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>VghfUWh

R\ g\i]fid [`i\Zk k`d\ [fdX`e XeXcpj`j f] _`^_ k`d\ i\jfclk`fe j`^eXcj ]ifd ]Xjk iX[`Xc #\c[ Zf`cj

Xe[ ]lcc $lo Xq`dlk_Xc cffgj `e E@O, O_\j\ kfif`[Xccp `ek\^iXk`e^ j`^eXcj gifm`[\ j`dlckXe\flj

_`^_ k`d\ i\jfclk`fe fYj\imXk`fe f] ^cfYXc gcXjdX [peXd`Zj Xe[ `kj Zflgc`e^ kf k_\ Zfekifc jpjk\d,

R\ \oXd`e\ k_\ k`d\ [peXd`Zj f] k_\j\ j`^eXcj `e gcXjdXj n_\i\ g\cc\k `ea\Zk`fe `j lj\[ kf ki`^^\i

@GHj `e k_\ gi\j\eZ\ f] eXkliXccp fZZlii`e^ @GHj, @GH fZZlii\eZ\ k`d\j Xi\ `[\ek`#\[ ]ifd =\DD

\d`jj`fe, K\cc\kj n_fj\ j`q\ Xe[ jg\\[ Xi\ `ek\e[\[ kf gifm`[\ dXo`dld cfZXc g\ikliYXk`fe ]fi

@GH ki`^^\i`e^ Xi\ cXleZ_\[ Xk gi\+gif^iXdd\[ k`d\j* _\eZ\ n`k_flk Zfii\cXk`fe kf k_\ fZlii\eZ\

k`d\j f] `eki`ej`Z @GHj, K\cc\k iXk\j n\i\ b\gk jl%Z`\ekcp cfn kf gi\m\ek jljkX`e\[ Z_Xe^\j f]

k_\ le[\icp`e^ gcXjdX Zfe[`k`fej Xe[ eXkliXc @GH Y\_Xm`fli, R\ #e[ X ^cfYXc j`^eXkli\ f] k_\

Yl`c[+lg kf eXkliXc @GHj `e k_\ k\dgfiXc XeXcpk`Z g_Xj\ f] Yfk_ k_\ ]lcc $lo cffgj Xe[ ]Xjk iX[`Xc

#\c[ Zf`c j`^eXcj, =\]fi\ X eXkliXc @GH* k_\ j`^eXc g_Xj\j Xc`^e kf k_\ jXd\ mXcl\ fe X $ 0 ! 3*,

k`d\jZXc\, R\ \jkXYc`j_ k_Xk k_`j ^cfYXc Yl`c[ lg kf X eXkliXc @GH fZZlij n_`cjk k_\ Xdgc`kl[\

f] k_\ ]lcc $lo cffg Xe[ ]Xjk iX[`Xc #\c[ Zf`c j`^eXcj Xi\ Xk k_\`i YXZb^ifle[ mXcl\8 `k gi\Z\[\j k_\

i\jgfej\ j\\e `e k_\j\ j`^eXcj kf k_\ fej\k f] @GH`e^, R\ g\i]fid k_\ jXd\ XeXcpj`j ]fi @GHj

k_Xk Xi\ k_\ #ijk kf fZZli ]fccfn`e^ g\cc\k `ea\Zk`fe Xe[ #e[ k_Xk `e ZfekiXjk kf eXkliXccp fZZlii`e^

@GHj k_\j\ j`^eXcj [f efk Zc\Xicp g_Xj\ Xc`^e Y\]fi\ k_\ @GH, O_`j gifm`[\j X [`i\Zk k\jk k_Xk ZXe

Y\ lj\[ kf [`jk`e^l`j_ n_\e Xe @GH `j ki`^^\i\[ Yp X g\cc\k Xj fggfj\[ kf fZZlii`e^ eXkliXccp, Dk

]lik_\i jlggfikj k_\ `[\X V/r2W f] X ^cfYXc Yl`c[ lg g_Xj\ k_Xk gi\Z\[\j eXkliXc @GHj9 g\cc\kj ZXe

ki`^^\i @GHj \m\e n_\e k_\ j`^eXc g_Xj\ `j Xk X mXcl\ n_\e X eXkliXc @GH `j lec`b\cp kf fZZli,

K<>N eldY\ij8 30,05,Bi* 30,13,Hn*30,33,AX

!@c\Zkife`Z X[[i\jj8 $!#!#'%,*%+"/%-/(&)!%&!.)

"N\\ k_\ <gg\e[`o f] A, MfdXe\cc` \k Xc,* KifZ\\[`e^j f] k_\ 03k_ D<@< Alj`fe @e\i^p >fe]\i\eZ\ 0./2*
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EbhYbgY, g\cfh XifUh]cb fY`UlUh]cb YjYbhg _bckb Ug YX[Y `cWU`]nYX acXYg )BGHg* S5o9T

[YbYfU``m UWWcadUbm Yb\UbWYX Wcb#bYaYbh )D-acXY* fY[]aYg ]b hc_UaU_ d`UgaUg. H]h]-

[Uh]cb cZ `Uf[Y Uad`]hiXY BGHg ]g YggYbh]U` Zcf EOBM VYWUigY YUW\ BGH fY`YUgYg dUfh]W`Yg

UbX YbYf[m k\]W\ `cUX h\Y d`UgaU ZUW]b[ WcadcbYbhg< gWU`YX id hc EOBMS10T, h\Y `Uf[Ygh

giW\ `cUXg kci`X VY ibUWWYdhUV`Y. BGHg U`gc d`Um U fc`Y ]b fYacj]b[ ]adif]h]Yg Zfca h\Y

d`UgaU, k\]W\ g\ci`X U`gc VY UW\]YjYX ]b U Wcbhfc``UV`Y aUbbYf. O\Y dYY`]b[-VU``ccb]b[

HDA ]bghUV]`]hm Uh h\Y d`UgaU YX[Y ]g VY`]YjYX hc ibXYf`]Y h\Y cbgYh cZ Ub BGH Vifgh S11o

14T cbWY `cWU` WcbX]h]cbg Zcf ]bghUV]`]hm UfY fYUW\YX. O\Y gYeiYbWY cZ YjYbhg h\Uh `YUXg hc

h\]g fYaU]bg Ub cdYb eiYgh]cb.

Bad]f]WU``m, `cb[Yf kU]h]b[ h]aYg VYhkYYb cbY BGH UbX h\Y bYlh VfcUX`m WcffY`UhY k]h\

`Uf[Yf BGH Uad`]hiXYg, gc h\Uh dfcdcgU`g Zcf a]h][Uh]cb ]bW`iXY YlhYfbU``m hf][[Yf]b[ aUbm,

gaU``Yf BGHg S15o17T. JbY aYh\cX ]g hc acX]Zm h\Y WcbX]h]cbg Uh h\Y YX[Y Vm ]b^YWh]b[

ZfcnYb XYihYf]ia dY``Yhg k\]W\ ei]W_`m ]cb]gY S18o21T. KY``Yh BGH dUW]b[ fY`]Yg cb h\Y hf][-

[Yf]b[ cZ Ub BGH Vm h\Y ghfcb[ `cWU` dYfhifVUh]cb ]adcgYX Vm h\Y UV`UhYX UbX XYdcg]hYX

dUfh]W`Yg ]b h\Y d`UgaU YX[Y. R\]`gh dfYj]cig`m ZcibX hc VY jYfm Y"YWh]jY ]b U @UfVcb kU``

Ybj]fcbaYbh, fYWYbh`m ]h \Ug VYYb ZcibX h\Uh h\Y hf][[Yf]b[ Y%W]YbWm ]g [fYUh`m X]a]b]g\YX

k\Yb W\Ub[]b[ hc Ub U``-aYhU`-kU``. Eb dUfh]Wi`Uf, `U[-h]aYg \UjY VYYb cVgYfjYX VYhkYYb

dY``Yh ]b^YWh]cb UbX giVgYeiYbh BGH k\YfY dY``Yhg ZU]`YX hc hf][[Yf. @`YUf`m, giWWYggZi` hf][-

[Yf]b[ WcbX]h]cbg XYdYbX cb gcaY WcaV]bUh]cb cZ Wf]h]WU` d`UgaU UbX dY``Yh dUfUaYhYfg.

EbjYgh][Uh]cbg cZ h\Y ibXYf`m]b[ d\mg]Wg cZ h\Y dY``Yh BGH hf][[Yf]b[ dfcWYgg fYei]fY h\Y

WUdUV]`]hm hc X]gWf]a]bUhY VYhkYYb giWWYggZi` UbX ibgiWWYggZi` UhhYadhg hc hf][[Yf Ub BGH

k]h\ Ub ]b^YWhYX dY``Yh. O\Y dfYgYbh dUdYf ZcWiggYg cb U bYk, f][cfcig aYh\cX Zcf X]gh]b-

[i]g\]b[ k\Yh\Yf Ub BGH UddYUf]b[ Xif]b[ cf g\cfh`m UZhYf dY``Yh UV`Uh]cbg ]g hf][[YfYX cf

]g g]ad`m h\Y W\UbWY cWWiffYbWY cZ U bUhifU` BGH.

LiUbh]hUh]jY W\UfUWhYf]nUh]cb cZ h\Y h]aY XcaU]b XmbUa]Wg cZ BGH]b[ dfcWYggYg ]g fY`U-

h]jY`m bcjY` S22o27T. MYWYbh`m S1o4T kY ZcibX h\Uh Zcf bUhifU``m cWWiff]b[ BGHg, h\Y d\UgY

cZ h\Y g][bU`g Zfca U gmghYa gWU`Y X]U[bcgh]W, h\Y hcfc]XU``m ]bhY[fUh]b[ Zi`` $il `ccdg ]b h\Y

X]jYfhcf fY[]cb cZ FBO, WcbhU]bg ghUh]gh]WU``m g][b]#WUbh ]bZcfaUh]cb cb h\Y BGH cWWiffYbWY

h]aYg. O\Y g][bU` d\UgYg U`][b hc h\Y gUaY jU`iY cb U $ 2 ! 5;@ h]aYgWU`Y VYZcfY YUW\

bUhifU` BGH cWWifg. O\]g c"Yfg U dchYbh]U` X]fYWh X]U[bcgh]W hc X]gh]b[i]g\ dY``Yh hf][[YfYX
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BGHg Zfca h\cgY h\Uh cWWif bUhifU``m.

DYfY kY ZcWig cb U FBO d`UgaU YldYf]aYbh ]b k\]W\ BGHg UfY hf][[YfYX Vm dY``Yhg ]b

h\Y dfYgYbWY cZ BGHg k\]W\ cWWif bUhifU``m. RY igY U g]ai`hUbYcig \][\ h]aY fYgc`ih]cb ?Y

EE g][bU` hc XYhYfa]bY h\Y BGH cWWiffYbWY h]aYg. RY dYfZcfa X]fYWh h]aY XcaU]b UbU`mg]g

cZ XUhU Zfca hkc gYhg cZ Un]aih\U` Wc]`g Zcf k\]W\ h\YfY UfY \][\ h]aY fYgc`ih]cb g][bU`g.

O\Y #fgh gYh Wcadf]gYg Zi`` $il `ccdg ]b h\Y X]jYfhcf fY[]cb ]b FBO, QGA2 UbX QGA3, h\Y]f

WiffYbhg UfY dfcdcfh]cbU` hc h\Y jc`hU[Y ]bXiWYX Vm W\Ub[Yg ]b dc`c]XU` aU[bYh]W $il. O\Y

gYWcbX gYh ]g h\Y WiffYbh ]b h\Y ZUgh fUX]U` #Y`X Wc]`g )ECMC>*, k\]W\ UfY UWh]jY`m igYX Zcf

jYfh]WU` ghUV]`]nUh]cb cZ h\Y d`UgaU Vm h\Y Wcbhfc` gmghYa S27o29T. OU_Yb hc[Yh\Yf, h\YgY

WUdhifY UgdYWhg cZ Vch\ h\Y dYfhifVUh]cb Zfca h\Y Wcbhfc` gmghYa UbX h\Y UWh]jY [`cVU`

d`UgaU fYgdcbgY. RY ]bjYgh][UhY h\Y h]aY XmbUa]Wg cZ h\Y g][bU` hYadcfU` UbU`mh]W d\UgYg,

UbX X]fYWh`m hYgh k\Yh\Yf h\YgY g][bU` d\UgYg WcbhU]b ]bZcfaUh]cb cb h\Y Vi]`X-id hc Ub

BGH. RY #bX h\Uh h\YgY g][bU`g Xc bch W`YUf`m d\UgY U`][b VYZcfY h\Y dY``Yh-hf][[YfYX BGHg

]b h\YgY g][bU`g, k\YfYUg h\Ym Xc U`][b Zcf h\Y bUhifU` BGHg k]h\]b h\Y gUaY d`UgaUg. O\]g

dfcj]XYg U X]fYWh hYgh h\Uh WUb VY igYX hc X]gh]b[i]g\ k\Yb Ub BGH ]g hf][[YfYX Vm U dY``Yh,

Ug cddcgYX hc cWWiff]b[ bUhifU``m. O\]g fYgi`h Zifh\Yf giddcfhg h\Y ]XYU cZ U [`cVU` Vi]`X id

d\UgY hc bUhifU``m cWWif]b[ BGHg; dY``Yhg WUb hf][[Yf BGHg YjYb k\Yb h\Y g][bU` d\UgY ]g

Uh U jU`iY k\Yb U bUhifU` BGH ]g ib`]_Y`m hc cWWif.

N]bWY h\Y ZUgh fUX]U` aU[bYh]W #Y`X Wc]`g UfY dUfh cZ h\Y Wcbhfc` gmghYa h\Uh UWh]jY`m

aU]bhU]bg h\Y d`UgaU, cif fYgi`hg U`gc giddcfh h\Y k]XYf Wcb^YWhifY S1o4T h\Uh bUhifU``m cW-

Wiff]b[ BGHg UfY dfYW]d]hUhYX Vm [`cVU` d`UgaU XmbUa]Wg YaYf[]b[ Zfca bcb`]bYUf ZYYXVUW_

VYhkYYb d`UgaU UbX Wcbhfc` gmghYa.

++" &'3#+,2 /( 3*' '60'1+-'.3 #.& #.#,72'& 2+).#,2

RY ZcWig cb cbY cZ U gYf]Yg cZ FBO d`UgaUg ]b k\]W\ ]b^YWhYX dY``Yhg kYfY igYX hc dfYW]d-

]hUhY BGHg UbX k\YfY h\Y cWWiffYbWY ZfYeiYbWm cZ bUhifU``m cWWiff]b[ BGHg ZUf YlWYYXYX

h\Uh cZ dY``Yh ]b^YWh]cb. Eb FBO d`UgaU 86908 h\Y d`UgaU dUfUaYhYfg UfY -) = 2&0.),

*/ = 2&13 , 0(% = 13.4 UbX kY UbU`mgY BGHg cjYf h\Y ]bhYfjU` 9&0 ! 20&7@.

RY UbU`mgY hkc gYhg cZ \][\ )100 a]WfcgYWcbX* h]aY fYgc`ih]cb hcfc]XU``m ]bhY[fUh]b[

g][bU`g; )]* h\Y WiffYbh ]b h\Y ZUgh fUX]U` #Y`X Wc]`g )ECMC>*, k\]W\ UfY UWh]jY`m igYX Zcf

jYfh]WU` ghUV]`]nUh]cb Vm h\Y Wcbhfc` gmghYa< UbX )]]* jc`hU[Yg UWfcgg dUgg]jY Zi`` $il `ccdg
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ADB, /8 NkXe[Xi[`q\[ kiXZ\j f] k_\ iXn k`d\j\i`\j ]fi gX`ij f] jlZZ\jj`m\ @GHj `e E@O gcXjdX

647.6, Aifd kfg kf Yfkkfd* k`d\ kiXZ\j Xi\ gcfkk\[ f]8 =\ DD `ek\ej`kp (i\[)9 ]lcc $lo cffgj

(Ycl\) QG?0* QG?19 Xe[ ]Xjk iX[`Xc #\c[ Zf`c Zlii\ek DAMA<, Of ]XZ`c`kXk\ ZfdgXi`jfe n\ _Xm\

jkXe[Xi[`q\[ k_\ j`^eXc Xdgc`kl[\j Yp [`m`[`e^ Yp X dlck`gc\ f] k_\`i i\jg\Zk`m\ d\Xej fm\i k_\

$Xk+kfg C+df[\ [liXk`fe* Xe[ k_\e jlYkiXZk`e^ X cfZXc d\Xe, O_\ fZZlii\eZ\ k`d\j f] jlZ\jj`m\

@GHj Xi\ `e[`ZXk\[ Yp m\ik`ZXc i\[ Xe[ ^i\\e c`e\j,
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)QGA2 UbX QGA3*. O\Y QGA2 UbX QGA3 g][bU`g UfY h\Y ]bXiWh]jY jc`hU[Y ]b h\Y Zi`` $il

`ccdg k\]W\ W]fW`Y h\Y FBO hc_UaU_ hcfc]XU``m Uh U `cWUh]cb ^igh VY`ck UbX cihg]XY h\Y

X]jYfhcf Wc]`gS3T. O\Ym UfY X]fYWh`m dfcdcfh]cbU` hc h\Y WiffYbh ]b h\Y Zi`` $il `ccdg. O\YgY

$il `ccdg UfY dUgg]jY, ]b h\Uh h\Ym ]bdih hc h\Y Wcbhfc` gmghYa cb`m. RY dfYgYbh UbU`mg]g cZ

h\Y QGA2 g][bU`, UbX kY fYdYUhYX h\Y UbU`mg]g Zcf h\Y QGA3 g][bU` UbX cVhU]bYX h\Y gUaY

fYgi`hg. O\Y ECMC> g][bU` ]g h\Y WiffYbh ]b h\Y jYfh]WU` Wcbhfc` Wc]`g k\]W\ W]fW`Y h\Y FBO

hc_UaU_ hcfc]XU``m UbX UfY `cWUhYX Uh Uddfcl]aUhY`m 2/3 cZ h\Y \Y][\h cZ h\Y jYggY`. O\Y

ECMC> $il `ccd ]g UWh]jY, ]b h\Uh ]h Vch\ ]bdihg UbX cihdihg hc h\Y UWh]jY Wcbhfc` gmghYa

cZ h\Y d`UgaU.

RY XYhYfa]bY h\Y BGH cWWiffYbWY h]aYg A- Vm ]XYbh]Zm]b[ h\Y dYU_ cZ h\Y ?Y EE g][bU`

k]h\]b YUW\ BGH ig]b[ h\Y aYh\cX ]b S1T. RY #fgh WU`Wi`UhY h\Y 300 dc]bh fibb]b[ aYUb cZ

h\Y ?Y EE g][bU` YlW`iX]b[ cih`]Yfg, k\]W\ UfY XY#bYX Ug `m]b[ cihg]XY 6 ghUbXUfX XYj]Uh]cbg.

RY h\Yb Wcbg]XYf h\Y g][bU` hc WcbhU]b Ub BGH cb`m k\YfY ]h YlWYYXg h\]g fibb]b[ aYUb Vm

2 ghUbXUfX XYj]Uh]cbg. Oc YbgifY h\Uh h\Y `Uf[Ygh dYU_ ]g gY`YWhYX ]b fY[]cbg k\YfY h\YfY UfY

ai`h]d`Y `cWU` aUl]aU, h\Y BGH cWWiffYbWY h]aY ]g hU_Yb hc VY h\Uh cZ h\Y aUl]aia k]h\]b

U 50 XUhU dc]bh k]bXck. O\]g aYh\cX XcYg bch X]gh]b[i]g\ BGHg h\Uh cWWif bUhifU``m Zfca

h\cgY h\Uh UfY hf][[YfYX Vm dY``Yh ]b^YWh]cb. RY ]XYbh]Zm dY``Yh hf][[YfYX BGHg Vm gYUfW\]b[

Zcf h\Y #fgh BGH ]XYbh]#YX Vm h\]g U`[cf]h\a h\Uh cWWifg Zc``ck]b[ U dY``Yh. O\Y dY``Yh h]aYg

UfY ]XYbh]#YX Vm h\Y ghfcb[ +* fUX]Uh]cb Ya]hhYX Xif]b[ dY``Yh UV`Uh]cb, `Ugh]b[ Zcf hmd]WU``m

1;@ UbX fYWcfXYX Vm k]XY Ub[`Y X]cXYg cf ZUgh ZfUa]b[ WUaYfUg. Ccf U`` h\Y dY``Yhg ]b d`UgaU

86908, ig]b[ h\Y ?Y EE dYU_ hc XY#bY h\Y BGH cWiffYbWY h]aY Ug UVcjY, Ub BGH ]g ZcibX

hc cWWif UVcih 1;@ UZhYf h\Y dY``Yh Vifb-cih h]aY. RY k]`` gYY h\Uh h\]g ]g Uddfcl]aUhY`m

h\Y f]gY h]aY cZ h\Y QGA UbX ECMC> g][bU`g Uh h\Y cbgYh cZ h\Y hf][[YfYX BGH.

NUad`Y h]aYgYf]Yg cZ h\YgY )ghUbXUfX]gYX Uad`]hiXY* g][bU`g Zfca d`UgaU 86908 UfY g\ckb

]b C][ifY 1, cjYf h]aY ]bhYfjU`g YlhYbX]b[ cjYf dU]fg cZ giWWYgg]jY bUhifU` BGHg. O\Y h]aYg

A- XYhYfa]bYX Vm h\]g aYh\cX UfY aUf_YX k]h\ jYfh]WU` `]bYg cb h\Y #[ifY. O\YfY ]g U `Uf[Y

V]dc`Uf fYgdcbgY hc YUW\ BGH ]b h\YgY g][bU`g k\]W\ h\Yb XYWUmg UkUm, \ckYjYf h\Y g][bU`g

Wcbh]biY hc cgW]``UhY Uh U `ckYf Uad`]hiXY h\fci[\cih h\Y h]aY ]bhYfjU` VYhkYYb cbY BGH

UbX h\Y bYlh. O\Y dUgg]jY Zi`` $il `ccd g][bU` XcYg bch g]ad`m hfUW_ h\Y h\Y UWh]jY ZUgh

fUX]U` #Y`X Wc]` g][bU`. O\]g X]"YfYbWY fY$YWhg h\Y d`UgaU fYgdcbgY< ]Z h\Y d`UgaU ]g UVgYbh,

Ug g\ckb ]b C][ifY 2, h\Y dUgg]jY Zi`` $il `ccdg Xc fYgdcbX U`acgh ]bghUbhUbYcig`m hc W\Ub[Yg

]b h\Y UWh]jY ZUgh fUX]U` #Y`X Wc]` WiffYbh. RY k]`` bck X]fYWh`m cVhU]b h\Y ]bghUbhUbYcig

6



28.5 29 28.5 29 28.5

−20

0

20

40

t(s)

IFRFA

VLD2

33.45 33.5 33.55 33.6

−10

0

10

20

30

t(s)

IFRFA

VLD2

(a) (b)

ADB, 08 @og\i`d\ek 65.73 fe E@O n_\i\ k_\ DAMA< `j ile k_ifl^_ X k\jk j\hl\eZ\ n`k_ ef gcXjdX,

O_\ XZk`m\cp glcj\[ iX[`Xc #\c[ Zf`c (DAMA<* YcXZb) Xe[ ]lcc $lo cffg i\jgfej\ (QG?0* Ycl\) Xi\

gcfkk\[ ]fi knf \oXdgc\ k\jk j`^eXcj, O_\ ]lcc $lo cffg i\jgfej\ ZXe Y\ j\\e kf kiXZb ]Xjk Z_Xe^\j `e

k_\ iX[`Xc #\c[ Zf`cj* k_\i\ `j ef fYj\imXYc\ cX^, R_\e k_\ iX[`Xc #\c[ Zf`c Zlii\ek `j _\c[ ZfejkXek*

k_\ ]lcc $lo cffg _Xj X [\ZXp k`d\ f] $ .&0,,
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ADB, 18 NZ_\dXk`Z (efk kf jZXc\) f] k_\ gifZ\[li\ kf [\k\id`e\ k_\ k`d\ [\g\e[\ek ]lcc $lo cffg

[`"\i\eZ\ `e k\dgfiXc XeXcpk`Z g_Xj\ !#-(!-) Xj X ]leZk`fe f] k_\ k`d\ `ek\imXc !- d\Xjli\[ YXZb

]ifd k_\ k`d\ -$&'$ f] k_\ j\Zfe[ @GH `e Xe @GH gX`i, !#-(!-) `j ZXcZlcXk\[ n,i,k k_\ k\dgfiXc

XeXcpk`Z g_Xj\ Xk k_\ k`d\ f] k_\ #ijk @GH `e k_\ \ek`i\ j\hl\eZ\, O_\ k\dgfiXc XeXcpk`Z g_Xj\

ZXe fecp Y\ [\k\id`e\[ Xk k`d\j k_Xk Xi\ n`k_`e k_\ C`cY\ik kiXej]fid n`e[fn \[^\ !-$,
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hYadcfU` UbU`mh]W Uad`]hiXY UbX d\UgY cZ h\YgY g][bU`g ]b cfXYf hc hYgh Zcf ]bZcfaUh]cb ]b

h\YgY cgW]``Uh]cbg.

+++" &'3'1-+.#3+/. /( +.23#.3#.'/42 3'-0/1#, #.#,73+% #-!

0,+34&' #.& 0*#2'

> h]aY gYf]Yg 2)A* \Ug U WcffYgdcbX]b[ UbU`mh]W g][bU` XY#bYX Vm 2)A* + 8,)A* =

) YldS8")A*T, k\YfY ,)A* ]g h\Y D]`VYfh hfUbgZcfa cZ 2)A*, XY#bYX ]b S30, 31, 33T gYY

U`gc S32, 34T. O\]g XY#bYg Ub ]bghUbhUbYcig hYadcfU` UbU`mh]W Uad`]hiXY ))A* UbX d\UgY

")A* = #)A*A k\YfY h\Y ]bghUbhUbYcig ZfYeiYbWm ]g #)A* Zcf h\Y fYU` g][bU` 2)A*. RY WcadihY

h\Y UbU`mh]W g][bU` Vm D]`VYfh hfUbgZcfa cjYf YUW\ kU]h]b[ h]aY !A- VYhkYYb YUW\ dU]f cZ

BGHg. O\Y dfcWYXifY ]g giaaUf]nYX ]b h\Y gW\YaUh]W g\ckb ]b C][ifY 3, k\]W\ g\ckg h\Y

XcaU]b cjYf k\]W\ h\Y D]`VYfh hfUbgZcfa ]g WU`Wi`UhYX fY`Uh]jY hc U dU]f cZ BGHg cWWiff]b[

Uh A-!# = A$&'# UbX A- = A$&'$. RY k]`` cVhU]b h\Y hYadcfU` UbU`mh]W d\UgY Zcf h\Y Zi``

$il `ccd g][bU`g Zcf U gYeiYbWY cZ h]aYg !A dfYWYX]b[ h\Y gYWcbX BGH cZ YUW\ dU]f, h\Uh ]g,

Uh h]aYg A$&'$ ! !A.

RY #fgh dYfZcfa U 3 dc]bh gd`]bY gacch\]b[ cb h\Y QGA2, QGA3 UbX ECMC> h]aY gYf]Yg

hc fYacjY bc]gY $iWhiUh]cbg cb h\Y gUad`]b[ h]aYgWU`Y UbX h\Yb giVhfUWh U `cWU` g][bU` aYUb

Zcf h\Y ]bhYfjU` VYhkYYb YUW\ dU]f cZ BGHg Ug g\ckb ]b C][ifY 1. > g][bU` aYUb ]g XYhYfa]bYX

`cWU``m ]b U 7&5;@ giV-k]bXck k\]W\ YbXg 2.5ag VYZcfY A$&'$ O\Y D]`VYfh hfUbgZcfa \Ug

U g]b[`Y-g]XYX Ccif]Yf hfUbgZcfa k\]W\ ]g Uddfcl]aUhYX j]U ZUgh Ccif]Yf hfUbgZcfa cjYf h\Y

#b]hY h]aY k]bXck cZ h\Y XUhU. RY h\YfYZcfY igY U h]aY k]bXck h\Uh ]g `Uf[Yf h\Ub h\Uh

cZ h\Y h]aY XcaU]b cZ ]bhYfYgh hc Ujc]X YX[Y Y"YWhg. DYfY, h\Y k]bXck YlhYbXg VYmcbX h\Y

h]aY cZ h\Y BGH. RY \UjY jYf]#YX S3T h\Uh h\Y d\UgY U`][baYbh ]XYbh]#YX \YfY ]b h\Y [`cVU`

Vi]`X id hc Ub BGH WUb gh]`` VY ]XYbh]#YX YjYb ]Z U k]bXck ]g W\cgYb h\Uh XcYg bch YlhYbX

hc h\Y h]aY cZ h\Y BGH. Ccf U []jYb dU]f cZ BGHg h\Y h]aY k]bXck ]g Zfca A$&'# ! 50;@

hc A$&'$ + 50;@ UbX kY h\Yb cb`m Wcbg]XYf ]bghUbhUbYcig Uad`]hiXY UbX d\UgY k]h\]b h\Y

h]aY ]bhYfjU` A$&'# hc A$&'$. DYfY, d\UgY ]g XY#bYX fY`Uh]jY hc h\Y d\UgY "" Uh k\]W\ h\Y

#fgh BGH ]b h\Y Ybh]fY gYeiYbWY cWWifg gc kY k]`` d`ch !" = ")A* ! "", k\YfY A" = A$&'#.

O\Y UVcjY aYh\cX ]g cb`m Y"YWh]jY ]Z h\Y g][bU`g \UjY [ccX g][bU`/bc]gY, Xc bch \UjY hcc

`Uf[Y U XmbUa]W fUb[Y ]b fYgdcbgY hc U`` h\Y BGHg, UbX ]Z h\Y aYUb cZ h\Y g][bU` XcYg bch

jUfm hcc fUd]X`m. O\Y \][\ fUhY cZ W\Ub[Y cZ ]bghUbhUbYcig hYadcfU` UbU`mh]W d\UgY k]h\
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86908 VLD2

ADB, 28 @GH fZZlii\eZ\ k`d\j Xe[ QG?0 Xe[ k\dgfiXc XeXcpk`Z Xdgc`kl[\ Xe[ g_Xj\ j_fne ]fi

Xcc eXkliXccp fZZlii`e^ @GHj `e k_\ $Xk+kfg f] E@O gcXjdX 647.6, O_\ ]fidXk f] \XZ_ j\k f] gXe\cj

`j Xj ]fccfnj8 HX`e gXe\c8 QG?0 `ejkXekXe\flj k\dgfiXc XeXcpk`Z g_Xj\* df[lcf 0"* gcfkk\[ Xj X

]leZk`fe f] k`d\ ]fccfn`e^ \XZ_ @GH lg kf k_\ fZZlii\eZ\ k`d\ f] k_\ e\ok @GH, O_\ Zffi[`eXk\j

Xi\ i\cXk`m\ k`d\ !- ; - ! -" Xe[ [`"\i\eZ\ `e k\dgfiXc XeXcpk`Z g_Xj\ !# ; #(-) ! #"* n_\i\

-" ; -$&'# Xe[ #" `j k_\ g_Xj\ Xk n_`Z_ k_\ #ijk @GH `e k_\ \ek`i\ j\hl\eZ\ fZZlij, @GH

fZZlii\eZ\ k`d\j Xi\ dXib\[ fe \XZ_ QG?0 kiXZ\ n`k_ p\ccfn+#cc\[ i\[ Z`iZc\j (#ijk @GH) Xe[

p\ccfn+#cc\[ ^i\\e Z`iZc\j (j\Zfe[ @GH), M`^_k _Xe[ gXe\c8 _`jkf^iXd f] QG?0 !# Xk k_\ k`d\

f] Xcc k_\ j\Zfe[ @GHj (Ycl\), Ofg gXe\c8 _`jkf^iXd f] @GH fZZlii\eZ\ k`d\j !- ; - ! -" ]fi

k_\ #ijk @GH (i\[) Xe[ k_\ j\Zfe[ @GHj (^i\\e)* fm\igcfkk\[ (g`eb) ]fi k_\ gifdgk @GHj, O_\

]i\hl\eZp ( f] #ijk @GH k`d\j _Xj Y\\e i\jZXc\[ Yp /'/.,
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86908 IFRFA

ADB, 38 @GH fZZlii\eZ\ k`d\j Xe[ DAMA< k\dgfiXc XeXcpk`Z Xdgc`kl[\ Xe[ g_Xj\ j_fne ]fi Xcc

eXkliXccp fZZlii`e^ @GHj `e k_\ $Xk+kfg f] E@O gcXjdX 647.6, O_\ ]fidXk ]fccfnj k_Xk f] k_\

gi\m`flj #^li\,

h]aY cZ h\Y g][bU`g fYei]fYg kY`` XY#bYX BGH cWWiffYbWY h]aYg ]b cfXYf hc W`YUb`m XYhYfa]bY

Ubm d\UgY fY`Uh]cbg\]d.
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86908 VLD2

ADB, 48 @GH fZZlii\eZ\ k`d\j Xe[ QG?0 k\dgfiXc XeXcpk`Z g_Xj\ gcfkk\[ ]fi k_\ $Xk+kfg g_Xj\

f] E@O gcXjdX 647.6, O_\ ]fidXk ]fccfnj k_Xk f] k_\ gi\m`flj #^li\* \oZ\gk k_Xk efn Xcc eXk+

liXccp fZZlii`e^ @GHj (^i\\e) Xe[ @GHj k_Xk fZZli ]fccfn`e^ g\cc\k `ea\Zk`fe (Ycl\) Xi\ gcfkk\[

j\gXiXk\cp, Ifk\ k_\ [`"\i\ek jZXc\j fe k_\ _`jkf^iXdj f] `ejkXekXe\flj g_Xj\ gcfkk\[ `e k_\ i`^_k

_Xe[ gXe\cj,
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Aif]b[ d`UgaU D-acXY $Uh hcd h\YfY UfY U ZYk \ibXfYX BGHg. C][ifYg 4 UbX 5 d`ch

\ck h\Y ]bghUbhUbYcig Uad`]hiXY UbX d\UgY cZ h\Y QGA2 UbX ECMC> g][bU`g Yjc`jY Zfca

cbY BGH hc h\Y bYlh Zcf U`` h\Y )570* BGHg ]b h\Y D-acXY $Uh hcd ]b d`UgaU 86908.

>`hYfbUh]b[ dUbY`g d`ch ]bghUbhUbYcig Uad`]hiXY UbX d\UgY jYfgig h]aY. DYfY, U`` d\UgYg

UfY aYUgifYX Zfca U g]b[`Y fYZYfYbWY, h\Y ]bghUbhUbYcig d\UgY cZ h\Y g][bU` Uh h\Y h]aY cZ h\Y

#fgh BGH ]b h\Y D-acXY $Uh hcd. O\Y d\UgY Uh h\Y cWWiffYbWY h]aY cZ YUW\ BGH ]g d`chhYX

Uh h]aY nYfc UbX V`UW_ hfUWYg d`ch h\Y h]aY Yjc`j]b[ d\UgYg id hc h\Y cWWiffYbWY h]aY cZ h\Y

bYlh BGH. O\Y [fYYb W]fW`Yg d`ch h\Y d\UgY Uh h]aY 6A VYZcfY h\Y bYlh BGH cWWifg, `cc_]b[

YUf`]Yf ]b h]aY )acfY bY[Uh]jY 6A acj]b[ Xckb h\Y d`chg*. RY h\Yb ]aaYX]UhY`m gYY h\Uh h\Y

]bghUbhUbYcig d\UgYg UfY bch fUbXca, h\Ym UfY d\UgY-VibW\YX. >g kY acjY VUW_ ]b h]aY,

h\Y d\UgYg fYaU]b VibW\YX UbX hfUW_ VUW_ hc dfc[fYgg]jY`m acfY bY[Uh]jY jU`iYg. O\Y UWh]jY

ZUgh fUX]U` #Y`X Wc]` WiffYbh h\Uh X]fYWh`m hfUW_g h\Y Wcid`YX Wcbhfc` gmghYa UbX h\Y d`UgaU

fYgdcbgY h\ig WcbhU]bg k]h\]b ]hg ]bghUbhUbYcig d\UgY h\Y g][bU` cZ h\Y Vi]`X id hc Ub BGH.

O\Y ZUWh h\Uh h\Y dUgg]jY $il `ccd U`gc XYhYWhg giW\ U g][bU`, Vih XcYg bch g]ad`m hfUW_

h\Y g][bU` cZ h\Y UWh]jY #Y`X Wc]`g, gi[[Yghg h\Uh h\YfY ]g U bcb`]bYUf`m Wcid`YX, gmbW\fcbcig

XmbUa]Wg VYhkYYb Wcbhfc` gmghYa UbX d`UgaU, UbX bch g]ad`m U hf][[Yf]b[ cZ BGHg Vm h\Y

Wcbhfc` gmghYa, Ug Wcb^YWhifYX ]b S3T.

RY XYhYfa]bY h\Y BGH cWWiffYbWY h]aYg Zfca h\Y ?Y EE Ya]gg]cb dYU_. O\Y ghUfh cZ Ub

BGH WUb U`gc VY gYYb ]b h\Y fYgdcbgY cZ h\Y ECMC> UbX QGA g][bU`g. Oc X]gh]b[i]g\ h\Y

ECMC> UbX QGA g\Ufd f]gY ]b fYgdcbgY hc Ub BGH Zfca h\Y Vi]`X-id d\UgY VYZcfY Ub BGH,

kY YlUa]bY h\Y ]bghUbhUbYcig Uad`]hiXY Uh, UbX VYZcfY, h\Y BGH cWWiffYbWY h]aY. O\Y

f]gY h]aY cZ h\Y QGA2 UbX ECMC> fYgdcbgY hc h\Y BGH ]g ZUgh Ybci[\ h\Uh ]h ]g dcgg]V`Y

h\Uh h\YgY g][bU`g UfY U`fYUXm fYgdcbX]b[ hc h\Y BGH Vm h\Y h]aY h\Y ?Y EE fYUW\Yg ]hg

dYU_. Eb C][ifYg 4 UbX 5 kY WUb gYY h\Uh Uh 6A = 0, A = A$&'$ )h\Y ?Y EE dYU_ h]aY*

h\Y ]bghUbhUbYcig Uad`]hiXY ]g Zcf gcaY BGHg WcadUfUV`Y hc h\Y fYgdcbgY hc h\Y dfYj]cig

BGH. >h 6A = !1;@ VYZcfY h\Y BGH, h\Y g][bU` Uad`]hiXYg UfY Zcf acgh BGHg W`cgYf hc

h\Y ibdYfhifVYX `YjY` UbX Uh !2;@ h\Y Uad`]hiXYg UfY [YbYfU``m Uh h\Y ibdYfhifVYX `YjY`.

O\]g Wcb#fag h\Uh h\Y fYgdcbgY hc h\Y BGH ]b h\Y QGA2 UbX ECMC> cWWifg k]h\]b 1-2ag

^igh VYZcfY h\Y BGH h]aY Ug XYhYfa]bYX Vm h\Y dYU_ ]b h\Y ?Y EE. >h h\]g h]aY, h\Y ECMC>
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UbX QGA2 d\UgYg UfY VibW\YX, gi[[Ygh]b[ h\Uh h\YfY ]g Ub ]bX]WUh]cb cZ h\Y Vi]`X-id hc Ub

BGH ]b h\YgY [`cVU`, hcfc]XU``m ]bhY[fUh]b[ g][bU`g. RY fYdYUhYX h\]g UbU`mg]g Zcf h\Y QGA3

g][bU` UbX cVhU]bYX h\Y gUaY fYgi`hg.

RY bck X]gh]b[i]g\ bUhifU``m cWWiff]b[ BGHg Zfca h\cgY h\Uh Zc``ck dY``Yh ]b^YWh]cb. O\Y

WcffYgdcbX]b[ #[ifY Zcf h\Y QGA2 Zi`` $il `ccd ]g d`chhYX ]b C][ifY 6. DYfY kY \UjY gY`YWhYX,

UbX d`chhYX Ug U gYdUfUhY dcdi`Uh]cb, h\Y #fgh BGH h\Uh cWWifg Zc``ck]b[ h\Y ]b^YWh]cb h]aY

cZ U dY``Yh k\]W\ ]g ]XYbh]#YX Vm h\Y ghfcb[ +* fUX]Uh]cb Ya]hhYX Xif]b[ dY``Yh UV`Uh]cb.

R\]`gh h\Y bUhifU` BGHg g\ck h\Y gUaY d\UgY U`][baYbh Ug UVcjY, h\Y dY``Yh hf][[YfYX

BGHg Xc bch; h\Ym g]ad`m cWWif k]h\]b 1;@ cZ h\Y dY``Yh ]b^YWh]cb h]aY, fY[UfX`Ygg cZ

h\Y jU`iY cZ h\Y ]bghUbhUbYcig d\UgY cZ h\Y QGA2 g][bU`. O\]g WUb VY gYYb ]b h\Y d\UgY

\]ghc[fUag cb h\Y f][\h \UbX g]XY cZ h\Y #[ifY UbX ]ad`]Yg h\Uh h\Y dY``Yh hf][[YfYX BGHg

UfY Yad]f]WU``m X]gh]b[i]g\UV`Y, Vm h\]g aYh\cX, Zfca h\Y bUhifU``m cWWiff]b[ BGHg. Eb h\]g

d`UgaU h\Y biaVYf cZ BGHg Zc``ck]b[ dY``Yhg )35* ]g aiW\ gaU``Yf h\Ub h\Y hchU` biaVYf

cZ BGHg )570*, cb h\Y C][ifY h\YgY \]ghc[fUag UfY cb X]"YfYbh gWU`Yg. GYh ig bck eiUbh]Zm

h\Y ghUh]gh]WU` g][b]#WUbWY cZ h\Y U`][baYbh h\Uh kY \UjY ]XYbh]#YX.

5" %+1%4,#1 23#3+23+%2 #.& 3*' 1#7,'+)* 3'23

RY igY h\Y MUm`Y][\ hYgh )gYY Y.[. S35T UbX fYZg. h\YfY]b* hc eiUbh]Zm h\Y YlhYbh hc k\]W\

h\Y hYadcfU` UbU`mh]W d\UgY X]"YfYbWYg UfY U`][bYX, UbX h\Y ghUh]gh]WU` g][b]#WUbWY cZ Ubm

giW\ U`][baYbh. Pg]b[ h\Y dfcWYXifY XYgWf]VYX UVcjY, kY XYhYfa]bY h\Y hYadcfU` UbU`mh]W

d\UgY X]"YfYbWYg !"- Zcf h\Y 9 = 1&&&/ BGH dU]fg ]b U []jYb d`UgaU. EZ YUW\ hYadcfU`

d\UgY ]g fYdfYgYbhYX Vm U ib]h jYWhcf ?- = )B-' C-* = )5=@!"-' @8<!"-* h\Yb U aYUgifY cZ

h\Y]f U`][baYbh ]g []jYb Vm h\Y aU[b]hiXY cZ h\Y jYWhcf gia, bcfaU`]nYX hc / . O\]g ]g acgh

YUg]`m fYU`]nYX ]Z kY igY ib]h aU[b]hiXY Wcad`Yl jUf]UV`Yg hc fYdfYgYbh h\Y ?- = 7+!!! . O\Yb

h\Y MUm`Y][\ biaVYf ]g h\Y aU[b]hiXY cZ h\Y gia;

1 =
1

/
'

(!

-(#

?- '=
?

/
)1*

UbX h\Y aYUb hYadcfU` UbU`mh]W d\UgY Ub[`Y ]g '". @`YUf`m, ]Z 1 = 1 h\Y hYadcfU` d\UgYg UfY

Wcad`YhY`m U`][bYX.

>b Ygh]aUhY cZ h\Y J-jU`iY ibXYf h\Y bi`` \mdch\Yg]g h\Uh h\Y jYWhcfg UfY ib]Zcfa`m
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ADB, 58 MXpc\`^_ jkXk`jk`Zj ]fi QG?0 [`"\i\eZ\ `e k\dgfiXc XeXcpk`Z g_Xj\ !# aljk Y\]fi\ Xe @GH

`e k_\ $Xk+kfg f] E@O gcXjdX 647.6, G\]k gXe\c `j ]fi Xcc eXkliXc @GHj Xe[ i`^_k gXe\c ]fi Xcc

@GHj ]fccfn`e^ `ea\Zk`fe f] X g\cc\k, O_\ k\dgfiXc XeXcpk`Z g_Xj\ [`"\i\eZ\ `j ZXcZlcXk\[ Xk k`d\

!- Y\]fi\ k_\ @GH Xe[ MXpc\`^_'j ) `j gcfkk\[ (/+Xo`j) m\ijlj !!- (.+Xo`j), R\ gcfk ) ]fi k_\

fi`^`eXc k`d\j\i`\j (Ycl\ c`e\) Xe[ knf iXe[fd`j\[ jliif^Xk\j8 (`) k_\ @GH nX`k`e^ k`d\j _Xm\

Y\\e j_l&\[ (^i\\e c`e\)9 (``) k_\ QG?0 k`d\j\i`\j _Xj Y\\e j_l&\[ (p\ccfn j_X[`e^ `j k_\ ) mXcl\

Xe[ i\[ j_X[`e^ 0 " )), O_\ ]iXZk`fe f] k_\ kfkXc j\k f] @GHj `e k_\ XeXcpj`j `j gcfkk\[ n`k_ X

YcXZb c`e\, O_\ Zfii\jgfe[`e^ 8+mXcl\ `j `e[`ZXk\[ Yp k_\ ^i\\e #cc\[ j_X[`e^* k_\ + ; .&.3 c\m\c `j

`e[`ZXk\[ Yp k_\ _fi`qfekXc [Xj_\[ YcXZb c`e\,
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−10 −8 −6 −4 −2 0
0

0.2

0.4

0.6

0.8

1

dt (ms)

86908 VLD3

ADB, 68 MXpc\`^_ jkXk`jk`Zj ]fi QG?1 [`"\i\eZ\ `e k\dgfiXc XeXcpk`Z g_Xj\ !# aljk Y\]fi\ Xe @GH

`e k_\ $Xk+kfg f] E@O gcXjdX 647.6, G\]k gXe\c `j ]fi Xcc eXkliXc @GHj Xe[ i`^_k gXe\c ]fi Xcc

@GHj ]fccfn`e^ `ea\Zk`fe f] X g\cc\k, O_\ ]fidXk `j k_\ jXd\ Xj k_\ gi\m`flj #^li\,
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ADB, 78 MXpc\`^_ jkXk`jk`Zj ]fi DAMA< [`"\i\eZ\ `e k\dgfiXc XeXcpk`Z g_Xj\ !# aljk Y\]fi\ Xe @GH

`e k_\ $Xk+kfg f] E@O gcXjdX 647.6, G\]k gXe\c `j ]fi Xcc eXkliXc @GHj Xe[ i`^_k gXe\c ]fi Xcc

@GHj ]fccfn`e^ `ea\Zk`fe f] X g\cc\k, O_\ ]fidXk `j k_\ jXd\ Xj k_\ gi\m`flj #^li\,

X]ghf]VihYX UfcibX h\Y W]fW`Y ]g []jYb Vm S35T;

> = 7B>
"$

1 + 4/ + 4/$)1 ! 1$* ! )1 + 2/*
#

)2*

gc h\Uh U gaU`` jU`iY cZ J ]bX]WUhYg g][b]#WUbh XYdUfhifY Zfca ib]Zcfa]hm, ].Y. h\Y bi``

\mdch\Yg]g WUb VY fY^YWhYX k]h\ 95( Wcb#XYbWY Zcf > ( 0&05.

RY bck W\YW_ h\Uh h\Y UVcjY fYgi`hg UfY g][b]#WUbh WcadUfYX hc U fUbXca dfcWYgg.

C]fgh, kY WcbghfiWh giffc[UhY h]aYgYf]Yg h\Uh fUbXca]gY cbY dfcdYfhm cZ h\Y h]aYgYf]Yg k\]`gh

fYhU]b]b[ U`` ch\Yfg. O\Y MUm`Y][\ ghUh]gh]Wg cZ h\YgY giffc[UhY h]aYgYf]Yg UfY h\Yb d`chhYX

U`cb[g]XY h\cgY cZ h\Y cf][]bU` h]aYgYf]Yg. O\]g UbU`mg]g cZ h\Y giffc[UhY h]aYgYf]Yg eiUbh]#Yg

h\Y `]_Y`]\ccX cZ U`hYfbUh]jY \mdch\YgYg, k\YfY d\UgY U`][baYbh \Ug cWWiffYX Vm W\UbWY.

@c]bW]XYbhU` d\UgY U`][baYbh Wci`X Zcf Uf]gY Zcf YlUad`Y ]b U #b]hY XUhU-gYh k\YfY Vch\

h\Y gYeiYbWY cZ BGH Uff]jU` h]aYg, UbX h\Y Zi`` $il `ccd g][bU`g WcbhU]b h]aY ghfiWhifY

h\Uh ]bW`iXYg dYf]cX]W]hm. O\]g Wcbg]XYfUh]cb ]g fY`YjUbh hc h\Y dfYgYbh ghiXm, g]bWY BGH

kU]h]b[ h]aYg \UjY U aYUb dYf]cX UbX h\Y Zi`` $il `ccd g][bU`g Yl\]V]h ]bhYfjU`g cZ cgW]``Uhcfm

VY\Uj]cif.

Okc giffc[UhY h]aYgYf]Yg UfY WcbghfiWhYX \YfY; )]* kY fUbXca`m dYfaihY h\Y h]aY gY-

eiYbWY cZ BGH kU]h]b[ h]aYg UbX )]]* kY fUbXca`m dYfaihY h\Y h]aY cfXYf cZ jU`iYg ]b

h\Y QGA2,3 UbX ECMC> g][bU`g. Ccf h\Y #fgh cZ h\YgY giffc[UhYg, Zcf YUW\ BGH kU]h]b[

h]aY !A, kY [YbYfUhY U giffc[UhY BGH kU]h]b[ h]aY !A. Vm gY`YWh]b[ Uh fUbXca Zfca h\Y
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cVgYfjYX h]aY gYeiYbWY cZ BGH kU]h]b[ h]aYg %!A#' !A$' &&&!A,&&!A(&, ibXYf h\Y WcbX]h]cb

!A. # !A,. O\Y giffc[UhY gYh cZ BGH Uff]jU` h]aYg h\Uh h\]g [YbYfUhYg ]g A. = A,!# + !A..

O\Y MUm`Y][\ ghUh]gh]Wg Zcf h\Y cf][]bU` UbX giffc[UhY h]aYgYf]Yg UfY d`chhYX ]b C][ifYg 7,

8 UbX 9 gYdUfUhY`m Zcf BGHg h\Uh cWWif Zc``ck]b[ dY``Yh ]b^YWh]cb UbX U`` ch\Yf, bUhifU``m

cWWiff]b[ BGHg. > jU`iY cZ 1 = 1 ]bX]WUhYg h\Uh U`` d\UgYg UfY YlUWh`m U`][bYX, UbX cif

fUbXca giffc[UhY g\ckg h\Uh Zcf h\Y bUhifU``m cWWiff]b[ dY``Yhg 1 $ 0&1 ! 0&3 Wci`X Uf]gY

Vm W\UbWY, ]h ]g h\Y jU`iY cVhU]bYX Vm g\i&]b[ h\Y BGH cWWiffYbWY h]aYg cf h\Y $il `ccd

g][bU`g. Eh Zc``ckg h\Uh h\Uh h\Y f]gY ]b 1! jU`iY UVcjY 0&3 Uh !4;@ ( 6A ( 0 Zcf h\Y fYU`

XUhU ]b C][ifYg 7, 8 UbX 9 ]g ghUh]gh]WU``m g][b]#WUbh. R\YfYUg h\Y bUhifU` BGHg WUb VY gYYb

hc dfc[fYgg]jY`m U`][b Ug h\Y BGH cWWiffYbWY h]aY 6A = 0 ]g UddfcUW\YX, h\Y dY``Yh hf][[YfYX

BGHg g\ck bc ghUh]gh]WU``m g][b]#WUbh U`][baYbh, h\Ym \UjY \][\`m jUf]UV`Y jU`iYg cZ 1 UbX

h\YgY UfY WcadUfUV`Y hc k\Uh Wci`X cWWif Vm W\UbWY. Ccf h\Y QGA2 UbX 3 g][bU`g, > $ 0&05

]bX]WUh]b[ h\Uh h\Y bi`` \mdch\Yg]g cZ U ib]Zcfa X]ghf]Vih]cb cZ d\UgYg UfcibX h\Y W]fW`Y

WUbbch VY fY^YWhYX. O\]g ]g bch h\Y WUgY Zcf h\Y ECMC> g][bU`, k\]W\ ]g ZUf `Ygg g]bigc]XU`

]b W\UfUWhYf UbX \YbWY gmghYaUh]WU``m XkY``g Zcf `cb[Yf dYf]cXg Uh cbY cf hkc d\UgY jU`iYg.

DckYjYf h\Y 1 jU`iY Zcf h\Y ECMC> ]g WcadUfUV`Y hc h\Uh ZcibX Zcf h\Y giffc[UhY h]aYgYf]Yg

k\YfY h\Y g][bU` ]g g\i&YX UbX \YbWY XcYg bch ]bX]WUhY ghUh]gh]WU``m g][b]#WUbh U`][baYbh.

RY \UjY ZcibX h\Uh h\Y XYhU]`g cZ k\YfY g\cfh-`]jYX $iWhiUh]cbg ]b 1 UbX J"jU`iY cWWif UfY

bch fcVigh, h\Ym jUfm k]h\ h\Y XUhUgYh UbX k]h\ h\Y XYhU]`YX dUfUaYhYfg cZ \ck h\Y D]`VYfh

hfUbgZcfa ]g WcadihYX. DckYjYf h\Y cjYfU`` hfYbXg UfY fcVigh, ]b dUfh]Wi`Uf, U`][baYbh cZ

h\Y hYadcfU` UbU`mh]W d\UgYg UfcibX U g]b[`Y jU`iY Zcf !A ( 5;@ Zcf h\Y bUhifU``m cWWiff]b[

BGHg.

5+" %/.%,42+/.2

RY UbU`mgYX h\Y g][bUhifY cZ h\Y [`cVU` Vi]`X-id hc BGHg ]b FBO d`UgaUg k\YfY BGHg

UfY hf][[YfYX Vm dY``Yh ]b^YWh]cb ]b h\Y dfYgYbWY cZ BGHg h\Uh UfY bUhifU``m cWWiff]b[< h\Y

bUhifU` BGH ZfYeiYbWm YlWYYXg h\Uh cZ h\Y ]b^YWhYX dY``Yhg. RY \UjY YghUV`]g\YX U g][bUhifY

cZ h\Y Vi]`X-id hc bUhifU``m cWiff]b[ BGHg ]b h\Y hYadcfU` UbU`mh]W d\UgY cZ \][\ h]aY

fYgc`ih]cb g][bU`g; )]* Zi`` $il `ccdg ]b h\Y X]jYfhcf fY[]cb, UbX )]]* ZUgh fUX]U` #Y`X Wc]`g

h\Uh UfY dUfh cZ h\Y Wcbhfc` gmghYa h\Uh UWh]jY`m ghUV]`]nYg h\Y d`UgaU. O\YgY UfY hcfc]XU``m

]bhY[fUh]b[ UbX \YbWY WUdhifY [`cVU` d`UgaU XmbUa]Wg. ?YZcfY U bUhifU` BGH, h\Y g][bU`
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d\UgYg U`][b hc h\Y gUaY jU`iY cb U $ 2! 5;@ h]aYgWU`Y. RY YghUV`]g\ h\Uh h\]g [`cVU` Vi]`X

id hc U bUhifU` BGH cWWifg k\]`gh h\Y Uad`]hiXY cZ h\Y g][bU`g ]g Uh ]hg VUW_[fcibX jU`iY<

]h dfYWYXYg h\Y fYgdcbgY hc h\Y cbgYh cZ BGH]b[. RY dYfZcfa h\Y gUaY UbU`mg]g cb BGHg

k\]W\ cWWif Zc``ck]b[ dY``Yh ]b^YWh]cb UbX #bX h\Uh h\YgY g][bU`g Xc bch W`YUf`m d\UgY U`][b

VYZcfY h\Y BGH. O\]g fYgi`h dfcj]XYg U X]fYWh hYgh h\Uh WUb VY igYX hc X]gh]b[i]g\ k\Yb Ub

BGH ]g hf][[YfYX Vm U dY``Yh Ug cddcgYX hc cWWiff]b[ bUhifU``m. Eh Zifh\Yf giddcfhg h\Y ]XYU

cZ U [`cVU` Vi]`X id d\UgY hc bUhifU` BGHg. Eb WcbhfUgh, dY``Yhg WUb hf][[Yf BGHg YjYb

k\Yb h\Y g][bU` d\UgY ]g Uh U jU`iY k\Yb U bUhifU` BGH ]g ib`]_Y`m hc cWWif.

O\]g UgdYWh cZ bUhifU` BGH]b[ ]g Wcbg]ghYbh k]h\ U bcb`]bYUf ZYYXVUW_ VYhkYYb Wcbhfc`

gmghYa UbX d`UgaU hc [YbYfUhY h\Y [`cVU` d`UgaU XmbUa]Wg h\Uh h\Yb dfYW]d]hUhYg Ub BGH.

@c\YfYbh [`cVU` XmbUa]Wg YaYf[Yg Zfca h\Y VUW_[fcibX $iWhiUh]cbg ]b h\Y UWh]jY Wcbhfc`

gmghYa #Y`X Wc]` WiffYbh UbX dUgg]jY Zi`` $il `ccdg. EZ h\YfY kYfY Wcid`]b[ VYhkYYb h\Y

Wcbhfc` gmghYa UbX YUW\ cZ gYjYfU` [fck]b[ dYfhifVUh]cbg ]b h\Y d`UgaU, h\YgY dYfhifVUh]cbg

Wci`X VYWcaY gmbW\fcb]nYX S32o34T, h\fci[\ h\Y]f ]bX]j]XiU` ]bhYfUWh]cbg k]h\ h\Y Wcbhfc`

gmghYa k]h\cih h\Y bYYX cZ Wcid`]b[ VYhkYYb h\Ya.

#8=@AD>;9<?;@CB

RY UW_bck`YX[Y h\Y BKNM@ Zcf #bUbW]U` giddcfh. O\]g kcf_ \Ug VYYb WUff]YX cih k]h\]b

h\Y ZfUaYkcf_ cZ h\Y BPMJZig]cb @cbgcfh]ia UbX \Ug fYWY]jYX ZibX]b[ Zfca h\Y BifUhca

fYgYUfW\ UbX hfU]b]b[ dfc[fUaaY 2014-2018 ibXYf [fUbh U[fYYaYbh Ic 633053. O\Y j]Ykg

UbX cd]b]cbg YldfYggYX \YfY]b Xc bch bYWYggUf]`m fY$YWh h\cgY cZ h\Y BifcdYUb @caa]gg]cb.

V/W N, >, >_XgdXe* M, J, ?\e[p* O, I, Of[[* I, R, RXkb`ej* <, E, R\Yjk\i* A, <, >Xc[\ife \k

Xc,* K_pj, KcXjdXj 0/ .401.0 (0./2)

V0W N, >, >_XgdXe* M, J, ?\e[p* <, E, R\Yjk\i* I, R, RXkb`ej* O, I, Of[[*

E, Hfii`j Xe[ E@O @A?< >feki`Ylkfij* 2/jk @KN >fe]\i\eZ\ fe KcXjdX K_pj`Zj*

Ele\ 0./2* @KN Qfc, 16A DN=I 0+7/255/+7.+6* @lifg\Xe K_pj`ZXc NfZ`\kp (0./2)

_kkg8--fZj,Z`\dXk,\j-@KN0./2K<K-g[]-K/,./.,g[]

V1W N, >, >_XgdXe* M, J, ?\e[p* O, I, Of[[* I, R, RXkb`ej* A, <, >Xc[\ife* E, Hfii`j* Xe[

E@O >feki`Ylkfij* O_\ ^cfYXc Yl`c[+lg kf `eki`ej`Z @GH Ylijkj j\\e `e [`m\ikfi ]lcc $lo cffgj
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`e E@O* K_pj, KcXjdXj 00* .503.4 (0./3)

V2W N > >_XgdXe* M J ?\e[p* I R RXkb`ej* O I Of[[* A < >Xc[\ife Xe[ E@O >feki`Ylkfij*

@GH fZZlii\eZ\ k`d\j `e i\cXk`fe kf k_\ g_Xj\ \mfclk`fe f] ^cfYXc d\Xjli\d\ekj `e E@O*

KifZ\\[`e^j* 20e[ @KN >fe]\i\eZ\ fe KcXjdX K_pj`Zj* Ele\ 0./3* @KN Qfc, 17@ DN=I 0+

7/255/+76+1* @lifg\Xe K_pj`ZXc NfZ`\kp (0./3)

V3W H, F\`c_XZb\i* KcXjdX K_pj, >fekifc, Alj`fe 04* 27 (/762),

V4W Q, @iZbdXee* A, RX^e\i* E, =Xc[ql_e* M, =iXb\c* M, =li_\ee* P, BXjgXi`ef* K, Bi`^lcc* C,

E, CXik]ljj* E, Q, Cf]dXee* M, EX\e`Zb\ \k Xc, K_pj, M\m, G\kk, 5.* 0.64 (/771),

V5W C, Uf_d* KcXjdX K_pj, >fekifc, Alj`fe 16* /.3 (/774),

V6W <, GfXik\ * B, NX`Y\e\* M, NXikfi`* ?, >XdgY\cc* H, =\Zflc\k* G, Cfikfe* O, @`Z_* <, C\i+

idXee* B, HXkk_\nj* I, <jXbliX* <, >_Xeb`e* <, G\feXi[* B, Kfik\i* B, A\[\i`Z`* B, EXe\j+

Z_`kq* H, N_`dX[X* H, Nl^`_XiX \k Xc* KcXjdX K_pj, >fekifc, Alj`fe 23* /327 (0..1),

V7W F, FXd`pX* I, <jXbliX* E, =f\[f* O, @`Z_* B, A\[\i`Z`* H, A\ejk\idXZ_\i* F, A`eb\e* <,

C\iidXee* E, O\iip* <, F`ib* =, FfZ_* <, GfXik\* M, HX`e^`* M, HXhl\[X* @, IXi[fe* I,

JpXdX, M, NXikfi`* KcXjdX K_pj, >fekifc, Alj`fe 27* N21 (0..5),

V/.W M,E, CXnipclb* ?,E, >XdgY\cc* B, EXe\jZ_`kq* K,M, O_fdXj* M, <cYXe\j\* M, <dYifj`ef2* >,

=XZ_dXee* G, =Xpcfi* H, =\Zflc\k* D, =\e]Xkkf* E, =`Xc\b \k Xc,* IlZc, Alj`fe* 27* .43./0*

(0..7)

V//W E, R, >feefi* KcXjdX K_pj, >fekifc Alj`fe 2. /7/ (/776)

V/0W Nep[\i K,=,* R`cjfe C,M,* A\iife E,M,* GXf G,G,* G\feXi[ <,R,* JjYfie\ O,C,* OlieYlcc

<,?,* Hfjj\jj`Xe ?,* HliXbXd` H, Xe[ Sl S,L,* K_pj, KcXjdXj 7 0.15 (0..0)

V/1W NXXi\cdX* N,* < <c#\i* H I < =\lijb\ej* M >f\c_f* C M Ffjcfnjb`* T G`Xe^* D Ile\j Xe[

E@O @A?< Zfeki`Ylkfij* HC? XeXcpj`j f] jdXcc @GH i\^`d\j `e E@O* KK>A 3/* .13../

(0..7)

V/2W B, N, Tle* R, G\\* H, E, >_f`* E, G\\* C, F, KXib* =, OfY`Xj* >, R, ?fd`\i* I, >, Gl_dXee*

Ei,* <, E, C, ?fee* E, C, G\\* Xe[ (FNO<M O\Xd)* K_pj, M\m, G\kk,* /.5* .23..2 (0.//)

V/3W @, [\ cX GleX \k Xc* KifZ\\[`e^j f] k_\ 14k_ @KN >fe]\i\eZ\ fe KcXjdX K_pj`Zj* Nf#X*

=lc^Xi`X, 07k_ Ele\ 0..7 + 1i[ Elcp 0..7

V/4W K, O, GXe^ \k Xc* KcXjdX K_pj, >fek, Alj`fe* 24* G1/G17* (0..2)

V/5W A, NXikfi` \k Xc* 13k_ @KN >fe]\i\eZ\ fe KcXjdX K_pj, C\ijfe`jjfj* 7 + /1 Ele\ 0..6 @><

Qfc,10?* K+3,.23 (0..6) (0..6)
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V/6W K, O, GXe^* F, =Z_c* H, FXl]dXee* M, N, GXe^* Q, H\ik\ej* \k Xc,* K_pj, M\m, G\kk, 57* /265

(/775)

V/7W K, O, GXe^* =, <cg\i* G, M, =Xpcfi* H, =\lijb\ej* E, B, >fi[\p*M, ?lo* \k Xc, KcXjdX K_pj,

>fek, Alj`fe 22* /7/7 (0..0)

V0.W K, O, GXe^* E, I\l_Xlj\i*G, ?, Cfikfe* \k Xc,* IlZ, Alj`fe* 21* /.* ///. (0..1)

V0/W K,O, GXe^* B,?, >fenXp* O, @`Z_* G, AXkkfi`e`* J, BilY\i* \k Xc,* IlZ, Alj`fe* 22* 443 (0..2)

V00W <, R, ?\^\c`e^* T, M, HXik`e* K, @, =Xb* E, =, G`jk\i* Xe[ S, GcfY\k* KcXjdX K_pj, >fek,

Alj`fe 21* /45/ (0../),

V01W E, Bi\\e_fl^_* N, >, >_XgdXe* M, J, ?\e[p* Xe[ ?, E, RXi[* KcXjdX K_pj, >fek, Alj`fe

23* 525 (0..1),

V02W A, <, >Xc[\ife* M, J, ?\e[p* N, >, >_XgdXe* <, E, R\Yjk\i* =, <cg\i* M, H, I`Zfc Xe[ E@O

@?A< >feki`Ylkfij* K_pj, KcXjdXj* 0.* .201.4 (0./1)

V03W <, E, R\Yjk\i Xe[ M, J, ?\e[p* K_pj, M\m, G\kk, //.* /33..2 (0./1)

V04W <, E, R\Yjk\i* M, J, ?\e[p* A, >Xc[\ife* N, >, >_XgdXe* @, ?\cXY`\* ?, ?f[k* M, A\ckfe* O,

Of[[* Q, M`ZZXi[f* =, <cg\i* N, =i\q`ej\b* \k Xc* KcXjdX K_pj, >fekifc, Alj`fe* 34* .53./5

(0./2)

V05W < HliXi`* A K`jXef* E Q\^X* = >XeeXj* < AXee`* N BfeqXc\q* H B\c]ljX* H Bifjjf Xe[ E@O

@A?< >feki`Ylkfij* KcXjdX K_pj, >fekifc, Alj`fe 34* //2..5 (0./2)

V06W <, HliXi`* @, K\cljf* K, BXl[`f* H, B\c]ljX* A, HXm`^c`X* I, CXnb\j Xe[ E@O+@A?< >fe+

ki`Ylkfij* KcXjdX K_pj, >fekifc, Alj`fe 32* /.3..3 (0./0)

V07W <, I\kf \k Xc* 0.// 3.k_ D@@@ >fe]\i\eZ\ fe ?\Z`j`fe Xe[ >fekifc Xe[ @lifg\Xe >fekifc

>fe]\i\eZ\ (>?>+@>>) JicXe[f* AG* PN<* ?\Z\dY\i /0+/3* (0.//)

V1.W ?, BXYfi* KifZ, D@@* mfc, 71 (DDD)* gg, 207235* (/724)

V1/W M, I, =iXZ\n\cc* ,20 )7=9309 <9-6;1795 -6/ 3<; -8843.-<376;! #6/ (/" (HZBiXn C`cc* /764)

V10W H, B, Mfj\eYcld* <, N, K`bfmjbp* E, Flik_j* K_pj, M\m, G\kk* 54* /6.2* (/774)

V11W <, K`bfmjbp* H, B, Mfj\eYcld* E, Flik_j* +?6.29763@-<376$ - =63>09;-4 .76.08< 36 6764360-9

;.306.0;* >,P,K,* (0..1)

V12W E, O, >, NZ_nXY\[Xc* <, N, K`bfmjbp* K_pj, M\m, G\kk,* //.* 02/.0 (0./1)

V13W I, D, A`j_\i* +<-<3;<3.-4 %6-4?;3; 71 &39.=4-9 '-<-" *0>3;0/ 0/3<376" >XdYi`[^\ Pe`m\ij`kp

Ki\jj,(/773)
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