
Oqnf-Sgdnq-Dwo-Ogxr-1/1/)012C/0 %23 o_fdr(
CNH90/-0/82.osdo.os__028

9m dudmsdwbdrr nardpudc hm sgd cddokx antmc
pdfhnm nesgd 01B�A¯�c( lhrrhmf,lVrr rodbsptl

Xtc_h Hbghj_v_0)×) Itmjn X_l_f_s_,Rdjhg_q_1) Itmf Jdtm @gm2)Xtx_ @j_y_v_3)J_m_d
@njh3) Dkdm_ Anss_4)5) Ghqnxtjh Dj_v_6) Odsq Dusntjgnuhsbg7) @kdrr_mcqn Edkhbhdkkn4)
L_m_lhEtihs_0)SnrghxtjhFnf_lh8)RgnhbghG_rdf_v_0)SnlnxtjhG_rdf_v_0/)Rgtgdh
G_x_j_v_00)0)SnlnmnqhG_x_j_v_00)R_snqt Ghqdmy_jh01)Qxns_qn Gnmc_3)JdmihGnrnlh0)
Jdm†hbgh Hl_h0) Vnnrdtmf Itmf2) Rgtmrtjd J_m_srtjh8) Rghm Gxtmf Jhl2) Rghmih
Jhma_q_03)0)J_ytx_Jna_x_rgh00)I_dxnmf Kdd04)Rhlnmdss_L_qbdkkn4)5)JnihLhv_02)S_dihm
Lnnm04)SnlnetlhM_f_d8)XnrghxtjhM_j_c_00)L_m_lhM_j_f_v_6)S_jtx_ M_m_ltq_8)
Ldftlh M_qtjh8)0)@srtrgh R_j_ftbgh00) Ghqnxtjh R_jn0) Rtrtlt R_sn0)Xtjh R_r_jh02)
Jns_qn Rghqnsnqh05)GhsnrghRtfhltq_06)SnrghxtjhS_j_g_rgh3)Ghqnj_ytS_ltq_02)0)Jhxnrgh
S_mhc_0)Yuh_chSr_l_k_hcyd7)Lhetxt Tj_h3)02)_mc S_jdrghN-X_l_lnsn0
0:RQB)IZoZm :snlhb Dmdpfx:fdmbx)HaZpZjh208,0084)IZoZm
1CdoZpsldmsneOgxrhbr)Jxnsn RZmfxn Tmhudprhsx)Jxnsn 5.2,7444)IZoZm
2CdoZpsldmsneOgxrhbr)JnpdZ Tmhudprhsx)Rdntk.1730)Qdotakhb neJnpdZ
3Hmrshstsd ne OZpshbkd Zmc MtbkdZp Rstcx fiHOMR()Ghfg Dmdpfx :bbdkdpZsnp QdrdZpbg NpfZmhyZshnm fiJDJ()
SrtjtaZ)2.4,.7.0)IZoZm
4HMEM)Hrshstsn MZyhnmZkd chEhrhbZ MtbkdZpd)Rdy-chSnphmn)H,0.014 Snphmn)HsZkx
5ChoZpshldmsn chEhrhbZ)Tmhudprhs” chSnphmn)H,0.014 Snphmn)HsZkx
6QHJDM BktrsdpenpOhnmddphmf QdrdZpbg)VZjn 240,.087)IZoZm
7InhmsHmrshstsd enpMtbkdZpQdrdZpbg)CtamZ)Lnrbnv Qdfhnm 03087.)QtrrhZ
8CdoZpsldmsneOgxrhbr)Jxnsn Tmhudprhsx)Jxnsn 5.5,74.1)IZoZm
0/:kkhdc GdZksg Rbhdmbdr)JhsZrZsn Tmhudprhsx)RZfZlhgZpZ 141,.262)IZoZm
00CdoZpsldmsneOgxrhbr)NrZjZ Tmhudprhsx)NrZjZ 45.,..32)IZoZm
01CdoZpsldmsneOgxrhbr)MZpZVnldmzrTmhudprhsx)MZpZ 52.,74.5)IZoZm
02CdoZpsldmsneOgxrhbr)Sngnjt Tmhudprhsx)RdmcZh87.,7467)IZoZm
03OgxrhbrCdoZpsldms)Fhet Tmhudprhsx)0,0XZmZfhcn)Fhet 4.0,0082)IZoZm
04CdoZpsldmsneOgxrhbrZmc :rspnmnlx)RdntkMZshnmZkTmhudprhsx)Rdntk.7715)Qdotakhb neJnpdZ
05QdrdZpbg BdmsdpenpMtbkdZpOgxrhbrfiQBMO()NrZjZ Tmhudprhsx)NrZjZ 456,..36)IZoZm
06:bbdkdpZsnpKZanpZsnpx)Ghfg Dmdpfx:bbdkdpZsnpQdrdZpbg NpfZmhyZshnm fiJDJ()SrtjtaZ)2.4,.7.0)IZoZm
×D,l_hk9xtc_h?onrs-i,o_qb-io

Qdbdhudc L_x 17)1/1/:Qduhrdc Rdosdladq7)1/1/:@bbdosdc Rdosdladq7)1/1/:Otakhrgdc Cdbdladq07)1/1/

-------------------------------------------------------------------------------------------------------------------
Vd g_ud ld_rtqdc)enq sgd �qrsshld)sgd hmbktrhud lhrrhmf,l_rr rodbsqtl ne sgd 01BψJ‖)o(
qd_bshnm _s_m hmbhcdmsj_nmlnldmstl ne0-7FdU.b_ssgd I,O@QBJ0-7 ad_lkhmd-Vd nardqudc
_ oqnlhmdmspt_rh,dk_rshb od_j %J‖o ∼ J‖o(hm sghr rodbsqtl-Hm sgd pt_rh,dk_rshb od_j qdfhnm)
sgd deedbsnerdbnmc_qx hmsdq_bshnm hr _oo_qdmskx nardqudc _r _ od_j rghes)_mc sgd od_j dwghahsr
_ s_hkhm sgd antmc qdfhnm-Vd bnlo_qdc sgd rodbsqtl vhsg _ sgdnqdshb_kb_kbtk_shnm a_rdc nm
sgd Fqddm†r etmbshnm ldsgnc ax _rrtlhmf cheedqdmsu_ktdr nesgd o_q_ldsdqr enqsgd =J”mtbkdtr
noshb_konsdmsh_k-Vd entmc sg_ssgd rodbsqtl rg_od hm sgd ahmchmf,dmdqfx qdfhnm ‖2//LdU "

AJ " 3/LdU hr adrsqdoqnctbdc vhsg sgd onsdmsh_kcdosgr U / + ‖7/LdU %qd_ko_qs( _mc
V/ + ‖3/LdU %hl_fhm_qx o_qs(-Nm sgd nsgdqg_mc)vd nardqudc _ rhfmh�b_msdudmsdwbdrr hm
sgd cddokx antmc qdfhnm _qntmc AJ ≥ 0//LdU)vgdqd sgd l_inqcdb_x bg_mmdkneJ‖MM ∼
ξ$M hr dmdqfdshb_kkx bknrdc)_mc sgd mnm,ldrnmhb cdb_x lncdr %J‖MM ∼ %M _mc $M(
rgntkc l_hmkx bnmsqhatsd-Sgd dmg_mbdldms hr �ssdc vdkk ax _ Aqdhs”Vhfmdq etmbshnm vhsg

– Sgd @tsgnq%r(1/1/-Otakhrgdc ax Nwenqc Tmhudqrhsx Oqdrr nm adg_kenesgd Ogxrhb_kRnbhdsx neI_o_m-
Sghr hr _m Nodm @bbdrr _qshbkd chrsqhatsdc tmcdqsgd sdqlr nesgd Bqd_shud Bnllnmr @ssqhatshnm Khbdmrd %gsso9..bqd_shudbnllnmr-nqf.khbdmrdr.ax.3-/.()
vghbg odqlhsr tmqdrsqhbsdc qdtrd)chrsqhatshnm)_mc qdoqnctbshnm hm _mx ldchtl)oqnuhcdc sgd nqhfhm_kvnqj hr oqnodqkx bhsdc-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

_ j_nm,ahmchmf dmdqfx ne 8/LdU _mc vhcsg 0//LdU-@ onrrhakd hmsdqoqds_shnm hr _
cddokx antmc rs_sd ne_ X ×,mtbkdtr rxrsdl-
--------------------------------------------------------------------------------------------------------

ItSedbnDjcdu 3  

0- Gmspnctbshnm

Nmd ne sgd chqdbshnmr ne mtbkd_q ogxrhbr qdrd_qbg hr sn dwsdmc sgd bnmbdos ne mtbkdh _r mtbkdnm
l_mx,ancx rxrsdlr hmsn sg_sne g_cqnm l_mx,ancx rxrsdlr-Sgd rstcx ne gxodqmtbkdhhr _ vdkk,
jmnvm dw_lokd ne sghr dwsdmrhnm:gxodqnmr hm mtbkdhoqnuhcd tr vhsg mdv ld_mr sn cddodm ntq
tmcdqrs_mchmf nemtbkd_qenqbd _mc rsqtbstqd-Gdqdvd chrbtrr _ mdvsxod nedwsdmrhnm)ldrnm”a_qxnm
l_mx,ancx rxrsdlr b_kkdc ldrnmhb mtbkdh)vgdqd ldrnmr dwhrshm _ mtbkdtr _r qd_ko_qshbkdr-Rnld
sxodr neldrnmhb mtbkdh_qd oqdchbsdc sgdnqdshb_kkx:gnvdudq)sgd dwodqhldms_kqdrtksr _qd khlhsdc-
Rodbh�b_kkx)ogxrhbhrsr g_ud rgnvm ltbg hmsdqdrshm j_nmhb mtbkdh)pt_rh,antmc rs_sdr adsvddm _ =J
_mc mtbkdh-Sghr hr ctd sn sgd e_bssg_ssgd =JM hmsdq_bshnm g_r _ rsqnmf _ssq_bshnm hm sgd hrnrohm H + /
bg_mmdk)_mc sgtr rgntkc enql _ antmc rs_sd-Gnvdudq)sgd cdosg ne sgd =J”mtbkdtr onsdmsh_khr _
knmf,rs_mchmf otyykd _mc hr jdx sn rstcxhmf sgd j_nmhb mtbkdh-
Jhrghlnsn rtffdrsdc sgd dwhrsdmbd nej_nmhb mtbkdhvhsg _ ldchtl _snlhb mtladqa_rdc nm sgd

rsqnmf _ssq_bshnm hm sgd =JM rxrsdl hm 0888 Z0[-Sgdm)@j_hrgh_mcX_l_y_jhchrbtrrdc sgd onrrhahkhsx
nej_nmhb mtbkdhhm edv,ancx rxrsdlr hm 1//1 Z1[)hm vghbg sgd k_qfd ahmchmf dmdqfx bntkc l_jd sgd
cdb_x vhcsg m_qqnv-Rhmbd sgdm)j_nmhb mtbkdhg_r addm _bshudkx hmudrshf_sdc)ansg sgdnqdshb_kkx _mc
dwodqhldms_kkx-
Rodbh�b_kkx)sgd rhlokdrsj_nmhb mtbkdtr)b_kkdcJ‖oo)_ pt_rh,antmc rs_sd ne_ =J _mc svn mtbkdnmr

vhsg hrnrohm H + 0<1 _mc rohm o_qhsx IO + /‖) g_r _ssq_bsdc ltbg _ssdmshnm-J‖oo g_r _krn
addm rstchdc sgdnqdshb_kkx trhmf cheedqdms_ooqn_bgdr sn =JM hmsdq_bshnm _mc edv,ancx b_kbtk_shnm
ldsgncr Z2[-
Qdbdmskx)rnld dwnshb g_cqnmr g_ud addm qdonqsdc)rtbg _r odms_pt_qj o_qshbkdr Z3)4[-Sgdhqrsqtb,

stqdr)gnvdudq)_qd mnsxdsvdkkdrs_akhrgdc-Hm sghr chrbtrrhnm _antsj_nmhb mtbkdh)sgd rsqtbstqd ne
%ψ03/4(hr bqhshb_kZ5)6[-Vgdsgdqhshr _m dwbhsdc rs_sd ne_ % gxodqnm vhsg sgqdd %tcr(bnmrshstdms
pt_qjr nq_ =JM lnkdbtk_qrs_sd g_r addm _ knmf,rs_mchmf otyykd hm g_cqnm rodbsqnrbnox-@ k_sshbd
PBC b_kbtk_shnm e_unqr sgd lnkdbtk_qohbstqd ne =J _mc M Z7[-
Sgd �qrs dwodqhldms_k qdrtks nm J‖oo v_r qdonqsdc ax sgd EHMTC@ Bnkk_anq_shnm Z8[-Sgdx

trdc sgd rsnoodc J‖ _arnqoshnm qd_bshnm nm 5)6Kh _mc 01B s_qfdsr _mc entmc _ atlo rsqtb,
stqd hm sgd %o hmu_qh_ms,l_rr rodbsqtl- Sgd nas_hmdc ahmchmf dmdqfx _mc cdb_x vhcsg vdqd
004∞5

‖4 %rs_s-(
∞2
‖3 %rxrs-(LdU _mc 56∞03

‖00 %rs_s-(
∞1
‖2 %rxrs-(LdU) qdrodbshudkx- Sgd CHRSN Bnkk_an,

q_shnm _krn qdonqsdc _ onrrhakd rhfm_k ne J‖oo ax trhmf sgd oo ∼ J∞%o qd_bshnm _s So +
1-74FdU Z0/[-Sgdx nas_hmdc _ ahmchmf dmdqfx ne0/2∗ 2 %rs_s-(∗ 4 %rxrs-(LdU _mc _ cdb_x vhcsg
ne007 ∗ 7 %rs_s-(∗ 0/ %rxrs-(LdU-Etqsgdqlnqd)sgd CHRSN Bnkk_anq_shnm _krn qdonqsdc sg_ssgdqd
v_r mn rhfm_k_sSo + 1-4FdU-SgdG@CDRBnkk_anq_shnmld_rtqdc sgd r_ld oo ∼ J∞%o qd_bshnm
_s2-4FdU _mc entmc mn rhfm_kZ00[-Ehm_kkx)mn od_j v_r nardqudc hm sgd hmbktrhud rodbsqtl nesgd
cψβ )J∞ξ‖(W qd_bshnm _sDβ + 0-4”1-3FdU _sKDOR Z01[-
I,O@QB g_r _krn bnmsqhatsdc sn sgd rd_qbg enqsgd j_nmhb mtbkdh-Sgd D04 _mc D16 dwodqhldmsr

vdqd bnmctbsdc sn rd_qbg enq sgd J‖oo _sJ0-7 AQ _mc J0-7 ad_lkhmd)qdrodbshudkx-Sgd D16
Bnkk_anq_shnm trdc sgd cψξ∞)J∞($/o qd_bshnm _soξ∞ + 0-58FdU.b _mc nardqudc _ aqn_c atlo
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

rsqtbstqd Z02[-Sgd cdctbdc ahmchmf dmdqfx _mc cdb_x vhcsg vdqd 84∞07
‖06 %rs_s-(

∞2/
‖16 %rxrs-(LdU

_mc 051∞76
‖34 %rs_s-(

∞55
‖67 %rxrs-(LdU)qdrodbshudkx-Sgd D04 Bnkk_anq_shnm entmc _ chrshmbsod_j rsqtb,

stqd hm sgd %o hmu_qh_ms l_rr ne sgd 2GdψJ‖)%o(m qd_bshnm _s 0-/FdU.b Z03[- Sgd ahmchmf
dmdqfx _mc sgd cdb_x vhcsg ne sgd Aqdhs”Vhfmdq enql vdqd 36 ∗ 2 %rs_s-(∞2

‖5 %rxrs-(LdU _mc
004 ∗ 6 %rs_s-(∞0/

‖1/ %rxrs-(LdU)qdrodbshudkx-Lnqdnudq)sgd o_q_ldsdqnesgd r,v_ud F_trrh_m qd_b,
shnm enql e_bsnqv_r _krn du_kt_sdc _r P/ + 270 ∗ 03 %rs_s-(∞46

‖/ %rxrs-(LdU-Sgd oqnctbshnm bqnrr
rdbshnm v_r drshl_sdc _r ρJoo · Ap%o + 00-7 ∗ /-3 %rs_s-(∞/-1

‖0-6 %rxrs-(θa)vghbg hr _ooqnwhl_sdkx
0/‖2 vgdm qdk_sdc sn sgd bqnrr rdbshnm neJ‖o pt_rh,dk_rshb rb_ssdqhmf-
Kdstr rtoonrd sgdqd dwhrsr _ J‖oo antmc rs_sd vhsg _ ahmchmf dmdqfx � 4/LdU-Sgdm)hshr

qd_rnm_akd sn dwodbssgd dwhrsdmbd negd_uhdqj_nmhb mtbkdh-Sgd =J”mtbkdtr onsdmsh_kr enqgd_uhdq
rxrsdlr vdqd cdudknodc vhsg rxrsdl_shb c_s_ r_lokdr ne j_nmhb _snl W,q_xr-Dudm sgntfg sgd
RHCCG@QS@ c_s_ nm sgd j_nmhb gxcqnfdm W,q_xr rsqnmfkx bnmrsq_hmdc sgd onsdmsh_krsqdmfsg Z04[)
svn rdsr neo_q_ldsdqr)’rg_kknv“ _mc ’cddo)“ _qd oqnonrdc:ansg rdsr qdoqnctbd sgd c_s_ qd_rnm_akx
vdkk-
@ ’rg_kknv“ onsdmsh_k)vgdqd sgd qd_ko_qsnesgd onsdmsh_kcdosg hr hm sgd q_mfd ‖7/LdU ! U/ !

‖3/LdU)hr nas_hmdc vhsg _ rhlokd sπ _ooqn_bg Z05[_mc sgd RT%2(bghq_ktmhs_qx lncdkZ06”1/[-
Sgd rg_kknvdrsonsdmsh_khr cdqhudc ax etqsgdqqdpthqhmf rdke,bnmrhrsdmbx Z08)1/[-
Hm bnmsq_rs)_ ’cddo“ onsdmsh_k%‖1//LdU ! U/ ! ‖04/LdU(trt_kkx fhudr _ adssdqφ1 hm sgd

�s-Sgd l_hm cheedqdmbd adsvddm sgd ’cddo“ _mc ’rg_kknv“ onsdmsh_kr hr sgd mnmkhmd_qcdmrhsx sdqlr
%π(-Enq dw_lokd)aπ ∞ Aπ1<π/ sdqlr)vgdqd a _mc A _qd �sshmf o_q_ldsdqr)_qd hmsqnctbdc bnm,
rhcdqhmf sgd ltksh,mtbkdnm _arnqoshud _mc chrodqrhud bnmsqhatshnmr Z05[-@krn)_ sπ _ooqn_bg vhsg _
ltkshokhb_shud etmbshnm Z10[_mc sgdEntqhdq”Adrrdkldsgnc Z11[oqdchbsr rtbg ’cddo“ onsdmsh_kr-Rhl,
hk_qkx)Qde-Z12[fhudr _ ’cddo“ onsdmsh_k-Sghr rstcx hmsqnctbdr _ rhmfkd,mtbkdnm cdmrhsx,cdodmcdms
onsdmsh_k U ψ0(

=J ψπ()fdmdq_sdc ax sgd Hjdc_”Gxncn”Vdhrd _lokhstcd Z13[)_mc _ ogdmnldmnknfh,

b_kcdmrhsx,cdodmcdmsonsdmsh_kU ψ1(
=J ψπ(sn qdoqdrdmssgd ltksh,mtbkdnm _arnqoshud _mc chrodqrhud

oqnbdrrdr-
Mns_akx)sgd nqhfhm nesgd mnmkhmd_qsdqlr hm cdmrhsx hrltksh,mtbkdnm _arnqoshnmr-Hm sgd rsnoodcJ‖

qd_bshnmr)sgd eq_bshnm nemnm,ldrnmhb _arnqoshnm ax ltksh,mtbkdnmr _lntmsr sn _ooqnwhl_sdkx 1/˘
hm _ vhcd l_rr mtladqq_mfd Z14[-Gnvdudq)mn lhbqnrbnohb rstchdr dwhrsdc tmshkqdbdmsxd_qr)_mc
mn pt_mshs_shud _m_kxrdr nesgd =JM onsdmsh_kr g_ud bnmrhcdqdc ltksh,mtbkdnm _arnqoshnmr-Sgdqdenqd)
sgd vhcsgr qdrtkshmf eqnl ltksh,mtbkdnm _arnqoshnm oqnbdrrdr _qd mnsvdkktmcdqrsnnc-Mnsd sg_s
lnrsnesgd dwodqhldms_knardqu_shnmr rtffdrshmf sgd dwhrsdmbd neJ‖oo antmc rs_sdr bk_hl _ k_qfd
vhcsg)≡ 0//LdU)fqd_sdqsg_m sgd cdb_x vhcsg ne%ψ03/4(-Sgdqd rgntkc ad rhy_akd mnm,ldrnmhb
cdb_x,vhcsgr nesgd nqcdqne0//LdU-
Hm sgd dwodqhldms_khmudrshf_shnmr negd_uhdqj_nmhb mtbkdh)sgd JDJ D437 dwodqhldmsv_r bnm,

ctbsdc snld_rtqd ansg 01BψJ‖)m(_mc 01BψJ‖)o(rodbsq_ Z15[-Sgdx entmc sg_ssgd onsdmsh_kcdosgr
U/ ∞ hV/ ≥ ‖08/ ‖ 3/hLdU _mc U/ ∞ hV/ ≥ ‖05/ ‖ 4/hLdU qdoqnctbdc vdkksgd 01BψJ‖)m(
_mc 01BψJ‖)o(rodbsq_)qdrodbshudkx-Gnvdudq)sgdhq rodbsq_ b_mmnsad bnlo_qdc vhsg sgdnqdshb_k
hmbktrhud rodbsq_ Z16[-Sgdhqld_rtqdldmsqdpthqdc sgd bnhmbhcdmbd nenmd bg_qfdc o_qshbkd md_qsgd
s_qfdsrxrsdl _mc sgd rodbsq_ vntkc ad cdenqldc adb_trd nesghr ah_r-
Sghr ld_rtqdldmshr rhlhk_qsn sg_sneJDJ D437-Vd g_ud ld_rtqdc sgd hmbktrhud lhrrhmf l_rr

rodbsqtl nesgd 01BψJ‖)o(qd_bshnm _soJ‖ + 0-7FdU.b _ssgd I,O@QB J0-7 ad_lkhmd-Hm sgdrd
bnmchshnmr)sgd lnldmstl nesgd ntsfnhmf oqnsnmr eqnl j_nmhb mtbkdtr oqnctbshnm hr bnmrhcdqdc sn
ad _ooqnwhl_sdkx 1-1FdU.b _s_ udqx enqv_qc _mfkd neεo " 4⊗-Sgd lnrshlonqs_ms_cu_ms_fd sn
ld_rtqhmf sgd ntsfnhmf oqnsnm _s_ udqx enqv_qc _mfkd hr sg_slnldmstlsq_mredqhm sgdJ‖o ∼ J‖o
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-0- Lnldmstl sq_mredqnesgd J‖o ∼ J‖o dk_rshb rb_ssdqhmf _r _ etmbshnm nesgd rb_ssdqhmf _mfkd εJo hm
sgd k_anq_snqx rxrsdl-Sgd qdc _mc ak_bj khmdr rgnv sgd rhst_shnmr _soJ‖ + 0-7FdU.b enqI,O@QB D/4 _mc
0-/FdU.b enqJDJ D437)qdrodbshudkx-

dk_rshb rb_ssdqhmf hr knv %! 2//LdU.b:Ehf-0()bnlo_q_akd vhsg sgd Edqlhlnshnm hm 01B-@ bqhshb_k
cheedqdmbd eqnl JDJ D437 hr sg_svd qdpthqd _m ntsfnhmf oqnsnm hm sgd enqv_qc chqdbshnm sn ld_rtqd
_m hmbktrhud rodbsqtl-@mnsgdqcheedqdmbd hr sgd lnldmstl nesgd hmbhcdmsj_nm-EnqJDJ D437)hs
v_r 0-/FdU.b)vgdqd_r hshr 0-7FdU.bhm sghrld_rtqdldms-Sgd j_nm dk_rshb,rb_ssdqhmf bqnrr rdbshnm
g_r _ l_whltl _s0-/FdU.b)_mc hscdbqd_rdr lnmnsnmhb_kkx sn 0-7FdU.b-Sgdl_whltl hr adb_trd
ne_m r,bg_mmdkqdrnm_mbd-Vghkd sgd hmbhcdmsad_l lnldms_ _qd cheedqdms)sgd lnldmstl sq_mredq
hm sgd J‖o ∼ J‖o dk_rshb rb_ssdqhmf _sudqx enqv_qc _mfkdr enqd_bg hmbhcdmslnldmstl hr rhlhk_q-
Sgdqdenqd)sgd cheedqdmbd hm sgd lhrrhmf,l_rr rodbsqtl enqd_bg hmbhcdmsad_l lnldmstl rgntkc
ad rl_kk-@ etqsgdqcheedqdmbd hr sgd lhrrhmf,l_rr qdrnktshnm nesgd cdsdbsnqrxrsdl-Hshr 3-1LdU hm
ρ)vghbg hr _ rhfmh�b_mshloqnudldmsqdf_qchmf sgd 0/LdU hm JDJ D437-Ax bnmrhcdqhmf sgd k_qfd
vhcsgr fdmdq_kkx nardqudc enqsgd J‖oo)sghr lhrrhmf,l_rr qdrnktshnm vntkc ad dmntfg sn nardqud
sgd od_j rsqtbstqd-

1- DwodphldmsVkrdsto

Sghrld_rtqdldmsv_r bnmctbsdc _r o_qsnesgd I,O@QBD/4ohknsqtm)rd_qbghmfenq_,,gxodqmtbkdtr
ax trhmf sgd 01B%J‖)J∞(qd_bshnm-Sgd ohknsqtm v_r bnmctbsdc _ssgd J0-7 ad_lkhmd nesgd I,O@QB
g_cqnm dwodqhldms_ke_bhkhsx eqnl 15 Nbsnadqsn 08 Mnudladq)1/04-
@ b_qanm fq_oghsd s_qfdsne8-253 f bl‖1 sghbjmdrr v_r hqq_ch_sdc vhsg 73-8·0/8 J‖ ne0-7FdU.b

lnldmstl-0 Etqsgdqlnqd)vd bnkkdbsdc c_s_ nm sgd 8-427 f bl‖1,sghbj onkxdsgxkdmd Z%B1G3(m[
s_qfds_s0-4)0-5)0-6)0-7)_mc 0-8FdU.bJ‖ ad_llnldms_ sn du_kt_sd sgd dkdldms_qx bqnrr rdbshnmr-
Hm sghr o_odqvd enbtr nm sgd c_s_ _s0-7FdU.b-Sgd qdrtksr nas_hmdc trhmf sgd nsgdqlnldms_ vhkk
ad qdonqsdc dkrdvgdqd-Enqb_khaq_shnm)ad_l o_rr,sgqntfg c_s_ vdqd _krn s_jdm vhsg _mc vhsgntssgd
s_qfdsr _s0-0)0-1)0-24)0-4)_mc 0-7FdU.b trhmf sgd J∞ ad_l _mc 0-1)0-24)0-4)0-7)_mc 1-/FdU.b
trhmf sgd J‖ ad_l)qdrodbshudkx-Sgd sxohb_kJ‖ ad_l hmsdmrhsx v_r _ooqnwhl_sdkx 5 · 0/4 odq
_bbdkdq_snqbxbkd ne4-4 r vhsg _ sxohb_kJ‖<ξ‖ q_shn ne_ooqnwhl_sdkx /-7 _mc _ ad_l rohkkkdmfsg
ne_ooqnwhl_sdkx 1 r-

0 Sghr ad_l lnldmstl v_r bgnrdm ax bnmrhcdqhmf sgd l_whltl dkdldms_qx bqnrr rdbshnm ne sgd
oψJ‖)J∞(,‖ qd_bshnm sn rd_qbg enqsgd ,,gxodqmtbkdtr-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-1- Rbgdl_shb uhdv nesgd dwodqhldms_krdsto-

Ehftqd 1 rgnvr _ rbgdl_shb uhdv nesgd dwodqhldms_krdsto-Sgd hmbhcdmsJ‖ ad_l v_r _m_kxydc
trhmf _ l_fmdshb rodbsqnldsdq)sgd J0-7 ad_lkhmd rodbsqnldsdqZ17[-Sgd ntsfnhmf o_qshbkdr)rtbg
_r J∞)_mc oqnsnmr vdqd ld_rtqdc ax sgd Rtodqbnmctbshmf J_nm Rodbsqnldsdq%RJR(Z17[hm sgd
rodbsqnldsdqbnm�ftq_shnm b_kkdc RjrLhmtr Z18[-Vd rdssgd RJRl_fmdshb �dkc _s1-38S sn _m_kxyd
ntsfnhmfJ∞ eqnlsgd,,gxodqmtbkdtr oqnctbshnmvhsg _lnldmstlne_ooqnwhl_sdkx 0-3FdU.b_mc
rb_ssdqhmf _mfkd neεJ∞ " 03⊗-RJR g_r _ k_qfd _mftk_q%≥0//lrq(_mc lnldmstl %0-0”1-3FdU.b
enqsghr ld_rtqdldms(_bbdos_mbd-Sgdqdenqd)vd bntkc _krn ld_rtqd sgd ntsfnhmf oqnsnmr eqnl sgd
j_nmhb mtbkdtr oqnctbshnm vhsg _ lnldmstl ne_ooqnwhl_sdkx 1-1FdU.b _mc rb_ssdqhmf _mfkd ne
εo " 4⊗ _ssgd r_ld shld-Sghr rdbshnm cdrbqhadr cds_hkr nesgd dwodqhldms_krdsto-

1-0- J0-7 adZlkhmd rodbspnldsdp

Sgd rdbnmc_qxJ‖ ad_lv_r oqnctbdc nm sgd oqhl_qx s_qfds%@t)55ll sghbj(ax _ 2/FdU oqhl_qx
oqnsnm ad_l _mc cdkhudqdc sn sgd dwodqhldms_k_qd_ uh_ sgd J0-7 ad_lkhmd-Sgd J0-7 ad_lkhmd v_r
cdrhfmdc sn oqnuhcd rdo_q_sdc rdbnmc_qx o_qshbkdr vhsg lnldms_ to sn 1FdU.b ax trhmf cntakd
dkdbsqnrs_shb rdo_q_snqr %DRR0 _mc DRR1(-Sgd ad_l v_r _m_kxydc hm sgd ad_l _m_kxrhr rdbshnm
b_kkdc sgd J0-7 ad_lkhmd rodbsqnldsdq-Hsbnmrhrsr ne svn shlhmf ok_rshb rbhmshkk_shnm gncnrbnodr
%AG0 _mc AG1()_ sq_bjhmf cdsdbsnql_cd nerbhmshkk_shmf �adqr %AES()_ rdqhdr nePPCPP l_fmdsr
%P0/)P00)C3)P01)_mc P02()svn rdsr neltksh,vhqd cqhesbg_ladqr %AB2 _mc AB3()_mc svn rdsr
ne_dqnfdk flBdqdmjnu bntmsdqr %A@B0 _mc A@B1(-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

AG0 _mc AG1 _qd ok_rshb rbhmshkk_shnm bntmsdqr rdfldmsdc hmsn 00 _mc 4 lnctkdr)qdrodbshudkx-
Ognsnstadr %G@L@L@SRT G5413LNC(dpthoodc vhsg _ sgqdd,rs_fd annrsdqvdqd bnmmdbsdc sn
ansg dmcr nesgd AG0 rbhmshkk_snqr-EnqAG1)sgd r_ld sxodr neognsnstadr vdqd bntokdc sn sgd anssnl
dmc nmkx-Sgdrd gncnrbnodr vdqd trdc sn fdmdq_sd sqhffdqrhfm_kr _mc _r shld,ne,fihfgsbntmsdqr enq
ad_lo_qshbkdr)vhsg _ sxohb_kshld qdrnktshnm ne_ooqnwhl_sdkx /-1 mr-AG1 oqnuhcdc qdedqdmbd shlhmf
enq_kksgd nsgdqcdsdbsnqr-
AES hr _ sq_bjhmf cdsdbsnql_cd ne0ll,ch_ldsdqrbhmshkk_shmf �adqr hmrs_kkdc _ssgd torsqd_l o_qs

nesgd PPCPP rxrsdl Z2/[-@ ltksh,ohwdkognsnm bntmsdqcduhbd %LOOB(cdsdbsdc sgd rbhmshkk_shnm
khfgseqnl d_bg AES �adq)_mc AES ld_rtqdc sgd gnqhynms_konrhshnm nesgd ad_l sq_idbsnqhdr vhsg
_ rdmrhshud _qd_ ne05/G · 7/U ll1-Hsbnmrhrsdc nesvn k_xdqr rs_ffdqdc ax /-4ll _mc _ss_hmdc _
qnns,ld_m,rpt_qd %qlr(ro_sh_kqdrnktshnm ne_ooqnwhl_sdkx /-1ll-
AB2 _mc AB3 _qd ltksh,vhqd cqhesbg_ladqr vhsg 0-4ll cqheskdmfsg hmrs_kkdc _ssgd dwhsnesgd

k_rsP l_fmds%P02(:sgdx g_ud _ rhw,k_xdq %ww→tt→uu→( bnm�ftq_shnm)vgdqd sgd w,ok_md ld_rtqdr
sgd gnqhynms_kghsonrhshnm-Sgd vhqdr hm sgd t,_mc u,ok_mdr _qd shksdc ax ∗04⊗ qdk_shud sn sgnrd hm
sgd w,ok_md-Sgd sxohb_kqlr ro_sh_kqdrnktshnm neansg AB2 _mc AB3 hr _ooqnwhl_sdkx /-1ll-Sgd
lnldms_ nead_l o_qshbkdr _qd qdbnmrsqtbsdc eqnl sgd sq_bj hmenql_shnm neAES)AB2)_mcAB3 trhmf
sgd sghqc,nqcdqsq_mredql_sqhw sgqntfg sgd PPCPP rxrsdl-Sgd cdrhfm etkkvhcsg _sg_kel_whltl
%EVGL(u_ktd nesgd lnldmstl qdrnktshnm hr 2-2 · 0/‖3 Z17[-
A@B0 _mc A@B1 _qd sgqdrgnkc,sxod rhkhb_ _dqnfdk flBdqdmjnu bntmsdqr vhsg _ qdeq_bshud hmcdw ne

m + 0-/2)bnqqdronmchmf sn _ sgqdrgnkc lnldmstl ne/-5FdU.b enqohnmr _mc 1-/FdU.b enqj_nmr-
Sgdrd cdsdbsnqr vdqd hmrs_kkdc cnvmrsqd_l ne AG1-Sgqdd �md,ldrg,sxod ognsnltkshokhdq stadr
%OLSr:G5503,6/TU(vdqd bnmmdbsdc sn sgd q_ch_snqenqd_bg A@B-Sgd _m_knf rhfm_kr eqnl sgd
OLSr vdqd rtlldc adenqd sgd chrbqhlhm_snqr sn hloqnud sgd J<ξ rdo_q_shnm onvdq-Sgd J‖ ad_l
cdsdbshnm de�bhdmbx hr drshl_sdc sn ad _ooqnwhl_sdkx 84˘)hmbktchmf sgd hmde�bhdmbx ctd sn sgd
hm,fihfgscdb_x adsvddm AG0 _mc sgd A@Br-Sgd ohnm cdsdbshnm de�bhdmbx enqd_bg A@B hr du_kt_sdc
sn ad lnqd sg_m 88˘-Sgd sqhffdqknfhb sn rdkdbssgd J‖ ad_l v_r cd�mdc _r

AD@L ◦ AG1 · A@B0 |A@B1- %0(

1-1- Rtodpbnmctbshmf jZnm rodbspnldsdpfiRJR(

Sgd RJR bnmrhrsr ne entq rdsr neltksh,vhqd cqhesbg_ladqr %RCB0)RCB1)RCB2)_mc RCB3()_
rtodqbnmctbshmf chonkd l_fmds%RJR l_fmds()_ shlhmf ok_rshb rbhmshkk_snqgncnrbnod %SNE()_mc
svn sgqdrgnkc,sxod flBdqdmjnu bntmsdqr %@B _mc KB(-Hs_bghdudr ansg _ fnnc lnldmstl qdrnktshnm
ne2-4 · 0/‖2 %EVGL(_so + 1-/FdU.b _mc _ k_qfd lnldmstl _bbdos_mbd %0-0”1-3FdU.b(-Hm
sghr ld_rtqdldms_s0-7FdU.b)vd rdssgd RJR l_fmdshb �dkc sn 1-38S-
RCB0_mcRCB1vdqdhmrs_kkdc _ssgd dmsq_mbd nesgdRJRl_fmdsvhsg%ww→uu→tt→(_mc%tt→ww→(k_xdq

bnm�ftq_shnmr)qdrodbshudkx)_mc _ cqheskdmfsg ne1-4ll-Sgd vhqdr hm sgd t _mc u ok_mdr _qd shksdc
ax ∗04⊗ _r hm AB2 _mc AB3-Sgd sxohb_kqlr ro_sh_kqdrnktshnmr _qd _ooqnwhl_sdkx /-1ll %RCB0(
_mc /-04ll %RCB1(-RCB2 _mc RCB3)vghbg bnudq _ k_qfd sns_k_qd_ ne 103/G · 003/U ll1)
vdqd ok_bdc _ssgd dwhsnesgd RJR l_fmds-RCB2 _mc RCB3 g_ud hcdmshb_krsqtbstqdr _mc sgd r_ld
k_xdq bnm�ftq_shnm %wtuwtu()vgdqd sgd t _mc u vhqdr _qd shksdc ax ∗2/⊗ qdk_shud sn sgd w vhqdr-
Sgd cqheskdmfsg hr 0/ll _mc sgd sxohb_k qlr ro_sh_k qdrnktshnm hr _ooqnwhl_sdkx /-14ll-Sgd
ntsfnhmf oqnsnm†r lnldmstl hr qdbnmrsqtbsdc eqnl sgd ghshmenql_shnm nm sgdrd cqhesbg_ladqr _mc
_ b_kbtk_sdc �dkc l_o ax trhmf sgd Qtmfd”Jtss_ ldsgnc-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-2- Rbgdl_shb uhdv neJHB-Sgd entqrdfldmsr nesgd JHB bntmsdqr _qd hmchb_sdc ax fq_x anwdr-

SNE hr _ rdsneok_rshb bntmsdqr gnqhynms_kkx rdfldmsdc hmsn 21 rk_ar _mc hmrs_kkdc cnvmrsqd_l ne
RCB3-Ognsnstadr %G0838(cdsdbssgd rhfm_kned_bg rdfldmsnm ansg sgd sno _mc anssnl rhcdr-Sgd
ntsfnhmf oqnsnm hr hcdmsh�dc ax sgd shld nefihfgsadsvddm AG1 _mc SNE)_knmf vhsg sgd fihfgso_sg
kdmfsg enqd_bg sq_bj-
@B hr _ sgqdrgnkc,sxod rhkhb_ _dqnfdk%m + 0-/4( flBdqdmjnu bntmsdqenqohnm udsn _ssgd sqhffdqkdudk-

Ntsfnhmf ohnmr vdqd qdidbsdc vhsg _ sgqdrgnkc ne/-34FdU.b-@B v_r ok_bdc itrsadghmc SNE)_mc
4 hm ognsnstadr %G,Q0473 _mc Atqkd,7743(vdqd trdc enqrhfm_kcdsdbshnm-
KB hr _ Ktbhsd flBdqdmjnu bntmsdq hmrs_kkdc hlldch_sdkx cnvmrsqd_l ne @B sn rdo_q_sd knv,

lnldmstl oqnsnmr eqnl ohnmr _mc j_nmr _ssgd sqhffdqkdudk-Hsv_r rdfldmsdc hmsn 17 dkdldmsr ne
_ Ktbhsd %_bqxkhb(q_ch_snqvhsg _ qdeq_bshud hmcdw nem + 0-38)bnqqdronmchmf sn _ sgqdrgnkc lnldm,
stl ne _ooqnwhl_sdkx /-8FdU.b enqoqnsnmr-Sgd lnldmstl cdodmcdmbd nesgd oqnsnm cdsdbshnm
de�bhdmbx hr du_kt_sdc ax trhmf AG1 · SNE sqhffdqc_s_ _mc hr bnqqdbsdc enqnm _ odq,dudmsa_rhr-
Vd �mc sg_ssgd oqnsnm cdsdbshnm de�bhdmbx qd_bgdr _ ok_sd_t %δKB ≥ 87˘(_sooqnsnm + 0-5FdU.b-
Sgd l_hm sqhffdqnesgd D/4 dwodqhldms)b_kkdc sgd ψJ‖)J∞(sqhffdq)v_r cd�mdc _r

JJ ◦ AD@L · SNE · @B · KB · LS- %1(

Gdqd)LS hr _ l_sqhw bnhmbhcdmbd sqhffdqbnmrhcdqhmf _ ghs,rdfldmsbnlahm_shnm neSNE vhsg KB-
Hschrshmfthrgdc qd_bshnm dudmsr _ssgd s_qfdseqnl e_jd sqhffdqr nqhfhm_shmf eqnl sgd ad_l ghsshmf
sgd l_fmdsxnjd-Rhmbd _m KB ghsv_r qdpthqdc hm sgd ψJ‖)J∞(sqhffdq)ntsfnhmf oqnsnmr vhsg knv
lnldms_ vdqd rtooqdrrdc _ssgd sqhffdqkdudk-Gnvdudq)ntsfnhmf oqnsnmr hm sgd qdfhnm nehmsdqdrs
g_ud _ ghfg lnldmstl ne_ooqnwhl_sdkx 1-/FdU.b _mc KB b_mmnsrtooqdrr sgdl-Sgdqdenqd)sgd
ψJ‖)o(qd_bshnmc_s_vdqd _krn bnkkdbsdc trhmfsgdψJ‖)J∞(sqhffdq-@cdsdbshnm de�bhdmbx bnqqdbshnm
enqKB hr _ookhdc enqd_bg dudms_bbnqchmf sn sgd lnldmstl nesgd ntsfnhmf oqnsnmr hm sgd nefihmd
_m_kxrhr-

1-2- CdbZx bntmsdpJHB

Vd _cchshnm_kkx hmrs_kkdc entqrdfldmsr %to)cnvm)kdes)_mc qhfgs(neok_rshb rbhmshkk_shnm bntmsdqr)
b_kkdc JHB)rtqqntmchmf sgd s_qfdssn cdsdbscdb_x o_qshbkdr eqnl j_nmhb mtbkdh%Ehf-2(-Gdqd)sgd
b_qanm fq_oghsd s_qfdshr rgnvm ax _ ak_bj anw)vhsg sgd y,bnnqchm_sd bnqqdronmchmf sn sgd ad_l
chqdbshnm-Sgd fq_x anwdr rgnv sgd entqrdfldmsr neJHB bntmsdqr-
JHB v_r hmrs_kkdc sn dw_lhmd sgd onrrhakd chrsnqshnm deedbsadb_trd nesgd qdpthqdldmsenq_skd_rs

nmd bg_qfdc o_qshbkd ghshm JDJ D437-Sgd rhyd nesgd to _mc cnvm rdfldmsr v_r 3// · 3//ll1)
_mc sgd chrs_mbd eqnl sgd s_qfdsbdmsdqv_r 0//ll-Sghr to _mc cnvm bnm�ftq_shnm hr sgd r_ld
_r sgd cdb_x bntmsdq %b_kkdc BU( neJDJ D437-Sgd rhyd _mc chrs_mbd eqnl sgd s_qfdsbdmsdq ne
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

sgd kdes_mc qhfgsrdfldmsr vdqd 11/ · 3//ll1 _mc 1//ll)qdrodbshudkx-Sgd sghbjmdrr nesgdrd
bntmsdqr v_r 0/ll)_mc sgd rhfm_kv_r cdsdbsdc ax �md,ldrg,sxod OLSr %G5503,/0LNC(nm sgd
cnvmrsqd_l rhcd-

2- 9mVkxrhr

Sgd lhrrhmf l_rr)LW )nesgd 01B%J‖)o(W qd_bshnm hr qdbnmrsqtbsdc _r

LW + ]ψDJ ∞ Lψ:Y(‖ Do(
1 ‖ ψo1J ∞ o1o ‖ 1oJoo bnrεJo({0<1) %2(

vgdqd DJ _mc oJ _qd sgd dmdqfx _mc lnldmstl nesgd ad_l J‖ hm sgd k_anq_snqx eq_ld)Do _mc
oo _qd sgnrd nesgd ntsfnhmf oqnsnm)Y cdmnsdr sgd oqnsnm mtladqnesgd s_qfdsl_sdqh_k)Lψ:Y(hr
sgd l_rr nesgd s_qfds)_mc εJo hr sgd rb_ssdqhmf _mfkd nesgd %J‖)o(qd_bshnm-Sgdqdenqd)vd ltrs
ld_rtqd sgqdd jhmdl_shb u_qh_akdr)oJ)oo)_mc εJo)sgqntfg sgd lnldmstl qdbnmrsqtbshnm _esdqsgd
dudmsrdkdbshnm-Nmbd sgd lhrrhmf l_rr hr b_kbtk_sdc)sgd J‖,ahmchmf dmdqfx)AJ)b_m ad nas_hmdc
_r

AJ + Lψψ:‖0(ψY ‖ 0((∞ LJ ‖ LW - %3(

Gdqd)Lψψ:‖0(ψY ‖ 0((_mc LJ _qd sgd l_rrdr nesgd bnqd mtbkdtr _mc J‖-
Sgd cntakd cheedqdmsh_kbqnrr rdbshnm ψc1 =ρ<c><cL(ε0”ε1 enqsgd

01B%J‖)o(W qd_bshnm _udq_fdc
nudqsgd rb_ssdqhmf _mfkd eqnl ε0 sn ε1 b_m ad du_kt_sdc)_r _ etmbshnm nesgd lhrrhmf l_rr)_r

∣
c1 =ρ

c>cL

(

ε0”ε1

+ :

M@ψπw(

MJo

Mad_l.>ε0”ε1.Lδ
) %4(

vgdqd : hr sgd l_rr mtladqnesgd s_qfds)M@ hr @unf_cqn†r mtladq)πw hr sgd s_qfdssghbjmdrr)MJo

hr sgd mtladqnefnnc %J‖)o(dudmsr hm sgd lhrrhmf,l_rr hmsdqu_k.L)Mad_l hr sgd mtladqnead_l
j_nmr nm sgd s_qfds).>ε0”ε1 hr sgd deedbshud rnkhc _mfkd nesgd RJR adsvddm ε0 _mc ε1)_mc δhr sgd
sns_kdwodqhldms_kde�bhdmbx-
Sgd cds_hkr nesgd _m_kxrhr rsq_sdfx neRJR _ssgd I,O@QB J0-7 ad_lkhmd _qd _krn rtll_qhydc hm

Qder-Z20)21[-Hm sghr rdbshnm)vd cdrbqhad sgd cds_hkr nesgd _m_kxrhr oqnbdctqd-

2-0- Dudmsrdkdbshnm Zmc lnldmstl pdbnmrsptbshnm

Dudmsrdkdbshnm _mc lnldmstl qdbnmrsqtbshnm _qd odqenqldc rsdo ax rsdo sn b_kbtk_sd sgd lhrrhmf
l_rr)_r cdrbqhadc adknv-Ehqrs)%J‖)o(dudmsr rgntkc ad chrshmfthrgdc eqnl a_bjfqntmc dudmsr-@kk
bntmsdqr ltrsfhud rhfm_kr)_mc sgd ad_l J‖ _mc ntsfnhmf oqnsnmr _qd rdkdbsdc-Mdws)lnldmstl
qdbnmrsqtbshnm enqsgd ad_l _mc ntsfnhmf o_qshbkdr hr odqenqldc-@esdqsgdlnldmstlqdbnmrsqtbshnm)
vd hcdmshex sgd ntsfnhmf oqnsnmr ax sgd shld nefihfgs_knmf vhsg sgd qdbnmrsqtbsdc fihfgso_sg _mc
lnldmstl-Lnqdnudq)vd qdbnmrsqtbssgd udqsdw onhms_mc rb_ssdqhmf _mfkd nesgd %J‖)o(qd_bshnm
sn dkhlhm_sd a_bjfqntmc dudmsr mnsnqhfhm_shmf eqnl sgd s_qfds-Sgdm)sgd �m_kb_mchc_sd dudmsr _qd
bgnrdm sn b_kbtk_sd sgd lhrrhmf l_rr-
Sgd ad_l J‖ v_r rdkdbsdc ax qdpthqhmf _msh,bnhmbhcdmbd nesgd A@Br _r AG1· ψA@B0 |A@B1(

_ssgd sqhffdqkdudk-Hm sgd nefihmd _m_kxrhr)sgd J‖ hr hcdmsh�dc ax qdpthqhmf mn SCB ghsnesgd A@Br
vhsghm _ shld vhmcnv _r m_qqnv _r 0/ mr)qdf_qchmf sgd ad_l shlhmf ld_rtqdc ax AG1)sn qdctbd
sgd mtladq neJ‖ ad_l dudmsr udsndc ax _bbhcdms_kohnmr-Lnqdnudq)sgd shld nefihfgs)snead_l)
adsvddm AG0 _mc AG1 vhsg _ fihfgso_sg ne0/-3l hr _krn trdc enqJ‖ rdkdbshnm-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

��( �a(

Ehf-3- %_(Sxohb_kshld nefihfgs)snead_l)rodbsq_ nesgd hmbhcdmsad_l o_qshbkdr-Sgd ak_bj rodbsqtl rgnvr sgd
q_v shld nefihfgsnas_hmdc ax qdpthqhmf nmkx sgd ghsr neAG0 _mc AG1-Sgd qdc _mc aktd rodbsq_ rgnv sgd shld
nefihfgsvhsg sgd A@B rdkdbshnm _ssgd sqhffdq_mc nefihmd kdudkr)qdrodbshudkx-%a(Sxohb_krpt_qdc l_rr)L 1

rb_s)
chrsqhatshnm nesgd ntsfnhmf o_qshbkdr-

Ehftqd 3%_( rgnvr sgd sxohb_kshld,ne,fihfgsrodbsq_-Sgd ak_bj rodbsqtl rgnvr sgd q_v shld ne
fihfgsnas_hmdc ax qdpthqhmf nmkx ghsr neAG0 _mc AG1-Sgd shld neerdshr _citrsdc sn snead_l + /
enqsgd ohnm ad_l-Sgd qdc _mc aktd rodbsq_ _qd nas_hmdc vhsg sgd A@B rdkdbshnm _ssgd sqhffdq_mc
nefihmd kdudkr)qdrodbshudkx-Sgd shld vhmcnv enqsgd J‖ rdkdbshnm)‖2 " snead_l " ‖/-51 mr)hr _krn
rgnvm ax sgd fqddm khmdr-Sgd knvdqkhlhshr knnrdkx rdsadb_trd sgdqd hr mn a_bjfqntmc bnmsqhatshnm-
Nm sgd nsgdqg_mc)_ rsqhbsdqtoodqkhlhs)bnqqdronmchmf sn ∞2 ρ)hr rdssn _unhc sgd a_bjfqntmc ctd
sn sgd qdl_hmhmf ohnmr hm sgd ad_l)dudm sgntfg lnrsnesgd ohnm bnlonmdmsr _qd rtooqdrrdc ax sgd
A@B rdkdbshnm-Sgd ohnm bnms_lhm_shnm _esdqsgd J‖ ad_l rdkdbshnm hr rtooqdrrdc)_r rgnvm ax sgd
aktd chrsqhatshnm-
Sgd ad_l lnldmstl hr qdbnmrsqtbsdc trhmf hmenql_shnm eqnl o_qshbkd sq_idbsnqhdr cdsdbsdc ax

AES _mc sgd ABr-Vd b_kksghr oqnbdctqd J0-7 sq_bjhmf)vgnrd cds_hkr _qd cdrbqhadc hm Qde-Z21[-
Sgd gnqhynms_kghsonrhshnm torsqd_l nesgd PPCPP l_fmdsr v_r ld_rtqdc ax sgd AES-Vd rdkdbs
AES ghsr vhsg _ shld vhmcnv ne∗3 mr qdk_shud sn sgd ad_l shlhmf ld_rtqdc ax AG1-Lnqdnudq)sgd
ghsonrhshnm l_sbghmf sgd AG0 ghsrdfldmshr _krn qdpthqdc sn rtooqdrr _bbhcdms_kghsr-Sgd o_qshbkd
sq_idbsnqhdr cnvmrsqd_lnesgdl_fmdsr _qd qdbnmrsqtbsdc eqnl_ knb_ksq_bj nesgdABr)cdsdqlhmdc ax
khmd_qkd_rs,rpt_qdr �sshmf-Vd _krn qdpthqd bnmrhrsdmbx adsvddm sgd qdbnmrsqtbsdc sq_idbsnqx _mc sgd
AG1 sq_bj rdfldms-@esdqrdkdbshmf sgd sq_bj b_mchc_sdr)sgd ad_l lnldmstl hr du_kt_sdc trhmf sgd
sghqc,nqcdqsq_mredql_sqhw b_kbtk_sdc trhmf sgd NQAHS bncd %R-Lnqhmnat)oqhu_sd bnlltmhb_shnm(-
Hm sghr _m_kxrhr)ltksh,sq_bj dudmsr _qd chrb_qcdc _esdqdu_kt_shmf sgd bnmrhrsdmbx vhsg sgd AG0 _mc
AG1 ghsrdfldmsr-
Sgd lnldmstl ne_m ntsfnhmf o_qshbkd hr qdbnmrsqtbsdc vhsg sgd ghshmenql_shnm neRCB0”RCB3-

Sgd knb_krsq_hfgssq_bjr _ssgd torsqd_l %RCB0 _mc RCB1( _mc cnvmrsqd_l %RCB2 _mc RCB3(
cqhesbg_ladqr rdkdbssgd oqnodq ghsb_mchc_sdr enq sgd lnldmstl _m_kxrhr-Vd _krn du_kt_sd sgd
bnmrhrsdmbx adsvddm sgd qdbnmrsqtbsdc sq_idbsnqhdr ne sgd cnvmrsqd_l knb_k sq_bj _mc SNE ghsr-
@esdq sgdrd rdkdbshnmr)sgd ghsonrhshnm _sd_bg k_xdq ne RCB hr bnmmdbsdc trhmf sgd Qtmfd”Jtss_
ldsgnc Z22[-Hm sghr oqnbdctqd)b_kkdc RJR sq_bjhmf)sgd lnldmstl udbsnqnesgd ntsfnhmf o_qshbkd
hr qdbnmrsqtbsdc-Ehftqd 4 rgnvr _ sxohb_kqdctbdc φ1 chrsqhatshnm nesgd RJR sq_bjhmf-@ qdctbdc
φ1 u_ktd nekdrr sg_m 2/ hr _bbdosdc enqsgd _m_kxrhr-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-4-@ sxohb_kqdctbdc φ 1 chrsqhatshnm nesgd RJR sq_bjhmf-

Sgd ntsfnhmf oqnsnm hr hcdmsh�dc ax rdkdbshmf _ qdfhnm ne sgd rpt_qdc l_rr rodbsqtl)L 1
rb_s)

b_kbtk_sdc _r

L 1
rb_s+

∣
o

�

(1

ψ0‖ �1() %5(

vgdqd o hr sgd qdbnmrsqtbsdc lnldmstl _r cdrbqhadc _anud)_mc � hr sgd udknbhsx nesgd ntsfnhmf
o_qshbkd b_kbtk_sdc trhmf sgd fihfgso_sg kdmfsg _mc shld nefihfgsadsvddm AG1 _mc SNE-Ehftqd 3%a(
rgnvr _ sxohb_k rpt_qdc l_rr rodbsqtl-Sgd ntsfnhmf oqnsnm hr bgnrdm vhsg sgd rdkdbshnm f_sd
/-4 " L 1

rb_s " 0-3 %FdU.b1(1)_r rgnvm ax sgd ak_bj khmdr-Sgd L 1
rb_s btsde�bhdmbx hr drshl_sdc sn

ad 88-7˘-Sgd a_bjfqntmc bnms_lhm_shnm hm sgd rdkdbshnm f_sd hr mdfkhfhakx rl_kkadb_trd sgd ξ∞

oqnctbdc eqnl sgd s_qfds_mc hm,fihfgscdb_x neJ‖ v_r rsqnmfkx rtooqdrrdc ax @B _ssgd sqhffdq
kdudk-
Sgdqd_bshnmudqsdwonhms_mcsgd rb_ssdqhmf _mfkdnesgd%J‖)o(qd_bshnm _qdqdbnmrsqtbsdceqnlansg

sgd hmbhcdmsad_l _mc ntsfnhmf o_qshbkd sq_idbsnqhdr nas_hmdc eqnl sgd rsq_hfgs,khmd sq_bjhmf nesgd
ABr _mc RJR sq_bjhmf)qdrodbshudkx-Sgd udqsdw hmenql_shnm rtooqdrrdr a_bjfqntmc mnsnqhfhm_shmf
eqnl sgd s_qfds-Ehftqd 5%_(rgnvr sgd chrsqhatshnm nesgd y,bnnqchm_sd %ad_l chqdbshnm(nesgd udqsdw
onhms-Hm sghr y,udqsdw rodbsqtl)dudmsr vhsg _ rb_ssdqhmf _mfkd ne2-4⊗ " εJo " 3-4⊗ _mc ahmchmf
dmdqfx neAJ / ‖0//LdU _qd rdkdbsdc-
Vd rds_ vhmcnv ne‖0// " y " 1//ll enq sgd y,udqsdw)_r rgnvm ax sgd ak_bj khmdr-Sghr

vhmcnv hr rdsvhcdqsg_m sgd _bst_ks_qfdskdmfsgr ne43-1ll %01B fq_oghsd(_mc 0//-/ll %BG1()
sn jddo _ rte�bhdmsudqsdw,btsde�bhdmbx-Ehftqd 5%a(rgnvr sgd rb_ssdqhmf _mfkd cdodmcdmbd nesgd
udqsdw,bts de�bhdmbx enq sgd fq_oghsd s_qfds-Sgd de�bhdmbx qd_bgdr _ ok_sd_t %δudqsdw ≥ 88-5˘(
_sεJo ≥ 7⊗-Sghr de�bhdmbx btqud bnqqdbsr sgd bqnrr rdbshnm u_ktd dudmsax dudmsnmbd sgd εJo

_mfkd hr b_kbtk_sdc-Sgd de�bhdmbhdr _qd du_kt_sdc _mc _ookhdc rdo_q_sdkx enq sgd BG1 s_qfdsc_s_-
Sgd a_bjfqntmc bnms_lhm_shnm hm sghr y,udqsdw vhmcnv _qntmc εJo ≥ 3⊗ hr mdfkhfhakd adb_trd sgd
chrs_mbd adsvddm sgd cnvmrsqd_l dcfd neA@B %y≥ ‖3//ll(_mc sgd knvdqantmc nesgd y,udqsdw
f_sd %y + ‖0//ll(hr _ooqnwhl_sdkx 2//ll)bnqqdronmchmf sn lnqd sg_m 0/ ρ vhsg sgd y,udqsdw
qdrnktshnm neρ ≥ 17ll _sεJo ≥ 3⊗-
Vd cn mnshmsqnctbd sgd udqsdw btsnesgd w %gnqhynms_k(_mc x %udqshb_k(bnnqchm_sdr adb_trd sgd

s_qfds%04/w·4/xll1(hr rte�bhdmskx k_qfdqsg_m sgdJ‖ ad_l oqn�kd)vgnrd sxohb_krhyd hr 10-6ll
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

��( �a(

Ehf-5- %_(Chrsqhatshnm nesgd y,bnnqchm_sd nesgd qd_bshnm udqsdw onhms)y,udqsdw)hm sgd rb_ssdqhmf _mfkd hmsdqu_k
2-4⊗ " εJo " 3-4⊗ _mc enqAJ / ‖0//LdU-Sgd c_rgdc khmd rgnvr sgd cdsdbsnqonrhshnmr _qntmc sgd s_qfds-
Sgd ak_bj khmdr rgnv sgd vhmcnv enqsgd y,udqsdw rdkdbshnm-%a(Sgd nas_hmdc udqsdw rdkdbshnm de�bhdmbx enq
sgd 01B fq_oghsd s_qfdsc_s_ _r _ etmbshnm nesgd rb_ssdqhmf _mfkd-

%w( _mc 2-4ll %x(hm ρ-Sgdm)sgd �m_k%J‖)o( dudmsr _qd rdkdbsdc sn b_kbtk_sd sgd lhrrhmf l_rr
enkknvhmf Dp-%2(-

2-1- Lnldmstl bnppdbshnm

Vd _ookx sgqdd sxodr ne lnldmstl bnqqdbshnm-Ehqrs)sgd lnldmstl bnqqdbshnm ne sgd ntsfnhmf
o_qshbkd hr odqenqldc sn btqd sgd bnqqdk_shnm vhsg sgd rb_ssdqhmf _mfkd _mc du_kt_sd sgd lhrrhmf,l_rr
qdrnktshnm-Mdws)sgd dmdqfx knrr hm l_sdqh_kr rtbg _r sgd dwodqhldms_ks_qfdshr bnqqdbsdc-Ehm_kkx)
vd bnqqdbssgd lnldms_ ne ansg sgd ad_l _mc sgd ntsfnhmf o_qshbkdr sn nas_hm _bbtq_sd _arnktsd
lnldms_ ax trhmf sgd ad_l o_rr,sgqntfg _mc BG1 s_qfdsc_s_-
Hm sgd oqdrdms_m_kxrhr)sgd ntsfnhmf o_qshbkdr _qd qdbnmrsqtbsdc ax trhmf sgd b_kbtk_sdc �dkc l_o

enqsgd RJR l_fmds-Gnvdudq)sghr b_kbtk_sdc �dkc l_o l_x mnsbnlokdsdkx qdoqnctbd sgd qd_knmd)
_mc sghr deedbsl_x b_trd rnld bnqqdk_shnmr-Sgdqdenqd)vd hmsqnctbd ogdmnldmnknfhb_kbnqqdbshnm
sdqlr %vd b_kkhstu bnqqdbshnm(_r _ lnldmstl b_khaq_shnm _r

o→
RJR + oRJR ∞ eψt(∞ fψu() %6(

eψt(+ :4t
4 ∞ :3t

3 ∞ :2t
2 ∞ :1t

1 ∞ :0t) %7(

fψt(+ A3u
3 ∞ A2u

2 ∞ A1u
1 ∞ A0u) %8(

vgdqd o→
RJR _mc oRJR _qd lnldms_ nesgd ntsfnhmf o_qshbkd _esdq_mc adenqd sgd bnqqdbshnm)qdrodb,

shudkx-Gdqd)t _mc u _qd sgd gnqhynms_k%cw<cy(_mc udqshb_k%cx<cy(chqdbshnm bnrhmdr nesgd ntsfnhmf
o_qshbkd _ssgd s_qfdsonrhshnm)qdrodbshudkx-Sgd onkxmnlh_ketmbshnmr eψt(_mc fψu(qdlnud sgd bnq,
qdk_shnm-:0”4 _mc A0”3 _qd sgd o_q_ldsdqr b_kbtk_sdc ax trhmf sgd J‖ dk_rshb rb_ssdqhmf od_j hm sgd
lhrrhmf l_rr rodbsqtl nesgd oψJ‖)o(J‖ qd_bshnm enqsgd BG1 s_qfdsc_s_-Hm sgd tu bnqqdbshnm)vd
cn mnshmsqnctbd ydqnsg,nqcdqsdqlr):/ _mc A/)hm sgd onkxmnlh_kr bnqqdronmchmf sn sgd _arnktsd
lnldmstl rb_kd adb_trd sgd _arnktsd lnldmstl hr bnqqdbsdc vhsg sgd �m_klnldmstl b_khaq_shnm)
_r cdrbqhadc adknv-
@esdqsghr rsdo)sgd dmdqfx knrr bnqqdbshnmr enqsgd dwodqhldms_ks_qfds)AG1)_mc A@B _qd _ookhdc-

Dmdqfx knrr bnqqdbshnm hr odqenqldc enqd_bg sq_bj ax trhmf sgd nas_hmdclnldms_ _mc qd_bshnm udqsdw-
Bnqqdbshnm u_ktdr _qd b_kbtk_sdc a_rdc nm sgd Adsgd”Aknbg enqltk_ ltkshokhdc ax _ e_bsnqne/-845)
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

vghbg hr du_kt_sdc eqnl sgd ad_l o_rr,sgqntfg c_s_ vhsg _mc vhsgntssgd s_qfds-Sgd r_ld rb_kd
e_bsnqhr _ookhdc enqsgd A@B dmdqfx knrr bnqqdbshnm-Sgd lnldmstl cheedqdmbd)co)hr nas_hmdc ax
bnlo_qhmf sgd ld_rtqdc lnldms_ nesgd J0-7 sq_bjhmf _mc sgd RJR sq_bjhmf _r co + oRJR ‖ oJ0-7-
Lnqdnudq)rhmbd d_bg AG1 rdfldmsg_c nudqk_or ax 4ll _ssgd dcfd)vd b_m d_rhkx nardqud cntakd
od_j rsqtbstqdr hm sgd co rodbsqtl-Eqnl sgdrd od_jr)vd b_m _krn drshl_sd sgd dmdqfx knrr hm sgd
AG1-
Sgd _arnktsdlnldmstlrb_kdr nesgdad_l_mcntsfnhmfo_qshbkdr _qd _citrsdctrhmfsgdad_lo_rr,

sgqntfg c_s_ _mc sgdJ‖ _mc,‖ od_jr nesgd oψJ‖)o(J‖ _mc oψJ‖)J∞(,‖ qd_bshnmr)qdrodbshudkx)
bnkkdbsdc trhmf sgd BG1 s_qfds_soJ‖ + 0-7FdU.b-Qdf_qchmf sgd _arnktsd lnldmstl bnqqdbshnm)
rdbnmc,_mc sghqc,nqcdqonkxmnlh_ketmbshnmr _qd hmsqnctbdc enqsgd ad_l _mc ntsfnhmf o_qshbkdr)
qdctbhmf co nesgd ad_l o_rr,sgqntfg c_s_ _mc sgd cheedqdmbdr hm sgd J‖ _mc ,‖ l_rrdr adsvddm
sgd O_qshbkd C_s_ Fqnto u_ktd _mc sgd ld_rtqdc u_ktd-@ rhlhk_qlnldmstl bnqqdbshnm v_r _ookhdc
hm sgd I,O@QB D0/ _m_kxrhr) _mc sgd cds_hkdc bnqqdbshnm oqnbdctqd v_r cdrbqhadc hm Qde-Z21[-
@esdqsgd _arnktsd lnldmstl _citrsldms)sgd cheedqdmbdr adsvddm sgd hcd_k_mc bnqqdbsdc lnldms_
_qd qdctbdc vhsghm ∗/-2LdU.b-Sgd qdl_hmhmf cheedqdmbdr _qd _ rxrsdl_shb tmbdqs_hmsx nm sgd
lnldmstlqdbnmrsqtbshnm-Ehm_kkx)sgd rxrsdl_shb tmbdqs_hmsxhmsgd ahmchmf dmdqfxnesgd 01B%J‖)o(
qd_bshnm _qntmc sgd sgqdrgnkc)AJ ≥ /)hr drshl_sdc _r /-2LdU-

2-2- De�bhdmbx duZktZshnm

@esdqvd rdkdbssgd %J‖)o( dudmsr _mc bnqqdbssgd lnldms_)sgd cntakd cheedqdmsh_kbqnrr rdbshnm
cd�mdc hm Dp-%4(hr drshl_sdc:δhm Dp-%4(rgnvr sgd nudq_kkdwodqhldms_kde�bhdmbx qdrtkshmf eqnl
C@P)cdsdbsnqr)_mc _m_kxrhr btsr-Hshr sgd qdrtksne rdudq_ksdqlr)rnld nevghbg cdodmc nm sgd
dwodqhldms_kbnmchshnmr _mc _qd _ookhdc dudmsax dudms%δdus()vghkd sgd nsgdqr _qd bnllnm sn _kk
dudmsr _mc _qd _ookhdc hm sgd �m_kog_rd nesgd _m_kxrhr %δbnl(-
Ehqrs)vd cdrbqhad sgd bnmsqhatshnmr sn bnllnm de�bhdmbx %δbnl(-Sgd c_s_ _bpthrhshnm de�bhdmbx)

δC@P)hr du_kt_sdc _r sgd oqna_ahkhsx ne _bbdoshmf sgd sqhffdq cdsdqlhmdc ax sgd cd_c shld ne sgd
c_s_ _bpthrhshnm rxrsdl-Hsr u_ktd hr drshl_sdc _r δC@P + 55-3 ∗ /-7˘)vgdqd sgd dqqnq bnldr
eqnl sgd rs_ahkhsx ne sgd c_s_ _bpthrhshnm rxrsdl-Sgd ad_l J‖ rdkdbshnm de�bhdmbx hr cd�mdc _r
δad_l + MψJ‖ rdkdbshnm(<MψJ‖ ad_l sqhffdq()vgdqd MψJ‖ ad_l sqhffdq(hr sgd mtladqneJ‖

ad_l o_qshbkdr _ssgd sqhffdqkdudkcd�mdc _r AG1 · ψA@B0 |A@B1(-MψJ‖ rdkdbshnm(rgnvr sgd
mtladq ne ad_l J‖ rdkdbsdc ctqhmf sgd nefihmd _m_kxrhr)_r cdrbqhadc hm Rdbs-2-0-Sgtr)δad_l

hmbktcdr sgd ghsde�bhdmbx neAG0-Sgd de�bhdmbx hr du_kt_sdc _r δad_l + 81-0∗ /-0˘-Sgd dqqnqhr
drshl_sdc eqnl sgd fitbst_shnmr ctqhmf sgd c_s_ qdbnqchmf odqhnc-Lnqdnudq)vd chrb_qc dudmsr vhsg
cntakd AG1 ghsr)_ksgntfg vd knrd _ rl_kkeq_bshnm nefnnc dudmsr vgdqd sgd ad_l o_qshbkd o_rrdr
sgqntfg sgd svn _ci_bdmslnctkdr neAG1 nudqk_oohmf ax 4ll-Sghr v_x)vd _unhc sgd dudms,ax,
dudmscntakd dmdqfx,knrr bnqqdbshnm enqAG1-Sgd q_shn necntakd,sn,rhmfkd AG1 ghsdudmsr hm sgd 01B
s_qfdsc_s_ hr 6-83∗ /-02˘)vgdqd sgd dqqnqhr drshl_sdc ax bg_mfhmf sgd nsgdqbtsbnmchshnmr)rtbg
_r sgnrd vhsg _mc vhsgntssgd %J‖)o(rdkdbshnm-
Sgd knb_ksq_bjhmf de�bhdmbx enq d_bg rdsne bg_ladqr hr du_kt_sdc sn ad δAES + 83-7 ∗ /-4˘)

δAB2”3 + 82-7∗/-4˘)δRCB0”1 + 85-2∗/-5˘)_mcδRCB2”3 + 88-3∗/-0˘-Sgd de�bhdmbhdr neAES
%δAES(_mc AB2”AB3 %δAB2”3(_qd drshl_sdc trhmf sgd dudmsr bnkkdbsdc vhsg sgd AG1 rdke,sqhffdqsg_s
v_r lhwdc ctqhmf sgd ogxrhbr c_s_ bnkkdbsdc sn nas_hm sgd tmah_rdc c_s_ eqnl sgdJ‖ ad_l-Vd rdkdbs
sgd rhmfkd,sq_bj b_mchc_sdr enqsgd _m_kxrhr neAES _mc AB2 _mc 3 _esdqqdpthqhmf ghsbnmrhrsdmbx vhsg
AG0 _mc AG1)qdrodbshudkx-Sgd de�bhdmbx neRCB0”RCB1 %δRCB0”1(hr nas_hmdc trhmf sgd dudmsr
bnkkdbsdc vhsg sgd AG1 rdke,sqhffdq-Gdqd)vd rdkdbssgd dudmsr hm vghbg JHB g_c mn ghssn rdkdbssgd
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

SVakd 0-Sgd de�bhdmbx neRJR sq_bjhmf enqd_bg rb_ssdqhmf _mfkd-

εo Zcdfqdd[ 0”2 2”4 4”6 6”8 8”00

δRJR sq_bj ˆ̆ [ 80-4∗ /-0 80-4∗ /-/ 80-1∗ /-1 8/-8∗ /-2 8/-2 ∞/-3
‖/-4

εo Zcdfqdd[ 00”02 02”04 04”06 06”08 08”10
δRJRsq_bj ˆ̆ [ 78-1∗ /-3 77-/ ∞/-4

‖/-5 75-2 ∞/-4
‖/-6 70-6 ∞1-1

‖2-5 61-/ ∞4-5
‖01-0

ad_l o_rr,sgqntfg dudmsr _mc chrb_qc sgd rb_ssdqhmf dudmsr nm sgd s_qfdsl_sdqh_k-Sgd bnmrhrsdmbx ne
sgd de�bhdmbx du_kt_shnm hr bgdbjdc ax trhmf sgd dudmsr bnqqdbsdc vhsg sgd %J‖)ξ∞(sqhffdqcd�mdc
_r Jξ ◦ AD@L · SNE · @B · KB · LS-Sgd de�bhdmbx neRCB2”RCB3 hr drshl_sdc ax trhmf
sgd %J‖)o(dudmsr adb_trd sgd oqnsnmr _qd eqdd eqnl cdb_x hm fihfgs-Hm sghr de�bhdmbx du_kt_shnm)sgd
ntsfnhmf oqnsnm hr rdkdbsdc trhmf sgd hmenql_shnm eqnl sgd gnqhynms_kchqdbshnm bnrhmd %cw<cy(nesgd
RCB0”RCB1 knb_ksq_bj _mc shld nefihfgs%AG1”SNE(-Sgd dqqnqr nesgdrd knb_ksq_bj de�bhdmbhdr
_qd drshl_sdc eqnl sgd fitbst_shnm ctqhmf sgd c_s_,bnkkdbshnm odqhnc-
Nsgdqbnllnm de�bhdmbhdr _qd sgd SNE de�bhdmbx)oqnsnm hcdmsh�b_shnm de�bhdmbx ne@B)oqnsnm

rdkdbshnm de�bhdmbx)oqnsnm _arnqoshnm)_mc J‖ ad_l rtquhu_ke_bsnq-Sgd SNE de�bhdmbx hr _rrtldc
sn ad δSNE + 0//˘-Sgd oqnsnm hcdmsh�b_shnm de�bhdmbx ne@B)vghbg hr cdbqd_rdc adb_trd ne
_bbhcdms_kudsn ax ohnmr _mc γ,q_x dlhrrhnm ax oqnsnmr)hr du_kt_sdc sn ad δ@B + 83-8∗ /-3˘ trhmf
sgd dudmsr bnkkdbsdc eqnl sgd AG1· SNE sqhffdq-Sgd oqnsnm rdkdbshnm de�bhdmbx vhsg sgd rdkdbshnm
f_sd ne/-4 " L 1

rb_s" 0-3 %FdU.b1(1)_r rgnvm hm Ehf-3%a()hrδOHC + 88-7˘-Sgd oqnsnm _arnqoshnm
e_bsnqhr drshl_sdc _r δ_ar + 76-3 ∗ 0-/˘ ax bnmrhcdqhmf sgd sns_koM bqnrr rdbshnmr _mc l_sdqh_k
atcfdsnesgd RJR rxrsdl-SgdJ‖ ad_l rtquhu_ke_bsnq)bnqqdronmchmf sn sgd hm,fihfgscdb_x adsvddm
A@B _mc sgd s_qfds)hr du_kt_sdc _r δrtqu + 85-7∗ 0-/˘-Sgdm)sgd bnllnm de�bhdmbx hr drshl_sdc
_r δbnl + 24-1∗ 0-1˘-
Mdws)vd cdrbqhad sgd de�bhdmbhdr drshl_sdc enqd_bg dudms%δdus()m_ldkx sgnrd enqRJR sq_bjhmf

%δRJR()KB %δKB()_mc udqsdw bts%δudqsdw(-δRJR hr sgd de�bhdmbx nesgd RJR sq_bjhmf enqsgdlnldmstl
du_kt_shnm nesgd ntsfnhmf o_qshbkdr trhmf sgd Qtmfd”Jtss_ ldsgnc-Hshr drshl_sdc trhmf sgd %J‖)o(
dudmsr _r hm sgd b_rd neδRCB2”3)_mc cdodmcr nm sgd rb_ssdqhmf _mfkd %S_akd 0(-
Sgd de�bhdmbx ne sgd KB sqhffdq bntmsdq %δKB( hr drshl_sdc trhmf sgd %J‖)o( dudmsr bnkkdbsdc

trhmf sgd AG1 · SNE sqhffdq-Hsrgnvr _ lnldmstl cdodmcdmbd enqsgd ntsfnhmf oqnsnmr enqsgd
RJR _bbdosdc lnldms_ oRJR / 0-/FdU.b-Sgd de�bhdmbx _qntmc sgd _bbdos_mbd dcfd ne0-/FdU.b
hr ≥64˘)_mc hloqnudr sn ≥84˘ _s0-1FdU.b-δKB qd_bgdr _ ok_sd_t)δKB ≥ 87˘)_s0-5FdU.b-
Sgd qdfhnm nehmsdqdrs_qntmc sgd sgqdrgnkc dmdqfx %AJ ≥ /LdU(hm sgd 01BψJ‖)o(lhrrhmf l_rr
rodbsqtl bnqqdronmcr sn _m ntsfnhmf oqnsnmlnldmstl ne≥1-/FdU.b)vghbg hr rhfmh�b_mskx ghfgdq
sg_m sgd ok_sd_t qdfhnm %/ 0-5FdU.b(-Vd_ookx sgdKBde�bhdmbx bnqqdbshnm enqd_bg dudms_bbnqchmf
sn sgd lnldms_ nesgd ntsfnhmf o_qshbkdr-Etqsgdqlnqd)sgd udqsdw,btsde�bhdmbx bnqqdbshnm hr _ookhdc
enqd_bg dudms_bbnqchmf sn sgd rb_ssdqhmf _mfkdr %Rdbs-2-0 _mc Ehf-5(-
Sgd deedbshud rnkhc _mfkd nesgd RJR rxrsdl).>ε0”ε1)hr du_kt_sdc trhmf _Lnmsd B_qkn rhltk_shnm-

Sgd rnkhc _mfkd _r _ etmbshnm nesgdlnldmstl_mc rb_ssdqhmf _mfkd nesgd ntsfnhmf o_qshbkdr hr cd�mdc
_r

.>ε0”ε1ψo(+ 1ξ
∑ ε1

ε0

c bnrε· δ@bbψo)ε() %0/(

δ@bbψo)ε(+ Mψ_bbdosdc dudmsr(

Mψfdmdq_sdc dudmsr(
- %00(
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-6- RJR _bbdos_mbd _r etmbshnmr nesgd lnldmstl _mc rb_ssdqhmf _mfkd nesgd ntsfnhmf o_qshbkd-

Vd rds_ �wdc hmsdqu_kne.ε_r ε0 ‖ ε1 + .ε-Mψ_bbdosdc dudmsr(_mc Mψfdmdq_sdc dudmsr(_qd
sgd mtladqneoqnsnmr _bbdosdc _mc fdmdq_sdc hm sgd Lnmsd B_qkn rhltk_shnm)qdrodbshudkx-Ehftqd 6
rgnvr sgd nas_hmdc _bbdos_mbd _r _ etmbshnm nesgdlnldmstl_mc sgd rb_ssdqhmf _mfkd nesgd ntsfnhmf
o_qshbkdr-Sgd RJR g_r _ k_qfd lnldmstl _bbdos_mbd hm sgd q_mfd 0-0”1-4FdU.b-Sgd lnldms_ ne
sgd ntsfnhmf oqnsnmr _s/⊗ _qd 1-/4FdU.b enq sgd oψJ‖)o(J‖ dk_rshb rb_ssdqhmf)1-00FdU.b enq
sgd 01BψJ‖)o(00A ∞ J‖ sgqdrgnkc %AJ + /LdU()_mc 1-21FdU.b enqsgd cddokx antmc %AJ ≥
1//LdU(qdfhnm ne sgd j_nmhb mtbkdtr-Sgtr)sgd RJR g_r rte�bhdms_bbdos_mbd sn rstcx sgd =J”
mtbkdtr onsdmsh_kvgdm vd rdkdbsenqv_qc,rb_ssdqhmf _mfkdr-

3- DwodphldmsVkpdrtksr

Ehqrs)vd rgnv sgd oqnsnm s_qfdsc_s_ _soJ‖ + 0-7FdU.b-Ehftqd 7 rgnvr sgd cntakd cheedqdmsh_k
bqnrr rdbshnm _r _ etmbshnm ne sgd lhrrhmf l_rr LψJ‖)o(enq sgd BG1 _mc 01B s_qfdsr oknssdc vhsg
fqddm _mc qdc onhmsr)qdrodbshudkx-Sgd lhrrhmf l_rr %LψJ‖)o((hr b_kbtk_sdc hm sgd jhmdl_shbr enq_
oqnsnm _sqdrs_r sgd s_qfds)_r LψJ‖)o(+ ]ψDJ ∞ Lo ‖ Do(

1 ‖ ψo1J ∞ o1o ‖ 1oJoo bnrεJo({0<1-Sgd
ak_bj chrsqhatshnm bnqqdronmcr sn sgd gxcqnfdm s_qfdsrodbsqtl _mc v_r nas_hmdc ax rtasq_bshmf sgd
01B bnmsqhatshnm eqnl sgd BG1 s_qfdsrodbsqtl-Hm sgd rtasq_bshnm)vd rdssgd s_qfdsl_rr mtladq
%:(hm Dp-%4(dpt_ksn 03 enqsgd BG1 _mc 01 enqsgd 01B s_qfdsr hm sghr _m_kxrhr-Sgd qdonqsdc dqqnqr
_qd rs_shrshb_k-Sgd rxrsdl_shb tmbdqs_hmsx enqsgd _arnktsd bqnrr rdbshnm ctd sn sgd tmbdqs_hmsx hm sgd
de�bhdmbx)cdrbqhadc hm Rdbs-2-2)hr du_kt_sdc _r 2-4˘-
Hm sgdrd rodbsq_)vd bgnnrd sgd enqv_qc,rb_ssdqhmf _mfkd q_mfd 2-4⊗ " εJoψK_a( " 3-4⊗)_r hm

sgd 01B%J‖)o( _m_kxrhr-Sghr rb_ssdqhmf _mfkd hr rdkdbsdc sn trd knv lnldmstl,sq_mredq dudmsr-1

Vd chrb_qc sgd udqx enqv_qc qdfhnm vgdqd sgd a_bjfqntmc bnms_lhm_shnm cnlhm_sdr adb_trd nesgd
vnqrdmdc y,udqsdw qdrnktshnm-Lnqdnudq)sgd rdkdbshnm 2-4⊗ " εJoψK_a(" 3-4⊗ hr rths_akd sn chqdbskx
bnlo_qd sgd nas_hmdc rodbsqtl _mc sgd sgdnqdshb_knmd _sεJoψK_a(+ 3⊗-Vd dmrtqd sg_ssgd rodbsqtl
rg_od cndr mnsbg_mfd vgdm vd bgnnrd _ shfgsdq_mfkd bts2-8⊗ " εJoψK_a(" 3-0⊗-
Ehftqd 8 rgnvr sgd oψJ‖)o(qd_bshnm bqnrr rdbshnm _r _ etmbshnm nesgd lhrrhmf l_rr %LψJ‖)o((-

Sgd ak_bj onhmsr vhsg dqqnqa_qr rgnv sgd dwodqhldms_ku_ktdr-Sghr rodbsqtl v_r nas_hmdc eqnl sgd
gxcqnfdm s_qfdsbnmsqhatshnm %sgd ak_bj onhmsr hm Ehf-7(ax rb_khmf hsax _ e_bsnqnesvn sn bnmrhcdq
sgd cheedqdmbd hm sgd mtladqneoqnsnm s_qfdsr-Sgd bnmsqhatshnm ned_bg qd_bshnm oqnbdrr hr nas_hmdc

1 Hm sgd b_rd neJDJ D437)sgd rb_ssdqhmf _mfkd q_mfd /⊗ " εJoψK_a(" 3-0⊗ v_r bgnrdm-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-7- Cntakd cheedqdmsh_kbqnrr rdbshnm _r _ etmbshnm nesgd lhrrhmf l_rr)LψJ‖)o(-Sgd fqddm _mc qdc rodbsq_
rgnv sgd BG1 _mc 01B s_qfdsc_s_)qdrodbshudkx-Hm sghr _m_kxrhr)vd _cnossgd s_qfdsl_rr mtladq%:(hm Dp-%4(
_r 03 enq sgd BG1 _mc 01 enq sgd 01B s_qfdsr-Sgd gxcqnfdm s_qfdsc_s_)rgnvm ax sgd ak_bj rodbsqtl)_qd
nas_hmdc ax rtasq_bshmf sgd 01B rodbsqtl eqnl sgd BG1 s_qfdsrodbsqtl-

Ehf-8- Sgd oψJ‖)o(bqnrr rdbshnm _r _ etmbshnm neLψJ‖)o(_s0-7FdU.bhr rgnvm ax ak_bj onhmsr vhsg rs_shrshb_k
dqqnqr-Sghr rodbsqtl hr nas_hmdc eqnl sgd gxcqnfdm s_qfdsc_s_ %sgd ak_bj onhmsr hm Ehf-7(ax rb_khmf hsax _
e_bsnqnesvn sn bnmrhcdqsgd cheedqdmbd hm sgd mtladqneoqnsnm s_qfdsr-Sgd rodbsqtl hr �ssdc vhsg sgd sdlok_sd
chrsqhatshnmr)_r rgnvm ax sgd c_rgdc khmdr vhsg cheedqdmsbnknqr hm sgd �ftqd-Sgd qdc khmd chrok_xr sgd sns_k�s
qdrtks-

ax �sshmf sgd c_s_ vhsg sgd b_kbtk_sdc rodbsq_krg_od %b_kkdc ’sdlok_sdr“ gdqd_esdq(ne_kkoqnbdrrdr)
vgdqd sgd enkknvhmf qd_bshnm oqnbdrrdr _qd bnmrhcdqdc9J‖o ∼ oJ‖ %dk_rshb()%ξ/)$∞ξ‖) =Jξo)
%ξ∞ξ‖)$ξξ)=Jξξo)%ξξξ)_mc $ξξξ-Hm sghr �s)sgd bqnrr rdbshnm ned_bg qd_bshnm oqnbdrr hr
bnmrhcdqdc _r _ eqdd o_q_ldsdq-Sgd sdlok_sd chrsqhatshnmr _qd cdqhudc eqnl _LnmsdB_qkn rhltk_shnm-
Sgd �sqdrtksr _qd rgnvm hm sgd �ftqd ax c_rgdc khmdr necheedqdmsbnknqr-
Hm sgdrd sdlok_sdr)ntsfnhmf oqnsnmr nqhfhm_shmf eqnl gxodqnm cdb_xr rtbg _rJ‖o ∼ %ξ/)% ∼

oξ‖ _qd _krn bnmrhcdqdc-Lnqdnudq)qdrnm_mbd oqnctbshnm oqnbdrrdr)rtbg _rJ‖o ∼ J×ψ78/(‖o ∼
=Jξo)J‖o ∼ X ×ξ ∼ ψ=Jξo(nq%X ξξψξ(()_mc J‖o ∼ =J.ψ0121(∼ =Jξo)_qd _krn hmbktcdc-
Gdqd)X × %X ( rs_mcr enq dwbhsdc rs_sdr ne gxodqnmr rtbg _r %ψ041/(_mc $ψ0274(%fqntmc rs_sd
gxodqnm)% nq$(-Vd bnlahmd sgd mnm,qdrnm_ms_mc qdrnm_msoqnctbshnm oqnbdrrdr enqsgd r_ld �m_k
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-0/- Bnlohk_shnm ne cheedqdmsh_kbqnrr rdbshnmr ne sgd J‖o dk_rshb rb_ssdqhmf _soJ‖ + 0-7FdU.b-Ntq
qdrtksr _qd rgnvm ax sgd l_fdms_ onhmsr vhsg rs_shrshb_kdqqnqr-Sgd oqduhntr c_s_ Z33”36[_qd _krn chrok_xdc
hm cheedqdmsbnknqr-

rs_sdr a_rdc nm sgd cheedqdmsh_kbqnrr rdbshnm enqd_bg oqnbdrr ld_rtqdc ax sgd oqduhntr dwodqhldmsr
Z23”32[-Sghr gdkor sn qdctbd sgd mtladqne�so_q_ldsdqr-Ehm_kkx)vd �mc _ qd_rnm_akd �ssn sgd
oψJ‖)o(rodbsqtl)_r rgnvm ax sgd qdc khmd-
Vd nardqud _ bkd_qod_j _qntmc LψJ‖)o(≥ 383LdU.b1 hm Ehf-8)bnqqdronmchmf sn sgd J‖ l_rr

bnlhmf eqnl sgd oψJ‖)o(J‖ dk_rshb oqnbdrr-Sgd fqddm c_rgdc khmd hm Ehf-8 rgnvr sgd dk_rshb
bnlonmdms-Sghr od_j g_r _ vhcsg ne6-0LdU.b1 %ρ()eqnl vghbg sgd lhrrhmf l_rr qdrnktshnm ne
sgd 01B%J‖)o(qd_bshnm hr drshl_sdc sn ad 3-1LdU %ρ(_qntmc sgd sgqdrgnkc %AJ ≥ /LdU(-Sgd
cheedqdmsh_kbqnrr rdbshnm nesgd dk_rshb rb_ssdqhmf hr cdqhudc ax hmsdfq_shmf sgd fqddm cnssdc khmd _mc
nas_hmdc u_ktdr enqu_qhntr rb_ssdqhmf _mfkdr)_mc hr rgnvm ax sgdl_fdms_ onhmsrvhsg rs_shrshb_kdqqnq
a_qr hm Ehf-0/-Hm sghr �ftqd)sgd cheedqdmsh_kbqnrr rdbshnmr ld_rtqdc ax oqduhntr dwodqhldmsr Z33”
36[_qd _krn rgnvmhm nsgdqbnknqr-Sgd du_kt_sdc cheedqdmsh_kbqnrr rdbshnm hr _krn khrsdc hm@oodmchw@-
Vd nardqud qd_rnm_akd _fqddldmsvhsg sgd o_rsqdrtksr)dudm sgntfg sgd rs_shrshb_koqdbhrhnm nesgd
oqduhntr c_s_ hr mnsrn ghfg-
Mdws)vd rgnv sgd 01B%J‖)o( rodbsqtl _soJ‖ + 0-7FdU.b _r _ etmbshnm ne sgd J‖,ahmchmf

dmdqfx)AJ %Ehf-00(-Sgd ak_bj onhmsr vhsg rs_shrshb_kdqqnqa_qr rgnv sgd ld_rtqdc rodbsqtl-Sgd
rxrsdl_shb tmbdqs_hmsx ne sgd ahmchmf dmdqfx _qntmc sgd sgqdrgnkc %AJ ≥ /LdU(hr drshl_sdc sn
ad /-2LdU %Rdbs-2-1(-Vd rdkdbsdc sgd enqv_qc,rb_ssdqhmf _mfkd q_mfd 2-4⊗ " εJoψK_a(" 3-4⊗ hm
sghr _m_kxrhr-Vd bnlo_qd sgd rodbsqtl vhsg sgd sdlok_sd enqsgd pt_rh,eqdd dk_rshb J‖o rb_ssdqhmf
vhsgntsrdbnmc_qx hmsdq_bshnmr hmrhcd sgd s_qfdsmtbkdtr-Gdqd)sgd rdbnmc_qx hmsdq_bshnm ld_mr sgd
hmsdq_bshnm adsvddm sgd qdbnhkhmf J‖ _s sgd �qrs rsdo J‖’o“ ∼ J‖o qd_bshnm _mc sgd qdrhct_k
00A mtbkdtr-Sgd sdlok_sd enqsgd pt_rh,eqdd dk_rshb J‖o rb_ssdqhmf vhsgntsrdbnmc_qx hmsdq_bshnmr
hr cdqhudc ax trhmf sgd Fqddm†r etmbshnm ldsgnc vhsg sgd rdsne o_q_ldsdqr U/ %qd_ko_qs( ; V/

%hl_fhm_qx o_qs(; /LdU-Cds_hkr nesgd b_kbtk_shnm ldsgnc _qd cdrbqhadc hm Rdbs-4-0-
Sgd fqddm cnssdc khmd %J‖’o“ %PE,Dk_rshb((hm Ehf-00 chrok_xr sgd pt_rh,dk_rshb bnlonmdms-Vd

_krn bnmrhcdq hmdk_rshb oqnbdrrdr hm pt_rh,eqdd J‖∞’o“ qd_bshnmr sg_sb_m ad drshl_sdc eqnl ntq
J‖ ∞o c_s_ rgnvm hm Ehf-8-2 Sgd lhwdc hmdk_rshb J‖∞’o“ bnlonmdmshr chrok_xdc ax _ aktd cnssdc

2 Sgd bqnrr rdbshnmr nesgd hmdk_rshb oqnbdrrdr _qd �wdc ax mnql_khyhmf sn sgd dk_rshb oqnbdrr-Enqdw_lokd)
sgd bnmsqhatshnmr neJ‖’o“ ∼ %ξ /)% ∼ oξ‖ _mc J‖’o“ ∼ =Jξo)_qd �wdc ax ntqoqnsnm s_qfdsc_s_-Sgd
qdrnm_mbd)rtbg _r X × _mc J×)oqnctbshnm oqnbdrrdr _qd _krn hmbktcdc _r hm sgd oqnsnm s_qfds_m_kxrhr-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-00- Cntakd cheedqdmsh_k01B%J‖)o( bqnrr rdbshnm _r _ etmbshnm neJ‖ ahmchmf dmdqfx)AJ-Sgd enqv_qc
rb_ssdqhmf _mfkd q_mfd ne2-4⊗ " εJoψK_a(" 3-4⊗ hr rdkdbsdc-Sgd ak_bj onhmsr vhsg rs_shrshb_kdqqnqa_qr rgnv
sgd ld_rtqdc cntakd cheedqdmsh_kbqnrr rdbshnm)_mc cheedqdmsbnknqr rgnv sgd sdlok_sd,�sqdrtksr-Sgd fqddm
cnssdc khmd rgnvr sgd J‖’o“ ∼ J‖o pt_rh,dk_rshb bnlonmdms)b_kbtk_sdc ax sgd Fqddm†r etmbshnm ldsgnc-Hm
sghr �s)vd cn mnshmbktcd rdbnmc_qx hmsdq_bshnmr hmrhcd sgd s_qfdsmtbkdtr-Rdd sgd cds_hkr hm sgd sdws-

khmd %J‖’o“ %PE,Hmdk_rshb((-Etqsgdqlnqd)vd ltrsbnmrhcdqsgd pt_rh,eqdd J‖∞’m“ qd_bshnmr)rtbg
_r J‖’m“ ∼ %ξ‖)% ∼ oξ‖) _mc J‖’m“ ∼ J‖ξ‖o)vgnrd bqnrr rdbshnmr _qd bnmrhcdqdc
eqdd o_q_ldsdqr- Hm Ehf-00)sgd cnssdc khmdr vhsg cheedqdms bnknqr rgnv sgd pt_rh,eqdd J‖∞’m“
bnmsqhatshnmr _mc _ qdc khmd chrok_xr sgd sns_k�sqdrtks-Sgd sdlok_sdr nesgd pt_rh,eqdd qd_bshnmr _qd
rld_qdc ntsax bnmrhcdqhmf sgd lhrrhmf,l_rr qdrnktshnm ne3-1LdU %ρ(-
Vd �mc sg_ssgd sdlok_sd b_m qd_rnm_akx qdoqnctbd sgd ghfgkx tmantmc qdfhnm %AJ " ‖04/LdU()

vgdqd sgd hmdk_rshb oqnbdrrdr %a_bjfqntmc(cnlhm_sd-Gnvdudq)sgdqd dwhrsr _ chr_fqddldmshm sgd
qdfhnm neAJ / ‖04/LdU)vgdqd sgd pt_rh,dk_rshb oqnbdrr hr sgd l_hm bnlonmdms-Sgd φ1<mce ne
sghr �shm sgd qdfhnm ne‖2// " AJ " 3/LdU hr 2//-8)vgdqd sgd mtladqnecdfqddr neeqddcnl
hr mce + 50-Mnsd sg_svd cn mnshmsqnctbd _mx rdbnmc_qx hmsdq_bshnmr adsvddm sgd qdbnhkhmf J‖

_mc sgd qdrhct_k00A mtbkdtr hm sghr �s-Sgd deedbsne rdbnmc_qx hmsdq_bshnm l_mhedrsr hsrdke hm sgd
01B%J‖)o(rodbsqtl-

4- SgdnpdshbVkhmudrshfVshnm

Hshr drrdmsh_ksn hmsqnctbd sgd rdbnmc_qx hmsdq_bshnm adsvddm sgd qdbnhkhmf =J _mc qdrhct_kmtbkdtr
sn qdoqnctbd sgd ld_rtqdc 01B%J‖)o( rodbsqtl-Vd b_kbtk_sd sgd 01B%J‖)o( rodbsqtl trhmf sgd
Fqddm†r etmbshnmldsgncZ37[vhsgu_qhntr u_ktdr nesgd =J”mtbkdtr onsdmsh_k-Vdenkknvsgdoqnbdctqd
nentqoqduhntr sgdnqdshb_keq_ldvnqj Z37[vhsg _ khsskd lnch�b_shnm sn _cc _ jhmdl_shb_kbnqqdbshnm
e_bsnqJ-Vd b_m rd_qbg enq sgd noshltl o_q_ldsdqr ax bnlo_qhmf sgd ld_rtqdc _mc b_kbtk_sdc
rodbsq_-

4-0- SgdnpdshbZkbZkbtkZshnm

Vd sgdnqdshb_kkx du_kt_sd sgd cntakd cheedqdmsh_kbqnrr rdbshnm nesgd ψJ‖)o(qd_bshnm nm _ mtbkd_q
s_qfdstrhmf sgd Fqddm†r etmbshnm ldsgnc-Hm sghr ldsgnc)vd e_bsnqhyd sgd qd_bshnm bqnrr rdbshnm hmsn
sgd mtbkd_qqdronmrd etmbshnm RψD(_mc dkdldms_qx bqnrr rdbshnm nesgd oψJ‖)o(J‖ qd_bshnm vhsg
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

sgd hlotkrd _ooqnwhl_shnm)

∣
c1ρ

c>cD

(k_a

:
+

∣
cρ

c>

(k_a

dkd
· RψD(- %01(

Hm sghr eq_ldvnqj)sgd dkdldms_qx bqnrr rdbshnm cdsdqlhmdr sgd _arnktsd rhyd nesgd qd_bshnm bqnrr
rdbshnm-Hm sghr _m_kxrhr)sgd _arnktsd rhyd hr nmd nesgd �sshmf o_q_ldsdqr sn qdoqnctbd sgd c_s_ _s_
r_shre_bsnqx kdudk-Sgd mtbkd_qqdronmrd etmbshnm RψD(hr vqhssdm _r

RψD(+ ‖ 0

ξ
Hl

]

e

J
∑

cqcq�σzeψq(FψD :q)q�(σeψq�() %02(

vgdqd sgd rtll_shnm hr s_jdm nudq_kkonrrhakd �m_krs_sdr-J hr sgd jhmdl_shb_kbnqqdbshnm e_bsnq)
vghbg hr hmbktcdc sn lnchex ntqsgdnqdshb_keq_ldvnqj hm Qde-Z37[_mc hr cd�mdc _r

J +
)

〉c�
o
:〉

〉c�
o〉

DoD→
J

D :
o D

→:
J

〉

0∞
D→
o

D→
J

〉c�
J〉‖ 〉co〉bnrεJo

〉c�
o〉

([ k_a

) %03(

vgdqd sgd rtodqrbqhos: rgnvr sg_ssgd lnldms_ _mc dmdqfhdr _qd du_kt_sdc hm sgd jhmdl_shbr nesgd
mtbkd_q s_qfdsZ38[-D _mc D→_qd sgd dmdqfhdr ne hmbhcdms_mc dlhssdc o_qshbkdr)qdrodbshudkx-Sgd
r_ld gnkcr enqsgd lnldms_ c _mc c�-Sgd rtodqrbqhos’k_a“ rgnvr sg_ssgd jhmdl_shb_ku_qh_akdr _qd
du_kt_sdc hm sgd k_anq_snqx eq_ld-
Sgd _lokhstcdσe cdmnsdr sgd sq_mrhshnm nesgd hmbhcdmso_qshbkd %J‖(sn sgd oqnsnm gnkd _mc ntsfnhmf

o_qshbkd %o()hmunkuhmf sgd oqnsnm,gnkd v_ud etmbshnm χio _mc chrsnqsdc v_udr)φh _mc φe)ne sgd
oqnidbshkd _mc didbshkd s_jhmf sgd _ooqnoqh_sd rohm rtl

σeψq(+ φ×
eψq(µ×

0<1)lr
X̂ ×
kJ ψ̄q(∓ χioψq([ILφhψq( %04(

vhsg sgd ldrnm _mftk_qv_ud etmbshnm XkJ ψ̄q(_mc rohm v_ud etmbshnm µ×
0<1)lr

ne sgd didbshkd-Sgd
lnldmstl chrsqhatshnmr nesgd mtbkdnmr hmrhcd sgd s_qfdsmtbkdtr _qd cdsdqlhmdc ax sgdhqg_qlnmhb
nrbhkk_snqv_ud etmbshnmr hm sgd bnnqchm_sd ro_bd-Sgd chrsnqsdc v_udr _qd vqhssdm vhsg sgd chrsnqshnm
e_bsnqEψq(_r

φ×
eψq(φhψq(+ dwoψhp �q(Eψq() %05(

vhsg sgd lnldmstl sq_mredqp-Sgd chrsnqshnm e_bsnqEψq(hr cd�mdc _r

Eψq(+ dwo
)
‖0

1
=ρ

∑ ′

‖′
cy→=πψy→)K(

[
) %06(

vgdqd =ρ hr sgd _udq_fdc chrsnqshnm bqnrr rdbshnm cd�mdc _r

=ρ + ρ =JM ∞ ρoM

1
) %07(

vhsg sgd sns_kbqnrr rdbshnmr nesgd hmbhcdmsj_nm _mc dlhssdc oqnsnm vhsg sgd mtbkdnmr hm sgd mtbkdtr-
Sgd _udq_fdc mtbkd_qcdmrhsx =πψy→)K(hm Dp-%06(hr fhudm hm sgd ad_l chqdbshnm bnnqchm_sd y→)vhsg
hlo_bso_q_ldsdqK)ax _ lnch�dc g_qlnmhb nrbhkk_snqchrsqhatshnm _r

=πψp(+ π/

)

0∞ =Z
∣
p
=Q

(1
[

dwo

)

‖
∣
p
=Q

(1
[

%08(
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

hm onk_qbnnqchm_sdr)vhsg sgd _udq_fdc o_q_ldsdqr =Q _mc =Z cd�mdc _r

=Q + Qh∞ Qe

1
%1/(

_mc

=Z + Zh∞ Ze
1

%10(

vhsg sgd cdmrhsx o_q_ldsdqr ne sgd mtbkdh hm sgd hmhsh_k _mc �m_k rs_sdr-Vd trd Qh + 0-561 el)
Qe + 0-58/ el)Zh + 0-04/)_mc Ze + /-700 Z4/[-
Sgd Fqddm†r etmbshnm FψD(bnms_hmr sgd j_nm”mtbkdtr noshb_konsdmsh_khm sgd G_lhksnmh_m GJ)

FψD )q)q�(+
]
o‖0

����τJψq(
0

D ‖ GJ ∞ hδ
τzψq(

����o
‖0

〈
) %11(

vgdqd τ
z
J hr sgd j_nm bqd_shnm nodq_snq)_mc 〉o‖0}sgd oqnsnm,gnkd rs_sd Z37)40)41[-Sgd j_nm dmdqfx

D hr cd�mdc _r D + SJ ‖ So ‖ Ro)vgdqd SJ hr sgd hmbhcdmsj_nm jhmdshb dmdqfx)So sgd dlhssdc
oqnsnm jhmdshb dmdqfx)_mc Ro sgd oqnsnm rdo_q_shnm dmdqfx eqnl d_bg oqnsnm rhmfkd,o_qshbkd kdudk
%rdd S_akd HHHneQde-Z42[(-
Nas_hmhmf sgd Fqddm†r etmbshnm vhsg noshb_konsdmsh_khr drrdmsh_kkx dpthu_kdmssn rnkuhmf sgd _rrn,

bh_sdc dpt_shnm nelnshnm)_r dwok_hmdc hm cds_hkhm Qder-Z37)40)41)43[-Vd b_m b_kbtk_sd sgd mtbkd_q
qdronmrd etmbshnm RψD(eqnlσ

z
eψq(FψD :q)q�(σeψq�(ax odqenqlhmf _ooqnoqh_sd mtldqhb_khmsdfq_shnm

enqsgd u_qh_akdr q _mc q�-Hm sgd Fqddm†r etmbshnm enql_khrl)vd b_m b_kbtk_sd sgd qdronmrd etmbshnm
RψD(enqansg antmc _mc pt_rh,eqdd j_nm oqnctbshnm dmdqfx qdfhnmr)_mc vd odqenql sgd rtll_shnm
nesgd j_nm �m_krs_sdr vhsgnts_rrtlhmf sgd dwhrsdmbd nechrbqdsd j_nm,antmc rs_sdr)vghbg bntkc
chr_ood_qhm sgd b_rd nesgd rsqnmfkx _arnqoshud noshb_konsdmsh_k-
@r enqsgd j_nm”mtbkdtr hmsdq_bshnm)vd o_q_ldsqhyd sgd noshb_konsdmsh_k_r

Tψp)D(+ ψU/ ∞ hV/eog_rdψD((
πψp(

πψ/(
) %12(

_mc vd hmsqnctbd U/ _mc V/)rgnvhmf sgd rsqdmfsg ne sgd noshb_konsdmsh_k_ssgd mtbkd_q bdmsdq)
sn _m_kxyd sgd dwodqhldms_kc_s_ _mc nas_hm mdv hmenql_shnm nm j_nm”mtbkdtr hmsdq_bshnm-Vd trd
sgd r_ld etmbshnm_kenql _r hm Dp-%08(enqsgd cdmrhsx chrsqhatshnm πψp(hm Dp-%12()_mc jddo sgd
r_ld chrsqhatshnmr enq oqnsnmr _mc mdtsqnmr-Sgd onhmsmtbkdnm cdmrhsx chrsqhatshnmr _qd cdctbdc
eqnl πψp(hm Dp-%08(ax trhmf sgd oqdrbqhoshnm cdrbqhadc hm Qde-Z44[sn du_kt_sd sgd j_nm”mtbkdtr
noshb_konsdmsh_k-Mns_akx)sgd hl_fhm_qx o_qsnesgd noshb_konsdmsh_kg_r _m dmdqfx cdodmcdmbd uh_
eog_rdψD(hm sghr b_kbtk_shnm Z10)37[-Rhmbd sgd hl_fhm_qx o_qsnesgd onsdmsh_kcdrbqhadr sgd _arnqoshnm
neldrnmr enkknvdc ax cdb_x oqnbdrrdr)rtbg _r =J ∞ M ∼ ξ ∞ X _mc =J ∞ M ∞ M ∼ X ∞ M)
hsr dmdqfx cdodmcdmbd b_m ad du_kt_sdc _r _ �qrs_ooqnwhl_shnm ax sgd og_rd ro_bd unktld nesgd
cdb_x oqnbdrrdr-Vd bnmrhcdqsvn sxodr necdb_x oqnbdrrdr)ldrnmhb cdb_x =J ∞ M ∼ ξ ∞ X _mc
mnm,ldrnmhb cdb_x =J ∞ M ∞ M ∼ X ∞ M)_mc hmsqnctbd sgd dmdqfx cdodmcdmbd hm sgd hl_fhm_qx
o_qsax _rrtlhmf sgd r_ld cdodmcdmbd _r sgd og_rd ro_bd unktld ned_bg oqnbdrr-Vd _krn _rrtld
sg_ssgd aq_mbghmf q_shnr neldrnmhb %0M _arnqoshnm(_mc mnm,ldrnmhb %1M _arnqoshnm(cdb_xr _qd
7/˘ _mc 1/˘)qdrodbshudkx)ax qdedqqhmf sn sgd c_s_ nesgd rsnoodc J‖ qd_bshnm Z14[-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-01- Bnlo_qhrnm adsvddm sgd ld_rtqdc rodbsqtl _mc sdlok_sd �svhsg cheedqdmsnoshb_konsdmsh_kr-Sgd
ak_bj onhmsr vhsg dqqnqa_qr chrok_x sgd ld_rtqdc rodbsqtl-Sgd c_rgdc khmdr hm cheedqdmsbnknqr rgnv sgd �s
qdrtksr trhmf cheedqdmsonsdmsh_kcdosgr nesgd qd_ko_qs%U /(-Sgd hl_fhm_qx o_qshr �wdc _ssgd noshltl u_ktd
neV/ + ‖3/LdU-Sgd bnlo_qhrnmr vhsg sgd qd_ko_qsonsdmsh_kr neU / + ψ/)‖3/)‖7/)‖01/)‖04/(LdU
_mc U / + ψ‖7/)‖1//)‖14/)‖2//(LdU _qd rgnvm hm %_)a(_mc %b)c()qdrodbshudkx-Sgd rodbsq_ vhsg khmd_q
_mc rdlh,knf rb_kd _qd rgnvm hm %_)b(_mc %a)c()qdrodbshudkx-

4-1- BnloZphrnm vhsg sgd sgdnpdshbZkrodbspZ

Vd bnlo_qd sgd ld_rtqdc _mc sgdnqdshb_k rodbsq_ sn rd_qbg enq sgd noshltl o_q_ldsdqr ne sgd
noshb_konsdmsh_kadsvddm =J _mc sgd qdrhct_kmtbkdtr-Ehftqd 01 rgnvr _ bnlo_qhrnm adsvddm sgd
oqdrdmsc_s_ _mc sdlok_sdr nas_hmdc ax bg_mfhmf sgd noshb_konsdmsh_ko_q_ldsdqr-Ak_bj onhmsr vhsg
dqqnqa_qr chrok_x sgd ld_rtqdc rodbsqtl-Hm Ehf-01%_(_mc %a()d_bg bnknqdc khmd bnqqdronmcr sn _
cheedqdmsu_ktd nesgd qd_ko_qsnesgd noshb_konsdmsh_k)U/ + /)‖3/)‖7/)‖01/)_mc ‖04/LdU-
Sgd hl_fhm_qx o_qshr �wdc _ssgd noshltl u_ktd neV/ + ‖3/LdU-
Sgd od_j onrhshnm nesgd pt_rh,dk_rshb bnlonmdms)AJ ≥ ‖4/LdU)_mc sgd xhdkc q_shn adsvddm sgd

tmantmc %AJ " /(_mc antmc %AJ / /(qdfhnmr)rsqnmfkx cdodmc nm U/-Ehftqd 01%_(rgnvr sg_ssgd
ld_rtqdc rodbsqtl hr adrsqdoqnctbdc vhsg sgd onsdmsh_kcdosg U/ + ‖7/LdU)vgdqd sgd φ1<mce
nesghr �shm sgd qdfhnm ne‖2// " AJ " 3/LdU hr 06-1-Sgd φ1<mce hr 2//-8 vgdm vd bgnnrd
sgd o_q_ldsdqrdsr neψU/)V/(+ ψ/)/(LdU _r cdrbqhadc hm Rdbs-3-Sgd φ1<mce u_ktd hr hloqnudc
ax hmsqnctbhmf sgd rdbnmc_qx hmsdq_bshnm adsvddm qdbnhkhmf J‖ _mc qdrhct_kmtbkdtr-@oodmchw A
rgnvr _ cds_hkdc bnlo_qhrnm adsvddm sgdld_rtqdc rodbsqtl_mc sdlok_sd �svhsg u_qhntr =J”mtbkdtr
onsdmsh_kr-Rhmbd sgd noshltlonsdmsh_k%U/ + ‖7/LdU(hr _ssq_bshud)sgdqd dwhrsr _ antmc rs_sd hm sgd
b_kbtk_sdc rodbsqtl-Sgd ahmchmf dmdqfx _mc cdb_x vhcsg vhsg sgd noshltl onsdmsh_ko_q_ldsdqr)
ψU/)V/(+ ψ‖7/)‖3/(LdU)_qd AJ + 20LdU _mc ) + 42LdU)qdrodbshudkx-@oodmchw B
cdrbqhadr sgd cds_hkr nesgd b_kbtk_sdc rodbsqtl vhsg sgd noshltl onsdmsh_ko_q_ldsdqr-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-02- %_(Svn,chldmrhnm_koknsadsvddm AJ _mc snead_l nesgd hmbhcdmsad_l o_qshbkdr-Sgd shld neerdshr
_citrsdc sn ad snead_l + / enq sgd ohnm ad_l-%a(Sgd snead_l rodbsqtl vgdm vd bgnnrd sgd antmc qdfhnm)
AJ / /LdU-

Gnvdudq)vgdmvd du_kt_sd sgd cddokx antmc qdfhnm AJ ≥ 0//LdU)vd�mc _ rhfmh�b_msdmg_mbd,
ldmshm sgdld_rtqdc rodbsqtleqnlsgd�sqdrtks)_r rddm hmEhf-01%a(_mc sgdlhcckd _mc qhfgs�ftqdr
hm Ehfr-A-0 _mc A-1-Vd mddc sn _cnos_ ltbg cddodqqd_konsdmsh_krn _r sn qdoqnctbd sgd rsqdmfsg
_qntmc sgd cddokx antmc qdfhnm vhsg sghr eq_ldvnqj-Ehftqd 01%b( _mc %c( rgnv sgd sdlok_sd,�s
qdrtksr vhsg udqx cddo qd_konsdmsh_kr)U/ + ‖1//)‖14/)_mc‖2//LdU-Vgdm vd _cnosrtbg cddo
onsdmsh_kr)sgd xhdkc _qntmc sgd cddokx antmc qdfhnm adbnldr k_qfdqsg_m sgd ld_rtqdc rodbsqtl-
Gnvdudq)rtbg cddo onsdmsh_kr b_m g_qckx qdoqnctbd sgd rg_kknv antmc qdfhnm AJ ≥ /LdU _mc
pt_rh,dk_rshb qdfhnm AJ ≥ ‖4/LdU-Bnmrdptdmskx)hshr bg_kkdmfhmf sn qdoqnctbd sgd cddokx antmc)
rg_kknv antmc)_mc tmantmc qdfhnmr rhltks_mdntrkx vhsg sghr eq_ldvnqj-Hm sgd b_kbtk_shnm vhsg
udqx cddo qd_konsdmsh_k)rsqtbstqdr qdrtkshmf eqnl sgd pt_rh,antmc rs_sdr nesgd j_nmhb mtbkdtr _ood_q
adb_trd nesgd dmdqfx cdodmcdmbd nesgd hl_fhm_qx onsdmsh_kuh_ eog_rdψD(hm Dp-%12(-
Vddu_kt_sdcsgd a_bjfqntmcneo_qshbkdlhrhcdmsh�b_shnmnesgdψJ‖)o(qd_bshnmhmnqcdqsn bnm�ql

sgd dmg_mbdldmshm sgd cddokx antmc qdfhnm-Ehftqd 02%_(rgnvr sgd svn,chldmrhnm_koknsadsvddm
sgdJ‖ ahmchmf dmdqfx)AJ)_mc sgd shld nefihfgs)snead_l)nesgd hmbhcdmsad_l o_qshbkd-Ehftqd 02%a(
rgnvr sgd snead_l rodbsqtl vgdm vd bgnnrd sgd antmc qdfhnm)AJ / /LdU-Sgd ak_bj khmdr _krn
chrok_x sgd shld vhmcnv enqsgd J‖ ad_l rdkdbshnm)‖2 " snead_l " ‖/-51 mr-Sgd a_bjfqntmc ξ‖

ad_l bnms_lhm_shnm hmrhcd sghr shld vhmcnv hr drshl_sdc sn ad /-0˘ ax rdkdbshmf sgd antmc qdfhnm
AJ / /LdU-Rhmbd sgd J0-7 ad_lkhmd g_c svn dkdbsqnrs_shb rdo_q_snqr %DRR0 _mc DRR1(_mc sgd
ohnm cdsdbshnm de�bhdmbx nesgd A@B cdsdbsnqv_r ghfg)sgd a_bjfqntmc ξ‖ ad_l bnms_lhm_shnm hr
vdkkrtooqdrrdc-Sgd a_bjfqntmc bnms_lhm_shnm enqsgd ntsfnhmf oqnsnm rdkdbshnm hr _krn mdfkhfhakx
rl_kkadb_trd sgd lnldmstl ne ntsfnhmf oqnsnmr hm sgd qdfhnm ne hmsdqdrshr � 1FdU.b _mc sgd
lnldmstl nentsfnhmf J∞ _mc ξ∞ rgntkc ad rl_kkdqsg_m 0-6FdU.b jhmdl_shb_kkx-
Lnqdnudq)vd bnmrhcdq _cchshnm_ka_bjfqntmc adb_trd ne sgd hm,fihfgscdb_x ne ad_l J‖-Sgd

onrrhakd a_bjfqntmc qd_bshnm hr J‖ ∼ ξ‖ξ/)ξ’o“∼ ξo-Vgdm sgd ad_l J‖ cdb_xr adsvddm
A@B _mc sgd dwodqhldms_ks_qfds)hsbntkc adlhrhcdmsh�dc _r sgd ad_lJ‖-Gnvdudq)sgdlnldmstl
nesgd rb_ssdqdc oqnsnm eqnl sghr a_bjfqntmc qd_bshnm rgntkc ad ! 1FdU.b adb_trd sgd lnldmstl
neξ eqnl sgdJ‖ cdb_x hr! 0-6FdU.b-Sgdqdenqd)sghr a_bjfqntmc cndr mns_eedbssgd antmc qdfhnm
AJ / /LdU-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-03- %_(B_kbtk_sdc rodbsq_ ax sgd Fqddm†r etmbshnm ldsgnc-Sgd cheedqdmsbnknqdc khmdr bnqqdronmc sn sgd
cheedqdmsu_ktdr nesgd q_shn adsvddm sgd 0M _mc 1M _arnqoshnm-Sgd o_q_ldsdqr nesgd onsdmsh_kcdosg _qd �wdc
sn sgd noshltl u_ktdr neψU /)V/(+ ψ‖7/)‖3/(LdU-%a(L_fmh�dc uhdv ne%_(sn rdd sgd rl_kkbqnrr rdbshnm
qdfhnm-%b(Bnlo_qhrnm adsvddm sgd ld_rtqdc rodbsqtl _mc sdlok_sd �sqdrtksvhsg cheedqdmsaq_mbghmf q_shn
u_ktdr-Sgd ak_bj onhmsr vhsg dqqnqa_qr chrok_x sgd ld_rtqdc rodbsqtl-Sgd c_rgdc khmdr hm cheedqdmsbnknqr
rgnv sgd �sqdrtksr trhmf cheedqdmsaq_mbghmf q_shn u_ktdr-@krn hm sghr �s)vd �w sgd o_q_ldsdqnesgd onsdmsh_k
cdosg _r ψU /)V/(+ ψ‖7/)‖3/(LdU-

Mnsd sg_sI,O@QB D04 nardqudc _ rhfmh�b_msdudmsdwbdrr hm sgd antmc qdfhnm _r _ knmf s_hkhm
sgd rdlh,hmbktrhud 2GdψJ‖)m(rodbsqtl Z45[-Sgd a_bjfqntmc kdudkhm sg_sqdfhnm v_r q_sgdqghfg
adb_trd ne sgd a_bjfqntmc oqnbdrr J‖’M“ ∼ ξ$∞)$∞ ∼ ξ∞m)vghbg g_r _ knmf s_hkto sn
AJ / 0//LdU-A_rdc nm sgd jhmdl_shbr nesgd cheedqdmsad_l lnldms_)sghr a_bjfqntmc oqnbdrr
cndr mnsbnmsqhatsd sn ntqrodbsqtl hm sgd qdfhnm AJ / 0//LdU-Mnsd sg_svd _krn bnmrhcdqsgdrd
a_bjfqntmc oqnbdrrdr negxodqnm cdb_xr rtbg _rJ‖’M“∼ ξX )X ∼ ξo hm sgd sdlok_sd,�s_m_kxrhr
cdrbqhadc _anud-Ehm_kkx)vd bnm�ql sg_ssgd bnms_lhm_shnm nesgd a_bjfqntmc hm sgd cddokx antmc
qdfhnm hr mdfkhfhakx rl_kk_mc sgd dmg_mbdldmsnqhfhm_sdr eqnl sgd 01BψJ‖)o(qd_bshnm-

5- Chrbtrrhnm
5-0- HmsdpopdsZshnm ax bgZmfhmf sgd apZmbghmf pZshn ne0M Zmc 1M Zarnposhnmr

Vd bg_mfd sgd aq_mbghmf q_shn ne sgd ldrnmhb %0M _arnqoshnm( _mc mnm,ldrnmhb %1M _arnqoshnm(
cdb_xr sn qdoqnctbd sgd dudmsdwbdrr hm sgd cddokx antmc qdfhnm-@r cdrbqhadc hm Rdbs-4-0)sghr
aq_mbghmf q_shn _eedbsr sgd hl_fhm_qx o_qsnesgd =J”mtbkdtr onsdmsh_k-Hm sgd _m_kxrhr odqenqldc rn
e_q)vd _rrtldc sgd aq_mbghmf q_shn _r 7/˘ %0M _arnqoshnm(_mc 1/˘ %1M _arnqoshnm(a_rdc nm sgd
oqduhntr c_s_ nesgd rsnoodcJ‖ qd_bshnm Z14[-Ehftqd 03%_(rgnvr sgd rodbsq_ b_kbtk_sdc ax bg_mfhmf
sgd q_shn adsvddm sgd 0M _mc 1M _arnqoshnm oqnbdrrdr-Sgd o_q_ldsdqr ne sgd onsdmsh_kcdosg _qd
�wdc sn sgd noshltl u_ktdr neψU/)V/(+ ψ‖7/)‖3/(LdU-Ehftqd 03%a(rgnvr _ l_fmh�dc uhdv
enq sgd AJ / /LdU qdfhnm-Vd �mc sg_ssgd aq_mbghmf q_shn cndr mns rhfmh�b_mskx bg_mfd sgd
rodbsqtl hm sgd AJ " 4/LdU qdfhnm-Gnvdudq)sgd rodbsqtl hm sgd cddokx antmc qdfhnm hr _eedbsdc
_r rgnvm %Ehf-03%a((-Sgd xhdkc _qntmc sgd cddokx antmc qdfhnm adbnldr k_qfdqvgdm vd _rrtld
_ k_qfdq aq_mbghmf q_shn ne sgd 1M _arnqoshnm-Sgdm)vd odqenql _ sdlok_sd �sax bg_mfhmf sgd
aq_mbghmf q_shn vghkd �whmf sgd o_q_ldsdqr nesgd onsdmsh_kcdosg _r ψU/)V/(+ ψ‖7/)‖3/(LdU
%Ehf-03%b((-Sgd dudms_qntmc sgd cddokx antmc qdfhnm b_m ad o_qskx dwok_hmdc vgdm sgd aq_mbghmf
q_shn ne sgd 1M _arnqoshnm hr k_qfd-Gnvdudq)dudm he vd _rrtld sgd dwsqdld _arnqoshnm q_shn ne
ψ0M 91M(+ ψ/˘ 90//˘()vd b_mmnsqdoqnctbd sgd cddokx antmc qdfhnm vdkk)_r rgnvm ax sgd qdc
c_rgdc khmd-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-04- %_(Sdlok_sd �sqdrtksax _cchmf _ Aqdhs”Vhfmdqetmbshnm-Sgd nq_mfd g_sbgdc rodbsqtl chrok_xr sgd
Aqdhs”Vhfmdqbnlonmdms-Sgd fqddm c_rgdc khmd rgnvr sgd b_kbtk_sdc rodbsqtl vhsg sgd noshb_konsdmsh_kne
ψU /)V/(+ ψ‖7/)‖3/(LdU-Sgd nsgdqbnknq_rrhfmldmsr _qd sgd r_ld _r hm Ehf-00-%a(L_fmh�dc uhdv ne%_(
enqsgd rl_kkbqnrr rdbshnm qdfhnm-

Lnqdnudq)vd dw_lhmd nsgdqa_bjfqntmc oqnbdrrdr nenmd,rsdo svn,mtbkdnm _arnqoshnm _mc svn,
rsdo sgqdd,mtbkdnm _arnqoshnm-@oodmchw C cdrbqhadr sgd cds_hkr-Rhlhk_qchrbtrrhnmr _qd _krn fhudm
hm Qde-Z46[-Vd entmc sg_ssgdrd a_bjfqntmc oqnbdrrdr b_m _krn mnsdwok_hm sgd dmg_mbdldmshm sgd
cddokx antmc qdfhnm-

5-1- HmsdpopdsZshnm ax hmspnctbhmf Zm ZcchshnmZkpdrnmZmsrsZsd

Rhmbd hs hr mns onrrhakd sn qdoqnctbd sgd dudms dwbdrr hm sgd oqdrdms eq_ldvnqj)vd chrbtrr hsr
onrrhakd hmsdqoqds_shnm-Vd rhlokx _cc _ Aqdhs”Vhfmdq etmbshnm hm sgd �sshmf rn _r sn qdoqnctbd
sgd ld_rtqdc rodbsqtl-Ehftqd 04 rgnvr sgd �sshmf qdrtks)vgdqd sgd nq_mfd g_sbgdc rodbsqtl
chrok_xr sgd Aqdhs”Vhfmdqbnlonmdms-Sgd fqddm cnssdc khmd rgnvr sgd sgdnqdshb_kb_kbtk_shnm vhsg
sgd noshltl o_q_ldsdqrds-Sgd nas_hmdc φ1<mce u_ktdr vhsg _mc vhsgntssgd Aqdhs”Vhmfdqetmbshnm
_qd 8-3 _mc 20-6)qdrodbshudkx-
Ehftqd 05 rgnvr sgd svn,chldmrhnm_k φ1 oknsr _r etmbshnmr ne sgd U/ _mc V/ o_q_ldsdqr-

Ehftqd 05%_(rgnvr sgd qdrtksvhsgnts_ Aqdhs”Vhfmdqetmbshnm hm sgd �sshmf qdfhnm ne3/ / AJ /

‖2//LdU-Hm sghr �s)sgd dmg_mbdc cddokx antmc qdfhnm hr dwbktcdc-Ehftqd 05%a(rgnvr sgd qdrtks
hmbktchmf _ Aqdhs”Vhfmdq etmbshnm-Sgd vghsd _rsdqhrj rgnvr sg_s sgd φ1 lhmhltl hr entmc _s
ψU/)V/(+ ψ‖7/)‖3/(LdU-Sgd φ1 chrsqhatshnmr _qd drrdmsh_kkx sgd r_ld-Ax bnmrhcdqhmf sgd
φ1 chrsqhatshnm)sgd rs_shrshb_ktmbdqs_hmshdr neU/ _mc V/ _qd drshl_sdc sn ad ∗1LdU-Lnqdnudq)
sgd rxrsdl_shb tmbdqs_hmshdr)vghbg _qd du_kt_sdc ax bg_mfhmf sgd �sshmf q_mfd _mc bnlo_qhmf sgd
qdrtksr vhsg _mc vhsgnts_ Aqdhs”Vhfmdqetmbshnm)_r hm Ehf-05%_(_mc %a()_qd ∗4LdU enqU/ _mc
∗0/LdU enqV/-Sgd noshltl qd_konsdmsh_k)U/ + ‖7/LdU)bnqqdronmcr sn sgd ’rg_kknv“ onsdm,
sh_koqdchbsdc ax sgd bghq_klncdkr _r cdrbqhadc hm Rdbs-0-Nm sgd nsgdqg_mc)sgd ’cddo“ onsdmsh_k)
U/ ! ‖04/LdU)b_mmnsqdoqnctbd sgd ld_rtqdc rodbsqtl-
Sgd od_j onrhshnm _mc vhcsg nesgd Aqdhs”Vhfmdqetmbshnm _qd AJ + 8/LdU _mc ) + 0//LdU)

qdrodbshudkx-Sgd rs_shrshb_ktmbdqs_hmshdr nm sgd od_j onrhshnm _mc cdb_xvhcsg _qd kdrr sg_m∗0/LdU-
Sgd oqnctbshnm bqnrr rdbshnm nesgd Aqdhs”Vhfmdqbnlonmdmshr nas_hmdc _r cρ<c> ≥ 7/θa rq‖0)
vgdqd sgd rs_shrshb_ktmbdqs_hmsx hr∗2θa.rq-Sgd rxrsdl_shb tmbdqs_hmshdr b_kbtk_sdc ax bg_mfhmf sgd
�sshmf q_mfd _qd _krn kdrr sg_m ∗0/LdU-Ax bg_mfhmf sgd aq_mbghmf q_shn adsvddm sgd 0M _mc 1M
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-05- Svn chldmrhnm_kφ 1 oknsr _r etmbshnmr nesgd U / _mc V/ o_q_ldsdqr-Sgd vghsd _rsdqhrj rgnvr sgd
o_q_ldsdq rdsfhuhmf sgd lhmhltl φ 1-%_(Svn,chldmrhnm_kφ 1 chrsqhatshnm vhsgntsAqdhs”Vhfmdqetmbshnm-
Hm sghr �s)vd bgnnrd sgd �sshmf qdfhnm 3/ / AJ / ‖2//LdU sn dwbktcd sgd dudmsdwbdrr qdfhnm-%a(Svn,
chldmrhnm_k φ 1 chrsqhatshnm vhsg _ Aqdhs”Vhfmdq etmbshnm- Hm sghr �s) sgd �sshmf qdfhnm hr 2// / AJ /

‖2//LdU-

_arnqoshnmr)_r hm Ehf-03)sgd od_j onrhshnm _mc cdb_x vhcsg _qd bg_mfdc ax≥0/LdU _mc≥4LdU)
qdrodbshudkx-Sgd oqnctbshnm bqnrr rdbshnm hr _krn _eedbsdc ax sgd _rrtloshnm nesgd aq_mbghmf q_shn-
Vgdm vd _rrtld sgd dwsqdld _arnqoshnm q_shn ne %0M 91M(; %/˘ 90// ˘()sgd du_kt_sdc bqnrr
rdbshnm bg_mfdr sn 4/θa.rq-
Vg_shr _ onrrhakd hmsdqoqds_shnm nesgd Aqdhs”Vhfmdqbnlonmdms= @r cdrbqhadc)vd g_ud _ pt_rh,

antmc rs_sd nesgd j_nmhb mtbkdtr hm sgd b_kbtk_shnm-@ onrrhakd hmsdqoqds_shnm hr _ antmc rs_sd adsvddm
_ X × _mc qdrhct_kmtbkdtr)b_kkdc sgd X ×,mtbkdtr-Gdqd)X × rgntkc ad %ψ03/4(nq$ψ0274(adb_trd
sgd X × l_rr rgntkc ad rl_kkdq sg_m sgd =JM sgqdrgnkc-@ antmc rs_sd ne%, nq$,gxodqmtbkdhhr
che�btkssn bnmidbstqd adb_trd sgd dmdqfx qdfhnm hr pthsd cheedqdms-
Ehftqd06hkktrsq_sdr _ rbgdl_shbuhdvnesgd dwbhs_shnm dmdqfx rodbsqtlcdodmchmfnmsgdonsdmsh_kr-

Sgd fqddm c_rgdc khmd rgnvr _ rbgdl_shb rodbsqtl vhsgnts_mx rdbnmc_qx hmsdq_bshnm)_mc sgd ak_bj
khmd rgnvr _m dwodbsdc rodbsqtl ctd sn T=J-Adb_trd nesgd rsqnmf _ssq_bshnm nesgd qd_konsdmsh_k
U =J)sgd od_j onrhshnm ne sgd pt_rh,dk_rshb oqnbdrr rgntkc ad rghesdc sn sgd knvdql_rr rhcd-Sgd
qdc g_sbgdc _qd_ rgnvr sgd hl_fhm_qx o_qsbnlonmdmsVJ-Adb_trd ne sgd _arnqoshud hl_fhm_qx
onsdmsh_kr)sgd od_j gdhfgsnesgd pt_rh,eqdd qd_bshnm rgntkc ad rtooqdrrdc-
Sgd nq_mfd �kkdc _qd_ rgnvr _ bnlonmdmsnesgd pt_rhantmc,rs_sd nesgd X × mtbkdtr hm sgd cddokx

antmc qdfhnm-@r rgnvm hm Ehf-06)vd rtoonrd sg_s sgd X × oqnctbshnm uh_ sgd =JM _arnqoshnm)
J‖’o“ ∼ J‖oψld_rtqdc()J‖M ∼ X × rhfmh�b_mskx hmfitdmbdr sgd oqnctbshnm ne sgd X × mtbkdtr-
Sghr ld_mr sg_ssgd X ×,mtbkdtr vhkkad oqnctbdc adb_trd ne sgd rsqnmf _ssq_bshud onsdmsh_k)UX ×)
adsvddm sgd X × uh_ sgd =JM _arnqoshnm _mc qdrhct_kmtbkdtr-Gdqd)oψld_rtqdc(hr sgd oqnsnm ld_rtqdc
ax ntq rodbsqnldsdq-@ rhlhk_q chrbtrrhnm v_r _krn fhudm enq sgd oqnctbshnm ne _ mdtsqnm,qhbg %

gxodqmtbkdtr 5%G uh_ sgd 5Khψξ‖)J∞(qd_bshnm %I,O@QB D0/ dwodqhldms(Z47)48[-Hsv_r chrbtrrdc
sg_s _ $,cnnqv_x qd_bshnm rtbg _r ξ‖’o“ ∼ $‖J∞)$‖’o“ ∼ %m)hr rhfmh�b_msenq sgd 5

%G
oqnctbshnm-Sgd 5%G rgntkc sgdnqdshb_kkx ad oqnctbdc adb_trd nesgd _ssq_bshud onsdmsh_k)U%)adsvddm
% uh_ sgd $M ∼ %M _arnqoshnm _mc qdrhct_kmtbkdtr-
Sgd bnmbdosnesgd %ψ03/4(,mtbkdtr v_r chrbtrrdc hm Qder-Z5/)50[-@ bkd_q rhfm_kne%ψ03/4(

v_r nardqudc hm sgd ξ∗$± hmu_qh_ms,l_rr rodbsq_ ne sgd 2GdψJ‖)ξ∗$±o(m qd_bshnm ax I,
O@QB D04 Z51[- Sgdqdenqd) %ψ03/4(rgntkc ad oqnctbdc uh_ sgd qd_bshnm oqnbdrr ne J‖’o“
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-06- Rbgdl_shb uhdv ne sgd dwbhs_shnm dmdqfx rodbsqtl cdodmchmf nm sgd onsdmsh_k enq sgd 01BψJ‖)o(
qd_bshnm-@ fqddm c_rgdc khmd rgnvr sgd rbgdl_shb rodbsqtl vhsgnts_mx rdbnmc_qx hmsdq_bshnm-Sgd ak_bj khmd
rgnvr sgd dwodbsdc rodbsqtl ctd sn T=J-Sgd bnlonmdmsb_trdc ax sgd hl_fhm_qx o_qsV=J hr rgnvm ax _ qdc
g_sbgdc _qd_-Sgd qdc g_sbgdc _qd_ rgnvr sgd bnlonmdmsnesgd pt_rh,antmc rs_sd ne_ X × mtbkdtr hm sgd cddokx
antmc qdfhnm adb_trd nesgd _ssq_bshud qd_konsdmsh_kr neUX ×)rgnvm ax _ nq_mfd �kkdc _qd_-

∼ J‖oψld_rtqdc()J‖M ∼ %ψ03/4(-Sgdqd lhfgs _krn dwhrs _ $ψ0274(,mtbkdtr adb_trd sgdqd
rgntkc ad _m _ssq_bshnm hm sgd hmsdq_bshnm adsvddm _ cdbtokdsa_qxnm _mc mtbkdnm Z52[-Lnqdnudq)
sgd ’X × rghes“ nardqudc hm sgd hmbktrhud cψξ∞)J∞(rodbsqtl ax I,O@QB D16 bntkc ad _ ghmsne_
X ×,mtbkdtr rs_sd Z53[-
Mdws)vd chrbtrr sgd qdk_shnmrgho adsvddm sgd hmsdqoqds_shnm nesgd X ×,mtbkdtr _mc sgd rstcx ne

j_nmhb,_snl W,q_xr %rdd Rdbs-0(-Hm Qde-Z12[)Eqhdcl_m _mc F_koqnctbdc sgd rhmfkd =J”mtbkdnm
onsdmsh_kU ψ0(

=J a_rdc nm sgd bghq_ktmhs_qx lncdk-Hm _cchshnm)sgdx bnmrhcdqdc _ ogdmnldmnknfhb_k

onsdmsh_kU ψ1(
=J )vghbg bnqqdronmcr sn sgd onsdmsh_kenqsgd svn,%ltksh,(mtbkdnm _arnqoshnm oqnbdrr)

sn dwok_hm sgd j_nmhb,_snl W,q_x c_s_-Sgd du_kt_sdc onsdmsh_k cdosgr ne U ψ0(
=J _mc U ψ1(

=J hm sghr
sgdnqdshb_k_m_kxrhr _qd‖5/LdU _mc‖03/LdU)qdrodbshudkx-Hm nsgdqvnqcr)sgd cddo qd_konsdmsh_k
%U ψ1(

/ =J + ‖03/LdU(hr nas_hmdc enqsgd svn,%ltksh,(mtbkdnm _arnqoshnm oqnbdrr hm Qde-Z12[-Gdqd)
vd b_m bnmidbstqd sg_ssgd X × cnnqv_x oqnbdrr)J‖’o“ ∼ X ×)X ×’M“ ∼ XM hr _ jdx oqnbdrr sn
cdqhud sgd cddo qd_konsdmsh_kenqsgd svn,%ltksh,(mtbkdnm _arnqoshnm hm sgd rsnoodc J‖ qd_bshnm-
Sghr ld_mr sg_ssgd rsqnmf _ssq_bshud X ×,mtbkdtr onsdmsh_k)UX ×)l_x ad _ a_rhr enqcdqhuhmf sgd cddo
U ψ1(

=J onsdmsh_k-Mnsd sg_ssgd X ×,mtbkdtr onsdmsh_k)UX ×)b_mmnsbnmsqhatsd sn sgd rhmfkd =J”mtbkdnm
onsdmsh_kU ψ0(

=J -
Ehm_kkx) vd ldmshnm sgd bnhmbhcdmbd rodbsqtl nas_hmdc ax trhmf sgd cdb_x bntmsdq) JHB-

Ehftqd 07%_( rgnvr _ bnlo_qhrnm adsvddm sgd hmbktrhud _mc bnhmbhcdmbd rodbsq_)rgnvm qdrodb,
shudkx ax ak_bj _mc fqddm khmdr-Vd qdptdrs _s kd_rs nmd bg_qfdc o_qshbkd ghs hm sgd to nq cnvm
rdfldmsr enqsgd bnhmbhcdmbd rodbsqtl)vghbg hr sgd r_ld qdpthqdldms_r hm JDJ D437 Z15[-Vd
bgdbj sgd chrsnqshnm deedbsadb_trd ne sgd bnhmbhcdmbd qdpthqdldmsax du_kt_shmf sgd bnhmbhcdmbd
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-07- %_( Bnlo_qhrnm adsvddm sgd hmbktrhud _mc bnhmbhcdmbd rodbsq_ rgnvm ax ak_bj _mc fqddm onhmsr)
qdrodbshudkx-%a(Bnhmbhcdmbd oqna_ahkhsx rodbsqtl b_kbtk_sdc ax chuhchmf sgd bnhmbhcdmbd rodbsqtl ax sgd
hmbktrhud rodbsqtl-

oqna_ahkhsx rodbsqtl %Ehf-07%a((-Sgd bnhmbhcdmbd oqna_ahkhsx rodbsqtl hr b_kbtk_sdc ax chuhchmf
sgd bnhmbhcdmbd rodbsqtl %fqddm onhmsr(ax sgd hmbktrhud rodbsqtl %ak_bj onhmsr(-
Hesgdqd hr mn chrsnqshnm)sgd bnhmbhcdmbd oqna_ahkhsx rodbsqtl rgntkc ad fi_skx chrsqhatsdc-Gnvdudq)

vd mnshbd sg_ssgd bnhmbhcdmbd oqna_ahkhsx hr rhfmh�b_mskx cheedqdmshm sgd entqqdfhnmr hcdmsh�dc ax
H)HH)HHH)_mc HU hm sgd �ftqd-Hm qdfhnm HU)sgd bnhmbhcdmbd oqna_ahkhsx fq_ct_kkx bg_mfdr eqnl
AJ + ‖1//LdU sn‖04/LdU)vgdqd_r sgd oqna_ahkhsx hr _klnrsfi_s_sAJ " ‖10/LdU-Hsb_m ad
tmcdqrsnnc adb_trd sgd oqnctbshnm sgqdrgnkc ne =JξM nodmr _sAJ ≥ ‖03/LdU-Hm qdfhnm HHH)sgd
bnhmbhcdmbd oqna_ahkhsx hr _klnrsfi_sadb_trd sgd cnlhm_msoqnbdrr hr sgdJ‖o pt_rh,dk_rshb qd_bshnm
hm sghr qdfhnm-
Sgd oqna_ahkhsx cq_rshb_kkx bg_mfdr hm qdfhnm HH _mc hr fi_shm qdfhnm H)vhsg sgd knvdrsu_ktd ne

Bnhm.Hmbktrhud≥ /-14-Sgd nardqudc sqdmc bntkc gdko sn cddodm ntqtmcdqrs_mchmf nesgd X ×,mtbkdtr
rs_sd-Vd g_ud _ ok_m sn ld_rtqd sgd dwbktrhud rodbsq_ hm sgd md_qetstqd %Rdbs-6(_mc hsvhkk_kknv
tr sn bk_qhex ntqhmsdqoqds_shnm-

6- RtllVpx Vmc ntsknni

Vd g_ud ld_rtqdc sgd hmbktrhud rodbsqtl vhsgnts_mx sqhffdqdc ah_r nesgd 01B%J‖)o(qd_bshnm vhsg
ghfg rs_shrshbr _mc ghfg dmdqfx qdrnktshnm enq sgd �qrsshld-Vd g_ud cdqhudc sgd noshb_konsdmsh_k
adsvddm sgd =J _mc _ mtbkdtr ax bnlo_qhmf sgdld_rtqdc rodbsqtlvhsg sgd sgdnqdshb_kb_kbtk_shnm ax
u_qxhmf ansg sgd qd_k_mc hl_fhm_qx o_qsr-Sgdm)vd entmc sg_ssgd ld_rtqdc rodbsqtl hr qdoqnctbdc
qd_rnm_akx vdkkvgdm vd bgnnrd sgd qd_ko_qsne sgd onsdmsh_k_r ‖7/LdU)bnqqdronmchmf sn sgd
’rg_kknv“ onsdmsh_koqdchbsdc ax sgd bghq_klncdkr-
Gnvdudq)sgdqd hr _ rhfmh�b_msdwbdrr nesgd xhdkc hm sgd cddokx antmc qdfhnm neAJ ≥ 0//LdU-

Sghr dudms dwbdrr b_mmns ad qdoqnctbdc ax _mx =J”mtbkdtr onsdmsh_k o_q_ldsdqr nq a_bjfqntmc
oqnbdrr-Sgd dmg_mbdldmshr �ssdc vdkkax _ Aqdhs”Vhfmdqetmbshnm _s_m dmdqfx neAJ + 8/LdU
_mc _ vhcsg ne 0//LdU-Hm sghr lncdk)sgd onrrhakd bnmsqhatshnm ne X × oqnctbshnm uh_ sgd J‖

_arnqoshnm oqnbdrr hr mnsdwokhbhskx bnmrhcdqdc hm sgd qd_ko_qsnesgd =J”mtbkdtr onsdmsh_k-Sgdm)sgd
Aqdhs”Vhfmdqbnlonmdmsb_m ad hmsdqoqdsdc _r _ antmc X ×,mtbkdtr rs_sd-
Vd chc mnsnardqud _ bkd_qrhfm_knesgd j_nmhb,mtbkdtr nqX ×,mtbkdtr rs_sd _r _ chrshmbsod_j hm sgd

hmbktrhud rodbsqtl-Sn nardqud hs_r _ chrshmbsod_j)vd mddc dwbktrhud rodbsq_ nas_hmdc axld_rtqhmf
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

cdb_x o_qshbkdr hm bnhmbhcdmbd-@sI,O@QB)sgd D31 dwodqhldmshr ok_mmdc Z54[sn rd_qbg enqsgd G,
cha_qxnm-Sgd D31 dwodqhldmsvhkk _krn trd sgd r_ld qd_bshnm _r sgd oqdrdms dwodqhldms%D/4()
m_ldkx 01BψJ‖)J∞(_s0-7FdU.b-Gdqd)vd b_m ld_rtqd sgd 01BψJ‖)o(rodbsqtl rhltks_mdntrkx
tmcdq sgd r_ld bnmchshnmr _r sgd D/4 dwodqhldms-Hm sgd b_rd ne D31) _ k_qfd _bbdos_mbd shld
oqnidbshnm bg_ladq)b_kkdc GxoSOB)vhkkad trdc sn ld_rtqd sgd cdb_x o_qshbkdr-Hsvhkk_kknv tr sn
ld_rtqd sgd dwbktrhud rodbsq_)bk_qhexhmf ntqhmsdqoqds_shnm-Hshr oqdrtldc sg_ssgd j_nmhb,mtbkdtr
_mc X ×,mtbkdtr rs_sdr vhkkad chrshmfthrgdc ax ld_rtqhmf sgdhqldrnmhb _mc mnm,ldrnmhb cdb_xr)
qdrodbshudkx-Lnqdnudq)hsvhkkad hmsdqdrshmf sn bnmctbssgd r_ld hmbktrhud _m_kxrhr ax bg_mfhmf sgd
s_qfdsl_rr mtladqsn rstcx sgd : cdodmcdmbd nesgd =J: onsdmsh_k-

9bimnvkdcfdldmsr

Vd vntkc khjd sn sg_mj sgd G_cqnm ad_l bg_mmdkfqnto)sgd _bbdkdq_snq fqnto)_mc sgd bqxnfdmhbr rdbshnm
_sI,O@QB enqsgdhqfqd_sdeenqsr nm rs_akd l_bghmd nodq_shnm _mc ad_l pt_khsx hloqnudldmsr-Sgd _tsgnqr
_bjmnvkdcfd sgd rtoonqs ne MHH enq RHMDS3-Vd _qd _krn fq_sdetk enq sgd eqthsetk chrbtrrhnmr vhsg Oqne-
S-X_l_y_jh)Oqne-X-@j_hrgh)_mc Cq-S-Rdjhg_q_-Sgd vnqj v_r rtoonqsdc ax I_o_m Rnbhdsx enqsgd Oqnlnshnm
neRbhdmbd %IROR(J@JDMGHFq_msMtladqr IO05J/4244)IO07J02434)_mc 07G/43/2-Sgd _tsgnqr vntkc
khjd sn sg_mj Dm_fn %gssor9..vvv-dm_fn-io(enqsgd Dmfkhrg k_mft_fd qduhdv-

9oodmchw 9- CheedpdmshVkbpnrr rdbshnm neA¯c dkVrshb rbVssdphmf VscA ′ 0-7 FdT.b

S_akd @-0 rtll_qhydr sgd ld_rtqdc cheedqdmsh_kbqnrr rdbshnm nesgd J‖o ∼ J‖o dk_rshb rb_ssdqhmf
_soJ + 0-7FdU.b-Vd rgnv svn sxodr ne dqqnqr)m_ldkx sgd rs_shrshb_kdqqnq _mc sgd rxrsdl_shb
dqqnq)du_kt_sdc ax bnmrhcdqhmf sgd tmbdqs_hmsx nesgd de�bhdmbx-

SVakd 9-0- Rtll_qx neld_rtqdc cheedqdmsh_kbqnrr rdbshnm nesgd J‖o dk_rshb rb_ssdqhmf-Sgd u_ktdr _qd _krn
rgnvm hm Ehf-0/-

εJoψK_a(Zcdfqdd[ cρ<c> Zθa.rq[

/-4”0-4 270-2 ∗ 08-8 %rs_s-(∗ 02-4 %rxrs-(
0-4”1-4 322-1 ∗ 10-6 %rs_s-(∗ 04-3 %rxrs-(
1-4”2-4 352-3 ∗ 11-0 %rs_s-(∗ 05-3 %rxrs-(
2-4”3-4 4/6-3 ∗ 12-2 %rs_s-(∗ 07-/ %rxrs-(
3-4”4-4 420-7 ∗ 12-7 %rs_s-(∗ 07-8 %rxrs-(
4-4”5-4 5/7-0 ∗ 14-4 %rs_s-(∗ 10-5 %rxrs-(
5-4”6-4 63/-4 ∗ 17-/ %rs_s-(∗ 15-2 %rxrs-(
6-4”7-4 76/-/ ∗ 2/-5 %rs_s-(∗ ∞2/-8

‖20-/ %rxrs-(
7-4”8-4 836-2 ∗ 21-0 %rs_s-(∗ 22-8 %rxrs-(
8-4”0/-4 827-0 ∗ 20-7 %rs_s-(∞22-4

‖22-5 %rxrs-(
0/-4”00-4 735-7 ∗ 2/-5 %rs_s-(∞2/-1

‖2/-2 %rxrs-(
00-4”01-4 6/5-8 ∗ 17-0 %rs_s-(∞14-1

‖14-2 %rxrs-(
01-4”02-4 444-/ ∗ 14-0 %rs_s-(∞08-8

‖1/-/ %rxrs-(
02-4”03-4 372-3 ∗ 12-5 %rs_s-(∞06-2

‖06-4 %rxrs-(
03-4”04-4 272-1 ∗ 10-/ %rs_s-(∞02-6

‖02-8 %rxrs-(
04-4”05-4 248-8 ∗ 1/-0 %rs_s-(∞01-8

‖02-0 %rxrs-(
05-4”06-4 220-6 ∗ 08-5 %rs_s-(∞03-7

‖07-5 %rxrs-(
06-4”07-4 21/-2 ∗ 08-1 %rs_s-(∞03-2

‖07-/ %rxrs-(
07-4”08-4 18/-8 ∗ 07-3 %rs_s-(∞13-8

‖38-7 %rxrs-(
08-4”1/-4 152-7 ∗ 07-1 %rs_s-(∞11-5

‖34-0 %rxrs-(
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

9oodmchw A- CdsVhkdc bnloVphrnm vhsg cheedpdms =A� onsdmshVk

@ cds_hkdc bnlo_qhrnm adsvddm sgd nas_hmdc 01BψJ‖)o(rodbsqtl _mc sgd sdlok_sd �svhsg u_qhntr
=J: onsdmsh_kr hr rgnvm adknv-Ehftqd A-0 rgnvr sgd cdodmcdmbd nm sgd qd_ko_qscdosg)U/)vhsg
_ �wdc hl_fhm_qx o_qscdosg)V/-Nm sgd nsgdqg_mc)sgd hl_fhm_qx o_qs)V/)g_r _ vd_j deedbsnm
sgd 01BψJ‖)o(rodbsqtl %Ehf-A-1(-Sgd adrs�shr nas_hmdc trhmf sgd noshb_konsdmsh_kψU/)V/(+
ψ‖7/)‖3/(LdU-Mnsd sg_ssgd rhfmh�b_msdwbdrr ne sgd xhdkc hm sgd cddokx antmc qdfhnm AJ ≥
0//LdU b_mmnsad qdoqnctbdc ax _mx onsdmsh_ku_ktdr hm sghr sgdnqdshb_kvnqj-

9oodmchw B- Sgd bVkbtkVsdc rodbsptl vhsg sgd noshltl onsdmshVkoVpVldsdpr

Ehftqd B-0 rgnvr sgd b_kbtk_sdc rodbsqtl vhsg sgd noshltl noshb_k onsdmsh_k ψU/)V/( +
ψ‖7/)‖3/(LdUvhsgntshmsqnctbhmf sgd dwodqhldms_krld_qhmf nesgd dmdqfx qdrnktshnm-Sgd ak_bj
khmd chrok_xr sgd sns_krodbsqtl-Sgd rnkhc khmdr hm cheedqdmsbnknqr rgnv d_bg rtabnlonmdmsnesgd
mtbkdnm gnkd rs_sd-@r rgnvm ax sgd qdc khmd)sgd J‖ pt_rh,antmc rs_sd bnqqdronmchmf sn sgd j_nm
r,rs_sd bntokdc vhsg sgd oqnsnm gnkd nesgd 0o2<1 rs_sd dwhrsr _sAJ + 20LdU _mc ) + 42LdU-
Nm sgd nsgdqg_mc)sgd j_nm o,rs_sd bntokdc vhsg sgd oqnsnm gnkd 0o2<1 rs_sd)chrok_xdc ax _ fqddm

khmd)hr tmantmc _mc dmg_mbdr md_qsgd sgqdrgnkc dmdqfx-Gnvdudq)sghr dmg_mbdldmshr rld_qdc nts
vgdm sgd dwodqhldms_kqdrnktshnm ne3-1LdU hr bnmrhcdqdc-Mnsd sg_ssgd l_hm bnlonmdmsnesgd
antmc qdfhnm hm sgd b_kbtk_sdc rodbsqtl hr mns_ rb_ssdqhmf rs_sd vhsg sgd _arnqoshnm oqnbdrr b_trdc
ax sgd hl_fhm_qx o_qsnesgd onsdmsh_k)ats_ mtbkd_qantmc rs_sd %qd_ko_qsnesgd onsdmsh_k()vghkd
vd b_mmnsrdd hs_r _ chrshmbsod_j adb_trd nehsr k_qfd cdb_x vhcsg-Sgd bnmsqhatshnm nesgd j_nmhb
antmc rs_sd hr drshl_sdc sn ad ≥1˘ nesgd pt_rh,dk_rshb bnlonmdmshm ntqsgdnqdshb_klncdk-

9oodmchw C- DwVlhmVshnm nesgd aVbifpntmc opnbdrrdr sn dwokVhm sgd dudmsdwbdrr

Vd dw_lhmd svn sxodr nea_bjfqntmc qd_bshnmr sn dwok_hm sgd nardqudc dudmsdwbdrr hm sgd cddokx
antmc qdfhnm AJ ≥ 0//LdU9

C09 Nmd,rsdo svn,mtbkdnm _arnqoshnm oqnbdrr9
J‖’MM“ ∼ Xoψld_rtqdc(-

C19 Svn,rsdo sgqdd,mtbkdnm _arnqoshnm oqnbdrr9
J‖’M“ ∼ J‖M)J‖’MM“ ∼ Xoψld_rtqdc(-

Gdqd)sgd ’MM“ rgnvr svn mtbkdnmr hmrhcd sgd 01B s_qfds)X bnqqdronmcr sn sgd % nq$ o_qshbkd)_mc
oψld_rtqdc(ld_mr sgd ld_rtqdc oqnsnm)vghbg hr dlhssdc sn sgd enqv_qc _mfkd ax ntqrodbsqnldsdq-
Vd chrbtrr sgd onrrhahkhsx enqd_bg b_rd adknv-

C09Nmd,rsdo svn,mtbkdnm Zarnposhnm9J‖’MM“ ∼ Xoψld_rtqdc(

Sgd oqnsnm dlhssdc eqnl sgd nmd,rsdo svn,mtbkdnm _arnqoshnm J‖’MM“ ∼ Xo b_m g_ud _ ghfg
lnldmstl-Ehftqd C-0 rgnvr sgd rhltk_sdc lhrrhmf,l_rr rodbsq_ ne sgdrd nmd,rsdo svn,mtbkdnm
_arnqoshnm oqnbdrrdr-Hm sghr rhltk_shnm)sgd rodbsq_ _qd rld_qdc ax sgd mtbkdnm Edqlhlnshnm hm
sgd 01B s_qfds)_mc sgd enqv_qc,rb_ssdqhmf _mfkd q_mfd %2-4⊗ " εo " 3-4⊗(hr rdkdbsdc-D_bg qd_bshnm
oqnbdrr hr chrok_xdc ax khmdr vhsg cheedqdmsbnknqr-
@r rgnvm ax ak_bj _mc fqddm rodbsq_)sgdrd oqnbdrrdr _qd aqn_c atlo rsqtbstqdr-Sgdrd od_j

onrhshnmr bnqqdronmc sn AJ ≥ 10/LdU %J‖’MM“ ∼ %oψld_rtqdc((_mc AJ ≥ 04/LdU %J‖’MM“
∼ $oψld_rtqdc((-Sgdrd xhdkcr)drodbh_kkx enq J‖’MM“ ∼ %oψld_rtqdc()bnmbdmsq_sd hm _ ltbg
cddodq AJ qdfhnm bnlo_qdc sn sgd nardqudc dudms dwbdrr rgnvm hm Ehfr-A-0 _mc A-1-Vd _krn
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-A-0- Cds_hkdc bnlo_qhrnm adsvddm sgd c_s_ _mc sgd sdlok_sd �svhsg u_qhntr U / u_ktdr-Sgd hl_fhm_qx
o_qshr �wdc sn sgd noshltl u_ktdV/ + ‖3/LdU-Sgd shskd ned_bg oknsrgnvr sgd U / u_ktdr-Sgd fqddm cnssdc
khmdr rgnv sgd sgdnqdshb_kb_kbtk_shnmr enq sgd J‖o pt_rh,dk_rshb oqnbdrr nas_hmdc ax sgd Fqddm†r etmbshnm
ldsgnc-Sgd nsgdqbnknqdc cnssdc khmdr rgnv sgd b_kbtk_sdc rodbsq_krg_odr enqsgd a_bjfqntmc oqnbdrrdr %rdd
Ehf-00(-Sgd sns_k�sqdrtksr _qd chrok_xdc ax qdc khmdr-Sgd kdes_mc lhcckd bnktlmr rgnv sgd r_ld rodbsq_
vhsg khmd_q_mc rdlh,knf rb_kdr)qdrodbshudkx)_mc sgd qhfgsbnktlm rgnvr sgd l_fmh�dc uhdv enq_ rl_kkbqnrr
rdbshnm qdfhnm-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-A-1- Cds_hkdc bnlo_qhrnm adsvddm sgd c_s_ _mc sgd sdlok_sd �svhsg u_qhntr V/ u_ktdr-Sgd qd_ko_qshr
�wdc sn sgd noshltl u_ktd U / + ‖7/LdU-Sgd shskd ned_bg oknsrgnvr sgdV/ u_ktdr-Sgd fqddm cnssdc khmdr
rgnv sgd sgdnqdshb_kb_kbtk_shnmr enqsgd J‖o pt_rh,dk_rshb oqnbdrr nas_hmdc ax sgd Fqddm†r etmbshnm ldsgnc-
Sgd nsgdqbnknqdc cnssdc khmdr rgnv sgd b_kbtk_sdc rodbsq_krg_odr enqsgd a_bjfqntmc oqnbdrrdr %rdd Ehf-00(-
Sgd qdc khmdr chrok_x sgd sns_k�sqdrtksr-Sgd kdes_mc lhcckd bnktlmr rgnv sgd r_ld rodbsq_ vhsg khmd_q_mc
rdlh,knf rb_kdr)qdrodbshudkx)_mc sgd qhfgsbnktlm rgnvr sgd l_fmh�dc uhdv enq_ rl_kkbqnrr rdbshnm qdfhnm-

bnmrhcdq sgd oqnsnmr nqhfhm_shmf eqnl sgd gxodqnm cdb_x J‖’MM“ ∼ Xo)X ∼ oψld_rtqdc(ξψβ()
_r rgnvm ax qdc)aktd)_mc l_fdms_ khmdr-Sgdrd chrsqhatshnmr _qd _klnrsfi_s)_mc hshr che�btkssn
qdoqnctbd sgd ld_rtqdc dudmsdwbdrr-
Ehftqd C-1 rgnvr sgd sdlok_sd �sqdrtksax _cchmf sgd nmd,rsdo svn,mtbkdnm _arnqoshnm oqnbdrrdr

hmrsd_c nesgd Aqdhs”VhfmdqbnlonmdmsneEhf-04-Sgd fq_x _mc fqddm g_sbgdc rodbsq_ chrok_x sgd
bnlonmdmsr neJ‖’MM“ ∼ %o _mc J‖’MM“ ∼ $o)qdrodbshudkx-Hm sghr �s)d_bg xhdkc hr _ eqdd
o_q_ldsdq-@r rgnvm hm sghr �ftqd)sgd ld_rtqdc dmg_mbdldmshm sgd qdfhnm 1// � AJ � 7/LdU hr
che�btkssn qdoqnctbd ax sgdrd nmd,rsdo svn,mtbkdnm _arnqoshnm oqnbdrrdr-Vd dwodbssg_ssgd bqnrr
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-B-0- %_(Sgdnqdshb_kb_kbtk_shnm vhsg sgd noshltl onsdmsh_k%U /)V/(; %‖7/)‖3/(LdU-Sgd ak_bj khmd
chrok_xr sgd sns_krodbsqtl-Sgd rnkhc khmdr hm cheedqdmsbnknqr rgnv sgd rtabnlonmdmsr nesgd cheedqdmsoqnsnm
gnkdr)0r0<1 nq0o2<1)_mc j_nmhb nqahs_krs_sdr)r nqo-%a(L_fmh�dc uhdv ne%_(sn rdd sgd rl_kkbqnrr rdbshnm
qdfhnm-

Ehf-C-0- Rhltk_sdc lhrrhmf,l_rr rodbsq_ ne sgd 01BψJ‖)o(qd_bshnm enq nmd,rsdo svn,mtbkdnm _arnqoshnm
oqnbdrrdr oknssdc hm sgd rb_kd neAJ:oψld_rtqdc(hr sgd oqnsnm ld_rtqdc ax ntqrodbsqnldsdq-

rdbshnm nesgdrd nmd,rsdo svn,mtbkdnm _arnqoshnm oqnbdrrdr rgntkc ad rl_kkadb_trd sgd hmbhcdmsJ‖

ad_l lnldmstl ne0-7FdU.b hr ltbg ghfgdqsg_m sgd mtbkdnm Edqlhlnshnm hm 01B-

C19Svn,rsdo sgpdd,mtbkdnm Zarnposhnm9J‖’M“ ∼ J‖M)J‖’MM“ ∼ Xoψld_rtqdc(

Vd chrbtrr sgd onrrhahkhsx ne sgd svn,rsdo sgqdd,mtbkdnm _arnqoshnm oqnbdrrdr J‖’M“ ∼ J‖M)
J‖’MM“ ∼ Xoψld_rtqdc(-Hm sghr qd_bshnm)sgd rb_ssdqdc J‖ _s sgd �qrs rsdo hr _arnqadc ax svn
mtbkdnmr)_mc _ Xo o_hqhr oqnctbdc uh_ _arnqoshnm-Ehftqd C-2 rgnvr sgd rhltk_sdc bnqqdk_shnm oknsr
adsvddmsgdahmchmf dmdqfx%AJ(_mcJ‖ qdbnhklnldmstl_ssgd�qrs,rsdoqd_bshnm-Sgdak_bj%fqddm(
anwdr hm Ehf-C-2%_( rgnv sgd b_rd neJ‖’M“ ∼ J‖M)J‖’MM“ ∼ %oψld_rtqdc(ψ$oψld_rtqdc((-
@krn)sgd l_fdms_ anwdr hm sghr �ftqd rgnv sgd bnqqdk_shnm nesgd svn,rsdo svn mtbkdnm _arnqoshnm
oqnbdrr ne J‖’M“ ∼ J‖M)J‖’o“ ∼ J‖oψld_rtqdc(-Vd _krn du_kt_sd sgd b_rd hm vghbg sgd
ld_rtqdc oqnsnm hr oqnctbdc eqnl sgd gxodqnm cdb_x J‖’M“ ∼ J‖M)J‖’MM“ ∼ Xo)X ∼
oψld_rtqdc(ξ-Sgdrd rodbsq_ _qd chrok_xdc ax qdc _mc aktd anwdr hm Ehf-C-2%a()vgdqd X hr % _mc $)
qdrodbshudkx-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Ehf-C-1- %_(Sgd l_fmh�dc uhdv nesgd rl_kkbqnrr rdbshnm nesgd sdlok_sd �sqdrtksax _cchmf sgd nmd,rsdo
svn,mtbkdnm _arnqoshnm oqnbdrrdr-Sgd bnlonmdmsr neJ‖’MM“ ∼ %o _mc J‖’MM“ ∼ $o _qd chrok_xdc
ax fq_x _mc fqddm g_sbgdc rodbsq_)qdrodbshudkx-Sgd fqddm cnssdc khmd rgnvr sgd b_kbtk_sdc rodbsqtl vhsg sgd
noshb_konsdmsh_kneψU /)V/(+ ψ‖7/)‖3/(LdU-Sgd nsgdqbnknq_rrhfmldmsr _qd sgd r_ld _r hm Ehf-00-

Ehf-C-2- Rhltk_sdc bnqqdk_shnmr adsvddm sgd ahmchmf dmdqfx ne sgd AJ _mc J‖ qdbnhklnldmstl ne sgd
svn,rsdo sgqdd,mtbkdnm _arnqoshnm oqnbdrrdr-Rdd cds_hkr hm sgd sdws-

Vd mnshbd sg_ssgdrd svn,rsdo sgqdd,mtbkdnm _arnqoshnm oqnbdrrdr jhmdl_shb_kkx dwhrshm sgd cddokx
antmc qdfhnm %AJ + 0// ≥ 1//LdU()_r rgnvm ax sgd ak_bj)fqddm)qdc)_mc aktd rodbsq_)vghkd
sgd svn,rsdo svn,mtbkdnm _arnqoshnm oqnbdrr cndr mns)_r hmchb_sdc ax sgd l_fdms_ chrsqhatshnm-
Gnvdudq)sgdJ‖ qdbnhklnldmstl rgntkc ad≥0-7FdU.b)_r ghfg _r sgd hmbhcdmsad_llnldmstl)
sn qd_bg sgd cddokx antmc qdfhnm-Lnqdnudq)sgd svn,mtbkdnm _arnqoshnm qd_bshnm _ssgd rdbnmc rsdo)
J‖’MM“ ∼ Xoψld_rtqdc()hr sgd r_ld qd_bshnm _r hm oqnbdrr C0-Rhmbd vd b_mmnshrnk_sd sgd rhfm_k
nesgd _arnqoshnm qd_bshnm C0)Hsr bqnrr rdbshnm rgntkc ad udqx rl_kk-Sgdqdenqd)sgd bqnrr rdbshnm ne
sgd svn,rsdo sgqdd,mtbkdnm _arnqoshnm oqnbdrrdr rgntkc ad ltbg rl_kkdq-Sgd rshbjhmf oqna_ahkhsx
hr hmudqrdkx oqnonqshnm_ksn sgd rpt_qd nesgd qdbnhklnldmstl-Bnmrdptdmskx)vd bnmidbstqd sg_s
hshr che�btkssn _rbqhad sgd nqhfhm ne sgd dudmsdwbdrr sn sgdrd svn,rsdo sgqdd,mtbkdnm _arnqoshnm
oqnbdrrdr-

Idedpdmbdr
Z0[ S-Jhrghlnsn)Ogxr-Qdu-Kdss-72)36/0 %0888(-
Z1[ X-@j_hrgh_mc S-X_l_y_jh)Ogxr-Qdu-B 54)/33//4 %1//1(-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Z2[ @-F_k)Mtbk-Ogxr-@ 803)16/ %1/02(-
Z3[ Q-@_hids_k-ZKGBa Bnkk_anq_shnm[)Ogxr-Qdu-Kdss-004)/61//0 %1/04(-
Z4[ Q-@_hids_k-ZKGBa Bnkk_anq_shnm[)Ogxr-Qdu-Kdss-011)111//0 %1/08(-
Z5[ Q-G-C_khsy)Dtq-Ogxr-I-B 04)637 %1///(-
Z6[ S-Gxncn _mc C-Ihcn)Oqnf-O_qs-Mtbk-Ogxr-56)44 %1/01(-
Z7[ I-L-L-G_kk)V-J_lkdg)C-A-Kdhmvdadq)A-I-Ldm_ctd)A-I-Nvdm)@-V-Sgnl_r)_mc

Q-C-Xntmf)Ogxr-Qdu-Kdss-003)021//1 %1/04(-
Z8[ L-@fmdkkn ds_k-ZEHMTC@ Bnkk_anq_shnm[)Ogxr-Qdu-Kdss-83)1012/2 %1//4(-
Z0/[ S-X_l_y_jhds_k-)Ogxr-Qdu-Kdss-0/3)0214/1 %1/0/(-
Z00[ F-@f_jhrghdu ds_k-)Ogxr-Kdss-A 631)131 %1/04(-
Z01[ @-N-Snjhx_rt ds_k-ZKDOR Bnkk_anq_shnm[)Ogxr-Kdss-A 617)505 %1/03(-
Z02[ X-Hbghj_v_ ds_k-)Oqnf-Sgdnq-Dwo-Ogxr-1/04)/10C/0 %1/04(-
Z03[ R-@ihltq_ ds_k-ZI,O@QB D04 Bnkk_anq_shnm[)Ogxr-Kdss-A 678)51/ %1/08(-
Z04[ L-A_yyhds_k-ZRHCCG@QS@ Bnkk_anq_shnm[)Ogxr-Kdss-A 6/3)002 %1/00(-
Z05[ B-I-A_ssx)D-Eqhdcl_m)_mc @-F_k)Ogxr-Qdos-176)274 %0886(-
Z06[ S-V_rr)M-J_hrdq)_mc V-Vdhrd)Ogxr-Kdss-A 254)01 %0885(-
Z07[ L-Ktsy)Ogxr-Kdss-A 315)01 %0887(-
Z08[ @-Q_lnr _mc D-Nrds)Mtbk-Ogxr-@ 560)370 %1///(-
Z1/[ @-Bhdok©)D-Eqhdcl_m)@-F_k)_mc I-L_qdř)Mtbk-Ogxr-585)062 %1//0(-
Z10[ I-L_qdř)D-Eqhdcl_m)_mc @-F_k)Mtbk-Ogxr-@ 66/)73 %1//5(-
Z11[ M-A_qmd_ _mc D-Eqhdcl_m)Ogxr-Qdu-B 64)/111/1%Q(%1//6(-
Z12[ D-Eqhdcl_m _mc @-F_k)Mtbk-Ogxr-@ 788)5/ %1/02(-
Z13[ X-Hjdc_)S-Gxncn)_mc V-Vdhrd)Ogxr-Kdss-A 6/5)52 %1/00(-
Z14[ B-U_mcdqUdkcd,Vhkptds)I-R_bsnm)I-G-Vhbjdmr)C-M-Snudd)_mc C-G-C_uhr)Mtnun Bhl-@

28)427 %0866(-
Z15[ S-Jhrghlnsn ds_k-)Oqnf-Sgdnq-Ogxr 007)070 %1//6(-
Z16[ U-J-L_f_r)I-X_l_f_s_,Rdjhg_q_)R-Ghqdmy_jh)D-Nrds)_mc @-Q_lnr)Ogxr-Qdu-B

70)/135/8 %1/0/(-
Z17[ S-S_j_g_rghds_k-)Oqnf-Sgdnq-Dwo-Ogxr-1/01)/1A/0/ %1/01(-
Z18[ S-N-X_l_lnsn ds_k-ZI,O@QB D02 Bnkk_anq_shnm[)Ogxr-Qdu-Kdss-004)1114/0 %1/04(-
Z2/[ Q-Gnmc_)J-Lhv_)X-L_srtlnsn)M-Bghf_)R-G_rdf_v_)_mc J-Hl_h)Mtbk-Hmrsq-Ldsg-@

676)046 %1/04(-
Z20[ L-Lnqhsrt ds_k-ZI,O@QB D08 Bnkk_anq_shnm[)Ogxr-Qdu-B 8/)/241/4 %1/03(-
Z21[ Q-Gnmc_ ds_k-ZI,O@QB D0/ Bnkk_anq_shnm[)Ogxr-Qdu-B 85)/03//4 %1/06(-
Z22[ I-Lxqgdhl _mc K-Atffd)Mtbk-Hmrsq-Ldsg-05/)32 %0868(-
Z23[ @-cd Adkkdenm ds_k-)Mtnun Bhl-@ 6)456 %0861(-
Z24[ @-Adqsgnm ds_k-)Mtnun Bhl-@ 10)035 %0863(-
Z25[ @-Adqsgnm)K-J-Q_mf_m)I-Uq_m_)H-Atssdqvnqsg)O-I-Khsbg�dkc)@-L-Rdf_q)I-Q-Rlhsg)I-Ldxdq)

D-O_tkh)_mc A-S_kkhmh)Mtbk-Ogxr-A 1/)365 %086/(-
Z26[ @-Adqsgnm)I-Uq_m_)H-Atssdqvnqsg)O-I-Khsbg�dkc)I-Q-Rlhsg)I-Ldxdq)D-O_tkh)_mc A-S_kkhmh)

Mtbk-Ogxr-A 13)306 %086/(-
Z27[ O-I-Khsbg�dkc)Q-I-Gdlhmfv_x)O-A_hkknm)@-@kaqdbgs)_mc @-Otsydq)Mtbk-Ogxr-A 63)28 %0863(-
Z28[ O-I-Khsbg�dkc)Q-I-Gdlhmfv_x)O-A_hkknm)@-Otsydq)_mc G-Rbgkdhbg)Mtbk-Ogxr-A 63)08 %0863(-
Z3/[ O-I-Khsbg�dkc)Q-I-Gdlhmfv_x)O-A_hkknm)G-@kaqdbgs)_mc D-Atqjg_qcs)Mtbk-Ogxr-A

63)01 %0863(-
Z30[ @-Aq_mcrsdssdq)H-Atssdqvnqsg)R-L-Cddm)O-I-Khsbg�dkc)@-Adqsgnm)I-Uq_m_)I-Y_sy)V-Vnibhj)

I-Ldxdq)_mc A-S_kkhmh)Mtbk-Ogxr-A 28)02 %0861(-
Z31[ V-B_ldqnm ds_k-ZQtsgdqenqc K_anq_snqx,Hlodqh_kBnkkdfd Bnkk_anq_shnm[)Mtbk-Ogxr-A

035)216 %0867(-
Z32[ V-B_ldqnm ds_k-ZQtsgdqenqc K_anq_snqx,Hlodqh_kBnkkdfd Bnkk_anq_shnm[)Mtbk-Ogxr-A

032)078 %0867(-
Z33[ O-I-Khsbg�dkc ds_k-)Mtbk-Ogxr-A 2/)014 %0860(-
Z34[ O-B-A_qadqds_k-)Mtbk-Ogxr-A 0/1)254 %0865(-
Z35[ Q-I-Gdlhmfv_x)I-D_cdr)C-L-G_qlrdm)I-N-Odsdqrdm)@-Otsydq)B-Jhdrkhmf)C-D-Ok_md)_mc

V-Vhssdj)Mtbk-Ogxr-A 80)01 %0864(-
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OSDO 1/1/)012C/0 X-Hbghj_v_ ds_k-

Z36[ J-@ad)A-@-A_qmdss)I-G-Fnkcl_m)@-S-K__r_mdm)O-G-Rsdhmadqf)F-I-L_qldq)C-Q-Lneedss)
_mc D-E-O_qjdq)Ogxr-Qdu-C 01)5 %0864(-

Z37[ I-X_l_f_s_)G-M_f_ghqn)_mc R-Ghqdmy_jh)Ogxr-Qdu-B 63)/035/3 %1//5(-
Z38[ M-Hjdmn)G-M_f_ghqn)_mc R-Ghqdmy_jh)Dtq-Ogxr-I-@ 36)050 %1/00(-
Z4/[ B-V-Cd I_fdq)G-Cd Uqhdr)_mc B-Cd Uqhdr)@snl-C_s_ Mtbk-C_s_ S_ak-03)368 %0863(:

05)47/ %0864(Zdqq_stl[-
Z40[ N-Lnqhl_srt _mc J-X_y_jh)Mtbk-Ogxr-@ 324)616 %0874(-
Z41[ N-Lnqhl_srt _mc J-X_y_jh)Mtbk-Ogxr-@ 372)382 %0877(-
Z42[ I-X_l_f_s_)G-M_f_ghqn)X-Njtltq_)_mc R-Ghqdmy_jh)Oqnf-Sgdnq-Ogxr-003)2/0 %1//4(:

003)8/4 %1//4(Zdqq_stl[-
Z43[ N-Lnqhl_srt _mc J-X_y_jh)Oqnf-O_qs-Mtbk-Ogxr-22)568 %0883(-
Z44[ I-Mhdudr)D-Nrds)_mc B-F_qbh_,Qdbhn)Mtbk-Ogxr-@ 443)4/8 %0882(-
Z45[ S-G_rghlnsn ds_k-ZI,O@QB D04 Bnkk_anq_shnm[)Oqnf-Sgdnq-Dwo-Ogxr-1/04)/50C/0 %1/04(-
Z46[ I-X_l_f_s_ _mc R-Ghqdmy_jh)Dtq-Ogxr-I-@ 20)144 %1//6(-
Z47[ S-G_q_c_)Q-Gnmc_)_mcX-Ghq_a_x_rgh)Ogxr-Qdu-B 86)/135/0 %1/07(-
Z48[ S-G_q_c_ _mcX-Ghq_a_x_rgh)Ogxr-Qdu-B 84)/3350/ %1/06(-
Z5/[ @-@q_h)L-Nj_)_mc R-X_rth)Oqnf-Sgdnq-Ogxr-008)0/2 %1//7(-
Z50[ S-Tbghmn)S-Gxncn)_mc L-Nj_)Mtbk-Ogxr-@ 757y758)42 %1/00(-
Z51[ G-Ngmhrgh)E-R_jtl_)_mc S-S_j_g_rgh)Oqnf-O_qs-Mtbk-Ogxr-002)0/2662 %1/1/(-
Z52[ G-F_qbhk_yn _mc @-F_k)Mtbk-Ogxr-@ 786)056 %1/02(-
Z53[ X-Hbghj_v_ ds_k-)Oqnf-Sgdnq-Dwo-Ogxr-1/03)0/0C/2 %1/03(-
Z54[ I-J-@gm ds_k-)I,O@QB D31 oqnonr_k%_u_hk_akd _s9gsso9..i,o_qb-io.qdrd_qbgdq.G_cqnm.

dm.o_b]01/0.oce.JDJ]I,O@QB,O@B1/00,/5-oce)c_sd k_rs_bbdrrdc Rdosdladq08)1/1/(-
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