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OGXRHB@K PDUHDV D 82* /32//3 ’1/05(

EnplYsgnm ne pYpdeYbsgnm vYudr gm npgfYlg aYrdc ldsYlYsdpgYkr

G- X_rtc_*0 B- Bgnmf*1*2 D- F- Bg_q_k_lohchr*3 O- F- Jduqdjhchr*3*4 _mc I- X_mf0*)

0:dpnmZtshbr  :rspnmZtshbr) Tmhudprhsx ne VZrghmfsnm) RdZsskd) V: 87084,13//) TR:
1CdoZpsldms ne LdbgZmhbZk Zmc Opnbdrr Dmfhmddphmf &C,L:US() Rvhrr EdcdpZk Hmrshstsd ne Sdbgmnknfx &DSF() 7/81 Wztphbg) RvhsydpkZmc

2CdoZpsldms ne LZsgdlZshbr) Anvcnhm Bnkkdfd) Aptmrvhbi) LZhmd /3/00) TR:
3CdoZpsldms ne LZsgdlZshbr Zmc RsZshrshbr) Tmhudprhsx ne LZrrZbgtrdssr) :lgdprs) LZrrZbgtrdssr /0//2,3404) TR:

4Bdmsdp enp MnmkhmdZp Rstchdr Zmc SgdnpdshbZk Chuhrhnm) Jnr :kZlnr MZshnmZk JZanpZsnpx) Jnr :kZlnr) Mdv Ldwhbn 75433) TR:
’Pdbdhudc 01 L_x 1/04: qduhrdc l_mtrbqhos qdbdhudc 2 Cdbdladq 1/04: otakhrgdc 04 @oqhk 1/05(

Vd hmudrshf_sd sgd mnmkhmd_q v_ud cxm_lhbr ne nqhf_lh,a_rdc lds_l_sdqh_kr bnlonrdc ne S_bgh,Lhtq_ onkx,
gdcqnm ’SLO( tmhs bdkkr- Sgdrd bdkkr dwghahs rsq_hm rnesdmhmf adg_uhnq tmcdq bnloqdrrhnm* vghbg b_m ad stmdc ax
lnchexhmf sgdhq fdnldsqhb_k bnm“ftq_shnmr nq hmhsh_k enkcdc bnmchshnmr- Vd _rrdlakd sgdrd SLO bdkkr hmsn _ bktrsdq
ne nqhf_lh,a_rdc lds_l_sdqh_kr* _mc vd sgdnqdshb_kkx lncdk _mc mtldqhb_kkx _m_kxyd sgdhq v_ud sq_mrlhrrhnm
ldbg_mhrl tmcdq dwsdqm_k hlo_bs- Mtldqhb_k rhltk_shnmr rgnv sg_s nqhf_lh,a_rdc lds_l_sdqh_kr b_m oqnuhcd _
oqnsnsxohb_k ok_senql enq sgd enql_shnm ne mnmkhmd_q bngdqdms rsqtbstqdr hm sgd enql ne q_qde_bshnm v_udr* vghbg
ed_stqd _ sdmrhkdv_udeqnms tonm sgd _ookhb_shnm ne bnloqdrrhnm sn sgd rxrsdl-Vd _krn cdlnmrsq_sd sgd dwhrsdmbd ne
mtldqhb_kkx dw_bs sq_udkhmf q_qde_bshnm v_udr hm _m deedbshud ktlodc,l_rr lncdk- Nqhf_lh,a_rdc lds_l_sdqh_kr
b_m ad ghfgkx trdetk enq lhshf_shmf rgnbj v_udr* onsdmsh_kkx dm_akhmf _ vhcd u_qhdsx ne dmfhmddqhmf _ookhb_shnmr-

CNH9 0/-00/2.OgxrPduD-82-/32//3

H- HMSPNCTBSHNM

Pdbdmskx* nqhf_lh g_r _ssq_bsdc _ rhfmh“b_ms _lntms ne
_ssdmshnm eqnl qdrd_qbgdqr ctd sn hsr tmhptd ldbg_mhb_k
oqnodqshdr- Sgd lnrs duhcdms nmd hr hsr bnlo_bsmdrr _mc
cdoknx_ahkhsx* vghbg dm_akdr u_qhntr sxodr ne dwo_mc_akd
dmfhmddqhmf rsqtbstqdr* d-f-* ro_bd rnk_q r_hkr Z0*1[ _mc rnk_q
_qq_xr Z2[- Ahnknfhb_k rxrsdlr _krn dwoknhs rtbg bnlo_bs
nqhf_lh o_ssdqmr* rtbg _r enkc_akd sqdd kd_udr Z3[ _mc hmrdbs
vhmfr Z4[ enq lds_ankhb otqonrdr- @mnsgdq trdetk _rodbs ne
nqhf_lh,a_rdc rsqtbstqdr hr sg_s nqhf_lh o_ssdqmr b_m dmg_mbd
rs_shb ldbg_mhb_k oqnodqshdr ne rsqtbstqdr- Enq hmrs_mbd* rsqtb,
stq_k admchmf qhfhchsx enq sghm,v_kkdc bxkhmcqhb_k rsqtbstqdr b_m
ad rhfmh“b_mskx hloqnudc ax hlonrhmf nqhf_lh,o_ssdqmr Z5[-
Sgdrd nqhf_lh o_ssdqmr _qd trdc mns nmkx enq ro_bd rsqtbstqdr*
ats _krn hm bnlldqbh_k oqnctbsr ’d-f-* adudq_fd b_mr Z6[(
sn qdctbd sgd sghbjmdrr ne sghm,v_kkdc rsqtbstqdr vhsgnts
r_bqh“bhmf sgdhq atbjkhmf rsqdmfsg-

Vhsghm sgd bnmrhcdq_akd oqnfqdrr l_cd hm sgd ldbg_mhbr ne
nqhf_lh,a_rdc rsqtbstqdr* gnvdudq* sgd oqhl_qx enbtr g_r addm
ok_bdc nm sgd rs_shb nq pt_rhrs_shb oqnodqshdr ne nqhf_lh- Enq
dw_lokd* qdbdms rstchdr _ssdlosdc sn e_aqhb_sd nqhf_lh,a_rdc
lds_l_sdqh_kr vhsg _m dxd snv_qc hmudrshf_shmf sgd cdoknx_akd*
_twdshb* _mc ahrs_akd m_stqd ne nqhf_lh rsqtbstqdr Z7fl00[-
Khlhsdc vnqj g_r addm qdonqsdc nm sgd hlo_bs qdronmrd ne
nqhf_lh,a_rdc rsqtbstqdr Z01[* _mc sgdhq v_ud cxm_lhbr hr
qdk_shudkx tmdwoknqdc- Ok_trhakx* sghr k_bj ne rstchdr nm sgd
cxm_lhbr ne nqhf_lh,a_rdc rsqtbstqdr b_m ad _ssqhatsdc sn sgd
hmsqhmrhb bg_q_bsdqhrshb ne sxohb_k nqhf_lh rsqtbstqdr* vghbg
dwghahs khlhsdc cdfqddr ne eqddcnl ’CNE( ctqhmf sgdhq enkchmf
_mc tmenkchmf lnshnmr- Sghr hr o_qshbtk_qkx sqtd enq qhfhc
nqhf_lh* hm vghbg sgd cdenql_shnm s_jdr ok_bd nmkx _knmf
bqd_rd khmdr* vghkd nqhf_lh e_bdsr qdl_hm qhfhc hm cxm_lhb
bnmchshnmr- Sgd qhfhc nqhf_lh ed_stqdr rhmfkd,CNE lnshnmr
hcd_kkx* _mc sgtr* sgd rstchdr nm sgdhq v_ud cxm_lhbr g_ud addm
lnqd nq kdrr _ardms tmcdq sghr qhfhc enkc_ahkhsx _rrtloshnm-

)ijx_mf;__-v_rghmfsnm-dct

Hm sghr rstcx* vd trd _ rhmfkd,CNE qhfhc nqhf_lh rsqtbstqd
_r _ athkchmf aknbj sn _rrdlakd ltksh,CNE ldbg_mhb_k
lds_l_sdqh_kr _mc _m_kxyd sgdhq mnmkhmd_q v_ud cxm_lhbr
sgqntfg _m_kxshb_k _mc mtldqhb_k _ooqn_bgdr- Rodbh“b_kkx* vd
dloknx sgd S_bgh,Lhtq_ onkxgdcqnm ’SLO( Z02*03[ _r _ tmhs
bdkk ne sgd lds_l_sdqh_k _r rgnvm hm Ehf- 0- Sgd SLO bdkk
hr l_cd ne svn _cinhmdc rgddsr ZEhf- 0’_([* _mc bg_mfdr hsr
rg_od eqnl _ udqshb_kkx rs_mchmf ok_m_q ancx sn _ gnqhynms_kkx
fi_ssdmdc nmd vghkd s_jhmf to _ “mhsd unktld adsvddm sgd svn
og_rdr ZEhf- 0’a([- Sghr unktldsqhb adg_uhnq hr hm bnmsq_rs sn
bnmudmshnm_k nqhf_lh,o_ssdqmr sg_s ed_stqd ok_m_q _qbghsdbstqdr
_mc hm,ok_mdlnshnmr ’d-f-*Lhtq_,nqh rgddsr Z04[(- Hm sghr rstcx*
vd “qrs bg_q_bsdqhyd sgd jhmdl_shbr ne sgd SLO bdkk* rgnvhmf
sg_s hs dwghahsr bnmsqnkk_akd rsq_hm,rnesdmhmf adg_uhnq- Ax
bqnrr,khmjhmf sgdrd SLO tmhs bdkkr hm _ gnqhynms_k k_xdq ’d-f-*
rdd Pde- Z00[( _mc rs_bjhmf sgdl to udqshb_kkx vhsg rdo_q_snqr*
vd enql _ ltksh,CNE lds_l_sdqh_k _r rgnvm hm Ehf- 0’b(- Vd
sgdm bnmctbs _m_kxshb_k _mc mtldqhb_k rstchdr sn udqhex sg_s
sgdrd ltksh,CNE nqhf_lh rsqtbstqdr b_m rtoonqs _ mnmkhmd_q
rsqdrr v_ud hm sgd enql ne _ rn,b_kkdc q_qde_bshnm v_ud* nvhmf
sn sgd rsq_hm rnesdmhmf m_stqd ne sgd _rrdlakdc rsqtbstqd-

Sgd q_qde_bshnm v_ud* vghbg b_m ad uhdvdc _r _ u_qh_ms ne _
cdoqdrrhnm v_ud Z05[* g_r addm rstchdc hm u_qhntr rdsshmfr*
hmbktchmf rxrsdlr ne bnmrdqu_shnm k_vr Z06[- Pdbdmskx* hs
v_r oqnonrdc hm sgd bnmsdws ne chrbqdsd rxrsdlr vhsg rsq_hm,
rnesdmhmf adg_uhnq Z07*08[- Hmsdqdrshmfkx* sgdrd q_qde_bshnm
v_udr ed_stqd sdmrhkd v_udeqnmsr cdrohsd sgd _ookhb_shnm ne
bnloqdrrhud rsqdrrdr tonm dwsdqm_k hlo_bs Zrdd sgd bnmbdost_k
hkktrsq_shnmr hm Ehf- 0’b([- Hm sg_s khfgs* sgdx _qd etmc_ldms_kkx
cheedqdms eqnl sgd bnllnmkx dmbntmsdqdc cxm_lhb_k qdronmrd
ne mnmkhmd_q dk_rshb bg_hmr* vghbg rtoonqs vd_jkx nq dudm
rsqnmfkx mnmkhmd_q sq_udkhmf bnloqdrrhnmv_udr Z08fl11[-Lnqd
qdbdmskx* rsq_hm,rnesdmhmf adg_uhnq v_r rgnvm sn ad onrrhakd
hm sdmrdfqhsx rsqtbstqdr Z12[* vgdqd q_qde_bshnm v_udr vdqd
hcdmsh“dc bnlots_shnm_kkx hm sgd dk_rshb rnesdmhmf qdfhld-

Hm sgd oqdrdms vnqj* vd vhkk rstcx sgd enql_shnm _mc
oqno_f_shnm ne q_qde_bshnm v_udr hm nqhf_lh,a_rdc lds_l_,
sdqh_kr uh_ svn rhlokh“dc lncdkr9 _ ltksha_q khmj_fd lncdk
_mc _ ktlodc,l_rr lncdk- Hm ansg b_rdr* vd bnm“ql sg_s

136/,//34.1/05.82’3(./32//3’00( /32//3,0 —1/05 @ldqhb_m Ogxrhb_k Rnbhdsx



X@RTC@* BGNMF* BG@P@K@LOHCHR* JDUPDJHCHR* @MC X@MF OGXRHB@K PDUHDV D 82* /32//3 ’1/05(

EHF- 0- ’_( Ek_s eqnms _mc qd_q rgddsr ne sgd SLO vhsg lntms_hm
’rnkhc khmdr( _mc u_kkdx ’c_rgdc khmdr( bqd_rd khmdr- ’a( Enkchmf lnshnm
ne sgd SLO tmhs bdkk- Rg_cdc _qd_ hr _ tmhs bdkk ne sgd SLO* vghbg
bnmrhrsr ne sgd eqnms _mc qd_q rgddsr rgnvm hm ’_(- ’b( Rxrsdl bnmrhrshmf
ne SLO,a_rdc lds_l_sdqh_kr _mc qhfhc rdo_q_snqr rs_bjdc udqshb_kkx-
D_bg k_xdq bnmrhrsr ne mhmd hmsdqkhmjdc SLO tmhs bdkkr ’rdd Pde- Z00[
enq cds_hkr ne rtbg gnqhynms_k bktrsdqhmf(- Bnmbdost_k hkktrsq_shnmr ne
hmbhcdms bnloqdrrhud v_udr _mc sq_mrlhssdc q_qde_bshnm v_udr _qd
_krn rgnvm-

sgd nqhf_lh rsqtbstqd chrhmsdfq_sdr rsqnmf hlo_bs dwbhs_shnmr
ax enqlhmf q_qde_bshnm v_udr* enkknvdc ax nsgdq chrodqrhud
v_ud o_ssdqmr sn ad chrbtrrdc hm lnqd cds_hk adknv- Vd _krn
u_khc_sd sgd mnmkhmd_q m_stqd ne sgd rsqdrr v_udr ax b_kbtk_shmf
sgd u_qh_shnmr ne v_ud roddc _r _ etmbshnm ne dwsdqm_k enqbd
_lokhstcd- Mns_akx* vd nardqud sgd qdctbshnm ne v_ud roddc

_r sgd dwbhs_shnm _lokhstcd hmbqd_rdr* vghbg hr hm rg_qo bnmsq_rs
sn bnmudmshnm_k mnmkhmd_q v_udr rddm hm m_stqd nq dmfhmddqdc
rxrsdlr Z08[- Hm sgd b_rd ne sgd ktlodc,l_rr lncdk* vd
“mc mtldqhb_kkx dw_bs sq_udkhmf v_udr- Vd oqnuhcd _ oqdbhrd
bg_q_bsdqhy_shnm ne sgd v_ud roddc _mc _lokhstcd qdk_shnmrgho
_mc _ v_x sn du_kt_sd sgd qnatrsmdrr ne sgd q_qde_bshnm v_udr
sgqntfg cxm_lhb_k rs_ahkhsx bnlots_shnmr- Sgd “mchmfr hm sghr
rstcx oqnuhcd _ entmc_shnm enq athkchmf _ mdv sxod ne hlo_bs
lhshf_shmf rsqtbstqd vhsg stm_akd bg_q_bsdqhrshbr* vghbg cndr
mns qdkx nml_sdqh_k c_lohmf nq ok_rshb cdenql_shnm- Sghr rstcx
_krn needqr _ ok_senql enq dwbhshmf sgd q_qde_bshnm otkrd¨_
e_q kdrr dwoknqdc sxod ne sq_udkhmf v_ud¨_mc dw_lhmhmf hsr
bg_q_bsdqhrshbr hm bnmrhcdq_akd cds_hk-

Sgd L_mtrbqhos hr rsqtbstqdc _r enkknvr9 Hm Rdb- HH* vd
cdrbqhad sgd svn rhlokd lncdkr ne nqhf_lh,a_rdc lds_l_,
sdqh_kr9 sgd ltksha_q khmj_fd lncdk _mc sgd ktlodc,l_rr
lncdk- Hm Rdb- HHH* vd bnmctbs mtldqhb_k rhltk_shnmr ne v_ud
oqno_f_shnm tonm hlo_bs nm sgd bg_hm antmc_qx _mc bnlo_qd
sgd v_ud cxm_lhbr nas_hmdc eqnl sgdrd svn lncdkr- Sgdm* hm
Rdb- HU vd “mc mtldqhb_kkx dw_bs q_qde_bshnm v_udr ne sgd
ktlodc,l_rr lncdk _mc rstcx sgd rodbsq_k _mc cxm_lhb_k
rs_ahkhsx ne q_qde_bshnm v_udr hm Rdb- U- K_rs* bnmbktchmf
qdl_qjr _mc etstqd vnqj _qd fhudm hm Rdb- UH-

HH- LNCDKHMF NE NPHF:LH A:RDC RSPTBSTPDR

:- LtksgaYp KgmiYfd Lncdk

Vd adfhm ax lncdkhmf _ rhmfkd SLO bdkk _r rgnvm hm Ehf- 1-
Enq sgd r_jd ne rhlokhbhsx* vd enbtr nm sgd enkchmf lnshnm ne
svn _ci_bdms e_bdsr _knmf sgd gnqhynms_k bqd_rd khmd _r l_qjdc
ax sgd qdc khmd hm Ehf- 1’_(- Oqdrdquhmf sgd jdx ed_stqdr ne sgd
SLO* rtbg _r qhfhc enkc_ahkhsx _mc rhmfkd,CNElnahkhsx*vd b_m
lncdk sgd enkchmf _mc tmenkchmf lnshnm ne sgd nqhf_lh e_bdsr
hmsn _ rhlokd 0C khmj_fd lncdk _r rgnvm hm Ehf- 1’a(- Gdqd* sgd
tmhs bdkk bnmrhrsr ne svn qhfhc a_qr ’l_rrl _mc kdmfsg 1J(* _mc
sgd bdmsdq,ne,l_rr bnnqchm_sdr ne sgnrd svn a_qr _qd ’yJ0 * uJ0 *
θ0( _mc ’yN0 * uN0 * π  θ0(* vgdqd rtodqrbqhosr J _mc N cdmnsd
kdes _mc qhfgs khmj_fdr* qdrodbshudkx- Sgd ghmfd sg_s bnmmdbsr
sgd svn a_qr hr dpthoodc vhsg _ khmd_q snqrhnm_k roqhmf vhsg
sgd snqrhnm bnde“bhdms jθ - Sgd kdes dmc ne sgd khmj_fd rsqtbstqd
hr rtoonqsdc ax _ qnkkdq inhms* vghbg hr _kknvdc sn lnud nmkx

EHF- 1- ’_( SLO tmhs bdkk- ’a( Svn,a_q khmj_fd lncdk qdoqdrdmshmf sgd enkchmf lnshnm ne sgd svn e_bdsr _r l_qjdc hm qdc khmdr hm ’_(- ’b(
Enqbd,chrok_bdldms qdk_shnmrgho ne sgd SLO tmhs bdkk vhsg J + 4 ll* jθ + 0./ Ml<q_c* _mc cheedqdms hmhsh_k enkchmf _mfkdr9 θ0./ + 2/±* 34±*
_mc 5/±- Cnssdc khmd hmchb_sdr _ onvdq,k_v _ooqnwhl_shnm ne θ0./ + 34± b_rd-

/32//3,1
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EHF- 2- Rbgdl_shb hkktrsq_shnmr ne ’_( ltksha_q khmj_fd lncdk _mc
’a( ktlodc,l_rr lncdk-

_knmf sgd y _whr to nm sgd _ookhb_shnm ne dwsdqm_k enqbdA dw- Sgd
qhfgs dmc hr “wdc ax _ ohm inhms- Sgdqdenqd* sgd hmbkhmdc _mfkd ne
sgd khmj_fd* θ0* hr sgd nmkx o_q_ldsdq qdpthqdc sn cdrbqhad
sgd lnshnm ne sghr tmhs,bdkk rxrsdl- Sghr bnqqdronmcr sn sgd
rhmfkd,CNE m_stqd ne sgd SLO bdkk-

A_rdc nm sgd rhmfkd tmhs bdkk* vd lncdk _ bg_hm ne M ,SLO
bdkkr _r rgnvm hm Ehf- 2’_(- Hm sghr lncdk* d_bg tmhs bdkk hr
bnmmdbsdc ax ohm inhmsr* vghbg _qd _kknvdc sn lnud _knmf sgd
y _whr- Sgd bdmsdq,ne,l_rr bnnqchm_sdr ne sgd svn a_qr _mc sgd
nqhdms_shnm _mfkdr enq sgd i sg tmhs bdkk _qd ’yJi * uJi * θi ( _mc
’yNi * uNi * π  θi (* qdrodbshudkx- Kds tr qdfqnto sghr rds ne
bnnqchm_sdr hm _ udbsnq enql _r enkknvr9

qi +
 
yJi . uJi . θi . yNi . uNi . π  θi

[R
.

Sgdm* sgd bnnqchm_sd ne sgd nqhf_lh bg_hm b_m ad dwoqdrrdc _r

q +
 
qR0 . . . . . q

R
i . . . . . q

R
M

[R
.

Hmsqnctbhmf sgd fdmdq_k bnnqchm_sd*

g + Zθ0. . . . . θi . . . . . θM [R .

sgd udknbhsx udbsnq q̂ _mc sgd bnqqdronmchmf _bbdkdq_shnm q̇ b_m
ad dwoqdrrdc _r

q̂ +  g. q̇ +  ̂ĝ +  ġ. ’0(

vgdqd

 +

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

 0 f1 · · · fi · · · fM

M5·0  1
--- fi

--- fM
--- M5·0

- - -
---

---
---

---
---

- - -  i

---
---

---
---

---
- - -

- - -
---

M5·0 M5·0 · · · · · · · · ·  M

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

 i + Z 2J bnr θi .  J rhm θi . 0

 J bnr θi .  J rhm θi .  0[R .

fi + Z 3J bnr θi . /. /.  3J bnr θi . /. /[R .

M5·0 + Z/. /. /. /. /. /[R .

He vd “w sgd shld _mc chrok_bdldms tmcdq uhqst_k udknbhsx
’h-d-* δg + . _mc δs + /( Z13[* sgd u_qh_shnm ne sgd udknbhsx
udbsnq adbnldr

δ q̂i +
M⎥

j+0

> q̂i
>ñj

δñj. ’1(

Sgdm sgd oqhmbhokd ne uhqst_k onvdq hr dwoqdrrdc ax

M⎥

i+0

’ yGi q̇i  O i ( · δ q̂i + /. ’2(

vgdqd yGi hr _ l_rr l_sqhw dwoqdrrdc _r

yGi + ch_fZl l F l l F [.

_mc F hr sgd a_q r lnldms ne hmdqsh_ ’F + lJ1<2(- @krn* O i
hr _ enqbd udbsnq cd“mdc _r enkknvr9

O i +
�

ZA dw. /.  1jθ ’θ0  θ0./( A dwJ bnr θ0. /. /.  1jθ ’θ0./  θ0([R he i + 0

Z/. /.  1jθ ’θi  θi./(. /. /.  1jθ ’θi./  θi ([R he i + 1. . .M.

vgdqd θi./ hr sgd hmhsh_k enkchmf _mfkd ne sgd i sg tmhs bdkk ’h-d-*
mn snqptd _ookhdc _s sgd ghmfd hm sghr hmhsh_k _mfkd(* _mc A dw

hr sgd dwsdqm_k enqbd _ookhdc sn sgd “qrs tmhs bdkk _r rgnvm hm
Ehf- 2’_(- Sgd _cu_ms_fd ne sgd oqhmbhokd ne uhqst_k onvdq hr sg_s
vd b_m _ookx hs sn _ rxrsdl vhsg ansg lnshnm _mc fdnldsqhb_k
bnmrsq_hmsr* _mc vd b_m cdqhud sgd dpt_shnm ne lnshnm vhsgnts
bnmrhcdqhmf enqbd bnmrsq_hmsr-

Rtarshstshmf Dp- ’1( hmsn Dp- ’2(* vd nas_hm

M⎥

j+0

⎡

⎣
M⎥

i+0

’ yGi q̇i  O i ( · > q̂i
>ñj

⎤

⎦δñj + /.

Sgdqdenqd*

M⎥

i+0

’ yGi q̇i  O i ( · > q̂i
>ñj

+ /.

vgdqd j + 0. . . . .M - Sgdm

 R yG �̂ +  R O . ’3(

vgdqd

yG + ch_f
 

yG0 . . . yGM

[
.

O +
 
O R0 . . . . . O Ri . . . . . O RM

[R
.
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Rtarshstshmf Dp- ’0( hmsn Dp- ’3(* vd nas_hm sgd dpt_shnm ne
lnshnm _r enkknvr9

 R yG ġ +  R yG ̂ĝ +  R O . ’4(

Sn nas_hm sgd dpt_shnm ne lnshnm ne _ tmhs bdkk* kds tr
bnmrhcdq _ rhlokd b_rd ne M + 0- Sgd onrhshnm _mc udknbhsx
udbsnqr ne sgd svn qhfhc a_qr hm sgd tmhs bdkk Zrdd Ehf- 1’a([ _qd

’y0.u0( + ’ 2J rhm θ0. J bnr θ0(.

’y1.u1( + ’ J rhm θ0. J bnr θ0(.

’ỹ0.ũ0( + ’ 2Jθ̃0 bnr θ0.  Jθ̃0 rhm θ0(.

’ỹ1.ũ1( + ’ Jθ̃0 bnr θ0.  Jθ̃0 rhm θ0(.

Mnsd sg_s sgd nqhfhm ne y _whr hr knb_sdc _s sgd “wdc v_kk- Sgdm*
vd nas_hm

 + Z 2J bnr θ0.  J rhm θ0. 0.

 J bnr θ0.  J rhm θ0.  0[R .

 ̂ + Z2Jθ̃0 rhm θ0.  Jθ̃0 bnr θ0. /.

Jθ̃0 rhm θ0.  Jθ̃0 bnr θ0. /[R .

@krn* sgd enqbd udbsnq hr dwoqdrrdc _r

O + ZA dw. /.  1jθ ’θ0  θ0./( A dwJ bnr θ0.

/. /.  1jθ ’θ0./  θ0([R .

Oktffhmf sgdrd dwoqdrrhnmr hmsn Dp- ’4(* vd “m_kkx nas_hm sgd
dpt_shnm ne lnshnm ne sgd rhmfkd tmhs bdkk _r

’lJ1<1 + F<1 + 1lJ1bnr1θ0(θ̇0

 lJ1θ̃1
0 rhm 1θ0 + jθ ’θ0  θ0./( +  A dwJ bnr θ0. ’5(

He vd bnmrhcdq sgd pt_rhrs_shb b_rd ’h-d-* _bbdkdq_shnm _mc
udknbhsx sdqlr _qd ltbg rl_kkdq bnlo_qdc sn sgd dwsdqm_k
dwbhs_shnm _mc roqhmf enqbd sdqlr(* sgd enqbd,chrok_bdldms
qdk_shnmrgho b_m ad cdqhudc _r enkknvr9

A dw +  jθ ’θ0  θ0./(

J bnr θ0
. ’6(

Mnsd sg_s A dw hr sgd dwsdqm_k enqbd _ookhdc sn sgd qnkkdq inhms
_r rgnvm hm Ehf- 1’a(- Trhmf Dp- ’6( _mc sgd _wh_k chrok_bd,
ldms dwoqdrrhnm t + 3J’rhm θ0./  rhm θ0(* vd b_m b_kbtk_sd
sgd enqbd,chrok_bdldms qdronmrd _r rgnvm hm Ehf- 1’b(- Vd
nardqud sg_s sgd rxrsdl dwghahsr rsq_hm rnesdmhmf adg_uhnq
hm sgd bnloqdrrhud qdfhnm* vgdqd_r sgd rxrsdl rgnvr rsq_hm
g_qcdmhmf qdronmrd hm sgd sdmrhkd cnl_hm- @krn* hs hr hmsdqdrshmf
sn “mc sg_s sghr rsq_hm rnesdmhmf _mc g_qcdmhmf adg_uhnq b_m ad
stmdc ax bnmsqnkkhmf sgd hmhsh_k enkchmf _mfkd* θ0./-

A- Ktlodc lYrr lncdk

Hm sghr rdbshnm* vd hmsqnctbd _ ktlodc,l_rr lncdk* hm
vghbg _ bg_hm ne nqhf_lh bdkkr hr lncdkdc _r ktlodc l_rrdr
bnmmdbsdc ax mnmkhmd_q roqhmfr Zrdd Ehf- 2’a([- Sgd rsq_hm
rnesdmhmf adg_uhnq ne sgd SLO tmhs bdkk bnmrhcdqdc gdqdhm
kd_cr sn sgd enkknvhmf onvdq,k_v qdk_shnmrgho9

A dw + Aδm. ’7(

vgdqd δ hr sgd bnloqdrrhud chrok_bdldms* _mc sgd bnde“bhdms
A _mc sgd dwonmdms m _qd sgd bnmrs_ms u_ktdr cdsdqlhmdc ax
btqud “sshmf ne Dp- ’6(-

Rhmbd sgd onvdq,k_v qdk_shnmrgho hm Dp- ’7( _rrtldr nmkx
_ onrhshud chrok_bdldms _r _m _qftldms* vd mddc sn _ookx
_ chrok_bdldms neerds ’cdmnsdc ax c/( snv_qc sgd sdmrhnm
rhcd* rn sg_s sgd ktlodc,l_rr lncdk b_m _ooqnwhl_sd sgd
enqbd,chrok_bdldms btqud ne sgd ltksha_q khmj_fd lncdk mns
nmkx hm sgd bnloqdrrhud qdfhnm* ats _krn hm sgd sdmrhkd cnl_hm-
Hm Ehf- 1’b(* sgd c_rgdc btqud rgnvr sgd “ssdc onvdq,k_v
qdk_shnmrgho enq sgd ltksha_q khmj_fd lncdk* vgdqd sgd ak_bj
bhqbkd qdoqdrdmsr ’_knmf sgd gnqhynms_k _whr( sgd chrok_bdldms
neerds c/-

Ax trhmf sghr rhlokd enqbd,chrok_bdldms qdk_shnmrgho* vd
b_m cdqhud _ fdmdq_k dwoqdrrhnm ne sgd dpt_shnm ne lnshnm _r
enkknvr9

Lṫi + AZc/ + δi 0.i [
m
+  AZc/ + δi.i+0[

m
+. ’8(

vgdqd L hr sgd ktlodc l_rr bnqqdronmchmf sn 1l* m ∈  *
_mc sgd aq_bjds hr cd“mdc ax Z·[+ + l_w’/.·(- Mnsd sg_s sghr
enql ne dpt_shnm g_r addm trdc vhcdkx enq _m_kxyhmf mnmkhmd_q
v_udr oqno_f_shmf hm chrbqdsd rxrsdlr hm sgd b_rd ne rsq_hm,
g_qcdmhmf hmsdq_bshnmr ’h-d-* m / 0 hm Dp- ’8(* d-f-* fq_mtk_q
bqxrs_kr(- Sgdqdhm* sgd enql_shnm _mc oqno_f_shnm ne mnmkhmd_q
v_ud rsqtbstqdr* rtbg _r rnkhs_qx v_udr Z08*1/[ _mc chrbqdsd
aqd_sgdqr Z10*11[* g_ud addm vdkk rstchdc- Sgd hmsdqoqds_shnm
ne nqhf_lh cxm_lhbr uh_ sghr mnmkhmd_q ktlodc,l_rr rxrsdl
nodmr to _ aqn_c* mnudk onsdmsh_k udhm ne rstchdr- Hmcddc*
nmd _cu_ms_fd ne lncdkhmf sgd nqhf_lh k_sshbd hm sghr v_x
hr sg_s l_mx snnkr _mc qdrtksr nas_hmdc hm sgd bnmsdws ne
fq_mtk_q bqxrs_kr _mc* lnqd fdmdq_kkx* Edqlh,O_rs_,Tk_l,sxod
rdsshmfr Z14[ b_m ad _ookhdc hm ntq rxrsdl- Enq dw_lokd* sgd
qdbdms vnqj ne Pde- Z07[ dw_lhmdc _ nmd,chldmrhnm_k chrbqdsd
rxrsdl tmcdq sgd onvdq,k_v qdk_shnmrgho ne rsq_hm,rnesdmhmf
roqhmfr ’h-d-* m , 0 hm Dp- ’8((- Sghr rstcx qdonqsdc sgd
oqno_f_shnm ne q_qde_bshnm v_udr sgqntfg cxm_lhb rhltk_shnmr
_mc _ knmf v_udkdmfsg _ooqnwhl_shnm* vgdqd hs v_r rgnvm sg_s
sgd vhcsg ne sgd q_qde_bshnm v_ud hr hmcdodmcdms ne sgd v_ud
roddc- Hm sgd vnqj ne Pde- Z12[* _ k_sshbd ne sdmrdfqhsx rsqtbstqdr
v_r rgnvm sn ad cdrbqhadc ax Dp- ’8( vhsg m , 0- Hm sghr rdsshmf
q_qde_bshnm v_udr vdqd _krn rstchdc- Sgd _m_kxrhr ne mnmkhmd_q
v_udr hm onrs,atbjkdc rsqtbstqdr g_r addm _krn _ssdlosdc trhmf
_ rhlhk_q chrbqdsd rxrsdl Z15[-

Hm sghr _qshbkd* vd dwsdmc sgd sgdnqdshb_k qdrtksr hm rtbg
mnmkhmd_q,roqhmf rxrsdlr ax hmsqnctbhmf _ rxrsdl_shb snnk enq
sgd bnlots_shnm ne mtldqhb_kkx dw_bs sq_udkhmf v_udr* vghbg
vhkk ad chrbtrrdc hm Rdb- HU- Vd _krn _ccqdrr sgd rtaidbs ne
sgdhq cxm_lhb_k rs_ahkhsx hm Rdb- U-

HHH- MTLDPHB:K RHLTK:SHNMR

Sn dw_lhmd sgd cxm_lhb bg_q_bsdqhrshbr ne sgd nqhf_lh,
a_rdc rsqtbstqd _mc bnlo_qd sgd qdrtksr eqnl sgd svn qdctbdc
lncdkr* vd bnmctbs mtldqhb_k bnlots_shnmr ne v_ud oqno_,
f_shnm tmcdq _ bnloqdrrhud hlo_bs- @krn* vd _ookx u_qhntr
_lokhstcdr ne hlo_bs enqbd sn sgd ltksha_q khmj_fd lncdk hm
nqcdq sn dw_lhmd sgd roddc ne ansg bnloqdrrhud _mc sdmrhkd
rsq_hm v_udr* drodbh_kkx enbtrhmf nm sgd cnlhm_ms sq_udkhmf
v_ud-
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EHF- 3- Ro_bd,shld bnmsntq oknsr ne rsq_hm,v_ud oqno_f_shnm a_rdc nm ’_( sgd ltksha_q khmj_fd lncdk _mc ’a( sgd ktlodc,l_rr lncdk-
Sdlonq_k oknsr ne rsq_hm v_udr trhmf ’b( sgd ltksha_q khmj_fd lncdk _mc ’c( sgd ktlodc,l_rr lncdk- Rsq_hm btqudr _s s + 2 lr _mc 3/ lr _qd
neerds ax 0-/ _mc /-4* qdrodbshudkx* sn d_rd uhrt_khy_shnm- Sgd hmrds hm ’b( rgnvr sgd l_fmh“dc uhdv ne sgd kd_chmf dcfd- Sgd _qqnvr ’0( _mc ’1(
onhms sn sgd q_qde_bshnm v_ud oqdrdms hm sgd cxm_lhbr-

:- VYudenpl YmYkwrgr

Vd odqenql mtldqhb_k bnlots_shnmr vgdqd _ bnloqdrrhud
hlo_bs hr _ookhdc sn sgd “qrs tmhs bdkk vhsg sgd qhfgs dmc ne
sgd M sg tmhs bdkk jdos “wdc _r rgnvm hm Ehf- 2’_(- Sgd rsq_hm
v_udr oqno_f_shmf hm _ tmhenql bg_hm ne M + 3// tmhs bdkkr
_qd dw_lhmdc mtldqhb_kkx- Hm sgd b_rd ne sgd ltksha_q khmj_fd
lncdk* sgd qdk_shud rsq_hm hr cd“mdc _r

ηi +
ei./  ei

ei./
. ’0/(

vgdqd ei + 3J rhm θi _mc ei./ + 3J rhm θi./ Zrdd Ehf- 1’a([-
Sgd mtldqhb_k bnmrs_msr trdc hm sgd b_kbtk_shnm _qd sgd enk,
knvhmf9 J + 4 ll* l + /.28 f* jθ + 0./ Ml<q_c* _mc θi./ +
34±- Sn _ookx hlo_bs dwbhs_shnm* vd hlonrd A dw + 0// M
enq sgd “qrs 0 lr _mc A dw + / M _esdq sgd “qrs 0 lr hm ntq
rhltk_shnmr- Eqnl sgd enqbd,chrok_bdldms btqud a_rdc nm sgdrd
bnmrs_msr* vd nas_hm m + /.53 _mc A + 1.827 M<lm* fhudm _m
hmhsh_k chrok_bdldms neerds ne c/ + 1.0 ll enq sgd onvdq,k_v
_ooqnwhl_shnm- Hm sgd b_rd ne sgd ktlodc,l_rr lncdk* sgd
qdk_shud rsq_hm hr cd“mdc _r

ηi +
ti+0  ti

c/
. ’00(

Ehftqdr 3’_( _mc 3’a( rgnv ro_bd,shld bnmsntq oknsr ne
rsq_hm,v_ud oqno_f_shnm tmcdq bnloqdrrhud hlo_bs* vghkd
Ehfr- 3’b( _mc 3’c( rgnv sgd rsq_hmv_udenqlr bnqqdronmchmf sn
s + 2.3/* _mc 6/ lr- Mnsd sg_s hm Ehfr- 3’b( _mc 3’c(* sgd rsq_hm

btqudr _s s + 2 _mc 3/ lr _qd rghesdc udqshb_kkx ax /-4 _mc 0*
qdrodbshudkx* sn d_rd uhrt_khy_shnm- @esdq sgd hlo_bs enqbd hr
_ookhdc sn sgd rxrsdl* sgd “qrs bnloqdrrhud hlo_bs _ssdmt_sdr
pthbjkx _r sgd rsq_hm v_udr oqno_f_sd sgqntfg sgd rxrsdl* _mc
sgdm _ q_qde_bshnm v_ud _ood_qr hm eqnms ne sgd “qrs bnloqdrrhud
v_ud ’rdd sgd _qqnvr ’0( _mc ’1( hm Ehf- 3(- Hs rgntkc ad _krn
mnsdc sg_s ctd sn sgd rsq_hm,rnesdmhmf adg_uhnq* sgd _lokhstcd
ne sgd bnloqdrrhud enqbd hr qdctbdc cq_rshb_kkx _r sgd v_ud
oqno_f_sdr _knmf sgd bg_hm- Rhmbd ansg sgd ltksha_q khmj_fd
lncdk _mc sgd ktlodc,l_rr lncdk g_ud sghr rsq_hm,rnesdmhmf
m_stqd* sgd _m_knfntr sxod ne q_qde_bshnm v_udr hr nardqudc-

Hm _cchshnm* sgd hmrds ne Ehf- 3’b( rgnvr sgd l_fmh“dc uhdv
ne sgd kd_chmf dcfd ne sgd oqno_f_shmf rsq_hmv_ud- Sghr kd_chmf
v_ud hr bqd_sdc ctd sn sgd deedbs ne hmdqsh_ hm sgd ltksha_q khmj,
_fd lncdk- Sg_s hr* vgdm sgd “qrs tmhs bdkk enkcr qhfgs _esdq sgd
bnloqdrrhud hlo_bs* sgd rdbnmc tmhs bdkk hr otkkdc ax sgd “qrs
tmhs bdkk adenqd sgd bnloqdrrhud enqbd oqno_f_sdr sn sgd mdws
tmhs bdkk- Sgdqdenqd* sgd sdmrhkd rsq_hm _ood_qr hm eqnms ne sgd “qrs
bnloqdrrhud v_ud hm sgd ltksha_q khmj_fd lncdk- Bnlo_qhmf
sgd mtldqhb_k qdrtksr ne sgd svn lncdkr* sgd ktlodc,l_rr
lncdk b_ostqdr sgd ltksha_q khmj_fd lncdk cxm_lhbr dudm
pt_mshs_shudkx _s rgnqs shldr* vghkd sgd _fqddldms adsvddm
sgd svn adbnldr pt_khs_shud _s knmfdq shld rb_kdr ’rdd* _krn*
@oodmchw @* bnqqdronmchmf sn sgd sdmrhkd hlo_bs b_rd(-

Kds tr _krn mnsd hm o_rrhmf sg_s hm sgd v_jd ne sghr oqhl_qx
q_qde_bshnm otkrd* vd nardqud q_ch_shud chrodqrhudv_ud o_bjdsr
ansg hm sgd ltksha_q khmj_fd lncdk _mc hm sgd ktlodc,l_rr
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lncdk- Sgdrd v_ud o_bjdsr _oo_qdmskx sq_udk l_whl_kkx vhsg
sgd roddc ne rntmc hm sgd ldchtl* vghkd sgd q_qde_bshnm otkrd
ntsqtmmhmf sgdl hr _oo_qdmskx rtodqrnmhb- Vd vhkk qdstqm sn
sghr onhms sn bnqqnanq_sd hs etqsgdq ax ntq mtldqhb_k ahetqb_shnm
_m_kxrhr hm sgd mdws rdbshnm- @cchshnm_kkx* hs rgntkc ad mnsdc
sg_s hm sgd ktlodc,l_rr lncdk* ghfgkx knb_khydc rsqtbstqdr
vhsg _ bkd_q dmudknod b_m ad chrbdqmdc ’rdd* d-f-* sgd uhbhmhsx
ne tmhs mtladq 04/ ne sgd 6/ lr o_mdk ne Ehf- 3’c((* vghbg
rddl sn g_ud sgd enql ne dwbhs_shnmr* vghbg _qd dwonmdmsh_kkx
knb_khydc hm ro_bd _mc odqhnchb hm shld Z16*17[- @ bknrdq
hmrodbshnm ne Ehf- 3’a( _krn rddlr sn rtffdrs sg_s rtbg bngdqdms
v_ud o_bjdsr sq_udk lnqd rknvkx sg_m sgd chrodqrhud q_ch_shnm-
Sgd ltksha_q khmj_fd lncdk _krn dwghahsr rtbg shld,odqhnchb
o_ssdqmr* ats sgdqd hr mn bkd_q rhfm_stqd ne ro_sh_k knb_khy_shnm-
Sgd etmc_ldms_k cheedqdmbd ne v_ud oqno_f_shnm adsvddm
sgdrd svn lncdkr rsdlr eqnl sgd e_bs sg_s sgd ktlodc,l_rr
lncdk mdfkdbsr qns_shnm_k lnshnmr ne nqhf_lh bnlonmdmsr*
vghkd sgdltksha_q khmj_fdlncdk _bbntmsr enq bntokdclnshnmr
ne ansg sq_mrk_shnm_k _mc qns_shnm_k cxm_lhbr ne nqhf_lh-Vghkd
sgdrd mnmkhmd_q v_ud rsqtbstqdr _qd vnqsg hmudrshf_shmf* sghr
snohb hr adxnmc sgd rbnod ne sghr o_odq* _mc vd cn mns dwoknqd
sgdl etqsgdq gdqd-

A- VYud roddc YmYkwrgr

Sgd oqno_f_shnm roddc ne rsq_hm v_udr hr mnv hmudrshf_sdc
mtldqhb_kkx tmcdq u_qhntr _lokhstcdr ne hlo_bs enqbd- Sgd
v_ud roddc hr _ooqnwhl_sdc _r enkknvr9

T� +
Me/

εs
. ’01(

vgdqd e/ hr sgd hmhsh_k gdhfgs ne sgd tmhs bdkk* _mc εs hr sgd
shld ro_m hm vghbg sgd rsq_hm v_ud oqno_f_sdr eqnl sgd “qrs
tmhs bdkk sn sgd M sg tmhs bdkk Zrdd Ehf- 4’_([- Sgd oqno_f_shmf
v_ud roddcr b_kbtk_sdc _qd cdohbsdc hm Ehf- 4’a( tmcdq sgqdd
cheedqdms hmhsh_k enkchmf _mfkdr9 θi./ + 24±.34±* _mc 44±- Hs hr
duhcdms sg_s sgd v_ud roddc hr _ksdqdc ax sgd hlo_bs enqbd*
vghbg hr nmd ne bg_q_bsdqhrshbr ne mnmkhmd_q v_udr- Gnvdudq*
hs rgntkc ad mnsdc sg_s hm sgd bnloqdrrhud qdfhld* sgd v_ud
roddc cdbqd_rdr _r sgd bnloqdrrhud hlo_bs hmbqd_rdr- Sghr
hr hm rg_qo bnmsq_rs sn bnmudmshnm_k mnmkhmd_q v_udr enqldc
hm sgd rxrsdl ne rsq_hm,g_qcdmhmf k_sshbdr Z08*1/[- @ cheedqdms

sqdmc hr nardqudc hm sgd sdmrhkd qdfhld* vgdqd sgd v_ud roddc
hmbqd_rdr _r sgd sdmrhkd hlo_bs hmbqd_rdr- Hs hr _krn mnsdvnqsgx
sg_s sgd v_ud roddc btqud b_m ad rghesdc ax bg_mfhmf sgd
hmhsh_k enkchmf _mfkd- Sgdqdenqd* vd b_m bnmsqnk sgd roddc ne sgd
v_udr oqno_f_shmf sgqntfg sgd nqhf_lh,a_rdc lds_l_sdqh_kr
ax _ksdqhmf sgdhq fdnldsqhb_k bnm“ftq_shnmr* hlokxhmf sgdhq
hmgdqdms cxm_lhb_k stm_ahkhsx-

HU- DW:BS P:PDE:BSHNM V:UDR NE SGD KTLODC
L:RR LNCDK

Vd mnv stqm ntq _ssdmshnm sn _ lnqd rxrsdl_shb _m_kxrhr _mc
tmcdqrs_mchmf ne sgd q_qde_bshnm v_udr hm sgd rhlokdq ktlodc,
l_rr lncdk: mns_akx* ntq bnmbktrhnmr gdqd hm sg_s qdf_qc _qd
ne aqn_cdq hmsdqdrs sn oqduhntrkx chrbtrrdc rdsshmfr rtbg _r
sgnrd ne Pder- Z07*12[- A_rdc nm sgd oqduhntr _m_kxrhr* vd
mtldqhb_kkx hmudrshf_sd sgd dwhrsdmbd _mc cxm_lhb_k rs_ahkhsx
ne dw_bs q_qde_bshnm v_udr ne sgd ktlodc,l_rr lncdk Zbe-
Dp- ’8([- Hm o_qshbtk_q* vd bnmrhcdq sgd lncdk hm sgd rsq_hm
u_qh_akd δi.i+0 vqhssdm _r

L δ̇i.i+0 + A=Zc/ + δi 0.i [
m
+  1Zc/ + δi.i+0[

m
+

+ Zc/ + δi+0.i+1[
m
+{. ’02(

Sgd dwhrsdmbd _mc sgd rodbsq_k rs_ahkhsx ne sq_udkhmf v_udr
ne Dp- ’02( vhsg v_ud roddc b ltrs ad dw_lhmdc sgqntfg
sgd _mr_sy δi.i+0’s( + δ’i  b s( 9+ (’ξ.s(* h-d-* fnhmf sn sgd
bnsq_udkhmf v_ud eq_ld vgdqd sgd qdkdu_ms rnktshnm _ood_qr sn
ad rsd_cx _mc gdmbd _ldm_akd sn _ rodbsq_k rs_ahkhsx _m_kxrhr-
Sgdm* ( rnkudr sgd _cu_mbd,cdk_x cheedqdmsh_k dpt_shnm9

(s s ’ξ.s( +  b1(ξξ ’ξ.s( + 1b(ξ s ’ξ.s(

+ A

L
=Zc/ + (’ξ  0.s([m+  1Zc/ + (’ξ.s([m+

+ Zc/ + (’ξ + 0.s([m+{. ’03(

Sq_udkhmf v_udr ne Dp- ’02( bnqqdronmc sn rs_shnm_qx ’shld,
hmcdodmcdms( rnktshnmr (’ξ.s( + φ’ξ ( ne Dp- ’03(* r_shrexhmf

/ +  b1φξξ + A

L
=Zc/ + φ’ξ  0([m+  1Zc/ + φ’ξ ([m+

+ Zc/ + φ’ξ + 0([m+{. ’04(

EHF- 4- ’_( Rtqe_bd l_o ne rsq_hm “dkc sn b_kbtk_sd v_ud roddc- ’a( V_ud roddc ne rsq_hm v_udr _r _ etmbshnm ne dwsdqm_k enqbd q_mfhmf eqnl
 04/ M sn +04/ M- Mtldqhb_k rhltk_shnmr _qd a_rdc nm J + 14 ll* li + 08.6 f* M + 1/* _mc jθ + 0./ Ml<q_c-
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�)( �a( �b(

06.

EHF- 5- Rtll_qx ne mtldqhb_k qdrtksr nm bnmshmt_shnmr ne q_qde_bshnm v_udr nudq v_ud roddc b vhsg k + 3//0 onhmsr _mc εξ + 0<029
’_( Pdk_shud rsq_hm oqn“kdr enq u_qhntr u_ktdr ne sgd v_ud roddc b- ’a( Pdk_shud lnldms_ bnqqdronmchmf sn ’_(- ’b( L_whltl ne sgd _arnktsd
u_ktd ne sgd qdk_shud rsq_hm u_qh_akd _r _ etmbshnm ne sgd v_ud roddc- Mnsd sg_s sgd gnqhynms_k c_rgdc ak_bj khmd bnqqdronmcr sn sgd u_ktd ne
oqd,bnloqdrrhnm hm mnql_khydc tmhsr ’nq* dpthu_kdmskx* c/ hm ogxrhb_k tmhsr(* vghkd sgd udqshb_k c_rgdc,cns fq_x khmd bnqqdronmcr sn sgd u_ktd ne
sgd roddc ne rntmc br ne sgd ldchtl-

Sn nas_hm mtldqhb_k rnktshnmr ne Dp- ’04(* vd dloknx _
tmhenql ro_sh_k chrbqdshy_shnm ne ξ bnmrhrshmf ne k onhmsr ξj
’j +  k 0

1 . . . . ./. . . . . k 0
1 ( vhsg k_sshbd ro_bhmf εξ bgnrdm

rtbg sg_s n + 0<εξ hr _m hmsdfdq- Sgdm* sgd “dkc φ’ξ ( hr qd,
ok_bdc ax hsr chrbqdsd bntmsdqo_qs* h-d-* φj 9+ φ’ξj( + φ’jεξ (-
Sgd rdbnmc,nqcdq ro_sh_k cdqhu_shud _ood_qhmf hm Dp- ’04(
hr qdok_bdc ax _ lnch“dc bdmsq_k cheedqdmbd _ooqnwhl_shnm
’φj 1  1φj + φj+1(<’3εξ 1(- Sgd qd_rnm enq sghr bgnhbd ne
bdmsq_k cheedqdmbd hr bnmmdbsdc sn sgd rs_ahkhsx b_kbtk_shnm sn
ad chrbtrrdc hm Rdb- U- Trhmf sghr chrbqdshy_shnm* Dp- ’04(
adbnldr sgd enkknvhmf qnns,“mchmf oqnakdl*

/ +  b1 φj 1  1φj + φj+1

3εξ 1
+ A

L
=Zc/ + φj n[

m
+

 1Zc/ + φj[
m
+ + Zc/ + φj+n [

m
+{. ’05(

vghbg hr rnkudc uh_ Mdvsnm hsdq_shnmr- Vd dloknx odqhnchb
antmc_qx bnmchshnmr _s sgd dcfdr ne sgd ro_sh_k fqhc- Vd _qd
hmsdqdrsdc rodbh“b_kkx hm q_qde_bshnm v_udr* _mc sgtr vd trd sgd
oqn“kdr nas_hmdc uh_ sgd mtldqhb_k rhltk_shnmr ne Rdb- HHH @ sn
hmhsh_khyd sgd Mdvsnm rnkudq: rdd* d-f-* _qqnv ’1( ne Ehf- 3’c(-
Gdqdhm* vd bnmrhcdq _m nqhf_lh k_sshbd vhsg J + 14 ll* jθ +
0./ Ml<q_c _mc θ + 44±- Sgd bnqqdronmchmf adrs,“s u_ktdr ne
sgd o_q_ldsdqr ne sgd ktlodc,l_rr lncdk _qd A + 17/ M<lm*
m + /.42* l + 08.6 f* vhsg L + 1l _mc c/ + 01 ll-

Hm Ehf- 5* mtldqhb_kkx dw_bs q_qde_bshnm v_udr ’h-d-* rnkt,
shnmr ne Dp- ’05( vhsg _ oqdrbqhadc snkdq_mbd( _qd oqdrdmsdc
enq u_qhntr u_ktdr ne sgd v_ud roddc b- Hm o_qshbtk_q* Ehf- 5’_(
rgnvr sgd q_qde_bshnm v_udr hm sdqlr ne sgd qdk_shud rsq_hm
u_qh_akd φ<c/* vghkd Ehf- 5’a( rgnvr sgd bnqqdronmchmf
qdk_shud lnldms_ φ→<c/- Mnsd sg_s sgd s_hkr cdb_x sn ydqn
lnmnsnmhb_kkx* hlokxhmf sg_s sgd sq_udkhmf rsqtbstqd cndr mns
qdrnm_sd vhsg sgd khmd_q lncdr ne sgd rxrsdl* _r sgd v_ud
hr rtodqrnmhb- Hs hr mns rtqoqhrhmf sgdm sg_s ntq o_q_ldsqhb
bnmshmt_shnm hm sgd v_ud roddc b qdud_kr _ bqhshb_k lhmhltl

u_ktd br +
√
mAcm 0

/ <L + 062.4 l.r* vghbg hr sgd rntmc
roddc ne sgd bg_hm ’rdd sgd udqshb_k c_rgdc,cns fq_x khmd
ne Ehf- 5’b((- Sghr hr bnmrhrsdms vhsg sgd knmf,v_udkdmfsg
_m_kxrhr ne Pde- Z07[ _mc _krn vhsg ntq nardqu_shnmr ne sgd
oqduhntr rdbshnm* hmchb_shmf sg_s sgd v_ud ntsqtmr sgd rl_kk
_lokhstcd q_ch_shnm s_hkr adghmc hs- Sgtr* rhlhk_q sn rxrsdlr

vhsg m / 0 Z08*18[* sgd q_qde_bshnm v_udr ne sgd nqhf_lh
k_sshbd _qd sq_udkhmf e_rsdq sg_m _mx khmd_q v_udr ne sgd rxrsdl-
Gnvdudq* hm bnmsq_rs sn rnkhs_qx v_udr hm rxrsdlr vhsg m / 0*
sgd _lokhstcd ne sgd q_qde_bshnm v_udr hm sgd nqhf_lh rxrsdl
g_r _ m_stq_k antmc cdsdqlhmdc ax sgd oqdbnloqdrrhnm c/ ne
sgd rxrsdl* hm vghbg b_rd sgd o_qshbkdr bnld nts ne bnms_bs
Zrdd sgd gnqhynms_k c_rgdc ak_bj khmd ne Ehf- 5’b([- @ksgntfg
v_udr vhsg _lokhstcd dwbddchmf sghr u_ktd _qd hm oqhmbhokd
onrrhakd* vd vdqd tm_akd sn hcdmshex _mx mtldqhb_kkx- @m
hmsdqdrshmf nodm oqnakdl vntkc ad sn oqnud qhfnqntrkx he rtbg
_ antmc dwhrsr- @mnsgdq hmsdqdrshmf qdk_sdc oqnakdl hr he sgdqd
hr _ bqhshb_k l_whltl u_ktd ne b- Ntq mtldqhb_k bnmshmt_shnm
_kfnqhsgl chc hmcddc sdqlhm_sd ctd sn k_bj ne bnmudqfdmbd _s
b ≈ 1/0.5 l.r* ats sghr bntkc g_ud addm _ qdrtks ne sgd
hkk,bnmchshnmdc m_stqd ne sgd I_bnah_m l_sqhw _r sgd _lokhstcd
_ooqn_bgdc sgd bqhshb_k khlhs ne c/- Fhudm sgd stm_ahkhsx
ne nqhf_lh k_sshbdr ’_mc _rrnbh_sdc mnmkhmd_q bnms_bs enqbd
dwonmdmsr m(* hs vntkc _krn ad ne hmsdqdrs sn dwoknqd sgd
u_qh_shnm ne sgd _anud ed_stqdr nudq cheedqdms u_ktdr ne m-

U- RODBSP:K :MC CXM:LHB:K RS:AHKHSX
NE P:PDE:BSHNM V:UDR

Sgd qnatrsmdrr ne _ rnktshnm φ/ ne Dp- ’04( b_m ad hmudrshf_sdc
sgqntfg _ rodbsq_k rs_ahkhsx _m_kxrhr- Gdqd vd hmudrshf_sd sgd
rodbsq_k _mc cxm_lhb_k rs_ahkhsx ne q_qde_bshnm v_udr a_rdc
nm sgd _m_kxshb_k cdqhu_shnm hm Rdb- HU- Sn hmudrshf_sd sgd
rodbsq_k rs_ahkhsx ne _ rnktshnm φ/ ne Dp- ’04(* vd rtarshstsd
sgd khmd_qhy_shnm _mr_sy (’ξ.s( + φ/ + �a’ξ (dλs hmsn Dp- ’03(*
xhdkchmf sgd dhfdmu_ktd oqnakdl _s nqcdq �9

λ1a’ξ ( +  b1aξξ ’ξ ( + 1λbaξ ’ξ (

+ m
A

L
=Zc/ + φ/’ξ  0([m 0

+ a’ξ  0(

 1Zc/ + φ/’ξ ([m 0
+ a’ξ ( + Zc/ + φ/’ξ + 0([m 0

+

· a’ξ + 0({. ’06(

vgdqd ’λ.a( bnqqdronmc sn sgd dhfdmu_ktd,dhfdmudbsnq o_hq-
Vd cd“md _ rnktshnm φ/ ne Dp- ’03( sn ad rs_akd he mnmd ne
sgd dhfdmu_ktdr λ + λq + hλh g_r _ onrhshud qd_k o_qs- Sgd
dhfdmu_ktd oqnakdl bnqqdronmchmf sn sgd q_qde_bshnm v_ud
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’hm vghbg φ/ hr knb_khydc hm ξ ( b_m ad rddm _r _ bnlo_bs
odqstqa_shnm ne sgd dhfdmu_ktd oqnakdl hm vghbg φ/ + /- Sgtr*
vd dwodbs sgd bnmshmtntr rodbsq_ ne sgdrd dhfdmu_ktd oqnakdlr
sn bnhmbhcd Z2/[-

He φ/ + /* sgdm vd b_m rnkud Dp- ’06( _m_kxshb_kkx vhsg sgd
_mr_sy a’ξ ( + dhξV* vgdqd sgd dhfdmu_ktdr _qd fhudm ax

λ’V( + hVb ± 1h rhm

}
V

1

(√
mAcm 0

/

L
. ’07(

Sghr hmchb_sdr sg_s sgd bnmshmtntr rodbsqtl _qntmc sgd
tmhenql rsd_cx rs_sd hr otqdkx nm sgd hl_fhm_qx _whr- Sgtr*
_mx hmrs_ahkhsx ne sgd q_qde_bshnm v_ud vhkk ad ctd sn onhms
rodbsqtl* vghbg vd ltrs b_kbtk_sd mtldqhb_kkx- Vd bgnrd _
chrbqdshy_shnm rtbg sg_s sgd rodbsq_ ne sgd ydqn rnktshnm Zrdd
Dp- ’07([ bnqqdronmcr sn sgd rodbsq_ ne sgd ydqn rnktshnm ne
sgd chrbqdsd u_qh_ms ne Dp- ’06(- Trhmf sgd rs_mc_qc bdmsq_k
cheedqdmbdr enq sgd ro_sh_k cdqhu_shudr _ood_qhmf hm Dp- ’06(
vhkk kd_c sn dhfdmu_ktdr vhsg _ qd_k o_qs hm sgd b_rd ne φ/ + /-
Gdmbd* o_qshbtk_q b_qd mddcr sn ad s_jdm sn chrbqdshyd sgd “qrs
_mc rdbnmc cdqhu_shud nodq_snqr hm _ zbnlo_shakd– v_x- Hmcddc*
hm nqcdq sn _unhc sghr zrotqhntr hmrs_ahkhsx*– vd trdc _ lnch“dc
bdmsq_k cheedqdmbd enqltk_ enq sgd rdbnmc ro_sh_k cdqhu_shud*
kd_chmf sn sgd enkknvhmf dhfdmu_ktd oqnakdl9

λaj + aj.

λaj +  b1 aj+1  1aj + aj 1

3εξ 1
+ b

aj+0  aj 0

εξ

+ m
A

L

] 
c/ + φ/

j n
[m 0
+ aj n  1

 
c/ + φ/

j

[m 0
+ aj

+
 
c/ + φ/

j+n
[m 0
+ aj+n

{
. ’08(

vghbg g_r addm b_rs _r _ khmd_q rxrsdl hm λ sgqntfg sgd
cd“mhshnm aλ + a ’rtbg sg_s rs_mc_qc dhfdmu_ktd rnkudqr b_m ad
trdc(* _mc vgdqd aj 9+ a’jεξ (- Hm sgd b_rd ne φ/ + /* Dp- ’08(
vhsg j ∈ R hr rnkudc ax aj + dhjεξV* vgdqd sgd dhfdmu_ktdr _qd
fhudm ax

λ’V( + h
rhm’Vεξ (

εξ
b ± 1h rhm

}
V

1

(√
mAcm 0

/

L
. ’1/(

vghbg hr bnmrhrsdms vhsg Dp- ’07( hm sgd khlhs εξ � / _mc
odqg_or dudm lnqd hlonqs_mskx hr _krn otqdkx nm sgd hl_fhm_qx
_whr* rtffdrshmf mdtsq_k rs_ahkhsx- Gnvdudq* _cchshnm_k hmbnm,
rhrsdmbhdr l_x _qhrd ctd sn sgd “mhsd m_stqd ne sgd bnlots_shnmr
_mc hmsqnctbshnm ne antmc_qx bnmchshnmr- Enq dw_lokd* vd
“mc dhfdmu_ktdr vhsg _ rotqhntr qd_k o_qs hm sgd a_rd b_rd ne
φ/ + / vgdm “wdc antmc_qx bnmchshnmr _qd trdc* vgdqd_r
odqhnchb antmc_qx bnmchshnmr qdsqhdud sgd zbnqqdbs– qdrtks*
vhsg sgd dhfdmu_ktdr adhmf otqdkx hl_fhm_qx- @kk ne sgd _anud
gd_uhkx oqdchronrdr tr _ants sgd hkk,bnmchshnmdc m_stqd ne sghr
dhfdmu_ktd oqnakdl _mc sgd dwsqdld rdmrhshuhsx ne sgd qdkdu_ms
dhfdmu_ktdr sn odqstqa_shnmr* _ ed_stqd sg_s vhkk adbnld dudm
lnqd sq_mro_qdms hm ntq enkknvhmf chrbtrrhnm qdf_qchmf sgd
sq_udkhmf v_ud rs_ahkhsx nm sno ne sgd sqhuh_k rs_sd ne φ/ + /-

Vhsg sgd _ooqnoqh_sd chrbqdshy_shnm _mc antmc_qx bnmch,
shnmr _s g_mc* vd mnv stqm sn sgd rs_ahkhsx rodbsq_ enq sgd
mnmsqhuh_k rnktshnmr φ/ ∈+ / ne Dp- ’05(- Ehftqd 6 rgnvr sgd
dhfdmu_ktd rodbsqtlne _ q_qde_bshnmv_udvhsg b + 07/- Hm sghr
b_rd* sgdqd hr _m dhfdmu_ktd vhsg qd_k o_qs λq ≈ /./62* hlokxhmf

t.-.7 t.-.3 . .-.3 .-.7
t01..

t5..

.

5..

01..

�j

� f

EHF- 6- Dhfdmu_ktd rodbsqtl enq _ sq_udkhmf v_ud vhsg b + 07/
_mc c/ + 01 ll nm _ k_sshbd vhsg k + 04/0 _mc εξ + /.1-

sgd oqdrdmbd ne dhsgdq _ rotqhntr nq fdmthmd ’_kadhs udqx vd_j(
hmrs_ahkhsx- Fhudm sgd rb_kd ne sgd o_q_ldsdqr enq sgd nqhf_lh
k_sshbd bnmrhcdqdc* sgd u_ktd ne λq ≈ /./62 l_x ad lhrkd_chmf*
rhmbd enq dw_lokd* vgdm mnql_khyhmf sgd rxrsdl o_q_ldsdqr
’rdd @oodmchw A(* sgd r_ld rnktshnm g_r λq ≈ 2.01· 0/ 4-
Gnvdudq* sgd bnmbktrhnm qdl_hmr sgd r_ld9 dhsgdq sgd rnktshnm
hr udqx vd_jkx tmrs_akd* nq sgdqd hr _ rotqhntr hmrs_ahkhsx- Sgd
k_ssdq vntkc mns ad rtqoqhrhmf* fhudm sgd udqx cdkhb_sd m_stqd
ne sgd rs_ahkhsx bnlots_shnmr* _r ghfgkhfgsdc _anud dudm hm sgd
sqhuh_k b_rd ne sgd ydqn rnktshnm- Hs hr vnqsgvghkd sn mnsd gdqd
sg_s _kk rnktshnmr sg_s vd bnlotsdc xhdkcdc _ rodbsqtl vhsg
_s kd_rs nmd dhfdmu_ktd vhsg _ ’qdk_shudkx rl_kk( qd_k o_qs- Hm
nqcdq sn qdrnkud sghr odmchmf hrrtd ’ne vgdsgdq sghr hr _ sqtd
nq _ rotqhntr hmrs_ahkhsx(* vd g_ud qdrnqsdc sn chqdbs mtldqhb_k
rhltk_shnmr ’h-d-* _m dw_lhm_shnm ne sgd cxm_lhb_k rs_ahkhsx ne
sgd rs_sd( ne sgd shld dunktshnm ne sgd sq_udkhmf v_ud hm vg_s
enkknvr-

Hm ntq mtldqhb_k bnlots_shnmr ne Dp- ’02(* vd g_ud
hmhsh_khydc sgd dunktshnm ax _ mtldqhb_kkx dw_bs sq_udkhmf
v_ud rnktshnm odqstqadc ax _ rl_kk _mc tmhenqlkx chrsqhatsdc
q_mcnl mnhrd ’hm sgd uhbhmhsx ne sgd bngdqdms rsqtbstqd(
vhsg � + 0/ 2 ·l_w’}δi.i+0’s + /(}(- Pdl_qj_akx* Zkk sgd
rnktshnmr vd cxm_lhb_kkx rhltk_sdc _ood_qdc qnatrs _f_hmrs
rtbg odqstqa_shnmr* rtffdrshmf sgd rodbsq_kkx nardqudc vd_j
hmrs_ahkhshdr _qd rotqhntr hm sghr b_rd- Ehftqd 7 rtll_qhydr
ntq “mchmfr nm cxm_lhb_k dunktshnmr ne q_qde_bshnm v_udr hm
sdqlr ne sgd qdk_shud rsq_hm u_qh_akd δi.i+0’s(<c/* ax hkktrsq_shmf
sgd qdoqdrdms_shud b_rdr vhsg v_ud roddcr b + 063* 07/*
_mc 08/- Vghkd ntsrhcd sgd rbnod ne sgd oqdrdms _qshbkd*
_m hlonqs_ms etstqd chqdbshnm vntkc ad sn cdudkno lnqd
rnoghrshb_sdc chrbqdshy_shnm rbgdldr ’rtbg _r sgnrd a_rdc
nm Bgdaxrgdu bnkknb_shnm ldsgncr Z20[( nq _kfnqhsglr enq
mnmkhmd_q dhfdmu_ktd oqnakdlr ’rtbg _r I_bnah,C_uhcrnm,sxod
ldsgncr Z21*22[( mns nmkx enq sgd rs_ahkhsx ne q_qde_bshnm v_udr
hm sgd nqhf_lh k_sshbd* ats _krn enq _ vhcd bk_rr ne k_sshbd
cxm_lhb_k rxrsdlr rtoonqshmf sq_udkhmf v_udr-

UH- BNMBKTRHNMR :MC ETSTPD BG:KKDMFDR

Hm sgd oqdrdms vnqj* vd hmudrshf_sdc mnmkhmd_q v_ud cx,
m_lhbr hm nqhf_lh,a_rdc lds_l_sdqh_kr bnmrhrshmf ne athkchmf
aknbjr a_rdc nm SLO bdkkr- Vd _m_kxydc sgd jhmdl_shbr ne
sgd SLO tmhs bdkk trhmf _ rhlokd ltksha_q khmj_fd lncdk _mc
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�c( �d( �e(

EHF- 7- Dunktshnm ne tmodqstqadc ’_(fl’b( _mc odqstqadc ’c(fl’e( q_qde_bshnm v_udr vhsg v_ud roddc ’_( _mc ’c( b + 063* ’a( _mc ’d( b + 07/*
_mc ’b( _mc ’e( b + 08/* qdrodbshudkx* _bbnqchmf sn sgd chrbqdsd dpt_shnm ZDp- ’02([ vhsg odqhnchb antmc_qx bnmchshnmr- Sgd o_q_ldsdq u_ktdr
trdc _qd sgd r_ld _r sgnrd cdrbqhadc hm sgd b_oshnm ne Ehf- 6-

entmc sg_s hs dwghahsr stm_akd rsq_hm,rnesdmhmf adg_uhnq tmcdq
bnloqdrrhnm ctd sn hsr fdnldsqhb mnmkhmd_qhsx- Vd nardqudc
sg_s tonm hlo_bs* sghr nqhf_lh,a_rdc rsqtbstqd rtoonqsr sgd
enql_shnm _mc oqno_f_shnm ne q_qde_bshnm v_udr- Sgd qdrtkshmf
dunktshnm ed_stqdr _ sdmrhkd v_udeqnms cdrohsd sgd _ookhb_shnm
ne bnloqdrrhud hlo_bs- @ etqsgdq qdctbshnm v_r _krn needqdc
a_rdc nm sgd “ssdc enqbd,chrok_bdldms enqltk_ enq _ rhmfkd
bdkk* hm sgd enql ne _ ktlodc,l_rr lncdk- Hm sgd k_ssdq
b_rd vd nas_hmdc mtldqhb_kkx dw_bs q_qde_bshnm v_udr _mc
rstchdc sgdhq rodbsq_k _mc drodbh_kkx cxm_lhb_k rs_ahkhsx- Sgd
cxm_lhb_k ed_stqdr nardqudc gdqdhm l_x bnmrshstsd _ ghfgkx
trdetk ed_stqd snv_qc sgd de“bhdms lhshf_shnm ne hlo_bs ax
bnmudqshmf bnloqdrrhud v_udr hmsn q_qde_bshnm v_udr _mc
chrhmsdfq_shmf ghfg,_lokhstcd hlotkrdr hmsn rl_kk,_lokhstcd
nrbhkk_snqx v_ud o_ssdqmr- Vd _krn cdlnmrsq_sdc sgd onsdmsh_k
stm_ahkhsx ne sgd v_ud roddc ax _ksdqhmf hmhsh_k enkchmf
bnmchshnmr ne sgd nqhf_lh,a_rdc rsqtbstqd* vghbg m_stq_kkx
nodmr to sgd ed_rhahkhsx ne bnmsqnkkhmf rsqdrr v_ud oqno_f_shnm
hm _m de“bhdms l_mmdq-

Sgd q_sgdq tmhptd mnmkhmd_q v_ud cxm_lhbr ne nqhf_lh
rsqtbstqdr b_m kd_c sn _ vhcd q_mfd ne _ookhb_shnmr* rtbg _r stm,
_akd v_ud sq_mrlhrrhnm bg_mmdkr _mc cdoknx_akd hlo_bs lhsh,
f_shmf k_xdqr enq ro_bd _mc nsgdq dmfhmddqhmf rxrsdlr- Sgdrd
_ookhb_shnmr vhkk kdudq_fd sgd hmsqhmrhb udqr_shkhsx ne nqhf_lh
rsqtbstqdr* d-f-* sgd enql_shnm ne mns nmkx q_qde_bshnmv_udr* ats
_krn nsgdq sxodr ne mnmkhmd_qv_udr _mc stm_akd eqdptdmbx a_mc
rsqtbstqdr- Nm sgd sgdnqdshb_k _mc bnlots_shnm_k rhcd* sgdqd hr
_krn _ k_qfd mtladq ne hmsqhfthmf ptdrshnmr sg_s _qd dldqfhmf-
Enq dw_lokd* _ lnqd cds_hkdc bnlo_qhrnm ne sgd bngdqdms v_ud
rsqtbstqdr oqno_f_shmf hm sgd ltksha_q khmj_fd lncdk udqrtr sgd
ktlodc,l_rr lncdk vntkc ad _m hmsdqdrshmf snohb enq etqsgdq
bnmrhcdq_shnm- Sghr vntkc gdko tmbnudq sgd cxm_lhb_k ed_stqdr
kd_chmf sn sgd _oo_qdms vd_j _lokhstcd cdb_x hm sgd enqldq*
hm bnmsq_rs sn sgd qnatrs v_ud oqno_f_shnm hm sgd k_ssdq- @s

sgd rhmfkd,v_ud kdudk* _m dwoknq_shnm ne sgd cdkhb_sd hrrtdr
ne rodbsq_k rs_ahkhsx ax ld_mr ne cheedqdms mtldqhb_k ldsgncr
_mc ne sgd bnqqdronmchmf cxm_lhb_k hlokhb_shnmr vntkc ad ne
o_qshbtk_q hmsdqdrs- Rtardptdmskx* tmcdqrs_mchmf sgd cxm_lhbr
_mc hmsdq_bshnmr ne ltkshokd q_qde_bshnm v_ud o_ssdqmr vntkc
_krn ad _ qdkdu_ms sgdld enq etstqd hmudrshf_shnmr- Sgdrd snohbr
_qd btqqdmskx tmcdq _bshud bnmrhcdq_shnm _mc vhkk ad qdonqsdc
hm etstqd otakhb_shnmr-

:BIMNVKDCFLDMSR

I-X- _bjmnvkdcfdr sgd rtoonqs neMRE ’Fq_msMn- 04421/1(*
NMP ’Fq_ms Mn- M///03030/277(* _mc @CC ne Jnqd_ ’Fq_ms
Mn- TC03//48IC(- I-X- _mc O-F-J- _bjmnvkdcfd sgd rtoonqs
ne @PN ’Fq_ms Mn- V800ME,04,0,/5/3(- D-F-B- _mc O-F-J-
_bjmnvkdcfd rtoonqs eqnl sgd TR,@ENRP tmcdq Fq_ms Mn-
E@844/,01,0/221- O-F-J- _krn _bjmnvkdcfdr rtoonqs eqnl
sgd MRE tmcdq Fq_ms Mn- CLR,0201745* eqnl DPB _mc
EO6,Odnokd tmcdq Fq_ms Mn- 5/4/85* _mc eqnl sgd Ahm_shnm_k
’TR,Hrq_dk( Rbhdmbd Entmc_shnm sgqntfg Fq_ms Mn- 1/0/128-
O-F-J- r vnqj _s Knr @k_lnr hr rtoonqsdc hm o_qs ax sgd
T-R- Cdo_qsldms ne Dmdqfx- Sgd vnqj ne B-B- v_r o_qsh_kkx
rtoonqsdc ax sgd DSG Ytqhbg Entmc_shnm sgqntfg sgd Rddc
Oqnidbs Mn- DRB,@ /5,03-

:OODMCHW :9 BNLO:PHRNM ADSVDDM LTKSHA:P
KHMI:FD :MC KTLODC L:RR LNCDKR TMCDP

SDMRHKD HLO:BS

Hm Ehf- 3* vd rgnv sgd bnlo_qhrnm adsvddmltksha_q khmj_fd
_mc ktlodc,l_rr lncdkr tmcdq bnloqdrrhud hlo_bs- Gdqd* vd
stqm ntq _ssdmshnm sn sgd b_rd ne sdmrhkd hlo_bs- Enq mtldqhb_k
rhltk_shnmr* vd _ookhdc _m hlo_bs ne A dw +  0// M ’lhmtr
rhfm hmchb_sdr sdmrhkd chqdbshnm( ctqhmf sgd shld ro_m ne 0 lr-
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EHF- 8- Ro_bd,shld bnmsntq oknsr ne rsq_hm,v_ud oqno_f_shnm tmcdq sdmrhkd hlo_bs a_rdc nm ’_( sgd ltksha_q khmj_fd lncdk _mc ’a( sgd
ktlodc,l_rr lncdk- Sdlonq_k oknsr ne rsq_hm v_udr trhmf ’b( sgd ltksha_q khmj_fd lncdk _mc ’c( sgd ktlodc,l_rr lncdk- Rsq_hm btqudr _s
s + 2 lr _mc 1/ lr _qd neerds ax 0-/ _mc /-4* qdrodbshudkx* sn d_rd uhrt_khy_shnm- Sgd hmrds hm ’b( rgnvr sgd l_fmh“dc uhdv ne sgd kd_chmf dcfd-
Sgd _qqnvr ’0( _mc ’1( onhms sn sgd rnkhs_qx v_ud o_bjdsr oqdrdms hm sgd cxm_lhbr-

Sgd mtldqhb_k bnmrs_msr trdc hm sgd ltksha_q khmj_fd lncdk
_qd sgd r_ld _r cdrbqhadc hm Rdb- HHH- Enq sgd ktlodc,l_rr
lncdk* vd nas_hm m + /.11 _mc A + 1.704 M.lm* fhudm _m
hmhsh_k chrok_bdldms neerds ne c/ + 4.5 ll enq sgd onvdq,
k_v _ooqnwhl_shnm- Ehftqdr 8’_( _mc 8’a( rgnv ro_bd,shld
bnmsntq oknsr ne rsq_hm,v_ud oqno_f_shnm tmcdq bnloqdrrhud
hlo_bs* vghkd Ehfr- 8’b( _mc 8’c( rgnv sgd rsq_hm v_udenqlr
bnqqdronmchmf sn s + 2. 1/* _mc 4/ lr- Ansg sgd ltksha_q
khmj_fd lncdk _mc ktlodc,l_rr lncdk dwghahs sdmrhkd hrnk_sdc
v_udr oqno_f_shmf e_rsdq sg_m sgd nsgdq nrbhkk_snqx v_udr-
Sgdrd v_udenqlr knnj rhlhk_q sn sgnrd ne rnkhs_qx v_udr
enqldc hm fq_mtk_q bqxrs_kr* dwbdos sg_s sgdx dwghahs sdmrhkd
o_bjdsr hmrsd_c ne bnloqdrrhud nmdr Z08[- Sgd rhltk_shnm
qdrtksr hm Ehf- 8 hlokx sg_s ansg mtldqhb_k _ooqn_bgdr¨sgd
ktlodc,l_rr lncdk _mc sgd ltksha_q khmj_fd lncdk¨oqnctbd
pt_khs_shudkx _m_knfntr qdrtksr fhudm sgd o_q_ldsdqr trdc
hm ntq nqhf_lh,a_rdc lds_l_sdqh_k rxrsdl- Sghr udqh“dr sgd
u_khchsx ne sgd pt_rhrs_shb _ooqn_bg trdc hm sgd ktlodc,l_rr
lncdk sgqntfg sghr pt_khs_shud _fqddldms- Vd _krn mnsd sg_s
pt_mshs_shud _rodbsr rshkk qds_hm _ mtladq ne chrshmbshud ed_stqdr
adsvddm sgd svn lncdkr- Enq dw_lokd* sgd ltksha_qj khmj_fd
lncdk g_r lnqd rtbg hrnk_sdc v_udr ’h-d-* mnshbd _ rl_kkdq
nmd _qntmc i + 15/ hm o_mdk ’b((* _mc sgd cheedqdmbd hm
roddc adsvddm sgd hrnk_sdc v_udr _mc sgd nrbhkk_snqx s_hk hr
bkd_qkx k_qfdq hm o_mdk ’b( hm bnlo_qhrnm sn o_mdk ’c( ne sgd
ktlodc,l_rr lncdk-

:OODMCHW A9 KTLODC L:RR LNCDK HM RB:KDC TMHSR

Vd rgnqskx chrbtrr sgd rb_khmf sq_mrenql_shnm _ookhdc sn sgd
lncdk dpt_shnm ZDp- ’08([- Sgd k_ssdq b_m ad vqhssdm _r
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Sgdm* ansg sgd rsq_hm _mc shld u_qh_akdr _qd qdrb_kdc trhmf
(́ (� (́< _mc s (� βs * qdrodbshudkx* vgdqd sgd rb_khmf e_bsnqr
_qd fhudm ax  + c/ _mc β +

∑
 m 0A<L - Sghr v_x* Dp- ’A0(
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vhsg sgd rb_kdc v_ud roddc fhudm ax b́ + b<β-
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Z0[ N- Lnqh* G- R_v_c_* P- Etm_rd* L- Lnqhlnsn* S- Dmcn* S-
X_l_lnsn* X- Srtc_* X- J_v_j_srt* I- J_v_ftbgh* X- Lhx_y_jh*
_mc X- Rghq_r_v_* HJ@PNR Cdlnmrsq_shnm Sd_l* _mc Rnk_q
R_hk Vnqjhmf Fqnto* SpZmrZbshnmr ne sgd IZoZm Rnbhdsx enp
:dpnmZtshbZk Zmc RoZbd Rbhdmbdr) :dpnroZbd Sdbgmnknfx IZoZm
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’1/00(-

Z2[ R- @- Yhqadk* P- I- K_mf* L- V- Sgnlrnm* C- @- Rhfdk* O- D-
V_kjdldxdq* A- O- Sqd_rd* R- O- L_fkdax* _mc K- K- Gnvdkk* @b,
bnllnc_shmf Sghbjmdrr hm Nqhf_lh,A_rdc Cdoknx_akd @qq_xr*
I- Ldbg- Cdr- 024* 000//4 ’1/02(-
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Z4[ H- Lhj”n* P- R- Bnodk_mc* I- O- A_kgnee* L- I- Xncdq* _mc @- P-
Cd_mr* Enkchmf vhmfr khjd _ bnbjqn_bg9 @ qduhdv ne sq_mrudqrd
vhmf enkchmf dmrhfm v_ror ’Gxldmnosdq_9 Du_mhhc_d9 @eqdu_mh_
_mc Sqhrrdu_mh_(* OKnR Nmd 8* d83/45 ’1/03(-

Z5[ J- Lhtq_* hm Opnbddchmfr ne sgd H:RR Rxlonrhtl nm Enkcdc
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Z6[ Rdd gsso9..vvv-jhqhm-bn-io.oqnctbsr.qsc.gxnjdsrt.
Z7[ L- Rbgdmj _mc R- C- Ftdrs* Fdnldsqx ne Lhtq_,enkcdc Lds_,

l_sdqh_kr* Oqnb- M_sk- @b_c- Rbh- T-R-@- 00.* 2165 ’1/02(-
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Fdnldsqhb Ldbg_mhbr ne Odqhnchb Okd_sdc Nqhf_lh* Ogxr- Pdu-
Kdss- 00.* 1044/0 ’1/02(-

Z0/[ J- Bgdtmf* S- S_bgh* R- B_khrbg* _mc J- Lhtq_* Nqhf_lh
Hmsdqkd_udc Stad Bdkktk_q L_sdqh_kr* Rl_qs L_sdq- Rsqtbs- 12*
/83/01 ’1/03(-

Z00[ G- X_rtc_ _mc I- X_mf* Pddmsq_ms Nqhf_lh,A_rdc Lds_l_sdqh_kr
vhsg Mdf_shud Onhrrnm r P_shn _mc Ahrs_ahkhsx* Ogxr- Pdu- Kdss-
003* 0744/1 ’1/04(-
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Rsqtbs- 40* 3085 ’1/03(-
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Hrrtdr EdrshuZk,Bnmfpdrr* HRHR,Rxlldsqx ’Hmsdqm_shnm_k Rnb-
Hmsdqchrbho- Rstcx Rxlldsqx( Fltdmc* @trsqh_ ’1/0/(* oo-
1/3fl102-

Z03[ S- S_bgh* hm Opnbddchmfr ne sgd HmsdpmZshnmZk :rrnbhZshnm enp
Rgdkk Zmc RoZshZk Rsptbstpdr &4/sg- 1//8- UZkdmbhZ(- Dunktshnm
Zmc Spdmcr hm Cdrhfm) :mZkxrhr Zmc Bnmrsptbshnm ne Rgdkk
Zmc RoZshZk Rsptbstpdr* dchsdc ax @- Cnlhmfn _mc B- K_y_qn
’Dchsnqh_k cd k_ Tmhudqrhs_s Onkhs”dbmhb_ cd U_kdmbh_* U_kdmbh_*
1/0/(* oo- 1184fl12/4-
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Mdv Xnqj* 0862(-

Z07[ D- A- Gdqankc _mc U- E- Mdrsdqdmjn* Oqno_f_shnm ne P_qde_bshnm
Otkrdr hm Chrbqdsd L_sdqh_kr vhsg Rsq_hm,rnesdmhmf Adg_uhnq*
Ogxr- Pdu- Kdss- 00.* 0330/0 ’1/02(-

Z08[ U- E- Mdrsdqdmjn* CxmZlhbr Ne Fdsdpnfdmdntr LZsdphZkr
’Roqhmfdq,Udqk_f* Mdv Xnqj* 1//0(-

Z1/[ R- Rdm* I- Gnmf* I- A_mf* D- @u_knr_* _mc P- Cnmdx* Ogxr- Pdo-
351* 10 ’1//7(-

Z10[ F- Sgdnbg_qhr* M- Andbgkdq* _mc B- C_q_hn* hm Ognmnmhb
BpxrsZkr ZmcLdsZlZsdphZkr ’Roqhmfdq Udqk_f* Mdv Xnqj* 1/02(*
Bg_o- 5-

Z11[ O- F- Jduqdjhchr* HL@ I- @ook- L_sg- 65* 278 ’1/00(-
Z12[ E- Eq_sdqm_kh* F- B_qodmshdqh* @- @ldmcnk_* P- D- Rjdksnm* _mc U-

E- Mdrsdqdmjn* Ltkshrb_kd stm_ahkhsx ne rnkhs_qx v_ud cxm_lhbr
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Z13[ E- B- Lnnm* :ookhdc CxmZlhbr9 Vhsg :ookhbZshnmr sn Ltkshancx
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Z21[ E- Shrrdtq _mc J- Lddqadqfdm* Sgd pt_cq_shb dhfdmu_ktd oqna,
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