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Finite frequency tomography reveals a variety of plumes in the mantle.

R.Montelli ,G.Nolet ,G.Masters ,F.A.Dahlen ,S-H.Hung

Department of Geosciences, Princeton University, Princeton, NJ, USA
IGPP, U.C. San Diego, La Jolla, CA, USA
Department of Geosciences, National Taiwan University, Taipei, Taiwan

Our understanding of the Earth’s dynamics relies mainly on the degree of knowledge of the
deep Earth structure. Seismic tomography is the only tool available to date able to map the three-
dimensional structure of the Earth’s interior. It provides a snapshot of the present mantle convection.
Even though there is a general agreement on the average, spherically symmetric structure of the
Earth, the real fate of sinking plates as well as the origin and geometry of the upwelling regions are
still subject of open debate. Hotspots are probably the most intriguing geophysical object. They
are approximately fixed with respect to plate motion, providing us with an absolute reference frame.
Morgan (1972) proposed that hotspots are due to plume-like upwelling from the lower mantle, but
seismic tomography studies have been so far unable to clearly detect such deep plumes.

Our first global finite frequency tomography of
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Figure 1: Sensitivity kernels for a direct P
wave at an epicentral distance of with two
dominant period: 1 s (top), 20 s (bottom). The
size of a tetrahedron in the lower mantle is shown
for reference below the 20 s kernel.

compressional waves show distinct conduits rising from
the deep mantle (Montelli et al., 2003) What was the
problem then with the previous tomographic studies?

Almost all global P-wave tomographic models have
been so far obtained by applying the approximation of
ray theory. Waves propagate as rays only in the high-
frequency limit of the elastodynamics equations of mo-
tion. The travel time is only influenced by the Earth’s
properties along an infinitesimally narrow path that fol-
lows Snell’s law. This simplifies the mathematics, but
it is quite far from the physical reality where rays have
a given thickness depending on the frequency content
of the propagated wavefield. The traveltime of a finite-
frequency wave is sensitive to velocity structure off the
geometrical ray within a volume known as the Fresnel
zone. Classical ray theory predicts that even a small het-
erogeneity on the raypath would influence the traveltime.
But physics teaches us that small scale objects do not re-
ally influence the propagation of waves. They only do
when their scale length is comparable to the width of the
Fresnel zone. Figure 1 shows the sensitivity region for
a P wave at epicentral distance. The top kernel is
the sensitivity region of a wave with 1 s dominant pe-
riod, while the bottom kernel represents the sensitivity of

a wave with 20 s dominant period. The sensitivity is significantly different. A broadband P traveltime
is sensitive to anomalies in a hollow banana-shaped region surrounding the unperturbed path, with the
sensitivity being zero on the ray. Because of the minimax nature, surface reflected PP waves show a
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∂t
= ∇j(σij + Mij) + fi
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r, θ, ϕ)
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ρ
∂vr

∂t
=

∂σrr

∂r
+

1

r

∂σrθ

∂θ
+

1

r sin θ

∂σrϕ

∂ϕ
+

1

r
(2σrr − σθθ − σϕϕ + σrθ cot θ) + fr

P � p ; V
ρ
∂vθ

∂t
=

∂σrθ

∂r
+

1

r

∂σθθ

∂θ
+

1

r sin θ

∂σθϕ

∂ϕ
+

1

r
([σθθ − σϕϕ] cot θ + 3σrθ) + fθ

P � p � V
ρ
∂vϕ

∂t
=

∂σrϕ

∂r
+

1

r

∂σθϕ

∂θ
+

1

r sin θ

∂σϕϕ

∂ϕ
+

1

r
(3σrϕ + 2σϕθ cot θ) + fϕ
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ρ
∂vr

∂t
=

∂σrr

∂r
+

1

r

∂σrθ

∂θ
+

1

r
(2σrr − σθθ + σrθ cot θ) + fr

P � p ² V
ρ
∂vθ

∂t
=

∂σrθ

∂r
+

1

r

∂σθθ

∂θ
+

1

r
(σθΘ cot θ + 3σrθ) + fθ
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ρ
∂vϕ

∂t
=

∂σrϕ

∂r
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1

r

∂σθϕ

∂θ
+

1

r
(3σrϕ) + fϕ
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grid SH grid PSV grid 3D

model SH model 3D model PSV

velocity computation SH velocity computation PSV velocity computation 3D

stress computation PSVstress computation SH stress computation 3D

stress communication

velocity communication

output SH output 3Doutput PSV

tim
e−

loop

hybrid initialization

END

BEGIN

common parameters
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$\sigma_{ii},\;\rho,\;\lambda\;\mu$σ ρ µλ

$\sigma_{\Theta,phi}

θ

φ

σθφ

σθr

vθ

vφ

vr

$v_{r}

$v_{\Theta}

$\sigma_{\Theta,r)}

$\sigma_{\phi,r}

σφr

t3

vorderellipse
nur bei strichdicke 3 zu sehen...

ii

e2

e1

, , ,

��������� ·N	J¼0/B$.102, 0�'��>�L��F+K��L��F98�,L%;�O) ?E��,X#V�!� 
 � 6d�>�3,LCO- 
^,	�>,<���O�2K��L��F
67,<���&� �!#���02, ��%I�&�('*)+)
,����L��6 
 �
K��L��F
�O�3,J�L02�5=  �(�7K*,���02,<� = ����09�! 2, �	� K��L��F 67,<��� �!# ��02,U��?E02,<�L��6d�O�q�7,76������! K��L��FB- � �21Q,<�3,< E�A�('*) �;�!�&�
�3,V?E�3,M�3,< E�XK��L��F ?W�!�� E� �P= ����0 F��21Q,<�3,< E� �7�O�L�R� �>��,�F*,<_* 2,7F ��02,<�3,O-43N,7F �['I) �*�!�&� �!���O 2F #V�!� �7�O�L�R� �>��,M�
��0B��� �O�3,J 2,767,M�M���O�('9�(�+F*,<_* 2,U02�!�L���5�! B���O� �L02,d�O�T=]� �>,M��-

acbB[^;edfbÁ3ydOhj1�n>=F[^nedfa:dfD@?B[^0¸df02A¤D@721Q=F14ac?B[^0edfbom@n>7214=@?BNidfby_^T mF1ON4D@?B[^0�p£¥y721
r
df02A

θ
NO[<[^=FAJ?E0edfDF1Om¢[f\D@721Wac=@?BAJn{[^?E0:DFms[f\UD@7216_^T«m~1ON4D@?B[^0�NO[^=@=F1Om@n{[^02A½DF[�Pt?�p 1cpE52m@nedfD@?¿dfbEbE9½NO[^?E02N4?BA>1�3¡?ED@7°V`D@721Wac=@?BAJn{[^?E0:DFm�[f\D@7216d��J?Bm@98XQXZ14D@=@?BNÂac=@?BAMpÁR2[^=¡?EbEbEv2m@D@=~dfD@?B[^0�52R§?Eacv>=F1 � p 6 m@72[�3#myD@721Âac=@?BAwNO14bEb�[f\�D@721WmFn>7214=@?BNidfb�mF1ON4D@?B[^0_^TsGIRUT m~NF7214XZ1Zdf02AÃ?EDFmWn{[cm@?ED@?B[^0Ã?E0¨D@721Zd��<?BmF98XQXZ14D@=@?BN�Ì<Í � TÅac=@?BAMp � [^v>n>bE?E0>a�[f\`D@721�ac=@?BA>m6df02AD@7:v2m¦[f\WD@721½DI3`[¤NO[<A>1OmQ?BmZA>[^021w;89�NO[^XQX�v>0>?BNidfD@?B[^0�[f\ÂD@721w3`dOhj1HCe14bBA�?E0J\][^=@X�dfD@?B[^0Ä\][^=QD@721½ac=@?BAn{[^?E0:DFmipWqr0z[^=FA>14=ÂDF[£NO[^=@=F1ON4D@bE9�ned^mFmxD@721¢acbB[^;edfb�3`dihj1HCe14bBAÃDF[¦D@721�_^T NO[8A>1¢D@721¢C2=Fm@D
nop/2

P
nop 5[^n{14=~dfDF[^=¢bB140>acD@7°V6ng[^?E08DFm¢[f\#D@721Z\t=F[^08DlmF?BA>1¦df02A�D@721¦;{[^D@DF[^XË[f\#D@721�mFn>7214=@?BNidfb`mF1ON4D@?B[^0�df=F1�m~14D�DF[D@721WNO[^=@=F1Om@n{[^02AJ?E0>aZhj14bB[<N4?EDI9½df02Awm@D@=F1OmFmyhcdfbEv21Om¡[f\§D@7216d��J?Bm@9<XQXZ14D@=@?BNWNO[8A>1cpÁ¥y7>?Bmy?Bm#A>[^021x\S[^=#14hj14=@9D@?EXZ1�m@DF14n�P]df02A�\][^=xhj14bB[8N4?EDr9zdf02AÃm@D@=F1OmFmÂmF14n{14=~dfD@bE9>Vsdf02AÃ1402m@v>=F1OmWd�NO[^08D@?E0:v2[^v2m �e[i3«[f\ÁD@721lacbB[^;edfb3`dihj1HCe14bBA�?E08DF[QD@721�_^T�;{[O�Mp/xm�df0�dfbEDF14=@0edfD@?Ehj1oDF[�D@721Yn>=F[^ac=~dfX �e[i3|çÜv2m@D�n>=F1OmF1408DF1OA�D@721oacbB[^;edfb<d��J?Bm@9<XQXZ14D@=@?BNÁ3ydOhj1HCe14bBAlX�dO9dfbBmF[Â;{1#m@DF[^=F1OAQ[^02NO1y\][^=odfbEb2m@?E02NO1#?EDÁA>[81OmY02[^DYNF7edf0>aj1¡\][^=YD@721yDr98n{1OmÁ[f\Mm@D@v2AJ?B1OmU\][^=�3¡7>?BNF7¦D@721¡7:9<;>=@?BANO[^02NO14n>DWn>=F1OmF1408DF1OA¨7214=F1�?BmWm@v>?EDF1OAMp�qr0ÃD@7edfD6Nid^mF1c5{?E02m@DF1id^A¨[f\`D@721Q1H�J1ON4v>D@?B[^0�[f\`D@721�d��J?Bm@9<XQXZ14D@=@?BNNO[<A>1jPSmÒV{D@721yd��<?BmF98XQXZ14D@=@?BNÁ3`dOhj1HCe14bBA�7ed^m�DF[#;{1Y=F1id^A6\t=F[^X-AJ?Bm@�Â?E0�D@721`NO[^XQX�v>0>?BNidfD@?B[^0ZmFv>;>=F[^v>D@?E021OmipTÂ14ng1402AJ?E0>a¸[^0ÝD@721|d^N4D@vedfbWmF14D@v>nÝdf02A�D@721zAJ?Bm@�Äd^NONO1OmFmkm@ng1O1OA�D@7>?Bm�XQ?Eac78DkbB1id^AÄDF[¸d�m@?Eac0>?LCeNidf08D=F1OAJv2N4D@?B[^0Ã[f\ÁNO[^XQn>v>D~dfD@?B[^0zD@?EXZ1�3¡72140zNidf=@=@9<?E0>ak[^v>DsNO[^XQn>v>D~dfD@?B[^02mÂ3¡?ED@7�D@721lm~dfXZ1¢NO[^0JC2acv>=~dfD@?B[^0;>v>D�X�df0896AJ?LK{14=F1408D�XZ[<A>14bBm�?E0�D@721o_^T�mF1ON4D@?B[^0�p§¥y7>?Bm�[^n>D@?B[^0�Nidf06;{1�=F14a:df=FA>1OAld^m�v2m@?E0>a#D@721om@n>7214=@?BNidfbmF1ON4D@?B[^0�NO[<A>1Â3¡?ED@7 �I;{[^v>02A2df=@9½NO[^02AJ?ED@?B[^02m
�6A>14DF14=@XQ?E021OAw;:9kD@721WacbB[^;edfb�3`dOhj1HCe14bBAMp/xm�d¡NO[^02mF1Ou8v21402NO1Y[f\JD@7>?Bm�3ydO9W[f\2NO[^v>n>bE?E0>a�D@721YNO[<A>1OmMD@721Ádf;2mF[^=@;>?E0>a�;g[^v>02A2df=@?B1Om§[f\<D@721Ám@n>7214=@?BNidfb_^TÄNO[<A>1Á7edihj1ÁDF[s;{1YXZ[<AJ?LCe1OAMp�ÀÝ72140�\]1O1OAJ?E0>axD@721od��J?Bm@98XQXZ14D@=@?BNo3`dihj1HCe14bBA�?E0�D@721`m@n>7214=@?BNidfbJmF1ON4D@?B[^0NO[<A>1ZdfDWD@721�\t=F[^08D�df02A¨D@721�;{[^D@DF[^X�m@?BA>1c5�02[wdf;2mF[^=@;>?E0>a�;g[^v>02A2df=@?B1Om¢Nidf0¨;g1�v2mF1OA�dfDWD@721Om~1Qm@?BA>1Omip

6 _



qr0�NO[^02mF1Ou8v21402NO1c523`dihj1Omx=@v>0>0>?E0>azPt;ed^NF�2VyDF[�3`df=FA>mxD@721Â\S=F[^0:Dx1402A|df02A½D@721�;g[^D@DF[^X$[f\§D@721¢m@n>7214=@?BNidfb_^T¾mF1ON4D@?B[^0¸df=F1�=F1��e1ON4DF1OA¸dfD�D@7>?Bm�\]1O1OAJ?E0>a^G�?E0¤æi[^021cpwÍx[i3`14hj14=i5Ym@?E02NO1ZD@7214=F1£df=F1Z02[|mF[^v>=FNO1Om�?E0
D@721m@n>7214=@?BNidfb�m~1ON4D@?B[^0�XZ[<A>14b�?EDFmF14bL\ � d^m¡?Bm¡v2m@vedfb�\S[^=#RUT-XZ[<A>14bE?E0>a � df02Awm@?E02NO16D@721WX�df?E0�AJ?E=F1ON4D@?B[^0|[f\3`dihj1Wn>=F[^nedfa:dfD@?B[^0w?BmyDF[�3`df=FA>m#D@721WmFv>=Ü\]d^NO16df02A£D@721Â;ed^NF�k1402A½[f\�D@721Wm~1ON4D@?B[^0¤Pt3¡7214=F16df0�df;2mF[^=@;>?E0>a;{[^v>02A2df=@9¤1H�<?BmFDFmÒVWD@7>?Bml?Bml02[^DQd�mF14hj14=F1£bE?EXQ?ED~dfD@?B[^0�p � 0>bE9�3ydOhj1Om�=F1��e1ON4DF1OA¸;89�D@721�n>bEv>XZ1k[^=lD@721m@v>=Ü\�d^NO1¢[^=x3`dihj1OmWNO[^0:hj14=@DF1OAÃ;89�D@721¢n>bEv>XZ1¢XQ?Eac78DÂ=@v>0
� ;ed^N~�83ydf=FA ��df02Azdf=F1¢D@7:v2mÂ=F1��e1ON4DF1OA¨dfDxD@721XZ[<A>14b�1402AMp��`91H�JDF1402AJ?E0>a�D@721wm@?Eæi1½[f\ÂD@721wm@n>7214=@?BNidfbsmF1ON4D@?B[^0Ä?E0
θ
G¢df02A¸hj14=@D@?BNidfbsAJ?E=F1ON4D@?B[^0�D@721df=@=@?EhcdfbBms[f\�D@721OmF1W=F1��e1ON4D@?B[^02mWdfDsD@7216=F1ONO14?Ehj14=FmxNidf0�;{16A>14b¿dO9j1OAzm@v2NF7|D@7edfD�D@72149½3¡?EbEb�02[^Dxdfn>n{1idf=s[^0D@721kmF14?Bm@XZ[^ac=~dfXZmZdfD�D@?EXZ1Om�3o14=F1£n>7ed^mF1OmQ[f\s?E0:DF14=F1Om@DZm@72[�3 v>n�p�ÉU�JDF1402AJ?E0>a¨D@721£m~1ON4D@?B[^0?Bml02[^DZdm@?Eac0>?LCeNidf08D�3`d^mFDF1�[f\yXZ[8A>14bÁmFned^NO1Q;g1ONidfv2m~1QD@721Qn{[^?E0:DFm6D@7edfD¢3o[^v>bBA¤7edOhj1Q;{1O140�021ONO1OmFm~df=@9z\][^=WD@721df;2mF[^=@;>?E0>a½;{[^v>02A2df=@?B1OmWNidf0Ã;g1lm@n{140:Dx\S[^=xD@7>?BmÂn>v>=@n{[cmF1cpWÊ|[^=F1O[�hj14=i5�m@?E02NO1l?EDÂD~df�j1OmxDI3¡?BNO1�D@721lD@?EXZ1\][^=`3ydOhj1Om�DF[�=@v>0½DF[¢D@721ÂXZ[<A>14b�df02AkD@721Â=F1��e1ON4DF1OAk3`dihj1Om#DF[QNO[^XZ1Â;ed^N~�£14hj14=@9£ac=@?BAkng[^?E08D#m@n{140:D¡DF[1H�JDF1402A½D@721Wm@n>7214=@?BNidfb�m~1ON4D@?B[^0w?E02N4=F1id^mF1Om¡D@7216A>14b¿di9½m@?Eac0>?LCeNidf0:D@bE9jp¥y721�m~dfXZ1¢=F1id^mF[^0>?E0>a½?Bmxv2mF1OA|DF[�çÜv2m@D@?L\S9wN4?E=FN4v>b¿df=Â;g[^v>02A2df=@9zNO[^02AJ?ED@?B[^02mWD@7edfD6df=F1�021ONO1OmFmÒdf=@9�DF[dOhj[^?BA�=F1H\t=~d^N4D@?B[^02m�\S=F[^X¾D@721 � bB[<[cmF161402A>m �e[f\UD@721�m@?BA>1Om�[f\�D@7216;>bB[<NF�{5>3¡7214=F1¢A>14=@?Eh^dfD@?Ehj1OmxNidf0�02[^D#;{1NidfbBN4v>b¿dfDF1OA�AJv216DF[�XQ?BmFm@?E0>aZ0214?Eac78;g[^=Fmxdf02A�df;2mF[^=@;>?E0>aZ;{[^v>02A2df=@?B1Om�Nidf0w02[^D¡;{1Âv2mF1OAw14?ED@7214=ip¥y721oaj140214=~dfb>AJ?E=F1ON4D@?B[^0�[f\e140214=@ac9j5j72[i3o14hj14=i5j?Bm�DF[�3`df=FA>m�D@721o;ed^NF��mF?BA>1o[f\2D@721o;>bB[8N~�gp�Ì<[�\t=F[^X�D@7>?Bmm@?BA>1WD@721¢m@D@=F[^0>aj1Om@Ds=F1��e1ON4D@?B[^02mÂdf=F1�DF[Q;{161H�<n{1ON4DF1OAMp¡¥y721OmF16Nidf0|;g1¢A2dfXQng1OAzdO3ydO9w3¡?ED@7Ãdf;2mF[^=@;>?E0>a;{[^v>02A2df=@?B1Om#n>b¿d^NO1OA�dfD#D@721Â;ed^N~�:GI1402A|[f\§D@7216;>bB[8N~�gpqr0Zd^A>AJ?ED@?B[^0�5cD@721y=F1Om@D@=@?BN4D@?B[^02mY[^0�n>b¿d^N4?E0>a�df;2mF[^=@;>?E0>aW;{[^v>02A2df=@?B1OmY[^0>bE9ldfn>n>bE9¢DF[xD@721`NO[^XQn{[^02140:DFmD@7edfD½df=F1|NO[^XQX¢v>0>?BNidfDF1OAMp�¥§df�j1|\S[^=£1H�>dfXQn>bB1zD@721zÌ<Í�GINid^mF1cp � 0>bE9ÝÌ<Í#GI140214=@ac9�=F1��e1ON4DF1OA�dfD¦D@721n>bEv>XZ1k?Bml=F1��e1ON4DF1OAÄdfD�D@721½NO[^XQX�v>0>?BNidfD@?B[^0Äæi[^021½[^=Zdfn>n{1idf=FmQ[^0D@721k[^D@7214=Zm@?BA>1£AJv21kDF[ÃN4?E=FN4v>b¿df=;{[^v>02A2df=@9�NO[^02AJ?ED@?B[^02mip � [^0:hj14=Fm@?B[^02m�mF72[i3¡?E0>aÂv>nl[^0�[^D@7214=UNO[^XQng[^021408DFm�Nidf0¢=@v>0l?E0:DF[xD@721ydf;2mF[^=@;>?E0>a;{[^v>02A2df=@?B1OmsdfDsdfbEb�m@?BA>1Om�p

%'&Rl)&Rl � /B3���� �&% � �+1 �

� [^XQnedf=@?BmF[^0[f\ymF14?BmFXZ[^ac=~dfXZm6n>=F[<AJv2NO1OA¨;:9ÃD@721Qm@n>7214=@?BNidfb`mF1ON4D@?B[^0�nedf=@D�[f\yD@721�7:9<;>=@?BA¤NO[<A>1�3¡?ED@7D@721Q[^021Om6[f\`D@721Zd��<?Bm@9<XQXZ14D@=@?BN�nedf=@DWn>=F[ih<?BA>1Om�dkm@?EXQn>bB1�hj14=@?LCeNidfD@?B[^0
[f\oD@721�7:9<;>=@?BA¨XZ14D@72[<A¨m@?E02NO1D@721�d��J?Bm@9<XQXZ14D@=@?BN½NO[8A>1½?Bm�hj14=@?LCe1OA�3¡?ED@7>?E0ÄD@721 � � Ì��.n>=F[fçÜ1ON4D�P�g ¯ ªe® ·4¹lº^»E¼ �E±i²c²c²  tVH5`3¡7>?EbB1kD@721d^NON4v>=~d^N49½[f\§D@721�m@n>7214=@?BNidfbLGImF1ON4D@?B[^0�XZ14D@72[<A½?Bm�d^m~mF1OmFmF1OA£;:9 g ¯ ªe®¤·4¹`º^»E¼ ���c�c�c�  IpqI\`;{[^D@7¤A>[^X�df?E02m�v2mF1QD@721Zm~dfXZ1ZXZ[8A>14b�5�D@721Q3`dihj1HCe14bBA>mQdf02A¨D@7:v2m�D@721ZmF14?Bm@XZ[^ac=~dfXZm¢=F1ONO[^=FA>1OAdfD�D@721¢m@v>=Ü\�d^NO1�df=F1�m@v>n>n{[cmF1OA½DF[�;g16?BA>140:D@?BNidfb�p#¥y7>?BmxNO[^XQnedf=@?BmF[^0z?Bm�m@72[�3¡0�?E0|R§?Ea2p � p è 523¡7214=F1�D@721C2=Fm@D`[^02mF14DFmÁ[f\�D@721ÂÌ<Í�3ydOhj1s\][^=Y=F1ONO14?Ehj14=Fm`?E0Z;g[^D@7£A>[^X�df?E02m¡df=F1�m@72[�3¡0�DF[^aj14D@7214=ipY¥y721�;ed^NF�<ac=F[^v>02AXZ[<A>14b§v2m~1OA�?BmxD@721l?BmF[^D@=F[^n>?BNlnedf=@DW[f\oÇYÈ�ÉÁÊ 3¡?ED@72[^v>DWD@721lN4=@v2m@D~dfbUb¿dO9j14=ip6R2[^=ÂD@721 ±i�cè ◦ GI1H�JDF1402m@?B[^0?E0wD@721
θ
GIAJ?E=F1ON4D@?B[^0�5 ���c�c� ac=@?BAwn{[^?E0:DFmxdf=F1Wv2mF1OAM5edf02A½\S[^=#D@7216hj14=@D@?BNidfb�AJ?E=F1ON4D@?B[^0|A>[�3¡0�DF[QD@721�NO[^=F1HGX�df0:D@bB1�;g[^v>02A2df=@9 èc³c� ac=@?BA¸n{[^?E0:DFm£df=F1kv2mF1OAMp�/yD�dÃAJ?Bm@D~df02NO1w[f\6df;g[^v>D ³J± ◦ P ±iè76:è ac=@?BA¸ng[^?E08DFmÒVD@721Z_^T m@n>7214=@?BNidfbÁmF1ON4D@?B[^0¨ac=@?BAÃ;{14ac?E02mip�qrDÂ1H�JDF1402A>m�_ èc� ac=@?BAÃn{[^?E0:DFm£P ±i³ p�_ �^è ◦ Vs?E0¨D@721 θ

GIAJ?E=F1ON4D@?B[^0Pt?E02N4bEv2AJ?E0>a èc� n{[^?E0:DFm¢\][^=ldf;2mF[^=@;>?E0>az;g[^v>02A2df=@?B1OmHV¢df02A �cèc� n{[^?E0:DFm½P ± _Jp ±i�cè ◦ V6?E0¤D@721 ϕ
GIAJ?E=F1ON4D@?B[^0�p¥y721y_^TÄmF1ON4D@?B[^0l?Bm�AJ?BmFN4=F14D@?Eæi1OAl3¡?ED@7 ±i³c� ac=@?BA¢n{[^?E0:DFm�?E0¢D@721ohj14=@D@?BNidfb<AJ?E=F1ON4D@?B[^0�3¡7>?BN~7�NO[^=@=F1OmFng[^02A>m§DF[d�A>14n>D@7w[f\Ydf;g[^v>D ²c�c� �<Xw5JD@7:v2m¡?E02N4bEv2AJ?E0>a¦D@721W140:D@?E=F1Wv>n>n{14=¡X�df0:D@bB1cp � [^XQn>v>D~dfD@?B[^02m#3`14=F16Nidf=@=@?B1OA[^v>D�[^0�d � p ³�� Í�æ6Ç§140:D@?Ev>X 6 G�n>=F[<NO1OmFmF[^=i5g=F1Ou8v>?E=F1OA ±i³c�c� Ê ��[f\UÈ�/xÊ df02AkDF[<[^�½df;g[^v>Ds_ ² 72[^v>=Fmip/-n{[^?E0:DWmF[^v>=FNO1�?Bmsv2m~1OA�[^021¢ac=@?BA�n{[^?E0:Ds\t=F[^X$D@721lm@98XQXZ14D@=@9zd��<?Bmip�¥y721¢mF[^v>=FNO1¢D@?EXZ1HG]\Sv>02N4D@?B[^0Nidf0;g1£df=@;>?ED@=~df=@?EbE9
NF72[cm~140�5�3¡?ED@7
D@721¦n{[cmFm@?E;>?EbE?EDI9¤DF[�v2mF1£df0
?EXQn>v>bBmF?Ehj1ÃP

δ
GÞV¢mF[^v>=FNO1¦1H�>N4?ED~dfD@?B[^0¸?E0D@?EXZ1cp¡¥y7>?BmsbB1id^A>m�DF[¦mF14?Bm@XZ[^ac=~dfXZmsD@7edfDxdf=F1 � =F1O140�� m#\Sv>02N4D@?B[^02m�D@7edfDÂNidf0�D@72140|;g1¢NO[^0:hj[^bEhj1OA|3¡?ED@7df0:9¦A>1Om@?E=F1OA�mF[^v>=FNO1s3`dihj14bB14DipYR2[^=`D@721�mF14?BmFXZ[^ac=~dfXZm`mF72[i3¡0�5>dWDr3o[fG�n{[^bB1 �`v>D@DF14=@3`[^=@D@7 �c� mobB[i3yG�ned^m~mC2bEDF14=y\][^=¡D@721Wm@v>n>n>=F1OmFm@?B[^0w[f\§0:v>XZ14=@?BNidfb�02[^?BmF1Â3yd^m¡v2mF1OAMpY¥y721WmFbE?Eac7:D#[^;2mF14=@hcdf;>bB1WAJ?LK{14=F1402NO1Om�=F1Om@v>bED

656



1350 1400 1450 1500 1550

82

84

86

88

90

92

94

96

98

travel time / seconds

ep
ic

en
tr

al
 d

is
ta

nc
e 

/ d
eg

re
es

��������� ·�	<¼����
^,<�&�L)
�7K����O)D� #��!�
∆ ���

a�Y����
◦
,V?E��67,< E�����O�XF��&�!���O 267,�6d�O��6��5�R���(,7FG= ����0/��02, 0�' �>�L��F 67��F*,O-

� �4��0 F*�!)P�O�� ;� � ��02, ��%I�&�('*)+)
,����L��6 8��3,7F ���� 2,LC �O 2F ��02, �	� 8 �>����, ���� 2,LC � ���3,U��02,  3
	�� )
��F*,<��- .102,
F����3,76���


H

� 
^6 

H

Y[= ���>, �&�A�L02�>=  Q- � ,	�O�R�������! ;� �;,���=A,7,< ��02, �3,<�&�<)
�7K����O) ?q�O���<� �
�5�3,<� �7� �>��, #��3�!)���
◦

�! �3,M�!�5���A#R�3�!) � �5�7�!�	�>�� IK �;�4�5 2F��O�L��,M� ��0B��� � 11,76��X��02, �	� �7,76������! #R�3�!) ��0*�&�NF��&�!���O 267,T�! Q-��N�����
◦

�! ��02, �	� �L��K� B�O� �&�N, 1Q,76���� �>,<�:'9F*�>=  9���	�5,<�3�H�O) ?E�����L��F*,O-

\S=F[^X$m@X�dfbEbUAJ?LKM14=F1402NO1OmÂ?E0|D@721lAJ?Bm@n{14=Fm@?B[^0|=F14b¿dfD@?B[^0Ã;{14DI3`1O140¨D@721�Dr3o[fGsdf02A|D@721�D@7>=F1O1HGIAJ?EXZ1402m@?B[^0edfbNid^mF1�df02A�3o[^v>bBA�D@7:v2ms;g1W?E08D@=@?E02m@?BN¢DF[QD@721W7:9<;>=@?BA|XZ14D@72[8AMp`/�nedf=@D�\t=F[^X D@7edfDi52?EDsNidf0�;g16m~1O140wD@7edfDdfDY7>?Eac7214=`14n>?BNO140:D@=~dfb{AJ?Bm@D~df02NO1OmYD@721smF14?Bm@XZ[^ac=~dfXZmÁ[f\MD@721#mFn>7214=@?BNidfb°mF1ON4D@?B[^0�AJ?EXQ?E0>?BmF7¦AJv21¡DF[�D@721¡v2mF1[f\Ydf;2mF[^=@;>?E0>aZ;{[^v>02A2df=@?B1OmsdfD#D@721W;ed^N~�£mF?BA>16[f\§D@721Wm~1ON4D@?B[^0�p
%'&Rl)&�� � !�!�'��$�&% � ��1 � 1 � ��-0/
-�4Wn 3���� % !�! 3�1 %(� -
R2[^=QD@721�dfn>n>bE?BNidfD@?B[^0�[f\xD@721k7898;>=@?BA�dfn>n>=F[jd^N~7ÄDF[ÃD@721kn>bEv>XZ1½n>=F[^;>bB14Xw5¡dzm@v>;>=F[^v>D@?E021k\][^=Q?EXQn>bB1HGXZ140:D@?E0>a½m@?EXQn>bB1�n>bEv>XZ1�XZ[<A>14bBms3`d^ms3¡=@?ED@DF140�p#qIDs?Bm�m@?EXQ?Eb¿df=sDF[ZD@721¢n>bEv>XZ1HG�XZ[8A>14bUm@v>;>=F[^v>D@?E021¢b¿dfDF14=A>1OmFN4=@?E;{1OAw\][^=�D@721QÌ8n{1ON4D@=~dfb§É�bB14XZ1408D � [8A>1cpsÊ|[^=F1O[�hj14=i5gD@721¢m@v>;>=F[^v>D@?E021Oms\][^=s[^v>D@n>v>D@D@?E0>akD@721lmF14?BmÜGXZ[^ac=~dfXZm�3`d^mlXZ[<AJ?LCe1OADF[�3¡=@?EDF1k[^v>Dl;>?E0edf=@9¸Ì</ � P�Ì<14?Bm@XQ?BNk/�0edfbE9Jm@?Bm � [8A>1c5 < ��® ���i� ª �t�������
� ����� ª ���E±i²c²5;  tV`\S[^=@X�dfDip`¥y7>?Bm#=F1OAJv2NO1Om�D@721¢dfXZ[^v>0:Dx[f\§021O1OA>1OA|AJ?BmFN6m@ned^NO1¢df02A�1id^mF1Om#mFv>;2mF1Ou:v21408Dn>=F[<NO1OmFm@?E0>a6[f\{D@721#A2dfD~dÂv2m@?E0>a¢Ì</ � pj/xmYdf0Z?EbEbEv2m@D@=~dfD@?B[^0¦[f\gD@721y\Sv>02N4D@?B[^0edfbE?EDI9Q[f\{D@721¡7:9<;>=@?BAQXZ14D@72[<AM53o1lm@72[�3-df0Ãdfn>n>bE?BNidfD@?B[^0zDF[kdQn>bEv>XZ1�dfDWdf;g[^v>D ²c� ◦ 14n>?BNO140:D@=~dfb�AJ?Bm@D~df02NO1cp � 0>bE9wD@721¢d��J?Bm@9<XQXZ14D@=@?BNÌ<Í�NO[<A>1#?Bm`NO[^v>n>bB1OA�3¡?ED@7£D@721�m@n>7214=@?BNidfb{mF1ON4D@?B[^0kNO[8A>1cpU¥y7>?Bmy140edf;>bB1Omov2mÁDF[¢m@D@v2AJ9ZNO[^0:hj14=Fm@?B[^02m`\S=F[^XÌ<Í�DF[ZÇoÌ8Î�3`dOhj1OmxNidfv2mF1OA½;89¦D@7216n>bEv>XZ1cp¥y721Zm~14D@v>n�?BmWD@721Zm~dfXZ1¦d^mWv2mF1OAz\][^=�R§?Ea2p � p è 5�[^0>bE9zD@7edfD67214=F1c5�?E0�[^=FA>14=�DF[½[^;>D~df?E0
mF0edfn2m@72[^DFm[f\oD@721�3ydOhj1HCe14bBAM5�d¦;edf02A<G�bE?EXQ?EDF1OA¤mF[^v>=FNO1QmFng1ON4D@=@v>X.?BmW=F1Ou8v>?E=F1OAMplÀ�1�v2mF1OA �c� m6d^mWD@721QA>[^XQ?E0edf08Dn{14=@?B[8A¸\][^=�d � dfv2m~m@?¿df0ÄmF[^v>=FNO1HG�D@?EXZ1½\Sv>02N4D@?B[^0�pÝR�?Ea2p � p � m@72[i3#m�D@721½=F1Om@v>bED@?E0>a¤mF0edfn2m@72[^DFmQ\][^=¦dfbEb

6:è



NO[^XQn{[^02140:DFmsD@7>=F[^v>ac7�AJ?LK{14=F1408DsN4=F[cmFm@GImF1ON4D@?B[^02m¡D@7>=F[^v>ac7�D@721Ân>bEv>XZ1c5°[^=�dfD#D@721Wm@v>=Ü\�d^NO1cp

axisymmetric PSV waves (radial component)

SH waves (transverse component)

axisymmetric
cross−section

cross−section

PSV waves (vertical component)

3D Y−Z

cross−section
3D Y−Z

cross−section

3D X−Z

3D X−Z 3D Y−Z

cross−section
3D X−Z 3D X−Y

3D X−Y

3D X−Y
cross−section

cross−section

(surface)

(surface)

(surface)
cross−section

cross−section

��������� · 	<¼����� ,LK*,< 2F �(�S��02, �L B�3?2�<02�4�T_IK^�5�3,M� �!#D��02,P0�'��>�L��F 67��F*,O- �� ��02, �!?*?A,<����,<#[�D��02, 
 �
=]� �>,<_2,<��F �!#D��02, ��%I�&�('*)+)
,����L��6 F*�!)P�O�� �&� �L02�>=  �(�7K*,���02,<�9= ����0 ��02,
�('*)+)
,����(' ��%I�&�
�O 2F ��02,
?A���L�������! �!#���02, �	� �3,76������! Q- � ,<���5=��H��02, ��%I�&�('I)+)
,����L��6 = ���>,<_2,<��F ��� ��02,�?W���L�������! �!#���02, �	�
�3,76������! �&�+,< *�R�O�[K*,7FB- .E� ��02, �L��K�0B�N�!#$��0B��� � ��02,�= ���>,<_2,<��F ���T��02, ���O)
, ?A���L�������! � �I�*� 6d�O��6��5�R���(,7F
= ����0 ��02, �	� 67��F*, �&� �L02�5=  Q- � �211,<�3,< 267,M� �;,���=A,7,< ��02,M�3, = ���>,<_2,<��F �L02�4�5��F �*,P�! *�:'/F^��,
�(�p��02,
������K*, �!# F��211,<�3,< B�2)
��F*,<�&� �� ��02, �V=W�N67��F*,M� 8�,O- KB-� 3
	�� �� 
��02, ��%I�&�('*)+)
,����L��6��O 2F  3 	����W?E���5)
,
�� ��02, �	� F*�!)P�O�� ICO-T.102,T�4��02,<�J��)P��K*,M�U�� ��02,U)+��F*F���, �3�>= �O�3, �4��02,<�T6<�3���M�MY��3,76������! ;� ��0*�3�4�>K�0G��02,
)
��F*,<� �;�O���^�<02�>= �� IK ��02,$�����O ;� �>,<�<���O� 8�
 �XCX67�!) ?A�! 2,< B�<-U.102, �!?*?A,<� �O 2F ���5=W,<� �3�>= �<02�>= ��02, ���4F��R�O�
�O 2F �>,<�!����6d�O� 67�!) ?W�! 2,< E� � � �3,M��?W,76���� �>,<�:'�- � �4��0 67�!) ?W�! 2,< E� � 67�! E���O�� �
�� =]� �>,M�
�O 2FG�L�� 267,� 2�
�
�� ,< 2,<�[K5'
�&� #�,7FH�� �3' ��02,U��%��&�['I)+)
,����L��6$67��F*, �2��02,M�3,$6d�O �! *�:' �;,7,< PK*,< 2,<�����(,7F �3' 67�! �>,<�<�<���! ;�
F^��, �(�T�R���(,<���O�q02,��(,<�3�7K*,< 2,<������,M�U�� ��02, �	�+-I)
��F*,<��-J.102,X�L��K�0B�X67�!���5)+ �L02�5=W�NF*,V? ��096<�3���<��Y��3,76������! ;�
?A,<��?W,< 2F���6��5�R�O���(� ��02,+F����3,76������! /�!#U=]� �>,$?E�3��?q��K��������! � ��02,T)+��F*F���,+67�!���5)+ �L02�5=W�T�!�5�L#��467,+6<�3���<�MY
�3,76������! �]�O 2F ��02,N��,<#(�U�! 2,T�L02�5=W� F*,V? ��0 6<�3���M�MY��3,76������! ;�$�� ��02, F����3,76������! �!#U=]���>,$?E�3��?q��K��������! � �>�
��02,J��,<#[��)
���!� 67�!���5)+ F*��,M� #V�!�T��02, ��%��&�['I)+)
,����L��6 = ���>,<_2,<��FB-

¥y721�nedf0214bBm�[f\YR§?Eacv>=F1 � p � m@72[�3�m@0edfn2mF72[^DFm�[f\UD@72163`dihj1HCe14bBAzdfDsAJ?LK{14=F1408DxN4=F[cmFm@GImF1ON4D@?B[^02m¢P�\][^=sdbB14aj1402A£mF1O1�R§?Ea2p � p ; V�D@7>=F[^v>ac7£D@721�n>bEv>XZ1xNO140:DF14=6Pt72[^=@?Eæi[^08D~dfb�A>14n>D@7£m@bE?BNO1Om`[^=¡dfDÁD@721xm@v>=Ü\]d^NO1�VY[f\�D@721D@7>=F1O1�NO[^XQn{[^02140:DFmQPt=~d^AJ?¿dfb�5°D@=~df02m@hj14=Fm~dfb�df02Awhj14=@D@?BNidfb�VHpsÌ8?E02NO1¢[^0>bE9|Ì<Í�3`dOhj1OmWdf=F16\S1OA�?E0w\S=F[^X¾D@721d��J?Bm@98XQXZ14D@=@?BN�NO[8A>1W[^0>bE9kD@721ÂXQ?BA>AJbB16=F[�3ÅPSm@72[�3¡?E0>a�D@=~df02m@hj14=Fm~dfb�52?�p 1cpoÌ<Í XZ[^D@?B[^0°Vyaj14DFmsd�m@?Eac0edfb�p
6 ;



��������� · 	<¼��O 
� B�3?2�L02�4� � �!#X��02,H= ���>,<_2,<��F �>� 6d�O��6��5�R���(,7F9= ����0 ��02,U0�' �>�L��Fp67��F*,O-�� ��,LK*,< 2F #��!� ��0*�&�
_IK^�5�3,P�&�DK�� �>,< �� \1��KB-�a*-���- .102,p�!?*?W,<� �O 2F"��02,P���5=W,<� �3�>= �L02�>= 67�! �>,<�<�L���! ;� 6d�����3,7F �d' ��02,
?E���5)
,O- �V ��02,H)+��F*F���, ?E��6��L�5�3,98&�!�5�L#��467, 
 � Y�)
�4�����! IC ��02,+02,d�O���� IK �;,<0*�� 2F/��02,T?E���5)
,D�&�P6<��,d�O�L�:'
�O�&�L� �>��,O- � �5�3�!���*�(,T�O) ?E�����L��F*,M�T�O�3,N�O�	�>�������O�('9�O 2F
�3,<� �>, �! *�:' #V�!�T67�!) ?q�O�L�&�3�! Q- W���5)
, �;�4�5 2F��O�L��,M�
�O�3,XK�� �>,< �� �>����,O-

6 �



���������	��
������������������������


����� �!��"������#�����������$����


��������� · 	<¼�%��
 � �(���
��"67�! �>,<�<�L���! ;�T6d�����3,7F �d' ��02, ?E���5)
,O-���CN6<�����3,T�!?S�!#]���4F��R�O� 67�!) ?W�! 2,< E� � �OC
�>,<�!����6d�O�B67�!) ?W�! 2,< E�<-'& 02,< #V,7,7F��� IK ��02, ��?E02,<�L��6d�O���7,76������! D�! *�:'P= ����0 
 � = ���>,M� ���X�L��K� B�O�I�3?*?A,d�O�L�� IK
�! ��02, ���4F��R�O�]�O 2F �>,<�!����6d�O��67�!) ?W�! 2,< E� �T6d�O �! *�:' �3,M���5���W#R�3�!) 67�! �>,<�<�L���! ;� �!# 
 � �(� �Y 
��@=]� �>,M�
�d' � �R���(,<���O�q02,��(,<�3�7K*,< 2,<����' �E��- ,O- ��02, ?E���5)
,O-J.102,T�! ;�3,�� �$�!# �3�!)
, 
 �$Y�?E0B�>�3,M� �O�3, K�� �>,< p�>�U� �>�R�46VZ
���� 2, �;#V�!� �3,<#V,<�3,< 267,O- � �4�(, ��0B���W�3�!)
,N�!# ��02, �Y 
��"�! ;�3,�� � 02,<�3, �O�3,$,d�O�L����,<� ��0B�O ��02,M�7, 
 �$Y��O�L�L� �7�O�&� �
�;,76d�����3, �Y[=]� �>,M�H�������>,<�q#��>�!�(,<� �O#[�(,<�$67�! �>,<�<�L���! G��0B�O 
 � =]���>,M�O-



Êz[^D@?B[^02mW[^0¨D@721�[^D@7214=6NO[^XQng[^021408DFm¢df=F1�AJv21�DF[kNO[^0:hj14=Fm@?B[^02mldfDxD@721�n>bEv>XZ1cp � [^0:hj14=Fm@?B[^0
mF14?BmÜGXZ[^ac=~dfXZm¡df=F1�m@72[�3¡0¦?E0£R§?Ea2p � p ³ 58\S[^=Á;g[^D@7¦D@721�hj14=@D@?BNidfb�PSm@v>;JC2acv>=F1�P]djV@VÁdf02A�D@721#=~d^AJ?¿dfb{NO[^XQng[^021408DPt;°VHpyqI0½D@721Om~1WC2acv>=F1OmsD@721�df=@=@?Eh^dfb�D@?EXZ1Om�[f\�D@721lÌ<Í�3ydOhj1�df=F1WX�df=@�j1OA|d^m�;>b¿d^NF�½bE?E021Omipy¥y7216NO[^08hj14=ÜGm@?B[^02mlNO[^02NO140:D@=~dfDF1£?E0¤D@721¦14n>?BNO140:D@=~dfb¡AJ?Bm@D~df02NO1¦=~df0>aj1¦[f\¡D@721¦n>bEv>XZ1zPSNH\@p ��� ® �#����� ·4¹Wº^»B¼ �E±i²c²c³  tVdf02A
;g147>?E02A
?EDip Û [^DF1£dfbBmF[|mF[^XZ1£NO[^0:hj14=@DF1OA¸m@?Eac0edfbBm¢;g1H\][^=F1ZD@721kdf=@=@?Eh^dfby[f\#D@721£[^=@?Eac?E0edfb¡Ì<Í�G�3`dihj1PS1cp a2pYdfD ²c� ◦ VHp�¥y7>?Bmo?BmyAJv21sDF[¢NO[^08hj14=Fm@?B[^0�dfD`ac=F1idfDF14=yA>14n>D@7wdf02Akm@v>;2mF1Ou8v2140:Do\�d^m@DF14=on>=F[^nedfa:dfD@?B[^0w[f\D@721Waj140214=~dfDF1OA|Ç�3`dihj1cp¥y721`DI3`[ÂbB1H\tD@XZ[cmFD§nedf0214bBm�[f\°D@721oXQ?BA>AJbB1y=F[�3¸?E0�R§?Ea2p � p � m@72[i3¸D@721`D@=~df02m@hj14=Fm~dfb�P�Ì<ÍWV�NO[^XQng[^021408D[f\YD@721¢d��J?Bm@9<XQXZ14D@=@?BN�A>[^X�df?E0�PtbB1H\tDÒV�df02A�D@721¢m@n>7214=@?BNidfbUmF1ON4D@?B[^0�p#¥y72149wAJ?LKM14=s[^0>bE9wm@bE?Eac78D@bE9j5eD@7>?Bms?BmD@7216AJ?LKM14=F1402NO1W?E0½D@721W3ydOhj1HCe14bBAzNidfv2mF1OA½;:9£D@721Wn>bEv>XZ1cp
� [^XQnedf=F1OA�DF[Z[^D@7214=#XZ14D@72[<A>m#D@721Wnedf=~dfbEbB14b§NO[^XQn>v>D~dfD@?B[^0|[f\UD@721�d��<?BmF98XQXZ14D@=@?BNW3ydOhj1HCe14bBA|3¡?ED@7D@721 ± T'XZ[<A>14bsdfbB[^0>a�3¡?ED@7ÄD@721w3`dOhj1HCe14bBA�?E0ÄD@721wmFn>7214=@?BNidfbsmF1ON4D@?B[^0Äv2mF?E0>a
d¨_^T'XZ[8A>14b�7ed^mQD@721d^AJhcdf0:D~dfaj16D@7edfDsD@721Wv>02AJ?Bm@D@v>=@;{1OAwmF[^bEv>D@?B[^0|?Bm�dfbE3`di9<msn>=F[ih<?BA>1OA|dfbB[^0>a¦3¡?ED@7wD@7216mF14?Bm@XZ[^ac=~dfXZm�D@7edfDdf=F1¢?E0 �2v21402NO1OAÃ;:9wD@721�_^TÆm@D@=@v2N4D@v>=F1cpW/«m~14nedf=~dfDF1¢=@v>0|\][^=sD@721l;ed^NF�<ac=F[^v>02AzXZ[8A>14b#Pt3¡7>?BN~7z?Bm ± T6VdfbB[^021c5>021O1OA>1OAk\][^=�NO[^XQnedf=@?BmF[^0�52?Bm�df0�[ihj14=@�<?EbEb�DF[QD@721Ân>=F[^;>bB14Xw5e3¡72140�Nidf=@=@?B1OAw[^v>D#?E0w\tv>bEb�_^T�p

%'&Rl)&�� � %!3 %('$'+/�'$����% � �+1 �
qr0
[^=FA>14=�DF[Ãd^NF7>?B14hj1¦7>?Eac7JG]\S=F1Ou:v21402N49�3ydOhj1HCe14bBA¸m@?EX¢v>b¿dfD@?B[^02mi5�3o[^=@�Jm@D~dfD@?B[^0¸N4bEv2m@DF14=Fml[^=¢m@v>n{14=FNO[^X�Gn>v2m@DF14=Fms7edOhj1¢DF[Z;{16v2mF1OA�3¡7>?BNF7z=F1Ou:v>?E=F1Omsnedf=~dfbEbB14b�dfbEaj[^=@?ED@7>XZmip#¥y721lNO[^02NO14n>D�\][^=�nedf=~dfbEbB14bE?EæO?E0>a£D@7217:9<;>=@?BA|dfbEaj[^=@?ED@7>X$aj[<1Om#;{149j[^02A�m@?EXQn>bB1¢N4b¿d^mFm@?BNidfb�RUT«A>[^X�df?E0zA>1ONO[^XQng[cm@?ED@?B[^0¨df02Aw?Bm�n>=F1OmF140:DF1OA|?E0D@721Â\][^bEbB[i3¡?E0>a2pÇUdf=~dfbEbB14bE?Eæ�dfD@?B[^0�v2m@?E0>a¨A>[^X�df?E0ÄA>1ONO[^XQn{[cm@?ED@?B[^0�df02AD@721kÊ|1Om~m~dfaj1kÇ§d^mFmF?E0>a¨bE?E;>=~df=@?B1OmwPSÊ|ÇYq@V�?BmN4v>=@=F140:D@bE9�D@721½mFD~df02A2df=FA�3`di9DF[¤[^;>D~df?E0Ä=F1id^mF[^0edf;>bB1½n{[^=@D~df;>?EbE?EDI9Ädf02A�n{14=Ü\S[^=@X�df02NO1�[f\x08v>XZ14=@?BNidfb3`dihj16n>=F[^nedfa:dfD@?B[^0zNO[8A>1Om#14hj140�?L\§D@72161H�JD@=~d�1HKM[^=@D¡\S[^=¡nedf=~dfbEbB14bE?Eæ�dfD@?B[^0z?Bm#m@?Eac0>?LCeNidf08DipR2[^=yD@721x7:9<;>=@?BA½NO[<A>1xd¢nedf=~dfbEbB14bE?Eæ�dfD@?B[^0�mFN~7214XZ1Â;ed^mF1OA£[^0kÊzÇYq�7ed^my;{1O140½A>14hj14bB[^ng1OA¨PSR§?Ea2p � p ² VHp/snedf=@DÁ\S=F[^X =@v>0>0>?E0>aQD@721�nedf=~dfbEbB14bE?Eæi1OA½m@v>;{NO[<A>1OmÁ?E0£nedf=~dfbEbB14b{?E0:DF14=ÜGINO[<A>1WNO[^XQX�v>0>?BNidfD@?B[^0w?Bmo021ONHG1OmFm~df=@9jp§/xm§d�=F1Om@v>bEDU[f\gd¡bB[^0>aÂbE?E021`[f\°A>14hj14bB[^n>XZ140:DÁdf02A¢DF1Om@D@?E0>a6d�m~NF7214XZ1`3`d^mUA>14hj14bB[^n{1OAkPSR§?Ea2p � p ±i� VD@7edfDYD~df�j1Om`d^AJh^df08D~dfaj1�[f\{D@721yD@721¡ng[cm~m@?E;>?EbE?EDI9�DF[WA>1HC2021¡ac=F[^v>n2mo[f\gn>=F[<NO1OmFmF1Om�3¡?ED@7>?E0¦Ê|ÇYqH5j1id^N~7Z3¡?ED@7?EDFm#[�3¡0�NO[^XQX�v>0>?BNidfDF[^=QPS1cp a2pE5����
	��� � ���������Z?E0|R�?Ea2p � p ±i� VHp¥y78v2mi5{?EDs?Bmxn{[cmFm@?E;>bB1�DF[£N4=F1idfDF1�d£mF14nedf=~dfDF1l140:h<?E=F[^0>XZ140:DW\][^=x1id^N~7¨[f\ÁD@721¢NO[<A>1Omx?E0Ãd�3`di9|m@v2N~7D@7edfDxD@7214=F1�?Bms02[�?E08DF14=Ü\S14=F1402NO1�[f\YD@721lNO[8A>1Om�\][^=x1H�2dfXQn>bB1�?L\YD@721lm~dfXZ1�h^df=@?¿df;>bB1¢0edfXZ1OmWdf=F1�v2mF1OA|?E0D@721�NO[<A>1Omip£¥y7>?Bm6?Bmldf0d^AJhcdf0:D~dfaj1£m@?E02NO1Q?ED¢dfbEbB[�3#mlA>14hj14bB[^n>XZ1408Dl[f\¡D@721¦m@v>;gNO[<A>1Om63¡?ED@72[^v>D¢X�v2N~7NO[^02m@?BA>14=~dfD@?B[^0�[f\ÁD@721�[^D@7214=6NO[<A>1Omi5Md^mxbB[^0>a½d^mÂD@721lhcdf=@?¿df;>bB1OmÂv2mF1OA�\S[^=Â?E0:DF14=ÜGINO[<A>1QNO[^XQX�v>0>?BNidfD@?B[^0df=F1W02[^D�d�KM1ON4DF1OAMp
�y14DI3`1O140¨D@721OmF1l140:h<?E=F[^0>XZ140:DFm6?E08DF14=ÜGINO[8A>1�NO[^XQX¢v>0>?BNidfD@?B[^0�?Bmxng[cmFmF?E;>bB1cps¥y7>?BmÂ?Bms=F1idfbE?Eæi1OAÃv2m@?E0>aD@721¡acbB[^;edfb°XZ1OmFm~dfaj1HG�ned^mFm@?E0>a¢NO[^XQX�v>0>?BNidfDF[^=6P�����	��� � ������� ����� � VHp:Ís[�3o14hj14=i58D@721¡=F[^v>D@?E021OmÁD@7edfDÁned^mFmD@721�d��<?Bm@9<XQXZ14D@=@?BN63ydOhj1HCe14bBAÃDF[�D@721¢m@n>7214=@?BNidfbUmF1ON4D@?B[^0Ãdf=F1¢m@D@?EbEb�=F1Om@D@=@?BN4DF1OA|DF[�m@n{1ON4?¿dfb�Nid^mF1Om�psÌ8?E02NO1D@721¡A>[^X�df?E0�m@?Eæi1OmÁ[f\gD@721y?E02AJ?Eh<?BAJvedfbeNO[<A>1OmYNidf0Q;g1¡N~72[cmF140Z?E02A>14n{1402A>140:D@bE9j5Jdxaj140214=~dfbemFN~7214XZ1¡D@v>=@021OA[^v>D#DF[�;{1WAJ?�h�N4v>bED�DF[�=F1idfbE?Eæi1cp

ÏÂÐ�� �}Ú�� � Ù����°ÚF×#Ô
¥�[½mFD@v2AJ9Ã_^TÅ3`dihj1HCe14bBA¤1HKM1ON4DFm6[f\`m@nedfD@?¿dfbEbE9ÃNO[^0JC2021OA¨m@D@=@v2N4D@v>=F1OmW?E0¨D@721�X�df08D@bB1Zm@v2N~7¤d^mWm@b¿df;2m6[^=n>bEv>XZ1Omydf0¦d^NON4v>=~dfDF1�XZ[<A>14bE?E0>a¢[f\�_^T�3ydOhj1sn>=F[^nedfa:dfD@?B[^0¦?BmÁ021ONO1OmFm~df=@9jp�Íx[i3o14hj14=i58\Sv>bEb°_^T�XZ14D@72[<A>mi5D@72[^v>ac7|dih^df?Eb¿df;>bB1ldf02A½XZ[^=F1�df02A½XZ[^=F1Wv2m~1OA�PS1cp a2p°�¢� �#�<�M���M���{����������� � �s�¨���c�c�c� d� tV



3D node 1
3D node 2

PSV

node 1

PSV

PSV
node 2

SH
 a

bs
or

bi
ng

 

bo
un

da
ry

3D node ...
3D node n−1
3D node n

70°

125°SH code
81°

PLUME

source

tra
nsiti

on zo
ne

PSV code

180°

−−− P S V   d o m a i n  1 −−−

PSV 4
3

2

____________________________________________________________________________________________________________________________________________

co
re

 −

mantle
boundary

S
H

 n
o

d
e 

1

SH
 n

od
e 

2
SH node ...

SH node n−1
SH node n

node n−1

ab
so

rb
in

g 
bo

un
da

ry

3D

3D code
110°

symmetry  axis

PSV
node n

SH code

3D code

PSV code

5

PSV−

domain

outer c
ore

inner

core

mantle

��������� · 	<¼��� .102,P67�!) ?E��,��(, ?q�O���O����,<�����O�������! /�36(02,<)
,P�!# ��02, 0�' �>�L��F 67��F*,
= ����0 ��02,D��%I�&�('*)+)
,����L��6

 �$YQ�O 2F �
�� 67��F*, �O 2FP��02, �	� ��?E02,<�L��6d�O�B�3,76������! 67��F*,O-X.102,��
�� YV67��F*, ���3,M�A)  2��F*,M� �O 2F�67��>,<�<�
��02, ,< B�����3, ,V?E��67,< B�����O�2���O IK*, 8�b����

�
b
◦
C �2= ����0 � �>,<�!����6d�O�1F*�!)P�O�� F*,767�!) ?W���L�������! �O 2F�� �>,<�!����6d�O� ���I�*�

F��211,<�3,< B�A?q�O���O����,<� F��&�!���L� �I�*�����! �!#A 2��F*,M��-+.102, 
 � YV67��F*, �! *�:'G67� �>,<�<� �O S,V?E��67,< B�����O�A���O IK*,D��0B��� �� 
��0*�&�
,L%^�O) ?E��,P�L����K�0E���:' ,L%E67,7,7F4� ��02, �	� �7,76������! �� � ���46VZ ,< 2F 8�b����!a	�

◦
CO-/���$�&� ?q�O���O����,<�����5,7FG�� @��02,

θ
YVF����3,76������! �O 2F/���3,M�   2��F*,M��- .102, �	� ��?E02,<�L��6d�O� �3,76������! 8�02,<�3, � �!b����
��b

◦
C���K��O�� ���3,M� �>,<�!����6d�O�

?q�O���O����,<�����O�������! /= ����0 Z  2��F*,M��- � � �O S,L%;�O) ?E��, �1� ?E���5)
, 67�!)+�� IK #��3�!) ��02,�� � ��b����&�U��) ?E��,<)
,< B�(,7F
���U�O ,V?E��67,< E�����O�XF��&�!���O 267,P�!#

�
�
◦
- �p��!�!�HF��&�367�! B���� E�5������,M�P�!# ��02, 	 �O�!��0 �O�3,TK�� �>,< �� �3,7F F*�4�L�(,7F

���� 2,M� �* 2��F*,U�!� F*�!)P�O�� �*�4�5 2F��O�L��,M� �� �>�R�46VZ -�� �3,['
�L0B�4F*,7F+�3,LK����! ;�J�O�3,$��02,U� �5�3�!�	�>�� IK �;�4�5 2F��O�L��,M�
�!#U��02, 
 � �O 2F9��02,��	� 67��F*,O- �N�$��02,$�L��K�0E�X�L��F*, ��� 0*��K�0G,V?E��67,< B�����O� F��&�!���O 267,M����02, K��L��F �&�N�L02�5=  
= ����0 ��02,TF*�!)P�O��  B�5) �;,<�<�U#��!�T��02, �
��WYV67��F*,O-

df=F1lNO[^XQn>v>D~dfD@?B[^0edfbEbE9|m@D@?EbEb§hj14=@9w1H�Jng1402m@?Ehj1�df02A|df=F1�df0Ã[ihj14=@�<?EbEb�DF[¦D@721�n>=F[^;>bB14X'm@?E02NO1¢XZ[cm@Ds[f\D@721WÉÁdf=@D@7wm@D@=@v2N4D@v>=F16XZ[8A>14bB1OAk?Bm¡m@D@?EbEb�[^0>bE9 ± T�p>¥y7214=F1H\S[^=F1c5ed¢0214365>7898;>=@?BAkXZ14D@72[<AkD@7edfD#NO[^X�;>?E021Omdf0wd��<?BmF98XQXZ14D@=@?BNÂdfn>n>=F[jd^NF7w3¡?ED@7wd¢m@n>7214=@?BNidfbMmF1ON4D@?B[^0kXZ14D@72[8A£7ed^m`;{1O140£A>14hj14bB[^n{1OAk3¡7>?BNF7k?Bm`XZ[^=F11dh�N4?B140:Dipzqr0¤D@7>?Bm¢XZ14D@72[8A
D@721Zn>=F[^nedfa:dfD@?B[^0�[f\#D@721¦3`dOhj1HCe14bBA¸[�hj14=lD@721�bB[^0>az14n>?BNO1408D@=~dfb¡AJ?Bm@D~df02NO1=~df0>aj1#?BmÁXZ[8A>14bB1OA�v2m@?E0>ald � T�NO[^XQn>v>D~dfD@?B[^0edfbgA>[^X�df?E0½dfbEbB[i3¡?E0>a¢\][^=odf0¦1dh�N4?B1408D`NO[^XQn>v>D~dfD@?B[^0£3¡?ED@7df0d��J?Bm@9<XQXZ14D@=@?BN�[^= ± T PS1cp a2p½ÇYÈ�ÉÁÊÃVW;ed^NF�<ac=F[^v>02A
XZ[<A>14b�p½/s=F[^v>02A�D@721�mFD@=@v2N4D@v>=F1¦[f\#?E08DF14=F1Om@Di5D@721ZacbB[^;edfbo3`dihj1HCe14bBA
?Bm�ned^mFmF1OA¨DF[zd½NO[^0JC2021OA¸_^T m@n>7214=@?BNidfb`m~1ON4D@?B[^0¤ac=@?BAM5§[^0¤3¡7>?BNF7D@721�\Sv>bEb`_^T3`dihj1HCe14bBA�?E02N4bEv2AJ?E0>alD@721¡?E08DF14=~d^N4D@?B[^0¦3¡?ED@7ZD@721�XZ[8A>14bEbB1OA�m@D@=@v2N4D@v>=F1#?BmoNO[^XQn>v>DF1OAMp�/�0¦d^AJhcdf0:D~dfaj1�?Bmi5D@7edfD¡D@721Â1H�<n{1402m@?Ehj1ÂNidfbBN4v>b¿dfD@?B[^0½?E0½D@721W_^T�A>[^X�df?E0½?Bmy[^0>bE9½d^N4D@?Eh^dfDF1OA£3¡72140w140214=@ac9kdfn>n>=F[8N~721Om¡D@721_^T mF1ON4D@?B[^0�5M3¡7>?BNF7�mÒdOhj1Om6NO[^XQn>v>D~dfD@?B[^0�D@?EXZ1cp¢¥y7>?BmWmF14D@v>n¨?BmÂm@v>?EDF1OAz\][^=xnedf=~dfXZ14DF14=Fm�m@D@v2AJ?B1OmÂ3¡?ED@7dQbB[^Dx[f\�nedf=~dfXZ14DF14=xNO[^X¢;>?E0edfD@?B[^02mx\S[^=�NO[^0JC2021OAzm@D@=@v2N4D@v>=F1OmÂdf02A�D@7214?E=s?E0:DF14=~d^N4D@?B[^0Ã3¡?ED@7�D@721�acbB[^;edfb3`dihj1HCe14bBAzdfD¡DF14bB1Om~14?Bm@XQ?BN6AJ?Bm@D~df02NO1Omip�Re[^=�N4bB[cmF14=�AJ?Bm@D~df02NO1Om#D@7216m@n>7214=@?BNidfb�mF1ON4D@?B[^0wNO[<A>1WNidf0w;{1Âv2mF1OAdfbB[^021cp�Ê|[^=F1O[�hj14=i5�D@721�7898;>=@?BAÃXZ14D@72[<A¨;{14021HC2DFmx\t=F[^X.D@721�n{[cmFm@?E;>?EbE?EDr9z[f\yNO[^02m@?BA>14=@?E0>a�[^0>bE9|[^021Q[f\D@7216?E02A>14n{1402A>140:DÂ3ydOhj1HCe14bBA>mZP�Ì<Í«[^=sÇ`Ì8ÎWV#m@?E02NO16D@72149�df=F1lA>1ONO[^v>n>bB1OAw\][^=�D@721�v2mF1OA|d��J?Bm@9<XQXZ14D@=@?BN
èc�



XZ[<A>14bBmip�¥y7:v2m�5¡D@721|mFD@v2AJ9Ä[f\�NO[^0:hj14=Fm@?B[^02m�P�Ì<Í'DF[
ÇoÌ8ÎËdf02A�h8?BNO1�hj14=Fm~djVQ?Bm¦n{[cmFm@?E;>bB1w3¡?ED@7�D@721d^AJhcdf0:D~dfaj1xDF[�[^;>D~df?E0kD@721�NO[^08hj14=@DF1OAkm@?Eac0edfbBm¡dfbB[^021xdf02A�02[^DoXQ?L�>1OA�3¡?ED@7£D@721sd^N4D@vedfb�df=@=@?EhcdfbBmo[^0¦D@721=F1Om@n{1ON4D@?Ehj16NO[^XQn{[^02140:Dip
P

S
V

 n
o

d
e 

1

P
S

V
 n

o
d

e 
2

P
S

V
 n

o
d

e 
...

P
S

V
 n

o
d

e 
k

S
H

  n
o

d
e 

1

S
H

  n
o

d
e 

2

S
H

  n
o

d
e 

...

S
H

  n
o

d
e 

n
−1

S
H

  n
o

d
e 

n

3D
  n

o
d

e 
1

3D
  n

o
d

e 
2

3D
  n

o
d

e 
...

3D
 n

o
d

e 
m

3D
  n

o
d

e 
m

−1

i   n    t    e   r      c   o   d   e     c   o   m   m   u   n   i   c   a   t   i   o   n  

M P I _ C O M M _ W O R L D

1      2     3      4        5      6      7      8       9      10    11    12    13    14

inner code communication inner code communication inner code communication

MPI_COMM_PSV MPI_COMM_SH MPI_COMM_3D

��������� ·U	<¼�����J.102, 0�'��>�L��FD67�!)+)P�5 *��6d�������! 67�! 267,V? �<- �V ��0*�&� ,L%;�O) ?E��, � �!a$ 2��F*,M� �O�3,AK����
���O���:' ���7�O��� Y
� �>��,U#V�!� ��02,J0�' �>�L��F 67��F*,�8�K����
���O�Q 2��F*,U E�5) �;,<�L�� IK #��3�!) b����
�dCO-N.102,JK����
���O� � A�[YV67�!)+)P�5 *��6d���(�!�
� A�(Y���� � �pY�&�� 3 � � ,< B� �>��,M� 67�!)+)P�5 *��6d�������! �;,���=A,7,< @�O���H��02,
 2��F*,M� �N�O 2F ��0E��� �O�&�3� �� E�(,<�MY
67��F*,T67�!)+)P�5 *��6d�������! Q-N.102,J 2��F*,M�U�O�3,TF��&�!���L� �I�*�(,7F �! ��02,TF��211,<�3,< B�X67��F*,M��-A\2�!�N,d�46V0 67��F*, � � A�
�!� ��YRK��3�4�!?p#V�!� �� * 2,<�MYV67��F*, 67�!)+)P�5 *��6d�������! �&�X�3,�� �!?��E�>� =W,<���]�>�  2��F*,J E�5) �;,<�L�� IKP#V�!�$,d�46V0967��F*,O-

Íx[i3`14hj14=i5{?E0z[^=FA>14=xDF[�=@v>0z;{[^D@7�D@721QÌ<Í#G#df02A�ÇoÌ8ÎsG�nedf=@DÂDF[^aj14D@7214=Â3¡?ED@7|D@721lm@n>7214=@?BNidfbUmF1ON4D@?B[^0NO[<A>1�nedf=~dfbEbB14bE?Eæ�dfD@?B[^0½?Bmo=F1Ou:v>?E=F1OA¦;{1ONidfv2mF1�D@721sXZ14XZ[^=@9¦df02A£NO[^XQn>v>D~dfD@?B[^0½D@?EXZ1�021O1OA>1OA¦\][^=`d¢mF14=@?¿dfb1H�>1ON4v>D@?B[^0w1H�JNO1O1OA>m¡D@721Ân{[cmFm@?E;>?EbE?ED@?B1Om¡[f\�d�m@?E0>acbB1ÂN4v>=@=F140:D�Ç � mipY/xmydfbE=F1id^AJ9½m@D~dfDF1OAM5JD@721ÂNO[^02NO14n>D¡\][^=nedf=~dfbEbB14bE?Eæ�dfD@?B[^0Ã?BmsmFD@?EbEb�=F1Om@D@=@?BN4DF1OA�\S[^=xmF[^XZ1�mFng1ON4?¿dfbUNid^mF1Omip¡¥y721OmF1¢A>[�02[^D�\tv>bEbLC2bEb§D@7216=F1Ou8v>?E=F14XZ140:DFm\][^=`Nidf=@=@9<?E0>aQ[^v>Dy1H�JDF1402m@?Ehj1xnedf=~dfXZ14DF14=#m@D@v2AJ?B1Om¡[f\�3¡72[^bB1HG�X�df08D@bB1Wn>bEv>XZ1Omip�/yDyD@721sD@?EXZ1x[f\UA>14hj14bB[^nJG?E0>aQD@721Â7:9<;>=@?BA½NO[<A>1c52d¢NO[<A>1Âv2m@?E0>a�D@721Wm@n{1ON4D@=~dfbLGI14bB14XZ140:DsXZ14D@72[8Ak3¡7>?BN~7½?Bm#A>1OmFN4=@?E;{1OA¦?E0½D@721Â021H�JDNF7edfn>DF14=W;{1ONidfXZ1�dOhcdf?Eb¿df;>bB1¢3¡7>?BN~7Ã?BmxmFv>?EDF1OAw\][^=sacbB[^;edfbU3ydOhj1ln>=F[^nedfa:dfD@?B[^0�m@D@v2AJ?B1Omipx¥y7214=F1H\S[^=F1c5{3`1A>1ON4?BA>1OA�DF[wv2mF1�D@7>?Bm�NO[<A>1�\][^=WD@721Q\][^bEbB[i3¡?E0>a|mF?EX�v>b¿dfD@?B[^02m�\S[^=WD@721Qn>bEv>XZ1�nedf=~dfXZ14DF14=¢m@D@v2AJ9jp Û 14h8G14=@D@7214bB1OmFmi5°D@721�NO[<A>1�A>14hj14bB[^n{1OA|7214=F16n>=F[ih<?BA>1OmWdQv2mF1H\Sv>b�DF[<[^b�\][^=sNO[^0JC2021OA|v>n>ng14=ÜG�X�df08D@bB1�m@D@=@v2N4D@v>=F1nedf=~dfXZ14DF14=6m@D@v2AJ?B1OmWdf02AÃdfbEbB[i3#mx\][^=Âdf0¨1dh�N4?B140:D6NO[^XQn>v>D~dfD@?B[^0�[f\Y7>?Eac7z\S=F1Ou:v21402N4?B1OmÂ3¡?ED@7¨d�021O1OAz[f\NO[^XQn>v>D~dfD@?B[^0�D@?EXZ1¢df02A½XZ14XZ[^=@9kD@7edfD#?Bmy\�df=¡bB1OmFm¡D@7edf0wD@7edfD#[f\§\tv>bEbLGr_^T-XZ[<A>14bE?E0>aZn>=F[^ac=~dfXZmipdf02A½?Bmsd^NF7>?B14hj1Om¡\S=F1Ou8v21402N4?B1Om

èJ±



èc�



� �������	��
 �

 �(� + ) �� � �!� � & 	�� % �(" + )-,.� ���¤���*) % ) �
	U�'�
�
� �¤��� % � � )$��� & � � & ��� ���

¥y7>?Bm�NF7edfn>DF14=�n>=F1OmF1408DFm¢D@721�=F1Om@v>bEDFm�[f\#XZ[8A>14bE?E0>azDF14bB1OmF14?Bm@XQ?BN¦3`dihj1£n>=F[^nedfa:dfD@?B[^0�D@7>=F[^v>ac7
X�df08D@bB1n>bEv>XZ1Om½v2m@?E0>a¸D@721¨m@n{1ON4D@=~dfbW14bB14XZ140:DwXZ14D@72[<A�3¡7>?BNF7 ?Bm¦;>=@?B1��29�m@v>XQX�df=@?Eæi1OA dfDkD@721Ã;{14ac?E0>0>?E0>a2pÌ8v>;2mF1Ou8v2140:D@bE9j5§D@721�mFng1ON4D@=~dfbÁ14bB14XZ1408D¢n>=F[^ac=~dfX 8 � ª � �yª ��� á'df02A�D@721�m@v>;>=F[^v>D@?E021¦A>14hj14bB[^n{1OA¨\][^=?EXQn>bB14XZ140:D@?E0>a£n>bEv>XZ1WXZ[<A>14bBm¡?Bm#A>1OmFN4=@?E;{1OAMp¥y7214=F1id�\SDF14=i5°dQm~14bB1ON4D@?B[^0�[f\Um~14?Bm@XQ?BNWn>bEv>XZ1WXZ[<A>14bBm#3¡?EbEb�;{1Ân>=F1OmF1408DF1OAwD@7edfD�m~dfXQn>bB16D@721Wnedf=~dfX�G14DF14=�m@ned^NO1½[f\Wm@v>acaj1Om@DF1OA¸n>bEv>XZ1wn>=F[^ng14=@D@?B1Om¦m@v2NF7�D@7edfDZ3`1wNidf0�?E0:hj1OmFD@?Ea:dfDF1wD@721k?E0 �2v21402NO1�[f\xD@721n{14=@D@v>=@;edfD@?B[^0�X�dfac0>?ED@v2A>1c5`D@721½=~d^AJ?Ev2mZ[f\ÂD@721kn>bEv>XZ1wNO[^02AJv>?EDi5`?EDFmZ[^=@?Eac?E0�A>14n>D@7�df02AÄD@721½m@nedfD@?¿dfbAJ?Bm@D@=@?E;>v>D@?B[^0z[f\§D@721Ân{14=@D@v>=@;edfD@?B[^0|[f\�mF14?Bm@XQ?BNWhj14bB[<N4?ED@?B1OmipÀÝ?ED@7�D@721y�802[�3¡bB1OAJaj1�df;g[^v>DUD@721¡AJ?EXZ1402m@?B[^0Z[f\gD@721`n>bEv>XZ1yXZ[8A>14bBmU3`1¡m@v>acaj1Om@DYdx=F1ONO14?Ehj14=YNO[^0JC2a^Gv>=~dfD@?B[^0�NO[^02m@?BmFD@?E0>aZ[f\UmF14hj14=~dfbMaj1O[^XZ14D@=@?B1Om�D@7edfD#?Bm¡1H�Jng1ON4DF1OAkDF[QNidfn>D@v>=F1WD@721�mF14?Bm@XQ?BNW1HKM1ON4DFm¡Nidfv2mF1OA;:9wd�n>bEv>XZ1cp`qrD#NO[ihj14=FmÂdlb¿df=@aj1¢df=F1id�3¡?ED@7Ãdl=F14b¿dfD@?Ehj14bE9½7>?Eac7�A>1402m@?EDI9wmF?E02NO1W3o1W3ydf0:DxDF[�df02m@3`14=#D@721u8v21Om@D@?B[^0Q3¡7214=F1yDF[Â;g1OmFD§n>b¿d^NO1�mF14?Bm@XZ[^XZ14DF14=Fm�3¡?ED@7Q=F1Om@n{1ON4D�DF[Wdxn>bEv>XZ1¡?E0Q[^=FA>14=Y?E0:hj14=@DomF14?Bm@XQ?BNyA2dfD~d\][^=#[^;>D~df?E0>?E0>a�D@721Wn>=F[^n{14=@D@?B1Om�[f\�d�n>bEv>XZ1cpR2[^=�NO[ihj14=@?E0>a¨d½3¡?BA>1¦=~df0>aj1�[f\#DF14bB1Om~14?Bm@XQ?BN�14n>?BNO1408D@=~dfbyAJ?BmFD~df02NO1Omldf02A
?E0
[^=FA>14=¢DF[w?E0:hj1OmFD@?Ea:dfDF1D@721�n>bEv>XZ15� mÂ?E0 �2v21402NO1Z[^0�d£hcdf=@?B14DI9|[f\`n>7ed^mF1OmÂ3o1�XZ[<A>14bY1idf=@D@72u8vedf�j1OmW?E0ÃD@7>=F1O1QAJ?Bm@D~df02NO1OmWDF[£D@721n>bEv>XZ1cpQ¥y7214?E=6nedf=~dfXZ14DF14=Fmldf02A¨D@7214?E=WbB[8NidfD@?B[^0¤3¡?ED@7�=F1Om@n{1ON4DWDF[½qrNO14b¿df02A � D@721QmFD@v2AJ9zNid^mF1Q[f\`D@721021H�JD#NF7edfn>DF14= � df=F1Ân>=F1OmF140:DF1OAMpqrD�3¡?EbEbl;g1
XZ[^D@?EhcdfDF1OA�D@7edfD|\][^=�D@721
v2mF1OA�\S=F1Ou8v21402N49�=~df0>aj1df02A�n>bEv>XZ1¸AJ?EXZ1402m@?B[^02m|C20>?EDF1HG\S=F1Ou:v21402N49Ä1HKM1ON4DFm½df=F1�m@v>n>n{[cmF1OA�DF[�n>b¿dO9Ýd¨X�d�ç@[^=¦=F[^bB1cp À�1�3¡?EbEbÂm@72[i3$D@7edfD£D@721wn{14=@D@v>=@;edfD@?B[^0[f\�D@721ÂmF14?Bm@XQ?BNshj14bB[<N4?ED@?B1Om#df02A£A>1402mF?EDI9�3¡?ED@7wd�n>bEv>XZ1HG�bE?E�j1ÂXZ[8A>14b{X�df?E0>bE9¦=F1Om@v>bEDFm`?E0£D@=~dihj14bLG�D@?EXZ1WA>1HGb¿dO9JmÁdf02A�dfXQn>bE?ED@v2A>1s1HK{1ON4DFm�p§¥y7214=F1id�\SDF14=i5jD@721#=F[^v>D@?E021Om�\][^=�X�d^mFm�n>=F[<NO1OmFm@?E0>a�[f\{D@721¡m@?EX�v>b¿dfD@?B[^0£A2dfD~dDF[Q1H�JD@=~d^N4D¡D@721OmF1ÂDI3`[Zu:vedf08D@?ED@?B1Om¡\S=F[^X D@721Wm@9<0:D@7214D@?BN6mF14?BmFXQ?Eac=~dfXZm�df=F1WA>1OmFN4=@?E;{1OAMpYÉ�hj140:D@vedfbEbE9j5eD@721mF14?Bm@XQ?BNÂ1HKM1ON4DFm#[f\�D@721Ân>bEv>XZ1ÂXZ[<A>14bBm¡A>14n{1402AJ?E0>a�[^0kD@7214?E=¡nedf=~dfXZ14DF14=Fmsdf=F1Ân>=F1OmF1408DF1OAw[^0kD@721Â;ed^m@?Bm[f\omF14bB1ON4DF1OA¨1H�2dfXQn>bB1OmW[f\Án>7ed^mF1Om6df02AÃ14n>?BNO1408D@=~dfbÁAJ?Bm@D~df02NO1Omip6¥y721�N~7edfn>DF14=�1402A>mÂ3¡?ED@7�d¦AJ?Bm~N4v2mFm@?B[^0[f\UD@721W=F14bB14h^df02NO1�[f\§D@721ÂC202AJ?E0>ajm#\S[^=¡n>bEv>XZ1�1H�<n{14=@?EXZ140:DFmip
i6ÐÒÑ ���������.� � ÕeÖ�������� �0"$��Ô�Õ "$�§Õ:�¢×WØ
¥y721�Ì8n{1ON4D@=~dfbLGIÉ�bB14XZ140:D£Ê|14D@72[<A�P�Ì<ÉYÊÃV¢7ed^m�;{1O140�d|h^dfbEvedf;>bB1kDF[<[^by?E0
�2v>?BA¸AJ980edfXQ?BNOm�\][^=�XZ[^=F1D@7edf0 �c� 9j1idf=Fm¢P�9 �J� ª �g�Ý�E±i²c³76  tVHpÁqrD¡3`d^m¡?E08D@=F[8AJv2NO1OA�DF[QbB[8NidfbLGIm~NidfbB16mF14?Bm@XQ?BNÂ3ydOhj16n>=F[^nedfa:dfD@?B[^0z;:9
8gª �M�¿����� ·O¹�º^»B¼ �E±i²c²c�  Ip¤qr0 �c�c�c� 5¡µ �{� ®�� � � dfn>n>bE?B1OA¸D@721¦XZ14D@72[<ADF[ÃacbB[^;edfby3`dOhj1wn>=F[^nedfa:dfD@?B[^0�p

è _



�l� �#�J�{���M���{� df02A ��� � �s� n>=F1OmF140:DF1OAd¦nedf=~dfbEbB14bÁm@n{1ON4D@=~dfbY14bB14XZ140:D¢NO[<A>1wP 8 � ª � �yª ��� á�Vs?E0¨DI3`[hj14=Fm@?B[^02mÁ\S[^=o;g[^D@7�58bB[<Nidfbgdf02AZacbB[^;edfbg3`dihj1�n>=F[^nedfa:dfD@?B[^0�pÁ/#\SDF14=Á;>=@?B1��29Zm@v>XQX�df=@?EæO?E0>a�D@721�n>=@?E02N4?En>bB1Om[f\6D@721zm@ng1ON4D@=~dfbx14bB14XZ140:DkXZ14D@72[<AM5#D@721�NO[<A>1|?Bm¦A>1OmFN4=@?E;{1OA�?E0�mF[^XZ1zA>14D~df?EbxmF?E02NO1w?ED£?Bm�v2mF1OAÝdf02AXZ[<AJ?LCe1OA�\][^=yD@7>?Bm`3o[^=@�{pY¥y721ÂmF1ON4D@?B[^0£C20>?Bm@721Omy3¡?ED@7kn>=F1OmF140:D@?E0>aQD@721xn>bEv>XZ1HG�XZ[<A>14b�m@v>;>=F[^v>D@?E021ÂD@7edfD7ed^m¡;{1O140|d^A>A>1OAk\][^=¡D@7216m@D@v2AJ9k[f\§n>bEv>XZ1Om�?E0½D@7>?Bm¡3o[^=@�{p
l'&+*�&+* � %(� �$� ! 3��������$!�'�/*�
/«A>14D~df?EbB1OA|?E0:D@=F[<AJv2N4D@?B[^0¤df02A�A>1OmFN4=@?En>D@?B[^0¨[f\YD@721lÌ<ÉÁÊ Nidf0|;{1Â\][^v>02A�?E0 8 �{� � � ª �j�M�����c�c� _� Ydf02A?E0¸nedfng14=FmZ;:9��¢� �#�<�M���M���{�-�����}��� � �s���E±i²c²c² 5 �c�c�c� dJ5 ;J I´o�l� �#�J�{���M���{� ·4¹¢º^»E¼ ���c�c�c� 5 �c�c� _� I´µ �{� ®�� � � ·4¹xºc»E¼ ���c�c�5;  IpZ¥y721Q021H�JDWDI3`[�mF1ON4D@?B[^02mldf=F1�;ed^mF1OA�[^0¨D@721OmF1Qn>v>;>bE?BNidfD@?B[^02m¢?L\y02[^D6m@D~dfDF1OA[^D@7214=@3¡?BmF1cp¥y721Qm@n{1ON4D@=~dfb�14bB14XZ140:D6XZ14D@72[<AÃ?Bm6d¦7>?Eac7JGI[^=FA>14=6hcdf=@?¿dfD@?B[^0edfb�XZ14D@72[8AÃD@7edfD6NO[^X¢;>?E021Om6D@721Qdf;>?EbLG?EDI9Ä[f\�N4b¿d^m~m@?BNidfb#C20>?EDF1z14bB14XZ140:D£XZ14D@72[8A>m£DF[¤7edf02AJbB1|NO[^XQn>bB1H�Äaj1O[^XZ14D@=@?B1Omk3¡?ED@7�D@721�1H�Jng[^021408D@?¿dfbNO[^0:hj14=@aj1402NO1¢=~dfDF1Om#[f\�m@n{1ON4D@=~dfb�XZ14D@72[8A>m�pqrDQ?BmQ;ed^mF1OAÄ[^0�D@721½?E0:DF14ac=~dfb�5¡[^= �I3`1idf���k\][^=@X [f\WD@721w14b¿d^m@D@?BN½3ydOhj1�1Ou8vedfD@?B[^0�p�¥y721wb¿dfD@DF14=Z?Bm[^;>D~df?E021OAÃ;:9|X�v>bED@?En>bE9<?E0>awD@721l3`dihj1Z1Ou:vedfD@?B[^0�P � p ± V#\][^=6df0z?E0>72[^XZ[^aj14021O[^v2m¢14b¿d^m@D@?BNlXZ1OAJ?Ev>X.3¡?ED@7dQD@?EXZ1lA>14n{1402A>140:Di5{mF[fGINidfbEbB1OA �IDF1Om@D#\Sv>02N4D@?B[^0&�

v
p#/sn>n>bE9<?E0>a¦?E08DF14ac=~dfD@?B[^0z;89½nedf=@DFmWdf0�?E0:DF14ac=~dfb�[�hj14=D@721W;{[^v>02A2df=@9½[f\UD@721�A>[^X�df?E0�?Bm#[^;>D~df?E021OA�D@7edfD�hcdf0>?Bm@721Om¡;:9k?E08D@=F[8AJv2N4?E0>a¦\t=F1O1�m@v>=Ü\]d^NO1�NO[^02AJ?ED@?B[^02mipR§?E0edfbEbE9j5>3o1�[^;>D~df?E0�D@721Â3o1idf�£\][^=@X¾D@7edfD#=F1id^A>m

∫

v
∂ui

∂t2
d3r −

∫

∇vσd3r =

∫

vfd3r
P]_Jp ± V

¥y721¦X�df?E0mFDF14n2m�v2mF1OA¤?E0
D@721£m@n{1ON4D@=~dfbo14bB14XZ1408DlXZ14D@72[<A
DF[|mF[^bEhj1OA¤D@7>?Bm�1Ou:vedfD@?B[^0�df=F1Z;>=@?B1��29m@v>XQX�df=@?Eæi1OAzd^my\S[^bEbB[�3#m �
•
TÂ1ONO[^XQn{[cm@?ED@?B[^0¤[f\oD@721QA>[^X�df?E0¨?E08DF[w14bB14XZ140:DFm�;:9|XZ1Om@7>?E0>aw3¡7>?BNF7¨D~df�j1�?E08DF[�d^NONO[^v>0:D�?E0>72[fGXZ[^aj140214?ED@?B1Om6df02AzAJ?BmFNO[^08D@?E0:v>?ED@?B1OmWDF[£dOhj[^?BAÃ[ihj14=Fm~dfXQn>bE?E0>a2pÂ¥y721¢?E0:DF14ac=~dfb§\][^=@X([f\ÁD@721¢14b¿d^m@D@?BN3ydOhj1¢1Ou:vedfD@?B[^0w02[�3 7ed^m¡DF[�;{1WmF[^bEhj1OAk\][^=#14hj14=@9½14bB14XZ140:DxmF14nedf=~dfDF14bE9

•
ÊÃdfn>n>?E0>a6[f\°1id^NF7Q14bB14XZ1408DY[^0:DF[6ds=F1H\S14=F1402NO1yN4v>;{1 � G ± 5 ±   3 p�¥y7>?Bm§3ydO9j58dfbEb8\Sv>=@D@7214=UNidfbBN4v>b¿dfD@?B[^02m\][^=¡D@721614bB14XZ1408DFmsNidf0½;{16Nidf=@=@?B1OAw[^v>D#?E0½D@721�m~dfXZ1ÂX�df0>0214=

•
É�bB14XZ1408DÜG�3¡?BmF1 ��dfac=~df0>aj1HG�DI9<ng1½?E08DF14=@ng[^b¿dfD@?B[^0�[f\�D@721£\tv>02N4D@?B[^02m�v>02A>14=QD@721£?E08DF14ac=~dfbBmZ[^0¸D@721mFD~df02A2df=FA½?E0:DF14=@hcdfb

•
qr0:DF14ac=~dfD@?B[^0l[f\<D@721U\Sv>02N4D@?B[^02m�v2mF?E0>a�dym@ng1ON4?¿dfb8mFNF7214XZ1c5�D@721YmF[fGINidfbEbB1OA � dfv2mFm � ��[^;edfD@DF[ � ��14aj1402AJ=F1u8ved^AJ=~dfD@v>=F1

•
� 72[<[cm@?E0>a£D@721�?E08DF14=@ng[^b¿dfD@?B[^0¨n{[^?E0:DFmxDF[¦;g1�D@721¢m~dfXZ1�d^msD@721�?E08DF14ac=~dfD@?B[^0¨ng[^?E08DFmx[f\YD@721 � � �u8ved^AJ=~dfD@v>=F1¢bB1id^A>m#DF[�df0�1H�2d^N4D@bE9½AJ?¿dfaj[^0edfb �IX�d^m~m¡X�dfD@=@?L�#�¦P�C2=FmFD#DF14=@X([^0wD@7216bB1H\tD#7edf02A|m@?BA>1[f\�ÉYugpe_Jp ± pY¥y721WmF1ONO[^02AwDF14=@X¾?Bm¡D@7216mF[fGINidfbEbB1OA �rm@D@?LKg021Om~m¡X�dfD@=@?L�#�ÞV

•
/xmFmF14X¢;>bE9|[f\oD@721Q14bB14XZ1408D~dfbYX�d^mFmÜG�df02AÃm@D@?LK{021OmFmÂX�dfD@=@?BNO1OmWbB1id^A>mÂDF[½d¦acbB[^;edfb�bE?E021idf=6m@9Jm@DF14X[f\�1Ou8vedfD@?B[^02m#D@7edfD�Nidf0w;{1Â3¡=@?ED@DF140w?E0wD@721x\][^bEbB[i3¡?E0>a¦X�dfD@=@?L�k\S[^=@X �

� ~̈U + � ~U = ~F
P]_Jp � V

3¡?ED@7 ~F
;g14?E0>aZD@7216hj1ON4DF[^=�[f\§D@721�1H�<DF14=@0edfbM\][^=FNO1Om�d^N4D@?E0>a�[^0�D@721Wm@9<mFDF14X

•
qr0:DF14ac=~dfD@?B[^0k[f\MD@7>?Bmom@9Jm@DF14X}?E0�D@?EXZ1cp�Tsv21�DF[WD@721�AJ?¿dfaj[^0edfbE?EDr9�[f\MD@721#X�d^mFmÁX�dfD@=@?L�¦df0�1H�Jn>bE?BN4?EDD@?EXZ1HGImFDF14n>n>?E0>a¦mFN~7214XZ1�Nidf0½;{1Âv2mF1OAM5>v2m@vedfbEbE9½dQRUT-mFNF7214XZ1

è76



l'&+*�&(% � 3�1qo�3�% � ������������	�
� � 1�3 o '�1qn�% 'Ur %*s /�! 3�1 !�%2o % � ��1 �
¥y721Zm@n{1ON4D@=~dfbY14bB14XZ140:D¢XZ14D@72[8AM5Ud^m6A>1OmFN4=@?E;{1OA¤df;{[ihj1c5�3`d^m6?EXQn>bB14XZ1408DF1OA¤?E0¤D@721Z_^T acbB[^;edfbY3`dihj1HGn>=F[^nedfa:dfD@?B[^0ÃNO[8A>1W;89z�l� �#�J�{���M���{� df02A ��� � �s� p`¥y7>=F[^v>ac7zD@721W9j1idf=FmxdZNO[^v>n>bB1�[f\Y[^n>D@?B[^02m�7edihj1;{1O140|?EXQn>bB14XZ1408DF1OAM5M?E02N4bEv2AJ?E0>a�df0>?BmF[^D@=F[^n:9j5�dfD@DF1408vedfD@?B[^0�5MDF[^n{[^ac=~dfn>7:9zdf02A|;edfD@7:9<XZ14D@=@9j5�1H�JDF1402A>1OAmF[^v>=FNO1Omi5ydf02A�D@721kn{[cmFm@?E;>?EbE?EDr9[f\6d^NONO[^v>0:D@?E0>a
\S[^=QD@721½1HKM1ON4DFm�[f\ÂmF14bL\tG�ac=~dOh<?ED~dfD@?B[^0Ýdf02A�=F[^D~dfD@?B[^0�[f\D@721�Éodf=@D@7�pw¥y7:v2mi5UDF[|A2dfDF1c5 8 � ª � �yª ��� á$?Bm�D@721¦[^0>bE9¨n>=F[^ac=~dfX \][^=l_^T 3ydOhj1£n>=F[^nedfa:dfD@?B[^0�m@?EX�Gv>b¿dfD@?B[^0�\][^=6D@721¦140:D@?E=F1¦acbB[^;g1Q3¡7>?BN~7¸dfbEbB[�3#m¢NidfbBN4v>b¿dfD@?B[^0¸[f\¡=F1idfbE?Bm@D@?BNZDF14bB1Om~14?Bm@XQ?BNZmF14?Bm@XZ[^ac=~dfXZm�p£qrDm@v>n>n{[^=@DFmknedf=~dfbEbB14bE?Eæ�dfD@?B[^0�v2m@?E0>a¸Ê|ÇÁqQ\][^=kdfn>n>bE?BNidfD@?B[^0 [^0�3`[^=@�<m@D~dfD@?B[^0�N4bEv2mFDF14=Fm½[^=£b¿df=@aj1Ãm@v>n{14=ÜGNO[^XQn>v>DF14=FmipZ¥y721Zn>=F[^ac=~dfX NO[^02m@?Bm@DFm6[f\yDI3`[wnedf=@DFmi5�D@721QmF[fGINidfbEbB1OA��IXZ1Om@7214=
��P���������������� � VÂdf02AÃD@721
�rmF[^bEhj14=
��P���������������� � VYdfbB[^0>a�3¡?ED@7£mF[^XZ1¡=F[^v>D@?E021OmÁ\S[^=Áng[cm@DÜG�n>=F[<NO1OmFm@?E0>al[f\MD@721#[^v>D@n>v>D`A2dfD~dJ581cp a2pE5j\][^=NO[^X�;>?E0>?E0>a¦D@721Wac=~dfn>7>?BNidfb�[^v>D@n>v>Ds[f\§D@7216AJ?LKM14=F140:D�n>=F[8NO1OmFm~[^=Fmip¥y721�XZ1Om@7214=sN4=F1idfDF1OmxdQXZ1Om@7½\][^=#D@721�acbB[^;g1�PSR§?Ea2pg_Jp ± VH52;ed^mF1OA½v>n{[^0�D@721�NO[^02NO14n>Dx[f\UD@721�u8ved^m@?LGv>0>?L\][^=@X�n>=F[fç@1ON4D@?B[^0�5¡[^=�N4v>;g1OA�m@n>7214=F1¤P 8 ��� ��� �M� � �E±i²��^�  I5 �Â� ���{��� ·4¹lºc»E¼ �E±i²c²5;  tV�3¡7>?BN~7�3yd^m?E0:D@=F[<AJv2NO1OA�DF[xacbB[^;edfb>3`dihj1yn>=F[^nedfa:dfD@?B[^0Zn>=F[^;>bB14XZmU;:9 �Á� �§®8� � ·4¹�ºc»E¼ �E±i²c²��  2df02A¦µ �M� ®�� � �����c�c�c�  Ip

c)

b)

d)−1 1

e)

a)

��������� · �8¼��� � �>,<� ����,�= �!#X��02,U)
,M�L0*�� IK �O 2FP)P�3?*?E�� IKp�!#X��02,$��?W,76������O� ,<��,<)
,< B� )
,���02��F �>�U��) ?E��,�Y
)
,< B�(,7F �� 8 � ª � �yª ��� á -!�" .102, K����
�;,$�&�$��?E����� �!?S�� B�(�D�L��%$#�6(0B�5 *ZI�&%D8(';C �!#

90◦
8�6�� �;,7F ��?E02,<�3,

�3?*?E�3�>�46V0ICX�O 2F � 67,< B�����O� 6�� �;,A 2�4� �L02�5=  D02,<�3,O- .102,��L��%�6(0B�5 *ZI� �O�3,��!� �;F�� ����F*,7FT�� E�(�N,<��,<)
,< B� � 8*)!C
= 0*��6V0 02�! 2�!� 02,��(,<�3�7K*,< 2,<������,M�N�O 2F F��&�367�! E���� B�5������,M�$�� S��02, )P���(,<�L�R�O�2?E�3��?A,<�!����,M��- .102,$�L��F*,M�N�!# ,d�46(0
,<��,<)
,< B� �O�3, ��02,< ���O) ?E��,7F �d'+#R�O 26V02�!� ?A�!�� B� �&%H8 �>�R�46(Z �-,I�4�O�3,M�$�O 2F ���L�R�O IK���,LC+= 0*��6V0 �O�3,U)P�3?*?A,7F
�(�N�T�!���O 2F��O�3FH�� B�(,<� �7�O�

[−1, 1]
8*.BCO- � 6V0E�5 *Z ���L� ?E��,�Y O�5 26������! �&� �L02�5=  ��� 0/�"4-X.102, )
,M�<0 F*�4� �>���� IK

�;,<���>= ��02, � �!02�P�O 2F ��02, � ��b!YVF��&�367�! E���� B�5����'"6d�O ��;,T�3,7,< Q-N�d�$���OZI,M�X?E�R�467, ���JF��211,<�3,< B� F*,V? ��09#V�!�
��02, ��0*�3,7,T6(0B�5 *ZI�X�� 9�!�3F*,<� �(�T�3,����O�� �P67�! *#V�!�L)+�� IK�)
,M�L0Q-

qrD`dihj[^?BA>m`mF?E0>acv>b¿df=@?ED@?B1Omo;89ZA>1ONO[^XQng[cmF?E0>a¢D@721sm@n>7214=F1�?E08DF[¢mF?L� ²c� × ²c� ◦ mF1ON4D@?B[^02mi5<NidfbEbB1OA��rNF7:v>0>�Jm
�
ècè



df02A�d¤NO1408D@=~dfb6N4v>;g1�?E0�D@721z?E0>0214=kNO[^=F1cp�Éod^NF7�[f\�D@721|acbB[^;edfbsaj1O[^ac=~dfn>7>?BNidfb6NO[<[^=FAJ?E0edfDF1Om½[f\6D@721NF78v>0>�<m¡df=F1�D@72140¦X�dfn>n{1OAZ;89Zn>=F[fçÜ1ON4D@?B[^0k[f\�df0¦1Ou8v>?LGrdf0>acv>b¿df=yac=@?BA�[^0£D@721�m@n>7214=F1�DF[¢df0k1Ou:v>?BAJ?Bm@D~df08DNidf=@DF1Om@?¿df0wac=@?BA�[^0|d�N4v>;g1ÂD@7edfD�?Bm¡?E02mFN4=@?E;{1OA½?E0:DF[QD@721�m@n>7214=F1�PSmF1O1c5>1cp a2pE5°á ��� ª � ª ä����c�c�76  tVHpÌ8?E02NO1|D@721�mF14?BmFXQ?BNwhj14bB[<N4?ED@?B1Om�?E0�D@721�ÉÁdf=@D@7Ý?E02N4=F1id^mF1w3¡?ED@7ÝA>14n>D@7�5¡D@721wXZ1OmF7�m@?Eæi1�7ed^mZDF[�;{1NF7edf0>aj1OAÝ?E0�D@721whj14=@D@?BNidfbÂAJ?E=F1ON4D@?B[^0�?E0Ý[^=FA>14=¦DF[¤�j1O14nÝdf0Ýdfn>n>=F[i�<?EX�dfDF14bE9Ý1Ou:vedfbs0:v>X¢;g14=½[f\Wac=@?BAn{[^?E0:DFmÂn{14=s3ydOhj14bB140>acD@7�p�¥y7>?Bmx?BmÂA>[^021¢;:9|A>[^v>;>bE?E0>akD@721lXZ1Om@7Ãm@?Eæi1�dfDÂA>14n>D@7¨NO[^?E02N4?BAJ?E0>a½3¡?ED@7zD@721X�d�ç@[^=Um~14?Bm@XQ?BNyAJ?BmFNO[^0:D@?E08v>?ED@?B1Omi5:?�p 1cp§;{14bB[i3¸D@721¡Êz[^72[>5^;g14bB[�3�D@721 ;��^� AJ?Bm~NO[^0:D@?E0:v>?EDr9j5<df02AxçÜv2m@D�df;g[�hj1D@721¢?E0>0214=sNO[^=F1¢;g[^v>02A2df=@9jps¥y721�XZ1Om@7zA>[^v>;>bE?E0>ak?Bm�A>[^021¢;:9½C2=Fm@Ds?E02N4=F1id^m@?E0>a£D@721�XZ1Om@7zm@?Eæi16?E0z[^021b¿dfDF14=~dfbÁAJ?E=F1ON4D@?B[^0�5Udf02A�m@v>;2mF1Ou8v2140:D@bE9j5§dfD¢d£ac=F1idfDF14=�A>14n>D@7�5�A>[^v>;>bE?E0>a�?EDFm6m@?Eæi1�?E0¨D@721�[^D@7214=6b¿dfDF14=~dfbAJ?EXZ1402m@?B[^0�pY¥y7>?Bm`7ed^m`DF[¢;g1sA>[^021s?E0km@bE?Eac78D@bE9�AJ?LK{14=F1408D#A>14n>D@7�\][^=`D@721sAJ?LKM14=F140:D¡NF78v>0>�<m�5J?E0£[^=FA>14=yDF[[^;>D~df?E0½14bB14XZ140:DFmi5JD@7edfD¡1H�2d^N4D@bE9�m@7edf=F1sD@7214?E=`\]d^NO1Om¡dfD`D@721sN~7:v>0>�£;g[^v>02A2df=@?B1OmWP��4NO[^0J\][^=@XQ?E0>aQXZ1Om@7��iVHp
>xm@?E0>azAJ?LKM14=F140:DZA>14n>D@72m�5�72[i3`14hj14=i5ÁA>[<1Om¢02[^DZdfbE3ydO9Jm�72[^02[^=lD@721kAJ?BmFNO[^08D@?E0:v>?ED@?B1Om£df02A
bB1id^A>mlDF[¨df0[ihj14=FmÒdfXQn>bE?E0>a¦?E0�m~[^XZ1W=F14ac?B[^02mip`Ê|[^=F1O[�hj14=i5eD@72140wD@721¢NF78v>0>�<mÂdf=F1W02[^DsdfbEb�D@7216m~dfXZ1c5>;>v>DsD@7214=F1�df=F1D@7>=F1O16AJ?LKM14=F140:DxNF7:v>0>�kDr98n{1Omi5J3¡?ED@7wD@721WXZ1OmF7�A>[^v>;>bE?E0>aZD~df�<?E0>aZn>b¿d^NO1�dfD�AJ?LKM14=F140:D�A>14n>D@7�pqr0½D@721WmF14D@v>n½v2mF1OA£\][^=¡D@7>?Bm¡3o[^=@�{5 �76:� × �76:� 14bB14XZ1408DFm¡\][^=¡D@721Wm@v>=Ü\�d^NO1W[f\U1id^N~7�NF78v>0>�½df=F16v2mF1OAMpTxv21kDF[zD@721kXZ1Om@7�A>[^v>;>bE?E0>a25Á3`1½[^;>D~df?E0�_ � × _ � 14bB14XZ140:DFmZn{14=QNF78v>0>�¸dfDQD@721£?E0>0214=ZNO[^=F1k;{[^v>02A<Gdf=@9jp�ÀÝ?ED@7½D@7>?Bm¡=F1OmF[^bEv>D@?B[^0�5eD@721Wm@?EX�v>b¿dfDF1OA|mF14?Bm@XZ[^ac=~dfXZmsdf=F16d^NON4v>=~dfDF1¢A>[i3¡0wDF[ZdQng14=@?B[<A½[f\�df;{[^v>D�c� mip �o9¤v2m@?E0>awC2hj1£n>=F[<NO1OmFmF[^=Fm�\S[^=l1id^NF7¸b¿dfDF14=~dfb¡AJ?E=F1ON4D@?B[^0n{14=¢N~7:v>0>� ; × è × è × 5 ±ièc� n>=F[<NO1OmFmF[^=Fmdf=F1w021O1OA>1OAMp � 0�D@721|m@v>ng14=FNO[^XQn>v>DF14=½Ís?ED~d^NF7>?6Ì<È ³c�c�c� [f\6D@721 ��14?E;>0>?Eæ4GIÈs1ONF72140>æi140:D@=@v>X�mF14hj14=~dfbç@[^;�nedf=@D@?ED@?B[^02m£3¡?ED@7ÝAJ?LKM14=F140:D£0:v>X¢;g14=Fmk[f\602[<A>1Om¦1H�J?Bm@Dip�ÉÁd^N~7�02[8A>1�7ed^m£d¤m@7edf=F1OAÄXZ14XZ[^=@9�[f\df;{[^v>D ³�� ��df02AwNO[^02m@?Bm@DFm�[f\ ³ n>=F[<NO1OmFmF[^=Fm�p)>sm@?E0>a ±i² 02[8A>1Om#[f\�D@7216_ � G�02[<A>1Wnedf=@D@?ED@?B[^0�?Bm#D@7216[^n>D@?LGX�dfbUNO[^0JC2acv>=~dfD@?B[^0Ã\S[^=xv2m@?E0>a 8 � ª � �yª ��� á v>02A>14=ÂD@721OmF1¢7edf=FAJ3`df=F1�=F1Ou8v>?E=F14XZ140:DFmip Û [^DF1�D@7edfDxD@721dfv>DF[fG�nedf=~dfbEbB14bE?Eæ�dfD@?B[^0Ã?E02m@?BA>16D@721602[8A>1Om�7ed^m#DF[Z;{161H�Jn>bE?BN4?ED@bE9½m@3¡?EDFNF721OAz[fKU52;g1ONidfv2mF1�[f\UD@721�?E02AJ?E=F1ON4Dd^A>AJ=F1OmFm@?E0>aQ[f\�ac=@?BA£02[<A>1OmyD@7edfDy3o[^v>bBA½[^D@7214=@3¡?BmF1xbB1id^A£DF[Qd�hj14=@9�;ed^A¦n{14=Ü\][^=@X�df02NO1cpYÊ|[^=F1O[�hj14=i5JD@721[^=@?Eac?E0edfb{hj14=Fm@?B[^0k[f\�D@721sNO[<A>1�N4=F1idfDF1OA½d�bB[^D`[f\�mFX�dfbEbeC2bB1Omi5J1cp a2pE5<?EDÁ3¡=F[^DF1Â14hj14=@9�NO[^XQn{[^02140:D¡[f\�14hj14=@9mF14?Bm@XZ[^ac=~dfX$mF14nedf=~dfDF14bE9jp`¥y7>?Bm#3`d^msNF7edf0>aj1OA|;g1ONidfv2m~1W?ED�m@?Eac0>?LCeNidf08D@bE9�A>1ON4=F1id^mF1OAwn{14=Ü\][^=@X�df02NO16AJv21DF[�D@721ÂC2bB16mF9<m@DF14X¾[f\UD@721WÍs?ED~d^NF7>?�pÌ<[^v>=FNO1Om�df=F1l?EXQn>bB14XZ1408DF1OA¨v2m@?E0>a�d�C2bB1l3¡?ED@7Ã[^021Q[^=ÂXZ[^=F1 � 1408D@=F[^?BA¨Ê|[^XZ1408D6¥�1402mF[^=�P � Êz¥�VmF[^bEv>D@?B[^02m¡P�á�â � ª<ã�� ����ä�� ·4¹�º^»B¼ �E±i²c³J±  tVH5^ac?Ehj140�?E0¢D@721`m@D~df02A2df=FAlÍxdf=@hcdf=FA � Êz¥mF[^bEv>D@?B[^0l\S[^=@X�dfD¡PSmF1O1
������� � �	� �&��
���
��� � �	����������� � �����	� ����
�� ���������� �����:VHp�¥y721omF[^v>=FNO1�?Bm�mFng1ON4?LCe1OA�d^m�[^021Á[^=�XZ[^=F1Yng[^?E08DFm3¡?ED@7
d£bB[<NidfD@?B[^0¤df02A�A>14n>D@7�5�df0�[^=@?Eac?E0¤D@?EXZ1c5�df02A�d£XZ[^XZ140:D¢DF1402mF[^=ip �`9|n>b¿d^m@DF14=@?E0>a�D@721QA>1Om@?E=F1OA\�dfv>bED#n>b¿df02163¡?ED@7|ng[^?E08DsmF[^v>=FNO1OmÂdf02Awv2m@?E0>a£dfn>n>=F[^n>=@?¿dfDF1�D@?EXZ1¢A>14b¿dO9Jm�;{14DI3`1O140|D@7216[^=@?Eac?E0zD@?EXZ1Om�[f\D@721Y?E02AJ?Eh<?BAJvedfbJmF[^v>=FNO1Om�[^021`Nidf0�XQ?EXQ?BNydf0¢1H�JDF1402A>1OAlmF[^v>=FNO1Yn>=F[<NO1OmFmip�R2[^=�=F1ONO1408D�b¿df=@aj1`1idf=@D@72u8vedf�j1Omi5�<?E0214X�dfD@?BNW=@v>n>D@v>=F1�mF[^v>=FNO16XZ[8A>14bBm�df=F16aj140214=~dfDF1OAw?E0½D@721 � Êz¥�mF[^bEv>D@?B[^0w\][^=@X�dfD¡;:9Ãµ � ª � 
 � df02Adf=F1Á[fKM14=F1OAÂ\][^=�A>[i3¡0>bB[jd^A�[^0¢d¡3o14;2m@?EDF1ÂP ����� ������� ����� �  ��� � ����������� � � �����	�	!���� � ��� � ��"#����� �#$�����%����:V
l'&+*�&Rl &'/��$� � 1qo�3�% � � 1�3#� % � %(��� � % � % ! 3�1 � /�� � ���Ao
Ç�=F[<NO1OmFm@?E0>a�[f\¢m@9<0:D@721OmF?Eæi1OA�mF14?Bm@XZ[^ac=~dfXZmk3`d^mkXZ[cmFD@bE9�Nidf=@=@?B1OA�[^v>Dkv2m@?E0>a¸D@721¨Ì<14?BmFXQ?BN¨/�0edfbE9Jm@?Bm
� [<A>1¢P�Ì</ � VHp<Ì8?E02NO1 8 � ª � �yª ��� á�?E0�?EDFmo[>h�N4?¿dfb°AJ?Bm@D@=@?E;>v>D@?B[^0k[^v>D@n>v>DFm`[^0>bE9Z/ÂÌ � qFq�D@?EXZ1HGImF14=@?B1OmoD@721
� �'��������� �	� �&�(
������� ��GIm@v>;>=F[^v>D@?E021�3`d^m¢dfbEDF14=F1OA¨mF[£D@7edfDW?EDÂ[^v>D@n>v>DFm�mF14?Bm@XZ[^ac=~dfXZmW?E0�dfbEn>7edf0:v>XZ14=@?BNÌ</ � \][^=@X�dfDip�¥y721kbB1OmFmZAJ?BmFN½mFned^NO1½NO[^02m@v>XQ?E0>a�3`di9�[f\Âm~dih8?E0>a¨D@721½m~14?Bm@XZ[^ac=~dfXZmZ?E0�D@721k;>?E0edf=@9Ì</ � \][^=@X�dfD63`d^m602[^D6ng[cm~m@?E;>bB1�DF[k?EXQn>bB14XZ140:Di5§;{1ONidfv2mF1�D@721Q021ONO1OmFm~df=@9zbE?E;>=~df=@?B1Om¢df=F1�[^0>bE9z[fKM14=F1OA?E0¨DI3`[½n>=F1ONO[^XQn>?EbB1OA¨hj14=Fm@?B[^02m�5M0214?ED@7214=�[f\o3¡7>?BN~7�3o[^=@�JmÂ3¡?ED@7¨D@721QÍs?ED~d^NF7>?Á[^n{14=~dfD@?E0>awm@9Jm@DF14Xwp¢/sbEb=F14bB14hcdf0:DÂh^df=@?¿df;>bB1OmW[f\oD@721¢m@?EX¢v>b¿dfD@?B[^0�5MD@721�m@D~dfD@?B[^0�5Mdf02AzD@721¢14hj1408D�df=F1¢A>1HC2021OAÃ?E0zD@721�m@v>;>=F[^v>D@?E021df02A�3¡=@?ED@DF140DF[zÌ</ � 721id^A>14=�hcdf=@?¿df;>bB1Omi5UmF[½D@7edfDlm@D~df02A2df=FA¤n>=F[<NO1OmFm@?E0>azm@DF14n2m�mFv2NF7d^m�=F[^D~dfD@?B[^0[f\NO[^XQn{[^02140:DFm�Nidf0Ä1id^mF?EbE9
;{1kNidf=@=@?B1OAÄ[^v>DZm@?E02NO1kD@721k021ONO1OmFm~df=@9
XZ14D~dz?E0J\S[^=@X�dfD@?B[^0�?Bm��802[�3¡0�p¸R2[^=

è5;



1H�2dfXQn>bB1c5e=F[^D~dfD@?E0>a£D@721672[^=@?Eæi[^08D~dfbUNO[^XQn{[^02140:DFmxDF[�D@=~df02m@hj14=FmF1�df02Aw=~d^AJ?¿dfbUAJ?E=F1ON4D@?B[^0z[^0>bE9½=F1Ou8v>?E=F1Om[^021½m@?E0>acbB1½NO[^XQX�df02A P �# �>V6?E0�Ì</ � p�¥y721k;ed^mF?BN¦n>=F[<NO1OmFm@?E0>a�mFDF14n2mZdf=F1½A>1OmFN4=@?E;g1OA¸;>=@?B1��29?E0¸D@721\][^bEbB[i3¡?E0>a2p�/�\tDF14=�=F14D@=@?B14h8?E0>aD@721�mF14?BmFXZ[^ac=~dfX C2bB1�[f\61id^N~7�n>=F[<NO1OmFmF[^=i5`D@721½C2bB1Omkdf=F1�N~72[^n>ng1OA�DF[[^;>D~df?E0w[^021xC2bB1Ân{14=#NO[^XQng[^021408Dsdf02A½m@D~dfD@?B[^0�pY/�\tDF14=¡NO[^08hj14=Fm@?B[^0wDF[�;>?E0edf=@9wÌ</ � \S[^=@X�dfDy\][^=¡m~dOh<?E0>aAJ?BmFN¡m@ned^NO1c5jD@721¡mF14?Bm@XZ[^ac=~dfX-C2bB1OmYdf=F1¡AJ?Bm@D@=@?E;>v>DF1OAQ?E0ZAJ?LKM14=F140:DoAJ?E=F1ON4DF[^=@?B1Omi58d^NONO[^=FAJ?E0>a6DF[xD@721yh<?E=@D@vedfb0214DI3`[^=@��D@72149�;{14bB[^0>axDF[>p§¥y7214=F1c5cD@721y72[^=@?Eæi[^08D~dfbeNO[^XQng[^021408DFmÁdf=F1`=F[^D~dfDF1OA�DF[x=~d^AJ?¿dfbedf02A¢D@=~df02mFhj14=FmF1AJ?E=F1ON4D@?B[^0�DF[�D@721�14n>?BNO140:DF14=ip¥y721wmFv>;2mF1Ou:v21408DQn>=F[8NO1Om~m@?E0>a�m@DF14n2m�df=F1½A>1OmFN4=@?E;{1OA�3¡72140�dfn>n>bE?B1OAM5`v>0>bB1OmFmZ[^D@7214=@3¡?Bm~1½m@D~dfDF1OA�dbB[i3yG�ned^m~m¡C2bEDF14=#3¡?ED@7|d�NO[^=@0214=�\t=F1Ou8v21402N49k[f\ � p �cè Ísæ67ed^m¡;{1O140�dfn>n>bE?B1OAwDF[�D@721¢Ì<ÉÁÊ A2dfD~dJp
�������	��
������������
����	��������� � ��
� ��"!

¥y7216021H�JD�D@7>=F1O16C2acv>=F1OmlP]_Jp � Gr_Jp 6 V�m@72[�3�mF14?Bm@XZ[^ac=~dfXZms?E0 ±i� ◦ m@DF14n2m¡\][^=�D@721WD@=~df02mFhj14=FmF1c5e=~d^AJ?¿dfbUdf02Ahj14=@D@?BNidfb2NO[^XQn{[^02140:DY[f\°D@721yÇYÈsÉYÊ¾XZ[<A>14b�5^=F1Om@n{1ON4D@?Ehj14bE9jpU¥y721¡mF[^v>=FNO1yA>14n>D@7lv2m~1OA¢?E0�D@721ym@?EX¢v>b¿dfD@?B[^0?Bm�_ � p 6 �8Xw5jD@721oXZ[^XZ1408DYDF1402mF[^=�[f\eD@721`XZ[<A>14bB1OAQ1idf=@D@72u:vedf�j1y?Bm§ac?Ehj140�?E0Q¥�df;>bB1#_Jp � pU¥y721`D@721O[^=F14D@?BNidfbD@=~dOhj14b§D@?EXZ1Omx[f\ÁmF[^XZ16n>7ed^mF1Omxdf=F16X�df=@�j1OA|;:9wNO[^bB[^=F1OA|bE?E021Omi5{d^msdf0>02[^D~dfDF1OAMp Û [QC2bEDF14=@?E0>a£7ed^m�;{1O140dfn>n>bE?B1OA¦?E0¦[^=FA>14=`DF[6n>=F1OmF14=@hj1�D@721sm@7edf=@n>021Om~mÁ[f\�n>7ed^mF1s[^02mF14DFmi58D@7214=F1H\S[^=F1c580:v>XZ14=@?BNidfb{02[^?BmF1�?BmÁh<?Bm@?E;>bB1[^0ÄmF[^XZ1kD@=~d^NO1OmipÄÌJdfXZ1½nedf=@DFm�[f\sD@721wmF14?BmFXZ[^ac=~dfXZm�df=F1½N4bE?En>ng1OA¸?E0Ä[^=FA>14=�02[^DQDF[Ã?E0:DF14=Ü\]14=F1½3¡?ED@70214?Eac7:;{[^=@?E0>a�D@=~d^NO1Om�3¡7>?EbB16m@D@?EbEbM�j1O14n>?E0>a¦3o1idf�kn>7ed^mF1Om¡h<?Bm@?E;>bB1cp
l'&+*�&�� � '$#�� /�� 1�� /�'$� �$� ������������	�
�
R2[^=Q?EXQn>bB14XZ1408D@?E0>a
dfn>n>=F[^n>=@?¿dfDF1�_^T$n>bEv>XZ1£XZ[8A>14bBmQ?E0¸D@721km@n{1ON4D@=~dfb#14bB14XZ140:DZNO[<A>1wdzm@v>;>=F[^v>D@?E021P �	��� ��������
������ � �"%'&8Vg3yd^m�3¡=@?ED@DF140lD@7edfD�?Bm�NidfbEbB1OAld�\tDF14=�D@721o1H�J1ON4v>D@?B[^0l[f\<D@721 ± T�PSÇYÈ�ÉÁÊ [^=§qr/WÌ<ÇYÉYq@V[^=�_^T�ÉÁdf=@D@7lXZ[<A>14b:m@v>;>=F[^v>D@?E021odf02A�D@7edfD�n{14=@D@v>=@;2m�D@721Áhj14bB[8N4?ED@?B1Om§df02A�A>1402m@?EDr9Âm~14D�;:9WD@721OmF1Y=F[^v>D@?E021Omd^NONO[^=FAJ?E0>a�DF[ZdQn>bEv>XZ1WXZ[8A>14b�p¥y721#mFv>;>=F[^v>D@?E021#?BmYNidfbEbB1OA�\][^=Á14hj14=@9�ac=@?BAJn{[^?E0:DÁ;89¢D@721�8 � ª � �yª ��� áWGImFv>;>=F[^v>D@?E021 ��������(
������2p�qrDdfbEbB[i3#m�D@721�?EXQn>bB14XZ140:D~dfD@?B[^0Q[f\2d`h^df=@?B14Dr9W[f\<n>bEv>XZ1U\]1idfD@v>=F1Om�df02A¢d`;>=F[jd^A6=~df0>aj1Y[f\JXZ[8A>14b:nedf=~dfXZ14DF14=Fm;:9½d^A>AJ?E0>a¦dl0214a:dfD@?Ehj1Whj14bB[<N4?EDI9kn{14=@D@v>=@;edfD@?B[^0wDF[�D@721Wv2mF1OAkhj14bB[<N4?EDI9£XZ[<A>14b�pY¥y721Ân>bEv>XZ1Wn>=F[^n{14=@D@?B1OmD@7edfD�Nidf0w;{1ÂXZ[<A>14bEbB1OA½3¡?ED@7wD@721Ân>bEv>XZ1HGIm@v>;>=F[^v>D@?E021�df=F16A>1OmFN4=@?E;{1OA½;>=@?B1��29£?E0wD@721x\S[^bEbB[�3¡?E0>a2p
�(
��	�)�	��
*+
��,�	���.-/!10����

¥y721¢ng[cm@?ED@?B[^0¨[f\YD@721¢n>bEv>XZ1l?BmxmFng1ON4?LCe1OA|;:9wD@721¢aj1O[^ac=~dfn>7>?BNidfbYNO[<[^=FAJ?E0edfDF1OmW[f\YD@721¢n>bEv>XZ1�d��J?Bmipsqr0Nid^mF1ÂD@721W[^n>D@?B[^0�[f\YdlD@?EbEDF1OAkn>bEv>XZ1W?Bm#N~72[cmF140�5edf02[^D@7214=�m~14D#[f\§NO[<[^=FAJ?E0edfDF1Om¡\][^=¡D@721Ân>bEv>XZ16[^=@?Eac?E0|dfDD@721 � Ê �Ý7ed^m¡DF[Q;{1Âac?Ehj140�p
��!102���.���'�3 

R2[^=¢D@721�n>bEv>XZ1�721id^AM5UDI3o[|aj1O[^XZ14D@=@?B1Om�Nidf0¤;{1ZXZ[<A>14bB1OAMp � 021�?Bm¢m@?EXQn>bE9kçÜv2m@D�AJ?BmFNHGIm@7edfn{1OAM5§3¡?ED@7D@721�72[^=@?Eæi[^0:D~dfbÁDF[^n¤df02AÃ;g[^D@DF[^X�A>14n>D@72m�df02AÃD@721�=~d^AJ?Ev2m¢d^mÂnedf=~dfXZ14DF14=Fmip�Ís[�3o14hj14=i5�?E02A>14ng1402A>1408D[f\�D@7216A>14n>D@7|[f\�D@721Wac?Ehj140|721id^A½DF[^n�52?ED�3¡?EbEb�;{1WN4v>DxdfD#D@7216Êz[^72[�A>14n>D@7�p`¥y7:v2m�52D@721W721id^A�?E0wD@7edfDNid^mF1¡3`[^v>bBA�7edihj1xdW=F[^v>02A>1OA�DF[^n�pU¥y721�[^D@7214=o721id^AZaj1O[^XZ14D@=@9Q?Bmo[^021#D@7edfDoNO[^02mF?Bm@DFmÁ[f\MDI3`[ � dfv2mFm@?¿df0\Sv>02N4D@?B[^02m�?E0�D@721yhj14=@D@?BNidfbeAJ?E=F1ON4D@?B[^0�p�Ís14=F1¡dfa:df?E0�5:D@721yDF[^nl?Bm�N4v>D�3¡72140Q?E08DF14=FmF1ON4D@?E0>a�3¡?ED@7QD@721yÊz[^72[>p¥y721y;{[^D@DF[^X}[f\°D@721y721id^A�dfn>n>=F[jd^N~721OmYD@721y=~d^AJ?Ev2mY[f\gD@721¡NO[^02AJv>?EDip�/�0Q1H�2dfXQn>bB1`\S[^=�D@7>?BmU721id^A�XZ[<A>14bNidf0w;{1WmF1O140½?E0�R§?Ea2p2_Jp è p
è��



 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

Sdiff

ScS

S

surface w
aves (R

ayleigh)

1h

55min

50min

45min

40min

35min

30min

25min

20min

15min

10min

5 min

180
160

140
120

100 80 60 40 20 0

epicentral distance /degree

travel−
tim

e

���������·�8¼&	�
^,<�&�L)
�7K����O)D��<��)P�5�R���(,7F@=����0��02,��?A,76������O�,<��,<)
,< E�H)
,���02��F67��F*,8�ª��yª���á- .102,����!����	��/
�
�/)���������/����p8�
�$Y[=]��>,M�[CP�&���L02�>= /#V�!���02,3	��)
��F*,<��-3$��'^Y[��02,7�!�3,�����6d�O�
�������>,<�Y[����)
,M�N�O�3,XK���>,< �>�X���� 2,M�T=����09F��211,<�3,< B�67�!���!�<�J#��!�T��02,N,d�>�7,T�!#�F��&������ 26������! Q-

èc³



 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

Sdiff

Pdiff

P

Pn

PKIKP
PKiKP

SKS
SKIKS SKiKS

ScS

S

PKP

surface w
aves (R

ayleigh)

1h

55min

50min

45min

40min

35min

30min

25min

20min

15min

10min

5 min

180
160

140
120

100 80 60 40 20 0

epicentral distance /degree

travel−
tim

e

���������·�8¼���
^,<�&�L)
�7K����O)D��L��)P�5�R���(,7F=����0��02,��?A,76������O�2,<��,<)
,< B�Q)
,���02��FD67��F*,�8�ª��yª���á-;.102, �!.��*!��)���������/����$8�
��WY[=]��>,M�[C�&���L02�>= D#V�!�X��02,�3	��)
��F*,<��-3$��'^Y[��02,7�!�3,�����6d�O�1�������>,<�Y[����)
,M�
�O�3,XK���>,< �>�N67�!���!�3,7F����� 2,M��-

èc²



 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

 180

1 h

55 min

50 min

45 min

40 min

35 min

30 min

25 min

20 min

15 min

10 min

5 min

Winkel [deg]

Laufzeit

Sdiff

Pdiff

P

Pn

PKIKP
PKiKP

SKS
SKIKS SKiKS

ScS

S

PKP

surface w
aves (R

ayleigh)

1h

55min

50min

45min

40min

35min

30min

25min

20min

15min

10min

5 min

180
160

140
120

100 80 60 40 20 0

PcP

epicentral distance /degree

travel−
tim

e

���������·�8¼/B
^,<�&�L)
�7K����O)D��L��)P�5�R���(,7F=����0��02,��?A,76������O�2,<��,<)
,< B�Q)
,���02��FD67��F*,�8�ª��yª���á-;.102, ��/����()�!���)��������/���8�
��WY[=]���>,M�LC]�&�1�L02�>= #��!����02,�3
	��)
��F*,<��-3�d';Y[��02,7�!�3,�����6d�O��������>,<�Y[����)
,M�
�O�3,XK���>,< �>�N67�!���!�3,7F����� 2,M��-

;c�



��!102��� � ���1!

¥y721¡n>bEv>XZ1¡D~df?Eb2NO[^02mF?Bm@DFmY[f\g\S[^v>=�nedf=@DFmipU¥y721¡v>n>n{14=Ynedf=@DYm@D~df=@DFm`dfDÁdxn>=F1OmFN4=@?E;{1OAZA>14n>D@7¦df02AZ1H�JDF1402A>mA>[i3¡0
DF[½D@721Q;ed^mF1�[f\yD@721Zv>n>ng14=6X�df08D@bB1Z3¡?ED@7¸dk=~d^AJ?Ev2m � ���	��������� �MpZqr0�D@721QD@=~df02m@?ED@?B[^0
æi[^021QD@721D~df?EbÁ=~d^AJ?Ev2m¢?E02N4=F1id^mF1Om¢bE?E021idf=@bE9�A>[i3¡0DF[½D@721ZbB[�3o14=lX�df0:D@bB1c5U3¡7214=F1�?ED�7ed^m6D@721�=~d^AJ?Ev2m � �����	���������{pÀÝ?ED@7D@7>?Bm�=~d^AJ?Ev2m�D@721£D~df?Eb¡1H�JDF1402A>ml\tv>=@D@7214=�DF[z3¡7214=F1£?ED�[^=@?Eac?E0edfDF1Om�[^=l3¡7214=F1½df02[^D@7214=i5`[^n>D@?B[^0edfbæi[^021Âm@D~df=@DFmip�¥y7214=F1c5<D@721xD~df?Ebg\]d^A>1Omy[^v>DyDF[ld¢n>=F1OmFN4=@?E;{1OA£ng14=FNO1408D~dfaj1W[f\�D@721xac?Ehj140kng14=@D@v>=@;edfD@?B[^0�pYqr0Nid^mF1sD@721x=~d^AJ?Ev2mÁ\][^=`D@721�v>n>n{14=#df02A�bB[�3o14=¡X�df0:D@bB1x?Bm`?BA>140:D@?BNidfbMD@721sn>bEv>XZ1x3¡?EbEb{7edOhj1Wd�NO[^02mFD~df0:DyD~df?Eb=~d^AJ?Ev2my[ihj14=y?EDFmy140:D@?E=F1xbB140>acD@7�pYÍx[i3`14hj14=i5JDI3o[�XZ[^=F1x[^n>D@?B[^02m`\][^=oXZ[<AJv>b¿dfD@?E0>a�D@721�n>bEv>XZ1xD~df?Ebg=~d^AJ?Ev2m1H�J?Bm@Dip � 021½?BmQDF[¨XZ[<A>14b�dÃ;>v>bEaj1�df=F[^v>02AÄD@721 ;5;c� GIAJ?BmFNO[^0:D@?E08v>?EDI9�Pt3¡?ED@7�hj14=@D@?BNidfbxdf02A�72[^=@?Eæi[^08D~dfb1H�JDF1402Awd^mynedf=~dfXZ14DF14=FmÒV¡df02Awdf02[^D@7214=�[^021x?Bm#dl;>=F[jd^A>140>?E0>a�[f\§D@721ÂD~df?Eb�dfD¡?EDFmy;ed^mF1Â?E0kD@721WT �xb¿di9j14=ipqr0�D@721sb¿dfD@DF14=yNid^m~1#D@721xX�d��<?EX�dfbg72[^=@?Eæi[^0:D~dfb�1H�JDF140:D¡df02A¦D@721sm@D~df=@D@?E0>aQA>14n>D@7k[f\�;>=F[jd^A>140>?E0>a�7edOhj1xDF[;{1WA>1HC2021OAMpqr0£mFv>XQX�df=@9£d¢NO[^XQn>bB14DF1c5JX�v>bED@?LG�nedf=~dfXZ14DF14=�n>bEv>XZ1QPSR§?Ea2pJ_Jp è VÁNidf0k;{1�XZ[<A>14bB1OA£D@7edfD¡[^=@?Eac?E0edfDF1Om?E0D@721£T ��b¿dO9j14=�3¡?ED@7Ädw;>=F[jd^A
\][8[^Dl3¡?ED@7¸?E02N4=F1id^m@?E0>aÃng14=@D@v>=@;edfD@?B[^0�5ÁD@72140�1H�<DF1402A>mlv>n:3ydf=FA¸3¡?ED@7

410km

660km

D"

S−ve
lo

c
ity p

e
rturb

a
tio

n / %

��������� ·��8¼ �4 �9?E���5)
, )
��F*,<�^6<�3,d���(,7FH= ����0 ��02,2?E���5)
, )
��F*,<���!� �>�3�4�*���� 2, = �L���L�(,< #��!� 8 � ª � �yª ��� á -
�d�U�&� F*,M�<��K� 2,7F"�(� �3,V?E�3,M�3,< B�D��02, ���>�<��6D#�,d���L�5�3,M�
�!# ��02, ?E���5)
,D)
��F*,<� �3,M���5������ IK #R�3�!)  E�5)
,<�L��6d�O�
�L��) �5�R�������! ;� #R�3�!) á � ¶ � ª � ` � �����LcM-X.102, _IK^�5�3, 0B�>� ��02, �d�O)
, �R��';�4�*�A�>� �� �T���O��, � � �*���!ZH#��!�J,d�>�3,J�!#
67�!) ?q�O�L�&�3�! Q- � �>=A,	�>,<� �B�� 67�! B�����>��� �(� �N� ����, � � _IK^�5�3,M� ��02, 
IY �>,<����6<����'D?A,<�!�L�5�	���������! �&� K��3,[' 67��F*,7F
������02,<�N��0B�O 9��02,N�(,<) ?A,<�����L�5�3,O- � � � 67�! B�(�4�5� ���� 2,U�O 2F ��02,�� ��b!Y �O 2F � ��b!YVF��&�367�! E���� B�5����' �&� �L02�5=  Q-

dwNO[^02AJv>?EDlD@7edfD�;>=F[jd^A>1402ml;{14bB[i3ÅD@721�D@=~df02m@?ED@?B[^0æi[^021�AJv21�DF[wD@721�?E0>7>?E;>?ED@?E0>aÃ1HKM1ON4D¢[f\¡D@721¦n>7ed^mF1D@=~df02m@?ED@?B[^0¤dfD ;5;c� �<X'A>14n>D@7�p � 02NO1lD@721¢n>bEv>XZ1QNO[^02AJv>?ED6mFv>=@ned^mFmF1OmxD@7>?BmÂn>7ed^mF1lD@=~df02m@?ED@?B[^0¨?EDÂD@7>?E02mA>[i3¡0¤DF[kdkmFX�dfbEbB14=6AJ?¿dfXZ14DF14=6;g1ONidfv2m~1l[f\`D@721QNO[^0:D@=~df=@9¨1HKM1ON4D6[f\oD@721ln>7ed^mF1�D@=~df02m@?ED@?B[^0
dfD 62±i� �<XA>14n>D@7�pYR>=F[^X D@7214=F1x?EDyNO[^0:D@?E0:v21Om#3¡?ED@7kNO[^02mFD~df0:D#AJ?¿dfXZ14DF14=y?E0:DF[Zd�721id^A£D@7edfD`1402A>my;{14bB[i3�D@721ÂN4=@v2m@Dip
;J±



XZ[8A>14b�qÞT
δvP δvS

=~d^AJ?Ev2m
δv(r)

[^=@?Eac?E0�A>14n>D@7 [^D@7214=
± _Jp è�� ; p ��� ±i�c� m@7edf=@n � Ê �� _Jp è�� ; p ��� ±i�c� m@7edf=@n ;��^� �<X_ � p ��� ±i� p 6�� ±i�c� m@7edf=@n � Ê �
6 _Jp è�� ; p ��� ±i�c� � dfv2mFm � Ê �è _Jp è�� ; p ��� _ �c� m@7edf=@n � Ê �
; _Jp è�� ; p ��� ;c� m@7edf=@n � Ê �
� _Jp è�� ; p ��� ≈ ±i�c� D@7214=@X�dfb � Ê �³ _Jp è�� ; p ��� ±i�c� m@7edf=@n � Ê � 3¡?ED@7�Ís1id^A± _ ² p �^��� ± � p ��� ;c� � dfv2mFm � Ê �_ � � p�_ ²�� � p ;c²�� _ �c� � dfv2mFm � Ê �

� º��H»B·��<¼R���W�O���O)
,��(,<�<�T�!# ��02, ?E���5)
,J)
��F*,<�&� = 02���7,X�3,M�!�5��� � �O�3,NF��&�36����M�3,7FD�� ��0*�&�$6(0B�3? �(,<�

Íx[i3`14hj14=i5UD@7>?Bm�3yd^m¢[^0>bE9�[^021¦mFNO140edf=@?B[�v2mF?E0>azdkbB[^Dl[f\#?EXQn>bB14XZ140:DF1OA¸[^n>D@?B[^02mip � 021¦?BmW\S=F1O1ZDF[m@3¡?EDFN~7¦[fK½X�df0:9Z[f\MD@7214X df02A�DF[WbB14DÁD@721�n>bEv>XZ1�[^=@?Eac?E0edfDF1xdfD`df0:9�df=@;>?ED@=~df=@9ZA>14n>D@7�p�Txv21¡DF[�bE?EXQ?EDF1OANO[^XQn>v>D@?E0>awD@?EXZ1Qdf02AÃbB[^0>a½3`df?ED@?E0>a½D@?EXZ1Om�[^0zD@721�m@v>n{14=FNO[^XQn>v>DF14=6v2mF1OA|\][^=ÂD@7>?BmÂ3o[^=@�z?EDx3yd^mÂ02[^D\]1id^m@?E;>bB16DF[¦1H�<n>bB[^=F1ldfbEb�D@7216n{[cmFm@?E;>?EbE?ED@?B1OmÁçÜv2m@D#n>=F1OmF1408DF1OAMp#¥y7214=F1H\S[^=F1c5°n>bEv>XZ1¢XZ[8A>14bBm�3o14=F1lmF14bB1ON4DF1OA?E0¨[^=FA>14=WDF[½m~dfXQn>bB1�D@721lnedf=~dfXZ14DF14=�m@ned^NO1Q[f\ym@v>acaj1Om@DF1OAzn>bEv>XZ1Qn>=F[^n{14=@D@?B1OmZPt=F14h8?B143`1OA¨?E0 � 7edfn>DF14=± VHp�¥y721�\][8N4v2ms3`d^mx[^0|D@721¢hcdfbEv21Oms[^;>D~df?E021OA|\][^=�D@721lqrNO14b¿df02A|n>bEv>XZ1c5{m@?E02NO1�?EDs?Bm�hj14=@9�3o14bEbUm@D@v2AJ?B1OA3¡?ED@7|dfbEb�dih^df?Eb¿df;>bB1¢mF14?Bm@XZ[^bB[^ac?BNidfb�XZ14D@72[<A>m�PSmF1O1 � 7edfn>DF14= 6 VHp
¥y721�XZ[8A>14bBmÁD@721#=F1Om@v>bEDFm`[f\M3¡7>?BNF7£df=F1sAJ?BmFN4v2mFmF1OA�?E0ZD@7>?Bm`NF7edfn>DF14=¡df=F1#m@v>XQX�df=@?Eæi1OA¦?E0¦¥�df;>bB1x_Jp ± p¥y721 �  2�'�$��02!)����
� 2��! �¡NO[^02m@?Bm@DFmÁ[f\�dÂn>bEv>XZ1�3¡?ED@7£dWmF7edf=@n¦[^02mF14DÁ[f\MD@721smF14?Bm@XQ?BN¡hj14bB[<N4?EDI9Qn{14=@D@v>=@;ed�GD@?B[^0
P]_Jp è�� \S[^=�Ç�G~5edf02A ; p ��� \][^=xÌ:G�3ydOhj1OmÒV#3¡?ED@7>?E0|d�=~d^AJ?Ev2mx[f\ ±i�c� �<X(df=F[^v>02A�D@7216n>bEv>XZ16NO1408DF14=ip¥y721ln>bEv>XZ1Q[^=@?Eac?E0edfDF1Om�dfDÂD@721�NO[^=F1HG�X�df0:D@bB1Q;{[^v>02A2df=@9jp6¥y7>?BmWA>1H\�dfv>bEDWXZ[8A>14bU?BmÂNF72[cmF140Ã\][^=ÂmF14hj14=~dfb=F1id^mF[^02mip§¥y721Yn{14=@D@v>=@;edfD@?B[^02mUdf=F1YD@72[cmF1o[f\2d#=F14ac?B[^0edfb:C20>?EDF1HG]\S=F1Ou8v21402N49WDF[^XZ[^ac=~dfn>7:9¢mFD@v2AJ9x;89 ¬ � ��¯·4¹Uº^»B¼ ���c�c�76  2\][^=YqrNO14b¿df02AMpYÌ8?E02NO1¡=~di9:G�DF[^XZ[^ac=~dfn>789�m@D@v2AJ?B1Om�DF1402A�DF[Âv>02A>14=F1OmFD@?EX�dfDF1#D@721yn{14=@D@v>=@;edfD@?B[^0AJv216DF[�D@7216?Eac02[^=~df02NO1l[f\�3`dOhj1H\S=F[^0:DW721idfbE?E0>a25°3o1�DF[8[^�kD@721¢[^0>bE9�dOhcdf?Eb¿df;>bB16C20>?EDF1HG]\S=F1Ou:v21402N49�=F1Om@v>bEDFm\S=F[^X!dz=F14ac?B[^0edfb#1H�Jn{14=@?EXZ140:Dip¸¥y721£=~d^AJ?Ev2mQ?BmZd|DI9<n>?BNidfb¡h^dfbEv21£\][^=�X�df0:97>?Eac7�=F1OmF[^bEv>D@?B[^0�n>bEv>XZ1m@D@v2AJ?B1Omi5§1cp a2pM\][^=¢qÞNO14b¿df02A�P å ®:®8ª � ·4¹xºc»E¼ �E±i²c²c²  tVHpw¥y721¦m@DF14n�n{14=@D@v>=@;edfD@?B[^0
\Sv>02N4D@?B[^0¤3yd^m�v2m~1OA�DF[[^;>D~df?E0¦dWN4bB1idf=o1HK{1ON4DÁ[f\{D@721¡n>bEv>XZ1¡;{[^v>02A2df=@?B1Omi´JdÂn>=F14h<?B[^v2mÁm@D@v2AJ9l;:9 8 �M�g����� ª �����c�c�J±  °7ed^mYm@72[�3¡0D@7edfD¡m@XZ[<[^D@7214=`n{14=@D@v>=@;edfD@?B[^0k\Sv>02N4D@?B[^02m¡bB1idOhj1Wd¢bB1OmFm`n>=F[^02[^v>02NO1OAwm@?Eac0edfD@v>=F1x?E0kD@721x3`dOhj1HCe14bBAMpo¥y721[^=@?Eac?E0�A>14n>D@7|dfD�D@721 � Ê ��NO[^=@=F1Om@n{[^02A>m¡DF[QD@721�[^=@?Eac?E0edfb�n>bEv>XZ1W7:9<n{[^D@721Om@?Bm�[f\ � � �°¯����Ä�E±i²��<±  IpR>=F[^X«D@7>?BmUXZ[<A>14b<C2hj1ynedf=~dfXZ14DF14=FmÁdf=F1`h^df=@?B1OAlDF[Wm~dfXQn>bB1`D@721`XZ[<A>14b2m@ned^NO1cp�¥y721 - �'� �	0 ����� �	��
 *

���3� *��)�	0� �� ?BmlA>[^v>;>bB1OAM5U3¡7>?BNF7¸bB1id^A>m¢DF[|df0ÄÌ:G�3`dOhj1£n{14=@D@v>=@;edfD@?B[^0�[f\ ±i� p 6�� p�¥y7>?Bm¢?Bm�n>=F[^;edf;>bE9v>0>=F1idfbE?Bm@D@?BNidfbEbE9¦7>?Eac7kNO[^02mF?BA>14=@?E0>alD@7edfDy?EDFmo02[^DyD@721�X�d��J?EX�v>X hcdfbEv21s[f\�d¢ac=~d^A2dfD@?B[^0edfb{n{14=@D@v>=@;edfD@?B[^0\Sv>02N4D@?B[^0Q;>v>D�D@721ohcdfbEv21`\][^=�dxm@7edf=@nQn>bEv>XZ1yXZ[<A>14b�pUÍs[�3o14hj14=i5:D@721¡1H�<n{1ON4D~dfD@?B[^0Q?BmUD@7edfDUD@721¡[^;2mF14=@hj1OA1HKM1ON4DFmYmFNidfbB1¡bE?E021idf=@bE9�3¡?ED@7ZD@721¡n{14=@D@v>=@;edfD@?B[^0�5Jdf02A�D@7edfDY3o1idf�Q1HKM1ON4DFmYD@7edfDYXQ?Eac78DY02[^DY;{1¡A>14DF1ON4D~df;>bB13¡?ED@7ÄD@721wA>1H\�dfv>bEDZn{14=@D@v>=@;edfD@?B[^0�X�di9;{1½7>?Eac7>bE?Eac78DF1OA�df02A�;{1ONO[^XZ1�[^;2mF14=@hcdf;>bB1½3¡?ED@7ÄD@7>?Bm�m@D@=F[^0>an>bEv>XZ1£XZ[8A>14b6PSÇÁ_jVHp¤¥�3o[¨[^D@7214=QXZ[<A>14bBm½PSÇ ± _Ãdf02A¸ÇÁ_ � V¢7edOhj1£7>?Eac7214=�P
δ
h

P 5 ± � p ��� V�df02AbB[i3`14=P � p ;c²�� VUn{14=@D@v>=@;edfD@?B[^02mo?E0�[^=FA>14=ÁDF[W�j1O14n�D@721#m~dfXZ1¡?E08DF14ac=~dfb°DF[^D~dfb2n{14=@D@v>=@;edfD@?B[^0£;g1ONidfv2mF1#D@72149l7edihj1dWm@X�dfbEbB14=xP ;c� �8X¦V�df02AZb¿df=@aj14=sP]_ �c� �8X¦V � �3 /�10 � p�¥y721OmF1#=~d^AJ?E?23o14=F1#N~72[cmF140�;{1ONidfv2mF1¡D@72149l=F14n>=F1OmF1408D1402A<G�XZ14X�;{14=Fm½?E0�D@721|=~df0>aj1z[f\�m@v>acaj1Om@DF1OA�n>bEv>XZ1Ãng14=@D@v>=@;edfD@?B[^0�AJ?EXZ1402mF?B[^02m�Pt02[^DF1|D@7edfD½AJv21zDF[D@7214=@X�dfb�?E08DF14=~d^N4D@?B[^0z[f\UD@721Wn>bEv>XZ1�3¡?ED@7wD@721�m@v>=@=F[^v>02AJ?E0>a¦X�df0:D@bB1�D@721Wng14=@D@v>=@;edfD@?B[^0z[f\�D@721Wn>bEv>XZ1[^0D@721¦mF14?BmFXQ?BNZhj14bB[<N4?ED@?B1OmlNO[�hj14=FmQdwb¿df=@aj14=l=F14ac?B[^0
D@7edf0D@721¦n>bEv>XZ1£NO[^02AJv>?EDl?EDFmF14bL\@p�¥y721¦D@7214=@X�dfb
;c�



�I7edfbB[ �l[f\¡d¦n>bEv>XZ1�3¡?ED@7¤_ �c�  DF14XQng14=~dfD@v>=F1QNO[^08D@=~d^m@D6?Bm �^� �<X!P 8g®8ª2ª �¸���c�c�76  tVH5�3¡7214=~d^m6NO[^02AJv>?ED=~d^AJ?E?�X�di9w;{1�d^m�m@X�dfbEbUd^m ±i� �<X P��Á� � ª ������� 8 �c�M� ª�� �E±i²c³ _� tV@VHp¡¥y721¢=~d^AJ?Ev2ms[f\ ;c� �<X PSÇ ; df02AÇ ± _jV¢?BmlD@721£bB[i3`1Om@DZhcdfbEv21£mFv>acaj1Om@DF1OA
\S[^=�qrNO14b¿df02A�P�g � �(·4¹6º^»B¼ �E±i²c²5;  tVH5Á3¡7214=F1id^mZ_ �c� �8XàPtXZ[<A>14bBmÇ è df02A�ÇÁ_ � V#?BmsD@7216b¿df=@aj1Om@Dxh^dfbEv216\S[^=sD@7>?Bm�n>bEv>XZ1kP � � � ª�·4¹#º^»B¼ �E±i²c²cè  tVH5gXZ1idf0:3¡7>?EbB1l=@v>bB1OA|[^v>Dx;:9DF[^XZ[^ac=~dfn>7:9wmFD@v2AJ?B1Omi52mF1O1 å ®:®8ª �¸��������� � �s�Ã���c�c�cè  IpÊz[8A>14bBm§Ç ± df02A�Ç 6 5cÇ ; df02A¢Ç ± _J5cÇ è df02A¢ÇÁ_ � 5cdf02AlÇ � AJ?LK{14=�?E0¢D@721 - �'� �	0 ���2� �	�)
 *.� 0�*�� �	��
*��v2mF1OAMp#/snedf=@D#\S=F[^X D@721�d^N4D@vedfb§aj1O[^XZ14D@=@9wD@721�m@nedfD@?¿dfbUAJ?Bm@D@=@?E;>v>D@?B[^0Ã[f\YD@7216n{14=@D@v>=@;edfD@?B[^0¨[f\ÁmF14?Bm@XQ?BNhj14bB[<N4?ED@?B1Omkd^m£d¨\Sv>02N4D@?B[^0�[f\�AJ?BmFD~df02NO1w\S=F[^X�D@721|n>bEv>XZ1zd��J?Bm¦XQ?Eac7:D£;g1zd�N4=@v2N4?¿dfbxnedf=~dfXZ14DF14=¦\][^=A>14DF1ON4D@?B[^0�[f\§n>bEv>XZ1Omip�qIDy?Bm¡[^;8h8?B[^v2m¡D@7edfD�dlm@v2A>A>140�5>mF7edf=@nw[^02mF14D#[f\�D@721Ân{14=@D@v>=@;edfD@?B[^0
P�\S[^bEbB[�3¡?E0>a¦dÍx1idOh<9<m@?BA>1s\Sv>02N4D@?B[^0°V`7ed^myD@721Â7>?Eac721Om@D¡=F1��e1ON4D@?B[^0�NO[<1dh�N4?B140:D�3¡7214=F1id^m�dlXZ[^=F1Wm@XZ[<[^D@7k[^02m~14D#mF1O14XZmDF[k;{1�XZ[^=F1Q=F1idfbE?Bm@D@?BNc5�1OmFng1ON4?¿dfbEbE9|\S[^=6[^bBA>14=�n>bEv>XZ1Omi5�3¡7214=F1Q3`1Z1H�Jng1ON4D�d£D@7214=@X�dfbY7edfbB[�Nidfv2mF1OA¨;:9721idfD�NO[^02AJv2N4D@?B[^0�p¥y721�=F14b¿dfDF1OA�u8v21Om@D@?B[^02mYD@78v2m`df=F1�djVU72[i3�A>[<1OmYD@721#\S[^=@XÅ[f\gD@721�ng14=@D@v>=@;edfD@?B[^0¦\tv>02N4D@?B[^0�?E0 �2v21402NO1D@721Q3ydOhj1H\][^=@X df02A¨D@78v2m�D@721�n>bEv>XZ1¦AJ?¿dfXZ14DF14=¢A>14=@?Ehj1OA¨;89Ãm~14?Bm@XZ[^bB[^ac9j5�;°VWNidf0¤AJ?LK{14=F1402NO1Om�?E0¨D@721n{14=@D@v>=@;edfD@?B[^0¨\tv>02N4D@?B[^0¨;{1l=F1OmF[^bEhj1OAÃ?E0ÃD@721l\t=F1Ou8v21402N49�=~df0>aj1�XZ[<A>14bB1OA¨[^=6AJ?Bm@D@?E0>acv>?Bm@721OAz\S=F[^X'D@721=F1Om@v>bED@?E0>aZ3ydOhj1H\][^=@XZmsN�Vy3¡7edfD#?BmyD@721Wn>7:9Jm@?BNidfb�NO[^02mFD@=~df?E0:Ds[^0�bE?E�j14bE9¦n{14=@D@v>=@;edfD@?B[^0w\Sv>02N4D@?B[^02mipqr0½[^=FA>14=`DF[�m@D@v2AJ9¦D@721OmF1x?BmFm@v21Omi5JAJ?LKM14=F140:D¡n>bEv>XZ1ÂXZ[<A>14bBmy3o14=F1WmF14D`v>n�df02A£D@721x=F1Om@v>bED@?E0>aQ3`dihj1HG\][^=@XZmÂdf=F1lNO[^XQnedf=F1OAMp6/s0|?EXQn{[^=@D~df0:DWA>14X�df02A¨[^0zD@721�XZ[<A>14bBmx?BmxD@7edfDxD@721¢?E0:DF14ac=~dfbY[�hj14=ÂD@721¢n{14=ÜGD@v>=@;edfD@?B[^0z?Bm�1Ou8vedfb�\][^=xdfbEb�D@721�XZ[8A>14bBms?E0�[^=FA>14=xDF[ZX�df�j1�D@72163`dihj1H\S[^=@XZmÂNO[^XQnedf=~df;>bB1cp � D@7214=@3¡?BmF1AJ?LKM14=F1402NO1Om�?E0�A>14b¿di9kD@?EXZ1Omxdf=F16[^0>bE9½AJv21WDF[�D@721W?E02N4=F1id^mF1OA�DF[^D~dfb�ng14=@D@v>=@;edfD@?B[^0z=~dfD@7214=�D@7edf0�DF[QD@7211HKM1ON4D�[f\§D@721Â;{[^v>02A2df=@9jpÀ�1Wn>=F[^n{[cmF1ÂD@721Â\][^bEbB[i3¡?E0>a¦ng14=@D@v>=@;edfD@?B[^0w\tv>02N4D@?B[^02mlPSR�?Ea2p°_Jp ; V��

distance from plume axis

0

0.2

0.4

0.6

0.8

1

re
la

tiv
e 

ve
lo

ci
ty

 p
er

tu
rb

at
io

n

0-R R

��������� · �8¼ �4 
5?q�����R�O� �>,<����6<����' ?A,<�!�L�5�	���������! #[�5 26������! ;� � �*��%B6d�O� #(�5 26������! @8��3,7F ���� 2,LC #��!� �0#&�L0B�O��? %
?E���5)
, � �X�����<�L�R�O #[�5 26������! 8 �>�R�46(Z4CT�O 2F � #���02,<�L)P�O� %X)
��F*,<��= ����09�+�L����) 67�! 2F^�5��� �O 2F �
F*,76d��'*�� IK
?A,<�!�L�5�	���������! 
�4�*��=]�O�3F4�XF^��,X�(� 02,d���167�! 2F^��6������! 98 �>����,LCO-	� �4�(, ��02,A�L��)+���R�O�L����' �;,���=A,7,< ��02,X��02,<�L)P�O�
)
��F*,<�]�O 2F ��02, �X�����<�<�R�O #(�5 26������! Q-

•
� � �3��- � 
02*� ��3��� py¥y721�XZ[cm@Dxm@?EXQn>bB16XZ[<A>14b�5°n>7:9Jm@?BNidfbEbE9|d^mFm@v>XQ?E0>a¦02[zPtD@7214=@X�dfb�V#?E0:DF14=~d^NHGD@?B[^0
;g14Dr3o1O140n>bEv>XZ1�NO[^02AJv>?ED�df02A�D@721�mFv>=@=F[^v>02AJ?E0>a�X�df0:D@bB1ÃPt721idfD¢NO[^02AJv2N4D@?B[^0¸[^=�1408D@=~df?E0JGXZ1408DÒVxdf02A�02[¦b¿dfDF14=~dfbUDF14XQng14=~dfD@v>=F1lhcdf=@?¿dfD@?B[^0|?E0zD@721¢NO[^02AJv>?EDipx¥y721l=F1Om@v>bED@?E0>a£DF[^D~dfb�n{14=@D@v>=ÜG

; _



;edfD@?B[^0|?Bm
Ptot = 2πr · δP0

p`¥y7>?Bm�hcdfbEv21W?Bm#D@7216D~df=@aj14D�hcdfbEv21�[f\ÁdfbEb�[^D@7214=�n>bEv>XZ1�XZ[8A>14bBmxdf02A?Bm#v2mF1OAk\][^=¡D@7214?E=#02[^=@X�dfbE?Eæ�dfD@?B[^0�p
• � ��0 � � �)��* � 
02*  2�3��� p�¥y721UXZ[cm@D�m@?EXQn>bB1Ydf0edfbE9<D@?BNidfbj\][^=@X�[f\2dym@XZ[8[^D@76\tv>02N4D@?B[^0 �

e
ln(b)

R2 ·(x−xP )23¡?ED@7
x
;{14?E0>aQD@721ÂAJ?Bm@D~df02NO1Â\S=F[^X D@721Ân>bEv>XZ1WNO140:DF14=

xP

p�¥y721ÂhcdfbEv21x;wA>1ON4?BA>1Om#[^0kD@721WA>1HC20>?LGD@?B[^0Q[f\gD@721`Èxd^AJ?Ev2m
R
p§R2[^=�1H�2dfXQn>bB1c5c?L\

b = 0.5
D@72140lDr3o[ÂD@?EXZ1Om

R
?Bm§1Ou8vedfbJDF[xD@721o7edfbL\tG�3¡?BAJD@7�pqr0�[^v>=sXZ[8A>14bBm

b
?Bm#mF14D�DF[

1/e
p¡qI0�D@7edfDsNid^mF1WD@721 � dfv2mFm@?¿df0zdf02AwD@721�mF7edf=@nw;g[i�JNidf=�\tv>02N4D@?B[^07edihj1�D@721�m~dfXZ1#7214?Eac78Do3¡7>?BN~7�?Bm�\�dOhj[^=~df;>bB1�\][^=ÁNO[^XQnedf=@?BmF[^0�pY¥y721�=~d^AJ?Ev2mYD@72140�=F1H\]14=FmYDF[�3¡7214=F1D@721 � dfv2mFm@?¿df0ZAJ=F[^n2mYA>[�3¡0ZDF[ ±�� 1 5 _ ; p ³�� [f\{?EDFmUX�d��J?EX�v>Xwp�ÀÝ7214=F1yD@721yn>bEv>XZ1¡n{14=@D@v>=@;edfD@?B[^0?Bmx;{14bB[i3 ±��<±i�c�c� D@7¨[f\Á?EDFmsng1idf�whcdfbEv21OmxD@721�n{14=@D@v>=@;edfD@?B[^0¨?BmxNO[^02m@?BA>14=F1OAz0214acbE?Eac?E;>bB1Zdf02A�D@78v2mA>1HC2021OA�DF[�;g1Âæi14=F[Q\t=F[^X D@7214=F1¢[^0�p

• � � ��������! � 
02*  2�3� � p�R>=F[^X d£n>7:9Jm@?BNidfbYn{[^?E0:D�[f\yh8?B14365�721idfD6NO[^02AJv2N4D@?B[^0¤bB1id^A>m�DF[wd£bB[^a^Gdf=@?ED@7>XQ?BNzA>1ONidO9�[f\WDF14XQn{14=~dfD@v>=F1zdf02A�D@78v2m¦[f\6mF14?BmFXQ?BN½hj14bB[8N4?EDr9¸ng14=@D@v>=@;edfD@?B[^0�p�¥y7214=F1H\][^=F1c5df02[^D@7214=WXZ[<A>14bU?BmÂmF14Dsv>nÃD@7edfDWNO[^X�;>?E021Om¢d¦NO[^02mFD~df0:DWn{14=@D@v>=@;edfD@?B[^0¨n>bEv>XZ1lmFDF14X'[^v>DÂDF[¦D@721n>bEv>XZ1#=~d^AJ?Ev2m
rP

DF[^aj14D@7214=Y3¡?ED@7¦dxbB[^a:df=@?ED@7>XQ?BN#A>1ONidi9Q[^v>D�DF[Â3¡7214=F1¡D@721yv>0>ng14=@D@v>=@;{1OAQX�df08D@bB1hcdfbEv21Om�df=F1W=F1id^N~721OA
P
rM

V��
P (r) =

{

P0
5J?L\

r < rP

P0
ln(rP−rM ) · ln(r/rM )

5J?L\
r ≥ rP

� [^02NO14=@0>?E0>a£D@721 
������1*+ ���- �	� [^0>bE9kDI3`[¦AJ?LKM14=F140:Dsh^dfbEv21Omxdf=F16v2mF1OAM5 ;5;c� �<X PtXZ[<A>14b�Ç � V¡df02A�c³c²c� �<X P]dfbEbÂ[^D@7214=kXZ[8A>14bBmÒVH5#?�p 1cpÁD@721|;g[^D@DF[^X [f\�D@721|D@=~df02m@?ED@?B[^0Ýæi[^021Ãdf02A�D@721|;g[^D@DF[^X [f\6D@721X�df0:D@bB1c5^=F1OmFng1ON4D@?Ehj14bE9jpU¥y721OmF1ÁDI3o[ÂA>14n>D@72m�df=F1YD@721`[^0>bE96[^;:h<?B[^v2mUNidf02AJ?BA2dfDF1Om�\S[^=Ud¡D@7214=@X�dfb<;g[^v>02A2df=@9b¿dO9j14=i5�D@721 � Ê ��;{1ONidfv2mF1Q[f\oD@721�b¿df=@aj1�DF14XQn{14=~dfD@v>=F1ZNO[^0:D@=~d^mFDW;g14Dr3o1O140¤D@721�X�df08D@bB1Zdf02AÃD@721QNO[^=F1df02A
D@721 ;5;c� AJ?BmFNO[^0:D@?E08v>?EDI9¤?E0
D@721¦Nid^m~1Om¢[f\¡b¿dO9j14=F1OA¸NO[^08hj1ON4D@?B[^03¡?ED@7D@721Zn>=F1Om~1402NO1¦[f\sd �rmF1ONO[^02Ad^m@D@721402[cm@n>7214=F1 �¡d^mUm@v>acaj1Om@DF1OAl;:9¦µ � ª � ª � ª �s������� ��ª �z���c�c�c�  2[^=�[f\°mF1ONO[^02A2df=@9¢n>bEv>XZ1`v>n:3o14bEbE?E0>ajm\S=F[^X$D@721QmFv>ng14=@n>bEv>XZ1OmWD@7edfDÂn{[^02AÃ;g14021idfD@7¨D@721lD@=~df02m@?ED@?B[^0¨æi[^021cplÇ�bEv>XZ1Q[^=@?Eac?E0¨bB[<NidfD@?B[^02mW?E0ÃD@721XQ?BA<G�X�df0:D@bB1#7edOhj1y;{1O140�mFv>acaj1Om@DF1OAwPS1cp a2pE5c=F1ONO140:D@bE9l;:9Zá � ¶ � ª �6���c�c�cè  tVH5j72[�3o14hj14=i5jD@7214=F1y?BmU02[Âm@n{1ON4?LCeNA>14n>D@7w\S=F[^X 3¡7>?BN~7zmFv2NF7�XQ?BA<G�X�df08D@bB1�n>bEv>XZ1OmxNO[^v>bBA|=@?BmF1cpyqID#?BmxdfbBmF[ZAJ?�h�N4v>bEDxDF[�mF14D�v>nzdf0:9kXZ[<A>14b\][^= �r/s02A>14=FmF[^0>?¿df0&��DI9<n{1Oms[f\Ádf02[^X�dfbE?B1Omi5{m@?E02NO1�D@7214?E=xm@7edfn{1OmÂdf=F16v>0>�<02[i3¡0�d^m�3`14bEb�p#¥y7214=F1H\][^=F1c5°3`1=F1Om@D@=@?BN4D�[^v>=Fm~14bEhj1Om#DF[Q[^0>bE9kDI3`[Qn>bEv>XZ16[^=@?Eac?E0�bB[<NidfD@?B[^02m#[^=�A>14n>D@7|1H�<DF1408DFmip
i6ÐÜÏ ��� � �UÖ{Ú "$��ÔsÕ � ×#Ô � � Ù¢Ö �¡Õ°ÚF×#Ô �#ÔlØ Ø �¡Õ ���¢Ö{× � � ���eÚ~Ô �

¥y7>=F1O1£1H�<n{14=@?EXZ140:D�NO[^0JC2acv>=~dfD@?B[^02m�3o14=F1£mF14D6v>n
?E0[^=FA>14=¢DF[�m@9Jm@DF14X�dfD@?BNidfbEbE9�m@D@v2AJ9¨D@721�3`dOhj1HCe14bBA1HKM1ON4DFm�[f\Yn>bEv>XZ1Oms?E0waj140214=~dfb�5Mdf02A�[f\�D@721�qÞNO14b¿df02A�m@D@v2AJ9½Nid^mF1�?E0wnedf=@D@?BN4v>b¿df=ip#¥y721ldf?EX ?Bm�[^;>D~df?E0¨dmF14?Bm@XZ[^XZ14DF14=UNO[^0JC2acv>=~dfD@?B[^0�D@7edfD§mFnedf02m�[�hj14=�D@721`140:D@?E=F1¡df=F1id#[f\e1H�Jn{1ON4DF1OA�n>bEv>XZ1HG�n{14=@D@v>=@;g1OAQdf=@=@?EhcdfbBm3¡?ED@7dwA>1402m@?EDI9¨m@v2N~7¤D@7edfD¢mFX�dfbEbÁmFNidfbB1�\]1idfD@v>=F1Om¢[f\yD@721Zn{14=@D@v>;{1OA¨3`dihj1HCe14bBA¸df=F1Z02[^D�XQ?BmFmF1OAMp � 0D@721�[^D@7214=s7edf02AM5e?EDsA>[81Om�02[^D�X�df�j1�m~1402mF16DF[Q3`[^=@�½3¡?ED@7|mF14?BmFXZ[^XZ14DF14=s0214Dr3o[^=@�wD@7edfDxNidf0�0214hj14=�;{1=F1idfbE?Eæi1OA¨?E0Ã=F1idfbY1H�Jng14=@?EXZ1408DFmip¢R§?E0edfbEbE9j5MD@721ZdfXZ[^v>08D�[f\`A2dfD~d£=F1OmFv>bED@?E0>ak\t=F[^X.D@721l0214DI3`[^=@�¨m@72[^v>bBAm@D@?EbEbM;{1Ân>=F[8NO1Om~m~df;>bB1W3¡?ED@7|dl=F1id^mF[^0edf;>bB1¢1HK{[^=@Dip
��� ��� � 
�,� � � ���
	 �'� !��1*��'�
R2[^=UD@721oaj140214=~dfb2m@D@v2AJ9WDI3`[WAJ?LK{14=F1408D��8?E02A>m§[f\e=F1ONO14?Ehj14=YNO[^0JC2acv>=~dfD@?B[^02mÁdf=F1ov2mF1OAMp � 021c5^D@7edfDUNO[^02mF?Bm@DFm[f\ ±i² bE?E021Om£[f\6=F1ONO14?Ehj14=Fm£3¡?ED@7�NO[^02m@D~df08D½14n>?BNO140:D@=~dfbWAJ?Bm@D~df02NO1Omkdf=F[^v>02A ²c� A>14ac=F1O1Omip�¥y721�b¿df=@aj1Om@D1H�JDF1402m@?B[^0[f\sD@721OmF1�bE?E021OmQdf=F1¦DI3`[|D@?EXZ1OmlD@721¦;>?Eacaj1Om@D�n>bEv>XZ1�XZ[<A>14b¡AJ?¿dfXZ14DF14=i5�?�p 1cp ;c�c� �8Xwp � 021

;76



=F1id^mF[^0½\][^=�N~72[8[cm@?E0>a�D@7>?Bm�1H�JDF1402m@?B[^0w3`d^msD@7216m@D~dfDF14XZ1408Ds[f\ ��� ® �#����� ·4¹¡º^»E¼ �E±i²c²c³  �D@7edfD�D@721Â\S[<NidfbbB140>acD@7Ã[f\odZn>bEv>XZ1¢?Bm�Dr3¡?BNO1�?EDFmxAJ?¿dfXZ14DF14=ipxR2[^=sD@721lA>1H\�dfv>bEDxAJ?¿dfXZ14DF14=Â[f\Á[^v>=sXZ[<A>14b¡P �c�c� �8X¦V#D@7>?Bm3o[^v>bBAÄ;g1 6:�c� �<Xw5Y72[i3`14hj14=i5`?E0¸Nid^m~1£[f\Wd ±i�c� �8X�G�=~d^AJ?Ev2m � dfv2mFm@?¿df0¸n{14=@D@v>=@;edfD@?B[^0�\tv>02N4D@?B[^0�5ÁD@721d^N4D@vedfbÂ1H�<DF1402m@?B[^0�[f\WD@721�n{14=@D@v>=@;{1OAÄæi[^021|?Bm�3¡?BA>14=i5¡X�di98;{1|df;{[^v>D ±ièc� �<Xwp ¥�[¤D~df�j1�D@7edfD¦?E08DF[d^NONO[^v>0:Di5U3`1¦N~72[cmF1kdf0
1H�JDF140:D�[f\ ;c�c� �<XË\S[^=¢D@721¦df=@=~dO9jp�Ê|[^=F1O[�hj14=i5Ydf0¸dfn{14=@D@v>=F1�[f\ ;c�c� �<X 3yd^mN4b¿df?EXZ1OA¸DF[Ã;{1£[^n>D@?EX�dfb¡?E0�D@721£n>=F[^n{[cm~dfby\][^=lD@721kÉ�v>=F[^n{1idf0 � NO1idf0ÄÇ�bEv>XZ1½ÇY=F[fçÜ1ON4D�P ¬ ��� �#�����·4¹`º^»E¼ ���c�c�c�  tVH5>D@721WA>1402mF1Ânedf=@D#[f\§D@721WÇ ��>xÊ|É�n>=F[fç@1ON4D¡\][^=¡Íxdi3`df?E?�7ed^m#dfbBmF[Zdf;{[^v>D¡D@7>?Bm¡1H�JDF1402m@?B[^0�5df02A�D@721�É�?L\S14bon>bEv>XZ1Qn>=F[fç@1ON4D�v2mF1OA¤df0¸df=@=~dO9�[f\ èc�c� × èc�c� �8Xwpk¥y721OmF1�1H�>dfXQn>bB1Omlm@72[i3ÅD@7edfD�m@v2N~7df0|1HKM[^=@D�?Bm�\]1id^m@?E;>bB1¢df02A�=F1idfbE?Bm@D@?BNW\][^=#\Sv>D@v>=F1�1H�Jng14=@?EXZ1408DFmip#¥y721¢aj1O[^XZ14D@=@9w[f\Á[^v>=xdf=@=~di9w?Bm�m@72[�3¡0?E0�R§?Ea2pY_Jp � p�¥y7>?BmZaj1O[^XZ14D@=@9j5¡[^=@?Eac?E0edfbEbE9¸m~14DZv>n¸\S[^=£d ²c� ◦ AJ?Bm@D~df0:D¦n>bEv>XZ1c5o?Bm¦dfbBmF[¨v2mF1OA\][^=QD@721[^D@7214=¡n>bEv>XZ1xbB[8NidfD@?B[^02my?E0½[^=FA>14=¡DF[�NO[^XQnedf=F1ÂD@721x=F1Om@v>bEDFmip�¥y721Â08v>X�;{14=@?E0>a�[f\�D@721x=F1ONO14?Ehj14=Fm¡D@7edfDy?Bmv2mF1OA�D@7>=F[^v>ac72[^v>DxD@721¢=F1Om@Dx[f\YD@721�DF1H�JDsNO[^02m@?BmFDFms[f\�\][^v>=xAJ?Eac?EDFm�5e3¡7214=F1¢D@7216C2=FmFD�DI3`[£=F14n>=F1OmF140:DxD@721bE?E021l0:v>X¢;g14=ZP ± �<�c� Vxdf02AzD@721�b¿d^m@DxDI3`[kD@721�=F1ONO14?Ehj14=W08v>X�;{14=ZP ± �°±i² V�[^0ÃD@721¢bE?E021cpWq�\Á[^021¢D~df�j1Om6dfbEb=F1ONO14?Ehj14=Fm#3¡?ED@7�D@721Wm~dfXZ1W=F1ONO14?Ehj14=#08v>X�;{14=s[^0216[^;>D~df?E02m�dQ=F1ONO14?Ehj14=�m@D@=@?E0>aZ3¡?ED@7wNO[^02m@D~df08DxdfæO?EX¢v>D@7�pÈ�1ONO14?Ehj14=lbE?E021 ±i����� df02A�=F1ONO14?Ehj14=Qm@D@=@?E0>a ����±i� =@v>02m¢D@7>=F[^v>ac7D@721�n>bEv>XZ1£NO140:DF14=i5U=F1ONO14?Ehj14= ±i�J±i�?Bm6D@78v2ml=@?Eac7:DQdfD�D@721Zn>bEv>XZ1£NO140:DF14=ip Û [^DF1�D@7edfD�D@721kdf=@=~dO9¨?BmlmF14D6v>n¤DF[�;g1¦A>1402mF14=ldfD¢D@721�NO1408DF14=df02A¨?BmÂ02[^D�mF98XQXZ14D@=@?BNZdf=F[^v>02A¨D@721Zn>bEv>XZ1c5�;{1ONidfv2mF1�D@721Q=F14ac?B[^0�;{147>?E02AÃD@721Qn>bEv>XZ1Q3¡?EbEb�;{1�XZ[^=F1?E0 �2v21402NO1OAk;:9�D@721s1HKM1ON4DFmy[f\�D@721�n>bEv>XZ1cpÁ¥y721sm@D~dfD@?B[^0½m@ned^N4?E0>a�[f\ èc� �<±i�c� �<X ?BmydfbBm~[�=F1idfbE?Bm@D@?BNc´Jm@v2N~7?E0:DF14=ÜGImFD~dfD@?B[^0wAJ?Bm@D~df02NO1Omy7edOhj1x;{1O140¦=F1idfbE?Eæi1OA£?E0£ned^m@D`1H�Jn{14=@?EXZ140:Di5>1cp a2pU?E0½qrNO14b¿df02AÃP � 7edfn>DF14= 6 VHp � 0D@721k[^D@7214=�7edf02AM5�D@721km@D~dfD@?B[^0�A>1402m@?EDI9
?BmlmFvIh�N4?B140:DQDF[z=F1OmF[^bEhj1£D@721£3`dOhj14bB140>acD@72mZ=F14bB14h^df08D�\S[^=�[^v>=m@?EX¢v>b¿dfD@?B[^02msm@?E02NO1ÂD@7216?E0:DF14=ÜGIm@D~dfD@?B[^0zAJ?Bm@D~df02NO1W?Bm#m@X�dfbEbB14=�D@7edf0wD@7216m@72[^=@DF1Om@D¡3ydOhj14bB140>acD@7�p
� � � �"� 	 �'� � �1*����
¥y721QmF1ONO[^02AÃ=F1ONO14?Ehj14=�NO[^0JC2acv>=~dfD@?B[^0NO[^02m@?Bm@DFm6[f\yNO[^02NO140:D@=~dfbo=@?E0>ajm6[f\o=F1ONO14?Ehj14=Fmldf=F[^v>02A¨D@721�n>bEv>XZ1NO140:DF14=½PSR§?Ea2p�_Jp ³ VHpk¥y721Q=F1ONO14?Ehj14=FmQdf=F1Qn>b¿d^NO1OA
dfDlm@DF14n2m6[f\ ±i� A>14ac=F1O1Om¢bB1id^AJ?E0>a�DF[|_ ; =F1ONO14?Ehj14=�n{14==@?E0>a2p¨¥y7214=F1½df=F1�0>?E021£=@?E0>ajm½PSÈ ± GIÈ ² VH5U3¡?ED@7�AJ?¿dfXZ14DF14=Fml\t=F[^X èc� �8X v>nDF[¨dfa:df?E0
Dr3o[ÃD@?EXZ1OmlD@721;>?Eacaj1Om@Dyn>bEv>XZ1xXZ[8A>14bMAJ?¿dfXZ14DF14=i5J?�p 1cp ;c�c� �<Xwp�¥y721OmF1�=@?E0>ajm#df=F1ÂmF14D`v>n£DF[lNidfn>D@v>=F1xn{[^DF140:D@?¿dfb�1HKM1ON4DFmdfDo[^=ydf=F[^v>02A�D@721sn>bEv>XZ1s=@?EXw5:;{[^v>02A2df=@9Z1HK{1ON4DFm`14DFNcp�Êz[^=F1O[ihj14=i5<D@721�NO[^02m@D~df08Dy0:v>X�;{14=y[f\�=F1ONO14?Ehj14=Fmn{14=o=@?E0>a�bB1id^A>myDF[�d�7>?Eac7214=¡m@D~dfD@?B[^0½A>1402m@?EDr9�?E0£D@721ÂAJ?E=F1ON4D`h<?BN4?E0>?EDI9£[f\�D@721xn>bEv>XZ1cp�¥y721x=F1ONO14?Ehj14=#qrTÂmdfbBmF[¢NO[^02m@?Bm@Do[f\ 6 AJ?Eac?EDFmi5:;{14ac?E0>0>?E0>al3¡?ED@7¦È«P�\S[^=Á=@?E0>a8VH5:\][^bEbB[i3`1OA�;89ZD@721#=@?E0>a¢0:v>X¢;g14=6P ± G ² VYdf02A�D@7210:v>X¢;g14=l[f\`D@721�=F1ONO14?Ehj14=l[^0¨D@721Q=@?E0>a¤P ± Gr_ ; VHpZ¥y721Q08v>X�;{14=@?E0>a�?Bm6mFv2NF7�D@7edfDWD@721Q=F1ONO14?Ehj14=Fm¢[^0¨D@721ac=F1idfD�N4?E=FN4bB1WD@7>=F[^v>ac7z14n>?BNO140:DF14=Âdf02Akn>bEv>XZ1�NO140:DF14=xdf=F1W0:v>X¢;g14= ±i³ PSN4bB[cmF1Om@D#DF[�D@7216m~[^v>=FNO1�V¡df02A�_ ;P�\�df=@D@721Om@DÒVH5J0:v>X¢;g14= ² ?Bm`DF[lD@721Â=@?Eac7:D�d^mymF1O140£\t=F[^X D@721ÂmF[^v>=FNO1c5>NO[^02mF1Ou8v2140:D@bE9£0:v>X¢;g14= ��� ?Bm`DF[lD@721bB1H\SDi5>m@?E02NO1WD@721W08v>X�;{14=@?E0>a�?Bm#N4bB[<NF�<3¡?BmF1cp
� ���'� ��� ���)� �'!��.� � � �	�)
 * �R2[^=Âm@D@v2AJ9<?E0>a£D@721¢bB[^0>a^GIAJ?Bm@D~df02NO1l;{147edOh<?B[^=Â[f\oD@721�3ydOhj1HCe14bBAÃh<?E=@D@vedfb�=F1ONO14?Ehj14=FmÂ3`14=F1 �I?E02mFD~dfbEbB1OA��l[^0D@721Qac=F1idfDÜGIN4?E=FN4bB1¦D@7>=F[^v>ac7¤D@721Z14n>?BNO1408DF14=�df02A¤D@721Qn>bEv>XZ1|Pt7214=F1id�\SDF14=�XZ[cmFD@bE9z=F1H\]14=@=F1OA¨DF[�d^m�ac=F1idfDÜGN4?E=FN4bB1�VHpY¥y72149£7edOhj16df0½?E08DF14=ÜGIm@D~dfD@?B[^0�m@ned^N4?E0>aZ[f\ ± ◦ P ∼ ±c±c± �<X¦VHpY¥y721OmF1WmFD~dfD@?B[^02my3o14=F1Wv2mF1OA¦\][^=yD@721acbB[^;edfb�mF14D#[f\UD@7216mF14?BmFXZ[^ac=~dfXZm�m@72[�3¡0w?E0 � 7edfn>DF14= � 5>R§?Eajmipe_Jp ��� _Jp 6 p
��� �)� �	��*���� � � �	��
 * �

R2[^=`D@721smFng1ON4?LCeNsm@D@v2AJ9Z[f\�D@721sqÞNO14b¿df02AZn>bEv>XZ1Âdf0½d^A>AJ?ED@?B[^0edfb{m~14Do[f\�=F1ONO14?Ehj14=Fm`?BmÁv2m~1OAMp§qrDoNO[^02mF?Bm@DFmo[f\;{[^D@7½DF14XQng[^=~df=@9½df02Akng14=@X�df021408Dsm@D~dfD@?B[^02m#?E02m@D~dfbEbB1OA½[^0wqrNO14b¿df02AMpÁ/�nedf=@Dy\S=F[^X D@721Âng14=@X�df021408DÂÌ<q �0214DI3`[^=@�Ãdf02AzD@721�A>14n>bB[i9<XZ140:DFmW\S[^=xD@721�Í � ¥�Ì<Ç � ¥«df02AÃq � ÉYÊ|É��8¥«1H�Jng14=@?EXZ1408DFm6[<NO1idf0|;{[^D@DF[^X
;cè



Titlke

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0119

0101

2001

2019

1010

Greenland

direction of

wave incidence

Jan Mayen

Scotland

Shetland

Orkney

Faroe

100km 50km

��������� · �8¼��O �U�L����' �!# �O���!�L�4�O�1�3,<�&�<)
�!)
,��(,<�<� ���3,7F #��!� ��0*�&�U�!�L��F5'�-T.102,$�!���������! ;�N���X��02, ,7F�K*,M�N�O 2F
��02,
67,< B�(,<�D�!���������! �O�3,��O * 2�4�����(,7F = ����0 ��02,<���  E�5) �;,<�<�+#V�!� ���������!���������� IK ��02,+ 2�!)
,< 26<�R���L�5�3,�� ��02,
_*�<�!� ��=A�9F���K���� �H�� 26<�3,d�>�3, = ����0"F��&�����O 267,p8�b
�!Y aIbdC ��02, ��0*���3FS�O 2F9#��!�!��0"F���K���� �3,V?E�3,M�3,< B�+��02,
� 12�3,��
= ����0 �3,M��?W,76�� �(�+��02, K��3,d����6<���36<��,+8�b
����� � �q= ����0 ��b��;,<�� IK
��02, K��3,d���A6<���36<��,�?A���L�������! ICO-	� �4�(,$��0B��� ��02,
�!���������! F*,< ;�L����' F*,76<�3,d�>�3,M� #��3�!) �4b2Z�) �(� ��b�b2Z�) �(�5=]�O�3F4�T��02,$,7F�K*,M��- � �!�3,7� �>,<� �1��02,U�O�L���d' �&�  2�4�
�('*)+)
,����L��6J�� ��02,TF����3,76������! �!# = ���>, ?E�3��?q��K��������! Q-
.102, ���46VZ�K��3�4�5 2F )P�3?"�<02�>=W�
��02,H�M67,<�R�O 2F9�3,LK����! �U= ����0G�R�O 2F�)P�>�<�3,M�D�O 2F9�&�L�R�O 2F4�D�O * 2�4�����(,7Fp#V�!�
�R���(,<�X�3,<#V,<�3,< 267,O-

mF14?Bm@XZ[^XZ14DF14=Fm¡[f\§D@721 >�0>?Ehj14=Fm@?EDr9¦[f\�ÍÂdfX�;>v>=@a£df02A¦D@721 � É � Ê|/xÈ�=F1OmF1idf=FNF7wNO1408DF14=¡3o14=F1WA>14n>bB[�9j1OAdf=F[^v>02A�qÞNO14b¿df02AMpZ¥y7214?E=6bB[<NidfD@?B[^02m63`14=F1Qn>=F[ih<?BA>1OA�;89 ��� á �§��� Ptng14=Fm~[^0edfbÁNO[^XQX�v>0>?BNidfD@?B[^0°V¢df02A3o14=F1l?E02N4bEv2A>1OAz?E0:DF[£D@721¢ng[<[^bU[f\Yh8?E=@D@vedfbU=F1ONO14?Ehj14=FmipÂ/-X�dfn¨m@72[i3¡?E0>awdfbEbUm@D~dfD@?B[^02mÂ[^0zqÞNO14b¿df02Azv2mF1OA\][^=¡D@7>?Bm#m@D@v2AJ9½Nidf0½;g1x\][^v>02A½?E0 � 7edfn>DF14= 6 5>R�?Ea2p 6 p ±c± p
;5;



330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

09

27

01R9

R1

36

18

��������� · �8¼ %� 3X�� IK4�$�!# � �N�3,767,<� �>,<�<� ���A���4F����W�!# �4b � ��b�b � � �4b �EaIb�b �Ea	�4b � �4b�b � ��b�b � �4b�b �2�O 2F ��b�b2Z�)
8 3 � �R-7-7- � 3 � ���3,M�V?W,76���� �>,<�:'IC �O�3�4�5 2F
��02, ?E���5)
, 67,< B�(,<��-X.102, �����������! 67��F*, �&� 67�!) ?A���3,7FP�!# ��02, ��,��L�(,<�
� 3 �d?E�����N��02,X�L�� IKD E�5) �;,<�X#��!�����5=W,7F �3'9��02,X�3,767,<� �>,<�  E�5) �;,<�N�!# ��02, �L�� IK4�O- 3N,767,<� �>,<�  E�5) �;,<�L�� IK��&�
6d�O�L�L��,7F �4�*� 6<����6VZ*Y[= �&�3, �!���O�!���� IK ��� ��b

◦
� 1"��02,NK��3,d��� 6<���36<��,O- \2�!�D,L%;�O) ?E��, � 3 �4b �+�&�+��02,T�3,767,<� �>,<�

�� 9�L�� IK � 8 a	�4b2Z�) #R�3�!) ��02,U?E���5)
,D67,< E�(,<�[CP= ����0 ��02,T�R�O�[K*,M�!� F��&�����O 267,P�(� ��02,T�L��K�0B�$�!# ��02,NK��3,d���
6<���36<��,O-

l'&(%)&+* � 1�� /�'�/*� / %!3 ��-��/# %���/ %(��� /�!��$� /*� �53 %(' ����� � %(��� /*�
¥y721knedf=~dfXZ14DF14=FmZ[f\xD@721kXZ[8A>14bB1OA�1idf=@D@72u8vedf�j1OmZ[^0>bE9¸NF7edf0>aj1k?E0Ä14n>?BNO140:D@=~dfbsAJ?Bm@D~df02NO1wdf02A�A>14n>D@7�p¥y721lXZ[^XZ140:D6DF1402m~[^=Wdf02AzD@721½Pt;ed^NF�8GÞVxdfæO?EX�v>D@7
df=F1l�j14n>DÂD@721�m~dfXZ1¢\S[^=ÂD@721�AJ?LKM14=F140:D6m@?EX¢v>b¿dfD@?B[^02m?E0¦[^=FA>14=oDF[W?BmF[^b¿dfDF1�D@721#?E0 �2v21402NO1s?E0�14n>?BNO140:D@=~dfbMAJ?Bm@D~df02NO1xdf02A�A>14n>D@7�3¡72140£NO[^XQnedf=@?E0>a¢D@721sAJ?LK{14=F1408DmFNO140edf=@?B[cmip�¥§df;>bB16_Jp � ac?Ehj1OmyD@721x1idf=@D@72u8vedf�j1xnedf=~dfXZ14DF14=Fmy\][^=oD@721ÂmFNO140edf=@?B[cmi5>R§?Ea2pJ_Jp ² ?EbEbEv2m@D@=~dfDF1OmyD@721bB[<NidfD@?B[^0�[f\§D@721�1idf=@D@72u:vedf�j1Om�3¡?ED@7w=F1Om@n{1ON4D¡DF[QD@721WqrNO14b¿df02Awn>bEv>XZ1cp
∆ ���
	 ◦¥y721�A>1H\�dfv>bED�mF14D@v>n�\][^=�D@7>?Bmlm@D@v2AJ9¨?Bm6D@721£[^021Z3¡7214=F1¦D@721Zn>bEv>XZ1¦?Bm�dfDldf0
14n>?BNO1408D@=~dfb¡AJ?Bm@D~df02NO1¦[f\df=F[^v>02A ²c� A>14ac=F1O1Om�p�¥y721s1H�2d^N4DohcdfbEv21s?Bm

∆ 5 ²c� p è�� ◦ 3¡7>?BN~7kNO[^=@=F1OmFng[^02A>m`DF[¢D@721s14n>?BNO1408D@=~dfb�AJ?Bm@D~df02NO1[f\MD@721 Û [ihj14X¢;g14= ±i� 5 ±i²c²5; Ê
W 5 � p � Ç§14=@v£1idf=@D@72u8vedf�j1s3¡?ED@7�=F1Om@n{1ON4DÁDF[�D@721�qÞNO14b¿df02AZn>bEv>XZ1cp)�y[^D@7�5D@721�1idf=@D@72u:vedf�j1Zdf02AzD@721ln>bEv>XZ1Qdf=F1�A>1OmFN4=@?E;g1OAz?E0 � 7edfn>DF14= 6 ?E0zXZ[^=F1�A>14D~df?EbÁdf02AzD@7>?BmWmF14D@v>nz3¡?EbEb;{1�v2mF1OA�\][^=`d¢qrNO14b¿df02Akm@n{1ON4?LCeNsmFD@v2AJ9jp§¥y7214=F1H\][^=F1c5JD@721xA>14n>D@7½df02A¦D@721sXZ[^XZ140:D¡DF1402mF[^=`?BmymF14DÁDF[¢D@721hcdfbEv21OmW[f\ÁD@7>?BmW14hj140:DiplR2[^=ÂD@721 ± TÆXZ[<A>14bBmÂD@7>?BmÂXZ1idf02mÂ02[£bB[cmFmÂ[f\oaj140214=~dfbE?EDr9z1H�>NO14n>DWD@721�A>1ON4?Bm@?B[^0\][^=�dlXZ[^XZ140:D�DF1402m~[^=sdf02A½D@7:v2m#\S[^=�dl=~d^AJ?¿dfD@?B[^0|nedfD@DF14=@0�[f\UD@7216mF[^v>=FNO1cp¥y7216AJ?BmFD~df02NO1W[f\ ²c� A>14ac=F1O1Om¡7ed^msdfbBmF[QmF[^XZ1Âaj1O[^XZ14D@=@?BNidfb§d^AJhcdf0:D~dfaj1Om�p�À�72140½v2mF?E0>aZD@721Â7:9<;>=@?BANO[<A>1Omi5�d^mÂ[^=@?Eac?E0edfbEbE9|n>b¿df0>021OAM5MD@721Q_^TsGImF1ON4D@?B[^0�[f\ÁD@721�NO[<A>1l7ed^mÂD@721¢;{1Om@Dxaj1O[^XZ14D@=@?BNidfbYn>=F[^n{14=@D@?B1Omi5

;��



� 
 � � �	��
 *�� ÉÁdf=@D@72u8vedf�j1 ± ÉÁdf=@D@72u8vedf�j1 � ÉÁdf=@D@72u8vedf�j1�_
� [^v>0:D@=@9 � Ç§14=@v �b¿dfD@?ED@v2A>1 �5; p ³c²5;c² ◦ Û ±iè p �76 ◦ Ì ècè p �c�J± _ ◦ ÌbB[^0>ac?ED@v2A>1 èc³ p è5;5;5; ◦ À �^è p�_ � ◦ À ±i�c� p �c²5;c� ◦ ÀA>14n>D@7 ;c�c� �<X _ � p 6 �<X èc�c� XAJ?Bm@D~df02NO1 6:è ◦ ²c� p è�� ◦ ± _ è ◦

� 
 ���"* � � ��*�� 
���� PSÊ
w 5 � p � VÊ

rr

_Jp�_ ³�� ×1020 Û XÊ
tt

G 6 p è5;c� ×1019 Û XÊ
pp

G � p ² _ ± ×1020 Û XÊ
rt

G � p ³c²c� ×1019 Û XÊ
rp

G � p ;c³�� ×1020 Û XÊ
tp

± p ³cè�� ×1020 Û X
� º��H»E· �8¼&	�]?q�O���O)
,��(,<�<� �!# ��02,J)
��F*,<��,7F ,d�O�!��0,*�4�OZI,M�

?�p 1cpE5°D@721�=~dfD@?B[£[f\YD@721�ac=@?BA|?E0
ϕ
df02A

θ
AJ?E=F1ON4D@?B[^0Ã?Bmxdf;{[^v>Dx[^021£PSmF1O1 � 7edfn>DF14= � VHpsÊ|[^=F1O[�hj14=i5g3¡72140mF14D@D@?E0>a¦v>n�NF7edf?E02mÂ[f\�=F1ONO14?Ehj14=Fm�3¡?ED@7zNO[^02m@D~df0:Dx14n>?BNO140:D@=~dfb�AJ?Bm@D~df02NO1�D@721OmF1Â\][^=@X$d�=F1ON4D~df0>acv>b¿df=xac=@?BAPSmF1O1WR§?Ea2p>_Jp � VHpY/s02[^D@7214=¡=F1id^mF[^0k\S[^=#mFD@v2AJ98?E0>aQD@7>?Bm¡14n>?BNO1408D@=~dfb�AJ?Bm@D~df02NO1Â?BmyD@721x\�d^N4D¡D@7edfD¡D@721Ân>bEv>XZ1dfD`D@7>?Bmon{[cm@?ED@?B[^0£?Bm`=@?Eac7:Dy;g1H\][^=F1sD@721ÂÌ:G�3ydOhj1Wm@7ed^A>[�365J?�p 1cpE5<AJ?E=F1ON4D¡ÇUGYdf02AwÌ:G�3`dihj1Om#df=F1xmFD@?EbEb°n>=F1OmF1408Dip

∆ ����� ◦¥y721½mF1ONO[^02A�1idf=@D@72u8vedf�j1½XZ[<A>14bB1OA¸?BmZdÃA>1O14nÄ[^021wdfD
∆ 5 6:è ◦ 14n>?BNO140:D@=~dfb�AJ?Bm@D~df02NO1w?E0�dÃA>14n>D@7Ä[f\;c�c� �<Xwp§¥y721�14n>?BNO140:D@=~dfb{AJ?Bm@D~df02NO1¡7ed^m�;{1O140ZNF72[cmF140�\S[^=�Dr3o[�=F1id^mF[^02mipUR§?E=Fm@Di5:dfDÁdWN4bB[cmF1¡AJ?BmFD~df02NO1¡D@721NO[^=F1HG�=F1��e1ON4DF1OA½n>7ed^mF1Om�5<mFv2NF7wd^m�Ì<N�Ì£df02A£ÇÁNOÇ�7edOhj16d¢hj14=@9�m@DF1O14nk?E02N4?BA>1402NO16df02AkD@78v2m¡m@ng1402A½d�bB[^0>aD@?EXZ1Q?E0
D@721Qn>bEv>XZ1cp¦/xm�d½NO[^02m~1Ou:v21402NO1�D@72149ÃmF72[^v>bBA¨;g1�m@D@=F[^0>acbE9Ã?E0 �2v21402NO1OA�;:9ÃD@721�n>bEv>XZ1�df02A\S=F[^X.=~dO98G�D@721O[^=F14D@?BNidfbÁn{[^?E0:D6[f\oh<?B143«D@72149Ãm@72[^v>bBA�d^NOu:v>?E=F1Zd£b¿df=@aj1�D@=~dihj14bLG�D@?EXZ1�A>14b¿di9jp�Ì<1ONO[^02AM5 6:èA>14ac=F1O1OmY3¡7214=F1¡N~72[cmF140ZDF[6mÒdfXQn>bB1#dÂAJ?Bm@D~df02NO1�dfD�D@721¡bB[�3o14=Á;{[^v>02AQ[f\{D@721¡14n>?BNO140:D@=~dfb°AJ?BmFD~df02NO1¡=~df0>aj1cp/yDW_ � ◦ mF[^XZ1¢n>7ed^mF1OmWdf=F1¢?E0|D@721¢D@?EXZ1l=~df0>aj1¢[f\ÁD@721lm@v>=Ü\�d^NO1�3ydOhj1OmZPSmF1O1lR§?Eajmip{_Jp ��� _Jp 6 VH5M1Om@ng1ON4?¿dfbEbE9D@721¢Ì<N�Ì:G�n>7ed^mF1�3¡7>?BNF7z?Bm#[f\�?E0:DF14=F1Om@Dipy/yD 6:è ◦ D@721�Ì<N�Ì:G�n>7ed^mF1�NO[^XZ1Oms1idf=@bE?B14=�D@7edf0|D@7216m@v>=Ü\�d^NO1W3`dihj1df02A½?Bm�dfbBm~[QmF14nedf=~dfDF1OAk\S=F[^X [^D@7214=#n>7ed^mF1Omip¥y721oA>14n>D@7¢[f\ ;c�c� �8X�7ed^m�;{1O140�N~72[cmF140�?E0l[^=FA>14=�DF[¡\Sv>=@D@7214=�14bE?EXQ?E0edfDF1`m@v>=Ü\�d^NO1�3`dihj1Om�df02A6D@7:v2m�DF[140edf;>bB1¡d�\tv>bEbJm@D@v2AJ96D@721y140:D@?E=F1ymF14DU[f\e;{[8AJ98G�3`dihj1yn>7ed^mF1Omi5�\][^=U1H�2dfXQn>bB1`7>?Eac7214=ÜGI[^=FA>14=YNO[^=F1`=F1��e1ON4D@?B[^02mm@v2N~7�d^m�Ì<N�Ì

2
3¡7>?BNF7½7edOhj1¢df0w14hj140wm@DF1O14ng14=y?E02N4?BA>1402NO1�df0>acbB16df02AkX�di9¦D@78v2m¡;{1ÂdfbBm~[�?E0:DF14=F1Om@D@?E0>aQ\][^=n>bEv>XZ1zm@D@v2AJ?B1Omip�Txv21wDF[
D@721�A>1ON4=F1id^m@?E0>aac=@?BA�mF?Eæi1w3¡?ED@7�A>14n>D@7�?E0�D@721 8 � ª � �yª ��� á XZ1Om@7�D@721m@nedfD@?¿dfb§=F1OmF[^bEv>D@?B[^0¤dfDWd�A>14n>D@7¨[f\ ;c�c� �<X$?Bms=F1OAJv2NO1OA¨d^mÂNO[^XQnedf=F1OAÃDF[¦N4=@v2m@D~dfb§7:9<n{[8NO1408DF14=FmipW/smÂdNO[^02mF1Ou8v21402NO1y3¡72140�v2m@?E0>a6dsA>14bED~dÂm~[^v>=FNO1HG�D@?EXZ1`\tv>02N4D@?B[^0�0:v>XZ14=@?BNidfbgdf=@DF1H\]d^N4DFmYdfn>n{1idf=ÁdfD§\t=F1Ou8v21402N4?B1Om7>?Eac7214=�3¡?ED@7Q=F1Om@n{1ON4DUDF[Wm@7edfbEbB[i3ÄmF[^v>=FNO1Om�p§¥y7>?BmUn>=F1Om~140:DFm�02[xn>=F[^;>bB14XÆm@?E02NO1¡ds7>?Eac7214=ÜGI[^=FA>14=xP 6 n{[^bB1OmÒV

�`v>D@DF14=@3o[^=@D@7|C2bEDF14=#?Bm¡m@vIh�N4?B1408D�DF[Q=F14XZ[�hj16D@7216df=@DF1H\�d^N4D¡\t=F[^X D@721WmF14?Bm@XZ[^ac=~dfXZmip
�`9��j1O14n>?E0>a�D@7216Pt;ed^NF�8GÞVUdfæO?EX�v>D@7ZD@721¡m~dfXZ1#d^m§\][^=UD@721¡Ç�14=@v¦1idf=@D@72u:vedf�j1yD@721¡14hj1408DY3o[^v>bBAZ[<NON4v>=?E0ZD@721¡/yD@b¿df08D@?BN � NO1idf0�5<mF[^v>D@7JGI1id^m@DÁ[f\{D@721 �y14=@X�v2A2d^mi5:?L\gD@721#XZ[8A>14bB1OAQn>bEv>XZ1�3o[^v>bBAQ;{1yD@721#qÞNO14b¿df02An>bEv>XZ1�PSmF1O1�R§?Ea2p8_Jp ² VHpU/sa:df?E0�5:v2mF?E0>ald ± T�;ed^NF�<ac=F[^v>02A¦XZ[<A>14b�58D@7>?BmoA>[<1OmY02[^Dyd�K{1ON4DoD@721�aj140214=~dfbE?EDr9jp

;c³



∆ ����� � ◦¥y721½D@7>?E=FA�XZ[<A>14bB1OAÄ1idf=@D@72u8vedf�j1w?Bm�dfD�df0�14n>?BNO140:D@=~dfbsAJ?BmFD~df02NO1w[f\
∆ 5 ± _ è ◦ 3¡?ED@7�=F1Om@n{1ON4DZDF[ÃD@721n>bEv>XZ1c5�dfDkdÃ\][8NidfbxA>14n>D@7Ý[f\6[^0>bE9 èc�c� XZ14DF14=Fmip�¥y721zA>14n>D@7�3yd^m¦N~72[cmF140�DF[¤;g1�D@721�[^D@7214=k1402A<GXZ14X�;{14=Â?E0�D@721¢=~df0>aj1¢[f\Y7898n{[<NO140:DF14=WA>14n>D@72mip�/yDÂm@v2N~7ÃdZb¿df=@aj1¢AJ?Bm@D~df02NO1c5gD@721lm@v>=Ü\�d^NO1�3ydOhj1OmxD~df�j1mF[�bB[^0>azDF[|D@=~dOhj14byD@7edfDlXZ[cm@D�[f\#D@721¦;{[<AJ9z3ydOhj1kn>7ed^mF1Om�NO[^XZ1¦;g1H\][^=F1¦D@721¦m@v>=Ü\�d^NO1¦3`dOhj1Om�p|ÀÝ?ED@7=F1Om@n{1ON4D6DF[kD@721ZqÞNO14b¿df02A�n>bEv>XZ1QD@7>?Bm¢14hj140:D63`[^v>bBA�;{1QbB[<NidfDF1OA¨?E0�D@721ZmF[^v>D@7
Ç§d^N4?LCeNc5�À�1Om@D�[f\ � dfnÍx[^=@0¤PSR�?Ea2p°_Jp ² VHp

��������� · �8¼��� � ��6d�������! �!# ,V?E��67,< E�(,<�<���!# )
��F*,<��,7F ,d�O�!��0,*�4�OZI,M� 8��3,7F �!���O�<�LCH���
∆ =

� �
◦
� ��b

◦
���O 2F

� �
�
◦
= ����0 �3,M��?A,76��X�(� �M67,<�R�O 2FB- �T�4�(,H��0B��� F^��,H�(� ��02, ���7,7F � � ���46VZ�K��3�4�5 2F )
��F*,<� ��02,U)
��F*,<���� IK

�3,M�!�5��� �U�O�3,U 2�4�W�3,M�!���L��6��(,7F �(�P��02,N67�! *_IK^�5���������! p�L02�5=  Q-

l'&(%)&(% �.1 � ! # � % � ��1 � 1 � �5- /Gr %*s�/ � /�'�� % ��� ! 3�1 � /�� � �$��o 1 � 3�/�� #�' � �
R2[^=sD@721Wn>bEv>XZ16XZ[<A>14bBm�A>1OmFN4=@?E;{1OAM5J\Sv>bEb�_^T-3`dihj1HCe14bBA|mF?EX�v>b¿dfD@?B[^02mx3o14=F1¢Nidf=@=@?B1OA�[^v>DipÁ¥y721¢NO[^XQn>vJGD~dfD@?B[^0edfbU1HK{[^=@Ds?Bm�u8v>?EDF167>?Eac7�5°D@7214=F1H\S[^=F1�D@72167>?Eac721Om@Ds\t=F1Ou8v21402N49kD@7edfDxNidf0|;g16XZ[8A>14bB1OAzNO[^=@=F1ON4D@bE9½?BmbE?EXQ?EDF1OAMpUÀÝ?ED@7¦D@721�v2mF1�[f\ �76:� 14bB14XZ140:DFm`?E0¦1id^N~7¦72[^=@?Eæi[^08D~dfb�AJ?E=F1ON4D@?B[^0¦3`1s[^;>D~df?E0½d6m~14D@v>n¦D@7edfDov2mF1OmD@721W=F1OmF[^v>=FNO1Omx[f\UD@7216Í�?ED~d^N~7>?UÌ<È#G ³c�c�c� m@v>n{14=FNO[^XQn>v>DF14=xdfD#D@721 ��14?E;>0>?Eæ4GIÈ�1ON~72140>æi140:D@=@v>X�P ��È��MVy?E0Ê|v>0>?BNF7½?E0kD@721Â;g1OmFD`3ydO9k[f\§dfbEbMD@721xng[cm~m@?E;>bB1ÂmF14D@v>n2mipUÀ¤dOhj1H\][^=@XZm�df=F1WNO[^02m@?BA>14=F1OAk=F14bE?¿df;>bB1WA>[�3¡0wDF[df;{[^v>D ± ; mF1ONO[^02A>mQP ��� � �s� 5gng14=FmF[^0edfb§NO[^XQX�v>0>?BNidfD@?B[^0°VHpWÍx[i3`14hj14=i5{?L\Á[^021ldfn>n>bE?B1Omx7>?Eac7ÃA>14X�df02A>mNO[^02NO14=@0>?E0>alXQ?BmÜC2Do3¡?ED@7¦=F1Om@n{1ON4DÁDF[¢df0edfbE9<D@?BNidfb{mF[^bEv>D@?B[^02mÁD@7>?Bmon{14=@?B[8AQXQ?Eac78Do;{1#7>?Eac7214=i5<m~di9 �c���<�cè mip¥�[£AJ?BmFN4v2mFmxD@721¢=F[^bB1¢[f\YD@7>?BmxXQ?BA<GyDF[�bB[^0>a^G�n{14=@?B[<A�=~df0>aj1¢\][^=smF14?Bm@XZ[^bB[^ac?BNidfbUn>bEv>XZ1lm@D@v2AJ?B1Omx3o1¢D~df�j1dlbB[<[^�kdfD#D@721Wm~14?Bm@XQ?BN6NO[^02AJ?ED@?B[^02m�[f\Un{[^DF140:D@?¿dfb�n>bEv>XZ1�m@?EDF1OmipR2[^=¡[<NO1idf0¦?BmFb¿df02A>mÁD@7edfD#df=F1sD@721sm@v>=Ü\�d^NO1x1H�<n>=F1OmFmF?B[^0¦[f\�X�df089�[f\�D@721sn>bEv>XZ1Omo?E0£D@721s3o[^=@bBA¨PS1cp a2pE5qÞNO14b¿df02AM5�D@721Z/sæi[^=F1OmÒVH5�[<NO1idf0>?BNZmF14?BmFXQ?BN�02[^?BmF1�n>b¿dO9Jm¢df0¨?EXQn{[^=@D~df0:D¢=F[^bB1c5�1Om@n{1ON4?¿dfbEbE9Ã?E0¨D@721Qng14=@?B[<A;edf02A¨df=F[^v>02A ±i� m~1ONO[^02A>mipW/«bB[i3yG�02[^?Bm~1¢3¡?E02A>[�3-\t=F[^X ± �<è mx?BmxXZ[cm@D@bE9zdih^df?Eb¿df;>bB1cp�>s0J\][^=@D@v>0edfDF14bE9j5D@721OmF1|7>?Eac7Ý\t=F1Ou8v21402N4?B1OmkNidf0Ý;{1|XZ[8A>14bB1OAÝ0:v>XZ14=@?BNidfbEbE9�[^0>bE9Ä3¡?ED@7�d¤n>=F[^7>?E;>?ED@?Ehj1¨NO[^XQn>v>D~dfD@?B[^0edfb1HKM[^=@Dip�Ís[�3o14hj14=i523¡?ED@7k?E02N4=F1id^m@?E0>a�\S=F1Ou8v21402N49j5J3`dOhj1Om�;g1ONO[^XZ1xXZ[^=F16df02AkXZ[^=F1x=F14bE?¿df;>bE9£n>=F1OAJ?BN4D~df;>bB1v2m@?E0>aZ=~di9:G�D@721O[^=@9jp

;c²



¥y721£021H�JD¢\S=F1Ou8v21402N49¤3¡?E02A>[i3 D@7edfDQ?Bml02[^DZd�KM1ON4DF1OA
DF[<[zX�v2N~7Ä;:9¤m~14?Bm@XQ?BN£02[^?BmF1£?Bml\t=F[^X �c���èc� mF1ONO[^02A>mip qr0�D@7>?Bmk\S=F1Ou:v21402N49Ý;edf02AM5xC20>?EDF1HG]\S=F1Ou:v21402N49�1HKM1ON4DFm½D@7edfD½;g1ONidfXZ1�XZ[^=F1¤df02A�XZ[^=F1[f\�?E08DF14=F1Om@DQ?E0¸=F1ONO140:DQ9j1idf=Fmi5Y1OmFng1ON4?¿dfbEbE9¤\S[^=ln>bEv>XZ1½m@D@v2AJ?B1OmwPS1cp a2p � � �M� ª2®8® � ·4¹6º^»B¼ ���c�c�76 ;J tVlNidf0dfbE=F1id^AJ9z;g1�XZ[<A>14bB1OAÃ=F1id^mF[^0edf;>bE9Ã3¡?ED@7¨D@721l\tv>bEbLGr_^T Ì8n{1ON4D@=~dfbYÉ�bB14XZ1408D¢Êz14D@72[8AMp�¥�[½A>14XZ[^02mFD@=~dfDF1D@721|?EXQng[^=@D~df02NO1z[f\WC20>?EDF1HG]\t=F1Ou8v21402N49�1HKM1ON4DFm¦?E0�D@721w\t=F1Ou8v21402N49Ä=~df0>aj1zm@D@v2AJ?B1OA�?E0�D@7>?Bm£D@721Om@?Bm�3`1D~df�j1�dkbB[<[^�¨dfDWD@721Q=~dfD@?B[½;{14DI3o1O1403`dihj14bB140>acD@7
λ
d^m�d£\Sv>02N4D@?B[^0¤[f\¡A>14n>D@7df02A¨D@721ZmF?Eæi1

L
[f\¡[^v>=A>1H\�dfv>bEDsn>bEv>XZ1�XZ[8A>14b�\S[^=s;g[^D@7zÇUGydf02A¨Ì:G�3`dihj1OmQPSR�?Ea2p{_Jp ±i� VHp#¥y7>?Bms=~dfD@?B[�?BmsNO[^02m@?BA>14=F1OA|?E02AJ?BNidfD@?Ehj1

0 500 1000 1500 2000 2500
depth [km]

0.5

1

1.5

2

2.5

3

ra
tio

 p
lu

m
e 

w
id

th
 / 

w
av

el
en

gt
h

P wave  100s
P wave    20s
S-wave  100s
S-wave    20s

��������� · �8¼����� 3 ������� ?E���5)
, = ��F^��0 � =]� �>,<��,< IK^��0 �>� � #[�5 26������! �!#1F*,V? ��0 #V�!� aIb �O 2F ��b�b7�J���L�� IK
��02,
 3 	�� )
��F*,<�1�O 2F � ?E���5)
, = ����0 � ���4F������$�!# ��b�b2Z�) -J.102, �>�R�46(Z F*�4�L�(,7FP���� 2,X�� 2F���6d���(,M�T��02,X����)+���
�;,<���>=@= 0*��6(0 _* *���(,�Y�#R�3, ,*��,< 26['p, 1Q,76�� � �;,767�!)
,J�L��K� *��_26d�O E�T8 e �§®:ª �¤����� á ��� ®8ª � `�aIb�b�b[c�� å ®:®:ª ������¤��� � �s� `�aIb�b �<c�CO- � �4�����! ;�J= ����0
� ?W,<�L����FD�!#qaIb � �O�3, � �*�!�3F*,<�X6d�>�3,�����02, 
IY[=]� �>, �&�A���������E� �*��>,
��02, ��0*�3,M�L02�!��F � = 0*����, ��02, �Y[=]� �>,U�� ��02,X���5=W,<�U)P�O B����,J0B�>�U�H���������+�!#1��,M�<� ��0B�O p�! 2,O- 3 ��������� #V�!�U�
� � �  Y[=]���>,U���O IK*, �*,��V=W,7,< � �H�O 2F �
� �O 2F �O�3,T��02,<�3,<#��!�3,N6<��,d�O�L�:' �� 9��02, ���O IK*, = 02,<�3,X���d'p��02,7�!�('
02�!��F4��-

\][^=YD@721¡?EXQn{[^=@D~df02NO1�[f\{C20>?EDF1HG]\t=F1Ou8v21402N49Z1HKM1ON4DFmsPS1cp a2p e �§®:ª �z����� á ��� ®:ª �
���c�c�c�  tVU3¡7>?BN~7�;{1ONO[^XZ1m@?Eac0>?LCeNidf08Ds3¡72140wD@721
L/λ
?Bm#1Ou:vedfb�DF[Z[^=#;{14bB[i3�[^021�P å ®8®:ª �Ä��������� � �s�����c�c�cè  tVHpoÀ�16mF1O1WD@7edfD\][^=�dxn{14=@?B[<Al[f\ ±i�c� mUD@721y=~dfD@?B[Â?BmYN4bB1idf=@bE9l;g14bB[�3Ä[^021c5c3¡7214=F1id^mU\][^= �c� m�ÇUG�3`dihj1OmÁ?EDU?BmU;{14bB[i3�[^021¡[^0>bE9?E0½D@721WbB[�3o14=�X�df08D@bB1¢df02Ak\][^=sÌ:G�3`dihj1Om�3¡?ED@7�D@7>?Bm¡ng14=@?B[<Ak?ED#=F1id^N~721Om#v>nwDF[ � p �cè ;{14bB[i3 D@7216Ê|[^72[>pÀ�1lA>1ON4?BA>1OA�DF[£NO[^02m@?BA>14= �c� m�DF[¦;{16D@721�A>1H\�dfv>bEDÂNO[^=@0214=s\S=F1Ou8v21402N49½v2mF1OA½\][^=�bB[�3yG�ned^mFmxC2bEDF14=@?E0>aD@7216m@9<0:D@7214D@?BN¢mF14?Bm@XZ[^ac=~dfXZm�;g1H\][^=F1�df0:9£\Sv>=@D@7214=�n>=F[<NO1OmFm@?E0>a2poÍs[�3o14hj14=i5gm@?E02NO1W3o1¢df=F1W?E0:DF14=F1Om@DF1OA|?E0=F14b¿dfD@?Ehj1Z1HKM1ON4DFm6[f\on>bEv>XZ1Om¢[^=6AJ?LK{14=F1402NO1Om6;g14Dr3o1O140
AJ?LKM14=F140:D�n>bEv>XZ1QXZ[8A>14bBm�5�mF[^XZ14D@?EXZ1OmW3`1�C2bEDF14=[^0>bE9QdfD ±i� mip Û 14hj14=@D@7214bB1OmFm�5c?ED�?Bm�02[^DÁd^mFm@v>XZ1OAZD@7edfD�D@721y3`dOhj1H\][^=@X dfD�D@7>?Bm�\t=F1Ou8v21402N49¢?BmÁm@D@?EbEb2NO[^=@=F1ON4D?E0zdf0¨df;2mF[^bEv>DF1lmF1402mF1W;>v>Dx=~dfD@7214=xD@7edfDsD@72149½=F1��e1ON4DxD@721�D@=F1402A|[f\Yn>bEv>XZ1¢1HKM1ON4DFms=F14b¿dfD@?Ehj1¢DF[�bB[^0>aj14=n{14=@?B[8A>mipR§?Ea2p>_Jp ±c± m@72[i3#m¡df0½1H�>dfXQn>bB1ÂmF14?BmFXZ[^ac=~dfXÅ\][^=`D@721xÇ�G�n>7ed^mF1s\S[^=¡mF14hj14=~dfb{n>bEv>XZ1xXZ[8A>14bBmWPSA>1H\�dfv>bED

�^�



bB[i3yG�ned^m~m#C2bEDF14=@?E0>a£3¡?ED@7zd � G�n{[^bB1 �`v>D@DF14=@3`[^=@D@7|C2bEDF14=s3¡?ED@7zdQNO[^=@0214=s\S=F1Ou:v21402N49½[f\ �c� m#?Bmxdfn>n>bE?B1OAeVHp¥y721QmF14?Bm@XZ[^ac=~dfXZmW\S[^=WD@721QAJ?LKM14=F140:D6n>bEv>XZ1�XZ[<A>14bBm6AJ?LKM14=W;g14Dr3o1O140¤1id^N~7¤[^D@7214=�df02A¨3¡?ED@7¨=F1Om@n{1ON4D

seconds after origin time

0

g
ro

un
d

 d
isp

la
c

e
m

e
nt

��������� · �8¼R�4�� 
^,<�&�<)
�7K����O)D� #V�!� ��02,  Y[=]���>, ��� ��b
◦
F��&�����O 267, #V�!� �O��� ?E���5)
, )
��F*,<�&�S= ����0 ���5Y

F������
�
��b�b2Z�) -/.102, =]���>,<#V�!�L)D�
F��211,<� �� �O) ?E�����L��F*,P�O 2F ?E0B�>�3,O-/.102, �>�R�46VZ ���� 2,+�&� #V�!� ��02, �5 ^Y

?A,<�!�L�5�	�*,7F  3
	�� )
��F*,<� �2��02, �>����,J�! 2, #V�!�J��02, )
��F*,<�Q= ����0 ��02, 0*��K�02,M�!�E?W,<�!�L�5�	���������! Q-X.102,U�4��02,<�
�3,<�&�L)
�7K����O)D�H�O�3, #��3�!) )
��F*,<�&�P= ����0"��02, �d�O)
, ?W,<�!�L�5�	���������! �I�*�$F��211,<�L�� IK �� �4��02,<�$?q�O���O)
,��(,<�<�
8��!�L��K��� 9F*,V? ��0 �O 2FH?W,<�!�L�5�	���������! #(�5 26������! � �7�O����,M�X�3,7, ��� �>��, ��- �dCO-

DF[kD@721ZÇYÈsÉYÊ�XZ[8A>14b�?E0
dfXQn>bE?ED@v2A>1¦df02A¨n>7ed^mF1cpQ¥y721�n>7ed^mF1ZmF7>?L\tDZPSA>14b¿dO9¨Nidfv2mF1OA�;:9zD@721Qn>bEv>XZ1�V?Bm�m@X�dfbEbyNO[^XQnedf=F1OA¸DF[�D@721¦ng14=@?B[<AMpzÀ¤dOhj1H\][^=@X 1HK{1ON4DFmQdf=F1¦=~df=F1£3¡7>?BNF7¸?Bml=F1��e1ON4DF1OA¸;:9�aj140214=~dfbEbE97>?Eac7¨NO[^=@=F14b¿dfD@?B[^0¨NO[81dh�N4?B1408DFmW3¡72140¨N4=F[cmFmÜGINO[^=@=F14b¿dfD@?E0>a½ÇYÈ�ÉÁÊ 3¡?ED@7zD@721¢n>bEv>XZ1HG�n{14=@D@v>=@;{1OA¨ÇYÈ�ÉYÊmF14?Bm@XZ[^ac=~dfXZm�p�/�0¸1H�2dfXQn>bB1¦?Bmlac?Ehj140�?E0¸R§?Ea2pU_Jp ±i� p¤qID�m@72[i3#m�D@721km@nedfD@?¿dfb¡AJ?Bm@D@=@?E;>v>D@?B[^0Ä[f\xN4=F[cmFmÜGNO[^=@=F14b¿dfD@?B[^0�hcdfbEv21OmY[f\gD@721#Ç¨n>7ed^mF1`\][^=�D@721#m@7edf=@n ;c� �<X«n>bEv>XZ1cp�È#?Eac78D�;g147>?E02AQD@721yn>bEv>XZ1¢Ptac?Ehj140¦d^m;>b¿d^NF�£N4?E=FN4bB1�VÁD@721�hcdfbEv21�?Bmym@X�dfbEbB1OmFDi58?�p 1cpE5<D@721s3`dihj1H\S[^=@X¾1HKM1ON4Dy?BmÁ7>?Eac721Om@Dip�Íx[i3`14hj14=i5>D@721xNO[81dh�N4?B1408D?Bm�m@D@?EbEb ²c² p ècèc³�� p � [^=@=F14b¿dfD@?B[^0�NO[<1dh�N4?B140:DFm�[f\xdf;g[�hj1 ²c³�� df=F1¦Dr98n>?BNidfb�5Á?E0�Nid^mF1Oml3¡7214=F1kD@72149
df=F1bB[i3`14=sD@7214=F1�?Bm#?E08DF14=Ü\S14=F1402NO1¢3¡?ED@7zdf02[^D@7214=xn>7ed^mF1W?E0|D@7216m@n{1ON4?LCeN6D@?EXZ163¡?E02A>[�3#mxdf02A�D@7214=F1H\S[^=F1�D@721NO[<1dh�N4?B140:DsA>[<1Om¡02[^D�NO[^XQnedf=F16D@7216m~dfXZ1Ân>7ed^mF1Omip
¥y78v2mi5JD@721WN4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0�NO[<1dh�N4?B140:DFmsu:vedf08D@?ED~dfD@?Ehj14bE9½NO[^0JC2=@X D@721W[^;2mF14=@h^dfD@?B[^0½D@7edfDy\][^=yD@721n>7ed^mF1Omxv>02A>14=Âm@D@v2AJ9¤PS¥�df;>bB1Q_Jp�_jV#D@7214=F1�df=F1¢02[�[^;8h8?B[^v2mÂ3ydOhj1H\][^=@X.1HK{1ON4DFmÂm@v2N~7Ãd^msn>v>bBmF1lm@n>bE?ED@D@?E0>a[^=x;>=F[jd^A>140>?E0>a2pÂÀ¤dOhj1H\][^=@XZm6df=F1¢[^0>bE9wXZ[<AJ?LCe1OA|?L\odZn>7ed^mF1¢?BmÂA>14b¿dO9j1OAz;:9�D@721�n>bEv>XZ1�m@v2N~7|D@7edfDÂ?ED\�dfbEbBm�?E0
D@721�D@?EXZ1¦3¡?E02A>[i3 [f\sdf02[^D@7214=Qdf=@=@?Eh^dfbWPtbB1OmFm�d�K{1ON4DF1OA
;:9¨D@721¦n>bEv>XZ1�V�df02A
?E0:DF14=Ü\]14=F1Oml3¡?ED@7?EDip�Ì8?E02NO1lD@721OmF1�df=F1¢?E08DF14=Ü\S14=F1402NO1Q1HKM1ON4DFmx3¡?ED@7Ã02[£mF9<m@DF14X�dfD@?BNOmx=~dfD@7214=ÂD@7edf0Ã3`dihj1H\S[^=@X 1HKM1ON4DFmÂ[f\`dm@n{1ON4?LCeNZn>7ed^mF1�3o1Z\S[<N4v2m�[^0
D@721ZX�df?E0¤n>721402[^XZ140ed � D@=~dihj14bLG�D@?EXZ1kA>14b¿dO9¤df02A
dfXQn>bE?ED@v2A>1kN~7edf0>aj1Om

� \S[^=¦3¡7>?BNF7�3o1zA>14hj14bB[^ng1OAÝ=F[^v>D@?E021Om£D@7edfD½1H�<D@=~d^N4D£D@721OmF1zu:vedf08D@?ED@?B1Om¦\t=F[^X D@721|m~14hj14=~dfbs78v>02AJ=F1OAm@9<0:D@7214D@?BN6m~14?Bm@XZ[^ac=~dfXZmipY¥y721OmF16DF[8[^bBm�df=F1Ân>=F1Om~140:DF1OAw?E0�D@721Â021H�<D�mFv>;2mF1ON4D@?B[^0�p
�<±



Titlke

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚ 1.0

0.99559

1.00000

P6_P_0.05Hz_Z

��������� · �<¼R�>	I��p��%I��)P�5) 6<�3���<��YV67�!�L�3,<�R�������! 67��,��
6<��,< E� �H�!#U��02, �Y�?E0B�>�7, �*,��V=W,7,< G�  3
	�� �O 2F �
?E���5)
,�?W,<�!�L�5�	�;,7F  3
	�� )
��F*,<��- � �<0B�O��? ��b2Z�) ?E���5)
,$= �>�N���3,7FD�O���! IK = ����0 ,d�O�!��0,I�4�OZI, )
��F*,<�
a 8 ��b F*,LK��3,7,M�N,V?E��67,< E�����O�WF��&�!���O 267, � � �*Z�) F*,V? ��0ICO-J.102, =]� �>,J�� 26<��F*,< 267,TF����3,76������! �&�N�(����02, �!?*?A,<�
�L��K�0B� �U�>�HK�� �>,< �� /\1��KB- ��- ��- .102, 67�!�L�3,<�R�������! @67��,��
6<��,< B� � �O�3, �>,<�('/0*��K�0 � �3, �2,76����� IK/�O��)
���!�N 2�
=]� �>,<#��!�L) , 1Q,76�� �!# ��02, ?E���5)
,O-

l'&(%)&Rl , 1'1 '���� 1�3��7/���� � 1Qo�3 %(� %(� %(' 4 � �$�

R2[^=WA>14DF14=@XQ?E0>?E0>a½D@721lD@=~dOhj14bLG�D@?EXZ1QA>14b¿di9|[f\`d£m@n{1ON4?LCeN�n>7ed^m~1lAJv21¢DF[£D@721�hj14bB[<N4?EDI9|ng14=@D@v>=@;edfD@?B[^0�[f\D@721¦n>bEv>XZ1£d�n>=F[8NO1Om~m@?E0>azm~N4=@?En>D�3`d^ml3¡=@?ED@DF140¸?E0
\S[^=@X [f\sd 8 å µ#G�X�d^N4=F[>pzÇ�=@?B[^=�DF[|?EDFm¢1H�>1ON4v>D@?B[^0n>7ed^mF1Om¢X�v2m@Dl;{1ZX�df=@�j1OA
?E0¤D@721 8 å µ mF14?Bm@XZ[^ac=~dfXZm�pw¥y7214=F1H\S[^=F1c5Un>7ed^m~1Om�D@7edfD�Nidf0¤;{1Z?BA>1408D@?LCe1OA?E0�D@721¦mF14?Bm@XZ[^ac=~dfXZmkP�\S[^=¢df0
?EbEbEv2m@D@=~dfD@?B[^0
[f\¡D@7214?E=¢=~dO98G�nedfD@72mlm~1O1ZR§?Ea2p�_Jp ± _jVÂ3`14=F1�X�df=@�j1OA¤?E0�D@721AJ?Bm@D~df02NO1�=~df0>aj1Z[f\¡D@721Zm@D~dfD@?B[^02m¢df=F[^v>02A¤D@721Qn>bEv>XZ1ZNO1408DF14=kP
± ;c�c� �<X¦VHp¦¥y7>?Bm�?Bm6A>[^021Qv2m@?E0>a�D@721D@=~dOhj14bLG�D@?EXZ1|?E0J\][^=@X�dfD@?B[^0Ä\S=F[^X!D@721 �Á� ��9yG�DF[8[^bE�<?ED|Prµ � � � ãkªe®:®-·4¹¢ºc»E¼ �E±i²c²c²  tVHp�¥y721�0>?E021½XZ[cm@Dn>=F[^XQ?E02140:DÂn>7ed^mF1Om#\S[^=s1id^NF7ÃNO[^XQng[^021408D�Pt=~d^AJ?¿dfb�5°D@=~df02m@hj14=FmF1c5{df02Awhj14=@D@?BNidfb�V¡3o14=F1¢3¡=@?ED@DF140|DF[�dZbE?Bm@DPSmF1O1¢¥�df;>bB1�_Jp�_jVHp¡R>=F[^X(D@7>?BmsbE?Bm@Di5gdZmFN4=@?En>Ds3¡=@?EDF1Om�D@721�n>7ed^mF160edfXZ1OmWdf02AwD@=~dihj14b�D@?EXZ1OmsDF[ZD@721 8 å µ721id^A>14=#hcdf=@?¿df;>bB1Om������ � ����	Qdf02A
��� � ��	J5J=F1Om@n{1ON4D@?Ehj14bE9jp¥y721xn>7ed^mF1HGIA>14b¿di9£mFN4=@?En>DyD@72140½N4v>DFm¡d¢3¡?E02A>[i3 df=F[^v>02A£D@721xD@721O[^=F14D@?BNidfbMD@=~dOhj14bMD@?EXZ1Â[f\�D@721xac?Ehj140n>7ed^mF1Q[^v>D6[f\`;g[^D@7�5MD@721�ÇYÈ�ÉYÊ df02A¨D@721QÇYÈsÉYÊ�sn>bEv>XZ1�mF14?Bm@XZ[^ac=~dfXZmip�/s0Ã1H�2dfXQn>bB1�\][^=ÂD@721QÇUGn>7ed^mF1�[f\ÁmF14hj14=~dfbUn>bEv>XZ1lXZ[8A>14bBmÂ3yd^mxac?Ehj140z?E0¨R§?Eacv>=F1Q_Jp ±c± pW¥y721�3¡?E02A>[�3«3¡?BAJD@7¨A>14ng1402A>mW[^0zD@721bB[^0>aj1Om@D§ng14=@?B[<A¢?E0¢D@721ymF14?Bm@XZ[^ac=~dfXZm�5f\S[^=Ud#n{14=@?B[8Al[f\ �c� m§D@721o3¡?E02A>[i3¸3o[^v>bBA�;{1 −5

m§DF[
+35
m§;{1H\S[^=F1df02A¸d�\tDF14=lD@721�D@721O[^=F14D@?BNidfbyD@=~dihj14bLG�D@?EXZ1cp¤Ì8v>;2mF1Ou:v21408D@bE9j5�D@721¦=F1Om@v>bED@?E0>a|D@?EXZ1£mF14=@?B1OmQdf=F1¦=F1Om~dfXQn>bB1OADF[kd�m~dfXQn>bE?E0>a£=~dfDF1�[f\ � p �cè mQPS[ihj14=Fm~dfXQn>bE?E0>a½;89w?E0:DF14=@n{[^b¿dfD@?B[^0°Vs?E0z[^=FA>14=ÂDF[£[^;>D~df?E0�dZ7>?Eac7214=xD@?EXZ1=F1OmF[^bEv>D@?B[^0�\][^=UD@721¡m@v>;2mF1Ou8v2140:DYN4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0Z[f\gD@721yDI3`[Wm@?Eac0edfbBmipU¥y721yN4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0Z?EDFmF14bL\g?Bm

�^�



SKS

SKKS

SKiKS

PKiKP

SP

ScS3

PPP

PP

ScS2

ScS3

S

SKKS

PKKP

��������� · �8¼�� �� 3 �d';Y�?q����0"�!#J�3�!)
,T?E0B�>�3,M� ���3,7Fp#��!�PF*,<�L� ���� IK/����� �>,<� Y[����)
, F*,<�R��';��-G.102,
,V?E��67,< E�����O�
F��&�!���O 267,H�!# � �;�4�*� ��b�F*,LK��3,7,M� 67�!�L�3,M�V?W�! 2F4�+�(� ��02,HF*,<# ���5���UF��&�!���O 267,H�!# ��0*�&� ���L��F5'�-�
^�!)
,J?E0B�>�3,M�
�O�3, �O * 2�4�����(,7F = ����0� B�O)
,M� �46767�!�3F��� IK
�(�H��02, �3,<�&�<)
�!���7K���6d�O�^ 2�!)
,< 26<�R���L�5�3,O- 3$��'^Y�?q����0;�X�!#  �O 2F 

=]� �>,M� �O�3,J�3�!)
,�����)
,M�J�L��)+���R�O� �^�� 9��0B��� 6d�>�3, � �! *�:' �! 2,N�!# ��02,X B�O)
,M� �&� K�� �>,< 8�,O- KB-  "�O 2F   WCO-
� �4�(,U��02,JF��211,<�3,< B�Q�� 26<��F*,< 267, �O IK���,M� �O 2FP��02,<�3,<#��!�3,$��02,JF��211,<�3,< B�E?q����0D��,< IK^��0 ��02, ����' =W�4�5��F+��?A,< B�
�� �N?E���5)
,$��� ��b

◦
F��&�����O 267,O-N8&\]��K^�5�3,J)P�4F*, ���L�� IK ��02, �Á� ��9 �(���!��Z�����CO-

A>[^021y;:9�C2=Fm@D�NidfbBN4v>b¿dfD@?E0>a6D@721#dfv>DF[fG�df02A�D@721¡N4=F[cmFmÜGINO[�h^df=@?¿df02NO1¡[f\gD@721¡m@?Eac0edfbBmYdf02AlD@72140Q02[^=@X�dfbE?EæO?E0>aD@721¨N4=F[cmFmÜGINO[�h^df=@?¿df02NO1
m@?Eac0edfbW3¡?ED@7�D@721ÃX�d��J?EX�v>X [f\¢D@721�ÇYÈsÉYÊ dfv>DF[fGINO[ihcdf=@?¿df02NO1cp ¥y72140�5xD@721X�d��J?EX�v>X h^dfbEv21lPt?�p 1cpE5<D@721sN4=F[cmFm@GINO[^=@=F14b¿dfD@?B[^0kNO[<1dh�N4?B140:DÒVo[f\�D@721�=F1Om@v>bED@?E0>alN4=F[cm~mÜGINO[^=@=F14b¿dfD@?B[^0½m@?Eac0edfb�5df02A½D@721Ân{[cm@?ED@?B[^0�[f\U?EDFm¡X�d��J?EX�v>X ?E0½D@?EXZ16?Bm#A>14DF14=@XQ?E021OAMpÁ¥y721Wb¿dfD@DF14=�?Bm¡D@721ÂD@?EXZ16A>14b¿dO9k;{14DI3`1O140D@721yDI3`[Wn>7ed^mF1Omip �`9�n>bB[^D@D@?E0>a6D@721yA>14b¿di9<mYNO[^bB[^=ÜGINO[<A>1OA�\][^=YdfbEb>D@721`mFD~dfD@?B[^02mY[f\°D@721#df=@=~di9lA>1OmFN4=@?E;{1OA�?E0D@721sn>=F14h8?B[^v2m¡mF1ON4D@?B[^0½d�D@=~dOhj14bLG�D@?EXZ16A>14b¿di9ZX�dfnk?Bmo[^;>D~df?E021OAM5JD@7edfD¡m@72[�3#moD@721xD@=~dihj14bLG�D@?EXZ1 �rm@7ed^A>[i3 �Nidfv2mF1OA½;89¦D@7216n>bEv>XZ1cp
¥y721xD@?EXZ1s3¡?E02A>[i3ÆPS[f\ 6:� mo\][^= �c� myA2dfD~djVÁ3`d^myNF72[cm~140kmFv2NF7kD@7edfDo?ED¡NO[^08D~df?E02myD@721s1408D@?E=F1WÇYÈ�ÉYÊn>7ed^mF1lPtng14=@?B[<A>mÁ[f\�=F[^v>ac7>bE9 �c� mÁ\S[^=oÇ�5Jdf02A¦_ � mÁ\S[^=yÌ:G�3`dOhj1OmHVodf02A�D@721�A>14b¿di9j1OA�n>bEv>XZ1sn>7ed^mF1cpYÌ8?E02NO1D@721yA>14b¿dO9Jm§\S[^=�[^v>=�m@D@v2AJ96n>bEv>XZ1yXZ[<A>14bBmYdf=F1y1H�<n{1ON4DF1OAl02[^DUDF[s;{1ob¿df=@aj14=�D@7edf0 ±i� mYdsD@?EXZ1`3¡?E02A>[i3Ä[f\

6:� m�PtX�d��J?EX�dfbe_ � mU\][^=�D@721yn>7ed^mF1#df02A ±i� mU\][^=§D@721�A>14b¿dO92V§mF1O14XZmÁdfn>n>=F[^n>=@?¿dfDF1cp)>xm@?E0>a�dx;>?Eacaj14=�D@?EXZ13¡?E02A>[i3�=F1OmFv>bEDFmo?E0kn{[cmFm@?E;>bE9Q?E02N4bEv2AJ?E0>a�dfbBmF[l[^D@7214=yn>7ed^mF1OmyD@7edfDyXQ?Eac7:Dy;{1xd�KM1ON4DF1OA£;:9�D@721sn>bEv>XZ1Â?E0
� _



� [^XQn{[^02140:D n>7ed^mF1Omsm@DF[^=F1OAk?E0zÌ</ � G�721id^A>14= ���4pOpOp± � _ 6 è ; � ³ ²
∆ ��� � ◦� ÇYNOÇ Ç mFÇ ÌÈ Ç ÇYÇ Ì<N�Ì

2
mFÇYÇ mFÇ Ì mÒÌ<N�Ì

2
mÒÌ Ì>Ì¥ Ì<N�Ì Ì<N�Ì

2
Ì mÒÌ<N�Ì

2
mHÌ<N�Ì mÒÌ mÒÌ>Ì Ì>Ì>Ì Ì>Ì>Ì>Ì

∆ ��� 	 ◦� ÇYNOÇ ÇYNOÇ
2
Ç0Â? WÇ Ç ÇYÇ Ç

3
Ç

5
Ì<Ç Ì>Ì<ÇÈ Ç0��Ì Ç

5
Ì<N�Ì

2
Ì Â? �Ì Ì ��Ì Ì �Ì Ì<Ç Ì>Ì<Ç Ì>Ì¥ Ì<N�Ì Ì<N�Ì

2
Ì<N�Ì

3
Ì Ì>Ì Ì

3
Ì
4

∆ ����� � ◦� ÇYNOÇ
2
ÇYAJ?LK Ç0Â? WÇ ÇYÇ ÇYÇYÇ Ç

4
Ç

5
Ì<Ç Ì>Ì<ÇÈ Ç

diff

Ç0�Ì ÇÁÇ ÇYÇYÇ ÇYÇoÌ Ì ���Ì Ì>Ì Ì>Ì>Ì Ì
5¥ Ì<N�Ì

2
Ì<N�Ì

3
Ì

diff

Ì>Ì Ì>Ì>Ì Ì
4

Ì
5

� º��4»E· �8¼���]?E0B�>�3,M��?E��6(ZI,7FP#V�!�T��02, ��0*�3,7,T67�!) ?A�! 2,< B� � �O 2F ��02,TF��21Q,<�3,< E� ,V?E��67,< B�����O� F��&�!���O 267,M�

dQAJ?LKM14=F140:Ds3`dO9�PS1cp a2pE5°AJ?LK{14=F1408DsA>14b¿dO9½AJv21WDF[�AJ?LK{14=F1408Dsm@bB[�3¡021OmFmÒVH5>D@78v2m�;>?¿d^m@?E0>a�D@721W=F1Om@v>bED¡\][^=¡D@721n>7ed^mF1¡[f\{?E0:DF14=F1Om@Dip � 0�D@721¡[^D@7214=Y7edf02AM58dÂm@X�dfbEbB14=Á3¡?E02A>[i3�3`[^v>bBAQ02[^DÁNidfn>D@v>=F1¡D@721¡1408D@?E=F1¢PSA>14b¿di9j1OAeVn>7ed^mF1�df02A½Nidf0�bB1id^A½DF[Zdf0wv>02m@D~df;>bB1W=F1OmFv>bEDipÍx[i3`14hj14=i5J\S[^=¡mF[^XZ1xn>7ed^mF1Om�5JD@721sD@=~dihj14bLG�D@?EXZ16N4v>=@hj1Om#N4=F[cmFmy1id^N~7w[^D@7214=¡?E0£D@721WAJ?BmFD~df02NO1s=~df0>aj1W[f\?E0:DF14=F1OmFDip�qI0�D@7>?Bm�Nid^mF1yD@7214=F1y?BmU?E08DF14=Ü\S14=F1402NO1#[f\{n>7ed^mF1OmU3¡?ED@7>?E0QD@721yD@?EXZ1y3¡?E02A>[�3�\S[^=Ym~[^XZ1`AJ?BmFD~df02NO1Omip¥y7>?BmUbB1id^A>mUDF[ÂdsN~7edf=~d^N4DF14=@?Bm@D@?BN¡nedfD@DF14=@0�?E0�D@721`D@=~dOhj14bLG�D@?EXZ1#A>14b¿di9<mYdf02AM5:d^m§n>=F14h<?B[^v2m@bE9¢mFD~dfDF1OAM5^DF[sbB[�3N4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0|h^dfbEv21Om�pY¥y7>?Bm�1HKM1ON4D#?Bm¡nedf=@D@?BN4v>b¿df=@bE9½?EXQn{[^=@D~df0:D�\S[^=¡n>bEv>XZ1WXZ[<A>14bBm#3¡?ED@7zd�m@D@=F[^0>an{14=@D@v>=@;edfD@?B[^0¸df02A � [^=Qd½b¿df=@aj1¦1H�<DF1402m@?B[^0¸m@v2N~7d^m6D@721k_ �c� �<X =~d^AJ?Ev2m¢n>bEv>XZ1c5�D@721£[^021Z3¡?ED@7
721id^Adf02AkD@721W[^021Â3¡?ED@7½D@721WA>[^v>;>bB1OA½n{14=@D@v>=@;edfD@?B[^0�p � ;8h8?B[^v2m@bE9j52?E0½D@721OmF1ÂNid^mF1Omi5JD@721WA>14b¿dO9½d^NON4v>X�v>b¿dfDF1OAAJv21xDF[�D@721Âm@D@=F[^0>aZdf02A � [^=y;>=F[jd^A£ng14=@D@v>=@;edfD@?B[^0wmF7>?L\tDFmyd¢0214?Eac7:;{[^=@?E0>aQn>7ed^mF1�?E08DF[�D@721�D@?EXZ1x3¡?E02A>[�3[f\#D@721Zn>7ed^m~1Zv>02A>14=�m@D@v2AJ9j5§3¡7>?BNF7�1H�<n{14=@?B1402NO1Om�d½3o1idf�j14= � mFD@=F[^0>aj14=ZA>14b¿dO9�;{1ONidfv2mF1�[f\�d|AJ?LK{14=F1408Dm@bB[�3¡021OmFmipW/xmÂdf0¨1H�2dfXQn>bB1lD@721lA>14b¿di9:G�D@?EXZ1OmW\S[^=xD@721ZÌ �Ì:G�n>7ed^mF1Q[f\ÁD@721ln>bEv>XZ1l3¡?ED@7ÃA>[^v>;>bB1OAÃn{14=ÜGD@v>=@;edfD@?B[^0¸?Bm¢mF72[i3¡0?E0R§?Eacv>=F1k_Jp ± 6 p Û [^DF1�D@7edfDlD@721£Ì �Ì:G�n>7ed^mF1£?Bm¢v2mF1idf;>bB1�\S[^=�dfbEb`[^D@7214=ln>bEv>XZ1XZ[<A>14bBmi58d^m�3¡?EbEbe;g1¡m@72[�3¡0Zb¿dfDF14=ip�/snedf=@DU\t=F[^X}D@721�NF7edf=~d^N4DF14=@?Bm@D@?BN�nedfD@DF14=@0¦[f\{D@7>?Bm�?E0:DF14=Ü\]14=F1402NO1s1HKM1ON4D[^;2mF14=@hj1OA¨?E0¨D@721ZX�dfn�5�df02AÃD@721Zm@D@=F[^0>a�dfXQn>bE?ED@v2A>1Om�5�?ED6Nidf0¨;{1Q1id^m@?EbE9ÃA>14DF1ON4DF1OA�;:9Ã[^;2mF14=@h<?E0>a½D@721D@?EXZ1l3¡?E02A>[i3#mWAJv>=@?E0>a½1H�>1ON4v>D@?B[^0Ã[f\YD@721�mFN4=@?En>Dipx¥y7:v2m�5M14hj140|?L\`dfv>DF[^X�dfD@?Eæi1OAÃ?E0¨d¦mFN4=@?En>Di5MdZh<?Bm@vedfbNF721ON~�l[f\°D@721oD@?EXZ1y3¡?E02A>[�3#mÁdf02A�[f\eD@721yNO[^=@=F1Om@n{[^02AJ?E0>a6N4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0ZNO[<1dh�N4?B140:DFm�?BmU?EXQn{14=~dfD@?Ehj1cp
qr0l[^=FA>14=§DF[sh8?Bm@vedfbE?Eæi1`D@721`1HK{1ON4DU[f\e3ydOhj1H\S=F[^0:D�721idfbE?E0>aZPS© � ª2® �������|�E±i²c³��  tV§dfD�C20>?EDF1o\t=F1Ou8v21402N4?B1OmD@721ym~dfXZ1`3`di9l[f\gXZ1id^m@v>=@?E0>aWD@721`D@=~dOhj14bLG�D@?EXZ1#A>14b¿di9lNidfv2mF1OAl;89¢D@721`n>bEv>XZ1y?Bm�dfn>n>bE?B1OA�DF[xD@721¡m@D~dfD@?B[^02m[^0�D@721#ac=F1idfDÜGIN4?E=FN4bB1cpY¥y721#=F1Om@v>bED@?E0>alA>14b¿dO9ZN4v>=@hj1Omydf=F1y\Sv>02N4D@?B[^02mo[f\�AJ?Bm@D~df02NO1#\t=F[^XÅD@721¡n>bEv>XZ1�NO1408DF14=df02A¦df=F1xN4=F[cmFmomF1ON4D@?B[^02mÁD@7>=F[^v>ac7£D@721#D@=~dihj14bLG�D@?EXZ1ÂA>14b¿dO9ZX�dfn£[^0�D@721sac=F1idfDoN4?E=FN4bB1sD@7>=F[^v>ac7£14n>?BNO1408DF14=df02AQD@721¡n>bEv>XZ1�NO140:DF14=i58;>v>DÁ1H�<DF1402AZDF[x\]df=@D@7214=ÁAJ?BmFD~df02NO1OmipUR2[^=YD@7>?BmYDr98n{1¡[f\Mm@D@v2AJ9Q[^0>bE9¢D@721#Ç�G�n>7ed^mF1Nidf0¤;{1Zv2m~1OAM5§df089¤[^D@7214=�n>7ed^mF1�3o[^v>bBA
?E0:DF14=Ü\]14=F1�3¡?ED@7¸[^D@7214=Fml[ihj14=lD@721Zb¿df=@aj1�14n>?BNO1408D@=~dfb¡AJ?Bm@D~df02NO1=~df0>aj1cp
/snedf=@DÂ\t=F[^X.D@=~dihj14bLG�D@?EXZ1�A>14b¿di9<mldfbBmF[wdfXQn>bE?ED@v2A>1Z1HKM1ON4DFm6[f\on>bEv>XZ1Omldf=F1Q1H�<n{1ON4DF1OAM5�1cp a2pE5�;89�\][fGN4v2mFm@?E0>az1HK{1ON4DFm£P ��� ® �#����� ·4¹Wº^»E¼ �E±i²c²c³  tVH5§;{1ONidfv2mF1ZD@721�n>bEv>XZ1£d^N4DFm�bE?E�j1¦df0
[^n>D@?BNidfb`bB1402mipkqr0
[^=ÜGA>14=6DF[kXZ1id^m@v>=F1ZD@721OmF1ZdfXQn>bE?ED@v2A>1�1HKM1ON4DFmW?E0�DF14=@XZm6[f\yD@721�dfXQn>bE?ED@v2A>1Q=~dfD@?B[w;g14Dr3o1O140
ÇÁÈ�ÉYÊ df02A

� 6



330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

-26.4
-24.2
-22.0
-19.8
-17.6
-15.4
-13.2
-11.0

-8.8
-6.6
-4.4
-2.2
0.0
2.2
4.4
6.6
8.8

11.0

d
e
l
a
y

s

-27.95

11.10

P3_SKS_0.05Hz_R

��������� · �8¼�� /BT.*�����>,<� Y[����)
,HF*,<�R��' �!# ��02, 
 � 
IY�?E0B�>�7,P8����4F��R�O�A67�!) ?A�! 2,< B��C 6d�����3,7F �d'P?E���5)
,U)
��F*,<�
= ����0 �S�!���3�! IK 8

δ
�
P �

� � �O 2F
δ
�
S �

�!a*- � � C �>,<����6<����' ?A,<�!�L�5�	���������! 8���= ��67, ��0B���P�!#���02,pF*,<#����5���
�7�O����,M�[CO-9.102,�F*,<�R��'S�<0B�4F*�>= �L02�>=W�H�O �O���(,<�L B������ IK ?q���L�(,<�L = ����0S)P��6V0 �(��� �!���3�! IKp�O) ?E�����L��F*,M� �
?E�3�
��� �>�:' 0*��F��� IK =A,d�OZI,<� F*,<�R�d'*�O- & 0B��� =W,T�3,7,U�&�  2�4� ��02,T�46��L�4�O� F*,<�R�d'S�!#X��02,J?E0B�>�3, F^��,H�(� ��02,
?E���5)
, � �I�*�2������02,<� �O , 11,76��Q�!#]��02,A�� B�(,<�L#V,<�3,< 267, �!#1��0*�&�q?E0B�>�3,J= ����0 ��02, F*,<�R�d';,7F 
IYq�O 2F�
^6 
IY�?E0B�>�7,M�
�� ��0*�&� F��&�!���O 267,A���O IK*,O-X.102,A�3,M���5������ IKT��)P��K*, �O 2F���02, F*,<�R��' �7�O����,M� #��!�X��0*�&�Q?E0B�>�7, �O�3,A 2�4�W���3,d� �>��,O-

ÇYÈsÉYÊ�sn>bEv>XZ1lmF14?Bm@XZ[^ac=~dfXZm�3o1�v2mF1�df0zd^A2dfn>DF1OA�hj14=Fm@?B[^0|[f\�D@721WXZ14D@72[<A�[f\�8 �t¯ ®:� �{������� e � f®:ª �|���c�c�cè  e\S[^=�XZ1id^m@v>=@?E0>a6C20>?EDF1HG]\t=F1Ou8v21402N49ZdfXQn>bE?ED@v2A>1Omip�qID�NO[^02m@?BmFDFmY[f\eC2=Fm@DYA>14DF14=@XQ?E0>?E0>a¢D@721¡A>14b¿dO9;{14DI3o1O140d¦mFng1ON4?LCeN�n>7ed^mF1l?E0¨D@721QÇYÈsÉYÊ�df02AÃD@721ln>bEv>XZ1QXZ[<A>14b�mF14?Bm@XZ[^ac=~dfXZm�Pt;89|XZ1idf02mW[f\`D@721N4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0£A>1OmFN4=@?E;{1OA�df;g[�hj1�V�df02A�D@72140�m@9Jm@DF14X�dfD@?BNidfbEbE9�hcdf=@98?E0>aWD@721#dfXQn>bE?ED@v2A>1s[f\{[^021#[f\gD@721DI3`[�m@?Eac0edfbBmsdf02AwNidfbBN4v>b¿dfD@?E0>a�D@721W=F[<[^D¡XZ1idf0�mFu8vedf=F1ZPSÈ�Ê¨Ì>V`[f\UD@7216AJ?LK{14=F1402NO1�[f\§D@7216mF?Eac0edfbBmip�¥y721dfXQn>bE?ED@v2A>1¡\�d^N4DF[^=YD@7edfDoXQ?E0>?EXQ?Eæi1OmÁD@721#ÈsÊÃÌ¢?BmYD@721�dfXQn>bE?LCeNidfD@?B[^0£[^=`dfD@DF140:vedfD@?B[^0¦\]d^N4DF[^=ÁAJv21�DF[ÂD@721n>bEv>XZ1cp

�^è



i6ÐVi � � �°Ù �@Õ �
qr0ZD@721¡\][^bEbB[i3¡?E0>a�mF1ON4D@?B[^0�D@721#=F1Om@v>bEDFmY\][^=YD@721sAJ?LK{14=F1408Don>bEv>XZ1s1HK{1ON4DFmo[^;>D~df?E021OA�3¡?ED@7¦D@721#n>=F[<NO1OmFm@?E0>aDF[<[^bBmÁçÜv2m@DWA>1OmFN4=@?E;{1OA¨df=F1¢n>=F1Om~140:DF1OA�df02AÃAJ?BmFN4v2mFmF1OA|\][^=sD@721�AJ?LKM14=F140:DWn>bEv>XZ1�XZ[<A>14bBmip6¥y721laj[jdfbU?BmDF[l1H�>dfXQ?E021xD@721x?E0 �2v21402NO1Â[f\�D@721x?E02AJ?Eh8?BAJvedfb{n>bEv>XZ1xnedf=~dfXZ14DF14=FmyD@7edfDyh^df=@9Z;{14DI3`1O140kD@721sXZ[<A>14bBm¡d^m3o14bEb�d^m`D@7214?E=#NO[^X¢;>?E021OAw1HK{1ON4Dip�¥y721x\][<N4v2mobE?B1Om`?E0kD@721WN4=@v2N4?¿dfb�u8v21Om@D@?B[^02my[f\�D@721xn>bEv>XZ1WA>14;edfDF1c5J?�p 1cpE5D@721ÂA>14n>D@7w1H�<DF1408D#df02A¦3¡?BAJD@7w[f\�D@721sn>bEv>XZ16df02A£D@7214?E=y=F1OmF[^bEv>D@?B[^0�pYÊz[^=F1O[ihj14=i523o1Wdf=F1xbB[8[^�<?E0>al\S[^=#dAJ?¿dfac02[cm@D@?BN¢m@?Eac0edfD@v>=F16[f\UD@721Wn>bEv>XZ1�df02A½3`163`df08D�DF[Zdf02m@3`14=�D@7216u8v21Om@D@?B[^0w[f\�3¡7>?BNF7�n>7ed^mF1W?Bm¡;{1Om@Dm@v>?EDF1OAz\][^=WD@721ZA>14DF1ON4D@?B[^0¤[f\yn>bEv>XZ1OmipQ/ÆNidf02AJ?BA2dfDF1 � d^m�dfbE=F1id^AJ9zXZ140:D@?B[^021OA � df=F1�NO[^=F1HG�=F1��e1ON4DF1OAn>7ed^mF1OmÂm@?E02NO1¢D@72149|m@n{1402AÃdZbB[^0>a£3`di9�?E0ÃD@721�n>bEv>XZ1�AJv21lDF[¦D@7214?E=ÂmFDF1O14n|?E02N4?BA>1402NO1cpWÀ�1�C2=Fm@DxbB[8[^�dfD#D@7216mFnedfD@?¿dfb�AJ?Bm@D@=@?E;>v>D@?B[^0z[f\UD@=~dihj14bLG�D@?EXZ1¢A>14b¿di9<msNidfv2mF1OAw;89kn>bEv>XZ1Omi52D@72140�mFD@v2AJ9£D@7214?E=s14hj[^bEv>D@?B[^0dfbB[^0>a�D@721Áac=F1idfDÜGIN4?E=FN4bB1y[ihj14=§d#bB[^0>as14n>?BNO1408D@=~dfb<AJ?Bm@D~df02NO1o=~df0>aj1odf02A6C20edfbEbE9WD@v>=@0�DF[xdfXQn>bE?ED@v2A>1o1HKM1ON4DFmip
l'&Rl)&+* , 3 %;s /�'�t � �$� / �0/*'�% 4 �7-�%(�01Br �
¥�=~dihj14b¡D@?EXZ1¦A>14b¿di9<mZdf=F1£mF[w\]df=lD@721�X�df?E0�A2dfD~d|mF[^v>=FNO1£v2mF1OA¤\S[^=¢?EX�dfac?E0>a¨n>bEv>XZ1Omip >xm@vedfbEbE9�D@72149df=F1xD@721x?E0>n>v>D#A2dfD~d6\][^=yDF[^XZ[^ac=~dfn>7:9wdfbEaj[^=@?ED@7>XZmi5J;>v>DyD@7214?E=#m@nedfD@?¿dfbMAJ?Bm@D@=@?E;>v>D@?B[^0½?Bmy=~df=F14bE9£m@D@v2AJ?B1OAMpÉU�>NO14n>D@?B[^02m�df=F1xD@721Ânedfng14=Fmy;89 å ®:®8ª ������¸�¢� � ���¨���c�c�cè  �df02A½��ª�� � ª � ·O¹Áº^»B¼ ���c�c�c�  �D@721xb¿dfD@DF14=m@72[�3¡?E0>a�dihj14=~dfaj1sA>14b¿di9QnedfD@DF14=@02mÁ\][^=YD@721sÉ�?L\S14b°n>bEv>XZ1s1H�Jn{14=@?EXZ140:Dip�Íx14=F1c5:3`1#3`df08DoDF[¢1H�>dfXQ?E021�D@721A>14b¿dO9¦nedfD@DF14=@02m`\S[^=`AJ?LK{14=F1408D¡n>7ed^mF1Om¡df02A¦14n>?BNO1408D@=~dfb�AJ?Bm@D~df02NO1Om#d^mydW\Sv>02N4D@?B[^0½[f\�n>bEv>XZ1xnedf=~dfXZ14DF14=Fm?E0w[^=FA>14=�DF[�=F14hj1idfb�D@7216m@?Eac0edfD@v>=F16[f\UD@721Wn>bEv>XZ1W?E0½D@721WD@=~dihj14bLG�D@?EXZ1cpR§?E=Fm@Di5�D@721QX�df?E0¤N~7edf=~d^N4DF14=@?Bm@D@?BNOm�[f\#d½DI9<n>?BNidfbom@nedfD@?¿dfbYD@=~dihj14bLG�D@?EXZ1kA>14b¿dO9¨AJ?Bm@D@=@?E;>v>D@?B[^0�df=F1ZAJ?BmÜGN4v2mFmF1OA3¡?ED@7Ädzm@7edf=@n¸n>bEv>XZ1kXZ[8A>14b¡[f\�=~d^AJ?Ev2m ±i�c� �<XàPSR§?Ea2p�_Jp ±iè VHp�qIDQm@72[�3#m�D@721kA>14b¿dO9JmQ[f\�D@721ÇUG�n>7ed^mF1�3¡72140¨v2mF?E0>a½d£ÇYÈsÉYÊ XZ[<A>14bUD@7edfDW?Bmxng14=@D@v>=@;{1OAÃ;:9Ãd�n>bEv>XZ1�3¡?ED@7Ã=F1Om@n{1ON4DWDF[½d£ÇYÈ�ÉYÊXZ[<A>14b§dfbB[^021cp#¥y721¢A>14b¿dO9JmÂdf=F1�XZ1id^m@v>=F1OA|;:9wN4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0Ã[f\ÁmF14?Bm@XZ[^ac=~dfXZmsD@7edfDWdf=F16bB[i3yG�ned^m~mC2bEDF14=F1OA½3¡?ED@7|dZNO[^=@0214=¡\t=F1Ou8v21402N49k[f\ �c� mipÌ8D@=F[^0>aWA>14b¿dO9Jm�df=F1oNO[^02NO1408D@=~dfDF1OAQ[^0�d#=F14ac?B[^0�D@721om@?Eæi1o[f\2D@721Án>bEv>XZ1c5j;>v>D§m@bE?Eac78D@bE9�m@7>?L\SDF1OA6;{147>?E02AD@721Zn>bEv>XZ1£NO140:DF14=ip�¥y721ZX�d��J?EX�v>X A>14b¿dO9�?Bm ± p ±iè mi5Ud^m6ac?Ehj140¸[^0¤D@721�bB1H\tD¢m@?BA>1�[f\#D@721¦NO[^bB[^=FmFNidfbB1;edf=ip �y147>?E02A�D@721Wn>bEv>XZ16D@7216A>14b¿di9½?Bm#A>1ONidO9<?E0>a£dfa:df?E0�5eX�df?E0>bE9j5°d^mxdf0�1HK{1ON4Ds[f\§3ydOhj1H\S=F[^0:DÂ721idfbE?E0>a2p¥�[�3`df=FA>msD@721Wm@?BA>1Om¡[f\UD@721Ân>bEv>XZ1WD@7214=F1Â?Bm#dfbBmF[Zd�A>14b¿dO9j5eNO[^0JC2021OA½DF[Zd�NO[^021Wm@7edfn{1OAk=F14ac?B[^0�pY¥y7214=F1df=F1�N4bB1idf=`A>14h8?¿dfD@?B[^02mÁ\S=F[^X}D@721�A>14b¿di9ZAJ?Bm@D@=@?E;>v>D@?B[^0£[^021�3o[^v>bBA¦1H�<n{1ON4DY\S=F[^X}=~dO98G�D@721O[^=@9 �§\S[^=od�m@7edf=@nn>bEv>XZ1QD@7214=F1�?BmW02[k=~di9:G�D@721O[^=F14D@?BNidfb`A>14b¿dO9zDF[kD@721Qm@?BA>1Om6[f\`D@721�n>bEv>XZ1c5�df02AÃD@721ZA>1ONidi9|;{147>?E02AÃD@721n>bEv>XZ1QPt?E0¦D@721x=~di9:G�D@721O[^=F14D@?BNidfb�Nid^mF1x[^0>bE9�AJ?EXQ?E0>?Bm@721OAk;89Zaj1O[^XZ14D@=@?BNW1HKM1ON4DFm`AJ?Bm~N4v2mFmF1OA¦b¿dfDF14=ÒV�3`[^v>bBA;{1ÂX�v2NF7|3o1idf�j14=ipÍx[i3`14hj14=i5ÁD@721£XZ[cm@D�m@D@=@?E�<?E0>a|\]1idfD@v>=F1k[f\sD@721kA>14b¿dO9
X�dfnÄdf=F1¦D@721£0214a:dfD@?Ehj1½A>14b¿di9¤hcdfbEv21Omip�/yDD@7214?E=�bB[8NidfD@?B[^0¸D@721£3`dihj1OmZdf=@=@?Ehj1k1idf=@bE?B14=Q?E0
D@721£n>=F1OmF1402NO1k[f\xd�n>bEv>XZ1£D@7edf03¡?ED@72[^v>Dip¤¥y721£1idf=@bE9df=@=@?EhcdfbBm#df=F1ÂdfDyD@721xC2=Fm@Dym@?Eac78D#NO[^v>0:DF14=ÜG�?E0:D@v>?ED@?Ehj1c5gm@?E02NO1Â[^021x3o[^v>bBAw1H�Jn{1ON4Dyd¢bB[i3yG�hj14bB[<N4?EDI9wdf02[^X�dfbE9DF[6m@bB[�3�A>[i3¡0¦D@721�mF14?BmFXQ?BN¡3`dihj1#=~dfD@7214=ÁD@7edf0£d^NONO14bB14=~dfD@?E0>a¢?EDi5:D@721¡b¿dfD@DF14=ÁbB1id^AJ?E0>a¢DF[61idf=@bE?B14=`df=@=@?EhcdfbBmipÍx[i3o14hj14=i5`D@721w[^;2m~14=@hj1OAÄ1idf=@bE?B14=¦df=@=@?EhcdfbBm�df=F1£\tv>bEbE9¸NO[^02m@?Bm@DF1408DZ3¡?ED@7�C20>?EDF1HG]\S=F1Ou:v21402N49¸D@721O[^=@9j5oD@721df=@=@?EhcdfbBmxNidf0Ã;{1�1H�Jn>b¿df?E021OAz;:9wD@721�mF1ONO[^02AzR>=F1Om@0214bUæi[^021l?E0|D@721lmF1402m@?ED@?Eh<?EDI9��j14=@0214bBmZPSmF1O1¢R§?Ea2p ± p � VHp¥y721¢\t=F1Ou8v21402N49|df02A|;edf02A<G�3¡?BAJD@7�A>14ng1402A>1402NO1QmF72[i3¡0Ãb¿dfDF14=Â?E0|D@7>?BmÂNF7edfn>DF14=Â\Sv>=@D@7214=WNO[^0JC2=@XZmÂD@7>?Bm1H�Jn>b¿df0edfD@?B[^0�pqrD�m@72[^v>bBA�;g1��j14n>D�?E0�XQ?E02AM5eD@7edfD�D@721�X�dfac0>?ED@v2A>1l[f\�D@721�0214a:dfD@?Ehj1¢A>14b¿di9½?Bm�u8v>?EDF1�m@X�dfbEbUdf02Aw?ED3`d^ms021ONO1OmFm~df=@9kDF[�v2mF1�dQAJ?LKM14=F140:DÂmFNidfbE?E0>aZ\][^=#D@721�ng[cm@?ED@?Ehj1ldf02A½0214a:dfD@?Ehj1lm@?BA>16[f\�D@721�NO[^bB[^=FmFNidfbB1¢DF[X�df�j1Q?ED6h<?Bm@?E;>bB1cp¦qI0�R§?Ea2p�_Jp ±iè D@721QX�d��<?EX¢v>X 0214a:dfD@?Ehj1¦A>14b¿dO9Ã?Bm�[^0>bE9 � p ± mi5�;edf=F14bE9zXZ1id^mFv>=F1idf;>bB1v2m@?E0>aZ=F1idfb§A2dfD~d�?E0wD@721�n>=F1OmF1402NO16[f\�02[^?BmF1�df02A�dQ7214DF14=F[^aj14021O[^v2ms;ed^N~�8ac=F[^v>02A|XZ1OAJ?Ev>Xwp`Ê|[^=F1O[�hj14=i5=F14ac?B[^0edfbgDF[^XZ[^ac=~dfn>7:9¦mFD@v2AJ?B1OmYXZ[cm@D@bE9ZA>14=@?Ehj1s=F14b¿dfD@?Ehj1�A>14b¿di9<m`;{14DI3o1O140£D@721�mFD~dfD@?B[^02mÁv2m@?E0>a�d6m@n{1ON4?¿dfb

� ;



330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

1.0

d
e
l
a
y

s

-0.10

1.15

P1_P_0.05Hz_Z

��������� · �8¼����4  Y�?E0B�>�3,��������>,<� Y[����)
,+F*,<�R�d' #V�!�T� ?E���5)
, ��� ��b
◦
,V?E��67,< E�����O� F��&�!���O 267,D= ����0 ���4F������ �!#

��b�b2Z�) �O 2F�� �L0B�O��? ?W,<�!�L�5�	���������! #[�5 26������! Q- � �4�(,$��0B��� ��02,J�>�('I)+)
,����L��6N67�!���!�<�76d�O��,N���7,7FP��>,<�3,<)�Y
?E0B�>�L���5,M�H 2,LK������ �>, �7�O����,M��-/.102, ���46VZ�K��3�4�5 2F )P�3? �&�P67,< E�(,<�3,7F �! ��02,P�>�<�!�5)
,7F ?A���L�������! "�!# ��02,
�M67,<�R�O 2F ?E���5)
, � 02�>=W,	�>,<� � �;,76d�����3, � � � ���46(Z4K��3�4�5 2FG)
��F*,<�D8  3
	�� C��&� ���3,7F �N��02, �7�O����,M�
�
��Y
���O�� 2,7F �O�3,N�� 2F*,V?W,< 2F*,< E� �!#��<67,<�R�O 2FB-P.102, 6<���36<��, �L02�5=W�H��02,X?A���L�������! G�!#J��02,X?E���5)
,+67�! 2F^�5���<-D.102,
���� 2,A�3,V?E�3,M�3,< E� � � �3,LK�)
,< E� �!#1��02,WK��3,d���]6<���36<��,U��0*�3�4�>K�0 ��02, ,V?E��67,< B�(,<� �O 2F���02,]?E���5)
, 67,< E�(,<��- 
�)P�O���
�>�('*)+)
,����L��,M� �� ��02,$F*,<�R�d'+?q���L�(,<�L �!�(,<) #R�3�!) �3�4�5 2F��� IK
,<�L�3�!�<� F^�5�L�� IK
67�!) ? �*���������! ;� � ,O- KB- � �!#A��02,
����6d�������! ;�N�!# ��02,J�!���������! �O�L����'�-��� 
K*,< 2,<���O� �]��02,['pF*�T 2�4� ,L%B67,7,7F �! 2,U�3,M�3�!���*�����! �5 *���N8�b�-�b �Q�[CO-
�V S��0*�&�T�O 2Fp��02,N#V�!�����>= �� IK _IK^�5�3,M� �!#X��0*�&� Z��� 2F �+��,LK*,< 2F �� ��02, ���5=W,<�MY���,<#[�W?q�O�!�J�!#X��02,$)P�3?G�!�5)�Y
)P�O�L���5,M� �� *#��!�L)P�������! � �;�4�*� ��02,�?E���5)
, )
��F*,<� 8  � �;�3,7, .^� �>��, ��- �dC �q��02,W?E0B�>�7, 8  C � ��02, )P��%���) �5)
#��3, ,I��,< 26[' 8�b�-�b ��� �3C �!� #R�3, ,*��,< 26['S���O IK*,P�O 2F/��02, 67�!) ?A�! 2,< B�
8��

�
�>,<�!����6d�O��C ���7,7F �(� F*,<�L� �>, ��02,

F*,<�R��';�J�<02�>=  Q-

N4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0ÃDF1ON~7>0>?Bu:v21½PA@ ��� á�ª �°��������� µ � � ��� � �Ý�E±i²c²c�  tVHp�À�?ED@7zD@7>?Bm�XZ14D@72[<AM5{df;2mF[^bEv>DF1dfXQn>bE?ED@v2A>1Om`aj14DÁbB[cm@D`df02AZD@7214=F1H\][^=F1�0214a:dfD@?Ehj1xA>14b¿dO9Jm`df=F1�02[^DÁ=F1ONO[^ac0>?Eæi1OA£AJv21#DF[ldÂXQ?BmFm@?E0>a�df;2mF[^bEv>DF1æi14=F[¢bB14hj14b�pY¥y7:v2mi5<D@721s?EXQng[^=@D~df02NO1Â[f\�D@721x[^;2mF14=@hcdfD@?B[^0½[f\�1idf=@bE9¦df=@=@?EhcdfbBmobE?B1Om`?E0£D@721s14h<?BA>1402NO1Â[f\�D@7211H�J?Bm@DF1402NO1s[f\�C20>?EDF1HG]\t=F1Ou8v21402N49¦1HKM1ON4DFmy[f\�D@721�n>bEv>XZ1xXZ[<A>14bBm`?E0k[^v>=ym@?EX¢v>b¿dfD@?B[^02m¡=~dfD@7214=oD@7edf0k?E0½df0:9dfn>n>bE?BNidf;>?EbE?EDI9k\][^=¡=F1idfb�A2dfD~d�n>bEv>XZ1�m@D@v2AJ?B1Omip
�5�



qr0ÃD@721l\S[^bEbB[�3¡?E0>a25�1H�2dfXQn>bB1OmW[f\`A>14b¿dO9ÃX�dfn2mx\][^=Ânedf?E=Fm6[f\on>bEv>XZ1�XZ[<A>14bBmWAJ?LK{14=@?E0>aw[^0>bE9z?E0¨[^021n>bEv>XZ1Qnedf=~dfXZ14DF14=¢3¡?EbEbY;g1QmF72[i3¡0�p¦Ì8?E02NO1Q3`1ZNidf0�02[^D6n>=F1Om~140:D6D@721ZA>14b¿di9¨AJ?Bm@D@=@?E;>v>D@?B[^02m�[f\#dfbEb�D@721n>7ed^mF1Omi5U3`1¦m~14bB1ON4Dl[^021¦n>7ed^mF1¦ng14=¢nedf=~dfXZ14DF14=ZNO[^X�;>?E0edfD@?B[^0¸\][^=¢AJ?BmFN4v2mFmF?B[^0�p|/ m@9<02[^n2m@?Bml[f\#XZ[^=F1XZ[<A>14bBm¡?Bm#m@72[�3¡0w?E0�R§?Ea2p2_Jp �c� \][^=¡D@721¢Ì �Ì:G�n>7ed^mF1cp
�(�'� �	0 ����� �	��
 * ��02*�� �	��
* � �����3� - 	 ��� � ��0�� �	����*R§?Ea2po_Jp ± ; m@72[i3#m£A>14b¿dO9�X�dfn2mZ\S[^=¦D@721�AJ?E=F1ON4D¦Ç�G�3`dOhj1Ã[f\�dÃn>bEv>XZ1|3¡?ED@7Ýd¨mFv2A>A>140�n{14=@D@v>=@;edfD@?B[^0[^02mF14D�df02A½[f\�[^021Â3¡?ED@7�d � dfv2mFm@?¿df0½n{14=@D@v>=@;edfD@?B[^0½\Sv>02N4D@?B[^0�p0�y[^D@7½n>bEv>XZ1WXZ[<A>14bBm¡[^=@?Eac?E0edfDF1¢dfDyD@721
� Ê �x5°df02A�df=F1WbB[<NidfDF1OA|dfDsdf0�14n>?BNO1408D@=~dfb§AJ?BmFD~df02NO16[f\

∆ 5 ²c� p è�� ◦ \S=F[^X¾D@721614n>?BNO140:DF14=ip ¥y721¢m@7edf=@n

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

1.0

d
e
l
a
y

s

-0.10

1.15

P1_P_0.05Hz_Z

����� ��� � ��

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

1.0

d
e
l
a
y

s

-0.05

1.00

P4_P_0.05Hz_Z

������� ��� ��� �����

��������� · �8¼�� �� � ,<�R�d'+)P�3?2��#��!�X��02,��Y�?E0B�>�3, �
∆ �

��b
◦
�W67�!) ?q�O�L�&�3�! �!#Q�!# ��02,]?A,<�!�L�5�	���������! �#[�5 26������! Q-

n>bEv>XZ1zNidfv2mF1Om£d¤m@bE?Eac7:D@bE9�7>?Eac7214=¦X�d��J?EX�v>X�A>14b¿dO9�P ± p ±iè m¦3¡?ED@7�=F1Om@n{1ON4D¦DF[ ± mÒVQ[�hj14=kd¤;>=F[jd^A>14==F14ac?B[^0�5`3¡7214=F1id^mZD@721kn>bEv>XZ1½3¡?ED@7�ac=~d^A2dfD@?B[^0edfb�;{[^v>02A2df=@?B1OmZ7ed^m�d¨mFbE?Eac7:D@bE9¸;>=F[jd^A>14= �rm@7ed^A>[�3 �½[f\n{[cm@?ED@?Ehj1yA>14b¿dO9Jmi5c;>v>D�3o1idf�j14=ip�¥y721¡1H�Jn>b¿df0edfD@?B[^0Q\][^=UD@7>?BmU?BmUD@7edfD�D@721`mF7edf=@nQn>bEv>XZ1y7ed^mU?EDFmUX�d��<?EX¢v>Xn{14=@D@v>=@;edfD@?B[^0k[�hj14=yD@721s1408D@?E=F1s=~d^AJ?Ev2m�5<df02A¦?BmÁD@78v2myNidfnedf;>bB1x[f\�Nidfv2mF?E0>aQd67>?Eac7214=¡A>14b¿dO9�[�hj14=ydf0½df=F1idNO[^XQnedf=~df;>bB1sDF[6?EDFm`N4=F[cmFmÜGImF1ON4D@?B[^0�pU¥y721 � dfv2mFm@?¿df0Zn>bEv>XZ1s=F1id^NF721OmoD@721#X�d��J?EX�v>X n{14=@D@v>=@;edfD@?B[^0£[^0>bE9dfDY?EDFmoNO140:DF14=i58D@7214=F1H\S[^=F1�D@721#A>14b¿dO9Jm`df=F1�NO[^02NO140:D@=~dfDF1OA¢çÞv2mFD�;g147>?E02A�D@721¡n>bEv>XZ1sd��J?BmÁdf02AQ\�dfbEb2[fK½3¡?ED@7D@7216n{14=@D@v>=@;edfD@?B[^0|\tv>02N4D@?B[^0�p � 0wD@721¢[^D@7214=�7edf02AM5°D@721 � dfv2m~m@?¿df0wn>bEv>XZ1lm@D@?EbEb�n{14=@D@v>=@;2m�D@721¢mF14?Bm@XQ?BNhj14bB[<N4?ED@?B1Oms[^v>DFm@?BA>1�D@721�A>1HC2021OA|=~d^AJ?Ev2mi523¡7214=F1�D@721�m@7edf=@n|n>bEv>XZ1�n{14=@D@v>=@;edfD@?B[^0z?BmsdfbE=F1id^AJ9wA>[i3¡0¨dfDæi14=F[>pk¥y7214=F1H\S[^=F1c5§D@721 � dfv2mFm@?¿df0¤n>bEv>XZ1¦A>14b¿dO9Jm�1H�JDF1402A¨\Sv>=@D@7214=¢[^v>Dr3`df=FA>mip½¥y721¦AJ?LK{14=F1402NO1OmlmF1O14Xm@X�dfbEb�5>72[�3o14hj14=i5°[^0216m@72[^v>bBAk�j1O14nw?E0wXQ?E02AkD@721�AJ?EXZ1402m@?B[^02m�[f\UD@721Ân>bEv>XZ1WXZ[<A>14bBm#3¡?ED@7½=F1Om@n{1ON4D#DF[D@721Wm@D~dfD@?B[^0�mFned^N4?E0>ajm�[f\ èc� �<X(df02A ±i�c� �<X ��D@721 � dfv2m~m@?¿df0½n>bEv>XZ1W?Bm¡;>=F[jd^A>14=#D@7edf0�D@721Wm@7edf=@nw[^021;:9wdf;{[^v>D ²c� �8Xw523¡7214=F1W?ED#AJ=F[^n2m�A>[�3¡0�DF[Q[^0>bE9 ± � [f\§?EDFm#X�d��<?EX¢v>X n{14=@D@v>=@;edfD@?B[^0�p
� [^02NO14=@0>?E0>aWD@721y1idf=@bE?B14=Ydf=@=@?Eh^dfbBmUD@721ym@7edf=@nln>bEv>XZ1`bB1id^A>mUDF[�b¿df=@aj14=Y1HKM1ON4DFmip§¥y721 � dfv2mFm@?¿df0ln>bEv>XZ1df=@=@?EhcdfbLG�D@?EXZ16nedfD@DF14=@0w?Bm¡XQ?Bm~m@?E0>a¦df0:9½1idf=@bE?B14=sdf=@=@?EhcdfbBm#=@?Eac78D#?E0½\S=F[^0:D�[f\U?EDip0�y[^D@7�1HKM1ON4DFmsdf=F1WN4bB1idf=@bE9AJv21½DF[ÃD@721½n{14=@D@v>=@;edfD@?B[^0Ä\Sv>02N4D@?B[^0�pÄR2[^=�D@721½m@7edf=@nÄn>bEv>XZ1½D@721½hj14bB[<N4?EDI9¸n{14=@D@v>=@;edfD@?B[^0�7ed^mQ3`14bEbA>1HC2021OAÄ;{[^v>02A2df=@?B1Omi5`D@7:v2m�D@721wmF1ONO[^02AÄR2=F1Om@0214b�æi[^021wNidfv2mF?E0>a�D@721½3o1idf�Ä1idf=@bE9�df=@=@?EhcdfbBm�A>[<1OmQ02[^D[ihj14=@b¿dfn¨3¡?ED@7¨D@721¢C2=Fm@DWR>=F1OmF0214b�æi[^021OmW[f\`df=@=@?Eh^dfbBmÂ=F1id^N~7>?E0>awD@721�m@v>=Ü\�d^NO1�dfDÂb¿df=@aj14=WAJ?Bm@D~df02NO1Omip¢¥y7>?Bm

�^³



?BmÂD@721QNid^mF1l\][^=WD@721 � dfv2mFm@?¿df0Ãn>bEv>XZ1cpQ¥y7edfDW?BmW3¡789|D@721�?E0 �2v21402NO1�[f\oD@721QmF1ONO[^02A¨R>=F1OmF0214bYæi[^021�?Bmnedf=@D@bE9½Nidf02NO14bEbB1OAw[^v>D#?E0½\S=F[^0:Ds[f\§D@721Ân>bEv>XZ1cpo¥y7214=F1c5>02[Q1idf=@bE9wdf=@=@?Eh^dfbBm#Nidf0�;g1W[^;2mF14=@hj1OAMp

� �3�*2� �	0� 2�.
�� - �'� �	0�� �2� �	��
* ��� �'��� 	 ��� � � ��
*���-/!10����

À�1¢021H�<DxNO[^XQnedf=F1¢D@721¢A>14b¿dO9JmÂ[f\YD@721¢m@721idf=x3`dihj1lD@7edfD�?Bms=F1��e1ON4DF1OAÃdfDxD@721�Éodf=@D@7�� mWm@v>=Ü\]d^NO1�;g1H\][^=F1=F1id^NF7>?E0>a�D@721|n>bEv>XZ1�P�Ì>Ì:G�n>7ed^mF1�VHp � 0�D@721z=@?Eac7:Dwm@?BA>1z[f\lR§?Ea2p¡_Jp ± � dfa:df?E0�A>14b¿dO9Jm½[f\�D@721¨m@7edf=@n=
5 ±i�c� �<X$n>bEv>XZ1lXZ[<A>14bU?BmxmF72[i3¡0�df02AÃNO[^XQnedf=F1OAÃDF[£df0Ã?BA>140:D@?BNidfb�n>bEv>XZ1lXZ[<A>14b�5{3¡?ED@7ÃDI3¡?BNO1lD@721n{14=@D@v>=@;edfD@?B[^0£[f\�D@721#C2=Fm@Do[^021lPSR�?Ea2p<_Jp ± � ;°VHp-¥y721#aj140214=~dfbgnedfD@DF14=@0£[f\M;{[^D@7¦A>14b¿dO9¦m@7ed^A>[i3#mo?Bmou8v>?EDF1

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.6

1.2

1.8

2.4

3.0

d
e
l
a
y

s

-0.25

3.10

P1_SS_0.05Hz_T

��������� ���'�$� ����� �
δvs = 6.2%

�

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

1.1

2.2

3.3

4.4

d
e
l
a
y

s

-0.50

5.35

P3_SS_0.05Hz_T

����� � 
�����	����� ����� �
δvs = 12.4%

�

��������� · �8¼R� �O � ,<�R�d' )P�3?2�X#V�!�T��02, 
 
IY�?E0B�>�3, �
∆ �

��b
◦
� , 11,76�� �!# ��02, ?E���5)
, ?A,<�!�L�5�	���������! Q-

AJ?LKM14=F140:D`\t=F[^XÅD@7edfD¡[f\�D@721sÇUG�n>7ed^m~1cp�qIDo?BmÁX¢v2NF7½0edf=@=F[i3`14=y?E0¦?EDFmoX�df?E0knedf=@Dydf02A£m@72[i3#m`mF[^XZ1s3o1idf�m@?Eac0edfbBm�nedf=@D@bE9¦\�df=sdi3`dO9k\S=F[^X¾D@721Wn>bEv>XZ1ldf02[^X�dfbE9jpo¥y7>?Bm�?Bm�dQm@D~df;>bB1W\S1idfD@v>=F1Â\][^=sdfbEb�D@721lÌ>Ì:G�n>7ed^mF1m@7ed^A>[�3#mi5e02[^Dx[^0>bE9£\S[^=sD@721�[^021Om�mF72[i3¡0z7214=F1cp¡/�bBmF[ZD@721�ÇYÇUGImF72[i3#mxD@7>?Bm#;{147edOh<?B[^=s3¡?ED@7|=F1Om@n{1ON4D�DF[D@721xAJ?E=F1ON4D`ÇUG�n>7ed^m~1cpYqIDoXQ?Eac7:Dy;{1�1H�Jn>b¿df?E021OA�;89ZD@721#C20>?EDF1HG]\S=F1Ou8v21402N49��j14=@0214b{[f\�D@721OmF1�n>7ed^m~1Omo3¡7>?BN~7?BmÂNO[^XQn>bE?BNidfDF1OA¨;:9|D@721�m@v>=Ü\]d^NO1l=F1��e1ON4D@?B[^0�p � 0¨D@721l[^D@7214=Â7edf02AM5MD@721ZÌ>Ì:G�n>7ed^mF1wPSÇÁÇUG�n>7ed^mF1�Vs7ed^m6dm@7edfbEbB[�3o14=�?E02N4?BA>1402NO16D@7edf0wD@721WAJ?E=F1ON4D�ÇUGÁ[^=sÌ:G�n>7ed^mF1c5°dfbBmF[�?E0 �2v21402N4?E0>aZD@721WmF1402m@?ED@?Eh<?EDI9k�j14=@0214b�pYqrDy?Bm02[^D�;{14bE?B14hj1OAQD@7edfDYD@721y3o1idf�Qm@?Eac0edfbBm�\tv>=@D@7214=Y[^v>DFm@?BA>1sdf=F1¡Nidfv2mF1OAQ;:9l?E0:DF14=Ü\]14=F1402NO1#3¡?ED@7Z[^D@7214=Án>7ed^mF1Om3¡72140
N4=F[cm~mÜGINO[^=@=F14b¿dfD@?E0>a¨m@?E02NO1ZD@721�DI9<n>?BNidfbÁnedfD@DF14=@0¸[^;2mF14=@hj1OA¤?E0m@v2NF7Nid^mF1Om6?Bm�XQ?BmFm@?E0>a2p½/s02[^D@7214=aj140214=~dfb¡\]1idfD@v>=F1½?BmZdzn>=F[^02[^v>02NO1OA�d^mF98XQXZ14D@=@9jp�Ç§[cmFm@?E;>bE9j5`?E0�D@721½Nid^mF1½[f\Wm@7edfbEbB[i3 ?E02N4?BA>1402NO1½D@721dfbE=F1id^AJ9kXZ140:D@?B[^021OA�=F[^v>02A<GI[fK¤14=@=F[^=Fm#Nidfv2m@?E0>aZD@721�d^mF98XQXZ14D@=@9£7edOhj1ld�m@D@=F[^0>aj14=�1HKM1ON4Dip
� [^XQnedf=@?E0>aD@721wA>14b¿dO9�nedfD@DF14=@02m£[f\ÂD@721½DI3`[¤n>bEv>XZ1�XZ[8A>14bBm¦[^021wmF1O1OmQD@7edfD¦D@72149�df=F1�m@?EXQ?Eb¿df=3¡?ED@7>?E0¸[^021¦[^=¢DI3o[zAJ?BmFN4=F14D@?Eæ�dfD@?B[^0¸v>0>?EDFmip � [^02NO14=@0>?E0>aÃD@721kdfXQn>bE?ED@v2A>1Om�[f\#D@721�A>14b¿dO9Jm�[^021Z3`[^v>bBA1H�Jng1ON4DQd�A>[^v>;>bE?E0>a¨[f\�hcdfbEv21Oml3¡72140A>[^v>;>bE?E0>a¨D@721¦hj14bB[<N4?EDI9df02[^X�dfbE9jpÃ¥y7>?Bm�?Bml[^0>bE9�D@=@v21¦\S[^=¢D@7211idf=@bE9¨df=@=@?Eh^dfbBmi5{3¡7214=F1id^m�D@721�X�d��<?EX¢v>X�A>14b¿dO9¨[f\oD@721QmFD@=F[^0>a½n>bEv>XZ1Q[^0>bE9|=F1id^N~721Om ³5; p�_ � [f\`Dr3¡?BNO1D@721¢X�d��<?EX¢v>X$A>14b¿di9�[f\YD@721�3`1idf�wn>bEv>XZ1cp�¥y721¢=F1id^mF[^0�\S[^=sD@7>?Bm�=F14X�df?E02mÂ14bEv2m@?Ehj1c5°\][^=�D@721�Ç�G�3`dOhj1c572[i3`14hj14=i5e3`16[^;>D~df?E0�1H�2d^N4D@bE9¦Dr3¡?BNO16D@7216A>14b¿di9<m�p

�^²



��!102��� 
������1*+ ���- �	� ��� ��� 	 ������� 	 � �
� 021#[f\MD@721¡XZ[cm@DÁ?EXQng[^=@D~df08D`u8v21Om@D@?B[^02mY?E0�D@721¡n>bEv>XZ1�A>14;edfDF1sNO[^02NO14=@02mYD@721�A>14n>D@7Z\t=F[^XÅ3¡7>?BNF7�D@72149[^=@?Eac?E0edfDF1cpW¥y7>?Bmx?Bmx=F14bB14h^df08Ds\][^=xD@721¢u8v21Om@D@?B[^0z3¡7214D@7214=x72[^DFmFng[^DFmQPS[^=i5MdZnedf=@D@?BN4v>b¿df=W72[^DFmFng[^Dxv>02A>14=m@D@v2AJ92VQdf=F1wNidfv2mF1OAÄ;:9�A>1O14n�mF1idfDF1OA��rÊz[^=@a:df0>?¿df0&�wn>bEv>XZ1Om�[^=�3o14D@7214=�D@721wv>02A>14=@bE98?E0>a
v>n:3o14bEbE?E0>aNO[^XZ1OmM\S=F[^X D@721YD@=~df02m@?ED@?B[^0�æi[^021o[^=�XQ?Eac7:DU14hj140�;{1Ád¡m@7edfbEbB[�3d^m@D@721402[cmFn>7214=@?BNYn>b¿dfDF1HG�DF1ON4DF[^0>?BN`=F14b¿dfDF1OA\]1idfD@v>=F1cpÀ�1WNO[^XQnedf=F16A>14b¿di9½m@7ed^A>[i3#ms[f\�n>bEv>XZ1WXZ[<A>14bBm¡3¡?ED@7½DI3`[ZAJ?LKM14=F140:D�[^=@?Eac?E0�A>14n>D@72m�52[^021WNO[^XQ?E0>a\S=F[^X D@721 � Ê ��df02AkD@721W[^D@7214=#[^021W[^=@?Eac?E0edfD@?E0>a¦dfDyD@721Â;g[^D@DF[^X¾[f\§D@721sD@=~df02mF?ED@?B[^0wæi[^021cp�¥y721WA>14b¿dO9X�dfn2m�\][^=�D@721sÌ:G�n>7ed^mF1s[f\gD@721#DI3o[�XZ[8A>14bBmÁ?BmYm@72[�3¡0Z?E0�R§?Ea2p:_Jp ±i³ p�¥y721#AJ?LK{14=F1402NO1�;g14Dr3o1O140¦D@721¡DI3`[

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.8

1.6

2.4

3.2

4.0

d
e
l
a
y

s

-0.15

4.10

P1_S_0.05Hz_T

�������
	�� ���� ��� �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.8

1.6

2.4

3.2

d
e
l
a
y

s

-0.10

3.95

P2_S_0.05Hz_T

��� ����� � � "�����
 � � �� ��� �

��������� · �8¼R��%� � ,<�R�d' )P�3?2�X#V�!�T��02, 
IY�?E0B�>�3, �
∆ �

��b
◦
� 67�!) ?q�O�L�&�7�! 9�!#��!�L��K��� F*,V? ��0;��-

m@7ed^A>[�3#m¢?Bm¢m@D@=@?E�<?E0>a2pw¥y721ZXQ?E0>?EX¢v>X!df02A¤X�d��<?EX¢v>X h^dfbEv21Om¢AJ?LK{14=l[^0>bE9¨?E02m@?Eac0>?LCeNidf0:D@bE9
3¡7214=F1id^mD@7214=F1#?Bm`dWX�df=@�j1OA£AJ?LK{14=F1402NO1�?E0�D@721�3¡?BAJD@7¦[f\MD@721�m@7ed^A>[�3#mipUÀÝ7>?EbB1#D@721�A>14b¿di9QnedfD@DF14=@0£[f\MD@721 � Ê �n>bEv>XZ1y?Bm�m@?EXQ?Eb¿df=�DF[ÂD@7edfDY[f\gD@721¡ÇUG�n>7ed^mF1 � [i3¡?E0>a�DF[sD@7214?E=om@?EXQ?Eb¿df=UnedfD@72m � D@721¡A>14b¿dO9�m@7ed^A>[i3Ä[f\gD@721D@=~df02m@?ED@?B[^0Ãæi[^021¢n>bEv>XZ1�?BmsbE?EXQ?EDF1OAz?E0z1H�JDF1402m@?B[^0z?E0|;{[^D@7�D@721¢=~d^AJ?¿dfbYdf02A�D@=~df02m@hj14=Fm~1¢AJ?E=F1ON4D@?B[^0�pÂ/yDD@721#=F1ONO14?Ehj14=Fm ;c�c� �<XÆ;{147>?E02AZD@721�n>bEv>XZ1�D@7214=F1�?BmÁ02[¢[^;2mF14=@h^df;>bB1sA>14b¿dO9�df089ZXZ[^=F1c58[^0¦D@721�NO[^08D@=~df=@9j53o1xmF1O1s1idf=@bE9�df=@=@?Eh^dfbBmydfDomF[^XZ1xm@D~dfD@?B[^02mo3¡7214=F1�D@721 � Ê �Än>bEv>XZ1Omo7ed^m`A>14b¿dO9Jm`[f\�D@721�m~dfXZ1sh^dfbEv21Om`[^=14hj140wb¿df=@aj14=ipY¥�[i3ydf=FA>m�D@7216mF?BA>1Omi5J72[i3`14hj14=i52D@72161idf=@bE9½df=@=@?Eh^dfbBm�[f\§D@721 � Ê �Ýn>bEv>XZ1�df=F1WXQ?BmFm@?E0>a�\][^=D@7216n>bEv>XZ1�\S=F[^X D@721 ;5;c� �<X(AJ?Bm~NO[^0:D@?E0:v>?EDr9jpsqr0�m@v>XQX�df=@9j5e\S=F[^X D@7>?BmxAJ?LK{14=F1402NO1¢?E0|A>14b¿di9½nedfD@DF14=@02mD@721WDr3o[�[^=@?Eac?E0|A>14n>D@72m�Nidf0w;{1WAJ?Bm@D@?E0>acv>?Bm@721OAMp Û 14hj14=@D@7214bB1OmFm�5>?E0w=F1idfb�A2dfD~dQmFD@v2AJ?B1Omi5JD@7216AJ?LKM14=F1402NO1OmXQ?Eac7:D¦;g1k7edf=FA¸DF[¤A>14DF1ON4Di5`mF?E02NO1kD@72149[<NON4v>=�[^0>bE9¸u:v>?EDF1k\�df=�dO3ydO9¸\S=F[^X!D@721½n>bEv>XZ1wNO1408DF14=¦df02ANO[^02NO14=@0wXZ[cm@D@bE9½m@X�dfbEbMhcdfbEv21Omip

� * ���) 2��*�� ����* � !)� � � � �'��- 	 ���2� � ��!1!�
 � ��*��'�� 2��*�� �

¥y721W?E02N4?BA>1402NO1ldf0>acbB16[f\§D@7216n>7ed^mF1Wv>02A>14=#?E08hj1Om@D@?Ea:dfD@?B[^0�?Bm�df02[^D@7214=s?EXQng[^=@D~df08D�nedf=~dfXZ14DF14=xm@?E02NO1W?EDA>14DF14=@XQ?E021OmWD@721lbB140>acD@7�[f\oD@721lnedfD@7ÃD@7edfDWD@721l3`dihj1Zm@n{140:DÂ?E0ÃD@721¢n>bEv>XZ1Zdf02AÃ[�hj14=W3¡7>?BNF7¤d£A>14b¿dO9Nidf0�;{1sd^NOu8v>?E=F1OAMp�Êz[^=F1O[ihj14=i5<D@721�m@7edfbEbB[�3o14=yD@721#?E02N4?BA>1402NO1c5JD@721�bB[^0>aj14=oD@721�nedfD@7�;{147>?E02A�D@721�n>bEv>XZ1[ihj14=x3¡7>?BNF7Ã721idfbE?E0>a£D~df�j1Om�n>b¿d^NO1cpsqI0z[^=FA>14=�DF[£1H�>dfXQ?E021¢D@7216n>bEv>XZ1l1HKM1ON4Dx[^0|D@7216?E02N4?BA>1402NO1Qdf0>acbB1c5
³c�



3o1kD~df�j1kDr3o[¨n>7ed^m~1Om�D@7edfDQ=F14n>=F1OmF140:D�1402AJXZ14X¢;g14=FmZ3¡?ED@7�=F1Om@ng1ON4DQDF[Ãm@bB[�3¡021OmFmipqI0�R§?Ea2pY_Jp ±i² D@721A>14b¿dO9¸X�dfn2m¦[f\xD@721|Ì<Ç�G�df02A�D@721|Ì ��Ì:G�n>7ed^m~1
P�\][^=QD@7214?E=ZnedfD@72mi5ymF1O1½R§?Ea2pÁ_Jp ± _jVZdf=F1�m@72[i3¡0�\][^=NO[^XQnedf=@?BmF[^0�p /sml[^021�3`[^v>bBA¸1H�<n{1ON4Di5UD@721¦A>14b¿di9¤nedfD@DF14=@02mQAJ?LKM14=ip|¥y721½Ì ��Ì
m@7ed^A>[i3 ?Bm¢X�v2N~7

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.3

0.6

0.9

1.2

d
e
l
a
y

s

-0.10

1.40

P4_SP_0.05Hz_Z

����������� � � � � ��� ��� ��� � � � � �$��� " ���$��� �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.8

1.6

2.4

3.2

4.0

d
e
l
a
y

s

-0.45

4.25

P4_SKKS_0.05Hz_R

��� ���������	� � � � � � � � 
����� � ������"�������� �

��������� · �<¼R� �� � ,<�R��' )P�3?2� #V�!�X� �X�����M�L�R�O H?E���5)
,U���
∆ �

��b
◦
� 67�!) ?q�O�L�&�3�! �!#���02, �L0B�O�����>=G�� 26<��F*,< E�


 �Y�?E0B�>�3, = ����0 ��02,U�!�(,7,V? 
 � � 
IY�?E0B�>�7,O-

;>=F[jd^A>14=£PtD@721�ng[cmF?ED@?B[^02m�[f\¡æi14=F[fGIN4=F[cmFm@?E0>aÃ[f\`D@721¦A>14b¿dO9¨?Bm¢m@7>?L\tDF1OA�;:9¤df;{[^v>D �c�c� �8XË3¡?ED@7¤=F1Om@n{1ON4DDF[¦D@721�Ì<ÇUGIA>14b¿di9>Vs[�3¡?E0>a£DF[£m~dfXQn>bE?E0>a½[f\YD@721¢n>bEv>XZ1¢NO[^02AJv>?ED6dfDxb¿df=@aj14=xA>14n>D@72mÂ3¡7214=F1¢D@721¢R2=F1Om@0214bæi[^021½?BmQb¿df=@aj14=ip�Êz[^=F1O[ihj14=i5y?EDQ7ed^m¦dzX�v2NF7�7>?Eac7214=ZX�d��J?EX�v>X�A>14b¿di9jpÄ¥y7>?BmQ?BmZAJv21wDF[ÃD@721wm@DF1O14n?E02N4?BA>1402NO1WD@7edfD#bB14DFm#D@721Â3`dOhj16n>=F[^nedfa:dfDF1¢dlbB[^0>aj14=¡3`di9k?E0½D@721Ân>bEv>XZ1cpÁ¥y721�Ì<ÇUGIA>14b¿di9<mxdf=F1Wm@X�dfbEbB14=;{1ONidfv2mF1ZD@7>?Bm�n>7ed^mF1�m~dfXQn>bB1Om�D@721Zn>bEv>XZ1£d^m¢d½ÇUG�3ydOhj1½df02A�D@721¦ÇUG�n{14=@D@v>=@;edfD@?B[^02ml[f\�dkn>bEv>XZ1£df=F1m@X�dfbEbB14=`D@7edf0kD@721s[^021�\S[^=¡ÌQ3ydOhj1OmipÁ¥y721�=F14ac?B[^02m¡[f\�m@D@=F[^0>a�A>14b¿dO9Jm`7edOhj1Wdf0k14bEbE?En>D@?BNidfb{mF7edfng1�\S[^=oD@721m@7edfbEbB[�3 ?E02N4?BA>140:Dxn>7ed^mF1�3¡7214=F1id^m#\][^=#D@721�mFDF1O14nw?E02N4?BA>140:Dxn>7ed^mF16D@7>?Bms14bEbE?En2mF1�m~1O14XZm#DF[Q;{16mFu8v21O14æi1OADF[¢d�N4?E=FN4v>b¿df=ydf=F1idJ5Jd6N4bB1idf=yNO[^02mF1Ou8v21402NO1s[f\MD@721xAJ?LK{14=F1402NO1s?E0�?E02N4?BA>1402NO1Âdf0>acbB1cp�Íx[i3o14hj14=i5J02[^DF1�D@7edfDD@721¢=F1OAJv2N4D@?B[^0Ã[f\oD@721�n>=F[^;>bB14X'DF[kdZm@?EXQn>bB1�NO[^XQnedf=@?BmF[^0¨[f\YD@721¢?E02N4?BA>1402NO1�df0>acbB1Omx?BmÂ[^0>bE9QçÜv2m@D@?LCe1OA\S=F[^X d�=~dO98G�D@721O[^=F14D@?BNidfb�n{[^?E0:Dx[f\§h<?B1436pqr0¤D@721ÃP�C20>?EDF1HG]\t=F1Ou8v21402N492V63ydOhj1k3`[^=@bBA
02[^D�[^0>bE9¨D@721¦?E02N4?BA>1402NO1¦;{14DI3`1O140�D@721�Dr3o[zn>7ed^mF1Om�df=F1AJ?LKM14=F140:Di5�;>v>D¢dfbBmF[kD@721QmF1402m@?ED@?Eh<?EDI9Ã�j14=@0214bBmipQ¥y7>?Bm�?E0 �2v21402NO1QX�dO9Ã;{1Qm@?Eac0>?LCeNidf0:Di5�;>v>D�Nidf0¨02[^D6;{1u8vedf0:D@?LCe1OA|7214=F16m@?E02NO1602[�mF1402m@?ED@?Eh<?EDI9½�j14=@0214b�\][^=#D@721OmF16DI3o[¦n>7ed^mF1OmxdfD#D@7>?Bm�14n>?BNO1408D@=~dfbUAJ?BmFD~df02NO1�df=F1dOhcdf?Eb¿df;>bB1cp
Íx14=F1c5jD@721�021O1OAQ\][^=od � � � ��!�
�0���
� ������*���!�� \S[^=odWh^df=@?B14Dr9Z[f\{n>7ed^m~1Omodf02A�14n>?BNO1408D@=~dfbgAJ?BmFD~df02NO1Om;{1ONO[^XZ1Oml[^;8h8?B[^v2m�p � [^XQn>=F14721402mF?Ehj1kn>bB[^DFm�\][^=l=~dO9JmlNO[�hj14=@?E0>aÃD@721¦1408D@?E=F1k=~df0>aj1¦[f\s14n>?BNO1408D@=~dfb#AJ?BmÜGD~df02NO1OmQdf02Ad�;>=F[jd^AAJ?Ehj14=Fm@?EDI9[f\#n>7ed^mF1Om�7edihj1£;g1O140n>v>;>bE?Bm@721OAmF14hj14=~dfboD@?EXZ1Om½PS1cp a2p 8 � � �°�g�M��ä������
 � ���#���������c�c� _� tVHp£qI0�NO[^08D@=~d^m@Di5�C20>?EDF1HG]\t=F1Ou8v21402N49¨�j14=@0214bBm6=F1Ou8v>?E=F1QX¢v2NF7XZ[^=F1Z1HK{[^=@Dld^m6?ED?BmlAJ?�h�N4v>bEDlDF[zm@72[�3 XZ[^=F1¦D@7edf0�[^021��j14=@0214b`n{14=¢n>bB[^D½Pt3¡7>?BNF7�?Bml1id^m@9Ã\][^=¢=~di9<m�AJv21¦DF[�D@7214?E=læi14=F[1H�JDF1402m@?B[^0�521cp a2peR§?Ea2pe_Jp �cè VHpoÊ|[^=F1O[�hj14=i5°m~14hj14=~dfb��j14=@0214bBm¡\][^=�[^021Wn>7ed^mF16XQ?Eac7:D�;{1W021O1OA>1OAwmF?E02NO1W�j14=ÜG0214bBm�df=F1Â\S=F1Ou8v21402N49£A>14n{1402A>140:DipoR�?E0edfbEbE9j52D@7216NO[^XQn>v>D~dfD@?B[^0edfb�1HKM[^=@Dy\S[^=#NO[^XQn>v>D@?E0>a¦�j14=@0214bBm#?Bm¡hj14=@97>?Eac7�5<nedf=@D@?BN4v>b¿df=@bE9Q\][^=y_^T�XZ[<A>14bBmip � [^XQn>v>D@?E0>a��j14=@0214bBm`v2m@?E0>a�D@721Âd^Afç@[^?E0:DyXZ14D@72[8AÃP ��� � �s� ·O¹Yº^»E¼���c�c�cè  tVo3¡7>?BNF7wNidf0½A>1idfbM3¡?ED@7w_^T�XZ[8A>14bBmyaj[<1Om`DF[¢D@721ÂbE?EXQ?EDFm¡[f\�DF[8A2di9:� m¡NO[^XQn>v>D~dfD@?B[^0wn{[i3`14=¡3¡72140

³J±



=
5 ;c� �<X = 5 ±i�c� �<X =

5
_ �c� �8XD@7214=@X�dfb 0 � d _Jp ècè m 0 � d

� dfv2mFm ; p � m _Jp ²cè m ± mmF7edf=@n � p ;cè m è m ±i� p ècè m
� dfv2mFm � p � _Um _Jp ²cè m ³ p ²c² m

� º��H»B· �8¼0/E �p��%I��)P�5) F*,<�R��'"����)
,M���!#$��02, 
 � 
 ?E0B�>�3, #��!����02,PF��21Q,<�3,< E�X���4F���� �O 2F
?A,<�!�L�5�	���������! 
#[�5 26������! ;��- \2�!�T��02,X�L0B�O��?
?E���5)
,X)
��F*,<�&�N��02, )P��%I��)P�5) F*,<�R�d' �7�O����,M�J�O�3, �� 26<�3,d�>�L�� IK = ����0
���4F������ �
= 02,<�3,d�>�
��02, #V�!� �X�����M�L�R�O S)
��F*,<�&� ��02,[' �O�3,PF*,76<�3,d�>�L�� IKB- �J#[�(,<�  2�!�L)P�O�����7�� IK/��02, �3�O����,M� #��!� ��02,
�X�����<�<�R�O p?E���5)
, F*,<�R��';�H�!��6V0 ��0B��� ��02,['S0B���>, ��02,T?W,d�OZ ?A,<�!�L�5�	���������! �!# ��02,P�4��02,<�N?E���5)
,M�
��02,
���O)
, �(,< 2F*,< 26['p�>� #V�!�T��02,J�L0B�O��? ?E���5)
,U�&�$�
�5�3,<� �>,7F �1��02�4�>K�0G=W,d�OZI,<��-

dfD@DF14XQn>D@?E0>a6DF[x=F1id^NF7�7>?Eac7214=U\t=F1Ou8v21402N4?B1OmipU¥y7>?BmU?BmU3¡7:9lDF[^XZ[^ac=~dfn>7:9Qm@D@v2AJ?B1Om#PS1cp a2p � � �M� ª2®:® � ·4¹§º^»E¼���c�c�76 ;J tVov2mF1Âdfn>n>=F[O�J?EX�dfDF1OA½=~dO98G�;ed^mF1OA �y[^=@0½mF1402m@?ED@?Eh<?EDI9��j14=@0214bBmyNO[^XQn>v>DF1OA£\][^= ± T ÉÁdf=@D@7½XZ[<A>14bBmipTxv21lDF[kD@721�v2mF1�[f\o=~dO9|D@721O[^=@9j5�D@721l=F1Om@v>bED@?E0>a½�j14=@0214bBm6Nidf0¨02[^DW1H�2d^N4D@bE9|=F14n>=F[<AJv2NO1�D@721QmF1402m@?ED@?Eh<?EDI93¡7214=F1Z3ydOhj1£n>721402[^XZ140ed|[8NON4v>=i5U1cp a2pE5§AJ?LKg=~d^N4D@?B[^0�dfD�D@721¦NO[^=F1HG�X�df0:D@bB1£;g[^v>02A2df=@9jp½Íx[i3`14hj14=i5�N4v>=ÜG=F140:D@bE9 �o��� �4ª e �t��� ª �Ef � ª��§ª � 5<d#\][^=@XZ14=UXZ14X�;{14=Y[f\°D@721¡mF14?BmFXZ[^bB[^ac9�ac=F[^v>nQ?E0QÊ�v>0>?BN~7Q?BmU3o[^=@�<?E0>a[^0¦dxXZ14D@72[<AQD@7edfDodfbEbB[�3#mÁD@721#N4=F1idfD@?B[^0¦[f\M1H�2d^N4DYR>= �ON~7214Do�j14=@0214bBmY\S[^=Ádf089ln>7ed^m~1�df02A�df0:9Q14n>?BNO1408D@=~dfbAJ?Bm@D~df02NO1ÃP e �t��� ª �Ef � ª��§ª � ·4¹6º^»B¼ ���c�c�cè  tVHp�É�hj140¸D@72[^v>ac7D@7>?Bm�XZ14D@72[<A¤?Bm¢bE?EXQ?EDF1OA
DF[�m@n>7214=@?BNidfbEbE9m@9<XQXZ14D@=@?BNÂÉÁdf=@D@7kXZ[8A>14bBm`?EDy7ed^m¡d6X�d�ç@[^=#d^AJh^df08D~dfaj1Wm@?E02NO1�?ED¡Nidf0kA>14bE?B14hj14=�df0:9Z�<?E02Ak[f\�mF1402m@?ED@?Eh<?EDI9�j14=@0214b6PtD@=~dOhj14bLG�D@?EXZ1c5`dfXQn>bE?ED@v2A>1c5�3`dihj1H\S[^=@X¦V�df02Am@D@?EbEbÁ?Bm�NO[^XQn>v>D~dfD@?B[^0edfbEbE9¸u:v>?EDF1£NF721idfn�pz¥y7>?Bml?Bmd^NF7>?B14hj1OAz;89wNO[^XQn>v>D@?E0>a£m@?L�½?E02A>14n{1402A>140:D � T«mF[^bEv>D@?B[^02mx[f\YD@72163ydOhj1HCe14bBA|\t=F[^X(3¡7>?BNF7zD@721W\Sv>bEb§_^T�j14=@0214b°Nidf0¦D@72140�;{1#NO[^XQn{[cmF1OAMpUÊ|[^=F1O[�hj14=i5<[^02NO1�D@721 � T�NidfbBN4v>b¿dfD@?B[^02m¡df=F1#A>[^021�D@72149ZNidf0Z;g1�m@DF[^=F1OA?E0�d�bE?E;>=~df=@9wdf02A½A>[Q02[^D#7edihj1WDF[Q;{1Â=F1ONO[^XQn>v>DF1OA�14hj14=@9£D@?EXZ1cpqr0�m@v>XQX�df=@9j5Wd�j14=@0214b6NidfD~dfbB[^acv21�[^=�dng[cm~m@?E;>?EbE?EDI9�DF[�NO[^XQn>v>DF1�mF1402m@?ED@?Eh<?EDI9Ý�j14=@0214bBm½3¡?ED@7 dbB[i3-1HKM[^=@DsNO[^02m@?BA>14=~df;>bE9½7214bEn2ms?E0:DF14=@n>=F14D@?E0>a½D@721�=F1Om@v>bEDFm�[f\�\][^=@3`df=FA<G�XZ[<A>14bE?E0>a½m@D@v2AJ?B1OmsmFv2NF7zd^m�D@721n>=F1OmF1408Dk[^021cp�qID¦?Bm£dfbBm~[¤v2mF1H\Sv>b#\][^=�?BA>1408D@?L\t9<?E0>a¸n>7ed^mF1Om¦3¡?ED@7�d
mF1402m@?ED@?Eh<?EDI9ÄAJ?Bm@D@=@?E;>v>D@?B[^0�D@7edfD£?BmNO[^02NO140:D@=~dfDF1OAÃdfD¡D@721Wn{[cm@?ED@?B[^0�[f\Yd�A>1Om@?E=F1OAwm@D@=@v2N4D@v>=F1c5em@v2NF7|d^msdln>bEv>XZ1c5°dfD�d�ac?Ehj140�AJ?BmFD~df02NO1cpÀ�1¦3¡?EbEb`NO[^XZ1¦;ed^NF�¤DF[wD@721¦?BmFm@v21�[f\#?E02N4?BA>1402NO1½df0>acbB1kdf02A¤D@721�?E0 �2v21402NO1k[f\#D@721��j14=@0214b`3¡72140m@D@v2AJ9<?E0>aZD@721�Ì<N�Ì:G�n>7ed^mF1ldfD�df0�14n>?BNO140:D@=~dfb§AJ?Bm@D~df02NO16[f\ 6:è ◦ p
� ��� � �

� � -2���3� �

� [^02m@?BA>14=@?E0>axD@721oÌ �Ì:G�n>7ed^mF1yd^m�df0¢1H�2dfXQn>bB1Y3`1ÁNO[^XQnedf=F1ÁD@721ÁA>14b¿dO9WX�dfn2m�[f\>h^df=@?B[^v2m�n>bEv>XZ1YXZ[<A>14bBmip/sXZ[^0>a6D@721¡n>7ed^mF1Om�3`1¡v2mF1`\][^=YD@7>?BmYm@D@v2AJ9lD@721sÌ �Ì:G�n>7ed^mF1�1H�<n{14=@?B1402NO1OmÁ[^021#[f\{D@721#m@D@=F[^0>aj1OmFDYA>14b¿dO9JmD@7edfD�3`1�Nidf0wXZ1id^mFv>=F163¡?ED@72[^v>Dx;g14?E0>a�AJ?BmFD@v>=@;g1OA�;:9k?E0:DF14=Ü\]14=F1402NO1Omx3¡?ED@7|[^D@7214=�A>14b¿di9j1OA�n>7ed^mF1OmlP]df01H�>NO14n>D@?B[^0 � d^m¡dfbE=F1id^AJ9�AJ?BmFN4v2mFmF1OAkdf02A£m@72[i3¡0k?E0kR�?Eacv>=F1Â_Jp ± 6 � ?BmoD@721ÂA>14b¿dO9ZnedfD@DF14=@0½[f\�D@721xm@D@=F[^0>an>bEv>XZ1¡3¡?ED@7�A>[^v>;>bB1OA�hj14bB[8N4?EDr9�ng14=@D@v>=@;edfD@?B[^0°VHpY¥y7>?BmY?BmY3¡7:9�3`1#AJ?BmFN4v2mFm�D@721#n>bEv>XZ1¡XZ[8A>14bBmÁDF[^aj14D@7214=3¡?ED@7�D@721Z1H�2dfXQn>bB1Z[f\yD@721¦Ì �Ì:G�n>7ed^mF1cp¦R�?Ea2p�_Jp �c� m@72[i3#mldkNO[^XQn>?Eb¿dfD@?B[^0[f\yD@721ZA>14b¿di9ÃmF7ed^A>[i3#m�[f\D@721¢Ì �Ì£n>7ed^m~1cp¥y721ZA>14b¿di9|X�dfac0>?ED@v2A>1Oml[f\oD@721£Ì �Ì:G�n>7ed^mF1�df=F1Qu8v>?EDF1ZmF1402m@?ED@?Ehj1�DF[kD@721Qn{14=@D@v>=@;edfD@?B[^0¨\Sv>02N4D@?B[^0PSR§?EajmipY_Jp �c� dJ5 ;�5 A�df02A�¥§df;>bB1�_Jp 6 VH5Á72[�3o14hj14=¦D@721½m@nedfD@?¿dfb#AJ?Bm@D@=@?E;>v>D@?B[^0�[f\ÂD@721½A>14b¿dO9
\S[^=�d ±i�c� �<Xn>bEv>XZ1Â?Bmy02[^DipY¥y721Wm@7edf=@n½n>bEv>XZ1ÂXZ[<A>14b�Nidfv2mF1OmyD@721Â7>?Eac721Om@D¡X�d��J?EX�v>X(A>14b¿dO9£3¡?ED@7 è mF1ONO[^02A>m#df02AD@721¦D@7214=@X�dfboXZ[<A>14boD@721¦bB[i3`1Om@D�3¡?ED@7¸_Jp ècè mF1ONO[^02A>mip�¥y7>?Bm¢3yd^mQdfbE=F1id^AJ9¤[^;2mF14=@hj1OA¸df02A
1H�Jn>b¿df?E021OA3¡72140�3`1Zm@D@v2AJ?B1OAÃD@721Q?E0 �2v21402NO1Z[f\yD@721�n{14=@D@v>=@;edfD@?B[^0�\Sv>02N4D@?B[^0�p�À�?ED@7�D@721Q1H�2dfXQn>bB1Z[f\yD@721�Ì �Ì:Gn>7ed^mF1�3o1¦3`df0:D�DF[|1H�>dfXQ?E021¦D@7>?Bm¢1HKM1ON4DlDF[^aj14D@7214=¢3¡?ED@7D@721Z=~d^AJ?Ev2m�[f\#D@721Zn>bEv>XZ1cp|R§?Eajmip�_Jp �c� 1 ��\m@72[�3 D@721wA>14b¿dO9JmZ[f\ÂdÃmF7edf=@n ;c� �8X!n>bEv>XZ1�df02AÄd � dfv2mFm@?¿df0Ä_ �c� �8X�n>bEv>XZ1c5Á=F1Om@n{1ON4D@?Ehj14bE9jp¸¥y721
³c�



330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0

1

2

3

4

5

d
e
l
a
y

s

-0.65

5.00

P1_SKS_0.05Hz_R

����� ��� � ���������� ��� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.8

1.6

2.4

3.2

d
e
l
a
y

s

-0.25

3.95

P4_SKS_0.05Hz_R

����� � ��� ��� ������� ����� � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0

1

2

3

4

5

d
e
l
a
y

s

-0.40

5.10

P2_SKS_0.05Hz_R

��� � ��� � ���������� ��� � ��� ��� � � ���� ��� �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.7

1.4

2.1

2.8

3.5

d
e
l
a
y

s

-0.55

3.55

P7_SKS_0.05Hz_R

��"$� 
 � ���� � � ������
 ����$� 
� �������
≈

� ��� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

d
e
l
a
y

s

-0.75

2.65

P6_SKS_0.05Hz_R

��� � ��� � ���� ��� ���� �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

1.0

d
e
l
a
y

s

-0.00

1.00

P30_SKS_0.05Hz_R

�	�� � ��� ��� �������$����
 ��� � �

��������� · �<¼�	 �4 � ,<�R��' )P�3?2�+#��!� ��02, 
 � 
IY�?E0B�>�3,P#��!� F��211,<�3,< B�J?E���5)
,�)
��F*,<�&�����
∆ �

��b
◦
- � �L��K��� 

F*,V? ��09�!# ��02, ?E���5)
,M�X�&� ��02, � � � �1�5 *��,M�<�N�4��02,<�!= �&�3,U�!�����(,7FB-³ _



n{14=@D@v>=@;g1OAzdf=F1idZ[f\YD@721 � dfv2mFm@?¿df0|_ �c� �<X n>bEv>XZ1l1H�JNO1O1OA>m�D@721¢dfn{14=@D@v>=F1¢[f\�D@721ldf=@=~dO9j5°D@7:v2mÂdfbEXZ[cm@DdfbEbÁD@721¦m@D~dfD@?B[^02m¢=F1ONO[^=FAd½A>14b¿di9j1OAÄÌ �Ì:G�n>7ed^mF1cp½¥�df;>bB1k_Jp 6 bE?Bm@DFm¢D@721ZX�d��J?EX�v>X A>14b¿dO9Jml[f\#dfbEboD@721
� Ê �ÁG�n>bEv>XZ16XZ[8A>14bBm�3¡?ED@7wD@721Wm~dfXZ1Wn{14=@D@v>=@;edfD@?B[^0�pÀ�1lmF1O16D@7edfD�\S[^=sD@721¢mF7edf=@n�XZ[<A>14bBmsD@721¢A>14b¿dO9w?Bms?E02N4=F1id^m@?E0>a£3¡?ED@7|D@721�n>bEv>XZ1�=~d^AJ?Ev2m�5{dZbB[^ac?BNidfbNO[^02mF1Ou8v21402NO1#[f\°D@721ybB[^0>aj14=�nedfD@7¦[^0lD@7edfDÁD@721y3`dOhj1#ned^mFmF1OmUD@721`\Sv>bEb<n{14=@D@v>=@;edfD@?B[^0�[f\{D@721yn>bEv>XZ1cpUR2[^=D@721 � dfv2mFm@?¿df0Ãn>bEv>XZ1lXZ[8A>14bBmx?E02m@DF1id^A|3o1�[^;2mF14=@hj1lD@721�[^n>n{[cm@?EDF1¢1HKM1ON4D �¡D@721�A>14b¿dO9JmÂA>1ON4=F1id^mF1l3¡?ED@7D@7216n>bEv>XZ1lAJ?¿dfXZ14DF14=ipx¥y7>?Bm�?BmsAJv21�DF[�D@721�n{1idf�kng14=@D@v>=@;edfD@?B[^0ÃD@7edfDÂAJ?LK{14=Fms;g14Dr3o1O140zD@721 � dfv2mFm@?¿df0XZ[<A>14b�?E0Ã[^=FA>14=ÂDF[��j1O14nzD@721�?E08DF14ac=~dfb�ng14=@D@v>=@;edfD@?B[^0¨NO[^02m@D~df08DipWq�\Y3`1�02[^=@X�dfbE?Eæi1�D@721lA>14b¿dO9JmÂ[f\YD@721m@X�dfbEbYdf02Az;>=F[jd^AÃn>bEv>XZ1OmÂDF[£;g1l1HK{1ON4D@?Ehj14bE9zNidfv2mF1OAÃ;:9�D@721lmÒdfXZ1¢n{14=@D@v>=@;edfD@?B[^0
d^mxD@721�[^021�[f\ÁD@721±i�c� �<X(=~d^AJ?Ev2msn>bEv>XZ1�D@721lA>14b¿dO9�h^dfbEv21Om�Ptb¿d^m@D�bE?E021¢?E0|¥§df;>bB1Q_Jp 6 V#df=F1�dfbBmF[Z?E02N4=F1id^m@?E0>ak3¡?ED@7|=~d^AJ?Ev2mipÍx[i3o14hj14=i5JD@721xA>14b¿dO9Jm¡df=F1#aj140214=~dfbEbE9¦3o1idf�j14=¡NO[^XQnedf=F1OA£DF[6D@721x[^021Om`[f\�D@721xm@7edf=@n£n>bEv>XZ1�XZ[<A>14bBmi5Jd^mdfbE=F1id^AJ9½[^;2mF14=@hj1OA�df02Aw1H�Jn>b¿df?E021OA½3¡?ED@7wD@721�1H�>dfXQn>bB16[f\UD@721WÇUG�3ydOhj1cpÛ [^DF16dfbBmF[�D@721Â7>?Eac7½hcdfbEv21Om#[f\§1idf=@bE9½df=@=@?Eh^dfbBm¡\S[^=yD@721¢Ì �Ì:G�n>7ed^mF1Â3¡7>?BN~7w=F1id^NF7�v>n½DF[ � p �^è m�df02A3¡7>?BNF7¤3o[^v>bBA¨;{1QN4bB1idf=@bE9zA>14DF1ON4D~df;>bB1cp � 0¨D@721Q[^021�7edf02AM5�v2m@?E0>a½=~dO98G�D@721O[^=@9j5�D@72149zdf=F1Q?E08DF14=@n>=F14DF1OAd^mk;{14?E0>a¸Nidfv2m~1OA�;:9�\]d^m@D½df02[^X�dfbE?B1Om
PS1cp a2pE5s?E0�acbB[^;edfbWDF[^XZ[^ac=~dfn>7:92VH5W[^0�D@721¨[^D@7214=½7edf02A�v2m@?E0>aAJ?LKM14=F140:D@?¿dfbyD@=~dOhj14bLG�D@?EXZ1OmQd^m¢v2m@vedfbY\][^=�=F14ac?B[^0edfb`DF[^XZ[^ac=~dfn>7:9¤1H�Jn{14=@?EXZ140:DFmlD@72149¨3o[^v>bBA
X�dfn
?E08DF[D@7216A>14b¿di9½dfXQn>bE?ED@v2A>1Om�5>D@7:v2ms140>7edf02N4?E0>a�D@7214X 14hj140wXZ[^=F1cpqr0�m@v>XQX�df=@9j5�D@721£Ì �Ì:G�n>7ed^mF1�dfD ²c� ◦ 14n>?BNO140:D@=~dfb`AJ?Bm@D~df02NO1Q7ed^mWDr3o[�d^AJhcdf0:D~dfaj1O[^v2m¢n>=F[^n{14=@D@?B1Om �R§?E=Fm@Di52?EDx7ed^mÂdZm@DF1O14n|?E02N4?BA>1402NO1ldf0>acbB1�df02A�D@78v2msmÒdfXQn>bB1OmxdZb¿df=@aj1�n{[^=@D@?B[^0z[f\�D@721¢n>bEv>XZ1�?E0zA>14n>D@7�p¥y7>?Bm#bB1id^A>m�DF[Zm@D@=F[^0>a£A>14b¿dO9Jm¢PSmF14hj14=~dfb§mF1ONO[^02A>mÒVy[^;2mF14=@hcdf;>bB1�N4bB[cm~1WDF[QD@721Wn>bEv>XZ1cp#Ì<1ONO[^02AM52?EDsmF1O14XZmDF[Z7edihj1ld�0edf=@=F[i3-mF1402m@?ED@?Eh<?EDI9½�j14=@0214b§?E0zD@721�A>14n>D@7z=~df0>aj1�3¡7214=F1¢?EDsm~dfXQn>bB1OmsD@7216n>bEv>XZ1c5gn>=F[^;edf;>bE9AJv21sDF[�D@721xD@=~df02m@XQ?BmFmF?B[^0¦D@7>=F[^v>ac7kD@721ÂÉÁdf=@D@7�� myNO[^=F1cpYÍx[i3o14hj14=i5JD@7>?Bm`?Bm`m@n{1ON4v>b¿dfD@?B[^0½df02A£D@721Âd^N4D@vedfb�j14=@0214b<?Bm�021O1OA>1OA¢DF[¡\Sv>bEbE9Â1H�Jn>b¿df?E0�D@721`A>14b¿dO96AJ?BmFD@=@?E;>v>D@?B[^0�p§Íx[i3`14hj14=i5^D@721Á�j14=@0214b8bB1id^A>m�DF[xd¡=F14b¿dfD@?Ehj14bE9m@7edf=@nÃ\][8N4v2m~1OA|æi[^021Q[f\yA>14b¿dO9JmWD@7edfD � AJv21�DF[kD@721�m@DF1O14n¨?E02N4?BA>1402NO1�df0>acbB1 � bE?B1OmÂhj14=@9ÃN4bB[cmF1�DF[£D@721n>bEv>XZ1Âdf02A�D@7edfDy?Bm`m@?EXQ?Eb¿df=o?E0kAJ?¿dfXZ14DF14=yDF[6D@721sn>bEv>XZ1x?EDFmF14bL\ÜpU/sbEb°D@7>?BmoX�df�j1Om#Ì �ÌQhj14=@9�3o14bEb{m@v>?EDF1OA\][^=¡n>bEv>XZ16m@D@v2AJ?B1Omsdf=F[^v>02A ²c� ◦ 14n>?BNO140:D@=~dfb�AJ?BmFD~df02NO1cp
� �	� ������-2� � �"* � � ��!  /�)� � ��* � ���

>xm@?E0>a�[^D@7214=�14n>?BNO1408D@=~dfb§AJ?Bm@D~df02NO1OmÂdfbEbB[i3#m#\S[^=s1H�>dfXQ?E0edfD@?B[^0Ã[f\�d^A>AJ?ED@?B[^0edfb§n>7ed^mF1OmipyÌ<[^XZ161H�2dfXQn>bB1Omnedf=@D@bE9¸m@72[i3¡?E0>a¨v>08v2m@vedfb¡nedfD@DF14=@02m�df=F1½m@v>XQX�df=@?Eæi1OA¸?E0ÄR§?Ea2p�_Jp �J± p
¥y721kmÒÌ:G�n>7ed^m~1wdfD 6:è ◦ m@72[�3¡0?E0
R§?Ea2pU_Jp �J± d½7ed^m�d½hj14=@9�m@X�dfbEbym@7ed^A>[�3Å3¡?ED@7�dwNO[^02NO1408D@=~dfD@?B[^0¸[f\�mFD@=F[^0>azA>14b¿di9<ml[^0d�NO[^0JC2021OAM514bB[^0>a:dfDF1OAM5g14bEbE?En>D@?BNidfbUdf=F1idJp`¥y721�14bB[^0>a:dfD@?B[^0z?Bm�dZNO[^02m~1Ou:v21402NO1¢[f\§D@721�=F14b¿dfD@?Ehj14bE9wm@7edfbEbB[i3�?E02N4?BA>1402NO1dfDZD@7>?BmZmF72[^=@D�14n>?BNO140:D@=~dfbxAJ?Bm@D~df02NO1cp�È�?Eac7:D¦dfDZ?EDFmZ;g[^v>02A2df=@?B1Om�D@721½0214a:dfD@?Ehj1�A>14b¿di9<mi5onedf=@D@bE9¸3¡?ED@77>?Eac7dfXQn>bE?ED@v2A>1Om�d^mW3`14bEb�5§1402mFv21cp�¥y72149¤df=F1�dfbBmF[�NO[^0JC2021OA�DF[�d½mFX�dfbEbY=F14ac?B[^0�5§bB1id^AJ?E0>a�DF[�dkhj14=@9NO[^02NO140:D@=~dfDF1OA�æi[^021�[f\Â?E0 �2v21402NO1z[f\xD@721½n>bEv>XZ1cpÝ¥y721�A>14b¿di9<mZ\S[^=�D@721|Ì:G�n>7ed^mF1w=@v>0>0>?E0>a
D@7>=F[^v>ac7d � dfv2mFm@?¿df0¤n>bEv>XZ1�XZ[8A>14bydfD�D@721£m~dfXZ1�14n>?BNO1408D@=~dfb`AJ?BmFD~df02NO1zPSR§?Ea2p�_Jp �J± ;°V¢df=F1Z;>=F[jd^A>14=i5U;>v>D�dfbBmF[14bB[^0>a:dfDF1OA¨df02Aw=F14X�df?E0Ãm@D@=F[^0>a£v>n�DF[ ;c�c� �<X$;g147>?E02A|D@7216n>bEv>XZ1cps¥y7216?E02N4?BA>1402NO1Qdf0>acbB1Oms[f\`Ì�df02AmÒÌ½dfDsD@7>?BmsAJ?BmFD~df02NO1¢df02AwD@7>?Bm�\][8Nidfb�A>14n>D@7¨df=F1¢dfbEXZ[cmFD�?BA>140:D@?BNidfb�5{1H�Jn>b¿df?E0>?E0>a�D@7>?Bmxm@?EXQ?Eb¿df=@?EDI9�?E0wD@721DI3`[�nedfD@DF14=@02m�pw¥y721Z;>=F[jd^A>14=lnedfD@DF14=@0
[f\#D@721 � dfv2mFm@?¿df0
n>bEv>XZ1Z?Bm�AJv21¦DF[½D@721¦3¡?BA>14=¢1H�JDF1402m@?B[^0
[f\D@7>?BmQn{14=@D@v>=@;edfD@?B[^0Ä\Sv>02N4D@?B[^0�p qr0�D@721k\][^bEbB[i3¡?E0>a�3`1wNO[^XZ1½;ed^NF�¸DF[¨D@721�u:v21Om@D@?B[^0�=~df?Bm~1OA�dfDQD@7211402AÝ[f\ � 7edfn>DF14= ± d^m�DF[¤3¡7214D@7214=¦D@721¨Ì<N�Ì:G�n>7ed^mF1ÃdfD¦N4bB[cmF1|AJ?Bm@D~df02NO1OmkNidf0�7214bEnÝ?BA>140:D@?L\S98?E0>aD@721n>=F1OmF1402NO1Zdf02Az0edfD@v>=F1Q[f\on>bEv>XZ1Om�p�R>=F[^X d¦=~dO98G�D@721O[^=F14D@?BNidfbÁn{[^?E0:DW[f\`h8?B143-D@7214=F1�?Bm6d£m@D@=F[^0>akng[^?E08D\][^=QD@721�Ì<N�Ì:G�n>7ed^mF1½Nidf=@=@98?E0>ad|mFD@=F[^0>a¤m@?Eac0edfD@v>=F1½[f\ÂD@721kn>bEv>XZ1kD@7edfDQ?BmZm@nedfD@?¿dfbEbE9¸NO[^0JC2021OAÄm@?E02NO1D@721l=~dO9�[f\oD@721�Ì<N�Ì:G�n>7ed^mF1�7ed^mWd¦m@DF1O14nznedfD@7¨df02AzD@78v2mxmFng1402A>mWd�bB[^0>a£3ydO9|?E0|D@721ln>bEv>XZ1lD@7214=F14;:9d^NOu8v>?E=@?E0>aQd¢m@D@=F[^0>aQA>14b¿dO9jp�qr0k[^=FA>14=`DF[l1H�2dfXQ?E021s3¡7edfDy7edfn>n{1402m`DF[�D@721sC20>?EDF1HG]\S=F1Ou:v21402N49½Ì<N�Ì:G�n>7ed^mF1?E0D@721¦n>=F1Om~1402NO1£[f\Âdwn>bEv>XZ1£3o1kNO[^XQnedf=F1kD@721£D@=~dOhj14bLG�D@?EXZ1½A>14b¿di9¤n>bB[^DFmQ[f\�D@721£m@7edfbEbB[�3¾mÒÌ:G�n>7ed^mF1
³76



330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.6

1.2

1.8

2.4

d
e
l
a
y

s

-0.50

2.95

d45_P1_sS_0.05Hz_R

����� ��� � �� ��� ����� �
∆
�����

◦
� � � � � � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.4

0.8

1.2

1.6

d
e
l
a
y

s

-0.15

1.95

d45_P4_S_0.05Hz_R

��� ��� � � ��� � � � �$� ����� �
∆
�����

◦
� �	� � � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.15

0.95

d135_P4_Pdiff_0.05Hz_R

��� ��� ��� ��� ����� ��� �$��� �
∆
��� 
��

◦
� �

diff

� � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.10

0.90

d135_P4_PcPPcP_0.05Hz_Z

��"$��� � � ��� � � � �$� �$��� �
∆
��� 
��

◦
� � � �

2

� � � � �

�A���5��� · �8¼&	��� � ,<�R��' )P�3?2�J#��!�
∆ �

� �
◦
�O 2F � �
�

◦
-	W���5)
, �!�L��K��� 9F*,V? ��0 �&�T��02, � � � #V�!�U�O��� 6d�>�3,M��-

³cè



330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.7

1.4

2.1

2.8

d
e
l
a
y

s

-0.25

3.45

d45_P1_sS_0.05Hz_T

����� ��� � �� ��� ����� �
∆
�����

◦
� � � � � � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.7

1.4

2.1

2.8

d
e
l
a
y

s

-0.35

3.30

d45_P1_ScS_0.05Hz_T

��� ��� � � ��� ��� � �$� �$��� �
∆
�����

◦
� � � � � � � � � �

��������� · �8¼&	�	� � ,<�R��' )P�3?2�X#V�!�
∆ �

� �
◦
� 67�!) ?q�O�L�&�3�! �!# ��02, �L0B�O�����>="� 
 �O 2F ��02,U�!�(,7,V? 
^6 
IY�?E0B�>�3,O-

\*�3�!) �
����'^Y[��02,7�!�3,�����6d�O� ?A�!�� B�$�!# �O��,�= ��02, �R���L�(,<� �L02�4�5��F �;,T��F*,d�O���:' �!�5���(,7FS�(� F*,��(,76�� ?E���5)
,M� ���
6<�����3, ,V?E��67,< B�����O�qF��&�!���O 267,M��- �T�5=W,	�>,<� �I�!� �>_IK^�5�3, 8 �OCA�L02�>=W� ��0B���W��02, F*,<�R�d'PF��&�!���L� �I�*�����! �!#1��02,�
^6 
IY
?E0B�>�3,��&���L)
,d�O�3,7F���>,<� � �R�O�[K*, �3,LK����! 
�O 2FP��0B���  2�4�q�!�5���(,7F #V�!�W�3,LK����! B�O�1�(�!)
�7K����3?E0�' ,L%�?W,<�L��)
,< E� ��-
W���5)
,T�!�L��K��� F*,V? ��0 �&�T��02, � � � #��!�U�O��� 6d�>�7,M��-

³5;



df02AÃD@721Qm@DF1O14n
Ì<N�Ì:G�n>7ed^mF1wPtD@=~df02mFhj14=FmF1ZNO[^XQn{[^02140:DFmi5�R�?Ea2pM_Jp �c� VHp R2[^=WD@721�Ì<N�Ì:G�n>7ed^mF1Q=~di9:G�D@721O[^=@9n>=F1OAJ?BN4DFm�d¢bB[<NidfbE?Eæi1OAwdf=F1id¢[f\Um@D@=F[^0>aQA>14b¿dO9kN4bB[cmF1xDF[�D@721xn>bEv>XZ16d��<?Bmip)>xm@?E0>a¢C20>?EDF1HG]\t=F1Ou8v21402N49k3`dihj1Om3o1l[^;2mF14=@hj1�D@7>?BmsN~7edf=~d^N4DF14=@?Bm@D@?BN�[f\YD@721�A>14b¿dO9wAJ?BmFD@=@?E;>v>D@?B[^0|\][^=#D@721lmÒÌ:G�n>7ed^mF1�;>v>D�02[^D#\][^=ÂÌ<N�Ìgp°¥y721b¿dfD@DF14=�d^NOu8v>?E=F1OmQm@D@=F[^0>a¨A>14b¿dO9JmwPtng1idf��hcdfbEv21k[f\Â_Jp�_UmÒVH5Y72[i3o14hj14=¦AJ?Bm@D@=@?E;>v>DF1OA�[ihj14=�d�;>=F[jd^A¸=F14ac?B[^03¡?ED@72[^v>DQdwbB[<NidfbE?Eæi1OA¤n{1idf�{p½qI0NO[^0:D@=~d^m@D�DF[wD@7edfDlD@721�mHÌ:G�n>7ed^mF1�7ed^m�dk\][<N4v2mF1OA�n{1idf��N4bB[cmF1ZDF[�D@721=@?EX [f\�D@721�n>bEv>XZ1Ãm@DF14X 3¡?ED@7�d�n{1idf�8GIA>14b¿dO9�[f\l_Jp 6:è m�5#D@7:v2mk14hj140�7>?Eac7214=kD@7edf0�D@721z[^021Ã[f\6D@721Ì<N�Ì:G�n>7ed^mF1cpZ¥y721QmHÌ:GIA>14b¿dO9z\S[<[^D@n>=@?E0:D�?Bm�dfbBmF[kX�v2N~7¤m@X�dfbEbB14=6D@7edf0¤D@7edfD6[f\`D@721�Ì<N�Ì:G�n>7ed^mF1cp�¥y7>?BmW?BmdfbEXZ[cm@D¡D@721W[^n>n{[cm@?EDF16N~7edf=~d^N4DF14=@?Bm@D@?BN�[f\§3¡7edfD#[^021W3o[^v>bBAw1H�Jn{1ON4Dy\t=F[^X =~dO98G�D@721O[^=@9jpÁ¥y7216=F1id^mF[^0½bE?B1Om?E0¨D@721�?E0 �2v21402NO1Z[f\`D@721QmF1402m@?ED@?Eh<?EDI9z�j14=@0214bBm6[f\oD@721�Dr3o[½n>7ed^mF1Om�p¢¥y721�Ì<N�Ì:G��j14=@0214bÁm~1O14XZmWDF[km@XZ1idf=D@721Qm@nedfD@?¿dfbÁA>14b¿di9zAJ?BmFD@=@?E;>v>D@?B[^0¤[ihj14=¢d£b¿df=@aj1Z=F14ac?B[^0�5�n>=F[^;edf;>bE9ÃAJv21QDF[k?EDFmWNO[^XQn>bE?BNidfDF1OA�aj1O[^XZ14D@=@9=F1Om@v>bED@?E0>ax\S=F[^X�D@721`NO[^=F1`=F1��e1ON4D@?B[^0�p�/�a:df?E0�5jd�XZ[^=F1`n>=F1ON4?BmF1yAJ?BmFN4v2mFm@?B[^0�[f\eD@721`�j14=@0214b�� mU?E0 �2v21402NO1yNidf002[^Dy;g1xac?Ehj140½m@?E02NO1x02[l�j14=@0214bBmy\][^=oD@721�Ì<N�Ì:G�n>7ed^mF1WdfDyD@7>?Bm¡AJ?Bm@D~df02NO16df=F1WdOhcdf?Eb¿df;>bB1Â?E0kD@721xbE?EDF14=~dfD@v>=F1cpR2[^=W=F14ac?B[^0edfbÁDF[^XZ[^ac=~dfn>7:9¨1H�<n{14=@?EXZ140:DFm�D@721�m@72[i3¡0¤A>14b¿di9:GImF7ed^A>[i3#m�A>14XZ[^02mFD@=~dfDF1QD@7edfDW3¡?ED@7>?E0d¦NO[^0JC2021OAzmFD~dfD@?B[^0z0214Dr3o[^=@�zN4bB[cmF1�DF[¦D@721ln>bEv>XZ1�=F14b¿dfD@?Ehj1lD@=~dihj14bLG�D@?EXZ1ZAJ?LK{14=F1402NO1Omx=F1OmF[^bEhj1Qd¦m@7edf=@n\][8[^D@n>=@?E08D�[f\�D@721Ân>bEv>XZ1Wv2mF?E0>aQD@721WmÒÌ:G�n>7ed^mF1W3¡7>?BN~7w=F1��e1ON4DFm¡D@721Ân>bEv>XZ1Wn{[cm@?ED@?B[^0�df02Ak?EDFm¡3¡?BAJD@7�pYqr0NO[^0:D@=~d^mFDi5:D@721ÂÌ<N�Ì:G�n>7ed^mF1#3¡7>?BN~7¦3yd^mÁm@v>n>n{[cmF1OAZDF[67edOhj1#D@7>?BmÁn>=F[^ng14=@Dr9QbB1id^A>mÁDF[6=F14b¿dfD@?Ehj1�D@=~dihj14bLG�D@?EXZ1AJ?LKM14=F1402NO1Oms[f\Ádf;{[^v>D�D@721�mÒdfXZ16X�dfac0>?ED@v2A>1¢;>v>D�3¡?ED@7zdZm@XZ[8[^D@7zm@nedfD@?¿dfb�AJ?BmFD@=@?E;>v>D@?B[^0Ãdf02A�dZb¿df=@aj14=m@nedfD@?¿dfbg1H�<DF1402m@?B[^0�pU¥y721�=F14ac?B[^0¦[f\MX�d��<?EX¢v>XÅA>14b¿di9QbE?B1Omodf;{[^v>D ±ièc� �<XÅdO3ydO9Q\S=F[^XÆD@721¡n>bEv>XZ1s1OAJaj1c53¡7>?BNF7�Nidf0z?E0ÃD@721¢Nid^m~1l[f\`qrNO14b¿df02A¨df02AzÍxdi3`df?E?�;{1¢[fKgGIm@72[^=F1c5MA>14n{1402AJ?E0>ak[^0ÃD@721¢;ed^NF�8GrdfæO?EX�v>D@7¤[f\D@721Q1idf=@D@72u8vedf�j1cp¢qr0ÃD@7edfDÂNid^m~1¢?ED6Nidf0Ã02[^DW;{1�Nidfn>D@v>=F1OAÃ3¡?ED@7¨b¿df02A<G�;ed^mF1OA¨mF14?Bm@XZ[^XZ14DF14=Fmi5�3¡7214=F1id^mD@7216mÒÌ:GIA>14b¿di9kX�d��<?EX¢v>X bE?B1Om#mF[QN4bB[cm~1WDF[�D@721Wn>bEv>XZ161OAJaj1WD@7edfD�?ED#?Bm¡bE?E�j14bE9£;g1WNidfn>D@v>=F1OA|[^0wb¿df02A½?E0XZ[cm@D#Nid^mF1Om�p¥y7>?Bm�NO[^0JC2=@XZmlD@721¦[^;Jç@1ON4D@?B[^0¸;:9 e �J�c� � ���c�c�c�  yNO[^02NO14=@0>?E0>a¨D@721½Ì<N�Ì:G�n>7ed^mF1kd^mld�3o14bEbLGImFv>?EDF1OAn>7ed^mF1�\S[^=xn>bEv>XZ1lm@D@v2AJ?B1Omi5MdfDsbB1id^mFD�\][^=s=F14ac?B[^0edfbUDF[^XZ[^ac=~dfn>789|1H�Jng14=@?EXZ1408DFmipÂÍs[�3o14hj14=i5�df0Ã14XQn>7ed�Gm@?Eæi1OAÃ721idfbE?E0>a�1HKM1ON4D�d^m61H�Jng1ON4DF1OAÃ;89 e �J�c� �zNO[^v>bBA�02[^DW;g1Q[^;2mF14=@hj1OA
dfDWD@7>?Bm614n>?BNO140:D@=~dfb`AJ?Bm@D~df02NO13¡?ED@7wD@7>?Bm#mFD@v2AJ9jpqr0Waj140214=~dfb�5fD@721oÌ<N�Ì:G�n>7ed^mF1Á1H�2dfXQn>bB1YN4bB1idf=@bE9Wm@72[�3#m�D@7edfD�D@721odfn>n>bE?BNidfD@?B[^0¢[f\J=~dO98G�D@721O[^=@96[^06n>bEv>XZ1n>=F[^;>bB14XZmÂNidf0|bB1id^A|DF[Z3¡=F[^0>a½NO[^02N4bEv2m@?B[^02mx3¡72140ÃA>1idfbE?E0>a¦3¡?ED@7|C20>?EDF1HG]\S=F1Ou:v21402N49|3`dOhj1Om�p�¥y7:v2m�5e\][^=mF14?Bm@XZ[^XZ14DF14=ÜG�0214Dr3o[^=@�ZA>1Om@?Eac0Z[f\g=F14ac?B[^0edfbe1H�Jng14=@?EXZ1408DFmUC20>?EDF1HG]\t=F1Ou8v21402N49¢\S[^=@3ydf=FA<G�XZ[8A>14bE?E0>alm@D@v2AJ?B1Omm@v2N~7£d^moD@7>?BmÁ[^021sdf=F1�021ONO1OmFm~df=@9Q?E0£[^=FA>14=ÁDF[6�<02[i36583¡7214=F1#D@721�D@=~dOhj14bLG�D@?EXZ1Â1HKM1ON4DFmo[f\�NO14=@D~df?E0£n>7ed^mF1Omdf=F1WDF[�;{1W1H�<n{1ON4DF1OAMp
� [^?E0>a¦DF[Q7>?Eac7214=Â14n>?BNO140:D@=~dfbUAJ?Bm@D~df02NO1Omi523`16bB[<[^�wdfD#D@721�A>14b¿di9½X�dfn2ms[f\�D@721Wn>7ed^mF1OmxÇ

diff
df02AÇYNOÇ

2
\][^=Ád � dfv2mFmF?¿df0Qn>bEv>XZ1#dfDÁdf0Z14n>?BNO140:D@=~dfb°AJ?BmFD~df02NO1#[f\ ± _ è ◦ m@72[�3¡0Z?E0ZR§?Ea2pj_Jp �J± N �xAMp�¥y721¡A>14b¿dO9nedfD@DF14=@02m¢bB[8[^�¨hj14=@9¨AJ?LKM14=F140:Di5U;>v>D�D@721�XQ?E0>?EX�v>X df02A�X�d��J?EX�v>X A>14b¿dO9¤dfXQn>bE?ED@v2A>1OmQdf=F1¦m@?EXQ?Eb¿df=ip¥y721lDI3`[kn>7ed^mF1Omx7edOhj1lhj14=@9|AJ?LKM14=F140:DWnedfD@72mi5g72[�3o14hj14=i5�?E0zD@721l=F14ac?B[^0Ã3¡7214=F1¢D@72149Ãdf=F1Qd�K{1ON4DF1OAz;:9D@721Zn>bEv>XZ1¦D@7214?E=�nedfD@72m�df=F1�NO[^?E02N4?BAJ?E0>a2p�¥y7>?Bm6bB1id^A>m¢DF[�m@?EXQ?Eb¿df=�dfXQn>bE?ED@v2A>1Om�\][^=�D@721¦A>14b¿dO9Jmipk¥y721nedfD@DF14=@0�[f\xD@721½A>14b¿dO9JmZAJ?LK{14=wPSNO[^02NO1408D@=~dfD@?B[^0Ý[f\x7>?Eac7�h^dfbEv21Om�?E0�dzm@X�dfbEb#N4?E=FN4v>b¿df=Z=F14ac?B[^0¸\][^=�D@721Ç

diff

n>7ed^mF1�Vyn>=F[^;edf;>bE9wAJv216DF[¦dQNO[^XQn>bE?BNidfD@?B[^0Ã[f\�D@7216mF1ONO[^02A�R2=F1Om@0214b�æi[^021Omxd^msdQNO[^02mF1Ou8v21402NO1�[f\D@7214?E=�DF[^D~dfbEbE9¤AJ?LKM14=F140:DQaj1O[^XZ14D@=@?B1OmipÃR2[^=�D@721¦0214a:dfD@?Ehj1½A>14b¿dO9Jm¢D@721k1HKM1ON4D¢?Bm¢D@721km~dfXZ1c5U;>v>D�bB[8[^�JmXZ[^=F16AJ=~dfX�dfD@?BN¢m@?E02NO16dlb¿df=@aj1Wnedf=@D�[f\UD@72161idf=@bE9wdf=@=@?Eh^dfbBmsdf=F1W;g14bB[�3�D@721Â=F1OmF[^bEv>D@?B[^0|D@7>=F1Om@72[^bBAMp

� ����� 0���*�� � �  2�'- �"*  2��* � ��*���! � �	��� 
��, 2��!�� � �	� �3 2
 � �

À�1l02[i3«bB[<[^�zdfDÂD@721l\S=F1Ou:v21402N498GIA>14ng1402A>1402NO1Q[f\`D@721�m@nedfD@?¿dfbYA>14b¿dO9ÃAJ?Bm@D@=@?E;>v>D@?B[^0�plR�?Ea2pM_Jp � _km@72[�3#mA>14b¿dO9�X�dfn2mY[^;>D~df?E021OA�;:9QN4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0£[f\gmF14?BmFXZ[^ac=~dfXZmYD@7edfDodf=F1¡bB[�3yG�ned^mFm�C2bEDF14=F1OAZ3¡?ED@7�NO[^=@0214=
³��



330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

1.0

d
e
l
a
y

s

-0.10

1.15

P1_P_0.05Hz_Z

��������� ��� � � ��� � "�� �
corner

��� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.3

0.6

0.9

1.2

d
e
l
a
y

s

-0.10

1.35

P1_P_10s-30s_Z

�������$���$"�� � � ��� � "�� �
center

��� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.05

0.90

P1_P_60s_Z

��� ��� � ��� �$� ��� � " � �
corner

�  � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.05

0.85

P1_P_50s-70s_Z

��" ���$���$"�� � � ��� � "�� �
center

� �� �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.1

0.2

0.3

0.4

0.5

0.6

d
e
l
a
y

s

-0.00

0.60

P1_P_100s_Z

��� ��� � ��� �$� ��� � " � �
corner

��� � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.1

0.2

d
e
l
a
y

s

-0.00

0.25

P1_P_90s-110s_Z

�	�!� � ���$"�� � � ��� � "�� �
center

��� � � �

��������� · �8¼&	 �� \*�3, ,*��,< 26[';YVF*,V?A,< 2F*,< B�JF*,<�R��' �L0B�4F*�5=W�X#V�!�U� �L0B�O��? � � � ?E���5)
,N���
∆ �

��b
◦
-

³c³



\S=F1Ou:v21402N4?B1Omy[f\ �c� 5 ;c� df02A ±i�c� mxPtbB1H\tDyNO[^bEv>XQ0°VHp-À�?ED@7£A>1ON4=F1id^m@?E0>a¢\t=F1Ou8v21402N49ZD@721�A>14b¿di9Q\][8[^D@n>=@?E08DFmaj14D¡;>=F[jd^A>14=�df02A½A>1ON4=F1id^mF1Â?E0�dfXQn>bE?ED@v2A>1c5>3¡7>?BN~7wn>v2m@721OmyD@721Â0214a:dfD@?Ehj16A>14b¿di9<m#v>02A>14=¡D@721ÂD@7>=F1Om@72[^bBA[f\2=F1OmF[^bEv>D@?B[^0�pU¥y7>?Bm�?Bm§df0l1HK{1ON4DU[f\2;>=F[jd^A>140>?E0>aW[f\2D@721ÁmF1402m@?ED@?Eh<?EDI9��j14=@0214b83¡?ED@7�A>1ON4=F1id^m@?E0>as\t=F1Ou8v21402N49jp¥y721#=@?Eac78DoNO[^bEv>XQ0£[f\{D@721¡C2acv>=F1�m@72[�3#moA>14b¿di9QX�dfn2m�\S=F[^XÆmF14?Bm@XZ[^ac=~dfXZmoD@7edfDodf=F1 �Fº��������Jº��	�sC2bEDF14=F1OA?E02m@DF1id^AM5U3¡?ED@7¸D@721£m~dfXZ1Z\S=F1Ou8v21402N4?B1Om�d^m¢\][^=�D@721¦=@?Eac7:DQNO[^bEv>XQ02mQ[f\#D@721¦C2acv>=F1�;>v>Dl;{14?E0>a�
~·��e¹I· � G\S=F1Ou:v21402N49�[f\Qd �c� mw3¡?BA>1Ã\t=F1Ou8v21402N49Ý3¡?E02A>[i36p ¥y721¨A>1ON4=F1id^m~1¨?E0�dfXQn>bE?ED@v2A>1Omw3¡?ED@7�A>1ON4=F1id^m@?E0>a\S=F1Ou:v21402N49�?Bmln>=F1OmF1408Di5�DF[<[>5U;>v>DlXZ[^=F1£n>=F[^02[^v>02NO1OA�m@?E02NO1¦D@721£bB[i3`14=�\t=F1Ou8v21402N4?B1Oml?E0
D@721£bB[i3yG�ned^m~mC2bEDF14=F1OAwmF14?BmFXZ[^ac=~dfXZm�A>[Q02[^D#NO[^08D@=@?E;>v>DF1cp

³c²



l'&Rl)&(% � s 1 '$# � �+1 � 1 ��53 %*s /�' t � �$� / � /�'�%B4 %('�1 ��o ��- /So�3 / % � ����3���'+/
/�\tDF14=6bB[<[^�<?E0>a|dfD�D@721ZmFnedfD@?¿dfboAJ?Bm@D@=@?E;>v>D@?B[^0¸[f\¡D@=~dOhj14bLG�D@?EXZ1¦ng14=@D@v>=@;edfD@?B[^02m�Nidfv2mF1OA¨;89¤dkn>bEv>XZ1Z3`1m@D@v2AJ9�D@721#D@=~dihj14bLG�D@?EXZ1Â1HK{1ON4Dyd^modÂ\Sv>02N4D@?B[^0¦[f\�AJ?BmFD~df02NO1cpÁÌ8?E02NO1#D@721�1H�JDF1402m@?B[^0£[f\{h<?E=@D@vedfb°m~14?Bm@XZ[^XZ1HGDF14=Ydf=@=~dO9¢?Bm�bE?EXQ?EDF1OA�DF[Âdf;{[^v>D ;c�c� �<X-;g147>?E02AlD@721`n>bEv>XZ1yNO140:DF14=i5c3`1yv2mF1oD@721oh<?E=@D@vedfbJ=F1ONO14?Ehj14=FmYdfbB[^0>aD@721¢ac=F1idfDsN4?E=FN4bB1¢D@7>=F[^v>ac7Ã14n>?BNO1408DF14=6df02Awn>bEv>XZ1¢DF[Z\][^bEbB[i3�D@721�14hj[^bEv>D@?B[^0¨[f\�D@=~dOhj14bLG�D@?EXZ1�n{14=@D@v>=@;ed�GD@?B[^02m¢3¡?ED@7
AJ?Bm@D~df02NO1cp½¥y721Qn>=F[<NO1OAJv>=F1�\S[^=�A>14=@?Eh<?E0>azD@721QD@=~dOhj14bLG�D@?EXZ1kA>14b¿dO9Jm¢?Bm6;ed^m@?BNidfbEbE9¨?BA>1408D@?BNidfb3¡?ED@7�D@721�[^021#v2mF1OA�\][^=ÁD@721#D@=~dOhj14bLG�D@?EXZ1ÂA>14b¿dO9QX�dfn2mi581H�JNO14n>DoD@7edfDY3o1sv2mF1#[^0>bE9�D@721sAJ?E=F1ON4D ��� �

diff

�
� � 	� p§/s0:9�[^D@7214=�n>7ed^mF1y3`[^v>bBA�?E0:DF14=Ü\]14=F1¡3¡?ED@7Z[^D@7214=FmY[ihj14=�D@721yb¿df=@aj1y=~df0>aj1¡[f\{14n>?BNO140:D@=~dfbeAJ?BmFD~df02NO1OmPt7214=F1 � �^è ◦ ≤ ∆ ≤ 150◦

VUdf02AQbB1id^AQDF[6dWAJ?Bm@DF[^=@D@?B[^0¦[f\gD@721¡=F1OmFv>bED@?E0>a�N4v>=@hj1cpUÊ|[^=F1O[�hj14=i58mF[^XZ1#n>7ed^mF1OmA>[Â02[^DY1H�J?Bm@D�[ihj14=YD@721¡1408D@?E=F1#14n>?BNO140:D@=~dfbeAJ?BmFD~df02NO1¡=~df0>aj1cpU/sm§\][^=UD@721¡A>14b¿dO9lX�dfn2mi5c=F1Om~dfXQn>bE?E0>a�[f\gD@721mF14?Bm@XZ[^ac=~dfXZmWdfa:df?E0zbB1id^A>mxDF[¦d � p �cè ms=F1OmF[^bEv>D@?B[^0z?E0|D@?EXZ1c5°3¡7>?EbB1lD@7216=F1OmF[^bEv>D@?B[^0Ã?E0|mFned^NO1�?BmsbB[i3`14=P ±c±c± �<X-NO[^XQnedf=F1OA�DF[ èc� �<X�\S[^=§D@721`X�dfn2mÒV�AJv21ÁDF[xD@721`v2mF1`[f\°D@721oac=F1idfDÜGIN4?E=FN4bB1#m@D~dfD@?B[^02mip§¥y721OmF1`=F1OmÜG[^bEv>D@?B[^0�bE?EXQ?ED~dfD@?B[^02m�bB1id^AlDF[xdsm@D~df?E=FNid^mF1HG�bE?E�j1¡mF7edfng1`[f\eD@721yA>14=@?Ehj1OAlD@=~dOhj14bLG�D@?EXZ1yn{14=@D@v>=@;edfD@?B[^0ZN4v>=@hj1Omip
À�1sC2=Fm@D¡AJ?BmFN4v2mFm¡m~[^XZ1sN~7edf=~d^N4DF14=@?Bm@D@?BNOm�[f\§D@721x14hj[^bEv>D@?B[^0w[f\UA>14b¿dO9¦D@?EXZ1Â3¡?ED@7kAJ?BmFD~df02NO1x\t=F[^X D@721n>bEv>XZ1�d��J?BmYv2m@?E0>a6R§?Ea2p:_Jp �76 p�qrDYm@72[�3#mYD@721¡D@=~dihj14bLG�D@?EXZ1�A>14b¿dO9ZN4v>=@hj1¡\S[^=ÁdWmF7edf=@nZhj14=@D@?BNidfb°N49<bE?E02AJ=@?BNidfbbB[i3yG�hj14bB[<N4?EDI9Ãdf02[^X�dfbE9¤Ptn>bEv>XZ1�V¡3¡?ED@7 � Ê ��[^=@?Eac?E0zdf02AÃdQ=~d^AJ?Ev2mx[f\ ±i�c� �<Xwp >�08D@?Eb§df;{[^v>Dx_ �c� �<X

-10 0 10 20 30 40

0

0.2

0.4

0.6

0.8

1

de
la

y(
s)

distance from plume center (degrees)

��������� · �8¼�	 /BX.I��� �>,<� Y[����)
,XF*,<�R��' �!#1��02,  � 
diff

Y�?E0B�>�3, �>�A�J#(�5 26������! 
�!# ,V?E��67,< E�����O� F��&�!���O 267,��1�L0B�O��?
�
�
��b�bTZ�) ���4F������ ?E���5)
,O-T.102,��>�R�46(Z�?W�!�� E� �$�O�3,H��02, �7�O����,M�X�3,M�!�5������ IK
#��3�!) ��02, 6<�3���<��YV67�!�L�3,<�R�������! 

?E�3��67,7F^�5�3, � ��02,P���� 2,P�3,V?E�3,M�7,< B� �p= 0B������02, �46��L�4�O� F*,<�R�d'@6��5� �>, 67�4�5��FS�����!Z ����ZI,O- ���+6d�O  2�4� �;,
,L%^�46����:' �3,V?E�3��F^��67,7F �;,76d�����3,p�!# ����)+�����������! ;� �� ��02, �V?q�����R�O� �O 2F �(,<) ?W�!���O�T�3,M�7�!���*�����! Q- �V ��02,
#V�!�����>= �� IK+_IK^�5�3,M�$��02,UF������U?W�!�� E� �$= ����� �;,J67�! * 2,76��(,7F �3'P�!�����O��K�0B�]���� 2,M� #��!� ��02, �d�OZI,U�!#q�L��) ?E����6<����'�-

?E0w\S=F[^0:Dx[f\�D@721Wn>bEv>XZ1¢NO1408DF14=lP �c�c� �<X¾\S=F[^X ?EDFm#\t=F[^08Ds1OAJaj1�VyD@=~dihj14b�D@?EXZ1Omxdf=F1602[^DÂd�K{1ON4DF1OA�;:9kD@721bB[i3yG�hj14bB[<N4?EDI9Ýdf02[^X�dfbE9jp�¥y72140�5yN4bB[cmF1½DF[�D@721w1OAJaj1w[f\WD@721½n>bEv>XZ1�[^021�m@D~dfD@?B[^0�m~dfXQn>bB1Om�D@721½æi[^0213¡7214=F1ÂD@721WÇUG�3ydOhj1W?Bm¡NO[^XQ?E0>aZ1idf=@bE?B14=¢P � p �cè m � [^021Â=F1OmF[^bEv>D@?B[^0½v>0>?EDÒVo?E0½D@721xn>=F1OmF1402NO1W[f\§D@721Ân>bEv>XZ1NO[^XQnedf=F1OAwDF[QÇÁÈ�ÉYÊp¥�=~dOhj14bLG�D@?EXZ1½A>14b¿dO9¨?Bm�?E02N4=F1id^m@?E0>aÃm@DF1O14n>bE9¨DF[w=F1id^N~7
?EDFm�X�d��<?EX¢v>X AJ?E=F1ON4D@bE9�;{147>?E02A�D@721�n>bEv>XZ1NO140:DF14=ip½¥y721¦N4v>=@hj1Z?Bm6\]dfbEbE?E0>az[fKÄdfa:df?E0�5§n>=@?EX�df=@?EbE9�AJv21�DF[½721idfbE?E0>az1HKM1ON4DFmip£/yDldf;{[^v>D � ◦ ;{147>?E02AD@721�n>bEv>XZ1c5�3¡7214=F1ZD@721�=F1ONO14?Ehj14=¢df=@=~dO9z\][^=ÂA>14=@?Eh<?E0>awD@721�D@=~dihj14bLG�D@?EXZ1�A>14b¿dO9ÃX�dfn2m61402A>m�5MD@721QN4v>=@hj1
²c�



�°dfD@DF1402mipÝ/yDZD@7>?BmZn{[^?E0:D£dfbE=F1id^AJ9�XZ[^=F1½D@7edf0 �^è�� [f\WD@721wA>14b¿di9�?BmQbB[cm@DipÝ/�;{[^v>D 6:èc�c� �<X P 6:� ◦ V;{147>?E02A½D@721Wn>bEv>XZ1c5>02[QA>14b¿di9¦\][^=#D@721WÇUG�3ydOhj1lNidf0w;{1WA>14DF1ON4DF1OA�df0:9<XZ[^=F1cp Û [^DF1ÂD@7edfD¡\][^=¡=F1idfb�A2dfD~dD@721ÂA>14b¿dO9¦3¡?EbEbgn>=F[^;edf;>bE9¦02[^Dy;g1x[^;2mF14=@hcdf;>bB16df0:9<XZ[^=F1ÂdfbE=F1id^AJ9£N4bB[cmF14=yDF[lD@721sn>bEv>XZ1ÂAJv21xDF[ln>?BNF�<?E0>a?E0ed^NON4v>=~d^N49j5202[^?Bm~1c5>N4=@v2m@D~dfb�1HK{1ON4DFm#df02A½m~[Q[^0�p�¥y7>?Bm¡3o[^v>bBA�dfbBm~[¢;{1ÂD@=@v21x\][^=#Ì:G�3ydOhj1Omi5°14hj140½D@72[^v>ac7D@7214?E=¢mF?Eac0edfD@v>=F1Z?Bm�mFD@=F[^0>aj14=£Pt=F1ONidfbEbÁD@7edfD�\S[^=�D@7>?Bm6n>bEv>XZ1ZXZ[<A>14bÁD@721ZX�d��<?EX¢v>X A>14b¿di9¨?Bm è p 6 mW\][^=Ì ��Ìg5 è my\][^=sÌ �Ìg5edf02A 6 p ± m#\S[^=sÌ>VHp
¥y721�DF[^D~dfb�AJ?Bm~dfn>n{1idf=~df02NO1�[f\Ádf0:9½D@=~dihj14bLG�D@?EXZ1¢A>14b¿di9¦\�df=#;{147>?E02AwD@721Wn>bEv>XZ1¢[^;2mF14=@hj1OAw7214=F16?BmsdNO[^X�;>?E0edfD@?B[^0Ã[f\UD@721x\S[^bEbB[�3¡?E0>a�?E0 �2v21402NO1Om �
•
D@721Qd^N4D@vedfbU3`dihj1H\t=F[^08DÜG�721idfbE?E0>a|1HKM1ON4Di5gNO14=@D~df?E0>bE9ÃA>[^XQ?E0edfD@?E0>a25{=F1Om@n{[^02m@?E;>bB1¢\S[^=xD@721¢X�df?E0zbB[cm~m[f\UD@=~dOhj14bLG�D@?EXZ1lA>14b¿dO9wdf02A½?EDFm#=~dfn>?BAwA>1ONidO9jp

•
dzaj1O[^XZ14D@=@?BNidfbx1HK{1ON4D �kD@721£\Sv>=@D@7214=ZD@721½mF14?Bm@XZ[^XZ14DF14=�bB[8NidfD@?B[^0¸\S=F[^X!D@721½n>bEv>XZ1c5oD@721kXZ[^=F172[^=@?Eæi[^08D~dfbUdf=F16D@721WnedfD@72m�[f\�D@721W3ydOhj1OmÂdfD#D@721Wn{[cm@?ED@?B[^0�[f\�D@721Wn>bEv>XZ1¢df02AwD@7:v2m#D@721�m@72[^=@DF14=D@7216nedfD@72m¡D@7>=F[^v>ac7�D@721Wn>bEv>XZ1�m@DF14Xwp�¥y7>?Bm�1HKM1ON4D¡?Bm¡02[^Dsd^mFm~[8N4?¿dfDF1OAk3¡?ED@7w3ydOhj1H\S=F[^0:Dx721idfbE?E0>adf02A�Nidf0|dfbBmF[�;{1W1H�<n>b¿df?E021OA½;89k=~dO98G�D@721O[^=@9¨PSm~1O16R§?Eajmip2_Jp �cè df02A�_Jp �5; VHp

•
df02[^D@7214=¡NO[^02mF1Ou8v21402NO1s[f\�d67>?Eac7214=`14n>?BNO1408D@=~dfb�AJ?Bm@D~df02NO1s?BmÁD@7edfD`D@721#3ydOhj1x?BmÁn{14=@D@v>=@;{1OA�;89QD@721n>bEv>XZ1¦dfDxac=F1idfDF14=6A>14n>D@7¤3¡7>?BNF7¨?E02N4=F1id^mF1OmWD@721�nedfD@7¨bB140>acD@7¨;{147>?E02AÃD@721�n>bEv>XZ1cpl¥y7>?BmWbB1id^A>mDF[|dkbB[^0>aj14=�3ydO9z\S[^=�721idfbE?E0>a�DF[w[<NON4v>=¦PSR§?Ea2p�_Jp �5; VH5Udf02A¨D@7:v2m¢140>7edf02NO1Om�D@721ZAJ?E=F1ON4D¢721idfbE?E0>a1HKM1ON4Dip

•
D@721Â\�d^N4D#D@7edfD#D@721�Ç � Ç

diff

n>7ed^mF16AJ?B1Oms[^v>DsdfD#b¿df=@aj14=�14n>?BNO1408D@=~dfb§AJ?BmFD~df02NO1OmipÁqr0w[^v>=#02[^?BmF1H\S=F1O1mF?EX�v>b¿dfDF1OA¤m~14?Bm@XZ[^ac=~dfXZmi5�72[�3o14hj14=i5�D@721ZÇ
diff

n>7ed^mF1ZNidf0¨;{1Q[^;2mF14=@hj1OA¨v>n¨DF[wdf0¤14n>?BNO1408D@=~dfbAJ?BmFD~df02NO1¦[f\xdfD¢bB1id^m@D
∆ 5 ±ièc� ◦ 5§3¡7>?BNF7¸?Bm ;c� ◦ ;g147>?E02A
D@721¦n>bEv>XZ1cp�¥y7:v2m�5UD@721¦1HKM1ON4Dl[^0
D@721=F1OmFv>bEDFmsn>=F1Om~140:DF1OA|7214=F1£PS14n>?BNO1408D@=~dfbYAJ?Bm@D~df02NO1¢[f\ ²c� ◦ V�m@72[^v>bBAw;{16XQ?E0>?EX�dfb�5g;>v>DÂNO[^v>bBA�n>b¿di9|d=F[^bB16\S[^=sn>bEv>XZ1Om#\�df=@D@7214=WdO3`di9jp � 14=@D~df?E0zn>7ed^mF1OmlPSmFv2NF7zd^mxÇ0WÇoV�NO[ihj14=Â[^0>bE9�d�bE?EXQ?EDF1OA|=~df0>aj1[f\§AJ?Bm@D~df02NO1Om`3¡7>?BNF7½X�dO9�X�df�j1xmFD@v2AJ?B1Om`[f\�D@721Â14hj[^bEv>D@?B[^0½[f\�D@=~dihj14bgD@?EXZ1Â[�hj14=¡d�bB[^0>a�AJ?Bm@D~df02NO1=~df0>aj1�AJ?�h�N4v>bEDipYR2[^=�Ç
diff

D@721ÂXZ[^=F1Â?EXQng[^=@D~df08D�1HKM1ON4D¡?Bm¡D@7edfDy\t=F[^X ± 6:� ◦ [^0½D@721Â=~di98nedfD@7�[f\D@721lÇ
diff

n>7ed^mF1�A>[<1Om�02[¦bB[^0>aj14=Wm~dfXQn>bB1¢D@721�n>bEv>XZ1c5g;>v>DÂ=~dfD@7214=xAJ?LK{=~d^N4DFmÂ[^0|D@721�NO[^=F1lm@?BA>1PSm~1O16R§?Ea2p2_Jp �cè VHp
Ì8?E02NO1�3ydOhj1Q1HKM1ON4DFmi5Mm@v2NF7¤d^mx3ydOhj1H\S=F[^0:D�721idfbE?E0>a25�df=F1�\S=F1Ou8v21402N49|A>14n{1402A>140:Di5M3`1�bB[8[^�|72[i3-D@721A>14b¿dO9lN4v>=@hj1OmUNF7edf0>aj1y3¡?ED@7l\t=F1Ou8v21402N49�NO[^08DF140:DY[f\eD@721ymF14?Bm@XZ[^ac=~dfXZm�p�R§?Ea2pc_Jp ��� d�mF72[i3#mUD@721`14hj[^bEv>D@?B[^0[f\�D@=~dOhj14bLG�D@?EXZ1ÂA>14b¿di9<m`;{147>?E02A�D@721sn>bEv>XZ1xd^m`A>14=@?Ehj1OA�\t=F[^X mF14?Bm@XZ[^ac=~dfXZmÁC2bEDF14=F1OA£3¡?ED@7kd ±i� 5 �c� 5 6:� 5

;c� 5 ³c� 5§df02A ±i�c� m6NO[^=@0214=W\S=F1Ou:v21402N49 �`v>D@DF14=@3o[^=@D@7¤bB[�3yG�ned^mFmWC2bEDF14=ipQ¥y721QA>1ONidi9¨[f\`D@721�;ed^N~� �°df0>�[f\UD@721�A>14b¿dO9½N4v>=@hj16\S[^=¡D@7216AJ?LKM14=F140:DxNO[^=@0214=#\S=F1Ou:v21402N4?B1Omsm@72[i3#m�D@7edfD#D@7216721idfbE?E0>a¦1HK{1ON4D#aj14DFm�XZ[^=F1n>=F[^02[^v>02NO1OAzD@721¢mFX�dfbEbB14=sD@721¢=~dfD@?B[�;{14DI3`1O140Ãn>bEv>XZ1lAJ?¿dfXZ14DF14=Wdf02A|3`dOhj14bB140>acD@7�pWqr0|R§?Ea2p{_Jp ��� ;|3`1D~df�j1Qd£AJ?LK{14=F1408D�dfn>n>=F[jd^NF7 �ÂD@721�mF14?Bm@XZ[^ac=~dfXZm6df=F1 �@º�� ��� �Jº��	�QC2bEDF14=F1OAÃ;{1H\S[^=F1�A>14=@?Eh<?E0>a£D@721lD@=~dihj14bLGD@?EXZ1kA>14b¿dO9v2m@?E0>a¨N4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0�p
qI02m@DF1id^A¸[f\�v2mF?E0>az?E0J\][^=@X�dfD@?B[^0�df;{[ihj1wd|NO14=@D~df?E0¸\t=F1Ou8v21402N49j53o1�02[i3ÆNO[^02mF?BA>14=ldk;edf02A�º ���5� ����D@721�\t=F1Ou8v21402N49jp�¥y7>?Bm¢140edf;>bB1Om6v2m�DF[wAJ?Bm@D@?E0>acv>?Bm@7�D@721Z?E0 �2v21402NO1[f\oD@721�=F1OmFng1ON4D@?Ehj1l\S=F1Ou:v21402N49|;edf02A>m�df02AÃD@7:v2m6DF[½1H�>dfXQ?E021�D@721�?E08DF14=~d^N4D@?B[^0¤[f\o3ydOhj1Om�[f\¡d£bE?EXQ?EDF1OA=~df0>aj1¡[f\{3`dOhj14bB140>acD@72mo3¡?ED@7�df0Z[^;Jç@1ON4DY[f\{dÂNO14=@D~df?E0Zm@?Eæi1cpU¥y721y=F1Om@v>bED@?E0>a6A>14b¿di9�N4v>=@hj1Omodf=F1¡mF[^XZ143¡7edfDm@v>=@n>=@?Bm@?E0>a2poÉÁd^NF7zN4v>=@hj1Â\][^=#D@721Â\S=F1Ou:v21402N49£;edf02A>m#?Bm¡b¿df=@aj14=s?E0|dfXQn>bE?ED@v2A>16D@7edf0�D@7216N4v>=@hj1Om¡\][^=¡D@721bB[i3yG�ned^m~m#C2bEDF14=F1OA|mF14?Bm@XZ[^ac=~dfXZmip`/yD¡C2=Fm@D�mF?Eac7:D�D@7>?Bm�?Bm#NO[^v>0:DF14=ÜG�?E08D@v>?ED@?Ehj1cp#Íx[i3o14hj14=i5°?ED#?Bm�n>b¿dfv2m@?E;>bB1D@7edfDZnedf=@D@?¿dfbxA>1Om@D@=@v2N4D@?Ehj1w?E08DF14=Ü\S14=F1402NO1|[f\Â3ydOhj1Om£[f\ÂAJ?LKM14=F140:D�\t=F1Ou8v21402N49¸;edf02A>mZ7edih8?E0>a¤C2=Fm@D�df02AmF1ONO[^02A¨R>=F1OmF0214b�æi[^021OmÂD@7edfD6AJ?LK{14=W?E0¨m@?Eæi1lbB1id^A>mWDF[km@X�dfbEbB14=6A>14b¿di9|3¡72140¨v2m@?E0>awd£;>=F[jd^Az\S=F1Ou:v21402N49;edf02A�d^m#NO[^XQnedf=F1OA�DF[ZdQm@X�dfbEbB14=#[^021cp
²J±



120
140

150
95

110
105100

55
65

75

45
50

85 90
158

ep
ice

nt
ra

l
dis

tan
ce

[degrees]

130 135

��������� · �8¼&	 �4 3 �d' ?q����0;� �!#+��02,  � 
diff

Y�?E0B�>�3,M��#��!���7,	�>,<���O�T,V?E��67,< B�����O� F��&�!���O 267,M��- W���5)
,M� ���
∆ �

� � ����b � �O 2F � �
�
◦
�X�>�H)
��F*,<��,7FS�� @��0*�&�D�!�L��F5'"�O�3,��('I) �*�!�����5,7F �3'/�3,7FG�O�3,d�>�+�� �!�3F*,<� �(� ��� Y

�����!�������(,
= 02,<�3,P��02,['G�O�3, ���O) ?E��,7F �3' ��02, ����';��-D\ �!�D,L%^�O) ?E��,P��02,
∆ �

��b
◦
Y�?E���5)
, �&�+�! *�:'90*��� �d'

����';� ��0B���$�O�3, �3,767�!�3F*,7F �!? �(� � �;�4�*�
∆ �

� ��b
◦
,V?E��67,< B�����O� F��&�!���O 267,O- 
^,<�&�L)+��6 =]���>,M�
= ����0G_* *���(,�Y

#��3, ,I��,< 26<��,M�W�� ;���(,d�4F ���O) ?E��, �U�3,LK����! �O�3�4�5 2F ��02,A����' �E= 02���7,U= ��F^��0D�&�q?q����0D��,< IK^��0 F*,V?A,< 2F*,< B�J8&�3,7,
.^� �>��, ��- �7C �O 2FD#[�5�!��02,<� 67�!) ?E����6d���(,7F �3' �3,<#����46������! Q- � �!�3,7��>,<� �1��02, ?q����0
��,< IK^��0p� �>,<� = 0*��6(0 02,d�O� Y
�� IK �!# ��02, = ���>,<#��3�! B� �d'9F��21B���46������! 6d�O 9��676��5�J�&� �� 26<�3,d�>�L�� IKp= ����0 �� 26<�3,d�>�L�� IK ,V?E��67,< B�����O� F��&�!���O 267,
8&�3,7,J\]��KB- ��- a �dCO-

¥�[Z\Sv>=@D@7214=s1H�2dfXQ?E021�D@721�=F14b¿dfD@?Ehj1¢NO[^08D@=@?E;>v>D@?B[^02mW[f\�D@721¢AJ?LKM14=F140:Ds\t=F1Ou8v21402N4?B1Oms3o1¦» ��� ���Jº�� ��D@721mF14?Bm@XZ[^ac=~dfXZml;{1H\S[^=F1£NidfbBN4v>b¿dfD@?E0>a¨D@721£A>14b¿dO9JmipÃ¥y721�=F1Om@v>bEDl?Bm�m@72[i3¡0¸?E0¸R§?Ea2p§_Jp ��� NcpÃqrD�D@v>=@02m�[^v>DD@7edfDy?L\�3o1xD~df�j1WdO3ydO9£bB[i3�\S=F1Ou:v21402N4?B1Om`02[^D@7>?E0>aZN~7edf0>aj1OmipY¥y7>?Bm`?Bm`D@=@v21xA>[�3¡0½DF[Qdf;g[^v>D èc� myng14=@?B[<AMp¥y7edfD#dfa:df?E0£A>14XZ[^02mFD@=~dfDF1Om¡D@7edfDoD@721xA>14b¿dO9Jm¡N4v>=@hj1Om¡df=F1ÂA>[^XQ?E0edfDF1OA¦;89Z7>?Eac7£\t=F1Ou8v21402N4?B1Omip�Íx[i3`14hj14=i5d^mxNidf0|;{1�mF1O140|\][^=�D@721 �c� mxN4v>=@hj1¢?E0ÃR�?Ea2pg_Jp ��� Nl3¡72140|3`1ldfn>n>=F[jd^N~7¨D@721�7>?Eac721Om@Ds\S=F1Ou:v21402N4?B1OmsD@721=F1Om@v>bEDFmQm@D~df=@DFm�;{1ONO[^XQ?E0>a¨v>02m@D~df;>bB1wd^m�D@721£=F14b¿dfD@?Ehj1½?EXQn{[^=@D~df02NO1½[f\s08v>XZ14=@?BNidfb#02[^?BmF1k1H�<n{1ON4DF1OAÄdfD7>?Eac7½\S=F1Ou:v21402N4?B1Om#;g1ONO[^XZ1OmsA>[^XQ?E0edfD@?E0>a2p
qr0½D@721Â\][^bEbB[i3¡?E0>a�3`163¡?EbEb�NO[^XQnedf=F1�nedf?E=Fm�[f\Un>bEv>XZ1WXZ[<A>14bBm#3¡7>?BNF7zAJ?LK{14=�?E0�[^021WXZ[<A>14b�nedf=~dfX�G14DF14=#DF[Qm@D@v2AJ9£D@72161HKM1ON4D�[^0½D@=~dOhj14bLG�D@?EXZ1¢3¡?ED@7�AJ?Bm@D~df02NO1cp

�(�'� �	0 ����� �	��
 *+���3� *��)�	0� �� � � ����� 	 ���/� � � 
 * ��-2!102���

R§?Ea2p�_Jp �c³ mF72[i3#mQD@721£D@=~dOhj14bLG�D@?EXZ1�A>14b¿dO9
14hj[^bEv>D@?B[^0�[f\xdzm@7edf=@n ±i�c� �8X!n>bEv>XZ1£XZ[<A>14bo\][^=�DI3`[¨ÇUG3`dihj1¢mFng1O1OAkn{14=@D@v>=@;edfD@?B[^02m �y_Jp è�� df02A � � p`¥y721�A>14b¿di9kNidfv2m~1OAw;:9kD@721Wn>bEv>XZ1�3¡?ED@7�Dr3o[ZD@?EXZ1Om�D@721n{14=@D@v>=@;edfD@?B[^0¦[f\{D@721#[^D@7214=Á[^021¡?BmÁDI3¡?BNO1�d^m�7>?Eac7�5Jd^mY[^021¡3`[^v>bBA�1H�Jng1ON4DipUR2[^=Á;g14D@DF14=ÁNO[^XQnedf=@?Bm~[^0ZD@721A>14b¿dO9�hcdfbEv21Om�[f\gD@721¡mFD@=F[^0>aWn>bEv>XZ1¡?Bm�AJ?Eh8?BA>1OA�;89¢Dr3o[ldf02A�n>bB[^D@DF1OA�d^mYdÂA>[^D@DF1OAQ=F1OA�bE?E021y?E0ZR§?Ea2pj_Jp �c³ p¥y721Zm@?EXQ?Eb¿df=@?EDr9Ã;g14Dr3o1O140¤D@721Qm~NidfbB1OA�m@D@=F[^0>a�df02A¨D@721�3`1idf�:G�n>bEv>XZ1¦A>14b¿dO9Ã;>=F1idf�<m�A>[i3¡0df;{[^v>D �c� ◦
²c�



90 100 110 120 130
Epicentral distance (degrees)

0

1000

2000

3000

4000

ra
y 

pa
th

 b
eh

in
d 

pl
um

e 
(k

m
)

de
pt

h 
at

 p
lu

m
e 

lo
ca

tio
n 

(k
m

)

93

660

��������� · �8¼&	 ���� ?*?E�3��%���)P���(, ��,< IK^��0 �!# ��02,� � 
diff

Y�?E0B�>�3, ?q����0 8 �>�R�46VZ+���� 2,LC �O#[�(,<�1?q�>�<�L�� IK+� ?E���5)
,
��� ��b

◦
,V?E��67,< E�����O�2F��&�!���O 267,O- .102, F*,V? ��0P�!#1��02, ���d'D���]��02,Q?E���5)
,A����6d�������! H�&�]�3,V?E�3,M�3,< B�(,7F �3'
��02, �3,7F

���� 2, �]��02, F*�4�L�(,7F �3,7FP���� 2,U�&� ��02, F*,V? ��0 �!# ��02,T67�!�3,�Y�)P�O E����, �*�4�5 2F��O�('�-T.102, F��>�L02,7FP���� 2,M�U�� 2F���6d���(,
��02,DF��&�!���O 267, �*,<0*�� 2FG��02, ?E���5)
,P= 02,<�3, ��02, �Y[=]� �>, �&�D�(� �*,D,L%�?A,76��(,7FS��0B���X���O) ?E��,M�P��02, ?E���5)
,
�L��K�0B�]���W��02, �*�4�L�(�!) �!#]��02,J�����O ;�L�������! �5�! 2,O-X.102,A���d'*�X�(� = 0*��6(0 ��02,��L02�5=  �3�O����,M�A�3,<#�,<� �O�3,��L02�5=  
�� ��02, ?E�3,	�O���4���X_IK^�5�3,�8 ��- a	�7CO-

;{147>?E02A¦D@721xn>bEv>XZ1WNO1408DF14=i5>3¡7214=F1x3o1W[^;2mF14=@hj1Wdf0k?E02N4=F1id^mF1W[f\�D@721WA>14b¿di9¦[f\�D@721Âm@D@=F[^0>aj14=yn>bEv>XZ1cpYqr0NO[^0:D@=~d^mFDxDF[¦D@721�A>14b¿dO9z[f\YD@721¢3`1idf�wn>bEv>XZ1c5{3¡7>?BNF7Ã=F1id^N~721OmÂæi14=F[kdfD 6:� ◦ ;g147>?E02A|D@721ln>bEv>XZ1¢NO1408DF14=AJv21WDF[�721idfbE?E0>a25eD@721Wm@D@=F[^0>aZn>bEv>XZ1W�j1O14n2m�?EDFm#A>14b¿dO9wdfD#bB1id^m@D¡v>08D@?Eb èc� ◦ ;{147>?E02A½D@721Wn>bEv>XZ16NO1408DF14=ip
� 021ÂXQ?Eac78D#D@7>?E0>�¦D@7edfD¡D@721W1H�Jn>b¿df0edfD@?B[^0½\][^=yD@7>?Bm¡n>721402[^XZ1402[^0�?BmyD@7edfDy\][^=#d�m@D@=F[^0>aQn>bEv>XZ1ÂD@7213`dihj1H\t=F[^08D�=@v>0>0>?E0>a|D@7>=F[^v>ac7�D@721�n>bEv>XZ1Q?Bm6mF[£X¢v2NF7
A>14b¿di9j1OA�D@7edfDW?ED6A>[<1OmW02[^D6NO[^0:D@=@?E;>v>DF1�DF[kD@721721idfbE?E0>a�1HK{1ON4Di5Jd^mo[^;2m~14=@hj1OAZ\][^=om@D@=F[^0>aj14=¡df02[^X�dfbE?B1OmWPSR§?Ea2p ± p ; VHp�qr0�D@7edfDoNid^m~1c5:?E02m@DF1id^AM5<?EDo?E0:DF14=Ü\]14=F1OmA>1Om@D@=@v2N4D@?Ehj14bE9|3¡?ED@7zD@721l3ydOhj1H\S=F[^0:DWD@7edfDWAJ?LKg=~d^N4DF1OA¨df=F[^v>02AzD@721ln>bEv>XZ1c5{D@7:v2mx=F1OAJv2N4?E0>a½?EDFmx721idfbE?E0>a1HKM1ON4Dip�Ís[�3o14hj14=i5>\][^=yD@7>?Bm#1HKM1ON4D`D@721WA>14b¿di9¦3`[^v>bBA½7edOhj16DF[¢;{1x7edfbL\§D@721Ân{14=@?B[<A£[f\§D@721Â3`dihj1�P ±i� m¡?E0[^v>=yNid^mF1�VHp�¥y7>?Bmy?Bmo[^0>bE9�ng[cmFmF?E;>bB1�3¡?ED@7wd�X�v2NF7wmFD@=F[^0>aj14=`n{14=@D@v>=@;edfD@?B[^0wdf02A£D@7214=F1H\S[^=F1ÂNidf0£;g1s=@v>bB1OA[^v>Dip /s02[^D@7214=�1H�Jn>b¿df0edfD@?B[^0�?BmÂD@7edfD6D@721Qm@D@=F[^0>a½n>bEv>XZ1ZNO[^02mF?BA>14=~df;>bE9¨d�KM1ON4DFmWD@721�nedfD@7�[f\yD@721�3`dihj1c5?�p 1cpE5MD@7edfDWD@721Qd^mFm@v>XQn>D@?B[^0Ã\S=F1Ou8v2140:D@bE9zv2mF1OAÃD@7edfDWng14=@D@v>=@;edfD@?B[^02m¢df=F1Qm@X�dfbEbYdf02A¨m@XZ[8[^D@7�df02AÃD@78v2m[^0>bE9�Nidfv2mF1�dÂA>14b¿dO9�;>v>DÁA>[Â02[^D`d�K{1ON4DYD@721ynedfD@7�?Bm�02[^DYhcdfbE?BA�7214=F1cp§Re[^=YD@721#m@D@=F[^0>a6n>bEv>XZ1#D@7>?BmYNO[^v>bBAXZ1idf0�D@7edfD�D@721`mF1402m@?ED@?Eh<?EDI9¢�j14=@0214b � D@7edfDYdf0:9<3`di9�?E0:DF14=~d^N4DFmY3¡?ED@7¢D@721`NO[^=F1`?E0�dsNO[^XQn>bE?BNidfDF1OA�X�df0>0214=

� ?BmYmF?Eac0>?LCeNidf0:D@bE9Q?E0 �2v21402NO1OAZ;89�D@721yn>bEv>XZ1cp�/smÁd6NO[^02mF1Ou:v21402NO1c5:XZ[^=F1#mF1402m@?ED@?Ehj1#nedf=@DFmÁ[f\{D@721¡�j14=@0214bX�dO9¤02[i3 m~dfXQn>bB1¦D@721£df=F1id�3¡7214=F1£D@721�n>bEv>XZ1¦?BmQdf02A¤D@7214=F1H\][^=F1�D@721¦n>bEv>XZ1£3`dihj1OmZd^NOu:v>?E=F1¦XZ[^=F1A>14b¿dO9�dfDÁD@7>?BmÁA>14n>D@7Z=F1ONO[^=FA>1OA 6:� ◦ ;g147>?E02A�D@721¡n>bEv>XZ1cp�¥y7>?BmY?BmodÂhj14=@9Qm@ng1ON4v>b¿dfD@?Ehj1s1H�<n>b¿df0edfD@?B[^0kdf02A?ED¢mF72[i3#m6D@7edfDlm@?EXQn>bB1Z=~di9:G�D@721O[^=F14D@?BNidfb¡1H�Jn>b¿df0edfD@?B[^02ml7edOhj1ZDF[w\]df?EbÁ?E0
Nid^mF1Z[f\¡D@7>?BmlNO[^XQn>bB1H�¨C20>?EDF1HG\S=F1Ou:v21402N49�?E08DF14=~d^N4D@?B[^0�;g14Dr3o1O140�D@721£m@D@=F[^0>azn>bEv>XZ1HGrdf02[^X�dfbE9¸df02AD@721£NO[^=F1cpzÍx[i3`14hj14=i5Ym@?E02NO1¦D@721T �#b¿di9j14=¡?Bmym@v2m@n{1ON4DF1OA�DF[l7edOhj1xb¿df=@aj1xv>bED@=~d�G�bB[i3 hj14bB[8N4?EDr9�æi[^021Om¡d^m`3o14bEb�5J?EDy?Bm`3o[^=@D@7½NidfbBN4v>b¿dfD@?E0>aQD@721d^N4D@vedfb§_^T-�j14=@0214bBmsD~df�<?E0>a�?E0:DF[£d^NONO[^v>0:DWdfbEb�D@7216NO[^XQn>bB1H�J?EDI9zdf02A½DF[�1H�2dfXQ?E0216D@7>?Bms1HK{1ON4D#?E0zA>14D~df?Eb�pÍx[i3o14hj14=i5eD@7>?Bm¡aj[<1Omy\]df=¡;{149j[^02A½D@7216m~NO[^ng16df02A½D@7216ng[cmFmF?E;>?EbE?ED@?B1Om#[f\§D@7>?Bm#3o[^=@�{pqr0£R§?Eacv>=F1W_Jp �c² D@721xÇ�G�n>7ed^mF1ÂA>14b¿dO9Q\Sv>02N4D@?B[^0½[f\�D@721smF7edf=@n�58= 5 ±i�c� �<X n>bEv>XZ1x3¡?ED@7 � Ê �oGI[^=@?Eac?E0[f\WR�?Eacv>=F1|_Jp �76 ?BmZm@72[�3¡0ÄDF[^aj14D@7214=Z3¡?ED@7ÄD@721w[^021£\][^=¦dzn>bEv>XZ1½7edih8?E0>a¤D@721wm~dfXZ1kaj1O[^XZ14D@=@9¸;>v>DNO[^XQ?E0>ak\S=F[^X$D@721 ;5;c� GIAJ?BmFNO[^08D@?E0:v>?EDr9jpQ¥y721lA>14b¿di9<m6df=F1l?BA>1408D@?BNidfbYv>nÃDF[¦D@721ln>bEv>XZ1QNO1408DF14=W;>v>DÂAJ?L\tG
² _



0 10 20 30 40

0

0.2

0.4

0.6

0.8

1

1.2

>10s
>20s
>40s
>60s
>80s
>100s

����� " ��� �������
 � � ��� �$� ��� � ��
��� � ���� �$������� � �

0 10 20 30 40

10-30s
30-50s
50-70s
70-90s
90-110s

�����'"���� �������
 � ���� �����$��� � ���$" ���
	 ����
� � ��� � � � ��� �	� ����
 ������� 
��!� ��� �
� � � �

0 10 20 30 40 50
distance from plume center (degrees)

0

0.2

0.4

0.6

0.8

1

1.2

de
la

y 
(s

)

< 130s
< 110s
< 100s
< 80s
< 60s
< 40s
< 20s

��� � "���� ������ 
 � � � � � �$� ��� � ��
��� � ���� �����$��� � �

��������� · �<¼�	 �>A\*�3, ,*��,< 26['^YVF*,V?W,< 2F*,< E� �O B�O�:';�L�&�U�!#���02, �Y�?E0B�>�3,$F*,<�R��'9����)
,N,	�>�!���*�����! = ����0 F��&�!���O 267,
#��3�!) ��02, ?E���5)
,T67,< B�(,<�P8&�L0B�O��? � � � ?E���5)
,$���

∆ �
��b

◦
CO-

\]14=lm@?Eac0>?LCeNidf08D@bE9\t=F[^X D@7214=F1½[^0�p�¥y721kA>14b¿dO9Nidfv2mF1OA;:9¤D@721£n>bEv>XZ1£\S=F[^XËD@721 ;5;c� GIAJ?Bm~NO[^0:D@?E0:v>?EDr9A>1ON4=F1id^mF1OmÂX¢v2NF7Ã\�d^m@DF14=xNO[^XQnedf=F1OAÃDF[¦D@721�[^D@7214=W[^021ldf02Az?Bmxh^df0>?BmF7>?E0>a½dfbE=F1id^AJ9Ãdf;g[^v>D �^�c� �<X$;{1HG7>?E02A½D@721Wn>bEv>XZ1�NO140:DF14=ipÁ¥y721Â=F1id^m~[^0½\S[^=¡D@7>?Bm#;g147edih8?B[^=#?Bm#D@7edfD¡\t=F[^X D@7>?Bm#AJ?Bm@D~df02NO16[^0½D@7216R2=F1Om@0214bæi[^021�[f\�D@7216Ç�G�n>7ed^mF16?Bm�bE98?E0>a¦;g14021idfD@7|D@721Wn>bEv>XZ1¢df02A�?Bm#02[^Dsd�KM1ON4DF1OAw;89½D@7216m@72[^=@DsNO[^02AJv>?EDsD@7edfDDF14=@XQ?E0edfDF1OmÂdfD�D@721W;{[^D@DF[^X([f\UD@7216D@=~df02m@?ED@?B[^0|æi[^021¦PSmF1O1�R�?Ea2p°_Jp �5; VHp`¥y7>?Bms140>7edf02NO1Om�D@72163`dOhj1H\S=F[^0:D721idfbE?E0>aQ1HK{1ON4Dym@?E02NO1�D@7214=F1s?Bmydf02[^D@7214=¡AJ?E=F1ON4D@?B[^0£\t=F[^XÅ3¡7>?BNF7k3`dihj1Om¡Nidf0£AJ?LK{=~d^N4Dydf=F[^v>02A£D@721sn>bEv>XZ1df02AZN4bB[cmF1#D@721#3`dihj1H\t=F[^08Do;{147>?E02AQ?EDip � 0ZD@721s[^D@7214=Y7edf02AM5:D@721�AJ?LK{14=F1402NO1�;g14Dr3o1O140�D@721sA>14b¿dO9JmÁ[f\{D@721DI3`[WXZ[<A>14bBm�Nidf0QDF14bEbJm~[^XZ14D@7>?E0>a¢df;g[^v>DUD@721y=F14b¿dfD@?Ehj1y?EXQn{[^=@D~df02NO1#[f\°D@721`?E0 �2v21402NO1#[f\gD@721`\S[^v>=�1HKM1ON4DFmbE?Bm@DF1OAzdf;g[�hj1cp�¥y721�A>1ONidi9w?E0w\][^=@X'[f\UD@721¢bB[^0>a�D~df?Eb§?E0�D@721¢A>14b¿dO9�N4v>=@hj1l[f\YD@721 � Ê ��[^=@?Eac?E0zn>bEv>XZ1X�dO9?E02A>1O1OA�=F1��e1ON4DQD@721½aj1O[^XZ14D@=@?BNidfbs1HK{1ON4DZ[f\Âm@72[^=@DF14=Z=~dO9nedfD@7�D@7>=F[^v>ac7ÄD@721kn>bEv>XZ1wdfDZA>1O14n{14=
²76



-10 0 10 20 30 40 50
distance from plume center (degrees)

0

0.5

1

1.5

2

de
la

y 
(s

)

delay(dvp=3.5%)
delay(dvp=7.0%)
0.5* delay(dvp=7.0% )

��������� · �8¼&	 %� �Y�?E0B�>�7,H����� �>,<� Y[����)
,DF*,<�R��'9�>�T�+#(�5 26������! G�!# ,V?E��67,< E�����O� F��&�����O 267, �O 2FD?A,<�!�L�5�	���������! 
)P��K� *���L��F*,��A�<0B�O��?p�

�
��b�b2Z�)�Y����4F������ � � � Y�?E���5)
,O-

A>14n>D@7�5gm@?E02NO1�D@7>?Bmsnedf=@Ds[f\YD@721¢N4v>=@hj1�?BmsXQ?BmFm@?E0>a�\S[^=sD@7216n>bEv>XZ1¢3¡?ED@7 ;5;c� �<X(A>14n>D@7Ã[^=@?Eac?E0�p#ÀÝ7>?EbB1D@721Âm@7edfbEbB[i3�n>bEv>XZ1Â7ed^my[^0>bE9 � _ � [f\�D@721xDF[^D~dfbM?E0:DF14ac=~dfDF1OA½n{14=@D@v>=@;edfD@?B[^0½3¡?ED@7k=F1Om@ng1ON4DyDF[lD@721ÂA>1O14nn>bEv>XZ1c5jD@721#?E0:DF14ac=~dfb°[�hj14=Y?EDFmYA>14b¿di9ZN4v>=@hj1¡=F1id^NF721Om 6 _ � [f\gD@721#h^dfbEv21¡[^;>D~df?E021OAZ\S[^=�D@721 � Ê �n>bEv>XZ1cp¥y7>?Bm�14XQn>7ed^mF?Eæi1Om#D@7edfD#n{14=@D@v>=@;edfD@?B[^02msN4bB[cm~1ÂDF[QD@7216m@v>=Ü\�d^NO1Â7edOhj1ld�b¿df=@aj14=�1HKM1ON4D#D@7edf0�A>1O14n{14=�[^021Omm@?E02NO1�D@72149½7edOhj1�dQbB[^0>aj14=�nedfD@7z;{147>?E02AwD@7216n>bEv>XZ1�\][^=�721idfbE?E0>a£DF[�[<NON4v>=ip¡Ís[�3o14hj14=i5gD@721�1HKM1ON4DFms[f\D@721Qm@7edfbEbB[�3Ådf02A¨A>1O14n¨nedf=@DFm�df=F1QN4bB1idf=@bE9ÃmF14nedf=~dfDF1OA¨NO[^02NO14=@0>?E0>a�D@721�bB[<NidfD@?B[^0¨3¡7214=F1�D@72149zNidf0¨;{1XZ1id^m@v>=F1OAM583¡7>?BNF7¦n>=F[ih<?BA>1Om`dÂXZ1idf02mY\S[^=oAJ?BmFN4=@?EXQ?E0edfD@?B[^0£[f\Mn>bEv>XZ1s[^=@?Eac?E0�A>14n>D@7�?L\�m@D~dfD@?B[^02m`dfDYb¿df=@aj1AJ?Bm@D~df02NO1Om�DF[�D@721Wn>bEv>XZ1�df=F1�dih^df?Eb¿df;>bB1cp

�(�'� �	0 ����� �	��
 * � 0�*�� �	��
* ��*  -/!10����+���3 2�10�� �+�	���3� - 	 ��� �����3 2� �	�)
 * ��!�� �$
� � � � 	 � � 	
	 �
� 	
	 � �qr0wD@721W\][^bEbB[i3¡?E0>a¦D@7216?E0 �2v21402NO1�[f\�D@721�b¿dfDF14=~dfb�n{14=@D@v>=@;edfD@?B[^0�\Sv>02N4D@?B[^0�3¡?EbEb�;{161H�2dfXQ?E021OAMp�Ì8D~df=@D@?E0>adfa:df?E0w3¡?ED@7wD@721 �c�c� �8X¾3¡?BA>16n>bEv>XZ1Â\t=F[^X D@721 � Ê �Â5J3`16NO[^XQnedf=F16?EDFm#A>14b¿di9½N4v>=@hj163¡?ED@7wD@7edfD�[f\YdbB[i3yG�hj14bB[<N4?EDI9zdf02[^X�dfbE9£3¡72[cm~1Wng14=@D@v>=@;edfD@?B[^0�\tv>02N4D@?B[^0w\S[^bEbB[�3#msd � dfv2m~m@?¿df0
PSR§?Ea2pe_Jp�_ � VHpÁ¥y721 � dfv2mÜGm@?¿df0|n>bEv>XZ1�XZ[<A>14b§A>14b¿di9wN4v>=@hj1�?BmsXQ?BmFm@?E0>a¦D@721�0214a:dfD@?Ehj1lA>14b¿dO9�?E0w\S=F[^0:DÂ[f\UD@721¢n>bEv>XZ1c5{d^mxdfbE=F1id^AJ9[^;2mF14=@hj1OA¤?E0¨D@721ZA>14b¿dO9�m@7ed^A>[�3#mip�¥y721�m@D@=F[^0>aj14=�n{[cm@?ED@?Ehj1ZA>14b¿di9ÃNidfv2m~1OA¨;:9Ã3o1idf�j14=�df02A�m@nedfD@?¿dfbEbE93¡?BA>14=Yn{14=@D@v>=@;edfD@?B[^02mÁNidf02NO14bBmY[^v>DÁD@721y3o1idf�Q1HK{1ON4DY[f\{D@721¡mF1ONO[^02AQR>=F1OmF0214b2æi[^021#AJv21yDF[Wm@D@=F[^0>aj14=Yn{14=ÜGD@v>=@;edfD@?B[^02mÂN4bB[cmF14=�DF[�D@721¢d��J?Bmip Û [^DF1c5°72[i3`14hj14=i5gD@7edfD�D@7>?Bmx[^;2mF14=@h^dfD@?B[^0z?Bm�[^0>bE9½;ed^m~1OA�[^0|[^021¢A2dfD~dn{[^?E0:D�3¡7>?BN~7¸7ed^m�[^021Z?E02N4=F14XZ1408DQAJ?LK{14=F1402NO1¦?E0¤;{[^D@7
A>14b¿di9¨D@?EXZ1zP � p �cè mÒV�df02A¤AJ?Bm@D~df02NO1�\S=F[^X�D@721n>bEv>XZ1¢d��J?Bmip � [^02NO14=@0>?E0>a¦D@7216ng[cm@?ED@?Ehj1�h^dfbEv21Om�D@7216N4v>=@hj1OmÂdf=F1W\�df?E=@bE9kmF?EXQ?Eb¿df=i52D@721WX�d�ç@[^=sAJ?LKM14=F1402NO1bE?B1Om�?E0ZD@721sdfXQn>bE?ED@v2A>1�[f\{D@721¡ng1idf�Jmi5c3¡7>?BN~7�?BmYmFbE?Eac7:D@bE9�b¿df=@aj14=�\][^=YD@721#m@7edf=@nQn>bEv>XZ1lP ± p ± m�h<m�p � p ²cè mÒVHp¥y7>?BmxAJ?LK{14=F1402NO1¢Nidf0�;{161H�<n>b¿df?E021OA�;:9½D@7216\]d^N4D#D@7edfDsD@7216X�d��J?EX�v>X$hj14bB[8N4?EDr9½ng14=@D@v>=@;edfD@?B[^0z?Bm�[^0>bE9=F1id^NF721OAÃ?E0ÃD@721�XQ?BA>AJbB1�[f\oD@721 � dfv2m~m@?¿df0Ãn>bEv>XZ1�3¡7214=F1id^mx\S[^=ÂD@721�m@7edf=@nÃn>bEv>XZ1�?EDx1H�JDF1402A>mW[^v>DWDF[D@721#A>1HC2021OA�=~d^AJ?Ev2mip�¥y7214=F1H\S[^=F1c583`dihj1OmoNidf0£d^NON4v>X�v>b¿dfDF1sb¿df=@aj14=oA>14b¿dO9Jm`AJv21¡DF[WD@721y\Sv>bEb2n{14=@D@v>=@;edfD@?B[^0[ihj14=xd�3¡?BA>14=�=F14ac?B[^0�pY¥y721W[^D@7214=�AJ?LKM14=F1402NO1Om�df=F16dfa:df?E0w[^021Â?E02N4=F14XZ140:Ds?E0½D@?EXZ16df02A½m@ned^NO16df02Awdf=F1D@7:v2m�02[^DQm@?Eac0>?LCeNidf08Dip�¥y7214=F1£?BmQdfbEXZ[cm@D�02[zAJ?LKM14=F1402NO1£?E0¸D@721�?E08DF14ac=~dfb#[ihj14=QD@721£DI3`[¨N4v>=@hj1Omi5UD@721

²cè



0 10 20 30 40
distance from plume center (degrees)

0

0.2

0.4

0.6

0.8

1

de
la

y 
(s

)

0 10 20 30 40

0

0.2

0.4

0.6

0.8

1 R=100km, sharp, CMB
R=100km, sharp, 670km

��������� · �8¼�		��  Y�?E0B�>�3, �������>,<� Y[����)
, F*,<�R��' �>�J�T#[�5 26������! 9�!#WF��&�����O 267,J#R�3�!) ��02, ?E���5)
,N67,< E�(,<� � 67�!)�Y
?q�O�L�&�3�! 9�!# ��=A���!�L��K��� 9F*,V? ��0;� �q�! 2, ���X��02, � � � � �! 2,$�����PF*,V? ��09�!# � ��b2Z�) -

� dfv2mFmF?¿df0
n>bEv>XZ1¦=F1id^NF721Om ²c² p ��� [f\#D@721¦?E0:DF14ac=~dfDF1OA¸n{14=@D@v>=@;edfD@?B[^0¸[f\sD@721¦m@7edf=@nn>bEv>XZ1cp � bB1idf=@bE9j5\S=F[^X m@v2NF7|AJ?Bm@D~df02NO1HGIA>14ng1402A>1408DÂD@=~dOhj14bLG�D@?EXZ1lA>14b¿dO9½N4v>=@hj1Om#D@721Wn{14=@D@v>=@;edfD@?B[^0|\tv>02N4D@?B[^0�[f\Ád ±i�c� �<X=~d^AJ?Ev2m#n>bEv>XZ16?Bm¡02[^D�AJ?Bm@D@?E0>acv>?Bm@7edf;>bB163¡?ED@7 �c� m#A2dfD~dJp
R§?Eacv>=F1OmY_Jp�_ ± d �s;Qm@72[i3¸D@721`A>14b¿dO9lN4v>=@hj1Om§\S[^= � dfv2mFm@?¿df0Qdf02A�m@7edf=@nl;g[^v>02A2df=@?B1Om�[f\en>bEv>XZ1`XZ[<A>14bBm3¡?ED@7¤=~d^AJ?E?o[f\#_ �c� �<XËdf02A ;c� �8Xw5�=F1Om@ng1ON4D@?Ehj14bE9jp Û [^DF1QD@7edfD¢AJv21ZDF[½D@721ZAJ?LKM14=F140:Dl?E0:DF14ac=~dfboDF[^D~dfbn{14=@D@v>=@;edfD@?B[^0Äh^dfbEv21OmQ[f\xXZ[8A>14bBm ; �<± _¨df02A è � _ � [^021½[f\xD@721½N4v>=@hj1Om�?BmQmFNidfbB1OA�A>[i3¡0�;:9d�\�d^N4DF[^=D@7edfD�?Bmx1Ou8vedfb�DF[ZD@721�ng14=@D@v>=@;edfD@?B[^0Ã=~dfD@?B[�?E0|[^=FA>14=xDF[�[^;>D~df?E0ÃNO[^XQnedf=~df;>bB1¢hcdfbEv21Omip¡R2[^=sD@721¢_ �c� �<Xn>bEv>XZ1ZD@7>?Bm�3`d^m�D@721Zm@7edf=@n�XZ[<A>14b�5�\][^=6D@721 ;c� �<X�n>bEv>XZ1�D@721 � dfv2mFm@?¿df0¤XZ[8A>14b�p£/�a:df?E0 � 3¡?ED@7>?E0D@721½bE?EXQ?EDFm£[f\xD@721|AJ?LK{14=F1408D�=F1OmF[^bEv>D@?B[^0 � D@721�mF7edf=@n�df02A � dfv2m~m@?¿df0Än>bEv>XZ1wA>14b¿di9<m£A>[¨02[^D¦AJ?LKM14=m@?Eac0>?LCeNidf08D@bE9j583¡?ED@7�D@721#[^021¡1H�JNO14n>D@?B[^0¦D@7edfDYD@721#m@7edf=@n ;c� �8X}n>bEv>XZ1#7ed^mÁdf0Z?E02N4=F1id^mF1#[f\MD@=~dihj14bLG�D@?EXZ1A>14b¿dO9�dfDo7>?Eac7214=oAJ?Bm@D~df02NO1OmÁ\S=F[^XÆD@721#n>bEv>XZ1cp�¥y7>?Bmo?BmÁm~[^XZ143¡7edfDÁ?E=@=@?ED~dfD@?E0>a25Jm@?E02NO1�[^021�3o[^v>bBA£1H�<n{1ON4DD@721�?E02N4=F1id^mF1�\][^=WD@721 � dfv2mFmF?¿df0¨n>bEv>XZ1Q3¡72[cmF1�7>?Eac7�n{1idf��n{14=@D@v>=@;edfD@?B[^0
[f\ ± � p ��� \S[^=WD@721�ÇUG�3`dihj1m@n{1O1OA¨14hj140
1H�>NO1O1OA>mWD@7edfD¢[f\yD@721Zm@D@=F[^0>a�n>bEv>XZ1Z3¡?ED@7 ±i� p 6�� 3¡7>?BN~7dfbBmF[�m@72[i3#m¢m@v2NF7
df0¤?E02N4=F1id^mF1PSR§?Ea2pe_Jp �c³ VHp¥�[z1H�2dfXQ?E021kD@721£?E02N4=F1id^mF1£3o1£bB[<[^�
dfDl\t=F1Ou8v21402N49:GIA>14n{1402A>140:DZA>14b¿di9N4v>=@hj1Oml\][^=lD@721 � dfv2mFm@?¿df0XZ[<A>14bBmZPSR�?Eajm�p{_Jp�_ ± N �xAeVx[^;>D~df?E021OAÃ;89�bB[�3yG�ned^mFmÂC2bEDF14=@?E0>a½D@721�mF14?Bm@XZ[^ac=~dfXZmW3¡?ED@7¨AJ?LKM14=F140:D6N4v>DF[fKgG\S=F1Ou:v21402N4?B1Om¡;{1H\][^=F1ÂXZ1id^m@v>=@?E0>a�D@721WA>14b¿di9<mipÁ/�a:df?E0�5J3`1W=F1OmF[^bEhj1�df0½?E02N4=F1id^mF1¢dfD#b¿df=@aj14=#AJ?Bm@D~df02NO1Om¡\][^=D@721Z=
5 ;c� �<X n>bEv>XZ1zPSm@v>;JC2acv>=F1£AeVH5�;>v>Dl[^0>bE9|\][^=6n{14=@?B[8A>ml[f\ 6:� m�[^=¢bB1OmFmi5�?�p 1cpE5�7>?Eac7�\S=F1Ou8v21402N4?B1Omip¥y7216?E08hj14=FmF1¢?Bm#D@=@v21W\][^=#D@721l_ �c� �8X(n>bEv>XZ1c5e3¡7214=F1�3o1�[^;2m~14=@hj1ldf0w?E02N4=F1id^m~16\][^=#n{14=@?B[8A>ms[f\ ;c� mx[^=XZ[^=F1c5j3¡7>?BN~7£df=F1�02[^DÁ[^;2mF14=@hj1OAQ?E0ZD@721 �c� mÁA2dfD~dW[f\�m@v>;JC2acv>=F1�dJpU¥y7>?BmoA>14XZ[^02m@D@=~dfDF1OmÁD@7edfDÁD@721¡7>?Eac7JG\S=F1Ou:v21402N4?B1Omldf=F1�A>[^XQ?E0edfD@?E0>a�PSmF1O1ZR§?Eajmip�_Jp ��� d �xN�V�df02A�D@7edfD�D@72149¨Nidf0�X�d^mF�zbB[^0>a^G�n{14=@?B[<A>m¢1HKM1ON4DFm

²5;



-10 0 10 20 30 40
distance from plume center (degrees)

0

0.2

0.4

0.6

0.8

1

de
la

y 
(s

)

R=100km, sharp
R=100km, Gauss

��������� · �8¼ � �� �Y�?E0B�>�7,J�������>,<� Y[����)
,XF*,<�R�d'��>���U#[�5 26������! 
�!#q,V?E��67,< E�����O� F��&�!���O 267,��]�L0B�O��? �O�O-��J�����<�L�R�O 
�
�
��b�b2Z�)�Y����4F������ ?E���5)
,O-

²��



-10 0 10 20 30 40 50
distance from plume center (degrees)

0

0.1

0.2

0.3

0.4

0.5

de
la

y 
(s

)

R=300km, sharp
R=300km, Gauss

����� ����
 ����� �

-10 0 10 20 30 40 50
distance from plume center (degrees)

0

0.1

0.2

0.3

0.4

0.5

de
la

y 
(s

)

R=60km, sharp
R=60km, Gauss

����� ��� �� � �

-10 0 10 20 30 40 50
distance from plume center (degrees)

0

1

2

3

4

5

de
la

y 
(s

)

-10 0 10 20 30 40 50
0

1

2

3

4

5

10s
20s
40s
60s
80s
100s

��� ������
�� � � ��� ��� � �� ��� �����

-10 0 10 20 30 40 50
distance from plume center (degrees)

0

0.1

0.2

0.3

0.4

0.5

0.6
de

la
y 

(s
)
10s
20s
40s
60s
80s
100s

��" � ��� ���� ��� ��� � �� �$� �����

-10 0 10 20 30 40 50
distance from plume center (degrees)

0

0.1

0.2

0.3

de
la

y 
(s

)

-10 0 10 20 30 40 50
0

0.1

0.2

0.3

10s
20s
40s
60s
80s
100s

��� ������
�� ��� ��� � ��� ��� ����� ��� �����

-10 0 10 20 30 40 50
distance from plume center (degrees)

0

0.5

1

1.5

de
la

y 
(s

)

10s
20s
40s
60s
80s
100s

�	�� ���  ��� ��� � ��� ��� ����� ��� �$���

��������� · �8¼����� �Y�?E0B�>�7,+����� �>,<� Y[����)
,+F*,<�R��' �>�U#[�5 26������! S�!# ,V?E��67,< B�����O� F��&�!���O 267,�� ��C � �OCH67�!) ?q�O�L�&�3�! 
�;,���=W,7,< �L0B�O��? �O 2F �X�����<�<�R�O S?W,<�!�L�5�	���������! #[�5 26������! #V�!� ��=A� ?E���5)
, ���4F�����8���02, 6��5� �>,P#V�!� ��02,
?E���5)
, = ����0 ��02, 0*��K�02,<� ?W,<�!�L�5�	���������! �&���36d�O��,7F�F*�>=  �� �!�3F*,<�U�(� ,d�>�3,X67�!) ?q�O�L�&�3�! IC �26LC�Y�#[C��A,d�46V0 �!#
��02, F*,<�R��' 6��5� �>,M� �3,V?q�O�����(,<�:' �A= ����0 #��3, ,*��,< 26['p�>� ?q�O���O)
,��(,<��- � �*�L�(,<�!=W�!�!��0p���>=AY�?q�>�<� _*���(,<� 67�!�L 2,<�
#��3, ,I��,< 26<��,M�$�O�3, K�� �>,< �� ��02,X��,LK*,< 2FB-

²c³



3¡7>?BNF7Ãdf=F1Â3o1idf�j14=s?E0|dfXQn>bE?ED@v2A>1cp
¥y721x=F1id^mF[^0¦\S[^=`D@7>?Bmy[^n>ng[cm~1OA¦;{147edOh<?B[^=WPt?E02N4=F1id^mF1Â[f\�A>14b¿dO9Jm#dfDob¿df=@aj1ÂAJ?Bm@D~df02NO1Om¡dfDybB[^0>alng14=@?B[<A>m\][^=6D@721Zb¿df=@aj1�n>bEv>XZ1£df02AdfD6bB[i3 ng14=@?B[<A>mW\][^=6D@721¦m@X�dfbEbÁn>bEv>XZ1�VWbE?B1Om�?E0�D@721�=~dfD@?B[w3ydOhj14bB140>acD@7�DF[n>bEv>XZ1¢3¡?BAJD@7¸PSR§?Ea2p{_Jp�_ � VHp#À�1lNO[^02m@?BA>14=xA>14n>D@72mx?E0|D@721�bB[�3o14=@XZ[cm@DÂX�df0:D@bB1c5MmF?E02NO16D@721¢=~dO9<nedfD@72mx[f\

0 500 1000 1500 2000 2500
depth [km]

0

200

400

600

800

1000

1200

w
av

el
en

gt
h 

[k
m

]

100s
80s
60s
40s
20s
10s
1s

��������� · �8¼ ��	� &P���>,<��,< IK^��0;�P�!#J67�!) ?E�3,M�M�L���! B�O�J=]� �>,M�H�>�H�P#(�5 26������! /�!#UF*,V? ��0 #��!�T�3,	�>,<���O�]?W,<�L����F4�
���L�� IK ��02,� 3 	�� )
��F*,<��- .102, �>�R�46(Z F*�4�L�(,7F ���� 2,M�N�� 2F���6d���(,���02,�= ��F^��0 8�F��R�O)
,��(,<�[C��!#J��02,U?E���5)
,
)
��F*,<�&�T= ����0 ���4F����W�!# ��b � ��b�b �2�O 2F �4b�b2Z�) -

df=@=@?EhcdfbBm�=F1ONO[^=FA>1OA �c���<èc� ◦ ;{147>?E02A6D@721Yn>bEv>XZ1`m~dfXQn>bB1ÁD@721�n>bEv>XZ1Á?E0¢D@7>?Bm�A>14n>D@7¢=~df0>aj1xPSmF1O1ÁR�?Ea2pf_Jp �cè VHpR2[^=sD@721¢_ �c� �<X =~d^AJ?Ev2msn>bEv>XZ16D@7216n{14=@?B[<A>m#3¡7214=F16D@721�?E02N4=F1id^mF1�[f\�D@721¢A>14b¿dO9½?Bm�[^;2m~14=@hj1OA|dfbEb�7edihj13`dihj14bB140>acD@7�b¿df=@aj14=�D@7edf0�D@721£3¡?BAJD@7�[f\sD@721£n>bEv>XZ1¨P ;c�c� �8X¦VHp
/�bEbyn{14=@?B[8A>ml3¡7214=F1k02[z?E02N4=F1id^mF1£?Bm[^;2mF14=@hj1OA�7edihj1½3`dihj14bB140>acD@7�;{14bB[i3¾D@721kn>bEv>XZ1�m@?Eæi1cp�R2[^=QD@721 ;c� �<X n>bEv>XZ1wd^mQ3o14bEb�D@721kng14=@?B[<A>mD@7edfD¡m@72[i3 df0k?E02N4=F1id^mF1Â[f\�D@721WA>14b¿di9�7edihj1Â3`dOhj14bB140>acD@7�b¿df=@aj14=¡D@7edf0£D@721xn>bEv>XZ1WAJ?¿dfXZ14DF14=�P ±i�c� �<X¦VH5;>v>D�7214=F1£D@7>?Bm¢?BmlD@=@v21¦\][^=QdfbEb`n{14=@?B[8A>mi5Y;>v>Dl02[^DQdfbEb¡[f\�D@7214X!m@72[i3 D@721¦?E02N4=F1id^mF1cp¨ÀÝ72140¸bB[8[^�<?E0>adfDxD@721�dfXQn>bE?ED@v2A>1OmW[f\oD@721�?E02N4=F1id^mF1OAÃA>14b¿di9<mÂ?E0ÃR§?Ea2pg_Jp�_ ± Az?EDÂD@v>=@02mÂ[^v>DsD@7edfDÂD@721OmF1lA>1ON4=F1id^mF1l3¡?ED@7?E02N4=F1id^m@?E0>a¸n{14=@?B[8A>mip-R2[^= 6:� m£D@721zA>14b¿dO9JmwdfD¦b¿df=@aj1ÃAJ?Bm@D~df02NO1Om£;{147>?E02A�D@721zn>bEv>XZ1¨df=F1z[^0>bE9ÄDI3`[=F1OmF[^bEv>D@?B[^0�?E02N4=F14XZ1408DFm½?E0�D@?EXZ1c5#?EDk?Bm£D@7:v2mkbE?E�j14bE9�D@7edfDwdfbBmF[D@721zbB[^0>aj14=kng14=@?B[<A>mk1H�<n{14=@?B1402NO1�df0?E02N4=F1id^mF1c5>72[�3o14hj14=i5{dfbE=F1id^AJ9£\S[^= ;c� m¡?EDsNidf0>02[^D#;g1Â=F1Om~[^bEhj1OA�df0:9<XZ[^=F1cpqr0�m@v>XQX�df=@9j58D@7214=F1#?Bm`df0Z?E02N4=F1id^mF1¢PS[^=o=F1ONO[ihj14=@92V�[f\�A>14b¿dO9QD@?EXZ1Omydf=F[^v>02A¦_ è ◦ ;g147>?E02AQD@721�n>bEv>XZ1NO140:DF14=�\S[^=¡n{14=@?B[<A>m#D@7edfD�NO[^=@=F1Om@n{[^02A½DF[Q3ydOhj14bB140>acD@7Ã1Ou:vedfb�DF[Z[^=#b¿df=@aj14=#D@7edf0|D@721Wn>bEv>XZ1W3¡?BAJD@7�pÁqrD?Bm¢XZ[cm@D¢n>=F[^02[^v>02NO1OA¸3¡72140D@721£3`dihj14bB140>acD@7�dfD¢D@721£A>14n>D@7¸3¡7214=F1¦D@721¦n>bEv>XZ1¦?BmlmÒdfXQn>bB1OA¤;89�D@7213`dihj1k?Bm¢1Ou8vedfb`DF[|D@721¦n>bEv>XZ1kAJ?¿dfXZ14DF14=Zdf02A¤;{1ONO[^XZ1OmQm@X�dfbEbB14=l3¡?ED@7?E02N4=F1id^mF?E0>az3ydOhj14bB140>acD@7�p�/s01H�Jn>b¿df0edfD@?B[^0�[f\xD@7>?Bm�1HK{1ON4DZNidf0�02[^DQ;{1kac?Ehj140�5Á3`1wm@n{1ON4v>b¿dfDF1kD@7edfDQ?EDQ?BmQ=F14b¿dfDF1OA�DF[�d|\S=F1Ou:v21402N498GA>14n{1402A>140:DsAJ?BmFDF[^=@D@?B[^0�[f\§D@721�mF1402m@?ED@?Eh<?EDI9£�j14=@0214b�;:9£D@7216NO[^=F1cp¥y721s1HK{1ON4Do?BmodfbBmF[Wh<?Bm@?E;>bB1#\S[^=YD@721 � dfv2mFm@?¿df0�n>bEv>XZ1�XZ[<A>14bBmsPSR§?Ea2p8_Jp�_ ± 1 ��\HVH58;>v>DÁbB1Om~mYN4bB1idf=ip�¥y721_ �c� �<X � dfv2mFm@?¿df0kn>bEv>XZ1x7ed^m#d6hj14=@9¦bB[i3�ng14=@D@v>=@;edfD@?B[^0¤P � p�_ ²�� VoD@7214=F1H\][^=F1xD@721x?E02N4=F1id^mF1Â?Bmy[^0>bE9�=F1HG
²c²



mF[^bEhj1OA½3¡?ED@7|[^0216A>14b¿dO9kv>0>?ED¢P � p �cè mÒVH5e0214hj14=@D@7214bB1OmFm#v>02A>[^v>;>DF1OAJbE9½n>=F1Om~140:Dip`/sm#dfbE=F1id^AJ9½XZ1408D@?B[^021OAM5D@721 ;c� �<X � dfv2mFm@?¿df0½n>bEv>XZ1Â7ed^msdlhj14=@9¦7>?Eac7wn{14=@D@v>=@;edfD@?B[^0|df02A½?BmyD@78v2m#3`14bEb�=F1OmF[^bEhj1OAMp Û [^DF1c5JD@7edfD?EDFmY1HKM1ON4D@?Ehj1y3¡?BAJD@7Z?Bm�14hj140Zm@X�dfbEbB14=YD@7edf0 ±i�c� �<X«;{1ONidfv2mF1yD@721¡m@D@=F[^0>a6n{14=@D@v>=@;edfD@?B[^0Z?Bm�NO[^02NO140:D@=~dfDF1OAhj14=@9�N4bB[cmF1`DF[ÂD@721yn>bEv>XZ1#d��<?Bmip§¥y7214=F1H\][^=F1c5jD@721y=~dfD@?B[W[f\°n>bEv>XZ1y3¡?BAJD@7QDF[Â3ydOhj14bB140>acD@7¦?Bm�14hj140Zm@X�dfbEbB14=D@7edf0w\][^=#D@7216mF7edf=@nwn>bEv>XZ1c5ebB1id^AJ?E0>a¦DF[ZA>1ON4=F1id^mF1OAzdfXQn>bE?ED@v2A>1Omx[f\UD@7216=F1ONO[�hj14=F1OA|A>14b¿di9<m�poÍx[i3`14hj14=i53o1W[^;2m~14=@hj16df0½?E02N4=F1id^mF1W[f\�bB[�3�\t=F1Ou8v21402N4?B1Omy?E02m@DF1id^A½[f\§7>?Eac7214=�[^021Omip�¥y721Â=F1id^mF[^0k\][^=yD@7edfD¡=F14X�df?E02m14bEv2m@?Ehj1c58n>=F[^;edf;>bE9QD@721¡?E0 �2v21402NO1x[f\{D@721#hj14=@9Zm@D@=F[^0>a¢df02[^X�dfbE9 � d^mo[^;2mF14=@hj1OAQ\][^=YXZ[<A>14b°_ � AJ?Bm@DF[^=@DFmD@7216m@9Jm@DF14X�dfD@?BNÂ;{147edOh<?B[^=�[^;2mF14=@hj1OAk\][^=#D@721Â3`1idf�j14=xdf02[^X�dfbE?B1Omip
À�1¦02[i3 NO[^XQnedf=F1kA>14b¿dO9JmQ[f\ � dfv2mFm@?¿df0n>bEv>XZ1Oml7edOh<?E0>aÃD@721¦m~dfXZ1¦?E0:DF14ac=~dfb¡n{14=@D@v>=@;edfD@?B[^0¸;>v>DAJ?LKM14=W?E0¨=~d^AJ?E?sPt=

5 ;c� 5 ±i�c� 5�df02A�_ �c� �<Xw5�Êz[<A>14bBm ± _J5 6 df02A�_ � 5�R§?Ea2p�_Jp�_c_jVHp�ÀÝ?ED@7¨D@721ZNO[^XQXZ[^0

-10 0 10 20 30 40 50
distance from plume axis (degrees)

0

0.5

1

1.5

de
la

y 
(s

)

60km
100km
300km

��������� · �<¼ � �� �Y�?E0B�>�3, �������>,<� Y[����)
, F*,<�R��'"�>��� #(�5 26������! �!# ,V?E��67,< B�����O�NF��&�!���O 267,�� 67�!) ?q�O�L�&�3�! �!#
� � � Y�?E���5)
,U)
��F*,<�&� = ����0 �

�
��b � ��b�b �O 2F �4b�b2Z�) ���4F������ � �I�*�J��02,J���O)
,J�� B�(,LK����O�2?W,<�!�L�5�	���������! Q-

d^mFm@v>XQn>D@?B[^0QD@7edfD�D@721y=~di9:G�nedfD@7¦A>[81OmU02[^DYN~7edf0>aj1¡m@?Eac0>?LCeNidf0:D@bE9QAJv21yDF[ÂD@721y7214DF14=F[^aj140214?EDI9wPt7214=F1 ��D@721n>bEv>XZ1�V#D@721�=F1Om@v>bED@?E0>a£D@=~dOhj14bLG�D@?EXZ1QA>14b¿di9<mÂm@72[^v>bBA|;{1�m@?EXQ?Eb¿df=i5{m@?E02NO1�D@721¢1HKM1ON4D@?Ehj1¢Nidfv2mF?E0>a¦hj14bB[<N4?EDI9n{14=@D@v>=@;edfD@?B[^0?Bm¢D@721£m~dfXZ1cp|Íx[i3`14hj14=i5U\S=F[^XËD@721£N4v>=@hj1Oml?ED¢?Bml[^;:h<?B[^v2mlD@7edfD¢D@7>?Bml?Bml[^0>bE9�D@=@v21Z\][^=m@D~dfD@?B[^02mxXZ[^=F1lD@7edf0 ;cèc� �8X$;g147>?E02AzD@721¢n>bEv>XZ1�NO140:DF14=FmipW¥y7>?BmWAJ?Bm@D~df02NO1¢?Bmx02[^DWNO[^?E02N4?BA>140:D~dfb�5M?EDx?Bmdf;{[^v>D`D@721x3¡?BAJD@7w[f\�D@721xæi[^021ÂD@7edfDy?Bm`ng14=@D@v>=@;{1OA£;:9¦D@721sb¿df=@aj1OmFD¡n>bEv>XZ1sXZ[<A>14bYPt=~d^AJ?Ev2m#[f\§_ �c� �<X¦VHp¥y7>?Bm`XZ1idf02myD@7edfD`[^0>bE9£df=@=@?Eh^dfbBmyD@7edfD¡df=F1Wd�K{1ON4DF1OA¦;:9¦D@721s1408D@?E=F1Âng14=@D@v>=@;edfD@?B[^0½[f\�D@721sD@7>=F1O1xn>bEv>XZ1Oma:dfD@7214=�D@721�m~dfXZ1ZA>14b¿dO9jpkqr0�Nid^mF1Z[f\¡D@721Zm@X�dfbEbB1OmFD¦Pt=
5 ;c� �8X¦VWn>bEv>XZ1ZD@721Q7>?Eac7¤ng14=@D@v>=@;edfD@?B[^02m�df=F1NO[^02NO140:D@=~dfDF1OA¤?E0�d�hj14=@9Ãm@X�dfbEbU=F14ac?B[^0¤df=F[^v>02A¨D@721ln>bEv>XZ1Zd��J?Bmip�¥y7214=F1H\][^=F1c5�df=@=@?EhcdfbBmÂ=@?Eac7:DW;{147>?E02AD@721¡n>bEv>XZ1sNO140:DF14=`df=F1sd�K{1ON4DF1OA�;:9�XZ[cm@DÁ[f\{D@721¡n{14=@D@v>=@;edfD@?B[^0£[f\{D@721¡n>bEv>XZ1#;>v>DÁ7ed^AZ02[WD@=~dihj14bLG�nedfD@7;{147>?E02AwD@721Wn{14=@D@v>=@;g1OAwæi[^0216DF[Z1H�Jng14=@?B1402NO1�3`dihj1H\t=F[^08Ds721idfbE?E0>a2py¥y7>?Bm#?Bm�3¡7:9kD@7216X�d��J?EX�v>X$A>14b¿dO9[f\ÁD@721�m@X�dfbEbB1Om@DÂn>bEv>XZ1�?BmxD@7edfDÂX�v2N~7�7>?Eac7214=ÂD@7edf0|\][^=ÂD@721lb¿df=@aj14=6[^021OmipWR>=F[^X d¦NO14=@D~df?E0�AJ?Bm@D~df02NO1[^0�5§D@721Z3ydOhj1H\S=F[^0:DFm�[f\sdfbEbÁXZ[<A>14bBm67edihj1�a:dfD@7214=F1OA
D@721�m~dfXZ1�?E0:DF14ac=~dfb`ng14=@D@v>=@;edfD@?B[^0�df02A�7ed^A¤D@721m~dfXZ1ÂnedfD@7>bB140>acD@7|\S[^=¡721idfbE?E0>a252=F1Om@v>bED@?E0>aZ?E0wD@721Wm~dfXZ1�A>14b¿dO9£\S[^=¡D@721�AJ?LK{14=F1408D#XZ[8A>14bBm�p

±i�c�



� �	� ������-2� � �"* � � ��!  /�)� � ��* � ���

��14D�v2mlbB[8[^�dfDlD@721¦DI3`[¨[^D@7214=Q14n>?BNO140:D@=~dfb�AJ?Bm@D~df02NO1Om�p¤Ì8D~df=@D@?E0>a¨3¡?ED@7�d�=
5 ±i�c� �<X n>bEv>XZ1wdfD 6:è ◦14n>?BNO140:D@=~dfbMAJ?Bm@D~df02NO1�PSR§?Ea2p<_Jp�_ 6 VY3o1xmF1O1�D@721�m~dfXZ1x1HK{1ON4Dyd^mY\][^= ²c� ◦ 14n>?BNO140:D@=~dfbMAJ?Bm@D~df02NO1 �UD@721sA>14b¿dO9Jm[f\sD@721½mF7edf=@n�df02A¸D@721 � dfv2mFm@?¿df0�n>bEv>XZ1�PtbB1H\SDQnedf0214b#[f\sD@721£C2acv>=F1�V�df=F1½m@?EXQ?Eb¿df=i5o3¡?ED@7�D@721½m@7edf=@nn>bEv>XZ1sdfa:df?E0£Nidfv2m@?E0>a¢dWmFbE?Eac7:D@bE9Q7>?Eac7214=Án{1idf�{p§¥y721¡\t=F1Ou8v21402N49:GIA>14n{1402A>140:DyA>14b¿dO9JmÁ[f\MD@721�DI3o[�n>bEv>XZ1

-10 0 10 20 30 40 50
distance from plume center (degrees)

0

0.2

0.4

0.6

0.8

1

de
la

y 
(s

)

sharp plume
Gaussian plume

����� ��� � �� �$� ����� � ��� � ��� ��� ����� ��� �$���

0 20 40 60 80
distance behind plume center (degrees)

0

0.5

1

de
la

y 
(s

)

10s
20s
40s
60s
80s
100s

����� � ��� ��� ����� ��� �$��� � "���� �������
 � � ��� �$� ��� ����������
� ���� �����$��� � �

��������� · �<¼ � /E �Y�?E0B�>�3,D�������>,<� Y[����)
,�F*,<�R��'S�>� �D#[�5 26������! G�!#XF��&�!���O 267,N#V�!� � ?E���5)
,T#��3�!) ��02, � � �
��� � �

◦
,V?E��67,< B�����O� F��&�!���O 267,O-

XZ[<A>14bBmldf=F1£m@?EXQ?Eb¿df=Qd^m�3`14bEb�5Yd^m�df01H�>dfXQn>bB1¦D@721£[^021Z\][^=�D@721 � dfv2mFm@?¿df0
n>bEv>XZ1£?Bm¢m@72[�3¡0[^0
D@721=@?Eac7:D�nedf0214b�[f\�R�?Ea2p2_Jp�_ 6 p¥y721kA>14b¿dO9D@?EXZ1Oml\][^=�dzm@7edf=@n � Ê �ÁGI[^=@?Eac?E0�n>bEv>XZ1wdfD ± _ è ◦ 14n>?BNO140:D@=~dfb�AJ?BmFD~df02NO1k?BmlmF72[i3¡0�?E0R§?Eacv>=F1½_Jp�_ è DF[^aj14D@7214=�3¡?ED@7¸D@721k[^021Om¢\S[^=lD@721km@7edf=@n � Ê �oGI[^=@?Eac?E0¸n>bEv>XZ1OmZdfD¢D@721£Dr3o[¨[^D@7214=QAJ?BmÜGD~df02NO1Omip�R2[^=o?E0:DF14=@n>=F14D@?E0>aZdf02AZNO[^XQnedf=@?E0>a�D@721#N4v>=@hj1Omo?EDÁ?BmÁv2mF1H\tv>beDF[6=F1ONidfbEbeD@721�=~dO98G�nedfD@72m`df02A�D@7214?E=?E0:DF14=~d^N4D@?B[^0Ã3¡?ED@7|D@7216n>bEv>XZ1W\][^=�D@721¢AJ?LK{14=F1408D�n>bEv>XZ1¢bB[8NidfD@?B[^02msac?Ehj140�?E0zR§?Ea2p°_Jp �cè p Û 14hj14=@D@7214bB1Om~mi5?EDsmF72[^v>bBA�;{16�j14n>Dx?E0|XQ?E02A|D@7edfDxD@7216=~dO9zdfn>n>=F[O�J?EX�dfD@?B[^0¨v2mF1OA½\][^=sN4=F1idfD@?E0>akD@7>?Bmsn>bB[^Ds?Bms02[^DshcdfbE?BA\][^=`[^v>=#Nid^mF1c5>df02A£D@7edfDyD@721ÂmF1402m@?ED@?Eh<?EDI9¦[f\�D@721s3ydOhj1Om¡?BmyNO[^02NO1408D@=~dfDF1OAw?E0£D@721xR2=F1Om@0214bMæi[^021Om#df=F[^v>02AD@721W=~di9¦nedfD@72msm@72[i3¡0�p¥y721ÂA>14b¿dO9Jmy[f\�D@721xn>bEv>XZ1WdfD 6:è ◦ 14n>?BNO140:D@=~dfb�AJ?Bm@D~df02NO1Wdf=F1x02[^D`ng14=@D@v>=@;{1OA£;:9Z?E08DF14=~d^N4D@?B[^0�[f\�D@721Ç
diff

G�n>7ed^mF163¡?ED@7wD@721�NO[^=F1�m@?E02NO1W?E0�D@7216AJ?Bm@D~df02NO16=~df0>aj16v>02A>14=sm@D@v2AJ9kD@721Wn>bEv>XZ1�?Bm#[^0>bE9½m~dfXQn>bB1OA;:9£ÇUG�3`dihj1OmipÁqr0kD@7>?BmyNid^mF1xD@721xmF?EXQn>bB1Â=F14b¿dfD@?B[^02m@7>?En½72[^bBA>myD@7edfD#df=@=@?Eh^dfbBm#dfDyb¿df=@aj14=#AJ?Bm@D~df02NO1Omy;{147>?E02AD@721¡n>bEv>XZ1#NO1408DF14=oNidf=@=@9�D@721#A>14b¿di9ZNidfv2mF1OAQ;:9ZdÂA>1O14n{14=Ynedf=@Do[f\{D@721¡n>bEv>XZ1c5:3¡7214=F1#D@721#R>=F1OmF0214b2æi[^021?Bmob¿df=@aj14=ip�¥y7>?Bmo?Bmou:vedf08D@?LCe1OA£?E0£¥§df;>bB1x_Jp è p Û [^DF1�D@7edfDÁ\t=F[^X df;{[^v>D
∆ 5 ³c� ◦ P]_ è ◦ ;{147>?E02AZD@721sn>bEv>XZ1NO140:DF14=ÒV¡D@721WR>=F1Om@0214b�æi[^021WA>[<1Om¡02[�bB[^0>aj14=¡C2D¡?E0�D@721ÂX�df0:D@bB1¢df02A½mFD~df=@DFm¡?E0:DF14=~d^N4D@?E0>a¦3¡?ED@7wD@721WNO[^=F1cp¥y7>?BmÂX�dO9|;g1lD@721�1H�Jn>b¿df0edfD@?B[^0¨\S[^=xD@721�bB[<Nidfb§XQ?E0>?EX¢v>X.?E0�A>14b¿dO9Jm6df=F[^v>02A 6:� ◦ ;{147>?E02AÃD@721ln>bEv>XZ1NO140:DF14=ip/s02[^D@7214=�3ydO9WDF[¡bB[<[^�ÂdfD�?ED�?BmMD@7edfD�D@721�=F14X�df?E0>?E0>asnedfD@7�bB140>acD@7ld�\SDF14=�ned^mFm@?E0>a#D@721Án>bEv>XZ1Y;{1ONO[^XZ1Omb¿df=@aj14=�df02AÃD@7:v2m6n>=F[ih<?BA>1Om¢d¦bB[^0>aj14=W3`di9|\][^=Â721idfbE?E0>awDF[k[8NON4v>=ip Û [^DF1lD@7edfDW?E0¨D@721QAJ?Bm@D~df02NO1�=~df0>aj11H�2dfXQ?E021OA½7214=F1WD@7214=F1W?Bm¡02[ZDF[^D~dfb�721idfbE?E0>aQ\][^=¡D@721 6:è ◦ G�n>bEv>XZ1c5ed�A>14b¿dO9w[f\ � p ± m#=F14X�df?E02mip¥y721½n>bEv>XZ1wdfD

∆ 5 ²c� ◦ 7ed^m�dÃm@?EXQ?Eb¿df=ZA>14b¿dO9�N4v>=@hj1c5o;>v>DZA>14h8?¿dfDF1OmZ\t=F[^X!D@721½[^021½[f\ÂD@721 6:è ◦ Gn>bEv>XZ1Â3¡7214=F1Â?EDy?Bm¡m~dfXQn>bB1OAk;:9¦D@721ÂÇ
diff

G�n>7ed^m~1cp�¥y721WA>14b¿dO9kAJ=F[^n2m¡[fK�\�d^m@DF14=#df02A£C20edfbEbE9�hcdf0>?Bm@721Om
±i�J±



-10 0 10 20 30 40 50
distance from plume center (degrees)

0

0.2

0.4

0.6

0.8

1

1.2
de

la
y 

(s
)

45 degrees
90 degrees
135 degrees

45 55 65 75 85 95
90
135

100
145

110
155

120
165 175

130 140
185

epicentral distance (degrees)

��������� · �<¼ � �� �Y�?E0B�>�3, �������>,<� Y[����)
, F*,<�R�d' �>�P� #(�5 26������! �!# F��&�!���O 267, �;,<0*�� 2F ��02, ?E���5)
, 67,< E�(,<� �
�L0B�O��? �

�
��b�b2Z�) ���4F������ � � � YV�!�L��K��� 9?E���5)
,P��� ��0*�3,7,
,V?E��67,< B�����O�$F��&�!���O 267,M� 8 � � �
��b � �O 2F � �
�

◦
CO-

�V 9�!�3F*,<� �(�D,d�>�7,N�>�<�3��6<�R�������! = ����0 ����' ?q����0;�X#V�!� ��02, F��21Q,<�3,< E�XF��&�!���O 267,M�N�O 2F ?E���5)
, ?W���L�������! ;�U�� 
\]��KB- ��- a	� � ��02,U67�!�L�3,M�V?W�! 2F��� IK ,V?E��67,< B�����O�]F��&�!���O 267,M� �O�3,�K�� �>,< �� ��02, �3,M��?W,76���� �>, 67�!���!��#V�!�U��02,$��0*�3,7,
?E���5)
,J����6d�������! ;��-

NO[^XQn>bB14DF14bE9jp�¥y7>?Bm�AJ?LKM14=F1402NO1yX�dO9l;g1y1H�Jn>b¿df?E021OA�;:9�D@721¡NO[^XQn>bB1H�J?EDI9�[f\°D@721yÇ
diff

GImF1402m@?ED@?Eh<?EDI9l�j14=@0214b�5d^mxNO[^XQnedf=F1OA�DF[¦D@721�m@?EXQn>bB1 �I;edf0edf0ed"�]G��j14=@0214b�[f\YD@721¢AJ?E=F1ON4DÂÇUG�3ydOhj1cpx¥y721�?E08DF14ac=~dfb§[�hj14=xD@721¢A>14b¿dO9=F1id^NF721Oms[^0>bE9 �^³�� [f\§D@7edfD#[f\UD@721 6:è ◦ G�n>bEv>XZ1cp¥y721ln>bEv>XZ1QdfD
∆ 5 ± _ è ◦ ?BmsXZ[^=F1�AJ?LKM14=F140:DW?E0zD@721�14hj[^bEv>D@?B[^0�[f\ÁD@721�A>14b¿dO9�D@7edf0ÃD@721lDI3`[½[^D@7214=[^021OmipqID�7ed^mZd|7>?Eac7214=ZX�d��J?EX�v>X A>14b¿di93¡7>?BN~7�XQ?Eac7:DZ;{1kAJv21kDF[zD@721½m@DF1O14ng14=Q?E02N4?BA>1402NO1½[f\xD@7213`dihj1OmsAJ?E=F1ON4D@bE9�df=F[^v>02A�D@721Wn>bEv>XZ1¢d��J?BmipY/sbE=F1id^AJ9½DI3`[�A>14ac=F1O1Om�;g147>?E02A�D@721Wn>bEv>XZ16?EDFm#A>14b¿di9wN4v>=@hj1;{1ONO[^XZ1Omsm@?EXQ?Eb¿df=xDF[ZD@721¢[^021¢[f\�D@721 ²c� ◦ G�n>bEv>XZ1c5g[�3¡?E0>a¦DF[�D@721��j14=@0214bBmsD@7edfDWdf=F1�m@?EXQ?Eb¿df=@bE9�d�KM1ON4DF1OA;:9Q?E08DF14=~d^N4D@?B[^0w[f\�D@721�Ç

diff

n>7ed^m~1#3¡?ED@7£D@721sNO[^=F1cp�/s;g[^v>D �c� A>14ac=F1O1Om`;{147>?E02A�D@721�n>bEv>XZ1�D@721xA>14b¿dO9AJ=F[^n2m¡A>[i3¡0�df02Ak7ed^m`hcdf0>?Bm@721OA �c³ A>14ac=F1O1Omy;g147>?E02A£D@721Ân>bEv>XZ1ÂNO140:DF14=ipo¥y721x=F1id^mF[^0£\S[^=yD@7>?Bmy?Bm`D@7edfDD@721ÂÇ
diff

n>7ed^mF1WdfDyD@721OmF1Â14n>?BNO140:D@=~dfb�AJ?BmFD~df02NO1Om¡AJ?B1Om¡[^v>Dip�¥y721Â?E0:DF14ac=~dfDF1OA½A>14b¿dO9k[^0>bE9�=F1id^N~721Om �^���[f\UD@721Wh^dfbEv21x\][^=¡D@721 6:è ◦ G�n>bEv>XZ1cp

±i�c�



∆
� ◦   A>14n>D@7 � �<X�  � � �8X�  λ

� �<X�  A
Fresnel

� �<X� èc� ;c�5; p è è5;c�J± �c�76 ±i���^�ècè ²c³76 p � ;J±i�c� �c�c² ±c±i³ _
;c� ±i�c³cè p ² ;5;c�5; � _ ³ ±i�cè76
;cè ±iècè�� p � �^�c³J± �76 ; ± _ ±i³
�^� ±i³J±i� p � �^è76 _ �cèc� ± _ �^³
�^è �c�76:³ p � �^²c²J± �cèc³ ± 6 _ 6³c� �c�c³ _Jp ³ ³76:�cè �5; _ ± 6:³c³³cè �cèJ±iè p ² ³c³76 ; �5;c³ ±iè76:�²c� ��� 6:� p 6 ²c�5;c² ��� 6 ±ièc²J±²cè �c³c�c� p � ²cè��^² �c²76 ± ;��5�

� º��H»B· �8¼���  �O���O)
,��(,<�<�P�!#N��02, �Y�?E0B�>�3,H0*���L���� IK9�D?E���5)
,+��� � �
◦
#R�3�!) ��02,P,V?E��67,< B�(,<� #��!� �3,	�>,<���O�

�3,767�!�3F��� IK F��&�!���O 267,M��- �V ��02, 67�!���5)+ ;�9��02, ,V?E��67,< B�����O�+F��&�!���O 267, ��� = 0*��6V0 ��02, ����'"�3,d�46(02,M�9��02,
�!�5�L#��467, �Q��02,NF*,V? ��0 ��� = 0*��6V0 ���]0*��� �T��02, ?E���5)
, �Q��02, ?q����0^Y���,< IK^��0 � ��02, =]� �>,<��,< IK^��0 #V�!�X�$?A,<�L����F �!#
aIbT�3,767�! 2F4� �O 2F ��02,NF��R�O)
,��(,<�T�!# ��02,U\*�3,M�L 2,<� �5�! 2,J#��!�T��0*�&� ?W,<�L����F �O�3,XK�� �>,< Q-

l'&Rl)&Rl � s 1 '$# � �+1 � 1 � %(� ! '$��� #��0/��
n /�-��$��� ��-0/�!�'$#�� /
/xms3`1l7edOhj1QmF1O140�5{?E0ÃD@721lnedf=~dfXZ14DF14=W?E0:DF14=@hcdfbBm6m@D@v2AJ?B1OAM5{D@=~dihj14bLG�D@?EXZ1ZA>14b¿dO9|nedfD@DF14=@02m�df=F1l02[^Dxhj14=@9mF1402m@?ED@?Ehj1�DF[ZD@721¢m@7edfng1�[f\UD@721�ng14=@D@v>=@;edfD@?B[^0|\Sv>02N4D@?B[^0�p¡Ís[�3o14hj14=i5g?EDsm@72[^v>bBA�;g16�j14n>D�?E0�XQ?E02A�D@7edfDD@721¦h^df=@?¿dfD@?B[^0¸[f\#D@721�n{14=@D@v>=@;edfD@?B[^0\tv>02N4D@?B[^02mlD~df�j1Omln>b¿d^NO1¦?E0¸d�=~df0>aj1¦[f\sdf;{[^v>DQ_ �c� �8X D@7edfD¢3`1m~dfXQn>bB1Z[^0>bE9z3¡?ED@7¤mF14hj140�mFD~dfD@?B[^02mipQÀ�1QD@v>=@0¨DF[½D@721Z?E0 �2v21402NO1Z[f\¡d£n>bEv>XZ1¦[^0¨D@721�dfXQn>bE?ED@v2A>1Om�[f\mF14?Bm@XZ[^ac=~dfXZm�pR>=F[^X df0edfbB[^ac9z3¡?ED@7�[^n>D@?BNOm�5�3o1�1H�<n{1ON4D6df0¤1HK{1ON4D6[f\#d£bB[i3yG�hj14bB[<N4?EDI9Ãæi[^021Z[^0¨D@721ZdfXQn>bE?ED@v2A>1Om�5m@?E02NO1½?E0Ä[^n>D@?BNOm�bB[i3yG�hj14bB[<N4?EDI9Ä[^;Jç@1ON4DFm¦d^N4D�d^mQbB1402m~1Omi5Y\][<N4v2mFm@?E0>a�140214=@ac9jp ��� ® �#����� ·4¹¢ºc»E¼ �E±i²c²c³  NO[^0JC2=@XZ1OA½\][<N4v2mFm@?E0>aZ1HKM1ON4DFm#[f\§n>bEv>XZ1HG�bE?E�j1¢m@D@=@v2N4D@v>=F1Om¡\][^=¡DF14bB1OmF14?Bm@XQ?BN6n>b¿df021W3`dihj1OmipÈxdO9wD@721O[^=@9|n>=F1OAJ?BN4DFmsD@7edfDÂD@721QdfXQn>bE?ED@v2A>1OmÂ;{147>?E02AÃd�bB[i3yG�hj14bB[<N4?EDI9¨df02[^X�dfbE9zdf=F1¢n>=F[^n{[^=@D@?B[^0edfbDF[QD@721WmF1ONO[^02A�A>14=@?Eh^dfD@?Ehj1¢[f\§D@721Wn{14=@D@v>=@;edfD@?B[^0w\Sv>02N4D@?B[^0
PS1cp a2p°á ��� ®:ª �Ä����� 
s���t¯����c�c�c�  tVHpyÌ8?E02NO13o1Âv2m~1�C20>?EDF1s\S=F1Ou:v21402N4?B1Omy3`1W1H�<n{1ON4D¡A>14h8?¿dfD@?B[^02m¡\t=F[^X D@7>?Bmy;{147edOh<?B[^=i5JD@7edfD¡df=F1x?E08hj1Om@D@?Ea:dfDF1OA½?E0kD@721\][^bEbB[i3¡?E0>a2pR§?Ea2pc_Jp�_ ; m@72[i3#mUD@721ym@nedfD@?¿dfb>AJ?Bm@D@=@?E;>v>D@?B[^0Z[f\gD@721ydfXQn>bE?ED@v2A>1y=~dfD@?B[Â[f\Md#n>bEv>XZ1HG�n{14=@D@v>=@;g1OA�ÇYÈ�ÉYÊÇUG�n>7ed^mF1¢3¡?ED@7�=F1OmFng1ON4DsDF[¦dZÇÁÈ�ÉYÊ!ÇUG�n>7ed^m~1¢dfbB[^021cp#¥y721�n>bEv>XZ1�XZ[<A>14bBms[f\�D@721¢m@v>;JC2acv>=F1Omxdf=F1�dfbEbdfD�df0�14n>?BNO140:D@=~dfb`AJ?Bm@D~df02NO1Z[f\ ²c� A>14ac=F1O1OmipQ¥y721ZdfXQn>bE?ED@v2A>1Z=~dfD@?B[cm¢df=F1ZA>14=@?Ehj1OA¨v2m@?E0>a½D@721�XZ14D@72[<A[f\ 8 �t¯ ®:� �{� �§��� e ��®8ª � ���c�c�cè  y\][^=¢XZ1id^mFv>=@?E0>a|C20>?EDF1HG]\S=F1Ou8v21402N49dfXQn>bE?ED@v2A>1Omi5`d^mlA>1Om~N4=@?E;g1OA¸[^0nedfaj1 �^è p¥y721�\S[<N4v2mFm@?E0>a
1HK{1ON4Dk[f\WD@721�n>bEv>XZ1Om¦?Bm¦N4bB1idf=@bE9�h<?Bm@?E;>bB1c5¡72[�3o14hj14=i5xd^mZ\][^=�D@721|A>14b¿dO9�m@7ed^A>[�3X�dfn2mi58D@721#=F14ac?B[^0£3¡7214=F1xdfXQn>bE?LCeNidfD@?B[^0k?Bmo[^;2mF14=@hj1OA�?Bmom@v>=@=F[^v>02A>1OA¦;:9�dWæi[^021x[f\�m@bE?Eac7:D@bE9¦A>1ON4=F1id^mF1OAdfXQn>bE?ED@v2A>1Omip¥y721½1H�<n>b¿df0edfD@?B[^0¸\][^=�D@7>?BmQm@?EXQ?Eb¿df=Q;{147edOh<?B[^=Z[f\sD@=~dOhj14bLG�D@?EXZ1�A>14b¿dO9Jm�df02A�dfXQn>bE?ED@v2A>1\][8N4v2mFmF?E0>aWbE?B1Om�?E0ZD@721#m@?EXQ?Eb¿df=@?EDr9�;g14Dr3o1O140�D@=~dihj14bLG�D@?EXZ1xdf02A¦dfXQn>bE?ED@v2A>1�mF1402m@?ED@?Eh<?EDI9l�j14=@0214bBmipÁá �§� ®:ª ������ 
s���t¯Ã���c�c�c�  >NidfbBN4v>b¿dfDF1ydfXQn>bE?ED@v2A>1`�j14=@0214bBm�\][^=�mF14hj14=~dfb8C20>?EDF1HG]\t=F1Ou8v21402N49lÌ:G�n>7ed^mF1Om�df02AlNO[^XQnedf=F1D@7214X-DF[xD@=~dOhj14bLG�D@?EXZ1¡�j14=@0214bBmipU¥y721`X�df?E0QAJ?LK{14=F1402NO1y;{14DI3`1O140QD@721`DI3o[ÂDr98n{1OmU[f\°mF1402m@?ED@?Eh<?EDI9¢�j14=@0214bBmU?BmD@7edfD�D@721#dfXQn>bE?ED@v2A>1¡�j14=@0214b>?BmUXQ?BmFmF?E0>axD@721yæi14=F[fGIm~1402m@?ED@?Eh8?EDr9¢æi[^021#dfbB[^0>aWD@721yn{[cm@?ED@?B[^0Z[f\gD@721¡N4b¿d^mFm@?BNidfb=~dO9wdf02Ak?E02m@DF1id^Aw7edOhj16D@7214?E=�X�d��<?EX¢v>X(mF1402m@?ED@?Eh<?EDI9kAJ?E=F1ON4D@bE9½[^0wD@721Â=~dO9jp¥�3o[sng[^=@D@?B[^02m�[f\>dfXQn>bE?ED@v2A>1o?E02N4=F1id^mF1ÁNidf0�;g1�?BA>1408D@?LCe1OAMpUR�?E=FmFDi5�D@721YmFD@=F[^0>aj14=i5�=F[^v>ac7>bE9 � dfv2mFm@?¿df0JGm@7edfn{1OA¸NO140:DF14=Q=F14ac?B[^0�n{[cm@?ED@?B[^0>021OA�m@bE?Eac7:D@bE9
;g147>?E02A¸D@721£;ed^N~�:GI1OAJaj1w[f\sD@721kn>bEv>XZ1¦XZ[<A>14bBmip
qIDl?Bm\][^bEbB[i3o1OAz;89�dQ3o1idf�j14=Â14bB[^0>a:dfDF1OA �I7:v>XQn&��D@7edfDxA>1ONidO9JmsmFbB[i3o14=ip � [^XQnedf=@?E0>akD@721¢dfXQn>bE?ED@v2A>1lAJ?Bm@D@=@?LG

±i� _



distance from plume

center [km] offset /km

am
pl

itu
de

 r
at

io

����� ��� � �� � ��� � � �!��"�� � � �
	�� ��� ����� ��� � ��� � �� � � � � � �!��"�� � � �$� �$��� � � 
 � � ��� �
� �� ��� � "���� 
 �

��� � � � ��� � � ����� � ��
 "�� �$������" ������
 � �� � 
� ���

in figure 3.37

position of profile...

f)
e)

a)

d)
b)

c)

��"$��� � � ��� ��� � � ��� � � �!��" � � � �
	�� �$� �$���

��� � ��� � ���
���� � � �!��" � � � �
	�� �$� �$��� �	�!� ��� � �� ���� � �!��"�� � � �
	�� �$� �$���

��������� · �8¼�� �� 
5?q�����R�O�$F��&�!���L� �I�*�����! �!# �Y�?E0B�>�7,��O) ?E�����L��F*,D����������� 8  3 	���� W���5)
,LC��  3
	�� C�#V�!�
F��211,<�3,< B�1?E���5)
,U)
��F*,<�&�U��� ��b

◦
,V?E��67,< B�����O�AF��&�����O 267,O-

±i�76



;>v>D@?B[^02ml[f\yD@721�n>bEv>XZ1ZXZ[<A>14bBm�AJ?LKM14=@?E0>a�?E0[^=@?Eac?E0
A>14n>D@7ÝP � Ê �Ædf02A ;5;c� �<Xw5Um@v>;JC2acv>=F1Om�djVWdf02A;°VH5§=F1Om@n{1ON4D@?Ehj14bE9>VH5§3o1¦Nidf0
AJ?Bm@D@?E0>acv>?BmF7
3¡7214=F1¦1id^NF7¸[f\#D@721ZDI3`[�n{[^=@D@?B[^02mlNO[^XZ1Q\S=F[^X �¢D@721�n>bEv>XZ1[^=@?Eac?E0edfD@?E0>a£dfD�D@721W;g[^D@DF[^X([f\§D@721WbB[�3o14=sX�df0:D@bB16?Bm�1H�>d^N4D@bE9£XQ?BmFm@?E0>aZD@72167:v>XQn�52?E02AJ?BNidfD@?E0>a¦D@7edfD#?ED=F1Om@v>bEDFm#\t=F[^X \][<N4v2mFm@?E0>aZ1HKM1ON4DFm�[f\�D@721WbB[i3`14=ÜG�X�df0:D@bB1lnedf=@Ds[f\UD@7216n>bEv>XZ1cp`qrD¡?Bm#3o1idf�j14=s;g1ONidfv2m~1WD@7213`di9Q\][^=Y721idfbE?E0>a¢DF[¢[8NON4v>=o?BmYbB[^0>aj14=i5<3¡7214=F1id^moD@721#n{1idf��dfXQn>bE?ED@v2A>1�=F1ONO[^=FA>1OA¦=@?Eac7:D¡dfDÁD@721�;ed^NF�8GIm@?BA>1[f\UD@721Wn>bEv>XZ1�df=F1W02[^D¡9j14Dsd�KM1ON4DF1OA½;89¦721idfbE?E0>a2p¥y7216dfXQn>bE?ED@v2A>1W1HKM1ON4DFm¡[f\�D@721Wm@7edf=@nwdf02A£D@721 � dfv2mFm@?¿df0kn>bEv>XZ1Om6PSm@v>;JC2acv>=F1OmsdjVodf02AkN�V@VÁ3¡?ED@7�d=~d^AJ?Ev2m6[f\ ±i�c� �8X df=F1Qm@?EXQ?Eb¿df=W?E0¨D@7214?E=6mFnedfD@?¿dfbYAJ?Bm@D@=@?E;>v>D@?B[^0�;>v>D6AJ?LKM14=W?E0¤dfXQn>bE?ED@v2A>1 � D@721Qm@7edf=@nn>bEv>XZ1ÂNidfv2mF1Om¡d�mFD@=F[^0>aj14=¡dfXQn>bE?LCeNidfD@?B[^0�5em@?EXQ?Eb¿df=yDF[�3¡7edfDy3o1Â[^;2mF14=@hj1OA¦\][^=oD@721xD@=~dihj14bLG�D@?EXZ1WA>14b¿dO9Jmip
� [^02m@?BA>14=@?E0>a|D@721Qn>bEv>XZ1ZXZ[<A>14bBmW3¡?ED@7¤AJ?LKM14=@?E0>a�=~d^AJ?Ev2m£P ;c� 5 ±i�c� 5§df02A
_ �c� �<Xw´�m@v>;JC2acv>=F1Om�djVH51�Vsdf02Aw\HVH5e=F1Om@ng1ON4D@?Ehj14bE92V�3o1lmF1O1¢d¦AJ?LKM14=F1402NO1¢;{14DI3`1O140ÃD@721¢m@X�dfbEb§n>bEv>XZ1OmWdf02A�D@721�_ �c� �<X�G�n>bEv>XZ1cp/snedf=@D�\S=F[^X(D@721¢\�d^N4DsD@7edfDxD@721l7:v>XQnÃ?E0zD@721ldfXQn>bE?ED@v2A>1QAJ?Bm@D@=@?E;>v>D@?B[^0z\][^=sD@721¢b¿df=@aj1ln>bEv>XZ1l?Bm#\�dfbEbBm[^v>DFm@?BA>1xD@721ÂmF14?Bm@XZ[^XZ14DF14=#df=@=~dO9£AJv21xDF[�?EDFmy1H�JDF1402m@?B[^0�5J3o1Â[^;2mF14=@hj1WdfbEXZ[cm@D`02[QdfXQn>bE?ED@v2A>1WA>1ON4=F1id^mF1cp¥y7>?Bmsn>=F[^;edf;>bE9w=F1Om@v>bEDFm�\t=F[^X(D@721¢m@?Eæi1¢[f\YD@7216n>bEv>XZ1¢3¡?ED@7|=F1OmFng1ON4DsDF[ZD@721¢3`dOhj14bB140>acD@7�df02A|D@7:v2mxDF[D@7216m@?Eæi1W[f\UD@7216mF1ONO[^02A�R>=F1Om@0214b�æi[^021cpY¥y721�m@X�dfbEbMn>bEv>XZ1Om#?E02m@DF1id^A�Nidfv2mF1�dfXQn>bE?ED@v2A>1�A>1ON4=F1id^m~1Om�df02A?E02N4=F1OmF1Om¢D@7edfD6X�df?E0>bE9�AJ?LKM14=�?E0¤D@7214?E=¢X�dfac0>?ED@v2A>1cp½¥y721Z3¡?BAJD@7[f\yD@721£d�K{1ON4DF1OA¤æi[^021Om�AJ?LKM14=Fm¢[^0>bE9?E02m@?Eac0>?LCeNidf08D@bE9½;g14Dr3o1O140�D@721�m@X�dfbEbMXZ[8A>14bBm�p�À�1W3¡?EbEbMb¿dfDF14=�NO[^XZ1W;ed^N~�kDF[QD@7>?Bm#[^;2mF14=@hcdfD@?B[^0�pqr0zR§?Eacv>=F1�_Jp�_ � 3`1lD~df�j1ld¦N4bB[cmF14=xbB[8[^�|dfDxD@721¢n>bEv>XZ1¢XZ[<A>14b§3¡?ED@7|D@721 � dfv2mFm@?¿df0zn{14=@D@v>=@;edfD@?B[^0\Sv>02N4D@?B[^0�psqr0�D@721lm@v>;JC2acv>=F1OmxD@721ldfXQn>bE?ED@v2A>1�=~dfD@?B[cms\][^=�n>=F[fC2bB1Omxn{14=@ng1402AJ?BN4v>b¿df=ÂDF[¦D@721�ac=F1idfDÂN4?E=FN4bB1D@7>=F[^v>ac7�n>bEv>XZ1xdf02A�14n>?BNO1408DF14=ydf=F1#mF72[i3¡0Z\][^=ÁAJ?LKM14=F140:DyAJ?Bm@D~df02NO1OmY;{147>?E02AZD@721�n>bEv>XZ1sd��J?Bmi5jA>14n{1402A<G?E0>a�[^0
D@721Qng14=@?B[<A¨v2mF1OA¨\S[^=6bB[�3yG�ned^mFmWC2bEDF14=@?E0>azD@721ZmF14?BmFXZ[^ac=~dfXZmip � [^?E0>aw\S=F[^X ±i�c� m�ng14=@?B[<A¨DF[bB[i3`14=�n{14=@?B[8A>m � 7>?Eac7214=#\S=F1Ou:v21402N4?B1Om¡D@721�m~dfXZ1WDF1402A>1402N4?B1Om�Nidf0�;g1W[^;2mF14=@hj1OA|d^m¡3¡72140|dfn>n>=F[jd^NF7>?E0>aD@721xn>bEv>XZ1x\t=F[^X \�df=¡AJ?Bm@D~df02NO1OmyDF[�N4bB[cmF14=#[^021Om6PSR§?Ea2pJ_Jp�_ ; VHpÁ¥y721xN4bB[cm~14=`DF[lD@721Ân>bEv>XZ1Â[^=¡D@721x7>?Eac7214=D@721W\S=F1Ou8v21402N49£D@72167>?Eac7214=�D@7216XQ?E0>?EX�d¦df02AwX�d��J?EX�d�df02A�D@721W;>=F[jd^A>14=�D@7216\tv>02N4D@?B[^0�5e?�p 1cpE52D@721W\�df=ÜGD@7214=¡dO3`di9Z\S=F[^XÆD@721sn>bEv>XZ1sNO1408DF14=#df=F1#D@721sh^dfbEv21Om`1Ou:vedfbgDF[�[^021cp)�y[^D@7k1HK{1ON4DFmÂPtD@721xA>14ng1402A>1402NO1Â[^0\S=F1Ou:v21402N49�df02A�D@721#[^021�[^0¦D@721#n>bEv>XZ1�AJ?BmFD~df02NO1�VYNidf0¦;g1#1H�Jn>b¿df?E021OA¦3¡?ED@7�D@721sdfXQn>bE?ED@v2A>1xmF1402m@?ED@?Eh<?EDI9�j14=@0214bBmip�¥y721�7>?Eac7214=ÁD@721¡\S=F1Ou8v21402N49QD@721�m@X�dfbEbB14=oD@721#�j14=@0214bgdf02A�D@721#b¿df=@aj14=`?EDFmYhcdfbEv21OmipU¥y721¡\�df=@D@7214=D@721�m@D~dfD@?B[^0ÃD@721�b¿df=@aj14=WD@721lN4=F[cmFmÜGIm~1ON4D@?B[^0edfbÁdf=F1id�[f\`D@721��j14=@0214bYdfDÂD@721lng[cm@?ED@?B[^0Ã[f\ÁD@721ln>bEv>XZ1Qdf02AD@721�bB[i3`14=6?EDFm6dfXQn>bE?ED@v2A>1OmWD@7214=F1cp½PS¥y721�nedf=@DW[f\oD@721�n>bEv>XZ1Qm~dfXQn>bB1OAÃ;89Ãd¦3ydOhj1QD@7edfDW=F1id^N~721OmWD@721=F1ONO14?Ehj14=Â\�df=@D@7214=W;g147>?E02AzD@721�n>bEv>XZ1�?BmÂA>1O14ng14=6NO[^XQnedf=F1OAÃDF[wd£N4bB[cmF14=Â=F1ONO14?Ehj14=�PSmF1O1�R§?Ea2p�_Jp �cè df02A¥�df;>bB1l_Jp è VHpqr0
NO[^02N4bEv2m@?B[^0�5§D@721£dfXQn>bE?ED@v2A>1¦=~dfD@?B[cml[f\¡D@721Zn>=F[fC2bB1¦D@721Z021idf=F1Om@DlDF[wD@721�n>bEv>XZ1�A>14=@?Ehj1OA
3¡?ED@7D@721Z7>?Eac721OmFD6\S=F1Ou:v21402N49¨?Bm�D@721�N4bB[cmF1Om@D¢DF[wD@721�?E0JC20>?EDF1HG]\t=F1Ou8v21402N49�Pt=~dO9¨D@721O[^=@92VWNid^m~1Q\][^=�3¡7>?BNF7�df0df0edfbE9<D@?BNidfb`mF[^bEv>D@?B[^01H�<?BmFDFm¦PtD@721�m~1ONO[^02A¤A>14=@?EhcdfD@?Ehj1¦[f\¡D@721¦ng14=@D@v>=@;edfD@?B[^0
\tv>02N4D@?B[^0°VHp½qrD6?Bm¢n>bB[^D@DF1OAdfDlD@721�n{14=@?B[8A

5 � mln{[cm@?ED@?B[^0¸[f\sR§?Ea2p§_Jp�_ � dJpÃ¥y721¦D@=F1402A[f\#D@721¦C20>?EDF1HG]\S=F1Ou:v21402N49
n>=F[fC2bB1OmlDF[i3`df=FA>mD@721Â?E0JC20>?EDF1HG]\S=F1Ou:v21402N49kmF[^bEv>D@?B[^0½?Bm¡14h<?BA>140:Di5>72[�3o14hj14=i52D@721xa:dfn½?Bm¡m@?Eac0>?LCeNidf08Dsdf02A½d^my3¡?EbEbM;g1Âm@72[�3¡0;{14bB[i365>D@721WXQ?Bm~m@?E0>aQn>?B1ONO16[f\U?E0J\S[^=@X�dfD@?B[^0w?Bm#=F1Ou:v>?E=F1OA½DF[QAJ?BmFD@?E0>acv>?Bm@7�AJ?LKM14=F140:D�n{14=@D@v>=@;edfD@?B[^0w\Sv>02NHGD@?B[^02mipqr0½[^=FA>14=#DF[Q1H�>dfXQ?E021Â3¡789¦D@721WAJ?LKM14=F140:D�ng14=@D@v>=@;edfD@?B[^0½\Sv>02N4D@?B[^02m�df=F1Â02[^D#AJ?Bm@D@?E0>acv>?BmF7edf;>bB1W3¡?ED@7df0:9z[f\`[^v>=ÂXZ14D@72[<A>mi5{3o1lD~df�j1Zd�bB[8[^�ÃdfDxD@721QdfXQn>bE?ED@v2A>1�=~dfD@?B[cmW[f\`D@721¢XZ[<A>14bBmWm@7edf=@?E0>awdf0¨1Ou:v>?Eh8GdfbB140:DW=~d^AJ?Ev2mW[f\ ±i�c� �8X PSR§?Ea2pg_Jp�_ ³ VHp�/�nedf=@Dx\S=F[^X$AJ?LKM14=F1402NO1OmW?E0¨dfXQn>bE?ED@v2A>1c5MD@721�N4v>=@hj1OmÂ7edOhj1lD@721m~dfXZ1¢3¡?BAJD@7�5gD@721¢m~dfXZ1¢n{[cm@?ED@?B[^0z[f\YX�d��J?EX�d£df02A�XQ?E0>?EX�dkdf02Az[f\YD@721�r[^021HGIN4=F[cmFmF?E0>ajm
�~ps¥y78v2mi5gD@721AJ?LKM14=F1402NO1y?E0Qng14=@D@v>=@;edfD@?B[^0Q\Sv>02N4D@?B[^0ZA>[<1OmU02[^D§X�dfnQ?E08DF[�dxAJ?LK{14=F1402NO1¡[f\MdfXQn>bE?ED@v2A>1¡=~dfD@?B[x\Sv>02N4D@?B[^02mi5n>=F[^;edf;>bE9|AJv21lDF[¦D@721lbB[i3yG�ned^mFmxC2bEDF14=@?E0>a½1HKM1ON4DÂ[f\oD@7216\S=F1Ou:v21402N4?B1OmÂv2m~1OAMpsÀ�1ln>bB[^DÂD@721¢D@721O[^=F14D@?BNidfb?E0JC20>?EDF1HG]\S=F1Ou:v21402N49½N4v>=@hj1x\][^=`D@721 � dfv2m~m@?¿df0kn>bEv>XZ1ÂXZ[8A>14b{\][^=¡NO[^XQnedf=@?BmF[^0¤Pt;>b¿d^NF�£bE?E021Â3¡?ED@7½7>?Eac7214=dfXQn>bE?ED@v2A>1�VHpqID�?Bm�D@721kmF1ONO[^02A¸A>14=@?Eh^dfD@?Ehj1½[f\Wd � dfv2mFm@?¿df0�PtD@721 �rÊz1H�<?BNidf0¸7edfD
��\Sv>02N4D@?B[^0°V¢3¡?ED@7�d±�� 1HG�=~d^AJ?Ev2m�[f\ ±i�c� �8Xwp�qrD�?BmQ[^;:h<?B[^v2mZD@7edfDQD@721½N4v>=@hj1wA>[<1Om�02[^D�C2DQD@721 � dfv2m~m@?¿df0¸n>bEv>XZ1wN4v>=@hj1c5
±i�cè



period /s offset /km

am
pl

itu
de

 r
at

io

����� � � � � � ��� � � � "'�$� �$��� ����� � ��� � � ��� � � � "'�$� �$���

��� � 
 ��� � � ��� � � �$" �$� ����� ��" � ����� � � ��� � � � "'�$� �$���

��� � � ��� � � ��� � � �$" �$� ����� �	������� � � ��� � ���$" ��� �����

��������� · �8¼�� �Op\;�3, ,I��,< 26['^YVF*,V?W,< 2F*,< E� �Y�?E0B�>�3, �O) ?E�����L��F*, �����������G8  3
	����W?E���5)
,LC��  3 	�� �>� �
#[�5 26������! �!#X� 12�3,�� #R�3�!) ��02,NK��3,d���$6<���36<��,���0*�3�4�>K�0 ?E���5)
, �O 2F9,V?E��67,< B�(,<��- .102, �!� �>_IK^�5�3,M� �O�3,T#V�!�
F��211,<�3,< B� F��&�!���O 267,M� �;,<0*�� 2FS��02,N?E���5)
,�67,< B�(,<� � �>� )P�O�LZI,7F �� G\1��KB- ��- � �>FB- � ?E���5)
, )
��F*,<� = ����0
�
�
��b�b2Z�) �O 2F
� �X�����<�<�R�O P?W,<�!�L�5�	���������! #(�5 26������! �&�T���3,7FB- \2�!�NF��&�76����<�L���! �3,7, �(,L% �<-

±i�5;



-600 -400 -200 0 200 400 600
offset /km

0.9

1

1.1

1.2

A
m

pl
itu

de
 r

at
io

2nd derivative of Gaussian
sharp plume
Gaussian plume
thermal plume
60km Gaussian plume

��������� · �8¼ � %� �Y�?E0B�>�3, �O) ?E�����L��F*,
����������� �!#
8  3 	����W?E���5)
,LC��  3
	�� #��!� ��0*�3,7,+?E���5)
,P)
��F*,<�&�
= ����0 ���4F����+, ,*�5� �3�O��,< E� �(� ��b�b2Z�) �O 2F �! 2, = ����0 ��b2Z�) #V�!� ��b�b2Z�) �;,<0*�� 2F ��02,P?E���5)
,967,< E�(,<�
8�67�!���!�3,7F ���� 2,M�[CO-
.102, �>�R�46VZ ���� 2,M� �O�3, �3,767�! 2F9F*,<�L� �7����� �>,M�H�!# �X�����M�L�R�O 8 #�� ,L%I��6d�O 90B��� %X#[�5 26������! IC
= ����0 � ��-

�
� Y[= ��F^��0 �!# ��b�b �O 2F
aIb�b2Z�) 8R�O�	�>�������O�('p�O) ?E�����L��F*,M�[CO-�\2�!�NF��&�36����M�L���! �3,7, �(,L% �<-

±i���



XZ1idf0>?E0>aÃD@7edfD¢D@721 � dfv2mFm@?¿df0n{14=@D@v>=@;edfD@?B[^0
\Sv>02N4D@?B[^0¸Nidf0>02[^D¢;{1Z=F1OmF[^bEhj1OAMpz¥y721£[^D@7214=¢n{14=@D@v>=@;ed�GD@?B[^0½\Sv>02N4D@?B[^02m¡bB1id^A�dfbBmF[�DF[Zd�N4v>=@hj163¡7>?BNF7�?BmyD@721�[^021W[f\§XQ?E0>?EX¢v>X =F1OmF[^bEv>D@?B[^0�5>?E02N4bEv2AJ?E0>a¦D@721W[^021\][^=sD@721 ;c� �8X�G�=~d^AJ?Ev2m6n>bEv>XZ1 � A>14XZ[^02m@D@=~dfD@?E0>a½D@7edfDxD@721�m@X�dfbEbB14=shcdf=@?¿dfD@?B[^02mWNidf0Ã02[^Ds;{1¢=F1OmF[^bEhj1OAMpR2[^=sD@7216m@7edf=@nwn{14=@D@v>=@;edfD@?B[^0�n>bEv>XZ1�D@7>?Bm#XZ1idf02m�mF?Eac0>?LCeNidf0:DxbB[i3yG�ned^mFmÜG]C2bEDF14=@?E0>a25g72[�3o14hj14=i5°D@721W7>?Eac7dfXQn>bE?ED@v2A>1Omx[f\UD@721�A>14=@?Eh^dfD@?Ehj1¢[f\UD@721�m@7edf=@n�;{[O�>Nidf=¡\Sv>02N4D@?B[^0�52X�dfn�?E08DF[Z7>?Eac7214=ÂdfXQn>bE?ED@v2A>1Oms[f\UD@721dfXQn>bE?ED@v2A>1k=~dfD@?B[cmi5Ád^m�NO[^XQnedf=F1OADF[zD@721k[^D@7214=i5Ym@XZ[<[^D@7214=¢\Sv>02N4D@?B[^02mip¨qr0[^=FA>14=�DF[zNO[^02m@D@=~df?E0¸D@721XQ?E0>?EX�v>X(AJ?¿dfXZ14DF14=¡D@7edfD#Nidf0½;g1s=F1OmF[^bEhj1OA£\][^=¡d � dfv2m~m@?¿df0kng14=@D@v>=@;edfD@?B[^0½\Sv>02N4D@?B[^0�52dlÊ|1H�J?BNidf0k7edfDN4v>=@hj1s?BmYC2D@DF1OA�DF[�D@721xdfXQn>bE?ED@v2A>1s=~dfD@?B[¢N4v>=@hj1Omy[f\�D@721#D@7>=F1O1sXZ[8A>14bBmÂPSR§?Ea2p8_Jp�_ ³ ;>=F[jd^A�;>b¿d^N~��N4v>=@hj1�VHpqrDFmsNO[^=@=F1Om@n{[^02AJ?E0>a£=~d^AJ?Ev2ms?Bm �c�c� �<Xw5e3¡7>?BN~7|3`1¢NO[^02N4bEv2A>1l?BmsD@721¢m@X�dfbEbB1OmFD � dfv2mFmF?¿df0�n{14=@D@v>=@;edfD@?B[^0\Sv>02N4D@?B[^0½D@7edfD�Nidf0½;g1x=F1OmF[^bEhj1OA½\t=F[^X �c� m#A2dfD~dJp�R2[^=�D@721 ±i�c� m#A2dfD~dQdf0w1Ou:v>?EhcdfbB140:D�n>=F[8NO1OAJv>=F1Â3yd^mNidf=@=@?B1OAw[^v>Dsdf02Aw=F14hj1idfbB1OA�d�=~d^AJ?Ev2m#[f\Ydf;g[^v>D �cèc��� _ èc� �8Xwp¥y721lmF1402m@?ED@?Eh<?EDI9½�j14=@0214bBms\][^=xdfXQn>bE?ED@v2A>1Om6df02A|D@=~dOhj14b§D@?EXZ1Oms7edihj1lD@721�m~dfXZ1lm@7edfn{1Omxdf02A�3¡?BAJD@72mdf02A¢X�df?E0>bE9�AJ?LK{14=�?E0¢D@721Á\�d^N4D�D@7edfD§D@721`dfXQn>bE?ED@v2A>1`�j14=@0214bBm§XQ?BmFm�D@721 �rA>[^v>ac7>08v>D
�]G�72[^bB1y?E0¢D@721oXQ?BA>AJbB1cp¥y7>?Bm�1H�<n>b¿df?E02m¢3¡7:9¤D@721¦A>14b¿di9¤m@D@v2AJ9�PSA>14b¿di9�X�dfn2mQdf02A¤ac=F1idfDÜGIN4?E=FN4bB1kA>14b¿dO9JmÒV�A>[81Om¢02[^D�m@72[i3 df0:9m@?Eac0edfD@v>=F1x[f\MD@721�AJ?LKM14=F1402NO1�?E0¦ng14=@D@v>=@;edfD@?B[^0¦\tv>02N4D@?B[^0¦?E0�D@721sAJ?E=F1ON4D@?B[^0¦n{14=@ng1402AJ?BN4v>b¿df=`DF[6D@721�ac=F1idfDN4?E=FN4bB1614?ED@7214=ipqr0ZNO[^02N4bEv2m@?B[^0�58D@721#m@7edfn{1¡[f\gD@721¡n{14=@D@v>=@;edfD@?B[^0Z\Sv>02N4D@?B[^0Z?Bm�02[^DÁ=F1OmF[^bEh^df;>bB1�[^=ÁA>[81OmY02[^D�n>b¿dO9Zdf0:9=F[^bB1¦?L\�[^021Zv2mF1Om¢bB[^0>a^G�ng14=@?B[<AA2dfD~d
P
≥ ±i� mÒVÂ�j1O14n>?E0>az?E0
XQ?E02A
D@7edfDld^N4D@vedfbyn>bEv>XZ1¦ng14=@D@v>=@;edfD@?B[^02mAJ?¿dfXZ14DF14=Fmsdf=F1Ân>=F[^;edf;>bE9½14hj140wbB1Om~myD@7edf0 �c�c� �8XwpÁqI0½[^D@7214=#3`[^=FA>mi5J\][^=#NO[^02m@D@=~df?E0>?E0>aZD@721Wn{14=@D@v>=@;ed�GD@?B[^0Ã\Sv>02N4D@?B[^0¨DF[½mF14nedf=~dfDF1�D@721ln>bEv>XZ1ZNO[^02AJv>?EDÂ\t=F[^X.?EDFmÂ7edfbB[>5�D@721�v2mF1�[f\o7>?Eac7JG]\S=F1Ou:v21402N49ÃA2dfD~d£?Bm?EXQn{14=~dfD@?Ehj1cpÁR>=F[^X [^v>=sA2dfD~d�3o16Nidf0½02[^Dsm~dO9£?L\§D@7>?Bm#?Bm¡ng[cm~m@?E;>bB16dfDsdfbEb�p

i6Ð�� �}Ú�����Ù����°ÚF×#Ô �#Ô¢Ø���×�Ô�� �FÙ��eÚF×#Ô��

R>v>bEbY_^TÅ3`dOhj1H\][^=@X�XZ[<A>14bE?E0>akD@7>=F[^v>ac7¤d�hcdf=@?B14DI9z[f\omF14?Bm@XQ?BNln>bEv>XZ1�XZ[<A>14bBmx7ed^mÂ;g1O140¨Nidf=@=@?B1OAÃ[^v>D?E0¸D@721kbB[^0>a^G�ng14=@?B[<A=~df0>aj1½[f\xmF14?BmFXQ?BN�\S=F1Ou8v21402N4?B1Om�?E0Ä[^=FA>14=lDF[¨1H�2dfXQ?E021£D@721k3`dihj1HCe14bBAÄ1HK{1ON4DFmQ[f\X�df0:D@bB1£n>bEv>XZ1OmQdf02A
D@7214?E=lA>14n{1402A>1402NO1k[^0¤n>bEv>XZ1£nedf=~dfXZ14DF14=Fmip|À�1�AJ?BA
02[^Dl[^;2mF14=@hj1£m@?Eac0>?LCeNidf08D3`dihj1H\S[^=@X 1HKM1ON4DFmQNidfv2mF1OA;:9¤n>bEv>XZ1Omi´`D@721¦mF14?BmFXZ[^ac=~dfXZml\t=F[^X D@721£;ed^NF�<ac=F[^v>02A¸=F1H\S14=F1402NO1£XZ[<A>14bdf02AzD@721�n>bEv>XZ1lXZ[<A>14bBmWdfXZ[^0>ak1id^N~7¨[^D@7214=ÂAJ?LKM14=xX�df?E0>bE9�?E0zD@=~dOhj14bLG�D@?EXZ1wPSA>14b¿dO92VÂdf02AÃdfXQn>bE?ED@v2A>1cpÍx[i3o14hj14=i5J02[^DF1�D@7edfDydfD@DF1408vedfD@?B[^0wdf02A¦df0>?BmF[^D@=F[^n89�;{[^D@7¦[f\M3¡7>?BNF7wdf=F1�1H�Jn{1ON4DF1OAZDF[lNidfv2mF1#3ydOhj1H\][^=@X1HKM1ON4DFm�df02A½DF[Qn>b¿di9kdf0w?EXQn{[^=@D~df0:Ds=F[^bB1Â\][^=¡n>bEv>XZ1Om#3o14=F1602[^D#D~df�j140w?E0:DF[¦d^NONO[^v>0:DipÈs[^v>D@?E021Om�7edOhj1o;{1O140�A>14hj14bB[^ng1OA6\S[^=�1H�<D@=~d^N4D@?E0>aÂdf02A�df0edfbE98æO?E0>axD@=~dOhj14bLG�D@?EXZ1`A>14b¿dO9�df02A¢dfXQn>bE?ED@v2A>11HKM1ON4DFmip�TÂ14b¿di9<m�XZ1id^m@v>=F1OA63¡?ED@7Qd ;c�c� × ;c�c� �<X�df=@=~di9�NO[^02m@?Bm@D@?E0>ax[f\°_ ³c� h<?E=@D@vedfb8m@D~dfD@?B[^02m�df=F1Án>bB[^D@DF1OA?E0�d�X�dfnwh<?B143�DF[Zm@72[�3�D@7214?E=�m@nedfD@?¿dfb�AJ?BmFD@=@?E;>v>D@?B[^0�p¥y721xA>14b¿dO9Jm¡df=F1sN4bB1idf=@bE9�d�KM1ON4DF1OA�;89¦_^T�3ydOhj1HCe14bBA�P�C20>?EDF1HG]\S=F1Ou:v21402N492Vo1HK{1ON4DFm`m@v2NF7½d^mo3`dOhj1H\S=F[^0:D721idfbE?E0>a�df02Ad^m~mF[8N4?¿dfDF1OA
=~dfn>?BAA>1ON4=F1id^mF1k[f\�A>14b¿dO9�hcdfbEv21Oml;g147>?E02A
D@721�n>bEv>XZ1cpÃR>v>=@D@7214=QA>14h<?¿dfD@?B[^0\S=F[^X =~di9:G�D@721O[^=@9�?BmkX�df0>?L\]1Om@DF1OA�?E0�D@721¨[^;2mF14=@hcdfD@?B[^0�[f\�df=@=@?EhcdfbBm�df=F[^v>02A�D@721Ãn>bEv>XZ1ÃD@7edfDwNO[^XZ11idf=@bE?B14=xd^mxNO[^XQnedf=F1OA|DF[QD@7216v>0>n{14=@D@v>=@;g1OA|;ed^NF�<ac=F[^v>02A|XZ[8A>14b�p¡¥y7>?BmxmF[^XZ143¡7edfDsNO[^v>08DF14=ÜG�?E0:D@v>?ED@?Ehj1n>721402[^XZ1402[^0½?Bm¡d63ydOhj1W1HKM1ON4D#df02A¦=F1OmFv>bEDFmÁ\S=F[^X A>1Om@D@=@v2N4D@?Ehj1Â?E0:DF14=Ü\]14=F1402NO1W[8NON4v>=@=@?E0>a�?E0kD@721xmF1ONO[^02AR>=F1Om@0214boæi[^021cp � 140214=~dfbEbE9j5§D@721ZD@?EXZ1¦m@7>?L\tDFm¢[f\¡D@721OmF1�1idf=@bE9¤df=@=@?EhcdfbBm¢df=F1�hj14=@9�m@X�dfbEb�5�;>v>D�\S[^=lmF[^XZ1aj1O[^XZ14D@=@?B1OmWdf02A�m@DF1O14n>bE9½?E02N4?BA>1408DÂn>7ed^mF1Om�D@72149½Nidf0z=F1id^NF7zv>n�DF[ � p �^è mF1ONO[^02A>mÂdf02A�XQ?Eac78DsD@78v2m�;{1[^;2mF14=@hcdf;>bB1#?E0Z=F1idfb°A2dfD~dJp§Íx[i3`14hj14=i5<=F14ac?B[^0edfbeDF[^XZ[^ac=~dfn>7:9¦m@D@v2AJ?B1OmÁ[f\SDF140Zv2mF1#[^0>bE9QA>14b¿di9<mÁXZ1id^m@v>=F1OA=F14b¿dfD@?Ehj1Â;{14DI3o1O140�D@721Wm@D~dfD@?B[^02mip�¥y7>?Bm¡DF1ON~7>0>?Bu:v21WNidf0½02[^D¡=F14D@=@?B14hj1Â0214a:dfD@?Ehj1WA>14b¿di9<m¡;>v>D¡XQ?Eac78D¡X�dfnD@7214X!?E0:DF[�ng[cm@?ED@?Ehj1½A>14b¿di9<m�5ÁD@78v2mZ140>7edf02N4?E0>a¤D@721kb¿dfD@DF14=ip�¥y7>?BmQ?Bm~m@v21£7ed^mQ0214hj14=Q;g1O140�d^A>AJ=F1Om~mF1OA;{1H\S[^=F1cp�qrD�NO[^v>bBA¸XZ1idf0D@7edfDQD@721£v>02A>14=F1Om@D@?EX�dfD@?B[^0�[f\�n>bEv>XZ1kng14=@D@v>=@;edfD@?B[^0Ä1H�Jn{1ON4DF1OA¤\S=F[^X =~dO98GD@721O[^=F14D@?BNidfbxXZ14D@72[8A>m¦?Bm�02[^Dkd^mZ7>?Eac7�5#mF?E02NO1wD@721w0214a:dfD@?Ehj1|hcdfbEv21OmZnedf=@D@bE9ÄNO[^XQn{1402m~dfDF1�D@721|A>14b¿dO9
±i�c³



=F1OAJv2N4D@?B[^0¸[f\#D@721Z721idfbE?E0>aÃ1HK{1ON4Dip½¥y721�3`dO9¤72[i3 D@7>?Bm¢d�KM1ON4DFm¢[^=lAJ?Bm@DF[^=@DFm�D@721¦m@nedfD@?¿dfbyAJ?Bm@D@?E;>v>D@?B[^0df02A½X�dfac0>?ED@v2A>1l[f\§D@7216=F1OmF[^bEhj1OAwn>bEv>XZ1WXZ[<A>14b�?Bm#3o[^=@D@7�;{14?E0>aZ?E08hj1Om@D@?Ea:dfDF1OA�?E0zdl\tv>D@v>=F1�m@9808D@7214D@?BNDF[^XZ[^ac=~dfn>7>?BN�mFD@v2AJ9jp¥y721Áng14=@D@v>=@;edfD@?B[^0¢\tv>02N4D@?B[^0�5f?�p 1cpE5fD@721Ym@nedfD@?¿dfb<AJ?Bm@D@=@?E;>v>D@?B[^0�[f\JD@721Áhj14bB[8N4?EDr9�df02A�A>1402m@?EDr96df02[^X�dfbE9j57ed^mlbE?ED@D@bB1k?E0 �2v21402NO1k[^0D@721kA2dfD~d|?E0�[^v>=l\t=F1Ou8v21402N49�;edf02AMp�¥y721km@XZ[<[^D@7[^02m~14D�[f\sD@721 � dfv2mFm@?¿df0\Sv>02N4D@?B[^0wA>1Om@D@=F[i9Jm¡D@721Â0214a:dfD@?Ehj16A>14b¿di9<m¡?E0£\S=F[^0:D�[f\§D@721Ân>bEv>XZ1WAJv21ÂDF[�XQ?L�<?E0>aZ[f\§D@721W1HK{1ON4DFm¡[f\§D@721C2=Fm@D¡df02A�D@721xmF1ONO[^02A£R>=F1Om@0214b{æi[^021c5<3¡7214=F1id^m`D@721sm@7edf=@n£;{[^v>02A2df=@9¦[f\�D@721s;g[i�JNidf=o\tv>02N4D@?B[^0kbB1id^A>m`DF[dlmF14nedf=~dfDF1OAkm@nedfD@?¿dfbMNO[^02NO140:D@=~dfD@?B[^0�[f\�D@721sD@=~dihj14bLG�D@?EXZ1Wn{14=@D@v>=@;edfD@?B[^02m¡=F1Om@v>bED@?E0>al\t=F[^X D@721sC2=Fm@D¡df02AmF1ONO[^02AwR2=F1Om@0214b�æi[^021Om¡DF[�3`df=FA>msD@721Wn>bEv>XZ1cp¥y721¦A>14b¿dO9�mFNidfbB1Om�3¡?ED@7¤D@721QX�dfac0>?ED@v2A>1£[f\¡D@721Qn>bEv>XZ1�hj14bB[<N4?EDI9Ãn{14=@D@v>=@;edfD@?B[^0
v>0>bB1Om~m6D@721Zn{14=ÜGD@v>=@;edfD@?B[^0?Bm�mF[½7>?Eac7
D@7edfD�?ED¢d�KM1ON4DFm¢D@721QD@=~dOhj14b`nedfD@7
[f\¡D@721Z3ydOhj1kdf02A�D@78v2m�n{[cmFm@?E;>bE9zD@721�m@7edfn{1[f\¡D@721Z�j14=@0214b�pk¥y721Z?E02N4?BA>1402NO1kdf0>acbB1�[f\�dwn>7ed^mF1Z?Bmldkn>=F[^ng14=@Dr9¨D@7edfD¢A>14n{1402A>m¢[^0
14n>?BNO140:D@=~dfb¡AJ?BmÜGD~df02NO1ÃPS1Om@ng1ON4?¿dfbEbE9�\S[^=lAJ?E=F1ON4Dln>7ed^m~1OmÒV � hj14=@9�m@DF1O14n?E02N4?BA>1402NO1OmQ[8NON4v>=l[^0>bE9¨\S[^=¢n>7ed^mF1OmlD@7edfD¢7edihj1?E0:DF14=~d^N4DF1OA�3¡?ED@7zD@721lNO[^=F1c5�dfa:df?E0¨AJ?Bm@DF[^=@D@?E0>a½D@721l3`dihj15� mWmF1402m@?ED@?Eh<?EDI9��j14=@0214bU?E0�d¦NO[^XQn>bB1H�¨df02A|02[^D?E0:D@v>?ED@?Ehj163`dO9jpÁ¥y721W[^=@?Eac?E0wA>14n>D@7k[f\§D@721xn>bEv>XZ1Â?Bm#d�nedf=~dfXZ14DF14=¡D@7edfD¡X�dfn2my?E0½A>14b¿di9¦nedfD@DF14=@02m#[^0>bE9dfDÂbB[^0>a½AJ?Bm@D~df02NO1Omx\t=F[^X'D@721ln>bEv>XZ1cp6¥y7214=F1½PtD@721�1H�>d^N4DÂbB[<NidfD@?B[^0�A>14ng1402AJ?E0>a½[^0ÃD@721�mF[^v>=FNO1�A>14n>D@7df02A¨D@721�?E02N4?BA>1402NO1£df0>acbB1�VH5§df=@=@?EhcdfbBm�df=F1Q=F1ONO[^=FA>1OAÃ\S=F[^X�3ydOhj1Om6D@7edfD�=@v>0�;g14021idfD@7¤D@721�n>bEv>XZ1�df02ANidf=@=@9�02[kA>14b¿di9jp�qr0zD@721l=F14ac?B[^0¤df=F[^v>02AzD@721�n>bEv>XZ1c5{3¡7214=F1�3`dihj1Om6m~dfXQn>bB1lD@721lv>n>ng14=@XZ[cmFDWnedf=@DÂ[f\D@721¢n>bEv>XZ1�02[£AJ?LK{14=F1402NO1OmWdf=F1l[^;2mF14=@hcdf;>bB1cpsÉ�hj140z?L\YD@7>?BmÂ[^;2mF14=@hcdfD@?B[^0|?BmxNO[^0J\S[^=@X$3¡?ED@7z=~dO9wD@721O[^=@9D@721��rA>14b¿dO9¤m@7ed^A>[�3 �¦1H�JDF1402A>m�\Sv>=@D@7214=�D@7edf0=~dO98G�D@721O[^=F14D@?BNidfbEbE9n>=F1OAJ?BN4DF1OAMp|¥y7>?Bml?Bm�dwNO[^02mF1Ou8v21402NO1[f\#D@721£1H�<DF1402A>1OAmF1402m@?ED@?Eh<?EDI9�[f\sdw3`dOhj1£=~dfD@7214=lD@7edf0
;{14?E0>aÃNO[^0JC2021OA¤DF[Ãd½bE?E021kd^m6\][^=�=~di9<m�pw¥y721AJ?¿dfXZ14DF14=#[f\�D@7216df02[^X�dfbE9£AJ?E=F1ON4D@bE9£m~NidfbB1OmyDF[¢D@721WmF?Eæi1x[f\�D@7216df=F1idldfD¡D@721Âm@v>=Ü\�d^NO1x3¡7214=F1WA>14b¿dO9Jm#df=F1[^;2mF14=@hcdf;>bB1cpY/snedf=@D¡\t=F[^X D@7>?Bm#D@=@?Eh8?¿dfb�1HKM1ON4Di5>v>02A>14=Fm@D~df02A2df;>bB1ldfbBmF[l\S=F[^X d�=~dO98G�D@721O[^=F14D@?BNidfb�n{[^?E0:D�[f\h<?B14365�D@721�=~dfD@?B[�[f\#3ydOhj14bB140>acD@7¸DF[w3¡?BAJD@7¸[f\¡D@721¦df02[^X�dfbE9¤N~7edf0>aj1Omldf02A
D@7:v2m¢D@721Z?EXQn{[^=@D~df02NO1¦[f\C20>?EDF1HG]\S=F1Ou:v21402N49�1HK{1ON4DFm�p�qI\°n>bEv>XZ1Om�[f\{AJ?LK{14=F1408DYAJ?¿dfXZ14DF14=Fm�;>v>D�D@721ym~dfXZ1`?E0:DF14ac=~dfb2n{14=@D@v>=@;edfD@?B[^0�df=F1NO[^02m@?BA>14=F1OAM5MD@72149zAJ?LK{14=x?E0ÃD@7214?E=6A>14b¿dO9JmÂ3¡7214=F14hj14=WD@721l3`dOhj1QAJ?BAz02[^DÂD@=~dOhj14b�D@721�1408D@?E=F1�ng14=@D@v>=@;{1OAæi[^021cp
��[�3yG�hj14bB[8N4?EDr9
df02[^X�dfbE?B1Om¢7edOhj1¦df0¸d^A>AJ?ED@?B[^0edfbo1HKM1ON4D�[^0dfXQn>bE?ED@v2A>1Om � D@72149�d^N4D¢d^m�bB1402mF1Omi5M\][fGN4v2mFm@?E0>a6140214=@ac9jp�¥y7>?Bmo1HK{1ON4D�7ed^mY;g1O140�[^;2m~14=@hj1OAQ?E0Z[^v>=Ám@D@v2AJ9Qd^m�3o14bEb�p�¥y721#?E0 �2v21402NO1�[f\{D@721¡m@nedfD@?¿dfbAJ?Bm@D@=@?E;>v>D@?B[^0�[f\§D@721Wm@D@=F140>acD@7w[f\�D@7216df02[^X�dfbE9j5272[i3o14hj14=xNidf0½02[^D¡;g1x=F1OmF[^bEhj1OAw3¡?ED@7½D@721x\t=F1Ou8v21402N4?B1Omv2mF1OA£\][^=#D@7>?Bm#m@D@v2AJ9jpÌ<[k3¡7edfD�df=F1�D@721l?EXQn>bE?BNidfD@?B[^02m�[f\`D@721OmF1lC202AJ?E0>ajmÂ\][^=x\tv>D@v>=F1�n>bEv>XZ1Qm@D@v2AJ?B1Om�� � [^02NO14=@0>?E0>awD@7211H�Jng14=@?EXZ1408D~dfb<NO[^0JC2acv>=~dfD@?B[^0�5:d�m@D~dfD@?B[^0¢mFned^N4?E0>as[f\ èc���°±i�c� �8X«d^m�v2m~1OAW\][^=�XZ[cm@D�n>bEv>XZ1`1H�Jng14=@?EXZ1408DFm?Bm§m@vIh�N4?B140:DipUÍx[i3o14hj14=i5^?E0lD@721ÁAJ?E=F1ON4D§n>=F[O�J?EXQ?EDI9l[f\>D@721Án>bEv>XZ1ÂPSm~dO9j5f3¡?ED@7>?E0lDI3`[�n>bEv>XZ1o=~d^AJ?E?�VH5^3¡7214=F1D@721sac=~d^AJ?B140:DFmy?E0¦A>14b¿di9£df02AkdfXQn>bE?ED@v2A>1x?BmÁ7>?Eac721Om@Di5>d67>?Eac7214=yA>1402mF?EDI9Z?Bmo=F1ONO[^XQXZ1402A>1OAk?E0¦[^=FA>14=`02[^DDF[6XQ?Bm~m�D@721#X�d��J?EX�d6[f\MD@721�A>14b¿di9jp�/�=F[^v>02A�D@721#X�d��J?EX�v>Xw58D@721#hcdf=@?¿dfD@?B[^02mÁ?E0�D@721�A>14b¿dO9QnedfD@DF14=@0½dfDbB1id^m@Ds\S[^=xm@?EXQn>bB1¢n>bEv>XZ1�XZ[<A>14bBm�?BmÂm@XZ[<[^D@7�p#R2[^=Â=F1OmF[^bEh<?E0>a�D@721lN4=@v2N4?¿dfb�u:v21OmFD@?B[^0zdf;{[^v>DsD@721l[^=@?Eac?E0A>14n>D@7�?ED6?Bm6021ONO1OmFm~df=@9zDF[w1H�<DF1408D6D@721�dfn{14=@D@v>=F1�[f\yD@721Zdf=@=~dO9¨DF[wdf;{[^v>D ;c�c� �<X [^=6XZ[^=F1�\S=F[^X.D@7211H�Jng1ON4DF1OA�n>bEv>XZ1zd��<?Bm�p�/yD�m@v2N~7�7>?Eac7ÝAJ?Bm@D~df02NO1OmZ3ydOhj1H\S=F[^0:D£721idfbE?E0>a
14bE?EXQ?E0edfDF1Om½dfbE=F1id^AJ9ÄdÃb¿df=@aj1n{[^=@D@?B[^0z[f\YD@721lA>14b¿dO9j5gD@7214=F1H\][^=F1c5°n>7ed^m~1Om�3¡7>?BN~7ÃNidfv2m~1¢m@D@=F[^0>a£A>14b¿dO9JmWdf02A�3¡72[cmF1¢?E02N4?BA>1402NO1�df0>acbB1Omdf=F16m@DF1O14nwmFv2NF7wD@7edfD#D@72149km~dfXQn>bB1�dQb¿df=@aj1Wng[^=@D@?B[^0w[f\UD@721Wn>bEv>XZ1W7edihj16DF[�;{1Âv2mF1OAMpR2[^=Z14n>?BNO1408D@=~dfb�AJ?Bm@D~df02NO1Om�df=F[^v>02A ²c� ◦ df02A¸D@721¦\t=F1Ou8v21402N49;edf02A¤\S=F[^X � p �J± G � p �cè Ísæ¤Ptng14=@?B[<A>m\S=F[^X �c���°±i�c� mHV#D@721ZÌ �Ì:G�n>7ed^mF1¢\Sv>bEbLC2bEbBmÂD@721OmF1¢=F1Ou:v>?E=F14XZ1408DFmi5M3¡7>?EbB1l\][^=Âdf0Ã14n>?BNO140:D@=~dfbÁAJ?BmFD~df02NO1l[f\

6:è ◦ D@721om@7edfbEbB[i3¸mÒÌ:G�n>7ed^mF1Á?Bm�mFv>?EDF1OAMp�R2[^=U[^D@7214=�14n>?BNO1408D@=~dfb>AJ?Bm@D~df02NO1Om�df02AW\S=F1Ou:v21402N4?B1Om�?ED�?Bm�7214bEnJ\tv>b<DF[NidfbBN4v>b¿dfDF1#D@721#d^N4D@vedfbgmF1402m@?ED@?Eh<?EDI9l�j14=@0214bBm�\][^=Ádxh^df=@?B14Dr9Q[f\gn>7ed^mF1OmÁ?E0Z[^=FA>14=YDF[6mF14bB1ON4D�D@721sdfn>n>=F[^n>=@?¿dfDF1n>7ed^mF1y\][^=Y=F1OmF[^bEh<?E0>a¢dÂm@n{1ON4?LCeN¡n>bEv>XZ1�nedf=~dfXZ14DF14=o[f\M?E0:DF14=F1Om@DipUÀ�1#7edOhj1�mF72[i3¡0ZD@7edfDY=~di9:G�D@721O[^=F14D@?BNidfbNO[^02m@?BA>14=~dfD@?B[^02mi5°1Om@n{1ON4?¿dfbEbE9£D@72[cm~1Â;ed^mF1OAw[^0w=~di9:G�nedfD@72mi5eNidf0w;g16DF[^D~dfbEbE9£XQ?BmFbB1id^AJ?E0>aQ\S[^=�D@721WXQ?BA<GÁDF[
±i�c²



bB[^0>a^G�n{14=@?B[8A½=~df0>aj1cp¥y7214=F1H\][^=F1c5�D@721Q1H�JD@=~d�GI1HKM[^=@D6DF[wNO[^XQn>v>DF1QD@721Zm~1402m@?ED@?Eh8?EDr9|�j14=@0214bBm�?BmW?E02AJ?Bm@n{1402m~df;>bB1cpQÀÝ?ED@7¨D@721DF1ONF7>0>?Bu8v21Y;89 e �t��� ª �Ef � ª��§ª � ·4¹Mº^»B¼ ���c�c�cè  j\S[^=�mFn>7214=@?BNidfbEbE96m@98XQXZ14D@=@?BNUXZ[<A>14bBm�D@7>?Bm�?BmMng[cm~m@?E;>bB1U3¡?ED@7dQXZ[<A>14=~dfDF1�NO[^XQn>v>D~dfD@?B[^0edfb�1HKM[^=@D�D@7edfDx?Bm#X¢v2NF7zbB[i3o14=ÂD@7edf0|3¡7edfD�?Bms021ONO1OmFm~df=@9£\S[^=sXZ[8A>14bE?E0>a¦D@721140:D@?E=F1x3ydOhj1HCe14bBA½?E0½_^T�d^myA>[^021x?E0¦D@7>?Bm`3`[^=@�gpYÍx[i3`14hj14=i5<\S[^=ym@D@=F[^0>a�n>bEv>XZ1Om`?EDyXQ?Eac7:Dy;g1s021ONO1OmFm~df=@9DF[�?E02N4bEv2A>1ÂD@721Ân>bEv>XZ1Â?E0½D@721xXZ[8A>14b{\][^=yD@721WmF1402m@?ED@?Eh<?EDI9£�j14=@0214bBm¡m@?E02NO1ÂD@7214=F1Â3o14=F16?E02AJ?BNidfD@?B[^02m¡D@7edfDD@72149d�KM1ON4DQD@721k�j14=@0214bBmQm@?Eac0>?LCeNidf08D@bE9jp�¥y7>?Bm�3o[^v>bBA�=F1Ou8v>?E=F1wdzNO[cm@D@bE9�\Sv>bEb#_^T(NidfbBN4v>b¿dfD@?B[^0Ý[f\�D@721�j14=@0214b�pqrD#3`d^mxdfbBmF[�[^;2m~14=@hj1OAwD@7edfD�A>14b¿di9<mxNidfbBN4v>b¿dfDF1OA½\S=F[^X ;edf02A<G�bE?EXQ?EDF1OAzmF14?Bm@XZ[^ac=~dfXZmxNidf0w;{1W7>?Eac7214=3¡?ED@7Q=F1Om@n{1ON4DUDF[WA>14b¿dO9Jm�A>14=@?Ehj1OAQ;:9¢;>=F[jd^AJ;edf02A<GImF14?Bm@XZ[^ac=~dfXZmipY¥y7>?BmU3ydOhj1HCe14bBA¦1HK{1ON4D�=F1Om@v>bED@?E0>aÂ\S=F[^XA>1Om@D@=@v2N4D@?Ehj1s?E0:DF14=Ü\]14=F1402NO1s[f\�3ydOhj1Om`3¡?ED@7¦AJ?LKM14=F140:Do\S=F1Ou:v21402N4?B1Om`Nidf0�7214bEn¦?BA>140:D@?L\S98?E0>a�A>14b¿dO9Jm`df02A�D@721\S=F1Ou:v21402N49kA>14ng1402A>1402N49½Nidf0wn>v>D#\tv>=@D@7214=�NO[^02mFD@=~df?E0:DFm�[^0�D@721Wn>bEv>XZ16m@?Eæi1cp
�rÇ�bEv>XZ1�3`dihj1Om
�~5y?�p 1cpE5`3`dOhj1Om�D@=~dfn>ng1OA�?E0ÄD@721½n>bEv>XZ1wNO[^02AJv>?EDkd^mZm@v>acaj1Om@DF1OAÄ;:9 
 ��® �B�§�«�����

�Y� ��® ¯ ª �����c�c� _� MNO[^v>bBAk02[^Dy;{1Â[^;2mF14=@hj1OA£?E0£D@721x\S=F1Ou8v21402N49Z=~df0>aj1ÂXZ[8A>14bB1OAMp � 021s=F1id^m~[^0kNO[^v>bBAk;{1D@7edfDWD@72149¨df=F1¢DF[<[k3o1idf�z?E0�dfXQn>bE?ED@v2A>1�df02A�df=F1Q[ihj14=@n>=@?E08DF1OA�;89|D@721�DF14bB1OmF14?BmFXQ?BN�3`dOhj1HCe14bBA¤3¡7214=F1[^021Ân>7ed^mF1WNO[^XZ1Omxd�\tDF14=¡D@721W[^D@7214=¡?E0�d¢\�d^m@D#mF1Ou8v21402NO1cp�¥y7216m~dfXZ1W[^;8h8?B[^v2m@bE9£7edfn>n{1402m¡DF[�D@721Â3o1idf�=F1��e1ON4D@?B[^02mÂ[fK¨D@7216n>bEv>XZ1c5°D@7edfD�3o14=F1¢02[^Ds[^;2m~14=@hj1OA�14?ED@7214=ip#qr0�[^=FA>14=�DF[¦m@D@v2AJ9kD@721�u8v21Om@D@?B[^0zd^msDF[3¡7214D@7214=�n>bEv>XZ1`3`dihj1OmY1H�<?BmFD�dfD�dfbEb>[^=U02[^Di5^?ED§3`[^v>bBA�;g1`7214bEnJ\Sv>bJDF[�v2mF1¡ds72[^XZ[^aj14021O[^v2mYÉÁdf=@D@7�XZ[<A>14b3¡7214=F1�[^0>bE9z\]143}n>7ed^mF1Om¢1H�<?Bm@DW3¡7>?BN~7dfbEbB[�3#m6\][^=¢d½A>14DF1ON4D@?B[^0[f\y3`1idf��m@?Eac0edfbBm�mFv2NF7
d^m�=F1��e1ON4D@?B[^02mdf02A½n{[cmFm@?E;>bE9¦n>bEv>XZ163`dihj1OmipÁÍx[i3`14hj14=i523`16A>1ON4?BA>1OA½02[^D#DF[ZNidf=@=@9k[^v>D�m@v2N~7|d�m@D@v2AJ9km@?E02NO1W?ED¡3`[^v>bBA7edOhj1�bE?ED@D@bB1W=F14bB14hcdf02NO1W\][^=#=F1idfb�A2dfD~dQm@D@v2AJ?B1Om�pÁÊz[^=F1O[ihj14=i5gAJv21WDF[QD@72161H�Jng1ON4DF1OAw7>?Eac7zdfD@DF140:vedfD@?B[^0z?E0D@721¢n>bEv>XZ1¢NO[^02AJv>?EDFmÂ?EDs?Bms14hj140ÃbB1OmFmsbE?E�j14bE9½D@7edfDsn>bEv>XZ1HG�D@=~dfn>n{1OAÃ3`dihj1Om6df=F1¢[^;2m~14=@h^df;>bB1¢?E0�D@721¢=F1idfbA2dfD~dJp�¥y7>?BmyNO[^v>bBA£;g1�D@721x1H�Jn>b¿df0edfD@?B[^0k3¡7:9ZD@72149�7edOhj1x0214hj14=y;g1O140k[^;2mF14=@hj1OAM5<3¡7>?BNF7k3o[^v>bBA£?E0£D@v>=@0v>02A>14=@XQ?E0216D@721¢df=@acv>XZ140:Dxdfa:df?E02mFD#n>bEv>XZ1Om#D@7edfD�mFv2NF7½3`dihj1Om�7edihj1W0214hj14=�;{1O140w[^;2mF14=@hj1OAMp¥y721¡XZ14D@72[<AQ\][^=Y[^;>D~df?E0>?E0>a¢A>14b¿di9Qh^dfbEv21Omodfn>n>bE?B1OAZ?E0ZD@7>?BmoNF7edfn>DF14=oNO[^02mF?Bm@DF1OAZ[f\�dWNO[^XQnedf=@?BmF[^0¦[f\ÇYÈsÉYÊ$D@=~dOhj14bLG�D@?EXZ1Omo3¡?ED@7ZD@72[cmF1y\S=F[^X«XZ[8A>14bE?E0>al[f\Mdxn>bEv>XZ1HG�n{14=@D@v>=@;{1OA¦ÇYÈsÉYÊ(XZ[8A>14b�pUqr0QD@721¡=F1idfb3o[^=@bBAM5<72[�3o14hj14=i5JD@721OmF1s[^n>D@?EX�dfbgNO[^02AJ?ED@?B[^02m¡df=F1#02[^DoXZ14Di5<?�p 1cpE5<d¦P]_^TWV�XZ[8A>14bg[f\�D@721#=F14ac?B[^0£3¡?ED@72[^v>DD@721xn>bEv>XZ1xD@7edfDyNO[^v>bBAkmF14=@hj1Wd^m��Iac=F[^v>02AkD@=@v>D@7&�smF[^bEv>D@?B[^0k\][^=yNO[^XQnedf=@?BmF[^0½?Bm`02[^Dydih^df?Eb¿df;>bB1cpoÇYÈ�ÉYÊ[^=#[^D@7214=�m@D~df02A2df=FA½Éodf=@D@7wXZ[8A>14bBmsdf=F1W[f\tDF140½02[^D¡hj14=@9£7214bEnJ\tv>b�\S[^=yD@7>?Bm¡n>v>=@n{[cmF1c5>m@?E02NO1ÂD@72149kA>[�02[^D?E02N4bEv2A>1Z_^T m@D@=@v2N4D@v>=F1Zdf=F[^v>02AÃD@721�n>bEv>XZ1cp�ÉYmFng1ON4?¿dfbEbE9zb¿dfDF14=~dfb�h^df=@?¿dfD@?B[^02mÂ?E0ÃD@721QN4=@v2m@Di5M[f\SDF140¨AJv21DF[¢D@721�n>bEv>XZ1 � 72[^DFm@n{[^D¡d^N4D@?Eh8?EDr9�?EDFmF14bL\@5:Nidf0½d�K{1ON4D`D@=~dOhj14b{D@?EXZ1Omym@?Eac0>?LCeNidf08D@bE9j52df02A�7edihj1�DF[¢;g1�D~df�j140?E0:DF[¨d^NONO[^v>08Dip¨¥y7>?Bm¢?Bm¢XZ[cm@D@bE9¤A>[^021£v2m@?E0>a¨d|N4=@v2m@D~dfboXZ[<A>14bo\S[^=�NO[^=@=F1ON4D@?B[^0�[f\�D@721�D@=~dihj14byD@?EXZ1OmipÍx[i3o14hj14=i5MmFv2NF7ÃXZ[8A>14bBmÂdf=F1l02[^Dsn{14=Ü\]1ON4Dip >s02NO14=@D~df?E02N4?B1OmÂ?E0�D@721lXZ[<A>14b�D@72140zX�dfn|?E08DF[£D@721�D@=~dihj14bLGD@?EXZ1lA>14b¿dO9Jm�D@7edfDWdf=F1¢d^mFmFv>XZ1OAwDF[Z;{1�Nidfv2m~1OA�;89½D@7216n>bEv>XZ1cp�Êz[^=F1O[ihj14=i5gD@721�n>=F1OmF1402NO1¢[f\�02[^?BmF1¢?E0=F1idfb>A2dfD~dx[f\tDF140�X�df�j1OmU?EDUAJ?�h�N4v>bED�DF[sXZ1id^mFv>=F1`1H�2d^N4D§D@=~dOhj14b>D@?EXZ1Omi5c1Om@n{1ON4?¿dfbEbE9�3¡72140�n>?BN~�8?E0>a�df=@=@?EhcdfbBm\S=F[^X mF14?BmFXZ[^ac=~dfXZmo;89Z7edf02AMp�¥y7214=F1H\][^=F1c58?ED`?Bmov2mF1H\tv>bgDF[lAJ?BmFN4v2mFmoD@721�=F1Om@v>bEDFmy[f\�D@7>?BmyNF7edfn>DF14=#dfbBmF[¢?E0D@721¡bE?Eac78D`[f\{D@721#v>02NO14=@D~df?E08D@?B1Omydf02AZD@721#A>14DF1ON4D@?B[^0¦D@7>=F1OmF72[^bBA�[f\{=F1idfb°ÉÁdf=@D@7£NO[^02AJ?ED@?B[^02mip�q�\{3o1sA>1HC2021� p è msd^m#D@7216A>14DF1ON4D@?B[^0�D@7>=F1Om@72[^bBAw\S[^=#A>14b¿di9<m�3o1�aj14Dsdf0w?BA>1idQ[f\UD@721W=F14ac?B[^0�?E0�3¡7>?BNF7�n>bEv>XZ1�A>14b¿dO9JmNidf0z=F1idfbE?Bm@D@?BNidfbEbE9�;{1�A>14DF1ON4DF1OAMpW¥y721�\]df=F1OmFDsn{[^?E0:DFmWdfDx3¡7>?BNF7¨A>14b¿dO9JmÂm@D@?EbEb§1H�>NO1O1OA � p è mÂdf=F1 èc� 5M_ �cè 5df02Ak_ èc�c� �8X \S=F[^XÅD@721sn>bEv>XZ1ÂNO140:DF14=`\S[^=`D@721xm@7edf=@n¦= 5 ;c� 5 ±i�c� 5>df02Ak_ �c� �8X n>bEv>XZ1Omi5<=F1Om@n{1ON4D@?Ehj14bE9jp¥y7214=F1`?Bm�dfbEXZ[cm@DU02[xA>14n{1402A>1402N49¢[f\°D@7>?Bm�AJ?Bm@D~df02NO1y[^0lD@721on>bEv>XZ1yn{14=@D@v>=@;edfD@?B[^0�\tv>02N4D@?B[^0�pU¥y721ym@7edf=@nXZ[<A>14bBmW3¡?ED@7�D@721QDr3o[�AJ?LKM14=F140:Dl[^=@?Eac?E0¤A>14n>D@7¤AJ?LKM14= �WD@721 � Ê �oG�n>bEv>XZ1�A>14b¿dO9¨1H�>NO1O1OA>mWD@721Z[^021Z[f\D@721 ;5;c� �<X�G�n>bEv>XZ1x;:9�df;{[^v>D ±i�c� �<Xwp�R2[^=Án>bEv>XZ1x1H�Jng14=@?EXZ1408DFmÁD@7>?BmoXZ1idf02mÁD@7edfD`?EDY?Bmohj14=@9ZAJ?�h�N4v>bEDDF[QNidfn>D@v>=F16D@721�A>14b¿dO9½[f\§3`1idf�wdf02A � [^=�m@X�dfbEb�n>bEv>XZ1Omip

±c±i�



� �������	��
 �

� � � & 	���) �
	U�'� ��� �½��� & )$���

R2[^bEbB[�3¡?E0>a�D@721Âaj140214=~dfb�m@D@v2AJ9j5J?E0½D@7>?Bm#N~7edfn>DF14=i5>D@721ÂXZ[<A>14bE?E0>aZ=F1Om@v>bEDFm¡[f\�D@721Ân>=F14h<?B[^v2m#N~7edfn>DF14=#3¡?EbEb;{1xdfn>n>bE?B1OA¦DF[�qrNO14b¿df02AMp�/�\tDF14=yd6=F14h<?B143�[f\�D@721sN4v>=@=F1408D#m@D~dfDF1x[f\�=F1OmF1idf=FNF7k3¡7>?BNF7k;>=@?E0>ajmyv>n£=F14bB14h^df08D?BmFm@v21OmlNO[^02NO14=@0>?E0>aÃD@721¦qÞNO14b¿df02AJ?BN¦n>bEv>XZ1�3`1¦D~df�j1kd½bB[<[^�¤dfDlD@721Z=F1idfbyA2dfD~d�[f\#D@721¦XZ[8A>14bB1OAÇ§14=@v1idf=@D@72u8vedf�j1cp�¥y721¡aj[jdfbe?Bm�02[^DÁDF[6NO[^XQnedf=F1#D@721�dih^df?Eb¿df;>bB1�=F1idfbeA2dfD~dWDF[ÂD@721sm@9<0:D@7214D@?BN#A2dfD~dJ5<dfbED@72[^v>ac7df0¦1H�2dfXQn>bB1s3¡?EbEb°;{1�m@72[�3¡0¦?E0£[^=FA>14=oDF[¢A>14XZ[^02m@D@=~dfDF1sD@7edfD`m@v2N~7kdf0kdfD@DF14XQn>Do?Bmo02[^D`hj14=@9Qn>=F[^XQ?Bm@?E0>am@?E02NO1ÂD@721WacbB[^;edfb�XZ[8A>14b�Nidf0�02[^D#D~df�j1Â?E0:DF[£d^NONO[^v>0:D�D@721WN4=@v2mFD~dfb�m@D@=@v2N4D@v>=F1cpÀ�1Á=~dfD@7214=�3ydf0:D§DF[#D~df�j1od^AJhcdf0:D~dfaj1`[f\>D@721Yn{[cmFm@?E;>?EbE?EDr9WDF[�m@D@v2AJ9Wu8v21Om@D@?B[^02m�=~df?Bm~1OAW\][^=�D@721ÁqÞNO14b¿df02An>bEv>XZ1W3¡?ED@7w=F1OmFv>bEDFm¡02[^D#;{14?E0>aZ;>?¿d^mF1OA½[^=�NO[^XQn>bE?BNidfDF1OA�;:9kD@721WNO[^XQn>bB1H�wqrNO14b¿df02AJ?BN¢N4=@v2m@Dip
��ÐÒÑ Ó � � � �#ÔlØ�� Õ��?� k.� �>Õ �>Õ°ÙlØlÚ ��Ø � �FÙ "$� ×�Ô ���¡Ö°Õ��
R>=F[^X$aj1O[cmFN4?B140:D@?LCeNln{[^?E0:DÂ[f\�h8?B14365gqrNO14b¿df02A|?Bm�[^021l[f\�D@721�XZ[cmFD�?E0:DF14=F1OmFD@?E0>aÃPt72[^DÒV�m@n{[^DFm�[^0ÃÉÁdf=@D@7�p/�hcdf=@?B14DI9�[f\¢aj1O[^bB[^ac?BNc5xDF1ON4DF[^0>?BNc5WmF14?BmFXQ?BNc5xdf02A�hj[^bBNidf02[^bB[^ac?BNÃ\]1idfD@v>=F1Om�df=F1¨NO[^02NO1408D@=~dfDF1OA [^0 df0?Bm@b¿df02A
D@721�m@?Eæi1¦[f\xÌ<[^v>D@7214=@0 � 14=@X�df0:9�P�Ì8D~dfDF1Om�[f\ �¡dOhcdf=@?¿dzdf02A �¡d^A>140JG�À��>=@D@DF14X¢;g14=@a8VHpÃqÞNO14b¿df02A?BmÂD@721Q3`[^=@bBA � mWb¿df=@aj1Om@D�m@v>;JGrd^14=@?¿dfbEbE9Ã1H�Jng[cmF1OAÃnedf=@D6[f\`D@721QXQ?BA<GI[<NO1idf0�=@?BAJaj1Qm@9Jm@DF14Xwp¢Êz[^=F1O[ihj14=i5�?ED?BmQdw72[^DFmFng[^DlD@7edfD�?Bm¢n>=F[^;edf;>bE9
v>02A>14=@b¿df?E0�;:9
d�n>bEv>XZ1c5�X�df�<?E0>aÃ?EDQdf0¸1H�2dfXQn>bB1�\][^=ln>bEv>XZ1HG�=@?BAJaj1?E0:DF14=~d^N4D@?B[^0�p�/smld½=F1Om@v>bEDi5�X�d�çÜ[^=¢DF1ON4DF[^0>?BNZ\]1idfD@v>=F1OmlNidf0¤;{1�\S[^v>02A
[^0
qÞNO14b¿df02AM5U1cp a2pE5§d�m@n>=F1id^AJ?E0>a=@?BAJaj1c5UD@=~df02mÜ\][^=@X \�dfv>bEDFmi5Ydf02A¸dwn>=F[^nedfa:dfD@?E0>aÃ=@?L\SDkPSR§?Ea2p 6 p ± VHp|Ís?Eac7
m~14?Bm@XQ?BN4?EDI9j5�nedf=@D@bE9¤?E0m@3ydf=@Xd^N4D@?Eh<?EDI9j5Mdf02A�D@721¢[8NON4v>=@=F1402NO1�[f\Ám@D@=F[^0>a£1idf=@D@72u:vedf�j1Om6d^m�3o14bEbYd^mxmF14hj14=~dfb§d^N4D@?Ehj1lhj[^bBNidf02[<1OmlPtnedf=@D@bE9m@v>;>acb¿d^N4?¿dfb�VYX�df�j1�qÞNO14b¿df02A¦dfbBmF[6?E0:DF14=F1Om@D@?E0>a¢\t=F[^X dÂ0edfD@v>=~dfbg7edfæ�df=FAZn{[^?E0:Do[f\Mh<?B1436p�¥y721#?E08DF14=~d^N4D@?B[^0[f\Uhj[^bBNidf0>?BN¢df02A½mF14?Bm@XQ?BN¢d^N4D@?Eh8?EDr9kNidf0½;{1Wm@D@v2AJ?B1OA½7214=F1¢d^m¡3o14bEb�p¥y7214=F1l?BmÂdZhcdf=@?B14DI9�[f\o=F1id^mF[^02mx3¡7:9w3`1¢A>1ON4?BA>1OAzDF[¦v2mF1�D@721lqÞNO14b¿df02A�72[^DWm@n{[^Dxd^mÂd�mFD@v2AJ9�Nid^mF1\][^=`D@7>?BmyD@721OmF?Bmip�R§?E=Fm@Di5JD@7>?BmyD@721Om@?Bmy?Bm¡14X�;{1OA>A>1OA½?E0½D@721 � 14=@X�df0wqÞNO14b¿df02Ak=F1OmF1idf=FNF7�n>=F[^ac=~dfX PSTxR � GqÞm@b¿df02A<G+���>02A>14b�VH5:mF1ONO[^02AQ?ED�?BmUD@721#;g1Om@D�m@D@v2AJ?B1OAZ72[^DFm@ng[^D�?E0QD@721#3o[^=@bBAMp�qÞNO14b¿df02AM5j1Om@n{1ON4?¿dfbEbE9¢?E0Q=F1ONO1408D9j1idf=Fmi5^7ed^m§;{1O140¢D@721oD~df=@aj14D�[f\e0:v>XZ14=F[^v2m�m@D@v2AJ?B1OmYdf02Al1H�Jng14=@?EXZ1408DFm#PS1cp a2pE5cq � ÉYÊzÉ �<¥W5cÍ � ¥�Ì<Ç � ¥�VHp¥y7216Í � ¥�Ì<Ç � ¥�A2dfD~dZdf=F1�d^NONO1OmFm@?E;>bB1¢1cp a2pE5>v2m@?E0>aZD@721�R</xÈ�ÊË3o14;|?E0:DF14=Ü\�d^NO1�[f\YqÞÈ�q@Ìgp<Êz[^=F1O[ihj14=i5{dn{14=@X�df02140:D�mF14?BmFXQ?BNs0214Dr3o[^=@�k7ed^my;{1O140½?E0k[^n{14=~dfD@?B[^0w[^0wqÞNO14b¿df02A½m@?E02NO1 ±i²c³c² df02A½A>14bE?Ehj14=Fm¡DF[^aj14D@7214=3¡?ED@7wD@721 � Ì Û m@D~dfD@?B[^0 � � È � A2dfD~dQD@7>=F[^v>ac7�RJ/sÈsÊ.\][^=�NO[^XQnedf=@?BmF[^0w3¡?ED@7wXZ[<A>14bE?E0>aZ=F1Om@v>bEDFm�p
� [^XQnedf=F1OAQDF[W[^D@7214=Á72[^DFm@ng[^DFm�5cqrNO14b¿df02A�7ed^m�D@721#d^AJhcdf0:D~dfaj1#D@7edfD�D@721y?Bm@b¿df02A�?EDFmF14bL\{?Bm�NO[^XQnedf=~df;>bB1[^=¡b¿df=@aj14=¡?E0wm@?Eæi1xDF[�D@721W1Om@D@?EX�dfDF1OAkn>bEv>XZ1Wn{14=@D@v>=@;edfD@?B[^0�AJ?¿dfXZ14DF14=¢P ±i�c��� ;c�c� �<Xw5>XZ[cm@DybE?E�j14bE9 ±i�c����c�c� �<Xw5jNO[^XQnedf=F1OAQDF[ ≈ _ èc���<èc�c� �8X}[f\{AJ?¿dfXZ14DF14=Á[f\°D@721`?Bm@b¿df02AeV§m~[sD@7edfDYdxb¿df02Al;ed^mF1OAQmF14?BmFXZ[^XZ14DF14=NO[^0JC2acv>=~dfD@?B[^0�Nidf0�n>=F[�h8?BA>1Ãd¨aj[<[<A�=~dO9�NO[�hj14=~dfaj1Ã[f\ÂD@721|v>n>n{14=�nedf=@D¦[f\6D@721|n>bEv>XZ1cp�Íx[i3`14hj14=i5;{1ONidfv2mF1Q[f\`D@721�bE?EXQ?EDF1OAdf=@=~dO9¨dfng14=@D@v>=F1c5�=F1OmF[^bEv>D@?B[^0¤?BmÂbE?EXQ?EDF1OA�DF[½D@721�v>n>ng14=WX�df08D@bB1cp�¥y7214=F1H\][^=F1c5

±c±c±



��������� · /°¼���P�M67,<�R�O 2F �O 2F9��� �H�!�5�L�3�4�5 2F��� IK = ����0 )P�O�� GK*,7�4�(,76��(�! *��6�#V,d���L�5�3,M��-/.102, � ��F�Y �N���R�O E����6
3X��F�K*, 8�� � 3 C+67�! ;�L�&��� �+�!#N��02, 3N,['*Z d�O 2,M�N�L��F�K*, �(� ��02, �3�4�*��0 �O 2FG��02, � �!� �*,<�� ;�3,[' �L��F�K*, �(� ��02,
� �!�!��0Q- � ,��V=W,7,< /��02,<) ��02,X?E�R���(, �*�4�5 2F��O�('p�� p�M67,<�R�O 2F �&� F��&��?E�R�467,7F �3,	�>,<���O� ��b�b2Z�) �(� ��02,�	 �>�!�
�d'"� �3,�� �!# �����O ;�L#V�!�L) #����5��� � �!�+#R���46��L�5�3, �5�! 2,M� �$��02, .���!�L 2,M�+\;���46��L�5�3, �Q�! 2, 8V.]\ �^CD�� ��02, ���
�O 2F �� /��02, 
 �d'/��02, 3N,['*Z�3�O 2,M�D.I���O ;�L#V�!�L) \B���5���U�O 2F 
 �M67,<�R�O 2F 
^,<�&�L)+��6 �Q�! 2, 8�
�� 
 �^CO- 
^,	�>,<���O�
�O�3,d�>� �!#E�� B�(,< ;�<� �>, �>�!��6d�O *�&�L) =A,<�3,X6<�3,d���(,7F ��0*�3�4�>K�0DK*,7�!���7K���6 ����)
,M� � 	 � �	��	 �>�!�(,<�L �>�!��6d�O *��6��5�! 2, �
3 � �	� 3J��F�K*, �>�!��6d�O *��6 �Q�! 2, � � � �	� � �!�!��02,<�L �2�!��6d�O *��6 �Q�! 2,O-9.102, �3,7F 6<���36<��, �� 2F���6d���(,M� �3�4�>K�0*�:'
��02,T6��5�L�3,< E�1?E���5)
, ?A���L�������! �;,< 2,d����0 �<67,<�R�O 2FB-

A>14n>bB[i9<XZ140:DÂ[f\ � NO1idf0w;g[^D@DF[^X(mF14?Bm@XZ[^XZ14DF14=Fm¢P � �#Ì>V`?Bm¡A>1OmF?E=~df;>bB16DF[Q1H�JDF1402A½D@721�df=@=~dO9jpÊz[^=F1O[ihj14=i5>D@721xbB[<NidfD@?B[^0½[f\§qÞNO14b¿df02A¦3¡?ED@7k=F1Om@n{1ON4DyDF[lD@721sacbB[^;edfb�m~14?Bm@XQ?BN4?EDI9¦?Bmyd^AJhcdf0:D~dfaj1O[^v2m�5ed^mNO[^XQnedf=F1OA|DF[ZÍxdi3`df?E?�5°bB1id^AJ?E0>a¦DF[¦dQaj[<[8A½=F1Om~[^bEv>D@?B[^0|[f\�D@7216X�df08D@bB16;{14021idfD@7|qÞNO14b¿df02A
PS1cp a2pE5 � � �Ef� ª2®:® � ·O¹yºc»E¼ ���c�c�76 ;J I5emFv>n>n>b�p`[^0>bE?E021�X�dfDip VHpoR2v>=@D@7214=@XZ[^=F1c5°D@7214=F1¢mF1O14XZm#DF[Z;g16m~[^XZ1�dfac=F1O14XZ140:DÂ?E0D@721�mF14?Bm@XQ?BNlNO[^XQX�v>0>?EDr9¨df;{[^v>DÂqrNO14b¿df02AMp6ÉYhj140zn>bEv>XZ1�[^n>n{[^02140:DFm�dfac=F1O1lD@7edfDÂD@7214=F1l?BmWd�N49<bE?E02AJ=@?LGNidfbYm@bB[�3Ådf02[^X�dfbE9�dfDWbB1id^m@D6?E0¨D@721�v>n>n{14=6X�df0:D@bB1cpZ¥y721QC20>?EDF1HG]\t=F1Ou8v21402N49ÃDF[^XZ[^ac=~dfn>7:9¨=F1Om@v>bEDFmÂ\][^=Ç�3ydOhj1Om¢;:9 � � �M� ª2®8® � ·4¹sºc»E¼ ���c�c�76 ;J oNO[^0JC2=@X�D@721ZNO[^0JC20214XZ1408D¢[f\yD@721Qm@D@=F[^0>a�df02[^X�dfbE9ÃDF[kD@721v>n>n{14=lX�df08D@bB1c5Y3¡7>?EbB1£?E0D@721½Ì:G�3ydOhj1kDF[^XZ[^ac=~dfn>789D@721£m~dfXZ1½dfv>D@72[^=FmQmF1O1kd|n>bEv>XZ1¦?E0D@721£bB[i3`14=X�df0:D@bB1�3¡72[cmF1Â=~d^AJ?Ev2m#hcdf=@?B1Om#m@D@=F[^0>acbE9k3¡?ED@7�A>14n>D@7�pÍx[i3`14hj14=i5°u8v21Om@D@?B[^02m�mFv2NF7|d^m�D@721WX�dfac0>?ED@v2A>1¢[f\UD@721�df02[^X�dfbE9j5°?EDFm¡72[^=@?Eæi[^0:D~dfb§3¡?BAJD@7�52?EDFmsA>14n>D@71H�JDF140:DQdf02A¤3¡7214D@7214=�?EDl?Bm�n>=F[<AJv2NO1OA¤;89
d¤Pt3¡72[^bB1£X�df08D@bB1�V6n>bEv>XZ1£[^=l02[^D�df=F1£[^ng140�5U14hj140?L\#D@721b¿dfDF1Om@DkC20>?EDF1HG]\S=F1Ou:v21402N49ÝDF[^XZ[^ac=~dfn>7>?BN¤mFD@v2AJ?B1Om � � �M� ª2®8® � ·4¹Zº^»B¼ ���c�c�76 ;J I´ ¬ � ��¯ ·4¹¦º^»E¼ ���c�c�76  tVmF1O14X'DF[¦ng[^?E08DWd£AJ?E=F1ON4D@?B[^0�p6¥y721ln>=F1OmF1402NO1�[f\Y\S=F1Ou8v21402N49:GIA>14n{1402A>140:D63ydOhj1HCe14bBA�1HKM1ON4DFmQP]d�\S[<N4v2ms[f\D@7>?Bm�D@721Om@?BmÒV¢?E0¸D@721½Nid^mF1k[f\WqrNO14b¿df02A?BmQ[^v>DZ[f\Âu:v21Om@D@?B[^0�p/sbE=F1id^AJ9 å ®:®8ª � ·4¹�ºc»E¼ �E±i²c²c²  sA>14=@?Ehj1OAD@721£1H�<?Bm@DF1402NO1£[f\sAJ?LK{=~d^N4D@?B[^0¸df02A3ydOhj1H\S=F[^0:DQ721idfbE?E0>az\S[^=lqrNO14b¿df02AM5U3¡7>?BN~7¸?BmlNO[^0JC2=@XZ1OA;89¨C20>?EDF1HG\S=F1Ou:v21402N49¦DF[^XZ[^ac=~dfn>7:9½m@D@v2AJ?B1OmWP ¬ � ��¯ ·O¹Áº^»B¼ ���c�c�76  tVoD@7edfD¡=F14hj1idfb�d�X¢v2NF7w7>?Eac7214=#df02[^X�dfbE9¨P]_Jp è��\][^=
vP

5 ; p ��� \][^=
vS

VÁD@7edf0wn>=F14h8?B[^v2mFbE9kd^mFmFv>XZ1OAMpY/�02[^D@7214=�d^AJhcdf0:D~dfaj1O[^v2m�\]1idfD@v>=F1W[f\§D@721WqÞNO14b¿df02AJ?BNdf02[^X�dfbE9�?Bms?EDFmÂm@7edfn{1cps¥y721�N4v>=@=F140:DÂDF[^XZ[^ac=~dfn>789|?EX�dfaj1OmWdfbEb§=F14hj1idfb�d�021idf=@bE9�hj14=@D@?BNidfb�N49<bE?E02AJ=@?BNidfb
±c±i�



df02[^X�dfbE9¦\S[^=`D@721ÂNO[^02AJv>?ED¡D@7edfD¡?Bm`1id^mF9ZDF[lXZ[8A>14b{3¡?ED@7w[^0>bE9£d6\]143Ýnedf=~dfXZ14DF14=Fm�52d^my?E0:DF1402A>1OAk?E0½[^v>=m@9Jm@DF14X�dfD@?BNÂnedf=~dfXZ14DF14=smFD@v2AJ9jpqr0¤d^A>AJ?ED@?B[^0¤DF[wNO[^02mFD@=~df?E0:DFm�\S[^=Waj1O[^XZ14D@=@?BN�n>bEv>XZ1ZXZ[<A>14bBmi5�?E0
dkNO[^bEb¿df;{[^=~dfD@?B[^0ÝP�\S=~dfXZ143o[^=@��[f\D@721 � 14=@X�df0�qÞNO14b¿df02A�È�1Om~1idf=FNF7 � =F[^v>n°V¢3¡?ED@7�D@721kaj1O[8AJ9<0edfXQ?BNOmQac=F[^v>nÄ?E0ÄR>=~df0>�8\Sv>=@D|PSÇ�=F[f\@pÍlpÌ<NF7>XZ14bE?E0>a8V`AJ9<0edfXQ?BNidfbEbE9¦NO[^02mF?Bm@DF140:DyDF1Om@D`XZ[8A>14bBmy[f\�D@721ÂqÞNO14b¿df02A�n>bEv>XZ1Wdf=F1sDF[�;{1s1H�Jn{1ON4DF1OA�?E0£D@721\Sv>D@v>=F1cp§¥y721Om~1#df=F1¡A>14=@?Ehj1OA�;:9�¥WpcÈ#v21OA2d^mYdf02AQNO[^02m@?Bm@DY[f\M_^T
vP

df02A
vS

XZ[8A>14bBm�5c3¡?ED@7�df02A�3¡?ED@72[^v>DA>147:9JAJ=~dfD@?B[^0�;89k3`dfDF14=¢P � ��ª �°���£���c�c�76  tVHpqr0�m@v>XQX�df=@9j5UdfbEb�D@721Qn>bEv>XZ1Q=F14b¿dfDF1OA�u8v21Om@D@?B[^02m¦P]df02A¨1OmFng1ON4?¿dfbEbE9ÃD@721lC20>?EDF1�\S=F1Ou:v21402N49�d^m@n{1ON4DÒVdf=F1xA>14;edfDF1OA�\][^=ÁD@721xqÞNO14b¿df02A¦72[^DFmFng[^Di5<m@v>n>n{[^=@DF1OA�;89¦d6b¿df=@aj1s0:v>X¢;g14=#[f\�mFD@v2AJ?B1Omydf02A£1H�Jng14=@?EXZ1408DFmi5bB1id^AJ?E0>a¨DF[ÃNO[^02m@D@=~df?E021OA¸XZ[<A>14b`nedf=~dfXZ14DF14=Fm�p�¥y7>?Bm�X�df�j1OmQqrNO14b¿df02A�d�\�dOhj[^=~df;>bB1kbB[<NidfD@?B[^0
\][^=�D@7>?Bmm@D@v2AJ9jp
��ÐÜÏ ����� Ó � � � �#ÔlØ �l×yÕ � �¦×yÕ�� �>Õ �yÕ�� ×���Õ��?� �¡Ö°Õ
�0&(%)&+* � /�� /B3 %('�$��� 1 3�� %*� �+1 ���0/;s 1 '$# � ��1 ����� /B1 '�1Qo 4

Txv>=@?E0>a6D@721�[^n{140>?E0>a6n>7ed^mF1�[f\gD@721 Û É¤/yD@b¿df08D@?BN ;c���<ècè Êzd6dfaj[>58NO140:D@=~dfb � =F1O140>b¿df02AZ3yd^mYn{[cm@?ED@?B[^021OAdf;{[ihj1¦D@721¦d^mFm@v>XZ1OA
NO[^02AJv>?EDl[f\#D@721¦qrNO14b¿df02A¤n>bEv>XZ1zP�� � ã¦¶�ª ������� �
	 ®8®:ª � �E±i²c²76  I5UR�?Ea2p 6 p � VHp¥y721½Ê|?BA<GI/yD@b¿df0:D@?BNw=@?BAJaj1
PSÊ|/xÈxV¢A>14hj14bB[^n{1OA�d^mZd¨_ �c�c� �8X!bB[^0>a
N4=~d^NF�
\t=F[^X mF[^v>D@7ÄÉY0>acb¿df02AÄDF[02[^=@D@7 Û [^=@3ydO9z3¡?ED@7¨m@D@=F[^0>a¦hj[^bBNidf0>?BN�b¿dih^d£14=@v>n>D@?B[^02mipÂÀÝ72140ÃD@721ln>bEv>XZ1¢n{[cm@?ED@?B[^0ÃNO[^?E02N4?BA>1OAÃ3¡?ED@7D@7216Êz/sÈ�df;g[^v>D �c� ÊÃdQdfaj[Z1H�JDF1402m@?Ehj1Whj[^bBNidf0>?Bm@X(N4=F1idfDF1OA½D@721W?Bm@b¿df02Aw[f\�qÞNO14b¿df02AMp

�����5��� · /°¼&	������L�������! �!# ��02,U�M67,<�R�O 2F ?E���5)
, = ����0 ����)
,�8�#��3�!) � � ã£¶�ª ������ �
	 ®:®8ª � ` � ��� ��c�CO-
±c± _



Êz1idf0:3¡7>?EbB1c5�D@721ZÈ�149<��ç@df021OmÜG+s[^;g14?E02m~149|n>b¿dfDF1Q;{[^v>02A2df=@9zned^mFmF1OA¨[ihj14=¢D@721�n>bEv>XZ1Zm@DF14XËdf;{[^v>D�c� ÊÃdQdfaj[¦df02A½7ed^m�m@?E02NO16AJ=@?L\SDF1OA½DF[�d�n{[cm@?ED@?B[^0 ±ièc���<�c�c� �<X 02[^=@D@783o1Om@DÂ[f\§D@7216n>bEv>XZ1¢d��J?Bm¡v>02A>14=ÎÁdfD@0ed�ç��^�8v>bEb�p�¥y721sqrNO14b¿df02AJ?BN�=@?L\tDÁm~14acXZ140:DFm`[f\�_ �c��� 6:�c� �<XÆbB140>acD@7¦7edOhj1YçÞv>XQn{1OAZ=F14n{1idfDF1OAJbE9QmF[^v>D@7JG1id^m@Dr3`df=FA>mÂDF[ZX�df?E08D~df?E0ÃD@7214?E=sn{[cm@?ED@?B[^0�021idf=xD@7216n>bEv>XZ1kP�� � ã£¶�ª �Ä����� �
	 ®:®8ª �Ä�E±i²c²76  tVHp�¥y721OmF1=@?L\SDÁçÜv>XQn2mxdfDWdf;{[^v>D �76 5 ±iè 5 � df02A¨_ZÊÃdZ;{1H\][^=F16n>=F1OmF1408DxD@?EXZ1l[<NON4v>=s;89w=@?L\tDsn>=F[^nedfa:dfD@?B[^0¨3¡?ED@7>?E0[^bBA>14=¢N4=@v2mFDip½È#?L\SD¡çÞv>XQn2mldf=F1�[^0>bE9¨n{[cmFm@?E;>bB1�\][^=�m@D@=F[^0>a|n>bEv>XZ1Om£Pt?�p 1cpE5§D@72[cmF1�3¡?ED@7¤7>?Eac7
;>v2[i9:df02N49
�2vJ�>1OmÒVHp�R2[^=y1H�>dfXQn>bB1c5<D@7>?BmyAJ?BA�02[^D`7edfn>n{140�\][^=ÁD@721Â/sæi[^=F1Omi5 � dfb¿dfng[cmi5<¥�=@?BmFD~df0�5 �jvedf0kA>1xR>v2Nidldf02A
�y[i3¡?B1Wn>bEv>XZ1Omsm@?E02NO1WD@72149½df=F1WDF[<[�3o1idf��PrµÂ� ����� ª ���c�c�J±  tV¥y721sqrNO14b¿df02A�72[^DFm@ng[^DÁD@=~d^NF�Q?BmYD@721 � =F1O140>b¿df02A<GIRedf=F[<1xÈ�?BAJaj1cp � v>=@=F140:D@bE9QD@721#n>bEv>XZ1sm@DF14XÆNO1408DF14=?BmYv>02A>14=`D@721#ÎÁdfD@0ed�ç��^�<v>bEbeacb¿d^N4?B14=i5>df;g[^v>D �c�c� �8X mF[^v>D@721id^m@D`[f\{D@721�n>b¿dfDF1�;{[^v>02A2df=@9ZA>1HC2021OA¦;:9�D@721È�149<��ç@df021Om#df02A s[^bE;g14?E02m~149kÈ�?BAJaj1Omip
�0&(%)&(% &'/��$� � 1 '+1qo �$�&%(' % ��� o�/B1 !�-�4 � ���&% ')�"� #�����/�� � !�'$#�� / !�%!3 %(� /��5/B3��
¥y7>?BmymF1ON4D@?B[^0kac?Ehj1Om#df0½[ihj14=@h<?B143�df;{[^v>DyD@721Â14hj[^bEv>D@?B[^0k[f\��802[�3¡bB1OAJaj16df;g[^v>DyD@721ÂqrNO14b¿df02AJ?BNWdf02[^X�dfbE9df02A¸=F14h<?B143#mQD@721kXZ[cm@D�?EXQng[^=@D~df08D¦m@D@v2AJ?B1Oml\][^=�D@7>?BmQ3o[^=@��df02A¸D@7214?E=Z=F1Om@v>bEDFm�p
¥y721£\][8N4v2mQ[f\xD@7>?Bm=F14h<?B143�?Bmy[^0£D@721�aj1O[^XZ14D@=@9£[f\�D@721xdf02[^X�dfbE9j5J?EDFmyAJ?EXZ1402m@?B[^02mi5<?EDFm`A>14n>D@7½1H�<DF1408D¡df02A¦D@721sX�dfac0>?ED@v2A>1[f\Ung14=@D@v>=@;edfD@?B[^02mip
� 	
!10 �	��
* 
� � *�
 � !��� ���

/�\tDF14=QD@721kC2=FmFDQDF[^XZ[^ac=~dfn>7:9�m@D@v2AJ9¸[f\ ��� � ¯§¯ ¶ �§� � � ·4¹lº^»E¼ �E±i²c³ _� I5¡d¨mF14?Bm@XQ?BNk0214Dr3o[^=@�¸\][^=QD@721Ì<[^v>D@7�qÞNO14b¿df02A ��[i3¡b¿df02A>m�P �ÜÌ<q ��n>=F[fç@1ON4D
�ÞVs3`d^mÂ?E02m@D~dfbEbB1OAMplR>=F[^X ±i²c² _�G ±i²c²5; 5�q � ÉYÊzÉ �<¥W5MD@721lC2=Fm@DDF[^XZ[^ac=~dfn>7:9�1H�Jng14=@?EXZ1408DQ3¡?ED@7¸;>=F[jd^AJ;edf02AÄm@D~dfD@?B[^02m�3`d^mQNidf=@=@?B1OA�[^v>Di5Á?EXQXZ1OAJ?¿dfDF14bE9¤\][^bEbB[i3`1OA�;:9Í � ¥�Ì<Ç � ¥W5od¨NO[^XQn{14D@?ED@?Ehj1�1H�Jn{14=@?EXZ140:D�v2mF?E0>a¤XZ[^=F1wm@D~dfD@?B[^02m�p�¥y7>?BmZD@=@?Eacaj14=F1OAÝdz\�d^m@D�mF14=@?B1OmZ[f\nedfn{14=Fmip¡/�=F[^v>ac7z[�hj14=@h8?B143«df;g[^v>DsD@721�AJ9<0edfXQ?BN6=F1OmF1idf=FN~7|n>=F[<NO1OmFms3¡?ED@7|mF[^XZ14D@?EXZ1OmxNO[^0:D@=~d^AJ?BN4D@?E0>a=F1Om@v>bEDFm¡?Bm#ac?Ehj140w?E0�¥�df;>bB1 ± p/xm�Nidf0
;g1¦mF1O140¨\S=F[^X D@721�NO[^XQn>?Eb¿dfD@?B[^0�5YXZ[cm@D¢[f\¡D@721�A2dfD~d½\t=F[^XËD@721�m@D@v2AJ9�AJ?E=F1ON4D@bE9�[^=¢?E02AJ?LG=F1ON4D@bE9|A>14n{1402AÃ[^0ÃD@721¢Dr3o[kb¿df=@aj1�1H�Jng14=@?EXZ1408DFm�df02AÃ[^0zD@721ZÌ<q �¸0214DI3`[^=@�gp¢¥y7214=F1H\S[^=F1c5�d¦=F14h<?B143-[f\D@721£1H�<n{14=@?EXZ140:DFmQdf02A
DF[^XZ[^ac=~dfn>7>?BN£mFD@v2AJ?B1Om�\][^=¢qÞNO14b¿df02A
?Bm�ac?Ehj140�5UbB1id^AJ?E0>azDF[|[^n{140
u8v21Om@D@?B[^02m�[^=NO[^0:D@=F[�hj14=Fm@bE9ZAJ?BmFN4v2mFm~1OAQ?BmFm@v21OmU\][^=YqÞNO14b¿df02AM5jD@7edfDY3¡?EbEb2;{1#d^A>AJ=F1OmFmF1OA¦dfDYD@721#1402AZ[f\{D@7>?BmYNF7edfn>DF14=o3¡?ED@7D@721¢=F1Om@v>bEDFmÂ[f\Á[^v>=xXZ[<A>14bE?E0>akm@D@v2AJ9jpxÀ�1¢m@D~df=@Dx3¡?ED@7¨d�A>1OmFN4=@?En>D@?B[^0¨[f\YD@721�mF14?Bm@XQ?BN¢NO[^02AJ?ED@?B[^02m6df02AD@721�dih^df?Eb¿df;>bB1#mFD~dfD@?B[^02m�?E0�qÞNO14b¿df02AQ?E0Z[^=FA>14=YDF[Wm@72[�3ÄD@721¡021ONO1OmFm@?EDr9l[f\{v2m@?E0>aWD@721¡XQ?BA<G�DF[ÂbB[^0>a^G�ng14=@?B[<A=~df0>aj16[f\�mF14?Bm@XQ?BNx\S=F1Ou:v21402N4?B1Om�3¡7>?BNF7Ãdf=F16d�K{1ON4DF1OA½;89£C20>?EDF1HG]\t=F1Ou8v21402N49½1HK{1ON4DFmip
�������	��� � ��
 *  /�)�	�)
 * �

¥y721Waj140214=~dfb�m~14?Bm@XQ?BN6NO[^02AJ?ED@?B[^02m�[^0|qrNO14b¿df02AM5>;{14?E0>a¦df0w[<NO1idf0w?Bm@b¿df02AM5edf=F1602[^D#hj14=@9kd^AJhcdf0:D~dfaj1O[^v2m�pÊ|?BN4=F[cmF14?Bm@XQ?BNk02[^?BmF1k?Bm�7>?Eac7ÄD@7>=F[^v>ac72[^v>D¦qrNO14b¿df02AM5ydf02A¸D@721½m@?Eac0edfbLG�DF[fG�02[^?BmF1½=~dfD@?B[Ã?BmQmF?Eac0>?LCeNidf0:D@bE9n{[8[^=F14=xAJv>=@?E0>a¦3¡?E08DF14=sD@?EXZ1lAJv216DF[¦m@DF[^=@XZmlP 
 � ���M�{�§� � � ·4¹¡º^»E¼ �E±i²c²5;  tVHps¥y721602[^?BmF1¢7ed^msd�m@D@=F[^0>an{1idf�ldfD 6 mi´<dfnedf=@DU\t=F[^X«D@7edfD�02[^?BmF1ybB14hj14bBmodf=F1¡m@?Eac0>?LCeNidf0:D�\S=F[^X � p � G � p ³ Ísæ�P ± p �cè m �<è mi5 å ®:®8ª � ·4¹§º^»E¼�E±i²c²c²  tVHpl¥y721OmF1�ng1idf�JmWA>[^XQ?E0edfDF1Q[ihj14=ldfbEb§02[^0JG�bB[<NidfbYm@?Eac0edfbBmW?E0ÃD@7>?Bmx\S=F1Ou:v21402N49|=~df0>aj1cp � 140214=~dfbEbE9j5D@7214=F1W?Bmy7>?Eac7�m~14?Bm@XQ?BN6dfD@DF140:vedfD@?B[^0|;g14021idfD@7�qÞNO14b¿df02Awdf02AkD@7214=F1H\][^=F1WbE?ED@D@bB16140214=@ac9¦\S[^=¡DF14bB1OmF14?BmFXQ?BN6Ç3`dihj1Om¡df;g[�hj1 ± Ísæj5<df02Akdf;{[ihj1 � p � Í�æ�Pt;g14bB[�3 è mF1ONO[^02A>mÒVU\S[^=¡Ì�3`dihj1Om6P 
 � �§�M�{��� � � ·4¹Yº^»B¼ �E±i²c²5;  tVHp¥y7:v2m�5>D@721WDI9<n>?BNidfb�v2m~1H\tv>bM=~df0>aj16\S[^=#mF14?BmFXQ?BNWm@D@v2AJ?B1Om#?Bm¡?Bmsdf;g[^v>D ;�� _c_UmlP å ®8®:ª � ·4¹`ºc»E¼ �E±i²c²c²  tVHpo/xm3o1¦7edOhj1kAJ?BmFN4v2m~mF1OA¤?E0 � 7edfn>DF14=Q_
PSmF1O1£R§?Ea2p§_Jp�_ � VH5§\][^=¢mFX�dfbEbon>bEv>XZ1Omi5�mFv2NF7�d^m¢D@721 ;c� �<X�G�=~d^AJ?Ev2mXZ[<A>14bYm@v>acaj1Om@DF1OAÃ\][^=6qrNO14b¿df02AM5�D@721Q=~dfD@?B[½[f\`n>bEv>XZ1Z3¡?BAJD@7�DF[k3`dihj14bB140>acD@7
AJ=F[^n2m6;{14bB[i3Å[^021c5M?E02AJ?LGNidfD@?E0>aZD@72161H�J?Bm@DF1402NO16[f\�m@?Eac0>?LCeNidf08D#C20>?EDF1HG]\S=F1Ou:v21402N49w1HKM1ON4DFmipY¥�3o[�mFD@v2AJ?B1Om#A>1idfbE?E0>a�3¡?ED@7wD@7>?Bm#?BmFm@v21
±c± 6



m@D@v2AJ9 9j1idf= A2dfD~d XZ14D@72[8A � =F1Om@v>bED¥�=@9<acach^d^mFm~[^0�14D�dfb�p ±i²c³ _ C2=Fm@D#DF[^XZ[^ac=~dfn>7:9wmFD@v2AJ9
�°7edf0>a��«¥�df0>?EXZ[^DF[ ±i²c² _ bB[i3yG�=F1OmF[^bEv>D@?B[^0Ãm@v>=Ü\�d^NO1Â3`dOhj1�DF[^XZ[^ac=~dfn>7:9
��çFdf=@0ed^mF[^0�14D�dfb�p ±i²c² _ DF[^XZ[^ac=~dfn>7>?BN�?EX�dfaj16[f\Un>b¿dfDF1W;{[^v>02A2df=@9�Ì8À [^aZqÞNO14b¿df02AÌ872140�14Dsdfb�p ±i²c²5; =F1ONO14?Ehj14=#\Sv>02N4D@?B[^0�m@D@v2AJ9 �U72[^D�¥ �z;{14021idfD@7�qrNO14b¿df02AÀ�[^bL\S1614D�dfb�p ±i²c²�� q q � ÉYÊzÉ �<¥`G�DF[^XZ[^ac=~dfn>7:9Ã1H�<n{14=@?EXZ140:DÌ872140�14Dsdfb�p ±i²c²c³ =F1ONO14?Ehj14=ÜG]\tv>02N4D@?B[^0¨dfn>n>=F[jd^NF7 �o¥ �zD@7>?E0>0>?E0>aÍs14bEX¢;g14=@aj14=x14D�dfb�p ±i²c²c³ n>bEv>XZ1�NO[^XZ1Omy\S=F[^X > �cÎ�nedfDFN~7|dfD � Ê �È#?EDFmF14X�d�14Dsdfb�p ±i²c²c² � n>bEv>XZ1�[^0>bE9£=F1OmF[^bEh^df;>bB16?E0½v>n>ng14=#X�df08D@bB1/�bEbB140�14D�dfb�p ±i²c²c² D@7>?E0�52m@D@=F[^0>a25�P

dvS 5
±i����� Vl72[^D#n>bEv>XZ1

�o? çÜ3`df=FA��ÆÌ8nedf�8X�df0 ±i²c²c² � 3¡72[^bB16X�df0:D@bB16n>bEv>XZ1
�o=F1OA>A2dfX$14D�dfb�p �c�c�c� X�dfn>n>?E0>a�D@7216qÞNO14b¿df02A½n>bEv>XZ16NO[^02AJv>?ED#3¡?ED@7|Ís1Â?BmF[^DF[^n{1OmÇ�=@?EDFNF7edf=FAz14D�dfb�p �c�c�c� � n>bEv>XZ16?E0½XQ?BA½X�df08D@bB1W\S=F[^X df=@=~dO9½A2dfD~d
W14bEbB14=�14Dsdfb�p �c�c�c� u:v21Om@D@?B[^0>?E0>a£[f\Uq � ÉYÊzÉ �<¥�=F1Om@v>bEDFmR2[^v>bEaj14=s14D�dfb�p �c�c�c� Í df02[^X�dfbE9½v>n½DF[ 6:�c� �8Xw52;>v>D¡02[ZA>1O14ng14=�D@7edf0 �^�c� �8XR2[^v>bEaj14=s14D�dfb�p �c�c�J± Í n>bEv>XZ1�NO[^0JC2021OA½DF[Qv>n>n{14=¡X�df0:D@bB1
�°7ed^[ �c�c�J± � 3¡72[^bB16X�df0:D@bB16n>bEv>XZ1W\S=F[^X � Ê �À�[^bL\S1614D�dfb�p �c�c�c� q çÞv2m@D@?LCeNidfD@?B[^0z[f\Uq � ÉYÊzÉ �<¥�=F1Om@v>bEDFm�Pt=F1OmFng[^02mF1ÂDF[ W14bEbB14=ÒV/�bEbB140�14D�dfb�p �c�c�c� Í C2=Fm@D#?EX�dfaj16[f\Un>bEv>XZ1W721id^A/�bEbB140�14D�dfb�p �c�c�c� Í XZ[8A>14b�[f\UD@7216N4=@v2m@D
��çFdf=@0ed^mF[^0�14D�dfb�p �c�c�c� q q � ÉYÊzÉ �<¥ m@721idf=ÜG�3ydOhj1lm@n>bE?ED@D@?E0>a�m@D@v2AJ9Ì872140�14Dsdfb�p �c�c�c� Ìg5 q D@?EbEDF1OAwX�df0:D@bB16n>bEv>XZ16D@7>=F[^v>ac7wD@=~df02m@?ED@?B[^0�æi[^021R2[^v>bEaj14= �c�c�c� 02[Qn>bEv>XZ1�dfDsdfbEbMv>02A>14=�qÞNO14b¿df02AÊ|[^08DF14bEbE?�14D�dfb�p �c�c� _ � acbB[^;edfb�RURDF[^XZ[^ac=~dfn>7:9 �Yv>n>n{14=#X�df0:D@bB1�n>bEv>XZ1Ì8DF14?E0��ÆÌ8DF14?E0 �c�c� _ � 14h8?BA>1402NO1ldfa:df?E02m@D�d�72[^DFm@n{[^Dy\t=F[^X 721idfD �e[i3 A2dfD~dÌ872140�14Dsdfb�p �c�c� _ Ìg5 qH5 Í XQ?BA<G�X�df0:D@bB1HGIAJ?BmFNO[^08D@?E0:v>?EDI9 �¡XQ?BA<G�X�df08D@bB1¢[^=@?Eac?E0 �Í�v>0>a�14D�dfb �c�c�76 Ìg5 qH5 Í =F14ac?B[^0edfb�RUR�G�DF[^XZ[^ac=~dfn>7:9/�bEbB140��-¥�=F[^XQn �c�c�cè Ì8?�5 Íl5 q �ÜÌ<u:v21O14æO?E0>a¦DF1Om@DFm
�ÂDF[QNO[^02m@D@=~df?E0wnedf=~dfXZ14DF14=�=~df0>aj1
� º��H»B· /°¼��� 	 �>�!���*�����! �!# �!�����(,<)
,< B� �H67�! 267,<�L *�� IK ��02,+�!�L��K��� �!# ��02, �M67,<�R�O 2F���6 �O 2�!)P�O�:'/���L��K�K*,<�3,7F
�d' ��02, )P��7�!�p�(�!)
�7K����3?E0*��6 ,L%�?W,<�L��)
,< E� ��- .102, ��0*���3F 67�!���5)+ "K�� �>,M�9��02,pF������S�3�4�5�367, 8�


�

�� �

 2,���=A�!�LZ � �
�
� � 	�� 	 �2. � �

�
� ��
 .� �N. � �

�
K����
���O�UF������>�3,�� � �

�
�4��02,<�[CO- � ���>�3,	�O�R�������! ;� ���3,7F �

\ \���_* *���(,�Y�#R�3, ,*��,< 26[' ��� � ���2�5������� ���>=AY �>,<����6<����' ��. �	� �����O ;�L�������! �5�! 2,O-

±c±iè



3¡?EbEb�;{1Ân>=F1OmF140:DF1OA�b¿dfDF14=#?E0½D@7>?Bm#N~7edfn>DF14=ip
¥y721ÂAJ?E=F1ON4D@?B[^0�df02AkAJ?Bm@D~df02NO1s\t=F[^X 3¡7>?BN~7w1idf=@D@72u:vedf�j1Om¡NO[^XZ1ÂA>1ON4?BA>16df;{[^v>D`D@721xn{[cm@?ED@?B[^0k[f\�D@721D@=~dOhj14bLG�D@?EXZ1xdf02AZdfXQn>bE?ED@v2A>1#1HKM1ON4DFmY[f\°D@721yn>bEv>XZ1c5<df02AM5^\S[^=Y[<NO1idf0Q?Bm@b¿df02A>mi58df;g[^v>D�3¡7214D@7214=YD@72149lNidf0;{1�=F1ONO[^=FA>1OA�3¡?ED@7¢b¿df02A<G�;ed^mF1OA�mFD~dfD@?B[^02m�[^=�02[^Dip§qÞNO14b¿df02A � m�n{[cm@?ED@?B[^063¡?ED@7¢=F1Om@ng1ON4D�DF[¡acbB[^;edfb8m~14?Bm@XQ?BN4?EDI9?Bms?EbEbEv2m@D@=~dfDF1OAz?E0wC2acv>=F1 6 p�_Jps/xm�Nidf0z;g1¢mF1O140�5°?EDs?Bmxu:v>?EDF1�\�dOhj[^=~df;>bB1c5gbB1id^AJ?E0>akDF[¦d�aj[8[<A|dfæO?EX¢v>D@7edfb

800

500

300

150

70
33

0

-150˚

-120˚

W

-6
0˚

-30˚

0˚ (N)

30˚

60˚

E

12
0˚

150˚

180˚ (S)
��������� · /°¼ �� �U D���7��) �*��0B�O�q, ,*�5��F��&�!���O B�q)P�3? �!#^K����
���O�;�3,<�&�<)+��6<����'
67,< B�(,<�3,7F��! D�M67,<�R�O 2FB- 	Q?E��67,< B�(,<�<�
�!# ,	�>,< E� �W�� ��02,  � 	 6d�����O���7K�= ����0 )P��K� *���L��F*,A�R�O�[K*,<�X��0B�O �U�O�3,Q?E���4�L�(,7F�= ����0��NF*,V? ��0^YVF*,V?A,< 2F*,< B�
67�!���!� 67��F��� IK �>� K�� �>,< �� S��02, �76d�O��, ���O� �! G��02,U�L��K�0B� 0B�O 2F �L��F*,O- W�R���(,��;�4�5 2F��O�L��,M�T�O�3, ?E���4�L�(,7F �>�
��0*�� ���� 2,M� �! �(��?W- � �!�3,7� �>,<� �^��02, ���46VZ*Y����7��)P�*��0;���O 2F ,V?E��67,< B�����O�EF��&�!���O 267,M� = ����0 ��02,])
���!�;#��3, ,I��,< E�
��676��5�L�3,< 267,M� �O�3, �� 2F���6d���(,7F �d' ��02,UF��>�L0^YVF*�4�L�(,7F+���� 2,M�X�O 2FP6<���36<��,M� �I�3,M��?A,76���� �>,<�:'�- \2�!�UF��&�36����<�L���! 
�3,7,
�(,L% �<-

NO[ihj14=~dfaj1s[f\gDF14bB1Om~14?Bm@XQ?BN#;{[8AJ9¢3`dihj1OmY\S=F[^XÆ1idf=@D@72u8vedf�j1OmÁm@D@=F[^0>aj14=YD@7edf0
mB 5.7

P 
 � ���M�M��� � � ·O¹§º^»B¼�E±i²c²5;  tVHpYqr0£A>14D~df?Eb�5JmF14hj14=~dfbMN4bEv2m@DF14=Fm`?E0£DF14=@XZm¡[f\�;ed^NF�8GrdfæO?EX�v>D@7�df02Ak14n>?BNO1408D@=~dfb�AJ?Bm@D~df02NO1xDF[¢qÞNO14b¿df02ANidf0�;{1QN4bB1idf=@bE9Ã?BA>140:D@?LCe1OAM5§D@721Z¥�[^0>a:dw=F14ac?B[^0¤;{14?E0>a½D@721QXZ[cm@D6n>=F[^XQ?E021408Dl[^021c5�NO[ihj14=@?E0>aÃdk;>=F[jd^A
±c± ;



=~df0>aj1w?E0ÝdfæO?EX�v>D@7�5¡AJ?Bm@D~df02NO1zdf02A�d^mZ3`14bEb�?E0�mF[^v>=FNO1�A>14n>D@7�pÝRe[^=¦dÃXZ[^=F1�A>14D~df?EbB1OAÝdf0edfbE9<mF?BmQD@7217>?Bm@DF[^ac=~dfXZm6\S[^=WD@721�\S=F1Ou8v21402N49ÃAJ?BmFD@=@?E;>v>D@?B[^0�3¡?ED@7¤=F1Om@n{1ON4DWDF[½D@721QAJ?Bm@D~df02NO1£df02A¨D@721�;ed^NF�cdfæO?EX�v>D@7DF[�D@7216qÞNO14b¿df02A½n>bEv>XZ1�df=F1Wac?Ehj140�?E0wR�?Eacv>=F1Om 6 p 6 df02A 6 p è 5J=F1Om@n{1ON4D@?Ehj14bE9jp¥y721  2��� � � � �20 �	��
* 
�� ��-2� � �"* � � ��!, 2��� � ��*�� �'� P
∆)
[f\Y1idf=@D@72u8vedf�j1Om�D@7edfDÂNidf0�;{1W=F1ONO[^=FA>1OAz[^0qÞNO14b¿df02A¤m@72[�3#m�Dr3o[ÃAJ?Bm@D@?E02N4D�n{1idf�Jmipk¥y721QC2=Fm@Dl[^021¦df=F[^v>02A

∆ 5 �<± ◦ NO[^XZ1Om¢\t=F[^X D@721¦1idf=@D@72u8vedf�j1;{14bEDkdfD£D@721|1id^mFDF14=@0�1402AÝ[f\6D@721Ãm@v>;{AJv2N4D@?E0>a � [<NO[cmkÇ�b¿dfDF1¨df02AÄ\S=F[^X�D@721 �:dfnedf0�¥�=F1402N~7�p«¥y721mF1ONO[^02A�;>=F[jd^A>14=�n{1idf�½df=F[^v>02A
∆ 5 ±i�c� ◦ ?BmsAJv21WDF[�1idf=@D@72u8vedf�j1OmÂdfD#D@721 �:dih^d�¥�=F1402N~7�5°D@721�ÌJdfbB[^XZ[^01idf=@D@72u8vedf�j1¡=F14ac?B[^0�5jD@721 � 7>?EbB1¡È�?BAJaj1c5:df02A�D@721¡mF[^v>D@7Q3o1OmFDÁqI02AJ?¿df0 � NO1idf0ZÈ�?BAJaj1cpU/�nedf=@DU\S=F[^X«D@721OmF1n{1idf�<mÁD@7214=F1�?Bmoaj140214=~dfbEbE9�[^021x1idf=@D@72u:vedf�j1sng14=o9j1idf=`[^0kdOhj14=~dfaj1x?E0�D@721s=~df0>aj1 è _�G ± 656 ◦ AJ?Bm@D~df02NO1Âdf02Adlaj140214=~dfb�D@=F1402AwDF[�7>?Eac7214=smF14?Bm@XQ?BN4?EDr9kdfD�b¿df=@aj14=�AJ?Bm@D~df02NO1Omip¥y721¢AJ?E=F1ON4D@?B[^02mx[f\�D@72161idf=@D@72u8vedf�j1OmWd^m�mF1O140w\t=F[^X$qrNO14b¿df02AP ��� �	� ���'�1� 0 �	� 5

Θ
V¡N4bEv2m@DF14=Âdf=F[^v>02AD@721#;ed^N~�:GrdfæO?EX¢v>D@72my[f\{D@721�æi[^021Omo[f\MX�d�ç@[^=ÁmF14?Bm@XQ?BNxd^N4D@?Eh8?EDr9�PS1cp a2pE58¥�[^0>a:dJ5 �8dfnedf0�5 � 7>?EbB1 � Ç§14=@v°VH5<D@721[^0>bE9km@nedf=FmF14bE9kNO[ihj14=F1OA�AJ?E=F1ON4D@?B[^0|?Bm¡D@7216[^021ÂDF[QD@721lÌ<[^v>D@7JGIÉÁd^m@DipÀÝ?ED@7QD@721OmF1yAJ?E=F1ON4D@?B[^02mY?E0�XQ?E02A�D@721yD@=~dOhj14bLG�D@?EXZ1�A>14b¿dO9lnedfD@DF14=@02mY?E0�D@721yb¿d^m@DUnedf=@DY[f\°D@7>?Bm�N~7edfn>DF14=D@7edfDsdf=F16[^;>D~df?E021OA�v2m@?E0>aQD@721W;ed^N~�^dfæO?EX¢v>D@7z[f\UD@7216Ç§14=@v|14hj140:DlP

Θ 5 ±i�5; ◦ À�1Om@DÒVyNidf0�;g1Â02[^D@?B[^0edfbEbE9=F[^D~dfDF1OA½DF[Z[^;>D~df?E0�D@721WnedfD@DF14=@02m#D@7edfD#3`[^v>bBAw;{1W1H�<n{1ON4DF1OA£\][^=¡D@72161idf=@D@72u:vedf�j1Om�bE?E�j14bE9k=F1ONO[^=FA>1OA�[^0qÞNO14b¿df02AMps¥y7>?Bmx?BmxA>[^021�b¿dfDF14=x?E0|D@7>?BmÂN~7edfn>DF14=s\][^=#\][^v>=ÂAJ?E=F1ON4D@?B[^02mipÂqI0|aj140214=~dfb�5gNO[^XQnedf=F1OAzDF[£[^D@7214=n>bEv>XZ1Omi5JqÞNO14b¿df02A�7ed^m¡d6\]df?E=@bE9Qaj[<[8AkdfæO?EX�v>D@7edfb�NO[�hj14=~dfaj1s\S[^=`DF14bB1OmF14?Bm@XQ?BNÂAJ?Bm@D~df02NO1Om¡df02A£u:v>?EDF1ÂdW\]1431idf=@D@72u8vedf�j1Om�Nidf0w;{1W1H�<n{1ON4DF1OAk\][^=�dlDI9<n>?BNidfb�1H�Jng14=@?EXZ1408D�bE?L\]14D@?EXZ16[f\ ± G � 9j1idf=FmipqrDo?Bmy[^;8h8?B[^v2myD@7edfD`\][^=ydfbEb{[^D@7214=yn>bEv>XZ1Om¡[f\�?E0:DF14=F1Om@DyD@721xacbB[^;edfbMmF14?Bm@XQ?BN4?EDr9�nedfD@DF14=@0½=F14X�df?E02m`D@721m~dfXZ1W;>v>D�?Bm#mF1O140½\S=F[^X(d�AJ?LKM14=F140:D�n{[cm@?ED@?B[^0�po¥y7:v2mi52N4bEv2mFDF14=@?E0>a�?E0�AJ?Bm@D~df02NO1¢df02A½;ed^NF�cdfæO?EX�v>D@7z3¡?EbEb[<NON4v>=WdfD6AJ?LKM14=F140:DWn>b¿d^NO1Om¢df02A¨AJ?Bm@D~df02NO1Omip Û 14hj14=@D@7214bB1OmFmi5�AJ?E=F1ON4D@?B[^02m6[f\o7>?Eac7¨bE?E�j14bE?E72[<[8AÄPS[^02NO1�n{14=D@7>=F1O1¦XZ[^0:D@7¸[^=�XZ[^=F1�VW\S[^=¢3`dOhj1£?E02N4?BA>1402NO1¦3¡?EbEb`1H�J?Bm@D¢df02ANidf0
m~14=@hj1¦d^m�d½acv>?BA>14bE?E021�\S[^=lm@D~dfD@?B[^0n{[cm@?ED@?B[^0
n>b¿df0>0>?E0>a¤df02A�df=@=~di9
A>1Om@?Eac0�pzÀ�1£7edOhj1kmF1O140?E0 � 7edfn>DF14=Q_�D@7edfD�D@721£X�df?E0¸1HKM1ON4DFm�[f\xdn>bEv>XZ1�[^0¨D@=~dihj14bÁD@?EXZ1£df02A¤dfXQn>bE?ED@v2A>1�[<NON4v>=�N4bB[cmF1QDF[�[^=6;g147>?E02A�D@721Qn>bEv>XZ1cp�¥y78v2mi5�D@721�m@D~dfD@?B[^0A>1402m@?EDr9kNidf0�;g1Â?E02N4=F1id^mF1OAw;g147>?E02A½D@721Ân>bEv>XZ1ld^m#mF1O140k\S=F[^X¾AJ?E=F1ON4D@?B[^02ms[f\U7>?Eac7�mF14?BmFXQ?BN4?EDI9jp

�(�'� ����*���* � � � � �	��
*��

qr0 ±i²c³c³ 5°D@721lÌ<q �ÝP�Ì<[^v>D@7JGIqÞNO14b¿df02A<G$��[i3¡b¿df02AeVÂn>=F[fçÜ1ON4DQP 8 � ª ��� ����� � � ·4¹¡º^»B¼ �E±i²c² _� tV¡3yd^msm~14D�v>nw\][^=1idf=@D@72u8vedf�j1¢n>=F1OAJ?BN4D@?B[^0¨m@D@v2AJ?B1OmÂdf02A|=F1OmF1idf=FNF7¨[f\ÁN4=@v2m@D~dfbUAJ980edfXQ?BNOmWdfDsD@721�Ì<[^v>D@7JGIqÞNO14b¿df02A�Ì<14?Bm@XQ?BNæi[^021ZP�Ì<q@Ì �MVHp2/ mF14?BmFXZ[^XZ14DF14=#0214DI3`[^=@�½3`d^m¡?E02m@D~dfbEbB1OAwdf02A�1H�<DF1402A>1OAk?E0 ±i²c²76 DF[�D@721Â02[^=@D@7JGI1id^mFDF14=@0nedf=@D�[f\6qÞNO14b¿df02A�d^mZ3`14bEbsdf02AÄ7ed^mQac=~d^AJvedfbEbE9�;{1O140�NO[�hj14=@?E0>a
b¿df=@aj14=Znedf=@DFm¦[f\6qrNO14b¿df02AÄmF?E02NO1 ±i²c²5;P < � �U� � ������� � � ·4¹¡º^»E¼ ���c�c� _� tVHpyqrD�NO[^02NO140:D@=~dfDF1OmÂ[^0�7>?Eac7JG�=@?BmF�k[^=s7>?Eac7JGrd^N4D@?Eh8?EDr9|df=F1id^m�[f\YqÞNO14b¿df02AM5?�p 1cpE5{D@721 Û [^=@D@7¨df02AzD@721ZÌ<[^v>D@7JG�À�1Om@Dip6¥y7>?Bmi5MmF[fGINidfbEbB1OA �ÜÌ<q �¸0214DI3`[^=@���~5M7ed^mx;{1O140Ãv2mF1OAw\][^=WdfbEXZ[cm@DdfbEb�m@D@v2AJ?B1Om�5Jnedf=@D@bE9£DF[^aj14D@7214=�3¡?ED@7�m@D~dfD@?B[^02m�[f\UDF14XQn{[^=~df=@9k1H�Jn{14=@?EXZ140:DFmip/s02[^D@7214=oA2dfD~dWm~[^v>=FNO1¡D@7edfDY?BmYv2m~1OAl\S[^=odfbEXZ[cmFDodfbEbemF14?Bm@XQ?BN�m@D@v2AJ?B1OmÁ[^0�qÞNO14b¿df02AQ?Bm�D@721#ng14=@X�df021408D
� Ì Û m@D~dfD@?B[^0 �y[^=@a:df021Om¢PSmFD~dfD@?B[^0�NO[8A>1�� � È � VHp/snedf=@DY\S=F[^X}D@721�mFD~dfD@?B[^02mo[^0�qÞNO14b¿df02AZ?EDFm~14bL\Ü5:D@7214=F1sdf=F1�[^D@7214=`m@D~dfD@?B[^02mo?E0�D@721¡=F14ac?B[^0�5<D@7edfDÁXQ?Eac78DNidfn>D@v>=F161HKM1ON4DFm#[f\UD@721Ân>bEv>XZ1cpY¥y721�>�0>?Ehj14=FmF?EDI9½[f\'�y14=@aj140¤P Û [^=@3`di9>V¡?Bm¡[^ng14=~dfD@?E0>a�mFD~dfD@?B[^02m#[^0½D@721
�:df0ÃÊzdi9j140zqÞm@b¿df02APA� Û À-5:� Û É`VH5gd^ms3o14bEb�d^m Û � ÈxÌ</xÈ PA�jÊ|q � 5:�jÊ|q � VHpe¥y721��`=@?ED@?Bm@7 � 1O[^bB[^ac?BNidfbÌ8v>=@hj149wPA� � Ì>V§7ed^mÁmFD~dfD@?B[^02mÁ[^0ZD@721#R°df=F[81sqrm@b¿df02A>msPSR§ÍsÎ�5jRYÌ<Tl5:R�Ì8Î�5cRU¥ � df02AZR§ÎU/ÂVUdf02A�[^0ZD@721Ì87214D@b¿df02A�qÞm@b¿df02A>m�P�Ì</ Û >¢5°Ì<É �8VHp � 0 � =F1O140>b¿df02AwD@721 WÊ � PSÈs[i9:dfb�TWdf0>?Bm@7�qr02m@D@?ED@v>DF1�V`?Bm�=@v>0>0>?E0>amF14hj14=~dfb�m@D~dfD@?B[^02m�5JXZ[^=F1O[ihj14=#D@7214=F1Â?Bm#d�m@D~dfD@?B[^0w[f\§D@721 � df0ed^AJ?¿df0|Ì<14?Bm@XQ?BN Û 14DI3o[^=@�{pÁqI\�3`16NO[^XQnedf=F1D@721WbB[<NidfD@?B[^0|[f\UD@721OmF1�mFD~dfD@?B[^02m#3¡?ED@7wD@721WX�dfnz[f\§D@721¢m@D~dfD@?B[^0|df=@=~di9½v2mF1OA½?E0 � 7edfn>DF14=Â_wPSR§?Ea2pe_Jp � VH53o1Wm~1O1sD@7edfD#m~[^XZ1W[f\�D@721OmF1Wm@D~dfD@?B[^02m#df=F1ÂbE9<?E0>aQ3¡?ED@7>?E0w[^v>=¡0214DI3`[^=@�wdfng14=@D@v>=F1c52df02A½[^D@7214=Fm�df=F1W[^0>bE9

±c± �



0.0

50.0

100.0

150.0

200.0

250.0

300.0

to
ta

l n
um

be
r 

of
 e

ar
th

qu
ak

es

0.0 30.0 60.0 90.0 120.0 150.0 180.0

epicentral distance [degrees]

0.0

1.6

3.2

4.8

6.4

8.0

9.6

nu
m

be
r 

of
 e

ar
th

qu
ak

es
 p

er
 y

ea
r

��������� · /g¼0/B �J�&�!�(�7K����O) �!#^ B�5) �;,<� �!#q,d�O�!��0,*�4�OZI,M�q?A,<� ,V?E��67,< E�����O�2F��&�!���O 267,T8 �>�� ;� �!# �! 2, F*,LK��3,7,LCJ�(�
��02, �M67,<�R�O 2F ?E���5)
,O- 	 �>,< E� �X�!#E)P��K� *���L��F*,J�!# ��- � �O 2F �R�O�[K*,<�X�!# ��02,� ��	 6d�����O���7K #��3�!) � ��� �OY[�(��F���'
�O�3,$?E���4�L�(,7F 8�K��3,['ICO- 	 �>,< B� � �R�O�[K*,<�P��0B�O S)P��K� *���L��F*, �P�O�3,$?E���4�L�(,7Fp�� /F��O�LZpK��3,[' ���O 2FS,	�>,< E� �D�!#
)P��K� *���L��F*, �D�O 2F �R�O�[K*,<�H�� G�3,7FB- .102,�� �5�3�!���*�(,+ B�5) �*,<�<� �!#T,	�>,< B� �D�O�3,HK�� �>,< �! ��02,H��,<#(� �L��F*, �
��02,H� �>,<����K*,  E�5) �;,<���!#U,	�>,< B� �$?W,<�N';,d�O�D�! ��02, �L��K�0B�J�<��F*,O- � �!�L���5�! B���O� ���� 2,M�T�� 2F���6d���(, ��02, ��,	�>,<�
, ,*�5� �3�O��,< E�1�(�U�! 2,�,	�>,< B�I?A,<� ��0*�3,7,1)
�! E��0;� 8��(��?BCW�O 2F �! 2,�,	�>,< B�I?A,<� ';,d�O�J8 �;�4�L�(�!)HCO-1\2�!��F��&�76����<�L���! 
�3,7, �(,L% �<-

0.0

50.0

100.0

150.0

200.0

250.0

to
ta

l n
um

be
r 

of
 e

ar
th

qu
ak

es

-180.0 -150.0 -120.0 -90.0 -60.0 -30.0 0.0 30.0 60.0 90.0 120.0 150.0 180.0

back-azimuth [degrees]

0.0

1.6

3.2

4.8

6.4

8.0

nu
m

be
r 

of
 e

ar
th

qu
ak

es
 p

er
 y

ea
r

��������� · /°¼ �4 �U�&�!�(�7K����O) �!#  B�5) �*,<� �!# ,d�O�!��0,I�4�OZI,M� ?A,<� ���46VZ*Y����7��)P�*��0 8 �>�� ;�T�!# �! 2, F*,LK��3,7,LC #��3�!)
��02,U�M67,<�R�O 2F ?E���5)
,O-W\2�!�T,L%�?E�R�O B�������! �3,7,J\]��K^�5�3, �I- � �;#��!�TF��&�36����<�L���! �3,7, �(,L% �<-

±c±i³



�c�c� �<X [^=lbB1OmFmldO3`di9�\S=F[^XË?EDip�¥y7>?BmlmF72[i3#mlD@7edfD6\][^=¢D@721¦Nid^mF1£[f\�qrNO14b¿df02AM5§D@721£A>14b¿dO9Jm�dfD¢D@7211OAJaj1OmY[f\M[^v>=Ádf=@=~dO9�Nidf0Q02[^DÁmF[^bB14bE9¢;g1¡Nidfn>D@v>=F1OAQ;89 � NO1idf0�;g[^D@DF[^X}mF14?BmFXZ[^XZ14DF14=Fmi5j;>v>D � A>14n{1402AJ?E0>a[^0wD@721Â;ed^N~�^dfæO?EX¢v>D@7z[f\UD@72161idf=@D@72u8vedf�j1 � dfbBmF[Q[^0½021idf=@;89½ng14=@X�df0edf021408D�b¿df02Awm@D~dfD@?B[^02m�p

� �'���
 * ��! � 
��
������3-/� � � �	0  /���'�

¥y721�C2=Fm@D�DF[^XZ[^ac=~dfn>789zm@D@v2AJ9w[^0ÃqÞNO14b¿df02A�3yd^msNidf=@=@?B1OAÃ[^v>Dx;:9 �¢� � ¯U¯ ¶ ��� � � ·4¹#º^»B¼ �E±i²c³ _� Ips¥y72149v2mF1OA¦ÇUG�3`dihj1ÂD@=~dOhj14bLG�D@?EXZ1WA2dfD~d6\t=F[^X ;J± 14hj140:DFmyD@7edfD`3o14=F1s=F1ONO[^=FA>1OA£;:9QD@721WÌ<q��|0214DI3`[^=@��D@7edfDyNO[^0JGm@?Bm@DF1OA|[f\o_ ² mFD~dfD@?B[^02mxdfDsD@7edfDsD@?EXZ1cps¥y72149�m@v>;{AJ?Eh8?BA>1�D@721�=F14ac?B[^02ms;g14021idfD@7ÃqÞNO14b¿df02A�?E0|\S[^v>=xA>14n>D@7bB14hj14bBmipUR>=F[^X-D@721ym@v>=Ü\�d^NO1`A>[�3¡0�DF[ �^è �<X-D@721496C202AQd�bB[i3yG�hj14bB[<N4?EDI9�æi[^021`D@7edfD§021idf=@bE9lNO[^?E02N4?BA>1OmU3¡?ED@7D@721�qÞNO14b¿df02A�=@?L\SD6æi[^021¦m@72[i3¡?E0>a|7>?Eac7¤hcdfbEv21Om6\][^=6D@721 Â=~d �°dwhj[^bBNidf0>?BN£df=F1idJpkR>=F[^X �^è G ± �^è �8XËD@721bB[i3yG�hj14bB[<N4?EDI9|æi[^0216?Bmsm@7>?L\tDF1OA|mF[^v>D@721id^m@Dr3`df=FAz3¡?ED@7�D@721¢m@D@=F[^0>aj1Om@Dxdf02[^X�dfbE?B1Omx?E0|D@721lÌ8v>=@DFmF1498GIÍs14�<b¿ddf=F1idJp�qI0¨D@721QA>14n>D@7¤=~df0>aj1l\t=F[^X ± �^è G ���^è �<Xw5�bB[�3}hj14bB[8N4?ED@?B1Om¢df=F1l\S[^v>02A¨mF[^v>D@7
[f\oD@721 �[^bE;{14?E02mF149È#?BAJaj1Wdf02A£D@721ÂNO140:D@=~dfb�nedf=@Di5<3¡7214=F1id^m¡D@721ÂqÞNO14b¿df02A£=@?L\tDyæi[^021Âm@D@?EbEb{7ed^m#d¢0214a:dfD@?Ehj1Âng14=@D@v>=@;edfD@?B[^0�pYqr0D@721lbB[i3`1Om@DWbB14hj14bYA>[i3¡0¨DF[½d¦A>14n>D@7�[f\`_ �^è �8X.D@721�Ç�3ydOhj1�hj14bB[<N4?EDI9z7ed^mÂd¦n>=F[^02[^v>02NO1OA¨bB[�3«[f\ov>nDF[ 6�� ;{14021idfD@7�NO140:D@=~dfb§qrNO14b¿df02AMp
� � � � ��� � � � � � � - �'� �1���"* ���

� � � � � � � � ���

q � ÉYÊzÉ �8¥Æ3`d^m�d£=F14ac?B[^0edfbÁ;>=F[jd^AJ;edf02A¤1H�Jng14=@?EXZ1408D¢df?EXQ?E0>a|dfDWD@721ZA>14DF14=@XQ?E0edfD@?B[^0[f\oD@721�_^Thj14bB[<N4?EDI9km@D@=@v2N4D@v>=F1W[f\�D@721Âv>n>n{14=`X�df08D@bB1W;:9£N4b¿d^mFm@?BNidfb{=~dO9£DF[^XZ[^ac=~dfn>7:9kv2m@?E0>a�=F14b¿dfD@?Ehj1ÂD@=~dihj14b�D@?EXZ1Om\S=F[^XÆ;{[8AJ9�3`dihj1Omy[f\�DF14bB1OmF14?Bm@XQ?BN�14hj1408DFmWPS©���® �Jª
·4¹Yºc»E¼ �E±i²c²��  tVHpYR2[^=oD@7>?BmÁn>v>=@n{[cmF1c5JdW0214Dr3o[^=@�Z3yd^m?E02m@D~dfbEbB1OAAJv>=@?E0>a ±i²c² _�G ²cè 3¡7>?BNF73`d^m¢?E0
[^n{14=~dfD@?B[^0
v>08D@?EbÁ\�dfbEb ±i²c²5; p½qrD¢NO[^02m@?BmFDF1OA¤[f\ ±iè n{[^=@D~df;>bB1;>=F[jd^AJ;edf02A�mF14?Bm@XZ[^XZ14DF14=Fm�5U3¡?ED@7�df0?E0:DF14=FmFD~dfD@?B[^0Äm@ned^N4?E0>az[f\Âdf;g[^v>D ±i�c� �8X*P 
 � ���M�{��� � � ·O¹6º^»E¼�E±i²c²5;  tVHpY¥y721 � Ì Û m@D~dfD@?B[^0 � � È � 3`d^m¡v2mF1OAwDF[QNO[^XQn>bB14XZ140:DxD@7216q � ÉÁÊ|É �<¥�0214Dr3o[^=@�{p©��§® �Jª�·4¹Yºc»E¼ �E±i²c²5;  Mn>=F1OmF1408D¡=F1Om@v>bEDFmo\t=F[^X D@721xDF[^XZ[^ac=~dfn>7:9km@D@v2AJ9�[f\�D@721xq � ÉYÊ|É��8¥�n>=F[fç@1ON4Dip¥y72149�v2mF1zd¨D@=~dOhj14bLG�D@?EXZ1z?E08hj14=Fm@?B[^0Ým~NF7214XZ1ÃdfbB[^0>a
3¡?ED@7�=F14b¿dfD@?Ehj1zdf=@=@?Ehcdfb�D@?EXZ1Om£[f\ ;c�J± ÇUG�n>7ed^m~1Om\S=F[^X ³5; 1idf=@D@72u:vedf�j1OmwPt?E02N4bEv2AJ?E0>a ±i� 3¡?ED@7NO[^=F1£n>7ed^mF1OmHVH5Udf02A è5;c� Ì:G�n>7ed^mF1Om¢\t=F[^X �^³ 14hj140:DFm½P ± _NO[^=F1Zn>7ed^m~1OmÒVHp�¥y721¦A>[^XQ?E0edf0:Dl3`dOhj14bB140>acD@72ml3`14=F1¦df;{[^v>D ±i� �<X.\S[^=¢Ç�5§df02A èc��� �^è �8X \S[^=�Ìgp�¥y721D@=~dOhj14bLG�D@?EXZ1�AJ?LK{14=F1402NO1Om6df=F1lXZ1id^m@v>=F1OAÃ=F14b¿dfD@?Ehj1l;{14DI3o1O140¤D@721lmFD~dfD@?B[^02mi5Mdf02A|D@721�qÞ/ÂÌ<Ç ²J± XZ[<A>14bU?Bmv2mF1OAÃDF[kNO[^=@=F1ON4DW\][^=WAJ?LK{14=F1402NO1Om�?E0Ã14n>?BNO1408D@=~dfboAJ?Bm@D~df02NO1cp�Txv21�DF[£D@721�XQ?E0>?EX�dfbÁm@D~dfD@?B[^0�m@ned^N4?E0>aw[f\df;{[^v>D �^è �<Xw52D@7214=F1¢df=F1�02[ZN4=F[cmFm@?E0>a¦=~dO9½nedfD@72mxdf02AwD@7:v2ms02[Z?E0J\][^=@X�dfD@?B[^0¨df;g[�hj1 ∼ ±i�c� �<Xwp`R2=F[^XD@7>?Bm`A>14n>D@7�58=F1OmFv>bEDFmom@72[�3�d6bB[i3yG�hj14bB[<N4?EDI9kdf02[^X�dfbE9�A>[i3¡0£DF[¢dfD`bB1id^m@D 6:�c� �<X.PSR�?Ea2p 6 p ; VHp�/yD`_ �c� �<XA>14n>D@7ÝD@721zdf02[^X�dfbE9Ä?Bmkdfn>n>=F[O�J?EX�dfDF14bE9�N4?E=FN4v>b¿df=k?E0Ým@7edfng1Ãdf02AÄ?Bm ±ièc���<�c�c� �<X ?E0Ý=~d^AJ?Ev2mÃPtv2m@?E0>aD@721 ±�� 1�=~d^AJ?Ev2mÜGIA>1HC20>?ED@?B[^0°VHpyÌ87edfbEbB[i3`14=i5edfD ±i�cè �<X A>14n>D@7¦D@721Wdf02[^X�dfbE9�NO[^?E02N4?BA>1Omy3¡?ED@7kD@721sæi[^021s[f\7>?Eac721Om@D 3 Íx1 � 4 Ís1HG�=~dfD@?B[6NO[^02NO1408D@=~dfD@?B[^02mÁ3¡?ED@7>?E0�D@721y021O[ihj[^bBNidf0>?BN#æi[^021c5j?Bm�hj14=@D@?BNidfbEbE9lNO[^08D@?E0:v2[^v2mydf02Am@72[�3#m�02[£m@?Eac0>?LCeNidf0:Dxb¿dfDF14=~dfbUm@7>?L\tDFm�p¡¥y721¢dfXQn>bE?ED@v2A>1OmÂ[f\YD@7216hj14bB[<N4?EDI9wn{14=@D@v>=@;edfD@?B[^02mWdf=F1 ��� 5gdf02A
6�� 5e\S[^=�Ç�df02AzÌg5e=F1Om@n{1ON4D@?Ehj14bE9j5{df02Azdf=F1�A>14=@?Ehj1OA|;:9wmF14nedf=~dfDF1�?E0:hj14=Fm@?B[^02m�p#¥y721OmF16hcdfbEv21OmsD@=~df02m@b¿dfDF1?E0:DF[¦dlDF14XQng14=~dfD@v>=F1Wn{14=@D@v>=@;edfD@?B[^0�[f\

∆T 5
_ �c� ◦ \][^=¡D@721WÇUG~5edf02A ;c�c� ◦ \][^=`D@721�Ì¦XZ[<A>14b�pYÍx[i3`14hj14=i5\][^= ±i�c��� 6:�c� �8X A>14n>D@7�5`=F1OmF[^bEv>D@?B[^0�DF1Om@DFm�m@v>acaj1Om@DZD@7edfDZD@721w=F1Om@v>bEDFm¦df=F1½bE?E�j14bE9¸DF[¨v>02A>14=F1OmFD@?EX�dfDF1D@721£ng14=@D@v>=@;edfD@?B[^0�p
¥y721½dfv>D@72[^=Fm�D@7>?E0>�¤D@7edfD�D@7>?Bml?BmlAJv21£DF[zD@721£=~dO98G�DF[^XZ[^ac=~dfn>7:9¸XZ14D@72[<AM5�D@7edfD0214acbB1ON4DFmQ721idfbE?E0>a2p
Ê|[^=F1O[�hj14=i5ÁD@72149m@ng1ON4v>b¿dfDF1kD@7edfDQmF14?BmFXQ?BNwdf0>?BmF[^D@=F[^n:9¸NO[^v>bBA¸n>b¿dO9¸d�=F[^bB1cp
¥y721XQ?E0>?EX�v>X hcdfbEv21OmQ\][^=�m@721idf=Z3ydOhj1zm@n>bE?ED@D@?E0>a¤?Bm£df=F[^v>02A�[f\ ± �<� mF1ONO[^02A>mi5`D@7edfD£NO[^v>bBA�1H�Jn>b¿df?E0ÄD@721AJ?LKM14=F1402NO1Om�;{14DI3`1O140zD@721¢ÇUGydf02A�D@721lÌ:G�XZ[<A>14b�p#¥y7216=F1id^m~[^0w\][^=xdf0>?BmF[^D@=F[^n89�NO[^v>bBAw;{1¢df0Ãd^mFm@v>XZ1OA0edf=@=F[i3 æi[^021£[f\#v>n:3`14bEbE?E0>a �e[i3.Ptn>bEv>XZ1�V6D@7edfDl3o[^v>bBADF1402A
DF[w?E02AJv2NO1¦hj14=@D@?BNidfb#dfbE?Eac0>XZ140:DQ[f\#D@721N4=@9Jm@D~dfbEbB[^ac=~dfn>7>?BN6d�Grd��<?Bm`[f\�X�df08D@bB1x[^bE?Eh<?E021ÂN4=@9<mFD~dfbBmipU¥y7>?Bmo3`[^v>bBA£bB1id^A¦DF[�d�hj14=@D@?BNidfbEbE9¦[^=@?B140:DF1OA¦\�d^m@D
±c±i²



��������� · /°¼ �4 .2�!)
�7K����3?E0*��6 ��)P��K*,��d'¸©���® �<ª�·4¹`ºc»E¼B` � ��� �[cM-
AJ?E=F1ON4D@?B[^0k[f\�df0>?Bm~[^D@=F[^n:9Q\][^=ÁÇUG§;>v>DÁ02[^D�\][^=yÌ:G�3ydOhj1OmipY/snedf=@D�\S=F[^X df0>?BmF[^D@=F[^n89j5<D@721sdfv>D@72[^=Fm`m@v>acaj1Om@D[^D@7214=Â=F1id^mF[^02mx\][^=xD@721�AJ?LKM14=F1402NO1OmÂ;g14Dr3o1O140�D@721�ÇUG�df02AzD@721�Ì:G�3`dihj1�XZ[8A>14b�5M1cp a2pE5�D@721¢n>=F1Om~1402NO1l[f\XZ14bEDi5edf02A�df0214b¿d^mFD@?BN4?EDI9jpqr0 �c�c�c� 5s��ª2®:®8ª � ·O¹lº^»B¼ Ptn>bEv>XZ1|[^n>n{[^02140:DFmHVZu8v21Om@D@?B[^021OA�D@721OmF1w=F1Om@v>bEDFm�5�df=@acv>?E0>a
D@7edfD¦D@721NO[^0>?BNÂm@7edfn{1OA¦m@D@=@v2N4D@v>=F1s=F1Om@v>bEDFmo\S=F[^X d�nedf=~dfbEb¿d��£1HKM1ON4D`[f\�D@721sNO[^021Â[f\�?E02NO[^XQ?E0>aQ=~dO9JmipU¥y721xb¿d^NF��[f\N4=F[cmFm@?E0>a¢=~dO9Jmi5jD@7edfD`7edOhj1xdfbEXZ[cm@D`hj14=@D@?BNidfbe?E02N4?BA>1402NO1c5<bB1id^A>mÁDF[¢m@XZ1idf=@?E0>aQdf02A�m@?E02NO1�D@721�NO[^021#D@7edfDo?Bm\][^=@XZ1OA½;:9£D@721Wv2mF1OA½=~di9<m#?Bm#m@?EXQ?Eb¿df=#?E0wm@7edfn{1W3¡?ED@7|dln>bEv>XZ16bE?E�j1�df02[^X�dfbE9½[^021WDF1402A>m¡DF[Q?E08DF14=@n>=F14DD@721W=F1Om@v>bEDFm#?E0½D@7>?Bm#3`di9jpqr0�=F1Om@n{[^02mF1sDF[6D@721snedfng14=`;:9½�Zª2®8®:ª � ·4¹Yº^»B¼B5<©��§® �Jª¸·4¹Yº^»B¼ ���c�c�c�  {mF72[i3�=F1Om@v>bEDFm`[f\�d^A>AJ?ED@?B[^0edfb=F1OmF[^bEv>D@?B[^0£DF1Om@DFm`DF[�A>14XZ[^02m@D@=~dfDF1xD@7edfD`D@721sq � ÉYÊzÉ �<¥ÝA2dfD~d^m~14Dydf02A¦D@721#DF[^XZ[^ac=~dfn>789¦XZ14D@72[<A�D@72149v2mF1OA£Nidf0£AJ?BmFD@?E0>acv>?Bm@7k;g14Dr3o1O140wd63¡?BA>1Wdf02A£m@7edfbEbB[i3�df02[^X�dfbE9j52d�0edf=@=F[i3�df02A£A>1O14n½df02[^X�dfbE9j5>df02A½d0edf=@=F[i3-df02A�m@7edfbEbB[�3�df02[^X�dfbE9jp`À�?ED@7�D@721OmF1W=F1Om@v>bEDFmi52D@721�dfv>D@72[^=Fm�A>1H\]1402A½D@7214?E=s1idf=@bE?B14=s=F1Om@v>bEDFm#[f\Ádn>bEv>XZ1HG�bE?E�j1¢v>n>ng14=sX�df0:D@bB1�df02[^X�dfbE9|dfa:df?E02m@DxdZm@7edfbEbB[i3«d^m@D@721402[cm@n>7214=@?BNkP �r/�02A>14=Fm~[^0>?¿df0&�ÞV�df02[^X�dfbE9D@7edfD#?Bm#mFv>acaj1Om@DF1OA½;:9��Zªe®:®:ª � ·4¹yº^»E¼¿pR2[^=6NO[^XQn>bB14DF14021Om~mi5�?EDÂ?BmÂXZ140:D@?B[^021OA�D@7edfD å ®8®:ª � ·4¹sº^»E¼ �E±i²c²c²  I5�XZ1id^m@v>=F1OA�d � dfv2m~m@?¿df0Ã=~d^AJ?Ev2m[f\ ± �^è �<X 3¡?ED@7

dVS 5
6 p ��� dfD#dlA>14n>D@7w[f\U_ �c� �<XÅ\][^=yD@721WA2dfD~dl[f\¡©���® �<ª¤·4¹oº^»Lp�qr0£D@7214?E=¡qÞN4bB1idf02Am@D@v2AJ9 å ®:®8ª � ·4¹�º^»B¼ �E±i²c²c²  g3`14=F1#v2m@?E0>a�dÂXZ14D@72[<AZD@7edfDÁD~df�j1Omo?E0:DF[ld^NONO[^v>0:DoC20>?EDF1HG]\t=F1Ou8v21402N49�1HKM1ON4DFmv>02A�D@721¦721idfbE?E0>aÃ1HK{1ON4D¢D@72149�[^;2mF14=@hj1OA¤?Bmld^m�X¢v2NF7Äd^m6DF[Ã_wm~1ONO[^02A>mi5�3¡7>?BN~7�1H�<n>b¿df?E02ml©��§® �Jª�·4¹º^» � mxNO[^XQnedf=~df;>bE9|bB[i3yG�hj14bB[<N4?EDI9zng14=@D@v>=@;edfD@?B[^0�pÂÍx[i3`14hj14=i5{D@7214=F1¢?Bms02[£AJ?LK{14=F1402NO1l?E0z3¡?BAJD@7|;{14DI3`1O140D@721ÂXZ[<A>14b�[f\y©��§® �Jª·4¹oºc»§df02A å ®8®:ª � 5>3¡7edfD¡D@7216dfv>D@72[^=Fm¡D@7>?E0>�£XQ?Eac7:D#;{1ÂAJv21ÂDF[�DF[^XZ[^ac=~dfn>7>?BNm@XZ[<[^D@7>?E0>az1HKM1ON4DFmipz¥y7>?Bml?Bml[^021£[f\#D@721¦�j149�ng[^?E08DFml?E0
D@721¦=F1ONO140:DZAJ?BmFN4v2m~m@?B[^02mldf;{[^v>DlD@721Z\Sv>D@v>=F1[f\�DF[^XZ[^ac=~dfn>789 � mF[^XZ1xDF[^XZ[^ac=~dfn>7214=FmsN4b¿df?EX D@7edfD¡D@721x?EXQn>=F[�hj14XZ140:DFm�AJv21ÂDF[lD@721sC20>?EDF1HG]\S=F1Ou:v21402N49DF1ONF7>0>?Bu8v21�df=F1Wm@X�dfbEb�dfa:df?E02m@D�D@721x1HKM1ON4D#[f\�DF[^XZ[^ac=~dfn>7>?BN¢m@XZ[<[^D@7>?E0>a�PSmF1O1 ���g�U�s� ª �:�¤����� 8 � ª �Bf

±i�c�



âj®8ª �¸���c�c�5;  �\][^=#m@v>=Ü\�d^NO1HG�3`dOhj1¢DF[^XZ[^ac=~dfn>7:92VHp å ®:®8ª � � m�XZ14D@72[8A½?Bm�A>1OmFN4=@?E;g1OAw?E0|Ì<1ON4D@?B[^0 6 p 6 p�_Jp
� � ��� � � � � � � � � - �����1���"* ���

� �
� ��� � �
��� �

/ m@v>;2m~1Ou:v21408D¢n>=F[fç@1ON4Di5�NidfbEbB1OA¸Í � ¥�Ì<Ç � ¥W5§3yd^m¢Nidf=@=@?B1OA¸[^v>Dlv2m@?E0>a�D@7>=F1O1½df=@=~dO9Jml?E0
qÞNO14b¿df02AMp¥y7216Í � ¥�Ì<Ç � ¥�df=@=~di9k?EDFmF14bL\Ü5JD@721�Ì<q ��0214Dr3o[^=@�{5°df02A½?E02mFD@=@v>XZ140:DFmx[^ng14=~dfDF1OA½;89£Èxdfv>0:h<?Bm@?E02A2d^m@DF[f\tG0:v>0¦Íxd^m@�j[^b¿df02msPtD@721 >�0>?Ehj14=FmF?EDI9ZÌ<N4?B1402NO1�qr02m@D@?ED@v>DF1c5jqÞNO14b¿df02AeVHp�¥y721#d^N4D@vedfbeÍ � ¥�Ì<Ç � ¥Ä0214DI3`[^=@�g5Jdf0qÞÈ�q@Ì � Ç°/WÌ>Ì � / �|df=@=~dO9¢[f\gXZ[^;>?EbB1¡m@D~dfD@?B[^02mi5c3yd^m�A>14n>bB[i9j1OAQ;{14DI3`1O140�ÊÃdO9 �c³ df02A �cv>bE9�_ ± 5 ±i²c²5; df02A3`d^mÂ?E0¨[^n{14=~dfD@?B[^0z\t=F[^X �cv>021 ±i²c²5; DF[£/�v>acv2m@D ±i²c²c³ p6qrDÂNO[^02m@?Bm@DF1OAÃ[f\`_ � ;>=F[jd^AJ;edf02AÃ?E02m@D@=@v>XZ140:DFmdf02AÄdf02[^D@7214=QC2hj1k;>=F[jd^AJ;edf02AÄm~1402mF[^=Fm�D@7edfDZNO[^XQn>bB14XZ140:DF1OAÝ1H�<?BmFD@?E0>aÃmF72[^=@DQng14=@?B[<A�Ì<q�� m@D~dfD@?B[^02mip
� 021l[f\UD@721¢aj[jdfbBms3`d^mxD@7216X�d��J?EXQ?Eæ�dfD@?B[^0¨[f\YD@721¢dfn{14=@D@v>=F16\][^=s1H�JDF1402AJ?E0>akD@721�A>14n>D@7z=F1OmF[^bEv>D@?B[^0z[f\D@721¡1H�Jng14=@?EXZ1408D�PSmF1O1¡R§?Ea2p 6 p ±c± VHp�¥y7>?BmU3yd^mYA>[^021y;:9�NO[jd^m@DUDF[WNO[jd^m@D�A>14n>bB[i9<XZ140:Do?E02N4bEv2AJ?E0>a � =@?EXZmF149?Bm@b¿df02A|02[^=@D@7|[f\ÁqÞNO14b¿df02AMp�¥y721�bB[8NidfD@?B[^02mx3o14=F1lNF72[cm~140|DF[¦;g1¢m@ned^NO1OA�14hj140>bE9|[ihj14=xD@721�?Bm@b¿df02A�3¡7>?EbB1;{14?E0>a�021idf=WdZNO[^0>021ON4D@?B[^0zDF[ZD@721¢ng[�3o14=xac=@?BA�3¡7214=F1�ng[cmFmF?E;>bB1cp¡¥y7216C20edfbUdfng14=@D@v>=F1l[f\YD@72160214Dr3o[^=@�3`d^m èc�c� �<XÅ?E0£É�À�G~5Jdf02Ak_ �c� �8XÅ?E0 Û Ì:GIAJ?E=F1ON4D@?B[^0ÃP��Á����® ¯ ª � ·O¹Uºc»E¼ ���c�c�c�  tVHp�¥y721xA2dfD~d�u8vedfbE?EDI9Z[f\D@721QÍ � ¥�Ì<Ç � ¥«m@D~dfD@?B[^02mÂ3`d^m6hj14=@9�7>?Eac7¤df02A¨NO[^XQnedf=~df;>bB1�DF[kD@721l;g[^=F1472[^bB1 � Ì Û m@D~dfD@?B[^0 � � È �PS/sbEbB140Ä14DQdfb�pE5`mF1O1 ����� ��� ��� ������� ���
���
��� � � � ��� � �������#! �	����� � � ��	��" ���	� � � � � ������
 ����� �8VHp�TÂ1Om@n>?EDF1D@721¦nedf=@D@bE9¤AJ?�h�N4v>bEDlNO[^02AJ?ED@?B[^02mQ[f\#D@721¦b¿df=@aj1¦0214DI3o[^=@�
D@721¦mFD~dfD@?B[^02m¢7ed^A¸df0v>n>D@?EXZ1�=~dfDF1£[f\ ³5;��P��Y� ��® ¯ ª � ·4¹�º^»B¼ ���c�c�J±  tVHp�¥y721�NO[^X�;>?E021OA£0214DI3`[^=@�<mo7ed^A¦dÂDF[^D~dfbg[f\ ;c� m@D~dfD@?B[^02m`14hj140>bE9ZAJ?Bm@D@=@?E;>v>DF1OAD@7>=F[^v>ac72[^v>DsqÞNO14b¿df02A¤PSNO[^XQnedf=F1OA�DF[�_ ³c� ?E0½D@7>?Bm�mFD@v2AJ9>VH5J3¡?ED@7|dZm@D~dfD@?B[^0�m@ned^N4?E0>a�[f\Ydfn>n>=F[O�J?EX�dfDF14bE9èc� �<Xwp
�Y� ��® ¯ ª � ·4¹¡º^»B¼ ���c�c�c� 5 �c�c�J±  §v2mF1OA�D@721¢A2dfD~d¦[f\YD@721�Í � ¥�Ì<Ç � ¥-1H�Jng14=@?EXZ1408DsDF[¦?EXQn>=F[ihj1¢D@721DF[^XZ[^ac=~dfn>7>?BNx?EX�dfaj1s[f\�qÞNO14b¿df02AMp�Txv>=@?E0>a¢D@721�=@v>0:D@?EXZ1Â[f\MD@721�1H�Jng14=@?EXZ1408D`D@721sÍ � ¥�Ì<Ç � ¥�0214Dr3o[^=@�=F1ONO[^=FA>1OA�mF14?BmFXZ[^ac=~dfXZm6[f\oXZ[^=F1�D@7edf0 ±i�c� DF14bB1OmF14?BmFXQ?BNQ1idf=@D@72u:vedf�j1Omip�R2[^v>bEaj14=¢14D�dfb�p{v2mF1OA¨_ ±ièc² Çdf=@=@?EhcdfbBmW\S=F[^X ± ;c� n>7ed^mF1OmW\S=F[^X ±c± _k3`14bEbÁAJ?Bm@D@=@?E;>v>DF1OA
1idf=@D@72u:vedf�j1Omldf02A ± _c_ ³ ÌÃdf=@=@?EhcdfbBmW\S=F[^X � _n>7ed^mF1OmÂdf02A ;5; 14hj140:DFmx=F1ONO[^=FA>1OA¨dfD 6:� m@D~dfD@?B[^02mips/�=@=@?Ehcdfb§D@?EXZ1Oms3`14=F1�7edf02A|n>?BNF�j1OA|\][^=sÇ§5gn2Ç�5gÇYÇ§5ÇYNOÇ§5{Ç0Wq WÇ§5°n2Ç0Wq WÇ§5�Ìg5gÌg5MÌ>Ìwdf02A¨Ì �Ìkn>7ed^mF1Om�\S=F[^X$mF14?BmFXZ[^ac=~dfXZm�D@7edfDx3o14=F1¢=F[^D~dfDF1OA�DF[�D@721ac=F1idfDQN4?E=FN4bB1knedfD@7�5Ádf02A;edf02Aned^mFm¢C2bEDF14=F1OA\t=F[^X � p è G � Í�æk\][^=�ÇUG~5Ádf02A � p �cè G � p ± Í�æk\][^=ZÌ:G�3`dOhj1Om�p¥y721 �c�c�J± nedfng14=¦d^A>AJ?ED@?B[^0edfbEbE9�?E02N4bEv2A>1OA�D@721½n>7ed^mF1Om¦mFÇ�5yÌ<Ç�5`Ì<AJ?LKUpÝ¥y721½n>?BNF�<?E0>ad^NON4v>=~d^N49¸3yd^mac?Ehj140¤d^m

≈ � p �cè mx\S[^=WÇ�df02A ≈ � p è ms\][^=�Ìgpg¥y721Om~1�h^dfbEv21Om6df=F1lhj14=@9�?E08DF14=F1Om@D@?E0>a�m@?E02NO1lD@72149|n>=F[ih<?BA>1NO[^02m@D@=~df?E08DFm�[^0�D@721Ã=F14bB14hcdf02NO1�[f\lD@721ÃD@=~dihj14bLG�D@?EXZ1¤A>14b¿di9<mw[f\�D@721Ãn>=F1OmF1408D�m@D@v2AJ9jp R2[^=wNidf=@=@9<?E0>a[^v>DxDF[^XZ[^ac=~dfn>7:9zD@72149wv2mF1¢D@721l/ � Í}XZ14D@72[8Az3¡?ED@7Ãqr/WÌ<Ç ²J± d^m�=F1H\]14=F1402NO1lXZ[8A>14bYdf02A Û ÉÁq � C20edfbbB[<NidfD@?B[^02m�\][^=�D@721¢1idf=@D@72u:vedf�j1Om�p�¥y721¢ng1idf�½X�dfac0>?ED@v2A>1OmÂ[f\YXZ1idf0JGrdf=@=@?Ehcdfb§D@?EXZ1�df02[^X�dfbE?B1Omx3o14=F1 ± m\][^=yÇ§52df02A½_Um`\S[^=�Ìg5>df02AkD@7:v2m¡mF?EXQ?EbE?¿df=¡DF[¢D@72[cm~1x[f\§D@721xXZ[8A>14bE?E0>aQ=F1Om@v>bEDFmy?E0 � 7edfn>DF14=s_Jp�¥y72149¦v2mF1dkXZ[<A>14b�nedf=~dfXZ14DF14=@?Eæ�dfD@?B[^0¸3¡?ED@7�;>bB[8N~�<m�[f\ �^è × �^è �<X�72[^=@?Eæi[^0:D~dfbEbE9ÝPt3¡7>?BNF7¤?Bm¢df;g[^v>DWD@721ZmFD~dfD@?B[^0mF14nedf=~dfD@?B[^0°VsD@7edfDWdf=F1 èc� �8X'D@7>?BNF�{pW¥y72149�N4b¿df?EX'DF[£7edOhj1laj[<[8AÃdf02Az7>?Eac7>bE9|m@9<XQXZ14D@=@?BNl=F1OmF[^bEv>D@?B[^0A>[i3¡0�DF[ 6:�c� �<Xwp
Íx[i3`14hj14=i5ÁD@721£XZ[<A>14b#Nidf0>02[^DZ1H�<DF1402A¸A>1O14n{14=QD@7edf0¸D@721kD@v>=@0>?E0>a¨ng[^?E08DZ[f\�D@721m@7edfbEbB[�3o1Om@Dw?E02NO[^XQ?E0>a�=~dO9Ý3¡7>?BNF7�bB1id^A>m½DF[�dhj14=@9�bB[�3�=F1OmF[^bEv>D@?B[^0�;{14bB[i3 6:èc� �<Xàdf02A�dm@D@=F[^0>aDF1402A>1402N49�DF[km@XZ1idf=@?E0>ak;{14bB[i3-D@7edfDWA>14n>D@7�p � 1O[^XZ14D@=@?BNidfbEbE9j5MD@721�m@D@v2AJ9whj[^bEv>XZ1�[f\ÁD@721�1H�Jng14=@?EXZ1408DD@7edfDÁD@721xdfv>D@72[^=FmyNO[^02m@?BA>14=Á3`14bEbgNO[^02AJ?ED@?B[^021OA£?Bmod6D@=@v>02NidfDF1OA¦NO[^021�D@7edfDo;>=F[jd^A>1402m`A>[i3¡083`df=FA>mipo¥y721=F1Om@v>bEDFmUm@72[�3D@7edfD
δ
h

P

?BmUm@D@=F[^0>aj1Om@DU?E0¢D@721`DF[^nlb¿dO9j14=�P ±i���<èc³ �<X¦V§df02A¢=F1id^N~721OmUv>n�DF[ � p � � p'�y14021idfD@7èc³ �<X�D@721`b¿df=@aj1Om@D
δ
h

P

?Bm � p ± � pU/�02[^X�dfbE?B1OmU?E0lD@721¡Ì:G�3`dOhj1¡mFng1O1OA�df=F1Áv>nlDF[ 6 p ²�� 5^D@721OmF1Á7>?Eac7�hcdfbEv21Omdf=F1�[^;2mF14=@hj1OAÃ?E0zD@721¢v>n>n{14=6_ �c� �8Xwp¢¥y721Qdf02[^X�dfbE9w\][^=@XZm6d�NO[^7214=F1408D6021idf=@bE9�hj14=@D@?BNidfbYN49<bE?E02AJ=@?BNidfbbB[i3yG�3ydOhj1Om@n{1O1OAZ;{[<AJ96v>02A>14=@bE98?E0>a�D@721o02[^=@D@7JGI1id^mFDF14=@0�Ê�Î �£df02A�NO140:DF14=F1OAZ1id^m@DF14=@bE9l3¡?ED@7>?E0QD@721yÊ�Î �;{14DI3o1O140�D@721¦acb¿d^N4?B14=FmlÎÁdfD@0ed�ç �^�<v>bEb#df02A
Íx[f\]mSç �^�<v>bEb�p�¥y721kAJ?¿dfXZ14DF14=Q[f\#D@721kdf02[^X�dfbE9ÝPSA>1HC2021OA�d^mdf=F1id�3¡7214=F1
δvP 1%

VW?Bm �c�c���<�cèc� �<Xwp�¥y721kdf02[^X�dfbE9�?Bm¢D@=@v>02NidfDF1OA
mF7edf=@n>bE9
dfD�D@721¦¥¡R �§p§¥y7>?Bm¢?Bm
±i�J±



hj14=@?LCe1OA½;89£m@n{1ON4?¿dfbM=F1OmF[^bEv>D@?B[^0wDF1OmFDFmyD@7edfD�m@72[i3�02[�DF1402A>1402N49£\][^=�df0:9½df=@D@?LCeN4?¿dfb�DF14=@XQ?E0edfD@?B[^0|[f\§D@721¥¡R �§p�/s02[^D@7214=Qm@X�dfbEb¡df02[^X�dfbE9�?Bm�mF1O140
v>02A>14=lD@721¦À�1Om@DF14=@0�Reç@[^=FA>m�df=F1idJpz/yDQdwA>14n>D@7�[f\xdf;{[^v>D�cèc� �<X$D@721�XZ[^=@n>72[^bB[^ac9Ã[f\oD@721Qdf02[^X�dfbE9ÃNF7edf0>aj1Om6mF9<m@DF14X�dfD@?BNidfbEbE9jp¢qIDÂ;{14ac?E02mxDF[k;g1l14bB[^0>a:dfDF1OA¨?E002[^=@D@7JGImF[^v>D@7�AJ?E=F1ON4D@?B[^0
df02AÃv>02A>14=@bE?B1Om6D@721lmFn>=F1id^AJ?E0>a½n>b¿dfDF1�;g[^v>02A2df=@9Ã[^0¨qrNO14b¿df02AMp¢¥y721Q[^;2mF14=@hj1OA14bB[^0>a:dfD@?B[^0�=@v>02m6NO[^v>08DF14=¢df0:9zm@XZ1idf=@?E0>a�AJ?E=F1ON4D@?B[^0¤df02AÃ?BmÂD@78v2m6NO[^02m@?BA>14=F1OA¤d¦=F14bE?¿df;>bB1�\]1idfD@v>=F1cp¢qr0D@7216A>14n>D@7w=~df0>aj16=F1OmF[^bEhj1OA½;:9kD@721W1H�Jng14=@?EXZ1408D�D@721WA2dfD~dQA>[Z02[^D#?EX�dfaj1WD@721Â;ed^mF16[f\Ydf02[^X�dfbE9jpÛ 14hj14=@D@7214bB1OmFmi5{D@721Qdfv>D@72[^=FmWNO[^02N4bEv2A>1¢\t=F[^X'D@721OmF1¢=F1Om@v>bEDFmÂD@7edfDÂD@721�df02[^X�dfbE9|[^=@?Eac?E0edfDF1Om�dfDxD@721D@=~df02m@?ED@?B[^0Ýæi[^021c5¡AJv21wDF[¤D@721wD~df;>v>b¿df=Z\][^=@X�[f\WD@721�?EX�dfaj1OA�bB[�3o14=£nedf=@D¦[f\6D@721|df02[^X�dfbE9�D@7edfD¦?Bm?E0:DF14=@n>=F14DF1OAÃd^m¡?EDFm¡=F[<[^DipÍx[i3`14hj14=i5Mqy=F14X�df=@�g5gD@7>?BmxD~df;>v>b¿df=Wm@7edfng1¢NO[^v>bBA¨dfbBmF[�;{1�AJv21¢DF[¦D@721ld�;>v>bEaj1¢[f\oD@721�n>bEv>XZ1¢D~df?Ebv>02A>14=ÂD@721 ;5;c� df02AÃm@v>;2m~1Ou:v21408DWD@7>?E0>0>?E0>aw[f\ÁD@721lD~df?Eb�5�d^mxA>1Om~N4=@?E;g1OAz?E0¨NF7edfn>DF14= ± pW¥y7>?BmÂn>=F[^n{14=@DI9NO[^v>bBAQX�df�j1#d � Ê �¸[^=@?Eac?E0Qn>bEv>XZ1#mF1O14X«DF[WNO[^XZ1`\S=F[^X«D@721 ;5;c� GIAJ?BmFNO[^0:D@?E08v>?EDI9jp`¥y721#dfv>D@72[^=FmYA>[Â02[^D1H�>N4bEv2A>1¢D@7edfDxD@721lv>n>ng14=ÜG�X�df08D@bB1Zdf02[^X�dfbE9�XQ?Eac78Dx;{1¢=F14b¿dfDF1OA|DF[kd�bB[i3o14=ÜG�X�df08D@bB1Zv>n83o14bEbE?E0>a2p6qI\ÁmF[>5D@72149�N4b¿df?EX}D@7>?Bm�3o[^v>bBA¦df=@acv21y\S[^=Ub¿di9j14=F1OA�NO[^0:hj1ON4D@?B[^0�pÁ¥y721yng[cm@?ED@?Ehj1
δvP /δvS

=~dfD@?B[W[f\gD@721#df02[^X�dfbE9m@v>acaj1Om@DFm�D@721Yn>=F1Om~1402NO1o[f\>nedf=@D@?¿dfb<XZ14bED�;{14021idfD@7¢D@721oÊ�Î ��?E0�d#A>14n>D@7�=~df0>aj1`[f\°df;{[^v>D
≈ ±i�c���<�c�c� �<Xwp

� �'� �)
 * ��!�� *��)� � � �$����� 0���*�� � � 
 ��
�����3-2� �

¬ � ��¯ ·4¹Yº^»B¼ ���c�c�76  °DF[<[^�QÇUG§df02A£Ì:G�3ydOhj1xA2dfD~dÂ\S=F[^XÆ;{[^D@7ZD@721�Í � ¥�Ì<Ç � ¥�df02AQD@721�q � ÉYÊzÉ �<¥1H�Jng14=@?EXZ1408D¦DF[^aj14D@7214=£3¡?ED@7�D@721 � Ì Û m@D~dfD@?B[^0 � � È � DF[
Nidf=@=@9�[^v>D£d¨=F14ac?B[^0edfbsC20>?EDF1HG]\S=F1Ou:v21402N49DF[^XZ[^ac=~dfn>7:9wmFD@v2AJ9jp/�\tDF14=Âdfn>n>bE98?E0>a½dZN4=@v2mFD~dfb§NO[^=@=F1ON4D@?B[^0zDF[ZD@721lA2dfD~dZD@72149½v2m~16;{[^D@7�=~dO9½DF[^XZ[^ac=~dfn>789zdf02A�C20>?EDF1HG\S=F1Ou:v21402N496DF[^XZ[^ac=~dfn>789ldf02AlNO[^XQnedf=F1`D@721Á=F1Om@v>bEDFm�p��y[^D@7Qdfac=F1O1Á?E0�m@72[i3¡?E0>a6d�u:ved^m@?LGIN49<bE?E02AJ=@?BNidfbJæi[^021[f\¡bB[i3 ÇUGxdf02AÌ:G�hj14bB[<N4?EDI9¤df02[^X�dfbE9�NO1408DF14=F1OA�?E0qrNO14b¿df02A¨3¡?ED@7¸d½AJ?¿dfXZ14DF14=¢[f\�df;{[^v>D �cèc��� _ �c� �<XD@7edfDY1H�JDF1402A>mU\t=F[^X ±ièc� �<X«DF[6dfDUbB1id^m@D 6:�c� �8X}A>14n>D@7�pU¥y72149�AJ?LK{14=�m@?Eac0>?LCeNidf08D@bE9�?E0QD@721yX�dfac0>?ED@v2A>1Om[f\UD@721W=F1OmF[^bEhj1OA�df02[^X�dfbE9wdf02A½?E0½D@721W=F1Om~[^bEv>D@?B[^0wng[�3o14=i5°1Om@ng1ON4?¿dfbEbE9£?E0wD@721WA>1O14n{14=#X�df0:D@bB1cp¥y721�X�d��<?EX¢v>XËhj14bB[<N4?EDI9�n{14=@D@v>=@;edfD@?B[^02ml[f\#D@721Z=~dO98G�D@721O[^=@9¨?E0:hj14=FmF?B[^0¸df=F1
− ± p è�� df02A − _Jp è��\][^=6Ç df02A¤Ìg5M=F1Om@n{1ON4D@?Ehj14bE9jpQTxv21�DF[kD@721Qv2mF1OA¨A2dfXQn>?E0>a|df02AÃ=F14acv>b¿df=@?Eæ�dfD@?B[^0¸mFNF7214XZ1Om6v2mF1OAÃ?E0¨=~dO9XZ14D@72[<A>m�D@72149¢ac?Ehj1sdf0Qv>n>ng14=�bE?EXQ?EDY[f\

− ��� \S[^=YÇ§5jdf02A − 6�� \][^=ÁÌg5^D@=~df02m@b¿dfD@?E0>a�?E08DF[6dxDF14XQng14=~dfD@v>=F1df02[^X�dfbE9w[f\ �c�c��� _ �c� ◦ p`qI0�NO[^08D@=~d^m@Di5°D@721WC20>?EDF1HG]\S=F1Ou:v21402N49½DF[^XZ[^ac=~dfn>789wXZ14D@72[8A�ac?Ehj1Om − _Jp è�� df02A
− ; p ��� \S[^=WÇ df02A�Ìg5{=F1Om@n{1ON4D@?Ehj14bE9jp�¥y721Om~1Zdf=F1¢D@721�hcdfbEv21OmÂv2mF1OA¨d^mWA>1H\�dfv>bEDxn{14=@D@v>=@;edfD@?B[^02mW\][^=xD@721n>=F1OmF1408DÂmFD@v2AJ9j5�d^msXZ[^D@?EhcdfDF1OAz?E0 � 7edfn>DF14= ± pW¥y72149|NO[^=@=F1Om@ng[^02AzDF[½df0Ã1H�JNO1OmFmxDF14XQn{14=~dfD@v>=F1�[f\ÁD@721df02[^X�dfbE9½[f\�_ èc���<èc�c� ◦ � 52d^mFm@v>XQ?E0>a¦dln>v>=F14bE9kD@7214=@X�dfb�1HKM1ON4D�d^m�d�=F1id^m~[^0k\S[^=¡D@721�df02[^X�dfbE9jp

� � �2���02�)� � 
��,� 
��
�����3-2� � ���'�	02!)� �

/xmxdfbE=F1id^AJ9�XZ140:D@?B[^021OAz?E0 � 7edfn>DF14= ± 5gmF14?Bm@XQ?BN¢DF[^XZ[^ac=~dfn>7:9�n>=F[^;>bB14XZmWdf=F1¢aj140214=~dfbEbE9�?EbEbLG�n{[cmF1OAdf02A
=F1Ou:v>?E=F1¦=F14acv>b¿df=@?Eæ�dfD@?B[^0�PSm@XZ[8[^D@7>?E0>a�df02A
A2dfXQn>?E0>a8V6?E0¸[^=FA>14=lDF[|N~72[8[cmF1¦[^021¦[f\#D@721¦n{[cmFm@?E;>bB1mF[^bEv>D@?B[^02mlP ���g�U�s� ª �:���E±i²c²c³  tVHp � 02NO1ldl=F14acv>b¿df=@?Eæ�dfD@?B[^0|?BmsNF72[cmF140�5>D@7216DF[^XZ[^ac=~dfn>7>?BN�=F1Om@v>bEDFmsmF1O14Xv>0>?Bu8v21c5�dfD6bB1id^m@DW3¡72140¤=F1Om@v>bEDFm6[f\yD@721Zm@D@v2AJ9¨df=F1Qn>=F1OmF140:DF1OAMp Û 14hj14=@D@7214bB1OmFm�5�DF[^XZ[^ac=~dfn>7>?BN¦m@D@v2AJ?B1Om=F14X�df?E0zdfX¢;>?Eacv2[^v2m � mF14hj14=~dfb�XZ[<A>14bBmsdf02A½02[^Dx[^0>bE9kD@721WXQ?E0>?EX�v>X�G�02[^=@X.mF[^bEv>D@?B[^0|D@7edfD#?Bm#v2m@vedfbEbE9m@72[�3¡0�5{XQ?Eac7:DÂ;g1�df;>bB1lDF[¦1H�Jn>b¿df?E0�dZac?Ehj140ÃA2dfD~d^mF14DipW¥y7>?Bmxn>=F[^;>bB14X'?BmWd^A>AJ=F1OmFmF1OAz;:9 å ®8®:ª ���������� � �s�z���c�c�cè  M3¡72[�1H�<n>bB[^=F1xD@721s=~df0>aj1x[f\�ng[cmFmF?E;>bB1�XZ[<A>14bBm`\S[^=`D@721xqrNO14b¿df02A£n>bEv>XZ1ÂNO[^02NO14=@0>?E0>aQD@721nedf=~dfXZ14DF14=Fmx[^=@?Eac?E0�A>14n>D@7|df02A½72[^=@?Eæi[^08D~dfb�1H�JDF140:D�[f\UD@721�df02[^X�dfbE9jp¥y72149zv2mF1�A2dfD~dk[f\o\][^=@XZ14=WDF[^XZ[^ac=~dfn>7>?BNZm@D@v2AJ?B1Om¢df02A¨Nidf=@=@9|[^v>D6m@9<0:D@7214D@?BNQ=F1Om~[^bEv>D@?B[^0¨DF1Om@DFmWDF[C202A�[^v>D�?L\sD@721khj14bB[<N4?EDI9¸m@D@=@v2N4D@v>=F1k=F1ONO[ihj14=F1OAÄ;:9
\S[^=@XZ14=Zm@D@v2AJ?B1OmQNidf0�;{1£=F1OmF[^bEhj1OA¸3¡?ED@7�d|ac?Ehj140A2dfD~d^mF14Dip
Ê|[^=F1O[�hj14=i5ÁD@72149
v2mF1kmFu:v21O14æO?E0>aÃDF1Om@DFm�DF[ÃN~721ONF�¸?L\xd|7:9<ng[^D@7214D@?BNidfbsm@X�dfbEbB14=Qm@D@=@v2N4D@v>=F1k?Bm
±i�c�



NO[^XQnedfD@?E;>bB1x3¡?ED@7¦D@721xA2dfD~d^mF14D#d^mo3o14bEb�p)>xm@?E0>a¢D@7>?BmoXZ14D@72[<A¦D@721Âdfv>D@72[^=FmoC202A�D@7edfD`D@721sbB[i3yG�hj14bB[<N4?EDI9df02[^X�dfbE9k7ed^m¡DF[Q=F1id^N~7�A>[i3¡0|DF[ZdfD#bB1id^m@D�_ �^è �<X A>14n>D@7�pR2[^=¡NO[^02m@D@=~df?E0>?E0>a�D@721s;g[^v>02A>my[^0kD@721s72[^=@?Eæi[^0:D~dfb�1H�JDF140:D¡[f\�D@721Wdf02[^X�dfbE9 å ®:®8ª ���§������ � �s�Nidf=@=@9¤[^v>DQd�mFD@v2AJ9�nedf=@D@bE9�hj14=@9¤m@?EXQ?Eb¿df=�DF[|D@721�n>=F1Om~140:D�3o[^=@�{p �o9�NO[^XQnedf=@?Bm~[^0¸[f\ÂdwD@=~dihj14bLG�D@?EXZ1A>14b¿dO9m@7ed^A>[i3 [f\xd ±i�c� �<X�G�=~d^AJ?Ev2m�n>bEv>XZ1£[^;>D~df?E021OA;89�=~dO9
D@721O[^=@9�3¡?ED@7�[^021¦[f\xd èc� �<X�G�=~d^AJ?Ev2mn>bEv>XZ1kA>14=@?Ehj1OA3¡?ED@7
C20>?EDF1HG]\S=F1Ou8v21402N49
m@?EX¢v>b¿dfD@?B[^02m�D@72149¤Nidf0mF72[i3 D@7edfDZd ±i�c� �<X�G�=~d^AJ?Ev2m�n>bEv>XZ1?EX�dfaj1OA½;89¦=~di9:G�D@721O[^=@9k?E0:hj14=FmF?B[^0|NO[^v>bBAk;{1ÂD@721Ân>=F[8AJv2N4D�[f\Ydf0�d^N4D@vedfb èc� �<X�G�=~d^AJ?Ev2m#n>bEv>XZ1ÂXZ[<A>14b�pÍx[i3o14hj14=i5gD@7>?Bmx[^0>bE9�dfn>n>bE?B1Om�DF[�D@72163¡?BAJD@7z[f\YD@7216D@=~dOhj14bLG�D@?EXZ1�m@7ed^A>[�365e;>v>Ds02[^DsD@721�X�dfac0>?ED@v2A>1¢[f\D@721WA>14b¿dO9Jmip�¥y721OmF1Â3`[^v>bBA½7edOhj16DF[¢;{1xX�v2N~7wb¿df=@aj14=¡\][^=¡dl=F1idfb èc� �<X�G�=~d^AJ?Ev2m#n>bEv>XZ16df02A½m@v2N~7½b¿df=@aj1n{14=@D@v>=@;edfD@?B[^02mÂPS[^0£D@721x[^=FA>14=o[f\ ±i��� df02A �c��� \S[^=`Ç¸df02A½Ìg5j=F1OmFng1ON4D@?Ehj14bE92VÁdf=F1�v>0>=F1idfbE?Bm@D@?BNx3¡?ED@72[^v>Db¿df=@aj16dfXZ[^v>0:DFm�[f\�XZ14bEDip å ®:®:ª �¤�§���¸��� � �s� D@7:v2myD@78v2m¡ac?Ehj1 èc� �8X¾d^m#d¢bB[i3`14=i5>;>v>Dy02[^Dy=F1idfbE?Bm@D@?BN;{[^v>02A�\S[^=�D@721#=~d^AJ?Ev2mipYÌ8?E02NO1¡D@721 ±i�c� �<X�G�=~d^AJ?Ev2mÁn>bEv>XZ1¡?BmY02[^DÁNO[^XQnedfD@?E;>bB1#3¡?ED@7ZD@721#bB[i3yG]\S=F1Ou:v21402N49m@721idf=#3ydOhj1¢A>14b¿dO9Jm¡D@7>?Bm#=~d^AJ?Ev2m¡hcdfbEv21W?Bm¡D@721Âv>n>n{14=#;{[^v>02AMp
qr0�m@v>XQX�df=@9j5�D@7>?Bm6hj14=@9ÃNidf=F1H\tv>bodf02A¤NO[^XQn>=F14721402m@?Ehj1�3`[^=@�¨[^0�D@721ZqÞNO14b¿df02A¤df02[^X�dfbE9Ã7214bEn2m6DF[DF1Om@DxDF[^XZ[^ac=~dfn>7>?BN�XZ[8A>14bBmWdfa:df?E02m@Dx3¡7edfD 
Fº���;{1lNO[^02m@D@=~df?E021OAz;:9�mF14?BmFXQ?BN¢A2dfD~dJpÂ¥y721¢DF14=@XQ?E0edfD@?B[^0[f\sD@721½qÞNO14b¿df02AJ?BNwdf02[^X�dfbE93¡?ED@7ÄA>14n>D@7�5od^mZN4b¿df?EXZ1OA¸;89 �Á����® ¯ ª � ·4¹�º^»B¼ ���c�c�c�  I5o?E0Ädf0:9¸Nid^mF1£?BmNO14=@D~df?E0>bE9 � � ¹`=F1OmF[^bEhcdf;>bB1W3¡?ED@7w=F14ac?B[^0edfb�m~14?Bm@XQ?BNÂDF[^XZ[^ac=~dfn>7:9�A2dfD~dJpqr0�[^=FA>14=6DF[�df02m@3`14=6D@721Zu8v21Om@D@?B[^0
df;{[^v>D6D@721Q[^=@?Eac?E0
[f\yD@721QqÞNO14b¿df02AJ?BN¦df02[^X�dfbE9j5�acbB[^;edfbYDF[^XZ[fGac=~dfn>7>?BN6m@D@v2AJ?B1Omxdf=F1Â=F1Ou:v>?E=F1OAM5e3¡7>?BNF7|df=F16=F14h8?B143`1OAw?E0½D@721Â\][^bEbB[i3¡?E0>a2p

� 02!1! � ����* �	!��.�!�
 ����! � 
��
������3-/� � � � �"!���*  

���������	��
�������������������	���
� �
� ��� 5yv2mF?E0>a¤D@721wacbB[^;edfbxX�df0:D@bB1zDF[^XZ[^ac=~dfn>789�XZ[<A>14bs;89 
Â��f

�~ã ���§�M� ·4¹sº^»B¼ �E±i²c²c³  I5MDF[<[^�zd£N4bB[cmF14=ÂbB[<[^��[^0�qÞNO14b¿df02AÃdf02AÃN4b¿df?EX.DF[£7edOhj1l\][^v>02AÃD@721¢C2=Fm@DÂ?EX�dfaj1[f\§d¢3¡72[^bB1xX�df0:D@bB1Ân>bEv>XZ1cpY¥y7214?E=yC2acv>=F1Âm@72[�3#m#df0½[^n>D@?BNidfbEbE9¦NO[^0:D@?E08v2[^v2m¡\]1idfD@v>=F1Â[f\�=F1OAJv2NO1OA�Pt3¡?ED@7=F1Om@n{1ON4D¢DF[z/  ± _ è VW3ydOhj1km@n{1O1OA>m�D@7>=F[^v>ac72[^v>DQD@721¦X�df0:D@bB1c5�D@7edfDl?BmlA>1��e1ON4DF1OA
DF[|D@721£1id^m@D¢?E0
D@721XQ?BA<G�X�df0:D@bB1cp¤Ís[�3o14hj14=i5Á[^021£7ed^mlDF[|02[^DF1¦D@7edfD�D@7214?E=QNO[^bB[^=FmFNidfbB1km~dfD@v>=~dfDF1OmQdfD�hj14=@9�bB[i3¾df02[^X�dfbE9hcdfbEv21Oms[f\
± � p è�� 5g3¡7>?BNF7zX�df�j1OmÂdf089whcdfbEv21�7>?Eac7214=xD@7edf0ÃD@7edfDsDF[£dfn>ng1idf=Âm@D@=F[^0>a½df02A�D@78v2msX�df�j1OmD@721�\]1idfD@v>=F1�bB[8[^�ÃNO[^0:D@?E08v2[^v2mip�¥y721¦d^A>AJ?ED@?B[^0edfboNO[^0:DF[^v>=¢bE?E021QD@72149zac?Ehj1Q?E0¨D@721�C2acv>=F1 � \][^=6N4b¿df=@?EDI9!�=F14n>=F1OmF1408DFm#[^0>bE9 � p ±iè�� df02[^X�dfbE9j5ed¢hcdfbEv21xD@7edfD¡?BmÁ\][^=yv2m@vedfbMDF[^XZ[^ac=~dfn>7:9½m@D@v2AJ?B1Om¡NO[^02mF?BA>14=F1OAkDF[¢;{1?E02m@?Eac0>?LCeNidf08D � 02[^?BmF15�EplÊ�?Bm@bB1id^AJ?E0>acbE9j5�D@721l=F1id^A>14=WDF1402A>mWDF[k?E0:DF14=@n>=F14D6D@7>?BmÂbE?E021Zd^mÂD@721l;{[^v>02A2df=@9z[f\D@721#?EX�dfaj1OA¦n>bEv>XZ1cp�qr0�D@7>?BmY=F1OmFng1ON4Di58?ED`dfbBmF[�=F14X�df?E02mÁv>02N4bB1idf=`3¡7edfDÁ=~d^AJ?Ev2myA>1HC20>?ED@?B[^0£?BmYv2mF1OA�3¡72140D@721Qdfv>D@72[^=FmÂac?Ehj1Qd�=~dfD@7214=W7>?Eac7Ã=~d^AJ?Ev2mÂhcdfbEv21cpWÊ|[^=F1O[�hj14=i5MD@721lnedfng14=WA>[<1Omx02[^DÂmFD~dfDF1l1H�Jn>bE?BN4?ED@bE9�?L\D@721WXZ[<A>14bM?Bmy\][^=#ÇUGo[^=¡\][^=sÌ:G�3`dihj1OmipÀÝ?ED@7Ýd�?E=@=F14acv>b¿df=ÜGINO14bEbxnedf=~dfXZ14DF14=@?Eæ�dfD@?B[^0�[f\6b¿dfDF14=~dfbEbE9 ;cè G �c�c� �<X�?E0�D@721wv>n>n{14=�X�df08D@bB1c5�df02A±ièc��� 6:�c� �<X.?E0zD@721�bB[�3o14=WX�df08D@bB1�df02Azhj14=@D@?BNidfbEbE9Ã_ è �<X PtbE?ED@72[cm@n>7214=F1�VxDF[ �c�c� �8X PtbB[�3o14=6X�df08D@bB1�VD@72149kaj14D�[^0>bE9wd�=F1OmF[^bEv>D@?B[^0z[f\Y_ �c���<èc�c� �<X b¿dfDF14=~dfbEbE9½D@7>=F[^v>ac7|D@7216140:D@?E=F1¢X�df0:D@bB1ldf02A ±i�c���<�c�c� �<Xhj14=@D@?BNidfbEbE9jp

qr0Zdf02[^D@7214=YacbB[^;edfb>DF[^XZ[^ac=~dfn>7>?BN�m@D@v2AJ9�� �! #"%$&���('�)+*-,/.��
� �
� �0� v2mF1yD@721#_^T�5 �c� A>14ac=F1O1¡m@721idf=ÜG3`dihj1#hj14bB[<N4?EDI9�XZ[<A>14b�P�Ì �c� ÈU¥�Ì>VU;:9 � �¿�M� ª �#�¨����� @ ����¬ ª � � �i�z���c�c�c�  Ip�¥y7>?BmYXZ[<A>14b23`d^moA>14=@?Ehj1OAv2m@?E0>azD@721k140:D@?E=F1½m@n{1ON4D@=@v>X [f\xmF14?Bm@XQ?BN�\t=F1Ou8v21402N4?B1Omi5�?E02NO[^=@n{[^=~dfD@?E0>a¨n>7ed^mF1¦hj14bB[8N4?ED@?B1Omi5Y;g[<AJ9¨3`dihj1D@=~dOhj14bLG�D@?EXZ1Om�5xdf02A�\t=F1O1HGI[cm~N4?EbEb¿dfD@?B[^0�mFn>bE?ED@D@?E0>a
XZ1id^m@v>=F14XZ1408DFmip-qIDFm¦n{14=@D@v>=@;edfD@?B[^02mwdf=F1�ac?Ehj140Ý3¡?ED@7=F1Om@n{1ON4D¡DF[ZÇYÈsÉYÊ
p

� [^02NO14=@0>?E0>azqrNO14b¿df02AM5�D@721�dfv>D@72[^=Fm�mFD~dfDF1QD@7edfD6D@721 ;5;c� �<X�n>7ed^mF1�D@=~df02m@?ED@?B[^0
X�df=@�<m6D@721QbB[i3`14=;{[^v>02A2df=@9z[f\`D@721�bB[i3yG�hj14bB[<N4?EDI9�df02[^X�dfbE9¸PSA>1HC2021OA
d^m � p è�� AJ?LKM14=F1402NO1QDF[kÇYÈ�ÉÁÊÃVHpM/ÅNO[^0>021ON4D@?B[^0
±i� _



DF[¢D@721 � Ê �Ä;:9£dW0edf=@=F[i3�n>bEv>XZ1xNO[^02AJv>?EDy?BmÁ02[^D`XZ[8A>14bB1OA¦;:9kÌ �c� È§¥�Ìgp<¥y721Âdfv>D@72[^=Fm`A>14XZ[^02mFD@=~dfDF1mF14hj14=~dfbÁN4=F[cm~mÜGImF1ON4D@?B[^02m6[f\`D@721QXZ[8A>14b�D@7>=F[^v>ac7
qrNO14b¿df02A¨v2mF?E0>a�d£bE?E021idf=�NO[^bB[^=FmFNidfbB1Q3¡?ED@7¤d£=~df0>aj1Z[f\
±1.4%

pw¥y721¦;ed^m@?BNQ\]1idfD@v>=F1Om�[f\yD@721¦XZ[<A>14b`df=F1£m@?EXQ?Eb¿df=�DF[|D@721Zb¿dfDF14=lXZ[8A>14b`[f\�� �{� �Á5U;>v>Dlm@?E02NO1
� ���M� ª �#� ·4¹Yº^»B¼<A>[602[^Dym~dfD@v>=~dfDF1sD@7214?E=`NO[^bB[^=ymFNidfbB1sdfDyd6bB[�3�bB14hj14bgD@72149Qn>=F[^;edf;>bE9Zac?Ehj1sD@721#XZ[cm@D`=F1HGbE?¿df;>bB1o?EX�dfaj1cp§¥y721496NO[^02N4bEv2A>1`D@7edfD§D@721odf02[^X�dfbE96;{14021idfD@7�qrNO14b¿df02A¢?Bm�NO[^0JC2021OAlDF[�D@721Áv>n>n{14=�X�df08D@bB1cp

������� ��� 	 	 � � A>14hj14bB[^ng1OAwd¢acbB[^;edfb�ÇUG�hj14bB[<N4?EDI9£XZ[8A>14bg\][^=yD@721sX�df08D@bB1cpY¥y721xng1ON4v>bE?¿df=@?EDr9£[f\§D@7>?BmXZ14D@72[<A|?BmxD@7edfDW?EDxD~df�j1OmÂ?E0:DF[wd^NONO[^v>08DWD@721lÊz[^72[>5{D@721 62±i� G�df02A ;5;c� AJ?BmFNO[^08D@?E0:v>?ED@?B1Omi5�3¡7edfDWbB1id^A>mDF[ZdQNO[^02m@?BA>14=~df;>bB1¢NF7edf0>aj1W?E0zdfXQn>bE?ED@v2A>1¢df02A½nedfD@DF14=@0�[f\UD@7216A>14=@?Ehj1OA�df02[^X�dfbE?B1Om�pÊz[^=F1O[ihj14=sdlac=@?BA|dfn>n>=F[jd^NF7w?Bm¡v2m~1OA�Pthj14=Fm@v2m¡;>bB[<NF�£nedf=~dfXZ14DF14=@?Eæ�dfD@?B[^0z[^=#m@n>7214=@?BNidfbM7edf=@XZ[^0>?BNOmHVH5D@7:v2mÂdOhj[^?BAJ?E0>awdf=@D@?LCeN4?¿dfb§hj14bB[8N4?EDr9½;g[^v>02A2df=@?B1Om�p#/�02[^D@7214=�\S1idfD@v>=F1�?Bm�D@721l_^T«=~dO98G�D@=~d^N4?E0>a£DF1ONF7>0>?Bu8v21cp
�°7ed^[�dfn>n>bE?B1OmoD@7>?Bm`XZ14D@72[<A�DF[¢D@721xqÜÌ � GIA2dfD~d^mF14DWP ±i²5;76 G ±i²c²c³ VoNO[^0:D~df?E0>?E0>a �`±i�c³ 14hj140:DFmy3¡?ED@7½df=F[^v>02A[^021½XQ?EbEbE?B[^0�df=@=@?Eh^dfb#D@?EXZ1Om�p�À�?ED@7�D@7>?BmZA2dfD~d^mF14Di5`=F1OmF[^bEv>D@?B[^0�DF1OmFDZm@72[i3(D@7edfD¦d¨_ �c� �8X�AJ?¿dfXZ14DF14=n>bEv>XZ1W;{14021idfD@7�qÞNO14b¿df02AwNO[^v>bBA½;{1Â=F1OmF[^bEhj1OAMpTxv21kDF[Ãv2mF1k[f\sD@721½mÒdfXZ1½A>[^v>;>bB1HGIm~dfD@v>=~dfDF1OA�NO[^bB[^=ZmFNidfbB1k3¡?ED@7�=~df0>aj1

± � p è�� 7>?Bm�=F1OmFv>bEDFmZdf=F1m@?EXQ?Eb¿df=¡DF[�D@721W[^021Om¡[f\ 
Â� �~ã �����M�¸����� 8 �i�§äU�#��� poqI0wd^A>AJ?ED@?B[^0wDF[lD@7214?E=#3`[^=@�	� �M� �dfbBmF[Qm@72[�3#md�Ì:G Û n>=F[fC2bB1cpyÍs1¢dfbBmF[ZNO[^02N4bEv2A>1OmsD@7edfD�7>?Bm#XZ[<A>14b �rm@72[�3#m�D@7edfD�D@721�qÞNO14b¿df02A½n>bEv>XZ1�1H�JDF1402A>msA>[�3¡0DF[WD@721 � Ê ���~pj/sa:df?E0�5jD~df�<?E0>a�?E08DF[¢d^NONO[^v>0:D`D@721¡=F1Om@v>bEDFm`[f\ � ���M� ª �#� ·O¹§º^»B¼ �E±i²c²c²  I5:D@7>?BmÁ?BmYn>=F[^;edf;>bE9d¦\�dfbBmF1QNO[^02N4bEv2m@?B[^0
df02A¨?Bm6bE?E�j14bE9z[^0>bE9�df0�1HKM1ON4D�[f\oD@721Z1idf=@bE9Ãm~dfD@v>=~dfD@?B[^0[f\`D@721QNO[^bB[^=ÜGImFNidfbB1�v2mF1OAMpÍx[i3o14hj14=i5>NO[^02NO14=@0>?E0>aQD@721saj140214=~dfbg\S1idfD@v>=F1Om�5:;{[^D@7¦XZ[<A>14bBmWPtD@721ÂÌ:G�3ydOhj1ÂXZ[<A>14b°;89 � �¿�M� ª �#� ·O¹Yº^»E¼¿5df02A½D@721WÇUG�3ydOhj1¢XZ[8A>14b�;:9
� �{� ��V#dfac=F1O1cp
R§?E0edfbEbE9j5�� � �� #$��0� '�) * , . ��� 	
	 � � � Nidf=@=@?B1OA¢[^v>D�d¡acbB[^;edfb8C20>?EDF1HG]\S=F1Ou:v21402N496DF[^XZ[^ac=~dfn>789¢m@D@v2AJ9\][^=YÇUG�3`dihj1�m@n{1O1OA>mU?E0QD@721¡X�df0:D@bB1cp�¥�[ÂDF1Om@D�D@7>?Bm�02143�dfn>n>=F[jd^N~7ZD@72149¢\S[<N4v2mF1OAQ[^0Qn>bEv>XZ1Omi581Om@ng1ON4?¿dfbEbE9[^0wD@7214?E=�A>14n>D@7|1H�<DF1408Dip¥y72149Ãv2mF1OAÃbB[^0>a^G�n{14=@?B[8A¤ÇUG�3`dihj1�A2dfD~dJ5�=F1HGrdf0edfbE98æi1OA¨D@721�[^=@?Eac?E0edfbÁmF14?Bm@XZ[^ac=~dfXZmldf02A¨NO[^=@=F1ON4DF1OAn>=F14h<?B[^v2m@bE9Qv>02A>14DF1ON4DF1OAkN4bB[8N~��14=@=F[^=Fmip)�`9ZN4=F[cmFmÜGINO[^=@=F14b¿dfD@?B[^0k3¡?ED@7£d¢m@9<0:D@7214D@?BNsn>v>bBmF1sD@72149QXZ1id^m@v>=F1OAD@=~dOhj14b¡D@?EXZ1Om�[f\ ;5;��J±i� ÇUG�3ydOhj1Om�df02A¸AJ?LKM14=F140:D@?¿dfb¡D@=~dihj14b`D@?EXZ1OmQ[f\ �c�y± 6 � ÇÁÇUGIÇ}df02A � _ ³c� n2Ç�GIÇ3`dihj1Omi5`3¡?ED@7�dÃA>[^XQ?E0edf0:D£n{14=@?B[8A�[f\ �c� mip�¥y721wm@D~df02A2df=FA�A>14h8?¿dfD@?B[^02m¦[f\xD@721kbB[^0>a^G�n{14=@?B[8A�D@?EXZ1Om3o14=F1¢d^mFm@?Eac021OA£DF[�D@7>=F1O16d^NON4v>=~d^N49£N4b¿d^m~mF1Om#df02Ak=~df0>aj1Â\S=F[^X � p è DF[ ± p ±iè m�p§¥y721Om~1ÂD@=~dOhj14b�D@?EXZ1Om¡3`14=F1?E0:hj14=@DF1OA�v2m@?E0>aZD@7>=F1O1HGIAJ?EXZ1402m@?B[^0edfb�C20>?EDF1HG]\t=F1Ou8v21402N49wmF1402m@?ED@?Eh<?EDI9£�j14=@0214bBmip¥y7>?BmÁ?E0:hj14=Fm@?B[^0Z?BmÁNO[^X�;>?E021OA¦3¡?ED@7 ±!6:���`±c± 6 m@72[^=@DÜG�n{14=@?B[8A�Ç
df02A ;c³�²J±c± mF72[^=@DÜG�ng14=@?B[<AQn2Ç¨D@=~dihj14bD@?EXZ1Om¡\S=F[^X D@7216q@Ì � ;>v>bEbB14D@?E0wv2m@?E0>a�NO[^08hj140:D@?B[^0edfb§=~dO9kDF[^XZ[^ac=~dfn>7:9jpÀÝ?ED@7�D@7>?Bm`A2dfD~d^mF14D`D@72149Zm@?EX�v>bED~df021O[^v2m@bE9¦?E0:hj14=@DF1OA¦\][^=YD@721#\S=~d^N4D@?B[^0edfbgng14=@D@v>=@;edfD@?B[^0k?E0�D@721sNO[^X�Gn>=F1OmFm@?B[^0edfb�hj14bB[8N4?EDr9j5

δvP
�
vP

5edf02AkD@721Wn{14=@D@v>=@;edfD@?B[^02m�?E0½D@721�1idf=@D@72u:vedf�j1�7:9<ng[<NO140:D@=~dfb�nedf=~dfXZ14DF14=FmPS[^=@?Eac?E0wD@?EXZ1c5>bB[^0>ac?ED@v2A>1c5eb¿dfD@?ED@v2A>1c5°df02AwA>14n>D@7°VHpqr0¨D@721�=F1Om@v>bED@?E0>aw?EX�dfaj1Om£PSR�?Ea2p 6 p � VH5�D@7214=F1Q?Bm6dkhj14=@9Ãm@D@=F[^0>a½v>n>n{14=ÜG�X�df0:D@bB1¦df02[^X�dfbE9Ã;{14021idfD@7qÞNO14b¿df02AZD@7edfD¡dfbEXZ[cm@DoAJ?Bm~dfn>n{1idf=FmydfD ±i�c�c� �<XÅA>14n>D@7�p�¥y721sdfv>D@72[^=Fmym@n{1ON4v>b¿dfDF1#D@7edfDoD@721�3`1idf�QbB[i3`14=ÜGX�df0:D@bB1�df02[^X�dfbE9w[f\ � p�_ � ?BmsAJv216DF[Zhj14=@D@?BNidfb§bB1idf�cdfaj1�A>[i3¡0Ãdf02Aw;{14bB[i3�D@7>?BmsA>14n>D@7�p¡¥y72149½m@v2m@n{1ON4DD@7edfDsmFv2NF7zbB1idf�^dfaj1ldfbBmF[¦dfn>n{1idf=F1OA�?E0|D@721�1idf=@bE?B14=xacbB[^;edfb�DF[^XZ[^ac=~dfn>7>?BN�m@D@v2AJ?B1OmÂdf02A�NO[^v>bBA|7edOhj1�bB1OADF[ 
Â� �~ã �����M���§��� 8 ����ä��¡�§�Ä�E±i²c²c²  �mFv>acaj1Om@D@?E0>a¦d�A>1O14nwn>bEv>XZ1cp/
ng[cm~m@?E;>bB1�1H�<n>b¿df0edfD@?B[^0�\S[^=�d`3`1idf�W=F[8[^D�[f\2dym@D@=F[^0>a#v>n>n{14=�X�df08D@bB1Yn>bEv>XZ1�XQ?Eac78D�;{1Yd`b¿df=@aj1YAJ=F[^n?E0kD@721�DF14XQn{14=~dfD@v>=F1WA>14n{1402A>1402NO1W[f\
vP

?E0kD@721�D@=~df02mF?ED@?B[^0½æi[^021�P]d^mym@v>acaj1OmFDF1OA¦;89½� ���g�<� � �E±i²c² _� tVD@7edfD6NO[^v>bBA¨X�df�j1�n>bEv>XZ1Om�d£X¢v2NF7�3`1idf�j14=�hj14bB[<N4?EDI9¨df02[^X�dfbE9|?E0¨D@721�bB[�3o14=¢X�df0:D@bB1�df02AÃD@7214=F1H\][^=F1XZ[^=F1£AJ?�h�N4v>bED¢DF[�?EX�dfaj1c5UbB1id^AJ?E0>a|DF[zdfn>nedf=F140:DQmF[^v>=FNO1Z=F14ac?B[^02m¢021idf= ;��^� �8XwpwÍx[i3`14hj14=i5UD@721Z\�d^N4DD@7edfD�D@72149½[^;2mF14=@hj1�0:v>XZ14=F[^v2msn>bEv>XZ1Oms1H�JDF1402AJ?E0>a�DF[�D@7216A>1O14n�X�df08D@bB1�3`1idf�j1402m�D@7>?Bmxdf=@acv>XZ140:Di5MdfDbB1id^m@D�d^m�dQn>721402[^XZ1402[^0zd�KM1ON4D@?E0>aZD@7216m@D@=F[^0>aj14=#v>n>n{14=ÜG�X�df0:D@bB1�n>bEv>XZ1Omip
±i�76



��������� · /°¼��O �T�!�L���5�! E���O�E�<����67,M� ��0*�3�4�>K�0p��02, _* *���(,�Y�#R�3, ,*��,< 26[' �(�!)
�7K����3?E0�'
)
��F*,<�1�!#q�M67,<�R�O 2FB- �N�O�LZ
�3,7F967�!���!�<�T�3,V?E�3,M�7,< B�U�P 2,LK������ �>, �>,<����6<����' ?A,<�!�L�5�	���������! /�!# ��- � � - .^�OZI,< #��3�!) � � ��� ªe®:® � ·4¹xº^»E¼
`�aIb�b � �dcM-

¥y78v2mi5eD@72149½NO[^02N4bEv2A>1¢D@7edfD�D@721�v>n>ng14=sX�df0:D@bB1¢df02[^X�dfbE9�;g14021idfD@7zqrNO14b¿df02A�?Bm#02[^D�aj140214=~dfDF1OA|;:9d�b¿df=@aj1¢v>n83o14bEbE?E0>a½\S=F[^X'D@721�bB[�3o14=WX�df08D@bB1Zdf02A|D@7edfD6d¦A>1O14n¨[^=@?Eac?E0|\][^=6df0zqÞNO14b¿df02Azn>bEv>XZ1�Nidf0z;{1=@v>bB1OAw[^v>Dip
qr0Qm@v>XQX�df=@9j5cacbB[^;edfb>DF[^XZ[^ac=~dfn>7:9Qm@D@v2AJ?B1OmU?E02AJ?BNidfDF1yD@7edfDUD@7214=F1y?Bm§02[ � Ê �
[^=@?Eac?E0Q[f\°D@721yqÞNO14b¿df02An>bEv>XZ1cpÃ¥y721�Dr3o[znedfn{14=FmlN4b¿df?EXQ?E0>aÃD@7edfD�D@7214=F1¦?Bml[^021c5�mFvJK{14=¢\t=F[^X XZ14D@72[<A>[^bB[^ac?BNidfbyA>1HCeN4?B1402N4?B1Om�5dfD6bB1id^m@D¢?E0�D@721Zn>=F1Om~140:D~dfD@?B[^0�PSm~dfD@v>=~dfDF1OA¤NO[^bB[^=ÜGImFNidfbB1OmHV�df02A¨?E08DF14=@n>=F14D~dfD@?B[^0�[f\yD@7214?E=¢=F1Om@v>bEDFmip£¥y721=F1Om@v>bEDFmZ[f\ÂD@721½NO[^0:hj1408D@?B[^0edfbÂDF[^XZ[^ac=~dfn>7:9Äm@D@v2AJ9
;:9 � ���M� ª �#� ·4¹lº^»B¼ �E±i²c²c²  �?Bm¦dOhZ=@XZ1OA�;:9D@721C20>?EDF1HG]\S=F1Ou:v21402N49kDF[^XZ[^ac=~dfn>7:9|m@D@v2AJ9¦;89 � � �M� ª2®8® � ·4¹yº^»E¼ ���c�c�76 ;J �?E0wD@7edfD�D@7214=F1W?Bm¡02[ZA>[�3¡0:3`df=FANO[^0:D@?E08vedfD@?B[^0z[f\UD@7216qÞNO14b¿df02AJ?BN�df02[^X�dfbE9k;g14bB[�3 ±i�c�c� �<Xwp
¥�[¦NO[^XQn>bB14XZ1408DxD@721lm@D~dfDF14XZ1408DFmx[f\�acbB[^;edfbUmF14?Bm@XZ[^bB[^ac9w[^0|D@721¢[^=@?Eac?E0Ã[f\�D@721¢qÞNO14b¿df02A|df02[^X�dfbE93o1�=F14h8?B143�D@721�NO[^08D@=~d^AJ?BN4D@?E0>a½[^;2mF14=@h^dfD@?B[^0Ã[f\Ád�� !)� ��� � � 
 � ��� ��!�
 �'�)� ���/
 * � � �"* ��� �	� � �'��!���*  n>=F1OmF1408DF1OA�;89 ¬ ªe® � � ª �e¯ ª � ·O¹yºc»E¼ �E±i²c²c³  Ip¡¥y72149½v2mF1WD@721�n>7ed^mF1lÌ �Ì�dfbB[^0>a�3¡?ED@7|D@721¢d^mFmF[<N4?¿dfDF1OAAJ?LK{=~d^N4D@?B[^0Zn>7ed^mF1OmÁÌ<ÇYA �ÌQdf02A�Ì WÇÁAeÌ�\S[^=YdÂm@D@v2AJ9l[f\°D@721y;ed^mF1¡[f\gD@721yX�df0:D@bB1cp�¥y721OmF1`n>7ed^mF1Om�7edihj1df0�dfbEXZ[cm@DÂ?BA>140:D@?BNidfbY=~di9�nedfD@7Ã?E0ÃD@721lv>n>ng14=6df02AzXQ?BA>AJbB1�X�df0:D@bB1c5M3¡7>?EbB1�D@72149zAJ?LK{14=Â?E0zDI3`[wm@X�dfbEbmF14acXZ1408DFm`dfDY?EDFmÁ;ed^mF1�Pt;{14?E0>a¢ÇUG�3ydOhj1Om`D@7214=F1�VHp�¥y7>=F[^v>ac7¦NO[^XQn>bB1H�Z?E08DF14=~d^N4D@?B[^0½[f\gD@721OmF1�n>7ed^mF1OmYD@72149df=F1£7>?Eac7>bE9m~1402m@?ED@?Ehj1£DF[zÇ�G¢df02A�Ì:G�hj14bB[<N4?EDI9¸m@D@=@v2N4D@v>=F1wdfDQD@7214?E=QNO[^=F1HGI140:D@=@9Ädf02A¸NO[^=F1HGI1H�J?EDQng[^?E08DFmip

>xm@?E0>a¢D@721Om~1�n>7ed^mF1Om`\S=F[^X¾Ì<[^v>D@7JGI/�XZ14=@?BNidf0w14hj1408DFmyD@721Âdfv>D@72[^=Fm`C202A£m@D~dfD@?B[^02my?E0£02[^=@D@7214=@0|Ì<Nidf02AJ?LG0edOh<?¿d¢D@7edfDy=F1ONO[^=FAkdf02[^X�dfbB[^v2m6Pt3¡?ED@7k=F1Om@n{1ON4DyDF[¢ÇÁÈ�ÉYÊ¨VÁ3`dOhj1H\][^=@X ?E0:DF14=Ü\]14=F1402NO1Om¡D@7edfD¡Nidf0£02[^D`;{1
±i�cè



1H�Jn>b¿df?E021OA�;89�NO[^XQn>bB1H�¦mF[^v>=FNO1HG�D@?EXZ1s\Sv>02N4D@?B[^02m`[f\�D@721s14hj140:DFmipÁ¥y721sNO[^=@=F1Om@n{[^02AJ?E0>aZÌ �Ì�df02A½Ì ��Ìdf=F1Zv>02AJ?BmFD@v>=@;g1OA¸df02A�D@7214?E=lNO[^=F1HGI140:D@=@9
df02A
1H�<?ED¢ng[^?E08DFmi5§D@7edfD�X�df=@�¨D@721Z=F14ac?B[^0m~dfXQn>bB1OA
;:9ÃD@721AJ?LK{=~d^N4D@?B[^0wn>7ed^mF1Omi5JbE?B1WDF[�D@721W1id^mFDÜGImF[^v>D@7JGI1id^m@D�[f\�qrNO14b¿df02AMpÁR2[^=�[^021Wm@D~dfD@?B[^0w?E0½D@721 Û [^=@D@7JGI/yD@b¿df0:D@?BN[^;2mF14=@hj1Om¡D@721WmÒdfXZ16df02[^X�dfbE9j5em~dfXQn>bE?E0>a�d�m@X�dfbEbMnedf=@D¡;{14021idfD@7 � =F1O140>b¿df02AM523o1Om@D�[f\UqrNO14b¿df02AMpÁR>=F[^XD@721OmF1ZmFnedf=FmF1Z[^;2mF14=@hcdfD@?B[^02m�D@721£dfv>D@72[^=Fm�A>1OAJv2NO1¦D@721Z1H�J?Bm@DF1402NO1�[f\#df0df02[^X�dfbB[^v2m¢=F14ac?B[^0¤;{14021idfD@7qÞNO14b¿df02AM52D@7edfD�D@72149½1H�Jn>b¿df?E0�3¡?ED@7|df0 >�bED@=~d�G$��[i3yG�ÎY14bB[<N4?EDI98G �g[^021cp#¥�[¦NO[^02m@D@=~df?E0�D@7>?Bm > �cÎ �|\Sv>=@D@7214=D@721496XZ[<A>14b83ydOhj1`n>=F[^nedfa:dfD@?B[^0�D@7>=F[^v>ac7 � T > �cÎ�GImFD@=@v2N4D@v>=F1OmUdfD§D@721 � Ê �¨v2mF?E0>aÂd�À ��oG�Dr98n{1oNO[<A>1df02A1402A¤v>n3¡?ED@7¸d½\]dihj[^=F1OAXZ[8A>14b`D@7edfDlNO[^02mF?Bm@DFm¢[f\sd �cèc� �<XË3¡?BA>1c5 6:� �<XË7>?Eac7¸A>[^XZ1HGIm@7edfn{1OAm@D@=@v2N4D@v>=F1¦3¡?ED@7¤hj14bB[<N4?EDI9�n{14=@D@v>=@;edfD@?B[^02m�[f\ ±i� 5�df02A
_ ��� \S[^=lÇ�5Udf02AÌ:G�3ydOhj1HGIm@n{1O1OAM5�=F1Om@n{1ON4D@?Ehj14bE9jp¥y7>=F[^v>ac7ZD@721ybB[<Nidfb2NO[^?E02N4?BA>1402NO1¡3¡?ED@7ZD@721¡qÞNO14b¿df02A�D@7214=@X�dfb°df02[^X�dfbE9Qdf02AZdxXZ[^=F1yaj140214=~dfb2acbB[^;edfb2=F1HGb¿dfD@?B[^02m@7>?EnQ;{14DI3`1O140 > �cÎ �£df02Al72[^DFm@ng[^DFm§n{[cm@?ED@?B[^02m#Pt=F1ONO140:D@bE9�NO[^0JC2=@XZ1OA�;:9 ��� � �M� ªÃ·4¹�º^»E¼ ���c�c�76  tVD@72149km@v>acaj1Om@D > �cÎ �gm�d^m¡;{14?E0>aQD@7216[^=@?Eac?E02m�[f\U72[^DFm@n{[^DFmip
¥y721�021H�JDWmF1ON4D@?B[^0ÃD@=F1idfDFmWD@721�AJ?LK{14=F1408DWaj1O[^n>7:9Jm@?BNidfbodf02Aznedf=@D@bE9�aj1O[<NF7214XQ?BNidfbodf02[^X�dfbE?B1Om�5MD@7edfDX�dO9kn>v>D¡\Sv>=@D@7214=#NO[^02m@D@=~df?E08DFms[^0wD@721Â0edfD@v>=F1ldf02A½[^=@?Eac?E0�[f\UD@7216qrNO14b¿df02AJ?BN¢df02[^X�dfbE9jp

� ��� 	 �)� � ��*�
����! �

/��y[^v>acv214=6ac=~dOh<?EDI9¤df02[^X�dfbE9¨X�dfn
?BmWn>=F[ih<?BA>1OA¤;89
á ��� � � ������� ª-·4¹Âº^»B¼ ���c�c�c�  `v2m@?E0>a�A2dfD~dk\S=F[^X
� =@�<v2m@DF[f\t08v>0½qrm@b¿df02A>m�p§¥y721sX�dfnkm@72[i3#m¡d�=F[^v>ac7>bE9�14bEbE?En>D@?BNidfbMæi14=F[fG�XQa:dfb{?BmF[^bE?E021sNO1408DF14=F1OA£?E0£NO1408D@=~dfbqÞNO14b¿df02AMpkÀ�?ED@7>?E0
D@7>?Bm6?BmF[^bE?E021�h^dfbEv21Om�df=F1�A>1ON4=F1id^m@?E0>a|XZ[^02[^DF[^02[^v2m@bE9�DF[�3`df=FA>mQd½XQ?E0>?EX¢v>X 3¡7>?BN~7?Bm¢?E01id^m@DF14=@0¸NO140:D@=~dfb¡qÞNO14b¿df02AM5�D@721£N4v>=@=F140:D@bE9d^m~m@v>XZ1OA¤NO1408DF14=�[f\sD@721¦qÞNO14b¿df02A¤n>bEv>XZ1ÃP � �t�{�{���M�å ®:®:ª � 5>n{14=FmF[^0edfb�NO[^XQX�v>0>?BNidfD@?B[^0°V
� ��� ���2
 � ��*�
����! �

¥�[�A2dfDF1c5�D@721Q[^0>bE9zn>v>;>bE?BNidfD@?B[^0¤D@7edfDW\][8N4v2m~1OmW[^0¤df02[^X�dfbB[^v2m6721idfD��e[�3Æ[^0�qrNO14b¿df02A�?BmWD@721Q[^021Q;:9
8 � ª �t������� 8 � ª �t�����c�c� _� Ipk¥y72149�N4b¿df?EX D@7edfD¢D@7214=F1Z?Bm�02[w721idfD �e[�3 df02[^X�dfbE9¨;{14021idfD@7
qÞNO14b¿df02AMpÈ�14X�df=@�cdf;>bE9j5>DF[QA2dfDF1WD@7214=F1Â7ed^m#02[^D#;g1O140�df089�\Sv>=@D@7214=#nedfn{14=#[^0½D@7edfD#DF[^n>?BNcpY¥y7>?Bm¡?E02AJ?BNidfDF1Om�bE?ED@D@bB114h<?BA>1402NO1Â\S[^=�dQ721idfD��e[i3�df02[^X�dfbE9jp
��� 0 � �

/ÝbB[^Do[f\�3`[^=@�Q7ed^mÁ;{1O140�A>[^021x[^0�D@721�N4=@v2mFD~dfb°m@D@=@v2N4D@v>=F1c58nedf=@D@bE9Q3¡?ED@7¦b¿df=@aj1HGIm~NidfbB1sA>1OAJ?BNidfDF1OA£1H�<n{14=@?LGXZ140:DFmÂPS1cp a2pE5<È�È�q@Ì<Ç§5:RUqrÈsÉoVH5:dfbBmF[�;:9�3o[^=@�j14=Fmy[f\MD@721 >s0>?Ehj14=Fm@?EDr9Z[f\�Ê�v>0>?BN~7�581cp a2p å���¯ ª ��� ª ����� ª �·4¹Wº^»B¼ �E±i²c³c�  I5 < ª �g�g����� ª«·4¹Wº^»B¼ �E±i²c³c�  ¡[^=¢3¡?ED@7
=F1ONO14?Ehj14=l\Sv>02N4D@?B[^0
DF1ON~7>0>?Bu:v21OmwPtX�df?E0>bE9
Tsv¸df02ANO[i3`[^=@�j14=Fmi5e1cp a2p`á�� ����� �Á����® ¯ ª �����c�c�J±  tVHpÌ8?E02NO1`D@721oC2021HGImFNidfbB1¡N4=@v2m@D~dfb>m@D@=@v2N4D@v>=F1yNidf0>02[^D�;{1ÁXZ[<A>14bB1OAl3¡?ED@7QD@721oacbB[^;edfbJ3ydOhj1HCe14bBA�dfn>n>=F[jd^N~7v2mF1OA¸?E0ÄD@7>?BmZD@721Om@?Bmi5odf02A�m@?E02NO1wdz=F14h8?B143([f\xD@721OmF1½mFD@v2AJ?B1OmQ3o[^v>bBA�aj[Ã;g149j[^02A�D@721½m~NO[^ng1½[f\ÂD@7>?BmNF7edfn>DF14=W3`1�=F1Om@D@=@?BN4DW[^v>=FmF14bEhj1OmÂDF[½d¦;>=@?B1H\`m@v>XQX�df=@9z[f\ÁX�df?E0¨N4=@v2m@D~dfbU\S1idfD@v>=F1Om�5°ac?Eh<?E0>awNO[^02m@D@=~df?E08DFm[f\�D@721xX�df0:D@bB1Ân>bEv>XZ1cpÁ/�aj[8[<A¦=F14h8?B143�[f\�=F14bB14hcdf0:D#N4=@v2m@D~dfbMm@D@v2AJ?B1Om`?Bm`ac?Ehj140½?E0wá ��� � � �����t� ªÄ·4¹oº^»E¼���c�c�c�  IpxÌ8?E02NO1¢D@721OmF1kPtX�df?E0>bE9½3¡?BA>1HGrdf0>acbB1l=F1H\]d^N4D@?B[^0°Vsm@D@v2AJ?B1OmxA>[Z02[^DÂNO[ihj14=xD@721¢1408D@?E=F1l?Bm@b¿df02AM5eD@72149N4bB[cmF1�D@721Qa:dfn2m�?E0¨D@721ZNO[ihj14=~dfaj1¦[f\yqÞNO14b¿df02A¨v2m@?E0>a½ac=~dih8?EDr9¨XZ[8A>14bE?E0>a25�3¡?ED@7�D@721ZmF14?BmFXQ?BNQA2dfD~dwdf02AD@721 �y[^v>acv214=�X�dfnz[f\YqrNO14b¿df02A�d^msNO[^02m@D@=~df?E0:DFm�p`¥y7>?Bm�=F1Om@v>bEDFm#?E0�DI3o[�X�dfn2mi5e[^021W\S[^=#D@721�;ed^mF16[f\UD@721v>n>n{14=xN4=@v2m@Di5{df02Az[^0216\][^=�D@721lÊ|[^72[¦A>14n>D@7�ps¥y721¢v>n>n{14=sN4=@v2m@D~dfb§D@7>?BNF�<021OmFmx?Bms[^0¨dOhj14=~dfaj1
∼ è �<Xw5;>v>D#hcdf=@?B1Om¡?E0½D@721W=~df0>aj16[f\

∼ � G ±c± �<Xwpqr0ÃD@721QÊ|[^72[fGIA>14n>D@7�X�dfn�PSR§?Ea2p 6 p ² VsD@721�XZ[cm@DÂn>=F[^XQ?E021408D6\]1idfD@v>=F1�?BmÂD@721�D@7>?BNF�j140>?E0>a�[f\¡N4=@v2m@Dv>02A>14=Â1id^m@DF14=@0|NO1408D@=~dfb§qÞNO14b¿df02Aw3¡?ED@7¨d�X�d��J?EX�v>X'[f\
∼ 6:� �8X(v>02A>14=�D@7216ÎÁdfD@0ed�ç��^�<v>bEb�?BNO1ONidfn|D@7edfD

±i�5;



��������� · /°¼ %� � �4�>K^��,<�$�O 2�!)P�O�:' )P�3? �!#W�<67,<�R�O 2F #R�3�!).á ��� � � ������� ª�·4¹¡º^»B¼E`�aIb�b�b[cM- �T�4�(, ��0B���U��02,
�5,<�3�OY�) �X�O� �&�3�!���� 2, ��0B��� �3,V?E�����(,M�  2,LK������ �>,X#��3�!) ?A���L����� �>, �3�O����,M� �!�5 ;�N= ����0*�� �M67,<�R�O 2FB-J.102, ���>=W,M���
�O 2�!)P�O�:' �7�O����,�67�!�� 26<��F*,M�
= ����0 ��02,+�>�<�!�5)
,7FS6��5�L�3,< B� ?A���L�������! /�!#T��02,T?E���5)
,P67,< E�(,<� � �>�P���7,7F �� 
��0*�&�X�!�L��F5'�-

�����5��� · /°¼��� �p�3?G�!# � �!02�+F*,V? ��0 �d'�á ��� � � �����t� ª�·O¹`º^»B¼B`�aIb�b�b[cM-

±i���



D@721Ãdfv>D@72[^=Fm£A>1OmF?Eac0edfDF1zd^m¦D@721�n>bEv>XZ1zNO140:DF14=ip�ÉÁd^m@Dk[f\6?ED½d¨;edf02AÝ[f\6D@7>?BNF��N4=@v2m@D¨P
∼
_ è Gr_ ; �<X¦V1H�JDF1402A>mÂDF[¦D@721�3`1Om@DF14=@0>XZ[cm@D61402AÃ[f\oD@721�Redf=F[<1HGIqÞNO14b¿df02A¨=@?BAJaj1cp�¥y721Qdfv>D@72[^=Fm6m@n{1ON4v>b¿dfDF1lD@7edfDWD@7>?BmX�dO9�;{1¡D@721¡D@=~d^N~��[f\{D@721¡n>bEv>XZ1sNO140:DF14=ip�Íx[i3o14hj14=i5>dxaj140214=~dfb°3o1Om@DÜGI1id^m@D`14bB[^0>a:dfD@?B[^0¦[f\{D@7>?BNF�j14=yN4=@v2m@D?BmY14h<?BA>140:D�\S=F[^X}D@721yX�dfn�5:3¡7>?BNF7�?BmYD@721¡m@?Eac0edfD@v>=F1�[f\gD@721¡n>bEv>XZ1¡XZ[^D@?B[^0�3¡?ED@7Q=F1OmFng1ON4DYDF[ÂD@721�Ê|/xÈ�p

� � ��*��	�)�	��
* � 
*��.��� � � � � �/��� �'���
	����� 0�*�� �	��
*+� �	0  /���'�

qr0�d¨mF14=@?B1Om£[f\Wnedfng14=FmzP 8 � ª � ·O¹lº^»B¼ �E±i²c²5; 5 ±i²c²c³ 5 �c�c�c� 5 �c�c� _� tV �odf0>a¸Ì872140�3¡?ED@7ÝNF7edf0>ac?E0>a¸NO[fG3o[^=@�j14=Fm�1H�2dfXQ?E021�D@721£A>14n>D@7¸[f\�AJ?BmFNO[^0:D@?E08v>?ED@?B1Om�;g14021idfD@7¸qrNO14b¿df02A�PSÈ�1ONO14?Ehj14=�\tv>02N4D@?B[^0¸m@D@v2AJ?B1Om�[^0m@7edfbEbB[�3o14=QA>14n>D@72mi5§?�p 1cpE5�[^0¤D@721¦N4=@v2m@D~dfbLGIm@D@=@v2N4D@v>=F1£3`d^m�Nidf=@=@?B1OA[^v>D�;:9�á �Æ·4¹Wº^»B¼ ���c�c�c�  ¡df02A¸á ������ �Y� ��® ¯ ª �Ä�E±i²c²c²  tVHpqr0¢D@721ÁC2=Fm@D§nedfng14=�8 � ª � ·4¹§º^»E¼ �E±i²c²5;  >v2mF1`A2dfD~ds[f\eD@721YC2=FmFD§n>7ed^m~1o[f\2D@721yq � ÉYÊ|É��8¥�1H�Jng14=@?EXZ1408DPS/sv>acv2m@D ±i²c² _ � TÂ1ONO14X�;{14= ±i²c²76 V�df02A�[f\�D@721 � Ì Û m@D~dfD@?B[^0 � � È � DF[Z1H�2dfXQ?E021�nedf=@D@?BN4bB1�XZ[^D@?B[^02mdf02A¸=F1ONO14?Ehj14=Z\Sv>02N4D@?B[^02mip��`9
NO[^XQnedf=@?Bm~[^0�[f\sD@721w=F1ONO14?Ehj14=Q\tv>02N4D@?B[^02mZ3¡?ED@7Än>=F1OAJ?BN4D@?B[^02mQ\S=F[^X!D@721qÞ/ÂÌ<ÇYÉÁq�XZ[<A>14b2D@72149Q[^;>D~df?E0¦dOhj14=~dfaj1sAJ?LK{14=F1408D@?¿dfbeD@?EXZ1#[f\ � p�_ ± � p ² mi5:3¡7>?BNF7�?BmÁ1Ou:v>?EhcdfbB140:DYDF[¢dxD@=~df0JGm@?ED@?B[^06æi[^021ÁD@7>?E0>0>?E0>as[f\ � _ ± ² �<Xwp�¥y7>?Bm�D@=~df02mFb¿dfDF1Om�DF[ ±i³c� ± �^� ◦ Ä1H�>NO1OmFmMDF14XQn{14=~dfD@v>=F1cp§¥y72149xC20edfbEbE9NO[^02N4bEv2A>1¡D@7edfD�D@721yX�df08D@bB1yv>n:3o14bEbE?E0>a¢;g14021idfD@7ZqÞNO14b¿df02AQ1H�JDF1402A>mÁdfD�bB1id^m@DUDF[6dxA>14n>D@7Z[f\ 6:�c��� �^�c� �<Xwp
qr0¦d6mFv>;2mF1Ou:v21408DÁnedfn{14=i5B8 � ª � ·4¹�º^»B¼ �E±i²c²c³  {1H�JDF1402AZD@721�=F1ONO14?Ehj14=ÜG]\tv>02N4D@?B[^0½dfn>n>=F[jd^NF7kDF[�D@721#140JGD@?E=F1¡q � ÉYÊ|É��8¥�A2dfD~d^mF14Dod�\SDF14=YNO[^XQn>bB14D@?B[^0¦[f\°D@721�1H�<n{14=@?EXZ140:Dip�¥y72149l;>?E0QD@7214?E=ÁA2dfD~dx?E0Z[ihj14=@b¿dfn>n>?E0>anedfDFNF721Omx[f\ �c�c� × �c�c� �8Xw5e3¡7>?BNF7z=F1��e1ON4DFm#=F[^v>ac7>bE9½D@721¢R>=F1Om@0214b�æi[^021�[f\Un>7ed^m~1�Ç ;5;c� mxdfD � p ± G � p�_UÍsæjpqr0
NO140:D@=~dfb#df02A
mF[^v>D@7214=@0qÞNO14b¿df02A
D@72149�[^;2mF14=@hj1¦AJ?LKM14=F140:D@?¿dfbyD@=~dihj14b`D@?EXZ1Om¢D@7edfDQdf=F1�m@X�dfbEbB14=lD@7edf0D@7edfD#n>=F1OAJ?BN4DF1OA�;:9½qr/WÌ<Ç ²J± ;89 � p � mlP ∼ �c� �8X D@7>?E0>0214=#D@=~df02m@?ED@?B[^0�æi[^021�VH523¡7>?EbB1�m@v>=@=F[^v>02AJ?E0>akdf=F1id^mdf=F1Â02[^=@X�dfb�3¡?ED@7w=F1OmFng1ON4D¡DF[�D@721W=F1H\]14=F1402NO1WXZ[<A>14b�pY¥y7:v2m�NO[^0JC2=@XQ?E0>a£df02Awm@n{1ON4?L\S98?E0>a�D@721Wn>=F14h<?B[^v2m=F1Om@v>bEDFmÂD@72149zNidfbEb�?E0:DF[½u8v21Om@D@?B[^0¨D@721lXZ[8A>14b�D@7edfDWD@721�qÞNO14b¿df02AJ?BNZdf02[^X�dfbE9z[^=@?Eac?E0edfDF1Om�?E0zD@721�v>n>n{14=X�df0:D@bB1lAJv21¢DF[Z=F14ac?B[^0edfb§721idfD@?E0>a£[f\�D@721¢bB[i3o14=xX�df0:D@bB1l;{1ONidfv2mF16D@721�721idfD@?E0>a¦æi[^021�3o[^v>bBAz;{1WX�v2N~7b¿df=@aj14=#D@7edf0wD@7216n>bEv>XZ16NO[^02AJv>?EDip
8 � ª � ·4¹sº^»E¼ ���c�c�c�  Y1H�JDF1402A�D@721l1idf=@bE?B14=Wm@D@v2AJ?B1Omx;:9wv2mF?E0>akd�02143-df=@=@?EhcdfbUD@?EXZ1�n>?BN~�8?E0>akXZ14D@72[<Adf02Akd6b¿df=@aj14=yA2dfD~dlmF14DÁ;89Z?E02N4bEv2AJ?E0>a�D@721sA2dfD~d¢[f\�D@721xÍ � ¥�Ì<Ç � ¥�1H�Jng14=@?EXZ1408Di5<D@7:v2my?E02N4=F1id^m@?E0>alD@721dfXZ[^v>0:D¢[f\oA2dfD~d£;:9ÃdZ\�d^N4DF[^=6[f\Y\][^v>=ip�¥y72149|X�dfn¤d¦Ç ;5;c� mÜGIÇ 62±i� m�df02[^X�dfbE9z;g14021idfD@7�NO1408D@=~dfbÁdf02AmF[^v>D@7214=@0wqÞNO14b¿df02A£3¡?ED@7�d�=F1OAJv2N4D@?B[^0w[f\§D@7>?Bm¡AJ?LK{14=F1408D@?¿dfb�D@=~dOhj14bMD@?EXZ1W[f\�v>n½DF[ ± p ; my3¡?ED@7½=F1OmFng1ON4DyDF[3¡7edfDx?Bm#n>=F1OAJ?BN4DF1OAz;:9½D@721lqr/WÌ<Ç ²J± XZ[8A>14b�p#¥y7>?BmxD@=~df02m@b¿dfDF1OmsDF[¦d�D@7>?E0>0>?E0>ak[f\YD@7216D@=~df02m@?ED@?B[^0zæi[^021[f\ ±i² �8?EbB[^XZ14DF14=Fm�3¡?ED@7w=F1Om@n{1ON4D¡DF[QD@7216m@v>=@=F[^v>02AJ?E0>akdf=F1id^mi5>D@7edfD#?E0½D@v>=@0|NO[^=@=F1Om@ng[^02A>m�DF[�df0w1H�>NO1OmFmDF14XQn{14=~dfD@v>=F1#[f\ ± 6:� ◦ Qpc¥y721sdfv>D@72[^=Fm�02[^DF1¡D@7edfD�D@7>?Bm�?Bm�n>=F[^;edf;>bE9ZdxbB[�3o14=Y;{[^v>02AZAJv21yDF[Wm@XZ[<[^D@7>?E0>a[f\¡D@721QXZ14D@72[<A¨;:9¨D@721�C20>?EDF14021Om~m�[f\¡D@721ZR>=F1Om@0214boæi[^021�df02A�D@721ZnedfDFNF721Om¢D@72149zv2m~1OAÃ\S[^=¢m@D~d^NF�<?E0>a2pÌ8?E02NO1Ãdf0�1H�>NO1OmFmZDF14XQn{14=~dfD@v>=F1|[f\�� ± 6:� ◦  ?Bm¦NO[^02mF?Bm@DF140:D¦3¡?ED@7�D@721�DF14XQng14=~dfD@v>=F1z[f\6D@721�qÞNO14b¿df02An>bEv>XZ1c5{D@72149w?E08DF14=@n>=F14DxD@7>?BmWdf02[^X�dfbE9Ãd^m�;{14?E0>awd^mFmF[<N4?¿dfDF1OA�3¡?ED@7zD@721¢qÞNO14b¿df02AzX�df0:D@bB1ln>bEv>XZ1cpÂ¥y721[fKMmF14D#;{14DI3o1O140|D@7216X�dfn>n{1OA½D@=~df02m@?ED@?B[^0|æi[^021�df02[^X�dfbE9�df02AwA2dfD~dZNO[^02mFD@=~df?E0>?E0>a�D@721�mF7edfbEbB[i3 v>n>n{14=X�df0:D@bB16bB[8NidfD@?B[^0w[f\§D@721Ân>bEv>XZ1W140edf;>bB1WD@721Wdfv>D@72[^=Fm¡DF[Qm@v>acaj1Om@D¡D@7edfD¡D@721ÂqÞNO14b¿df02Akn>bEv>XZ16NO[^02AJv>?ED¡?BmD@?EbEDF1OA½;89 ² A>14ac=F1O1Oms[^=¡XZ[^=F1Â\S=F[^X¾D@721Whj14=@D@?BNidfb�pqr0ÄD@721wb¿d^mFDZnedfng14=i5 8 � ª � ·4¹�º^»B¼ ���c�c� _� xv2mF1wm@D~d^N~�j1OAÄ=~d^AJ?¿dfbs=F1ONO14?Ehj14=�\Sv>02N4D@?B[^02m¦df02AÄC202A�df0df=@=@?Ehcdfb ±c±i� ± ± mZd�\SDF14=�Ç�p�¥y72149¸dfD@D@=@?E;>v>DF1kD@7>?Bm�df=@=@?EhcdfbyDF[¨d|AJ?Bm~NO[^0:D@?E0:v>?EDr9¸?E0D@721£XQ?BA<G�X�df08D@bB1�dfDdfn>n>=F[O�J?EX�dfDF14bE9 ±i�cèc� �8X¾A>14n>D@7�pÁ¥y7>?Bm#AJ?BmFNO[^0:D@?E08v>?EDI9½?Bmy=F1OmF[^bEhcdf;>bB1W[^0>bE9�;{14021idfD@7wmF[^v>D@7214=@0wqÞNO14b¿df02A3¡7214=F1xD@721xD@=~df02m@?ED@?B[^0kæi[^021s7ed^m`;{1O140£mF72[i3¡0½DF[¢;g1sD@7>?E0�p�¥y7>?Bm¡m@nedfD@?¿dfb{NO[^=@=F14b¿dfD@?B[^0wm@D@=F140>acD@721402myD@721?BA>1id|D@7edfD�;g[^D@7�df=F1kNidfv2mF1OA¤;89¤D@721km~dfXZ1¦n>bEv>XZ1cp¨¥y721kA>14=@?Ehj1OA
hj14bB[<N4?EDI9
D@=~df02m@?ED@?B[^0Ä[<NON4v>=Fml[�hj14=d½A>14n>D@7
?E0:DF14=@hcdfbo[f\#[^0>bE9

∼ èc� �8Xw5�3¡7>?BNF7?Bm6[^0>bE9¨7edfbL\¡D@721Q3`dihj14bB140>acD@7¸[f\yD@721�NO[^08hj14=@DF1OA¤n>7ed^m~1OmPt7edOh<?E0>a
∼ ±iè m#A>[^XQ?E0edf08Dsn{14=@?B[<AeVydf02AwNidf0wD@7:v2m#;g16NO[^02mF?BA>14=F1OAwm@7edf=@n�pY/s0w14bB14h^dfDF1OAwDF14XQng14=~dfD@v>=F1

±i�c³



� � � ��� � �� � 	 
 � � � δvP δvS

� � �� � � � � �� � �� � � �� � �� � �� � �� � � � � � �� � � � � � � 	 � � � � 	 � � � �

� �� � �� � � � 
 � � � � � � �� �� � � �  � 	 ≥� !" � 	

#� $ � � � � � � �� � " ≥�   � 	 ≤ �  
◦

%

& � 
 � � � � � �� � ' �   � 	 !"
◦

% ( 
 � �

& � 
 � � � � � �� � ' ' � 	 � ! 

◦

% ( 
 � )

* � �� � � � � � �� � ' & + *, � �- )� ±� � 	 � � ± ! .

/ 
 �  � � � � � � �� � ! & + *, � �

>

) �

>

� � � "  10 )  � 	 � 2 � ≥

�  � 	

* � �� � � � � � �� � � & + *, � � ≤ )  � 	 3

≥ ' ' � 	 4 ) � 	 ≥ � "  .

5 � � 	 $ � � � � � � � � � � �� � � , #6 7 )�   � 	

& � 
 � � � � � �� � � �  � 	 � � 

◦

%

#� � � � 	 � � � � � � �� � � , #6 7 0 � � � �

>

) � " � ' ' � 	

+ � � �� � � � � � �� � � & + *, � � � ) � �  � 	 � 2 �

8 �9 :� � � ; * � � � 	 � � �� � � + . � � " ≤ ) "  � 	 )�   � 	 )  10 �   .

, �� � � � � � � � � � � � )   

<

� � " �

≤ � ) " � 	 � 2 � � "   � 	 5 � � � � ���

< 
 � � � � � � � � � � )   & + *, � � ) � � � � � � � �  10 � �  � 	 >

� �

≤ ' ' � 	

< 
 � � � � � � � � � � )  � & + *, � � ) � � � � � � � �  10 � ) " � 	 >

� �
≤ ' ' � 	

� � � 
 )  � ≥ � "  � 	 )�   � 	

+ � � �� � � � � � )  ) = & % +> ? ) � � � � � � � ' 10 �  � 	 ) 2 � ≥

�  � 	 � � � � � � :� � � �

* � �� � � � � � )  ) & + *, � � �� � 	 ≥ � � . � � � �≥�

◦

7 
 � � � � �� � � � � � )  � ≥ � � " � �  � 	 ≤ �   � 	

* � �� � � � � � )  � � "  � 	

@ � ; < 
 � � � � � )  � & + *, � � " �

≥ )  � 	

5 � � � � � � � )  � & + *, � � � � " � ' � ) � � ) "0 � "  � 	 ≥

�  � 	

+ � � �� ; � � 
 	 � � )  " , #6 7-

>

) � A � �
>

�  � 	 � 2 � ≥� "  � 	 � "  10 "   .

& � � 	 � � � B � �
≤ )  � 	 � 2 �

� � � � �C � � "ED � � � � �D � ) � ' 10 ≥ 300

� 	 ≥� "  10 )�   � 	 �� D )� � 	 ! 10 "   

◦

FHG IJLK MON PHQ R�S T T UVW X Y�Z [ S T \ Z UV U T \ ] \V ^ U ^ _ \V `Ha \ _b W _ ` c \V \d ] ^ ] S _ ` \ ^fe gd h U ^ \ X Y ^ \ ` ^ T ` h ^ ] S _ ` \ ^ ] i \ S d _ \V [W ` d jb U h k jV X S d _ T X _ \ [

] Xl i ` h i ] i \ Z \V ] S V b U ] ` X d ^ V \ Y \V ` ^ j `Ha \d e g Y Ua U ` [ Ub [ \fm ] i \ V U _ ` S ^ _ \ n d ` ] ` X d S ^ \ _ ` ^ j `Ha \d ` d ] i \ h X [ S T d [ \ Y ] X Y ] i \ V U _ ` S ^fe

±i�c²



dfbB[^021#Nidf0>02[^DY1H�Jn>b¿df?E0�m@v2N~7�dÂm@7edf=@nQ;{[^v>02A2df=@9j5jD@7:v2m�5jm@v2NF7£d�XQ?BA<G�X�df08D@bB1�AJ?BmFNO[^08D@?E0:v>?EDr9Z?BmUXZ[^=F1NO[^02m@?Bm@DF1408DY3¡?ED@7�NO[^XQn{[cm@?ED@?B[^0edfbEbE9QAJ?Bm@D@?E02N4DY=F1OmF14=@hj[^?E=FmY?E0ZbB[i3`14=ÁX�df0:D@bB1c5<d^mYN4b¿df?EXZ1OAQ;89laj1O[<NF7214XQ?BmFDFmip
�0&(%)&Rl � � /�'�%(��� ! '$#�� /�! 3 1 ! /B3 � ��/*����� #�� � %!354 %(��� % !�! 3 %(��� /*� /*� �

¥�df;>bB1 6 p � m@72[i3#mWd¦m@v>XQX�df=@9w[f\Y=F1Om@v>bEDFmÂ[f\ÁAJ?LK{14=F1408DWm@D@v2AJ?B1OmsNO[^02NO14=@0>?E0>akD@721¢aj1O[^XZ14D@=@?BNidfb�5�df02AM5e?L\dOhcdf?Eb¿df;>bB1c5°d^A>AJ?ED@?B[^0edfb�nedf=~dfXZ14DF14=Fm�[f\UD@7216qÞNO14b¿df02AwÇ�bEv>XZ1cp/ C20edfb¡dfn>n>=~df?BmF14XZ140:DZ[f\#D@721¦=F1Om@v>bEDFmi5U72[�3o14hj14=i5�?Bmlu8v>?EDF1¦AJ?�h�N4v>bEDi5YAJv21¦DF[|D@7214?E=¢nedf=@D@?¿dfbyNO[^0JGD@=~df=@?E021OmFmip¨R2=F[^X!d|mF14?Bm@XZ[^bB[^ac?BNidfb¡n{[^?E0:DQ[f\�h<?B14365�[^021£DF1402A>m�DF[�D@=@v2mFDlXZ[cmFD¢D@721¦C20>?EDF1HG]\S=F1Ou:v21402N49DF[^XZ[^ac=~dfn>7:9¨=F1OmFv>bEDFmW;:9 � � ��� ªe®:® � ·4¹xº^»E¼ ���c�c�76 ;J Y\][^=WD@721�3¡72[^bB1QX�df0:D@bB1Qn>?BN4D@v>=F1�m@?E02NO1�?EDW?BmÂD@721XZ[cm@D6Nidf=F1H\Sv>bÁm@D@v2AJ9ÃNO[^02NO14=@0>?E0>a|A2dfD~dk?E02mFng1ON4D@?B[^0
df02A¤mF14bB1ON4D@?B[^0
df02A ¬ � ��¯ ·4¹xº^»E¼ ���c�c�76  Y\][^=WD@721v>n>n{14=�X�df0:D@bB1¡?EX�dfaj1¡m@?E02NO1yD@72149lv2mF1yA2dfD~dÂ[f\{dfbEb>D@721¡1H�Jn{14=@?EXZ140:DFmipUÊz[^=F1O[ihj14=i58;g[^D@7Zdfn>n>=F[jd^NF721Om`df=F1;ed^mF1OA�[^0¢C20>?EDF1HG]\t=F1Ou8v21402N49¢D@721O[^=@9jpUR2[^bEbB[�3¡?E0>a � � �M� ª2®:® � ·4¹�º^»B¼ ���c�c�76 ;J >D@721yqÞNO14b¿df02A¢X�df08D@bB1yn>bEv>XZ1?BmÁNO[^0JC2021OA�DF[6D@721�v>n>ng14=YX�df08D@bB1c5<3¡7>?BNF7�58?E0�D@v>=@0¦NO[^08D@=~d^AJ?BN4DFm`D@721¡=F1Om@v>bEDFmÁ[f\�Ì872140kdf02A�NO[fG�3o[^=@�j14=Fm�5?E02AJ?BNidfD@?E0>a½D@721�D@=~df02mFmF1ON4D@?B[^0¨[f\¡d�n>bEv>XZ1lD@7>=F[^v>ac7¨D@721�D@=~df02m@?ED@?B[^0¨æi[^021cp�/ÆmF[^bEv>D@?B[^0ÃDF[£D@7>?BmWNO[^v>bBA;{1�D@721£n{[cm@D@v>b¿dfD@?B[^0Ä[f\xd|3o1idf�¸df02A
;>=F[jd^AM5`df02AX�dO9<;g1£n>v>bBm@?E0>aÃn>bEv>XZ1k?E0¸D@721£bB[i3o14=QX�df08D@bB1wd^mm@v>acaj1Om@DF1OAw;:9 � � ��� ªe®:® � ·4¹yº^»B¼ ���c�c�76 d� Ip � [^02NO14=@0>?E0>a�D@721�AJ?¿dfXZ14DF14=s[f\�D@721Wn>bEv>XZ1c5>D@7216mFv>acaj1Om@DF1OAhcdfbEv21OmZ=~df0>aj1½\S=F[^X ±i�c��� ;c�c� �<Xwp�Ís[�3o14hj14=i5¡D@721�=F1ONO140:D¦nedfng14=¦;:9 å ®:®8ª �«�����Æ��� � �s� ���c�c�cè  =F1OAJv2NO1Om#D@7216=~df0>aj1WDF[ ±i�c� G �c�c� �<Xw523¡7>?BNF7|?Bm¡?E0�dfac=F1O14XZ140:Dx3¡?ED@7�mF14?BmFXQ?BNWm@D@v2AJ?B1Omi521Om@n{1ON4?¿dfbEbE9kD@72[cmF1D~df�<?E0>a�?E0:DF[kd^NONO[^v>0:DsC20>?EDF1HG]\S=F1Ou:v21402N49�1HKM1ON4DFmipyR2[^=xD@7216X�dfac0>?ED@v2A>1l[f\�D@721¢qÞNO14b¿df02AJ?BN¢df02[^X�dfbE9j5°D@721C20>?EDF1HG]\S=F1Ou:v21402N49Zm@D@v2AJ9Z[f\ ¬ � ��¯ ·O¹Uºc»E¼ ���c�c�76  °n>=F[^;edf;>bE9Qac?Ehj1OmoD@721#D@721�XZ[cm@DY=F14bE?¿df;>bB1sh^dfbEv21Om�p§¥y721491H�>NO1O1OA½D@721Âng14=@D@v>=@;edfD@?B[^02mx[^;>D~df?E021OAw3¡?ED@7½=~di9kDF[^XZ[^ac=~dfn>7:9¤Pt3¡7>?BNF7|?Bm#1H�Jng1ON4DF1OA½DF[�v>02A>14=F1OmFD@?EX�dfDF1D@721�d^N4D@vedfb�n{14=@D@v>=@;edfD@?B[^0°VH52;>v>Dsm@D@?EbEb�A>[81Om#02[^D#?EXQn>bE9¦v>0>=F1idfbE?BmFD@?BN4bE9½7>?Eac7�1H�JNO1Om~myDF14XQng14=~dfD@v>=F1Omip
��ÐVi ������Ñ������	� �UÖ{Ù � �¡Ö°Õ���
xÙ	�� � �#ÔlØ�Ú@Õ ��Ö!� ��×¡Ö{Ø���×#Ô Ó � � � �#ÔlØ
qr0|D@721l\][^bEbB[i3¡?E0>a½D@721 ±i²c²5; Ç�14=@v�1idf=@D@72u8vedf�j1Zdf02AÃ?EDFmÂmF[^v>=FNO1ln>=F[8NO1Om~mÂ?BmxA>1Om~N4=@?E;g1OAÃm@?E02NO1l=F1idfbYdf02Am@9<0:D@7214D@?BN6A2dfD~d�\t=F[^X¾D@7>?Bm�1idf=@D@72u:vedf�j1W?Bm#v2mF1OA½?E0½D@721W021H�JD#mF1ON4D@?B[^0�p
�0&Rl)&+* ,.-0/
/ %!3 ��- �2#�%���/

/�m@D@=F[^0>a¦1idf=@D@72u8vedf�j1�[<NON4v>=@=F1OAw[^0 Û [ihj14X¢;g14= ±i� 5 ±i²c²5; [fKÃD@7216NO[jd^m@Ds;g14021idfD@7|mF[^v>D@7214=@0|Ç§14=@v�poqrD3`d^m`dÂD@7>=@v2m@DÁ1idf=@D@72u8vedf�j1xNidfv2mF1OAQ;:9Qm@v>;{AJv2N4D@?B[^0¦[f\{D@721 Û dfæiNidW=@?BAJaj1¡;{14021idfD@7�D@721�/�XZ14=@?BNidf0£Ç�b¿dfDF1P�� 8 < 8 e ß g�8>GI1idf=@D@72u:vedf�j1ZNidfD~dfbB[^acv21�[f\ ±i²c²5; VÂdf02AÃ=F1HG�=@v>n>D@v>=F1OA¨nedf=@DFmW[f\yD@721ln>=F14h8?B[^v2m614hj1408D6?E0±i²76:� P 82ã½ª ��� � � ����� 
 ª �{ä-�E±i²c²c²  tV63¡?ED@7d½=@v>n>D@v>=F1¦bB140>acD@7
[f\sdf;{[^v>D �c�c� �<X df02Adf0dihj14=~dfaj1m@bE?En£[f\�df;{[^v>D ± p 6 X'P 8 � ª ��� ª
·4¹Yº^»B¼ �E±i²c²c²  tVHp�/ÝDFm@v>0edfXQ?°3¡?ED@7kdWX�d��<?EX¢v>XÅ=F1ONO[^=FA>1OAkdfXQn>bE?ED@v2A>1s[f\_ è N4X 3`d^myaj140214=~dfDF1OA�P�� 8 < 8 e ß g 8½=F14ng[^=@DÒVHp�¥y721W1idf=@D@72u8vedf�j1Â�8?EbEbB1OA½dfDybB1id^m@D ± 6 ng1O[^n>bB1c5<?E0^çÜv>=F1OAXZ[^=F1¡D@7edf0 è5;c� df02A�A2dfX�dfaj1OAZ[^=ÁA>1Om@D@=F[�9j1OAQXZ[^=F1¡D@7edf0 6Á�c�c� 5:;>v>?EbBAJ?E0>ajmY=F1id^NF7>?E0>a¢?E0:DF1402m@?ED@?B1OmÁv>nZDF[ÎÂqFqFqHpHÊz[^XZ140:D§1Om@D@?EX�dfDF1Om�=~df0>aj1Y\t=F[^X�_ �<è × ±i� 20 Û XÅP 82ãkª ��� � �k����� 
 ª �gä¨�E±i²c²c²  tV{DF[ � × ±i� 21 Û XP 8 � ª ��� ª�·4¹`ºc»E¼ �E±i²c²c²  tVH52NO[^=@=F1Om@n{[^02AJ?E0>a�DF[QXZ[^XZ1408D�X�dfac0>?ED@v2A>1Oms[f\UÊ
W 5 � p ;��<³ p � p¥y721½DF14XQn{[^=~dfb�14hj[^bEv>D@?B[^0Ý[f\xXZ[^XZ1408D�=F14bB1id^mF1wNO[^02mF?Bm@DF1OAÄ[f\ÂD@7>=F1O1½n>v>bBmF1OmZ3¡?ED@7ÝdzDF[^D~dfb�AJv>=~d�GD@?B[^0�[f\xdf;{[^v>D 6:è��<èc� mF1ONO[^02A>mZd^ml=F1OmF[^bEhj1OA;89�C20>?EDF1¦\]dfv>bEDl?E0:hj14=FmF?B[^0Ä[f\�DF14bB1OmF14?Bm@XQ?BNidfbEbE9=F1ONO[^=FA>1OA;>=F[jd^AJ;edf02Aw;{[<AJ9¦3ydOhj1Om¢P 82ã½ª ��� � �Ä����� 
 ª �{ä��E±i²c²c²  I5!8 � ª ��� ª�·4¹`º^»E¼ �E±i²c²c²  tVHp � [^02NO14=@0>?E0>a¦D@721m@nedfD@?¿dfb#AJ?Bm@D@=@?E;>v>D@?B[^0Ä[f\xXZ[^XZ140:DZ=F14bB1id^m~1kD@7>=F1O1wd^m@ng14=@?ED@?B1OmQNO[^v>bBA¸;{1£?BA>140:D@?LCe1OAM5o3¡?ED@7�D@721£b¿df=@aj1Om@DXZ[^XZ140:Ds=F14bB1id^mF1�P �^��� [f\§D@7216m~14?Bm@XQ?BNWXZ[^XZ140:DÒV#[8NON4v>=@=@?E0>a ∼ ²c� �8X¾m~[^v>D@721id^m@D�[f\UD@721W7:9<ng[<NO140:DF14=i5dfn>n>=F[O�J?EX�dfDF14bE9�_ è�� 6:� mF1ONO[^02A>mxd�\tDF14=¡=@v>n>D@v>=F1�?E0>?ED@?¿dfD@?B[^0�p

± _ �



�¡d^mF1OA£[^0¦D@721xm@D@v2AJ?B1Omy[f\ 82ã½ª ��� � �
����� 
 ª �{ä��E±i²c²c²  I5�8 � ª ��� ª·O¹Yº^»E¼ �E±i²c²c²  Mdf02Ak© ����� ®:�°ã·4¹§º^»E¼U3o1¡A>14hj14bB[^n{1OAZdsm~[^v>=FNO1HG�D@?EXZ1`\tv>02N4D@?B[^0�P�Ì<¥¡RYV�\][^=§D@7>?Bm�14hj1408DipUqID�NO[^02m@?Bm@DFm�[f\gD@7>=F1O1`n>v>bBmF1OmUD@7edfDdf=F1y=F14n>=F1OmF1408DF1OAZ;:9 � dfv2m~m§\tv>02N4D@?B[^02m`df02A�?E0QD@7214?E=Ám@v>X}N4bB[cmF14bE9¢\S[^bEbB[�3ÄD@721�Ì<¥¡Rz\S=F[^X«D@721¡NidfD~dfbB[^acv21;:9¨© �t��� ®8�°ã*·O¹sº^»B¼wPSR§?Ea2p 6 p ±i� VHpQÊz[^=F1O[ihj14=i5�D@721 � dfv2mFm@?¿df0�mFv>;JGÞÌ<¥¡R�df=F1Qm~14DWv>n¨?E0¤d£3`dO9¨m@v2N~7D@7edfDW3¡72140�1id^NF7�[f\`D@7214X.?Bm6d^mFmF[<N4?¿dfDF1OAÃ3¡?ED@7�dkm@v>;JGI14hj140:D6n>b¿d^NO1OA�dfDÂD@721QNO[^=@=F1Om@n{[^02AJ?E0>a|d^m@n{14=@?EDI9bB[<NidfD@?B[^02m¡[f\�D@721ÂÇ�14=@v½14hj140:D�Pt?BA>1408D@?LCe1OA½;:9 8 � ª ��� ª�·4¹oº^»E¼ �E±i²c²c²  tVodf02A£7ed^m¡df0wdfn>n>=F[^n>=@?¿dfDF1W[^=@?Eac?E0D@?EXZ1WD@72149½d^A>A½v>nwDF[�D@721WDF14XQn{[^=~dfb�14hj[^bEv>D@?B[^0z[f\§XZ[^XZ1408D�=F14bB1id^mF1cp

10 20 30 40 50
0

5

10

15

20

M
o

m
en

t 
re

le
as

e 
[x

 1
0^

18
 N

m
/s

]

time after origin time [s]

��������� · /g¼R���4@.102, �3�4�5�367,�Y[����)
, #[�5 26������! �!#
��02, �T��>,<) �;,<� �!a � � ��� � �,<�!� ,d�O�!��0,*�4�OZI,O- .102,
)
�!)
,< B�U�3,<��,d�>�3,P6d�O �;,TK��3�4�!?A,7F �� B�(�9��0*�3,7, ��� �*,	�>,< E� � �X��0B���X)P��' �*,DF^��,
�(� �>��?A,<�L������,M���! ��02,
�!�!? �L�5�3,J�!�5�L#��467,O-X.102, �>����, ���� 2,X�&�$��02,$F������ #R�3�!) © �t��� ®8�°ã ·4¹Áºc»E¼�� �Q *� �>,<�<�L����' �!# � ��6(0*��K��O Q-J.102,
�>�R�46VZ+���� 2, �&�J��02, 
 .]\9)
��F*,<�Q���3,7F #��!�J��0*�&� �!�L��F5' = 0*��6V0 �&� 67�!) ?A���3,7F��!#W��0*�3,7, �X�����M�L�R�O D#[�5 26������! ;�
�3,V?E�3,M�3,< E���� IK ��02,J�� 2F�� �O��F^�4�O�]�>��?A,<�L������,M��-

R2[^=�D@721o\][^bEbB[i3¡?E0>a�NO[^XQnedf=@?Bm~[^0Q3¡?ED@7Q=F1idfb2A2dfD~d�D@7>?BmÁmF[^v>=FNO1HG�D@?EXZ1`\tv>02N4D@?B[^0Q?Bm�NO[^08hj[^bEhj1OAQ3¡?ED@7�D@721mF14?Bm@XZ[^ac=~dfXZm�v2mF1OAk?E0 � 7edfn>DF14=s_QD@7edfD¡3o14=F1�NidfbBN4v>b¿dfDF1OA�3¡?ED@7|d�A>14bED~d�G�n>v>bBmF16\tv>02N4D@?B[^0�1H�>N4?ED~dfD@?B[^0�p

�0&Rl)&(% � %*� % %*� �"� /�'$%(������� �"� %*� �+1 ���

¥y721 ±i²c²5; 5^Ç§14=@v¢ÉÁdf=@D@72u8vedf�j1o3`d^m�=F1ONO[^=FA>1OA6;:9WD@721 � Ì Û m@D~dfD@?B[^0?� � È � 5i;89ÂD@721Yn{14=@X�df02140:DUmF14?Bm@XQ?BN0214DI3`[^=@��Ì<q���df02Ak;89�D@721xDF14XQng[^=~df=@9£;>=F[jd^AJ;edf02Awm@D~dfD@?B[^02m¡[f\§D@721Wq � ÉÁÊ|É �<¥�df02AkD@721ÂÍ � ¥�Ì<Ç � ¥1H�Jng14=@?EXZ1408DFmipU/
=F1id^m~[^0�\][^=�mF14bB1ON4D@?E0>axD@7>?Bm§1idf=@D@72u:vedf�j1o3`d^m§D@721�\�d^N4Di5fD@7edfD�D@7>?Bm§1idf=@D@72u8vedf�j1o[<NON4v>=@=F1OA?E0¦dx9j1idf=Y3¡7214=F1#;g[^D@7�1H�Jn{14=@?EXZ140:DFmÁq � ÉYÊzÉ �<¥Ýdf02AQÍ � ¥�Ì<Ç � ¥Ä3`14=F1#=@v>0>0>?E0>a2p)>s0J\S[^=@D@v>0edfD@bE9j5:D@721q � ÉYÊ|É��8¥�m@D~dfD@?B[^02m#3`14=F1�dfbE=F1id^AJ9½AJ?Bm@X�df0:D@bB1OAzdfD¡D@721WD@?EXZ1WD@72161idf=@D@72u8vedf�j16[<NON4v>=F1OAMp
± _ ±



��Ð�� � jWÔsÕ����§Õ°Ú � Ø	�yÕ � �O×¡Ö Õ��?� � �UÖ{Ù � �#ÖeÕ���
ÂÙ ��� �
qr0¦[^=FA>14=`DF[�[^;>D~df?E0½m@9<0:D@7214D@?BNxmF14?Bm@XZ[^ac=~dfXZmy[f\�D@721�Ç§14=@v½1idf=@D@72u:vedf�j1�\S[^=yqÞNO14b¿df02AJ?BNsm@?EDF1Om�5j0:v>XZ14=F[^v2mmF14?Bm@XQ?BNQmFD~dfD@?B[^02mWD@7edfD63¡7214=F1QDF14XQn{[^=~df=@?EbE9Ã?E02m@D~dfbEbB1OA�[^0�[^=�df=F[^v>02A�qÞNO14b¿df02A¨3o14=F1Z?E02N4bEv2A>1OA¨?E0¨D@721=F1ONO14?Ehj14=§ng[<[^bgPSmF1O1oR§?Ea2p 6 p ±c± VHp§qI0lA>14D~df?Eb�5�D@721Om~1Á3`14=F1om@D~dfD@?B[^02m§[f\>D@721yÌ<q �¦0214DI3o[^=@�{5c[f\2D@721Áq � ÉYÊzÉ �<¥

200 km

��������� · /°¼����� �9�3? �!#N�!���������! ;�P�� ;�!���O����,7FG�� �O 2F �O�3�4�5 2F �<67,<�R�O 2FB- 
E���������! ;� �!#+��02, � � 	�� 	 � .
�O 2F � �N. 
  �N. ,L%�?A,<�L��)
,< B� �O�3, ?E���4�L�(,7FP�� �3,7F
�O 2F �>����, �E�3,M��?A,76���� �>,<�:' �1��02, ?A,<�L)P�O 2,< B� �!���������! ;�
�!#$��02, 
�� �  2,���=A�!�LZS�O�3, �3,V?E�3,M�3,< B�(,7F �d' �>�R�46(Z ���L�R�O IK���,M� �A�O 2FS�(,<) ?A�!���O�(' � � 
SF*,V?E���<'*)
,< B� � �d'
�U,<�L)P�O �3,M�3,d�O�36V0 �� ;�!�����L�*�(,M�W�O�3,2?E���4�L�(,7F �>�Q�� �>,<�!�(,7FD���L�R�O IK���,M��- � 6<���36<��, = ����0+�$F��R�O)
,��(,<���!#;aIb�b2Z�)
�� 2F���6d���(,M� ��02,N�3?*?E�3�M%I��)P���(, ?A���L�������! �O 2F��L���5,T�!# ��02, ?E���5)
, 67�! 2F^�5���<-

df02A�D@721£Í � ¥�Ì<Ç � ¥Å1H�Jn{14=@?EXZ140:Di5Ydf02A�789<AJ=F[^n>72[^021OmQdf02AmF14?Bm@XZ[^XZ14DF14=Fml[f\sdkDF14XQn{[^=~df=@9 � NO1idf0
�y[^D@DF[^X Ì<14?Bm@XZ[^XZ14DF14=|P � �#Ì>VlA>14n>bB[�98XZ1408D¦[f\sD@721 >s0>?Ehj14=Fm@?EDr9¸[f\ÂÍxdfX¢;>v>=@a
df02A¸D@721 � É � Êz/xÈ=F1OmF1idf=FN~7|NO140:DF14=QPAÂ?B14b�VHp¡Ì8D~dfD@?B[^02ms[f\�D@721 Û ÉY/�¥`G�n>=F[fç@1ON4D�P �c�c�c���<�c�c�c� ´ 9 � ® �t� � ��·4¹¡º^»B¼ ���c�c�76  tV�df02AD@72[cmF1ydfD�D@721`¥�df=Ü\�d�ç��^�8v>bEb<hj[^bBNidf02[QPSA>14n>bB[i9j1OA�;{14DI3o1O140 �cv>021¡df02A Û [�hj14X�;{14= �c�c�c� ´ � �t�2�2���{���{� ·4¹�º^»E¼���c�c�cè  tVÁ3o14=F1Â02[^Dy?E02N4bEv2A>1OAk?E0£D@721xmF?EX�v>b¿dfD@?B[^02m¡;{1ONidfv2mF1sD@7214?E=y1H�J?Bm@DF1402NO1x3`d^myv>0>�<02[i3¡0�dfD`D@721xD@?EXZ13¡72140wD@7216m~14D@v>n½3`d^m�A>1OmF?Eac021OAMp
�0&�� &+* � 3�1 � /�� � �$�Ao %(��� � 1 � !�%:3#�$�71 � 1 � �7/���� � 1qo 3 %(� �
/�\tDF14=WNO[^0:hj[^bEh<?E0>awD@721�m@9<0:D@7214D@?BNQmF14?BmFXZ[^ac=~dfXZmW3¡?ED@7ÃD@721QmF[^v>=FNO1HG�D@?EXZ1l\tv>02N4D@?B[^0�[f\`D@721�Ç�14=@v¤14hj1408Ddf02AzC2bEDF14=@?E0>aw[f\o;{[^D@7¨m@9<0:D@7214D@?BNZdf02AÃ=F1idfb�A2dfD~dkm@v2NF7¨D@7edfDÂD@72149ÃNO[ihj14=WD@721Qm~dfXZ1¢\S=F1Ou:v21402N49|=~df0>aj1

± _ �



P ±i� m �°±i�c� mÒV�;{[^D@7QmF14DFmU[f\°mF14?Bm@XZ[^ac=~dfXZmU3`14=F1¡NO[^XQnedf=F1OAMp§/xmU1H�<n{1ON4DF1OAM5^D@7214=F1`3o14=F1yb¿df=@aj1yAJ?LKM14=F1402NO1Om?E0£dfXQn>bE?ED@v2A>1s;>v>D`d^mÁ3o14bEb°?E0�D@?EXQ?E0>a258D@721#b¿dfD@DF14=yNF7edf0>ac?E0>a¢\t=F[^X m@D~dfD@?B[^0�DF[6mFD~dfD@?B[^0�5:?E02AJ?BNidfD@?E0>alD@7edfDD@7214=F1½df=F1¦mF?Eac0>?LCeNidf0:DZN4=@v2m@D~dfb¡1HKM1ON4DFmkPSNH\@p å ®8®:ª � ·4¹6º^»B¼ ���c�c�c� ;J tV�D@7edfD�D@721�acbB[^;edfb¡ÉÁdf=@D@7¸XZ[<A>14b3¡?ED@7�?EDFmo=F1OmF[^bEv>D@?B[^0kA>[81OmÁ02[^DÁD~df�j1s?E0:DF[ld^NONO[^v>0:DipY¥y72149�df=F1s?E0 �2v21402N4?E0>a¢D@721�D@=~dOhj14bgD@?EXZ1�XZ[^=F1�D@7edf0D@721¡n>bEv>XZ1sA>[81OmipU¥y7214=F1H\][^=F1c5<d6AJ?E=F1ON4DoNO[^XQnedf=@?BmF[^0£[f\{m@9<0:D@7214D@?BNOmydf02AZA2dfD~d�A>[81OmÁ02[^DYn>=F[ih<?BA>1#v2mF1H\Sv>b?E0J\][^=@X�dfD@?B[^0zdf;{[^v>D¡D@721Wn>bEv>XZ1cpqr0
R§?Eacv>=F1 6 p ±i� df01H�>dfXQn>bB1¦?Bm¢mF72[i3¡0
\S[^=lD@721 � Ì Û mFD~dfD@?B[^0 � � È � df02A
D@721£m@7edf=@n ±i�c� �<X�G=~d^AJ?Ev2m � Ê �¸n>bEv>XZ1#14X¢;g1OA>A>1OA¦?E0ZÇYÈ�ÉÁÊ
pj¥y721�D@?EXZ1�d��J?BmY[f\MD@721#m@9<0:D@7214D@?BN#14hj1408DÁ7ed^mY;{1O140�m@7>?L\SDF1OAm@v2N~7£D@7edfD¡D@721xX�df?E0k;{[8AJ9Zn>7ed^m~1OmoX�dfDFN~7�5edfbBmF[lD@721WdfXQn>bE?ED@v2A>1Â3`d^m¡mFNidfbB1OAMp�/sXQn>bE?ED@v2A>1WAJ?LKM14=F1402NO1OmX�df?E0>bE9½NO[^XZ1Â\S=F[^X 02[^D#?E02N4bEv2AJ?E0>a£dfD@DF1408vedfD@?B[^0�?E0wD@7216mF?EX�v>b¿dfD@?B[^0�p
BORG synthetic
BORG real

PP

SSP

SP
PPPP

time [x100s after origin time]

re
la

tiv
e 

am
pl

itu
de

��������� · /°¼R�5	� ���!) ?q�O�L�&�7�! 9�!#1�('* B��02,�����6 = ����0 �3,d�O�]F������ #V�!� �!���������! � � 3 � 8 �>,<�!����6d�O�A67�!) ?W�! 2,< E��CO-
� ��b�b2Z�)�Y����4F������ � � � Y�?E���5)
,H= ����0 �+�<0B�O��? ?A,<�!�L�5�	���������! S�! ;�7,��A��  3
	�� �&� ���3,7FB- �H��, �(�
��02,
�R�O�[K*, �� �q��,< 267, �!#N��02, ��0*��6(Z 6<�!���!� �� S�M67,<�R�O 2FG��02,H�('* B��02,�����6�F������ 0B�4FG�(� �;,P����)
,H�L0*��#(�(,7Fp�L�� 267,
��02, 6<�!���!���O�q, 11,76�� � �O�3,  2�4�q�� 26<����F*,7F+�� ��02, �('* B��02,�����6 )
��F*,<��- � �!�3,7� �>,<� �Q��02, �('* B��02,�����6J�O) ?E�����L��F*,
�&�J�76d�O��,7Fp�(� �3�4�>K�0*�:' _q�J��02,U_*�<��� �;��F5' =]� �>,T�O�L�L� �7�O�&���*,76d�����3,  2�+���L�(,< E�4�������! �&�J�� 26<����F*,7F �� ��02,
�('* B��02,�����6J)
��F*,<��-J.10*�&� ��,d�4F4� �(����02,J�R�O�[K*,TF��211,<�3,< 267,M�X#V�!�T��02, 
IY[=]� �>,M�J#��3�!) � �4b�b �3,767�! 2F4� �! Q-

�0&�� &(% � � %(� %(' 4 � �$�

¥y7214=F1H\][^=F1Â3o1Âaj[ZdlAJ?LK{14=F1408D¡3`di9½df02A£D@=@9¦DF[Zdfn>n>bE9£dlXZ14D@72[<AkD@7edfD`?Bm¡mFv>?EDF1OAwdfbBmF[¢\S[^=y=F1idfb�A2dfD~dl?E0D@721#n>=F1Om~1402NO1�[f\M02[^?BmF1sdf02A¦1H�<n>bB[^?EDFmydf02[^D@7214=y1HK{1ON4DÁ[f\�n>bEv>XZ1Om�p ��dfDF14=~dfb°bB[�3yG�hj14bB[8N4?EDr9�n{14=@D@v>=@;edfD@?B[^02mdf=F1|02[^Dk[^0>bE9�1H�<n{1ON4DF1OA�DF[Nidfv2mF1zD@=~dOhj14bÂD@?EXZ1zA>14b¿dO9Jmwdf02A�N~7edf0>aj1Omk?E0�dfXQn>bE?ED@v2A>1|;>v>D½dfbBmF[
D@721m@bB[�3¡021OmFm�[f\ynedf=@D@?BN4v>b¿df=�n>7ed^mF1Om�pQ¥y721Zm@bB[i3¡021Om~m6hj1ON4DF[^=�[f\#d£n>7ed^mF1�dfD¢dkmFD~dfD@?B[^0�?Bm�dkNO[^X�;>?E0edfD@?B[^0[f\oD@721�?E02N4?BA>1402NO1¦df0>acbB1Zdf02AÃD@721lAJ?E=F1ON4D@?B[^0
[f\oD@721�=~dO9�Pt?�p 1cpE5MD@721�;ed^N~�:GrdfæO?EX¢v>D@7°VZP 
 ������ä ª �E±i²c²c³  I5
�Â� �����§������� � �#���k���c�c�c�  tVHpQ/ÆXZ1idf02mÂ\][^=xXZ1id^mFv>=@?E0>awD@721�m@bB[i3¡021OmFm6hj1ON4DF[^=W\t=F[^X.mF14?BmFXZ[^ac=~dfXZm?BmWD@721l\S=F1Ou:v21402N49z3`dihj140:v>X¢;g14=Qdf0edfbE9<mF?Bm�P ��\t�8Grdf0edfbE9Jm@?Bm
�ÞVHp�qIDW7ed^mÂ;{1O140�v2mF1OA¨1H�JDF1402m@?Ehj14bE9z?E0¨acbB[^;edfbmF14?Bm@XZ[^bB[^ac9ldf02A¢?BmUm@v>XQX�df=@?Eæi1OAl?E0ZdsNO[^XQn>=F14721402m@?Ehj1y=F14h8?B143nedfn{14=§;89��Â� �i�½�§���z��� � �¡�§�Â���c�c�c�  Ip

± _c_



¥y721ÂXZ14D@72[<A½;ed^m@?BNidfbEbE9£X�df�j1Om#v2mF1W[f\§D@721WD@=~dOhj14bLG�D@?EXZ1¢AJ?LK{14=F1402NO1Oms[f\Udl3`dihj163¡72140w=@v>0>0>?E0>a£d^N4=F[cmFmdf0�df=@=~dO9�DF[6A>14=@?Ehj1#D@721#AJ?E=F1ON4D@?B[^0�[f\{D@721¡3`dihj1sdf02A�?EDFm�?E02N4?BA>1402NO1xdf0>acbB1cp�/yD�DF14bB1OmF14?Bm@XQ?BN#AJ?Bm@D~df02NO1Om�58dn>b¿df021y3`dihj1�dfn>n>=F[O�J?EX�dfD@?B[^0Z\][^=Ydxac?Ehj140Qn>7ed^mF1`v>02A>14=odf0Zdf=@=~dO9�Nidf0Q;g1¡d^mFmFv>XZ1OAMp§/�n>b¿df021y3`dihj1#Nidf0;{1¢v>0>?Bu8v214bE9|A>1Om~N4=@?E;g1OAÃ3¡?ED@7�df0¨?E02N4?BA>1402NO1Zdf0>acbB1Zdf02A¨d¦;ed^NF�8GrdfæO?EX�v>D@7df0>acbB1l\][^=6dfbEbUD@721Qm@D~dfD@?B[^02mPSmF1O1¦R�?Ea2p 6 p ± _cdJ5 ;°VHpz¥y721�=~df0>aj1£[f\#hj14=@D@?BNidfb¡m@bB[i3¡021OmFmkP � DF[|_ � p � m � ◦ V6df02A
;ed^NF�
dfæO?EX¢v>D@72mwP Θ 5 �DF[ ±i³c� ◦ V`?Bm�AJ?BmFN4=F14D@?Eæi1OA|df02A�dfbEb�AJ?BmFN4=F14DF16NO[^X�;>?E0edfD@?B[^02mÂ[f\UD@721WDI3`[¦df0>acbB1Om�D@7edfD#\][^=@X D@721�m@bB[�3¡021OmFmhj1ON4DF[^=6df=F1�v2m~1OA�DF[kA>14=@?Ehj1lD@?EXZ1¢A>14b¿di9<mx\][^=xD@721¢m@D~dfD@?B[^02mÂ[f\ÁD@721�df=@=~dO9|D@7edfDÂ3o[^v>bBAz=F1Om@v>bEDs\t=F[^X�df0?E02NO[^XQ?E0>aQn>b¿df021x3`dihj1Â3¡?ED@7£D@7>?Bm¡mFbB[i3¡021OmFm`hj1ON4DF[^=ipY¥y721Wd^N4D@vedfbMmF14?Bm@XZ[^ac=~dfXZm¡[f\�D@721Wdf=@=~di9£df=F1xD@72140m@7>?L\SDF1OAz3¡?ED@7¨D@721OmF1�D@?EXZ1�A>14b¿dO9Jm�df02A¨m@D~d^NF�j1OAMpl¥y721�X�d��J?EX�dfbÁdfXQn>bE?ED@v2A>1Z[f\oD@721�m@D~d^N~�j1OA¨n>7ed^mF1l?Bmn>bB[^D@DF1OA
d^m¢d£\tv>02N4D@?B[^0
[f\¡dfæO?EX¢v>D@7�PSR§?Ea2p 6 p ± _^AeVH5§1H�<n>b¿df0edfD@?B[^0mF1O1QR§?Eacv>=F1 6 p ± _^Ncp¦q�\yD@721Zm@bB[�3¡021OmFmhj1ON4DF[^=�v2m~1OA¨DF[wA>14=@?Ehj1ZD@721ZD@?EXZ1�m@7>?L\SDFmW?Bm6D@721�m~dfXZ1�d^m6D@721¦d^N4D@vedfbom@bB[�3¡021OmFm�hj1ON4DF[^=l[f\`D@721�n>7ed^mF1D@721�m@?Eac0edfb�[^;>D~df?E021OAÃ;:9�mFD~d^NF�<?E0>aw[f\ÁD@721�m@7>?L\tDF1OAzmF14?Bm@XZ[^ac=~dfXZmÂ?BmxX�d��J?EX�dfb�3¡?ED@7Ã=F1Om@ng1ON4DxDF[k[^D@7214=D@?EXZ1Qm@7>?L\SDxNO[^X¢;>?E0edfD@?B[^02mip�¥y7:v2mi5�D@721��IXZ1id^m@v>=F1OA���mFbB[i3¡021OmFm6df02AÃ;ed^N~�:GrdfæO?EX¢v>D@7¤Nidf0¨;g1l?BA>1408D@?LCe1OA?E0¨D@721�dfæO?EX¢v>D@7¤n>bB[^D�d^mWD@721�X�d��J?EX�v>Xwp¦¥y721�=~dfD@?B[w[f\`D@721ZdfXQn>bE?ED@v2A>1¦[f\`D@721�X�d��J?EX�v>X df02AÃD@721d^AfçFd^NO140:DkbB[8NidfbxX�d��J?EX�v>X ?Bm½d¨XZ1id^m@v>=F1|\][^=¦D@721zu:vedfbE?EDr9�[f\�D@721Ãdf0edfbE9<mF?Bm£df02AÝA>14ng1402A>mk[^0ÝD@721df=@=~dO9|NO[^0JC2acv>=~dfD@?B[^0�pW¥y721�ac=@?BAzmF1idf=FNF7zD@7>=F[^v>ac7¨m@bB[i3¡021Om~mÂdf02A|;ed^NF�cdfæO?EX�v>D@7�NO[^X¢;>?E0edfD@?B[^02mW[f\YD@721\S�:Grdf0edfbE9Jm@?Bm¡?BmsNidf=@=@?B1OA�[^v>D#?E0wD@721¢m@n{1ON4D@=~dfboP�\t=F1Ou8v21402N498G�3`dOhj1408v>X�;{14=i´g\t�2V`A>[^X�df?E0�?E0|[^=FA>14=�DF[Zm~dihj1NO[^XQn>v>D~dfD@?B[^0�D@?EXZ1cpR2[^=k=F1idfbÂmF14?Bm@XZ[^ac=~dfXZm£D@7>?Bm£XZ14D@72[8AÝ7ed^m£D@721Ãd^AJh^df08D~dfaj1|D@7edfDk?EDkm@v>XZm¦D@721zNO[^7214=F1408D½m@?Eac0edfb3¡7>?EbB1¢D@721602[^0JGINO[^7214=F140:DW02[^?Bm~16?Bms=F1OAJv2NO1OA�;89wA>1Om@D@=@v2N4D@?Ehj1�?E08DF14=Ü\S14=F1402NO1cpx¥y7>?Bms3`dO9j5gn>7ed^mF1OmxNidf0�;{1?BA>140:D@?LCe1OA�D@7edfD�NO[^v>bBA½02[^D#;{1WmF1O140½?E0w?E02AJ?Eh<?BAJvedfb�mF14?BmFXZ[^ac=~dfXZmipÌ<[^XZ1Âaj140214=~dfb�N~7edf=~d^N4DF14=@?Bm@D@?BNOm�[f\§D@721s\t�8Grdf0edfbE9<mF?BmyXZ14D@72[8Awdf02Awdf=@=~di9¦XZ14D@72[<A>my?E0½aj140214=~dfbM3¡?ED@7=F1Om@n{1ON4D¢DF[zD@721kdf=@=~dO9
nedf=~dfXZ14DF14=Fm�P 8 �{� ãkª � âjª � ·4¹6º^»B¼ ���c�c�c�  I5�8 � �x� �i� 5�n{14=FmF[^0edfbyNO[^XQXwp V-df=F1;>=@?B1��29½A>1OmFN4=@?E;{1OA½7214=F1 �
•
¥y721`=F1OmF[^bEv>D@?B[^0¢\S[^=Um@X�dfbEbJm@bB[i3¡021Om~m�hcdfbEv21Om§?Bm�A>14DF14=@XQ?E021OA�;89¢df02A¢?E02N4=F1id^mF1Om§3¡?ED@7lD@721ydfn{14=@D@v>=F1[f\UD@721�df=@=~di9jp

•
¥y721�bE?EXQ?ED¢[f\¡3`dihj14bB140>acD@7

λ
D@7edfDlNidf0¤;{1�df0edfbE98æi1OA¤?Bm6D@721£dfng14=@D@v>=F1¦[f\yD@721£df=@=~dO9�P

λ ≤ a
VH5D@7edfD�?Bmi5J?E0�[^v>=#Nid^mF1 ;c�c� �<XwpYqI\

λ >> a
D@721¢df=@=~dO9wd^N4DFm¡bE?E�j1�d�m@?E0>acbB16=F1ONO14?Ehj14=

•
¥y721¡DF[^D~dfbe0:v>X�;{14=o[f\Mm@D~dfD@?B[^02mYA>14DF14=@XQ?E021OmoD@721`C2bEDF14=Áu8vedfbE?EDI9Q[f\{D@721#df=@=~dO9Zdfa:df?E02m@DY02[^?BmF1¢PtD@7>?Bmn{[^?E0:DsA>[81Om¡02[^D�n>b¿dO9wdf0:9k=F[^bB1x\][^=#m@9808D@7214D@?BN�A2dfD~djV

•
¥y721Âm@D~dfD@?B[^0½?E08DF14=Fm@ned^N4?E0>aZA>14DF14=@XQ?E021Om¡D@721Âm@X�dfbEbB1Om@Dy=F1OmF[^bEhcdf;>bB1x3`dOhj14bB140>acD@7 �ÁD@721Âm@X�dfbEbB14=yD@721AJ?BmFD~df02NO1W;g14Dr3o1O140|D@7216mF14?Bm@XZ[^XZ14DF14=Fmi52D@7216m@X�dfbEbB14=#D@721Â3ydOhj14bB140>acD@7�p

•
¥y721�df=@=~di9¨aj1O[^XZ14D@=@9j5�?�p 1cpE5�D@721Qn{[cm@?ED@?B[^0¤[f\yD@721Q=F1ONO14?Ehj14=Fmi5§A>14DF14=@XQ?E021Om6D@721�dfæO?EX¢v>D@7
A>14n{140JGA>1402NO1s[f\gD@721�=F1OmF[^bEv>D@?B[^0�p�¥y7>?BmY;{1ONO[^XZ1OmÁN4bB1idf=Á?L\{3`1#NO[^02m@?BA>14=`1H�<D@=F14X�dfb°aj1O[^XZ14D@=@?B1Om ��df0¦df=@=~dO9D@7edfDQNO[^02m@?BmFDFm¢[f\smFD~dfD@?B[^02m¢?E0�d½bE?E021idf=Zdf=@=~df0>aj14XZ1408D�dfDlNO[^02m@D~df08D�;ed^NF�cdfæO?EX�v>D@7Ä3¡?EbEb`02[^D¢;{1df;>bB1�DF[Q=F1OmF[^bEhj1�h^df=@?¿dfD@?B[^02ms?E0w;ed^NF�cdfæO?EX�v>D@7Ã;>v>D#7ed^mshj14=@9k7>?Eac7�=F1OmF[^bEv>D@?B[^0�\S[^=�D@7216m@bB[i3¡021Om~mip/s02[^D@7214=odf=@=~di9¢n{14=@ng1402AJ?BN4v>b¿df=ÁDF[ÂD@721yb¿d^m@D�[^021y3¡?EbEb>7edOhj1¡D@721¡[^n>n{[cm@?EDF1¡NF7edf=~d^N4DF14=@?BmFD@?BNcpY¥y7214=F1HG\][^=F1c5{mF14hj14=~dfbUNO[^02NO140:D@=@?BNidfbY=@?E0>ajmÂ[f\ÁmF14?Bm@XZ[^XZ14DF14=FmWm~1O14X(v2mF1H\Sv>b�5g72[i3`14hj14=i5Mm@D@=F[^0>a½m@98XQXZ14D@=@9mF72[^v>bBA�dfbBmF[�;{16dOhj[^?BA>1OAMp
¥�[½[^v>=W�802[�3¡bB1OAJaj1c5�df=@=~dO9zXZ14D@72[<A>m6m@v2NF7�d^mx\S�:Grdf0edfbE9Jm@?BmÂv2m@?E0>awmFD~dfD@?B[^02mW[^0¨DF[^nÃ[f\`D@721�n>bEv>XZ17edOhj1k02[^DQ;{1O140Ädfn>n>bE?B1OA�DF[Ãm@D@v2AJ9¤n>bEv>XZ1OmZv>02A>14=�df0�df=@=~di9jp¸Ís[�3o14hj14=i5`AJv21kDF[|D@721kv2m~1£[f\ÂA>1402mF10214DI3`[^=@�<m¡\S[^=`=F14ac?B[^0edfbMn>bEv>XZ1ÂDF[^XZ[^ac=~dfn>7:9k1H�<n{14=@?EXZ140:DFmyD@721x?BA>1id�[f\§dfn>n>bE9<?E0>aZdf=@=~dO9¦DF1ONF7>0>?Bu8v21Om¡?Bm[^;:h<?B[^v2mip

± _ 6



i

wavefront

����� � ������"�����
 � � ����� �����
 �$"���� 
 � � ���	
�����

wavefront

epicenter

North

East

��� ����������"�����
 � � ��� � ���� 
 
��� � ��� �

East

North

��� ��� ������"�����
 �!��� � � 
�
� �	� ��� � � ����� � � � � � � � ���� ��"$������� ���$� � � � ��� �'"���� ���!���

��������� · /°¼�� �� ���������������������! �!# ��02,J#�ZIY��O B�O�:';�L�&� � !�"H�O �� 267�!)+�� IK+?E�R�O 2, = ���>,$�� S��02, �>,<�!����6d�O�2?E�R�O 2,
�&��F*,M�36<�L� �*,7F��d'"��02,H�� 26<��F*,< 267,D�O IK���,H��- .102,H�!���������! ;� 8����L�R�O IK���,M�LCH�3,767�!�3F ��02,
= ���>, = ����0 � ����)
,
�L0*��#[� ��0B���J�&� ?E�3��?A�!�!�����! B�O� �(�p��02,<��� 02�!�L���5�! E���O� F��&�!���O 267,�FB-$'�"
�O S�� 267�!)+�� IK ?E�R�O 2, =]� �>, �� ��02,
02�!�L���5�! B���O�]?E�R�O 2,T�&� F*,M�76<�L� �*,7F �d'/��02, �O IK���,

θ
��- ,O- � ��02, �O IK���, �;,���=W,7,< "��02,$�� 26<��F*,< E� ����' �O 2F ��02,

 2�!�!��0@F����3,76������! Q-
θ
�&�+Z� 2�>=  �>� ��02, ���46(Z/���7��) �*��0Q- ) " �U /�� 267�!)+�� IKS���d' 0*��� �
�O /��)P��K��� B�O�('

02,<)+�&��?E02,<�3, �5 2F*,<�
��02,D�O�L���d'�-S.102,T?E�3� 7,76������! �!#T��02,$?E��,<�367, ?A�!�� B� �! B�(�9��02,H���5�L# �467, 'I��,<��F4� ��02,
#�Z F��R��K����O) - .102, ���4F��R�O� F��&�!���O 267,D�!#N��02,U?A�!�� B�J#R�3�!) ��02,D67,< E�(,<� �&�J?E�3��?A�!�!�����! B�O�U�(� ��02, �>,<�!����6d�O�
�L���5=  2,M�<�98��� 26<��F*,< 267, �O IK���,LC �N��02, �O IK���,D#R�3�!)  2�!�!��0 K�� �>,M� ��02, ���46VZ/���7��)P�*��0Q- 8R�O��� _IK^�5�3,M�P�O#[�(,<�

 ������ä ªG` � ���

�
c�� �Â� ������������� � �#��� `�aIb�b!adc�CO- ." �U �46��L�4�O� #�ZIYVF��R��K����O) �>�+�
�I���O�� 2,7F9#V�!����02,

F����������3,7F �� ��0*�&� �!�L��F5'�- .102, ,< 2,<�[K5'
������02, �L���>=  2,M�M�MY����46VZ����7��)P�*��0p67�!) �>�� B�������! ;� �&� 67�!���!�MYV67��F*,7F �
��02,J0*��K�02,M�!� �3�O����, �;)P�O�LZI,7Fp= ����0 �+�>�!�(,<�L�&�LZ �;�&�T��02, #�)
,d�>�!�5�3,7F�% �L���5=  2,M�<�MY����46(Z����7��) �*��0Q-

± _ è



À�1¦A>1ON4?BA>1OA¤DF[½v2m~1¦d½hcdf=@?¿df0:Dl[f\¡D@721Q\S�:Grdf0edfbE9Jm@?Bmi5�C2=Fm@D6v2mF1OA¤;:9 �Â� �i������� ©}ª � ª � ���c�c�J±  Ip¥y72149¸A>14hj14bB[^ng1OAÝdzXZ14D@72[8A¸\][^=ZNO[^0:D@?E08v2[^v2m@bE9�XZ1id^m@v>=@?E0>a
D@721½m@bB[i3¡021OmFm�hj1ON4DF[^=�[f\ÂD@721k?E02NO[^XQ?E0>a3`dihj1HCe14bBAz;:9½XZ[ih<?E0>a½dQD@?EXZ163¡?E02A>[�3�[�hj14=sD@721¢mF14?Bm@XZ[^ac=~dfX'df02Azdfn>n>bE9<?E0>a�D@7216\t�8Grdf0edfbE9<mF?Bm¡\][^=xdfbEbD@721WD@?EXZ1W3¡?E02A>[�3#m¢P �rm@bE?BAJ?E0>a�3¡?E02A>[i3�\S�8Grdf0edfbE9<m@?Bm	�~5eÌ8ÀÝR'�VHp¥�3o[lnedf=~dfXZ14DF14=Fm`7edOhj1sDF[6;{1�mF14DÁ\S[^=`Nidf=@=@98?E0>a�[^v>DÁD@721ÂÌ8ÀÝR'Q58D@721#3¡?E02A>[i3�3¡?BAJD@7½df02AZ?EDFm`m@DF14n3¡?BAJD@7�pÂ¥y721�3¡?E02A>[�3«3¡?BAJD@7|7ed^mxDF[¦;g1¢;{1�NF72[cm~140ÃmFv2NF7zD@7edfDxD@721¢n>7ed^mF1OmxbE?B1¢?E0|?EDs\S[^=ÂdfbEb�m@D~dfD@?B[^02mip/�=@v>bB1Â[f\�D@78v>X�;½ac?Ehj1Om¡d¢h^dfbEv21x[f\�D@7>=F1O1xD@?EXZ1OmyD@721xng14=@?B[<A¦[f\�D@721sn>7ed^m~1c58;>v>D¡d^N4D@vedfbEbE9£D@721�3¡?E02A>[�33¡?BAJD@7�?BmldfbBmF[wd£\Sv>02N4D@?B[^0¤[f\¡D@721Qhj14=@D@?BNidfbÁm@bB[�3¡021OmFm¢df02A¨D@721ZX�d��<?EX�dfb`m@?Eæi1Z[f\yD@721�df=@=~dO9jp¦/#\SDF14=¢dNidf=F1H\Sv>b�df0edfbE9<mF?Bm#D@721W3¡?E02A>[�3�3¡?BAJD@7�\S[^=#D@7>?Bmsm@D@v2AJ9£?Bm�NF72[cm~140�DF[Q;{1 ²c� mF1ONO[^02A>m�pÁ¥y721�mFDF14nw3¡?BAJD@7�53¡?ED@73¡7>?BNF7¸D@721Z3¡?E02A>[�3 ?Bmlm@7>?L\SDF1OA¤[�hj14=lD@721£mF14?Bm@XZ[^ac=~dfX A>14DF14=@XQ?E021OmlD@721�D@?EXZ1¦=F1OmF[^bEv>D@?B[^0�Pt?�p 1cpE5D@721 �rm~dfXQn>bE?E0>aZ=~dfDF1 �ÞV`[f\UD@721WA>14=@?Ehj1OAwm@bB[�3¡021OmFm¡D@=~d^NO1cpYqrD¡Nidf0½;g1xD@721O[^=F14D@?BNidfbEbE9wmF14DyDF[Zd^mybB[�3�d^myD@721m~dfXQn>bE?E0>ax=~dfDF1Á[f\>D@721`mF14?Bm@XZ[^ac=~dfX ;>v>D§D@7>?Bm�?E02N4=F1id^m~1Om�D@721oNO[^XQn>v>D~dfD@?B[^0�D@?EXZ1Á[f\>D@721Y\S�8Grdf0edfbE9<m@?Bm�p�À�1A>1ON4?BA>1OAwDF[ZD~df�j1ÂC2hj1�mF1ONO[^02A>m�5>3¡7>?BNF7|?Bm#DI3`140:Dr9:G]C2hj1lD@?EXZ1Om#D@721�m~dfXQn>bE?E0>a�=~dfDF16[f\�D@7216m~14?Bm@XZ[^ac=~dfXwpqr0�D@721Q=F1Om@v>bED@?E0>a|D@?EXZ1�mF14=@?B1OmÂ\][^=6D@721¦A>14=@?Ehj1OA¤m@bB[�3¡021OmFm6D@721ZmFbB[i3¡021OmFm¢h^dfbEv21Omldf=F1�d^mFm@?Eac021OA�DF[½D@721D@?EXZ16[f\UD@721WXQ?BA>AJbB16[f\UD@721WD@?EXZ1Â3¡?E02A>[i36p/xm£d¤n>=F14bE?EXQ?E0edf=@9�m@DF14n�5¡3o1ÃNO[^XQnedf=F1zD@721zm@bB[i3¡021OmFmkhcdfbEv21Omk[^;>D~df?E021OAÝ;:9Äv2m@?E0>aD@721zXZ[ih<?E0>a3¡?E02A>[i3�\S�8Grdf0edfbE9<m@?BmÁ\][^=oD@721Âm@9<0:D@7214D@?BNÂmF14?Bm@XZ[^ac=~dfXZmy3¡?ED@7kD@721s=~dO98G�D@721O[^=F14D@?BNidfb�hcdfbEv21Omoac?Ehj140k;89ZD@721�o� ��9yG�DF[8[^bE�<?EDipY¥y7>?Bmy?Bmy02[^D#d¢DF1Om@Dy\][^=`D@721s\S�:G�XZ14D@72[<AM5>m@?E02NO1x3o1ÂXZ1id^mFv>=F1ÂD@721xmFbB[i3¡021OmFmy\S=F[^X bB[^0>a^Gn{14=@?B[8A�P
≤ �c� mÒV¢mF14?Bm@XZ[^ac=~dfXZmZdf02A?ED�?Bml02[^DQd�n>=@?B[^=@?#14h<?BA>140:D�D@7edfD�D@7>?BmQm@bB[i3¡021OmFmlC2DFmlD@721£hcdfbEv21OmA>14=@?Ehj1OAwv2mF?E0>aZ=~dO98G�D@721O[^=@9jpo¥y721¢NO[^XQnedf=@?BmF[^0|[f\UD@721WXZ1id^m@v>=F1OAzdf02A½D@721O[^=F14D@?BNidfb�hcdfbEv21Om#=~dfD@7214=sDF14bEbBmv2mx?L\`d¦m@ng1ON4?LCeN¢n>7ed^mF1�Nidf0z;g1lA>14DF1ON4DF1OAÃ?E0|D@721�mF14?BmFXZ[^ac=~dfXZmipÂÀ�1�aj140214=~dfbEbE9z[^;2mF14=@hj1lD@7edfDÂn>7ed^mF1Om=@v>0>0>?E0>aZD@7>=F[^v>ac7|D@7216NO[^=F16A>[�02[^D#bB1idihj1�dQm@D@=F[^0>aZm@?Eac0edfD@v>=F1�?E0½D@721WXZ1id^m@v>=F1OAwmFbB[i3¡021OmFmip¥y721s=F1Om@v>bEDFmy[f\§df0¦\t�8Grdf0edfbE9<mF?BmÁv2m@?E0>alD@721xm@D~dfD@?B[^02my[f\�D@721sÍ � ¥�Ì<Ç � ¥�1H�Jng14=@?EXZ1408D`n>=F1Om~140:DF1OAk?E0R§?Ea2p 6 p ± 6 bB[8[^�¦n>=F[^XQ?Bm@?E0>a2pÁ¥y721WmFbB[i3¡021OmFm#N4v>=@hj1Om�[f\�D@721WÇYÈsÉYÊËm~14?Bm@XZ[^ac=~dfXZm#N4bB[cmF14bE9¦C2DFmyD@721Â=~dO98GD@721O[^=F14D@?BNidfb>hcdfbEv21Om�NidfbBN4v>b¿dfDF1OA�3¡?ED@7lD@721 �o� ��9
DF[8[^bE�<?ED¡Pt02[^DF1oD@7edfD§D@721`N4v>=@hj1o?Bm�;ed^mF1OA�[^0�A2dfD~dfng[^?E08DFm14hj14=@9¦C2hj1WmF1ONO[^02A>mÒVHpY¥y7216N4v>=@hj1x\][^=¡D@721Â=F1idfb�A2dfD~d½Pt=F1OAkbE?E021�VymF72[i3#m¡7>?Eac7214=#D@7edf0|ÇYÈ�ÉYÊ m@bB[�3¡021OmFmhcdfbEv21OmÁ?E0£D@721�D@?EXZ1�3¡?E02A>[i3#m¡NO[^08D~df?E0>?E0>aQD@721¡C2=Fm@DyÇUGrdf=@=@?EhcdfbBmipÁÌ8?E02NO1�D@721s?E02N4?BA>1402NO1Wdf0>acbB1s[f\�d63`dihj1?Bmon>=F[^ng[^=@D@?B[^0edfb{DF[¢?EDFm`mFbB[i3¡021OmFmoD@721�3ydOhj1Omyv>02A>14=¡qÞNO14b¿df02A�7edihj1xmF7edfbEbB[i3o14=y?E02N4?BA>1402NO1cpY¥y7>?Bm`?Bmo3¡7edfD3o1Â1H�Jng1ON4Do\S=F[^X d�bB[i3yG�hj14bB[<N4?EDI9½df02[^X�dfbE9jpY¥y721xm~dfXZ1xdfn>n>bE?B1OmyDF[¢D@721sDI3o[QN4v>=@hj1Omo\][^=oD@721xm@7edf=@n½df02AD@721¡ac=~d^A2dfD@?B[^0edfbgn>bEv>XZ1cpU¥y721¡?E02N4=F1id^mF1�[f\Mm@bB[�3¡021OmFm�\][^=YD@721#m@7edf=@n�n>bEv>XZ1¡?Bm�7>?Eac7214=`df02AZ?EDFmÁm@bB[�3¡021OmFmN4v>=@hj1Q?BmWhj14=@9¨N4bB[cmF1ZDF[½D@721�=F1idfbLGIA2dfD~dwN4v>=@hj1cp¦R>=F[^X D@721OmF1Z=F1Om@v>bEDFm6[^021Q3`[^v>bBA¤m~di9zD@7edfD�D@721Zm@7edf=@n=

5 ±i�c� �<X n>bEv>XZ1WC2DFm�D@721�A2dfD~dJpyÍx[i3o14hj14=i5°D@72167>?Eac7�ng14=@D@v>=@;edfD@?B[^0zh^dfbEv21Oms[f\�D@721 � dfv2mFmF?¿df0wn>bEv>XZ1NO[^02NO140:D@=~dfDF1�N4bB[cmF1xDF[¢D@721xn>bEv>XZ1Wd��J?Bm � D@721Â[^0>bE9¦mFD~dfD@?B[^0£D@7214=F1ÂA>14bE?Ehj14=F1OAk02[�mF14?Bm@XZ[^ac=~dfXZm`\][^=yD@7>?Bm14hj140:Dip�¥y7214=F1H\][^=F1c5<AJv21¡DF[WD@721�mFD~dfD@?B[^0�NO[^0JC2acv>=~dfD@?B[^0¦v2m~1OAQ3o1#Nidf0¦02[^DÁNO[^XQnedf=F1#=F1idfb°A2dfD~d6m@bB[�3¡021OmFmhcdfbEv21Om¡3¡?ED@7wXZ[<A>14bBmy\S[^=xd�m@7edf=@n|df02Awd�ac=~d^A2dfD@?B[^0edfb�n>bEv>XZ1cpÊz[^=F1O[ihj14=i5M=F1ONidfbEbE?E0>a½D@721Qd^mFmFv>XQn>D@?B[^02mW[f\oD@721¢\t�8Grdf0edfbE9Jm@?Bm�XZ14D@72[<AÃ3o1l=F1idfbE?Eæi1�D@7edfDÂD@721ln>b¿df021HG3`dihj1¢d^mFmFv>XQn>D@?B[^0w?Bm#[^;:h<?B[^v2m@bE9kh<?B[^b¿dfDF1OA½7214=F16m@?E02NO1WD@721¢df=@=~dO9k3o1Wv2m~1x\S[^=#D@721x\S�8Grdf0edfbE9<m@?Bm#?Bm¡X�v2N~7b¿df=@aj14=�D@7edf0
D@721kdf02[^X�dfbE9j5Y3¡7>?BN~7¸bB1id^A>m¢DF[Ãd|AJ?Bm@DF[^=@D@?B[^0�[f\#D@721�DF14bB1OmF14?BmFXQ?BN¦3ydOhj1H\S=F[^0:Di5`df0¸1HKM1ON4D3o1Q1H�Jn>bB[^=F1Q?E0 � 7edfn>DF14=�_Jp�Íx14=F1c5MD@7>?Bm6AJ?Bm@DF[^=@D@?B[^0¨bB1id^A>mWDF[wdkN4v>=@hj1OAÃ3ydOhj1H\S=F[^0:D¢3¡?ED@7>?E0�D@721Zdf=@=~dO9df02AÄD@7214=F1H\][^=F1w3`1|m~1O1w[^0>bE9�df0�dOhj14=~dfaj1OA�1HKM1ON4D¦[f\Whj14bB[<N4?EDI9�n{14=@D@v>=@;g1OAÝdf=F1id^m£df02A�v>0>ng14=@D@v>=@;{1OA;ed^NF�<ac=F[^v>02A£XZ[8A>14b�p�qrDÁ?Bm`D@78v2mobE?E�j14bE9�D@7edfDoD@721Âd^N4D@vedfbgmFbB[i3¡021OmFmy1HKM1ON4D`[f\�D@721sn>bEv>XZ1x?BmÁ7>?Eac7214=`D@7edf0XZ1id^m@v>=F1OA½3¡?ED@7�D@7>?Bm�df=@=~dO9jpqrD�?Bm�D@7214=F1H\][^=F1`A>1OmF?E=F1idf;>bB1ÁDF[�\tv>=@D@7214=U=F1OAJv2NO1`D@721`1H�<DF1408D§[f\eD@721ydf=@=~dO9�df02A�DF[sv2mF1ÁXZ[ih<?E0>aÂmFv>;2mF14DFmD@7edfD�m@?EDldfD�AJ?LK{14=F1408D¢14n>?BNO1408D@=~dfb`AJ?Bm@D~df02NO1Om¢[^0¤[^021�mF?BA>1Q[f\yD@721Zn>bEv>XZ1cp¦Íx[i3`14hj14=i5§NO[^XQnedf=@?E0>a|D@721m@?Eæi1#[f\{D@721#n>bEv>XZ1#3¡?ED@7�D@721#m@D~dfD@?B[^0¦m@ned^N4?E0>a�?EDY;{1ONO[^XZ1OmÁN4bB1idf=ÁD@7edfDÁ3o1�A>[W02[^DY7edOhj1s1402[^v>ac7�h<?E=@D@vedfb=F1ONO14?Ehj14=Fm¢P]df02Aw02[�=F1idfb�m@D~dfD@?B[^02m�df08983ydO92V`\][^=#Nidf=@=@98?E0>a�[^v>D#mFv2NF7|dl7>?Eac7w=F1Om~[^bEv>D@?B[^0�m@D@v2AJ9¨PSmF1O1ÂbE?Bm@D[f\Uaj140214=~dfb�NF7edf=~d^N4DF14=@?Bm@D@?BNOmHVHp
± _ ;



P

PcP

pP sP
S220P S401P S670P

760 780 800 820 840

4.2

4.4

4.6

4.8

5

real
sharp plume
Gauss plume
PREM
TauP slowness

P-phase window, Peru 1996, HOTSPOT stations
sliding window fk analysis: slowness (s/deg)

��������� · /°¼R� /B�#RZ*Y��O B�O�:'*�<�&� �!# ��02,  ?E0B�>�7, = �� 2F*�>= �!# ��02, � ��� � �,<�!�
,	�>,< B�X���<�� IK � �N. 
  �N. �!���5Y
�����! ;��- 3N,d�O�qF������ �3,M�!�5��� � �O�3, �L02�>=  �>� � �3,7F ���� 2, �B�4��02,<������ 2,M�A�3,V?E�3,M�7,< B�Q�['I E��02,�����6 �L���5=  2,M�<� �7�O����,M�
#V�!�U?E���5)
, )
��F*,<� �98 #&�<0B�O��? % ?A,<�!�L�5�	���������! G#(�5 26������! ICD�O 2F �G8 �X�����M�L�R�O ?A,<�!�L�5�	���������! S#[�5 26������! ICO-
\2�!�N67�!) ?q�O�L�&�7�! �B����'^Y[��02,7�!�3,�����6d�O� �L���>=  2,M�<� �3�O����,M�$�O�3,XK�� �>,< �3' �3,7FP_*����,7F 6<���36<��,M� ��� ��02, ,L%�?A,76��(,7F
�O�L�L� �7�O������)
,M��-

± _ �



�0&�� &Rl � � � /23 ! 3�/ � % � ��1 � 1 � � 4 � ��-0/ � ��� 3�/�� #�' � �
r ���5- 3�/�� ! /���� � 1 �"� /*'�%(���
ÀÝ7edfDW\S[^bEbB[�3#m�?Bmld½AJ?BmFN4v2mFmF?B[^0
[f\yD@721Z=F1Om@v>bEDFm6\t=F[^XËD@721Qn>=F14h8?B[^v2mlNF7edfn>DF14=l?E0�DF14=@XZml[f\`D@7214?E=lNO[^0JGmF1Ou8v21402NO1OmQ\][^=ZmF14?Bm@XZ[^bB[^ac?BNidfbs?EX�dfac?E0>a�D@721wqÞNO14b¿df02AÄn>bEv>XZ1½3¡?ED@7ÄbB[�3¾\S=F1Ou:v21402N4?B1Om�pÄ¥y721½X�dfn2m�[f\mF1ON4D@?B[^0�_Jp�_ ± 3¡?ED@7ÄqÞNO14b¿df02A¸d^m�;ed^N~�8ac=F[^v>02AÄ3¡?EbEb`;{1£7214bEnJ\tv>b`\][^=QA>14hj14bB[^n>?E0>a
d|02[^D@?B[^0Ä[f\�D@721½m@?Eæi1[f\WD@721�n>bEv>XZ1|1HK{1ON4D¦3¡?ED@7�=F1Om@n{1ON4D�DF[¤D@721�1H�JDF1402m@?B[^0�[f\ÂD@721�b¿df02AJX�d^mFm£[f\�qrNO14b¿df02AÝdf02AÄn{[cmFm@?E;>bB1P � �#Ì:GÞVsbB[8NidfD@?B[^02mx\][^=Â=F1ONO[^=FAJ?E0>awbB[^0>a½AJ?Bm@D~df02NO1Q1HKM1ON4DFmip�Txv21lDF[£D@721 ± TÅ;ed^NF�<ac=F[^v>02A¨XZ[<A>14b�v2mF1OADF[�N4=F1idfDF1�D@721#D@=~dihj14bLG�D@?EXZ1xA>14b¿di9QX�dfn2mÁ3`1�Nidf0¦=F[^D~dfDF1#D@7214X df=F[^v>02AZD@721#n>bEv>XZ1Âd��J?BmYDF[�df089ZA>1Om@?E=F1OA;ed^NF�cdfæO?EX�v>D@7edfbUAJ?E=F1ON4D@?B[^0�pÀÝ72140¨A>[^?E0>awmF[>5{D@721lXQ?E0>?EX�v>XËdf02AzX�d��J?EX�v>X�AJ?Bm@D~df02NO1OmÂ\S=F[^X'D@721�NO[jd^m@DÂDF[¦D@721�n>bEv>XZ1Qd��J?Bm?E0¤D@721¦AJ?E=F1ON4D@?B[^0[f\¡D@721�ac=F1idfD¢N4?E=FN4bB1ZD@7>=F[^v>ac7n>bEv>XZ1¦d��J?Bm¢df02A
14n>?BNO140:DF14=QNF7edf0>aj1Om�5Udf02A¤D@7:v2m¢D@721=~df0>aj1�[f\�n{[^DF140:D@?¿dfb§bB[8NidfD@?B[^02mx[f\�b¿df02A<G�;ed^mF1OAzmF14?Bm@XZ[^XZ14DF14=Fms?E0�D@721�NO[^=@=F1OmFng[^02AJ?E0>a£AJ?E=F1ON4D@?B[^02mip¡¥y721DI3`[¢1402AJXZ14X¢;g14=Fmo?E0ZD@721OmF1sAJ?Bm@D~df02NO1Omodf=F1�D@721¡XQ?E0>?EX�v>X df02AZD@721#X�d��<?EX¢v>X AJ?Bm@D~df02NO1s[f\gD@721�n>bEv>XZ1d��J?BmsDF[¦D@721lNO[jd^m@D@bE?E021�[f\oqrNO14b¿df02AMpÂ¥y721¢ng[^?E08DÂD@7216\�df=@D@721Om@D6dO3ydO9w\S=F[^X'D@721�n>bEv>XZ1Qd��J?Bm�bE?B1Omx?E0zD@721À�1Om@DF14=@0�R°ç@[^=FA>m�df02AÃ?Bm6df;g[^v>D�_ èc� �<X'\S=F[^X.D@721Zd^mFm@v>XZ1OAÃn>bEv>XZ1QNO140:DF14=ipQ¥y721QN4bB[cm~1Om@DWng[^?E08DWbE?B1OmDF[QD@721¢mF[^v>D@7|[f\UD@7216n>bEv>XZ1ld��<?BmxdfD#D@721lÌ8�j14?BA2df=��f=Fm~df02AJv>=ÂNO[jd^m@DÂdf;g[^v>D �^� �<X$di3`di9jp Û [^DF1�D@7edfDxdfD;{[^D@7½n>b¿d^NO1Om#=F1idfb�m@D~dfD@?B[^02m#3o14=F16?E02mFD~dfbEbB1OAMp

� �) ��	� ��*  ���3�*2�)�	0  2�.
� �	���.��*�
����! �

� *��)� � � ��� � � 0 �"* � � �1* 	 �'���	��
*/Æaj140214=~dfbYn>=F[^;>bB14X�n>bEv>XZ1Qm@D@v2AJ?B1OmÂ\�d^NO1�?BmÂD@721�D@=~d^A>1HGI[fK�;g14Dr3o1O140�n>bEv>XZ1HGIAJ?¿dfXZ14DF14=�df02AÃDF14X�Gn{14=~dfD@v>=F1cp`¥�[Z=F1OmF[^bEhj1�D@7>?Bmi5 å ®:®8ª � ·4¹¡º^»B¼ �E±i²c²c²  �D~df�j1ldf0|dfbEDF14=@0edfD@?Ehj1ldfn>n>=F[jd^N~7Ã;:9½1H�<DF1402AJ?E0>a¦D@721
t∗
XZ14D@72[<A>[^bB[^ac9�v2m@vedfbEbE9lv2mF1OAlDF[WA>14=@?Ehj1�df0214b¿d^m@D@?BN�dfD@DF1408vedfD@?B[^0zP���hcdfbEv21�VHp§¥y72149�m@72[�3�D@7edfDY?E0ZNid^mF1[f\�qrNO14b¿df02A�D@7216AJ?LKg=~d^N4D@?B[^0z1HK{1ON4DFms[f\�dZN498bE?E02AJ=@?BNidfb�n>bEv>XZ1�m@D@=@v2N4D@v>=F1£P ��� ® �#����� ·4¹¡º^»B¼ �E±i²c²c³  tV¡7ed^mD@721�A>[^XQ?E0edfD@?E0>aw1HK{1ON4DÂ[^0�dfXQn>bE?ED@v2A>1�h^df=@?¿dfD@?B[^02mÂ?E0ÃqÞNO14b¿df02AMpWÉ�hj140Ã?L\o1HK{1ON4DFmx;89zdfD@DF140:vedfD@?B[^0�P

t∗
Vdf02A�AJ?LK{=~d^N4D@?B[^0�PS/�bEbB140�� mx02[^D~dfD@?B[^0

d∗
V`XQ?L�wv>nÃdf02A|[^0>bE9½D@721¢m@v>X P

s∗ 5 t∗
�

d∗
Vy?Bm�[^;2m~14=@h^df;>bB1c5°D@721nedfD@DF14=@02mY[f\{D@721OmF1y1HK{1ON4DFmodf=F1¡mF[ÂAJ?LK{14=F1408DYD@7edfD�D@72149�dfbEbB[�3�dxAJ?Bm@D@?E02N4D@?B[^0�p�¥y721¡1HKM1ON4DY[f\{dfD@DF140:vedfD@?B[^0=F1Om@v>bEDFm¡?E0�dlm@?EXQn>bB1ÂnedfD@DF14=@0|[f\§7>?Eac7½n{[cm@?ED@?Ehj1

t∗
G�hcdfbEv21Om�P]d�\SDF14=#m@v>;>D@=~d^N4D@?E0>aZD@721ÂXZ1idf0

t∗
G�h^dfbEv21�VÁ\][^=m@D~dfD@?B[^02my=F1ONO14?Eh<?E0>aQ3`dihj1Om#D@7edfDyned^mFmF1OA£D@721ZP]dfD@DF140:vedfD@?E0>a8Vyn>bEv>XZ1cpY¥y721WAJ?LKg=~d^N4D@?B[^0w1HKM1ON4Dy?E02m@DF1id^A �d^mxm@72[i3¡0z?E0 � 7edfn>DF14=W_ � ?Bm�X¢v2NF7ÃXZ[^=F1�NO[^XQn>bB1H�zdf02A|NO[^02m@?Bm@DFmx[f\Yng[cmF?ED@?Ehj1¢df02A|0214a:dfD@?Ehj1�hcdfbEv21OmipÊz[^=F1O[ihj14=i52?ED¡?Bm¡\t=F1Ou8v21402N49£A>14n{1402A>140:Di5°3¡7>?BNF7|Nidf0w;g1Âv2m~1OA£\S[^=#AJ?Bm@D@?E02N4D@?B[^0�på ®:®8ª � ·4¹�ºc»E¼ �E±i²c²c²  ¢dfn>n>bE?B1OA�D@7>?Bmwdfn>n>=F[jd^NF7�DF[�Ì:G¦df02A Ì>Ì:Grdf=@=@?EhcdfbBm½3¡?ED@7 d
DI9<n>?BNidfb6v2mF1H\Sv>b\S=F1Ou:v21402N49Q=~df0>aj1x[f\ � p � _�G � p ± �^è Í�æQP è p � � _c_UmÒVHpY¥y721�XZ[8A>14bE?E0>al3`d^myNidf=@=@?B1OA£[^v>DÁ3¡?ED@7½d � T�RUT�NO[<A>1df02A¦d � T�N498bE?E02AJ=@?BNidfb°n>bEv>XZ1�3¡?ED@7kd � dfv2mFmF?¿df0�n>bEv>XZ1#n{14=@D@v>=@;edfD@?B[^0½dfa:df?E02m@DoqÞ/ÂÌ<Ç ²J± 3`d^mÁv2mF1OA|PSNH\@p_^T XZ[8A>14bEbE?E0>a�?E0�[^v>=6m@D@v2AJ9�3¡?ED@7¤ÇÁÈ�ÉYÊ¨VHpM¥y721QÊ|/xÈ«3yd^mW02[^DWXZ[8A>14bB1OAM5�m@?E02NO1�D@721QA2dfD~d½m@72[�3#m02[^DQX�v2N~7Ähcdf=@?¿dfD@?B[^0�3¡?ED@7�dfæO?EX�v>D@7�p¸¥y721½mF[^v>=FNO1HG�D@?EXZ1£\Sv>02N4D@?B[^0�3`d^m�d �y14=@b¿dfaj1½3`dihj14bB14DZ3¡?ED@7�dNF7edf=~d^N4DF14=@?BmFD@?BNQ\S=F1Ou:v21402N49z[f\ � p ��� Ísæ�P ± 6 p�_UmÒVHp�¥y721�;g1OmFDx=~di9zNO[�hj14=~dfaj1Z?BmW[^;>D~df?E021OA¤dfD�dkA>14n>D@7�[f\

∼
_ �c� �<Xwp Û [£n>bEv>XZ1l721id^A¨Nidf0Ã;g1�mF1O140�p�¥y721¢=F1OmFv>bEDÂ[f\oD@7>?BmWm@D@v2AJ9�?BmWd¦;g1OmFD�C2D@D@?E0>a½XZ[<A>14bU3¡?ED@7dZÌ:G�3`dihj1HG�ng14=@D@v>=@;edfD@?B[^0Ã[f\

dvSmax 5
±i��� 5edf02Awd¢n>bEv>XZ1W=~d^AJ?Ev2m#[f\§= 5 ±i�c� �8Xw5>D@78v2m�d¢D@7>?E0�df02Ak72[^Dn>bEv>XZ1cp�¥y7>?BmÂ7ed^mÂDF[£;{1�NO[^02m@?BA>14=F1OA�df0Ãv>n>ng14=W;{[^v>02Az?L\Á02[^D614hj140Ãv>0>=F1idfbE?Bm@D@?BNc5�m@?E02NO1l?EDWNO[^v>bBAz02[^D;{1WNO[^0JC2=@XZ1OAw;:9£b¿dfDF14=¡C20>?EDF1HG]\S=F1Ou:v21402N49½DF[^XZ[^ac=~dfn>789wm@D@v2AJ?B1Omip/s0¸?EXQng[^=@D~df08DZ?BmFm@v21£?E0�D@721k1idf=@bE9
n>7ed^m~1£[f\ÂqrNO14b¿df02A¸n>bEv>XZ1½mFD@v2AJ?B1OmQ3`d^m�D@721½u8v21Om@D@?B[^0�d^m�DF[3¡7214D@7214=�D@7216n>bEv>XZ1W;g14021idfD@7zqrNO14b¿df02Aw?Bm¡D@7>?E0|df02Aw72[^Ds[^=¡=~dfD@7214=�;>=F[jd^A�df02A|NO[8[^bB14=ipY¥y721�n>=F[^;>bB14X3`d^m6d�D@=~d^A>1HGI[fK¸;g14Dr3o1O140¨X�dfac0>?ED@v2A>1Q[f\ÁD@721Qdf02[^X�dfbE9zdf02Az?EDFmx3¡?BAJD@7¨D@7edfDWNO[^v>bBAz02[^Dx;{1¢=F1OmF[^bEhj1OAmF14?Bm@XZ[^bB[^ac?BNidfbEbE9jp(R§?Eacv>=F1¤_Jp �c³ m@72[�3#m½D@721¨D@=~dOhj14bLG�D@?EXZ1A>14b¿dO9�N4v>=@hj1Omw\S[^=wNO[^X¢;>?E0edfD@?B[^02m|[f\�ng1idf�df02[^X�dfbE?B1Omydf02AQn>bEv>XZ1#AJ?¿dfXZ14DF14=FmÁ[f\ � dfv2m~m@?¿df0Qn>bEv>XZ1OmY3¡?ED@7ZD@721�m~dfXZ1¡?E0:DF14ac=~dfb°DF[^D~dfb2n{14=@D@v>=@;edfD@?B[^0�p¥y721ÂD@7>=F1O16N4v>=@hj1Om#NO[^08hj14=@aj1W3¡?ED@7wAJ?Bm@D~df02NO1WDF[lD@7216mÒdfXZ1shcdfbEv21Om¡;>v>D#m@72[�3�b¿df=@aj16AJ?LKM14=F1402NO1Om¡3¡?ED@7>?E0

± _ ³



C2hj1�A>14ac=F1O1Om6df=F[^v>02AÃD@721ln>bEv>XZ1�d��J?BmipÂÀÝ?ED@7>?E0�_ èc� �<X.df=F[^v>02AÃD@721�n>bEv>XZ1QNO1408DF14=i5M3¡7214=F1l3o1�Nidf0[^;>D~df?E0wA2dfD~d�\t=F[^X b¿df02A<G�;ed^m~1OA½mF14?Bm@XZ[^XZ14DF14=Fmi5JD@721ÂAJ?LKM14=F1402NO1Om�df=F1x7>?Eac721Om@Di5>N4bB1idf=@bE9¦AJ?Bm@D@?E0>acv>?BmF7edf;>bB1\S=F[^X¾mF14?Bm@XZ[^ac=~dfXZmipqr0ÃR§?Ea2p 6 p ±iè 3`1�?EbEbEv2m@D@=~dfDF1�D@7>?BmÂ;:9Ãm@72[i3¡?E0>a|[^0>bE9|A>14b¿dO9JmWD@7edfD6Nidf0¨;{1�Nidfn>D@v>=F1OA¨3¡?ED@7¨b¿df02AÃ;ed^mF1OAmF14?Bm@XZ[^XZ14DF14=Fm�p}É�hj14=@9�A>14b¿di9�nedfD@DF14=@0�?Bmkm@72[�3¡0Ý\S[^=£\][^v>=kAJ?LKM14=F140:D½;ed^N~�:GrdfæO?EX¢v>D@72m �D@721Ã[^021z[f\D@721wÇ§14=@v�1idf=@D@72u8vedf�j1
P
Θ 5 � _ ² ◦ VH5`[^021½D@7edfD�NO[^=@=F1OmFng[^02A�DF[¤¥�[^0>a:d�14hj1408DFm|P Θ 5

_ �76 ◦ VH5o[^021k\S=F[^XAJ?E=F1ON4D@?B[^02mlNO[^=@=F1Om@ng[^02AJ?E0>a|=F[^v>ac7>bE9¨DF[½D@721ZÇ�7>?EbE?En>n>?E021¦D@=F1402NF7�P
Θ 5 è76 ◦ VWdf02A�[^021Q\S[^=�14hj1408DFm6\S=F[^XÀ�1Om@DF14=@0kÉ�v>=F[^n{1sdf02A¦02[^=@D@7214=@0£/�\t=@?BNid¦P

Θ 5 ± 656 ◦ VHpU¥y721�nedfD@DF14=@02my[f\MD@721�AJ?LKM14=F140:Dyn>bEv>XZ1sAJ?¿dfXZ14DF14=PSNO[^bEv>XQ02my?E0½R§?Ea2p 6 p ±iè VoAJ?LKM14=ymF?Eac0>?LCeNidf0:D@bE9j52dfbBmF[lD@721ÂdfXQn>bE?ED@v2A>1Om�df02A£D@7214?E=`=~df0>aj1OmyAJ?LKM14=¡m@D@=F[^0>acbE9jp¥y721`7>?Eac721Om@D�hcdf=@?¿dfD@?B[^02mU?E0lD@721yA>14b¿di9�?Bm�[^;2mF14=@hj1OA¢\][^=§D@721 ;c� �<X-=~d^AJ?Ev2mUn>bEv>XZ1cp§qrDU7ed^m§D@721`mFD@=F[^0>aj1Om@DA>14b¿dO9JmwP]dfbEXZ[cm@D 6 mF1ONO[^02A>mÒV�df02A�dfbBmF[Ãm@72[�3#mZm@?Eac0>?LCeNidf08DZ1idf=@bE9¸df=@=@?EhcdfbBmwP � p � mÒVH5odfbEb¡[^;2mF14=@hcdf;>bB1k?E0qÞNO14b¿df02AM5:dfbEXZ[cm@DU?E02A>14ng1402A>1408DY[f\e3¡7214=F1yD@721y1idf=@D@72u:vedf�j1`3ydOhj1OmYNO[^XZ1o\S=F[^Xwp§Re[^=§D@721`b¿df=@aj1`;>v>DU3o1idf�_ �c� �<XÅn>bEv>XZ1ÂdfbEbeD@721xm@?EDF1Om`[^0£qÞNO14b¿df02AZ=F1ONO[^=FA£3`dihj1OmyA>14b¿dO9j1OA£;:9ZD@721�n>bEv>XZ1cpY/xmod¢NO[^02mF1Ou:v21402NO1s?ED?Bm#02[^Dsng[cm~m@?E;>bB1W3¡?ED@7zdZ=F14b¿dfD@?Ehj16D@=~dihj14bLG�D@?EXZ1lA>14b¿di9½XZ14D@72[8A�DF[Zac?Ehj1ldf;2mF[^bEv>DF1�A>14b¿di9<mxAJv216DF[£d�b¿d^NF�[f\Yd�æi14=F[Z=F1H\]14=F1402NO1cpÁ¥y721�_ �c� �<X n>bEv>XZ163o[^v>bBAwD@78v2m�;{1Âv>02A>14=F1Om@D@?EX�dfDF1OA|?E0w?EDFm#D@=~dihj14bLG�D@?EXZ1¢1HKM1ON4Ddf02A¦?EDFmÂP]df08983ydO9£[^0>bE9Z3o1idf�2VÁng14=@D@v>=@;edfD@?B[^0�5J3¡7>?EbB1sD@721 ;c� �<X n>bEv>XZ1�3`[^v>bBA£7edOhj1Â140>7edf02NO1OAkA>14b¿dO9Jm;{1ONidfv2mF1ÂD@721W0214a:dfD@?Ehj16hcdfbEv21Om¡3`[^v>bBA�m@7>?L\SD¡D@721Âæi14=F[QbE?E021�df02A½D@78v2msd^A>AkDF[QD@721Â=F14b¿dfD@?Ehj1¢A>14b¿dO9jpqr0|m@v>XQX�df=@9j5gD@721l1HK{1ON4DÂ[f\YD@721¢D@7>=F1O1�XZ[<A>14bBmx3¡?ED@7zm~dfXZ1¢?E0:DF14ac=~dfDF1OAzn{14=@D@v>=@;edfD@?B[^0Ã;>v>DxAJ?LKM14=ÜG140:D¢3¡?BAJD@72m6?BmWhj14=@9¨AJ?LKM14=F140:D�df02A�m@72[^v>bBA�;{1�=F1OmF[^bEhcdf;>bB1�\S=F[^X�b¿df02A<G�;ed^mF1OA�=F1ONO[^=FAJ?E0>ajm¢?E0¤qÞNO14b¿df02AMpÊz1idf0:3¡7>?EbB1c5 å ®8®:ª �|�����¤��� � �s�k���c�c�cè  eNO[^02m@D@=~df?E021OAQD@721yn{[cmFm@?E;>bB1y=~df0>aj1¡[f\�df02[^X�dfbE9 � 3¡?BAJD@7�NO[^X�G;>?E0edfD@?B[^02m#v2mF?E0>aQC20>?EDF1HG]\t=F1Ou8v21402N49½NO[^02m@?BA>14=~dfD@?B[^02msDF[Zdf;g[^v>D
>
;c� �<X � ≤ ±i�c� �<Xwp

������� ��*+ ���- �	�

/ AJ?LKM14=F140:DQm@?ED@vedfD@?B[^0
\t=F[^X D@721¦D@7>?E0JG�72[^D � ;>=F[jd^A<GINO[8[^b¡n>=F[^;>bB14X ?BmlXZ14D�3¡72140¸3o1¦D@v>=@0
DF[�D@721mF1ONO[^02AÃ?EXQn{[^=@D~df0:D�u8v21Om@D@?B[^0¨?E0¨D@721QAJ?BmFN4v2m~m@?B[^0�df;g[^v>DWD@721QqÞNO14b¿df02AJ?BN�df02[^X�dfbE9j5�D@7edfD6[f\`D@721Q[^=@?Eac?E0A>14n>D@7�p�ÀÝ7>?EbB1xD@721xAJ?LKM14=F1402NO1Omy;{14DI3o1O140�D@721xNO[^XQn{14D@?E0>aQXZ[<A>14bBm`\S[^=`D@721ÂD@7>?E0JG�72[^D � ;>=F[jd^A<GINO[8[^b�?BmFm@v213o14=F1xb¿df=@aj1Om@DyN4bB[cmF1sDF[�D@721sn>bEv>XZ1Wd��<?Bmydf02A¦D@7:v2m¡AJ?Bm@D@?E0>acv>?Bm@7edf;>bB1x3¡?ED@7kA2dfD~d¢?E0£qÞNO14b¿df02AM5<D@721�?E08hj14=FmF1?BmZD@=@v21½\S[^=ZD@721|m@?Eac0edfD@v>=F1�[f\ÂD@721�[^=@?Eac?E0ÝA>14n>D@7Ä?E0�D@721�A>14b¿dO9Äm@7ed^A>[�3#mzPSR§?Ea2p 6 p ± ; VHp�/sbEXZ[cm@DZ02[AJ?LKM14=F1402NO16Nidf0w;{1WmF1O140½;g14Dr3o1O140|D@7216A>14b¿dO9½m@7ed^A>[�3#m�[f\UD@721WA>1O14n�mF1idfDF1OA½n>bEv>XZ1�df02AwD@7216[^021Â3¡?ED@7D@721Qm@7edfbEbB[�3}[^=@?Eac?E0�p¢¥y7>?BmW?BmÂD@=@v21¢\][^=Â;g[^D@7¨n>7ed^mF1OmWmF72[i3¡0�5M3¡7>?BN~7
df=F1�=F14n>=F1OmF140:D~dfD@?Ehj1Om¢[f\`m@7edfbEbB[�3PSÇYÇoVxdf02AÃm@DF1O14nÄP�Ì ��Ì>V�?E02N4?BA>1402NO1Omip6¥y7>?BmÂNO[^0JC2=@XZmÂD@7edfDÂ02[^DW[^0>bE9½\S[^=x=~dO9Jmx;>v>D6dfbBmF[Z\][^=x3`dOhj1Om�5[i3¡?E0>a�df0k1H�JDF1402A>1OA½mF1402m@?ED@?Eh<?EDI9j5<D@721Â[^=@?Eac?E0kA>14n>D@7k?Bm`02[^Dy=F1OmF[^bEhcdf;>bB1s3¡?ED@7½m@D~dfD@?B[^02m`bB[<NidfDF1OAk[^0>bE9¦[^0D@721Q?Bm@b¿df02A¤[f\yqÞNO14b¿df02A¤df02A¨D@7edfD6?ED�?BmW02[^D6bB14ac?ED@?EX�dfDF1ZDF[�1H�JN4bEv2A>1�d � Ê �-[^=@?Eac?E0
[f\yD@721ZqÞNO14b¿df02AJ?BNdf02[^X�dfbE9k3¡?ED@7wb¿df02A<G�;ed^mF1OAwA2dfD~d�PSNH\Üp �Á����® ¯ ª � ·4¹yº^»E¼ ���c�c�c�  tVHp
� ��-/!1� �	0� 2�'�

¥y721£dfXQn>bE?ED@v2A>1£1HKM1ON4DFm�AJ?Bm~N4v2mFmF1OA�?E0
D@721Zb¿d^m@DlmF1ON4D@?B[^0
[f\¡D@721¦b¿d^m@D�N~7edfn>DF14=�Nidf0
n>=F[^;edf;>bE9¨02[^D;{1¢1H�Jn>bB[^?EDF1OAÃDF[�?EX�dfaj1lD@721ln>bEv>XZ1cp6R§?E=Fm@Di5°\][^=x=F1idfbE?BmFD@?BN¢XZ[<A>14bBmÂm@v2NF7�d^mxD@721 ;c� [^= ±i�c� �<X'=~d^AJ?Ev2mn>bEv>XZ1Omy3¡?ED@7w_Jp è � ; p ��� hj14bB[8N4?EDr9¦n{14=@D@v>=@;edfD@?B[^0½D@721WdfXQn>bE?ED@v2A>1W1HK{1ON4DFm#df=F1s3o1idf�¨P�\�d^N4DF[^=Fm¡[f\ ± p ±iè�� V14hj140¸\][^=¢D@721k7>?Eac721Om@Dl\S=F1Ou:v21402N4?B1Om�3`1kXZ[8A>14bEbB1OAMp¸Ì<1ONO[^02AJbE9j5ÁXZ1id^mFv>=@?E0>a¨D@721kdfXQn>bE?ED@v2A>1½1HKM1ON4DQ?E0n>=~d^N4D@?BNO1s3¡?EbEb°;{1¡02[^D`ng[cmFmF?E;>bB1#m@?E02NO1#D@7214=F1s?Bmo02[6v>0>n{14=@D@v>=@;g1OA¦=F1H\S14=F1402NO1sNid^mF1sd^mÁ\][^=o[^v>=omF9808D@7214D@?BNOmip/sbEDF14=@0edfD@?Ehj1¡XZ14D@72[8A>m�5jm@v2NF7�d^mUD~df�<?E0>aW=F14b¿dfD@?Ehj1#dfXQn>bE?ED@v2A>1OmY;{14DI3`1O140ZD@721¡m@D~dfD@?B[^02m�3¡?EbEb>;{1`;>?¿d^mF1OA�;:9qÞNO14b¿df02A � m�b¿df=@aj1#N4=@v2m@D~dfb21HKM1ON4DFmÁdf02A�3¡?EbEb>D@7214=F1H\][^=F1¡02[^D�;g1#df;>bB1yDF[WA>14bE?B14hj14=ÁD@721y021ONO1OmFm~df=@9l=F1OmF[^bEv>D@?B[^0\][^=¡D@721W=F14b¿dfD@?Ehj14bE9½m@X�dfbEb�1HKM1ON4Dip

± _ ²



33
0˚

33
0˚

34
0˚

34
0˚

35
0˚

35
0˚

0˚0˚

60
˚

60
˚

70
˚

70
˚

0.
0

0.
8

1.
6

2.
4

3.
2

d e l a y

s

-0
.2

0

3.
95

P
13

_S
cS

_0
.0

5H
z_

T

�����  � � � � � � � � � ��� 
 � � � � �

33
0˚

33
0˚

34
0˚

34
0˚

35
0˚

35
0˚

0˚0˚

60
˚

60
˚

70
˚

70
˚

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

d e l a y

s

-0
.0

5

2.
60

P
4_

S
cS

_0
.0

5H
z_

T

��� � � ��� � � ��� � � � � ��� � � �� � �

33
0˚

33
0˚

34
0˚

34
0˚

35
0˚

35
0˚

0˚0˚

60
˚

60
˚

70
˚

70
˚

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

d e l a y

s

-0
.0

0

0.
70

P
30

_S
cS

_0
.0

5H
z_

T

��� � 
���� � � ��� � � ��� ��� � � � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.8

1.6

2.4

3.2

d
e
l
a
y

s

-0.20

3.95

P13_ScS_0.05Hz_T

��"$� �� � � � � � � � � ��� 
 � � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.5

1.0

1.5

2.0

2.5

d
e
l
a
y

s

-0.05

2.60

P4_ScS_0.05Hz_T

��� � � � � � � � � � � � � ��� � � �� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

d
e
l
a
y

s

-0.00

0.70

P30_ScS_0.05Hz_T

�	�!� 
�� ��� � ��� � � � � ��� � � � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.8

1.6

2.4

3.2

d
e
l
a
y

s

-0.20

3.95

P13_ScS_0.05Hz_T

� ���  � � � � � � � � � ��� 
 � � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.5

1.0

1.5

2.0

2.5

d
e
l
a
y

s

-0.05

2.60

P4_ScS_0.05Hz_T

� � � � ��� � � � � � � ��� ��� � � �� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

d
e
l
a
y

s

-0.00

0.70

P30_ScS_0.05Hz_T

��� � 
�� � � � ��� � � � � ��� � � �� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚ 0˚

60˚

60˚

70˚

70˚

0.0

0.8

1.6

2.4

3.2

delay

s

-0.20

3.95

P
13_S

cS
_0.05H

z_T

� �� ���� � � � � � � � ��� 
 � � � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚ 0˚

60˚

60˚

70˚

70˚

0.0

0.5

1.0

1.5

2.0

2.5

delay

s

-0.05

2.60

P
4_S

cS
_0.05H

z_T

� �$� � ��� � � � � � � ��� ��� � � ��� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚ 0˚

60˚

60˚

70˚

70˚

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

delay

s

-0.00

0.70

P
30_S

cS
_0.05H

z_T

��� � 
�� � � � ��� � � � � ��� � � �� � �

��������� · /°¼����4 � ,<�R��' F��&�!���L� �I�*�����! S�!#X��02,�
^6 
D?E0B�>�3,$�� �M67,<�R�O 2F #V�!�TF��211,<�3,< B� � � � Y�?E���5)
, )
��F*,<�&�
8&� � � � � � � � �4bdC = ����0 �X�����<�<�R�O P?W,<�!�L�5�	���������! #(�5 26������! p���

∆ �
��b

◦
-

� � �"!)��*� 2� -2!102��� � ���1! � �2�� � 2��* � � �	� � � ���3 ��

± 6
	



33
0˚

33
0˚

34
0˚

34
0˚

35
0˚

35
0˚

0˚0˚

60
˚

60
˚

70
˚

70
˚

0.
0

0.
2

0.
4

0.
6

0.
8

d e l a y

s

-0
.1

0

0.
90

P
1_

P
P

_0
.0

5H
z_

Z

����� �
	��

33
0˚

33
0˚

34
0˚

34
0˚

35
0˚

35
0˚

0˚0˚

60
˚

60
˚

70
˚

70
˚

0.
0

0.
2

0.
4

0.
6

0.
8

d e l a y

s

-0
.0

5

0.
90

P
2_

P
P

_0
.0

5H
z_

Z

������� � � �

33
0˚

33
0˚

34
0˚

34
0˚

35
0˚

35
0˚

0˚0˚

60
˚

60
˚

70
˚

70
˚

0.
0

1.
1

2.
2

3.
3

4.
4

d e l a y

s

-0
.8

0

5.
40

P
1_

S
K

K
S

_0
.0

5H
z_

R

��� � �
	��

33
0˚

33
0˚

34
0˚

34
0˚

35
0˚

35
0˚

0˚0˚

60
˚

60
˚

70
˚

70
˚

0.
0

1.
1

2.
2

3.
3

4.
4

d e l a y

s

-0
.5

0

5.
30

P
2_

S
K

K
S

_0
.0

5H
z_

R

��"$����� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.10

0.90

P1_PP_0.05Hz_Z

��� ���
	��

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.05

0.90

P2_PP_0.05Hz_Z

�	��� �� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

1.1

2.2

3.3

4.4

d
e
l
a
y

s

-0.80

5.40

P1_SKKS_0.05Hz_R

� �����
	��

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

1.1

2.2

3.3

4.4

d
e
l
a
y

s

-0.50

5.30

P2_SKKS_0.05Hz_R

� � ����� � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.10

0.90

P1_PP_0.05Hz_Z

��� �
�
	��

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.05

0.90

P2_PP_0.05Hz_Z

� ��
� � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

1.1

2.2

3.3

4.4

d
e
l
a
y

s

-0.80

5.40

P1_SKKS_0.05Hz_R

� ���
�
	��

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

1.1

2.2

3.3

4.4

d
e
l
a
y

s

-0.50

5.30

P2_SKKS_0.05Hz_R

��� �
� � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚ 0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

delay

s

-0.10

0.90

P
1_P

P
_0.05H

z_Z

���'�
�
	��

330˚

330˚

340˚

340˚

350˚

350˚

0˚ 0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

delay

s

-0.05

0.90

P
2_P

P
_0.05H

z_Z

������� � � �

330˚

330˚

340˚

340˚

350˚

350˚

0˚ 0˚

60˚

60˚

70˚

70˚

0.0

1.1

2.2

3.3

4.4

delay

s

-0.80

5.40

P
1_S

K
K

S
_0.05H

z_R

�������
	��

330˚

330˚

340˚

340˚

350˚

350˚

0˚ 0˚

60˚

60˚

70˚

70˚

0.0

1.1

2.2

3.3

4.4

delay

s

-0.80

5.40

P
1_S

K
K

S
_0.05H

z_R

��� ����� � �

��������� · /°¼����� � ,<�R�d'
F��&�����L� �I�*�����! �!# ��02,�  8���,<#(�W�V=W� 67�!���5)+ ;�LC �O 2F 
 � � 
 8��L��K�0E�W67�!���5)+ ;�[CW?E0B�>�3,
�! p�<67,<�R�O 2F #V�!� F��211,<�3,< B� �!�L��K��� GF*,V? ��0;�T���

∆ �
��b

◦
- W���5)
,N)
��F*,<�&�  �D�O 2F �a
�O�3,+���7,7FG8 �;�M%E6d�O�

?A,<�!�L�5�	���������! #[�5 26������! �
δ
�
P �

��- � � �
δ
�
S �

��- a � � ��b�b2Z�) ���4F������ � � � � �!�L��K��� ICO-

Ì������	��
�����������������������
������������ � !�"#���	�%$&��
(')�	���*����"+���	,���!����	"-� ���.��
������ /0�	��
 
����*��� ���������	��������1�!��.243
@6587:9+;�<=58>?587A@CBD>=E8FGFHE%7JI�KML�L 	GN � �����.
���,��M�����O������3P
����*��� ��,��Q� 
��	,����R/S� �����T�U��
 � !�
 2���� �������D�-���M��"
$V��
W� ���T')�	���*����"X����!����T�	��!���"Y������2Z�Q
��	������,��	"[� �����	�Q�����O��
��M������\�����3X�^]#�	�	�	"���� ���_��� �*����"`��$a')�	���*����"
����"X� ��!��W� ���_���Z��
 � !�
��_��$%� ���T� ����� �����`�����0b6��
 \X243c$S��
Md

K�e�K



� ����
��^$V��
�����������;�7	��
����� I�� 	 	 ��� N �	���T2������	" 2Z��"#3�/Sb6�M,������������
������43 b.��� � � !�
 $S���	�^/Sb6�	,�� ����/
�����
������43 � ���.�*��� ����
 2Z������ ��2����W���T�	����� � 
������c��2�������!����W,������������ 3 �U��
 � !�
 2���� �������Md � ����3�����" �D���M��"
b.��� � � ,���
 � ���M��� �^]#������� ����� ��$6������
��M] ��� ��������3�� 	 	 \ �`d � �����D�*��
 �� ����
 ���M��������� � � 
 !���� !�
��-� ����4�Q2Z�
�c,�����!�� ������!�� �*������
���� ���	��!��T!��*��� �����?��$6����!������ ������
 �*���a$V�	�	"#����`� ������� � ��������� ������
�� 
���� ����
_� �����
�X���*���������M��� ������� �*���6����!��������M��" d��(��!���� ���������T� ������T2Z� "#��� ��!����T���["������	��� ��������������������M������3 � �����	�
� ����3Y��
��Q����"�"���� ���Y� ��� � �������� !�
��T��$(� ���_���M��"���� ��� � FH;"!W5J5%7:@#������;�7 I�� 	 	�$GN&% d.'0�('8���!�
��Te�d�K*)
b � �^]���� �����-� �����Q�,+Z�	���Md�-O� � ���+���^$ �Q�	����!�� � � ���-� 
��	,����R/S� ������"����*�M3 ������"��Mb ��$ � ���.�/�(/S���������+���
� ���Hb.� $&��
T�P� ����
 �103254 /S����!���� b.��� � � K 	 	 \��+/S
���"#��!�� �	����"#!���� ����" ��6 	 	 \��+/S
���"#��!��T���M��" ����"
$V��
Q�c� ����
 � ����!����+b.��� � ������3 �c�	����"#!����Md87O����!�������3Y����� ���	�	� ���P� �������� !�
�� ��$ � ���+�	����"#!����Q��� � ���
"����*�	3 � ���c��$:� ��� ����!����Ob.��� �P���M��" d � ���O� !�29���!�
��D� % ���6�T� ���P��$A� ���O"#��+ ��
������	�	�.��$A"����*�	3 � �����	�
2Z���0b �	���c� ���.� b � ����"������Md � ��\����� � ����"#��+ ��
������	���,+ �	��� ��,�����3 
������M,��	� � �����	����"#!���� ��!��6��$ � ���.���M��"
����"`� ����!���"Y� �4!������M�	,��+� � �������� !�
��_��$(� ���_�	����"#!������Md�' ��"��	�	":��� ���_� �G]#���T!�� "����*�	3X���.
��	"#!��	�	"[243
	 d�6 � 2�!��D� ��� �,+ �	���D���������Q"#
���� ��� ����d � ���+������� � ��
��	� � ����� 2�!�� $V��
�� ���<;>=?=�;Y���������T���D� ���Hb.�
���`� ���D
 �������������"`� ��"��Q��$@'%���d�e�d�K*) d/A ��
�����b �T���	�_�+�����M��
�� �������� !�
�� ��$%� ���Q�	����"#!����O���X� ���_"����*�	3
"#��+ ��
������	�P/T� �������P��� � ���X"����*�	3?����� ����
 �J
 ����4� 2U��������"?� ���X�	����"#!���� "���,�����������b.����
��X� ���X"����*�	3
,�����!��	����
��D� ����������M����� ��3 
��	"#!��	�	" d � ���O"#��+ ��
������	�D2U��� b �	���X� ��� �0b6�-���������	������"#!������-� ���D"#��+Z��
������
��������"������	�P��������	�Md � �����-�M��� 2Z� ����
��M��"#3 ��2�����
 ,��	" ���B'%���d e�d�K*)G2 b.����
�� � �����*��
 �� ���M��" ���M�	,��	�+�
�	�����	���4� 
������	"��M����� ��$ � � 
�����X"����*�	3#�C� b.����
���� $V��
D� ���-�����������MbD�/� ���������E�F'%���dZe�d�K*)�� % � ���+"����*�	3#�
��
��_"#��� � 
 ��2�!����	"[�����A�M,���
W� ��� ��
��M� ��$%� ���D���M��" d

' ��� !�� � ��
 3G��� ���.���M��" ����"��	�	"�� ����\ �(� ����� �������� !�
�����$Z� ���.�������H��2�!�� � ���W�,+ �	��� "����U����"�� ��� � ���
��������"������	� �������� ��$�� ��� !����	" ����������d�I ����� !�������X
����*��� ��,�� � 
��	,����R/S� �����c"����*�	3#�C�8���D�������_
�������������
���������
������43 � � !�"#���	� "��J�8� ��� �,+ �	���T��$.� ����������� ����,���
 � �������	��� ���T��2�����
 ,���2�����2�!�� ����"#�����	" 243 � ���
���M��" d � ���T1�!��	� � ����� ��$a���Mb � ����� �,+ �	���O����������	� � ���T���������
����������T��� ����	� ��$a� ���_�������%�M���Y������2Z�
����� b6��
��	" ����
���dKAO�Hb ��,���
C�a�����c� ����!���" \��	��� ��� � ����" � �����-� �������M��" 
��	������,��	" 243L������;�7M�N
?�����
I�� 	 	 ��� N �����Q� �U��
 � !�
 2���� ����� ��$ !�� ���EO � b.������� ���Q��2Z��!�� � b.���	�+� �����Q��$ � ���-�������Sd_' �[� �����Q�M����� �
� � 
������2��*������$%� ���Q����!����_��� ����_�M��!����	"X2�3 � ���Q���M��"Y�M���`�����.2U�T�^]#����!�"��	" d

P�Q � �SR�TUT��WVYX
')�	���*����" ��� � ��� � 3��Z� �^]���� ����� $&��
+�X������� �Z���-���?�`� ��" /0� �	�M��� 
 ��"#���d506��� ����
��	" ���(AD�	b������H� � ���
���^]#� 2U� ��\ �^]���� ����� ��$+� � ��" /S���*����� ������� �Z���C�O')�	���*����" �M��� 2U� 2Z��� ����
X� � !�"#���	" b.��� � �*����" 2������	"
������� ������������
��T"#!��+���P�����D�*��
 �� �*����"#� �����_�^]#������� �����:dZ2[��
��	�H,���
C�A')�	���*����" �����D2U�	��� � ���+����
 ����_��$
����,���
����A������� � ���Q� � !�"#���	�O����"P���W��
���2���2���3X� ���D2U�	� �W��� !�"#���	"X������� �Z���W���X� ���Qb ��
 ��" d\[O�W� 
��	� !����C�������
� ���.����!�����
����*�����	" 1�!��	� � ������� ��
���
��������	" ��2Z��!��a� ����')�	���*����" ����!������#����" ��� ����� ����� ��$A����� b6��
�� ���M,��
2Z�	��� � ��"��O���c�Q�����6��$A� � !�"#���	�Md@A �Mb6��,���
C��� ���	���O��
�� "#�����	��
�"����4�C������" � �4!���������� ��� 14!��	� � �������6��$ � ���
����!����T"���2������-��
��T� � �����8���U���X$V��
�')�	���*����" d]'���
�� �����O
��M�������^��')�	���*����"`b���������������� ����� � � !�"#3X�M�������
����"c� �����������
���� � ��� !��*��� �������W��$:b6�M,��D��
�������4��� �����X� ��
���!���P����!���� ��� 
 !���� !�
��	�.��$A� �����*�����6������������

b ��
��T�^] ������"��	"Y243c��������!�"#���� � ���Q� �`_ ��
 ���03X��$(� ����� �������W��,���
W����� ���������	"`���Y��
���
���!���"Y')�	���*����" d

[ "#��
��	���W�	��� ����
 �������Y��$%��3���� ����� ���Db.��� �X
��M���Z"������9�#���Hb ��,���
C��������
���2������ ��� ���T����"Pb6���.b����������
����"�����"��	":�Z� �����	�T��!�
 � ���T!��*��� �������D"#��"[��������������!�"�� � ���T��
 !�� �����%� � 
 !���� !�
�� b.������� �`+Z�	�����O� ���_� 
��M,����
� �����	�+���Q�T!����?���T� �����Z��
 � !�
 2���� ����� ��$.� ��� ����!����c"����	�Hda2 ��
��	�M,���
C�a��� �����4!���� ����� � �����T��� ����� ����

����� ��������!�"��	"c��� � ������� "��������� ���M��"�� ���_�*��
 �� "#��+ ��
������	�	� ��� � ���O��� ������� !�"��	�Md306��� ����
 ����-
��M���Z����"
� 3 �4� ����� ���+"������ ����"#��
��	��� ��3G�Z!�� ����`� ������"#����cb.����"��Hb $ \�/ ��������3 �����O� !�
 ���	" ��!��D��� 2U� �����O!����^$ !�� "#!��
���+� ���Q���Hb � ����� �����Y"������ ��� 3X��$%2Z��� �^��
��M���A����"`� 3 �4� ����� ���T� ����� �������Md

� ���-�^]���� ������� ����� ��$a� ���T� ��
��	�-')�	���*����" /S
����*�����	" ����� !��	��b.��� �[� ���-� 3 �4� ����� ���-"������������O������!���� 
������	�
� ���W������
���������
 ��� � ���	����$ �,+ �	�����a� ���Hb.� ���b0 ����������
 $ ����" � ������
���2��������($V��
 �	����� � 
�����������-� ���.����
����+/

K�e��



Titlke

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.3

0.6

0.9

1.2

1.5

d
e
l
a
y

s

-0.10

1.70

P8_PP_0.05Hz_Z

��������� ��	�
�	����
�� ����� � � 
������ � ����� � � � 


Titlke

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

1.4

2.8

4.2

5.6

d
e
l
a
y

s

-0.55

6.85

P8_SKKS_0.05Hz_R

��������� ��	�
�	����
�� ����� � � 
������ ������� ��� � � � 

Titlke

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

d
e
l
a
y

s

-0.10

0.90

P1_PP_0.05Hz_Z

����� ��� ��	�
�	����
�� ���!� �  ��� � 
���� � � � ��� � � � 


Titlke

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

1.1

2.2

3.3

4.4

d
e
l
a
y

s

-0.80

5.40

P1_SKKS_0.05Hz_R

��������� ��	�
"	����
�� ����� �  ��� � 
������ �������	��� � � � 


Titlke

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.2

0.4

0.6

0.8

1.0

1.2

d
e
l
a
y

s

-0.05

1.20

PP_P8-P1

��
��#�����$
&%'
�(���
������ �)���*�

Titlke

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

330˚

330˚

340˚

340˚

350˚

350˚

0˚

0˚

60˚

60˚

70˚

70˚

0.0

0.8

1.6

2.4

3.2

4.0

d
e
l
a
y

s

-0.15

4.25

SKKS_P8-P1

�	�'�������$
&%'
�(��&
+����� �)���,�

-/.�0,132 �54"�7698�:<;>=�?�@�ACB$D�E�FHG�D)I9JKFHDHL�MND�MPO�QR=�?�@�M BTSUL�GVFHW =YX[ZVX]\�W^@�E*=�_`D�MKa�J[=�M QR=VL�S+FHW =bW =�@cB^d

K�e $



������
��a��$Z� ���.')�	���*����" ����!����.
���, ����b �	" ����� ����� ������������
Md@463T
�������� �����c��$=� ���.� 
��M,����R/S� ������� ����"��HbW�
��� $&��!�
�"#��+ ��
����4�.2�����\�� �	���T!�� ���O����" 
��	��� 
 ����� ���� � ���O� ���Hb.�`"����*�	3 ,�����!��	�6���-b.���������6��2�����
 ,���2���� ���
')�	���*����" ���6�	��!���" 2Z��� ���Hb.� � ����� � ���O"#������!������	"�� �����#/S�����.����" 2�
�����" /0�	�����Z���	������
 ����� $&��
 � ����')�	���*����"
����!����`�M���J2Z�`"#��� � �����!��������	" b.��� �J�������/S�Z��
 ����" "������9� 2�!���� ����� � ���X14!��	��� ����� ��2U��!�� � ���`��
 ������
"������ � �M���J�����Md#[O��� �	�������	1�!������	���6������� ���	�	�	��� ��
 3 ��� �M��
 
 3 ��!�� ��� �^]#�U��
 ��������� b.��� �J� �	�M���#/
2Z��� ����� ������� ������������
�� ��
�� � �	3 2Z�Y��� �5��
�� � � ������� ��� ��������!�"��`"������ ��$ � ���Y�^] ��� � ���� � ����� �������
��
���!���"?' �	���*����" �&��d �d��(����� 
��	�����*����":� ��
+��� � �����4��� 2 �M3����^�/'���
�� ��
 ��
.;������ �*����"?��� �*����"�� % ���J�
$&!�� !�
�� ��� !�"#3�d � ��� � 
��	,����R/S� �����T"����*�M3 �����P� ���D�*��� �.������������
W���	,��Q� ���Hb.�X� �����.� ���	���D� ����� �������W��
��D���
� ����"#�����������	��
�������O� ����� ���6��
 !����*���=���-����� b ��
6� ����1�!��	� � �����X��2U��!�� � ����"������ �P�^] �������6��$ � ���O����!�����d

'%����������3G� !�� ����`�c��� "����(��$�� ����!����+b.��� � � ���M��" ����" �	��� ����
 ����Y��� ���X� ��� "����(b.��� � ������3 �
�	����"#!����.b �D�	��!���"P� ���Hb � ��� �,+ �	���.��$A� ��� ��
��	�������	�D��$ �T���M��" d��D���U����"#���� ���P� ��� ��������"������	�_��������
��$O� ���c���������c� ���c���M��" �M���?� ��� \ � ���P������
���������
 ��� � ���	� ��$ � ��� �������SdB'���
�� � ���	��� �	��
��^/S���������P� ���

����*��� ��,��Q� 
��M,����R/S� �����T"#��+ ��
������	�	�W� ���MbW�W� ���Q� �������� !�
��Q��$8� ���D�������H��b.����
����.$&��
W�+� ���������Hb ��������� � ���
"����*�	3X"#��� � 
 ��2�!�� �����[���W"���� ���������	"`2�3 � ���_���M��" d

K�e�e



� �������	��
������


� �����-� � !�"#3 "��M�����Tb.��� � � ��� ���������� !�
�� � ����� � ���4� ���c����!����	�T���M�M,�� ��� � ��� ������� � ����b��	,��,������"?���+/
���������	" 243`�������	������� � ���b�

∆ ≥ $ 	 ◦ � ≈ $�$ 	 	 \�� "#��� �������	� % �M��
 � ��14!���\��	�Md � ���	��� ����!����	�C�U� ���-�	�����	�����
��$Db.������� b���������� 
���"#!��	�	" 243��#58FGE87�� E����8587 ��������� � $ 6 3��M��
�� ���� ��� �^]#���*����� � �	�M��� ��� �*����"
,������M������� � �����M,��`4�������	"Jb.��"��^/0����
��M��"C���	�	�����������	��d [ "������������	" \ ���Mb.���	"#��[��$Q� ������
 ��
����Z��
 � ���	�C�
� !����X������
 ������X"������ �^� 2�!��M34������3X����" ���M������!#]c����"c� ������
����������U�4!��T2Z��
W�	��!���"c��
��M, ��"�� ��� �U��
 �������
�	����� � 
����������_��2U��!��D� ��� $&��
 � ��$ �	����,��	��� ����� ���[� ����� ��
 � ��� �D� ����� ��������"Y� ���-� ����
 � ���(� �������+��$a� ���
� ��
 � �:d

A �Mb6��,���
C����	�������������	����"��	�������������*��
 ��6�4!�� 2U��
a��$�����!������ � !�"#���	� �	� �Z�	���*������3T���-� ���6�*��� � "��	�M��"��	�C�
b6���_�����Q3���� ��2����+���P��
��M, ��"�� ��� ��� ���� ��$W�c����!���� ��
 ���������� ����`$&
���� � ���+���Mb ��
 �������T� ���4� �����%���
��
 �������������3 � !����	�����	" 243�� E����8587(d � ����
��^$&��
���� ��� 
��	�	����� 3��M��
��-������� ���������4� ��� ��� ��!��T� ��� ����!����
�43 �Z��� ���	� ��� �������?14!��	� � ����� ����"C��
 �!��	" $V��
 "#��+ ��
����4�P���	����������� ���P���C��
�"���
 ��� �^]#���*����� $V�M��� !�
��	�
�	��� ��������3`������� ���*�����	"Xb.��� �`� ���D��
��	�������	� ��$8����!����	�Md

2 ���4� ��� ����!����	�*�:� ������
_��
����Z��
 � ���	�T����" � ��� 1�!��	� � ����� ��$�� ������
T�^] �����������	� �`$&��
T�����(� ���	���+����� !��	�
������� ���������3?���*�M3 � � � �`_ ��
�
������Y� �����	�P������� � ���X����� ��� "?$V��
 ��� ������� � ����� ��
 � ��� �����4����
 ����
 � �����
��
��M, ��"��	�O� ���_��������	� �O
��	������!�� �����:d �O��,���
 � �������	���C�=��,����[b.��� �[��������� ���_����� ��� "�� � "������������	"[��� ����T��$
�-� ���4� ���T����!����_�	��!���"X�����W3�����2U�Q"�������,���
��	" d

' � � ��� �*��� ���	���4� !�
 3G��������� ���������3�!����	"c����� � ��3 
��	3�/S� ���	��
 3�$V��
6��� �������+����!����	�C�#��,����P� ����!���X���
�����D2Z�	��� \ ���Mb.� $V��
Q�	���4� !�
 ���	�Q� �����Q� ���-b��	,�� ��� �Z�	���D2U�	�	�����	�D��� �Z��
 �����4�Qb.����� � ���+��29_ �	���_� ���M�
���-��� � ���c�������c��
�"���
-��$�� �������� !�"��X��� � ��� b��	,����������� �:d1-O����3 
��	�	����� ��3 b��	,��,������" �,+ �	����� ���M,��
2Z�	���_����\����T�������O���	�	��!��4�8$V��
:���4,���
�� �����-� � !�"#���	�C�G���M��"#����O���W� ��� ��
�� �"!H���������^/V$&
��	14!�������3T���������
������43$#�d

IC��� �_� ��� ��
��	�������Ab ��
 \D���:�	��!���"Q2Z�("���������� � 
������	"T���T�%'& 2)( � 2+*-,/. & * �,� .1030 ��� !�"#3O� �����:b��	,��,������" /
��
 ���������^/V$&
��	1�!�������3 �,+Z�	������� 2 � ��� �U��
 �������T$V��
_����!����	�C�%����
 � ����!��*��
 ��3 ��� � ��� � ��" /O���Y�������/S�U��
 ��� "

�������a� � 	 � �=K 	 	 � % ��$ ������� �����
������Md

� ���Xb��	,����������� ���c�	��
 
��	� �Z����"#���� ��� � ���	���P�Z��
 ����"�� � "����Z����"#���� ���J� ���X"������ ��� ��
��`�	1�!����
���Y��
 �*��
 ���
T� ����� � ��� "#�*����������
��+��$.����!���� �	����"#!�������� K 	 	 �32 	 	 \�� % d � �4!��C�%� ��� ����� !�� ��� ������� ��$

��	3�/S� ���	��
 3 ��
��+, �����*�����	" ����" ���������^/V$&
��	14!�������3 �,+ �	�����_� �	��!�
C�:� ����� � 
������� � ��$6b.������� "����Z����"��T���
� ��� 
���� ���[��$�����!���� "#�*����������
+����" � ��� b6�M,����������� � �	��
 
��	� �Z����"#���� ���X� �����	����� ��"���
��	" $ 
��	1�!�������3�d
� ������$&
��	14!�������3�/0"����Z����"�������3`�M���`�������`�	����� � 
����������� � ���_����!����_"#�*����������
Md

I �M,��^$ 
������ ���M�������� �%2Z������`� ��������� �T��
���� �������4�-b6�	,��,������"?�,+ �	���T��$W� � �����R/0���M����� ���Mb�/S,������ �����03
������� �������	�C������� 2U�	���C� ���Mb.� ��� 2Z�Y��2����`��� �M�����	����� ���[���4� ��
�� "����*�	3J� �������� !�
�� ��$T� ����!����X$V��

$&
��	14!����������	�T2U�����Hb 	 d 	 6 A ��d [�
 
 ��,������_� ����� �	�������M��
 ������
T��� � ������
��	�������	����$W�P����!���� ����" b.�������
��
��P��������
��	"#�������	" b.��� � 
��M3?� ���	��
 3 � �M3 2��*���+
����*��� ��,��Y� 
��	,����R/S� �����Y���M��� !�
��������4��� 243J���+�T!����
����� ��
��	�Y14!���
 ����
�� ��$_� ���	�	����"?$V��
 � ���	���J���������	�Hd '���
 
�����������������������
������43 �^] �Z��
 �������4��� � �����
� ����4� 2U� ������� ����
 ����!�
��	����$.��
 
���
C�8�R$6�������
��	" dE-O� � ����������������":�A���_� ������T����
 � ��3 �	��� �Z�����������
� ���+!���"���
��	� � ��� ��� ����� ��$ ,������ �����03 �U��
 � !�
 2���� ����� �M��!����	" 243 b6�M,��^$ 
������T���M��������`� �����Q���D� 3������M���($V��


��	3�/S���������
���������� � � !�"#���	�Md -O�J� ���Y��� ����
 ������":�6��� �	��!���" �`+ �	����� ���Y��	������� 
 3J��$D� ���`
��	������,��	"

K�e�6



������� ����3�d � ���_�*��� ����
�� ����!���"P2Z�D���4,��	� � ��4�����	"[b.��� �[�+� 3 �4� ����� ���Q���������
�������3`� � !�"#3�d
I �M,��^$ 
������Q���M��������c"#��� ������� ���	� � ��� � 
��	,����R/S� �����+"����*�	3 ��$ � ����!����-����� !����^�Z� ����� ����� ������ 2Z�

����
�" ���["������	��� ����
��M��"#3 ��2Z��!���6 	 	 \ � 2U��������" � ��� ����!�����d5'���
+�^] �Z��
 �������4� "��	� ���� � ����� ���M�����
� ����� �P�	���9�����	" ��
 
��M3 b.��� � � �����_
���"#��!��a� � 3������M���($V��
Q
��	�	���4�-�^] �Z��
 �������4��� % �M����� !�
��	�_����� �_��$6� ���
����!���� � � �,+ �	���Md�AO�Hb ��,���
C�6�����P�M���?������3 "��	����"��`��2U��!��+� ���P14!��	��� ����� ���-��� b.����� ����
 � ���c����!����
�	�����	� $ 
���� � �������Mb6��
 � ����� ����b.��� � ������� �����
������a$&
���� ��2Z��!��a� �����6"#��� �������	�����^��� �����	�W� ����
���b6�M,��	�
� �����(
 !�� !���"���
 ���M��� � ��� !����Z��
 /S� ���4� ���.����!����O��
�� 
��	�	��
�"��	"�� �����a"��D�����a�M��
 
 3-�D"����*�	3�d � ���.�^]������
"#��� �������	� b.����
�� � �����-� ����!�
�� ���T� �������� ��3 �*��
 ���
-� ����� 
��M34/S� ���	��
���� ���M������3 �^] �Z�	�����	":�%2U�	�M��!����c��$.� ���
�^]#�����4����$ � ���Qb6�M,�� � �O������� ��� ��,���� 3 �F'�
��	� �����^�M����� % d

� ���`"������ � b.����
��`����!����	� ��
 ������������`���������`��$D� ���X\���3 14!��	� � �����������J� ���P
��	�	���4� ����!����`"��^/
2�������d � ����
��^$&��
����(�������Y� ����� ������� ��� �*��
 ���
 "#��� �������	�	�T$ 
���� � ��������!���� ��
������	�	�	������
 3 $V��
_
�������������
�^]#�U��
 �����������Md

I �_��!����	� �W������� ������������
W����� b ��
 \#��� �����O�	����� ��� �W��$ � ��
��	�Q����
 ���
�

•
�["��������P��
 
��	3 ��$���������������������
���� ��������
�� ����� �����J� ����������

≤
6 	 \ � % b.��� ����� ��2U��!��-�0b6� ����!����


���"#��� $&
���� � ���+�^] �Z�	�����	" ����!������G] ���O$V��
D� ��� ��������X� ���+��
��M� b.����
��+� ���-� 
��	,����R/S� ����� "����*�	3#�
����"[��� ������� !�"��T�,+ �	�����W��$%� ���_����!����Q���	,��Q� ������
O� � 
�������	� �W�
���"#���������Md

•
������� ����
Q��
 
��	3`��$ ��2Z��!�� 2 	 	 \ � b.��� � ���Y���4����
�������� ����� � ����������P��$ 6 	 /�K 	 	 \�� �Z���.$&
��	1�!����4� ��3
!����	"P$&��
.����!����_���������
������43`� � !�"#���	�Md

•
' ��"#��,���"#!���� � ����� �������Q��� �*��
 ���
 "#��� �������	�	� ��� ��
�"���
D��� �M����� !�
��-b6�M,��	�D� ����� ����� ����� � ��� ���Mb ��

� ����� ���T����� ���D�U������� �����P��$%� ��� ����!�����d\;������	�Db6�M,��^$ 
������W���M���������"#��� ������� ���	�.� ���D� 
��M,����R/S� �����
"����*�M3`��$a� ���Q����!���� ��� � �*��
 ��-������!��4�Q���O� !����Y�*��
 ��T"#�����������	�	�W$&
���� � ���_����!������Z� �M��
��^$&!��
���������������	��� ����� ���Q���	�	�	������
 3�da[ ���Mb ���������+����,���� ����" �P�� � " ����"���� ��$�� ������
 !�� �T2U�����Hb � ���
������� ������������
Ob6��!���"Y2Z�Q�������#$&!��SdW[O�O� ���Mb.�[$V��
O')�	���*����":��� ����
�� � �	3X2Z�Q�U��
 � ���������Q� ����� �������
��� � ���c
��������� b.������� ��
��c����\�����3 ���[$&!����������6� ���	���P
��	14!���
������������MdB'�!�
 � ����
 ����
���� ���+���+!����^$&!��
���?����\�� ������� ���	�	��!��4�Y�����2����_������� � �������03Cb.����� ���*���������� � ��� ��� �M��� ����� ��$ � ���	��� � ����� �������Md
IC��� � � ��� �^]���� ��������$A')�	���*����" b6�W���	,�� � ���Hb.� � �����6� ����
��O��
�� �	�����	���4� 
���� �������.��$A�M��
 � ��1�!���\��
����� ��, ���03D$V��
A������� "#��� �������	�	�%����" "#��
��	��� �������Ab.����
��M���%��� ����
��8��
�� � ����
�������3Q�	�M,���
��	" d � ����
��^$V��
����
������� ������������
���� ����!���"P2Z�Q�	�����	���4� 
������	"[���X� ��
��	�_��
�$V��!�
W"#��
��	��� �������Wb.��� �Y�-�� ��"`� �	��� !�� �����
"#����� 
 ��2�!�� �����P$ 
���� b.�������P� ��� ��
���2���2��������03P��$A
��	�	��
�"#������M��
 � ��1�!���\��	�."#!�
 ���� � ��������,��^/S� �����Q��$
���[�^] �Z��
 �������4�W���W������:d

2 ��
��	�M,���
C�����.���.��� �U��
 ����������� �������	�������������	�.� ����������� ����
W
���,��M���A� ���Q"#��+Z��
������	�T���`��
 ������Y"������ �
����������
W���+� ���_����!���������
W� ������� � ����� ���M,��T� � � 
������"����*�M3`���W�*��
 ���
�"#��� �������	�	�Md

06�����	��
 ������ � ���c�������	��� �����?��$W���������	�+� !������	" $V��
 ��� !�"#3����� ����!����	�C�(
��M3 � ���	��
���� ���M���.�	����� ��"���
 /
��� ������� �M���?2U�c�	��� ������������3 � ��� ���M��"#���� $&��
+� ���c!����	" � ��" /D��� ������ �Z��
 ����" 
��������d � �����+b6��� �^] /
��� ���������	" b.��� � � ���<; �*;4/�����" ;>=�;4/S����������d � ���a; �*;4/S��������� ���_�c���������+"#��� �������	� ���	�����	" ���c2U� ���
��"��M��� �M����"#��"������O$&��
�"���������,���
 ������T� � 
����� ����"P� ����
 � $&� ��� ��
 ���4�.��$:� ��� ����!�����d I �	,��,������"P��� "���������
� ���Hb �	"P� �����6� ��� �	����� 
���
 3 ���6� 
 !��D����" � �����6� ��� � 
��	,����R/S� �����Q"����*�M3 ��$A� �����6��������� 
��	� !���� ����-$ 
���� �
����!����Q���W�����M��
��	"`�M,���
D�-2�
�����"X
���������:d

' � �	���4� 
���� �C� � ���P� ;4/S���������Pb.��� � �[,���
 3 � ���������Hb ��������"������	�P��
�� "#!��	�	" �Y$&� ��!����	" ����"?� � 
�����
"����*�	3c�,+Z�	���6,���
 3 ���������O��� � ���O����!������ b.�������X��� ��� �Z��
 �����4�.���P��
�"���
6���-�M����� !�
�� ��� b.��� �`� �	���9�����	"
�*����" /S2������	" � ����� �����+����� b ��
 \ % d � ����� ���%����� �^]#�Z�	�����	"T$&
���� 
��	3�/S� ���	��
 3 2�!��(
��	��!������%$ 
���� � ���6!�����,����
"#��� � 
 ��2�!�� ����� ��$�������� ��� ��, ���03 ��
���!���" � ��� 
��	3 ����� �:d5[�� ��� �������	����� 
�����"#�����������	�c��$OL 	 ◦ �%� ���E;>=�;4/
�����������U������� � �M����"#��"������-"#!��_��� �����O� ���	���Y��������"������	����$&!������������W� ���_�^]#�U�	������� �������O� ������� ���T
��	3�/S����� �

��������	�Md(' ����
��M, ��"��	�W�+� � 
����������"P�����M�������M�	"X"����*�M3�$V����� ��
 �����.b.�������Y�����MbW��� �����.� ����
��D���6���+�������
����

K�e 2



�	������
������	�O2U��� b �	���c
��	3�����"�\���
 �����Sd(' ��� ���W�M��������$Z� ���S;>=�;4/S���������W��
���2���2���3 � �������4����
������ �����cb.��� �
� ���_�	��
��Q���M��"��W��� �+� ����� �M�����_��$(������� ��� ��, ���03`��
���!���"X� ���Q
��M3�d

� �����O� ���MbW��� �����W$V��
W"�������
 � �������� ���������	��� �����O��
��_� !������	"X$&��
�� ��� ��������c�-����!���� ��� � �	��
 �������
"������ �<���������^/V$&
��	1�!�������3+������� ��� ��,���� 3+\���
 ������� ��
��W
��	1�!���
��	" ����" 
��M34/S����� ���6� ����!���" ����� 2U�.!����	" d IC��� �
� ���D��
���� ��� ���� ����� ��� "X� !����	� ���	"P2�3��Z� FHFH;�7�� � ;��%; � �N
\�����:I�� 	 	 6 N ���`�,� �������4���	��� ��!������ �����X$V��

\���
 �������ab.������2U�6$V�M��� ��2����.��� ���M��
($&!�� !�
�� �+����� ����!���c������3T$V��
a� ������
 ���M������3�� 3 � ����� 
 ���.��� "������Md � ���	���
b.�����62U����!9� �������4�+��� ����� �-�M�����	�C�%���Mb6��,���
C�(� ����
�� b ��
�� ����"#���M��� ������� ��� � �����-� � !�"#3 � �����-�Y� � 
�����
����!����c���������R$W� ����4� ��� ��!������	�c� ���c������� ��� ��, ���03 \���
 ��������� �`b��	3 � ����� ���-�����-������������2�����d '0� � �������
� �Z�	���*��� �M�����	��� ���D������`�,+Z��
 �6$V��
W�	��� ��!�� ���� ������� ��� ��, ���03 \���
 ��������$V��
.� $ � ��� "����U���������+2Z� � ��"���d

� ���T
��	14!���
��	"[�^] � 
�� �,+Z��
 �.$V��
O�M������!��*��� ����c� ���Q\���
 �������D����"`� ���T!�������_��$ �+����
�� �	��� �������M�����	"
� ���	��
 3 � ����!���" �����T2Z�c�	����� ��"���
��	" ��� �������M34�����	�P������3�d � ����!�����,���� "#��� � 
 ��2�!�� ����� ��$�������� ��� ��, ���03
��$(b6�M,��	� ����������
��M, ��"��	�O�������T� �`_ ��
 ��"#,�����������	��b.��� �[
��	� �U�	��������� ���_� ��� �����T
��	3P��� "����Sd3'���
W
��	3
� � !�"#���	�C����� ���%����,���
(\ ���Mb.� b.����
������+� ��� 
��M3T� ����"����*�	3-b6���a���	1�!���
��	" d � �4!��C�4������� ������������ ��� !�� !�������3
����� !����	"-� �����(
��M3 � 
��M���������� � �	���9�����	" 
��������� !���"���
(� ����� � !�"#3-��
��M�Q��
��.�`+ �	�����	"+243T
��	�	����,���
 /0����"��
�,+ �	����� � ���O�������Wb��	3�d('0$Z� ����������� !�� ��� ����� ��� ����� � 
 !����4��������
������������� ���	����!���� ��"��O� ������� !�"#3 ��
��M� ��
��
� �����Z�	"X���4��� ���Md

� ���/���������^/V$ 
��	1�!�������3T������� ��� ��, ���03Q\���
 �������8b.��� �T� ��� \����Hb.�-"#����� 
 ��2�!�� �����-��$�� ��� ����� !����#������� ��� ��, ���03
��������T� ���W����� � ����
 � ��3 �M,���
��	�����O� �����6��� 2����!����03 ����"�������� �������Z�����4� ����-b.����
��W� ���.
��	�	��
�"��	" ���������
���Q��� ��!������	�	" ����" ���Mb � � 
����� ����" b.����
�� �����Md.'���
T"��	�����������Y�^] �Z��
 �������4��� ��
D$&��
Q� ��� �������	��� �����
��$.���������	�Q$V��
 �X���U�	������� � � !�"#3G�8��d �d��%��$.� ��� ��� 
���������^�8� ����� �M��� 2U� ,���
 3 �������#$&!��Sdb'���
 �^]���� �����
������� ��� ��, ���03X\���
 ������� ��$ �	��
��^/S
�� ���	�����	" ���������	�������Mb � � 
����� ��� �M���8�	�����	����� 
���� �������Q��$(������� ��� ��,���� 3X2�!��
��
��T��������� �.����������� ��� ��,��Q���Y��� ����
O��
��M���Hd

� ����
��^$V��
�����!���� ���:� ���Q2�
��M��\�/S� ��
���!���[��$ $ !����R/Sb��	,��^$V��
 � ����,���
�� �����Y����� ��� "��C��� ���_�,+ ��
 �W��$(!�� ����
���������^/V$&
��	14!�������3c� ���	��
 3 ����� ���M��"P��$A
��M34/S� ���	��
 3P� � �����U��
���� �����	�.������� ��
����
��	�������X������� � ���O���4,���
��������:d

[O����
 �a$&
���� � �����	��� ��!������ �����P��$:������� ��� ��, ���03+\���
 ������� $ !�
 � ����
?�	��
J� 2�. . � 0 
 ,� 
J�	� . � � $ � ��� "���������
��$(b6�M,��T��
�������4��� ����� ��
��	�	�	"#����c��
�b.�������_���4����
 ��
���� ����X"������ ��$a� ����!����T�^]#�U��
 ���������Ob.�����:�������[�����
���*����������X��
O!���"���
���������"#����X� ���T
��	� !������HdO' � �	����� 
���� �D��� � ��� ��� "���������P�M��
 
 ���	" ��!�� ���[� �����D� � !�"#3
� !����-����!����^/0���U�	�������.��!�����
 ���M�����^] �Z��
 �������4��� � ����!���"+��������!�"��.��� �����4!���� �����c����" ����������� 
�����3�d@4���� �+��$
� ����� ��
��_�^]#�Z�	�����	"X��� ���*�	3`� ������������M���4��
������Q$&��
.����!����	�D����"X�Z����� ��2���3 ���M��"Y��� ( ��� � % & 2 . /0�,+ �	�����
� �����a"�� ����� �����U�M��
 ������!�
 
��	� !������Md�IC��� � � �U�	�������6��� "������ $V��
(�O����!�����!���"���
a� � !�"#3 � ���6����
�����������

� �����	�+$V��
T� ���	��� �0b6�[�,+ �	�����_���T����� �����	" ����" ����\ ����`� ����� ���4���[���	�	��!���� 2Z�	�	�����	�T$&�M��� ��2�����b.��� � �
����� �����	"��	��� ��!������ ���������U�,+Z��
 �Md [O����� � ���.!�������$ �D��!�������2���� $ � 2�����\��
���!���" ����"��������a
��	�	��� ������"��	"
$V��
 �_� �Z�	�������W� � !�"#3+b.����������� � �����a� ���	����� b6�W
��	� � 
 �������	" ��!�
�������,��	� ��� K � � ��
 � � ��� "������ $&��
a� ���O����\��
��$ �������
��������03�d

IC��� �`����������� � !�"#���	�W$&��
S- �	�M���`2U��� ����� ������� ������������
������`
��	�	���4�O3��M��
��O����"`��!�
 
������ ��3Xb.��� �`� ���
��
�� �W�*��
 ��^/0���M�����T"��������M3 �����4�D��$a� !����[����� � 
 !������4���O����� � !�"#3`�+����!�������� ���_� �����Q���������Mb �	�����_���
�� 2U��3�����" � ���-
��	� � 
 ����� ����� ��$ ������� ������������
D���*���	���������_��� �*����" d -O� � ���-����� ������":�Z� �����D�^]#������"��
� ���+"������ � ��$ 
��	������!�� ����� ��$ 
������������� �������	��������� ���+���������
������43 � � !�"#���	�_���D� ���Mb.� $V��
O� ���+�^]���� �����
��$ ')�	���*����" ����" �	��!���" ��
��M, ��"�� ��� ����� b6��
_������� b.����� ����
D����!����	�C� ��
 ������� ��$a� ����� �Z��
 ����������������
� ���-2U��� ����� ��$ � ���-� 
������ ��� ����� �M�����+��
D����"��	�	" �	�����T$&
���� � ���-���Mb ��
 �������Q� ���4� ����dZ-O� � ���+��� ����

������":��� ����� b.�����������������	��� ���6
��	������!�� ��������$����������
����������W��� !�"#���	�C���������Q����"-����
 � ����!��*��
 ��3 $V��
%����!����	�Md
A �Mb ��,���
C�%"#!��+���X� �	�M�������+��������� �	����"#��� �������_� ���+�������/S�Z��
 ����" 
������� ��$��������������
������Qb.�����(���*�	3 ���
��� �Z��
 �����4�-
������c����" � �4!��C�(���-"���������� � 
������	" ��� � �����Tb6��
 \Y�%b��	,��,������"?�,+Z�	����� b.����� 2Z� ��$W��� ���������
��� �Z��
 �������	��d

� ���O"������������ � �����a��� ��!�
 
����4� ��3 �	�������	�����	"�$&��
 � ��� AD�	b6�����*���c����!����W2�3+� ��� �����2 � �^]#�U��
 ���������
��
��M, ��"��	�.��� �^]��	���������4�.�����Z��
 � !������03 ���T� 
������ $V��
 � ���	���Ob6�M,��,������" ����� !��	� ��$:� ����� ��������!����	�6
��������	" ���
� �����.� ���	� ���W��� � ���Q
��M��� b ��
 ��" d

K�e )



K�e�O



� ��� �	���������	�
�

��� ����������������� �8� <"!"#%$ @8F�d�& 1 � 0 
 . 
H�G
 . � �(' � . � . &�� & 0*),+ ' �	� & 0 *�- *,. 
 . & 0 d �.�0/214365879/2:<;B;>=6/?36��=@3
4BACA�\D7C� ;D��E�7F��G2/2:8AJ�Y03[8�IHKJKJLH d

�����NMKOP�I�Q� �R� �NST� �VU �CMJ���4WX���Y� �ZU�$��%#%O �D���D[\U���]D^6U�$`_@�>a���bc��adM�$ ��efegU�O �0�\�0h.$:�CM�OY_%e �
egU�O �YSi�%�Q�%jkU%l^�$��M�$��Ym����D#%�`U�nLeg_oU � �:�p$��Ya��%�Q� �Kl^���q#%O � �R���.$:� �`rL!`#%$`_@�om��%�s#"��O"#�$`e �
egU�OT�����t�Q�Im"�`M�]u#%OYegefU%O(dLv . � 0,. 030 
xw9� . � 0 
F���zy � 0 � ��
xwVv � �,��� 0 *>1 ��. 030 . 0 
 � 0�2 ��
 � * � � . �). &�� & 0,. � ���

 �	�{w 0 .}|R1 � �4~ �NA�E059�K��G%A�� �d3@A��0�N;D79/?=���G��.3@783���58=F�^� 4S�";>A�G2/?� � ��59:9�������K�PGq����36:87C��14A�G2E0�(3c���G)9���C� % �� $ ��69�IHKJKJIHK� ~

�����NMKOP�I�Q� �R� �NST� �VU �CMJ���4WX���Y� �ZU�$��%#%O �D���D[\U���]D^6U�$`_@�>a���bc��adM�$ ��efegU�O �0�\�0h.$:�CM�OY_%e �
egU�O ��Si�.�t�BjPU�l^� ��M�$��Bm�� �0#%�`U%nLeg_%U � �:�x$���a����t� ��l ���q#%O � �R� �Y�B�.$:� �`rL!`#%$`_@�Bm����s#"� �
O"#%$`efegU�O��������t�km"�`M�]u#%OYefegU�O ~�� w9��
xw . 0 w3&�
 
"� 13. �ty � 0 � �G
xw�v � �N��� 0 *"~ ��3@A��0�N;D79/?=���G �NA�E059�K��G
� �N:83659�K��:9/?A��K��GH�I14A�G2E0�(3(� $ )9��� % �

6D� �32 $ �`�D�K�I� ~
�����NMKOP�B�t� �R� ��Si� ��U��NMJ���%W����Y� �ZU�$��%#%O ������[\U���]D^{U�$`_@�	�R� �VMJ� �:�NM�eG��Si��h.��eC�`$KU@! �
a���bQ��adM�$���efegU�O �"���%h�$:�NM�Oo_oegefU%O@�oST���Q�%jkU%l^�$��M�$��%m�� �D#��`U%nLeg_%U � �:�p$��oa����t����l^� �?#�O �
�R�0�.$:� �`rL!`#%$`_@��m��>�s#"��O"#�$`egegU�O������(�Q�Km"�"MK]F#�OYegefU%O ~K� � 13. � , *,2�. � � 0 
"� 1$. y . 030 � 0 * � 2�1 � 
H���
% & 2). ��
 . & 0 .10 v � �,��� 0 *"~ �4A�E059�K��G%A�� �d3@A��0�N;D79/?=���Go��3@783���58=8�^��14A�G2E0�(3t���G)9�F4WO % �

� �I���9�IHKJKJIH0� ~
�����NMKOP�P�t���R�"����� �o�%��$KU@!.� ~.� � � &�� 1 
 . & 0 & % 2 � 0,. & 0 ��� � � . � . . � . & * �,� � :�' |*1 � �8� .10[0 
xw9��v � �N��� 0 *

� 0 & . ��� )L~ �d3@A��0�N;D7 ~ � ~K� �C: ~ �014A�G2E0�(3(� 2D�
� $ ) $ � $ O 29�"H�JKJL� ~

��OY_oM�$`efU%Ok���i�P�.� � w9�.
xw9� 2 . ��� � 
H��
 � &+%Z
xw9� 1 
 
 � 2 . � 0 
F���u� 0 & 2 &���� % & 2 . � 0 
F��� 
Y� 13. � �4~ �d3@A� 
�0�N;D7 ~ ��3@7 ~ �Y36:9: ~ �014A�G2E0�(38�G)9� ��� % � $ 2�� $ � $ 2�� 29�LHKJKJIJ ~

��O���M�OY!YM �xeC�`M�$���Si� ��bQ�oS¡M�nI$L#�OY_oM �LbQ� � �&���NMK$,���������\¢umL�£W¤U�$`� �xO��¥S¡$KU�lY� ~P� � )�¦¨§@©-0Lª��
� . *�0Nª v � ª{«2©-0 * ' ª�. �). . � - � 
 ª�2�.1.tª 0K¬d}�®� vF' � 8$8�¯ ~ � ~ ��3@A��0�N;D7 ~2° 14A�G2E0�(3s± )

�P²*² O � ² $ O ° �>�I³KJ ~
´�O:�`$`MJ� �"MK$�� �R�¶µ &�� . 030 w3& ¬ � 
 & ¬ ��+·- � . *Cª 0 � ª % 2 & . 
 ©�«?ª & .(©�0-0Lª@¬H. � .¸©-0 * . & *Nª{« . 030L~º¹ � ~ � ~
:9��3@79/?7 ° �`E��D»�/2¼�  2��f½D/2�¡/2G2/q����7�  ���0/214365879/2:F¾�:S2À¿0��=F��36� ° H�JIJ`� ~

adM�r"�%MK$��t�t�sWX�.�����¤�.�\adU%efr"!^� ~XÁ � & . 
 ©,2�. � & 0 & % ¬ & . & 0,2�© 
Kw . � © 0 * 0Nª & *�)-0I©-. . � .(©-0K¬}«?ª
. & *Nª{« �4~ �Â=6E0�"3@� ° 14A�G2E0�(3 $ �

���*� $ ° H�JIJIH ~
aS�p^FÃz#Y#%$`_k��bc�o������WX��mL�g#%�@!®#%O ~�� & . & 0�2�© 
Iw . � ª � . *Nª 0 � ª %'& 2�©�0I©,2�2 & ( ( w3& «?ª�.(©-0K¬}«?ª 
 « 13.tª
y ª{« & ( v � ª{«2©-0 *"~ �k��59:9�,����� ¹ Gq����36:F��59;(;>=6/?36��=@3 �Y36:9:836587 ° 14A�G2E0�(3Q� 2 2J� $  Ä± % �

� ² � �I� ² 2 ° �D�K�I� ~
aS�p^FÃz#Y#%$`_k�.bQ� ° WX�®mL�g#%� !®#%O¥�����Zh\���t�Bh.O���_I#%!YÅ ~�Æ�« & ��.10[0,¬ w ª>0N© 
Ry ª6¬ ( ª8ª'0 29ª'0,. & 0I©�«�© 0 *
0�« &Ny ©�«�¬H2�© � ª{«%¬H. .tªs¬ & . & 0,2�© 
Kw )I~ �d3@A��0�N;D7 ~ � ~0� �C: ~2° 14A�G2E0�(3t��� $ �F4d� ² % � $ ����6�6 � $ ���G)�O ° �>�I�K³ ~

�6±N�



ad^u#%$`O"#%efU%OP��¢g���®� °�� � �o��W¤U�ÅN]DM ° m�� � � mLU�ÅNU@!.U�Oº������Si�BS�l�� !.loOY_oefegU�O ~ v 0 .}¬H.}©�«�28ª���1>« ¬ �
% 2 & . ¬ w ª v ÆY- µ -���� ª ��
 ª*2�. .tª 0K¬ :	� & *�)-, (k© � ª *Nª{«2©�)�¬H. .(ª ��©-0 * � w ª9©,2 , (k© � ª � 
 « .}¬ ¬H. 030�© � 2 & � �
v � ª{«2©-0 *"~ �d3@A��0� ~ �.3@7 ~ �Y36:9: ~2° 14A�G2E0�(3 ² $ � 6 % �

±�6*� �N± 2 ² ° �>�K��
 ~ 0�A�595 ~ /2� �d3@A��0� ~ �.3@7 ~ �Y36:9: ~ ² $ °��A ~ O ° � ~ �*� $ �����*� 2 % ~
ad^u#%$`O"#%efU%OP��¢g�o�t� ° ����Si��mY�pÅ�%M�$ ° ST�%��� !����%MK$ �����·m�� � ��mLU�ÅNU@!�U%O ~ '�w ª8©,2 (k© � ª � 
 « .}¬ ¬H. 030
© � 2 & ����¬ w ª v � ª6« ©-0 * w3& ¬ � 
 & ¬ � 28ª���1C« ¬ � % 2 & .X¬ w ª v ÆY- µ -����Zª ��
 ª�2�. .tª 0K¬6~ �4A�E059�K��GYA�� ��3@A��0�N;D79/?=���G
�.3@7F3���58=8� ° 4 ° ;>A�G2/?��� ��59:9�,����� ¹ Gq����36:87 ° 14A�G2E0�(3(���G)9��� ² % �

� ² ° HKJKJLH ~
adÅNM �xnY�pOY!`#"lYeC�djz� -�0I¬ (`. � ¦f« 13030 ª�. 0Lª�2 ��. . 1C« ¬Ä©-0Lª 0 28ª % 2�©�¦f¬H. & 0 �),>1$0 * 28ª��®ª � . & 0 ���@ª�. �). . � �{w ª'0���� ,
�Y©�1 %8� ª�.}¬ ¬ & . & 0,29© 
Kw . ª . .}¬IÁ 0 ( ª 0 *�1$030�©,1 % ¬H. ª % ª 0 ��ª�. �). . � �{w ªV�`�®Á�� ' Á��%��,��¡ª�.}¬ (`.10�¦�ª{« *4©*¬¨ª 0T©,1 �
*Nª 0�� �{¬Ä©*« 
 ª'0�~P¹ � ~ � ~ :9��3@79/?7 ° �`E��D»�/2¼�  2·�f½>/2�¡/2G2/q����79  �.�0/214365879/2:F¾�:?2,¿0��=8��36� ° H�JKJ�� ~

a��%!oÅNM�$��d�t� ° ´c� � !YU%�KM�Å*#%e�������´i����M�$`$ ~ �Iª . 
 ª*2�©*¬H1[28ªÀ©-0 * �6w ª . . �6¬H2u) & % ¬ w ª � & 28ª ,/.¡© 0K¬}«2ª
y+& 130 *4©�2u)L~ 0 ��36�¡/?=���G �d3@A�G?A�¼*; ° 14A�G2E0�(3(� ² � �

���*� � ² ��6 ° �>�K�L� ~
adlY_KÃiM �B� �R� �Vª�2 &Ny ª*29ª µ ©-0I¬¨ª{«+.10�*Cª�2t-<. % ª{« ,}�®ª'0,. & 0 130K¬¨ª�2���1 �{w ¬ . .x¬ *Nª*2(�.ª � ª�. � ª�2 - 130 � ¬H. & 0
µ ª6¬ w & *NªN~k¹ � ~ � ~ :9��3@79/?7 ° �.�0/214365879/2:F¾�: ¹ A�:878����� ° H�JIJIH ~

adlYO���MY�®bc� �F�\� ° �R��� �xrL!`#%$`_oei�������Y� a�#`l ! �%#%$`_oOYMK$ ~�Á �@ª'0 ��.}¬H. � .x¬}) �6¬H1 **) & % ��� ,� 
Kw ª�2�. � ©�«
.(©-0K¬}«?ª � & 0 � ª � ¬H. & 0Q©*¬

108 ��©�)�«?ª�. 0 w 0 1$. y ª*2 : ª"!�ª � ¬ � &+% *Nª 
 ¬ w , *Nª 
 ª 0 *Nª'0K¬ � . � � & ��.}¬})�# w ª9©4¬H.1030 . & *Cª©-0 *i©-0 ª 0 * & ¬ w ª�2 . . � 
Kw ©��@ª �{w ©-0[0Nª4~ � ~ �d3@A��0�C;>7 ~ �.3@7 ~2° 14A�G2E0�(3t��� ² �
�*�Y�*�D� �I� ² �*�G) ° �>�I�%$ ~

� #%�K_oM&�'�xÅNÅCMY�)(T� ° h\� � !`#%ÅN^6lYn ° �Y�0���>[*�xÅNU'+%+"M������ �Y�0��� ��U�O,+*# ��OYM�$ ~�Æ & 1 
 « . 030s¬ w ª � 
 ª � ¬H29©�«
ª{«?ª .tª 0K¬ .(ª@¬ w3& * (`.x¬ w ©�. & *4©�« � & « 1D¬H. & 0 % & 2¡ª6« © �6¬H. � (k© � ª 
 2 &�
 ©�04©4¬H. & 0 . 0P0�« &Ny ©�«�ª8©,2{¬ w . & *Nª{« �4~
�d3@A��0�C;>7 ~ � ~�� �N: ~2° 14A�G2E0�(3(�C6 ² � $ ± �32G) ° H�JIJ-� ~

� #%�K_oM&�'�xÅNÅCMY�&(�� °.� � ��#�$0/�#&+ ° �Y� �8���*[1�pÅCU0+%+`MV����� �Y� �F�\�$�ZU%O,+4#"��OYM�$ ~0Á 0"ª ( � & 1 
 «2ª * � 
 ª � ¬H29©�«
ª{«?ª .tª 0K¬o© 0 * . & *4©�« � & « 1D¬H. & 0 .tª6¬ w & * % & 2�0*« &Ny ©�« �@ª�. �). & « & 0�) : Á �/2 �6¬"© 
 
 « . � ©4¬H. & 0Q¬ & ¬ w ª � � ©*¬ ¬¨ª�2�.10[0
. 0 *,1 � ª+* y )i© 
 « 13.(ª',¨« .q¦�ª�© 0 & .(©�« )I~ �d3@A��0�C;>7 ~ �.3@7 ~ �Y36:9: ~2° 14A�G2E0�(3 ² �32 � % � $ � �I� � $ ² �N± ° H�JKJLH ~

� #%�K_oM&�'�xÅNÅCMY�0(T� ° h���m�+`l,+,45/®#%OYO������ �Y�%�\� �ZU�O,+*# ��OYM�$ ~®-6!�ª � ¬ & % © 
 « 13.(ª & 0�« & 030 
 ª�2�. & *
��1[2 % © � ª (k© � ª�� � & . 
 1D¬¨ª+* (`.}¬ w 0 & 2).(©�« . & *Nª�� � & 1 
 « .10[0I~À¹ �N;D7 ~ � ��59:9� ¹ Gq����36: ~�� �N:8365 ~2° 14A�G2E0�(3
�*���

�
6G) �9)f± ° H�JKJIJ ~

� !"#�ÅN^6lYn��ch�� µ & *876« . �6©*¬H. & 0 0 13.97*2�. |*1�ª *Cª «2© 
 2 & 
 ©�04©*¬H. & 0 *0: & 0 *Nª � ��. � . . |*1�ª���ª 0 087 & .;76¬H2�. ª
� 
Iw 7�2�.}|*1�ª : © 
 
 « . � ©*¬H. & 0=<�«2© ��. �). & « & 0,.Äª 0�« &Ny ©�«?ª4~ ¹ � ~ � ~ :9��3@79/?7 ° �.�0/214365878/2:> �d36�0/?7��z/?�03658A�: °
¹ ��59/?7 7 �8�{° HKJKJKJ ~

� !"#�ÅN^6lYn���h�� ° �c���VU?/®#&+%�@+`egr"! ° �Y� �F�\��[1�pÅCU0+%+`M ° (T� � #%��_%M&�'�xÅNÅNM �����ZSi� j�MKeA+*# ~ ' 
 ª � ¬H29©�«
ª{«?ª .tª 0K¬�©-0I©*« ) ��. ��.10 ��ª�. � . & « & 0�)I~L� �

�
�t� �{m��DW l������t[i� � #`lY�)�xOB2}3@�D/2:8A�587DC °DÁ * � ©-0 � ª�� . 0	�V© � ª

�<2 &�
 ©�0N©*¬H. & 0 .10FE\ª6¬¨ª*2 & 0Cª 0Lª & 1 � µ ª+*,. ©K° [��D1*����=@3@7t/2� �d3@A��0�N;D79/?=@7 ~ �PG?78361C/?365b[�=����036�¡/?= ¹ 583@787 °
H�JIJ-
 ~

� !"#�ÅN^6lYn��Ph\�`������´c��� #%$L#%O�+"U�Å*# ~ ' ª 0 ��.}¬H. � .x¬}) & %s'K' 
 29ª � 132�� & 2 �¡¬ & ¬ &�
 & 0�2�© 
Iw ) & 0 ¬ w ª 1 
 
 ª*2),
.(©-0K¬}«?ª*GHGHI ,¨¦ . *,. � � & 0K¬H. 0 13.}¬})I~ ��3@A��0�N;D7 ~ �.3@7 ~ �o36:9: ~2° 14A�G2E0�(3 ² ± �P² 2D�AJ � ² 2D� 2 ° �>�K�,$ ~

� !"#���/®#%OP� � ��bQ� Á 0Lª ( .(ª@¬ w3& * % & 2 � & . 
 1D¬H. 030 �u)-0K¬ w ª@¬H. � �@ª*. � . & 0,2�© . �4~ �d3@A��0�C;>7 ~ � ~ � ~ ��79:95 ~
;>A>= ~2° 14A�G2E0�(3(�6±N�

�
OD� �>O�6 ° �D�%$0³ ~

� U�OY_0�xMY�z��� � � µ © 0K¬}«2ª¡�B« 13.tª��i©-0 *·¬ w ª�.72¡�®ª � & 2+* . 0�-�©,26¬ w E . �{¬ & 2{)I~LK ���\�059/?�D¼43 ���0/214365879/2:¨;
¹ 583@787 ° H�JIJ`� ~

�C6*�



� U�lY$H+,�xÅNÅCU0+��o[i� ° ´c�o�d#H�4#'�xÅNÅCM ° �Y�oazMKegegMi����� �o�%m�+`U%r"� ~�� w 29ª8ª *,. �{¬H. 0 � ¬�¬}) 
 ª � &+%�w & ¬ � 
 & ¬ � . 0
¬ w ªd-�©,26¬ w : � .¡© 0K¬}«2ªN~ �k��59:9������� ¹ Gq����36:F��59;K;>=6/?36��=@3 �Y36:9:836587 ° 14A�G2E0�(3 ² ��6

�k² ��6 � J*��O ° H�JKJ�� ~
� $IU0+IÃiMKÅNÅK��bc���\� ° �Q���o� � ÃTM�OYe������ �Y����� +`egM6/�# ~T� w ª��K©�1*�X� & & « ¦�.}¬ : -P«?ª � . y «?ª(¬H29© � ª6«�¬H. .tª
©-0 * 29©�) 
 ©4¬ w 1D¬H.x« .}¬H. ª �*~ ;>36/?79� ~ �.3@7 ~ �o36:9: ~2° 14A�G2E0�(3����32 ² C �

����± �I� 2*� ° �>�I�K� ~
� efM�$`M���M�eC�o�®�I�������i�6(¡loM�O ~ � 0,¬ w ª 
 & � ��. y .p« .x¬}) &+% ©��@ª � & 0 *c¬}) 
 ª & % .(©-0K¬}«?ª 
 « 13.(ªN~ �k��59:9�������
¹ Gq����36:F��59;��>=6/?36��=@3 �o36:9:836587 ° 14A�G2E0�(3(�CO.J

�
2D� ���>� ° H�JIJKJ ~

�d#%!oÅNM�OP�\jz�®´c� �®ª�� & « 1D¬H. & 0 « .1. .}¬ & % ¬H29© � ª6« ¬H. .tªT¬ & . & 0,29© 
Kw )I~ ��3@A��0�N;D7 ~ � ~�� �C: ~2° 14A�G2E0�(3·���	�
�

JD��� � J.JD� ° HKJKJ�
 ~
�d#%!oÅNM�OP�.jz�k´c�%����� ´i�ka�#'� � ~ - 2A7 �{w ª6¬.¦�ª�2 0Lª{« � % & 2 y+& *�)-, (k© � ªi©-. 
 « .x¬H1 *Nª��4~ �d3@A��0�C;>7 ~ � ~`� �C: ~2°
14A�G2E0�(3t���*�

�
±*±N� �N± 2 2 ° H�JIJIH ~

�d#%!oÅNM�OP��jd�L´c� ° m�� �Fbc�"b�lYO � �����ÀSi� �VU%ÅCM3+ ~"-#2 7 �6w ª6¬�¦�ª*2)0Lª6« � % & 2 � 0 .x¬¨ª , % 28ª9|*1�ª 0 � )Q¬H29© � ª{« ¬H.1.tª��
� v� � w ª & 2u)L~ � � �{° 14A�G2E0�(3t�6±��H2�� C

�
���	� �I���f± ° H�JKJIJ ~

�d#%OoM�r"M�� �T��� ��©,26¬H.}©�« � . !�ª�29ª'0K¬H.}©*«�-�|*10©*¬H. & 0 � .10=� ,"� ' 
Kw ª�2�. � ©�«��.ª & .tª6¬H2{)I~ �z/2�0G?A��t��59�"36/2: °
�`E��D»�/2¼� ��·�f½>/2�¡/2G2/q����79  �.�0/214365879/2:F¾�:��,¿0��=8��36� ° H�JKJ�
 ~

�d#%$`n ��ef!��p$`Mo��jd�`´i� ° �Q�%m��LW !��@+"M������T�À�`jz�o�.$,�xM�eA+`ÅNM�� ~ ' ¬H2�1 � ¬H1[29ª & % ¬ w ª � 2�1 �{¬�©-0 * 1 
 
 ª*2),
. & �{¬ .(©-0K¬}«?ª &+%Vv � ª{«2©-0 * % 2 & . © � & . y .10"ª+* �@ª�. �). . � ©-0 * 0,2�© � .x¬}) �{¬H1 *�)L~ �k��59:9�Z����� ¹ Gq����36:F��59;
�>=6/?36��=@3 �o36:9:836587 ° 14A�G2E0�(3(�COD�H2 JHC

�
±N�*� �N± ² O ° H�JIJKJ ~

�d#H�N#'�pÅCÅNMY�Y´c�0����� �Y�L[�# +%+`M&�'�xÅNÅCM ~ � 0À¬ w ªd¬H2�© 0 ��.Äª 0K¬0I©4¬H1328ª & % .(©-0K¬}«?ª 
 « 1$.tª��4~ ��3@A��0�N;D7 ~ �.3@7 ~
�Y36:9: ~2° 14A�G2E0�(3 J ² �

�P�6±�J*�*� ° H�JKJL� ~
�d#H���pM�eC�PSi�%jd� � � ª9© 0 y ©*¬ w )-.tª6¬H2{)c©-0 * .(©-0K¬}«?ª � & 0 � ª � ¬H. & 0 6	 �Y©�2H0Nª',� � ©�«2ª � & (R©-0 * w3& ¬ � 
 & ¬ �4~ � ~
�d3@A��0�C;>7 ~ �.3@7 ~2° 14A�G2E0�(3\�.J

�
����± 2	� �I����±�O*� ° �D�K³K³ ~

�d#H���pM�eC�ISi�Djd� ��)-0I©-. . � -�©,26¬ w9: ��«2©*¬¨ª��D#I��« 13.tª��B© 0 * µ ©-0K¬}«?ª�Æ & 0 � ª � ¬H. & 0�~5K ���\�059/?�D¼43 ���0/214365879/2:¨;
¹ 583@787 ° �>�I�K� ~

�d#H���pM�eC� �Y�®bc��µ ©-0K¬}«?ª � & 0 � ª � ¬H. & 0 : �B« 13.tª�� 2 & & ¬¨ª+* . 0 ¬ w ª . . *-, .(©-0K¬}«?ªN~�� �
�
Á y �{¬H29© � ¬ � & % ¬ w ª

Á����¶Æ w © 
 .(©-0�Æ & 0 % ª�28ª 0 � ª & 0�¬ w ª��+28ª9©*¬P��« 1$.tª���ª y ©*¬¨ªN~�� A�59:��¥/2G2G2/q��� ° �>=@A�:9Gq����� ° H�JKJL� ~
��M�lYefeN��´i������� �Y��bQ�kW¤U�U%_%!YU%loegM ~ ' ª*. � . . � &Ny �@ª*2 � ©4¬H. & 0 � & % � 
 « .}¬ ¬H.1030 & % ¬ w ª . . *-,<¬H29©-0 ��.x¬H. & 0
� & 0Lª *,. � � & 0K¬H. 0 1[.x¬}) .10T-�©,26¬ w : � .(©-0K¬}«?ªN~ �>=6/?36��=@3 ° 14A�G2E0�(3 ² ��±-2 J���± � J��	�.C ° H�JIJ`� ~

��U%U�$`OYnLU%eC���i� � . !�29© � ¬H. & 0 ©-0 *��@ª�. �). . � ¬ & . & 0,2�© 
Kw )I~ �d3@A��0�N;D7 ~ � ~0� �N: ~2° 14A�G2E0�(3t�����
�P² ��� � ² ��� °�>�I�IH ~

��lP�����L������Si���t��jPU�lYÅ ��M�$ ~��0©,2�.}©4¬H. & 0 . 0·¬ w ª � 2�1 �{¬Ä©�« �{¬H2�1 � ¬H1328ª¡© � 2 & ��� � ª 0K¬H29©�« v � ª{«2©-0 *"~ �d3@A� 
�0�N;D7 ~ � ~�� �C: ~2° 14A�G2E0�(3(�6± �32�� C

�k² ± � � ² ��± ° H�JIJ`� ~
��lP� ��� �Y�k����� ST�®�t�®jkU%lYÅ$��M�$ ~ � w ª � 2�1 �{¬Ä©*« �6¬H2�1 � ¬H1[29ª y ª 0"ª9©*¬ w ¬ w ª;� & 2{¬ w ( ª��{¬ -K§ & 2 *�� # v � ª ,
«2©-0 * # % 2 & . 29ª � ª�. � ª�2 % 130 � ¬H. & 0 �d©-0 * ��1[2 % © � ª (k© � ª��4~ �d3@A��0�C;>78/?=���G �4A�E059�K��G � �C:83659�K��:9/?A��K��G ° 14A�G2E0�(3
�AJ*�32 ² C �

±���� �N±8J ² ° �>�K�I� ~
��lP����� �Y� ° Si�D�t�DjPU�lYÅ ��M�$ ° aV�D�Q�3�KlYÅ8�q#%O ° �t� �R�>´VÅCÅNM�O ° Si����U�ÅNM3+ ° WX� �Y� �ZU%$ �%#%O ° a��DbQ�
adM�$���efegU�O ° ���Ph.$`ÅCM�OY_%egegU�O ° m�� �D#%�`U�nIef_"!'+%+%�x$ ° m��k��# ��O"#%$`efegU�O ° �Q� m�+`M�]$#%OYegefU%O �����
����[\U���]D^{U�$`_ ~,Æ�2�1 �{¬Ä©�« �{¬H2�1 � ¬H1328ª y ª 0Lª9©4¬ w ( ª �{¬¨ª�2 0�©-0 *,ª9© �{¬¨ª*2)0 v � ª{«2©-0 * % 2 & . ��1[2 % © � ª (k© � ª��
©-0 * 28ª � ª�. � ª�2 % 1$0 � ¬H. & 0 �*~ �d3@A��0�N;D7 ~ � ~ � �N: ~2° 14A�G2E0�(3(�6±N�32 ² C �

J�±N� � J��.J ° HKJKJLH ~
���D�



�*4H�xM>ÃtU%OYef�'���(´i�®�����£�i�\´VOY_%M�$`egU�O ~��<28ª{« . . .10L©,2u) �®ª % ª�28ª 0 � ª�-®©,2{¬ w µ & *Nª{«�~ ¹ �C;>7 ~ �k��59:9�
¹ Gq����36: ~I� �C:8365 ~2° 14A�G2E0�(3 ² � �P² �	� � J���� ° �>�K³Y� ~

�*4H�xM>ÃtU%OYef�'����´i� ° �t� �9´i� � !oU%lR����� �Y��W¤U%U�_o!oU%lYefM ~F��ª@¬¨ª�2). . 0I©*¬H. & 0 & % ª9©,26¬ w |*10©�¦�ª � & 1[2 � ª

 ©,29©-.tª6¬¨ª�2�� % 2 & . (k© � ª % & 2 . *4©*¬Ä© % & 2 �{¬H1 *,.Äª�� & % 0�« &Ny ©�«B©-0 *N29ª 0�. & 0L©�« �@ª*. � . . � .}¬})I~ � ~ ��3@A��0�N;D7 ~
�.3@7 ~2° 14A�G2E0�(3 ���

�k² � ² � � ² ��� ² ° �D�K³Y� ~
h.e +*#%nL$KU�U%��� � �0�����T�t�`�9�xOY_ ~z� w ª 0I©*¬H1[28ª & % ¬ w ª GHG8I ,Ä¦�.x« & .tª6¬¨ª�2 1 
 
 ª�2 , .(©-0K¬}«?ª �@ª�. �). . � *,. � � & 0 ,
¬H. 0 13.}¬}) % 2 & . 
 28ª � 1[2 � & 2 ��¬ & ¬ w ªz�k� 
Kw © �@ªN~ �>=6/?36��=@3 ° 14A�G2E0�(3 ² �f± �

�*����� �I�*��� ² ° �D�K�-
 ~
jI#%$`OYM3+4#%O���� � �PSi� - � � ª � �¡¬¨ª . 
 ª�29©*¬H1328ª & % .(©-0K¬}«?ª 
 « 1$.tª�� : � w ª>2 & «?ª & % �6w ª . . � ©�« �{¬H29©*¬H. � � ©*¬H. & 0
© � 2 & ����� � ~ �d3@A��0�C;>7 ~ �.3@7 ~ �Y36:9: ~2° 14A�G2E0�(3 ² ±-2��AJHC �

�����.J �I������� ° �>�K�,$ ~
jI#%$`OYM3+4#%O���� � ��ST�������Zbc�.mK#?/�lYM�Å ~ � ª{) & 0 *·¬ w ªi¬ w ª�2 .(©�« 
 « 13.(ª 
 ©,29© *,.�0-.À~ ��3@A��0�N;D7 ~ �.3@7 ~
�Y36:9: ~2° 14A�G2E0�(3 J ² �

�o�	�?JD�*� ° H�JKJL� ~
j � +%+`U�OP� �Y��Si� ° ´i�k�i�BmK#"lYOo_oM�$`e ° �R� �o� �VU%$`$ � ° a��Bm��kb\#%$`_I#%$`egU�O �������t���c�P� # ��ÅNU�$ ~
� w ª�2 .(©�«`©-0 * �{w ª . . � ©*« �6¬H2�1 � ¬H1[29ª & % ¬ w ª v � ª{«2©-0 * 
 « 1$.tªN~ �k��59:9� ¹ Gq����36: ~ �>=6/ ~ �Y36:9: ~2° 14A�G2E0�(3V���.J

����	� � ² ��� ° �D�K�,$ ~
jBÅ*#%O`#"�%#%OP� �¥� �\������� �\� �R�BmL!YM0#%$`M�$ ~ �B« &Ny ©�« .¡© 
 
 . 030 &+% ¬ & 
 & 0,29© 
Kw ) & 0Z¬H2�© 0 ��.}¬H. & 0 � & 0Lª
� ª{« & � .}¬}) *,. � � & 0I¬H.10 1[.}¬H. ª�� y ) �6¬Ä© � ¦�. 030 '�' 
 28ª � 1[2 � & 2��*~ � ~ �d3@A��0�C;>7 ~ �.3@7 ~2° 14A�G2E0�(3\���.J32�� ² C ��² �	� J �
² �*� ² ° �D�K�K³ ~

jPU�!Y$0/®#%OYOP� �R� ° bc�K¢ ��M�Å ° Si� �D#%!YOY��M(�����9(T�IazMKO�� ���pU�O ~ �+1[. *Nª+* (k© � ª�� % 2 & . � & 132 � ª�� & 1>¬ ��. *Cª
% ©,1C« ¬ � : Á 0 . 0 *,. � ©*¬H. & 0 %'& 2 � w ©�«x« & ( % ©,1>« ¬ � & 0Lª �{¬H2�1 � ¬H1[28ª��C~c¹ E0583i������[.�0�0G ~ �d3@A��0� ~2° 14A�G2E0�(3
���D�

�k² � ² � � ² �AJ	� ° H�JKJ�
 ~
jPU�lYr"!P���R� �Y� ° ��� �¥�>j �pefr"!YM�$Q�������R�>h\�CW ��egM�efe �xU%O ~&� & ( ª�2 . & �{¬".(©-0K¬}«?ª�©-0 . � & ¬H2 &�
 ) y ª 0Lª9©*¬ w
¬ w ªP�®© � . � �{� . .(©�0,. 030d¬ w ª � & 132 � ª & % ¬ w ª�Es©-(k©�.�. ©-0���« 1$.tªN~ �k��59:9�¡����� ¹ Gq����36:F��59;��>=6/?36��=@3 �o36:9:836587 °
14A�G2E0�(3t���*�32 Jf Ä±5C

�
���	� �I���*� ° H�JIJ`� ~

jPU�lYÅ ��M�$��`Si�D�t� ° �R�3�o�C��$,� +`r"!"#%$`_ ° �Y�D�t� ��lYÅ5�?#�O ° aV�D�Q�>h �4#%OYe ° �t� �R�N´�ÅNÅCM�O ° Si� �VU%ÅCM3+ °
WX� �Y� �ZU%$ �%#%O ° a��DbQ�0adM�$ ��egegU�O ° ���Dh.$`ÅNMKOY_oefegU�O ° m�� �D#%�`U�nLeg_"!'+%+,�p$ ° m��D��# ��O`#%$`egefU%O °
�t�`m�+`M�] #%OYefegU�O,�����c���0[\U���]>^6U�$`_ ~.� w ª ��ª�. �). . � ©-0 & .(©�« ) y ª 0Lª9©4¬ w¡v � ª{«2©-0 *(ª � ¬¨ª 0 * � * & (	0T¬ &
¬ w ª .(©-0K¬}«?ª�¬H2�©-0 ��.}¬H. & 0 � & 0"ª�© 0 * 0 & *NªFª 
 ª�2D~ �d3@A��0�C;>7 ~ � ~�� �N: ~2° 14A�G2E0�(3t�6± ² 2 JHC �

� � � � � ° H�JKJIJ ~
jPU�lYÅ ��M�$��`Si�D�t� ° �R�3�o�C��$,� +`r"!"#%$`_ ° �Y�D�t� ��lYÅ5�?#�O ° aV�D�Q�>h �4#%OYe ° �t� �R�N´�ÅNÅCM�O ° Si� �VU%ÅCM3+ °
WX� �Y� �ZU%$ �%#%O ° a��DbQ�0adM�$ ��egegU�O ° ���Dh.$`ÅNMKOY_oefegU�O ° m�� �D#%�`U�nLeg_"!'+%+,�p$ ° m��D��# ��O`#%$`egefU%O °
�t�sm�+`M�] #%OYefegU�OÂ�����¥����[\U���]>^6U�$`_ ~ ' ª�. � . . � ¬ & . & 0,29© 
Kw ) � w & ( ��¬ w ©*¬>1 
 ( ª6«p« .10[0 y ª 0Lª9©*¬ w
v � ª{«2©-0 * . � � & 0 � 0Lª+*c¬ & ¬ w ª 1 
 
 ª*2 .(©-0K¬}«?ª4~ ��3@A��0�N;D7 ~ � ~�� �N: ~2° 14A�G2E0�(3Q�6± �32 ² C �

�*��± � �.J*� ° HKJKJY� ~
jBlYr"!YeN�t���®����� Si� ���YÅNÅCM�$ ~ Æ & . 
 1D¬Ä©*¬H. & 0 & % �u)-0K¬ w ª@¬H. � ��ª�. �). & 0,29©-. � (`.}¬ w ¬ w ªC29ª��®ª � ¬H. � .}¬})
.tª6¬ w3& *À©-0 * � & . 
 ©,2�. � & 0 (`.}¬ w &Ny ��ª�2 � ©*¬H. & 0 �4~ �d3@A��0�N;D7 ~ � ~ � ~ ��79:95 ~ �>A>= ~2° 14A�G2E0�(3 ² J �

±���� �N±8J.J °
�>�,$I� ~

S�#%$`OoM�$KU�� h�� �Y� Á 0Lª ( 
 ©,29© *,.�0-. % & 2 ª9©,26¬ w : � � & 28ª ,/.¡© 0K¬}«2ª y & 1$0 *4©,2{)I~ �>=6/?36��=@3 ° 14A�G2E0�(3
J*��±-2 ���	� ² C �

�.J�± � �.J	� ° H�JIJ 
 ~
S�#%$`OoM�$KU��Ih�� �Y���������c�N[T�CbVM�Å /�nLM�$���M�$ ~ '�w ª9©�2 � ª6« & � .x¬}) � ©,2�. ©*¬H. & 0 �/. 0 � � ~ �PA*7 °�� 5F����7F��=6:9/?A���7 °

[��(3659/?=���� �d3@A��0�C;>79/?=���G �.�0/?A�� ° 14A�G2E0�(3 �	�&2x±*±5C
�
�*�*�AJ ° �D�K³-
 ~

��� ²



S�#%$`OoM�$KU��¡h\� �Y� ° �i�z[i��bVM�Å /�nLM�$���M�$ �����¶m��z���sS�$L#%OY_ ~�Æ & 0 �6¬H2�©�.10 . 030 & 1D¬¨ª�2). & �6¬ � & 29ª
� ª{« & � .}¬}) (`.x¬ wV' .�� ' (k© � ª��4~ �d3@A��0�C;>78/?=���GI�.3@7F3���58=8� �Y36:9:836587 ° 14A�G2E0�(3 ² �32 ²*² C ��² ± �.J � ² ± ��� ° �D�K��� ~

S�M�nL$L#%OY_%MY�Pbc� ° bQ� � �xÅNÅCM�$������,���oh �pO"#�$`egegU�O ~ ' ª�. �). . � �6¬H2�1 � ¬H1[29ª &+%�v � ª{«2©-0 *T©�« & 030¡�®� vF' ��,
�<2 & �P«?ª v ~ � ~ �d3@A��0�N;D7 ~2° 14A�G2E0�(3�± �

�k² J*� � ² ±N� ° �D�K³KJ ~
S�U�ÅN_%eA+`M)�xOP�d�\���������®� � �xOYOYMK$ ~ ' Á�Æ�� I8IHI :Q' ª*. � . . �Q' .�0-0I©�«��<2 & � ª�� ��.10[0 ©-0 *TÁ 0I©*« ) ��. ��� & & « �
- & 2\¬ w ª�� 6 �6¬�ÆPª 0K¬H1[2{)I~ �>36/?7 ~ ��3@7 ~ �Y36:9: ~2° 14A�G2E0�(3 �	�

�
J*� ° �>�I�-
 ~

S�$`M�MKOP�sbc��WX��¢g� ��«2©*¬¨ª�¬¨ª � ¬ & 0 . � � : Á 0�2�© � ª{)4©,2 * % & 2 y 1 & )4©-0K¬ �{« © y � �C~ �>=6/?36��=@3 ° 14A�G2E0�(3 ² � ² �

² ±*± � � ² ±*± � ° HKJKJY� ~
S�$,�x]D] �@+`!YeN���t��W��%����� ¢��Pbc� � #?/���nLM�ÅCÅ ~ � 0�¬ w ª *�)-0I©-. . � � &+% « & 030-,<« . � ª+* 
 « 1$.tª � & 0 *,1[.}¬ � . 0
¬ w ª � & 0 � ª � ¬H. 030 .(©-0K¬}«?ªN~ �k��59:9�,����� ¹ Gq����36:F��59;��>=6/?36��=@3 �Y36:9:836587 ° 14A�G2E0�(3Q���.J

�k² �6± � ²*² � ° �>�I�`� ~
S�$IlYOYM>Ãz#%ÅN_ ��m�� ° �R�kW M�nLM�$¥�������Q�B�9�pOo_ ~ � w ª 1 
 
 ª*2 .(©-0K¬}«?ª 130 *Nª�2·ÆPª 0K¬H29©�«�-<1[2 &�
 ª : .10�,
*,. � ©*¬H. & 0 � % & 2�¬ w ªi-<. % ª6« 
 « 13.tª4~ �d3@A��0�C;>79/?=���G �4A�E059�K��G � �C:83659�K��:9/?A��K��G ° 14A�G2E0�(3 �6± �

�
�*�*� � �*�D� °

H�JIJ`� ~
S�lY_?/�lYOY_oefegU�OP�%Si�La�� ° ���0[\U���]D^{U�$`_������Qa��I��U%$`nL^u#%$`O"#%$`_%U0+%+,�x$ ~ 'Dv � *4©*¬Ä© �{¬Ä©4¬H1 �b28ª 
 & 26¬6~
�Lª �{w 0 . � ©�« 29ª 
 & 26¬{° �,36: ~ [�¼436��=6;iA�� � =@36Gq����� ° H�JIJ-� ~

S�lY_?/�lYOY_oefegU�OP� � � � 0�¬ w ªVª�!�ª � ¬ &+% *,. !�29© � ¬H. & 0 & 0�¬H2�© � ª{« ¬H. .tª .tª9© ��1[28ª .tª 0K¬ �4~ �d3@A��0��7 ~ � ~0� �C: °
14A�G2E0�(3t� ² ± �

J*��± � JD�6± ° �>�I�-
 ~
bVM�Å /�nLM�$���M�$��%�c�`[i� ° �®�LW M�O·�������T�`�*�pO � ~ ' ª�. �). . � ª � . *Nª 0 � ªs¬ w ©4¬�¬ w ª � & 132 � ª & % ¬ w ª v � ª6« ©-0 *
w3& ¬ � 
 & ¬ « .Äª���©*¬ ¬ w ª � & 28ª , .(©-0I¬}«2ª y+& 1$0 *N©,2u)L~ �d��:9E0583 ° 14A�G2E0�(3 J*���32 �	�����HC

��² �D� � ² ��� ° �>�I�K³ ~
bVU%])/®#%OYOP�B´i� ° �i����r"�(MKO�4H�xM ° �Y� �ZU%O,+4#"��OYM�$ ����� �Y���.!0�p���Ke��ZU%$ �o#�O ~c��©4¬H. & 0L©�«2ª % & 2t©
-<1[2 & 
 ª9©-0F� � ª8©-0,��« 1$.tªd�<2 & §@ª � ¬6~��<2 &�
 & �@©�«<° H�JIJKJ ~

bVlYO��B�%m��`bc� ° jd�"´c�`��#%!YÅNMKO������,Si� ��U�ÅNM)+ ~`- 2A7 �{w ª6¬�¦�ª*2)0Lª6« � %'& 2 � 0 .x¬¨ª , % 28ª9|*1�ª 0 � )Q¬H29© � ª{« ¬H.1.tª��
+ v9v� - � ©-. 
 «?ª��4~ �d3@A��0�C;>78/?=���G �4A�E059�K��G � �N:83659�K��:9/?A��K��G ° 14A�G2E0�(3t�6±��H2�� C

�
��� � � ² �.J ° H�JIJKJ ~

bVlYO��B��m�� �FbQ� ° (��dmL!YMKO ����� �®� � (T� � !��q#"U ~ v .(©�0,. 030 ��ª�. � . . ��� ª{« & � .}¬}) �{¬H2�1 � ¬H1328ª y ª 0Lª9©4¬ w ¬ w ª
v � ª{«2©-0 *BE & ¬ � 
 & ¬ ,VÁ � 0 .x¬¨ª , % 28ª9|*1�ª 0 � )�© 
 
 2 & © �{w ~ � ~ ��3@A��0�N;D7 ~ ��3@7 ~2° 14A�G2E0�(3����*�

�
����� J*��� °

H�JIJ 
 ~
¢ ��M�ÅI�%bc�®' ª�. �). . �sµ & *Cª{«p« . 030Q© 0 * v 0 � ª�2���. & 0�~�¹ � ~ � ~ :9��3@79/?7 ° ���0/214365879/2:> ¹ ��59/?7 � ° �D�K��� ~
¢ ��M�ÅI�`bQ�D����� � �"S�lo_�/�lYOY_%egegU�O ~"- 28ª9|*1�ª 0 � )-, *Cª 
 ª 0 *Cª 0K¬�ª�!�ª � ¬ � & 0T¬H2�© � ª{«`¬H.1.tª���© 0 * (k© � ª % & 2 . �
& % « & 030-, 
 ª�2�. & * ' © 0 * 'K' (k© � ª �*~ ¹ �N;D7 ~ � ��59:9� ¹ Gq����36: ~K� �N:8365 ~2° 14A�G2E0�(3(����±

�k²*² � � ² ± � ° �D�K�,$ ~
¢ ��M�ÅI��bc� ° �t� � �xegegMKO�� ��M���M�$Z�����ZSi� �D#%!YOo�%M ~	��© � ª 
 2 &�
 ©�0N©*¬H. & 0 . 0B� � � 
Kw ª�2�. � ©�« ��ª � ¬H. & 0 � :
-6!�ª � ¬ � & % ��1 y *,1 � ¬H. & 0 � & 0Lª��4~P¹ �C;>7 ~ �k��59:9� ¹ Gq����36: ~I� �C:8365 ~2° 14A�G2E0�(3(�AJ ² �k² ��� � ² J�± ° H�JKJLH ~

¢ ��M�ÅI� bc� ° �Q�¥� #%�%MKlYr"!�� ° �t�¶S�M�ÅCÅNM�$ ° � � ��� ��O��xO ° bc� �8��� adlYO ��M ° h\� � Å��&�	��_	� °
�Y�®��#%ÅN�`U�Å /�U �����ºaV���dU?/®#%OYUIÃ �pr%4 ~ � w ª�Æ � '�
 �<2 & §�ª � ¬ : � ª�2�. � � ©4¬H. & 0 & % 0�« &Cy ©�« �@ª�. �). . �
. & *Nª{« . 030i©�« 0 & 2�.}¬ w . �4~P¹ �C;>7 ~ �k��59:9� ¹ Gq����36: ~I� �C:8365 ~2° 14A�G2E0�(3t�*���

�
J � ² J ° �>�K�I� ~

¢ ��M�ÅI�kbc�o����� �R��W M�nIMK$ ~ ' E , (k© � ª 
 2 &�
 ©�0N©*¬H. & 0 . 0 ¬ w ª�( w & «2ª .(©-0K¬}«?ª 1 ��. 030 w .�0 w , & 2 *Cª�2 � 0 .}¬¨ª
*,. !�ª�28ª 0 � ª��4~ �d3@A��0�C;>7 ~ ��3@7 ~ �Y36:9: ~2° 14A�G2E0�(3 ²*² �

� JD� ��� J�± ° �D�K�I� ~
���.J



¢ ��M�ÅI�sbQ� �������R��W M�nLM�$ ~ � , ' � (k© � ª 
 2 &�
 ©�0N©*¬H. & 0 . 0 ¬ w ªc-�©,26¬ w : � .(©-0I¬}«2ª 1 ��.1030 � 0 .}¬¨ª�*,. % ,
% ª�29ª'0 � ª�� : Á 
 
 « . � ©*¬H. & 0¥¬ &�w ª6¬¨ª�2 & 0Nª'0Lª & 1 �À« & ( ª�2 . & �{¬ .(©-0K¬}«?ª �{¬H2�1 � ¬H1328ªN~ �d3@A��0�C;>7 ~ ��3@7 ~ �Y36:9: ~2°
14A�G2E0�(3 ² J32 �HC �

±���� �N±���� ° �>�I�-
 ~
¢8ef!��p_I# � �R� ° m�� ��#%$Il��D#?/®# ° �i��mLloM3+`egl���l ° m�����# +`egl04�#%�o#¶����� �t�Bh ��lYr"!�� ~ ' 1 
 ª*2 
 « 13.(ª
�<2 & §�ª � ¬ : � & (k©,2+* �d© 0Lª'( � . ª'( & % ( w3& «2ª®-®©,2{¬ w *�)-0I©-. . � �*~ � ��59:9� ¹ Gq����36:87 �C�K��=@3 ° 14A�G2E0�(3 �D�H2�� C

�/ �N/21 ° �>�I�K� ~
¢ +`U��%Si� ° �o�L���pO,����� � �KWX�YS�#%nLÅNM ~��s) 0L©-. . � � & % .(©-0K¬}«?ª�� & ( ©-0 * .tª{« ¬H. 030(©*¬�© 2�. *�0Nª , � ª 0K¬¨ª�28ª+*
w3& ¬ � 
 & ¬ �Pv � ª{«2©-0 *T©-0 *Q¬ w ª µ . *-, Áz¬}« ©-0I¬H. � � . *�0Cª4~ �k��59:9������� ¹ Gq����36:F��59;��>=6/?36��=@3 �Y36:9:836587 ° 14A�G2E0�(3
�6±*±-2��{  ² C �

�.J ���f± ° �>�K��
 ~
�D#%!oOY�%Mo�dSi� Á 0I©�« ) ��ª � �{w (k© �{w ª�2i¬¨ª{«?ª��@ª*. � . . � �6w ª�2t-<. 0 ���*¬ � ªc©-0Z¦g«?ª�.10"ª 0�Á52�2�©�) � :cµ�� 0*« . �{w ¦�ª*.x¬¨ª 0
130 * �+29ª 0 � ª 0�~ �z/2�0G?A��t��59�L36/2: ° �d3@A�59¼�  [.E0¼*E�78:�  �.�0/214365879/2:F¾�: ����:9:9/2�0¼436� ° �D�K�I³ ~

�D#%!oOY�%Mo��ST� � 1$.tª�2�. � ©�«	. & *Nª{« . 030 & % �@ª*. � . . � (k© � ª 
 2 &�
 ©�04©*¬H. & 0 : % ©,1>« ¬ � & 0Lª ��©-0 * 0�« &Cy ©�«�ª9©�2{¬ w ,
|*10©�¦�ª��i<.10 
 29ª 
 ©,29©*¬H. & 0 ¯ ~k¹ � ~ � ~ :9��3@79/?7 ° �`E��D»�/2¼� ��·�f½>/2�¡/2G2/q����79  �.�0/214365879/2:F¾�: �,¿0��=8��36� ° HKJKJ�
 ~

�D#%!oOY�%Mo��ST� ° �Q� ���xegefM�O�� �ZM ��M�$ ° �R�B�\$`M6/.Å·�����ºbc��¢ ��M�Å ~ E . 0 w �®ª�� & « 1D¬H. & 0 �B« &Ny ©�«1�V© � ª
�<2 &�
 ©�0N©*¬H. & 0 %'& 2VÁ � . , ' ) .�.tª6¬H2�. � ©-0 *�© * *,.}¬H. & 0L©�«���� �.ª & .tª6¬H2�.Äª��4~ � � �����
	 �8� �d36��365F��G\[z7� 
7836���0G2; ° ��/?=@3 ° ² �{  ² �.[.�059/2G ² �*� ² ° ����79:95F��=6:���± ���*� ° 14A�G2E0�(3 ² � �

± ���*� �� ° HKJKJIH ~
��MD#�OYÅNU�4��t�Q�.����� m�� ��U�$`$,�xe ~ �Iª . 
 ª*2�©*¬H1[28ª *�. �6¬H2�. y 1D¬H. & 0 .10¶¬ w ª � 2�1 �6¬t©-0 * . 0¶¬ w ª�.¡© 0K¬}«2ªN~

[��0� ~ �.3 ~ �k��59:9� ¹ Gq����36: ~ �>=6/ ~ �o36:9: ~2° 14A�G2E0�(3(�6±
�
J	��� �N±���� ° �>�K³�
 ~

�)��� (��B����� bQ� � � � �s#&+*#%] ~ ��ª@¬¨ª � ¬H. & 0 & % .(©-0I¬}«2ª 
 « 13.(ª �N.10R¬ w ª,« & ( ª�2 .¡© 0K¬}«2ª y ) *,. !�2�© � ¬H. & 0
¬ & . & 0,29© 
Kw ) : Es©-(k©,.7.u~ � ��59:9�,����� ¹ Gq����36:F��59; �>=6/?36��=@3 �o36:9:836587 ° 14A�G2E0�(3(���*�

�
�*� �I�*��� ° �>�I�K³K� ~

�)��� (��B����� bQ� � � � �s#&+*#%] ~ ��ª@¬¨ª � ¬H. & 0 & % .(©-0I¬}«2ª 
 « 13.(ª �N.10R¬ w ª,« & ( ª�2 .¡© 0K¬}«2ª y ) *,. !�2�© � ¬H. & 0
¬ & . & 0,29© 
Kw ) : ¬ w ª & 2{)I~ � ��59:9�,����� ¹ Gq����36:F��59;��>=6/?36��=@3 �o36:9:836587 ° 14A�G2E0�(3t���*�

�
�	� �>��� ° �>�I�K³0� ~

��lYÅ5�?#�OP�BaV���t�%������Si���t� jPU%loÅ ��M�$ ~F� w ©4¬ � ©-0 �@ª*. � . & « & 0*)��6©*)À© y+& 1D¬ w & ¬ � 
 & ¬ � �C~�� �
�
� w ª

E & ¬ � 
 & ¬�E\©-0 * y & & ¦A#d�+2 & � ª8ª+*,. 030 � &+% �®ª 0 2 & ��ª Æ & 0 % ª�28ª 0 � ªt��« 1$.tª v � :�� ª{) & 0 *�¬ w ª(��« 1$.tª;E�)-,

 & ¬ w ª���. � #�Á51�0,1 �{¬�� IHI ��~�� 14365F��¼43658�D/ °K� =@36Gq����� ° H�JIJ-� ~

��#%$L#&+`U ��m�� �F¢��zv . 
 & 26¬Ä©-0 � ª & % ©-0Lª6« © �6¬H. � .x¬}) .10�¬ w ª>. 0K¬¨ª�2 
 28ª6¬Ä©*¬H. & 0 & % �@ª�. �). . � ¬ & . & 0,2�© 
Kw )I~ �d3@A� 
�0�N;D7 ~ ��3@7 ~ �Y36:9: ~2° 14A�G2E0�(3 ² � �

��� ² J �I��� ² � ° �D�K�-� ~
��#&+,45/®#%OP���t� ° �®� ��!`#"UR����� �Q� bc� ��U�$`_I#%O ~ E .�0 w ,U29ª � & « 1>¬H. & 03#d¬ ( & , *�.1.tª 0 ��. & 0I©�« � ª�26¬H. � ©�« ¬ & ,
. & 0,29© 
Kw ) & % ¬ w ª�ÆPª 0I¬H2�©�«���© � . � � .(©-0K¬}«?ªT1 ��. 030 '��{' 28ª � ª�2 y ª�29©*¬H. & 0 �i© 0 * % 28ª9|*1�ª 0 � )-, *Nª 
 ª 0 *Nª 0K¬
¬H29© � ª{«�¬H.1.tª��4~ � ~ ��3@A��0�N;D7 ~ �.3@7 ~2° 14A�G2E0�(3(���.J32�� �HC

�
�����.J.J �I�����	�>� ° �D�K�I³ ~

�(MD#�$`M �����\�I�����,jd� �Y�Y[*�xOYM ~ �B« &Ny ©�«��Lª � ¬ & 0 . � �4~ ��Gq��=��>» 36G2G ¹ E0�0G2/?79�0/2�0¼ ° ² ����3@�D/2:9/?A�� ° �D�K�-
 ~
�4#%O �(M���M�OP������h�� ° h\��bQ��b\#"lo$,������� � ��Y��a�#%ÅNÅCM�O,+,�xOYM ~ µ ©-0K¬}«?ª . . � . 030 : � w ª 0Nª 0Lª�29©*¬H. & 03#

 28ª��@ª*2 � ©4¬H. & 0�©-0 * *Nª��6¬H2�1 � ¬H. & 0 & % �{w ª . . � ©*« w ª6¬¨ª�2 & 0Nª 0"ª�.x¬})L~ [.�0� ~ �.361 ~ �k��59:9� ¹ Gq����36: ~ �>=6/ ~ �Y36:9: ~2°
14A�G2E0�(3�J*�

�
±N�.J � � ² � ° H�JIJIH ~

�(M�ÅCÅNM�$��YWX�Y�t� ° �c�o�®�`´�OY_oM�$`efU%O �����À�t�LWX� � Å4# ��+"U�O ~k�®ª � & « 1>¬H. & 0 & % ¬ & . & 0,29© 
Kw . � . & *Cª{« �
& % ¬ w ª .(©-0K¬}«?ª y ª 0Lª8©*¬ wcv � ª{«2©-0 *"~ �d3@A��0�N;D7 ~ ��3@7 ~ �Y36:9: ~2° 14A�G2E0�(3 ² �&2 ² J�±5C �

J*�*�.J � J*�*��� ° HKJKJKJ ~
�(M�OoOYM3+%+��La����.� �Q�C�����(h\�0�t�Kh.O���_I#%!YÅ ~ �K29© � ª6« ¬H. .tª % & 2 0�« &Ny ©�«"ª9©,26¬ w |*10©�¦�ªz« & � ©*¬H. & 0T©-0 * 
Kw © ��ª
. *Nª 0K¬H. � � ©*¬H. & 0�~ �d3@A��0�N;D7 ~ � ~�� �C: ° 14A�G2E0�(3(�����

�
± ² � �N± ��� ° �>�K�Y� ~

����±



�(M�OoOYM3+%+���a��%�®� �c� ° h\�o�Q�oh�O���_K#�!YÅc�����À�t�oadlYÅ4#%OY_ ~�Æ & 0 �6¬H2�©�.10K¬ � & 0 �@ª�. �). . � � ª{« & � .x¬H.Äª��V. 0
¬ w ªd-�©,26¬ w % 2 & . ¬H29© � ª6« ,�¬H.1.tª��4~ ��3@A��0�N;D7 ~ � ~�� �N: ~2° 14A�G2E0�(3(� ²*² 2�� C �

����� �I� ² ± ° �D�K�L� ~
�(M�$`$����t�o´c�®µ © 0K¬}«2ª 
 « 1$.tª�� y & ¬ w ¬Ä©�«x«o©-0 * � w3& 26¬ �C~ �>=6/?36��=@3 ° 14A�G2E0�(3 J*� ² 2 �����D� C �

����±8J ° H�JKJ�� ~
�(M ��egM�$�� �R� ° �o���t���t�.� �@+6+`M�$ ����� �R� ��U%$`_I#%O ~F��� � w ª9©,2 , (k© � ª � ª{« & � .x¬}) �6¬H2�1 � ¬H1[29ª & % ¬ w ª
-<. % ª6« 
 « 1$.tªD# �.ª�2 .(©-0�)L~ �k��59:9������� ¹ Gq����36:F��59;��>=6/?36��=@3 �Y36:9:836587 ° 14A�G2E0�(3 ² �.J �

�*� � � ² ° H�JIJIH ~
�VU?/®#&+%�@+`egr"!P���i� ° �Y����� +`efM�/®#Z����� �Y����$KU /.� ~À� w ª � 
 ª � ¬H29©�« ,9ª{«?ª .tª 0K¬ .(ª@¬ w3& * # � ª & (`1>« % � & . ,

 1D¬H.10[0 #�©-0 * 0�« &Ny ©�« �@ª�. �). & « & 0�)L~ �>=6/?36��=@3 ° 14A�G2E0�(3 ² ��� �

��� J	� �I���f± ² ° H�JIJIH ~
�VU?/®#&+%�@+`egr"!P�`�i�>����� �Y�0��$KU /.� ~ v 0K¬H2 & *,1 � ¬H. & 0T¬ & ¬ w ª � 
 ª � ¬H2�©�« ,�ª6«2ª .tª 0I¬	.tª6¬ w3& * % & 2 � , � �@ª�. �). . �
(k© � ª 
 2 &�
 ©�04©*¬H. & 0�~ �d3@A��0�N;D7 ~ � ~�� �C: ~2° 14A�G2E0�(3t�AJ*�

�
�*��� � � ²*² ° �>�K�I� ~

�VU?/®#&+%�@+`egr"!P���i�L����� �Y�Y�\$IU?/�� ~ ' 
 ª � ¬H29©�« ,�ª{«?ª .tª 0K¬ ��.1. 1>« ©4¬H. & 0 � & % 0*« &Ny ©�«���ª�. � . . � (k© � ª 
 2 &�
 ©-,
04©*¬H. & 0 � v� �0©�« . *4©4¬H. & 0�~ �d3@A��0�C;>7 ~ � ~�� �C: ~2° 14A�G2E0�(3(�6±N�

�
J*�*� �N±�� ² ° H�JIJIH�� ~

�VU?/®#&+%�@+`egr"!P�I�c�4�������Y�C�\$IU?/�� ~ ' 
 ª � ¬H2�©�« ,�ª6«2ª .tª 0I¬���.1. 1>« ©*¬H. & 0 � & % 0�« &Ny ©*«��@ª�. �). . � (k© � ª 
 2 &�
 ©�04©-,
¬H. & 0 � v9v� � w 28ª8ª , *,. .(ª'0 ��. & 0I©�« . & *Cª{« �D# & � ª9© 0 � #�2 & ¬Ä©4¬H. & 0c©-0 * ��ª{« % ,H0,2�© � .x¬Ä©4¬H. & 0�~ �d3@A��0�N;D7 ~ � ~�� �C: ~2°
14A�G2E0�(3t���*�

�
J*�.J � JD��� ° H�JIJIHD� ~

�VU?/®#&+%�@+`egr"!P�®�i� ° m�� �\eflYnIU�� ° �Y� � !YM�O ����� �Y� �\$KU /�� ~QÁ 6*4  G y .x«p« . & 0 *Nª 0�29ª8ª � & % % 28ª8ª+* & . #
� ¬¨ª*2�© � &�
 # �  � ¬¨ª*2�© y )�¬¨ªcª9©,26¬ w |*10©�¦�ª ��.1. 1>« ©4¬H. & 0 & 0�¬ w ª�-�©,26¬ w�' . . 1>«2©*¬ & 2D~�¹ 58AC=@3@3@�D/2�0¼47\A��k:9��3
[ K � � � � � � �CE0�"3658=@A��¡�0E0:9/2�0¼�� K � ² �*�.J(=@A��D�}365836��=@3 ° H�JKJ�� ~

��#%nL$KU�egefMY�(m�� E & ¬ � 
 & ¬ �D# .(©-0K¬}«?ª 
 « 13.tª��,©-0 * � & 28ª w ª9©4¬\« & � �4~ �k��59:9�¥����� ¹ Gq����36:F��59; �>=6/?36��=@3
�Y36:9:836587 ° 14A�G2E0�(3(���*�32�� C

�
�6± � �I����� ° H�JKJLH ~

��#%$`efM�OP�%�t�`a�� ° �i�`´i�6((lYM�O·����� �R�om�+`U%$`M�� ~��o« ¬H2�© % © �6¬ .(©-0K¬}«?ª 
 « 1$.tª��\©-0 *]. . 
 « . � ©*¬H. & 0 � %'& 2
� & & * y © �6©*« ¬ � & « � ©-0 . �). . 0 ¬ w ª�� & 26¬ w ª�2 0·Áz¬}«2©-0K¬H. � �®ª 0�. & 0�~ � 3@=6:8A���A��0�N;D79/?=@7 ° 14A�G2E0�(39JD�*�H2�� �N±5C

�

JD� �N±8J ° �D�K�I� ~
��#%ef�%Mo�\Si� Á�(`. � w « . �{¬ % & 2 1 
 *4©*¬H. 030,�P�.- µC: �oª���� & 0 � ( ªi«?ª9©,2 0K¬6~ �d3@A��0�C;>7 ~ �.3@7 ~ [���79:95F��=6:87 °
14A�G2E0�(3��

�
�.J��D��� ° H�JIJI� ~

��#%ef�%Mo�oSi� ° �Y� � $Kr"l,+%+ ° m��"mLU�ÅNU /�U%O ° h��Ib\#"lo$,� °-� �KW¤U%ÅC]DM ° �Q�I��M3+`$,�xr"� ° �Y� � U�ÅNÅ8�xOYe������
�i��adM�$Kr"U6�'�xr%� ~s����� µ - :%v .(©�0,. 030i¬ w ª Es© (k©,.�. ©-0 E1�s� ' � �\� ©-0 * ' ( ª{«x«<~z�+2 &�
 & �6©�«�° �>=659/2�0��7
� ��79:9/2:9E0:9/?A��ÀA����z=@3�����A�¼*5F���0�N; ° � ACA>�07 � A�G?3��z=@3�����A�¼*5F���0�0/?= � ��78:9/2:9E0:9/?A�� ° �.�0/214365878/2:¨;TA�� � �@»B��/2/ °
K ��59��36¼*/?3 � ��79:9/2:9E0:9/?A��ÀA�� � ��79�0/2�0¼*:8A�� ° �>�K�I� ~

��#*Ã �%M�$����®�k´c������� �Q� �i� ���YÅCÅNM�$ ~ v � ª{«2©-0 * w3& ¬ � 
 & ¬.¬H29© � ¦L~ �d3@A�G?A�¼*; ° 14A�G2E0�(3 ²*² �
JD�*� � JD�6± °

�>�I� 
 ~
������´c�"�����,�Q�Pm��%��M3+`$,�xrL� ~.Á � .1. 1D¬ w ©�«�©-0 . � & ¬H2 &�
 )i©-0 * 
Kw © ��ª � ª{« & � .}¬}) y ª 0Lª9©4¬ wiv � ª{«2©-0 * � .1. 
 « . ,
� ©*¬H. & 0 % & 2 
 « 13.tª ,)2�. *�0Nª . 0K¬¨ª�29© � ¬H. & 0�~ �k��59:9�·����� ¹ Gq����36:F��59; �>=6/?36��=@3 �Y36:9:836587 ° 14A�G2E0�(3 ² �6±-2��{  ² C ����.J �I����� ° HKJKJ�� ~

����� �T� ° �t�.�9�pOo_ ° ���.�.$,�xM�eA+`ÅNM�� ° m��B[T��mLU�nIU�ÅNM3� ° jd�����pÅ&/�#�OYO ° �T� ((l"#%OR����� �R�BW M �
nLM�$ ~ µ © 
 
 . 030T¬ w ª E\©-(k©,.7.}©-0 
 « 13.tª � & 0 *�13.}¬�(`.x¬ w � & 0 � ª�26¬¨ª+*��@ª�. �). . � (k© � ª��4~ �d��:9E0583 ° 14A�G2E0�(3
±N���32 �	� �*�HC

�
�.J�� �>��±�� ° H�JIJKJ ~

����� �T� ° �t�P�9�xOY_������ �T��((l"#%O ~ ' ª�. �). . � �{¬H1 *�) & % 1 
 
 ª�2 .(©-0I¬}«2ª¡© 0 *�¬H29©-0 ��.x¬H. & 0 � & 0Lª y ª 0Lª9©*¬ w
w3& ¬ � 
 & ¬ �4~k¹ �N;D7 ~ �k��59:9� ¹ Gq����36: ~�� �C:8365 ~2° 14A�G2E0�(3(�AJ��

�
��� �>� ² ° H�JIJ-� ~

�����



���x���)�@+`egr"!P� �Q� ° �t�Àm��QW !��@+`M ������bc�ÀmLU%U�e@#%ÅCl ~ �<28ª � . �@ª w ) 
 & � ª 0K¬H28ª 28ª{« & � ©*¬H. & 0 & % . . ,
� 2 & ª9©,26¬ w |*10©�¦�ª � .10 © w .�0 w ,�¬¨ª . 
 ª�29©*¬H1[29ª 0Nª & ¬ w ª�2 .¡©*« �Bª{« * : ¬ w ªT� & 2 % ©9§ � ¦�1C«x« � ª'0K¬H2�©*« � & « � ©-0 & # v � ª ,
«2©-0 *"~ �d3@A��0�C;>7 ~ � ~�� �N: ~2° 14A�G2E0�(3Q���*�

�
J	�>� � J���� ° H�JIJI� ~

�PU���M�$����i��h\�������¥jd���i�sm�+*#`rLM�� ~�� w ª *�)-0I©-. . � ©�«�© 0 *�¬ w ª�2 .¡©*« �{¬H2�1 � ¬H1328ª & % *Cª8ª 
 .(©-0K¬}«?ª

 « 1$.tª��4~ ¹ �N;D7 ~ �k��59:9� ¹ Gq����36: ~K� �N:8365 ~2° 14A�G2E0�(3�J.J

�
J*��± � JD��� ° �D�K³-� ~

��#%Å*# /.lo_k�LaV�0�i�N�����¡�i�0�®���\lY$Kr"U'+%+"M ~�E & ( .¡© 0�) 
 « 13.tª��.©,28ª®¬ w ª*29ª �C~ �k��59:9�t����� ¹ Gq����36:F��59;
�>=6/?36��=@3 �o36:9:836587 ° 14A�G2E0�(3(���f±

�
�*�AJ �I� ² ± ° �>�I�K� ~

��#%$Kr%�xOY�`U6�'�xr"!P� � �D�����c���La��IU�ÅNefM�O ~ � 0T¬ w ªY. . 
 «2ª'.(ª'0K¬Ä©*¬H. & 0 & % �®ª*2 % ª � ¬}« ) µ © �{w ª *��Y©*)4ª*2 � . 0
©T¬ w 28ª8ª , *,. .(ª'0 ��. & 0I©�« % & 1[2{¬ w , & 2+*Nª�2 � ª{« & � .}¬})-,�6¬H29ª���� � 0 .}¬¨ª , *,. !�ª�28ª 0 � ª � �{w ª .tªN~ � ~ ��3@A��0�N;D7 ~ ��3@7 ~2°
14A�G2E0�(3t�����32�� �HC

�
� �3�®��� ° HKJKJ-� ~

��#%$���lYM�$,�xO��B��bc� ° jd�Y´i�o��#%!YÅNMKO�������ST� �VU%ÅCM3+ ~�� w 28ª8ª , *,.1.tª 0 ��. & 0I©�« ��ª 0 ��.x¬H. � .}¬})�¦�ª�2 0Lª{« � %'& 2
� 0 .}¬¨ª , % 28ª9|*1�ª 0 � )�¬H29© � ª{« ¬H. .(ª � � ¬ w ª y ©-0L©-0I©-, * & 1�0 w 0 1D¬ 
 ©,29© * & � ~ �d3@A��0�C;>78/?=���G �4A�E059�K��G � �C:83659�K�f 
:9/?A��K��G ° 14A�G2E0�(3t�AJ	�&2 JHC

�
�*��� � �D��� ° �D�K�K� ~

��#%$���lYM�$,�xO��B�BbQ� ° Si���VU�ÅNM3+Z������jz�P´c�P��#%!YÅNMKO ~�� w 28ª8ª , *,. .(ª'0 ��. & 0I©�«(k© � ª %'& 2). ��ª 0 ��.}¬H. � .x¬})
¦�ª�2 0Lª{« �4~ �d3@A��0�C;>7 ~ � ~�� �N: ~2° 14A�G2E0�(3t�AJ ² �

� ² � � �.J�± ° �D�K�K³ ~
�ZU%r%44U��B�\� ° �Y�P�($,�xeA+`M�� ����� �®� bs#%Å4#%_I# ~ � w ªV-/. 0 .}¬¨ª ,"� . !�ª*29ª 0 � ª µ ª6¬ w3& * % & 2 ' ª�. �). & « & 0,. �{¬ � 
Á 0 v 0K¬H2 & *,1 � ¬H. & 0�~ K A��(36�0/2E�7 �.�0/214365879/2:<; ° ��5F��:9/?79Gq��1�� ° HKJKJ�
 ~�� � �3� �*�f  ²*² Jf  ² �*�*�f  � ~

�ZU%r%44U��K��� ° �o� � �>´c�0�dU�nIM�$8+`egegU�O������¡�®�0h �pefOYM�$ ~P� w ª � 0 .x¬¨ª', *,. !�ª�28ª 0 � ª�¬H. .(ª', * & .(©,. 0 .tª6¬ w3& *
% & 2 . & *Cª{«p« . 030 & % �@ª�. �). . � (k© � ª 
 2 &�
 ©�04©4¬H. & 0�~�� �

�
�t���9/�UIÃief�Y#=2}3@�D/2:8A�5DC °oÁ * � ©-0 � ª��].10 �V© � ª

�<2 &�
 ©�0N©*¬H. & 0 . 0 w ª@¬¨ª�2 & 0Nª 0Lª & 1 � -�©,26¬ w ° [��D1*����=@3@7�/2� �d3@A��0�C;>79/?=@7 ~ ��G?78361>/?365K[�=����036�¡/?= ¹ 583@787 °
H�JIJ-
 ~

�ZU%O�+"MKÅNÅ8�����t� ° Si� ��U��xÅNM3+ ° jd�d�d#%!YÅCM�O ° Si� ��#%eA+`M�$`e ° �t�dh.O ��_I#%!oÅZ�����¶m�� �FbQ�zbVlYO�� ~
�B« &Ny ©�«�¬ & . & 0,29© 
Kw . � . & *Nª{« � (`.}¬ w � 0 .}¬¨ª , % 28ª9|*1�ª 0 � ) . & *Nª{« .1030 29ª � ª9©�«k© � ©,2�.Äª6¬}) & % 
 « 1$.tª�� .10 ¬ w ª
.(©-0K¬}«?ª4~ ��3@A��0�N;D7 ~ �.3@7 ~ [.��79:95F��=6:87 ° 14A�G2E0�(3 �

�
�D� ² �	� ° HKJKJ�
I� ~

�ZU%O�+"MKÅNÅ8���"�t� ° Si� �VU�ÅNM3+ ° jd�0´i���d#%!oÅNM�O ° Si� � #�eA+`M�$`e ° h\���Q��h.O���_I#%!YÅ\�����cm�� �8bc�0bVlYO�� ~
-/.10 .x¬¨ª , % 28ª9|*1�ª 0 � )�¬ & . & 0,29© 
Kw ) 29ª � ª9©�« �,© � ©�2�.Äª6¬}) & % 
 « 1$.tª�� . 0 ¬ w ª .¡© 0K¬}«2ªN~ �>=6/?36��=@3���½D�0583@787 °
2 �������HC ° HKJKJ��K� ~�¹ E0�0G2/?79��3@�ÀA��0G2/2��3 ~

�ZU%O�+"MKÅNÅ8���"�t� ° Si� �VU�ÅNM3+ ° jd�0´i���d#%!oÅNM�O ° Si� � #�eA+`M�$`e ° h\���Q��h.O���_I#%!YÅ\�����cm�� �8bc�0bVlYO�� ~
-/.10 .x¬¨ª , % 28ª9|*1�ª 0 � )Z¬ & . & 0,2�© 
Kw ) 29ª � ª9©�« ��© � ©,2�. ª6¬}) & % 
 « 1$.tª�� . 0R¬ w ª .¡© 0K¬}«2ªN~ �>=6/?36��=@3 ° 14A�G2E0�(3
J*�.J32 �������HC

�
J.J�� � J�±8J ° H�JIJ 
�� ~

�ZU%O�+"MKÅNÅ8���V�t� ° Si� ��U�ÅNM3+ ° ST� ��#%e +`M�$`e ° jd�d�d#%!oÅNM�O ����� m �Fbc� b�lYO � ~ -/. 0 .x¬¨ª % 29ª9|R10ª 0 � )
¬ & . & 0,29© 
Kw )Y28ª � ª8©�« ��© � ©,2�. ª@¬}) & % 
 « 13.tª��/. 0V¬ w ª .(©-0I¬}«2ªN~�� �

�
� w ª?E & ¬ � 
 & ¬3E\©-0 * y & & ¦A#I�<2 & � ª8ª *,.10[0 �

& % �®ª 0 2 & ��ª(Æ & 0 % ª�28ª 0 � ª���« 1$.tª v � :-� ª{) & 0 *(¬ w ª®��« 1$.tª E�) 
 & ¬ w ª���. �D#oÁ51�0,1 �{¬ � I8I �  ~ � 14365F��¼43658�D/ °
� =@36Gq����� ° H�JIJ-�0� ~

�ZU%$ �%#%OP�%WX� �Y� Æ & 0 � ª � ¬H. & 0 
 « 13.tª�� .10·¬ w ªs« & ( ª*2 .(©-0K¬}«?ª4~ �d��:9E0583 ° 14A�G2E0�(3 ² J*� �
± ² �N±8J ° �D�%$L� ~

�ZU%$ �%#%OP�\W�� �Y� E & ¬ � 
 & ¬\¬H29© � ¦ ��©-0 *�¬ w ª &�
 ª 0 .1030 & % ¬ w ªQÁz¬}«2©-0K¬H. � © 0 * v 0 *,.}© 0 � � ª9© 0 �4~¥� �
�

� �Lh / �xÅ8�q#%O���2}3@�D/2:8A�5DC °�� w ª ' ª9©I° 14A�G2E0�(3 � ° =F�K���0:8365 � ��3 �z=@3����0/?= �`/2:9��A*79�0��36583 ° 2x�0� ~ ±*±8J �N± �	�.C ~
�4A��0��� /2G?36; ° �z36»��kA�5 � ° �>�K³Y� ~

�����



�ZlY$L#%�o#?/ �<� �R� ° ����b �p$IU%efM ° ���0�¡#*Ã�#?/�lY$L# ° �Q�LmK# +*#,�����*(T� � !��pef!�� ~I� & �6¬ , 
 ª�2 &�� �u¦�.}¬¨ª 
Kw © ��ª
¬H29©-0 ��.}¬H. & 0P. 0 µ 0 ' . �

3
~ �>=6/?36��=@3 ° 14A�G2E0�(3 J*��±

�
����� � ����� ° HKJKJ�
 ~

�\# +*#�]L��bc� � � ��' ª�. �). . � .1.(©�0,. 030 & % .¡© 0K¬}«2ª 
 « 13.(ª �*~ [��0� ~ ��361 ~ � ��59:9� ¹ Gq����36: ~ �>=6/ ~2° 14A�G2E0�(3 ² � �

J*�D� �N±���� ° HKJKJIJ ~
� �pefegM�O�� �ZM ��MK$��"�t� � 1$.tª�2�. � ©�« ' .1. 1>« ©*¬H. & 0 & % � ,"� ' ª�. � . . � ��© � ª®�+2 &�
 ©�04©*¬H. & 0À¬ w 2 & 1�0 w(' 1 y *,1 � ,
¬H. & 0�� & 0Lª��4~ �z/2�0G?A��t��59�L36/2: ° �`E��D»�/2¼� ��·�f½>/2�¡/2G2/q����7�  ���0/214365879/2:F¾�:��,¿0��=8��36� ° HKJKJ`� ~

� �pefegM�O�� �ZM ��MK$��0�t� ° jd�N��#%!YÅNMKOQ������´c�>jPU�lY$`O��xM�$ ~ ' 
Iw ª�2�. � ©*«Dª9©,26¬ w % 2 7 �{w ª6¬���ª 0 ��.}¬H. � .x¬}).¦�ª�2 0Lª{« �4°
H�JIJI� ~ �CE0�0�¡/2:9:83@��:8A �d3@A��0�C;>7 ~ � ~0� �N: ~

�VU%ÅCM3+���Si�K�����Tjd�"´i�`�d#%!YÅCM�O ~1��© � ª % 2 & 0K¬ w ª9©�« .1030Q©-0 *t¬ w ª\ª � & « 1D¬H. & 0 & % �@ª*. � . . � *Cª{« ©*)(¬H.1.tª��4~
�4A�E059�K��G�A����d3@A��0�C;>78/?=���Go�.3@783���58=F� ° � ° �>A�G2/?���k��59:9������� ¹ Gq����36:87 ° 14A�G2E0�(3t�����32 �HC

�
��� ° HKJKJKJ ~

�%# +`M�$L#��d´c�.�t� Á � 
 ª � ¬H29©�«zª{«?ª .tª 0K¬ .tª6¬ w & * % & 2 � 1[. * *�)-0I©-. . � � : «2©-. .10I©�2 � & ( . 0 © �{w © 0 0Lª{«
ª ��
 ©-0 ��. & 0�~ � ~�K A��¡�0E0: ~K¹ �N;D7 ~2° 14A�G2E0�(3���±

�
± ��� �N± ��� ° �>�I³ 
 ~

�.!0�p���Ke �ZU%$ �o#�OP� �o�K������WX� �Y� �ZU�$��%#%O ~�� ( & ,�{¬Ä©�0Nª .tª{« ¬H. 030Q© 0 *t¬ w ª50Cª & �{w ª'. . � ©�«Pª � & « 1D¬H. & 0
& % ¬ w ª�.(©-0I¬}«2ª � © 28ª � . 
 ª % & 2 .(©-0K¬}«?ª 
 « 1$.�, 
 1 * *�.1030L~ �k��59:9� ����� ¹ Gq����36:F��59; �>=6/?36��=@3 �o36:9:836587 °
14A�G2E0�(3t�����32 JHC

� ² ��� � ² J*� ° �>�I�K� ~
�.!0�p���Ke �ZU�$��%#%OP� �Y� ° WX�	�Y�	�ZU�$��%#%O ° (�� �{m�� ��!`#%O�� �����,WX��bc��jz�km,/ �@+`! ~;� y ��ª�2 � ©*¬H. & 0I©�«
w . 0K¬ � % & 2V© 
 « 13.tª , % ª+* # ��1 y+& � ª9©-0 . � © �{¬ w ª'0 & � 
Iw ª�28ª(©-0 * .}¬ �V2 & «?ª .10�.(©-0I¬}«2ª � & 0 � ª � ¬H. & 0�~ �NA�E059�K��G
A�� �d3@A��0�N;D79/?=���G%��3@783���58=8� ° 14A�G2E0�(3(���*�32����.C

�
� ² � �.J �I� ² � ��� ° �D�K�L� ~

���xÅ8�x_oU�lP��m�� ° ������$,�pMKeA+`ÅNM � ° � �.S�lY_?/�lYOY_oefegU�O¶������h\����M�nK# ��ÅNM ~ � 
 
 ª�2 .(©-0K¬}«?ª ' , (k© � ª
� 
 ª8ª+* w ª6¬¨ª�2 & 0Nª 0"ª�.x¬}) © 0 *�©-0 . � & ¬H2 &�
 ) y ª 0"ª9©*¬ w ¬ w ª1� & 26¬ w Áz¬}«2©-0K¬H. � % 2 & . 28ª 0,. & 0I©*« ��132 % © � ª (k© � ª
¬ & . & 0,29© 
Kw ) : ¬ w ª v � ª{«2©-0 *i©-0 *�Á � & 29ª � 
 « 13.tª��4~ �d3@A��0�C;>7 ~ � ~0� �N: ~2° 14A�G2E0�(3(���*�32 JHC

�
���	� ° H�JIJ 
 ~

� ��/.�K�%M�$��`Si� ° ´i�0�\U / /®#%e��0����� �Y� � �R�>�tM�OY_I#%ÅNÅ ~6� 1$.tª�2�. � ©�« ��. . 1C«2©*¬H. & 0 � & % *Nª 
 ¬ w , *Nª 
 ª'0 *Nª 0K¬
©-0 . � & ¬H2 &�
 )�©-0 * % 28ª9|*1�ª 0 � )-, *Nª 
 ª 0 *Nª 0K¬	(k© � ª 
 2 & 
 ©�04©*¬H. & 0Àª�!�ª � ¬ �*~ � ~ �d3@A��0�C;>7 ~ ��3@7 ~2° 14A�G2E0�(3�����±

�

² JB�6±�� � ² JB����± ° �>�K�I� ~
� �xnLMY� �Q� �R� °�� �"�t� � !Y$,�pe +`M�OYegMKO·����� �Y�"��!YM)��� �xO�� ~�� w ª **) 0L©-. . � � & %�
 « 13.tª ,)2�. *�0Nª . 0K¬¨ª�29© � ,
¬H. & 03# 6c: � . *�0Nª , � ª 0K¬¨ª�28ª+* 
 « 13.tª��4~ �k��59:9�c����� ¹ Gq����36:F��59;��>=6/?36��=@3 �o36:9:836587 ° 14A�G2E0�(3V�AJ�±

�
����� �I����� °

�>�I�I� ~
� �xr"!"#%$`_%eN� �¥�>´i� ° �Q�D´c�0��lYOorK#�OT������[T�0h\� � U�lY$8+%�xÅNÅCU0+ ~^-k« & & * y © �6©*« ¬ �.©-0 * w3& ¬ ,� 
 & ¬%¬H2�© � ¦ � :
��« 1$.tª w ª8© * ��©-0 *Q¬Ä©,.x« �4~ �>=6/?36��=@3 ° 14A�G2E0�(3 ² ± � �

���.J �I���	� ° �D�K³I� ~
� �@+`egM�/®# � �Y���������Q� �¥��´�ÅNÅCM�O ~¥� w ªcª6« 1 ��. � ª .(©-0K¬}«?ª 
 « 1$.tªN~ �k��59:9������� ¹ Gq����36:F��59; �>=6/?36��=@3
�Y36:9:836587 ° 14A�G2E0�(3 ² �	�&2��{ Ä±5C �

� �I� ² ° H�JKJ�� ~
� �@+`egM�/®# � �Y� ° bc� � �Y� �4#%O�bVM)�x^{e +Â����� �Y�\bc��W¤U�U�_o!YU�lYegM ~ Æ & . 
 «?ª � � w ª9©,2 (k© � ª � ª{« & � .}¬})
�{¬H2�1 � ¬H1328ª . .(©�0Nª+* y ª 0"ª9©*¬ w Á % 2�. � ©i©-0 * v � ª6« ©-0 *"~ �>=6/?36��=@3 ° 14A�G2E0�(3 ² ��� �

��� ² � �I��� ² � ° �D�K�K� ~
� �@+`egM�/®# � �o�k����� bc��[�#%O bVM)�p^6e + ~ ' ª*. � . . � . .(©�0,. 030 &+% �6¬H2�1 � ¬H1[2�©�« w ª6¬¨ª�2 & 0Nª 0"ª�.x¬}) . 0�-�©,26¬ w : �
.(©-0K¬}«?ª : ª � . *Nª 0 � ª %'& 2�« ©,2 0Nª , � � ©*«2ª .¡© 0K¬}«2ª�� & (s~ �>=6/ ¹ 58A�¼ ~2° 14A�G2E0�(3��.J

�P² ±8J � ² �*� ° HKJKJKJ ~
���	�



� �@+%+`M�$����Y�D�Q�>�Q� ° � �>´sr"!"#"loM�$ ° � �D�t� � !Y$,�xeA+`M�OoegM�O ° Si�DazU�r"� ° Si�0adU%��M�Å /®#%OoO ° �R�Dazlo_ �
ÃiM�� ° �t� � #?/�M�ÅCnIMKM�r"� ° jd� � U�ÅNÅ8�xO ° �Q�¡_ � � $`M ��M ° ¢��(h�egr"!���!�� ° bc�tS�#%M�OYe��pr"!YM ° �À� �
Si�¡b �pO044M�O ° �R����U�$`_K#�O ° �t����#�eg�g#%$ ° �t�V�.MKÅ84H�xO�� ° jd�¡mLr"!YMK$`n�#`l'/ ° (�� �8jd���\M�/�/�M °
����WZ#%ÅC�%M�$Z����� �R��W M�nLM�$ ~À� w ª�¬¨ª{«?ª���ª�. � . . � ¬ & . & 0,29© 
Kw )�ª ��
 ª�2�.1.tª 0I¬�.10 ¬ w ª\-<. % ª6« 28ª 0,. & 03#
ÆPª 0K¬H29©�«®-<1[2 &�
 ª � *Nª���. 0-0£© 0 * � 2��{¬ 29ª ��1>« ¬ �4~ �>36/?79�(A�G?A�¼*/?=���Gs��3@783���58=8� �Y36:9:836587 ° 14A�G2E0�(3 �>�H2x±5C

�±8J	� �N±*±8J ° HKJKJIJ ~
� �@+%+`M�$�� �Y���t�k�Q� ° �R� ��U�$`_I#%O ° � � �Q� � !o$,�pe +"MKOYegM�O ����� � �k´sr"!"#`lYM�$ ~�Á .(©-0K¬}«?ª 
 « 13.tª
y ª{« & (¥¬ w ª®-<. % ª6« � & « � © 0 . � ��ª{« * �D# �.ª�2 .(©-0�)L~ �k��59:9������� ¹ Gq����36:F��59; �>=6/?36��=@3 �Y36:9:836587 ° 14A�G2E0�(3������

�

� �I�6± ° HKJKJ`� ~
�dU?/®#%OoUIÃ �xr64K� aV� �B« &Cy ©�«�.(©-0K¬}«?ª ¬ & . & 0�2�© 
Iw ) : 
 2 & 0,28ª���� �{¬Ä©*¬H1 � .10 ¬ w ª «2© �{¬ 6 I )Nª9©,2��4~

[��0�NE ~ ��361 ~ �d3@A��0� ~ �C�K��=@3 ¹ �N;D7 ~2° 14A�G2E0�(3 JD�
�
J*�.J � J.J.J ° HKJKJ-� ~

�dU%OorL!0�<� � � ° �t�P¢9#"r"U�OYU¥��������� m��P�%#`U%ÅClYr"r6� ~�� w ª � � 1 y ª *�� 
Kw ª�28ª � : Á 0Lª ( .tª6¬ w3& * % & 2V¬ w ª
� & « 1D¬H. & 0 & % 
 ©�2{¬H. ©�« *,. !�ª�28ª 0K¬H. ©�«�ª9|*10©*¬H. & 0 �]. 0 � 
Iw ª�2�. � ©*« 0Nª & .tª6¬H2{)I~ � ~'K A��¡�0E0: ~Y¹ �C;>7 ~2° 14A�G2E0�(3
� ² ± �

�.J �I�*�6± ° �>�K��
 ~
�dU%e +��%m�� ° h\�"�Y�YS�#�$`OYM�$KU °�� �LW �xÅNÅ5�?#?/�ez����� �¥�"��#%O��%# ~ ' ª�. �). . � � & 0 �6¬H2�©,. 0K¬ � & 0À© 
 & ����. y «?ª

 « 1$.tªV2 & & ¬�©*¬k¬ w ª � & 29ª', .(©-0K¬}«?ª y+& 130 *4©,2{)I~ �z��:9E0583 ° 14A�G2E0�(3�±8J��

�
����� � ���*� ° HKJKJL� ~

�dU%e +���m�������� � � �\!YU /®#%e ~�Á52�2�©*) �@ª�. �). & « & 0�) :Qµ ª6¬ w3& * �i©-0 *·© 
 
 « . � ©*¬H. & 0 �4~ �.361>/?36»®7\A�� �d3@A� 
�0�N;D79/?=@7 ° 14A�G2E0�(3�±N�32 JHC

�
���*��� ° HKJKJLH ~

�dU%e +���m��I����� �R�"W M�nIMK$ ~ Á 28ª��®ª � ¬ & 2¡©*¬ �&IHI�¦ . *Nª 
 ¬ w,y ª'0Lª9©*¬ w ¬ w ª�� ����© � . � � ~ �d3@A��0�C;>7 ~ � ~
� �N: ~2° 14A�G2E0�(3Q�6± �

�
� ² � ² � ° H�JIJ`� ~

�dlYM�_I#%eC�P�t� Æ & 0 � ª � ¬H. & 0�©-0 * .tª{« ¬H. 030 
 2 & � ª����@ª�� .10 © µ ©-0K¬}«?ª���« 13.tª 130 *Nª�2¡© ' 
 28ª9© *,. 030t� . *�0NªD#
(`.}¬ w Á 
 
 « . � ©*¬H. & 0i¬ &�v � ª6« ©-0 *"~K¹ � ~ � ~ :9��3@79/?7 ° �4A��K���0� � A�G �}¼N���0¼ �dA>36:9��3 � ���0/214365879/2:F¾�: °	� 5F��� �N�}E059:
��� �·��/2� ° H�JIJ 
 ~

� ��/.�K�%M�$���Si�D�����i���"ST�`m6�xÅ ��M�$ ~®Æ�©�« � 1C«2©*¬H. 030 � 
 « .}¬ ¬H.10[0 
 ©,29©-.tª6¬¨ª�2�� % & 2 
 « 13.tª ,<¬}) 
 ª\©-0 . � & ¬H2 &�
 . �
�{¬H2�1 � ¬H1328ª�� & % ¬ w ª51 
 
 ª*2 .(©-0K¬}«?ªN~ �d3@A��0�C;>78/?=���G �4A�E059�K��G � �C:83659�K��:9/?A��K��G ° 14A�G2E0�(3��6±8J32 JHC

�
�*�	� � � ² � °H�JIJKJ ~

�dlYegefM�ÅNÅI�dm���´i� ° �t�B��# �£������h�� �Y�.S�#%$`OYMK$KU ~ ' ª*. � . . � ª � . *Nª 0 � ª % & 2 � .¡©*«p« ,� � ©�«?ª *�)-0I©-. . � �
. 0¥¬ w ªÀ« & ( ª�2 . & �{¬ .(©-0K¬}«?ª,©4¬\¬ w ªN2 & & ¬ & % ¬ w ª w ©-(k©�.�. ©-0 w3& ¬ � 
 & ¬6~ �d��:9E0583B2 �oA����0A���C ° 14A�G2E0�(3
J*���32 �	�����HC

� ² ��� � ² ��� ° �>�I�K³ ~
� ��nLM�$��B�I�t� ° Si��� ��/.�K�%M�$ °3� �0bs#�nIM�$`Å4#%OY_ ° �i�Im�+`$KU /�M ��M�$������ �R�>W M�nLM�$ ~ ' . . 1C« ¬Ä©-0Lª & 1 �
. 0 � ª�2���. & 0 & % � w ª9©,2 (k© � ª � 
 « .}¬ ¬H. 030 &Ny �@ª*2 � ©4¬H. & 0 � % 2 & . �@ª�. �). . � ©,2�29©�) �4~ �4A�E059�K��G�A�� ��3@A��0�N;D79/?=���G
�.3@7F3���58=8�B2 �>A�G2/?��� ��59:9��C ° 14A�G2E0�(3(�*���

�
J.J*�D� ° H�JKJL� ~

mK#%_%U%lY$`O ���d�t� Æ & 0 ��ª�2 � ©*¬H. � ª � 0 .}¬¨ª , *,. !�ª*29ª 0 � ª�© 
 
 2 & � .1.(©*¬H. & 0 � & % ¬ w ª 
 2�. . .x¬H. � ªTª9|*10©*¬H. & 0 � & 0
|*10© ��. ,)130 . %'& 2). � 
Kw ª*2�. � ©�«^0�2�. * �4~ ��A��N:9�0G2; � 3���:9��365���361C/?36» ° 14A�G2E0�(3(���*�

�
�AJ�� �I�6±*± ° �>�,$0H ~

mLr"!YÅ8�xOY_KÃiM-�pOP� [T� Á � . . 1>¬ w ©*« � ©�2�. ©*¬H. & 0 & % ¬ w ª�� 
Kw © ��ª . 0 v � ª{«2©-0 *�. � 29ª � ª�. � ª�2 % 1$0 � ¬H. & 0 �4~ �d3@A� 
�0�N;D7 ~ � ~�� �C: ~2° 14A�G2E0�(3(�6±*±-2�� C

�k²*² � � ² J*� ° H�JIJ`� ~
mLr"!'/�M�$`$����c� ° h\�PS�#�$`OYM�$KU ° bc��¢ ��M�Å ° Si��D#%!YOo�%M ° �R���\!YU�$`OYM������ �R���\$`M�/�Å ~ v .(©�0,. 030
1 
 
 ª�2 .(©-0K¬}«?ª *,. � � & 0K¬H. 0 1[.x¬}) �{¬H2�1 � ¬H1328ª y ª 0"ª9©*¬ w E\©-(k©,.7.�1 ��. 030V¬ w ª '�' , 
 29ª � � 1[2 � & 2��*~o� �

��� ¬ w�' )-.�,

 & ��.�13. & 0 ' ¬H1 *�) &+% ¬ w ªd-�©,26¬ w : � �Vª8ª 
·v 0K¬¨ª*2�. & 2(<© y �{¬H29© � ¬ ¯ ~ ����59�¡/?78=8�D  ¹ ��59:836� �>/258=8��36� ° H�JIJ 
 ~

�����



mLr"!YlYnLM�$H+��iSi� ° �i�s�®�\�\lY$Kr"U'+%+"M£�����¶�\� � ÅCegU�O ~ µ ©-0I¬}«2ªZÆ & 0 � ª � ¬H. & 0 . 0 ¬ w ª�-�©�2{¬ w © 0 *
��«2©-0Lª6¬ �4~ K �����059/?�D¼43 ���0/214365879/2:<; ¹ 583@787 °-K ���\�059/?�D¼43 ° ���0/2:83@���d/2�0¼4�0A�� ° H�JIJ`� ~

mLr"!YlYnLM�$H+`!P�Ta�� � w ª ' 
 ª � ¬H2�©*«z-�«?ª .tª 0K¬ µ ª6¬ w3& * % & 2 ' ª�. �). . � �V© � ª·�<2 & 
 ©�04©*¬H. & 0Â+Â� w ª & 2{)�#
v . 
 «?ª .tª 0K¬Ä©*¬H. & 0 ©-0 * Æ & . 
 ©,2�. � & 0¤¬ & -/.10 .}¬¨ª � . !�ª�29ª'0 � ª µ ª@¬ w3& * �4~ �z/2�0G?A��t��59�L36/2: ° �YE��D»�/2¼� 
�·�f½>/2�¡/2G2/q����7�  ���0/214365879/2:F¾�: �À¿0��=F��36� ° H�JIJ-� ~

mLr"!LÃiM-�@44MK$�� �Y� ° �Y�\j ��MKO ° m�� � �����%MKÅ �%M)�@+ �����¶�t���*�4#%MK$`O"# ~ ��ª ( µ ©-0 1D©�« & %,' ª�. �). . �
� y �@ª*2 � ©4¬ & 2u)��<29© � ¬H. � ªN° 14A�G2E0�(3À� ° =8�K���0:8365¡� ° 2x�0� ~ � � � ² C ~ �d3@A � A�5878=F�NE0�0¼47��L36�C:959E0� ¹ A�:87F����� °
H�JIJIH ~

mLM�$,�q#%O����QSi� ° h\�\��$,�pU�ÅNU ° �Y� � #�$Kr%�pU�OYM£�����£h\�\�%#%_%U6�4#%O�� ~ E .�0 w , & 2 *Cª�2 � 
 ª � ¬H2�©*«�ª{«2ª'.(ª'0K¬
.tª6¬ w3& * %'& 2�ª{«2© �{¬H. � (k© � ª . & *Nª{« .1030L~`� �

�
- � ¬¨ª 0 *Nª *�Á y �6¬H2�© � ¬ � & % G �  Á 0 0 �v 0K¬ Iµ ªFª6¬  # ' & �  - � 
 « 

�.ª &�
Iw ) �  ° 2x�0� ~ � ² ��� �I� ² ���HC ~ �D�K�LH ~
mL!YM�Ok�%(�� ° m�� � �%mLU�ÅNU /.U�O ° ¢g�`�t�Yad^u#%$`O"#%efU%O ° Si� ��U�ÅNM3+ ° WX� �Y���ZU%$ �%#%O ° �Q� �R�`´�ÅNÅNMKO °
���Y[\U ��]D^6U%$`_ ° m����D#��`U%nLeg_%U0+%+,�p$ ° �Q�%m�+`M�]u#%OYegefU%O ° a��o�Q� ��lYÅ5�?#�O�������Si�o�Q�ojPU�lYÅ$��MK$ ~
' ª�. �). . � ª � . *Nª'0 � ª %'& 2i© ¬H.p« ¬¨ª+* .¡© 0K¬}«2ª 
 « 13.tªÀ© 0 *�0 & 2{¬ w , � & 1D¬ w .(©-0I¬}«2ª � & ( y ª 0Lª9©*¬ w�v � ª6« ©-0 *"~
�k��59:9�·����� ¹ Gq����36:F��59; �>=6/?36��=@3 �Y36:9:836587 ° 14A�G2E0�(3(���	�&2 Jf Ä±5C

� ² �D� � ² � ² ° H�JKJLH ~
mL!YM�Ok�3(�� ° m�� � �KmLU%ÅCU?/�U�O ° ¢��0�Q�0az^u#%$`O`#%egU�O������QSi� �R�0�.lo$`_ � ~�E & ¬�.¡© 0K¬}«2ª.¬H29©-0 ��.}¬H. & 0 � & 0Lª
y ª 0"ª9©*¬ w�v � ª6« ©-0 *V© 0 *V¬ w ªz© *�§@© � ª 0K¬ µ . *-,}Áz¬}«2©-0K¬H. � �b. *�0Nª . 0 % ª�2�28ª+* % 2 & . ��,<¬ & , ' � & 0 � ª�2 ��. & 0 ��©*¬o¬ w ª
4^6 I-,�©-0 * GHGHI ,¨¦ . *,. � � & 0K¬H. 0 1[.x¬H.Äª��4~ �d3@A��0�C;>78/?=���GL��3@783���58=8� �Y36:9:836587 ° 14A�G2E0�(3 ² J32 ² ±5C �

J�� ² � � J��.J*� °�>�I�-
 ~
mL!YM�Ok� (T� ° m�� � �BmLU�ÅNU /�U%O ° ¢����t��ad^u#%$`O"#%efU%OR����� � ���o�PW¤U�ÅN]DM ~ ' ª�. � . . � ª � . *Nª 0 � ª %'& 2Q©
« & ( ª�2 , .(©-0K¬}«?ª & 2�. 0,. 0 & % ¬ w ª v � ª{«2©-0 * 
 « 1$.tªN~ �d��:9E0583 ° 14A�G2E0�(3 J*���

�
� ² � ��� ° �D�K�I³ ~

mL!YM�Ok� (�� ° � � �Y�zW¤U�ÅN]DMR�����£m�� � �\mLU�ÅNU /.U�O ~ ' ª�. �). & « & 0,. � ©�«sª � . *Nª 0 � ª % & 2,© . . * , .(©-0K¬}«?ª
*,. � � & 0K¬H.10 13.}¬}) y ª 0Lª8©*¬ w Es©-(k©,.7.s©-0 * v � ª{«2©-0 *"~ �k��59:9� ����� ¹ Gq����36:F��59; �>=6/?36��=@3��Y36:9:836587 ° 14A�G2E0�(3
² �6±-2��{  ² C �

�6±8J �I���D� ° H�JIJ-� ~
m6� ��ÅCU%r"!P�d���k����� Si� �VU%ÅCM3+ ~�Á�.tª6¬ w & * ¬ & .tª9©���1[29ª � 0 .}¬¨ª , % 28ª9|*1�ª 0 � )�© . 
 « .}¬H1 *Cª��T© 0 *·¬H2�© � ª{«
¬H. .(ª � &+% ¬¨ª{«2ª �@ª�. �). . �(y+& *�) (k© � ª��4~ ��3@A��0�N;D7 ~ �.3@7 ~ [���79:95F��=6:87 ° 14A�G2E0�(3 �

�
[ �>� ² J��*� ° H�JIJI� ~

mLÅNMKM��Y� �Q��bc� E & ¬ � 
 & ¬ �T©-0 * .(©-0K¬}«?ª 
 « 1$.tª�� :�' & .tª 
Kw ª 0 & .tª 0 & « & 0�)L~ � ~ ��3@A��0�N;D7 ~ ��3@7 ~2° 14A�G  
E0�(3\���32�� �HC

�
�	�>��� � �	� J�� ° �>�K�IJ ~

mLÅNMKM��Y� �c�Lbc� � w ª�2 .(©�« w ©*« & ª ��©,2 & 130 * 
 « 13.(ª�¬Ä©,.p« �4~ �d3@A��0�N;D79/?=���G �4A�E059�K��G � �C:83659�K��:9/?A��K��G ° 14A�G2E0�(3
�����32 ² C �

J��*� � J�� ² ° H�JKJ�
 ~
mL��M�OorLMo��W�� °�� � �ZM�OY_oU�4�# ° h\�k�t�kh�O���_I#%!YÅ ° Si� �®� � !YU �¥����� h�� �VU%$L#%nLlYM�O`# ~ ' ª�. �). . �
' 1 y *,1 � ¬H. & 0 & % ¬ w ª �s© � � ©®� . *�0NªB© ��� w3& (	0 y )d¬ w ª 6 � � G*+ � 8 �®ª�2�1s-�©,26¬ w |*10©�¦�ª��4~N¹ E0583 ����� [��0�0G2/?3@�
�d3@A��0�C;>79/?=@7 ° 14A�G2E0�(3t����±-2 Jf Ä±5C

�
� �.J ����� � ° �>�I�K� ~

m�+*#`r"M ���kjd���i�`�������c��h����kU%��MK$ ~i� w ªV¬ w ª�2).(©�« y+& 130 *4©,2{)-,¨«2©�)Nª�2 .10I¬¨ª�2 
 29ª6¬Ä©4¬H. & 0 & % � � ©-0 * .}¬ �
2 & «2ª�©��s© 
 « 1$.tª � & 132 � ªN~ ¹ �C;>7 ~ �k��59:9� ¹ Gq����36: ~K� �C:8365 ~2° 14A�G2E0�(3 J.J

�
± � � ��� ° �>�K³�� ~

m�+`M�]$#%OYefegU�OP� �t� ° �\� adU��,�4#�$`egegU�O ° �t��mLÅClYO��%# ° ����h��xO"#%$`egefU%O ° m�� �D#%�`U�nLeg_"!'+%+,�p$ °
bc�¡azloO���l'/ ° m��tS�$`M ��M�$`efM�O ° �Y��b\#H�%eg�`U6� ° �o�¡b�^6M�Å&/.M¤����� bQ���VU%$`!YU�OYM�O ~ -�©�2{¬ w ,
|*10©�¦�ª 
 29ª *,. � ¬H. & 0 29ª���ª9©,2 �{w . 0 ¬ w ª � & 1>¬ w v � ª6« ©-0 * �@ª�. �). . �X� & 0Lª © 0 * ¬ w ª 'Dv � 
 2 & §�ª � ¬6~
��E0G2G ~ �>36/?7 ~ �>A>= ~ [�� ~2° 14A�G2E0�(3 �.J

�
�*��� ���>��� ° �D�K��� ~

���*�



m�+`M)�xOP� � �L������m��Pm�+`M)�xO ~ µ ©-0K¬}«?ª 
 « 1$.tª�� :zw ª9©4¬%� & ( 0Lª9©�2 v � ª6« ©-0 *"~ [�79:958A���A���;�� �d3@A��0�C;>78/?=@7 °
14A�G2E0�(3s±*±

�
� ~ � �I� ~ ��� ° H�JIJ-� ~

m�+`M)�xOYnIMK$���M�$��\a�� ��« 1$.tª�� . 0¥© � & 0 � ª � ¬H.1030 .(©-0I¬}«2ª � . & *Nª{« �À©-0 * &Ny �@ª*2 � ©4¬H. & 0 � % & 2 . 0 *,. � . *�1D©�«
w3& ¬ � 
 & ¬ �4~ �4A�E059�K��GzA�� �d3@A��0�C;>79/?=���Gd�.3@7F3���58=8� ° � ° �>A�G2/?� �k��59:9�R����� ¹ Gq����36:87 ° 14A�G2E0�(3������32 �HC

��*��� ² � �I�*����� ² ° H�JKJIJ ~
m�+`M)�xOYnIMK$���M�$��(a��������R�t� �Y� � � � U�OYOYMKÅNÅ ~ÂÁ * � ª � ¬H. & 0 & % 
 « 13.tª��N. 0�.(©-0I¬}«2ª�� & ( � . . 
 « . � © ,
¬H. & 0 � %'& 2 w3& ¬ � 
 & ¬ . & ¬H. & 03# .(©-0K¬}«?ª � . � � & ��.}¬})�©-0 * 
 « 1$.tª *,. �6¬H2�. y 1D¬H. & 0�~ �d3@A��0�N;D79/?=���G �NA�E059�K��G
� �N:83659�K��:9/?A��K��G ° 14A�G2E0�(3(�AJ ² 2 ² C �

±�� ² �N±8J�± ° �D�K�I³ ~
m�+`U%$Ir"!"#%�����i� �o�¡m��z�����¤����azU�$0/®#%OYO ~�� w ª .}©�� 
 ª�. �6¬Ä©-0 *4©�2 * �@ª�. �). . � 
Iw © �@ª « . �6¬{~ �>36/?7� 
�(A�G ~ ��3@7 ~ �Y36:9: ~2° 14A�G2E0�(3���±-2 �HC

�
� �D� ����� ² ° H�JIJ-� ~

m�+`$L#%egefM�$�� �R� � 13.tª�2�. � ©*«�. & *Cª{« . 030 & % ��� (k© � ª,ª"!�ª � ¬ � & % 
 « 1$.tª��4~ �z/2�0G?A��t��59�"36/2: ° �YE��D»�/2¼� 
�·�f½>/2�¡/2G2/q����7�  ���0/214365879/2:F¾�: �À¿0��=F��36� ° H�JIJ`� ~

m�ÃiMKOYegU�OP� �o�P�®�Y������m����®�kazMKrL� ~ ' & 1[2 � ªÀÆ w ©,2�© � ¬¨ª�2�. �6¬H. � � & % ¬ w ª 6 � � &�� ª . y ª�2 6 � � G µ ( 8 )8
�®ª�2�1 ' 1 y *,1 � ¬H. & 0 � & 0Lª�-�©,26¬ w |*10©�¦�ªN~B¹ E0583������([.�0�0G2/?3@� �d3@A��0�N;D79/?=@7 ° 14A�G2E0�(3t����±-2 J �N±5C

�
� JD� �

� �D� ° �D�K�K� ~
� #"r"��ÅNM ���B���	�Y�(µ ©-0K¬}«?ª � & 0 � ª � ¬H. & 0�©-0 * 
 « ©4¬¨ª¡¬¨ª � ¬ & 0 . � � : � & (k©,2+* �¡©-0 . 0K¬¨ª 0,29©*¬¨ª+* 
Kw ) ��. � ©*«�© 0 *
�{w ª'. . � ©�«�¬ w ª & 2{)I~ �>=6/?36��=@3 ° 14A�G2E0�(3 ² ��� �k² �*� ² � ² �*�	� ° H�JIJKJ ~

� # ��ÅCU%$�� �¥� ° �o�®�\$,�xnInK#£����� ¢8ef�Y#�OY_I#%$L#%O�� ~ � w ª � 
 ª � ¬H2�©*« ,9ª{«2ª'.(ª'0K¬ .(ª@¬ w3& * %'& 2T¬ w ª � w ©*«p« & (
(k©*¬¨ª�2�ª9|*10©*¬H. & 0 & 0·© � 
Iw ª�28ª4~ � ~-K A��¡�0E0: ~K¹ �C;>7 ~2° 14A�G2E0�(3(�AJ*�

�
� ² �I����� ° �>�K�,$ ~

�\!YU /®#%eN� � � ° bc�K¢ ��M�Å ° �R�0W M�nLM�$T�����tjd�ImLr"!YM�$`nK#"l�/ ~YÁ � & 1 �{¬H. � ��. . 1>«2©*¬H. & 0 & % ��,/(k© � ª 
 2 &�
 ,
©�04©4¬H. & 0C. 0·© w ª@¬¨ª�2 & 0Nª 0Lª & 1 � � 
Iw ª�2�. � ©*«"-�©,26¬ w9: 0 13.tª�2�. � ©*« .tª6¬ w3& *i©-0 *c© 
 
 « . � ©4¬H. & 0�¬ & 
 28ª � 1[2 � & 2
(k© � ª ��¬ & � �z� * % ~ ��3@A��0�N;D7 ~ � ~0� �N: ~2° 14A�G2E0�(3Q�6±��

�
J*�	� � J ² � ° HKJKJKJ ~

�\!YU�$`OYMY���¥�0m��&� 2 & © * y ©-0 * (k© � ª % & 2 . . & *Cª{« . 030 &+% *Nª8ª 
 .(©-0K¬}«?ª �{¬H2�1 � ¬H1[28ª4~>¹ � ~ � ~ :9��3@79/?7 ° [�59/���A��K�
�C:F��:83 ���0/214365879/2:¨; ° � 36�¡�"3 ° [�59/���A��K� ° H�JIJI� ~

�\!YU�$`OYMY� �R��m��k�����ºh\� �Y�zS�#%$`OYM�$IU ~ v 0 % ª�28ª 0 � ª�� & 0 1C« ¬H2�©*« & (	, � ª{« & � .}¬}) � & 0Lª �6¬H2�1 � ¬H1[29ª % 2 & .
0�« &Ny ©�«�©-0I©�« ) ��. � & %d' � * � ' (k© � ª��4~ � ~ �d3@A��0�N;D7 ~ ��3@7 ~2° 14A�G2E0�(3(���*�

�
����� J*�D� ° H�JKJ�
 ~

�\!YU�$`OYMY�"�R�Lm�� ° h�� �Y�"S�#%$`OYM�$IU������cm��K���LS�$L#�OY_ ~ �.ª & 0,29© 
Kw . � � & 29ª6«p«2©*¬H. & 0 y ª6¬ ( ª8ª'0 w3& ¬ � 
 & ¬ �
©-0 * *Nª8ª 
 .(©-0I¬}«2ª¡« ©*¬¨ª*2�©�«�� w ª9©�2),/(k© � ª � ª{« & � .}¬}) 0,29© *,.Äª 0K¬ �4~¡¹ �C;>7 ~ �k��59:9� ¹ Gq����36: ~Y� �N:8365 ~2° 14A�G2E0�(3
�6± �

�
± � � �.J ° H�JKJ�
 ~

� �xÅ /®#%OYOk�Ljd� �Y� ° �i� �Zr"�(M�O�48�pMt�����Q���Kjd�I�.$,�xM�eA+`ÅNM�� ~Y� © 0 * ' (k© � ª � � ©4¬ ¬¨ª�2�. 030 % 2 & .�.(©-0K¬}«?ª

 « 1$.tª��4~ � ~ �d3@A��0�N;D7 ~ ��3@7 ~2° 14A�G2E0�(3(���.J32����HC

� ² � ° �D�K�I³ ~
�\$L#?/���MK$H+�� �Y� �B« &Ny ©*« �@ª�. �). . � ¬ & . & 0�2�© 
Iw ) : ¬ w ª . 0 � ª*2 ��ª 
 2 &Ny «?ª . ©-0 * y ª{) & 0 *"~¥� �C1 ~k¹ 58A��0G ~2°
14A�G2E0�(3t�6±-2 JHC

�
J	�>� � J���� ° �>�I�K³ ~

�\$L#?/���MK$H+�� �Y������� �Y�BmL��M3+,44ÅNMK$ ~ ' 1[2 % © � ª (k© � ªQ¬ & . & 0,29© 
Kw ) : � 0 .}¬¨ª , % 28ª9|*1�ª 0 � ) ª�!�ª � ¬ �t« & �{¬b. 0
¬ w ª 0 1>«p« � 
 © � ªN~ ¼`_�/ ° 14A�G2E0�(3(����±-2 ² C �

J*��± �N±N�*� ° HKJKJ�
 ~
�\$IU?/��Y� �o� °�� ���k#���M������ � �����pl ~ ' ª�. �). . � ¬ & . & 0,29© 
Kw ) #.© *�§ & . 0K¬ .tª6¬ w & * � #�¬H. .(ª 29ª � ª�2 �@©�« #®© 0 *
y ©-0L©-0I©-, * & 1�0 w 0 1D¬�¦�ª�2 0Lª{« �4~ �d3@A��0�C;>7 ~ � ~�� �C: ~2° H�JIJI� ~

���*�



�\$ ����0�N#%egU�OP�\�À� ° h\��b�lYefM�n ��M �����¥�t�zm�+`M�] #%OoegegU�O ~ ' ª�. �). . � .1.(©�0Cª & % ¬ w ª w ) 
 & ¬ w ª���. � ª *
v � ª{«2©-0 *�. ��w3& ¬ � 
 & ¬6~ � 3@=6:8A���A��0�C;>79/?=@7 ° 14A�G2E0�(3(���*�

�
�	� �I�*��� ° �>�I³-� ~

�4#%O _oM�$�b �pÅCeA+��o�Q�%�i� ° m��`W �xÅN_'� �D#%O,+`U�$KUº������h\�o�Q�oh�O���_K#�!YÅ ~B- � . *Nª 0 � ª %'& 2 *Cª8ª 
 .(©-0K¬}«?ª
� .72 � 1C«2©*¬H. & 0 % 2 & . 0*« &Ny ©�«%¬ & . & 0�2�© 
Iw )I~ �d��:9E0583 ° 2x�0� ~ �	� � � �����HC ° �>�I�%$ ~

�4#%O W �p^6���	�Y�%WX� ° �t�Pm���bVl��xe /®#%OYe ° �R�?+`M�$�[\U�U�$`_oM·����� m��%´i���\���®� � ÅNU�M3+,�pO���! ~ µ ª{« ¬
0Nª 0"ª�2�©4¬H. & 0º©*¬ � & « � ©-0 . � � & 0K¬H. 0Lª 0K¬Ä©*«�.(©,2 0,. 0 � : � & 0Lª8ª+* % & 2(© .(©-0K¬}«?ª 
 « 13.tª �C~ �d3@A��0�C;>7 ~ �.3@7 ~
�Y36:9: ~2° 14A�G2E0�(3 ² � �

J*�*��� � J*�*��� ° HKJKJY� ~
[�#%OY��M�rI#%$����Y� � �`����� �t�km�� � $KU�egegU�O ~ �Vª6¬¨ª�2 . .10I©4¬H. & 0 & % ¬¨ª6«2ª���ª�. �). . � 29ª{«2©*¬H. � ª 
Kw © ��ª(©,2�2�. � ©�«
¬H. .(ª � 1 ��. 030�. 1>« ¬H.1, �{w ©-0 0"ª{« � 2 & � � , � & 2�28ª{« ©4¬H. & 0 © 0 *�«?ª9© �6¬ �@|*1D©�29ª��4~ ��E0G2G ~ �>36/?79� ~ �>A>= ~ [�� ~2° 14A�G  
E0�(3 �*�32�� C

�
���*� �I���*� ° �>�I�KJ ~

[1�p$,�xM�l�� ��Y� ��, ' � (k© � ª 
 2 &�
 ©�0N©*¬H. & 0 .10 w ª6¬¨ª*2 & 0Cª 0Lª & 1 � .tª+*,. © : ��ª{« & � .x¬})-, �{¬H28ª�� � � 0 .}¬¨ª , *,. !�ª�28ª 0 � ª
.tª6¬ w3& *"~ �d3@A��0�N;D79/?=@7 ° 14A�G2E0�(3 �D�H2x±5C

�
���*� �>�*�D� ° �D�K³�
 ~

W M ��M�OYM�$��P´c� � . ª�-�0 �{¬¨ª w 13030 *Nª*2 � & 0K¬H. 0Lª 0I¬¨ª4~ �d3@A�G?A�¼*/?7F=8��3V�®E0���078=F�K��E ° 14A�G2E0�(3*J
�B² � � � ² � ² °�>�Y�DH ~

W M ��M�OYM�$���´i� � .Äª�� w ª & 2�.Äª *Nª�2 � & 0K¬H.10"ª 0K¬Ä©�« � ª�2�� �{w . ª y 1$030Cª 0�~ � � ~ � ~ �d3@7 ~ � ~ ��58��>E0���03 ° 2x�0� ~
�*� �I���.JHC ° �D�IH`� ~

W M�OP�Y�.� Á 0 ' E w ) y 2�. *�.tª6¬ w3& *Q©-0 * � w ª9©,2 � ª{« & � .}¬})��6¬H2�1 � ¬H1[29ª�� . 0�¬ w ªz« & ( ª�2 . & �{¬	.(©-0I¬}«2ª y ª 0Lª9©*¬ w
¬ w ª � ª 0K¬H29©�«K��© � . � � © 0 * ' & 1D¬ w Ás¬}« ©-0I¬H. � � � ª8©-0 �4~ � ~ �d3@A��0�C;>7 ~ ��3@7 ~2° 14A�G2E0�(3����	�&2�� JHC

�
� �3��± �I�

� � �3� ± � ² � ° H�JIJIH ~
W M�OP�I�®�*�����¡�c�>[T�Db�MKÅ /�nIMK$���M�$ ~KÁ � ,"�¥��, ' � w ) y 2�. * .tª6¬ w3& *�©-0 * .}¬ �B© 
 
 « . � ©*¬H. & 0c¬ & . & *Nª{« .10[0
« & � ©�« . � ª+*��{¬H2�1 � ¬H1[28ª�� 0"ª9©,2�¬ w ª � & 28ª ,/.¡© 0K¬}«2ª y+& 130 *4©�2u)L~ � ~ �d3@A��0�N;D7 ~ �.3@7 ~2° 14A�G2E0�(3c���.J

�
�����*�D� �

�����D��� ° �D�K�I³ ~
W !��@+"MK!YMD#%_ � �Y�"´i�0�������i�om��`�Pl,+`!YM�$ ~��s)-0I©-. . � � & % « © y+& 29©*¬ & 2{) *,.}© 
 .�2�©-0 * 
 « 1$.tª . & *Cª{« �4~ � ~
�d3@A��0�C;>7 ~ �.3@7 ~2° 14A�G2E0�(3 �*�

�
����� ���>��� ° �>�,$0� ~

W �pMKÅ*#%OY_0+��sh\� � 0 ¬ w ª � ©�« . *,.}¬}) & % ¬ w ª 29©�) © 
 
 2 & � .1.(©*¬H. & 0 % & 2 .10I¬¨ª�2 
 29ª6¬H. 030 *Nª{«2©�)�¬H.1.tª��4~ � �
�Si� �VU%ÅCM3+ 2}3@�D/2:8A�5DC ° ' ª�. �). . � � & . & 0�2�© 
Iw ) (`.}¬ w Á 
 
 « . � ©*¬H. & 0 �T. 0 �B« &Ny ©*« ' ª�. �). & « & 0�)·©-0 *T- � ,


 « & 29©*¬H. & 0 �.ª &�
Kw ) ��. � �4° 2x�0� ~ ��� �>���HC ~ � ~ �.36/?�036G ° �dA�58�D583@=8�C: ° � ��3 �z36:9��3659Gq�����07 ° �D�K³,$ ~
W �pÅCÅ8�q#?/�eN� � � ° �Y�k��M&�%M�O`#"l���! ����� h\�BS�#%$`OYM�$IU ~cÁ Æ & 2�28ª{« ©4¬H. & 0 y ª6¬ ( ªFª 0 �o« ¬H2�©-, � & ( � ©��6©�«

��ª{« & � .}¬H. ª �V.10·¬ w ª µ ©-0K¬}«?ªV©-0 **E & ¬ ' 
 & ¬ �4~ �>=6/?36��=@3 ° 14A�G2E0�(3 ² �D� �
��± � � ��±N� ° �>�K�I³ ~

W �pÅCegU�OP� �Y�N�t� Á 
 & ����. y «?ª & 2�. 0,. 0 & % ¬ w ª�Es©-(k©�.�. ©-0 . �{« © 0 * �4~8K ��� ~ � ~f¹ �N;D79/?=@7 ° 14A�G2E0�(3P±��
�
���.J � ����� °

�>��
-� ~
W �pÅCegU�OP� �Y���t� - � . *Nª 0 � ª % 2 & . & � ª9© 0 . � . �u«2©-0 *�� ��1,0�0Cª��{¬H. 030�. &�� ª .tª 0K¬ .10 ¬ w ª�-�©,26¬ w ~�¹ �0/  
G?A*7 ~ � 5F����7 ~ � ~ �>AC= ~2° 14A�G2E0�(3��>365 ~ [ ² ��� �

�6± � �I���	� ° �>��
I� ~
W¤U�ÅN]DMY� � ��Y� �<2 & � 
 ª � ¬H.1030 % & 2 w3& ¬ � 
 & ¬+2 & & ¬ �4~ �z��:9E0583 2 �YA����0A���C ° 14A�G2E0�(3 J*���32 �	�����HC

�z² � ² � ² �AJ °�>�I�K³ ~
W¤U�ÅN]DMY� � � �Y� ° ¢g�,�®�`ad^F#�$`O"#%egU�O ° �o�L[ #%Oo�VMKrK#�$·�����Àm��YmLU�ÅNU /�U%O ~ ' ª�. �). . � �{¬H2�1 � ¬H1328ª & % ¬ w ª
v � ª{«2©-0 * .(©-0I¬}«2ª 
 « 1$.tªN~ �z��:9E0583 ° 14A�G2E0�(3 J����32 �	� ² �.C � ² ± � � ² ± � ° �>�K�,$ ~

���D�



W¤U�ÅN]DMY� � � �Y� ° ¢��0�t�Dad^u#%$`O"#%efU%O ° m�� � ��mLU%ÅCU?/�U�OT����� �Y� � �C[ #�OY��M�rI#%$ ~ � w 28ª8ª , *,.1.tª 0 ��. & 0I©�«
�@ª*. � . . � .1.(©�0�.1030 & % ¬ w ª v � ª{«2©-0 *,. �,w3& ¬ � 
 & ¬ � 28ª���1>« ¬ � % 2 & . ¬ w ª v ÆY- µ -���� ª ��
 ª�2�.1.tª 0I¬{~ �PA*7 °
� 5F����7u��=6:9/?A���7 ° [��(3659/?=���� �d3@A��0�C;>78/?=���G �.�0/?A�� ° �CE0�0�0G ~2° 14A�G2E0�(3 ���&2����.C

� ² � � ° �>�K��
 ~
W¤U�ÅN]DMY� � � �o� ° ¢����t��ad^F#�$`O"#%egU�O ° �Y� � �k[�#%OY��M�rI#%$ ������m�� � ��mLU%ÅCU?/�U�O ~ÀÁ ���@ª�����. 030À¬ w ª
*Nª 
 ¬ w 28ª�� & « 1D¬H. & 0 & % ¬ & . & 0,29© 
Kw . � . & *Nª{« � & % 1 
 
 ª�2 .(©-0I¬}«2ª �{¬H2�1 � ¬H1328ª y ª 0Lª8©*¬ w�v � ª{«2©-0 *"~ �d3@A� 
�0�N;D7 ~ ��3@7 ~ �Y36:9: ~2° 14A�G2E0�(3 ² �32�� C �

� �N± ° H�JIJIH ~
��!"#`U �K�c��' ª*. � . . � �{¬H2�1 � ¬H1328ª®©-0 * & 2�.�0,. 0 & %�w3& ¬ � 
 & ¬ ��©-0 * .(©-0K¬}«?ª 
 « 13.tª��4~ �k��59:9� ¹ Gq����36: ~ �>=6/ ~ �Y36:9: ~2°
14A�G2E0�(3t��� ² 2 JHC � ² �D� � ² ��� ° H�JIJ`� ~

��!"#`U �t�®� ° �t��bc� ��U�$`_K#�O ����� � �sbQ� � !"#%��/®#%O ~ � w 29ª8ª', *,. .tª 0 ��. & 0I©*«�-/2A7 �{w ª6¬ *�. !�ª�28ª 0K¬H. ©�«
¦�ª�2 0Lª{« � % & 2 �@ª*. � . . � *Nª{«2©�)Q¬H. .tª��4~ �d3@A��0�N;D7 ~ � ~K� �C: ~2° 14A�G2E0�(3(�6±��

�
����� � �	� � ° H�JKJIJ ~

��!YU�lP�'(�� ° jd�%´i���d#%!YÅCM�OZ������ST� �VU�ÅNM3+ ~Q� w 28ª8ª , *,. .(ª'0 ��. & 0I©�« �@ª'0 ��.}¬H. � .x¬})¡¦*ª�2)0"ª{« � %'& 2 ��1[2 % © � ª
(k© � ª &Cy �@ª�2 � © y «2ª��4~ �d3@A��0�N;D79/?=���G �NA�E059�K��G � �N:83659�K��:9/?A��K��G ° 14A�G2E0�(3Q�����32�� C

�
�6± ² �I����� ° HKJKJ�
 ~

��� ²



� ��� � ��� ����� �	��
 � �� 


� 365959� ¹ 58A�� ~4� ¼436GI����� �43�/?=8� ° ����787P365k3@7P�¡/25k3659� ��¼*G2/?=8�C:��K��: ° �K��=8� �À¿0��=F��36� �@E �4A��¡�(36�(E0���Q�D/?3@783
[�59�L36/2:s�DE058=F� �@ED�x¿0�05836� ~ �>36/2��3t����79:83@=��436���03 �B36¼436/?79:83659E0�0¼ ° 7F36/2��3¡�D;C�K���¡/?78=F��3 � 365F���0¼436��36��79» 36/?7F3
E0��� �D/?3�E0�0¼43 �@»�E0�0¼436��3B[B:9�(A*79�0�K¾�583�/2�¶7836/2��365 [�59�L36/2:878¼*59E0�0�L3·�K���"36�¶���f�x¿05À¼43@78A�59¼*: ° ����787T78A
�t����=8��3@7 ��A�:9/21���:9/?A���78G?AC=F� ° ����787�79/?=8���"36/2� ¹ 58A�¼*5F���¡�¡/?365836� �@»����0¼478Gq¾�E���¼i36/2��78:836G2G2: ° ¿0�"3659»�E0���036�
»�E058�03 ~ �z/?3À14A�� /2�0�¸¼43@78=8�K���`36��36� � ��¼*G2/?=F� �436/2:836� �@E0� �B3@79E�=F� /2�C:83659�K��:9/?A��K��G?365��.A��D� 365836� ��36� °
��G?7���E�=8�·14A��·/2�0��/2� ���@;43659��A�59¼N���0/?79/?3659:836� � ��¼*E0�0¼436� 78A�59¼*:836��5836¼436G2�t¾��*/2¼i�x¿05d�036� �.A��N:F� �>:d�¡/2:
�����0365836� �¥/?787836��78=F�K�f�x:9G?3659� ~

� 36595 ¹ 58A�� ~ ��E0�0¼43d�K��:B�¡/25�» 3659:914A�G2G?3 ��/2�N�0G2/?= �43�/2���D/?3 �d3@AC�D;>�K���¡/ �t¼436¼436�"36� ~ ���f�}¿05 ° E0���c�}¿05
����7��}5836E0���DG2/?=8��3 � �N:836583@78783c��� �(36/2��3658[�59�"36/2:������ �43(/?=F� /2�0� ~ ����59¿0�L365\�0/2�K��E�7\�K��:V365���G?7 � ��79:9/  
:9E0:879G?36/2:8365�/2�¡�(365s»�/?3@�0365V�����036583¡��A>=8�05F���0¼*/2¼43 � A�5878=F��365\/2� E0��7F365 �z36�K��59:9�(36�C:�¼436�05F��=F�N: ° »B��7 �@E
36/2��36�����05836¼436���036�5[.59�"36/2:879E0��� 36G?�T�L36/2:959E0¼ ~

�>A �4A��0�C:83�/?=8�,�DE058=8�,�D/?3 �g���0G25836/?=F��36������¼*G2/?=8� �436/2:836� ° �D/?3d�¡/25®¼436�"A�:836��»�E058�036� ° /2� �z/?7 �>E�7879/?A� 
��36�¡�¡/2: �N��7FA�� �,A�59¼N��� ° �D��7 �C/q� ��AC3@7 ° �zE0E�79: �zA�G?36: ° �s��59/2� �C/2¼*G?A>=8� ° �NA4��=8�0/2� �./2:9:8365�E0��� � 583@�03659/ �
� /2G2G2�t���0�À�(36/2��36��� ��=F�0G2/?=8��36� � A�59/���A��N:z3659» 36/2:83659� ~

	z/?36G?36� ����� �(���Q�D/?3�¼43@7F����:83 [�59�L36/2:878¼*59E0�0�L3 �>36/?78�(A�G?A�¼*/?3®E0���Q��E�=F�c���Q�����036583 �À/2:9¼*G2/?3@�0365��03@7
� ��79:9/2:9E0:87B�}¿05®�D/?3s78=8������3 �L36/2:®E0�����D/?3 � /2G �}3 ° �D/?3d/?=F��/2�¡�(365.»�/?3@�0365�365��xE0�05 ~

�·�f½ �C:95F��7F78365 ° �03@787F36� �z/2�0G?A��t��59�L36/2:\36/2��3 	PA�5879:9E��D/?3 �@E �D/?3@783658[.59�"36/2:s����5879:836G2G2: ° � �C=F�N:83(/?=F�
�}¿05(�D/?3��.�"3659Gq��7879E0�0¼��03@7 ����59:83@78/?78=8��36� J �.  K A>�03@7(78Ag»�/?3T�}¿05(�D/?3����N:8365879:9¿0: �@E0�0¼ �@E �B36¼*/2�0� �0365
[�59�L36/2:���365 �@G2/?=F�,����� �436� ~

�CE �g��� ���¡/258A�¼*G2Ec�K��:�36/2�0/2¼43@7���� �@EQ�"36/2¼436:95F��¼436� ° ����787k3@7 �¡/?=8�c�K��=8� �,¿0��=8��36�c14365878=8�0Gq��¼436�c�K��:
E0���T�K��: �4A��C:9/2�NE0/?3659G2/?=8� ���f�}¿05�¼43@78A�59¼*: ° ����7F7�/?=8�À�D/?3@7F36� �>=8�059/2:9:��0/?=8�N:��L365836E0:��K���"3 ~

� ��5F_�3 �./?787F36�D ��,36;4365�E0�����zE0�0�K��5 �N���0� �43t»B��5836��/2��78�L3@78A����036583t/2���0365\365878:836� �L36/2:\�0/?365V36/2��3
» 3659:914A�G2G?3 � /2G � 3 ° 14A�5���G2G?36�X�"36/o��G2G?36���CE0�(3659/?78=8��36� � ��36�(36��E0�����036�X�C;C�059/?�036� K AC�03 ~

[�E�=8� �À/?=F�K��36G��P»���G?� ° �z/2G2�"3659: ��59/?36: � �43QE0��� ¹ 36:8365 ������3@=@3�� »B��5836��¼43@�DE0G?�D/2¼43QE0��� �4A��¡�"3{ 
:836�N:83S[���79�0583@=8�0�K��59:9��365 ° »�36�0�T3@7 E0� K A��¡�0E0:83659�058A��0G?36�(3\��G2G?365][.59: ° ��E0�(3659/ � ° ���"365B��E�=F�QE0� �D/?3
��A�:¨»�36���D/2¼436� ¹ ��E�7836�,¼*/2�0¼ ~

��36/2��36� �I/2�¡�(365�  �.A�G2G?36¼436� �¥/2»�/2:�E0��� � A��0/P�0/2��/?=F���x¿05��D/?3(���0¼436��36�0�(3tE0��� ���05836¼436���03<[B:� 
�(A*79�0�K¾�583t/2� E0��78365836� � ¿058A,����� �C�K��5 ° � A��0/��K��:\�¡/25�����59¿0�L365��0/2�K��E�7\�¡/2:�1C/?36G ��3@�DE0G?� �"36/ �@» �
E0����¼*��:.¼436��A�G � 36� ~ [.E�=F� K �059/?79:8A��0� ��AC�0365®�K��G �P�¡/2:��0365 ��5879:836G2G2E0�0¼ �g���0G25836/?=8��365��>G?36/2��365 � �>59/2�0:87
�}¿05®�D/?3 � �*79E0�0¼(14A��À¼*58A��436�K[.ED�}¼N���"36� ° 1C/?36G?36� ����� �i���f�x¿05 ~

�IE¡¼*E0:8365��Y36: �@:��K��: �B3659�K��58���>=F�NE0�"3659:9�t1>/?36G �@E(�D/?3@7F365 [�59�"36/2:��L36/2¼436:95F��¼436� ~ �>36/2��3 	PA�5F��59�"36/2:836�
�@E05 �C�"3��>:95F��G?36� ��G?36�(36�C:83 �,36:9��A>�03®E0���Q�D/?3 ��/2�D�}¿0�059E0�0¼ ° �D/?3.365k�¡/25 ¼N��� ° 365����L��36:83�36/2��3®/2�N:836��78/2143
�IE�7F���¡�(36�K��59�"36/2:�/2� ��365836/?=F�À¼*G?A��K��G?3��>36/?79�(A�G?A�¼*/?3 ~ ��/?3s1C/?36G?36� ��/?7��CE�7878/?A���36�TE0��783658365 ��59¼436�0�0/?7F783
»���5836� E0�N14365 �@/?=8�C:9�K��5V�x¿05s����7 	P365878:F¾����D�0/?7\�0365s�"3@A��K��=8�C:836:836� ���`3��C:83 ~ 	�/?36G?36� ����� � ° �B3659�0�K��58� °
����787®3@7.��� �@E,��E�=8����A>=8� �C�K���(¼436�t��=8�C:��K��: ~

���.J



�z/2�¡/2:959/2/ �.A��t��:9/?7F=8���058A�1>/?�03@�·E�7d»�/2:9�·:9��3QmL��M�r"jBM�/��0�X=@A>�03¡�������D/?����A�:d¼436:d:9/2583@�·A������D 
79»�3659/2�0¼t36�t��/2G?7��}58A�� �B3659�0�K��58�À�����T�(3 ~

	z/?36G?36� ����� �����À�D/?3d�}5836/2»�/2G2G2/2¼436�·��G?7z��E�=8���D/?3 � ��E0�0:F����:9G2/?=8��36� �C;D79:836�t���D�¡/2�0/?79:95F��:8A�5836� ° � ~ � ~
�(36�05\A>�0365�» 36�0/2¼4365\�D/?3(¼43@7F���\:83��>36/?78�(A�G?A�¼*/?3{  �z59E0�0�L3Q�0365d�x59¿0��36� � ��¼43 ° 7FA�»�/?3 �zE0�0�K��5 �C���0� �43 °
�.A��t��� �Y3@A��0�K��58� °*K A��05F��� �d36�K��5958AºE0���£G?36: �@:836���DG2/?=8� �436��7��z78365 ° �03@787836� [z7878A �@/q��:9/?A���36�¤�¡/2:
�
� 3659/2�0¼N� !.143659��E0:9G2/?=8�i36��365k�D/?3®36/2��3@7��058A��0G?36�t��:9/?78=F��36� K A��¡�0E0:836587 ��G?7k�D/?3�36/2��3@7 78=8������36� �����03@783@3@7
79/2��� ~ [�E�=8���036� �Y� ��7F36/��x¿05s�D/?3 �.�C:8365879:9¿0: �@E0�0¼ÀE0��� ����7 �@E05 	P365��x¿0¼*E0�0¼,79:836G2G?36� �0365\365�� A�58�0365� 
G2/?=8��36� �CE0�L365 K A��¡�0E0:8365�¼43@����� �C: ~

��59/ �*� 	�;43s�K��: � 36/2G?3��03@7 �·���NE�7 �>59/2�0:87®/2� � /2�C�0G2/?=��À��ED��79�05F��=8�0G2/?=F��3Z[z79�"3��C:83 ��A�59583��C:9E05�¼436G?3{ 
7836� ~ ����59¿0�L3659�0/2�K��E�7\�0/2��/?=8� /2�05d�}¿05s�D/?3 ��59¼N���0/?79/q��:9/?A�� �0365s365878:836�

�
¹ � � K A��D�}365836��=@3)!t����� �>�K��5 °

» Ac/?=F�,E0�C:8365\�����0365836����/?=@A�G?3 �436E0:9:8365��436�0��36�0G?3659�N:83 ° �D/?3V/2���t����=8��365 �s���"3@36�K��E�7F3V���f�}¿05d78A�59¼*:83 °
����787�/?=F���0/?=8�C:.�CE05®/2�À36/2¼436��36� �D�f�}:.�0365��NE0�(3659/?7F=8��36� �>36/?79�(A�G?A�¼*/?3\78=F�0�(A�59:83 ~
�d365 �dA �>:8A�5F����� ° /2��79�"3@78A����036583��¡/2: � ���¡/2G2/?3 ° G?36�0:c�0/?=8�C:Q14A��¥�0365 ��36��7F� ��G2G?36/2� ~¶� =8�¥����� �43

� 36/2��365 � ¼436G"¼N��� ����365 �@G2/?=8���x¿05�����7 �>583���:9/2143 �C/?=8��365879:836G2G?36�À�0365 � /2�K��� �@/?3659E0�0¼(�(36/2��3@7 ¹ 58A _�3��>:87BE0���
�(36/2��365P�.36/?7F36���DE058=F�t�D/?3 � � ��  ¹ 58A _93��C:83 � ¼���� � ±� F� °N� ¼���� � ²   ² °4� ¼���� � ±�  ² ° ����7	��� � ¹k� K � ¹ 58A _�3��>: °
E0���(�D/?3 ¹ 58A _�3��>:83 K � � � � � �ºE0����� � � � � 	�[ � ¹�~ [�E�=8�c�0365 �d36E0:878=8��36� � A�5878=8�CE0�0¼479¼436�(36/2��78=F�K�f�x:
E0�����036�,�����0365836���À/2:9:836G2¼436�"3659�,���À�D/?3@78365 �C:836G2G?3s36/2�T��365 �@G2/?=8��365 ����� � ~

� A�5c:9��3���A*78�0/2:F��G2/2:¨; ����� �xE0�¥�DE059/2�0¼���;�583@783���=8�R79:F��;�/2� � 36�¡�"3 � [�59/���A��K� � »�A�E0G?� G2/ �43,:8A:9�K��� �<[��\; � ��/?=����>=8�0�(36595 ° �>3���� � A�58�Q����� � 36583@7F� �YE�787F��=�� ° �P� ����59��3658A � ¹ ���(36Gq� �z36E0:9�K��58� °
[��0/2¼N��/2G ��E0G2G ° ����� ���@»���� �,/ �43 � ��A�59��3 ~ � A�5.:9��3�78=6/?36�N:9/ �K=�3{½D=F�K���0¼43�»�/2:9�,�����i:9��3�/2�0�0E0:��}58A��
:9��3\36�C:9/2583s¼*58A�E0����: [�� � � ����143659;c¼*5F��:83{�}E0G ° 3@79�L3@=6/q��G2G2;i:8A��>36�K��78:9/q������A*79:®»���A¡/2�C:958AC�DE�=@3@���(3
:8A��>36/?79�¡/?= � �����DG?365z�����i� �C <���K��G2;>79/?7 ~

��/?=8�C: �@E0G?36: �@:�143658����� �43d/?=8�T�036���®¿�=��>�K��G2:�/2�c�(36/2��365 � ���¡/2G2/?3dE0���i�0365836� ���N:8365878:9¿0: �@E0�0¼t7836�05
1>/?36G ~ ��36/2��3 � 5F��E��.A*7836�t��59/?3V�¡/2:z/2�058365 �d3@�DE0G?��E0��� � ���0�K�QE0�����·��59:9/2� ° �D/?3V/2�¡�(365d»�/?3@�0365��}¿05
[��0G?36� �CE0�0¼T78A�59¼*:836� ° »�36�0��/?=8�·/2� �.A��D����AC=F��[.59�"36/2:��¡/2:d�K��=F� � ��E�783V¼436��A��¡�(36���K��:9:83 ° �K���"36�
�¡/25�/2�¡�(365%»�/?3@�0365��036� � 5836/25F��E0� ° ���L365���E�=8�¡�036��[.E�79¼*G?36/?=F� �@E�36/2��365 �4A�� �I��79:9/2¼436�.[.59�"36/2:o¼436¼436�"36� ~

����±



� � � � ��
���� ���

J 
������
	�����������T�D�%$�H �d36�"A�5836�T/2� �·��59�0E059¼t��G?7 �d/2���T�0365 ����36G?36E0:83 �·��59/q�VE0��� �zE�79:F��1 � 5836�¡G ~
��������� �T�D�%$0����/2��78=F�NE0G2E0�0¼c/2���D/?3 �z59E0���078=F�NE0G?3 ����59�0E059¼�  � 36�05879�K��E�7F36� ~
��������� �T�D�K³������L3659:959/2:9:�/2�À����7 �z;C�¡�K��78/2E0� ����59:9/2�D  �YE0:9��365 �>=8�CE0G?3s/2� �·��59�0E059¼ ~
����� �D�K�LH ��59»�3659�,�0365 ��G2G2¼436�(36/2��36� � AC=F��78=8�CE0G25836/ �}3 ~
��������� �T�D�K�LH!��ED�x�K���0�(3�36/2��365 �B3659ED� 7F��E�79�0/2G?�DE0�0¼ �@E0� �����D/?A�  � 3659��7F36�N:83@=8�0�0/ �4365d/2� �·��59�0E059¼ ~
"#��$ � � �À�>�I�I� �P59Gq���0¼*E0�0¼Q�03@7 �d3@7F36G2G?36�N�059/?3{� 3@7 2 � �0�NE0�0¼479�"3@79:8365DC ~
� 	%� �'& �D�K�I�(�.ED�}�K���0�(3s�03@7 ��3@A��0�N;D79/ �>78:9E��D/2E0�(7����À�0365 ���0/214365879/2:F¾�: �s��59G?7959E0��3 2 � � C ~
�#��	%���
������,�>�I�%$ �P59» 3659�·�03@7 	PA�58�D/2�0G?A��(7 ~
" � &'� H�JKJIJ�	P3659G?36/2�NE0�0¼À�03@7 �z/2�0G?A��(7�/2� �d3@A��0�C;>78/ � 2

�
�¡/2:)��E�7 ��36/?=8�0�CE0�0¼��L3@78:F�����036�3! C ~ � /2:836G��0365

�z/2�0G?A��t��59�L36/2:
� �
�C:F��5 �C�"36�L36��78;C�C:9��3@783��¡/2: ���¡�0/259/?78=F��36� �z583@36��78=F��36� � E0� �>:9/?A���36�,��� �B36/?79�0/?36G`�0365

K ��78=����D/q���CE0�"�DE �>:9/?A���7 ��A���3)! ~
��������� �®H�JIJKJ+* " � &,� H�JKJY�-����79:836G2G2E0�0¼���G?7`»�/?7F7836��78=8�K�f�}:9G2/?=8��365 �À/2:F��59�"36/2:8365%��� �>A����0365�� A�5878=F�NE0�0¼47� 
�"365836/?=8��± �>�

�
�C:F��5 �>�"36�L36�3! ° ���0/214365879/2:F¾�: �s��59G?7859E0��3 ~

��������� �£HKJKJ`��*.���
	�����/�0���¤HKJKJI�1����79:836G2G2E0�0¼¥��G?7,»�/?787836��7F=8�K�f�}:9G2/?=8��365 �À/2:F��59�"36/2:8365���� �0365
�`E��D»�/2¼� ��·�f½>/2�¡/2G2/q����7 ���0/214365879/2:F¾�:"�,¿0��=8��36�\¿0�"365Y36/2��3��z59/2:9:9�¡/2:9:836G?79:836G2G?3 �0365 �d36E0:878=8��36� � A�5878=8�CE0�0¼47� 
¼436�(36/2��78=F�K�f�x:*2 � � � C ~ � ��36�t�

� �
�z/?3s7836/?78�¡/?78=8��3 �C/2¼*�K��:9E05.14A�� ¹ G2E0�(3@7 ! ~

� � � �32#���4� � � ��H�JKJ�
��.3{� 365836�N:¡/2�5��ED�}¼N���L36�0¼436�0/?36:(�./?79/ �4A��t���K��¼436�(36�N:t�x¿05 �d��:9E059¼43{� ���05836�º�"36/
�0365 ��G2G2/q��� �+� � ° �,¿0��=8��36� ~


