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Vd oqnonrd ] ok]senql enq hlokdldmshmf ] tmhudqr]k* fknaZkkx cqhudm pt]mstl bnlotsdq a]rdc nm ] 1C k]ccdq
gnrshmf sgqdd cheedqdms rodbhdr ne rtodqbnmctbshmf ptahsr- Hm rs]qj bnmsq]rs vhsg sgd dwhrshmf khsdq]stqd* ntq rbgdld
dwoknhsr sgd ]kv]xr,nm knmfhstchm]k YY bntokhmf- Sgd k]ssdq* bnlahmdc vhsg rodbh“b cqhuhmf eqdptdmbhdr* dm]akdr
sgd qd]bg ne ] aknbj]cd qdfhld* vghbg ok]xr ] ohuns]k qnkd hm sgd bnlotshmf rbgdld-
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Hmsqnctbshnm- Rtodqbnmctbshmf bhqbthsr g]ud cdlnmrsq]sdc
dwbdoshnm]k odqenql]mbd hm dwdbtshmf oqdbhrd bnmsqnk ]mc
ld]rtqdldms nodq]shnmr* sgtr l]jhmf sgdl ] oqdedqqdc bgnhbd
enq pt]mstl bnlotshmf ’PB( ]qbghsdbstqdr Z0fl6[- Mdudq,
sgdkdrr* mnsvhsgrs]mchmf sgdhq qdl]qj]akd oqnodqshdr* sgdrd
ok]senqlr ]qd rshkk ]efihbsdc ax ] rdqhntr cq]va]bj- Hs hr hmcddc
vhcdkx qdbnfmhydc sg]s sgd rb]k]ahkhsx ne rtodqbnmctbshmf
’]mc nsgdq rnkhc,rs]sd( ]qbghsdbstqdr e]bdr ] gtqckd adb]trd ne
sgd mddc enq knbZkhydc bnmsqnk ne d]bg knfhb]k ptahs Z7fl00[-
Sghr bg]kkdmfd* nesdm ctaadc sgd zvhqhmf oqnakdl‡* ]qhrdr
eqnl sgd mdbdrrhsx ne ltkshokd bnmsqnk rhfm]kr enq d]bg ptahs
hm rs]mc]qc PB ]qbghsdbstqdr* kd]chmf sn ] vhqhmf nudqkn]c
Z0*01*02[- Hm uhdv ne sghr e]bs* l]hms]hmhmf ghfg f]sd “cdkhsx
vghkd rb]khmf to sgd mtladq ne ptahsr vhsghm ] rhmfkd oqnbdr,
rnq oqdrdmsr ] rhfmh“b]ms gtqckd Z03[- Vghkd rs]sd,ne,sgd,]qs
rtodqbnmctbshmf PB ok]senqlr b]m ]bghdud rhmfkd,ptahs nodq,
]shnm “cdkhshdr ]r ghfg ]r 88.88 Z04*05[* qdctbhmf dqqnqr hm
svn,ptahs f]sdr qdl]hmr bg]kkdmfhmf- Sn ntq jmnvkdcfd* sgd
]rrnbh]sdc dqqnq q]sdr enq sgdrd nodq]shnmr odqrhrs ]s ]qntmc
/.0 Z06fl10[- Hmbhcdms]kkx* nmd ne sgd l]hm khlhshmf e]bsnqr
sn dmg]mbd svn,ptahs f]sd “cdkhsx hm rtodqbnmctbshmf ok]s,
enqlr hr sgd zqdrhct]k‡ knmfhstchm]k YY hmsdq]bshnm adsvddm
mdhfganqhmf ptahsr- Vghkd qdbdms qdrd]qbg dmcd]unqr g]ud
rgnvb]rdc ldsgncr sn ]kkduh]sd Z11fl14[ ]mc dudm kdudq]fd
YY bntokhmf Z15fl17[ enq hlokdldmshmf svn,ptahs f]sdr* rtbg
hmsdq]bshnm qdl]hmr fdmdq]kkx tmcdrhq]akd vhsghm bnmudmshnm]k
pt]mstl rtodqbnmctbshmf PB eq]ldvnqjr-
Sn needq ] rnktshnm sn sgdrd c]tmshmf hrrtdr* vd oqdrdms ]

tmhudqr]k rtodqbnmctbshmf PB ]qbghsdbstqd vgdqd* dwoknhshmf
sgd oqdrdmbd ne ]kv]xr,nm YY bntokhmf sdqlr* knb]k cqhuhmf

)Sgdrd ]tsgnqr bnmsqhatsdc dpt]kkx sn sghr vnqj-
–Bnms]bs ]tsgnq9 qldms];ok]mbjh]m-bn-
†Bnms]bs ]tsgnq9 eq]mbdrbn-bhnmh;rmr-hs-

Otakhrgdc ax sgd 7ldqhbZm OgxrhbZk Qnbhdsx tmcdq sgd sdqlr ne sgd
BqdZshud Bnllnmr 7ssqhatshnm 3-. HmsdqmZshnmZk khbdmrd- Etqsgdq
chrsqhatshnm ne sghr vnqj ltrs lZhmsZhm Zssqhatshnm sn sgd Ztsgnq’r(
Zmc sgd otakhrgdc Zqshbkd r shskd) intqmZk bhsZshnm) Zmc CNH-

ne d]bg hmchuhct]k ptahs hr qdok]bdc ax fknaZk otkrdr sg]s
bnmsqnk bnkkdbshudkx ] k]qfd bnkkdbshnm ’qntfgkx nmd sghqc( ne
sgd ldlnqx qdfhrsdqr ne sgd lncdk* gdmbd cq]rshb]kkx qdctbhmf
sgd sns]k mtladq ne vhqdr mdbdrr]qx sn qtm sgd bnlots]shnm-

EHF- 0- @qbghsdbstqd enq ] fkna]kkx cqhudm rtodqbnmctbshmf pt]m,
stl bnlotsdq- Sgqdd fqntor* 7* A*B ne rtodqbnmctbshmf ptahsr ’qdc*
aktd* ]mc fqddm rpt]qdr* qdrodbshudkx( nbbtox sgd gnqhynms]k qnvr
ne ] 1C k]ccdq- Ak]bj roqhmfr* bnknqdc bnmshmtntr khmdr* bqnrrdr*
“kkdc bhqbkdr* ]mc sqh]mfkdr ]qd cd“mdc hm sgd l]hm sdws- Dkdbsqhb]k
vhqdr cdohbsdc ]r bnmshmtntr qdc* aktd* ]mc fqddm khmdr bnmmdbs
]kk dkdldmsr vhsghm d]bg fqnto* e]bhkhs]shmf fkna]k bnmsqnk sgqntfg
hmcdodmcdms bk]rrhb]k dkdbsqhb]k otkrdr- Ctqhmf sgd bnlots]shnm* sgd
knfhb]k hmenql]shnm hr dmbncdc hm sgd ptahsr ne nmd ne sgd bnktlmr ne
sgd oqnbdrrhmf ]qd] ’dmkhfgsdmdc hm xdkknv hm sgd “ftqd(9 ptahsr nm
sgd kdes ’qhfgs(,g]mc rhcd ne rtbg hmenql]shnm b]qqhdq bnktlm ]qd hm
] zo]q]l]fmdshb‡ ’zedqqnl]fmdshb‡( fdf ’fff( og]rd- Sgd hkktrsq]shnm
odqs]hmr sn ] M + 3 knfhb]k ptahs pt]mstl bnlotsdq-
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Ghrsnqhb]kkx* ] ohnmddqhmf fkna]k rbgdld ne PB v]r “qrs
oqnonrdc ax Kknxc Z18[- Rnnm ]esdq* rdudq]k nsgdq oqnonr]kr
enq PB a]rdc nm fkna]k bnmsqnk vdqd ots enqv]qc Z2/fl21[-
Gnvdudq* sgdrd e]hkdc sn qd]bg sgd qd]chmdrr kdudk mdbdrr]qx
sn ad bnlodshshud vhsg lncdkr a]rdc nm knb]k bnmsqnk- Ntq
rbgdld hr hmrohqdc ax ] qdbdms chrqtoshud ]cu]mbdldms sg]s
v]r l]cd ax Bdr] ]mc Ohbgkdq Z22[* vgn oqdrdmsdc ] tmhudqr]k
pt]mstl bnlotsdq a]rdc nm fkna]kkx cqhudm Qxcadqf ]snlr-
Hm sghr PB ok]senql Z23*24[* svn md]qax ]snlr hm ]m dwbhsdc
Qxcadqf rs]sd hmsdq]bs rn rsqnmfkx sg]s sgdhq rhltks]mdntr
dwbhs]shnm hr enqahccdm ’zQxcadqf aknbj]cd‡ Z25[(- Athkchmf
nm sghr deedbs* sgd ]tsgnqr ne Qde- Z22[ cdlnmrsq]sdc sg]s ax
]qq]mfhmf svn cheedqdms rodbhdr ne�’M1( Qxcadqf ]snlr hm ]m
]klnrs,qdftk]q qdbs]mftk]q k]sshbd* nmd b]m hlokdldms fkna]kkx
cqhudm PB nm M ptahsr-
Gdqd* vd oqnonrd ] fdmdq]khy]shnm ne sgd qdrtksr ne Qde- Z22[

sn ] rnkhc,rs]sd* rtodqbnmctbshmf ok]senql- Qd]cdqr vhkk hl,
ldch]sdkx tmcdqrs]mc sg]s sghr hr e]q eqnl sqhuh]k rhmbd sgd
]enqdldmshnmdc aknbj]cd deedbs cndr mns bnld zenq eqdd‡ hm
ntq ok]senql- Adknv* vd rgnv gnv sn cxmZlhbZkkx hmctbd
aknbj]cd hmsn ] k]sshbd ne rtodqbnmctbshmf ptahsr- @cchshnm,
]kkx* vd trd sgqdd q]sgdq sg]m svn rodbhdr ne ptahsr* vghbg*
]r vd ]qftd adknv* rhfmh“b]mskx qdctbdr ’vhsg qdrodbs sn
Qde- Z22[( sgd mtladq ne ogxrhb]k ptahsr sg]s ]qd mddcdc sn hl,
okdldms ] tmhudqr]k pt]mstl bnlotsdq- K]rs ats mns kd]rs* vd
oqnonrd ] cheedqdms hmhsh]khy]shnm rbgdld vhsg qdrodbs sn sg]s ne
Qde- Z22[* vghbg gdkor tr qdctbhmf sgd rhyd ne sgd hmhsh]khy]shnm
]qd] ne ntq rnkhc,rs]sd pt]mstl bnlotsdq vhsg qdrodbs sn sgd
Qxcadqf nmd- Hm ntq lncdk* pt]mstl hmenql]shnm hr ]kv]xr
knb]khydc hm sgd M rtodqbnmctbshmf ptahsr ne nmd ne sgd udqsh,
b]k bnktlmr sg]s enql sgd k]sshbd ’rdd Ehf- 0(* qdedqqdc sn ]r sgd
zhmenql]shnm b]qqhdq bnktlm‡ ’HBB( hm sgd enkknvhmf* vghkd
sgd qdl]hmhmf ptahsr ]qd jdos hm ] qdedqdmbd ’rdo]q]akd( bnm“f,
tq]shnm- Pt]mstl bnlots]shnm oqnbddcr sgqntfg rdptdmbdr ne
bnmsqnk otkrdr sg]s nodq]sd bnkkdbshudkx nm nmd nq lnqd ne sgqdd
rodbhdr ne ptahsr- Sgdrd otkrdr rdqud sn qhfhckx rghes sgd onrh,
shnm ne sgd HBB hm sgd k]ccdq ]mc ]bshu]sd rhmfkd, ]mc svn,ptahs
f]sdr nm hsr dkdldmsr ]s rodbh“b knb]shnmr hm sgd cduhbd* ansg
dm]akdc ax sgd aknbjZcd hmsdqZbshnmr sg]s bnmmdbs sgd ptahsr-
Hm ntq cduhbd* rtbg hmsdq]bshnmr ]qd hlokdldmsdc uh] sgd tm,
v]msdc YY bntokhmf ldmshnmdc ]anud- @r vd vhkk chrbtrr
adknv* ax dwoknhshmf sgd e]bs sg]s YY hmsdq]bshnmr b]m ]kkduh]sd
rnld ne sgd cdfdmdq]bhdr hm sgd dmdqfx rodbsq] ne mdhfganqhmf
rtodqbnmctbshmf ptahsr* vd rdkdbshudkx hlodcd rodbh“b dmdqfx
sq]mrhshnmr* deedbshudkx dltk]shmf Qxcadqf aknbj]cd Z22[ nm ]
rtodqbnmctbshmf ok]senql-

Lncdk- Vd oqnonrd sgd pt]mstl bnlotshmf ]qbghsdbstqd
cdohbsdc hm Ehf- 0* vghbg bnmrhrsr ne ] 1C k]ccdq vhsg M o]q]k,
kdk qnvr- Sgd k]ccdq bnms]hmr 1M + 2 bnktlmr* d]bg gntrhmf
] chrshmbs sxod ne rtodqbnmctbshmf ptahsr bgnrdm ]lnmf sgqdd
onrrhakd rodbhdr 7* A* ]mcB ’qdoqdrdmsdc* qdrodbshudkx* ax qdc*
aktd* ]mc fqddm rpt]qdr hm sgd “ftqd(* nqf]mhydc hm sgd

B7A7 ︷ ︸B7A7 ︷ ︸B7A7 ︷ ︸ · · · ’0(

o]ssdqm- Sgd “qrs ’k]rs( svn bnktlmr nm sgd kdes ’qhfgs( antmc,
]qx ne sgd k]ccdq rdqud ]r cdchb]sdc ]qd]r enq sgd hmhsh]khy]shnm
’qd]c,nts( rs]fd ne pt]mstl bnlots]shnm- Sgd bdmsq]k onqshnm
ne sgd rbgdld* dmbnlo]rrhmf 1M  0 bnktlmr* qdoqdrdmsr
hmrsd]c sgd oqnbdrrhmf ]qd] ne sgd lncdk vgdqd sgd pt]mstl

bnlots]shnm s]jdr ok]bd- Hm sghr ]qd]* rs]qshmf eqnl sgd sghqc
bnktlm* d]bg ne sgd A, ]mc B,sxod bnktlmr ]krn hmbnqon,
q]sdr ]m ]cchshnm]k 7,sxod ptahs- Sghr 7,sxod ptahs ]bsr ]r
] zbntokdq‡ adsvddm ]ci]bdms qnvr ne sgd k]ccdq* dm]akhmf
svn,ptahs knfhb f]sdr Z26[- @kk ptahsr vhsghm ] fqnto rg]qd
sgd r]ld kdudk ro]bhmf9 ĝ�7 enq 7,sxod ptahsr* ĝ�A enq A,
sxod ptahsr* ]mc ĝ�B enq B,sxod ptahsr- Dwbdoshnmr sn sghr
qtkd* l]qjdc vhsg ] ak]bj bhqbkd nq sqh]mfkd hm Ehf- 0* g]ud
kdudk ro]bhmfr rkhfgskx cdstmdc eqnl sgd mnlhm]k u]ktdr sn
bnlodmr]sd enq sgd z]mnl]kntr‡ ’h-d-* cheedqdms( mtladq ne
md]qdrs,mdhfganqhmf YY hmsdq]bshmf dkdldmsr ’rdd sgd mdws
o]q]fq]ogr enq cds]hkr(- Hm ntq lncdk* ptahsr vhsghm sgd r]ld
qnv ]qd hmsdqbnmmdbsdc uh] md]qdrs,mdhfganq YY bntokhmf*
vhsg tmhenql rsqdmfsg ĝ * cdohbsdc ]r ak]bj roqhmfr hm sgd
“ftqd- Sghr hmsdq]bshnm ]krn khmjr ]cchshnm]k hmsq]qnv bntokdq
7,sxod ptahsr vhsg ]ci]bdms A nq B dkdldmsr hm sgd r]ld
bnktlm- Bqtbh]kkx* ]kk 7,sxod ptahsr ]qd bnkkdbshudkx cqhudm ax
] rhmfkd shld,cdodmcdms dwsdqm]k dkdbsqhb]k rhfm]k* U7’s (* uh]
] bnmshmtntr qdc khmd- Rhlhk]qkx* ]kk A,sxod ZB,sxod[ ptahsr*
hmbktchmf sgnrd vhsg ] ak]bj bhqbkd nq sqh]mfkd* ]qd bnkkdbshudkx
cqhudm ax rhfm]kUA’s ( ZUB ’s ([ sgqntfg ] cdchb]sdc aktd Zfqddm[
khmd- Ehm]kkx* sgd bqnrrdc ptahsr hm sgd cduhbd hcdmshex ] rtards
ne rtodqbnmctbshmf ptahsr 7* A* nq B sg]s* vghkd l]hms]hm,
hmf sgdhq mnlhm]k kdudk ro]bhmfr* bntokd vhsg sgd dwsdqm]k
dkdbsqhb]k rhfm]kr U7’s (* UA’s (* nq UB ’s ( ]s ]tfldmsdc Q]ah eqd,
ptdmbhdr- @r rgnvm hm sgd “ftqd* bqnrrdc dkdldmsr ne sgd r]ld
sxod mdudq ]ood]q hm sgd r]ld qnv nq bnktlm- @cchshnm]kkx* sgd
o]ssdqm ’0( dmrtqdr sg]s ]mx svn bnktlmr sg]s bnms]hm bqnrrdc
dkdldmsr ne sgd r]ld sxod A nq B ]qd ]kv]xr rdo]q]sdc ax
] rdptdmbd ne sgqdd bnktlmr sg]s bnms]hm mn bqnrrdc ptahsr
ne sg]s r]ld sxod- Vd onhms nts sg]s sghr ed]stqd* vghbg hr
bqtbh]k enq hlokdldmshmf rhmfkd,ptahs ]mc svn,ptahs f]sdr* b]m
ad dmfhmddqdc Zs sgd kdudk ne bhqbths eZaqhbZshnm ]mc mddcr mn
dwsq] bnmsqnk ’rdd sgd Rtookdldms]k L]sdqh]k* RL Z27[(-
Sgd sns]k G]lhksnmh]m ne sgd k]ccdq hm Ehf- 0 b]m ad vqhssdm

]r …F ’s ( 9+ …F/ + …Fcqhud’s (* vgdqd
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1
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∑
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ĝ 

1
…σ ’y(h ⊗ …σ ’y(i ’1(

cdrbqhadr sgd knb]k dmdqfx bnmsqhatshnm ne sgd rtodqbnmctbshmf
ptahsr ]mc sgdhq ]kv]xr,nm YY hmsdq]bshnmr* vghkd

…Fcqhud’s ( 9+
∑

χ∈{7.A.B{

∑

h∈χ

ĝχ ’s ( rhm  �c.χ s + φχ ’s (( …σ
’x(
h ’2(

qdoqdrdmsr sgd shld,cdodmcdms cqhuhmf nvhmf sn sgd bk]rrhb]k
bnmsqnk khmdr- Hm Dpr- ’1( ]mc ’2(* …σ ’w.x.y(h qdoqdrdms sgd O]tkh
l]sqhbdr ]bshmf nm sgd Ghkadqs ro]bd ne sgd hsg ptahs* dwoqdrrdc
hm sgd knb]k dmdqfx a]rhr |fh 9+ ’/. 0(S. |dh 9+ ’0. /(S- Sgd
rtll]shnm hm sgd rdbnmc sdql nm sgd qhfgs,g]mc rhcd ne Dp- ’1(
qtmr nudq ]kk md]qdrs,mdhfganq ptahsr- Sgd o]q]ldsdq �c.χ
cdmnsdr sgd nrbhkk]shnm eqdptdmbx ne sgd cqhuhmf otkrd Uχ ’s (*
vghkd χ ’s ( ]mc φχ ’s ( cd“md sgd shld,cdodmcdms Q]ah eqd,
ptdmbx ]mc og]rd ne rtbg bnmsqnk- Enq rhlokhbhsx* hm vqhshmf
Dp- ’1(* vd g]ud mns rodbh“dc sg]s vgdm h hcdmsh“dr ] aktd
Zfqddm[ ptahs vhsg ] ak]bj bhqbkd* sgd bnqqdronmchmf ptahs%r
kdudk ro]bhmf adbnldr ĝ’�A   ( Zqdro- ĝ’�B   ([ hmrsd]c
ne ĝ�A Zĝ�B[* ]mc vgdm hs hcdmsh“dr ] aktd Zfqddm[ ptahs vhsg
] ak]bj sqh]mfkd* hs adbnldr ĝ’�A +  ( Zqdro- ĝ’�B +  ([ hm,
rsd]c ne ĝ�A Zĝ�B[- Rhlhk]qkx* vgdmdudq hm Dp- ’2( h hcdmsh“dr
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EHF- 1- ’]( Dmdqfx rodbsqtl ne sgqdd ptahsr 7A7 bntokdc uh]
md]qdrs,mdhfganq YY bntokhmfr ]r hm …F/9 ] cqhuhmf otkrd ne eqdptdmbx
�c.A + �A  1 ]bshmf nm sgd bdmsq]k A,sxod dkdldms b]m nmkx ]b,
shu]sd sq]mrhshnmr adsvddm sgd svn knvdrs dmdqfx kdudkr- Sgd dmdqfx
rodbsqtl enq sgd ptahs sqhokds 7B7 hr ]m]knfntr sn sgd nmd rgnvm- Hm
sghr b]rd* sgd cqhuhmf otkrd ltrs g]ud ] eqdptdmbx �c.B + �B  1 -
Sgd r]ld ]qftldms gnkcr enq sgd B7A sqhokds ’B, ]mc A,sxod ptahsr
]qd cqhudm ]s sgd r]ld shld sgtr sgdx b]m ad rddm ]r sgd r]ld rodbhdr
hm sghr bnmsdws( vgdqd sgd cqhuhmf otkrd hr mnv �c.7 + �7  1 - @
fdmdq]khy]shnm ne sghr rbgdld enq ] 7A7B7 ptahs bg]hm hr rgnvm hm
sgd RL Z27[- ’a( @m]kxrhr ne sgd rdptdmbd …Trghes + …7q …A …B …7q sg]s
hmctbdr ] bnkkdbshud lnshnm ne sgd hmsdqe]bd enq sgd b]rd ne ] rhmfkd
’M + 0( qnv-

] bqnrrdc ptahs* χ ’s ( hr qdok]bdc ax 1χ ’s (- @o]qs eqnl
sgdrd knb]k ]citrsldmsr* vghbg ltrs ad hlokdldmsdc nmbd ]mc
enq ]kk ]s e]aqhb]shnm kdudk* hs hr hlonqs]ms sn mnsd sg]s χ ’s (*
φχ ’s (* ]mc �c.χ ]qd hmcdodmcdms ne sgd hmcdw h* hmchb]shmf
sg]s sgdx qdoqdrdms ] bnmsqnk ]bshmf fknaZkkx nm ]kk ptahsr ne
sxod χ -

AknbjZcd qdfhld uhZ WW hmsdqZbshnmr- Sgqntfgnts ntq ]m]k,
xrhr* vd ]rrtld sg]s svn YY,bntokdc md]qdrs,mdhfganq ptahsr
]qd mdudq rhltks]mdntrkx cqhudm Z28[- Etqsgdqlnqd* hm sgd shld
hmsdqu]kr vgdqd sgd bnmsqnkUχ ’s ( hr ]bshud* vd rg]kk ]rrtld sgd
bnqqdronmchmf χ ’s ( ]mc φχ ’s ( u]ktdr sn ad bnmrs]ms- Tmcdq
sgdrd cqhuhmf bnmchshnmr* sgdqd dwhrsr ] o]qshbtk]q bgnhbd ne
�c.χ * vghbg ]kknvr tr sn hlokdldms ] cxm]lhb]k aknbj]cd
qdfhld- @ ogxrhb]k hmrhfgs hmsn sgd nqhfhm ne sghr deedbs b]m ad
nas]hmdc bnmrhcdqhmf sgd dmdqfx rodbsqtl ne sgd G]lhksnmh]m
…F/ enq sgd rhlokh“dc b]rd vgdqd nmd g]r sgqdd ]ksdqm]shmf
ptahsr* r]x sgd 7A7 sqhokds rgnvm hm Ehf- 1’](* ]qq]mfdc hm
] rhmfkd qnv- @ fdmdq]khy]shnm ne Ehf- 1’]( sn ] ptahs bg]hm
7A7B7 hr oqnuhcdc hm sgd RL Z27[- Hm sgd 7A7 b]rd* vghbg
b]ostqd sgd drrdmsh]k ogxrhbr* nmd mnshbdr sg]s* hm sgd qns]shmf
v]ud ]ooqnwhl]shnm ’QV@(* he vd ]ookx ] otkrd UA’s ( ne
eqdptdmbx �c.A 9+ �A  1 sn sgd bdmsq]k dkdldms* nmkx sgd
sq]mrhshnm adsvddm rs]sdr |fff ]mc |fdf hr ]bshu]sdc* vghkd
nsgdq sq]mrhshnmr ]qd mns ]kknvdc rhmbd sgdx ]qd nee,qdrnm]mbd-
Hm nsgdq vnqcr* vgdmdudq ]s kd]rs nmd ne sgd zdwsdqm]k‡ ptahsr
ne sgd sqhokds qdrhcdr hm sgd dwbhsdc rs]sd |d* sgd rxrsdl qdl]hmr
tm]eedbsdc ax sgd rodbh“dc bnmsqnk otkrd Z3/[- @ fdmdq]k,
hy]shnm ne sghr qdrtks sn sgd etkk k]ccdq b]m ad nas]hmdc ax
cdrbqhahmf sgd rxrsdl%r dunktshnm hm sgd shld,cdodmcdms qdedq,
dmbd eq]ld cd“mdc ax sgd bnmsqnkr- Hm o]qshbtk]q* hs hr onrrhakd
sn rgnv ’rdd sgd RL Z27[( sg]s ]ookxhmf sgd tmhs]qx sq]mrenq,
l]shnm …Tqe ’s ( 9+

�
h d

h …σ ’y(h �c.hs,1 hm sgd qd]kl ne sgd QV@* sgd

G]lhksnmh]m ne sgd lncdk qdctbdr sn

…Fqe’s ( 
∑

χ∈{7.A.B{

∑

h∈χ

ĝχ ’s (

1
Zdhφχ ’s (|fh}dh| + G.b.[

+
∑

}h. i
1ĝ |dhd i}dhd i | . ’3(

He sgd chldmrhnmkdrr o]q]ldsdq ηAQ 9+ | ,χ |  0 ’h-d-* he
sgd YY bntokhmf hr sgd k]qfdrs dmdqfx rb]kd(* …Fqe’s ( dw,
]bskx lhlhbr sgd deedbshud Qxcadqf,aknbj]cd G]lhksnmh]m
dloknxdc hm Qde- Z22[- Vd gdqd rsqdrr sg]s sghr G]lhksnmh]m
]ookhdr sn Zkk sgd ptahsr ne sgd rbgdld* hmbktchmf sgd nee,
cdstmdc dkdldmsr hmchb]sdc ax ak]bj sqh]mfkdr nq bhqbkdr hm
Ehf- 0-

CxmZlhbr Zmc ptZmstl bnlotsZshnm- Sgd dunktshnm hm,
ctbdc ax …Fqe’s ( b]m ad dwoqdrrdc ]r nqcdqdc oqnctbsr ne sgd
enql

…Tsns + …T ’/(
χ/

· · · …T ’1(
χ1
…T ’0(
χ0

. ’4(

vgdqd …T ’/(
χ/
hr sgd tmhs]qx nodq]snq ]rrnbh]sdc vhsg sgd /sg

shld vhmcnv* vgdqd Uχ/
’s ( hr ]bshud- D]bg tmhs]qx nodq]snq

…Tχ b]m ad cdrbqhadc ]r …Tχ 9+ d h …Fχ τχ ,ĝ* vhsg …Fχ + …Fqe’τχ (-
Qdrsqhbshmf ntqrdkudr sn sgd aknbj]cd ηAQ  0 qdfhld* vd b]m
bnmrhcdq sgd hmsdq]bshnm sdql ne …Fχ ]r ] bnmrsq]hms sg]s oqd,
udmsr ]mx cxm]lhb]k dunktshnm nm χ ,sxod ptahsr tmkdrr ansg
ne sgdhq md]qdrs,mdhfganq χ ,sxod ptahsr Z30[ ]qd hm sgd fqntmc
rs]sd |f- Sghr hlokhdr sg]s Dp- ’4( qdctbdr sn ] oqnctbs ne
hcdmshb]k bnmsqnk,tmhsZqx nodq]shnmr Z31[* vgdqd d]bg ptahs ne
sgd χ sxod hr bnmsqnkkdc ax hsr “qrs mdhfganqhmf rhsdr ne χ sxod-
Nmd b]m oqnud ’rdd sgd RL Z27[( sg]s* ax trhmf rdptdmbdr
’4( sg]s nmkx hmunkud ] “mhsd rds ne …Tχ ]bshu]sdc ax sgd r]ld
bnmsqnk khmd Uχ ’s (* vd b]m hmctbd ]qahsq]qx dunktshnmr ne sgd
enql

…Vχ ’θ
.  : θ .  ( 9+ …Vχ q ’θ

.  ( …Vχ· ’θ
.  ( . ’5(

vgdqd χ q ’χ·( hr sgd rtards ne χ sg]s hmbktcdr ]kk hsr
qdftk]q ’bqnrrdc( dkdldmsr- Enq ξ ∈ {χ q.χ·{* …Vξ ’θ .  ( hr
] bnmsqnk,tmhs]qx sq]mrenql]shnm sg]s ]ookhdr sn ]kk ptahsr
hm ξ * ] tmhenql* rhmfkd,ptahs qns]shnm … h’θ .  ( 9+ d h θ

1  ·=σh

o]q]ldsqhydc ax sgd 2C tmhs udbsnq  ]mc sgd ]mfkd
θ ∈ Z/. 1π [- Ne o]qshbtk]q qdkdu]mbd ]qd sgd tmhs]qhdr ’5(
vgdqd nmkx nmd ne sgd o]q]ldsdqr θ * θ  cheedqr eqnl ydqn*
vghbg bnqqdronmc sn sq]mrenql]shnmr sg]s rdkdbshudkx nodq]sd
nm dhsgdq χ q nq χ·- Sghr ]kknvr enq sgd hmchuhct]k ]ccqdrrhmf
ne ansg qdftk]q ]mc bqnrrdc ptahsr trhmf nmkx fkna]k otkrdr-
Enkknvhmf Qde- Z22[* vd dmbncd sgd pt]mstl hmenql]shnm

nm sgd 1C k]ccdq ax ok]bhmf nmd knfhb]k ptahs odq qnv- @r
hmchb]sdc hm Ehf- 0* ]s d]bg bnlots]shnm]k rsdo* sgdrd ptahsr
qdrhcd nm ] rhmfkd bnktlm ne sgd oqnbdrrhmf ]qd] ne sgd cduhbd-
Rtbg HBB b]m ad enqldc dhsgdq ax 7,* A,* nq B,sxod ptahsr-
Gnvdudq* he sgd HBB hr enqldc ax A, nq B,sxod ptahsr* sgd
qdc,bqnrrdc dkdldmsr hm Ehf- 0* vghbg ]bs ]r hmsq]qnv bntokdqr*
]qd mns hmunkudc hm sgd dmbnchmf ats vhkk ]kv]xr qdl]hm hmsn
sgd fqntmc rs]sd |f ne sgdhq knb]k G]lhksnmh]m-
Sgd HBB hr onrhshnmdc ]s sgd hmsdqe]bd adsvddm svn rsqhmfr

ne ptahsr9 ] zedqqnl]fmdshb‡ og]rd ’|ffff . . . ( nm sgd qhfgs*
]mc ] zo]q]l]fmdshb‡ og]rd ’| · · · fdfdf( nm sgd kdes- @rrtl,
hmf sg]s ]s ] fhudm bnlots]shnm]k rsdo ] ’onrrhakx dms]mfkdc(
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rs]sd | ne sgd M,knfhb]k ptahs hr knb]sdc hm sgd jsg bnktlm ne
sgd k]ccdq* sgd fkna]k pt]mstl rs]sd ne sgd lncdk hr cdrbqhadc
ax vdkk,enqldc udbsnqr ne sgd enql

|: j 9 +
 
· · ·

∣∣f⊗M
〉
j 2 ⊗

∣∣d⊗M
〉
j 1 ⊗

∣∣f⊗M
〉
j 0

)
⊗ |j

⊗
 ∣∣f⊗M

〉
j+0 ⊗

∣∣f⊗M
〉
j+1 ⊗

∣∣f⊗M
〉
j+2 · · ·

)
. ’6(

vgdqd* enq j + 0. · · · . 1M + 2* sgd jds | · · · j qdedqr sn sgd
rs]sd ne sgd jsg bnktlm ne sgd cduhbd- @r rgnvm hm sgd RL Z27[*
rs]qshmf eqnl ] etkkx edqqnl]fmdshb og]rd* vgdqd ]kk sgd ptahsr
ne sgd cduhbd ]qd hm sgd fqntmc rs]sd |f* ] rodbh“b bnmsqnk
otkrd UB ’s ( b]m oqnlnsd sgd “qrsB,sxod bnktlm ne sgd hmhsh]k,
hy]shnm ]qd] ne Ehf- 0 hm |d⊗M - Enql]kkx* sghr oqnctbdr ] udbsnq
|: j vgdqd sgd HBB hr knb]sdc hm sgd “qrs A,sxod bnktlm ne
sgd oqnbdrrhmf ]qd]* ]mc ] knfhb]k rs]sd | 9+ |f⊗M - Sg]mjr
sn Dp- ’6(* nmd b]m rgnv sg]s* tmcdq d d aknbj]cd bnmchshnmr*
sgdqd dwhrs bnmsqnk tmhs]qx dunktshnmr ’4( sg]s dm]akd tmhudqr]k
PB- Sgd jdx hmfqdchdmsr sg]s l]jd sghr ed]rhakd ]qd9 ’]( sgd
]ahkhsx sn qhfhckx lnud sgd HBB ]s ]mx onrhshnm hm sgd k]ccdq
’hmbktchmf sgd k]rs bnktlm ne sgd qd]c,nts ]qd] vgdqd ld],
rtqdldmsr b]m ad odqenqldc ]s sgd dmc ne sgd bnlots]shnm(:
’a( sgd onrrhahkhsx sn hlokdldms ]qahsq]qx rhmfkd,ptahs f]sdr nm
sgd bqnrrdc dkdldms ne sgd A, nqB,sxod bnktlm vgdqd sgd HBB
hr knb]sdc* vghkd kd]uhmf sgd qdrs ne sgd ptahsr tm]eedbsdc: ]mc
’b( sgd ]ahkhsx sn ]bshu]sd ] mnmsqhuh]k svn,ptahs dms]mfkhmf f]sd
’d-f-* ] bnmsqnk,Y nodq]shnm( adsvddm sgd isg ]mc ’ i + 0(sg
knfhb]k ptahsr vgdm sgd HBB hr knb]sdc hm sgd A, nq B,sxod
bnktlm sg]s bnms]hmr sgd bqnrrdc 7,sxod ptahs* vghbg ]bsr ]r ]
bntokdq adsvddm sgd isg ]mc ’ i + 0(sg qnvr ne sgd k]ccdq-
Sn ]bghdud s]rj ’](* vd hcdmshex ] rdptdmbd …Trghes Z32[ ne

sq]mrenql]shnmr ’5( sg]s rghesr sgd gnqhynms]k onrhshnm ne sgd
HBB vhsgnts ]eedbshmf hsr hmsdqm]k rs]sd* h-d-* …Trghes|: j +
|: j + 0* rdd Ehf- 1’a(-
Hm sgd b]rd hm vghbg sgd HBB hr knb]sdc hm ] χ ,sxod bnktlm

vhsg χ ∈ {A.B{* sgd nodq]shnmr mddcdc enq hlokdldmshmf sgd
rhmfkd,ptahs f]sdr ne onhms ’a( b]m ad qd]khydc ax bnlonrhmf
rdptdmbdr ne sgd enql …W sns7q

…Vχ· ’θ,1.  ⊥( …W sns7q
…Vχ· ’θ,1.  ⊥(

vhsg  ⊥ nqsgnfnm]k sn x ]mc …W sns7q nas]hmdc eqnl ’5( enq θ
 + 1π

]mc θ  + / ’rdd sgd RL Z27[(- Hmcddc* sg]mjr sn sgd e]bs sg]s
sgd bqnrrdc χ ,sxod ptahsr ]qd knb]sdc nm bnktlmr* vghbg ]qd
]s kd]rs sgqdd bnktlmr ]o]qs eqnl d]bg nsgdq* vgdm ]bshmf nm
|: j sgd ]anud sq]mrenql]shnm vhkk deedbshudkx bnqqdronmc sn
sgd ]ookhb]shnm ne sgd rhmfkd,ptahs qns]shnm … ’θ .  ⊥( nm sgd
bqnrrdc dkdldms ne sgd HBB Z33[- Ehm]kkx* nmbd sgd HBB hr
]khfmdc vhsg ] svn,ptahs f]sd* vd nmkx mddc sn trd ] rhmfkd
…W sns7· dunktshnm nas]hmdc ax rdsshmf θ  + / ]mc θ  + 1π hm
Dp- ’5(* vghbg kd]udr tmbg]mfdc dudqx qdftk]q 7,sxod ptahs
]mc hmctbdr bnmchshnm]k,og]rd rghes Z31[ nm sgd bqnrrdc nmdr-

Chrbtrrhnm- Dwoknhshmf YY hmsdq]bshnmr* vd ]bghdudc tmh,
udqr]k PB nm M knfhb]k ptahsr sgqntfg dwsdqm]k fknaZk otkrdr
sg]s ]bs nm ] k]ccdq ne Msns + 1M1 + 3M  0 ogxrhb]k ptahsr
Z26[- Hm bnmsq]rs vhsg sgd Qxcadqf,]snl oqnonr]k Z22[* vghbg
qdkhdr nm sgd trd ne svn cheedqdms rodbhdr ne ogxrhb]k ptahsr*
ntq rbgdld trdr sgqdd rodbhdr- Sghr bgnhbd ]kknvr tr sn
qntfgkx g]kud sgd sns]k mtladq ne ogxrhb]k ptahsr ne sgd cd,
uhbd* vghbg enq sgd svn,rodbhdr lncdk Z22[ rb]kdr ]r Msns 
3M1 enq M  0- @r chrbtrrdc ]anud* sgd bnmchshnm ηAQ  0

hr bqtbh]k enq ntq cduhbd%r nodq]shnm- Mtldqhb]k bgdbjr hm
sgd RL Z27[ bnm“ql sg]s  ltrs ad ]s kd]rs nm sgd nqcdq ne
4χ - Sgd k]qfdrs u]ktdr ne  sg]s g]ud addm dwodqhldms]kkx
]bghdudc Z34[ ]qd nm sgd nqcdq ne 0//LGy* vghkd sxohb]k
Q]ah eqdptdmbhdr b]m qd]bg u]ktdr ]r rl]kk ]r 4LGy Z35[*
rtffdrshmf sg]s sgd aknbj]cd qdfhld hr etkkx vhsghm qd]bg hm
btqqdms rtodqbnmctbshmf,ptahs ok]senqlr-
Hm nqcdq sn ]bghdud ] e]tks,snkdq]ms pt]mstl bnlots]shnm*

dqqnq,bnqqdbshnm ’DB( rbgdldr ]qd mdbdrr]qx- Rhmbd ntq l],
bghmd hr tmhudqr]k* ]mx rs]mc]qc e]tks,bnqqdbshnm oqnbdctqd b]m
ad hlokdldmsdc- Hm o]qshbtk]q* qdf]qchmf* d-f-* rtqe]bd bncdr
Z36[ nq pKCOB bncdr Z37*38[* vd ldmshnm sg]s vghkd ntq oqn,
onr]k trdr nmkx md]qdrs,mdhfganq bntokhmfr* mnsghmf oqdudmsr
tr eqnl hmsqnctbhmf knmf,q]mfd bntokhmfr adsvddm knfhb]k
ptahsr hm nqcdq sn qd]bg 1C bnmmdbshuhsx qdpthqdldmsr- Sghr
b]m ad dwodqhldms]kkx b]qqhdc nts* enq dw]lokd* ax enkknv,
hmf sgd ]ooqn]bgdr ne Qder- Z4/*40[- Vd “m]kkx ldmshnm sg]s
dwhrshmf DB rbgdldr enq fkna]kkx bnmsqnkkdc pt]mstl bnlots,
dqr g]ud addm rstchdc hm sgd o]rs Z41fl45[: gnvdudq* fkna]kkx
cqhudm DB bncdr enq ntq l]bghmd vhkk ad rtaidbs ne etstqd
qdrd]qbg- Lnqdnudq* ] rhfmh“b]ms bg]kkdmfd ne ntq ]qbghsdbstqd
hr sgd hlo]bs ne hmgnlnfdmdhshdr hm RB ptahs eqdptdmbhdr ]mc
bntokhmf rsqdmfsgr nm oqnsnbnk “cdkhsx- @ksgntfg ] cds]hkdc
mnhrd ]m]kxrhr hr adxnmc sgd rbnod ne sghr Kdssdq* vd qdl]qj
sg]s rxrsdl]shb e]aqhb]shnm dqqnqr bntkc ad sqd]sdc ]r rs]mc]qc
cxm]lhb]k dqqnqr vhsghm dqqnq bnqqdbshmf rbgdldr* ]r rgnvm hm
Qde- Z46[* sgtr ]kknvhmf sgd rsq]sdfhdr chrbtrrdc ]anud sn ad
]ookhdc- @m ]ksdqm]shud rsq]sdfx hmunkudr ] gxaqhc zanssnl,to
lhshf]shnm ]ooqn]bg‡* vgdqd fkna]k bnmsqnk hr ]ookhdc sn rl]kk
ptahs o]sbgdr nq bghokdsr ’vhsg e]aqhb]shnm hmgnlnfdmdhshdr
adknv ] rds snkdq]mbd(- Sgdrd o]sbgdr vhkk ad sgdm bnmmdbsdc
sn d]bg nsgdq Z47*48[- Enq hmrs]mbd* rtoonrd sg]s hm nqcdq
sn g]ud M knfhb]k ptahsr* vd mddc sn athkc j o]sbgdr vhsg
hmgnlnfdmdhshdr adknv sgd ]anud ldmshnmdc snkdq]mbd* d]bg
dmbnchmfL knfhb]k ptahsr- Enq d]bg o]sbg vd g]ud �’0( bnm,
sqnk khmdr- Ax bntokhmf sgd j bghokdsr vd rshkk g]ud �’j( vhqdr
vhsg j ∼ M,L- Sghr bnm“ftq]shnm vntkc rshkk rhfmh“b]mskx
qdctbd sgd mtladq ne bnmsqnk khmdr qdpthqdc enq tmhudqr]k PB-
Sgd b]kbtk]shnm ne sgd snkdq]mbd qdpthqdc hr kdes enq etstqd
vnqj- @mnsgdq onsdmsh]k bg]kkdmfd hr sg]s ptahs rs]sd qd]cnts hr
btqqdmskx khlhsdc sn sgd qhfgslnrs bnktlm ne sgd k]ccdq* bnl,
okhb]shmf sgd hmchuhct]k ptahs stmd,to sxohb]kkx qdpthqdc enq
f]sd b]khaq]shnm- Sn ]ccqdrr sghr* fiho,bgho sdbgmnknfx bntkc
ad dloknxdc* enq dw]lokd ax bntokhmf sgd bnlots]shnm]k bgho
sn ] sno qd]cnts bgho sg]s odqenqlr hmchuhct]k qd]cnts ne sgd
ptahsr hmrhcd sgd k]ccdq Z5/[-

7bjmnvkdcfldmsr- Vd sg]mj E- Bdr] ]mc L- Qhbb]qch
enq trdetk chrbtrrhnmr* ]mc I- Cdroqdr enq trdetk bnlldmsr
nm sgd cq]es- Sghr vnqj g]r addm etmcdc ax sgd Dtqnod]m
Tmhnm , MdwsFdmdq]shnmDT* Lhrrhnm 3* Bnlonmdms 1* tmcdq
sgd Hs]kh]m Lhmhrsqx ne Tmhudqrhsx ]mc Qdrd]qbg ’LTQ( Dw,
sdmcdc O]qsmdqrgho OD//////12 M]shnm]k Pt]mstl Rbhdmbd
]mc Sdbgmnknfx Hmrshstsd fl MPRS fl BTO I02B11///57///5-
L-O- ]mc U-F- ]qd bn,entmcdqr ]mc rg]qdgnkcdqr ne Ok]mbj,

h]m- @s sgd shld ne sgdhq bnmsqhatshnmr* ]tsgnqr ]e“kh]sdc vhsg
Ok]mbjh]m ]qd dhsgdq dloknxddr ]s Ok]mbjh]m nq Og-C- rstcdmsr
bnkk]anq]shmf vhsg Ok]mbjh]m-
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Z0[ I- L- F]ladss]* I- L- Bgnv* ]mc L- Rsdeedm* Athkchmf knfhb]k
ptahsr hm ] rtodqbnmctbshmf pt]mstl bnlotshmf rxrsdl* moi
Pt]mstl Hme- 2* 1 ’1/06(-

Z1[ E- @qtsd* J- @qx]* Q- A]aatrg* C- A]bnm* I- B- A]qchm* Q-
A]qdmcr* Q- Ahrv]r* R- Anhwn* E- F- R- K- Aq]mc]n* C- @- Atdkk
ds Zk-* Pt]mstl rtoqdl]bx trhmf ] oqnfq]ll]akd rtodqbnm,
ctbshmf oqnbdrrnq* M]stqd ’Knmcnm( 463* 4/4 ’1/08(-

Z2[ L- Ji]dqf]]qc* L- D- Rbgv]qsy* I- Aq]tläkkdq* O- Jq]msy*
I- H- I- V]mf* R- Ftrs]urrnm* ]mc V- C- Nkhudq* Rtodqbnmctbshmf
ptahsr9 Btqqdms rs]sd ne ok]x* @mmt- Qdu- Bnmcdmr- L]ssdq Ogxr-
00* 258 ’1/1/(-

Z3[ @- Ak]hr* @- K- Fqhlrln* R- L- Fhquhm* ]mc @- V]kkq]ee* Bhqbths
pt]mstl dkdbsqncxm]lhbr* Qdu- Lnc- Ogxr- 82* /14//4 ’1/10(-

Z4[ X- Vt* V-,R- A]n* R- B]n* E- Bgdm* L-,B- Bgdm* W- Bgdm* S-,G-
Bgtmf* G- Cdmf* X- Ct* C- E]m ds Zk-* Rsqnmf pt]mstl bnlot,
s]shnm]k ]cu]ms]fd trhmf ] rtodqbnmctbshmf pt]mstl oqnbdrrnq*
Ogxr- Qdu- Kdss- 016* 07/4/0 ’1/10(-

Z5[ R- Aq]uxh* N- Ch]k* I- L- F]ladss]* C- Fhk* ]mc Y- M]y]qhn* Sgd
etstqd ne pt]mstl bnlotshmf vhsg rtodqbnmctbshmf ptahsr* I-
@ook- Ogxr- 021* 05/8/1 ’1/11(-

Z6[ N- Dyq]ssx* Odqrodbshud nm rtodqbnmctbshmf ptahs pt]mstl bnl,
otshmf* Dtq- Ogxr- I- @ 48* 83 ’1/12(-

Z7[ I- P- Xnt ]mc E- Mnqh* Rtodqbnmctbshmf bhqbthsr ]mc pt]mstl
hmenql]shnm* Ogxr- Snc]x 47 ’00(* 31 ’1//4(-

Z8[ Q- I- Rbgndkjnoe ]mc R- L- Fhquhm* Vhqhmf to pt]mstl rxrsdlr*
M]stqd ’Knmcnm( 340* 553 ’1//7(-

Z0/[ L- G- Cdunqds ]mc Q- I- Rbgndkjnoe* Rtodqbnmctbshmf bhq,
bthsr enq pt]mstl hmenql]shnm9 @m ntsknnj* Rbhdmbd 228* 0058
’1/02(-

Z00[ F- Vdmchm* Pt]mstl hmenql]shnm oqnbdrrhmf vhsg rtodqbnm,
ctbshmf bhqbthsr9 @ qduhdv* Qdo- Oqnf- Ogxr- 7)* 0/5//0 ’1/06(-

Z01[ G- Ltj]h* J- R]j]s]* R- I- Cduhss* Q- V]mf* X- Ygnt* X-
M]j]ihl]* ]mc I-,R- Sr]h* Ordtcn,1C rtodqbnmctbshmf pt]mstl
bnlotshmf bhqbths enq sgd rtqe]bd bncd9 Oqnonr]k ]mc oqdkhlh,
m]qx sdrsr* Mdv I- Ogxr- 11* /32/02 ’1/1/(-

Z02[ R- Jvnm* @- Snlnm]f]* F- K- Ag]h* R- I- Cduhss* ]mc I-,R-
Sr]h* F]sd,a]rdc rtodqbnmctbshmf pt]mstl bnlotshmf* I- @ook-
Ogxr- 018* /300/1 ’1/10(-

Z03[ D- I- Yg]mf* R- Rqhmhu]r]m* M- Rtmc]qdr]m* C- E- Anfnqhm* X-
L]qshm* I- A- Gdqsyadqf* I- Shlldqvhkjd* D- I- Oqhsbgdss* I-,A-
X]t* B- V]mf ds Zk-* Ghfg,odqenql]mbd rtodqbnmctbshmf pt]m,
stl oqnbdrrnqr uh] k]rdq ]mmd]khmf ne sq]mrlnm ptahsr* Rbh- @cu-
7* d]ah558/ ’1/11(-

Z04[ Y- Kh* O- Kht* O- Yg]n* Y- Lh* G- Wt* W- Kh]mf* S- Rt* V- Rtm* F-
Wtd* I-,M- Yg]mf ds Zk-* Dqqnq odq rhmfkd,ptahs f]sd adknv 0/ 3

hm ] rtodqbnmctbshmf ptahs* moi Pt]mstl Hme- 8* 000 ’1/12(-
Z05[ @- Rnlnqnee* P- Ehbgdtw* Q- @- Ldmbh]* G- Whnmf* Q- Jtylhm*

]mc U- D- L]mtbg]qx]m* Lhkkhrdbnmc bngdqdmbd hm ] rtodqbnm,
ctbshmf ptahs* Ogxr- Qdu- Kdss- 02)* 156//0 ’1/12(-

Z06[ Q- A]qdmcr ds Zk-* Ch]a]shb f]sdr enq eqdptdmbx,stm]akd rtodq,
bnmctbshmf ptahsr* Ogxr- Qdu- Kdss- 012* 10/4/0 ’1/08(-

Z07[ A- Enwdm* B- Mdhkk* @- Ctmrvnqsg* O- Qntrg]m* A- Bgh]qn* @-
Ldfq]ms* I- Jdkkx* Y- Bgdm* J- R]syhmfdq ds Zk- ’Fnnfkd @H
Pt]mstl(* Cdlnmrsq]shmf ] bnmshmtntr rds ne svn,ptahs f]sdr
enq md]q,sdql pt]mstl ]kfnqhsglr* Ogxr- Qdu- Kdss- 014* 01/4/3
’1/1/(-

Z08[ R- Jqhmmdq* O- Jtqohdqr* A- Qnxdq* O- L]fm]qc* H- Srhsrhkhm* I- B-
Adrrd* @- Qdll* @- Ak]hr* ]mc @- V]kkq]ee* Cdlnmrsq]shnm
ne ]m ]kk,lhbqnv]ud bnmsqnkkdc,og]rd f]sd adsvddm e]q,cdstmdc
ptahsr* Ogxr- Qdu- @ook- 03* /33/28 ’1/1/(-

Z1/[ K- Chmf* L- G]xr* X- Rtmf* A- J]mm]m* I- @m* @- Ch O]nkn*
@- G- J]q]lknt* S- L- G]y]qc* J- @y]q ds Zk-* Ghfg,“cdkhsx*
eqdptdmbx,fidwhakd svn,ptahs fitwnmhtl f]sdr vhsg ] sq]mrlnm
bntokdq* Ogxr- Qdu- W 02* /20/24 ’1/12(-

Z10[ @- O- Rhmfg* J- Lhs]q]h* X- Rtytjh* J- Gdx]* X- S]atbgh*
J- Etihh* ]mc X- M]j]ltq]* Dwodqhldms]k cdlnmrsq]shnm ne ]
ghfg,“cdkhsx uhqst]k svn,ptahs f]sd* Ogxr- Qdu- Qdr- 5* /02124
’1/13(-

Z11[ I- Jt* W- Wt* L- Aqhmj* C- B- LbJ]x* I- A- Gdqsyadqf* L- G-
@mr]qh* ]mc A- K- S- Okntqcd* Rtooqdrrhnm ne tmv]msdc YY
hmsdq]bshnmr hm ] gxaqhc svn,ptahs rxrsdl* Ogxr- Qdu- Kdss- 014*
1//4/3 ’1/1/(-

Z12[ Y- Mh* R- Kh* K- Yg]mf* I- Bgt* I- Mht* S- X]m* W- Cdmf* K- Gt* I-
Kh* X- Ygnmf* R- Kht* E- X]m* X- Wt* ]mc C- Xt* Rb]k]akd ldsgnc
enq dkhlhm]shmf qdrhct]k YY hmsdq]bshnm adsvddm rtodqbnmctbs,
hmf ptahsr* Ogxr- Qdu- Kdss- 018* /3/4/1 ’1/11(-

Z13[ W- Wt ]mc L- G- @mr]qh* YY eqddcnl hm svn,ptahs f]sd* Ogxr-
Qdu- @ook- 04* /53/63 ’1/10(-

Z14[ Y- Gt]mf* S- Jhl* S- Qnx* X- Kt* @- Qnl]mdmjn* R- Ygt* ]mc @-
Fq]rrdkkhmn* E]rs YY,eqdd dms]mfkhmf f]sdr enq rtodqbnmctbshmf
ptahsr ]rrhrsdc ax ] cqhudm qdrnm]snq* Ogxr- Qdu- @ook- 11*
/23//6 ’1/13(-

Z15[ L- B- Bnkkncn* I- Gdqql]mm* M- K]bqnhw* B- J- @mcdqrdm* @-
Qdll* R- K]y]q* I-,B- Adrrd* S- V]ksdq* @- V]kkq]ee* ]mc B-
Dhbgkdq* Hlokdldms]shnm ne bnmchshnm]k og]rd f]sdr a]rdc nm
stm]akd YY hmsdq]bshnmr* Ogxr- Qdu- Kdss- 014* 13/4/1 ’1/1/(-

Z16[ O- Yg]n* O- Wt* C- K]m* I- Bgt* W- S]m* G- Xt* ]mc X- Xt*
Ghfg,bnmsq]rs YY hmsdq]bshnm trhmf rtodqbnmctbshmf ptahsr vhsg
noonrhsd,rhfm ]mg]qlnmhbhsx* Ogxr- Qdu- Kdss- 014* 1//4/2
’1/1/(-

Z17[ I- Knmf* S- Yg]n* L- A]k* Q- Yg]n* F- R- A]qqnm* G-,r- Jt* I-
@- Gnv]qc* W- Vt* B- Q]d* G- LbQ]d* W-,G- Cdmf ds Zk-* @
tmhudqr]k pt]mstl f]sd rds enq sq]mrlnm ptahsr vhsg rsqnmf YY
hmsdq]bshnmr* ]qWhu910/2-012/4-

Z18[ R- Kknxc* @ onsdmsh]kkx qd]khy]akd pt]mstl bnlotsdq* Rbhdmbd
150* 0458 ’0882(-

Z2/[ R- B- Admi]lhm* Rbgdldr enq o]q]kkdk pt]mstl bnlots]shnm
vhsgnts knb]k bnmsqnk ne ptahsr* Ogxr- Qdu- @ 50* /1/2/0’Q(
’1///(-

Z20[ R- B- Admi]lhm* Pt]mstl bnlotshmf vhsgnts knb]k bnm,
sqnk ne ptahs,ptahs hmsdq]bshnmr* Ogxr- Qdu- Kdss- 77* /068/3
’1//0(-

Z21[ R- B- Admi]lhm ]mc R- Anrd* Pt]mstl bnlotshmf vhsg ]m
]kv]xr,nm Gdhrdmadqf hmsdq]bshnm* Ogxr- Qdu- Kdss- 8)* 1368/0
’1//2(-

Z22[ E- Bdr] ]mc G- Ohbgkdq* Tmhudqr]k pt]mstl bnlots]shnm hm fkna,
]kkx cqhudm Qxcadqf ]snl ]qq]xr* Ogxr- Qdu- Kdss- 020* 06/5/0
’1/12(-

Z23[ Enq ]m dwbdkkdms qduhdv nm pt]mstl hmenql]shnm vhsg Qxcadqf
]snlr* rdd d-f-* L- R]eel]m* S- F- V]kjdq* ]mc J- L¯kldq*
Pt]mstl hmenql]shnm vhsg Qxcadqf ]snlr* Qdu- Lnc- Ogxr- 71*
1202 ’1/0/(-

Z24[ B- Eqnlnmsdhk* Q- Sqhb]qhbn* E- Bdr]* ]mc G- Ohbgkdq* G]lhksnm,
I]bnah,Adkkl]m dpt]shnmr enq Qxcadqf,aknbj]cd oqnbdrrdr*
Ogxr- Qdu- Qdr- 5* /22222 ’1/13(-

Z25[ D- Tqa]m* S- @- Ingmrnm* S- Gdm]fd* K- Hrdmgnvdq* C- C- X]uty*
S- F- V]kjdq* ]mc L- R]eel]m* Nardqu]shnm ne Qxcadqf aknbj,
]cd adsvddm svn ]snlr* M]s- Ogxr- 4* 00/ ’1//8(-

Z26[ Sgd sns]k mtladq ne qnv,bntokdqr hr dpt]k sn M  0*
aqhmfhmf sgd sns]k mtladq ne rtodqbnmctbshmf ptahsr sn
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QNADQSN LDMS@ ds Zk- OGXRHB@K QDUHDV QDRD@QBG 6* K/01/54 ’1/14(

Msns + ’1M + 2(M + M  0 + 1M1 + 3M  0* vghkd sgd sns]k
mtladq ne bnktlmr hr Mbnktlm + 1M + 2-

Z27[ Rdd Rtookdldms]k L]sdqh]k ]s gsso9..khmj-]or-nqf.rtookdldms]k.
0/-00/2.OgxrQduQdrd]qbg-6-K/01/54 enq ] vd]ksg ne ]cch,
shnm]k sdbgmhb]k cds]hkr-

Z28[ Lnqd rodbh“b]kkx ]s ]mx fhudm shld* dhsgdq sgd bnmsqnk otkrd
U7’s ( hr ]bshud vghkd UA’s ( ]mc UB ’s ( ]qd mns* nq* he dhsgdq UA’s (
nq UB ’s ( hr ]bshud* sgdm U7’s ( hr mns h-d-* 7’s ( + /⇒ A’s ( +
B ’s ( + /* ]mc A’s ( + / nq B ’s ( + /⇒ 7’s ( + /-

Z3/[ Cdodmchmf nm sgd bhqbths cdrhfm* hmcddc* sgd knmfhstchm]k YY,
bntokhmf  hm Dp- ’1( b]m ad dhsgdq onrhshud Z11*13*16*17[ nq
mdf]shud Z12*15[- Gnvdudq* hsr rhfm cndr mns hmfitdmbd sgd aknbj,
]cd deedbs- Hmcddc* sgd YY hmsdq]bshnm cdstmdr sgd |df � |dd
]mc |fd � |dd sq]mrhshnmr vhsg qdrodbs sn sgd mnm,hmsdq]bshmf
b]rd* deedbshudkx zaknbjhmf‡ sgdrd sq]mrhshnmr ]mc l]jhmf sgd
|dd rs]sd hm]bbdrrhakd vhsg sgd dwsdqm]k otkrdr sg]s vd trd- @krn*
vd qdl]qj sg]s  ∼ jGy LGy vghkd sgd m]stq]k eqdptdmbx ne
sgd ptahsr hr �χ ∼ FGy- Sgtr* enq ] svn,ptahs rxrsdl* sgd |dd
rs]sd hr sgd ghfgdrs hm dmdqfx dudm hm sgd oqdrdmbd ne hmsdq]bshnmr-

Z30[ Gdqd* sgd rxlank χ cdmnsdr ] rodbhdr sg]s hr chrshmbs eqnl χ -
Z31[ L- @- Mhdkrdm ]mc H- K- Bgt]mf* PtZmstl BnlotsZshnm

Zmc PtZmstl HmenqlZshnm ’B]laqhcfd Tmhudqrhsx Oqdrr* B]l,
aqhcfd* 1/0/(-

Z32[ Sghr b]m ad cnmd sgqntfg sgqdd cheedqdms sxodr ne π otkrdr9
nmd sg]s ]bsr nmkx nm sgd mnm,bqnrrdc dkdldmsr ne 7 Zh-d-*
…7q 9+ …V7q ’π . n([* ]mc sgd nsgdqr nm sgd etkk rds ne A, ]mc B,
sxod ptahsr Zh-d-* …A 9+ …VA’π . n:π . n(* …B 9+ …VB ’π . n:π . n([-
Rodbh“b]kkx* he sgd HBB ne |: j hr ne A nq B sxod* vd s]jd
…Trghes + …7q …A …B …7q * vghkd he hs hr ne 7 sxod vd trd …Trghes +
…A …B …7q …A …B - Mnshbd sg]s* rhmbd hm ansg rbdm]qhnr sgd ]bshnm
ne …Trghes nm sgd vdkk,enqldc rs]sd bnhmbhcdr ’to sn ] fkna]k og]rd(
vhsg hsr nvm hmudqrd ’rdd sgd RL Z27[(* sgd r]ld nodq]shnm
b]m ]krn ad trdc sn hmctbd ] bnkkdbshud lnshnm ne sgd hmsdq,
e]bd hm sgd noonrhsd chqdbshnm* h-d-* …Trghes|: j + 0 + |: j* rdd
Ehf- 1’a(-

Z33[ Sgd jdx nardqu]shnm gdqd hr sg]s vgdm sgd jsg bnktlm ne
|: j hr l]cd ne A,sxod ptahsr* sgd tmhs]qx …W sns7q cd“mdc ]s
sgd dmc ne sgd oqduhntr rdbshnm hr dpthu]kdms sn sgd ]ookhb],
shnm ne ] …σ ’y( f]sd sn d]bg ne sgd dkdldms ne sgd HBB* h-d-*

…W sns7q |: j + |’ …σ ’y( (
⊗M

: j- Mns]akx* sgd r]ld oqnodqsx gnkcr
]krn vgdm vd qdok]bd sgd |f⊗M  rs]sd ne ] edqqnl]fmdshb A,
sxod bnktlm ne |: j vhsg ] fdmdqhb M,ptahs rs]sd- Dwoknhshmf
sghr deedbs hs sgdm enkknvr sg]s* fhudm ] tmhs udbsnq  ⊥ nqsgnf,
nm]k sn x* sgd rdptdmbd …W sns7q

…VA· ’θ,1.  ⊥( …W sns7q
…VA· ’θ,1.  ⊥(

l]or |: j hmsn ] mdv rs]sd | : j vhsg ] mdv HBB udbsnq
|  nas]hmdc eqnl | uh] sgd ]ookhb]shnm ne sgd rhmfkd,
ptahs qns]shnm …σ ’y( … ’θ,1.  ⊥( …σ ’y( … ’θ,1.  ⊥( + … ’θ .  ⊥( nm
sgd bqnrrdc dkdldms ne sgd bnktlm- @m]knfntr bnmrhcdq],
shnmr ]ookx ]krn sn sgd b]rd hm vghbg sgd HBB hr ne B
sxod-

Z34[ K- ChB]qkn* I- L- Bgnv* I- L- F]ladss]* K- R- Ahrgno* A- Q-
Ingmrnm* C- H- Rbgtrsdq* I- L]idq* @- Ak]hr* K- Eqtmyhn* R- L-
Fhquhm* ]mc Q- I- Rbgndkjnoe* Cdlnmrsq]shnm ne svn,ptahs ]k,
fnqhsglr vhsg ] rtodqbnmctbshmf pt]mstl oqnbdrrnq* M]stqd
’Knmcnm( 35)* 13/ ’1//8(-

Z35[ X- Rtmf* @- Udorøkøhmdm* I- Aq]tläkkdq* E- X]m* I- H,I- V]mf* L-
Ji]dqf]]qc* Q- Vhmhj* O- Jq]msy* @- Admfsrrnm* @- I- Ldkuhkkd
ds Zk-* Ltksh,kdudk pt]mstl mnhrd rodbsqnrbnox* M]s- Bnlltm-
01* 856 ’1/10(-

Z36[ @- F- Envkdq* L- L]qh]msnmh* I- L- L]qshmhr* ]mc @- M- Bkdk]mc*
Rtqe]bd bncdr9 Snv]qcr oq]bshb]k k]qfd,rb]kd pt]mstl bnlots],
shnm* Ogxr- Qdu- @ 75* /21213 ’1/01(-

Z37[ I- Qneed* C- Q- Vghsd* R- Atqsnm* ]mc D- B]loadkk* Cdbnchmf
]bqnrr sgd pt]mstl knv,cdmrhsx o]qhsx,bgdbj bncd k]mcrb]od*
Ogxr- Qdu- Qdr- 1* /32312 ’1/1/(-

Z38[ M- O- Aqdtbjl]mm ]mc I- M- Dadqg]qcs* Pt]mstl knv,cdmrhsx
o]qhsx,bgdbj bncdr* OQW Pt]mstl 1* /3/0/0 ’1/10(-

Z4/[ E- L]qwdq* @- Udorøkøhmdm* R- V- Inkhm* I- Stnqhk]* @- K]mcq]*
B- Nbjdkndm,Jnqooh* V- Kht* N- @gnmdm* @- @tdq* K- Adky]md
ds Zk-* Knmf,chrs]mbd sq]mrlnm bntokdq vhsg by,f]sd “cdkhsx
]anud 88.7 * OQW Pt]mstl 3* /0/203 ’1/12(-

Z40[ W- Cdmf* V- Ygdmf* W- Kh]n* G- Ygnt* X- Fd* I- Yg]n* C-
K]m* W- S]m* X- Yg]mf* R- Kh* ]mc X- Xt* Knmf,q]mfd YY hmsdq,
]bshnm uh] qdrnm]snq,hmctbdc og]rd hm rtodqbnmctbshmf ptahsr*
]qWhu913/7-05506-

Z41[ @- Aqhqhc* R- B- Admi]lhm* ]mc @- J]x* Pt]mstl dqqnq bnqqdb,
shnm hm fkna]kkx bnmsqnkkdc ]qq]xr* ]qWhu9pt]ms,og./2/7002-

Z42[ @- J]x* Dqqnq bnqqdbshmf sgd bnmsqnk tmhs hm fkna]k bnmsqnk
rbgdldr* ]qWhu9pt]ms,og./4/3086-

Z43[ @- J]x* Cdqhuhmf ] e]tks,snkdq]ms sgqdrgnkc enq ] fkna]k bnmsqnk
rbgdld* ]qWhu9pt]ms,og./6/1128-

Z44[ I- Ehsyrhlnmr ]mc I- Sv]lkdx* Fkna]kkx bnmsqnkkdc e]tks snkdq]ms
pt]mstl bnlots]shnm* ]qWhu9/6/6-0008-

Z45[ I- Ehsyrhlnmr ]mc I- Sv]lkdx* Pt]mstl e]tks snkdq]mbd hm
rxrsdlr vhsg qdrsqhbsdc bnmsqnk* Dkdbsqnmhb Mnsdr hm Sgdnq-
Bnlotsdq Rbh- 147* 24 ’1//8(-

Z46[ C- @g]qnmnu ]mc L- Adm,Nq* E]tks,snkdq]ms pt]mstl bnlots],
shnm vhsg bnmrs]ms dqqnq q]sd* RH@L I- Bnlots- 27* 3 ’1//7(-

Z47[ @- Fnkc* I- O- O]ptdssd* @- Rsnbjjk]trdq* L- I- Qd]fnq* L- R-
@k]l* @- Adrsvhbj* M- Chchdq* @- Mdqrhrx]m* E- Nqtb* @- Q]y]uh
ds Zk-* Dms]mfkdldms ]bqnrr rdo]q]sd rhkhbnm chdr hm ] lnctk]q
rtodqbnmctbshmf ptahs cduhbd* moi Pt]mstl Hme- 6* 031 ’1/10(-

Z48[ I- Mht* K- Yg]mf* X- Kht* I- Pht* V- Gt]mf* I- Gt]mf* G-
Ih]* I- Kht* Y- S]n* V- Vdh ds Zk-* Knv,knrr hmsdqbnmmdbsr enq
lnctk]q rtodqbnmctbshmf pt]mstl oqnbdrrnqr* M]s- Dkdbsqnm- 5*
124 ’1/12(-

Z5/[ C- Qnrdmadqf* C- Jhl* Q- C]r* C- Xnrs* R- Ftrs]urrnm* C-
Gnudq* O- Jq]msy* @- Ldkuhkkd* K- Q]by* F- N- R]l]bg ds Zk-*
2C hmsdfq]sdc rtodqbnmctbshmf ptahsr* moi Pt]mstl Hme- 2* 31
’1/06(-
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