny $hghlywlyw hwidwlywpgbpnid Uphwnhywlywb
GpbLnyypGtiph pb nbuwlwa, tiL phbi thnpdlwlwG
hwnwgnuinLpnLGGEpnud:

3) bGunwGunnGwihG hwadh dhongny unwgyws ns-funtnnpnLdw)hG
wprynGpGtipp unwwybpuhdbuiphy 3whg-Uhpuh wnbunipyniGGpnid Ywpnn
GG Gnp Lnuyu uthebp pdwplGbph GL quninGOtph  wpgbijwhwldwi
(confinement) tiptiLnyph wwpqwpwGdwp:

UntGwiununtpywl dbp unnwgywé wpmyniGplbipp pptiGg  ghuwlywb
htwnwgnuinipnLGatipntd pwqoihgu oguwignpéty GG wyy, wyn pyntd ﬁth‘
hwiw2fuwphwhG heswly Jujbinn ghnGwywGhbn, hﬁZU-IVhUhE ophGuwy
EUwpwnhGiyp be U.ChkGYtpp  Nucl.Phys.B316:590-608, 1989,\
L.2wjptipgp’ JHEP 0402 (2004) 021, UL.2uwypbpgp b u.UwinwubGwh
Shifman, M. (ed.) et al.. From fields to strings, vol. 3* 1758-1827,
U.Qwininnshynyp Phys.Lett. B541 (2002) 194-200, L.dwdwl hep-
th/0310272 L w)G:

Urtuunnwliph thnpdwipllGnipnln

UinbGwhununipjwG hhdGwywG wpmyniGelbpp pwqohgu qtlynigyby nt
pGGwplybp GG dhowggquihG ghvwdnnnylbpnid b wzfuwnwbpw)hl
" hwGnhwndGspned, wyn pyncd’

» International Workshop “Lessons from low dimensions - the
many aspects of Conformal Field Theory” April 8-10, 2005, Bonn
University, Germany, :
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G

* International Conference “Modern Problems of Theoretical and
Mathematical Physics” September 20-25, 2004, Georgian
Academy of Sciences, Georgia,

e 6" 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,

e NATO Advanced Research Workshop “Syatistical Field
Theories”, 18-23 June 2001, Villa Omo (Como), ltaly,

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

hGswbu GwbL wwppbp ghnwlwG YEGnpnGGEPh utidhGwpobpnud

Swulwynpwwbu tpbtiLwh, 2nlah, Rbn hGh, Anndh
hwiwuwpwbGbpnud, Sphbunh  StuwywG dhghYwih Uhowqquijh
LUbGwpnGnud  (ICTP), AniplhGh  Unwpwynp 3tGwnwgnuinipynGGtiph
UtGwpnGnud (DIAS), 2tinGngninyywih Lwlnwnih wGdwl SkuwluwG
dhahlwjh hGunhwnnunnd b wyG:

Inwinwpulini 0GGnn

UnblwhununipywG  phdwyny  hpwuwpuwigwés t 21 ghnwlwG
w2huwwnwip, npnlg gwlyp pEpdwé t ubndwagph Ytpendd:

Uil wifunumprwl hwemgdwdpn
UwnbGlwfununipynilp pwnlwgwé t Gipwdnip)niGhg, snpu grnifuGlinhg bt

withnthnudhg, pdnd 183 whdwhnudGpny  gpwlwGnipjwG gwllhg:
Uzhuwwnwbph plnhwinip 6wywip Ywqinud £ 262 kg tnwwghp wbipun:
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_(”ﬂ (1+b’ Dﬂ r( +in)1‘(1+

r(1—in)r(1

w-|'~“Uo-

Ltiynt-CYwngh ublwnnpnid G
(148 = I‘(—;—HPb) 5+11—))
S.\:S(P)=('3'7( 5 jj 1 1
r(__,-pb)r(___j
2 2 b
Nwdnlh ubhunnpnud:

Goagpnpn _qiorfup Gdhpdwd b owylG ppwydhdwyGbph pGGwpyiwGp,
npnGgnud  nptitt Ggphnn dnnbth hwdppinnGhwip nbGlwGn

oywtipwwnnpltnh dhengny pbpbiLwlhnpbh funnnpywé t:
2.1 pwdlnud niuntdGwuhpdwé b Sy, unLytipynGdnpd dnnbijGliph

funiinpnidp Leyn-Gywingh @, untwtipnwawnh Ghengny’
C HY(g)=H"(O)+g[d'ud'00,, (2,6) ,

npuntin g -0 funninpdwl wwpwidknpG £, huy H,” -G slunnnplwé Smy
dnnbh hwidhponGuGh t: 4nGdnpd funninpnudGiph wnbunipiniGp 9bG)-
UwG-Lnnth $nhGyghwjh hwiwp hwGgbghnud t
2
p(g)=cg-—=g"+
3
wpunwhwjnnipjwlp, npwnkn E=2/(p+2):

2ng =27g" = \[3—8(1 +0(g)) wpdtiph nbwpnd  phnw-$nLGyghwa

nwrlnud £t qpn G, hGunbiwpwp, wyn YGwond  YbpwywGqGynud
untybpynGpnpd hwidwswihnipynilp: UGGunpnGwhwh (hgph hwagwnyp
gnuyg t twghu, np Gnp unwybip-YniGpnpd Yhnp hwiwwwnwufuwGned k
Sm,:, -nbunipjwlp: UGndw) swihbiph dwwphgh nunudGuuhpnegyntGp
hGwpwynpnipinilG b nwihu hwiwwwwnwubuwGnepynlh qunGly Sm, b
Sm__ wmbtiunpyntlGlGeph nwawbph dhebi: UwuGwynpuwwbu ®,..,Z.g)

-2
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(p-2)

untwbipnwawnbipp Jupbih b GepYwywglby @;7,° ) nwawbph npnawlh
qéw)hG YniphlGwghwih nbGupny:

2.2 tL 2.3 pwdhbatpnud nhunwpyynid £ hwGpwbhwjn sine-Gordwon
dnnbip

= Id’x{—6,,¢6"¢+2ycosﬂqp} :
16z

Ns unwbnwpw, wayniGwiht b 2wewynwiht pywGunwgnuiGtph hhdwa
ypw Ywrnigwd funinnpnuiGtiph ntunipjwi oqlntpjwip qunbywé Gl
tpuwynGtGghw) nwwbph JuyninidwjhG dhehGGEpp wqwwn
$tipdhnGwhG Ywnh (B* =1/2) zppwluypn g/ 7 =1/25°)-10 1:
UpnyniGpnid unnwgynud £

(piap(0)), g (1), Lo
m_nzﬂ[—zy/(zj a* (1-4log2)

@ ((§)ro(-5)) - o (55 5 ot )

npinbin v -0 quiw-$nilyghwih | nquphpiwlwi wéwlgyw G t, hGsp
wwhwbgynn  Gaunnipjwiip hwdpGyomo t Ulnlywlndh h
U.Qudnpnnshyndp npwbu Juwphwsé wnwownplwé pwbwdticdh hbwn:

&ppn, nt Gdhpqwé E Ggpphin  |néUnn  gwlgwjhl
UhSwlhwaqpulywb b Gpwag hwiwwwwnwubuwb pywbnwihG znpwtph
nuntilwuhpdwp:

3.7 pwdGnid Yurenigwéd t UGhdGhy-Rwdninnshindh hwywuwpdiwb

tLhwwnhy pGnhwGpwgnudp:
4QUd-h  dnnbiGGpnud N-YGnwbh unnbuwghnﬁ :bmﬁughwﬁbnn
pwywpwnpnid GG 4GhdGhYy- lejnlnr}zhunu_h hwywuwpiwGp
t, ®t
K‘— = Z e 2
ik z —z
nph we dwunid ndjwp sk Gwﬁwzbl QuntlGh hwihpnnbjwGp
Yot
o=y A2

izk z,{ - Z'.
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(¢/, a=1--,dim(g)" g Lhh wqbppwjh qtltipwwnnpltpG GG, npnGp
wgnud GO i-pn OBpLujwgiwl  wnwnpwénpjwb  obkg):  Uu
hwihpinnGubatpe unwgyny GG ng hwiwubn pwghnGw| R-dwwphgny
gwlgwjhG unnbOGph pywgh-nwuwlwi vwhdwbhg: Uu pwdhnLd gniyg
I wpdwés, np UGhdGhy-2wdngnnshyndh  hwdwuwpdwG  Yneblywn
pGnhwGpwgnuip  thwwhy R-0wwphgh hwdwp  (su(2) wiqbppwih
nbiwpncd) pynud £

K(_éz_i'_ri)w = Z’;J (Zi _Zj)\P _%(Ei\}’)

Jei
pwlwdtiLnd, npnbn 7, (1)-0 pywghnwuwywG thunhy r-Gwinphgd t,

huy T,-G tie Z, -G i-pn wwpwénipjwl dpw wannn npnawyh
owbpwwnpGbn 6G: Uju hwywuwpdw nénudGlipp iipynd G0 hbntigw)
pwqiwyh hGunbtigpwGEpny’

¥ (2002,) =G G 2 (o2, | 2)$(hooo 4y | 2) A -2,

npwnkin ¢(/1 | z)-n fhinbh pdwghnwuwywt wihpwjha $nGyghw t, huy

1 2
il Py X A
cx(412)=T1e(z,-2) Tle(2-2) T1(z-4)~
J<i a<f j.r

(g(A)=H(1)0(1)): '

Muwpqunud £, np wju hwywuwpnidp ubpinnpbl Yuwdwé b wnpwyhl
dwytiptunyph dpw npnzgwé dbu-2nuihGn-dhpkGh dnnbh Ynnbywghnl
pnLbyghwlbpp Gywpwagpnn wjuwbu Ynsywé YGhdGhy-2wdninnshyny-
PErGwpnh hwdwuwpdiwb htiwn:

3.2 pwdlnui Jwaenigyws t phGdbinh pwlninphquglnn F-puhuwnp
XYZ (Ywd np GnyGG t, Pwpuwnbph 8-ququwpwbh) dnntith hwdwp:
Ujuwhuny qunGdwé t yhdwyGtph nmwpwénipjwb wyGwhup pwqghu, npp
thnppwgny)Gh t hwuglGnd wnpwphqughnG tdEYwnGepp hGswbu Gubl
hGwpwynpnipynilG t tiwhu dnGnapndhwih dwwnphgh hwdwp unwGwg
pwgwhwjn  wpuwhwjnnignilGlbp: 3pdpbp Ywh hnwwwint np wyu
pwaghuh  oguwgnpéniip  Yynipwigbh  $npd-dwhwinplGph G
Ynnbiywghnl $nLGyghwlbph Ywenignudp:

3.3 pwdind wgbppwhy Phnb-wiqugp  hwiwwmbipuwnnd
pGGwpyynrd k dEnwnwywh dwlpwhwuwnhybbpnid
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qbphwnnprwywbnpnilp GQywpwagpnn Hhulypbn dhdwyGhpny PwpnhG-
Uniwbp-CGphdtiph dnnbip

— 1 _ LI .
H= £.C,C,—82,6,,6,€.C,,°
J.o=t it

Uu hwdhpwinGywGp Yuntih t Geplujwgll pnhwGpwgldwé QwntGh
hwdhwnnGuGGhph Shongny '

H =§\:[(g—2e,.)f1, +(g, —3g/4)]+g(iHij2,

i=l i=}

¢ 28575 +(S7S; +85)

1
H=S+—g
' 2 - £ —E,

8nyg t wpdwé, np QunbGh pOnhwlpwgdwé A, hwihpinnGubGkpp

Ywpbih t unwlw] BYywGhGh Ggpwiht K-dwwnphgny hwiwpgué XXX

dnntith pywghnwuwlywb uwhiwGhg: Uu nhnwpynudp pnuy) b nwihu ns

dhw)G  oquwgnpéti  wiqtippwhy PEwnb-wGqwgp dnnbip  MekNL

Gwwwwynd, wj GOwybr  hGwpwdnpnpjnt £t wwihu  dnpbpp

Eﬁngwﬁnwgﬁb[ nhunwnytiny nptitk GapwjhG K-dwwphg pangpynn XXY
nnGp:

2nppnpn gradfun GUhpdwé E pwnwswih unuybpuhdbnphy 3wag-
Uhruh inbuntp)nLGGEph ng funinnpnidw)hG hwwnynupyniGGeph
niuntdGwuphpdwOp hGunwGunnGuwhG hwzdh dhengny:

4.7 pwdhGp Ghpdwé b hGunwGnnGlph dnnn Geph twwpwénipywb
Upw dwlwéywé N=2 uniwtipuhdbunphly 3wag-Uhpuh gnpénnnipjwi
Ywnnigdwlp Gipywjwglwé nhptiptlghw) EpUpwswthwlwb bgpbpny:
2uwjptipg-dhptith GwiuwwnutiGghwip, npwbu N=2 Yhpw| ¥
untwtpnwzwnh $nLGyghw, niGh hbinbiyw) ybpiniénigynibp’

i S A"
F(¥)=—WY¥'log—~— F(—) v,
(¥) 27 A’ Z "\w
npunkn pdwjhb F, qnnéwuhgﬁbnn ns funinnpnudwhG
nhGuunwbwnOwhG GepnpnuiGipG GG: Uju 0G6énupnLlGGhpp Ywpbih b
GhpywjwaGl), npwbu  hGnbgpw)  n-hGuunwGunGGtph  dnnneGeph
mwnwém_pjwdp‘

n=}

F~ fauve™
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npuibn  S”-p  dnnniGiph  twpwénipjwl  Upw dwlhwdédws N=2
unwwbpuhdbwnphly  Swlg-Uhiuh  gnpénnnepyntGG £, huly du”-p
dwlwédwé unwwbpuhdtnphy $nibyghnluw) swihp: Uju pwdGnud gnijg t
wnpdws,  np ptpipnGwihG  wqwuwinipjwl  wuwnhGwhGbpp
Ghpyuwjwglbiny  nhdtipaGghwy 1-dtkiph  dhengny hGwpwdnp L
qnpénnnpjwl hwiwp unwlwy hunwy nh$pbinEGghuwg tpypwswthwywdb
hdwuwn ntGEgnn wpnwhwjinntpynlG

S"=dw, o= —z":zm(wivow,),

i=]
npinbn w-tpp  UNRU-h  hGunwGuinGGph swihpp L hgnunw
nwpwénipjwlb - 0y Gpwlg nnnywdénipjnLin GEpYwjwglnn
(pdwuintinGhnGu)hh) wwpwibtwnpbpld 66, v-G shuwfundwd  gpnpuw
npwiwswihwhb atLwihntunipynil qliGpwglnn Jbyunnpulwl nwanl
t, npp wpdnud £ ujwpwp nwawnh quwyniniwyhG chehGnd, 4, -G
tyuhdwphwGn wpnwphG nhdtipkiGghw) G t, huy D -0 YnjwphwGun
wéwhghw|: Yjuwhund’
F:' - j‘e-ﬂvm:

4.2 pwdinui, htwbibiny L.LGYpwunyhl, Gwfu ng Yndntinwinhy
nipnpdwghwih  dhengny  nbignijwphqugyntd t  dnnniGbph
nwpwénpynilp, w)bnihtitnki pwnwswth nwpwénipjwb
thnfuoppngnlw)  hwppnipyniGObnLd thnpp & b1 g, wGlyntGatpny
wuntjn ghGtpwglnn Jbyinpuywa nwztn wybipwgbtny
phiptiLwyhnptG dbtwdnfudnid £ ulyqplwlywh Jelhunnpwlwl nwzwnn:
UjGnihbwnbit uwhdwdnud 66 htnbywy derwthnfudwsé ubénp)nLGGlpp

Z"(a,al,az)=L e’

Uu hGunbigpw)Gepp hwzytint hwdwp Yhpwednid tydpdwnhwGwn
(nywihqughw)h dtpnnp: Utipnnh wpnynGwytunnip)nilp pwgwunpydnid k
w)l hwGqwiwGpny, np dtiwthnfujws YEhunnpuywl nwawnp ntGh dh
Yupbitp wewGdGwhwnynipntG’ w)b odndwé k Shw)G yEpowdnp pund
wewGdGwgyws qpnitipny: SUN) wnpwidwswihwiht fudph nbwpnid
dbywnpwlwl  nwawnh  gpnGhpp  nwuwywpqyntd GG 3nlgh
nhwgpwuiGph N-wyGkpnd, npnGg JwlnwyGbph pGnhwhnen ehdp n k:

Ujuwhuny
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1
Zn‘(a’€1’€2)= Z

Aefy ¥} det Li y

npinbn  L.-p stuwhniudwé ¥ Jahnnpuwlwl nwznh wgnbgnipjwl
owtpwwnnnb t 3niigh nhwapwdtbph {¥,---¥,} N-jwynd npnadwé 4

wGwnpd Ytwnny whghnn 2n2wthnn mwpwénipjwl gkg: Uju owbipwwinph
ntntpihGwaunh hwdwp unwgywé b hbntiyw) wpinwhwjunnpnGp’

X

) = I1 {H(aw._ —eh, (s)+¢, (1+vﬂ (s)))

N sel,

XH(",,; +é, (1 +h, (s'))— £V, (s'))} ,
npuntin A, (s)-p (v, (s)-p) hnphqnwywG (nnnwdhg) nunnpLpjwip s

dulnwyhg dhGstir 3niGgh A nhwgpwdh tapp pGYyws Jwlnwllbph
phuG b btdwuwnfudwé b ulyqplwlwh dténpynGGtiph dhobti tnwd
Jwwp wwpqwpwbbn hwdwp GepdnwstGp

Z(q,a,s,,e';2 =1+iZ"(a,£l,ez)q",

=1

det L,

F(q,a,6,¢,)=~¢¢,l0gZ(q,a,5,¢,)

1

$niGyghwibpp: F(g,a.6,.¢,)-0 pbgnipwp t g =£,=0 Lhwnnd b

F(A“’,a,0,0) $niGyghwt ny wyy hGs t, btpt ng Quyptipg-dhpkGh
GwhiwwnunbGghwih  ng  funnnpnidwhG,  hGuinwGnnGwhG “Jwup:
Wuwhund  dbpnhpzjwy  YndphGuwwnpwywl  whwh  pwlwdbibpp
uygpeniGpwihG  hGwpwdnpnipyntG 66 wwihu hwadbine Ywiwjwhwa
pund  hGuwmwGunGGbph  Gepppnudp Owfuwwnunblghwih " dbig:
Jtwnwpnphp t Gzb) Gubt, np ng qpnjulywi g, -p hwdwwwunwufuwbnd
t 0 wnwGaGwhwwnniy $nlGwjhG gpuyhinwghnb nwzwnh welwnipjwlp:

4.3 pwdGnu PGunwGunGwihG hwzhdp Yhpwedws b Gube Yhpwg
nwawnbiph quynunidwyhG dhehGbbipp qunbbpnt hwiwp: Vwubwnpuwwtu
SU(2) wpwiwswihwihG fudph hwiwp dhGstt 4 hGuunwbwnnGGtph
dnunwnipnipjwdp unwgyntd k
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2" 324" 64a" 81924" *
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a 6

5q° ’ *
<Tr¢2>=2a1[:1+_2_+ q +_?L+ﬂ_9q__+...J
+\ 4
(1rg')=2a| 112222

79  2145¢°
+ + +-e0
16a”  40964"

: <—Tr¢6>=2a6- 1+;—5—‘f-+

a
+ +
324" 644"  81924"

3q
a

13542_+125q3 16335¢" ]

‘ 14 2 3 4
<Tr¢“> =2a’ [l+~—42+ 1613 + 3% + 153379 ST
a 8a° 44"  20484"
Ndywp sk unnigby, np unwgywé wpnwhwjwnipyniGbpp pwywywpned
bG pGnhwhpwgyws UnGhzhh whndw) hwakph htwnbiiwGp hwinhuwgnn
Lhpwy onwh wnpGsnip)ntGGEphG
i 2

YVoagr
<Trqp >—4q+ 5

3

V= L
<Trqp >—6qu+ .

4

<Trqp8> =12¢" +6qu’ +—zf8~—_

Sanwlnugnipim GG,

- -Wuwhuny winbGwlnunipjwt 0k unwgyt) GG hbwnbyw) wpnyneGpGtpp.
1. bphswip 4nGHnpd  nbunipjwG YwnnLgdwdpwihG qnpéwihgbbpp

,gllin(]blm Onp GL wpynLGwybn GnwlGwyp' pbYnipkGun wrGsnipinLGtiph
Gpnnp:

2. UnLuqbnunﬁfbbnd Smp UnnbIGph NwdnGh Ri,2 quwn wwpniGwlynn

POLOP , snpu-YEnwGh - YnebwghnG Iniblghwbbpp  wpnwhwndws

hhybtpbpypwswihwyws Iniblyghwhbpny: i

3. Smp ¥nnbiGeph pnpnp Ywnenigwdpwjhb gnpéwilhhgltipp:

4. 4/3 uyhGuyhG hnuwGp wwpniGwlnn wbunipyniGGiph, hGswybu LnYuwy,

w)bwtu t  pdwghnluwy nwzwbp  wuwpniGwynn snpu-YtivnwGh
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YnnbywghnG PnLblghwlbph Gzgphnn wpuwhwnnegnbp Br wju
wbunupntlGGlph 2wpph pnpnp urenigdwédpwhG gnpéwlihgbbipp:

5 N=1 unwybip-Lhnuhth wbunipjuG kpuwynGtbGghw) nwwnbph pninp
tptip-Ybwwbh YnnbywghnG pnibGlyghwbtph Gu LhnuhpywG  wwwnhg
wanpuwnuwpdiwb gnpdwlhgltph 82qnhn wpunwhwjwnnipynGGbipp:

6. Smp Gt Smp-2 unuybpynGpnpd wbunipniGGbpp hpwp dhwglnn
ntiGnpd fudph hbwnwgh6h Yuenignuip: lunninpdwé ntunipjwl wlnduw)
swthnqwywnipynlGGhph dwwphgh hwzdnudp Gu Gpw waynbwqdwhG
wnbupp: UwhdwlwjhG Sm, GiL Smp-2 wnbiunipyntOGtph (nwl nwzwnbph

vhobiL hwﬁwqumwul'uwﬁmpjwﬁ YJwnnignuip :

7. sine-Gordon  wbunipjwlG  wllynbwyhG  bGr 2wpwdnw)hG
pywbuwnwgnibboph  Jpw hhiGdwéd ng unwlnwpwn  funnnpnudGiph
wbunpywb Ywemgniip b tpuwnGhlGghw) nwzwnbph  JuynunudwghG
dhohGGEph hwadnidp:

8. uGhdGhy-Qwininnshyndh hwjwuwpdwG thwywhly plnbwGpwgnidp
L wn  hwyjwuwpdwG (nénudGeph pwqiwyh  hGntigpw) Gbpny
GLpYuwjwgliwbd Ywnnigneip: ,

9. XYZ-inpblh hwdwp  hGdbinh  F-pwqhuh Ywenignuip Gt
dnGnnpnihwih  dwwphgh  LGaGGwnGEph  pwgwhuyn  wnbupp  wyn
pwqghunty:

10. Uigqtippwhy Pbunb-wlqugh Yhpwenipjwip plnhwin hSwybbpny
PwpnhG-Ynwybp-Gphdbph pGnhwlpwgywé dnnbih |nLonLdp:

11. hGuwwGwnnbGbph dnpn Gbph mwpwdnpjwl dpw dwywédws N=2
unytip-3wbq-Uhiuh  wbuntpjwG  gnpénanipjwl, hGswbu Gkt
utbtpuhdtwphy  $nibyghnGwy swihh diwltipynuip nhytintiGghw-
bpypwswihwywt  dbompyniGGeph  (kqund G EydhdwphwGn
infwihqughwih  Jwpbdwwhywywl  wbunipjwl  YhpwetithnipjwG
huinwy hhdGwynpnidp wyu inbunipjwh dGo:

12. YniphGwwnpwlwl whyh vh pwlwédbih wpnwénuip, npny Yupbih
t wppyniGwybwnnpbl hwqwpyb) Ywiwywlwh pyny hGuinwbGnnGGtph
Ghipnpnuip,  hbswbu  Gwbr  gpudhunwghwind  wuwydwbwynpdwé
nunnnLiGtpp QwivwwnnbGghwinud:

13. Nupnuyh  hGunwbinnGwihG hwadh dhengnd quOdwé  Yhpuwy
nwawntiph pGwlwi gnighsnd wunhSwGGhph hbwnpbph JwinunuiwhG
dhohGGtpp bt gOnhwOpwgywé UnGhzhh wlndw) hwGbph  hbnbLwGp
hwGnhuwgnn Yhpwy onwlh wnGsnipyntGGtiph uwnnigniidp:
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Pesome

HucceprauvmoHHan paboTa nocBfilieHA  M3YYEHWIO  [BYMEPHbIX

KBAHTOBONOMNEBbLIX U PELUeTOYHbIX CTaT(PU3UYECKUX Mojenei, a TaKkke
nocTpoeHuo adhpeKTMBHbLIX METOLOB WHCTAHTOHHOIMO MCYWUCHEHWs AnA
uccnepoBaHWa HenepTypbaTMBHLIX CBOWCTB  YeTbipeXMepHbIX Teopwii
fHra-Munnca ¢ paclumpeHHon cynepcuMmMeTpUen.

OcHoBHbIe pesynbTaTel NONyYeHHble B paboTe:
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10.

MNocTpoeH 3dhdeKTUBHBIN MEMOd peKypeHmHbIX COOMmHoweHul
HaxOXAEHWs1 CTPYKTYPHbIX KOHCTaHT onepatopHoi anrebpbi B
ABYMEPHOW KOH(POPMHOI Teopum rons.

HaligeHbl BCE YETbIPEXTOMEYHbIE KOpPEnALMOHHbIE (YHKLMK,
cogepxawwue  rnone  PamoHa R.; wnu R2,1, B
cynepcuMMeTpUIHbIX MOAeNaxX Spyp .

BbiunucrieHbl BCe CTPYKTYPHbBIE KOHCTaHTbL! onepaTtopHoi anrebpbl
mMogenen Smp.

MOCTPOEH Knacc KOppensiMOHHbIX YHKLUWMA, coaepallnx Kak
nokanbHbie, Tak W KeBasu-nokanbHble nons B Mopensx
3amonoguunkoea-dateera € napaPepMUOHHLIMU TOKamMn CO
CcnMHOM 4/3. BbluucneHbl Bce  CTPYKTYpHbie  KOHCTaHTbl
onepatopHoi anrebpbl.

TouHO BbNWUCNEHblI BCEe TPEXTOYEuHble KOppenauuoHHble
(bYHKUMM aKCNOHEeHUManbHblX NONMeid W HaigeHbl amnnuTygbl
OTPOXeHus oT NNyBUNNEBCKON «CTEeHbI» B N=1
CynepcUMMETPUYHOR Mogenw Jinysunnsa.

WUccnepaoeaHa peHOPM-TPYNNOBas TpeakTopusi, coefuHsalowasn
CYnepkoHMOpMHblE Mopenu  Smp W Smp-2, BbMUCNEHA W

OnaroHanusoBaHa maTpuua  aHoManbHbiX  pasMEpPHOCTEdH
BO3MYyLUeHHON Teopun. [1OCTPOEHO COOTBETCTBME MEXDY
NOKanNbHBIMW MONAMU «FPAHUMHBIX» TEOPWIA Ship U Smp-2.

MocTpoeHbl HecTaHAapTHbIE TEOPUM BO3MYLUEHWA, OCHOBaHHbIE
Ha YIMOBOM W pajvanbHOM KBaHTOBaHWM Mogenu “sine-
Gordon"a. BbiiucneHs! BaKyyMHble cpeaHble BCEX
3KCMOHEHLUMarnbHbIX MONIEA. B OKPECTHOCTU TOukM CBOBOAHBIX
dhepmMuoHoB

HailgeHo annuntuudeckoe obGobuieHne ypaBHeHus KHmkHUKa-
3amonoguunkoBa, AnNs  peleHWA  KOTOpOro  MOCTPOEHHO
MHTEerpanbRoe npeacrasneHue.

Ons XYZ-mopenu BakcTepa nocTpoeH gakropuaylowuin F-Teuct
OpuwHdenga. B HoBom Basuce HaliaeHb! SBHbIE BbipaXeHUs ans
3NEMEeHTOB MaTpULibl MOHOAPOMUN.

Pewwena ob6obujeHHas moaens bapauHa-Kynnepa-lUipudpdepa c
ONCKPETHbIMK COCTOAHUSIMMN, onucbiBawLas
CBEPXMPOBOAMMOCTE B METANNMUYECKUX HAHOMETPOBbIX 3epHax C
npuMmeHeHuem anrebpanyeckoro aHsaua bete,.
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11.

12.

13.

®yHKUMOHanbHas Mepa u paeiicteme N=2 cynep-AHra-Munnca,
WHAYUMPOBaHHLIE Ha NPOCTPaHCTBE MOAYNeid WHCTaHTOHOB,
npeacTaBneHbl B AnddepeHunanbHO-reoMeTpUIECKUX
NOHATUAX. O6ocHoBaHO OOoNYyCTUMOCTb NPpUMEHEHUS
MaTeMaTU4eCcKoin Teop1n SKBUBaAPAHTHOK Nokanusauuu.
Metogom nokanusauuu HaigeHa opMyna KOMBWHATOPHOro
Tuna, nossonsiowan 3pPEKTUBHO BLIMUCIUTL N-WHCTAHTOHHbIM
BKNaj a Takke rpaBuTaLMUOHHbie NonpaBku K npenoTeHuvany B
Teopuu N=2 cynep-fHra-Munnca,

Ina N=2 cynep-AHra-Munnca BblMUCNEHBI BaKyyMHbie CpefHbie
kupanbHbIX Monei METOAOM UHCTaHTOHHOro cueTa. [lposepeHbt
COOTHOLLUEHUA  KMpanbHOro  Komnbua,  BbiTeKalowme U3
0606WeHHbIX aHomanuuin KoHuwn.
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