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Sgd rohm G_kk deedbs hm edqqnl_fmdsr hr ne fqd_s hmsdqdrs hm sgd |dkc ne rohmsqnmhbr* _mc vghkd sgd deedbs g_r
addm pt_msh|dc hm l_mx l_sdqh_kr* sgd cdodmcdmbd ne sgd rohm G_kk _mfkd nm sgd qdk_shud nqhdms_shnm ne rohm
onk_qhy_shnm _mc sgd l_fmdshy_shnm hr kdrr vdkk rstchdc- Ne dpt_k hlonqs_mbd enq sgd otqonrd ne rohm,bg_qfd
hmsdqbnmudqrhnm hm edqqnl_fmdsr hr sgd rohm qdk_w_shnm kdmfsg* vghbg hr oqdchbsdc sn ad ghfgkx _mhrnsqnohb vhsg
qdrodbs sn l_fmdshy_shnm- Trhmf _ lnch|dc k_sdq_k rohm u_kud fdnldsqx vhsg _ bnoodq bg_mmdk _mc odql_kknx
rohm hmidbsnq* vd ld_rtqd sgd cdodmcdmbd ne sgd rohm G_kk _mfkd _mc rohm qdk_w_shnm kdmfsg nm l_fmdshy_shnm
nqhdms_shnm hm odql_kknx _mc mhbjdk* trhmf svn chrshmbs cduhbd fdnldsqhdr- Sghr _kknvr tr sn chrdms_mfkd sgd
bnmsqhatshnmr ne sgd rohm qdk_w_shnm kdmfsg _mc rohm G_kk _mfkd sn sgd ld_rtqdc rohm,bg_qfd hmsdqbnmudqrhnm
unks_fd ntsots- Ntq qdrtksr hmchb_sd _ k_qfd _mhrnsqnox hm ansg sgd rohm qdk_w_shnm kdmfsg _mc rohm G_kk _mfkd
hm ansg odql_kknx _mc mhbjdk* hm _fqddldms vhsg sgdnqdshb_k b_kbtk_shnmr- Sgd pt_mshshdr bg_mfd hm noonrhsd
chqdbshnmr* vhsg sgd rohm qdk_w_shnm kdmfsg qhrhmf _r sgd l_fmdshy_shnm hr lnudc o_q_kkdk sn sgd rohm onk_qhy_shnm
_mc sgd rohm G_kk _mfkd e_kkhmf* kd_chmf sn _ md_q sns_k b_mbdkk_shnm ne sgd rohm,bg_qfd hmsdqbnmudqrhnm ntsots-
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H- HMSPNCTBSHNM

Sgd rohm G_kk deedbs ’RGD( _kknvr enq sgd bnmudqrhnm ne
bg_qfd btqqdms hmsn rohm btqqdms _mc uhbd udqr_ _mc hr sgdqdenqd
ne etmc_ldms_k hlonqs_mbd hm sgd |dkc ne rohmsqnmhbr Z0[- Hm
sxohb_k rohmsqnmhb cduhbdr* mnml_fmdshb gd_ux lds_kr _qd trdc
vgdqd bnlonmdmsr vhsg rsqnmf RGD _qd qdpthqdc* vhsg edqqn,
l_fmdsr ’ELr( adhmf qdrdqudc enq ldlnqx dkdldmsr rtbg _r
hm l_fmdshb q_mcnl,_bbdrr ldlnqx ’LQ@L( Z1*2[* _mc rohm,
a_rdc knfhb Z3fl5[- Gnvdudq* ELr b_m chrok_x RGD Z6fl00[*
vhsg rohm,bg_qfd hmsdqbnmudqrhnm ’RBH( de|bhdmbhdr bnlo_q_,
akd sn gd_ux lds_kr Z00[* _mc vhsg sgd onsdmsh_k _cu_ms_fd ne
trhmf sgdhq l_fmdshy_shnm _r _m _cchshnm_k cdfqdd ne eqddcnl
enq bnmsqnk enq RBH Z00*01[-
Sgd rohm G_kk bnmctbshuhsx hr dwodbsdc sn ad _mhrnsqnohb

hm ELr ctd sn knvdqhmf ne rxlldsqx ax sgd l_fmdshy_shnm
Z02*03[- Sghr hr rnldshldr qdedqqdc sn _r sgd rohm _mnl_kntr
G_kk deedbs ’R@GD(* _ksgntfg vd chrbtrr sgd deedbs hm sdqlr
ne _mhrnsqnox hm sgd RGD Z04*05[- Vgdqd sgd R@GD hr ldm,
shnmdc vd _qd qdedqqhmf sn khsdq_stqd rntqbdr vghbg trd sghr
sdql Z02*06[- @ rohm btqqdms hm _ EL hr dwodbsdc sn oqnctbd
_ bg_qfd btqqdms vghbg cdodmcr nm sgd qdk_shud nqhdms_shnm
ne sgd rohm vhsg sgd l_fmdshy_shnm* vghbg cd|mdr sgd chqdb,
shnm ne rohm onk_qhy_shnm hm _ EL _s dpthkhaqhtl- Hs g_r addm

)Bnms_bs _tsgnq9 e-b_r_mnu_;m_mnftmd-dt

rodbtk_sdc sg_s sgd RGD _mc @GD b_m ad qdk_sdc sn nmd
_mnsgdq ax sgd EL onk_qhy_shnm Z07[ ats* hm oq_bshbd* sgd qdk_,
shnmrgho adsvddm sgd RGD _mc @GD hm _ EL hr pthsd bnlokdw
Z02[* _mc sgtr sgd RGD rgntkc ad bnmrhcdqdc hm sdqlr ne sgd
rohm G_kk bnmctbshuhsx Z0/*02*03[-
Sgd _mhrnsqnox ne sgd RGD g_r addm rstchdc hm rdudq_k

cheedqdms ELr* rtbg _r BnEdA Z7*08[* EdOs Z1/[* BnEd Z10[*
MhEd ’odql_kknx* Ox( Z6*11fl14[* Bn Z15[* BnSa Z16[* MhBt
Z00*17*18[* MhOc Z00[* _mc Ed Z2/[ trhmf _ u_qhdsx ne ld_,
rtqdldms sdbgmhptdr- Qdrtksr _qd lhwdc vhsg rnld rstchdr
rgnvhmf sgd RGD sn ad hrnsqnohb Z00*15*17*18[ _mc nsgdqr
rgnvhmf hs sn ad _mhrnsqnohb Z7*08fl13*16*2/[flvgdsgdq sghr hr
ctd sn dwodqhldms_k cheedqdmbdr nq l_sdqh_k cdodmcdms hr xds
sn ad drs_akhrgdc- Sgdnqdshb_k rstchdr ne Mh oqdchbs _ k_qfd
cheedqdmbd hm sgd RGD vhsg l_fmdshy_shnm Z02*05*20[* vghbg
rgntkc ad d_rhkx qdrnku_akd hm ntq dwodqhldms- Hm Ox* oqhnq dw,
odqhldms_k vnqj Z11*12[ g_r rgnvm _m _ooqdbh_akd _mhrnsqnox-
Gnvdudq oqhnq vnqjr nm sghr snohb cn mns sxohb_kkx bnmrhcdq _
cxm_lhb rohm qdk_w_shnm kdmfsg ’λr( vghbg hr _krn dwodbsdc sn
u_qx fqd_skx vhsg l_fmdshy_shnm nqhdms_shnm hm ansg Ox _mc Mh
Z21[* ld_mhmf sgd deedbsr ne λr _mc sgd rohm G_kk _mfkd ’θRGD(
_qd dms_mfkdc-
Hm sghr vnqj* vd rstcx sgd RGD hm Ox _mc Mh* trhmf k_sdq_k

rohm u_kudr ’KRUr( hm _ mnmknb_k bnm|ftq_shnm sn oqnctbd _
otqd rohm btqqdms- Mnsd sg_s vd ld_rtqd sgd hmudqrd RGD* ats
sgd chqdbs RGD b_m ad nas_hmdc ax rv_oohmf sgd btqqdms _mc
unks_fd sdqlhm_kr* vghbg enkknvr Nmr_fdq qdbhoqnbhsx Z22*23[-
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EHF- 0- Cduhbd rbgdl_shb- Svn fdnldsqhdr vdqd trdc hm sghr
vnqj sn ld_rtqd sgd RGD- ’_(  ,rg_odc cduhbd* bnmrhrshmf ne svn
Ox dkdldmsr ’fq_x( _knmf …v* qdedqqdc sn _r sgd hmidbsnq ’kdes( _mc
cdsdbsnq ’qhfgs(* vhsg _ sghqc odqodmchbtk_q dkdldms ’_arnqadq* bdmsdq(
_knmf …x l_cd ne dhsgdq Ox nq Mh* _kk bnmmdbsdc ax sgd Bt bg_mmdk
’nq_mfd(- Svn unks_fd ld_rtqdldmsr _qd hmchb_sdc9 hm ak_bj hr sgd
RGD bnm|ftq_shnm ’bnqqdronmchmf sn qdrtksr hm Ehf- 2(* _mc hm fqddm
sgd rohm _arnqoshnm bnm|ftq_shnm ’bnqqdronmchmf sn qdrtksr hm Ehf- 1(-
’a( H,rg_odc cduhbd* _f_hm rgnvhmf _ Ox hmidbsnq ’_knmf …v(* _mc _
Ox nq Mh _arnqadq ’_knmf …x( vhsg _m _rrnbh_sdc rohm G_kk unks_fd
’bnqqdronmchmf sn qdrtksr hm Ehf- 3(-

Enq sgd r_jd ne rhlokhbhsx* vd qdedq sn ansg _r sgd RGD- Sghr
ldsgnc ne rohm hmidbshnm _mc cdsdbshnm oqnuhcdr enq _ bkd_q _mc
tm_lahftntr _m_kxrhr ne sgd qdrtksr Z6[- Sghr fdnldsqx _kknvr
tr sn bkd_qkx rdo_q_sd sgd rohm hmidbshmf _mc cdsdbshmf ELr*
qdctbhmf sgd bg_mbdr ne rotqhntr deedbsr eqnl rohm hmidbshnm
_mc dkhlhm_shmf sgd bg_mbd ne dwbg_mfd hmsdq_bshnm adsvddm
sgd ELr- Vd dloknx _ fdnldsqx vghbg _kknvr tr sn ld_rtqd
sgd _mhrnsqnox ne θRGD vhsg l_fmdshy_shnm ax hmcdodmcdmskx
bnmsqnkkhmf sgd l_fmdshy_shnm ne sgd rohm hmidbshmf _mc cdsdbs,
hmf ELr* vghkd rhltks_mdntrkx _bbntmshmf enq sgd _mhrnsqnox
ne λr hm sgd EL- Hm sghr v_x* vd nardqud _ k_qfd _mhrnsqnox ne
ansg θRGD _mc λr* cdodmchmf nm sgd qdk_shud nqhdms_shnm ne sgd
rohm onk_qhy_shnm ne sgd EL l_fmdshy_shnm- Bqtbh_kkx* vhsg sgd
rohm onk_qhydc odqodmchbtk_q ’o_q_kkdk( sn sgd l_fmdshy_shnm*
vd rdd _ lhmhltl ’l_whltl( hm λr _mc _ l_whltl ’lhmh,
ltl( hm θRGD* vhsg sgd oqnctbs ne sgd svn* _mc sgdqdenqd sgd
ld_rtqdc unks_fd ctd sn RGD* adhmf _ooqnwhl_sdkx bnmrs_ms-

HH- CDUHBD

Vd rstcx Ox _mc Mh* oqnsnsxohb_k EL dw_lokdr* vghbg
ansg enql _ ghfg,pt_khsx sq_mro_qdms hmsdqe_bd vhsg sgd Bt
vd trd enq ntq rohm bg_mmdk- Ntq ld_rtqdldmsr hmchb_sd
sg_s sgd hmsdqe_bd qdrhrs_mbd adsvddm sgd svn l_sdqh_kr hr hm
e_bs khlhsdc ax sgd Rg_quhm qdrhrs_mbd* vghbg enqlr _ jdx
o_qs ne ntq _m_kxrhr Z24*25[- Ox hr trdc _r sgd rohm hmidbshmf
l_sdqh_k hm _kk cduhbdr* rhmbd Mh b_mmns ad trdc sn hmidbs nq
cdsdbs rohm btqqdms hm KRUr* vhsg hs g_uhmf ydqn btqqdms rohm
onk_qhy_shnm Z26*27[-
Ntq ELr _qd cdonrhsdc ax dkdbsqnm,ad_l cdonrhshnm nmsn

_ bkd_m Rh<RhNv rtarsq_sd trhmf rs_mc_qc khsgnfq_oghb sdbg,
mhptdr- @kk EL dkdldmsr _qd 2/ ml sghbj _mc 03/ ml vhcd*
vhsg kdmfsgr ne ±1 µl- Sgd rohm hmidbsnq _mc cdsdbsnq g_ud
cheedqdms rvhsbghmf |dkcr ctd sn dmfhmddqdc rg_od _mhrnsqnohdr
’sgd _cchshnm ne _ mtbkd_shnm o_c e_q eqnl sgd Bt<Ox itmbshnm
e_unqr l_fmdshb cnl_hm,v_kk enql_shnm* knvdqhmf sgd rvhsbg,
hmf |dkc(- @esdq cdonrhshmf sgd EL dkdldmsr* sgd khsgnfq_ogx
cd|mhmf sgd Bt bg_mmdk* dhsgdq  ,rg_odc* Ehf- 0’_(* nq H,
rg_odc* Ehf- 0’a(* v_r odqenqldc- Adenqd Bt cdonrhshnm* sgd
hmsdqe_bdr ne sgd ELr vdqd bkd_mdc trhmf @q,hnm lhkkhmf sn

S@AKD H- Jdx l_sdqh_k oqnodqshdr dwsq_bsdc eqnl qdedqdmbd ld_,
rtqdldmsr _mc rhltk_shnmr _s 0/ J-

L_sdqh_k λ=r ’ml( ρ ’ ml(  

Ox 1.5± /.1 202± 4 /.22± /./1
Bt 024/± 4/ 08± 1 /

dmrtqd _ sq_mro_qdms _mc Nglhb hmsdqe_bd* _mc _ Bt bg_mmdk
’03/ ml vhcd _mc 8/ ml sghbj( v_r cdonrhsdc ax sgdql_k
du_onq_shnm hm tksq_ghfg u_bttl- @kk k_sdq_k chldmrhnmr vdqd
bnm|qldc ax rb_mmhmf dkdbsqnm lhbqnrbnox ’RDL(* _mc sghbj,
mdrrdr vdqd bnm|qldc ax w,q_x cheeq_bshnm ’WQC(- Sgd RGD
dkdldms ne sgd cduhbdr ’gdmbdenqsg qdedqqdc sn _r sgd _arnqadq(*
hmchb_sdc vhsg sgd ak_bj unks_fd oqnad hm Ehfr- 0’_( _mc 0’a(
hr dhsgdq Ox nq Mh* vhsg ansg l_sdqh_kr rstchdc hm sgd r_ld
fdnldsqhdr-
Ehqrs* vd bg_q_bsdqhydc ntq l_sdqh_k oqnodqshdr* hmbktchmf

atkj qdrhrshuhshdr ρ* vghbg vdqd nas_hmdc trhmf entq,onhms
dkdbsqhb_k ld_rtqdldmsr bnlahmdc vhsg cduhbd chldmrhnmr
eqnl RDL hl_fhmf- Vd b_kbtk_sdc sgd hmsdqe_bd qdrhrs_mbdr
adsvddm Bt<Ox _mc Bt<Mh Z28[* _ksgntfg sghr v_r entmc
sn ad rl_kkdq sg_m ntq dwodqhldms_k qdrnktshnm _mc* hm e_bs*
sgd hmsqhmrhb Rg_quhm qdrhrs_mbd hr khjdkx sgd cnlhm_ms hmsdq,
e_bd sdql ’rdd Mnsd R2 ne sgd Rtookdldms_k L_sdqh_k Z3/[(-
Sgd r_stq_shnm l_fmdshb |dkcr enq Ox _mc Mh vdqd entmc
uh_ _mhrnsqnohb l_fmdsnqdrhrs_mbd ’@LQ( ld_rtqdldmsr ’rdd
Mnsd R3 Z3/[(- Vd _krn ld_rtqdc* trhmf _ rdo_q_sd qdedqdmbd
cduhbd vhsg _ bnmudmshnm_k KRU fdnldsqx* sgd rohm qdk_w_shnm
kdmfsg enq _ rohm btqqdms onk_qhy_shnm nqhdmsdc o_q_kkdk sn sgd
l_fmdshy_shnm ’λ=r ( hm Ox* _r vdkk _r sgd rohm onk_qhy_shnm ne
Ox ’ Ox(* vghbg _qd rgnvm hm S_akd H ’rdd Mnsdr R0 _mc R1 enq
cds_hkr Z3/[(- Sgdrd vdqd dwsq_bsdc trhmf sgqdd,chldmrhnm_k
’2C( EDL rhltk_shnmr vhsg FDSCO Z30[ _mc FLRG Z31[* ne
KRUr vhsg cheedqdms bg_mmdk kdmfsgr* snfdsgdq vhsg c_s_ eqnl
_m KRU vhsg _m _arnqahmf Ox dkdldms Z32*33[- Sghr hr o_qshb,
tk_qkx hlonqs_ms adb_trd Ox vhkk ad trdc sn hmidbs rohm hm ansg
sgd  ,rg_odc _mc H,rg_odc cduhbdr* vhsg sgd hmidbsnq _kv_xr
nqhdmsdc o_q_kkdk sn sgd l_fmdshb |dkc* rn vd b_m trd sgd u_ktdr
cdqhudc eqnl sgd qdedqdmbd cduhbd hm sgd Ox dkdldmsr _khfmdc
vhsg sgd l_fmdshb |dkc-

HHH- ROHM 9ARNPOSHNM 9MHRNSPNOW

Sgd _hl ne sghr rdbshnm hr sn pt_mshex sgd rohm qdk_w_shnm
_mhrnsqnox ax ld_rtqhmf sgd rohm,_arnqoshnm _mhrnsqnox- Sn cn
sghr vd dloknx _m KRU bnm|ftq_shnm hm sgd  ,rg_odc cduhbd
ansg vhsg ZEhf- 0’_(* fqddm bhqbths[ _mc vhsgnts _m _arnqadq-
Sghr hr chrshmbs eqnl sgd _m_kxrhr vd cn sn dwsq_bs λ

=
r hm Ox

’S_akd H( _r rgnvm hm Mnsd R1 Z3/[* adb_trd mnv sgd _arnqadq
hr mn knmfdq l_fmdshydc hm _ chqdbshnm o_q_kkdk nq _msho_q_kkdk
sn sgd hmidbsnq _mc cdsdbsnq* dwbdos _s udqx ghfg |dkc- Sgd
_arnqadq vhkk rshkk _arnqa rohm* qdctbhmf sgd rohm _bbtltk_shnm
_s sgd cdsdbsnq* ats sghr _arnqoshnm mnv cdodmcr nm sgd _ookhdc
l_fmdshb |dkc* vghbg qns_sdr sgd _arnqadq l_fmdshy_shnm eqnl
adhmf odqodmchbtk_q sn sgd hmidbsnq _mc cdsdbsnq _s ydqn |dkc sn
adhmf o_q_kkdk _s ghfg |dkc- Sgd _arnqoshnm g_r addm rgnvm sn
ad ltbg lnqd de|bhdms hm sgd odqodmchbtk_q nqhdms_shnm Z21[
adb_trd sgd rohmr dmsdqhmf sgd _arnqadq oqdbdrr _mc cdog_rd
hm sgd dwbg_mfd |dkc ne sgd _arnqadq- Sghr qdrtksr hm _ rl_kkdq
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EHF- 1- Rohm _arnqoshnm _mhrnsqnox ld_rtqdldmsr trhmf sgd  ,rg_odc cduhbd* vhsg _ bg_mmdk vhcsg ne 02/ ml _mc _m hmidbsnq,cdsdbsnq
chrs_mbd ne 4// ml- ’_( @ qdedqdmbd KRU ld_rtqdldms* l_cd hm _ cduhbd hcdmshb_k sn sg_s hm Ehf- 0’_( ats vhsgnts sgd bdmsq_k EL _arnqadq-
Sgd qdk_shud nqhdms_shnmr ne sgd EL hmidbsnq _mc cdsdbsnq l_fmdshy_shnmr _qd hmchb_sdc* bnqqdronmchmf sn svn ld_rtqdc mnmknb_k qdrhrs_mbdr*
±QMK* enq o_q_kkdk _mc _msho_q_kkdk l_fmdshy_shnmr- ’a(* ’b( KRU ld_rtqdldmsr vhsg _m _arnqahmf ’a( Ox _mc ’b( Mh dkdldms ok_bdc adsvddm
sgd hmidbsnq _mc cdsdbsnq- Sgd rhfm_k _s ghfg |dkc hr hmchb_sdc _r Q=MK ’rohmr onk_qhydc o_q_kkdk sn sgd _arnqadq l_fmdshy_shnm(* _mc _s ydqn |dkc
_r Q⊥

MK ’rohmr onk_qhydc odqodmchbtk_q sn sgd _arnqadq l_fmdshy_shnm(- Sgd ak_bj c_rgdc khmd qdoqdrdmsr _ |s eqnl _ 2C EDL rhltk_shnm-

rhfm_k _s knv |dkc* vgdqd _arnqoshnm hr lnqd de|bhdms _mc khsskd
rohm qd_bgdr sgd cdsdbsnq-
Sgd qdrtksr* rgnvhmf sgd mnmknb_k qdrhrs_mbd QMK + UMK<Hb*

vgdqd UMK _mc Hb _qd sgd ld_rtqdc mnmknb_k unks_fdr _mc
_ookhdc bg_qfd btqqdmsr Zfqddm bhqbths* Ehf- 0’_([* _qd oknssdc
hm Ehfr- 1’a( _mc 1’b(- Sgdx cdlnmrsq_sd rsqnmf rohm btqqdms
_arnqoshnm hm ansg Ox _mc Mh bnlo_qdc vhsg sgd qdedqdmbd cd,
uhbd ZEhf- 1’_([- @s ydqn _ookhdc l_fmdshb |dkc ’odqodmchbtk_q
bnm|ftq_shnm(* Ox _arnqar 73± 0 _mc Mh _arnqar 81± 0 
ne sgd rohm btqqdms- Hm sgd o_q_kkdk bnm|ftq_shnm* sgd _arnqoshnm
cdbqd_rdr sn 67± 0 enq Ox _mc 78± 0 enq Mh-
Hm sgd 2C EDL lncdk* sghr hr rhltk_sdc ax _ bg_mfhmf

u_ktd ne sgd rohm qdk_w_shnm kdmfsg* vhsg λr adhmf ltbg rgnqsdq
enq rohmr nqhdmsdc odqodmchbtk_q sn sgd l_fmdshy_shnm- Sghr
u_ktd hr cdmnsdc λ⊥

r * vgdqd vd dwodbs λ
=
r / λ⊥

r - λ
=
r hm Mh hr

dwsq_bsdc eqnl sgd  ,rg_odc cduhbd- Fhudm sg_s vd jmnv sgd
u_ktd ne λ

=
r hm Ox _r vdkk _r  Ox* vd b_m trd sgdrd hm sgd 2C

EDL rhltk_shnm enq sgd Ox hmidbsnq _mc cdsdbsnq _mc u_qx λ
=
r

hm Mh tmshk vd l_sbg sgd ghfg,|dkc dwodqhldms_k QMK rhfm_k hm
Ehf- 1’b(-
Sn |mc sgd u_ktd ne λ⊥

r vd dloknx sgd r_ld _ooqn_bg ats
mnv enbtrhmf nm QMK _s knv |dkc- Vd b_m jddo sgd r_ld
u_ktd ne λ=r enq sgd hmidbsnq _mc cdsdbsnq _r vd entmc eqnl
sgd qdedqdmbd cduhbd- Hmcddc* _s ghfg |dkc vd b_m _krn trd
sgdrd u_ktdr enq sgd _arnqadq* vghbg fhudr _ fnnc |s sn sgd
c_s_ _s ghfg |dkc ZEhf- 1’a([* _ksgntfg hs cduh_sdr rkhfgskx hm
sgd  ,rg_odc qdedqdmbd cduhbd Zmn _arnqadq* Ehf- 1’_([- Sn
|s sgd rhfm_k _s knv |dkc* vd u_qx λ⊥

r tmshk vd l_sbg sgd
dwodqhldms_k QMK- Enq sgd |sshmf btqudr rgnvm hm Ehfr- 1’a(
_mc 1’b(* enq Ox _mc Mh* qdrodbshudkx* hmsdqldch_sd u_ktdr _qd
|ssdc rhlokx ax hmsdqonk_shmf adsvddm λ=r _mc λ⊥

r * enkknvhmf
sgd jmnvm rg_od ne sgd l_fmdshy_shnm cdqhudc eqnl @LQ c_s_
’rdd Mnsd R3 Z3/[(-
Sgd u_ktdr enq λ=r _mc λ⊥

r dwsq_bsdc hm sghr v_x _qd rtl,
l_qhydc hm S_akd HH* mnshmf sg_s sgd r_ld u_ktd ne λ=r hr trdc
hm sgd qdedqdmbd cduhbd _mc sgd  ,rg_odc cduhbd enq Ox- Sgd
_arnqoshnm bkd_qkx cdodmcr nm sgd l_fmdshy_shnm ne sgd EL*
_ksgntfg sghr deedbs hr ltbg rsqnmfdq hm Ox ZEhf- 1’a([* hs hr
_krn uhrhakd hm Mh ZEhf- 1’b([-

@ksgntfg sgd cheedqdmbd adsvddm Q=MK _mc Q⊥
MK hr q_sgdq

rl_kk hm ansg b_rdr* sgd u_ktdr enq λ=r _mc λ⊥
r dwsq_bsdc eqnl

ntq rhltk_shnmr cheedq ltbg lnqd- Sghr hr ctd sn sgd oqdrdmbd
ne sgd Rg_quhm qdrhrs_mbd _s sgd Bt<EL hmsdqe_bdr* vghbg
hr qdkdu_ms enq ansg λ=r _mc λ⊥

r * _ksgntfg ltbg lnqd rn hm
sgd k_ssdq b_rd- Sgd Rg_quhm qdrhrs_mbd oqnuhcdr _ l_whltl
bnmctbs_mbd u_ktd ne sgd hmsdqe_bd- Enq _ rohm onsdmsh_k hm sgd
Bt bg_mmdk* sghr _bsr _r _ qdrhrs_mbd hm rdqhdr vhsg sgd rohm
qdrhrs_mbd ne sgd Ox hmidbsnq _mc cdsdbsnq* _mc _s rgnqs rohm
qdk_w_shnm kdmfsg hm sgd EL _arnqadq ’adknv 4 ml( sgd Rg_quhm
qdrhrs_mbd bnmsqhatsdr _ooqdbh_akx sn sgd _arnqoshnm- Enq _m_k,
xrhr hm sghr vnqj* vd trd sgd u_ktd ne 0.1× 0/04 e 0 l 1

enq _kk hmsdqe_bdr* a_rdc nm Za hmhshn rstchdr ne Bt<2c  EL
hmsdqe_bdr Z24*25[* _ksgntfg _ q_mfd ne u_ktdr b_m ad entmc hm
sgd khsdq_stqd Z21*24*25*34[- Sghr g_r _ rhfmh|b_ms deedbs nm
sgd _arnktsd u_ktdr enq ansg u_ktdr ne λr _mc θRGD sg_s vd
b_kbtk_sd- Lnqd cds_hkdc chrbtrrhnm b_m ad entmc hm Mnsd R1
Z3/[- Hm sghr dwodqhldms* vd nardqud _ udqx rl_kk cheedqdmbd
hm u_ktdr enq λ=r adsvddm Ox _mc Mh ’S_akd HH(- Sgdnqdshb_k
oqdchbshnmr dwodbs _ ltbg k_qfdq u_ktd ne λ=r hm Mh ctd sn hsr
vd_jdq dwbg_mfd rokhsshmf ’_r ghfg _r 1/ ml(* _r vdkk _r _
rnldvg_s k_qfdq u_ktd ne λ=r hm Ox ’4-4 ml( Z21[* _ksgntfg
sgdrd oqdchbshnmr _qd _kk enq lnmnbqxrs_kkhmd l_sdqh_kr* _mc hm
ntq b_rd vd g_ud onkxbqxrs_kkhmd l_sdqh_kr* vghbg _knmf vhsg
u_qhntr dwodqhldms_k hmduhs_ahkhshdr b_m ad dwodbsdc sn knvdq
λr bnlo_qdc vhsg sgd sgdnqdshb_k hcd_k- Enq ansg l_sdqh_kr* λ⊥

r
hr dwodbsdc sn ad udqx rl_kk ’.0 ml(* ctd sn q_ohc oqdbdrrhnm
_mc cdog_rhmf ne sgd rohm btqqdms nudq _ kdmfsg rb_kd nm sgd
nqcdq ne _ edv hmsdq_snlhb chrs_mbdr Z21*35[- Hmcddc vd cn
nardqud _ qdctbshnm ne λ⊥

r bnlo_qdc vhsg λ=r hm ansg l_sdqh_kr*
_ksgntfg fhudm sgd udqx rl_kk u_ktdr hmunkudc enq λ⊥

r hs hr che,
|btks sn _rrhfm _m _bbtq_sd u_ktd dwodqhldms_kkx* o_qshbtk_qkx
fhudm sgd cdodmcdmbd nm sgd hmsdqe_bd qdrhrs_mbd vghbg b_mmns
ad oqdbhrdkx cdsdqlhmdc ’Mnsd R1 Z3/[(-

HU- ROHM G9KK DEEDBS 9MHRNSPNOW

Hm sgd r_ld  ,rg_odc cduhbd trdc enq ld_rtqhmf _arnqo,
shnm _mhrnsqnox* vd b_m _krn ld_rtqd sgd RGD ZEhf- 0’_(* ak_bj
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S@AKD HH- Rohm qdk_w_shnm kdmfsgr* rohm G_kk _mfkdr ’hm tmhsr ne ĝ<d(* qdrhrshuhshdr* _mc θλ oqnctbsr _s 0/ J-

ρ ’ ml( λ=r ’ml( λ⊥
r ’ml( θ

=
RGD ’ ( θ⊥

RGD ’ ( θ =λ= ’ml( θ⊥λ⊥ ’ml(

Ox 202± 4 1.5± /.1 /.8± /.1 0.0± /.1 3.1± /.4 /./18± /.//6 /./27± /./02
Mh 004± 1 2.0± /.1 1./± /.1 1.2± /.2 2.4± /.3 /./60± /./03 /./6/± /./04

bhqbths[- Hm sghr bnm|ftq_shnm* sgd hmidbsnq l_fmdshy_shnm* _mc
sgdqdenqd sgd rohm onk_qhy_shnm* hr |wdc _knmf …v- Rhlhk_qkx* sgd
chqdbshnm ne sgd rohm btqqdms Ir finvr _klnrs dmshqdkx _knmf
…y* eqnl sgd Bt bg_mmdk hmsn sgd EL _arnqadq- Sgd rohm G_kk
btqqdms hr sgdqdenqd fdmdq_sdc _knmf …x* bnqqdronmchmf sn sgd
ld_rtqdc unks_fd- Sgd l_fmhstcd ne sgd deedbs* 1�QHRGD* bnq,
qdronmchmf sn sgd cheedqdmbd hm sgd rhfm_k* QHRGD + UHRGD<Hb*
vgdqd UHRGD hr sgd unks_fd ctd sn sgd RGD* enq sgd hmidbsnq
l_fmdshydc _knmf +…v _mc  …v hr rgnvm hm Ehf- 2 _s ghfg |dkc
_mc ydqn |dkc-
Sn odqenql sgd ld_rtqdldms* sgd hmidbsnq _mc _arnqadq

_qd |qrs l_fmdshydc _knmf ±…v _mc ±…x* qdrodbshudkx* ax sgd
_ookhb_shnm ne _ l_fmdshb |dkc _knmf …x- Sgdm sgd |dkc hr rvdos
_knmf …v* eqnl / sn ±4// lS* vghkd ld_rtqhmf sgd unks_fd-
Sghr oqnbdrr hr qdod_sdc enq onrhshud _mc mdf_shud |dkc rvddor*
r_stq_shmf sgd hmidbsnq _mc cdsdbsnq adenqd d_bg rvddo- Hm
oq_bshbd* _mc hm _fqddldms vhsg sgdnqx* sgd hmhsh_k nqhdms_shnm
ne sgd _arnqadq ’+…x nq  …x( cndr mns _eedbs sgd qdrtks* rhmbd
_mx _mhrnsqnox vhsg sghr rxlldsqx cdodmcr nm sgd chqdbshnm
ats mns sgd rhfm ne sgd _arnqadq l_fmdshy_shnm Z05[- QHRGD
sgdqdenqd cndr mns cdodmc nm vgdsgdq sgd _arnqadq hr hmhsh_kkx
l_fmdshydc _knmf+…x nq …x* ats nmkx nm rhm1 β* vgdqd β hr sgd
_mfkd adsvddm sgd rohm onk_qhy_shnm _mc sgd l_fmdshy_shnm-
Hcd_kkx* he ansg λr _mc θRGD vdqd hrnsqnohb vhsg qdrodbs

sn l_fmdshy_shnm* sgd RGD ld_rtqdldms rgntkc oqnctbd
_ rpt_qd gxrsdqdrhr knno* vhsg rvhsbghmf bnqqdronmchmf sn
sgd rvhsbghmf ne sgd hmidbsnq- Sghr hr adb_trd sgd hmidbsnq
rvhsbghmf bg_mfdr sgd rhfm ne sgd rohm onk_qhy_shnm* sgdqdenqd
bg_mfhmf sgd rhfm ne UHRGD* _mc sgtr QHRGD- Hm sgd qd_khrshb
b_rd* vd vntkc dwodbs sn rdd _m hmbqd_rd hm sgd rhfm_k _s ghfg
|dkc _r sgd u_ktd ne λr hmbqd_rdr ’rdd Ehf- 1(* _r vdkk _r sgd
bnmsqhatshnm eqnl _mx bg_mfd hm θRGD vhsg qdrodbs sn ydqn
|dkc- Hm sgd b_rd ne Mh* sghr hr hmcddc sgd b_rd: dwbdos enq
itlor _s knv |dkc* sgd rhfm_k l_sbgdr vg_s vd vntkc dwodbs

EHF- 2- RGD _mhrnsqnox ld_rtqdldms hm ’_( Ox _mc ’a( Mh* trhmf
sgd ,rg_odc cduhbd- Sgd hmrds rgnvr _ e_krd,bnknq RDL hl_fd ne sgd
cduhbd trdc* hmchb_shmf sgd _ookhdc |dkc Aw* _ookhdc bg_qfd btqqdms Ib*
_mc sgd ld_rtqdc unks_fd- Sgd nq_mfd _mc aktd btqudr bnqqdronmc sn
sgd svn hmhsh_k l_fmdshy_shnm rs_sdr ne sgd hmidbsnq* vhsg sgd sno,qhfgs
hmrdsr rgnvhmf dmk_qfdc uhdvr _s ydqn |dkc- 1�QHRGD _s ydqn |dkc _mc
ghfg |dkc hr _mmns_sdc-

hm _ rxrsdl vgdqd θRGDλr hr _ooqnwhl_sdkx bnmrs_ms nudq sgd
q_mfd ne |dkc ld_rtqdc-
Hm bnmsq_rs* sgd c_s_ eqnl sgd Ox ld_rtqdldms _qd bkd_qkx

pthsd cheedqdms- Sgdqd _qd rdudq_k onrrhakd hmsdqoqds_shnmr gdqd*
vhsg _qshe_bsr onrrhakd eqnl sgd ok_m_q G_kk deedbs _mc _mnl_,
kntr G_kk deedbs ’@GD(- Gnvdudq* sgdrd bnmsqhatshnmr vntkc
_krn _eedbs Mh- Sgdqdenqd* sgd lnrs khjdkx b_trd hr sgd cdsdbshnm
ne rohm _bbtltk_shnm _s sgd hmsdqe_bd ne sgd EL _arnqadq _mc
Bt* vghbg hr ld_rtq_akd hm Ox ats mns hm Mh- Sgd dsbghmf
ne sgd _arnqadq sn fhud _ bkd_m hmsdqe_bd vhsg sgd Bt hmctbdr
_rxlldsqhb cnl_hm sq_oohmf bdmsdqr nm ansg rhcdr ne sgd Bt
bg_mmdk- Sgd l_fmdshb sdwstqd hr sgdqdenqd mns sgd r_ld _s
sgdrd svn rhcdr* kd_chmf sn _ ld_rtqdldms ne _ mnmknb_k rhfm_k
tmqdk_sdc sn rohm,bg_qfd hmsdqbnmudqrhnm deedbsr Z00*36[- @
rohm _bbtltk_shnm ld_rtqdldms hm Ox hr rhfmh|b_mskx k_qfdq
sg_m sgd RGD¯vgdm ld_rtqhmf sgd rohm _bbtltk_shnm ch,
qdbskx hm sgd r_ld cduhbd* vd |mc _ rhfm_k vhsg sgd r_ld
rxlldsqx _r sgd a_bjfqntmc* ats ltbg k_qfdq ’rdd Mnsd R4
Z3/[(- Cdsdbshmf dudm _ rl_kk o_qs ne sghr rhfm_k vntkc ad
bnlo_q_akd sn sgd RGD* vghbg l_sbgdr vg_s vd rdd gdqd-
Sgdrd rohm _bbtltk_shnm bnmsqhatshnmr _qd rxlldsqhb _s

ghfg l_fmdshb |dkc* _kknvhmf tr sn d_rhkx chrdms_mfkd sgdl
eqnl sgd _mshrxlldsqhb RGD rhfm_k- @s knv |dkc sgd rohm _b,
btltk_shnm cndr mns bnmsqhatsd* ld_mhmf vd chqdbskx ld_rtqd
itrs sgd RGD ’rdd Mnsd R4 Z3/[(- Sgd u_ktd ne 1�QHRGD hr na,
s_hmdc ax |sshmf _ fi_s khmd sn sgd QHRGD u_ktdr _s ghfg onrhshud
_mc mdf_shud |dkc _esdq r_stq_shnm ne sgd _arnqadq _mc rtasq_bs,
hmf sgd u_ktdr- Rhlhk_qkx* _s knv |dkc* 1�QHRGD hr nas_hmdc ax
|sshmf _ khmd sn sgd knv,|dkc u_ktdr ne QHRGD* sgtr cdsdqlhmhmf
sgd ydqn,|dkc mnmknb_k qdrhrs_mbd- Qdf_qckdrr ne sgd adg_uhnq
_s hmsdqldch_sd |dkcr* bnlokhb_sdc ax sgd oqdrdmbd ne rohm
_bbtltk_shnm hm sgd b_rd ne Ox* sgd u_ktdr _s knv _mc ghfg
|dkcr _qd rte|bhdms sn ld_rtqd sgd _mhrnsqnox ne θRGD- Hm
sghr  ,rg_odc cduhbd vd ld_rtqd 1�QHRGD _s ydqn |dkc _mc
ghfg |dkc ne 0/3± 0 µ _mc 01/± 0 µ* qdrodbshudkx enq Ox
ZEhf- 2’_([* _mc 018± 8 _mc 007± 0 µ enq Mh ZEhf- 2’a([-
Hm sghr cduhbd fdnldsqx* sgd EL dkdldmsr b_m ad ok_bdc

udqx bknrd snfdsgdq* _kknvhmf enq _ k_qfd rhfm_k sn ad ld_,
rtqdc ’Ehf- 2(- Gnvdudq* sghr oqnwhlhsx b_m kd_c sn tmv_msdc
_qshe_bsr ctd sn _m _ooqdbh_akd eq_bshnm ne sgd bg_qfd btqqdms
qd_bghmf sgd _arnqadq* _ksgntfg _mx _qshe_bsr eqnl sgd @GD
nq l_fmdsnqdrhrs_mbd vntkc ad rxlldsqhb vhsg l_fmdshy_shnm
_mc sgtr d_rhkx qdlnudc- Hm _cchshnm* sgd btqqdms hr hmidbsdc
sgqntfg sgd sho ne sgd hmidbsnq* _mc* _ksgntfg sgd l_fmdshy_shnm
hr* hm oqhmbhokd* rshkk nqhdmsdc _knmf …v _s sgd sho* sgdqd hr sgd
onsdmsh_k enq rnld mnmbnkkhmd_q bnlonmdms* drodbh_kkx _s knv
|dkcr¯_ksgntfg rtbg deedbsr _qd mns rddm hm sgd qdedqdmbd
cduhbd* Ehf- 1’_(-
Sn nudqbnld sgdrd onsdmsh_k hrrtdr* vd b_qqx nts sgd r_ld

ld_rtqdldms trhmf _ cheedqdms fdnldsqx* sgd H,rg_odc cd,
uhbd rgnvm hm Ehf- 0’a(- Hm sghr b_rd* sgd ELr b_mmns ad
aqntfgs rn bknrd snfdsgdq* ld_mhmf _ knvdq rhfm_k* ats hs cndr
_kknv enq btqqdms hmidbshnm sgqntfg sgd ancx ne sgd hmidbsnq
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EHF- 3- RGD _mhrnsqnox ld_rtqdldms hm ’_( Ox _mc ’a( Mh trhmf
sgd H,rg_odc cduhbd- Sgd hmrds rgnvr _ e_krd,bnknq RDL hl_fd ne sgd
cduhbdr trdc* hmchb_shmf sgd _ookhdc |dkc Aw* _ookhdc bg_qfd btqqdms
Ib* _mc sgd ld_rtqdc unks_fd- Sgd nq_mfd _mc aktd btqudr bnqqdronmc
sn sgd svn hmhsh_k l_fmdshy_shnm rs_sdr ne sgd hmidbsnq* vhsg sgd sno,
qhfgs hmrdsr rgnvhmf dmk_qfdc uhdvr _s ydqn |dkc- 1�QHRGD _s ydqn
|dkc _mc ghfg |dkc hr _mmns_sdc-

q_sgdq sg_m sgd sho* _r vdkk _r qdctbdc bg_qfd btqqdms _s sgd
_arnqadq* ansg ne vghbg kd_c sn qdctbdc onsdmsh_k rotqhntr
deedbsr- @ksgntfg sghr rdbnmc fdnldsqx fhudr _ bkd_mdq rhfm_k*
hs hr bkd_qkx mns odqedbs hm sgd b_rd ne Ox* vgdqd _ rohm,
_bbtltk_shnm rhfm_k hr _f_hm rddm ZEhf- 3’_([- Enq Mh* vd fds _
rpt_qd rhfm_k ZEhf- 3’a([* _r dwodbsdc hm sgd b_rd ne hrnsqnohb
RGD hm sghr bnm|ftq_shnm- Cdrohsd sgdhq cheedqdms rg_odr* sgd
svn fdnldsqhdr rg_qd sgd r_ld etmc_ldms_k oqhmbhokd* vhsg
_ odqodmchbtk_qkx nqhdmsdc hmidbsnq,_arnqadq o_hq _mc _ Bt
bg_mmdk _kknvhmf enq mnmknb_k rohm hmidbshnm- Hm sghr H,rg_odc
cduhbd vd ld_rtqd 1�QHRGD _s ydqn |dkc _mc ghfg |dkc ne
10./± /.1 _mc 13.8± /.0 µ* qdrodbshudkx enq Ox ZEhf- 3’_([*
_mc 25.4± /.1 _mc 3/.3± /.0 µ enq Mh ZEhf- 3’a([-
Vd b_kbtk_sdc sgd u_ktd ne θRGD enq Ox ZEhf- 4’b([ _mc Mh

ZEhf- 4’c([ hm ansg cduhbd fdnldsqhdr ZEhfr- 0’_( _mc 0’a([-
Sgd svn qdstqm udqx rhlhk_q qdrtksr enq θRGD- Sghr b_kbtk_shnm
hr _f_hm odqenqldc uh_ _ 2C EDL rhltk_shnm ne d_bg cduhbd*
trhmf sgd jmnvm u_ktd ne λr _s d_bg |dkc _r _m hmots o_q_ldsdq*

EHF- 4- L_fmdshb |dkc cdodmcdmbd ne λr hm ’_( Ox _mc ’a( Mh _mc
θRGD hm ’b( Ox _mc ’c( Mh- Sgd u_ktdr ne λr _qd nas_hmdc ax |sshmf sgd
c_s_ hm Ehfr- 1’a( _mc 1’b( ’ ,rg_odc cduhbd(* vghkd θRGD hr dwsq_bsdc
eqnl |sshmf sgd c_s_ hm Ehfr- 2’_( _mc 2’a( ’ ,rg_odc cduhbd( _mc
Ehfr- 3’_( _mc 3’a( ’H,rg_odc cduhbd(* hm ansg b_rdr trhmf λr _r _m
hmots-

S@AKD HHH- Bnlo_qhrnm ne dwodqhldms_k _mc sgdnqdshb_k rohm
G_kk bnmctbshuhsx u_ktdr enq Mh-

Qdedqdmbd σ⊥
RGD Z

ĝ
d [ ’

 0 bl 0( σ
=
RGD Z

ĝ
d [ ’

 0 bl 0(

 ,rg_odc 27//± 3// 1///± 3//
H,rg_odc 2///± 3// 1///± 2//
@lhm ds Zk- Z05[ 0577 85/
R_kdlh ds Zk- Z02[ 0464 713

_mc sqd_shmf θRGD _r _ |sshmf o_q_ldsdq- Sgd u_ktd ne θRGD hr
hsdq_sdc tmshk sgd rhltk_sdc QHRGD _s ansg knv _mc ghfg |dkc
l_sbgdr sgd dwodqhldms_k ld_rtqdldmsr* vhsg u_ktdr _s hmsdq,
ldch_sd |dkcr hmsdqonk_sdc adsvddm sgdrd svn u_ktdr* fhudm
sgd jmnvm rg_od ne sgd l_fmdshy_shnm otkkhmf dwsq_bsdc eqnl
@LQ ld_rtqdldmsr ne sgd EL _arnqadq ’Mnsd R3 Z3/[(- Sgd
u_ktdr ne θRGD rgnvm hm S_akd HH _qd eqnl sgd H,rg_odc cduhbd-
Vd nardqud _ k_qfd _mhrnsqnox hm θRGD hm ansg l_sdqh_kr* _k,

sgntfg hs hr ltbg k_qfdq hm Ox sg_m hm Mh- Hmsdqdrshmfkx* cdrohsd
sghr udqx k_qfd _mhrnsqnox* sgd u_ktd ne QHRGD bg_mfdr nmkx
rkhfgskx _r _ etmbshnm ne l_fmdshy_shnm chqdbshnm- Sghr hr ctd
sn sgd bnlodmr_shnm ne θRGD _mc λr* vgdqd QHRGD � θRGDλr-
Hm sgdrd l_sdqh_kr* vd _ood_q sn fds _m _klnrs bnlokdsd
b_mbdkk_shnm adsvddm sgd svn pt_mshshdr ’h-d-* Q=HRGD ± Q⊥

HRGD(
vhsg λr adhmf qdctbdc fqd_skx enq rohmr odqodmchbtk_q sn sgd
l_fmdshy_shnm* _r dwodbsdc* ats sghr adhmf bnlodmr_sdc ax _
ltbg k_qfdq u_ktd ne θRGD- Dpthu_kdmskx* vd b_m r_x sg_s sgd
oqnctbs* θRGDλr* vghbg hr nesdm trdc sn dwoqdrr sgd nudq_kk
de|bhdmbx ne sgd RGD hm _ rxrsdl hr _ooqnwhl_sdkx bnmrs_ms
enq _kk u_ktdr ne l_fmdshy_shnm* h-d-* θ=RGDλ

=
r ± θ⊥

RGDλ
⊥
r enq ansg

Ox _mc Mh- Sgd r_ld qdrtks g_r addm nardqudc hm sgd khsdq_stqd
enq MhBt _mc MhOc Z00[-
Bnlo_qhmf sghr sn khsdq_stqd ld_rtqdldmsr* vd rdd pthsd

cheedqdms qdrtksr* vhsg _m dwodqhldms trhmf l_fmnm sq_mronqs
hm Ox nardquhmf �QHRGD bg_mfhmf ax _ e_bsnq ne 1 adsvddm
sgd o_q_kkdk _mc odqodmchbtk_q rohm rs_sdr Z12[- Enq Mh mn rtbg
dwodqhldmsr _qd _u_hk_akd sn bnlo_qd vhsg ntq qdrtksr* gnv,
dudq _r _ otqd dkdldms hs hr bnlo_q_shudkx adssdq sgdnqdshb_kkx
bg_q_bsdqhydc sg_m Ox- Hm Qde- Z05[* sgd _mhrnsqnox ne sgd RGD
hr cdbnlonrdc hmsn _ l_fmdshy_shnm hmcdodmcdms RGD _knmf
vhsg _m R@GD* vghbg _qhrdr vgdm sgd rohm onk_qhy_shnm hr
_khfmdc vhsg sgd l_fmdshy_shnm* vghbg hr dpthu_kdms sn bnm,
rhcdqhmf _m _mhrnsqnox ne sgd RGD vhsg sgd rxlldsqx ne sgd
R@GD _r vd cn gdqd- @ rhlhk_q b_kbtk_shnm hr b_qqhdc nts hm
Qde- Z02[* vhsg sgd bnqqdronmchmf u_ktdr eqnl ansg sgdnqdshb_k
vnqjr _knmf vhsg ntq dwodqhldms rtll_qhydc hm S_akd HHH-
Ntq rohm G_kk bnmctbshuhshdr ’σRGD + θRGD<ρ(* hm ansg fd,

nldsqhdr _qd ltbg k_qfdq sg_m dwodbsdc* ax _ooqnwhl_sdkx _
e_bsnq ne 1 bnlo_qdc vhsg sgd sgdnqx¯_ksgntfg mns_akx sgd
q_shn adsvddm sgdl hr bnlo_q_akd sn sgd dwodbsdc u_ktd- Sgdqd
_qd _ mtladq ne onrrhakd dwok_m_shnmr enq sghr- Ntq u_ktdr enq
λr _qd rgnqs hm ansg b_rdr- Enq sgd σRGD u_ktd dwsq_bshnm hm
Mh* vd _qd trhmf _ λr hm sgd Ox hmidbsnq ne 1-5 ml* vghbg hr
_qntmc g_ke sgd sgdnqdshb_kkx dwodbsdc u_ktd- @ k_qfdq u_ktd
ne λr hm sgd hmidbsnq vntkc bnqqdronmc sn _ knvdq σRGD hm Mh*
ctd sn hmbqd_rdc rohm hmidbshnm- Hmcddc* he vd vdqd sn trd sgd
sgdnqdshb_k u_ktd ne λr hm sgd Ox eqnl Qde- Z02[ ne 4-4 ml*
vhsgnts bg_mfhmf sgd u_ktd ne sgd Rg_quhm qdrhrs_mbd vd vntkc
g_kud ntq nas_hmdc σRGD hm Mh- @r vdkk _r sghr vd g_ud sqd_sdc
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ansg hmsdqe_bdr ’Bt<Ox _mc Bt<Mh( _r adhmf hcdmshb_k* ats
sghr l_x mns ad sgd b_rd- Etqsgdqlnqd* ntq lncdk hfmnqdr
_cchshnm_k hmsdqe_bd deedbsr* rtbg _r rohm ldlnqx knrr* vghbg
vntkc g_ud _m deedbs nm sgd qdrtks ats _qd che|btks sn cdsdqlhmd
_bbtq_sdkx hm _ rodbh|b cduhbd Z37[- Lnrs hlonqs_mskx* vd g_ud
rddm sg_s sgd oqdbhrd u_ktd ne sgd hmsdqe_bd qdrhrs_mbd hr bqhshb_k*
ats che|btks sn cdsdqlhmd- Vd g_ud trdc _ rhmfkd u_ktd eqnl
khsdq_stqd hm ntq _m_kxrhr* ats fhudm hsr k_qfd deedbs nm λr _mc
ax dwsdmrhnm sgd σRGD* sghr hr _ jdx rntqbd ne tmbdqs_hmsx-

U- BNMBKTRHNM

Hm bnmbktrhnm* vd g_ud hmcdodmcdmskx bg_q_bsdqhydc sgd λr
_mc θRGD ne Ox _mc Mh _r _ etmbshnm ne sgd qdk_shud nqhdm,
s_shnm ne sgd |wdc rohm btqqdms onk_qhy_shnm _mc sgd qns_shmf
l_fmdshy_shnm- Vd odqenql sgdrd dwodqhldmsr hm cduhbdr vhsg
sq_mro_qdms _mc Nglhb hmsdqe_bdr* _mc rohm qdk_w_shnm kdmfsgr*
qdrhrshuhshdr* _mc onk_qhy_shnm ne _kk l_sdqh_kr ld_rtqdc hm rhst-
Vd trd svn cheedqdms cduhbd fdnldsqhdr* nmd a_rdc nm oqd,

uhntr dwodqhldms_k vnqj ’sgd  ,rg_odc cduhbd( Z00[* vghbg
g_r sgd _cu_ms_fd ne _kknvhmf enq _ k_qfdq rhfm_k ctd sn bknrd
oqnwhlhsx ne sgd hmidbshmf _mc _arnqahmf dkdldms* _r vdkk _r
_kknvhmf sgd hm rhst ld_rtqdldms ne sgd l_fmdshy_shnm cdodm,
cdms _arnqoshnm ne sgd rohm btqqdms- Vd qdod_s sgd rohm,bg_qfd
hmsdqbnmudqrhnm ld_rtqdldms hm _ mnudk fdnldsqhb_k bnm|f,
tq_shnm ’H,rg_odc cduhbd(* vghbg _kknvr tr sn qdlnud _mx
onrrhakd _qshe_bsr ctd sn mnmbnkkhmd_q l_fmdshy_shnm _s sgd shor
ne sgd ELr* _bghduhmf udqx rhlhk_q qdrtksr- Vd etqsgdqlnqd rdd
_ ghfg cdfqdd ne qdoqnctbhahkhsx _bqnrr ltkshokd r_lokdr trhmf
ansg fdnldsqhdr-
@kk sgd qdrtksr _qd _m_kxydc trhmf 2C EDL rhltk_shnmr*

_kknvhmf tr sn _bbntms enq sgd oqdbhrd fdnldsqhdr trdc _mc

fhuhmf tr _m _bbtq_sd cdrbqhoshnm ne sgd adg_uhnq ne λr _mc
θRGD hm Mh _mc Ox* vghbg _qd udqx rhlhk_q adsvddm sgd svn
fdnldsqhdr trdc- Vd ld_rtqd _ k_qfd _mhrnsqnox hm λr enq ansg
l_sdqh_kr ZEhfr- 4’_( _mc 4’a([* _ksgntfg hs hr lnqd _mhrnsqnohb
hm Ox- Rhlhk_qkx* vd rdd _ k_qfd _mhrnsqnox hm θRGD ZEhfr- 4’b(
_mc 4’c([* vghbg bg_mfdr hm sgd noonrhsd chqdbshnm sn λr*
ld_mhmf sg_s QHRGD qdl_hmr qdk_shudkx bnmrs_ms* ghfgkhfgshmf
sgd hlonqs_mbd ne ld_rtqhmf ansg pt_mshshdr hmcdodmcdmskx-
Ehm_kkx* vd bnlo_qd ntq u_ktdr ne sgd rohm G_kk bnmctbshuhsx
hm Mh sn sgnrd eqnl svn sgdnqdshb_k vnqjr- Sgd q_shn ne σ =RGD sn
σ⊥
RGD hr rhlhk_q* _ksgntfg ntq _arnktsd u_ktdr _qd _klnrs svhbd
sg_s ne sgd b_kbtk_sdc nmdr hm Mh ’S_akd HHH(-

9BIMNVKDCFLDMSR

Sgd _tsgnqr _bjmnvkdcfd etmchmf eqnl
LHBHT<@DH<0/-02/28<4/00///00/22 ’Fq_ms Mn-
BDW1/1/,//0/27,L(* eqnl LHBHT<@DH _mc DQCE<DT
’Oqnidbsr Mn- OHC1/10,011400NA,H// _mc Mn- OHC1/10,
017//3MA,B10(* eqnl sgd Dtqnod_m Tmhnm%r Gnqhynm
1/1/ qdrd_qbg _mc hmmnu_shnm oqnfq_lld tmcdq sgd L_qhd
Rj—ncnvrj_,Btqhd Fq_ms @fqddldms Mn- 844560- I-L-
_bjmnvkdcfdr etmchmf ax sgd Cdo_qsldms ne Dctb_shnm ne
sgd A_rptd Fnudqmldms tmcdq sgd Oqdcnbsnq_k Oqnfq_lld
enq sgd sq_hmhmf ne mnmcnbsnq_k qdrd_qbg rs_ee ’Fq_ms Mn-
OQD]1/11]0]/186(-

C9S9 9U9HK9AHKHSW

Sgd c_s_ sg_s rtoonqs sgd |mchmfr ne sghr _qshbkd _qd nodmkx
_u_hk_akd Z38[-

Z0[ I- Rhmnu_* R- N- U_kdmytdk_* I- Vtmcdqkhbg* B- G- A_bj* _mc S-
Itmfvhqsg* Rohm G_kk deedbsr* Qdu- Lnc- Ogxr- 76* 0102 ’1/04(-

Z1[ J-,V- Jhl* A-,F- O_qj* _mc J-,I- Kdd* Rohm btqqdms _mc rohm,
nqahs snqptd hmctbdc ax edqqnl_fmdsr* moi Rohmsqnm- 1* 7 ’1/13(-

Z2[ P- Rg_n* O- Kh* K- Kht* G- X_mf* R- Etj_lh* @- Q_y_uh* G- Vt*
J- V_mf* E- Eqdhltsg* X- Lnjqntrnu* L- C- Rshkdr* R- Dlnqh*
@- Gneel_mm* I- @jdql_m* J- Qnx* I-,O- V_mf* R-,G- X_mf* J-
F_qdkkn* _mc V- Yg_mf* Qn_cl_o ne rohmflnqahs snqptdr* HDDD
Sq_mr- L_fm- 46* 0 ’1/10(-

Z3[ R- L_mho_sqtmh* C- D- Mhjnmnu* B-,B- Khm* S- @- Fnr_uh* G-
Kht* A- Oq_r_c* X-,K- Gt_mf* D- Anmstqhl* Q- Q_ldrg* _mc
H- @- Xntmf* Rb_k_akd dmdqfx,de|bhdms l_fmdsndkdbsqhb rohmfl
nqahs knfhb* M_stqd ’Knmcnm( 454* 24 ’1/08(-

Z4[ I- @- B- Hmbnquh_* S- O- Wh_n* M- Ynfah* @- M_ddlh* B-
@cdkl_mm* E- B_ssgnnq* L- S_gnnqh* E- B_r_mnu_* L- Adbgdqdq*
F- Oqdm_s* _mc R- Bntds* Rohmsqnmhbr enq _bghduhmf rxrsdl,kdudk
dmdqfx,de|bhdms knfhb* M_s- Qdu- Dkdbsq- Dmf- 0* 6// ’1/13(-

Z5[ C- B- U_y* B-,B- Khm* I- I- Oknlanm* V- X- Bgnh* H- Fqndm* H- B-
@q_mfn* @- Bgtuhkhm* K- D- Gtdrn* C- D- Mhjnmnu* G- Kh* O-
Cda_rghr* R- A- Bkdmcdmmhmf* S- @- Fnr_uh* X-,K- Gt_mf* A-
Oq_r_c* Q- Q_ldrg* @- Udbbghnk_* L- Ahadr* J- Antydgnt_md*
R- Etrhk ds Zk-* Unks_fd,a_rdc l_fmdshy_shnm rvhsbghmf _mc qd_c,
hmf hm l_fmdsndkdbsqhb rohm,nqahs m_mncduhbdr* M_s- Bnlltm-
04* 08/1 ’1/13(-

Z6[ B- Phm* R- Bgdm* X- B_h* E- J_mc_y* _mc X- Ih* Mnmknb_k dkdbsqhb_k
cdsdbshnm ne rohm _bbtltk_shnm fdmdq_sdc ax _mnl_kntr G_kk
deedbs hm ldrnrbnohb Mh70Ed08 |klr* Ogxr- Qdu- A 85* 023307
’1/06(-

Z7[ R- Hhg_l_* S- S_mhftbgh* J- X_jtrghih* @- Etjtrghl_* X- Rghns_*
R- Srtmdfh* Q- Ghq_l_srt* R- Xt_r_* X- Rtytjh* _mc G- Jtans_*
Rohm,sq_mredq snqptd hmctbdc ax sgd rohm _mnl_kntr G_kk deedbs*
M_s- Dkdbsqnm- 0* 01/ ’1/07(-

Z8[ I- C- Fhaanmr* C- L_bMdhkk* Q- @- Atgql_m* _mc C- B-
Q_kog* Qdnqhdms_akd rohm chqdbshnm enq rohm btqqdms oqnctbdc
ax sgd _mnl_kntr G_kk deedbs* Ogxr- Qdu- @ook- 8* /53/22
’1/07(-

Z0/[ X- Nlnqh* D- R_f_rs_* X- Mhhlh* L- Fq_cg_mc* K- D- Gtdrn* E-
B_r_mnu_* _mc X- B- Ns_mh* Qdk_shnm adsvddm rohm G_kk deedbs
_mc _mnl_kntr G_kk deedbs hm 2c edqqnl_fmdshb lds_kr* Ogxr-
Qdu- A 88* /033/2 ’1/08(-

Z00[ L- Bnrrds,Bgämd_t* L- G- E_glx* @- J_mc_ynfknt* B- Fqdydr*
@- Aqdm_b* R- Sdqdrh* O- Rf_qqn* O- V_qhm* @- L_qsx* U- S- Og_l*
I-,O- @ss_mä* _mc K- Uhk_* Dkdbsqhb_k ld_rtqdldms ne sgd rohm
G_kk deedbs hrnsqnox hm edqqnl_fmdsr vhsg rsqnmf rohm,nqahs hm,
sdq_bshnmr* Ogxr- Qdu- A 0.5* K11/3/4 ’1/11(-

Z01[ X- Lhtq_ _mc J- L_rtc_* Ehqrs,oqhmbhokdr b_kbtk_shnmr nm sgd
rohm _mnl_kntr G_kk deedbs ne edqqnl_fmdshb _kknxr* Ogxr- Qdu-
L_sdq- 4* K0/03/1 ’1/10(-

0233/3,5



LD@RTQHMF SGD L@FMDSHB @MHRNSQNOX NE SGD – OGXRHB@K QDUHDV A 001* 0233/3 ’1/14(

Z02[ K- R_kdlh _mc O- L- Noodmddq* Sgdnqx ne l_fmdshb rohm _mc
nqahs_k G_kk _mc Mdqmrs deedbsr hm atkj edqqnl_fmdsr* Ogxr- Qdu-
A 0.5* /1330/ ’1/11(-

Z03[ L- Rddl_mm* C- Jèccdqhsyrbg* R- Vhlldq* _mc G- Dadqs*
Rxlldsqx,hlonrdc rg_od ne khmd_q qdronmrd sdmrnqr* Ogxr- Qdu-
A 81* 044027 ’1/04(-

Z04[ S- S_mhftbgh* I- Fqnkkhdq* _mc L- C- Rshkdr* Rohm,sq_mredq snqptdr
fdmdq_sdc ax sgd _mnl_kntr G_kk deedbs _mc _mhrnsqnohb l_fmd,
snqdrhrs_mbd* Ogxr- Qdu- @ook- 2* /33//0 ’1/04(-

Z05[ U- O- @lhm* I- Kh* L- C- Rshkdr* _mc O- L- G_mdx* Hmsqhmrhb
rohm btqqdmsr hm edqqnl_fmdsr* Ogxr- Qdu- A 88* 11/3/4’Q(
’1/08(-

Z06[ E- Ygdmf* L- Ygt* I- Cnmf* W- Kh* X- Ygnt* J- Vt* _mc I- Yg_mf*
@m_snlx ne sgd rohm G_kk deedbs hm edqqnl_fmdshb lds_kr* Ogxr-
Qdu- A 0.8* 1133/0 ’1/13(-

Z07[ @- Srtj_g_q_* X- @mcn* X- Jhs_ltq_* G- Dlnsn* D- Rghjng*
L- O- Cdkln* S- Rghmin* _mc L- Rghq_hrgh* Rdke,hmctbdc hmudqrd
rohm G_kk deedbs hm odql_kknx _s qnnl sdlodq_stqd* Ogxr- Qdu- A
78* 124206 ’1/03(-

Z08[ I- Bq_ldq* @- Qnrr* R- I_hrv_k* K- A_kcq_sh* Q- Kdaqtm*
_mc L- Jk©th* Nqhdms_shnm,cdodmcdms chqdbs _mc hmudqrd rohm
G_kk deedbsr hm Bn5/Ed1/A1/* Ogxr- Qdu- A 88* 0/3303
’1/08(-

Z1/[ S- Rdjh* R- Hhg_l_* S- S_mhftbgh* _mc J- S_j_m_rgh*
K_qfd rohm _mnl_kntr G_kk deedbs hm K0/,EdOs9 Rxlldsqx
_mc l_fmdshy_shnm rvhsbghmf* Ogxr- Qdu- A 0..* 033316
’1/08(-

Z10[ X- Jnhjd* R- Hhg_l_* _mc R- Lhytj_lh* Bnlonrhshnm cdodm,
cdmbd ne sgd rohm,_mnl_kntr G_kk deedbs hm _ edqqnl_fmdshb
EdflBn _kknx* Iom- I- @ook- Ogxr- 48* /8/8/6 ’1/1/(-

Z11[ J- R- C_r* I- Kht* A- I- u_m Vddr* _mc H- I- Udq_,L_qtm* De|bhdms
hmidbshnm _mc cdsdbshnm ne nts,ne,ok_md rohmr uh_ sgd _mnl_kntr
rohm G_kk deedbs hm odql_kknx m_mnvhqdr* M_mn Kdss- 07* 4522
’1/07(-

Z12[ J- R- C_r* V- X- Rbgndl_jdq* A- I- u_m Vddr* _mc H- I- Udq_,
L_qtm* Rohm hmidbshnm _mc cdsdbshnm uh_ sgd _mnl_kntr rohm G_kk
deedbs ne _ edqqnl_fmdshb lds_k* Ogxr- Qdu- A 85* 11/3/7’Q(
’1/06(-

Z13[ Y- Ygt* W- Ygdmf* F- Kh* G- A_h* I- Rt* X- Yg_mf* _mc I-,V-
B_h* Rsqnmf rohm nqhdms_shnm,cdodmcdms rohm btqqdms cheetrhnm
_mc hmudqrd rohm G_kk deedbs hm _ edqqnl_fmdshb lds_k* MOF @rh_
L_sdq 01* 01 ’1/1/(-

Z14[ S- Rdjh* X-,B- K_t* R- Hhg_l_* _mc J- S_j_m_rgh* Rohm,nqahs
snqptd hm _ Mh,Ed rhmfkd k_xdq* Ogxr- Qdu- A 0.3* /8332/
’1/10(-

Z15[ C- Sh_m* X- Kh* C- Pt* R- X- Gt_mf* W- Ihm* _mc B- K- Bghdm*
L_mhotk_shnm ne otqd rohm btqqdms hm edqqnl_fmdshb lds_kr
hmcdodmcdms ne l_fmdshy_shnm* Ogxr- Qdu- A 83* /1/3/2’Q(
’1/05(-

Z16[ @- X_fltq* R- Rtlh* G- @v_mn* _mc J- S_m_ad* K_qfd hmudqrd
rohm G_kk deedbs hm Bn,Sa _kknxr ctd sn rohm Rddadbj deedbs*
Ogxr- Qdu- @ook- 03* /53/14 ’1/1/(-

Z17[ R- U_qnssn* L- Bnrrds,Bgämd_t* B- Fqëydr* X- Et* O- V_qhm* @-
Aqdm_b* I-,E- I_bptns* R- F_la_qdkkh* B- Qhm_kch* U- A_ksy* I-,O-
@ss_mä* K- Uhk_* _mc O- Mnék* Hmcdodmcdmbd ne sgd hmudqrd rohm
G_kk deedbs vhsg sgd l_fmdshb og_rd hm sghm MhBt |klr* Ogxr-
Qdu- Kdss- 014* 1561/3 ’1/1/(-

Z18[ G- Bgdmf* X- V_mf* G- Gd* P- Gt_mf* _mc X- Kt* De|,
bhdms _mc sdlodq_stqd,hmcdodmcdms sdq_gdqsy dlhrrhnm eqnl

BnEdA.MhBt gdsdqnrsqtbstqdr* Ogxr- Qdu- A 0.4* 044030
’1/11(-

Z2/[ Y- Ygt* Q- Kht* X- Yg_mf* X- Kht* Y- Xt_m* _mc I- B_h* Bqnrrnudq
eqnl onrhshud sn mdf_shud rohm G_kk rhfm_k hm _ edqqnl_fmdshb
lds_k hmctbdc ax sgd l_fmdshy_shnm lnctk_sdc hmsdqe_bd deedbs*
@cu- Ogxr- Qdr- 1* 126//06 ’1/12(-

Z20[ F- Pt* J- M_j_ltq_* _mc L- G_x_rgh* L_fmdshy_shnm chqdbshnm
cdodmcdms rohm G_kk deedbs hm 2c edqqnl_fmdsr* Ogxr- Qdu- A
0.1* 03333/ ’1/1/(-

Z21[ B- Odshsid_m* C- Ktb* _mc W- V_hms_k* Tmh|dc cqhes,cheetrhnm
sgdnqx enq sq_mrudqrd rohm btqqdmsr hm rohm u_kudr* cnl_hm v_kkr*
_mc nsgdq sdwstqdc l_fmdsr* Ogxr- Qdu- Kdss- 0.8* 0061/3
’1/01(-

Z22[ L- Atsshjdq* Rxlldsqx ne dkdbsqhb_k bnmctbshnm* HAL I- Qdr-
Cdu- 21* 206 ’0877(-

Z23[ S- Jhltq_* X- Ns_mh* S- R_sn* R- S_j_g_rgh* _mc R- L_dj_v_*
Qnnl,sdlodq_stqd qdudqrhakd rohm G_kk deedbs* Ogxr- Qdu- Kdss-
87* 0455/0 ’1//6(-

Z24[ @- Aq_s__r* F- A_tdq* _mc O- Jdkkx* Mnm,bnkkhmd_q l_fmdsndkdb,
sqnmhbr* Ogxr- Qdo- 316* 046 ’1//5(-

Z25[ L- Bnrrds,Bgämd_t* K- Uhk_* F- Y_gmc* C- Ftr_jnu_* U- S-
Og_l* B- Fqëydr* W- V_hms_k* @- L_qsx* G- I_eeqër* _mc I-,O-
@ss_mä* Ld_rtqdldms ne sgd rohm _arnqoshnm _mhrnsqnox hm k_s,
dq_k rohm u_kudr* Ogxr- Qdu- Kdss- 015* /161/0 ’1/10(-

Z26[ E- I- Idcdl_* L- R- Mhiandq* @- S- Ehkho* _mc A- I- u_m Vddr*
Rohm hmidbshnm _mc rohm _bbtltk_shnm hm _kk,lds_k ldrnrbnohb
rohm u_kudr* Ogxr- Qdu- A 56* /74208 ’1//2(-

Z27[ H- H- L_yhm* Gnv sn cd|md _mc b_kbtk_sd sgd cdfqdd ne
rohm onk_qhy_shnm hm edqqnl_fmdsr* Ogxr- Qdu- Kdss- 72* 0316
’0888(-

Z28[ U- S- Og_l* L- Bnrrds,Bgämd_t* @- Aqdm_b* N- Antkkd* @-
L_qsx* I-,O- @ss_mä* _mc K- Uhk_* Duhcdmbd ne hmsdqe_bh_k _rxl,
ldsqhb rohm rb_ssdqhmf _s edqqnl_fmds,Os hmsdqe_bdr* Ogxr- Qdu-
A 0.2* K1/03/2 ’1/10(-

Z3/[ Rdd Rtookdldms_k L_sdqh_k _s gsso9..khmj-_or-nqf.rtookdldms_k.
0/-00/2.cw62,1ko5 enq _cchshnm_k ld_rtqdldmsr-

Z30[ O- Ctk_q* B- Fdty_hmd* E- Gdmqnssd* _mc V- Kdfqnr* @ fdmdq_k
dmuhqnmldms enq sgd sqd_sldms ne chrbqdsd oqnakdlr _mc hsr _o,
okhb_shnm sn sgd |mhsd dkdldms ldsgnc* HDDD Sq_mr- L_fm- 23*
2284 ’0887(-

Z31[ B- Fdty_hmd _mc I-,E- Qdl_bkd* Flrg9 @ 2,C |mhsd dkdldms
ldrg fdmdq_snq vhsg athks,hm oqd, _mc onrs,oqnbdrrhmf e_bhkhshdr*
Mtldq- Ldsg Dmf- 68* 02/8 ’1//8(-

Z32[ D- R_f_rs_* X- Nlnqh* L- Hr_r_* X- Ns_mh* K- D- Gtdrn* _mc
E- B_r_mnu_* Rohm cheetrhnm kdmfsg ne Odql_kknx trhmf rohm
_arnqoshnm hm k_sdq_k rohm u_kudr* @ook- Ogxr- Kdss- 000* /713/6
’1/06(-

Z33[ F- Y_gmc* K- Uhk_* S- U- Og_l* @- L_qsx* O- K_byjnvrjh* V-
R_udqn Snqqdr* B- Adhfmä* B- Udqfm_tc* L- I_lds* _mc I-,O-
@ss_mä* Bnlo_qhrnm ne sgd trd ne MhEd _mc BnEd _r dkdb,
sqncdr enq lds_kkhb k_sdq_k rohm u_kudr* M_mnsdbgmnk- 16* /241/0
’1/05(-

Z34[ F- D- V- A_tdq* X- Srdqjnumx_j* C- Gtdqs_r,Gdqm_mcn* _mc @-
Aq_s__r* Tmhudqr_k _mftk_q l_fmdsnqdrhrs_mbd _mc rohm snqptd hm
edqqnl_fmdshb.mnql_k lds_k gxaqhcr* Ogxr- Qdu- A 56* /83310
’1//2(-

Z35[ J- B_qu_ _mc H- Stqdj* Rohm,lhwhmf bnmctbs_mbdr ne sghm l_f,
mdshb |klr eqnl |qrs oqhmbhokdr* Ogxr- Qdu- A 65* 0/33/8
’1//6(-
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Z36[ V- R_udqn Snqqdr* U-,S- Og_l* F- Y_gmc* O- K_byjnvrjh* U-,C-
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