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R] l`Yfc l`] j]^]j]]k ^gj j]na]oaf_ gmj eYfmk[jahl* Yf\ ^gj l`]aj l`gm_`l^md [gee]flk Yf\

km__]klagfk, R] `Yn] j]nak]\ l`] eYfmk[jahl hgafl Zq hgafl Y[[gj\af_ lg l`]aj j][gee]f\Ylagfk,

?]dgo* o] j]hjg\m[] l`] j]^]j]] [gee]flk af ZdY[c* hjgna\] gmj Yfko]jk af Zdm]* Yf\ hj]k]fl l`]

[`Yf_]k eY\] lg l`] eYfmk[jahl af _j]]f,

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

M]hgjl g^ M]^]j]] #/ ++ J@KIIN+02+106/2

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

E]dame Ylgek Yj] h`glgagfar]\ Zq l`] `Yjegfa[ gj\]jk g^ Yf Yllgk][gf\ hmdk] ljYaf* af l`] hj]k]f[]

g^ Y kqf[`jgfar]\ af^jYj]\ Z]Ye, O`] caf]la[ ]f]j_q Yf\ Yf_mdYj \akljaZmlagf g^ l`] h`glg]d][ljgfk

Yj] j][gj\]\ Zq Y @KHOMFIN \]na[], >k l`] \]dYq Z]lo]]f l`] SPQ Yf\ JFM ^a]d\k ak nYja]\*

l`] afl]fkalq g^ l`] h`glg]d][ljgf Yf_mdYj \akljaZmlagfk [`Yf_]k, > eg\]d ZYk]\ gf l`] lae]+

\]h]f\]fl M+eYljap e]l`g\ k`gok _gg\ Y_j]]e]fl oal` l`] ]ph]jae]fl,

O`] eYfmk[jahl ak o]dd ojall]f Yf\ [d]Yj, F kmhhgjl l`] Y[[]hlYf[] g^ l`] eYfmk[jahl,

R] l`Yfc l`] j]^]j]] ^gj l`]aj kmeeYjq Yf\ caf\ j][g_falagf,

Nge] kh][a^a[ [gee]flk8

'/( Ff Ca_mj] 0]* l`] eYaf h`glg]d][ljgf h]Yck [gjj]khgf\af_ lg \aj][l /+h`glgf agfarYlagf \g fgl

Yhh]Yj, R`q \g]k l`] MIO eg\]d fgl hjg\m[] l`]k]=

R] Yj] l`Yfc^md ^gj l`] j]^]j]]&k nYdmYZd] [gee]flk,

O`] gja_afYd Ca_mj] 0] k`gok l`] ka_fYd [Yd[mdYl]\ mkaf_ gfdq l`] k* \ Yf\ _ hYjlaYd oYn]k ^jge

MIO* l`mk geallaf_ l`] eYaf h]Yck, R] `Yn] j]nak]\ l`ak ^a_mj] gf hY_] 4 Zq af[dm\af_ l`]

l`]gj]la[Yd eYaf+h]Yc ka_fYd lg Ynga\ [gf^mkagf,

Ca_mj] M/8 >llgk][gf\ h`glg]d][ljgf caf]la[ ]f]j_q kh][ljme, a Bph]jae]flYddq e]Ykmj]\

h`glg]d][ljgf caf]la[ ]f]j_q kh][ljme; k`Y\gok j]hj]k]fl l`] j]kmdlk g^ emdla+h]Yc DYmkkaYf



^allaf_, b >llgk][gf\+j]kgdn]\ h`glg]d][ljgf kh][ljme oal` Y JFM afl]fkalq g^ /,/ � /./0R-[e0, c,

d CCO Yehdalm\] kh][ljme Yf\ h`Yk] k`a^l \akljaZmlagfk, Ff d* Zdm] Yf\ l`] _j]]f \glk j]hj]k]fl

h`Yk] k`a^lk g^ 0�JFM Yf\ 2�JFM gk[addYlagfk* j]kh][lan]dq, e O`] _Yl]\ Yehdalm\] \akljaZmlagfk Yl

0�JFM 'Zdm] Yj]Y( Yf\ 2�JFM '_j]]f Yj]Y( gf Y ZYk]+/. dg_Yjal`ea[ k[Yd], f-j >k a-e* Zml ^gj MIO

kaemdYlagfk oal` Y JFM afl]fkalq g^ /,. � /./0R-[e0, Cmjl`]j YfYdqkak g^ hYjlaYd oYn] [gfljaZmlagfk

ak _an]f af l`] Nmhhd]e]flYjq Ff^gjeYlagf, 'O`ak ^a_mj] ak l`] kYe] Yk Ca_, 0 af l`] j]nak]\

eYfmk[jahl,(

'0( Ff Ca_mj] 0Y* F [Yffgl k]] l`] log ^j]im]f[a]k g^ N?/4 l`Yl Yj] ]na\]fl af Ca_mj] 0], T]l F l`afc

af Ca_mj] 0Z* l`] 2+ge]_Y h]Yc ak Yl Y dgo]j ^j]im]f[q l`Yf l`] 0+ge]_Y h]Yc, N`gmd\ F Z] YZd] lg

k]] l`] log h]Yck af 0Y= R`Yl ak l`] ka_fa^a[Yf[] g^ l`] 0+ge]_Y Yf\ 2+ge]_Y h]Yck Z]af_

Ykkg[aYl]\ oal` l`] 2h Yf\ 3h [`Yff]dk=

>k fgl]\* gmj MIO kaemdYlagf Yddgok mk lg [d]Yjdq j]kgdn] l`] 2h Yf\ 3h [gfljaZmlagfk, Ff

]ph]jae]flYd e]Ykmj]e]flk* `go]n]j* l`] \aklaf[lagf Z]lo]]f 2h Yf\ 3h [`Yff]dk ak daeal]\ Zq

l`] caf]la[ ]f]j_q j]kgdmlagf, A]khal] l`ak* l`] \]dYq+Yn]jY_]\ h`glg]d][ljgf caf]la[ ]f]j_q

kh][ljme '^jge l`] ]ph]jae]fl( Yf\ l`] 0@ h`Yk] k`a^lk Y[jgkk N?/4 k`go Y [d]Yj ka_fYlmj] g^ l`]

log Mq\Z]j_ klYl]k, Og [d]Yjdq \akhdYq l`ak j]kmdl* o] `Yn] eg\a^a]\ Ca_, 0 Zq Y\\af_ l`]

h`glg]d][ljgf caf]la[ ]f]j_q kh][ljme 'Ca_, M/Y( Yf\ Y {rgge+af| 'Ca_, M/\( g^ l`] ]ph]jae]flYd

0@ h`Yk] k`a^lk Y[jgkk N?/4* Yk k`gof af Ca_, M/,

O`] ^gddgoaf_ k]fl]f[] `Yk Z]]f Y\\]\ af l`] k][gf\ hYjY_jYh` gf hY_] 38

{O`ak \gmZd] h]Yc kljm[lmj] ak nakaZd] af l`] l`]gj]la[Yd j]kmdlk af Ca_, 0_ Zml ak gZk[mj]\ Zq l`]

j]dYlan]dq dgo]j caf]la[ ]f]j_q j]kgdmlagf af l`] ]ph]jae]flYd kh][ljY af Ca_, 0Z, Ego]n]j* l`]

afl]j^]j]f[] Ydkg eg\a^a]k l`] h`Yk] g^ l`] j]kmdlaf_ 0�JFM gk[addYlagf* j]n]Ydaf_ l`] ka_fYlmj] g^

h`glgagfarYlagf ^jge l`] \gmZd] Mq\Z]j_ klYl]k o`a[` [Yf Z] k]]f Zgl` af l`] afk]l af Ca_, 0\ Yf\

af Ca_, 0a UM]^, 15* M]^, 2.* M]^, 2/V,|

R] a\]fla^q l`] 2h+ Yf\ 3h+Mq\Z]j_ klYl]k aehjaflk af N?/4 ^jge l`] h]Yck af l`] .@ 'a,], \]dYq+

Yn]jY_]\( kh][ljme* 'k`gof af Ca_ M/ a Yf\ f(* o`a[` Yda_f [dgk]dq oal` l`] h]Yck af l`] 0@
kh][ljme, Ego]n]j* l`] 2@ gk[addYlagfk af N?/4 j]kmdl]\ ^jge l`] afl]j^]j]f[] Z]lo]]f 'EE/1 )

1JFM( Yf\ 'EE/5 + /JFM(* Yf\ Z]lo]]f 'EE/3 ) /JFM( Yf\ 'EE/7 + 1JFM(, O`mk* al af[dm\]k

l`] [gmhd]\ [gfljaZmlagfk fgl gfdq ^jge l`] 2h Yf\ 3h Zml Ydkg l`] f^+Mq\Z]j_ klYl]k, >k l`]

j]^]j]] fgl]k* l`] 2@ kh][ljme Yhh]Yjk kda_`ldq k`a^l]\ af caf]la[ ]f]j_q ^jge l`] ]ph]jae]flYd

e]Ykmj]e]flk, R] `Yn] fgl Z]]f YZd] lg [gf^a\]fldq a\]fla^q l`] gja_af g^ l`ak k`a^l* Zml o] Z]da]n]

al oYjjYflk ^mjl`]j klm\q af Y ^mlmj] afn]kla_Ylagf,

R`ad] l`] MIO j]kmdlk j]kgdn] l`] 2h Yf\ 3h [gfljaZmlagfk ]n]f af l`] h`glg]d][ljgf qa]d\* l`]

eYaf ]na\]f[] ^gj l`]aj \aklaf[l [gfljaZmlagfk af l`] ]ph]jae]flYd \YlY [ge]k ^jge l`] \a^^]j]fl

Yf_mdYj \akljaZmlagfk g^ l`] 0� h`Yk] k`a^lk, O`]k] j]kmdlk l`mk hjgna\] \aj][l ]na\]f[] l`Yl l`]

ljYfkalagf Yehdalm\]k Yf\ h`Yk]k g^ Zgmf\+[gflafmme ljYfkalagfk \]h]f\ gf l`] afl]je]\aYl]

Mq\Z]j_ klYl]k,

O`] ^gddgoaf_ k]fl]f[] oYk Y\\]\ af l`] ^ajkl hYjY_jYh` gf hY_] /.8



{I]Yfo`ad]* l`] \a^^]j]fl Yf_mdYj kljm[lmj] g^ =y+'(
\*

Yf\ =y+'(
]*

\]egfkljYl]k l`Yl l`] ljYfkalagf

Yehdalm\] Yf\ h`Yk] g^ l`] Zgmf\+[gflafmme ljYfkalagf ak \]h]f\]fl gf l`] kh][a^a[ Mq\Z]j_

klYl]k,|

'1( IYq]j ]l Yd, 'G L`qk ? 31* /42..1 '0.0.(( j]hgjl kaeadYj ]ph]jae]flk mkaf_ Y QIF afkl]Y\ g^

Y @KHOMFIN* Zml mk] Y `a_`]j FM afl]fkalq l`Yf af l`] hj]k]fl eYfmk[jahl, O`]q k`go kaeadYj

emdlah`glgf hYl`oYqk ^jge l`] `a_`+dqaf_ klYl]k g^ `]dame lg l`] [gflafmme, Ld]Yk] [gee]fl gf

`go l`] MIO eg\]d [gehYj]k oal` l`] OANB eg\]d g^ IYq]j,

O`] [Yd[mdYlagfk Yj] l`] kYe] Yl l`] ^mf\Ye]flYd d]n]d* Yf\ o] ]ph][l l`Yl l`] afka_`lk af l`ak

hYjla[mdYj [Yk] ogmd\ Z] l`] kYe], MIO ak egj] ^d]paZd]8 Imdd]j~k OANB [g\] ak kh][a^a[ lg `]dame

Yf\ mk]k l`] kaf_d] Y[lan] ]d][ljgf YhhjgpaeYlagf gf Y 0A _ja\* o`]j]Yk MIO [Yf Z] Yhhda]\ lg

_]f]jYd emdla]d][ljgf Ylgek Yf\ egd][md]k, O`] MIO YhhjgY[` mk]k Y ZYkak+k]l YhhjgY[` af l`]

aff]j j]_agf, O`ak ZYkak+k]l YhhjgY[` eYc]k al ]Ykq lg k`a^l l`] _jgmf\+klYl] ]f]j_q lg l`]

]ph]jae]flYd hgkalagf,

> j]^]j]f[] lg l`] IYq]j ]l Yd, hYh]j `Yk Z]]f Y\\]\ aflg l`] j]nak]\ eYfmk[jahl Yk UM]^, 3/V,

'2( >f af+kalm l][`faim] [Yf Ydkg Z] mk]\ lg e]Ykmj] l`] Yllg+[`ajh g^ Y hmdk], Cgj Y `a_`]j

h]jlmjZaf_ afl]fkalq* l`] ka\]ZYf\k Yf\ eYaf ZYf\k fg dgf_]j gk[addYl] ]pY[ldq gml g^ h`Yk], Ff l`]

hj]k]fl ]ph]jae]fl Yl `a_`]j JFM afl]fkalq* oYk l`]j] Yfq ]na\]f[] l`Yl l`] ka\]ZYf\k Yf\ eYaf

ZYf\k Yj] fgl gml g^ h`Yk]= Cgj ]pYehd]* Ca_mj] 2Z k`gok Y h`Yk] k`a^l Yl 7. \]_j]]k l`Yl ak _j]Yl]j

l`Yf ha* Yf\ d]kk l`Yf ha af Ca_mj] 2^,

Ca_mj] M08 Bph]jae]flYd h`glg]d][ljgf caf]la[ ]f]j_q kh][ljY Yf\ Z@ h`Yk] k`a^lk, a Bph]jae]flYd

j]kmdlk ^gj N?/4, b Bph]jae]flYd j]kmdlk ^gj I?/5, c MIO j]kmdlk ^gj N?/4, d MIO j]kmdlk ^gj

I?/5,



R] l`Yfc l`] j]^]j]] ^gj l`]aj [gfkljm[lan] a\]Yk, F^ o] mf\]jklYf\ l`] j]^]j]]~k a\]Y [gjj][ldq* l`]q

hgafl gml l`Yl l`] h`Yk] g^ l`] 0� ka_fYd af N?/4 ]f[g\]k l`] h`Yk] \a^^]j]f[]k g^ agfarYlagf hYl`k

naY l`] EE/3 Yf\ EE/5 `Yjegfa[k* l`Yl l`]k] \a^^]j]f[]k Yj] kaeadYjdq ]f[g\]\ af EE/5* Zml '\m]

lg l`] afl]j^]j]f[] fgo Z]af_ Z]lo]]f /+ % 1+h`glgf hYl`k jYl`]j l`Yf 0+ % 0+h`glgf hYl`k af l`]

ka\]ZYf\( Yf Y\\alagfYd { h`Yk] k`a^l ak af\m[]\,

R`ad] l`ak ak l`] [Yk]* l`] 0� ka_fYd af EE/5 Ydkg af[dm\]k [gfljaZmlagf ^jge EE/5+EE/7

afl]j^]j]f[] Yf\ l`mk o] ogmd\ ]ph][l l`] EE/5 0� h`Yk] lg \]naYl] Y dalld] ^jge l`] '{ k`a^l]\(

N?/4 0� h`Yk], O`ak ak \ak[mkk]\ af egj] \]lYad af Aj]k[`]j 0.00 'AKF8

/.,//.1-L`qkM]n>,/.3,H.///./( Yf\ ?`Yjla 0.0/ 'AKF8 /.,//.1-L`qkM]n>,/.1,.00612(,

> \]janYlagf `Yk Z]]f Y\\]\ lg l`] hY_] 6 g^ l`] Nmhhd]e]flYjq Ff^gjeYlagf lg \]egfkljYl] `go

Y eYaf+ZYf\~k lglYd 0� h`Yk] eYq Z] [gfkljm[l]\ ^jge alk afl]j^]j]f[]k oal` l`] `a_`]j Yf\ dgo]j

eYaf ZYf\k* Yf\ o] fgl] l`Yl l`] JFM afl]fkalq \]h]f\]f[] g^ l`ak Z]`Ynagj oadd Z] ]phdgj]\ af

em[` _j]Yl]j \]lYad af Y hdYff]\ ^gddgo+mh eYfmk[jahl,

I]Ykmjaf_ l`] caf]la[ ]f]j_q j]kgdn]\ EE/5 0� h`Yk] Yf\ [gehYjaf_ al oal` l`] N?/4 0� h`Yk]

'k`gof af Ca_mj] M0 YZgn]9 hYf]dk Y(* Z( k`goaf_ ]ph]jae]flYd j]kmdlk Yf\ [(* \( k`goaf_ MIO

kaemdYlagf j]kmdlk(* o] gZk]jn] kljgf_ imYdalYlan] kaeadYjalq af l`] k`Yh] g^ l`] ]f[g\]\ h`Yk]k*

oal` Y +.,7{ k`a^l* [dgk] lg l`] � h`Yk] k`a^l l`] j]^]j]] km__]klk,

Ca_mj] 2 af l`] j]nak]\ eYfmk[jahl \akhdYqk l`] =y+'(
$">® oal` j]kh][l lg =y+'(

$"> ¬ Xz® ^gj

N?/4'2h(* N?/4'3h( Yf\ N?/6, O`] \a^^]j]fl Yf_mdYj kljm[lmj] gja_afYl]k ^jge l`] hYjlaYd oYn]

afl]j^]j]f[] Yegf_ k* \* _ Yf\ ]n]f a oYn]k oal` \a^^]j]fl hYjlaYd oYn] hjghgjlagfk Yf\ j]dYlan]

h`Yk] k`a^lk,

'3( Kf hY_] 7* {O`] L>A ]f[g\]k l`] afl]j^]j]f[] Z]lo]]f l`] af\ana\mYd hYjlaYd oYn]k|, O`]

h`Yk]k k`gof af Ca_mj] 2 Yj] l`] SPQ+JFM \]dYq h`Yk]k* fgl l`] hYjlaYd oYn] h`Yk]k, Ag]k l`]

SPQ+JFM \]dYq k[Yf Yddgo gf] lg \]l]jeaf] l`] j]dYlan] h`glgagfarYlagf h`Yk]k g^ l`] nYjagmk

hYjlaYd oYn]k* ZYk]\ gf l`] kh`]ja[Yd `Yjegfa[ \][gehgkalagf=

R] l`Yfc l`] j]^]j]] ^gj l`ak l`gm_`l^md a\]Y, Ff hjaf[ahd]* gf] [Yf j][gfkljm[l l`] hYjlaYd oYn]

Yehdalm\]k Yf\ h`Yk]k Zq ^allaf_ l`] L>Ak Yf\ l`] ]eakkagf Yf_d] j]kgdn]\ h`Yk] k`a^lk* hjgna\]\

qgm `Yn] km^^a[a]fldq j]kgdmlagf af l`] L>Ak lg ]daeafYl] mfcfgof hYjYe]l]jk af l`] kh`]ja[Yd

`Yjegfa[ ]phYfkagfk, Ff hj]nagmk ogjck* o] Y[[gehdak`]\ l`ak mkaf_ \a^^]j]fl j]dYlan] hgdYjarYlagf

Yf_d]k Z]lo]]f l`] JFM Yf\ SPQ+>LO ^a]d\k, R] \a\ Yll]ehl l`] j][gfkljm[lagf af Yf ]Yjda]j

n]jkagf g^ l`] [mjj]fl ogjc* Zml al oYk ^gmf\ l`Yl l`] ^allaf_ oYk af[j]\aZdq k]fkalan] lg l`] keYdd

Yehdalm\] l]jek af l`] ]phYfkagf g^ l`] kh`]ja[Yd `Yjegfa[k* Yf\ l`] h`Yk] nYdm]k o] j][gn]j]\

o]j] l`mk mfj]daYZd], O`] YfYdqkak g^ l`] � hYjYe]l]jk* Zq [gfljYkl* ak n]jq jgZmkl Zml [ge]k Yl l`]

[gkl g^ }eapaf_~ l`] afl]j^]j]f[] l]jek,

O`] ^gddgoaf_ k]fl]f[] `Yk Z]]f Y\\]\ aflg hY_] 3 af l`] j]nak]\ Nmhhd]e]flYjq Ff^gjeYlagf8

{Ff l`] _]f]jYd M>??FOO e]Ykmj]e]flk oal`af l`] h]jlmjZYlan] j]_ae]* l`] hYjlaYd+oYn] j]kgdn]\

log+h`glgf h`Yk] k`a^lk Yf\ hjghgjlagfk [Yf Z] j][gfkljm[l]\ Zq ^allaf_ l`] L>Ak Yf\ l`]

]eakkagf+Yf_d] j]kgdn]\ h`Yk] k`a^l \akljaZmlagfk ZYk]\ gf l`] kh`]ja[Yd `Yjegfa[k UM]^, 5 Yf\ M]^,

6V, Ego]n]j* Yk l`] ^]o+h`glgf ljYfkalagfk Yj] afngdn]\* l`ak caf\ g^ ^allaf_ ak mfklYZd] \m] lg l`]



lafq Yegmfl g^ l`] `a_`+gj\]j hYjlaYd oYn]k* _.+Yf\ a.+oYn]k `]j]* l`mk Y\\af_ l`] mf[]jlYaflq g^

l`] j][gfkljm[l]\ h`Yk] k`a^lk, Ff l`ak [Yk]* l`] `]l]jg\qf] YfYdqkak g^ Yfakgljghq hYjYe]l]jk k]jn]k

Yk Y k]fkalan] lggd lg \]l][l l`] hYjla[ahYlagf g^ `a_`+gj\]j hYjlaYd oYn]k,|

'4( RYk l`] ^allaf_ lg kh`]ja[Yd `Yjegfa[k \gf] oal` l`] ^mdd 1A h`glg]d][ljgf Yf_mdYj \akljaZmlagf*

gj oYk al ^dYll]f]\ aflg Y 0A jaf_ Yf\ ^al oal` H]_]f\j] hgdqfgeaYdk= Ag]k l`] l`aj\ \ae]fkagf

[gflYaf Yfq af^gjeYlagf l`Yl ak fgl ^gmf\ oal` QIF \]l][lagf=

R] mk] l`] ^dYll]f]\* 0A kh][ljY ^gj l`] ^allaf_ g^ e]Ykmj]\ ]ph]jae]flYd \YlY,

Ff kaemdYlagf* o] ]nYdmYl] Y 0A }kda[]~ g^ l`] ^mdd 1A Yf_mdYj \akljaZmlagf Yl �-0 jY\aYfk gf l`]

Yraeml`Yd Ypak, Ff l`] ]ph]jae]fl* l`] ^mdd 1A Yf_mdYj \akljaZmlagf oYk j][gj\]\* Yf\ Y kaeadYj 0A

kda[] oYk mk]\ af l`] ^allaf_ hjg[]\mj], R] \]^af] Yf Yf_d] �p ; Yj[kaf'h]p-h]( Yf\ [`ggk] l`]

h`glg]d][ljgfk o`a[` kYlak^q l`] [gf\alagf oal` t�pt:1.w,

O`] mk] g^ l`] 0A kda[]k Yddgo]\ ^gj \aj][l hjgb][lagf gflg H]_]f\j] hgdqfgeaYdk jYl`]j l`Yf ^mdd

kh`]ja[Yd `Yjegfa[k* kaehda^qaf_ l`] YfYdqkak hjg[]\mj], >k daf]Yj hYjYdd]d hgdYjar]\ dYk]j ^a]d\k

o]j] mk]\ af l`ak afn]kla_Ylagf* l`]j] k`gmd\ Z] fg h`glgfk oal` Yf_mdYj ege]flY g^ y/ YnYadYZd]

lg hghmdYl] fgf+r]jg eY_f]la[ kmZd]n]dk, Ff l`ak [Yk]* l`] 1A Yf_mdYj \akljaZmlagfk k`gmd\ Z]

Yraeml`Yddq kqee]lja[ Yf\ o] k`gmd\ dgk] fg af^gjeYlagf Zq [gfka\]jaf_ gfdq l`] 0A kda[]k, Ff

j][]fldq hmZdak`]\ nYjaYlagfk g^ M>??FOO* km[` Yk R, GaYf_ ]l Yd, 'AKF8/.,/.16-k2/245+.00+

10531+6( af 0.00 Yf\ I, EYf ]l Yd, 'AKF8/.,/.16-k2/345+.00+./610+2( af 0.02* l`ak Yraeml`Yd

kqee]ljq ak dgkl Yf\ ^allaf_ g^ l`] ^mdd 1A Yf_mdYj \akljaZmlagf lg kh`]ja[Yd `Yjegfa[k ogmd\ Z]

j]imaj]\ ^gj Y kaeadYj YfYdqkak, Ego]n]j* l`ak ogmd\ []jlYafdq Z] Y[`a]nYZd] Yk Yf ]pl]fkagf g^ gmj

hjghgk]\ `]l]jg\qf] \]l][lagf e]l`g\* Yf\ o] `gh] l`ak hYh]j afkhaj]k km[` Yf YhhjgY[`,

'5( O`] \a^^]j]fl hYl`oYqk lg N?/4 addmkljYl]\ af Ca_mj] / afngdn] agfarYlagf oal` \a^^]j]fl

`Yjegfa[ gj\]jk, Cgj ]pYehd]* N?/4 [Yf Z] j]Y[`]\ ^jge l`] 2h Yf\ 3h Zgmf\ klYl]k* gj ^jge

EE/5* gj ^jge EE/7, O`] [gflafmme+[gflafmme [gmhdaf_ oadd Z] \a^^]j]fl ^gj ]Y[` g^ l`]k]

[`Yff]dk, Fk l`ak ka_fa^a[Yfl=

R] l`Yfc l`] j]^]j]] ^gj l`]aj l`gm_`l^md a\]Y, O`] [gflafmme+[gflafmme [gmhdaf_ ak \a^^]j]fl af

]Y[` g^ l`]k] [`Yff]dk, >f ]^^a[a]fl Ykqehlgla[ YhhjgpaeYlagf ^Yj Z]qgf\ l`] f]Yj+l`j]k`gd\

agfarYlagf oYk hjghgk]\ Zq G, I, AY`dkljve af 0./1 'AKF8 /.,/./4-b,[`]eh`qk,0./0,./,./5( lg

kaehda^q l`] mf\]jklYf\af_ g^ l`]k] [gmhdaf_k* o`]j] l`] YZkgdml] @@ h`Yk] ^gj YZkgjhlagf Yf\

]eakkagf hYl`oYqk ak a\]fla[Yd, Cmjl`]j ]ph]jae]flYd ogjc Zq G, Cm[`k ]l Yd, af 0.0. 'AKF8

/.,/142-KLOF@>,156417( \]egfkljYl]\ l`Yl l`] @@ h`Yk] ak Ydkg \]h]f\]fl gf l`] Yf_mdYj

ege]flY, Ego]n]j* l`]k] j]kmdlk o]j] Ydd ^g[mk]\ gf h`glg]d][ljgfk oal` Y caf]la[ ]f]j_q YZgn]

2 ]Q, Ff gmj eYfmk[jahl* l`]k] [`Yff]d+j]kgdn]\ [gflafmme+[gflafmme [gmhdaf_k af f]Yj+l`j]k`gd\

agfarYlagf Yf\ l`] Zgmf\+ljYfkalagfk ^jge Mq\Z]j_ klYl]k Yj] afljafka[Yddq Y[[gmfl]\ ^gj Zgl` l`]

MIO ab initio kaemdYlagfk Yf\ ]ph]jae]flYd e]Ykmj]e]flk, O`mk* o] Z]da]n] l`Yl l`] _gg\

Y_j]]e]fl Z]lo]]f ]ph]jae]flYd j]kmdlk Yf\ l`]gj]la[Yd kaemdYlagfk hjgn]k l`Yl gmj l`]gj]la[Yd

eg\]d eYq Z] Y mk]^md lggd ^gj ^mjl`]j afn]kla_Ylagf aflg l`] [`Yff]d+j]kgdn]\ @@ [gmhdaf_k,

'6( Ca_mj] / j]^]jk lg Y {_j]q k`Y\go|, Fl dggck dac] Y hafc k`Y\go lg e],



R] Yj] _jYl]^md ^gj l`] km__]klagf,

Ca_mj] / `Yk Z]]f j]nak]\ Yk l`] ^gddgoaf_ Ca_, M1* l`] {k`Y\go| ak j]egn]\ lg Ynga\ [gf^mkagf,

Ca_mj] M18 N[`]eYla[ \aY_jYe g^ l`] Yllgk][gf\ [gaf[a\]f[] afl]j^]jge]l]j, a Bph]jae]flYd

[gf^a_mjYlagf, b OjYfkalagf eYh g^ h`glgagfarYlagf af `]dame Ylgek, Ff l`] log+h`glgf j]_ae]* l`]

afl]j^]j]f[] Z]lo]]f EE'0i+/( Yf\ EE'0i)/( hYl`oYqk naY YZkgjhlagf Yf\ ]eakkagf g^ gf] JFM

h`glgf d]Y\k lg Y 0@��� gk[addYlagf af l`] qa]d\k g^ N?'0i(, Bpl]f\af_ aflg l`] ^gmj+h`glgf j]_ae]* l`]

afl]j^]j]f[] Z]lo]]f 'EE'0i+1()1JFM( Yf\ 'EE'0i+/()JFM( hYl`oYqk* 'EE'0i+/()JFM( Yf\

'EE'0i)/(+JFM( hYl`oYqk* 'EE'0i)/(+JFM( Yf\ 'EE'0i)1(+1JFM( hYl`oYqk Ydkg [gfljaZml] lg l`]

0@��� gk[addYlagfk* o`]j] l`] hdmk 'eafmk( kqeZgd j]hj]k]flk l`] YZkgjhlagf ']eakkagf( g^ JFM h`glgfk,

O`] Y\\alagfYd 2@��� gk[addYlagfk Yjak] ^jge l`] ^gmj+h`glgf+ljYfkalagf+af\m[]\ afl]j^]j]f[] Z]lo]]f

'EE'0i+1()1JFM( Yf\ 'EE'0i)/(+JFM(* gj 'EE'0i+/()JFM( Yf\ 'EE'0i)1(+1JFM( hYl`oYqk, 'l`]

kYe] Yk Ca_, / gf hY_] 1 af l`] j]nak]\ eYafl]pl,(

'7( O`] oYn]d]f_l` g^ l`] eYaf dYk]j '553 fe( k`gmd\ Z] af[dm\]\ gf hY_] 2,

O`] oYn]d]f_l` `Yk Z]]f Y\\]\ gf hY_] 2 af l`] j]nak]\ eYaf l]pl,
{>k addmkljYl]\ af Ca_, /Y* l`] ]ph]jae]flYd e]Ykmj]e]flk o]j] h]j^gje]\ mkaf_ Yf Yllgk][gf\

[gaf[a\]f[] afl]j^]jge]l]jz ZYk]\ gf Y f]Yj+af^jYj]\ 553 fe ^]elgk][gf\ dYk]j hmdk]z oal` Y `a_`

ege]flme j]kgdmlagf ^gj h`glg]d][ljgf caf]la[ ]f]j_q Z]dgo 5 ]Q,|

'/.( Ca_mj] 0\* l`] q+Ypak ak d_'>(* Yf\ ak [Ydd]\ {dg_Yjal`ea[| af l`] [Yhlagf, Ld]Yk] [dYja^q a^ l`ak

ak l`] fYlmjYd dg_Yjal`e gj ZYk]+/.,

R] l`Yfc l`] j]^]j]] ^gj l`]aj caf\ Y\na[]* Yf\ l`ak `Yk Z]]f [dYja^a]\ gf hY_] 4,

{] O`] _Yl]\ Yehdalm\] \akljaZmlagfk Yl 0�JFM 'Zdm] Yj]Y( Yf\ 2�JFM '_j]]f Yj]Y( gf Y ZYk]+/.

dg_Yjal`ea[ k[Yd],|
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O`] eYfmk[jahl "E]l]jg\qf] YfYdqkak g^ `a_`+gj\]j hYjlaYd oYn]k af Yllgk][gf\ h`glgagfarYlagf g^

E]dame" Zq R, GaYf_ ]l Yd, \]egfkljYl]k l`Yl Yf_d]+j]kgdn]\ h`Yk] k`a^lk gZlYaf]\ af Y M>??FOO

]ph]jae]fl gf E] Yj] Y k]fkalan] hjgZ] ^gj l`] [gfljaZmlagf g^ `a_`+gj\]j hYjlaYd oYn]k Z][Ymk] g^

emdla+h`glgf ljYfkalagfk, O`] h`Yk]k 'Yf\ h`glgagfarYlagf lae] \]dYqk( ]pljY[l]\ ^jge M>??FOO

]ph]jae]flk [gmd\ Z] ^Ydka^a]\ a^ l`] klja[l log+h`glgf ljYfkalagf k[`]e] g^ M>??FOO ak fgl c]hl,

O`] hjghgk]\ `]l]jg\qf] YfYdqkak lYcaf_ Y\nYflY_] g^ Yf_mdYjdq+j]kgdn]\ h`glg]d][ljgf \]l][lagf

k`gok Y [d]n]j YhhjgY[` Z]qgf\ Y kaehd] CCO YfYdqkak lg \]l][l gk[addYlagfk oal` Y ^j]im]f[q g^

2� `go lg n]ja^q a^ ^]o+h`glgf ljYfkalagfk hdYq Y jgd],

O`] eYfmk[jahl ak o]dd ojall]f* l`] hj]k]fl]\ ]ph]jae]flYd Yf\ [gehml]\ \YlY ak g^ `a_` imYdalq

Yf\ l`] YfYdqkak e]l`g\gdg_q ak km^^a[a]fldq o]dd ]phdYaf]\ lg Z] YZd] lg j]hjg\m[] l`ak ogjc, O`]

[gf[dmkagfk \jYof ^jge l`] ]ph]jae]flYd Yf\ l`]gj]la[Yd j]kmdlk Yj] hj]k]fl]\ af Y [gfnaf[af_ oYq,

Iq j][gee]f\Ylagf ak lg Y[[]hl l`ak eYfmk[jahl ^gj hmZda[Ylagf af JYlmj] @geemfa[Ylagfk,

R] l`Yfc l`] j]^]j]] ^gj l`]aj caf\ [gee]fl Yf\ j][g_falagf,

Ego]n]j* F `Yn] kge] j]eYjck-im]klagfk gf l`] eYfmk[jahl8

/( Ca_mj] /Z ak n]jq \]fk] af af^gjeYlagf, Bkh][aYddq l`] e]Yfaf_ g^ l`] Zdm] Yf\ _j]]f k`Y\gok

^gj l`] 0� Yf\ 2� gk[addYlagfk Yj] fgl j]Yddq [d]Yj ^gj e], O`] gja_af g^ l`] log lqh]k g^ gk[addYlagfk

'a,], o`a[` ZYf\k Yj] hYjla[ahYlaf_( ak o]dd ]phdYaf]\ af l`] eYfmk[jahl* Zml ]al`]j Y ^mjl`]j

]phdYfYlagf* ],_,* af l`] ^a_mj] [Yhlagf* ak f][]kkYjq -gj* kaf[] F \gf&l `Yn] l`] ^]]daf_ l`Yl F Ye

eakkaf_ af^gjeYlagf* l`]k] k`Y\gok Yj] mff][]kkYjq ^gj l`] [gehj]`]fkagf g^ l`] ]ph]jae]fl Yf\

ea_`l Z][ge] [gf^mkaf_ 'Yk ^gj e](,

R] l`Yfc l`] j]^]j]] ^gj l`] caf\ km__]klagfk, Ca_, / gf hY_] 1 `Yk Z]]f eg\a^a]\ lg j]egn] Ydd

k`Y\gok* Yf\ \]lYad]\ \]k[jahlagfk g^ l`] 0� Yf\ 2� gk[addYlagfk `Yk Z]]f Y\\]\ lg l`] [Yhlagf,

O`] ^a_mj] Yf\ [Yhlagf Yj] j]hjg\m[]\ Yk Ca_ M/ YZgn] ^gj [gfn]fa]f[],

0( Kf hY_] 4* k][gf\ hYjY_jYh`* al ak klYl]\ l`Yl l`] [gfljaZmlagfk g^ l`] afl]j^]j]f[]k Y( Yf\ Z( Yj]

g^ kaeadYj eY_falm\], Fk l`ak l`] [Yk] Z][Ymk] l`] afl]fkalq g^ EE'0i+/(* EE'0i)1(* EE'0i+1(*

EE'0i)/( ak ]al`]j ^dYl gj kqee]lja[= Ff Ca_, 0Y al k]]ek l`Yl E/5 Yf\ E/7 `Yn] imal] \a^^]j]fl

afl]fkala]k, Ego \g]k ak l`] afl]fkalq g^ E/3 Yf\ E0/ 'a^ o] dggc Yl N?/6(=

R] l`Yfc l`] j]^]j]] ^gj l`]aj [Yj]^md j]na]o, O`] ]ph]jae]flYd Yf\ l`]gj]la[Yd h`glgf ]f]j_q

kh][ljY Yj] k`gof af Ca_, M2, O`] ]ph]jae]flYd kh][ljme ak j][gfkljm[l]\ Zq k`a^laf_ l`]

h`glg]d][ljgf caf]la[ ]f]j_q kh][ljme g^ f]gf Ylgek oal` alk agfarYlagf hgl]flaYd* Yf\ l`] j]dYlan]

afl]fkalq g^ `Yjegfa[ [geZk ak ^mjl`]j [YdaZjYl]\ mkaf_ l`] gf]+h`glgf+agfar]\ [jgkk+k][lagf, Ff

gmj kaemdYlagfk* l`] SPQ kh][ljme ak af\]]\ 'Zq [gfkljm[lagf( kqee]lja[ YZgml EE/3 'a,],

EE'0i+/( af l`ak k][lagf g^ l`] eYfmk[jahl(* Yk k`gof af Ca_, M2Z Z]dgo, Ff gmj kaemdYlagfk* o]

mk] Yf Yllgk][gf\ hmdk] ljYaf [gehjakaf_ 7 ^mdd+klj]f_l` Yllgk][gf\ Zmjklk* km[` l`Yl l`]

EE/1'EE/5( klj]f_l` ak 42$ g^ EE/3 Yf\ EE//'EE/7( ak /4$,



R`ad] l`ak j]kmdlk af EE/3+EE/7 afl]j^]j]f[] Yf\ EE/1+EE/5 afl]j^]j]f[] [gfljaZmlaf_ af Y /80

jYlag* gmj [dYae l`Yl l`] log kgmj[]k [gfljaZml] oal` kaeadYj eY_falm\]k ak oal`af l`] [gfl]pl g^

l`] gn]jYdd 2� ka_fYd [gfljaZmlaf_ Yjgmf\ log gj\]jk g^ eY_falm\]k d]kk l`Yf l`] eYaf 0� ka_fYd,

Fl `Yk fgl Z]]f hgkkaZd] lg Y[[mjYl]dq j]kgdn] l`] klj]f_l` g^ EE/1 af l`] ]ph]jae]fl* hj]n]flaf_

Y kaeadYj [gehYjakgf g^ l`] EE/3+EE/7 Yf\ EE/1+EE/5 [gfljaZmlagfk* Zml o] ]ph][l o] ogmd\

gZlYaf Y kaeadYj jYlag, O`] mk] g^ Y dgf_]j Yllgk][gf\ hmdk] ljYaf ogmd\ [Ymk] l`] j]dYlan]

[gfljaZmlagfk g^ l`] log kgmj[]k lg [gfn]j_] ^mjl`]j, Ral`af N?/6* l`] eYaf log kgmj[]k g^ 2�

ka_fYdk Yj] EE/5+EE0/ afl]j^]j]f[] Yf\ EE/3+EE/7 afl]j^]j]f[]* o`a[` [gfljaZml] lg Y /8/7

jYlag,

Og [dYja^q l`ak [gf^mkagf* o] eg\a^a]\ l`] k]fl]f[] af l`] dYkl hYjY_jYh` gf hY_] 3 Yk ^gddgok8

{Igkl fglYZdq* l`] 2�JFM qa]d\ [gflYafk [gfljaZmlagfk g^ ^jge Y( afl]j^]j]f[] Z]lo]]f agfarYlagf

hYl`k 'EE'0i+/( ) /( Yf\ 'EE'0i)1( +1(* Yf\ Z( afl]j^]j]f[] Z]lo]]f 'EE'0i+1( ) 1( Yf\

'EE'0i)/( + /( o`]j] l`] hdmk 'eafmk( kqeZgd j]hj]k]flk YZkgjhlagf ']eakkagf( g^ JFM h`glgfk,|

Ca_mj] M28 SPQ kh][ljY, a Bph]jae]flYd kh][ljme [YdaZjYl]\ ^jge l`] h`glg]d][ljgf ]f]j_q 'LB(

kh][ljme g^ f]gf Ylgek, O`] _j]]f \glk j]hj]k]fl l`] gja_afYd gf]+h`glgf+agfar]\ LB kh][ljme g^

f]gf k`a^l]\ Zq alk agfarYlagf hgl]flaYd, O`] Zdm] daf] k`gok l`] ]ph]jae]flYd SPQ kh][ljme

[YdaZjYl]\ mkaf_ l`] gf]+h`glgf agfarYlagf [jgkk k][lagf g^ f]gf, b NaemdYl]\ SPQ ]f]j_q

kh][ljme k`goaf_ `Yjegfa[k EE7 '/2,21]Q( lg EE0/ '11,43]Q(,

1( O`] afngdn]e]fl g^ _+oYn]k* o`a[` af\a[Yl] l`Yl <0 h`glgfk Yj] afngdn]\* ak gfdq nakaZd] af l`]

Yf_d]+j]kgdn]\ h`Yk] k`a^l 'Ca_, 2( a^ Y Mq\Z]j_ klYl] ak afngdn]\, Ag]k l`ak e]Yf l`Yl af l`] YZk]f[]

g^ j]kgfYf[]k af l`] h`glgagfarYlagf hjg[]kk* l`] ]pljY[l]\ h`Yk]k-\]dYqk Yj] fgl [gehjgeak]\ a^

gf] `Yk kda_`ldq hYkk]\ l`] h]jlmjZYlan] j]_ae] q]l=

Cjge gmj j]kmdlk* N?/6 'o`a[` eYq Z] j]Y[`]\ ^jge l`] j]kgfYfl klYl]k gfdq naY 'EE/3 ) 1(+

h`glgf hYl`k( ak af\]]\ d]kk k]fkalan] lg l`] JFM afl]fkalq l`Yf N?/4 'o`a[` eYq Z] j]Y[`]\ naY

kaf_d]+h`glgf ljYfkalagfk ^jge l`] j]kgfYfl klYl]k(* Yf\ l`mk Y ^ajkl j]Y\af_ g^ l`]k] j]kmdlk ogmd\

km__]kl l`Yl l`] j]kgfYf[] kge]`go hjgegl]k l`] `a_`]j gj\]j hjg[]kk]k, Fflmalan]dq* ]f`Yf[af_

kh][a^a[ hYl`oYqk naY Y j]kgfYf[] k`gmd\ af[j]Yk] l`] hjgZYZadalq l`Yl l`gk] hYl`oYqk ogmd\

[gfljaZml], Og Yfko]j l`ak Yf\ l`] f]pl im]klagf egj] [d]Yjdq* o] h]j^gje]\ Y\\alagfYd

]ph]jae]flYd e]Ykmj]e]flk oal` Y `a_`]j JFM afl]fkalq* FJFM ; 1,0 OR-[e0, Ff l`ak [Yk]* l`]

Yf_mdYj kljm[lmj] g^ l`] 0� h`Yk] k`a^l af N?/6 ak eg\mdYl]\* Yk k`gof af Ca_, M3, O`mk* af l`]

YZk]f[] g^ Y egj] _]f]jYd kmjn]q g^ \a^^]j]fl kqkl]ek* al ogmd\ Z] hj]eYlmj] lg kYq l`Yl al ak



f][]kkYjq,

Ca_mj] M38 O`] ]eakkagf+Yf_d]+j]kgdn]\ 0�JFM h`Yk] k`a^lk oal` Y JFM ^a]d\ afl]fkalq g^ 1,0

OR-[e0 Yk e]Ykmj]\ af l`] ]ph]jae]fl8 'a( N?/4'3h(* 'b( N?/6, 'l`] kYe] Yk Nmhhd]e]flYjq Ca_,

1 gf hY_] 6 af l`] kmhhd]e]flYjq af^gjeYlagf,(

2( Ff l`] kmhhd]e]flYjq eYl]jaYd l`] gk[addYlagf g^ l`] Yfakgljghq hYjYe]l]jk Yk Y ^mf[lagf g^ l`]

SPQ+JFM \]dYq ak k`gof 'Yegf_ gl`]jk( ^gj [gehmlYlagfk Yl \a^^]j]fl JFM afl]fkala]k, Fl ogmd\

`Yn] Z]]f afl]j]klaf_ lg k]] l`] ljYfkalagf lg l`] kljgf_+^a]d\ j]_ae] ^gj ]ph]jae]flYd \YlY af o`a[`

l`] afl]fkalq ak nYja]\ Yf\ l`] gZk]jn]\ ]^^][l af l`] Yf_d]+j]kgdn]\ h`Yk] ^gj N?/4'3h( [Yf Z]

"koal[`]\ gf" Zq Y []jlYaf l`j]k`gd\ afl]fkalq,

R] Yj] l`Yfc^md ^gj l`] caf\ [gee]flk ^jge l`] j]^]j]],

R] h]j^gje]\ Y f]o ]ph]jae]flYd e]Ykmj]e]fl oal` Y `a_`]j JFM afl]fkalq* FJFM ; 1,0 OR-[e0,

O`] [gehYjakgf Z]lo]]f l`] ]eakkagf+Yf_d]+j]kgdn]\ j]dYlan] h`Yk] k`a^lk g^ N?/4 Yl FJFM ; /,/

OR-[e0 Yf\ 1,0 OR-[e0 ak k`gof af Ca_, M4, >k l`] afl]fkalq g^ l`] JFM ^a]d\ af[j]Yk]k* Y [d]Yj

nYjaYlagf af l`] Yf_mdYj kljm[lmj] ak gZk]jn]\* aehdqaf_ l`] [gfljaZmlagf g^ `a_`]j+gj\]j hYjlaYd

oYn]k, O`] ]eakkagf+Yf_d]+j]kgdn]\ j]dYlan] h`Yk] k`a^lk Yl FJFM ; 1,0 OR-[e0 `Yn] Z]]f Y\\]\

gf hY_] 5 af l`] kmhhd]e]flYjq af^gjeYlagf,

>dkg* o] `Yn] mh\Yl]\ kmhhd]e]flYjq Ca_, 0 af l`] NF lg af[dm\] l`] ä hYjYe]l]jk ]pljY[l]\ ^jge

l`] ]ph]jae]flYd M>??FOO kh][ljY oal` Y JFM afl]fkalq g^ 1,0 OR-[e0 'N`gof `]j] af Ca_mj]
M5(, @gehYj]\ lg l`] j]kmdl Yl FJFM ; /,/ OR-[e0 'Ca_, M5 \(* ä6 `Yk Y _j]Yl]j [gfljaZmlagf Yl l`ak

`a_`]j JFM afl]fkalq* af\a[Ylaf_ Yf af[j]Yk] af _.+_. Yf\ \.+a. afl]j^]j]f[], > hdYff]\ ^gddgo+mh

eYfmk[jahl [gflYafk Y egj] \]lYad]\ ]phdgjYlagf g^ l`] JFM afl]fkalq \]h]f\]f[] g^ hYjlaYd oYn]

[gfljaZmlagfk 'naY MIO kaemdYlagf(,

Og [dYja^q l`ak [gf^mkagf* o] Y\\]\ l`] ^gddgoaf_ k]fl]f[] af l`] kmhhd]e]flYjq af^gjeYlagf gf

hY_] 48

{Cmjl`]j ]na\]f[] g^ l`] j]dYlagfk`ah Z]lo]]f l`] [gfljaZmlagf g^ `a_`]j+gj\]j hYjlaYd oYn]k Yf\

l`] M>??FOO h`Yk] ak _an]f ^jge ]ph]jae]fl9 [gehYjaf_ l`] eY_falm\] g^ gk[addYlagfk g^ l`] ä6

hYjYe]l]j 'j]dYlan] lg l`] gl`]j äf hYjYe]l]jk( af Nmhhd]e]flYjq Ca_k, 0'\( Yf\ '](* al ak [d]Yj l`Yl

l`] `a_`]j+gj\]j hYjlaYd oYn]k hdYq Yf af[j]Ykaf_dq aehgjlYfl jgd] Yk l`] JFM afl]fkalq af[j]Yk]k,

O`] Yf_mdYj \akljaZmlagfk g^ 0�JFM gk[addYlagf h`Yk] k`a^lk g^ N?/4 Yf\ N?/6 oal` Y JFM afl]fkalq

g^ [<Z « YX}~R-%)~ Yj] k`gof af Nmhhd]e]flYjq Ca_k, 1 'Y( Yf\ 'Z(,|



Ca_mj] M4, O`] ]eakkagf+Yf_d]+j]kgdn]\ h`Yk] k`a^l \akljaZmlagfk g^ l`] N?/4'3h(, a oal` Y JFM

afl]fkalq g^ Y<X « YX}~R-%)~, b oal` Y JFM afl]fkalq g^ [<Z « YX}~R-%)~,

Ca_mj] M5, >f mh\Yl]\ n]jkagf g^ Nmhhd]e]flYjq Ca_, 0* lg af[dm\] l`] \]dYq+j]kgdn]\ Yfakgljghq

[g]^^a[a]flk ]pljY[l]\ ^jge M>??FOO k[Yfk ^jge l`] ]ph]jae]fl Yl FJFM ; 1,0 OR-[e0,

R] `gh] l`Yl o] `Yn] [dYja^a]\ l`] j]^]j]]&k [gf[]jfk af l`] f]o eYfmk[jahl Yf\ l`Yl gmj f]o

eYfmk[jahl ak kmalYZd] ^gj hmZda[Ylagf af Nature Communications,
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O`] eYfmk[jahl "E]l]jg\qf] YfYdqkak g^ `a_`+gj\]j hYjlaYd oYn]k af Yllgk][gf\ h`glgafarYlagf g^

E]dame" hj]k]flk e]Ykmj]e]flk Yf\ kaemdYlagfk g^ Yf Yf_d]+j]kgdn]\ M>??FOO k]lmh af `]dame*

k`goaf_ l`Yl [gfljaZmlagfk g^ `a_`]j+gj\]j ljYfkalagfk 'a,],* Z]qgf\ log h`glgfk( [Yf Z] gZk]jn]\

af l`] `a_`]j+gj\]j Yfakgljghq hYjYe]l]jk g^ l`] h`glg]d][ljgf Yf_mdYj \akljaZmlagf, LYjla[mdYj

]eh`Ykak ak hdY[]\ gf l`] ^Y[l l`Yl l`] Yfakgljghq hYjYe]l]jk Yjak] \m] lg l`] afl]j^]j]f[] g^

\a^^]j]fl hYjlaYd oYn]k* km[` l`Yl l`]q [Yf Z] egj] k]fkalan] lg l`] 'keYdd( Yehdalm\]k g^ `a_`]j

hYjlaYd oYn]k l`Yf l`]aj Ykkg[aYl]\ hjgZYZadala]k ogmd\ Z], R`ad] l`] j]kmdlk Yf\ YfYdqkak k]]e

[gjj][l* l`]k] h`qka[Yd [gf[]hlk Yj] o]dd+cfgof Yf\ mf\]jklgg\* Yf\ l`] eYfmk[jahl \g]k fgl k`go

o`]l`]j l`ak YhhjgY[` _an]k Yfq f]o af^gjeYlagf gf l`] mf\]jdqaf_ h`qka[k g^ l`] hjg[]kk, R`ad]

l`] ogjc ak l`mk Y hjgg^+g^+[gf[]hl \]egfkljYlagf g^ l`] a\]Y* al \g]k fgl _g Z]qgf\ l`ak Yl Ydd* Yf\

l`] hgkkaZd] aehY[l gj hgl]flaYd g^ l`] e]l`g\ j]eYafk mf[d]Yj, F l`mk Z]da]n] l`Yl Y egj]

kh][aYdar]\ bgmjfYd km[` Yk L`qka[Yd M]na]o > ogmd\ Z] egj] YhhjghjaYl] ^gj l`ak ogjc,

R] l`Yfc l`] j]^]j]] ^gj l`]aj j]na]o Yf\ [gee]flk gf gmj eYfmk[jahl, R] Z]da]n] l`Yl gmj j]kmdlk

hj]k]fl]\ `]j] Yj] fgn]d Yf\ afka_`l^md ]fgm_` ^gj hmZda[Ylagf af JYlmj] @geemfa[Ylagfk Yk l`]

gl`]j log j]^]j]]k `Yn] j][g_far]\* Yf gmldggc l`Yl o] `gh] oadd Ydkg Z] k`Yj]\ Zq Zgl` l`ak j]^]j]

Yf\ qgm, R] ogmd\ dac] lg ]eh`Ykar] l`] ka_fa^a[Yf[] g^ gmj ogjc af l`] ^gddgoaf_,

O`] ogjc ak aehgjlYfl Z][Ymk] al \aj][ldq [gfljaZml]k lg l`] _jgoaf_ \]eYf\ ^gj e]l`g\k lg

hj][ak]dq Yf\ j]daYZdq \]l][l ^]o+h`glgf ]^^][lk* o`a[` mf\]jhafk eYfq l][`faim]k af mdljY^Ykl

h`qka[k, >[[mjYl] afl]jhj]lYlagf g^ h`Yk] k`a^lk 'gj* ]imanYd]fldq* lae] \]dYqk( ^jge M>??FOO

e]Ykmj]e]flk ak j]imaj]\ lg imYfla^q ]pY[l ljYfkalagf \ahgd] eYljap ]d]e]flk* Yf\ l`] [gfljaZmlagfk

g^ af\ana\mYd hYl`oYqk, R`ad] l`] j]^]j]] klYl]k l`Yl eYfq g^ l`] [gf[]hlk o] [gn]j Yj] o]dd cfgof*

o] ogmd\ hgafl gml l`Yl k]n]jYd j][]fl hmZda[Ylagfk gn]jdggc l`]e, > ?gq]j ]l Yd, af 0.02* 'AKF8

-/.,/.0/-Y[k,bh[Y,1[.4311( ]ehdgq]\ Y 0,5 OR-[e0 JFM ^a]d\ af Yf Yf_d]+j]kgdn]\ M>??FOO

afn]kla_Ylagf g^ Y[]lqd]f], Ff l`]aj YfYdqkak l`]q [Yd[mdYl] Yfakgljghq hYjYe]l]jk* ^allaf_ gfdq ä.*

ä0* ä2, Ff gmj eYfmk[jahl* o] \]egfkljYl] l`Yl Yl ]n]f /,. OR-[e0 `a_`]j+gj\]j hYjlaYd oYn]

[gfljaZmlagfk [Yffgl Z] f]_d][l]\ Yf\ ä4 [gfljaZml]k lg l`] 0� ka_fYd Yl Y kaeadYj d]n]d, NaeadYjdq*

af IYq]j ]l Yd, af 0.0. 'AKF8 /.,/.66-/14/+4233-YZ7273(* l`] [gfljaZmlagf g^ \.+a. afl]j^]j]f[]

lg l`] ä6 hYjYe]l]j ak f]_d][l]\* oal` l`] Yml`gjk klYlaf_ l`Yl al [gehjak]k gfdq _.+_. afl]j^]j]f[],

Cmjl`]j* o] `Yn] [d]Yjdq k`gof l`Yl ]n]f Y keYdd [gfljaZmlagf ^jge 2+h`glgf ljYfkalagf hYl`oYqk

eg\mdYl]k l`] Yf_mdYj kljm[lmj] g^ l`] 0� h`Yk] k`a^l \akljaZmlagfk* ]kh][aYddq af l`] [Yk] o`]j]

Zgmf\+[gflafmme ljYfkalagfk naY j]kgfYfl klYl]k Yj] afngdn]\, O`ak g^^]jk f]o afka_`l aflg l`]

mf\]jdqaf_ h`qka[k* Yk l`ak ak 'lg gmj cfgod]\_]( l`] ^ajkl ]na\]f[] l`Yl `a_`]j+gj\]j ljYfkalagf

hYl`oYqk eYq hdYq Y ka_fa^a[Yfl jgd] af l`] ^gjeYlagf g^ }klYf\Yj\~ 0� M>??FOO h`Yk]k, O`ak

afka_`l ak [jala[Yd ^gj l`] [gflafmYlagf g^ M>??FOO+dac] afn]kla_Ylagfk* Yk j][]fldq ^g[mk `Yk Z]]f

hdY[]\ gf Zgl` Yf_d]+j]kgdn]\ M>??FOO 'g^l]f f][]kkalYlaf_ l`] kljgf_]j JFM ^a]d\k o] `Yn]

\]egfkljYl]\ lg Zjaf_ `a_`]j+gj\]j ljYfkalagfk aflg hdYq( Yf\ mf\]j+l`j]k`gd\ M>??FOO 'g^l]f

afngdnaf_ ljYfkalagfk naY Zgmf\ j]kgfYfl klYl]k* o`a[` o] k`go eYq hjgegl] `a_`]j+gj\]j

ljYfkalagfk(,



>k l`] j]^]j]] [Yf ^af\ af l`ak j]khgfk] d]ll]j* o] `Yn] ^mjl`]j eg\a^a]\ l`] eYfmk[jahl ^gddgoaf_

l`] km__]klagfk ^jge Ydd j]^]j]]k, O`mk* o] Z]da]n] l`Yl l`ak aehjgn]\ eYfmk[jahl hjgna\]k Y

^Yk[afYlaf_ ghhgjlmfalq lg hjgZ] mdljY^Ykl ]d][ljgf \qfYea[k oal` Y _]f]jYd Yf\ ZjgY\ afl]j]kl ^gj

l`] j]Y\]jk`ah g^ Nature Communications,

Cgj j]kmZeakkagf lg Yfq bgmjfYd* l`] ^gddgoaf_ egj] kh][a^a[ hgaflk k`gmd\ Z] Y\\j]kk]\8

+( Kn]jYdd* l`] eYfmk[jahl ak fgl hYjla[mdYjdq o]dd ojall]f, O`]j] Yj] k]]eaf_dq [gfljY\a[lgjq

klYl]e]flk* ],_,* af l`] afljg\m[lagf ",,, Yl `a_`]j afl]fkala]k* `a_`]j+gj\]j hYjlaYd oYn]k Yj]

mfYnga\YZd] l`jgm_` emdla+h`glgf ljYfkalagfk, Ff l`ak [Yk]* l`] [gfljaZmlagf g^ `a_`]j+gj\]j hYjlaYd

oYn]k k`gmd\ Z] \geafYl]\ Zq l`gk] Yjakaf_ ^jge gf] gj log+h`glgf ljYfkalagfk* eYcaf_ l`]aj

\]l][lagf aehgkkaZd]," + kg Yj] l`]q mfYnga\YZd] gj aehgkkaZd] lg \]l][l= O`] eYfmk[jahl k`gmd\

Z] [Yj]^mddq hjgg^j]Y\ Yf\ j]nak]\ ^gj [dYjalq,

R] l`Yfc l`] j]^]j]] ^gj l`ak afka_`l, R`Yl o] afl]f\]\ lg [geemfa[Yl] oYk l`Yl l`] presence g^

`a_`]j+gj\]j hYjlaYd oYn]k Z][ge]k mfYnga\YZd] Yl `a_`]j afl]fkala]k* Zml l`Yl Yl hj]k]fl l`]j] ak

fg e][`Yfake lg mfYeZa_mgmkdq \]l][l l`]aj individual [gfljaZmlagfk,

R] `Yn] eg\a^a]\ l`] h`jYkaf_ g^ l`ak klYl]e]fl af l`] k][gf\ hYjY_jYh` gf hY_] 0 ^gj [dYjalq*

[`Yf_af_ {Ff l`ak [Yk]* l`] [gfljaZmlagf g^ `a_`]j+gj\]j hYjlaYd oYn]k k`gmd\ Z] \geafYl]\ Zq l`gk]

Yjakaf_ ^jge gf] gj log+h`glgf ljYfkalagfk* eYcaf_ l`]aj \]l][lagf aehgkkaZd],| lg {Ff l`]k] [Yk]k

l`] gn]jYdd ka_fYd j]eYafk \geafYl]\ Zq l`]k] gf]+ gj log+h`glgf ljYfkalagfk* eYcaf_ al ]plj]e]dq

\a^^a[mdl lg akgdYl] l`] [gfljaZmlagfk g^ l`] `a_`]j+gj\]j hYjlaYd oYn]k,| I]Yfo`ad]* o] [Yj]^mddq

aehjgn]\ l`] ojalaf_ g^ l`] o`gd] eYfmk[jahl o`a[` o] Z]da]n] ak egj] j]Y\YZd],

+( O`] k[`]eYla[ af Ca_, / ak imal] mf[d]Yj8 O`] l`a[c ZdY[c daf] ak dYZ]d]\ Zgl` Yk /kW0 Yf\ Yk FXh,

O`] "_j]q k`Y\go" ak Ydegkl afnakaZd], O`] e]Yfaf_ g^ l`] Zdm] Yf\ _j]]f j]_agfk Yf\ l`] \a^^mk]

daf]k Yf\ k`gjl eYjc]jk afka\] l`]e ak fgl ]phdYaf]\,

R] l`Yfc l`] j]^]j]] ^gj l`ak [gee]fl, Ca_mj] / `Yk Z]]f eg\a^a]\ Yk k`gof af Ca_, M1 af gmj

j]hdq lg j]^]j]] #/,

+( O`] l`]gjq j]kmdlk k`go Y [d]Yj \gmZd] h]Yc ^gj N?/4* o`ad] fgl`af_ g^ l`] dac] ak nakaZd] af l`]

]ph]jae]flYd \YlY, O`ak \ak[j]hYf[q k`gmd\ Z] \ak[mkk]\,

R] l`Yfc l`] j]^]j]] ^gj l`]aj [Yj]^md j]na]o, Ff ]ph]jae]flYd e]Ykmj]e]flk* l`] caf]la[ ]f]j_q

j]kgdmlagf ak fgl Yk `a_` Yk l`] l`]gj]la[Yd kaemdYlagfk, O`] ZYf\oa\l` g^ l`] ^mf\Ye]flYd dYk]j

Ydkg oa\]fk l`] ^j]im]f[q g^ `a_`+`Yjegfa[ [geZk* l`mk l`] h`glg]d][ljgfk g^ N?/4'2h( Yf\

N?/4'3h( gn]jdYh af l`] ]ph]jae]flYd j]kmdlk, Og [dYja^q l`ak* o] `Yn] eg\a^a]\ Ca_, 0 gf hY_] 0

Yk k`gof af Ca_, M/ 'cf j]khgfk] lg j]^]j]] #/(,

+( Fl ak [dYae]\ l`Yl o`]f l`]j] Yj] k]n]jYd [gfljaZmlagfk Yl l`] kYe] gk[addYlagf ^j]im]f[q lg Y

_an]f ka\]ZYf\* "l`] lglYd h`Yk] ak l`] Yn]jY_] g^ l`]k] [gehgf]fl h`Yk]k o]a_`l]\ Zq l`]

Yehdalm\]k g^ l`] [gehgf]fl ka_fYdk", O`ak ak fgl [gjj][l, O`] kme g^ log kaf]k oal` \a^^]j]fl

h`Yk]k Yf\ o]a_`lk \g]k fgl _an] Y kaf] oal` l`] o]a_`l]\ Yn]jY_] g^ l`gk] h`Yk]k,

O`ak `Yk Z]]f mh\Yl]\ af l`] eYfmk[jahl lg [dYja^q l`Yl l`] lglYd h`Yk] ak o]dd+YhhjgpaeYl]\



'Y[[mjYl] lg k][gf\ gj\]j af h`Yk] \a^^]j]f[]( Yk l`] o]a_`l]\ Yn]jY_] g^ l`]k] [gehgf]fl h`Yk]k*

Yf\ Y \]janYlagf kmhhgjlaf_ l`ak `Yk Z]]f Y\\]\ lg l`] kmhhd]e]flYjq af^gjeYlagf,

O`] k]fl]f[] {l`] lglYd h`Yk] ak l`] Yn]jY_] g^ l`]k] [gehgf]fl h`Yk]k o]a_`l]\ Zq l`] Yehdalm\]k

g^ l`] [gehgf]fl ka_fYdk| af l`] ^ajkl hYjY_jYh` gf hY_] 5 `Yk Z]]f j]h`jYk]\ lg {Ph lg k][gf\

gj\]j af l`] h`Yk]+\a^^]j]f[]* l`] lglYd h`Yk] 'hYjYe]l]j �N?
2�( ak _an]f Zq l`] o]a_`l]\ Yn]jY_]

g^ l`] [gehgf]fl h`Yk]k* Yf\ l`] lglYd qa]d\ 'hYjYe]l]j ?( j]^d][lk l`] kme g^ l`] [gehgf]fl

qa]d\k 'k]] Nmhhd]e]flYjq Ff^gjeYlagf(|

+( O`] ]phdYfYlagf l`Yl l`] hjg\m[l g^ kh`]ja[Yd `Yjegfa[k [Yf Z] ]phj]kk]\ af l`] ZYkak g^ kh`]ja[Yd

`Yjegfa[k ak o]dd+cfgof mf\]j_jY\mYl]+d]n]d eYl]jaYd Yf\ alk \ak[mkkagf [gmd\ Z] ka_fa^a[Yfldq

k`gjl]f]\, Fl ak kaeadYjdq o]dd+cfgof l`Yl l`] Yf_mdYj \akljaZmlagfk \]h]f\ gf l`] afl]j^]j]f[]

Z]lo]]f hYjlaYd oYn]k,

O`ak ]phdYfYlagf `Yk Z]]f k`gjl]f]\ af l`] eYfmk[jahl Yf\ eg\a^a]\ lg [dYja^q l`] aehgjlYf[] g^

l`] \.+a. afl]j^]j]f[]* Ydl`gm_` o] eYaflYaf Yf ]eh`Ykak gf l`ak eYl`]eYla[Yd ZY[c_jgmf\ Yk al ak

[jala[Yd lg gmj ]phdYfYlagf ^gj o`q af\ana\mYd hYjlaYd oYn] [gfljaZmlagfk [Yffgl Z] [`YjY[l]jar]\

mfYeZa_mgmkdq* Yf\ ]klYZdak`]k l`] dafc Z]lo]]f hYjlaYd oYn] [gfljaZmlagfk Yf\ Yfakgljghq

hYjYe]l]jk mhgf o`a[` gmj `]l]jg\qf] \]l][lagf e]l`g\ \]h]f\k,

ä6 [gehjak]k Zgl` _.+_. Yf\ \.+a. afl]j^]j]f[]k* o`a[` [gfljaZml] Yl kaeadYj eY_falm\]k* eYcaf_ al

aehgkkaZd] lg mk] sä.+6u lg ^mddq [`YjY[l]jar] l`] [gfljaZmlagfk g^ l`] k* \. Yf\ _. oYn]k, Ego]n]j*

ä4 'o`ad] Ydkg Z]af_ gfdq Y[[]kkaZd] l`jgm_` `a_`+gj\]j hYjlaYd oYn]k( ak \geafYl]\ Zq \.+_.

afl]j^]j]f[]* Yddgoaf_ mk lg [d]Yjdq \]egfkljYl] l`] hj]k]f[] Yf\ ]^^][l g^ l`] _. oYn]k \]khal]

Z]af_ mfYZd] lg ^mddq [`YjY[l]jar] l`]aj [gfljaZmlagf,

R] Y_j]] l`Yl l`] eYl`]eYla[Yd ZY[c_jgmf\ [gmd\ Z] [dYkka^a]\ Yk o]dd+cfgof mf\]j_jY\mYl]

eYl]jaYd* Zml o] Z]da]n] al lg Z] j]d]nYfl Yf\ aehgjlYfl ]fgm_` lg `a_`da_`l al af l`] eYfmk[jahl

Yf\ ak kmalYZd] ^gj l`] ZjgY\ j]Y\]jk`ah ^gj JYlmj] @geemfa[Ylagfk, Og hjgna\] Yf ]pYehd] g^

o`q o] Z]da]n] al lg Z] aehgjlYfl lg `a_`da_`l l`ak ZY[c_jgmf\* o] hgafl lg l`] j][]fl IYq]j ]l Yd,

hYh]j 'G L`qk ? 31* /42..1 '0.0.(( o`a[` M]^]j]] #/ j]im]kl]\ mk lg \ak[mkk, Ff l`ak hYh]j* l`]q

gn]jdggc l`] [gfljaZmlagf g^ \.+a. afl]j^]j]f[] lg l`] ä6 hYjYe]l]j + klYlaf_ l`Yl al [gehjak]k gfdq

_.+_. afl]j^]j]f[],

O`] j]d]nYfl klYl]e]flk `Yn] Z]]f Y\\]\ af l`] ^ajkl hYjY_jYh` gf hY_] 78

{LYjlaYd oYn]k Z]qgf\ l`] \+oYn] Yhh]Yj l`jgm_` äf hYjYe]l]jk oal` f < 2, O`] ä4 hYjYe]l]j oadd

Z] [`YjY[l]jar]\ hj]\geafYfldq Zq afl]j^]j]f[] Z]lo]]f \. Yf\ _. oYn]k, Ego]n]j* ä6 oadd [gflYaf

[gfljaZmlagfk Yjakaf_ ^jge _.+_. Yk o]dd Yk afl]j^]j]f[] \.+a. Yl l`] kYe] gj\]j g^ eY_falm\], O`ak

hj]n]flk mk] g^ l`] ä hYjYe]l]jk lg mfYeZa_mgmkdq [`YjY[l]jar] af\ana\mYd hYjlaYd oYn]k,|

R] `gh] l`Yl o] `Yn] [dYja^a]\ l`] j]^]j]]&k [gf[]jfk af l`] j]nak]\ eYfmk[jahl Yf\ l`Yl gmj f]o

eYfmk[jahl ak kmalYZd] ^gj hmZda[Ylagf af Nature Communications,
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suggestions. We have revised the manuscript point by point according to their recommendations. 
Below, we reproduce the referee comments in black, and provide our answers in blue. 

---------------------------------------------------------------------- 
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---------------------------------------------------------------------- 

The authors have satisfactorily answered all of the referees' questions. I recommend that the 
present manuscript be accepted for publication. 
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Communications.  
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The authors undertook some effort to respond to all points raised by the referees. My comments 
were addressed diligently and the revision of the text and the figures leads to more clarity for the 
reader. Additional experimental results were included in the Supporting Information, which will 
also help the interested reader to dive deeper into the interesting results presented in this paper. 
The study shows interesting new aspects on RABBITT experiments with stronger NIR fields and 
also lets the community reconsider older published experiments where the influence of higher 
order partial waves was neglected. Therefore, this paper can be considered impactful enough to 
justify a publication in Nature Communications. 

We thank the referee for his/her kind summary on our modifications and the recommendation to 
publish our manuscript in Nature Communications. 

---------------------------------------------------------------------- 
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The authors have carefully answered all points raised by the referees, and have significantly 
improved the manuscript. While I am still not fully convinced that this work rises to the level of 
Nature Communications, I think it is certainly a nice contribution and I am happy to join the other 
two referees in recommending publication. 

We appreciate the referee’s kindness and his/her recommendation to publish our manuscript in
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