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m 5 m 5 p 5¡7�9 + C + 0 +.- 03<>ADC�0 +.- 5i5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5i5k5l5k5i5 |
m 5 m 5 m 5¡F!QS4 T 0 +.- 03<>ADC�0 +.- 5k5i5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5i5k5l5k5i5 ¢
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m 5 } 5 X - C�Q - <80 CWVADC�< * QSH^C�QS0343O -!f 03K¥¤xA.<>QSH>_ + U O!<Z5k5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5i5k5l5k5i5 ¦
m 5 | 5 ?BQS9!H>QS43QSU�C�H +.- Q - 0 +.- 03<8ADC�0 +.- 5k5i5l5k5i5k5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5i5k5l5k5i5 p.p
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QSO�C�Q -Ô*,+.- ÉGQS4303O!KúO -!Ti\ Q +.- ´¨axH8A.2�QSI�68acO -!- QS4 6

{ 2!2!H +>³ 53µÔ5k5i5k5k5i5l5k5k5i5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5i5k5l5k5i5¥r m
r.53q.5 X - C�Q - <80 CWVADC�<>A.©!9xVA -!f 0 f Q[X +.- Q - A.O,<>©
QSO�C�Q -Z*,+.- £kH^:=2�C +.- O -!T ÓuQ -!+.- ´¨acH>A.2
QSI�6

acO -!- QS4 6 { 2!2!H +>³ 53µû5l5k5k5i5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5i5k5l5k5i5¥r.r
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43A T O -,f <>ISA.9!4�´ \ Q +.- µY5k5k5i5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5i5k5l5k5i5¥r.¢
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r.5 p.m 5�? + T QS4343H8QSN89 - O -!f Q -n- A.N89 T QSH@QSKM2!03H>03<8N89!Q - F + H>KMQS4�_DVO!H \ Q +.- 5i5k5k5i5k5l5k5i5 }.m
r.5 p r.5�? + T QS4343H8QSN89 - O -!f Q -n- A.N89 T QSH@QSKM2!03H>03<8N89!Q - F + H>KMQS4�_DVO!Hb£kH½:
2�C +.- 5k5k5i5k5l5k5i5 } r
r.5 p.} 5�? + T QS4343H8QSN89 - O -!f Q -n- A.N89 T QSH@QSKM2!03H>03<8N89!Q - F + H>KMQS4�_ VO!HcÓuQ -!+.- 5i5k5k5i5k5l5k5i5 }.}

} 5 p 5 { O!_t©,A.O T QS<�r.aõÆ 68Ç@7 { 68¤�A.<>QSH8<^:
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<½C�QSKMµ } ¢
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<>QL´¨r.a�Æ�68v�:=<^C�QSKMµM5l5k5k5i5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5k5i5l5k5i5k5k5i5k5l5k5i5 } ¿

03030



����� à3Ù�����Ö��.ÛgÜDÝSÞ>ßSÝSà3áz×!Ö!à3Û
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} 5 | 5�X�< + C + 2
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} 53¢.5�X - C�Q - <>0 CWVADC�<>A.©!9cVA -!f 0 f QlX +.- Q - A.O!<8©�QSO.C�Q -ª*,+.- Ç@A.43NS03O!K 5k5k5i5k5k5i5l5k5k5i5k5k5 | r
} 53¿.5�X - C�Q - <>0 C VADC�<>A.©!9 VA -!f 0 f QlX +.- Q - A.O!<8©�QSO.C�Q -ª*,+.- X -!T 03O!KLô 5k5k5i5k5k5i5l5k5k5i5k5k5 | ¢
} 53q.5�X - C�Q - <>0 CWVADC�<>A.©!9cVA -!f 0 f QlX +.- Q - A.O!<8©�QSO.C�Q -ª*,+.- £kH^:=2�C +.- 5k5k5i5k5k5i5l5k5k5i5k5k5 | q
} 53¦.5�X - C�Q - <>0 CWVADC�<>A.©!9cVA -!f 0 f QlX +.- Q - A.O!<8©�QSO.C�Q *,+.- KMQ�C�A.<^C�A.©,0343QSK £kH½:
2�C +.- 5k5k5i5k5k5¥¢ p
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| 53r.5 d É�e�68acA.H f Q�C�UËA.KMKMQSHG_zVO!H pip.o Î¨Ï ÆÑÐ�NSK Ò 5k5k5i5k5k5l5i5k5k5i5k5k5i5l5k5k5i5k5k5¥¢ |
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0 - ¤�O!_ C 5i5k5l5i5k5k5k5i5k5l5i5k5k5i5k5k5l5i5k5k5i5k5k5l5i5k5k5i5k5k5i5l5k5k5i5k5k5¥¢.¢
| 5 | 5�v,É h 6 { O�C + U + H>H8QS43ADC�0 +.- <>UWO!H * Q - T QS<LISQS0 C�4303Nz9!Q - X - C�Q - <80 CWVADC�<>2!H +� 43< T QSHy¤�A.<>QSH^6

2,O!43<>QL´ m.| a�Æ�68v�:=<^C�QSKMµ 5l5i5k5k5i5k5k5l5i5k5k5i5k5k5l5i5k5k5i5k5k5i5l5k5k5i5k5k5¥¢.q
| 53¢.5 dG- C�QSH><>O!Nz9 O -,fuT QS<%¤xA.<>QSH>_ + U O!<%KM0 CEC�QS43<%QS0 - QSH * QSH><>Nz9!03QS©!©!A.H>Q - PÔ43Q -,T Q 5k5i5k5k5¥¿ o
| 53¿.5�X - C�Q - <>0 C VADC�<>A.©!9 VA -!f 0 f QlX +.- Q - A.O!<8©�QSO.C�Q -ª*,+.- ÓuQ�6½eYX>X8Xõ5i5k5k5i5k5k5i5l5k5k5i5k5k5¥¿ p
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X -,T 03O!K Á £kH Ã�}.T Î  | < Ò | 2 r p.o Î �bÆÑÐ�NSK Ò X - Q ô® Y5Z Ð�X - Q ô¯±°³² � |.o
ÓYQ -,+.- Á £kH ÃÔ}.T Î  | < Ò | 2 ö q p.o Î Q ÆÑÐ�NSK Ò ÓYQ ÒEô® Y5Z ÐzÓuQ ÒEô¯±°³² � |ip.o ¤


 O T QSK¡]J03H TÊ- 03N89�C - O!HJ<>03KªO!4 C�A - Q / + 2,2�QS430 +.- 03<>ADC�0 +.- ©�Q + ©,A.N89�C�Q�C�5Ê/103Q { O!<8©�QSO.C�Q -T QSH
9xV+ 9!QSH>Q - ¤xA T O -!f <8ISO!<^CWVA -!T Q�]iQS03<>Q - 0 -[T QSHbacADClQS0 - KMQS9,H>_tA.Nz9!QS<b¶�0 - U - 03NzU.Q - 0 - ¾�03N89�C�O -!fuT QSH
{ /1£R6½e + H89!QSH><>A f Q - A.O,_ , ]1A.< � Q T QS<>KMA.41KM0 C T QSK ¶�H>H>QS03N89,Q - T QSHJe + 43O!KMQ - <gVADCEC�0 f O -!f QS0 - QS<
- 03Q T H>0 f QSH8Q - ¤�A T O -!f <>ISO!<½C�A -!T QS<@QS0 - 9,QSH f QS9;C�5G/103QS<�4)VA.<8<^CJA.O!_�<>03KªO!4 C�A - QJ?ZQS9!H8_tA.Nz9�68X +.- 03<>ADC�0 +.-
9xV+ 9!QSH>QSH w H T!- O -!f <>Nz9!4303QSð.Q - 5�¶�0 - QJ]1QS0 C�QSH8Q[¶�0 f Q - <>Nz9!A._ C T 03QS<>QS<Y7�9xVA -,+ KMQ - <Y03<^Cn<>QS0 - Q�QS0 - 6
T QSO�C�0 f Qu7 + 43A.H>03<>ADC�0 +.- <>A.©!9 VA -!f 0 f U.QS0 C�5�/G03Q { ©�]1QS03Nz9 O -,f Q -�*,+.- H>QS0 - <>QS§WO!Q - C�03QS4343QSHl?BQS9!H>_¨A.N89�6
X +.- 03<>ADC�0 +.- C�H>0 CEC - O!H ©
QS0õe%QSH^]iQ -!T O -!f 430 - QSA.H 2 + 43A.H>03<803QSH^C�Q - ¤�A.<>QSH>4303Nz9;C�<[A.O,_t5jPRQS0G¶�0 - <>ADC�I
IS03H>UWO!43A.H@2 + 43A.H>03<>03QSH^C�QSH%¤�A.<>QSH><½C�H>A.9!43O -!f U +.-!- C�Qk0 -[T Q - ¶ ³ 2
QSH>03KLQ - C�Q - U.QS0 - Ql<>0 f.- 0 � UËA - C�Q { ©�6
]1QS03Nz9 O -!f%T QSHxX +.- Q - A.O!<>©
QSO�C�Q -Ô*,+.-ªT Q - e + H>9,QSH><>A f Q -ªT QSH { /G£b68a@9!Q + H>03Q�©�Q + ©,A.N89�C�Q�Cx]iQSH T Q - 5
¶�<b<^C�QS434 Cª<>03N89 T 03QGF,H>A f Q , KM0 Cb]iQS43N89,QSK 2!9�:
<>03UËA.4303<>Nz9!Q - PR034 TnT 03QS<>QSH%X +.- 03<8ADC�0 +.- <>KMQSNz9!A - 03<>KªO!<
QSH>UW4 VA.H^C@]iQSH T Q - UËA -!- 5

å�æ)��æ)´�æ ��;�Ééiï~íiì�îµ«¶�iî·���
��îeì©«¬� 	 ë»ï�í��Ñí����Ñé��m�Oï��Éé��L  ê�í�ì�îeïSë»ì�ê�í
X K$e%QSH>43A.O!_ T QSH%43Q�C�I�C�Q -øp.o ( A.9!H>Qk03<½CªQS0 - QJ¾%QS039!Q *,+.- ? + T QS4343Q - Q - C)]ª03N8U.QS4 Ci] + H T Q -�, O,K T 03Q
- 03N89�CE68<>QS§WO!Q - C�03QS4343Q�?BQS9!H>_¨A.N89�68X +.- 03<>ADC�0 +.- 0 - QS0 - QSK$2!9�:
<803UgA.4303<>Nz9!Q - PR034 T ISOuQSH>UW4)VA.H>Q - 5RPR03<óISO!K
9!QSO�C�0 f Q -U
 QS0 C�2!O - U;Cy03<½C QS< - 03N89�C f QS43O -,f Q -�, A.4343QyQ ³ 2
QSH>03KMQ - C�QS4343Q - PRQ + ©!A.Nz9;C�O -,f Q - O -!T�T 03Q

p r
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Laser Spitzenintensität [W/cm²]

{ ©!©!034 T O -!fªm 5 | 53s�X - C�Q - <80 CWVADC�<>A.©!9xVA -!f 0 f Q�X +.- Q - A.O!<>©
QSO�C�Q -�*,+.-ú\ Q +.- O -!T ÓuQ -!+.-÷- A.N89¸¤xAD6
H + N89!QS4343QuQ�CLA.435×Á p q Ã ´c¸ � q o.o.- K � ]  ù� } ¦ f K � Ä�¸I¹º¸±» � p.o.o _t<8µE5LX�KÑe%QSH½6
f 43QS03N89 T A.ISO T 03Q - A.N89 T QSK¥<>QS§WO!Q - C�03QS4343Q - ? +WT QS434�ISO,H%?BQS9!H>_¨A.N89�68X +.- 03<>ADC�0 +.-
´ { /G£lµLQSH^]iA.H^C�Q�C�Q - X +.- Q - A.O,<>©
QSO�C�Q - ´¨A.O!< f QSI +.f Q - QZ¤�0 - 03Q - µE5¸/103Q { ©�]iQS0 6
N89WO -!f Q - _zVO,HBÓYQ ô *,+.-¥T QSH { /1£R68£lO!H * Q 43A.<><>Q - <>03N89 0 - T 03QS<>QSK - 03Q T 6
H>0 f Q - X - C�Q - <>0 CWVADC�<>©
QSH>QS03Nz9 ´¨X Ê m�p.o�Î Q ÆÑÐ�NSKLÒ�µ�KM0 C T QSH�/ + KM0 - A - I T QSH
?BO�C�43032!9 + C +.- 68X +.- 03<>ADC�0 +.-yf Q f Q - VO!©
QSH�axO -!- QS430 +.- 03<>ADC�0 +.- QSH>U 4 VA.H8Q - s 
 O,H Vd ©
QSH^6
]J0 -!T O -!fnT QSH%ÓuQ ô 68X +.- 03<>ADC�0 +.- <><>N89�]iQS4343QÊ´ p.m 5 p r o Q�eYµi]1QSH T Q - KM0 -,T QS<^C�Q - <Jq
q o.o.- K1687�9 + C +.- Q - ©
Q - V+ C�0 f C�5

T A.H>A.O!<@H>QS<8O!4 C�03QSH>Q -!T Q - C�9!Q + H>Q�C�03<8N89!Q -ø{G- <gVADC�ISQª0 - QS0 - QSKñv!ISQ - A.H>0 + ISO * QSH8QS0 - Q - 5iX�K¥F + 4 f Q - 6
T Q - ]1QSH T Q -LT 03Qõ]J03N89�C�0 f <^C�Q - ? +WT QS4343Q�U O!H8I *,+ H f QS<^C�QS434 CkO -!TL- A.N89y039!H>Q - e + H½6ÔO -!Tu\ A.N89�C�QS0343Q -
©,I f 435@a@9!Q + H>03QiO -!T ¶ ³ 2
QSH>03KMQ - Cl©�QSO,H^C�QS034 C�5

èR�������D�g��W�!�!��� � � � ° ��� ���z� �!� í«���� � �!�B� ���>¼ � �!� ����!���!� ���¾½ � � � ��� �!� �,�
/1A.<YO!KM_¨A.<><>Q -,T <^C�Qie%QSH8_tA.9!H8Q - ISO!HY£k4 VA.H8O -!f�T QS<JX +.- 03<>ADC�0 +.- <8KMQSN89!A - 03<>KJO,< ,@T 03Q - O,KMQSH>03<>Nz9!Q
¤RV+ <>O -!f�T QSHcISQS0 C�A.©!9xVA -!f 0 f Q - v!Nz9!HgV+.T 0 -,f QSH^6 h 43QS03N89WO -!f 0 - QS0 - QSK VA.O!ð.QSH>Q - QS43QSU�C�H + KMA f.- Q�C�03<>Nz9!Q -
F,QS4 T 03KñrD6 T 03KMQ - <80 +.- A.43Q - ¾%A.O!K , <^CWV+ ðDCM©
QSH>QS0 C�<%_zVO!H T Q - A.4343QSH>QS0 - _tA.Nz9!<^C�Q - F!A.434 ,õT A.<�É�QS4303O!Ki6
{ C + K , A -òT 03Q h H>Q - ISQ - T QSHL9!QSO.C�0 f Q - Ç + KL2!O�C�QSH^C�QSNz9 - 03UW5 X -òT QSH { H>©
QS0 C�< f H>O!2!2
Q *,+.- £k5
acAE:=4 + HMÁ m.}4Ã Á m.|»Ã Á m ¢ Ã ]iQSH T Q - O - C�QSHy¶�0 - <>ADC�IBQS0 - QS<�Ç@H>AE:W6 h H + ð.H8QSN89 - QSH8< T QSH>A.H^C�0 f QB¾%QSNz9 - O - 6

p.}
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 b) Zirkular-Polarisation

Spitzenintensität [W/cm²]
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 a) Linear-Polarisation
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 I
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en
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w
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.]

Spitzenintensität [W/cm²]

{ ©,©!034 T O -!fYm 53¢.53sxX - C�Q - <>0 CWVADC�<>A.©,9xVA -!f 0 f Q { O!<>©
QSO�C�Q - _DVO!Hã/ + 2!2
QS4 6O -!T /1H>QS03_¨A.N89.68X +.- 03<8ADC�0 +.-
*,+.- X -,T 03O!K _ VO!H 430 - QSA.H>Q$O -,T IS03H8U O!43A.H8Q$7 + 43A.H>03<>ADC�0 +.- T QS<¸¤�A.<8QSH>4303N89�C�<>5
X K e%QSH f 43QS03Nz9 T A.ISO T 03Q - A.N89 T QSKÈ<8QS§ O!Q - C�03QS4343Q - ? +WT QS434iISO!H[?BQS9!H>_¨A.N89�6
X +.- 03<8ADC�0 +.- ´ { /G£lµ%QSH^]iA.H^C�Q�C�Q - X +.- Q - A.O,<>©
QSO�C�Q - ´¨A.O!< f QSI +.f Q - Qª¤�0 - 03Q - µE5
¤�A.<>QSH^687�A.H>A.KLQ�C�QSH>s6¸ � ¿.¦ |.- K � ]  µ� p.o¿f K � Ä�¸E¹À¸G» � ¢ | _¨<

f Q - A -!f QS<^C�H>Q -!f C�5 w ©�] + 9!4x0 -BT 03QS<>Q - ¾�QSN89 - O -!f Q - ISO!HG/ + 2!2
QS430 +.- 03<>ADC�0 +.- *,+.- É�QS4303O,KñA.O,N89
QS0 - PÔQS0 C�H8A f[T O!H>Nz9 - 03Nz9;CE68<8QS§ O!Q - C�03QS4343QM7�H + ISQS<><>QYA.©!ISO!<8QS9!Q - 03<½C , UgA -!-BT QSHGISO f H>O -,T QS4303Q f Q -!T Q
2!9�:
<>03UËA.4303<>Nz9!Q@?BQSN89!A - 03<8KJO!<�ISO!Hõ<>03KªO!4 C�A - Q - ÉGQ;ÒEô«68X +.- 03<>ADC�0 +.- A.O!< T Q - v!03KªO!43ADC�0 +.- Q - 9!QSH>A.O!<
©!03<>43A -!fy- 03N89�Cª0 T Q - C�0 � IS03QSH½C%]iQSH T Q - 5 h 43QS03N89,QS< f 034 Cª_zVO!H T 03QJ¶�H f QS© - 03<><>QkA -!T QSH>QSH { H>©
QS0 C�< f H>O!2�6
2
Q -�, T 03Q�<>03Nz9YISO!Hx©
QS<><8QSH>Q - C�9!Q + H8Q�C�03<>N89!Q - ÉGA -!T 9,A.©!O -!f@T QS<c7�H + ©!43QSKM<cA.O!_ T 03QÔPRQSH>QSN89 - O -,f 0 -
]1Q - 0 f QSH�A.43<�rL/103KMQ - <>0 +.- Q - ©
QS<>N89,H VA - U.Q -�+WT QSH T 03Ql©
QS0 T QSH%A.©,<>N89 - 0 CEC�<^]1QS03<8Q - ? + T QS434303QSH>O -!f
T QSHó/�: - A.KM03U T QS< h QS<>A.K%C�2!H + ISQS<8<>QS< T 03Q {�- C�QS0343Q T QSH�ÆòQSNz9!<>QS4 ]J03H8U O -,fkT QSHó¶�43QSU;C�H +.- Q - QS0 - QSH^6
<>QS0 C�<R03KÑÇ + O,4 + KJ©!2 + C�Q - C�03A.4
O - C�QSH8QS0 - A -!T QSH�O -!T A -!T QSH>QSH><>QS0 C�<ÔKM0 C T QSKñVA.O!ð.QSH8Q - QS43QSU�C�H>03<>Nz9!Q -
ÆòQSN89!<8QS43_tQS4 T�T QS<�¤�A.<>QSH>2,O!43<>QS<ó0 - ©�QS<½C�03KMK@C�Q - axQS0343<8N89!H>0 CEC�Q - <>QS43QSU�C�0 * <^C�A.H>U * QSH>QS0 - _tA.Nz9!Q -y+WT QSH
f A.H * QSH - A.N89!4)VA.<><80 f Q - Á m ¿ Ã Á m q Ã 5

p.|
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¼ ½ �Z�W� � ��Á ½ � �,� � � � �
/103Q *,+.- PRQSN8U.QSH�O -,T F!A.03<>A.4WKM0 CÔÉG0343_¨Q T QSHxv�68?ZADC�H80 ³ 68a@9,Q + H>03Q�H8QS2!H +WT O!IS03QSH^C�Q - X +.- Q - A.O,<>©
QSO�C�Q -
ISQS0 f Q - QS0 - Qi9!QSH *,+ H8H>A f Q -!T Q Vd ©
QSH>QS0 - <^C�03KMKªO -!f KM0 C T Q - ÉGQS4303O!K168?BQS<>< T ADC�Q -�T QSH * QSH><8N89!03Q T Q�6
- Q - { H>©
QS0 C�< f H>O,2!2
Q - Á m ¦ Ã 5bF1VO!H T Q - ?BQSN89!A - 03<>KJO,< T QSHR<>03KJO,4 C�A - Q - / + 2!2
QS430 +.- 03<>ADC�0 +.- QSH f 03©.C
<803N89 T A.©
QS0=_ + 4 f Q -!T QS<@PR034 T s%¶�0 - QSH><½C�QS<@¶�43QSU�C�H +.- A.©,< + H>©!03QSH^CkA.O!< T QSK ¤�03Nz9;C�_¨QS4 T QS0 - Q {�- ISA.9!4
7�9 + C +.- Q - ©!03<VO,©�QSH T 03QB/ + 2,2�QS430 +.- 03<>ADC�0 +.- <^68v!Nz9;]iQS4343Qã9!0 - A.O,<B´ * 03H^C�O!QS4343QSH P6f�d 68A.H^C�0 f QSH[7�H + 6
ISQS<8<>µE5Ê/103QS<>QSHY¶ - QSH f 03Q�VO!©
QSH><>Nz9 O,<><@]ª03H T 2
QSHª£ + H>H>QS43ADC�0 +.- <½6½ÆòQSN89!<>QS4 ]ª03H>U O -!f A.O!_ T A.<ªI�]1QS0 C�Q
¶�43QSU;C�H +.- VO!©
QSH^C�H>A f Q -�, < +YT A.<><R<>Nz9!4303QSð.4303N89B©
QS0 T QG¶�43QSU�C�H +.- Q -[f QSKMQS0 - <8A.K 0 -[T A.<R£ +.- C�0 - O!O,K
_¨H>QS0 f QS<>Q�C�I�C�]1QSH T Q - 5

F VO,H=U + KM2!43Q ³ QSH>Q { C + KMQ�A.43<�ÉGQS4303O!K÷03<^C � Q T!+ N89lU.QS0 - QóPRQSH>QSN89 - O -,f º >�/!=�/ 2 /	< KLQS9!H=K V+.f 4303N89,5
F1VO!HlQS0 - QL¶�H^]1QS0 C�QSH8O -!fnT 03QS<8QS<Jv!ISQ - A.H>0 + <lA.O!_RQS0 - Q - Q�6 = Q�687�H + ISQS<><Y<>0 -!T QS0 - QL¾%QS039,Q *,+.-[* QSH½6
QS0 - _tA.Nz9!Q -!T Q -u\ VA.9!QSH>O -,f Q - O -!TYT 03Qce%QSH^]iQ -!T O -,f Q ³ 2
QSH>03KMQ - C�QS434!©
QS<^C�03KMK%C�QSHóQ�6 = Q�68v�C + ð.§WO!QSH^6
<8N89 - 0 CEC�QlQSH>_ + H T QSH>4303N89,5%/103Ql< + A.O!< f QS_zVO!9!H^C�Q - ¾�QSN89 - O -!f Q - 4303QS_tQSH - A.©
QSH@QS©
Q - _tA.4343< f O�C�Q Vd ©
QSH^6
QS0 - <^C�03KMKªO -!f _zVO!HxQS0 - QR¾%QS039!QÔA -!T QSH8QSHc¤xA.<>QSH>2!A.H8A.KMQ�C�QSH�O -!T ]1QS0 C�QSH>Q { C + KM< + H^C�Q - Á r o»Ã Á r p4Ã Á p ¦ Ã 5

/GQSHRv�68?BADC�H>0 ³ 68F + H>KMA.4303<8KJO!<%4 VA.<><^CkU.QS0 - Q { O,<><>A f Q VO!©
QSH T 03Q f Q - A.O,QGISQS0 C�4303Nz9!Qk¾�QS039!Q - _ + 4 f Q
T QSHu7�9 + C +.- Q - A.©!< + H>2�C�0 +.- O -!T T QS<M¶ - QSH f 03QSA.O!<½C�A.O!<>N89,< T QSHM¶�43QSU;C�H +.- Q - O - C�QSH>QS0 - A -!T QSHLISO!5
/103Q *,+ H84303Q f Q -!T Q - ¾%QSN89 - O -,f Q -b* QSH^]iQ -!T Q - <^C�Q�C�<�430 - QSA.Hc2 + 43A.H>03<>03QSH^C�QS<x¤�A.<>QSH84303N89�C , _zVO!H=IS03H8U O!43A.H8Q
7 + 43A.H>03<8ADC�0 +.- 4303Q f Q - ©!03<>43A -!f U.QS0 - Ql¶�H f QS© - 03<><>Q *,+ H85

Á ����� � ± �z��� � �Y� � �!� � ���
/1A T 03Q - 03N89�CE68<>QS§ O,Q - C�03QS4343Q�?BQS9!H>_¨A.N89.68X +.- 03<8ADC�0 +.-�*,+ H - QS9!KM4303Nz9 03K T O!H>N89 axO -!- QS430 +.- 03<>ADC�0 +.-
T,+ KM0 - 03QSH^C�Q - X - C�Q - <>0 CWVADC�<>©
QSH>QS03Nz9 A.O!_`C�H80 CEC , 4303Q f C T 03QMe%QSH>KªO�C�O -!f�- A.9!Q ,1T A.<>< <>03N89 T 03QS<>QnA.43<
QS0 - ?BQS9!H>QS43QSU�C�H +.- Q - 68acO -!- QS432,H + ISQS<><10 - £ +.- UWO!H>H>Q - IlISO!H�<8QS§ O!Q - C�03QS4343Q - X +.- 03<>ADC�0 +.- ©
QS<>N89,H>QS0 6
©
Q - 43A.<><8Q - < + 434 C�QS5 { O!< f QS9!Q -!T[*,+.-ÊT QSHlA.O!< T QSH { /1£R68a@9,Q + H>03QL©
QSUËA -!- C�Q - F + H>KMQS4�_ VO!H T 03Q
<8QS§ O!Q - C�03QS4343QkX +.- 03<>ADC�0 +.- <8H>ADC�Qz@CBIDGF ´ m 5 p.m µ%U +.-!- C�Q *,+.-[d 5=¶�03N89,KMA -!- Q�CkA.435@A.K ?BA ³ 68P + H - 6
X - <^C�0 C�O.C�PRQSH>430 - QS0 -L{ O!< T H>O,N8UY_zVO,H T 03Q�<>03KJO,4 C�A - Q%X +.- 03<>ADC�0 +.- <8H>ADC�Qv@CÂUÃ;ÄlQS0 - QS<r"kO!A.<80 C�QS0343N89!Q - <
KL0 Cb?BA.<><>QCÅù� á , ¤xA T O -!f ÅÆdbO -!T C + C�A.43QSH�PÔ0 -,T O -!f <>Q - QSH f 03QR¶ ���	� � � � � Q - C)]ª03N8U.QS4 CÔ]1QSH T Q - Á r m»Ã s

@CÂUÃ;Ä,´$ÅÔ� á � Åcd � ��¥§²�¦ � ¨ ² ¨ ßFÞ�� �kµ�´ Q ³ 2   } m � á � Q¥§²�¦ � ¨ ² ¨ ßFÞ Ð�Å Ð!´¨r�de�iµ ´ m 5 m.| µ

/103QS<>QS<1¾�QS<>O!4 C�ADCMQ - C�<82!H>03N89�C T QSKñ¶�H f QS© - 03< T QSHG¾%QSNz9 - O -!f Q -y*,+.- PÔ5 
�+.- Á r.r Ã�,�T QSH T A.H VO!©
QSH
9,0 - A.O!<lA.O,N89 T 03QLU + H>H8QSU;C�Q - e + H>_¨A.U;C + H8Q - QSH>KM0 CEC�QS4 - U +.-!- C�QS5/1QSHJ< + ©
QS<>Nz9!H>03QS©
Q - QM?BQSN89!AD6
- 03<>KJO,<1]J03H T A.O,N89òA.43< U + 4343QSU�C�0 * QBacO -!- QS430 +.- 03<>ADC�0 +.- ´�L f�d µL©
QSISQS03N89 - Q�CBO -!T O - C�QSH8<>N89!QS0 T Q�C
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Grating
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Beam
rotation 2 pass

Spherical Mirror Spherical Mirror

Pockels cell
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µ
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Ti:Sa
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Femtosecond Oscillator Stretcher 8-pass Amplifier

4-pass Amplifier
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500 J

EXPERIMENT
Small Compressor
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ÕØaÙ�TÏaÁ�ÅÕâÃ~ÏaÄÕÍÎÁ�Æ�Ö¾Ô�Å àáÄ~Â ÍÎÁ�ê~Ó¾ÔãÍÎÔ�ÅÕâ6Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�ÅIÆ�Ïaê~Ü ÑÒ ÆãÍÎÉpåçÁ�ÏîÜWÏaÁ�Å Ò Ä����[Ä¾Å~Å~ÏaÂ�Á�Ô�Å~Á âÐ Ò ÍÎÁ�Ô�Å�À Ò ÐWÁ�ÏaÜ6ÏaÅ~Ã~ÏaÅ ÍÎÓ~ÏaÔ�ÜWÏ�ÍÎÁ�Ð6Ø6Ó~ÏaÅkæ(Ä~Ü�Ö¾ÏaÅîÐWÁ�Å¾Ã�Ã Ò Ó~ÏaÜ)Å~Á�ØÝÓ²Í�Á�Å�Ã¾ÏaÜ)ì Ò Æ�ÏaõÏaÁ�Å~Ï@ÞaÄ��YÜWÁ�ÏaÃ~ÏaÅ~Ð�ÍÎÏaÂ�Â�ÏaÅ~Ã~Ï�àáÔäÃ~ÏaÂ�Â�Á�ÏaÜ6Ä~Å~Æ(Ã~ÏaÜ�Æ�ÏaÙ#ÏaÐWÐWÏaÅ~ÏaÅ�Ì�Ô�Å¾ÏaÅ Ò Ä~ÐWÀzÏaÄÕÍÎÏaÅ4ÞaÄÂ�Á�Ï�� ÏaÜWÅ¾É

���
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¿LÂ�Ð:Ù ÑÔ�Æ�Â�Á�Ø6Ó~Ï�æ Ò Å¾Ã~Á�Ã Ò ÍÎÏaÅ5� ÑÄ~Ü(ÏaÁ�ÅkÙ#Á Í76LÏaÂ�Á�Ä~Ù Ö¾ÏaÜWÆ�Â�ÏaÁ�ØÝÓäÀ Ò Ü6ÏaÐ4Å~Ð � â6¯(ÜWÀ~Á Í Ò Â Ò Ä~ÐWÐWÏaÜ6Ó Ò Â�ÀÏaÁ�Å¾ÏaÐ�Ð�Í Ò ÜWë=Æ�ÏaÀ~Ä~Å¾Ã~ÏaÅ~ÏaÅ~õ[Á�ÅßÐWÁ�ØÝÓ Ò À~Æ�ÏaÐWØ6Ó¾Â�Ô�ÐWÐWÏaÅ~ÏaÅ�Á�Ô�Å~Á�Ð6Ø6Ó~ÏaÅ98LÄ~Ù#ê��Aâ�:<;<Ð�ÍÎÏaÙ#Ð�ë�Ô�Ù_Ù#ÏaÅîÃ~Á�Ï
= Â�ÏaÙ#ÏaÅÎÍÎÏLÃ~ÏaÜ�Þ>�)ÏaÁ ÍÎÏaÅ?6 Ò Ä~ê�ÍÎÆ�ÜWÄ~ê~êzÏaõ¾Ã¾Á�Ï = ÜWÃ Ò Â�ë Ò Â�Á Ò ÍÎÔ�Ù#ÏçÁ�Å�ô~Ü Ò Æ�ÏaÉ�åçÁ�ÏA@7Á�Å~Ã¾Ä~Å~Æ�ÐWÏaÅ~ÏaÜ6Æ�Á�ÏaÅÁ�Ó¾ÜWÏaÜLÀzÏaÁ�Ã~ÏaÅ�ÑÒ Ä�B�ÏaÜ6ÏaÅ�Ð�â = Â�ÏaëÎÍÎÜWÔ�Å~ÏaÅ�ÀzÏaÐWÁ ÍÎÞaÏaÅ�ÏaÀzÏaÅ~ÐWÔC�:Á�ÏD6�ÏaÂ�Á�Ä~Ù�ÏaÁ�Å Û�ÏaÜWÓ[ÑÒ Â ÍÎÅ~Á�Ð�Ö¾Ô�Å�Ï�Í.� Òú�Ë!E�É�åçÏaÜ�ÏaÅ²ÍÎÐ6Ø6Ó~ÏaÁ�Ã~ÏaÅ¾ÏGF Ò Ø6ÓÎÍÎÏaÁ�Â<Á�Ð�Í���ÏaÃ~ÔäØÝÓ~õ\Ã Ò ÐWÐ�Ã¾Á�Ï Ò À~ÐWÔ�Â�ÄÕÍÎÏAH(Ü ÑÔ�B�Ï�Ã~ÏaÜ<ÍÎÔãÍ Ò Â�ÏaÅ7@7Á�Å~Ã~Ä¾Å~Æ�Ð�âÏaÅ¾ÏaÜWÆ�Á�Ï#Ã~ÏaÜ�Û Ò Â�ÏaÅ~ÞaÏaÂ�ÏaëÎÍÎÜWÔ�Å~ÏaÅ%ÀzÏaÁ!Ã~ÏaÅ = ÜWÃ Ò Â�ë Ò Â�Á â = Â�ÏaÙ#ÏaÅÎÍÎÏaÅ|Ð6ÏaÓ~Ü�ÖzÁ�ÏaÂ�Æ�ÏaÜWÁ�Å~Æ�ÏaÜ�Á�Ð�Í Ò Â�Ð(ÀzÏaÁ
6�ÏaÂ�Á�Ä~Ù�è&@7Ï@Ë�E�IvÏ�ÛJGàßÆTË�E � Ï�ÛJG× Ò Ë~ú�IvÏ�ÛJK:~ÜCË~ú�LvÏ�Û"JK@ Ò Ërú � Ï�ÛNMO6�Ï@Ë�L�PvÏ�Û#í�É@åçÁ�ÏaÐ�Ó Ò ÍÞaÄ¾ÜLô~Ô�Â�Æ�ÏaõCÃ Ò ÐWÐçÃ~Á�ÏÈÃ~Ä~Ü6Ø6ÓQ@7ÏaÐ�ÍÎÜ Ò Ó~Â�Ä~Å¾Æ�Ù#Á Í"�YÐ�â6ì Ò Ð6ÏaÜWê~Ä~Â�ÐWÏaÅîê~Ü6ÔäÃ~Ä¾ÞaÁ�ÏaÜ�ÍÎÏaÅßÌ�Ô�Å~ÏaÅ Ò Ä¾ÐWÀzÏaÄÕÍÎÏaÅÃ¾ÏaÜ = Ü6Ã Ò Â�ë Ò Â�Á â = Â�ÏaÙ#ÏaÅÎÍÎÏ)ÐWØ6Ó~Ô�Å�ÀzÏaÁ¾Ù_ÔäÃ~ÏaÜ Ò ÍÎÏaÅ�ì[Á�Ø6ÓÎÍÎÁ�Å²ÍÎÏaÅ~Ð6Á Í©ÑÒ ÍÎÏaÅ=Ã~Á�Ï�Û�Ô�Â�Ä~Ù#ÏaÅ~Ð ÑÒ Í�ÍÎÁ�Æ�Ä¾Å~ÆÈÏaÜ�âÜ6ÏaÁ�Ø6Ó~ÏaÅ&èYÌ�ýGþÿ0�R� è&@ Ò ��S ûaûaû�@7Ï ��S í(ù Ê=ú�ü �Y� ûaûaû�Eßú�ü ��T ��
ÕØaÙ � í�É�Ì�Å.Ã~Á�ÏaÐ6ÏaÙ½Ì�Å²ÍÎÏaÅ¾ÐWÁ Í©ÑÒ ÍÎÐWÀzÏaÜWÏaÁ�Ø6Ó
�)ÏaÜWÃ~ÏaÅ Ã~Á�ÏîÌ�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6ê~ÜWÔ�ÞaÏaÐWÐWÏ Ò ÀzÏaÜ�Á�Ù#Ù#ÏaÜ�Å¾ÔäØÝÓ.Ö¾Ô�Å&àáÄ~Â ÍÎÁ�ê~Ó¾ÔãÍÎÔ�ÅÕâ6Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å0Æ�Ïaê~Ü ÑÒ ÆãÍèYæ�ÏaÂ�Ã<;zÐ6ÓÕâ�U Ò Ü Ò Ù#Ï�ÍÎÏaÜAVXW ücû � ûaûaûÎücûmÇ�í�É�¿�À~À~Á�Â�Ã¾Ä~Å~Æ�Ç�É�ÊáÀ\ÏaÂ�ÏaÆãÍ�Ã~Á�ÏaÐWÏaÅY: Ò Ø6ÓÎÖ¾ÏaÜWÓ Ò Â Í Ò Å~Ó Ò Å~ÃÃ¾ÏaÜTÆ�ÏaÙ_ÏaÐWÐWÏaÅ~ÏaÅ Ì�Ô�Å~ÏaÅ Ò Ä~Ð6À\ÏaÄ�ÍÎÏaÅ�Ö¾Ô�Å × Ò S Ä~Å¾Ã|× Ò ��S É å�Á�Ï�Ü6ÏaÐWÄ~Â ÍÎÁ�ÏaÜWÏaÅ~Ã¾ÏaÅk¿�Å~Ð�ÍÎÁ�ÏaÆ�Ï�Ã¾ÏaÜàáÏaÐWÐWë©Ä~Ü�Ö¾ÏaÅ.Â Ò ÐWÐWÏaÅkÐWÁ�Ø6Ó|Á�Å.Æ�ÄÕÍÎÏaÜ ÑZ ÀzÏaÜWÏaÁ�Å~Ð�ÍÎÁ�Ù#Ù:Ä¾Å~Æ=Ù#Á Í�Ã¾ÏaÅ�Û�Ô�ÜWÓ~ÏaÜ6Ð Ò Æ�ÏaÅ Ò Ä¾Ð[:ÕÍ©ÑÔ�ÜWÄ~Å¾Æ�Ð�âÜ6ÏaØ6Ó~Å©Ä~Å~Æ�ÏaÅ�Å�â�ÍÎÏaÜ�¯(ÜWÃ¾ÅäÄ~Å¾Æ ÏaÜ6ëäÂ-ÑÒ ÜWÏaÅ¾õ\� Ò Ð�ÏaÁ�Å~Ã¾ÏaÄÕÍÎÁ�Æ Ò Ä��7Å~Á�ØÝÓ²Í�â6ÜWÏaÐ6Ô�Å Ò Å²ÍÎÏ àáÏaÓ~ÜWê~Ó~ÔãÍÎÔ�Å¾ÏaÅÕâ
Ò À¾ÐWÔ�ÜWêÕÍÎÁ�Ô�Å Ò Â�Ð)Ã~Ô�Ù#Á�Å~Á�ÏaÜ6ÏaÅ~Ã~ÏaÙ�Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~ÐWÙ#ÏaØÝÓ Ò Å~Á�ÐWÙTÄ~Ð)Ó~Á�Å��çÏaÁ�Ð�Í=èAÖ<Æ�Â�ÉD:~É�Ê�í�ÉÈå�Á�ÏLÍÎÓ~ÏaÔ�Ü6Ï�âÍÎÁ�Ð6Ø6Ó~ÏaÅßæ(Ä~Ü�Ö¾ÏaÅ Ò Ä¾Ð�àáÔäÃ~ÏaÂ�Â�Ü6ÏaØ6Ó~Å©Ä~Å~Æ�ÏaÅáÅ Ò Ø6Óß¿Låçæ ÐWÔ��:Á�Ï:Ù#Á Í:Ã~ÏaÜLÏaÙ#ê~Á�ÜWÁ�Ð6Ø6Ó~ÏaÅßô~Ô�ÜWÙ#ÏaÂ[Á�Ù
8 Ò Ó~Ù#ÏaÅîÃ~ÏaÐ)ï~ð�ñaò©ó â6àáÔ©Ã~ÏaÂ�Â�ÐWõ�Ã¾Á�Ï Ò Ä~Ð6ÐWØ6Ó~Â�Á�Ï�B�Â�Á�ØÝÓ5��Ä~Å~Å~ÏaÂ�Á�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å�ÀzÏaÜ ÑÄ~ØÝëäÐWÁ�ØÝÓ²ÍÎÁ�Æ�ÏaÅ¾õ�Â�Á�Ï�� ÏaÜ6ÅÃ¾ÏaÙ#ÏaÅ²ÍÎÐ6ê~ÜWÏaØ6Ó¾ÏaÅ~Ã�ë�ÏaÁ�Å~Ï ÞaÄ��YÜWÁ�ÏaÃ~ÏaÅ~Ð�ÍÎÏaÂ�Â�ÏaÅ¾Ã~Ï = Ü6ëäÂ-ÑÒ ÜWÄ¾Å~Æ-�ÝÑÄ~Ü(Ã Ò Ð:Æ�ÏaÙ#ÏaÐWÐWÏaÅ~Ï�Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å~Ð�Ö¾ÏaÜ�âÓ Ò Â ÍÎÏaÅ~Ð�Ö¾Ô�Åî× Ò Â�ØaÁ�Ä¾Ù#É�åçÁ�ÏD:~Ä~ØÝÓ~Ï�Å Ò ØÝÓ = Â�ÏaÙ#ÏaÅÎÍÎÏaÅîÙ#Á ÍÈÏaÁ�Å¾ÏaÙ Ù#Á Í]6�ÏaÂ�Á�Ä~Ù Ö¾ÏaÜWÆ�Â�ÏaÁ�Ø6Ó©À Ò ÜWÏaÅ
Eãâ = Â�Ïaë²ÍÎÜ6Ô�Å~ÏaÅÕâ6¯(ÜWÀ¾Á Í Ò ÂeÙ:Ä¾ÐWÐ Ò Â�ÐWÔ^�)ÏaÁ ÍÎÏaÜWÆ�ÏaÓ~ÏaÅ¾É
� Á�Ï(Ð6Á�Ø6Ó=ÞaÏaÁ�Æ�ÏaÅ"�:Á�ÜWÃ~õzÀzÏaÐWÁ ÍÎÞ�Í:Ã Ò Ð = Â�ÏaÙ#ÏaÅÎÍ:Ì�Å¾Ã~Á�Ä~ÙpÏaÁ�Å~Ï[8LÏaÁ�Ó~Ï�Ö¾Ô�Å = Á�Æ�ÏaÅ¾ÐWØ6Ó Ò �AÍÎÏaÅ~õ[Ã~Á�ÏÏaÐ Ò Â�Ð�ÏaÁ�Å~ÏaÅÈÙßÑÔ�Æ�Â�Á�Ø6Ó~ÏaÅDUCÜWÔãÍÎÔãÍ1;<êÈÞaÄ~Ù_:�ÍÎÄ~Ã~Á�Ä~ÙIÃ¾ÏaÜ[Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6Ã<;zÅ Ò Ù#Á�ë)ÏaÁ�Å~ÏaÐ`6LÏ�â¨ÑÒ Ó¾Å~Â�Á�Ø6Ó~ÏaÅ

:�;zÐ�ÍÎÏaÙ_Ð Ò Ä~ÐWÞaÏaÁ�ØÝÓ~Å~ÏaÅ~É
a�bdcfe�gdh æ(Ô�Å�i~Æ�Ä¾Ü Ò ÍÎÁ�Ô�Å~Ë j æ(Ü&k Ç�Ã �&l � Ð � � ê

=\mon�p j Ï�ÛAk-Ë ûaûaû ûaûaû õ � Ç E�I�É�ü�Ç�Ç�õ[ú�I�É!I�L�ü � É!L�I�Ê
Ì�ýGþÿ��R� j ��
ÕØaÙ � k-Ë ûaûaû ûaûaû�õqEcûmú@ú�ü ��T EcûrI�ú�ü �Y� õeúcû � ú�ü �Y� Çcû � ú�ü ���

å Ò Ð�Á�Å²ÍÎÏaÅ~Ð6Á Í©ÑÒ ÍÎÐ Ò À~Ó[ÑÒ Å~Æ�Á�Æ�ÏTÌ�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð�Ö¾ÏaÜ6Ó Ò Â ÍÎÏaÅ#Ö¾Ô�Å�Ì�Å~Ã¾Á�Ä~Ù S â6Ì�Ô�Å~ÏaÅ=Á�Ð�Í:Ù#Á Í�Ã~ÏaÜs:¾Á ÍÎÄ Ò âÍÎÁ�Ô�Å0Á�Åt6LÏaÂ�Á�Ä~Ù Ö¾ÏaÜWÆ�Â�ÏaÁ�Ø6Ó©À Ò ÜWÉ�¿�Ä��YÆ�ÜWÄ~Å~Ã Ã~ÏaÜ�ÜWÏaØÝÓ²ÍkÅ~Á�ÏaÃ~ÜWÁ�Æ�ÏaÅt@7Á�Å~Ã~Ä¾Å~Æ�ÐWÏaÅ~ÏaÜWÆ�Á�ÏîÃ~ÏaÐ � êÕâ
= Â�Ïaë²ÍÎÜ6Ô�Å~Ð�Á�Ð�ÍÈÅ~ÏaÄÕÍÎÜ Ò Â�ÏaÐ�Ì�Å~Ã~Á�Ä~Ù ÀzÏaÁ\:~ê¾Á ÍÎÞaÏaÅ~Á�Å²ÍÎÏaÅ¾ÐWÁ Í©ÑÒ ÍÎÏaÅîÔ�À\ÏaÜ6Ó Ò Â�À�ú�ü	��u*�v
ÕØaÙw�(Á�Ù ô¾Ô�ëäÄ~Ð�â
ÞaÏaÅÎÍÎÜWÄ~Ù À\ÏaÜ6ÏaÁ ÍÎÐ#Å~Á�Ø6ÓÎÍáÙ_ÏaÓ~Ü�Ö¾Ô�ÜWÓ Ò Å~Ã¾ÏaÅ~õLÀzÏ�Ö¾Ô�Ü#Ã¾Á�Ï=Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å Ã~ÏaÐ � Ð � â6¯(ÜWÀ~Á Í Ò Â�Ð_ÙßÑÔ�Æ�Â�Á�Ø6Ó
�TÁ�ÜWÃ~É å Ò Ó~ÏaÜ#Ð�ÍÎÏaÓ¾ÏaÅ ÅäÄ~ÜÈÌ�Å�S~â6Ì�Ô�Å~ÏaÅ Ò Â�Ð_¿LÄ~Ð6Æ Ò Å~Æ�ÐWÞaÄ~Ð�Í Ò Å¾Ãx�ÝÑÄ~ÜÈÃ~Á�Ï7UCÜWÔäÃ¾Ä~ë²ÍÎÁ�Ô�ÅßÖ¾Ô�Å Ì�Å���SÄ¾ÉLÌ�Å u�S ÞaÄ~Ü�Û�ÏaÜ0�ÝÑÄ~Æ�Ä~Å~Æ�ÉçåçÏaÜLÏaÅ¾ÏaÜWÆ�Ï�ÍÎÁ�ÐWØ6Ó¾ÏT¿�À~Ð�Í Ò Å¾Ã�ÞaÄ~ÜLÇ�ÃÕâ Z ÅÎÍÎÏaÜWÐWØÝÓ Ò Â�ÏTÁ�Ð�ÍTÏaÀzÏaÅ�� Ò Â�Â�ÐLÆ�Ü6Ô�BÆ�ÏaÅ©Ä~Æ�õçÄ~Ù ë�ÏaÁ�Å¾ÏaÅ Å~ÏaÅ¾Å~ÏaÐ��)ÏaÜ�ÍÎÏaÅy@7ÏaÁ ÍÎÜ Ò Æ Ò Å Ì�Å���S¾â6Ì�Ô�Å~ÏaÅ ÞaÄ ÏaÜWÓ Ò Â ÍÎÏaÅ¾õ)À\Ï�Ö¾Ô�Ü_Å~Á�Ø6ÓÎÍáÌ�Å���SÄ¾Å~Ã Ò Ä~Ø6Ó�Ì�Å u�S Ã~Á�Ï�Û�Ô�Â�Ä~Ù#ÏaÅ¾Ð ÑÒ Í�ÍÎÁ�Æ�Ä~Å~ÆßÏaÜWÜWÏaÁ�Ø6ÓÎÍ�Ó Ò ÀzÏaÅ~É åçÁ�Ï#ÜWÏaÁ�Å�ÐWÏ�z©Ä~ÏaÅÎÍÎÁ�ÏaÂ�Â�Ï_Ì�Ô�Å~Á�ÐWÁ�ÏaÜWÀ Ò Ü�âë�ÏaÁ Í4Ã~ÏaÐLÏaÜWÐ�ÍÎÏaÅ � Ð�â = Â�ÏaëÎÍÎÜWÔ�Å~Ð�Á�Ð�ÍTÃ Ò Ù#Á ÍTÆ�ÏaÅ Ò Ä¾ÐWÔ_Æ�Ï>� ÑÒ Ó¾ÜWÂ�ÏaÁ�Ð�ÍÎÏ�Í^�:Á�Ï�Ã¾ÏaÜ Z Ù#Ð�Í Ò Å~Ã~õ[Ã Ò ÐWÐLÃ~Á�ÏÏaÂ�ÏaëÎÍÎÜWÔ�Å~Á�Ð6Ø6Ó~Ï-:�ÍÎÜWÄ~ëÎÍÎÄ~ÜÈÃ~ÏaÐ4Á�Ô�Å~Á�ÐWØÝÓ~ÏaÅy8�Ä¾Ù#ê��YÏaÐTë�ÏaÁ�Å¾ÏaÅ = Á�Å�{¾Ä�B Ò Ä���Ã~Á�Ï�Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6Ã<;zÅ Ò âÙ_Á�ë�Ã~ÏaÐ � Ð � â6¯�ÜWÀ~Á Í Ò Â�Ð Ò Ä~ÐcÑÄ~À�ÍÎÉ|@7ÏaÁ�Ã~ÏaÐÈÐWÁ�Å~Ã?�TÁ�Ø6ÓÎÍÎÁ�Æ�Ï�Û�Ô�Ü Ò Ä~ÐWÐWÏ�ÍÎÞaÄ~Å¾Æ�ÏaÅ}�ãÑÄ~ÜTÃ~Á�Ï_Æ�Ï��YÔ�ÜWÃ~ÏaÜ�ÍÎÏ
6�Ï�â Ñ¿�Ó~Å~Â�Á�Ø6Ó¾ë�ÏaÁ Í�ÏaÁ�Å~ÏaÐ�àßÔ©Ã~ÏaÂ�Â�Ð�;<Ð�ÍÎÏaÙ#Ð6És~eÄ~Ã~ÏaÙKÀzÏaÐWÁ ÍÎÞaÏaÅ�Ã~Á�Ï�ÀzÏaÁ�Ã~ÏaÅ � Ð�â = Â�ÏaëÎÍÎÜWÔ�Å~ÏaÅ�Ã~ÏaÐ7Ì�Å�S¾â
Ì�Ô�Å~Ð Æ�ÏaÅ�ÑÄ~Æ�ÏaÅ~Ã Ó~Ô�Ó¾ÏßÌ�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6ÐWØ6Ó��çÏaÂ�Â�ÏaÅ0Ä~Ù ÞaÄ Æ�Ï>��ÑÒ Ó¾ÜWÂ�ÏaÁ�Ð�ÍÎÏaÅ~õTÃ Ò ÐWÐ��[Ä¾Å~Å~ÏaÂ�Á�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å
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Ã~ÏaÜ#Ù Ò B�Æ�ÏaÀ¾Â�Á�Ø6Ó~Ï�U�ÜWÔ�ÞaÏaÐ6Ð#ÞaÄ~Ü = Å²ÍÎÂ�ÏaÏaÜWÄ¾Å~Æ�Ã~ÏaÐ � Ð � â6¯(ÜWÀ~Á Í Ò Â�Ð#Á�Ð�ÍÎÉ�:~Ø6Ó¾Â�Á�Ï�B�Â�Á�Ø6Ó ÀzÏaÐWÁ ÍÎÞaÏaÅ�Ã~Á�ÏÀzÏaÁ�Ã~ÏaÅ�Ð�â = Â�ÏaëÎÍÎÜWÔ�Å~ÏaÅ�Á�ÙpÌ�Å~Ã¾Á�Ä~ÙS�ÐWÁ�Æ�Å¾Á!i~ë Ò ÅÎÍ Ò Å~Ã~ÏaÜWÏ�@7Á�Å~Ã~Ä~Å~Æ�Ð6ÏaÅ~ÏaÜWÆ�Á�ÏaÅ Ò Â�Ð�Á�Åw6�ÏaÂ�Á�Ä~Ù#õzÄ~Ù
�:Á�ÜWë©Â�Á�Ø6Ó Ò Â�Ð�ÏaÁ�Å&Ä~Å Ò À¾Ó[ÑÒ Å~Æ�Á�Æ�ÏaÐ�àßÔ©Ã~ÏaÂ�Â^�ÝÑÄ~Ü�Ã¾Á�ÏßÌ�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6Ã<;zÅ Ò Ù#Á�ë�ÏaÁ�Å~ÏaÐ�Ó~ÏaÂ�Á�Ä¾Ù Ò Ü�ÍÎÁ�Æ�ÏaÅ
Eãâ = Â�ÏaëÎÍÎÜWÔ�Å~ÏaÅÕâ�:�;zÐ�ÍÎÏaÙ_Ð�Ã~Á�ÏaÅ~ÏaÅ�ÞaÄ�ë<ÑÔ�Å~Å~ÏaÅ~É

åçÁ�ÏLÏ>�<êzÏaÜWÁ�Ù#ÏaÅÎÍÎÏaÂ�Â�ÏaÅ�¿LÜWÀzÏaÁ ÍÎÏaÅ�ÞaÄ~Ü�Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6Ã<;zÅ Ò Ù#Á�ë�Ö¾Ô�Å�Ì�Å~Ã~Á�Ä¾Ù S �:Ä~ÜWÃ~ÏaÅ_Ù Ò B�Æ�ÏaÀÕâÂ�Á�Ø6ÓîÖ¾Ô�Å åçÜWÉ�6LÉ�à Ò ÏaÃ Ò Á�ÙO8 Ò Ó~Ù#ÏaÅ%ÐWÏaÁ�Å~ÏaÐçÖ¾Ô�Å Ã¾ÏaÜ4¿LÂ�Ï>� Ò Å~Ã~ÏaÜ�â�Ö¾Ô�Å�â�6LÄ~ÙTÀzÔ�Â�ÃÕÍ�â�:ÕÍÎÁ!�AÍÎÄ~Å~Æ
i~Å Ò Å~ÞaÁ�ÏaÜ�ÍÎÏaÅ�H Ò Ð�Í Ò Ä��YÏaÅ²ÍÎÓ Ò Â ÍÎÏaÐ Ò Ùoà Ò �©â�@�Ô�Ü6ÅÕâ6Ì�Å¾Ð�ÍÎÁ ÍÎÄÕÍ�Ã~Ä~ÜWØÝÓ~Æ�Ï��ÝÑÄ~Ó~Ü�ÍÎÉ å Ò Ð?8LÏaÐWÄ~Â Í Ò Í�Ã~ÏaÜàßÏaÐ6ÐWÄ~Å~Æ�ÏaÅ�Ã¾ÏaÜ#Á�Å²ÍÎÏaÅ¾ÐWÁ Í©ÑÒ ÍÎÐ Ò À~Ó[ÑÒ Å¾Æ�Á�Æ�ÏaÅ Ì�Ô�Å~ÏaÅ Ò Ä~Ð6À\ÏaÄ�ÍÎÏaÅ�Ö¾Ô�Å Ì�Å¾Ã~Á�Ä~Ù S À\ÏaÁ�Â�Á�Å¾Ï Ò ÜWÏaÜUvÔ�Â Ò âÜWÁ�Ð Ò ÍÎÁ�Ô�ÅIÃ¾ÏaÜ��YÐ�â6ì[Á�Ø6ÓÎÍÎê~Ä~Â�ÐWÏ�ÞaÏaÁ�ÆãÍ|¿�À~À~Á�Â�Ã¾Ä~Å~ÆkÇ�É!L�É = Ð�Á�Ð�Í�Ã~ÏaÄÕÍÎÂ�Á�Ø6Ó0ÏaÁ�Å~Ï ÑZ ÀzÏaÜWÓ[ÑÔ�Ó©Ä~Å~ÆkÃ~ÏaÜ
Ì�Ô�Å¾ÏaÅ Ò Ä~ÐWÀzÏaÄÕÍÎÏ�Ö¾Ô�Å#Ì�Å u�S Æ�ÏaÆ�ÏaÅ�ÑÄ~ÀzÏaÜ�Ã¾ÏaÅçÛ�Ô�ÜWÓ~ÏaÜWÐ Ò Æ�ÏaÅ_Ã~ÏaÜ�Ü6ÏaÁ�Å#ÐWÏ�z©Ä~ÏaÅ²ÍÎÁ�ÏaÂ�Â�ÏaÅ ¿�å�æ�â��@Ó~ÏaÔ�ÜWÁ�ÏÞaÄ&ÀzÏaÔ�À Ò Ø6ÓÎÍÎÏaÅ~É�Ì�Ó~Ü7@7Ï�ÍÎÜ Ò ÆîÖ¾Ô�Å&Ø Ò É�ú�É � H(Ü ÑÔ�B�ÏaÅ~Ô�ÜWÃ~Å©Ä~Å~Æ�ÏaÅ ÀzÏaÁ^Ecû � ú�ü �Y� �v
ÕØaÙ � � ÑÒ Â�Â Í
Ò Â�Â�ÏaÜWÃ~Á�Å~Æ�Ð4Æ�ÏaÜ6Á�Å~Æ�ÏaÜ Ò Ä~Ð Ò Â�Ð#ÀzÏaÁ�6LÏaÂ�Á�Ä~Ù èYÀ¾Á�Ð4ÞaÄ Ê�H�Ü ÑÔ�B�ÏaÅ~Ô�ÜWÃ~Å©Ä~Å~Æ�ÏaÅ ÀzÏaÁ�ú�ú�ü ��T ��
ÕØaÙ � õ
ÖzÆ�Â�É�¿�À~À~É!E�É�Ç�í�É5�[ÜWÔãÍÎÞ Ã~ÏaÜ:ëäÂ Ò ÜTÄ~ÅÎÍÎÏaÜWÐWØ6Ó¾Á�ÏaÃ~Â�Á�Ø6Ó~ÏaÅ�ÍÎÔãÍ Ò Â�ÏaÅx@7Á�Å~Ã~Ä~Å¾Æ�ÐWÏaÅ~ÏaÜWÆ�Á�ÏaÅ=Ö¾Ô�ÅY6�ÏaÂ�Á�Ä~ÙÄ~Å~ÃßÌ�Å~Ã¾Á�Ä~ÙS0è&6�Ï�L�P�Ï�Û�M Ì�Å�S Ç�L�Ï�ÛÈíçÐWÔ0�:Á�ÏÈÏaÁ�Å~ÏaÙ Ò Å~Ã~ÏaÜWÏaÅ���ÏaÁ�Â�ÏaÜ�â�Û�ÏaÜWÓ[ÑÒ Â ÍÎÅ~Á�Ð�Á�Ó~ÜWÏaÜ = Á�ÅÕâ
= Â�ÏaëÎÍÎÜWÔ�Å~ÏaÅÕâ�UvÔãÍÎÏaÅÎÍÎÁ Ò Â�Ï è&6�Ï)ú�Ë!E]M®Ì�Å S E�Ë � íd�:Á�ÜWÃ Ò Ä~Ø6Ó?�ãÑÄ~Ü�Ã Ò Ð7Ä~Å Ò À~Ó�ÑÒ Å~Æ�Á�Æ�ÏçàßÔ©Ã~ÏaÂ�Â�Ð�;<Ð�ÍÎÏaÙÌ�Å¾Ã~Á�Ä~ÙS&ÏaÁ�Åx@7ÏaÁ ÍÎÜ Ò Æ Ò Å%ÐWÁ�ÙTÄ~Â Í Ò Å~ÏaÜ4åçÔ�ê~êzÏaÂ�Á�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å�ÏaÁ�Å~Ã~ÏaÄÕÍÎÁ�ÆîÅ Ò ØÝÓ~Æ�Ï>�:Á�ÏaÐWÏaÅ¾É�@7ÏaÙ#ÏaÜ�âë�ÏaÅ~Ð��)ÏaÜ�Í(Á�Ð�Í)ÞaÄ~Ã~ÏaÙpÃ~Á�Ï�� Ò ÍÎÐ Ò ØÝÓ~ÏaõeÃ Ò Ð6Ð�Ã Ò ÐeÛ�ÏaÜWÓ�ÑÒ Â ÍÎÅ~Á�Ð�Ö¾Ô�Å�åçÔ�ê~êzÏaÂ â7ÞaÄ = Á�Å�� Ò ØÝÓÕâ6Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�ÅÀzÏaÁ~Ì�Å¾Ã~Á�Ä~Ù S ÐWÏaÓ~ÜzÖ<Á�ÏaÂ¾Æ�Ü ÑÔ�B�ÏaÜCÁ�Ð�Í Ò Â�ÐCÀzÏaÁ�6�ÏaÂ�Á�Ä~Ù¡è&6�Ï ��S 
<6�Ï S W&ücûmü�ü�E�M Ì�Å u�S 
ÕÌ�Å ��S W&ücûmú�í�É
åçÏaÜAz©Ä Ò ÅÎÍÎÁ Í Ò ÍÎÁ Ö¾Ï�Û�ÏaÜ6Â Ò Ä��!Ã~ÏaÜ@Æ�ÏaÙ#ÏaÐ6ÐWÏaÅ~ÏaÅáÌ�Ô�Å~ÏaÅ Ò Ä~ÐWÀzÏaÄÕÍÎÏaÅ=ë Ò Å~Å Ò ÀzÏaÜWÙ Ò Â�Ð�Ä~ÅÎÍÎÏaÜ!Û�ÏaÜ��)ÏaÅÕâÃ~Ä~Å~Æ�Ã~ÏaÜ:ÏaÙ_ê~Á�ÜWÁ�ÐWØÝÓ~ÏaÅ|ô¾Ô�ÜWÙ#ÏaÂ7ÞaÄ~ÜTàßÔ©Ã~ÏaÂ�Â�Á�ÏaÜWÄ~Å¾ÆßÃ~ÏaÜ:Å~Á�Ø6ÓÎÍ=ÐWÏ�z©Ä~ÏaÅ²ÍÎÁ�ÏaÂ�Â�ÏaÅ ¿�ÅÎÍÎÏaÁ�Â�Ï Ò ÅkÃ~ÏaÅÌ�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å~ÐWê~Ü6Ô�ÞaÏaÐWÐWÏaÅ�Ù_Á Í:Æ�ÄÕÍÎÏaÜ ÑZ ÀzÏaÜWÏaÁ�Å~Ð�ÍÎÁ�Ù#ÙTÄ~Å~Æ4ÀzÏaÜWÏaØÝÓ~Å~Ï�Í��)ÏaÜWÃ~ÏaÅ~ÉåçÏaÜ = Á�Å�{¾Ä~ÐWÐ�Ã¾ÏaÜ�UvÔ�Â Ò ÜWÁ�Ð Ò ÍÎÁ�Ô�Å=Ã~ÏaÐ7ì Ò ÐWÏaÜ6Â�Á�Ø6ÓÎÍÎÐ Ò Ä��eÃ~Á�Ï�ÞaÄ�ÀzÏaÔ�À Ò Ø6ÓÎÍÎÏaÅ~Ã~ÏaÅ�Ì�Ô�Å~ÏaÅ Ò Ä~Ð6À\ÏaÄ�âÍÎÏaÅ_Á�Ð�Í�ÏaÀzÏaÅ�� Ò Â�Â�Ð�Ä¾Å²ÍÎÏaÜWÐ6Ä~Ø6ÓÎÍ��çÔ�Ü6Ã~ÏaÅ~É7å Ò À\ÏaÁ¾Á�Ð�Í�ÞaÄ_ÀzÏ Ò Ø6ÓÎÍÎÏaÅ~õ�Ã Ò ÐWÐ�ÞaÄ~Ü�àßÏaÓ~Ü�� Ò ØÝÓÕâ6Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�ÅÙ#Á Í�ÞaÁ�ÜWë©Ä~Â Ò ÜWÏaÙ ì[Á�Ø6ÓÎÍ�Ó[ÑÔ�Ó~ÏaÜWÏ�Ì�ÅÎÍÎÏaÅ~ÐWÁ Í©ÑÒ ÍÎÏaÅ�ÀzÏaÅ[ÑÔãÍÎÁ�ÆãÍ"�)ÏaÜWÃ~ÏaÅ Ò Â�Ð_À\ÏaÁ7Â�Á�Å~Ï Ò Ü_ê\Ô�Â Ò Ü6Á�ÐWÁ�ÏaÜ�ÍÎÏaÙìxÁ�ØÝÓ²Í èYÌ�� mop 
ÕÌ>� mo�&� ù � E�í�É�� Á�ÏáÃ~Á�Ï=ÀzÏaÜWÏaÁ ÍÎÐ_Á�Å ¿�À~À~Á�Â�Ã~Ä~Å¾Æ9E�É�Ê Ò Ä��^:~ÏaÁ ÍÎÏßú � Ö¾Ô�ÜWÆ�ÏaÐ�ÍÎÏaÂ�Â ÍÎÏaÅàßÏaÐ6ÐWÏaÜWÆ�ÏaÀ~Å~Á�Ð6ÐWÏ(ÞaÏaÁ�Æ�ÏaÅ~õ��:Á�ÜWÃ=ÀzÏaÁ©Û�ÏaÜ��)ÏaÅ~Ã~Ä~Å¾Æ4ÞaÁ�ÜWëäÄ¾Â Ò Ü@êzÔ�Â Ò ÜWÁ�ÐWÁ�ÏaÜ�ÍÎÏaÜA� Ð�â6ì[Á�Ø6ÓÎÍÎê~Ä~Â�ÐWÏ�ÏaÁ�Å�ÜWÏaÁ�ÅÐWÏ�z©Ä~ÏaÅ²ÍÎÁ�ÏaÂ�Â�ÏaÐ�Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð�Ö¾ÏaÜWÓ Ò Â ÍÎÏaÅ Ò Â�Â�ÏaÜ(ì Ò Ã~Ä¾Å~Æ�ÐWÞaÄ~Ð�Í©ÑÒ Å¾Ã~Ï�ÜWÏaÆ�Á�Ð�ÍÎÜWÁ�ÏaÜ�ÍÎÉ#åçÁ�ÏaÐWÏaÜ[� Ò ÍÎÀzÏaÐ�Í Ò Å~Ã
�:Á�ÜWÃ=ÀzÏaë Ò Å~ÅÎÍÎÏaÜWÙ Ò B�ÏaÅ Ò Â�ÐLÌ�Å~Ã¾Á�Þ��ÝÑÄ~Ü�Ã~Á�Ï�H=ÑÄ~Â ÍÎÁ�Æ�ë�ÏaÁ Í4Ã~ÏaÐ�Ð6Ô�Æ�ÉG�Ló��< 6ñK¡�¡6ó0¢�£&¤�¥�â6àßÔ©Ã~ÏaÂ�Â�ÐçÞaÄ~Üs@7Ï�âÐWØ6Ó¾ÜWÏaÁ�À~Ä~Å~ÆáÃ~ÏaÐ4Å~Á�ØÝÓ²Í�â6Ð6Ï�zäÄ~ÏaÅÎÍÎÁ�ÏaÂ�Â�ÏaÅ Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å¾ÐWÙ#ÏaØ6Ó Ò Å~Á�ÐWÙTÄ~Ð#Æ�Ï>�)ÏaÜ�ÍÎÏ�Í%èAÖ<Æ�Â�É�:~É�ú�L�í�É åçÁ�ÏÙ#Á Í�Ã~ÏaÜ�ÐWÁ�ÙTÄ~Â Í Ò Å~ÏaÅ%ô~Ü6ÏaÁ�ÐWÏ�ÍÎÞaÄ~Å~ÆáÙ#ÏaÓ~ÜWÏaÜ6ÏaÜ = Â�Ïaë²ÍÎÜWÔ�Å¾ÏaÅ|Ã~Ä¾ÜWØ6ÓY:ÕÍÎÔ�B�Á�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�ÅîÖ¾ÏaÜ6À~Ä~Å~Ã~ÏaÅ¾Ï
8_ÑÄ~ØÝëäë�ÏaÓ¾ÜWÀzÏaÃ~Á�Å~Æ�Ä~Å~Æ4Ã¾ÏaÐ�ÏaÜWÐ�ÍÎÏaÅáÁ�Ù ÑÒ Ä�B�ÏaÜWÏaÅ�ì[Á�Ø6ÓÎÍ�� ÏaÂ�ÃîÀzÏaÐWØ6Ó¾Â�ÏaÄ~Å~Á�ÆãÍÎÏaÅ = Â�Ïaë²ÍÎÜ6Ô�Å~ÐLë Ò Å~Å=Å©Ä~ÜÁ�Ù«ô Ò Â�Â�ÏçÂ�Á�Å~Ï Ò Ü6ÏaÜ�ìxÁ�ØÝÓ²ÍÎêzÔ�Â Ò ÜWÁ�Ð Ò ÍÎÁ�Ô�Å�ÏaÜ0�ÝÑÄ¾Â�Â Í¦�çÏaÜ6Ã~ÏaÅ~É§@7ÏaÁ�ÞaÄ~Å¾ÏaÓ~Ù#ÏaÅ~Ã~ÏaÜ�~xÁ�ÜWëäÄ¾Â Ò ÜWêzÔ�Â Ò ÜWÁ�Ð Ò ÍÎÁ�Ô�ÅÃ~ÏaÐTì Ò ÐWÏaÜWÂ�Á�ØÝÓ²ÍÎÐ��:Á�ÜWÃ.Ã¾Á�ÏaÐWÏaÐ = Â�ÏaëÎÍÎÜWÔ�Å Ò Ä���ÏaÁ�Å~Ï ÏaÂ�Â�Á�êÕÍÎÁ�ÐWØ6Ó¾Ï�@ Ò Ó~Å%Æ�ÏaÞ>�:Ä¾Å~Æ�ÏaÅ~õ�Ã~ÏaÜWÏaÅ|Ù#Á�Å~Á âÙ Ò Â�ÏaÜ�8_ÑÄ¾Ø6ë©ë�ÏaÓ~Ü�â6¿�À~Ð�Í Ò Å~Ã�ÞaÄ~Ù¡¿�ÍÎÔ�Ù#ë�ÏaÜ6Å�Å Ò Ø6Ó�Ø Ò É_Ã~ÜWÏaÁ�ÛÈÁ�ÏaÜ�ÍÎÏaÂ�Å�Ã~ÏaÜ�UvÏaÜWÁ�ÔäÃ¾ÏaÅ~Ã Ò Ä~ÏaÜçÃ~ÏaÐÑÒ Ä�B�ÏaÜWÏaÅ[� ÏaØ6Ó~ÐWÏaÂ!�YÏaÂ�Ã~ÏaÐ7Á�Ù#Ù#ÏaÜCÆ�Ü ÑÔ�B�ÏaÜ*�TÁ�ÜWÃ#Ä~Å~Ã4Ð6ÏaÁ�Å~Ïs:ÕÍÎÔ�Bãâ�� Ò Ó~Ü6ÐWØ6Ó~ÏaÁ�Å¾Â�Á�Ø6Ó~ë�ÏaÁ Í�Ù#Á Í�Ã~ÏaÅ Ò ÙÁ�Ô�Å~Á�ÐWØÝÓ~ÏaÅQ8�Ä~Ù#ê�� Ò ÍÎÔ�Ù Ö¾ÏaÜWÀ~Â�Á�ÏaÀzÏaÅ~ÏaÅ Ò Å~Ã~ÏaÜ6ÏaÅ = Â�Ïaë²ÍÎÜWÔ�Å¾ÏaÅáÅ¾Á�Ù#Ù@Í4Ü Ò ê~Á�Ã¾Ï Ò À~ÉTåçÁ�ÏÈÜWÏaÐWÄ~Â ÍÎÁ�Ï�âÜWÏaÅ~Ã~Ï Z ÅÎÍÎÏaÜWÃ~Ü ÑÄ~ØÝëäÄ¾Å~Æ�Å~Á�Ø6ÓÎÍ�â6ÐWÏ�z©Ä~ÏaÅÎÍÎÁ�ÏaÂ�Â�ÏaÜ!Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~ÐWê~ÜWÔ�ÞaÏaÐ6ÐWÏ*�:Á�Ü6Ã)Â�Ï�ÍÎÞ�ÍÎÂ�Á�Ø6Ó4Ã~Ä~Ü6Ø6Ó)ë�Ô�ÜWÜWÏaëÎÍÎÏ
@7ÏaÐWØ6Ó~Ü6ÏaÁ�À~Ä~Å~Æ#Ã¾ÏaÜ�àßÏaÐWÐ6ëäÄ~Ü�Ö¾ÏaÅ�Ù#Á Í�Ã~ÏaÙ ÜWÏaÁ�Å=ÐWÏ�z©Ä~ÏaÅÎÍÎÁ�ÏaÂ�Â�ÏaÅß¿�åçæ7â6àßÔ©Ã~ÏaÂ�Â[Å Ò Ø6Ó~Æ�Ï>�TÁ�ÏaÐWÏaÅ~É
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¿�À~À~Á�Â�Ã¾Ä~Å~ÆTÇ�É!L�É�ËxÌ�Å²ÍÎÏaÅ~Ð6Á Í©ÑÒ ÍÎÐ Ò À~Ó[ÑÒ Å~Æ�Á�Æ�Ï)Ì�Ô�Å~ÏaÅ Ò Ä¾ÐWÀzÏaÄÕÍÎÏaÅçÖ¾Ô�Å�Ì�Å¾Ã~Á�Ä~Ù S Á�Ù0Û�ÏaÜWÆ�Â�ÏaÁ�Ø6Ó=ÞaÄ àáÔãâÃ~ÏaÂ�Â�ÜWÏaØÝÓ~Å©Ä~Å~Æ�ÏaÅ_Å Ò Ø6Ó_¿�åçæpèYÆ�Ïaê¾Ä~Å~ëÎÍÎÏ�ÍÎÏ�ìxÁ�Å¾Á�ÏaÅ~í!Ä~Å~Ã#Ù_Á ÍLÃ~ÏaÜ�ÏaÙ#ê¾Á�ÜWÁ�ÐWØ6Ó¾ÏaÅ
ô~Ô�ÜWÙ_ÏaÂçè Ò Ä~Ð6Æ�ÏaÞaÔ�Æ�ÏaÅ~Ï�ì[Á�Å~Á�ÏaÅ~í�É�¨»ÏaÃ~ÏaÜ:àßÏaÐ6ÐWê~Ä~Å~ëÎÍ_ÏaÅÎÍÎÐWê~ÜWÁ�ØÝÓ²Í�Ã~ÏaÙPÆ�ÏaÙ#Á Í�â
ÍÎÏaÂ ÍÎÏaÅ�:¾Á�Æ�Å Ò Â�Ö¾Ô�Å � ü�ü�ì[Á�Ø6ÓÎÍÎê~Ä~Â�ÐWÏaÅ~ÉX~eÄ¾ÜT¿�Å~ê Ò Ð6ÐWÄ~Å~ÆîÃ~ÏaÜ4àáÏaÐWÐWÃ Ò ÍÎÏaÅ Ò ÅÃ~Á�Ï�ÍÎÓ~ÏaÔ�ÜWÏ�ÍÎÁ�ÐWØÝÓ~ÏaÅ%æ(Ä~Ü�Ö¾ÏaÅ-�:Ä~ÜWÃ¾ÏaÅ.Ã~Á�Ï�Æ�ÏaÙ#ÏaÐWÐWÏaÅ~ÏaÅkÌ�Å²ÍÎÏaÅ~Ð6Á Í©ÑÒ ÍÎÐ��çÏaÜ�ÍÎÏ�Ù#Á ÍÃ~ÏaÙKô Ò ëÎÍÎÔ�Ü�ü�É!ITÙTÄ~Â ÍÎÁ�ê~Â�Á�ÞaÁ�ÏaÜ�ÍÎõ(� Ò ÐCÁ�Å~Å¾ÏaÜWÓ Ò Â�À_Ã¾ÏaÜ�ô~ÏaÓ~Â�ÏaÜ6Æ�ÜWÏaÅ~ÞaÏaÅ�Ã~ÏaÜ�Ï>�<êzÏ�âÜWÁ�Ù#ÏaÅÎÍÎÏaÂ�Â�ÏaÅáÌ�ÅÎÍÎÏaÅ~ÐWÁ Í ÑÒ ÍÎÐWÀzÏaÐ�ÍÎÁ�Ù_Ù:Ä~Å¾Æ#Â�Á�ÏaÆãÍÎË
©#ÌRª(«�¬4ù�© =®�¯K°o±q² ©�³ �¯K°o±f² E�©�� l ùµ´�E ��¶ É

� Ê
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º�»�º�» ¼�½G¾�¿AÀ�ÁÃÂ_¿L��Ä�¿ÆÅ�ÇAÀ ���@�AÁÃÈ�ÉqÄ%Á����GÈr�!���AÉ®ÂÆÁÃÊËÉ��ÍÌQÀã�G¾¦Äz���
FLÏaÀzÏaÅ:Ã~ÏaÅ�àáÏaÐWÐWÄ~Å¾Æ�ÏaÅ Ò ÅTÓ~ÏaÂ�Á�Ä~Ù Ò Ü�ÍÎÁ�Æ�ÏaÅ�Eãâ = Â�Ïaë²ÍÎÜWÔ�Å¾ÏaÅÕâ�:<;<Ð�ÍÎÏaÙ#ÏaÅA�:Ä~ÜWÃ¾Ï�Ã~Á�Ï�ÞaÄ~Ü¾Û�ÏaÜ0�ÝÑÄ~Æ�Ä~Å~ÆÐ�ÍÎÏaÓ~ÏaÅ~Ã¾ÏC¿�ê~ê Ò Ü Ò ÍÎÄ¾Ü Ò Ä~ØÝÓ��ãÑÄ~Ü��çÏaÁ ÍÎÏaÜ6Æ�ÏaÓ~ÏaÅ~Ã~Ï = �<êzÏaÜWÁ�Ù#ÏaÅÎÍÎÏ Ò Å Ò Å~Ã~ÏaÜWÏaÅ = Â�ÏaÙ_ÏaÅ²ÍÎÏaÅ4Æ�ÏaÅ©ÄÕÍÎÞ�ÍÎÉåçÁ�Ï)Ö¾Ô�Ü Ò Â�Â�ÏaÙ Á�Å.Ã¾ÏaÜ(¿LÜ6À\ÏaÁ ÍÎÐ6Æ�ÜWÄ~ê~êzÏLÖ¾Ô�Å5:~É�ì[É!×@Ó~Á�Å�Ã¾Ä~ÜWØ6Ó¾Æ�Ï��ÝÑÄ~Ó¾Ü�ÍÎÏaÅ�Ð�;<Ð�ÍÎÏaÙ Ò ÍÎÁ�ÐWØÝÓ~ÏaÅ Z ÅÕâÍÎÏaÜWÐWÄ~ØÝÓäÄ¾Å~Æ�ÏaÅ ÞaÄ~Ü�Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å~ÐWÃ<;<Å Ò Ù#Á�ëáÖ¾Ô�Å = Ã¾ÏaÂ�Æ Ò ÐWÏaÅ Á�Å Ó~Ô©Ø6Ó~Á�ÅÎÍÎÏaÅ~ÐWÁ Ö¾ÏaÅ�� Ð�â6ìxÁ�Ø6ÓÎÍ��YÏaÂ�Ã~ÏaÜWÅÀzÏaÐWØ6Ó~Ü ÑÒ Å~ë²ÍÎÏaÅ�ÐWÁ�Ø6Ó À~Á�ÐWÂ Ò Å¾Æ Ò Ä��zÃ~Á�ÏvÛ�ÏaÜ6Ù#ÏaÐWÐWÄ~Å¾Æ�Ã~ÏaÜe�2Ï>�)ÏaÁ�Â�ÐCÏaÜ6Ð�ÍÎÏaÅ�ÀzÏaÁ�Ã~ÏaÅ¾õ~À~Þ>�:É7ÏaÜWÐ�ÍÎÏaÅ Ã~ÜWÏaÁì Ò Ã~Ä¾Å~Æ�ÐWÞaÄ~Ð�Í©ÑÒ Å¾Ã~Ï�Ö¾Ô�ÅwF�ÏaÔ�Å~õ\À~Þ>�:É7¿�ÜWÆ�Ô�Å_Ä~Å¾Ã#æ(Ü�;<êÕÍÎÔ�Å#ÐWÔ0�:Á�Ï�Ã~ÏaÜ�ÏaÜWÐ�ÍÎÏaÅ_Ê�Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å¾ÐWÐ�ÍÎÄÕâ
� ÏaÅ:Ö¾Ô�Å:�4ÏaÅ~Ô�Å|j ú�Ç�kÎj Ç�üKkÎj ú�IKk-É�å Ò Ã~ÏaÜ7Ù#Á Í)Ã~ÏaÜ[Ö¾Ô�ÜWÂ�Á�ÏaÆ�ÏaÅ~Ã~ÏaÅ�àáÏaÐWÐ Ò Å¾Ô�ÜWÃ~Å©Ä~Å~ÆTÞaÄ~Æ¾ÑÒ Å~Æ�Â�Á�Ø6Ó¾Ï)Ì�ÅÕâÍÎÏaÅ~ÐWÁ Í©ÑÒ ÍÎÐWÀzÏaÜWÏaÁ�ØÝÓ Ò Ä~Ø6Ó�Ã~Á�Ï = Ü6ÞaÏaÄ~Æ�Ä~Å~Æ@Ö¾Ô�Å æ�Ü�;zê�ÍÎÔ�Å���S�Á�Å Ò Ä~ÐWÜWÏaÁ�ØÝÓ~ÏaÅ~Ã~ÏaÙpà Ò B�Ï�ÏaÜ6ÙßÑÔ�Æ�Â�Á�Ø6ÓÎÍÎõÐ�ÍÎÏaÂ�Â Í Ã¾Á�Ï4ÏaÁ�Æ�ÏaÅ~Ï Z Å²ÍÎÏaÜ6ÐWÄ~Ø6Ó©Ä~Å~Æ�Ã¾ÏaÐ(Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å~Ð�Ö¾ÏaÜWÓ Ò Â ÍÎÏaÅ~Ð:Ã¾ÏaÜ)ÏaÜWÐ�ÍÎÏaÅ.Ç�ì Ò Ã~Ä~Å~Æ�Ð6ÞaÄ~Ð�Í©ÑÒ Å~Ã~ÏÖ¾Ô�Å�æ(Ü�;zêÕÍÎÔ�Å�ÏaÁ�Å¾Ï(ÐWÁ�Å~ÅÎÖ¾Ô�Â�Â�Ï = Ü��çÏaÁ ÍÎÏaÜ6Ä~Å~Æ4Ã~ÏaÜ@ÀzÏaë Ò Å~ÅÎÍÎÏaÅ=å Ò ÍÎÏaÅ~Ù#ÏaÅ~Æ�Ï:Ã Ò ÜWÉåçÁ�Ï#¿�À~À~Á�Â�Ã~Ä~Å¾Æ�Ç�É!I�ÞaÏaÁ�ÆãÍ�Ã Ò Ð = ÜWÆ�ÏaÀ~Å¾Á�Ð)Ã~ÏaÜ)àßÏaÐ6ÐWÄ~Å~Æ�ÏaÅ�Ã~ÏaÜ)Á�ÅÎÍÎÏaÅ~ÐWÁ Í©ÑÒ ÍÎÐ Ò À~Ó[ÑÒ Å~Æ�Á�Æ�ÏaÅ|Ì�ÔãâÅ~ÏaÅ~Ð Ò Ä¾ÐWÀzÏaÄÕÍÎÏaÅ�Ö¾Ô�Å�æ(Ü S À~Á�Ðeæ(Ü ��S ÉC¿LÄ~ØÝÓC� ÑÄ~ÜeÃ~Á�Ï�Ç�ÉCÌ�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6Ð�ÍÎÄ��YÏ�Â ÑÒ ÐWÐ�Í7ÐWÁ�Ø6Ó:ÏaÁ�Å�Ö¾ÏaÜWÆ�Â�ÏaÁ�ØÝÓÕâÀ Ò ÜWÏaÐ�Û�ÏaÜWÓ Ò Â ÍÎÏaÅD�:Á�Ï)ÀzÏaÁzÁ�Ó~ÜWÏaÅ�ÀzÏaÁ�Ã~ÏaÅ�Ù#Á�Å~Ã~ÏaÜ6Æ�ÏaÂ Ò Ã~ÏaÅ~ÏaÅ�ÀzÏaÅ Ò Ø6Ó©À Ò Ü�ÍÎÏaÅ�ì Ò Ã~Ä~Å~Æ�Ð6ÞaÄ~Ð�Í©ÑÒ Å~Ã~ÏaÅÀzÏaÔ�À Ò Ø6ÓÎÍÎÏaÅ~É=åçÁ�Ï_Ì�Ô�Å~ÏaÅ Ò Ä¾ÐWÀzÏaÄÕÍÎÏLÖ¾Ô�Å.æ(Ü ��S �:Á�ÜWÃ.Ä~Å²ÍÎÏaÜ6Ó Ò Â�À Ö¾Ô�Å.ú�ú�ü ��T ��
ÕØaÙ � Ã~Ä~Ü6Ø6Ó�ÐWÁ âÙ:Ä¾Â Í Ò Å~Ï�åçÔ�ê~êzÏaÂ�Á�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å�Ö¾Ô�Å%æ(Ü���S ÐWÁ�Æ�Å~Á!i~ë Ò Å²Í�ÀzÏaÏaÁ�Å�{~Ä~Ð6Ð�ÍÎÉ = Á�ÅkÙßÑÔ�Æ�Â�Á�Ø6Ó~ÏaÜD@7ÏaÁ ÍÎÜ Ò ÆîÞaÄ~Üæ(Ü ��S â6¿�Ä~ÐWÀzÏaÄÕÍÎÏLÖ¾Ô�Å.ÐWÁ�ÙTÄ~Â Í Ò Å~ÏaÜ�å�Ü6ÏaÁ!� Ò ØÝÓÕâ6Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�ÅßÖ¾Ô�Å�æ(Ü S Â�Á�ÏaÆãÍ Â�ÏaÁ�Ã¾ÏaÜ Ò Ä~ÐWÐWÏaÜ6Ó Ò Â�À�Ã~ÏaÐÞaÄ~Æ ÑÒ Å~Æ�Â�Á�ØÝÓ~ÏaÅ|àáÏaÐWÐWÀzÏaÜWÏaÁ�ØÝÓ~ÐWÉ�@7ÏaÁzÛ�ÏaÜ��)ÏaÅ~Ã~Ä~Å~Æ�ÏaÁ�Å~ÏaÐ�ì Ò ÐWÏaÜWÐ�;<Ð�ÍÎÏaÙ#Ð:Ù#Á Í�Ó ÑÔ�Ó~ÏaÜ6ÏaÜ[8�ÏaêzÏ�ÍÎÁ ÍÎÁ âÔ�Å~ÐWÜ Ò ÍÎÏ Ò Â�Ð�Ã~ÏaÜ7Ó~Á�ÏaÜ�Ö¾ÏaÜ0�ÝÑÄ~Æ�À Ò ÜWÏaÅ�ú�ü�6�Þ)ÐWÔ�Â�Â ÍÎÏ(Ã~ÏaÜ�F Ò Ø6Ó��)ÏaÁ�Ð!��ÏaÃ~ÔäØÝÓ�ê~ÜWÁ�Å~ÞaÁ�ê¾Á�ÏaÂ�Â<Ù#Á Í7Ö¾ÏaÜ�ÍÎÜWÏ�Í�âÀ Ò ÜWÏaÙÏ~xÏaÁ Í Ò Ä��Ð� Ò Å~ÃßÆ�ÏaÂ�Á�Å~Æ�ÏaÅ~É�F Ò ØÝÓ~Ã~ÏaÙ Ã¾Á�Ï(æ(Ü ��S â6¿LÄ¾ÐWÀzÏaÄÕÍÎÏ(Ô�ÀzÏaÜWÓ Ò Â�ÀTÖ¾Ô�Åßú�ú�ü ��T ��
ÕØaÙ �Á�ÅîÃ~Á�Ï@Û�Ô�Â�Ä¾Ù#ÏaÅ~Ð ÑÒ Í�ÍÎÄ~Å¾Æ�Æ�ÏaÜ ÑÒ ÍÎõ!Á�Ð�Í#Ã~Á�Ï�U�ÜWÔ©Ã~Ä~ëÎÍÎÁ�Ô�Å#Ö¾Ô�Å�æ�Ü���S�Å©Ä~Ü�Å~ÔäØÝÓîÃ~Ä~ÜWØÝÓßÐWÏ�z©Ä~ÏaÅÎÍÎÁ�ÏaÂ�Â�ÏÌ�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�ÅáÖ¾Ô�Å%æ(Ü u�S ÙáÑÔ�Æ�Â�Á�Ø6Ó~É ¿�ÀÑEßú�ü ��T ��
ÕØaÙ � Â Ò ÐWÐ6ÏaÅkÐ6Á�Ø6Ó Ã Ò Ó~ÏaÜTÃ~Á�Ï àßÏaÐ6ÐWÃ Ò ÍÎÏaÅ Ù#Á ÍÃ~ÏaÅ.Û�Ô�ÜWÓ~ÏaÜWÐ Ò Æ�ÏaÅ Å Ò ØÝÓ Ã¾ÏaÙ ¿�åçæ7â6àßÔ©Ã~ÏaÂ�Â�Æ�ÄÕÍáÏaÜ6ëäÂ-ÑÒ ÜWÏaÅ¾Év@7Á�Ð ÞaÄ¾Ù = ÜWÜWÏaÁ�Ø6Ó¾ÏaÅ Ã~ÏaÜ(Û�Ô�Â�ÄÕâ
Ù#ÏaÅ~Ð ÑÒ Í�ÍÎÁ�Æ�Ä¾Å~Æ�Ã¾ÏaÐ���Ï>�çÏaÁ�Â�Á�Æ�ÏaÅ�ì Ò Ã~Ä~Å~Æ�Ð6ÞaÄ~Ð�Í Ò Å~Ã~ÏaÐLÁ�Ð�Í���ÏaÃ~Ô©Ø6Ów�:Á�ÏaÃ~ÏaÜLÃ~Á�ÏTÏaÙ#ê~Á�ÜWÁ�ÐWØÝÓ~Ï�ô¾Ô�ÜWÙ#ÏaÂÏaÁ�Å Ò Ã ÑÒ zäÄ Ò ÍÎÏaÐ4àßÁ Í�ÍÎÏaÂ7ÞaÄ~Ü�@7ÏaÐWØ6Ó~Ü6ÏaÁ�À~Ä~Å~ÆáÃ~ÏaÜÈÅ~Á�Ø6ÓÎÍ�â6ÐWÏ�z©Ä~ÏaÅÎÍÎÁ�ÏaÂ�Â�ÏaÅ�¿LÅÎÍÎÏaÁ�Â�Ï Ò Ù Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð�âê~ÜWÔ�ÞaÏaÐWÐ6õ@Ä~Ù ÏaÁ�Å~Ï�ÞaÄ��YÜWÁ�ÏaÃ~ÏaÅ~Ð�ÍÎÏaÂ�Â�ÏaÅ~Ã~Ï ÑZ ÀzÏaÜWÏaÁ�Å¾Ð�ÍÎÁ�Ù#ÙTÄ~Å~ÆáÙ#Á Í�Ã~ÏaÅ%Æ�ÏaÙ#ÏaÐWÐWÏaÅ¾ÏaÅ�æ(Ä~Ü�Ö¾ÏaÅ%ÞaÄ
ÏaÜWÞaÁ�ÏaÂ�ÏaÅ~É = Á�Å~Ï�Å~ÔäØÝÓ ÀzÏaÐWÐWÏaÜWÏ?8LÏaê~ÜWÔ©Ã~Ä~ëÎÍÎÁ�Ô�ÅkÃ¾ÏaÜ4àßÏaÐWÐ6Ã Ò ÍÎÏaÅ�Á�Ð�Í�À~Á�Ð6Â Ò Å~Æ�ÅäÄ¾Ü4Ù#Á Í=àßÔ©Ã~ÏaÂ�Â âÜWÏaØ6Ó¾ÅäÄ~Å¾Æ�ÏaÅ�Å Ò Ø6Ó|Ã~ÏaÜ)ÐWÏaÓ~Ü�ÖzÁ�ÏaÂ Ò Ä��Ð�)ÏaÅ~Ã~Á�Æ�ÏaÜWÏaÅ¾õ%�çÏaÁ�ÂCë�Ô�Ù#ê~Â�Ï>�<ÏaÜWÏaÅ~õ Ò À\ÏaÜ�Ã Ò �ÝÑÄ¾Ü)ÏaÀ\ÏaÅ Ò Ä¾Ø6ÓÏ>� Ò ëÎÍÎÏaÜWÏaÅ�:Õâ6à Ò ÍÎÜ6Á �äâ��@Ó¾ÏaÔ�ÜWÁ�Ï�ÙßÑÔ�Æ�Â�Á�ØÝÓfj ú�P�k-É
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Laser Spitzenintensität [W/cm²]

¿�À~À~Á�Â�Ã¾Ä~Å~ÆTÇ�É!I�É�ËxÌ�Å²ÍÎÏaÅ~Ð6Á Í©ÑÒ ÍÎÐ Ò À~Ó[ÑÒ Å~Æ�Á�Æ�Ï�Ì�Ô�Å~ÏaÅ Ò Ä~ÐWÀzÏaÄÕÍÎÏaÅ:Ö¾Ô�Å�æ(Ü�;<êÕÍÎÔ�Å�èYÔ�Ò�ÏaÅ¾Ï�:<;zÙTÀzÔ�Â�Ïaí7Á�ÙÛ�ÏaÜWÆ�Â�ÏaÁ�ØÝÓ=ÞaÄ�àáÔ©Ã~ÏaÂ�Â�ÜWÏaØ6Ó¾ÅäÄ~Å¾Æ�ÏaÅ Å Ò Ø6Ó ¿Låçæ èYÆ�Ïaê~Ä~Å~ëÎÍÎÏ�ÍÎÏçìxÁ�Å~Á�ÏaÅ~íCÄ~Å~Ã�Ù#Á Í
Ã~ÏaÜ�ÏaÙ#ê¾Á�ÜWÁ�ÐWØ6Ó¾ÏaÅIô~Ô�ÜWÙ#ÏaÂ)ÞaÄ¾Ü?@�ÏaÜcÑÄ~Ø6ë©ÐWÁ�Ø6ÓÎÍÎÁ�Æ�Ä~Å~Æ Å~Á�Ø6ÓÎÍ�â6ÐWÏ�z©Ä~ÏaÅ²ÍÎÁ�ÏaÂ�Â�ÏaÜQUCÜWÔãâ
ÞaÏaÐWÐWÏ4è Ò Ä~ÐWÆ�ÏaÞaÔ�Æ�ÏaÅ¾Ï)ìxÁ�Å~Á�ÏaÅ~íCÐWÔ��TÁ�ÏLÃ~ÏaÅ�ë Ò Â�ë©Ä~Â�Á�ÏaÜ�ÍÎÏaÅ�æ(Ä¾Ü�Ö¾ÏaÅ_Ã~ÏaÜ�:Õâ6à Ò ÍÎÜWÁ �©â
�@Ó~ÏaÔ�Ü6Á�Ï�èYÆ�ÏaÐ�ÍÎÜWÁ�ØÝÓ~ÏaÂ ÍÎÏÈìxÁ�Å~Á�ÏaÅ=Ù_Á Í:Æ�Ï�� ÑÄ¾Â�Â ÍÎÏaÅ�:<;<ÙTÀ\Ô�Â�ÏaÅ¾í�És¨»ÏaÃ~ÏaÜLàßÏaÐ6ÐWê~Ä~Å~ëÎÍ
ÏaÅÎÍÎÐWê~ÜWÁ�ØÝÓ²Í|Ã¾ÏaÙ Æ�ÏaÙ#Á Í�ÍÎÏaÂ ÍÎÏaÅÓ:~Á�Æ�Å Ò Â�Ö¾Ô�ÅIú�ü�ü�ì[Á�Ø6ÓÎÍÎê~Ä~Â�ÐWÏaÅ¾ÉÔ~xÄ~Ü�¿LÅ~ê Ò Ð�âÐWÄ~Å¾Æ�Ã~ÏaÜ(àáÏaÐWÐWÃ Ò ÍÎÏaÅ Ò Å.Ã~Á�ÏçÍÎÓ¾ÏaÔ�ÜWÏ�ÍÎÁ�ÐWØ6Ó¾ÏaÅ|æ(Ä¾Ü�Ö¾ÏaÅ��:Ä~ÜWÃ¾ÏaÅ�Ã~Á�Ï#Æ�ÏaÙ#ÏaÐWÐ6Ï�âÅ~ÏaÅÈÌ�Å²ÍÎÏaÅ~Ð6Á Í©ÑÒ ÍÎÐ��çÏaÜ�ÍÎÏ@Ù#Á Í@Ã~ÏaÙ ô Ò ëÎÍÎÔ�Ü�ü�É!I)Ù:Ä¾Â ÍÎÁ�ê~Â�Á�ÞaÁ�ÏaÜ�ÍÎõ�� Ò Ð!Á�Å~Å~ÏaÜ6Ó Ò Â�À:Ã¾ÏaÜô~ÏaÓ~Â�ÏaÜ6Æ�ÜWÏaÅ~ÞaÏaÅáÃ~ÏaÜ@Ï>�<ê\ÏaÜ6Á�Ù#ÏaÅ²ÍÎÏaÂ�Â�ÏaÅßÌ�ÅÎÍÎÏaÅ~ÐWÁ Í©ÑÒ ÍÎÐ6À\ÏaÐ�ÍÎÁ�Ù#Ù:Ä¾Å~Æ#Â�Á�ÏaÆãÍÎË
©#Ì ª(«�¬ ù�© =®�¯K°o±q² ©�³ �¯K°o±f² E�©�� l ùµ´�E ��¶ É
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� Á�Ï)ÞaÄÕÖ¾Ô�Ü�ÐWØ6Ó¾Ô�Å�À\ÏaÁ\Ã~ÏaÜ�:~Ä¾Ø6Ó~Ï�Å Ò Ø6Ó�ÏaÁ�Å¾ÏaÙ Ù#Á Í[6LÏaÂ�Á�Ä~Ù�Ö¾ÏaÜ6Æ�Â�ÏaÁ�Ø6Ó©À Ò ÜWÏaÅÕEãâ = Â�Ïaë²ÍÎÜ6Ô�Å~ÏaÅÕâ
:<;<Ð�ÍÎÏaÙ¡ÏaÜ���ÑÒ Ó~ÅÎÍÎõÖ��ÑÒ ÜWÏTÃ~Á�ÏÈà%ÑÔ�Æ�Â�Á�ØÝÓ~ë�ÏaÁ Í Ã¾ÏaÜ�Ð�;zÐ�ÍÎÏaÙ Ò ÍÎÁ�ÐWØ6Ó~ÏaÅ�Û Ò ÜWÁ Ò ÍÎÁ�Ô�Å�Ã~ÏaÜçÏaÂ�ÏaëÎÍÎÜWÔ�Å~Á�ÐWØÝÓ~ÏaÅ
U Ò Ü Ò Ù#Ï�ÍÎÏaÜ ÏaÁ�Å~ÏaÐ Ò ÍÎÔ�Ù Ò ÜWÏaÅ àáÔäÃ~ÏaÂ�Â�Ð�;zÐ�ÍÎÏaÙ_Ð_ÐWÏaÓ~Ü��ßÑÄ~Å~ÐWØÝÓ~ÏaÅ~Ð��)ÏaÜ�ÍÎõ�Ä~Ù Ò Ä~Ð#Ã~ÏaÅ Ä~Å~Ù#Á Í�ÍÎÏaÂ âÀ Ò ÜWÏaÅ|Û�ÏaÜ ÑÒ Å~Ã¾ÏaÜWÄ~Å~Æ�ÏaÅ&Á�Å Ã~ÏaÜ�Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6Ã<;zÅ Ò Ù#Á�ë Ò Ä��YÆ�ÜWÄ~Å¾Ã Ã~ÏaÜ�Æ�ÏaÞaÁ�ÏaÂ ÍÎÏaÅ�àßÔ©Ã~Á!i~ë Ò ÍÎÁ�Ô�ÅÏaÁ�Å~ÏaÐ�ÏaÁ�Å~ÞaÁ�Æ�ÏaÅXU Ò Ü Ò Ù#Ï�ÍÎÏaÜWÐ�ÏaÁ�Å ÀzÏaÐWÐWÏaÜWÏaÐ(Û�ÏaÜWÐ�Í©ÑÒ Å~Ã~Å¾Á�Ð Ã¾ÏaÜ_Ã~Á�Ïáå®;zÅ Ò Ù_Á�ë ê~Ü ÑÒ Æ�ÏaÅ~Ã~ÏaÅ ê~Ó�;äâÐWÁ�ë Ò Â�Á�ÐWØ6Ó~ÏaÅ àßÏaØÝÓ Ò Å~Á�ÐWÙ#ÏaÅ ÞaÄ%ÏaÜWÂ Ò Å¾Æ�ÏaÅ~É åçÁ�Ï?H(ÜWÄ~Å~Ã¾ÞaÄ~Ð�Í Ò Å~Ã~Ð�â6æ(Ô�Å�i~Æ�Ä~Ü Ò ÍÎÁ�Ô�Å~ÏaÅ.Ã~ÏaÜÈÁ�Å%Ã~ÏaÜ
F Ò ÍÎÄ¾Ü�Ö¾Ô�Ü6ë�Ô�Ù#Ù#ÏaÅ~Ã~ÏaÅ = Â�ÏaÙ#ÏaÅ²ÍÎÏÈÀ~Á�Â�Ã¾ÏaÅßÃ Ò Æ�ÏaÆ�ÏaÅ�Å©Ä~Ü�ÏaÁ�Å~ÏTÄ~Å²Ö¾Ô�Â�Â�Ð�Í©ÑÒ Å~Ã~Á�Æ�Ï4àáÏaÅ~Æ�ÏÈÐ�Í Ò À~Á�Â�ÏaÜ
U Ò Ü Ò Ù#Ï�ÍÎÏaÜWë�Ô�ÙTÀ~Á�Å Ò ÍÎÁ�Ô�Å~ÏaÅ¾ÉÚåçÁ�Ï#Û�ÏaÜWÙ_ÏaÐWÐWÄ~Å~ÆkÏaÁ�Å~ÏaÐ�ë©Â�ÏaÁ�Å~ÏaÅX�[ÏaÁ�Â�Ð�Ã~Á�ÏaÐ6ÏaÜ�Å Ò Í¾ÑÄ¾ÜWÂ�Á�Ø6Ó~ÏaÅXU Ò âÜ Ò Ù#Ï�ÍÎÏaÜWÐ¨ÑÒ ÍÎÞaÏ�Ó Ò Í�ÀzÏaÜWÏaÁ ÍÎÐ Ò Å~ÐWÏaÓ~Å~Â�Á�ØÝÓ~Ïîô~Ô�Ü�ÍÎÐWØÝÓ~ÜWÁ Í�ÍÎÏ�ÞaÄ¾Ü = ÜWë©Â-ÑÒ ÜWÄ~Å~Æ|Ã~ÏaÜ�àßÏaÓ¾ÜWÏaÂ�Ïaë²ÍÎÜ6Ô�Å~ÏaÅÕâÌ�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å~ÐWê~Ü6Ô�ÞaÏaÐWÐWÏÈÁ�ÅßÓ¾ÔäØÝÓ~Á�Å²ÍÎÏaÅ¾ÐWÁ Ö¾ÏaÅ�ìxÁ�ØÝÓ²Í��YÏaÂ�Ã~ÏaÜWÅîÏaÜWÀ~Ü Ò Ø6ÓÎÍÎÉ:åçÁ�Ï = Ü��)ÏaÁ ÍÎÏaÜWÄ~Å¾Æ_Ã~ÏaÜ�Ï>�zêzÏ�âÜWÁ�Ù#ÏaÅÎÍÎÏaÂ�Â�ÏaÅ Z ÅÎÍÎÏaÜWÐWÄ¾Ø6Ó©Ä~Å~Æ�ÏaÅ Ò Ä���Ã~Á�Ï Á�Ô�Å~Á�ÐWØ6Ó¾ÏaÅ}H�ÜWÄ~Å~Ã~ÞaÄ¾Ð�Í ÑÒ Å~Ã~Ï4Ã~ÏaÜT¿�ÍÎÔ�Ù#Ï�ë Ò Å~Å-�TÁ�Ï_Á�Ùô Ò Â�Â�Ï�Ö¾Ô�Å�Ì�Å~Ã~Á�Ä~Ù S Ó¾ÏaÂ!� ÏaÅ~õvÃ~ÏaÙ = �zêzÏaÜWÁ�Ù#ÏaÅÎÍTÏaÁ�Å¾ÏTÞaÄ¾Ð ÑÒ ÍÎÞaÂ�Á�Ø6Ó~Ï]H�ÜWÄ~ê~êzÏ�Ö¾Ô�ÅîÄ~Å Ò À~Ó[ÑÒ Å~Æ�Á�Æ�ÏaÅ
U Ò Ü Ò Ù#Ï�ÍÎÏaÜWë�Ô�ÙTÀ~Á�Å Ò ÍÎÁ�Ô�Å~ÏaÅ ÞaÄ¾Æ ÑÒ Å~Æ�Â�Á�Ø6Ó%ÞaÄ.Ù Ò Ø6Ó~ÏaÅ~É = Á�Å~Ï#ë�Ô�Å~Ð6Ï�zäÄ~ÏaÅÎÍÎÏ ô~Ô�Ü�Í�� ÑÄ~Ó~ÜWÄ~Å¾Æ�Ã~Á�ÏaÐWÏaÐ
H(ÏaÃ Ò Å~ë�ÏaÅ¾ÐLÁ�Ð�Í4Ã~Á�Ï = ÜWë�ÏaÅ~ÅÎÍÎÅ~Á�ÐWõ[Ã Ò ÐWÐ�ÀzÏaÁrÛ�ÏaÜ��)ÏaÅ~Ã~Ä~Å¾Æ#ÏaÂ�Ïaë²ÍÎÜ6Ô�Å~Á�ÐWØ6Ó�× bfØÚÙ(Û�Ù(ØÚÜ3Ù�Û Ò ÍÎÔ�Ù Ò ÜWÏaÜÔäÃ¾ÏaÜLÁ�Ô�Å~Á�Ð6Ø6Ó~ÏaÜ^~eÄ~Ð�Í©ÑÒ Å~Ã~Ï�ÏaÁ�Å�� Ò Ð�ÍÈÄ¾Å~ÏaÜWÐWØÝÓ[ÑÔ�ê�{~Á�ØÝÓ~ÏaÜAU Ò Ü Ò Ù_Ï�ÍÎÏaÜWÜ Ò Ä~ÙÝ�ÝÑÄ~ÜLÃ¾Á�Ï Z Å²ÍÎÏaÜWÐ6Ä~Ø6Ó©Ä~Å~Æ
Ã~ÏaÜ Ò ÍÎÔ�Ù Ò Ü6ÏaÅ�Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~ÐWÃ�;zÅ Ò Ù_Á�ë ÏaÜ6ÐWØ6Ó~Â�Ô�Ð6ÐWÏaÅ]�)ÏaÜWÃ~ÏaÅ�ë Ò Å~Å~É

= Á�Å¾Ï_Æ�ÏaÅ Ò Ä~ÏaÜ6Ï�¿�Å Ò Â ;<ÐWÏ�Ã¾ÏaÜC:~Á ÍÎÄ Ò ÍÎÁ�Ô�Å%Â�Á�Ï��YÏaÜ�ÍT�2ÏaÃ~Ô©Ø6ÓkÏaÁ�Å~Ï�8�ÏaÁ�Ó~Ï(Ö¾Ô�Å%Ï>�zêzÏaÜWÁ�Ù#ÏaÅÎÍÎÏaÂ�Â�ÏaÅ¿LÅ�� Ô�ÜWÃ¾ÏaÜWÄ~Å~Æ�ÏaÅ~õ©Ã~Á�Ï7ÏaÁ�Å�Ö¾Ô�ÜvÃ~ÏaÙ = Á�ÅÎÍÎÜWÏ�Ò\ÏaÅ4Ã~ÏaÐvÁ�Ô�Å~Á�ÐWÁ�ÏaÜWÏaÅ~Ã¾ÏaÅ]� Ð�â6ì Ò ÐWÏaÜWê~Ä¾Â�ÐWÏaÐ[Á�ÅÈÏaÁ�Å~ÏaÙ ÏaÂ�ÏaëÎâ
ÍÎÜWÔ�Å~Á�ÐWØÝÓ~ÏaÅá¿LÅ~Æ�Ü6ÏaÆ�Ä~Å~Æ�ÐWÞaÄ~Ð�Í Ò Å~Ãßê¾Ü ÑÒ ê Ò ÜWÁ�ÏaÜ�ÍÎÏaÐA�[ÏaÁ�Â�ØÝÓ~ÏaÅÕâ = Å~ÐWÏaÙTÀ~Â�ÏÈÏaÜ0�ÝÑÄ¾Â�Â�ÏaÅ�ÙTÄ~ÐWÐWõ��çÏaÅ~Å Ò Ä~ÐÐWÏaÁ�Å~ÏaÙ Ì�Ô�Å¾Á�Ð Ò ÍÎÁ�Ô�Å~Ð�Ö¾ÏaÜWÓ Ò Â ÍÎÏaÅ Å~ÏaÄ~Ï��)ÏaÐWÏaÅÎÍÎÂ�Á�Ø6Ó~Ï = ÜWë�ÏaÅ~ÅÎÍÎÅ~Á�ÐWÐWÏ�ÑÄ~ÀzÏaÜ(Ã~Á�Ï Ò ÍÎÔ�Ù Ò ÜWÏ å®;zÅ Ò Ù_Á�ëÆ�Ï>�çÔ�Å¾Å~ÏaÅD�)ÏaÜWÃ~ÏaÅ�ÐWÔ�Â�Â�ÏaÅ~É = Á�Å?H(ÜWÔ�BãÍÎÏaÁ�Â[Ã~ÏaÜ�Á�Ù ô~Ô�ë©Ä~Ð�Ö¾Ô�Â�Ä~Ù_ÏaÅ�ÏaÅÎÍÎÓ Ò Â ÍÎÏaÅ~ÏaÅ-��ÏaÁ�Â�Ø6Ó~ÏaÅßÐWÔ�Â�Â ÍÎÏÐWÁ�Ø6Ó%Á�Ù Ò Å~Æ�ÏaÜWÏaÆãÍÎÏaÅÑ~eÄ~Ð�Í Ò Å~Ã.ÀzÏ�i~Å~Ã¾ÏaÅ~É�@7ÏaÁ�U�Ü ÑÒ ê Ò Ü Ò ÍÎÁ�Ô�Å%Ã~ÏaÐ Ò ÍÎÔ�Ù Ò ÜWÏaÅIèYÔäÃ~ÏaÜTÁ�Ô�Å~Á�ÐWØÝÓ~ÏaÅ~í
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¿LÀ¾À~Á�Â�Ã~Ä~Å~ÆÈÇ�É!P�É�Ë[Ì�ÅÎÍÎÏaÅ~ÐWÁ Í ÑÒ ÍÎÐ Ò À¾Ó ÑÒ Å~Æ�Á�Æ�Ï(Ì�Ô�Å~ÏaÅ Ò Ä~Ð6À\ÏaÄ�ÍÎÏaÅ�Ö¾Ô�Å�æ�Ü�;zê�ÍÎÔ�Å S Ò Ä~Ð7Ã~ÏaÙËH�ÜWÄ~Å~Ã~ÞaÄ�â
Ð�Í Ò Å~Ã#Ó~ÏaÜ Ò Ä~Ð!Ä~Å~ÃÈÀzÏaÁ¨Ö¾Ô�ÜWÓ~ÏaÜWÁ�Æ�ÏaÜC¿LÅ¾ÜWÏaÆ�Ä~Å~ÆçÁ�Å#Ã~ÏaÅ4Ù_Ï�Í Ò Ð�Í Ò À~Á�Â�ÏaÅ�~eÄ~Ð�Í Ò Å~Ã¾É
~eÄ~Ù�Û�ÏaÜWÆ�Â�ÏaÁ�Ø6ÓáÃ~Á�Ï)Å Ò ØÝÓ=¿�å�æ�â6àßÔ©Ã~ÏaÂ�Â�ÜWÏaØÝÓ~ÅäÄ¾Å~Æ�ÏaÅ=ÏaÜ�� Ò Ü�ÍÎÏ�ÍÎÏaÅ�¿�Ä~ÐWÀzÏaÄÕÍÎÏaÅè Ò Ä~ÐWÆ�ÏaÞaÔ�Æ�ÏaÅ~ÏTìxÁ�Å~Á�ÏaÅ¾í�É

Ê�ú



åçÁ�Ï�¿�Ä��YÜcÑÄ~Ð�ÍÎÄ¾Å~Æ7Ã~ÏaÐq64ÑÔ�Ø6Ó~Ð�Í�� ÏaÂ�ÃÕâ6×GU\¿�â6ì Ò Ð6ÏaÜWÐ�;<Ð�ÍÎÏaÙ#ÐvÁ�Ù�@7ÏaÜWÏaÁ�Ø6ÓD@�Ã~ÏaÐxà Ò �©â�@7Ô�ÜWÅÕâ6Ì�Å~Ã~Ð�ÍÎÁ ÍÎÄÕÍÎÐ
Ò Ä��CÏaÁ�Å~Ï_Å~Ô�Ù#Á�Å~ÏaÂ�Â�Ï":¾ê~Á ÍÎÞaÏaÅ~Â�ÏaÁ�Ð�ÍÎÄ~Å¾Æ4Ö¾Ô�Å5E � ��� ÀzÏ>�:Á�Ü6ë²Í_ÏaÁ�Å~Ï8�ÏaÁ�Ó~Ï(Ö¾Ô�Å.ÏaÁ�Å~ÐWØÝÓ~Å~ÏaÁ�Ã~ÏaÅ¾Ã~ÏaÅ
Û�ÏaÜ¨ÑÒ Å~Ã~ÏaÜWÄ~Å¾Æ�ÏaÅ|�ÝÑÄ¾Ü(Ã~Á�Ï Z Å²ÍÎÏaÜ6ÐWÄ~Ø6Ó©Ä~Å~Æ�ÏaÅ|Ã~ÏaÜ Ò ÍÎÔ�Ù Ò Ü6ÏaÅ|Ì�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6Ã<;zÅ Ò Ù#Á�ëäÉáåçÁ�Ï:ÕÍÎÏaÁ�Æ�Ï�âÜ6Ä~Å~ÆçÃ~ÏaÜ!Ù Ò �<Á�Ù Ò Â~ÏaÁ�Å~Ð6Ï�ÍÎÞaÀ Ò ÜWÏaÅUCÄ~Â�ÐWÏaÅ~ÏaÜ6Æ�Á�Ï�Ä~ÙäE[H(Ü ÑÔ�B�ÏaÅ¾Ô�ÜWÃ~Å©Ä~Å~Æ�ÏaÅ#ÏaÜWÙáÑÔ�Æ�Â�Á�Ø6ÓÎÍ�Å©Ä~Å4àßÏaÐ�âÐ6Ä~Å~Æ�ÏaÅ(ÀzÏaÁcÌ�Å²ÍÎÏaÅ¾ÐWÁ Í©ÑÒ ÍÎÏaÅ:Ã¾ÏaÄÕÍÎÂ�Á�Ø6ÓTÔ�ÀzÏaÜWÓ Ò Â�À7Ö¾Ô�Å:ú(ú�ü	��å���
ÕØaÙ�Gõ�Ã~Á�Ï�À\ÏaÁ»ô~Ô�ëäÄ¾ÐWÐWÁ�ÏaÜWÄ~Å¾Æ@Ã~ÏaÜeì Ò âÐ6ÏaÜWê~Ä~Â�ÐWÏ�Å~Ô�Ù#Á�Å¾ÏaÂ�Â©ÏaÜ6ÏaÁ�Ø6Ó©À Ò ÜWÏ�:~ê~Á ÍÎÞaÏaÅ¾Á�Å²ÍÎÏaÅ~Ð6Á Í©ÑÒ Í�Â�Á�ÏaÆãÍ�À\ÏaÁ�Ø Ò É7ú(ú�ü �&æ �v
ÕØaÙ � ÉCåçÁ�Ï�Ã Ò Ù_Á Í�Ö¾ÏaÜ�âÀ¾Ä~Å~Ã~ÏaÅ~Ï�Ð6ÏaÓ~ÜCÓ¾Ô�Ó~Ï = Å~ÏaÜWÆ�Á�ÏaÃ~Á�ØÝÓ²ÍÎÏçÐWØÝÓ~Ô�Å�Ã~ÏaÐCÅ¾ÔäØÝÓ�Ä~Å�� Ô�ë©Ä~ÐWÐWÁ�ÏaÜ�ÍÎÏaÅ_ì Ò Ð6ÏaÜWÂ�Á�Ø6ÓÎÍÎÐ�ÏaÜWÞ>�:Á�Å~ÆãÍ��ÝÑÄ~ÜÃ¾ÏaÅáë�Ô�ÅÎÍÎÜWÔ�Â�Â�Á�ÏaÜ�ÍÎÏaÅ Z Ù#Æ Ò Å~Æ�Ù#Á Í_ÐWÔ�Â�ØÝÓ~ÏaÅ5�YÐ�â6ì[Á�Ø6ÓÎÍÎê~Ä~Â�ÐWÏaÅ�Å~ÏaÄ¾Ï4Ï>�zêzÏaÜWÁ�Ù#ÏaÅÎÍÎÏaÂ�Â�Ï"8 Ò Å~Ã~ÀzÏaÃ~Á�ÅÕâÆ�Ä¾Å~Æ�ÏaÅ~õ¾Ã¾Á�Ï@ÏaÁ�Å~Ï�ë�Ô�Ù_ê~Â�Ï�Í�ÍÎÏAF�ÏaÄ~ë�Ô�Å~ÞaÏaê�ÍÎÁ�Ô�Å�Ã~ÏaÜCàßÏaÐ6Ð Ò ê~ê Ò Ü Ò ÍÎÄ¾Ü�ÞaÄ~ÜCô~Ô�Â�Æ�ÏLÓ Ò À\ÏaÅ¾É®:~Ô�Ù:Ä~Ð6ÐÅ Ò Ø6ÓTÏaÜ0� Ô�Â�ÆãÍÎÏaÜ!æ�Ô�Ù#ê~ÜWÏaÐWÐ6Á�Ô�Å:Ã~ÏaÜ�Ó~Ô©Ø6Ó�Ö¾ÏaÜWÐ�Í©ÑÒ ÜWëÎÍÎÏaÅÈìxÁ�ØÝÓ²ÍÎê~Ä¾Â�ÐWÏCÃ¾ÏaÜf:ÕÍÎÜ Ò Ó~Â�ÏaÅ~Æ Ò Å~Æ�Ö¾Ô�Â�Â�Ð�Í©ÑÒ Å~Ã~Á�ÆÁ�Ù Û Ò ëäÄ¾Ä~Ù Æ�Ï��ãÑÄ~Ó~Ü�Ís�çÏaÜ6Ã~ÏaÅ~õxÃ Ò ÐWÔ�Å~Ð�Í:Ã~Á�ÏCH�ÜWÄ~ê~êzÏaÅ~Æ�ÏaÐWØÝÓ3�TÁ�Å~Ã~Á�Æ�ë�ÏaÁ ÍÎÐ�â6åçÁ�ÐWêzÏaÜWÐWÁ�Ô�ÅáÃ~ÏaÜLìxÄ��AÍÏaÁ�Å¾ÏaÅ0ÐWØÝÓ[ÑÒ Ã~Á�Æ�ÏaÅ~Ã~ÏaÅ = Á�Å�{~Ä~ÐWÐ Ò Ä���UCÄ~Â�ÐWÃ Ò Ä¾ÏaÜ�Ä~Å~Ãµ:ÕÍÎÜ Ò Ó~Â!z©Ä Ò Â�Á Í©ÑÒ ÍkÃ¾ÏaÐßì Ò ÐWÏaÜWÂ�Á�Ø6ÓÎÍÎÐîÓ Ò ÀzÏaÅ
�ßÑÄ~ÜWÃ~ÏaÉ�åçÏaÙ#ÏaÅÎÍÎÐWê~Ü6ÏaØ6Ó~ÏaÅ~ÃÈÁ�Ð�Í@ÏaÐ�Å~Á�Ø6ÓÎÍ@Â-ÑÒ Å~Æ�ÏaÜvÙßÑÔ�Æ�Â�Á�Ø6Ó¾õ��ÝÑÄ¾Ü[Ã~Á�Ï�:ÕÍÎÜ Ò Ó¾Â!�ÝÑÄ~Ó¾ÜWÄ~Å~Æ�Ä~Å¾Ã�â��YÔ�ÜWÙ:Ä¾Å~ÆÔ�ê�ÍÎÁ�ÐWØ6Ó~ÏCæ(Ô�Ù#êzÔ�Å~ÏaÅÎÍÎÏaÅ�Á�Å[��Ü Ò Å~Ð6Ù#Á�ÐWÐWÁ�Ô�Å:ÏaÁ�Å~ÞaÄ~ÐWÏ�ÍÎÞaÏaÅ~É§~eÄ¾Ã~ÏaÙIÀzÏ�ÍÎÜ ÑÒ ÆãÍCÃ~ÏaÜf:ÕÍÎÜ Ò Ó~Â�Ã¾Ä~ÜWØ6Ó¾Ù#ÏaÐ�âÐ6ÏaÜ@Ã~ÏaÜ@Ä~Å�� Ô�ë©Ä~ÐWÐWÁ�ÏaÜ�ÍÎÏaÅ�ìxÁ�Ø6ÓÎÍÎê~Ä~Â�Ð6Ï(Å Ò Ø6ÓßÃ~ÏaÙÚæ(Ô�Ù_ê~ÜWÏaÐWÐWÔ�Ü�Å©Ä~Å�Ø Ò ÉLÊ�ü�Ù#Ù#É

Z Ù�Ã~Á�ÏaÐWÏaÅáÅ~ÏaÄ~ÏaÅßÏ>�zêzÏaÜWÁ�Ù#ÏaÅÎÍÎÏaÂ�Â�ÏaÅî¿LÅ�� Ô�ÜWÃ¾ÏaÜWÄ~Å~Æ�ÏaÅ=Æ�ÏaÜ6ÏaØ6ÓÎÍ��çÏaÜWÃ¾ÏaÅ�ÞaÄáë ÑÔ�Å~Å¾ÏaÅ~õ��:Ä¾ÜWÃ~Ï
Á�Ùä8 Ò Ó~Ù#ÏaÅ4Ã~ÏaÜ\Ö¾Ô�Ü6Â�Á�ÏaÆ�ÏaÅ~Ã~ÏaÅ_¿�ÜWÀzÏaÁ Í@ÏaÁ�Å~Ï�ë�Ô�Ù#ê~Â�Ï�Í�Í�Å~ÏaÄ~Ï�àáÏaÐWÐ Ò ê~ê Ò Ü Ò ÍÎÄ~Ü Ò Ä��YÆ�ÏaÀ Ò ÄÕÍÎõ¾Ã¾ÏaÜWÏaÅÞaÏaÅÎÍÎÜ Ò Â�Ï�æ(Ô�Ù#êzÔ�Å~ÏaÅÎÍÎÏ_ÏaÁ�Å¾Ï�ÏaÁ�Æ�ÏaÅ~ÐÈÅ~ÏaÄ|ë�Ô�Å~Ð�ÍÎÜWÄ¾Á�ÏaÜ�ÍÎÏ Z 6�ÛLâ�� Ò ÜWÆ�Ï�ÍÎë Ò Ù#Ù#ÏaÜ4Á�Ð�ÍÎõ�Á�ÅkÃ~ÏaÜTÙ#Á ÍÏaÁ�Å¾ÏaÙäU Ò Ü Ò À\Ô�Â�Ð6ê~Á�ÏaÆ�ÏaÂ¾Ã~Á�Ï§�YÐ�â6ìxÁ�ØÝÓ²ÍÎê¾Ä~Â�ÐWÏ Ò Ä�B�ÏaÜ Ò �zÁ Ò Â��YÔ�ë©Ä~ÐWÐWÁ�ÏaÜ�Í��)ÏaÜWÃ~ÏaÅ¾É = Á�Å4Þ>�çÏaÁ ÍÎÏaÜ®:~Ø6Ó��çÏaÜ�âê¾Ä~Å~ëÎÍd� Ò Ü�Ã~ÏaÜ¦@ Ò Ä_ÏaÁ�Å~ÏaÐ�Ô�êÕÍÎÁ�ÐWØÝÓ~ÏaÅ ¿LÀ~Ð6Ø6Ó���ÑÒ Ø6Ó~ÏaÜ6Ð�ÞaÄ~ÜCë�Ô�Å²ÍÎÜWÔ�Â�Â�Á�ÏaÜ�ÍÎÏaÅ Ì�ÅÎÍÎÏaÅ~ÐWÁ Í©ÑÒ ÍÎÐ�Ö Ò ÜWÁ Ò ÍÎÁ�Ô�Å~õÃ¾ÏaÜ�ÅäÄ~Ü�ÜWÏ�{~ÏaëÎÍÎÁ�ÏaÜWÏaÅ~Ã~Ï)æ(Ô�Ù_ê\Ô�Å¾ÏaÅ²ÍÎÏaÅ=ÏaÅÎÍÎÓ[ÑÒ Â ÍÎÉ

çG»�ès» é}É®ÈXêsçsëÕì í®É�È�¿AÀ�È¨�GÈ�Ä�¿AÂ
åçÁ�ÏT¿LÀ¾À~Á�Â�Ã~Ä~Å~Æ � É�ú ÞaÏaÁ�ÆãÍ#Ã~ÏaÅáÙ#Ô©Ã~Ä~Â Ò ÜWÏaÅß¿LÄ�� À Ò ÄßÃ~ÏaÐçë�Ô�Ù#ê~Â�Ï�Í�ÍÎÏaÅî×sUz¿�â6ì Ò ÐWÏaÜWÐ�;zÐ�ÍÎÏaÙ_Ð�ÞaÄ¾Ü
= ÜWÞaÏaÄ~Æ�Ä~Å¾Æ#Ã~ÏaÜ�Á�Å�Ã~ÏaÅáàßÏaÐ6ÐWÄ~Å~Æ�ÏaÅßÏaÁ�Å~Æ�ÏaÐWÏ�ÍÎÞ�ÍÎÏaÅ|�YÐ�â6ìxÁ�ØÝÓ²ÍÎê¾Ä~Â�ÐWÏaÉ(åçÁ�ÏG�çÏaÐWÏaÅÎÍÎÂ�Á�Ø6Ó¾Ï Ñ¿�Å~Ã~ÏaÜ6Ä~Å~Æ
Æ�ÏaÆ�ÏaÅ�ÑÄ~ÀzÏaÜ=Ã~ÏaÙ ÞaÄÕÖ¾Ô�Ü#Ö¾ÏaÜ��)ÏaÅ~Ã~Ï�ÍÎÏaÅµ:�;zÐ�ÍÎÏaÙ èAÖzÆ�Â�É�:~É(Ç�Ê�í=ÀzÏaÐ�ÍÎÏaÓÎÍ|Á�Å0ÏaÁ�Å¾ÏaÜÈÖ¾Ô�Â�Â�Ð�Í©ÑÒ Å~Ã~Á�ÆÑÄ¾À\ÏaÜ Ò ÜWÀzÏaÁ ÍÎÏ�ÍÎÏaÅ�Û�ÏaÜWÐ�Í ÑÒ ÜWë�ÏaÜ�â6æ(Ï�Í�ÍÎÏ�Å Ò ØÝÓ Ã~ÏaÙ ï�¡�¢Gó0¡� �ð�ó0¢6ÉÆ:~ÔkÃ~Á�ÏaÅÎÍîÅ©Ä~Å ÏaÁ�Å ÜWÏaÆ�ÏaÅ~ÏaÜ Ò ÍÎÁ Ö¾ÏaÜÛ�ÏaÜ6Ð�Í©ÑÒ ÜWë�ÏaÜ Ò Â�Ð[ÏaÜWÐ�ÍÎÏ¦:�ÍÎÄ�� ÏaõäÆ�Ï�� Ô�Â�ÆãÍ[Ö¾Ô�Å�Þ>�)ÏaÁcÏaÀzÏaÅ�� Ò Â�Â�ÐeÅ~ÏaÄ(ÏaÅÎÍ1�:Á�ØÝë�ÏaÂ ÍÎÏaÅÈàßÄ~Â ÍÎÁ�ê Ò ÐWÐ�â�Û�ÏaÜWÐ�Í©ÑÒ Ü6ë�ÏaÜ�âÐ�ÍÎÄ�� ÏaÅ¾É�Û�Ô�Ü�Ã~ÏaÙ = Á�ÅÎÍÎÜWÁ Í�ÍÈÁ�ÅßÃ~Á�Ï�Ï�Ö Ò ë©Ä~Á�ÏaÜ�ÍÎÏTæ(Ô�Ù#ê~ÜWÏaÐ6ÐWÔ�Ü�â6æ Ò Ù#Ù_ÏaÜ�Ã~Ä~Ü6Ø6Ó~Â Ò Ä��YÏaÅ�Ã¾Á�Ï�ì Ò Ð6ÏaÜ�âê¾Ä~Â�ÐWÏ#Ã Ò Å¾Å|Å~Ô©Ø6ÓkÃ~ÏaÅkÔ�êÕÍÎÁ�ÐWØÝÓ~ÏaÅ%¿LÀ~Ð6Ø6Ó���ÑÒ Ø6Ó~ÏaÜ6É|åçÁ�ÏC�:Á�ÏaÃ~ÏaÜ Ò Ä����YÐ�â6å Ò Ä~ÏaÜÈë�Ô�Ù#ê~ÜWÁ�Ù#Á�ÏaÜ�ÍÎÏaÅÅ©Ä~Å�Ó[ÑÔ�ØÝÓ~Ð�ÍÎÁ�ÅÎÍÎÏaÅ~ÐWÁ Ö¾ÏaÅáìxÁ�ØÝÓ²ÍÎê~Ä¾Â�ÐWÏ(Ó Ò ÀzÏaÅ=ÏaÁ�Å~ÏCU�Ä~Â�ÐWÏaÅ¾ÏaÜWÆ�Á�Ï7Ö¾Ô�Å�À¾Á�Ð@ÞaÄ � ü�ü�Ù"¨ ÀzÏaÁeÏaÁ�Å~ÏaÜs8LÏ�â
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Ti:Sa

(HDM) HDM
LDM

HDM

LDM

Output

compensator

R=100%

slit

Coupler

High Dispersive
Chirped Mirror Mirror 2

Grating

Grating
Retro-Reflector

∆τ=11fs

∆τ=700ps

Beam
rotation 2 pass

Pockels cell

160 mW

180 mJ
Ti:Sa
9mm2.1J 2.5J

900 mJ

Ti:Sa
35mm

Grating

Retro-
Reflector

Femtosecond Oscillator Stretcher Regenerative Amplifier

3-pass AmplifierPower Amplifier

Vacuum Compressor
chamber

80 mJ

180 mJ

Grating

3 mJ

EXPERIMENT

Pockels cell

Pockels cell

60 mJ

Ti:Sa

500 mJ

EXPERIMENT

Attenuator

¿LÀ¾À~Á�Â�Ã~Ä~Å~Æ ��ö ú ö Ëf:~Ø6Ó~ÏaÙ Ò ÍÎÁ�ÐWØ6Ó~ÏaÜ�¿�Ä�� À Ò Ä4Ã~ÏaÐ�×sUz¿�â6ì Ò ÐWÏaÜWÐ�;zÐ�ÍÎÏaÙ_Ð�ÞaÄ~Ü = ÜWÞaÏaÄ~Æ�Ä~Å~Æ�Ö¾Ô�Å�Æ�Ïaê~Ä~Â âÐ�ÍÎÏaÅ-:~ê~Á ÍÎÞaÏaÅ¾Á�Å²ÍÎÏaÅ~Ð6Á Í ÑÒ ÍÎÏaÅßÀ~Á�Ð�ú(ú�÷ �&æ�ø 
�ù.ú � ö Øû åçÜ ö à ö U ö æ Ò Â Ò ÐWÓ~Å~Á�ë�ÔWÖ

êzÏ�ÍÎÁ ÍÎÁ�Ô�Å~ÐWÜ Ò ÍÎÏ�Ö¾Ô�Åîú�÷76LÞ ö = Á�Å_Ö¾ÏaÜWÞ>�çÏaÁ�ÆãÍÎÏaÐ�:<;<Ð�ÍÎÏaÙ�Ï�Ö Ò ë©Ä~Á�ÏaÜ�ÍÎÏaÜ�8LÔ�Ó~ÜWÂ�ÏaÁ ÍÎÄ~Å¾Æ�ÏaÅáÏaÜ6Ù ÑÔ�Æ�Â�Á�Ø6ÓÎÍÐWØ6Ó¾Â�Á�Ï�B�Â�Á�Ø6Ó Ã~Á�Ï�Æ�Â�ÏaÁ�Ø6Ó¾ÞaÏaÁ ÍÎÁ�Æ�Ïá¿�Å©À~Á�Å~Ã~Ä~Å¾ÆáÙ_ÏaÓ~ÜWÏaÜWÏaÜ]� Ò ÜWÆ�Ï�ÍÎë Ò Ù#Ù#ÏaÜWÅ Ò Å�Ã Ò Ð#ì Ò ÐWÏaÜWÐ�;<Ð�ÍÎÏaÙ öåçÁ�ÏC:ÕÍÎÜ Ò Ó¾Â!�ÝÑÄ~Ó¾ÜWÄ~Å~Æ:ë Ò Å~Å�Ô�Ó~Å~Ï = Á�Å©À~ÜWÄ¾Ø6Ó=Ã~ÏaÐ!Û Ò ëäÄ~Ä¾Ù#Ð@Á�Å~Å~ÏaÜ6Ó Ò Â�À��çÏaÅ¾Á�Æ�ÏaÜ�àáÁ�ÅäÄÕÍÎÏaÅßÄ~Ù#Æ�Ï�âÐ�ÍÎÏaÂ�Â ÍG�)ÏaÜWÃ~ÏaÅ�ü<ÐWÔ#Ã Ò ÐWÐ�Ã~Á�Ï[�YÐ�â6ì Ò ÐWÏaÜ6ê~Ä~Â�ÐWÏ Ò À��çÏaØÝÓ~ÐWÏaÂ�Å~Ã#Ö¾ÏaÜWÐWØÝÓ~Á�ÏaÃ~ÏaÅ~ÏaÅáàßÏaÐ6Ð Ò ê~ê Ò Ü Ò ÍÎÄ¾ÜWÏaÅ Ò Â�ÐìxÁ�ØÝÓ²Í�z©Ä~ÏaÂ�Â�Ï�ÞaÄ¾ÜvÛ�ÏaÜ0�ÝÑÄ~Æ�Ä~Å~Æ4Æ�ÏaÐ�ÍÎÏaÂ�Â Í��)ÏaÜWÃ~ÏaÅ=ë<ÑÔ�Å~Å~ÏaÅ ö
åçÁ�Ïs� ÑÄ~Ü!Á�Å²ÍÎÏaÅ¾ÐWÁ Í ÑÒ ÍÎÐ Ò À~Ó ÑÒ Å¾Æ�Á�Æ�ÏLàáÏaÐWÐWÄ~Å¾Æ�ÏaÅ4Ã~ÏaÜ�Ì�Ô�Å~ÏaÅ Ò Ä~ÐWÀzÏaÄÕÍÎÏaÅ4Ä¾ÅäÀzÏaÃ~Á�Å~ÆãÍ@ÏaÜ0�YÔ�ÜWÃ~ÏaÜ6Â�Á�Ø6Ó~Ï�üë�Ô�Å²ÍÎÜ6Ô�Â�Â�Á�ÏaÜ�ÍÎÏ�ü�ë�Ô�ÅÎÍÎÁ�ÅäÄ~Á�ÏaÜ6Â�Á�Ø6Ó~Ï�Û Ò ÜWÁ Ò ÍÎÁ�Ô�Å�Ã¾ÏaÜ�ìxÁ�ØÝÓ²ÍÎÁ�ÅÎÍÎÏaÅ~ÐWÁ Í©ÑÒ Í ÏaÜ0� Ô�Â�ÆãÍ4Ã~Á�ÏaÐWÙ Ò Â[ÀzÏaÜWÏaÁ ÍÎÐ�Á�Å~Å~ÏaÜ�âÓ Ò Â�ÀkÃ~ÏaÐ�ì Ò ÐWÏaÜWÐ�;<Ð�ÍÎÏaÙ#ÐTÃ~Ä~ÜWØÝÓ.ÏaÁ�Å~ÏaÅkÐWêzÏaÞaÁ�ÏaÂ�Â�ÏaÅ%Ô�êÕÍÎÁ�ÐWØÝÓ~ÏaÅ%¿LÀ~Ð6Ø6Ó�� ÑÒ Ø6Ó~ÏaÜ ö � Á�Ï ¿�À~À~Á�Â�Ã~Ä~Å¾Æ

��ö E.ÞaÏaÁ�ÆãÍ�ü(ÀzÏaÐ�ÍÎÏaÓÎÍßÃ~Á�ÏaÐ6ÏaÜ Ò Ä~Ð�Þ>�çÏaÁLê\Ô�Â Ò Ü6Á�ÐWÁ�ÏaÜWÏaÅ~Ã~ÏaÅ�:~ê~Á�ÏaÆ�ÏaÂ�Å�üçÃ~ÏaÜ6ÏaÅy8�Ï�{~Ï>�<Á�Ô�Å~Ð�Ö¾ÏaÜ6ÙßÑÔ�Æ�ÏaÅÖ¾Ô�Ù = Á�Å�� Ò Â�Â�Ð��:Á�Å~ë�ÏaÂ�Ã~ÏaÜ:Â�Á�Å~Ï Ò ÜÈê\Ô�Â Ò Ü6Á�ÐWÁ�ÏaÜ�ÍÎÏaÅkìxÁ�Ø6ÓÎÍÎê~Ä~Â�Ð6Ï Ò À~Ó�ÑÒ Å~ÆãÍ ö åçÄ~ÜWØÝÓ|Ã~Á�Ï(Ö¾ÏaÜ��)ÏaÅ~Ã~Ï�ÍÎÏÃ~Á�ÏaÂ�ÏaëÎÍÎÜWÁ�ÐWØ6Ó¾Ï@7ÏaÐWØ6Ó¾Á�Ø6ÓÎÍÎÄ~Å~Æ]�TÁ�ÜWÃ�ÅäÄ¾Ü)Ã~ÏaÜ(ÐWÏaÅ~ë©ÜWÏaØÝÓ²Í�ÞaÄ¾Ü = Á�Å�� Ò Â�Â�ÐWÏaÀzÏaÅ~Ï4êzÔ�Â Ò ÜWÁ�ÐWÁ�ÏaÜ�ÍÎÏ#¿LÅÎÍÎÏaÁ�ÂÃ~ÏaÐ_ì Ò ÐWÏaÜWÂ�Á�ØÝÓ²ÍÎÐ Ù Ò �<Á�Ù Ò Â�ÜWÏ�{¾Ïaë²ÍÎÁ�ÏaÜ�Í ö @7ÏaÁ�åçÜWÏaÓ©Ä~Å~Æ�ÏaÁ�Å~ÏaÐ ÐWÔ�Â�ØÝÓ~ÏaÅ�:~ê¾Á�ÏaÆ�ÏaÂ�Ð�Ä~Ù Ã~Á�Ï=Ô�êÕÍÎÁ â
ÐWØ6Ó¾Ï_¿�Ø6Ó~ÐWÏ�Ã~ÏaÜ(ÏaÁ�Å~Æ�ÏaÐ�ÍÎÜ Ò Ó~Â ÍÎÏaÅ%ìxÁ�ØÝÓ²ÍÎê~Ä¾Â�ÐWÏ)Ö¾ÏaÜWÓ ÑÒ Â Í ÐWÁ�ØÝÓ.Ã~Á�ÏaÐWÏaÜs�:Á�Ï_ÏaÁ�ÅYUvÔ�Â Ò ÜWÁ�Ð Ò ÍÎÁ�Ô�Å~Ð0i¾Â ÍÎÏaÜ0ü
Ò Â�Â�ÏaÜWÃ~Á�Å~Æ�Ð�Á�Å98�Ï�{~Ï>�<Á�Ô�Å ö å�Ä¾ÜWØ6Ó�Ã¾Á�ÏTæ�Ô�Ù:À~Á�Å Ò ÍÎÁ�Ô�Å�Þ>�çÏaÁ�ÏaÜ�:~ê~Á�ÏaÆ�ÏaÂ!Ó~Á�ÅÎÍÎÏaÜWÏaÁ�Å Ò Å¾Ã~ÏaÜ)ÐWÔ�Â�Â!ÏaÁ�Å~ÏÅ~Ô©Ø6Ó#ÀzÏaÐWÐWÏaÜ6Ï�ô�Á�Â ÍÎÏaÜ��:Á�ÜWë©Ä~Å~Æ(ÏaÜWÞaÁ�ÏaÂ Í®�çÏaÜ6Ã~ÏaÅ�ü~Ä~Ù Ã Ò Ð�à Ò B(Ã~ÏaÜ�Ù Ò �<Á�Ù Ò Â�ÏaÅ�ìxÁ�Ø6ÓÎÍÎÐWØÝÓ3��ÑÒ ØÝÓäÄ¾Å~ÆÏaÅ²ÍÎÐ6ê~ÜWÏaØ6Ó¾ÏaÅ~Ã�ÞaÄ�Ö¾ÏaÜ6Æ�Ü ÑÔ�B�ÏaÜWÅ ö ¿�Ä��eÃ¾Á�ÏaÐWÏ®� ÏaÁ�ÐWÏ)Â-ÑÒ ÐWÐ�Í(ÐWÁ�ØÝÓ Ã¾Á�Ï�UCÄ~Â�ÐWÏaÅ~ÏaÜ6Æ�Á�ÏLÙ Ò �<Á�Ù Ò Â<Ä~ÙKÃ~ÏaÅ
ô Ò ëÎÍÎÔ�Ü"E � ÜWÏaÃ~Ä~ÞaÁ�ÏaÜ6ÏaÅ�ü`� Ò Ð4ÏaÁ�Å~Ï�Á�Ù = �<ê\ÏaÜ6Á�Ù#ÏaÅ²Í�Å©ÄÕÍÎÞaÀ Ò ÜWÏ�Ì�Å²ÍÎÏaÅ~Ð6Á Í©ÑÒ ÍÎÐ Ò À~ÐWØÝÓ3��ÑÒ ØÝÓäÄ¾Å~Æ�Ö¾Ô�ÅÏ�Í1� Ò ÐLÙ_ÏaÓ~Ü Ò Â�Ð@ÏaÁ�Å~ÏaÜAH(Ü ÑÔ�B�ÏaÅ~Ô�Ü6Ã~ÅäÄ¾Å~Æ4ÀzÏ>�:Á�ÜWëÎÍ ö
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αP

αP

Polarisierender
Spiegel #1

Polarisierender
Spiegel #2

Kugellager Kugellager

Grundplatte

¿�À~À~Á�Â�Ã¾Ä~Å~Æ ��ö E ö Ëq:~ØÝÓ~ÏaÙ Ò ÍÎÁ�ÐWØÝÓ~Ï:å Ò ÜWÐ�ÍÎÏaÂ�Â�Ä~Å~Æ Ã~ÏaÐ@Ô�êÕÍÎÁ�ÐWØÝÓ~ÏaÅá¿LÀ~Ð6Ø6Ó���ÑÒ Ø6Ó~ÏaÜ6ÐLÞaÄ~ÜLë�Ô�Å²ÍÎÁ�Å©Ä~Á�ÏaÜWÂ�Á âØ6Ó¾ÏaÅ�Û Ò ÜWÁ Ò ÍÎÁ�Ô�Å#Ã~ÏaÜ`U�Ä¾Â�ÐWÏaÅ~ÏaÜWÆ�Á�Ï ö æ(ÏaÜWÅ¾Ð�Í~ÑÄ~Ø6ë�Ã~ÏaÐv¿LÄ��YÀ Ò Ä~ÐvÐWÁ�Å¾Ã:Þ>�)ÏaÁrêzÔ�Â Ò ÜWÁ âÐWÁ�ÏaÜWÏaÅ¾Ã~Ï�:~ê~Á�ÏaÆ�ÏaÂ�Ë�å Ò Å~ë:ÏaÁ�Å¾ÏaÜ�ÐWêzÏaÞaÁ�ÏaÂ�Â�ÏaÅ#Ã~Á�ÏaÂ�ÏaëÎÍÎÜWÁ�ÐWØÝÓ~ÏaÅ@7ÏaÐWØÝÓ~Á�Ø6ÓÎÍÎÄ~Å~Æ§�TÁ�ÜWÃÄ~ÅÎÍÎÏaÜLÃ¾ÏaÙ = Á�Å�� Ò Â�Â�Ð��:Á�Å~ë�ÏaÂ��  WÓL�÷��)Å©Ä~Ü�Ã¾ÏaÜ�ÐWÏaÅ~ë©ÜWÏaØÝÓ²Í4ÞaÄ~Ü = Á�Å�� Ò Â�Â�ÐWÏaÀzÏaÅ~ÏêzÔ�Â Ò ÜWÁ�ÐWÁ�ÏaÜ�ÍÎÏá¿�Å²ÍÎÏaÁ�Â�Ã~ÏaÐ Â�Á�Å~Ï Ò Ü�êzÔ�Â Ò ÜWÁ�Ð6Á�ÏaÜ�ÍÎÏaÅ ì Ò ÐWÏaÜWÂ�Á�ØÝÓ²ÍÎÐ�Ù Ò �<Á�Ù Ò Â�ÜWÏ�{~ÏaëÎâÍÎÁ�ÏaÜ�Í ö å�ÏaÜ = Á�Å~Ð Ò ÍÎÞ4Ã~ÏaÐçÞ>�)ÏaÁ ÍÎÏaÅ|:~ê~Á�ÏaÆ�ÏaÂ�Ð�Ã~Á�ÏaÅ²Í#Â�ÏaÃ~Á�Æ�Â�Á�ØÝÓ�ÞaÄ~Ü�Û�ÏaÜWÐ�Í©ÑÒ ÜWëäÄ¾Å~ÆÃ~ÏaÐ = Ò\Ïaë²ÍÎÐ ö @7ÏaÁq8LÔãÍ Ò ÍÎÁ�Ô�ÅáÃ¾ÏaÜ@Æ�ÏaÐ Ò Ù�ÍÎÏaÅß¿�Å~Ô�ÜWÃ~Å©Ä~Å~Æ4Ä¾ÙÚÃ~Á�Ï[:ÕÍÎÜ Ò Ó~Â Ò Ø6Ó~Ð6Ïë Ò Å~Å%Ã Ò Ù#Á Í�Ã~Á�Ï:ÍÎÜ Ò Å~ÐWÙ#Á Í�ÍÎÁ�ÏaÜ�ÍÎÏ ì[Á�Ø6ÓÎÍÎÏaÅ~ÏaÜWÆ�Á�Ï=ë�Ô�ÅÎÍÎÜWÔ�Â�Â�Á�ÏaÜ�Í4Ö¾ÏaÜ¨ÑÒ Å~Ã~ÏaÜ�ÍD�)ÏaÜ�âÃ~ÏaÅ~ËG���&÷��zûaûaû�P�÷��ãí�ù�÷cûr÷ ��� ûaûaû�÷cûrI�L�L ö
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Kühlfalle
(1.8l LN2)

3) Effusiver Ofen

Gas-Einlass-
Präzisionsventil

BK7-Platte
(100µm, 0° )

10-9 mbar

10-6 mbar 10-3 mbar

BK7-Platte
(100µm, 0° )

Suprasil-Platte
(500µm, 5° tilted)

variable Fokus-Blende

3)

1)

2)

1) Off -Axis-ParabolSpiegel
     (f=200,1mm, D=65mm)  

2) Flugzeit-Massenspektrometer
     (450mm Driftstrecke)

¿LÀ~À¾Á�Â�Ã~Ä~Å~Æ ��ö!��ö ËqUCÜWÁ�Å~ÞaÁ�êÕâ�:¾ëäÁ�ÞaÞaÏ(Ã¾ÏaÜ Z 6�Û�â�� Ò ÜWÆ�Ï�ÍÎë Ò Ù#Ù#ÏaÜ^�ÝÑÄ~Ü�ú�ú�÷ �&æ ��
ÕØaÙ � ö
å Ò ÐÈÖ¾ÏaÜWÞ>�)ÏaÁ�ÆãÍÎÏ58LÔ�Ó~ÜWÂ�ÏaÁ ÍÎÄ~Å~Æ�Ð6Ð�;zÐ�ÍÎÏaÙ ÞaÄ~Ü�Ï�Ö Ò ë©Ä~Á�ÏaÜ�ÍÎÏaÅ�:�ÍÎÜ Ò Ó~Â!�ÝÑÄ~Ó~ÜWÄ~Å¾Æ�Ã~ÏaÐ�ì Ò Ð6ÏaÜWÂ�Á�Ø6ÓÎÍÎÐ

�:Á�ÜWÃîÀzÏaÁ[ÏaÁ�Å¾ÏaÙpÛ Ò ëäÄ¾Ä~Ùçâ = Å¾Ã~Ã~ÜWÄ~ØÝë�Á�Ùþ@7ÏaÜWÏaÁ�Ø6Ó�ú�÷¸â u ÙTÀ Ò Ü)ÀzÏ�ÍÎÜWÁ�ÏaÀzÏaÅ�üÚ� Ò Ð Ò Ä~Ð6ÜWÏaÁ�Ø6ÓÎÍ�ü�Ä~ÙÃ~ÏaÅ�ÐWÔ�Å¾Ð�Í_Ã~Á�ÐWêzÏaÜWÐWÁ Ö¾ÏaÅ = Á�Å�{~Ä¾ÐWÐçÃ~ÏaÜ(ìxÄ�� Í Ò Ä���Ã~Á�Ï"�YÐ�â6ì[Á�Ø6ÓÎÍÎê~Ä~Â�ÐWÏ#ÞaÄ.Ä~Å²ÍÎÏaÜ6Ã~Ü ÑÄ~ØÝë�ÏaÅ ö ô ÑÄ~Ü)Ã~Á�ÏÓ~Ô©Ø6Ó Ò Ä�{�ÑÔ�ÐWÏaÅ~Ã~ÏaÅßàßÏaÐWÐ6Ä~Å~Æ�ÏaÅ�ÞaÄ¾Ü Ò ÍÎÔ�Ù Ò ÜWÏaÅîÌ�Ô�Å~Á�Ð Ò ÍÎÁ�Ô�Å~Ð6Ã<;zÅ Ò Ù#Á�ë�Á�Ð�ÍTÃ Ò Æ�ÏaÆ�ÏaÅîÁ�Ù�ô~Ô�ë©Ä~Ð�Ö¾Ôãâ
Â�Ä~Ù#ÏaÅ4ÏaÁ�Å"6�Á�ÅÎÍÎÏaÜWÆ�ÜWÄ~Å~Ã¾ÐWÃ~ÜWÄ~ØÝë7Ö¾Ô�Å#Ä~ÅÎÍÎÏaÜ�ú�÷¸â32<ÙTÀ Ò Ü!Å~ÔãÍ1�)ÏaÅ~Ã~Á�Æ ö ¿�Ä��YÆ�ÜWÄ~Å~ÃTÃ~ÏaÐ�Ð6ÏaÓ~Ü!Æ�ÜWÔ�B�ÏaÅ
:ÕÍÎÜ Ò Ó~Â�Ã¾Ä~ÜWØ6Ó¾Ù#ÏaÐWÐWÏaÜWÐ�Ã~ÏaÜ=ì Ò Ð6ÏaÜWê~Ä~Â�ÐWÏ�Ö¾Ô�Å0Ø Ò ö Ê�÷�Ù#Ù]Á�Ð�Í|Ã Ò ÐßÏaÜ0� Ô�Ü6Ã~ÏaÜWÂ�Á�Ø6Ó¾Ï.åçÜWÄ~ØÝëäÆ�Ï���ÑÒ Â�Â�ÏÞ>�:Á�ÐWØÝÓ~ÏaÅ�:�ÍÎÜ Ò Ó~Â�ÜWÔ�Ó~Ü Ò Å~ÐWØ6Ó¾Â�Ä~ÐWÐ�Ä¾Å~Ã-� Ò ÜWÆ�Ï�ÍÎë Ò Ù_Ù#ÏaÜçÅ~Á�Ø6ÓÎÍÈÃ¾Ä~ÜWØ6ÓßÃ~ÏaÅ = Á�ÅäÀ Ò ÄßÃ~Á!Ò\ÏaÜWÏaÅÎÍÎÁ�ÏaÂ�Â�ÏaÜ
U�Ä~Ù_ê~Ð�ÍÎÄ��YÏaÅ�ÏaÜWÜ6ÏaÁ�Ø6Ó©À Ò Ü ö � Á�Ï Ò Ä~Ðç¿LÀ~À¾Á�Â�Ã~Ä~Å~Æ ��ö!� ÞaÄîÏaÅÎÍÎÅ~ÏaÓ~Ù#ÏaÅîÁ�Ð�Í�ü!ÏaÜ�� Ô�Â�ÆãÍ#Á�ÅîÃ~ÏaÜçÏaÁ�Å~Æ�Ï�âÐWÏ�ÍÎÞaÏaÅ.àáÏaÐWÐ Ò ê¾ê Ò Ü Ò ÍÎÄ~Ü(Ã¾Á�Ï]�[ÜWÏaÅ¾ÅäÄ~Å¾Æ Ã¾ÏaÜ(Ä~ÅÎÍÎÏaÜWÐWØ6Ó¾Á�ÏaÃ~Â�Á�Ø6Ó~ÏaÅ=Û Ò ëäÄ¾Ä~Ù:ÀzÏaÜWÏaÁ�ØÝÓ~Ï#Ð�Í Ò Í�ÍÎÃ¾ÏaÐWÐWÏaÅÙ#Á Í�6�Á�Â!� Ï:ÐWÏaÓ~Ü@Ã ÑÄ~Å~Å~ÏaÜ�H(Â Ò Ð�â�ü[À~Þ>� ö54 Ä Ò Ü6ÞaÆ�Â Ò Ð�â6ô~ÏaÅ~Ð�ÍÎÏaÜ ö Ì�Ó~ÜWÏ)Æ�ÏaÜ6Á�Å~Æ�Ï�åçÁ�Ø6ë�Ï��Yú�÷�÷6�Ù"üeÀ~Þ>� ö
� ÷�÷76�Ù_í_Æ�Ï>��ÑÒ Ó~Ü6Â�ÏaÁ�Ð�ÍÎÏ�Í.ÏaÁ�Å~ÏîÁ�Å��YÔ�Â�Æ�ÏáÃ¾ÏaÜwH(Â Ò Ð�â6å�Á�Ð6ê\ÏaÜ6ÐWÁ�Ô�Å&ÅäÄ¾Ü�Ä~Å��)ÏaÐWÏaÅ²ÍÎÂ�Á�ØÝÓ~Ï�Ä~Å~Ã Ã Ò Ó~ÏaÜÍÎÔ�Â�ÏaÜWÁ�ÏaÜWÀ Ò Ü6ÏTÛ�ÏaÜWÂ-ÑÒ Å~Æ�ÏaÜWÄ~Å¾ÆáÃ¾ÏaÜ�UCÄ~Â�ÐWÃ Ò Ä¾ÏaÜ:ÀzÏaÁ��[Ü Ò Å¾ÐWÙ#Á�ÐWÐWÁ�Ô�Å%Ã~ÏaÐÈì Ò ÐWÏaÜWÂ�Á�Ø6ÓÎÍÎÐ ö å�Ä¾ÜWØ6Ó%Ã~ÏaÅ
= Á�Å©À Ò Ä ÏaÁ�Å~ÏaÜ7ÞaÄ~Ð ÑÒ ÍÎÞaÂ�Á�Ø6Ó¾ÏaÅTÛ�ÏaÜWÀ~Á�Å~Ã~Ä¾Å~Æ�ÐWë Ò Ù#Ù#ÏaÜ��AÛ Ò ë©Ä~Ä~Ù)â = Å~Ã~Ã¾ÜWÄ~Ø6ëÈÀzÏaÁ¾ú�÷ â åzÙTÀ Ò ÜWí\�:Á�ÜWÃÐWÔÈÃ~Á�Ï Z 6�Û�â�� ÏaØ6Ó~Ð6ÏaÂ �:Á�ÜWë©Ä~Å~Æ�ÐWë Ò Ù#Ù#ÏaÜLÃ~Ä~ÜWØÝÓ Þ>�)ÏaÁ*��ÜWÏaÅ~ÅÕâ6ô~ÏaÅ¾Ð�ÍÎÏaÜ�Ù#Á Í�Ã~ÏaÙË:ÕÍÎÜ Ò Ó~Â�ÜWÔ�Ó~Ü7Ã~ÏaÐ
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¿�À~À~Á�Â�Ã¾Ä~Å~Æ ��ö Ç ö ËqU�Ó¾ÔãÍÎÔ�Æ�Ü Ò i~ÐWØÝÓ~Ï¡×@×@åCâ6æ Ò Ù#ÏaÜ Ò À¾Á�Â�Ã~ÏaÜpÃ~ÏaÜ�UCÜWÔ982ÏaëÎÍÎÁ�Ô�Å Ã~ÏaÜKÏaÂ�Ïaë²ÍÎÜ6Á�ÐWØ6Ó~ÏaÅ
ô~Ä~Å¾ë�ÏaÅÕâ = ÅÎÍÎÂ Ò Ã~Ä~Å~Æ�À\ÏaÁ¾ô~Ô�ëäÄ¾ÐWÐWÁ�ÏaÜWÄ~Å¾Æ)Ã~ÏaÜ�ì Ò ÐWÏaÜWê~Ä~Â�Ð6Ï�Á�Å#ìxÄ��AÍ ö åçÁ�ÏGU�Ü6Ô982ÏaëÎâÍÎÁ�Ô�Å~Ð0{�ÑÒ Ø6Ó~Ï�ü\ÏaÁ�Å#åçÌ.F�â6¿�Çãâ�@�Â Ò Í�Í)àáÁ�Â�Â�Á�Ù#Ï�ÍÎÏaÜ�â�U Ò ê~Á�ÏaÜ0üzÀzÏ�i~Å~Ã~Ï�Í@ÐWÁ�ØÝÓ#Á�Å":ÕÍÎÜ Ò Ó~Â âÜWÁ�ØÝÓ²ÍÎÄ~Å¾Æ�Ø Ò ö E � ØaÙ¡Ó~Á�ÅÎÍÎÏaÜLÃ¾ÏaÙ ì Ò ÐWÏaÜ0�YÔ�ëäÄ~Ð Ò Ä��vÃ~ÏaÜ�Ô�êÕÍÎÁ�ÐWØ6Ó¾ÏaÅß¿�Ø6Ó~Ð6Ï ö åçÁ�ÏÃ~Á Ò Æ�Ô�Å Ò Â\Ö¾ÏaÜ6Â Ò Ä�� ÏaÅ¾Ã~ÏD:<;zÙ_Ù#Ï�ÍÎÜWÁ�Ï Ò Ø6Ó¾ÐWÏÈÁ�ÅáÃ¾ÏaÜ�ô Ò ÜWÀ²Ö¾ÏaÜ�ÍÎÏaÁ�Â�Ä~Å~Æ=Á�Ð�Í4ÏaÁ�Å�¿�ÅÕâÞaÏaÁ�Ø6Ó¾ÏaÅ�� ÑÄ~Ü�¿�Ð�ÍÎÁ�Æ�Ù Ò ÍÎÁ�ÐWÙTÄ~Ð�Á�Ù ì Ò ÐWÏaÜ0�YÔ�ëäÄ~Ð ö = Á�ÅßÔ�êÕÍÎÁ�Ù Ò Â:8�Ä~Ð�ÍÎÁ�ÏaÜ�ÍÎÏaÜ�ìxÁ�ØÝÓ²Í�â
�YÔ�ëäÄ~Ð��çÏaÁ�Ð�ÍÈÃ Ò Æ�ÏaÆ�ÏaÅ�ÏaÁ�Å¾Ï(ÜWÔãÍ Ò ÍÎÁ�Ô�Å~ÐWÐ�;zÙ#Ù_Ï�ÍÎÜWÁ�ÐWØ6Ó¾Ï�ô@ÑÒ ÜWÀ~Ä~Å¾Æ Ò Ä�� öìxÁ�Å¾ë�ÏaÐG@7Á�Â�Ã~Ë =�3¯K°o± W � Ù"¨ á ÜWÏaØÝÓ²ÍÎÏaÐ�@7Á�Â�Ã~Ë =�3¯K°o± WIú � Ù"¨ ö

ì Ò ÐWÏaÜWÐ�;<Ð�ÍÎÏaÙ#Ð!Ö¾ÏaÜWÀ~Ä~Å~Ã¾ÏaÅ ö
Ì�Å)Ã~ÏaÜrÛ�ÏaÜWÀ~Á�Å~Ã~Ä¾Å~Æ�ÐWë Ò Ù#Ù#ÏaÜ<ÀzÏ�i~Å~Ã~ÏaÅçÐWÁ�ØÝÓ(ÞaÄ~Æ�Â�ÏaÁ�ØÝÓ:Þ>�)ÏaÁ Z Ù#Â�ÏaÅ~ë©ÐWê~Á�ÏaÆ�ÏaÂcÁ�Å�Þ�â6¿LÅ~Ô�Ü6Ã~ÅäÄ¾Å~Æ�üÙ_Á Í�Ã~ÏaÅ~ÏaÅ=Ã~Á�Ï Ò Ä¾Ð�Ã~ÏaÙÏ:�ÍÎÜ Ò Ó~Â�ÜWÔ�Ó~Ü�ÏaÁ�Å¾Â Ò Ä�� ÏaÅ¾Ã~ÏaÅ-�YÐ�â6ìxÁ�ØÝÓ²ÍÎê~Ä¾Â�ÐWÏ(Ï>� Ò ë²Í Ò Ä��[Ã~ÏaÅÕ� Ô�ë©Ä~ÐWÐWÁ�ÏaÜ6ÏaÅÕâÃ¾ÏaÅwU Ò Ü Ò ÀzÔ�Â â�:~ê~Á�ÏaÆ�ÏaÂ38�Ä~Ð�ÍÎÁ�ÏaÜ�Í��)ÏaÜWÃ~ÏaÅ ö åçÁ�ÏaÐ�Ó Ò Í)Ã~ÏaÅ(Û�Ô�Ü�ÍÎÏaÁ�Â!üeÃ Ò ÐWÐ Ò Ä��eÏaÁ�Å~Ï Ò Ä��Þ�çÏaÅ¾Ã~Á�Æ�ÏLÄ¾Å~Ãë�Ô�Ð�ÍÎÐWê~Á�ÏaÂ�Á�Æ�Ï Z 6�Û�â�Í Ò Ä~Æ�Â�Á�Ø6Ó~Ï5¨»Ä~Ð�Í Ò Æ�Ï�â�6 Ò Â ÍÎÏaÜWÄ~Å¾Æ}�ãÑÄ~Ü�Ã~ÏaÅ�U Ò Ü Ò ÀzÔ�Â â�:~ê~Á�ÏaÆ�ÏaÂçÁ�Å Ã~ÏaÜ�� Ò ÜWÆ�Ï�Í�âë Ò Ù#Ù#ÏaÜ�Ö¾ÏaÜWÞaÁ�Ø6ÓÎÍÎÏ�Í��)ÏaÜWÃ~ÏaÅ|ë Ò Å¾Å ö ~eÄ~Ü = ÜWÞaÏaÄ~Æ�Ä~Å~Æ�ÏaÁ�Å¾ÏaÜ Ò Ä~ÐWÜ6ÏaÁ�Ø6Ó~ÏaÅ~Ã|ëäÂ�ÏaÁ�Å¾ÏaÅ|:ÕÍÎÜ Ò Ó~Â Í Ò Á�Â�Â�ÏÁ�Ùþ~xÏaÅ²ÍÎÜWÄ¾Ù�Ã~ÏaÐ��:Á�ÏaÃ~ÏaÜWÄ¾Ù Ò Ä¾Ð � ô~ÏaÂ�Ã~ê~Â Ò Í�ÍÎÏaÅ|Ä~Å~ÃîÏaÁ�Å~ÏaÜ(àáÁ�ëäÜ6Ô�ë Ò Å Ò Â â�UCÂ Ò Í�ÍÎÏ Ò Ä�� Æ�ÏaÀ Ò Ä�ÍÎÏaÅôvÂ�Ä~Æ�ÞaÏaÁ Í�â6à Ò ÐWÐWÏaÅ¾ÐWêzÏaë²ÍÎÜWÔ�Ù_Ï�ÍÎÏaÜWÐCÞaÄ¾Ù 4<; à#â6ÐWÏaÂ�ÏaëÎÍÎÁ Ö¾ÏaÅ�F Ò ØÝÓ3�)ÏaÁ�ÐCÃ¾ÏaÜ!Á�Ù ô~Ô�ëäÄ¾Ð�Ö¾Ô�Â�Ä~Ù#ÏaÅ#ê¾ÜWÔãâ

Ã¾Ä~ÞaÁ�ÏaÜ�ÍÎÏaÅ�Ì�Ô�Å~ÏaÅßÆ�ÏaÅ!ÑÄ~ÆãÍTÏaÁ�Å¾Ï�ÏaÅÎÍÎÐWê~ÜWÏaØÝÓ~ÏaÅ~Ã~Ï@Û�Ô�Ü�â�¨»Ä~Ð�Í Ò Æ�Ï:Ã~ÏaÐAU Ò Ü Ò ÀzÔ�Â â�:~ê~Á�ÏaÆ�ÏaÂ�ÐçêzÏaÜs6 Ò Å¾Ã öå Ò ÞaÄ��)ÏaÜWÃ~ÏaÅ Ã~Á�Ï�Ô�Ó~Å¾Ï�@7Ï�ÍÎÜWÁ�ÏaÀ Ã~ÏaÜ4Â�Ï�ÍÎÞ�ÍÎÏaÅ�Û�ÏaÜWÐ�Í©ÑÒ ÜWë�ÏaÜWÐ�ÍÎÄ��YÏ�ÏaÜWÞaÏaÄ~ÆãÍÎÏaÅ�� Ð�â6ì[Á�Ø6ÓÎÍÎê~Ä~Â�ÐWÏ�Ã¾ÏaÐì Ò ÐWÏaÜWÐ�;<Ð�ÍÎÏaÙ#ÐçÁ�Å�Ã~Á�ÏTÄ~ÅÎÍÎÏaÜ)Å~Ô�ÜWÙ Ò Â�ÏaÙ¡ì[Ä�� ÍÎÃ¾ÜWÄ~Ø6ë�Ð�ÍÎÏaÓ~ÏaÅ~Ã~ÏTÔ�Ò\ÏaÅ~Ï]� Ò Ü6Æ�Ï�ÍÎë Ò Ù#Ù_ÏaÜ)Æ�ÏaÂ�ÏaÅ~ë²Í öåçÁ�Ï¦�çÏaÆ�ÏaÅ�Ã~ÏaÐ��YÏaÓ~Â�ÏaÅ~Ã~ÏaÅ_Â�Ï�ÍÎÞ�ÍÎÏaÅ àáÄ~Â ÍÎÁ�ê Ò Ð6Ð�â�Û�ÏaÜWÐ�Í©ÑÒ ÜWë�ÏaÜ6ÐCÅ©Ä~Å#Ã~ÏaÄ�ÍÎÂ�Á�Ø6Ó ÜWÏaÃ~Ä~ÞaÁ�ÏaÜ�ÍÎÏGU�Ä~Â�ÐWÏaÅ¾ÏaÜ�âÆ�Á�Ï��YÙ Ò �zÁ�Ù Ò Â�E�÷�Ù"¨»í)ÜWÏaÁ�ØÝÓ²Í�ÍÎÜWÔãÍÎÞaÃ~ÏaÙPÙ#ÏaÓ¾Ü Ò Â�Ð Ò Ä~Ð0ü�Ä~Ù�Á�Ùþ@7ÏaÜWÏaÁ�ØÝÓ.Ã~ÏaÜ�@7ÜWÏaÅ¾Å~ÏaÀzÏaÅ~Ï:Ã¾ÏaÐ
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wxbdg?wxuVaGw���wxhtcdbd�{�/wxg k �{�?cdb pr�xa?cdwxg/e?w)yta?htwxe/wx�{srp�bdz}pÂ�½|�htc ö `±a?a ö i ödà � ö ¤�bdwxz{w �f?aMwxu£wxbdg/w)¤Wuvwx� n
e?f?uv���?®��f?�?uvf?g/h�|/qtg!ytf?átwxg7|/wxuvz�prwxcdcda?ytuvw k ���?cdb pr�xa?cdwxg?e?w�s9ytg?g�wxgrprcdytg?hâe/wxu)qt�[prbdzv���?wxgÜ`±���?zvwe?wxu�®�qts3f?z{zvbdwxu�prwxgÂ�Qbd���Kpr�/f?cdzvwW|/wxuvz{�{�?qtaMwxg¯��wxuve?wxg ö �ßgÂe/wxu�ã5wxhtwxc	e?bdwxgrp)e?bdwxz�e?wxu�g/yt�{�rpru �ythtcdb n
�{�?wxg�¡<qtuvuvwxsrprf?uÞe?wxuo�Qythtw�e?wxzÞ¤Ww�prwxsrprbdqtg?z�|/qtcdf?�)wxg?z5e?wxz 4<;tÈ�n{k �Mwxsrpruvqt��w�prwxuvz5bdg��¹wx�xf/h�ytf?®e?ytzWpry�prz �yt���?cdbd�{�/w©³?qts�f?zv�xwxgrpruvf?�äe?wxu�®²z n �Qytzvwxuv�/f?cdzvw ö ¤Wbdw�å�f?z}prythtw�e?wxu�w�°Mytsrprwxg k pruvyt�?cdcdythtw
ytf?®Qe/wx���-ytu{ytaGqtc n{k �?bdwxhtwxc«��b pYprwxcdzÚe/wxuÞaGwxbde/wxg�æ±��cdwxg/s3zv�/bdwxhtwxc�ytf?zÞe?wxu-Û5wxuva?bdg/e?f?g?htzvs9yt����wxu
wxuv�©�qthtcdbd���Kp�stwxbdg/wÛ5ytu{bdy�prbdqtg�e?wxuo�ouvwxg?g?wxaMwxg?w±wxgKprcdytg?h�e/wxu k pru{yt�?cdyt�{�?z{wx�aGwxbGe?wxu�Û5qtu n å3f?z�prythtwe?wxzç�%ytuvytaMqtc n{k �?bdwxhtwxcdz��Gwxu l ytg?e�s9ytg?g�e?bdwo�Qythtw5e?wxzç³?qts�f?zv�xwxgrpruvf?��z	ytaMwxuçg�f?uça?bdzçytf?®#� n{À ���
htwxg?ytfèytf?®�e?bdw È b pYprwxcdyt�{�?zvw�e?wxu�³?wxcde?�/cdy�pYprwxg n `±g/qtuve?g�f?g?h�wxbdg?htwxz�prwxcdc p��Wwxu{e?wxg ö `±g?e/wxuvwxuvzvwxb przaMwxz�prwx�KpC��b p�e?bdwxz{wxu	|éytuvbdyta?cdwxg©³?qts3f/zva?cdwxg?e?wD� k �{�/cdb pr�xa?uvwxb prwV� ö it���"ü k �{�?cdb pr�xc �ytg/htw À ÷t���)�5e?bdw
È �qthtcdbd���?stwxb p�ü¹e?bdw�u �ytf?��cdbd�{�/w5Û5wxu}prwxbdcdf?g?h�e?wxu�|/wxuvzv���?bdwxe?wxg?wxgÂ��yte?f?g?htz{�xf?z�p �ytg?e?w�bd�ê³?qts�f?z�|/q ncdf?��wxg��xf7f?grprwxuvzvf/�{�?wxg�ü���ytz�g/wxaGwxg�aMwxb	ytf?����`�f?zvz{ythtwxg �f?aMwxu£e/bdw 4 f/ytcdb p �y�pDe?wxzV�Qytz{wxuv®²qts�f?z
htwxz�pry�pYprw�p ö ¤�bdw�`�a?a?bdcde/f?g?hVi öd¨ �xwxbdh�p�e?ytzoÝuvhtwxa/g?bdzÞwxbdg?wxuÞzvqtcd���?wxgCÛ5wxuv��wxz{zvf?g?hVe?wxzÞ�xwxgrpruvytcdwxg
�¿wx�{�?z{wxc ��bduvs�f?g?htz�|/qtcdf?�)wxg?z ö ¤Wbdw)®��f?u<wxbdg/w�`±a/®²qtcdhtw<|/qtgâ�%qtzvb prbdqtg/wxgâe?wxu�³?qts�f?zva?cdwxg?e/w�uvwxhtb nz�pruvbdwxu�prwxg©³%cdf?ht�xwxb p n{k �MwxsKpru{wxg�e?wxuÚ��qtg?wxg?z{bdhtg?ytcdwÞ��wxuve?wxg�g/wxaGwxg/wxbdg?ytg?e?wxuoytf?®�htw�pruvythtwxg�f?g?e�wxu n
htwxaMwxg)zvq�wxbdg�����wxbde?bd��wxg?z{bdqtg?ytcdwxzo�¹bdcde�e?wxz¹�Qytzvwxuv®�qts�f?z ö �owxuvwxb prz�ytf/®�e?wxg�wxuvz�prwxg¯�ocdbd�{s�bdz}p�wxbdg?wzvwx�?u	�/qt�?w k ������w�pruvbdw5e?wxu	htwx��wxzvz{wxg?wxg�Û5wxu�prwxbdcdf/g?h�bdg)�¹wx�xf/h<ytf?®Me?ytz	³/qts3f?z{�xwxgKpruvf/�ë��aMwxbé�xy ö
À�ö ¬t��� k �{�?cdb pr�x�Mqtzvb prbdqtg?�5�xf�wxuvstwxg?g?wxg ö ¤WbdwxzÚc �ytzvz�p�ytf/®�wxbdg?wxg�htf[pÞ8If/z�prbdwxu�prwxg�ü«ytz}prbdht��y�prbdzv�Vf?z n®²u{wxbdwxg ��bd�{�rpr®²qts�f?z¯zv�{�?cdbdwxz{zvwxg ö ¤Wbdw©aMwxqta?yt���Kprw�prw�u �ytf/��cdbd�{�?w�Û5wxu�prwxbdcdf?g?h�e?wxu£|/wxuvzv�{�/bdwxe?wxg?wxg
�Qyte?f/g?htzv�xf?z�p �ytg/e?wÚwxuvhtbda[pW�xf?e?wx�ìwxbdg/w5zv���?ytcdwxg?® �qtuv��bdhtw k pruvf?srprf?u0ü?bdg�e?wxue/bdw5yt�¦� �qt�{�?z�prwxg¯htw n
cdyte?wxg?wxg � f/z�p��ytg?e?w�ytf?®«e?ytz � wxgrpruvf?�ístqtg?�xwxgrpruvbdwxu�pVzvbdg?e�ü��D�yt�?uvwxg/e�zvbd����e?ytz k bdhtg?ytcd�)y�°Mbd�Vf?�e?wxu�g?bdwxe?wxuvhtwxcdyte?wxg/wxgÂ�ßqtg?wxg�bdg�`±a/� �ytg?htbdhtstwxb p�|/qtg�e?wxu��ßqtg?bdz{y�prbdqtg?zvz�prf?®�wCbd����wxu�Wwxb prwxu�g/yt�{�
ytf?zvzvwxg�|/wxuvcdythtwxu�p ö ¤Wbdwxzvwxz5Û5wxuv�?ytc prwxgâwxgKprz{�?uvbd�{�rp�uvwx���KpDhtf[p)e?wxgDpr�/wxqtuvw�prbdzv�{�/wxg�Û5qtuv�/wxuvzvythtwxgytf?®�htuvf?g?eÜe?wxu�wxu}�Wytu�prw�prwxg~u �ytf?��cdbd���?wxgî��gKprwxg/zvb p �y�prz�|/wxu�prwxbdcdf?g/h¿bd� m ytf/átzv�{�?wxg~�Qytzvwxu{z�pruvyt�?c n
³?qts�f?zV�½|�htc ö `�a?a öoÀ�ödà � ö

`�cdcdw�`�g?�xwxbd�{�/wxg�ytf?z�e?wxg<a/bdzvcdytg?h5u{wxbdg<ï�f?ytcdb pry�prb |/wxg�æ±grprwxuvzvf/�{��f?g?htwxg<e/wxz���ytzvwxuv®�qts3f?z�zv�?uvw n�{�?wxg�® �f?u5wxbdg?wxg�htf[p±8If?z}prbdwxu�prwxg�ü-u �ytf?��cdbd��� m ytf/á n ® �qtuv�)bdhtwxg k pruvyt�?cd®�qts3f?z±e?wxu�®²z n ��bd�{�rpr�?f?cdzvw�ü-zvq
e?ytzvz	e/bdw-|/qtuvcdbdwxhtwxg?e?w È wxzvz{yt�?�?ytuvy�prf?uwxzhtwxz�pry�pYprwxg<��bduve�ü/Ý�°��Gwxu{bd��wxgKprwÞ�xf/u	�ßqtg/bdzvy�prbdqtg?zve[��g?y n��bds�ytgVa?bdzvcdytg?h�f?g?�xf?h �ytg/htcdbd�{�?wxgCy�prqt��ytuvwxg�üéa?��� ö bdqtg/bdzv�{�?wxg k ��z�prwx��wxgVbd�=�ßgrprwxg?zvb p �y�przvaMwxuvwxbd���e?wxf[prcdbd����qtaMwxuv�?ytcdaC|/qtg��£��÷SØ å �¦¸[�x�)Ù�e?f/uv�{�?�xf/® �f?�/uvwxg ö
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`�a?a?bdcde/f?g?hVi öd¨�ödj æ�gKprwxuvz{f?�{��f?g?h�e/wxu�u �ø f?��cdbd���?wxgÊÛ5wxu}prwxbdcdf?g?h¿e/wxuC|/wxuvzv���?bdwxe?wxg?wxg=� ø e?f/g?htz n�xf?z�p �ø g/e?wCbd�ê� ø zvwxuv®�qts�f?z ö ¤ ø z£³%cdf?ht�xwxb p n{k �Gwxsrpruvf?�ù�Vbduve�® �f?u�|/wxuvz{�{�?bdwxe?wxg/w
�%qtzvb prbdqtg?wxgDe?wxu k �{�?cdb pr�xa/cdwxg?e?wV���ouvwxb prw�� ö it������wxgKprc ø g/h�e?wxu�qt�[prbdzv���?wxg�`��{� nzvw ø f?®�htwxg?qt���)wxg���¤�bdz{s3f?z{zvbdqtg�zvbdwx�?w��-w�°�pr� ö ¤ ø zWú�wI2rû n ��qtg?wxg?zvbdhtg ø c-�Vbduve|/qtg�ü�û~�f/aGwxu{c ø htwxu�p ö
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Laser Spitzenintensität [W/cm²]
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Xe
10+

`±a/a?bdcde?f?g?hCi ö ¢ ödj �ßgrprwxg?zvb p �ø prz ø a/� �ø g?htbdhtwC�ßqtg/wxg ø f?zvaMwxf[prwxg�|/qtg�ú�w n ÛC�{�v�obd�ìÛ5wxuvhtcdwxbd���è�xf È q ne?wxcdcduvwx�{�/g3f?g/htwxg g ø ��� `�¤W¡ ��htwx�?f/g?sKprw�prw��Qbdg/bdwxg?�)zvqv��bdw��)b p�e?wxu�wx���?bduvb n
zv�{�?wxg�³?qtuv��wxc�f?g?��b pYprwxcda ø u�� ø f?zvhtwx�xqthtwxg?wâ�Qbdg?bdwxg?��f/g?e@bd� ã ø �/��wxgîe?wxz
8:9<;>=@? n{È q3e?wxcdcdz���htwxz�pruvbd���?wxc prw©��bdg?bdwxg?� ö å�wxe/wxu È wxzvz{�?f?g?srp�wxgKprzv�/uvbd�{�rp©e?wx�htwx��b pYprwxc prwxg k bdhtg ø c:|/qtg�i�÷�÷��Qbd���Kpr�?f/cdzvwxg ö

`�f?�{���Wwxg/g7aMwxb	e?wxu�æ±grprwxuvzvf?���3f/g?h�e?wxzV³?qts�f?z�|/qtcdf?�)wxg?z�bdgâe?wxu<g/wxf7stqtg?�xbd�?bdwxu}prwxg�� ø u nhtw�prs ø �)��wxu±aMwxuvwxb prz�g ø ���K��wxbdzvcdbd�{��e?bdw<�ßqtg?bdz ø prbdqtg)|/qtg�úCwKØBArû¿aMwxqta ø �{�rprw�p±��wxuve?wxg�stqtg?gKprw�ü-zvqbdz�p�e?bdw ø a/zvqtcdf[prw k bdhtg ø cd� �qt�/w�e?q��{��wxbdg?e/wxf[prbdh��xf�htwxuvbdg/h�ü-f/�¥e?bdu{wxsKp È wxz{zvf?g?htwxg��xf?u ø prqt� ø nuvwxg)��qtg?bdz ø prbdqtg/zve[��g ø ��bds ø g)e?wxg ø cdcdwxuv� �qt�{�/z�prwxg�� ø e?f?g?htz{�xf?z�p �ø g?e?wxg�|/qtg�ú�wxg?qtg)e?f/uv�{�?® �f?�?u{wxg�xfès �qtg?g?wxg ö ³ �f?u È wxzvzvf?g/htwxgèe?wxu���qtg?wxg ø f?zvaMwxf[prwxgÂstqt�)��wxgèg�f?u��ßqtg/bdz ø prbdqtg?zvz�prf/®²wxgâbdgÂ³?u ø nhtw�ü�e?wxuvwxg k bdhtg ø cÚwxbdg?w��owxqta ø ���Kprf/g?hâe/wxz)bdgrprwxg?zvb p �ø prz ø a?� �ø g?htbdhtwxgâÛ5wxuv� ø c prwxg?z �f?aMwxu���bdg?e?w n
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z}prwxg?z ÀÊm u'�qtátwxg?qtu{e?g3f/g?htwxgîhtwxz�p ø pYprw�p ö �ß� ³ ø cdcdwâe?wxz�Ýe/wxcdh ø zvwxz�ú�wxg?qtgîa?bdw�prw�p�zvbd�{�îw�pß� øú�wxg?qtg 2rû �½úCw n Û��v�v��� ø cdzDbdqtg?bdz{�{�?wxuD`�f?zvh ø g?htzv�xf/z�p ø g?eÜ® �f/u)Ý�°��Mwxuvbd��wxgrprw©bd� ��gKprwxg?z{b p �ø przvaMw nu{wxbd�{��f?���£��÷SØ X �¦¸[�x�)Ù ø g ö
CEDGFIHEJ!JKJ ¡£qtg?�/htf?u ø prbdqtg j L ¡£uBM ¬te/ØBN

ÝPORQIS L w�Û�M j T�T�T T�T�TVU«ÀtàtàWU�ÀWXtÀWU �t¢t�
�ZY4[\I]^] L �¦¸[�x�)Ù_M j T�T�T T�T�T`U�ðaT ¢5� X ØIb U«¨aT ¢Ú� X ØIb U ¬ TOÀ � X ØIb

¤�bdw k �ø pYprbdhtf?g?htzvbdgrprwxg?zvb p �ø p£|/qtg�úCwZc û aMw�pru �ø h�p�¢ TOð � X ØId �¦¸[�x� Ù f?g?e�s ø g?gÂe ø �?wxuWbdgÂwxgrp nz{�?uvwx�{�/wxg?e�htu{qtátwxuÚ`±g/� ø �?cMbd�ù� ø zvwxuv®�qts3f/zÞ�?uvq�e?f?�xbdwxu�p��Wwxuve/wxg:e � f?u¹Ýuv�xwxf/htf?g?h5|/qtgVúCw n Û��v�v��Vbduve©e ø z�cdw�pr��prw�bd�êitz n ü£uva?b p ø c#|/wxuva/cdbdwxaGwxg/wVÝ�cdwxsKpru{qtgÂ®²uvwxbdhtwxz{w�pr��pgf�Ý ORQIS ¾ � X i TOð w�Û�� U �Wqt�)b pe/bdw �ø f?átwxuvw�Ýcdwxsrpruvqtg?wxg n{k �{� ø cdwhf l ø f/�[prï3f ø gKprwxg?� ø �/cÚg ¾ it��|/qtcdcdz�p �ø g?e?bdhèwxgrprcdwxwxu�p�bdz�pie@¤Wbdwg ø �{�?®�qtcdhtwxg?e?wxgD��qtg?bdz ø prbdqtg?zvz}prf?®²wxg�aMwxe?bdg/htwxg ø cdzvqCwxbdg�`�f?zvc �qtzvwxg�|/qtg�Ý�cdwxsKpruvqtg/wxg ø f/z¹e/wx�ùa/bdz
e ø �?bdg ø a/htwxzv�{�?cdqtz{zvwxg?wxgÂ¬te ØBN n ü£uva/b p ø c U � ø zW��b p�wxbdg?wxuWzvbdhtg?bd�?s ø grprwxgÂÝuv� �qt��f?g?h)e?wxuW�ßqtg?bdz ø prb nqtg/zvzv�{�r��wxcdcdw�® �f?uÚe ø z±bdg?zvhtwxz ø �5p ð e�Ý�cdwxsKpru{qtg�|/wxuva/f?g?e?wxg�bdz�pieW¤WbdwVæ±grprwxuvzvf?���3f/g?h�e?wxz±�ßqtg?bdz ø nprbdqtg/z�|/wxuv� ø c prwxg?z	|/qtgCú�wZjrû f?g?eVú�wKØBNrû aGwxe/wxf[prw�p<�xf?htcdwxbd�{��e?bdw¹Û5wxuv�)wxzvzvf?g?h�wxbdg/wxz ø prqt� ø uvwxg Ua/����eobdqtg?bdzv�{�/wxg k ��z�prwx��z U bdgDe?wx�íwxuvz�pr� ø cdz5e n Ýcdwxsrpruvqtg?wxgkf�¤Wuvwx�?bd�)�?f?cdz n�l f ø gKprwxg?� ø �/cGc ¾�À �aMw�prwxbdcdbdh�pCzvbdg?e:e

¤�bdw�bdg©`�a?a?bdcde/f?g?h�iWed¢¯e ø uvhtwxz�prwxcdc prwxgÂbdgrprwxg?zvb p �ø prz ø a/� �ø g?htbdhtwxg��ßqtg/wxg ø f?zvaMwxf[prwxg�|/qtg�ú�w jrûfmeDúCwKØBN��xwxbdhtwxgÊaMwxuvwxb prz ø f?®Úe?wxg�wxuvz�prwxg��ocdbd�{s�e ø z�wxu}� ø u�prw�prw�pß�M�?bdz{�{�?w�Û5wxuv� ø c prwxgmeâ��g?®�qtcdhtwe/wxu	e?wxf[prcdbd���?wxg � f?g ø �?��wÞe/wxu	�obdg?e?f?g?htz{wxg?wxuvhtbdwÚaMwxbd� k �?uvf?g?h ø f?®Me?bdw5g �ø �{�?z}prw±c n æ�gKprwxu{zv�{� ø cdwaMwx�?g/e?wxg¿zvbd���Üe?bdw©��qtg?wxg ø f/zvaMwxf[prwxg e/wxu¯wxu{z�prwxg Ë � ø e?f?g?htz{�xf?z�p �ø g?e?w©aMwxuvwxb przDbdg!e/wxu<Û5qtcdf n�)wxg?z'�ø pYprbdhtf?g?h�f?g?e�bd�§³?qts�f?z�|/qtcdf?�)wxg©z�prwx�rp��?u ø srprbdzv�{��g3f/uçú�w c û ø cdzW`±f?z{h ø g?htzv�xf?z�p ø g/e�®��f?ue/bdw�� �qt�?wxuvwxgÂ��qtg?bdz ø prbdqtg?z{z�prf?®�wxgè�xf?u¹Û5wxuv® �f?htf?g?hWe�¤ ø �?wxu<s ø g?g¯ú�w jrû g�f?u�e?f?uv���Âzvwxï�f?wxgKprbdwxcdcdw��qtg?bdz ø prbdqtgDwxgrprz�prwx�?wxg U � ø zoe?f?uv����e/bdw �æ�aMwxuvwxbdg?z�prbd���Vf?g?hVzvwxbdg?wxzohtwx��wxz{zvwxg?wxgD�ßqtg/bdz ø prbdqtg?z�|/wxu n� ø c prwxg?zW��b p�e?wxg�pr�?wxqtuvw�prbdzv���?wxgDÛ5qtuv�?wxu{z ø htwxgÂg ø �{�Âe/wx�§`�¤W¡ n{È q3e?wxcdcçaMwxz�p �ø prbdh�p��Vbduve:eC¤Wbdw��uvq�e?f?srprbdqtg<|/qtgVú�wKØBNrû e ø htwxhtwxgC��wxbdz�p<e?wxftprcdbd�{��zvbd���Kpra ø uÚwxbdg?wxg�g?bd���Kp n zvwxï�f?wxgrprbdwxcdcdwxg©�owxb pru ø h
ø f/® U e?wxuVaMwxb�¢�� X ØIb-�¦¸[�x�)Ù¯wxbdg?w �æ�aGwxu{���qt�3f/g?h�e?wxu5p ø prz'�ø ���?cdbd�{�?wxg �ßqtg/wxg ø f?zvaMwxf[prw�f?� e?wxg
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��] @ hg_ r n@ r�aes�~$r&les��d~sur&_gqv�les�c�Îf�d~vles�~vq @ kds�c¼|�_ r�aes�~Ts�|�¢e_g~v_gq�les�cáÉe�d~v|�s�h n]ex�s�~\a @ q\xJ_gqvles�~v_gkds� @ \�le_gc @ ]eq{��]��Js�~vx�s�qvqvs�~vc ÎÇ @ q�Ées�lehgs�c�s�_gces�~ÿ�J�dhghgq�rwn@ ceaJ_gkds�c}r&les��d~vsur&_gqv�mles�c�®�s�qv�lJ~vs�_gxe]ecek\aes�~P¢el&ô�qv_g¤ @ hg_gqv�mles�c � s��ml @ �ce_gqv|�s�c3è�ae_gs���]e~Sce_g�ml8r;�qs�ö�]es�c&r&_gs�hghgs�c � s�le~vs�hgs�¤&r&~v�dces�ce_g�dce_gq @ r&_g�dc�£on]ele~s�cFè6~vs��ml8r&£Bs�~�r&_gkorzae_gs#£B�d~�r;�kds�qvsur&�ur&s3su«�¢�s�~v_g|�s�c8r&s�hghgs�ì�c&r&s�~vqv]J�lw]ecek�aes�~`t��dcJ_gq @ r&_g�dceqva�ô�c @ |�_g¤ @ r&�d| @ ~vs�~`¥dô�q�r&s�|�s Î�� ]e~ae_gs�q�r&sur&_gkds3¦�~�¬Ts�_ r&s�~v]ecek aes�~�xçs�¤ @ cec&r&s�c Ç @ r&s�ce|�s�cekds3ae]e~v�mlªces�]Js � s�qvqv]ecekds�c @ c�xe_gqvh @ cekce_g�l&rzx�s @ �l&r&sur&s�c � s�lJ~vs�hgs�¤8r&~�dces�ceq�ô�q�r&s�|�s�c�s�~h @ ]ex�r{ae_gs$£B�d~�r�¬3n@ le~vs�ceaJs nì\x�s�~v¢e~¡n]J£O]ecJk{aes�~?xçsu�~vs�_ r&q�x�s�¤ @ cJc8r&s�c � ��aes�hghgs @ ]e£J_gle~vs�Ãf_g�l&r&_gkd¤ds�_ r\]Jcea`xJ_ghgaesur�aJ_gs�a<~v]eceaeh @ kds�£mn]e~�aJ_gs � ]e£Bq�r&s�hghg]ecek]e|�£ @ qvqvs�ceaJs�~vs�~�±zles��d~v_gs�c���]J~{xçs�qqvs�~vs�c2®�s�qv�lJ~vs�_gxe]ecek @ hghgs�~�x�s�_çaJs�~ ¿ le�or&�d_g�dcJ_gq @ r&_g�dc§|�_ r�£Oq��¨ @ qvs�~¢e]ehgqvs�c @ ]J£Lr&~vsur&s�cJaes�cõ¦�ëçs�¤&r&s Î
Ç _gs��J�d~vhg_gs�kds�ceaJs � ~vx�s�_ r§hg_gs�£Os�~�r�a @ ��]õs�x�s�ce£ @ hghgq�s�_gces�c®�s�_ r&~ @ k Î�� cá�u¬}s�_ÿ�Js�~vqv�mle_gs�aes�ces�c � s�qvq @ ¢J¢ @ ~ @ r&]e~vs�c�¬`]J~vaes�c�qv�;¬T�dleh?_g|ýt�c&r&s�ceqv_ rwn@ r&qvx�s�~vs�_g�ml]ec&r&s�~vl @ hgx��J�dc�µ�µ�Æ¡·�� ¸º¹ ��|�» @ hgq @ ]J�láx�s�_�tuc8r&s�cJqv_ rwn@ r&s�c¼xe_gq\c @ les<µ�µ�Æ¡· ñ$¸º¹ ��|�» @ r&�d| @ ~vs]ecea _g�dce_gqv�lJs � s�le~vs�hgs�¤&r&~v�dces�cJq�ô�qDr&s�|�s @ ]e£�_gle~\_gc8r&s�cJqv_ rwn@ r&q @ xel�n@ cJkd_gkds�q<tu�dce_gq @ r&_g�dceq��Js�~l @ h r&s�cle_gc3]ec&r&s�~vqv]e�ml8r Î ¦$_gces}x�s�qv�dceaes�~vs\®�s�aes�]�r&]ecJk�¤d�d|�|zr<a @ x�s�_çaes�~PÎfs�~v|�s�qqv]ecekf�J�dc�¥�ô�q�r&s�|�s�c|�_ r<les�hg_g]e| @ ~�r&_gkds�~f¦$hgs�¤8r&~v�dcJs�ce¤d�dceekd]e~ @ r&_g�dc���]Fè�a @ le_gs�~{aJ_gsTt��dce_gq @ r&_g�dceqva�ô�c @ |�_g¤ @ c2s�_gces�|n]ex�s�~vqv�ml @ ]ex @ ~ @ ]e£��u¬Ts�_}¦�hgs�¤&r&~v�dces�c�~vs�ae]J��_gs�~�r&s�cFè�q�r @ ~¤©¤d�d~v~vs�hghg_gs�~Dr&s�c
£O]Jcea @ |�s�c&r @ hgs�c¯¥�ô��q�r&s�| x�s�qv�dcJaes�~vqzkd]�r�q�r&]eae_gs�~�rf¬}s�~vaJs�c�¤ @ cJc Î tu| Ã @ le|�s�c�aes�~��J�d~vhg_gs�kds�ceaes�c � ~vx�s�_ r{¬`]e~vaes�ca @ les�~Tae_gs�tu�dces�c @ ]eqxçs�]dr&s�c��J�dc't�ceaJ_g]e|fA�è � s��dc � Aú]ecJa ¨ _ r&le_g]e|fAøs�~vq�r&| @ hgqTsu«�¢�s�~v_g|�s�c&r&s�hgh]ec&r&s�~vqv]e�ml8r Î
� ]eqvk @ cJkdqv��]eq�r @ cea ¦ Ë9Ì 0 Ô Y Ì YQX�� ±�s�_ghgs�~D�DÎfs�~vl�n@ h r&ce_gq su«�¢ Î ��]e�or&_gs�c&r
Ï ¦�hgs�¤&r&~v�dc��_^�~xe_ r @ hgÀ Ò suÎ�Ó ¦SË9Ì 0 Ï µdÀ;�g¦SË9Ì 0 Ï å À Ç �d¢e¢�s�h ����]�¦�_gcJ£ @ �ml��t��dcJ_gq @ r&_g�dc

� s Ï µdq»ïÀ ó ³ µd� å � s8» A ¹ � s A ´ Æ�ÐØÆ�Æ å
¨ _]A Ï µdq » À µ ³ � Íd� � ¨ _ ` A ¹ ¨ _ » Aá´ Æ�ÐØÆd�
t�c3A ÏB� q » À È ó å �gÍ t�c ` A ¹ tuc » Aá´ Æ�Ð^µ
� s � A Ï å q » À ÈdÈ Æ ód�g� � s ñ A ¹ � s��5Aá´ Æ�Ð^µ å

¦�_gc§ae_g~vs�¤&r&s�~?Îfs�~vkdhgs�_g�lá|�_ r�aes�c��J�dc ¸ @ hg¤ds�~\sur @ h Î Ò µdó1Ó�xçs�_ � s�hg_g]e|bkds�|�s�qvqvs�ces�c ¸ s�~�r&s�c
��s�_gkor�s�_gces<s�_gceaJs�]�r&_gkds � xel n@ cJkd_gkd¤ds�_ r�aes�q�Îfs�~vl n@ h r&cJ_gqvqvs�q��J�dc Ç �d¢e¢�s�h �\��]�¦�_gcJ£ @ �ml��t��dcJ_gq @ r&_g�dc�J�d| ±Ps�_ghgs�~��DÎfs�~vl�n@ h r&cJ_gq�aJs�~�¦�_gc��¦$hgs�¤8r&~�dces�c�� ¿ �or&s�c8r&_ @ hgs ÎºÇ _gs @ xeqv�dhg]�r&s(a�~én��\ds§aJs�~}r&�or @ hgs�c®�_gceae]ecekdqs�ces�~vkd_gs Ï ¦ Ë9Ì 0 Ô Y Ì YQX��S´ ¦yË9Ì 0 Ï _gÀ;À�n]exdrfa @ kds�kds�c��dëçs�cwx @ ~#¤ds�_gces�c�¦�_gcF§e]Jqvq @ ]e£çae_gsõa�su�¬`_g�l&r&]ecek��J�dc3qvs�öw]es�c&r&_gs�hghgs�| ��]�cJ_g�l&r;�qvs�ö�]Js�c8r&_gs�hghgs�| � c&r&s�_gh @ |ya�s�q @ |fr&¢e~v�d��s�qvq{aes�~�tu�dce_gq @ �r&_g�dc @ ]eq Î�� _ r���]eces�le|�s�ceaákdhgs�_g�l'lJ�dles�~T®�_gceae]ecekdqs�ces�~vkd_gs�aes�~Tx�s�_gaes�c¼q��¦$hgs�¤8r&~v�dcJs�cÛq�r&s�_gkor
@ ]e�l�ae_gs{qv_g|�]eh r @ ces Ç �d¢e¢�s�hg_g�dce_gq @ r&_g�dceqv~ @ r&s @ c Î t�|èÃ @ le|�s�c�aJs�q�ó�J5¢�í_GïîDî_JvðmñBòF�;� � �waes�hghgq�h n@ qvq�rqv_g�lÏaJ_gs�q @ hgq�s�_gces3¦�~vlPn�dl�]ecJk aes�q ¸ _g~v¤w]ecekdqvöw]es�~vq�lece_ r;r&q�£mn]e~�aes�cê¦�hgs�¤&r&~v�dc��¦$hgs�¤8r&~v�dcd�¥�r&��\
x�s�_�aes�~`Ã�n]e�m¤�¤ds�le~�aes�q`_g|ùn@ ]F\ds�~s�c ¸ s��mleqvs�hg£Bs�hgaÏxçs�q�lehgs�]ecJ_gkor&s�cª¦$hgs�¤8r&~v�dcJq`��]e|�_g�dce_gqv�mles�c
Ãf]e|�¢e£ @ r&�d|°�Js�~vq�r&s�lJs�cFè�¬}s�cec�ae_gs Ç _gëÿs�~vs�cJ��aes�~�®�_gceae]Jcekdqvs�ces�~vkd_gs�c�x�s�_gaes�~�¥dr&��\d¢ @ ~�r&ces�~�_g|}�|�s�~zkds�~v_gcJkds�~�¬`_g~va Î

Ées�~vcJs�~T¬`]e~aes�cÏ_gcõì\|�¤ds�le~v]ecJk¼aes�~�xe_gqvlJs�~v_gkds�c ¿ ~ @ «�_gq�ae_gs @ ]e£\aes�|Ûa�s�xJ_gsur�aes�~�tu�dce_ �
q @ r&_g�dceqvadô�c @ |�_g¤2_gc§le�w�le_gc&r&s�ceqv_ �Js�c ¨ _g�ml8r&£Bs�hgaes�~vc�kdsu¬T�dceces�ces�c ¦�~v¤ds�cec&r&ce_gqvqs�|�s�qvq�r&s��mlece_gqv�mls�_gcekds�qvsur&�ur�è{]e|üs�_gces�ae_g~vs�¤&r&s�®�s�q�r&_g|�|�]ecek aes�~�_g| ¥�r&~ @ lehg£B�d¤�]Jq�aes�~��u¬Ts�_ r&s�c � s�qvq @ ¢J¢ @ ~�r&]e~
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s�~~vs�_g�lwx @ ~vs�c
¥J¢e_ r&��s�ce_gc&r&s�ceqv_ r n@ r�aJ]e~v�lJ��]e£ n]Jle~vs�c ÎbÇ _gs�qs � sur&lJ��aes¼_gqDr�¬}s�qs�c8r&hg_g�ml kds�c @ ]Js�~
@ hgq\ae_gs�®�s�~vs��lecw]ecek�aes�~\ce�d|�_gces�hghe�Js�~v£mn]ekdx @ ~vs�c�t�c&r&s�ceqv_ rwn@ r @ ]eq\¦�_gcJ��s�hg|�s�qvqv]ecJkds�c��J�dc ¿ ]Jhgq��s�cJs�~vkd_gs1è ¿ ]ehgqva @ ]es�~f]ecea�¥�r&~ @ lehg£O�d¤w]eq�� Ç ]e~�le|�s�qqvs�~ ÎfÇ _gs`��s�~vq�rwn�d~v]ecJkdqv£O~s�_gs�®�s�q�r&_g|�|�]ecek�aJs�qÉJ�d¤�]eqae]e~v�mle|�s�qvqvs�~q#|�_ r;r&s�hgq��d¢�r&_gqv�lJs�~ � xexe_ghgae]Jcek}_gq�r\��]eaJs�|èx�s�_et�c&r&s�ceqv_ rwn@ r&s�c��dx�s�~vl @ hgx��J�dcµ�Æ ·�� ¸º¹ ��| » @ ]e£Bkd~v]ecJa�aes�~�qvs�le~�le�dles�c�¦�ces�~kd_gs�ae_g�l&r&sTaes�~�£O�d¤w]eqvqv_gs�~Dr&s�c ¨ @ qvs�~v¢e]ehgqs��dlecJs�le_gc¤ @ ]e|b|�s�le~\| n�dkdhg_g�l Î�Ç _gs�a<s�c @ ]e_gkd¤ds�_ r�aes�q�Îfs�~v£ @ le~vs�ceq,è�ae_gs�t�c&r&s�ceqv_ r n@ r\�J�dcá£Oq�� ¨ @ qvs�~v¢e]Jhgqvs�caJ_g~vs�¤8r @ ]eq�aes�~?~vs�h @ r&_ �Js�c�±�s�_ghg�mles�c @ ce� @ lehJaes�~?_g| ¨ @ qvs�~v£B�d¤w]eq?¢e~v�wae]e��_gs�~�r&s�c ¨ @ aJ]ecekdqv��]eqDrwn@ ceaes��]©s�~v|�_ r;r&s�hgcFè}¤ @ cecõae]e~�lõae_gs2~_g�l&r&_gkds ¸ @ leh�aes�q���]õ_g�dcJ_gqv_gs�~vs�ceaes�cø¦�hgs�|�s�c&r&q�_gcJae_ ��_gaJ]es�hgh
@ ]J£#aes�c¼s�~�¬ @ ~�r&sur&s�cÛtuc8r&s�cJqv_ rwn@ r&qvx�s�~vs�_g�l'�d¢�r&_g| @ h @ xekds�q�r&_g|�|zr�¬Ts�~vaes�c Î Îfs�~�¬Ts�ceaesur�| @ c ² su�¬Ts�_ghgq2ae_gs � r&�d|�qv�d~Dr&s1è�aes�~vs�c¯t��dcJ_gq @ r&_g�dceqv¢��or&s�c&r&_ @ hgs'x�s�_g|ùs�~�¬ @ ~Dr&sur&s�c
t�c&r&s�ceqv_ rwn@ r&qD¬}s�~�r @ |aJ_g�l&r&s�q�r&s�c @ ]J£Os�_gc @ cJaes�~v£B�dhgkds�cFè$q�§qv�dhgh r&s�aes�~<Ées�lJhgs�~`x�s�_#ae_gs�qs�~ � ~�r�aes�~`t�c&r&s�ceqv_ r n@ r&qvx�s�q�r&_g|T�|�]ecek�¤ @ ]e|b|�s�le~ @ hgq�´Tµ�Æ ¶ xçsur&~ @ kds�c��aJs�~ @ ]eqfaJ~vs�_y¦�_gcJ��s�hg|�s�qvqv]ecJkds�c ��]eq @ |�|�s�cekds�qvsur&�ur&s� s�qvqv£Bs�lehgs�~�aJs�q�les�~v¤ n�d|�|�hg_g�mles�c2Îfs�~v£ @ le~vs�cJq�h n@ qvq�r�q_g�l'a @ kds�kds�c'cw]e~�|�_ r�qs�le~Tle�dles�| � ]e£N�
¬ @ cea @ ]e£P]ec&r&s�~�´ å Æ ¶ xe~v_gcekds�c Î

� hghgs�le_gs�~ÿ�J�d~vkds�q�r&s�hgh r&s�c � s�qvqv]Jcekds�c�_g|¶tuc&r&s�ceqv_ rwn@ r&qvx�s�~vs�_g�ml�xe_gq�c @ les$µTµ�Æ · ñ ¸è¹ ��| » ��s�_gkds�c
s�_gcJs\£B�d~�r�¬3n@ le~vs�ceaJs�a�n]eh r&_gkd¤ds�_ r�aes�~Pr&lJs��d~vsur&_gqv�lJs�c � ��aes�hghgs Î ¥e��h @ qvqvs�c�qv_g�ml2ae_gsT_gc2aes�c3¦�«�¢�su�~_g|�s�c8r&s�c'xçs��dx @ �l&r&sur&s�c nì\x�s�~vl�n�dlw]ecekds�cáaes�~�tu�dces�c @ ]eqxçs�]dr&s�c¼kds�kds�c�n]ex�s�~�aes�c¼~vs�_gc'qvs�ö�]Js�c��r&_gs�hghgs�c�Îf�d~vles�~q @ kds�c§aes�~ ��Ç}÷ �±zlJs��d~v_gs<öw] @ hg_ r @ r&_ �ªae]J~v�l2s�_gces�c³ó�J5¢�í_GïîDî_JvðmñBòF�;� � s��ml @ ce_gqv|�]eqs�~¤�h�n@ ~vs�c ]ecea2]ec&r&s�~�Îfs�~D¬}s�ceaJ]ecek�aes�~fs�|�¢e_g~v_gqv�mles�c§ÉJ�d~v|�s�h @ ]J�l�ö�] @ c&r&_ r @ r&_ �'��]e£B~v_gs�aes�ceqDr&s�h �hgs�cJa c @ �mle|��waes�hghg_gs�~vs�cFèP�dx&¬}�dleh?ae_gs�qs � ��aes�hghgs�]e~qv¢e~¡n]ecJkdhg_g�l @ ]J£Okd~v]Jcea��J�dcá®�s��dx @ �l&r&]ecekds�cx�s�_ ¨ _g�l&r&_gc8r&s�cJqv_ rwn@ r&s�c©_g|�®�s�~vs�_g�l �J�dcêµ�Æ¡· ¨ ² µ�Æ¡·�� ¸º¹ ��|�» @ ]e£Okds�qDr&s�hgh r�¬}�d~vaJs�c'qv_gcea ÎÛÇ _gs¢Jl8ô�qv_g¤ @ hg_gqv�les�c � s��l @ cJ_gqv|�s�cÏaes�~ � s�le~vs�hgs�¤&r&~v�dces�ce_g�dce_gq @ r&_g�dc©xehgs�_gx�s�c�aes�|�c @ �ml�_g| tuc&r&s�c��
q_ rwn@ r&qvx�s�~vs�_g�l��J�dc§µ�Æ¡·�� ² µ�Æ¡· ñ�¸º¹ ��|�»�]ec8�Js�~�n@ ceaes�~�r Î®�s�_�s�_gces�~P¬Ts�_ r&s�~vs�c�¥dr&s�_gkds�~v]ecek�aes�~�tuc8r&s�ceq_ rwn@ r<xe_gq @ c2ae_gs�a�~vs�ce��s}aes�q���]e~{¾ys�_ r�_g| ¦�«�¢�su�
~_g|�s�c8rzc @ �ml8¬Ts�_gqvhg_g�ml��Js�~v£ n]ekdx @ ~s�c�¥e¢e_ r&��s�c&¬}s�~�r&s�q�xçs�kd_gcJc8rfqv_g�ml�s�_gces n� ceaes�~v]ecJk�aes�~�¢Jl8ô�qv_g¤ @ hg_ �q�les�c�Ã @ ceaJxçs�aJ_gcekd]ecekds�c @ xe��]J��s�_g�leces�c Î ®�s�_ ¨ _g�ml8r&_gc&r&s�ceqv_ rwn@ r&s�c��dx�s�~vl @ hgx{�J�dc�µ�µ�Æ¡· ñ�¸è¹ ��|�»
¬Ts�~vaes�c�ae_gs�s�hgs�¤&r&~v�d| @ kdcesur&_gqv�mles�c ÷ ~én@ £Lr&s�aes�~?£Bq�� ¨ @ qs�~v¢e]ehgqvs�qv�\q�r @ ~v¤hèia @ qvq�ae_gs�ae]e~�l�±�]ecJces�h �_g�dcJ_gq @ r&_g�dc°£B~vs�_gkds�qvsur&�ur&s�cU¦�hgs�¤&r&~v�dces�c @ ]e£�~vs�h @ r&_ ��_gqDr&_gqv�les�a�s�qv�ml8¬�_gceae_gkd¤ds�_ r&s�cUx�s�qv�lehgs�]Jce_gkor
¬Ts�~vaes�c¯¤�n�dceces�c Î ®�s�_Tae_gs�qs�cúq�dk Î ~vs�h @ r&_ ��_gq�r&_gqv�mles�c ¨ _g�l&r&_gc8r&s�ceq_ rwn@ r&s�c°¤ @ cec¯aes�~2¦�_gcF§J]eqvqaJs�~2| @ kdcesur&_gqv�mles�c ÷ �d|�¢��dces�c8r&s¼aJs�q n@ ]F\ds�~vs�c ¨ @ qvs�~vhg_g�ml8r&£Bs�hgaes�q @ ]e£�ae_gsÛ¦�«�¤w]e~vqv_g�dceqxçsu¬Tsu�kd]Jcek aJs�q�s�~q�r&s�cÏ¦�hgs�¤&r&~v�dceq�_g| Ã @ lJ|�s�cêaes�q ó�J5¢�í_GïîDî_JvðmñBòF�1� � s��l @ ce_gqv|�]eq�ce_g�ml8r�|�s�lJ~f�Js�~D�c @ �leh�n@ qvq_gkor�¬}s�~aes�c Î�Ç _gs�q�l @ r�xçs�_?aes�c¼lJ_gs�~��J�d~vkds�q�r&s�hgh r&s�c � s�qvq]ecekds�c¼��]e~Tae_g~s�¤8r&s�cÛtuc&r&s�c��q_ rwn@ r&qvx�s�q�r&_g|�|�]eceká_g| ¥�r&~ @ lehg£B�d¤w]eq�xçs�_�µ�Ð � µ�Æ¡· ñf¸è¹ ��|�»3xçs�~s�_ r&q�aes�]�r&hg_g�lJs � ]eqD¬`_g~v¤w]ecekds�c
@ ]J£zae_gs�~vs�kd_gq�r&~v_gs�~�r&s�c©t��dces�c @ ]eqvx�s�]�r&s�c§�J�dcP��s » Ê A¶]ecea§�J�d~ @ hghgs�| ��s »;· A Î Îfs�~kdhg_g�les�cø|�_ r
cJ_g�l&r;�~vs�h @ r&_ ��_gqDr&_gqv�les�c � ��aes�hghg~s��lecw]ecekds�cª]ec8r&s�~T¦$_gc�x�s���_gs�lw]ecek3qv_g|�]eh r @ ces�~ � s�le~vs�hgs�¤&r&~v�dcesu�cJ_g�dce_gq @ r&_g�dcÛ|�_ r � _ghg£Bs�aes�~Ts�|�¢J_g~v_gqv�lJs�cÛÉe�d~v|�s�h$��s�_gkds�c'ae_gs�qs�x�s�_gaes�c ¨ @ ae]Jcekdqv��]eq�rwn@ cJaes�s�_gc]J| xe_gqf��] s�_gces�~�a<~ n��\ds�ce�d~vae]Jcek�~vs�ae]J��_gs�~�r&s�q � s�qvqvq_gkdc @ h Î}Ç ]J~v�l�ae_gs�± @ r&q @ �lJs1èPa @ qvqfae_gs<_g|¦y«�¢�s�~v_g|�s�c8rT~vs�kd_gq�r&~v_gs�~Dr&s�c2t��dces�c @ ]eqvx�s�]�r&s�c3x�s�_ÿae_gs�qs�c2qv�l&¬ @ �ml�~vs�h @ r&_ ��_gq�r&_gqv�mles�c ¨ _g�l&r&_gc8r&s�c��q_ rwn@ r&s�c}¬`_gs�aes�~v]J|û|�_ rfÃfs��mlec�]Jcekds�c�c @ �ml�aes�|è~vs�_gc�qs�ö�]es�c&r&_gs�hghgs�c �\Ç}÷ � � ��aes�hgh @ cekds�|�s�qvqvs�cx�s�qv�mle~v_gs�x�s�c�¬}s�~aes�c�¤�n�dceces�cFèih�n@ qvqDr�qv_g�l�ae_gs�qvs�q�Îfs�~l @ h r&s�c @ hgq#s�_gcJs � xJc @ le|�s�aes�~#q_g|`]eh r @ cJs�ctu�dce_gq @ r&_g�dcJqv~ @ r&s�cá_gce£B�dhgkds`s�_gces�q\ae]e~�l§~s�h @ r&_ ��_gq�r&_gq�les�¦$ëÿs�¤&r&sz�Js�~|�_gceaes�~�r&s�c ¸ _g~v¤�]Jcekdqvöw]es�~��
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µp¾V@ îDñdc¡³ > î > ò©ñ > òeñBe�·ïîDñ > ò > NSâ ± ò > ò$·ïîqæ¹ç�èAé¹yKêAë¹ì�·ïò&´�ë¡ê�êïò µSÉ ¿ l&ô�q É Ã�su� É � × å �d� å È ��×
µ ³ �dÍ É

Ì µ Ê Í »b� X �]» l (*í!<"� ×\X ��»bî_� � 34`�`°34�< ×¨Þ �]����345�ÓV<"�;ªï��5) ðÚ��]����5 � , �pÂ®· º�± ð�ñBòeî ± ò º ñOî²g
±ÐÁb± ívî º ñOòáî²³ ±Ý± ò ± ðGÆ.gt´ïñ º îDðoñ¸� ¾ îDñ > ò > N ±�@²± í;îDð > ò º cÿð > ´ ¾ í ± ´�ñBò µp¾V@ îDñsc¡³ > î > ò'ñ > òeñBe�·�îDñ > ò > N
ð{·ïð ± Æ¿· ºv±�º�É � É £�¢dr É ¥e�w� É � | É ®Q× å!Ë µ å À;�gµ ³ Ê Æ�×�µ ³ � � É

Ì µdµ Í �$�_Ä�� X (+( l , l å × à��_YK�)%Ý�!` l 5��ñ��5� 8ÄÙ� � �\ÅK<"��3E5 l å �nH ¾ òeò ±�@ ñ > òJñEev·ïîDñ > ò > N�í >Aµ D
c @²± â6·ïî >Aµpº ·ïò&´ > Nr·ïî >Aµ ñ;í�ñ > ò º ñOòá·�òá· @ î ± ðoò&·ïîDñBòÆ ±�@Ð± í;îDð >Aµ ·AÆ&ò ± îDñ;íba ±�@ ´ É ¾yl É ¦�¤wqv¢ É
±Ps��d~ É É?_g� É × ³ µd� å�Ê�Ê �hò å�Ê µdÍ�×�µ ³ �dÆ É

t



à�Õ�ØBÜ�ßv×JØ�
�ß�óoÜ�ß�ô�Ü�ÕgÝÞeÔeÕgÖ

Ì µ å Í :�� X�� ¢\,.� × %r�d%r�;���ª��<"/ l ÓV�< × %r�":V�0<"3E-m[\`��)5� õ��5� W:)�d»b�0ÚQ/�345 ��Â\· º�± ð�ñ > òeñBe�·ïîDñ > ò
> Nzò > � @²± Æ¿· ºv±�º ��g =?>A¾V@Ð>{µ ��DA�i·ïðoðmñ ± ð ºi¾ c¹cÿð ±�º�º ñ > ò É � É £�¢�r É ¥e��� É � | É ®Q×�� Ë È À;�g� � ��×Sµ ³d³ µ É

Ì µdÍ Í «Ü� X�� ¢ � ,��m� × � �V� l 5 l � × »+� X �V» l (*í!<"� ×!Þ �¿����345)Ó¿<"�;ª¦�)5� WÚ��;����5 � , �]C ¾V@ îDñsc @ gí�³¡·ïðGÆ ± ´`ñ > ò º cçð > ´ ¾ í ± ´�ñBò§ò > � @²± ÆV· º�±�º ��gr·¬æQc º+@ · º�± ðQc ¾V@_ºv± ·�î]ö�´
µ Ê � ÍA÷"ø É � É ¿ l&ô�q É
®U× å � � È µd�dµ�×Pµ ³d³ å É

Ì µ ÈhÍ «Ü�_%r� Þ �¿7���`�,�/ × ^'� X �°¯�`°[ l å × ®�_2S�°%Ý�-0[&�!<���5� �:)�d»b�¡Ú?/�345 �ZH\³ ± î ¾ òeò ±�@ ñ > òeñBe�·ïîDñ > ò
> N�·ïî >Aµpº yr´ïñ¸·�î >Aµ ñ1ík·�ò&´�îDðmñ�·ïî >Aµ ñ;í µ�>A@²± í ¾V@²±�ºÙ¾Vº ñBòÆ¼ñBòeî ± ò º�± æ¹ç!ùúèv÷ µ ð{·¹´ïñ�·ïîDñ > ò É � É
¿ l&ô�q É ®U× å ód�gÍdódÆdó�×�µ ³d³dÈ É

Ì µ �hÍ Þ �_%r��Y l ª� û��5� 6%r� X ��ÅK`°�345�(+��5�5 �UPb·ïðA· µÙ± îDðmñ;í+T;òeî ± ðA·¡ívîDñ > ò > N?J > í ¾Vºv± ´�ÑZ· ¾Vº�º ñ¸·ïò
ÂSñBÆ.³¡îUü ± · µpº�É � É � ¢e¢ý É ¿ l8ô�q É ×yÍ ³ Ë �dÀ;�gÍ �d³ ó�×?µ ³ Æd� É

Ì µdÆ Í �$�d%r� � �<"<Vª ×Kþ �_»+�'»]��5� &�5 ×ZX �¬:VÔ jl [\� ��5) �2S�_�$��ÚQ��(+í m�`�` ��C ¾V@ îDñscm³ > î > òñ > òJñEev·ïîDñ > ò > N}î²³ ± ò > � @Ð± Æ¿· º�±�º ��g�·�ò'ñBòeî ± ò ºv± æ¹ç¡ÿ��'À ¹ í µ�� ´Ag ±�@ · ºv± ð É ¿�� ô�� É Ã	�u� É � ×
Ídó Ë ÍdÀ;�gó È ó�×�µ ³ �d� É

Ì µdó Í YK�m7���`�[\�< × YK�®:V/)��/�ª × »+�_^'�m%Ý34��� � < l × Å��_®�&:V-0/��)Ó¿�!< ��5� �Å��ÐÚ��mÅ � `���5) )�< �
P�ð ± í;ñ º ñ > ò�C ± · º�¾ ð ±�µ�± òeî > N�
eîDð > òÆ�J?ñ ±�@ ´� >A¾ � @Ð± T > òeñEev·ïîDñ > ò > NÝ� ±�@ ñ ¾VµSÉ ¿�� ô�� É Ã���� É
¨ ����� É ×SódÍ Ë ³ À��gµ ådå ó�×�µ ³d³dÈ É

Ì µ�� Í :��m»]��< l -m/)�`�`°� ×°X �m«���`°� mí l � <9��5) �:��_»+�ÒÚ?/�345 ��� > òD º�±���¾�± òeîDñ�· @mµp¾¿@ îDñdc @Ð± ñ > òeñEev·ADîDñ > ò > NfðA·ïð ± ÆV· º ·ïî >Aµpº ñBò�·¬HPñ�u�
&·Oc¹c¡³6ñOð ±Z@ · º�± ðQa ±�@ ´ É � É ¿�� ô�� É ®Q×yÍdµ��gµ å�Ê µ�×?µ ³d³ � É
Ì µ ³hÍ �Ù������� "� × �$�0%n��(+(*��,�-0/ × 1Ù��2È3E-m/)(*��5)5 × ��5� 679��:V�)5� )5��!<ñ��5� X �"YZ�-0[\�<

��5� $^'�_���_�$��^m�)34,.�)` ��
eîDð > òÆqa ±�@ ´ µp¾¿@ îDñdc @Ð± ñ > òJñEev·ïîDñ > ò > NnfTðhg�cçî > ò É ¿�� ô�� É Ã���� É�� ×Æ å � Ê Í�� È Êdå × å�Ê�Ê�Ê É
Ì å�Ê Í :�� X'� ¢&,�� × %r�Q:V�0<"34-0[&`°��5� × %r�_%r�&���ª��<"/ l ÓV�< × :��_»+�UÚQ/�3E5 ��5) o\�_����2* ¡�!<"`�ª �

H ¾ òeò ±�@ ñBòÆ�T > òeñBe�·ïîDñ > ò > N� > � @²± ÑZ· º�±�º ñOò$��ñBÆ.³¹DGT;òeî ± ò º ñBî²g�Â®· º�± ð�JPñ ±�@ ´ É ¿�� ô�� É Ã���� É
¨ ����� É ×SÆdÍ�� ådå µ å ×?µ ³ � ³ É

Ì å µ Í YK�!7��)`�[\�< × 2S�¡���å��!` × YK�! ¨��5�¢ × � �¡YZ<"�¢&�!< × \� � �\ÚQ/��)(* m��<"�� ×¿X � X 5)� l 5����"
�m3 × »+�_^'�\%Ý3E��� � < l ��5� � � X ¢ l ,.�0345�3 �#� >A¾ � @²± T > òeñBe�·ïîDñ > òªñOò¼î²³ ± c ± ðoî ¾ ��·ïîDñB¶ ± ·ïò&´î ¾ òJò ±�@ ñOò!Æ�ð ± Æ&ñ µÙ±�É ¿�� ô�� É Ã���� É$� × È ���%� ³dÈ ×�µ ³d³ Í É

Ì ådå Í %r�dà��0^?3E�0�m3E5�¢\/ l ÓVÓ × � � © �mY l `�� l 5 × YK�ÒÚQ/���5)¢Ø��5� �Å��ÒÚ��mÅ � `��)5� )�< �UP >A@ ·ïðoñ º ·ADîDñ > òo´ ± c ± ò\´ ± ò�í ±Ý> Nfî ¾ òeò ±�@ ñBòÆ�ñ > òeñEev·ïîDñ > ò > NÈ³ ±�@ ñ ¾Vµ ·ïò&´`ò ±i> òo��g�æAìmçADãN º c ¾V@Ãº�±�º ·ïîZè¹æAé
ò µSÉ ¿�� ô�� É Ã���� É�� × Èd³ Ë ÍdÀ�� å µdó È ×�µ ³d³dÈ É

Ì å Í Í �Ù�;����� "� × �$�¿%'��(+(+��,.-0/ × 1��V2È3E-m/)(*��5)5¦��5� �79�":V��5� &5��< �&
eîDð > òÆ�Dãa ±�@ ´S´ >A¾ � @Ð±ñ > òJñEev·ïîDñ > ò > N�� ± D @ ñ ½¿±�º g º î ±�µSº ubH\³ ± í�· ºv±Z> N�')(�*Ûñ > ò º�É ¿�� ô�� É Ã���� É+� ×iÆdÍ�� Êdå � È Ê µ�× å�Ê�Ê µ É
Ì å ÈhÍ \�):)� � ��<"[&�!< × 2p�):V(+ª��0/ ��5� �Å��_«Ü�V«U�;ª�` l < �UT;òeî ± ò ºv± D4a ±�@ ´ µS¾V@ îDñscm³ > î > ò2ñ > òeñBe�·ïîDñ > ò

> N*³ ±�@ ñ ¾VµnÉ � É ¿�� ô�� É ®Q×yÍdµ��%�dódµ�×Pµ ³d³ � É

,-,



àSÕ�ØBÜ�ßv×JØ�
dß�óoÜ�ß�ô�Ü�ÕgÝÞJÔeÕgÖ

Ì å � Í %r�]% � 5� "��, × Å��_«Ü�]«��;ª)` l < × \�*:�� � ��<"[\�< ��5� M2p�+:;(*ª��0/ �pT;òeî ± ò º�± Dãa ±�@ ´ µp¾V@ îDñBD
c¡³ > î > òÛñ > òeñBe�·ïîDñ > ò > N+³ ±�@ ñ ¾VµSÉ � É ¿�� ô�� É ®Q×yÍ å � å Ídµ�×Pµ ³d³d³ É

Ì å Æ Í Å��d«¬�)«U�;ª�` l < × ®�Q:�� � ��<"[\�< × %r�&% � 5) "��, × 2p�Q:V(*ª)�m/ ��5� õ:���Äp3Eå�34<"3E� l �bÂ\· ºv± ðhD
�}ðoñE¶ ± ò�� ±�@ ñ ¾Vµ ñOò�J ¾¿@B@ �}ñ µÙ± ò º ñ > ò&· @ ñBî²g É ¨ ���.�)/ ¿�� ô��-0%1)��× ³ � ³ ��×Sµ ³d³d³ É

Ì å ó Í ®�dYK�È7��;�0, l 5 ×�X �n:;��5�í�<"� × %r� Þ �È»]��íí��), × � �d»b�*ÅK5�3E¢&/�� ��5� ¦Å��¨Y � <"5���0� �
� > ò ºv±-��¾�± òeîDñ¸· @ � >A¾ � @²± T > òeñBe�·ïîDñ > ò > N*� ±�@ ñ ¾¿µSÉ ¿�� ô�� É Ã���� É ¨ ����� É ×Só�� Ë µ Ê À��gµ���� È ×�µ ³d³ ó É

Ì å � Í %r�'YZ� � �< �ÏH\Ç > DA´�ñ µ�± ò º ñ > ò&· @ y�î²Ç > D ±�@Ð± í;îDð > ò µÙ> ´ ±�@ ·ïî >{µ ñOò · @ · º�± ð¬c ¾¿@Ãº�± uWF]âV·¡í;î
îDð ± ·ïî µ�± òeî²y º ñBòÆ @²± D{·¡í;îDñB¶ ± D ±�@Ð± í;îDð > òk·ïò&· @ g º ñ º y?îDñ µÙ± DA´ ± c ± ò&´ ± òJî?´ ± ò º ñOî²gvD4N ¾ ò�ívîDñ > ò\· @ î²³ ±i> ðhg�y
í @ · ºiº ñ;í�· @ íi· @ í ¾V@ ·�îDñ > ò º ·�ò&´Tò > ò º�±���¾�± òeîDñ�· @ ñ > òeñBe�·ïîDñ > ò É ¿�� ô�� É Ã	��� É2� ×2�dÆ Ë È À��gÍ Êdå ��×�µ ³d³ ó É

Ì å ³hÍ X �?YZ�!-m[\�< ��5� ¦^'�_���d�$�¨^0��34,���` ��T;òeî ± ðúc @ ·Ag > N ±�@Ð± í;îDð > òUí > ðoð ±�@ ·ïîDñ > ò ·ïò\´2ñBòeî ± ò ºv±
a ±�@ ´�´Ag�ò&· µ ñ;í º ñOòáî²³ ± ´ >{¾ � @Ð± ñ > òeñBe�·�îDñ > ò > N*³ ±�@ ñ ¾¿µSÉ ¿�� ô�� É Ã	��� É$� ×$� ³ Ë ÍdÀ��gµdó È å ×?µ ³d³d³ É

Ì Í Ê Í X �*YZ�-0[&�!< ��5� Ï^'�_���_�$�È^0��3E,.��` �kP�ð > ´ ¾ í;îDñ > ò > N¬³¡ñEÆ�³¹D�í�³¡·ïðGÆ ±¬º î�·ïî ±�º�> NKR ± ñOò¦·
N ±�µ î >Aºv± í > ò&´ @ · º�± ðQc ¾V@_ºv±¸É ¿�� ô�� É Ã	��� É�� ×$� ³ Ë �dÀ��gÍdµ�� å ×�µ ³d³d³ É

Ì Ídµ Í X �®YZ�-0[\�< ��5� ^'�_���d�$�\^0��3E,.��` �#
D µ ·�îDðmñBâ�·�ò&· @ g º ñ º�> NTñ > òeñBe�·ïîDñ > ò�g�ñ ±�@ ´ ºÙ> N}ò > � @²±
ÆV· º ·ïî >Aµpº ·ïî�î²³ ± N > í ¾VºK> NÝHPñ¸u º ·Oc�c¡³¡ñBð ±�@ · ºv± ðQc ¾¿@Ãº�±�º�É � É ¿�� ô�� É ®Q×yÍ å �gÍdÍ���×�µ ³d³d³ É

Ì Í å Í 1��!2È34-0/�(+��5�5 × �$�% jl <"< × ���;�����! "� × 79�!YZ�-0[&�< ��5� t7 �):V��5) )5��< � =?>A@E@²± ívîDñE¶ ±
µp¾V@ îDñBD ±�@²± í;îDð > ò¼î ¾ òeò ±�@ ñBòÆ�ñBò º îDð > òÆ @ · º�± ð?a ±�@ ´ º�É ¿�� ô�� É Ã���� É ¨ �����.×3� È �gÍ���� Ê × å�Ê�Ê�Ê É

Ì ÍdÍ Í YK� X ��4 l 5 �¨C6·ïògvD ±�@²± í;îDð > ò¼î ¾ òeò ±�@ ñBòÆ�ñBò6·�î >Aµpº�É ¥65�� É ¿�� ô�� É �6¦$± ¿ ×�� ³ ËBå À�� å µ ³ ×Pµ ³d³d³ É
Ì Í ÈhÍ © �q7 �/�`�3E�0Ô × ^'�q�p�3E,.�< ×�þ �Ü�p�(+(*�!<", × YK�K»���5�¢\�< ×KX �K���!5�Ô¹�` ��5� Ø1Ù�

YZ�-0[\�< �?F @²± ívîDð > ò!DOF$ò ± ðGÆ.g�·�ò&´�DGIzòÆ ¾V@ ·ïð7�}ñ º îDðoñ¸� ¾ îDñ > ò º ñBò§î²³ ± � >A¾ � @²± P]³ > î > ñ > òJñEev·ïîDñED
> ò > N+� ±�@ ñ ¾VµnÉ ¿�� ô�� É Ã	��� É ¨ �����.×SÆdó��gÍdódÆ È ×Pµ ³d³ µ É

Ì Í�� Í %r�_à��0^?34�0�0345)¢&/ l ÓVÓ × � � © �0Y l `�� l 5 × YK��Ú?/���5�¢ ��5� 6Å��ÒÚ'�"Å � `���5� &�< � w � º�± ði¶V·ADîDñ > ò > N8� > ò º�±���¾�± òJîDñ¸· @ � >A¾ � @²± T > òeñEev·ïîDñ > ò > N'� ±�@ ñ ¾Vµ Ç�ñBî²³ w cÿîDñ1íi· @ H ¾ òeò ±�@ ñBòÆ É ¿�� ô�� É
Ã	��� É ¨ ����� É ×SÆ ³ � å Æ È å ×Pµ ³d³ å É

Ì ÍdÆ Íq� �dYK��Ú l <"[ � ( �?P @ · º�µ ·'P ± ð º c ± ívîDñE¶ ±n> ò9
eîDð > òÆ�DOJ?ñ ±�@ ´�C ¾¿@ îDñdc¡³ > î > ò�T > òeñBe�·�îDñ > ò É ¿�� ô�� É
Ã	��� É ¨ ����� É ×Sódµ��gµ ³d³dÈ ×Pµ ³d³ Í É

Ì Ídó Í X �p»bîd� � 3E`�`°34�< × Å��_\�Ù:V-0/���ÓV�< ��5� Å��ÐÚ��pÅ � `���5) )�< � ��ñBÆ.³¹D > ð{´ ± ð�³¡·ïð µ�> òeñ;í
Æ ± ò ± ðA·ïîDñ > ò¯ñBò�â ± ò > òõ·ïîÙæ¹ç¹è{é¡ò µ uoH\³ ± ð >A@²±t> N�c¡³¡· º�±¬µ ·ïîí�³6ñOòÆ É ¿�� ô�� É Ã	��� É ¨ ����� É ×
ÆdÆ Ë µdódÀ�� ådå�Ê�Ê ×�µ ³d³ µ É

Ì Í�� Í YK��7���`�[\�< × YK�]:V/��!�/�ª × Å��ÐÚ���Å � `°��5� )�!<	��5� 6»+�_^'�"%Ý3E��� � < l �¨F @ · º îDñ1í�: ±�º í�·ïî²Dî ± ðmñBòÆ�ñBò î²³ ± 
JîDð > ò!ÆqJ?ñ ±�@ ´�H ¾ òJò ±�@ ñOò!ÆÝÂSñ µ ñBî É ¿�� ô�� É Ã���� É ¨ ����� É ×Sódó ËBå �dÀ��%� Ê Ídµ�×�µ ³d³ Æ É

,.,.,



à�Õ�ØBÜ�ßv×JØ�
�ß�óoÜ�ß�ô�Ü�ÕgÝÞeÔeÕgÖ

Ì Í ³hÍ © �\� l ,./��)(*(+�< × YK�®^?� � �<",.�0�3E5 × 79�?:V-0/�(+34�0� ×0X �\% l <"5 × Ú��_%r�¨:V-0/�< jl �m�!< × \�
1S`°`�<"3E-m/ × �Ù� © l �0�0[\� × Ú��;«'< � (+í × �$�7Ï34�0�0(+��5�5 ×mÞ �!Å l <"5 × Å��V� l Ó¿ÓV(+��5�5 79�
:V��5� &5��< �bC >Aµ�± òJî ¾¿µ ´ïñ º îDðoñ�� ¾ îDñ > ò º¬> N<;9=.>?*øñ > ò º í;ð ± ·ïî ± ´���g�·ïò'ñOòeî ± ò º�±Z¾¿@ îDð{· º ³ > ðmî
@ · ºv± ð¨c ¾V@_ºv±¸É ¿�� ô�� É Ã���� É ¨ �����.×3� È � ÈdÈ ó�× å�Ê�Ê�Ê É

Ì È Ê Í X �m«U��`°� ¡í l � < × Ú��@"A Ù�]ÚQ/�34�!5 ×  ��m»�34��5�¢ × :��m»]��< l -m/)�`�`°�ð��5) �:��_»+�ÒÚ?/�345 ��� > òD
º�±-��¾�± òeîDñ�· @ ñ > òeñBe�·ïîDñ > ò > N�R ± ·ïò&´�fTð�ñBò ·�ò°ñBòeî ± ò ºv± N ±�µ î >Aºv± í > ò&´ HPñ¸u º ·Gc¹c¡³¡ñBð ±�@ · ºv± ð
c ¾V@_ºv±¸É � É ¿�� ô�� É ®U×SÍ Ê �gµdó å µ�×�µ ³d³ ó É

Ì È µ Í \�ÐÚ��Q:V`��;�0�< É ¿�� ô�� É Ã���� É ×yÍdÆ��%�dó�×�µ ³ Í Ê É
Ì È å Í YZ<"34�0� l 5áÚ?/���5�¢ × � � � ` © �\Y l `�� l 5 ��5� �%'�¿å�34 �à��&^?34�0�0345�¢\/ l Ó¿Ó � =\@Ð>{º�± ´{DãN > ð µ

º�>A@Ã¾ îDñ > ò º N > ðzî²³ ± cÿð > ´ ¾ í;îDñ > ò > N�ñ > ò º ñOò�î²³ ± í >{@E@ ñ º ñ > ò @Ð±�º�º ñ > òeñBe�·�îDñ > ò > NUÆ¿· ºv±�º ��g<ñOòeî ± ò º�±
@ · ºv± ð º�É ¿�� ô�� É Ã	��� É3� × È ó Ë �dÀ�� È µ ³ Í�×�µ ³d³ Í É

Ì È Í Í 79�_�Ù� � <"�,., × :�� X �)«�� � [ l `°,.[\ª × 79�_«Ü�&Äp��0�m�!<"`�345)¢ ��5) oYK� � �\^?`��)5�5��<Vª ��� ¾ D
µÙ± ðmñ;í�· @ : ± í;ñdc ±�º ñBò =&É �¨��BDC6/.0%E6F���ìHG60 �!�)/.�-0 ��ô ¿ /.�)�-��× å G6E�×yµ ³d³ å É

Ì ÈdÈhÍ © l  m�<V�k%r�]Ú l ¼*�)5 �nH\³ ± H\³ ±�> ðig w N¨Izî >{µ ñ;í�
eîDð ¾ ívî ¾ ð ± Izò&´#
vc ± í;îDð{· É ì	G!0 �!�)/.�.0 ��ôt£�£
�¨��ý%0g£I5�/-G60}� ¿ /-�)�.��×yµ ³ �dµ É

Ì È � Í X �&YZ�-0[\�< �?P�ðoñE¶V·ïî ± C§ñBîDî ± ñ @Ã¾ ò!Æ ± ò É å�Ê�Ê�Ê É
Ì È Æ Í �$� � �°ÅK��`°��,./�5)34[ l å × � �_Ä��°àS3E-0[&`°�, × �$�m:;-m/)5 � �<"�< × ¯���7Ï34`°`W�)5� Ù79�0:V��5� &5��< �

C ¾V@ îDñBDuî ± ð{·AÇÈ·ïîDîS³¹g�;ðoñ¸´6HPñ�uJ
&·{DK�Ý´¹udÆ @ · º�º ´ ¾ · @ DA� ± · µ @ · º�± ð�uW·�ò > ¶ ±�@ RrL+x @ · º�± ð�´ïðoñE¶ ± ð É
£�¢L� É �M5�B�B É ×�µdÍdÍ�� å µdÆ�×�µ ³d³ ó É

Ì È ó Í %r�S:;�m<"3E-0[&`°��5� ��5� Þ �*� l � < l �N� =?>Aµ cÿð ±�º�º ñ > ò w NpI µ c @ ñda ± ´ = ³¡ñBð�c ± ´ w cÿîDñ1íi· @
P ¾V@_ºv±�º�É £�¢L� É �M5�B�BPO6G É ×��dÆ Ë ÍdÀ�� å µ ³ ×Pµ ³ ��� É

Ì È � Íq� �!����345�� × %r�&:V�0<"3E-m[\`��)5� × � �!YZ�� l × �$� � �,�, l � ��5� Þ �� l � < l �N�bÑ ± ò ± ðA·ïîDñ > ò
> NÙL @ îDð{·A³¡ñBÆ.³¬P ± · ½ P > Ç ± ðZP ¾¿@Ãº�±�º ��g = ³¡ñOðúc ± ´'P ¾V@_ºv± I µ c @ ñsa{í�·ïîDñ > ò É , ¦�¦�¦�� É�Q O��GR�RO6B
¦]ý%�)1��R/.5�G É × å È ËBå À��gÍ ³ ��×?µ ³ ��� É

Ì Èd³hÍ �$�]���)34�< × 7 ��ÅÜ��34,��<ï��5� �®� X � Þ 3 l <" &(*�)345�� �qT;òJî ± ò ºv±'@ ñBÆ.³¡îÝ� ¾ ð º î º ñBòªî²³ ±nº îDñED
µS¾V@ ·ïî ± ´�:*· µ ·ïò ±BÁZ± í;î É ¿�� ô�� É Ã	��� É ¨ ����� É ×yµdó��gµ å ó���×?µ ³ ÆdÆ É

Ì � Ê Í \� X � X <"(*,��m< l 5�¢ ��C ± · ºi¾ ð ±�µ�± òeî > N'cçñ1í >Aº�± í > ò&´ @ · º�± ðÝc ¾V@Ãº�± Ç�ñ�´ïî²³ º�ÉS� ¢e¢!ý É ¿�� ô�� É
¨ ����� É ×Sµ Ê �gµdÆ�×Pµ ³ Ædó É

Ì �dµ Í :�� X � X [\/�(+��5 l å × Ä�� X �QÄpª�,�` l � [\/ ��5� X �Ð:��ZÚQ/�3E<"[&3E5 � w cÿîDñ1í º�> N*N ±�µ î >{º�± í > ò&´
@ · ºv± ð¨c ¾V@_ºv±�º�É�� BT�)/-0%1{��G , G6���R0 �ROL�R�#5d£ ¿�� ô��.0%1)��×yµ ³d³ å É

Ì � å Í ÅK�5�5)��0/Ü»b�¡:V�)`�� ×;Þ �<"��`° )345)� X ��ÅK�5)5�� "ª$"¸7���`°`��0-0����5) Þ <"�¢ l <Vª�2S�°�p��`°` �
= ÀðI ¾ î > í > ðmð ±�@ ·ïîDñ > òÜC ± · ºi¾ ð ±�µÙ± òeî ºZ> N®P$ñ1í >Aº�± í > ò\´¨Â®· º�± ð�P ¾¿@Ãº�±�º�É , ¦$¦�¦��U5�O6/.G ÉVQ O��GR� É
¦]ý%�)1��R/ É × Q ¦�WµdÆ Ë ³ À�� ³d³ Ê ×?µ ³ � Ê É

, Î



àSÕ�ØBÜ�ßv×JØ�
dß�óoÜ�ß�ô�Ü�ÕgÝÞJÔeÕgÖ

Ì �dÍ Í 79�ÐÚ��]7Ï3E`��ª ¯��_���]��-m»���<"�5 ��HPñ µÙ± D > N¸DGJ @ ñBÆ.³¡î*CW· ºiº 
vc ± ívîDð >{µÙ± î ± ð¬Ç�ñOî²³�T µ cÿð > ¶ ± ´
: ±�º�>A@Ã¾ îDñ > ò É Ã	��� É ¥!1 É , G!���R/ É × å Æ Ë µ å À��gµdµ�� Ê ×�µ ³ ��� É

Ì � ÈhÍ Ú�� © l ,.�5 ��P @ ·ïò ± î�·�ðmñ º í�³ ± Ifî >Aµ�± ñBò ± âéî ± ðoò ± ò�J ±�@ ´ ± ðoò É Ç 0%�.�-�)/��.�X�R0%5�G×�±Y�)1 � G60%�.1 � �
ìHG60 �!�)/.�.0 �[Z�X��®\�)/�ý%0%G×yµ ³d³d³ É

Ì ��� Í %r�ÈÅK��3E,.�< ��Â\· º�± ð º c ±�½ îDð >Aºi½¿> cÿñ ± ´ ±�º æ º ë¡´ADGIzòeîDñ;í;ð >Aºiº ñBòÆ º ´ ±�º � ±�@ ñ ¾¿µ D�
vc ±�½ îDð ¾¿µpº ñ µ
±�@Ð±�½ îDðoñ º í�³ ± ò�J ±�@ ´ É Ç 0%�.�.�)/]�.�X�R0%5�G×�±N�)1 � G60%�.1 � ��ì	G!0 �!�)/.�.0 �[Z�X��®\�)/�ý%0%G!×yµ ³d³ Í É

Ì �dÆ Í �$�È%'��(+(+��,.-0/ �tÂ\· º�± ð ½ Î¾ ³ @Ã¾ òÆ�¶ > ò µ�± î�· º î�·¹�;ñ @²±�µ � ±�@ ñ ¾Vµ ñBò ±�@Ð±�½ îDðoñ º í�³ ± ò�J ±�@ ´ ± ðoò É
Ç 0g¢ý%5�Bq��/-C2�)0 �.×S±Y�)1 � G60%�.1 � �<ìHG60 �!�)/.�.0 � Z�X��®\�)/�ý%0%G×yµ ³d³ Æ É

Ì �dó Í X 5��0/ l 5�ª62S�Q:V3E�¢&(+��5 �¨Â®· º�± ð º�É ìHG60 �!�)/.�.0 ��ôÛ¥61)0%�)G61)��®\5[5d¤^��× � �u¬$~�5�/v¤°×Sµ ³ �dÆ É
Ì ��� Í 2 � ¢&�!5��Ù�p�-0/�� ��5� X `�ÓV<"� _40�3`h�0- � w cçîDñ1í º�ÉN� E6E!0%�.5�GLW ¸ �)��ý%�uô ¿ O6Cý%0%� � 0%G!F � /.5�Oe¢×

� �u¬�~�5�/v¤¿× È É$� OÖ��F��'×�µ ³ ó ³ É
Ì � ³hÍ 2p�)»��5�Ô �¨P$ðmñB¶¿·�î ± C ñOîDî ± ñ @Ã¾ òÆ ± ò É å�Ê�Ê µ É
Ì Æ Ê Í YK� Þ l �0�0`�3E�  ×0X �®» l /�< × 79�\YZ�-0[\�< ��5� ��$�®ÅK`°� ¡�!< �H�bg�ò&· µ ñ;í º¬> N ±�@Ð± í;îDð > òeñ;í

ÇÈ·A¶ ± c0·6í ½¿± î º ñBò�a ±�@ ´ ±�µ ñ ºiº ñ > ò�·�ò&´�ñBòeî ± ò º�± D4a ±�@ ´ @ · ºv± ðhDA·ïî >{µ c¡³¹g º ñ;í º�É ¿�� ô�� É Ã���� ÉN� ×
� È ËBå À��gµ Êdådå ×�µ ³d³d³ É

Ì Ædµ Í Ä�� X �ÒYZ�<"5�,�/��¿��( ×  � Ä�� © ��`°-m/)�5�[ l ��5� a ��®����< l 5 �'F µ cÿñBðmñ;í�· @ N > ð µp¾V@ ·ZN > ðívð >Aºiº*ºv± ívîDñ > ò > N'´ïñBð ± í;î ±�@Ð± í;îDð > òDuñ µ c0·6í;î�ñ > òeñBe�·�îDñ > ò > Nzñ > ò º�É � É ¿�� ô�� É ®Q×�ÍdÍ��%� Êdå ��× å�Ê�Ê�Ê É
Ì Æ å Í 79�)» l �0Ô ÉMb�c P�³¹g ºdc × å µdÆ�� å È µ�×�µ ³ Æ�� É

Î


