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ir2Miv@bBt KmMB+BT�HBiB2b BM � ?B;? �K#B2Mi lo +HBK�i2-
Zm22MbH�M/ @ �mbi`�HB�

�#bi`�+i

ai�M/�`/Bb2/ �bb2bbK2Mib +QKT�`BM; i?2 bm`p2v2/ b?�/2 [m�HBiv +?�`�+i2`BbiB+b

Q7 ir2Miv@QM2 i`22b +m``2MiHv 2bi�#HBb?2/ �M/ ;`QrBM; BM Tm#HB+ T�`Fb �M/ TH�v@

;`QmM/b BM Zm22MbH�M/- �mbi`�HB� �`2 T`2b2Mi2/ 7Q` BM7Q`KBM; HQ+�H ;Qp2`MK2Mi-

b?�/2 /2bB;M2`b �M/ KmMB+BT�H TH�MM2`bX �bb2bbK2Mib 7Q+mb QM i?2 mHi`�pBQH2i

T`Qi2+iBQM Q7 BM/BpB/m�H i`22 +�MQTB2b r?B+? �`2 `2TQ`i2/ BM i2`Kb Q7 i?2 a?�/2

S`Qi2+iBQM AM/2t UaSAV �M/ lHi`�pBQH2i S`Qi2+iBQM 6�+iQ` UlS6V �bb2bb2/ �i }M2

i2KTQ`�H `2bQHmiBQM �M/ �p2`�;2/ Qp2` � 7mHH +�H2M/�` v2�`X h?2 lS6 �M/ aSA

�`2 mb2/ iQ /2i2`KBM2 i`22 bT2+B2b #2bi bmBi2/ 7Q` QTiBK�H b?�/2 rBi? `2bT2+i

iQ ir2Miv@bBt `2;BQM�H +BiB2b bT�MMBM; 17◦ BM H�iBim/2X h?Bb �bb2bbK2Mi BM+Hm/2/

�HH HQ+�H +Q�bi�H /Bbi`B+ib 7`QK "�K�;� U−10.89◦ a- 142.39◦ 1V iQ aQmi?TQ`i

U−27.97◦ a- 153.42◦ 1V b?QrBM; � ;2M2`�H UbT2+B2b /2T2M/2MiV /2+HBM2 BM mH@

i`�pBQH2i T`Qi2+iBQM rBi? BM+`2�bBM; bQmi?2`Hv H�iBim/2X am`p2v i`22 bT2+B2b �`2

`�MF2/ �M/ HBbi2/ BM Q`/2` Q7 #2bi mHi`�pBQH2i T`Qi2+iBQM 7Q` `2bT2+iBp2 HQ+�HB@

iB2b 2M�#HBM; i?2 [m�HBiv Q7 T`Qi2+iBQM T`QpB/2/ #v HBpBM; i`22 +�MQTB2b iQ #2

+QKT�`2/ �+`Qbb � `�M;2 Q7 2MpB`QMK2MibX

E2vrQ`/b, lS6- aSA- lHi`�pBQH2i- h`22- ai�M/�`/b- a?�/2

kyRy Ja*, yy@yR- NN@yy

S`2T`BMi bm#KBii2/ iQ �TTHB2/ :2Q;`�T?v J�v ky- kyRN



RX AMi`Q/m+iBQMR

aQH�` �K#B2Mi mHi`�pBQH2i UloV `�/B�iBQM +QMi`B#mi2b iQ HB72iBK2 T2`bQM�H 2t@k

TQbm`2b i?�i �`2 r2HH +Q``2H�i2/ rBi? 2H2p�i2/ BM+B/2M+2 Q7 bFBM +�M+2` U_B;2H-j

kyy3c Gm+�b �M/ SQMbQM#v- kyykV �M/ 2v2 /Bb2�b2 UGm+�b 2i �HX- kyyjc :�HH�;?2`9

�M/ G22- kyyeVX AM �mbi`�HB�- i?Bb �HbQ BM+Hm/2b BM+`2�b2/ BM+B/2M+2 `�i2b Q78

+�i�`�+i U>QHHQrb �M/ JQ`�M- RN3RV �M/ Ti2`v;BmK UJQ`�M �M/ >QHHQrb- RN39Ve

rBi? /2+`2�bBM; H�iBim/2 BM BM/B;2MQmb TQTmH�iBQMbX �b � +QMb2[m2M+2- Zm22Mb@d

H�M/- i?2 KQbi MQ`i?2`Hv �M/ i?2 i?B`/ KQbi TQTmHQmb bi�i2 BM �mbi`�HB� 2tT2`B@3

2M+2b i?2 ?B;?2bi F2`�iBMQ+vi2 +�M+2` BM+B/2M+2 M�iBQM�HHv US2`2`� 2i �HX- kyR8cN

�mbi`�HB�M AMbiBimi2 Q7 >2�Hi? �M/ q2H7�`2 U�A>qV- kyReVX Zm22MbH�M/ �HbQ 2t@Ry

T2`B2M+2b �M �MMm�H K2H�MQK� BM+B/2M+2 `�i2 BM 2t+2bb Q7 ed +�b2b T2` Ryy yyy-RR

�HKQbi irB+2 i?2 rQ`H/Ƕb ?B;?2bi M�iBQM�H BM+B/2M+2 Q7 je +�b2b T2` Ryy yyy `2@Rk

TQ`i2/ BM L2r w2�H�M/ U�mbi`�HB�M AMbiBimi2 Q7 >2�Hi? �M/ q2H7�`2 U�A>qV-Rj

kyReVXR9

h?2 ;`2�i2bi `2/m+iBQM BM i?2 `BbF Q7 lo@`2H�i2/ bFBM �M/ 2v2 /Bb2�b2 +�MR8

#2 �+?B2p2/ #v �pQB/BM; 2tTQbm`2 /m`BM; T2�F lo T2`BQ/b- �M/ r2�`BM; bmM@Re

T`Qi2+iBp2 ?�ib- +HQi?BM; �M/ bmM;H�bb2b r?B+? K22i i?2 `2[mB`2/ bi�M/�`/b-Rd

�b r2HH �b T`QT2`Hv �TTHvBM; ?B;? aS6 bmMb+`22M �M/ b22FBM; 2z2+iBp2 b?�/2R3

UGm+�b �M/ SQMbQM#v- kyykVX amM 2tTQbm`2 �pQB/�M+2- T`�+iB+2/ #v bi�vBM; QmiRN

Q7 /B`2+i bmMHB;?i +�M #2 �+?B2p2/ #v K�FBM; mb2 Q7 T?vbB+�H #�``B2`b- BM+Hm/BM;ky

Tm`TQb2 #mBHi b?�/2 bi`m+im`2b US�`BbB �M/ hm`M#mHH- kyR9c S�`BbB 2i �HX- kyRNVkR

�M/ [m�HBiv i`22 b?�/2 US�`BbB 2i �HX- kyyRc >2BbH2` 2i �HX- kyyjc :B2b 2i �HX-kk

kyydVX 6Q` Zm22MbH�M/- �M/ Qi?2` ?B;? �K#B2Mi lo +HBK�i2b- QTiBK�H b?�/2kj

/2bB;M Q7 Tm#HB+ bT�+2b ?�b i?2 TQi2MiB�H iQ T`QKQi2 #2ii2` ?2�Hi? Qmi+QK2b 7Q`k9

TQTmH�iBQMb �i `BbF Q7 /Bb2�b2 /m2 iQ 2MpB`QMK2Mi�H 2tTQbm`2 UoBHH�Mm2p� 2i �HX-k8

kyR8VXke

Zm22MbH�M/- �mbi`�HB� Q++mTB2b � bB;MB}+�Mi H�M/ �`2� 2ti2M/BM; 7`QK *�T2kd
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uQ`F S2MBMbmH� �i 11◦a H�iBim/2 iQ i?2 /2Mb2Hv TQTmH�i2/ aQmi?@1�bi2`M +Q`M2`k3

Q7 i?2 bi�i2 �i 28◦a H�iBim/2X J2�bm`2b Q7 b?�/2 [m�HBiv r?B+? �z2+i i?2 bFBMkN

�M/ 2v2 ?2�Hi? Q7 /Bz2`2Mi TQTmH�iBQM ;`QmTb 2ti2M/BM; �+`Qbb bm+? � bB;MB}+�Mijy

H�iBim/2 `�M;2 `2bmHi BM +H2�` K2�bm`�#H2 /Bz2`2M+2b BM �MMm�H b?�/2 T�ii2`MbjR

�M/ bQH�` mHi`�pBQH2i BMi2MbBiv #�b2/ bQH2Hv mTQM HQ+�iBQMX h?Bb `2b2�`+? Bb i?2jk

}`bi iQ T`QpB/2 bQmM/ �M/ T`�+iB+�H �/pB+2 iQ 2�+? Q7 ir2Miv@bBt HQ+�H KmMB+@jj

BT�HBiB2b �HQM; i?2 2�bi2`M +Q�bi Q7 i?2 bi�i2- #�b2/ mTQM � bBKTH2- b+B2MiB}+j9

�M/ `2T`Q/m+B#H2 K2i?Q/ 7Q` �bb2bbBM; i?2 bQH�` mHi`�pBQH2i T`Qi2+iBQM T`QpB/2/j8

#v BM/BpB/m�H i`22 +�MQTB2bX h?2 Qmi+QK2b �`2 `2TQ`i2/ BM i?2 +QMi2ti Q7 �Mje

QM;QBM; bi�i2@rB/2 i`22 b?�/2 +�MQTv bm`p2vX _2bmHib 7Q` i?2 }`bi ir2Miv@QM2jd

i`22b Q7 i?Bb bm`p2v �`2 T`2b2Mi2/j3

kX J2i?Q/bjN

kXRX aQH�` lo `�/B�iBQM KQ/2H9y

� KQ/2H r�b mb2/ iQ `2THB+�i2 i?2 2tT2+i2/ bQH�` lo B``�/B�M+2 �p�BH�#H2 �i9R

i?2 1�`i?Ƕb bm`7�+2 mM/2` +HQm/ 7`22 +QM/BiBQMb 7Q` ke /Bz2`2Mi bBi2b iQ 7�+BHB@9k

i�i2 +�H+mH�iBQM Q7 � +QKT�`�#H2 i`22 b?�/2 �bb2bbK2Mi K2i`B+ #�b2/ 2t+HmbBp2Hv9j

mTQM i?2 BM~m2M+2 Q7 kR /Bz2`2Mi i`22 +�MQTB2b rBi? ;2Q;`�T?B+ H�iBim/2 U6B;@99

m`2 RVX h?2 bm`7�+2 bQH�` lo B``�/B�M+2 r�b KQ/2HH2/ �i i?2 iQT Q7 2�+? i`2298

+�MQTv UT`2@�#bQ`TiBQMV �M/ mM/2`M2�i? 2�+? +�MQTv QM i?2B` MQ`i?2`M 7�+BM;9e

bB/2 UTQbi@�#bQ`TiBQMVX JQ/2H +�H+mH�iBQMb Q7 i?2 lo bm`7�+2 B``�/B�M+2 7Q` bm`@9d

p2v i`22b r2`2 K�/2 BM }p2 KBMmi2 BMi2`p�Hb 7Q` i?2 7mHH kyR3 +�H2M/�` v2�`93

�M/ `2T2�i2/ �i 2�+? `2;BQM�H +Biv bBi2 7`QK "�K�;� U*�T2 uQ`F S2MBMbmH�V9N

iQ aQmi?TQ`i UaQmi?2`M Zm22MbH�M/ #Q`/2`V Uh�#H2 RVX h?2 �K#B2Mi bQH�` lo8y

B``�/B�M+2 r�b /2`Bp2/ 7Q` 2�+? }p2 KBMmi2 BMi2`p�H Q7 i?2 v2�` �++Q`/BM; iQ i?28R

/B`2+i �M/ /Bzmb2 +QKTQM2Mi KQ/2Hb Q7 :`22M 2i �HX URNd9- RN3yVc a+?BTTMB+F8k

�M/ :`22M URN3kV �M/ _mM/2H URN3eVX8j

j



h?2 �p�BH�#H2 bQH�` lo mM/2` 2�+? `2bT2+iBp2 i`22 +�MQTv r�b 2tT`2bb2/89

`2H�iBp2 iQ i?2 �p�BH�#H2 �K#B2MiX h?2 `2H�iBp2 lo B``�/B�M+2 mM/2` � i`22 +�MQTv88

2tT`2bb2/ rBi? `2bT2+i iQ i?2 �p�BH�#H2 �K#B2Mi r�b /2}M2/ �b � S`Qi2+iBQM8e

6�+iQ` US6V- r?2`2,8d

PF =
UVambient

UVsurface
. URV

UVambient �M/ UVsurface `2T`2b2Mi i?2 KQ/2HH2/ �K#B2Mi lo B``�/B�M+2 #2@83

7Q`2 �M/ �7i2` T�bbBM; i?`Qm;? � i`22 +�MQTv `2bT2+iBp2HvX UVsurface r�b /2`Bp2/8N

?2`2 �++Q`/BM; iQ i?2 �TT`QtBK�iBQM Q7 :`�Mi 2i �HX UkyykV,ey

UVsurface = (Idir × Po) + (Idiff × Fs) , UkV

r?2`2 Idir �M/ Idiff �`2 i?2 `2bT2+iBp2 /B`2+i �M/ /Bzmb2 bQH�` lo B``�/B�M+2eR

+QKTQM2Mib BM+B/2Mi mTQM i?2 iQT Q7 � i`22 +�MQTv i?�i �`2 2�+? �z2+i2/ #v i?2ek

T`Q#�#BHBiv i?�i /B`2+i bQH�` `�/B�iBQM rBHH T�bb i?`Qm;? i?2 +�MQTv- Poc �M/ i?2ej

`2K�BMBM; bFv 7`�+iBQM mM/2` i?2 +�MQTv pBbB#H2 7`QK i?2 i`22 Q#b2`p�iBQM TQBMi-e9

FsX Fs r�b +�H+mH�i2/ �b i?2 T`QTQ`iBQM Q7 i?2 �p�BH�#H2 bFv TBt2Hb BM `2bT2+iBp2e8

pB/2Q 7`�K2b K�/2 Q7 2�+? i`22 +�MQTv �M/ `2+Q`/2/ Qp2` � R9y◦ }2H/ Q7 pB2ree

U6PoV- �bbmKBM; i?2 `2K�BMBM; 6Po iQr�`/ i?2 ?Q`BxQM Bb mMQ#bi`m+i2/X Po-ed

?Qr2p2` Bb /2T2M/2Mi QM i?2 bQH�` TQbBiBQM rBi? `2bT2+i iQ i?2 KQpBM; i`22e3

+�MQTv �M/ /Bm`M�H T�i? Q7 i?2 bmM- #2BM; R B7 i?2 bmM BM mMQ#bi`m+i2/ �M/ yeN

B7 #HQ+F2/ #v �M Qp2`?2�/ H2�7 Q` #`�M+?X h?2 TQbBiBQM Q7 i?2 bQH�` /Bb+ rBi?dy

`2bT2+i iQ 2�+? i`22 +�MQTv r�b THQii2/ QMiQ pB/2Q 7`�K2b Q7 i?2 `2bT2+iBp2dR

bm`p2v2/ i`22b �M/ +v+H2/ 7Q` 2p2`v }p2@KBMmi2 HQM; B``�/B�M+2 BMi2`p�H BM i?2dk

kyR3 +�H2M/�` v2�`X aQH�` �xBKmi? �M/ �HiBim/2- r?B+? �z2+ib i?2 KQ/2HH2/ lodj

B``�/B�M+2- r�b /2`Bp2/ 7Q` 2�+? Q7 i?2b2 }p2@KBMmi2 BMi2`p�Hb �++Q`/BM; iQ bBi2d9

H�iBim/2 �M/ iBK2 Q7 /�v 7Q` i?2 ke Zm22MbH�M/ KmMB+BT�HBiB2b BM+Hm/2/ BM i?Bbd8
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bim/v UJB+?�HbFv- RN33VXde

ai�M/�`/ +�MQTv �bb2bbK2Mi T`Q+2/m`2b r2`2 �/QTi2/ iQ /2`Bp2 �MMm�H i`22dd

S`Qi2+iBQM 7�+iQ`b US6V r?B+? �`2 2tT`2bb2/ ?2`2 �b i?2 a?�/2 S`Qi2+iBQM AM/2td3

UaSAV �M/ lHi`�pBQH2i S`Qi2+iBQM 6�+iQ` UlS6V 7Q` 2�+? Q7 i?2 kR bm`p2v2/ i`22dN

+�MQTB2bX h?2 aSA `2T`2b2Mib i?2 mMr2B;?i2/ S6 U1[m�iBQM RV �M/ Bb i?2 `�iBQ3y

Q7 i?2 �p�BH�#H2 mMr2B;?i2/ bQH�` lo bm`7�+2 B``�/B�M+2 Uk3y iQ 9yy MKV `2H�iBp23R

iQ i?2 mMr2B;?i2/ bQH�` lo bm`7�+2 B``�/B�M+2 mM/2`M2�i? � i`22 +�MQTvX h?23k

lS6 `2T`2b2Mib i?2 b�K2 `�iBQ Q7 i?2 bQH�` lo bm`7�+2 B``�/B�M+2 #mi Bb r2B;?i2/3j

iQ i?2 2`vi?2K� �+iBQM bT2+i`mK 7Q` ?mK�M bFBM U*QKKBbbBQM AMi2`M�iBQM�H2 /239

HǶ1+H�B`�;2 U*A1V- RNN3VX aSA `2T`2b2Mib i?2 `2H�iBp2 T`Qi2+iBp2 BM~m2M+2 Q7 �M38

BM/BpB/m�H i`22 7Q` i?2 ;2M2`�H bQH�` i2``2bi`B�H lo bT2+i`mK- r?BH2 lS6 `2T`2@3e

b2Mib i?2 `2H�iBp2 T`Qi2+iBQM i?�i �M BM/BpB/m�H i`22 T`QpB/2b �;�BMbi #BQHQ;B+�HHv3d

2z2+iBp2 lo- r?B+? +�mb2b bmM#m`M BM ?mK�M bFBMX33

kXkX *�MQTv K2�bm`2K2Mi3N

h`22 +�MQTB2b r2`2 K2�bm`2/ �i /Bz2`2Mi bi�;2b Q7 K�im`Biv �M/ ;`QrBM;Ny

BM � `�M;2 Q7 2MpB`QMK2Mib bT�MMBM; Rd◦ BM H�iBim/2 �M/ 2�bi Q7 i?2 :`2�i .B@NR

pB/BM; _�M;2 U:._V- Zm22MbH�M/X h?2 b2H2+i2/ i`22b `2T`2b2Mi i?2 }`bi kR iQNk

#2 BM+Hm/2/ BM i?2 Zm22MbH�M/ h`22 *�MQTv am`p2v UZh*aV- r?B+? �BKb iQNj

+�i�HQ;m2 i?2 b?�/2 +?�`�+i2`BbiB+b Q7 bQHBi�`v i`22b ;`QrBM; rBi?BM 2p2`v HQ+�HN9

;Qp2`MK2Mi /Bbi`B+i Q7 Zm22MbH�M/X h?2 b�KTH2 Q7 kR i`22 +�MQTB2b T`2b2Mi2/N8

BM i?Bb `2b2�`+? Bb � +QMp2MB2M+2 b�KTH2 `2T`2b2MiBM; �HH i`22b i?�i ?�p2 #22MNe

bm`p2v2/ iQ /�i2 �b T�`i Q7 i?2 Zh*a i?�i K2i Qm` BM+HmbBQM +`Bi2`B�X h?BbNd

BM+Hm/2/ i`22b HQ+�i2/ QM Tm#HB+ H�M/- 7QQiT�i?b Q` T�`Fb bBim�i2/ �i H2�bi R8 KN3

7`QK �Mv Qi?2` i`22- #mBH/BM; Q` bm#bi�MiB�H bi`m+im`2 i?�i +QmH/ TQi2MiB�HHvNN

BKT2/2 bFv pB2rX h`22b r2`2 b2H2+i2/ QMHv B7 Bi r2`2 TQbbB#H2 7Q` T2QTH2 iQ bBiRyy

Q` bi�M/ #2M2�i? Bib +�MQTv �M/ r2`2 BM+Hm/2/ QMHv B7 K2�bm`2K2Mib r2`2 �#H2RyR

iQ #2 +�``B2/ Qmi rBi?Qmi 2M/�M;2`BM; `2b2�`+?2`b Q` i?2B` 2[mBTK2MiX h`22bRyk
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b�KTH2/ 7`QK i?2 2�bi2`M +Q�bi�H /Bbi`B+ib- �M/ BM+Hm/2/ BM i?Bb bim/v- 2tT2`B@Ryj

2M+2 +HBK�i2b #2ii2` bmBi2/ iQ i?2 ;`Qri? Q7 H�`;2 i`22b �M/ p2;2i�iBQM +QKT�`2/Ry9

rBi? i?2 b2KB@�`B/ 2MpB`QMK2Mib Q7 r2bi2`M Zm22MbH�M/X h?2b2 +Q�bi�H /Bbi`B+ibRy8

�`2 i?2 7Q+mb Q7 i?Bb bm`p2v @ T?�b2 QM2 Q7 i?2 Zh*aX a2H2+i2/ i`22b �`2 mb2/Rye

�b KQ/2Hb iQ /2KQMbi`�i2 i?2 p�Hm2 BM K�FBM; bi�M/�`/ +�MQTv �bb2bbK2MibRyd

�M/ iQ 2t�KBM2 p�`B�iBQM BM T`Qi2+iBp2 [m�HBiv rBi? bBi2 H�iBim/2X h?2 b2H2+i2/Ry3

i`22b �`2 �bbmK2/ iQ #2 bmBi�#H2 iQ i?2 7mHH `�M;2 Q7 bBKBH�` +HBK�iB+ +QM/BiBQMbRyN

2tT2`B2M+2/ �HQM; 2�bi2`M Zm22MbH�M/ `2;BQM�H /Bbi`B+ib �M/ �`2 BM+Hm/2/ ?2`2RRy

7Q` +QKT�`BbQMX h`22 +�MQTv K2�bm`2K2Mib r2`2 +QM/m+i2/ QM +HQm/ 7`22 /�vbRRR

#2ir22M CmM2 �M/ a2Ti2K#2` kyR3XRRk

RRj

am`p2v i`22b BM+Hm/2/ #Qi? M�iBp2 �M/ BMi`Q/m+2/ 2p2`;`22M bT2+B2b ;`Qr@RR9

BM; QM Tm#HB+ H�M/- 7QQiT�i?b �M/ T�`FbX hQ #2 BM+Hm/2/- i`22b M22/2/ iQ #2RR8

�i H2�bi R8 K 7`QK �Mv Qi?2` i`22- #mBH/BM; Q` bm#bi�MiB�H bi`m+im`2 i?�i +QmH/RRe

?�p2 i?2 TQi2MiB�H iQ BKT2/2 i?2 bFvpB2r 7`QK � bi�M/�`/Bb2/ +�MQTv Q#b2`@RRd

p�iBQM TQBMiX � bi�M/�`/ +�MQTv Q#b2`p�iBQM TQBMi r�b +?Qb2M iQ �++QmMi 7Q`RR3

TQbbB#H2 p�`B�iBQM BM i?2 K2�bm`2/ bFv 7`�+iBQMX J2�bm`2K2Mib Q7 i?2 bFvpB2rRRN

mM/2`M2�i? 2�+? b2H2+i2/ bm`p2v i`22 r2`2 K�/2 /m2 MQ`i? Q7 2�+? i`22 i`mMFRky

UaQmi?2`M ?2KBbT?2`2V �M/ KB/r�v #2ir22M i?2 i`mMF �M/ �TT`QtBK�i2 +�MQTvRkR

+B`+mK72`2M+2X h?2 �TT`QtBK�i2 +�MQTv +B`+mK72`2M+2 7Q` 2�+? bm`p2v i`22 r�bRkk

+�H+mH�i2/ �b i?2 �p2`�;2 Q7 i?2 HQM;2bi �M/ b?Q`i2bi +�MQTv /B�K2i2` UK�DQ`Rkj

�M/ KBMQ` 2HHBTiB+�H �tBbV #v `272`2M+2 iQ Tm#HB+Hv �p�BH�#H2 �2`B�H BK�;2b U:QQ;H2Rk9

J�Tb- kyR3VXRk8

h?2 bFv 7`�+iBQM Q7 2�+? bm`p2v i`22 K2�bm`2/ �i bi�M/�`/ MQ`i?2`Hv Q#b2`p�@Rke

iBQM TQBMib r2`2 �bb2bb2/ #v pB/2Q BK�;2 �M�HvbBbX oB/2Q BK�;2 �M�HvbBb Q7 2�+?Rkd

i`22 +�MQTv r�b +?Qb2M 7Q` i?2 Zh*a iQ i�F2 BMiQ �++QmMi i?2 HBF2Hv /vM�KB+Rk3

�+iBQM Q7 2�+? +�MQTvX h?Bb Bb �/p�Mi�;2Qmb Qp2` bBM;H2 bi�iB+ BK�;2 �M�HvbBbRkN

e



6B;m`2 R, am`p2v i`22 bBi2b U`2/ /QibV �M/ +Biv HQ+�iBQMb Ur?Bi2 b[m�`2bV 7Q` 2�+? Q7 ke +Q�bi�H
b?B`2 +QmM+BH `2;BQMb 7`QK MQ`i?2`M iQ bQmi?2`M Zm22MbH�M/ #2;BMMBM; rBi? "�K�;� ULQ`i?2`M
S2MBMbmH� �`2� _2;BQM�H *QmM+BHV �M/ 2M/BM; rBi? aQmi?TQ`i U:QH/ *Q�bi *Biv *QmM+BHVX
a2H2+i2/ +BiB2b �`2 HQ+�i2/ 2�bi Q7 i?2 :`2�i .BpB/BM; _�M;2 rBi? i?2 2t+2TiBQM Q7 JQ`�M#�?
UAb��+ _2;BQM�H *QmM+BHV @ KB/ };m`2X

�b pB/2Q �M�HvbBb �++QmMib 7Q` i?2 TQbbB#H2 `�M;2 BM H2�7 �M/ #`�M+? KQp2K2MiXRjy

oB/2Q +�Tim`2 7Q` 2�+? i`22 +�MQTv r�b +QKTH2i2/ mbBM; � 9F ?B@`2bQHmiBQM pB/2QRjR

+�K2`� U:QS`Q >2`Q8- la�VX h?2 `2+Q`/BM; +�K2`� r�b H2p2HH2/ �i � ?2B;?i Q7Rjk

R K �#Qp2 i?2 bm`7�+2 �i 2�+? MQ`i?2`Hv Q#b2`p�iBQM TQBMi �M/ }ii2/ rBi? � }b?Rjj

2v2 H2Mb �M/ k8W i`�MbKBbbBQM M2mi`�H /2MbBiv }Hi2` U*2H2bi`QM L. Ne- la�VRj9

iQ +�Tim`2 R3y b2+QM/ HQM; iBK2 H�Tb2 pB/2Qb +Qp2`BM; � 6Po Q7 R9y◦X h?2Rj8

bFvpB2r 7Q` 2�+? `2+Q`/2/ pB/2Q 7`�K2 r�b /2i2`KBM2/ #v BK�;2 T`Q+2bbBM;XRje

>2`2- i?2 `2H�iBp2 7`�+iBQM Q7 _2/ �M/ "Hm2 TBt2H b�im`�iBQM p�Hm2b r2`2 mb2/Rjd

d



iQ T`Q+2bb pB/2Q 7`�K2b BMiQ /Bb+`22i bFv �M/ i`22 +�MQTv TBt2HbX hQ +QKTH2i2Rj3

i?2 �M�HvbBb- �HH +�MQTv pB/2Qb r2`2 `2+Q`2/ QM +HQm/ 7`22 /�vb- 2HBKBM�iBM; �MvRjN

TQi2MiB�H KBb+H�bbB}+�iBQM Q7 +HQm/ �b i`22 +�MQTv TBt2HbX 6B;m`2 k +QKT�`2b �R9y

bBM;H2 pB/2Q 7`�K2 `2+Q`2/ mM/2` h`22 d Q7 i?2 Zh*a @ *BMM�KQKmK +�KT?Q`�R9R

#27Q`2 �M/ �7i2` BK�;2 T`Q+2bbBM; iQ /2i2`KBM2 i?2 bFv 7`�+iBQM 7`QK mM/2`M2�i?R9k

i?2 +�MQTvXR9j

U�V U#V

6B;m`2 k, U�V *BMM�KQKmK +�KT?Q`� pB/2Q 7`�K2 `2+Q`/2/ �i i?2 bi�M/�`/ MQ`i?2`Hv Q#b2`@
p�iBQM TQBMi KB/r�v #2ir22M i?2 i`mMF �M/ +�MQTv 2/;2X U#V S`Q+2bb2/ pB/2Q 7`�K2 b?QrBM;
bFv U#Hm2V �M/ i`22 +�MQTv Ur?Bi2V TBt2Hb mb2/ iQ /2i2`KBM2 bFv 7`�+iBQM �i i?2 Q#b2`p�iBQM
TQBMiX

jX _2bmHibR99

jXRX *QKT�`BbQM Q7 i`22b #v HQ+�iBQMR98

hQ K�F2 �M Q#D2+iBp2 +QKT�`BbQM Q7 i?2 lo T`Qi2+iBQM Q7 � ;Bp2M i`22 +�MQTv-R9e

i?2 HQM; i2`K �MMm�H �p2`�;2 aSA �M/ lS6 r�b +�H+mH�i2/ 7Q` 2�+? Q7 i?2 kRR9d

bm`p2v i`22bX �MMm�H �p2`�;2 aSA �M/ lS6 +�H+mH�iBQMb r2`2 `2T2�i2/ 7Q` keR93

HQ+�iBQMb- 2�+? `2T`2b2MiBM; i?2 TQbBiBQM Q7 � `2;BQM�H Zm22MbH�M/ +BivX a2H2+i2/R9N

+BiB2b `2T`2b2Mi i?2 `2;BQM�H +2Mi`2b Q7 2�+? Q7 Zm22MbH�M/Ƕb HQ+�H ;Qp2`MK2MiR8y

/Bbi`B+ib i?�i b?�`2 � #Q`/2` rBi? i?2 S�+B}+ +Q�biHBM2X am`p2v +?�`�+i2`BbiB+b Q7R8R

h`22b R i?`Qm;? kR �`2 BM+Hm/2/ BM h�#H2 k �M/ jX h?2 +m``2Mi bm`p2v BM+Hm/2/R8k

3



i`22b �i �HH bi�;2b Q7 K�im`Biv �M/ +QM/BiBQMX h`22b 8 �M/ e r2`2 Q7 i?2 b�K2R8j

bT2+B2b- �H#BxB� b�K�MX h`22 e r�b 2tTQb2/ iQ � ;`2�i2` bFv pB2r /m2 iQ i?2R89

`2KQp�H Q7 bQK2 HBK#b QM i?2 MQ`i?2`M bB/2 Q7 i?2 +�MQTvX �HH `2K�BMBM; i`22bR88

/B/ MQi b?Qr bB;Mb Q7 +�MQTv T`mMBM;X h`22b N �M/ Ry r2`2 �HbQ Q7 i?2 b�K2R8e

bT2+B2b- *mT`2bbmb iQ`mHQb�X AM i?Bb +�b2- h`22 Ry r�b bHB;?iHv H�`;2` i?�M h`22 NXR8d

h?2 �MMm�H �p2`�;2 aSA �M/ lS6 7Q` 2�+? bm`p2v i`22 �`2 BM+Hm/2/ 7Q` �HH keR83

Zm22MbH�M/ `2;BQM�H +BiB2b BM h�#H2b 9 �M/ 8X AM i?2 i�#H2b- +Bi2b �`2 T`2b2Mi2/ BMR8N

Q`/2` Q7 BM+`2�bBM; H�iBim/2 bi�`iBM; rBi? +Biv R @ "�K�;�- −10.890◦ a ULQ`i?@Rey

2`M S2MBMbmH� �`2� _2;BQM�H *QmM+BHV �M/ +QM+Hm/BM; rBi? +Biv ke @ aQmi?TQ`i-ReR

−27.973◦ a U:QH/ *Q�bi *Biv *QmM+BHVX h�#H2b 9 �M/ 8 �HbQ BM+Hm/2 i?2 KQ/@Rek

2HH2/ K�tBKmK �M/ KBMBKmK aSA �M/ lS6 7Q` 2�+? bm`p2v i`22X h?2 `�M;2Rej

BM i?2 +�H+mH�i2/ K�tBKmK aSA Q7 �HH kR bm`p2v i`22b p�`B2/ 7`QK kXj9 Uh`22Re9

R @ �`+?QMiQT?Q2MBt �H2t�M/`�2V iQ 8X3k Uh`22 R9 @ 6B+mb #2M;?�H2MbBbVX h?2Re8

Q`/2` Q7 +�MQTv T`Qi2+iBQM UHQr2bi iQ ?B;?2biV r�b �HbQ `2T2�i2/ rBi? `2bT2+i iQRee

i?2 +�H+mH�i2/ K�tBKmK lS6- p�`vBM; 7`QK kXyy 7Q` h`22 R @ �`+?QMiQT?Q2MBtRed

�H2t�M/`�2 iQ 9XN3 7Q` h`22 R9 @ 6B+mb #2M;?�H2MbBbX h?2 H2p2H Q7 #`Q�/ bT2+i`mKRe3

T`Qi2+iBQM T`QpB/2/ #v � i`22 +�MQTv BM 2�+? bim/v HQ+�iBQM �bb2bb2/ �++Q`/BM;ReN

iQ i?2 aSA r�b ;`2�i2` i?�M i?2 #BQHQ;B+�HHv 2z2+iBp2 +�MQTv lS6X h?Bb `2bmHiRdy

Bb /m2 iQ T`272`2MiB�H r2B;?iBM; Q7 i?2 2`vi?2K� �+iBQM bT2+i`mK Q7 ?mK�M bFBMRdR

iQ b?Q`i lo r�p2H2M;i?bXRdk

AM �HH Zm22MbH�M/ +BiB2b HQ+�i2/ BM 2�bi2`M +Q�bi�H /Bbi`B+ib- i?2 aSA �M/Rdj

lS6 /2+`2�b2/ rBi? BM+`2�bBM; H�iBim/2X 6Q` +BiB2b HQ+�i2/ �i i?2 bQmi?2`M 2M/Rd9

Q7 i?2 bi�i2- i?2 KQ/2HH2/ bQH�` TQbBiBQM rBHH �Hr�vb #2 7m`i?2` 7`QK i?2 x2MBi?Rd8

+QKT�`2/ iQ +Bi2b �i HQr2` H�iBim/2X AM+`2�bBM; H�iBim/2 BM+`2�b2b i?2 T`QTQ`iBQMRde

Q7 iBK2 i?2 bmM Bb MQi #HQ+F2/ #v � i`22 +�MQTv �b i?2 bmM Bb +HQb2` iQ i?2 ?Q`BxQMRdd

7Q` � ;`2�i2` T`QTQ`iBQM Q7 i?2 v2�`X h?2 �MMm�H �`Bi?K2iB+ K2�M Q7 }p2 KBMmi2Rd3

+�H+mH�iBQMb `2bmHi2/ BM HQr2` �p2`�;2 aSA �M/ lS6 rBi? BM+`2�bBM; H�iBim/2XRdN

N



� ;Bp2M i`22 bT2+B2b rBHH i?2`27Q`2 ;2M2`�HHv ?�p2 � ?B;?2` aSA U�M/ lS6V i?2R3y

7m`i?2` MQ`i? Bi Bb HQ+�i2/ U/2T2M/BM; QM i?2 +�MQTv bi`m+im`2VXR3R

jXkX "2bi HQ+�H i`22 +�MQTB2bR3k

*QKT�`BbQM Q7 i?2 Q`/2` Q7 K�tBKmK �MMm�H aSA U�bb2bb2/ �b i?2 ?B;?2bi aSAR3j

+�H+mH�i2/ �+`Qbb �HH ke bi�i2rB/2 HQ+�iBQMbV iQ i?2 HQ+�HBb2/ aSA b?Qrb i?�i i?2R39

Q`/2` Q7 i?2 #2bi T`Qi2+iBp2 +�MQTv /2T2M/b QM HQ+�iBQMX h?2 iQT }p2 i`22b r?B+?R38

T`QpB/2/ i?2 ?B;?2bi bi�i2rB/2 K�tBKmK aSA r2`2 h`22 R9 @ 6B+mb #2M;?�H2MbBb-R3e

h`22 Re @ 6B;mb KB+`Q+�`T�- h`22 8 @ �H#BxB� b�K�M- h`22 Ry @ *mT`2bbmb iQ`mHQb�R3d

�M/ h`22 N @ *mT`2bbmb iQ`mHQb�X h?2 Q`/2` Q7 i?2 ?B;?2bi K�tBKmK lS6R33

r�b i?2 b�K2 Uh�#H2 8VX >Qr2p2`- i?2 Q`/2` Q7 i?2 �p2`�;2 aSA r?2M �bb2bb2/R3N

�+`Qbb �HH ke HQ+�HBiB2b BM/BpB/m�HHv b?Qr2/ i?�i i?2 ?B;?2bi �p2`�;2 �MMm�H aSARNy

Q++m``2/ BM h`22 R9 @ 6B+mb #2M;?�H2MbBb- h`22 Re @ 6B+mb KB+`Q+�`T�- h`22 8 @RNR

�H#BxB� b�K�M- h`22 Ry @ *mT`2bbmb iQ`mHQb� �M/ h`22 RN @ J�M;B72`� BM/B+�XRNk

�;�BM i?Bb Q`/2` r�b `2T2�i2/ 7Q` HQ+�HBb2/ �MMm�H �p2`�;2 lS6 `�iBM;b Uh�#H2RNj

8VX h?2b2 `2bmHib BM/B+�i2 i?�i r?BH2 h`22 N @ *mT`2bbmb iQ`mHQb� T`QpB/2b � ?B;?RN9

�MMm�H K�tBKmK aSA 9Xky U�M/ lS6 jXeyV- r?2M bim/B2/ �b �M �MMm�H �p2`�;2-RN8

h`22 RN @ J�M;B72`� BM/B+� Bb HBF2Hv iQ #2 � #2ii2` QTiBQM �b Bib �MMm�H �p2`�;2RNe

aSA- `�M;BM; 7`QK kXk3 iQ kX9d �+`Qbb �HH HQ+�H `2;BQMb- i2M/b iQ #2 ?B;?2` i?�MRNd

h`22 N @ *mT`2bbmb iQ`mHQb� r?B+? `�M;2b 7`QK kXkk iQ kX9yX h?Bb HQ+�H i`2M/RN3

r�b �HbQ `2T2�i2/ BM i?2 �MMm�H �p2`�;2 lS6 +�MQTv KQ/2HHBM;XRNN

*QKKQM iQ �HH ?B;? aSA �M/ lS6 `�i2/ i`22b �`2 HQr pBbB#H2 bFv 7`�+iBQMb-kyy

Fs 7`QK i?2 Q#b2`p�iBQM TQBMi r?B+? �z2+ib i?2 �p�BH�#H2 /Bzmb2 lo i?�i +�MkyR

`2�+? i?2 bm`7�+2X *�MQTB2b rBi? � HQr Fs i?�i #HQ+F KQ`2 Q7 i?2 �p�BH�#H2kyk

bFv pB2r �HbQ BM+`2�b2 i?2 T`Q#�#BHBiv i?�i i?2 /B`2+i bQH�` `�/B�iBQM rBHH #2kyj

Q#b+m`2/X AM i?2 +m``2Mi bm`p2v- i`22b rBi? HQr Fs i2M/2/ iQ ?�p2 ?B;? /2MbBivky9

rB/2 H2�72/ +�MQTB2b Q` r2`2 K�/2 mT Q7 +�MQTB2b i?�i +Qp2`2/ � H�`;2 T?vbB+�Hky8

�`2�X h?2b2 BM+Hm/2/ K�Mv 6B+mb bT2+B2b #mi �HbQ i?2 �H#BxB� bT2+B2b rBi? i`22kye

Ry



+�MQTB2b 2t+22/BM; /B�K2i2`b Q7 jy KX h?2 iQT }p2 i`22b rBi? i?2 HQr2bi pBbB#H2kyd

Fs Uh�#H2b j �M/ 9V r2`2 h`22 R9 @ 6B+mb #2M;?�H2MbBb UFs = 0.43V- h`22 Re @ky3

6B+mb KB+`Q+�`T� UFs = 0.48V- h`22 8 @ �H#BxB� b�K�M UFs = 0.50V- h`22 Ry @kyN

*mT`2bbmb iQ`mHQb� UFs = 0.54V �M/ h`22 RN @ J�M;B72`� BM/B+� UFs = 0.57VXkRy

1�+? Q7 i?2b2 i`22b Q#b+m`2/ ;`2�i2` i?�M 9yW Q7 i?2 �p�BH�#H2 bFv pB2r �M/ �`2kRR

HBbi2/ BM i?2 b�K2 Q`/2` �b i?2 iQT }p2 i`22 rBi? i?2 ?B;?2bi HQ+�H �p2`�;2 aSAkRk

�M/ lS6XkRj

h?2 iQT Ry i`22b Q`/2`2/ rBi? `2bT2+i iQ �MMm�H �p2`�;2 aSA 7Q` 2�+? Q7kR9

i?2 ke Zm22MbH�M/ +BiB2b +QMbB/2`2/ BM i?Bb `2b2�`+? �`2 HBbi2/ BM h�#H2 eX �bkR8

MQi2/ �#Qp2- #v +QKT�`BbQM Q7 h�#H2b 9 �M/ 8- i?2 Q`/2` Q7 T`Qi2+iBQM K2�bm`2/kRe

�b i?Qb2 i`22b ;BpBM; i?2 ?B;?2bi �MMm�H �p2`�;2 aSA U�M/ lS6V Bb i?2 b�K2kRd

7Q` i?2 }`bi 8 i`22b �i �HH HQ+�iBQMb Uh`22 R9- h`22 Re-h`22 8-h`22 Ry- h`22 RNVXkR3

>Qr2p2`- i?Bb Q`/2` p�`B2/ 7Q` i`22b TH�+2/ 3i? �M/ HQr2`X o�`B�iBQM BM i?2 TH�+2kRN

Q`/2` Q7 i`22b rBi? HQr2` aSA U�M/ lS6V �`2 HBF2Hv iQ Q++m` /m2 iQ `2/m+2/kky

+�MQTv /2MbBivX 6Q` 2t�KTH2- 1+�HvTimb i`22 bT2+B2b BM+Hm/BM; h`22b RR- Rk �M/kkR

Rj ?�p2 Km+? KQ`2 QT2M +�MQTB2b i?�M 7Q` 2t�KTH2 K�Mv 6B+mb bT2+B2bX PT2Mkkk

+�MQTB2b- i?�i T`QpB/2 bT�`b2 7QHB�;2 /2MbBiB2b �`2 b2MbBiBp2 iQ H�iBim/2 p�`B�iBQMkkj

�b i?2 HBF2HB?QQ/ i?�i i?2 /B`2+i bQH�` B``�/B�M+2 rBHH #2 Q#b+m`2/ /2T2M/b QM i?2kk9

BM/BpB/m�H /2MbBiv T�ii2`M Q7 i?2 +�MQTv �M/ i?2 b2�bQM�H T�i? Q7 i?2 bmMX PT2Mkk8

+�MQTB2b i?�i T`QpB/2 ;`2�i2` �++2bb iQ i?2 bFv �`2 �HbQ KQ`2 b2MbBiBp2 iQ rBM/kke

�M/ rBHH KQp2 KQ`2 MQiB+2�#Hv i?�M +�MQTB2b rBi? /2Mb2 7QHB�;2X aQK2 bT2+B2bkkd

T`QpB/2/ p2`v HBiiH2 2z2+iBp2 T`Qi2+iBQM- BM+Hm/BM; S�HK i`22b �M/ 1+�HvTimbkk3

bT2+B2bX h?2 #QiiQK T2`7Q`KBM; bm`p2v i`22b BM+Hm/2/ h`22 R @ �`+?QMiQT?Q2MBtkkN

�H2t�M/`�2 UFs = 0.95V- h`22 Rj @ 1+�HvTimb i`B+�`T� UFs = 0.91V �M/ h`22 Rk @kjy

1+�HvTimb i2bb2HH�`Bb UFs = 0.83VXkjR

RR



9X .Bb+mbbBQMkjk

� iQi�H Q7 kR BM/BpB/m�H i`22 +�MQTB2b- `2T`2b2MiBM; i?2 }`bi T?�b2 Q7 �kjj

bi�i2rB/2 i`22 b?�/2 �bb2bbK2Mi bm`p2v ?�p2 #22M �M�Hvb2/ 7`QK bi�M/BM; i`22kj9

bT2+BK2Mb ;`QrBM; BM +Q�bi�H Zm22MbH�M/X h?2 +m``2Mi b�KTH2 BM+Hm/2b 2p@kj8

2`;`22M i`22 bT2+B2b ;`QrBM; BM /Bz2`2Mi +QM/BiBQMb �M/ �i /Bz2`2Mi bi�;2b Q7kje

K�im`Biv 7`QK r?B+? H�`;2` M�iBp2- m`#�M �M/ `2;BQM�H +�MQTv bm#;`QmTb rBHHkjd

#2 �bb2K#H2/ BM i?2 7mim`2X � MmK#2` Q7 T`BM+BT�H }M/BM;b r2`2 /2i2`KBM2/kj3

7`QK i?2 +m``2Mi bim/v b�KTH2XkjN

9XRX P#b2`p�iBQMb �M/ `2;BQM�H b?�/2 /2bB;Mk9y

liBHBbBM; i?2 lS6 iQ �bb2b i?2 T`Qi2+iBp2 [m�HBiv Q7 � i`22 BM+`2�b2/ i?2k9R

BM~m2M+2 Q7 bQH�` lo" `�/B�iBQM r?B+?- /m2 iQ _�vH2B;?Ƕb +`Bi2`BQM- r�b KQ`2k9k

�#mM/�Mi BM i?2 KQ/2HH2/ /Bzmb2 2`vi?2K� r2B;?i2/ lo i?�M HQM;2` r�p2H2M;i?k9j

lo�X .m`BM; T2`BQ/b r?2M i?2 bmM r�b Q#b+m`2/- �HH +�MQTB2b- �M/ 2bT2+B�HHvk99

i?Qb2 i?�i /B/ MQi #HQ+F � rB/2 bFvpB2r 7`QK i?2 Q#b2`p�iBQM TQBMi �HHQr2/ �k98

;`2�i2` T`QTQ`iBQM Q7 /Bzmb2 2`vi?2K� lo iQ `2�+? i?2 bm`7�+2 U`2/m+BM; i?2k9e

lS6V- +QKT�`2/ rBi? i?2 HQM;2` lo r�p2H2M;i?b Ur?B+? BM~m2M+2 i?2 aSAVXk9d

h?Bb `2bmHi2/ BM ?B;?2` aSA i?�M lS6 �i �HH bim/v bBi2bX AM i?2 i`QTB+b- �M/k93

7�` MQ`i?2`M `2;BQMb Q7 i?2 bi�i2- i?2 bQH�` /Bb+ Bb HQ+�i2/ �i HQr2` x2MBi? 7Q` �k9N

?B;?2` T`QTQ`iBQM Q7 i?2 v2�`X �i HQr H�iBim/2b i?2 bmM Bb i?2`27Q`2 KQ`2 HBF2Hv iQk8y

#2 Q#b+m`2/ #v i`22 +�MQTB2b +QKT�`2/ rBi? /Bbi`B+ib 7m`i?2` bQmi? `2bmHiBM; BMk8R

?B;?2` �MMm�H �p2`�;2 aSA U�M/ lS6VX aBKBH�`Hv- BM i?2 bQmi?2`M bi�i2 /Bbi`B+ib-k8k

i`22 b?�/2 r�b 7QmM/ iQ #2 KQ`2 2z2+iBp2 /m`BM; i?2 bmKK2` KQMi?bXk8j

6`QK i?2 �bb2bb2/ b�KTH2 Q7 kR i`22b- #`Q�/@H2�p2/ �M/ H�`;2 +�MQTv �`2�k89

bT2+B2b i?�i +Qp2`2/ i?2 H�`;2bi T`QTQ`iBQM Q7 i?2 �p�BH�#H2 bFvpB2r r2`2 7QmM/k88

iQ T`QpB/2 QTiBK�H �MMm�H T`Qi2+iBQM BM 2�+? HQ+�H bi�i2 /Bbi`B+iX h?2 ?B;?2bik8e

K2�bm`2/ aSA r�b `2+Q`/2/ 7Q` h`22 R9 @ 6B+mb #2M;?�H2MbBb �i aSA 8X3j U9XN3k8d

lS6VX ai�i2rB/2- i?Bb r�b 7QHHQr2/ #v �MQi?2` 6B+mb bT2+B2b- h`22 Re @ 6B+mbk83

Rk



KB+`Q+�`T� UaSA 9Xee �M/ lS6 jXNNV �M/ i?2 H�`;2 +�MQTv bT2+B2b- h`22 8 @k8N

�H#BxB� b�K�M UaSA 9X93 �M/ lS6 jX3jVX h?2 bim/v K�tBKmK lS6 Q7 8 /2i2`@key

KBM2/ 7Q` h`22 R9 @ 6B+mb #2M;?�H2MbBb- � i`22 r?B+? �HbQ Q#b+m`2/ � bFvpB2rkeR

Q7 edW rQmH/ ?Qr2p2` QM Bib QrM MQi bB;MB}+�MiHv +QMi`B#mi2 iQ i?2 `2/m+iBQMkek

Q7 2`vi?2K�iB+ bQH�` `�/B�iBQMX �bbmKBM; +QKTH2i2 Q#bi`m+iBQM Q7 i?2 �p�BH�#H2kej

bFvpB2r #v � ?vTQi?2iB+�HHv QT�[m2 i`22 +�MQTv 7`QK y iQ 65◦ BM aw�- i?2 ?B;?@ke9

2bi �MMm�H T`Qi2+iBQM 7�+iQ`b 7Q` "`Bb#�M2- i?2 bi�i2 +�TBi�H +Biv Q7 Zm22MbH�M/-ke8

rQmH/ `�i2 �i aSA 3Xyk �M/ lS6 eX3e U�M/ ?B;?2` BM i?2 i`QTB+bVX h?2b2 }M/BM;bkee

�`2 +QKT�iB#H2 rBi? T`2pBQmbHv Tm#HBb?2/ lS6 K2�bm`2K2Mib Q7 Qi?2` +QKKQMked

�mbi`�HB�M i`22 bT2+B2b `�M;BM; #2ir22M lS6 8 �M/ Ry U:B2b 2i �HX- kyydVXke3

h?2 aSA �M/ lS6 r2`2 HBbi2/ BM h�#H2b 9 �M/ 8 iQ k /2+BK�H TH�+2b iQ ?B;?@keN

HB;?i /Bz2`2M+2b #2ir22M BM/BpB/m�H +�MQTB2b �bb2bb2/ Qp2` �MMm�H iBK2 b+�H2bXkdy

q?BH2 i?Bb H2p2H Q7 T`2+BbBQM Bb 7�` iQQ }M2 iQ K�F2 � T`�+iB+�H /Bz2`2M+2 i?�ikdR

+QmH/ #2 MQiB+2/ #v T2`bQMb miBHBbBM; i`22 b?�/2 mM/2` bBKBH�` +�MQTB2b- i?2kdk

`�iBM;b BM+Hm/2/ BM i?2 i�#H2b +�M #2 miBHBb2/ iQ K�F2 HQM; i2`K- bBi2 bT2+B}+kdj

+QKT�`BbQMb Q7 lo T`Qi2+iBQM 7Q` 2�+? `2bT2+iBp2 `2;BQMXkd9

9XkX GBKBi�iBQMb �M/ 7mim`2 /B`2+iBQMbkd8

.2bB;Mb i?�i BMi2;`�i2 #2bi T`�+iB+2 iQ 2M+Qm`�;2 Tm#HB+ mb2 Q7 Qmi/QQ` bT�+2kde

+QMbB/2` i?2 r?QH2 2MpB`QMK2Mi �M/ �HH i?2 7�+iQ`b r?B+? BM~m2M+2 i?2 mb2 Q7kdd

b?�/2X h?2b2 +QMbB/2`�iBQMb �`2 MQi HBKBi2/ iQ i?2 `�i2/ aSA Q` lS6 Q7 � bBM;H2kd3

i`22 +�MQTv #mi K�v BM+Hm/2 +QMbB/2`�iBQM Q7 T2`+2Bp2/ i?2`K�H +QK7Q`i r?2MkdN

mM/2` b?�/2 BM ?mKB/ i`QTB+�H `2;BQMb- H2�7 �M/ 7`mBi HBii2`- ?�#Bi�iBQM #v HQ+�Hk3y

#B`/- #�i �M/ BMb2+i bT2+B2b- Tm#HB+ b�72iv- +QMp2MB2M+2- �++2bbB#BHBiv �M/ K�BM@k3R

i2M�M+2 Q7 Tm#HB+Hv b?�/2/ bT�+2bX AM i?Bb BMBiB�H T?�b2 Q7 i?2 Zm22MbH�M/ i`22k3k

+�MQTv bm`p2v- r2 +QMbB/2`2/ i?2 [m�HBiv Q7 i`22 b?�/2 #v BMi`Q/m+BM; bi�M/�`/bk3j

i?�i �HHQr i?2 HQ+�H �bb2bbK2Mi Q7 i`22 +�MQTB2b i?`Qm;? i?2 /2`Bp�iBQM Q7 �MMm�Hk39

+�MQTv aSA U�M/ lS6VX h?2 lo b?�/2 [m�HBiv Q7 HBbi2/ i`22b K2�bm`2/ 7`QK i?2k38

Rj



+m``2Mi T?�b2 QM2 bm`p2v /�i� +�M #2 �bb2bb2/ #v `2�/BM; /QrM 2�+? `2bT2+iBp2k3e

+QHmKM Q7 h�#H2b 9 �M/ 8 iQ T`QpB/2 � `�MF Q`/2` Q7 #2bi +�MQTv T`Qi2+iBQMk3d

#v `2;BQMX :QQ/ b?�/2 /2bB;M �b b?QrM BM i?Bb `2b2�`+? Bb `2;BQM�H #mi �HbQk33

/2T2M/2Mi mTQM HQ+�H #vH�rb- `2;mH�iBQMb �M/ Tm#HB+ b�72ivXk3N

PTiBK�H b?�/2 /2bB;M r�b +QMbB/2`2/ 7Q` BM/BpB/m�H i`22bX LQ i`22b r2`2kNy

bim/B2/ B7 Qi?2` i`22b r2`2 HQ+�i2/ M2�`#v �M/ �HH �bb2bbK2Mib r2`2 K�/2 QMkNR

i?2 MQ`i? bB/2 Q7 � i`22 UaQmi?2`M ?2KBbT?2`2VX hQ bi�M/�`/Bb2 �bb2bbK2Mib- �HHkNk

bm`7�+2 Q#D2+ib #2HQr aw� 65◦ r2`2 `2KQp2/ �M/ +QMbB/2`2/ 7`22 Q7 Q#bi`m+iBQMXkNj

AM `2�HBiv- Bi Bb HBF2Hv i?Bb `2;BQM Q7 i?2 bFv- T�`iB+mH�`Hv BM m`#�M b2iiBM;b rBHHkN9

#2 Q#bi`m+i2/ #v #mBH/BM;b Q` Qi?2` TH�Mib bm+? i?�i i?2 �+im�H aSA �M/ lS6kN8

Q7 � TH�Mi2/ i`22 rBHH #2 ?B;?2` i?�M i?2 KBMBKmK `�iBM;b T`2b2Mi2/ BM h�#H2bkNe

9 �M/ 8X >Qr � i`22 Bb BMi2M/2/ iQ #2 mb2/ r�b �HbQ MQi +QMbB/2`2/ BM Qm`kNd

+QKT�`�iBp2 i`22 b?�/2 �bb2bbK2MiX 6Q` 2t�KTH2- i`22b rBi? +�MQTB2b 2ti2M/BM;kN3

iQ i?2 ;`QmM/ r2`2 MQi BM+Hm/2/- #mi �`2 HBF2Hv iQ T`QpB/2 QTiBK�H +Qp2` B7 i?2kNN

Q#b2`p�iBQM TQBMi Bb �++2bbB#H2X aQK2 i`22b K�v #2 BMi2M/2/ 7Q` b+`22MBM; Q7jyy

T`Bp�i2 bT�+2b �M/ rBHH �HbQ HBF2Hv ?�p2 +�MQTB2b i?�i 2ti2M/ iQ i?2 ;`QmM/XjyR

am+? i`22b K�v T`QpB/2 2t+2HH2Mi lo T`Qi2+iBQM- 2bT2+B�HHv B7 TH�Mi2/ �b T�`i Q7jyk

� i`22 Q` b?�/2 ;`Qp2X AM i?2 +m``2Mi bim/v- /B`2+i �M/ /Bzmb2 bQH�` lo B``�/B�M+2jyj

r�b +�H+mH�i2/ 2p2`v }p2 KBMmi2b Q7 i?2 v2�` �M/ +QKT�`2/ iQ � KQpBM; i`22jy9

+�MQTv- T`QpB/2/ i?2 bQH�` /Bb+ r�b HQ+�i2/ �#Qp2 i?2 ?Q`BxQMX .2T2M/BM; QMjy8

i?2 �TTHB+�iBQM- B7 � ;Bp2M i`22 Bb QMHv BMi2M/2/ 7Q` mb2 #2ir22M +2`i�BM iBK2b Q7jye

/�v UQ` /m`BM; +2`i�BM b2�bQM�H T2`BQ/bV- �M QTiBKBb2/ aSA U�M/ lS6V +�MQTvjyd

�bb2bbK2Mi i�BHQ`2/ iQ iBK2b Q7 BMi2`2bi K�v #2 KQ`2 �TT`QT`B�i2Xjy3

h?Bb bim/v Bb HBKBi2/ iQ �M �bb2bbK2Mi Q7 BM/BpB/m�H i`22b i?�i #2HQM; iQjyN

RN bT2+B2b ;`QrBM; BM Zm22MbH�M/X SQQ` b?�/2 T2`7Q`K2`b bm+? �b h`22 R @jRy

�`+?QMiQT?Q2MBt �H2t�M/`�2 �`2 HBF2Hv iQ T`QpB/2 #2ii2` [m�HBiv T`Qi2+iBQM r?2MjRR

TH�Mi2/ BM ;`QmTb Q` �b T�`i Q7 H�`;2` ;�`/2M TH�MiBM;bX h?2 /2p2HQT2/ K2i?Q/bjRk

R9



/Q MQi +QMbB/2` i?2 lo b?�/2 [m�HBiv Q7 � bm`p2v bT2+B2b B7 TH�Mi2/ BM T`QtBKBivjRj

iQ Qi?2` i`22b Q7 i?2 b�K2 Q` /Bz2`2Mi bT2+B2bX 6mim`2 �bb2bbK2Mib ?�p2 i?2jR9

TQi2MiB�H iQ T`QpB/2 BMi2`2biBM; `2bmHib r?B+? +QmH/ BM7Q`K `2;BQM�H �mi?Q`BiB2bjR8

Q7 QTiBK�H i`22 ;`QmT TH�MiBM; QTiBQMb #v miBHBbBM; i?2 pB/2Q �M/ KQ/2HHBM;jRe

i2+?MB[m2b /2p2HQT2/ BM i?Bb `2b2�`+?X �M�HvbBb Q7 BM/BpB/m�H i`22b ;`QmT2/ #vjRd

i?2 b�K2 Q` bBKBH�` bT2+B2b �i +QKKQM bi�;2b Q7 K�im`Biv �HbQ ?�b i?2 TQi2MiB�HjR3

iQ ;mB/2 BM7Q`K2/ b?�/2 /2bB;M �M/ rBHH #2 +QMbB/2`2/ BM H�i2` `2b2�`+? �TTHvBM;jRN

i?2 i2+?MB[m2b /2p2HQT2/ ?2`2Xjky

AM i?2 +m``2Mi bim/v r2 +QKT�`2/ irQ i`22b Q7 i?2 bT2+B2b �H#BxB� b�K�MjkR

Uh`22b 8 �M/ eV �M/ irQ i`22b Q7 i?2 bT2+B2b *mT`2bbmb iQ`mHQb� Uh`22b N �M/jkk

RyVX *QKT�`BbQM Q7 h`22b 8 �M/ e b?Qr2/ +H2�`Hv i?2 BM~m2M+2 Q7 +�MQTv T`mMBM;jkj

QM i?2 K2�bm`2/ `2bmHib rBi? h`22 8 @ �H#BxB� b�K�M UK�tBKmK aSA 9X93 �M/jk9

lS6 jX3jV `�iBM; +QMbB/2`�#Hv #2ii2` i?�M h`22 e @ �H#BxB� b�K�M UK�tBKmKjk8

jX98 aSA �M/ lS6 kXN8V �i �HH ke `2;BQM�H +BiB2bX h`22b b2H2+iBp2Hv T`mM2/ iQ �+@jke

+QKKQ/�i2 Qp2`?2�/ 2H2+i`B+�H BM7`�bi`m+im`2- Q` i?Qb2 T`mM2/ `2;mH�`Hv iQ K22ijkd

Tm#HB+ b�72iv �M/ iQ 7�+BHBi�i2 �++2bbB#BHBiv +QmH/ #2 K2�bm`2/ �M/ +QKT�`2/ BMjk3

H�i2` `2b2�`+? iQ BM7Q`K QTiBK�H T`mMBM; QTiBQMb i?�i T`2b2`p2 b?�/2 Q` iQ bim/vjkN

i?2 b2�bQM�H 2z2+i Q7 T`mMBM;X *QKT�`BbQM Q7 h`22 N UK�tBKmK aSA 9XkyV �M/jjy

h`22 Ry UK�tBKmK aSA 9XjRV b?Qr2/ i?�i #Qi? BM/BpB/m�Hb Q7 i?2 b�K2 bT2+B2bjjR

T`QpB/2/ bBKBH�` H2p2Hb Q7 T`Qi2+iBQM- rBi? i?2 H�`;2` i`22 T`QpB/BM; bHB;?iHv #2i@jjk

i2` aSA U�M/ lS6V �i �HH bim/v HQ+�iBQMbX 6mim`2 bim/B2b i?�i �bb2bb i?2 bT2+B}+jjj

T`Qi2+iBp2 +�MQTv +?�`�+i2`BbiB+b Q7 � b2H2+i2/ bT2+B2b rBHH vB2H/ ;`2�i2` BM7Q`K�@jj9

iBQM QM i?2 2tT2+i2/ `�M;2 �M/ +QMbBbi2M+v BM K2�bm`2/ T`Qi2+iBQM 7�+iQ`bX �bjj8

i?2 Zh*a 2tT�M/b i?Bb BM7Q`K�iBQM rBHH #2+QK2 �p�BH�#H2Xjje

8X .2+H�`�iBQMb Q7 BMi2`2bi, MQM2jjd

R8



_272`2M+2bjj3

�mbi`�HB�M AMbiBimi2 Q7 >2�Hi? �M/ q2H7�`2 U�A>qV- kyReX aFBM +�M+2` BM �mb@jjN

i`�HB�X h2+?MB+�H _2TQ`i *�iX MQX *�L NeX �A>qX *�M#2``�Xj9y

*QKKBbbBQM AMi2`M�iBQM�H2 /2 HǶ1+H�B`�;2 U*A1V- RNN3X 1`vi?2K� `272`2M+2j9R

�+iBQM bT2+i`mK �M/ bi�M/�`/ 2`vi?2K� /Qb2X AaP RdRee,RNNN U*A1 aj9k

yydf1,RNN3V Xj9j

:�HH�;?2`- _X- G22- hX- kyyeX �/p2`b2 2z2+ib Q7 mHi`�pBQH2i `�/B�iBQM, � #`B27j99

`2pB2rX S`Q;X "BQT?vbX JQHX "BQHX Nk- RRNĜRjRXj98

:B2b- SX- 1HBt- _X- G�r`v- .X- :�`/M2`- CX- >�M+Q+F- hX- *Q+F2`2HH- aX- _Qv-j9e

*X- C�pQ`MB+xFv- CX- >2M/2`bQM- aX- kyydX �bb2bbK2Mi Q7 i?2 lo_ T`Qi2+iBQMj9d

T`QpB/2/ #v /Bz2`2Mi i`22 bT2+B2bX S?QiQ+?2KX S?QiQ#BQHX 3j- R9e8ĜR9dyXj93

:QQ;H2 J�Tb- kyR3X l_G, ?iiTb,ffrrrX;QQ;H2X+QKfK�TbfXj9N

:`�Mi- _X- >2BbH2`- :X- :�Q- qX- kyykX 1bBK�iBQM Q7 T2/2bi`B�M H2p2H lo 2tTQ@j8y

bm`2 mM/2` i`22bX S?QiQ+?2KX S?QiQ#BQHX d8- jeNĜjdeXj8R

:`22M- �X- *`Qbb- EX- aKBi?- GX- RN3yX AKT`Qp2 �M�HviB+ +?�`�+i2`Bx�iBQM Q7j8k

mHi`�pBQH2i bFvHB;?iX S?QiQ+?2KX S?QiQ#BQHX jR- 8NĜe8Xj8j

:`22M- �X- a�r�/�- hX- a?2iiH2- 1X- RNd9X h?2 KB//H2 mHi`�pBQH2i `2�+?BM; i?2j89

;`QmM/X S?QiQ+?2KX S?QiQ#BQHX RN- k8RĜk8NXj88

>2BbH2`- :X- :`�Mi- _X- :�Q- qX- kyyjX AM/BpB/m�H �M/ b+�ii2`2/ i`22 BM~m2M+2bj8e

QM mHi`�pBQH2i B``�/B�M+2X �;`X 6Q`2bi J2i2Q`QHX Rky- RRjĜRkeXj8d

>QHHQrb- 6X- JQ`�M- .X- RN3RX *�i�`�+i @ i?2 mHi`�pBQH2i `BbF 7�+iQ`X G�M+2i -j83

Rk9NĜRk8yXj8N

Re



Gm+�b- _X- J+JB+?�2H- hX- aKBi?- qX- �`Kbi`QM;- "X- kyyjX aQH�` mHi`�pBQH2ijey

`�/B�iBQM, ;HQ#�H #m`/2M Q7 /Bb2�b2 7`QK bQH�` mHi`�pBQH2i `�/B�iBQMX 1MpB`QM@jeR

K2Mi�H "m`/2M Q7 .Bb2�b2 a2`B2b- MQX Rj- qQ`H/ >2�Hi? P`;�MBb�iBQM Uq>PV-jek

:2M2p�Xjej

Gm+�b- _X- SQMbQM#v- �XGX- kyykX lHi`�pBQH2i `�/B�iBQM �M/ ?2�Hi?, 7`B2M/ �M/je9

7Q2X J2/X CX �mbi`�HB� RddXje8

JB+?�HbFv- CX- RN33X h?2 �bi`QMQKB+�H �HK�M�+Ƕb �H;Q`Bi?K 7Q` �TT`QtBK�i2jee

bQH�` TQbBiBQM URN8y@ky8yVX aQHX 1M2`;v 9y- kkdĜkj8Xjed

JQ`�M- .X- >QHHQrb- 6X- RN39X Si2`v;BmK �M/ mHi`�pBQH2i `�/B�iBQM, � TQbBiBp2je3

+Q``2H�iBQMX "`BiX CX PT?i?�HKQHX e3- j9jĜj9eXjeN

S�`BbB- �X- �K�`- �X- .QrMb- LX- A;Q2- .X- >�``BbQM- aX- hm`M2`- CX- kyRNX .2@jdy

p2HQTKM2i Q7 � KQ/2H 7Q` +�H+mH�iBM; i?2 mHi`�pBQH2i T`Qi2+iBQM 7�+iQ` Q7 bK�HHjdR

iQ K2/BmK bBx2/ #mBHi b?�/2 bi`m+im`2bX "mBH/ 1MpB`QMX R9d- 9R8Ĝ9kRXjdk

S�`BbB- �X- hm`M#mHH- .X- kyR9X a?�/2 T`QpBbBQM 7Q` lo KBMBKBb�iBQM, � `2pB2rXjdj

S?QiQ+?2KX S?QiQ#BQHX Ny- 9dNĜ9NyXjd9

S�`BbB- �X- qQM;- CX- EBKHBM- JX- hm`M#mHH- .X- G2bi2`- _X- kyyRX *QKT�`BbQMjd8

#2ir22M b2�bQMb Q7 i?2 mHi`�pBQH2i 2MpB`QMK2Mi BM i?2 b?�/2 Q7 �mbi`�HB�Mjde

i`22bX S?QiQ/2`K�iQHX S?QiQBKKmMQHX S?QiQK2/X Rd- 88Ĝ8NXjdd

S2`2`�- 1X- :M�M2b�r�`�M- LX- ai�BM2b- *X- EQ qBM- �X- aBM+H�B`- _X- kyR8X AM+B@jd3

/2M+2 �M/ T`2p�H2M+2 Q7 MQM@K2H�MQK� bFBM +�M+2` BM �mbi`�HB�, � bvbi2K�iB+jdN

`2pB2rX �mbi`�H�bX CX .2`K�iQHX 8e- k83ĜkedXj3y

_B;2H- .X- kyy3X *mi�M2Qmb mHi`�pBQH2i 2tTQbm`2 �M/ Bib `2H�iBQMb?BT iQ i?2j3R

/2p2HQTK2Mi Q7 bFBM +�M+2`X CX �KX �+�/X .2`K�iQHX 83- aRkNĜaRjkXj3k
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�M/ SH�Mi GB72X aT`BM;2`@o2`H�;- "2`HBMX +?�Ti2` BM *QKTmi�iBQM Q7 aT2+i`�Hj39

.Bbi`B#miBQM �M/ AMi2MbBiv Q7 aQH�` lo" _�/B�iBQMXj38

a+?BTTMB+F- SX- :`22M- �X- RN3kX �M�HviB+�H +?�`�+i2`Bx�iBQM Q7 bT2+i`�H �+iBMB+j3e

~mt �M/ bT2+i`�H B``�/B�M+2 BM i?2 KB//H2 mHi`�pBQH2iX S?QiQ+?2KX S?QiQ#BQHXj3d

j8- 3NĜRyRXj33

oBHH�Mm2p�- EX- "�/H�M/- >X- >QQT2`- SX- EQQ?b�`B- JX- J�pQ�- aX- .�p2`M- JX-j3N

_Q#2`ib- _X- :QH/}2H/- aX- :BH2b@*Q`iB- "X- kyR8X .2p2HQTBM; BM/B+�iQ`b Q7jNy

Tm#HB+ QT2M bT�+2 iQ T`QKQi2 ?2�Hi? �M/ r2HH#2BM; BM +QKKmMBiB2bX �TTHXjNR

:2Q;`X 8d- RRkĜRRNXjNk
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eX h�#H2bjNj

h�#H2 R, *Q�bi�H Zm22MbH�M/ `2;BQM�H +QmM+BH /Bbi`B+ib- bim/v +BiB2b �M/ �##`2pB�iBQMbX

_2;BQM�H *QmM+BH *Biv �##`2pB�iBQM H�iBim/2 HQM;Bim/2
LQ`i?2`M S2MBMbmH� �`2� _2;BQM�H *QmM+BH "�K�;� "� −10.890◦a 142.389◦1
GQ+F?�`i _Bp2` �#Q`B;BM�H a?B`2 *QmM+BH GQ+F?�`i _Bp2` GQ −12.875◦a 143.343◦1
>QT2 o�H2 �#Q`B;BM�H a?B`2 *QmM+BH >QT2 o�H2 >Q −15.294◦a 145.108◦1
*QQF a?B`2 *QQFiQrM *Q −15.475◦a 145.247◦1
qmD�H qmD�H �#Q`B;BM�H a?B`2 qmD�H qmD�H qm −15.943◦a 145.32◦1
.Qm;H�b a?B`2 SQ`i .Qm;H�b S. −16.483◦a 14.465◦1
*�B`Mb _2;BQM�H *QmM+BH *�B`Mb *� −16.918◦a 144.778◦1
u�``�#�? �#Q`B;BM�H a?B`2 *QmM+BH u�``�#�? u� −16.928◦a 145.872◦1
*�bbQr�`v *Q�bi _2;BQM�H *QmM+BH hmHHv hm −17.939◦a 145.927◦1
>BM+?BM#`QQF a?B`2 *QmM+BH AM;?�K AM −18.649◦a 146.162◦1
hQrMbpBHH2 *Biv *QmM+BH hQrMbpBHH2 hQ −19.259◦a 146.816◦1
"m`/2FBM a?B`2 *QmM+BH �v` �v −19.568◦a 147.406◦1
q?BibmM/�v _2;BQM�H *QmM+BH S`Qb2`TBM2 S` −20.405◦a 148.580◦1
J�+F�v _2;BQM�H *QmM+BH J�+F�v JF −21.142◦a 149.182◦1
Ab��+ _2;BQM�H *QmM+BH JQ`�M#�? JQ −22.002◦a 148.057◦1
GBpBM;biQM2 a?B`2 *QmM+BH u2TTQQM u2 −23.133◦a 150.733◦1
:H�/biQM2 _2;BQM�H *QmM+BH :H�/biQM2 :H −23.842◦a 151.248◦1
"mM/�#2`; _2;BQM�H *QmM+BH "mM/�#2`; "m −24.867◦a 152.351◦1
6`�b2` *Q�bi _2;BQM�H *QmM+BH J�`v#Q`Qm;? J� −25.523◦a 152.697◦1
:vKTB2 _2;BQM�H *QmM+BH :vKTB2 :v −26.183◦a 152.665◦1
LQQb� a?B`2 *QmM+BH h2r�MiBM h2 −26.392◦a 153.039◦1
amMb?BM2 *Q�bi _2;BQM�H *QmM+BH J�`QQ+?v/Q`2 J` −26.650◦a 153.100◦1
JQ`2iQM "�v _2;BQM�H *QmM+BH *�#QQHim`2 *# −27.066◦a 152.966◦1
"`Bb#�M2 *Biv *QmM+BH "`Bb#�M2 "` −27.469◦a 153.025◦1
_2/H�M/ *Biv *QmM+BH *H2p2H�M/ *H −27.533◦a 153.266◦1
:QH/ *Q�bi *Biv *QmM+BH aQmi?TQ`i aQ −27.973◦a 153.418◦1
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