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�ȳȳɄʯȳƉƨȭƨȳʚʌυ pɄȭƨ˝Ʉɼȕ ࢁ Ƕʌ ƕʯƨ İƨƕ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ �ŗʌʚ pİ ſƨǑɄɼƨ ʚǫƨ ̇ɼʌʚ ȭǶƕʚƨɼȭυ 6ǶʌƉʯʌʌʌǶɄȳ ʌƨʌʌǶɄȳ ʚɄƕŗ˦υ İƨ ȭɄƕǶǑ˦ ʚǫƨ ʌƉɄɱƨ ɄǑ ƕǶʌƉʯʌʌǶɄȳ
ʌƨʌʌǶɄȳࣩǖɼɄʯɱ˝Ʉɼȕ ʌɄ ʚǫŗʚ Ƕʚ ŗțǶǖȳʌ ˝Ƕʚǫ ʚǫƨ ƉɄʯɼʌƨ
ſƨʚʚƨɼࣖυ bǶɼʌʚ ¡Ƕƕʚƨɼȭ ƨ˥ŗȭ Ʉȳ bɼǶƕŗ˦ ȳƨ˥ʚ ˝ƨƨȕ ࣯bƨſࣖ ࢙ʚǫࣱυ y ˝Ƕțț ɱɄʌʚ ŗ ɱɼŗƉʚǶƉƨ ȭǶƕʚƨɼȭ ʚɄƕŗ˦υ ¡˦ ¶p ˝Ƕțț ſƨ ʚɄȭɄɼɼɄ˝ ࡱࡹ ࡽࡹࣽ ŗʚ p6óy ࢉࢉࡹ



�ǖƨȳƕŗυ éƨƉŗɱ ɄǑ �ƨƉʚʯɼƨ υࣖ࢕ ,ɄȳȳƨƉʚǶɄȳ ˝Ƕʚǫ ƉɄɼɼƨțŗʚǶɄȳࣖυ yȳʚƨɼɱɼƨʚŗʚǶɄȳ ɄǑ ǑɄɼȭʯțŗʌࣖυ éƨǖɼƨʌʌǶɄȳ ƕƨȭɄࣖυ �Ƕȳƨŗɼ ŗțǖƨſɼŗ ɼƨ˙Ƕƨ˝ࣖ
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�ƨŗʌʚ ʌɸʯŗɼƨʌ ʌɄțʯʚǶɄȳʌυ İƨऒ˙ƨ ǑɄʯȳƕ ʚǫŗʚ ʚǫƨ ˙ŗțʯƨʌ Ӊ�˶ ŗȳƕ Ӊ�˶ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨ ʚǫƨ
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˝ǫƨɼƨ ğӊ � �Ӏ Ӏذһ�� ӊһ ğӋ � �Ӏ Ӏذһ�� Ӌһυ �ƨʚऒʌ ɼƨࣽ˝ɼǶʚƨ ʚǫƨ ʌțɄɱƨ Ӊ�˶ ʚɄ ſƨ ŗ ſǶʚ ȭɄɼƨ ʌ˦ȭȭƨʚɼǶƉࣖ
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�ƨŗʌʚ ʌɸʯŗɼƨʌ ʌɄțʯʚǶɄȳʌυ ÿǫƨ țƨŗʌʚ ʌɸʯŗɼƨʌ ʌɄțʯʚǶɄȳʌ ǑɄɼ ʚǫƨ ʌțɄɱƨ Ӊ�˶ ŗȳƕ ǶȳʚƨɼƉƨɱʚӉ�˶ ŗɼƨࣘ
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,ɄȳȳƨƉʚǶɄȳ ˝Ƕʚǫ ƉɄɼɼƨțŗʚǶɄȳ



,ɄɼɼƨțŗʚǶɄȳ ƉɄƨ˾ƉǶƨȳʚυ yȳ 6ó, ࣗࡱࡹ ˦Ʉʯ ˝ƨɼƨ ǶȳʚɼɄƕʯƉƨƕ ʚɄ ʚǫƨ Ƕƕƨŗ ɄǑ ƉɄɼɼƨțŗʚǶɄȳࣖυ yʚ Ƕʌ ŗ ȭƨŗʌʯɼƨ ɄǑ ʚǫƨ ʌʚɼƨȳǖʚǫ ɄǑ ʚǫƨ țǶȳƨŗɼ
ŗʌʌɄƉǶŗʚǶɄȳ ɄǑ ʚ˝Ʉ ˙ŗɼǶŗſțƨʌࣗ ӊ ŗȳƕ Ӌࣖυ yȳʚʯǶʚǶ˙ƨț ࣗ˦ Ƕʚ ȭƨŗʌʯɼƨʌ ǫɄ˝ ʚǶǖǫʚț˦ Ɖțʯʌʚƨɼƨƕ ŗ ʌƉŗʚʚƨɼ
ɱțɄʚ Ƕʌ ŗɼɄʯȳƕ ŗ ʌʚɼŗǶǖǫʚ țǶȳƨࣖυ yʚ ɼŗȳǖƨʌ ſƨʚ˝ƨƨȳ ࡹࣽ ŗȳƕ ࣖࡹ



âŗʚʚƨɼȳʌ Ƕȳ ʌƉŗʚʚƨɼ ɱțɄʚʌ
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6ƨ̇ȳǶʚǶɄȳ ɄǑ ƉɄɼɼƨțŗʚǶɄȳ ƉɄƨ˾ƉǶƨȳʚυ ÿǫƨ ƉɄɼɼƨțŗʚǶɄȳ ƉɄƨ˾ƉǶƨȳʚࣗ ӄࣗ Ƕʌ ƕƨ̇ȳƨƕ ŗʌ ʚǫƨ ŗ˙ƨɼŗǖƨ ɄǑ
ʚǫƨ ɱɼɄƕʯƉʚ ɄǑ ӊ ŗȳƕ Ӌࣗ ˝ǫƨȳ ſɄʚǫ ŗɼƨ Ƕȳ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌࣖυ �ƨʚ ӊ׊ ſƨ ʚǫƨ ʌʚŗȳƕŗɼƕ ƕƨ˙ǶŗʚǶɄȳ ɄǑ ʚǫƨ ӊһऒʌࣗ ŗȳƕ ğӊ ſƨ

ʚǫƨ ȭƨŗȳ ɄǑ ʚǫƨ ӊһऒʌࣖυ ӊһ Ƕȳ ʌʚŗȳƕŗɼƕ ʯȳǶʚʌ Ƕʌ ӊһ ˲ ğӊ׊ӊ ࣖυ ÿǫƨ ƉɄɼɼƨțŗʚǶɄȳ ƉɄƨ˾ƉǶƨȳʚ Ƕʌӄ � �Ӏ Ӏذһ�� ٩ӊһ ˲ ğӊ׊ӊ ٸ ٪Ӌһ ˲ ğӋ׊Ӌ ٹ



�ȳɄʚǫƨɼ ˝ŗ˦ ʚɄ ƨ˥ɱɼƨʌʌ Ӊ�˶υ yʚ ʚʯɼȳʌ Ʉʯʚ ʚǫŗʚ Ӊ�˶ࣗ ʚǫƨ ɄɱʚǶȭŗț ʌțɄɱƨ ǑɄɼ ʚǫƨ țǶȳƨŗɼ
ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨࣗ Ɖŗȳ ſƨ ˝ɼǶʚʚƨȳ Ƕȳ ʚƨɼȭʌ ɄǑ ӄࣛ
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ȭƨŗʌʯɼƨ ɄǑ țǶȳƨŗɼ ŗʌʌɄƉǶŗʚǶɄȳࣖυ ,ɄȳƉǶʌƨ ˝ŗ˦ ɄǑ ˝ɼǶʚǶȳǖ Ӊ�˶ ŗȳƕ Ӊ�˶ࣘӉ�˶ � ӄ ӊ׊Ӌ׊ Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊ
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yȳʚƨɼɱɼƨʚŗʚǶɄȳ ɄǑ ǑɄɼȭʯțŗʌ



yȳʚƨɼɱɼƨʚǶȳǖ ʚǫƨ ʌțɄɱƨ
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υ Ӌ׊ ŗȳƕ ӊ׊ ŗɼƨ ŗț˝ŗ˦ʌ ȳɄȳࣽȳƨǖŗʚǶ˙ƨࣖ �ʌ ŗ ɼƨʌʯțʚࣗ ʚǫƨ ʌǶǖȳ ɄǑ
ʚǫƨ ʌțɄɱƨ Ƕʌ ƕƨʚƨɼȭǶȳƨƕ ſ˦ ʚǫƨ ʌǶǖȳ ɄǑ ӄࣖυ �ʌ ʚǫƨ Ӌ ˙ŗțʯƨʌ ǖƨʚ ȭɄɼƨ ʌɱɼƨŗƕ Ʉʯʚࣗ Ӌ׊ ǶȳƉɼƨŗʌƨʌ ŗȳƕ ʌɄ
ƕɄƨʌ ʚǫƨ ʌțɄɱƨࣖυ �ʌ ʚǫƨ ӊ ˙ŗțʯƨʌ ǖƨʚ ȭɄɼƨ ʌɱɼƨŗƕ Ʉʯʚࣗ ӊ׊ ǶȳƉɼƨŗʌƨʌ ŗȳƕ ʚǫƨ
ʌțɄɱƨ ƕƨƉɼƨŗʌƨʌࣖ
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6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İƨ ̇ʚ ŗ țǶȳƨŗɼ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨ ǑɄɼ ʌŗțŗɼ˦ ǖǶ˙ƨȳ ˦ƨŗɼʌ ɄǑ
ƨ˥ɱƨɼǶƨȳƉƨࣖ ÿǫƨȳ ƨ˙ƨɼ˦Ʉȳƨ ǖƨʚʌ ŗ िࡱࡱࡱࣗࢉ ɼŗǶʌƨࣖ İǫǶƉǫ
ɄǑ ʚǫƨʌƨ ǫŗɱɱƨȳʌࣞ
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ſࣱ ʌțɄɱƨ ƕƨƉɼƨŗʌƨʌࣗ ǶȳʚƨɼƉƨɱʚ ǶȳƉɼƨŗʌƨʌ

Ɖࣱ ʌțɄɱƨ ʌʚŗ˦ʌ ʌŗȭƨࣗ ǶȳʚƨɼƉƨɱʚ ǶȳƉɼƨŗʌƨʌ
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�ƨʚऒʌ ʌƨƨ ɼƨǖɼƨʌʌǶɄȳ Ƕȳ ŗƉʚǶɄȳࣖ bɄțțɄ˝ ŗțɄȳǖ ǫƨɼƨࣖ
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İŗǶʚࣖࣖࣖ ˝ǫ˦ ƕɄ ˝ƨ ȳƨƨƕ țǶȳƨŗɼ ŗțǖƨſɼŗࣞ

υ óɄɄȳࣗ ˝ƨऒțț ˝ŗȳʚ ʚɄ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌ ʯʌǶȳǖ ȭɄɼƨ ʚǫŗȳ Ʉȳƨ
Ǒƨŗʚʯɼƨ ࣯ƨࣖǖࣖ ɱɼƨƕǶƉʚǶȳǖ ʌŗțŗɼ˦ ʯʌǶȳǖ ˦ƨŗɼʌ ɄǑ ƨ˥ɱƨɼǶƨȳƉƨ
ŗȳƕ eâ�ࣱࣖυ ÿǫǶȳȕǶȳǖ ŗſɄʯʚ țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ Ƕȳ ʚƨɼȭʌ ɄǑ țǶȳƨŗɼ
ŗțǖƨſɼŗ ˝Ƕțț ŗțțɄ˝ ʯʌ ʚɄ ̇ȳƕ ɱɼƨƕǶƉʚǶɄȳ ɼʯțƨʌ ʚǫŗʚυ ʯʌƨ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌࣖυ ŗɼƨ ȳɄȳࣽțǶȳƨŗɼࣖυ $ƨǑɄɼƨ ˝ƨ ƕǶ˙ƨ Ƕȳࣗ țƨʚऒʌ ɼƨ˙Ƕƨ˝ࣖ



¡ŗʚɼǶƉƨʌυ �ȳ ҿ � Ӏ ȭŗʚɼǶ˥ Ƕʌ ŗ ʚŗſțƨ ɄǑ ȳʯȭſƨɼʌ ˝Ƕʚǫ ҿ ɼɄ˝ʌ ŗȳƕ Ӏ
ƉɄțʯȭȳʌࣖυ İƨ ʯʌƨ ʯɱɱƨɼࣽƉŗʌƨ țƨʚʚƨɼʌ ǑɄɼ ȭŗʚɼǶƉƨʌࣖҚ � �چ � �� � υڕ� Қҭ ƕƨȳɄʚƨʌ ʚǫƨ ʚɼŗȳʌɱɄʌƨ ɄǑ ҚࣘҚҭ � �ڊ �� �� ڙ�



¡ŗʚɼǶ˥ ŗƕƕǶʚǶɄȳ ŗȳƕ ʌƉŗțŗɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳυ İƨ Ɖŗȳ ŗƕƕ ʚ˝Ʉ ȭŗʚɼǶƉƨʌ Ʉȳț˦ ǶǑ ʚǫƨ˦ ŗɼƨ ʚǫƨ ʌŗȭƨ ʌǶ˲ƨࣖυ �ƕƕǶʚǶɄȳ ɄƉƉʯɼʌ ƨțƨȭƨȳʚ˝Ƕʌƨࣘچ� � �� � ڕ� � چ � � �˲� ˲� ڕ�˲ � �چ �� ��� � � υڕ óƉŗțŗɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳ ɄƉƉʯɼʌ ƨțƨȭƨȳʚ˝Ƕʌƨࣗ ʚɄɄࣘ� ͥ �چ � �� � ڕ� � �چ � �� �� ڕ��



¡ŗʚɼǶ˥ࣽȭŗʚɼǶ˥ ȭʯțʚǶɱțǶƉŗʚǶɄȳυ İƨ Ɖŗȳ ȭʯțʚǶɱț˦ ʚ˝Ʉ ȭŗʚɼǶƉƨʌ Қ ŗȳƕ қ Ʉȳț˦ ǶǑ� ƉɄțʯȭȳʌ Ƕȳ Қ � � ɼɄ˝ʌ Ƕȳ қ�υ yǑ Қ Ƕʌ ҿ � Ӏ ŗȳƕ қ Ƕʌ Ӏ � ӂࣗ ʚǫƨ ɼƨʌʯțʚ Ƕʌ ҿ � ӂࣖυ ÿǫǶʌ Ƕʌ ˙ƨɼ˦ ʯʌƨǑʯțࣖυ ÿǫƨ һҼ ƨȳʚɼ˦ ɄǑ ʚǫƨ ɱɼɄƕʯƉʚ Ƕʌࣘ	Ққ
һҼ � Ӏذҽ�� ҚһҽқҽҼ2 3 2 2亿

㗊 阘



óɄȭƨ ȭŗʚɼǶ˥ ɱɼɄɱƨɼʚǶƨʌυ ¡ʯțʚǶɱțǶƉŗʚǶɄȳ Ƕʌ 6ǶʌʚɼǶſʯʚǶ˙ƨࣘҚ	қ � Ҝ
 � Ққ � ҚҜυ ¡ʯțʚǶɱțǶƉŗʚǶɄȳ Ƕʌ �ʌʌɄƉǶŗʚǶ˙ƨࣘ	Ққ
Ҝ � Қ	қҜ
υ ¡ʯțʚǶɱțǶƉŗʚǶɄȳ Ƕʌ ȳɄʚ ƉɄȭȭʯʚŗʚǶ˙ƨࣘҚқ ̭ қҚυ ÿɼŗȳʌɱɄʌƨ ɄǑ ʌʯȭࣘ 	Қ � қ
ҭ � Қҭ � қҭυ ÿɼŗȳʌɱɄʌƨ ɄǑ ɱɼɄƕʯƉʚࣘ 	Ққ
ҭ � қҭҚҭ

Acmxns
BMXPcnxp IM
ABTMXPBA

cm啊 印侧



ĬƨƉʚɄɼʌυ �ȳ ˙ƨƉʚɄɼ Ƕȳ ɖӀ Ƕʌ ŗȳ Ӏ � � ȭŗʚɼǶ˥ࣖυ İƨ ʯʌƨ țɄ˝ƨɼࣽƉŗʌƨ țƨʚʚƨɼʌ ǑɄɼ ˙ƨƉʚɄɼʌࣖ

ɀӈ � ڍ υڜ�˲��� ĬƨƉʚɄɼ ŗƕƕǶʚǶɄȳ ŗȳƕ ʌƉŗțŗɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳ ɄƉƉʯɼ
ƨțƨȭƨȳʚ˝Ƕʌƨࣖ



eƨɄȭƨʚɼǶƉ ȭƨŗȳǶȳǖ ɄǑ ˙ƨƉʚɄɼʌυ � ˙ƨƉʚɄɼ ɀӈ � 	ӈ�
 Ȫ 
 ӈӀ
ҭ Ƕʌ ŗȳ ŗɼɼɄ˝ ʚɄ ʚǫƨ ɱɄǶȳʚ 	ӈ�
 Ȫ 
 ӈӀ

ǑɼɄȭ ʚǫƨ ɄɼǶǖǶȳࣖ

υ ÿǫƨ țƨȳǖʚǫࣗ Ʉɼ ȳɄɼȭࣗ ɄǑ ɀӈ Ƕʌ Ƞ ɀӈȠ � ��ӈع � ӈ�� � Ȫ � ӈ�Ӏ ࣖ
t



6Ʉʚ ɱɼɄƕʯƉʚʌυ ÿǫƨ ƕɄʚ ɱɼɄƕʯƉʚ ɄǑ ʚ˝Ʉ ˙ƨƉʚɄɼʌ ɀӇ ŗȳƕ ɀӈ Ƕȳ ɖӀ Ƕʌ ƕƨȳɄʚƨƕ
ſ˦ࣘ ɀӇ ͥ ɀӈ � ɀӇҭ ɀӈυ 6ƨ̇ȳǶʚǶɄȳࣘ ɀӇ ͥ ɀӈ � Ӏذһ�� Ӈһӈһ � Ӈ�ӈ� � Ӈ�ӈ� � Ȫ � ӇӀӈӀυ ÿǫƨ ɼƨʌʯțʚ Ƕʌ ŗ ʌƉŗțŗɼࣛ

lilnxD sliclxnjistlnxD
llxhj.mxD
幽
Scalar



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ ɄǑ ʚǫƨʌƨ Ƕʌ ŗȳɄʚǫƨɼ ƨ˥ɱɼƨʌʌǶɄȳ ǑɄɼ ʚǫƨ țƨȳǖʚǫ ɄǑ ɀӇࣞ
ŗࣱ ɀӇ ͥ ɀӇ
ſࣱ ˹ ɀӇ�
Ɖࣱ ˹ ɀӇ ͥ ɀӇ
ƕࣱ ɀӇ�



âɼɄɱƨɼʚǶƨʌ ɄǑ ʚǫƨ ƕɄʚ ɱɼɄƕʯƉʚυ ,ɄȭȭʯʚŗʚǶ˙ƨࣘ ɀӇ ͥ ɀӈ � ɀӈ ͥ ɀӇ � ɀӇҭ ɀӈ � ɀӈҭ ɀӇυ 6ǶʌʚɼǶſʯʚǶ˙ƨࣘ ɀӇ ͥ 	 ɀӈ � ɀӉ
 � ɀӇ ͥ ɀӈ � ɀӇ ͥ ɀӉ



¡ŗʚɼǶ˥ࣽ˙ƨƉʚɄɼ ȭʯțʚǶɱțǶƉŗʚǶɄȳυ óɱƨƉǶŗț Ɖŗʌƨ ɄǑ ȭŗʚɼǶ˥ࣽȭŗʚɼǶ˥ ȭʯțʚǶɱțǶƉŗʚǶɄȳࣖυ éƨʌʯțʚ Ƕʌ ŗț˝ŗ˦ʌ ŗ ˙ƨƉʚɄɼ ˝Ƕʚǫ ʌŗȭƨ ȳʯȭſƨɼ ɄǑ ɼɄ˝ʌ ŗʌ ʚǫƨ
ȭŗʚɼǶ˥ࣖυ ¶ȳƨ ˙Ƕƨ˝ࣘ ŗ एȭǶ˥ʚʯɼƨऐ ɄǑ ʚǫƨ ƉɄțʯȭȳʌࣖچ� � �� � ڕ� ڙ�Ҵ�Ҵ�Ҵڊ � Ҵ� ڕ��چ � Ҵ� ڕ��چ � Ҵ� υڕ��چ �ȳɄʚǫƨɼ ˙Ƕƨ˝ࣘ ŗ ƕɄʚ ɱɼɄƕʯƉʚ ˝Ƕʚǫ ʚǫƨ ɼɄ˝ʌࣖ



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

yǑ Қ Ƕʌ ŗȳ ҿ � Ӏ ȭŗʚɼǶ˥ ŗȳƕ ɀӈ Ƕʌ ŗ ˙ƨƉʚɄɼ Ƕȳ ɖӀࣗ ˝ǫŗʚ ŗɼƨ
ʚǫƨ ƕǶȭƨȳʌǶɄȳʌ ɄǑ ʚǫƨ ɱɼɄƕʯƉʚ ɀӈҭҚҭҚ ɀӈࣞ
ŗࣱ ҿ � Ӏ ࣯ȭŗʚɼǶ˥ࣱ
ſࣱ Ӏ � � ࣯˙ƨƉʚɄɼࣱ
Ɖࣱ � � � ࣯ʌƉŗțŗɼࣱ
ƕࣱ ÿǫƨ ɱɼɄƕʯƉʚ Ƕʌ ʯȳƕƨ̇ȳƨƕࣖ

龋 嚙
ND
t

Scalar



óʯȭȭŗɼ˦



óʯȭȭŗɼ ࣗ˦ ȳƨ˥ʚ ʚǶȭƨ

υ İƨ Ɖŗȳ ɼƨࣽ˝ɼǶʚƨ ʚǫƨ ɄɱʚǶȭŗț ɱŗɼŗȭƨʚƨɼʌ ǑɄɼ ʚǫƨ ɼƨǖɼƨʌʌǶɄȳ
țǶȳƨ Ӊ�˶ � ӄ ӊ׊Ӌ׊ Ӊ�˶ � ğӋ ˲ Ӊ�˶ ğӊυ İƨ Ɖŗȳ ʚǫƨȳ ȭŗȕƨ ɱɼƨƕǶƉʚǶɄȳʌ ʯʌǶȳǖ ҡ˶	ӊ
 � Ӊ�˶ � Ӊ�˶ӊࣖυ İƨ ˝Ƕțț ȳƨƨƕ țǶȳƨŗɼ ŗțǖƨſɼŗ Ƕȳ Ʉɼƕƨɼ ʚɄ ǖƨȳƨɼŗțǶ˲ƨ
ɼƨǖɼƨʌʌǶɄȳ ʚɄ ˝Ʉɼȕ ˝Ƕʚǫ ȭʯțʚǶɱțƨ Ǒƨŗʚʯɼƨʌࣖυ ¥ƨ˥ʚ ʚǶȭƨࣘ ,ɄȳʚǶȳʯƨ țǶȳƨŗɼ ŗțǖƨſɼŗ ɼƨ˙Ƕƨ˝ࣖ bɄɼȭʯțŗʚƨ
țǶȳƨŗɼ ɼƨǖɼƨʌʌǶɄȳ Ƕȳ ʚƨɼȭʌ ɄǑ țǶȳƨŗɼ ŗțǖƨſɼŗࣖ


