
s~ Ȧ � Ǫ � ʈ � q �¤ O � Ǩ Ǧ Ǩ Ǩ

/ǄĚƑǋƥĺĿŠĳ�ǋūƭ�ŠĚĚē�ƥū�ŒŠūǅ

Øĺîƥ�ŞîŒĚƙ�î��
ċƑîŠēȧ

¬ƥîƑƥĿŠĳ�ǅĿƥĺ�ǋūƭƑ�ǅĺǋ

�ƭĿŕē�ǋūƭƑ�ċƑîŠē�
ĲƑîŞĚǅūƑŒ

GĿŠē�ūƭƥ�ĺūǅ�ƥū�ĳū�îċūƭƥ�Ŀƥ

ØĺĚŠ�Ŀƙ�ƥĺĚ�ƥĿŞĚ�ƥū��
ƑĚċƑîŠēȧ



× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

TŠƥƑūēƭČƥĿūŠ�

Øĺîƥ�ŞîŒĚƙ�î�ċƑîŠēȧ��

Oūǅ�ƥū�ċƭĿŕē�î�ŒŠūČŒūƭƥ�ċƑîŠē

ØĺĚŠ�îŠē�ĺūǅ�ƥū�ƑĚċƑîŠē

ÞūƭƑ�ċƑîŠē�ĲƑîŞĚǅūƑŒ�

¡ƭƑƎūƙĚ�

sîŞĿŠĳ�

¡ūƙĿƥĿūŠĿŠĳ�

'ĚƙĿĳŠ�

¹ūŠĚ�ūĲ�×ūĿČĚ

Ǧ Ǭ

Ǧ ǧ

ǧ ǧ

Ǧ ǧ Ȧ

Ǧ Ǩ Ȧ

Ǧ ǩ Ȧ

Ǧ Ǫ Ȧ

ǧ ǫ

ǧ ǭ

Ǩ ǩ

ǩ ǧ

ǩ ǩ

ǩ ǫ

Ǫ Ǩ

�



cîŞĚƙ�OƭƑƙƥ ¬ĿŞūŠ�¬ĿŠĚŒ

¬Čūƥƥ�gĚūŠîƑē

 ƑĚîƥĿǄĚ�'ĿƑĚČƥūƑ�îƥ�¡ĿŠƥĚƑĚƙƥ

GūƭŠēĚƑ�ūĲ� ĺîŞƎĿūŠ��ĳĚŠČǋ

GĚîƥƭƑĿŠĳ

�ƭƥĺūƑ�îŠē�GūƭŠēĚƑ

�

sĿČŒ�HƑîĺîŞ
GūƭŠēĚƑ�ūĲ��ĚƑČǕǋ

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



Ǧ ǧ

ǦǧȦ

 ƑĚîƥĿŠĳ�î�ċƑîŠē�ĲƑūŞ�ƙČƑîƥČĺ�Şîǋ�ƙĚĚŞ�ŕĿŒĚ�î�
ēîƭŠƥĿŠĳ�ƥîƙŒȡ�ċƭƥ�ēūŠɄƥ�ǅūƑƑǋȡ�ǅĚɄǄĚ�ĳūƥ�ǋūƭƑ�ċîČŒȦ�
×ĿƑĳĿŠ�ĺîƙ�ƙƎĚŠƥ�ǫǦ�ǋĚîƑƙ�ċƭĿŕēĿŠĳ�ċƭƙĿŠĚƙƙ�îĲƥĚƑ�
ċƭƙĿŠĚƙƙ�ūĲĲ�ƥĺĚ�ċîČŒ�ūĲ�Ŀƥƙ�ĿƑƑĚƙĿƙƥĿċŕĚ�ċƑîŠēȡ�ƙū�
ǅĚɄƑĚ�ĺĚƑĚ�ƥū�ĺĚŕƎ�ǋūƭȫ�ƥĺĚ�ŠĚǊƥ�ĳĚŠĚƑîƥĿūŠ�ūĲ�
ĲūƭŠēĚƑƙȡ�ċƭĿŕē�î�ŒŠūČŒūƭƥ�ċƑîŠēȦ�

TŠ�ƥĺĿƙ�ĳƭĿēĚ�ǋūƭɄŕŕ�ǛŠē�ĚǄĚƑǋƥĺĿŠĳ�ǋūƭ�ŠĚĚē�ƥū�ċƑĿŠĳ�
ǋūƭƑ�ŠĚǅ�ċƑîŠē�ƥū�ŕĿĲĚȫ�ĲƑūŞ�ǛŠēĿŠĳ�ǋūƭƑ�ƎƭƑƎūƙĚȡ�
îƑƥĿČƭŕîƥĿŠĳ�ǋūƭƑ�ǄĿƙĿūŠȡ�îŠē�ƭŠēĚƑƙƥîŠēĿŠĳ�ĺūǅ�ƥū�
ČƑîĲƥ�ǋūƭƑ�ƎƑūƎūƙĿƥĿūŠȦ��
�
Þūƭ�ČîŠ�ƭƙĚ�ƥĺĿƙ�ĳƭĿēĚ�ƥū�ƑĚĲĚƑ�ċîČŒ�ƥū�ǋūƭ�ǅĺĿŕƙƥ�
ǋūƭɄƑĚ�ċƭĿŕēĿŠĳ�ǋūƭƑ�ċƑîŠēȡ�îŠē�ƑĚŞĚŞċĚƑ�ƥĺîƥ�ĚîČĺ�
ċƑîŠē�Ŀƙ�ƭŠĿƐƭĚȦ�Tƥ�Ŀƙ�ƥĺĚ�ŕĿǄĿŠĳ�ĚŞċūēĿŞĚŠƥ�ūĲ�ǋūƭƑ�
ċƭƙĿŠĚƙƙȡ�ƙū�ēūŠɄƥ�ƥƑǋ�ƥūū�ĺîƑē�ƥū�ČƑĚîƥĚ�ƙūŞĚƥĺĿŠĳ�
ƥĺîƥɄƙ�îŕƑĚîēǋ�ūƭƥ�ƥĺĚƑĚ�ȹ�ǋūƭ�îƑĚ�ƭŠĿƐƭĚ�îŠē�ƙū�Ŀƙ�
ǋūƭƑ�ĚǊƎĚƑĿĚŠČĚ�îƙ�î�ĲūƭŠēĚƑȦ��ǋ�ƙƥîǋĿŠĳ�ƥƑƭĚ�ƥū�
ǋūƭƑƙĚŕĲȡ�ǋūƭƑ�ǄîŕƭĚƙ�îŠē�ƥĺĚ�ƎƑĿŠČĿƎŕĚƙ�ūĲ�ǅĺǋ�ǋūƭ�
ƙƥîƑƥĚē�ƭƎ�ĿŠ�ƥĺĚ�ǛƑƙƥ�ƎŕîČĚȡ�ǋūƭƑ�ċƑîŠē�ǅĿŕŕ�ƙĺĿŠĚȦ�

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



Ǧ Ǭ

ǦǨȦ

Tƥ�Ŀƙ�î�ƥĺūƭƙîŠē�ēĿĲĲĚƑĚŠƥ�ƥūƭČĺƎūĿŠƥƙ�îŠē�ŞūƑĚȡ�îŠē�ĿĲ�ƙūŞĚūŠĚ�Ŀƙ�ƥîŕŒĿŠĳ�îċūƭƥ�
ǋūƭƑ�ċƭƙĿŠĚƙƙ�ƥĺĚǋɄƑĚ�ƥîŕŒĿŠĳ�îċūƭƥ�ǋūƭƑ�ċƑîŠēȦ

��ċƑîŠē�ĿƙȢ

��ŒŠūČŒūƭƥ�ċƑîŠē

ĺūǅ�ƎĚūƎŕĚ�ƎĚƑČĚĿǄĚ�îŠē�ƑĚŕîƥĚ�ƥū�ǋūƭƑ�ċƭƙĿŠĚƙƙȦ�
ØĿƥĺūƭƥ�î�ċƑîŠēȡ�ǋūƭƑ�ċƭƙĿŠĚƙƙ�Ŀƙ�ŏƭƙƥ�î�ƙĚƥ�ūĲ�
ƎĚūƎŕĚ�îŠē�ŞîČĺĿŠĚƙ�ēūĿŠĳ�ƥĺĿŠĳƙȦ

ǅĺîƥ�ƎĚūƎŕĚ�ČūŠŠĚČƥ�ƥūȦ�Øĺîƥ�ƥĺĚǋ�ċƭǋ�ĿŠƥūȦ�Øĺîƥ�
ƥĺĚǋ�ƥƑƭƙƥȦ

ĳƑĚîƥĚƑ�ƥĺîŠ�ƥĺĚ�ƙƭŞ�ūĲ�Ŀƥƙ�ƎîƑƥƙȦ���ċƑîŠē�Ŀƙ�
ƙūŞĚƥĺĿŠĳ�ƥĺîƥ�ČîŠ�ċĚ�ĚǊƎĚƑĿĚŠČĚēȡ�ĺĚîƑēȡ�ĲĚŕƥȡ�
ƙĚĚŠȡ�ƥîƙƥĚēȡ�ƥūƭČĺĚē�îŠē�ŕūǄĚēȦ

ǅĿŕŕ�ĚîƑŠ�ƑĚČūĳŠĿƥĿūŠ�ĲūƑ�ǋūƭƑ�ċƭƙĿŠĚƙƙȡ�ČƑĚîƥĚ�ƥƑƭƙƥ�
ǅĿƥĺ�ǋūƭƑ�îƭēĿĚŠČĚ�îŠē�ĲūƙƥĚƑ�ŕūǋîŕƥǋ�ǅĿƥĺ�ǋūƭƑ�
ČƭƙƥūŞĚƑƙȦ

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



Ǧ ǭ

Oūǅ�ƙƥƑūŠĳ�ċƑîŠēƙ�ǅĿŠ

��ƙĺūƑƥ�ĚǊĚƑČĿƙĚȢ

ǦǨ Ȧ �ØO�¹ � q�e /¬ � � � � ¤�s' ȧ

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

¬ƥƑūŠĳ�ĿēĚŠƥĿƥǋ

¹ĺĚ�ēĚƙĿĳŠ

¹ĺĚ�ƭƙĚƑ�ĚǊƎĚƑĿĚŠČĚ

¹ĺĚ�ĲƭŠČƥĿūŠ

¹ĺĚ�ĲūƑŞ

¹ĺĚ�ǄîŕƭĚƙ�Ŀƥ�ƙǋŞċūŕĿƙĚƙ

Oūǅ�Ŀƥ�ŞîŒĚƙ�ŞĚ�ĲĚĚŕ

¹ĺĚ�Čūƙƥ

¹ĺĚ�ƎĺǋƙĿČîŕ�ǅĚĿĳĺƥ

¹ĺĚ�ĲūƭŠēĚƑƙ�ċĚĺĿŠē�Ŀƥ

¹ĺĚ�ċƑîŠē�ƙƥūƑǋ

�ƭĿŕēƙ�ƑĚŕîƥĿūŠƙĺĿƎƙ

Oîƙ�î�ƙƥƑūŠĳ�ƎƭƑƎūƙĚ

 ūŠƙĿƙƥĚŠƥ�ĚǊƎĚƑĿĚŠČĚ

Tƙ�ĚîƙĿŕǋ�ƑĚČūĳŠĿƙîċŕĚ

'ĿĲĲĚƑĚŠƥĿîƥĿūŠ�ĲƑūŞ�ǋūƭƑ�ČūŞƎĚƥĿƥūƑƙ

 ƭƙƥūŞĚƑ�ŕūǋîŕƥǋ

¡ƑūǄĿēĚƙ�î�ƑĚîƙūŠ�ĲūƑ�ČƭƙƥūŞĚƑƙ�ƥū�ČĺūƙĚ�ǋūƭ

¹Ƒƭƙƥ�ĲƑūŞ�ǋūƭƑ�ČƭƙƥūŞĚƑƙ

ØĿŕŕ�ƙƥîŠē�ūƭƥ�ĿŠ�ČūŞƎĚƥĿƥĿǄĚ�ČĺîŠŠĚŕƙ

G /�¹À¤ /

ØOÞ ~¹O /¤ � � ¤�s' Þ~À¤ � � ¤�s'

� /s / G T ¹

¹ĺĿŠŒ�ūĲ�î�ƎƑūēƭČƥ�ūƑ�ƙĚƑǄĿČĚ�ǅĺĿČĺ�ǋūƭ�ĲĚĚŕ�ĚŞūƥĿūŠîŕŕǋ�ČūŠŠĚČƥĚē�ƥūȦ�qîǋċĚ�ĿƥɄƙ�
ƥĺĚ�ēĚǄĿČĚ�ūƑ�îƎƎ�ǋūƭɄƑĚ�ƑĚîēĿŠĳ�ƥĺĿƙ�ūŠȦ�¹ĺĚ�ČŕūƥĺĚƙ�ǋūƭɄƑĚ�ǅĚîƑĿŠĳȦ�¹ĺĚ�ēƑĿŠŒ�ūŠ�
ǋūƭƑ�ēĚƙŒȦ�Øĺǋ�ēū�ǋūƭ�ĲĚĚŕ�ČūŠŠĚČƥĚēȧ�¹ĿČŒ�îŕŕ�ƥĺîƥ�îƎƎŕǋȦ



Ǧ ǭ

Ǭ�£ƭĚƙƥĿūŠƙ�ƥū�îŠƙǅĚƑ�ǅĺĚŠ�ċƭĿŕēĿŠĳ�ǋūƭƑ�ċƑîŠē

ǦǨ Ȧ �ØO�¹ � q�e /¬ � � � � ¤�s' ȧ

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

cîŞĚƙ�OƭƑƙƥȡ�Hŕūċîŕ�OĚîē�ūĲ� ƑĚîƥĿǄĚ�îƥ�¡ĿŠƥĚƑĚƙƥȡ�ƙîǋƙ�ƥĺîƥ�îŕŕ�ŠĚǅ�ƙƥîƑƥƭƎƙ�
ŠĚĚē�ƥū�îŠƙǅĚƑ�ƥĺĚƙĚ�Ǭ�ƐƭĚƙƥĿūŠƙ�ƥū�ĺĚŕƎ�ǋūƭ�ēĚǛŠĚ�ǋūƭƑ�ċƑîŠēȠ

ǦǧȦ�Øĺǋ�ƥĺĿƙ�ČūŞƎîŠǋȧ�

ǦǨȦ�ØĺîƥɄƙ�ƥĺĚ�ČūŠƥĚǊƥȧ�

ǦǩȦ�ØĺîƥɄƙ�ƥĺĚ�ČîƥĚĳūƑǋ�ƥĺîƥ�ǅĚɄƑĚ�ĿŠȧ�

ǦǪȦ�ØĺūɄƙ�ūƭƑ�ČūŞƎĚƥĿƥĿūŠȧ��

ǦǫȦ�Øĺū�Ŀƙ�ǋūƭƑ�ČūŞŞƭŠĿƥǋȧ�

ǦǬȦ�Øĺîƥ�îƑĚ�ǋūƭƑ�ČîƎîċĿŕĿƥĿĚƙȧ



ǧ ǧ

ÞūƭƑ�ċƑîŠē�ČîŠ�ċĚ�ċƑūŒĚŠ�ēūǅŠ�ĿŠƥū�ČūƑĚ�ČūŞƎūŠĚŠƥ�ƎîƑƥƙȡ�ǅĺĿČĺ�ƥūĳĚƥĺĚƑ�
ČƑĚîƥĚ�ƥĺĚ�ĲūƭŠēîƥĿūŠƙ�ūĲ�ĚǄĚƑǋƥĺĿŠĳ�ĚŕƙĚ�ǋūƭ�ēūȦ�TŠ�ƥĺĿƙ�ƙĚČƥĿūŠ�ǅĚɄŕŕ�ƙĺūǅ�ǋūƭ�
ĺūǅ�ƥū�ċƭĿŕē�ǋūƭƑ�ĲƑîŞĚǅūƑŒ�ƭƙĿŠĳ�ūƭƑ�ƥƑĿĚē�îŠē�ƥĚƙƥĚē�ŞūēĚŕƙȦ

ǦǩȦ

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

¡ƑūƎūƙĿƥĿūŠ

¡ĿŕŕîƑƙ

¡ƭƑƎūƙĚ

Øĺîƥ�Ŀƙ�î�ċƑîŠē�ĲƑîŞĚǅūƑŒȧ
¬ūŞĚƥĿŞĚƙ�ČîŕŕĚē�ŞūēĚŕƙȡ�ĲƑîŞĚǅūƑŒƙ�ČîŠ�ĺĚŕƎ�ǋūƭ�
ĿēĚŠƥĿĲǋ�ƥĺĚ�ēĿĲĲĚƑĚŠƥ�ČūŞƎūŠĚŠƥƙ�ūĲ�ǅĺîƥ�ĳūĚƙ�ĿŠƥū�
ǋūƭƑ�ċƑîŠēȡ�îŠē�ƙĚƎîƑîƥĚƙ�ƥĺĚŞ�ūƭƥ�ƙū�ǋūƭ�ČîŠ�
ĚîƙĿŕǋ�Čîŕŕ�ūŠ�ƥĺĚŞ�ǅĺĚŠ�ǅūƑŒĿŠĳ�ūŠ�ēĿĲĲĚƑĚŠƥ�

îƑĚîƙ�ūĲ�ǋūƭƑ�ċƭƙĿŠĚƙƙȦ�GūƑ�ĚǊîŞƎŕĚȡ�ǋūƭƑ�ċƑîŠē�
ĚǊƎĚƑĿĚŠČĚ�Ŀƙ�ēĿĲĲĚƑĚŠƥ�ĲƑūŞ�Ŀƥƙ�ǄîŕƭĚƙȡ�ǅĺĿČĺ�Ŀƙ�
ēĿĲĲĚƑĚŠƥ�ĲƑūŞ�ǋūƭƑ�ƎƭƑƎūƙĚȦ

¹ūŠĚ�
ūĲ�ǄūĿČĚ×îŕƭĚ

Oūǅȧ
×îŕƭĚƙȠ�Oūǅ�ǋūƭ�îƎƎƑūîČĺ�ēūĿŠĳ�
ċƭƙĿŠĚƙƙ�
¹ūŠĚ�ūĲ�×ūĿČĚȠ�Oūǅ�ǋūƭ�îƑĚ�ĺĚîƑē

Øĺîƥȧ
¡ƑūƎūƙĿƥĿūŠȠ�Øĺîƥ�ǋūƭ�ƎƑūƎūƙĚ�ƥū�ǋūƭƑ�
ČƭƙƥūŞĚƑƙ��
¡ĿŕŕîƑƙȠ�¹ĺĚ�ČūƑĚ�ĚŕĚŞĚŠƥƙ�ūĲ�ǋūƭƑ�ƎƑūƎūƙĿƥĿūŠ

Øĺǋȧ
¡ƭƑƎūƙĚȠ�Øĺîƥ�ǋūƭ�ƙƥîŠē�ĲūƑȡ�ǅĺǋ�ǋūƭ�ĚǊĿƙƥ�
qĿƙƙĿūŠȠ�Øĺîƥ�ǋūƭɄƑĚ�ŕūūŒĿŠĳ�ƥū�îČĺĿĚǄĚ



ǧ Ǩ

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

��ƑĚîŕ�ŕĿĲĚ�ĚǊîŞƎŕĚ

OĚƑĚɄƙ�ƥĺĚ�×ĿƑĳĿŠ�¬ƥîƑƥÀƎ�ċƑîŠēȡ�ƙƎŕĿƥ�ƭƎ�ĿŠƥū�ƥĺĚ�
ČūŞƎūŠĚŠƥƙ�ǅĺĿČĺ�ǅĚɄǄĚ�ēĚƥîĿŕĚē�îċūǄĚȦ�

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



¡ƭƑƎūƙĚ�îŠē�TŞƎîČƥ�ƑĚƎūƑƥ�ċǋ�
èĚŠū�HƑūƭƎȡ

ǧ ǧ

ØĚɄǄĚ�ƎƑūēƭČĚē�î�ƙĚƎîƑîƥĚ�ĳƭĿēĚ�ĲūƑ�ĺĚŕƎĿŠĳ�
ĲūƭŠēĚƑƙ�ǛŠē�îŠē�ĿŞƎŕĚŞĚŠƥ�ƥĺĚĿƑ�ƎƭƑƎūƙĚȦ�Þūƭ�ČîŠ�
ēūǅŠŕūîē�ƥĺîƥ�Ĳƭŕŕ�ĳƭĿēĚ�ĺĚƑĚȡ�îŠē�ǅĚɄē�ƑĚČūŞŞĚŠē�
ƥîŒĿŠĳ�î�ŕūūŒ�îƥ�Ŀƥ�ċĚĲūƑĚ�ēĿǄĿŠĳ�ĿŠƥū�ƥĺĿƙ�ƙĚČƥĿūŠȦ��
�
gĚƥɄƙ�ƑĚŞĿŠē�ūƭƑƙĚŕǄĚƙ�ǅĺǋ�ČŕîƑĿƥǋ�ūĲ�ƎƭƑƎūƙĚ�Ŀƙ�
ĿŞƎūƑƥîŠƥȦ�ØĚɄǄĚ�ĚŠŕĿƙƥĚē�ƥĺĚ�ĺĚŕƎ�ūĲ�¬Čūƥƥ�gĚūŠîƑē�
ĲƑūŞ�ƥĺĚ� ĺîŞƎĿūŠ��ĳĚŠČǋȡ�ƥū�ĺĚŕƎȦ��
�
¡ƭƑƎūƙĚ�Ŀƙ�î�ƎƑūǄĚŠ�ĺƭŞîŠ�ŠĚĚē�ƙĿŠČĚ�ƥĺĚ�ēîǅŠ�ūĲ�
ƥĿŞĚȫ�ĿƥɄƙ�ƙūŞĚƥĺĿŠĳ�ǅĚ�îŕŕ�ƙƥƑĿǄĚ�ĲūƑ�ĚǄĚƑǋēîǋȦ�
�
ØĿƥĺūƭƥ�ƎƭƑƎūƙĚ�ǋūƭƑ�ċƑîŠē�ĺîƙ�î�ǄĚƑǋ�ŕĿŞĿƥĚē�ƎūĿŠƥ�
ūĲ�ēĿĲĲĚƑĚŠČĚ�ƥĺîƥ�ǅĿŕŕ�ĿŠĚǄĿƥîċŕǋ�ċĚ�ċĚƥƥĚƑĚē�ūŠĚ�ēîǋȦ

¡ƭƑƎūƙĚȹŕĚē�ċƑĚǅĿŠĳ�ƥĺîƥ�ƎƑūǄĿēĚƙ�îČČĚƙƙ�ƥū�ČŕĚîŠ�
ǅîƥĚƑ�ċǋ�ĿŠǄĚƙƥĿŠĳ�ǧǦǦɼ�ūĲ�îŕŕ�ƎƑūǛƥƙȦ�'ĚŕĿǄĚƑĿŠĳ�
ūǄĚƑ�ǧǩǦ�ČŕĚîŠ�ǅîƥĚƑ�ƎƑūŏĚČƥƙ�ĿŠ�ǫ�ǋĚîƑƙ�ȳŠūƥ�ƥū�ċĚ�
ČūŠĲƭƙĚē�ǅĿƥĺ�ƥĺĚ��ƑĚǅēūĳ�ċƑîŠēȴȦ�
�
Ƀ�ƑĚǅĚē�ūŠ�¡ƭƑƎūƙĚɄ�îƙ�ƥĺĚĿƑ�ċƑîŠē�ŕĿŠĚȡ�ƥĺĚǋ�ƙŞîƑƥŕǋ�
ƎƑūǄĚ�ƥĺĿƙ�îČƑūƙƙ�îŕŕ�ƥūƭČĺƎūĿŠƥƙ�ǅĿƥĺ�î�£¤�ČūēĚ�ūŠ�
ĚǄĚƑǋ�ČîŠ�ƥĺîƥ�îŕŕūǅƙ�ǋūƭ�ƥū�ĿŠƙƥîŠƥŕǋ�ČūŠŠĚČƥ�ǅĿƥĺ�
ǋūƭƑ�ƎĚƑƙūŠîŕ�îČČūƭŠƥ�ƥū�ƙĚĚ�ĺūǅ�ēƑĿŠŒĿŠĳ�ƥĺîƥ�
ƎƑūēƭČƥ�ĿŠ�ƑĚîŕƥĿŞĚ�Ŀƙ�ƎūƙĿƥĿǄĚŕǋ�ĿŞƎîČƥĿŠĳ�ƥĺĚ�ǅūƑŕēȦ

ƎƭċŕĿƙĺĚē�ĿŠ�GūƑċĚƙ�cƭŠĚ�ǨǦǨǦ

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



ǧ ǧ× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

¡ƑîČƥĿČîŕ�ƥĺĿŠĳƙ�ǋūƭ�ČîŠ�îČƥĿūŠ�
ƥūēîǋ�ƥū�ƎƑĚƙĚŠƥ�ǋūƭƑ�ƎƭƑƎūƙĚ�
ŞūƑĚ�ČŕĚîƑŕǋȠ

¤ĚîČĺ�ċĚǋūŠē�ǋūƭƑƙĚŕĲ�ȹ�ĲūČƭƙ�ūŠ�ǋūƭƑ�ƥîƑĳĚƥ�
îƭēĿĚŠČĚƙ�îŠē�ĲƭƥƭƑĚ�ƎƑūūĲ�ǋūƭƑ�ƎƭƑƎūƙĚȦ�TĲ�ǋūƭƑ�
ƎƭƑƎūƙĚ�ĿƙŠɄƥ�ĲūƑǅîƑē�ŕūūŒĿŠĳ�ċǋ�Ŀƥƙ�ŠîƥƭƑĚȡ�Ŀƥ�ǅĿŕŕ�
ƙƥƑƭĳĳŕĚ�ƥū�Ǝîƙƙ�ƥĺĚ�ƥĚƙƥ�ūĲ�ƥĿŞĚȦ�

¤ĚǄĿƙĿƥ�ǋūƭƑ�ƥîƑĳĚƥ�îƭēĿĚŠČĚƙȡ�îŠē�ƥĺĿŠŒ�îċūƭƥ�ĺūǅ�
ǋūƭƑ�ƎƭƑƎūƙĚ�ƑĚŕîƥĚƙ�ƥū�ƥĺĚĿƑ�ŠĚĚēƙ�îŠē�ǄîŕƭĚƙȦ��
�
ØĺĚŠ�ƥîŕŒĿŠĳ�ƎƭƑƎūƙĚȠ�ŕĚƙƙ�Ŀƙ�îŕǅîǋƙ�ŞūƑĚ�ȹ�ēūŠɄƥ�
ūǄĚƑŕūîē�ƥĺĚ�ČūŠǄĚƑƙîƥĿūŠ�ǅĿƥĺ�ǅūƑēƙȡ�îŠē�ƥƑǋ�ƥū�ƭƙĚ�
ǄĿƙƭîŕƙ�ǅĺĚƑĚ�ƎūƙƙĿċŕĚȦ�ØĺĚƥĺĚƑ�Ǝĺūƥūƙȡ�ĿŕŕƭƙƥƑîƥĿūŠƙ�
ūƑ�ĿČūŠƙȡ�ǄĿƙƭîŕƙ�ČîŠ�ċƑĿŠĳ�ǋūƭƑ�ƎƭƑƎūƙĚ�ƙƥîƥĚŞĚŠƥƙ�
ƥū�ŕĿĲĚȦ�GūƑ�ĚǊîŞƎŕĚȡ�ƙĚĚ�ƥĺĚ�ĿŞƎîČƥ�î�ƙĿŞƎŕĚ�ĿŞîĳĚ�
ĺîƙ�ūŠ�ƥĺĿƙ�ƎūǅĚƑĲƭŕ�ƙƥîƥĚŞĚŠƥ�ĲƑūŞ�¡îƥîĳūŠĿîȠ

 ūŞŞƭŠĿČîƥĿŠĳ�ǋūƭƑ�ƎƭƑƎūƙĚ�ƥū�ǩ�ƙƥƑîŠĳĚƑƙ�ǅĺū�
îƑĚ�ŠĚǅ�ƥū�ǋūƭƑ�ċƭƙĿŠĚƙƙȦ�/ĿƥĺĚƑ�ƥĚŕŕ�ƥĺĚŞ�ĿŠ�ƭŠēĚƑ�
ǧǫ�ƙĚČūŠēƙȡ�ūƑ�ǅƑĿƥĚ�Ŀƥ�ēūǅŠ�ƭƙĿŠĳ�ǧǫ�ǅūƑēƙ�ūƑ�
ĲĚǅĚƑȦ�HĚƥǄ�ƥĺĚŞ�ƥū�ĲĚĚēċîČŒ�ǋūƭƑ�ƎƭƑƎūƙĚ�ƥū�ǋūƭ�ĿŠ�
ƥĺĚĿƑ�ūǅŠ�ǅūƑēƙȡ�îŠē�ƑĚǜĚČƥ�ūŠ�ĺūǅ�ĚĲĲĚČƥĿǄĚ�ǋūƭƑ�
ČūŞŞƭŠĿČîƥĿūŠ�ĿƙȦ���
�
'ĚǛŠĚ�ǋūƭƑ�ƎƭƑƎūƙĚ�ƥū�î�ƙĿŠĳŕĚ�ǅūƑē�ȹ�ċĚ�ƙĚŕĚČƥĿǄĚ�
îŠē�ŞîŒĚ�ƥĺîƥ�ǅūƑē�ūǅŠîċŕĚȦ

TŠǄĿƥĚ�ǋūƭƑ�ƥĚîŞ�ƥū�îŠūŠǋŞūƭƙŕǋ�ČūŠƥƑĿċƭƥĚ�î�ǅūƑē�
ūŠ�î�ǅƑĿƥĚ�ċūîƑē�ƎŕîƥĲūƑŞ�îŠē�îƙŒ�ƥĺĚŞ�ƥū�ǄūƥĚ�ƥĺĚ�
îŠƙǅĚƑȦ�¤ĚǜĚČƥ�ūŠ�ĿĲ�ƥĺîƥ�ǅūƑēƙ�ēūĚƙ�ǅĺîƥ�ǋūƭ�ŠĚĚē�
Ŀƥ�ƥūūȦ�

¹ ¤Þ

¹¤Þ

¹¤Þ

¡ƭƑƎūƙĚ�îŠē�TŞƎîČƥ�ƑĚƎūƑƥ�ċǋ�èĚŠū�HƑūƭƎ�ʈ
ƎƭċŕĿƙĺĚē�ĿŠ�GūƑċĚƙ�cƭŠĚ�ǨǦǨǦ



ǧ ǧ× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

gĿǄĚ�ǋūƭ�ƎƭƑƎūƙĚ

OîǄĿŠĳ�î�ƎƭƑƎūƙĚ�Ŀƙ�ēĿĲĲĚƑĚŠƥ�ĲƑūŞ�ŕĿǄĿŠĳ�ĿƥȦ�GūƑ�ƎĚūƎŕĚ�ƥū�ĚŞūƥĿūŠîŕŕǋ�ČūŠŠĚČƥ�ǅĿƥĺ�
ǋūƭƑ�ċƑîŠēȡ�Ŀƥ�ĺĚŕƎƙ�ƥū�ĺîǄĚ�ƥĺĚŞ�ċĚŕĿĚǄĚ�ĿŠ�ǋūƭƑ�ċƭƙĿŠĚƙƙȦ

�ŕĿĳŠ�ǋūƭƑ�ƎƭƑƎūƙĚ�ƥū�ĚîČĺ�îƑĚî�ūĲ�ǋūƭƑ�ċƭƙĿŠĚƙƙ�ƥū�ƙĚĚ�ǅĺĚƑĚ�ǋūƭ�ŞĿĳĺƥ�ċĚ�ĲîŕŕĿŠĳ�
ƙĺūƑƥȠ

¡îǋŠƥĚƑ�cîČŒĚƥƙ�ǅîŠƥĚē�ƥū�ƑĚĿŞîĳĿŠĚ�ĺūǅ�ƎĚūƎŕĚ�
ČūŠƙƭŞĚē�ČŕūƥĺĚƙȡ�îŠē�ƑĚŕĚîƙĚ�î�ǄĚƑǋ�ŕĿŞĿƥĚē�
ŠƭŞċĚƑ�ūĲ�ƎƑūēƭČƥƙ�ĚîČĺ�ǋĚîƑȡ�ǅĿƥĺ�î�ƙƥƑĿČƥ�ČîƎ�ūŠ�
ĺūǅ�ŞîŠǋ�ūĲ�ĚîČĺ�ĿƥĚŞ�ƥĺĚǋ�ČƑĚîƥĚȦ�~ŠČĚ�ƥĺĚǋɄƑĚ�
ĳūŠĚȡ�ƥĺĚǋɄƑĚ�ĳūŠĚȡ�ŞĚîŠĿŠĳ�ƥĺĚǋ�ēūŠɄƥ�Şîƙƙ�
ƎƑūēƭČĚ�îŠǋƥĺĿŠĳȦ��

TŠƙƥĚîēȡ�ƥĺĚǋ�ĲūČƭƙ�ūŠ�ǛŠēĿŠĳ�ƐƭîŕĿƥǋȡ�ƙƭƙƥîĿŠîċŕĚ�
ƙƭƎƎŕĿĚƑƙ�ĲūƑ�ƥĺĚĿƑ�ƎƑūēƭČƥƙȡ�îŠē�ƥîŒĚ�ƎƑĿēĚ�ĿŠ�ƥĺĚ�
ǛŠĿƙĺĚē�ĳîƑŞĚŠƥƙ�ƥĺĚǋ�ƙĺĿƎȦ��Ěƙƥ�ūĲ�îŕŕȡ�ČƭƙƥūŞĚƑƙ�
ŕūǄĚ�Ŀƥ�ƎîǋŠƥĚƑŏîČŒĚƥȦČūŞ

¹¤Þ

¬ / /

ĚȦĳȦ�/ēƭČîƥĿŠĳ�ǋūƭƑ�îƭēĿĚŠČĚ�
ūŠ�ǋūƭƑ�ƎƭƑƎūƙĚ

ĚȦĳȦ�ÀƙĿŠĳ�ČūŞƎūƙƥîċŕĚ�
ƎîČŒîĳĿŠĳ

ĚȦĳȦ�ØūƑŒĿŠĳ�ǅĿƥĺ�ƙƭƎƎŕĿĚƑƙ�
ǅĺū�ƙĺîƑĚ�ǋūƭƑ�ǄîŕƭĚƙ

ĚȦĳȦ�¡ƑūǄĿēĿŠĳ�î�ŕĿǄĿŠĳ�
ǅîĳĚ

ĚȦĳȦ� ūŞŞƭŠĿČîƥĿŠĳ�ǋūƭƑ�ƎƭƑƎūƙĚ�
ūŠ�ēĿĲĲĚƑĚŠƥ�ċƑîŠē�ƥūƭČĺƎūĿŠƥƙ�
ŕĿŒĚ�ƎîČŒîĳĿŠĳ

ĚȦĳȦ�¤ĚēƭČĿŠĳ�ǅîƙƥĚ�
ǅĺĚƑĚ�ƎūƙƙĿċŕĚ

ĚȦĳȦ�¡îƑƥŠĚƑĿŠĳ�ǅĿƥĺ�
ČîƭƙĚƙ�ǅĺĿČĺ�îŕĿĳŠƙ�
ƥū�ǋūƭƑ�ƎƭƑƎūƙĚ

 ūŞŞƭŠĿČîƥĿūŠ

qîŠƭĲîČƥƭƑĿŠĳ

¬ƭƎƎŕǋ�ČĺîĿŠƙ

¡ĚūƎŕĚ

'ĚƙĿĳŠ

~ƎĚƑîƥĿūŠƙ  ¬¤



GūƭŠēĚƑƙȠ�

cĚŠŠǋ� ūƙƥî
ÞĚîƑȠ�

ǨǦǧǧ

¤ƭċĿĚƙ�ĿŠ�ƥĺĚ�¤ƭċċŕĚ�ŞîŒĚƙ�îǅîƑē�ǅĿŠŠĿŠĳ�ƎŕîŠĚƥ�ċîƙĚē�ČūŠēĿŞĚŠƥƙ�ūƭƥ�ūĲ�ǅîƙƥĚ�
ƎƑūēƭČĚ�ƥĺîƥ�Ŀƙ�ĚĿƥĺĚƑ�ƥƑĿČŒǋ�ƥū�ƎƑūČĚƙƙȡ�îĚƙƥĺĚƥĿČîŕŕǋ�ŞĿƙƙĺîƎĚŠȡ�ƥūū�ƑĿƎĚ�ūƑ�îċƭŠēîŠƥȦ�
ØĿƥĺ�îŠ�îŠŠƭîŕ�ƑĚǄĚŠƭĚ�ūĲ�ɟǩȦǮŞĿŕŕĿūŠ�îŠē�ĿŞƎƑĚƙƙĿǄĚ�ǋĚîƑ�ūŠ�ǋĚîƑ�ĳƑūǅƥĺ�ƥĺĚ�ċƑîŠē�
ŕĿǄĚƙ�ƭƎ�ƥū�ĿƥɄƙ�ɃƎîČŒĚē�ǅĿƥĺ�ƎƭƑƎūƙĚɄ�ƎƑūŞĿƙĚȦ

ǧ ǧ× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



¹ĺĚ�ČĿƑČƭŕîƑ�ēĚƙĿĳŠ�ūĲ�ƥĺĚ�ƎƑūēƭČƥ�Ŀƙ�ċîƙĚē�ūŠ�ƥĺĚ�
ƎƭƑƎūƙĚ�ƥū�ƑĚēƭČĚ�ƥĺĚ�ČūŞċĿŠĚē�ĿŞƎîČƥ�ūĲ�Ĳūūē�
ǅîƙƥîĳĚ�ƥĺîƥ�ČūŠƥƑĿċƭƥĚƙ�ǬȦǭɼ�ūĲ�îŕŕ�ĳƑĚĚŠĺūƭƙĚ�
ĳîƙĚƙ�ĚŞĿƥƥĚēȦ��
�
¹ĺĿƙ�Ŀƙ�ĚǊƥĚŠēĚē�ǅĿƥĺ�ƑĚČĿƎĚƙ�ƥū�ĺĚŕƎ�ČƭƙƥūŞĚƑƙ�ĚǊƥĚŠē�
ƥĺĚ�ŕĿĲĚ�ūĲ�ƥĺĚ�Ĳūūē�ĲƭƑƥĺĚƑ�îŠē�ǅîƙƥĚ�ŕĚƙƙȦ�¤ƭċĿĚƙ�ĿŠ�ƥĺĚ�
¤ƭċċŕĚ�Ŀƙ�î�ČĚƑƥĿǛĚē�� ūƑƎȦ

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

ǧ ǧ× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



ǧ ǭ

×ĿƑĳĿŠ�ĺîƙ�ŞîēĚ�ƐƭĿƥĚ�î�ŠîŞĚ�ĲūƑ�ĿƥƙĚŕĲȦ�TƥɄƙ�ŒŠūǅŠ�
îŠē�ŕūǄĚē�ċǋ�ƎĚūƎŕĚ�ǅūƑŕēǅĿēĚȡ�îŠē�ƙĺūǅƙ�ƥĺîƥ�
ǅĺĿŕƙƥ�î�ŠîŞĚ�ĿƙŠɄƥ�ĚǄĚƑǋƥĺĿŠĳȡ�Ŀƥ�ČĚƑƥîĿŠŕǋ�Ŀƙ�î�ĳūūē�
ƎŕîČĚ�ƥū�ƙƥîƑƥȦ�TĲ�ǋūƭɄǄĚ�îŕƑĚîēǋ�ŠîŞĚē�ǋūƭƑ�ƙƥîƑƥƭƎȡ�
ĲîŠƥîƙƥĿČȣ�TĲ�Šūƥȡ�ƑĚîē�ūŠȦ

¹ūƎ�ƥĿƎƙ�ǅĺĚŠ�ŠîŞĿŠĳ�ǋūƭƑ�ƙƥîƑƥƭƎ

Ǧǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

TƥɄƙ�ċĚĚŠ�ƎƑūǄĚŠ�ƥĿŞĚ�îŠē�îĳîĿŠ�ƥĺîƥ�ČūŠƙƭŞĚƑƙ�îƑĚ�ŞūƑĚ�ŕĿŒĚŕǋ�ƥū�
ĚŠĳîĳĚ�ǅĿƥĺ�ǋūƭƑ�ċƑîŠē�ĿĲ�ƥĺĚǋ�ĚŞċƑîČĚ�ƥĺĚ�ƙƥūƑǋ�ċĚĺĿŠē�ĿƥȦ�GūƑ�
ƙƥîƑƥƭƎƙȡ�ƥĺîƥ�ƙƥūƑǋ�ƙƥîƑƥƙ�ǅĿƥĺ�ǋūƭȦ� ūŠƙĿēĚƑ�ĺūǅ�ƥū�ŞîŒĚ�ǋūƭƑ�ċƑîŠē�
ŠîŞĚ�ƥĺĚ�ĚŞċūēĿŞĚŠƥ�ūĲ�ǋūƭƑ�ƙƥîƑƥƭƎ�ƙƥūƑǋȦ

'ūŠɄƥ�ƥƑǋ�ƥū�ūǄĚƑ�ČūŞƎŕĿČîƥĚ�ƥĺĿŠĳƙȦ�¡ĚūƎŕĚ�Şîǋ�ǅîŠƥ�ƥū�ƙĚîƑČĺ�ĲūƑ�ǋūƭƑ�
ČūŞƎîŠǋ�îĲƥĚƑ�ĺĚîƑĿŠĳ�îċūƭƥ�Ŀƥȡ�ƙū�ǋūƭ�ēūŠɄƥ�ǅîŠƥ�ƥū�ƑĿƙŒ�ƥĺĚŞ�Šūƥ�
ċĚĿŠĳ�îċŕĚ�ƥū�ƙƎĚŕŕ�ūƑ�ƎƑūŠūƭŠČĚ�ĿƥȦ

×ĿƑĳĿŠ�HîŕîČƥĿČ�ȳǄƙȦ�×ĿƑĳĿŠ�¬ƎîČĚȴ�îŠē�×ĿƑĳĿŠ��ČƥĿǄĚ�ȳǄƙȦ�×ĿƑĳĿŠ�HǋŞƙȴ�îƑĚ�
ƥǅū�ĚǊîŞƎŕĚƙ�ūĲ�ŠîŞĚƙ�ǅĿƥĺ�î�ċĿƥ�ūĲ�î�ƥǅĿƙƥȦ��ƭƥ�ēūŠɄƥ�ĳū�ƥūū�îċƙƥƑîČƥ�
ūƑ�ƎĚūƎŕĚ�ǅūŠɄƥ�ŒŠūǅ�ǅĺîƥ�ǋūƭɄƑĚ�ūĲĲĚƑĿŠĳȦ

¡îǋ�îƥƥĚŠƥĿūŠ�ƥū�ƎĺūŠĚƥĿČ�ƎƑūŠƭŠČĿîƥĿūŠȦ�TŠ�î�ǅūƑŕē�ūĲ�ǄūĿČĚȹîČƥĿǄîƥĚē�
ƙĚîƑČĺ�ȳĺĚŕŕū�HūūĳŕĚȡ�¬ĿƑĿ�îŠē��ŕĚǊîȴ�ŞîŒĚ�ƙƭƑĚ�ƥĺîƥ�ǋūƭƑ�ċƑîŠē�ūƑ�ūĲĲĚƑĿŠĳ�
Ŀƙ�Ěîƙǋ�ƥū�ƭŠēĚƑƙƥîŠē�ǅĺĚŠ�ƙƎūŒĚŠ�ūƭƥ�ŕūƭēȦ��ĚǅîƑĚ�ūĲ�ǅūƑēƙ�ƥĺîƥ�ĺîǄĚ�î�
ƙĿŞĿŕîƑ�ƎƑūŠƭŠČĿîƥĿūŠ�ċƭƥ�ēĿĲĲĚƑ�ĿŠ�ŞĚîŠĿŠĳ�îŠē�ūƑ�ƙƎĚŕŕĿŠĳȦ

qîŒĚ�Ŀƥ�ǋūƭƑƙȦ

eĚĚƎ�Ŀƥ�ƙĿŞƎŕĚ�îŠē�ƙƥƑîĿĳĺƥĲūƑǅîƑēȦ

�Ě�ČƑĚîƥĿǄĚ�ċƭƥ�ƙƥĿŕŕ�ċĚ�ČŕĚîƑȦ

¬îǋ�Şǋ�ŠîŞĚȦ



ǧ Ǯ

Ǧ Ǫ Ȧ � O~Ø � ¹~ � O�× / � T q ¡� ¹ Ƞ � � À T g ' T sH � � / ¹ ¹ / ¤ � � À ¬ T s / ¬ ¬

gūūŒîɄƙ�ŠîŞĚ�ĳĚŠĚƑîƥūƑ�ĲūƑ�ĳĚƥƥĿŠĳ�ƥĺĚ�ČƑĚîƥĿǄĚ�
ŏƭĿČĚƙ�ǜūǅĿŠĳ�ĿĲ�ǋūƭ�ĲĚĚŕ�ƙƥƭČŒȦ

¹ ¤Þ

/ŠƙƭƑĚ�ǋūƭƑ�ŠîŞĚ�ēūĚƙŠɄƥ�îƭƥūŞîƥĿČîŕŕǋ�ƥƑĿĳĳĚƑ�î�
ɁČūƑƑĚČƥĿūŠɂȦ�¹ĺĿƙ�ČîŠ�ċĚ�ƥĺĚ�ēūǅŠƙĿēĚ�ūĲ�ɁČƑĚîƥĿǄĚɂ�
ƙƎĚŕŕĿŠĳ�îŠē�ČîŠ�ƙƭċƥŕǋ�ƭŠēĚƑŞĿŠĚ�ƥĺĚ�ǄîŕĿēĿƥǋ�ūĲ�
ǋūƭƑ�ċƑîŠēȦ

ØĿƥĺ�îƎƎƙ�îŠē�ƙūČĿîŕ�ŞĚēĿîȡ�ċƑĚǄĿƥǋ�Ŀƙ�ŒĚǋȦ�
/ŠČūƭƑîĳĚ�ƎĚūƎŕĚ�ƥū�ǅƑĿƥĚ�Ŀƥ�ĿŠ�Ĳƭŕŕ�ċǋ�ƙƥĿČŒĿŠĳ�ƥū�ƥǅū�
ūƑ�ƥĺƑĚĚ�ƙǋŕŕîċŕĚƙȦ��ŕƙū�ƥĚƙƥ�ĺūǅ�Ŀƥ�ǅĿŕŕ�îƎƎĚîƑ�ūŠ�
îƎƎ�ƙƥūƑĚƙ�îŠē�ēĿĲĲĚƑĚŠƥ�ƙČƑĚĚŠƙȦ

¹ĺĿŠŒ�îċūƭƥ�ǅĺĚƑĚ�ƎĚūƎŕĚ�ǅĿŕŕ�ƙĚĚ�ǋūƭƑ�ŠîŞĚȦ�TĲ�ƎîƑƥ�
ūĲ�ǋūƭƑ�ƙƥƑîƥĚĳǋ�Ŀƙ�ċƑîŠē�ƎîƑƥŠĚƑƙĺĿƎƙȡ�ČūŠƙĿēĚƑ�ĺūǅ�
ƥĺĚ�ŠîŞĚ�ǅūƑŒƙ�îŕūŠĳƙĿēĚ�ūƥĺĚƑ�ċƑîŠēƙȦ

�ĚǅîƑĚ�ūĲ�îƭƥūČūƑƑĚČƥȦ

eĚĚƎ�Ŀƥ�ƙĺūƑƥȦ

eĚĚƎ�ĳūūē�ČūŞƎîŠǋȦ

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



Ǩ ǩ

ÞūƭƑ�ƎƭƑƎūƙĚ�Ŀƙ�ǋūƭƑ�ēƑĿǄĿŠĳ�ĲūƑČĚȡ�ƙū�ŕĚîē�ǅĿƥĺ�Ŀƥ�
ǅĺĚŠ�ƎūƙĿƥĿūŠĿŠĳ�ǋūƭƑ�ċƑîŠēȦ�TĲ�ǋūƭƑ�ČūŞƎĚƥĿƥūƑ�Ŀƙ�
ŕĚîēĿŠĳ�ǅĿƥĺ�î�ĲĚîƥƭƑĚȡ�ċĚŠĚǛƥ�ūƑ�ƎƑūēƭČƥȡ�ČūŠƙĿēĚƑ�
ĺūǅ�ǋūƭƑ�ƎƭƑƎūƙĚ�ǅĿŕŕ�Ǝŕîǋ�îĳîĿŠƙƥ�ƥĺîƥȦ

¹ĺĿƙ�Ŀƙ�î�ŠĚîƥ�ǅîǋ�ūĲ�ǄĿƙƭîŕĿƙĿŠĳ�ĺūǅ�ǋūƭƑ�ċƑîŠē�
ƙƥîČŒƙ�ƭƎ�îĳîĿŠƙƥ�Ŀƥƙ�ČūŞƎĚƥĿƥūƑƙ�ĿŠ�ƥĺĚ�ŞîƑŒĚƥȦ�Tƥ�
ĺĚŕƎƙ�ǋūƭ�ǅūƑŒ�ūƭƥ�ǅĺĚƑĚ�ǋūƭɄƑĚ�ƎŕîǋĿŠĳ�ȹ�îƑĚ�ǋūƭ�
ČūŞƎĚƥĿŠĳ�ūŠ�ƎƑĿČĚȧ� ūŠǄĚŠĿĚŠČĚȧ�£ƭîŕĿƥǋȧ�¹îƙƥĚȧ

ÞūƭƑ�ċƑîŠē�Ŀƙ�î�ƎƑūƎūƙĿƥĿūŠ�ūĲ�ƙūŞĚƥĺĿŠĳ�ƥū�ƎĚūƎŕĚȡ�î�
ƎƑūŞĿƙĚ�ūĲ�îŠ�ĿŞƎƑūǄĚŞĚŠƥ�ūƑ�ūƭƥČūŞĚȡ�î�ǅîǋ�ūĲ�
ƙūŕǄĿŠĳ�î�ƎƑūċŕĚŞȦ�Oūǅ�ēū�ǋūƭ�Ǜƥ�ĿŠƥū�ǋūƭƑ�
ČƭƙƥūŞĚƑɄƙ�ŕĿǄĚƙȧ��ƑĚ�ǋūƭ�î�ƎƑūēƭČƥ�ūŠ�î�ƙĺĚŕĲ�ĿŠ�î�
ƙƭƎĚƑŞîƑŒĚƥȡ�ƙūŞĚƥĺĿŠĳ�ǅĺĿČĺ�ƥĺĚǋ�ŒĚĚƎ�ĿŠ�ƥĺĚĿƑ�
ƎūČŒĚƥƙ�îŠē�ƭƙĚ�ĚǄĚƑǋ�ēîǋȡ�ūƑ�î�ƎƑĚŞĿƭŞ�ƎĿĚČĚ�ūĲ�ŒĿƥ�
ƥĺîƥ�ƥĺĚǋɄŕŕ�ƑĚƎŕîČĚ�ūŠČĚ�ĿŠ�ǧǦ�ǋĚîƑƙȧ��ǋ�ǅūƑŒĿŠĳ�ūƭƥ�
ǅĺĚƑĚ�ǋūƭ�Ǜƥ�ĿŠȡ�ǋūƭ�ČîŠ�ēĿƙČūǄĚƑ�ǅĺū�ĚŕƙĚ�Ŀƙ�ƥƑǋĿŠĳ�
ƥū�Ǜŕŕ�ƥĺîƥ�ƙƎîČĚ�ƥūūȦ

OĚƑĚɄƙ�îŠ�ĚǊîŞƎŕĚ�ūĲ�î�ƙĿŞƎŕĚ�ēĿîĳƑîŞ�ūŠ�ĺūǅ�
ēĿĲĲĚƑĚŠƥ�ċƑîŠēƙ�îƑĚ�ƎūƙĿƥĿūŠĚē�ĿŠ�ƥĺĚ�ŞîƑŒĚƥȠ

¬ƥîƑƥ�ǅĿƥĺ�ǋūƭƑ�ǅĺǋ

 ūŞƎĚƥĿƥĿǄĚ�ŞîƎƎĿŠĳ

Oūǅ�ēū�ǋūƭ�Ǜƥ�ĿŠƥū�ƎĚūƎŕĚƙɄ�ŕĿǄĚƙȧ

Ǧǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

�ƭĿŕēĿŠĳ�î�ƙƥîƑƥƭƎ�Ŀƙ�îŠ�ĿŠČƑĚēĿċŕĚ�ŏūƭƑŠĚǋ�ƥū�ċĚ�ūŠȡ�îŠē�ǅĺĚƥĺĚƑ�ǋūƭɄǄĚ�ƑĚîŕĿƙĚē�Ŀƥ�
ǋĚƥ�ūƑ�Šūƥȡ�ČūŞƎĚƥĿƥĿūŠ�Ŀƙ�îŠ�ĿŠĚǄĿƥîċŕĚ�ƎîƑƥ�ūĲ�ƥĺîƥ�ŏūƭƑŠĚǋȦ�OūǅĚǄĚƑ�ŞƭČĺ�ǋūƭ�
ŞĿĳĺƥ�ƥĺĿŠŒ�ǋūƭƑƙ�Ŀƙȡ�Šū�ċƭƙĿŠĚƙƙ�ĿēĚî�Ŀƙ�ƭŠĿƐƭĚȡ�îŠē�ūƥĺĚƑ�ČƑĚîƥĿǄĚ�ĲūƭŠēĚƑƙ�ǅĿŕŕ�
ĺîǄĚ�ƥĺĚ�ƙîŞĚ�ĿēĚî�îƙ�ǋūƭȦ�¹ĺĚ�ŒĚǋ�ƥū�ƙƥîŠēĿŠĳ�ūƭƥ�îŞūŠĳƙƥ�ǋūƭƑ�ČūŞƎĚƥĿƥūƑƙ�Ŀƙ�
ĺūǅ�ǋūƭ�ƎūƙĿƥĿūŠ�ǋūƭƑ�ċƑîŠēȦ

OĿĳĺĚƙƥ�
ƐƭîŕĿƥǋ

gūǅĚƑ�ƎƑĿČĚ

gūǅĚƑ�
ƐƭîŕĿƥǋ

OĿĳĺĚƑ�ƎƑĿČĚ

�ƑîŠē�
�

�ƑîŠē�
�

�ƑîŠē�
 

�ƑîŠē�
'

�ƑîŠē�
/

�ƑîŠē�
G



Ǩ Ǫ

¹ū�ŞîŒĚ�ƥĺĿƙ�ƑĚŕĚǄîŠƥ�ƥū�ǋūƭƑ�ċƑîŠēȡ�ČĺîŠĳĚ�ƥĺĚ�îǊĿƙ�
ƥū�ŞîŒĚ�ƥĺĚŞ�îƎƎŕĿČîċŕĚ�ƥū�ǋūƭƑ�ĿŠēƭƙƥƑǋȦ�OĚƑĚɄƑĚ�
ƙūŞĚ�ĚǊîŞƎŕĚƙ�ǋūƭ�Čūƭŕē�ƭƙĚȠ

OĚƑĚɄƙ�îŠ�ĚǊîŞƎŕĚ�ĲƑūŞ�îŠ�ūŕē�ƎĿƥČĺ�ēĚČŒ�ĲūƑ�ƥĺĚ�
ēĚƙĿĳŠ�ƥūūŕ� îŠǄîȦ��ƭƥ�ŞîƎƎĿŠĳ�ūƭƥ�ūƥĺĚƑ�ƙūŕƭƥĿūŠƙ�
ĿŠ�ƥĺĚ�ŞîƑŒĚƥƎŕîČĚȡ�ƥĺĚǋ�ǅĚƑĚ�îċŕĚ�ƥū�ĚîƙĿŕǋ�ƙĺūǅ�
ǅĺĚƑĚ�ƥĺĚǋ�Ǜƥ�ĿŠȦ

OîĿƑēƑĚƙƙĚƑ��
¡ƑĿČĚ�ȳŕūǅ�ƥū�ĺĿĳĺȴ�
¤îŠĳĚ�ūĲ�ƙĚƑǄĿČĚƙ�ȳĳĚŠĚƑîŕ�ƥū�ƙƎĚČĿîŕĿƙĚēȴ�
�
sūŠȹîŕČūĺūŕĿČ�ǛǕǕǋ�ēƑĿŠŒ�ċƑîŠē�
¹îƙƥĚ�ȳċĿƥƥĚƑ�ƥū�ƙǅĚĚƥȴ�
sƭƥƑĿƥĿūŠîŕ�ǄîŕƭĚ�ȳŕūǅ�ƥū�ĺĿĳĺȴ

~ŠŕĿŠĚ��Ǩ��ƎƑūēƭČƥ�
�ƭƥūŞîƥĿūŠ�ȳŕūǅ�îƭƥūŞîƥĿūŠ�ƥū�ĺĿĳĺ�îƭƥūŞîƥĿūŠȴ��
¹ƑîĲǛČ�ƙĺîƑĚ�ȳŕūǅ�ƥƑîĲǛČ�ƙĺîƑĚ�ƥū�ĺĿĳĺ�ƥƑîĲǛČ�ƙĺîƑĚȴ�
�
¬ƎūƑƥ�ƥƑîĿŠĚƑ�ċƑîŠē�
GîƙĺĿūŠîċŕĚ�ȳŕūǅ�ƥū�ĺĿĳĺȴ�
¡ƑĿČĚ�Ȭ� ūŞĲūƑƥ�ȳŕūǅ�ƥū�ĺĿĳĺȴ

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

TĲ�ǋūƭɄƑĚ�ĳūĿŠĳ�ƭƎ�îĳîĿŠƙƥ�ēĿƑĚČƥ�ČūŞƎĚƥĿƥĿūŠȡ�ǋūƭ�
ŠĚĚē�ƥū�ċĚ�ČŕĚîƑŕǋ�ēĿĲĲĚƑĚŠƥȦ���ĳūūē�ǅîǋ�ūĲ�ƥĺĿŠŒĿŠĳ�
îċūƭƥ�ƥĺĿƙ�Ŀƙȡ�Ŀƙ�ĿĲ�ǋūƭɄƑĚ�ĳūĿŠĳ�ƥū�ċĚȡ�ĲūƑ�ĚǊîŞƎŕĚȡ�
ĲîƙƥĚƑȡ�ƥĺĚŠ�ƥū�ŞîŒĚ�ƎĚūƎŕĚ�ĳū�ǅĿƥĺ�ǋūƭ�ūǄĚƑ�î�
ČūŞƎĚƥĿƥūƑȡ�ǋūƭ�ƙĺūƭŕē�ċĚ�ǧǦ�ƥĿŞĚƙ�ĲîƙƥĚƑȦ�TĲ�ǋūƭɄƑĚ�
ĳūĿŠĳ�ƥū�ċĚ�ƎƑĚŞĿƭŞȡ�ƥĺĚ�ČƭƙƥūŞĚƑ�ŠĚĚēƙ�ƥū�
ƎĚƑČĚĿǄĚ�ǋūƭƑ�ċƑîŠē�îƙ�ŞƭČĺ�ŞūƑĚ�ƎƑĚŞĿƭŞȦ�¹ĺĚ�
ƙîŞĚ�ĳūĚƙ�ĲūƑ�ƎƑĿČĚȦ�TĲ�ǋūƭɄƑĚ�ĳūĿŠĳ�ƥū�ċĚ�ČĺĚîƎĚƑȡ�
ǋūƭ�ŠĚĚē�ƥū�ĚŠƙƭƑĚ�ƥĺîƥ�ǋūƭɄƑĚ�ŠūƥĿČĚîċŕǋ�ČĺĚîƎĚƑȦ�

ǧǦǊ�ċĚƥƥĚƑ�



ǩ ǧ

Þūƭ�ŒŠūǅ�ǅĺîƥ�ēĚǛŠĚƙ�ǋūƭƑ�ċƑîŠēȡ�îŠē�ǅĺĚƑĚ�Ŀƥ�ƙĿƥƙ�
ĿŠ�ƥĺĚ�ŞîƑŒĚƥȦ�Oūǅ�ēūĚƙ�ǋūƭƑ�ċƑîŠē�ŕūūŒ�îŠē�ĲĚĚŕȧ�
¹ĺĿƙ�Ŀƙ�ēĚƙĿĳŠȦ�'ĚƙĿĳŠĿŠĳ�ƥĺĚ�ĚŕĚŞĚŠƥƙ�ūĲ�ǋūƭƑ�ċƑîŠē�
ČîŠ�ƙƥîƑƥ�ǅĿƥĺ�î�ŕūĳūȡ�ċƭƥ�ĿŠČŕƭēĚ�ƥĺĿŠĳƙ�ŕĿŒĚ�
ĚǊƎĚƑĿĚŠČĚ�ēĚƙĿĳŠ�îŠē�ƥūŠĚ�ūĲ�ǄūĿČĚȦ�¹îŒĚ�ČîƑĚ�ƥū�
ĚŠƙƭƑĚ�ĚîČĺ�ūĲ�ǋūƭƑ�ċƑîŠē�ƥūƭČĺƎūĿŠƥƙ�îƑĚ�ēĚƙĿĳŠĚē�
ĿŠ�î�ǅîǋ�ƥĺîƥ�ŕĿǄĚƙ�ƭƎ�ƥū�ǅĺîƥ�ǋūƭ�ǅîŠƥ�ǋūƭƑ�ċƑîŠē�
ƥū�ċĚȦ

¡ƭƑƎūƙĚȠ�gĚîē�ǅĿƥĺ�ǋūƭƑ�ƎƭƑƎūƙĚȡ�îƙ�ƥĺĿƙ�
ĿŠĲūƑŞƙ�îŕŕ�îƑĚîƙ�ūĲ�ǋūƭƑ�ċƭƙĿŠĚƙƙ�ĿŠČŕƭēĿŠĳ�
ēĚƙĿĳŠ

¹ǋƎūĳƑîƎĺǋȠ�¹ĺĚ�ĲūŠƥƙ�îŠē�ƙƥǋŕĚƙ�ǅĺĿČĺ�ǋūƭƑ�
ċƑîŠē�ƭƙĚƙ�ǅĿŕŕ�ċĚ�ƙƎĚČĿǛČ�ƥū�ǋūƭȡ�îŠē�ǅĿŕŕ�
ĿŠČŕƭēĚ�ČūŞċĿŠîƥĿūŠƙ�ūĲ�ēĿĲĲĚƑĚŠƥ�ĲūŠƥƙȡ�ƙĿǕĚƙȡ�
ČūŕūƭƑƙ�îŠē�ǅĚĿĳĺƥƙȦ�¹Ƒǋ�HūūĳŕĚ�GūŠƥƙ�ĲƑĚĚ�
ūŠŕĿŠĚ�ċƑūǅƙĚƑ�ƥū�ƥĚƙƥ�ēĿĲĲĚƑĚŠƥ�ČūŞċĿŠîƥĿūŠƙ

 ūŕūƭƑ�ƎîŕĚƥƥĚȠ���ĳƑūƭƎ�ūĲ�ČūŕūƭƑƙ�ǅĺĿČĺ�îƑĚ�
ƭƙĚē�ǅĺĚŠ�ēĚƙĿĳŠĿŠĳ�îŠǋƥĺĿŠĳ�ĲūƑ�ǋūƭƑ�
ċƑîŠēȦ�¹Ƒǋ�ƥĺĿƙ�ĲƑĚĚȡ�ƐƭĿČŒ�ČūŕūƭƑ�ƎîŕĚƥƥĚ�
ĳĚŠĚƑîƥūƑ

¡ĺūƥū�ĳƭĿēĚŕĿŠĚƙȠ�Øĺîƥ�ƥǋƎĚ�ūĲ�ƎĺūƥūĳƑîƎĺǋ�
ƙĺūƭŕē�ċĚ�ƭƙĚē�ĿŠ�ǋūƭƑ�ċƑîŠēȡ�ĺūǅ�Ŀƥ�ƙĺūƭŕē�
ċĚ�ƭƙĚēȡ�ĳūūē�ĚǊîŞƎŕĚƙȦ�¹Ƒǋ�ÀŠƙƎŕîƙĺ�ĲūƑ�
ƙūƭƑČĿŠĳ�ĳƑĚîƥȡ�ƑūǋîŕƥǋȹĲƑĚĚ�Ǝĺūƥūƙ

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

 îŠǄî�Ŀƙ�î�ĳƑĚîƥ�ēĚƙĿĳŠ�ƥūūŕ�ǅĺĿČĺ�îŠǋūŠĚ�ČîŠ�ƭƙĚȡ�
îŠē�ČūŞĚƙ�ǅĿƥĺ�ƥĚŞƎŕîƥĚƙ�îŠē�ƥƭƥūƑĿîŕƙ�ƥū�ĺĚŕƎ�ǋūƭ�
îŕūŠĳ�ƥĺĚ�ǅîǋȦ

À¬ /

cūĚŕ�¬ƎūŕƙŒǋ�ʈ�GūƭŠēĚƑ�ūĲ�¹ƑĚŕŕū

�ƑîŠē�ĳƭĿēĚŕĿŠĚƙ�îƑĚ�ƥĺĚ�ƥūūŕŒĿƥ�ĲūƑ�ǋūƭƑ�ċƑîŠēȦ�GƑūŞ�ČūŕūƭƑƙ�ƥū�ĲūŠƥƙȡ�ēĿĲĲĚƑĚŠƥ�
ŕîǋūƭƥƙȡ�ƎĺǋƙĿČîŕ�îŠē�ēĿĳĿƥîŕ�îƎƎŕĿČîƥĿūŠƙȡ�ċƑîŠē�ĳƭĿēĚŕĿŠĚƙ�ĺĚŕƎ�ƎĚūƎŕĚ�ǅĺū�îƑĚ�
ƭƙĿŠĳ�ƥĺĚ�ċƑîŠē�ċƑĿŠĳ�Ŀƥ�ƥū�ŕĿĲĚȦ�¹ĺĿƙ�Čūƭŕē�ċĚ�ƎîƑƥŠĚƑƙȡ�ēĚƙĿĳŠĚƑƙȡ�ǋūƭƑ�ČūȹĲūƭŠēĚƑ�ūƑ�
ƙūŞĚūŠĚ�ĿŠ�ǋūƭƑ�ƥĚîŞȦ��
�
Hūūē�ĳƭĿēĚŕĿŠĚƙ�ĚŠƙƭƑĚ�ČūŠƙĿƙƥĚŠČǋ�ǅĺĚŠĚǄĚƑ�îŠē�ǅĺĚƑĚǄĚƑ�ǋūƭƑ�ċƑîŠē�Ŀƙ�ƭƙĚēȦ�
OĚƑĚɄƑĚ�ƙūŞĚ�ĚŕĚŞĚŠƥƙ�ǅĺĿČĺ�ǋūƭ�ƙĺūƭŕē�ĿŠČŕƭēĚ�ĿŠ�ǋūƭƑ�ĳƭĿēĚŕĿŠĚƙȠ

�ƑîŠē�ĳƭĿēĚŕĿŠĚƙ



¬ƎūƥĿĲǋ qĚēĿƭŞ sĚƥǜĿǊ

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

¬ĚĚ�ƙūŞĚ�ĳƑĚîƥ�ĚǊîŞƎŕĚƙ�ūĲ�ĳƭĿēĚŕĿŠĚƙ�ƥū�ĳĚƥ�ƙƥîƑƥĚē�ĺĚƑĚȠ

ÞūƭƑ�ŕūĳūȦ�TƥɄƙ�ǋūƭƑ�ŞîƑŒȡ�ǋūƭƑ�ċƭƙĿŠĚƙƙ�ƙĿĳŠîƥƭƑĚȡ�
ƥĺĚ�ƥĺĿŠĳ�ƥĺîƥ�ƎĚūƎŕĚ�ǅĿŕŕ�ƙĚĚ�ŞūƑĚ�ƥĺîŠ�îŠǋƥĺĿŠĳ�
ĚŕƙĚȦ�¬ūŞĚƥĿŞĚƙ�ĲūƭŠēĚƑƙ�ǅĿŕŕ�ēĚƙĿĳŠ�î�ŕūĳū�ċĚĲūƑĚ�
ēūĿŠĳ�îŠǋƥĺĿŠĳ�ĚŕƙĚȦ�ØĺĿŕƙƥ�ƥĺĿƙ�ǅĿŕŕ�ǅūƑŒ�ĲūƑ�î�ĲĚǅ�
ūĲ�ǋūƭȡ�Şūƙƥ�ūĲ�ƥĺĚ�ƥĿŞĚ�ĿƥɄƙ�ċĚƥƥĚƑ�ƥū�ƭƙĚ�ƥĺĚ�ǅūƑŒ�
ĲƑūŞ�ĚîƑŕĿĚƑ�ĿŠ�ƥĺĚ�ĳƭĿēĚ�ǅĺĚŠ�ǋūƭɄƑĚ�ēĚǄĚŕūƎĿŠĳ�
ǋūƭƑ�ĲƑîŞĚǅūƑŒȡ�ƥū�ĿŠĲūƑŞ�ǋūƭƑ�ŕūĳūȦ��
�
ØĺĿŕĚ�î�ŕūĳū�Şîǋ�ƙĚĚŞ�ƐƭĿƥĚ�ƙĿŞƎŕĚ�ƥū�ČƑĚîƥĚȡ�
ēĚƙĿĳŠĿŠĳ�î�ĳƑĚîƥ�ūŠĚ�ĿƙŠɄƥ�îŕǅîǋƙ�ĚîƙǋȦ�Tƥ�ĿŠǄūŕǄĚƙ�î�
ēĚĚƎ�ƭŠēĚƑƙƥîŠēĿŠĳ�ūĲ�ǋūƭƑ�ČƭƙƥūŞĚƑƙ�îŠē�ƥĺĚĿƑ�
ŠĚĚēƙȦ�~ĲƥĚŠȡ�ēĚƙĿĳŠĚƑƙ�ǛŠē�ƥĺĚŞƙĚŕǄĚƙ�ČƑĚîƥĿŠĳ�
ŞîŠǋ�ĿƥĚƑîƥĿūŠƙ�ūĲ�î�ƙĿŠĳŕĚ�ŕūĳū�ċĚĲūƑĚ�ĳĚƥƥĿŠĳ�Ŀƥ�ŏƭƙƥ�
ƑĿĳĺƥȦ�

gūĳū�ēĚƙĿĳŠ

ɁT�ƙƥƑĿǄĚ�ĲūƑ�ƥǅū�ƥĺĿŠĳƙ�ĿŠ�ēĚƙĿĳŠȠ�
ƙĿŞƎŕĿČĿƥǋ�îŠē�ČŕîƑĿƥǋȦ�HƑĚîƥ�
ēĚƙĿĳŠ�Ŀƙ�ċūƑŠ�ūĲ�ƥĺūƙĚ�ƥǅū�
ƥĺĿŠĳƙȦɂ�

gĿŠēū�gĚîēĚƑ�ʈ�HƑîƎĺĿČ�ēĚƙĿĳŠĚƑ

Ǩ Ǫ



¬ĚĚ�ƙūŞĚ�ĳƑĚîƥ�ĚǊîŞƎŕĚƙ�ūĲ�ĳƭĿēĚŕĿŠĚƙ�ƥū�ĳĚƥ�ƙƥîƑƥĚē�ĺĚƑĚȠ

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

TĲ�Ŀƥ�ƙūƭŠēƙ�ŕĿŒĚ�ǅĚɄƑĚ�ƑĚƎĚîƥĿŠĳ�ūƭƑƙĚŕǄĚƙȢƥĺîƥɄƙ�
ċĚČîƭƙĚ�ǅĚ�îƑĚȦ�'ĚƙĿĳŠĿŠĳ�î�ŕūĳū�ĲūƑ�ǋūƭƑ�ƙƥîƑƥƭƎ�
ŠĚĚēƙ�ƥū�ĚŞċūēǋ�ǅĺîƥ�ǋūƭ�ƙƥîŠē�ĲūƑȡ�îŠē�ǅĺîƥ�ǋūƭƑ�
ƎƭƑƎūƙĚ�ĿƙȦ�¬ƥîƑƥ�ǅĿƥĺ�ǋūƭƑ�ƎƭƑƎūƙĚȡ�îŠē�ƙĚĚ�ǅĺîƥ�
ĿŠƙƎĿƑîƥĿūŠ�ǋūƭ�ĳĚƥ�ĲƑūŞ�ĿƥȦ�sūƥĚ�Ŀƥ�îŕŕ�ēūǅŠ�ĲūƑ�ŕîƥĚƑȦ�

¹Ƒǋ�îŠē�ƥîŒĚ�Ŀƥ�ċîČŒ�ƥū�ċîƙĿČƙ�ǅĿƥĺ�î�ƎĚŠ�îŠē�ƎîƎĚƑȡ�
îŠē�ƙŒĚƥČĺ�ūƭƥ�ĿēĚîƙ�ċîƙĚē�ūŠ�ǋūƭƑ�ŠîŞĚȡ�ƎƭƑƎūƙĚ�
îŠē�ĚŕĚŞĚŠƥƙȦ�gĿŞĿƥ�ǋūƭƑƙĚŕĲ�ƥū�ǧǦȹǧǨ�ƙĚČūŠēƙ�ĲūƑ�
ĚîČĺ�ƙŒĚƥČĺȡ�îŠē�ēū�ƥĺĿƙ�ĲūƑ�ǨǦ�ŞĿŠƭƥĚƙȦ�¬ĚĚ�ǅĺîƥ�
ĺîƎƎĚŠƙȡ�ǋūƭ�ŞĿĳĺƥ�ċĚ�ƙƭƑƎƑĿƙĚēȦ

ØĺĚŠ�ēĚƙĿĳŠĿŠĳ�î�ŕūĳūȡ�ĿƥɄƙ�ĿŞƎūƑƥîŠƥ�ƥū�ƭŠēĚƑƙƥîŠē�
ǅĺĚƑĚ�Ŀƥ�ǅĿŕŕ�ċĚ�ƭƙĚē�ŞūƙƥȦ�TĲ�ǋūƭƑ�ƎƑĿŞîƑǋ�ƎƑūēƭČƥ�Ŀƙ�
îŠ�îƎƎȡ�ĲūƑ�ĚǊîŞƎŕĚȡ�ĺūǅ�ēūĚƙ�ƥĺĚ�ŕūĳū�Ǝŕîǋ�îƙ�îŠ�
ĿČūŠ�ūŠ�î�ƙŞîƑƥƎĺūŠĚȧ�TĲ�ǋūƭɄƑĚ�ƎƑūēƭČĿŠĳ�ċƑîŠēĚē�
ČŕūƥĺĚƙȡ�ĺūǅ�ēūĚƙ�Ŀƥ�ǅūƑŒ�ūŠ�ƥĺĚ�ĳîƑŞĚŠƥ�ūƑ�ŕîċĚŕȧ

TĲ�ǋūƭɄƑĚ�ƭƙĿŠĳ�î�ēĚƙĿĳŠĚƑȡ�ǋūƭɄŕŕ�ǅîŠƥ�ƥū�ĳĿǄĚ�ƥĺĚŞ�
ǋūƭƑ�ĳƭĿēĚŕĿŠĚƙ�îŠē�ƙŒĚƥČĺĚƙ�îƙ�ƎîƑƥ�ūĲ�ƥĺĚ�ċƑĿĚĲȦ�
/ǄĚŠ�ĿĲ�ǋūƭɄƑĚ�ƭƙĿŠĳ�î�ƙĿƥĚ�ŕĿŒĚ�ǯǯ�'ĚƙĿĳŠƙȡ�ǅĺūĚǄĚƑ�
Ŀƙ�ČƑĚîƥĿŠĳ�ǋūƭƑ�ŕūĳū�ǅĿŕŕ�ŠĚĚē�ƥĺĿƙ�ĿŠƎƭƥ�ĲƑūŞ�ǋūƭ�ƥū�
ĳĚƥ�ƙƥîƑƥĚēȦ

ÞūƭƑ�ŕūĳū�ǅĿŕŕ�ūĲƥĚŠ�ċĚ�ƙĚĚŠ�ƙĿēĚȹċǋȹƙĿēĚ�ǅĿƥĺ�
ČūŞƎĚƥĿƥĿūŠȡ�ŞîǋċĚ�ūŠ�î�ƙŞîƑƥƎĺūŠĚ�ĺūŞĚƙČƑĚĚŠȡ�
ƙƭƎĚƑŞîƑŒĚƥ�ƙĺĚŕĲ�ūƑ�ĺĿĳĺ�ƙƥȦ�qîŒĚ�ƙƭƑĚ�ǋūƭɄƑĚ�ŞîŒĿŠĳ�
ǋūƭƑ�ŞîƑŒȡ�ƐƭĿƥĚ�ŕĿƥĚƑîŕŕǋȡ�îĳîĿŠƙƥ�ƥĺĚƙĚ�ŕūĳūƙȦ

�ƑŞĚē�ǅĿƥĺ�ƙūŞĚ�ūƎƥĿūŠƙȡ�Ǝƭƥ�ǋūƭƑ�ŠĚǅ�ŕūĳū�
ēĚƙĿĳŠƙ�ĿŠ�ĲƑūŠƥ�ūĲ�ǋūƭƑ�ƥîƑĳĚƥ�îƭēĿĚŠČĚȡ�îŠē�ƙĚĚ�
ĺūǅ�ƥĺĚǋ�ƑĚƙƎūŠē�ƥū�ĚîČĺȦ�¹Ƒǋ�îŠē�ĳĚƥ�ƥĺĚŞ�ƥū�
ĚǊƎŕîĿŠ�ǅĺîƥ�ƥĺĚǋ�ŕĿŒĚȡ�îŠē�ǅĺîƥ�ƥƭƑŠƙ�ƥĺĚŞ�ūĲĲȦ

¬ƥîƑƥ�ċƑūǅƙĿŠĳ�ǋūƭƑ�ĲîǄūƭƑĿƥĚ�ǅĚċƙĿƥĚƙ�îŠē�ĿŠƙƥîĳƑîŞ�îČČūƭŠƥƙ�ĲūƑ�ĿŠƙƎĿƑîƥĿūŠȡ�
îŠē�ƙîǄĚ�ƥĺĚŞ�ƥū�î�¡ĿŠƥĚƑĚƙƥ�ċūîƑēȦ�Þūƭ�ēūŠɄƥ�ŠĚĚē�ƥū�ƥĺĿŠŒ�ƥūū�ŞƭČĺ�îċūƭƥ�ǅĺîƥ�
ǋūƭɄƑĚ�ČîƎƥƭƑĿŠĳȡ�ċƭƥ�ČūŠƙĿēĚƑ�ǅĺǋ�ƙūŞĚƥĺĿŠĳ�îƎƎĚîŕƙ�ƥū�ǋūƭ�ĿŠ�ƥĺĚ�ČūŠƥĚǊƥ�ūĲ�
ǋūƭƑ�ċƑîŠēȡ�îŠē�ƥîŒĚ�ƥĿŞĚ�ƥū�ČƭƑîƥĚ�ǋūƭƑ�¡ĿŠƥĚƑĚƙƥ�ċūîƑē�ƙū�Ŀƥ�ĚŠēƙ�ƭƎ�î�ĺĚŕƎĲƭŕ�
ČūŕŕĚČƥĿūŠ�ūĲ�ĿŞîĳĚƙȡ�ǄĿēĚūƙȡ�ČūŕūƭƑƙȡ�ĿŕŕƭƙƥƑîƥĿūŠƙȡ�ūƥĺĚƑ�ŕūĳūƙ�îŠē�îŠǋƥĺĿŠĳ�ĚŕƙĚ�
ǅĺĿČĺ�ĳĚƥƙ�ǋūƭƑ�ČƑĚîƥĿǄĚ�ŞĿŠē�ĿŠ�ĳĚîƑȦ

¬ƥîƑƥ�ǅĿƥĺ�ƥĺĚ�ǅĺǋȦ ¬ŒĚƥČĺ�ūƭƥ�ĿēĚîƙȦ

 ūŠƥĚǊƥ�Ŀƙ�ŒĚǋȦ ¹îŒĚ�ǋūƭƑ�ƙŒĚƥČĺ�ƥū�î�ēĚƙĿĳŠĚƑȦ

 ĺĚČŒ�ūƭƥ�ƥĺĚ�ČūŞƎĚƥĿƥĿūŠȦ ¹Ƒǋ�ċĚĲūƑĚ�ǋūƭ�ċƭǋȦ

 ƑĚîƥĚ�î�¡ĿŠƥĚƑĚƙƥ�ċūîƑēȦ

Ǩ Ǫ



Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s' Ǩ Ǫ

�À¹ȢȦȦ��ƥ�×ĿƑĳĿŠ�¬ƥîƑƥÀƎȡ�ǅĚ�ŕĿŒĚ�ƥū�Čƭƥ�ƥĺƑūƭĳĺ�ƥĺĚ�
�¬Ȧ�TƥɄƙ�ĿŞƎūƑƥîŠƥ�ƥū�ƙîǋ�ƥĺîƥ�Šūƥ�îŕŕ�ŕūĳūƙ�îƑĚ�
ČƑĚîƥĚē�ĚƐƭîŕŕǋȡ�îŠē�ƥĺîƥ�ƙƎĚŠēĿŠĳ�ƥĿŞĚ�îŠē�ŞūŠĚǋ�
ūŠ�ƙūŞĚƥĺĿŠĳ�ēūĚƙŠɄƥ�ŞĚîŠ�Ŀƥ�ǅĿŕŕ�ēĚŕĿǄĚƑ�ǅĺîƥ�ǋūƭ�
ŠĚĚēȦ��
�
cƭŕĿĚ�'ĚîŠĚ�ƙƥîƑƥĚē�ƥĺĚ� îŞċƑĿēĳĚ�¬îƥČĺĚŕ� ūŞƎîŠǋ�
ƥū�Ǝîǋ�ĺĚƑ�ŒĿēƙɄ�ƙČĺūūŕ�ĲĚĚƙ�ȹ�îŠē�ƥĺĚ�ċîĳƙ�ƥūūŒ�ūĲĲȦ�
¬ĺĚ�ŠĚĚēĚē�î�ŕūĳū�ȹ�îŠē�Ĳîƙƥ�ȹ�îŠē�Šūƥ�ċĚĿŠĳ�î�
ēĚƙĿĳŠĚƑ�ĺĚƑƙĚŕĲȡ�îŠē�ǅĿƥĺ�Šū�ŞūŠĚǋ�ƥū�ĺĿƑĚ�ūŠĚȡ�ƙĺĚ�
ƥƭƑŠĚē�ƥū�qĿČƑūƙūĲƥ�ØūƑēȡ�îŠē�ČŕĿČŒĚē�ūŠ�ØūƑē��ƑƥȦ�
¬ĺĚ�ƙƎĚŠƥ�î�ĲĚǅ�ŞĿŠƭƥĚƙȡ�ĲūƭŠē�îŠ�ĿŞîĳĚ�ūĲ�î�ċĿŒĚȡ�
îŠē�ƥĺĚ�ƑĚƙƥȡ�îƙ�ƥĺĚǋ�ƙîǋȡ�Ŀƙ�ĺĿƙƥūƑǋȦ��
�
ØĺĿŕƙƥ�ƥĺĚ�ČūŞƎîŠǋ�ĺîƙ�ƙĿŠČĚ�ƑĚċƑîŠēĚēȡ�ƥĺĿƙ�ŕūĳū�
ƥūūŒ�cƭŕĿĚ�ĲƑūŞ�Ǧ�ƥū�î�ŞƭŕƥĿȹŞĿŕŕĿūŠ�ƎūƭŠē�ċƭƙĿŠĚƙƙȦ�TŠ�
ƥĺĿƙ�ČîƙĚȡ�cƭŕĿĚɄƙ�ƎƑūēƭČƥƙ�ƙƎūŒĚ�ĲūƑ�ƥĺĚŞƙĚŕǄĚƙȡ�îŠē�
ƥĺĚ�ƐƭîŕĿƥǋ�îŠē�ČūŕūƭƑ�ūƎƥĿūŠƙ�ǅĚƑĚ�ǅĺîƥ�ƎƑūƎĚŕŕĚē�
ƥĺĚ�ČūŞƎîŠǋ�ƥū�ƙƭČČĚƙƙȦ�



ǩ ǩ

ÞūƭƑ�ƥūŠĚ�ūĲ�ǄūĿČĚ�Ŀƙ�ĺūǅ�ǋūƭƑ�ċƑîŠē�Ŀƙ�ĺĚîƑēȡ�îŠē�ƥĺĚ�ǅîǋ�ǋūƭ�îƎƎƑūîČĺ�
ČūŞŞƭŠĿČîƥĿŠĳ�ǅĿƥĺ�ƥĺĚ�ǅūƑŕēȦ�ÞūƭƑ�ƥūŠĚ�ūĲ�ǄūĿČĚ�îĲĲĚČƥƙ�îŕŕ�ǋūƭƑ�ċƑîŠē�
ƥūƭČĺƎūĿŠƥƙȡ�ĿŠČŕƭēĿŠĳ�ƙūČĿîŕ�ŞĚēĿîȡ�ǄĿēĚūƙȡ�ČƭƙƥūŞĚƑ�ƙĚƑǄĿČĚ�ŞĚƙƙîĳĚƙȡ�ĿŠȹ
ƙƥūƑĚ�ƙĿĳŠîĳĚȡ�ǅĚċƙĿƥĚƙ�îŠē�ŞūƑĚȦ�gĚƥɄƙ�ǛŠē�ūƭƥ�ĺūǅ�ƥū�ǛŠē�îŠē�ēĚǛŠĚ�ǋūƭƑ�
ċƑîŠē�ƥūŠĚ�ūĲ�ǄūĿČĚȦ�

OĚƑĚɄƙ�ƥǅū�ĚǊîŞƎŕĚƙ�ĲƑūŞ�'îƥî��ǊŕĚɄƙ�ǅĺĿƥĚ�ƎîƎĚƑ�ūŠ�ĳĚŠĚƑîƥĿūŠîŕ�ēĿĲĲĚƑĚŠČĚƙȠ

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

ÞĚƎȡ�ǅĚɄƑĚ�ĺĚƑĚ�îĳîĿŠȦ�ÞūƭƑ�ƎƭƑƎūƙĚ�ǅĿŕŕ�ēƑĿǄĚ�ǋūƭƑ�
ċƑîŠē�ǄūĿČĚȦ�TĲ�ǋūƭƑ�ƎƭƑƎūƙĚ�Ŀƙ�ƥū�ĚŞƎūǅĚƑȡ�ĲūƑ�
ĚǊîŞƎŕĚȡ�ĺūǅ�ƥū�ēūĚƙ�ƥĺîƥ�ŞîŠĿĲĚƙƥ�ĿŠ�î�ƥūŠĚ�ūĲ�
ǄūĿČĚȧ

ǄîŕƭĚ�ċūƥĺ�ĚŞîĿŕ�îŠē�¬ūČĿîŕ�qĚēĿîȡ�
ƎîƑƥĿČƭŕîƑŕǋ�ŠĚƥǅūƑŒƙ�ŕĿŒĚ�GîČĚċūūŒȡ�¹ǅĿƥƥĚƑȡ�
îŠē�TŠƙƥîĳƑîŞȦ�¹ĺĚǋ�ƥĚŠē�ƥū�ċĚ�ċƑîŠēȹŕūǋîŕȡ�
ēƑĿǄĚŠ�ċǋ�ƎĚƑƙūŠîŕĿƙĚēȡ�ČƑūƙƙȹČĺîŠŠĚŕ�ċƑîŠē�
ĚǊƎĚƑĿĚŠČĚƙȡ�ċƑîŠē�ƎĺĿŕūƙūƎĺǋȡ�îŠē�ŕūǋîŕƥǋ�
ƑĚǅîƑēƙȦ

ČƑîǄĚ�îƭƥĺĚŠƥĿČȡ�ƎĚƑƙūŠîŕĿƙĚē�ċƑîŠē�
ĚǊƎĚƑĿĚŠČĚƙ�îŠē�ƐƭîŕĿƥǋ�ƎƑūēƭČƥƙ�îŠē�
ƙĚƑǄĿČĚƙȡ�îŠē�ƥĚŠē�ƥū�ǄîŕƭĚ�ŞūċĿŕĚ�îƎƎƙ�ūǄĚƑ�
ĚŞîĿŕ�îŠē�ƙūČĿîŕ�ŞĚēĿîȦ�ØĺĿŕĚ�ƥĺĚǋ�ƎƑĚĲĚƑ�
ĿŠȹƙƥūƑĚ�ĚǊƎĚƑĿĚŠČĚƙȡ�ĿƥɄƙ�îŕƙū�ĿŞƎūƑƥîŠƥ�ƥū�
ƑĚîČĺ�ƥĺĚŞ�ūŠ�ƥĺĚĿƑ�ƎƑĚĲĚƑƑĚē�ƙūČĿîŕ�ŞĚēĿî�
ČĺîŠŠĚŕƙȠ�GîČĚċūūŒȡ�TŠƙƥîĳƑîŞȡ�¬ŠîƎČĺîƥȡ�
îŠē�ĿŠČƑĚîƙĿŠĳŕǋ�¹ĿŒ¹ūŒ�ȳîČČūƑēĿŠĳ�ƥū�
GūƑċĚƙȴȦ�Þūƭ�ČîŠ�îŕƙū�ČĺĚČŒ�ƥĺĚ�ƙūČĿîŕ�
ƎƑūǛŕĚƙ�ūĲ�ǋūƭƑ�ƑĚîŕ�ČƭƙƥūŞĚƑƙ�îŠē�ǛŠē�ūƭƥ�
ǅĺîƥ�ƑĚƙūƭƑČĚƙ�îŠē�ċƑîŠēƙ�ƥĺĚǋ�ĲūŕŕūǅȦ

ØĺĚŠ�ēĚƙĿĳŠĿŠĳ�ǋūƭƑ�ƥūŠĚ�ūĲ�ǄūĿČĚȡ�ǋūƭ�ŠĚĚē�ƥū�ŒĚĚƎ�
ǋūƭƑ�îƭēĿĚŠČĚ�ĿŠ�ŞĿŠēȦ�TĲ�ǋūƭƑ�ƥîƑĳĚƥ�ČƭƙƥūŞĚƑƙ�îƑĚ�ĿŠ�
ƥĺĚĿƑ�ĚîƑŕǋ�ǨǦƙȡ�ƥĺĚŠ�ǅĺîƥ�ƥǋƎĚ�ūĲ�ŕîŠĳƭîĳĚ�ƑĚƙūŠîƥĚƙ�
ǅĿƥĺ�ƥĺĚŞȧ�Øĺîƥ�ƙĺūƭŕē�ǋūƭ�îǄūĿēȧ

¬ƥîƑƥ�ǅĿƥĺ�ǋūƭƑ�ǅĺǋ

qĿŕŕĚŠŠĿîŕƙ HĚŠ�è

Hū�ċîČŒ�ƥū�ǋūƭƑ�ƥîƑĳĚƥ�îƭēĿĚŠČĚ



ǩ ǩ

Ǧ ǩ Ȧ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

ÞūƭƑ�ƥūŠĚ�ūĲ�ǄūĿČĚ�ǅĿŕŕ�ČĺîŠĳĚ�ēĚƎĚŠēĿŠĳ�ūŠ�ƥĺĚ�
ČūŠƥĚǊƥȦ�TĲ�ǋūƭɄƑĚ�ƑĚƙƎūŠēĿŠĳ�ƥū�î�ČƭƙƥūŞĚƑ�
ČūŞƎŕîĿŠƥȡ�ǋūƭɄŕŕ�ǅîŠƥ�ƥū�îƎƎƑūîČĺ�ƥĺĿƙ�ēĿĲĲĚƑĚŠƥŕǋ�
ĲƑūŞ�ƎūƙƥĿŠĳ�î�ƙūČĿîŕ�ŞĚēĿî�ƭƎēîƥĚ�ūŠ�¹ǅĿƥƥĚƑȦ�qîŒĚ�
ƙƭƑĚ�ǋūƭ�ĺîǄĚ�îŕŕ�ǋūƭƑ�ƥūƭČĺƎūĿŠƥƙ�ŞîƎƎĚē�ūƭƥ�
ǅĺĚŠ�ƥĺĿŠŒĿŠĳ�îċūƭƥ�ƥūŠĚ�ūĲ�ǄūĿČĚȦ�

Øĺîƥ�ŞĚēĿƭŞ�îƑĚ�ǋūƭ�ƭƙĿŠĳȧ

¹ū�ĺĚŕƎ�ǋūƭ�ĳĚƥ�ƙƥîƑƥĚē�ūŠ�ƥūŠĚ�ūĲ�ǄūĿČĚȡ�ƭƙĚ�ƥĺĿƙ�
ƥĚŞƎŕîƥĚ�ƥū�ƥƑǋ�îŠē�ŞîƑŒ�ǅĺĚƑĚ�ǋūƭƑ�ċƑîŠē�ǅūƭŕē�
ƙĿƥ�ūŠ�ƥĺĿƙ�ČĺîƑƥȦ�ÞūƭɄŕŕ�ƙūūŠ�ǛŠē�ƥĺĚ�ēĿĲĲĚƑĚŠČĚ�
ċĚƥǅĚĚŠ�ĲƭŠ�îŠē�ƙĚƑĿūƭƙ�Ŀƙ�îČƥƭîŕŕǋ�ƙĿĳŠĿǛČîŠƥ�ūŠČĚ�
ǋūƭ�ČūŠƙĿēĚƑ�ĿƥȦ

Øĺîƥ�Ŀƙ�ƥĺĚ�ƎĚƑƙūŠîŕĿƥǋ�ūĲ�ǋūƭƑ�ċƑîŠēȧ

¹¤Þ

¡ĚƑƙūŠîċŕĚ�îŠē�ĲƑĿĚŠēŕǋ�
�

¬ƎūŠƥîŠĚūƭƙȡ�ĺĿĳĺ�ĚŠĚƑĳǋ�
�

qūēĚƑŠ�ūƑ�ĺĿĳĺ�ƥĚČĺ�
�

 ƭƥƥĿŠĳ�ĚēĳĚ�
�

GƭŠ�
�

�ČČĚƙƙĿċŕĚ�ƥū�îŕŕ

 ūƑƎūƑîƥĚȡ�ƎƑūĲĚƙƙĿūŠîŕ��
�
 îƑĚĲƭŕ�ƥĺĿŠŒĿŠĳȡ�ƎŕîŠŠĿŠĳ��
�
 ŕîƙƙĿČ�îŠē�ƥƑîēĿƥĿūŠîŕ��
�
/ƙƥîċŕĿƙĺĚē��
�
¬ĚƑĿūƭƙ��
�
/ǊČŕƭƙĿǄĚ

�ƑîŠē�¡ĚƑƙūŠîŕĿƥǋ�¬ƎĚČƥƑƭŞ



Ǧ Ǭ

ǦǪȦ

TĲ�ǋūƭɄǄĚ�ƙƎĚŠƥ�ŞūŠƥĺƙ�ūƑ�ǋĚîƑƙ�ĳƑūǅĿŠĳ�î�ČūŞŞƭŠĿƥǋ�îƑūƭŠē�î�ċƑîŠēȡ�ūŠŕǋ�ƥū�
ƥĺĚŠ�ƙƥîƑƥ�îĲƑĚƙĺȡ�ĺūǅ�ēū�ǋūƭ�ēū�Ŀƥ�ǅĿƥĺūƭƥ�îŕĿĚŠîƥĿŠĳ�ƥĺĚŞȧ�gĚƥɄƙ�ŕūūŒ�îƥ�îŠ�
ĚǊîŞƎŕĚ�ĲƑūŞ�ƥĺĚ�×ĿƑĳĿŠ�¬ƥîƑƥÀƎ�ČūŞŞƭŠĿƥǋȦ

¹ĺĚ�ĲūƭŠēĚƑƙ�ūĲ�ēƑĿŠŒƙ�ċƑîŠēȡ�
�ĚƑČǕǋȡ�ƥūūŒ�ƥĺĚ�ċūŕē�ŞūǄĚ�ƥū�
ƑĚċƑîŠē�îŠē�ƑĚŠîŞĚ�ƥĺĚĿƑ�ƙƥîƑƥƭƎȦ�
ØĚ�ǛŠē�ūƭƥ�ǅĺǋȡ�îŠē�ĺūǅ�ƥĺĚǋ�
ǅĚŠƥ�îċūƭƥ�ĿƥȦ�
�
TƥɄƙ�ƥĿŞĚ�ĲūƑ�ǋūƭƑ�ƙƥîƑƥƭƎ�ċƑîŠē�ƥū�ċĚ�
îŕŕ�îċūƭƥȠ�ǋūƭȦ��ƙ�ǅĚ�ēĿƙČūǄĚƑĚē�îƥ�
ūƭƑ�qĚĚƥÀƎ�ŕîƙƥ�ǋĚîƑȡ�ĺîǄĿŠĳ�î�
ƙƥƑūŠĳ�ŠîƑƑîƥĿǄĚ�îƥ�ƥĺĚ�ĺĚîƑƥ�ūĲ�ǋūƭƑ�
ċƑîŠē�ČîŠ�ĺĚŕƎ�ƙĚƥ�ǋūƭ�îƎîƑƥ�ĲƑūŞ�
ĲîČĚŕĚƙƙ�ČūƑƎūƑîƥĚƙȦ��ƙ�ĲūƭŠēĚƑƙȡ�
ǅĚ�ūĲƥĚŠ�ǛŠē�ūƭƑ�ūǅŠ�ƙƥūƑĿĚƙ�
ĚŠƥǅĿŠĚē�ǅĿƥĺ�ūƭƑ�ƙƥîƑƥƭƎƙɄ�
ŞĿƙƙĿūŠƙȡ�îŠē�ĿĲ�ǅĚ�ŞîŒĚ�ūƭƑ�
ƙƥîƑƥƭƎ�ċƑîŠēƙ�ƎĚƑƙūŠîŕȡ�ƥĺĚǋɄƑĚ�
ūĲƥĚŠ�ƙƥƑūŠĳĚƑ�ĲūƑ�ĿƥȦ�
�
GūƑ�sĿČŒ�HƑîĺîŞȡ�ĲūƭŠēĚƑ�ūĲ�
îŕČūĺūŕĿČ�ƙƎîƑŒŕĿŠĳ�ēƑĿŠŒƙ�ċƑîŠēȡ�
�ĚƑČǕǋȡ�ĺĿƙ�ƙƥūƑǋ�ċĚĳîŠ�ǅĿƥĺ�ūŠĚ�
ĲîƥĚĲƭŕ�ƥƑĿƎ�ƥū�¹ūƑūŠƥūȡ� îŠîēîȦ

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'



Ǧ Ǫ Ȧ �ØO/s � �s' � O~Ø � ¹~ � ¤ / �¤�s'

× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s' Ǧ Ǭ

Ɂ�ċūƭƥ�ƥǅū�ǋĚîƑƙ�îĳūȡ�T�ǅĚŠƥ�ūŠ�î�ƥƑĿƎ�ƥū�¹ūƑūŠƥū�
ǅĿƥĺ�ĲƑĿĚŠēƙ�ƥū�ƙĚĚ�Şǋ�ƥǅĿŠ�ċƑūƥĺĚƑȡ�ǅĺū�ĺîē�
ƑĚČĚŠƥŕǋ�ĚŞĿĳƑîƥĚē�ƥĺĚƑĚȦ�ØĺĿŕƙƥ�ǅĚ�ǅĚƑĚ�ūǄĚƑ�ƥĺĚƑĚȡ�
ǅĚ�ǅĚŠƥ�ĿŠƥū�î�ƙƥūƑĚ�ƥū�ƎĿČŒ�ƭƎ�ƙūŞĚ�ēƑĿŠŒƙ�ĲūƑ�ƥĺĚ�
ĚǄĚŠĿŠĳȡ�îŠē�ǅĚƑĚ�ĿŠƥƑūēƭČĚē�ƥū�ƥĺĚ�ČūŠČĚƎƥ�ūĲ�î�
ɃĺîƑē�ƙĚŕƥǕĚƑɄȦ�

¬ƎĿƑĿƥƙ�ŞĿǊĚē�ǅĿƥĺ�ƙƎîƑŒŕĿŠĳ�ǅîƥĚƑ�îŠē�î�ĲƑƭĿƥǋ�
ǜîǄūƭƑĿŠĳȡ�ƥĺĿƙ�ČūŠČĚƎƥ�Ŀƙ�ƎūƎƭŕîƑ�ĿŠ� îŠîēî�ȹ�îŠē�
Ŀƥ�ǅîƙ�ČĚƑƥîĿŠŕǋ�ƎūƎƭŕîƑ�ǅĿƥĺ�ƭƙ�ƥĺîƥ�ŠĿĳĺƥȦ�¬ūȡ�ǅĚ�
ǅîŠƥĚē�ƥū�ċƑĿŠĳ�î�ƥîƙƥĚ�ūĲ�ƥĺîƥ�ċîČŒ�ƥū�ƥĺĚ�Àe�
ŞîƑŒĚƥȦ



ǩ ǩ× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

�îČŒ�ĿŠ�ƥĺĚ�Àeȡ�sĿČŒ�îŠē�ĺĿƙ�ČūȹĲūƭŠēĚƑƙ�ƙĚƥ�îċūƭƥ�ċƭĿŕēĿŠĳ�ƥĺĚ�ēĿƑĚČƥȹƥūȹČūŠƙƭŞĚƑ�
ƎƑūƎūƙĿƥĿūŠȡ�ūĲ�ǅĺîƥ�ǅîƙ�ƥĺĚŠ�ĿŠĿƥĿîŕŕǋ�ČîŕŕĚē�s�¹¤gȡ�ĲūƑ�ČƭƙƥūŞĚƑƙ�ƥū�ĺîǄĚ�î�ƥîƙƥĚ�
ūĲ�ƥĺĚĿƑ��ĚƑČǕǋ�ƙƭŞŞĚƑɄƙ�ŠĿĳĺƥȦ��
�
sĿČŒ�îŠē�ĺĿƙ�ƥĚîŞ�ĲūČƭƙĚē�ūŠ�ĳĚƥƥĿŠĳ�ƥĺĚ�ēƑĿŠŒƙ�ƙūŕē�ƥĺƑūƭĳĺ�ēĿĲĲĚƑĚŠƥ�ƑūƭƥĚƙ�ƥū�
ŞîƑŒĚƥȡ�ƙƭČĺ�îƙ�ĳîƑēĚŠ�ČĚŠƥƑĚƙȡ�ĲîƑŞ�ƙĺūƎƙ�îŠē�ēĚŕĿƙȡ�îŠē�ƥĺĚǋ�ŕĚîƑŠƥ�î�ŕūƥ�îċūƭƥ�
ĺūǅ�ƥū�ƙĚČƭƑĚ�ŠĚČĚƙƙîƑǋ�ĲƭŠēĿŠĳȡ�ƥĺĚ�Ƒūîē�ƥū�ƑîĿƙĿŠĳ�îŠē�ċƭĿŕēĿŠĳ�î�ČƭƙƥūŞĚƑ�ċîƙĚȦ�
�ƭƥ�ƥĺĚŠȡ�ĿŠ�ǅĺîƥ�ŞĿĳĺƥ�ūĲƥĚŠ�ċĚ�ēĚĚŞĚē�î�ƑĿƙŒǋ�ċƭƙĿŠĚƙƙ�ŞūǄĚ�ūŠČĚ�ǋūƭƑ�ƎƑūēƭČƥ�
ĺîƙ�îŕƑĚîēǋ�ŕîƭŠČĺĚēȡ�ƥĺĚ�ƥĚîŞ�ēĚČĿēĚē�Ŀƥ�ǅîƙ�ƥĿŞĚ�ĲūƑ�î�ƑĚċƑîŠēȦ��
�
Oūǅ�ǅîƙ�sĿČŒ�ČūŠǛēĚŠƥ�ƥĺîƥ�ƑĚċƑîŠēĿŠĳ�ǅîƙ�ƥĺĚ�ƑĿĳĺƥ�ēĚČĿƙĿūŠ�îŠē�Šūƥ�ūŠĚ�ƥĺîƥ�
ŞĿĳĺƥ�ċƑĚîŒ�ȹ�ƑîƥĺĚƑ�ƥĺîŠ�ŞîŒĚ�ȹ�ƥĺĚ�ċƭƙĿŠĚƙƙȧ

¹ƑƭƙƥĿŠĳ�ƥĺĚ�ēîƥî

ǦǪ Ȧ �ØO/s � �s' � O~Ø � ¹~ � ¤ / �¤�s'

ɁØĺĚŠ�ǅĚ�ƥĺūƭĳĺƥ�ċîČŒ�ƥū�ūƭƑ�
ŕĚîƑŠĿŠĳƙ�ūǄĚƑ�ƥĺĚ�ǛƑƙƥ�ƙĿǊ�ŞūŠƥĺƙ�
ūĲ�ċƭƙĿŠĚƙƙȡ�îŠē�ǅĚ�ēĿĳĚƙƥĚē�ƥĺĚ�
ēîƥî�ƙĚƥƙ�ĲƑūŞ�î�ǨȡǫǦǦ�ƎĚƑƙūŠ�
ƙîŞƎŕĿŠĳ�ƙƭƑǄĚǋ�ǅĚ�ČîƑƑĿĚē�ūƭƥȡ�
ǅĚ�ƑĚîŕĿƙĚē�ƑĚċƑîŠēĿŠĳ�ǅîƙ�ƥĺĚ�
ƑĿĳĺƥ�ČĺūĿČĚ�ƥū�ĺĚŕƎ�ƭƙ�ūŠ�î�ĲĚǅ�
ĲƑūŠƥƙȦ�Tƥ�ĺĚŕƎĚē�ƭƙ�ċƑĿŠĳ�ūƭƑ�
ĲūƭŠēĿŠĳ�ƙƥūƑǋ�ūĲ�ƥĺîƥ�ŠĿĳĺƥ�ĿŠ�
�ĚƑČǕǋ�¡îƑŒ�ƥū�ŕĿĲĚȫ�ƥĺĚ�ƙƥƑūŠĳ�
ċƑîŠē�ƙƥūƑǋ�ǅūƭŕē�ĺĚŕƎ�ƭƙ�ƙƥîŠē�
ūƭƥ�ĿŠ�î�ƑîƎĿēŕǋȹŞūǄĿŠĳ�ŞîƑŒĚƥȫ�
ǅĚ�ǅĚƑĚ�ƙƭƑĚ�Ŀƥ�ǅūƭŕē�ŕĚŠē�ƥĺĚ�
ċƑîŠē�ƥū�î�ŞūƑĚ�ĳŕūċîŕ�îƭēĿĚŠČĚ�
ĿŠ�ƥĺĚ�ĲƭƥƭƑĚȦɂ



ǩ ǩ× T ¤H T s � ¬ ¹�¤¹À¡ � ʈ � � � G~Às'/¤ Ʉ ¬ � H À T ' / � ¹~ � O~Ø � ¹~ � � À T g ' � � � e s~ e~À¹ � � ¤�s'

¤ĚċƑîŠēĿŠĳ�ČîƑƑĿĚƙ�î�ƑĿƙŒ�ūĲ�îŕĿĚŠîƥĿŠĳ�ČƭƙƥūŞĚƑƙ�
ǅĺū�ĺîǄĚ�îŕƑĚîēǋ�ĲūƑŞĚē�î�ČūŠŠĚČƥĿūŠ�ǅĿƥĺ�ǋūƭƑ�
ċƑîŠēȦ�¹ĺĚƑĚ�îƑĚ�ČūƭŠƥŕĚƙƙ�ČîƭƥĿūŠîƑǋ�ƥîŕĚƙ�ĲƑūŞ�
ČūƑƎūƑîƥĚ�ƑĚċƑîŠē�ĺĿƙƥūƑǋȡ�ĲƑūŞ�¹ƑūƎĿČîŠî�îŠē�¡ĚƎƙĿȡ�
ƥĺƑūƭĳĺ�ƥū�HîƎ�îŠē�sĚƥǜĿǊȡ�ǅĺĿČĺ�îŕŕ�ĿŠǄūŕǄĚē�
ƙČƑĚĚČĺĿŠĳ�ƭȹƥƭƑŠƙ�îĲƥĚƑ�ĿŠǄĚƙƥĿŠĳ�ĺĚîǄĿŕǋ�ĿŠ�ŠĚǅ�
ŕūĳūƙ�ūƑ�ŞîƑŒƙȦ��
�
Oūǅ�ēĿē�ƥĺĿƙ�ŠĿŞċŕĚ�ƙƥîƑƥƭƎ�ŞĿƥĿĳîƥĚ�ƥĺĚ�ƑĿƙŒƙ�îŠē�
ĚŠƙƭƑĚ�ƥĺĚǋ�ŒĚƎƥ�ƥĺĚĿƑ�ČƭƙƥūŞĚƑƙ�ūŠ�ƙĿēĚȧ��ĚƑČǕǋ�
ƥūūŒ�ČƭƙƥūŞĚƑƙ�ǅĿƥĺ�ƥĺĚŞ�ūŠ�ƥĺĚ�ƑĚċƑîŠē�ŏūƭƑŠĚǋȦ

¹ĺĚ�ƎƑūČĚƙƙ�ūĲ�îČƥƭîŕŕǋ�ƑūŕŕĿŠĳ�ūƭƥ�î�ƑĚċƑîŠē�Ŀƙ�î�
ČūŞƎŕĚǊ�îŠē�ŞĚƥĿČƭŕūƭƙ�ČĺîŕŕĚŠĳĚ�ǅĺĚŠ�ǋūƭ�ŞîƎ�
ūƭƥ�îŕŕ�ūĲ�ƥĺĚ�ǅîǋƙ�ǋūƭƑ�ċƑîŠē�Ŀƙ�ċƑūƭĳĺƥ�ƥū�ŕĿĲĚ�ȹ�ūŠ�
îŠē�ūĲǜĿŠĚȦ�sĿČŒ�îŠē�ƥĺĚ��ĚƑČǕǋ�ƥĚîŞ�ƥūūŒ�î�
ŞĚƥĺūēĿČîŕ�îƎƎƑūîČĺȡ�îŠē�Ŀƥ�ƎîĿē�ūĲĲȠ

Ǧ Ǫ Ȧ �ØO/s � �s' � O~Ø � ¹~ � ¤ / �¤�s'
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ɁØĚ�ƥĺĚŠ�ǅūƑŒĚē�ǅĿƥĺ�îŠ�îĳĚŠČǋ�ƥū�ċƭĿŕē�ūƭƑ�ċƑîŠē�ǄĿƙĿūŠȡ�ŞĿƙƙĿūŠ�îŠē�ǄîŕƭĚƙ�
îƑūƭŠē�ūƭƑ�ƭŠĿƐƭĚ�ƙĚŕŕĿŠĳ�ƎūĿŠƥƙȦ��ĲƥĚƑ�ƥĺîƥȡ�ǅĚ�ǅūƑŒĚē�ƎîĿŠƙƥîŒĿŠĳŕǋ�ƥū�ūǄĚƑĺîƭŕ�
ĚǄĚƑǋ�ƙĿŠĳŕĚ�ǄĿƙƭîŕ�ČūŠČĚƎƥȡ�ƙƭČĺ�îƙ�ƙūČĿîŕ�ŞĚēĿîȡ�îēƙȡ�ƎîČŒîĳĿŠĳ�îŠē�ƙū�ĲūƑƥĺȡ�
ƭŠƥĿŕ�ƥĺĚ��ĚƑČǕǋ�ċƑîŠē�ǅîƙ�ČūŞƎŕĚƥĚȦɂ�
�
¬ū�ĲūƑ�ĲūƭŠēĚƑƙ�ČūŠƙĿēĚƑĿŠĳ�î�ƑĚċƑîŠēȡ�ǅĺîƥ�ČîŠ�ǅĚ�ŕĚîƑŠ�ĲƑūŞ�sĿČŒ�îŠē��ĚƑČǕǋȧ

Ǧ Ǫ Ȧ �ØO/s � �s' � O~Ø � ¹~ � ¤ / �¤�s'

Ɂ¹ĺĚ�ƑĚċƑîŠēĿŠĳ�ƎƑūČĚƙƙ�îČƥƭîŕŕǋ�ƥūūŒ�îċūƭƥ�Ǭ�
ŞūŠƥĺƙ�ƥū�ČūŞƎŕĚƥĚȦ�ØĚ�ƙƥîƑƥĚē�ċǋ�îŠîŕǋƙĿŠĳ�ƥĺĚ�
ČƭƑƑĚŠƥ�ŞîƑŒĚƥ�îŠē�ƭŠēĚƑƙƥîŠēĿŠĳ�ūƥĺĚƑ�ČūŞƎîŠĿĚƙɄ�
ǄĿƙƭîŕ�ĿēĚŠƥĿƥĿĚƙ�ƥū�ĿƙūŕîƥĚ�ūƭƑ�ƎūƙĿƥĿūŠȦ
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Ǧ Ǫ Ȧ �ØO/s � �s' � O~Ø � ¹~ � ¤ / �¤�s'

�ĚĲūƑĚ�ƥĺĚ�ƑĚċƑîŠē�ƎƑūČĚƙƙȠ

Øĺîƥ�ǅūƑŒ�ēū�ǋūƭ�ŠĚĚē�ƥū�Ǝƭƥ�ĿŠ�ċĚĲūƑĚĺîŠēȧ

ÀŠēĚƑƙƥîŠē�ƥĺĚ�ŕîŠēƙČîƎĚ�ūĲ�ǋūƭƑ�ČūŞƎĚƥĿƥĿūŠ

/ŠĳîĳĚ�ĿŠ�î�ČūŠǄĚƑƙîƥĿūŠ�ǅĿƥĺ�ČƭƙƥūŞĚƑƙ

OîǄĚ�î�ƙūŕĿē�ƭŠēĚƑƙƥîŠēĿŠĳ�ūĲ�ǋūƭƑ�ċƑîŠē�îƙƎĿƑîƥĿūŠƙ

Ɂ¹ĺĚƙĚ�îƑĚ�ƥĺĚ�ƎĚūƎŕĚ�ǅĺū�ǅĿŕŕ�
ŞîŒĚ�ǋūƭƑ�ƙƥîƑƥƭƎ�î�ƙƭČČĚƙƙȡ�ƙū�
ƥĺĚĿƑ�ǄĿĚǅƙ�Şƭƙƥ�ĚŠČūŞƎîƙƙ�
ǅĺîƥ�ǋūƭƑ�ċƑîŠē�ƑĚƎƑĚƙĚŠƥƙȦ�
ØūƑē�ūĲ�Şūƭƥĺ�Ŀƙ�îŕƙū�ƥĺĚ�
ČĺĚîƎĚƙƥ�ĲūƑŞ�ūĲ�ŞîƑŒĚƥĿŠĳȡ�ƙū�ĿĲ�
ƥĺĚǋ�ŕūǄĚ�ƥĺĚ�ċƑîŠēȡ�ǅĺîƥɄƙ�ƥū�
ƙƥūƎ�ƥĺĚĿƑ�ĲƑĿĚŠēƙ�îŠē�ĲîŞĿŕǋ�ĲƑūŞ�
îŕƙū�ŕūǄĿŠĳ�Ŀƥȧɂ

ɁOîǄĚ�î�ČŕĚîƑ�ƭŠēĚƑƙƥîŠēĿŠĳ�ūĲ�ǅĺū�ǋūƭ�îƑĚ�ČūŞƎĚƥĿŠĳ�ǅĿƥĺȡ�îŠē�ǅĺîƥ�ǋūƭƑ�
ċƑîŠē�ŠĚĚēƙ�ƥū�ēū�ƥū�ƙƥîŠē�ūƭƥȦ�/ǄĚŠ�ĿĲ�ǋūƭƑ�ƎƑūēƭČƥ�ƥîƙƥĚƙ�ċĚƥƥĚƑȡ�ūƑ�ĲƭŠČƥĿūŠƙ�
ŞūƑĚ�ĚĲǛČĿĚŠƥŕǋȡ�ČūŠƙƭŞĚƑƙ�ǅĿŕŕ�ĲƑĚƐƭĚŠƥŕǋ�ċƭǋ�ǅĿƥĺ�ƥĺĚĿƑ�ĚǋĚƙ�ȹ�ƙūȡ�ǄĿƙƭîŕŕǋȡ�ǋūƭƑ�
ƎƑūēƭČƥ�Şƭƙƥ�ċĚîƥ�ƥĺĚ�ČūŞƎĚƥĿƥĿūŠȦɂ

ɁØĺĚƑĚ�ēū�ǋūƭ�ǅîŠƥ�ǋūƭƑ�ċƑîŠē�ƥū�ċĚ�ƙĚĚŠ�îŠē�ƙūŕēȧ�TĲ�ǋūƭ�ĺîǄĚ�î�ƙūŕĿē�
ƭŠēĚƑƙƥîŠēĿŠĳ�ūĲ�ƥĺĚ�ƎŕîČĚ�ǋūƭ�ǅîŠƥ�ƥū�ĳĚƥ�ǋūƭƑ�ƙƥîƑƥƭƎ�ƥūȡ�ǋūƭ�ČîŠ�ĚŠƙƭƑĚ�ƥĺîƥ�
ǋūƭƑ�ċƑîŠē�Ŀƙ�ūƎƥĿŞĿƙĚē�ĿŠ�î�ǅîǋ�ƥĺîƥ�ĚŠĳîĳĚƙ�ǅĿƥĺ�ČūŠƙƭŞĚƑƙ�ĿŠ�ƥĺîƥ�îƑĚŠîȦ�TĲ�
ǋūƭ�îƑĚ�ƙĚŕŕĿŠĳ�ēĿƑĚČƥŕǋ�ƥū�ČƭƙƥūŞĚƑƙȡ�îƙ�ūƎƎūƙĚē�ƥū�ċƭƙĿŠĚƙƙĚƙȡ�ƥĺĚ�ǅîǋ�ǋūƭƑ�
ċƑîŠē�ƥîŕŒƙȡ�ŕūūŒƙ�îŠē�ĲĚĚŕƙ�ǅĿŕŕ�ċĚ�ĚŠƥĿƑĚŕǋ�ēĿĲĲĚƑĚŠƥȦɂ
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Ǧ Ǫ Ȧ �ØO/s � �s' � O~Ø � ¹~ � ¤ / �¤�s'

'ƭƑĿŠĳ�ƥĺĚ�ƑĚċƑîŠē�ƎƑūČĚƙƙȠ

Øĺîƥ�ŞîŒĚƙ�î�ƙƥîŠēūƭƥ�ċƑîŠēȧ

ØūƑŒ�ĲƑūŞ�ƥĺĚ�ČƭƙƥūŞĚƑȡ�ċîČŒǅîƑēƙ�Ě�ČŕĚîƑ�ūŠ�ǅĺîƥ�ǋūƭƑ�ƎƑūƎūƙĿƥĿūŠ�Ŀƙ

TŠǄūŕǄĚ�ƥĺĚ�ċĚƙƥ�ƎĚūƎŕĚ

ɁØĺū�îƑĚ�ǋūƭƑ�ČƭƙƥūŞĚƑƙȧ�Øĺū�
îƑĚ�ǋūƭƑ�ČūŞƎĚƥĿƥūƑƙȧ�GūƑ�ǅĺîƥ�
ūČČîƙĿūŠƙ�ǅĿŕŕ�ǋūƭƑ�ƎƑūēƭČƥ�ċĚ�
ƭƙĚēȧ�Øĺîƥ�ēūĚƙ�ɃĳūūēɄ�ŕūūŒ�ŕĿŒĚ�
ĿŠ�ǋūƭƑ�ĿŠēƭƙƥƑǋȧɂ

Ɂ¹ĺĿƙ�Ŀƙ�î�ČŕĿČĺě�ƥĺîƥ�ČūƭŕēŠɄƥ�ċĚ�ŞūƑĚ�ƥƑƭĚȦ�Øĺîƥ�
îƑĚ�ƥĺĚ�Şūƙƥ�ĿŞƎūƑƥîŠƥ�ƥĺĿŠĳƙ�ĲūƑ�ƥĺĚ�ČƭƙƥūŞĚƑ�
ǅĺĚŠ�ƥĺĚǋ�ČūŠƙĿēĚƑ�ċƭǋĿŠĳ�ǋūƭƑ�ƎƑūēƭČƥȧ�Tƙ�Ŀƥ�ƥĺĚ�
ƎƑĿČĚȡ�ŕūūŒ�îŠē�ĲĚĚŕȡ�ūƑ�Ŀƙ�Ŀƥ�ƎĚƑĺîƎƙ�ƥĺĚ�ĲūƭŠēĿŠĳ�
ƙƥūƑǋȧ�TĲ�ǋūƭ�ČîŠ�ƭŠēĚƑƙƥîŠē�ĺūǅ�ǋūƭƑ�ČƭƙƥūŞĚƑ�
ǅūƭŕē�ĿŠƥĚƑîČƥ�ǅĿƥĺ�ǋūƭƑ�ƎƑūēƭČƥȡ�ƥĺĚ�ċƑîŠēĿŠĳ�
ƎƑūČĚƙƙ�ċĚČūŞĚƙ�ƙū�ŞƭČĺ�ĚîƙĿĚƑ�ƥū�ƥĚƙƥȡ�ĿƥĚƑîƥĚ�îŠē�
ŞūǄĚ�ĲūƑǅîƑēƙȦɂ

Ɂsūƥ�ĚǄĚƑǋūŠĚ�Ŀƙ�î�ŞîƑŒĚƥĚĚƑȡ�îŠ�îČČūƭŠƥîŠƥȡ�î�
ŕîǅǋĚƑ�îŠē�î�ƙƭƎƎŕǋ�ČĺîĿŠ�ƎƑūĲĚƙƙĿūŠîŕ�ȹ�ǅĚ�îŕŕ�ĺîǄĚ�
ŕĿŞĿƥîƥĿūŠƙȦ�¬ūȡ�ĿĲ�ċƑîŠēĿŠĳ�ĿƙŠɄƥ�ǋūƭƑ�ƙƥƑūŠĳ�ƎūĿŠƥȡ�
ċƑĿŠĳ�ƙūŞĚūŠĚ�ūŠ�ƥĺĚ�ŏūƭƑŠĚǋ�ǅĿƥĺ�ǋūƭ�ǅĺū�ēūĚƙ�
ĺîǄĚ�ƥĺîƥ�ĚǊƎĚƑĿĚŠČĚ�îŠē�ƎîƙƙĿūŠȦ��
�
ɁØĺĚƥĺĚƑ�ƥĺîƥ�ċĚ�îŠ�îĳĚŠČǋȡ�ĲƑĚĚŕîŠČĚƑȡ�ūƑ�ĚŞƎŕūǋĚĚ�
Ŀƙ�îŕŞūƙƥ�ĿƑƑĚŕĚǄîŠƥȡ�ċƭƥ�ƥū�ǛŠē�ƥĺĚ�ɃƎĚƑĲĚČƥɄ�ċƑîŠē�ĲūƑ�
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