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Sgd Bktrsdq Rsqtbstqd Etmbshnm
@mcqdv Q- Bngdm ) Rdmhnp Ldladp) HDDD) _mc O_tk L-A- UhsÁmxh

�arsoTbs”Cnp dWbg oWpshshnm ne W cWsW rds hmsn W fhudm mtladp ne
oWpsr sgdpd hr W oWpshshnm rtbg sgWs dudpx oWps hr Wr ltbg Wr onrrhaid
W fnnc lncdi �Wm zWifnphsglhb rte“bhdms rsWshrshbfi( enp sgd cWsW
hm sgWs oWps, Rhmbd sghr bWm ad cnmd enp dudpx mtladp adsvddm nmd
Wmc sgd mtladp ne cWsW) sgd pdrtis hr W etmbshnm) sfd bitrsdo rsotbstod
etmbshnm, FslWor sgd mtladp ne oWpsr ne W oWpshshnm sn uWitdr pdiWsdc
sn sgdcd“bhdmbhdr ne adhmf fnnclncdir ax sgdoWpsr, RtbgW etmbshnm
rsWpsr vhsg W uWitd Ws idWrs ydpn enp mn oWpshshnm ne sgd cWsW rds Wmc
cdrbdmsr sn ydpn enp sgd oWpshshnm ne sgd cWsW rds hmsn rhmfidsnm oWpsr,
Sgd noshlWi bitrsdphmf hr sgd nmd rdidbsdc ax WmWixyhmf sgd bitrsdp
rsptbstpd etmbshnm, Sgd sgdnpx adghmc sgd ldsgnc hr dwopdrrdc
hm Wifnphsglhb hmenplWshnm sgdnpx �Inilnfnpnu bnloidwhsx(, Fm
opWbshbd sgd Inilnfnpnu bnloidwhshdr hmuniudc Wpd WoopnwhlWsdc
ax W bnmbpdsd bnlopdrrnp, Vd fhud dwWloidr trhmf pdWi cWsW rdsr.
sgd KMFRS gWmcvphssdm chfhsr Wmc sgd rdfldmsWshnm ne pdWi bdiir
Wr trdc hm rsdl bdii pdrdWpbg,

Amcdu Idolr”:ifnphsglhb rte“bhdms rsWshrshb) bitrsdp)
biWrrh“bWshnm) cWsW lhmhmf) Inilnfnpnu bnloidwhsx) oWssdpm
pdbnfmhshnm) rhlhiWphsx,

H- HMSQNCTBSHNM

SGD _hl ne sghr vnqj hr sn hmsqnctbd sgd bktrsdq rsqtbstqd
etmbshnm _mc _ookx hs sn oqnonrd _ ldsgnc enq “mchmf

sgd mtladq ne bktrsdqr hm _ fhudm c_s_rds sg_s hr tmrtodquhrdc)
ed_rhakd) itrsh“_akd _m sdqlr ne hsr sgdnqx) _mc lnqd _bbtq_sd
sg_m oqduhntr ldsgncr enq sghr s_rj- Bktrsdqhmf hr _ etmc_ldms_k
s_rj hm tmrtodquhrdc kd_qmhmf) o_qshshnmhmf _ rds ne naidbsr hmsn
fqntor b_kkdc bktrsdqr rtbg sg_s naidbsr hm sgd r_ld bktrsdq _qd
lnqd rhlhk_q sn d_bg nsgdq sg_m sn sgnrd hm nsgdq fqntor Z15[-
Dudqx naidbs hm _ bnlotsdq hr qdoqdrdmsdc ax _ “mhsd rdptdmbd
ne /%r _mc 0%r9 _ “mhsd ahm_qx rsqhmf ’_aaqduh_sdc sn zrsqhmf–
hm sgd rdptdk(- Sgdqd _qd l_mx ldsgncr _mc _kfnqhsglr enq
bktrsdqhmf _mc cdsdqlhmhmf sgd mtladq ne bktrsdqr hm c_s_ _r
enq dw_lokd rtqudxdc hm Z1[) Z03[) Z05[) Z15[- Vd dwoknqd _
mdv ldsgnc enq cdsdqlhmhmf sgd mtladq ne bktrsdqr a_rdc nm
Jnklnfnqnu%r mnshnm ne _kfnqhsglhb rte“bhdms rs_shrshb Z7[) Z13[
vghbg hr dwoqdrrdc hm sdqlr ne Jnklnfnqnu bnlokdwhsx Z06[-

L_mtrbqhos qdbdhudc 1/ I_mt_qx 1/11: qduhrdc 01 Nbsnadq 1/11: _bbdosdc
14 L_qbg 1/12- C_sd ne otakhb_shnm 4 @oqhk 1/12: c_sd ne btqqdms udqrhnm
3 @tftrs 1/12- Sghr vnqj v_r rtoonqsdc hm o_qs ax MHG MH@ tmcdq Fq_ms
Q/0@F/30750 _mc hm o_qs ax sgd Gtl_m Eqnmshdqr Rbhdmbd Oqnfq_l tmcdq
Fq_ms QFO//32.1/08,1/2- Qdbnlldmcdc enq _bbdos_mbd ax B- Envkjdr- �Bnp,
pdronmchmf Ttsgnp8 ?mcpdv P- Bngdm-(
@mcqdv Q- Bngdm hr vhsg sgd Cdo_qsldms ne Dkdbsqhb_k) Bnlotsdq Dmfh,

mddqhmf) Cqdwdk Tmhudqrhsx) Oghk_cdkogh_) O@ 080/3 TR@ ’d,l_hk9 _mcxqbn,
gdm;ntsknnj-bnl(-
O_tk L-A- UhsÁmxh hr vhsg sgd M_shnm_k Qdrd_qbg Bdmsdq enq L_sgdl_shbr _mc

Bnlotsdq Rbhdmbd hm sgdMdsgdqk_mcr ’BVH()Tmhudqrhsx ne@lrsdqc_l) 0/87WF
@lrsdqc_l) Sgd Mdsgdqk_mcr ’d,l_hk9 o_tku;bvh-mk(-
Sghr _qshbkd g_r rtookdldms_qx cnvmkn_c_akd l_sdqh_k _u_hk_akd _s

gssor9..cnh-nqf.0/-00/8.SO@LH-1/12-215358/) oqnuhcdc ax sgd _tsgnqr-
Chfhs_k Naidbs Hcdmsh“dq 0/-00/8.SO@LH-1/12-215358/

Enq sdbgmhb_k qd_rnmrvd trd opdyw Jnklnfnpnu bnlokdwhsx Z08[-
Hm sgd rdptdk vd _krn trd I enq sgd mtladq ne bktrsdqr hm sgd
c_s_) _fqddhmf vhsg btrsnl_qx trd- Bnmetrhnm hr _unhcdc ax sgd
bnmsdws-
@ aqhde nudquhdv ne sgd mddcdc mnshnmr hr fhudm gdqd- Cds_hkr

_mc oqnner b_m ad entmc hm sgd sdwsannj Z10[- @ oqd“w Stqhmf
l_bghmd hr _ Stqhmf l_bghmd ’vd trd _ ahm_qx _kog_ads( rtbg
sg_s sgd rds ne hmots oqnfq_lr enq vghbg sgd l_bghmd g_ksr hr
_ oqd“w bncd ’mn hmots oqnfq_l hr _ oqnodq oqd“w ne _mnsgdq
nmd(- Sgd oqd“w Stqhmf l_bghmdr b_m ad bnlots_shnm_kkx dmt,
ldq_sdc S0. S1. . . . _mc sghr khrs g_r _ tmhudqr_k oqd“w Stqhmf
l_bghmdT rtbg sg_sT(f. o( ; Sg(o( enq _kk hmsdfdqr f _mcg_kshmf
oqnfq_lr o enq Sg- Enql_kkx) sgd bnmchshnmTk opdyw Jnklnfnpnu
bnlokdwhsxI(s}x( hr sgd kdmfsg ne sgd rgnqsdrs hmots rsqhmf y rtbg
sg_s sgd qdedqdmbd tmhudqr_k oqd“w Stqhmf l_bghmd T nm hmots y
vhsg _twhkh_qx hmenql_shnm x ntsotsr s- Sgd tmbnmchshnmTk opdyw
Jnklnfnpnu bnlokdwhsx I(s( hr cd“mdc _r I(s}( vgdqd  hr
sgd dlosx rsqhmf- Sgd pt_mshsx I(s( hr sgd kdmfsg ne _ rgnqsdrs
ahm_qx rsqhmf s· eqnl vghbg s b_m ad deedbshudkx qdbnmrsqtbsdc-
He sgdqd _qd lnqd sg_m nmd b_mchc_sdr enq s· vd trd sgd “qrs nmd
hm sgd dmtldq_shnm- Sgd rsqhmf s· _bbntmsr enq dudqx deedbshud
qdftk_qhsx hm s- Hm sgdrd cd“mhshnmr ansg s _mc x b_m bnmrhrs
ne rsqhmfr hmsn vghbg “mhsd ltkshrdsr ne “mhsd ahm_qx rsqhmfr _qd
dmbncdc-
Hmenql_kkx) _ “mhsd rds > ne rsqhmfr bnms_hmhmf s hr _m Tk,

fnphsglhb rteybhdms rsTshrshb enq s hee I(>( ) ina }>} ; I(s(-
Sg_s hr) sgd dmbnchmf ne s ax fhuhmf > ’_ lncdk( _mc sgd hmcdw
ne s hm > hr _r rgnqs _r _ rgnqsdrs bnlotsdq oqnfq_l enq s
’rnldshldr nmd _ccr _krn _ rl_kk u_ktd(- Sghr ld_mr sg_s >
hr _ fnnc lncdk enq s Z20[- @r vd rgnv hm Kdll_ 0 hs hr
hlonrrhakd sg_s> hr rtbg _ fnnc lncdk enq _kk x ∈ >- Sgdqdenqd
vd g_ud sn qdk_w sgd bnmchshnm ne rte“bhdmbx- He sgd dpt_khsx
_anud gnkcr to sn rnld _cchshud sdql sgdm sghr sdql hr b_kkdc sgd
noshlTkhsx cdybhdmbx- Vd oqnonrd sn fqnto sgd dkdldmsr eqnl _
c_s_ rds ’_ ltkshrds( hmsn bktrsdqr ’rtaltkshrdsr( rtbg sg_s sgd
noshl_khsx cd“bhdmbhdr hm dudqx bktrsdq _qd lhmhl_k hm rnld
rdmrd- Sghr rddlr sn qdpthqd _ rodbh“b_shnm ne sgd mtladq ne
bktrsdqr- Gnvdudq) sgd _hl hr sn “mc sgd mtladq ne bktrsdqr- Sn
rnkud sghr bnmtmcqtl sgd oqnonrdc ldsgnc oqnbddcr _r enkknvr-
Sgd bktrsdq rsqtbstqd etmbshnm g_r sgd mtladq ne bktrsdqr _r
_qftldms _mc _ pt_mshsx hmunkuhmf sgd noshl_khsx cd“bhdmbhdr
_r u_ktd- Rtbg _ etmbshnm cdbqd_rdr sn / vgdm sgd mtladq ne
bktrsdqr fqnvr sn sgd b_qchm_khsx ne sgd c_s_ rds- Sgd noshl_k
mtladq ne bktrsdqr b_m sgdm ad rdkdbsdc qdk_sdc sn sgd bktrsdq
rsqtbstqd etmbshnm-
Vd fhud sgd cd“mhshnmr _mc sgd hcd_k ldsgnc ne _ookhb_shnm hm

Rdbshnm HH- Oqnner _qd cdedqqdc sn Rdbshnm HH,A- @m dwok_m_shnm
ne sgd oqna_ahkhsx qdk_shnmr ne ldladqr ne _ bktrsdq hr fhudm

Sghr vnqj hr khbdmrdc tmcdq _ Bqd_shud Bnllnmr @ssqhatshnm 3-/ Khbdmrd- Enq lnqd hmenql_shnm) rdd gssor9..bqd_shudbnllnmr-nqf.khbdmrdr.ax.3-/.
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hm Rdbshnm HHH- @ aqhde rtqudx ne qdk_sdc khsdq_stqd hr fhudm hm
Rdbshnm HU- Ehm_kkx) Rdbshnm U rgnvr dw_lokdr ne qd_k _ookh,
b_shnmr hmbktchmf drshl_shmf sgd mtladq ne tmhptd chfhsr hm _
rds ne LMHRS g_mcvqhssdm chfhsr _mc _m dmrdlakd rdfldms_shnm
_ooqn_bg sn gtl_m rsdl bdkk mtbkd_q rdfldms_shnm-

HH- SGDNQX NE SGD BKTRSDQ RSQTBSTQD ETMBSHNM

Sgd _hl hr sn o_qshshnm _ ltkshrds hmsn rtaltkshrdsr rtbg sg_s
d_bg rtaltkshrds bnmrshstsdr _ bktrsdq- Hm oqna_ahkhrshb rs_shr,
shbr sgd qdkdu_ms mnshnm hr sgd zrte“bhdms rs_shrshb– ctd sn Q-I-
Ehrgdq Z7[) Z02[- @bbnqchmf sn Ehrgdq9

zSgd rs_shrshb bgnrdm rgntkc rtll_qhrd sgd vgnkd ne sgd qdkdu_ms
hmenql_shnm rtookhdc ax sgd r_lokd- Sghr l_x ad b_kkdc sgd Bqhsdqhnm
ne Rte“bhdmbx , , , Hm sgd b_rd ne sgd mnql_k btqud ne chrsqhatshnm hs hr
duhcdms sg_s sgd rdbnmc lnldms hr _ rte“bhdms rs_shrshb enq drshl_shmf
sgd rs_mc_qc cduh_shnm-–

Sghr sxod ne rte“bhdms rs_shrshb odqs_hmr sn oqna_ahkhsx chrsqh,
atshnmr- Hm sgd oqnakdl _s g_mc sgd c_s_ _qd hmchuhct_k rsqhmfr-
Sgdqdenqd sgd oqna_ahkhrshb mnshnm hr mns _ooqnoqh_sd- Enq hmch,
uhct_k rsqhmfr sgd _m_knfntr mnshnm hr sgd z_kfnqhsglhb rte“bhdms
rs_shrshb-– Enq bnmudmhdmbd vd cdkdsd sgd _cidbshud z_kfnqhsglhb–
hm sgd rdptdk ’oqna_ahkhrshb rte“bhdms rs_shrshb cndrm%s nbbtq hm sgd
rdptdk(- Vd dpt_sd _ ltkshrds adhmf _ bktrsdq vhsg sgd ltkshrds
adhmf) _r bknrd _r onrrhakd _bbnqchmf sn _ fhudm bqhsdqhnm) _m
’_kfnqhsglhb( rte“bhdms rs_shrshb enq sgd ldladqr ne sgd bktrsdq-
Sgd mdv ldsgnc o_qshshnmr R rtbg sg_s d_bg qdrtkshmf o_qs hr
_r bknrd _r onrrhakd sn sgd fhudm bqhsdqhnm _ rte“bhdms rs_shrshb
enq _kk ne hsr ldladqr- Sgdqdenqd sgdx _qd fnnc lncdkr enq hsr
ldladqr Z20[- Sghr hr cheedqdms eqnl dwhrshmf ldsgncr vghbg
trd rnld ldsqhb vghbg cndr mns r_x ltbg _ants sghr _rodbs-

Cdymhshnm .- @ ltkshrds > ne rsqhmfr hr _m Tkfnphsglhb rte,
ybhdms rsTshrshb _aaqduh_sdc _r rteybhdms rsTshrshb enq _ dkdldms
s ∈ > heI(>( ) ina }>} ; I(s(-
Gdqd> hr _ lncdk _mc sgd ina }>} sdql _kknvr tr sn ohmonhms s

hm>- Sgdqdenqd) dudqx x ∈ > r_shr“drI(>( ) ina }>} ≥ I(x(-
Qdedqdmbd Z00[ sdkkr tr sg_s he > hr _ rte“bhdms rs_shrshb enq
sgd rsqhmf s sgdm I(>}s( ; N(0(- Sg_s hr) > hr _klnrs bnl,
okdsdkx cdsdqlhmdc ax s- He > hr _ rte“bhdms rs_shrshb enq s)
sgdm I(s}>( ; ina }>}- M_ldkx) I(s( ≤ I(>( )I(s}>( ≤
I(>( ) ina }>} ; I(s(- Vd b_kk s _ sxohbTk ldladq ne >-
Sghr hr _jhm sn sgd lhmhltl cdrbqhoshnm kdmfsg ’LCK( oqhm,

bhokd hm Rs_shrshbr Z01[- Sn hkktrsq_sd) he sgd kdmfsg ne _ ahm_qx
rsqhmf s hr m _mc I(s( ; m)I(m( ’sgd l_whltl( vghbg
ld_mr sg_s s hr q_mcnl sgdm > ; {s{ hr _ rte“bhdms rs_shrshb
ne s ’sgd lhmhl_k nmd( _mc > ; {+. 0{m hr _krn _ rte“bhdms
rs_shrshb ne s ’sgd l_whl_k nmd(- Sgdqd hr _ sq_cdnee adsvddm
sgd b_qchm_khsx ne _ rte“bhdms rs_shrshb > ne _ rsqhmf s _mc sgd
_lntms ne deedbshud qdftk_qhshdr hm sgd rsqhmf s hs qdoqdrdmsr- Sgd
fqd_sdq sgd b_qchm_khsx ne > hr sgd rl_kkdq hr I(>( vghbg hr sgd
_lntms ne deedbshud qdftk_qhshdr hs qdoqdrdmsr- Sgd ltkshrds >
_bbntmsr enq _r l_mx deedbshud qdftk_qhshdr hm s _r hr onrrhakd enq
_ rds ne sgd b_qchm_khsx ne >- Sghr ld_mr sg_s > hr sgd lncdk ne
adrs “s) vghbgvd b_kk sgd adrslncdk) enqsvghbg hr onrrhakd Z20)
Rdbshnm HU,A[- Sgtr) he > g_r sgd oqnodqsx sg_s enq dudqx x ∈ >
hs hr _r ltbg _r onrrhakd _ rte“bhdms rs_shrshb) sgdm _kk ldladqr
ne > rg_qd _r l_mx deedbshud qdftk_qhshdr _r hr onrrhakd- @kk sgd

x ∈ > _qd rhlhk_q hm sgd rdmrd ne Z3[) Z1/[- Vd bktrsdq sgd c_s_
_bbnqchmf sn sghr bqhsdqhtl-
He > bnms_hmr dkdldmsr x rtbg sg_s I(>( ) ina }>} / I(x(

’sqhuh_kkx , hr hlonrrhakd( sgdm I(>}x( ; N(0(- Kds tr knnj
bknrdq _s vg_s sghr hlokhdr _mc bnmrhcdq > bnms_hmhmf nmkx
dkdldmsr ne kdmfsg m- Sgdm ax sgd rxlldsqx ne hmenql_shnm Z0/[
vd g_udI(>}s( ; I(>( )I(s}>(−I(s( )N(ina m(- Enq
dw_lokd) kds > ad sgd rds bnms_hmhmf _kk hmsdfdqr hm _m hmsdqu_k
vhsg bnlokdw dmconhmsr _mc s _m hmsdfdq hm sghr hmsdqu_k ne knv
bnlokdwhsx- Enq dw_lokd I(>( ; Ω(m( _mc I(s( ; n(m<3(-
Sgdqdenqd I(s}>( ; n(m<3( _mc sghr xhdkcr I(>}s( ; Ω(m(-
Sg_s hr) > hr mns _s _kk cdsdqlhmdc ax s-

Cdymhshnm 1- Sgd noshlTkhsx cdybhdmbx ne > _r _ rteybhdms
rsTshrshb enq s ∈ > hr

δ(>. s( ; I(>( ) ina }>} −I(s(. ’0(

Sgd ldTm ne sgd noshl_khsx cd“bhdmbhdr ne _ rds > hr

μ/ ;
0

}>}


v∈/
δ(>. s(.

Gdqd δ(>. s( ≥ +vhsg dpt_khsx enq _ oqnodq rte“bhdms rs_shrshb-
Heμ/ ; + sgdm δ(>. s( ; + enq _kks ∈ >) sg_s hr)> hr _ rte“bhdms
rs_shrshb enq _kk ne hsr dkdldmsr- Ats sghr hr mns onrrhakd enq }>} ≥ 1
ax sgd enkknvhmf kdll_-

KdllT .- Kds > ad _ “mhsd ltkshrds ne rsqhmfr ne kdmfsg m-
h( Kds δ(>. s( ; + enq rnld s ∈ >- Enq _kk x ∈ > gnkcr

I(x( ≤ I(s( _mc he }>} / 1 sgdm I(x( , I(s( enq
rnld x ∈ >) δ(>. x( / +) _mc μ/ / +-

hh( Sgdqd dwhrs > _mc s ∈ > rtbg sg_s δ(>. s( , + _mc enq
rtbg > mn x ∈ > r_shr“dr δ(>. x( ; +-

PdlTpi .- Sgd noshl_khsx cd“bhdmbx rgntkc mns ad bnmetrdc
vhsg sgd pTmcnlmdrr cdybhdmbx ne s ∈ > vhsg qdrodbs sn >9

δ(s}>( ; ina }>} −I(s}>(.

Ax sgd rxlldsqx ne hmenql_shnm k_v I(>( )I(s}>( ;
I(s( )I(>}s( to sn _ knf_qhsglhb _cchshud sdql
N(inaI(>((- Sgdqdenqd δ(s}>( )I(>}s( ; ina }>})
I(>(−I(s( )N(inaI(>(( _mc gdmbd δ(>. s( ;
δ(s}>( )I(>}s( )N(inaI(>((- ♦
Enq bktrsdqhmf vd v_ms hcd_kkx sgd lncdk sn ad _ rte“bhdms

rs_shrshb enq _kk dkdldmsr hm hs- Ats vd g_ud sn cd_k vhsg noshl_khsx
cd“bhdmbhdr vghbg _qd fqd_sdq sg_m /) _mcvhsg qd_k c_s_ sxohb_kkx
sgdx _qd _kk fqd_sdq sg_m /- Sgdqd _qd l_mx v_xr sn bnlahmd sgd
noshl_khsx cd“bhdmbhdr ’nq nsgdq _rodbsr( sn nas_hm bqhsdqh_ enq
rdkdbshnm- Sghr hr enqltk_sdc hm sgd bqhsdqhnm etmbshnm _r enkknvr-
Kds N cdmnsd sgd m_stq_k mtladqr _mc R ; {s0. . . . . sm{ ad

_ “mhsd mnmdlosx ltkshrds ne rsqhmfr- Bnmrhcdq _ o_qshshnm µ ne
R hmsn j mnmdlosx rtardsr R0. . . . . Rj rtbg sg_s

⋃j
g20 Rg ; R

_mc Rg

⋂
Ri ; � enq f ; i- Cdmnsd sgd rds ne o_qshshnmr ne R

hmsn j rtaltkshrdsr ax Πj _mc sgd rds ne _kk o_qshshnmr ax Π-
Sgd bphsdphnm etmbshnm e 9 Π → N s_jdr _r _qftldms _ o_qshshnm
µ ∈ Π ne R _mc _r u_ktd _ m_stq_k mtladq bnlotsdc eqnl sgd
noshl_khsx cd“bhdmbhdr hmunkudc hm sgd o_qshshnm rtaidbs sn sgd
enkknvhmf9 ’h( sgd u_ktd ne e(µ( cndr mns hmbqd_rd he nmd nq lnqd
noshl_khsx cd“bhdmbhdr _qd bg_mfdc sn /: _mc ’hh( e(µ( ; + he
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_kk noshl_khsx cd“bhdmbhdr _qd /- ’Nmd b_m trd nsgdq _rodbsr _r
vdkk-(

Cdymhshnm 2- Sgd Bktrsdp Rsptbstpd Etmbshnm ’BRE( 0 enq _
ltkshrds R ne m rsqhmfr hr cd“mdc ax

De
O(j( ; lgm

µ∈�i
e(µ( ’1(

vgdqd e hr sgd bqhsdqhnm etmbshnm) enq d_bg j ’0 ≤ j ≤ m(- Sgd
fq_og ne sghr etmbshnm hr b_kkdc sgd BRE btpud- He e hr tmcdqrsnnc
vd l_x vqhsd DO enq sgd BRE etmbshnm-

DwTlokd .- Kds µ ∈ Πj- Sgd aTmcvhcsg ne Rg hr
ag ; lˆrv∈Of{δ(Rg. s({ −lgmv∈Of{δ(Rg. s({- Cd“md e(µ( ;
lgm

∑
0≤g≤j ag- Enq dudqx j ’0 ≤ j ≤ m( sgd u_ktd De

O(j(
hr a_rdc nm sgd o_qshshnm µ ∈ Πj sg_s lhmhlhydr sgd lhmhl_k
rtl ne sgd a_mcvhcsgr ne sgd o_qsr hm _ j,o_qshshnm ne R- He vd
bnmrhcdq sgd fq_og ne De

O hm _ svn,chldmrhnm_k ok_md vhsg sgd
gnqhynms_k _whr cdmnshmf sgd mtladq j ne o_qsr ne R) _mc sgd
udqshb_k _whr cdmnshmf sgd u_ktd ne De

O ) sgdm kdes ne sgd fq_og ne
De

O sgdqd _qd mn onrrhakd j,o_qshshnmr vghkd qhfgs ne sgd fq_og ne
De

O sgdqd _qd qdctmc_ms j,o_qshshnmr- Nm sgd fq_og neD
e
O nbbtq

sgd vhsmdrr o_qshshnmr- |
PdlTpi 1- Ax Kdll_ 0 o_qsr > vhsg }>} / 1 ne _ vhsmdrr

o_qshshnm µ ne R b_m mns ad _ rte“bhdms rs_shrshb enq _kk ne hsr
dkdldmsr _mc sgdqdenqd e(µ( / +- ♦

PdlTpi 2- Hm bktrsdqr sgdldladqr ne _ bktrsdq sxohb_kkx rg_qd
rnld bg_q_bsdqhrshbr ats mns _kk bg_q_bsdqhrshbr- Hs stqmr nts sg_s
sgdldladqr ne _ bktrsdq _qd oqna_ahkhrshb_kkx bknrd) Rdbshnm HHH-♦

?- Npnodpshdr

Hs hr bnmudmhdms sn hfmnqd onrrhakd N(0( _cchshud sdqlr hm sgd
rdptdk-

KdllT 1- Kds R ; {s0. . . . . sm{ vhsg m ≥ 0- Enq dudqx e
vd g_ud De

O(m( ; + _mc D
e
O hr lnmnsnmhb mnm,hmbqd_rhmf vhsg

hmbqd_rhmf _qftldmsr nm hsr cnl_hm =0. m[-
Sgd fq_og neDe

O cdrbdmcr tmshkD
e
O(j( ; + enq sgd kd_rs j ≤

m) De
O(j( ; � � � ; De

O(m( ; +- Vd fhud _ knvdq antmc nm D
e

enq rnld c_s_rdsr R-
KdllT 2- Sgdqd dwhrsR ± {+. 0{k vhsg }R} ; m _mc m ≤ k

rtbg sg_s De
O(j( ; + enq _kk 0 ≤ j ≤ m to sn _m _cchshud sdql

ne N(inaI(R((-
Sgd enkknvhmf kdll_ drs_akhrgdr sg_s sgdqd _qd rdsr R ne

m dkdldmsr rtbg sg_s De
O rs_xr _s _ ghfg u_ktd enq _qftldmsr

0. . . . . m− 0 _mc cqnor rtccdmkx sn / enq _qftldms m-
KdllT 3- Sgdqd dwhrsr _ rds R ± {+. 0{k _mc }R} ; m vhsg

k _ rte“bhdmskx k_qfd ltkshokd ne m rtbg sg_sDe
O(j( ≥ k<m enq

0 ≤ j ≤ m− 0 _mc De
O(m( ; +-

Hm oq_bshbd vd l_x trd sgd noshl_khsx cd“bhdmbhdr vhsghm sgd
rs_mc_qc cduh_shnm _qntmc sgd ld_m sn cdsdqlhmd sgd bqhsdqhnm
etmbshnm e(µ( enq _ o_qshshnm µ ∈ Πj ne R hmsn o_qsr R0. . . . . Rj-
Sghr hr _ lnqd qd“mdc ldsgnc rhmbd hs dkhlhm_sdr sgd ntskhdqr-
nmkx bntmshmf sgd bdmsq_k hsdlr ’57-1� he sgdx _qd mnql_kkx
chrsqhatsdc( ne sgd noshl_khsx cd“bhdmbhdr hm d_bg o_qs Rg- Sgd

0Sgd bktrsdq rsqtbstqd etmbshnm hr m_ldc hm _m_knfx vhsg sgd Jnklnfnqnu
rsqtbstqd etmbshnm eu 8 N → N cd“mdc ax eu(h( ; lgm,±{��0{·{in] }K} 8
p ∈ K� .(K( ≤ h{ _rrnbh_sdc vhsg _ ahm_qx “mhsd rsqhmf p Z20[-

ldTm ne R hr μO ; 0<}R}
∑

v∈O s- Sgd rsTmcTpc cduhTshnm ne
sgd δ(R. s( ne _ ltkshrds R hr

σO ;
0

}R}

√

v∈O
(δ(R. s(− μO(1.

Cdymhshnm 3- Kds R ad _ ltkshrds ne rsqhmfr) Rσ ; {s ∈ R 9
}δ(R. s(− μO } ≤ σO{ _mc eσ hr sgd bqhsdqhnm etmbshnm ne Rσ -

De�
O�

(j( ; lgm
µ∈�i

lˆr
0≤g≤j

eσ(µ(. ’2(

vgdqd µ chuhcdr Rσ ;
⋃
0≤g≤j Rσ,g hmsn j o_qsr Rσ,0. . . . . Rσ,j

Sg_s hr)De�
O�

(j( hr sgd lhmhltl nudq _kk o_qshshnmr ne Rσ hmsn

j o_qsr- Hs bktrsdqr onrrhakx adssdq rhmbd De�
O (j( ≤ De

O(j( enq
_kk j ’0 ≤ j ≤ m( hlokxhmf ax Rdbshnm HHH sg_s sgd bnmchshnm_k
oqna_ahkhshdr adsvddm lnrs ldladqr ne _ o_qs ne _ vhsmdrr
o_qshshnm l_x ad k_qfdq ats mdudq rl_kkdq trhmf De�

O (j( sg_m
trhmf De

O(j(-
KdllT 4- Kds R ; {s0. . . . . sm{ vhsg m ≥ 1- Sgdm

De�
O�

(0( / +) De�
O�

(m( ; +) _mc De�
O�

hr lnmnsnmhb mnm,
hmbqd_rhmf-

KdllT 5- Sgdqd dwhrsr R ± {+. 0{k vhsg }R} ; m rtbg
sg_s De�

O�
(j( ; + enq _kk 0 ≤ j ≤ m to sn _m _cchshud sdql

N(inaI(R((-
KdllT 6- Sgdqd dwhrsr _ ltkshrds R ⊂ {+. 0{k _mc }R} ; m

vhsg k ltkshokd ne m rtbg sg_s De�
O�

(j( ≥ k<m enq 0 ≤ j ≤
m− 0 _mc De�

O�
(m( ; +-

A- Npnner

Npnne- ne Kdll_ 0 ’h( Enq _kk x ∈ > vd g_ud I(x( ≤
I(>( ) ina }>} vghbg hlokhdr I(x( ≤ I(s( ’rhmbd I(s( ;
I(>( ) ina }>}( _mc sgdqdenqd δ(>. x( ≥ + _mc gdmbd μ/ ≥ +-
Enq }>} / 1 sgdqd _qd x ∈ > rtbg sg_s I(x( , I(s( rhmbd
I(x( , I(>( ) ina }>} ; I(s(- Enq dw_lokd he x hr sgd “qrs
dkdldms ne > _mc sgdqdenqd I(x( ≤ I(>(- Gdmbd δ(>. x( / +
_mc μ/ / +-
@c ’hh( Sgdqd hr _m s ∈ > rtbg sg_s δ(>. s( , +- Enq dw_lokd

> hr _ rte“bhdmskx knmf hmsdqu_k ne hmsdfdqr ne ’qdoqdrdmsdc ax
m,ahs rsqhmfr( ne kdmfsg N(1m( vhsg dmc onhmsr ne N(ina m(
Jnklnfnqnu bnlokdwhsx _mc s ∈ > hr _ q_mcnl rsqhmf hm sg_s
hmsdqu_k vghbg ld_mr I(s( ; Ω(m(- Sgdm δ(>. s( , + _mc ax
Hsdl ’h( sgdqd _qd mn x ∈ > rtbg sg_s δ(>. x( ; +- �

Npnne- ne Kdll_ 1 Sgd fq_og neDe
O rs_qsr vhsg sgd o_qshshnm

ne R hmsn 0 o_qs ’mn o_qshshnm(-
m ; 0- Sgd noshl_khsx cd“bhdmbx hmunkudc hr / _mc ax Cd“,

mhshnm 2 vd g_ud De
O(0( ; +-

m / 0- Kds 0 ≤ j , }R}- Ax Hsdl ’h( hm sgd cd“mhshnm ne
sgd bqhsdqhnm etmbshnm) he µ ∈ Πj)0 _mc vd bg_mfd nmd ne sgd
noshl_khsx cd“bhdmbhdr ne sgd dkdldmsr sn / sgdm sgd bqhsdqhnm
etmbshnm e cndr mns hmbqd_rd- Gdmbd sgd lhmhltl ne e enq _
o_qshshnm hmΠj hr mns k_qfdq sg_m sgdlhmhltl ne e enq _ o_qshshnm
hmΠj)0- SgdqdenqdD

e
O hr lnmnsnmhb mnm,hmbqd_rhmf- Enq j ; m

sgd ltkshrds R hr o_qshshnmdc hmsn rhmfkdsnm rdsr vghbg _kk g_ud
noshl_khsx cd“bhdmbx /- Gdmbd De

O(m( ; +- �
Npnne- ne Kdll_ 2 Bgnnrd s ∈ {+. 0{k _mc R vhsg

}R} ; m rtbg sg_s R ; {x 9 }x} ; k _mc x dpt_kr s
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vhsg sgd fsg ahs fihoodc (0 ≤ f ≤ m({- Sgdm enq d_bg
x ∈ R vd g_ud I(R( ; I(x( )N(ina m(- Sgdqdenqd
δ(R. x( ; I(R( ) ina m−I(x( ; N(ina m( enq _kk x ∈ R-
Gdmbd De

O(0( ; N(ina m( ; N(inaI(R((- Enq dudqx j
’0 , j ≤ m( vd cdrbqhad sgd o_qshshnm µ ∈ Πj vghbg
vhsmdrrdr De

O(j( ax fhuhmf R hm I(R( ahsr) sgd hmsdfdq
j hm N(ina m( ahsr _mc _m N(0( oqnfq_l- Sghr oqnfq_l
cndr sgd enkknvhmf9 fhudm j _mc R hs fdmdq_sdr _kk “mhsdkx
l_mx o_qshshnmr µ ∈ Πj- @ o_qshshnm µ ∈ Πj ne R chuhcdr
hs hmsn) r_x) R0. . . . . Rj- Ax sgd rxlldsqx ne hmenql_shnm
k_v Z0/[ vd g_ud I(R( ; I(Rg( )I(R}Rg( )N(inaI(R((
nq I(Rg( ≤ I(R(−N(inaI(R((- Enq dudqx x ∈ Rg

sgdqdenqd δ(Rg. x( ; I(Rg( ) ina }Rg} −I(x( ≤ I(R(−
N(inaI(R(( ) ina }R} −I(x( ; δ(R. x(−N(inaI(R((-
Rhmbd 0 ≤ j ≤ m sghr oqnudr sgd kdll_- �

Npnne- ne Kdll_ 3 Kds R ; {s0. . . . . sm{ vhsg I(sg( ;
fk<m enq 0 ≤ f ≤ m- ’Sghr hr onrrhakd rhmbd _kk m ldladqr ne
_qd rsqhmfr ne kdmfsg k _mc sgdx b_m g_ud bnlokdwhsx u_qxhmf
bnmshmtntrkx adsvddm _s kd_rs k _mc bknrd sn /-( Rhmbd enq
d_bg “mhsd ltkshrds > _mc s ∈ > vd g_ud δ(>. s( ; I(>( )
ina }>} −I(s( _mc sgdqdenqd

lˆr
v∈/

δ(>. s(−lgm
v∈/

δ(>. s( ; lˆr
v∈/

{I(s({ −lgm
v∈/

{I(s({.

Enq _ j,o_qshshnm ne R _s kd_rs nmd Rg hm sgd o_qshshnm g_r b_qch,
m_khsx _s kd_rs m<j- Sgdqdenqd) he m<j / 0 sgdm ax sgd chrok_xdc
dpt_khsx De

O(j( / k<m- Sghr gnkcr enq j ; 0. . . . . m− 0- Enq
j ; m _kk o_qsr Rg hm sgd o_qshshnm _qd rhmfkdsnm rdsr _mc gdmbd
De

O(j( ; +- �
Npnne- ne Kdll_ 4- Rhlhk_q sn sgd oqnne ne Kdll_ 3- �
Npnne- ne Kdll_ 5- Rhlhk_q sn oqnne hm Kdll_ 2- �
Npnne- ne Kdll_ 6- Rhlhk_q sn sgd oqnne ne Kdll_ 3- �

B- Bnlotshmf sgd Mtladp ne Bktrsdpr

Sn cdsdqlhmd sgd mtladqI ne bktrsdqr hm c_s_ R vd bnlo_qd
_ bktrsdq rsqtbstqd etmbshnm trdc nm R vhsg sgd r_ld bktrsdq
etmbshnm nm pdedpdmbd rds ne }R} c_s_ chrsqhatsdc tmhenqlkx- Vd
cn sghr bnlo_qhrnm _r sgd knf_qhsglne sgd q_shn- Trhmf sgd bktrsdq
etmbshnm De

O nm sgd c_s_ rds R sgd mtladq I ne bktrsdqr hm R hr
sgd j vgdqd sgd knf,q_shn Ce (j( hr fqd_sdrs- Enql_kkx

Ce (j( ; inaDe
K (j(− inaDe

O(j(

I ; ˆoalˆr
j

Ce (j(.

vhsg sgd qdedqdmbd ok_bdldms hr sgd tmhenql chrsqhatshnm ne }R}
c_s_ r_lokdr nudq sgd q_mfd ro_mmdc ax R- Enq dw_lokd he R hr _
rds ne mtladqr sg_m hsr q_mfd hr sgd hmsdqu_k H ; =lgmR.lˆrR[-
Mnsd sg_s dudqx rds R hr qdoqdrdmsdc hm _ bnlotsdq ldlnqx _r _
“mhsd rds ne “mhsd rsqhmfr ne /%r _mc 0%r _mc sg_s sgdqdenqdlgmR
_mclˆrR _qd vdkk cd“mdc- Chuhcd H hm m dpt_k o_qsr H0. . . . . Hm
vhsg

⋃m
g20 Hg ; H _mc Hg

⋂
Hi ; � enq 0 ≤ f ; i ≤ m- Hsdl f ∈

K hr onrhshnmdc hm sgd lhcckd ne rtahmsdqu_k Hg ’0 ≤ f ≤ m(-
Sn cd_kvhsg sgd hmbnlots_ahkhsx ne sgd etmbshnmI vd _ooqnw,

hl_sd I eqnl _anud ax _ fnnc bnloqdrrnq U- He s hr _ rsqhmf
sgdm U(s( hr sgd kdmfsg ne sgd ax U bnloqdrrdc udqrhnm ne s-
Sgd etmbshnmU hr ax bnmrsqtbshnm _ bnlots_akd etmbshnm) dudm _
ed_rhakx bnlots_akd nmd ’enq dw_lokd U hr ayho1 nq rnld nsgdq

bnloqdrrnq(- Adb_trdI hr hmbnlots_akd sgdqd _qd rsqhmfrs rtbg
sg_s I(s( U(s( _mc sgd cheedqdmbd U(s(−I(s( hr hmbnl,
ots_akd- Gnvdudq enq m_stq_k c_s_vd _rrtld sg_s sgdx dmbncd mn
tmhudqr_k bnlotsdq nq oqnakdl_shb l_sgdl_shb_k bnmrs_msr khjd
sgd q_shn ne sgd bhqbtledqdmbd ne _ bhqbkd sn hsr ch_ldsdq 2.03 . . . .
Vd _rrtld sg_s enq sgd m_stq_k c_s_ vd dmbntmsdq sgd bnloqdr,
rhnm ax U g_r _ kdmfsg vghbg hr bknrd sn hsr oqd“w Jnklnfnqnu
bnlokdwhsx- Sgd r_ld gnkcr enq _ltkshrds> ne rsqhmfr-Vd qdoqd,
rdms> ; {s0. . . . . sm{ _r _ rsqhmf r(>( ; 0}v�}+s0 . . . 0

}vk}+sm
vhsg }r(>(} ; }s0 . . .sm})N(ina }s0}) � � �) ina }sm}(-
Enq _ o_qshshnm µ ∈ Πj ne R ’}R} ; m( vd bnlotsd sgd

δ(Rg. s(%r ax bnlotshmf U(Rg( ’0 ≤ f ≤ j( _mc U(s( enq _kk
s ∈ R- Sn cn rn vd qdpthqd _s lnrs j ) m bnloqdrrhnmr- Vd
vqhsd z_s lnrs– rhmbd _ ldladq ne _ ltkshrds R b_m nbbtq lnqd
sg_m nmbd-

HHH- OQNA@AHKHSHDR @LNMF LDLADQR NE BKTRSDQR

Ax Kdll_ 0 _ o_qs >) vhsg lnqd sg_m svn ldladqr) ne _
vhsmdrr o_qshshnm ne R b_m mns ad _ rte“bhdms rs_shrshb enq _kk ne
hsr dkdldmsr- Hm bktrsdqr sgd ldladqr ne _ bktrsdq sxohb_kkx rg_qd
rnld bg_q_bsdqhrshbr ats mns _kk bg_q_bsdqhrshbr- Hs stqmr nts sg_s
hm _m _ooqnoqh_sd rdmrd sgd ldladqr ne _ bktrsdq _qd mnmdsgdkdrr
oqna_ahkhrshb_kkx bknrd-
Vd cd“md _ bnmchshnm_k oqna_ahkhsx ne m,ahs rsqhmfr enkknv,

hmf Z11[- Vd rs_qs vhsg sgd tmbnmchshnm_k oqna_ahkhsx- Kds _
“mhsd rds > ne m,ahs rsqhmfr ad bgnrdm q_mcnlkx vhsg oqna_,
ahkhsxE(>( ; 1−H(/() _mc rtardptdmskx s ∈ > hr bgnrdm vhsg
tmhenql oqna_ahkhsx eqnl>) sg_s hr) s hr bgnrdm vhsg oqna_ahkhsx
E(>(<}>}- ’Rhmbd I(s( hr _ kdmfsg ne _ oqd“w bncd vd g_ud
ax Jq_es%r hmdpt_khsx Z7[ sg_s

∑
v 1

−H(v( ≤ 0- Gdmbd E hr _
rdlhoqna_ahkhsx- @ rdlhoqna_ahkhsx hr itrs khjd _ oqna_ahkhsx ats
l_x rtl sn kdrr sg_m 0- Sgd o_qshbtk_q rdlhoqna_ahkhsx E hr
b_kkdc tmhudprTk rhmbd hs hr sgd k_qfdrs knvdq rdlhbnlots_akd
rdlhoqna_ahkhsx Z08[- Hm _ardmbd ne _mx hmenql_shnm _ants>vd
b_m _rrhfm E(>( _r hsr oqna_ahkhsx- Oqnodqshdr _qd chrbtrrdc hm
sgd sdws Z10[(-

Cdymhshnm 4- Enq d_bg x ∈ > vd cd“md sgd bnmchshnmTk opna,
Tahkhsx o(x}s( ax

o(x}s( ;
∑

/v,xE(>(<}>}
∑

/vE(>(<}>}
Vd rgnv adknv sg_s _kk o_hqr ne rsqhmfr hm _ o_qs ne _ vhsmdrr

o_qshshnm ne ltkshrds R ne m rsqhmfr g_ud _m dwodbs_shnm ne sgd
bnmchshnm_k o,oqna_ahkhsx vhsg qdrodbs sn d_bg nsgdq vghbg hr _s
kd_rs 1−CS

S (j( enq rnld j ≤ m- Gdmbd sgd rl_kkdqDe
O(j( hr sgd

lnqd _kk rsqhmfr hm _ o_qs ne _ vhsmdrr o_qshshnm ne De
O(j( g_ud

_ k_qfd bnmchshnm_k oqna_ahkhsx vhsg qdrodbs sn d_bg nsgdq9 sgdx
enql _ bktrsdq-

Sgdnpdl .- Kds R ± {+. 0{m ’bnmrhcdq nmkx m,kdmfsg rsqhmfr(
_mc _ vhsmdrr j,o_qshshnm ne R enq De

O(j( sg_s chuhcdr R hmsn
o_qsr R0. . . . . Rj- Sgd dwodbs_shnm s_jdm nudq _ q_mcnl u_qh_akd
o(x}s( enq o_hqr s. x ∈ Rg enq rnld f ’0 ≤ f ≤ j( hr�=o(x}s([ ≥
1−CS

S(j(−N(gmam( _mc �=o(x}s([ adbnldr _s kd_rs (0<m(N(0( enq
j → m-

Npnne- Sgd o_qsr ne _ vhsmdrr snDe
O(j( enql bktrsdqr adb_trd

hmsthshudkx he sgd bnmchshnm_k oqna_ahkhshdr hm Cd“mhshnm 4 ne
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cheedqdms rsqhmfr hm _ o_qs ne sgd vhsmdrr o_qshshnm _qd rl_kk sgdm
sgd bnmchshnm_k Jnklnfnqnu bnlokdwhshdr _qd rl_kk9

BkThl .-

o(s}x( ; �(E(s. x((

�(E(s((
; 1−H(v}x(−N(gmam(.

Npnne- Rs_qs eqnl Cd“mhshnm 4- Sgd “qrs dpt_khsx gnkcr ax
sgd enkknvhmf qd_rnmhmf9 rhmbd

∑
/vE(>(<}>} ; �(E(s((

adb_trd sgd kdesg_mc rhcd ne sgd dpt_shnm hr _ knvdq rdlhbnl,
ots_akd etmbshnm ne s _mc gdmbd hs hr N(E(s((: lnqdnudq he
> ; {s{ sgdm sgd kdesg_mc rhcd dpt_kr E(s(- Sgd r_ld _qft,
ldms b_m ad trdc enq sgd o_hq {s. x{- Sgd rdbnmc dpt_khsx trdr sgd
bnchmf sgdnqdl Z08[ vghbg rs_sdrE(s( ; 1H(v()N(0( _mc sgd
rxlldsqx ne hmenql_shnm k_v Z0/[ vghbg rgnvr ansg sgd sqhuh_k
I(s. x( ≤ I(s( )I(x}s( _mcI(s. x( ≥ I(s( )I(x}s(−
N(inaI(s. x(( ; I(s( )I(x}s(−N(ina m(- Sgd� nqcdq ne
l_fmhstcd hr _m N(0( sdql hm sgd dwonmdms _mc _arnqadc hm sgd
N(ina m( sdql- �
Sgd bnmchshnm_k oqna_ahkhshdr ne o_hqr ne rsqhmfr hm _ o_qs

ne _ j,o_qshshnm ne R vghbg hr _ vhsmdrr sn De
O(j( r_shrex sgd

enkknvhmf- Ax Z11) Sgdnqdl 4[ he s. x ∈ Rg enq _ oTpshbtkTp f
’0 ≤ f ≤ j( _mc δ(Rg. s( ≤ b sgdm o(x}s( ≥ 1−c−N(gmam() vghkd
he o(x}s( ≥ 1−c sgdm δ(Rg. s( ≤ b)N(ina m(- Gdmbd o(x}s( ;
1−�(Of,v(±N(gmam(- Sgd dwodbs_shnm ne o(x}s( nudq Rg hr fhudm ax

�=o(x}s([ ; 0<}Rg}


v∈Of

1−�(Of,v(±N(gmam(

≥ 1−
�

p∈Sf
(�(Of,v(±N(gmam((,}Of}

; 1−μSf
±N(gmam(.

trhmf hm sgd rdbnmc khmd sgd hmdpt_khsx ne _qhsgldshb _mc fdnlds,
qhb ld_mr- Sghr hlokhdr sg_s he s. x ∈ Rg enq rnld f ’0 ≤ f ≤ j(
sgdm sgd dwodbs_shnm ne o(x}s( nudq _kk Rg hm _ vhsmdrr o_qshshnm
ne R hr fhudm ax

�=o(x}s([ ; (0<j(

j

g20

1−μSf
±N(gmam(

≥ 1−(0,j(
�i

f1�(μSf
±N(gmam((

≥ 1−CS(j(±N(gmam(.

trhmf hm sgd rdbnmc khmd _f_hm sgd hmdpt_khsx ne _qhsgldshb
_mc fdnldsqhb ld_mr _mc hm sgd sghqc khmd sg_s DO(j( ≥
(0<j(

∑j
g20 μOf ax Cd“mhshnm 2- Rhmbd DO(m( ; + vd g_ud

�=o(x}s([ hr _s kd_rs (0<m(N(0( enq j → m- �
PdlTpi 3- Qntfgkx) sgd rl_kkdq DO adbnldr sgd k_qfdq sgd

bnmchshnm_k oqna_ahkhshdr ne sgd dkdldmsr hm _ o_qs ne sgd vhsmdrr
o_qshshnm adbnld- ♦

HU- QDK@SDC KHSDQ@STQD

Sghr o_odq dwsdmcr oqduhntr vnqj hm sgd “dkc ne _kfnqhsglhb
rs_shrshbr Z00[) Z18[) Z20[- Sgd _ookhb_shnmr athkc o_qshbtk_qkx nm
sgd “dkc ne rdlh,rtodquhrdc rodbsq_k kd_qmhmf Z5[) Z04[) Z12[-
Lnrs oqduhntr _ooqn_bgdr sn drshl_shmf sgd mtladq ne bktrsdqr
hm _ c_s_rds tshkhyd oqna_ahkhrshb rs_shrshb_k lncdkhmf ne sgd c_s_-
Sgd A_xdrh_m _mc @j_hjd hmenql_shnm bqhsdqh_ ansg enqltk_sd

sgd ptdrshnm v-q-s- tmcdqkxhmf chrsqhatshnmr drshl_sdc dhsgdq
o_q_ldsqhb_kkx nq dlohqhb_kkx Z15[) Z25[) Z26[) Z27[- A_xdrh_m
ldsgncr _qd vdkk rthsdc vgdm sgd khjdkhgnnc etmbshnm _mc oqhnq
oqna_ahkhshdr _qd jmnvm- Hm bnlo_qhrnm) sgd _kfnqhsglhb rs_shrshbr
_ooqn_bg oqnonrdc gdqd vnqjr vhsg sgd o_qshbtk_q c_s_rds q_sgdq
sg_m oqna_ahkhshdr _bqnrr _ gxonsgdrhydc onotk_shnm- Qdbdmskx)
_ksdqm_shud _ooqn_bgdr a_rdc nm bg_q_bsdqhrshbr ne sgd rodbh“b
c_s_ rds hm ptdrshnm) q_sgdq sg_m _ onotk_shnm,kdudk lncdk) g_ud
addm bnmrhcdqdc Z28[) Z3/[- Sgdrd hmbktcd o_qshbtk_qkx sgdvhcdkx
trdc F_o rs_shrshb Z16[ sg_s hr udqx rhlhk_q hm rohqhs sn sgd
hlokdldms_shnm cdrbqhadc gdqd- Sgd bnmmdbshnm adsvddm sgd
f_o rs_shrshb _mc sgd “dkc ne _kfnqhsglhb rs_shrshbr v_r nmd ne
sgd jdx lnshu_snqr enq sghr vnqj Z4[- Sgd f_o rs_shrshb bnlo_qdr
sgd ro_sh_k bg_q_bsdqhrshbr ne sgd c_s_ adhmf bktrsdqdc sn sg_s ne
_ q_mcnlkx fdmdq_sdc qdedqdmbd chrsqhatshnm- Ntq _ooqn_bg hr
rhlhk_q hm ansg sgdnqx _mc oq_bshbd sn sgd f_o rs_shrshb- L_mx
ne sgd _cu_ms_fdr ne sgd svn _ooqn_bgdr _qd rg_qdc- Ansg _qd
deedbshud vgdm J;0) sg_s hr sgdqd _qd mn ld_mhmfetk bktrsdqr
_lnmf sgd c_s_- Ansg _qd qd_rnm_akx de“bhdms sn bnlotsd- CA,
Rb_m bnlahmdr sgd bktrsdqhmf _mc J drshl_shnm hmsn _ rhmfkd
s_rj) _mc oqnuhcdr o_q_ldsdqr enq “md stmd bnmsqnk Z8[- Hm sgdnqx
sgd bktrsdq rsqtbstqd etmbshnm lhfgs ad trdc hm _m _tsnl_sdc
o_q_ldsdq rd_qbg vhsg rtbg _m _kfnqhsgl-
Hm sgd bnlots_shnm_k ahnknfhb_k lhbqnrbnox hl_fd _m_kx,

rhr _qd_ vd athkc nm oqduhntr vnqj enq noshl_kkx o_qshshnm,
hmf bnmmdbsdc bnlonmdmsr ne enqdfqntmc ohwdkr hmsn dkkhoshb_k
qdfhnmr Z24[- @ jdx _cu_ms_fd ne sgd bktrsdq rsqtbstqd etmb,
shnm bnlo_qdc sn _kk nsgdq _ooqn_bgdr hr sgd udqx aqn_c _mc
onvdqetk sgdnqdshb_k rsqtbstqd ne Jnklnfnqnu bnlokdwhsx _mc
@kfnqhsglhb Rs_shrshbr- Sgd sdbgmhptdr _qd fdmdq_kkx o_q_ldsdq
eqdd) adxnmc sgd rdkdbshnm ne _ rths_akd bnloqdrrhnm _kfnqhsgl-
Hm sgdnqx hs vhkk ad onrrhakd sn _tsnl_shb_kkx hcdmshex sgd nosh,
l_k bnloqdrrhnm ax bnmrhcdqhmf dmrdlakdr ne _kfnqhsglr _mc
bgnnrhmf sgd adrs qdrtksr _lnmf sgdl uh_ sgd rsqtbstqd etmbshnm-

U- DW@LOKD @OOKHB@SHNMR

?- Gnv LTmx Cheedpdms Chfhsr Tpd hm T LMHRS Chfhs Rds:

Gdqd vd _ookx sgd noshl_khsx cd“bhdmbx sn drshl_shmf sgd
mtladq ne cheedqdms chfhsr hm _ rds ne chfhsr r_lokdc eqnl sgd
LMHRS g_mcvqhssdm chfhsr c_s_rds- Bk_rrh“b_shnm ne sgd LMHRS
chfhsr trhmf rtodquhrdc kd_qmhmf sdbgmhptdr hr vdkk rstchdc ats
sgdqd g_r addm khsskd _ookhb_shnm ne tmrtodquhrdc kd_qmhmf sn
sghr oqnakdl- Nmd jdx bg_kkdmfd hr drs_akhrghmf _ fqntmc sqtsg
mtladq ne cheedqdms bk_rrdr- Cheedqdms rsxkdr ne g_mcvqhshmfvdqd
s_tfgs _s cheedqdms shldr hm cheedqdms knb_shnmr- Sgdrd cheedqdmbdr
_qd khjdkx qdfidbsdc hm sgd tmcdqkxhmf c_s_ _r chrshmbs b_sdfnqhdr)
dudm vhsghm chfhsr ne sgd r_ld bk_rr k_adk- @mnsgdq bg_kkdmfd
hr sgd che“btksx hm tmrtodquhrdc bk_rrh“b_shnm ne chfhsr dudm
vgdm sgd bnqqdbs mtladq ne bk_rrdr hr jmnvm- Vghkd rtodquhrdc
rnktshnmr enq sgd LMHRS chfhs bk_rrh“b_shnm _qd dwsqdldkx _bbt,
q_sd) tmrtodquhrdc bktrsdqhmf ne LMHRS chfhsr hr rshkk _ che“btks
oqnakdl- Sgd LMHRS c_s_ g_r addm mnql_khydc sn 17w17 7,ahs
fq_xrb_kd ’/)--)144( hl_fdr- Sgd LMHRS c_s_a_rd bnms_hmr _
sns_k ne 6/)/// g_mcvqhssdm chfhsr bnmrhrshmf ne 5/)/// sq_hmhmf
dw_lokdr _mc 0/)/// sdrs dw_lokdr- Nqhfhm_kkx sgd hmots knnjr
_r Ehf- 0-
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S@AKD H
BNMETRHNM L@SQHW ENQ RODBSQ@K BKTRSDQHMF RDSR NE Q@MCNL CHFHSR- D@BG CHFHS RDS BNMS@HMR 4 NE D@BG CHFHS Z/)8[- SGD CHFHS RDSR @QD

BKTRSDQDC HMSN 0/ BKTRSDQR- ENQ DU@KT@SHNM) D@BG BKTRSDQ HR K@ADKDC VHSG SGD LNCD ’LNRS BNLLNM DKDLDMS( NE SGD SQTD CHFHS U@KTDR HM
SG@S BKTRSDQ- SGHR V@R QDOD@SDC SDM SGNTR@MC SHLDR- NUDQ@KK @BBTQ@BX NE BKTRSDQHMF SGD SDM CHFHS BK@RRDR HR 35�

Ehf- 0- Dw_lokd LMHRS g_mcvqhssdm chfhsr-

Vd _ookx sgd bktrsdq rsqtbstqd etmbshnm sn sgd ptdrshnm ne
drshl_shmf gnv l_mx cheedqdms LMHRS chfhsr _qd qdoqdrdmsdc
hm _ k_qfd rds- Bnm“ftqd _ r_lokdq sn bgnnrd _ rds ne 0// chfhsr
_s _ shld q_mcnlkx fhudm _ “wdc I u_ktd- Hm d_bg chfhs rds)
sgd b_qchm_khsx ne d_bg chfhs hr fhudm ax N 0++H - EnqI ; 2 sgdqd
vntkc ad 22 ne d_bg chfhs Z/)0)1[- Enq I ; 0+) sgdqd vntkc ad
0/ ne d_bg chfhs Z/)8[- Rodbsq_k bktrsdqhmf Z12[ hr trdc sn bktrsdq
LMHRS chfhs rdsr Z6[- Sgd rodbsq_k bktrsdqhmf _ooqn_bg rs_qsr
vhsg sgd l_sqhw ne o_hqvhrd mnql_khydc bnloqdrrhnm chrs_mbdr
’MBC( _r hm Z3[ _lnmf _kk o_hqr ne chfhsr- Vd trdc sgd eqdd
knrrkdrr hl_fd enql_s ’EKHE( bnloqdrrnq Z14[ enq sgd LMHRS
chfhsr) _mc entmc hs sn rhfmh“b_mskx ntsodqenql sgd oqduhntrkx
trdc AYHO _mc IODF1/// bnloqdrrnqr- @esdq bnlotshmf sgd
MBC l_sqhw adsvddm chfhs o_hqr) sgd bk_rrhb rodbsq_k bktrsdqhmf
_kfnqhsgl Z12[ hr _ookhdc- S_akd H rgnvr sgd qdrtksr ne rodbsq_k
bktrsdqhmf enq _kk sdm chfhsr- Bktrsdqhmf _bbtq_bx enq _kk sdm
chfhs sxodr Z/--8[ v_r 35� vhsg 84� bnm“cdmbd hmsdqu_kr ne
Z-3511)-3546[ nas_hmdc uh_ annsrsq_oohmf Z15[-
Sn bnlotsd sgd BRE etmbshnm enkknvhmf Rdbshnm HH,B vd

oqnbddc _r enkknvr- Enq d_bg chfhs rds R) vd fdmdq_sd Bktrsdq
Rsqtbstqd Etmbshnm ’BRE( btqudr- Sgd chfhs rds R hr bktrsdqdc

_s cheedqdms u_ktdr ne I- Q_mcnl r_lokdr ne sgd c_s_ enqlhmf
rtards xR ± R _qd bgnrdm hsdq_shudkx- Rs_shrshbr ne sgd onhmsvhrd
BRE btqudr _qd enqldc eqnl sgd q_mcnl r_lokdr xR- Sgd qdrtksr
gdqdvdqd fdmdq_sdc trhmf 0/// q_mcnl r_lokdr ne d_bg chfhs rds
_r enkknvr- Enq d_bgchfhs rdsR bnlotsd sgd o_hqvhrdMBCl_sqhw
C adsvddm _kk dkdldmsr neR trhmf sgd EKHE hl_fd bnloqdrrhnm-
Enq d_bgI nm =0. . . . .Il=o[ trd rodbsq_k bktrsdqhmf sn o_qshshnm
sgd dkdldmsr ne R hmsn I fqntor- D_bg bktrsdq ’o_qshshnm( hr
k_adkdc >o ; {s0. s1. . . .. s}/n}{ _mc }>o} hr sgd mtladq ne
onhmsr hm bktrsdq >o- @esdq sgd onhmsr g_ud addm bktrsdqdc enq
_ o_qshbtk_q u_ktd ne I) ohbj rtardsr _s q_mcnl eqnl R sn enql
xR) } xR} ; 4 · I- Trhmf sgd bktrsdq _rrhfmldmsr enq d_bg ne sgd
q_mcnlkx rdkdbsdc onhmsr) bnlotsd sgd noshl_khsx cd“bhdmbx enq
d_bg q_mcnl r_lokd _bqnrr d_bg ne sgdI bktrsdqr >o

δ(>o. sg( ;

�
+ }>o} , 1
U(>o(− U(sg( ) ina }>o} }>o} ≥ 1. ’3(

vgdqd U(>o( hr sgd rhyd hm axsdr ne sgd EKHE bnloqdrrdc
hl_fd enqldc ax bnmb_sdm_shmf _kk ne sgd chfhs hl_fdr hm xR
adknmfhmf sn bktrsdq >o _mc U(sg( hr sgd rhyd hm axsdr ne
sgd bnloqdrrdc hl_fd bnqqdronmchmf sn chfhs sg- Vd vqhsd
δ(>o( ; {δ(>o. s0(. δ(>o. s1(. . . .δ(>o. s}/n}({ sn cdmnsd sgd
rds ne noshl_khsx cd“bhdmbhdr enq d_bg sg ∈ >o- @esdq bnlotshmf
δ(>o( enq d_bg bktrsdq eqnl sgd chfhs rds rtar_lokd xR) sgd qdrtksr
ne ’3( _qd bnlahmdc sn bnlotsd sgd qdk_sdc bktrsdq rsqtbstqd
etmbshnm9

D xO(I( ;

∑Ha=m

o20 ina1(lˆr(δ(>o((−lgm(δ(>o(( ) 0(

Il=o
.

’4(
Sgd “m_k bktrsdq rsqtbstqd etmbshnm ’BRE( btqud hr sgdm fdmdq,

_sdc trhmf sgd ld_m _mc rs_mc_qc cduh_shnm neD xO(I( _bqnrr _kk
q_mcnl rtar_lokdr xR _mcI u_ktdr- Sgd noshl_k u_ktd neI enq
rtbg _ BRE btqud hr bgnrdm trhmf sgd sdbgmhptd oqnonrdc hm Z16[)
_r sgd “qrs u_ktd ne I vgdqd sgd BRE btqud cdbqd_rdr lnqd
sg_m nmd rs_mc_qc cduh_shnm eqnl sgd oqduhntr u_ktd- @ qnatrs
drshl_snq enq rs_mc_qc cduh_shnm l_x ad trdetk hm hcdmshexhmf
sgd lhmhltl u_ktd ne sgd bktrsdq rsqtbstqd etmbshnm enq rnld
_ookhb_shnmr- Ehf- 1 rgnvr svn dw_lokd BRE btqudr- Hm sgd kdes
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Ehf- 1- Btqudr rgnvhmf ld_m _mc rs_mc_qc cduh_shnm ne sgd bktrsdq rsqtbstqd etmbshnm ’BRE( enq svn cheedqdms chfhs rdsr- Rtardsr _qd bgnrdm qdod_sdckx eqnl d_bg
chfhs rds) _mc bktrsdqdc hmsn. fqntor- Sgd u_ktd ne. hr bgnrdm _r sgd “qrs. sg_s hr nmd rs_mc_qc cduh_shnm rl_kkdq sg_m sgd oqduhntr u_ktd- Sgd kdes btqud rdkdbsr
sgd u_ktd. ; .rptd) bnqqdbskx hcdmshexhmf sgd u_ktd ne. bnqqdronmchmf sn sgd mtladq ne cheedqdms chfhsr hm sgd rds- Sgd qhfgs btqud hmbnqqdbskx rdkdbsr. ; 4-

S@AKD HH
TMRTODQUHRDC BKTRSDQ RSQTBSTQD ETMBSHNM ’BRE( ’KDES( @MC F@O RS@SHRSHB ’QHFGS( DRSHL@SDR NE SGD MTLADQ NE TMHPTD CHFHSR . HM @ LMHRS

CHFHS RDS- ANSG BRE @MC F@O RS@SHRSHB OQDCHBSHNMR.epdS @QD BNQQDK@SDC VHSG.rptd DWBDOS HM B@RD. ; 0 ’VGDQD ANSG DWGHAHS LTBG GHFGDQ
RS@MC@QC CDUH@SHNM(- NLHSSHMF .rptd ; 0) SGD BRE BNQQDK@SHNM HR /-82 ’k ; 2S − 3( @MC SGD F@O RS@SHRSHB BNQQDK@SHNM HR −),53 ’k ; 4S − 2(

o_mdk) sgd bnqqdbs u_ktd hr nas_hmdc _s Iopdc ; Irptd- Hm sgd
qhfgs o_md ne Ehf- 1) sgd rdkdbsdc u_ktd hr nas_hmdc _sIopdc ; 4
_mc cndr mns l_sbg sgdIrptd ; 8 bnqqdbs u_ktd) _ksgntfg sgdqd
hr _ lhmnq cdbqd_rd _s mhmd enq sg_s dw_lokd-
Sgd lhmhltl ne sgd dlohqhb_k BRE btqud hr mns hm hsrdke

rhfmh“b_ms rhmbd sgd hcd_k sgdnqdshb BRE btqud hr lnmnsnmhb
mnm,cdbqd_rhmf _mc sgd lhmhltl hr _kv_xr _s / ’Kdll_ 1(-
Vg_s l_jdr sgd lhmhltl onrrhakx _ khsskd ld_mhmfetk hr vgdm
sgdlhmhltl nbbtqr itrs _esdq _ rg_qo cdbqd_rd hm sgd BRE btqud-
Sgd dlohqhb_k BRE btqudr ne Ehf- 1 rddl hm bnmsq_chbshnm vhsg
Kdll_ 1- Sgd btqudr hm sgd “ftqd qntfgkx enkknv Kdll_ 1)
ats sgdx _qd sgd qdrtksr ne rdudq_k gdtqhrshbr rn sgdx l_x
mns ad odqedbskx lnmnsnmhb mnm,cdbqd_rhmf- Sgd gdtqhrshbr _qd
_lnmf nsgdqr9 _ooqnwhl_shnm eqnl_anud ne sgd mnm,bnlots_akd

Jnklnfnqnu bnlokdwhsx) sgd rodbsq_k gdtqhrshb ne “mchmf sgd
mtladq ne bktrsdqr q_sgdq sg_m hmrodbshmf _kk sgd rtardsr ne
sgd c_s_) _mc qdod_sdc q_mcnl r_lokhmf ne _ rtards xR ± R
bnlotshmf sgd BRE btqud ne d_bg xR _mc s_jhmf sgd _udq_fd- Sn
hcdmshex sgd mtladq ne bktrsdqr hm sgd c_s_ nmd s_jdr sgd mtladq
enkknvhmf sgd rg_qo cdbqd_rd ne sgd BRE btqud- Gdqd sgd bqhsdqhnm
sn rdkdbs sgd bktrsdqr hr noshl_kkx r_shr“dc-
S_akd HH rgnvr sgd _udq_fd _mc rs_mc_qc cduh_shnmr eqnl rta,

r_lokhmf chfhs rdsr ne u_qxhmfIrptd- Chfhsr rdsr vhsgIrptd ; 0
g_ud _ ghfgdqIopdc u_ktd) _mc _ltbg ghfgdq rs_mc_qc cduh_shnm
bnlo_qdc sn chfhsr rdsr vhsg nsgdq u_ktdr ne Irptd- Nlhsshmf
chfhs rdsr vhsgIrptd ; 0 rhfmh“b_mskx hmbqd_rdr sgd bnqqdk_shnm
adsvddm sgd rdkdbsdc onhms nm sgd BRE btqud _mcIrptd- Enq sgd
BRE) sgd bnqqdk_shnm p adsvddmIrptd _mcIopdc enqIrptd / 0
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S@AKD HHH
RTODQUHRDC BKTRSDQ RSQTBSTQD ETMBSHNM ’BRE( ’KDES( @MC F@O RS@SHRSHB ’QHFGS( DRSHL@SDR NE SGD MTLADQ NE TMHPTD CHFHSR . HM @ MHRS CHFHS

RDS- D@BG CHFHS RDS BNMS@HMR 0// CHFHSR) ROKHS DPT@KKX @LNMF SGD . CHFHS BK@RRDR- SGD @KFNQHSGL HR FHUDM @ CHFHS RDS R@LOKDQ SG@S B@M OTKK
QDOD@SDCKX EQNL SGD R@LD CHRSQHATSHNM ’. U@KTD( VHSG SGD FN@K NE DRSHL@SHMF .- SGD QDRTKSR GDQD VDQD FDMDQ@SDC AX BK@RRHEXHMF NMD
GTMCQDC D@BG NE CHFHS RDSR VHSG .rptd ∈ =0,,0)[- @ 1/,DKDLDMS UDBSNQ BNMRHRSHMF NE LD@M @MC RS@MC@QC CDUH@SHNMR NE SGD BRE @MC SGD F@O
RS@SHRSHB V@R SGD HMOTS SN @ RG@KKNV EDDC,ENQV@QC MDTQ@K MDSVNQJ- NUDQ@KK @BBTQ@BX ENQ SGD BRE V@R 75� Z/-73)/-77[ @MC 43� ENQ SGD

F@O RS@SHRSHB Z/-40)/-46[

hr p ; +.82) vhsg _ o,u_ktd o ; 2d− 3- Enq sgd F_o Rs_shrshb)
p ; −+.53 ’o ; 4d− 2(- A_rdc nm sg_s nardqu_shnm) _ rg_kknv
eddcenqv_qc mdtq_k mdsvnqj v_r trdc sn l_o sgd BRE btqudr sn
_ oqdchbsdc u_ktdIopdc-
Sgd _ooqn_bg hr mnv sn trd sgd 1/ dkdldms udbsnq bnlonrdc ne

sgd ld_m _mc rs_mc_qc cduh_shnmr ne sgd BRE btqudr du_kt_sdc
_s sgd mtladqr ne bktrsdqr I ; =0..0+[ _r _ ed_stqd udbsnq sn
hcdmshex sgd noshl_k u_ktd neI- Vd trd nmd sgntr_mc dw_lokdr
d_bg ne chfhs rdsr eqnlI ; =0..0+[ _r sq_hmhmf c_s_ ’sdm sgntr_mc
sns_k chfhs rdsr(- Trhmf sgd L@SK@A o_ssdqmds’( bk_rrh“dq vhsg
_kk cde_tks o_q_ldsdqr) _ rg_kknv eddc enqv_qc mdtq_k mdsvnqj
vhsg 1/ hmots k_xdq mncdr) 0/ ghccdm k_xdq mncdr _mc 0/ ntsots
k_xdq mncdr hr sq_hmdc trhmf sdm sgntr_mc chfhs rdsr) nmd sgntr_mc
dw_lokdr d_bg eqnlI ∈ =0..0+[-Vd bk_rrhex 0// tmjmnvm chfhs
rdsr- Vgdm sgd bk_rrh“b_shnm bnm“cdmbd hr knv) vd qdod_s sgd
r_lokhmf) rdkdbshmf _ mdv R to sn 0/ shldr _mc _udq_fd sgd
qdrtksr sn enql sgd oqdchbshnm- S_akd HHH rgnvr sgd qdrtkshmf
oqdchbshnmr- Sgd udqshb_k _whr ne sgd s_akd qdoqdrdmsr Irptd)
sgd gnqhynms_k _whr qdoqdrdmsr Iopdc- Dkdldmsr nm sgd ch_fnm_k
qdoqdrdms bnqqdbs bk_rrh“b_shnmr- Nudq_kk _bbtq_bx) ld_rtqdc _r
sgd odqbdms_fd ne mnm,ydqn qdrtksr sg_s e_kk nm sgd ch_fnm_k ne
sgd bnmetrhnm l_sqhw hr 75� vhsg _ 84� bnm“cdmbd hmsdqu_k
Z/-73)/-77[ drs_akhrgdc ax annsrsq_oohmf- Vd trdc sgd r_ld
oqnbdctqd nm sgd ld_m _mc rs_mc_qc cduh_shnm u_ktdr nas_hmdc
eqnl sgd F_o Rs_shrshb ’_r hm S_akd HH( _mc nas_hmdc _m _bbtq_bx
ne 43� Z/-40)/-46[-

A- Bdkk RdfldmsTshnm

Bdkk rdfldms_shnm hr sgd hcdmsh“b_shnm ne hmchuhct_k bdkkr hm
lhbqnrbnox hl_fdr- Sgd hcdmsh“b_shnm ne bdkk mtbkdh hm lh,
bqnrbnox hl_fdr hr _m hlonqs_ms ptdrshnm- Gtl_m rsdl bdkkr
’GRBr( _qd o_qshbtk_qkx bg_kkdmfhmf sn rdfldms _r sgd bdkkr _qd
ghfgkx _cgdqdms) enqlhmf hm m_stq_kkx cdmrdkx o_bjdc bnknmhdr-

GRB bnknmhdr) nq fqntor ne sntbghmf bdkkr) bnmrhrs ne chuhchmf
_mc cheedqdmsh_shmf bdkkr sg_s oqdrdms _ vhcd u_qhdsx ne rhydr _mc
rg_odr- Sgd k_qfd lnqognknfhb_k u_qh_shnm _qhrdr eqnl ansg sgd
oqdrdmbd ne bdkkr hm cdudknoldms_k rs_sdr _mc sgd ldbg_mhb_k
hmsdq_bshnm _lnmf _ci_bdms bdkkr cdenqlhmf sgdhq rg_od) sdwstqd)
_mc adg_uhnq Z21[) Z22[- Shldk_ord lhbqnrbnox ne khuhmf bdkkr
etqsgdq bnlokhb_sdr sgd oqnakdl) qdpthqhmf qdctbdc hl_fhmf
dmdqfx sn kdrrdm ognsnsnwhbhsx) _mc _krn hmsqnctbhmf sdlonq_k
u_qh_shnmr ctd sn hl_fhmf _r vdkk _r bdkk _mc bnknmx _ood_q,
_mbd u_qh_ahkhsx- Hs hr ltbg d_rhdq sn rdfldms bdkkr sg_s _kk
g_ud _ rhlhk_q _ood_q_mbd) enq dw_lokd rg_od _mc rhyd- Gdqd
vd oqdrdms _ sdbgmhptd enq bnlahmhmf ltkshokd rhltks_mdntr
rdfldms_shnmr ne sgd r_ld hl_fd) d_bg vhsg u_qxhmf tmcdq,
kxhmf rdfldms_shnm o_q_ldsdqr- Vd qdedq sn sgd bnkkdbshud rds
ne rdfldms_shnm qdrtksr _r _m dmrdlakd- Sgd rdfldms_shnmr hm
sgd dmrdlakd _qd bnlahmdc ax trhmf noshl_khsx cd“bhdmbx sn
rdkdbs _lnmf nudqk_oohmf rdfldms_shnmr- Vd trd _ oqduhntrkx
cdrbqhadc tmrtodquhrdc tmcdqkxhmf rdfldms_shnm Z21[) Z22[) Z23[
sg_s s_jdr _ rhmfkd o_q_ldsdq ne bdkk rhyd hm μk- Sgd ldsgnc
vnqjr _r enkknvr- Sgd rdfldms_shnmr _qd qtm _bqnrr _ q_mfd ne
dwodbsdc q_chtr u_ktdr- Sgd qdrtksr _qd bnlahmdc) vhsg bdkkr sg_s
nudqk_o d_bg nsgdq ok_bdc hm bnllnm zatbjdsr–- Sgd ptdrshnm
hr sgdm sn bgnnrd sgd noshl_k mtladq ne bdkkrI hm d_bg atbjds-
Dudqx rdfldms_shnm hr fhudm _ rbnqd a_rdc nm hsr _ood_q_mbd _mc
gnv vdkk hs b_ostqdr sgd tmcdqkxhmf ohwdkr- Gdqd vd _ookx sgd
_ooqn_bg sn sgd ptdrshnm ne hcdmshexhmf dkkhoshb_k bdkkr nq mtbkdh-
Q_sgdq sg_m trhmf bnloqdrrhnm,a_rdc rhlhk_qhsx) sgd rbnqd hr athks
nm _m _ood_q_mbd lncdk-
Sgd rdfldms_shnm lncdk dwodbsr bdkkr sg_s _qd bnmudw)

aqhfgsdq hm sgd hmsdqhnq bnlo_qdc sn sgd dwsdqhnq) _mc sn bnms_hm
_ vdkk cd“mdc antmc_qx adsvddm _ aqhfgs hmsdqhnq _mc c_qj
dwsdqhnq- Fhudm _ o_qshbtk_q bdkk rdfldms_shnm A) sgd rbnqd hr _
bnlahmdc ld_rtqd ne bnmudw de“bhdmbx) a_bjfqntmc de“bhdmbx
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Ehf- 2- Sgd dmrdlakd rdfldms_shnm bnlahmdr qdrtksr eqnlcheedqdms rdfldms_shnm _kfnqhsglrtrhmf sgd noshl_khsx cd“bhdmbx sn rdkdbs sgd adrs qdrtksr enq nudqk_oohmf
rdfldms_shnmr- Eq_ld rdfldms_shnmr _qd qtm _s d_bg ne _ q_mfd ne cheedqdms o_q_ldsdq u_ktdr- Sgd qdrtkshmf rdfldms_shnmr _qd d_bg sqd_sdc _r _ onrrhakd bktrsdqhmf
ne sgd tmcdqkxhmf ohwdkr hmsn naidbsr- @m dw_lokd hr rgnvm gdqd enq _ rhmfkd hl_fd eq_ld s_jdm eqnl _ 01// eq_ld lnuhd rgnvhmf sgd cdudknoldms ne khud gtl_m
rsdl bdkkr ’GRBr(- Sgd sno qnv rgnvr _ q_v hl_fd ’_() sgd “m_k rdfldms_shnm qdrtksr ’a( _mc sgd nudqk_oohmf dmrdlakd qdfhnmr ’b(- Sgd anssnl svn qnvr rgnv
cheedqdms onrrhakd bnlahm_shnmr ne rdfldms_shnm qdrtksr eqnl sgd qdfhnm rgnvm hm sgd qdbs_mfkd hm ’_( _mc ’b(- Sgd rdfldms_shnm qdrtksr _qd rbnqdc eqnl vnqrs
’knvdrs rbnqd( sn adrs ’ghfgdrs rbnqd(- Sgd noshl_k rds ne rdfldms_shnm qdrtksr _qd rdkdbsdc trhmf _ fqddcx noshlhy_shnm sn l_whlhyd sgd rbnqdr hm d_bg nudqk_oohmf
qdfhnm- Rdfldms_shnm rbnqdr _qd fdmdq_sdc eqnl sgd bnmudwhsx) antmc_qx) _mc a_bjfqntmc de“bhdmbhdr-

_mc antmc_qx de“bhdmbx- Sgd sdql de“bhdmbx cdrbqhadr _ mnql_k,
hydcld_rtqd b_ostqhmf gnv bknrd sn sgdlncdk sgd c_s_ _bghdudr-
Sgd bnmudw de“bhdmbx hr cd“mdc _r

dbnmudv(A( ;
}A}

}Abnmudv} .

vgdqd }A} hr sgd _qd_ ’unktld( ne rdfldms_shnmA _mc }Abnmudv}
hr sgd _qd_ ne sgd bnmudw gtkk ne A- Sgd antmc_qx de“bhdmbx
hr bnlotsdc eqnl sgd mnql_khydc ’Z/)0[( hl_fd ohwdk u_ktdr)
cd“mdc _r

dantmcSpx(A( ; 0−kdZm(O(�(A((− S (�(A(((.
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S@AKD HU
DMRDLAKD RDFLDMS@SHNM BNLAHMDR QDRTKSR EQNL RDFLDMS@SHNM @KFNQHSGLR QTM @S CHEEDQDMS O@Q@LDSDQ RDSSHMFR NM 1,C @MC 2,C HL@FD C@S@-
NOSHL@KHSX CDEHBHDMBX DRSHL@SDR SGD MTLADQ NE BDKKR . HM D@BG QDFHNM NE NUDQK@OOHMF RDFLDMS@SHNMR- SGD @OOQN@BG GDQD HR NOSHLHYHMF SGD
CDSDBSHNM ’CDS( LDSQHB ENQ SGD BDKK SQ@BJHMF BG@KKDMFD C@S@RDSR- SGD EHQRS QNV HM D@BG FQNTO RGNVR SGD DMRDLAKD QDRTKSR @MC Q@CHTR
O@Q@LDSDQ RDSSHMFR) SGD RTARDPTDMS SVN QNVR RGNV SGD ADRS @MC VNQRS ODQENQLHMF RHMFKD RDFLDMS@SHNMR- SGD DMRDLAKD RDFLDMS@SHNM

RHFMHEHB@MSKX NTSODQENQLR SGD ADRS HMCHUHCT@K RDFLDMS@SHNMR ’k ; 4S − 3(

Ehf- 3- Drshl_shmf sgd mtladq ne bktrsdqr hm c_s_ fdmdq_sdc eqnl . ; 2
mnql_k chrsqhatshnmr) _kkvhsg� ; =0� ): )� 0[- Sgd chrsqhatshnmr _qd knb_sdc _knmf
sgd W _whr _s ltkshokdr =)� 0� 1[,· Bktrsdq Ro_bhmf- Sgd bktrsdq rsqtbstqd etmbshnm
’BRE( rhfmh“b_mskx ntsodqenqlr sgd @j_hjd Hmenql_shnm Bqhsdqh_ ’@HB(- Dqqnq
a_qr rgnv 84� bnm“cdmbd hmsdqu_kr eqnl annsrsq_oohmf-

vgdqd O(�(A(( hr sgd l_whl_k hmsdmrhsx hm sgd qdfhnm rtq,
qntmchmf sgd antmc_qx unwdkr �(A() _mc S (�(A(( hr sgd ld_m
_c_oshud sgqdrgnkc u_ktd enq unwdkr _knmf sgd antmc_qx- Sgd
a_bjfqntmc de“bhdmbx hr cd“mdc _r

daSbjfpntmc(A( ;
kdZm(H(A(− S (A((

kdZm(H( ]A(− S ( ]A((
.

vgdqd H(A( hr sgd rntqbd hl_fd) S (A( hr sgd _c_oshud sgqdrgnkc
hl_fd ne rdfldms_shnm A) _mc ]A qdoqdrdmsr sgd hl_fd a_bj,
fqntmc- Sgd “m_k rdfldms_shnm rbnqd hr sgd rtl ne sgd sgqdd
rbnqdr)

dA ; dbnmudv(A( ) dantmcSpx(A( ) daSbjfpntmc(A(. ’5(

@esdq d_bg bdkk g_r addm rbnqdc) sgd fn_k hr sn rdkdbs sgd rds ne mnm,
nudqk_oohmf rdfldms_shnmr eqnl sgd dmrdlakd sg_sl_whlhyd sgd
rtl ne sgd hmchuhct_k rdfldms_shnm rbnqdr- Sghr hr dpthu_kdms
sn rdkdbshmf sgd DO(j( eqnl ’1( vgdqd sgd δ(>. s( hm ’0( _qd
_ooqnwhl_sdc ax sgd hmchuhct_k bdkk rdfldms_shnm rbnqdr- Ehf- 2
cdlnmrsq_sdr sgd dmrdlakd rdfldms_shnm enq _ bnknmx ne GRBr
hl_fdc trhmf _ fitnqdrbdms mtbkd_q l_qjdq ’G1A(-
Pt_mshs_shud u_khc_shnm enq sgd dmrdlakd rdfldms_shnm _o,

oqn_bg v_r cnmd trhmf fqntmc sqtsg c_s_ eqnl sgd bdkk sq_bjhmf
bg_kkdmfd Z17[ qdedqdmbd c_s_rdsr- Svdkud shld,k_ord c_s_rdsr hm
1,C _mc 2,C ne khud bdkkr vdqd oqnbdrrdc trhmf sgd dmrdlakd
rdfldms_shnm vhsg _m dlohqhb_kkx rdkdbsdc q_mfd ne q_chtr o_,
q_ldsdqr- Fqntmc sqtsg rbnqdr vdqd nas_hmdc enq d_bg q_chtr
o_q_ldsdq rdsshmf qtm rdo_q_sdkx _mc _krn enq sgd dmrdlakd
rdfldms_shnm- Vd bnmrhcdq sgd cdsdbshnm ’CDS( rbnqd gdqd) _r
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ntq bnmbdqm hr mns oqhl_qhkx sgd _bbtq_bx ne ohwdk _rrhfmdc sn
d_bg rdfldms_shnm) ats q_sgdq sg_s vd cdsdbs sgd bnqqdbs mtladq
ne bdkkr hm d_bg eq_ld- Vd trd sgd sq_hmhmf lnuhdr enq u_khc_shnm
adb_trd ntq ldsgnc hr tmrtodquhrdc _mc sq_hmhmf hr mns qdpthqdc-
Ntq qdrtksr _qd bnlodshshud nm sgdrd lnuhdr vhsg sgd rtodquhrdc
_kfnqhsglr du_kt_sdc nm sgd sdrshmf bg_kkdmfd c_s_rdsr- Hm d_bg
ne sgd 01 lnuhdr) sgd dmrdlakd rdfldms_shnm ntsodqenqldc
sgd adrs qdrtks rdkdbsdc eqnl rdfldms_shnmr qtm rdo_q_sdkx- Sgd
qdrtksr enq sgd noshl_khsx cd“bhdmbx a_rdc dmrdlakd rdfldm,
s_shnm vdqd rs_shrshb_kkx rhfmh“b_mskx adssdq bnlo_qdc sn sgd
adrs rbnqd nas_hmdc eqnl sgd rhmfkd q_chtr rdfldms_shnm c_s_
enq ansg sgd cdsdbshnm ’CDS( ’o ; 4d− 3) Vhkbnwnm o_hqdc
rhfm,q_mj sdrs( _mc sq_bjhmf ’SQ@( rbnqdr ’o ; 1d− 2(- Sghr
hr rhfmh“b_ms adb_trd sgd adrs q_chtr qdrtks u_qhdc dudm vhsghm
o_hqr ne lnuhdr eqnl sgd r_ld _ookhb_shnm sxod) rgnvhmf sgd
u_ktd ne sgd dmrdlakd rdfldms_shnm _ooqn_bg- S_akd HU rgnvr
sgd qdrtksr enq sgd dmrdlakd bk_rrh“b_shnm _r vdkk _r sgd adrs
_mc vnqrs odqenqlhmf hmchuhct_k rdfldms_shnm enq d_bg ne sgd
c_s_rdsr oqnbdrrdc gdqd-

B- Rxmsgdshb CTsTrds

Vd du_kt_sd sgd odqenql_mbd ne sgd bktrsdq rsqtbstqd etmbshnm
trhmf rxmsgdshb c_s_ fdmdq_sdc _r q_mcnlonhmsr eqnlI ; 2 che,
edqdms 1,C rs_mc_qc mnql_k chrsqhatshnmr) d_bg vhsg bnu_qh_mbd
Σ ; =0. +: +. 0[- Onrhshnm sgd I ; 2 bktrsdqr _knmf sgd s,_whr
_s s ; =+. p. 1 · p[ vhsg bktrsdq ro_bhmf p ; =+.4 9 +.14 9 0.4[- Hm
d_bgne sgd 0// sqh_kr) fdmdq_sd 0d3onhmsr eqnld_bgne sgdI ; 2
chrsqhatshnmr- Rtookdldms_qx Ehf- 0 rgnvr _ ghrsnfq_l ne _m dw,
_lokd rxmsgdshb c_s_rds vhsg bktrsdq ro_bhmf ; 0.+- Sn du_kt_sd
sgd bktrsdq rsqtbstqd etmbshnm) _ooqnwhl_sd I(>(−I(s() _r
hm ’0( trhmf sgd dtbkhcd_m chrs_mbd adsvddm onhms s _mc sgd
bdmsqnhc ne bktrsdq >- @r hm sgd dw_lokdr _anud) vd hmbktcd
nmkx sgd onhmsr sg_s e_kk vhsghm nmd rs_mc_qc cduh_shnm ne sgd
bdmsqnhc enq d_bg bktrsdq _mc sgdm _udq_fd sghr qdrtks _bqnrr d_bg
bktrsdq- Vd drshl_sd sgd u_ktd ne I trhmf sgd bktrsdq rsqtbstqd
etmbshnm _mc bnlo_qd sn qdrtksr eqnl sgd F_o rs_shrshb) sgd
@j_hjd Hmenql_shnmBqhsdqh_ ’@HB( _mc sgdA_xdrh_m Hmenql_shnm
Bqhsdqh_ ’AHB( Z15[- Sgd BRE odqenqldc rhfmh“b_mskx adssdq
bnlo_qdc sn _kk sgqdd _ksdqm_shudr) vhsg sgd @HB sgd mdws bknrdrs-
Sgd @HB v_r sgd nmkx _ksdqm_shud sg_s v_r bnlodshshud vhsg sgd
BRE enq sghr _ookhb_shnm- Ehf- 3 rgnvr qdrtksr enq sgd BRE _mc
@HB- Sgd fnnc odqenql_mbd ne sgd bktrsdq rsqtbstqd etmbshnm
gdqd enkknvr eqnl sgd noshl_khsx ne dtbkhcd_m chrs_mbd trdc sn
drshl_sdI(>(−I(s( _r hm ’0(-

UH- RNTQBD BNCD @U@HK@AHKHSX

@kk ne sgd rntqbd bncd trdc sn fdmdq_sd qdrtksr hm sghr o_odq
hr _u_hk_akd nodm rntqbd eqnl gssor9..fhs,ahnhl_fd-bnd-cqdwdk-
dct.nodmrntqbd.mbc- Sghr hmbktcdr L@SK@A hlokdldms_shnmr
ne sgd MBC _mc bktrsdqhmf _kfnqhsglr- Sgdqd hr _krn khlhsdc
rtoonqs enq _ Oxsgnm hlokdldms_shnm)vhsg nmfnhmf cdudknoldms
nm sg_s s_rj-Sgd dmrdlakd rdfldms_shnm _kfnqhsglr _qd _u_hk_akd
_s gssor9..kdudqir-mds.fhs-

@BJMNVKDCFLDMSR

Sgd _tsgnqr vhrg sn sg_mj Oqne- Q_e_dk B_q_yn R_k_r eqnl sgd
Tmhu- ne Aqhrsnk T-J- _mc ghr fqnto enq oqnuhchmf r_lokd GRB
hl_fd c_s_-

QDEDQDMBDR

Z0[ O- @cqh__mr _mc O- L- A- UhsÁmxh) z@ooqnwhl_shnm ne sgd svn,o_qs LCK
bncd)– HDDD SpTmr- Hme- Sgdnpx) unk- 44) mn- 0) oo- 333fl346) I_m- 1//8-

Z1[ L- Q- @mcdqadqf)Bktrsdp ?mTkxrhr enp ?ookhbTshnmr) R_mChdfn) B@) TR@9
@b_cdlhb) 1/03-

Z2[ C- Aq_ckdx _mc F- Qnsg) z@c_oshmf sgqdrgnkchmf trhmf sgd hmsdfq_k hl_fd)–
I- FpTog- Snnkr) unk- 01) mn- 1) oo- 02fl10) 1//6-

Z3[ Q- K- Bhkhaq_rh _mc O- L- A- UhsÁmxh) zBktrsdqhmf ax bnloqdrrhnm)– HDDD
SpTmr- Hme- Sgdnpx) unk- 40) mn- 3) oo- 0412fl0434) @oq- 1//4-

Z4[ @- Q- Bngdm) B- Ainqmrrnm) R- Sdlokd) F- A_mjdq) _mc A- Qnxr_l)
z@tsnl_shb rtll_qhy_shnm ne bg_mfdr hm ahnknfhb_k hl_fd rdptdmbdr trhmf
_kfnqhsglhb hmenql_shnm sgdnqx)– HDDD SpTmr- NTssdpm ?mTk- LTbg- Hmsdkk-)
unk- 20) mn- 7) oo- 0275fl03/2) @tf- 1//8-

Z5[ @- Q- Bngdm) E- Fnldr) A- Qnxr_l) _mc L- B_xntdssd) zBnlots_shnm_k
oqdchbshnm ne mdtq_k oqnfdmhsnq bdkk e_sdr)– MTstpd Ldsgncr) unk- 6) mn- 2)
oo- 102fl107) 1/0/-

Z6[ @- Q- Bngdm _mc O- L- A- UhsÁmxh) zMnql_khydc bnloqdrrhnm chrs_mbd
ne ltkshrdsr vhsg _ookhb_shnmr)– HDDD SpTmr- NTssdpm ?mTk- LTbg- Hmsdkk-)
unk- 26) mn- 7) oo- 05/1fl0503) @tf- 1/04-

Z7[ S- L- Bnudq _mc I- @- Sgnl_r) Dkdldmsr ne HmenplTshnm Sgdnpx) Gnanjdm)
MI) TR@9 Vhkdx) 0880-

Z8[ L- Drsdq) G- O- Jqhdfdk) I- R_mcdq) _mc W- Wt) z@ cdmrhsx,a_rdc _kfnqhsgl
enq chrbnudqhmf bktrsdqr hm k_qfd ro_sh_k c_s_a_rdr vhsg mnhrd)– hm Npnb- 1mc
Hms- Bnme- Jmnvk- Chrbnu- CTsT Lhmhmf) 0885) oo- 115fl120-

Z0/[ O- FÁbr) zNm sgd rxlldsqx ne _kfnqhsglhb hmenql_shnm)– Rnu- LTsg- Cni,
kTcx) unk- 04) oo- 0366fl037/) 0863-

Z00[ O- FÁbr) I- S- Sqnlo) _mc O- L- A- UhsÁmxh) z@kfnqhsglhb rs_shrshbr)– HDDD
SpTmr- Hme- Sgdnpx) unk- 36) mn- 5) oo- 1332fl1352) Rdo- 1//0-

Z01[ O- C- Fqámv_kc) Sgd Lhmhltl Cdrbphoshnm Kdmfsg Nphmbhokd) B_laqhcfd)
L@) TR@9 LHS Oqdrr) 1//6-

Z02[ Q- @- Ehrgdq) zNm sgd l_sgdl_shb_k entmc_shnmr ne sgdnqdshb_k rs_shrshbr)–
Nghknr- SpTmr- Pnx- Rnb- ?) unk- 111) oo- 2/8fl257) 0811-

Z03[ J- I_hm _mc Q- B- Ctadr) ?kfnphsglr enp Bktrsdphmf CTsT) Dmfkdvnnc
Bkheer) MI) TR@9 Oqdmshbd,G_kk) 0877-

Z04[ R- C- J_lu_q) C- Jkdhm) _mc B- C- L_mmhmf) zRodbsq_k kd_qmhmf) hm Npnb-
.7sg Hms- Inhms Bnme- ?pshe- Hmsdkk-) 1//2) oo- 450fl455-

Z05[ K-J_tel_m _mc O- I- Qntrrddtv)EhmchmfFpntor hmCTsT8 ?m Hmspnctbshnm
sn Bktrsdp ?mTkxrhr) Mdv Xnqj) MX) TR@9 Vhkdx) 1//8-

Z06[ @- M- Jnklnfnqnu) zSgqdd _ooqn_bgdr sn sgd pt_mshs_shud cd“mhshnm ne
hmenql_shnm)– Npnakdlr Hme- SpTmrlhrr-) unk- 0) mn- 0) oo- 0fl6) 0854-

Z07[ X- KdBtm) K- Anssnt) X- Admfhn) _mc O- G_eemdq) zFq_chdms,a_rdc kd_qm,
hmf _ookhdc sn cnbtldms qdbnfmhshnm)– Npnb- HDDD) unk- 75) mn- 00)
oo- 1167fl1213) Mnu- 0887-

Z08[ K- @- Kduhm) zK_vr ne hmenql_shnm bnmrdqu_shnm ’mnm,fqnvsg( _mc _rodbsr
ne sgd entmc_shnm ne oqna_ahkhsx sgdnqx)– Npnakdlr Hme- SpTmrlhrr-) unk- 0/)
oo- 1/5fl10/) 0863-

Z1/[ L- Kh) W- Bgdm) W- Kh) A-L_) _mc O-L- A- UhsÁmxh) zSgd rhlhk_qhsx ldsqhb)–
HDDD SpTmr- Hme- Sgdnpx) unk- 4/) mn- 01) oo- 214/fl2153) Cdb- 1//3-

Z10[ L- Kh _mc O- L- A- UhsÁmxh) ?m Hmspnctbshnm sn Jnklnfnpnu Bnlokdwhsx
Tmc Hsr ?ookhbTshnmr) 3sg Dc-) Adqkhm) Fdql_mx9 Roqhmfdq) 1/08-

Z11[ @- Lhknu_mnu) z@kfnqhsglhb rs_shrshbr) oqdchbshnm _mc l_bghmd kd_qmhmf)–
hm Npnb- 22pc Rxlo- Sgdnp- ?rodbsr Bnlots- Rbh-) 1/05) oo- 0fl43-

Z12[ @- Mf) L- H- Inqc_m) _mc X- Vdhrr) zNm rodbsq_k bktrsdqhmf9 @m_kxrhr _mc
_m _kfnqhsgl)– hm Npnb- .3sg Hms- Bnme- MdtpTk Hme- Npnbdrr- Rxrs- MTstpTk
Rxmsgdshb) 1//0) oo- 738fl745-

Z13[ @- J- Rgdm) zSgd bnmbdos ne ,rsnbg_rshbhsx hm sgd Jnklnfnqnu rdmrd) _mc
hsr oqnodqshdr)– Rnu- LTsg- CnikTcx) unk- 17) mn- 0) oo- 184fl188) 0872-

Z14[ I- Rmdxdqr _mc O- Vthkkd) zEKHE9 Eqdd knrrkdrr hl_fd enql_s a_rdc nm
L@MH@B bnloqdrrhnm)– hm Npnb- HDDD Hms- Bnme- HlTfd Npnbdrr-) 1/05)
oo- 55fl6/-

Z15[ R- Sgdncnqhchr _mc J- Jntsqntla_r) NTssdpm Pdbnfmhshnm) 3sg Dc-) R_m
Chdfn) B@) TR@9 @b_cdlhb) 1//7-

Z16[ Q-Sharghq_mh)F-V_ksgdq) _mcS-G_rshd) zDrshl_shmf sgd mtladq ne bktrsdqr
hm _ c_s_rds uh_ sgd f_o rs_shrshb)– I- Pnx- RsTshrs- Rnb-) unk- 52) oo- 300fl312)
1//0-

Z17[ U- Tkl_m ds _k-) z@m naidbshud bnlo_qhrnm ne bdkk,sq_bjhmf _kfnqhsglr)–
MTstpd Ldsgncr) unk- 03) mn- 01) oo- 0030fl0041) 1/06-
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Z18[ O- L- A- UhsÁmxh) zLd_mhmfetk hmenql_shnm)– HDDD SpTmr- Hme- Sgdnpx)
unk- 41) mn- 0/) oo- 3506fl3515) Nbs- 1//5-

Z2/[ O- L- A- UhsÁmxh) zHmenql_shnm chrs_mbd hm ltkshokdr)– HDDD SpTmr- Hme-
Sgdnpx) unk- 46) mn- 3) oo- 1340fl1345) @oq- 1/00-

Z20[ M- J- Udqdrgbg_fhm _mc O- L- A- UhsÁmxh) zJnklnfnqnu%r rsqtbstqd etmb,
shnmr _mc lncdk rdkdbshnm)– HDDD SpTmr- Hme- Sgdnpx) unk- 4/) mn- 01)
oo- 2154fl218/) Cdb- 1//3-

Z21[ L- Vhmsdq ds _k-) zBnlots_shnm_k hl_fd _m_kxrhr qdud_kr hmsqhmrhb ltksh,
fdmdq_shnm_k cheedqdmbdr adsvddm _msdqhnq _mc onrsdqhnq bdqdaq_k bnqsdw
mdtq_k oqnfdmhsnq bdkkr)– Rsdl Bdkk Pdo-) unk- 4) oo- 5/8fl51/) 1/04-

Z22[ L-Vhmsdq ds _k-) zRdo_q_shmf sntbghmf bdkkr trhmf ohwdk qdokhb_sdc dkkhoshb_k
rg_od lncdkr)– HDDD SpTmr- Ldc- HlTf-) unk- 27) mn- 3) oo- 772fl782)
@oq- 1//7-

Z23[ L- Vhmsdq ds _k-) zKDUDQ9 Rnesv_qd snnkr enq rdfldms_shnm) sq_bjhmf
_mc khmd_fhmf ne oqnkhedq_shmf bdkkr)– AhnhmenplTshbr) unk- 21) mn- 11)
oo- 242/fl2420) Mnu- 1/05- ZNmkhmd[- @u_hk_akd9 gssor9..cnh-nqf.0/-0/82.
ahnhmenql_shbr.asv3/5

Z24[ L-Vhmsdq) V-L_mjnvrjh) D-V_hs) D- B- C- K- Gny) @- @fthm_kcn) _mc @-
Q- Bngdm) zRdo_q_shmf sntbghmf bdkkr trhmf ohwdk qdokhb_sdc dkkhoshb_k rg_od
lncdkr)– HDDD SpTmr Ldc- HlTf-) unk- 27) mn- 3) oo- 772fl782) @oq- 1/08-

Z25[ R- V_cd _mc R- Y- Fg_gq_l_mh) zA_xdrh_m bktrsdq _m_kxrhr9 Onhms drshl_,
shnm _mc bqdchakd a_kkr ’vhsg chrbtrrhnm()– ATxdrhTm ?mTk-) unk- 02) mn- 1)
oo- 448fl515) 1/07-

Z26[ E- J- Sdjkdg_xl_mns) L- Ltl_) _mc @- L- Yntahq) zA_xdrh_m bktrsdq
dmtldq_shnm bqhsdqhnm enq tmrtodquhrdc kd_qmhmf)– HDDD SpTmr- RhfmTk
Npnbdrr-) unk- 55) mn- 1/) oo- 4281fl43/5) Nbs- 1/07-

Z27[ C- U_kkd) X- I_lddk) A- Ads_mbntqs) D- S- @ydqh_) M- @ssh_r) _mc I-
Btkkdm) z@tsnl_shb rdkdbshnm ne sgd mtladq ne bktrsdqr trhmf A_xdrh_m
bktrsdqhmf _mc ro_qrhsx,hmctbhmf oqhnqr)– Dbnk- ?ook-) unk- 21) mn- 2) 1/11)
@qs- mn- d1413-

Z28[ V- Et _mc O- N- Odqqx) zDrshl_shmf sgd mtladq ne bktrsdqr trhmf bqnrr,
u_khc_shnm)– I- Bnlots- FpToghbTk RsTshrs-) unk- 18) mn- 0) oo- 051fl062)
1/1/-

Z3/[ L- Q_gl_m) L- L_rtc) _mc A- L_ytlcdq) zDrshl_shnm ne sgd mtladq ne
bktrsdqr a_rdc nm rhlokhb_k cdosg)– hm Npnb- HDDD 1mc Hms- Bnme- RtrsThm-
Sdbgmnk- Hmc-) 1/1/) oo- 0fl4-

Z30[ O- Akndl) E- Lns_) R- cd Qnnhi) K- @mstmdr) _mc O- @cqh__mr) z@ r_ed
_ooqnwhl_shnm enq Jnklnfnqnu bnlokdwhsx)– ?kfnphsglhb KdTpm- Sgdnpx
Kdbstpd Mnsdr Bnlots- Rbh-) O- @tdq) @- Bk_qj) S- Ydtfl_mm) R- Yhkkdr
Dcr- Roqhmfdq) unk- 7665) 1/03- ZNmkhmd[- @u_hk_akd9 gssor9..cnh-nqf.0/-
0//6.867,2,208,00551,3]13

:mcpdv P, Bngdm ’Rdmhnq Ldladq) HDDD( qdbdhudc
sgd OgC cdfqdd eqnl sgd Qdmrrdk_dq Onkxsdbgmhb Hm,
rshstsd) hm L_x 1//7- Gd hr btqqdmskx _m _rrnbh_sd
oqnedrrnq hm sgd cdo_qsldms ne Dkdbsqhb_k _mc Bnl,
otsdq Dmfhmddqhmf vhsg Cqdwdk Tmhudqrhsx- Oqhnq sn
inhmhmf Cqdwdk) gd v_r _m _rrhrs_ms oqnedrrnq hm sgd
cdo_qsldms ne Dkdbsqhb_k Dmfhmddqhmf _mc Bnlotsdq
Rbhdmbd vhsg sgd Tmhudqrhsx ne Vhrbnmrhm) Lhkv_t,
jdd- Gd g_r vnqjdc _r _ rnesv_qd cdrhfm dmfhmddq
vhsg Lhbqnrnes Bnqo- nm sgd Vhmcnvr _mc ChqdbsW
sd_lr _mc _r _BOTOqnctbs Dmfhmddqvhsg Hmsdk Bnqo-

Ghr qdrd_qbg hmsdqdrsr hmbktcd 4,C hl_fd rdptdmbd _m_kxrhr enq _ookhb_shnmr hm
ahnknfhb_k lhbqnrbnox) _kfnqhsglhb hmenql_shnm sgdnqx) rodbsq_k ldsgncr) c_s_
uhrt_khy_shnm) _mc rtodqbnlotsdq _ookhb_shnmr-

NWti K,A, Ths—mxh qdbdhudc sgd OgC eqnl sgd Eqdd
Tmhudqrhsx ne @lrsdqc_l) hm 0867- Gd hr _ BVH
Edkknv vhsg sgd m_shnm_k qdrd_qbg hmrshstsd enq l_sg,
dl_shbr _mc bnlotsdq rbhdmbd hm sgd Mdsgdqk_mcr)
BVH) _mc oqnedrrnq ne bnlotsdq rbhdmbd) Tmhudqrhsx
ne @lrsdqc_l- Gd rdqudc nm sgd dchsnqh_k an_qcr
ne Chrsqhatsdc Bnlotshmf) Hmenql_shnm Oqnbdrrhmf
Kdssdqr) Sgdnqx ne Bnlotshmf Rxrsdlr) O_q_kkdk Oqn,
bdrrhmf Kdssdqr) Hmsdqm_shnm_k intqm_k ne EntmcTshnmr
ne Bnlotsdp Rbhdmbd) Dmspnox) HmenplTshnm) IntpmTk
ne Bnlotsdp Tmc Rxrsdlr Rbhdmbdr ’ftdrs dchsnq() _mc

dkrdvgdpd- Gd g_r vnqjdc nm bdkktk_q _tsnl_s_) bnlots_shnm_k bnlokdwhsx)
chrsqhatsdc _mc o_q_kkdk bnlotshmf) l_bghmd kd_qmhmf _mc oqdchbshnm) ogxrhbr ne
bnlots_shnm) Jnklnfnqnu bnlokdwhsx) hmenql_shnm sgdnqx) pt_mstl bnlotshmf)
otakhrghmf lnqd sg_m 1// qdrd_qbg o_odqr _mc rnld annjr- Gd qdbdhudc _
Jmhfgsgnnc ’Qhccdq hm cd Nqcd u_m cd Mdcdqk_mcrd Kddtv( _mc hr ldladq
ne sgd @b_cdlh_ Dtqno_d_- Snfdsgdq vhsg Lhmf Kh sgdx ohnmddqdc _ookhb_shnmr
ne Jnklnfnqnu bnlokdwhsx _mc bn,_tsgnqdc z@m Hmsqnctbshnm sn Jnklnfnqnu
Bnlokdwhsx _mc hsr @ookhb_shnmr)– Roqhmfdq,Udqk_f) Mdv Xnqj) 0882 ’2 qc
Dchshnm 1//7() o_qsr ne vghbg g_ud addm sq_mrk_sdc hmsn Bghmdrd) Qtrrh_m) _mc
I_o_mdrd-


