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�ॽः BȂǌǐǶǐǌ ƷǼǌ ǻǐƷȖȠȓǐǌ ǌǦȖȖȂǶΗǐǌ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ अइ
�ॽऄ BȂǌǐǶǐǌ U�� ȓǐȖǐȓΗȂǦȓ ƷǼǌ ǻƷȖȖ ЙȂΘȖ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ आं

�ॽऀ [ǐƷ ȖȏȓƷΞ ƷǐȓȂȖȂǶ [[� ЙȠΝ ȏƷȓƷǻǐȝǐȓǦΣƷȝǦȂǼ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ इࣿ
�ॽँ UƷȓƷǻǐȝǐȓȖ ȠȖǐǌ ǦǼ [[� ȏƷȓƷǻǐȝǐȓǦΣƷȝǦȂǼ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ इऀ
�ॽं �ȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ U$�[ ǦǼ ȖǐƷΘƷȝǐȓ ȖƷǻȏǶǐȖ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ ॽ इः

ǦΝ



bԀ�Ӳӏԭ ҷӹӋ ӸԮ әҷӸӢӲԮ ԫӢԚӟԀԞԚԫӟԀӸ ԚӟӢԓ ӋӢԓԓӏԏԚҷԚӢԀӹ ӸҷԮ ӂӏӏӹ ӹӏԪӏԏ ӂӏӏӹ
ӅԀӸԌӲӏԚӏӋ৷

Ν



�ǆǴǼȂΘǶǐǌǝǻǐǼȝȖ

$ӢԏԓԚ ҷӹӋ әԀԏӏӸԀԓԚ৮ / ΘƷǼȝ ǐΝȏȓǐȖȖ ǻΞ ǝȓƷȝǦȝȠǌǐ ȝȂ ǻΞ ƷǌΗǦȖȂȓ UȓȂǜॽ �ǶȖǦǐ [ȠǼǌǐȓǶƷǼǌॶ ΘǣȂ
ΘƷȖ ƷǼ ǐǼȂȓǻȂȠȖ ȖȂȠȓǆǐ Ȃǜ ǐǼǆȂȠȓƷǝǐǻǐǼȝ ƷǼǌ ǻǐǼȝȂȓȖǣǦȏॽ [ǣǐ ǝƷΗǐ ǻǐ ȝǣǐ ǜȓǐǐǌȂǻ ȝȂ ǐΝȏǶȂȓǐ
ǻΞ ȖǆǦǐǼȝǦǜǆ ǦǼȝǐȓǐȖȝȖॶ ƷǼǌ ǐǼȖȠȓǐǌ / ǣƷǌ ȝǣǐ ȖȠȏȏȂȓȝ / Ǽǐǐǌǐǌ ƷǶȂǼǝ ȝǣǐ ΘƷΞॽ / ƷǶȖȂ ΘƷǼȝ ȝȂ ȝǣƷǼǴ
ǻΞ ǆȂৄƷȠȝǣȂȓȖ ΘǣȂ ǴǦǼǌǶΞ ȖǣƷȓǐǌ ȝǣǐǦȓ ǴǼȂΘǶǐǌǝǐ ƷǼǌ ȖǆǦǐǼȝǦЖǆ ȏƷȖȖǦȂǼ ΘǦȝǣ ǻǐॵ �ƷȓǐΞ $ȓǦǐǌǻƷǼॶ
�ǶǦǜȝȂǼ �ƷȖȖȠǼǆƷȂॶ �ȂǶǦǼ bǣƷǆǴȓƷΞॶ �ǶǦΣƷǅǐȝǣ =ȠǼǌǝȓǐǼॶ %ƷǐǶ $Ȃȓǝǐȝॶ ,ǐǦǌǦ UǦǆǴƷȓǌॶ ,ǐǶǐǼ �ǻȂȖॶ
:ǐǼǼǦǜǐȓ [ȠǼॶ CȂǐǶǶǐ [ǐǶǦǼ ƷǼǌ XƷǦǼǐȓ =ȂǣǻƷǼǼॽ sǦȝǣȂȠȝ ǅǐǦǼǝ ƷǅǶǐ ȝȂ ǅȠǦǶǌ ǻΞ ȓǐȖǐƷȓǆǣ ȂǼ ȝǣǐǦȓ
ǴǼȂΘǶǐǌǝǐ ƷǼǌ ȏȓǦȂȓ ΘȂȓǴ ǻΞ ǌǦȖȖǐȓȝƷȝǦȂǼ ΘȂȠǶǌ ǣƷΗǐ ǅǐǐǼ Ʒ ǶǐȖȖǐȓ ǆȂǼȝȓǦǅȠȝǦȂǼॽ $ǦǼƷǶǶΞॶ / ΘƷǼȝ
ȝȂ ȝǣƷǼǴ ȝǣǐ ǐǼȝǦȓǐ [ȠǼǌǐȓǶƷǼǌ %ȓȂȠȏॶ ȏƷȖȝ ƷǼǌ ȏȓǐȖǐǼȝ ǻǐǻǅǐȓȖॶ ΘǣȂ ǣƷΗǐ ǅǐǐǼ ȝǣǐ ȖȂǆǦƷǶ ƷǼǌ
ǦǼȝǐǶǶǐǆȝȠƷǶ ǜƷǅȓǦǆ Ȃǜ ǻΞ ǝȓƷǌȠƷȝǐ ǐΝȏǐȓǦǐǼǆǐॽ

ΝǦ



0
/ǼȝȓȂǌȠǆȝǦȂǼ

[ӢӹӅӏ Ԛӟӏ ऀईःࣿԓॶ ȝǣǐȓǐ ǣƷȖ ǅǐǐǼ ƷǼ ȠǼȏȓǐǆǐǌǐǼȝǐǌ ǦǼǆȓǐƷȖǐ ǦǼ ȝǣǐ ǻƷǼȠǜƷǆȝȠȓǦǼǝ Ȃǜ ȖΞǼȝǣǐȝǦǆ

ǆǣǐǻǦǆƷǶȖ ȓƷǼǝǦǼǝ ǜȓȂǻ ȏǐȖȝ ƷǼǌ ǌǦȖǐƷȖǐ ǆȂǼȝȓȂǶॶ ǆȓȂȏ ȏȓȂǌȠǆȝǦȂǼॶ ǦǼǌȠȖȝȓǦƷǶ ȠȖǐ ƷǼǌ ǆȂǼȖȠǻǐȓ

ȏȓȂǌȠǆȝȖॶ ǻƷǼΞ Ȃǜ ΘǣǦǆǣ ǣƷΗǐ ȖȠǅȖǐȒȠǐǼȝǶΞ ǐǼȝǐȓǐǌ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॽ bȂǌƷΞॶ ǻȂȓǐ ȝǣƷǼ ंऄࣿॶࣿࣿࣿ

ǆǣǐǻǦǆƷǶȖ Ʒȓǐ ǆȂǻǻǐȓǆǦƷǶǶΞ ȓǐǝǦȖȝǐȓǐǌ ƷǼǌ ǜȂȓ ǻƷǼΞ ǶǦȝȝǶǐ Ȃȓ ǼȂ ǌƷȝƷ ȂǼ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǅǐǣƷΗǦȂȓ

ƷǼǌ ǣȠǻƷǼ ǣǐƷǶȝǣ ǐЍǐǆȝȖ ǐΝǦȖȝȖॽँࣿं UǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ UHUȖ ȓǐǆǐǦΗǐ ȏƷȓȝǦǆȠǶƷȓ ƷȝȝǐǼৄ

ȝǦȂǼ ǌȠǐ ȝȂ ȝǣǐǦȓ ȏǐȓȖǦȖȝǐǼǆǐ ǦǼ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॶ ƷǅǦǶǦȝΞ ȝȂ ǅǦȂƷǆǆȠǻȠǶƷȝǐ ƷǼǌ ȏȂȝǐǼȝǦƷǶ ȝȂ ǆƷȠȖǐ Ʒ

ΗƷȓǦǐȝΞ Ȃǜ ȓǐȏȓȂǌȠǆȝǦΗǐॶ ǐǼǌȂǆȓǦǼǐ ƷǼǌ ǌǐΗǐǶȂȏǻǐǼȝƷǶ ǌǦȖȂȓǌǐȓȖ ǦǼ ǣȠǻƷǼȖ ƷǼǌ ΘǦǶǌǶǦǜǐॽऀईअ [ǦǼǆǐ

ँࣿࣿऀॶ ȝǣǐ [ȝȂǆǴǣȂǶǻ �ȂǼΗǐǼȝǦȂǼ ȂǼ UHUȖ ǣƷȖ Ʒǌǌǐǌ ƷǼ ǦǼǆȓǐƷȖǦǼǝ ǼȠǻǅǐȓ Ȃǜ ǆȂǻȏȂȠǼǌȖ ȝȂ ǦȝȖ ǶǦȖȝ

Ȃǜ ǅƷǼǼǐǌ ǆȂǼȝƷǻǦǼƷǼȝȖॽ bǣǐȖǐ ǆǣǐǻǦǆƷǶȖ Ʒȓǐ ȝƷȓǝǐȝǐǌ ǜȂȓ ǐǶǦǻǦǼƷȝǦȂǼॶ Ȃȓ ǦǼ ǆƷȖǐȖ Ȃǜ Ʒ ǆȂǻȏǐȝǦǼǝ

ǣǐƷǶȝǣ ǅǐǼǐЖȝȖॶ ǣƷΗǐ ȝǣǐǦȓ ȏȓȂǌȠǆȝǦȂǼ ƷǼǌ ƷȏȏǶǦǆƷȝǦȂǼ ȓǐȖȝȓǦǆȝǐǌ ȝȂ Ʒ ǻƷΝǦǻȠǻ ǐΝȝǐǼȝ ǜǐƷȖǦǅǶǐॽऀईअ

UHUȖ ǴǼȂΘǼ ȝȂ ǅǐ ǣƷȓǻǜȠǶ ȝȂ ǣȠǻƷǼ ƷǼǌ ǐǆȂǶȂǝǦǆƷǶ ǣǐƷǶȝǣ ǆȂǼȝǦǼȠǐ ȝȂ ǅǐ ȏǐȓΗƷȖǦΗǐ ǦǼ ȝǣǐ ǝǶȂǅƷǶ

ǐǼΗǦȓȂǼǻǐǼȝॽ

ऀ



bǣǐ ȓǐȖǦȖȝƷǼǆǐ ȝȂ ǌǐǝȓƷǌƷȝǦȂǼ ƷǼǌ ΗȂǶƷȝǦǶǦȝΞ Ȃǜ ǻƷǼΞ UHUȖ ǻǐƷǼȖ ȝǣǐΞ Ʒȓǐ ȖȠǅǱǐǆȝ ȝȂ ǶȂǼǝ ȓƷǼǝǐ

ȝȓƷǼȖȏȂȓȝ ǜȓȂǻ ȖȂȠȓǆǐ ȓǐǝǦȂǼȖ ȝȂ ȓǐǻȂȝǐ ǶȂǆƷȝǦȂǼȖॽऄऄॶऀंः BƷǼΞ UHUȖ ƷǆǆȠǻȠǶƷȝǐ ǦǼ ȝǣǐ ȂǆǐƷǼȖ ǌȠǐ

ȝȂ ǦǼȏȠȝȖ ǜȓȂǻ ȓǦΗǐȓȖ ƷǼǌ ȝǣǐ ƷȝǻȂȖȏǣǐȓǐॽऀंः /Ǽ ȝǣǐ ȂǆǐƷǼॶ ȝǣǐǦȓ ǜƷȝǐ ǦȖ ǌȓǦΗǐǼ ǅΞ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ

ȏȓȂǆǐȖȖǐȖॽ bǣǐǦȓ ȓǐǻȂΗƷǶ ǜȓȂǻ ǌǦЍǐȓǐǼȝ ȓǐǝǦȂǼȖ Ȃǜ ȝǣǐ ȂǆǐƷǼ ǌǐȏǐǼǌȖ ȂǼ ǆǦȓǆȠǶƷȝǦȂǼॶ ȏƷȓȝǦǆǶǐ ȖǆƷΗৄ

ǐǼǝǦǼǝॶ ƷǼǌ ǐΝǆǣƷǼǝǐ ƷǆȓȂȖȖ ȝǣǐ ȂǆǐƷǼৄƷȝǻȂȖȏǣǐȓǐ ǅȂȠǼǌƷȓΞॽऀंःॶअईॶऀँं UȓǐΗǦȂȠȖ ǐЍȂȓȝȖ ȝȂ ǆǣƷȓƷǆȝǐȓৄ

ǦΣǐ ǅǦȂǶȂǝǦǆƷǶǶΞ ȓǐǶǐΗƷǼȝ ǝǶȂǅƷǶ ȓǐȖǐȓΗȂǦȓȖ Ȃǜ ȝǣǐȖǐ ȏȂǶǶȠȝƷǼȝȖ ǣƷΗǐ ǼȂȝ ƷǆǆȂȠǼȝǐǌ ǜȂȓ ǣǐȝǐȓȂǝǐǼǐǦȝΞ ǦǼ

ȖȏƷȝǦƷǶ ǦǼȏȠȝȖ ǜȓȂǻ ȝǣǐ ƷȝǻȂȖȏǣǐȓǐ ƷǼǌ ȓǦΗǐȓȖॶ ǆǦȓǆȠǶƷȝǦȂǼ ȏƷȝȝǐȓǼȖॶ ƷǼǌ ȂǆǐƷǼ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞॽ UƷȖȝ

ȓǐȖǐƷȓǆǣ ǣƷȖ ǣΞȏȂȝǣǐȖǦΣǐǌ ȝǣƷȝ ƷǦȓৄȖǐƷ ǐΝǆǣƷǼǝǐ Ȃǜ UHUȖ ƷǼǌ ǐǻǦȖȖǦȂǼȖ ΘǦȝǣ ȖǐƷ ȖȏȓƷΞ ƷǐȓȂȖȂǶ [[�

ǻƷΞ ǅǐ Ʒ ȏƷȓȝǦǆȠǶƷȓǶΞ ǦǻȏȂȓȝƷǼȝ ȖȂȠȓǆǐ Ȃǜ ǐǻǦȖȖǦȂǼȖ ȂǼ Ʒ ǝǶȂǅƷǶ ȖǆƷǶǐॶऀःइॶऀँऄॶऀइँॶऀࣿं ǅȠȝ ȝǣǐȖǐ ЙȠΝǐȖ

Ʒȓǐ ȏȂȂȓǶΞ ǆǣƷȓƷǆȝǐȓǦΣǐǌॽ �Ȗ ȖȠǆǣॶ ǌǐǆǶǦǼǦǼǝ ƷȝǻȂȖȏǣǐȓǦǆ ƷǼǌ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǻƷΞ ȓǐৄ

ǻȂǅǦǶǦΣǐ ǆȂǼȝƷǻǦǼƷǼȝ ȓǐȖǐȓΗȂǦȓȖ ǦǼ ȝǣǐ ǌǐǐȏ ȂǆǐƷǼ ƷǼǌ ǆȂǼȝȓǦǅȠȝǐ ȝȂ Ʒ ȏȓȂǶȂǼǝǐǌ ȓǐȖǦǌǐǼǆǐ ȝǦǻǐ Ȃǜ

UHUȖ ǦǼ ȝǣǐ ǅǦȂǶȂǝǦǆƷǶǶΞ ȓǐǶǐΗƷǼȝ ȂǆǐƷǼ ǶƷΞǐȓȖ ƷǼǌ ȝǣǐ ǻƷȓǦǼǐ ǜȂȂǌ Θǐǅॽ

/Ǽ ƷǌǌǦȝǦȂǼॶ ȂǼǝȂǦǼǝ ǆǣƷǼǝǐȖ ǦǼ ȂǆǐƷǼ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞ ΘǦǶǶ ƷǶȝǐȓ ȝǣǐ ǜƷȝǐ ƷǼǌ ȝȓƷǼȖȏȂȓȝ Ȃǜ UHUȖ

ǦǼ ȝǣǐ ȂǆǐƷǼȖॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ΘƷȓǻǦǼǝ ǦǼ ȝǣǐ �ȓǆȝǦǆ ǦȖ ƷǆǆǐǶǐȓƷȝǦǼǝ ƷǼǌ ǦȖ ǻȠǆǣ ǶƷȓǝǐȓ ȝǣƷǼ ǦǼ ǻǦǌৄ

ǶƷȝǦȝȠǌǐ ǐǆȂȖΞȖȝǐǻȖॽऀऄई sǐƷǴǐǼǐǌ ǻǐȓǦǌǦȂǼƷǶ ȂΗǐȓȝȠȓǼǦǼǝ ǦȖ ǐΝȏǐǆȝǐǌ ȝȂ ȓǐȖȠǶȝ ǦǼ ǝȓǐƷȝǐȓ ǦǼȏȠȝȖ

ǜȓȂǻ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ȝȂ ȝǣǐ ǣǦǝǣ �ȓǆȝǦǆॽँँं XǦȖǦǼǝ ƷǦȓ ȝǐǻȏǐȓƷȝȠȓǐȖ ƷǼǌ ǶƷȓǝǐ ȓǐȖȠǶȝǦǼǝ ǌǐǆȓǐƷȖǐȖ

ǦǼ Ǧǆǐ ǆȂΗǐȓ Ʒȓǐ ǐΝȏǐǆȝǐǌ ȝȂ ǌȓƷǻƷȝǦǆƷǶǶΞ ȖǣǦǜȝ ƷǦȓৄȖǐƷ ǐΝǆǣƷǼǝǐ Ȃǜ ǻƷǼΞ UHUȖॽऀऄइॶऀऀࣿ �ǶǦǻƷȝǐৄǌȓǦΗǐǼ

ȖǣǦǜȝȖ ǦǼ ΘǦǼǌॶ ȏȓǐǆǦȏǦȝƷȝǦȂǼ ƷǼǌ Ʒȓǐ ǐΝȏǐǆȝǐǌ ȝȂ ȝȓǦǝǝǐȓ ǆȂǻȏǶǐΝ ǜǐǐǌǅƷǆǴ ǻǐǆǣƷǼǦȖǻȖ ǦǻȏƷǆȝǦǼǝ

ǼȠȝȓǦǐǼȝ ǌǦȖǆǣƷȓǝǐॶ ȖȝȓƷȝǦЖǆƷȝǦȂǼॶ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǌȠǆȝǦΗǦȝΞॶ ȂǆǐƷǼ ȂȖǆǦǶǶƷȝǦȂǼ ƷǼǌ ȖƷǶǦǼǦȝΞॶऀंऀ ΘǣǦǆǣ

ǣƷΗǐ ǦǻȏǶǦǆƷȝǦȂǼȖ ǜȂȓ ǅǦȂƷΗƷǦǶƷǅǦǶǦȝΞ ƷǼǌ ǻƷǝǼǦЖǆƷȝǦȂǼ Ȃǜ UHUȖ ǦǼ ǻƷȓǦǼǐ ǐǆȂȖΞȖȝǐǻȖॽ �ǶȓǐƷǌΞ ȝȂৄ

ǌƷΞॶ Θǐ ȂǅȖǐȓΗǐ ȖȂǻǐ Ȃǜ ȝǣǐ ǣǦǝǣǐȖȝ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ UHUȖ ǦǼ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼ ƷǼǌ ǆǶǦǻƷȝǦǆ ȖǣǦǜȝȖ

ΘǦǶǶ ǶǦǴǐǶΞ ǣƷΗǐ Ʒ ȖǦǝǼǦЖǆƷǼȝ ǦǻȏƷǆȝ ȂǼǆȂǼȝƷǻǦǼƷǼȝ ǆΞǆǶǦǼǝ ƷǼǌ ȓǐȖǦǌǐǼǆǐ ȝǦǻǐȖॽ

UȂǶΞǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖ U��Ȗ Ʒȓǐ Ʒ ǆǶƷȖȖ Ȃǜ ँࣿई ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ǆȂǻȏȂȠǼǌȖ ȝǣƷȝ Θǐȓǐ

ΘǦǌǐǶΞ ȠȖǐǌ ǦǼ ǐǶǐǆȝȓȂǼǦǆ ƷȏȏǶǦǆƷȝǦȂǼȖ ƷǼǌ ȝȓƷǼȖǦȖȝȂȓȖ ǌȠǐ ȝȂ ȝǣǐǦȓ ǣǦǝǣ ǌǦǐǶǐǆȝȓǦǆ ǆȂǼȖȝƷǼȝ ƷǼǌ ǶȂΘ

ЙƷǻǻƷǅǦǶǦȝΞॽ bǣǐΞ ǅǦȂƷǆǆȠǻȠǶƷȝǐ ǦǼ ǜȂȂǌ ΘǐǅȖ ƷǼǌ ȖȂǻǐ ǣƷΗǐ ǅǐǐǼ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ǆƷǼǆǐȓॶ ǼǐȠȓȂৄ

ँ



ȝȂΝǦǆǦȝΞॶ ǐǼǌȂǆȓǦǼǐ ƷǼǌ ȝǣΞȓȂǦǌ ǌǦȖȂȓǌǐȓȖॽँंॶँःॶऀऄऄ U��Ȗ Θǐȓǐ ǅƷǼǼǐǌ ǜȓȂǻ ȏȓȂǌȠǆȝǦȂǼ ǦǼ ȝǣǐ e[ ǦǼ

ऀईआई ƷǼǌ Θǐȓǐ ǦǼǆǶȠǌǐǌ ƷǻȂǼǝ ȝǣǐ ȂȓǦǝǦǼƷǶ ऀँ ǆǣǐǻǦǆƷǶȖ ǶǦȖȝǐǌ ǅΞ ȝǣǐ [ȝȂǆǴǣȂǶǻ �ȂǼΗǐǼȝǦȂǼॽ �Ȗ

ǼǐȠȝȓƷǶ UHUȖ ΘǦȝǣ ȖȝȓȂǼǝ ȏƷȓȝǦǆǶǐ ƷАǼǦȝΞ ȝǣǐΞ ȓǐȏȓǐȖǐǼȝ ǦǌǐƷǶ ǅǐǼǆǣǻƷȓǴǦǼǝ ǆȂǻȏȂȠǼǌȖ ȝȂ ǅǐȝȝǐȓ

ȠǼǌǐȓȖȝƷǼǌ ǣȂΘ ȝǣǐ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ǼǐȠȝȓƷǶ ǣΞǌȓȂȏǣȂǅǦǆ UHUȖ ǦǼ ȖǐƷΘƷȝǐȓ ǦȖ ƷЍǐǆȝǐǌ ǅΞ ΗƷȓǦƷǅǦǶǦȝΞ

ǦǼ ȂǆǐƷǼ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞॽ bǣǐ ΗƷȓǦƷǅǶǐ ȏǣΞȖǦǆƷǶৄǆǣǐǻǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖ ƷǆȓȂȖȖ U�� ǆȂǼǝǐǼǐȓȖ ǐǼƷǅǶǐȖ

ǐΝȏǶȂȓǦǼǝ ȝǣǐ ǦǻȏƷǆȝ Ȃǜ ǆǶǦǻƷȝǐǌȓǦΗǐǼ ǆǣƷǼǝǐȖ ǦǼ ȖȠȓǜƷǆǐ ȝǐǻȏǐȓƷȝȠȓǐȖॶ ȖǐƷ Ǧǆǐ ǆȂΗǐȓॶ ƷǼǌ ȂǆǐƷǼ

ǆǦȓǆȠǶƷȝǦȂǼ ƷǆȓȂȖȖ Ʒ ȓƷǼǝǐ Ȃǜ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝȖ ƷǼǌ ΗȂǶƷȝǦǶǦȝǦǐȖॽ

bǣǐ ȏƷȖȝ ȝΘȂ ǌǐǆƷǌǐȖ ǣƷΗǐ ȖǐǐǼ ȝǣǐ ǐǻǐȓǝǐǼǆǐ Ȃǜ ȏȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ

U$�[ॶ ΘǣǦǆǣ Ʒȓǐ ȏȂȝǐǼȝ ǦǻǻȠǼǐ ȖȠȏȏȓǐȖȖƷǼȝȖ ǌǐȝǐǆȝƷǅǶǐ ǦǼ ΗǦȓȝȠƷǶǶΞ ƷǶǶ ǣȠǻƷǼ ȏȂȏȠǶƷȝǦȂǼȖ ƷǼǌ

ΘǦǶǌǶǦǜǐ ǦǼ ȓǐǻȂȝǐ ȓǐǝǦȂǼȖ ȖȠǆǣ ƷȖ ȝǣǐ �ȓǆȝǦǆॽऀࣿइॶऀआॶऀअࣿॶऀइई U$�[ ǣƷΗǐ ǆȂǼȝȓƷȖȝǦǼǝ ȏǣΞȖǦǆƷǶৄǆǣǐǻǦǆƷǶ

ȏȓȂȏǐȓȝǦǐȖ ȝȂ ǼǐȠȝȓƷǶ UHUȖॽ bǣǐΞ Ʒȓǐ ǅȂȝǣ ǣΞǌȓȂȏǣȂǅǦǆ ƷǼǌ ȂǶǐȂȏǣȂǅǦǆॶ ƷǼǌ ȖȂǻǐॶ ȖȠǆǣ ƷȖ ȏǐȓЙȠৄ

ȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$H[ॶ Ʒȓǐ ȏȓǐȖǐǼȝ ƷȖ ȖȝƷǅǶǐ ƷǼǦȂǼȖ ǦǼ ȖȂǶȠȝǦȂǼ ƷǼǌ Ʒȓǐ ǼȂȝ ǴǼȂΘǼ ȝȂ ǌǐǝȓƷǌǐ

ǦǼ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॽ BƷȓǦǼǐ ȖǐƷǜȂȂǌ ǦȖ ƷǼ ǦǻȏȂȓȝƷǼȝ ǐΝȏȂȖȠȓǐ ȖȂȠȓǆǐ Ȃǜ U$�[ ǜȂȓ ǆȂƷȖȝƷǶ ǆȂǻǻȠৄ

ǼǦȝǦǐȖॶऄअ ǌȓǦΗǦǼǝ ȓǐȖǐƷȓǆǣ ǐЍȂȓȝȖ ȝȂ ȒȠƷǼȝǦǜΞ U$�[ ǅǦȂƷǆǆȠǻȠǶƷȝǦȂǼ ǦǼ ǻƷȓǦǼǐ ȂȓǝƷǼǦȖǻॽऀअࣿ U$H[

ǦȖ Ȃǜ ȏƷȓȝǦǆȠǶƷȓ ǆȂǼǆǐȓǼ ǌȠǐ ȝȂ ǦȝȖ ǶȂǼǝ ǐǶǦǻǦǼƷȝǦȂǼ ȝǦǻǐ ǦǼ ȂȓǝƷǼǦȖǻȖॽऀःई UȓȂǌȠǆȝǦȂǼ Ȃǜ ȝǣǐ U$H[

ȏƷȓǐǼȝ ǆȂǻȏȂȠǼǌ UH[$ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐȖȠǶǜȂǼΞǶ ЙȠȂȓǦǌǐ ƷǼǌ ǦȝȖ ȏȓǐǆȠȓȖȂȓȖ ΘƷȖ ȏǣƷȖǐǌ ȂȠȝ ǅǐৄ

ȝΘǐǐǼ ँࣿࣿࣿৄँࣿࣿँॶ ǶǐƷǌǦǼǝ ȝȂ ǶƷȓǝǐ ȓǐǌȠǆȝǦȂǼȖ ǦǼ ȓǐǶǐƷȖǐȖ ǦǼ �ȠȓȂȏǐ ƷǼǌ CȂȓȝǣ �ǻǐȓǦǆƷॽऀंईॶऀऄࣿ �Ξ

ǆȂǼȝȓƷȖȝॶ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǣƷΗǐ ǼȂȝ ǌǐǆǶǦǼǐǌ ȖǦǻȠǶȝƷǼǐȂȠȖǶΞॶ ǐȖȏǐǆǦƷǶǶΞ ǦǼ ȓǐǻȂȝǐ ȓǐৄ

ǝǦȂǼȖ Θǣǐȓǐ ǦǼǆȓǐƷȖǦǼǝ ȝȓǐǼǌȖ ǣƷΗǐ ǅǐǐǼ ȂǅȖǐȓΗǐǌ ǦǼ ȖȂǻǐ ǻǐǌǦƷ ƷǼǌ ȂȓǝƷǼǦȖǻȖॽऀऀःॶँऀँ [Ȃǻǐ ȖȝȠǌǦǐȖ

ǣƷΗǐ ȖȠǝǝǐȖȝǐǌ Ʒ ȏȂȝǐǼȝǦƷǶ ǦǼǆȓǐƷȖǐ ǦǼ ȓǐǶǐƷȖǐȖ ǜȓȂǻ �ȖǦƷ ƷǼǌ [ȂȠȝǣ �ǻǐȓǦǆƷऀऄअॶआई ƷǼǌ ƷȝǻȂȖȏǣǐȓǦǆ

ȝȓƷǼȖȏȂȓȝ Ȃǜ ȏȓǐǆȠȓȖȂȓ ȖȠǅȖȝƷǼǆǐȖ ǻƷΞ ǐΝȏǶƷǦǼ ǆȂǼȝǦǼȠǐǌ ǐǶǐΗƷȝǐǌ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ȂǅȖǐȓΗǐǌ ǦǼ ȏȂǶƷȓ

ƷǼǌ Ȃȝǣǐȓ ȓǐǻȂȝǐ ȓǐǝǦȂǼȖॽऀःॶआं BȂȓǐ ȓǐǆǐǼȝǶΞॶ ȖǐƷ ȖȏȓƷΞ ƷǐȓȂȖȂǶȖ [[� ǣƷΗǐ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ǅǐ ǻƷǼΞ

ȝǣȂȠȖƷǼǌǜȂǶǌ ǐǼȓǦǆǣǐǌ ǦǼ U$H[ ƷǼǌ ȝȓƷǼȖȏȂȓȝ ǻǐǌǦƷȝǐǌ ǅΞ [[� ǣƷȖ ǅǐǐǼ ȖȠǝǝǐȖȝǐǌ ƷǼ ǦǻȏȂȓȝƷǼȝ

ȝȓƷǼȖȏȂȓȝ ΗǐǆȝȂȓ ȝȂ ȓǐǻȂȝǐ ȓǐǝǦȂǼȖॽऀࣿंॶंँ

bǣǐ ǼȂǼৄǶǦǼǐƷȓ ȏȓȂȏƷǝƷȝǦȂǼ Ȃǜ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȓǐǶǐƷȖǐȖ ƷǆȓȂȖȖ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǻǐǌǦƷॶ ǐǆȂȖΞȖȝǐǻȖ

ं



ƷǼǌ ǣȠǻƷǼ ǐΝȏȂȖȠȓǐ ȏȂȖǐȖ Ʒ ǆǣƷǶǶǐǼǝǐ ȝȂ ǦǼȝǐȓǼƷȝǦȂǼƷǶ ǆȂǼΗǐǼȝǦȂǼȖ ƷǦǻǦǼǝ ȝȂ ǆȂǼȝȓȂǶ ȏȂǶǶȠȝƷǼȝ

ȓǐǶǐƷȖǐȖॽ /ǻȏƷǆȝ ǐΗƷǶȠƷȝǦȂǼȖ Ȃǜ ȖȠǆǣ ȓǐǝȠǶƷȝǦȂǼȖ ȓǐǶΞ ȂǼ ȝǣǐ ƷȖȖȠǻȏȝǦȂǼ Ȃǜ ǆƷȠȖƷǶॶ ƷǼǌ ȂǜȝǐǼ ǶǦǼǐƷȓॶ

ǶǦǼǴȖ ǅǐȝΘǐǐǼ ǌǐǆǶǦǼǦǼǝ ȏȂǶǶȠȝƷǼȝ ȓǐǶǐƷȖǐȖ ǦǼ ȓǐȖȏȂǼȖǐ ȝȂ ȓǐǝȠǶƷȝǦȂǼ ƷǼǌ ǣȠǻƷǼ ƷǼǌ ǐǼΗǦȓȂǼǻǐǼȝƷǶ

ǻȂǼǦȝȂȓǦǼǝ ǌƷȝƷॽ �ȖȝƷǅǶǦȖǣǦǼǝ ȖȠǆǣ ǶǦǼǴȖ ǦȖ ǐȖȏǐǆǦƷǶǶΞ ǌǦАǆȠǶȝ ΘǣǐǼ ǻȂΗǦǼǝ ǜȓȂǻ ȝǣǐ ǝǶȂǅƷǶ Ǧॽǐॽ

ȓǐǶǐƷȖǐȖॶ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȝȓƷǼȖȏȂȓȝ ȏȓȂǆǐȖȖǐȖ ȝȂ ȝǣǐ ǶȂǆƷǶ ȖǆƷǶǐ Ǧॽǐॽ ǅǦȂƷǆǆȠǻȠǶƷȝǦȂǼ ǦǼ ǶȂǆƷǶ ǐǆȂȖΞȖৄ

ȝǐǻȖॶ ǣȠǻƷǼ ǐΝȏȂȖȠȓǐॽ �Ȗ ȖȠǆǣॶ ȝǣǐ ǆȂǻȏǶǐΝǦȝΞ Ȃǜ ȝǣǐ ǣȠǻƷǼৄǐǼΗǦȓȂǼǻǐǼȝƷǶ ȖΞȖȝǐǻ ǣƷȖ ǶǦǻǦȝǐǌ

ȂȠȓ ƷǅǦǶǦȝΞ ȝȂ ƷȝȝȓǦǅȠȝǐ ȂǅȖǐȓΗǐǌ ȏƷȝȝǐȓǼȖ ǦǼ ǣȠǻƷǼ ǐΝȏȂȖȠȓǐ ǌƷȝƷ ȝȂ ǆǣƷǼǝǐȖ ǦǼ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȓǐৄ

ǶǐƷȖǐȖ ƷǼǌ ƷȖȖǐȖȖ Θǣǐȝǣǐȓ ǐΝǦȖȝǦǼǝ ȓǐǝȠǶƷȝǦȂǼȖ Ʒȓǐ ǐЍǐǆȝǦΗǐ Ʒȝ ȏȓȂȝǐǆȝǦǼǝ ȏȠǅǶǦǆ ǣǐƷǶȝǣॽ

/Ǽ ȝǣǦȖ ΘȂȓǴॶ / ȏȓǐȖǐǼȝ ǝǶȂǅƷǶ ंৄ� ȖǦǻȠǶƷȝǦȂǼȖ ǜȂȓ ǜȂȠȓ ǼǐȠȝȓƷǶ U��Ȗ ƷǼǌ U$H[ ǐǻǅǐǌǌǐǌ ǦǼ ȝǣǐ

B/b ǝǐǼǐȓƷǶ ǆǦȓǆȠǶƷȝǦȂǼ ǻȂǌǐǶॽ /Ǽ �ǣƷȏȝǐȓ ऀॶ / ǦǼΗǐȖȝǦǝƷȝǐ ǣȂΘ ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼॶ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂৄ

ǌȠǆȝǦΗǦȝΞ ƷǼǌ ȏƷȓȝǦǆǶǐ ǐΝȏȂȓȝ ЙȠΝǐȖ ƷЍǐǆȝ ȓǐȖǦǌǐǼǆǐ ȝǦǻǐȖ Ȃǜ U��Ȗ ǦǼ ǅǦȂǶȂǝǦǆƷǶǶΞ ȓǐǶǐΗƷǼȝ ȓǐǝǦȂǼȖ

ƷǼǌ ȝǣǐ ȏȂȝǐǼȝǦƷǶ Ȃǜ ǻƷȓǦǼǐ ȓǐȖǐȓΗȂǦȓȖ ȝȂ ǜȠǼǆȝǦȂǼ ƷȖ ȖǐǆȂǼǌƷȓΞ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȖȂȠȓǆǐȖ ǦǼ ƷǼ ǐȓƷ Ȃǜ

ǌǐǆǶǦǼǦǼǝ ȏȓǦǻƷȓΞ ǐǻǦȖȖǦȂǼȖॽ /Ǽ �ǣƷȏȝǐȓ ँॶ / ǌǐΗǐǶȂȏ ƷǼ ǦǼΗǐǼȝȂȓΞ ǜȂȓ U$H[ ǦǼȏȠȝȖ ȝȂ ǝǶȂǅƷǶ ȂǆǐƷǼȖ

ǜȓȂǻ ȓǦΗǐȓǦǼǐ ƷǼǌ ƷȝǻȂȖȏǣǐȓǦǆ ȖȂȠȓǆǐȖ ǆȂǼȖȝȓƷǦǼǐǌ ǅΞ ǝǶȂǅƷǶ ȂǆǐƷǼ ȂǅȖǐȓΗƷȝǦȂǼȖॽ / Ʒǌǌ ȝȓƷǼȖȏȂȓȝ

ΘǦȝǣ [[� ȝȂ ȝǣǐ ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼ ƷǼǌ ǦǼΗǐȖȝǦǝƷȝǐ ȝǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ǌǐȏȂȖǦȝǦȂǼ Ȃǜ U$H[ ȂΝǦǌǦΣǐǌ

ǜȓȂǻ ȏȓǐǆȠȓȖȂȓ ȖȠǅȖȝƷǼǆǐȖ ƷǼǌ ȝȓƷǼȖȏȂȓȝ ΘǦȝǣ [[� ǜȂȓ ȂǅȖǐȓΗǐǌ ȂǆǐƷǼ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॽ

$ǦǼƷǶǶΞॶ ǦǼ �ǣƷȏȝǐȓ ंॶ / ƷȏȏǶΞ ȝǣǐ U$H[ ȖǦǻȠǶƷȝǦȂǼ ȝȂ ǐΝȏǶȂȓǐ ȝǣǐ ǦǻȏƷǆȝ Ȃǜ ȓǐǝȠǶƷȝǦȂǼ ȂǼ U$H[

ǐΝȏȂȖȠȓǐ ǦǼ Ʒ ȖȠǅȖǦȖȝǐǼǆǐ ЖȖǣǦǼǝ ǆȂǻǻȠǼǦȝΞ ǦǼ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆॽ / ȏȓȂȏƷǝƷȝǐ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǆȂǼৄ

ǆǐǼȝȓƷȝǦȂǼȖ ȝǣȓȂȠǝǣ ȝǣǐ ǜȂȂǌ Θǐǅ Ȃǜ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ȏǦǶȂȝ ΘǣƷǶǐ ƷǼǌ ǌǐǆȂǼȖȝȓȠǆȝ ȝǣǐ ǆȂǼȝȓǦǅȠৄ

ȝǦȂǼ Ȃǜ ǆǣƷǼǝǦǼǝ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ȝȓǐǼǌȖ ƷǼǌ ǌǦǐȝƷȓΞ ǆǣƷǼǝǐȖ ȂǼ ǐΝȏȂȖȠȓǐ ȏƷȝȝǐȓǼȖ ȂǅȖǐȓΗǐǌ

ǦǼ ǣȠǻƷǼ ǅǦȂǻȂǼǦȝȂȓǦǼǝ ǌƷȝƷ ǆȂǶǶǐǆȝǐǌ ǦǼ ȝǣȓǐǐ ǆǣǦǶǌȓǐǼ ǆȂǣȂȓȝȖ ȂǼ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖॽ sǦȝǣ ȝǣǦȖ

ǆƷȖǐ ȖȝȠǌΞॶ / ǌǐǻȂǼȖȝȓƷȝǐ ǣȂΘ ǝǶȂǅƷǶ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ ǻȂǌǐǶǦǼǝ ǆƷǼ ǅǐ ǦǼȝǐǝȓƷȝǐǌ ΘǦȝǣ ǶȂǆƷǶ ǐǆȂȖΞȖৄ

ȝǐǻǻȂǌǐǶȖ ƷǼǌ ǣȠǻƷǼ ǅǦȂǻȂǼǦȝȂȓǦǼǝ ǌƷȝƷ ȝȂ ǆǶȂȖǐ ǦǻȏȂȓȝƷǼȝ ǝƷȏȖ ǦǼ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǻȂǼǦȝȂȓǦǼǝ

ƷǼǌ ȒȠƷǼȝǦǜΞ ƷΗȂǦǌǐǌ ǐΝȏȂȖȠȓǐȖ ȝȂ UHUȖॽ $ǦǼƷǶǶΞॶ / ǦǌǐǼȝǦǜΞ ǴǐΞ ȖȂȠȓǆǐȖ Ȃǜ ȠǼǆǐȓȝƷǦǼȝΞ ȝǣƷȝ Ǽǐǐǌ ȝȂ

ǅǐ ǆȂǼȖǦǌǐȓǐǌ ΘǣǐǼ ǐǻȏǶȂΞǦǼǝ ǻȂǼǦȝȂȓǦǼǝ ǌƷȝƷ ǜȂȓ ȓǐǝȠǶƷȝȂȓΞ ǦǻȏƷǆȝ ǐΗƷǶȠƷȝǦȂǼȖॽ

ः



1
� ǝǶȂǅƷǶ ंৄ� ȂǆǐƷǼ ǻȂǌǐǶ ǜȂȓ

ȏȂǶΞǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖ U��Ȗॵ

�ǐǼǆǣǻƷȓǴ ǆȂǻȏȂȠǼǌȖ ǜȂȓ ȠǼǌǐȓȖȝƷǼǌǦǼǝ

ȝǣǐ ǦǻȏƷǆȝȖ Ȃǜ ǝǶȂǅƷǶ ǆǣƷǼǝǐ ȂǼ ǼǐȠȝȓƷǶ

ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ

XӏԌԏԀӋԞӅӏӋԫӢԚӟ ԌӏԏӸӢԓԓӢԀӹ әԏԀӸ৭ �ॽ �ॽ sƷǝǼǐȓॶ ,ॽ Bॽ �ǻȂȖॶ �ॽ Uॽ bǣƷǆǴȓƷΞॶ yॽ ~ǣƷǼǝॶ �ॽ

sॽ =ȠǼǌǝȓǐǼॶ %ॽ $Ȃȓǝǐȝॶ �ॽ =ॽ $ȓǦǐǌǻƷǼॶ Cॽ �ॽ [ǐǶǦǼॶ Xॽ =ȂǣǻƷǼǼॶ ƷǼǌ �ॽ Bॽ [ȠǼǌǐȓǶƷǼǌ ँࣿऀईॽ

%ȕȡǤǖȕ �ȅȡǼǯȡǥȂǯȚȅǥǖȕ �ͤǥȕǯȵॶ ंंॶ ंॶ Uȏॽ ःअईৄःइऀॽ �ȂȏΞȓǦǝǣȝ ૮ ँࣿऀई :ȂǣǼsǦǶǐΞ ƷǼǌ [ȂǼȖॽ

ऄ



ऀ৷ऀ /ӹԚԏԀӋԞӅԚӢԀӹ

,ȠǻƷǼ ƷǆȝǦΗǦȝǦǐȖ ȓǐǶǐƷȖǐ ǶƷȓǝǐ ǼȠǻǅǐȓȖ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ UHUȖ ȝȂ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॶ

ǣȠǼǌȓǐǌȖ Ȃǜ ΘǣǦǆǣ Ʒȓǐ ǴǼȂΘǼ ȝȂ ǅǐ ȏǐȓȖǦȖȝǐǼȝॶ ǅǦȂƷǆǆȠǻȠǶƷȝǐ ǦǼ ǜȂȂǌ ΘǐǅȖॶ ƷǼǌ ǻƷΞ ȏȂȖǐ ǣǐƷǶȝǣ

ȓǦȖǴȖ ȝȂ ǐΝȏȂȖǐǌ ΘǦǶǌǶǦǜǐ ƷǼǌ ǣȠǻƷǼȖॽऀअइ bǣǐ ȂǆǐƷǼ ǦȖ Ʒ ȝǐȓǻǦǼƷǶ ȖǦǼǴ ǜȂȓ ǻƷǼΞ Ȃǜ ȝǣǐȖǐ ǆǣǐǻǦǆƷǶȖॶ

ȖȂǻǐ Ȃǜ ΘǣǦǆǣ Ʒȓǐ ȓǐǝȠǶƷȝǐǌ ǦǼȝǐȓǼƷȝǦȂǼƷǶǶΞ ȠǼǌǐȓ ȝǣǐ [ȝȂǆǴǣȂǶǻ �ȂǼΗǐǼȝǦȂǼॽऀँंॶऀईअ BȠǶȝǦǻǐǌǦƷ

ǅȂΝ ǻȂǌǐǶȖ ǣƷΗǐ ǅǐǐǼ ƷȏȏǶǦǐǌ ȝȂ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌ ȝǣǐ ǝǶȂǅƷǶ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǜƷȝǐ Ȃǜ ǆȂǻȏȂȠǼǌȖ

ΘǦȝǣ ǌǦЍǐȓǐǼȝ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝȖ ƷǼǌ ΗȂǶƷȝǦǶǦȝǦǐȖॽऀंॶऀंंॶऀअईॶँࣿः ,ȂΘǐΗǐȓॶ ǐЍǐǆȝȖ Ȃǜ ǆǶǦǻƷȝǐৄǌȓǦΗǐǼ ΗƷȓǦৄ

ƷǅǦǶǦȝΞ ǦǼ ȂǆǐƷǼ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞ ȂǼ UHUȖ Ʒȓǐ ȏȂȂȓǶΞ ǆǣƷȓƷǆȝǐȓǦΣǐǌॽऀࣿ [Ƞǆǣ ƷǼ ƷǼƷǶΞȖǦȖ ǦȖ ǐǼƷǅǶǐǌ

ǅΞ ȖƷȝǐǶǶǦȝǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ƷǼǌ ȂǆǐƷǼ ȖȝƷȝǐ ǐȖȝǦǻƷȝǐȖ ǦǼǆȂȓȏȂȓƷȝǐǌ ǦǼȝȂ �Ʒȓȝǣ ȖΞȖȝǐǻȖ ǻȂǌǐǶȖॽ ,ǐȓǐ

Θǐ ǌǐΗǐǶȂȏ Ʒ ंৄ� ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼ ǜȂȓ ȏȂǶΞǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖ U��Ȗ ΘǦȝǣǦǼ ȖȠǆǣ Ʒ ǻȂǌǐǶ ȝǣǐ

B/bǝǆǻ ȝȂ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌ ǣȂΘ ΗƷȓǦƷǅǦǶǦȝΞ ǦǼ ȂǆǐƷǼ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞ ƷЍǐǆȝȖ ȝǣǐ ȝȓƷǼȖȏȂȓȝॶ ƷǆǆȠৄ

ǻȠǶƷȝǦȂǼ ƷǼǌ ȓǐǻȂΗƷǶ Ȃǜ ǣΞǌȓȂȏǣȂǅǦǆ ǼǐȠȝȓƷǶ UHUȖॽ U��Ȗ Ʒȓǐ Ʒ ǆǶƷȖȖ Ȃǜ ँࣿई ǆǣǶȂȓǦǼƷȝǐǌ ƷȓȂǻƷȝǦǆ

ǆȂǻȏȂȠǼǌȖ ȝǣƷȝ Θǐȓǐ ȠȖǐǌ ǐΝȝǐǼȖǦΗǐǶΞ ǦǼ ǦǼǌȠȖȝȓǦƷǶ ǐȒȠǦȏǻǐǼȝ ƷǼǌ ǆȂǼȖȠǻǐȓ ȏȓȂǌȠǆȝȖ ȏȓǦȂȓ ȝȂ Ʒ

ǝǶȂǅƷǶ ȏǣƷȖǐ ȂȠȝ ǦǼ ȝǣǐ ऀईआࣿȖॽँऀॶँँ U�� ǐǻǦȖȖǦȂǼȖ ȏǐƷǴǐǌ ǆƷॽ ऀईआࣿ Ʒȝ ƷȏȏȓȂΝǦǻƷȝǐǶΞ ंࣿࣿࣿBǝ Ʒ−

ǅǐǜȂȓǐ ȝǣǐΞ Θǐȓǐ ȏǣƷȖǐǌ ȂȠȝ ǦǼ ǻȂȖȝ ȓǐǝǦȂǼȖ ǝǶȂǅƷǶǶΞ ƷǼǌ ȝǣǐΞ ǣƷΗǐ ȖȠǅȖǐȒȠǐǼȝǶΞ ǌǐǆǶǦǼǐǌ ȝȂ ȖǐΗǐȓƷǶ

ǣȠǼǌȓǐǌBǝ Ʒ− ǆƷॽ ँࣿऀࣿॽँऀॶँँ �ȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ǦȖ ȝǣǐ ǻƷǦǼ ȖȂȠȓǆǐ Ȃǜ U��Ȗ ȝȂ ȝǣǐ ǝǶȂǅƷǶ

ȂǆǐƷǼȖॶ ƷǼǌ ȓǦΗǐȓȖ Ʒȓǐ Ʒ ǻǦǼȂȓ ǆȂǼȝȓǦǅȠȝȂȓॽऀࣿअॶऀऀंॶँࣿः ,Ǧǝǣ U�� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ǆȓȠȖȝƷǆǐƷǼȖ ǜȓȂǻ

ȝǣǐ ǌǐǐȏ UƷǆǦЖǆ HǆǐƷǼ ǦǶǶȠȖȝȓƷȝǐ ȝǣǐǦȓ ȏǐǼǐȝȓƷȝǦȂǼ ȝȂ ǐΗǐǼ ȝǣǐ ǻȂȖȝ ȓǐǻȂȝǐ ȓǐǝǦȂǼȖ Ȃǜ ȝǣǐ ȂǆǐƷǼॽऀࣿऀ

UȓǦȂȓ ΘȂȓǴ ǣƷȖ ǆǣƷȓƷǆȝǐȓǦΣǐǌ U�� ǅǐǣƷΗǦȂȓ ǦǼ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॶ ȒȠƷǼȝǦЖǐǌ ȝǣǐǦȓ ȏǣΞȖǦǆƷǶৄǆǣǐǻǦǆƷǶ

ȏȓȂȏǐȓȝǦǐȖॶ ƷǼǌ ǌǐΗǐǶȂȏǐǌ ǝǶȂǅƷǶ ȓǐǶǐƷȖǐ ǦǼΗǐǼȝȂȓǦǐȖॽँँॶंआॶआइॶऀंआॶऀआࣿ bǣǦȖ ǻƷǴǐȖ U��Ȗ ǦǌǐƷǶ ƷȖ ǅǐǼǆǣৄ

ǻƷȓǴ ǆȂǻȏȂȠǼǌȖ ǜȂȓ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌǦǼǝ ȝǣǐ ǅǐǣƷΗǦȂȓ Ȃǜ ȏǐȓȖǦȖȝǐǼȝॶ ǅǦȂƷǆǆȠǻȠǶƷȝǦΗǐ ƷǼǌ ȝȂΝǦǆ

UHUȖ ǦǼ ȝǣǐ ȂǆǐƷǼ ƷǼǌ ǦǼȝǐȓƷǆȝǦȂǼȖ ΘǦȝǣ ǌǦЍǐȓǐǼȝ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ ȏȓȂǆǐȖȖǐȖॽ bǣǐ ǝǶȂǅƷǶ ȓǐȖǦǌǐǼǆǐ

ȝǦǻǐ ƷǼǌ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ǻƷǼΞ ȂȓǝƷǼǦǆ ǆȂǼȝƷǻǦǼƷǼȝȖ ǦȖ ƷЍǐǆȝǐǌ ǅΞ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ ǆǣƷȓƷǆȝǐȓǦȖȝǦǆȖ

Ȃǜ ȝǣǐ ȂǆǐƷǼ ȖȠǆǣ ƷȖ ȏȓȂǌȠǆȝǦΗǦȝΞॶ ȏǣȂȝȂǆǣǐǻǦȖȝȓΞॶ ǆǦȓǆȠǶƷȝǦȂǼॶ ȖȠȖȏǐǼǌǐǌ ȏƷȓȝǦǆǶǐ ǌΞǼƷǻǦǆȖॶ ƷǼǌ

अ



ȖǐƷৄǦǆǐ ǆȂΗǐȓॽऀँँॶऀआࣿॶऀआई �Ȃȝǣ ǐΗƷȖǦȂǼ ƷǼǌ ȏƷȓȝǦǆǶǐ ȖǆƷΗǐǼǝǦǼǝ ǆƷǼ ȓǐǻȂΗǐ ȂȓǝƷǼǦǆ ǆǣǐǻǦǆƷǶȖ ǜȓȂǻ ȝǣǐ

ȖȠȓǜƷǆǐ ȂǆǐƷǼॽअई �ǣǐǻǦǆƷǶȖ ǐΗƷǌǐǌ ǜȓȂǻ ȝǣǐ ȂǆǐƷǼ ȝȂ ȝǣǐ ƷȝǻȂȖȏǣǐȓǐ ΘǦǶǶ ǅǐ ȓǐǌǐȏȂȖǦȝǐǌ ǐǶȖǐΘǣǐȓǐ

ƷǼǌ ȝǣȠȖ ǣƷΗǐ ƷǼ ǐΝȝǐǼǌǐǌ ǶǦǜǐȝǦǻǐ ǦǼ ȝǣǐ ǅǦȂȖȏǣǐȓǐॽ �ǣǐǻǦǆƷǶȖ ΘǦȝǣ Ʒ ȖȝȓȂǼǝǐȓ ȏȓȂȏǐǼȖǦȝΞ ȝȂ ȖȂȓǅ

ȝȂ ȏƷȓȝǦǆǶǐȖ ΘǦǶǶ ǣƷΗǐ Ʒ ȖǣȂȓȝǐȓ ǶǦǜǐȝǦǻǐ ǦǼ ǅǦȂǶȂǝǦǆƷǶǶΞ ȓǐǶǐΗƷǼȝ ǆȂǻȏȂǼǐǼȝȖ Ȃǜ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝ ǌȠǐ

ȝȂ ǜƷȖȝǐȓ ǅȠȓǦƷǶ ƷǼǌ ȖǐȒȠǐȖȝȓƷȝǦȂǼॽ bǣȠȖॶ ȝǣǐ ȓǐǶƷȝǦΗǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ǐΗƷȖǦȂǼ ƷǼǌ ȖȂȓȏȝǦȂǼ ȝȂ ȏƷȓȝǦǆǶǐȖ

ǦȖ ǐȖȖǐǼȝǦƷǶ ǜȂȓ ȠǼǌǐȓȖȝƷǼǌǦǼǝ ǆǣǐǻǦǆƷǶ ǜƷȝǐ ƷǼǌ ǶǦǜǐȝǦǻǐ ǦǼ ȝǣǐ ȂǆǐƷǼॽ bǣǐ ǅƷǶƷǼǆǐ ǅǐȝΘǐǐǼ ȝǣǐȖǐ

ȏȓȂǆǐȖȖǐȖ ǌǐȏǐǼǌȖ ȂǼ ǅȂȝǣ ȝǣǐ ȏǣΞȖǦǆƷǶৄǆǣǐǻǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ ȏȂǶǶȠȝƷǼȝȖ ƷȖ ΘǐǶǶ ƷȖ ǐǆȂȖΞȖȝǐǻ ǆȂǼǌǦৄ

ȝǦȂǼȖ ȖȠǆǣ ƷȖ ȏȓȂǌȠǆȝǦΗǦȝΞॶ ȝǐǻȏǐȓƷȝȠȓǐॶ ΘǦǼǌৄȖȏǐǐǌ ƷǼǌ ȝȠȓǅȠǶǐǼǆǐ ॽँँࣿ bǣǐ ǻƷǦǼ ȂǅǱǐǆȝǦΗǐ Ȃǜ ȝǣǦȖ

ȖȝȠǌΞ ǦȖ ȝȂ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌ ǣȂΘ ȝǣǐ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ǼǐȠȝȓƷǶ ǣΞǌȓȂȏǣȂǅǦǆ UHUȖ ǦǼ ȖǐƷΘƷȝǐȓ ǦȖ Ʒǜৄ

ǜǐǆȝǐǌ ǅΞ ΗƷȓǦƷǅǦǶǦȝΞ ǦǼ ȂǆǐƷǼ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞॽ sǐ ǌǐΗǐǶȂȏ Ʒ ंৄ� ǝǶȂǅƷǶ ȖǦǻȠǶƷȝǦȂǼ ǜȂȓ U��Ȗ ΘǦȝǣǦǼ

ƷǼ ȂǆǐƷǼ ǝǐǼǐȓƷǶ ǆǦȓǆȠǶƷȝǦȂǼ ǻȂǌǐǶ B/bǝǆǻ ǜȂȓǆǐǌ ǅΞ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝȖ ǜȓȂǻ ȝǣǐ %�H[ৄ�ǣǐǻ

�ǣǐǻǦǆƷǶ bȓƷǼȖȏȂȓȝ BȂǌǐǶ �bBॽअँॶअऄ sǐ ǐΗƷǶȠƷȝǐ ȝǣǐ ǻȂǌǐǶ ƷǝƷǦǼȖȝ ȂǅȖǐȓΗƷȝǦȂǼȖ ƷǼǌ ƷȏȏǶΞ Ǧȝ

ȝȂ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌ ȝǣǐ ȓǐǶƷȝǦΗǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ǌǦЍǐȓǐǼȝ ǦǼȏȠȝ ƷǼǌ ȓǐǻȂΗƷǶ ȏȓȂǆǐȖȖǐȖॽ sǐ ǐΝȏǶȂȓǐ

ΗƷȓǦƷǅǦǶǦȝΞ ƷǆȓȂȖȖ U�� ǆȂǼǝǐǼǐȓȖ ȖȏƷǼǼǦǼǝ Ʒ ȓƷǼǝǐ Ȃǜ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝȖ ƷǼǌ ΗȂǶƷȝǦǶǦȝǦǐȖ ƷǼǌ ȠȖǐ ȂȠȓ

ȖǦǻȠǶƷȝǦȂǼ ȝȂ ǐȖȝǦǻƷȝǐ ǦǻȏƷǆȝȖ Ȃǜ ǆǶǦǻƷȝǐৄǌȓǦΗǐǼ ǆǣƷǼǝǐȖ ǦǼ ȖȠȓǜƷǆǐ ȝǐǻȏǐȓƷȝȠȓǐȖॶ ȖǐƷ Ǧǆǐ ǆȂΗǐȓ ƷǼǌ

ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ ǦǼ ȝǣǐ �ȓǆȝǦǆॶ Θǣǐȓǐ ȝǣǐ ǶƷȓǝǐȖȝ ǆǣƷǼǝǐȖ Ʒȓǐ ȂǆǆȠȓȓǦǼǝॽ

ऀ৷ँ BԀӋӏӲ �ӏԓӅԏӢԌԚӢԀӹ

ऀ৷ँ৷ऀ %ӏӹӏԏҷӲBԀӋӏӲ �ӏԓӅԏӢԌԚӢԀӹ

sǐ Ʒǌǌǐǌ ǜȂȠȓ U��Ȗ ǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶ ��ৄँइॶ ��ৄऀࣿऀॶ ��ৄऀऄंॶ ��ৄऀइࣿ ƷȖ ȝȓƷǆǐȓȖ ȝȂ ȝǣǐ

BƷȖȖƷǆǣȠȖǐȝȝȖ /ǼȖȝǦȝȠȝǐ Ȃǜ bǐǆǣǼȂǶȂǝΞ ǝǐǼǐȓƷǶ ǆǦȓǆȠǶƷȝǦȂǼ ǻȂǌǐǶ B/bǝǆǻॽ bȓƷǆǐȓȖ Θǐȓǐ ȖǐǶǐǆȝǐǌ

ǜȓȂǻ ȝǣǐ ȖǐΗǐǼ ǆȂǼǝǐǼǐȓȖ ǜȓǐȒȠǐǼȝǶΞ ǻǐƷȖȠȓǐǌ ǅΞ ȝǣǐ /ǼȝǐȓǼƷȝǦȂǼƷǶ �ȂȠǼǆǦǶ ǜȂȓ ȝǣǐ �ΝȏǶȂȓƷȝǦȂǼ Ȃǜ

ȝǣǐ [ǐƷ /��[ৄआ ƷǼǌ ȓǐȏȓǐȖǐǼȝ Ʒ ȓƷǼǝǐ Ȃǜ ȏǣΞȖǦǆȂǆǣǐǻǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖॽऄऀbǣǐB/bǝǆǻ ǣƷȖ Ʒ ǣȂȓǦৄ

ΣȂǼȝƷǶ ȓǐȖȂǶȠȝǦȂǼ Ȃǜ ऀऀ ǝǶȂǅƷǶǶΞॶ ΘǦȝǣ ǣǦǝǣǐȓ ȓǐȖȂǶȠȝǦȂǼ ǦǼ ȝǣǐ �ȓǆȝǦǆ ःࣿ Ǵǻःࣿ Ǵǻ ƷǼǌ ǼǐƷȓ

आ



ȝǣǐ ǐȒȠƷȝȂȓ ࣿॽऄऀॽ /ȝ ǣƷȖ ऄࣿ ΗǐȓȝǦǆƷǶ ǶƷΞǐȓȖ ȖȏƷǼǼǦǼǝ ऄ ǻ ǦǼȝǐȓΗƷǶȖ Ʒȝ ȝǣǐ ȖȠȓǜƷǆǐ ƷǼǌ ऄࣿࣿ ǻ ǼǐƷȓ

ȝǣǐ ȂǆǐƷǼ ЙȂȂȓॽअँ �ǌΗǐǆȝǦȂǼ ƷǼǌ ǌǦЍȠȖǦȂǼ Ȃǜ U��Ȗ ǦȖ ǅƷȖǐǌ ȂǼ ȂǆǐƷǼ ȖȝƷȝǐ ǐȖȝǦǻƷȝǐȖ ǜȓȂǻ ȝǣǐ �ȖȝǦৄ

ǻƷȝǦǼǝ ȝǣǐ �ǦȓǆȠǶƷȝǦȂǼ ૫ �ǶǦǻƷȝǐ Ȃǜ ȝǣǐ HǆǐƷǼ ���HৄΗः ǆǶǦǻƷȝȂǶȂǝΞॽ [ȠȓǜƷǆǐ ǅȂȠǼǌƷȓΞ ǆȂǼǌǦৄ

ȝǦȂǼȖ ǐॽǝॽॶ ΘǦǼǌ ȖȝȓǐȖȖॶ ȖǐƷΘƷȝǐȓ ȝǐǻȏǐȓƷȝȠȓǐȖॶ ƷǼǌ ȖǐƷৄǦǆǐ ǆȂΗǐȓ ǜȓȂǻ ȝǣǐ �X�ৄ/ǼȝǐȓǦǻ ȓǐৄƷǼƷǶΞȖǦȖ

ЖǐǶǌȖ ȖȏƷǼǼǦǼǝ ऀईईँৄँࣿऀऄ ƷǼǌ ȂǆǐƷǼ ȝȓƷǼȖȏȂȓȝ ȏƷȓƷǻǐȝǐȓȖ Ʒȓǐ ȂȏȝǦǻǦΣǐǌ ǦǼ ���HৄΗः ȝȂ ȏȓȂǌȠǆǐ

Ʒ ǅǐȖȝ Жȝ ȝȂ ȅț ȵȅȼȿ ƷǼǌ ȖƷȝǐǶǶǦȝǐ ȂǅȖǐȓΗƷȝǦȂǼȖ Ȃǜ ȝǣǐ ȏǣΞȖǦǆƷǶ ȂǆǐƷǼ ȖȝƷȝǐ ƷǼǌ ȖǐƷ Ǧǆǐ ǆȂΗǐȓॽअःॶअँॶअं sǐ

ǜȂȓǆǐǌ ȝǣǐ ȂǆǐƷǼ ǻȂǌǐǶ ΘǦȝǣ ǻȂǼȝǣǶΞ ƷȝǻȂȖȏǣǐȓǦǆ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ƷǼǌ ǌǐȏȂȖǦȝǦȂǼ Ȃǜ U��Ȗ ǅǐȝΘǐǐǼ

ऀईंࣿৄँࣿऀऄ ǜȓȂǻ ȝǣǐ %�H[ৄ�ǣǐǻ ǝǶȂǅƷǶ ƷȝǻȂȖȏǣǐȓǦǆ ǻȂǌǐǶॽअऄ sǐ ƷȖȖȠǻǐǌ ǼǐǝǶǦǝǦǅǶǐ ǆȂǼǆǐǼȝȓƷৄ

ȝǦȂǼȖ Ȃǜ U��Ȗ ǦǼ ȝǣǐ ȂǆǐƷǼ ȏȓǦȂȓ ȝȂ ȝǣǐ ȂǼȖǐȝ Ȃǜ ǝǶȂǅƷǶ ȏȓȂǌȠǆȝǦȂǼ ǦǼ ऀईंࣿॽ bǣǐ %�H[ৄ�ǣǐǻ ȖǦǻȠৄ

ǶƷȝǦȂǼ ǐȖȝǦǻƷȝǐȖ ȏȓǦǻƷȓΞ ȓǐǶǐƷȖǐȖ ǅƷȖǐǌ ȂǼ ȝǣǐ ǣǦǝǣ ƷǼȝǣȓȂȏȂǝǐǼǦǆ ǐǻǦȖȖǦȂǼȖ ȖǆǐǼƷȓǦȂ ȓǐǆȂǻǻǐǼǌǐǌ

ǦǼ ȏȓǦȂȓ ΘȂȓǴ ƷǼǌ ȖȠȓǜƷǆǐ ȝǐǻȏǐȓƷȝȠȓǐॽँँॶअऄ UȓȂǱǐǆȝǐǌ ǐǻǦȖȖǦȂǼȖ ȝȂ ँࣿऀऄ Θǐȓǐ ǅƷȖǐǌ ȂǼ ǆȂǼȝǦǼȠǐǌ

ȏȓȂǌȠǆȝ ȠȖǐ ȝȓǐǼǌȖ ȖȠǝǝǐȖȝǐǌ ǅΞ ȝǣǐ ȖƷǻǐ ƷȠȝǣȂȓȖॽँँ sǐ ǼǐǝǶǐǆȝǐǌ ǦǼȏȠȝȖ ȝȂ ȝǣǐ ȂǆǐƷǼ Ȃȝǣǐȓ ȝǣƷǼ

ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ǅǐǆƷȠȖǐ Ȃȝǣǐȓ ΘȂȓǴ ȖȠǝǝǐȖȝȖ ȝǣǐΞ Ʒȓǐ ȖǻƷǶǶॽऀࣿअॶऀऀं

ऀ৷ँ৷ँ BԀӋӏӲ ԌҷԏҷӸӏԚӏԏӢԲҷԚӢԀӹ ҷӹӋ ԓӏӹԓӢԚӢԪӢԚԮ ҷӹҷӲԮԓӢԓ

�ǦȓৄȖǐƷ ǐΝǆǣƷǼǝǐ Ȃǜ U��Ȗ ΘƷȖ ǻȂǌǐǶǐǌ ȠȖǦǼǝ Ʒ ȖȝƷǼǌƷȓǌ ȝΘȂৄǶƷΞǐȓ ȝǣǦǼ ЖǶǻ ȝȓƷǼȖǜǐȓ ǻȂǌǐǶॽऀࣿः

�ǣǐǻǦǆƷǶ ǐΗƷȖǦȂǼ ǦǼ ȝǣǐ ȏȂǶƷȓ ȂǆǐƷǼȖ ǦȖ ȝǣȂȠǝǣȝ ȝȂ ǅǐ ǐǼǣƷǼǆǐǌ ǅΞ ȝȠȓǅȠǶǐǼǆǐ ǜȓȂǻ ȖǐƷ ǦǆǐৄȓƷǜȝǦǼǝॽऀँआ

sǐ ȝǣȠȖ ǌȂȠǅǶǐǌ ȝǣǐ ȏǦȖȝȂǼ ΗǐǶȂǆǦȝΞ ȂΗǐȓ ȓǐǝǦȂǼȖ ȏƷȓȝǦƷǶǶΞ ǆȂΗǐȓǐǌ ΘǦȝǣ ȖǐƷৄǦǆǐॶ ǜȂǶǶȂΘǦǼǝ ȏȓǐΗǦȂȠȖ

ΘȂȓǴॽँँः BȂǌǐǶ ȏƷȓƷǻǐȝǐȓȖ ǜȂȓ ƷǦȓৄȖǐƷ ǐΝǆǣƷǼǝǐ Ȃǜ U��Ȗ Ʒȓǐ ȏȓȂΗǦǌǐǌ ǦǼ ȝǣǐ ȖȠȏȏȂȓȝǦǼǝ ǦǼǜȂȓǻƷৄ

ȝǦȂǼ bƷǅǶǐ �ॽऀॽऄࣿॶअऄॶअआॶईईॶऀࣿःॶऀऀऀॶऀँऀॶऀःआॶऀअअॶऀआआॶऀईःॶऀईऄॶँऀऀ U��Ȗ ȓƷȏǦǌǶΞ ȓǐƷǆǣ ǐȒȠǦǶǦǅȓǦȠǻ ǅǐȝΘǐǐǼ ȝǣǐ

ǌǦȖȖȂǶΗǐǌ ƷǼǌ ȖȂǶǦǌ ȏǣƷȖǐȖ ǦǼ ȖǐƷΘƷȝǐȓॽऀइࣿ UƷȓȝǦȝǦȂǼǦǼǝ ȝȂ ȖȠȖȏǐǼǌǐǌ ȏƷȓȝǦǆǶǐȖ ΘƷȖ ȝǣǐȓǐǜȂȓǐ ȓǐȏȓǐৄ

ȖǐǼȝǐǌ ƷȖ Ʒ ȓǐΗǐȓȖǦǅǶǐ ǐȒȠǦǶǦǅȓǦȠǻ ǅƷȖǐǌ ȂǼ ƷǼ ǐǻȏǦȓǦǆƷǶǶΞ ǻǐƷȖȠȓǐǌ ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ ȏƷȓȝǦȝǦȂǼ ǆȂǐǜৄ

ЖǆǦǐǼȝ <H� ƷǌǱȠȖȝǐǌ ǜȂȓ ȝǐǻȏǐȓƷȝȠȓǐ ƷǼǌ ȖƷǶǦǼǦȝΞॽऀइࣿ bǣǐ ȏǣΞȖǦǆȂǆǣǐǻǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ ȝǣǐ ǜȂȠȓ

ǆȂǼǝǐǼǐȓȖ Ʒȓǐ ǌǐȝƷǦǶǐǌ ǦǼ ȝǣǐ ȖȠȏȏȂȓȝǦǼǝ ǦǼǜȂȓǻƷȝǦȂǼ bƷǅǶǐ �ॽंॽऀऀईॶऀअआॶऀआࣿॶँࣿः UƷȓȝǦǆǶǐ ǆȂǼǆǐǼȝȓƷৄ

ȝǦȂǼȖ ƷǼǌ ΗǐȓȝǦǆƷǶ ȝȓƷǼȖȏȂȓȝ Ȃǜ U��Ȗ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ǐΝȏȂȓȝ ЙȠΝǐȖ Θǐȓǐ ȖǦǻȠǶƷȝǐǌ ȠȖǦǼǝ ȝǣǐ ǐǆȂǶȂǝৄ

इ



ǦǆƷǶ ȖǦǻȠǶƷȝǦȂǼ ��Xs/Cৄ���H Ηः ǐǻǅǐǌǌǐǌ ΘǦȝǣǦǼ ȝǣǐ B/bǝǆǻॽ bǣǐ ǐǆȂǶȂǝǦǆƷǶ ȖǦǻȠǶƷȝǦȂǼ

ǣƷȖ ǅǐǐǼ ǌǐȖǆȓǦǅǐǌ ƷǼǌ ǐΗƷǶȠƷȝǐǌ ǐǶȖǐΘǣǐȓǐॽऄं [Ȃǻǐ ȖȂȓȏȝǦȂǼ ȝȂ ǌǦȖȖȂǶΗǐǌ ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ �H� ǦȖ

ƷǶȖȂ ǴǼȂΘǼ ȝȂ ȂǆǆȠȓ ƷǼǌ ǦȖ ȏƷȓȝǦǆȠǶƷȓǶΞ ǦǻȏȂȓȝƷǼȝ ǦǼ ȝǣǐ ǆȂƷȖȝƷǶ ǐǼΗǦȓȂǼǻǐǼȝॽँइ ,ȂΘǐΗǐȓॶ ȝΞȏǦǆƷǶ

ȖȠȓǜƷǆǐ ȂǆǐƷǼ �H� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǜȂȓ ȏǐǶƷǝǦǆ ǻƷȓǦǼǐ ȓǐǝǦȂǼȖ ऄऀৄआईઐB ƷǼǌ ȝǣǐ ǻǐƷǼ ȏƷȓȝǦȝǦȂǼ

ǆȂǐАǆǦǐǼȝ ǜȂȓ ǌǦȖȖȂǶΗǐǌ ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ ǶȂǝ <�H�ࣿॽआऀ ǶȂǝ <Hsৄࣿॽऄࣿ  ȖȠǝǝǐȖȝ ǶǐȖȖ ȝǣƷǼ ऄ Ȃǜ

U��Ȗ ΘǦǶǶ ǅǐ ǅȂȠǼǌ ǦǼ ȝǣǦȖ ȏǣƷȖǐॽँइॶऄंॶइई [ȂȓȏȝǦȂǼ ǆȂǐАǆǦǐǼȝȖ ǜȂȓ �H�ǻƷΞ ΗƷȓΞ ǌǐȏǐǼǌǦǼǝ ȂǼ

ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ ǆȂǻȏȂȖǦȝǦȂǼ ǅȠȝ ȖȠǆǣ ǌƷȝƷ Ʒȓǐ ǼȂȝ ƷΗƷǦǶƷǅǶǐ ȝȂ ȏƷȓƷǻǐȝǐȓǦΣǐ ȂȠȓ ǻȂǌǐǶ ȖǦǻȠǶƷȝǦȂǼȖ

ƷǼǌ Θǐ ȝǣȠȖ ǼǐǝǶǐǆȝ ȖȂȓȏȝǦȂǼ ȝȂ �H� ǦǼ ȂȠȓ ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼॽ sǐ ǆȂǼǌȠǆȝǐǌ ȖǐǼȖǦȝǦΗǦȝΞ ȖǦǻȠǶƷৄ

ȝǦȂǼȖ ȝȂ ǐΝȏǶȂȓǐ ȝǣǐ ǦǻȏƷǆȝȖ Ȃǜ ȠǼǆǐȓȝƷǦǼȝǦǐȖ ǦǼ <H� ΗƷǶȠǐȖॶ ȏƷȓȝǦǆǶǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॶ ǆƷȓǅȂǼ ǐΝȏȂȓȝ

ЙȠΝǐȖ ƷǼǌ ǌǐǝȓƷǌƷȝǦȂǼ ȓƷȝǐȖॽ UȓǦȂȓ ΘȂȓǴ ǣƷȖ ǣΞȏȂȝǣǐȖǦΣǐǌ ȝǣƷȝ ȖȝȓȂǼǝǐȓ ȓǐǶƷȝǦΗǐ ȖȂȓȏȝǦȂǼ ȝȂ ȂȓǝƷǼǦǆ

ǆƷȓǅȂǼ ȂǆǆȠȓȖ ǦǼ ǶȂΘ ȏȓȂǌȠǆȝǦΗǦȝΞ ǐǆȂȖΞȖȝǐǻȖ ȖȠǆǣ ƷȖ ȝǣǐ ȂȏǐǼ ȂǆǐƷǼॽऀइࣿBƷȓǦǼǐ ȏȓǦǻƷȓΞ ȏȓȂǌȠǆȝǦΗৄ

ǦȝΞ ȏȓǐǌǦǆȝǐǌ ǅΞ ȖƷȝǐǶǶǦȝǐ ǻǐƷȖȠȓǐǻǐǼȝȖ ȓƷǼǝǐȖ ǜȓȂǻ ःः ৄ ऄआ Uǝ � Ʒ−ॽ ंऀ �ȖȝǦǻƷȝǐȖ Ȃǜ ƷǼǼȠƷǶ ǐΝȏȂȓȝ

Ȃǜ ǆƷȓǅȂǼ ǜȓȂǻ ȝǣǐ ǐȠȏǣȂȝǦǆ ΣȂǼǐ ΗƷȓΞ ΘǦǌǐǶΞ ऄ ȝȂ ऀँ Uǝ � Ʒ− ƷǼǌ ȝǣǐ ȖǦǻȠǶƷȝǦȂǼ ȠȖǐǌ ǣǐȓǐ ǦȖ

ȂǼ ȝǣǐ ǶȂΘǐȓ ǐǼǌ Ȃǜ ȝǣǦȖ ȓƷǼǝǐ अ Uǝ � Ʒ−ॽऀईॶईः bǣǦȖ ȓǐȖȠǶȝȖ ǦǼ Ʒ ǶȂΘ ǅǦƷȖ ǦǼ ȏƷȓȝǦǆǶǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ

ǦǼ ȝǣǐ ȖȠǅȖȠȓǜƷǆǐ ȂǆǐƷǼॽ

sǐ ȓƷǼ ȝǣǐ ऀईंࣿৄँࣿऀऄ ȖǦǻȠǶƷȝǦȂǼ ȠȖǦǼǝ ȝǣǐ ȓƷǼǝǐ Ȃǜ ǶȂǝ <H� ΗƷǶȠǐȖ ȓǐȏȂȓȝǐǌ ǦǼ ȏȓǦȂȓ ΘȂȓǴ ऄॽइँ

ȝȂ इॽंऀ ǜȂȓ ��ৄऀऄंॶ ΘǣǦǆǣ ǦȖ ȝǣǐ ǻȂȖȝ ȏȓǐΗƷǶǐǼȝ ǆȂǼǝǐǼǐȓ ǦǼ ǻƷǼΞ ȓǐǝǦȂǼȖ Ȃǜ ȝǣǐ ȂǆǐƷǼॽईँॶऀऀईॶऀअआॶऀआईॶऀइࣿ

bǣǐ Ƞȏȏǐȓ ǅȂȠǼǌ Ȃǜ <H� ΗƷǶȠǐȖ ȓǐȏȂȓȝǐǌ ǅΞ [ȂǅǐǴ ǐȝ ƷǶॽऀइࣿ ǦȖ ǣǦǝǣǐȓ ȝǣƷǼ ȖȠȏȏȂȓȝǐǌ ǅΞ ȓǐǆǐǼȝ

ǌƷȝƷॽऀऄँॶऀइं /ȝ ǆƷǼ ǅǐ ȠȖǐǌ ȝȂ ǐΝȏǶȂȓǐ ǻȂǌǐǶ ȖǐǼȖǦȝǦΗǦȝΞ ȝȂ Ʒ ȏȂȝǐǼȝǦƷǶ ȠǼǌǐȓǐȖȝǦǻƷȝǐ ǦǼ ǆƷȓǅȂǼ ǐΝৄ

ȏȂȓȝ ȖǦǼǆǐ ǅȂȝǣ ǣǦǝǣǐȓ <H� ΗƷǶȠǐȖ ƷǼǌ ǣǦǝǣǐȓ ȏƷȓȝǦǆǶǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ΘǦǶǶ ȓǐȖȠǶȝ ǦǼ ǝȓǐƷȝǐȓ U�� ȏƷȓৄ

ȝǦȝǦȂǼǦǼǝ ȝȂ ȝǣǐ ȖȂǶǦǌ ȏǣƷȖǐॽ sǐ ǜȂȠǼǌ ȝǣǐ ǶȂΘ ƷǼǌ ǻǦǌৄȓƷǼǝǐ ΗƷǶȠǐȖ Ȃǜ <H� ǜȂȓ ��ৄऀऄं ȓǐȖȠǶȝǐǌ

ǦǼ ǻȂǌǐǶǐǌ ǌǦȖȖȂǶΗǐǌ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ȏǐƷǴȖ ईৄऀअ ȏǝ =− Ʒȝ ȝǣȓǐǐ ȝȓȂȏǦǆƷǶ �ȝǶƷǼȝǦǆ HǆǐƷǼ ȖȝƷȝǦȂǼȖ

ȝǣƷȝ ǐΝǆǐǐǌǐǌ ȝǣǐ ȓƷǼǝǐȖ Ȃǜ ǻǐƷȖȠȓǐǻǐǼȝȖ ࣿॽࣿअ ȝȂ ंॽऄ ȏǝ =− $ǦǝȠȓǐ �ॽऀॽ bǣǐ ǅǐȖȝ ǻȂǌǐǶ ȏǐȓৄ

ǜȂȓǻƷǼǆǐ ΘƷȖ ȂǅȝƷǦǼǐǌ ȠȖǦǼǝ ȝǣǐ Ƞȏȏǐȓ ईऄȼȂ ȏǐȓǆǐǼȝǦǶǐ ǆȂǼЖǌǐǼǆǐ ǶǦǻǦȝ Ȃǜ ȝǣǐ <H�ॶ ȓǐЙǐǆȝǦǼǝ ǆȂǻৄ

ǅǦǼǐǌ ǦǼЙȠǐǼǆǐȖ Ȃǜ ǣǦǝǣǐȓ U��Ȗ ȖȂȓȏȝǦȂǼ ȝȂ ȏƷȓȝǦǆǶǐȖ ȝǣƷǼ ȏȓǐǌǦǆȝǐǌ ǅΞ ȝǣǐ ǝǐȂǻǐȝȓǦǆ ǻǐƷǼ <H�

ई



ƷǼǌ ǶǦǴǐǶΞ ǣǦǝǣǐȓ ǆƷȓǅȂǼ ǐΝȏȂȓȝ ЙȠΝǐȖ ǜȓȂǻ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼॽ %ȠȖȝƷǜȖȖȂǼ ǐȝ ƷǶॽ ऀईईआ ȓǐȏȂȓȝǐǌ

U�� ȖǐȝȝǶǦǼǝ ЙȠΝǐȖ ǜȓȂǻ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ǻǦΝǐǌ ǶƷΞǐȓ Ȃǜ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ǜȂȓ ��ৄऄँॶ ��ৄऀँइॶ

ƷǼǌ ��ৄऀईः ȝǣƷȝ ȓƷǼǝǐǌ ǜȓȂǻ ࣿॽࣿँৄऀँ ȏǻȂǶ ǻ−ࣣ ǌ− ǅƷȖǐǌ ȂǼ ࣣࣤࣥbǣ ƷǼǌ U�� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ

ȖȠȖȏǐǼǌǐǌ ȏƷȓȝǦǆǶǐȖॽ bǣǦȖ ǆȂǻȏƷȓǐȖ ΘǐǶǶ ȝȂ ȂȠȓ ǻȂǌǐǶǐǌ ȓǐȖȠǶȝȖ ǜȂȓ ǌǦЍǐȓǐǼȝ ǆȂǼǝǐǼǐȓȖ ��ৄँइॶ

��ৄऀࣿऀॶ ��ৄऀऄंॶ ƷǼǌ ��ৄऀइࣿ Ȃǜ ࣿॽࣿࣿࣿँৄआ ȏǻȂǶ ǻ−ࣣ ǌ−ॽ �ǼǼȠƷǶǶΞ ƷΗǐȓƷǝǐǌ ȖǐȝȝǶǦǼǝ ЙȠΝǐȖ ǦǼ

ȝǣǦȖ ȖȝȠǌΞ Ʒȓǐ ǶȂΘǐȓ ȝǣƷǼ ȝǣȂȖǐ ȓǐȏȂȓȝǐǌ ǅΞ %ƷǶǅƸǼৄBƷǶƷǝȃǼ ǐȝ ƷǶॽ ँࣿऀँ ǜȂȓ ȝǣǐ ȏȂǶƷȓ CȂȓȝǣ �ȝৄ

ǶƷǼȝǦǆ ǌȠȓǦǼǝ ȏǐƷǴ ǅǦȂǻƷȖȖ ȏȓȂǌȠǆȝǦȂǼॽ �ȝ ȝǣǦȖ ȝǦǻǐॶ ȏƷȓȝǦǆǶǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ʒȓǐ ƷȏȏȓȂΝǦǻƷȝǐǶΞ ȂǼǐ

Ȃȓǌǐȓ Ȃǜ ǻƷǝǼǦȝȠǌǐ ǣǦǝǣǐȓ ȝǣƷǼ ȂȠȝȖǦǌǐ ȝǣǐ ȖȏȓǦǼǝৄȖȠǻǻǐȓ ȖǐƷȖȂǼॽऀइऄ UȂǶΞǆǣǶȂȓǦǼƷȝǐǌ UHUȖ ǌǐৄ

ǝȓƷǌǐ ȝǣȓȂȠǝǣ ǅȂȝǣ ȏǣȂȝȂǶΞȝǦǆ ƷǼǌ ǅǦȂǶȂǝǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ǅȠȝ ȓƷȝǐ ǌƷȝƷ Ʒȓǐ ǼȂȝ ȖȏǐǆǦЖǆƷǶǶΞ ƷΗƷǦǶƷǅǶǐ ǜȂȓ

U��Ȗॽऀॶअअॶऀआऄ �ȖȖȠǻǦǼǝ ȠǼǦǜȂȓǻ ǌǐǝȓƷǌƷȝǦȂǼ ΘǦȝǣ ǌǐȏȝǣॶ ΘǣǦǆǣ ǣƷȖ ǅǐǐǼ ȠȖǐǌ ǦǼ Ȃȝǣǐȓ ǻȂǌǐǶȖॶँࣿः

ȓǐȖȠǶȝȖ ǦǼ ǌǐǆȓǐƷȖǦǼǝ U�� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ΘǦȝǣ ǌǐȏȝǣॽ BǐƷȖȠȓǐǌ U�� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼǆȓǐƷȖǐ ΘǦȝǣ

ǌǐȏȝǣ ǦǼ ȝǣǐ ΘƷȝǐȓ ǆȂǶȠǻǼ ƷǼǌ ȏǐƷǴ ǅǐȝΘǐǐǼ ःࣿࣿ ǻ ƷǼǌ ंࣿࣿࣿ ǻ $ǦǝȠȓǐ �ॽँॽऀइॶइअॶऀइआ UȓǦȂȓ ȓǐȖǐƷȓǆǣ

ȖȠǝǝǐȖȝȖ ǻǦǆȓȂǅǦƷǶ ǌǐǝȓƷǌƷȝǦȂǼ Ȃǜ U��Ȗ ǦȖ ƷȏȏȓȂΝǦǻƷȝǐǶΞ ȂǼǐ Ȃȓǌǐȓ Ȃǜ ǻƷǝǼǦȝȠǌǐ ǶȂΘǐȓ ȝǣƷǼ ȏǣȂৄ

ȝȂǶΞȝǦǆ ǌǐǝȓƷǌƷȝǦȂǼॽऀआऄॶँँः sǐ ȝǣȠȖ ȠȖǐǌ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ǐΝȏȓǐȖȖǦȂǼ ȝȂ ȓǐȏȓǐȖǐǼȝ ǌǐǝȓƷǌƷȝǦȂǼ Ȃǜ U��Ȗ

ǦǼ ȝǣǐ ΘƷȝǐȓ ǆȂǶȠǻǼॵ

ȓǫǯǼ = (࣡.࣪
ȓ(Ǥǖȵǯ,b)
X��ȵȿȲǻ

× X��ͩ + ࣡.ȓ(Ǥǖȵǯ,b) × ǻ(ȲǯȚȅț,ͩ))× ࣡࣡

Θǣǐȓǐ ȓǤǖȵǯ,b ǦȖ ȝǣǐ ȝǐǻȏǐȓƷȝȠȓǐ ƷǌǱȠȖȝǐǌ ǌǐǝȓƷǌƷȝǦȂǼ ǅƷȖǐ ȓƷȝǐॶX��ȵȿȲǻ ƷǼǌX��ͩ Ʒȓǐ ȝǣǐ ȖǣȂȓȝৄ

ΘƷΗǐ ȓƷǌǦƷȝǦȂǼ ǦǼȝǐǼȖǦȝΞ Ʒȝ ȝǣǐ ȖȠȓǜƷǆǐ ƷǼǌ Ʒȝ ǌǐȏȝǣ ͩॶ ƷǼǌ ǻȲǯȚȅț,ͩ ǦȖ ȝǣǐ ȓǐǻǦǼǐȓƷǶǦΣǐǌ ǜȓƷǆȝǦȂǼ Ȃǜ

ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ Ʒȝ ǌǐȏȝǣ ͩॽ HȓǝƷǼǦǆ ǆƷȓǅȂǼ ȓǐǻǦǼǐȓƷǶǦΣƷȝǦȂǼ ȓƷȝǐȖ Ʒȓǐ ȠȖǐǌ ƷȖ Ʒ ȏȓȂΝΞ ǜȂȓ ǅƷǆȝǐȓǦƷǶ

ƷǆȝǦΗǦȝΞ ǦǼ ȝǣǐ ΘƷȝǐȓ ǆȂǶȠǻǼॽऄँॶँँः XǐȖȠǶȝǦǼǝ ǻȂǌǐǶǐǌ ǌǐǝȓƷǌƷȝǦȂǼ ǣƷǶǜৄǶǦΗǐȖ ǦǼ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ȝȂȏ

ऀࣿࣿࣿ ǻ ǜȂȓ ��ৄँइ ंॽइ ΞǐƷȓȖॶ ��ৄऀࣿऀ ऀࣿॽः ΞǐƷȓȖॶ ��ৄऀऄं ँࣿॽई ΞǐƷȓȖॶ ƷǼǌ ��ৄऀइࣿ ँआॽँ ΞǐƷȓȖ

Ʒǝȓǐǐ ΘǐǶǶ ΘǦȝǣ ȝǣȂȖǐ ȓǐȏȂȓȝǐǌ ǐǶȖǐΘǣǐȓǐॽआࣿॶऀआऄॶँࣿः

ऀࣿ



Figure 1.1 (following page): Modeled dissolved seawater concentrations of chlorinated biphenyl (CB)‐28, CB‐101, CB‐
153 and CB‐180 at 5 m depth in 2008. Observations collected between 2000 and 2015 are shown as circles and the
modeled year represents the mid‐point of measurements. Data sources are as follows: Arctic Ocean: Booij et al. 2014;
Galbán‐Malagón et al. 2012; Gioia et al. 2008a; Gustafsson et al. 2005; Sobek & Gustafsson2014; Sobek et al.2004,
North Atlantic Ocean: Galbán‐Malagón et al. 2012; Gioia et al. 2008b; Gioia et al. 2008b; Lohmann et al.; 2012; Sun
et al. 2016, South Atlantic Ocean: Sun et al. 2016; Booij et al. 2014; Gioia et al. 2008b; Lohmann et al. 2012; Sun et al.
2016,Mediterranean Sea: Berrojalbiz et al. 2011; Lammel et al. 2016, Pacific Ocean: Zhang & Lohmann 2010a, Indian
Ocean: Booij et al. 2014, Southern Ocean: Galbán‐Malagón et al. 2013.
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Figure 1.1: (continued)
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Figure 1.2: Comparison of modeled (2008) and observed
(2000‐2015) dissolved concentrations of chlorinated
biphenyl (CB)‐28, CB‐101, CB‐153 and CB‐180 in the
upper 1000 m of the Arctic Ocean. 18,69,77,86,179,180

$ǦǝȠȓǐ ऀॽऀ ȖǣȂΘȖ ȝǣǐ ǻȂǌǐǶǐǌ ǝǶȂǅƷǶ ǌǦȖȝȓǦǅȠৄ

ȝǦȂǼ Ȃǜ U��Ȗ ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ऄ ǻ ǌǐȏȝǣॶ

ǆƷॽ ँࣿࣿइ ǆȂǻȏƷȓǐǌ ȝȂ ǻǐƷȖȠȓǐǻǐǼȝȖ ǆȂǶǶǐǆȝǐǌ

ǅǐȝΘǐǐǼ ँࣿࣿࣿৄँࣿऀऄॽ BȂǌǐǶǐǌ ȖǐƷΘƷȝǐȓ U�� ǆȂǼৄ

ǆǐǼȝȓƷȝǦȂǼȖ Θǐȓǐ ǣǦǝǣǐȖȝ ǦǼ ȝǣǐ CȂȓȝǣǐȓǼ ,ǐǻǦৄ

Ȗȏǣǐȓǐ ǜȂȓ ƷǶǶ ǜȂȠȓ ǆȂǼǝǐǼǐȓȖ ǌȠǐ ȝȂ ȏȓȂΝǦǻǦȝΞ ȝȂ

ǣǦȖȝȂȓǦǆ ȖȂȠȓǆǐȖॽ [ǐƷΘƷȝǐȓ ǻǐƷȖȠȓǐǻǐǼȝȖ ǅǐȝΘǐǐǼ

ँࣿࣿࣿৄँࣿऀऄ Θǐȓǐ ǆǶȠȖȝǐȓǐǌ ǦǼ ȝǣǐ BǐǌǦȝǐȓȓƷǼǐƷǼ

[ǐƷ ƷǼǌ �ȓǆȝǦǆ HǆǐƷǼॶ ƷǼǌ ȖȏƷȓȖǐ ǌƷȝƷ ǣƷΗǐ ǅǐǐǼ

ǆȂǶǶǐǆȝǐǌ ǜȓȂǻ Ȃȝǣǐȓ ȂǆǐƷǼ ȓǐǝǦȂǼȖ $ǦǝȠȓǐ ऀॽऀॶ

bƷǅǶǐ �ॽःॽ bǣǐ ƷȝǻȂȖȏǣǐȓǦǆ ǻȂǌǐǶ ȠȖǐǌ ȝȂ ǜȂȓǆǐ

ȂȠȓ ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼ ǣƷȖ Ʒ ȓǐǶƷȝǦΗǐǶΞ ǆȂƷȓȖǐ ȓǐȖৄ

ȂǶȠȝǦȂǼ ःऄ ƷǼǌ ΘǣǐǼ ǆȂǻǅǦǼǐǌ ΘǦȝǣ ȝǣǐ

ǼƷȓȓȂΘ ȖǣƷȏǐ Ȃǜ ȝǣǐ BǐǌǦȝǐȓȓƷǼǐƷǼ [ǐƷ ȏȓȂǌȠǆǐȖ ƷǼȂǻƷǶȂȠȖ ǌǐȏȂȖǦȝǦȂǼ ȏƷȝȝǐȓǼȖ ǌȠǐ ȝȂ ǻȠǶȝǦȏǶǐ Ʒȝৄ
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Figure 1.3: Modeled fate of polychlorinated biphenyls released to the
global environment between 1930 and 2015 (sum of historical CB‐28,
CB‐101, CB‐153, and CB‐180 releases) and major removal processes
through degradation in the atmosphere and ocean. The 2015 atmospheric
reservoir is estimated to be <0.01% of the cumulative releases since
1930. 65,204 Bottom panels show 2015 global ocean budget of CB‐28
and CB‐153. Atmospheric deposition includes wet and dry particulate,
and wet gaseous deposition; vertical transport includes advective and
diffusive transport. Upward diffusive transport at the air‐sea boundary
denotes gross evasion and downward diffusive transport denotes gross
gaseous deposition. Superscripted asterisk (*) indicates that the terrestrial
reservoir is based on the difference between environmental releases
and cycling/loss pathways included in our analysis and does not account
for localized point sources not included in Breivik et al. (2007). CB =
chlorinated biphenyl.
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Figure 1.4: Modeled changes between 1930 and 2015 in the reser‐
voir of PCBs in the upper ocean (top 1000 m) and deep ocean
(below 1000 m to the seafloor).
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Figure 1.5: Changes in the mass distribution of chlorinated biphenyl
(CB)‐28, and CB‐153 between ocean basins between 1930 and
2015. Northern hemisphere basins are shades of blue and southern
hemisphere basins are shades of red/orange.
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ȂǆǐƷǼ ǜȓȂǻ ँࣿ Ȃǜ ȝǣǐ
∑

ࣥU��Ȗ ǦǼ

ऀईआࣿ ȝȂ ऄइ ǦǼ ँࣿऀऄ ƷǼǌ ǦȖ ǆȂǼȖǦȖȝǐǼȝ

ΘǦȝǣ ǐǼȓǦǆǣǻǐǼȝ Ȃǜ ǻȂǌǐȓƷȝǐǶΞ ǆǣǶȂȓǦৄ

ǼƷȝǐǌ ǆȂǼǝǐǼǐȓȖ ǦǼ ǻȂǌǐȓǼ ȖǐǌǦǻǐǼȝȖॽइआ

[ǣǦǜȝȖ ǦǼ ǆȂǼǝǐǼǐȓ ǆȂǻȏȂȖǦȝǦȂǼ Ƕǐǌ ȝȂ Ʒ

ंआ ǦǼǆȓǐƷȖǐ ǦǼ ǻȂǌǐǶǐǌ ǝǶȂǅƷǶ ȓǐȖǦǌǐǼǆǐ

ȝǦǻǐ Ȃǜ ȝǣǐ ȖȠǻ Ȃǜ ǜȂȠȓ U��Ȗ ǦǼ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ǅǐȝΘǐǐǼ ऀईआࣿ ƷǼǌ ँࣿऀऄ $ǦǝȠȓǐ �ॽंॽ bǣǐ ȖȏƷȝǦƷǶ

ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ U��Ȗ ǦǼ ȝǣǐ ȂǆǐƷǼ ǣƷȖ ȖǣǦǜȝǐǌ ȂΗǐȓ ȝǦǻǐ ȝȂΘƷȓǌ ȝǣǐ [ȂȠȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ $ǦǝȠȓǐ

ऀअ



ऀॽऄॶ $ǦǝȠȓǐ �ॽःॽ /Ǽ ऀईआࣿॶ ΘǣǐǼ ȏȓǦǻƷȓΞ ǐǻǦȖȖǦȂǼȖ Ȃǜ U��Ȗ Θǐȓǐ ΗǐȓΞ ǣǦǝǣॶ अः Ȃǜ ȝǣǐ ǝǶȂǅƷǶ ȂǆǐƷǼ

ȓǐȖǐȓΗȂǦȓ ǦǼ ȝǣǐ ȂǆǐƷǼ ΘƷȖ ǆȂǼȝƷǦǼǐǌ ǦǼ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ƷǼǌ CȂȓȝǣ UƷǆǦЖǆ HǆǐƷǼȖॽ �Ξ ँࣿऀऄॶ ȝǣǦȖ

ǌǐǆǶǦǼǐǌ ȝȂ ंईॽ HΗǐȓ ȝǣǐ ȖƷǻǐ ȝǦǻǐ ȏǐȓǦȂǌॶ ȝǣǐ [ȂȠȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ ȂǆǐƷǼ ȓǐȖǐȓΗȂǦȓȖ ǦǼǆȓǐƷȖǐǌ

ǜȓȂǻ ंࣿ ȝȂ ऄः Ȃǜ ȝǣǐ ǝǶȂǅƷǶ ȝȂȝƷǶॽ bǣǐȖǐ ȓǐȖȠǶȝȖ ǦǶǶȠȖȝȓƷȝǐ ȝǣǐ ȓȂǶǐ Ȃǜ ȝǣǐ CȂȓȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ

ȂǆǐƷǼȖ ƷȖ ƷǼ ȂǼǝȂǦǼǝ ǐΝȏȂȓȝǐȓ Ȃǜ ǣǦȖȝȂȓǦǆ ȏȂǶǶȠȝǦȂǼ ȝȂ ȝǣǐ ǐȒȠƷȝȂȓǦƷǶ ƷǼǌ ȖȂȠȝǣǐȓǼ ȂǆǐƷǼ ǅƷȖǦǼȖ ȂΗǐȓ

ǻȠǶȝǦৄǌǐǆƷǌƷǶ ȝǦǻǐȖǆƷǶǐȖॽ

ऀ৷ं৷ं BҷӭԀԏ ӂӢԀӚӏԀӅӟӏӸӢӅҷӲ ԌԏԀӅӏԓԓӏԓ ӋԏӢԪӢӹӚ ӚӲԀӂҷӲ ӋӢԓԚԏӢӂԞԚӢԀӹ

$ǦǝȠȓǐ ऀॽअ ȖǣȂΘȖ ȝǣǐ ȓǐǶƷȝǦΗǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ǌǦЍǐȓǐǼȝ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ǜȂȓ U�� ǦǼȏȠȝȖ ƷǼǌ

ǶȂȖȖǐȖ ƷǆȓȂȖȖ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ȝȂȏ ऀࣿࣿࣿ ǻॽ �ǐȖȏǦȝǐ ǌǐǆǶǦǼǐȖ ǦǼ U�� ȓǐǶǐƷȖǐȖॶ ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦৄ

ȝǦȂǼ ȝȂ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ǦȖ ȖȝǦǶǶ ȝǣǐ ǻȂȖȝ ǦǻȏȂȓȝƷǼȝ ǦǼȏȠȝ ȖȂȠȓǆǐ ȝȂ ƷǶǶ ȂǆǐƷǼ ȓǐǝǦȂǼȖ ƷǼǌ ƷǆǆȂȠǼȝǐǌ

ǜȂȓ ःईৄईई Ȃǜ ȝȂȝƷǶ ǦǼȏȠȝȖ ƷǆȓȂȖȖ ǅƷȖǦǼȖ ƷǼǌ ǆȂǼǝǐǼǐȓȖ ǦǼ ँࣿऀऄ $ǦǝȠȓǐ ऀॽअƷॶ bƷǅǶǐ �ॽऄॽ �ǶǻȂȖȝ अࣿ

Ȃǜ ǻȂǌǐǶǐǌ ȝȂȝƷǶ ǌǐȏȂȖǦȝǦȂǼ ȂǆǆȠȓȓǐǌ ǦǼ ȝǣǐ CȂȓȝǣ UƷǆǦЖǆ ƷǼǌ CȂȓȝǣ �ȝǶƷǼȝǦǆ ǅƷȖǦǼȖ ǐΗǐǼ ȝǣȂȠǝǣ

ȝǣǐΞ ǻƷǴǐ Ƞȏ ȂǼǶΞ ंं Ȃǜ ȖȠȓǜƷǆǐ ƷȓǐƷ Ȃǜ ȝǣǐ ȂǆǐƷǼॽऄः bǣǦȖ ȓǐЙǐǆȝȖ ȝǣǐǦȓ ǆȂǼȝǦǼȠǐǌ ȏȓȂΝǦǻǦȝΞ ȝȂ

ǐǻǦȖȖǦȂǼȖ ȖȂȠȓǆǐȖ ǜȓȂǻ U��Ȗ ȠȖǐǌ ǦǼ ǣǦȖȝȂȓǦǆ ǻƷǼȠǜƷǆȝȠȓǦǼǝ ǦǼ ȝǣǐ ǝǶȂǅƷǶ U�� ǦǼΗǐǼȝȂȓΞॽँँ BȂȓǐ

ȓǐǆǐǼȝ ȖȝȠǌǦǐȖ ǣƷΗǐ ȖȠǝǝǐȖȝǐǌ ȝǣƷȝ ǝǶȂǅƷǶ ǦǼΗǐǼȝȂȓǦǐȖ Ȃǜ U�� ȓǐǶǐƷȖǐȖ ȖǣȂȠǶǌ ǅǐ ȠȏǌƷȝǐǌ ȝȂ ƷǆǆȂȠǼȝ

ǜȂȓ ǻǦȖȖǦǼǝ ȓǐǆǐǼȝ ȖȂȠȓǆǐȖ ǦǼ ȝǣǐ [ȂȠȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐॽआइॶऀँऄॶँँࣿ

�Ȗ ǌǦȖǆȠȖȖǐǌ ƷǅȂΗǐॶ ƷǌΗǐǆȝǦȂǼ Ȃǜ U��Ȗ ǜȓȂǻ ȝǣǐ CȂȓȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ ȝȂ ȝǣǐ [ȂȠȝǣǐȓǼ ,ǐǻǦৄ

Ȗȏǣǐȓǐ 
∑

ࣥU��Ȗ  ँॽऄ Bǝ ǦǼ ँࣿऀऄ ȝǣȂȠǝǣ ǶƷȝǐȓƷǶ ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ ǣƷȖ ǅǐǆȂǻǐ ȖȠǅȖȝƷǼȝǦƷǶ ǦǼ ȓǐৄ

ǆǐǼȝ ΞǐƷȓȖ ǜȂȓ ȖȂǻǐ ǅƷȖǦǼȖॽ BȂǌǐǶǐǌ ЙȠΝǐȖ Ȃǜ U��Ȗ ΘǦȝǣ ǶƷȝǐȓƷǶ ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ ƷǆǆȂȠǼȝǐǌ ǜȂȓ ःइ

Ȃǜ ȝȂȝƷǶ ǦǼȏȠȝȖ ȝȂ ȝǣǐ Ƞȏȏǐȓ �ȒȠƷȝȂȓǦƷǶ ƷǼǌ [ȂȠȝǣ �ȝǶƷǼȝǦǆ HǆǐƷǼ ƷǼǌ ँࣿ Ȃǜ ǦǼȏȠȝȖ ȝȂ ȝǣǐ /ǼǌǦƷǼ

HǆǐƷǼ ǦǼ ँࣿऀऄॽ Hȝǣǐȓ ȖȂȠȓǆǐȖ ȝȂ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ȖȠǆǣ ƷȖ ȠȏΘǐǶǶǦǼǝ ǜȓȂǻ ȝǣǐ ǌǐǐȏ ȂǆǐƷǼ ƷǆǆȂȠǼȝǐǌ

ǜȂȓ ǶǐȖȖ ȝǣƷǼ ऀࣿ Ȃǜ ȝǣǐ ǻȂǌǐǶǐǌ ȝȂȝƷǶ ǦǼȏȠȝȖ ƷǆȓȂȖȖ ǅƷȖǦǼȖॽ %ǶȂǅƷǶǶΞॶ Θǐ ЖǼǌ ǻȂǌǐǶǐǌ ȏƷȓȝǦǆǶǐৄ

ƷȖȖȂǆǦƷȝǐǌ ȖǆƷΗǐǼǝǦǼǝ Ȃǜ U��Ȗ ǜȓȂǻ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ƷǆǆȂȠǼȝǐǌ ǜȂȓ अई Ȃǜ ȝȂȝƷǶ ǶȂȖȖǐȖ ǦǼ ँࣿऀऄ $Ǧǝৄ

Ƞȓǐ ऀॽअǅॶ bƷǅǶǐ �ॽऄॽ bǣǦȖ ǦȖ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȂǅȖǐȓΗƷȝǦȂǼƷǶ ȖȝȠǌǦǐȖ ȝǣƷȝ ǣƷΗǐ ȖȠǝǝǐȖȝǐǌ ȝǣǐ ǻƷȓǦǼǐ

ऀआ



ǅǦȂǶȂǝǦǆƷǶ ȏȠǻȏ ǦȖ Ʒ ǝǶȂǅƷǶǶΞ ȖǦǝǼǦЖǆƷǼȝ ȓǐǻȂΗƷǶ ǻǐǆǣƷǼǦȖǻ ǜȂȓ U��Ȗ ǜȓȂǻ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼॽःऀॶअई

�ǆȓȂȖȖ ǅƷȖǦǼȖॶ ȏƷȓȝǦǆǶǐৄƷȖȖȂǆǦƷȝǐǌ ǐΝȏȂȓȝ Ȃǜ U��Ȗ ǜȓȂǻ ȝǣǐ ȝȂȏ ऀࣿࣿࣿ ǻ Ȃǜ ȝǣǐ ΘƷȝǐȓ ǆȂǶȠǻǼ Ʒǆৄ

ǆȂȠǼȝǐǌ ǜȂȓ ǅǐȝΘǐǐǼ ँऄ ƷǼǌ आऄ Ȃǜ ǶȂȖȖǐȖ ǦǼ ँࣿऀऄ $ǦǝȠȓǐ ऀॽअǅॶ bƷǅǶǐ �ॽऄॽ bǣǐ �ȓǆȝǦǆ HǆǐƷǼ ǣƷȖ

Ʒ ΘƷȝǐȓ ǆȂǶȠǻǼ ǌǐȏȝǣ Ȃǜ ǶǐȖȖ ȝǣƷǼ ऀࣿࣿࣿ ǻ ǦǼ ǻƷǼΞ ȓǐǝǦȂǼȖ ǌȠǐ ȝȂ ƷǼ ǐΝȏƷǼȖǦΗǐ ǆȂǼȝǦǼǐǼȝƷǶ ȖǣǐǶǜॽ

bǣȠȖॶ ȏƷȓȝǦǆǶǐৄƷȖȖȂǆǦƷȝǐǌ ȓǐǻȂΗƷǶ ǦȖ ȓǐЙǐǆȝǐǌ ǅΞ ǅȠȓǦƷǶ ǦǼ ǅǐǼȝǣǦǆ ȖǐǌǦǻǐǼȝ ǦǼ ȝǣǐ �ȓǆȝǦǆ ǅƷȖǦǼ ःँ

Ȃǜ ȝǣǐ
∑

ࣥU��Ȗ ǶȂȖȖǐȖॶ ƷȖ ǣƷȖ ǅǐǐǼ ǼȂȝǐǌ ǐǶȖǐΘǣǐȓǐॽऀआई

bǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ Ȃȝǣǐȓ U�� ȓǐǻȂΗƷǶ ȏȓȂǆǐȖȖǐȖ ǜȓȂǻ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ΗƷȓǦǐȖ ȖȏƷȝǦƷǶǶΞ ƷǼǌ ǅΞ ǆȂǼৄ

ǝǐǼǐȓॽ %ǶȂǅƷǶǶΞॶ ǐΗƷȖǦȂǼ ƷǆǆȂȠǼȝȖ ǜȂȓ ऀअ Ȃǜ ȝȂȝƷǶ ǶȂȖȖǐȖ ǜȓȂǻ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼॶ ǌǐǝȓƷǌƷȝǦȂǼ ǜȂȓ ऀऀॶ

ƷǼǌ ǌǐǐȏ ΘƷȝǐȓ ǜȂȓǻƷȝǦȂǼ ǜȂȓ ः $ǦǝȠȓǐ ऀॽअǅॶ bƷǅǶǐ �ॽऄॽ $Ȃȓ ȝǣǐ ǣǦǝǣǐȓ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ ǆȂǼৄ

ǝǐǼǐȓȖ ��ৄऀऄं ƷǼǌ ��ৄऀइࣿॶ ȖǆƷΗǐǼǝǦǼǝ ǅΞ ȏƷȓȝǦǆǶǐȖ ǦȖ ȝǣǐ ǌȂǻǦǼƷǼȝ ȓǐǻȂΗƷǶ ȏȓȂǆǐȖȖ ƷǆȓȂȖȖ ƷǶǶ

ǅƷȖǦǼȖ ऄईৄईआॶ $ǦǝȠȓǐ ऀॽआǅॶ bƷǅǶǐ �ॽऄॽ bǣǐȖǐ ȝΘȂ ǆȂǻȏȂȠǼǌȖ ǣƷΗǐ ǶȂǝ ȂǆȝƷǼȂǶ ΘƷȝǐȓ ȏƷȓȝǦȝǦȂǼ

ǆȂǐАǆǦǐǼȝȖ <Hs Ȃǜ ǝȓǐƷȝǐȓ ȝǣƷǼ आॽंऀॶ ΘǣǦǆǣ ǦȖ ǶǦǼǐƷȓǶΞ ȓǐǶƷȝǐǌ ȝȂ ȝǣǐǦȓ <H� Ƞȏȏǐȓ ǅȂȠǼǌ ǝȓǐƷȝǐȓ

ȝǣƷǼ इॽंऀ ƷǼǌ Ʒ ǝȂȂǌ ȏȓȂΝΞ ǜȂȓ ȏƷȓȝǦȝǦȂǼǦǼǝ ȝȂ ǶǦȏǦǌȖॽंऄॶऀइࣿ

� ȖǦǼǝǶǐ ǌȂǻǦǼƷǼȝ ȓǐǻȂΗƷǶ ȏȓȂǆǐȖȖ ǜȂȓ U��Ȗ ǜȓȂǻ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ǦȖ ǶǐȖȖ ǦǌǐǼȝǦЖƷǅǶǐ ǜȂȓ ȝǣǐ ǶȂΘǐȓ

ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ ǆȂǼǝǐǼǐȓȖ ��ৄँइ ƷǼǌ ��ৄऀࣿऀ ΘǦȝǣ ǶȂΘǐȓ ǶȂǝ <Hs ΗƷǶȠǐȖॽ $Ȃȓ ��ৄँइॶ ǻȂǌৄ

ǐǶǐǌ ǌǐǝȓƷǌƷȝǦȂǼ ǦȖ ȝǣǐ ǌȂǻǦǼƷǼȝ ȓǐǻȂΗƷǶ ȏȓȂǆǐȖȖ ǦǼ ȝǣǐ �ȒȠƷȝȂȓǦƷǶ ƷǼǌ [ȂȠȝǣ �ȝǶƷǼȝǦǆ ऄआॶ

�ȒȠƷȝȂȓǦƷǶ ƷǼǌ [ȂȠȝǣ UƷǆǦЖǆ ऄःॶ /ǼǌǦƷǼ HǆǐƷǼ अँ ƷǼǌBǐǌǦȝǐȓȓƷǼǐƷǼ [ǐƷ आࣿ ǅȠȝ ǐΗƷৄ

ȖǦȂǼ ǦȖ ǻȂȓǐ ǦǻȏȂȓȝƷǼȝ ǦǼ ȝǣǐ �ȓǆȝǦǆॶ CȂȓȝǣ UƷǆǦЖǆ ƷǼǌ �ȝǶƷǼȝǦǆ HǆǐƷǼ ǅƷȖǦǼȖ ँऀৄःऀ $ǦǝȠȓǐ

ऀॽअǅॶ bƷǅǶǐ �ॽऄॽ bǣǦȖ ȓǐЙǐǆȝȖ ǣǦǝǣǐȓ ΘǦǼȝǐȓ ΘǦǼǌ ȖȏǐǐǌȖ ǦǼ CȂȓȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ ȂǆǐƷǼȖ ȝǣƷȝ

ǐǼǣƷǼǆǐ U�� ǶȂȖȖǐȖ ȝǣȓȂȠǝǣ ǐΗƷȖǦȂǼ ƷǼǌ ǝȓǐƷȝǐȓ ȖǣȂȓȝΘƷΗǐ ȓƷǌǦƷȝǦȂǼ ǦǼȝǐǼȖǦȝΞ ǼǐƷȓ ȝǣǐ ȝȓȂȏǦǆȖ

ȝǣƷȝ ǐǼǣƷǼǆǐ ΘƷȝǐȓ ǆȂǶȠǻǼ ǌǐǝȓƷǌƷȝǦȂǼॽ XǐǻȂΗƷǶ ȏȓȂǆǐȖȖǐȖ ǜȂȓ ��ৄऀࣿऀ ǦǼ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ Ʒȓǐ
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Figure 1.6 (following page): Relative importance of different input (panel a) and loss (panel b) processes for PCBs across
ocean basins and congeners. Modeled mass flows of PCBs for 2015 are normalized to the magnitude of the dominant
process to illustrate their relative importance for each congener. Polygons with small, pointed areas indicate a single
dominant removal process. Part. sinking denotes sinking sorbed to particles at 1000 m. Hor. transport denotes net
horizontal advective and diffusive transport. Vert. transport denotes gross vertical advective and diffusive transport at
1000 m.
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Figure 1.6: (continued)
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Figure 1.7: Modeled differences in PCB concentrations
in the Arctic Ocean simulated using 1992‐2015 meteo‐
rology, ice cover, and ocean circulation relative to base
results using constant 1992‐1996 conditions. Upper
panel shows results for CB‐28 and lower panel shows
CB‐153.

/Ǽ ȝǣǐ �ȓǆȝǦǆॶ ǝǶȂǅƷǶ ȝǐǻȏǐȓƷȝȠȓǐ ƷǼȂǻƷǶǦǐȖ Ʒȓǐ

ȝΘȂ ȝǦǻǐȖ ǣǦǝǣǐȓ ȝǣƷǼ ȝǣǐ ǝǶȂǅƷǶ ƷΗǐȓƷǝǐॽईआ /Ǽ

ँࣿऀआॶ [ǐȏȝǐǻǅǐȓ ȖǐƷ Ǧǆǐ ǐΝȝǐǼȝ ΘƷȖ ँऄ ǶȂΘǐȓ ȝǣƷǼ

ȝǣǐ ऀईइऀৄँࣿऀࣿ ƷΗǐȓƷǝǐॶ ȓǐЙǐǆȝǦǼǝ ǆǣƷǼǝǐȖ ǦǼ ƷȝǻȂৄ

ȖȏǣǐȓǦǆ ǆǦȓǆȠǶƷȝǦȂǼॶ ΘǐƷǴǐǼǐǌ �ȝǶƷǼȝǦǆ BǐȓǦǌǦȂǼƷǶ

HΗǐȓȝȠȓǼǦǼǝ �ǦȓǆȠǶƷȝǦȂǼ ƷǼǌ ǦǼǆȓǐƷȖǐǌ ȏȂǶǐΘƷȓǌ

ǣǐƷȝ ȝȓƷǼȖȏȂȓȝॽःआॶःइॶईआॶऀअँॶऀअंॶऀइअ sǐ ǐΝƷǻǦǼǐǌ ȝǣǐ

ǦǻȏƷǆȝȖ Ȃǜ ȖȠǆǣ ȓƷȏǦǌ ǆǣƷǼǝǐȖ ȂǼ U�� ǆΞǆǶǦǼǝ

ǦǼ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼ ǅΞ ǜȂȓǆǦǼǝ ȝǣǐ ǻȂǌǐǶ ΘǦȝǣ

ȝǣǐ �X�ৄ/ǼȝǐȓǦǻ ȓǐৄƷǼƷǶΞȖǦȖ ЖǐǶǌȖ ȝǣƷȝ ǆƷȏȝȠȓǐ

ǆǣƷǼǝǐȖ ǦǼ ȝǐǻȏǐȓƷȝȠȓǐॶ ȖǐƷৄǦǆǐ ǆȂΗǐȓॶ ƷǼǌ ȂǆǐƷǼ

ǆǦȓǆȠǶƷȝǦȂǼ ȂǅȖǐȓΗǐǌ ǦǼ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼ ǅǐȝΘǐǐǼ

ऀईईँৄँࣿऀऄॽअँ

$ǦǝȠȓǐ ऀॽआ ȖǣȂΘȖ ǻȂǌǐǶǐǌ ǌǦЍǐȓǐǼǆǐȖ ǦǼ ँࣿऀऄ

ȖǐƷΘƷȝǐȓ U�� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǌȠǐ ȝȂ ΗƷȓǦƷǅǦǶǦȝΞ

ǦǼ ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ ƷǼǌ ȖǐƷৄǦǆǐ ǆȂΗǐȓ ǅǐȝΘǐǐǼ

ऀईईँৄँࣿऀऄ ǆȂǻȏƷȓǐǌ ȝȂ Ʒ ǅƷȖǐǶǦǼǐ ȖǦǻȠǶƷȝǦȂǼ ΘǦȝǣ

ǆȂǼȖȝƷǼȝ ȂǆǐƷǼ ȖȝƷȝǐ ǆȂǼǌǦȝǦȂǼȖ ऀईईँৄऀईईअॽ Xǐৄ

ȖȠǶȝȖ ȖǣȂΘ ǆǣƷǼǝǐȖ ǦǼ ȂǆǐƷǼ ǆȂǼǌǦȝǦȂǼȖ ȓǐȖȠǶȝǐǌ ǦǼ

Ʒ ǌǐǆǶǦǼǐ ǦǼ ��ৄँइ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅΞ ƷǼ

ƷǌǌǦȝǦȂǼƷǶ ऄः ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ ǆȂǼȖȝƷǼȝ ǻǐȝǐȂৄ

ȓȂǶȂǝΞ ȖǆǐǼƷȓǦȂॽ /Ǽ ǆȂǼȝȓƷȖȝॶ ǻȂǌǐǶ ȓǐȖȠǶȝȖ ȖǣȂΘ

ƷǼ ǦǼǆȓǐƷȖǐ ǦǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ ��ৄऀऄं ǦǼ �ȓǆȝǦǆ

ँँ



ȖȠȓǜƷǆǐ ȖǐƷΘƷȝǐȓ ȓǐǶƷȝǦΗǐ ȝȂ ȝǣǐ ǆȂǼȖȝƷǼȝ ǆǶǦǻƷȝǐ ȖǆǐǼƷȓǦȂॽ �ǦЍǐȓǐǼǆǐȖ ǦǼ ȝǣǐ ǌǦȓǐǆȝǦȂǼƷǶǦȝΞ Ȃǜ ǆǣƷǼǝǐȖ

ǦǼ U�� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅǐȝΘǐǐǼ ǆȂǼǝǐǼǐȓȖ ȓǐЙǐǆȝ ȝǣǐǦȓ ǆȂǼȝȓƷȖȝǦǼǝ ȖǐǼȖǦȝǦΗǦȝΞ ȝȂ ȏǣΞȖǦǆƷǶǆǣǐǻǦǆƷǶ

ȏȓȂǆǐȖȖǐȖॽ ��ৄँइ ǦȖ ǻȠǆǣ ǻȂȓǐ ΗȂǶƷȝǦǶǐ ƷǼǌ ȝǣȠȖ Ǧǆǐৄǜȓǐǐ ΘƷȝǐȓȖ ƷǼǌ ǶȂǼǝǐȓ ȖǐƷȖȂǼƷǶ Ǧǆǐৄǜȓǐǐ ȏǐȓǦȂǌȖ

ȓǐȖȠǶȝǐǌ ǦǼ ǝȓǐƷȝǐȓ ǶȂȖȖǐȖ ȝǣȓȂȠǝǣ ǦǼǆȓǐƷȖǐǌ ǐΗƷȖǦȂǼ ःऀ ǆǣƷǼǝǐ ƷǼǌ ǌǐǝȓƷǌƷȝǦȂǼ ँइ ǆǣƷǼǝǐ

ȠȖǦǼǝ ȝǣǐ ऀईईँৄँࣿऀऄ ǆǶǦǻƷȝȂǶȂǝΞॽ bǣǐ Ǽǐȝ ǦǼǆȓǐƷȖǐ ǦǼ ǻǐƷǼ ँࣿऀऄ ��ৄऀऄं ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ΘǦȝǣ ΗƷȓΞৄ

ǦǼǝ ǻǐȝǐȂȓȂǶȂǝǦǆƷǶ ǆȂǼǌǦȝǦȂǼȖ ȓǐǶƷȝǦΗǐ ȝȂ ȝǣǐ ǆȂǼȖȝƷǼȝ ǆǶǦǻƷȝǐ ȖǆǐǼƷȓǦȂ ΘƷȖ ȖǻƷǶǶ ǦǼ ȂȠȓ ȖǦǻȠǶƷȝǦȂǼ

ࣿॽࣿࣿࣿः ȏǝ =− Ȃȓ ऀॽ =Ʒȓǝǐȓ ǦǼǆȓǐƷȖǐȖ Ȃǜ Ƞȏ ȝȂ ऀࣿࣿॶ Ȃȓ ࣿॽࣿअ ȏǝ =− Θǐȓǐ ƷȏȏƷȓǐǼȝ ǦǼ ȝǣǐ ƷȓǐƷȖ

ΘǦȝǣ ǝȓǐƷȝǐȖȝ ȖǐƷৄǦǆǐ ǆȂΗǐȓ ȓǐȝȓǐƷȝ ȖȠǆǣ ƷȖ ȝǣǐ �ƷǼƷǌǦƷǼ �ƷȖǦǼॶ ȝǣǐ �ƷȖȝ %ȓǐǐǼǶƷǼǌ XǦǜȝ �ƷȖǦǼ ƷǼǌ ȂǼ

ȝǣǐ �ƷȓǐǼȝȖ ȖǣǐǶǜ $ǦǝȠȓǐ ऀॽआॽ

��ৄऀऄं ǣƷȖ Ʒ ǝȓǐƷȝǐȓ ȏȓȂȏǐǼȖǦȝΞ ǜȂȓ ǅǦǼǌǦǼǝ ȝȂ ȏƷȓȝǦǆǶǐȖ ǶǐƷǌǦǼǝ ȝȂ ǝȓǐƷȝǐȓ ȖȝƷǅǦǶǦȝΞ ƷǼǌ ȓǐȝǐǼȝǦȂǼ

ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼॽ bǣȠȖॶ ǌǐǆǶǦǼǦǼǝ ȖǐƷৄǦǆǐ ǆȂΗǐȓ ǦǼ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼ ȓǐȖȠǶȝǐǌ ǦǼ Ʒ Ǽǐȝ ǦǼǆȓǐƷȖǐ ǦǼ

ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ƷǼǌ ȂΗǐȓƷǶǶ ǦǼǆȓǐƷȖǐ ǦǼ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȖȂǻǐ ȓǐǝǦȂǼȖॽ [Ƞǆǣ ȏƷȝৄ

ȝǐȓǼȖ Ʒȓǐ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȂǅȖǐȓΗǐǌ ǦǼǆȓǐƷȖǐȖ ƷǼǌ ȖȝƷǅǦǶǦΣƷȝǦȂǼ ǦǼ ǅǦȂȝǦǆ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ �ȓǆȝǦǆॽ

$Ȃȓ ǐΝƷǻȏǶǐॶ ǌƷȝƷ ǜȓȂǻ ंऄइ ȝǦǻǐৄȖǐȓǦǐȖ ǆȂΗǐȓǦǼǝ �ȓǆȝǦǆ ǻȠȖȖǐǶȖॶ ǻƷȓǦǼǐ ЖȖǣॶ ȖǐƷǶȖ ƷǼǌ ȏȂǶƷȓ ǅǐƷȓȖ

ȖȠǝǝǐȖȝ ȝǣƷȝ ȝǣǐ ƷǼǼȠƷǶ ȓƷȝǐ Ȃǜ ǌǐǆǶǦǼǐ ǦǼ ��ৄऀऄं ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ǅǦȂȝƷ ΘƷȖ ȓǐǌȠǆǐǌ ǜȓȂǻ ंॽआ

ǦǼ ȝǣǐ ऀईइࣿȖ ƷǼǌ ऀईईࣿȖ ȝȂ ँॽऄ Ʒǜȝǐȓ ँࣿࣿࣿॽइ �ȓǆȝǦǆ ȖǐƷৄǦǆǐ ǆȂΗǐȓ ǦȖ ȏȓȂǱǐǆȝǐǌ ȝȂ ȓǐȝȓǐƷȝ अࣿ ǦǼ ȝǣǐ

ǆȂǻǦǼǝ ǌǐǆƷǌǐȖ ƷǼǌ ǻǐƷǼ ǜƷǶǶ ȝǐǻȏǐȓƷȝȠȓǐȖ ǻƷΞ ǦǼǆȓǐƷȖǐ ǅΞ ƷȖ ǻȠǆǣ ƷȖ ऀं� ǅΞ ȝǣǐ ǐǼǌ Ȃǜ ȝǣǐ ँऀȵȼ

ǆǐǼȝȠȓΞॽईआ bǣǦȖ ǦȖ ǶǦǴǐǶΞ ȝȂ ǜȠȓȝǣǐȓ ǦǼǆȓǐƷȖǐ ǐΗƷȖǦȂǼ Ȃǜ ǻȂȓǐ ΗȂǶƷȝǦǶǐ ǆȂǼǝǐǼǐȓȖॽ �ΝȝǐǼǌǐǌ ȖǐƷȖȂǼৄ

ƷǶǶΞ Ǧǆǐৄǜȓǐǐ ΘƷȝǐȓȖ ƷǼǌ ƷȖȖȂǆǦƷȝǐǌ ǦǼǆȓǐƷȖǐȖ ǦǼ ǶǦǝǣȝ ƷΗƷǦǶƷǅǦǶǦȝΞ ǦǼǆȓǐƷȖǐǌ ȂǆǐƷǼ ȏȓȂǌȠǆȝǦΗǦȝΞ ǦǼ ȝǣǐ

�ƷȓǐǼȝȖ [ǐƷ ƷǼǌ ȝǣǐ �ȠȓƷȖǦƷǼ �ȓǆȝǦǆ ǅǐȝΘǐǐǼ ँࣿࣿंৄँࣿऀआॽऀअं BǐǶȝǦǼǝ Ȃǜ ȏǐȓǻƷǜȓȂȖȝ ǦȖ ǐΝȏǐǆȝǐǌ ȝȂ

ǦǼǆȓǐƷȖǐ ȓǦΗǐȓǦǼǐ ǦǼȏȠȝȖ Ȃǜ ǶƷǅǦǶǐ �H� ȝȂ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼॽऀऄं [ƷȝǐǶǶǦȝǐ ǌƷȝƷ ȖȠǝǝǐȖȝ ȝǣƷȝ Ǽǐȝ ȏȓǦৄ

ǻƷȓΞ ȏȓȂǌȠǆȝǦΗǦȝΞ ǦǼǆȓǐƷȖǐǌ ǅΞ ँࣿ ǅǐȝΘǐǐǼ ऀईईइৄँࣿࣿई ƷǼǌ ǻƷΞ ȓǐƷǆǣ आंࣿ bǝ � Ξȓ− ǦǼ ƷǼ Ǧǆǐৄǜȓǐǐ

�ȓǆȝǦǆॽऀँ /ǼǆȓǐƷȖǐȖ ǦǼ ȏƷȓȝǦǆǶǐৄƷȖȖȂǆǦƷȝǐǌ ȓǐǻȂΗƷǶ ǦǼ Ʒ ǻȂȓǐ ȏȓȂǌȠǆȝǦΗǐ ȂǆǐƷǼ ǻƷΞ ƷȝȝǐǼȠƷȝǐ ƷǼΞ

ǦǼǆȓǐƷȖǐȖ ǦǼ ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ Ȃǜ ǣǦǝǣǐȓ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ ǆȂǼǝǐǼǐȓȖ ƷǼǌ ȠǶȝǦǻƷȝǐǶΞ ȓǐǌȠǆǐ

ȝǣǐ ȓǐȖǦǌǐǼǆǐ ȝǦǻǐȖ ǦǼ ȝǣǐ ȂǆǐƷǼ Ȃǜ ǣǦǝǣ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ ǆȂǻȏȂȠǼǌȖॽ HȠȓ ЖǼǌǦǼǝȖ ȖȠǝǝǐȖȝ ȝǣƷȝ

ँं



ǆǣƷǼǝǐȖ ǦǼ ȂǆǐƷǼ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞ ȓǐȖȠǶȝǦǼǝ ǜȓȂǻ ȏȓȂǱǐǆȝǐǌ ȖǐƷ Ǧǆǐ ȓǐȝȓǐƷȝॶ ǦǼǆȓǐƷȖǦǼǝ ȖȠȓǜƷǆǐ ȝǐǻৄ

ȏǐȓƷȝȠȓǐȖॶ ƷǼǌ ǆǣƷǼǝǦǼǝ ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ ΘǦǶǶ ǌǐǆȓǐƷȖǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ ǶǦǝǣȝǐȓ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ

UHUȖ ƷǼǌ ȖǶȂΘ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǌǐǆǶǦǼǐȖ Ȃǜ UHUȖ ΘǦȝǣ ǣǦǝǣǐȓ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝȖॽ $Ȃȓ U��Ȗॶ ȝǣǐ ǶƷȓǝǐ

ǌǐǆǶǦǼǐ ǦǼ ǐǻǦȖȖǦȂǼȖ ǐΝǐȓȝȖ ȝǣǐ ǌȂǻǦǼƷǼȝ ǦǼЙȠǐǼǆǐ ȂǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ȝȓǐǼǌȖॽ ,ȂΘǐΗǐȓॶ ǜȂȓ ǼǐȠȝȓƷǶ

ǣΞǌȓȂȏǣȂǅǦǆ UHUȖ ΘǦȝǣ ǦǼǆȓǐƷȖǦǼǝ ȏȓȂǌȠǆȝǦȂǼ ȝȓǐǼǌȖॶ ȖȠǆǣ ƷȖ ȂȓǝƷǼȂȏǣȂȖȏǣƷȝǐ ǐȖȝǐȓȖॶ ǆǣƷǼǝǐȖ

ǦǼ �ȓǆȝǦǆ ǐǆȂȖΞȖȝǐǻ ȏȓȂȏǐȓȝǦǐȖ ǻƷΞ ǐΝǐȓȝ Ʒ ǻȠǆǣ ǻȂȓǐ ȏȓȂǼȂȠǼǆǐǌ ȏƷȝȝǐȓǼ ƷǼǌ ȓǐȖȠǶȝ ǦǼ ǌǦЍǐȓǦǼǝ

ȝȓǐǼǌȖ ƷǻȂǼǝ ǶȂΘ ƷǼǌ ǣǦǝǣ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ ǆȂǻȏȂȠǼǌȖॽऀऀइॶऀईࣿ

ऀ৷ः [ԞӸӸҷԏԮ ҷӹӋ �ԀӹӅӲԞԓӢԀӹԓ

sǐ ǌǐΗǐǶȂȏǐǌ Ʒ ǝǶȂǅƷǶ ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼ ǜȂȓ ǜȂȠȓ U�� ǆȂǼǝǐǼǐȓȖ ǅǐȝΘǐǐǼ ऀईंࣿ ƷǼǌ ँࣿऀऄॽ U��

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ǣƷΗǐ ǌǐǆǶǦǼǐǌ ǅΞ ȂΗǐȓ ईࣿ ȖǦǼǆǐ ऀईआࣿॶ ǻƷǦǼǶΞ ǌȠǐ ȝȂ ǌǐǆǶǦǼǐȖ

ǦǼ ȏȓǦǻƷȓΞ ǐǻǦȖȖǦȂǼȖ ƷǼǌ ȏƷȓȝǦǆǶǐৄƷȖȖȂǆǦƷȝǐǌ ȓǐǻȂΗƷǶ ǜȓȂǻ ȝǣǐ ΘƷȝǐȓ ǆȂǶȠǻǼॽ sǐ ǐȖȝǦǻƷȝǐ ȝǣƷȝ

ǅȠȓǦƷǶ ǦǼ ǆȂƷȖȝƷǶ ƷǼǌ ǻƷȓǦǼǐ ȖǐǌǦǻǐǼȝ ƷǆǆȂȠǼȝȖ ǜȂȓ ǆȠǻȠǶƷȝǦΗǐ ȓǐǻȂΗƷǶ Ȃǜ ƷȏȏȓȂΝǦǻƷȝǐǶΞ आऄ Ȃǜ ȝǣǐ

U��Ȗ ȓǐǶǐƷȖǐǌ ȝȂ ȝǣǐ ƷȝǻȂȖȏǣǐȓǐ ȖǦǼǆǐ ऀईंࣿॽ /Ǽ ँࣿऀऄॶ ȝǣǐ ǝǶȂǅƷǶ ȂǆǐƷǼ ȓǐȖǐȓΗȂǦȓ Ȃǜ ȝǣǐ ǜȂȠȓ U��Ȗ

ǻȂǌǐǶǐǌ ǦǼ ȝǣǦȖ ȖȝȠǌΞ ΘƷȖ ǐȒȠǦΗƷǶǐǼȝ ȝȂ अ Ȃǜ ȓǐǶǐƷȖǐȖ ȖǦǼǆǐ ऀईंࣿॶ ΘǦȝǣ ȂǼǶΞ ँ ǦǼ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ

ƷǅȂΗǐ ऀࣿࣿࣿ ǻॽ bǣǐ ȖǶȂΘǐȖȝ ǌǐǆǶǦǼǐ ǦǼ ȖǐƷΘƷȝǐȓ U�� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǣƷȖ ȂǆǆȠȓȓǐǌ ƷǻȂǼǝ ȝǣǐ ǶǦǝǣȝǐȖȝ

ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ ǆȂǼǝǐǼǐȓȖॶ ȓǐȖȠǶȝǦǼǝ ǦǼ ƷǼ ǦǼǆȓǐƷȖǐ ǦǼ ȝǣǐǦȓ ȏȓȂȏȂȓȝǦȂǼ ǦǼ ȝǣǐ Ƞȏȏǐȓ ȂǆǐƷǼ ȓǐȖǐȓৄ

ΗȂǦȓ ǦǼ ȓǐǆǐǼȝ ΞǐƷȓȖॽ bǣǐ ǐǼȂȓǻȂȠȖ ǶƷǆǴ Ȃǜ ǌƷȝƷ ǦǼ ȝǣǐ [ȂȠȝǣǐȓǼॶ [ȂȠȝǣ UƷǆǦЖǆॶ /ǼǌǦƷǼॶ ƷǼǌ [ȂȠȝǣ

�ȝǶƷǼȝǦǆ HǆǐƷǼȖ ǣǦǝǣǶǦǝǣȝȖ ǆȓǦȝǦǆƷǶ ȓǐȖǐƷȓǆǣ ǼǐǐǌȖ ǜȂȓ ȝǣǐ ǜȠȝȠȓǐॽ �ǦȂǝǐȂǆǣǐǻǦǆƷǶ ȏȓȂǆǐȖȖǐȖ ǌȓǦΗǦǼǝ

U�� ǦǼȏȠȝȖ ƷǼǌ ǶȂȖȖǐȖ ΗƷȓΞ ƷǻȂǼǝ ǅƷȖǦǼȖ ƷǼǌ ǅΞ ǆȂǼǝǐǼǐȓॽ �ȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ǦȖ ȝǣǐ ǻȂȖȝ

ǦǻȏȂȓȝƷǼȝ ǦǼȏȠȝ ȖȂȠȓǆǐ ǜȂȓ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼॽ BȂǌǐǶ ȓǐȖȠǶȝȖ ȖȠǝǝǐȖȝ ऄअ Ȃǜ ǝǶȂǅƷǶ ǌǐȏȂȖǦȝǦȂǼ ΘƷȖ

ǶȂǆƷȝǐǌ ǦǼ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ƷǼǌ CȂȓȝǣ UƷǆǦЖǆ ǅƷȖǦǼȖ ǦǼ ँࣿऀऄॽ =ƷȝǐȓƷǶ ȝȓƷǼȖȏȂȓȝ Ȃǜ ǶǐǝƷǆΞ U�� ȏȂǶৄ

ǶȠȝǦȂǼ ǜȓȂǻ ȝǣǐ CȂȓȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ ȝȂ ȝǣǐ [ȂȠȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ ȂǆǐƷǼȖ ȝǣȓȂȠǝǣ ȝǣǐȓǻȂǣƷǶǦǼǐ

ǆǦȓǆȠǶƷȝǦȂǼ ǣƷȖ ǅǐǆȂǻǐ ǦǼǆȓǐƷȖǦǼǝǶΞ ǦǻȏȂȓȝƷǼȝ ǦǼ ȓǐǆǐǼȝ ΞǐƷȓȖॶ ȏƷȓȝǦǆȠǶƷȓǶΞ ǜȂȓ ȝǣǐ �ȒȠƷȝȂȓǦƷǶ ƷǼǌ

ँः



[ȂȠȝǣ �ȝǶƷǼȝǦǆ HǆǐƷǼॽ $Ȃȓ ȝǣǐ ǣǦǝǣǐȓ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ U�� ǆȂǼǝǐǼǐȓȖॶ ȏƷȓȝǦǆǶǐৄƷȖȖȂǆǦƷȝǐǌ ȓǐǻȂΗƷǶ

ǌȂǻǦǼƷȝǐȖ ǶȂȖȖǐȖ ƷǆȓȂȖȖ ƷǶǶ ǅƷȖǦǼȖ ǅȠȝ Ʒ ǆȂǻǅǦǼƷȝǦȂǼ Ȃǜ ǐΗƷȖǦȂǼॶ ǌǐǝȓƷǌƷȝǦȂǼॶ ȏƷȓȝǦǆǶǐ ȖǐȝȝǶǦǼǝ ƷǼǌ ǶƷȝৄ

ǐȓƷǶ ȝȓƷǼȖȏȂȓȝ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ȝǣǐ ǶǦǝǣȝǐȓ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ ǆȂǼǝǐǼǐȓ ȓǐǻȂΗƷǶॽ $Ȃȓ ȝǣǐ ǶǦǝǣȝǐȓ ǻȂǶǐǆৄ

ȠǶƷȓ ΘǐǦǝǣȝ ǆȂǼǝǐǼǐȓȖॶ ǅƷȖǦǼৄȖȏǐǆǦЖǆ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ ǆȂǼǌǦȝǦȂǼȖ ȖȠǆǣ ƷȖ ǣǦǝǣ ΘǦǼǌȖ ǦǼ ȝǣǐ CȂȓȝǣ

�ȝǶƷǼȝǦǆ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ǻƷǱȂȓ ǶȂȖȖ ȏȓȂǆǐȖȖǐȖॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ǜȠȝȠȓǐ ǆǶǦǻƷȝǐৄǌȓǦΗǐǼ

ǆǣƷǼǝǐȖ ǦǼ ȝǣǐ ǝǶȂǅƷǶ ȂǆǐƷǼȖ ǜȂȓ ȝǣǐ ǜƷȝǐ Ȃǜ ǻƷǼΞ ƷǼȝǣȓȂȏȂǝǐǼǦǆ ȏȂǶǶȠȝƷǼȝȖॽ �ǦЍǐȓǐǼǆǐȖ ƷǻȂǼǝ

ǣǦǝǣ ƷǼǌ ǶȂΘǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ U�� ǆȂǼǝǐǼǐȓȖ ȂǅȖǐȓΗǐǌ ǦǼ ȝǣǦȖ ȖȝȠǌΞ ǻƷΞ ǅǐ ǻȂȓǐ ȏȓȂǼȂȠǼǆǐǌ ǜȂȓ

ǼǐȠȝȓƷǶ ǣΞǌȓȂȏǣȂǅǦǆ UHUȖ ΘǦȝǣ ȖȝƷǅǶǐ Ȃȓ ǦǼǆȓǐƷȖǦǼǝ ǐǻǦȖȖǦȂǼȖॽ /ǼǆȓǐƷȖǐȖ ǦǼ ȖǐƷΘƷȝǐȓ ȝǐǻȏǐȓƷȝȠȓǐॶ

ǆǣƷǼǝǐȖ ǦǼ ǆǦȓǆȠǶƷȝǦȂǼ ƷǼǌ ȓǐǌȠǆȝǦȂǼȖ ǦǼ ȖǐƷৄǦǆǐ ǆȂΗǐȓ ǅǐȝΘǐǐǼ ऀईईँ ƷǼǌ ँࣿऀऄ ǦǼ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼ

ǦǼǆȓǐƷȖǐǌ ǐΗƷȖǦȂǼ Ȃǜ ȝǣǐ ǶȂΘǐȖȝ ǻȂǶǐǆȠǶƷȓ ΘǐǦǝǣȝ U�� ��ৄँइॽ � ȖǻƷǶǶ ǦǼǆȓǐƷȖǐ ǦǼ Ǽǐȝ ǌǐȏȂȖǦȝǦȂǼ

ȝȂ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ȂǆǆȠȓȓǐǌ ǜȂȓ ��ৄऀऄं ǌȠǐ ȝȂ ȖȂȓȏȝǦȂǼ ȝȂ ȏƷȓȝǦǆǶǐȖ ƷǼǌ ȝǣȠȖ ǝȓǐƷȝǐȓ ȖȝƷǅǦǶǦȝΞ ǦǼ

ȖǐƷΘƷȝǐȓॽ �ȂǼȝǦǼȠǐǌ ǌǐǆǶǦǼǐȖ ǦǼ ȖǐƷৄǦǆǐ ǆȂΗǐȓ ƷǼǌ ǦǼǆȓǐƷȖǐȖ ǦǼ ȖǐƷΘƷȝǐȓ ȝǐǻȏǐȓƷȝȠȓǐ Ʒȓǐ ȏȓȂǱǐǆȝǐǌ ǜȂȓ

ȝǣǐ ǼǐΝȝ ȖǐΗǐȓƷǶ ǌǐǆƷǌǐȖॽईआ bǣȠȖॶ ǦǼǆȓǐƷȖǐȖ ǦǼ �ȓǆȝǦǆ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ ȖȂǻǐ ȏǐȓȖǦȖȝǐǼȝ ȏȂǶৄ

ǶȠȝƷǼȝȖ ǐॽǝॽ ��ৄऀऄं ƷǼǌ ǼǐȠȝȓƷǶ UHUȖ ΘǦȝǣ ǣǦǝǣ <ȂΘ आॽं ǦǼ ȝǣǦȖ ȖȝȠǌΞॶ ǅȠȝ ǌǐǆȓǐƷȖǐȖ ǜȂȓ ǻȂȓǐ

ΗȂǶƷȝǦǶǐ ǆȂǻȏȂȠǼǌȖ ǐॽǝॽ ��ৄँइॶ ǻƷΞ ǅǐ ǐΝȏǐǆȝǐǌॽ UȂȝǐǼȝǦƷǶ ǆǶǦǻƷȝǐৄǌȓǦΗǐǼ ǻȂǅǦǶǦΣƷȝǦȂǼ Ȃǜ ǶǐǝƷǆΞ

UHU ȓǐȖǐȓΗȂǦȓȖ ǦǼ ȏǐȓǻƷǜȓȂȖȝॶ ǝǶƷǆǦǐȓȖ ƷǼǌ ȖǐƷৄǦǆǐ ȖǣȂȠǶǌ ƷǶȖȂ ǅǐ ǆȂǼȖǦǌǐȓǐǌॽआ

ँऄ



$Ƞȓȝǣǐȓ ȏȠǅǶǦǆƷȝǦȂǼ Ȃǜ ȝǣǦȖ ΘȂȓǴ

BƷॶ yॽॶ �ǌǐǶǻƷǼॶ �ॽ �ॽॶ �ƷȠǐȓǜǐǦǼǌॶ �ॽॶ �ƷǅȓǐȓǦΣȂॶ �ॽॶ Bǆ�ȂǼȂȠǝǣॶ �ॽ�ॽॶ BȠǦȓॶ �ॽॶ [ȂǶȝΘǐǌǐǶॶ bॽॶ

[ȠǼॶ �ॽ [ȠǼǌǐȓǶƷǼǌॶ �ॽ BॽॶsƷǝǼǐȓॶ �ॽ �ॽॶ ƷǼǌ =ȂǣǻƷǼǼॶ Xॽ ँࣿऀइॽ �ȂǼǆǐǼȝȓƷȝǦȂǼȖ ƷǼǌ ΘƷȝǐȓ

ǻƷȖȖ ȝȓƷǼȖȏȂȓȝ Ȃǜ ǶǐǝƷǆΞ UHUȖ ǦǼ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼॽ %ǯȡȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ =ǯȼȼǯȲȵॶ ःऄॶ ँंॶ ऀँॶईआँৄ

ऀँॶईइऀॽ

=ȂǣǻƷǼǼॶ Xॽॶ BƷȓǴǣƷǻॶ �ॽॶ <ǶƷǼȂΗƷॶ :ॽॶ <ȠǴȠǆǴƷॶ Uॽॶ UȕǦǅΞǶȂΗƸॶ Uॽॶ %ȂǼǝॶ xॽॶ UȂǆǴƷǶǼΞॶ Xॽॶ

yƷǼǦȖǣǐȖΘǴǦॶ bॽॶsƷǝǼǐȓॶ �ॽ �ॽॶ ૫ [ȠǼǌǐȓǶƷǼǌॶ �ॽ ँࣿँऀॽ bȓǐǼǌȖ Ȃǜ ǌǦΗǐȓȖǐ UHUȖ ǦǼ ƷǦȓ ƷǼǌ ΘƷȝǐȓ

ƷǆȓȂȖȖ ȝǣǐ sǐȖȝǐȓǼ �ȝǶƷǼȝǦǆ HǆǐƷǼॵ [ȝȓȂǼǝ ǝȓƷǌǦǐǼȝȖ ǦǼ ȝǣǐ ȂǆǐƷǼॶ ǅȠȝ ǼȂȝ ǦǼ ȝǣǐ ƷǦȓॽ �ț͝ȅȲȡțȚǯțȼǖȕ

[ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤ एȅț ȮȲǯȵȵऐॽ

ँअ



2
bǣǐ ǜƷȝǐ Ȃǜ Ʒ ǜȂȓǐΗǐȓ ǆǣǐǻǦǆƷǶॵ � ǝǶȂǅƷǶ

ंৄ� ǻȂǌǐǶ Ȃǜ ȝǣǐ ȓǐǻȂΗƷǶ ȝǦǻǐȖǆƷǶǐȖ ǜȂȓ

ǆȂǼȝǦǼǐǼȝƷǶ ƷǼǌ ƷȝǻȂȖȏǣǐȓǦǆ U$H[ ǦǼȏȠȝȖ

ǦǼ ȝǣǐ ȂǆǐƷǼ ƷǼǌ ȝȓƷǼȖȏȂȓȝ ǅΞ ȖǐƷ ȖȏȓƷΞ

ƷǐȓȂȖȂǶ

ँ৷ऀ /ӹԚԏԀӋԞӅԚӢԀӹ

Uǐȓৄ ƷǼǌ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ U$�[ Ʒȓǐ ƷǶǦȏǣƷȝǦǆॶ ǣǦǝǣǶΞ ЙȠȂȓǦǼƷȝǐǌ ǆȂǻȏȂȠǼǌȖ ȝǣƷȝ ǣƷΗǐ

ǅǐǐǼ ΘǦǌǐǶΞ ȠȖǐǌ ǦǼ ǆȂǻǻǐȓǆǐ ƷǼǌ ǅΞ ǦǼǌȠȖȝȓΞ ȖǦǼǆǐ ऀईऄइॽँआ U$�[ ǐΝȏȂȖȠȓǐȖ Ʒȓǐ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ

ँआ



ǦǻǻȠǼǐ ȖȠȏȏȓǐȖȖǦȂǼॶ ǻǐȝƷǅȂǶǦǆ ǌǦȖȓȠȏȝǦȂǼ ƷǼǌ ǆǐȓȝƷǦǼ ǆƷǼǆǐȓȖॽऀइई bǣǐ ǐΝȝȓǐǻǐ ȖȝƷǅǦǶǦȝΞ Ȃǜ ȝǣǐ

ЙȠȂȓǦǼǐৄǆƷȓǅȂǼ ǅȂǼǌऀआअ ǦǼ U$�[ ǶǦǴǐ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$H[ ǣƷȖ ȓǐȖȠǶȝǐǌ ǦǼ ǶƷΞ ȓǐǜǐȓৄ

ǐǼǆǐȖ ȝȂ ৗǜȂȓǐΗǐȓ ǆǣǐǻǦǆƷǶȖॽ /Ǽ ȓǐƷǶǦȝΞॶ ǐǼΗǦȓȂǼǻǐǼȝƷǶ U$�[ ȓǐǶǐƷȖǐȖ ǆȂǼȝƷǦǼ ƷǅȠǼǌƷǼȝ ȏȂǶΞЙȠৄ

ȂȓȂƷǶǴΞǶ ȏȓǐǆȠȓȖȂȓȖ ȝǣƷȝ ǌǐǝȓƷǌǐ ǦǼȝȂ ȝǐȓǻǦǼƷǶ ǆȂǻȏȂȠǼǌȖ ǶǦǴǐ U$H[ॽँࣿऀॶँࣿँॶँࣿࣿbǣǐ ǻƷǝǼǦȝȠǌǐ

Ȃǜ ȏȓǐǆȠȓȖȂȓȖ ȓǐǶǐƷȖǐǌ ȝȂ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॶ ȝǣǐǦȓ ȓǐǶƷȝǦΗǐ ǦǻȏȂȓȝƷǼǆǐ ǆȂǻȏƷȓǐǌ ȝȂ ǌǦȓǐǆȝ ȓǐǶǐƷȖǐȖॶ

ƷǼǌ ȝǣǐ ȂΗǐȓƷǶǶ ȝǦǻǐȖǆƷǶǐȖ ǜȂȓ U$�[ ǆΞǆǶǦǼǝ ǦǼ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝ Ʒȓǐ ǣǦǝǣǶΞ ȠǼǆǐȓȝƷǦǼॽ bǣǐ ȂǆǐƷǼ ǦȖ

ȝǣȂȠǝǣȝ ȝȂ ǅǐ ȝǣǐ ǻƷǦǼ ȝǐȓǻǦǼƷǶ ȖǦǼǴ ǜȂȓ U$�[ॽँऀऄॶँऀअ bǣȠȖॶ ȠǼǌǐȓȖȝƷǼǌǦǼǝ ȝǣǐ ȝǦǻǐȖǆƷǶǐȖ ǜȂȓ U$�[

ǆȂǼȝƷǻǦǼƷȝǦȂǼ ǌȠǐ ȝȂ ǣȠǻƷǼ ƷǆȝǦΗǦȝǦǐȖ ȓǐǶǦǐȖ ȂǼ ǐȖȝǦǻƷȝǦǼǝ ȝǣǐ ȓǐǻȂΗƷǶ ȝǦǻǐȖ ǜȓȂǻ ȝǣǐ ȂǆǐƷǼॽ $ǐΘ

ǐǼΗǦȓȂǼǻǐǼȝƷǶ ƷǼǌ ǅǦȂǶȂǝǦǆƷǶ ǻǐƷȖȠȓǐǻǐǼȝȖ Ʒȓǐ ƷΗƷǦǶƷǅǶǐ ǜȂȓ ǻȂȖȝ U$�[ॽऀऀःॶऀःऀ /ȝ ǦȖ ȝǣǐȓǐǜȂȓǐ ǐȖȖǐǼৄ

ȝǦƷǶ ȝȂ ǝǶǐƷǼ ǶǐȖȖȂǼȖ ǜȓȂǻ ȓǐǶƷȝǦΗǐǶΞ ΘǐǶǶৄȖȝȠǌǦǐǌ U$�[ ǶǦǴǐ U$H[ॽ UȓȂǌȠǆȝǦȂǼ Ȃǜ ȝǣǐ ȏƷȓǐǼȝ ǆǣǐǻǦǆƷǶ

ȝȂ U$H[ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼΞǶ ЙȠȂȓǦǌǐॵ UH[$ ƷǼǌ UH[$ৄǅƷȖǐǌ ȏȓǐǆȠȓȖȂȓȖ ͣ$H[��Ȗ ȝǣƷȝ

ǌǐǝȓƷǌǐ ǦǼȝȂ U$H[ ΘƷȖ ΗȂǶȠǼȝƷȓǦǶΞ ȏǣƷȖǐǌ ȂȠȝ ǅΞ ȝǣǐ ǻƷǦǼ ǝǶȂǅƷǶ ǻƷǼȠǜƷǆȝȠȓǐȓ ǦǼ CȂȓȝǣ �ǻǐȓৄ

ǦǆƷ ǅǐȝΘǐǐǼ ँࣿࣿࣿৄँࣿࣿँॽँआ U$H[ ΘƷȖ Ʒǌǌǐǌ ȝȂ ȝǣǐ [ȝȂǆǴǣȂǶǻ �ȂǼΗǐǼȝǦȂǼ ȂǼ UǐȓȖǦȖȝǐǼȝ HȓǝƷǼǦǆ

UȂǶǶȠȝƷǼȝȖ UHUȖ ǦǼ ँࣿࣿईॽऀईआ bǣǦȖ ǌǐǆǦȖǦȂǼ Ȗȝǐǻǻǐǌ ǦǼ ȏƷȓȝ ǜȓȂǻ ǆȂǼǆǐȓǼ ƷǅȂȠȝ ǣǦǝǣ ǶǐΗǐǶȖ Ȃǜ

U$H[ ǦǼ ΘǦǶǌǶǦǜǐ ȖȠǆǣ ƷȖ ȏȂǶƷȓ ǅǐƷȓȖ ƷǼǌ ǻƷȓǦǼǐ ǻƷǻǻƷǶȖ ǦǼ ȓǐǻȂȝǐ ǐǼΗǦȓȂǼǻǐǼȝȖॶ ȓǐЙǐǆȝǦǼǝ ȝǣǐ

ȏȓȂȏǐǼȖǦȝΞ Ȃǜ U$H[ ȝȂ ƷǆǆȠǻȠǶƷȝǐ ǦǼ ǜȂȂǌ ΘǐǅȖॽआअ �ǦȂǶȂǝǦǆƷǶ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ʒȓǐ ȖȝǦǶǶ ǦǼǆȓǐƷȖৄ

ǦǼǝ ǦǼ ȖȂǻǐ ȓǐǝǦȂǼȖऀऀः ƷǼǌ ǐǶǐΗƷȝǐǌ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȖǐƷΘƷȝǐȓ ƷǼǌ ǅǦȂȝƷ ǜȓȂǻ ǆȂƷȖȝƷǶ ΘƷȝǐȓȖ

Ȃǜ �ǣǦǼƷॶ �ȓƷΣǦǶ ƷǼǌ �ȠȖȝȓƷǶǦƷ ȖȠǝǝǐȖȝ ȓǐǶǐƷȖǐȖ ǜȓȂǻ ȝǣǐȖǐ ȓǐǝǦȂǼȖ ǻƷΞ ǅǐ ȖȠǅȖȝƷǼȝǦƷǶॽऀंࣿॶऀःःॶऀईंॶँँऄ

%ǶȂǅƷǶ ȏȓȂǌȠǆȝǦȂǼ ǦȖ ȝǣȂȠǝǣȝ ȝȂ ǅǐ ǻȠǆǣ ǶȂΘǐȓ ȝǣƷǼ ȏǐƷǴ ΗƷǶȠǐȖ ǦǼ ȝǣǐ ǐƷȓǶΞ ँࣿࣿࣿȖॶँࣿࣿ ǅȠȝ ƷǶǶ

ȏȓǦȂȓ ȖȝȠǌǦǐȖ ǣƷΗǐ ǼȂȝǐǌ ǶƷȓǝǐ ȠǼǆǐȓȝƷǦǼȝΞ ǦǼ ǐǻǦȖȖǦȂǼȖ ǐȖȝǦǻƷȝǐȖ ǜȂȓ U$H[ ƷǼǌ UH[$ৄǅƷȖǐǌ ȏȓǐৄ

ǆȠȓȖȂȓȖॽईॶऀऄःॶँࣿࣿॶँँं [ǐƷΘƷȝǐȓ U$�[ ǻǐƷȖȠȓǐǻǐǼȝȖ Ʒȓǐ ȝȂȂ ȖȏƷȓȖǐ ǜȂȓ ȓȂǅȠȖȝ ȝǐǻȏȂȓƷǶ ȝȓǐǼǌ ƷǼƷǶΞȖǦȖॶ

ǐΗǐǼ ȂǼ Ʒ ȓǐǝǦȂǼƷǶ ǅƷȖǦȖॽँँं BȂȖȝ ǻǐƷȖȠȓǐǻǐǼȝȖ Ʒȓǐ ǦǼ ǆȂƷȖȝƷǶ ΘƷȝǐȓȖ ƷǼǌ ǶƷǆǴ Ȃǜ ȖΞȖȝǐǻƷȝǦǆ ȖƷǻȏǶǦǼǝ

Ʒȝ ЖΝǐǌ ȖǦȝǐȖ ƷǼǌ ǦǼȝǐȓƷǼǼȠƷǶ ΗƷȓǦƷǅǦǶǦȝΞ ǦǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǻǐƷǼȖ ȝǐǻȏȂȓƷǶ ȝȓǐǼǌȖ ȖȠǻǻƷȓǦΣǐǌ ǦǼ

ȏƷȖȝ ΘȂȓǴ Ʒȓǐ ȒȠƷǶǦȝƷȝǦΗǐ ǦǼ ǼƷȝȠȓǐॽऀःऀ bǣȠȖॶ ȏȓǦȂȓ ȖȝȠǌǦǐȖ ǣƷΗǐ ȓǐǶǦǐǌ ȂǼ ǻȂǌǐǶǦǼǝ ƷǼƷǶΞȖǐȖ ǜȂȓǆǐǌ ǅΞ

ȓǐǆȂǼȖȝȓȠǆȝǐǌ ȝǦǻǐৄȓǐȖȂǶΗǐǌ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȓǐǶǐƷȖǐȖॽईॶँࣿࣿ

ँइ



�ƷȓǶΞ ǅȂΝ ǻȂǌǐǶǦǼǝ ǐЍȂȓȝȖ ǜȂȓǆǐǌ ǅΞ ǝȓȂȠǼǌৄȠȏ ǦǼΗǐǼȝȂȓǦǐȖ ǜȂȓ U$H[ ƷǼǌ UH[$ৄǅƷȖǐǌ ȏȓǐǆȠȓৄ

ȖȂȓȖ ȖȠǝǝǐȖȝǐǌ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ΘȂȠǶǌ ǌǐǆǶǦǼǐ ȖǶȂΘǶΞ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ȏǣƷȖǐ ȂȠȝ Ȃǜ UH[$ ȏȓȂৄ

ǌȠǆȝǦȂǼ ƷǼǌ U$H[ ȏȓǐǆȠȓȖȂȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ΘȂȠǶǌ ǌǐǆǶǦǼǐ ȓƷȏǦǌǶΞॽई UƷȖȝ ǻȂǌǐǶǦǼǝ ȖȝȠǌǦǐȖ ǣƷΗǐ

ȖȠǝǝǐȖȝǐǌ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝȖ Ȃǜ UH[$ৄǅƷȖǐǌ ȏȓǐǆȠȓȖȂȓȖ ȝȂ ȝǣǐ ȂǆǐƷǼ Ʒȓǐ Ʒ ȖǻƷǶǶ ǜȓƷǆȝǦȂǼ Ȃǜ ǌǦȓǐǆȝ

ǆȂǼȝǦǼǐǼȝƷǶ ȓǐǶǐƷȖǐȖ ǅȠȝ ȖǦǻȠǶƷȝǐǌ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȖǐƷΘƷȝǐȓ Θǐȓǐ ȠǼǌǐȓȏȓǐǌǦǆȝǐǌ ȓǐǶƷȝǦΗǐ ȝȂ ȂǅȖǐȓৄ

ΗƷȝǦȂǼȖॽईॶँࣿࣿ XǐǆǐǼȝ ΘȂȓǴ ǣƷȖ ȖǣȂΘǼ ȝǣƷȝ ȖǐƷ ȖȏȓƷΞ ƷǐȓȂȖȂǶ [[� ȝȓƷǼȖȏȂȓȝ Ʒȝ ȝǣǐ ȂǆǐƷǼ ȖȠȓǜƷǆǐ ǻƷΞ

ǅǐ ƷǼ ǦǻȏȂȓȝƷǼȝ ƷȝǻȂȖȏǣǐȓǦǆ ȝȓƷǼȖȏȂȓȝ ǻǐǆǣƷǼǦȖǻ ȝǣƷȝ ΘƷȖ ȏȓǐΗǦȂȠȖǶΞ ȂΗǐȓǶȂȂǴǐǌॽऀࣿं

bǣǐ ǻƷǦǼ ȂǅǱǐǆȝǦΗǐ Ȃǜ ȝǣǦȖ ΘȂȓǴ ǦȖ ȝȂ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌ ȝǣǐ ȝǦǻǐȖǆƷǶǐȖ Ȃǜ U$H[ ȓǐǻȂΗƷǶ ǜȓȂǻ ȝǣǐ

ȂǆǐƷǼ ƷȖ ȝǣǐ ȝǐȓǻǦǼƷǶ ȖǦǼǴ ǜȂȓ ƷǼȝǣȓȂȏȂǝǐǼǦǆ ǆȂǼȝƷǻǦǼƷȝǦȂǼॽ �Ȗ ȏƷȓȝ Ȃǜ ȝǣǦȖ ƷǼƷǶΞȖǦȖॶ Θǐ ǐΝƷǻǦǼǐ

ȝǣǐ ǆȠǻȠǶƷȝǦΗǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ǌǦЍǐȓǐǼȝ ǆȂǼȝǦǼǐǼȝƷǶ U$H[ ȖȂȠȓǆǐ ȓǐǝǦȂǼȖ ȝȂ ȝǣǐ ȂǆǐƷǼ ǆȂǻȏƷȓǐǌ ȝȂ

ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ȠȖǦǼǝ Ʒ ǝǶȂǅƷǶ ǻȂǌǐǶǦǼǝ ƷǼƷǶΞȖǦȖॽ sǐ ȏȓǐȖǐǼȝ ǼǐΘ ǌƷȝƷ ȂǼ U$H[ ȖǐƷΘƷȝǐȓ

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȠǼǌǐȓȖƷǻȏǶǐǌ ȓǐǝǦȂǼȖ Ȃǜ CȂȓȝǣ UƷǆǦЖǆ ƷǼǌ �ȝǶƷǼȝǦǆ HǆǐƷǼȖ ǅǐȝΘǐǐǼ ँࣿऀआৄँࣿऀइ

ƷǼǌ ȠȖǐ Ʒ ȖΞǼȝǣǐȖǦȖ Ȃǜ ƷǶǶ ƷΗƷǦǶƷǅǶǐ ȖǐƷΘƷȝǐȓ U$H[ ǻǐƷȖȠȓǐǻǐǼȝȖ ȝȂ ȏȓȂΗǦǌǐ Ʒ ȖȝƷȝǦȖȝǦǆƷǶǶΞ ȂȏȝǦǻǦΣǐǌ

ǐȖȝǦǻƷȝǐ Ȃǜ ȝȂȝƷǶ ȂǆǐƷǼ ǦǼȏȠȝȖ ȠȖǦǼǝ �ƷΞǐȖǦƷǼ ǦǼǜǐȓǐǼǆǐॽ sǐ ȠȖǐ ȝǣǐ ǻȂǌǐǶ ȝȂ ǐΝƷǻǦǼǐ ȝǣǐ ǆȂǼȝǐǻৄ

ȏȂȓƷȓΞ ǆƷॽ ँࣿऀऄ ȓǐȖǐȓΗȂǦȓ Ȃǜ U$H[ ǦǼ ȝǣǐ ȂǆǐƷǼ ƷǼǌ ȝǣǐ ǻƷǝǼǦȝȠǌǐȖ Ȃǜ ΗƷȓǦȂȠȖ ȓǐǻȂΗƷǶ ȏƷȝǣΘƷΞȖॶ

ǦǼǆǶȠǌǦǼǝ [[� ȝȓƷǼȖȏȂȓȝॽ HȠȓ ЖǼǌǦǼǝȖ ȏȓȂΗǦǌǐ ǼȂΗǐǶ ǦǼȖǦǝǣȝȖ ǦǼȝȂ ȝǣǐ ǐΝȏǐǆȝǐǌ ȝǦǻǐȖǆƷǶǐȖ Ȃǜ ǶǐǝƷǆΞ

U$�[ ǆȂǼȝƷǻǦǼƷȝǦȂǼ ǦǼ ȝǣǐ ǝǶȂǅƷǶ ǐǼΗǦȓȂǼǻǐǼȝॽ

ँ৷ँ BӏԚӟԀӋԓ

ँ৷ँ৷ऀ �ԀӹԚӢӹӏӹԚҷӲ U$H[ ԏӏӲӏҷԓӏԓ ԚԀ Ԛӟӏ ԀӅӏҷӹ৷

eǼǆǐȓȝƷǦǼȝΞ ǦǼ ǐǻǦȖȖǦȂǼȖ ǐȖȝǦǻƷȝǐȖ ǜȂȓ U$H[ ƷǼǌ UH[$ৄǅƷȖǐǌ ȏȓǐǆȠȓȖȂȓȖ ǣƷȖ ǣƷǻȏǐȓǐǌ ȏȓǐΗǦȂȠȖ

ƷȝȝǐǻȏȝȖ ȝȂ ǻȂǌǐǶ ǝǶȂǅƷǶ ƷǆǆȠǻȠǶƷȝǦȂǼ ƷǼǌ ǆΞǆǶǦǼǝ ǦǼ ȝǣǐ ȂǆǐƷǼȖॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ǅȂȝȝȂǻৄȠȏ ǝǶȂǅƷǶ

ȓǐǶǐƷȖǐ ǐȖȝǦǻƷȝǐȖ ǅǐȝΘǐǐǼ ऀईऄइৄँࣿऀऄ ǆȂǼȖȝȓȠǆȝǐǌ ǅΞsƷǼǝ ǐȝ ƷǶॽ ँࣿऀआ Θǐȓǐ ऀँँइৄःईंࣿ ȝȂǼǼǐȖ ǜȂȓ

U$H[ ƷǼǌ ऀँंࣿৄइआंइ ȝȂǼǼǐȖ ǜȂȓ ͣ$H[��Ȗॽ CȂ ǝǶȂǅƷǶ ǦǼΗǐǼȝȂȓΞ ǜȂȓ ǦǼȏȠȝȖ ȝȂ ǻƷȓǦǼǐ ǐǆȂȖΞȖȝǐǻȖ

ँई



ǦȖ ƷΗƷǦǶƷǅǶǐॽ bȂ ƷǌǌȓǐȖȖ ȝǣǦȖ ǝƷȏॶ Θǐ ǐΝȝǐǼǌǐǌ ȝǣǐ ƷȏȏȓȂƷǆǣ ǜȂȓ ǐȖȝǦǻƷȝǦǼǝ ǆȂǼȝǦǼǐǼȝƷǶ U$H[ ȓǐǶǐƷȖǐȖ

ǜȓȂǻCȂȓȝǣ �ǻǐȓǦǆƷ ƷǼǌ �ȠȓȂȏǐ ǜȓȂǻ ~ǣƷǼǝ ǐȝ ƷǶॽ ँࣿऀआ ȝȂ :ƷȏƷǼॶ �ȠȖȝȓƷǶǦƷॶ �ǣǦǼƷॶ ƷǼǌ �ȓƷΣǦǶॽ

sǐ ǜȂǶǶȂΘ ȝǣǐ ȖƷǻǐ ǝǐǼǐȓƷǶ ƷȏȏȓȂƷǆǣ ǜȂȓ ǐȖȝǦǻƷȝǦǼǝ ȓǐǶǐƷȖǐȖ ƷȖ ǌǐȖǆȓǦǅǐǌ ǦǼ ǐƷȓǶǦǐȓ ǦǼΗǐǼȝȂȓǦǐȖॽ BǐƷৄ

ȖȠȓǐǌ U$H[ ǌǦȖǆǣƷȓǝǐ ȓƷȝǐȖ ǆȂǼǆǐǼȝȓƷȝǦȂǼ  ΗȂǶȠǻǐȝȓǦǆ ΘƷȝǐȓ ǌǦȖǆǣƷȓǝǐ ǦǼ ȓǦΗǐȓȖ Ȃȓ ΘƷȖȝǐΘƷȝǐȓ

ȝȓǐƷȝǻǐǼȝ ȏǶƷǼȝȖ ssbUȖ Θǐȓǐ ǆȂǻȏǦǶǐǌ ǜȂȓ Ʒ ǅƷȖǐǶǦǼǐ ΞǐƷȓ ΘǦȝǣ ȝǣǐ ǻȂȖȝ ƷǅȠǼǌƷǼȝ ȂǅȖǐȓΗƷȝǦȂǼƷǶ

ȓǐǆȂȓǌॽँँंॶआऀॶऀःं sǐ ȠȖǐǌ ȏȂȏȠǶƷȝǦȂǼ ΘǦȝǣǦǼ Ʒ ȓǦΗǐȓ ΘƷȝǐȓȖǣǐǌ Ȃȓ ȏȂȏȠǶƷȝǦȂǼ ȖǐȓΗǐǌ ǅΞssbUȖ ȝȂ

ǌǐȓǦΗǐ ȏȂΘǐȓ ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏȖ ΘǦȝǣ U$H[ ǌǦȖǆǣƷȓǝǐॽऀऄआॶँँं UȂΘǐȓ ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏȖ

ǜȂȓ ǐƷǆǣ ȓǐǝǦȂǼ $ǦǝȠȓǐ �ॽऀ Θǐȓǐ ȠȖǐǌ ȝȂ ǐȖȝǦǻƷȝǐ ǌǦȖǆǣƷȓǝǐȖ ǜȓȂǻ ȓǐǝǦȂǼƷǶ ssbU ƷǼǌ ȓǦΗǐȓ ǆƷȝǆǣৄ

ǻǐǼȝȖ ǌƷȝƷǅƷȖǐȖॽ �ƷȝǆǣǻǐǼȝ ǅȂȠǼǌƷȓǦǐȖ ǜȓȂǻ ȝǣǐ ,ΞǌȓȂ��[/C[ ǌƷȝƷǅƷȖǐ Θǐȓǐ ȠȖǐǌ ȝȂ ȖȏƷȝǦƷǶǶΞ

ƷǶǶȂǆƷȝǐ ǐȖȝǦǻƷȝǐǌ U$H[ ǌǦȖǆǣƷȓǝǐȖ ȝȂ ǆȂȓȓǐȖȏȂǼǌǦǼǝ ȓǦΗǐȓȖ ǌǦȖǆǣƷȓǝǦǼǝ ǦǼȝȂ ȝǣǐ ȂǆǐƷǼॽऀऀअ XǐǶǐƷȖǐȖ

ǜȂȓ ȝǣǐ ǅƷȖǐǶǦǼǐ ΞǐƷȓ Θǐȓǐ ȖǆƷǶǐǌ ǅΞ ȓǐǶƷȝǦΗǐ ǆǣƷǼǝǐȖ ǦǼ ȓǐǝǦȂǼƷǶǶΞ ȓǐȖȂǶΗǐǌ ȓǐǶǐƷȖǐȖ ȝȂ ΘƷȝǐȓ ǜȓȂǻ

sƷǼǝ ǐȝ ƷǶॽ ँࣿऀआ ȝȂ ǆȓǐƷȝǐ Ʒ ȖȏƷȝǦƷǶǶΞ ȓǐȖȂǶΗǐǌ ǣǦȖȝȂȓǦǆƷǶ ȓǐǶǐƷȖǐ ǦǼΗǐǼȝȂȓΞ ǜȓȂǻ ऀईऄइৄँࣿऀऄॽ $Ȃȓ

ǐƷǆǣ ȓǐǝǦȂǼॶ ȠǼǆǐȓȝƷǦǼȝΞ ǅȂȠǼǌȖ ǜȂȓ ȓǐǶǐƷȖǐȖ Θǐȓǐ ǐȖȝǦǻƷȝǐǌ ǜȓȂǻ ईऄ ǆȂǼЖǌǐǼǆǐ ǦǼȝǐȓΗƷǶȖ ƷȓȂȠǼǌ

ȝǣǐ ǻǐƷǼ Ȃǜ ǆȂǐАǆǦǐǼȝȖ ǦǼ ȝǣǐ ȏȂΘǐȓ ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏȖॽ /Ǽ �ȓƷΣǦǶॶ ǻȂȖȝ U$H[ ȓǐǶǐƷȖǐȖ ȂȓǦǝǦৄ

ǼƷȝǐ ǜȓȂǻ ƷǝȓǦǆȠǶȝȠȓƷǶ ȓȠǼৄȂЍ ǜȓȂǻ ǌǦȓǐǆȝ ƷȏȏǶǦǆƷȝǦȂǼ ȝȂ ȖȂǦǶ Ȃǜ ƷǼȝ ǅƷǦȝȖ ǆȂǼȝƷǦǼǦǼǝ �ȝ$H[� ȓƷȝǣǐȓ

ȝǣƷǼ ΘƷȖȝǐΘƷȝǐȓ ȝȓǐƷȝǻǐǼȝ ȏǶƷǼȝȖॽऀंࣿॶऀँईॶऀऄआॶँँं bǣǐȓǐǜȂȓǐॶ Θǐ ǆƷǶǆȠǶƷȝǐǌ ȖȏƷȝǦƷǶǶΞ ȓǐȖȂǶΗǐǌ �ȝ$H[�

ƷȏȏǶǦǆƷȝǦȂǼ ȓƷȝǐȖ ȝȂ ƷǝȓǦǆȠǶȝȠȓƷǶ ǶƷǼǌ ǅƷȖǐǌ ȂǼ ँࣿऀः ȖƷǶǐȖ ǌƷȝƷ ǅΞ ȏȓȂΗǦǼǆǐ ƷǼǌ %ǶȂǅ�ȂΗǐȓ ǶƷǼǌ ȠȖǐ

ǌƷȝƷॽऄइॶऀंࣿॶऀँईॶऀंइ sǐ ƷȖȖȠǻǐǌ Ʒ ǻǐƷǼ ǆȂǼΗǐȓȖǦȂǼ ȓƷȝǐ Ȃǜ �ȝ$H[� ȝȂ U$H[ Ȃǜ ः ƷǼǌ ंࣿ ǆȂǼΗǐȓৄ

ȖǦȂǼ ȓǐȏȓǐȖǐǼȝǦǼǝ ȂǼǐ ǶȂǝ࣡ৄȖȝƷǼǌƷȓǌ ǌǐΗǦƷȝǦȂǼ ƷȓȂȠǼǌ ȝǣǐ ǻǐƷǼॽऀंࣿॶऀँईॶऀंइ

ँ৷ँ৷ँ �ԚӸԀԓԌӟӏԏӢӅ ӢӹԌԞԚԓ Ԁә UH[$৳ӂҷԓӏӋ ԌԏӏӅԞԏԓԀԏԓ ԚԀ Ԛӟӏ ԀӅӏҷӹ

bǣǐ %�H[ৄ�ǣǐǻ ƷȝǻȂȖȏǣǐȓǦǆ ǆǣǐǻǦȖȝȓΞ ȝȓƷǼȖȏȂȓȝ ǻȂǌǐǶ ΘƷȖ ȠȖǐǌ ȝȂ ȖǦǻȠǶƷȝǐ ƷȝǻȂȖȏǣǐȓǦǆ U$H[

ǌǐȏȂȖǦȝǦȂǼ ȝȂ ȝǣǐ ȂǆǐƷǼ ǜȓȂǻ ȂΝǦǌƷȝǦȂǼ Ȃǜ UH[$ৄǅƷȖǐǌ ȏȓǐǆȠȓȖȂȓȖ ͣ$H[��Ȗ ǦǼǦȝǦƷȝǐǌ ǅΞ ǣΞৄ

ǌȓȂΝΞǶ ȓƷǌǦǆƷǶȖॶऀंअॶई ǅȠǦǶǌǦǼǝ ȂǼ ȝǣǐ ƷȝǻȂȖȏǣǐȓǦǆ U$�[ ȖǦǻȠǶƷȝǦȂǼ ȝǣƷȝ ǦȖ ǌǐȖǆȓǦǅǐǌ ǦǼ ǌǐȝƷǦǶ ǦǼ

bǣƷǆǴȓƷΞ ǐȝ ƷǶॽ ँࣿँࣿॽ sǐ ǐȖȝǦǻƷȝǐǌ ƷǼǼȠƷǶ ȓǐǶǐƷȖǐȖ Ȃǜ ͣ$H[� ȏȓǐǆȠȓȖȂȓȖ ȝȂ ȝǣǐ ƷȝǻȂȖȏǣǐȓǐ ǜȓȂǻ

ंࣿ



UH[$ৄǅƷȖǐǌ ȏȓȂǌȠǆȝȖ ƷǼǌ ͣ$H[� ȓǐǶǐƷȖǐȖ ȝȂ ƷǦȓ ǜȓȂǻ ȝǣǐ ƷȏȏǶǦǆƷȝǦȂǼ Ȃǜ ȖȠǶǜȠȓƷǻǦǌǐ ǦǼ �ȓƷΣǦǶ

ǅƷȖǐǌ ȂǼ ǐȖȝǦǻƷȝǐȖ ȏȓȂΗǦǌǐǌ ǦǼsƷǼǝ ǐȝ ƷǶॽ ँࣿऀआ ƷǼǌ =ȆǜȖȝǐǌȝ %ǦǶǶǱƷǻ ǐȝ ƷǶॽ ँࣿऀअǅॽ $ȂǶǶȂΘǦǼǝ

ȏȓǐΗǦȂȠȖ ΘȂȓǴॶ Θǐ ǐȖȝǦǻƷȝǐǌ ͣ$H[� ȓǐǶǐƷȖǐȖ Ȃǜ ँ Ȃǜ ǝǶȂǅƷǶ U$H[ ȏȓȂǌȠǆȝǦȂǼ ǦǼ CȂȓȝǣ �ǻǐȓৄ

ǦǆƷॶ �ȠȓȂȏǐ ƷǼǌ :ƷȏƷǼ ΘǦȝǣ ƷǼ ȠǼǆǐȓȝƷǦǼȝΞ ǅȂȠǼǌ Ȃǜ ࣿॽंৄऀऀॶ ǜȂǶǶȂΘǦǼǝ ȏȓȂǆǐǌȠȓǐȖ ȂȠȝǶǦǼǐǌ ǦǼ

sƷǼǝ ǐȝ ƷǶॽ ँࣿऀआॽ sǐ ƷȖȖȠǻǐǌ ऀࣿ ǐǻǦȖȖǦȂǼȖ ȝȂ ƷǦȓ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ƷȏȏǶǦǆƷȝǦȂǼ Ȃǜ �ȝ$H[� ƷǼǌ ǶȂǝৄ

ǼȂȓǻƷǶǶΞ ǌǦȖȝȓǦǅȠȝǐǌ ȠǼǆǐȓȝƷǦǼȝΞ ǅȂȠǼǌȖ Ȃǜ ࣿৄऀࣿࣿ ƷȖ Ƞȏ ȝȂ इࣿ Ȃǜ �ȝ$H[� ƷȏȏǶǦǐǌ ȝȂ ȖȂǦǶ ǻƷΞ

ȠǶȝǦǻƷȝǐǶΞ ΗȂǶƷȝǦΣǐ ȝȂ ƷǦȓॽँࣿࣿ �ǻǦȖȖǦȂǼȖ Θǐȓǐ ȠǼǦǜȂȓǻǶΞ ǌǦȖȝȓǦǅȠȝǐǌ ƷǆȓȂȖȖ ȏȂȏȠǶƷȝǐǌ ƷȓǐƷȖॽ sǐ Ǽǐৄ

ǝǶǐǆȝǐǌ Ν$H[� ǐǻǦȖȖǦȂǼȖ ǜȓȂǻ UH[$ ȏȓȂǌȠǆȝǦȂǼ ƷǼǌ ȠȖǐ ǅǐǆƷȠȖǐ ȝǣǐΞ ƷǆǆȂȠǼȝǐǌ ǜȂȓ ǶǐȖȖ ȝǣƷǼ ँ

ȏǐȓǆǐǼȝ Ȃǜ ͣ$H[��Ȗ ȠȖǐǌ ǦǼ ȏȓȂǌȠǆȝȖॽँࣿࣿ

ँ৷ँ৷ं Cӏԫ ԓӏҷԫҷԚӏԏ U$�[ ӅԀӹӅӏӹԚԏҷԚӢԀӹ ӋҷԚҷ

sǐ ǆȂǶǶǐǆȝǐǌ ȖǐƷΘƷȝǐȓ ȖƷǻȏǶǐȖ ǜȓȂǻ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ HǆǐƷǼ ǅǐȝΘǐǐǼBƷȓǆǣ ंऀ ƷǼǌ �ȏȓǦǶ ःॶ ँࣿऀआ

ȂǼ ǅȂƷȓǌ ȝǣǐ Xq �ǼǌǐƷΗȂȓॶ ƷǼǌ ǦǼ ȝǣǐ CȂȓȝǣ UƷǆǦЖǆ HǆǐƷǼ ȂǼ ǅȂƷȓǌ ȝǣǐ Xq �ΝΝȏǐǌǦȝǦȂǼ ǅǐৄ

ȝΘǐǐǼ :ȠǼǐ ंࣿ ƷǼǌ :ȠǶΞ ऀࣿॶ ँࣿऀइॽ /Ǽ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆॶ Θǐ ǆȂǶǶǐǆȝǐǌ ΗǐȓȝǦǆƷǶ ȏȓȂЖǶǐȖ ǜȓȂǻ ȝǣǐ ȖȠȓৄ

ǜƷǆǐ Ƞȏ ȝȂ ःऀऄऀ ǻ ǌǐȏȝǣ ǜȓȂǻ ȖǐΗǐǼ ȖȝƷȝǦȂǼȖ ȠȖǦǼǝ Ʒ �b�ৄCǦȖǴǦǼ ǅȂȝȝǶǐȖ ȓȂȖǐȝȝǐ ƷȓȓƷΞ Ǽंअॽ [ǦȝǐȖ

ȂǆǆȠȏǦǐǌ Θǐȓǐ ǶȂǆƷȝǐǌ ǅǐȝΘǐǐǼ ȝǣǐ �ƷȖȝǐȓǼ [ǣȂȓǐ Ȃǜ CȂȓȝǣ �ƷȓȂǶǦǼƷ ƷǼǌ $Ȃȓȝ =ƷȠǌǐȓǌƷǶǐॶ $ǶȂȓǦǌƷ

ंः ऀऀॽइँCॶ आअ ँःॽअआs ৄँआ ंँॽईंCॶ आई ऄँॽऀँsঃ $ǦǝȠȓǐ ँॽऀ ƷǼǌ bƷǅǶǐ �ॽंॽ /Ǽ ȝǣǐ CȂȓȝǣ UƷৄ

ǆǦЖǆॶ Θǐ ǆȂǶǶǐǆȝǐǌ ȖȠȓǜƷǆǐ ȖƷǻȏǶǐȖ ǌǐȏȝǣ  इ ǻ Ʒȝ ऀࣿ ȖȝƷȝǦȂǼȖ ȠȖǦǼǝ ,�U� ǅȂȝȝǶǐȖ ǅǐȝΘǐǐǼ CȂȓȝǣ

�ǻǐȓǦǆƷ sƷȖǣǦǼǝȝȂǼ [ȝƷȝǐॶ e[� ƷǼǌ ȝǣǐ �ǐǼȝȓƷǶ CȂȓȝǣ UƷǆǦЖǆ ःऄ ंआॽंऀCॶ ऀंं ࣿःॽआःs ূंँ

ࣿऀॽऀँCॶ ऀऄँ ंँॽऀँsॽ [ƷǻȏǶǐȖ Θǐȓǐ ƷǼƷǶΞΣǐǌ ǜȂȓ ȖȠǦȝǐ Ȃǜ ँऄ U$�[ Ʒȝ ,ƷȓΗƷȓǌ eǼǦΗǐȓȖǦȝΞ ǜȂǶǶȂΘৄ

ǦǼǝ ȏȓǐΗǦȂȠȖǶΞ ȏȠǅǶǦȖǣǐǌ ǐΝȝȓƷǆȝǦȂǼ ȏȓȂǆǐǌȠȓǐȖ ƷǼǌ ƷǼƷǶΞȝǦǆƷǶ ǻǐȝǣȂǌȖ ȝǣƷȝ Ʒȓǐ ȖȠǻǻƷȓǦΣǐǌ ǦǼ ȝǣǐ

[/ [ǐǆȝǦȂǼ �ॽࣿॽऀॽँँं �ǐȝƷǦǶȖ Ȃǜ ȝǣǐ ǆȓȠǦȖǐȖॶ ǦǼǆǶȠǌǦǼǝ ȖƷǻȏǶǦǼǝ ǶȂǆƷȝǦȂǼȖ ƷǼǌ ǌǐȏȝǣȖॶ ǻǐƷȖȠȓǐǌ U$�[

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॶ ǌǐȝǐǆȝǦȂǼ ǶǦǻǦȝȖ ƷǼǌ ȓǐǆȂΗǐȓǦǐȖ Ʒȓǐ ȏȓȂΗǦǌǐǌ ǦǼ ȝǣǐ [/ bƷǅǶǐ �ॽं ƷǼǌ [ǐǆȝǦȂǼ �ॽࣿॽऀॽ
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ँ৷ँ৷ः [ԮӹԚӟӏԓӢԓ Ԁә ӏԭӢԓԚӢӹӚ U$H[ ԓӏҷԫҷԚӏԏ ԀӂԓӏԏԪҷԚӢԀӹԓ

sǐ ǆȂǻȏǦǶǐǌ ǝǶȂǅƷǶ ȖǐƷΘƷȝǐȓ ǻǐƷȖȠȓǐǻǐǼȝȖ ǆȂǶǶǐǆȝǐǌ ǦǼ ȝǣǐ ȂȏǐǼ ȂǆǐƷǼ ǅǐȝΘǐǐǼ ँࣿࣿँৄँࣿऀऄॽ �ƷȝƷ

ǜȓȂǻ ǶȂǆƷȝǦȂǼȖ ΘǦȝǣ ΘƷȝǐȓ ǌǐȏȝǣȖ ઁँࣿࣿ ǻ Θǐȓǐ ǼȂȝ ǦǼǆǶȠǌǐǌ ǦǼ ǻȂǌǐǶ ǐΗƷǶȠƷȝǦȂǼ ǅǐǆƷȠȖǐ ǶȂǆƷǶ

ȖȂȠȓǆǐȖ ƷǼǌ ЖǼǐ ȖǆƷǶǐ ǆǦȓǆȠǶƷȝǦȂǼ ȏƷȝȝǐȓǼȖ ǻƷǴǐ ǝǶȂǅƷǶ ǻȂǌǐǶ ȖǦǻȠǶƷȝǦȂǼȖ ȠǼȓǐǶǦƷǅǶǐ ǦǼ ȝǣǐȖǐ ȓǐৄ

ǝǦȂǼȖॽ sǐ ǦǻȏȠȝǐǌ ΗƷǶȠǐȖ ǜȂȓ ǼȂǼৄǌǐȝǐǆȝȖ ȠȖǦǼǝ ȓȂǅȠȖȝ ȓǐǝȓǐȖȖǦȂǼ ȂǼ Ȃȓǌǐȓ ȖȝƷȝǦȖȝǦǆȖ XH[ॽईं sǐ

ǐΝǆǶȠǌǐǌ ǌƷȝƷ ǜȓȂǻ ȂǼǐ ȖƷǻȏǶǦǼǝ ǆƷǻȏƷǦǝǼ ǦǌǐǼȝǦЖǐǌ ȝȂ ǣƷΗǐ ƷǼȂǻƷǶȂȠȖ ΗƷȓǦƷǼǆǐ ȏƷǦȓǐǌ ȝৄȝǐȖȝॶ Ȯৄ

ΗƷǶȠǐઁࣿॽࣿऄॽ bǣǐ ЖǼƷǶ ǌƷȝƷȖǐȝ ǆȂǼȝƷǦǼȖ ऄःࣿ ǻǐƷȖȠȓǐǻǐǼȝȖ ǜȓȂǻ ǐǦǝǣȝ ȂǆǐƷǼ

ǅƷȖǦǼȖॽंॶःॶऀऄॶँऄॶँईॶंࣿॶऀईँॶँࣿआॶँऀःॶँऀऄॶँऀअॶँऀआॶँऀइॶँँँॶँँअ BȂȖȝ आअ Θǐȓǐ ǜȓȂǻ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ƷǅȂΗǐ

ऄऄ ǻॶ Ǽःࣿं ƷǼǌ ǶǐȖȖ ȝǣƷǼ ऀࣿ Ȃǜ ǻǐƷȖȠȓǐǻǐǼȝȖ Θǐȓǐ ǜȓȂǻ ǅǐǶȂΘ ऀࣿࣿࣿ ǻ Ǽःःॽ

ँ৷ँ৷ऄ BԀӋӏӲ ӋӏԓӅԏӢԌԚӢԀӹ ҷӹӋ ԞԌӋҷԚӏԓ

sǐ ǐΝȝǐǼǌǐǌ ȝǣǐ U$H[ ȖǦǻȠǶƷȝǦȂǼ ǐǻǅǐǌǌǐǌ ǦǼ Ʒ ंৄ� ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ ǻȂǌǐǶ ȝǣǐ B/bǝǆǻँँं

ȝȂ ȝǣǐ ǝǶȂǅƷǶ ǌȂǻƷǦǼ ƷȖ ȏƷȓȝ Ȃǜ ȝǣǦȖ ȖȝȠǌΞॽ bǣǐ ǻȂǌǐǶ ȖǦǻȠǶƷȝǐȖ ȝȓƷǼȖȏȂȓȝ Ȃǜ ǦȂǼǦǆॶ ǼǐȠȝȓƷǶ ƷǼǌ ȏƷȓৄ

ȝǦǆǶǐ ǅȂȠǼǌ U$H[ ΘǦȝǣ ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼॶ ǻǦΝǦǼǝॶ ǌǦЍȠȖǦȂǼ ƷǼǌ ȏƷȓȝǦǆǶǐ ȖǐȝȝǶǦǼǝॽ XǐǆǐǼȝ ΘȂȓǴ ǣƷȖ

ȖǣȂΘǼ ȝǣƷȝ [[� ȝȓƷǼȖȏȂȓȝ Ʒȝ ȝǣǐ ȂǆǐƷǼ ȖȠȓǜƷǆǐ ǻƷΞ ǅǐ ƷǼ ǦǻȏȂȓȝƷǼȝ ȝȓƷǼȖȏȂȓȝ ǻǐǆǣƷǼǦȖǻ ȝǣƷȝ ΘƷȖ

ȏȓǐΗǦȂȠȖǶΞ ȂΗǐȓǶȂȂǴǐǌॽऀࣿं UȓȂǌȠǆȝǦȂǼ Ȃǜ [[� ȓǐȖȠǶȝȖ ǜȓȂǻ ΘǦǼǌৄǌȓǦΗǐǼ ǐǼȝȓƷǦǼǻǐǼȝ Ȃǜ ƷǦȓ ǦǼȝȂ ȝǣǐ

ȂǆǐƷǼȖ ȖȠȓǜƷǆǐ ǆȓǐƷȝǦǼǝ ƷǦȓ ǅȠǅǅǶǐȖ ȝǣƷȝ ǅȠȓȖȝ Ʒȝ ȝǣǐ ȖǐƷ ȖȠȓǜƷǆǐॽ [[� Ʒȓǐ ƷǅȠǼǌƷǼȝ ǦǼ ȝǣǐ ǻƷȓǦǼǐ

ǅȂȠǼǌƷȓΞ ǶƷΞǐȓ ƷǼǌ ȝǣǐ ȖȠȓǜƷǆȝƷǼȝ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ U$�[ ǶǐƷǌ ȝȂ ǶƷȓǝǐ ǐǼȓǦǆǣǻǐǼȝ ǦǼ ȝǣǐ ƷǐȓȂȖȂǶ ȓǐǶƷȝǦΗǐ

ȝȂ ȝǣǐ ƷȒȠǐȂȠȖ ȏǣƷȖǐॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ȂǼǐ ȖȝȠǌΞ ǦǼ ȝǣǐ [ȂȠȝǣǐȓǼ HǆǐƷǼ ȂǅȖǐȓΗǐǌ U$�[ ऄँँৄःअईࣿৄ

ǜȂǶǌ ǐǼȓǦǆǣǻǐǼȝ ǆȂǻȏƷȓǐǌ ȝȂ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॽंँ bǣǐȖǐ ǌƷȝƷ Ʒȓǐ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ǶƷǅȂȓƷৄ

ȝȂȓΞ ǐΝȏǐȓǦǻǐǼȝȖ ȖǣȂΘǦǼǝ Ʒ ȖǐΗǐȓƷǶ ȝǣȂȠȖƷǼǌৄǜȂǶǌ U$�[ ǐǼȓǦǆǣǻǐǼȝ ǦǼ [[� ȓǐǶƷȝǦΗǐ ȝȂ ȖǐƷΘƷȝǐȓऀࣿं

ǐǻȏǣƷȖǦΣǦǼǝ ȝǣǐ Ǽǐǐǌ ȝȂ ǦǼǆȂȓȏȂȓƷȝǐ [[� ȝȓƷǼȖȏȂȓȝ ǦǼȝȂ ǻȂǌǐǶǦǼǝ Ȃǜ ȂǆǐƷǼǦǆ U$�[ ǆΞǆǶǦǼǝॽ sǐ

ǦǻȏǶǐǻǐǼȝǐǌ Ʒ ǼǐΘ ȖȂȠȓǆǐ ǜȠǼǆȝǦȂǼ ǜȂȓ [[� ǜȂȓ ȝǣȓǐǐ ǻȂǌƷǶ ǌǦƷǻǐȝǐȓȖ Ȃǜ ƷǐȓȂȖȂǶȖ ǅƷȖǐǌ ȂǼ [ƷǶȝǐȓ

ǐȝ ƷǶॽ ँࣿऀऄॶ bƷǅǶǐ �ॽऀॽ bǣǐ [[� ЙȠΝ ǜȂǶǶȂΘȖ Ʒ ǆȠǅǦǆ ǜȠǼǆȝǦȂǼ Ȃǜ ΘǦǼǌ ƷǼǌ ȖǐƷ ȖȠȓǜƷǆǐ ȝǐǻȏǐȓƷȝȠȓǐॽ
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sǐ ƷȏȏǶΞ [[� ǐǼȓǦǆǣǻǐǼȝ ǜƷǆȝȂȓȖ ǜȂȓ U$H[ ȓǐǶƷȝǦΗǐ ȝȂ CƷ ȂǅȖǐȓΗǐǌ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ȝȂ ǆƷǶǆȠǶƷȝǐ ȝǣǐ

U$H[ ЙȠΝ bƷǅǶǐ �ॽँॽऀࣿं sǦǼǌ ǌȓǦΗǐǼ ƷǐȓȂȖȂǶ ȝȓƷǼȖȏȂȓȝ ǦȖ ȖǦǻȠǶƷȝǐǌ ȠȖǦǼǝ Ʒ ȏȖǐȠǌȂৄЖȓȖȝ Ȃȓǌǐȓ Ʒǌৄ

ΗǐǆȝǦΗǐ ȝȓƷǼȖȏȂȓȝ Ȗǆǣǐǻǐॶ ǜȂǶǶȂΘǐǌ ǅΞ ǌǐȏȂȖǦȝǦȂǼ Ʒǜȝǐȓ ƷǼ ƷΗǐȓƷǝǐ ȓǐȖǦǌǐǼǆǐ ȝǦǻǐ Ȃǜ ȝǣǐ ȝǣȓǐǐ ƷǐȓȂȖȂǶ

ǻȂǌǐȖ ǅƷȖǐǌ ȂǼ ȏȓǦȂȓ ΘȂȓǴॽऀअऄ

ँ৷ँ৷अ �ҷԮӏԓӢҷӹ ӢӹәӏԏӏӹӅӏ әԀԏ ԀԌԚӢӸӢԲӢӹӚ ӢӹԌԞԚԓ ԚԀ Ԛӟӏ ԀӅӏҷӹ

bǣǐ U$H[ ȖǦǻȠǶƷȝǦȂǼ ǦȖ ǦǼǦȝǦƷǶǦΣǐǌ ǅΞ ƷȖȖȠǻǦǼǝ ǼǐǝǶǦǝǦǅǶǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȖǐƷΘƷȝǐȓ ȏȓǦȂȓ ȝȂ ǣȠৄ

ǻƷǼ ȓǐǶǐƷȖǐȖ ǅǐǝǦǼǼǦǼǝ ǦǼ ऀईऄइॽ /ȝ ǦȖ ǜȂȓǆǐǌ ΘǦȝǣ ȝǦǻǐ ǌǐȏǐǼǌǐǼȝ ȓǦΗǐȓǦǼǐ ǌǦȖǆǣƷȓǝǐȖ ƷǼǌ ƷȝǻȂৄ

ȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ Ȃǜ U$H[ ǅǐȝΘǐǐǼ ऀईऄइৄँࣿऀऄॽ sǐ ȠȖǐǌ ȠǼǆǐȓȝƷǦǼȝΞ ǦǼ ǆȂǼȝǦǼǐǼȝƷǶ ǌǦȖǆǣƷȓǝǐ ƷǼǌ

ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ǐȖȝǦǻƷȝǐȖ ƷǼǌ ȝǣǐ ȖΞǼȝǣǐȖǦȖ Ȃǜ ȂǅȖǐȓΗǐǌ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॶ ǌǐȖǆȓǦǅǐǌ

ƷǅȂΗǐॶ ȝȂ ǌǐΗǐǶȂȏ Ʒ ȖȝƷȝǦȖȝǦǆƷǶ ǅǐȖȝ ǐȖȝǦǻƷȝǐ Ȃǜ ȂǆǐƷǼ ǦǼȏȠȝȖॽ [ȏǐǆǦЖǆƷǶǶΞॶ Θǐ ǌǐΗǐǶȂȏǐǌ Ʒ ȖȝƷȝǦȖȝǦǆƷǶ

ȏȓǦȂȓ ǅΞ ȠȖǦǼǝ ǌǦȖȝȓǦǅȠȝǦȂǼȖ ǜȂȓ U$H[ ȂǆǐƷǼ ǦǼȏȠȝȖ ǜȓȂǻ ȓǦΗǐȓȖ ƷǼǌ ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ƷǼǌ ȝǣǐ

ȓƷǼǝǐ Ȃǜ ȏȂȖȖǦǅǶǐ ǝǶȂǅƷǶ ȓǐǶǐƷȖǐȖ ȓǐȏȂȓȝǐǌ ǦǼsƷǼǝ ǐȝ ƷǶॽ ँࣿऀआॶ ऀँँइৄःईंࣿBǝॽ sǐ ƷȏȏǶǦǐǌ �ƷΞǐȖǦƷǼ

ǦǼǜǐȓǐǼǆǐ ȝȂ ȖȂǶΗǐ ǜȂȓ ȝǣǐ ȓǐǶǐƷȖǐ ȓƷȝǐ ΘǦȝǣǦǼ ȝǣǦȖ ȠǼǆǐȓȝƷǦǼȝΞ ȓƷǼǝǐ ȝǣƷȝ ǅǐȖȝ ǐΝȏǶƷǦǼǐǌ ȖǐƷΘƷȝǐȓ Ȃǅৄ

ȖǐȓΗƷȝǦȂǼȖ ǻǦǼǦǻǦΣǐǌ ȝǣǐ ǶǐƷȖȝৄȖȒȠƷȓǐȖ Ȃǜ ȝǣǐ ǶȂǝ ǌǦЍǐȓǐǼǆǐ ǅǐȝΘǐǐǼ ǻǐƷȖȠȓǐǌ ƷǼǌ ǻȂǌǐǶǐǌ ȂǆǐƷǼ

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǝǦΗǐǼ ȝǣǐ ȝȓƷǼȖȏȂȓȝ ƷǼǌ ǻǦΝǦǼǝ ȖǦǻȠǶƷȝǐǌ ȠȖǦǼǝ ȝǣǐ B/bǝǆǻॽ sǐ ȠȖǐǌ ƷǼ ǦȝǐȓƷৄ

ȝǦΗǐ ȖǐȒȠǐǼǆǐ Ȃǜ ȏȓȂȏȂȖǐǌ ȖǆƷǶǦǼǝ ǜƷǆȝȂȓȖ ǜȂȓ ǐƷǆǣ ǦǼȏȠȝ ȓǐǝǦȂǼ ȠȖǦǼǝ BǐȝȓȂȏȂǶǦȖ ,ƷȖȝǦǼǝȖ BƷȓǴȂΗ

�ǣƷǦǼBȂǼȝǐ �ƷȓǶȂ B�B� ȖǦǻȠǶƷȝǦȂǼȖॽ sǐ ǦǻȏǶǐǻǐǼȝǐǌ ȝǣǐ B�B�ǻȂǌǐǶ ȠȖǦǼǝ ȝǣǐ ǻǆǻǆ

ȏƷǆǴƷǝǐ ǦǼXॽ � ǆȂǻȏǶǐȝǐ ǌǐȖǆȓǦȏȝǦȂǼ Ȃǜ ȝǣǐ ǻȂǌǐǶǦǼǝ ǦȖ ȏȓȂΗǦǌǐǌ ǦǼ ȝǣǐ [/ [ǐǆȝǦȂǼ �ॽࣿॽँॽ

ँ৷ं XӏԓԞӲԚԓ ҷӹӋ�ӢԓӅԞԓԓӢԀӹ

ँ৷ं৷ऀ U$H[ ӸԀԓԚ ӋӏԚӏӅԚӏӋ U$�[ Ӣӹ ӹӏԫ ԓӏҷԫҷԚӏԏ ӸӏҷԓԞԏӏӸӏӹԚԓ

Hǜ ȝǣǐ ँऄ ȝƷȓǝǐȝǐǌ ƷǼƷǶΞȝǐȖॶ U$H[ ΘƷȖ ǻȂȖȝ ǌǐȝǐǆȝǐǌ U$�[ ǦǼ ȝǣǐ ȖǐƷΘƷȝǐȓ ȖƷǻȏǶǐȖ ǆȂǶǶǐǆȝǐǌ ǦǼ ȝǣǐ

CȂȓȝǣ �ȝǶƷǼȝǦǆ ƷǼǌ UƷǆǦЖǆ HǆǐƷǼȖ ǦǼ ँࣿऀआ ƷǼǌ ँࣿऀइ ईइ  ǌǐȝǐǆȝǦȂǼ ǜȓǐȒȠǐǼǆΞॶ $ǦǝȠȓǐ ँॽऀॽ U$H�
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Figure 2.1: Measured PFOS concentrations in seawater collected: a) for this study on the R/V Endeavor in the North At‐
lantic in 2017, b) for this study on the R/V Exxpedition in the North Pacific in 2018, and c) compiled from the literature
for all open ocean measurements collected between 2002‐2015. Red marks denote samples collected in this study. The
horizonal line on panel (c) indicates the Method Detection Limit (MDL) of 1.4 pg L− for the sum of linear and branched
PFOS from this study. One high value of 732 pg L− was omitted for clarity in panel (c).

ΘƷȖ ǌǐȝǐǆȝƷǅǶǐ ǦǼ अइ Ȃǜ ȝǣǐ ȖƷǻȏǶǐȖॶ ǜȂǶǶȂΘǐǌ ǅΞ U$C� अࣿ ǌǐȝǐǆȝǦȂǼॶ U$,ȏ� ःआ ǌǐȝǐǆȝǦȂǼ

ƷǼǌ अॵँ $b[ ःं ǌǐȝǐǆȝǦȂǼ $ǦǝȠȓǐ ँॽऀॶ bƷǅǶǐ �ॽंॽ �ǶǶ Ȃȝǣǐȓ U$�[ Θǐȓǐ ǌǐȝǐǆȝǐǌ ǦǼ ઁँࣿ Ȃǜ ȝǣǐ

ȖƷǻȏǶǐȖॽ

/Ǽ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆॶ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ȓƷǼǝǐǌ ǅǐȝΘǐǐǼ ईৄऀंआ ȏǝ =− ΘǦȝǣ ǝǐȂǻǐȝȓǦǆ ǻǐƷǼ

Ȃǜ ँः ȏǝ =− $ǦǝȠȓǐ ँॽऀॽ bǣǦȖ ǦȖ ǆȂǻȏƷȓƷǅǶǐ ȝȂ ȏȓǐΗǦȂȠȖ ȖƷǻȏǶǦǼǝ ǆƷǻȏƷǦǝǼȖ ǦǼ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ

ँँ ȏǝ =−ॶ ઁB�=ৄऄऀः ȏǝ =−ॶ $ǦǝȠȓǐ ँॽँॶ BƷǼǼৄsǣǦȝǼǐΞ e ȝǐȖȝঃ ȮৄΗƷǶȠǐࣿॽई ƷǼǌ ȖȠǝǝǐȖȝȖ ȝǣƷȝ

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ȂȠȝȖǦǌǐ ǻƷǱȂȓ ȖȂȠȓǆǐ ƷȓǐƷȖ ǦǼ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ Ʒȓǐ ǌǐǆǶǦǼǦǼǝ ȖǶȂΘǶΞॽऀऀःॶऀःँॶऀःऀ qǐȓৄ

ȝǦǆƷǶ ȏȓȂЖǶǐȖ ȖǣȂΘǐǌ ǣǦǝǣǐȓ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ʒȝ ȝǣǐ ȖȠȓǜƷǆǐ ǆȂǻȏƷȓǐǌ ȝȂ ȖȠǅȖȠȓǜƷǆǐ ΘƷȝǐȓȖ $Ǧǝৄ

Ƞȓǐ �ॽँॽ �Ξ ǆȂǼȝȓƷȖȝॶ ΗǐȓȝǦǆƷǶ ȏȓȂЖǶǐȖ ǜȂȓ U$H�ǻƷǦǼǶΞ ȖǣȂΘǐǌ ǐǼȓǦǆǣǻǐǼȝ ǼǐƷȓ ȝǣǐ ЙȠȂȓǐȖǆǐǼǆǐ

ǻƷΝǦǻȠǻ ȠȖǐǌ ƷȖ Ʒ ȏȓȂΝΞ ǜȂȓ ȏȓȂǌȠǆȝǦΗǦȝΞ $ǦǝȠȓǐ �ॽँॽ �ȂǻȏƷȓǐǌ ȝȂ U$H�ॶ U$H[ ǣƷȖ Ʒ ǣǦǝǣǐȓ

ंः



ȂǅȖǐȓΗǐǌ ǐǼȓǦǆǣǻǐǼȝ ǦǼ ǐΝȏǐȓǦǻǐǼȝƷǶǶΞ ǝǐǼǐȓƷȝǐǌ [[�ॽऀࣿं �ǼȓǦǆǣǻǐǼȝ ǦǼ ȝǣǐ ȂǆǐƷǼ ǻǦǆȓȂǶƷΞǐȓ ƷǼǌ

[[� ǣƷȖ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ ȂǅȖǐȓΗǐǌॽंँॶऀࣿऄ U$H[ ǐǼȓǦǆǣǻǐǼȝ Ʒȝ ȝǣǐ ƷǦȓৄΘƷȝǐȓ ǦǼȝǐȓǜƷǆǐ ǻƷΞ ȝǣǐȓǐǜȂȓǐ

ȓǐЙǐǆȝ ȠȏΘƷȓǌ ȝȓƷǼȖȏȂȓȝ Ȃǜ ǌǦȖȖȂǶΗǐǌ U$H[ ǅΞ ǐǼȝȓƷǦǼǐǌ ƷǦȓ ǅȠǅǅǶǐȖॶ ƷǼǌ ǝȓǐƷȝǐȓ U$H[ ǐǼȓǦǆǣǻǐǼȝ

ǦǼ [[� ƷǼǌ ƷȖȖȂǆǦƷȝǐǌ ȓǐȝǐǼȝǦȂǼ ǦǼ ǼǐƷȓ ȖȠȓǜƷǆǐ ΘƷȝǐȓȖ ǆȂǻȏƷȓǐǌ ȝȂ U$H�ॽ

/Ǽ ȝǣǐ CȂȓȝǣ UƷǆǦЖǆ HǆǐƷǼॶ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Θǐȓǐ ǦǼ ȝǣǐ ȖƷǻǐ ȓƷǼǝǐ ƷȖ ȝǣȂȖǐ ȂǅȖǐȓΗǐǌ ǦǼ ȝǣǐ

CȂȓȝǣ �ȝǶƷǼȝǦǆ ँৄईइ ȏǝ =− ǦǼ ई Ȃǜ ȝǣǐ ऀࣿ ȖȠȓǜƷǆǐ ΘƷȝǐȓ ȖƷǻȏǶǦǼǝ ǶȂǆƷȝǦȂǼȖॶ ƷǼǌ Θǐȓǐ ǆȂǻȏƷȓƷǅǶǐ

ǝǐȂǻǐȝȓǦǆ ǻǐƷǼॵ ंं ȏǝ =− ȝȂ ȏȓǐΗǦȂȠȖ CȂȓȝǣ UƷǆǦЖǆ ȖƷǻȏǶǦǼǝ ǆƷǻȏƷǦǝǼȖ ऀऀ ȏǝ =−ॶ ઁB�=ৄईࣿ

ȏǝ =−ॶ BƷǼǼৄsǣǦȝǼǐΞ e ȝǐȖȝঃ ȮৄΗƷǶȠǐࣿॽऀॶ $ǦǝȠȓǐ ँॽँॽ HǼǐ ȂЍȖǣȂȓǐ ȖƷǻȏǶǐ ƷȏȏȓȂƷǆǣǦǼǝ ,ƷΘƷǦǦ

ΘƷȖ ƷǼ ȂȠȝǶǦǐȓ ǜȂȓ ǅȂȝǣ U$H[ आंँ ȏǝ =−ॶ ǦǼȝǐȓৄȒȠƷȓȝǦǶǐ ȓƷǼǝǐ ǆȓǦȝǐȓǦȂǼ /WX ƷǼǌ U$H� आइऄ

ȏǝ =−ॶ /WXॽ U$H�ৄȝȂৄU$H[ ȓƷȝǦȂȖ Ʒȓǐ ȖȂǻǐȝǦǻǐȖ ȠȖǐǌ ȝȂ ǦǼǌǦǆƷȝǐ ȝǣǐ ƷȏȏȓȂΝǦǻƷȝǐ ǻƷǝǼǦȝȠǌǐ

Ȃǜ ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ǅǐǆƷȠȖǐ Ʒ ǝȓǐƷȝǐȓ ǼȠǻǅǐȓ Ȃǜ ΗȂǶƷȝǦǶǐ ȏȓǐǆȠȓȖȂȓȖ ǌǐǝȓƷǌǐ ǦǼȝȂ U$H� ƷȖ

ȝǣǐ ȝǐȓǻǦǼƷǶ U$�[ ǆȂǻȏƷȓǐǌ ȝȂ U$H[ॽंइॶऀआँॶँऀई /Ǽ ȝǣǐ CȂȓȝǣ UƷǆǦЖǆॶ U$H� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Θǐȓǐ

ǆȂǼȖǦȖȝǐǼȝǶΞ ǝȓǐƷȝǐȓ ȝǣƷǼ U$H[ॶ ǐΝǆǐȏȝ Ʒȝ ȂǼǐ ȖȝƷȝǦȂǼ [ȝƷȝǦȂǼ ँॶ $ǦǝȠȓǐ ँॽऀॽ U$H� ƷǼǌ U$H[ ǆȂǼৄ

ǆǐǼȝȓƷȝǦȂǼȖ Θǐȓǐ ȖǦǻǦǶƷȓ Ʒȝ ȝǣǐ ƷǼȂǻƷǶȂȠȖǶΞ ǣǦǝǣ ȖȝƷȝǦȂǼॶ ǅȠȝ U$H�ৄȝȂৄU$H[ ȓƷȝǦȂȖ Θǐȓǐ ǝȓǐƷȝǐȓ ǦǼ

ǻȂȖȝ Ȃǜ ȝǣǐ ȓǐǻƷǦǼǦǼǝ ȖƷǻȏǶǐȖ ँॽईॶ ࣿॽःৄऄॽःॽ bǣǦȖ ǦȖ ȖȠǝǝǐȖȝǦΗǐ Ȃǜ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝȖ ƷȖ Ʒ ǆȂǼȝȓǦǅȠȝৄ

ǦǼǝ ȖȂȠȓǆǐ ȝȂ ǅƷǆǴǝȓȂȠǼǌ ǶǐΗǐǶȖ ǦǼ ȝǣǐ ȂȏǐǼ ȂǆǐƷǼॽ

ँ৷ं৷ँ %ӲԀӂҷӲ ӋӢԓԚԏӢӂԞԚӢԀӹ Ԁә U$H[ Ӣӹ Ԛӟӏ ԓԞԏәҷӅӏ ӸӢԭӏӋ ӲҷԮӏԏ Ԁә Ԛӟӏ ԀӅӏҷӹ৷

HȠȓ ȖΞǼȝǣǐȖǦȖ Ȃǜ ǝǶȂǅƷǶ ȂȏǐǼ ȂǆǐƷǼ ȖǐƷΘƷȝǐȓ ǻǐƷȖȠȓǐǻǐǼȝȖ ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ǻǦΝǐǌ ǶƷΞǐȓ $ǦǝȠȓǐ ँॽऀ�

ȖǣȂΘȖ Ʒ ȏȓȂǼȂȠǼǆǐǌ ǐǼȓǦǆǣǻǐǼȝ ǦǼ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅǐȝΘǐǐǼ ँࣿCৄअࣿCॽ [ƷǻȏǶǦǼǝ ȖȝƷȝǦȂǼȖ

ΘǦȝǣ Ʒ ǅƷȝǣΞǻǐȝȓΞ Ȃǜ ǶǐȖȖ ȝǣƷǼ ँࣿࣿ ǻ Θǐȓǐ ǐΝǆǶȠǌǐǌ ȝȂ ǐǼȖȠȓǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ȓǐЙǐǆȝǐǌ ȝǣȂȖǐ ǦǼ

ȝǣǐ ȂЍȖǣȂȓǐ ȂǆǐƷǼॽ �ǐȝΘǐǐǼ ँࣿCৄअࣿC ǦǼ ȝǣǐ �ȝǶƷǼȝǦǆ HǆǐƷǼॶ ȝǣǐ ǝǐȂǻǐȝȓǦǆ ǻǐƷǼ ǆȂǼǆǐǼȝȓƷৄ

ȝǦȂǼ ँँ ȏǝ =−ॶ ȓƷǼǝǐ ઁB�=ৄँईऀ ȏǝ =− ǦȖ ȖǦǝǼǦЖǆƷǼȝǶΞ ǣǦǝǣǐȓ ȝǣƷǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ CȂȓȝǣ Ȃǜ

अࣿC आ ȏǝ =−ॶ ȓƷǼǝǐॵઁB�=ৄंई ȏǝ =−ॶ �ȓǆȝǦǆ ƷǼǌ CȂȓȝǣ �ȝǶƷǼȝǦǆ HǆǐƷǼȖॶ BƷǼǼৄsǣǦȝǼǐΞ e

ȝǐȖȝঃ ȮৄΗƷǶȠǐࣿॽࣿऀ ƷǼǌ ȖȂȠȝǣ Ȃǜ ँࣿC ऀअ ȏǝ =−ঃ [ȂȠȝǣ �ȝǶƷǼȝǦǆ ƷǼǌ [ȂȠȝǣǐȓǼ HǆǐƷǼॶ BƷǼǼৄ
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sǣǦȝǼǐΞ e ȝǐȖȝঃ ȮৄΗƷǶȠǐ ઁࣿॽࣿऄॶ $ǦǝȠȓǐ �ॽँ�ॽ [ǦǻǦǶƷȓǶΞॶ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ʒȓǐ ǐǶǐΗƷȝǐǌ ǦǼ ȝǣǐ ǻǦǌৄ

ǶƷȝǦȝȠǌǐ CȂȓȝǣ UƷǆǦЖǆ HǆǐƷǼ ँअ ȏǝ =−ॶ ȓƷǼǝǐॵઁB�=ৄआअऄ ȏǝ =− ǆȂǻȏƷȓǐǌ ȝȂ ǅǐǶȂΘ ँࣿC आ

ȏǝ =−ॶ ȓƷǼǝǐॵઁB�=ৄ ȏǝ =−ॶ BƷǼǼৄsǣǦȝǼǐΞ e ȝǐȖȝঃ ȮৄΗƷǶȠǐઁࣿॽࣿऀ ƷǼǌ ƷǅȂΗǐ अࣿC ऀः ȏǝ =−ॶ

ȓƷǼǝǐॵઁB�=ৄऀࣿई ȏǝ =−ॶ BƷǼǼৄsǣǦȝǼǐΞ e ȝǐȖȝঃ ȮৄΗƷǶȠǐઁࣿॽࣿऀॽ bǣǦȖ ȏƷȝȝǐȓǼ ǦȖ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ

ǶƷȓǝǐ ȓǦΗǐȓǦǼǐ ǌǦȖǆǣƷȓǝǐȖ Ȃǜ U$H[ ǦǼ CȂȓȝǣ �ǻǐȓǦǆƷ ƷǼǌ �ȖǦƷ ȝǣƷȝ ȂǆǆȠȓ ǼǐΝȝ ȝȂ ǻǦǌৄǶƷȝǦȝȠǌǐȖ ȖȂȠȓǆǐ

ȓǐǝǦȂǼȖ ƷǼǌ ȂЍȖǣȂȓǐ ǆȠȓȓǐǼȝȖ ȖȠǆǣ ƷȖ ȝǣǐ %ȠǶǜ [ȝȓǐƷǻ ǦǼ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ƷǼǌ ȝǣǐ HΞƷȖǣǦȂ ƷǼǌ

<ȠȓȂȖǣǦȂ ǆȠȓȓǐǼȝȖ ǦǼ ȝǣǐ CȂȓȝǣ UƷǆǦЖǆॽ

/Ǽ ȝǣǐ ȏȂǶƷȓ ȂǆǐƷǼȖॶ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ʒȓǐ ǻȂȓǐ ȠǼǦǜȂȓǻ $ǦǝȠȓǐ ँॽँǆॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ȝǣǐ ǝǐৄ

ȂǻǐȝȓǦǆ ǻǐƷǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǦǼ ȝǣǐ [ȂȠȝǣǐȓǼ HǆǐƷǼ अ ȏǝ =−ॶ ȓƷǼǝǐॵઁB�=ৄऄं ȏǝ =− ǦȖ ǆȂǻȏƷৄ

ȓƷǅǶǐ ȝȂ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼ ई ȏǝ =−ॶ ȓƷǼǝǐॵઁB�=ৄऄऄ ȏǝ =− ǐΗǐǼ ȝǣȂȠǝǣ ΘƷȝǐȓ ǜȓȂǻ ȝǣǐ CȂȓȝǣ

�ȝǶƷǼȝǦǆ ȓǐȒȠǦȓǐȖ ऄࣿৄआࣿࣿ ΞǐƷȓȖ ȝȂ ȓǐƷǆǣ ȝǣǐ �ǼȝƷȓǆȝǦǆ ȖǣȂȓǐॽ U$H[ ȏȓǐǆȠȓȖȂȓȖ ͣ$H[��Ȗ ǣƷΗǐ ǅǐǐǼ

ǌǐȝǐǆȝǐǌ ǦǼ ƷǦȓ ƷǅȂΗǐ ȝǣǐ [ȂȠȝǣǐȓǼ HǆǐƷǼ ƷǼǌ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼॽऄॶःईॶऀइःॶऀईईॶँऀं ȏȓȂΗǦǌǦǼǝ ǐΗǦǌǐǼǆǐ ǜȂȓ

ƷȝǻȂȖȏǣǐȓǦǆ ȝȓƷǼȖȏȂȓȝ Ȃǜ ȏȓǐǆȠȓȖȂȓ ȖȠǅȖȝƷǼǆǐȖ ƷȖ Ʒ ȖȂȠȓǆǐ Ȃǜ U$H[ ȝȂ ȓǐǻȂȝǐ ǐǼΗǦȓȂǼǻǐǼȝȖॽ

ंअ



Figure 2.2 (following page): Optimized cumulative PFOS inputs to the global ocean (1958‐2015) and simulated seawater
concentrations based on inputs from rivers only (panels a and c), and combined inputs from rivers and atmospheric de‐
position (panels b and d). In panels (c) and (d), measurements between 2002 and 2015 are shown as circles. Background
color shows modeled 5‐year average seawater concentrations around the median year of observations (2008). Errorbars
in panels (a) and (d) show 90ȼȂ percentiles around the median based on Markov Chain Monte Carlo (MCMC) Bayesian
inference.
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Figure 2.2: (continued)

Posterior: River discharge Posterior: River discharge w/ atm. inputs
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Posterior: River discharge Posterior: River discharge w/ atm. inputs
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ँ৷ं৷ं �ԞӸԞӲҷԚӢԪӏ U$H[ ӢӹԌԞԚԓ ԚԀ Ԛӟӏ ԀӅӏҷӹ ৵ऀईऄइ৳ँࣿऀऄ৶

BȂǌǐǶǐǌ ȂȏǐǼ ȂǆǐƷǼ ȖǐƷΘƷȝǐȓ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅƷȖǐǌ ȂǼ ǅȂȝǣ ȓǦΗǐȓȖ ƷǼǌ ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂৄ

ȖǦȝǦȂǼ $ǦǝȠȓǐ ँॽँǅॶ ǌ ǅǐȝȝǐȓ ȓǐȏȓȂǌȠǆǐ ȝǣǐ ǻƷǝǼǦȝȠǌǐ ƷǼǌ ȖȏƷȝǦƷǶ ȏƷȝȝǐȓǼȖ Ȃǜ ȂȏǐǼ ȂǆǐƷǼ ȂǅȖǐȓৄ

ΗƷȝǦȂǼȖ $ǦǝȠȓǐ ँॽँǆॶ ǌ ȝǣƷǼ ȓǦΗǐȓ ǌǦȖǆǣƷȓǝǐȖ ȂǼǶΞॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ǻȂǌǐǶǐǌ ǻǐǌǦƷǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ

ǦǼ ȝǣǐ �ȒȠƷȝȂȓǦƷǶ ƷǼǌ [ȂȠȝǣ �ȝǶƷǼȝǦǆ ΘǦȝǣ ǅȂȝǣ ȓǦΗǐȓǦǼǐ ƷǼǌ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝȖ ँं ȏǝ =−ॶ ईࣿȼȂ

ȏǐȓǆǐǼȝǦǶǐ ǆȂǼЖǌǐǼǆǐ ǦǼȝǐȓΗƷǶȖ �/Ȗॵ ࣿৄःऀ ȏǝ =− ǜƷǶǶ ΘǦȝǣǦǼ ȝǣǐ ȓƷǼǝǐ Ȃǜ ȂǅȖǐȓΗƷȝǦȂǼȖ ऀइ ȏǝ =−ॶ

ईࣿȼȂ ȏǐȓǆǐǼȝǦǶǐ �/Ȗॵ ँৄआं ȏǝ =− ǅȠȝ Ʒȓǐ ǅǦƷȖǐǌ ǶȂΘ आ ȏǝ =−ॶ ईࣿȼȂ ȏǐȓǆǐǼȝǦǶǐ �/Ȗॵ ࣿৄःइ ȏǝ =−

ΘǣǐǼ ȂǼǶΞ ȓǦΗǐȓǦǼǐ ǦǼȏȠȝȖ Ʒȓǐ ǆȂǼȖǦǌǐȓǐǌॽ BȂǌǐǶǐǌ ǻǐǌǦƷǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǜȂȓ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ

ंइ ȏǝ =−ॶ ईࣿȼȂ ȏǐȓǆǐǼȝǦǶǐ �/Ȗॵ ऀৄऄࣿ ȏǝ =− Ʒǝȓǐǐ ΘǐǶǶ ΘǦȝǣ ȂȠȓ ǻǐƷȖȠȓǐǻǐǼȝȖ ǜȓȂǻ ँࣿऀआ ँऄ ȏǝ

=−ॶ ȓƷǼǝǐ ऀऀৄऀंई ȏǝ =− ƷǼǌ ȝǣǐ ȖΞǼȝǣǐȖǦȖ Ȃǜ ȏȓǐǆǦȂȠȖ ȂǅȖǐȓΗƷȝǦȂǼȖ ँँ ȏǝ =−ॶ ईࣿȼȂ ȏǐȓǆǐǼȝǦǶǐ

�/Ȗॵ ઁB�=ৄऄऀः ȏǝ =−ॽ �ȠǻȠǶƷȝǦΗǐ U$H[ ǌǦȖǆǣƷȓǝǐȖ ǜȓȂǻ �ȠȖȝȓƷǶǦƷ ȏȓȂȏȂȖǐǌ ǦǼ ȝǣǐ ȂȏȝǦǻǦΣƷৄ

ȝǦȂǼ ȝǣƷȝ ȂǼǶΞ ǆȂǼȖǦǌǐȓȖ ȓǦΗǐȓǦǼǐ ǌǦȖǆǣƷȓǝǐȖ Ʒȓǐ ǦǻȏǶƷȠȖǦǅǶΞ ǣǦǝǣ ँࣿࣿࣿৄँअࣿࣿBǝ ǅǐǆƷȠȖǐ ȝǣǐ ǻƷৄ

ǱȂȓǦȝΞ इࣿ Ȃǜ UH[$ ȏȓȂǌȠǆȝǦȂǼ ȂǆǆȠȓȓǐǌ ǦǼ ȝǣǐ eǼǦȝǐǌ [ȝƷȝǐȖ ƷǼǌ Ȃȝǣǐȓ ǴǼȂΘǼǻƷǼȠǜƷǆȝȠȓǦǼǝ

ȖǦȝǐȖ Ʒȓǐ ǶȂǆƷȝǐǌ ǦǼ /ȝƷǶΞॶ :ƷȏƷǼ ƷǼǌ �ǣǦǼƷॽँࣿࣿ sǐ ȝǣǐȓǐǜȂȓǐ ǜȂǆȠȖ ȂȠȓ ƷǼƷǶΞȖǦȖ ȂǼ ȝǣǐ ȖǦǻȠǶƷȝǦȂǼ ȝǣƷȝ

ǦǼǆǶȠǌǐȖ ǦǼȏȠȝȖ ǜȓȂǻ ǅȂȝǣ ƷȝǻȂȖȏǣǐȓǦǆ ƷǼǌ ȓǦΗǐȓǦǼǐ ȖȂȠȓǆǐȖॽ

�ȠǻȠǶƷȝǦΗǐ ȓǦΗǐȓǦǼǐ ǌǦȖǆǣƷȓǝǐȖ ǜȓȂǻ �ȠȖȝȓƷǶǦƷ ǦǼ ȝǣǐ ȂȏȝǦǻǦΣƷȝǦȂǼ ȝǣƷȝ ǦǼǆǶȠǌǐȖ ƷȝǻȂȖȏǣǐȓǦǆ ǌǐৄ

ȏȂȖǦȝǦȂǼ Ʒȓǐ ȖǻƷǶǶǐȓ ǅȠȝ ȖȝǦǶǶ ȠǼǆǐȓȝƷǦǼ ईࣿȼȂ ȏǐȓǆǐǼȝ �/Ȗॵ ऀৄऀँࣿࣿBǝঃ $ǦǝȠȓǐ ँॽँǅॽ BǐƷȖȠȓǐǌ U$H[

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ �ȠȖȝȓƷǶǦƷǼssbU ǐГȠǐǼȝȖ ऀंࣿ Ǽǝ =− Ʒȓǐ ƷǼ Ȃȓǌǐȓ Ȃǜ ǻƷǝǼǦȝȠǌǐ ǣǦǝǣǐȓ ȝǣƷǼ

ȝǣȂȖǐ ǻǐƷȖȠȓǐǌ ǦǼ ȝǣǐ ǶƷȝǐ ँࣿࣿࣿȖ ǦǼ CȂȓȝǣ �ǻǐȓǦǆƷ ƷǼǌ ǣǦǝǣǐȓ ȝǣƷǼ ȝǣȂȖǐ ǻǐƷȖȠȓǐǌ ǦǼ ΘƷȖȝǐΘƷৄ

ȝǐȓ ȝȓǐƷȝǻǐǼȝ ȏǶƷǼȝȖ ǦǼ �ǣǦǼƷॽंअॶँँं bǣǐ ǶȂΘǐȓ ईࣿȼȂ ȏǐȓǆǐǼȝǦǶǐ ǆȂǼЖǌǐǼǆǐ ǦǼȝǐȓΗƷǶ ऀ Bǝ ǻƷΞ ǅǐ Ʒ

ǻȂȓǐ ȓǐƷǶǦȖȝǦǆ ǐȖȝǦǻƷȝǐ Ȃǜ ǌǦȖǆǣƷȓǝǐȖ ǜȓȂǻ �ȠȖȝȓƷǶǦƷ ǅƷȖǐǌ ȂǼ ǣǦȖȝȂȓǦǆƷǶ ȏȓȂǌȠǆȝǦȂǼ ǐȖȝǦǻƷȝǐȖँࣿࣿ ǅȠȝ

ƷǌǌǦȝǦȂǼƷǶ ȓǦΗǐȓǦǼǐ ƷǼǌ ȖǐƷΘƷȝǐȓ ǻǐƷȖȠȓǐǻǐǼȝȖ Ʒȓǐ Ǽǐǐǌǐǌ ȝȂ ǆȂǼȖȝȓƷǦǼ ȝǣǐ ȂȏȝǦǻǦΣƷȝǦȂǼ ǜȂȓ U$H[

ǦǼȏȠȝȖ ȏǐȓǜȂȓǻǐǌ ǦǼ ȝǣǦȖ ȖȝȠǌΞॽ

$Ȃȓ Ȃȝǣǐȓ ȓǐǝǦȂǼȖॶ ȝǣǐ ȂȏȝǦǻǦΣƷȝǦȂǼ ȝǣƷȝ ǦǼǆǶȠǌǐȖ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝȖ ȓǐǌȠǆǐȖ ȠǼǆǐȓȝƷǦǼȝΞ ǦǼ ȝǣǐ
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Figure 2.3: Historical and annual river discharges to the ocean. Results of optimized PFOS discharges from rivers based
on Bayesian Inference that includes atmospheric deposition (Figure 2.2b). Contemporary (ca. 2010) discharges are
shown as filled circles. Colors of source regions indicate the relative magnitudes of cumulative historical discharges
(1958‐2015). The inserted panel shows the temporal trajectory of riverine releases and shaded areas indicate 90ȼȂ

percentile confidence interval around the median estimate.

ȓǦΗǐȓǦǼǐ ǌǦȖǆǣƷȓǝǐȖ ȝȂ ȝǣǐ ȂǆǐƷǼॽ bǣǐ ईࣿȼȂ ȏǐȓǆǐǼȝǦǶǐ ǆȂǼЖǌǐǼǆǐ ǦǼȝǐȓΗƷǶ ǜȂȓ ǆȠǻȠǶƷȝǦΗǐ ȓǦΗǐȓǦǼǐ

ǌǦȖǆǣƷȓǝǐȖ ǅǐȝΘǐǐǼ ऀईऄइৄँࣿऀऄ ǦȖ ंआࣿৄअࣿࣿBǝ ǜȂȓ CȂȓȝǣ ƷǼǌ �ǐǼȝȓƷǶ �ǻǐȓǦǆƷ ƷǼǌ ँँࣿৄँंࣿBǝ ǜȂȓ

�ȠȓȂȏǐ ǅȠȝ ȠǼǆǐȓȝƷǦǼȝΞ ǦȖ ǣǦǝǣǐȓ ǜȂȓ :ƷȏƷǼ ँࣿࣿৄऄࣿࣿBǝॽ bǣǐ ईࣿȼȂ ȏǐȓǆǐǼȝǦǶǐ ǆȂǼЖǌǐǼǆǐ ǦǼȝǐȓΗƷǶȖ

ǦǼǌǦǆƷȝǐ ǆȠǻȠǶƷȝǦΗǐ ȓǐǶǐƷȖǐȖ ǜȓȂǻ �ȓƷΣǦǶ ँৄऀऀBǝ ƷǼǌ �ǣǦǼƷ ࣿৄं Bǝ Ʒȓǐ ȓǐǶƷȝǦΗǐǶΞ ȖǻƷǶǶ ǆȂǻȏƷȓǐǌ

ȝȂ CȂȓȝǣ �ǻǐȓǦǆƷ ƷǼǌ �ȠȓȂȏǐ $ǦǝȠȓǐ ँॽँॽ bǣǦȖ ǦȖ ǼȂȝ ȖȠȓȏȓǦȖǦǼǝ ǅǐǆƷȠȖǐ �ȓƷΣǦǶ ƷǼǌ �ǣǦǼƷ ȂǼǶΞ

ǅǐǝƷǼ ȏȓȂǌȠǆǦǼǝ U$H[ ǦǼ ȝǣǐ ǶƷȝǐ ऀईइࣿȖॶ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ ऀईऄࣿȖ ǦǼ CȂȓȝǣ �ǻǐȓǦǆƷॽऀँࣿॶऀंࣿ

ँ৷ं৷ः �ԀӹԚӏӸԌԀԏҷԏԮ ԏӢԪӏԏӢӹӏ U$H[ ӋӢԓӅӟҷԏӚӏԓ

�ȂǼȝǐǻȏȂȓƷȓΞ ǆƷॽ ँࣿऀࣿ U$H[ ǌǦȖǆǣƷȓǝǐȖ ǜȓȂǻ ȓǦΗǐȓȖ ǦǼ �ȓƷΣǦǶ ंࣿࣿ Ǵǝॶ �ǣǦǼƷ ंअ Ǵǝ ƷǼǌ �ȠȖৄ

ȝȓƷǶǦƷ ऀंࣿࣿ Ǵǝ ȓǐȏȓǐȖǐǼȝ ȝǣǐ ǻƷǱȂȓ ȂǼǝȂǦǼǝ ǝǶȂǅƷǶ ȖȂȠȓǆǐ ȓǐǝǦȂǼȖ ȝȂ ȝǣǐ ȂǆǐƷǼ ईआॶ $ǦǝȠȓǐ ँॽंॽ

�ȠȖȝȓƷǶǦƷǼ ǦǼȏȠȝȖ Ʒȓǐ ǣǦǝǣǶΞ ȠǼǆǐȓȝƷǦǼ ǌȠǐ ȝȂ ǶƷǆǴ Ȃǜ ǻȂǼǦȝȂȓǦǼǝ ǌƷȝƷ ǜȂȓ ȓǦΗǐȓȖ ƷǼǌ ƷǌǱƷǆǐǼȝ ǻƷৄ

ȓǦǼǐ ȓǐǝǦȂǼȖॶ ƷȖ ǌǦȖǆȠȖȖǐǌ ƷǅȂΗǐॽ bǣǐ <ȂȓǐƷǼ UǐǼǦǼȖȠǶƷ ƷǼǌ :ƷȏƷǼǐȖǐ ƷȓǆǣǦȏǐǶƷǝȂ ȏȓȂΗǦǌǐ ȏǣΞȖǦৄ

ःࣿ



ǆƷǶ ǅƷȓȓǦǐȓȖ ȝǣƷȝ ȏȓǐΗǐǼȝ ǻȠǆǣ Ȃǜ ȝǣǐ ȏȂǶǶȠȝǦȂǼ ǜȓȂǻ ǶƷȓǝǐ �ȖǦƷǼ ȓǦΗǐȓȖ ǜȓȂǻ ȓǐƷǆǣǦǼǝ ȝǣǐ ȂЍȖǣȂȓǐ

CȂȓȝǣ UƷǆǦЖǆॶ ΘǣǦǆǣ ǦȖ ǦǼȖȝǐƷǌ ȓǐȝƷǦǼǐǌ ǦǼ ǆȂƷȖȝƷǶ ƷǼǌ ȖǣǐǶǜ ȓǐǝǦȂǼȖॽँँः bǣǦȖ ǶƷǼǌ ǅƷȓȓǦǐȓ ǜȂȓ ȂЍȖǣȂȓǐ

ȝȓƷǼȖȏȂȓȝ ǣǐǶȏȖ ȝȂ ǐΝȏǶƷǦǼ ȝǣǐ ȓǐǶƷȝǦΗǐǶΞ ǶȂΘ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ ȂЍȖǣȂȓǐ ΘǐȖȝǐȓǼ CȂȓȝǣ

UƷǆǦЖǆ HǆǐƷǼ ȂЍȖǣȂȓǐ ǆȂǻȏƷȓǐǌ ȝȂ ǣǦǝǣǶΞ ǆȂǼȝƷǻǦǼƷȝǐǌ ǆȂƷȖȝƷǶ ȓǐǝǦȂǼȖ $ǦǝȠȓǐ ँॽँǌॽऀःँ ,Ǧǝǣ

U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ǽǝ =− ȓƷǼǝǐ ǣƷΗǐ ǅǐǐǼ ȓǐȏȂȓȝǐǌ ǦǼ ȝǣǐ ȓǦΗǐȓȖ ƷǼǌ ǆȂƷȖȝƷǶ ȓǐǝǦȂǼȖ Ȃǜ ǅȂȝǣ

�ǣǦǼƷऀऄऀॶँँऄॶँँआ ƷǼǌ �ȓƷΣǦǶऀंࣿॶऀःःॽ HЍȖǣȂȓǐ Ȃǜ �ȓƷΣǦǶॶ ȓǦΗǐȓǦǼǐ ǌǦȖǆǣƷȓǝǐȖ ȓǐȖȠǶȝ ǦǼ ǐǶǐΗƷȝǐǌ U$H[

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ƷǶȂǼǝ ȝǣǐ ǆȂƷȖȝ ƷǼǌ ȖȂȠȝǣ Ȃǜ ँࣿ[ ȝǣƷȝ Ʒȓǐ ȝȓƷǼȖȏȂȓȝǐǌ ΘǦȝǣ ȝǣǐ [ȂȠȝǣ �ȓƷΣǦǶ ǆȠȓȓǐǼȝ

ȝǣƷȝ ȝȠȓǼȖ ǐƷȖȝ Ʒȝ ȝǣǐ XǦȂ ǌǐ ǶƷ UǶƷȝƷॽ bǣǦȖ ǆǦȓǆȠǶƷȝǦȂǼ ȏƷȝȝǐȓǼ ǦȖ ǦǼǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣǐ ǜȠǶǶ ǐΝȝǐǼȝ Ȃǜ

ǐǶǐΗƷȝǐǌ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ [ȂȠȝǣ �ȝǶƷǼȝǦǆॽऀऄॶआईॶअ U$H[ ȏȓǐǆȠȓȖȂȓȖ ǣƷΗǐ ǅǐǐǼ ǻǐƷȖȠȓǐǌ

ǦǼ ƷǦȓ ƷǼǌ ΘƷȝǐȓ ƷǆȓȂȖȖ ȝǣǐ [ȂȠȝǣ �ȝǶƷǼȝǦǆॶंॶऀऄॶःई ȖȠǝǝǐȖȝǦǼǝ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝȖ ǜȓȂǻ ǌǐǝȓƷǌƷȝǦȂǼ Ȃǜ

�ȝ$H[� Ʒȓǐ ƷǼȂȝǣǐȓ ǦǻȏȂȓȝƷǼȝ ȖȂȠȓǆǐॽ

ँ৷ं৷ऄ �ԚӸԀԓԌӟӏԏӢӅ ӢӹԌԞԚԓ ԚԀ Ԛӟӏ ԀӅӏҷӹ

XǐȖȠǶȝȖ Ȃǜ ȂȠȓ ȖǦǻȠǶƷȝǦȂǼ ȖȠǝǝǐȖȝ ǶƷȓǝǐ ƷȝǻȂȖȏǣǐȓǦǆ U$H[ ǦǼȏȠȝȖ ȝȂ ȝǣǐ ȂȏǐǼ ȂǆǐƷǼॶ ǐȖȏǐǆǦƷǶǶΞ ǦǼ

ȝǣǐ [ȂȠȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ $ǦǝȠȓǐ ँॽःƷॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ȏȓǐǶǦǻǦǼƷȓΞ ǻȂǌǐǶǦǼǝ ȖȠǝǝǐȖȝȖ ƷȝǻȂȖȏǣǐȓǦǆ

ǦǼȏȠȝȖ ƷǆǆȂȠǼȝ ǜȂȓ ǻȂȓǐ ȝǣƷǼ ईࣿ Ȃǜ ȝǣǐ U$H[ ǦǼ ȝǣǐ ǆȂǼȝǐǻȏȂȓƷȓΞ ȖȠȓǜƷǆǐ ǻǦΝǐǌ ǶƷΞǐȓ Ȃǜ ȝǣǐ /Ǽৄ

ǌǦƷǼ ƷǼǌ [ȂȠȝǣǐȓǼ HǆǐƷǼ ǆƷॽ ँࣿऀऄॽ =Ʒȓǝǐ ǣǦȖȝȂȓǦǆƷǶ ȓǦΗǐȓ ǦǼȏȠȝȖ ƷǼǌ Ʒ ǆȂǻȏƷȓƷȝǦΗǐǶΞ ȖǻƷǶǶ ȖȠȓৄ

ǜƷǆǐ ƷȓǐƷ Ȃǜ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ HǆǐƷǼ ǻǐƷǼ ƷȝǻȂȖȏǣǐȓǦǆ ȖȂȠȓǆǐȖ ƷǆǆȂȠǼȝ ǜȂȓ Ʒ ȖǻƷǶǶǐȓ ǜȓƷǆȝǦȂǼ ǦǼ

ȝǣǦȖ ǅƷȖǦǼॽ /Ǽ ȝǣǐ [ȂȠȝǣ �ȝǶƷǼȝǦǆॶ ǻȂǌǐǶǐǌ ǦǼȏȠȝȖ ǜȓȂǻ ȝǣǐ ǌǐǝȓƷǌƷȝǦȂǼ Ȃǜ ͣ$H[��Ȗ ǆȂǼȝȓǦǅȠȝǐ

आआ Ȃǜ ȝǣǐ ȖȠȓǜƷǆǐ ǻǦΝǐǌ ǶƷΞǐȓ U$H[ ȓǐȖǐȓΗȂǦȓॽ �ǐǝȓƷǌƷȝǦȂǼ Ȃǜ �ȝ$H[� ȓǐǶǐƷȖǐǌ ǜȓȂǻ ȖȠǶǜȠȓƷǻǦǌǐ

ƷȏȏǶǦǆƷȝǦȂǼ ǦȖ ǐȖȝǦǻƷȝǐǌ ȝȂ ǆȂǼȝȓǦǅȠȝǐ ऀआ Ȃǜ ȝǣǐ U$H[ ǌǐȏȂȖǦȝǐǌ ȝȂ ȝǣǐ [ȂȠȝǣ �ȝǶƷǼȝǦǆ इࣿBǝॶ

ऀईऄइৄँࣿऀऄॽ

bǣǐ ǌȂǻǦǼƷǼȝ ȓȂǶǐ Ȃǜ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝȖ ǜȂȓ ȖȠȓǜƷǆǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȓǐǻȂȝǐ ȂǆǐƷǼ ǅƷȖǦǼȖ ǦȖ

ȖȠȏȏȂȓȝǐǌ ǅΞ ȏƷȖȝ ȂǅȖǐȓΗƷȝǦȂǼȖॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ǌǐȝǐǆȝƷǅǶǐ ǶǐΗǐǶȖ Ȃǜ U$H[ ȝǣƷȝ ǣƷΗǐ ǅǐǐǼ ȓǐȏȂȓȝǐǌ ǦǼ

ȝǣǐ [ȂȠȝǣǐȓǼ HǆǐƷǼ ǅǐǜȂȓǐ ँࣿࣿआॽँࣿआ ,ȂΘǐΗǐȓॶ ȝǣǐ �ǼȝƷȓǆȝǦǆ �ǦȓǆȠǻȏȂǶƷȓ �ȠȓȓǐǼȝ ��� ƷǆȝȖ ƷȖ Ʒ

ःऀ



ǅƷȓȓǦǐȓ ǜȂȓ ȖȠȓǜƷǆǐ ȝȓƷǼȖȏȂȓȝ ǜȓȂǻ ǼȂȓȝǣǐȓǼ ǶƷȝǦȝȠǌǐȖॽ U$H[ ǌǦȖǆǣƷȓǝǐȖ ȝȂ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ǆȂȠǶǌ

ǼȂȝ ǣƷΗǐ ȓǐƷǆǣǐǌ ȝǣǐ [ȂȠȝǣǐȓǼ HǆǐƷǼ ȂΗǐȓ ȝǣǐ ȝǦǻǐ ȖǆƷǶǐȖ ȓǐǶǐΗƷǼȝ ȝȂ U$�[ ȏȓȂǌȠǆȝǦȂǼ ǅǐǆƷȠȖǐ

ǌǐǐȏ ΘƷȝǐȓ ǜȓȂǻ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ȝƷǴǐȖ Ʒȝ ǶǐƷȖȝ ऄࣿ ΞǐƷȓȖ ȝȂ ȠȏΘǐǶǶ ǦǼ ȝǣǐ �ǼȝƷȓǆȝǦǆ UȂǶƷȓ $ȓȂǼȝ

~ȂǼǐॽऀࣿࣿॶऀइऀ bǣǦȖ ǦȖ ȖȠȏȏȂȓȝǐǌ ǅΞ ȝǣǐ ȂǅȖǐȓΗƷȝǦȂǼ Ȃǜ ǌǐȝǐǆȝƷǅǶǐ ǶǐΗǐǶȖ Ȃǜ U$�[ ǦǼ ǻƷȓǦǼǐ ȖȏǐǆǦǐȖ ǜȂȓৄ

ƷǝǦǼǝ ǦǼ ȝǣǐ ��� ǅȠȝ ǼȂȝ ǦǼ ȝǣȂȖǐ ǜȂȓƷǝǦǼǝ ǦǼ ȠȏΘǐǶǶǦǼǝ ΣȂǼǐȖ Ȃǜ CȂȓȝǣ �ȝǶƷǼȝǦǆ �ǐǐȏsƷȝǐȓ ȖȂȠȝǣ

Ȃǜ ȝǣǐ ���ॽऀः � ǆȂǼȖȝƷǼȝ ǌǦЍȠȖǦΗǐ ƷȝǻȂȖȏǣǐȓǦǆ ȖȂȠȓǆǐ ǜȓȂǻ ȏȂȏȠǶƷȝǐǌ ƷȓǐƷȖ ǦǼ [ȂȠȝǣ �ǻǐȓǦǆƷ

ƷǼǌ [ȂȠȝǣǐȓǼ �ǜȓǦǆƷ ǣƷȖ ǅǐǐǼ ȖȠǝǝǐȖȝǐǌ ƷȖ ȝǣǐ ȖȂȠȓǆǐ Ȃǜ ǐǶǐΗƷȝǐǌ ƷȝǻȂȖȏǣǐȓǦǆ ͣ$H[��Ȗ ǦǼ ȝǣǐ

ȏȂǶƷȓ ǆǐǶǶॽःईॶऀईई bǣǐ ȓǐƷǆȝǦȂǼ Ȃǜ ȖȠǶǜȂǼƷǻǦǌȂǐȝǣƷǼȂǶȖ ΘǦȝǣ H, ǦȖ ƷȏȏȓȂΝǦǻƷȝǐǶΞ ऄৄǜȂǶǌ ǜƷȖȝǐȓ ȝǣƷǼ

ǜȂȓ ЙȠȂȓȂȝǐǶȂǻǐȓ ƷǶǆȂǣȂǶȖ ȖȠǝǝǐȖȝǦǼǝ Ǧȝ ǻƷΞ ΞǦǐǶǌ U$H[ ǻȂȓǐ ǐАǆǦǐǼȝǶΞॶऄआॶऀंअ ƷǼǌ ȠǼǌǐȓȖǆȂȓǐȖ ȝǣǐ

ȂΗǐȓǶȂȂǴǐǌ ȓȂǶǐ Ȃǜ ƷȝǻȂȖȏǣǐȓǦǆ U$H[ ȖȂȠȓǆǐȖॽ

ँ৷ं৷अ �ԚӸԀԓԌӟӏԏӢӅ ԚԏҷӹԓԌԀԏԚ ԫӢԚӟ ԓӏҷ ԓԌԏҷԮ ҷӏԏԀԓԀӲԓ ৵[[�৶৷

BȂǌǐǶ ȓǐȖȠǶȝȖ ȖȠǝǝǐȖȝ ǝǶȂǅƷǶ U$H[ ȝȓƷǼȖȏȂȓȝ ΘǦȝǣ [[� ǶǐƷǌȖ ȝȂ ǶȂΘǐȓ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ

ȝǣǐ ȖȠȓǜƷǆǐ ǻǦΝǐǌ ǶƷΞǐȓ Ȃǜ ȝǣǐ ȂǆǐƷǼ ǌȠǐ ȝȂ ȝȓƷǼȖȏȂȓȝ ƷǼǌ ǌǐȏȂȖǦȝǦȂǼ ǦǼ ǆȂƷȖȝƷǶ ǶƷǼǌ ƷȓǐƷȖ $ǦǝȠȓǐ

ँॽःǅॽ [[� ǐǼȓǦǆǣǻǐǼȝ ǦȖ ǶǦǼǐƷȓǶΞ ȓǐǶƷȝǐǌ ȝȂ ȖȠȓǜƷǆǐ ΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॽऀࣿंॶऀआऀ bǣȠȖॶ ȝǣǐ ǣǦǝǣǐȖȝ

[[� ǐǻǦȖȖǦȂǼȖ ȂǆǆȠȓ ǦǼ ȝǣǐ ǻǦǌৄǶƷȝǦȝȠǌǐ ȓǐǝǦȂǼȖ Ȃǜ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ƷǼǌ ȝǣǐ CȂȓȝǣ UƷǆǦЖǆ HǆǐƷǼȖ

Θǣǐȓǐ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ʒȓǐ ǐǼȓǦǆǣǐǌ $ǦǝȠȓǐ �ॽंƷঃ $ǦǝȠȓǐ ँॽऀǌॽ %ȓǐƷȝǐȓ ǶƷǼǌ ǻƷȖȖ ǦǼ ȝǣǐ

CȂȓȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ [ȂȠȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ ǶǐƷǌȖ ȝȂ ǣǦǝǣǐȓ ȝǐȓȓǐȖȝȓǦƷǶ U$H[ ǌǐৄ

ȏȂȖǦȝǦȂǼॽ HǼǶΞ ऄई Ȃǜ [[� ǐǻǦȖȖǦȂǼȖ ǦǼ ȝǣǐ CȂȓȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ Ʒȓǐ ȓǐǌǐȏȂȖǦȝǐǌ ȂǼ ȝȂ ȝǣǐ ȂǆǐƷǼ

Ǽǐȝ ǶȂȖȖ Ȃǜ ऄ Bǝॶ ǆƷॽ ँࣿऀऄॶ ΘǣǐȓǐƷȖ ईࣿ Ȃǜ ǐǻǦȖȖǦȂǼȖ ΘǦȝǣ [[� ȓǐȖǐȝȝǶǐ ȂǼ ȝǣǐ ȂǆǐƷǼ ǦǼ ȝǣǐ [ȂȠȝǣৄ

ǐȓǼ ,ǐǻǦȖȏǣǐȓǐ Ǽǐȝ ǶȂȖȖ Ȃǜ ँ Bǝॽ [[� ǦǼǆȓǐƷȖǐȖ ǻǦΝǐǌ ǶƷΞǐȓ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ [ȂȠȝǣǐȓǼ

HǆǐƷǼ ƷǼǌ Ȃȝǣǐȓ ȂǆǐƷǼ ǆȂǼΗǐȓǝǐǼǆǐ ΣȂǼǐȖ ǶǦǴǐ ȝǣǐ �ȒȠƷȝȂȓǦƷǶ UƷǆǦЖǆॽ [ǦǻȠǶƷȝǐǌ ȝȓƷǼȖȏȂȓȝ ΘǦȝǣ [[�

ƷǐȓȂȖȂǶ ǌȂȠǅǶǐȖ ȖȠȓǜƷǆǐ ΘƷȝǐȓ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȖȂǻǐ ȓǐǝǦȂǼȖ Ȃǜ ȝǣǐ [ȂȠȝǣǐȓǼ HǆǐƷǼ $ǦǝȠȓǐ

ँॽःǅॶ ȓǐǦǼǜȂȓǆǦǼǝ ȝǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ [[� ǜȂȓ ȂǅȖǐȓΗǐǌ U$�[ ǌǦȖȝȓǦǅȠȝǦȂǼȖ ǦǼ ȖǐƷΘƷȝǐȓॽ

ःँ



Figure 2.4 (following page): Panel (a) shows the modeled contribution of atmospheric deposition as a fraction of total
inputs to the surface mixed layer of the ocean (ca. 2015). Panel (b) shows contributions to concentrations in the sur‐
face mixed layer of the ocean (ca. 2015, above 55 m) from sea spray aerosol (SSA) inputs. In panel (b), red indicates an
increase and blue indicates a relative decrease in seawater concentrations due to transport with SSA.
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Figure 2.4: (continued)
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Figure 2.5: Modeled fate of PFOS released to the ocean between 1958 and 2015. Model estimated cumulative burial
in ocean sediment is 0.3 Mg. Panel (b) shows the cumulative global ocean budget for 1958‐2015, with reservoirs for
2015 and average concentrations indicated in brackets. Total deposition fluxes are based on the total surface area of
the ocean in the MITgcm. Total riverine fluxes are cumulative (1958‐2015) and based on global freshwater discharge.
Superscripted asterisk (*) indicates that loss with sea spray aerosol to land is based on the difference between sea spray
aerosol emission and deposition fluxes.

ँ৷ं৷आ %ӲԀӂҷӲ U$H[ ӂԞӋӚӏԚ৷

bǣǐ ǝǶȂǅƷǶ ǅȠǌǝǐȝ ǜȂȓ U$H[ ǦǼ ȝǣǐ ȂǆǐƷǼ $ǦǝȠȓǐ ँॽऄॶ ǆƷॽ ँࣿऀऄ ȖȠǝǝǐȖȝȖ ǶǐȖȖ ȝǣƷǼ ࣿॽࣿऀ Ȃǜ ȝǣǐ ǆȠৄ

ǻȠǶƷȝǦΗǐ ǝǶȂǅƷǶ U$H[ ȓǐǶǐƷȖǐȖ ǣƷΗǐ ǅǐǐǼ ǅȠȓǦǐǌ ǦǼ ǻƷȓǦǼǐ ȖǐǌǦǻǐǼȝ ࣿॽं Bǝॽ [ǐǌǦǻǐǼȝ ǅȠȓǦƷǶ ȓǐȏৄ

ȓǐȖǐǼȝȖ ȝǣǐ ǻƷǱȂȓ ȝǐȓǻǦǼƷǶ ȖǦǼǴ ǜȂȓ ƷǼȝǣȓȂȏȂǝǐǼǦǆ U$H[ ȓǐǶǐƷȖǐȖ ȝȂ ȝǣǐ ǝǶȂǅƷǶ ǐǼΗǦȓȂǼǻǐǼȝॽ bǣǦȖ

ǆȂȓȓǐȖȏȂǼǌȖ ȝȂ Ʒ ǣƷǶǜৄǶǦǜǐ Ȃǜ U$H[ ƷǝƷǦǼȖȝ ǅȠȓǦƷǶ ǦǼ ȝǣǐ ȂǆǐƷǼ ȖǦǼǆǐ ȝǣǐ ȂǼȖǐȝ Ȃǜ ȏȓȂǌȠǆȝǦȂǼ Ȃǜ ǻȂȓǐ

ȝǣƷǼ ंࣿࣿॶࣿࣿࣿ ΞǐƷȓȖॽ �ȝǻȂȖȏǣǐȓǦǆ ǻȂǌǐǶǦǼǝ ƷǼǌ ȂȠȓ ǦǼΗǐǼȝȂȓΞ Ȃǜ U$H[ ǌǦȖǆǣƷȓǝǐȖ ǜȓȂǻ ȓǦΗǐȓȖ ȝȂ

ȝǣǐ ȂǆǐƷǼ ȖȠǝǝǐȖȝ ंंࣿࣿBǝ ँअࣿࣿৄःऀࣿࣿBǝ Ȃǜ U$H[ ǣƷȖ ǐǼȝǐȓǐǌ ȝǣǐ ǝǶȂǅƷǶ ȂǆǐƷǼȖ ȖǦǼǆǐ ऀईऄइॽ bǣǐ

ǻƷǱȂȓǦȝΞ ǦȖ ȖȝǦǶǶ ȏȓǐȖǐǼȝ ǦǼ ȝǣǐ ȂǆǐƷǼ ईंॶ $ǦǝȠȓǐ ँॽऄॶ ΘǦȝǣ ऀँ ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ǻǦΝǐǌ ǶƷΞǐȓ ȝǣƷȝ ǦȖ

ǻȂȖȝ ȓǐǶǐΗƷǼȝ ȝȂ ǅǦȂǶȂǝǦǆƷǶ ǐΝȏȂȖȠȓǐȖॽ bǣǐ UƷǆǦЖǆ ƷǼǌ /ǼǌǦƷǼ HǆǐƷǼȖ ǆȂǼȝƷǦǼ ǣƷǶǜ Ȃǜ ȝǣǐ ǆȠǻȠǶƷȝǦΗǐ

ःऄ



ȂǆǐƷǼ ǦǼȏȠȝȖ ऀअࣿࣿBǝॽ bǣǐ �ȝǶƷǼȝǦǆ HǆǐƷǼ ǆȂǼȝƷǦǼȖ ंࣿ Ȃǜ ǆȠǻȠǶƷȝǦΗǐ ȂǆǐƷǼ ǦǼȏȠȝȖ ईईࣿBǝ

ǅȠȝ ǣƷȖ ȓǐǶƷȝǦΗǐǶΞ ǣǦǝǣǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ǻǦΝǐǌ ǶƷΞǐȓ ǌȠǐ ȝȂ ǦȝȖ ǻȠǆǣ ȖǻƷǶǶǐȓ ΗȂǶȠǻǐ

ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ /ǼǌǦƷǼ ƷǼǌ UƷǆǦЖǆ HǆǐƷǼȖॽ bǣǐ ȓǐǻƷǦǼǦǼǝ ऀࣿ Ȃǜ ǌǦȖǆǣƷȓǝǐȖ ǣƷΗǐ ǅǐǐǼ ǌǦȖȝȓǦǅȠȝǐǌ

ǅǐȝΘǐǐǼ ȝǣǐ [ȂȠȝǣǐȓǼ HǆǐƷǼ ँंࣿBǝॶ ȝǣǐ �ȓǆȝǦǆ ऀअࣿBǝ ƷǼǌ ȝǣǐ BǐǌǦȝǐȓȓƷǼǐƷǼ [ǐƷ आऄBǝॽ

sǐ ЖǼǌ ȝǣƷȝ आ Ȃǜ U$H[ ȝǣƷȝ ǣƷȖ ǐǼȝǐȓǐǌ ȝǣǐ ȂǆǐƷǼȖ ǣƷȖ ǅǐǐǼ ǌǐȏȂȖǦȝǐǌ ȂΗǐȓ ǶƷǼǌ ΘǦȝǣ [[� ँंࣿ

Bǝॽ sǣǦǶǐ ȝȓƷǼȖȏȂȓȝ ǅƷǆǴ ȝȂ ȝǣǐ ȂǆǐƷǼ ǻƷΞ ǅǐ ȖǶȂΘॶँअ ȝǣǦȖ U$H[ ΘǦǶǶ ǐΗǐǼȝȠƷǶǶΞ ȓǐǐǼȝǐȓ ȝǣǐ ȂǆǐƷǼ

ΘǦȝǣ ȓȠǼৄȂЍ ƷǼǌ ǣƷȖ ǼȂȝ ǅǐǐǼ ȏǐȓǻƷǼǐǼȝǶΞ ȖǐȒȠǐȖȝǐȓǐǌॽ

HǆǐƷǼ ǻȂǌǐǶǦǼǝ ȖȠǝǝǐȖȝȖ ȝǣƷȝ ȝǣǐȓǐ ǣƷȖ ǅǐǐǼ ȖȠǅȖȝƷǼȝǦƷǶ ǐΝǆǣƷǼǝǐ ǅǐȝΘǐǐǼ ȝǣǐ ȖȠȓǜƷǆǐ ǻǦΝǐǌ

ǶƷΞǐȓ Ȃǜ ȝǣǐ ȂǆǐƷǼ ƷǼǌ ȖȠǅȖȠȓǜƷǆǐ ΘƷȝǐȓȖॽ qǐȓȝǦǆƷǶ ƷǌΗǐǆȝǦȂǼ ƷǼǌ ǌǦЍȠȖǦȂǼ ǣƷȖ ǆȠǻȠǶƷȝǦΗǐǶΞ ȝȓƷǼȖৄ

ȏȂȓȝǐǌ ँआࣿࣿBǝ U$H[ ȝȂ ȝǣǐ ȖȠǅȖȠȓǜƷǆǐ ȂǆǐƷǼॶ ǅȠȝ ǻȠǆǣ Ȃǜ ȝǣǦȖ ȓǐǻȂΗƷǶ ǦȖ ȓǐȝȠȓǼǐǌ ȝǣȓȂȠǝǣ Ƞȏৄ

ΘǐǶǶǦǼǝ ΘƷȝǐȓȖ ƷǼǌ ǐǼȝȓƷǦǼǻǐǼȝǌǐȝȓƷǦǼǻǐǼȝ Ȃǜ ȝǣǐ ǻǦΝǐǌ ǶƷΞǐȓॽ �ΗǐȓƷǝǐ ƷȏȏƷȓǐǼȝ ȠȏΘǐǶǶǦǼǝ ȓƷȝǐȖ

ǅǐȝΘǐǐǼ ऀईऄइৄँࣿऀऄ Ȃǜ ऀँࣿBǝ Ξȓ− Ȃȓ ः Ȃǜ ȝǣǐ ȖȠǅȖȠȓǜƷǆǐ ȂǆǐƷǼ ȓǐȖǐȓΗȂǦȓ ǦǻȏǶΞ ȝǣƷȝ ȝǣǐ ȖȠǅȖȠȓৄ

ǜƷǆǐ ȂǆǐƷǼ ΘǦǶǶ ȓǐȏǶǐǼǦȖǣ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ǜȂȓ ǌǐǆƷǌǐȖ Ʒǜȝǐȓ ǦǼȏȠȝȖ ǆǐƷȖǐॽ �ǻǦȖȖǦȂǼȖ Ȃǜ U$H[ ΘǦȝǣ

[[� ȓǐȏȓǐȖǐǼȝȖ ƷǼȂȝǣǐȓ ǦǻȏȂȓȝƷǼȝ ȓǐǻȂΗƷǶ ǻǐǆǣƷǼǦȖǻ ǜȂȓ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ईऄࣿBǝॶ ऀईऄइৄँࣿऀऄॽ

sǐ ǐȖȝǦǻƷȝǐ ȝǣƷȝ आअ Ȃǜ U$H[ ǦǼ [[� Ʒȓǐ ȓǐǌǐȏȂȖǦȝǐǌ ȝȂ ȝǣǐ ȂǆǐƷǼ ȖȠȓǜƷǆǐॶ ΘǦȝǣ ȝǣǐ ȓǐǻƷǦǼǦǼǝ ँः

ǌǐȏȂȖǦȝǐǌ ȝȂ ǆȂƷȖȝƷǶ ȝǐȓȓǐȖȝȓǦƷǶ ȓǐǝǦȂǼȖॽ

UȓǐΗǦȂȠȖ ΘȂȓǴ ȝǣƷȝ ǣƷȖ ȖǣȂΘǼ ȝǣƷȝ ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ ǦȖ Ʒ ǻƷǱȂȓ ǌȓǦΗǐȓ Ȃǜ ǌǐǆǶǦǼǦǼǝ ȖȠȓǜƷǆǐ ȖǐƷΘƷৄ

ȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ �ȝǶƷǼȝǦǆ HǆǐƷǼॽँँं sǐ ȖǦǻǦǶƷȓǶΞ ЖǼǌ Ǧȝ ǦȖ ȝǣǐ ǌȂǻǦǼƷǼȝ ȝȓƷǼȖȏȂȓȝ ȏȓȂǆǐȖȖ

ǝǶȂǅƷǶǶΞॽ /Ǽ ƷǌǌǦȝǦȂǼॶ ȏȓȂǆǐȖȖǐȖ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ [[� ȝȓƷǼȖȏȂȓȝ ǣǐǶȏ ȓǐȝƷǦǼ U$H[ ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ

ƷǼǌ ȏȓȂΗǦǌǐ ƷǼ ǦǻȏȂȓȝƷǼȝ ȖȂȠȓǆǐ U$H[ ȝȂ ǆȂƷȖȝƷǶ ȓǐǝǦȂǼȖॽ bǣǐ ȂǆǐƷǼ ǣƷȖ ǶȂǼǝ ǅǐǐǼ ǦǌǐǼȝǦЖǐǌ ƷȖ Ʒ

ǶǐǝƷǆΞ ȖȂȠȓǆǐ Ȃǜ ȖǐǻǦৄΗȂǶƷȝǦǶǐ ȏȂǶǶȠȝƷǼȝȖॶ ǶǦǴǐ ȏȂǶΞǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖ U��Ȗॶ ǐΝȝǐǼǌǦǼǝ ȝǣǐǦȓ ǶǦǜǐৄ

ȝǦǻǐ ǦǼ ȝǣǐ ǝǶȂǅƷǶ ǐǼΗǦȓȂǼǻǐǼȝॽऀँऄॶँँऀ /Ǽ ȝǣǐ ǆƷȖǐ Ȃǜ U$�[ॶ [[�ǻƷΞ ȏǶƷΞ Ʒ ȖǦǻǦǶƷȓ ȓȂǶǐ ǅΞ ǐΝȝǐǼǌǦǼǝ

ȝǣǐǦȓ ǶǦǜǐȝǦǻǐ ȝǣȓȂȠǝǣ ǝȓǐƷȝǐȓ ȓǐȝǐǼȝǦȂǼ ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼ ƷǼǌ ȝȓƷǼȖȏȂȓȝ ȝȂ ǆȂƷȖȝƷǶ ǐǼΗǦȓȂǼǻǐǼȝȖॽ
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ँ৷ः $ԞԏԚӟӏԏ ԌԞӂӲӢӅҷԚӢԀӹ Ԁә ԚӟӢԓ ԫԀԏӯ

[ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽॶ ,Ƞॶ xॽ �ॽॶ �ƷȖȖȠǼǆƷȂॶ �ॽॶ bȂǴȓƷǼȂΗॶ �ॽ<ॽॶsƷǝǼǐȓॶ �ॽ �ॽॶ ૫ %ॽ �ǶǶǐǼॶ :ॽ %ॽ

ँࣿऀइॽ � ȓǐΗǦǐΘ Ȃǜ ȝǣǐ ȏƷȝǣΘƷΞȖ Ȃǜ ǣȠǻƷǼ ǐΝȏȂȖȠȓǐ ȝȂ ȏȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ U$�[Ȗ

ƷǼǌ ȏȓǐȖǐǼȝ ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ ǣǐƷǶȝǣ ǐЍǐǆȝȖॽ :ȡȿȲțǖȕ ȡǻ �ͣȮȡȵȿȲǯ [ǥȅǯțǥǯ  �ț͝ȅȲȡțȚǯțȼǖȕ �ȮȅǫǯȚȅठ

ȡȕȡǼ࣐ͤ ࣐ࡢ࡛ ࣗࡠञ࡚࡚࡚

<ΘǦƷȝǴȂΘȖǴǦॶ �ॽ $ॽॶ �ǼǌȓǐΘȖॶ �ॽ Wॽॶ �ǦȓǼǅƷȠǻॶ =ॽ [ॽॶ �ȓȠȝȂǼॶ bॽ �ॽॶ �ǐsǦȝȝॶ :ॽ �ॽॶ <ǼƷȏȏǐॶ �ॽ

Xॽ eॽॶ BƷАǼǦॶ Bॽ qॽॶ BǦǶǶǐȓॶ Bॽ $ॽॶ UǐǶǆǣॶ <ॽ �ॽॶ XǐƷǌǐॶ �ॽॶ [ȂǐǣǶॶ �ॽॶ bȓǦǐȓॶ xॽॶ qǐǼǦǐȓॶ BॽॶsƷǝৄ

Ǽǐȓॶ �ॽ �ॽॶ sƷǼǝॶ ~ॽ ૫ �ǶȠǻॶ �ॽ ँࣿँࣿॽ bǣǐ [ǆǦǐǼȝǦЖǆ �ƷȖǦȖ ǜȂȓ BƷǼƷǝǦǼǝ U$�[ ƷȖ Ʒ �ǣǐǻǦǆƷǶ

�ǶƷȖȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤ %ȕȡǤǖȕ UǯȲȵȮǯǥȼȅ͝ǯȵ࣐ ࣐ࡠ ࣐ࡡ ࡞ञ࡛࡞

:ȂǐȓȖȖॶ ,ॽॶ xǦǐॶ ~ॽॶsƷǝǼǐȓॶ �ॽ �ॽॶ ΗȂǼ �ȏȏǐǼॶ sॽৄ:ॽॶ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽ ૫ �ǅǦǼǝǣƷȠȖॶ X ँࣿँࣿॽ

bȓƷǼȖȏȂȓȝ Ȃǜ ǶǐǝƷǆΞ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ƷǼǌ ȝǣǐ ȓǐȏǶƷǆǐǻǐǼȝ ǆȂǻȏȂȠǼǌ,$UHৄ�� ȝǣȓȂȠǝǣ

ȝǣǐ �ȝǶƷǼȝǦǆ %ƷȝǐΘƷΞ ȝȂ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼ ূ /Ȗ ȝǣǐ �ȓǆȝǦǆ Ʒ ȖǦǼǴ Ȃȓ Ʒ ȖȂȠȓǆǐॾ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ

 bǯǥȂțȡȕȡǼ࣐ͤ ࣐࡞ ࣐࡚ ࣗࡠࡢࡢञࡡ࡞ࡢࡢ

<ΘǦƷȝǴȂΘȖǴǦॶ �ॽ $ॽॶ �ǼǌȓǐΘȖॶ �ॽ Wॽॶ �ǦȓǼǅƷȠǻॶ =ॽ [ॽॶ �ȓȠȝȂǼॶ bॽ �ॽॶ �ǐsǦȝȝॶ :ॽ �ॽॶ <ǼƷȏȏǐॶ �ॽ

Xॽ eॽॶ BƷАǼǦॶ Bॽ qॽॶ BǦǶǶǐȓॶ Bॽ $ॽॶ UǐǶǆǣॶ <ॽ �ॽॶ XǐƷǌǐॶ �ॽॶ [ȂǐǣǶॶ �ॽॶ bȓǦǐȓॶ xॽॶ qǐǼǦǐȓॶ BॽॶsƷǝৄ

Ǽǐȓॶ �ॽ �ॽॶ sƷǼǝॶ ~ॽ ૫ �ǶȠǻॶ �ॽ ँࣿँऀॽ XǐȖȏȂǼȖǐ ȝȂ ৗ�ȂǻǻǐǼȝ ȂǼ [ǆǦǐǼȝǦЖǆ �ƷȖǦȖ ǜȂȓ BƷǼƷǝǦǼǝ

U$�[ ƷȖ Ʒ �ǣǐǻǦǆƷǶ �ǶƷȖȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤ %ȕȡǤǖȕ UǯȲȵȮǯǥȼȅ͝ǯȵ࣐ ࣐ࡡ ࣐࡛ ࣗࡠࡢठ࡚࡞ࡢ࡚

ःआ



3

ःइ



$ȓȂǻ ǝǶȂǅƷǶ ȏȂǶǶȠȝƷǼȝȖ ȝȂ ǆȂǻǻȠǼǦȝΞ

ǣǐƷǶȝǣॵ �Ǽ ǦǼȝǐǝȓƷȝǐǌ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ

ǻȂǌǐǶǦǼǝ ƷǼǌ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǻȂǼǦȝȂȓǦǼǝ

ǜȓƷǻǐΘȂȓǴ ȝȂ ǦǌǐǼȝǦǜΞ ǐǼΗǦȓȂǼǻǐǼȝƷǶ

ǌȓǦΗǐȓȖ Ȃǜ U$H[ ǐΝȏȂȖȠȓǐ ǜȓȂǻ ΘǣƷǶǐ

ǆȂǼȖȠǻȏȝǦȂǼ ȂǼ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖ

ं৷ऀ /ӹԚԏԀӋԞӅԚӢԀӹ

CǦǼǐ ǻǦǶǶǦȂǼ ȏȓǐǻƷȝȠȓǐ ǌǐƷȝǣȖ Ʒȓǐ ƷȝȝȓǦǅȠȝǐǌ ȝȂ ȏȂǶǶȠȝǦȂǼ ƷǼǼȠƷǶǶΞॽऀऀऄ �Ǽ ǦǻȏȂȓȝƷǼȝ ȖȠǅȖǐȝ Ȃǜ ȏȂǶৄ

ǶȠȝƷǼȝȖ ȝǣƷȝ ǣƷȖ ǅǐǐǼ ǶƷȓǝǐǶΞ ǦǝǼȂȓǐǌ ǦǼ ȝǣǐȖǐ ǆƷǶǆȠǶƷȝǦȂǼȖ ȏǐȓȖǦȖȝ ǦǼ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝ ǜȂȓ ǌǐǆƷǌǐȖ ƷǼǌ

Ʒȓǐ ȏȂȝǐǼȝ ǼǐȠȓȂৄ Ȃȓ ǦǻǻȠǼǐ ȝȂΝǦǆƷǼȝȖ ǻǐƷǼǦǼǝ ȝǣƷȝ ȝǣǐΞ ǆƷȠȖǐ ǆǣȓȂǼǦǆ ȖȠǅৄǆǶǦǼǦǆƷǶ ƷǌΗǐȓȖǐ ǣǐƷǶȝǣ

ȂȠȝǆȂǻǐȖ ǐΗǐǼ Ʒȝ ǶȂΘ ǶǐΗǐǶ ǌǐΗǐǶȂȏǻǐǼȝƷǶ ǐΝȏȂȖȠȓǐॽइऄ �ǶȓǐƷǌΞ ǼǐȠȓȂǶȂǝǦǆƷǶ ǌǦȖȂȓǌǐȓȖ Ʒȓǐ ȝǣǐ ǶǐƷǌǦǼǝ

ǆƷȠȖǐ Ȃǜ ǌǦȖƷǅǦǶǦȝΞ ΘȂȓǶǌΘǦǌǐॽऄई /ǼȝǐȓǼƷȝǦȂǼƷǶ ǆȂǼΗǐǼȝǦȂǼȖ ȂǼ ȏǐȓȖǦȖȝǐǼȝ ȏȂǶǶȠȝƷǼȝȖ ƷǦǻ ȝȂ ȓǐǌȠǆǐ

ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǅȠȓǌǐǼ Ȃǜ ȝǣǐȖǐ ȏȂǶǶȠȝƷǼȝȖॶ ǅȠȝ ȝǣǐ ǆȂǻȏǶǐΝǦȝΞ Ȃǜ ȝǣǐ ǣȠǻƷǼৄǐǼΗǦȓȂǼǻǐǼȝƷǶ ȖΞȖৄ

ȝǐǻ ǣƷΗǐ ǶǦǻǦȝǐǌ ȂȠȓ ƷǅǦǶǦȝΞ ȝȂ ƷȖȖǐȖȖ Θǣǐȝǣǐȓ ǐΝǦȖȝǦǼǝ ȓǐǝȠǶƷȝǦȂǼȖ Ʒȓǐ ǐЍǐǆȝǦΗǐ Ʒȝ ȏȓȂȝǐǆȝǦǼǝ ȏȠǅǶǦǆ

ःई



ǣǐƷǶȝǣॽ

bǣǐ ȂǆǐƷǼ ǦȖ ƷǼ ǦǻȏȂȓȝƷǼȝ ȓǐȖǐȓΗȂǦȓ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȏȂǶǶȠȝƷǼȝȖ ǦǼ ȝǣƷȝ Ǧȝ ǼȂȝ ȂǼǶΞ ƷǆǆȠǻȠǶƷȝǐȖ ȝǣǐȖǐ

ǆǣǐǻǦǆƷǶȖॶ ǅȠȝ ƷǶȖȂ ȏǐȓǜȂȓǻȖ ƷǼ ǦǻȏȂȓȝƷǼȝ ȓȂǶǐ ƷȖ ȖȂǶȠȝǐ ǜȂȓ ǻƷȓǦǼǐ ǜȂȂǌ ΘǐǅȖॽ $ǦȖǣǐȓǦǐȖ Ʒȓǐ ǆȓȠǆǦƷǶ

ǜȂȓ ǜȂȂǌ ȖǐǆȠȓǦȝΞॶ ǼȠȝȓǦȝǦȂǼ ƷǼǌ ǶǦΗǐǶǦǣȂȂǌȖॽ ंॽँ ǅǦǶǶǦȂǼ ȏǐȂȏǶǐ ǝǶȂǅƷǶǶΞ ȓǐǶΞ ȂǼ ЖȖǣ ǜȂȓ ȏȓȂȝǐǦǼ ǦǼȝƷǴǐ

ƷǼǌ ऀࣿ Ȃǜ ȝǣǐ ΘȂȓǶǌȖ ȏȂȏȠǶƷȝǦȂǼ ǌǐȏǐǼǌ ȂǼ ЖȖǣǐȓǦǐȖ ǜȂȓ ǦǼǆȂǻǐॽअऀ

[ǻƷǶǶৄȖǆƷǶǐ ȖȠǅȖǦȖȝǐǼǆǐ ǆȂǻǻȠǼǦȝǦǐȖ ǦǼ ȝǣǐ �ȓǆȝǦǆ ΘǣȂȖǐ ȝȓƷǌǦȝǦȂǼƷǶ ǌǦǐȝȖ ǦǼǆǶȠǌǐ ǻƷȓǦǼǐ ǻƷǻৄ

ǻƷǶȖ Ʒȓǐ ǐȖȏǐǆǦƷǶǶΞ ΗȠǶǼǐȓƷǅǶǐ ȝȂ ǝǶȂǅƷǶ ȏȂǶǶȠȝƷǼȝȖॽ bǣǐȖǐ ǆȂǻǻȠǼǦȝǦǐȖ Ʒȓǐ ǐΝȏȂȖǐǌ ȝȂ ƷǻȏǶǦЖǐǌ

ǐǼΗǦȓȂǼǻǐǼȝƷǶ ƷǆǆȠǻȠǶƷȝǦȂǼ ǌȠǐ ȝȂ ǆȂǶǌৄȝȓƷȏȏǦǼǝ Ȃǜ ȏȂǶǶȠȝƷǼȝȖ ȓǐǶǐƷȖǐǌ ǜȓȂǻCȂȓȝǣ �ǻǐȓǦǆƷ ƷǼǌ

�ȠȓȂȏǐ ǦǼ ȝǣǐ �ȓǆȝǦǆॽऀआंॶँࣿऄ $Ƞȓȝǣǐȓॶ ȝǣǐ ǆȂǼȖȠǻȏȝǦȂǼ Ȃǜ ǣǦǝǣৄȝȓȂȏǣǦǆ ǶǐΗǐǶ ΘǦǶǌ ǜȂȂǌȖ ǦȖ ǦǼȝǐǝȓƷǶ ȝȂ

ȝǣǐǦȓ ǼȠȝȓǦȝǦȂǼ ƷȖ ΘǐǶǶ ƷȖ ȝǣǐǦȓ ǆȠǶȝȠȓƷǶ ǦǌǐǼȝǦȝΞॽंं bǣǦȖ ȝΘȂৄǜȂǶǌ ǌǐȏǐǼǌǐǼǆǐ ƷǝǝȓƷΗƷȝǐȖ ȝǣǐ ƷǌΗǐȓȖǐ

ǦǻȏƷǆȝ Ȃǜ ǝǶȂǅƷǶ ȏȂǶǶȠȝƷǼȝ ȓǐǶǐƷȖǐȖ ΘǣǐǼ ΘǦǶǌ ǜȂȂǌȖ ǅǐǆȂǻǐ ȝȂȂ ǆȂǼȝƷǻǦǼƷȝǐǌ ǜȂȓ ǆȂǼȖȠǻȏȝǦȂǼॽऀईइ

HǼ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖॶ ȝǣǐ ȏǦǶȂȝ ΘǣƷǶǐ ǣȠǼȝ %ȓǦǼǌƷǌȓƼȏ ƷǼǌ ȖȠǅȖǦȖȝǐǼǆǐ ǆȂǼȖȠǻȏȝǦȂǼ Ȃǜ ΘǣƷǶǐ

ǻǐƷȝ ƷǼǌ ǅǶȠǅǅǐȓ ǣƷȖ ǐΝǦȖȝǐǌ ȖǦǼǆǐ ȝǣǐ ǶƷȝǐ ऀअȼȂ ǆǐǼȝȠȓΞॽअࣿ �ǦȖǆȂΗǐȓΞ Ȃǜ ǐǶǐΗƷȝǐǌ ǆȂǼȝƷǻǦǼƷȝǦȂǼ Ȃǜ

ȏǦǶȂȝ ΘǣƷǶǐȖ ΘǦȝǣ ǻǐȓǆȠȓΞ ƷǼǌ ƷǼǌ ƷȖȖȂǆǦƷȝǐǌ ǣǐƷǶȝǣ ǐЍǐǆȝȖ ȓǐȖȠǶȝǐǌ ǦǼ ǆȂǼȖȠǻȏȝǦȂǼ ƷǌΗǦȖȂȓǦǐȖ ǜȂȓ

ȏǦǶȂȝ ΘǣƷǶǐ ǆȂǼȖȠǻȏȝǦȂǼॽ /Ǽ ँࣿऀँॶ $ƷȓȂǐȖǐ ǣǐƷǶȝǣ ȂАǆǦƷǶȖ ȓǐǆȂǻǻǐǼǌǐǌ ȝȂ ǐǶǦǻǦǼƷȝǐ ȏǦǶȂȝ ΘǣƷǶǐ

ǆȂǼȖȠǻȏȝǦȂǼ ǐǼȝǦȓǐǶΞॽँऀࣿॶँࣿइ

UȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ Ʒȓǐ ȏȓǐȖǐǼȝ ǦǼ ǐΗǐȓΞ $ƷȓȂǐȖǐ ǦǼǌǦΗǦǌȠƷǶँऀࣿ ƷǼǌ ȏȓȂȖȏǐǆȝǦΗǐ

ǆȂǣȂȓȝ ȖȝȠǌǦǐȖ ǣƷΗǐ ƷȖȖȂǆǦƷȝǐǌ ǐǶǐΗƷȝǐǌ ǐΝȏȂȖȠȓǐȖ ȝȂ ȏǐȓЙȠȂȓȂȂǆȝƷǼȂǦǆ ȖȠǶǜȂǼƷȝǐ U$H[ ΘǦȝǣ ȖȠȏৄ

ȏȓǐȖȖǐǌ ƷǼȝǦǅȂǌΞ ȓǐȖȏȂǼȖǐ ȝȂ ΗƷǆǆǦǼƷȝǦȂǼȖॽइࣿॶइंॶइः �ȝ Ʒǝǐ ऄॶ ःः Ȃǜ ǆǣǦǶǌȓǐǼ ǣƷǌ ƷǼȝǦǅȂǌΞ ǶǐΗǐǶȖ

ǅǐǶȂΘ ȝǣȂȖǐ ǆǶǦǼǦǆƷǶǶΞ ǆȂǼȖǦǌǐȓǐǌ ȏȓȂȝǐǆȝǦΗǐ ƷǝƷǦǼȖȝ ǌǦȏǣȝǣǐȓǦƷ ࣿॽऀ /e ǻ=−ॽइँ �ȂǼȖȠǻȏȝǦȂǼ Ȃǜ

ȏǦǶȂȝ ΘǣƷǶǐ ǻǐƷȝ ǦȖ ƷǼ ǦǻȏȂȓȝƷǼȝ ǐΝȏȂȖȠȓǐ ȖȂȠȓǆǐ Ȃǜ U$�[ ǦǼ ȝǣǐ $ƷȓȂǐȖǐ ȏȂȏȠǶƷȝǦȂǼ ƷǼǌ ȏǐȓЙȠৄ

ȂȓȂȂǆȝƷǼȂǦǆ ȖȠǶǜȂǼƷȝǐ U$H[ ǆȂǼȝȓǦǅȠȝǐȖ ǻȂȓǐ ȝǣƷǼ ऄࣿ ȝȂ U$�[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ ǻƷȓǦǼǐ

ǜȂȂǌ Θǐǅ Ȃǜ ȝǣǐ CȂȓΘǐǝǦƷǼ [ǐƷॽईऀ HǼǐ ΘǣƷǶǐ ǻǐƷǶ ȏǐȓ ँ ΘǐǐǴȖ ǦǼǆȓǐƷȖǐǌ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅΞ

ँऄ ǦǼ ǆǣǦǶǌȓǐǼॽँऀࣿ

�ǦȂǻȂǼǦȝȂȓǦǼǝ Ȃǜ ȏǦǶȂȝ ΘǣƷǶǐ ǦǼ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖ ȖȠǝǝǐȖȝȖ ǅȂȝǣ U$H[ ƷǼǌ ǦȝȖ ȏȓǐǆȠȓȖȂȓ ȏǐȓЙȠȂৄ

ऄࣿ



ȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷǻǦǌǐ $H[�ॶ ΘǣǦǆǣ ǦȖ ǐǼΣΞǻƷȝǦǆƷǶǶΞ ȝȓƷǼȖǜȂȓǻǐǌ ȝȂ U$H[ ǦǼ ǣȠǻƷǼȖ ǆȂǼȝȓǦǅȠȝǐ

ȝȂ ȂǅȖǐȓΗǐǌ U$�[ ǶǐΗǐǶȖ ǦǼ ȝǣǐ ǻƷȓǦǼǐ ǜȂȂǌ Θǐǅॽःऄ $ȂǶǶȂΘǦǼǝ ȝǣǐ ΗȂǶȠǼȝƷȓΞ ȏǣƷȖǐ ȂȠȝ Ȃǜ U$H[ ƷǼǌ

ǦȝȖ ȏȓǐǆȠȓȖȂȓȖ ǅΞ ȝǣǐ ǻƷǦǼ ǻƷǼȠǜƷǆȝȠȓǐȓॶ ȏȓǐǆȠȓȖȂȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǣƷΗǐ ǌǐǆȓǐƷȖǐǌ ǦǼ ȏȂǶƷȓ ȓǐǝǦȂǼȖ

ΘǣǦǶǐ U$H[ ǶǐΗǐǶȖ ǣƷΗǐ ȓǐǻƷǦǼǐǌ ǐǶǐΗƷȝǐǌॶ ƷǼǌ ǐΗǐǼ ǦǼǆȓǐƷȖǐǌ ǦǼ ǆǐȓȝƷǦǼ ǶȂǆƷȝǦȂǼȖ ƷǼǌ ǻƷȓǦǼǐ Ȃȓৄ

ǝƷǼǦȖǻȖॽऀऀःॶऀंऄॶँऀँ /Ǽ ǻƷȓǦǼǐ ǜȂȂǌ ΘǐǅȖॶ ǅǦȂǶȂǝǦǆƷǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ȓǐЙǐǆȝ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǐΝȏȂȖȠȓǐȖॶ

ǜȂȂǌ Θǐǅ ȖȝȓȠǆȝȠȓǐ ƷǼǌ ƷȖȖǦǻǦǶƷȝǦȂǼ ǐАǆǦǐǼǆΞॽ $Ȃȓ ǐΝƷǻȏǶǐॶ ΘǣƷǶǐȖ ǅǦȂȝȓƷǼȖǜȂȓǻ $H[� ȝȂ U$H[

ȂǼǶΞ Ʒȝ ǶȂΘ Ȃȓ ǼǐǝǶǦǝǦǅǶǐ ȓƷȝǐȖ ƷȖ Ʒ ȓǐȖȠǶȝ Ȃǜ ǌǦЍǐȓǐǼȝ ȝȂΝǦǆƷǼȝ ǻǐȝƷǅȂǶǦȖǻ ǻǐǆǣƷǼǦȖǻȖॽऀंऄॶँࣿॶंःॶअइॶऀऀआ

$Ƞȓȝǣǐȓॶ ΘƷȝǐȓৄǅȓǐƷȝǣǦǼǝ ȂȓǝƷǼǦȖǻȖॶ ǶǦǴǐ ȖȒȠǦǌॶ ΘǣǦǆǣ Ʒȓǐ ȝǣǐ ȏȓǦǻƷȓΞ ǌǦǐȝ Ȃǜ ȏǦǶȂȝ ΘǣƷǶǐȖईइॶ ƷǼǌ

ȝǣǐǦȓ ȏȓǐΞॶ ǐǶǦǻǦǼƷȝǐ U$�[ ǻȂȓǐ ǐАǆǦǐǼȝǶΞ ȝǣƷǼ ƷǦȓৄǅȓǐƷȝǣǦǼǝ ǻƷǻǻƷǶȖ ǶǦǴǐ ΘǣƷǶǐȖॽःअॶऀࣿई bǣǐȖǐ

ȖȏǐǆǦǐȖ ǌǦЍǐȓǐǼǆǐȖ ΘǦǶǶ ǶǦǴǐǶΞ ǻȂǌȠǶƷȝǐ ȂǅȖǐȓΗǐǌ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ȝȓǐǼǌȖ ǦǼ ȏǦǶȂȝ ΘǣƷǶǐȖ ƷǼǌ ȝǣǐǦȓ ȏȓǐΞॽ

UȓǐǌǦǆȝǦǼǝ ȝǣǐ ǦǻȏƷǆȝ Ȃǜ ȓǐǝȠǶƷȝǦǼǝ ȏǐȓȖǦȖȝǐǼȝ ȏȂǶǶȠȝƷǼȝȖ ȂǼ ǶȂǆƷǶ ǆȂǼȝƷǻǦǼƷǼȝ ǐΝȏȂȖȠȓǐȖ ǦȖ ǆȂǻৄ

ȏǶǦǆƷȝǐǌ ǅΞ ȝǣǐ ǶǦǻǦȝǐǌ ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ ǻƷǝǼǦȝȠǌǐ ƷǼǌ ȖȏƷȝǦƷǶ ȏƷȝȝǐȓǼȖ Ȃǜ ȏȂǶǶȠȝƷǼȝ ȓǐǶǐƷȖǐȖॶ ǼȂǼৄ

ǶǦǼǐƷȓǦȝΞ Ȃǜ ȓǐǶǐΗƷǼȝ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ ȝȓƷǼȖȏȂȓȝ ȏȓȂǆǐȖȖǐȖॶ ȝǣǐ ΗƷȓǦƷǅǦǶǦȝΞ ǦǼ ǻƷȓǦǼǐ ǜȂȂǌ ΘǐǅȖ ƷǼǌ Ʒ

Ǽǐǐǌ ȝȂ ƷǆǆȂȠǼȝ ǜȂȓ ǶȂǆƷǶ ǌǦǐȝƷȓΞ ȏȓǐǜǐȓǐǼǆǐȖ ȝȂ ȏȓǐǌǦǆȝ ǣȠǻƷǼ ǐΝȏȂȖȠȓǐॽ � ȏƷȓȝǦǆȠǶƷȓ ȏȓȂǅǶǐǻ ƷȓǦȖǐȖ

ΘǣǐǼ ǆǣƷǼǝǦǼǝ ȝǣǐ ȖǆƷǶǐ Ȃǜ ƷǼƷǶΞȖǦȖ ǜȓȂǻ ȝǣǐ ǝǶȂǅƷǶ ȝȂ ȝǣǐ ǶȂǆƷǶ ȖǆƷǶǐॽ [ȏƷȓȖǐ ǌƷȝƷ ǦǼ ǐǼΗǦȓȂǼǻǐǼȝƷǶ

ǻǐǌǦƷ ȂǜȝǐǼ ȏȓǐǆǶȠǌǐ ȝǣǐ ǌǐȝǐǆȝǦȂǼ Ȃǜ ȝȓǐǼǌȖ ƷǼǌ ǻȂǌǐǶȖ ȏǶƷΞ ƷǼ ǦǻȏȂȓȝƷǼȝ ȓȂǶǐ ǦǼ ǆǶȂȖǦǼǝ ǌƷȝƷ ǝƷȏȖ

ǅƷȖǐǌ ȂǼ ǻǐǆǣƷǼǦȖȝǦǆ ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ ǐǼΗǦȓȂǼǻǐǼȝƷǶৄǅǦȂǶȂǝǦǆƷǶ ȓǐǶƷȝǦȂǼȖǣǦȏȖॽ ,ǐȓǐ Θǐ ȏȓǐȖǐǼȝ Ʒ

ǆƷȖǐ ȖȝȠǌΞ ȝǣƷȝ ȒȠƷǼȝǦЖǐȖ ȝǣǐ ǦǻȏƷǆȝ Ȃǜ ȓǐǝȠǶƷȝǦȂǼ ȂǼ ǌǦǐȝƷȓΞ U$H[ ǐΝȏȂȖȠȓǐ ǜȓȂǻ ΘǣƷǶǐ ǻǐƷȝ ǦǼ

ǆǣǦǶǌȓǐǼ ǦǼ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖ ǅΞ ǶǦǼǴǦǼǝ ǝǶȂǅƷǶ ȓǐǶǐƷȖǐȖ ȝȂ ǶȂǆƷǶ ǅǦȂǻȂǼǦȝȂȓǦǼǝ ǌƷȝƷ ƷǼǌ ǦǌǐǼȝǦЖǐȖ ǴǐΞ

ȠǼǆǐȓȝƷǦǼȝǦǐȖॽ bǣǐ ȏȓǐȖǐǼȝ ȖȝȠǌΞ ǌǐǻȂǼȖȝȓƷȝǐȖ ǣȂΘ ǝǶȂǅƷǶ ǻȂǌǐǶǦǼǝ ǆƷǼ ǅǐ ǶǐΗǐȓƷǝǐǌ ȝȂ ǦǻȏȓȂΗǐ

ǦǻȏƷǆȝ ǐΗƷǶȠƷȝǦȂǼȖ Ȃǜ ȓǐǝȠǶƷȝǦȂǼȖॽ bǣǦȖ ΘȂȓǴ ǅȠǦǶǌȖ ȂǼ ȏȓǐΗǦȂȠȖ ΘȂȓǴ ȏȓǐȖǐǼȝǐǌ ǦǼ �ƷȖȖȠǼǆƷȂ ǐȝ ƷǶॽ

ँࣿऀआঃ �ƷȖȖȠǼǆƷȂ ǐȝ ƷǶॽ ँࣿऀइ ƷǼǌ �ǣƷȏȝǐȓ ँॽ

ऄऀ



ं৷ँ BӏԚӟԀӋԓ

ं৷ँ৷ऀ %ӲԀӂҷӲ ԏӏӲӏҷԓӏԓ ҷӹӋ ӏӹԪӢԏԀӹӸӏӹԚҷӲ ӅԀӹӅӏӹԚԏҷԚӢԀӹԓ

sǐ ȓǐǆȂǼȖȝȓȠǆȝ $H[� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȖǐƷΘƷȝǐȓ ǜȓȂǻ ǆȓȠǦȖǐ ǻǐƷȖȠȓǐǻǐǼȝȖ ƷǼǌ ȝǐǻȏȂȓƷǶ ǌǐȏȂৄ

ȖǦȝǦȂǼ ЙȠΝ ȝȓǐǼǌȖ ȓǐǆȂȓǌǐǌ ǦǼ ƷǼ ǦǆǐৄǆȂȓǐ ǜȓȂǻ ȝǣǐ �ǐΗȂǼ /ǆǐ �Ʒȏॽःऄॶऀंँ U$H[ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷৄ

ȝǦȂǼȖ ǦǼ ȝǣǐ CȂȓȝǣ �ƷȖȝ �ȝǶƷǼȝǦǆ Ʒȓǐ ǜȓȂǻ ȝǣǐ U$H[ ȖǦǻȠǶƷȝǦȂǼ ǐǻǅǐǌǌǐǌ ǦǼ ȝǣǐ B/bǝǆǻॶ ΘǣǦǆǣ

ǣƷȖ ǅǐǐǼ ǆȂǼȖȝȓƷǦǼǐǌ ȠȖǦǼǝ ȂǅȖǐȓΗǐǌ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǆȂǶǶǐǆȝǐǌ ǅǐȝΘǐǐǼ ँࣿࣿँৄँࣿऀऄ ȠȖǦǼǝ

�ƷΞǐȖǦƷǼ ǦǼǜǐȓǐǼǆǐ �ǣƷȏȝǐȓ ँॽ sǐ ǐΝȝǐǼǌǐǌ ȝǣǐ ǜȂȂǌ Θǐǅ ǻȂǌǐǶ ǜȂȓ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖ ȏȓǐȖǐǼȝǐǌ

ǦǼ �ƷȖȖȠǼǆƷȂ ǐȝ ƷǶॽ ँࣿऀआ ȝȂ ǦǼǆǶȠǌǐ ȏǣΞȝȂȏǶƷǼǴȝȂǼॶ ΣȂȂȏǶƷǼǴȝȂǼॶ ƷǼǌ ЖȖǣ ǆȂǼȖȠǻǐǌ ǅΞ ȖȒȠǦǌॽ

U$�[ ǐǼȓǦǆǣǻǐǼȝ ǦǼ ȏǣΞȝȂȏǶƷǼǴȝȂǼ ΘƷȖ ǆƷǶǆȠǶƷȝǐǌ ǅƷȖǐǌ ȂǼ ȏƷȓȝǦǆǶǐৄΘƷȝǐȓ ȏƷȓȝǦȝǦȂǼǦǼǝॽऀऀ U$�[

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ƷǶǶ Ȃȝǣǐȓ ȂȓǝƷǼǦȖǻȖ Θǐȓǐ ǆƷǶǆȠǶƷȝǐǌ ȠȖǦǼǝ Ʒ ȓǐΗǦȖǐǌ ΗǐȓȖǦȂǼ Ʒ ǅǦȂƷǆǆȠǻȠǶƷȝǦȂǼ

ǻȂǌǐǶ ƷǌƷȏȝǐǌ ȝȂ ǌǐȖǆȓǦǅǐ ȝǣǐ ǅǦȂǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ǦȂǼǦǆ ȖȠȓǜƷǆȝƷǼȝȖ ǦǼ ЖȖǣॶऀࣿॶऀऀ ΘǣǦǆǣ Θǐ ǐΝȝǐǼǌǐǌ

ȝȂ ǌǐȖǆȓǦǅǐ U$�[ ǅǦȂƷǆǆȠǻȠǶƷȝǦȂǼ ǦǼ ǦǼΗǐȓȝǐǅȓƷȝǐȖ ƷǼǌ ΘǣƷǶǐȖॽ sǐ ǜȠȓȝǣǐȓ ȠȏǌƷȝǐ ȝǣǐ ǻȂǌǐǶ ǅΞ

ǦǼǆǶȠǌǦǼǝ ँ ǐǻȏǦȓǦǆƷǶǶΞ ȂǅȖǐȓΗǐǌ ƷȒȠǐȂȠȖ ƷǼǌ ǌǦǐȝƷȓΞ ǆǣǐǻǦǆƷǶ ȝȓƷǼȖǜǐȓ ǐАǆǦǐǼǆǦǐȖ ǜȓȂǻ ЖȖǣ ȝȂΝǦৄ

ǆȂǴǦǼǐȝǦǆ ȖȝȠǌǦǐȖॶ ं ǅǶȂȂǌ ȏȓȂȝǐǦǼȖ ƷȖ ƷǼ ƷǌǌǦȝǦȂǼƷǶ ȏƷȓȝǦȝǦȂǼǦǼǝ ǆȂǻȏƷȓȝǻǐǼȝॶ ȠȖǦǼǝ ȏƷȓȝǦȝǦȂǼǦǼǝ

ǆȂǐАǆǦǐǼȝȖ ǜȓȂǻ ȖȝȠǌǦǐȖ ΘǦȝǣ ǅȂΗǦǼǐ ȖǐȓȠǻ ƷǶǅȠǻǦǼॶ ƷǼǌ ं ǦǼǣƷǶƷȝǦȂǼ ƷǼǌ ǐΝǣƷǶƷȝǦȂǼ ȏƷȝǣΘƷΞȖ

ǜȂȓ ΘǣƷǶǐȖॽ sǐ ǻȂǌǐǶ ȖȝǐƷǌΞৄȖȝƷȝǐ ΘǣȂǶǐৄǅȂǌΞ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǜȂȓ ƷǶǶ ȖȏǐǆǦǐȖ ǐΝǆǐȏȝ ΘǣƷǶǐȖॶ ǜȂȓ

ΘǣǦǆǣ Θǐ ǻȂǌǐǶ ȝǦǻǐৄǌǐȏǐǼǌǐǼȝ Ʒǝǐ ǆȂǣȂȓȝȖ ǜȂǶǶȂΘǦǼǝ �ƷȖȖȠǼǆƷȂ ǐȝ ƷǶॽ ँࣿऀआॽ BȂǌǐǶǐǌ ΘǣȂǶǐ

ǅȂǌΞ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ΘǣƷǶǐȖ Ʒȓǐ ǆȂǼΗǐȓȝǐǌ ȝȂ ǻȠȖǆǶǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅƷȖǐǌ ȂǼ ȝǦȖȖȠǐৄȖȏǐǆǦЖǆ ǆȂǼৄ

ǆǐǼȝȓƷȝǦȂǼȖ ƷǼǌ ǻȠȖǆǶǐৄȝȂৄΘǣȂǶǐ ǅȂǌΞ ȏȓȂȏȂȓȝǦȂǼȖॽःࣿॶःँॶःऄॶःःॶऀःࣿ �ǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼ ǜȓȂǻ $H[� ȝȂ

U$H[ ǌȂǐȖ ǼȂȝ ƷȏȏǐƷȓ ȝȂ ȂǆǆȠȓ ǦǼ ΘǣƷǶǐȖॶ ǅȠȝ ǣƷȖ ǅǐǐǼ ȂǅȖǐȓΗǐǌ ǦǼ ǆƷȓȏॽऀऀआॶअइॶंः �ǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼ

ȓƷȝǐȖ ǦǼ ȖȒȠǦǌ bȡǫǖȲȡǫǯȵ ȵǖǼȅȼǖȼȿȵ Ȃȓ ȝǣǐǦȓ ȏȓǐΞ ǜॽǐॽ ƷȓǝǐǼȝǦǼǐȖ Ȃȓ ǅǶȠǐ ΘǣǦȝǦǼǝ Ʒȓǐ ȠǼǴǼȂΘǼ ƷǼǌ

ǻƷΞ ΗƷȓΞ ǌȠǐ ȝȂ ǌǦЍǐȓǦǼǝ ȝȂΝǦǆƷǼȝ ǻǐȝƷǅȂǶǦȖǻȖ ǦǼΗȂǶΗǐǌ ǦǼ ǅǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼॽऀँइॶऀअः sǐ ȝǐȖȝ ȝǣǐ

ǦǻȏȂȓȝƷǼǆǐ Ȃǜ $H[� ǅǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼ ǜȂȓ ȂǅȖǐȓΗǐǌ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȏǦǶȂȝ ΘǣƷǶǐ ǅΞ ǐΗƷǶৄ

ȠƷȝǦǼǝ ǻȂǌǐǶ ȏǐȓǜȂȓǻƷǼǆǐ ΘǦȝǣ ࣿॶ ऄॶ ँࣿॶ ƷǼǌ ऀࣿࣿ ǅǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼ Ȃǜ $H[� ȝȂ U$H[ ǦǼ

ऄँ



ЖȖǣॽ

ं৷ँ৷ँ ,ԞӸҷӹ ӏԭԌԀԓԞԏӏ

sǐ ǆƷǶǆȠǶƷȝǐ ȝǣǐ ৗƷΗȂǦǌǐǌ ǐΝȏȂȖȠȓǐ ȝȂ U$H[ ǜȓȂǻ ȏǦǶȂȝ ΘǣƷǶǐ ǆȂǼȖȠǻȏȝǦȂǼ ƷȖ Ʒ ȓǐȖȠǶȝ Ȃǜ ȓǐǝȠǶƷৄ

ȝǦȂǼ ȠȖǦǼǝ ȖǆǐǼƷȓǦȂ ƷǼƷǶΞȖǦȖॽ bǣǐ ǅƷȖǐǶǦǼǐ ȖǆǐǼƷȓǦȂ ƷȖȖȠǻǐȖ ǆȂǼȝǦǼȠǐǌ ȏǦǶȂȝ ΘǣƷǶǐ ǆȂǼȖȠǻȏȝǦȂǼ Ʒȝ

ǶǐΗǐǶȖ ȂǅȖǐȓΗǐǌ ǦǼ ΘǣƷǶǐ ǆȂǼȖȠǻǦǼǝ ǆǣǦǶǌȓǐǼ ǦǼ ऀईईं ƷǼǌ ǦǼǆȓǐƷȖǐȖ ǦǼ $H[� ƷǼǌ U$H[ ǆȂǼǆǐǼȝȓƷৄ

ȝǦȂǼȖ ǐΝȝȓƷȏȂǶƷȝǐǌ ȝȂ ँࣿऀऄ ǅƷȖǐǌ ȂǼ ȂǅȖǐȓΗǐǌ ǦǼǆȓǐƷȖǐȖ ǅǐȝΘǐǐǼ ऀईइअৄँࣿࣿँॽ �ȂǼȖȠǻȏȝǦȂǼ ȓƷȝǐȖ

Ʒȓǐ ȖǦǻȠǶƷȝǐǌ ǜȓȂǻ ǶȂǝৄǼȂȓǻƷǶǶΞ ǌǦȖȝȓǦǅȠȝǐǌ ǆȂǼȖȠǻȏȝǦȂǼ ȓƷȝǐȖ ȂǅȖǐȓΗǐǌ ǦǼ �ȂǣȂȓȝ ऀ ǦǼ ऀईईंॽःं

$H[� ƷǼǌ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅǐȝΘǐǐǼ ँࣿࣿंৄँࣿऀऄ Ʒȓǐ ȏȓǐǌǦǆȝǐǌ ǅƷȖǐǌ ȂǼ ǶǦǼǐƷȓ ȓǐǝȓǐȖȖǦȂǼ ƷǼƷǶৄ

ΞȖǦȖ Ȃǜ ΘǣƷǶǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅǐȝΘǐǐǼ ऀईईंৄँࣿࣿंॽ [ǆǐǼƷȓǦȂ ँ ƷȏȏǶǦǐȖ ȂǅȖǐȓΗǐǌ U$H[ ƷǼǌ $H[�

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ΘǣƷǶǐ ǅǐȝΘǐǐǼ ऀईआअৄँࣿऀऄ ΘǣǦǶǐ ǣȂǶǌǦǼǝ ȏǦǶȂȝ ΘǣƷǶǐ ǆȂǼȖȠǻȏȝǦȂǼ ЖΝǐǌ Ʒȝ ऀईईं

ǶǐΗǐǶȖॽ $ǦǼƷǶǶΞॶ ǅȂȝǣ ΗƷȓǦƷǅǶǐȖ Ʒȓǐ ƷǶǶȂΘǐǌ ȝȂ ǆǣƷǼǝǐ ǜȂǶǶȂΘǦǼǝ ȂǅȖǐȓΗǐǌ ǆǣƷǼǝǐȖ ǦǼ U$H[ ƷǼǌ $H[�

ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȏǦǶȂȝ ΘǣƷǶǐ ƷǼǌ ǆȂǼȖȠǻȏȝǦȂǼ ȓƷȝǐȖ ȖǆǐǼƷȓǦȂ ंॽ bǣǐ ǐȖȝǦǻƷȝǐǌ ƷΗȂǦǌǐǌ ǐΝȏȂȖȠȓǐ

ǦȖ ǆƷǶǆȠǶƷȝǐǌ ƷȖ ȝǣǐ ǌǦЍǐȓǐǼǆǐ ǦǼ ȖǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǅǐȝΘǐǐǼ ȝǣǐ ȖǆǐǼƷȓǦȂȖॽ sǐ ǆȂǻȏƷȓǐ ȖǐȓȠǻ

ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǜȂȓ ȝǣǐ ȖƷǻǐ Ʒǝǐ ȂǼǶΞ ƷȖ ȖǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ΘǦǶǶ ǅǐ ƷЍǐǆȝǐǌ ǅΞ ǻƷȝǐȓǼƷǶ ȖǐȓȠǻ ǆȂǼৄ

ǆǐǼȝȓƷȝǦȂǼȖ ƷǼǌ ǝȓȂΘȝǣ ƷǼǌ ǦǼǝǐȖȝǐǌ ǆȂǼȝƷǻǦǼƷǼȝȖ ƷǆǆȠǻȠǶƷȝǦǼǝ ȂΗǐȓ ȝǦǻǐॽ ,ȠǻƷǼ ǐΝȏȂȖȠȓǐ ȝȂ
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Figure 3.1: Global PFOS releases to the ocean and local modeled seawa‐
ter concentrations of perfluorooctane sulfonamide (FOSA) and perfluo‐
rooctane sulfonate (PFOS) in the mixed layer of the North East Atlantic.
FOSA concentrations are reconstructed from three cruise transects and
deposition flux derived from the Devon ice cap, Nunavut, Canada. PFOS
concentrations (above 100m) in the North East Atlantic are from the
PFOS simulation embedded in the MITgcm that has been optimized
using a global database of ocean observations.
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Figure 3.2: Modeled concentrations of perfluorooctane sulfonamide (FOSA) and perfluorooctane sulfonate (PFOS) in
air, water, squid (Todarodes sagitatus), and pilot whales (Globicephala melas) compared to temporal measurements. Panel
(a) shows reconstructed FOSA and PFOS concentrations in air (FOSA only), seawater and squid based on equilibrium
partitioning. Panel (c) and (d) shows modeled concentrations of FOSA and PFOS in different pilot whale birth cohorts
plotted against measured concentrations of FOSA and PFOS in juvenile male pilot whales shown as black circles.
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Figure 3.3: (a) Percent of whale consuming children in each co‐
hort, (b) their modeled whale consumption rate at age 5, and (c)∑

(U$H[, $H[�) serum concentration attributable to whale
meat consumption and other sources. Modeled whale meat con‐
sumption is based on measured Hg concentrations in hair (adapted
from Dassuncao et al. (2018). Error bars in Panel (b) indicate the
bootstrapped 95 percent confidence interval around the mean. Er‐
ror bars in Panel (c) indicate 95ȼȂ percentiles around median PFOS
exposure from whale meat and other sources.

�ǣǦǶǌȓǐǼ ΘǣȂ ǆȂǼȖȠǻǐ ȏǦǶȂȝ ΘǣƷǶǐ

ǻǐƷȝ ǆȂǼȝǦǼȠǐ ȝȂ ǅǐ ǐΝȏȂȖǐǌ ȝȂ ȖȠǅȖȝƷǼৄ

ȝǦƷǶ U$H[ ǜȓȂǻ ΘǣƷǶǐ ǻǐƷȝ ǆȂǼȖȠǻȏৄ

ȝǦȂǼॽ �ƷȖǐǌ ȂǼ ǦǼȝǐȓȏȂǶƷȝǐǌ ǶǐΗǐǶȖ Ȃǜ

U$H[ ƷǼǌ $H[� ǶǐΗǐǶȖ ǦǼ ȏǦǶȂȝ ΘǣƷǶǐȖ

ƷǼǌ ǐȖȝǦǻƷȝǐǌ ǆȂǼȖȠǻȏȝǦȂǼ ȓƷȝǐȖॶ Θǐ

ǆƷǶǆȠǶƷȝǐ ȝǣƷȝ ΘǣƷǶǐ ǐƷȝǦǼǝ ǆǣǦǶǌȓǐǼ Ʒȓǐ

ǐΝȏȂȖǐǌ ȝȂ ࣿॽअࣿ Ǽǝ U$H[ ǴΘৄǅΘ− ǌ−

ȓƷǼǝǐ ࣿॽंऄৄࣿॽईऀ Ǽǝ ǴΘৄǅΘ− ǌ− ǜȓȂǻ

ȏǦǶȂȝ ΘǣƷǶǐ ǆȂǼȖȠǻȏȝǦȂǼ ƷǶȂǼǐ Ʒǝǐ

ऄॶ ँࣿऀँॶ ǐȒȠǦΗƷǶǐǼȝ ȝȂ ȝǣǐ �ȠȓȂȏǐƷǼ

$ȂȂǌ ƷǼǌ [ƷǜǐȝΞ �ǝǐǼǆΞȖ �$[� ȏȓȂৄ

ȏȂȖǐǌ ȝȂǶǐȓƷǅǶǐ ǌƷǦǶΞ ǦǼȝƷǴǐ Ȃǜ ࣿॽअ Ǽǝ Ǵǝৄ

ǅΘ− ǌ− ǜȂȓ ȝǣǐ ȖȠǻ Ȃǜ U$H�ॶ U$C�ॶ

U$,Ν[ॶ ƷǼǌ U$H[ॽऄअ
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�$[� ǣƷȖ ǆȂǼǆǶȠǌǐǌ ȝǣƷȝ ȝǣǐȓǐ ǦȖ ǼȂ ƷǌΗǐȓȖǐ ȂǅȖǐȓΗǐǌ ǐЍǐǆȝ Ʒȝ ȖǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǅǐǶȂΘ ऀआॽऄ

Ǽǝ ǻ=−ॽ ऄअ �ǼȂȝǣǐȓ ȖȝȠǌΞ ǆȂǼȖǦǌǐȓǐǌ ǅƷȖǐǌ ȂǼ ȖǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǻǐƷȖȠȓǐǌ Ʒȝ Ʒǝǐ ऄ ǦǼ ँࣿࣿं

ȂǼ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖ ȝǣƷȝ ȖǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ ઁँॽअ Ǽǝ ǻ=− ǐǼȖȠȓǐǌ ƷǼȝǦǅȂǌΞ ȓǐȖȏȂǼȖǐ ȝȂ

ΗƷǆǆǦǼƷȝǦȂǼȖ ƷǝƷǦǼȖȝ ǌǦȏǣȝǣǐȓǦƷ ΘƷȖ ȖȠȏȏȓǐȖȖǐǌ ǅΞ ǶǐȖȖ ȝǣƷǼ ऀࣿॽइऀ /Ǽ ँࣿऀँॶ ǼȂǼǐ Ȃǜ ȝǣǐ ǆǣǦǶǌȓǐǼ

Ʒȝ Ʒǝǐ ऄ ǐΝǆǐǐǌǐǌ ȝǣǐ �$[� UƷǼǐǶ ȂǼ �ȂǼȝƷǻǦǼƷǼȝȖ ǦǼ ȝǣǐ $ȂȂǌ �ǣƷǦǼ �HCb�BUƷǼǐǶȖ CȂৄ

HǅȖǐȓΗǐǌৄ�ǌΗǐȓȖǐৄ�Ѝǐǆȝৄ�ȂǼǆǐǼȝȓƷȝǦȂǼ CH��� Ȃǜ ऀआॽऄ Ǽǝ ǻ=−ॽ �ƷȖǐǌ ȂǼ ȂȠȓ ȖǆǐǼƷȓǦȂ ƷǼƷǶΞৄ

ȖǦȖॶ Θǐ ǐȖȝǦǻƷȝǐ ȝǣƷȝ ΘǦȝǣȂȠȝ ȓǐǝȠǶƷȝǦȂǼ ƷǼǌ ǆȂǼȖȠǻȏȝǦȂǼ ǆǣƷǼǝǐȖ ǦǼ ȏǦǶȂȝ ΘǣƷǶǐ ǆȂǼȖȠǻȏȝǦȂǼ ःँ

Ȃǜ ǆǣǦǶǌȓǐǼ Ʒǝǐ ऄ ΘȂȠǶǌ ǣƷΗǐ ǐΝǆǐǐǌǐǌ ȖǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǆȂǼȖǦǌǐȓǐǌ ȖƷǜǐ ǅΞ �$[� ǻǐǌǦƷǼॵ ऀः

Ǽǝ ǻ=−ॶ ईࣿ ȏǐȓǆǐǼȝ ǆȂǼЖǌǐǼǆǐ ǦǼȝǐȓΗƷǶॵ ंৄऀअऀ Ǽǝ ǻ=−, $ȅǼȿȲǯࣤ.ࣥǤ).
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Figure 3.4 (following page): Impact of regulation and consumption advisories on PFOS exposure in Faroese children
between 1993 and 2012. Panel (a) shows modeled serum concentrations under a scenario of increasing concentrations
of PFOS and FOSA in whale at rates observed prior to 2001 and whale meat consumption maintained at 1993 levels
(Scenario 1, in orange). Scenario 2 (in green) shows modeled serum concentrations if whale meat consumption had not
declined. Filled circles and errorbars indicate modeled means and 95 percent confidence intervals of the log࣡‐normal
distribution. Lines and ribbons connect data points from the same cohort. Panel (b) shows the distribution of modeled
serum concentrations under scenario 1 against observed distribution of PFOS serum concentrations in children age 5
in 2012. Vertical lines indicate the No Adverse Effect Concentration recommended by EFSA’s CONTAM Panel (17.5 ng
mL−), 56 and the Benchmark Dose Level associated with a 10% reduction in antibody response (2.6 ng mL−). 81
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Figure 3.4: (continued)

0

10

20

1995 2000 2005 2010
Year

Se
ru

m
 C

on
ce

nt
ra

tio
n 

(n
g 

m
L-1

)

Reality

Scenario 1: Increasing Cwhale & Consumption (1993)

Scenario 2: Consumption (1993) 

A

0.0

0.1

0.2

0 20 40 60
Serum Concentration (ng mL-1)

D
en

si
ty

Eating whale No Yes Yes, Scenario 1

B

0

5

10

15

1995 2000 2005 2010
Year

Se
ru

m
 C

on
ce

nt
ra

tio
n 

(n
g 

m
L-1

)

Reality

Scenario 1: Increasing Cwhale & Consumption (1993)

Scenario 2: Consumption (1993) 

A

0.0

0.1

0.2

0 20 40 60
Serum Concentration (ng mL-1)

D
en

si
ty

Eating whale No Yes Yes, Scenario 1

B

BM
D

L 1
0

Se
ru

m
 C

on
ce

nt
ra

tio
n 

(n
g 

m
L-
1 )

a

Scenario 1

0

5

10

15

20

1995 2000 2005 2010
YearSe

ru
m

 C
on

ce
nt

ra
tio

n 
(n

g 
m

L−
1 )

Reality

Scenario 1: Increasing Cwhale & Consumption (1993)

Scenario 2: Consumption (1993) 

A

0.0

0.1

0.2

0 10 20 30 40
Serum Concentration (ng mL−1)

D
en

si
ty

Eating whale No Yes Yes, Scenario 1

B

N
O

AE
C
EF
SA

Age 7 

Age 5 
Age 14 

Age 5 

Age 7 

0

5

10

15

20

1995 2000 2005 2010
YearSe

ru
m

 C
on

ce
nt

ra
tio

n 
(n

g 
m

L-1
)

Reality

Scenario 1: Increasing Cwhale & Consumption (1993)

Scenario 2: Consumption (1993) 

A

0.0

0.1

0.2

0 10 20 30 40 50
Serum Concentration (ng mL-1)

D
en

si
ty

Eating whale No Yes Yes, Scenario 1

B

Age 13 

0

5

10

15

1995 2000 2005 2010
Year

Se
ru

m
 C

on
ce

nt
ra

tio
n 

(n
g 

m
L-1

)

Reality

Scenario 1: Increasing Cwhale & Consumption (1993)

Scenario 2: Consumption (1993) 

A

0.0

0.1

0.2

0 20 40 60
Serum Concentration (ng mL-1)

D
en

si
ty

Eating whale No Yes Yes, Scenario 1

B

Increasing Cwhale & Consumption (1993) 

0

5

10

15

1995 2000 2005 2010
Year

Se
ru

m
 C

on
ce

nt
ra

tio
n 

(n
g 

m
L-1

)

Reality

Scenario 1: Increasing Cwhale & Consumption (1993)

Scenario 2: Consumption (1993) 

A

0.0

0.1

0.2

0 20 40 60
Serum Concentration (ng mL-1)

D
en

si
ty

Eating whale No Yes Yes, Scenario 1

B

Scenario 3: Reality

b

अऀ



ं৷ं৷ः �ӢԓӅԞԓԓӢԀӹ

sǐ ǌǐǻȂǼȖȝȓƷȝǐ ǦǼ ȝǣǦȖ ǆƷȖǐ ȖȝȠǌΞ ȝǣƷȝ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȝȓƷǼȖȏȂȓȝ ǻȂǌǐǶǦǼǝ ƷǼǌ ǣȠǻƷǼ ǐΝȏȂȖȠȓǐ

ǻȂǌǐǶǦǼǝ Ʒȓǐ ǼǐǆǐȖȖƷȓΞ ȝȂ ǦǼȝǐȓȏȓǐȝ ǅǦȂǻȂǼǦȝȂȓǦǼǝ ȝȓǐǼǌȖ Ȃǜ U$H[ॽ bǣǦȖ ǦȖ ǐȖȏǐǆǦƷǶǶΞ ǦǻȏȂȓȝƷǼȝ ǜȂȓ

ǆȂǼȝƷǻǦǼƷǼȝȖ ȝǣƷȝ Ʒȓǐ ȏȓǦǻƷȓǦǶΞ ǌǦȖȝȓǦǅȠȝǐǌ ΘǦȝǣ ȂǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ ƷǼǌ ΘǣȂȖǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǦǼ ȝǣǐ

ǐǼΗǦȓȂǼǻǐǼȝ ǌȂǐȖ ǼȂȝ ǜȂǶǶȂΘ ǌǐǆǶǦǼǦǼǝ ȝȓǐǼǌȖ ȂǅȖǐȓΗǐǌ ǦǼ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȓǐǶǐƷȖǐȖॽ

$H[� ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǣƷΗǐ ǌǐǆǶǦǼǐǌ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ȏǣƷȖǐ ȂȠȝ ƷȓȂȠǼǌ ँࣿࣿंॶ ǅȠȝ ǌǐǆǶǦǼǐȖ

ǦǼ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ U$H[ ǦǼ ȝǣǐ CȂȓȝǣ �ƷȖȝ �ȝǶƷǼȝǦǆ Ʒȓǐ ǼȂȝ Ξǐȝ ƷȏȏƷȓǐǼȝॽ �ǦǐȝƷȓΞ ǦǼৄ

ȝƷǴǐ ǌȂǻǦǼƷȝǐȖ ȠȏȝƷǴǐ Ȃǜ U$H[ ƷǼǌ ǦȝȖ ȏȓǐǆȠȓȖȂȓ $H[� ǦǼ ȏǦǶȂȝ ΘǣƷǶǐȖ ǦǼ ȝǣǐ CȂȓȝǣ �ƷȖȝ �ȝৄ

ǶƷǼȝǦǆॽ sǣǦǶǐ ȝǣǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ $H[� ǦǼ ΘǣƷǶǐ ǻȠȖǆǶǐ ǌǐǆǶǦǼǐǌ ǅΞ इࣿॶ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ

ȓǐǻƷǦǼ ȖȝƷǅǶǐॶ ǜȂǶǶȂΘǦǼǝ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ȝȓǐǼǌȖ ǦǼ ȖǐƷΘƷȝǐȓॽ $H[� ǆȂǼȝǦǼȠǐȖ ȝȂ ǆȂǼȝȓǦǅȠȝǐ अऀ ȝȂ
∑

(U$H[, $H[�) ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ΘǣƷǶǐ ǻȠȖǆǶǐॽ $ǦȖǣ ȖȝȠǌǦǐȖ ǆȂǻǻȂǼǶΞ ǦǼǌǦǆƷȝǐ ȝǣƷȝ ȝǐȓǻǦǼƷǶ

ȏǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ U$�� ȓǐǻƷǦǼ ȝǣǐ ȏȓǦǻƷȓΞ U$�[ ǐΝȏȂȖȠȓǐ Ȃǜ ǆȂǼǆǐȓǼ ǦǼ ЖȖǣॶ ǌȠǐ ǦǼ ȏƷȓȝ ȝȂ

ȖȠǅȖȝƷǼȝǦƷǶ ȏȓǐǆȠȓȖȂȓ ǅǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼ ǦǼǜǐȓȓǐǌ ǜȓȂǻ ǶȂΘ ȏȓǐǆȠȓȖȂȓৄȝȂৄU$�� ȓƷȝǦȂȖ ǦǼ ЖȖǣ ǆȂǻৄ

ȏƷȓǐǌ ȝȂ ǦǼΗǐȓȝǐǅȓƷȝǐȖॽआःॶआँॶऀँअॶऀआः ,ȂΘǐΗǐȓॶ ǜȂȂǌ Θǐǅ ȖȝȠǌǦǐȖ ȝΞȏǦǆƷǶǶΞ ȂǆǆȠȓ ǦǼ ǆȂƷȖȝƷǶ ȓǐǝǦȂǼȖॶ

ƷǼǌ ȓƷȓǐǶΞ ǦǼǆǶȠǌǐ ǣǦǝǣǐȓ ȝȓȂȏǣǦǆ ǶǐΗǐǶ ǦǼΗǐȓȝǐǅȓƷȝǐȖ Ǧॽǐॽ ȖȒȠǦǌ Ȃȓ ǆǐȝƷǆǐƷǼȖॽ HȠȓ ǻȂǌǐǶǦǼǝ ȓǐȖȠǶȝȖ

ǌǐǻȂǼȖȝȓƷȝǐ ȝǣƷȝ ΗƷȓǦƷǅǦǶǦȝΞ ǦǼ ǅǦȂƷǆǆȠǻȠǶƷȝǦȂǼ ƷǼǌ ȏȓǐǆȠȓȖȂȓ ǅǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼ ȓƷȝǐȖ ǦǼ ȖȂǻǐ ǻƷৄ

ȓǦǼǐ ȂȓǝƷǼǦȖǻȖ ǆƷǼ ǆƷȠȖǐ U$�[ ȏȓǐǆȠȓȖȂȓȖ ȝȂ ȓǐǻƷǦǼ Ʒ ǌȂǻǦǼƷǼȝ ǌǦǐȝƷȓΞ ǐΝȏȂȖȠȓǐ ȖȂȠȓǆǐ ǜȂȓ U$H[

ǦǼ ǣȠǻƷǼȖॽ

/ȝ ǦȖ ȏȂȖȖǦǅǶǐ ȝǣƷȝ ƷȝǻȂȖȏǣǐȓǦǆ ȝȓƷǼȖȏȂȓȝ ƷǼǌ ǌǐǝȓƷǌƷȝǦȂǼ Ȃǜ ȏȓǐǆȠȓȖȂȓ ȖȠǅȖȝƷǼǆǐȖ ǦȖ ȓǐȖȏȂǼȖǦǅǶǐ

ǜȂȓ Ʒ ȖȠǅȖȝƷǼȝǦƷǶ ȏƷȓȝ Ȃǜ ȝǐǻȏȂȓƷǶ ƷǼǌ ȖȏƷȝǦƷǶ ΗƷȓǦƷȝǦȂǼ ǦǼ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ȝȓǐǼǌȖ ǦǼ ǅǦȂȝƷॽऀःऀ

�ȝǻȂȖȏǣǐȓǦǆ ǻȂǌǐǶǦǼǝ ȖȝȠǌǦǐȖ ȝȓƷǼȖȏȂȓȝ Ȃǜ ȏǐȓЙȠȂȓƷǶǴƷǼǐǆƷȓǅȂΝΞǶǦǆ ƷǆǦǌ ȏȓǐǆȠȓȖȂȓȖ ȖȠǝǝǐȖȝȖ ȝǣƷȝ

ƷȝǻȂȖȏǣǐȓǦǆ ǜƷȝǐ ƷǼǌ ȂΝǦǌƷȝǦȂǼ ΞǦǐǶǌȖ Ʒȓǐ ΗƷȓǦƷǅǶǐॶऀईऀ ǅȠȝ ȖǦǻǦǶƷȓ ȖȝȠǌǦǐȖ Ȃǜ ȏǐȓЙȠȂȓƷǶǴƷǼǐȖȠǶǜȂǼǦǆ

ƷǆǦǌ ȏȓǐǆȠȓȖȂȓȖ Ʒȓǐ ΘƷȓȓƷǼȝǐǌ ȝȂ ǌǐȝǐȓǻǦǼǐ ȝǣǐǦȓ ǆȂǼȝȓǦǅȠȝǦȂǼ ȝȂ U$H[ ǦǼ ȓǐǻȂȝǐ ǐǼΗǦȓȂǼǻǐǼȝȖॽ

�ǌǌǦȝǦȂǼƷǶ ǆǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ǅǐȝΘǐǐǼৄ ƷǼǌ ΘǦȝǣǦǼৄȖȏǐǆǦǐȖ ΗƷȓǦƷǅǦǶǦȝΞ ǦǼ ȏȓǐǆȠȓȖȂȓ ǅǦȂȝȓƷǼȖǜȂȓৄ
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ǻƷȝǦȂǼ ȓƷȝǐȖ ΘǦǶǶ ǐǼƷǅǶǐ ǅȓȂƷǌǐȓ ƷȏȏǶǦǆƷȝǦȂǼ Ȃǜ ȝǣǦȖ ǻȂǌǐǶǦǼǝ ƷȏȏȓȂƷǆǣ ǦǼ ȝǣǐ ƷǅȖǐǼǆǐ Ȃǜ ȓȂǅȠȖȝ

ǻȂǼǦȝȂȓǦǼǝ ǌƷȝƷॽ

�ǐǆȓǐƷȖǐȖ ǦǼ U$H[ ǐΝȏȂȖȠȓǐ ȖǦǼǆǐ ँࣿࣿं ǆƷǼ ǅǐ ȏȓǦǻƷȓǦǶΞ ƷȝȝȓǦǅȠȝǐǌ ȝȂ ȓǐǌȠǆǐǌ ǐΝȏȂȖȠȓǐ ǜȓȂǻ

ȖȂȠȓǆǐȖ Ȃȝǣǐȓ ȝǣƷǼ ΘǣƷǶǐ ǻǐƷȝॽ �Ȗ Ʒ ȓǐȖȠǶȝ Ȃǜ ǌǐǆǶǦǼǦǼǝ ǌǦȓǐǆȝ ǐΝȏȂȖȠȓǐȖॶ ȝǣǐ ǆȂǼȝȓǦǅȠȝǦȂǼ Ȃǜ ΘǣƷǶǐ

ǻǐƷȝ ȝȂ ȝȂȝƷǶ U$H[ ǅȠȓǌǐǼ ǦǼ ΘǣƷǶǐ ǆȂǼȖȠǻǦǼǝ ǆǣǦǶǌȓǐǼ ǣƷȖ ǦǼǆȓǐƷȖǐǌॽ sǐ ƷǼȝǦǆǦȏƷȝǐ ȖǶȂΘǐȓ ǌǐৄ

ǆȓǐƷȖǐȖ ǦǼ U$H[ ǶǐΗǐǶȖ ǦǼ ǣȠǻƷǼ ȖǐȓȠǻ ǦǼ ȝǣǐ ǜȠȝȠȓǐ ƷȖ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȏǦǶȂȝ ΘǣƷǶǐȖ ƷǼǌ Ȃȝǣǐȓ

ǻƷȓǦǼǐ ǜȂȂǌ ǦȝǐǻȖ ȓǐȖȏȂǼǌ ǻȂȓǐ ȖǶȂΘǶΞ ȝȂ ȓǐǝȠǶƷȝǦȂǼ ȝǣƷǼ ǶǐΗǐǶȖ ǦǼ ǆȂǼȖȠǻǐȓ ȏȓȂǌȠǆȝȖॽ bǣǦȖ ǦȖ ǐȖৄ

ȏǐǆǦƷǶǶΞ ȝȓȠǐ ƷȖ ǜȠȓȝǣǐȓ ǌǐǆȓǐƷȖǐȖ ǦǼ ΘǣƷǶǐ ǆȂǼȖȠǻȏȝǦȂǼ Ʒȓǐ ȠǼǶǦǴǐǶΞ ǝǦΗǐǼ ȝǣǐ ǆȠǶȝȠȓƷǶ ΗƷǶȠǐ Ȃǜ ȝǣǦȖ

ΘǦǶǌ ǜȂȂǌ ǜȂȓ ȝǣǐ $ƷȓȂǐȖǐ ȏȂȏȠǶƷȝǦȂǼॽअࣿॶऀअऀ bǣǦȖ ǆƷȖǐ ȖȝȠǌΞ ǦǌǐǼȝǦЖǐȖ ǜȂȠȓ ǻƷǱȂȓ ƷȓǐƷȖ Ȃǜ ȠǼǆǐȓȝƷǦǼȝΞ

ǦǼ ƷȖȖǐȖȖǦǼǝ ǐЍǐǆȝǦΗǐǼǐȖȖ ƷȖȖǐȖȖǻǐǼȝȖ Ȃǜ ǦǼȝǐȓǼƷȝǦȂǼƷǶ ȓǐǝȠǶƷȝǦȂǼȖ Ȃǜ U$�[ ȝǣƷȝ Ǽǐǐǌ ȝȂ ǅǐ ǆȂǼȖǦǌǐȓǐǌ

ȝȂ ǦǻȏȓȂΗǐ ȓǐǝȠǶƷȝȂȓΞ ǦǻȏƷǆȝ ǐΗƷǶȠƷȝǦȂǼȖॵ

ऀॽ bǦǻǐȖǆƷǶǐȖ ƷǼǌ ȖȏƷȝǦƷǶ ΗƷȓǦƷǅǦǶǦȝΞ Ȃǜ ǝǶȂǅƷǶ ǌǦȖȝȓǦǅȠȝǦȂǼ ȏƷȝǣΘƷΞȖॶ ǦǼǆǶȠǌǦǼǝ ȝǣȂȖǐ Ȃǜ

ȏȓǐǆȠȓȖȂȓȖ

ँॽ �ǆȂȖΞȖȝǐǻ ȖȝȓȠǆȝȠȓǐ ƷǼǌ ǦǼȝǐȓৄȖȏǐǆǦǐȖ ǻǐȝƷǅȂǶǦǆ ǌǦЍǐȓǐǼǆǐȖ

ंॽ qƷȓǦƷǅǦǶǦȝΞ ƷǼǌ ȝǐǻȏȂȓƷǶ ǆǣƷǼǝǐȖ ǦǼ ǣȠǻƷǼ ǆȂǼȖȠǻȏȝǦȂǼ ǅǐǣƷΗǦȂȓ

ःॽ /ǼȝȓƷৄǣȠǻƷǼ ΗƷȓǦƷǅǦǶǦȝΞ ǦǼ ǆȂǼȝƷǻǦǼƷǼȝ ǅȠȓǌǐǼ ȓǐǶƷȝǐǌ ȝȂ Ʒǝǐ ȓƷȝǣǐȓ ȝǣƷǼ ǐΝȏȂȖȠȓǐ

sǐ ȖǣȂΘ ȝǣƷȝ ǦǼǦȝǦƷǶ ǌǐǆǶǦǼǐȖ Ȃǜ U$H[ ǦǼ ǣȠǻƷǼ ǆȂǣȂȓȝ ȖȝȠǌǦǐȖ ǣƷΗǐ ȂΗǐȓǐȖȝǦǻƷȝǐǌ ȝǣǐ ȏƷǆǐ Ʒȝ

ΘǣǦǆǣ ǐΝȏȂȖȠȓǐ ȝȂ U$H[ ƷǼǌ ǦȝȖ ȏȓǐǆȠȓȖȂȓ ΘǦǶǶ ǌǐǆȓǐƷȖǐ ǦǼ ȓǐȖȏȂǼȖǐ ȝȂ ȓǐǝȠǶƷȝǦȂǼॽ XǐǝȠǶƷȝǦȂǼ ǣƷȖ

ǅǐǐǼ ΗǐȓΞ ǐЍǐǆȝǦΗǐ Ʒȝ ƷΗȂǦǌǦǼǝ ǜȠȓȝǣǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǦǼǆȓǐƷȖǐȖ Ȃǜ U$H[ ƷǼǌ ǦȝȖ ȏȓǐǆȠȓȖȂȓȖ ǦǼ ȝǣǐ

ǐǼΗǦȓȂǼǻǐǼȝॶ ƷΗȂǦǌǦǼǝ अ Ǽǝ ǻ=− ȖǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǦǼ ǆǣǦǶǌȓǐǼ Ʒǝǐ ऄ ȝǣƷȝ ǆȂǼȖȠǻǐ ΘǣƷǶǐ ǻǐƷȝॽ

bǣǐ ȖǦǝǼǦЖǆƷǼǆǐ Ȃǜ ȝǣǦȖ ЖǼǌǦǼǝ ǐΝȝǐǼǌȖ ȝȂ Ȃȝǣǐȓ ǌǦǐȝƷȓΞ ǐΝȏȂȖȠȓǐ ȖȂȠȓǆǐȖआः ƷǼǌ ȠǼǌǐȓȖǆȂȓǐȖ ȝǣǐ

ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ȏǐȓȖǦȖȝǐǼǆǐ ƷǼǌ ȓǐȖȠǶȝǦǼǝ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ƷǆǆȠǻȠǶƷȝǦȂǼ ƷȖ Ʒ ǻƷǱȂȓ ǆƷȠȖǐ Ȃǜ ǆȂǼǆǐȓǼॽंई
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Table A.1: Air‐sea exchange parameterization.

qƷȓǦƷǅǶǐ eǼǦȝȖ �ǐȖǆȓǦȏȝǦȂǼ �ȒȠƷȝǦȂǼ XǐǜǐȓǐǼǆǐ
$ ǻȂǶ ǻ−ࣣ Ȗǐǆ− ЙȠΝ Ȃǜ ǝƷȖ ƷǆȓȂȖȖ ȝǣǐ ƷǦȓৄȖǐƷ

ǦǼȝǐȓǜƷǆǐ
$ = <͞(�ǖ/<, − �͞) =ǦȖȖ ૫ [ǶƷȝǐȓ

ऀईआः
�ǖ ǻȂǶ ǻ−ࣤ �Ǧȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼ %�H[ৄ�ǣǐǻ ƷȝǻȂȖȏǣǐȓǦǆ ȖǦǻȠǶƷȝǦȂǼ $ȓǦǐǌǻƷǼ ૫

[ǐǶǦǼ ँࣿऀअ
�͞ ǻȂǶ ǻ−ࣤ sƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼ B/bǝǆǻ ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼ bǣǦȖ ΘȂȓǴ
<, ǌǦǻǐǼȖǦȂǼǶǐȖȖ ǝƷȖৄȂΗǐȓৄǶǦȒȠǦǌ

,ǐǼȓΞȖ ǶƷΘ ǆȂǼȖȝƷǼȝ
<, = �ǖ/�͞ ূ

ূ bǐǻȏǐȓƷȝȠȓǐ ǌǐȏǐǼǌǐǼǆǐ Ȃǜ
<,

<, = <,࣡ · ǯͣȮ(−۶,/X · ( 
b − 

b࣡
)) :ȂǣǼȖȂǼ

ँࣿऀࣿ
b࣡ <ǐǶΗǦǼ [ȝƷǼǌƷȓǌ ȝǐǻȏǐȓƷȝȠȓǐ ँऄ �  ँईइॽऀऄ < ূ
b <ǐǶΗǦǼ bǐǻȏǐȓƷȝȠȓǐ Ȃǜ ȖǐƷΘƷȝǐȓ B/bǝǆǻ ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼ bǣǦȖ ΘȂȓǴ
<,࣡ �ǦǻǐǼȖǦȂǼǶǐȖȖ ǝƷȖৄȂΗǐȓৄǶǦȒȠǦǌ

,ǐǼȓΞȖ ǶƷΘ ǆȂǼȖȝƷǼȝ Ʒȝ
ȖȝƷǼǌƷȓǌ ȝǐǻȏǐȓƷȝȠȓǐ ƷǼǌ
ȏȓǐȖȖȠȓǐ ऀ Ʒȝǻ

[ǐǐ bƷǅǶǐ �ॽं ূ

۶, : ǻȂǶ− �ǼȝǣƷǶȏΞ Ȃǜ ȖȂǶȠȝǦȂǼ [ǐǐ bƷǅǶǐ �ॽं ূ
X : <− ǻȂǶ− eǼǦΗǐȓȖƷǶ ǝƷȖ ǆȂǼȖȝƷǼȝ इॽंऀः ূ
<͞ ǻ Ȗǐǆ− bȂȝƷǶ ΘƷȝǐȓৄȖǦǌǐ ȝȓƷǼȖǜǐȓ

ΗǐǶȂǆǦȝΞ
<͞ = (− ǻȅǥǯ) · [/ȓ͞ + /(ȓǖ<,)]− :ȂǣǼȖȂǼ

ँࣿऀࣿ
ȓǖ ǻ Ȗǐǆ− [ǦǼǝǶǐৄȏǣƷȖǐ ƷǦȓৄȖǦǌǐ ȝȓƷǼȖǜǐȓ

ΗǐǶȂǆǦȝΞ
ȓǖ =  · ࣡−ࣤ + ȿ∗

ࣤ.ࣤ[ǥ,ǖ࣡.ࣦ+�−࣡.ࣦ
� −ࣦ+ ȕț([ǥ,ǖ)

ࣣ<
�Ƞǆǐ ǐȝ ƷǶॽ
ऀईईऀ

ȓ͞ ǆǻ ǣ− [ǦǼǝǶǐৄȏǣƷȖǐ ΘƷȝǐȓȖǦǌǐ ȝȓƷǼȖৄ
ǜǐȓ ΗǐǶȂǆǦȝΞ

ȓ͞ = (࣡.ࣣࣣࣣȿࣣ࣡ + ࣡.ࣤࣤࣤȿ࣡) ·
([ǥ,͞/[ǥ,�Hࣣ)

−࣡.ࣦ
CǦǝǣȝǦǼǝƷǶǐ
ǐȝ ƷǶॽ ँࣿࣿࣿ

ǻȅǥǯ ࣿ ȝȂ ऀ %ȓǦǌ ǅȂΝ ȖǐƷ Ǧǆǐ ǜȓƷǆȝǦȂǼ B/bǝǆǻ ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼ bǣǦȖ ΘȂȓǴ
[ǥ,�Hࣣ [ǆǣǻǦǌȝ ǼȠǻǅǐȓ Ȃǜ �Hࣣ Ʒȝ

ँࣿ � ǦǼ ǜȓǐȖǣΘƷȝǐȓ
अࣿࣿ :ȂǣǼȖȂǼ

ँࣿऀࣿ
[ǥ,͞ [ǆǣǻǦǌȝ ǼȠǻǅǐȓ ǜȂȓ ȝǣǐ U��

Ȃǜ ǦǼȝǐȓǐȖȝ
[ǥ,͞ = ܸ͞/�͞ = ܳ͞/(ܽ͞�͞) :ȂǣǼȖȂǼ

ँࣿऀࣿ
ܸ͞ <ǦǼǐǻƷȝǦǆ ΗǦȖǆȂȖǦȝΞ Ȃǜ ΘƷȝǐȓ ূ ূ
�͞ ǦǼ ǆǻࣣ Ȗǐǆ− �ǦЍȠȖǦΗǦȝΞ Ȃǜ ȝǣǐ ǝƷȖৄȏǣƷȖǐ

U�� ǦǼ ΘƷȝǐȓ
�͞ = ࣨ.ࣥ·࣡−ࣩb

√
Bȵ܇

ܳȵqǤ࣡.ࣧ
sǦǶǴǐ ૫
�ǣƷǼǝ ऀईऄऄ

ܳ͞ Ǵǝ ǻ− Ȗ−  �ΞǼƷǻǦǆ ΗǦȖǆȂȖǦȝΞ Ȃǜ ΘƷȝǐȓ ܳ͞ = ȼ+ࣣࣥࣧ
࣡.ࣦࣦ࣡࣪ࣥȼࣣ+ࣦ.ࣣࣩࣣࣥȼ+ࣤࣨ.ࣤࣨ ·  · ࣡

−ࣤ =ǦȖȖ ૫ [ǶƷȝǐȓ
ऀईआः

ܽ͞ Ǵǝ ǻ−ࣤ �ǐǼȖǦȝΞ Ȃǜ ȖǐƷ ΘƷȝǐȓ ऀॽࣿं :ȂǣǼȖȂǼ
ँࣿऀࣿ

ȼ � [ǐƷΘƷȝǐȓ ȝǐǻȏǐȓƷȝȠȓǐ B/bǝǆǻ ȂǆǐƷǼ ȖǦǻȠǶƷȝǦȂǼ bǣǦȖ ΘȂȓǴ
qǤ ǆǻࣤ ǻȂǶ− =ǦȒȠǦǌ ǻȂǶƷȓ ΗȂǶȠǻǐ [ǐǐ bƷǅǶǐ �ॽं ূ
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Table A.5 Continued qƷȓǦƷǅǶǐ eǼǦȝȖ

�ǐȖǆȓǦȏȝǦȂǼ �ȒȠƷȝǦȂǼ XǐǜǐȓǐǼǆǐ
ܳȵ Ǵǝ ǻ− Ȗ− �ΞǼƷǻǦǆ ΗǦȖǆȂȖǦȝΞ Ȃǜ ȖǐƷΘƷৄ

ȝǐȓ Ʒȝ ऀऄ�
ऀॽँऀई /bb� ँࣿࣿअ

Bȵ XǐǶƷȝǦΗǐ ǻȂǶǐǆȠǶƷȓ ǻƷȖȖ Ȃǜ
ȝǣǐ ȖȂǶΗǐǼȝ

ऀइॽࣿऀ ǜȂȓ ΘƷȝǐȓ sǦǶǴǐ ૫
�ǣƷǼǝ ऀईऄऄ

܇ �ȖȖȂǆǦƷȝǦȂǼ ǜƷǆȝȂȓ Ȃǜ ȝǣǐ
ȖȂǶΗǐǼȝ

ँॽअ ǜȂȓ ΘƷȝǐȓ sǦǶǴǐ ૫
�ǣƷǼǝ ऀईऄऄ

ȿ∗ ǻ Ȗ− �ǐȖǆȓǦȏȝǦȂǼ Ȃǜ ȠȖȝƷȓ ȿ∗ = ȿ࣡
√
ࣧ. · ࣡−ࣥ + ȿ࣡ࣧ.ࣤ · ࣡−ࣦ �Ƞǆǐ ǐȝ ƷǶॽ

ऀईईऀ
ȿ࣡ ǻ Ȗ− ऀࣿৄǻǐȝǐȓ ΘǦǼǌ Ȗȏǐǐǌ UȓȂΗǦǌǐǌ ǅΞ �X�XǐৄƷǼƷǶΞȖǦȖ ǌƷȝƷ ূ
�� �ȓƷǝ ǆȂǐАǆǦǐǼȝ �� = ࣧ. · ࣡−ࣤ + ࣧ.ࣤ · ࣡−ࣦȿ࣡ [ǻǦȝǣ ऀईइࣿ
ܶ ΗȂǼ <ƷȓǻƷǼ ǆȂǼȖȝƷǼȝ ࣿॽः :ȂǣǼȖȂǼ

ँࣿऀࣿ
[ǥ,ǖ [ǆǣǻǦǌȝ ǼȠǻǅǐȓ ǦǼ ƷǦȓ [ǥ, ǖ = ܸǖ/�ǖ = ܳǖ/(ܽǖ�ǖ) :ȂǣǼȖȂǼ

ँࣿऀࣿ
ܸǖ <ǦǼǐǻƷȝǦǆ ΗǦȖǆȂȖǦȝΞ Ȃǜ ƷǦȓ ূ ূ
�ǖ �ǦЍȠȖǦȂǼ ǆȂǐАǆǦǐǼȝ ǦǼ ƷǦȓ �ǖ = ࣡.࣡࣡b.ࣦࣨ BȲ

࣡.ࣦ

U[qǖ/ࣤ+qǤ/ࣤ]ࣣ
$ȠǶǶǐȓ ǐȝ ƷǶॽ
ऀईअअ

ܳǖ Ǵǝ ǻ−ࣤ �ΞǼƷǻǦǆ ΗǦȖǆȂȖǦȝΞ Ȃǜ ƷǦȓ ܳǖ = [q࣡ + [qȼ+ [qࣣȼ+ [qࣤȼࣤ + [qࣥȼࣥ bȖǦǶǦǼǝǦȓǦȖ
ँࣿࣿइ

ܽǖ Ǵǝ ǻ−ࣤ �ǐǼȖǦȝΞ Ȃǜ ƷǦȓ ܽǖ = [�࣡ + [�ȼ+ [�ࣣȼࣣ + [�ࣤȼࣤ bȖǦǶǦǼǝǦȓǦȖ
ँࣿࣿइ

[q ƷǼǌ [� �ȂǼȖȝƷǼȝȖ ূ bȖǦǶǦǼǝǦȓǦȖ
ँࣿࣿइ

U Ʒȝǻ �ȝǻȂȖȏǣǐȓǦǆ ȏȓǐȖȖȠȓǐ ऀ ূ
qǖ ǆǻं ǻȂǶ− BȂǶƷȓ ΗȂǶȠǻǐ Ȃǜ ƷǦȓ ँࣿॽऀ bȠǆǴǐȓ ૫

CǐǶǴǐǼ ऀईईࣿ
BȲ XǐǶƷȝǦΗǐ ǻȂǶǐǆȠǶƷȓ ǻƷȖȖ Ȃǜ ƷǦȓ BȲ = (Bǖ +BǤ)/(BǖBǤ) :ȂǣǼȖȂǼ

ँࣿऀࣿ
Bǖ ǝ ǻȂǶ− BȂǶƷȓ ǻƷȖȖ Ȃǜ ƷǦȓ ँइॽईआ ূ
BǤ ǝ ǻȂǶ− U��ǻȂǶƷȓ ǻƷȖȖ [ǐǐ bƷǅǶǐ �ॽं ূ
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Table A.3: Physicochemical properties of PCBs.

��ৄँइ ��ৄऀࣿऀ ��ৄऀऄं ��ৄऀइࣿ XǐǜǐȓǐǼǆǐ
ǻȂǶƷȓ ǻƷȖȖॶ BǤ ǝ ǻȂǶ− ँऄआॽऄः ंँअॽःं ंअࣿॽइइ ंईऄॽंँ =Ǧ ǐȝ ƷǶॽ ँࣿࣿं
ǻȂǶƷȓ ΗȂǶȠǻǐॶqǤ ǆǻࣤ ǻȂǶ− ऀअईॽऀः ऀईंॽअँ ँࣿऄॽइअ ँऀइॽऀ [ǆǣΘƷȓΣǐǼǅƷǆǣ ǐȝ ƷǶॽ

ँࣿࣿं
ǶȂǝ <Hs ȠǼǦȝǶǐȖȖ ऄॽईँ अॽआअ आॽंऀ आॽअअ [ǆǣǐǼǴǐȓ ǐȝ ƷǶॽ ँࣿࣿऄ
ǶȂǝ <, ȠǼǦȝǶǐȖȖ ৄऀॽईं ৄँॽࣿइ ৄँॽऀं ৄँॽऄऀ [ǆǣǐǼǴǐȓ ǐȝ ƷǶॽ ँࣿࣿऄ
ǶȂǝ <H� ॱȠǼǦȝǶǐȖȖ अॽईई आॽआई इॽंँ इॽअऄ [ǆǣǐǼǴǐȓ ǐȝ ƷǶॽ ँࣿࣿऄॶ

[ȂǅǐǴ ǐȝ ƷǶॽ ँࣿࣿः
ǐǼȝǣƷǶȏΞ Ȃǜ ƷǦȓৄΘƷȝǐȓ ǐΝǆǣƷǼǝǐॶ
۶,(ȓ:Țȡȕ−)

ऄऀॽइ अऄॽँ अइॽँ अई [ǆǣǐǼǴǐȓ ǐȝ ƷǶॽ ँࣿࣿऄ

�ǐǝȓƷǌƷȝǦȂǼ ǣƷǶǜৄǶǦǜǐॶ ȼ/ࣣ ǣȂȠȓȖ ऄ ऄࣿࣿ ंऀ ࣿࣿࣿ ऄऄ ࣿࣿࣿ ऄऄ ࣿࣿࣿ sƷǼǦƷ ૫ �ƷǶΞ ँࣿࣿँ

ॱ

∗�ƷǶǆȠǶƷȝǐǌ ȠȖǦǼǝ ȝǣǐ ȓǐǶƷȝǦȂǼȖǣǦȏ ǜȓȂǻ [ȂǅǐǴ ǐȝ ƷǶॽ ँࣿࣿः ƷȖ ǜȂǶǶȂΘȖॵ
ȕȡǼ<H� = (࣡.ࣩࣩ࣡.࣡ࣨ)ȕȡǼ<Hs + (࣡.࣪࣡࣡.ࣥࣨ)ॽ
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Table A.4: Modeled and measured dissolved seawater concentrations.

[ȠȓǜƷǆǐ ȂǆǐƷǼ
ઁऀࣿ ǻ
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Figure A.1: Modeled vertical profiles from five sensitivity simulations. Panel A shows vertical profiles of CB‐28 with
uniform degradation (orange), photolytic degradation (green) and combined photolytic and biotic degradation (blue).
Panel B shows vertical profiles of CB‐153 using log<H� of 5.82 (pink), 7.64 (dark blue) and 8.32 (dark‐green).
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Figure A.2: Measured PCB depth profiles of a) CB‐28, b) CB‐101, c) CB‐153 and d) CB‐180. Profiles are from the Tropi‐
cal Atlantic, 18,187 the North Atlantic18 and the Arctic Ocean. 86,187 Concentrations at depth exceed the surface concen‐
trations wherever surface concentrations exist and peak between 40 and 2500 m. Reported maximum concentrations
are 1.30 pg CB‐28 L−, 3.3 pg CB‐101 L−, 3.5 pg CB‐153 L− and 0.34 pg CB‐180 L−.
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Figure A.3: Changes in PCB residence times in the upper 1000 m between 1970‐2015.
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Figure A.4: Changes in CB‐101 and CB‐180 mass distribution between 1930‐2015. Northern Hemisphere basins are
shades of blue and Southern Hemisphere basins are shades of red/orange.
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Table A.5: Modeled best estimate for 2015 PCB reservoir (kg) and mass flows (kg yr−) in the upper ocean (top 1000 m)
using high<H� and a combination of photolytic and biotic degradation.
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Table A.5 Continued
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Figure B.1: Regression relationships between a) riverine PFOS discharge and catchment population in Japan and B)
WWTP discharge and population served in and c) WWTP discharge and population served in China adapted from Zhang
et al. (2017). Solid lines show means, and dashed lines denote 95% confidence intervals around the mean, and outer
lines indicate the 95% confidence intervals for predictions.

$Ȃȓ :ƷȏƷǼ $ǦǝȠȓǐ �ॽऀƷॶ ǻǐƷȖȠȓǐǌ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ƷǼǌ ΗȂǶȠǻǐȝȓǦǆ ȓǦΗǐȓ ǌǦȖǆǣƷȓǝǐȖ Θǐȓǐ ƷΗƷǦǶƷǅǶǐ ǜȂȓ ऀऀ
ȓǦΗǐȓ ǐȖȝȠƷȓǦǐȖ ȖƷǻȏǶǐǌ ǦǼ ँࣿࣿऄॽऀःं XǦΗǐȓ ǅƷȖǦǼȖ ǆȂΗǐȓǐǌ Ʒ ȓǐȏȓǐȖǐǼȝƷȝǦΗǐ ȖƷǻȏǶǐ Ȃǜ ȓǐǝǦȂǼȖ ƷǼǌ ȏȂȏȠǶƷȝǦȂǼ
ǌǐǼȖǦȝǦǐȖॶ ΘǦȝǣ ǅƷȖǦǼ ȏȂȏȠǶƷȝǦȂǼȖ ȓƷǼǝǦǼǝ ǜȓȂǻ ःࣿ ࣿࣿࣿৄः ँऄࣿ ࣿࣿࣿ ȏǐȂȏǶǐॽ bǣǐ ǼȂǼৄǶǦǼǐƷȓ ǆȂǻȏȂǼǐǼȝ Ȃǜ ȝǣǐ
ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏ ȓǐȏȓǐȖǐǼȝƷȝǦΗǐ Ȃǜ ǦǼǌȠȖȝȓǦƷǶ ȓǐǶǐƷȖǐȖ ΘƷȖ ȖǶǦǝǣȝǶΞ ǶȂΘǐȓ ȝǣƷǼ ȓǐȖȠǶȝȖ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌ
ǜȂȓ �ȠȓȂȏǐ ࣿॽआं ΗȖ ऀॽࣿऀॶ ǅȠȝ ȝǣǐ ȏǐȓৄǆƷȏǦȝƷ ǆȂǻȏȂǼǐǼȝ ΘƷȖ ǻȠǆǣ ǝȓǐƷȝǐȓ ǜȂȓ :ƷȏƷǼ ऄॽआअ ƷǼǌ ৄइॽࣿँॶ Θǣǐȓǐ
U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼssbU ǐГȠǐǼȝȖ ǣƷΗǐ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ǅǐ ȖȝȓȂǼǝǶΞ ǆȂȓȓǐǶƷȝǐǌ ǆȓȂȝƷǻǦȝȂǼ
ǆȂǼǆǐǼȝȓƷȝǦȂǼȖॶ Ʒ ǻƷȓǴǐȓȖ Ȃǜ ȖǐΘƷǝǐ ǐГȠǐǼȝȖॽ ऀःं bǣǐ ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏȖ ǜȂȓ U$H[ ǌǦȖǆǣƷȓǝǐȖ ǜȓȂǻ ȓǦΗǐȓȖ
ƷǼǌ ȏȂȏȠǶƷȝǦȂǼ ǐΝȏǶƷǦǼǐǌ ǶǐȖȖ Ȃǜ ȝǣǐ ΗƷȓǦƷǅǦǶǦȝΞ Xࣣࣿॽँई ǆȂǻȏƷȓǐǌ ȝȂ ȓǐȖȠǶȝȖ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌ ǜȂȓ �ȠȓȂȏǐ
Xࣣࣿॽअइ ǶǦǴǐǶΞ ǌȠǐ ȝȂ ȝǣǐ ǝȓǐƷȝǐȓ ǼȠǻǅǐȓ Ȃǜ ȓǦΗǐȓȖ ǦǼǆǶȠǌǐǌ ǦǼ ȝǣǐ �ȠȓȂȏǐƷǼ ȖȝȠǌΞ Ǽँऀࣿॽ ऀऄआ sǐ
ǐΝȝȓƷȏȂǶƷȝǐ ȏȂΘǐȓৄȓǐǝȓǐȖȖǦȂǼ ȓǐȖȠǶȝȖ ȝȂ Ȃȝǣǐȓ ȓǦΗǐȓ ǅƷȖǦǼȖ ǦǼ :ƷȏƷǼ ȠȖǦǼǝ ǆƷȝǆǣǻǐǼȝ ȏȂȏȠǶƷȝǦȂǼ ǌǐȓǦΗǐǌ ǜȓȂǻ
ΗǐǆȝȂȓǦΣǐǌ ǌƷȝƷ ǜȓȂǻ ȝǣǐ %ǐȂȖȏƷȝǦƷǶ /ǼǜȂȓǻƷȝǦȂǼ �ȠȝǣȂȓǦȝΞ Ȃǜ :ƷȏƷǼॽआऄ XǐȖȠǶȝǦǼǝ ǶȂǝৄǼȂȓǻƷǶǶΞ ǌǦȖȝȓǦǅȠȝǐǌ
ǐȖȝǦǻƷȝǐȖ Ȃǜ U$H[ ǌǦȖǆǣƷȓǝǐȖ ȝȂ ȝǣǐ ȂǆǐƷǼ ǜȓȂǻ :ƷȏƷǼॶ Ʒ ǶȂǆƷȝǦȂǼ Ȃǜ UH[$ ȏȓȂǌȠǆȝǦȂǼ ǦǼ ȝǣǐ ȏƷȖȝ Θǐȓǐ
ऀࣣࣿ.ࣣࣤ±ࣤ.ࣨ࣡ Bǝ ǅǐȝΘǐǐǼ ऀईऄइ ƷǼǌ ँࣿऀऄॽ
$Ȃȓ �ȠȖȝȓƷǶǦƷ $ǦǝȠȓǐ �ॽऀǅॶ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǜȓȂǻ ऀँssbUȖ Θǐȓǐ ȓǐȏȂȓȝǐǌ ǅΞ %ƷǶǶǐǼ ǐȝ ƷǶॽ ँࣿऀइ ǜȂȓ
ȝǣǐ ΞǐƷȓ ँࣿऀः ȓǐȏȓǐȖǐǼȝǦǼǝ ǐƷǆǣ Ȃǜ ȝǣǐ ǐǦǝǣȝ �ȠȖȝȓƷǶǦƷǼ ȖȝƷȝǐȖॽ BǐƷȖȠȓǐǌ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ȓƷǼǝǐǌ ǜȓȂǻ
ंৄँःࣿ Ǽǝ =− ƷǆȓȂȖȖ ssbUȖ ΘǣǦǆǣ ȖǐȓΗǐǌ ȏȂȏȠǶƷȝǦȂǼȖ ǅǐȝΘǐǐǼ ःࣿࣿࣿৄअࣿࣿࣿࣿࣿॽ $Ȃȓ ȖǦΝ ssbUȖ Θǣǐȓǐ ȂǼǶΞ
ǦǼЙȠǐǼȝ ΗȂǶȠǻǐ ΘƷȖ ȓǐȏȂȓȝǐǌ Θǐ ȏȓǐǌǦǆȝǐǌ ǐГȠǐǼȝ ΗȂǶȠǻǐȖ ȠȖǦǼǝ ǶǦǼǐƷȓ ȓǐǝȓǐȖȖǦȂǼ Xࣣࣿॽईईॶ ȏৄΗƷǶȠǐઁࣿॽࣿऀॽ
bǣǐ ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏ ǅǐȝΘǐǐǼ U$H[ ǌǦȖǆǣƷȓǝǐ ȓƷȝǐȖ ƷǼǌ ȏȂȏȠǶƷȝǦȂǼ ȖǐȓΗǐǌ ǅΞ ǐƷǆǣssbU ǐΝȏǶƷǦǼǐǌ
अइ Ȃǜ ȝǣǐ ΗƷȓǦƷǅǦǶǦȝΞ ǦǼ ȝǣǐ ǌƷȝƷॽ bǣǐ ǼȂǼৄǶǦǼǐƷȓ ǆȂǻȏȂǼǐǼȝ Ȃǜ ȝǣǐ ȏȂΘǐȓ ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏ ƷȖȖȂǆǦƷȝǐǌ
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ΘǦȝǣ ǦǼǌȠȖȝȓǦƷǶ ȓǐǶǐƷȖǐȖ ΘƷȖ ȖȂǻǐΘǣƷȝ ǶȂΘǐȓ ȝǣƷǼ ȝǣƷȝ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌ ǜȂȓ ȝǣǐ eǼǦȝǐǌ [ȝƷȝǐȖ ƷǼǌ �ƷǼƷǌƷ
ࣿॽईࣿॶ ऀॽँः ƷǼǌ ऀॽँࣿॶ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ǶȂΘǐȓ ȓƷȝǐȖ Ȃǜ U$�[ ǦǻȏȂȓȝȖ ƷǼǌ ǼȂ ȏȓǦǻƷȓΞ UH[$ ǻƷǼȠǜƷǆȝȠȓǦǼǝ
ȖǦȝǐॽ ंअ bǣǐ ȏȂȏȠǶƷȝǦȂǼ ǆȂǻȏȂǼǐǼȝ ंॽइँ ΘƷȖ ǣǦǝǣǐȓ ȝǣƷǼ ȝǣƷȝ ȓǐȏȂȓȝǐǌ ǜȂȓ CȂȓȝǣ �ǻǐȓǦǆƷ ৄࣿॽंंॶ Θǣǐȓǐ
U$H[ ǦȖ ȖȝǦǶǶ ǐǻȏǶȂΞǐǌ ǦǼ ƷȏȏȓȂΗǐǌ ȠȖǐȖॽ ंअ /Ǽ ȝǣǐ ƷǅȖǐǼǆǐ Ȃǜ ƷǼ ǐΝǦȖȝǦǼǝ ǌƷȝƷǅƷȖǐ Ȃǜ ssbUȖ ǦǼ �ȠȖȝȓƷǶǦƷॶ Θǐ
ǆȂǻȏǦǶǐǌ ƷǼ ǦǼΗǐǼȝȂȓΞ Ȃǜ ऀऀंssbUȖ ǆȂΗǐȓǦǼǝ ऄइ Ȃǜ �ȠȖȝȓƷǶǦƷȖ ȏȂȏȠǶƷȝǦȂǼ ǜȓȂǻ ȏȠǅǶǦǆǶΞ ƷΗƷǦǶƷǅǶǐ
ǦǼǜȂȓǻƷȝǦȂǼ ǆȂǼȝƷǦǼǐǌ ǦǼ ǝȂΗǐȓǼǻǐǼȝ ȓǐǆȂȓǌȖॶ ȏȓȂΗǦǌǐȓ ΘǐǅȖǦȝǐȖॶ ƷǼǌ ǼǐΘȖ ƷȓȝǦǆǶǐȖॽ sǐ ƷȏȏǶǦǐǌ ȝǣǐ
ȏȂΘǐȓৄȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏ ȝȂ ǐƷǆǣ Ȃǜ ȝǣǐ ssbUȖ ƷǼǌ ȖǆƷǶǐǌ ƷǼǼȠƷǶ ǌǦȖǆǣƷȓǝǐȖ ǜȂȓ ँࣿऀः ǅΞ ǆǣƷǼǝǐȖ ǦǼ
ǝǶȂǅƷǶ ǆǣƷǼǝǐȖ ǦǼ ȓǐǶǐƷȖǐȖ ȝȂ ΘƷȝǐȓ ǅǐǆƷȠȖǐ ǼȂ ȖȏǐǆǦЖǆ ǐǻǦȖȖǦȂǼ ǌƷȝƷ ǜȂȓ �ȠȖȝȓƷǶǦƷ Θǐȓǐ ƷΗƷǦǶƷǅǶǐॽ ँࣿࣿ sǐ
ǐȖȝǦǻƷȝǐ ȝǣƷȝ �ȠȖȝȓƷǶǦƷॶ ΘǣǦǆǣ ǣƷȖ ǼǐΗǐȓ ǅǐǐǼ Ʒ ȏȓȂǌȠǆǐȓ Ȃǜ UH[$ ƷǼǌ ǣƷȖ Ʒ ȖǻƷǶǶ ȏȂȏȠǶƷȝǦȂǼ Ȃǜ ँऄ ǻǦǶǶǦȂǼॶ
ǣƷȖ ǌǦȖǆǣƷȓǝǐǌ ऀࣿ࣡.ࣣࣥ±ࣣ.ࣣࣣ Bǝ U$H[ ȝȂ ȝǣǐ ȂǆǐƷǼ ǅǐȝΘǐǐǼ ऀईऄइ ƷǼǌ ँࣿऀऄॽ
$Ȃȓ �ǣǦǼƷ $ǦǝȠȓǐ �ॽऀǆॶ Θǐ ƷȏȏǶǦǐǌ ȏȓǐΗǦȂȠȖǶΞ ǌǐΗǐǶȂȏǐǌ ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏ ǅǐȝΘǐǐǼ U$H[ ǌǦȖǆǣƷȓǝǐȖ
ǜȓȂǻssbU ƷǼǌ ȏȂȏȠǶƷȝǦȂǼ ȖǐȓΗǐǌ ǜȂȓ ँࣿࣿईँँं ȝȂ ǆȂȠǼȝΞৄǶǐΗǐǶ ȏȂȏȠǶƷȝǦȂǼ ǌƷȝƷ ǜȓȂǻ ȝǣǐ ǼƷȝǦȂǼƷǶ ǆǐǼȖȠȖ ȝȂ
ǐΝȝȓƷȏȂǶƷȝǐ ǌǦȖǆǣƷȓǝǐȖ ƷǆȓȂȖȖ ȝǣǐ ǐǼȝǦȓǐ �ǣǦǼǐȖǐ ȝǐȓȓǦȝȂȓΞऀःऄ �ǦȖǆǣƷȓǝǐȖ Θǐȓǐ ȖǆƷǶǐǌ ǅΞ ǐǻǦȖȖǦȂǼȖ ȝȂ ΘƷȝǐȓ
ǜȓȂǻ �ǣǦǼǐȖǐ ȏȓȂǌȠǆȝǦȂǼ ȏȓǐȖǐǼȝǐǌ ǦǼsƷǼǝ ǐȝ ƷǶॽ ँࣿऀआॽ XǐȖȠǶȝǦǼǝ ǶȂǝৄǼȂȓǻƷǶǶΞ ǌǦȖȝȓǦǅȠȝǐǌ ǦǼǦȝǦƷǶ
ǐȖȝǦǻƷȝǐȖ Ȃǜ U$H[ ǌǦȖǆǣƷȓǝǐȖ ȝȂ ȝǣǐ ȂǆǐƷǼ ǜȓȂǻ �ǣǦǼƷ Θǐȓǐ ऀࣿ±.ࣩ.࣪ࣤ Bǝ ऀईइइৄँࣿऀऄॶ ȂǼǐ Ȃȓǌǐȓ Ȃǜ
ǻƷǝǼǦȝȠǌǐ ǶƷȓǝǐȓ ȝǣƷǼ ȝǣȂȖǐ ǜȓȂǻ �ȠȖȝȓƷǶǦƷ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ Ʒ ǻȠǆǣ ǶƷȓǝǐȓ ȏȂȏȠǶƷȝǦȂǼॶ ǅȠȝ ǶȂΘǐȓ ǶǦΗǦǼǝ
ȖȝƷǼǌƷȓǌॽ
/Ǽ �ȓƷΣǦǶॶ ȝǣǐ ǻƷǱȂȓ ȖȂȠȓǆǐȖ Ȃǜ U$H[ ȓǐǶǐƷȖǐȖ ǦȖ ƷǝȓǦǆȠǶȝȠȓƷǶ ȓȠǼৄȂЍ ǜȓȂǻ ǌǦȓǐǆȝ ƷȏȏǶǦǆƷȝǦȂǼ ȝȂ ȖȂǦǶ Ȃǜ ƷǼȝ ǅƷǦȝȖ
ǆȂǼȝƷǦǼǦǼǝ �ȝ$H[�ॽऀंࣿॶऀँईॶईॶँँं UȓǦȂȓ ΘȂȓǴ ȖǣȂΘǐǌ �ȝ$H[� ǦȖ Ʒ ǻƷǱȂȓ ǆȂǼȝȓǦǅȠȝȂȓ ȝȂ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ
ȖȠȓǜƷǆǐ ΘƷȝǐȓȖ Ȃǜ ȝǣǐ [ȂȠȝǣ �ȝǶƷǼȝǦǆॽ आईॶऀंࣿ /Ǽ ƷǐȓȂǅǦǆ ƷǆȝǦΗƷȝǐǌ ȖǶȠǌǝǐॶ ǌǐǝȓƷǌƷȝǦȂǼ ǐΝȏǐȓǦǻǐǼȝȖ ȖȠǝǝǐȖȝǐǌ
�ȝ$H[� ΞǦǐǶǌȖ ǅǐȝΘǐǐǼ ःৄंࣿ U$H[ॽऀंࣿॶऀंइ sǐ ȝǣȠȖ ƷȖȖȠǻǐ ǶȂǝৄǌǦȖȝȓǦǅȠȝǐǌ ȠǼǆǐȓȝƷǦǼȝΞ ƷȓȂȠǼǌ Ʒ ǻǐƷǼ
ǆȂǼΗǐȓȖǦȂǼ ȓƷȝǐ Ȃǜ ः ΘǦȝǣ ȂǼǐ ȖȝƷǼǌƷȓǌ ǌǐΗǦƷȝǦȂǼ ǆȂȓȓǐȖȏȂǼǌǦǼǝ ȝȂ ंࣿ ǜȂȓ ƷǝǝȓǐǝƷȝǐ ƷǼǼȠƷǶ U$H[
ǌǦȖǆǣƷȓǝǐȖ ȏǐȓ ǆƷȝǆǣǻǐǼȝ ƷȓǐƷॽ ऀऀअ sǐ ǦǼǦȝǦƷǶǶΞ ǐȖȝǦǻƷȝǐ ऀࣿ.ࣦ࣡±࣡.ࣩࣧ Bǝ Ȃǜ U$H[ ǣƷΗǐ ǅǐǐǼ ǌǦȖǆǣƷȓǝǐǌ ȝȂ ȝǣǐ
ȂǆǐƷǼ ǜȓȂǻ �ȓƷΣǦǶ ऀईईँৄँࣿऀऄॶ ǆȂǻȏƷȓƷǅǶǐ ȝȂ �ǣǦǼƷ ƷǼǌ ȓǐЙǐǆȝǦΗǐ Ȃǜ Ʒ ȖǣȂȓȝǐȓ ȠȖǐ ȏǐȓǦȂǌ ऀईईँৄँࣿऀऄ
ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ ǣǦȖȝȂȓǦǆƷǶ ǻƷǼȠǜƷǆȝȠȓǦǼǝ ƷǼǌ ȠȖǐ ȓǐǝǦȂǼȖॽ

आआ



�৷ࣿ৷ऀ [ҷӸԌӲӏ �ԭԚԏҷӅԚӢԀӹ ҷӹӋ �ӹҷӲԮԓӢԓ

[ǐƷΘƷȝǐȓ ȖƷǻȏǶǐȖ Ǽऄऀ Θǐȓǐ ǆȂǶǶǐǆȝǐǌ ǦǼ ऀ= ȏȓǐৄǆǶǐƷǼǐǌ ΘǦȝǣ ǻǐȝǣƷǼȂǶ BǐH,ॶ BǦǶǶǦৄW ΘƷȝǐȓ ƷǼǌ
ȖƷǻȏǶǐ ΘƷȝǐȓ ȏȂǶΞȏȓȂȏΞǶǐǼǐ ǅȂȝȝǶǐȖ ȂǼ ȝǣǐ ँࣿऀआ �ǼǌǐƷΗȂȓ ƷǼǌ ȝǣǐ ँࣿऀइ �ΝΝȏǐǌǦȝǦȂǼ ǆȓȠǦȖǐॽ [ƷǻȏǶǐȖ Θǐȓǐ
Ǵǐȏȝ ȂǼ Ǧǆǐ ǌȠȓǦǼǝ ȖƷǻȏǶǐ ǆȂǶǶǐǆȝǦȂǼ ƷǼǌ ȝȓƷǼȖȏȂȓȝ ƷǼǌ Ǵǐȏȝ ǜȓȂΣǐǼ Ʒȝ ৄँࣿ� ȠǼȝǦǶ ǐΝȝȓƷǆȝǦȂǼ ƷǼǌ ƷǼƷǶΞȖǦȖॽ
UȓǦȂȓ ȝȂ ǐΝȝȓƷǆȝǦȂǼॶ ȖǐƷΘƷȝǐȓ ȖƷǻȏǶǐȖ Θǐȓǐ ȝǣƷΘǐǌ Ʒȝ ȓȂȂǻ ȝǐǻȏǐȓƷȝȠȓǐॶ ȖȂǼǦǆƷȝǐǌ ǜȂȓ ँࣿ ȖǐǆȂǼǌȖ ƷǼǌ ȖǣƷǴǐǼ
ΗǦǝȂȓȂȠȖǶΞ ǜȂȠȓ ȝǦǻǐȖ ȝȂ ǌǐȖȂȓǅ U$�[ ǜȓȂǻ ȝǣǐ ǦǼǼǐȓ ΘƷǶǶȖ Ȃǜ ȝǣǐ ȖƷǻȏǶǐ ǅȂȝȝǶǐॽ [ƷǻȏǶǐȖ Θǐȓǐ ΘǐǦǝǣǐǌॶ ȖȏǦǴǐǌ
ΘǦȝǣ ःࣿ ઐ= Ȃǜ ࣿॽࣿँऄ Ǽǝ ઐ=− ǦȖȂȝȂȏǦǆƷǶǶΞ ǶƷǅǐǶǐǌ U$�[ ǦǼȝǐȓǼƷǶ ȖȝƷǼǌƷȓǌ BU$��ৄँः�[ঃ sǐǶǶǦǼǝȝȂǼॶ
%ȠǐǶȏǣॶ HCॶ �ƷǼƷǌƷ ƷǼǌ ǐȒȠǦǶǦǅȓƷȝǐǌ ȂΗǐȓǼǦǝǣȝॽ [ƷǻȏǶǐȖ Θǐȓǐ ǶȂƷǌǐǌ ȂǼȝȂ ȏȓǐǆȂǼǌǦȝǦȂǼǐǌ ΘǐƷǴ ƷǼǦȂǼ
ǐΝǆǣƷǼǝǐ [U� ǆƷȓȝȓǦǌǝǐȖ sƷȝǐȓ HƷȖǦȖ s�xॶ अ ǻ=ॶ ऀऄࣿ ǻǝ ȖȂȓǅǐǼȝ Ʒȝ ऀৄँ ǌȓȂȏȖ ȏǐȓ ȖǐǆȂǼǌॽ bǣǐ ǐǻȏȝΞ
ȖƷǻȏǶǐ ǅȂȝȝǶǐȖ ƷǼǌ ǆƷȓȝȓǦǌǝǐȖ Θǐȓǐ ȓǦǼȖǐǌ ΘǦȝǣ ँࣿ ǻ=BǦǶǶǦৄW ΘƷȝǐȓ ǜȂǶǶȂΘǐǌ ǅΞ ऄ ǻ= Ȃǜ ँऄ ǻB ƷǻǻȂǼǦȠǻ
ƷǆǐȝƷȝǐ ǅȠЍǐȓ ƷǼǌ ȝǣǐǼ ǆǐǼȝȓǦǜȠǝǐǌ Ʒȝ ःࣿࣿࣿ ȓȏǻ ǜȂȓ ं ǻǦǼȠȝǐȖ ȝȂ ȓǐǻȂΗǐ ǐΝǆǐȖȖ ΘƷȝǐȓॽ bǣǐ [U� ǆƷȓȝȓǦǌǝǐȖ
Θǐȓǐ ǐǶȠȝǐǌ ΘǦȝǣ ऄ ǻ= ȂǜBǐH, ƷǼǌ ऄ ǻ= Ȃǜ ࣿॽऀ ƷǻǻȂǼǦȠǻ ǣΞǌȓȂΝǦǌǐ ǦǼ BǐH, ƷǼǌ ȝǣǐ ǐΝȝȓƷǆȝȖ Θǐȓǐ
ǆȂǼǆǐǼȝȓƷȝǐǌ ȝȂ ࣿॽऄ ǻ= ȠȖǦǼǝ Ʒ ~ǦȏqƷȏ ǼǦȝȓȂǝǐǼ ǐΗƷȏȂȓƷȝȂȓॽ �ȂǼǆǐǼȝȓƷȝǐǌ ǐΝȝȓƷǆȝȖ Θǐȓǐ ǌǦǶȠȝǐǌ ऀॵऀ ΘǦȝǣ
BǦǶǶǦৄW ΘƷȝǐȓॶ ΗȂȓȝǐΝǐǌॶ ǆǐǼȝȓǦǜȠǝǐǌ ƷǼǌ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ ऀ ǻ= ƷȠȝȂȖƷǻȏǶǐȓ ΗǦƷǶȖ ǜȂȓ ǦǼȖȝȓȠǻǐǼȝƷǶ ƷǼƷǶΞȖǦȖॽ
�țǖȕͤȵȅȵࣗ [ƷǻȏǶǐ ǐΝȝȓƷǆȝȖ Θǐȓǐ ƷǼƷǶΞΣǐǌ ǜȂȓ ँऄ U$�[ ȠȖǦǼǝ ƷǼ �ǝǦǶǐǼȝ [ƷǼȝƷ �ǶƷȓƷॶ �� अःअࣿ bȓǦȏǶǐ
WȠƷǌȓȠȏȂǶǐ =ǦȒȠǦǌ �ǣȓȂǻƷȝȂǝȓƷȏǣ bƷǼǌǐǻBƷȖȖ [ȏǐǆȝȓȂǻǐȝǐȓ =�ৄB[B[ॶ ǐȒȠǦȏȏǐǌ ΘǦȝǣ ƷǼ �ǝǦǶǐǼȝ
[ƷǼȝƷ �ǶƷȓƷॶ �� ऀँईࣿ /ǼЖǼǦȝΞ $ǶǐΝǦǅǶǐ �Ƞǅǐॶ ȓȠǼ ǦǼ ǐǶǐǆȝȓȂȖȏȓƷΞ ǼǐǝƷȝǦΗǐ ǦȂǼǦΣƷȝǦȂǼ ǻȂǌǐ ǜȂǶǶȂΘǦǼǝ ȝǣǐ
ȏȓȂǆǐǌȠȓǐ ȂȠȝǶǦǼǐǌ ǦǼsǐǅǐȓ ǐȝ ƷǶॽ ँࣿऀआॽ �Ʒǆǣ ऀࣿࣿ =ޅ ǐΝȝȓƷǆȝ ΘƷȖ ǶȂƷǌǐǌ ǦǼȝȂ ƷǼ �ǝǦǶǐǼȝ ~ȂȓǅƷΝ [�ৄ�Ȓ ःॽअ
 ऀँॽऄ ǻǻঃ ऄ ǻޅ ȂǼǶǦǼǐ [U� ǆȂǶȠǻǼ ƷǼǌ ǐǶȠȝǐǌ ΘǦȝǣ ࣿॽइऄ ǻ= Ȃǜ ࣿॽऀ ΗΗ ǜȂȓǻǦǆ ƷǆǦǌ Ʒȝ Ʒ ЙȂΘ ȓƷȝǐ Ȃǜ ऀ
ǻ=ǻǦǼॽ �ǼƷǶΞȝǐȖ ǜȓȂǻ ȝǣǐ [U� ǆȂǶȠǻǼ Θǐȓǐ ǶȂƷǌǐǌ ȝȂ ƷǼ �ǝǦǶǐǼȝ UȂȓȂȖǣǐǶǶ ऀँࣿ ��ৄ�ऀइ ंॽࣿ  ऄࣿ ǻǻঃ ँॽआ
ǻޅ ȓǐΗǐȓȖǐǌৄȏǣƷȖǐ ,U=� ǆȂǶȠǻǼ ȠȖǦǼǝ ƷǻǻȂǼǦȠǻ ƷǆǐȝƷȝǐ ँ ǻB ǦǼ ǻǐȝǣƷǼȂǶ ƷǼǌ ΘƷȝǐȓ ƷȖ ȝǣǐ ǻȂǅǦǶǐ
ȏǣƷȖǐॽ � ȝȂȝƷǶ Ȃǜ ँऄ U$�[Ȗ Θǐȓǐ ȒȠƷǼȝǦЖǐǌॵ ȏǐȓЙȠȂȓȂǅȠȝƷǼȂƷȝǐ U$��ॶ ȏǐȓЙȠȂȓȂȏǐǼȝƷǼȂƷȝǐ U$Uǐ�ॶ
ȏǐȓЙȠȂȓȂǣǐΝƷǼȂƷȝǐ U$,Ν�ॶ ȏǐȓЙȠȂȓȂǣǐȏȝƷǼȂƷȝǐ U$,ȏ�ॶ ȏǐȓǶȠȂȓȂȂǆȝƷǼȂƷȝǐ U$H�ॶ
ȏǐȓЙȠȂȓȂǼȂǼƷǼȂƷȝǐ U$C�ॶ ȏǐȓЙȠȂȓȂǌǐǆƷǼȂƷȝǐ U$��ॶ ȏǐȓЙȠȂȓȂȠǼǌǐǆƷǼȂƷȝǐ U$eǼ��ॶ
ȏǐȓЙȠȂȓȂǌȂǌǐǆƷǼȂƷȝǐ U$�Ȃ��ॶ ȏǐȓЙȠȂȓȂȝȓǦǌǐǆƷǼȂƷȝǐ U$bȓǦ��ॶ ȏǐȓЙȠȂȓȂȝǐȝȓƷǌǐǆƷǼȂƷȝǐ U$bǐ��ॶ
ȏǐȓЙȠȂȓȂǅȠȝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$�[ॶ ȏǐȓЙȠȂȓȂȏǐǼȝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$Uǐ[ॶ ȏǐȓЙȠȂȓȂǣǐΝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$,Ν[ॶ
ȏǐȓЙȠȂȓȂǣǐȏȝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$,ȏ[ ॶ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$H[ॶ ȏǐȓЙȠȂȓȂǼȂǼƷǼǐ ȖȠǶǜȂǼƷȝǐ
U$C[ॶ ȏǐȓЙȠȂȓȂǌǐǆƷǼǐ ȖȠǶǜȂǼƷȝǐ U$�[ॶ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷǻǦǌǐ $H[�ॶ ःॵँ ЙȠȂȓȂȝǐǶȂǻǐȓ
ȖȠǶǜȂǼƷȝǐ ःॵँ $ȝ[ॶ अॵँ ЙȠȂȓȂȝǐǶȂǻǐȓ ȖȠǶǜȂǼƷȝǐ अॵँ $ȝ[ॶ इॵँ ЙȠȂȓȂȝǐǶȂǻǐȓ ȖȠǶǜȂǼƷȝǐ इॵँ $ȝ[ॶ CৄǻǐȝǣΞǶ
ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷǻǦǌȂƷǆǐȝǦǆ ƷǆǦǌ CৄBǐ$H[��ॶ CৄǐȝǣΞǶ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷǻǦǌȂƷǆǐȝǦǆ ƷǆǦǌ
Cৄ�ȝ$H[��ॶ ƷǼǌ ǌȂǌǐǆƷЙȠȂȓȂৄं,ৄःॶइৄǌǦȂΝƷǼȂǼƷǼȂƷȝǐ CƷ�HC�ॽ bǣǐ ȖȠǻ Ȃǜ ǅȓƷǼǆǣǐǌ ƷǼǌ ǶǦǼǐƷȓ
U$H[ ǦȖȂǻǐȓȖ ȓǐǜǐȓȓǐǌ ȝȂ ƷȖ U$H[ Θǐȓǐ ȒȠƷǼȝǦЖǐǌ ȝȂǝǐȝǣǐȓ ǜȓȂǻ ȝǣǐsǐǶǶǦǼǝȝȂǼ %ȠǐǶȏǣॶ HCॶ �ƷǼƷǌƷ
U$��ৄँःU�X ȖȝƷǼǌƷȓǌॶ ΘǣǦǆǣ ǦǼǆǶȠǌǐȖ ǅȂȝǣ ǅȓƷǼǆǣǐǌ ƷǼǌ ǶǦǼǐƷȓ ǦȖȂǻǐȓȖॽ HǼǶΞ ǶǦǼǐƷȓ U$,Ν[ ǦȖȂǻǐȓȖ Θǐȓǐ
ǌǐȝǐǆȝǐǌ ƷǼǌ Ʒȓǐ ȓǐǜǐȓȓǐǌ ȝȂ ƷȖ U$,Ν[ॽ �ȓƷǼǆǣǐǌ ǦȖȂǻǐȓȖ Ȃǜ U$H�Θǐȓǐ ǦǼǆǶȠǌǐǌ ǦǼ ȝǣǐ ȒȠƷǼȝǦЖǆƷȝǦȂǼ ΘǦȝǣ
ȝǣǐ ǶǦǼǐƷȓ ǦȖȂǻǐȓ ȠȖǦǼǝ ȝǣǐ ǆƷǶǦǅȓƷȝǦȂǼ ȖȝƷǼǌƷȓǌ ǜȂȓ ȝǣǐ ǶǦǼǐƷȓ ǦȖȂǻǐȓॽ
Wȿǖȕȅȼͤ �ȵȵȿȲǖțǥǯࣞWȿǖȕȅȼͤ �ȡțȼȲȡȕࣗ bǣǐ ǶǦǻǦȝ Ȃǜ ǌǐȝǐǆȝǦȂǼ =H� ƷǼǌ ǶǦǻǦȝ Ȃǜ ȒȠƷǼȝǦЖǆƷȝǦȂǼ =HW Θǐȓǐ

आइ



ǌǐЖǼǐǌ ƷȖ ȝǣǐ ƷΗǐȓƷǝǐ ȖƷǻȏǶǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ʒȝ ΘǣǦǆǣ ȝǣǐ ȖǦǝǼƷǶৄȝȂৄǼȂǦȖǐ ȓƷȝǦȂ ΘƷȖ ं ƷǼǌ ऀࣿॶ ȓǐȖȏǐǆȝǦΗǐǶΞॶ ȏǶȠȖ
ȝǣǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ƷǼΞ ǦǼȖȝȓȠǻǐǼȝƷǶ ǅǶƷǼǴ ƷǅȂΗǐ ȝǣǦȖ ΗƷǶȠǐॽ bǣǐ ǻǐȝǣȂǌ ǌǐȝǐǆȝǦȂǼ ǶǦǻǦȝ B�= ǦȖ ȝǣǐ
=H� ǆȂȓȓǐǆȝǐǌ ǜȂȓ ǌǦǶȠȝǦȂǼॽ B�= ΗƷǶȠǐȖ ǜȂȓ ǐƷǆǣ ƷǼƷǶΞȝǐ Ʒȓǐ ȓǐȏȂȓȝǐǌ ǦǼ bƷǅǶǐ �ॽंॽ CǦǼǐ ЖǐǶǌ ǅǶƷǼǴȖ Θǐȓǐ
ǦǼǆǶȠǌǐǌ ǦǼ ȝǣǐ ǐΝȝȓƷǆȝǦȂǼ ƷǼǌ ƷǼƷǶΞȖǦȖ ǜȂȠȓ �ǼǌǐƷΗȂȓ ǅǶƷǼǴȖॶ ȝǣȓǐǐ ЖǐǶǌ ǦǼȖȝȓȠǻǐǼȝ CǦȖǴǦǼ ǅǶƷǼǴȖॶ ȝΘȂ
�ΝȏǐǌǦȝǦȂǼ ǅǶƷǼǴȖॽ HǼǐ �ǼǌǐƷΗȂȓ ЖǐǶǌ ǅǶƷǼǴ ƷǼǌ ȂǼǐ �ΝΝȏǐǌǦȝǦȂǼ ЖǐǶǌ ǅǶƷǼǴ ǆȂǼȝƷǦǼǐǌ U$H[ ǶǐΗǐǶȖ ƷǅȂΗǐ
ȝǣǐ B�=ঃ ȝǣǐ Ȃȝǣǐȓ ǅǶƷǼǴȖ Θǐȓǐ ǅǐǶȂΘB�=ॽ [ƷǻȏǶǐȖ Θǐȓǐ ǆȂȓȓǐǆȝǐǌ ǜȂȓ ȝǣǐ ƷΗǐȓƷǝǐ Ȃǜ ȝǣǐ ЖǐǶǌ ǅǶƷǼǴ
ǆȂǼȝƷǻǦǼƷȝǦȂǼॶ Θǣǐȓǐ ȖƷǻȏǶǐȖ ǅǐǶȂΘB�=Θǐȓǐ ȓǐȏǶƷǆǐǌ ΘǦȝǣ ȵȱȲȼ(ࣣ)/ࣣ ·B�=ॽ �ǶǶ ǦǼȖȝȓȠǻǐǼȝ ǅǶƷǼǴȖ ȓȠǼ
ΘǦȝǣ ȝǣǐ ƷǼƷǶΞȖǦȖ Θǐȓǐ ǅǐǶȂΘ ǌǐȝǐǆȝǦȂǼ ǶǦǻǦȝ ǜȂȓ ƷǶǶ ǆȂǻȏȂȠǼǌȖॽ $ȂȠȓ ǐΝȝȓƷǆȝǦȂǼ ȖȏǦǴǐȖ ƷǼǌ ȝǣȓǐǐ ȖƷǻȏǶǐ
ȖȏǦǴǐȖ U$��ৄँःU�XॶsǐǶǶǦǼǝȝȂǼॶ %ȠǐǶȏǣॶ HCॶ �ƷǼƷǌƷ Θǐȓǐ ǦǼǆǶȠǌǐǌ ΘǦȝǣ ȝǣǐ ȖƷǻȏǶǐ ǐΝȝȓƷǆȝǦȂǼ ƷǼǌ
ƷǼƷǶΞȖǦȖॽ �ΗǐȓƷǝǐ ǐΝȝȓƷǆȝǦȂǼ ȖȏǦǴǐ ȓǐǆȂΗǐȓǦǐȖ ǜȂȓ U$H[ Θǐȓǐ ऀࣿࣿ ƷǼǌ ईई ǜȂȓ ǶǦǼǐƷȓ ƷǼǌ ǅȓƷǼǆǣǐǌ ǦȖȂǻǐȓȖॶ
ȓǐȖȏǐǆȝǦΗǐǶΞॽ �ΗǐȓƷǝǐ ȖƷǻȏǶǐ ǻƷȝȓǦΝ ȖȏǦǴǐ ȓǐǆȂΗǐȓǦǐȖ ǜȂȓ U$H[ Θǐȓǐ ऀऀऄ ƷǼǌ ऀऀआ ǜȂȓ ǶǦǼǐƷȓ ƷǼǌ ǅȓƷǼǆǣǐǌ
ǦȖȂǻǐȓȖॶ ȓǐȖȏǐǆȝǦΗǐǶΞॽ bǣǐ ǻƷǱȂȓǦȝΞ Ȃǜ ȝǣǐ ȖƷǻȏǶǐȖ ƷǼƷǶΞΣǐǌ ǣƷǌ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ઁB�= ǜȂȓ ǻȂȖȝ ǆȂǻȏȂȠǼǌȖ
bƷǅǶǐ �ॽंॽ

आई



Table B.1: Sea spray aerosol (SSA) flux parameterization following Salter et al. (2015).

qƷȓǦƷǅǶǐ ȠǼǦȝ �ǐȖǆȓǦȏȝǦȂǼ �ȒȠƷȝǦȂǼ
$ǯțȼ ǻࣤ ǻ−ࣣ Ȗ− �Ǧȓ ǐǼȝȓƷǦǼǐǌ ǅΞ ΘƷΗǐ $ǯțȼ = ࣣ× ࣡−ࣩ × e࣡

ࣤ.ࣨࣥ

e࣡ ऀࣿৄǻ ΘǦǼǌ Ȗȏǐǐǌ B/bǝǆǻ
�ॶ �ॶ � ƷǼǌ � UȂǶΞǼȂǻǦƷǶ ǆȂǐАǆǦǐǼȝȖ [ǐǐ bƷǅǶǐ �ॽँ
C[[� ǻ−ࣣ Ȗ− CȠǻǅǐȓ ЙȠΝ Ȃǜ [[� C[[� = $ǯțȼ(�×bࣤ+�×bࣣ+�×b+�)
q ǆǻࣤ [[� ΗȂǶȠǻǐ q = ࣤ

ܼࣥ(࣡.ࣦ× ǫ× × ࣡−ࣥ)ࣤ

ǫ(ܸȚ) [[� ǌǦƷǻǐȝǐȓ Ȗǐǐ bƷǅǶǐ �ॽँ
ܽ[[� UƷȓȝǦǆǶǐ ǌǐǼȖǦȝΞ Ȃǜ [[� ँॽऀअ
ǻȚ ǌǦǻǐǼȖǦȂǼǶǐȖȖ BƷȖȖ ǜȓƷǆȝǦȂǼ ȂǜCǖ+ ǦǼ ȖǐƷ ȖƷǶȝ ࣿॽंऀ
�Cǖ,[[� ǝ ǆǻ−ࣤ) �ȂǼǆǐǼȝȓƷȝǦȂǼ ȂǜCǖ+ ǦǼ [[� �Cǖ,[[� = ǻȚ × ܽ[[�
[ ǝ Ǵǝ− [ƷǶǦǼǦȝΞ Ȃǜ ȖǐƷΘƷȝǐȓ B/bǝǆǻ
�Cǖ,͞ ǝ ǆǻ−ࣤ �ȂǼǆǐǼȝȓƷȝǦȂǼ ȂǜCǖ+ ǦǼ ȖǐƷΘƷȝǐȓ �Cǖ,͞ = [× ǻȚ × × ࣡−ࣤ

�U$H[,͞ ǝ ǆǻ−ࣤ �ȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ U$H[ ǦǼ ȖǐƷΘƷȝǐȓ ȝǣǦȖ ȖǦǻȠǶƷȝǦȂǼ
�U$H[,[[� ǝ ǆǻ−ࣤ �ȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ U$H[ ǦǼ [[� �U$H[,[[� = �$× (�U$H[,͞

�Cǖ,͞
× �Cǖ,[[�)

�U$H[,[[� ǝ ǆǻ−ࣤ �ȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ U$H[ ǦǼ [[� $U$H[,[[� = (�U$H[,[[�×C[[�×q)/BU$H[
ȓǫǯȮȡ ǣȓ− �ǐȏȂȖǦȝǦȂǼ ȓƷȝǐ Ȃǜ [[� ȓǫǯȮȡ = 

−݀
݀ ǣȓ XǐȖǦǌǐǼǆǐ ȝǦǻǐ ƷǝƷǦǼȖȝ ǌǐȏȂȖǦȝǦȂǼॶ

ƷΗǐȓƷǝǐ ǜȂȓ ं [[�ǻȂǌǐȖ
ँईॽअ

इࣿ



Table B.2: Parameters used in sea spray aerosol (SSA) parameterization from Johansson et al. (2019).

qƷȓǦƷǅǶǐ ȠǼǦȝ �ǐȖǆȓǦȏȝǦȂǼ BȂǌǐ ऀ BȂǌǐ ँ BȂǌǐ ं
ǫ(ܸȚ) BȂǌǐǶ �ǦƷǻǐȝǐȓ ࣿॽࣿईऄ ࣿॽअ ऀॽऄ
�$ ǌǦǻǐǼȖǦȂǼৄ
ǶǐȖȖ

�ǼȓǦǆǣǻǐǼȝ ǜƷǆȝȂȓ Ȃǜ U$H[
ǦǼ [[�

अँࣿࣿࣿ अँࣿࣿࣿ ऄऄࣿࣿࣿ

� UȂǶΞǼȂǻǦƷǶ ǆȂǐАǆǦǐǼȝ ࣦ.ࣣࣣ× ࣦ࣡ ࣿ ࣿ
� UȂǶΞǼȂǻǦƷǶ ǆȂǐАǆǦǐǼȝ ࣤ.ࣣࣤ× ࣡ࣨ ࣨ.ࣤࣨ× ࣦ࣡ .ࣣࣥ× ࣡ࣥ
� UȂǶΞǼȂǻǦƷǶ ǆȂǐАǆǦǐǼȝ ࣧ.ࣦ࣪× ࣩ࣡ ࣣ.ࣩࣥ× ࣡ࣨ .ࣥࣨ× ࣡ࣨ
� UȂǶΞǼȂǻǦƷǶ ǆȂǐАǆǦǐǼȝ .࣡ࣨ× ࣡࣡ ࣨ.ࣨࣥ× ࣩ࣡ ࣨ.× ࣩ࣡

इऀ



�৷ࣿ৷ँ �ҷԮӏԓӢҷӹ /ӹәӏԏӏӹӅӏ

sǐ ȏȓȂȏƷǝƷȝǐ ȝǣǐ ȠǼǆǐȓȝƷǦǼȝΞ ǜȓȂǻ ȓǐǶǐƷȖǐȖ ǜȂȓΘƷȓǌ ƷǼǌ ȠȖǐ ȖǐƷΘƷȝǐȓ ǻǐƷȖȠȓǐǻǐǼȝȖ ȝȂ ǆȂǼȖȝȓƷǦǼ ȓǐǝǦȂǼƷǶ
ǦǼȏȠȝȖ ȝȂ ȝǣǐ ȂǆǐƷǼ ǦǼ Ʒ �ƷΞǐȖǦƷǼ ǜȓƷǻǐΘȂȓǴॽ bǣǐ ǆȂǼǌǦȝǦȂǼƷǶ ȏȓȂǅƷǅǦǶǦȝΞ Ȃǜ U$H[ ȓǐǶǐƷȖǐȖ ǜȓȂǻ ȝǣǐ ǌǦЍǐȓǐǼȝ
ȖȂȠȓǆǐȖ ȝȂ ȝǣǐ ȂǆǐƷǼȖ ǝǦΗǐǼ ȝǣǐ ƷΗƷǦǶƷǅǶǐ ȖǐƷΘƷȝǐȓ ȂǅȖǐȓΗƷȝǦȂǼȖ ǆƷǼ ǅǐ ǌǐȖǆȓǦǅǐǌ ƷȖ ȝǣǐ ǱȂǦǼȝ ȏȓȂǅƷǅǦǶǦȝΞ Ȃǜ ȝǣǐ
ǌǦȖǆǣƷȓǝǐ ȒȠƷǼȝǦȝΞ ǜȓȂǻ ǐƷǆǣ ȖȂȠȓǆǐ ƷǼǌ ȂǅȖǐȓΗǐǌ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǝǦΗǐǼ ǌǦȖǆǣƷȓǝǐȖ

UȮȡȵȼ(ܴ,y) ∝ U(y|ܴ)UȮȲȅȡȲ(ܴ)

UUȲȅȡȲ(ܴ) ǦȖ ȝǣǐ ǶȂǝ࣡ৄǼȂȓǻƷǶǶΞ ǌǦȖȝȓǦǅȠȝǐǌ ȠǼǆǐȓȝƷǦǼȝΞ ƷȓȂȠǼǌ ǌǦȖǆǣƷȓǝǐȖ ǜȓȂǻssbUȖ ƷǼǌ ȓǦΗǐȓȖ ƷȖ
ȏȓȂȏƷǝƷȝǐǌ ǜȓȂǻ ȝǣǐ ȓǐǝȓǐȖȖǦȂǼ ȓǐǶƷȝǦȂǼȖǣǦȏȖ ǌǐȖǆȓǦǅǐǌ ƷǅȂΗǐ $ǦǝȠȓǐ �ॽऀ ƷǼǌ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝȖॽ U(y|ܴ) ǦȖ
ȝǣǐ ǶǦǴǐǶǦǣȂȂǌ Ȃǜ ȂǅȖǐȓΗǐǌ U$H[ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȖǐƷΘƷȝǐȓ y ǝǦΗǐǼ Ʒ ȏȂȖȖǦǅǶǐ ǆȂǻǅǦǼƷȝǦȂǼ Ȃǜ ȓǐǶǐƷȖǐȖ ǜȓȂǻ
ǌǦЍǐȓǐǼȝ ȖȂȠȓǆǐȖॽ �Ȗ U$H[ ǦȖ ǼȂȝ ǐΝȏǐǆȝǐǌ ȝȂ ǣƷΗǐ ƷǼ ǐЍǐǆȝ ȂǼ ǆǶǦǻƷȝǐ ƷǼǌ ȂǆǐƷǼ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞ ǅǐǆƷȠȖǐ Ȃǜ
ǦȝȖ ȝȓƷǆǐȓ ǶǐΗǐǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼॶ Θǐ ƷȖȖȠǻǐ ȝǣƷȝ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ y ȓǐȖȏȂǼǌ ǶǦǼǐƷȓǶΞ ȝȂ ǆǣƷǼǝǐȖ ǦǼ
ǐǻǦȖȖǦȂǼȖ ƷǼǌ ǆƷǼ ǅǐ ǌǐȖǆȓǦǅǐǌ ǅΞ

y = B(ͣ, ܴ) + ܱ

�ǐǆƷȠȖǐ ȖǐƷΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ΗƷȓΞ ǅΞ ȂȓǌǐȓȖ Ȃǜ ǻƷǝǼǦȝȠǌǐ Θǐ ǶȂǝ࣡ৄȝȓƷǼȖǜȂȓǻ ȂǅȖǐȓΗǐǌ ƷǼǌ ǻȂǌǐǶǐǌ
ǆȂǼǆǐǼȝȓƷȝǦȂǼ y ƷǼǌB(ͣ, ܴ) ǅǐǜȂȓǐ ǆȂǻȏƷȓǦȖȂǼॽ �Ƞǐ ȝȂ ȝǣǐ ȝȓƷǼȖǜȂȓǻƷȝǦȂǼॶ Θǐ Θǐȓǐ ǼȂȝ ƷǅǶǐ ȝȂ ǦǼǆǶȠǌǐ
ǻǐƷȖȠȓǐǻǐǼȝȖ ǦǼ ǶȂǆƷȝǦȂǼȖ Θǣǐȓǐ ȝǣǐ ǻȂǌǐǶ ǦǼǌǦǆƷȝǐǌ ǼȠǶǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ ǆȂǻȏƷȓǦȖȂǼ Ǽंइ Ȃȓ अ Ȃǜ
ǻǐƷȖȠȓǐǻǐǼȝȖॽ sǐ ǆȂǼȖǦǌǐȓ ȝǣǐ ȓƷǼǌȂǻ ǐȓȓȂȓ ȝǐȓǻ ܱ ȝȂ ǜȂǶǶȂΘ Ʒ %ƷȠȖȖǦƷǼ ǌǦȖȝȓǦǅȠȝǦȂǼॶ ȝǣƷȝ ǦȖ ܱ = C(࣡, ࣣܿ)ॽ
sǐ ǆȂǼȖǦǌǐȓ ȖǐΗǐȓƷǶ ǐȓȓȂȓ ȝΞȏǐȖ ǦǼǆǶȠǌǦǼǝ ȂǅȖǐȓΗƷȝǦȂǼƷǶ ȠǼǆǐȓȝƷǦǼȝΞॶ ǻȂǌǐǶ ȏƷȓƷǻǐȝǐȓǦΣƷȝǦȂǼ ȠǼǆǐȓȝƷǦǼȝΞॶ ƷǼǌ
Ʒ ȓǐȖǦǌȠƷǶ ǐȓȓȂȓॶ ƷǶǶ ǐΝȏȓǐȖȖǐǌ ǅΞ ȝǣǐǦȓ ȖȝƷǼǌƷȓǌ ǌǐΗǦƷȝǦȂǼ ܿॽ

ࣣܿ = ܴܱ,ȡǤȵܿȡǤȵࣣ + ܴܱࣣ,ȮǖȲǖȚܿȮǖȲǖȚࣣ + ܴܱࣤ,Ȳǯȵȅǫȿǖȕࣣ

bǣǐ ȂǅȖǐȓΗƷȝǦȂǼƷǶ ǐȓȓȂȓ ܿȡǤȵ ǆȂǼȖǦǌǐȓȖ ǣȂΘ ǌǦЍǐȓǐǼȝ ȖƷǻȏǶǦǼǝ ƷǼǌ ƷǼƷǶΞȖǦȖ ǻǐȝǣȂǌȖ ǻƷΞ ƷЍǐǆȝ ΗƷȓǦƷǅǦǶǦȝΞ
ǅǐȝΘǐǐǼ ȂǅȖǐȓΗƷȝǦȂǼȖ ƷǼǌ ǦȖ ƷȖȖȠǻǐǌ ȝȂ ΗƷȓΞ ǅΞ ǻǐƷȖȠȓǐǻǐǼȝ ǆȓȠǦȖǐॽ bǣǐ ȠǼǆǐȓȝƷǦǼȝΞ ǦǼ ȝǣǐ ǻȂǌǐǶ
ȏƷȓƷǻǐȝǐȓǦΣƷȝǦȂǼ ܿȮǖȲǖȚ ǆȂǼȖǦǌǐȓȖ ȠǼǆǐȓȝƷǦǼȝΞ ǦǼ ǻȂǌǐǶǐǌ ȝȓƷǼȖȏȂȓȝ ȏȓȂǆǐȖȖǐȖ ǌǐȏǐǼǌǐǼȝ ȂǼ ȂǆǐƷǼ
ǆǦȓǆȠǶƷȝǦȂǼॶ ΘǦǼǌ Ȗȏǐǐǌॶ ƷǼǌ ȖǐƷ ȖȠȓǜƷǆǐ ȝǐǻȏǐȓƷȝȠȓǐ ƷǼǌ ǦȖ ƷȖȖȠǻǐǌ ȝȂ ΗƷȓΞ ǅΞ ȂǆǐƷǼ ǅƷȖǦǼॽ bǣǐ ȂǅȖǐȓΗƷȝǦȂǼƷǶ
ǐȓȓȂȓ ȝǐȓǻ ǜȂȓ ǐƷǆǣ ǆȓȠǦȖǐ ƷǼǌ ȝǣǐ ǻȂǌǐǶ ȏƷȓƷǻǐȝǐȓǦΣƷȝǦȂǼ ǐȓȓȂȓ ǜȂȓ ǐƷǆǣ ǅƷȖǦǼ ȓǐȏȓǐȖǐǼȝǐǌ ǅΞ ȝǣǐǦȓ ȖȝƷǼǌƷȓǌ
ǌǐΗǦƷȝǦȂǼ ܴܱ,ȡǤȵ ƷǼǌ ܴܱࣣ,ȮǖȲǖȚ Ʒȓǐ ǦǼǜǐȓȓǐǌ ǦǼ ȝǣǐ �ƷΞǐȖǦƷǼ ǦǼΗǐȓȖǦȂǼॽ � ȓǐȖǦǌȠƷǶ ǐȓȓȂȓ ȝǐȓǻ ȓǐȏȓǐȖǐǼȝǐǌ ǅΞ ǦȝȖ
ȖȝƷǼǌƷȓǌ ǌǐΗǦƷȝǦȂǼ ܴܱࣤ,Ȳǯȵȅǫȿǖȕ ǦȖ ƷǶȖȂ ǦǼǜǐȓȓǐǌ ǦǼ ȝǣǐ �ƷΞǐȖǦƷǼ ǦǼΗǐȓȖǦȂǼॽ
eȖǦǼǝ Ʒ BǐȝȓȂȏȂǶǦȖৄ,ƷȖȝǦǼǝȖ ǦǻȏǶǐǻǐǼȝƷȝǦȂǼ Ȃǜ BƷȓǴȂΗ �ǣƷǦǼBȂǼȝǐ �ƷȓǶȂ B�B� ȖƷǻȏǶǦǼǝ Θǐ ǆƷǼ
ǌǦȓǐǆȝǶΞ ȖƷǻȏǶǐ ǜȓȂǻ ȝǣǐ ȏȂȖȝǐȓǦȂȓ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ǐǻǦȖȖǦȂǼȖ ƷǼǌ ǆƷǶǆȠǶƷȝǐ ȝǣǐ ȏȂȖȝǐȓǦȂȓ ǶǦǴǐǶǦǣȂȂǌ Ȃǜ
ȖȝƷȝǦȖȝǦǆƷǶǶΞ ȏǶƷȠȖǦǅǶǐ ǐǻǦȖȖǦȂǼ ȖǆǐǼƷȓǦȂȖ ǜȓȂǻ ǌǦЍǐȓǐǼȝ ȖȂȠȓǆǐ ȓǐǝǦȂǼȖ ƷǼǌ ǌǐȏȂȖǦȝǦȂǼ Ȃǜ U$H[ ȝȂ ȝǣǐ ȂǆǐƷǼ
ȖȠȓǜƷǆǐॽ �ȝ ǐƷǆǣ ȖƷǻȏǶǦǼǝ ǦȝǐȓƷȝǦȂǼ Ʒ ǼǐΘ ȏƷȓƷǻǐȝǐȓ Ȗǐȝ ܴ(ȅ+) Ȃǜ ǐǻǦȖȖǦȂǼ ȖǆƷǶǦǼǝ ǜƷǆȝȂȓȖ ǦȖ ǌȓƷΘǼ ǜȓȂǻ Ʒ
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ǶȂǝǼȂȓǻƷǶ ǌǦȖȝȓǦǅȠȝǦȂǼ ΘǦȝǣ ǻǐƷǼ ܴȅ ƷǼǌ ǦȝȖ ȏȓȂǅƷǅǦǶǦȝΞ ǦȖ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ ȏȓǐΗǦȂȠȖ Ȗǐȝॽ CǐΘ ȏȓȂȏȂȖƷǶȖ Ʒȓǐ
Ʒǆǆǐȏȝǐǌ ΘǦȝǣ ȏȓȂǅƷǅǦǶǦȝΞ Ȳ = U(ܴ(ȅ+))/U(ܴȅ) ƷǼǌ ȓǐǱǐǆȝǐǌ ΘǦȝǣ ȏȓȂǅƷǅǦǶǦȝΞ (− Ȳ)ॽ /ǜ ȝǣǐ ǼǐΘ ȏȓȂȏȂȖƷǶ ǦȖ
ȓǐǱǐǆȝǐǌॶ Θǐ ȓǐȝƷǦǼ ȝǣǐ ȏȓǐΗǦȂȠȖ ȏȓȂȏȂȖƷǶॽ bǣǦȖ ȏȓȂǆǐǌȠȓǐ ǦȖ ȓǐȏǐƷȝǐǌ ǜȂȓ ࣡ࣤ ȏƷȓƷǶǶǐǶ ǆǣƷǦǼȖ ΘǦȝǣ ࣡ࣥ

ǦȝǐȓƷȝǦȂǼȖॽ sǐ ǌǦȖǆƷȓǌ ȝǣǐ ЖȓȖȝ ࣦ࣡ ȖƷǻȏǶǐȖ ƷǼǌ ȠȖǐ ȝǣǐ ȓǐǻƷǦǼǌǐȓ ȝȂ ǆȂǻȏȠȝǐ ȖȝƷȝǦȖȝǦǆȖ ȂǼ ȝǣǐ ȏȂȖȝǐȓǦȂȓ
ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ǐƷǆǣ U$H[ ȖȂȠȓǆǐॽ
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Table B.3: Concentrations (pg L−) of PFAS in seawater samples from 2017 Endeavor and 2018 Exxpedition cruises.
QL and QH indicate qualifier flags outside the 30% acceptable range. Values below the method detection limit (MDL)
are reported as <MDL value for each compound. Compounds that were blank subtracted (blanks had detectable levels
above the MDL) include PFHxA, PFHpA, PFOA, PFNA, PFDA, PFDoA, PFBS, PFHpS, PFOS, 6:2 FtS, 8:2 Fts, FOSA.
Samples collected from the ship water intake system are labeled S/U.

[ƷǻȏǶǦǼǝ =ȂǆƷȝǦȂǼ
/� �Ʒȝǐ [ȝƷȝǦȂǼ =ƷȝǦȝȠǌǐ =ȂǼǝǦȝȠǌǐ �ǐȏȝǣ ǻ U$�� U$Uǐ� U$,Ν� U$,ȏ� U$H�
ऀ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ऀ ઁआइअ ઁइअ ઁःअ ँआ ंऄ
ँ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ँं ઁआइअ ઁइअ ઁःअ ँࣿ ंँ
ं ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ऄ ઁंँँ ઁअई ઁऀࣿई ઁऀࣿई ँࣿ
ः ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs आऄ ઁंँँ ઁअई ઁऀࣿई ઁऀࣿई ઁऀࣿ
ऄ ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ःࣿऄ ઁंँँ ઁअई ઁऀࣿई ઁऀࣿई ઁऀࣿ
अ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ँः
आ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ऀआ
इ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs आँइ ઁआइअ ઁइअ ઁःअ ઁऀऄ ऀࣿ
ई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀ ઁआइअ ઁइअ ઁःअ W= ँः
ऀࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंऄࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ઁई
ऀऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ઁई
ऀँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँऄࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ઁई
ऀं ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँࣿࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ઁई
ऀः ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀऄࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ઁई
ऀऄ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs इइࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ઁई
ऀअ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs अअࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ँअ
ऀआ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿࣿ ઁआइअ ઁइअ ઁःअ ऀई ःइ
ऀइ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ँइ
ऀई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀँࣿ ઁआइअ ઁइअ ઁःअ ँँ ंࣿ
ँࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ईࣿ ઁआइअ ઁइअ ઁःअ ऀई ंࣿ
ँऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿ ઁआइअ ઁइअ ઁःअ ँँ ँं
ँँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंईंࣿ ઁआइअ ઁइअ ઁःअ ँࣿ ઁई
ँं ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿ ઁआइअ ઁइअ ઁःअ ऀई ऀआ
ँः ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀँࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ँऄ
ँऄ ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ઁई
ँअ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऄࣿ ઁंँँ ઁअई ઁऀࣿई ઁऀࣿई ઁऀࣿ
ँआ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऀऄࣿ ઁंँँ ઁअई ઁऀࣿई ઁऀࣿई ऀऄ
ँइ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ःऄࣿ ઁंँँ ઁअई ઁऀࣿई ઁऀࣿई ऀआ
ँई ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿइ ઁआइअ ઁइअ ઁःअ ઁऀऄ ઁई
ंࣿ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ःࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ऀइ
ंऀ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ंࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ँई
ंँ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ँࣿࣿ ઁआइअ ઁइअ ઁःअ ઁऀऄ ःः
ंं ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऀࣿࣿ ઁआइअ ईऀ अअ ंअ आऀ
ंः ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs आऄ ઁआइअ ઁइअ ઁःअ ऀइ ँࣿ
ंऄ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿ ઁआइअ ઁइअ ઁःअ ऀई ँऀ
ंअ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄ ઁआइअ ઁइअ ઁःअ ऀअ ऀई
ंआ ःऄँࣿऀआ [e ँआ ंँॽईं C आई ऄँॽऀँs इ ઁआइअ ઁइअ ઁःअ ँअ ःऄ
ंइ ंࣿअऀइ ऀ ंँ ࣿऀॽऀँ C ऀऄँ ंँॽऀँs ऀ ઁआइअ ઁइअ ंइअ ँࣿँ आइऄ
ंई ऀआँࣿऀइ ँ ंं ंअॽआई C ऀऄࣿ ःईॽअईs ऀ ઁआइअ ઁइअ ઁःअ ंࣿ ःࣿ
ःࣿ ँआँࣿऀइ ं ंऄ ःआॽईइ C ऀःई ँऄॽऄࣿs ऀ ઁआइअ ઁइअ ઁःअ ँइ ઁई
ःऀ ंआँࣿऀइ ः ंऄ ࣿईॽࣿऀ C ऀःइ ऀࣿॽःँs ऀ आईऀ ઁइअ ँअँ ऀࣿँ ऀऄः
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Table B.3 Continued

[ƷǻȏǶǦǼǝ =ȂǆƷȝǦȂǼ
/� �Ʒȝǐ [ȝƷȝǦȂǼ =ƷȝǦȝȠǌǐ =ȂǼǝǦȝȠǌǐ �ǐȏȝǣ ǻ U$�� U$Uǐ� U$,Ν� U$,ȏ� U$H�
ःँ ऄआँࣿऀइ ऄ ंअ ःऄॽईं C ऀःः ँँॽईइs ऀ ઁआइअ ઁइअ ઁःअ ँऄ ઁई
ःं अआँࣿऀइ अ ंइ ࣿईॽंइ C ऀःँ ऀःॽंँs ऀ ઁआइअ ઁइअ ઁःअ W= ઁई
ःः आआँࣿऀइ आ ःࣿ ࣿऀॽईऀ C ऀंई ःइॽईइs ऀ ઁआइअ ઁइअ ઁःअ ऄं आं
ःऄ इआँࣿऀइ इ ःँ ࣿँॽंऀ C ऀंआ ंईॽऄंs ऀ ઁआइअ ઁइअ ंँऄ ऀअँ ःंऄ
ःअ ईआँࣿऀइ ई ःं ःऄॽँं C ऀंऄ ँँॽँࣿs ऀ ઁआइअ ઁइअ ઁःअ ऀऀं इऄ
ःआ ऀࣿआँࣿऀइ ऀࣿ ःऄ ंआॽंऀ C ऀंं ࣿःॽआःs ऀ ँऄऄअ ँऀई ઁःअ ऄइ अं
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Table B.3 Continued

[ƷǻȏǶǦǼǝ =ȂǆƷȝǦȂǼ
/� �Ʒȝǐ [ȝƷȝǦȂǼ =ƷȝǦȝȠǌǐ =ȂǼǝǦȝȠǌǐ �ǐȏȝǣ ǻ U$C� U$�� U$e� U$�Ȃ� U$bȓǦ�
ऀ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ऀ W= W= ऀऀ ँऀ ઁःं
ँ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ँं ऀई ઁआ ઁऀࣿ ઁऀअ ઁःं
ं ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ऄ ऀऀ ઁई ઁःऀ ઁऀࣿ ઁआࣿ
ः ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs आऄ W, ઁई ઁःऀ ઁऀࣿ ઁआࣿ
ऄ ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ःࣿऄ ઁइ ઁई ઁःऀ ઁऀࣿ ઁआࣿ
अ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿ ऀऄ ઁआ ઁऀࣿ ઁऀअ ઁःं
आ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
इ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs आँइ ઁऀࣿ W= ઁऀࣿ ઁऀअ ઁःं
ई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀ ऀँ ઁआ ઁऀࣿ ऄࣿ ઁःं
ऀࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंऄࣿࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ऀऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ऀँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँऄࣿࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ऀं ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँࣿࣿࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ऀः ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀऄࣿࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ऀऄ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs इइࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ऀअ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs अअࣿ ऀँ ઁआ ઁऀࣿ ઁऀअ ઁःं
ऀआ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿࣿ ँऀ W= ઁऀࣿ ઁऀअ ઁःं
ऀइ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿ ऀइ ઁआ ઁऀࣿ ઁऀअ ઁःं
ऀई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀँࣿ ऀअ ઁआ ઁऀࣿ ઁऀअ ઁःं
ँࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ईࣿ ऀऄ ઁआ ऀआ ऀँࣿ ઁःं
ँऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿ ऀआ ઁआ ઁऀࣿ ઁऀअ ઁःं
ँँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंईंࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ँं ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ँः ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀँࣿ ऀअ ઁआ ઁऀࣿ ઁऀअ ઁःं
ँऄ ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿࣿࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ँअ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऄࣿ W= ઁई ઁःऀ ઁऀࣿ ઁआࣿ
ँआ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऀऄࣿ ँࣿ ઁई ઁःऀ ઁऀࣿ ઁआࣿ
ँइ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ःऄࣿ ऀः ઁई ઁःऀ ઁऀࣿ ઁआࣿ
ँई ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿइ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ंࣿ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ःࣿࣿ ઁऀࣿ ઁआ ઁऀࣿ ઁऀअ ઁःं
ंऀ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ंࣿࣿ W, ઁआ ઁऀࣿ ઁऀअ ઁःं
ंँ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ँࣿࣿ ऀई ઁआ ઁऀࣿ ઁऀअ ઁःं
ंं ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऀࣿࣿ ऀअ W= ઁऀࣿ ँआ ઁःं
ंः ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs आऄ ऀऀ ઁआ ઁऀࣿ ઁऀअ ઁःं
ंऄ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿ W= W= ऀं ઁऀअ ઁःं
ंअ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄ ऀं W= ઁऀࣿ ઁऀअ ઁःं
ंआ ःऄँࣿऀआ [e ँआ ंँॽईं C आई ऄँॽऀँs इ ऀआ ઁआ ઁऀࣿ ઁऀअ ઁःं
ंइ ंࣿअऀइ ऀ ंँ ࣿऀॽऀँ C ऀऄँ ंँॽऀँs ऀ ँࣿइ ँईई ःऄ ऄं ઁःं
ंई ऀआँࣿऀइ ँ ंं ंअॽआई C ऀऄࣿ ःईॽअईs ऀ ऀअई ऀࣿ W, ઁऀअ ઁःं
ःࣿ ँआँࣿऀइ ं ंऄ ःआॽईइ C ऀःई ँऄॽऄࣿs ऀ ँआ ઁआ ઁऀࣿ ઁऀअ ઁःं
ःऀ ंआँࣿऀइ ः ंऄ ࣿईॽࣿऀ C ऀःइ ऀࣿॽःँs ऀ ईँ W= ઁऀࣿ ઁऀअ ઁःं
ःँ ऄआँࣿऀइ ऄ ंअ ःऄॽईं C ऀःः ँँॽईइs ऀ ऀइ W= ઁऀࣿ ઁऀअ ઁःं
ःं अआँࣿऀइ अ ंइ ࣿईॽंइ C ऀःँ ऀःॽंँs ऀ ँई W= ઁऀࣿ ઁऀअ ઁःं
ःः आआँࣿऀइ आ ःࣿ ࣿऀॽईऀ C ऀंई ःइॽईइs ऀ अअ ઁआ ઁऀࣿ ઁऀअ ઁःं
ःऄ इआँࣿऀइ इ ःँ ࣿँॽंऀ C ऀंआ ंईॽऄंs ऀ ँआं ंऀआ ईऄ ऄऀ ઁःं
ःअ ईआँࣿऀइ ई ःं ःऄॽँं C ऀंऄ ँँॽँࣿs ऀ ऀःआ ईई ःअ ँई ઁःं
ःआ ऀࣿआँࣿऀइ ऀࣿ ःऄ ंआॽंऀ C ऀंं ࣿःॽआःs ऀ आँ ઁआ ऀः ઁऀअ ઁःं
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ऀ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ऀ ઁऀऄ W= ઁऀࣿ ऀँ ઁंई
ँ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ँं ઁऀऄ ँइ ઁऀࣿ ँऀ ઁंई
ं ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ऄ ઁंऄ ઁअः ઁँ W, ઁँࣿ
ः ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs आऄ ઁंऄ ઁअः ઁँ W= ઁँࣿ
ऄ ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ःࣿऄ ઁंऄ ઁअः ઁँ W, ઁँࣿ
अ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
आ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿࣿ ઁऀऄ W= ઁऀࣿ ઁइ ઁंई
इ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs आँइ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀ ઁऀऄ ઁऀआ ઁऀࣿ W, ઁंई
ऀࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंऄࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ऀऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ऀँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँऄࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ऀं ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँࣿࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ऀः ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀऄࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ऀऄ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs इइࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ऀअ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs अअࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ऀआ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿࣿ ઁऀऄ W= ઁऀࣿ ऀं ઁंई
ऀइ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ऀई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀँࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ँࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ईࣿ ઁऀऄ ઁऀआ ઁऀࣿ ऀࣿ ઁंई
ँऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ँँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंईंࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ँं ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ँः ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀँࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ँऄ ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ँअ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऄࣿ ઁंऄ ઁअः ઁँ W, ઁँࣿ
ँआ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऀऄࣿ ઁंऄ ઁअः ઁँ W, ઁँࣿ
ँइ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ःऄࣿ ઁंऄ ઁअः W, W= ઁँࣿ
ँई ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿइ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ंࣿ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ःࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ंऀ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ंࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ऀऀ ઁंई
ंँ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ँࣿࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ंं ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऀࣿࣿ ઁऀऄ अः ઁऀࣿ ँं ઁंई
ंः ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs आऄ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ंऄ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ंअ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ंआ ःऄँࣿऀआ [e ँआ ंँॽईं C आई ऄँॽऀँs इ ઁऀऄ ઁऀआ ઁऀࣿ ऀँ ઁंई
ंइ ंࣿअऀइ ऀ ंँ ࣿऀॽऀँ C ऀऄँ ंँॽऀँs ऀ ंँ ઁऀआ ऀऄ ऄः W,
ंई ऀआँࣿऀइ ँ ंं ंअॽआई C ऀऄࣿ ःईॽअईs ऀ ઁऀऄ ઁऀआ ઁऀࣿ W, W,
ःࣿ ँआँࣿऀइ ं ंऄ ःआॽईइ C ऀःई ँऄॽऄࣿs ऀ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ःऀ ंआँࣿऀइ ः ंऄ ࣿईॽࣿऀ C ऀःइ ऀࣿॽःँs ऀ W= W, ઁऀࣿ ई ઁंई
ःँ ऄआँࣿऀइ ऄ ंअ ःऄॽईं C ऀःः ँँॽईइs ऀ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ ઁंई
ःं अआँࣿऀइ अ ंइ ࣿईॽंइ C ऀःँ ऀःॽंँs ऀ ઁऀऄ W= ઁऀࣿ ઁइ ઁंई
ःः आआँࣿऀइ आ ःࣿ ࣿऀॽईऀ C ऀंई ःइॽईइs ऀ ઁऀऄ ઁऀआ ઁऀࣿ ઁइ W,
ःऄ इआँࣿऀइ इ ःँ ࣿँॽंऀ C ऀंआ ंईॽऄंs ऀ ँः W, ऀऀई ઁइ W,
ःअ ईआँࣿऀइ ई ःं ःऄॽँं C ऀंऄ ँँॽँࣿs ऀ ઁऀऄ W, ઁऀࣿ W, ઁंई
ःआ ऀࣿआँࣿऀइ ऀࣿ ःऄ ंआॽंऀ C ऀंं ࣿःॽआःs ऀ ઁऀऄ ઁऀआ आऄ ઁइ ઁंई
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ऀ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ऀ ऀंआ ઁअ ઁअ ઁअ W= ઁऄ
ँ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ँं ंइ ઁअ ઁअ ઁअ ंअ ઁऄ
ं ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ऄ ंऀ ઁऀई ઁँ W, W, ઁऀइ
ः ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs आऄ ँअ ઁऀई ઁँ W, ऀँ ઁऀइ
ऄ ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ःࣿऄ ऀः ઁऀई ઁँ ઁँ W, ઁऀइ
अ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿ ऀऄ ઁअ ઁअ ઁअ ઁऄ ઁऄ
आ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿࣿ ऀआ ઁअ ઁअ ઁअ ँँ ઁऄ
इ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs आँइ ऀई ઁअ ઁअ ઁअ ऀऀअ ઁऄ
ई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀ अं ઁअ ઁअ ઁअ ंँ ઁऄ
ऀࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंऄࣿࣿ ऀइ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ऀऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿࣿ ऀऄ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ऀँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँऄࣿࣿ ऀअ ઁअ ઁअ ઁअ ँँ ઁऄ
ऀं ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँࣿࣿࣿ ऀࣿ ઁअ ઁअ ઁअ ँँ ઁऄ
ऀः ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀऄࣿࣿ ऀं ઁअ ઁअ ઁअ ઁऄ ઁऄ
ऀऄ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs इइࣿ ँऀ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ऀअ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs अअࣿ ँऀ ઁअ ઁअ ઁअ W, ઁऄ
ऀआ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿࣿ ँअ ઁअ ઁअ ઁअ इ ઁऄ
ऀइ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿ ँऄ ઁअ ઁअ ઁअ आ ઁऄ
ऀई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀँࣿ ऀइ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ँࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ईࣿ ऀई ઁअ ઁअ ઁअ ઁऄ ઁऄ
ँऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿ ँऄ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ँँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंईंࣿ ऀऀ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ँं ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿ ँः ઁअ ઁअ ઁअ ऀइई ઁऄ
ँः ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀँࣿ ऀई ઁअ ઁअ ઁअ ंअ ઁऄ
ँऄ ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿࣿࣿ ऀं ઁअ ઁअ ઁअ W= ઁऄ
ँअ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऄࣿ ंइ ઁऀई ઁँ W, ઁं ઁऀइ
ँआ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऀऄࣿ ंइ ઁऀई ઁँ W, W, ઁऀइ
ँइ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ःऄࣿ ंऄ ઁऀई ઁँ ઁँ ઁं ઁऀइ
ँई ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿइ ऀं ઁअ ઁअ ઁअ ऀऄ ઁऄ
ंࣿ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ःࣿࣿ ँअ ઁअ ઁअ ઁअ W, ઁऄ
ंऀ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ंࣿࣿ ँइ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ंँ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ँࣿࣿ ँऄ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ंं ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऀࣿࣿ अः ઁअ ઁअ ઁअ ઁऄ ઁऄ
ंः ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs आऄ ँइ ઁअ ઁअ ઁअ ऀँ ઁऄ
ंऄ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿ ँࣿ ઁअ ઁअ ઁअ ँइ ઁऄ
ंअ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄ ँइ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ंआ ःऄँࣿऀआ [e ँआ ंँॽईं C आई ऄँॽऀँs इ ऄऄ ઁअ ઁअ ઁअ ऀः ઁऄ
ंइ ंࣿअऀइ ऀ ंँ ࣿऀॽऀँ C ऀऄँ ंँॽऀँs ऀ आंँ ઁअ ઁअ ઁअ ंऀइ ईइ
ंई ऀआँࣿऀइ ँ ंं ंअॽआई C ऀऄࣿ ःईॽअईs ऀ ईइ ઁअ ઁअ ઁअ W= ઁऄ
ःࣿ ँआँࣿऀइ ं ंऄ ःआॽईइ C ऀःई ँऄॽऄࣿs ऀ ઁऀॽः ઁअ ઁअ ઁअ W, ઁऄ
ःऀ ंआँࣿऀइ ः ंऄ ࣿईॽࣿऀ C ऀःइ ऀࣿॽःँs ऀ ःँ ઁअ ઁअ ઁअ ंःइ W=
ःँ ऄआँࣿऀइ ऄ ंअ ःऄॽईं C ऀःः ँँॽईइs ऀ ं ઁअ ઁअ ઁअ W, ઁऄ
ःं अआँࣿऀइ अ ंइ ࣿईॽंइ C ऀःँ ऀःॽंँs ऀ ँ ઁअ ઁअ ઁअ ઁऄ ઁऄ
ःः आआँࣿऀइ आ ःࣿ ࣿऀॽईऀ C ऀंई ःइॽईइs ऀ ँआ ઁअ ઁअ ઁअ W= ઁऄ
ःऄ इआँࣿऀइ इ ःँ ࣿँॽंऀ C ऀंआ ंईॽऄंs ऀ इऀ ઁअ ઁअ ઁअ ःआࣿ ઁऄ
ःअ ईआँࣿऀइ ई ःं ःऄॽँं C ऀंऄ ँँॽँࣿs ऀ अअ ઁअ ઁअ W= ऀईअ ઁऄ
ःआ ऀࣿआँࣿऀइ ऀࣿ ःऄ ंआॽंऀ C ऀंं ࣿःॽआःs ऀ ऀआ ઁअ ઁअ ઁअ ःँ ઁऄ
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Table B.3 Continued

[ƷǻȏǶǦǼǝ =ȂǆƷȝǦȂǼ
/� �Ʒȝǐ [ȝƷȝǦȂǼ =ƷȝǦȝȠǌǐ =ȂǼǝǦȝȠǌǐ �ǐȏȝǣ ǻ $H[� CৄBǐ$H[�� Cৄ�ȝ$H[�� CƷ�HC�
ऀ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ऀ ઁः W, ઁऄ ઁँ
ँ ंऀःँࣿऀआ ऀ ंः ऀऀॽइँ C आअ ँःॽअआs ँं ઁः ઁं आ ઁँ
ं ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ऄ ઁँ ઁःऀ W= ઁँ
ः ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs आऄ ઁँ ઁःऀ W, W,
ऄ ऀऄँࣿऀआ ँ ंं ऄईॽःࣿ C आअ ࣿअॽऄऄs ःࣿऄ ઁँ ઁःऀ W, ઁँ
अ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿ ઁः ઁं ઁऄ ઁँ
आ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs ऀࣿࣿ ઁः ઁं ई ઁँ
इ ऀऄँࣿऀआ ः ंं ࣿअॽअआ C आअ ँइॽंईs आँइ ઁः ः ઁऄ ઁँ
ई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀ ઁः ઁं ઁऄ ઁँ
ऀࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंऄࣿࣿ ઁः ઁं ઁऄ ઁँ
ऀऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿࣿ ઁः ઁं ઁऄ ઁँ
ऀँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँऄࣿࣿ ઁः ઁं ઁऄ ઁँ
ऀं ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ँࣿࣿࣿ ઁः ઁं ઁऄ ઁँ
ऀः ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀऄࣿࣿ ઁः ઁं ઁऄ ઁँ
ऀऄ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs इइࣿ ઁः ઁं ઁऄ ઁँ
ऀअ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs अअࣿ ઁः ઁं ઁऄ ઁँ
ऀआ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿࣿ ઁः ઁं ઁऄ ઁँ
ऀइ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंࣿࣿ ઁः ઁं ઁऄ ઁँ
ऀई ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऀँࣿ ઁः ઁं ઁऄ ઁँ
ँࣿ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ईࣿ ઁः ઁं ઁऄ ઁँ
ँऀ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ऄࣿ ઁः ઁं ઁऄ ઁँ
ँँ ँऄँࣿऀआ अ ंࣿ ऀँॽःं C आअ ँइॽइऄs ंईंࣿ ઁः ઁं ઁऄ ઁँ
ँं ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿ ऄ ઁं ઁऄ ઁँ
ँः ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀँࣿ ઁः ઁं ઁऄ ઁँ
ँऄ ंऄँࣿऀआ इ ँई ँइॽआं C आअ ंअॽआँs ऀࣿࣿࣿ ઁः ઁं ઁऄ ઁँ
ँअ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऄࣿ ઁँ ઁःऀ W= ઁँ
ँआ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ऀऄࣿ ઁँ ઁःऀ W= ઁँ
ँइ ंऄँࣿऀआ ई ँइ ऄँॽࣿऄ C आआ ःऀॽऀआs ःऄࣿ ઁँ ઁःऀ ઁँ ઁँ
ँई ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿइ ઁः ઁं ઁऄ ઁँ
ंࣿ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ःࣿࣿ ઁः ઁं ઁऄ ઁँ
ंऀ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ंࣿࣿ ઁः ઁं ઁऄ ઁँ
ंँ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ँࣿࣿ ઁः ઁं ઁऄ ઁँ
ंं ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऀࣿࣿ ઁः ઁं ઁऄ ઁँ
ंः ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs आऄ ઁः ઁं ँऄ ઁँ
ंऄ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄࣿ ઁः ઁं ઁऄ ઁँ
ंअ ंऄँࣿऀआ ऀऀ ँआ ंऄॽँई C आई ःࣿॽऄईs ऄ ઁः ઁं ઁऄ ઁँ
ंआ ःऄँࣿऀआ [e ँआ ंँॽईं C आई ऄँॽऀँs इ ઁः ઁं ઁऄ ઁँ
ंइ ंࣿअऀइ ऀ ंँ ࣿऀॽऀँ C ऀऄँ ंँॽऀँs ऀ ઁः W= W= ઁँ
ंई ऀआँࣿऀइ ँ ंं ंअॽआई C ऀऄࣿ ःईॽअईs ऀ ઁः W, अ ઁँ
ःࣿ ँआँࣿऀइ ं ंऄ ःआॽईइ C ऀःई ँऄॽऄࣿs ऀ ઁः W= ઁऄ ઁँ
ःऀ ंआँࣿऀइ ः ंऄ ࣿईॽࣿऀ C ऀःइ ऀࣿॽःँs ऀ ઁः ऀं ઁऄ ઁँ
ःँ ऄआँࣿऀइ ऄ ंअ ःऄॽईं C ऀःः ँँॽईइs ऀ ઁः ः ઁऄ ઁँ
ःं अआँࣿऀइ अ ंइ ࣿईॽंइ C ऀःँ ऀःॽंँs ऀ ઁः ઁं ઁऄ ઁँ
ःः आआँࣿऀइ आ ःࣿ ࣿऀॽईऀ C ऀंई ःइॽईइs ऀ ઁः ઁं W= ઁँ
ःऄ इआँࣿऀइ इ ःँ ࣿँॽंऀ C ऀंआ ंईॽऄंs ऀ ઁः अ ऀࣿ ઁँ
ःअ ईआँࣿऀइ ई ःं ःऄॽँं C ऀंऄ ँँॽँࣿs ऀ ઁः आ ઁऄ ઁँ
ःआ ऀࣿआँࣿऀइ ऀࣿ ःऄ ंआॽंऀ C ऀंं ࣿःॽआःs ऀ ઁः ઁं ઁऄ ઁँ
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Figure B.2: Vertical profiles of PFOS and PFOA concentration in samples collected on the R/V Endeavor in 2017 and
fluorescence (in black) at corresponding depths. Note different scale used for fluorescence. Connecting lines between
samples >MDL are for visualization purposes only.
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Figure B.3: Modeled (a) emission and (b) deposition flux with SSA (ca. 2015). Fluxes are indicated in log࣡‐scale.
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Figure C.1: Modeled concentrations of perfluorooctane sulfonamide (FOSA) and perfluorooctane sulfonate (PFOS) in
whales with (a) 5%, (b) 20% and (c) 100% biotransformation in fish. FOSA concentrations in Panel C) are not shown since
all FOSA is biotransformed to PFOS in this scenario.
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�ǦǅǶǦȂǝȓƷȏǣΞ

ফऀব �ǅȓƷǻȂΘǦǆΣॶ �ॽ ऀईईࣿॽ �ǐȓȂǅǦǆ ƷǼǌ ƷǼƷǐȓȂǅǦǆ ǅǦȂǌǐǝȓƷǌƷȝǦȂǼ Ȃǜ U��Ȗॵ � ȓǐΗǦǐΘॽ �Ȳȅȼȅǥǖȕ
Xǯ͝ȅǯ͞ȵ ȅț �ȅȡȼǯǥȂțȡȕȡǼͤॶ ऀࣿंॶ ँःऀূँऄऀॽ

ফँব �ǌƷǻȖॶ Xॽ %ॽॶ =ȂǣǻƷǼǼॶ Xॽॶ $ǐȓǼƷǼǌǐΣॶ =ॽ �ॽॶ ૫BƷǆ$ƷȓǶƷǼǐॶ :ॽ <ॽ ँࣿࣿआॽ UȂǶΞǐȝǣΞǶǐǼǐ
ǌǐΗǦǆǐȖॵ UƷȖȖǦΗǐ ȖƷǻȏǶǐȓȖ ǜȂȓ ǻǐƷȖȠȓǦǼǝ ǌǦȖȖȂǶΗǐǌ ǣΞǌȓȂȏǣȂǅǦǆ ȂȓǝƷǼǦǆ ǆȂǻȏȂȠǼǌȖ ǦǼ ƷȒȠƷȝǦǆ
ǐǼΗǦȓȂǼǻǐǼȝȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःऀःॶ ऀंऀआূऀंँंॽ

ফंব �ǣȓǐǼȖॶ =ॽॶ �Ʒȓǅǐȓॶ :ॽ =ॽॶ xǦǐॶ ~ॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ ँࣿࣿईॽ =ȂǼǝǦȝȠǌǦǼƷǶ ƷǼǌ ǶƷȝǦȝȠǌǦǼƷǶ
ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ǆȂǻȏȂȠǼǌȖ ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ΘƷȝǐȓ Ȃǜ ȝǣǐ �ȝǶƷǼȝǦǆ HǆǐƷǼॽ �ț͝ȅठ
ȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःंईॶ ंऀँँূंऀँआॽ

ফःব �ǣȓǐǼȖॶ =ॽॶ %ǐȓΘǦǼȖǴǦॶ sॽॶ bǣǐȂǅƷǶǌॶ Cॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ ँࣿऀࣿƷॽ [ȂȠȓǆǐȖ Ȃǜ ȏȂǶΞЙȠȂৄ
ȓȂƷǶǴΞǶ ǆȂǻȏȂȠǼǌȖ ǦǼ ȝǣǐ CȂȓȝǣ [ǐƷॶ �ƷǶȝǦǆ [ǐƷ ƷǼǌ CȂȓΘǐǝǦƷǼ [ǐƷॵ �ΗǦǌǐǼǆǐ ǜȓȂǻ ȝǣǐǦȓ
ȖȏƷȝǦƷǶ ǌǦȖȝȓǦǅȠȝǦȂǼ ǦǼ ȖȠȓǜƷǆǐ ΘƷȝǐȓॽ BǖȲȅțǯ Uȡȕȕȿȼȅȡț �ȿȕȕǯȼȅțॶ अࣿँॶ ँऄऄূँअࣿॽ

ফऄব �ǣȓǐǼȖॶ =ॽॶ [ǣȂǐǦǅॶ Bॽॶ �ǐǶ qǐǼȝȂॶ [ॽॶ �ȂǌǶǦǼǝॶ %ॽॶ ૫,ƷǶȖƷǶǶॶ �ॽ ँࣿऀऀॽ UȂǶΞЙȠȂȓȂƷǶǴΞǶ
ǆȂǻȏȂȠǼǌȖ ǦǼ ȝǣǐ �ƷǼƷǌǦƷǼ �ȓǆȝǦǆ ƷȝǻȂȖȏǣǐȓǐॽ �ț͝ȅȲȡțȚǯțȼǖȕ �ȂǯȚȅȵȼȲͤॶ इःॶ ंईईূःࣿअॽ

ফअব �ǣȓǐǼȖॶ =ॽॶ xǦǐॶ ~ॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ ँࣿऀࣿǅॽ �ǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ǆȂǻȏȂȠǼǌȖ ǦǼ
ȖǐƷΘƷȝǐȓ ǜȓȂǻCȂȓȝǣǐȓǼ �ȠȓȂȏǐॶ �ȝǶƷǼȝǦǆ HǆǐƷǼॶ ƷǼǌ [ȂȠȝǣǐȓǼ HǆǐƷǼॽ �ȂǯȚȡȵȮȂǯȲǯॶ आइइॶ
ऀࣿऀऀূऀࣿऀअॽ

ফआব �B�U ँࣿऀअƷॽ �B�U ƷȖȖǐȖȖǻǐǼȝ ँࣿऀऄॵ bǐǻȏȂȓƷǶ ȝȓǐǼǌȖ ǦǼ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ
ǦǼ ȝǣǐ �ȓǆȝǦǆॽ �Ȳǥȼȅǥ BȡțȅȼȡȲȅțǼ ǖțǫ �ȵȵǯȵȵȚǯțȼ UȲȡǼȲǖȚȚǯ ए�B�Uऐॶ ȏȏॽ ΗǦआऀॽ

ফइব �B�U ँࣿऀअǅॽ /ǼЙȠǐǼǆǐ Ȃǜ ǆǶǦǻƷȝǐ ǆǣƷǼǝǐ ȂǼ ȝȓƷǼȖȏȂȓȝॶ ǶǐΗǐǶȖॶ ƷǼǌ ǐЍǐǆȝȖ Ȃǜ ǆȂǼȝƷǻǦৄ
ǼƷǼȝȖ ǦǼ ǼȂȓȝǣǐȓǼ ƷȓǐƷȖ ূ ȏƷȓȝ ँॽ �Ξॵ Uॽ �ƷȓǶȖȖȂǼॶ :ॽ ,ॽ �ǣȓǦȖȝǐǼȖǐǼॶ <ॽ �Ȃȓǝƿॶ Xॽ <ƷǶǶǐǼǅȂȓǼॶ
<ॽ �ȖȏǻȂ UǜƷЍǣȠǅǐȓॶ :ॽ Qॽ HǌǶƷǼǌॶ =ॽৄHॽ XǐǦǐȓȖǐǼॶ ƷǼǌ :ॽ$ॽ UƷΘǶƷǴॽ ȏȏॽऄँॽ

ফईব �ȓǻǦȝƷǝǐॶ :ॽ Bॽॶ [ǆǣǐǼǴǐȓॶ eॽॶ BƷȓȝǦǼॶ :ॽॶ [ǆǣǐȓǦǼǝǐȓॶ Bॽॶ BƷǆǶǐȂǌॶ Bॽॶ ૫ �ȂȠȖǦǼȖॶ /ॽ bॽ
ँࣿࣿईॽ BȂǌǐǶǦǼǝ ȝǣǐ ǝǶȂǅƷǶ ǜƷȝǐ ƷǼǌ ȝȓƷǼȖȏȂȓȝ Ȃǜ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$H[ ƷǼǌ
ȏȓǐǆȠȓȖȂȓ ǆȂǻȏȂȠǼǌȖ ǦǼ ȓǐǶƷȝǦȂǼ ȝȂ ȝǐǻȏȂȓƷǶ ȝȓǐǼǌȖ ǦǼ ΘǦǶǌǶǦǜǐ ǐΝȏȂȖȠȓǐॽ �ț͝ȅȲȡțȚǯțȼǖȕ
[ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःंँःॶ ईँआःূइࣿॽ

ফऀࣿব �ȓǻǦȝƷǝǐॶ :ॽ Bॽ ૫sƷǼǦƷॶ $ॽ ँࣿऀंॽ �ΝȏǶȂȓǦǼǝ ȝǣǐ ȏȂȝǐǼȝǦƷǶ ǦǼЙȠǐǼǆǐ Ȃǜ ǆǶǦǻƷȝǐ ǆǣƷǼǝǐ ƷǼǌ
ȏƷȓȝǦǆȠǶƷȝǐ ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ ȖǆǐǼƷȓǦȂȖ ȂǼ ȝǣǐ ǜƷȝǐ Ȃǜ ǼǐȠȝȓƷǶ ȂȓǝƷǼǦǆ ǆȂǼȝƷǻǦǼƷǼȝȖ ǦǼ ȝǣǐ �ȓǆȝǦǆ
ǐǼΗǦȓȂǼǻǐǼȝॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ࣏ UȲȡǥǯȵȵǯȵ  /ȚȮǖǥȼȵॶ ऀऄॶ ँँअंূँँआँॽ

ईः



ফऀऀব �ȓǼȂȝॶ :ॽ �ॽ ૫ %ȂǅƷȖॶ $ॽ �ॽ Uॽ �ॽ ँࣿࣿःॽ � ǜȂȂǌ Θǐǅ ǅǦȂƷǆǆȠǻȠǶƷȝǦȂǼ ǻȂǌǐǶ ǜȂȓ ȂȓǝƷǼǦǆ
ǆǣǐǻǦǆƷǶȖ ǦǼ ƷȒȠƷȝǦǆ ǐǆȂȖΞȖȝǐǻȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ bȡͣȅǥȡȕȡǼͤ ǖțǫ �ȂǯȚȅȵȼȲͤॶ ँंऀࣿॶ ँंःंূ
ँंऄऄॽ

ফऀँব �ȓȓǦǝȂॶ <ॽ Xॽ ૫ ΗƷǼ �ǦǱǴǐǼॶ %ॽ =ॽ ँࣿऀऀॽ [ǐǆȠǶƷȓ ȝȓǐǼǌȖ ǦǼ �ȓǆȝǦǆ ȂǆǐƷǼ Ǽǐȝ ȏȓǦǻƷȓΞ ȏȓȂǌȠǆৄ
ȝǦȂǼॽ :ȡȿȲțǖȕ ȡǻ %ǯȡȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ࣏ Hǥǯǖțȵॶ ऀऀअ�ईॽ

ফऀंব �ΝǐǶǻƷǼॶ :ॽ ૫ %ȠȖȝƷǜȖȖȂǼॶ Hॽ ँࣿࣿँॽ %ǶȂǅƷǶ ȖǦǼǴȖ Ȃǜ U��Ȗॵ � ǆȓǦȝǦǆƷǶ ƷȖȖǐȖȖǻǐǼȝ Ȃǜ ȝǣǐ ΗƷৄ
ȏȂȓȏǣƷȖǐ ǣΞǌȓȂΝΞ ȓƷǌǦǆƷǶ ȖǦǼǴ ǐǻȏǣƷȖǦΣǦǼǝ ЖǐǶǌ ǌǦƷǝǼȂȖȝǦǆȖ ƷǼǌ ǻȂǌǐǶ ƷȖȖȠǻȏȝǦȂǼȖॽ %ȕȡǤǖȕ
�ȅȡǼǯȡǥȂǯȚȅǥǖȕ �ͤǥȕǯȵॶ ऀअःॶ ऄइূऀূऄइূऀंॽ

ফऀःব �ǐǼǝȝȖȂǼ CƷȖǣॶ [ॽॶ XǦǼȝȂȠǶॶ [ॽ Xॽॶ <ƷΘƷǝȠǆǣǦॶ [ॽॶ [ȝƷǼǦǶƷǼǌॶ /ॽॶ ,ȂЍॶ :ॽ Ηॽ ǌॽॶ bǦǐȓǼǐΞॶ Bॽॶ
૫ �ȂȖȖǦॶ Xॽ ँࣿऀࣿॽ UǐȓЙȠȂȓǦǼƷȝǐǌ ǆȂǻȏȂȠǼǌȖ ǦǼ ȝǣǐ ƷǼȝƷȓǆȝǦǆ ȓǐǝǦȂǼॵ HǆǐƷǼ ǆǦȓǆȠǶƷȝǦȂǼ
ȏȓȂΗǦǌǐȖ ȏȓȂǶȂǼǝǐǌ ȏȓȂȝǐǆȝǦȂǼ ǜȓȂǻ ǌǦȖȝƷǼȝ ȖȂȠȓǆǐȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ऀऄइईॶ ँईइऄূ
ँईईऀॽ

ফऀऄব �ǐǼȖǴǦǼॶ :ॽ Uॽॶ BȠǦȓॶ �ॽ �ॽ %ॽॶ [ǆȂȝȝॶ �ॽ $ॽॶ [ȏǐǼǆǐȓॶ �ॽॶ �ǐ [ǦǶΗƷॶ �ॽ Hॽॶ <ΞǶǦǼॶ ,ॽॶ BƷȓȝǦǼॶ
:ॽ sॽॶ BȂȓȓǦȖॶ �ॽॶ =ȂǣǻƷǼǼॶ Xॽॶ bȂǻΞॶ %ॽॶ XȂȖǐǼǅǐȓǝॶ �ॽॶ bƷǼǦΞƷȖȠॶ [ॽॶ ૫ yƷǻƷȖǣǦȝƷॶ Cॽ
ँࣿऀँॽ UǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ ǦǼ ȝǣǐ �ȝǶƷǼȝǦǆ ƷǼǌ �ƷǼƷǌǦƷǼ �ȓǆȝǦǆ HǆǐƷǼȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ
[ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःअऀऀॶ ऄइऀऄূऄइँंॽ

ফऀअব �ǐȓȓȂǱƷǶǅǦΣॶ Cॽॶ �ƷǆǣȖॶ :ॽॶ �ǐǶ qǐǼȝȂॶ [ॽॶ HǱǐǌƷॶ Bॽ :ॽॶ qƷǶǶǐॶ Bॽ �ॽॶ �ƷȖȝȓȂৄ:ǦǻǑǼǐΣॶ :ॽॶ BƷȓৄ
ǦƷǼǦॶ %ॽॶ sȂǶǶǝƷȖȝॶ :ॽॶ ૫ ,ƷǼǴǐॶ %ॽ ँࣿऀऀॽ UǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ ǦǼ BǐǌǦȝǐȓȓƷǼǐƷǼ
ȖǐƷΘƷȝǐȓ ƷǼǌ ȏȓȂǆǐȖȖǐȖ ƷЍǐǆȝǦǼǝ ȝǣǐǦȓ ƷǆǆȠǻȠǶƷȝǦȂǼ ǦǼ ȏǶƷǼǴȝȂǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ 
bǯǥȂțȡȕȡǼͤॶ ःऄऀࣿॶ ःंऀऄূःंँँॽ

ফऀआব �ǱǐȓȓǐǝƷƷȓǌৄHǶǐȖǐǼॶ �ॽॶ �Ʒǆǣॶ �ॽ �ॽॶ =ȂǼǝॶ Bॽॶ %ǣǦȖƷȓǦॶ Bॽॶ �ȂȖȖǦॶ Xॽॶ �ǐǆǣॶ �ॽ ,ॽॶ CȂǣȓॶ
�ॽ �ॽॶ ,ǐǼȓǦǴȖǐǼॶ bॽ �ॽॶ HǶȖǐǼॶ :ॽॶ ૫ �ȂǼǐǜǐǶǌৄ:ȋȓǝǐǼȖǐǼॶ �ॽ �ॽ ँࣿऀअॽ bǦǻǐ ȝȓǐǼǌȖ Ȃǜ ȏǐȓৄ
ЙȠȂȓǦǼƷȝǐǌ ƷǶǴΞǶ ƷǆǦǌȖ ǦǼ ȖǐȓȠǻ ǜȓȂǻ ǌƷǼǦȖǣ ȏȓǐǝǼƷǼȝ ΘȂǻǐǼ ँࣿࣿइূँࣿऀंॽ �ț͝ȅȲȡțȚǯțȼ
/țȼǯȲțǖȼȅȡțǖȕॶ ईऀॶ ऀःূँऀॽ

ফऀइব �ȂȂǦǱॶ <ॽॶ ΗƷǼ �ȂǻǻǐǶॶ Xॽॶ ΗƷǼ �ǴǐǼॶ ,ॽ Bॽॶ ΗƷǼ ,ƷȓǐǼॶ ,ॽॶ �ȓȠǻǻǐȓॶ %ॽৄ:ॽ �ॽॶ ૫ XǦǌৄ
ǌǐȓǦǼǴǣȂǜॶ ,ॽ ँࣿऀःॽ UƷȖȖǦΗǐ ȖƷǻȏǶǦǼǝ Ȃǜ ǼȂǼȏȂǶƷȓ ǆȂǼȝƷǻǦǼƷǼȝȖ Ʒȝ ȝǣȓǐǐ ǌǐǐȏৄȂǆǐƷǼ ȖǦȝǐȖॽ
�ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ऀईऄॶ ऀࣿऀূऀࣿइॽ

ফऀईব �ȂΞǌॶ Uॽ sॽ ૫ bȓȠǶǶॶ bॽ sॽ ँࣿࣿआॽ eǼǌǐȓȖȝƷǼǌǦǼǝ ȝǣǐ ǐΝȏȂȓȝ Ȃǜ ǅǦȂǝǐǼǦǆ ȏƷȓȝǦǆǶǐȖ ǦǼ ȂǆǐƷǼǦǆ
ΘƷȝǐȓȖॵ /Ȗ ȝǣǐȓǐ ǆȂǼȖǐǼȖȠȖॾ UȲȡǼȲǯȵȵ ȅț HǥǯǖțȡǼȲǖȮȂͤॶ आँःॶ ँआअূंऀँॽ

ফँࣿব �ȓƷǼǌȖǻƷॶ [ॽ ,ॽॶ [ǻǦȝǣΘǦǆǴॶ Bॽॶ [ȂǶȂǻȂǼॶ <ॽॶ [ǻƷǶǶॶ :ॽॶ ǌǐ �Ȃǐȓॶ :ॽॶ ૫BȠǦȓॶ �ॽ �ॽ %ॽ
ँࣿऀऀॽ �ǦǐȝƷȓΞ ǐΝȏȂȖȠȓǐ Ȃǜ ȓƷǦǼǅȂΘ ȝȓȂȠȝ ȝȂ इॵँ ƷǼǌ ऀࣿॵँ ЙȠȂȓȂȝǐǶȂǻǐȓ ƷǶǆȂǣȂǶȖ ƷǼǌ ȏǐȓৄ
ЙȠȂȓȂȂǆȝƷǼǐȖȠǶǜȂǼƷǻǦǌǐॵ eȏȝƷǴǐॶ ȝȓƷǼȖǜȂȓǻƷȝǦȂǼ ƷǼǌ ǐǶǦǻǦǼƷȝǦȂǼॽ �ȂǯȚȡȵȮȂǯȲǯॶ इँँॶ
ँऄंূँऄइॽ

ईऄ



ফँऀব �ȓǐǦΗǦǴॶ <ॽॶ [ΘǐǐȝǻƷǼॶ �ॽॶ UƷǆΞǼƷॶ :ॽ Bॽॶ ૫ :ȂǼǐȖॶ <ॽ �ॽ ँࣿࣿँॽ bȂΘƷȓǌȖ Ʒ ǝǶȂǅƷǶ ǣǦȖȝȂȓǦǆƷǶ
ǐǻǦȖȖǦȂǼ ǦǼΗǐǼȝȂȓΞ ǜȂȓ ȖǐǶǐǆȝǐǌ U�� ǆȂǼǝǐǼǐȓȖ ু Ʒ ǻƷȖȖ ǅƷǶƷǼǆǐ ƷȏȏȓȂƷǆǣॵ ँॽ ǐǻǦȖȖǦȂǼȖॽ
[ǥȅǯțǥǯ ȡǻ ȼȂǯ bȡȼǖȕ �ț͝ȅȲȡțȚǯțȼॶ ँईࣿऀূंॶ ऀईईূँँःॽ

ফँँব �ȓǐǦΗǦǴॶ <ॽॶ [ΘǐǐȝǻƷǼॶ �ॽॶ UƷǆΞǼƷॶ :ॽ Bॽॶ ૫ :ȂǼǐȖॶ <ॽ �ॽ ँࣿࣿआॽ bȂΘƷȓǌȖ Ʒ ǝǶȂǅƷǶ ǣǦȖȝȂȓǦǆƷǶ
ǐǻǦȖȖǦȂǼ ǦǼΗǐǼȝȂȓΞ ǜȂȓ ȖǐǶǐǆȝǐǌ U�� ǆȂǼǝǐǼǐȓȖ ু Ʒ ǻƷȖȖ ǅƷǶƷǼǆǐ ƷȏȏȓȂƷǆǣ ंॽ ƷǼ ȠȏǌƷȝǐॽ
[ǥȅǯțǥǯ ȡǻ ȼȂǯ bȡȼǖȕ �ț͝ȅȲȡțȚǯțȼॶ ंआआँৄंॶ ँईअূंࣿआॽ

ফँंব �ȓȂȠΘǐȓॶ �ॽॶ �ǣǶǅȂȓǝॶ eॽ %ॽॶ XȂǶƷǜ ΗƷǼ =ǐǐȠΘǐǼॶ $ॽ xॽॶ BƷȓǴ $ǐǐǶǐΞॶ Bॽॶ %ॽ �ǣǶǅȂȓǝॶ eॽॶ
�ǐǆǴॶ ,ॽॶ �ȓȂȠΘǐȓॶ �ॽॶ �ƷȓǶȖǐǼॶ �ॽॶ $ǐǐǶǐΞॶ Bॽॶ ,ǐǶǝǐॶ ,ॽॶ =ƷȓȖǐǼॶ :ॽৄ:ॽॶ =ƷȓȖǐǼॶ :ॽ �ॽॶ =ƷȓȖǐǼॶ
�ॽॶ CǐȠǅǐȓȝॶ �ॽॶ XȂǶƷǜ ΗƷǼ =ǐǐȠΘǐǼॶ $ॽ xॽॶ ૫ yȂȠǼǐȖॶ Bॽ ऀईईइॽ XǐȏȂȓȝ Ȃǜ ȝǣǐ ΘǣȂ ΘȂȓǴৄ
ǦǼǝ ǝȓȂȠȏ ȂǼ ȝǣǐ ƷȖȖǐȖȖǻǐǼȝ Ȃǜ ǣǐƷǶȝǣ ȓǦȖǴȖ ǜȂȓ ǣȠǻƷǼ ǦǼǜƷǼȝȖ ǜȓȂǻ ǐΝȏȂȖȠȓǐ ȝȂ U���[ॶ
U��$[ ƷǼǌ U��Ȗॽ �ȂǯȚȡȵȮȂǯȲǯॶ ंआईॶ ऀअँआূऀअःंॽ

ফँःব �ȓȂȠΘǐȓॶ �ॽॶ =ȂǼǝǼǐǆǴǐȓॶ Bॽ Uॽॶ �ǦȓǼǅƷȠǻॶ =ॽ [ॽॶ �ȂǝǶǦƷǼȂॶ :ॽॶ <ȂȖȝΞǼǦƷǴॶ Uॽॶ BȂȂȓǐॶ :ॽॶ
[ǆǣƷǼȝΣॶ [ॽॶ ૫sǦǼǼǐǴǐॶ %ॽ ऀईईईॽ �ǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ȏȂȝǐǼȝǦƷǶ ǐǼǌȂǆȓǦǼǐৄȓǐǶƷȝǐǌ ǣǐƷǶȝǣ
ǐЍǐǆȝȖ Ʒȝ ǶȂΘৄǌȂȖǐ ǶǐΗǐǶȖ Ȃǜ ǐΝȏȂȖȠȓǐ ȝȂ U��Ȗॽ �ț͝ȅȲȡțȚǯțȼǖȕ ,ǯǖȕȼȂ UǯȲȵȮǯǥȼǯǥȼȅ͝ǯȵॶ ऀࣿआॶ
अंईূअःईॽ

ফँऄব �ȓȠǻȂΗȖǴΟॶ Bॽॶ <ƷȓƸȖǴȂΗƸॶ Uॽॶ �ȂȓǝǣǦǼǦॶ Bॽॶ ૫ CǦΣΣǐȝȝȂॶ =ॽ ँࣿऀअॽ Uǐȓৄ ƷǼǌ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ
ȖȠǅȖȝƷǼǆǐȖ ǦǼ ȝǣǐ sǐȖȝǐȓǼBǐǌǦȝǐȓȓƷǼǐƷǼ [ǐƷ ΘƷȝǐȓȖॽ �ȂǯȚȡȵȮȂǯȲǯॶ ऀऄईॶ ंࣿइূंऀअॽ

ফँअব �ȓȠȖȖǐƷȠॶ Bॽ =ॽ ँࣿऀइॽ �ȖȖǐȖȖǦǼǝ ȝǣǐ ȏȂȝǐǼȝǦƷǶ ǆȂǼȝȓǦǅȠȝǦȂǼȖ Ȃǜ ƷǌǌǦȝǦȂǼƷǶ ȓǐȝǐǼȝǦȂǼ ȏȓȂৄ
ǆǐȖȖǐȖ ȝȂ U$�[ ȓǐȝƷȓǌƷȝǦȂǼ ǦǼ ȝǣǐ ȖȠǅȖȠȓǜƷǆǐॽ [ǥȅǯțǥǯ ȡǻ bȂǯ bȡȼǖȕ �ț͝ȅȲȡțȚǯțȼॶ अऀंৄअऀःॶ
ऀआअূऀइऄॽ

ফँआব �ȠǆǴॶ Xॽ �ॽॶ $ȓƷǼǴǶǦǼॶ :ॽॶ �ǐȓǝǐȓॶ eॽॶ �ȂǼǌǐȓॶ :ॽ Bॽॶ �ȂȠȖǦǼȖॶ /ॽ bॽॶ ǌǐ qȂȂǝȝॶ Uॽॶ :ǐǼȖǐǼॶ
�ॽ �ॽॶ <ƷǼǼƷǼॶ <ॽॶ BƷǅȠȓΞॶ [ॽ �ॽॶ ૫ ΗƷǼ =ǐǐȠΘǐǼॶ [ॽ Uॽ :ॽ ँࣿऀऀॽ UǐȓЙȠȂȓȂƷǶǴΞǶ ƷǼǌ
ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॵ bǐȓǻǦǼȂǶȂǝΞॶ ǆǶƷȖȖǦЖǆƷȝǦȂǼॶ ƷǼǌ ȂȓǦǝǦǼȖॽ
/țȼǯǼȲǖȼǯǫ �ț͝ȅȲȡțȚǯțȼǖȕ �ȵȵǯȵȵȚǯțȼ ǖțǫBǖțǖǼǯȚǯțȼॶ आःॶ ऄऀंূऄःऀॽ

ফँइব �ȠȓǴǣƷȓǌॶ =ॽ Uॽ ँࣿࣿࣿॽ �ȖȝǦǻƷȝǦǼǝ ǌǦȖȖȂǶΗǐǌ ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ ȏƷȓȝǦȝǦȂǼ ǆȂǐАǆǦǐǼȝȖ ǜȂȓ ǼȂǼৄ
ǦȂǼǦǆ ȂȓǝƷǼǦǆ ǆǣǐǻǦǆƷǶȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंःँँॶ ःअअंূःअअइॽ

ফँईব �ȠȖǆǣॶ :ॽॶ �ǣȓǐǼȖॶ =ॽॶ xǦǐॶ ~ॽॶ [ȝȠȓǻॶ Xॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ ँࣿऀࣿॽ UȂǶΞЙȠȂȓȂƷǶǴΞǶ ǆȂǻৄ
ȏȂȠǼǌȖ ǦǼ ȝǣǐ �ƷȖȝ %ȓǐǐǼǶƷǼǌ �ȓǆȝǦǆ HǆǐƷǼॽ :ȡȿȲțǖȕ ȡǻ �ț͝ȅȲȡțȚǯțȼǖȕBȡțȅȼȡȲȅțǼॶ ऀँअॶ
ऀँःँূऀँःअॽ

ফंࣿব �ƷǦॶ Bॽॶ ~ǣƷȂॶ ~ॽॶ yǦǼॶ ~ॽॶ �ǣȓǐǼȖॶ =ॽॶ ,ȠƷǼǝॶ Uॽॶ �ƷǦॶ Bॽॶ yƷǼǝॶ ,ॽॶ ,ǐॶ :ॽॶ [ȝȠȓǻॶ Xॽॶ
�ǅǦǼǝǣƷȠȖॶ Xॽॶ ૫ xǦǐॶ ~ॽ ँࣿऀँॽ HǆǆȠȓȓǐǼǆǐ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ǆȂǻȏȂȠǼǌȖ ǦǼ ȖȠȓǜƷǆǐ ΘƷৄ
ȝǐȓȖ ǜȓȂǻ ȝǣǐ CȂȓȝǣ UƷǆǦЖǆ ȝȂ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःअँॶ
अअऀূअअइॽ

ईअ



ফंऀব �Ʒȓȓॶ Bॽৄ�ॽॶ $ȓǦǐǌȓǦǆǣȖॶ Bॽ �ॽ Bॽॶ [ǆǣǻǐǶȝΣॶ Bॽॶ CȂǝȠǆǣǦ �ǦȝƷॶ Bॽॶ �ǼȝȂǦǼǐॶ �ॽॶ �ȓȓǦǝȂॶ
<ॽ Xॽॶ �ȖƷǼȠǻƷॶ /ॽॶ �ȠǻȂǼȝॶ Hॽॶ �Ʒȓǅǐȓॶ Xॽॶ �ǐǣȓǐǼǜǐǶǌॶ Bॽॶ �ǦǌǦǝƷȓǐॶ Xॽॶ �ȠǦȝǐǼǣȠǦȖॶ �ॽ bॽॶ
�ƷǻȏǅǐǶǶॶ :ॽॶ �ǦȂȝȝǦॶ �ॽॶ �ǦǐȓȖȖǐǼॶ ,ॽॶ �ȂΘǐǶǶॶ Bॽॶ �ȠǼǼǐॶ :ॽॶ �ȖƷǦƷȖॶ sॽॶ %ǐǼȝǦǶǦॶ �ॽॶ %ȓǐǝǝॶ
sॽॶ %ȓȂȂǻॶ [ॽॶ ,ȂǐȏЍǼǐȓॶ Cॽॶ /ȖǣǦΣƷǴƷॶ :ॽॶ <ƷǻǐǌƷॶ bॽॶ =ǐ WȠǑȓǑॶ �ॽॶ =ȂǣȓǐǼΣॶ [ॽॶ BƷȓȓƷॶ
:ॽॶ BǑǶǦǼॶ $ॽॶ BȂȂȓǐॶ <ॽॶ BȂȓǐǶॶ �ॽॶ XǐǌǌΞॶ bॽ �ॽॶ XΞƷǼॶ :ॽॶ [ǆƷȓǌǦॶ Bॽॶ [ǻΞȝǣॶ bॽॶ bȠȓȏǦǐॶ
<ॽॶ bǦǶȖȝȂǼǐॶ %ॽॶ sƷȝǐȓȖॶ <ॽॶ ૫ yƷǻƷǼƷǴƷॶ yॽ ँࣿࣿअॽ � ǆȂǻȏƷȓǦȖȂǼ Ȃǜ ǝǶȂǅƷǶ ǐȖȝǦǻƷȝǐȖ Ȃǜ
ǻƷȓǦǼǐ ȏȓǦǻƷȓΞ ȏȓȂǌȠǆȝǦȂǼ ǜȓȂǻ ȂǆǐƷǼ ǆȂǶȂȓॽ �ǯǯȮ [ǯǖ XǯȵǯǖȲǥȂ UǖȲȼ ࣏// bȡȮȅǥǖȕ [ȼȿǫȅǯȵ ȅț
HǥǯǖțȡǼȲǖȮȂͤॶ ऄंऄॶ आःऀূआआࣿॽ

ফंँব �ƷȖƷȖॶ %ॽॶ BƷȓȝǨǼǐΣৄqƷȓǐǶƷॶ �ॽॶ XȂȖǆƷǶǐȖॶ :ॽ =ॽॶ qǦǶƷৄ�ȂȖȝƷॶ Bॽॶ �ƷǆǣȖॶ :ॽॶ ૫ :ǦǻǑǼǐΣॶ �ॽ
ँࣿँࣿॽ �ǼȓǦǆǣǻǐǼȝ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ȝǣǐ ȖǐƷৄȖȠȓǜƷǆǐ ǻǦǆȓȂǶƷΞǐȓ ƷǼǌ ȖǐƷৄȖȏȓƷΞ
ƷǐȓȂȖȂǶȖ ǦǼ ȝǣǐ ȖȂȠȝǣǐȓǼ ȂǆǐƷǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ँअआॶ ऀऀऄऄऀँॽ

ফंंব �ǣƷǼॶ ,ॽ Bॽॶ $ǐǌǦȠǴॶ <ॽॶ ,ƷǻǦǶȝȂǼॶ [ॽॶ XȂȖȝƷȖॶ =ॽॶ �ƷȠǝǣǐΞॶ �ॽॶ <ȠǣǼǶǐǦǼॶ ,ॽॶ �ǝǐǶƷǼǌॶ %ॽॶ
૫ =ȂȓǦǼǝॶ �ॽ ँࣿࣿअॽ $ȂȂǌ ȖǐǆȠȓǦȝΞ ǦǼ CȠǼƷΗȠȝॶ �ƷǼƷǌƷॵ ǅƷȓȓǦǐȓȖ ƷǼǌ ȓǐǆȂǻǻǐǼǌƷȝǦȂǼȖॽ
/țȼǯȲțǖȼȅȡțǖȕ :ȡȿȲțǖȕ ȡǻ �ȅȲǥȿȚȮȡȕǖȲ ,ǯǖȕȼȂॶ अऄऄॶ ःऀअূःंऀॽ

ফंःব �ǣǐǼॶ Bॽॶ WǦƷǼǝॶ =ॽॶ UƷǼॶ xॽॶ $ƷǼǝॶ [ॽॶ ,ƷǼॶ yॽॶ ૫ ~ǣȠॶ =ॽ ँࣿऀऄॽ /Ǽ ΗǦΗȂ ƷǼǌ ǦǼ ΗǦȝȓȂ
ǦȖȂǻǐȓৄȖȏǐǆǦЖǆ ǅǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷǻǦǌǐ ǦǼ ǆȂǻǻȂǼ ǆƷȓȏ ǥͤȮȲȅțȿȵ
ǥǖȲȮȅȡॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःईँंॶ ऀंइऀआূऀंइँःॽ

ফंऄব �ǣǦȂȠॶ �ॽ bॽ ऀईइऄॽ UƷȓȝǦȝǦȂǼ ǆȂǐАǆǦǐǼȝȖ Ȃǜ ȂȓǝƷǼǦǆ ǆȂǻȏȂȠǼǌȖ ǦǼ ǶǦȏǦǌৄΘƷȝǐȓ ȖΞȖȝǐǻȖ ƷǼǌ
ǆȂȓȓǐǶƷȝǦȂǼȖ ΘǦȝǣ ЖȖǣ ǅǦȂǆȂǼǆǐǼȝȓƷȝǦȂǼ ǜƷǆȝȂȓȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऀईऀॶ
ऄआূअँॽ

ফंअব �ȂǝǝƷǼॶ bॽ =ॽॶ BȂȂǌǦǐॶ �ॽॶ <ȂǶȂǅƷȓǦǆॶ �ॽॶ [ΣƷǅȂॶ �ॽॶ [ǣǦǻǐȝƷॶ :ॽॶ �ȓȂȖǅǦǐॶ Cॽ �ॽॶ =ǐǐॶ �ॽॶ
$ǐȓǼƷǼǌǐȖॶ Bॽॶ ૫ �ǶƷȓǴǐॶ �ॽ Hॽ ँࣿऀईॽ �Ǽ ǦǼΗǐȖȝǦǝƷȝǦȂǼ ǦǼȝȂ ȏǐȓৄ ƷǼǌ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅৄ
ȖȝƷǼǆǐȖ U$�[ ǦǼ ǼǦǼǐȝǐǐǼ ƷȠȖȝȓƷǶǦƷǼ ΘƷȖȝǐΘƷȝǐȓ ȝȓǐƷȝǻǐǼȝ ȏǶƷǼȝȖ ssbUȖॽ ,ǯȕȅͤȡțॶ ऄइॶ
ǐࣿँंऀअॽ

ফंआব �ȂȓȖȂǶǦǼǦॶ [ॽ ૫ [ƷȓƼॶ %ॽ ँࣿऀआॽ bǣǐ ȝȓȂȏǣǦǆ ȝȓƷǼȖǜǐȓ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȏȂǶǶȠȝƷǼȝȖ ,��ॶ ��bȖॶ
U��Ȗ ΘǦȝǣǦǼ ȏȂǶƷȓ ǻƷȓǦǼǐ ǜȂȂǌ ΘǐǅȖॽ �ȂǯȚȡȵȮȂǯȲǯॶ ऀआआॶ ऀइईূऀईईॽ

ফंइব �ȂȠȖǦǼȖॶ /ॽ bॽॶ <ȂǼǝॶ �ॽॶ ૫ qǐȖȝǐȓǝȓǐǼॶ Xॽ ँࣿऀऀॽ XǐǆȂǼǆǦǶǦǼǝ ǻǐƷȖȠȓǐǻǐǼȝ ƷǼǌ ǻȂǌǐǶǶǦǼǝ
ȖȝȠǌǦǐȖ Ȃǜ ȝǣǐ ȖȂȠȓǆǐȖ ƷǼǌ ǜƷȝǐ Ȃǜ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ǆƷȓǅȂΝΞǶƷȝǐȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ �ȂǯȚȅȵȼȲͤॶ
इःॶ ंंईূंऄःॽ

ফंईব �ȂȠȖǦǼȖॶ /ॽ bॽॶ Cǝॶ �ॽ �ॽॶ sƷǼǝॶ ~ॽॶ ૫ [ǆǣǐȓǦǼǝǐȓॶ Bॽ ँࣿऀईॽ sǣΞ ǦȖ ǣǦǝǣ ȏǐȓȖǦȖȝǐǼǆǐ ƷǶȂǼǐ Ʒ
ǻƷǱȂȓ ǆƷȠȖǐ Ȃǜ ǆȂǼǆǐȓǼॾ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ࣏ UȲȡǥǯȵȵǯȵ  /ȚȮǖǥȼȵॶ ँऀऄॶ आइऀূआईँॽ

ফःࣿব �ȂΘƷǼॶ �ॽ $ॽ ऀईअअॽ HǅȖǐȓΗƷȝǦȂǼȖ ȂǼ ȝǣǐ ȏǦǶȂȝ ΘǣƷǶǐ ǼȕȡǤȅǥǯȮȂǖȕǖ Țǯȕǖǯțǖॵ HȓǝƷǼΘǐǦǝǣȝ
ƷǼǌ ǝȓȂΘȝǣॽ bȂǯ �țǖȼȡȚȅǥǖȕ XǯǥȡȲǫॶ ऀऄऄःॶ अँंূअँइॽ

ईआ



ফःऀব �ƷǆǣȖॶ :ॽॶ =ȂǣǻƷǼǼॶ Xॽॶ HǆǴǐǼǌǐǼॶ sॽ �ॽॶ BǑǱƷǼǐǶǶǐॶ =ॽॶ �ǦȖǐǼȓǐǦǆǣॶ [ॽ :ॽॶ ૫ :ȂǼǐȖॶ <ॽ �ॽ
ँࣿࣿँॽ HǆǐƷǼǦǆ ǅǦȂǝǐȂǆǣǐǻǦǆƷǶ ǆȂǼȝȓȂǶȖ ȂǼ ǝǶȂǅƷǶ ǌΞǼƷǻǦǆȖ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠৄ
ȝƷǼȝȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंअँࣿॶ ःँँईূःँंआॽ

ফःँব �Ʒǻॶ Bॽ ૫ �ǶȂǆǣॶ �ॽ ँࣿࣿࣿॽ [ǆȓǐǐǼǦǼǝ Ȃǜ ǻǐȓǆȠȓΞ ƷǼǌ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼȂǆǣǶȂȓǦǼǐ ȏȂǶǶȠৄ
ȝƷǼȝȖ ǦǼ ǶȂǼǝৄЖǼǼǐǌ ȏǦǶȂȝ ΘǣƷǶǐ ǼȕȡǤȅǥǯȮȂǖȕǖ Țǯȕǖȵ ǦǼ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖॽ BǖȲȅțǯ Uȡȕȕȿȼȅȡț
�ȿȕȕǯȼȅțॶ ःࣿऀँॶ ऀࣿईࣿূऀࣿईईॽ

ফःंব �ƷȖȖȠǼǆƷȂॶ �ॽॶ ,Ƞॶ xॽ �ॽॶ CǦǐǶȖǐǼॶ $ॽॶ sǐǦǣǐॶ Uॽॶ %ȓƷǼǌǱǐƷǼॶ Uॽॶ ૫ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽ ँࣿऀइॽ
[ǣǦǜȝǦǼǝ ǝǶȂǅƷǶ ǐΝȏȂȖȠȓǐȖ ȝȂ ȏȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ U$�[Ȗ ǐΗǦǌǐǼȝ ǦǼ ǶȂǼǝǦৄ
ȝȠǌǦǼƷǶ ǅǦȓȝǣ ǆȂǣȂȓȝȖ ǜȓȂǻ Ʒ ȖǐƷǜȂȂǌৄǆȂǼȖȠǻǦǼǝ ȏȂȏȠǶƷȝǦȂǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ 
bǯǥȂțȡȕȡǼͤॶ ऄँअॶ ंआंइূंआःआॽ

ফःःব �ƷȖȖȠǼǆƷȂॶ �ॽॶ UǦǆǴƷȓǌॶ ,ॽॶ UǜȂǣǶॶ Bॽॶ bȂǴȓƷǼȂΗॶ �ॽ <ॽॶ =Ǧॶ Bॽॶ BǦǴǴǐǶȖǐǼॶ �ॽॶ [ǶǦȝȝॶ �ॽॶ ૫
[ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽ ँࣿऀईॽ UǣȂȖȏǣȂǶǦȏǦǌ ǶǐΗǐǶȖ ȏȓǐǌǦǆȝ ȝǣǐ ȝǦȖȖȠǐ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ȏȂǶΞৄ ƷǼǌ
ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ Ʒ ǻƷȓǦǼǐ ǻƷǻǻƷǶॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  ȼǯǥȂțȡȕȡǼͤ ȕǯȼȼǯȲȵॶ
अंॶ ऀऀईূऀँऄॽ

ফःऄব �ƷȖȖȠǼǆƷȂॶ �ॽॶ ,Ƞॶ xॽ �ॽॶ ~ǣƷǼǝॶ xॽॶ �ȂȖȖǦॶ Xॽॶ BǦǴǴǐǶȖǐǼॶ �ॽॶ ૫ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽ ँࣿऀआॽ
XƷȏǦǌǶΞ ǆǣƷǼǝǦǼǝ ȏȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ CȂȓȝǣ �ȝǶƷǼȝǦǆ ȏǦǶȂȝ ΘǣƷǶǐȖ ǦǼǌǦǆƷȝǐ
ǌȂǻǦǼƷǼȝ ǆȂǼȝȓǦǅȠȝǦȂǼ Ȃǜ ƷȝǻȂȖȏǣǐȓǦǆ ȏȓǐǆȠȓȖȂȓȖ ȝȂ ȏƷȖȝ ǐΝȏȂȖȠȓǐȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ
 bǯǥȂțȡȕȡǼͤॽ

ফःअব �ǐ [ǦǶΗƷॶ �ॽ Hॽॶ �ȓǻǦȝƷǝǐॶ :ॽ Bॽॶ �ȓȠȝȂǼॶ bॽ �ॽॶ �ƷȖȖȠǼǆƷȂॶ �ॽॶ ,ǐǦǝǐȓৄ�ǐȓǼƷΞȖॶ sॽॶ ,Ƞॶ
xॽ �ॽॶ <ƻȓȓǻƷǼॶ �ॽॶ <ǐǶǶΞॶ �ॽॶ Cǝॶ �ॽॶ XȂǅȠǆǴॶ �ॽॶ [ȠǼॶ Bॽॶ sǐǅȖȝǐȓॶ bॽ $ॽॶ ૫ [ȠǼǌǐȓǶƷǼǌॶ
�ॽ Bॽ ँࣿँऀॽ U$�[ ǐΝȏȂȖȠȓǐ ȏƷȝǣΘƷΞȖ ǜȂȓ ǣȠǻƷǼȖ ƷǼǌ ΘǦǶǌǶǦǜǐॵ � ȖΞǼȝǣǐȖǦȖ Ȃǜ ǆȠȓȓǐǼȝ
ǴǼȂΘǶǐǌǝǐ ƷǼǌ ǴǐΞ ǝƷȏȖ ǦǼ ȠǼǌǐȓȖȝƷǼǌǦǼǝॽ �ț͝ȅȲȡțȚǯțȼǖȕ bȡͣȅǥȡȕȡǼͤ ǖțǫ �ȂǯȚȅȵȼȲͤॶ ःࣿंॶ
अंऀূअऄआॽ

ফःआব �ǐǶΘȂȓȝǣॶ bॽ =ॽॶ ~ǐǼǝॶ $ॽॶ qǐǆǆǣǦॶ %ॽ �ॽॶ yƷǼǝॶ xॽॶ ~ǣƷǼǝॶ =ॽॶ ૫ ~ǣƷǼǝॶ Xॽ ँࣿऀअॽ bǣǐ
CȂȓȝǣ �ȝǶƷǼȝǦǆ ȂȖǆǦǶǶƷȝǦȂǼ ƷȖ Ʒ ǌȓǦΗǐȓ Ȃǜ ȓƷȏǦǌ ǆǶǦǻƷȝǐ ǆǣƷǼǝǐ ǦǼ ȝǣǐ CȂȓȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐॽ
CǖȼȿȲǯ %ǯȡȵǥȅǯțǥǯॶ ईॶ ऄࣿईॽ

ফःइব �ǦǼǝॶ Wॽॶ [ǆǣΘǐǦǝǐȓॶ �ॽॶ =,ǐȠȓǐȠΝॶ Bॽॶ �ƷȝȝǦȖȝǦॶ �ॽ [ॽॶ UȂৄ�ǣǐǌǶǐΞॶ [ॽॶ :ȂǣǼȖȂǼॶ Cॽ �ॽॶ
�ǶƷǼǆǣƷȓǌৄsȓǦǝǝǶǐȖΘȂȓȝǣॶ �ॽॶ ,ƷȓǼȂȖॶ <ॽॶ ~ǣƷǼǝॶ Wॽॶ �ƷȖȝǻƷǼॶ Xॽॶ ૫ [ȝǐǦǝॶ �ॽ :ॽ ँࣿऀआॽ
/ǼЙȠǐǼǆǐ Ȃǜ ǣǦǝǣৄǶƷȝǦȝȠǌǐ ƷȝǻȂȖȏǣǐȓǦǆ ǆǦȓǆȠǶƷȝǦȂǼ ǆǣƷǼǝǐȖ ȂǼ ȖȠǻǻǐȓȝǦǻǐ �ȓǆȝǦǆ ȖǐƷ Ǧǆǐॽ
CǖȼȿȲǯ �ȕȅȚǖȼǯ �ȂǖțǼǯॶ आॶ ँइईॽ

ফःईব �ȓǐΞǐȓॶ �ॽॶ sǐǦǼǅǐȓǝॶ /ॽॶ bǐǻǻǐॶ �ॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ ँࣿࣿईॽ UȂǶΞЙȠȂȓǦǼƷȝǐǌ ǆȂǻȏȂȠǼǌȖ
ǦǼ ȝǣǐ ƷȝǻȂȖȏǣǐȓǐ Ȃǜ ȝǣǐ �ȝǶƷǼȝǦǆ ƷǼǌ [ȂȠȝǣǐȓǼ HǆǐƷǼȖॵ �ΗǦǌǐǼǆǐ ǜȂȓ Ʒ ǝǶȂǅƷǶ ǌǦȖȝȓǦǅȠȝǦȂǼॽ
�ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःंऀआॶ अऄࣿआূअऄऀःॽ

ফऄࣿব �Ƞǆǐॶ Xॽ �ॽॶ =ǦȖȖॶ Uॽ [ॽॶ BǐȓȓǦǶǶॶ :ॽ bॽॶ �ȝǶƷȖॶ �ॽ =ॽॶ �ȠƷȝৄBǐǼƷȓǌॶ Uॽॶ ,ǦǆǴȖॶ �ॽ �ॽॶ BǦǶǶǐȓॶ :ॽ Bॽॶ
UȓȂȖȏǐȓȂॶ :ॽ Bॽॶ �ȓǦǻȂȝȂॶ Xॽॶ �ǣȠȓǆǣॶ bॽ Bॽॶ �ǶǶǦȖॶ sॽॶ %ƷǶǶȂΘƷΞॶ :ॽ Cॽॶ ,ƷǼȖǐǼॶ =ॽॶ :ǦǆǴǐǶǶȖॶ

ईइ



bॽ �ॽॶ <ǼƷȏॶ �ॽ ,ॽॶ XǐǦǼǣƷȓǌȝॶ <ॽ ,ॽॶ [ǆǣǼǐǦǌǐȓॶ �ॽॶ [ȂȠǌǦǼǐॶ �ॽॶ bȂǴȂȖॶ :ॽ :ॽॶ bȖȠǼȂǝƷǦॶ [ॽॶ
sȂǶǶƷȖȝॶ Xॽॶ ૫ ~ǣȂȠॶ Bॽ ऀईईऀॽ bǣǐ ƷȝǻȂȖȏǣǐȓǦǆ ǦǼȏȠȝ Ȃǜ ȝȓƷǆǐ ȖȏǐǆǦǐȖ ȝȂ ȝǣǐ ΘȂȓǶǌ ȂǆǐƷǼॽ
%ȕȡǤǖȕ �ȅȡǼǯȡǥȂǯȚȅǥǖȕ �ͤǥȕǯȵॶ ऄंॶ ऀईंূँऄईॽ

ফऄऀব �ȠǦǼǴǐȓॶ :ॽ �ॽॶ [ǆǣȠǶȝΣॶ �ॽ �ॽॶ ૫ UǐȝȓǦǆǴॶ %ॽ ऀईइइॽ [ǐǶǐǆȝǦȂǼ Ȃǜ ǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶ ǆȂǼৄ
ǝǐǼǐȓȖ ǜȂȓ ƷǼƷǶΞȖǦȖ ǦǼ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȖƷǻȏǶǐȖॽ BǖȲȅțǯ Uȡȕȕȿȼȅȡț �ȿȕȕǯȼȅț࣐ॶ ऀईऀॶ ऀईূँऄॽ

ফऄँব �ȠȝǴǦǐΘǦǆΣॶ [ॽॶ $ȂǶǶȂΘȖॶ Bॽ :ॽॶ ૫ �ȓƷǝǝॶ :ॽ %ॽ ँࣿࣿईॽ BȂǌǐǶǦǼǝ ȝǣǐ ǆȂȠȏǶǦǼǝ Ȃǜ ȂǆǐƷǼ ǐǆȂǶৄ
ȂǝΞ ƷǼǌ ǅǦȂǝǐȂǆǣǐǻǦȖȝȓΞॽ %ȕȡǤǖȕ �ȅȡǼǯȡǥȂǯȚȅǥǖȕ �ͤǥȕǯȵॶ ँंःॶ %�ःࣿऀआॽ

ফऄंব �ȠȝǴǦǐΘǦǆΣॶ [ॽॶ sƷȓǌॶ �ॽ �ॽॶ BȂǼȝǐǦȓȂॶ $ॽॶ ૫ $ȂǶǶȂΘȖॶ Bॽ :ॽ ँࣿऀँॽ /ǼȝǐȓǆȂǼǼǐǆȝǦȂǼ Ȃǜ
ǼǦȝȓȂǝǐǼ ЖΝǐȓȖ ƷǼǌ ǦȓȂǼ ǦǼ ȝǣǐ UƷǆǦЖǆ HǆǐƷǼॵ bǣǐȂȓΞ ƷǼǌ ǼȠǻǐȓǦǆƷǶ ȖǦǻȠǶƷȝǦȂǼȖॽ %ȕȡǤǖȕ
�ȅȡǼǯȡǥȂǯȚȅǥǖȕ �ͤǥȕǯȵॶ ँअऀॶ %�ऀࣿऀँॽ

ফऄःব �ƷǴǦǼȖॶ �ॽ ૫ [ǣƷȓǻƷǼॶ %ॽ ँࣿऀࣿॽ qȂǶȠǻǐȖ Ȃǜ ȝǣǐ ΘȂȓǶǌȖ ȂǆǐƷǼȖ ǜȓȂǻ ǐȝȂȏȂऀॽ

ফऄऄব �ǆǴǶǐΞॶ Cॽ ँࣿࣿऀॽ bȓƷΗǐǶǦǼǝ ȝȂΝǦǆǐȖ ু ȝǣǐ ȖǆǦǐǼǆǐॶ ȏȂǶǦǆΞॶ ƷǼ ǻƷǼƷǝǐǻǐǼȝ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ
ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖॽ �ț͝ȅȲȡțȚǯțȼ࣏ [ǥȅǯțǥǯ ǖțǫ Uȡȕȅǥͤ ǻȡȲ [ȿȵȼǖȅțǖǤȕǯ �ǯ͝ǯȕȡȮȚǯțȼॶ ःंआॶ
ँःূंअॽ

ফऄअব �$[� UƷǼǐǶ ȂǼ �ȂǼȝƷǻǦǼƷǼȝȖ ǦǼ ȝǣǐ $ȂȂǌ �ǣƷǦǼॶ [ǆǣȓǐǼǴॶ �ॽॶ �ॽ Bॽॶ �ȂǌǦǼॶ =ॽॶ �ǣǦȏǻƷǼॶ
:ॽ <ॽॶ ǌǐǶ BƷΣȂॶ :ॽॶ %ȓƷȖǶৄ<ȓƷȠȏȏॶ �ॽॶ ,ȂǝȖȝȓƷǼǌॶ �ॽॶ ,ȂȂǝǐǼǅȂȂǻॶ =ॽ Xॽॶ =ǐǅǶƷǼǆॶ :ॽৄ�ॽॶ
CǐǅǅǦƷॶ �ॽॶ CǦǐǶȖǐǼॶ �ॽॶ CȝΣƷǼǦॶ �ॽॶ UǐȝǐȓȖǐǼॶ �ॽॶ [ƷǼǌॶ [ॽॶ qǶǐǻǦǼǆǴΝॶ �ॽॶ ,ॶ sॽॶ =ॶ �ॽॶ �ǐǆৄ
ǆƷȝǐǶǶǦॶ [ॽॶ �ȓƷΗǐǌǦॶ :ॽ Uॽॶ ,ƷǶǶǌȂȓȖȖȂǼॶ bॽ /ॽॶ ,ƷȠǝॶ =ॽ [ॽॶ :ȂǣƷǼȖȖȂǼॶ Cॽॶ <ǼȠȝȖǐǼॶ ,ॽॶ XȂȖǐॶ
Bॽॶ XȂȠǌȂȝॶ �ॽৄ�ॽॶ qƷǼ=ȂΗǐȓǐǼॶ ,ॽॶ qȂǶǶǻǐȓॶ %ॽॶ BƷǆǴƷΞॶ <ॽॶ XǦȂǶȂॶ $ॽॶ ૫ [ǆǣΘǐȓǌȝǶǐॶ bॽ
ँࣿँࣿॽ [ǆǦǐǼȝǦЖǆ ȂȏǦǼǦȂǼ ȂǼ ȝǣǐ ȓǦȖǴ ȝȂ ǣȠǻƷǼ ǣǐƷǶȝǣ ȓǐǶƷȝǐǌ ȝȂ ȝǣǐ ȏȓǐȖǐǼǆǐ Ȃǜ ȏǐȓЙȠȂৄ
ȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ǜȂȂǌॽ �$[� :ȡȿȲțǖȕॶ ऀइअँँंॽ

ফऄआব �ǶǶǦȖॶ �ॽ �ॽॶ BƷȓȝǦǼॶ :ॽ sॽॶ BƷǅȠȓΞॶ [ॽ �ॽॶ ,ȠȓǶǐΞॶ Bॽ �ॽॶ [ȠǶǅƷǐǴ �ǼǌǐȓȖǐǼॶ Bॽ Uॽॶ ૫
sƷǶǶǦǼǝȝȂǼॶ bॽ :ॽ ँࣿࣿंॽ �ȝǻȂȖȏǣǐȓǦǆ ǶǦǜǐȝǦǻǐ Ȃǜ ЙȠȂȓȂȝǐǶȂǻǐȓ ƷǶǆȂǣȂǶȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ
[ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंआऀआॶ ंइऀअূंइँࣿॽ

ফऄइব �ȠȓȂȏǐƷǼ [ȏƷǆǐ �ǝǐǼǆΞ ँࣿऀࣿॽ %ǶȂǅ�ȂΗǐȓ ँࣿࣿईॽ

ফऄईব $ǐǦǝǦǼॶ qॽ =ॽॶ qȂȖॶ bॽॶ CǦǆǣȂǶȖॶ �ॽॶ HΘȂǶƷǅǦॶ Bॽ Hॽॶ �ƷȓȓȂǶǶॶ sॽ Bॽॶ �ǦǆǣǝƷǼȖॶ Bॽॶ �ǐȠȖǆǣǶॶ
%ॽॶ UƷȓǻƷȓॶ Uॽॶ �ȓƷǦǼǦǼॶ Bॽॶ ૫BȠȓȓƷΞॶ �ॽ ँࣿँࣿॽ bǣǐ ǝǶȂǅƷǶ ǅȠȓǌǐǼ Ȃǜ ǼǐȠȓȂǶȂǝǦǆƷǶ ǌǦȖȂȓৄ
ǌǐȓȖॵ ȝȓƷǼȖǶƷȝǦǼǝ ǐΗǦǌǐǼǆǐ ǦǼȝȂ ȏȂǶǦǆΞॽ =ǖțǥǯȼ CǯȿȲȡȕȡǼͤॶ ऀईंॶ ँऄऄূँअऄॽ

ফअࣿব $ǦǐǶǌǦǼǝॶ Xॽ ँࣿऀࣿॽ �ǼΗǦȓȂǼǻǐǼȝƷǶ ǆǣƷǼǝǐ ƷȖ Ʒ ȝǣȓǐƷȝ ȝȂ ȝǣǐ ȏǦǶȂȝ ΘǣƷǶǐ ǣȠǼȝ ǦǼ ȝǣǐ $ƷȓȂǐ
/ȖǶƷǼǌȖॽ UȡȕǖȲ XǯȵǯǖȲǥȂॶ ँईंॶ ःंࣿূःंइॽ

ফअऀব $ȂȂǌ ૫ �ǝȓǦǆȠǶȝȠȓǐ HȓǝƷǼǦȖƷȝǦȂǼ Ȃǜ ȝǣǐ eǼǦȝǐǌ CƷȝǦȂǼȖॶ $ॽ ँࣿँࣿॽ [ȼǖȼǯ ȡǻ ȼȂǯsȡȲȕǫ $ȅȵȂठ
ǯȲȅǯȵ ǖțǫ �ȱȿǖǥȿȕȼȿȲǯ [ȼǖȼȅȵȼȅǥȵॽ XǐȏȂȓȝॽ

ईई



ফअँব $Ȃȓǝǐȝॶ %ॽॶ �ƷǻȏǦǼॶ :ॽ Bॽॶ ,ǐǦǻǅƷǆǣॶ Uॽॶ ,ǦǶǶॶ �ॽ Cॽॶ UȂǼȝǐॶ Xॽ Bॽॶ ૫sȠǼȖǆǣॶ �ॽ ँࣿऀऄƷॽ
���H ΗǐȓȖǦȂǼ ःॵ �Ǽ ǦǼȝǐǝȓƷȝǐǌ ǜȓƷǻǐΘȂȓǴ ǜȂȓ ǼȂǼৄǶǦǼǐƷȓ ǦǼΗǐȓȖǐ ǻȂǌǐǶǦǼǝ ƷǼǌ ǝǶȂǅƷǶ ȂǆǐƷǼ
ȖȝƷȝǐ ǐȖȝǦǻƷȝǦȂǼॽ %ǯȡȵǥȅǯțȼȅϨǥBȡǫǯȕ �ǯ͝ǯȕȡȮȚǯțȼॶ इऀࣿॶ ंࣿआऀূंऀࣿःॽ

ফअंব $Ȃȓǝǐȝॶ %ॽॶ $ǐȓȓǐǦȓƷॶ �ॽॶ ૫ =ǦƷǼǝॶ xॽ ँࣿऀऄǅॽ HǼ ȝǣǐ ȂǅȖǐȓΗƷǅǦǶǦȝΞ Ȃǜ ȝȠȓǅȠǶǐǼȝ ȝȓƷǼȖȏȂȓȝ
ȓƷȝǐȖ ǅΞ �X%Hॵ [ȠȏȏȂȓȝǦǼǝ ǐΗǦǌǐǼǆǐ ǜȓȂǻ ƷǼ ǦǼΗǐȓȖǦȂǼ ǐΝȏǐȓǦǻǐǼȝॽ Hǥǯǖț [ǥȅǯțǥǯॶ ऀऀऄॶ
इंईূइऄंॽ

ফअःব $Ȃȓǝǐȝॶ %ॽ ૫ UȂǼȝǐॶ Xॽ Bॽ ँࣿऀऄॽ bǣǐ ȏƷȓȝǦȝǦȂǼ Ȃǜ ȓǐǝǦȂǼƷǶ ȖǐƷ ǶǐΗǐǶ ΗƷȓǦƷǅǦǶǦȝΞॽ UȲȡǼȲǯȵȵ ȅț
HǥǯǖțȡǼȲǖȮȂ࣐ͤॶ ऀंआॶ ऀआंূऀईऄॽ

ফअऄব $ȓǦǐǌǻƷǼॶ �ॽ =ॽ ૫ [ǐǶǦǼॶ Cॽ �ॽ ँࣿऀअॽ U��Ȗ ǦǼ ȝǣǐ �ȓǆȝǦǆ ƷȝǻȂȖȏǣǐȓǐॵ �ǐȝǐȓǻǦǼǦǼǝ ǦǻȏȂȓৄ
ȝƷǼȝ ǌȓǦΗǦǼǝ ǜȂȓǆǐȖ ȠȖǦǼǝ Ʒ ǝǶȂǅƷǶ ƷȝǻȂȖȏǣǐȓǦǆ ȝȓƷǼȖȏȂȓȝ ǻȂǌǐǶॽ �ȼȚȡȵȮȂǯȲȅǥ �ȂǯȚȅȵȼȲͤ ǖțǫ
UȂͤȵȅǥȵॶ ऀअऄॶ ंःंंূंःःइॽ

ফअअব $ȓǦǐȖǐǼॶ <ॽ :ॽॶ BȠǦȓॶ �ॽ �ॽ %ॽॶ ૫sǐǅȖȝǐȓॶ %ॽ Xॽ �ॽ ऀईईࣿॽ �ΗǦǌǐǼǆǐ Ȃǜ ȖǐǼȖǦȝǦΣǐǌ ȏǣȂȝȂǶΞȖǦȖ
Ȃǜ ȏȂǶΞǆǣǶȂȓǦǼƷȝǐǌ ǌǦǅǐǼΣȂৄȏৄǌǦȂΝǦǼȖ ǦǼ ǼƷȝȠȓƷǶ ΘƷȝǐȓȖ ȠǼǌǐȓ ȖȠǼǶǦǝǣȝ ǆȂǼǌǦȝǦȂǼȖॽ �ț͝ȅȲȡțठ
Țǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ँःऀऀॶ ऀआंईূऀआःःॽ

ফअआব $ȠǶǶǐȓॶ �ॽ Cॽॶ [ǆǣǐȝȝǶǐȓॶ Uॽ �ॽॶ ૫ %ǦǌǌǦǼǝȖॶ :ॽ �ॽ ऀईअअॽ CǐΘǻǐȝǣȂǌ ǜȂȓ ȏȓǐǌǦǆȝǦȂǼ Ȃǜ ǅǦǼƷȓΞ
ǝƷȖৄȏǣƷȖǐ ǌǦЍȠȖǦȂǼ ǆȂǐАǆǦǐǼȝȖॽ /țǫȿȵȼȲȅǖȕ  �țǼȅțǯǯȲȅțǼ �ȂǯȚȅȵȼȲͤॶ ऄइऄॶ ऀइূँआॽ

ফअइব %ƷǶƷȝǦȠȖॶ �ॽॶ �ȂȖȖǦॶ Xॽॶ [ȂǼǼǐॶ �ॽॶ XǦǝǑȝॶ $ॽ $ॽॶ <ǦǼΣǐॶ �ॽ �ॽॶ =ȂǆǴΞǐȓॶ �ॽॶ bǐǦǶǻƷǼǼॶ :ॽॶ ૫ �Ǧৄ
ǐȝΣॶ Xॽ ँࣿऀंॽ U$�[ ȏȓȂЖǶǐȖ ǦǼ ȝǣȓǐǐ ǼȂȓȝǣ ȖǐƷ ȝȂȏ ȏȓǐǌƷȝȂȓȖॵ ǻǐȝƷǅȂǶǦǆ ǌǦЍǐȓǐǼǆǐȖ ƷǻȂǼǝ
ȖȏǐǆǦǐȖॾ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ ǖțǫ Uȡȕȕȿȼȅȡț XǯȵǯǖȲǥȂॶ ँࣿऀऀॶ इࣿऀंূइࣿँࣿॽ

ফअईব %ƷǶǅƸǼৄBƷǶƷǝȃǼॶ �ॽॶ �ǐȓȓȂǱƷǶǅǦΣॶ Cॽॶ HǱǐǌƷॶ Bॽৄ:ॽॶ ૫ �ƷǆǣȖॶ :ॽ ँࣿऀँॽ bǣǐ ȂǆǐƷǼǦǆ ǅǦȂǶȂǝǦৄ
ǆƷǶ ȏȠǻȏǻȂǌȠǶƷȝǐȖ ȝǣǐ ƷȝǻȂȖȏǣǐȓǦǆ ȝȓƷǼȖȏȂȓȝ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ ȝȂ ȝǣǐ �ȓǆȝǦǆॽ
CǖȼȿȲǯ �ȡȚȚȿțȅǥǖȼȅȡțȵॶ ंॶ इअँॽ

ফआࣿব %ƷǶǅƸǼৄBƷǶƷǝȃǼॶ �ॽ :ॽॶ �ǐǶ qǐǼȝȂॶ [ॽॶ �ǐȓȓȂǱƷǶǅǦΣॶ Cॽॶ HǱǐǌƷॶ Bॽৄ:ॽॶ ૫ �ƷǆǣȖॶ :ॽ ँࣿऀंॽ UȂǶΞৄ
ǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖॶ ǣǐΝƷǆǣǶȂȓȂǆΞǆǶȂǣǐΝƷǼǐȖ ƷǼǌ ǣǐΝƷǆǣǶȂȓȂǅǐǼΣǐǼǐ ǦǼ ȖǐƷΘƷȝǐȓ ƷǼǌ ȏǣΞৄ
ȝȂȏǶƷǼǴȝȂǼ ǜȓȂǻ ȝǣǐ ȖȂȠȝǣǐȓǼ ȂǆǐƷǼ ΘǐǌǌǐǶǶॶ ȖȂȠȝǣ ȖǆȂȝǦƷॶ ƷǼǌ ǅǐǶǶǦǼǝȖǣƷȠȖǐǼ ȖǐƷȖॽ �ț͝ȅठ
ȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःआऀऀॶ ऄऄआइূऄऄइआॽ

ফआऀব %ƷǶǶǐǼॶ �ॽॶ �ƷǝǶǐȖǣƷǻॶ %ॽॶ �ȓƷǝǐॶ �ॽॶ CǝȠΞǐǼॶ bॽ ,ॽॶ ૫BȠǐǶǶǐȓॶ :ॽ $ॽ ँࣿऀइॽ � ǻƷȖȖ ǐȖȝǦৄ
ǻƷȝǐ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐ U$�[ ȓǐǶǐƷȖǐ ǜȓȂǻ ƷȠȖȝȓƷǶǦƷǼ ΘƷȖȝǐΘƷȝǐȓ ȝȓǐƷȝǻǐǼȝ ȏǶƷǼȝȖॽ
�ȂǯȚȡȵȮȂǯȲǯॶ ँࣿइॶ ईआऄূईइंॽ

ফआँব %ǐǅǅǦǼǴॶ sॽ �ॽॶ �ǦǝǼǐȓȝॶ �ॽॶ ૫ �ǐȓǝǐȓॶ eॽ ँࣿऀअॽ UǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ U$��Ȗ ƷǼǌ ȖǐǶǐǆȝǐǌ
ȏȓǐǆȠȓȖȂȓȖ ǦǼ ȝǣǐ �ƷǶȝǦǆ [ǐƷ ǐǼΗǦȓȂǼǻǐǼȝॵ �Ȃ ȏȓǐǆȠȓȖȂȓȖ ȏǶƷΞ Ʒ ȓȂǶǐ ǦǼ ǜȂȂǌ Θǐǅ ƷǆǆȠǻȠǶƷৄ
ȝǦȂǼ Ȃǜ U$��Ȗॾ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄࣿऀँॶ अंऄःূअंअँॽ

ফआंব %ǐǅǅǦǼǴॶ sॽ �ॽॶ %ǶΞǼǼॶ �ॽॶ ૫ �ǐȓǝǐȓॶ eॽ ँࣿऀऄƷॽ bǐǻȏȂȓƷǶ ǆǣƷǼǝǐȖ ऀईईआূँࣿऀँ Ȃǜ ȏǐȓЙȠৄ
ȂȓȂƷǶǴΞǶ ƷǆǦǌȖ ƷǼǌ ȖǐǶǐǆȝǐǌ ȏȓǐǆȠȓȖȂȓȖ ǦǼǆǶȠǌǦǼǝ ǦȖȂǻǐȓȖ ǦǼ ȖΘǐǌǦȖǣ ǣȠǻƷǼ ȖǐȓȠǻॽ �ț͝ȅȲȡțठ
Țǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ऀईईॶ ऀअअূऀआंॽ

ऀࣿࣿ



ফआःব %ǐǅǅǦǼǴॶ sॽ �ॽॶ %ǶΞǼǼॶ �ॽॶ �ƷȓǼǐȓȠǌॶ Uॽ Hॽॶ ૫ �ǐȓǝǐȓॶ eॽ ँࣿऀऄǅॽ UǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ
ƷǼǌ ȝǣǐǦȓ ȏȓǐǆȠȓȖȂȓȖ ǦǼ ȖΘǐǌǦȖǣ ǜȂȂǌॵ bǣǐ ȓǐǶƷȝǦΗǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ǌǦȓǐǆȝ ƷǼǌ ǦǼǌǦȓǐǆȝ ǌǦǐȝƷȓΞ
ǐΝȏȂȖȠȓǐॽ �ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ऀईइॶ ऀࣿइূऀऀऄॽ

ফआऄব %ǐȂȖȏƷȝǦƷǶ /ǼǜȂȓǻƷȝǦȂǼ �ȠȝǣȂȓǦȝΞ Ȃǜ :ƷȏƷǼ ँࣿऀऀॽ %ǶȂǅƷǶ ǻƷȏ :ƷȏƷǼ ΗǐȓȖǦȂǼ ँ ΗǐǆȝȂȓ ǌƷȝƷॽ

ফआअব %ǦǐȖΞॶ :ॽ Uॽ ૫ <ƷǼǼƷǼॶ <ॽ ँࣿࣿऀॽ %ǶȂǅƷǶ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐ ǦǼ
ΘǦǶǌǶǦǜǐॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंऄआॶ ऀंंईূऀंःँॽ

ফआआব %ǦȂǦƷॶ Xॽॶ =ȂǣǻƷǼǼॶ Xॽॶ �ƷǆǣȖॶ :ॽॶ bǐǻǻǐॶ �ॽॶ =ƷǴƷȖǆǣȠȖॶ [ॽॶ [ǆǣȠǶΣৄ�ȠǶǶॶ �ॽॶ ,ƷǼǌॶ /ॽॶ ૫
:ȂǼǐȖॶ <ॽ �ॽ ँࣿࣿइƷॽ UȂǶΞǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖ ǦǼ ƷǦȓ ƷǼǌ ΘƷȝǐȓ Ȃǜ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ƷǼǌ
�ȓǆȝǦǆ HǆǐƷǼॽ :ȡȿȲțǖȕ ȡǻ %ǯȡȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ࣏ �ȼȚȡȵȮȂǯȲǯȵॶ ऀऀं�ऀईॶ ǼƷূǼƷॽ

ফआइব %ǦȂǦƷॶ Xॽॶ CǦΣΣǐȝȝȂॶ =ॽॶ =ȂǣǻƷǼǼॶ Xॽॶ �ƷǆǣȖॶ :ॽॶ bǐǻǻǐॶ �ॽॶ ૫ :ȂǼǐȖॶ <ॽ �ॽ ँࣿࣿइǅॽ UȂǶΞৄ
ǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖ U��Ȗ ǦǼ ƷǦȓ ƷǼǌ ȖǐƷΘƷȝǐȓ Ȃǜ ȝǣǐ �ȝǶƷǼȝǦǆ HǆǐƷǼॵ [ȂȠȓǆǐȖॶ ȝȓǐǼǌȖ ƷǼǌ
ȏȓȂǆǐȖȖǐȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःँऄॶ ऀःऀअূऀःँँॽ

ফआईব %ȂǼΣƸǶǐΣৄ%ƷΞƷॶ �ॽॶ �ƷǆǣȖॶ :ॽॶ XȂȖǆƷǶǐȖॶ :ॽ =ॽॶ �ƷǅƷǶǶǐȓȂॶ %ॽॶ ૫ :ǦǻǑǼǐΣॶ �ॽ ँࣿऀःॽ UǐȓЙȠȂৄ
ȓȂƷǶǴΞǶƷȝǐǌ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ȝǣǐ ǝǶȂǅƷǶ ȝȓȂȏǦǆƷǶ ƷǼǌ ȖȠǅȝȓȂȏǦǆƷǶ ȖȠȓǜƷǆǐ ȂǆǐƷǼȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ
[ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःइँँॶ ऀंࣿआअূऀंࣿइःॽ

ফइࣿব %ȓƷǼǌǱǐƷǼॶ Uॽॶ �ǼǌǐȓȖǐǼॶ �ॽ sॽॶ �ȠǌȝΣৄ:ȋȓǝǐǼȖǐǼॶ �ॽॶ CǦǐǶȖǐǼॶ $ॽॶ BȋǶǅƷǴॶ <ॽॶ sǐǦǣǐॶ Uॽॶ
૫ ,ǐǦǶǻƷǼǼॶ �ॽ ँࣿऀँॽ [ǐȓȠǻ ΗƷǆǆǦǼǐ ƷǼȝǦǅȂǌΞ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ǆǣǦǶǌȓǐǼ ǐΝȏȂȖǐǌ ȝȂ
ȏǐȓЙȠȂȓǦǼƷȝǐǌ ǆȂǻȏȂȠǼǌȖॽ :�B�ॶ ंࣿआःॶ ंईऀূंईआॽ

ফइऀব %ȓƷǼǌǱǐƷǼॶ Uॽ ૫ �ȠǌȝΣৄ:ȋȓǝǐǼȖǐǼॶ �ॽ ँࣿऀंॽ /ǻǻȠǼȂȝȂΝǦǆǦȝΞ Ȃǜ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ƷǶǴΞǶƷȝǐȖॵ
ǆƷǶǆȠǶƷȝǦȂǼ Ȃǜ ǅǐǼǆǣǻƷȓǴ ǌȂȖǐȖ ǅƷȖǐǌ ȂǼ ȖǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ǆǣǦǶǌȓǐǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ
,ǯǖȕȼȂॶ ऀँऀॶ ंऄॽ

ফइँব %ȓƷǼǌǱǐƷǼॶ Uॽॶ ,ǐǦǶǻƷǼǼॶ �ॽॶ sǐǦǣǐॶ Uॽॶ CǦǐǶȖǐǼॶ $ॽॶ BȂǝǐǼȖǐǼॶ eॽॶ bǦǻǻǐȓǻƷǼǼॶ �ॽ �ॽ %ॽॶ
૫ �ȠǌȝΣৄ:ȋȓǝǐǼȖǐǼॶ �ॽ ँࣿऀआƷॽ �ȵȼȅȚǖȼǯǫ ǯͣȮȡȵȿȲǯȵ ȼȡ ȮǯȲϩȿȡȲȅțǖȼǯǫ ǥȡȚȮȡȿțǫȵ ȅț ȅțǻǖțǥͤ
ȮȲǯǫȅǥȼ ǖȼȼǯțȿǖȼǯǫ ͝ǖǥǥȅțǯ ǖțȼȅǤȡǫͤ ǥȡțǥǯțȼȲǖȼȅȡțȵ ǖȼ ǖǼǯ ठͤǯǖȲȵॶ࡞ ΗȂǶȠǻǐ ऀःॽ

ফइंব %ȓƷǼǌǱǐƷǼॶ Uॽॶ ,ǐǦǶǻƷǼǼॶ �ॽॶ sǐǦǣǐॶ Uॽॶ CǦǐǶȖǐǼॶ $ॽॶ BȂǝǐǼȖǐǼॶ eॽ �ॽॶ ૫ �ȠǌȝΣৄ:ȋȓǝǐǼȖǐǼॶ �ॽ
ँࣿऀआǅॽ [ǐȓȠǻ ΗƷǆǆǦǼǐ ƷǼȝǦǅȂǌΞ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ƷǌȂǶǐȖǆǐǼȝȖ ǐΝȏȂȖǐǌ ȝȂ ȏǐȓЙȠȂȓǦǼƷȝǐǌ
ǆȂǻȏȂȠǼǌȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ ,ǯǖȕȼȂ UǯȲȵȮǯǥȼȅ͝ǯȵॶ ऀँऄआॽ

ফइःব %ȓƷǼǌǱǐƷǼॶ Uॽॶ ,ǐǦǶǻƷǼǼॶ �ॽॶ sǐǦǣǐॶ Uॽॶ CǦǐǶȖǐǼॶ $ॽॶ BȂǝǐǼȖǐǼॶ eॽ �ॽॶ bǦǻǻǐȓǻƷǼǼॶ �ॽॶ ૫
�ȠǌȝΣৄ:ȋȓǝǐǼȖǐǼॶ �ॽ ँࣿऀआǆॽ �ȖȝǦǻƷȝǐǌ ǐΝȏȂȖȠȓǐȖ ȝȂ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ǆȂǻȏȂȠǼǌȖ ǦǼ ǦǼǜƷǼǆΞ
ȏȓǐǌǦǆȝ ƷȝȝǐǼȠƷȝǐǌ ΗƷǆǆǦǼǐ ƷǼȝǦǅȂǌΞ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ʒȝ Ʒǝǐ ऄৄΞǐƷȓȖॽ :ȡȿȲțǖȕ ȡǻ /ȚȚȿțȡȼȡͣȅǥȡȕठ
ȡǼͤॶ ऀःऀॶ ऀइइূऀईऄॽ

ফइऄব %ȓƷǼǌǱǐƷǼॶ Uॽ ૫ =ƷǼǌȓǦǝƷǼॶ Uॽ :ॽ ँࣿऀःॽ CǐȠȓȂǅǐǣƷΗǦȂȠȓƷǶ ǐЍǐǆȝȖ Ȃǜ ǌǐΗǐǶȂȏǻǐǼȝƷǶ ȝȂΝǦǆǦȝΞॽ
=ǖțǥǯȼ CǯȿȲȡȕȡǼͤॶ ऀंंॶ ंंࣿূंंइॽ

ऀࣿऀ



ফइअব %ȠȖȝƷǜȖȖȂǼॶ Hॽॶ �ǼǌǐȓȖȖȂǼॶ Uॽॶ �ΝǐǶǻƷǼॶ :ॽॶ �ȠǆǣǐǶǦॶ bॽ �ॽॶ <Ȇǻȏॶ Uॽॶ Bǆ=ƷǆǣǶƷǼॶ Bॽ [ॽॶ
[ȂǅǐǴॶ �ॽॶ ૫ bǣȆȓǼǝȓǐǼॶ :ॽ Hॽ ँࣿࣿऄॽ HǅȖǐȓΗƷȝǦȂǼȖ Ȃǜ ȝǣǐ U�� ǌǦȖȝȓǦǅȠȝǦȂǼ ΘǦȝǣǦǼ ƷǼǌ
ǦǼৄǅǐȝΘǐǐǼ Ǧǆǐॶ ȖǼȂΘॶ ǦǆǐৄȓƷǜȝǐǌ ǌǐǅȓǦȖॶ ǦǆǐৄǦǼȝǐȓȖȝǦȝǦƷǶ ΘƷȝǐȓॶ ƷǼǌ ȖǐƷΘƷȝǐȓ ǦǼ ȝǣǐ �ƷȓǐǼȝȖ [ǐƷ
ǻƷȓǝǦǼƷǶ Ǧǆǐ ΣȂǼǐ ƷǼǌ ȝǣǐ CȂȓȝǣ UȂǶǐ ƷȓǐƷॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंःँऀূंॶ
ँअऀূँआईॽ

ফइआব %ȠȖȝƷǜȖȖȂǼॶ Hॽॶ �ΝǐǶǻƷǼॶ :ॽॶ �ȓȂǻƷǼॶ �ॽॶ �ȓǦǴȖȖȂǼॶ Bॽॶ ૫ �ƷǣǶǝƷƷȓǌॶ ,ॽ ँࣿࣿऀॽ UȓȂǆǐȖȖৄ
ǌǦƷǝǼȂȖȝǦǆ ȏƷȝȝǐȓǼȖ Ȃǜ ǆǣǶȂȓȂǅǦȏǣǐǼΞǶ ǆȂǼǝǐǼǐȓȖ ǦǼ ȝΘȂ ȓƷǌǦȂǆǣȓȂǼȂǶȂǝǦǆƷǶǶΞ ǆǣƷȓƷǆȝǐȓǦΣǐǌ
ȖǐǌǦǻǐǼȝ ǆȂȓǐȖ ǜȓȂǻ ȝǣǐ ǼȂȓȝǣǐȓǼ �ƷАǼ �ƷΞॽ �ȂǯȚȡȵȮȂǯȲǯॶ ःऄअॶ आऄईূआअअॽ

ফइइব %ȠȖȝƷǜȖȖȂǼॶ Hॽॶ %ȖǆǣΘǐǼǌॶ Uॽ Bॽॶ ૫ �ȠǐȖȖǐǶǐȓॶ <ॽ Hॽ ऀईईआॽ [ǐȝȝǶǦǼǝ ȓǐǻȂΗƷǶ ȓƷȝǐȖ Ȃǜ U��Ȗ
ǦǼȝȂ ȝǣǐ CȂȓȝǣΘǐȖȝǐȓǼ �ȝǶƷǼȝǦǆ ǌǐȓǦΗǐǌ ǜȓȂǻ ࣣࣩࣤeࣣࣤࣥbǣ ǌǦȖǐȒȠǦǶǦǅȓǦƷॽ �ț͝ȅȲȡțȚǯțȼǖȕ
[ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंऀऀँॶ ंऄःःূंऄऄࣿॽ

ফइईব ,ƷǼȖǐǶǶॶ �ॽ �ॽॶ �ƷȓǶȖȂǼॶ �ॽ �ॽॶ XǐȏǐȝƷॶ �ॽ :ॽॶ ૫ [ǆǣǶǦȝΣǐȓॶ Xॽ ँࣿࣿईॽ �ǦȖȖȂǶΗǐǌ ȂȓǝƷǼǦǆ ǻƷȝৄ
ȝǐȓ ǦǼ ȝǣǐ ȂǆǐƷǼ ৄ Ʒ ǆȂǼȝȓȂΗǐȓȖΞ ȖȝǦǻȠǶƷȝǐȖ ǼǐΘ ǦǼȖǦǝǣȝȖॽ HǥǯǖțȡǼȲǖȮȂͤॶ ँँःॶ ँࣿँূँऀऀॽ

ফईࣿব ,ƷǼȖǐǼॶ �ॽॶ QȖȝǐȓǣȠȖॶ [ॽॶ bȠȓȓǐǶǶॶ sॽ Xॽॶ :ȃǼȖȖȂǼॶ [ॽॶ qƷǶǌǦǻƷȓȖȖȂǼॶ ,ॽॶ ,ƸȝȡǼॶ ,ॽॶ ૫ HǶȖǐǼॶ
[ॽ Bॽ ँࣿࣿइॽ bȂǯ /țϩȡ͞ ȡǻ �ȼȕǖțȼȅǥsǖȼǯȲ࣐ ,ǯǖȼ࣐ ǖțǫ [ǖȕȼ ȼȡ ȼȂǯ CȡȲǫȅǥ [ǯǖȵ �ǥȲȡȵȵ ȼȂǯ
%Ȳǯǯțȕǖțǫञ[ǥȡȼȕǖțǫ XȅǫǼǯॶ ȏȏॽ ऀऄূःंॽ [ȏȓǦǼǝǐȓ CǐȝǣǐȓǶƷǼǌȖॵ �Ȃȓǌȓǐǆǣȝॽ

ফईऀব ,ƷȠǴƿȖॶ Bॽॶ �ǐȓǝǐȓॶ eॽॶ ,Ȃȏॶ ,ॽॶ %ȠǶǶǦǴȖǐǼॶ �ॽॶ ૫ %ƷǅȓǦǐǶȖǐǼॶ %ॽ sॽ ँࣿࣿआॽ �ǦȂƷǆǆȠǻȠǶƷৄ
ȝǦȂǼ Ȃǜ ȏǐȓৄ ƷǼǌ ȏȂǶΞЙȠȂȓǦǼƷȝǐǌ ƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ U$�[ ǦǼ ȖǐǶǐǆȝǐǌ ȖȏǐǆǦǐȖ ǜȓȂǻ ȝǣǐ ǅƷȓǐǼȝȖ
ȖǐƷ ǜȂȂǌ Θǐǅॽ �ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ऀःइऀॶ ंअࣿূंआऀॽ

ফईँব ,ƷΘǴǐȓॶ �ॽ sॽ ૫ �ȂǼǼǐǶǶॶ �ॽ sॽ ऀईइइॽ HǆȝƷǼȂǶৄΘƷȝǐȓ ȏƷȓȝǦȝǦȂǼ ǆȂǐАǆǦǐǼȝȖ Ȃǜ ȏȂǶΞǆǣǶȂȓǦৄ
ǼƷȝǐǌ ǅǦȏǣǐǼΞǶ ǆȂǼǝǐǼǐȓȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ँँःॶ ंइँূंइआॽ

ফईंব ,ǐǶȖǐǶॶ �ॽ Xॽ ँࣿऀऀॽ �ȡȚȮȿȼȅțǼ [ȿȚȚǖȲͤ [ȼǖȼȅȵȼȅǥȵ ǖțǫ bȡȼǖȕȵॶ ȏȏॽ अँূईइॽ

ফईःব ,ǐǼȖȂǼॶ [ॽ �ॽॶ [ƷǼǌǐȓȖॶ Xॽॶ BƷǌȖǐǼॶ �ॽॶ BȂȓȓǦȖॶ Uॽ :ॽॶ =ǐ BȂǦǝǼǐॶ $ॽॶ ૫ WȠƷȓȝǶΞॶ %ॽ �ॽ
ँࣿऀऀॽ � ȓǐǌȠǆǐǌ ǐȖȝǦǻƷȝǐ Ȃǜ ȝǣǐ ȖȝȓǐǼǝȝǣ Ȃǜ ȝǣǐ ȂǆǐƷǼȖ ǅǦȂǶȂǝǦǆƷǶ ǆƷȓǅȂǼ ȏȠǻȏॽ %ǯȡठ
ȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ =ǯȼȼǯȲȵॶ ंइःॽ

ফईऄব ,ȂȠǌǐॶ Bॽॶ �ȠǱƷȖॶ bॽ �ॽ �ॽॶ [ǻƷǶǶॶ :ॽॶ sǐǶǶȖॶ Xॽ [ॽॶ $ƷǦȓॶ Uॽ �ॽॶ �ȂȖȖƷȓȝॶ %ॽ �ॽॶ [ȂǶȂǻȂǼॶ <ॽ Xॽॶ
૫BȠǦȓॶ �ॽ �ॽ %ॽ ँࣿࣿअॽ �ǦȂǻƷǝǼǦЖǆƷȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ǆȂǻȏȂȠǼǌȖ ǦǼ ȝǣǐ ǅȂȝȝǶǐǼȂȖǐ
ǌȂǶȏǣǦǼ bȿȲȵȅȡȮȵ ȼȲȿțǥǖȼȿȵ ǜȂȂǌ Θǐǅॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःࣿऀंॶ ःऀंइূ
ःऀःःॽ

ফईअব ,ȠǼǝॶ ,ॽॶ <ƷȝȖȂΞǦƷǼǼǦȖॶ �ॽ �ॽॶ �ȓȂȓȖȝȓȆǻৄ=ȠǼǌǑǼॶ �ॽॶ HǶƷǜȖǌȂȝȝǦȓॶ <ॽॶ �ƷȖॶ sॽॶ �ȓǐǦΗǦǴॶ <ॽॶ
�ȂǣǶǦǼৄCǦΣΣǐȝȝȂॶ Uॽॶ [ǦǝȠȓǌȖȖȂǼॶ �ॽॶ ,ƷǴȂǶƷॶ ,ॽॶ �ȂȖȖǦॶ Xॽॶ [ǴȂΗॶ ,ॽॶ [ΗǐȓǴȂॶ �ॽॶ �ƷȓȓǐȖǦॶ �ॽॶ
$ǐǶǶǦǼॶ Uॽॶ ૫sǦǶȖȂǼॶ [ॽ ँࣿऀअॽ bǐǻȏȂȓƷǶ ȝȓǐǼǌȖ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ UHUȖ ǦǼ
�ȓǆȝǦǆ ƷǦȓॵ ँࣿ ΞǐƷȓȖ Ȃǜ ǻȂǼǦȝȂȓǦǼǝ ȠǼǌǐȓ ȝǣǐ �ȓǆȝǦǆ BȂǼǦȝȂȓǦǼǝ ƷǼǌ �ȖȖǐȖȖǻǐǼȝ UȓȂǝȓƷǻǻǐ
�B�Uॽ �ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ँऀआॶ ऄँূअऀॽ

ऀࣿँ



ফईआব /ǼȝǐȓǼƷȝǦȂǼƷǶ UƷǼǐǶ ȂǼ �ǶǦǻƷȝǐ �ǣƷǼǝǐ /U�� ँࣿऀःॽ �ȕȅȚǖȼǯ �ȂǖțǼǯ ࣏࡚࡙࡛ [ͤțȼȂǯȵȅȵ
XǯȮȡȲȼࣗ �ȡțȼȲȅǤȿȼȅȡț ȡǻsȡȲȓȅțǼ %ȲȡȿȮȵ ࣐/ // ǖțǫ /// ȼȡ ȼȂǯ $ȅǻȼȂ �ȵȵǯȵȵȚǯțȼ XǯȮȡȲȼ ȡǻ ȼȂǯ /țठ
ȼǯȲǼȡ͝ǯȲțȚǯțȼǖȕ Uǖțǯȕ ȡț �ȕȅȚǖȼǯ �ȂǖțǼǯ इ�ȡȲǯsȲȅȼȅțǼ bǯǖȚ࣏ UǖǥȂǖȿȲȅ࣐ Uࣗ <ࣗ ǖțǫBǯͤǯȲ࣐
=ࣗ �ࣗ एǯǫȵࣗऐईॽ %ǐǼǐΗƷॶ [ΘǦȝΣǐȓǶƷǼǌॵ /U��ॶ ऀऄऀ ȏȏॽ

ফईइব /ǼȝǐȓǼƷȝǦȂǼƷǶ sǣƷǶǦǼǝ �ȂǻǻǦȖȖǦȂǼॶ /ॽ ऀईईंॽ �ȅȡȕȡǼͤ ȡǻ CȡȲȼȂǯȲț ,ǯȚȅȵȮȂǯȲǯ UȅȕȡȼsȂǖȕǯȵॽ
XǐȏȂȓȝॽ

ফईईব /bb� ँࣿࣿअॽ XǯǥȡȚȚǯțǫǯǫ UȲȡǥǯǫȿȲǯȵ ǖțǫ %ȿȅǫǯȕȅțǯȵ࣐ bǯȵȼȅțǼ ǖțǫ �ͣȼȲǖȮȡȕǖȼȅȡțBǯȼȂȡǫȵॽ
XǐȏȂȓȝॽ

ফऀࣿࣿব /ȠǌǦǆȂǼǐॶ �ॽॶ [ȏǐǦǆǣॶ [ॽॶ BƷǌǐǆॶ %ॽॶ ૫ �ǶƷǼǴǐॶ �ॽ ँࣿࣿइॽ bǣǐ ǝǶȂǅƷǶ ǆȂǼΗǐΞȂȓ ǅǐǶȝ ǜȓȂǻ Ʒ
ȖȂȠȝǣǐȓǼ ȂǆǐƷǼ ȏǐȓȖȏǐǆȝǦΗǐॽ :ȡȿȲțǖȕ ȡǻ UȂͤȵȅǥǖȕ HǥǯǖțȡǼȲǖȮȂͤॶ ंइआॶ ऀःࣿऀূऀःँऄॽ

ফऀࣿऀব :ƷǻǦǐȖȂǼॶ �ॽ :ॽॶ BƷǶǴȂǆȖॶ bॽॶ UǦǐȓȝǼǐΞॶ [ॽ �ॽॶ $ȠǱǦǦॶ bॽॶ ૫ ~ǣƷǼǝॶ ~ॽ ँࣿऀआॽ �ǦȂƷǆǆȠǻȠǶƷȝǦȂǼ
Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ ǦǼ ȝǣǐ ǌǐǐȏǐȖȝ ȂǆǐƷǼ ǜƷȠǼƷॽ CǖȼȿȲǯ �ǥȡȕȡǼͤ  �͝ȡȕȿȼȅȡțॶ ऀॶ
ࣿࣿऄऀॽ

ফऀࣿँব :ȂǐȓȖȖॶ ,ॽॶ xǦǐॶ ~ॽॶ sƷǝǼǐȓॶ �ॽ �ॽॶ ΗȂǼ �ȏȏǐǼॶ sॽৄ:ॽॶ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ
ँࣿँࣿॽ bȓƷǼȖȏȂȓȝ Ȃǜ ǶǐǝƷǆΞ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ƷǼǌ ȝǣǐ ȓǐȏǶƷǆǐǻǐǼȝ ǆȂǻȏȂȠǼǌ
,$UHৄ�� ȝǣȓȂȠǝǣ ȝǣǐ �ȝǶƷǼȝǦǆ ǝƷȝǐΘƷΞ ȝȂ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼু /Ȗ ȝǣǐ �ȓǆȝǦǆ Ʒ ȖǦǼǴ Ȃȓ Ʒ
ȖȂȠȓǆǐॾ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄःऀअॶ ईईऄइূईईअआॽ

ফऀࣿंব :ȂǣƷǼȖȖȂǼॶ :ॽ ,ॽॶ [ƷǶȝǐȓॶ Bॽ �ॽॶ �ǆȂȖȝƷ CƷΗƷȓȓȂॶ :ॽ �ॽॶ =ǐǆǴॶ �ॽॶ CǦǶȖȖȂǼॶ �ॽ �ॽॶ ૫ �ȂȠȖǦǼȖॶ
/ॽ bॽ ँࣿऀईॽ %ǶȂǅƷǶ ȝȓƷǼȖȏȂȓȝ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ ΗǦƷ ȖǐƷ ȖȏȓƷΞ ƷǐȓȂȖȂǶॽ �ț͝ȅȲȡțȚǯțȼǖȕ
[ǥȅǯțǥǯ࣏ UȲȡǥǯȵȵǯȵ  /ȚȮǖǥȼȵॶ ँऀःॶ अंऄূअःईॽ

ফऀࣿःব :ȂǣǼȖȂǼॶ Bॽ bॽ ँࣿऀࣿॽ � ǼȠǻǐȓǦǆƷǶ Ȗǆǣǐǻǐ ȝȂ ǆƷǶǆȠǶƷȝǐ ȝǐǻȏǐȓƷȝȠȓǐ ƷǼǌ ȖƷǶǦǼǦȝΞ ǌǐȏǐǼǌǐǼȝ
ƷǦȓৄΘƷȝǐȓ ȝȓƷǼȖǜǐȓ ΗǐǶȂǆǦȝǦǐȖ ǜȂȓ ƷǼΞ ǝƷȖॽ Hǥǯǖț [ǥȅǯțǥǯॶ अःॶ ईऀंূईंँॽ

ফऀࣿऄব :Ƞॶ xॽॶ :ǦǼॶ yॽॶ [ƷȖƷǴǦॶ <ॽॶ ૫ [ƷǦȝȂॶ Cॽ ँࣿࣿइॽ UǐȓЙȠȂȓǦǼƷȝǐǌ ȖȠȓǜƷǆȝƷǼȝȖ ǦǼ ȖȠȓǜƷǆǐॶ ȖȠǅȖȠȓৄ
ǜƷǆǐ ΘƷȝǐȓ ƷǼǌ ǻǦǆȓȂǶƷΞǐȓ ǜȓȂǻ�ƷǶǦƷǼ ǆȂƷȖȝƷǶ ΘƷȝǐȓȖ ǦǼ �ǣǦǼƷॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ 
bǯǥȂțȡȕȡǼͤॶ ःँऀࣿॶ ंऄंइূंऄःँॽ

ফऀࣿअব :ȠȓƷǌȂॶ �ॽॶ :ƷΘƷȓǌॶ $ॽ Bॽॶ =ȂǣǻƷǼǼॶ Xॽॶ :ȂǼǐȖॶ <ॽ �ॽॶ [Ǧǻȃॶ Xॽॶ ૫ �ƷǆǣȖॶ :ॽ ँࣿࣿःॽ �ȝǻȂৄ
ȖȏǣǐȓǦǆ ǌȓΞ ǌǐȏȂȖǦȝǦȂǼ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ ȝȂ ȝǣǐ �ȝǶƷǼȝǦǆ ƷǼǌ ǦǼǜǐȓǐǼǆǐȖ ǜȂȓ ȝǣǐ
ǝǶȂǅƷǶ ȂǆǐƷǼȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंइँऀॶ ऄऄࣿऄূऄऄऀंॽ

ফऀࣿआব :ȆǼȖȖȂǼॶ �ॽॶ %ȠȖȝƷǜȖȖȂǼॶ Hॽॶ �ΝǐǶǻƷǼॶ :ॽॶ ૫ [ȠǼǌǅǐȓǝॶ ,ॽ ँࣿࣿंॽ %ǶȂǅƷǶ ƷǆǆȂȠǼȝǦǼǝ Ȃǜ
U��Ȗ ǦǼ ȝǣǐ ǆȂǼȝǦǼǐǼȝƷǶ ȖǣǐǶǜ ȖǐǌǦǻǐǼȝȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंआँॶ ँःऄূ
ँऄऄॽ

ফऀࣿइব <ƷǼǼƷǼॶ <ॽॶ �ȂȓȖȂǶǦǼǦॶ [ॽॶ $ƷǶƷǼǌΞȖΣॶ :ॽॶ $ǦǶǶǻƷǼǼॶ %ॽॶ <ȠǻƷȓॶ <ॽ [ॽॶ =ȂǝƷǼƷȝǣƷǼॶ �ॽ %ॽॶ
BȂǣǌॶ Bॽ �ॽॶ HǶǦΗǐȓȂॶ :ॽॶ sȂȠΘǐॶ Cॽ qॽॶ yƷǼǝॶ :ॽ ,ॽॶ ૫ �ǶǌȂȠȖॶ <ॽ Bॽ ँࣿࣿःॽ UǐȓЙȠȂৄ
ȓȂȂǆȝƷǼǐȖȠǶǜȂǼƷȝǐ ƷǼǌ ȓǐǶƷȝǐǌ ЙȠȂȓȂǆǣǐǻǦǆƷǶȖ ǦǼ ǣȠǻƷǼ ǅǶȂȂǌ ǜȓȂǻ ȖǐΗǐȓƷǶ ǆȂȠǼȝȓǦǐȖॽ �ț͝ȅठ
ȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंइऀआॶ ःःइईূःःईऄॽ

ऀࣿं



ফऀࣿईব <ǐǶǶΞॶ �ॽ �ॽॶ /ǴȂǼȂǻȂȠॶ Bॽ %ॽॶ �ǶƷǦȓॶ :ॽ �ॽॶ BȂȓǦǼॶ �ॽ �ॽॶ ૫ %ȂǅƷȖॶ $ॽ �ॽ Uॽ �ॽ ँࣿࣿआॽ $ȂȂǌ
ΘǐǅৄȖȏǐǆǦЖǆ ǅǦȂǻƷǝǼǦЖǆƷȝǦȂǼ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖॽ [ǥȅǯțǥǯॶ ंऀआऄइंऄॶ ँंअॽ

ফऀऀࣿব <ΘȂǴॶ Xॽॶ �ȠǼǼǦǼǝǣƷǻॶ %ॽ $ॽॶ sǐǼȖǼƷǣƷǼॶ Bॽॶ XǦǝȂȓॶ /ॽॶ ~ΘƷǶǶΞॶ ,ॽ :ॽॶ ૫ yǦॶ �ॽ ँࣿࣿईॽ
bǣǦǼǼǦǼǝ ƷǼǌ ΗȂǶȠǻǐ ǶȂȖȖ Ȃǜ ȝǣǐ ƷȓǆȝǦǆ ȂǆǐƷǼ ȖǐƷ Ǧǆǐ ǆȂΗǐȓॵ ँࣿࣿंূँࣿࣿइॽ :ȡȿȲțǖȕ ȡǻ %ǯȡȮȂͤȵȅठ
ǥǖȕ XǯȵǯǖȲǥȂ࣏ Hǥǯǖțȵॶ ऀऀः�आॶ ǼƷূǼƷॽ

ফऀऀऀব =ƷǶǦǅǐȓȝǑॶ Bॽ ँࣿࣿआॽ BȂǌǐǶ ǜȂȓ ǆƷǶǆȠǶƷȝǦǼǝ ȝǣǐ ΗǦȖǆȂȖǦȝΞ Ȃǜ ƷȒȠǐȂȠȖ ȖȂǶȠȝǦȂǼȖॽ :ȡȿȲțǖȕ ȡǻ
�ȂǯȚȅǥǖȕ  �țǼȅțǯǯȲȅțǼ �ǖȼǖॶ ऄँँॶ ंँऀূंंऄॽ

ফऀऀँব =ƷǻǻǐǶॶ %ॽॶ BǐǦΝǼǐȓॶ $ॽ xॽॶ qȓƷǼƷॶ �ॽॶ �ǜȖȝƷȝǣǦȂȠॶ �ॽ /ॽॶ <ȂǣȂȠȝǐǴॶ :ॽॶ <ȠǴȠǈǴƷॶ Uॽॶ BȠǶǌǐȓॶ
Bॽ �ॽॶ UȕǦǅΞǶȂΗƸॶ Uॽॶ UȓȂǴǐȘॶ Xॽॶ XȠȖǦǼƷॶ bॽ Uॽॶ [ȂǼǝॶ %ॽ ~ॽॶ ૫ bȖƷȏƷǴǦȖॶ Bॽ ँࣿऀअॽ �ǦǌǦȓǐǆৄ
ȝǦȂǼƷǶ ƷǦȓূȖǐƷ ǐΝǆǣƷǼǝǐ ƷǼǌ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ UHUȖ U�,Ȗॶ U��Ȗॶ H�UȖ ƷǼǌ U���Ȗ ǦǼ ȝǣǐ
ǼȂǆȝȠȓǼƷǶ ǻƷȓǦǼǐ ǅȂȠǼǌƷȓΞ ǶƷΞǐȓॽ �ȼȚȡȵȮȂǯȲȅǥ ǥȂǯȚȅȵȼȲͤ ǖțǫ UȂͤȵȅǥȵॶ ऀअऀࣿॶ अंइऀূअंईंॽ

ফऀऀंব =ƷǻǻǐǶॶ %ॽ ૫ [ȝǐǻǻǶǐȓॶ /ॽ ँࣿऀँॽ $ȓƷǆȝǦȂǼƷȝǦȂǼ ƷǼǌ ǆȠȓȓǐǼȝ ȝǦǻǐ ȝȓǐǼǌȖ Ȃǜ U�� ǆȂǼৄ
ǝǐǼǐȓȖॵ ǐΗȂǶΗǐǻǐǼȝ Ȃǜ ǌǦȖȝȓǦǅȠȝǦȂǼȖ ऀईऄࣿৄँࣿऀࣿ ȖȝȠǌǦǐǌ ȠȖǦǼǝ Ʒ ǝǶȂǅƷǶ ƷȝǻȂȖȏǣǐȓǐৄȂǆǐƷǼ
ǝǐǼǐȓƷǶ ǆǦȓǆȠǶƷȝǦȂǼ ǻȂǌǐǶॽ �ȼȚȡȵȮȂǯȲȅǥ �ȂǯȚȅȵȼȲͤ ǖțǫ UȂͤȵȅǥȵॶ ऀँऀऄॶ आऀईईॽ

ফऀऀःব =ƷǼǌॶ Bॽॶ ǌǐ sǦȝॶ �ॽ �ॽॶ �ǦǝǼǐȓȝॶ �ॽॶ �ȂȠȖǦǼȖॶ /ॽ bॽॶ ,ǐȓΣǴǐॶ �ॽॶ :ȂǣƷǼȖȖȂǼॶ :ॽ ,ॽॶ ૫BƷȓȝǦǼॶ
:ॽ sॽ ँࣿऀइॽ sǣƷȝ ǦȖ ȝǣǐ ǐЍǐǆȝ Ȃǜ ȏǣƷȖǦǼǝ ȂȠȝ ǶȂǼǝৄǆǣƷǦǼ ȏǐȓৄ ƷǼǌ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ
ȂǼ ȝǣǐ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ ƷǼǌ ȝǣǐǦȓ ȏȓǐǆȠȓȖȂȓȖ ǦǼ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॾ �
ȖΞȖȝǐǻƷȝǦǆ ȓǐΗǦǐΘॽ �ț͝ȅȲȡțȚǯțȼǖȕ �͝ȅǫǯțǥǯॶ आऀॶ ःॽ

ফऀऀऄব =ƷǼǌȓǦǝƷǼॶ Uॽ :ॽॶ $ȠǶǶǐȓॶ Xॽॶ �ǆȂȖȝƷॶ Cॽ :ॽ Xॽॶ �ǌǐΞǦॶ Hॽॶ �ȓǼȂǶǌॶ Xॽॶ �ƷȖȠॶ Cॽॶ �ƷǶǌǑॶ �ॽ �ॽॶ
�ǐȓȝȂǶǶǦǼǦॶ Xॽॶ �ȂȖǐৄHXǐǦǶǶΞॶ [ॽॶ �ȂȠЍȂȓǌॶ :ॽ /ॽॶ �ȓǐΞȖȖǐॶ Uॽ Cॽॶ �ǣǦǶǐȖॶ bॽॶ BƷǣǦǌȂǶॶ �ॽॶ �ȂǶǶৄ
[ǐǆǴॶ �ॽ Bॽॶ �ȓȂȏȏǐȓॶ Bॽ =ॽॶ $ȂǅǦǶॶ :ॽॶ $ȠȖȝǐȓॶ qॽॶ %ȓǐǐǼȖȝȂǼǐॶ Bॽॶ ,ƷǦǼǐȖॶ �ॽॶ ,ƷǼȓƷǣƷǼॶ
�ॽॶ ,ȠǼȝǐȓॶ �ॽॶ <ǣƷȓǐॶ Bॽॶ <ȓȠȏǼǦǆǴॶ �ॽॶ =ƷǼȏǣǐƷȓॶ �ॽॶ =ȂǣƷǼǦॶ �ॽॶ BƷȓȝǦǼॶ <ॽॶ BƷȝǣǦৄ
ƷȖǐǼॶ <ॽ qॽॶ Bǆbǐǐȓॶ Bॽ �ॽॶ BȠȓȓƷΞॶ �ॽ :ॽ =ॽॶ CǌƷǣǦǻƷǼƷǼǱƷȓƷॶ :ॽ �ॽॶ UǐȓǐȓƷॶ $ॽॶ UȂȝȂǈǼǦǴॶ :ॽॶ
UȓǐǴǐȓॶ �ॽ [ॽॶ XƷǻǐȖǣॶ :ॽॶ XȂǆǴȖȝȓȆǻॶ :ॽॶ [ƷǶǦǼƷȖॶ �ॽॶ [ƷǻȖȂǼॶ =ॽ �ॽॶ [ƷǼǌǦǶΞƷॶ <ॽॶ [ǶΞॶ Uॽ �ॽॶ
[ǻǦȝǣॶ <ॽ Xॽॶ [ȝǐǦǼǐȓॶ �ॽॶ [ȝǐΘƷȓȝॶ Xॽ �ॽॶ [ȠǴॶ sॽ �ॽॶ ΗƷǼ [ǆǣƷΞǆǴॶ Hॽ �ॽ Uॽॶ yƷǌƷǻƷॶ %ॽ Cॽॶ
yȠǻǴǐǶǶƷॶ <ॽॶ ૫ ~ǣȂǼǝॶ Bॽ ँࣿऀइॽ bǣǐ ǶƷǼǆǐȝ ǆȂǻǻǦȖȖǦȂǼ ȂǼ ȏȂǶǶȠȝǦȂǼ ƷǼǌ ǣǐƷǶȝǣॽ bȂǯ
=ǖțǥǯȼॶ ंईऀऀࣿऀऀईॶ ःअँূऄऀँॽ

ফऀऀअব =ǐǣǼǐȓॶ �ॽ ૫ %ȓǦǶǶॶ %ॽ ँࣿऀंॽ %ǶȂǅƷǶ ȓǦΗǐȓ ǣΞǌȓȂǝȓƷȏǣΞ ƷǼǌ ǼǐȝΘȂȓǴ ȓȂȠȝǦǼǝॵ ǅƷȖǐǶǦǼǐ ǌƷȝƷ
ƷǼǌ ǼǐΘ ƷȏȏȓȂƷǆǣǐȖ ȝȂ ȖȝȠǌΞ ȝǣǐ ΘȂȓǶǌȖ ǶƷȓǝǐ ȓǦΗǐȓ ȖΞȖȝǐǻȖॽ ,ͤǫȲȡȕȡǼȅǥǖȕ UȲȡǥǯȵȵǯȵॶ ँआऀऄॶ
ँऀआऀূँऀइअॽ

ফऀऀआব =ǐȝǆǣǐȓॶ Xॽ :ॽॶ �ǣȠॶ [ॽॶ Bǆ<ǦǼǼǐΞॶ Bॽ �ॽॶ bȂǻΞॶ %ॽ bॽॶ [ȂǼǼǐॶ �ॽॶ ૫ �ǦǐȝΣॶ Xॽ ँࣿऀःॽ �Ȃǻৄ
ȏƷȓƷȝǦΗǐ ǣǐȏƷȝǦǆ ǦǼ ΗǦȝȓȂ ǌǐȏǶǐȝǦȂǼ ƷǼǌ ǻǐȝƷǅȂǶǦȝǐ ǜȂȓǻƷȝǦȂǼ Ȃǜ ǻƷǱȂȓ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶৄ
ǜȂǼƷȝǐ ȏȓǐǆȠȓȖȂȓȖ ǦǼ ƷȓǆȝǦǆ ȏȂǶƷȓ ǅǐƷȓॶ ǅǐǶȠǝƷ ΘǣƷǶǐॶ ƷǼǌ ȓǦǼǝǐǌ ȖǐƷǶॽ �ȂǯȚȡȵȮȂǯȲǯॶ ऀऀँॶ
ँँऄূँंऀॽ

ऀࣿः



ফऀऀइব =Ǧॶ :ॽॶ xǦǐॶ ~ॽॶ BǦॶ sॽॶ =ƷǦॶ [ॽॶ bǦƷǼॶ �ॽॶ �ǻǐǦȖॶ <ॽৄ�ॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ ँࣿऀआॽ HȓǝƷǼȂȏǣȂȖৄ
ȏǣƷȝǐ ǐȖȝǐȓȖ ǦǼ ƷǦȓॶ ȖǼȂΘॶ ƷǼǌ ȖǐƷΘƷȝǐȓ ǦǼ ȝǣǐ CȂȓȝǣ �ȝǶƷǼȝǦǆ ƷǼǌ ȝǣǐ �ȓǆȝǦǆॽ �ț͝ȅȲȡțȚǯțȼǖȕ
[ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄऀऀँॶ अइइआূअइईअॽ

ফऀऀईব =Ǧॶ Cॽॶ sƷǼǦƷॶ $ॽॶ =ǐǦॶ yॽ �ॽॶ ૫ �ƷǶΞॶ %ॽ =ॽ ँࣿࣿंॽ � ǆȂǻȏȓǐǣǐǼȖǦΗǐ ƷǼǌ ǆȓǦȝǦǆƷǶ ǆȂǻȏǦǶƷȝǦȂǼॶ
ǐΗƷǶȠƷȝǦȂǼॶ ƷǼǌ ȖǐǶǐǆȝǦȂǼ Ȃǜ ȏǣΞȖǦǆƷǶূǆǣǐǻǦǆƷǶ ȏȓȂȏǐȓȝΞ ǌƷȝƷ ǜȂȓ ȖǐǶǐǆȝǐǌ ȏȂǶΞǆǣǶȂȓǦǼƷȝǐǌ
ǅǦȏǣǐǼΞǶȖॽ :ࣗ UȂͤȵࣗ �ȂǯȚࣗ Xǯǻࣗ �ǖȼǖॶ ंँःॶ ऀऄःऄূऀऄईࣿॽ

ফऀँࣿব =Ǧǻॶ bॽ �ॽॶ sƷǼǝॶ �ॽॶ ,ȠƷǼǝॶ :ॽॶ �ǐǼǝॶ [ॽॶ ૫ yȠॶ %ॽ ँࣿऀऀॽ �ǻǦȖȖǦȂǼ ǦǼΗǐǼȝȂȓΞ ǜȂȓ U$H[
ǦǼ �ǣǦǼƷॵ ȓǐΗǦǐΘ Ȃǜ ȏƷȖȝ ǻǐȝǣȂǌȂǶȂǝǦǐȖ ƷǼǌ ȖȠǝǝǐȖȝǦȂǼȖॽ bȂǯ[ǥȅǯțȼȅϨǥsȡȲȕǫ:ȡȿȲțǖȕॶ ऀऀॶ
ऀईअंূऀईइࣿॽ

ফऀँऀব =ǦȖȖॶ Uॽ [ॽ ૫ [ǶƷȝǐȓॶ Uॽ %ॽ ऀईआःॽ $ǶȠΝ Ȃǜ ǝƷȖǐȖ ƷǆȓȂȖȖ ȝǣǐ ƷǦȓৄȖǐƷ ǦǼȝǐȓǜƷǆǐॽ CǖȼȿȲǯॶ ँःआऄःंइॶ
ऀइऀূऀइःॽ

ফऀँँব =ȂǣǻƷǼǼॶ Xॽ ૫ �ǐǶǴǦǼॶ /ॽ Bॽ ँࣿऀःॽ HȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ ƷǼǌ ȂǆǐƷǼ ǜȓȂǼȝȖ ƷǆȓȂȖȖ ȝǣǐ �ȝৄ
ǶƷǼȝǦǆ HǆǐƷǼॵ � ȓǐΗǦǐΘॽ UȲȡǼȲǯȵȵ ȅț HǥǯǖțȡǼȲǖȮȂͤॶ ऀँइॶ ऀआँূऀइःॽ

ফऀँंব =ȂǣǻƷǼǼॶ Xॽॶ �ȓǐǦΗǦǴॶ <ॽॶ �ƷǆǣȖॶ :ॽॶ ૫BȠǦȓॶ �ॽ ँࣿࣿआॽ %ǶȂǅƷǶ ǜƷȝǐ Ȃǜ UHUȖॵ �ȠȓȓǐǼȝ ƷǼǌ
ǜȠȝȠȓǐ ȓǐȖǐƷȓǆǣ ǌǦȓǐǆȝǦȂǼȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ऀऄࣿऀॶ ऀऄࣿূऀअऄॽ

ফऀँःব =ȂǣǻƷǼǼॶ Xॽॶ :ƷΘƷȓǌॶ $ॽ Bॽॶ �ȠȓǣƷǻॶ =ॽॶ �Ʒȓǅǐȓॶ :ॽ =ॽॶ HǆǴǐǼǌǐǼॶ sॽॶ :ȂǼǐȖॶ <ॽ �ॽॶ �ȓȠǣǼॶ
Xॽॶ =ƷǴƷȖǆǣȠȖॶ [ॽॶ �ƷǆǣȖॶ :ॽॶ ૫ �ȂȂǦǱॶ <ॽ ँࣿࣿःॽ UȂȝǐǼȝǦƷǶ ǆȂǼȝƷǻǦǼƷȝǦȂǼ Ȃǜ ȖǣǦȏǅȂƷȓǌ ƷǦȓ
ȖƷǻȏǶǐȖ ǅΞ ǌǦЍȠȖǦΗǐ ǐǻǦȖȖǦȂǼȖ Ȃǜ U��Ȗ ƷǼǌ Ȃȝǣǐȓ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖॵ /ǻȏǶǦǆƷȝǦȂǼȖ ƷǼǌ ȖȂǶȠৄ
ȝǦȂǼȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंइऀःॶ ंईअऄূंईआࣿॽ

ফऀँऄব =ȂǣǻƷǼǼॶ Xॽॶ <ǶƷǼȂΗƷॶ :ॽॶ <ȠǴȠǆǴƷॶ Uॽॶ yȂǼǦȖॶ [ॽॶ ૫ �ȂǶǶǦǼǝǐȓॶ <ॽ ँࣿऀँॽ U��Ȗ ƷǼǌ H�UȖ
ȂǼ Ʒ ǐƷȖȝৄȝȂৄΘǐȖȝ ȝȓƷǼȖǐǆȝॵ bǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ǻƷǱȂȓ ǆȠȓȓǐǼȝȖ ƷǼǌ Ǽǐȝ ΗȂǶƷȝǦǶǦΣƷȝǦȂǼ ǜȂȓ U��Ȗ
ǦǼ ȝǣǐ �ȝǶƷǼȝǦǆ HǆǐƷǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःअऀईॶ ऀࣿःआऀূऀࣿःआईॽ

ফऀँअব =ȂǦॶ �ॽ /ॽ ,ॽॶ yǐȠǼǝॶ =ॽ sॽ yॽॶ bƷǼǦΞƷȖȠॶ [ॽॶ =Ʒǻॶ Uॽ <ॽ [ॽॶ <ƷǼǼƷǼॶ <ॽॶ ૫ yƷǻƷȖǣǦȝƷॶ Cॽ
ँࣿऀऀॽ bȓȂȏǣǦǆ ǻƷǝǼǦЖǆƷȝǦȂǼ Ȃǜ ȏȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ǆȂǻȏȂȠǼǌȖ ǦǼ Ʒ ȖȠǅȝȓȂȏǦǆƷǶ
ǜȂȂǌ Θǐǅॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःऄऀंॶ ऄऄࣿअূऄऄऀंॽ

ফऀँआব =ȂȂȖǐॶ �ॽॶ Bǆ%ǦǶǶǦȖॶ sॽ Xॽॶ UǐȓȂΗǦǆǣॶ �ॽॶ ~ƷȏȏƷॶ �ॽ :ॽॶ ૫ [ǆǣǶȂȖȖǐȓॶ Uॽ ँࣿऀःॽ � ȏƷȓƷǻǐȝǐȓ
ǻȂǌǐǶ Ȃǜ ǝƷȖ ǐΝǆǣƷǼǝǐ ǜȂȓ ȝǣǐ ȖǐƷȖȂǼƷǶ ȖǐƷ Ǧǆǐ ΣȂǼǐॽ Hǥǯǖț [ǥȅǯțǥǯॶ ऀࣿऀॶ ऀआূँइॽ

ফऀँइব =ȂȓǌƷǼॶ �ॽॶ �ȂǶǶǦǼȖॶ Bॽ �ॽॶ <ǐΞॶ =ॽ Cॽॶ ૫ �ȓȂΘǼǐॶ �ॽ �ॽ ँࣿࣿऀॽ bǣǐ ǅǦȂǶȂǝΞ Ȃǜ ȝǣǐ Ȃǻৄ
ǻƷȖȝȓǐȏǣǦǌ ȖȒȠǦǌॶ ȼȡǫǖȲȡǫǯȵ ȵǖǼȅȼȼǖȼȿȵॶ ǦǼ ȝǣǐ CȂȓȝǣৄ�ƷȖȝ �ȝǶƷǼȝǦǆॽ :ȡȿȲțǖȕ ȡǻ ȼȂǯBǖȲȅțǯ
�ȅȡȕȡǼȅǥǖȕ �ȵȵȡǥȅǖȼȅȡț ȡǻ ȼȂǯ ețȅȼǯǫ <ȅțǼǫȡȚॶ इऀँॶ ँईईূंࣿअॽ

ফऀँईব =ȆǜȖȝǐǌȝ %ǦǶǶǱƷǻॶ :ॽॶ =ǐȂǼǐǶॶ :ॽॶ �ȂȠȖǦǼȖॶ /ॽ bॽॶ ૫ �ǐǼȖǴǦǼॶ :ॽ Uॽ ँࣿऀअƷॽ �ǌǌǦȝǦȂǼȖ ƷǼǌ ǆȂȓৄ
ȓǐǆȝǦȂǼ ȝȂ ǦȖ ȂǼǝȂǦǼǝ ȖȠǶЙȠȓƷǻǦǌ ȠȖǐ ǦǼ [ȂȠȝǣ �ǻǐȓǦǆƷ Ʒ ȖǦǝǼǦЖǆƷǼȝ ȖȂȠȓǆǐ Ȃǜ ȏǐȓЙȠȂȓȂȂǆৄ
ȝƷǼǐȖȠǶǜȂǼƷȝǐ U$H[ॾ ȏȓȂǌȠǆȝǦȂǼ ǦǼΗǐǼȝȂȓǦǐȖॶ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǜƷȝǐॶ ƷǼǌ ǶȂǆƷǶ ȂǆǆȠȓȓǐǼǆǐॽ
�ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄࣿऀःॶ आईंࣿূआईंंॽ

ऀࣿऄ



ফऀंࣿব =ȆǜȖȝǐǌȝ %ǦǶǶǱƷǻॶ :ॽॶ =ǐȂǼǐǶॶ :ॽॶ �ȂȠȖǦǼȖॶ /ॽ bॽॶ ૫ �ǐǼȖǴǦǼॶ :ॽ Uॽ ँࣿऀअǅॽ /Ȗ ȂǼǝȂǦǼǝ ȖȠǶЙȠৄ
ȓƷǻǦǌ ȠȖǐ ǦǼ [ȂȠȝǣ �ǻǐȓǦǆƷ Ʒ ȖǦǝǼǦЖǆƷǼȝ ȖȂȠȓǆǐ Ȃǜ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐȖȠǶǜȂǼƷȝǐ U$H[ॾ ȏȓȂৄ
ǌȠǆȝǦȂǼ ǦǼΗǐǼȝȂȓǦǐȖॶ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǜƷȝǐॶ ƷǼǌ ǶȂǆƷǶ ȂǆǆȠȓȓǐǼǆǐॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ 
bǯǥȂțȡȕȡǼͤॶ ऄࣿँॶ अऄंূअऄईॽ

ফऀंऀব BƷǆǌȂǼƷǶǌॶ Xॽ sॽॶ ,ƷȓǼǐȓॶ bॽॶ ૫ $Ξǜǐॶ :ॽ ँࣿࣿऄॽ XǐǆǐǼȝ ǆǶǦǻƷȝǐ ǆǣƷǼǝǐ ǦǼ ȝǣǐ ƷȓǆȝǦǆ ƷǼǌ ǦȝȖ
ǦǻȏƷǆȝ ȂǼ ǆȂǼȝƷǻǦǼƷǼȝ ȏƷȝǣΘƷΞȖ ƷǼǌ ǦǼȝǐȓȏȓǐȝƷȝǦȂǼ Ȃǜ ȝǐǻȏȂȓƷǶ ȝȓǐǼǌ ǌƷȝƷॽ [ǥȅǯțǥǯ ȡǻ bȂǯ
bȡȼǖȕ �ț͝ȅȲȡțȚǯțȼॶ ंःँऀূंॶ ऄূइअॽ

ফऀंँব BƷǆ/ǼǼǦȖॶ :ॽ :ॽॶ $ȓǐǼǆǣॶ <ॽॶ BȠǦȓॶ �ॽ �ॽ %ॽॶ [ȏǐǼǆǐȓॶ �ॽॶ �ȓǦȖǆǦȝǦǐǶǶȂॶ �ॽॶ �ǐ [ǦǶΗƷॶ �ॽ Hॽॶ ૫
yȂȠǼǝॶ �ॽ :ॽ ँࣿऀआॽ �ǻǐȓǝǦǼǝ ǦǼΗǐȖȝǦǝƷȝȂȓ ȖǐȓǦǐȖॵ Ʒ ऀःৄΞǐƷȓ ǌǐȏȂȖǦȝǦȂǼƷǶ Ǧǆǐ ȓǐǆȂȓǌ Ȃǜ ȏǐȓЙȠৄ
ȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ȝǣǐ ,Ǧǝǣ �ȓǆȝǦǆॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ࣏ UȲȡǥǯȵȵǯȵ  /ȚȮǖǥȼȵॶ ऀईऀॶ
ँँূंࣿॽ

ফऀंंব BƷǆǴƷΞॶ �ॽ ૫ UƷȝǐȓȖȂǼॶ [ॽ ऀईईऀॽ �ΗƷǶȠƷȝǦǼǝ ȝǣǐ ǻȠǶȝǦǻǐǌǦƷ ǜƷȝǐ Ȃǜ ȂȓǝƷǼǦǆ ǆǣǐǻǦǆƷǶȖॵ Ʒ
ǶǐΗǐǶ ǦǦǦ ǜȠǝƷǆǦȝΞ ǻȂǌǐǶॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ँऄंॶ ःँआূःंअॽ

ফऀंःব BƷǆǴƷΞॶ �ॽ ૫sƷǼǦƷॶ $ॽ ऀईईऄॽ bȓƷǼȖȏȂȓȝ Ȃǜ ǆȂǼȝƷǻǦǼƷǼȝȖ ȝȂ ȝǣǐ �ȓǆȝǦǆॵ ȏƷȓȝǦȝǦȂǼǦǼǝॶ
ȏȓȂǆǐȖȖǐȖ ƷǼǌ ǻȂǌǐǶȖॽ [ǥȅǯțǥǯ ȡǻ ȼȂǯ bȡȼǖȕ �ț͝ȅȲȡțȚǯțȼॶ ऀअࣿॶ ँऄূंइॽ

ফऀंऄব BƷȓȝǦǼॶ :ॽ sॽॶ �Ȗǣǐȓॶ �ॽ :ॽॶ �ǐǐȖȂȂǼॶ [ॽॶ �ǐǼȖǴǦǼॶ :ॽ Uॽॶ ૫ XȂȖȖॶ Bॽ [ॽ ँࣿऀࣿॽ U$H[ Ȃȓ Uȓǐৄ
$H[ॾ Ʒȓǐ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐ ȏȓǐǆȠȓȖȂȓȖ ȏȓǐǜȂȖ ǦǻȏȂȓȝƷǼȝ ǌǐȝǐȓǻǦǼƷǼȝȖ Ȃǜ ǣȠǻƷǼ
ƷǼǌ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐ U$H[ ǐΝȏȂȖȠȓǐॾ :ȡȿȲțǖȕ ȡǻ �ț͝ȅȲȡțȚǯțȼǖȕ
BȡțȅȼȡȲȅțǼॶ ऀँऀऀॶ ऀईआईূँࣿࣿःॽ

ফऀंअব BƷȓȝǦǼॶ :ॽ sॽॶ �ǶǶǦȖॶ �ॽ �ॽॶ BƷǅȠȓΞॶ [ॽ �ॽॶ ,ȠȓǶǐΞॶ Bॽ �ॽॶ ૫sƷǶǶǦǼǝȝȂǼॶ bॽ :ॽ ँࣿࣿअॽ �ȝৄ
ǻȂȖȏǣǐȓǦǆ ǆǣǐǻǦȖȝȓΞ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴƷǼǐȖȠǶǜȂǼƷǻǦǌǐȖॵ <ǦǼǐȝǦǆ ƷǼǌ ȏȓȂǌȠǆȝ ȖȝȠǌǦǐȖ Ȃǜ ȝǣǐ Ȃǣ
ȓƷǌǦǆƷǶ ƷǼǌ ǆǶ ƷȝȂǻ ǦǼǦȝǦƷȝǐǌ ȂΝǦǌƷȝǦȂǼ Ȃǜ ǼৄǐȝǣΞǶ ȏǐȓЙȠȂȓȂǅȠȝƷǼǐȖȠǶǜȂǼƷǻǦǌǐॽ �ț͝ȅȲȡțȚǯțठ
ȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःࣿंॶ इअःূइआँॽ

ফऀंआব Bǆ=ƷǆǣǶƷǼॶ Bॽ [ॽॶ ~ȂȠॶ ,ॽॶ ૫ %ȂȠǦǼॶ bॽ ँࣿऀआॽ eȖǦǼǝ ǅǐǼǆǣǻƷȓǴǦǼǝ ȝȂ ȖȝȓǐǼǝȝǣǐǼ ȝǣǐ
ƷȖȖǐȖȖǻǐǼȝ Ȃǜ ȏǐȓȖǦȖȝǐǼǆǐॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄऀऀॶ ःূऀऀॽ

ফऀंइব BǐǱǦƷ �ΗǐǼǌƷȁȂॶ [ॽ ૫ =ǦȠॶ :ॽ ँࣿऀऄॽ UȓȂǌȠǆȝǦȂǼ Ȃǜ ȏǜȂȖ ǜȓȂǻ ƷǐȓȂǅǦǆ ȖȂǦǶ ǅǦȂȝȓƷǼȖǜȂȓǻƷȝǦȂǼ
Ȃǜ ȝΘȂ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǶǜȂǼƷǻǦǌǐ ǌǐȓǦΗƷȝǦΗǐȖॽ �ȂǯȚȡȵȮȂǯȲǯॶ ऀऀईॶ ऀࣿइःূऀࣿईࣿॽ

ফऀंईব BǦƷΣॶ =ॽ bॽॶ UǶƷȖȖǻƷǼǼॶ BॽBॽॶ %ΞǶǶǐǼǣƷǻǻƷȓॶ /ॽॶ �ǦǝǼǐȓȝॶ �ॽॶ [ƷǼǌǅǶȂǻॶ Hॽॶ =ǦǝǼǐǶǶॶ
[ॽॶ %ǶΞǼǼॶ �ॽॶ ૫ �ǐǼȖǴǦǼॶ :ॽ Uॽ ँࣿँࣿॽ bǐǻȏȂȓƷǶ ȝȓǐǼǌȖ Ȃǜ ȖȠȖȏǐǆȝৄ ƷǼǌ ȝƷȓǝǐȝৄ
ȏǐȓȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ U$�[ॶ ǐΝȝȓƷǆȝƷǅǶǐ ȂȓǝƷǼǦǆ ЙȠȂȓǦǼǐ �H$ ƷǼǌ ȝȂȝƷǶ ЙȠȂȓǦǼǐ
b$ ǦǼ ȏȂȂǶǐǌ ȖǐȓȠǻ ǜȓȂǻ ЖȓȖȝৄȝǦǻǐ ǻȂȝǣǐȓȖ ǦǼ eȏȏȖƷǶƷॶ [ΘǐǌǐǼॶ ऀईईअূँࣿऀआॽ �ț͝ȅȲȡțठ
Țǯțȼǖȕ [ǥȅǯțǥǯ࣏ UȲȡǥǯȵȵǯȵ  /ȚȮǖǥȼȵॶ ँँःॶ ऀࣿआऀূऀࣿइंॽ

ফऀःࣿব BȂȓȝǐǼȖǐǼॶ ,ॽ [ॽॶ UƷǴǴǐǼǅǐȓǝॶ �ॽॶ �Ʒǻॶ Bॽॶ �ǦǐȝΣॶ Xॽॶ [ȂǼǼǐॶ �ॽॶ BǦǴǴǐǶȖǐǼॶ �ॽॶ ૫ �ȓǦǴȖǐǼॶ
Cॽ ँࣿऀःॽ WȠƷǼȝǦȝƷȝǦΗǐ ȓǐǶƷȝǦȂǼȖǣǦȏȖ ǦǼ ǫǯȕȮȂȅțȅǫ țǯȡǥȡȲȼǯͣॽ $ȲȡțȼȅǯȲȵ ȅț țǯȿȲȡǖțǖȼȡȚͤॶ इॶ
ऀंँূऀंँॽ

ऀࣿअ



ফऀःऀব BȠǦȓॶ �ॽॶ �ȂȖȖǦॶ Xॽॶ �ƷȓǶȖȖȂǼॶ Uॽॶ �ΗƷǼȖॶ Bॽॶ �ǐ [ǦǶΗƷॶ �ॽॶ ,ƷǶȖƷǶǶॶ �ॽॶ XƷȠǐȓȝॶ �ॽॶ ,ǐȓΣǴǐॶ
�ॽॶ ,ȠǼǝॶ ,ॽॶ =ǐȝǆǣǐȓॶ Xॽॶ XǦǝǑȝॶ $ॽॶ ૫ XȂȂȖॶ �ॽ ँࣿऀईॽ =ǐΗǐǶȖ ƷǼǌ ȝȓǐǼǌȖ Ȃǜ ȏȂǶΞৄ ƷǼǌ
ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ȝǣǐ ƷȓǆȝǦǆ ǐǼΗǦȓȂǼǻǐǼȝ ূ ƷǼ ȠȏǌƷȝǐॽ �ȚǯȲǼȅțǼ �ȡțȼǖȚȅțǖțȼȵॶ ऄॶ
ँःࣿূँआऀॽ

ফऀःँব BȠǦȓॶ �ॽ ૫BǦƷΣॶ =ॽ bॽ ँࣿँऀॽ [ȏƷȝǦƷǶ ƷǼǌ ȝǐǻȏȂȓƷǶ ȝȓǐǼǌȖ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ
ǝǶȂǅƷǶ ȂǆǐƷǼ ƷǼǌ ǆȂƷȖȝƷǶ ΘƷȝǐȓȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॽ

ফऀःंব BȠȓƷǴƷǻǦॶ Bॽॶ /ǻƷǻȠȓƷॶ �ॽॶ [ǣǦǼȂǣƷȓƷॶ ,ॽॶ <ǦȓǦॶ <ॽॶ BȠȓƷǻƷȝȖȠॶ yॽॶ ,ƷȓƷǌƷॶ �ॽॶ ૫ bƷǴƷǌƷॶ
,ॽ ँࣿࣿइॽ HǆǆȠȓȓǐǼǆǐ ƷǼǌ ȖȂȠȓǆǐȖ Ȃǜ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ȖȠȓǜƷǆȝƷǼȝȖ ǦǼ ȓǦΗǐȓȖ ǦǼ :ƷȏƷǼॽ �ț͝ȅȲȡțठ
Țǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःँऀआॶ अऄअअূअऄआँॽ

ফऀःःব CƷȖǆǦǻǐǼȝȂॶ Xॽ �ॽॶ CȠǼȂȂॶ �ॽ �ॽ Hॽॶ �ǦΣǴƷȓǝȠǐǼƷǝƷॶ �ॽॶ [ǆǣȠǶȝǐȖॶ =ॽॶ ~ƷǅƷǶǐȝƷॶ /ॽॶ �ǐǼȖǴǦǼॶ
:ॽ Uॽॶ [ȏƷǼȃॶ [ॽॶ ૫ =ǐȂǼǐǶॶ :ॽ ँࣿऀइॽ [ȠǶЙȠȓƷǻǦǌ ȠȖǐ ǦǼ �ȓƷΣǦǶǦƷǼ ƷǝȓǦǆȠǶȝȠȓǐॵ � ȖȂȠȓǆǐ Ȃǜ ȏǐȓৄ
ƷǼǌ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ U$�[Ȗ ȝȂ ȝǣǐ ǐǼΗǦȓȂǼǻǐǼȝॽ �ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ँःँॶ
ऀःंअূऀःःंॽ

ফऀःऄব CƷȝǦȂǼƷǶ �ȠȓǐƷȠ Ȃǜ [ȝƷȝǦȖȝǦǆȖ Ȃǜ �ǣǦǼƷ ँࣿऀंॽ ँࣿऀࣿ UȂȏȠǶƷȝǦȂǼ �ǐǼȖȠȖॽ

ফऀःअব CǦǐǶȖǐǼॶ [ॽ bॽॶ BȂȓȝǐǼȖǐǼॶ Xॽॶ <ƷȝȓǦǼ ,ȂΞǌƷǶॶ <ॽॶ �ȓǐǼǅǱǐȓǝॶ [ॽॶ ૫ �ƷǻॶBॽ ँࣿऀँॽ �B�U
$ǖȲȡǯ /ȵȕǖțǫȵ ,ǯǖͤ͝Bǯȼǖȕȵ ǖțǫ UHUȵ �ȡȲǯ UȲȡǼȲǖȚȚǯ ठ࡛࡙࡚࡛ॽࡢ࡙࡙࡛ XǐȏȂȓȝॶ �ǼΗǦȓȂǼǻǐǼȝ
�ǝǐǼǆΞॽ

ফऀःआব CǦǝǣȝǦǼǝƷǶǐॶ Uॽ �ॽॶ BƷǶǦǼॶ %ॽॶ =ƷΘॶ �ॽ [ॽॶ sƷȝȖȂǼॶ �ॽ :ॽॶ =ǦȖȖॶ Uॽ [ॽॶ =ǦǌǌǦǆȂƷȝॶ Bॽ /ॽॶ �ȂȠȝǦǼॶ
:ॽॶ ૫ eȏȖȝǦǶǶৄ%ȂǌǌƷȓǌॶ Xॽ �ॽ ँࣿࣿࣿॽ /Ǽ ȖǦȝȠ ǐΗƷǶȠƷȝǦȂǼ Ȃǜ ƷǦȓৄȖǐƷ ǝƷȖ ǐΝǆǣƷǼǝǐ ȏƷȓƷǻǐȝǐȓৄ
ǦΣƷȝǦȂǼȖ ȠȖǦǼǝ ǼȂΗǐǶ ǆȂǼȖǐȓΗƷȝǦΗǐ ƷǼǌ ΗȂǶƷȝǦǶǐ ȝȓƷǆǐȓȖॽ %ȕȡǤǖȕ �ȅȡǼǯȡǥȂǯȚȅǥǖȕ �ͤǥȕǯȵॶ ऀःऀॶ
ंआंূंइआॽ

ফऀःइব CǦΣΣǐȝȝȂॶ =ॽॶ =ȂǣǻƷǼǼॶ Xॽॶ %ǦȂǦƷॶ Xॽॶ �ƷǆǣȖॶ :ॽॶ ૫ :ȂǼǐȖॶ <ॽ �ॽ ँࣿऀࣿॽ �ȝǶƷǼȝǦǆ ȂǆǐƷǼ ȖȠȓৄ
ǜƷǆǐ ΘƷȝǐȓȖ ǅȠЍǐȓ ǌǐǆǶǦǼǦǼǝ ƷȝǻȂȖȏǣǐȓǦǆ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖॽ
�ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःःऀइॶ अईआइূअईइःॽ

ফऀःईব HǶȖǐǼॶ %ॽ sॽॶ �ȠȓȓǦȖॶ :ॽ Bॽॶ �ǣȓǐȖǻƷǼॶ �ॽ :ॽॶ $ȓȂǐǣǶǦǆǣॶ :ॽ sॽॶ [ǐƷǆƷȝॶ �ॽ Bॽॶ �ȠȝǐǼǣȂЍॶ
:ॽ =ॽॶ ૫ ~ȂǅǐǶॶ =ॽ Xॽ ँࣿࣿआƷॽ ,ƷǶǜৄǶǦǜǐ Ȃǜ ȖǐȓȠǻ ǐǶǦǻǦǼƷȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐȖȠǶৄ
ǜȂǼƷȝǐॶȏǐȓЙȠȂȓȂǣǐΝƷǼǐȖȠǶǜȂǼƷȝǐॶ ƷǼǌ ȏǐȓЙȠȂȓȂȂǆȝƷǼȂƷȝǐ ǦǼ ȓǐȝǦȓǐǌ ЙȠȂȓȂǆǣǐǻǦǆƷǶ ȏȓȂǌȠǆৄ
ȝǦȂǼ ΘȂȓǴǐȓȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ ȂǯǖȕȼȂ ȮǯȲȵȮǯǥȼȅ͝ǯȵॶ ऀऀऄईॶ ऀँईइূऀंࣿऄॽ

ফऀऄࣿব HǶȖǐǼॶ %ॽ sॽॶ BƷǦȓॶ �ॽ �ॽॶ XǐƷǝǐǼॶ sॽ <ॽॶ �ǶǶǐǜȖȂǼॶ Bॽ �ॽॶ �ǣȓǐȖǻƷǼॶ �ॽ :ॽॶ �ȠȝǐǼǣȂЍॶ :ॽ =ॽॶ
૫ ~ȂǅǐǶॶ =ॽ Xॽ ँࣿࣿआǅॽ UȓǐǶǦǻǦǼƷȓΞ ǐΗǦǌǐǼǆǐ Ȃǜ Ʒ ǌǐǆǶǦǼǐ ǦǼ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐȖȠǶǜȂǼƷȝǐ
U$H[ ƷǼǌ ȏǐȓЙȠȂȓȂȂǆȝƷǼȂƷȝǐ U$H� ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ƷǻǐȓǦǆƷǼ ȓǐǌ ǆȓȂȖȖ ǅǶȂȂǌ ǌȂǼȂȓȖॽ
�ȂǯȚȡȵȮȂǯȲǯॶ अइऀॶ ऀࣿऄূऀऀऀॽ

ফऀऄऀব UƷǼॶ �ॽৄ%ॽॶ yǦǼǝॶ %ॽৄ%ॽॶ =ǦȠॶ yॽৄ[ॽॶ ~ǣƷǼǝॶ WॽৄWॽॶ �ǣǐǼॶ ~ॽৄ$ॽॶ UǐǼǝॶ $ॽৄ:ॽॶ ૫ ,ȠƷǼǝॶ %ॽৄyॽ
ँࣿऀःॽ �ȂǼȝƷǻǦǼƷȝǦȂǼ ȏȓȂЖǶǐȖ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ЖΗǐ ȝΞȏǦǆƷǶ ȓǦΗǐȓȖ Ȃǜ ȝǣǐ UǐƷȓǶ
XǦΗǐȓ �ǐǶȝƷ ȓǐǝǦȂǼॶ [ȂȠȝǣ �ǣǦǼƷॽ �ȂǯȚȡȵȮȂǯȲǯॶ ऀऀःॶ ऀअূँऄॽ

ऀࣿआ



ফऀऄँব UƷǼƷǝȂȏȂȠǶȂȖॶ �ॽॶ <ǦǐȓǴǐǝƷƷȓǌॶ �ॽॶ :ƷǣǼǴǐॶ �ॽॶ ૫BƷǆ=ǐȂǌॶ Bॽ ँࣿऀअॽ �ΗƷǶȠƷȝǦǼǝ ȝǣǐ
ȖƷǶȝǦǼǝৄȂȠȝ ǐЍǐǆȝ ȂǼ ȝǣǐ ȂȓǝƷǼǦǆ ǆƷȓǅȂǼΘƷȝǐȓ ȏƷȓȝǦȝǦȂǼ ȓƷȝǦȂȖ <H� ƷǼǌ <�H� Ȃǜ ǶǦǼৄ
ǐƷȓ ƷǼǌ ǆΞǆǶǦǆ ΗȂǶƷȝǦǶǐ ǻǐȝǣΞǶȖǦǶȂΝƷǼǐȖॵ BǐƷȖȠȓǐǻǐǼȝȖ ƷǼǌ ȏȂǶΞȏƷȓƷǻǐȝǐȓ ǶǦǼǐƷȓ ǜȓǐǐ ǐǼǐȓǝΞ
ȓǐǶƷȝǦȂǼȖǣǦȏȖॽ :ȡȿȲțǖȕ ȡǻ �ȂǯȚȅǥǖȕ  �țǼȅțǯǯȲȅțǼ �ǖȼǖॶ अऀईॶ ंࣿईइূंऀࣿइॽ

ফऀऄंব UƷǼǼǐǐȓ [ǐǶΗƷǻॶ �ॽॶ =ƷȏǦǐȓȓǐॶ :ॽৄ$ॽॶ %ȠǦǶǶǐǻǐȝȝǐॶ $ॽॶ qȂǦǝȝॶ �ॽॶ =Ʒǻȏȓǐǆǣȝॶ Xॽ �ॽॶ �ǦƷȖǦॶ �ॽॶ
�ǣȓǦȖȝǐǼȖǐǼॶ bॽ Xॽॶ BƷȓȝǦǴƷǦǼǐǼॶ Uॽ :ॽॶ ૫ �ǐȓǝǝȓǐǼॶ Bॽ ँࣿऀआॽ �ǐǝȓƷǌƷȝǦȂǼ ȏȂȝǐǼȝǦƷǶȖ Ȃǜ
ǌǦȖȖȂǶΗǐǌ ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ �H� ǜȓȂǻ ȝǣƷΘǐǌ ȏǐȓǻƷǜȓȂȖȝ ȏǐƷȝॽ [ǥȅǯțȼȅϨǥ XǯȮȡȲȼȵॶ आॶ ःऄइऀऀॽ

ফऀऄःব UƷȠǶॶ �ॽ %ॽॶ :ȂǼǐȖॶ <ॽ �ॽॶ ૫ [ΘǐǐȝǻƷǼॶ �ॽ :ॽ ँࣿࣿईॽ � ЖȓȖȝ ǝǶȂǅƷǶ ȏȓȂǌȠǆȝǦȂǼॶ ǐǻǦȖȖǦȂǼॶ ƷǼǌ
ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǦǼΗǐǼȝȂȓΞ ǜȂȓ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ
ःंँॶ ंइअূंईँॽ

ফऀऄऄব UǐȓȖǴΞॶ qॽॶ bȠȓΞǴॶ Bॽॶ �ǼǌǐȓȖȂǼॶ ,ॽ �ॽॶ ,ƷǼȓƷǣƷǼॶ =ॽ Uॽॶ $ƷǶǴॶ �ॽॶ [ȝǐǐǼȏȂȓȝॶ �ॽ Cॽॶ �ǣƷȝৄ
ȝǐȓȝȂǼॶ Xॽॶ $ȓǐǐǶȖॶ [ॽॶ ૫ %ȓǐƷȝ =ƷǴǐȖ �ȂǼȖȂȓȝǦȠǻ ँࣿࣿऀॽ bǣǐ ǐЍǐǆȝȖ Ȃǜ U�� ǐΝȏȂȖȠȓǐ ƷǼǌ
ЖȖǣ ǆȂǼȖȠǻȏȝǦȂǼ ȂǼ ǐǼǌȂǝǐǼȂȠȖ ǣȂȓǻȂǼǐȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ ,ǯǖȕȼȂ UǯȲȵȮǯǥȼȅ͝ǯȵॶ ऀࣿईऀँॶ
ऀँआऄূऀँइंॽ

ফऀऄअব UǦǆǴƷȓǌॶ ,ॽ Bॽॶ �ȓǦȖǆǦȝǦǐǶǶȂॶ �ॽ [ॽॶ [ȏǐǼǆǐȓॶ �ॽॶ [ǣƷȓȏॶ Bॽ :ॽॶ BȠǦȓॶ �ॽ �ॽ %ॽॶ �ǐ [ǦǶΗƷॶ �ॽ Hॽॶ
૫ yȂȠǼǝॶ �ॽ :ॽ ँࣿऀइॽ �ȂǼȝǦǼȠȂȠȖ ǼȂǼৄǻƷȓǦǼǐ ǦǼȏȠȝȖ Ȃǜ ȏǐȓৄ ƷǼǌ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅৄ
ȖȝƷǼǆǐȖ ȝȂ ȝǣǐ ,Ǧǝǣ �ȓǆȝǦǆॵ � ǻȠǶȝǦৄǌǐǆƷǌƷǶ ȝǐǻȏȂȓƷǶ ȓǐǆȂȓǌॽ �ȼȚȡȵȮȂǯȲȅǥ �ȂǯȚȅȵȼȲͤ 
UȂͤȵȅǥȵॶ ऀइआॶ ऄࣿःऄূऄࣿऄइॽ

ফऀऄआব UǦȖȝȂǆǆǣǦॶ �ॽ ૫ =ȂȂȖॶ Xॽ ँࣿࣿईॽ � ǻƷȏ Ȃǜ ǐȠȓȂȏǐƷǼ ǐǻǦȖȖǦȂǼȖ ƷǼǌ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ U$H[
ƷǼǌ U$H�ॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःंँःॶ ईँंआূईँःःॽ

ফऀऄइব UȂǶΞƷǴȂΗॶ /ॽ qॽॶ �ǶǐǴȖǐǐΗॶ %ॽ qॽॶ �ǐǴȓΞƷǐΗॶ Xॽ qॽॶ �ǣƷȝȝॶ eॽॶ �ȂǶȂǼΞॶ Xॽ =ॽॶ :ȂǣǼȖȂǼॶ Bॽ �ॽॶ
<ƷȓǴǶǦǼॶ qॽ Uॽॶ BƷǴȖǣȝƷȖॶ �ॽ Uॽॶ sƷǶȖǣॶ �ॽॶ ૫ yȠǶǦǼॶ �ॽ qॽ ँࣿࣿँॽ HǅȖǐȓΗƷȝǦȂǼƷǶǶΞ ǅƷȖǐǌ
ƷȖȖǐȖȖǻǐǼȝ Ȃǜ ȏȂǶƷȓ ƷǻȏǶǦЖǆƷȝǦȂǼ Ȃǜ ǝǶȂǅƷǶ ΘƷȓǻǦǼǝॽ %ǯȡȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ =ǯȼȼǯȲȵॶ ँईऀइॶ
ँऄূऀূँऄূःॽ

ফऀऄईব UȂǶΞƷǴȂΗॶ /ॽ qॽॶ sƷǶȖǣॶ :ॽ �ॽॶ ૫ <ΘȂǴॶ Xॽ ँࣿऀँॽ XǐǆǐǼȝ ǆǣƷǼǝǐȖ Ȃǜ ƷȓǆȝǦǆ ǻȠǶȝǦΞǐƷȓ ȖǐƷ Ǧǆǐ
ǆȂΗǐȓƷǝǐ ƷǼǌ ȝǣǐ ǶǦǴǐǶΞ ǆƷȠȖǐȖॽ �ȿȕȕǯȼȅț ȡǻ ȼȂǯ �ȚǯȲȅǥǖțBǯȼǯȡȲȡȕȡǼȅǥǖȕ [ȡǥȅǯȼͤॶ ईंँॶ ऀःऄূ
ऀऄऀॽ

ফऀअࣿব UȂΘǶǐΞॶ �ॽ Xॽॶ %ǐȂȓǝǐॶ [ॽ sॽॶ XȠȖȖǐǶǶॶ Bॽ ,ॽॶ ,ȂǴǐॶ Xॽ �ॽॶ ૫ �ȠǆǴॶ Xॽ �ॽ ँࣿࣿइॽ UȂǶΞЙȠৄ
ȂȓǦǼƷȝǐǌ ǆǣǐǻǦǆƷǶȖ ǦǼ Ʒ ȖȏƷȝǦƷǶǶΞ ƷǼǌ ȝǐǻȏȂȓƷǶǶΞ ǦǼȝǐǝȓƷȝǐǌ ǜȂȂǌ Θǐǅ ǦǼ ȝǣǐ ΘǐȖȝǐȓǼ �ȓǆȝǦǆॽ
�ȂǯȚȡȵȮȂǯȲǯॶ आࣿःॶ अअःূअआँॽ

ফऀअऀব UȠǜƷǶǶॶ �ॽ =ॽॶ :ȂǼǐȖॶ �ॽ Wॽॶ Bǆ�ΘǐǼॶ [ॽ �ॽॶ =ΞƷǶǶॶ �ॽॶ UǐȓǐǝȓǦǼǐॶ �ॽ [ॽॶ ૫ �ǌǝǐॶ qॽ =ॽ ँࣿऀऀॽ
UǐȓǆǐȏȝǦȂǼ Ȃǜ ȝǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ȝȓƷǌǦȝǦȂǼƷǶ ǆȂȠǼȝȓΞ ǜȂȂǌȖ ȝȂ ȝǣǐ ȏǣΞȖǦǆƷǶॶ ǻǐǼȝƷǶॶ ƷǼǌ ȖȏǦȓǦৄ
ȝȠƷǶ ǣǐƷǶȝǣ Ȃǜ ǶƷǅȓƷǌȂȓ ǦǼȠǦȝॽ �Ȳǥȼȅǥॶ अःँॶ ँःँূँऄࣿॽ

ऀࣿइ



ফऀअँব XƷǣǻȖȝȂȓǜॶ [ॽॶ �ȂΝॶ :ॽ �ॽॶ $ǐȠǶǼǐȓॶ %ॽॶ BƷǼǼॶ Bॽ �ॽॶ XȂǅǦǼȖȂǼॶ �ॽॶ XȠȝǣǐȓǜȂȓǌॶ [ॽॶ ૫ [ǆǣƷǜৄ
ǜǐȓǼǦǆǣȝॶ �ॽ :ॽ ँࣿऀऄॽ �ΝǆǐȏȝǦȂǼƷǶ ȝΘǐǼȝǦǐȝǣৄǆǐǼȝȠȓΞ ȖǶȂΘǌȂΘǼ ǦǼ �ȝǶƷǼȝǦǆ HǆǐƷǼ ȂΗǐȓȝȠȓǼৄ
ǦǼǝ ǆǦȓǆȠǶƷȝǦȂǼॽ CǖȼȿȲǯ �ȕȅȚǖȼǯ �ȂǖțǼǯॶ ऄॶ ःआऄॽ

ফऀअंব XǦǆǣȝǐȓৄBǐǼǝǐॶ :ॽॶ HΗǐȓǶƷǼǌॶ :ॽ �ॽॶ BƷȝǣǦȖॶ :ॽॶ ૫ HȖǅȂȓǼǐॶ �ॽ ँࣿऀआॽ �Ȳǥȼȅǥ XǯȮȡȲȼ �ǖȲǫ
ॽࡠ࡚࡙࡛ XǐȏȂȓȝॽ

ফऀअःব XȂǌȓǦǝȂॶ �ॽ Uॽ ૫ �ȂȖȝƷॶ Uॽ Bॽ ँࣿऀआॽ bǣǐ ȓȂǶǐ Ȃǜ ȝǣǐ ǆǐȏǣƷǶȂȏȂǌ ǌǦǝǐȖȝǦΗǐ ǝǶƷǼǌ ǦǼ ȝǣǐ
ȖȝȂȓƷǝǐ ƷǼǌ ǌǐȝȂΝǦЖǆƷȝǦȂǼ Ȃǜ ǻƷȓǦǼǐ ȏȂǶǶȠȝƷǼȝȖॽ $ȲȡțȼȅǯȲȵ ȅț UȂͤȵȅȡȕȡǼͤॶ इॶ ँंँॽ

ফऀअऄব [ƷǶȝǐȓॶ Bॽ �ॽॶ ~Ǧǐǝǐȓॶ Uॽॶ �ǆȂȖȝƷ CƷΗƷȓȓȂॶ :ॽ �ॽॶ %ȓΞȝǣǐॶ ,ॽॶ <ǦȓǴǐΗƿǝॶ �ॽॶ XȂȖƷȝǦॶ �ॽॶ XǦǦȏǦǼǐǼॶ
/ॽॶ ૫ CǦǶȖȖȂǼॶ �ॽ �ॽ ँࣿऀऄॽ �Ǽ ǐǻȏǦȓǦǆƷǶǶΞ ǌǐȓǦΗǐǌ ǦǼȂȓǝƷǼǦǆ ȖǐƷ ȖȏȓƷΞ ȖȂȠȓǆǐ ǜȠǼǆȝǦȂǼ ǦǼǆȂȓৄ
ȏȂȓƷȝǦǼǝ ȖǐƷ ȖȠȓǜƷǆǐ ȝǐǻȏǐȓƷȝȠȓǐॽ �ȼȚȡȵȮȂǯȲȅǥ �ȂǯȚȅȵȼȲͤ  UȂͤȵȅǥȵॶ ऀऄऀईॶ ऀऀࣿःआূऀऀࣿअअॽ

ফऀअअব [ƷǼǌǐȓॶ Xॽ ऀईईईॽ BȂǌǐǶǦǼǝ ƷȝǻȂȖȏǣǐȓǦǆ ǆǣǐǻǦȖȝȓΞॵ /ǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ ǝƷȖৄȏǣƷȖǐ ȖȏǐǆǦǐȖ
ƷǼǌ ǶǦȒȠǦǌ ǆǶȂȠǌƷǐȓȂȖȂǶ ȏƷȓȝǦǆǶǐȖॽ [ȿȲ͝ǯͤȵ ȅț %ǯȡȮȂͤȵȅǥȵॶ ँࣿऀॶ ऀূंऀॽ

ফऀअआব [ǆǣǐǼǴǐȓॶ eॽॶ BƷǆ=ǐȂǌॶ Bॽॶ [ǆǣǐȓǦǼǝǐȓॶ Bॽॶ ૫,ȠǼǝǐȓǅȤǣǶǐȓॶ <ॽ ँࣿࣿऄॽ /ǻȏȓȂΗǦǼǝ ǌƷȝƷ
ȒȠƷǶǦȝΞ ǜȂȓ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǜƷȝǐ ǻȂǌǐǶȖॵ � ǶǐƷȖȝৄȖȒȠƷȓǐȖ ƷǌǱȠȖȝǻǐǼȝ ȏȓȂǆǐǌȠȓǐ ǜȂȓ ǣƷȓǻȂǼǦΣৄ
ǦǼǝ ȏǣΞȖǦǆȂǆǣǐǻǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ ȂȓǝƷǼǦǆ ǆȂǻȏȂȠǼǌȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ
ंईँऀॶ इःंःূइःःऀॽ

ফऀअइব [ǆǣǐȓǦǼǝǐȓॶ Bॽॶ [ȝȓǐǻȏǐǶॶ [ॽॶ ,ȠǴƷȓǦॶ [ॽॶ Cǝॶ �ॽ �ॽॶ �Ƕǐȏȏॶ Bॽॶ ૫,ȠǼǝǐȓǅȠǣǶǐȓॶ <ॽ ँࣿऀँॽ
,ȂΘǻƷǼΞ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ ȖǣȂȠǶǌ Θǐ ǐΝȏǐǆȝॾ �ȼȚȡȵȮȂǯȲȅǥ Uȡȕȕȿȼȅȡț XǯȵǯǖȲǥȂॶ
ंःॶ ंइंূंईऀॽ

ফऀअईব [ǆǣǐȓǦǼǝǐȓॶ Bॽॶ sǐǝǻƷǼǼॶ $ॽॶ $ǐǼǼǐȓॶ <ॽॶ ૫,ȠǼǝǐȓǅȤǣǶǐȓॶ <ॽ ँࣿࣿࣿॽ /ǼΗǐȖȝǦǝƷȝǦȂǼ Ȃǜ
ȝǣǐ ǆȂǶǌ ǆȂǼǌǐǼȖƷȝǦȂǼ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ ΘǦȝǣ Ʒ ǝǶȂǅƷǶ ǻȠǶȝǦǻǐǌǦƷ ǜƷȝǐ ǻȂǌǐǶॽ
�ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंःईॶ ऀइःँূऀइऄࣿॽ

ফऀआࣿব [ǆǣΘƷȓΣǐǼǅƷǆǣॶ Xॽ Uॽॶ %ȖǆǣΘǐǼǌॶ Uॽ Bॽॶ ૫ /ǻǅȂǌǐǼॶ �ॽ Bॽ ँࣿࣿंॽ �ț͝ȅȲȡțȚǯțȼǖȕ HȲǼǖțȅǥ
�ȂǯȚȅȵȼȲͤॽ CǐΘ yȂȓǴॵ :ȂǣǼsǦǶǐΞ ૫ [ȂǼȖॶ ँǼǌ ǐǌǦȝǦȂǼॽ

ফऀआऀব [ǣƷॶ �ॽॶ :ȂǣƷǼȖȖȂǼॶ :ॽ ,ॽॶ �ǐǼȖǴǦǼॶ :ॽ Uॽॶ �ȂȠȖǦǼȖॶ /ॽ bॽॶ ૫ [ƷǶȝǐȓॶ Bॽ �ॽ ँࣿँࣿॽ /ǼЙȠǐǼǆǐ Ȃǜ
ΘƷȝǐȓ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ U$��Ȗ ȂǼ ȝǣǐǦȓ ȖǦΣǐৄȓǐȖȂǶΗǐǌ ǐǼȓǦǆǣǻǐǼȝ ǦǼ
ǼƷȖǆǐǼȝ ȖǐƷ ȖȏȓƷΞ ƷǐȓȂȖȂǶȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॽ

ফऀआँব [ǦǻǆǦǴॶ Bॽ $ॽ ૫ �ȂȓΘǐǦǶǐȓॶ <ॽ :ॽ ँࣿࣿऄॽ XƷȝǦȂ Ȃǜ ȏǐȓЙȠȂȓȂǆǣǐǻǦǆƷǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ƷȖ Ʒ
ȝȓƷǆǐȓ Ȃǜ ƷȝǻȂȖȏǣǐȓǦǆ ǌǐȏȂȖǦȝǦȂǼ ȝȂ ȖȠȓǜƷǆǐ ΘƷȝǐȓȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ
ंईँँॶ इअआइূइअइंॽ

ফऀआंব [ǦǻȂǼǦǆǣॶ [ॽ =ॽ ૫,ǦȝǐȖॶ Xॽ �ॽ ऀईईऄॽ %ǶȂǅƷǶ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼȂǆǣǶȂȓǦǼǐ
ǆȂǻȏȂȠǼǌȖॽ [ǥȅǯțǥǯॶ ँअईऄँंँॶ ऀइऄऀॽ

ऀࣿई



ফऀआःব [ǦǻȂǼǼǐȝৄ=ƷȏȓƷǌǐॶ �ॽॶ �ȠǌΣǦǼȖǴǦॶ ,ॽॶ BƷǆǦǐǱǐΘȖǴǦॶ <ॽॶ =ǐ BǐǼƷǆǣॶ <ॽॶ [ƷǼȝȂȖॶ Xॽॶ �ǶǶǦȂȝॶ
$ॽॶ %ȂȠȝȝǐॶ �ॽॶ ૫ =ƷǅƷǌǦǐॶ Uॽ ँࣿऀईॽ �ǦȂǻƷǝǼǦЖǆƷȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ U$��Ȗ ǦǼ
ȝǣǐ ǜȂȂǌ Θǐǅ Ȃǜ ƷǼ ȠȓǅƷǼ ȓǦΗǐȓॵ �ȖȖǐȖȖǻǐǼȝ Ȃǜ ȝǣǐ ȝȓȂȏǣǦǆ ȝȓƷǼȖǜǐȓ Ȃǜ ȝƷȓǝǐȝǐǌ ƷǼǌ ȠǼǴǼȂΘǼ
ȏȓǐǆȠȓȖȂȓȖ ƷǼǌ ǦǻȏǶǦǆƷȝǦȂǼȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ࣏ UȲȡǥǯȵȵǯȵ  /ȚȮǖǥȼȵॶ ँऀऀऀॶ ऀइअःূ
ऀइआःॽ

ফऀआऄব [ǦǼǴǴȂǼǐǼॶ [ॽ ૫ UƷƷȖǦΗǦȓȝƷॶ :ॽ ँࣿࣿࣿॽ �ǐǝȓƷǌƷȝǦȂǼ ǣƷǶǜৄǶǦǜǐ ȝǦǻǐȖ Ȃǜ U���Ȗॶ U��$Ȗ ƷǼǌ
U��Ȗ ǜȂȓ ǐǼΗǦȓȂǼǻǐǼȝƷǶ ǜƷȝǐ ǻȂǌǐǶǦǼǝॽ �ȂǯȚȡȵȮȂǯȲǯॶ ःࣿईূऀऀॶ ईःंূईःईॽ

ফऀआअব [ǻƷȓȝॶ �ॽ �ॽ ँࣿࣿऀॽ $ǶȠȂȓǦǼǐ ȖȠǅȖȝǦȝȠǐǼȝ ǐЍǐǆȝȖ ȂǼ ǅǦȂƷǆȝǦΗǦȝΞॽ :ȡȿȲțǖȕ ȡǻ $ȕȿȡȲȅțǯ �ȂǯȚठ
ȅȵȼȲͤॶ ऀࣿईऀॶ ंূऀऀॽ

ফऀआआব [ǻǦȝǣॶ [ॽ �ॽ ऀईइࣿॽ sǦǼǌ ȖȝȓǐȖȖ ƷǼǌ ǣǐƷȝ ЙȠΝ ȂΗǐȓ ȝǣǐ ȂǆǐƷǼ ǦǼ ǝƷǶǐ ǜȂȓǆǐ ΘǦǼǌȖॽ :ȡȿȲțǖȕ ȡǻ
UȂͤȵȅǥǖȕ HǥǯǖțȡǼȲǖȮȂͤॶ ऀࣿऄॶ आࣿईূआँअॽ

ফऀआइব [ȂǅǐǴॶ �ॽ ૫ %ȠȖȝƷǜȖȖȂǼॶ Hॽ ँࣿࣿःॽ =ƷȝǦȝȠǌǦǼƷǶ ǜȓƷǆȝǦȂǼƷȝǦȂǼ Ȃǜ ȏȂǶΞǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖ
ǦǼ ȖȠȓǜƷǆǐ ȖǐƷΘƷȝǐȓ ƷǶȂǼǝ Ʒ अँ Cइई C ȝȓƷǼȖǐǆȝ ǜȓȂǻ ȝǣǐ [ȂȠȝǣǐȓǼ CȂȓΘǐǝǦƷǼ [ǐƷ ȝȂ ȝǣǐ
CȂȓȝǣ UȂǶǐ �ȓǐƷॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ंइऀࣿॶ ँआःअূँआऄऀॽ

ফऀआईব [ȂǅǐǴॶ �ॽ ૫ %ȠȖȝƷǜȖȖȂǼॶ Hॽ ँࣿऀःॽ �ǐǐȏ ΘƷȝǐȓ ǻƷȖȖǐȖ ƷǼǌ ȖǐǌǦǻǐǼȝȖ Ʒȓǐ ǻƷǦǼ ǆȂǻȏƷȓȝৄ
ǻǐǼȝȖ ǜȂȓ ȏȂǶΞǆǣǶȂȓǦǼƷȝǐǌ ǅǦȏǣǐǼΞǶȖ ǦǼ ȝǣǐ �ȓǆȝǦǆ HǆǐƷǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕठ
ȡǼͤॶ ःइऀँॶ अआऀईূअआँऄॽ

ফऀइࣿব [ȂǅǐǴॶ �ॽॶ %ȠȖȝƷǜȖȖȂǼॶ Hॽॶ ,ƷǱǌȠॶ [ॽॶ ૫ =ƷȓȖȖȂǼॶ eॽ ँࣿࣿःॽ UƷȓȝǦǆǶǐΘƷȝǐȓ ȏƷȓȝǦȝǦȂǼǦǼǝ Ȃǜ
U��Ȗ ǦǼ ȝǣǐ ȏǣȂȝǦǆ ΣȂǼǐॵ � ँऄৄǻȂǼȝǣ ȖȝȠǌΞ ǦǼ ȝǣǐ ȂȏǐǼ �ƷǶȝǦǆ [ǐƷॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ 
bǯǥȂțȡȕȡǼͤॶ ंइऄॶ ऀंआऄূऀंइँॽ

ফऀइऀব [ȏǐǦǆǣॶ [ॽॶ �ǶƷǼǴǐॶ �ॽॶ ૫ �ƷǦॶ sॽ ँࣿࣿआॽ �ȝǶƷǼȝǦǆ ǻǐȓǦǌǦȂǼƷǶ ȂΗǐȓȝȠȓǼǦǼǝ ǆǦȓǆȠǶƷȝǦȂǼ ƷǼǌ ȝǣǐ
[ȂȠȝǣǐȓǼ ,ǐǻǦȖȏǣǐȓǐ ȖȠȏǐȓǝΞȓǐॽ %ǯȡȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ =ǯȼȼǯȲȵॶ ंःँंॽ

ফऀइँব [ȝǐǻǻǶǐȓॶ /ॽ ૫ =ƷǻǻǐǶॶ %ॽ ँࣿऀंॽ �ΗǦǌǐǼǆǐ Ȃǜ ȝǣǐ ȓǐȝȠȓǼ Ȃǜ ȏƷȖȝ ȏȂǶǶȠȝǦȂǼ ǦǼ ȝǣǐ ȂǆǐƷǼॵ �
ǻȂǌǐǶ ȖȝȠǌΞॽ %ǯȡȮȂͤȵࣗ Xǯȵࣗ =ǯȼȼࣗॶ ःࣿआॶ ऀंआंূऀंआइॽ

ফऀइंব [ȝǐǼΣǐǶॶ �ॽॶ %ȂȖȖॶ <ॽৄeॽॶ ૫ �ǼǌȂॶ [ॽ ँࣿऀंॽ �ΝȏǐȓǦǻǐǼȝƷǶ ǌǐȝǐȓǻǦǼƷȝǦȂǼ Ȃǜ ȏȂǶΞȏƷȓƷǻǐȝǐȓ
ǶǦǼǐƷȓ ǜȓǐǐ ǐǼǐȓǝΞ ȓǐǶƷȝǦȂǼȖǣǦȏ ȏȏৄǶǜǐȓ ȖȠǅȖȝƷǼǆǐ ǌǐȖǆȓǦȏȝȂȓȖ ǜȂȓ ȏǐȖȝǦǆǦǌǐȖ ƷǼǌ Ȃȝǣǐȓ ǆȂǼৄ
ȝƷǻǦǼƷǼȝȖॵ CǐΘǻǐƷȖȠȓǐǻǐǼȝȖ ƷǼǌ ȓǐǆȂǻǻǐǼǌƷȝǦȂǼȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ
ःआँःॶ ऀःँࣿःূऀःँऀःॽ

ফऀइःব [ȝȂǆǴॶ Cॽ =ॽॶ $ȠȓǌȠǦॶ qॽ /ॽॶ BȠǦȓॶ �ॽ �ॽ %ॽॶ ૫BƷǅȠȓΞॶ [ॽ �ॽ ँࣿࣿआॽ UǐȓЙȠȂȓȂƷǶǴΞǶ ǆȂǼȝƷǻৄ
ǦǼƷǼȝȖ ǦǼ ȝǣǐ �ƷǼƷǌǦƷǼ �ȓǆȝǦǆॵ �ΗǦǌǐǼǆǐ Ȃǜ ƷȝǻȂȖȏǣǐȓǦǆ ȝȓƷǼȖȏȂȓȝ ƷǼǌ ǶȂǆƷǶ ǆȂǼȝƷǻǦǼƷȝǦȂǼॽ
�ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःऀऀࣿॶ ंऄँईূंऄंअॽ

ফऀइऄব [ȝȓƷǻȖǴƷॶ Bॽ ૫ [ȝȓƷǻȖǴǦॶ �ॽ ँࣿࣿऄॽ qƷȓǦƷǅǦǶǦȝΞ Ȃǜ ȏƷȓȝǦǆȠǶƷȝǐ ȂȓǝƷǼǦǆ ǆƷȓǅȂǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼ
ǦǼ ȝǣǐ ǼȂȓȝǣ ȏȂǶƷȓ �ȝǶƷǼȝǦǆ ǅƷȖǐǌ ȂǼ ȂǆǐƷǼ ǆȂǶȂȓ ȂǅȖǐȓΗƷȝǦȂǼȖ ΘǦȝǣ ȖǐƷৄΗǦǐΘǦǼǝ ΘǦǌǐ ЖǐǶǌৄȂǜৄ
ΗǦǐΘ ȖǐǼȖȂȓ [ǐƷsǦ$[ॽ :ȡȿȲțǖȕ ȡǻ %ǯȡȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ࣏ Hǥǯǖțȵॶ ऀऀࣿ�ऀࣿॽ

ऀऀࣿ



ফऀइअব [ȝȓȂǐΗǐॶ :ॽॶ ,ȂǶǶƷǼǌBƷȓǦǴƷॶ Bॽॶ BǐǦǐȓॶ sॽॶ [ǆƷǻǅȂȖॶ bॽॶ ૫ [ǐȓȓǐΣǐॶ Bॽ ँࣿࣿआॽ �ȓǆȝǦǆ ȖǐƷ Ǧǆǐ
ǌǐǆǶǦǼǐॵ $ƷȖȝǐȓ ȝǣƷǼ ǜȂȓǐǆƷȖȝॽ %ǯȡȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ =ǯȼȼǯȲȵॶ ंःईॽ

ফऀइआব [ȠǼॶ �ॽॶ [ȂǶȝΘǐǌǐǶॶ bॽॶ �ƷȠǐȓǜǐǦǼǌॶ �ॽॶ �ǌǐǶǻƷǼॶ �ॽ �ॽॶ ૫ =ȂǣǻƷǼǼॶ Xॽ ँࣿऀअॽ �ǐȏȝǣ
ȏȓȂЖǶǐȖ Ȃǜ ȏǐȓȖǦȖȝǐǼȝ ȂȓǝƷǼǦǆ ȏȂǶǶȠȝƷǼȝȖ ǦǼ ȝǣǐ CȂȓȝǣ ƷǼǌ bȓȂȏǦǆƷǶ �ȝǶƷǼȝǦǆ HǆǐƷǼॽ �ț͝ȅȲȡțठ
Țǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄࣿऀँॶ अऀआँূअऀआईॽ

ফऀइइব [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽ ँࣿࣿआॽ BǐȓǆȠȓΞ ǐΝȏȂȖȠȓǐ ǜȓȂǻ ǌȂǻǐȖȝǦǆ ƷǼǌ ǦǻȏȂȓȝǐǌ ǐȖȝȠƷȓǦǼǐ ƷǼǌ
ǻƷȓǦǼǐ ЖȖǣ ǦǼ ȝǣǐ eॽ[ॽ ȖǐƷǜȂȂǌ ǻƷȓǴǐȝॽ �ț͝ȅȲȡțȚǯțȼǖȕ ȂǯǖȕȼȂ ȮǯȲȵȮǯǥȼȅ͝ǯȵॶ ऀऀऄँॶ ँंऄূँःँॽ

ফऀइईব [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽॶ ,Ƞॶ xॽ �ॽॶ �ƷȖȖȠǼǆƷȂॶ �ॽॶ bȂǴȓƷǼȂΗॶ �ॽ <ॽॶ sƷǝǼǐȓॶ �ॽ �ॽॶ ૫ �ǶǶǐǼॶ :ॽ %ॽ
ँࣿऀइॽ � ȓǐΗǦǐΘ Ȃǜ ȝǣǐ ȏƷȝǣΘƷΞȖ Ȃǜ ǣȠǻƷǼ ǐΝȏȂȖȠȓǐ ȝȂ ȏȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ
U$�[Ȗ ƷǼǌ ȏȓǐȖǐǼȝ ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ ǣǐƷǶȝǣ ǐЍǐǆȝȖॽ :ȡȿȲțǖȕ ȡǻ �ͣȮȡȵȿȲǯ [ǥȅǯțǥǯ  �ț͝ȅȲȡțठ
Țǯțȼǖȕ �ȮȅǫǯȚȅȡȕȡǼͤॽ

ফऀईࣿব [ȤǣȓǦǼǝॶ Xॽॶ �ǦƷǻȂǼǌॶ Bॽ =ॽॶ [ǆǣǐȓǦǼǝǐȓॶ Bॽॶ sȂǼǝॶ $ॽॶ UȠǇǴȂॶ Bॽॶ [ȝǐȓǼॶ %ॽॶ �Ƞȓȝॶ �ॽॶ
,ȠǼǝॶ ,ॽॶ $ǐǶǶǦǼॶ Uॽॶ =Ǧॶ ,ॽॶ ૫ :ƷǼȝȠǼǐǼॶ =ॽ Bॽ ँࣿऀअॽ HȓǝƷǼȂȏǣȂȖȏǣƷȝǐ ǐȖȝǐȓȖ ǦǼ �ƷǼƷৄ
ǌǦƷǼ �ȓǆȝǦǆ ƷǦȓॵ HǆǆȠȓȓǐǼǆǐॶ ǶǐΗǐǶȖ ƷǼǌ ȝȓǐǼǌȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄࣿऀःॶ
आःࣿईূआःऀऄॽ

ফऀईऀব bǣƷǆǴȓƷΞॶ �ॽ Uॽॶ [ǐǶǦǼॶ Cॽ �ॽॶ ૫ yȂȠǼǝॶ �ॽ :ॽ ँࣿँࣿॽ � ǝǶȂǅƷǶ ƷȝǻȂȖȏǣǐȓǦǆ ǆǣǐǻǦȖȝȓΞ ǻȂǌǐǶ
ǜȂȓ ȝǣǐ ǜƷȝǐ ƷǼǌ ȝȓƷǼȖȏȂȓȝ Ȃǜ U$��Ȗ ƷǼǌ ȝǣǐǦȓ ȏȓǐǆȠȓȖȂȓȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ࣏ UȲȡǥǯȵȵǯȵ 
/ȚȮǖǥȼȵॶ ँँँॶ ँइऄূँईंॽ

ফऀईँব bǣǐȂǅƷǶǌॶ Cॽॶ �ƷǶǦǐǅǐॶ �ॽॶ %ǐȓΘǦǼȖǴǦॶ sॽॶ ,ȤǣǼǐȓǜȠȖȖॶ ,ॽॶ ૫ =ǐȏȂǻॶ Uॽ ँࣿऀऀॽ HǆǆȠȓȓǐǼǆǐ
Ȃǜ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ȂȓǝƷǼǦǆ ƷǆǦǌȖ ǦǼ ȝǣǐ CȂȓȝǣ ƷǼǌ �ƷǶȝǦǆ [ǐƷȖॽ ȏƷȓȝ ऀॵ ǌǦȖȝȓǦǅȠȝǦȂǼ ǦǼ ȖǐƷ ΘƷȝǐȓॽ
�ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ ǖțǫ Uȡȕȕȿȼȅȡț XǯȵǯǖȲǥȂॶ ऀइआॶ ऀࣿऄआূऀࣿअईॽ

ফऀईंব bǣȂǻȏȖȂǼॶ :ॽॶ XȂƷǆǣॶ �ॽॶ �ƷǝǶǐȖǣƷǻॶ %ॽॶ �ƷȓȝǴȂΘॶ Bॽ �ॽॶ �ǌǝǐॶ <ॽॶ ૫BȠǐǶǶǐȓॶ :ॽ $ॽ ँࣿऀऀॽ
UǐȓЙȠȂȓǦǼƷȝǐǌ ƷǶǴΞǶ ƷǆǦǌȖ ǦǼ ΘƷȝǐȓॶ ȖǐǌǦǻǐǼȝ ƷǼǌ ΘǦǶǌǶǦǜǐ ǜȓȂǻ ȖΞǌǼǐΞ ǣƷȓǅȂȠȓ ƷǼǌ ȖȠȓȓȂȠǼǌৄ
ǦǼǝȖॽ BǖȲȅțǯ Uȡȕȕȿȼȅȡț �ȿȕȕǯȼȅțॶ अँऀँॶ ँइअईূँइआऄॽ

ফऀईःব bȖǦǶǦǼǝǦȓǦȖॶ Uॽ bॽ ँࣿࣿइॽ bǣǐȓǻȂȏǣΞȖǦǆƷǶ ƷǼǌ ȝȓƷǼȖȏȂȓȝ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ ǣȠǻǦǌ ƷǦȓ Ʒȝ ȝǐǻȏǐȓƷৄ
ȝȠȓǐ ȓƷǼǝǐ ǅǐȝΘǐǐǼ ࣿ ƷǼǌ ऀࣿࣿǆॽ �țǯȲǼͤ �ȡț͝ǯȲȵȅȡț ǖțǫBǖțǖǼǯȚǯțȼॶ ःईऄॶ ऀࣿईइূऀऀऀࣿॽ

ফऀईऄব bȠǆǴǐȓॶ sॽ �ॽ ૫CǐǶǴǐǼॶ =ॽ ,ॽ ऀईईࣿॽ �ȅφȿȵȅȡț ǥȡǯϪǥȅǯțȼȵ ȅț ǖȅȲ ǖțǫ ͞ǖȼǯȲॶ ȏȏॽ ऀआॽ ऀূऀआॽ
ँऄॽ sƷȖǣǦǼǝȝȂǼॶ ��ॽ e[�ॽ

ফऀईअব eC�U ँࣿࣿऀॽ [ȝȂǆǴǣȂǶǻ �ȂǼΗǐǼȝǦȂǼ ȂǼ UǐȓȖǦȖȝǐǼȝ HȓǝƷǼǦǆ UȂǶǶȠȝƷǼȝȖॶ ȂȏǐǼǐǌ ǜȂȓ
ȖǦǝǼƷȝȠȓǐ BƷΞ ँंॶ ँࣿࣿऀॶ eC�Ȃǆॽ eC�UUHU[�HC$ःॶ �ȏȏॽ // ँࣿࣿऀॽ �͝ǖȅȕठ
ǖǤȕǯ ȡțȕȅțǯ ǖȼ ȼȂǯ ețȅȼǯǫ Cǖȼȅȡțȵ �ț͝ȅȲȡțȚǯțȼ UȲȡǼȲǖȚȚǯशȵ एeC�Uशȵऐ UHUȵsǯǤ ȵȅȼǯ࣐
ঢ়ȂȼȼȮ࣏ࣞࣞȅȲȮȼǥࣗȿțǯȮࣗǥȂࣞȮȡȮȵࣞড়ॽ

ফऀईआব eǼǦȝǐǌ CƷȝǦȂǼȖ �ǼΗǦȓȂǼǻǐǼȝ UȓȂǝȓƷǻ ँࣿࣿईॽ [ǆৄःऀआॵ =ǦȖȝǦǼǝ Ȃǜ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼǦǆ
ƷǆǦǌॶ ǦȝȖ ȖƷǶȝȖ ƷǼǌ ȏǐȓЙȠȂȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼΞǶ ЙȠȂȓǦǌǐॽ

ऀऀऀ



ফऀईइব qƷǼ HȂȖȝǌƷǻॶ :ॽॶ �ȂǼƷǶǌȖȂǼॶ [ॽ %ॽॶ $ǐǐǶǐΞॶ Bॽॶ �ȓǼȂǶǌॶ �ॽॶ �ΞȂȝȝǐॶ Uॽॶ �ȂǼǌΞॶ %ॽॶ �ǣƷǼॶ
=ॽॶ �ǐΘƷǦǶΞॶ �ॽॶ $ȠȓǝƷǶॶ �ॽ Bॽॶ <ȠǣǼǶǐǦǼॶ ,ॽॶ =ȂȓǦǼǝॶ �ॽॶ BȠǆǴǶǐॶ %ॽॶ BΞǶǐȖॶ �ॽॶ XǐǆǐΗǐȠȓॶ
Hॽॶ bȓƷǆΞॶ �ॽॶ %ǦǶǶॶ eॽॶ ૫ <ƷǶǣȂǴॶ [ॽ ँࣿࣿऄॽ ,ȠǻƷǼ ǣǐƷǶȝǣ ǦǻȏǶǦǆƷȝǦȂǼȖ Ȃǜ ǐǼΗǦȓȂǼǻǐǼȝƷǶ
ǆȂǼȝƷǻǦǼƷǼȝȖ ǦǼ ƷȓǆȝǦǆ ǆƷǼƷǌƷॵ � ȓǐΗǦǐΘॽ [ǥȅǯțǥǯ ȡǻ bȂǯ bȡȼǖȕ �ț͝ȅȲȡțȚǯțȼॶ ंऄऀৄंऄँॶ ऀअऄূ
ँःअॽ

ফऀईईব qǐǼȝȂॶ [ॽ �ॽॶ ,ƷǶȖƷǶǶॶ �ॽॶ %ǦȂǦƷॶ Xॽॶ :ȂǼǐȖॶ <ॽॶ ૫ �ƷǆǣȖॶ :ॽ ँࣿऀँॽ qȂǶƷȝǦǶǐ ȏǐȓৄ ƷǼǌ ȏȂǶΞЙȠȂৄ
ȓȂƷǶǴΞǶ ǆȂǻȏȂȠǼǌȖ ǦǼ ȝǣǐ ȓǐǻȂȝǐ ƷȝǻȂȖȏǣǐȓǐ Ȃǜ ȝǣǐ ΘǐȖȝǐȓǼ �ǼȝƷȓǆȝǦǆ ȏǐǼǦǼȖȠǶƷॵ ƷǼ ǦǼǌǦȓǐǆȝ
ȖȂȠȓǆǐ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ ȝȂ �ǼȝƷȓǆȝǦǆ ΘƷȝǐȓȖॾ �ȼȚȡȵȮȂǯȲȅǥ Uȡȕȕȿȼȅȡț XǯȵǯǖȲǥȂॶ ंःॶ
ःऄࣿূःऄऄॽ

ফँࣿࣿব sƷǼǝॶ ~ॽॶ �ȂȠǆǣǐȓॶ :ॽ Bॽॶ [ǆǣǐȓǦǼǝǐȓॶ Bॽॶ �ȂȠȖǦǼȖॶ /ॽ bॽॶ ૫,ȠǼǝǐȓǅȤǣǶǐȓॶ <ॽ ँࣿऀआॽ bȂৄ
ΘƷȓǌ Ʒ ǆȂǻȏȓǐǣǐǼȖǦΗǐ ǝǶȂǅƷǶ ǐǻǦȖȖǦȂǼ ǦǼΗǐǼȝȂȓΞ Ȃǜ ǆःূǆऀࣿ ȏǐȓЙȠȂȓȂƷǶǴƷǼǐȖȠǶǜȂǼǦǆ ƷǆǦǌȖ
U$[�Ȗ ƷǼǌ ȓǐǶƷȝǐǌ ȏȓǐǆȠȓȖȂȓȖॵ $ȂǆȠȖ ȂǼ ȝǣǐ ǶǦǜǐ ǆΞǆǶǐ Ȃǜ ǆइৄǅƷȖǐǌ ȏȓȂǌȠǆȝȖ ƷǼǌ ȂǼǝȂǦǼǝ
ǦǼǌȠȖȝȓǦƷǶ ȝȓƷǼȖǦȝǦȂǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄऀइॶ ःःइँূःःईंॽ

ফँࣿऀব sƷǼǝॶ ~ॽॶ �ȂȠȖǦǼȖॶ /ॽ bॽॶ [ǆǣǐȓǦǼǝǐȓॶ Bॽॶ �ȠǆǴॶ Xॽ �ॽॶ ૫,ȠǼǝǐȓǅȤǣǶǐȓॶ <ॽ ँࣿऀःƷॽ %ǶȂǅƷǶ
ǐǻǦȖȖǦȂǼ ǦǼΗǐǼȝȂȓǦǐȖ ǜȂȓ ǆःূǆऀः ȏǐȓЙȠȂȓȂƷǶǴΞǶ ǆƷȓǅȂΝΞǶǦǆ ƷǆǦǌ U$�� ǣȂǻȂǶȂǝȠǐȖ ǜȓȂǻ
ऀईऄऀ ȝȂ ँࣿंࣿॶ ȏƷȓȝ Ǧॵ ȏȓȂǌȠǆȝǦȂǼ ƷǼǌ ǐǻǦȖȖǦȂǼȖ ǜȓȂǻ ȒȠƷǼȝǦЖƷǅǶǐ ȖȂȠȓǆǐȖॽ �ț͝ȅȲȡțȚǯțȼ
/țȼǯȲțǖȼȅȡțǖȕॶ आࣿॶ अँূआऄॽ

ফँࣿँব sƷǼǝॶ ~ॽॶ �ȂȠȖǦǼȖॶ /ॽ bॽॶ [ǆǣǐȓǦǼǝǐȓॶ Bॽॶ �ȠǆǴॶ Xॽ �ॽॶ ૫,ȠǼǝǐȓǅȤǣǶǐȓॶ <ॽ ँࣿऀःǅॽ %ǶȂǅƷǶ
ǐǻǦȖȖǦȂǼ ǦǼΗǐǼȝȂȓǦǐȖ ǜȂȓ ǆःূǆऀः ȏǐȓЙȠȂȓȂƷǶǴΞǶ ǆƷȓǅȂΝΞǶǦǆ ƷǆǦǌ U$�� ǣȂǻȂǶȂǝȠǐȖ ǜȓȂǻ
ऀईऄऀ ȝȂ ँࣿंࣿॶ ȏƷȓȝ ǦǦॵ bǣǐ ȓǐǻƷǦǼǦǼǝ ȏǦǐǆǐȖ Ȃǜ ȝǣǐ ȏȠΣΣǶǐॽ �ț͝ȅȲȡțȚǯțȼ /țȼǯȲțǖȼȅȡțǖȕॶ अईॶ
ऀअअূऀआअॽ

ফँࣿंব sƷǼǝॶ ~ॽॶ sƷǶǴǐȓॶ %ॽ sॽॶ BȠǦȓॶ �ॽ �ॽ %ॽॶ ૫ CƷǝƷȝƷǼǦৄyȂȖǣǦǌƷॶ <ॽ ँࣿँࣿॽ bȂΘƷȓǌ Ʒ ǝǶȂǅƷǶ
ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ ǆǣǐǻǦǆƷǶ ȏȂǶǶȠȝǦȂǼॵ � ЖȓȖȝ ǆȂǻȏȓǐǣǐǼȖǦΗǐ ƷǼƷǶΞȖǦȖ Ȃǜ ǼƷȝǦȂǼƷǶ ƷǼǌ ȓǐǝǦȂǼƷǶ
ǆǣǐǻǦǆƷǶ ǦǼΗǐǼȝȂȓǦǐȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄःऄॶ ँऄआऄূँऄइःॽ

ফँࣿःব sƷǼǦƷॶ $ॽ ૫ �ƷǶΞॶ %ॽ =ॽ ँࣿࣿँॽ �ȖȝǦǻƷȝǦǼǝ ȝǣǐ ǆȂǼȝȓǦǅȠȝǦȂǼ Ȃǜ ǌǐǝȓƷǌƷȝǦȂǼ ǦǼ ƷǦȓ ƷǼǌ ǌǐৄ
ȏȂȖǦȝǦȂǼ ȝȂ ȝǣǐ ǌǐǐȏ ȖǐƷ ȝȂ ȝǣǐ ǝǶȂǅƷǶ ǶȂȖȖ Ȃǜ U��Ȗॽ �ȼȚȡȵȮȂǯȲȅǥ �ț͝ȅȲȡțȚǯțȼॶ ंअंअূंआॶ
ऄऄइऀূऄऄईंॽ

ফँࣿऄব sƷǼǦƷॶ $ॽ ૫BƷǆǴƷΞॶ �ॽ ऀईईंॽ %ǶȂǅƷǶ ǜȓƷǆȝǦȂǼƷȝǦȂǼ ƷǼǌ ǆȂǶǌ ǆȂǼǌǐǼȖƷȝǦȂǼ Ȃǜ ǶȂΘ ΗȂǶƷȝǦǶǦȝΞ
ȂȓǝƷǼȂǆǣǶȂȓǦǼǐ ǆȂǻȏȂȠǼǌȖ ǦǼ ȏȂǶƷȓ ȓǐǝǦȂǼȖॽ �ȚǤȅȡॶ ँँऀॶ ऀࣿূऀइॽ

ফँࣿअব sǐǅǐȓॶ �ॽ <ॽॶ �Ʒȓǅǐȓॶ =ॽ �ॽॶ =ǐ�ǶƷǼǆॶ �ॽ Xॽॶ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽॶ ૫ qǐǆǦȝǦȖॶ �ॽ �ॽ ँࣿऀआॽ %ǐȂৄ
ǆǣǐǻǦǆƷǶ ƷǼǌ ǣΞǌȓȂǶȂǝǦǆ ǜƷǆȝȂȓȖ ǆȂǼȝȓȂǶǶǦǼǝ ȖȠǅȖȠȓǜƷǆǐ ȝȓƷǼȖȏȂȓȝ Ȃǜ ȏȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓȂƷǶǴΞǶ
ȖȠǅȖȝƷǼǆǐȖॶ �Ʒȏǐ �Ȃǌॶ BƷȖȖƷǆǣȠȖǐȝȝȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄऀइॶ ःँअईূ
ःँआईॽ

ফँࣿआব sǐǦॶ [ॽॶ �ǣǐǼॶ =ॽ Wॽॶ bƷǼǦΞƷȖȠॶ [ॽॶ [Ȃॶ Bॽ <ॽॶ BȠȓȏǣΞॶ Bॽ �ॽॶ yƷǻƷȖǣǦȝƷॶ Cॽॶ yǐȠǼǝॶ =ॽ sॽ yॽॶ
૫ =Ʒǻॶ Uॽ <ॽ [ॽ ँࣿࣿआॽ �ǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ǆȂǻȏȂȠǼǌȖ ǦǼ ȖȠȓǜƷǆǐ ȖǐƷΘƷȝǐȓȖ
ǅǐȝΘǐǐǼ �ȖǦƷ ƷǼǌ �ǼȝƷȓǆȝǦǆƷॽ BǖȲȅțǯ Uȡȕȕȿȼȅȡț �ȿȕȕǯȼȅțॶ ऄःऀऀॶ ऀइऀंূऀइऀइॽ

ऀऀँ



ফँࣿइব sǐǦǣǐॶ Uॽॶ �ǐǅǐȖॶ $ॽॶ ,ƷǶǶǦǼǝॶ :ॽॶ UǐȝǐȓȖǐǼॶ Bॽ [ॽॶ BȠǆǴǶǐॶ %ॽॶ HǌǶƷǼǌॶ :ॽ Hॽॶ �ȠǌƷȓǐΗॶ �ॽॶ
�ΞȂȝȝǐॶ Uॽॶ �ǐΘƷǦǶǶΞॶ �ॽॶ %ȓƷǼǌǱǐƷǼॶ Uॽॶ ૫ �ȂǼǐǜǐǶǌৄ:ȋȓǝǐǼȖǐǼॶ �ॽ ँࣿऀअॽ ,ǐƷǶȝǣ ǐЍǐǆȝȖ
ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ǻǐƷȖȠȓǐǌ ǶǐΗǐǶȖ Ȃǜ ǆȂǼȝƷǻǦǼƷǼȝȖ ǦǼ ȝǣǐ �ȓǆȝǦǆॽ /țȼǯȲțǖȼȅȡțǖȕ :ȡȿȲțǖȕ ȡǻ
�ȅȲǥȿȚȮȡȕǖȲ ,ǯǖȕȼȂॶ आऄॶ ंंइࣿऄূंंइࣿऄॽ

ফँࣿईব sǐǦǣǐॶ Uॽ ૫ :ȂǐǼȖǐǼॶ ,ॽ �ॽ ँࣿऀँॽ �ǦǐȝƷȓΞ ȓǐǆȂǻǻǐǼǌƷȝǦȂǼȖ ȓǐǝƷȓǌǦǼǝ ȏǦǶȂȝ ΘǣƷǶǐ ǻǐƷȝ
ƷǼǌ ǅǶȠǅǅǐȓ ǦǼ ȝǣǐ $ƷȓȂǐ /ȖǶƷǼǌȖॽ /țȼǯȲțǖȼȅȡțǖȕ :ȡȿȲțǖȕ ȡǻ �ȅȲǥȿȚȮȡȕǖȲ ,ǯǖȕȼȂॶ आऀॶ ऀइऄईःূ
ऀइऄईःॽ

ফँऀࣿব sǐǦǣǐॶ Uॽॶ <ƷȝȂॶ <ॽॶ �ƷǶƷǜƷȝॶ �ॽ Bॽॶ CǦǐǶȖǐǼॶ $ॽॶ sƷǼǦǝƷȝȠǼǝƷॶ �ॽ �ॽॶ CǐǐǌǣƷǻॶ =ॽ =ॽॶ ૫
%ȓƷǼǌǱǐƷǼॶ Uॽ ँࣿࣿइॽ [ǐȓȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ Ȃǜ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ǆȂǻȏȂȠǼǌȖ ǦǼ ǜƷȓȂǐȖǐ ΘǣƷǶǐ
ǻǐƷȝ ǆȂǼȖȠǻǐȓȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःँऀअॶ अँईऀূअँईऄॽ

ফँऀऀব sǦǶǴǐॶ �ॽ Xॽ ૫ �ǣƷǼǝॶ Uॽ ऀईऄऄॽ �ȂȓȓǐǶƷȝǦȂǼ Ȃǜ ǌǦЍȠȖǦȂǼ ǆȂǐАǆǦǐǼȝȖ ǦǼ ǌǦǶȠȝǐ ȖȂǶȠȝǦȂǼȖॽ
�ȚǯȲȅǥǖț /țȵȼȅȼȿȼǯ ȡǻ �ȂǯȚȅǥǖȕ �țǼȅțǯǯȲȵ :ȡȿȲțǖȕȵॶ ऀँॶ ँअःূँआࣿॽ

ফँऀँব sȂǼǝॶ $ॽॶ [ǣȂǐǦǅॶ Bॽॶ <ƷȝȖȂΞǦƷǼǼǦȖॶ �ॽॶ �ǆǴǣƷȓǌȝॶ [ॽॶ [ȝȂǣǶॶ �ॽॶ �ȂǣǶǦǼৄCǦΣΣǐȝȝȂॶ Uॽॶ =Ǧॶ ,ॽॶ
$ǐǶǶǦǼॶ Uॽॶ [Ƞॶ yॽॶ ૫ ,ȠǼǝॶ ,ॽ ँࣿऀइॽ �ȖȖǐȖȖǦǼǝ ȝǐǻȏȂȓƷǶ ȝȓǐǼǌȖ ƷǼǌ ȖȂȠȓǆǐ ȓǐǝǦȂǼȖ Ȃǜ ȏǐȓৄ
ƷǼǌ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ U$�[Ȗ ǦǼ ƷǦȓ ȠǼǌǐȓ ȝǣǐ �ȓǆȝǦǆ BȂǼǦȝȂȓǦǼǝ ƷǼǌ �ȖȖǐȖȖǻǐǼȝ
UȓȂǝȓƷǻǻǐ �B�Uॽ �ȼȚȡȵȮȂǯȲȅǥ �ț͝ȅȲȡțȚǯțȼॶ ऀआँॶ अऄূआंॽ

ফँऀंব xǦǐॶ ~ॽॶ sƷǼǝॶ ~ॽॶ BǦॶ sॽॶ BȆǶǶǐȓॶ �ॽॶ sȂǶȖǆǣǴǐॶ ,ॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ ँࣿऀऄॽ CǐȠȝȓƷǶ ȏȂǶΞৄ
ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ƷǦȓ ƷǼǌ ȖǼȂΘ ǜȓȂǻ ȝǣǐ �ȓǆȝǦǆॽ [ǥȅǯțȼȅϨǥ XǯȮȡȲȼȵॶ ऄऀॶ इईऀँॽ

ফँऀःব yƷǻƷȖǣǦȝƷॶ Cॽॶ <ƷǼǼƷǼॶ <ॽॶ bƷǼǦΞƷȖȠॶ [ॽॶ ,ȂȓǦǦॶ yॽॶ HǴƷΣƷΘƷॶ bॽॶ UǐȝȓǦǆǴॶ %ॽॶ ૫ %ƷǻȂॶ bॽ
ँࣿࣿःॽ �ǼƷǶΞȖǦȖ Ȃǜ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ƷǆǦǌȖ Ʒȝ ȏƷȓȝȖৄȏǐȓৄȒȠƷǌȓǦǶǶǦȂǼ ǶǐΗǐǶȖ ǦǼ ȖǐƷΘƷȝǐȓ ȠȖǦǼǝ
ǶǦȒȠǦǌ ǆǣȓȂǻƷȝȂǝȓƷȏǣΞৄȝƷǼǌǐǻǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ
ंइँऀॶ ऄऄँँূऄऄँइॽ

ফँऀऄব yƷǻƷȖǣǦȝƷॶ Cॽॶ <ƷǼǼƷǼॶ <ॽॶ bƷǼǦΞƷȖȠॶ [ॽॶ ,ȂȓǦǦॶ yॽॶ UǐȝȓǦǆǴॶ %ॽॶ ૫ %ƷǻȂॶ bॽ ँࣿࣿऄॽ � ǝǶȂǅƷǶ
ȖȠȓΗǐΞ Ȃǜ ȏǐȓЙȠȂȓǦǼƷȝǐǌ ƷǆǦǌȖ ǦǼ ȂǆǐƷǼȖॽ BǖȲȅțǯ Uȡȕȕȿȼȅȡț �ȿȕȕǯȼȅțॶ ऄऀइॶ अऄइূअअइॽ

ফँऀअব yƷǻƷȖǣǦȝƷॶ Cॽॶ bƷǼǦΞƷȖȠॶ [ॽॶ UǐȝȓǦǆǴॶ %ॽॶ sǐǦॶ [ॽॶ %ƷǻȂॶ bॽॶ =Ʒǻॶ Uॽ <ॽ [ॽॶ ૫ <ƷǼǼƷǼॶ <ॽ
ँࣿࣿइॽ UǐȓЙȠȂȓǦǼƷȝǐǌ ƷǆǦǌȖ ƷȖ ǼȂΗǐǶ ǆǣǐǻǦǆƷǶ ȝȓƷǆǐȓȖ Ȃǜ ǝǶȂǅƷǶ ǆǦȓǆȠǶƷȝǦȂǼ Ȃǜ ȂǆǐƷǼ ΘƷȝǐȓȖॽ
�ȂǯȚȡȵȮȂǯȲǯॶ आࣿआॶ ऀँःआূऀँऄऄॽ

ফँऀआব yƷǻƷΣƷǴǦॶ �ॽॶ bƷǼǦΞƷȖȠॶ [ॽॶ XȠƷǼॶ yॽॶ sƷǼǝॶ Wॽॶ UǐȝȓǦǆǴॶ %ॽॶ bƷǼǣȠƷॶ bॽॶ %ƷǻȂॶ bॽॶ sƷǼǝॶ xॽॶ
=Ʒǻॶ Uॽ <ॽ [ॽॶ ૫ yƷǻƷȖǣǦȝƷॶ Cॽ ँࣿऀईॽ qǐȓȝǦǆƷǶ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ
ΘƷȝǐȓ ǆȂǶȠǻǼȖ ƷȓȂȠǼǌ ȝǣǐ :ƷȏƷǼ [ǐƷ ƷǼǌ ȝǣǐ BǐǌǦȝǐȓȓƷǼǐƷǼ [ǐƷॽ �ȂǯȚȡȵȮȂǯȲǯॶ ँंऀॶ ःइआূ
ःईःॽ

ফँऀइব yǐȠǼǝॶ =ॽ sॽ yॽॶ �ƷȖȖȠǼǆƷȂॶ �ॽॶ BƷǅȠȓΞॶ [ॽॶ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽॶ ~ǣƷǼǝॶ xॽॶ ૫ =ȂǣǻƷǼǼॶ Xॽ
ँࣿऀआॽ qǐȓȝǦǆƷǶ ȏȓȂЖǶǐȖॶ ȖȂȠȓǆǐȖॶ ƷǼǌ ȝȓƷǼȖȏȂȓȝ Ȃǜ U$�[Ȗ ǦǼ ȝǣǐ ƷȓǆȝǦǆ ȂǆǐƷǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ
[ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ऄऀऀँॶ अआंऄূअआःःॽ

ऀऀं



ফँऀईব yȂȠǼǝॶ �ॽ :ॽ ૫BƷȓǅȠȓΞॶ [ॽ �ॽ ँࣿऀࣿॽ �ȼȚȡȵȮȂǯȲȅǥ UǯȲϩȿȡȲȅțǖȼǯǫ �ǥȅǫ UȲǯǥȿȲȵȡȲȵ࣏ �ȂǯȚठ
ȅȵȼȲ࣐ͤ HǥǥȿȲȲǯțǥǯ࣐ ǖțǫ /ȚȮǖǥȼȵॽ CǐΘ yȂȓǴॶ CǐΘ yȂȓǴॶ Cyॵ [ȏȓǦǼǝǐȓॽ

ফँँࣿব ~ǣƷǼǝॶ =ॽ ૫ =ȂǣǻƷǼǼॶ Xॽ ँࣿऀࣿƷॽ �ΞǆǶǦǼǝ Ȃǜ U��Ȗ ƷǼǌ ,�� ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼৄǶȂΘǐȓ
ƷȝǻȂȖȏǣǐȓǐ Ȃǜ ȝǣǐ ȂȏǐǼ UƷǆǦЖǆॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःःऀࣿॶ ंइंँূंइंइॽ

ফँँऀব ~ǣƷǼǝॶ =ॽ ૫ =ȂǣǻƷǼǼॶ Xॽ ँࣿऀࣿǅॽ �ΞǆǶǦǼǝ Ȃǜ U��Ȗ ƷǼǌ ,�� ǦǼ ȝǣǐ ȖȠȓǜƷǆǐ ȂǆǐƷǼৄǶȂΘǐȓ
ƷȝǻȂȖȏǣǐȓǐ Ȃǜ ȝǣǐ ȂȏǐǼ UƷǆǦЖǆॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ  bǯǥȂțȡȕȡǼͤॶ ःःऀࣿॶ ंइंँূंइंइॽ

ফँँँব ~ǣƷǼǝॶ xॽॶ =ȂǣǻƷǼǼॶ Xॽॶ ૫ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽ ँࣿऀईॽ UȂǶΞৄ ƷǼǌ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ
ǦǼ ȖǐƷΘƷȝǐȓ ƷǼǌ ȏǶƷǼǴȝȂǼ ǜȓȂǻ ȝǣǐ ǼȂȓȝǣΘǐȖȝǐȓǼ �ȝǶƷǼȝǦǆ ǻƷȓǝǦǼॽ �ț͝ȅȲȡțȚǯțȼǖȕ [ǥȅǯțǥǯ 
bǯǥȂțȡȕȡǼͤॶ ऄंँऀॶ ऀँंःइূऀँंऄअॽ

ফँँंব ~ǣƷǼǝॶ xॽॶ ~ǣƷǼǝॶ yॽॶ �ƷȖȖȠǼǆƷȂॶ �ॽॶ =ȂǣǻƷǼǼॶ Xॽॶ ૫ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽ ँࣿऀआॽ CȂȓȝǣ
�ȝǶƷǼȝǦǆ �ǐǐȏsƷȝǐȓ ǜȂȓǻƷȝǦȂǼ ǦǼǣǦǅǦȝȖ ǣǦǝǣ �ȓǆȝǦǆ ǆȂǼȝƷǻǦǼƷȝǦȂǼ ǅΞ ǆȂǼȝǦǼǐǼȝƷǶ ȏǐȓЙȠȂৄ
ȓȂȂǆȝƷǼǐ ȖȠǶǜȂǼƷȝǐ ǌǦȖǆǣƷȓǝǐȖॽ %ȕȡǤǖȕ �ȅȡǼǯȡǥȂǯȚȅǥǖȕ �ͤǥȕǯȵॶ ंऀइॶ ऀंंँূऀंःंॽ

ফँँःব ~ǣƷǼǝॶ yॽॶ :ƷǆȂǅॶ �ॽ :ॽॶ �ȠȝǴǦǐΘǦǆΣॶ [ॽॶ �ǻȂȖॶ ,ॽ Bॽॶ =ȂǼǝॶ Bॽ [ॽॶ ૫ [ȠǼǌǐȓǶƷǼǌॶ �ॽ Bॽ
ँࣿऀऄॽ �ǦȂǝǐȂǆǣǐǻǦǆƷǶ ǌȓǦΗǐȓȖ Ȃǜ ȝǣǐ ǜƷȝǐ Ȃǜ ȓǦΗǐȓǦǼǐ ǻǐȓǆȠȓΞ ǌǦȖǆǣƷȓǝǐǌ ȝȂ ȝǣǐ ǝǶȂǅƷǶ ƷǼǌ
�ȓǆȝǦǆ ǆǐƷǼȖॽ %ȕȡǤǖȕ �ȅȡǼǯȡǥȂǯȚȅǥǖȕ �ͤǥȕǯȵॶ ँईअॶ इऄःূइअःॽ

ফँँऄব ~ǣƷȂॶ ~ॽॶ bƷǼǝॶ :ॽॶ BǦॶ =ॽॶ bǦƷǼॶ �ॽॶ ~ǣȂǼǝॶ %ॽॶ ~ǣƷǼǝॶ %ॽॶ sƷǼǝॶ [ॽॶ =Ǧॶ Wॽॶ �ǅǦǼǝǣƷȠȖॶ Xॽॶ
xǦǐॶ ~ॽॶ ૫ [ȠǼॶ ,ॽ ँࣿऀआॽ UǐȓЙȠȂȓȂƷǶǴΞǶ ƷǼǌ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ȝǣǐ ǶȂΘǐȓ ƷȝǻȂৄ
Ȗȏǣǐȓǐ ƷǼǌ ȖȠȓǜƷǆǐ ΘƷȝǐȓȖ Ȃǜ ȝǣǐ �ǣǦǼǐȖǐ �ȂǣƷǦ [ǐƷॶ yǐǶǶȂΘ [ǐƷॶ ƷǼǌ yƷǼǝȝΣǐ ȓǦΗǐȓ ǐȖȝȠƷȓΞॽ
[ǥȅǯțǥǯ ȡǻ bȂǯ bȡȼǖȕ �ț͝ȅȲȡțȚǯțȼॶ ऄईईৄअࣿࣿॶ ऀऀःূऀँंॽ

ফँँअব ~ǣƷȂॶ ~ॽॶ xǦǐॶ ~ॽॶ BȆǶǶǐȓॶ �ॽॶ [ȝȠȓǻॶ Xॽॶ bƷǼǝॶ :ॽॶ ~ǣƷǼǝॶ %ॽॶ ૫ �ǅǦǼǝǣƷȠȖॶ Xॽ ँࣿऀँॽ �ǦȖȝȓǦৄ
ǅȠȝǦȂǼ ƷǼǌ ǶȂǼǝৄȓƷǼǝǐ ȝȓƷǼȖȏȂȓȝ Ȃǜ ȏȂǶΞЙȠȂȓȂƷǶǴΞǶ ȖȠǅȖȝƷǼǆǐȖ ǦǼ ȝǣǐ �ȓǆȝǦǆॶ �ȝǶƷǼȝǦǆ HǆǐƷǼ
ƷǼǌ �ǼȝƷȓǆȝǦǆ ǆȂƷȖȝॽ �ț͝ȅȲȡțȚǯțȼǖȕ Uȡȕȕȿȼȅȡțॶ ऀआࣿॶ आऀূआआॽ

ফँँआব ~ǣȂȠॶ yॽॶ sƷǼǝॶ bॽॶ =Ǧॶ Wॽॶ sƷǼǝॶ Uॽॶ =Ǧॶ =ॽॶ �ǣǐǼॶ [ॽॶ ~ǣƷǼǝॶ yॽॶ <ǣƷǼॶ <ॽॶ ૫BǐǼǝॶ :ॽ
ँࣿऀइॽ [ȏƷȝǦƷǶ ƷǼǌ ΗǐȓȝǦǆƷǶ ΗƷȓǦƷȝǦȂǼȖ Ȃǜ ȏǐȓЙȠȂȓȂƷǶǴΞǶ ƷǆǦǌȖ U$��Ȗ ǦǼ ȝǣǐ �ȂǣƷǦ ƷǼǌ
yǐǶǶȂΘ [ǐƷȖॵ �ȓǦǌǝǦǼǝ ȝǣǐ ǝƷȏ ǅǐȝΘǐǐǼ ȓǦΗǐȓǦǼǐ ȖȂȠȓǆǐȖ ƷǼǌ ǻƷȓǦǼǐ ȖǦǼǴȖॽ �ț͝ȅȲȡțȚǯțȼǖȕ
Uȡȕȕȿȼȅȡțॶ ँंइॶ ऀऀऀূऀँࣿॽ

ऀऀः



bӟӢԓ ԚӟӏԓӢԓ ԫҷԓ ԚԮԌӏԓӏԚ ȠȖǦǼǝ =�b�xॶ
ȂȓǦǝǦǼƷǶǶΞ ǌǐΗǐǶȂȏǐǌ ǅΞ =ǐȖǶǦǐ =ƷǻȏȂȓȝ
ƷǼǌ ǅƷȖǐǌ ȂǼ �ȂǼƷǶǌ <ǼȠȝǣȖ b�xॽ bǣǐ

ǅȂǌΞ ȝǐΝȝ ǦȖ Ȗǐȝ ǦǼ ऀऀ ȏȂǦǼȝ �ǝǐǼȂǶЍৄ�ǐȓǼǐȓ
%ƷȓƷǻȂǼǌॶ Ʒ ȓǐΗǦΗƷǶ Ȃǜ �ǶƷȠǌǐ %ƷȓƷǻȂǼȝȖ
ǣȠǻƷǼǦȖȝ ȝΞȏǐǜƷǆǐॽ bǣǐ ƷǅȂΗǐ ǦǶǶȠȖȝȓƷȝǦȂǼॶ ৗ[ǆǦৄ
ǐǼǆǐ �ΝȏǐȓǦǻǐǼȝ ࣿँॶ ΘƷȖ ǆȓǐƷȝǐǌ ǅΞ �ǐǼ [ǆǣǶǦȝৄ
ȝǐȓ ƷǼǌ ȓǐǶǐƷȖǐǌ ȠǼǌǐȓ ӅӅ ӂԮ৳ӹӅ৳ӹӋ ं৷ࣿॽ �
ȝǐǻȏǶƷȝǐ ȝǣƷȝ ǆƷǼ ǅǐ ȠȖǐǌ ȝȂ ǜȂȓǻƷȝ Ʒ Uǣ� ȝǣǐৄ
ȖǦȖ ΘǦȝǣ ȝǣǦȖ ǶȂȂǴ ƷǼǌ ǜǐǐǶ ǣƷȖ ǅǐǐǼ ȓǐǶǐƷȖǐǌ ȠǼৄ
ǌǐȓ ȝǣǐ ȏǐȓǻǦȖȖǦΗǐ ӸӢԚ ԭऀऀ ǶǦǆǐǼȖǐॶ ƷǼǌ ǆƷǼ ǅǐ
ǜȂȠǼǌ ȂǼǶǦǼǐ Ʒȝ ǝǦȝǣȠǅॽǆȂǻȖȠǆǣȂΘ�ǦȖȖǐȓȝƷȝǐ
Ȃȓ ǜȓȂǻ ǦȝȖ ƷȠȝǣȂȓॶ :ȂȓǌƷǼ [ȠǆǣȂΘॶ Ʒȝ ȖȠৄ
ǆǣȂΘ૪ȏȂȖȝॽǣƷȓΗƷȓǌॽǐǌȠॽ

ऀऀऄ


