
�ƨƉʚʯɼƨ ࢍࡹ ࣽ ,ɄȳƕǶʚǶɄȳŗț âɼɄſŗſǶțǶʚ ࣗ˦ óƨɸʯƨȳƉƨʌ
ŗȳƕ âƨɼȭʯʚŗʚǶɄȳʌ

6ó, ࣗ�ࡱࢅ óɱɼǶȳǖ ࢁࡽࡱࡽ

 



�ȳȳɄʯȳƉƨȭƨȳʚʌυ pİࢅ ƕʯƨ ʚɄȳǶǖǫʚυ pİࢅ çʯƨʌʚǶɄȳ ࢍ Ƕʌ ȭŗȳƕŗʚɄɼ˦υ �ɄɄȕ ŗʚ ,ŗȭɱʯʌ˝Ƕɼƨ ɱǶȳȳƨƕ ɱɄʌʚ ǑɄɼ ȭɄɼƨ ǫǶȳʚʌࣖυ pɄȭƨ˝Ʉɼȕ ࢉ Ƕʌ ɼƨțƨŗʌƨƕࣗ ƕʯƨ ¥ƨ˥ʚ İƨƕȳƨʌƕŗ˦ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ yȭɱɄɼʚŗȳʚࣘ İƨऒ˙ƨ ɱɄʌʚƨƕ ȭŗȳ˦ ɱɼɄſŗſǶțǶʚ˦ ɼƨʌɄʯɼƉƨʌ Ʉȳ
ʚǫƨ ɼƨʌɄʯɼƉƨʌ ʚŗſ ɄǑ ʚǫƨ ƉɄʯɼʌƨ ˝ƨſʌǶʚƨࣖ ÿǫƨʌƨ ˝Ƕțț ȳɄ
ƕɄʯſʚ ƉɄȭƨ Ƕȳ ǫŗȳƕ ࣖ˦υ ¥Ʉ ȭɄɼƨ 6ó, ʌɱƨƉǶ̇Ɖࣽ�ࡱࢅ ɼƨŗƕǶȳǖʌࣗ ʚǫɄʯǖǫ ʚǫƨ

âɼɄſŗſǶțǶʚ˦ éɄŗƕȭŗɱ ˝ŗʌ ˝ɼǶʚʚƨȳ ʌɱƨƉǶ̇Ɖŗțț˦ ǑɄɼ
ʌʚʯƕƨȳʚʌ ɄǑ ʚǫǶʌ ƉɄʯɼʌƨࣖ

https://dsc40a.com/resources/%23%23probability


�ǖƨȳƕŗυ ,ɄȳƕǶʚǶɄȳŗț ɱɼɄſŗſǶțǶʚ ࣖ˦υ óǶȭɱʌɄȳऒʌ âŗɼŗƕɄ˥ࣖυ óƨɸʯƨȳƉƨʌ ŗȳƕ ɱƨɼȭʯʚŗʚǶɄȳʌࣖ



E˥ŗȭɱțƨࣘ ɼɄțțǶȳǖ ŗ ƕǶƨ

υ óʯɱɱɄʌƨ ˝ƨ ɼɄțț ʚǫƨ ƕǶƨ ʚ˝ǶƉƨࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ
ʚǫƨ ʚ˝Ʉ ɼɄțțʌ ǫŗ˙ƨ ƕǶ˽ƨɼƨȳʚ ǑŗƉƨʌࣞ
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,ɄȳƕǶʚǶɄȳŗț ɱɼɄſŗſǶțǶʚ˦



�ŗʌʚ ʚǶȭƨυ ğҚ Ƕʌ ʚǫƨ ƉɄȭɱțƨȭƨȳʚ ɄǑ ƨ˙ƨȳʚ Қࣖ ҩ	 ğҚ
 � � ˲ ҩ	Қ
ࣖυ bɄɼ ŗȳ˦ ʚ˝Ʉ ƨ˙ƨȳʚʌ Қ ŗȳƕ қҩ	Қ ̉ қ
 � ҩ	Қ
 � ҩ	қ
 ˲ ҩ	Қ ̈ қ
�
yǑ Қ ŗȳƕ қ ŗɼƨ ȭʯʚʯŗțț˦ ƨ˥ƉțʯʌǶ˙ƨࣗ ʚǫǶʌ ʌǶȭɱțǶ̇ƨʌ ʚɄҩ	Қ ̉ қ
 � ҩ	Қ
 � ҩ	қ
�υ ÿǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ƨ˙ƨȳʚʌ Қ ŗȳƕ қ ſɄʚǫ ǫŗɱɱƨȳ Ƕʌҩ	Қ ̈ қ
 � ҩ	Қ
ҩ	қ]Қ
�υ ҩ	қ]Қ
 Ƕʌ ʚǫƨ ƉɄȳƕǶʚǶɄȳŗț ɱɼɄſŗſǶțǶʚ˦ ɄǑ қ ɄƉƉʯɼɼǶȳǖࣗ ǖǶ˙ƨȳ
ʚǫŗʚ Қ ɄƉƉʯɼʌࣖ yǑ ҩ	қ]Қ
 � ҩ	қ
ࣗ ʚǫƨȳ ƨ˙ƨȳʚʌ Қ ŗȳƕ қ ŗɼƨ
Ƕȳƕƨɱƨȳƕƨȳʚࣖ
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,ɄȳƕǶʚǶɄȳŗț ɱɼɄſŗſǶțǶʚ˦

υ ÿǫƨ ɱɼɄſŗſǶțǶʚ˦ ɄǑ ŗȳ ƨ˙ƨȳʚ ȭŗ˦ Ɖǫŗȳǖƨ ǶǑ ˝ƨ ǫŗ˙ƨ
ŗƕƕǶʚǶɄȳŗț ǶȳǑɄɼȭŗʚǶɄȳ ŗſɄʯʚ ɄʯʚƉɄȭƨʌࣖυ óʚŗɼʚǶȳǖ ˝Ƕʚǫ ʚǫƨ ȭʯțʚǶɱțǶƉŗʚǶɄȳ ɼʯțƨࣗ ҩ	Қ ̈ қ
 � ҩ	Қ
ҩ	қ]Қ
ࣗ
˝ƨ ǫŗ˙ƨ ʚǫŗʚ ҩ	қ]Қ
 � ҩ	Қ ̈ қ
ҩ	Қ

ŗʌʌʯȭǶȳǖ ʚǫŗʚ ҩ	Қ
 � �ࣖ ⼀



E˥ŗȭɱțƨࣘ ɱƨʚʌ

óʯɱɱɄʌƨ ŗ ǑŗȭǶț˦ ǫŗʌ ʚ˝Ʉ ɱƨʚʌࣖ �ʌʌʯȭƨ ʚǫŗʚ Ƕʚ Ƕʌ ƨɸʯŗțț˦ țǶȕƨț˦
ʚǫŗʚ ƨŗƉǫ ɱƨʚ Ƕʌ ŗ ƕɄǖ Ʉɼ ŗ Ɖŗʚࣖ ,ɄȳʌǶƕƨɼ ʚǫƨ ǑɄțțɄ˝Ƕȳǖ ʚ˝Ʉ
ɱɼɄſŗſǶțǶʚǶƨʌࣘ
ࣖࡹ ÿǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ſɄʚǫ ɱƨʚʌ ŗɼƨ ƕɄǖʌ ǖǶ˙ƨȳ ʚǫŗʚ ʚǫƨ
Ʉțƕƨʌʚ Ƕʌ ŗ ƕɄǖࣖ

ࣖࡽ ÿǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ſɄʚǫ ɱƨʚʌ ŗɼƨ ƕɄǖʌ ǖǶ˙ƨȳ ʚǫŗʚ ŗʚ țƨŗʌʚ
Ʉȳƨ ɄǑ ʚǫƨȭ Ƕʌ ŗ ƕɄǖࣖ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

�ɼƨ ʚǫƨʌƨ ʚ˝Ʉ ɱɼɄſŗſǶțǶʚǶƨʌ ƨɸʯŗțࣞ
ŗࣱ ĸƨʌࣗ ʚǫƨ˦ऒɼƨ ƨɸʯŗț
ſࣱ ¥Ʉࣗ ʚǫƨ˦ऒɼƨ ȳɄʚ ƨɸʯŗț



E˥ŗȭɱțƨࣘ ɱƨʚʌ

�ƨʚऒʌ ƉɄȭɱʯʚƨ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ſɄʚǫ ɱƨʚʌ ŗɼƨ ƕɄǖʌ ǖǶ˙ƨȳ
ʚǫŗʚ ʚǫƨ Ʉțƕƨʌʚ Ƕʌ ŗ ƕɄǖࣖ
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E˥ŗȭɱțƨࣘ ɱƨʚʌ

�ƨʚऒʌ ȳɄ˝ ƉɄȭɱʯʚƨ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ſɄʚǫ ɱƨʚʌ ŗɼƨ ƕɄǖʌ
ǖǶ˙ƨȳ ʚǫŗʚ ŗʚ țƨŗʌʚ Ʉȳƨ ɄǑ ʚǫƨȭ Ƕʌ ŗ ƕɄǖࣖ

5 㶕䰘0
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E˥ŗȭɱțƨࣘ ƕɄȭǶȳɄƨʌ ࣯ʌɄʯɼƉƨࣘ ࣱࢁࢉ
yȳ ŗ ʌƨʚ ɄǑ ƕɄȭǶȳɄƨʌࣗ ƨŗƉǫ ʚǶțƨ ǫŗʌ ʚ˝Ʉ ʌǶƕƨʌ ˝Ƕʚǫ ŗ ȳʯȭſƨɼ ɄǑ
ƕɄʚʌ Ʉȳ ƨŗƉǫ ʌǶƕƨࣘ ˲ƨɼɄࣗ Ʉȳƨࣗ ʚ˝Ʉࣗ ʚǫɼƨƨࣗ ǑɄʯɼࣗ ̇˙ƨࣗ Ʉɼ ʌǶ˥ࣖ ÿǫƨɼƨ
ŗɼƨ ࡽ ʚɄʚŗț ʚǶțƨʌࣗ ˝Ƕʚǫ ƨŗƉǫ ȳʯȭſƨɼ ɄǑ ƕɄʚʌ ŗɱɱƨŗɼǶȳǖ
ŗțɄȳǖʌǶƕƨ ƨŗƉǫ Ʉʚǫƨɼ ȳʯȭſƨɼ ࣯ǶȳƉțʯƕǶȳǖ ǶʚʌƨțǑࣱ Ʉȳ ŗ ʌǶȳǖțƨ ʚǶțƨࣖ

the same

ZǕFT

two are
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https://fivethirtyeight.com/features/can-you-eat-an-apple-like-a-toddler/


E˥ŗȭɱțƨࣘ ƕɄȭǶȳɄƨʌ ࣯ʌɄʯɼƉƨࣘ ࣱࢁࢉ
çʯƨʌʚǶɄȳ ࣘࡹ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ɄǑ ƕɼŗ˝Ƕȳǖ ŗ एƕɄʯſțƨऐ ǑɼɄȭ
ŗ ʌƨʚ ɄǑ ƕɄȭǶȳɄƨʌ ः ʚǫŗʚ Ƕʌࣗ ŗ ʚǶțƨ ˝Ƕʚǫ ʚǫƨ ʌŗȭƨ ȳʯȭſƨɼ Ʉȳ
ſɄʚǫ ʌǶƕƨʌࣞ

1

gnats

PCDouble怬 孨 本

https://fivethirtyeight.com/features/can-you-eat-an-apple-like-a-toddler/


E˥ŗȭɱțƨࣘ ƕɄȭǶȳɄƨʌ ࣯ʌɄʯɼƉƨࣘ ࣱࢁࢉ
çʯƨʌʚǶɄȳ ࣘࡽ ¥Ʉ˝ ˦Ʉʯɼ ǑɼǶƨȳƕ ɱǶƉȕʌ ŗ ɼŗȳƕɄȭ ʚǶțƨ ǑɼɄȭ ʚǫƨ ʌƨʚ
ŗȳƕ ʚƨțțʌ ˦Ʉʯ ʚǫŗʚ ŗʚ țƨŗʌʚ Ʉȳƨ ɄǑ ʚǫƨ ʌǶƕƨʌ Ƕʌ ŗ ࣖࢍ İǫŗʚ Ƕʌ ʚǫƨ
ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ˦Ʉʯɼ ǑɼǶƨȳƕऒʌ ʚǶțƨ Ƕʌ ŗ ƕɄʯſțƨࣗ ˝Ƕʚǫ ࢍ Ʉȳ ſɄʚǫ
ʌǶƕƨʌࣞ
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xx
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https://fivethirtyeight.com/features/can-you-eat-an-apple-like-a-toddler/


E˥ŗȭɱțƨࣘ ƕɄȭǶȳɄƨʌ ࣯ʌɄʯɼƉƨࣘ ࣱࢁࢉ

çʯƨʌʚǶɄȳ ࣘࢁ ¥Ʉ˝ ˦Ʉʯ ɱǶƉȕ ŗ ɼŗȳƕɄȭ ʚǶțƨ ǑɼɄȭ ʚǫƨ ʌƨʚ ŗȳƕ
ʯȳƉɄ˙ƨɼ Ʉȳț˦ Ʉȳƨ ʌǶƕƨࣗ ɼƨ˙ƨŗțǶȳǖ ʚǫŗʚ Ƕʚ ǫŗʌ ʌǶ˥ ƕɄʚʌࣖ İǫŗʚ Ƕʌ
ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ʚǫǶʌ ʚǶțƨ Ƕʌ ŗ ƕɄʯſțƨࣗ ˝Ƕʚǫ ʌǶ˥ Ʉȳ ſɄʚǫ ʌǶƕƨʌࣞ

óƨƨ ऒʌࢁࢉ ƨ˥ɱțŗȳŗʚǶɄȳ ǫƨɼƨࣖ
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óǶȭɱʌɄȳऒʌ âŗɼŗƕɄ˥ ࣯ʌɄʯɼƉƨࣘ ȳǶǫࣖǖɄ˙ࣱ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ ʚɼƨŗʚȭƨȳʚ Ƕʌ ſƨʚʚƨɼࣞ
ŗࣱ ÿɼƨŗʚȭƨȳʚ � ǑɄɼ ŗțț Ɖŗʌƨʌࣖ
ſࣱ ÿɼƨŗʚȭƨȳʚ $ ǑɄɼ ŗțț Ɖŗʌƨʌࣖ
Ɖࣱ ÿɼƨŗʚȭƨȳʚ � ǑɄɼ ʌȭŗțț ʌʚɄȳƨʌ ŗȳƕ $ ǑɄɼ țŗɼǖƨ ʌʚɄȳƨʌࣖ
ƕࣱ ÿɼƨŗʚȭƨȳʚ � ǑɄɼ țŗɼǖƨ ʌʚɄȳƨʌ ŗȳƕ $ ǑɄɼ ʌȭŗțț ʌʚɄȳƨʌࣖ

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1339981/


óǶȭɱʌɄȳऒʌ âŗɼŗƕɄ˥ ࣯ʌɄʯɼƉƨࣘ ȳǶǫࣖǖɄ˙ࣱ

óǶȭɱʌɄȳऒʌ âŗɼŗƕɄ˥ ɄƉƉʯɼʌ ˝ǫƨȳ ŗȳ ŗʌʌɄƉǶŗʚǶɄȳ ſƨʚ˝ƨƨȳ ʚ˝Ʉ
˙ŗɼǶŗſțƨʌ ƨ˥Ƕʌʚʌ ˝ǫƨȳ ʚǫƨ ƕŗʚŗ Ƕʌ ƕǶ˙Ƕƕƨƕ ǶȳʚɄ ʌʯſǖɼɄʯɱʌࣗ ſʯʚ
ɼƨ˙ƨɼʌƨʌ Ʉɼ ƕǶʌŗɱɱƨŗɼʌ ˝ǫƨȳ ʚǫƨ ǖɼɄʯɱʌ ŗɼƨ ƉɄȭſǶȳƨƕࣖυ óƨƨ ȭɄɼƨ Ƕȳ 6ó, ࣖࡱ

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1339981/


óƨɸʯƨȳƉƨʌ ŗȳƕ ɱƨɼȭʯʚŗʚǶɄȳʌ



¡ɄʚǶ˙ŗʚǶɄȳ

υ ¡ŗȳ˦ ɱɼɄſțƨȭʌ Ƕȳ ɱɼɄſŗſǶțǶʚ˦ Ƕȳ˙Ʉț˙ƨ ƉɄʯȳʚǶȳǖࣖυ óʯɱɱɄʌƨ y ̈Ƕɱ ŗ ǑŗǶɼ ƉɄǶȳ ࡱࡱࡹ ʚǶȭƨʌࣖ İǫŗʚऒʌ ʚǫƨ
ɱɼɄſŗſǶțǶʚ˦ y ʌƨƨ ࢅࢁ ǫƨŗƕʌࣞυ óʯɱɱɄʌƨ y ƕɼŗ˝ ࢁ Ɖŗɼƕʌ ǑɼɄȭ ŗ ࡽࢉ Ɖŗɼƕ ƕƨƉȕࣖ İǫŗʚऒʌ
ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫƨ˦ ŗțț ŗɼƨ ŗțț ǑɼɄȭ ʚǫƨ ʌŗȭƨ ʌʯǶʚࣞυ yȳ Ʉɼƕƨɼ ʚɄ ʌɄț˙ƨ ʌʯƉǫ ɱɼɄſțƨȭʌࣗ ˝ƨ ̇ɼʌʚ ȳƨƨƕ ʚɄ țƨŗɼȳ

ǫɄ˝ ʚɄ ƉɄʯȳʚࣖυ ÿǫƨ ŗɼƨŗ ɄǑ ȭŗʚǫ ʚǫŗʚ ƕƨŗțʌ ˝Ƕʚǫ ƉɄʯȳʚǶȳǖ Ƕʌ Ɖŗțțƨƕ
ƉɄȭſǶȳŗʚɄɼǶƉʌࣖ



óƨțƨƉʚǶȳǖ ƨțƨȭƨȳʚʌ ࣯Ƕࣖƨࣖ ʌŗȭɱțǶȳǖࣱυ ¡ŗȳ˦ ƨ˥ɱƨɼǶȭƨȳʚʌ Ƕȳ˙Ʉț˙ƨ ƉǫɄɄʌǶȳǖ ҽ ƨțƨȭƨȳʚʌ ɼŗȳƕɄȭț˦
ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌࣖ ÿǫǶʌ ǖɼɄʯɱ Ƕʌ Ɖŗțțƨƕ
ŗ ɱɄɱʯțŗʚǶɄȳࣖυ yǑ ƕɼŗ˝Ƕȳǖ Ɖŗɼƕʌ ǑɼɄȭ ŗ ƕƨƉȕࣗ ʚǫƨ ɱɄɱʯțŗʚǶɄȳ Ƕʌ ʚǫƨ

ƕƨƉȕ ɄǑ ŗțț Ɖŗɼƕʌࣖυ yǑ ʌƨțƨƉʚǶȳǖ ɱƨɄɱțƨ ǑɼɄȭ 6ó, ࣗ�ࡱࢅ ʚǫƨ ɱɄɱʯțŗʚǶɄȳ Ƕʌ
ƨ˙ƨɼ˦Ʉȳƨ Ƕȳ 6ó, υࣖ�ࡱࢅ ÿ˝Ʉ ƕƨƉǶʌǶɄȳʌࣘυ 6Ʉ ˝ƨ ʌƨțƨƉʚ ƨțƨȭƨȳʚʌ ˝Ƕʚǫ Ʉɼ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣞυ 6Ʉƨʌ ʚǫƨ Ʉɼƕƨɼ Ƕȳ ˝ǫǶƉǫ ʚǫǶȳǖʌ ŗɼƨ ʌƨțƨƉʚƨƕ ȭŗʚʚƨɼࣞ



óƨɸʯƨȳƉƨʌυ � ʌƨɸʯƨȳƉƨ ɄǑ țƨȳǖʚǫ ҽ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ
ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝Ƕʚǫ
ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ ʚǫŗʚ Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ E˥ŗȭɱțƨࣘ 6ɼŗ˝ ŗ Ɖŗɼƕ ࣯ǑɼɄȭ ŗ ʌʚŗȳƕŗɼƕ Ɖŗɼƕࣽࡽࢉ ƕƨƉȕࣱࣗ ɱʯʚ
Ƕʚ ſŗƉȕ Ƕȳ ʚǫƨ ƕƨƉȕࣗ ŗȳƕ ɼƨɱƨŗʚ ࢅ ʚǶȭƨʌࣖ

υ E˥ŗȭɱțƨࣘ � Ď,ó6 ây6 ʌʚŗɼʚʌ ˝Ƕʚǫ ए�ऐ ʚǫƨȳ ǫŗʌ  ƕǶǖǶʚʌࣖ
pɄ˝ ȭŗȳ˦ Ď,ó6 ây6ʌ ŗɼƨ ɱɄʌʌǶſțƨࣞ



óƨɸʯƨȳƉƨʌ

yȳ ǖƨȳƨɼŗțࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ ʚɄ ʌƨțƨƉʚ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ʌʯƉǫ ʚǫŗʚ ɼƨɱƨʚǶʚǶɄȳ Ƕʌ ŗțțɄ˝ƨƕ
ŗȳƕ Ʉɼƕƨɼ ȭŗʚʚƨɼʌ Ƕʌ Ӏҽࣖ

࣯¥Ʉʚƨࣘ İƨ ȭƨȳʚǶɄȳƨƕ ʚǫǶʌ ǑŗƉʚ Ƕȳ ʚǫƨ țƨƉʚʯɼƨ Ʉȳ ƉțʯʌʚƨɼǶȳǖࣱࣛ



âƨɼȭʯʚŗʚǶɄȳʌυ � ɱƨɼȭʯʚŗʚǶɄȳ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ
ʚǫŗʚ Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ E˥ŗȭɱțƨࣘ 6ɼŗ˝ ࢅ Ɖŗɼƕʌ ࣯˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣱ ǑɼɄȭ ŗ
ʌʚŗȳƕŗɼƕ Ɖŗɼƕࣽࡽࢉ ƕƨƉȕࣖ

υ E˥ŗȭɱțƨࣘ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ ŗɼƨ ʚǫƨɼƨ ʚɄ ʌƨțƨƉʚ ŗ ɱɼƨʌǶƕƨȳʚࣗ
˙ǶƉƨ ɱɼƨʌǶƕƨȳʚࣗ ŗȳƕ ʌƨƉɼƨʚŗɼ˦ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ  ɱƨɄɱțƨࣞ



âƨɼȭʯʚŗʚǶɄȳʌυ yȳ ǖƨȳƨɼŗțࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ ʚɄ ʌƨțƨƉʚ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ
ŗ ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ʌʯƉǫ ʚǫŗʚ ɼƨɱƨʚǶʚǶɄȳ Ƕʌ ȳɄʚ
ŗțțɄ˝ƨƕ ŗȳƕ Ʉɼƕƨɼ ȭŗʚʚƨɼʌ Ƕʌҩ	Ӏ ҽ
 � 	Ӏ
	Ӏ ˲ �
���	Ӏ ˲ ҽ � �
υ ÿɄ ʌǶȭɱțǶǑ˦ࣘ ɼƨƉŗțț ʚǫŗʚ ʚǫƨ ƕƨ̇ȳǶʚǶɄȳ ɄǑ Ӏ� ǶʌӀ� � 	Ӏ
	Ӏ ˲ �
���	�
	�
υ eǶ˙ƨȳ ʚǫǶʌࣗ ˝ƨ Ɖŗȳ ˝ɼǶʚƨҩ	Ӏ ҽ
 � Ӏ�	Ӏ ˲ ҽ
�



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

Ď,ó6 ǫŗʌ  ƉɄțțƨǖƨʌࣖ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ Ɖŗȳ y ɼŗȳȕ ȭ˦ ʚɄɱ
ࢁ ƉǫɄǶƉƨʌࣞ
ŗࣱ ��
ſࣱ ���
Ɖࣱ ���
ƕࣱ ����
ƨࣱ ¥Ʉȳƨ ɄǑ ʚǫƨ ŗſɄ˙ƨࣖ



óɱƨƉǶŗț Ɖŗʌƨ ɄǑ ɱƨɼȭʯʚŗʚǶɄȳʌ

υ óʯɱɱɄʌƨ ˝ƨ ǫŗ˙ƨ Ӏ ɱƨɄɱțƨࣖ ÿǫƨ ʚɄʚŗț ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ y
Ɖŗȳ ɼƨŗɼɼŗȳǖƨ ʚǫƨʌƨ Ӏ ɱƨɄɱțƨ Ƕȳ ŗ țǶȳƨ Ƕʌ

υ ÿǫǶʌ Ƕʌ ƉɄȳʌǶʌʚƨȳʚ ˝Ƕʚǫ ʚǫƨ ǑɄɼȭʯțŗҩ	Ӏ Ӏ
 � Ӏ�	Ӏ ˲ Ӏ
� � Ӏ��� � Ӏ�� � Ӏ�



óʯȭȭŗɼ ࣗ˦ ȳƨ˥ʚ ʚǶȭƨ



óʯȭȭŗɼ˦υ ÿǫƨ ƉɄȳƕǶʚǶɄȳŗț ɱɼɄſŗſǶțǶʚ˦ ɄǑ қ ǖǶ˙ƨȳ Қ Ƕʌҩ	қ]Қ
 � ҩ	Қ ̈ қ
ҩ	Қ
 �υ � ʌƨɸʯƨȳƉƨ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝Ƕʚǫ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ ʚǫŗʚ
Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ ¥ʯȭſƨɼ ɄǑ ʌƨɸʯƨȳƉƨʌࣘ Ӏҽࣖυ � ɱƨɼȭʯʚŗʚǶɄȳ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ
ʚǫŗʚ Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ ¥ʯȭſƨɼ ɄǑ ɱƨɼȭʯʚŗʚǶɄȳʌࣘ ҩ	Ӏ ҽ
 � Ӏ�	Ӏ˲ҽ
� ࣖυ ¥ƨ˥ʚ ʚǶȭƨࣘ ƉɄȭſǶȳŗʚǶɄȳʌࣗ ˝ǫƨɼƨ Ʉɼƕƨɼ ƕɄƨʌȳऒʚ ȭŗʚʚƨɼࣖ


