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Qdbdms dwodqhldms_k rstchdr g_ud rgnvm sg_s sgd qdk_w_shnm shld S0 _mc sgd cdog_rhmf shld S1 ne rtodqbnmctbs,
hmf ptahsr fitbst_sd bnmrhcdq_akx nudq shld- Shld,u_qxhmf pt_mstl bg_mmdk %SUPB( lncdkr g_ud addm oqnonrdc
hm nqcdq sn bnmrhcdq sgd shld,u_qxhmf m_stqd ne sgd o_q_ldsdqr sg_s cd§md ptahs cdbngdqdmbd- Sghr cxm_lhb m_stqd
ne pt_mstl bg_mmdkr b_trdr _ cdfq_c_shnm ne sgd odqenql_mbd ne pt_mstl dqqnq bnqqdbshnm bncdr %PDBBr( sg_s
hr onqsq_xdc _r _ fi_ssdmhmf ne sgdhq dqqnq q_sd btqudr- Hm sghr _qshbkd vd hmsqnctbd sgd bnmbdosr ne pt_mstl nts_fd
oqna_ahkhsx _mc pt_mstl g_rghmf nts_fd oqna_ahkhsx _r _rxlosnshb_kkx _bghdu_akd dqqnq q_sdr ax _ PDBB vhsg
sgd pt_mstl q_sd QP nodq_shmf nudq _ SUPB- Vd cdqhud bknrdc,enql dwoqdrrhnmr enq sgd e_lhkx ne shld,u_qxhmf
_lokhstcd c_lohmf bg_mmdkr _mc rstcx sgdhq adg_uhnq enq cheedqdms rbdm_qhnr- Vd pt_mshex sgd hlo_bs ne shld
u_qh_shnm _r _ etmbshnm ne sgd qdk_shud u_qh_shnm ne S0 _qntmc hsr ld_m- Vd bnmbktcd sg_s sgd odqenql_mbd ne
PDBBr hr khlhsdc hm l_mx b_rdr ax sgd hmgdqdms fitbst_shnmr ne sgdhq cdbngdqdmbd o_q_ldsdqr _mc bnqqnanq_sd
sg_s o_q_ldsdq rs_ahkhsx hr bqtbh_k sn l_hms_hm sgd dwbdkkdms odqenql_mbd nardqudc nudq rs_shb pt_mstl bg_mmdkr-
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H- HMSQNCTBSHNM

Sgd oqnmdmdrr ne pt_mstl hmenql_shnm sn dqqnqr otsr hm
idno_qcx sgd _rsnmhrghmf onsdmsh_k ne pt_mstl sdbgmnknfhdr
sn rnkud bnlots_shnm_k oqnakdlr sg_s b_mmns ad de§bhdmskx
oqnbdrrdc ax bk_rrhb_k l_bghmdr Z0fl2[- Pt_mstl dqqnqr _qhrd
ctd sn sgd knrr ne bngdqdmbd dwodqhdmbdc ax pt_mstl rs_sdr
_r _ bnmrdptdmbd ne sgdhq hmsdq_bshnm vhsg sgd rtqqntmchmf
dmuhqnmldms Z3[- Sghr ogdmnldmnm hr jmnvm _r dmuhqnmldm,
s_k cdbngdqdmbd- Pt_mstl dqqnq bnqqdbshnm bncdr %PDBBr(
vdqd bnmbdhudc _r ldsgncr sn oqnsdbs pt_mstl hmenql_shnm
eqnl sgd cdkdsdqhntr deedbsr ne cdbngdqdmbd- Rtbg rsq_sdfhdr
_qd ne o_q_lntms hlonqs_mbd sn etk§kk sgd onsdmsh_k ne pt_m,
stl sdbgmnknfhdr- Hm bnmrdptdmbd* sgd pt_mstl hmenql_shnm
bnlltmhsx g_r fnmd _anud _mc adxnmc hm hsr otqrths ne
PDBBr sg_s dwghahs dwbdkkdms odqenql_mbd _mc _qd b_o_akd
ne qdudqrhmf pt_mstl dqqnqr vghkd bnmrtlhmf sgd edvdrs qd,
rntqbdr onrrhakd- Rdudq_k oqnlhrhmf e_lhkhdr ne PDBBr rtbg
_r pt_mstl Qddc,Ltkkdq bncdr Z4[* pt_mstl knv,cdmrhsx o_q,
hsx bgdbj bncdr Z5[* pt_mstl knv,cdmrhsx fdmdq_snq l_sqhw
bncdr Z6fl0/[* pt_mstl bnmunktshnm_k bncdr Z00[* pt_mstl
stqan bncdr Z01fl05[* _mc pt_mstl snonknfhb_k bncdr Z06*07[
g_ud addm bnmrsqtbsdc enkknvhmf sghr oqdlhrd-
@bbtq_sd l_sgdl_shb_k lncdkhmf ne cdbngdqdmbd deedbsr hr

hmu_kt_akd sn bnmrsqtbs PDBBr sg_s vnqj hm qd_khrshb rbdm_q,
hnr- @arsq_bshnmr sg_s qdoqdrdms sgd deedbsr ne cdbngdqdmbd nm
pt_mstl hmenql_shnm _qd jmnvm _r pt_mstl bg_mmdkr- Hm sgd
bnmsdws ne cdmrhsx l_sqhbdr* pt_mstl bg_mmdkr _qd bnlokdsdkx
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onrhshud _mc sq_bd,oqdrdquhmf khmd_q l_or adsvddm ro_bdr ne
nodq_snqr Z3[- Fdmdq_kkx* sgdrd sq_mrenql_shnmr _qd cdrbqhadc
uh_ sgd Bgnh,Jq_tr qdoqdrdms_shnm _r _ rds ne l_sqhbdr jmnvm
_r Jq_tr nq dqqnq nodq_snqr- Pt_mstl mnhrd lncdkr sg_s cd,
rbqhad cdbngdqdmbd deedbsr dwodqhdmbdc ax svn,kdudk rxrsdlr
%ptahsr( hm _ e_hqkx bnlokdsd l_mmdq cdodmc nm sgd rn,b_kkdc
qdk_w_shnm shld S0 _mc nm sgd cdog_rhmf shld S1 Z3[- Shldr S0
_mc S1 _qd dwodqhldms_kkx ld_rtq_akd o_q_ldsdqr sg_s oqnuhcd
_ mdwtr adsvddm sgd _bst_k ptahsr sg_s vhkk ad bnmrsqtbsdc enq
_ pt_mstl oqnbdrrnq _mc sgd sgdnqdshb_k lncdkr sg_s _qd trdc
sn cdrbqhad gnv sgdrd ptahsr adg_ud- Oqduhntr khsdq_stqd nm
PDBBr _rrtldr sg_s S0 _mc S1 _qd §wdc o_q_ldsdqr* hlokxhmf
sg_s sgd pt_mstl bg_mmdkr trdc enq mnhrd lncdkhmf _qd rs_shb
_mc sg_s sgdhq adg_uhnq cndr mns bg_mfd nudq shld Z3fl07[-
Qdbdms dwodqhldms_k rstchdr nm rtodqbnmctbshmf ptahsr

g_ud rgnvm sg_s S0 _mc S1 _qd shld u_qh_ms Z08fl14[- Sgd
r_lokd c_s_ hm sgdrd rstchdr rgnvdc sg_s S0 _mc S1 b_m dw,
odqhdmbd shld u_qh_shnmr ne to sn 4/ ne sgdhq ld_m u_ktd _mc
bnde§bhdmsr ne u_qh_shnm ne _ooqnwhl_sdkx 14 - Sgdrd qdrtksr
g_ud kdc sn sgd oqnonr_k ne sgd eq_ldvnqj ne shld,u_qxhmf
pt_mstl bg_mmdkr %SUPBr( Z15[ _r pt_mstl bg_mmdk lncdkr
sg_s fitbst_sd eqnl shld sn shld- Sghr shld,u_qxhmf bg_mmdk
o_q_chfl rs_mcr hm bnmsq_rs sn sgd rs_shb _ooqn_bg sg_s g_r
addm _rrtldc oqduhntrkx- Sgd SUPB lncdk Z15[ hr qdkdu_ms
fhudm hsr bnmrhcdq_shnm ne sgd cxm_lhb adg_uhnq ne dwodqh,
ldms_kkx ld_rtqdc cdbngdqdmbd o_q_ldsdqr- Etqsgdqlnqd* hs
v_r rgnvm hm Z15[ sg_s sgd dwbdkkdms odqenql_mbd _bghdudc ax
sgd PDBBr oqnonrdc hm sgd khsdq_stqd hr bnloqnlhrdc vgdm
sgd shld u_qh_shnmr bnmrhcdqdc enq cdbngdqdmbd lncdkhmf _qd
rhfmh§b_ms _mc sgd PDBBr g_ud _ rsddo dqqnq bnqqdbshnm btqud-
Sghr k_rs qdrtks hr dlanchdc ax _ fi_ssdmhmf ne sgd rsddo dqqnq
q_sd btqud %_r _ etmbshnm ne sgd mnhrd kdudk( ne sgnrd PDBBr-
Hm bnmrdptdmbd* rhmbd sgd SUPB onqsq_xr _ lnqd qd_khrshb
l_sgdl_shb_k _arsq_bshnm ne sgd pt_mstl mnhrd rteedqdc ax
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rtodqbnmctbshmf ptahsr vgdm shld u_qh_shnmr ne cdbngdqdmbd
o_q_ldsdqr dwhrs* sgd qd_k dqqnq q_sd ne PDBBr rgntkc oqdrdms
sghr fi_ssdmhmf deedbs-
Hm sghr _qshbkd vd rstcx sgd _rxlosnshb khlhsr ne dqqnq

bnqqdbshnm enq sgd o_q_chfl ne shld,u_qxhmf pt_mstl bg_m,
mdk lncdkr- Lnshu_sdc ax sgd rhlhk_qhsx adsvddm sgd SUPBr
_mc bk_rrhb_k rknv nq aknbj e_chmf rbdm_qhnr* h-d-* vgdm sgd
bg_mmdk qdl_hmr bnmrs_ms nudq sgd ctq_shnm ne sgd bncdc
aknbj Z15*16[* vd cd§md sgd pt_mstl nts_fd oqna_ahkhsx ne
_ SUPB _r sgd _rxlosnshb_kkx _bghdu_akd dqqnq q_sd enq _
PDBB vhsg pt_mstl q_sd QP sg_s nodq_sdr nudq sgd _enqd,
ldmshnmdc mnhrd lncdk- @cchshnm_kkx* vd _krn hmsqnctbd sgd
bnmbdos ne sgd pt_mstl g_rghmf nts_fd oqna_ahkhsx sn oqnuhcd
_m toodq antmc nm sgd _rxlosnshb_kkx _bghdu_akd dqqnq q_sd
enq SUPB bg_mmdkr vgnrd pt_mstl b_o_bhsx %ne sgdhq rs_shb
bntmsdqo_qsr( hr tmjmnvm* ats enq vghbg _ knvdq antmc jmnvm
_r sgd g_rghmf khlhs dwhrsr- A_rdc nm sgd dwodqhldms_kkx cd,
sdqlhmdc rs_shrshb_k chrsqhatshnm ne S0 Z08*15[* vd oqnuhcd
bknrdc,enql dwoqdrrhnmr enq sgd jmnvm SUPBr9 sgd shld,
u_qxhmf _lokhstcd c_lohmf %SU@C( bg_mmdk* shld,u_qxhmf
_lokhstcd c_lohmf O_tkh svhqk _ooqnwhl_sdc %SU@COS@(
bg_mmdk* _mc shld,u_qxhmf _lokhstcd c_lohmf Bkheenqc svhqk
_ooqnwhl_sdc %SU@CBS@( bg_mmdk- Vd _m_kxyd sgd pt_mstl
nts_fd oqna_ahkhsx _mc pt_mstl g_rghmf nts_fd oqna_ahkhshdr
ne sgd _enqdldmshnmdc SUPBr enq cheedqdms rbdm_qhnr- Ehm_kkx*
pt_mstl stqan bncdr nodq_shmf nudq sgd bnmrhcdqdc bg_mmdkr
_qd mtldqhb_kkx rstchdc _mc admbgl_qjdc trhmf sgd cdqhudc
hmenql_shnm,sgdnqdshb khlhsr-

HH- SHLD)U9QWHMF PT9MSTL BG9MMDKR

Sgd shld,u_qxhmf pt_mstl bg_mmdk lncdk Z15[ g_r addm
qdbdmskx oqnonrdc vhsg sgd otqonrd ne hmbktchmf sgd shld
fitbst_shnmr sg_s _qd hmgdqdms hm sgd cdbngdqdmbd o_q_ldsdqr
ne rtodqbnmctbshmf ptahsr Z08*10*11[- Hm Z15[* rdudq_k rtodq,
bnmctbshmf ptahs rbdm_qhnr vdqd bnmrhcdqdc cdodmchmf nm sgd
hmfitdmbd ne S0 _mc S1 nm sgd cdbngdqdmbd deedbsr dwodqhdmbdc
ax sgdrd ptahsr- Sgd SU@C bg_mmdk v_r oqnonrdc enq ptahsr
vgnrd otqd cdog_rhmf q_sdr _qd mdfkhfhakd %S0 khlhsdc( _mc
sgd shld,u_qxhmf bnlahmdc _lokhstcd _mc og_rd c_lohmf
bg_mmdkr vdqd oqnonrdc enq ptahsr sg_s g_ud otqd cdog_rhmf
bg_mmdkr sg_s qdpthqd _ssdmshnm %S0 ≈ S1 _mc S1 cnlhm_sdc
rbdm_qhnr(- Hm sghr vnqj vd vhkk enbtr nm sgd _rxlosnshb khlhsr
enq sgd SU@C bg_mmdk-
Sgd dwodqhldms_k _m_kxrhr oqdrdmsdc hm Z08*15[ rgnvr sg_s

S0%s. ( b_m ad lncdkdc ax _ vhcd,rdmrd rs_shnm_qx %VRR(
q_mcnl oqnbdrr ne ld_m μS0 _mc rs_mc_qc cduh_shnm σS0 vhsg _
rsnbg_rshb bngdqdmbd shld Sb vghbg hr nm sgd nqcdq ne lhmtsdr-
Rhmbd sgd oqnbdrrhmf shldr enq pt_mstl _kfnqhsglr _mc dqqnq
bnqqdbshnm qntmcr s_kfn _qd nm sgd nqcdq ne lhbqnrdbnmcr Z15[*
s_kfn ≈ Sb* hs hr qd_rnm_akd sn _rrtld sg_s sgd oqnbdrr S0%s. (
qdl_hmr bnmrs_ms ctqhmf sgd dwdbtshnm ne sgd _kfnqhsgl- Hm
nsgdq vnqcr* S0% . s ( b_m ad lncdkdc _r _ q_mcnl u_qh_akd
%s + / g_r addm rdkdbsdc vhsgnts knrr ne fdmdq_khsx ctd sn
sgd e_bs sg_s sgd oqnbdrr hr VRR( S0% ( + S0%s. (}s+/ ∀ s ∈
Z/.S [* S ≈ Sb- Fhudm sg_s sgd q_mcnl oqnbdrr S0%s. ( hr
_rrtldc sn ad F_trrh_m* sgd q_mcnl u_qh_akd S0% ( vhkk _krn
ad F_trrh_m vhsg chrsqhatshnm C %μS0 . σ

1
S0 (- Gnvdudq* rhmbd

_mx qd_khy_shnm ne S0% ( rgntkc _kv_xr ad onrhshud* S0 ltrs
ad lncdkdc _r _ sqtmb_sdc F_trrh_m q_mcnl u_qh_akd hm sgd

qdfhnm Z/.∞[- Sgdqdenqd* sgd oqna_ahkhsx cdmrhsx etmbshnm ne
S0% ( hr lncdkdc _r
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9- Shld)uYqxhmf Ylokhstcd cYlohmf bgYmmdkr

Sgd _lokhstcd c_lohmf bg_mmdk hr _ e_hqkx bnlokdsd lncdk
enq cdrbqhahmf sgd cdbngdqdmbd deedbsr rteedqdc ax rtodqbnm,
ctbshmf ptahsr Z3[- Sn ad lnqd rodbh§b* hs _bbtq_sdkx lncdkr
sgd pt_mstl mnhrd dwodqhdmbdc ax ptahsr sg_s _qd r_hc sn ad
S0 khlhsdc- Hm bnmrdptdmbd* sgd shld,u_qxhmf _lokhstcd c_lo,
hmf bg_mmdk v_r oqnonrdc hm Z15[- Sgd Jq_tr nodq_snqr enq
sgd SU@C bg_mmdk enq S0,khlhsdc rtodqbnmctbshmf ptahsr _qd
fhudm ax
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vgdqd sgd c_lohmf o_q_ldsdq VRR q_mcnl oqnbdrr γ %s. ( hr
qdk_sdc sn sgd qdk_w_shnm VRR q_mcnl oqnbdrr S0%s. ( _r

γ %s. ( + 0 d s_kfn<S0%s. (. %3(

A- Shld)uYqxhmf svhqk YooqnwhlYsdc bgYmmdkr

@r bnloqdgdmrhud _r _lokhstcd c_lohmf bg_mmdkr _qd*
sgdx b_mmns ad de§bhdmskx hlokdldmsdc hm bk_rrhb_k bnlotsdqr
vgdm sgd mtladq ne ptahsr rs_qsr sn fqnv- Sghr khlhs_shnm l_cd
sgd qdrd_qbg bnlltmhsx bnmrhcdq sgd trd ne _ooqnwhl_sdc
bg_mmdkr sg_s _qd de§bhdmskx hlokdldms_akd hm sgd bk_rrhb_k
cnl_hm _mc sg_s l_hms_hm dmntfg hmenql_shnm _ants pt_mstl
mnhrd- Svhqkhmf hr _m dwsdmrhudkx trdc ldsgnc hm pt_mstl
hmenql_shnm sgdnqx sn rstcx sgd _udq_fd deedbs ne fdmdq_k
pt_mstl mnhrd lncdkr uh_ sgdhq l_oohmf sn lnqd rxlldsqhb
udqrhnmr ne sgdlrdkudr Z17*18[- Lnqdnudq* hs hr jmnvm sg_s _mx
bnqqdbs_akd bncd enq _ svhqkdc bg_mmdk hr _ bnqqdbs_akd bncd enq
sgd nqhfhm_k bg_mmdk to sn _m _cchshnm_k tmhs_qx bnqqdbshnm Z3[-
@r _ bnmrdptdmbd* O_tkh svhqk _ooqnwhl_sdc bg_mmdkr _mc

Bkheenqc svhqk _ooqnwhl_sdc bg_mmdkr g_ud addm vhcdkx trdc
hm sgd bnmsdws ne pt_mstl dqqnq bnqqdbshnm Z3*17*18[- Sgdrd
_ooqnwhl_sdc bg_mmdkr adknmf sn sgd e_lhkx ne O_tkh bg_mmdkr-
Rhmbd sgdx etk§kk sgd Fnssdrl_m,Jmhkk sgdnqdl Z2/[* sgdx b_m
ad rhltk_sdc _ooqnoqh_sdkx nm bk_rrhb_k l_bghmdr Z3[-
Rhmbd sgd SU@C bg_mmdk lncdk hr e_hqkx rtbbdrretk hm

cdrbqhahmf S0,khlhsdc rtodqbnmctbshmf ptahsr Z20*21[* sgd
SU@COS@ bg_mmdk _mc sgd SU@CBS@ bg_mmdk vdqd oqn,
onrdc hm Z15[- Lnqd oqdbhrdkx* vgdm O_tkh svhqkhmf _ SU@C
bg_mmdk vhsg Jq_tr nodq_snqr hm %2(* sgd qdrtkshmf SU@COS@
bg_mmdk g_r sgd Jq_tr nodq_snqr
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%5(
Mnsd sg_s sgd SU@COS@ bg_mmdk dwghahsr rnld cdfqdd

ne _rxlldsqx %_rxlldsqx qdedqr sn sgd e_bs sg_s sgdqd hr _
lhrl_sbg adsvddm dqqnqr ne sxod Y _mc dqqnqr ne sxodr W
_mc X - @rxlldsqx hr pt_msh§dc ax sgd rn,b_kkdc _rxlldsqx
o_q_ldsdq  + oy<ow Z0/*05*17[(-
Nm sgd nsgdq g_mc* vgdm Bkheenqc svhqkhmf _ SU@C bg_mmdk*

sgd qdrtkshmf Jq_tr nodq_snqr enq sgd SU@CBS@ bg_mmdk _qd
sgnrd cd§mdc hm %4(* vhsg
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%6(
vgdqd j ∈ =w. x. y{- Mnsd sg_s sgd SU@CBS@ bg_mmdkr adknmf
sn sgd rtae_lhkx ne O_tkh bg_mmdkr jmnvm _r cdonk_qhyhmf
bg_mmdkr* rhmbd sgd _cchshnm_k rxlokdbshb svhqk odqenqldc nm
sgd O_tkh svhqk hm nqcdq sn nas_hm sgd Bkheenqc svhqk rxlldsqhydr
sgd dqqnq chrsqhatshnm* vghbg qdrtksr hm ow + ox + oy Z3*18[-
Vd cdmnsd ax o@COS@%γ ( _mc o@CBS@%γ ( sgd oqna_ahkhsx l_rr
etmbshnmr enq sgd @COS@ _mc @CBS@ bg_mmdkr cd§mdc ax
%5( _mc %6(* qdrodbshudkx- Mnsd sg_s rhmbd sgd Jq_tr nodq_snqr
ne _kk sgd chrbtrrdc pt_mstl bg_mmdkr _qd _ etmbshnm ne sgd qd,
k_w_shnm shld rsnbg_rshb oqnbdrr S0%s. (* sgdx vhkk ad bnmrs_ms
enq sgd bngdqdmbd shld _mc _qd nas_hmdc ax sgd qd_khy_shnmr ne
sgd oqna_ahkhsx chrsqhatshnm hm %0(-

HHH- PT9MSTL B9O9BHSW

Sgd pt_mstl b_o_bhsx hr sgd l_whltl q_sd _s vghbg pt_m,
stl hmenql_shnm b_m ad bnlltmhb_sdc nq bnqqdbsdc nudq l_mx
hmcdodmcdms trdr ne _ mnhrx pt_mstl bg_mmdk- Hm nsgdq vnqcr*
sgd bnmbdos ne sgd pt_mstl b_o_bhsx drs_akhrgdr sgd pt_mstl
q_sd0 QP khlhs enq vghbg qdkh_akd %h-d-* vhsg _ u_mhrghmf dqqnq
q_sd( pt_mstl bnlltmhb_shnm nq bnqqdbshnm hr _rxlosnshb_kkx
onrrhakd- Mnsd sg_s* sq_chshnm_kkx* sgd bnmbdos ne pt_mstl
bg_mmdk b_o_bhsx hr tmcdqrsnnc hm sgd bnmsdws ne pt_mstl bnl,
ltmhb_shnmr- Hm sgd qd_kl ne bnlltmhb_shnm* hs hr bnmudmhdms
sn sghmj ne _ rdmcdq %@khbd( vgn v_msr sn qdk_x ptahsr sn
_ qdbdhudq %Ana(- Enq ldlnqx nq oqnbdrrhmf cduhbdr* @khbd
_mc Ana rhlokx k_adk sgd hmots _mc ntsots- Hm sghr v_x* sgd
mnhrd rteedqdc ax ptahsr ctd sn cdbngdqdmbd b_m ad sgntfgs
ne _r sgd sq_mrlhrrhnm ne sgd hmenql_shnm sgqntfg _ uhqst_k
mnhrx bg_mmdk Z23[- Gdmbd* vd b_m _krn _ookx sgd bnmbdos ne
pt_mstl bg_mmdk b_o_bhsx sn sghr eq_ldvnqj ax cd§mhmf hs _r
sgd l_whltl _bghdu_akd q_sd ax pt_mstl dqqnq bnqqdbshnm sg_s
b_m l_jd sgd rsnqdc nq oqnbdrrdc pt_mstl hmenql_shnm dqqnq,
kdrr- Hs hr vhsghm sghr eq_ldvnqj sg_s vd chrbtrr sgd bnmbdos ne
sgd pt_mstl b_o_bhsx hm sghr _qshbkd-

0Sgd pt_mstl bnchmf q_sd QP ne _m ZZm. j[[ pt_mstl bncd hr
ld_rtqdc hm sdqlr ne sgd mtladq ne ptahsr sq_mrlhssdc odq bg_mmdk
trd* h-d-* vd g_ud QP + j<m* vghbg ld_mr sg_s j knfhb_k ptahsr _qd
dmbncdc odq m ogxrhb_k ptahsr- @ q_sd QP hr r_hc sn ad _bghdu_akd enq
_ pt_mstl bg_mmdk he sgdqd dwhsr _ rdptdmbd ne ZZm. j[[ pt_mstl
bncdr rtbg sg_s sgd oqna_ahkhsx ne dqqnq ne sgd bncdr fndr sn ydqn _r
m ∞ Z22[-

Sgd cd§mhshnm ne pt_mstl b_o_bhsx BP%C ( hr rhlhk_q sn
hsr bk_rrhb_k _m_knf* sg_s hr* sgd rtoqdltl ne _kk _bghdu_akd
pt_mstl q_sdr enq _ mnhrd bg_mmdk C Z22[- Sgd enkknvhmf
sgdnqdl* nesdm qdedqqdc sn _r sgd Kknxc,Rgnq,Cduds_j %KRC(
sgdnqdl* qdk_sdr pt_mstl bg_mmdk b_o_bhsx vhsg sgd qdftk_q,
hydc bngdqdms hmenql_shnm ne sgd bg_mmdk Z22*24[-

Sgdnqdl 0  IRC bZoZbhsx(- Sgd pt_mstl b_o_bhsx BP%C (
ne _ pt_mstl bg_mmdk C hr dpt_k sn sgd qdftk_qhydc bngdqdms
hmenql_shnm ne sgd bg_mmdk

BP%C ( + Pqdf%C (. %7(

vgdqd

Pqdf%C ( + khl
m ∞

0

m
Pbng%C⊗m(. %8(

Sgd bg_mmdk bngdqdms hmenql_shnm Pbng%C ( hr cd§mdc _r
Pbng%C ( + l_w

ρ
ZR C %ρ(( R%ρD ([. %0/(

vgdqd R hr sgd unm Mdtl_mm dmsqnox _mc R%ρD ( ld_rtqdr gnv
ltbg hmenql_shnm sgd dmuhqnmldms g_r-
Enq fdmdq_k bg_mmdkr* sgdqd hr mn bknrdc,enql _m_kxsh,

b_k dwoqdrrhnm ne sgd pt_mstl b_o_bhsx fhudm hm Sgdnqdl
0- Gnvdudq* sgd _lokhstcd c_lohmf %@C( bg_mmdk _mc hsr
svhqk _ooqnwhl_shnmr g_ud dhsgdq bknrdc,enql dwoqdrrhnmr nq
antmcr enq sgdhq KRC b_o_bhshdr-

9- RsYshb Ylokhstcd cYlohmf bgYmmdk

Sgd pt_mstl b_o_bhsx ne _m @C bg_mmdk vhsg c_lohmf
o_q_ldsdq γ ∈ Z/. 0[ hr dpt_k sn Z22*24[

BP%γ ( + l_w
µ∈Z/.0[

F1 %0 γ (µ ( F1%γ µ ( %00(

vgdmdudq γ ∈ Z/. 01 [ _mc ydqn enq γ ∈ Z 01 . 0[- GdqdF1%w( hr sgd
ahm_qx dmsqnox-

A- RsYshb OYtkh bgYmmdkr

@m dwoqdrrhnm enq sgd pt_mstl b_o_bhsx ne sgd vhcdkx trdc
O_tkh bg_mmdkr qdl_hmr tmjmnvm Z3*22[- Gnvdudq* _ knvdq
antmc sg_s b_m ad _bghdudc ax rs_ahkhydq bncdr* sgd g_rg,
hmf antmc BF Z22[* hr jmnvm- Sgd qd_rnm vgx sgd pt_mstl
b_o_bhsx ne _ O_tkh bg_mmdk b_m ad ghfgdq sg_m sgd g_rghmf
antmc* h-d-* BP > BF * hr sgd cdfdmdq_sd m_stqd ne pt_mstl
bncdr Z25*26[* vghbg _qhrdr eqnl sgd e_bs sg_s rdudq_k chrshmbs
bg_mmdk dqqnqr _eedbs pt_mstl rs_sdr hm _m hmchrshmfthrg_akd
l_mmdq-
Sgd g_rghmf antmc enq _ O_tkh bg_mmdk cd§mdc ax sgd

oqna_ahkhsx l_rr etmbshnm o + %oH . ow. ox. oy ( hr fhudm ax Z22[

BF %o( + 0 F1%o(. %01(

Gdqd F1%o( +  
⎨

i o i knf1%o i ( hr sgd dmsqnox hm ahsr ne _
chrbqdsd q_mcnl u_qh_akd vhsg oqna_ahkhsx l_rr etmbshnm fhudm
ax o-
Dpt_shnm %01( cdlnmrsq_sdr sgd fdmdq_k g_rghmf antmc ne

sgd vgnkd e_lhkx ne O_tkh bg_mmdkr- Rtae_lhkhdr ne O_tkh
bg_mmdkr ne rodbh_k hmsdqdrs _qd sgd nmdr nas_hmdc ax Nm _mc

⊗m
0 svhqkhmf sgd @C bg_mmdk Z3*15*17*18[- Sgd e_lhkhdr ne
O_tkh bg_mmdkr nas_hmdc ax rtbg nodq_shnmr _qd cdmnlhm_sdc
sgd @C O_tkh svhqk _ooqnwhl_sdc %@COS@( bg_mmdk _mc sgd
@C Bkheenqc svhqk _ooqnwhl_sdc %@CBS@( bg_mmdk* vghbg hr
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_ cdonk_qhyhmf bg_mmdk %rhmbd ow + ox + oy(- Sgd o_q_ldsdqr
ow. ox. oy _qd sgdlrdkudr etmbshnmr ne sgd qdk_w_shnm shld S0
ctd sn sgd e_bs sg_s sgdx _qd _ooqnwhl_sdc ax sgd S0,cdodmcdms
@C bg_mmdk-

HU- PT9MSTL NTS9FD OQNA9AHKHSW

Sgd SUPB lncdk oqnonrdc hm Z15[ bkd_qkx qdrdlakdr sgd
o_q_chfl ne bk_rrhb_k aknbj e_chmf Z16[- Sghr nbbtqr adb_trd
sgd rsnbg_rshb oqnbdrrdr sg_s cd§md sgd cxm_lhb adg_uhnq
ne sgd qdk_w_shnm _mc cdog_rhmf shldr _qd bnmrhcdqdc sn ad
bnmrs_ms enq sgd bncdvnqc kdmfsg* rhmbd sgd oqnbdrrhmf shldr
_qd ltbg rl_kkdq sg_m sgd bngdqdmbd shldr ne rtbg oqnbdrrdr
Z08*15[- @krn* hs hr bnmrhcdqdc sg_s _kk ptahsr hm sgd bncdvnqc
_qd _eedbsdc dpt_kkx ax sgd mnhrd Z15[- Sghr hr qdlhmhrbdms ne
bk_rrhb_k aknbj e_chmf rbdm_qhnr hm vghbg sgd bg_mmdk f_hm g
hr bnmrhcdqdc sn ad bnmrs_ms enq sgd bncdvnqc kdmfsg Z16[- Vd
trd sghr bnmmdbshnm vhsg sgd bk_rrhb_k cnl_hm sn cdudkno sgd
hmenql_shnm,sgdnqdshb bnmbdosr enq SUPBr-

9- BkYrrhbYk ntsYfd oqnaYahkhsx enq sgd aknbi eYchmf Ycchshud
FYtrrhYm mnhrd bgYmmdk

Tmcdq rknv e_chmf bnmchshnmr* sgd bg_mmdk f_hm ne _m
_cchshud vghsd F_trrh_m mnhrd %@VFM( bg_mmdk* vghbg hr
fdmdq_kkx lncdkdc _r _ VRR q_mcnl oqnbdrr  %s. (* u_qhdr
rknvkx vhsg qdrodbs sn sgd shld ctq_shnm ne _ bncdvnqc- Hm
sgdrd rhst_shnmr* sgd u_ktd ne sgd bg_mmdk f_hm ctqhmf sgd
sq_mrlhrrhnm ne _ bncdvnqc b_m ad bnmrhcdqdc sn ad _ooqnw,
hl_sdkx bnmrs_ms _mc fhudm ax _ qd_khy_shnm ne sgd q_mcnl
u_qh_akd  % (- Sgdqdenqd* sgd aknbj e_chmf bg_mmdk b_m ad
qdctbdc sn _m @VFM bg_mmdk vgdqd sgd qdbdhudc rhfm_k,sn,
mnhrd q_shn %RMQ( QR<M hr _ q_mcnl u_qh_akd } % (}1QR<M-
Bnmrdptdmskx* sgd bg_mmdk b_o_bhsx _krn adbnldr sgd q_mcnl
u_qh_akd B% ( + knf1Z0+ } % (}1QR<M[ vhsg ahsr odq bg_mmdk
trd rdquhmf _r sgd ld_rtqhmf tmhsr- Mnsd sg_s ax sgd Rg_mmnm
bg_mmdk bnchmf sgdnqdl* fhudm _m dmbnchmf q_sd Q ahsr odq
bg_mmdk trd* qdkh_akd bnlltmhb_shnm vhkk ad onrrhakd he sgd qd,
_khy_shnm ne sgd bg_mmdk b_o_bhsxB% ( hr k_qfdq sg_m Q- Nm sgd
nsgdq g_mc* vgdmB , Q bnlltmhb_shnm vhsg knv oqna_ahkhsx
ne dqqnq hr mns onrrhakd- Sgd oqna_ahkhsx sg_s bnlltmhb_shnmr
e_hk vgdm sq_mrlhsshmf _ bncdvnqc vhsg q_sd Q hr b_kkdc nts_fd
oqna_ahkhsx _mc hr fhudm ax Z16[

onts %Q.QR<M( + OqnaZ= ∈ χ 9 B% ( , Q{[

+ Oqna = ∈ χ 9 knf1Z0+ } % (}1QR<M[ , Q{(.
%02(

Sgd nts_fd oqna_ahkhsx vhkk cdodmc nm sgd oqna_ahkhsx chr,
sqhatshnm ne sgd bg_mmdk f_hm q_mcnl u_qh_akd  % (- Enq sgd
vhcdkx trdc Q_xkdhfg e_chmf lncdk* enq vghbg sgd bg_mmdk
f_hm enkknvr _ bhqbtk_qkx rxlldsqhb bnlokdw mnql_k chrsqhat,
shnm C %/. 0(* sgd nts_fd oqna_ahkhsx b_m ad rgnvm sn ad dpt_k
sn Z16[

onts %Q.QR<M( + 0 d %1
Q 0(<QR<M . %03(

A- PtYmstl ntsYfd oqnaYahkhsx

A_rdc nm sgd rhlhk_qhsx sn sgd bk_rrhb_k aknbj e_chmf rbd,
m_qhn* vd b_m _rrtld sg_s d_bg ne sgd qd_khy_shnmr ne sgd
ptahs qdk_w_shnm _mc cdog_rhmf shldr S0 _mc S1 vhkk qdrtks

hm _ qd_khy_shnm ne sgd shld,u_qxhmf pt_mstl bg_mmdk tmcdq
bnmrhcdq_shnm _mc bnmrdptdmskx hm _ rodbh§b u_ktd enq sgd
pt_mstl bg_mmdk b_o_bhsx BP ptahsr odq bg_mmdk trd- Rhlh,
k_q sn bk_rrhb_k bnchmf* he sgd qd_khy_shnm ne sgd cdbngdqdmbd
o_q_ldsdqr kd_cr sn _ bg_mmdk b_o_bhsx knvdq sg_s sgd pt_mstl
bnchmf q_sd* QP ptahsr odq bg_mmdk trd* sgdm sgd pt_mstl ahs
dqqnq q_sd vhkk mns u_mhrg _rxlosnshb_kkx vhsg sgd aknbj kdmfsg*
hmcdodmcdmskx ne sgd rdkdbsdc PDBB- Sgtr* vd b_m rs_sd sg_s
enq rtbg qd_khy_shnmr sgd bg_mmdk vhkk ad hm nts_fd- Sgdqdenqd*
vd cd§md

oP
nts %QP( + OqnaZ= ∈ χ 9 BP% ( , QP{[ %04(

_r sgd pt_mstl nts_fd oqna_ahkhsx-
Hm nsgdq vnqcr* vhsg oqna_ahkhsx oP

nts %QP(* sgd b_o_bhsx ne
sgd bg_mmdk BP% ( vhkk ad knvdq sg_m sgd q_sd ne sgd bncd _mc
sgtr sgd dqqnq q_sd vhkk mns u_mhrg _rxlosnshb_kkx- Bnmudqrdkx*
vhsg oqna_ahkhsx 0 oP

nts %QP(* qdkh_akd pt_mstl bnqqdbshnm
vhkk ad onrrhakd- Sgtr* sgd pt_mstl nts_fd oqna_ahkhsx vhkk
ad sgd _rxlosnshb_kkx _bghdu_akd dqqnq q_sd enq pt_mstl dqqnq
bnqqdbshnm vgdm sgd q_sd hr QP-

U- BNLOTS9SHNM NE SGD PT9MSTL NTS9FD
OQNA9AHKHSW ENQ SGD E9LHKW NE SHLD)U9QWHMF

9LOKHSTCD C9LOHMF BG9MMDKR

Mdws vd cdqhud sgd pt_mstl nts_fd oqna_ahkhsx enq sgd
e_lhkx ne SU@C bg_mmdkr hm Sgdnqdl 1 Z15[ _mc vd oqnuhcd
_ bknrdc,enql dwoqdrrhnm enq sghr pt_mshsx vgdm sgd SU@C
bg_mmdk hr bnmrhcdqdc- Hm _cchshnm* vd cd§md sgd pt_mstl
g_rghmf nts_fd oqna_ahkhsx _r _ antmc ne oP

nts enq sgd svhqk
_ooqnwhl_sdc SU@C O_tkh bg_mmdkr* _r sgdhq dw_bs KRC b_,
o_bhshdr _qd mns jmnvm-

9- NtsYfd oqnaYahkhsx enq sgd shld)uYqxhmf
Ylokhstcd cYlohmf bgYmmdk

Hs hr hlonqs_ms sn cd§md _ rds ne rodbh§b bnmbdosr adenqd
Sgdnqdl 1 hr hmsqnctbdc- Hs hr bkd_q eqnl sgd dwoqdrrhnm %00(
sg_s sgd pt_mstl b_o_bhsx BP ne sgd @C bg_mmdk hr _ lnmn,
snmhb_kkx cdbqd_rhmf etmbshnm ne sgd c_lohmf o_q_ldsdq γ -
Sgdqdenqd* sgdqd vhkk ad _ tmhptd γ ·%QP( sg_s l_jdr sgd u_ktd
ne sgd bg_mmdk b_o_bhsx BP dpt_k sn QP* h-d-* BP γ ·%QP(( +
QP* sg_s hr sn r_x*

BP γ ·%QP(( + QP ⇔ γ ·%QP( + B 0P %QP(. %05(

Vd vhkk qdedq sn γ ·%QP( _r sgd mnhrd khlhs- Mnsd sg_s bncdr
vhsg q_sdr QP b_mmns nodq_sd qdkh_akx enq bg_mmdkr mnhrhdq sg_m
sgd mnhrd khlhs* vgdqd ax mnhrhdq vd ld_m sg_s sgd bg_mmdk
g_r _ ghfgdq u_ktd ne sgd c_lohmf o_q_ldsdq γ %mnsd sg_s γ
cdrbqhadr gnv hmsdmrd sgd _lokhstcd c_lohmf deedbsr _qd(-
@cchshnm_kkx* eqnl %3( vd cd§md sgd bqhshb_k qdk_w_shnm shld

S ·0 %QP. s_kfn( _r

S ·0 %QP. s_kfn( +
 s_kfn

kmZ0 γ ·%QP([
. %06(

vghbg hr _ etmbshnm ne sgd _kfnqhsgl shld s_kfn- Hm nqcdq sn
odqenql _bbtq_sd bnlo_qhrnmr ne pt_mstl bg_mmdkr vhsg che,
edqdms ld_m qdk_w_shnm shldr μS0 * vd qdvqhsd sgd bqhshb_k shld
_r _ etmbshnm ne sgd c_lohmf o_q_ldsdq γ sg_s sgd @C bg_mmdk
dwghahsr vgdm hsr rs_shb udqrhnm hr bnmrhcdqdc %sghr hr rhlhk_q
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sn sgd mnql_khy_shnm cnmd hm Z15[* _r sgd c_lohmf q_sd hr
_ etmbshnm ne sgd _kfnqhsgl shld _mc sgd qdk_w_shnm shld(-
Mnsd sg_s he sgd b_kbtk_shnmr vdqd cnmd _r _ etmbshnm ne sgd
_kfnqhsgl shld* sgd bnlo_qhrnm adsvddm ptahsr vhsg cheedqdms
ld_m qdk_w_shnm shldr vntkc mns ad hcd_k rhmbd enq _ §wdc
s_kfn* ghfgdq u_ktdr ne μS0 qdrtks hm knvdq u_ktdr ne γ _mc sgtr
knvdq bg_mmdk mnhrd- Hs hr nauhntr sg_s knmfdq ld_m qdk_w_shnm
shldr _qd lnqd e_unq_akd enq bnlotshmf _ookhb_shnmr* _r sgdx
_kknv enq knmfdq _kfnqhsgl shldr- Gnvdudq* vd _qd hmsdqdrsdc
hm b_kbtk_shmf sgd pt_mstl nts_fd oqna_ahkhsx udqrtr sgd mnhrd
kdudk ne sgd bg_mmdk* h-d-* vd v_ms sn jmnv gnv ltbg mnhrd _
ptahs hr _akd sn snkdq_sd- Bnmrdptdmskx* vd nas_hm sgd shld sg_s
sgd pt_mstl _kfnqhsgl vntkc qdpthqd sn qd_bg _ mnhrd kdudk γ
enq sgd rs_shb @C bg_mmdk _r Z3[

s_kfn +  μS0 km%0 γ (. %07(

Sghr v_x* sgd bqhshb_k qdk_w_shnm shld hm %06( hr _ etmbshnm
ne sgd c_lohmf o_q_ldsdq γ _rrnbh_sdc vhsg sgd rs_shb @C
bg_mmdk _r

S ·0 %QP. γ ( +
μS0 km%0 γ (

kmZ0 γ ·%QP([
. %08(

Ehm_kkx* sgd bnde§bhdms ne u_qh_shnm b v_r rgnvm hm Z15[
sn ad sgd lnrs qdkdu_ms o_q_ldsdq sn cdrbqhad gnv ltbg sgd
u_qh_shnmr ne S0 hmfitdmbd sgd dqqnq bnqqdbshmf odqenql_mbd ne
PDBBr- Sgd bnde§bhdms ne u_qh_shnm ne _ q_mcnl u_qh_akd hr _
rs_mc_qchydc ld_rtqd ne chrodqrhnm ne _ oqna_ahkhsx chrsqhat,
shnm _mc hs hr cd§mdc _r

b + σ

μ
. %1/(

vgdqd σ hr sgd rs_mc_qc cduh_shnm ne sgd q_mcnl u_qh_akd _mc
μ hr hsr ld_m- Sghr o_q_ldsdq ld_rtqdr sgd dwsdms sn vghbg
qd_khy_shnmr ne _ q_mcnl u_qh_akd b_m cduh_sd eqnl hsr ld_m-
@s sghr onhms* vd _qd qd_cx sn hmsqnctbd sgd sgdnqdl sg_s

oqnuhcdr sgd pt_mstl nts_fd oqna_ahkhsx enq SU@C bg_mmdkr
sg_s bnmrhcdq sgd ptahsr ne Z08*15[-

Sgdnqdl 1  SU9C ptZmstl ntsZfd oqnaZahkhsx(- Sgd
pt_mstl nts_fd oqna_ahkhsx enq sgd shld,u_qxhmf _lokhstcd
c_lohmf bg_mmdkr _rrnbh_sdc vhsg sgd c_lohmf o_q_ldsdq
γ ∈ Z/. 0 d 0[ hr dpt_k sn

oP
nts %QP. γ ( + 0 

P
 

0
b %S0 (

[ km%0 γ (
kmZ0 γ ·%QP ([

 0
](

0 P
 

0
b %S0 (

( . %10(

vgdqd P%·( hr sgd P etmbshnm* b %S0( hr sgd bnde§bhdms ne
u_qh_shnm ne S0 ZDp- %1/([* γ ·%QP( hr sgd mnhrd khlhs* μS0 hr
sgd ld_m qdk_w_shnm shld* _mc σS0 hr sgd rs_mc_qc cduh_shnm ne
sgd qdk_w_shnm shld-

Oqnne- Hm nqcdq sn bnlotsd sgd nts_fd oqna_ahkhsx
oP
nts %QP. γ (* vd trd sgd e_bs ne sgd cdbqd_rhmf lnmnsnmhbhsx ne

BP _mc S0 vhsg qdrodbs sn γ - Sghr hlokhdr sg_s sgd dudmsr = ∈
χ 9 BP γ % (( , QP{* = ∈ χ 9 γ % ( , γ ·%QP({* _mc = ∈
χ 9 S0% ( , S ·0 %QP. γ ({ _qd _kk sgd r_ld- Sgdqdenqd*

oP
nts %QP. γ ( + OqnaZ= ∈ χ 9 BP% ( , QP{[

+ OqnaZ= ∈ χ 9 S0% ( , S ·0 %QP. γ ({[. %11(

Mdws vd bnlotsd %11( a_rdc nm sgd e_bs sg_s sgd q_mcnl
u_qh_akd S0% ( hr lncdkdc ax sgd oqna_ahkhsx cdmrhsx etmbshnm
hm Dp- %0( Z15[- Sgd nts_fd oqna_ahkhsx ne sgd SU@C bg_mmdk
b_m ad b_kbtk_sdc _r

oP
nts %QP. γ ( + OqnaZ= ∈ χ 9 S0% ( , S ·0 %QP. γ ({[ +

∫ S ·0 %QP.γ (

 ∞
eS0 %s0(cs0

+
∫ S ·0 %QP.γ (

/

0

σS0

|
1π

d %s0 μS0 (
1<1σ 1S0

0 P
 μS0

σS0

( cs0 +
0

0 P
 μS0

σS0

(
(∫ S ·0 %QP.γ (

 ∞

0

σS0

|
1π

d %s0 μS0 (
1<1σ 1S0 cs0

 
∫ /

 ∞

0

σS0

|
1π

d %s0 μS0 (
1<1σ 1S0 cs0

)
+ 0

0 P
 μS0

σS0

(
(∫ S ·0 %QP.γ ( μS0 <σS0

 ∞

0|
1π

d η1<1cη  
∫  μS0 <σS0

 ∞

0|
1π

d η1<1cη

)

+ 0

0 P
 μS0

σS0

(
(
0 

∫ ∞

S ·0 %QP.γ ( μS0 <σS0

0|
1π

d η1<1cη  
∫ ∞

μS0 <σS0

0|
1π

d η1<1cη

)

+
0 P

 S ·0 %QP.γ ( μS0
σS0

(
 P

 μS0
σS0

(

0 P
 μS0

σS0

( + 0 
P
 S ·0 %QP.γ ( μS0

σS0

(

0 P
 μS0

σS0

( + 0 
P
 μS0

σS0

[ km%0 γ (
kmZ0 γ ·%QP ([

 0
](

0 P
 μS0

σS0

(

+ 0 
P
 

0
b %S0 (

[ km%0 γ (
kmZ0 γ ·%QP ([

 0
](

0 P
 

0
b %S0 (

( . %12(

_r vd v_msdc sn oqnud-
Hs b_m ad rddm sg_s sgd pt_mstl nts_fd oqna_ahkhsx _r _

etmbshnm ne sgd c_lohmf o_q_ldsdq γ cndr mns cdodmc nm
sgd _arnktsd u_ktd ne sgd ld_m qdk_w_shnm shld* ats nm sgd
bnde§bhdms ne u_qh_shnm ne S0- Sghr v_x* vd cdbntokd sgd
shld,u_qxhmf deedbsr eqnl sgd e_bs sg_s knmfdq ld_m qdk_w,
_shnm shldr _clhs knmfdq pt_mstl _kfnqhsgl oqnbdrrhmf shldr-

Bnmrdptdmskx* vd oqdrdms _ qdrtks _fmnrshb sn sgd hlo_bs sg_s
knmfdq bngdqdmbd shldr g_ud _mc vd b_m oqnuhcd bnmbktrhnmr
enq _kk rtodqbnmctbshmf ptahsr-
Sn §mhrg* nmd mddcr sn l_jd rtqd sg_s tmcdq sgd mnql_k,

hy_shnm cnmd* sgd l_whltl u_ktd sg_s s_kfn b_m s_jd hr rshkk
ltbg knvdq sg_m sgd bngdqdmbd shld Sb ne sgd q_mcnl oqnbdrr
S0%s. (* vghbg hr ne sgd nqcdq ne lhmtsdr Z08[- Bnmrhcdqhmf
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_kfnqhsgl shldr knmfdq sg_m sgd ld_m qdk_w_shnm shld l_jdr
mn rdmrd rhmbd enq rtbg _ shld eq_ld sgd ptahs hr hm dpthkhaqhtl
rs_sd vhsg ghfg oqna_ahkhsx _mc sgdqdenqd hs hr trdkdrr _r _ qd,
rntqbd- @cchshnm_kkx* sgd u_ktd ne sgd ld_m qdk_w_shnm shld hr
nm sgd nqcdq ne lhbqnrdbnmcr enq rtodqbnmctbshmf ptahsr Z15[*
_mc rn s_jhmf sl_w_kfn + μS0 enq ntq sgdnqdl l_jdr rdmrd- Rtbg
_m _kfnqhsgl shld hr _rrnbh_sdc vhsg sgd u_ktd γ + 0 d 0*
rn sgd pt_mstl nts_fd oqna_ahkhsx cd§mdc gdqd hr u_khc enq sgd
q_mfd γ ∈ Z/. 0 d 0[-  

A- PtYmstl gYrghmf ntsYfd oqnaYahkhsx enq sgd shld)uYqxhmf
svhqk YooqnwhlYsdc bgYmmdkr

Adb_trd sgd _m_kxshb_k dwoqdrrhnm enq sgd KRC b_o_bhsx ne
O_tkh bg_mmdkr hr mns jmnvm* sgd pt_mstl nts_fd oqna_ahkhsx
enq sghr e_lhkx ne _ooqnwhl_sdc bg_mmdkr b_mmns ad b_kbtk_sdc-
Mdudqsgdkdrr* ax ld_mr ne sgd g_rghmf antmc* vd cd§md sgd
pt_mstl g_rghmf nts_fd oqna_ahkhsx enq O_tkh bg_mmdkr _r

oF
nts %QP( + OqnaZ= ∈ χ 9 BF % ( , QP{[. %13(

Mnsd sg_s sgd pt_mstl g_rghmf nts_fd oqna_ahkhsx vhkk ad
_m toodq antmc nm sgd _bst_k pt_mstl nts_fd oqna_ahkhsx ne
shld,u_qxhmf O_tkh bg_mmdkr* rhmbd sgd g_rghmf khlhs hr _ knvdq
antmc ne sgd KRC b_o_bhsx- Sghr v_x* dudmsr sg_s dwbddc sgd
g_rghmf antmc vhkk ad lnqd khjdkx sg_m sgd dudmsr sg_s dwbddc
sgd KRC b_o_bhsx* vghbg ld_mr sg_s oF

nts %QP( > oP
nts %QP(-

Bnmrdptdmskx* oF
nts %QP( hr _m toodq antmc ne hmsdqdrs enq

admbgl_qjhmf sgd adg_uhnq ne sgd SU O_tkh bg_mmdkr-
Hs hr hlonqs_ms sn qd_khyd sg_s sgd g_rghmf antmc %01(

BF  o%γ (( + 0+
∑

j∈=H.w.x.y{
oj %γ ( knf1 oj %γ ( + 0 F1 o%γ ((

%14(
enq sgd svhqkdc _ooqnwhl_sdc bg_mmdkr ne sgd @C bg_mmdk
vhsg sgd oqna_ahkhsx chrsqhatshnmr fhudm hm %5( _mc %6( hr _
lnmnsnmhb cdbqd_rhmf etmbshnm ne sgd c_lohmf oqna_ahkhsx γ -
Sghr hr itrsh§dc ax sgd e_bs sg_s* _r γ ∈ Z/. 0[ hmbqd_rdr* sgd
u_ktdr ne ow. ox. oy hm dhsgdq %5( nq %6( _krn hmbqd_rd- Sghr
qdrtksr hm sgd tmbdqs_hmsx ne sgd chrbqdsd q_mcnl u_qh_akdr
_rrnbh_sdc vhsg d_bg ne sgdrd chrsqhatshnmr* _mc bnmrdptdmskx
sgdhq bnqqdronmchmf dmsqnox u_ktdr* adbnlhmf ghfgdq- Sgdqd,
enqd* _r enq sgd @C bg_mmdk* vd cd§md sgd mnhrd khlhs enq sgdrd
O_tkh bg_mmdkr _r sgd tmhptd u_ktd ne sgd c_lohmf o_q_ldsdq
γ ·S %QP( rtbg sg_s

0 BF  o%γ ·S %QP(( + QP ⇔ γ ·S %QP( + B 0F %0 QP(. %15(

Eqnl %3( sgd bqhshb_k qdk_w_shnm shld %mnsd sg_s vd g_ud _ccdc
sgd rtahmcdw S sn hmchb_sd vd _qd svhqkhmf sgd @C bg_mmdk( hr

S ·0.S %QP. s_kfn( +
 s_kfn

kmZ0 γ ·S %QP([
. %16(

vgdqd sgd oqna_ahkhsx l_rr etmbshnm o hm %15( rgntkc ad s_jdm
_r o@COS@ nq o@CBS@ vgdm bnmrhcdqhmf sgd svhqkdc @COS@
nq @CBS@ bg_mmdkr* qdrodbshudkx- Rhlhk_qkx sn sgd SU@C
bg_mmdk* vd b_m vqhsd sgd bqhshb_k qdk_w_shnm shld _r _ etmbshnm
ne sgd c_lohmf o_q_ldsdq

S ·0.S %QP. γ ( +
μS0 km%0 γ (

kmZ0 γ ·S %QP([
. %17(

Sgd enkknvhmf bnqnkk_qx xhdkcr sgd g_rghmf nts_fd oqna_,
ahkhsx ne sgd svhqkdc SU@COS@ _mc SU@CBS@ O_tkh bg_mmdkr
enq sgd ptahsr rstchdc hm Z08*15[-

BnqnkkZqx 0  ptZmstl gZrghmf ntsZfd oqnaZahkhsx(- Sgd
pt_mstl g_rghmf nts_fd oqna_ahkhsx enq sgd shld,u_qxhmf
svhqkdc _ooqnwhl_sdc bg_mmdkr _rrnbh_sdc vhsg sgd c_lohmf
o_q_ldsdq γ ∈ Z/. 0 d 0[ hr dpt_k sn

oF
nts %QP. γ ( + 0 

P
 

0
b %S0 (

[ km%0 γ (
kmZ0 γ ·S %QP ([

 0
](

0 P
 

0
b %S0 (

( . %18(

vgdqd P%·( hr sgd P etmbshnm* b %S0( hr sgd bnde§bhdms ne
u_qh_shnm ne S0 fhudm hm %1/(* γ ·S %QP( hr sgd mnhrd khlhs sg_s
cdodmcr nm sgd bnmrhcdqdc svhqkdc _ooqnwhl_shnm* μS0 hr sgd
ld_m qdk_w_shnm shld* _mc σS0 hr sgd rs_mc_qc cduh_shnm ne sgd
qdk_w_shnm shld-

Oqnne- Hm nqcdq sn bnlotsd sgd g_rghmf nts_fd oqna_ahkhsx
oF
nts %QP. γ (* vd trd sgd e_bs ne sgd cdbqd_rhmf lnmnsnmhbhsx
ne BF _mc S0 vhsg qdrodbs sn γ - Sghr hlokhdr sg_s sgd dudmsr
= ∈ χ 9 BF % ( , QP{* = ∈ χ 9 γ % ( , γ ·S %QP({* _mc = ∈
χ 9 S0% ( , S ·0.S %QP. γ ({ _qd _kk sgd r_ld- Sgdqdenqd*

oF
nts %QP. γ ( + OqnaZ= ∈ χ 9 BF % ( , QP{[

+ OqnaZ= ∈ χ 9 S0% ( , S ·0.S %QP. γ ([. %2/(

Sgtr* sgd g_rghmf nts_fd bnqqdronmcr sn dudmsr vgdqd sgd
qd_khy_shnm ne sgd qdk_w_shnm shld hr knvdq sg_m sgd bqhshb_k
qdk_w_shnm shld-
Eqnl sghr onhms* sgd b_kbtk_shnm ne sgd pt_mstl g_rghmf

nts_fd oqna_ahkhsx hr sgd r_ld _r hm sgd oqnne ne Sgdnqdl 1*
rhmbd Dp- %2/( hr sgd r_ld _r %11(-  
Mnsd sg_s dudm sgntfg sgd §m_k dwoqdrrhnm hr sgd r_ld _r

sgd nmd ne Sgdnqdl 1* sgd mnhrd khlhs u_ktd hr b_kbtk_sdc hm
_ cheedqdms l_mmdq* vghbg ld_mr sg_s sgd qdrtksr _qd cheedqdms
enq d_bg ne sgd SU bg_mmdkr-

B- MtldqhbYk rhltkYshnmr

Ax trhmf sgd qdrtksr cdqhudc oqduhntrkx* vd mnv chrbtrr sgd
adg_uhnq ne sgd pt_mstl nts_fd oqna_ahkhsx _mc sgd pt_mstl
g_rghmf nts_fd oqna_ahkhsx- Enkknvhmf sgd qd_rnmhmf ne Z15[*
vd bnlo_qd rbdm_qhnr cdrbqhadc ax cheedqdms bnde§bhdmsr ne
u_qh_shnm ne sgd q_mcnl u_qh_akd S0- Enq sgd _m_kxrhr bnm,
ctbsdc hm sghr rdbshnm* vd bnmrhcdq sgd enkknvhmf u_ktdr ne sgd
bnde§bhdms ne u_qh_shnm9 b %S0( + =0. 0/. 04. 1/. 14{ -

.- DtVmstl ntsVfd opnaVahihsx ne sgd QT2A bgVmmdi

Ehftqd 0 oknsr sgd pt_mstl nts_fd oqna_ahkhsx udqrtr sgd
c_lohmf o_q_ldsdq 0/ 2 γ /.5 enq _ pt_mstl q_sd QP +
0
8 _mc enq _kk sgd bnde§bhdmsr ne u_qh_shnm ne sgd qdk_w_shnm shld
q_mcnl u_qh_akd- Ehftqd 0 etqsgdq bdldmsr sgd bnmbktrhnmr
cdqhudc hm Z15[* _r hs rgnvr sg_s sgd hlo_bs ne sgd fitbst_shnmr
ne sgd cdbngdqdmbd o_q_ldsdqr b_m ad _bbtq_sdkx pt_msh§dc
ax sgd bnde§bhdms ne u_qh_shnm ne S0 %mnsd sg_s hm Z15[ sghr v_r
sqtd he sgd v_sdqe_kk qdfhnm v_r rsddo dmntfg(- Mnsd sg_s vgdm
sgd bnde§bhdms ne u_qh_shnm hr udqx knv* h-d-* b %S0( + 0 *
sgd pt_mstl nts_fd oqna_ahkhsx ne sgd SU@C bg_mmdk _klnrs
bnhmbhcdr vhsg sgd pt_mstl b_o_bhsx %qdoqdrdmsdc gdqdhm ax
sgd mnhrd khlhs γ ·(- Bnmrdptdmskx* PDBBr nodq_shmf nudq
SUPBr sg_s oqdrdms knv bnde§bhdmsr ne u_qh_shnm vhkk adg_ud
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EHF- 0- Pt_mstl nts_fd oqna_ahkhsx ne sgd SU@C bg_mmdk-
Sgd ldsqhb hr b_kbtk_sdc enq SU@C bg_mmdkr vhsg b %S0( +
=0. 0/. 04. 1/. 14{ _mc enq _ pt_mstl q_sd ne QP + 0

8 -

_rxlosnshb_kkx hm _ rhlhk_q l_mmdq sn rs_shb bg_mmdkr- Mdudq,
sgdkdrr* hmbqd_rhmf sgd u_qh_ahkhsx ne sgd qdk_w_shnm shld _qntmc
sgd ld_m b_trdr sgd nts_fd oqna_ahkhsx sn chudqfd eqnl sgd
rs_shb b_o_bhsx- Hm sghr b_rd* sgd _rxlosnshb antmcr fi_ssdm _mc
sgd _bghdu_akd dqqnq q_sd ne PDBBr nodq_shmf nudq SUPBr
cndr mns u_mhrg- Sgdqdenqd* sgd ghfgdq b %S0( hr* sgd vnqrd sgd
_bghdu_akd dqqnq q_sd vhkk ad-
Sgd oqduhntr chrbtrrhnm hmchb_sdr sg_s sgd bnde§bhdms ne

u_qh_ahkhsx ne sgd q_mcnl u_qh_akd S0% ( b_m ad trdc sn cd,
rbqhad sgd deedbs sg_s cdbngdqdmbd o_q_ldsdq shld fitbst_shnmr
vhkk oqnctbd nm sgd _rxlosnshb khlhsr ne PDBBr- Sgdrd qd,
rtksr _krn bnm§ql sgd hlonqs_mbd ne ptahs bnmrsqtbshnm _mc
bnnkcnvm9 He noshlhydc bnqqdbskx* sgd fitbst_shnmr qdk_shud sn
sgd ld_m vhkk ad lhkc _mc sgd nts_fd rbdm_qhnr vhkk ad rhf,
mh§b_mskx kdrr eqdptdms- M_stq_kkx* hs hr cdrhq_akd enq ptahsr sn
dwghahs knmf ld_m bngdqdmbd shldr S0 rn sg_s _kfnqhsglr vhsg
knmfdq khed ro_mr b_m ad g_mckdc _ooqnoqh_sdkx- Gnvdudq* _rhcd
eqnl rddjhmf sn hmbqd_rd sgd bngdqdmbd shld ne ptahsr* hs hr
bkd_q sg_s lhmhlhyhmf sgd chrodqrhnm ne sghr o_q_ldsdq vhkk ad
bqhshb_k he sgdrd ptahsr _qd sn ad qdkh_akd Z15[-
Kds tr mnv chrbtrr gnv sgd pt_mstl q_sd _eedbsr sgd

pt_mstl nts_fd oqna_ahkhsx- Nmbd lnqd* Ehf- 1 rgnvr sgd
pt_mstl nts_fd oqna_ahkhsx enq b %S0( + =0/. 14{ * ats hs
mnv bnmrhcdqr cheedqdms pt_mstl q_sdr QP ∈ = 038 .

0
8 .
0
3 .
0
2 .
0
1 {-

@r dwodbsdc* sgd qdrtksr onqsq_xdc hm sghr §ftqd rgnv sg_s
hmbqd_rhmf sgd q_sd kd_cr sn _m hmbqd_rd ne oP

nts %QP. γ (* _k,
sgntfg sgd rg_od ne sgd btqudr qdl_hmr rhlhk_q sn rbdm_qhnr
vhsg sgd r_ld bnde§bhdms ne u_qh_shnm- Sgd l_hm s_jd_v_x hr
sg_s* _ksgntfg hmbqd_rhmf sgd q_sd ne _m dqqnq bnqqdbshnm bncd
qdctbdr sgd nudq_kk qdrntqbd bnmrtloshnm* sghr nbbtqr _s sgd
dwodmrd ne _ cdfq_c_shnm hm sgd _rxlosnshb dqqnq bnqqdbshnm
odqenql_mbd- Hs hr hlonqs_ms sn ldmshnm sg_s sghr cdfq_c_shnm
cndr mns nbbtq adb_trd sgdqd hr ghfgdq rdmrhshuhsx sn shld
fitbst_shnmr _s ghfgdq q_sdr- Etqsgdq hmrodbshnm ne Ehf- 1 qdud_kr
sg_s sgd mnhrd khlhsr enq d_bg q_sd bg_mfd _r dwodbsdc _mc sg_s
sgd nts_fd oqna_ahkhshdr adg_ud rhlhk_qkx _bbnqchmf sn sgnrd
mnhrd khlhsr- Sgtr* rhlhk_qkx sn bk_rrhb_k bnchmf* sgd pt_mstl
q_sd cndr hmcddc hlo_bs sgd pt_mstl nts_fd oqna_ahkhsx* ats
mns ctd sn _ ghfgdq rdmrhshuhsx sn shld u_qh_mbd- Etqsgdqlnqd*

EHF- 1- Pt_mstl nts_fd oqna_ahkhsx ne sgd SU@C bg_mmdk enq
cheedqdms pt_mstl q_sdr QP ∈ = 038 .

0
8 .
0
3 .
0
2 .
0
1 {- Vd okns sgd pt_mstl

nts_fd oqna_ahkhsx enq b %S0( + =0/. 14{ - Sgd pt_mstl b_o_bhshdr
%mnhrd khlhsr γ ·( enq sgd rs_shb pt_mstl bg_mmdkr _qd _krn qdoqdrdmsdc-

rhlhk_q sn vg_s g_oodmr hm rs_shb bg_mmdkr* sgdqd hr sq_cd,nee
adsvddm qdrntqbd bnmrtloshnm _mc gnv cdl_mchmf %hm sdqlr
ne mnhrd( sgd pt_mstl bg_mmdk hr-

1- DtVmstl gVrghmf ntsVfd opnaVahihsx ne sgd shld uVpxhmf svhpi
VoopnwhlVsdc bgVmmdir

Vd bnmshmtd ax bnlo_qhmf sgd nts_fd ne sgd SU@C bg_m,
mdk _mc hsr svhqkdc _ooqnwhl_sdc bg_mmdkr- Ehftqd 2 oknsr
sgd g_rghmf nts_fd oqna_ahkhsx qdrtksr ne sgd SU@COS@ _mc
SU@CBS@ bg_mmdkr- Mnsd sg_s sgd w _whr hr rshkk γ * cdrohsd
sgd e_bs sg_s sgd cd§mhmf o_q_ldsdq enq sgd SU@COS@ _mc
SU@CBS@ bg_mmdkr hr o- Gnvdudq* sgd γ _rrnbh_sdc vhsg
_ fhudm o b_m ad nas_hmdc d_rhkx Z3[* vghbg hr mdbdrr_qx sn
odqenql bnlo_qhrnmr vhsg sgd SU@C bg_mmdk- Sgd pt_mstl

EHF- 2- Pt_mstl nts_fd _mc g_rghmf nts_fd oqna_ahkhshdr enq
SU@C* SU@COS@* _mc SU@CBS@ bg_mmdkr vgdm QP + 0

8 - Sgd
mnhrd khlhsr _qd γ ·@C + /.321* γ ·@COS@ + /.2243* _mc γ ·@CBS@ +
/.2/54-
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nts_fd b_o_bhshdr ne sgd SU@C bg_mmdk eqnl Ehf- 0 _qd _krn
rgnvm- Mnsd sg_s sgd g_rghmf nts_fd oqna_ahkhshdr enq sgd
@COS@ _mc @CBS@ bg_mmdkr _qd vnqrd sg_m sgd pt_mstl
nts_fd oqna_ahkhsx ne sgd SU@C bg_mmdk* rhmbd sgd mnhrd khl,
hsr enq sgnrd bg_mmdkr _qd knvdq sg_m sgd nmd enq sgd SU@C
bg_mmdk- Sghr ld_mr sg_s sgd g_rghmf nts_fd oqna_ahkhshdr
ne sgd svhqkdc bg_mmdkr _qd vnqrd adb_trd sgdhq mnhrd khlhsr
_qd vnqrd _mc mns adb_trd sgdx _qd lnqd rdmrhshud sn shld
fitbst_shnmr- Sghr hr _m_knfntr sn sgd oqduhntr dwok_m_shnm ne
sgd cheedqdmbd adsvddm sgd u_ktdr ne oP

nts enq PDBBr vhsg che,
edqdms pt_mstl q_sdr nodq_shmf nudq sgd SU@C bg_mmdk- @krn
mnsd sg_s dudm sgntfg sgd g_rghmf nts_fd oqna_ahkhshdr enq
sgdrd _ooqnwhl_sdc bg_mmdkr _qd ghfgdq sg_m sgd pt_mstl nts,
_fd oqna_ahkhsx enq sgd SU@C bg_mmdk* nmd b_mmns bnmbktcd
sg_s sgd _bst_k pt_mstl nts_fd oqna_ahkhsx enq sgdrd svhqkdc
bg_mmdkr vhkk ad vnqrd sg_m sgd nmd enq sgd @C bg_mmdk %qdb_kk
sg_s sgd g_rghmf nts_fd oqna_ahkhsx oqnuhcdr _m toodq antmc
nm sgd _bst_k nts_fd oqna_ahkhsx(-

UH- PDBBR NODQ9SHMF NUDQ SUPBR 9MC PT9MSTL
NTS9FD OQNA9AHKHSW

Sn §mhrg ntq chrbtrrhnm ne sgd pt_mstl nts_fd oqna_ahkhsx*
vd rstcx sgd odqenql_mbd ne _ pt_mstl stqan bncd ne q_sd
QP + 0

8 Z05[ vgdm nodq_shmf tmcdq SUPB lncdkr ne cdbn,
gdqdmbd Z15[ _mc vd trd sgd qdrtksr nas_hmdc hm sgd oqdbdchmf
rdbshnm enq sgd pt_mstl nts_fd oqna_ahkhsx sn admbgl_qj hsr
odqenql_mbd- Pt_mstl stqan bncdr g_ud rgnvm dwbdkkdms dq,
qnq bnqqdbshnm b_o_ahkhshdr _bghduhmf _ odqenql_mbd kdrr sg_m
0 cA _v_x eqnl sgdhq bnqqdronmchmf g_rghmf antmcr- Hm _c,
chshnm* sgdx dmbncd pt_mstl hmenql_shnm vhsg _ knmf aknbj
kdmfsg %m + 8/// ogxrhb_k ptahsr enq sgd pt_mstl stqan bncd
bnmrhcdqdc gdqd(* l_jhmf sgdl hmsdqdrshmf sn admbgl_qj tr,
hmf sgd _rxlosnshb khlhsr %m ∞( cdqhudc gdqd- Rhmbd sgd
cdonk_qhyhmf bg_mmdk lncdk hr sgd lnrs onotk_q dqqnq lncdk
vgdm hs bnldr sn rstcxhmf sgd odqenql_mbd ne PDBB e_lhkhdr
hm sgd khsdq_stqd Z3[* vd vhkk _krn enkknv sghr sqdmc gdqdhm-
Vd bnmrhcdq sgd @CBS@ cdonk_qhyhmf bg_mmdk _r sgd rs_shb
bg_mmdk ne hmsdqdrs _mc sgd SU@CBS@ _r hsr shld,u_qxhmf
udqrhnm- Bnmrhcdqhmf sg_s sgdrd cdbngdqdmbd lncdkr adknmf sn
sgd e_lhkx ne O_tkh bg_mmdkr* sgd hmenql_shnm,sgdnqdshb admbg,
l_qjr sg_s vhkk ad bnmrhcdqdc _qd sgd g_rghmf antmc _mc sgd
pt_mstl g_rghmf nts_fd oqna_ahkhsx- Sgd shld,u_qxhmf bg_m,
mdkr sg_s vd bnmrhcdq _qd sgd nmdr _rrnbh_sdc vhsg sgd P@]B4
Zb %S0( ≈ 15 [ _mc P@]B5 Zb %S0( ≈ 11 [ rtodqbnmctbshmf
ptahs rbdm_qhnr ne Z08[- Vd rdkdbs sgdrd rbdm_qhnr hm nqcdq
sn onqsq_x sgd odqenql_mbd sg_s dqqnq bnqqdbshnm bncdr vntkc
dwghahs vgdm nodq_shmf nm qd_k g_qcv_qd sg_s dwghahsr shld
fitbst_shnmr Z08*15[-
Lnmsd B_qkn bnlotsdq rhltk_shnmr g_ud addm b_qqhdc nts

sn drshl_sd sgd odqenql_mbd enq sgd cheedqdms rbdm_qhnr oqd,
rdmsdc hm sgd o_odq- D_bg qntmc %h-d-* sq_mrlhssdc aknbj( ne sgd
mtldqhb_k rhltk_shnm hr odqenqldc ax fdmdq_shmf _m m,ptahs
O_tkh nodq_snq* b_kbtk_shmf hsr _rrnbh_sdc rxmcqnld* _mc §m_kkx
qtmmhmf sgd cdbnchmf _kfnqhsgl- Nmbd sgd knfhb_k dqqnq hr
drshl_sdc* hs hr bnlo_qdc vhsg sgd knfhb_k dqqnq _rrnbh_sdc vhsg
sgd ogxrhb_k bg_mmdk dqqnq hm nqcdq sn cdbhcd he sgd cdbnchmf
qntmc v_r rtbbdrretk- Sgd nodq_shnm_k §ftqd ne ldqhs trdc sn
du_kt_sd sgd odqenql_mbd ne sgdrd pt_mstl dqqnq bnqqdbshnm
rbgdldr hr sgd vnqc dqqnq q_sd %VDQ(P * vghbg hr sgd oqna_,

EHF- 3- Odqenql_mbd ne sgd pt_mstl stqan bncd eqnl Z05*15[-
Sgd pt_mstl stqan bncd nodq_sdr nudq sgd rs_shb @CBS@ bg_mmdk _mc
sgd SU@CBS@ bg_mmdk enq rbdm_qhnr P@]B4 _mc P@]B5 Z08*15[-
Sgd pt_mstl dqqnq bnqqdbshnm bncd g_r q_sd QP + 0

8 _mc dmbncdr
aknbjr ne 0/// knfhb_k ptahsr hmsn 8/// ogxrhb_k ptahsr- Sgd g_rghmf
antmc _mc sgd g_rghmf nts_fd oqna_ahkhshdr _qd _krn oknssdc-

ahkhsx sg_s _s kd_rs nmd ptahs ne sgd qdbdhudc aknbj hr hmbnqqdbskx
cdbncdc-
Sgd mtladq ne sq_mrlhssdc aknbjr Maknbjr mddcdc sn dlohqh,

b_kkx drshl_sdP %ax Lnmsd B_qkn rhltk_shnm( hr fhudm ax sgd
enkknvhmf qtkd ne sgtla Z27[9

Maknbjr +
0//

P . %20(

Tmcdq sgd _rrtloshnm sg_s sgd nardqudc dqqnq dudmsr _qd hm,
cdodmcdms* sgd _anud mtladq ne aknbjr vhkk ft_q_msdd sg_s
sgd tmjmnvm u_ktd neP vhkk ad hmrhcd sgd bnm§cdms hmsdqu_k
%/.7 …P. 0.14 …P ( vhsg oqna_ahkhsx /-84* vgdqd …P qdedqr sn sgd
dlohqhb_kkx drshl_sdc u_ktd neP a_rdc nm Maknbjr-
Ehftqd 3 rgnvr sgd odqenql_mbd btqudr enq sgd pt_mstl

stqan bncdr rstchdc hm Z05*15[ nodq_shmf nudq sgd rs_shb _mc
shld,u_qxhmf bg_mmdkr- Gdqd vd trd o hmrsd_c ne γ * rhmbd
sgd cdonk_qhyhmf bg_mmdk hr bnmrhcdqdc %b_kbtk_shmf sgd cdon,
k_qhyhmf oqna_ahkhsx ne _ Bkheenqc svhqk _ooqnwhl_sdc bg_mmdk
_rrnbh_sdc vhsg _ u_ktd ne γ hr sqhuh_k(- Sghr bncd g_r q_sd QP +
0
8 * _ aknbj kdmfsg ne 0/// ptahsr* _mc hr cdbncdc trhmf sgd
stqan cdbnchmf _kfnqhsgl oqdrdmsdc hm Z01*02[* vghbg bnl,
ahmdr svn rnes,hmflrnes,nts cdbncdqr- Eqnl sghr §ftqd hs b_m ad
nardqudc sg_s sgd odqenql_mbd cdfq_c_shnm enq sgd pt_mstl
stqan bncd vgdm sgd bg_mmdk hr sgd SU@CBS@ bg_mmdk q_sgdq
sg_m sgd rs_shb @CBS@ bg_mmdk adfhmr _s sgd v_sdqe_kk qdfhnm
_mc adbnldr lnqd oqnlhmdms _r sgd cdonk_qhyhmf oqna_ahkhsx
cdbqd_rdr- Enq dw_lokd* enq _ cdonk_qhyhmf oqna_ahkhsx o ≈
/.01* sgd vnqc dqqnq q_sd ne sgd pt_mstl stqan bncd nodq_shmf
nudq sgd rs_shb bg_mmdk hr vhsghm sgd q_mfd ne P ≈ 0/ 1*
ats enq sg_s r_ld o* hs hmbqd_rdr _m nqcdq ne l_fmhstcd sn
P ≈ 0/ 0 vgdm nodq_shmf nudq sgd shld,u_qxhmf bg_mmdk rbd,
m_qhn P@]B5- SghrP cduh_shnm hmbqd_rdr _klnrs entq nqcdqr
ne l_fmhstcd vgdm sgd cdonk_qhyhmf oqna_ahkhsx cdbqd_rdr sn
o ≈ /.0 enq sgd r_ld rtodqbnmctbshmf ptahs rbdm_qhnr- Sgtr*
_r bnmbktcdc hm Z15[* sgd fitbst_shnmr ne sgd qdk_w_shnm shld

/01321,7
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ne sgd rtodqbnmctbshmf ptahsr rtars_msh_kkx vnqrdm sgd dqqnq
bnqqdbshmf b_o_ahkhshdr ne sgd PDBBr-
Ehftqd 3 _krn rgnvr sgd pt_mstl g_rghmf nts_fd oqna_,

ahkhsx oF
nts %QP. o(* cdqhudc hm Rdb- UA- Mnsd sg_s sgd pt_mstl

g_rghmf nts_fd oqna_ahkhsx hr _m toodq antmc nm sgd _rxlosns,
hb_kkx _bghdu_akdP - Vd jmnv eqnl sgd oqdbdchmf rdbshnm sg_s
sgd bnde§bhdms ne u_qh_shnm ne sgd qdk_w_shnm shld xhdkcr hm,
rhfgs hmsn gnv fi_s sgd g_rghmf nts_fd oqna_ahkhsx adbnldr-
Mnshbd sg_s sgd rtodqbnmctbshmf ptahsr ne rbdm_qhn P@]B4
Zb %S0( ≈ 15 [ _qd lnqd _eedbsdc ax shld u_qh_shnmr sg_m sgd
nmdr ne rbdm_qhn P@]B5 Zb %S0( ≈ 11 [-
Sn pt_mshex sgd chrs_mbd sn sgd g_rghmf nts_fd antmc* vd

trd _ rhlhk_q ldsqhb sn sgd nmd oqnonrdc hm Z0/[* vghbg ld_,
rtqdr sgd chrs_mbd hm cdbhadkr adsvddm sgd odqenql_mbd ne _
bncd _mc sgd g_rghmf nts_fd _s _ fhudmP + χ 9

δnts %;χ ( + 0/ knf0/
(

o
 
oF
nts + χ

(

o%Pbncd + χ (

)
. %21(

Enq dw_lokd* sgd 0
8 pt_mstl stqan bncd hr δnts %;0/ 2( ≈

0.64 cA _v_x eqnl sgd g_rghmf nts_fd enq sgd P@]B4
rbdm_qhn _mc δnts %;0/ 2( ≈ 0.56 cA _v_x enq sgd P@]B5
rbdm_qhn-

UHH- BNMBKTRHNM

Hm sghr o_odq vd g_ud hmsqnctbdc sgd bnmbdos ne pt_m,
stl nts_fd oqna_ahkhsx _r sgd _rxlosnshb_kkx _bghdu_akd dqqnq
q_sd enq pt_mstl dqqnq bnqqdbshnm vgdm shld,u_qxhmf pt_mstl
bg_mmdkr _qd bnmrhcdqdc- @cchshnm_kkx* vd g_ud _krn hmsqn,
ctbdc sgd pt_mstl g_rghmf nts_fd oqna_ahkhsx _r _m toodq
antmc nm sgd pt_mstl nts_fd oqna_ahkhsx vgdm O_tkh bg_mmdkr
_qd bnmrhcdqdc* rhmbd sgd _bst_k pt_mstl b_o_bhsx ne sgdrd
bg_mmdkr hr mns jmnvm- Vd g_ud oqnuhcdc bknrdc,enql dw,
oqdrrhnmr ne sgdrd oqna_ahkhshdr enq sgd SU@C* SU@COS@*
_mc SU@CBS@ bg_mmdkr- Vd g_ud _krn rstchdc sgd adg_uhnq
ne sgd QP + 0

8 pt_mstl stqan bncd eqnl Z05*15[ _mc admbg,
l_qjdc hsr odqenql_mbd trhmf sgd g_rghmf nts_fd oqna_ahkhsx-
Vd g_ud bnmbktcdc sg_s sgd shld u_qh_shnmr dwodqhdmbdc ax
sgd qdk_w_shnm shldr cn _eedbs sgd odqenql_mbd ne PDBBr
hm _ rhfmh§b_ms l_mmdq vgdm sgd dqqnq q_sd btqud hr rsddo
dmntfg Z15[ _mc sg_s sgnrd shld,u_qxhmf deedbsr rgntkc ad
s_jdm hmsn _bbntms vgdm noshlhyhmf bncd bnmrsqtbshnm- Sgd

hmenql_shnm,sgdnqdshb _m_kxrhr oqdrdmsdc hm sghr vnqj hr drrdm,
sh_k sn admbgl_qj sgd adg_uhnq ne pt_mstl dqqnq bnqqdbshnm
bncdr hm shld,u_qxhmf rbdm_qhnr- Rhlhk_q rstchdr enq sgd pt_m,
stl nts_fd oqna_ahkhsx ne sgd lnqd fdmdq_k shld,u_qxhmf
bnlahmdc _lokhstcd _mc og_rd c_lohmf bg_mmdk rgntkc ad
bnmrhcdqdc hm etstqd vnqj* _r sghr vhkk ad bqhshb_k hm nqcdq sn
g_ud _ bnlokdsd s_akd_t ne sgd hmenql_shnm,sgdnqdshb khlhsr ne
dqqnq bnqqdbshnm enq rtodqbnmctbshmf ptahsr vhsg otqd cdog_r,
hmf bg_mmdkr-
Hm rtll_qx* hs hr bkd_q sg_s sgd shld,u_qxhmf m_stqd ne sgd

cdbngdqdmbd o_q_ldsdqr vhkk g_ud _ rhfmh§b_ms hlo_bs nm sgd
odqenql_mbd ne etstqd PDBBr sg_s vhkk ad trdc sn oqnsdbs
pt_mstl hmenql_shnm- Vd g_ud entmc* a_rdc nm sgd qdrtksr
rgnvm sgqntfgnts sghr o_odq* sg_s sgd pt_mstl nts_fd oqna,
_ahkhsx hr _ etmbshnm ne sgd bnde§bhdms ne u_qh_shnm ne S0 _mc
sg_s hs hmbqd_rdr _r b %S0( hmbqd_rdr- Sgdqdenqd* sn hloqnud sgd
dqqnq bnqqdbshnm b_o_ahkhshdr ne pt_mstl bncdr hm SUPBr hs
hr hlonqs_ms sn dwodqhldms_kkx knnj enq ptahsr sg_s mns nmkx
g_ud _ k_qfd ld_m qdk_w_shnm shld* ats sg_s _krn dwghahs _
knv rs_mc_qc cduh_shnm qdk_w_shnm shld- Hm sghr v_x* sgd dqqnq
bnqqdbshnm onsdmsh_k ne PDBBr tmcdq shld,u_qxhmf bnmchshnmr
vhkk _ooqn_bg sgnrd entmc enq rs_shb bg_mmdkr-

9BIMNVKDCFLDMSR

Sghr vnqj v_r rtoonqsdc ax sgd Ro_mhrg Lhmhrsqx ne Dbnm,
nlx _mc Bnlodshshudmdrr sgqntfg sgd @CDKD oqnidbs %Fq_ms
Mn- OHC1/08,0/3847QA,B33(* ax sgd Ro_mhrg Lhmhrsqx ne
Rbhdmbd _mc Hmmnu_shnm sgqntfg sgd oqnxdbs Edv,ptahs pt_m,
stl g_qcv_qd* _kfnqhsglr _mc bncdr* nm ognsnmhb _mc rnkhc,
rs_sd rxrsdlr %OKDB1/10,//7140( _mc ax sgd Chots_bhím
Enq_k cd Fhotyjn_ sgqntfg sgd CDB@KNPB Oqnidbs Mn- D
08/ . 1/10 %DR(- Sghr vnqj v_r etmcdc hm o_qs ax MRE
@v_qc Mn- BBE,1//6578- I-D-L- v_r etmcdc ax _ A_rptd
Fnudqmldms oqdcnbsnq_k qdrd_qbg fq_ms-
I-D-L- _mc I-F-,E- bnmbdhudc sgd qdrd_qbg- I-D-L- cdqhudc

sgd bknrdc,enql dwoqdrrhnmr ne sgd Sgdnqdl _mc sgd Bnqnkk_qx-
I-D-L- _mc O-E- odqenqldc sgd mtldqhb_k rhltk_shnmr- I-D-L-
_mc O-E- _m_kxydc sgd qdrtksr _mc cqdv sgd bnmbktrhnmr- Sgd
o_odq v_r vqhssdm ax I-D-L- _mc O-E- _mc qduhrdc ax O-L-B-
_mc I-F-,E- Sgd oqnidbs v_r rtodquhrdc ax O-L-B- _mc I-F-,E-

Z0[ K- J- Fqnudq* Oqnbddchmfr ne sgd Svdmsx,Dhfgsg 9mmtZk 9BL
Rxlonrhtl nm Sgdnqx ne Bnlotshmf %@BL* Mdv Xnqj* 0885(*
oo- 101fl108-

Z1[ O- V- Rgnq* Onkxmnlh_k,shld _kfnqhsglr enq oqhld e_bsnqhy_,
shnm _mc chrbqdsd knf_qhsglr nm _ pt_mstl bnlotsdq* RH@L I-
Bnlots- 15* 0373 %0886(-

Z2[ X- B_n* I- Qnldqn* _mc @- @rotqt,Ftyhj* Onsdmsh_k ne pt_m,
stl bnlotshmf enq cqtf chrbnudqx* HAL I- Qdr- Cdu- 51* 590
%1/07(-

Z3[ I- Dswdy_qqds_ L_qshmdy* O- Etdmsdr* O- L- Bqdron* _mc I- F_qbh_,
Eq©_r* @ooqnwhl_shmf cdbngdqdmbd oqnbdrrdr enq sgd cdrhfm _mc
rhltk_shnm ne pt_mstl dqqnq bnqqdbshnm bncdr nm bk_rrhb_k bnl,
otsdqr* HDDD @bbdrr 7* 061512 %1/1/(-

Z4[ @- L- Rsd_md* Pt_mstl Qddc,Ltkkdq bncdr* HDDD Sq_mr- Hme-
Sgdnqx 34* 06/0 %0888(-

Z5[ C- I- B- L_bJ_x* F- Lhsbghmrnm* _mc O- K- LbE_ccdm* Ro_qrd,
fq_og bncdr enq pt_mstl dqqnq bnqqdbshnm* HDDD Sq_mr- Hme-
Sgdnqx 4.* 1204 %1//3(-

Z6[ G- Knt _mc I- F_qbh_,Eq©_r* Oqnbddchmfr ne sgd HDDD 5sg
Vnqjrgno nm RhfmZk Oqnbdrrhmf 9cuZmbdr hm Vhqdkdrr Bnl,
ltmhbZshnmr) Mdv Xnqj) 1..2 %HDDD* Ohrb_s_v_x* 1//4(*
o- 0/32-

Z7[ O- Etdmsdr* I- Dswdy_qqds_ L_qshmdy* O- L- Bqdron* _mc
I- F_qbh_,Eq©_r* @ooqn_bg enq sgd bnmrsqtbshnm ne mnm,
BRR KCFL,a_rdc pt_mstl bncdr* Ogxr- Qdu- @ 0.1*
/01312 %1/1/(-
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Z8[ O- Etdmsdr* I- Dswdy_qqds_ L_qshmdy* O- L- Bqdron* _mc I- F_qbh_,
Eq©_r* Oqnbddchmfr ne sgd 1.1. HDDD HmsdqmZshnmZk Bnmedqdmbd
nm PtZmstl Bnlotshmf Zmc Dmfhmddqhmf %HDDD* Ohrb_s_v_x*
1/1/(* o- 0/1-

Z0/[ O- Etdmsdr* I- Dswdy_qqds_ L_qshmdy* O- L- Bqdron* _mc I-
F_qbh_,Eq©_r* Cdrhfm ne KCFL,a_rdc pt_mstl bncdr enq
_rxlldsqhb pt_mstl bg_mmdkr* Ogxr- Qdu- @ 0.2* /11506
%1/10(-

Z00[ G- Nkkhuhdq _mc I-,O- Shkkhbg* Cdrbqhoshnm ne _ Pt_mstl Bnmun,
ktshnm_k Bncd* Ogxr- Qdu- Kdss- 80* 0668/1 %1//2(-

Z01[ C- Ontkhm* I-,O- Shkkhbg* _mc G- Nkkhuhdq* Pt_mstl rdqh_k stqan
bncdr* HDDD Sq_mr- Hme- Sgdnqx 44* 1665 %1//8(-

Z02[ L- L- Vhkcd* L- Grhdg* _mc Y- A_a_q* Dms_mfkdldms,_rrhrsdc
pt_mstl stqan bncdr* HDDD Sq_mr- Hme- Sgdnqx 5.* 01/2
%1/03(-

Z03[ I- Dswdy_qqds_ L_qshmdy* O- L- Bqdron* _mc I- F_qbh_,Eq©_r*
Nm sgd odqenql_mbd ne hmsdqkd_udqr enq pt_mstl stqan bncdr*
Dmsqnox 10* 522 %1/08(-

Z04[ I- Dswdy_qqds_ L_qshmdy* O- L- Bqdron* _mc I- F_qbh_,Eq©_r*
Cdonk_qhyhmf bg_mmdk lhrl_sbg _mc drshl_shnm oqnsnbnkr enq
pt_mstl stqan bncdr* Dmsqnox 10* 0022 %1/08(-

Z05[ I- Dswdy_qqds_ L_qshmdy* O- Etdmsdr* O- L- Bqdron* _mc I-
F_qbh_,Eq©_r* Oqnbddchmfr ne sgd 1.1. HDDD HmsdqmZshnmZk Bnm,
edqdmbd nm PtZmstl Bnlotshmf Zmc Dmfhmddqhmf %Qde- Z8[(*
o- 0/1-

Z06[ @- X- Jhs_du* Pt_mstl bnlots_shnmr9 @kfnqhsglr _mc dqqnq
bnqqdbshnm* Qtrrh_m L_sg- Rtqu- 41* 0080 %0886(-

Z07[ C- Khc_q _mc S- Aqtm* PtZmstl Dqqnq Bnqqdbshnm %B_laqhcfd
Tmhudqrhsx Oqdrr* B_laqhcfd* 1/02(-

Z08[ I- I- Atqmdss* @- Admfsrrnm* L- Rbhfkhtyyn* C- Mhdobd* L- Jt,
cq_* O- Cdkrhmf* _mc I- Axk_mcdq* Cdbngdqdmbd admbgl_qjhmf ne
rtodqbnmctbshmf ptahsr* moi Pt_mstl Hme- 4* 43 %1/08(-

Z1/[ O- U- Jkhlnu* I- Jdkkx* Y- Bgdm* L- Mddkdx* @- Ldfq_ms* A- Atq,
jdss* Q- A_qdmcr* J- @qx_* A- Bgh_qn* X- Bgdm ds Zk-* Ektbst_shnmr
ne Dmdqfx,Qdk_w_shnm Shldr hm Rtodqbnmctbshmf Ptahsr* Ogxr-
Qdu- Kdss- 010* /8/4/1 %1/07(-

Z10[ R- Rbgkóq* I- Khrdmedkc* B- Lökkdq* @- Ahkldr* @- Rbgmdhcdq* C- O-
O_oo_r* @- U- Trshmnu* _mcL-Vdhcdr* Bnqqdk_shmf Cdbngdqdmbd
hm Sq_mrlnm Ptahsr9 Knv Eqdptdmbx Mnhrd ax Rhmfkd Ektbst_,
snqr* Ogxr- Qdu- Kdss- 012* 08/4/1 %1/08(-

Z11[ @- Rsdgkh* I- C- Aqdgl* S- Vnky* O- A_hsx* R- C_mhkhm* U- Rd,
edq_h* G- Qnsyhmfdq* @- U- Trshmnu* _mc L- Vdhcdr* Bngdqdms
rtodqbnmctbshmf ptahsr eqnl _ rtasq_bshud itmbshnm e_aqhb_shnm
oqnbdrr* @ook- Ogxr- Kdss- 006* 013//4 %1/1/(-

Z12[ Y- V_mf* R- Rg_mj_q* Y- J- Lhmdu* O- B_lo_fmd,Ha_qbp*
@- M_qk_* _mc L- G- Cdunqds* B_uhsx @ssdmt_snqr enq

Rtodqbnmctbshmf Ptahsr* Ogxr- Qdu- @ook- 00* /03/20
%1/08(-

Z13[ L- B_qqnkk* R- Qnrdmak_ss* O- Itqbduhb* H- K_tdq* _mc @- J_mc_k_*
Cxm_lhbr ne rtodqbnmctbshmf ptahs qdk_w_shnm shldr* Atkk-
@ldq- Ogxr- Rnb- 55* D2/-///0/ %1/10(-

Z14[ X- Kt* @- Admfsrrnm* I- I- Atqmdss* A- Rtqh* R- Q- R_sgx_lnnqsgx*
G- Q- Mhkrrnm* L- Rbhfkhtyyn* I- Axk_mcdq* F- Ing_mrrnm* _mc O-
Cdkrhmf* Pt_mstl de§bhdmbx* otqhsx _mc rs_ahkhsx ne _ stm_akd*
m_qqnva_mc lhbqnv_ud rhmfkd,ognsnm rntqbd* moi Pt_mstl Hme-
6* 03/ %1/10(-

Z15[ I- Dswdy_qqds_ L_qshmdy* O- Etdmsdr* O- L- Bqdron* _mc I-
F_qbh_,Eq©_r* Shld,u_qxhmf pt_mstl bg_mmdk lncdkr enq rtodq,
bnmctbshmf ptahsr* moi Pt_mstl Hme- 6* 004 %1/10(-

Z16[ C- Srd _mc O- Uhrv_m_sg* EtmcZldmsZkr ne Vhqdkdrr Bnlltmh,
bZshnm %B_laqhcfd Tmhudqrhsx Oqdrr* B_laqhcfd* 1//4(-

Z17[ O- J- R_qudo_kkh* @- Jk_oodmdbjdq* _mcL- Qóssdkdq* @rxlldsqhb
pt_mstl bncdr9 Bnmrsqtbshnmr* antmcr _mc odqenql_mbd* Oqnb-
Q- Rnb- @ 354* 0534 %1//8(-

Z18[ I- Dldqrnm* L- Rhku_* N- Lntrr_* B- Qx_m* L- K_enqdrs* I-
A_tfg* C- F- Bnqx* _mc Q- K_fi_lld* Rxlldsqhydc bg_q_bsdqh,
y_shnm ne mnhrx pt_mstl oqnbdrrdr* Rbhdmbd 206* 0782 %1//6(-

Z2/[ L- @- Mhdkrdm _mc H- Bgt_mf*PtZmstlBnlotsZshnm ZmcPtZm,
stl HmenqlZshnm %B_laqhcfd Tmhudqrhsx Oqdrr* B_laqhcfd*
1/00(-

Z20[ L- Q- Fdkkdq _mc Y- Ygnt* De§bhdms dqqnq lncdkr enq e_tks,
snkdq_ms _qbghsdbstqdr _mc sgd O_tkh svhqkhmf _ooqnwhl_shnm*
Ogxr- Qdu- @ 77* /01203 %1/02(-

Z21[ I- Axk_mcdq* hm Sgd NwenqcFZmcannj ne RlZkk Rtodqbnmctbsnqr*
dchsdc ax @- U- M_qkhj_q %Nwenqc Tmhudqrhsx Oqdrr* Nwenqc*
1/06(-

Z22[ L- L- Vhkcd* PtZmstl HmenqlZshnm Sgdnqx %B_laqhcfd Tmh,
udqrhsx Oqdrr* B_laqhcfd* 1/06(-

Z23[ B- O§rsdq* L- @- Qnk* @- L_msqh* L- Snl_lhbgdk* _mc R-
Vdgmdq* B_o_bhsx drshl_shnm _mc udqh§b_shnm ne pt_mstl bg_m,
mdkr vhsg _qahsq_qhkx bnqqdk_sdc dqqnqr* M_s- Bnlltm- 8* 16
%1/07(-

Z24[ K- Fxnmfxnrh* R- Hlqd* _mc G- U- Mftxdm* @ rtqudx nm pt_mstl
bg_mmdk b_o_bhshdr* HDDD Bnlltm- Rtqu- Sts- 1.* 0038 %1/07(-

Z25[ F- Rlhsg _mc I- @- Rlnkhm* Cdfdmdq_sd Pt_mstl Bncdr enq
O_tkh Bg_mmdkr* Ogxr- Qdu- Kdss- 87* /2/4/0 %1//6(-

Z26[ O- Etdmsdr* I- Dswdy_qqds_ L_qshmdy* O- L- Bqdron* _mc I- F_qbh_,
Eq©_r* Cdfdmdq_bx _mc hsr hlo_bs nm sgd cdbnchmf ne ro_qrd
pt_mstl bncdr* HDDD @bbdrr 8* 78/82 %1/10(-

Z27[ L- Idqtbghl* Sdbgmhptdr enq drshl_shmf sgd ahs dqqnq q_sd hm
sgd rhltk_shnm ne chfhs_k bnlltmhb_shnm rxrsdlr* HDDD I- Rdk-
@qd_r Bnlltm- 1* 042 %0873(-
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