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�@h-m-6-9 P2Xm62l L9m6d BX’k9 pPLB( ]Xk]2kX6-9mr 9– m2]kd- –’9l ,d26d’-2l 69 3�=Z: 9@6X-md,
2r-m4 –92’ ,-fd’dm6 1gdm9ldm9k94-]Xk Xm, k9]Xk ]g-’Xk m2]kdX’ 196dm6-Xkr: X’d XmXkxyd, 2r-m4 6gd
Fdmd’Xk-yd, B9m6X]6 E9’lXk-rl pFBE() Vd dw6’X]6 r1-mh Xm, -r9r1-mh,d1dm,dm6 qm2]kdX’ ]9m6X]6
6d’lr“ –9’ dX]g -m6d’X]6-9m -m @96g ]99’,-mX6d Xm, l9ldm62l r1X]d) Sgd dw6’X]6d, ]9m6X]6 6d’lr:
6gX6 ]92m6 6gd m2l@d’ 9– rg9’6h’Xm4d ]9’’dkX6d, pRQB( 1X-’r v-6g ,-fd’dm6 +2Xm62l m2l@d’r: X’d
,d1dm,dm6 9m 6gd m2]kdX’ -m6d’X]6-9m l9,dk 2rd, -m 6gd PLB ]Xk]2kX6-9m) G9vdud’: 6gd ’X6-9r 9–
]9m6X]6 6d’lr –9’ X m2]kd2r / 69 ,d26d’-2l p–9’ r1-mho ne 1X-’r( 9’ 69 3Ca p–9’ Xkk CC 1X-’r( X’d
-m,d1dm,dm6 9– 6gd m2]kdX’ -m6d’X]6-9m l9,dk Xm, X’d 6gd rXld –9’ @96g rg9’6h,-r6Xm]d Xm, g-4gh
l9ldm62l 1X-’r) Sg-r -l1k-dr 6gX6 6gd ’dkX6-ud X@2m,Xm]d 9– rg9.6h.Vm4d 1X-’r -m 6gd m2]kd2r -r
X k9m4h.Vm4d pldXmhffdk,( +2Xm6-6x 6gX6 -r -mrdmr-6-ud 69 6gd rg9’6h,-r6Xm]d mX62’d 9– 6gd m2]kdX’
–9’]d) LdXr2’dldm6r 9– dw]k2r-ud �Q. Q∗CC( 1X-’ @’dXi21 1’9]drrdr X’d -mr6dX, l9’d rdmr-6-ud 69
rg9’6h’Xm4d ,xmXl-]r)

� –2kk /gd9’d/-]Xk ,dr]’-1/-9m 9– /gd m2]kdX’ lXmxha9,x
vXud –2m]/-9m -r Xm 92/r/Xm,-m4 ]gXkkdm4d% Vg-kd ldXmh
ffidk, X11’9w-lX/-9mr: r2]g Xr /gd m2]kdX’ rgdkk l9,dk:
vdkk ,dr]’-ad lXmx a2kj 1’91d’/-dr 9– m2]kd-: /gdx –X-k
/9 ]X1/2’d /gd ,-’d]/ dfd]/r 9– /v9h Xm, lXmxha9,x ]9’h
’dkX/-9mr% R1d]-ffi]Xkkx: dfd]/-ud m2]kdX’ l9,dkr r/’244kd
/9 ,dr]’-ad /gd rg9’/h,-r/Xm]d Xm, g-4ghl9ldm/2l ]9lh
19mdm/r 9– /gd m2]kdX’ lXmxha9,x vXud –2m]/-9m%
Dw1d’-ldm/Xk Xm, /gd9’d/-]Xk r/2,-dr gXud rg9vm /gX/

/g-r 1X’/ 9– /gd vXud –2m]/-9m -r ,9l-mX/d, ax rg9’/h
’Xm4d ]9’’dkX/-9mr pRQBr(c 1X-’r 9– m2]kd9mr v-/g kX’4d
’dkX/-ud Xm, -m,-u-,2Xk l9ldm/X Xm, rlXkkd’ ]dm/d’h9–h
lXrr p]%l%( l9ldm/X: vgd’d kX’4d -r ldXr2’d, ’dkh
X/-ud /9 /gd /x1-]Xk m2]kdX’ Ed’l- l9ldm/2l eB ∼
14)HcM,V bö: 3[% �/ l9ldm/X i2r/ Xa9ud eB �2)) ×
e × 5))HcM,V(: RQBr X’d ,9l-mX/d, ax nk 1X-’r bt8
öz[% Sg-r nk ,9l-mXm]d -r ,2d /9 /gd /dmr9’ 1X’/ 9–
/gd m2]kd9mhm2]kd9m pEE( -m/d’X]/-9m böö8öt[% RQBr -m
m2]kd-: Xm, /gd-’ r1d]-ffi] ]gX’X]/d’-r/-]r: gXud -l1k-]Xh
/-9mr –9’ /gd -m/d’mXk r/’2]/2’d 9– m2]kd9mr a92m, -m m2h
]kd- bö: ö58ös[: md2/’-m9kdrr ,92akd ad/X ,d]Xx lX/’-w dkh
dldm/r böe835[: m2]kdX’ ]gX’4d ’X,-- b3fi[: Xm, /gd m2]kdX’
rxlld/’x dmd’4x Xm, md2/’9m r/X’ 1’91d’/-dr b3783e[%
�r m2]kd9mr -m RQB 1X-’r gXud r-4m-ffi]Xm/ r1X/-Xk 9ud’h

kX1 Xm, X’d –X’ 9f /gd-’ lXrrhrgdkk: /gd-’ /gd9’d/-]Xk ,dh
r]’-1/-9m 19rdr X r-4m-ffi]Xm/ ]gXkkdm4d% �ah-m-/-9 lXmxh
a9,x ]Xk]2kX/-9mr 2r-m4 ,-fd’dm/ l9,dkr 9– /gd /v9h
Xm, /g’ddhm2]kd9m p2E( -m/d’X]/-9m 1’9,2]d m2]kdX’ vXud
–2m]/-9mr /gX/ ,-fd’ r-4m-ffi]Xm/kx X/ g-4ghl9ldm/X Xm, X/
rg9’/h,-r/Xm]dr b3n8tö[ prdd E-4% ö Xm, 9mk-md R211kdldmh
/X’x LX/d’-Xkr(% Sg-r -r 4dmd’Xkkx ’d–d’’d, /9 Xr qr]Xkd Xm,

r]gdld ,d1dm,dm]d“: vgd’d qr]gdld“ ’d–d’r /9 /gd /x1d 9–
-m/d’X]/-9m pd%4%: 1gdm9ldm9k94-]Xk 9’ ,d’-ud, –’9l Bg-h
’Xk Dfd]/-ud E-dk, Sgd9’x: τDES(: Xm, qr]Xkd“ ’d–d’r /9
/gd ’d42kX/-9m ]2/h9f -mgd’dm/ /9 DES l9,dkr% Sg-r ,dh
1dm,dm]d ’X-rdr -l19’/Xm/ +2dr/-9mr Xa92/ /gd l9,dk ,dh
1dm,dm]d 9– /gd -m/d’1’d/X/-9m 9– RQB ldXr2’dldm/r Xm,
9– /gd-’ -l1k-]X/-9mr –9’ 9/gd’ 1gdm9ldmX%

Vd r/2,x /gd r]Xkd Xm, r]gdld ,d1dm,dm]d 9– RQBr
2r-m4 /gd Fdmd’Xk-yd, B9m/X]/ E9’lXk-rl pFBE( bt38
t5[ /9 XmXkxyd Xah-m-/-9 P2Xm/2l L9m/d BX’k9 pPLB(
]Xk]2kX/-9mr btz: tfi[ 9– /v9hm2]kd9m ,dmr-/-dr -m m2]kd-
–’9l > 8 1 /9 3) b3n8tö: t785ö[% Sgd ]Xk]2kX/-9mr X’d
]X’’-d, 92/ 2r-m4 –92’ ,-fd’dm/ EE.2E -m/d’X]/-9mr%
Sv9 -m/d’X]/-9mr X’d /gd 1gdm9ldm9k94-]Xk �’49mmd Uöe
p�Uöe( b53[ . T’aXmX W pTW( b3n: 5t[ Xm, -/r ’d,2]/-9m
�U5” b55[ . THWH b5z[ vg-]g ,9dr m9/ -m]k2,d X /dmr9’
91d’X/9’% Sgd 9/gd’ /v9 X’d k9]Xk τDES -m/d’X]/-9mr
X/ mdw/h/9hmdw/h/9hkdX,-m4 9’,d’ pM1JN( v-/g ’d42kX/-9m
r]Xkdr p]99’,-mX/dhr1X]d ]2/9fr( 9– 0ϕ) Xm, 0ϕ1 ek btn: 5fi8
5s[%

Gd’d: 2r-m4 X ]9ll9m –X]/9’-yd, –’Xldv9’j /9 ]9lh
1X’d ]Xk]2kX/-9mr dl1k9x-m4 /gdrd -m/d’X]/-9mr: vd kdX’m
vg-]g 1’91d’/-dr 9– RQBr X’d r]Xkd Xm, r]gdld -m,d1dmh
,dm/: Xm, vg-]g X’d rdmr-/-ud /9 /gd ,d/X-kr 9– /gd m2]kdX’
-m/d’X]/-9m X/ rg9’/ ,-r/Xm]d% Vd –2’/gd’ dw1k9’d /gd ]9mh
md]/-9m ad/vddm m2]kd9m 1X-’r X/ rlXkk rd1X’X/-9m Xm,
X/ g-4g ’dkX/-ud l9ldm/2l /9 9a/X-m X ]9mr-r/dm/ 2mh
,d’r/Xm,-m4 9– /gd m2]kdX’ lXmxha9,x vXud –2m]/-9m X/
rg9’/ ,-r/Xm]d Xm, g-4g l9ldm/2l%
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FDMDQ�IHYDC BNMS�BS ENQL�IHRL �MC
PT�MSTL LNMSD B�QIN B�IBTI�SHNMR

Sgd FBE -r Xm dfd]/-ud l9,dk /gX/ 1’9u-,dr X –X]h
/9’-yd, X11’9w-lX/-9m –9’ /gd rg9’/h,-r/Xm]d prlXkkhq(
Xm, g-4ghl9ldm/2l pkX’4dhe( ]9l19mdm/r 9– /gd m2]kdX’
lXmxha9,x vXud –2m]/-9m% H/r ,d’-uX/-9m -r ’99/d, -m /gd
r]Xkd rd1X’X/-9m ad/vddm /gd r/’9m4 ’dkX/-ud -m/d’X]/-9m 9–
m2]kd9mr -m RQB 1X-’r Xm, /gd-’ vdXjd’ -m/d’X]/-9m v-/g
/gd ’dr-,2Xk >� 1 m2]kdX’ rxr/dl bt3: tt: 5e[% Tr-m4 /g-r
r]Xkd rd1X’X/-9m: /gd /v9hm2]kd9m ,dmr-/x -m d-/gd’ ]99’,-h
mX/d 9’ l9ldm/2l r1X]d p-%d%: /gd 1’9aXa-k-/x 9– ffim,-m4
/v9 m2]kd9mr v-/g rd1X’X/-9m q 9’ ’dkX/-ud l9ldm/2l p(
]Xm ad dw1’drrd, X/ rlXkk rd1X’X/-9m 9’ g-4g l9ldm/2l
Xr btt[c

αFFα�
, �q( 8 AFFα�

, − →χ�FF �q(→1.

kFFα�
, �p( 8 AFFα�

, − →χ�FF �p(→1. pö(

vgd’d > ,dm9/dr /gd m2]kd2r: EE ,dm9/dr /gd m2]kd9m
1X-’ ad-m4 ]9mr-,d’d, pnk: nn: kk(: Xm, � r/Xm,r –9’ /gd
m2]kd9mh1X-’ +2Xm/2l r/X/d pr1-m z 9’ ö(% AFFα�

, X’d
m2]kd2rh,d1dm,dm/ r]Xk-m4 ]9dff]-dm/r: ’d–d’’d, /9 Xr qm2h
]kdX’ ]9m/X]/ /d’lr“: Xm, χ�FF X’d 2m-ud’rXk /v9ha9,x
vXud –2m]/-9mr /gX/ X’d 4-udm ax /gd yd’9hdmd’4x r9k2/-9m
9– /gd /v9ha9,x R]g’o,-m4d’ d+2X/-9m –9’ /gd EE 1X-’
-m /gd r/X/d �% χ�FF X’d 2m-ud’rXk -m /gd rdmrd /gX/ /gdx
X’d m2]kd2r -m,d1dm,dm/: a2/ /gdx ,9 r/’9m4kx ,d1dm, 9m
/gd EE -m/d’X]/-9m l9,dk: rdd E-4% ö%
Vg-kd /gd m9’lXk-yX/-9mr 9– /v9hm2]kd9m ,dmr-/-dr X’d

vdkk ,dffimd, ax /gd /9/Xk m2lad’ 9– m2]kd9mr -m /gd
m2]kd2r: /gd -m,-u-,2Xk m9’lXk-yX/-9mr 9– AFFα�

, Xm,
→χ�FF →1 X’d m9/% Vd /gd’d–9’d ]g99rd /9 m9’lXk-yd
→χ�FF �p(→1 r2]g /gX/ -/r -m/d4’Xk Xa9ud 0ϕ2 ek�0�∼ f=(
d+2Xkr 2m-/x btt[% χ�FF �q( -r /gd E92’-d’ /’Xmr–9’l 9–
χ�FF �p(% Sg2r: /gd m9’lXk-yX/-9m 9– 9md –2m]/-9m X2/9h
lX/-]Xkkx ,dffimdr /gd m9’lXk-yX/-9m 9– /gd 9/gd’%
Vd m9/d /gX/ Xm -l19’/Xm/ –dX/2’d 9– /gd FBE -r /gd

d+2-uXkdm]d ad/vddm rg9’/ ,-r/Xm]d Xm, g-4g l9ldm/2l%
Sg-r -r a2-k/ -m/9 D+% pö( ax /gd 2rd 9– /gd rXld ]9m/X]/
/d’lr AFFα�

, –9’ a9/g ,dmr-/-dr%
O’du-92r r/2,-dr 9– /gd FBE btt[ rg9vd, /gd uXk-,h

-/x 9– D+% pö( 2r-m4 PLB ]Xk]2kX/-9mr 9– αFFα�
, �q( Xm,

kFFα�
, �p( –9’ > 8 1 /9 5z 2r-m4 /gd �Uöe.TW -m/d’X]h
/-9m% L9’d ’d]dm/kx: /gd X2/g9’r 9– Qd–r% b5z: 5n[ XmXh
kxyd, PLB ]Xk]2kX/-9mr 9– αFF, �q( 2r-m4 /gd rXld –92’
-m/d’X]/-9mr r/2,-d, gd’d pXk/g924g v-/g92/ rd1X’X/-m4
/gdl -m/9 ,-fd’dm/ r1-mh-r9r1-m ]gXmmdkr(: Xm, rg9vd,
/gd ffi’r/ du-,dm]d –9’ r]XkdhXm,hr]gdld -m,d1dm,dm]d 9–
αFF, �q(,αFFN �q( ’X/-9r –9’ rg9’/ ,-r/Xm]dr%
Gd’d vd dw/dm, /gdrd 1’du-92r r/2,-dr 2r-m4 mdv PLB

]Xk]2kX/-9mr 9– /v9hm2]kd9m ,-r/’-a2/-9mr -m a9/g ]99’h
,-mX/d Xm, l9ldm/2l r1X]d: 1’9id]/d, -m/9 ,-fd’dm/
r1-mh-r9r1-m ]gXmmdkr: –9’ ,-fd’dm/ m2]kd- Xm, 2r-m4 ,-fd’h
dm/ EE.2E 19/dm/-Xkr p�Uöe.TW: �U5”.THWH: M1JN
�0ϕ) ek( Xm, M1JN �0ϕ1 ek((: rdd SXakd H%
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E-42’d oc Tm-ud’rXk 6v9h@9,x –2m]6-9mr ∼��AA ∼1 –9’ r1-mho ne
p691( Xm, r1-mhz nn p@9669l( 1X-’r ]Xk]2kX6d, -m @96g ]99’h
,-mX6d pkd–6( Xm, l9ldm62l p’-4g6( r1X]d –9’ –92’ ,-fd’dm6
CC 196dm6-Xkr) Rdd 6dw6 –9’ ,d6X-kr)

Sgd 1gdm9ldm9k94-]Xk �Uöe b53[ Xm, �U5” b55[ 19/dmh
/-Xkr X’d qgX’, -m/d’X]/-9mr“: v-/g X r-4m-ffi]Xm/ 1’9aXa-kh
-/x –9’ m2]kd9mr /9 gXud g-4g l9ldm/2l pe / 2 –l�0:
rdd E-4% ö(% Sgd-’ ,d’-uX/-9m -r r-l-kX’ v-/g �U5” adh
-m4 X ’d1’9id]/-9m 9– �Uöe 9m/9 /gd ffi’r/ –92’ ]gXmmdkr
/gX/ ,9dr m9/ -m]k2,d /gd /dmr9’ -m/d’X]/-9m% A9/g 19h
/dm/-Xkr X’d r2119’/d, ax 2E –9’]dr pTW b5t[ Xm, /gd
]dm/’Xk ]9l19mdm/ 9– THW: THWH btfi[: ’dr1d]/-udkx(: /gX/
1’9u-,d X 499, ,dr]’-1/-9m 9– Xkk m2]kd- ]9mr-,d’d, -m /g-r
v9’j btz: tfi: ts[%
Sgd M1JN -m/d’X]/-9mr X’d –2m,Xldm/Xkkx ,-fd’dm/: Xr

/gdx X’d aXrd, 9m X ]g-’Xk 1d’/2’aX/-9m dw1Xmr-9m 21
/9 /g-’, 9’,d’ v-/g k9]Xk ]99’,-mX/dhr1X]d ’d42kX/9’r X/
,-r/Xm]dr 9– 0ϕ) Xm, 0ϕ1 ek btn: 5fi85s[% Sgdrd ’d42kXh

SX@kd Hc PLBh]Xk]2kX6d, 6v9hm2]kd9m ,-r6’-@26-9mr –9’ ,-fd’h
dm6 m2]kd- Xm, CC.2C 196dm6-Xkr) Bgd]ilX’ir -m,-]X6d ]Xkh
]2kX6-9mr 2rd, -m 6gd ]2’’dm6 r62,x) �kk ]Xk]2kX6-9mr X’d XuX-kh
X@kd –9’ @96g ]99’,-mX6d Xm, l9ldm62l r1X]d: dw]d16 –9’
04L Xm, 3�=Z v-6g �Uoe pkX@dkd, v-6g Xm Xr6d’-ri @dk9v(: –9’
vg-]g 6gd THW 196dm6-Xk -r 2rd, Xm, ’dr2k6r X’d 9mkx XuX-kX@kd
-m ]99’,-mX6d r1X]d bts[) BXk]2kX6-9mr v-6g 6gd M1KN �0ϕ1 ei(
196dm6-Xk –9’ gdXu-d’ rxr6dlr X’d m96 ]9mr-,d’d, -m 6g-r v9’i
,2d 69 6gd kX’4d ’d42kX69’ X’6-–X]6r –92m, –9’ / � 01 prdd
Qd–) btn[()

,O �Uoe.TW �U5”.THW= M1KN�0ϕ)ei( M1KN�0ϕ1ei(
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E-42’d 3c PLB ]Xk]2kX6-9mr 9– 6v9hm2]kd9m ]99’,-mX6dhr1X]d ,-r6’-@26-9mr –9’ ne pkd–6( Xm, nn p’-4g6( 1X-’r ]Xk]2kX6d, 2r-m4
,-fd’dm6 CC.2C 196dm6-Xkr –9’ ,-fd’dm6 m2]kd- p]9k9’d, k-mdr( ]9l1X’d, v-6g 6gd 6v9h@9,x 2m-ud’rXk –2m]6-9m ∼��AA �q(∼1 pr9k-,
@kX]i k-mdr: ne r1-mho 9m 6gd kd–6: nn r1-mhz 9m 6gd ’-4g6() E9’ dX]g -m6d’X]6-9m: PLB ’dr2k6r X’d r]Xkd, 69 gXud 6gd rXld uXk2d
X6 ≥ 0 ei Xm, rg9v 6gd rXld rg9’6h,-r6Xm]d @dgXu-9’ –9’ Xkk m2]kd-) Sgd ,-fd’dm]d @d6vddm CC ,-r6’-@26-9mr -m 6gd rXld
m2]kd2r 9@6X-md, 2r-m4 ,-fd’dm6 -m6d’X]6-9mr: Xr rg9vm @x 6gd –92’ 1Xmdkr: -m,-]X6dr 6gd r]Xkd Xm, r]gdld ,d1dm,dm]d 9– 6gd
lXmxh@9,x ]Xk]2kX6-9mr) Rdd 6dw6 –9’ ,d6X-kr)

/9’r lXjd /gdl l2]g r9–/d’: -%d%: /gd-’ r-m4kdhm2]kd9m
l9ldm/2l ,-r/’-a2/-9mr gXud l2]g kdrr g-4ghl9ldm/2l
r/’dm4/g pe / 2 –l�0: rdd E-4% ö( Xr ]9l1X’d, /9 �Uöe
Xm, �U5”%
Sgd ,-fd’dm/ 19/dm/-Xkr X’d 2rd, /9 ]9mr/’2]/ /gd –2kkx

]9’’dkX/d, lXmxha9,x vXud –2m]/-9mr 2rd, -m UX’-X/-9mXk
L9m/d BX’k9 pULB( ]Xk]2kX/-9mr% Sgdrd vXud –2m]h
/-9mr X’d /gdm 1’91X4X/d, -m -lX4-mX’xh/-ld u-X C-f2h
r-9m L9m/d BX’k9 pCLB( /d]gm-+2dr -m 9’,d’ /9 X]]drr
/gd /’2d 4’92m, r/X/d 9– /gd rxr/dl –9’ X 4-udm -m/d’h
X]/-9m l9,dk% P2Xm/-/-dr: r2]g Xr /v9hm2]kd9m ,-r/’-a2h
/-9mr: X’d -m 4dmd’Xk dw/’X19kX/d, –’9l a9/g ULB Xm,
CLB ’dr2k/r% G9vdud’: l9ldm/2lhr1X]d ]Xk]2kX/-9mr
X’d ]2’’dm/kx XuX-kXakd 9mkx X/ /gd ULB kdudk b3n8tö: tn[%
Sgd’d–9’d: –9’ ]9mr-r/dm]x ad/vddm /v9hm2]kd9m ,-r/’-a2h
/-9mr -m ]99’,-mX/d Xm, l9ldm/2l r1X]d: vd 9mkx 2rd
’dr2k/r –9’ αFF, �q( 9a/X-md, –’9l ULB ]Xk]2kX/-9mr% �/
rg9’/ ,-r/Xm]d: /gdrd ,dmr-/-dr X’d Xkl9r/ -,dm/-]Xk /9 /gd
CLB Xm, dw/’X19kX/d, ’dr2k/r% Vd /gd’d–9’d 2rd /gdrd
rlXkk ,-fd’dm]dr Xr X ldXr2’d 9– /gd PLB rxr/dlX/-]
2m]d’/X-m/x% Rdd 9mk-md R211kdldm/X’x LX/d’-Xkr%

SUN4ANCW E�BSNQHY�SHNM �S
RGNQS4CHRS�MBD Z GHFG4LNLDMSTL

Vd ffi’r/ r/2,x /gd uXk-,-/x 9– D+% pö( –9’ ,dr]’-a-m4 /gd
/v9hm2]kd9m ,-r/’-a2/-9mr ]Xk]2kX/d, 2r-m4 dX]g EE.2E
19/dm/-Xk% E-4% 3 rg9vr /gd r1X/-Xk ,dmr-/x αFFα�

, �q( –9’
nk Xm, nn 1X-’r –9’ Xkk –92’ -m/d’X]/-9mr Xm, ,-fd’dm/
m2]kd-: /94d/gd’ v-/g /gd /v9ha9,x 2m-ud’rXk –2m]/-9mr
prdd R211kdldm/X’x LX/d’-Xkr –9’ kk ,-r/’-a2/-9mr(%

Vg-kd PLB ’dr2k/r –9’ dX]g -m/d’X]/-9m dwg-a-/ X r1dh
]-ffi] rg9’/h,-r/Xm]d adgXu-9’: /g-r adgXu-9’ -r /gd rXld
–9’ Xkk m2]kd-: Xm, -/ -r ]9mr-r/dm/ v-/g /gX/ 9– /gd /v9h
a9,x 2m-ud’rXk –2m]/-9mr% Sg-r uXk-,X/dr /gd –X]/9’-yX/-9m
9– D+% pö(% Sgd r]Xkd –X]/9’r 2rd, /9 lXjd PLB ’dr2k/r
9– ,-fd’dm/ m2]kd- X4’dd 21 /9 ≤ 0 ek ]9’’dr19m, /9 /gd
AFFα�
, ]9dff]-dm/r% Vd Xkr9 m9/d /gX/ dw]k2,-m4 tM –9’]dr
-m /gd PLB ]Xk]2kX/-9m ,9dr m9/ -l1X]/ r-4m-ffi]Xm/kx /gd
9ard’ud, r]Xk-m4 X/ rg9’/h,-r/Xm]d%
Sgd d+2-uXkdm/ r/2,x 9– /v9hm2]kd9m l9ldm/2l ,-rh

/’-a2/-9mr -r l9’d ,dk-]X/d% RQB 1X-’r gXud g-4g ’dkX/-ud
l9ldm/2l: rlXkkd’ ]%l% l9ldm/2l: Xm, rlXkk rd1X’Xh
/-9m% Sgdx ,9l-mX/d /gd m2]kd9m l9ldm/2l ,-r/’-a2h
/-9m r/X’/-m4 X/ ≤ eB bö: 3[% Sgd 1’drdm/kx ]Xk]2kX/d,
/v9hm2]kd9m ’dkX/-ud l9ldm/2l ,-r/’-a2/-9mr g9vdud’:
-m]k2,d ]9m/’-a2/-9mr –’9l Xkk 19rr-akd 1X-’r 9– m2]kdh
9mr: m9/ i2r/ rg9’/h,-r/Xm]d 1X-’r% Sg-r -m]k2,dr 2m]9’h
’dkX/d, m2]kd9m 1X-’r: v-/g a9/g g-4g ’dkX/-ud Xm, g-4g
]%l% l9ldm/X% S9 dw]k2,d /gdrd: 9md l2r/ ]9mr-,d’ r]Xkh
-m4 X/ l2]g g-4gd’ ’dkX/-ud l9ldm/X: vgd’d /gd dfd]/ 9–
r2]g 2m]9’’dkX/d, 1X-’r -r r211’drrd,: rdd ,-r]2rr-9m -m
Qd–% btt[ Xm, 9mk-md R211kdldm/X’x LX/d’-Xkr –9’ ,d/X-kr%
R-m]d /gd /v9hm2]kd9m l9ldm/2l ,-r/’-a2/-9mr

kFFα�
, �p( ,d]Xx dw19mdm/-Xkkx: E-4% t rg9vr /gd ’X/-9
kFFα�
, �p(,→χ�FF �p(→1: r]Xkd, /9 X uXk2d 9– 9md X/ g-4g
l9ldm/X p3ϕ4 ek�0 -m /gd ]Xrd 9– 1gdm9ldm9k94-]Xk 19h
/dm/-Xkr: Xm, 2ϕ4 ek�0 -m /gd ]Xrd 9– ]g-’Xk -m/d’X]/-9mr(%
Sgd M1JN 0ϕ) ek Xm, 0ϕ1 ek ,-r/’-a2/-9mr X’d 9mkx
rg9vm 21 /9 3ϕ3 Xm, 2ϕ6 ek�0 ’dr1d]/-udkx: Xa9ud vg-]g
]2/9f dfd]/r ad]9ld ud’x kX’4d% Gd’d X4X-m: /gd r]Xkd
–X]/9’r 2rd, /9 lXjd /gd ’X/-9 –9’ Xkk m2]kd- d+2Xk 9md X/
g-4ghl9ldm/2l ]9’’dr19m, /9 /gd AFFα�

, ]9dff]-dm/r%
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E-42’d tc RXld Xr E-4) 3 @26 –9’ 6gd 6v9hm2]kd9m l9ldm62lhr1X]d ,-r6’-@26-9m ’X6-9r: eAAα�
, �p(,∼��AA �p(∼1: –9’ ne pkd–6( Xm,

nn p’-4g6( 1X-’r: ]Xk]2kX6d, 2r-m4 ,-fd’dm6 CC.2C 196dm6-Xkr –9’ ,-fd’dm6 m2]kd-) Rdd 6dw6 –9’ ,d6X-kr)

�r dw1d]/d, –’9l D+% pö(: /gd ’X/-9r rg9vm -m E-4% t
r]Xkd: -%d%: X’d ]9mr/Xm/ X/ g-4ghl9ldm/X% E9’ nk 1X-’r
/gd r]Xk-m4 -r ]kdX’ Xm, r/X’/r X/ 2ϕ4 � 3 ek�0 –9’ 1gdh
m9ldm9k94-]Xk 19/dm/-Xkr: Xm, X/ 1 � 1ϕ4 ek�0 –9’ ]g-’Xk
-m/d’X]/-9mr% E9’ nn 1X-’r /gd r]Xk-m4 -r kdrr 1’9m92m]d,
a2/ r/-kk u-r-akd: r/X’/-m4 X/ rk-4g/kx g-4gd’ l9ldm/X /gXm
/gd d+2-uXkdm/ nk r]Xk-m4% �r dw1d]/d,: /gd r]Xk-m4 9mrd/
–9’ /v9hm2]kd9m l9ldm/2l ,-r/’-a2/-9mr -r g-4gd’ /gXm
eB ,2d /9 ]9m/’-a2/-9mr –’9l 2m]9’’dkX/d, 1X-’r btt[% Sgd
r]Xk-m4 9– /gd M1JN ]Xk]2kX/-9mr r/X’/r dX’k-d’ ,2d /9
/gd-’ r9–/d’ 2m-ud’rXk –2m]/-9mr vg-]g r211’drr /gd g-4gh
l9ldm/X 2m]9’’dkX/d, 1X-’r p9mk-md R211kdldm/X’x LXh
/d’-Xkr –9’ ,d/X-kr(%

RB�ID Z RBGDLD HMCDODMCDMBD NE
BNMS�BS Q�SHNR

Sgd FBE –X]/9’-yX/-9m pD+% ö( -m]k2,dr /gd r]Xkd Xm,
r]gdld ,d1dm,dm/ /v9ha9,x 2m-ud’rXk –2m]/-9m χ�FF Xm,
/gd m2]kdX’ ]9m/X]/ AFFα�

, % Sgd kX//d’ dm]X1r2kX/dr /gd
lXmxha9,x ,xmXl-]r ,’-u-m4 /gd –9’lX/-9m 9– RQBr Xm,
mdd,r /9 ad rd1d’X/d, –’9l /gd /v9ha9,x 1X’/ -m 9’h
,d’ /9 r/2,x -/r r]Xkd Xm, r]gdld ,d1dm,dm]d% S9 /g-r
dm,: vd dwXl-md /gd ’X/-9 9– /v9hm2]kd9m ,-r/’-a2/-9mr
-m m2]kd2r > ’dkX/-ud /9 X ’d–d’dm]d m2]kd2r >�: -%d%:
αFFα�
, �q(,αFFα�

,�
�q( Xm, kFFα�

, �p(,kFFα�
,�

�p(% �]]9’,-m4
/9 D+% pö(: -m /gd r]Xk-m4 ’d4-9m 9– rlXkkhq 9’ kX’4dhp
r2]g ’X/-9r rg92k, ad -m,d1dm,dm/ 9– q 9’ p Xm, d+2Xk
AFFα�
, ,AFFα�

,�
% Sgdrd ’X/-9r Xkk9v X r/2,x 9– /gd >h

,d1dm,dm]d 9– /gd ]9m/X]/ /d’lr: -m,d1dm,dm/ –’9l /gd
2m-ud’rXk –2m]/-9mr bfiz[%
E-4% 5 rg9vr /gd dw/’X]/d, ]9m/X]/ /d’l ’X/-9r

Andαp40
, ,Andαp40

N Xm, AFFα�
, ,AFFα�

0Fc –9’ Xkk XuX-kXakd m2h
]kd- Xm, -m/d’X]/-9mr% Sgdrd ’X/-9r vd’d dw/’X]/d, -m,dh
1dm,dm/kx –9’ a9/g ]99’,-mX/d Xm, l9ldm/2l r1X]d ax
ffi//-m4 /gd /v9hm2]kd9m ,dmr-/x ’X/-9r X/ rg9’/h,-r/Xm]d

9’ g-4ghl9ldm/2l ’dr1d]/-udkx: –9kk9v-m4 Qd–% btt[% Sgd
2m]d’/X-m/x rg9vm -m]k2,dr ]9m/’-a2/-9mr –’9l /gd rdmr-h
/-u-/x 9– /gd dw/’X]/d, ]9m/X]/r /9 /gd ffi/ ’Xm4d: Xm, –’9l
/gd ,-fd’dm]d ad/vddm /gd dw/’X]/-9m 2r-m4 ULB: CLB:
Xm, dw/’X19kX/d, αFFα�

, �q( ’dr2k/r% Vd ]9mrd’uX/-udkx
ffiwd, /gd kX//d’ 2m]d’/X-m/x X/ öz) pöρ(: Xm, X11k-d, -/
/9 Xkk dw/’X]/d, ]9m/X]/r% E9’ M1JN 19/dm/-Xkr: /gd ,-–h
–d’dm]d -m ]9m/X]/r dw/’X]/d, ax 2r-m4 ,-fd’dm/ l9,dkr 9–
2E –9’]dr pmXldkx: Cσ Xm, C : rdd Qd–% btn[( vXr Xkr9
-m]k2,d, -m /gd 2m]d’/X-m/x dr/-lX/d% Rdd 9mk-md R211kdh
ldm/X’x LX/d’-Xkr –9’ ,d/X-kr%
�r ]Xm ad rddm: Xkk ]9m/X]/ ’X/-9r –9’ X 4-udm m2]kd2r:

-m]k2,-m4 /gd g-4gkx Xrxlld/’-] 2= Xm, 2=c m2]kd-: X’d
]9mr-r/dm/ v-/g-m 2m]d’/X-m/-dr: -%d%: X’d kX’4dkx r]Xkd Xm,
r]gdld -m,d1dm,dm/% Sgdx X’d Xkr9 /gd rXld –9’ a9/g
rg9’/h,-r/Xm]d Xm, g-4ghl9ldm/2l 1X-’r%
Sg-r 9ard’uX/-9m gXr rdud’Xk -l1k-]X/-9mr% Sgd –X]/

/gX/ l9,dkr v-/g ud’x ,-fd’dm/ rg9’/h’Xm4d 1gxr-]r: -mh
]k2,-m4 /gd /dmr9’hkdrr �U5”: Xkk kdX, /9 /gd rXld ]9m/X]/h
/d’l ’X/-9r -l1k-dr /gX/ r2]g ’X/-9r X’d -mrdmr-/-ud /9 /gd
mX/2’d 9– /gd EE.2E -m/d’X]/-9m%
B9mud’rdkx: /g-r -mrdmr-/-u-/x ]Xm ad dw1k9-/d, -m 9’,d’

/9 dr/-lX/d 1’91d’/-dr 9– gdXu-d’ m2]kd-% BXk]2kX/-9mr 9–
/gd ]9m/X]/h/d’l ’X/-9 AFFα�

, ,AFFα�
,�

pvgd’d >� 8 a 9’
3=c( ]Xm ad lX,d 2r-m4 qr9–/“ -m/d’X]/-9mr /gX/ X’d l9’d
XldmXakd /9 ]9l12/X/-9m% Sg-r ’X/-9 lXx /gdm ad l2kh
/-1k-d, ax AFFα�

,�
–9’ a 9’ 3=c ]Xk]2kX/d, 2r-m4 X gX’,d’

-m/d’X]/-9m /9 dfd]/-udkx 9a/X-m AFFα�
, –9’ Xmx m2]kd2r

–9’ /gX/ gX’, -m/d’X]/-9m%
Nm /gd dw1d’-ldm/Xk r-,d: ldXr2’dldm/r 9– -m]k2r-ud

�d. d∗( r]X//d’-m4 ]’9rrhrd]/-9m ’X/-9r X/ kX’4d l9ldm/2l
/’Xmr–d’r Xm, g-4ghrA –9’ X m2]kd2r > ’dkX/-ud /9 ,d2h
/d’-2l: Q1�>,a(: X’d /’X,-/-9mXkkx -m/d’1’d/d, Xr -m,-]X/h
-m4 /gd ’dkX/-ud Xa2m,Xm]d 9– RQB 1X-’r -m m2]kd2r > ’dkXh
/-ud /9 ,d2/d’-2l bfiö8fi5[% B9l1X’-r9mr 9– r2]g ldXr2’dh
ldm/r -m X ’Xm4d 9– rxlld/’-] Xm, Xrxlld/’-] m2]kd- X’d
]kX-ld, /9 ad rdmr-/-ud /9 /gd EE.2E -m/d’X]/-9m bfifi[%



fi

Qd–% btfi[ rg9vd, /gX/ /gd ’dkX/-ud Xa2m,Xm]d 9– rg9’/h
,-r/Xm]d EE 1X-’r -m m2]kd2r > ’dkX/-ud /9 ,d2/d’-2l
p-%d%: α,�q(,αN�q( –9’ q ≈ ): vgd’d α,�q( -m]k2,dr Xkk
EE 1X-’r( -r -mrdmr-/-ud /9 /gd m2]kdX’ -m/d’X]/-9m: Xm,
-r m2ld’-]Xkkx ]9mr-r/dm/ v-/g /gd dw1d’-ldm/Xk uXk2dr
9– Q1�>,a( –9’ Xkk m2]kd- ]9mr-,d’d,% Sg-r ’X-rd, ,92a/r
Xa92/ /gd rdmr-/-u-/x 9– Q1�>,a( ldXr2’dldm/r /9 /gd
EE.2E -m/d’X]/-9m% G9vdud’: /gd Xrr2ld, ]9mmd]/-9m
ad/vddm /gd Q1�>,a( ,X/X XmXkxyd, -m l9ldm/2l r1X]d
Xm, /gd ]Xk]2kX/d, 1X-’h,-r/Xm]d ,-r/’-a2/-9mr mdd,d, /9
ad i2r/-ffid,%
Vd a9kr/d’ Xm, dw/dm, /gdrd 9ard’uX/-9mr ax rg9v-m4

/gX/ /gd ]Xk]2kX/d, ]9m/X]/ ’X/-9r X’d -m,d1dm,dm/ 9– /gd
EE.2E -m/d’X]/-9m -m a9/g ]99’,-mX/d Xm, l9ldm/2l
r1X]d Xm, –9’ dX]g 1X-’ +2Xm/2l r/X/d rd1X’X/dkx% Sg-r -r
]9mr-r/dm/ v-/g 1’du-92r ]Xk]2kX/-9mr /gX/ –92m, /gd ’dkXh
/-ud Xa2m,Xm]d 9– RQB 1X-’r /9 ad X ldXmhffidk, 1’91d’/x
9– /gd m2]kdX’ ld,-2l: v-/g 9mkx /gd-’ r1d]-ffi] 1’91d’h
/-dr p-r9r1-m r/’2]/2’d: ’dkX/-ud l9ldm/2l ,-r/’-a2/-9m:
d/]%( ad-m4 ,d/d’l-md, ax /gd rg9’/ ,-r/Xm]d 1X’/ 9– /gd
EE -m/d’X]/-9m bfi787z[% Sg2r 92’ ’dr2k/r ’X-rd dudm l9’d
,92a/r Xa92/ /gd ]9mmd]/-9m ad/vddm /gd Q1�>,a( ldXh
r2’dldm/r Xm, /gd EE.2E -m/d’X]/-9m%
�m Xk/d’mX/d ld/g9, –9’ 1’9a-m4 RQBr -r ax ldXr2’-m4

dw]k2r-ud /v9hm2]kd9m jm9]j92/ ’dX]/-9mr >�d. d∗EE( bö:
t8öz[% E-4% fi rg9vr /gd ’X/-9 9– nn /9 nk 1X-’r -m 3=c: Xr
X –2m]/-9m 9– /gd 1X-’ ’dkX/-ud l9ldm/X: dw/’X]/d, –’9l
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E-42’d 5c QX6-9r 9– r1-mho ne ]9m6X]6 6d’lr –9’ ,-fd’dm6 m2h
]kd- 69 ,d26d’-2l p691( 9’ 3Gd pl-,,kd(: Xm, 9– r1-mhz nn ]9mh
6X]6 6d’lr –9’ ,-fd’dm6 m2]kd- 69 3Gd p@9669l() Sgd ]9m6X]6
6d’lr ’X6-9r vd’d dw6’X]6d, 2r-m4 ,-fd’dm6 CC.2C 196dmh
6-Xkr -m @96g ]99’,-mX6d pr+2X’dr( Xm, l9ldm62l p]-’]kdr(
r1X]d) Sgd ]9m6X]6 uXk2dr –9’ 2G -m 6gd r1-mhz nn 1Xmdk ]9’’dh
r19m,r 69 Ap6�

NN : Xr 6gd’d X’d m9 11 1X-’r -m 6g-r m2]kd2r) Rdd
6dw6 –9’ ,d6X-kr)

]-1q [fm
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LO(1.0fm)2N

LO(1.2fm)2N

Korover et al.

E-42’d fic QX6-9 9– nnh69hne @X]ih69h@X]i 1X-’r -m 3Ca
Xr X –2m]6-9m 9– 1X-’ ’dkX6-ud l9ldm62l p: enn, �p.N 3
)(,enN, �p.N 3 )(: –9’ ,-fd’dm6 CC.2C 196dm6-Xkr: ]9l1X’d,
v-6g 6gd dw1d’-ldm6Xk dw6’X]6-9mr 9– Qd–) bs[ 2r-m4 �Q. Q∗nn(
Xm, �Q. Q∗ne( ,X6X) Rdd 6dw6 –9’ ,d6X-kr)

�d. d∗nn( Xm, �d. d∗nk( ,X/X bs[% Sgd ,X/X X’d ]9l1X’d,
v-/g /v9hm2]kd9m ,-r/’-a2/-9m ’X/-9r knn0Fc�p(,k

nd
0Fc�p( ]Xkh

]2kX/d, X/ yd’9 ]%l% 1X-’ l9ldm/2l pN 8 )( 2r-m4 ,-fd’h
dm/ -m/d’X]/-9m l9,dkr% Qd+2-’-m4 k9v 9’ yd’9 ]%l% l9h
ldm/2l paX]jh/9haX]j 1X-’r( ’d,2]dr ]9m/’-a2/-9mr –’9l
2m]9’’dkX/d, 1X-’r btt[: Xkk9v-m4 /9 ldXm-m4–2kkx ]9l1X’d
RQB ]Xk]2kX/-9mr Xm, ldXr2’dldm/r% Sgd nn /9 nk ’X/-9
]Xk]2kX/d, v-/g /gd �U5”.THWH -m/d’X]/-9m -r -m]9mr-rh
/dm/ v-/g /gd 9/gd’ ]Xk]2kX/-9mr Xm, v-/g /gd dw1d’-ldmh
/Xk ,X/X: ,2d /9 -/r kX]j 9– X /dmr9’ –9’]d% Sg2r: dw]k2r-ud
9ard’uXakdr ]Xm ad rdmr-/-ud /9 rg9’/h,-r/Xm]d 1’91d’/-dr
9– /gd m2]kdX’ -m/d’X]/-9m%
JXr/kx: Qd–r% b7ö: 73[ ]kX-ld, /gd’d dw-r/r X ,-fd’dm]d

ad/vddm /gd r]Xk-m4 9– RQB 1X-’r v-/g rlXkk rd1X’X/-9m
Xm, g-4g ’dkX/-ud l9ldm/X: Xm, /gX/ 9– 1X-’r v-/g rlXkk
rd1X’X/-9m a2/ Xmx ’dkX/-ud l9ldm/X% Sgd –X]/ /gX/ a9/g
]99’,-mX/dh Xm, l9ldm/2lhr1X]d ]9m/X]/r dwg-a-/ /gd
rXld r]Xk-m4 rg9vr /gX/ /gdrd r1d]2kX/-9mr X’d -m]9mr-rh
/dm/ v-/g PLB vXud –2m]/-9mr b7t[%

�ARNITSD BNMS�BSR

GXu-m4 9ard’ud, /gX/ /gd p�s-n 9– ]9m/X]/ /d’lr –9’
gdXu-d’ /9 k-4g/ m2]kd- -r a9/g r]Xkd Xm, r]gdld -m,dh
1dm,dm/: Xm, -r /gd rXld –9’ a9/g rlXkkhrd1X’X/-9m Xm,
g-4ghl9ldm/2l 1X-’r: vd m9v dwXl-md /gd -mc-u-ct�i
]9m/X]/r%
E-4% 7 p/91 1Xmdk( rg9vr /gd ]9m/X]/r dw/’X]/d, ax ffi/h

/-m4 D+% pö( /9 /gd -m,-u-,2Xk /v9hm2]kd9m PLB ,dmr-h
/-dr –9’ ,-fd’dm/ m2]kd- -m d-/gd’ ]99’,-mX/d 9’ l9ldm/2l
r1X]d% Hm ]9m/’Xr/ /9 /gd ]9m/X]/ ’X/-9r: gd’d /gd 2m-ud’h
rXk –2m]/-9mr ,9 m9/ ]Xm]dk: r9 vd ffiwd, /gd m9’lXk-yX/-9m
9– →χ�FF �p(→1 r9 /gX/ -/r -m/d4’Xk Xa9ud 0ϕ2 ek�0�∼ f=(
d+2Xkr 9md% Sg-r ,dffimdr /gd m9’lXk-yX/-9m 9– →χ�FF �q(→1
u-X X E92’-d’ /’Xmr–9’l: kdXu-m4 AFFα�

, Xr /gd 9mkx –’dd
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E-42’d 7c S91c Sgd X@r9k26d uXk2dr 9– 6gd r1-mho ne Xm, r1-mh
z nn ]9m6X]6 6d’lr –9’ ,-fd’dm6 m2]kd- dw6’X]6d, –’9l PLB
]Xk]2kX6-9mr -m @96g ]99’,-mX6d pr+2X’dr( Xm, l9ldm62l p]-’h
]kdr( r1X]d 2r-m4 ,-fd’dm6 CC.2C 196dm6-Xkr) A9669lc QXh
6-9r 9– ]99’,-mX6dhr1X]d 69 l9ldm62lhr1X]d ]9m6X]6 6d’lr
–9’ ,-fd’dm6 m2]kd- Xm, -m6d’X]6-9m l9,dkr) Sgd ]9m6X]6 uXkh
2dr –9’ 2G -m 6gd r1-mhz nn 1Xmdk ]9’’dr19m,r 69 Ap6�

NN : Xr 6gd’d
X’d m9 11 1X-’r -m 6g-r m2]kd2r) Rdd 6dw6 –9’ ,d6X-kr)

ffi/ 1X’Xld/d’ prdd 9mk-md R211kdldm/X’x LX/d’-Xkr –9’ ,dh
/X-kr(%
�r ]Xm ad rddm: /gd dw/’X]/d, ]9m/X]/r X’d r]Xkd Xm,

r]gdld -m,d1dm,dm/ p-%d%: /gd rXld( –9’ Xkk -m/d’X]/-9mr
-m Xkk ]gXmmdkr: dw]d1/ –9’ /gd �U5”.THWH r1-mhö nk ]9mh
/X]/r Xm, M1JN r1-mhz nn qhr1X]d ]9m/X]/r p–9’ a9/g 0ϕ)
Xm, 0ϕ1 ek ]2/9fr(% Vd dw1d]/d, /gX/ /gd �U5”.THWH

r1-mhö nk ]9m/X]/r v92k, ad rlXkkd’ /gXm /gd �Uöe.TW
Xm, M1JN ]9m/X]/r ad]X2rd �U5” kX]jr X /dmr9’ -m/d’X]h
/-9m% Sgd ’dXr9m –9’ /gd adgXu-9’ 9– /gd M1JN qhr1X]d
r1-mhz nn ]9m/X]/r -r kdrr vdkk 2m,d’r/99,%
S9 –2’/gd’ dw1k9’d /g-r: E-4% 7 pa9//9l 1Xmdk( rg9vr

/gd ’X/-9 9– /gd qh /9 ehr1X]d ]9m/X]/r –9’ dX]g m2]kd2r:
]gXmmdk: Xm, -m/d’X]/-9m% Sgd qh Xm, ehr1X]d ]9m/X]/r
X’d ]9mr-r/dm/ v-/g dX]g 9/gd’ –9’ Xkk ]Xrdr: dw]d1/ –9’
/gd M1JN r1-mhz nn ]gXmmdk% Sg-r ,-r]’d1Xm]x -r m9/ dwh
1d]/d, -m /gd FBE Xm, v-kk ad /gd –9]2r 9– –2/2’d r/2,-dr%
R-m]d /gd ]9m/X]/ ’X/-9r 9– m2]kd2r > /9 3=c X’d /gd

rXld -m qh Xm, ehr1X]d –9’ Xkk ]gXmmdkr Xm, -m/d’X]/-9mr:

-m]k2,-m4 M1JN nn 1X-’r: sgd l�mvhancv mtbid�p cvm�lh
-br ne sgd bnms�bs sdplr �pd sgd r�ld enp ansg bnnpc-m�sd
�mc lnldmstl ro�bd% Sgd’d–9’d: /gd M1JN nn -rr2d -r
19rr-akx ,2d /9 -/r pr]Xkd Xm, r]gdld ,d1dm,dm/( /v9h
a9,x 2m-ud’rXk –2m]/-9mr vg-]g gXud X m9mh/’-u-Xk ’dkX/-9m
ad/vddm rg9’/h,-r/Xm]d Xm, g-4ghl9ldm/2l 1X-’r% Sg-r
l-4g/ ad –2’/gd’ r/2,-d, 2r-m4 V-4md’ ,-r/’-a2/-9mr /gX/
]Xm 1’9u-,d -mr-4g/ /9 qhe ]9’’dkX/-9mr -m /gd /v9ha9,x
rxr/dl b75[%

RTLL�QW �MC BNMBITRHNMR

Sgd r]Xkd Xm, r]gdld ,d1dm,dm]d 9– RQBr vXr r/2,-d,
u-X X FBE XmXkxr-r 9– Xah-m-/-9 PLB ]Xk]2kX/-9mr 9– ,-–h
–d’dm/ m2]kd- 2r-m4 uX’-92r /v9h Xm, /g’ddha9,x -m/d’X]h
/-9m l9,dkr% PLBh]Xk]2kX/d, /v9hm2]kd9m ,-r/’-a2/-9mr
dwg-a-/ r-4m-ffi]Xm/ r]Xkd Xm, r]gdld cdodmcdmbd X/ rlXkk
rd1X’X/-9m Xm,69’ g-4g l9ldm/2l: Xr dw1d]/d, –’9l /gd
FBE –X]/9’-yX/-9m /9 X /v9ha9,x 2m-ud’rXk –2m]/-9m /-ldr
X ]9m/X]/ /d’l%
Sgd dw/’X]/d, Xar9k2/d ]9m/X]/r X’d /gd rXld –9’ a9/g

rg9’/h,-r/Xm]d Xm, g-4ghl9ldm/2l 1X-’r –9’ Xkk -m/d’X]h
/-9mr dw]d1/ –9’ M1JN -m /gd nn ]gXmmdk% Hm /gd kX//d’
]Xrd: ,-fd’dm]dr X’d 1’9aXakx ,2d /9 /gd ’dkX/-9m ad/vddm
/gd /v9ha9,x 2m-ud’rXk –2m]/-9mr -m qh Xm, ehr1X]d ’X/gd’
/gXm /gd ,-fd’dm/ lXmxha9,x ,xmXl-]r 9– /gd ]9m/X]/r:
vg-]g X’d a9/g r]Xkd Xm, r]gdld -m,d1dm,dm/ Xm, rg9v
–2kk qh Xm, ehr1X]d d+2-uXkdm]d%
Sgd dw/’X]/d, lXmxha9,x ’X/-9r 9– ]9m/X]/ ]9dff]-dm/r

–9’ Xkk m2]kd- ’dkX/-ud /9 a 9’ 3Gd X’d r]Xkd Xm, r]gdld -mh
cdodmcdms Xm, X’d Xkr9 /gd rXld –9’ a9/g rg9’/h,-r/Xm]d
Xm, g-4ghl9ldm/2l 1X-’r% Sg2r: /gd –9’lX/-9m 9– rgnpsh
p�mfd 1X-’r -m /gd m2]kd2r: vg-]g ,d/d’l-mdr /gd-’ Xa2mh
,Xm]dr: -r X inmfhp�mfd pldXmhffidk,( 1gdm9ldmX% LdXh
r2’dldm/r 9– 1X-’ Xa2m,Xm]dr ’dkX/-ud /9 k-4g/ m2]kd- X’d
/gd’d–9’d -mrdmr-/-ud /9 rg9’/h,-r/Xm]d 1gxr-]r% G9vdud’:
rg9’/ ,-r/Xm]d 1gxr-]r ]Xm ad r/2,-d, 2r-m4 dw]k2r-ud /v9h
m2]kd9m jm9]j92/ ldXr2’dldm/r%
Vd /gXmj I% D% Jxmm –9’ 1’9u-,-m4 r9ld 9– /gd

,d2/d’9m l9ldm/2l ,-r/’-a2/-9mr% Vd X’d Xkr9 /gXmj–2k
/9 I% BX’kr9m: B% B-9ffi ,d4k- �//-: V% B9rxm: R% FXm,9kffi:
�% J9uX/9: F%�% L-kkd’: I% Qx]jda2r]g: L% RX’4r-Xm: Xm,
L% R/’-jlXm –9’ lXmx -mr-4g/–2k ,-r]2rr-9mr% Sg-r v9’j
vXr r2119’/d, ax /gd T%R% Cd1X’/ldm/ 9– Dmd’4x: N–h
ffi]d 9– R]-dm]d: Nff]d 9– M2]kdX’ Ogxr-]r 2m,d’ �vX’,
M2lad’r CDhEFz3hn5DQ5zeöe: CDhEFz3hn7DQh5zn7z:
Xm, CDh�Bzfihz7NQ3töss 2m,d’ vg-]g Idfd’r9m R]-dm]d
�rr9]-X/dr 91d’X/dr /gd Sg9lXr Idfd’r9m MX/-9mXk �]h
]dkd’X/9’ EX]-k-/x: /gd OXyx –92m,X/-9m: Xm, /gd Hr’Xdk-
R]-dm]d E92m,X/-9m pHr’Xdk( 2m,d’ F’Xm/r M9r% öt76ö3
Xm, ött56ö7% Sgd v9’j 9– C%J% -r r2119’/d, ax /gd T%R%
Cd1X’/ldm/ 9– Dmd’4x: Nff]d 9– R]-dm]d: Nff]d 9– M2]kdX’
Ogxr-]r: 2m,d’ B9m/’X]/ M9% CDhRBzzöt7ös: Xm, ax /gd
MTBJDH R]-C�B 1’94’Xl% Sgd v9’j 9– Q%V% -r r21h
19’/d, ax /gd Bk9’d E92m,X/-9m% Sgd v9’j 9– Q%A%V%



s

-r r2119’/d, ax /gd T%R% Cd1X’/ldm/ 9– Dmd’4x: Nff]d
9– R]-dm]d: Nff]d 9– M2]kdX’ Ogxr-]r: 2m,d’ B9m/’X]/
M9% CDh�Bz3hz7BGöötfis: /gd MTBJDH R]-C�B Xm,
HMBHSD 1’94’Xlr: Xm, /gd �’49mmd JXa9’X/9’x B9lh
12/-m4 Qdr92’]d Bdm/d’% B9l12/X/-9mXk ’dr92’]dr gXud
addm 1’9u-,d, ax J9r �kXl9r N1dm R21d’]9l12/-m4 u-X
/gd Hmr/-/2/-9mXk B9l12/-m4 pHB( 1’94’Xl: ax /gd �’h
49mmd JdX,d’rg-1 B9l12/-m4 EX]-k-/x X/ �’49mmd MXh
/-9mXk JXa9’X/9’x: vg-]g -r r2119’/d, ax /gd T%R% Cdh
1X’/ldm/ 9– Dmd’4x: Nff]d 9– R]-dm]d: 2m,d’ B9m/’X]/
M9% CDh�Bz3h z7BGöötfis: Xm, ax /gd MX/-9mXk Dmd’4x
QdrdX’]g R]-dm/-ffi] B9l12/-m4 Bdm/d’ pMDQRB(: vg-]g
-r r2119’/d, ax /gd T%R% Cd1X’/ldm/ 9– Dmd’4x: Nff]d 9–
R]-dm]d: 2m,d’ B9m/’X]/ M9% CDh�Bz3hzfiBGöö3tö%

� B9m6X]6 X26g9’c gdmal-6)d,2
bo[ N) Gdm: F) �) L-kkd’: D) O-Xrd6yix: Xm, K) A) Vd-mr6d-m:
Qdu) L9,) Ogxr) &-: z5fizz3 p3zos()

b3[ B) B-9ff ,d4k- �66-: Ogxr) Qd16) 8-2: o p3zofi()
bt[ �) SXm4 d6 Vkp: Ogxr) Qdu) Kd66) -2: z53tzo p3zzt()
b5[ D) O-Xrd6yix: L) RX’4r-Xm: K) E’Xmi–2’6: L) R6’-ilXm:
Xm, I) V) VX6r9m: Ogxr) Qdu) Kd66) -1: o73fiz5 p3zz7()

bfi[ Q) R2@d,- d6 Vkp: R]-dm]d 632: o5s7 p3zze()
b7[ G) AX4g,XrX’xXm d6 Vkp pBK�R B9kkX@9’X6-9m(: Ogxr)
Qdu) Kd66) 928: 333fizo p3zoz()

bs[ H) J9’9ud’ d6 Vkp: Ogxr) Qdu) Kd66) 996: z33fizo p3zo5()
be[ N) Gdm d6 Vkp pBK�R B9kkX@9’X6-9m(: R]-dm]d 657: 7o5
p3zo5()

bn[ L) C2d’ d6 Vkp pBK�R B9kkX@9’X6-9m(: MX62’d 872: 7os
p3zoe()

boz[ L) C2d’ d6 Vkp pBK�R B9kkX@9’X6-9m(: Ogxr) Qdu) Kd66)
933: os3fiz3 p3zon()

boo[ Q) R]g-Xu-kkX: Q) A) V-’-m4X: R) B) O-d1d’: Xm, I) BX’kh
r9m: Ogxr) Qdu) Kd66) -&: ot3fizo p3zzs()

bo3[ L) �ku-9k-: B) B-9ff ,d4k- �66-: Xm, G) L9’-6X: Ogxr) Qdu)
Kd66) 922: o73fizt p3zze()

bot[ L) L) RX’4r-Xm: S) U) �@’XgXlxXm: L) H) R6’-ilXm: Xm,
K) K) E’Xmi–2’6: Ogxr) Qdu) B 19: z557ofi p3zzfi()

bo5[ K) A) Vd-mr6d-m: D) O-Xrd6yix: C) V) G-4-m@96gXl:
I) F9ldy: N) Gdm: Xm, Q) Rgmd9’: Ogxr) Qdu) Kd66)
927: zfi3tzo p3zoo()

bofi[ N) Gdm: D) O-Xrd6yix: Xm, K) A) Vd-mr6d-m: Ogxr) Qdu)
B &8: z5stzo p3zo3()

bo7[ N) Gdm: C) V) G-4-m@96gXl: F) �) L-kkd’: D) O-Xrd6yix:
Xm, K) A) Vd-mr6d-m: Hm6) I) L9,) Ogxr) D 33: ottzzos
p3zot()

bos[ A) R]gl99ikd’ d6 Vkp pBK�R(: MX62’d 877: tfi5 p3zon()
boe[ L) J9’6dkX-mdm Xm, I) R2g9mdm: Ogxr) Qdu) B 18: zfiotzt

p3zzs()
bon[ L) J9’6dkX-mdm Xm, I) R2g9mdm: Ogxr) Qdu) B 17: z35tofi

p3zzs()
b3z[ I) Ldmdm,dy: �) O9udr: D) BX2’-d’: Xm, E) M9vX]i-:

M2]k) Ogxr) � &9&: otn p3zzn()
b3o[ E) R-li9u-]: �) EXdrrkd’: G) L26gd’: U) Q9,-m: Xm,

L) R6X2–: Ogxr) Qdu) B 1-: zfififizo p3zzn()
b33[ N) AdmgX’: Q) A-9m,-: Xm, D) R1d’XmyX: Ogxr) Qdu) B

-2: z7fifiz5 p3zo5()
b3t[ Q) B’2yhS9’’dr: �) R]gl-,6: F) �) L-kkd’: K) A) Vd-mh

r6d-m: M) AX’mdX: Q) Vd-rr: D) O-Xrd6yix: Xm, N) Gdm:
Ogxr) Kd66) A 1&8: tz5 p3zoe()

b35[ W) A) VXm4: �) B) GXxdr: I) BX’kr9m: F) W) C9m4:
D) Ld’d4gd66-: R) OXr69’d: Xm, Q) A) V-’-m4X: p3zon(:
X’W-uconz7)z7773 bm2]kh6g[ )

b3fi[ F) �) L-kkd’: �) Ad]i: R) LXxhSXk Ad]i: K) A) Vd-mr6d-m:
D) O-Xrd6yix: Xm, N) Gdm: Ogxr) Kd66) A 1-6: t7z p3zon()

b37[ A)h�) K-: A)hI) BX-: K)hV) Bgdm: Xm, I) W2: O’94) OX’6)
M2]k) Ogxr) --: 3n p3zoe()

b3s[ N) Gdm: A)h�) K-: V)hI) F29: K) A) Vd-mr6d-m: Xm, D) O-h
Xrd6yix: Ogxr) Qdu) B -9: z3fiezt p3zofi()

b3e[ K) E’Xmi–2’6: L) RX’4r-Xm: Xm, L) R6’-ilXm: Hm6) I) L9,)
Ogxr) � 36: 3nno p3zze()

b3n[ Q) A) V-’-m4X: Q) R]g-Xu-kkX: R) B) O-d1d’: Xm, I) BX’kh
r9m: Ogxr) Qdu) B &-: z35tzfi p3zo5()

btz[ I) BX’kr9m: R) FXm,9kff: E) Od,d’-uX: R) B) O-d1d’: Q) R]g-h
Xu-kkX: J) D) R]gl-,6: Xm, Q) A) V-’-m4X: Qdu) L9,)
Ogxr) &1: oz7s p3zofi()

bto[ C) K9mX’,9m-: R) FXm,9kff: W) A) VXm4: Xm, I) BX’kr9m:
Ogxr) Qdu) B -&: zo5t33 p3zoe()

bt3[ Q) Vd-rr: A) AXyXi: Xm, M) AX’mdX: Ogxr) Qdu) B -3:
zfi5too p3zofi()

btt[ Q) Vd-rr: Q) B’2yhS9’’dr: M) AX’mdX: D) O-Xrd6yix: Xm,
N) Gdm: Ogxr) Kd66) A 1&2: 3oo p3zoe()

bt5[ Q) Vd-rr: H) J9’9ud’: D) O-Xrd6yix: N) Gdm: Xm,
M) AX’mdX: Ogxr) Kd66) A 1-9: 353 p3zon()

btfi[ I) D) Kxmm: H) Sdvr: R) FXm,9kff: Xm, �) K9uX69:
X’W-uconzo)z5e7e bm2]kh6g[ )

bt7[ I) D) Kxmm: H) Sdvr: I) BX’kr9m: R) FXm,9kff: �) Fdyd’k-r:
J) D) R]gl-,6: Xm, �) R]gvdmi: Ogxr) Qdu) B -7: zfi5zzs
p3zos()

bts[ C) K9mX’,9m-: �) K9uX69: R) B) O-d1d’: Xm, Q) A)
V-’-m4X: Ogxr) Qdu) B -7: z35t37 p3zos()

bte[ C) K9mX’,9m-: I) BX’kr9m: R) FXm,9kff: I) D) Kxmm: J) D)
R]gl-,6: �) R]gvdmi: Xm, W) A) VXm4: Ogxr) Qdu) Kd66)
932: o33fiz3 p3zoe()

btn[ C) K9mX’,9m-: R) FXm,9kff: I) D) Kxmm: B) Od6’-d: I) BX’kh
r9m: J) D) R]gl-,6: Xm, �) R]gvdmi: Ogxr) Qdu) B -1:
z55toe p3zoe()

b5z[ I) D) Kxmm: C) K9mX’,9m-: I) BX’kr9m: I)hV) Bgdm:
V) Cd6l9k,: R) FXm,9kff: Xm, �) R]gvdmi: p3zon(:
X’W-uconzt)o3fies bm2]kh6g[ )

b5o[ Q) A) V-’-m4X: P2Vm62l L9m6d BV.k9 .dr2k6r: g//orcss
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