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ȝȠǼǦȝǦǐȖॽ / Ʒǻ ǝȓƷȝǐǜȠǶ ǜȂȓ ȝǣǐ ȝǦǻǐ ȝǣǐΞ ǦǼΗǐȖȝǐǌ ǦǼ ǻǐ ȖǆǦǐǼȝǦЖǆƷǶǶΞঃ ΘǦȝǣ ȝǣǐǦȓ ǝȠǦǌƷǼǆǐ / ǅǐǆƷǻǐ

Ʒ ǆȓǦȝǦǆƷǶ ȝǣǦǼǴǐȓ ƷǼǌ ǅǐȝȝǐȓ ȖǆǦǐǼǆǐ ǆȂǻǻȠǼǦǆƷȝȂȓॽ / Ʒǻ ƷǶȖȂ ǝȓƷȝǐǜȠǶ ǜȂȓ ȝǣǐǦȓ ȖȠȏȏȂȓȝ Ȃǜ ǻΞ ȏȓȂৄ

ǜǐȖȖǦȂǼƷǶ ǌǐΗǐǶȂȏǻǐǼȝॶ ȝǣǐ ǜȓǐǐǌȂǻ ȝȂ ȏƷȓȝǦǆǦȏƷȝǐ ǦǼ ǦǼȝǐȓǼȖǣǦȏȖ ǦǼ ǦǼǌȠȖȝȓΞ ƷǼǌ ȝǐǆǣǼȂǶȂǝΞ ȝȓƷǼȖৄ

ǜǐȓॶ ƷǼǌ ǜȂȓ ǅǐǶǦǐΗǦǼǝ ǦǼ ǻǐ ƷȖ / ǌǐΗǐǶȂȏǐǌ ǻΞ ǆƷȓǐǐȓ ǝȂƷǶȖॽ / Ʒǻ ƷǶȖȂ ǝȓƷȝǐǜȠǶ ǜȂȓ ȝǣǐ ǻǐǼȝȂȓȖ / ǣƷǌ

ΘǦȝǣǦǼ ȝǣǐ ǶƷǅॽ bǣƷǼǴ ΞȂȠ ȝȂ �ȓॽ BǦǆǣǐǶ �ǐǆȠΘǐ ƷǼǌ �ȓॽ CǦǴǶƷȖ BǐǱǣǐȓȝॶ ΘǣȂ Θǐȓǐ ǻΞ ȓȂȝƷȝǦȂǼ

ǻǐǼȝȂȓȖ ƷǼǌ ǝȂȂǌ ǜȓǦǐǼǌȖॶ ƷǼǌ ȝǣƷǼǴ ΞȂȠ ȝȂ �ȓॽ ,ǐǼǼǦǼǝ �ȓǶȝ ƷǼǌ �ȓॽ :ǐǐΞȠǼ �ǣȠǼǝ ǜȂȓ ȝǣǐǦȓ

ǆȂǶǶƷǅȂȓƷȝǦȂǼ ƷǼǌ ȖǆǦǐǼȝǦЖǆ ƷǌΗǦǆǐॽ bǣǐȖǐ ǦǼǆȓǐǌǦǅǶǐ ȏȂȖȝৄǌȂǆȝȂȓƷǶ ǜǐǶǶȂΘȖ Θǐȓǐ ǦǼȖȝȓȠǻǐǼȝƷǶ ǦǼ ǻΞ

ȖǆǦǐǼȝǦЖǆ ȝȓƷǦǼǦǼǝॽ / ΘȂȠǶǌ ƷǶȖȂ ǶǦǴǐ ȝȂ ȝǣƷǼǴ ȝǣǐ ǐǼȝǦȓǐ $ƷȓǐȖǐ ƷǼǌsƷǶȝǣǐȓ ǶƷǅॶ ǅȂȝǣ ȏƷȖȝ ƷǼǌ ȏȓǐȖǐǼȝ

ǻǐǻǅǐȓȖॶ ǜȂȓ ȖǆǦǐǼȝǦЖǆ ǜǐǐǌǅƷǆǴॶ ȖȠȏȏȂȓȝ ƷǼǌ ǜȠǼ ǻǐǻȂȓǦǐȖॽ / ȏƷȓȝǦǆȠǶƷȓǶΞ ΘƷǼȝ ȝȂ ȝǣƷǼǴ �ȓॽ =ƷȠȓƷ

ΝǦ



�ȂǼǌ ƷǼǌ �ȓॽ UǐǌȓȂ �ƷȓȏǦȂ BƷǶǦƷ ǜȂȓ ȝǣǐǦȓ ǜȓǦǐǼǌȖǣǦȏ ƷǼǌ ǜȂȓ ƷǶΘƷΞȖ ǅǐǦǼǝ ȝǣǐȓǐ ȝȂ ǶǦȖȝǐǼॶ ȝȂ ȖǣƷȓǐ Ʒ

ǶƷȠǝǣॶ ƷǼǌ ȝȂ ȏȓȂΗǦǌǐ Ȃȓ ǣǐǶȏ ǻǐ ǆȂǼȖȠǻǐ ǌǐǶǦǆǦȂȠȖ ǶƷǅ ǜȠǐǶ঄ǜȂȂǌॽ

/ ΘǦȖǣ ȝȂ ȝǣƷǼǴ ȝǣǐ ǻǐǻǅǐȓȖ Ȃǜ ǻΞ ǌǦȖȖǐȓȝƷȝǦȂǼ ƷǌΗǦȖȂȓΞ ǆȂǻǻǦȝȝǐǐॶ �ȓॽ [ȠȖƷǼ [ǣƷȂॶ �ȓॽ qǶƷǌ

�ǐǼǦǆ ƷǼǌ �ȓॽ sƷǌǐ ,Ʒȓȏǐȓ ǜȂȓ ȝǣǐǦȓ ƷǌΗǦǆǐ ƷǼǌ ȏǐȓȖȏǐǆȝǦΗǐ ূ / Ƕǐǜȝ ǐΗǐȓΞ ǆȂǻǻǦȝȝǐǐ ǻǐǐȝǦǼǝ ǜǐǐǶৄ

ǦǼǝ ǻȂȝǦΗƷȝǐǌ ƷǼǌ Ʒǻ ǝȓƷȝǐǜȠǶ ǜȂȓ ȝǣǐ ȝǦǻǐ ȝǣǐΞ ȝȂȂǴ ȝȂ ǻǐǐȝ ΘǦȝǣ ǻǐ ȂȠȝȖǦǌǐ Ȃǜ ȂȠȓ ǆȂǻǻǦȝȝǐǐ

ǻǐǐȝǦǼǝȖॽ

/ Ʒǻ ǝȓƷȝǐǜȠǶ ǜȂȓ ȝǣǐ ǜȠǼǌǦǼǝ ȝǣƷȝ / ǣƷΗǐ ȓǐǆǐǦΗǐǌ ȂΗǐȓ ȝǣǐ ΞǐƷȓȖ ǜȓȂǻ ȝǣǐ CƷȝǦȂǼƷǶ [ǆǦǐǼǆǐ $ȂȠǼৄ

ǌƷȝǦȂǼ %ȓƷǌȠƷȝǐ XǐȖǐƷȓǆǣ $ǐǶǶȂΘȖǣǦȏ ǜȂȓ ȝǣǐ ЖȓȖȝ ȝΘȂ ΞǐƷȓȖ ƷǼǌ ǜȓȂǻ ȝǣǐ CƷȝǦȂǼƷǶ �ǐǜǐǼȖǐ [ǆǦǐǼǆǐ

ƷǼǌ �ǼǝǦǼǐǐȓǦǼǝ %ȓƷǌȠƷȝǐ $ǐǶǶȂΘȖǣǦȏ ǜȂȓ ȝǣǐ ЖǼƷǶ ǜȂȠȓ ΞǐƷȓȖॽ

/ Ʒǻ ƷǶȖȂ ǝȓƷȝǐǜȠǶ ǜȂȓ ȝǣǐ ǻǐǼȝȂȓȖ / ǣƷΗǐ ǣƷǌ ȂȠȝȖǦǌǐ ȝǣǐ ǶƷǅॽ /Ǽ ȏƷȓȝǦǆȠǶƷȓ / ΘƷǼȝ ȝȂ ȝǣƷǼǴ ȝΘȂ

ǦǼǆȓǐǌǦǅǶǐ ΘȂǻǐǼॵ �ȓॽ �ȓǦǌǝǐȝ sƷǝǼǐȓॶ ΘǣȂ ǣƷȖ ǅǐǐǼ ǻΞ ǻǐǼȝȂȓ ȝǣȓȂȠǝǣ ȝǣǐ ,ƷȓΗƷȓǌ %ȓƷǌȠৄ

Ʒȝǐ sȂǻǐǼ ǦǼ [ǆǦǐǼǆǐ ƷǼǌ �ǼǝǦǼǐǐȓǦǼǝ ƷȖȖȂǆǦƷȝǦȂǼ ƷǼǌ ǣƷȖ ǣǐǶȏǐǌ ǻǐ ǼƷΗǦǝƷȝǐ ǆǣƷǶǶǐǼǝǦǼǝ ȖǦȝȠƷৄ

ȝǦȂǼȖॶ ǌǐΗǐǶȂȏ ƷǼǌ ƷǆǣǦǐΗǐ ǻΞ ǆƷȓǐǐȓ ǝȂƷǶȖॶ ƷǼǌ ǣƷȖ ƷǶΘƷΞȖ ǅǐǐǼ ȝǣǐȓǐ ȝȂ ǆǐǶǐǅȓƷȝǐ ƷǆǆȂǻȏǶǦȖǣǻǐǼȝȖঃ

ƷǼǌ �ȓॽ �ǦǼǌΞ ,ȂǼǝॶ ΘǣȂ ΘƷȖ ǻΞ ǻƷǼƷǝǐȓ ǌȠȓǦǼǝ ǻΞ ǦǼȝǐȓǼȖǣǦȏ Ʒȝ UЖΣǐȓ ƷǼǌ ΘǣȂ ǣƷȖ ǣǐǶȏǐǌ ǻǐ

ƷǆǣǦǐΗǐ ǜǐǶǶȂΘȖǣǦȏȖॶ ǦǌǐǼȝǦǜΞ ǆƷȓǐǐȓ ǝȂƷǶȖ ƷǼǌ ΘǣȂ ǣƷȖ ǆȂǼȝǦǼȠǐǌ ȝȂ ȓǐǻƷǦǼ Ʒ ǻǐǼȝȂȓ ƷǼǌ ǆǣƷǻȏǦȂǼ

ǜȂȓ ǻǐॽ �Ȃȝǣ Ȃǜ ȝǣǐȖǐ ΘȂǻǐǼ ǦǼȖȏǦȓǐ ƷǼǌ ǻȂȝǦΗƷȝǐ ǻǐ ȝȂ ǌȓǐƷǻ ǅǦǝ ƷǼǌ ǅǐǶǦǐΗǐ ǦǼ ǻΞȖǐǶǜॶ ƷǼǌ / Ʒǻ

ȏȓǦΗǦǶǐǝǐǌ ȝȂ ǣƷΗǐ ȝǣǐǦȓ ǻǐǼȝȂȓȖǣǦȏॽ

/ ƷǶȖȂ ΘǦȖǣ ȝȂ ǐΝȏȓǐȖȖ ǻΞ ǝȓƷȝǦȝȠǌǐ ǜȂȓ ǻΞ ��[ ǜƷǻǦǶΞ ূ ǜȓȂǻ ȏȂȝǶȠǆǴ ǌǦǼǼǐȓȖ ƷǼǌ ΘǦǼǐ ƷǼǌ

ΘǣǦǼǐ ǼǦǝǣȝȖॶ ȝȂ ȖǴǦ ȝȓǦȏȖ ƷǼǌ ǌƷǼǆǐ ǼǦǝǣȝȖॶ ȝȂ ȂΗǐȓǆȂǻǦǼǝ ǦǻȏȂȖȝǐȓ ȖΞǼǌȓȂǻǐॶ ȝȂ ǆǐǶǐǅȓƷȝǦǼǝ ǐǼৄ

ǝƷǝǐǻǐǼȝȖॶ ǻƷȓȓǦƷǝǐȖॶ ǼǐΘ ǶǦǜǐ ƷǼǌ ǼǐΘ Uǣ�Ȗॶ ȝǣǐȖǐ ȏǐȂȏǶǐ ǣƷΗǐ Ǵǐȏȝ ǻǐ ǶƷȠǝǣǦǼǝ ƷǼǌ ǶǦǜȝǐǌ ǻǐ Ƞȏ

ΘǣǐǼ ȝǣǐ ǝȂǦǼǝ ǝȂȝ ȝȂȠǝǣॽ � ȖȏǐǆǦƷǶ ȝǣƷǼǴ ΞȂȠ ȝȂ XǐǅǐǆƷ �ȂȓǝǐȖ BȂǼȓȂΞ ǜȂȓ ǅǐǦǼǝ ȝǣǐ ǅǐȖȝ ȓȂȂǻৄ

ǻƷȝǐॶ ǻƷǦǌৄȂǜৄǣȂǼȂȓ ƷǼǌ ǜȓǦǐǼǌ / ǆȂȠǶǌ ǣƷΗǐ ǐΗǐȓ ƷȖǴǐǌ ǜȂȓঃ ȂȠȓ ǜȓǦǐǼǌȖǣǦȏ ǻǐƷǼȖ ȖȂ ǻȠǆǣ ȝȂ ǻǐॽ

BȂȖȝ ǦǻȏȂȓȝƷǼȝǶΞॶ / ΘƷǼȝ ȝȂ ȝǣƷǼǴ ȝǣǐ ȏǐȂȏǶǐ ΘǣȂ ǣƷΗǐ ǅǐǐǼ ΘǦȝǣ ǻǐ ȝǣȓȂȠǝǣ Ǧȝ ƷǶǶ ƷǼǌ ΘǣȂ

ǣƷΗǐ ȖǣƷȏǐǌ ǻǐ ȝȂ ǅǐ ȝǣǐ ȏǐȓȖȂǼ / Ʒǻ ȝȂǌƷΞॽ / ΘȂȠǶǌ ǼȂȝ ǅǐ ǣǐȓǐ ȝȂǌƷΞ ΘǦȝǣȂȠȝ ȝǣǐ ǶȂΗǐ ƷǼǌ ȖȠȏৄ

ȏȂȓȝ Ȃǜ ǻΞ ȏƷȓǐǼȝȖॶ XȂǅ ƷǼǌ �ǐǼǦȖǐ :ƷΞȖȂǼ ƷǼǌ ǻΞ ǶǦȝȝǶǐ ȖǦȖȝǐȓॶ :ǐȖȖǦǆƷ :ƷΞȖȂǼॽ bǣƷǼǴ ΞȂȠ ǜȂȓ ȝǣǐ

ΝǦǦ



ȖƷǆȓǦЖǆǐȖ ΞȂȠ ǣƷΗǐ ǻƷǌǐ ȝȂ ƷǶǶȂΘ ǻǐ ȝȂ ȏȠȓȖȠǐ ǻΞ ǌȓǐƷǻȖ ƷǼǌ ǜȂȓ ȖȠȏȏȂȓȝǦǼǝ ǻΞ ǐǼǌǶǐȖȖ ǼǐȓǌǦǼǐȖȖॽ

� ǅǦǝ ȝǣƷǼǴ ΞȂȠ ƷȖ ΘǐǶǶ ȝȂ ǻΞ ǝȓƷǼǌȏƷȓǐǼȝȖॶ =ǶȂΞǌ ƷǼǌBƷǐ CǦȖǣǦǻȂȝȂॶ ƷǼǌ ȝǣǐ ǐǼȝǦȓǐ CǦȖǣǦǻȂȝȂ

ǆǶƷǼॶ ǻΞ ƷȠǼȝȖॶ ȠǼǆǶǐȖॶ ƷǼǌ ǆȂȠȖǦǼȖॶ ǜȂȓ ȝǣǐ ǶȂΗǐॶ ǶƷȠǝǣȝǐȓ ƷǼǌ ȖȠȏȏȂȓȝ Ʒȝ ǐΗǐȓΞ ȖȝƷǝǐ ǦǼ ǻΞ ǶǦǜǐॽ BΞ

ǐǼȝǦȓǐ ǜƷǻǦǶΞ ǣƷȖ ȖǣƷȏǐǌ ǻǐ ƷǼǌ ǦǼȖȏǦȓǐǌ ǻǐ ȝǣȓȂȠǝǣȂȠȝ ǻΞ ǶǦǜǐॽ / ΘȂȠǶǌ ƷǶȖȂ ǶǦǴǐ ȝȂ ȝǣƷǼǴ ǻΞ ǦǼৄ

ǶƷΘȖ �ǼǌȓǑॶ BƷȓǦǑȝȝǐॶ �ȓǦǆƷ ƷǼǌ ȝǣǐ ǐǼȝǦȓǐ �ȓƷǼǌǁȂ ƷǼǌ �ƷǝǝǦȂ ǜƷǻǦǶǦǐȖ ǦǼ �ȓƷΣǦǶ ǜȂȓ ǻƷǴǦǼǝ ǻǐ ǜǐǐǶ

ǶǦǴǐ ǜƷǻǦǶΞ ǜȓȂǻ ȝǣǐ ǅǐǝǦǼǼǦǼǝॽ

$ǦǼƷǶǶΞॶ / ΘǦȖǣ ȝȂ ȝǣƷǼǴ ǻΞ ȂȠȝȓƷ ǻǐȝƷǌǐ ǌƷ ǶƷȓƷǼǱƷॶ ǻΞ ǅǐȖȝ ǜȓǦǐǼǌॶ ǻΞ ȖȂȠȓǆǐ Ȃǜ ǐǼǌǶǐȖȖ ǶȂΗǐ

ƷǼǌ ǶƷȠǝǣȝǐȓॶ ΘǣȂ ǅȓǦǼǝȖ ȂȠȝ ȝǣǐ ǅǐȖȝ ǦǼ ǻǐॶ ΘǣȂ ǶǦȝǐȓƷǶǶΞ ƷǼǌ ЖǝȠȓƷȝǦΗǐǶΞ ǶǦǜȝȖ ǻǐ Ƞȏॶ ǻΞ ǣȠȖǅƷǼǌॶ

,ȠǝȂ �ȓƷǼǌǁȂॽ /৚ǻ ȖȂ ǝȓƷȝǐǜȠǶ ΞȂȠ ǜȂȠǼǌ ǻǐ ǦǼ ȝǣȂȖǐ ЖȓȖȝ ǜǐΘ ǻȂǼȝǣȖ Ȃǜ ǻΞ Uǣ� ƷȖ ȝǣǦȖ ƷǌΗǐǼৄ

ȝȠȓǐ ƷǼǌ ȝǣǐ ǻƷǼΞ ȂȝǣǐȓȖ Θǐ ǣƷΗǐ ǣƷǌ ΘȂȠǶǌ ǼȂȝ ǣƷΗǐ ǅǐǐǼ ǼǐƷȓǶΞ ƷȖ ǜȠǼ ΘǦȝǣȂȠȝ ΞȂȠॽ /৚ǻ ǶȂȂǴǦǼǝ

ǜȂȓΘƷȓǌ ȝȂ ȂȠȓ ǼǐΝȝ ƷǌΗǐǼȝȠȓǐȖ ȝȂǝǐȝǣǐȓ ƷȖ �ȓॽ �ȓƷǼǌǁȂ ƷǼǌ �ȓॽ :ƷΞȖȂǼॸ

ΝǦǦǦ



1
/ǼȝȓȂǌȠǆȝǦȂǼ

ऀ৷ऀ =ӢԌӢӋ ӋԏԀԌӲӏԚ ӟԀӸӏԀԓԚҷԓӢԓ Ӣӹ ԌӟԮԓӢԀӲԀӚԮ

=�Ȗ Ʒȓǐ ǌΞǼƷǻǦǆ ȂȓǝƷǼǐǶǶǐȖ ǆȂǻȏȂȖǐǌ Ȃǜ ǼǐȠȝȓƷǶ ǶǦȏǦǌȖ ঳Ǧॽǐॽ ȝȓǦƷǆΞǶǝǶΞǆǐȓȂǶȖ ফb%ব ƷǼǌ ǆǣȂǶǐȖȝǐȓȂǶ

ǐȖȝǐȓȖ঴ ǅȂȠǼǌ ǅΞ Ʒ ȏǣȂȖȏǣȂǶǦȏǦǌ ǻȂǼȂǶƷΞǐȓ ǦǼ ΘǣǦǆǣ ǐǼΣΞǻǐȖ ǦǼΗȂǶΗǐǌ ǦǼ Ʒ ǻΞȓǦƷǌ Ȃǜ ǜȠǼǆȝǦȂǼȖॶ

ǦǼǆǶȠǌǦǼǝ b% ȖΞǼȝǣǐȖǦȖ ƷǼǌ ǶǦȏȂǶΞȖǦȖॶ Ʒȓǐ ǐǻǅǐǌǌǐǌःऄॶँࣿअॶँँऄॽ CǐȠȝȓƷǶ ǶǦȏǦǌȖ ȖȝȂȓǐǌ ǦǼ =�Ȗ ȂȓǦǝǦৄ

ǼƷȝǐ ǜȓȂǻ ǐΝȂǝǐǼȂȠȖ ǶǦȏȂȏȓȂȝǐǦǼȖ Ȃȓ Ʒȓǐ ȖΞǼȝǣǐȖǦΣǐǌ ΗǦƷ ǌǐ ǼȂΗȂ ǶǦȏȂǝǐǼǐȖǦȖँࣿॶँंँॽ bǣǐ ǅǦȂǝǐǼǐȖǦȖ

ऀ



ƷǼǌ ȖȠǅȖǐȒȠǐǼȝ ǐΝȏƷǼȖǦȂǼ Ȃǜ =�Ȗ ȂǆǆȠȓ Ʒȝ ȝǣǐ �X Θǣǐȓǐ ǻƷǼΞ ǼǐȠȝȓƷǶ ǶǦȏǦǌ ȖΞǼȝǣǐȖǦȖ ǐǼΣΞǻǐȖ Ʒȓǐ

ǶȂǆƷȝǐǌँࣿॶँँऄॶँंःॶँंँॽ

bǣǐ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ b% ȖȝȂȓƷǝǐ ƷǼǌ ǻǐȝƷǅȂǶǦȖǻ ǜȓȂǻ =�Ȗ ǦȖ ǆȓȠǆǦƷǶ ȝȂ ǻǐǐȝ ȝǣǐ ǆǐǶǶ৚Ȗ ǐǼǐȓǝΞ ƷǼǌ

ȏȓȂǶǦǜǐȓƷȝǦȂǼ ǌǐǻƷǼǌȖॽ eǼǌǐȓ ǼȠȝȓǦǐǼȝ ȓǦǆǣ ǆȂǼǌǦȝǦȂǼȖॶ =�Ȗ ǐΝȏƷǼǌ ȝȂ ȖȝȂȓǐ ǐΝǆǐȖȖ ǶǦȏǦǌȖँँऄॶँंँॽ

�ȂǼΗǐȓȖǐǶΞॶ ȠǼǌǐȓ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ǼȠȝȓǦǐǼȝ ǌǐȏȓǦΗƷȝǦȂǼ ǜȓǐǐ ǜƷȝȝΞ ƷǆǦǌȖ ঳$$�Ȗ঴ Ʒȓǐ ȓƷǅǦǌǶΞ ǻȂǅǦǶǦΣǐǌ

ǜȓȂǻ =�Ȗऀँऀॽ [ǦǻǦǶƷȓǶΞॶ $�Ȗ Ʒȓǐ ǻȂǅǦǶǦΣǐǌ ǜȓȂǻ =�Ȗ ǌȠȓǦǼǝ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ǆǐǶǶ ǝȓȂΘȝǣ ȝȂ ȏȓȂΗǦǌǐ

ǅȠǦǶǌǦǼǝ ǅǶȂǆǴȖ ǜȂȓ ȏǣȂȖȏǣȂǶǦȏǦǌȖ Ȃǜ ǐΝȏƷǼǌǦǼǝ ǻǐǻǅȓƷǼǐȖँँऄॽ bǣǐ ȏȓȂǌȠǆȝǦȂǼ ƷǼǌ ǜƷȝǐ Ȃǜ $$�Ȗ ǦȖ

Ʒ ȝǦǝǣȝǶΞ ȓǐǝȠǶƷȝǐǌ ȏȓȂǆǐȖȖ ƷȖ ǐΝǆǐȖȖ $$�Ȗ Ʒȓǐ ȝȂΝǦǆ ȝȂ ȝǣǐ ǆǐǶǶॽ BȂȓǐȂΗǐȓॶ ǌΞȖȓǐǝȠǶƷȝǦȂǼ Ȃǜ ǜƷȝȝΞ ƷǆǦǌ

঳$�঴ ǻǐȝƷǅȂǶǦȖǻ Ȃȓ $� ȝȓƷАǆǴǦǼǝ ǆƷǼ ǣƷΗǐ ȖǐΗǐȓǐ ǆȂǼȖǐȒȠǐǼǆǐȖ ǜȂȓ ǆǐǶǶȠǶƷȓ ǣȂǻǐȂȖȝƷȖǦȖॶ ǼƷǻǐǶΞ

ǦǼ ȝǣǐ ǜȂȓǻ Ȃǜ ǶǦȏȂȝȂΝǦǆǦȝΞॽ =ǦȏȂȝȂΝǦǆǦȝΞॶ ȝǣǐ ȝȂΝǦǆ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǐΝǆǐȖȖ ǶǦȏǦǌȖ ǦǼ ǼȂǼৄƷǌǦȏȂȖǐ

ȝǦȖȖȠǐȖॶ ǦȖ ȖȝȓȂǼǝǶΞ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ȂǅǐȖǦȝΞৄȓǐǶƷȝǐǌ ǌǦȖǐƷȖǐȖ ȖȠǆǣ ƷȖ ǼȂǼƷǶǆȂǣȂǶǦǆ ǜƷȝȝΞ ǶǦΗǐȓ ǌǦȖǐƷȖǐॶ

ǆƷȓǌǦȂΗƷȖǆȠǶƷȓ ǌǦȖǐƷȖǐॶ ƷǼǌ ǌǦƷǅǐȝǐȖःंॶऄँॶऀःࣿॶँऄऄॽ =ǦȏȂȝȂΝǦǆǦȝΞ ǝǦΗǐȖ ȓǦȖǐ ȝȂ ǦǼȖȠǶǦǼ ȓǐȖǦȖȝƷǼǆǐ ƷǼǌॶ Ǧǜ

ȠǼƷǌǌȓǐȖȖǐǌॶ ȠǶȝǦǻƷȝǐǶΞ ǶǐƷǌȖ ȝȂ ǆǐǶǶȠǶƷȓ ǌΞȖǜȠǼǆȝǦȂǼ ƷǼǌ ǆǐǶǶ ǌǐƷȝǣँॶऄॶःंॶँऄऄॽ

=�Ȗ Ʒȓǐ ƷǶȖȂ ȝǣǐ ǻƷǦǼ ȖǦȝǐ ǜȂȓ ǆǣȂǶǐȖȝǐȓȂǶ ȖȝȂȓƷǝǐ ƷǼǌ Ʒȓǐ ȝǣȠȖ ǦǻȏǶǦǆƷȝǐǌ ǦǼ ǆǣȂǶǐȖȝǐȓȂǶ ȖȝȂȓƷǝǐ

ǌǦȖǐƷȖǐȖँंईॽ �ΝǆǐȖȖǦΗǐ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǆǣȂǶǐȖȝǐȓȂǶ ǐȖȝǐȓ ǆȂǼȝƷǦǼǦǼǝ =�Ȗ ǦǼ ǻƷǆȓȂȏǣƷǝǐȖ ȝǣƷȝ ȓǐৄ

ȖȠǶȝ ǦǼ ǜȂƷǻ ǆǐǶǶ ǜȂȓǻƷȝǦȂǼ ǦȖ Ʒ ǣƷǶǶǻƷȓǴ Ȃǜ ƷȝǣǐȓȂȖǆǶǐȓȂȖǦȖँःइॽ BƷǼΞ ȏȓȂȝǐǦǼȖ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ =�Ȗॶ

ȖȠǆǣ ƷȖ ȝǣǐ ǆǐǶǶ ǌǐƷȝǣৄǦǼǌȠǆǦǼǝ �C� ǜȓƷǝǻǐǼȝƷȝǦȂǼ ǜƷǆȝȂȓৄǶǦǴǐ ǐЍǐǆȝȂȓ ঳�/��঴ ȏȓȂȝǐǦǼ ǜƷǻǦǶΞ ƷǼǌ

ȝǣǐ ȏǐȓǦǶǦȏǦǼॶ ��$U ƷǼǌ bǦȏःआ ঳U�b঴ ǜƷǻǦǶΞ ǣƷΗǐ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ȏǶƷΞ ǴǐΞ ȓȂǶǐȖ ǦǼ ȝǣǐ ǜȂȓǻƷȝǦȂǼ

ƷǼǌ ȖȝƷǅǦǶǦΣƷȝǦȂǼ Ȃǜ ƷȝǣǐȓȂȖǆǶǐȓȂȝǦǆ ǜȂƷǻ ǆǐǶǶ =�Ȗआॶँःंॶँःइॽ $ȠȓȝǣǐȓǻȂȓǐॶ =�Ȗ ǣƷΗǐ ǅǐǐǼ ǦǻȏǶǦǆƷȝǐǌ

ǦǼ ΗǦȓƷǶ ǦǼǜǐǆȝǦȂǼॶ ǼƷǻǐǶΞ ǦǼ ,ǐȏƷȝǦȝǦȖ � ΗǦȓȠȖ ঳,�q঴ ǦǼǜǐǆȝǦȂǼ ƷǼǌ Ȃȝǣǐȓ XC� ΗǦȓȠȖǐȖँःॶऀंऄॶऀःंॽ

/Ǽ ,�q ƷǼǌ �ǐǼǝȠǐ qǦȓȠȖ ঳��Cq঴ॶ ΗǦȓƷǶ ȏȓȂȝǐǦǼȖ ƷȖȖȂǆǦƷȝǐ ΘǦȝǣ =�Ȗ ƷǼǌ ǣǦǱƷǆǴ ȝǣǐ =� ƷȖ Ʒ ȖǦȝǐ

ǜȂȓ ƷȖȖǐǻǅǶΞ ƷǼǌ ȓǐȏǶǦǆƷȝǦȂǼ Ȃǜ ȝǣǐ ΗǦȓȠȖ ȝǣƷȝ ǆƷȠȖǐȖ ǆǣȓȂǼǦǆ ǶǦΗǐȓ ǌǦȖǐƷȖǐँःॶँआॶऀंऄॽ /Ǽ ��Cq ǦǼǜǐǆৄ

ȝǦȂǼȖॶ =� ǅǦǼǌǦǼǝ Ȃǜ ΗǦȓƷǶ ȏȓȂȝǐǦǼȖ ǦȖ ǌǐȏǐǼǌǐǼȝ ȂǼ =� ȖȠȓǜƷǆǐ ȏȓȂȝǐǦǼȖॶ ƷǼǌ ȝǣǐȓǐ ΗǦȓƷǶ ȏȓȂȝǐǦǼȖ

ȓǐǆȓȠǦȝ ǐǼΣΞǻǐȖ ǦǼΗȂǶΗǐǌ ǦǼ ǜƷȝȝΞ ƷǆǦǌ ȖΞǼȝǣǐȖǦȖ ȝȂ ȖǦȝǐȖ Ȃǜ ΗǦȓƷǶ ȓǐȏǶǦǆƷȝǦȂǼ ȝȂ ȏȓȂΗǦǌǐ Ʒ ȖȂȠȓǆǐ Ȃǜ

ǐǼǐȓǝΞँआॶआआॽ /ǼȝȓǦǝȠǦǼǝǶΞॶ ȓǐǆǐǼȝ ȖȝȠǌǦǐȖ ȖȠǝǝǐȖȝ ȝǣƷȝ =�Ȗ ǻƷΞ ƷǶȖȂ ǅǐ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ȓǐȏǶǦǆƷȝǦȂǼ Ȃǜ

ँ



ȝǣǐ ǼȂΗǐǶ [�X[ৄ�ȂΗৄँ ঳�Hq/�ऀई঴ ΗǦȓȠȖअँॽ $ǦǼƷǶǶΞॶ ǦǻǅƷǶƷǼǆǐ ǦǼ ǶǦȏǦǌ ȖȝȂȓƷǝǐ ǦȖ ȝǣǐ ȠǼǌǐȓǶΞǦǼǝ

ǆƷȠȖǐ Ȃǜ ǼǐȠȝȓƷǶ ǶǦȏǦǌ ȖȝȂȓƷǝǐ ǌǦȖǐƷȖǐ ঳C[=�঴ ূ Ʒ ǌǦȖǐƷȖǐ Ȃǜ ǐΝǆǐȖȖǦΗǐ ǶǦȏǦǌ ȖȝȂȓƷǝǐ ƷǆȓȂȖȖ ȝǦȖȖȠǐȖ ূ

ƷǼǌ ǶǦȏȂǌΞȖȝȓȂȏǣΞ ূ ȝǣǐ ǦǼƷǅǦǶǦȝΞ ȝȂ ȖȝȂȓǐ ǶǦȏǦǌȖ ǦǼ ƷǌǦȏȂȖǐ ȝǦȖȖȠǐऀऀःॶँंईॽ �Ȃȝǣ ǌǦȖǐƷȖǐȖ Ʒȓǐ ǆƷȠȖǐǌ ǅΞ

ǻȠȝƷȝǦȂǼȖ ǦǼ ǝǐǼǐȖ ǦǼΗȂǶΗǐǌ ǦǼ ǐǦȝǣǐȓ ǶǦȏǦǌ ȖΞǼȝǣǐȖǦȖॶ ǆƷȝƷǅȂǶǦȖǻ Ȃȓ ȖȝȂȓƷǝǐ ǦǼ =�Ȗॶ ǣǦǝǣǶǦǝǣȝǦǼǝ ȝǣǐ

ǦǻȏȂȓȝƷǼǆǐ Ȃǜ =� ǣȂǻǐȂȖȝƷȖǦȖ ǦǼ ȏǣΞȖǦȂǶȂǝΞँंईॽ

ऀ৷ँ =ӢԌӢӋ ӋԏԀԌӲӏԚ әԀԏӸҷԚӢԀӹ

ऀ৷ँ৷ऀ CӏԞԚԏҷӲ ӲӢԌӢӋ ԓԮӹԚӟӏԓӢԓ

bȓǦǝǶΞǆǐȓǦǌǐȖ ঳b%Ȗ঴ Ʒȓǐ ȖΞǼȝǣǐȖǦΣǐǌ ǅΞ ǆǐǶǶȖ ȝȂ ȖȝȂȓǐ $�Ȗ ȝǣƷȝ ǆƷǼ ǅǐ ǶƷȝǐȓ ǻǐȝƷǅȂǶǦΣǐǌ ǜȂȓ ǐǼǐȓǝΞ

Ȃȓ ȠȖǐǌ ƷȖ Ʒ ǅȠǦǶǌǦǼǝ ǅǶȂǆǴ ǜȂȓ ǻǐǻǅȓƷǼǐ ȏǣȂȖȏǣȂǶǦȏǦǌ ȖΞǼȝǣǐȖǦȖॽ sǣǐǼ ǼȠȝȓǦǐǼȝȖ Ʒȓǐ ǦǼ ǐΝǆǐȖȖॶ

b% ȖΞǼȝǣǐȖǦȖ ǦǼǆȓǐƷȖǐȖ ƷǼǌ b%Ȗ Ʒȓǐ ȖȠǅȖǐȒȠǐǼȝǶΞ ȖȝȂȓǐǌ ǦǼ =�Ȗ Ȃȓ Ȗǐǆȓǐȝǐǌ ǅΞ ȝǣǐ ǶǦΗǐȓ ƷȖ ΗǐȓΞ ǶȂΘৄ

ǌǐǼȖǦȝΞ ǶǦȏȂȏȓȂȝǐǦǼ ঳q=�=঴ ȏƷȓȝǦǆǶǐȖँँऄॽ �Ȗ ȏȓǐΗǦȂȠȖǶΞ ǻǐǼȝǦȂǼǐǌॶ ǌΞȖȓǐǝȠǶƷȝǦȂǼ Ȃǜ b% ȖΞǼȝǣǐȖǦȖ

ƷǼǌ ȖȝȂȓƷǝǐ Ʒȓǐ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ǻǐȝƷǅȂǶǦǆ ǌǦȖǐƷȖǐȖ ȖȠǆǣ ƷȖ ǌǦƷǅǐȝǐȖ ƷǼǌ ǼȂǼৄƷǶǆȂǣȂǶǦǆ ǜƷȝȝΞ ǶǦΗǐȓ ǌǦȖৄ

ǐƷȖǐ ঳C�$=�঴ँअॶअࣿॶआँॽ bǣǐȓǐǜȂȓǐॶ ȠǼǌǐȓȖȝƷǼǌǦǼǝ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ b% ȖΞǼȝǣǐȖǦȖ ǆƷǼ

ȏȓȂΗǦǌǐ ǦǼȖǦǝǣȝ ǦǼȝȂ ȠǼǌǐȓȖȝƷǼǌǦǼǝ ȝǣǐ ȠǼǌǐȓǶΞǦǼǝ ȏƷȝǣȂǶȂǝΞ Ȃǜ ȝǣǐȖǐ ǌǦȖǐƷȖǐȖॽ

b% ȖΞǼȝǣǐȖǦȖ ǆƷǼ ȂǆǆȠȓ ΗǦƷ ȝΘȂ ǌǦЍǐȓǐǼȝ ȏƷȝǣΘƷΞȖ ȠȖǦǼǝ ǐΝȂǝǐǼȂȠȖ $�Ȗ ূ $�Ȗ ȝƷǴǐǼ Ƞȏ ǅΞ ȝǣǐ

ǆǐǶǶ ǜȓȂǻ ȝǣǐ ǐΝȝȓƷǆǐǶǶȠǶƷȓ ǐǼΗǦȓȂǼǻǐǼȝ ূ Ȃȓ ǐǼǌȂǝǐǼȂȠȖ $�Ȗ ূ $�Ȗ ǆȂǼΗǐȓȝǐǌ ǜȓȂǻ ǐΝǆǐȖȖ ǆƷȓǅȂǣΞৄ

ǌȓƷȝǐȖॽ [ȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ǼȠǻǐȓȂȠȖ ǆǐǶǶ ȝΞȏǐȖ ȏȓǐǜǐȓ ȝȂ ȠȖǐ ǐΝȂǝǐǼȂȠȖ $�Ȗ ǜȂȓ ǻǐǻǅȓƷǼǐ Ȃȓ

ȖȝȓȠǆȝȠȓƷǶ ǶǦȏǦǌȖऀंँॶँःःॽ �ΝȂǝǐǼȂȠȖ $$�Ȗ Ʒȓǐ ǦǼǆȂȓȏȂȓƷȝǐǌ ǦǼȝȂ ȝǣǐ ǆǐǶǶ ǐǦȝǣǐȓ ΗǦƷ ȝȓƷǼȖȏȂȓȝ ƷǆȓȂȖȖ

ȝǣǐ ȏǶƷȖǻƷ ǻǐǻǅȓƷǼǐ ǅΞ ��ंअ Ȃȓ ȠȏȝƷǴǐ Ȃǜ ǶǦȏȂȏȓȂȝǐǦǼȖऄईॶऀंंॶऀऄंॽ /Ǽ ȝǣǐ ǆΞȝȂȖȂǶॶ $$�Ȗ Ʒȓǐ ǐȖৄ

ȝǐȓǦЖǐǌ ǅΞ ǶȂǼǝ ǆǣƷǦǼ ƷǆΞǶৄ�Ȃ� ȖΞǼȝǣǐȝƷȖǐȖ ঳��[=Ȗ঴ ȝȂ ǝǐǼǐȓƷȝǐ ǜƷȝȝΞ ƷǆΞǶৄ�Ȃ�Ȗ ȠȖǐǌ ǦǼ ǌȂΘǼৄ

ȖȝȓǐƷǻ b% ȖΞǼȝǣǐȖǦȖ ȖȝǐȏȖ Ʒȝ ȝǣǐ ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻ ঳�X঴ॽ �ǼǌȂǝǐǼȂȠȖ $�Ȗ Ʒȓǐ ǝǐǼǐȓƷȝǐǌ ΗǦƷ

ȝǣǐ ȏȓȂǆǐȖȖ Ȃǜ ǌǐ ǼȂΗȂ ǶǦȏȂǝǐǼǐȖǦȖ ঳�C=঴ऀंँॶऀइअॽ eǼǌǐȓ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ǐΝǆǐȖȖǦΗǐ ǝǶȠǆȂȖǐ Ȃȓ ȠȏȓǐǝȠৄ

ǶƷȝǦȂǼ Ȃǜ �C= ǐǼΣΞǻǐȖ ǦǼ ǆƷǼǆǐȓ ǆǐǶǶȖऀंँॶ ǆǦȝȓƷȝǐ ȏȓȂǌȠǆǐǌ ǅΞ ȝǣǐ <ȓǐǅ৚Ȗ ǆΞǆǶǐ ǦǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ
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Figure 1.1: The enzymes of triacylglycerol synthesis localize to the ER bilayer where TG is synthesized and accumulates
within the ER bilayer. With the help of proteins such as seipin, the TG lenses emerge as LDs that themselves become
sites for protein localization and activity to maintain LD homeostasis.
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ǦȖ ǐΝȏȂȓȝǐǌ ǦǼȝȂ ȝǣǐ ǆΞȝȂȖȂǶ Θǣǐȓǐ Ǧȝ ǦȖ ǆȂǼΗǐȓȝǐǌ ǅΞ �bUৄǆǦȝȓƷȝǐ ǶΞƷȖǐ ঳��=y঴ ǦǼȝȂ ƷǆǐȝΞǶৄ�Ȃ�ॽ

�ǆǐȝΞǶৄ�Ȃ� ǦȖ ȝǣǐǼ ǆȂǼΗǐȓȝǐǌ ȝȂ ǻƷǶȂǼΞǶৄ�Ȃ� ǅΞ ƷǆǐȝΞǶৄ�Ȃ� ǆƷȓǅȂΝΞǶƷȖǐ ঳���঴ॽ �ǆǐȝΞǶৄ�Ȃ�

ƷǼǌ ǻƷǶȂǼΞǶৄ�Ȃ� Ʒȓǐ ȝǣǐǼ ǆȂǻǅǦǼǐǌ ǅΞ ǜƷȝȝΞ ƷǆǦǌ ȖΞǼȝǣƷȖǐ ঳$�[C঴ ƷǼǌ Ʒǜȝǐȓ Ʒ ȖǐȓǦǐȖ Ȃǜ ǻȂǌǦǜΞǦǼǝ

ȖȝǐȏȖॶ ȝǣǐ $� ȏƷǶǻǦȝȂΞǶৄ�Ȃ� ǦȖ ƷΗƷǦǶƷǅǶǐ ǜȂȓ b% ȖΞǼȝǣǐȖǦȖःॶऀइअॽ b% ȖΞǼȝǣǐȖǦȖ ǅǐǝǦǼȖ ΘǦȝǣ ȝǣǐ ǐǼΣΞǻǐ

ǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ঳%U�b঴ ȝȂ ǝǐǼǐȓƷȝǐ ǶΞȖȂȏǣȂȖȏǣƷȝǦǌǦǆ ƷǆǦǌ ঳=U�঴ ǜȓȂǻ Ʒ ǜƷȝȝΞ

ƷǆΞǶৄ�Ȃ� ƷǼǌ Ʒ ǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ǻȂǶǐǆȠǶǐॽ =U� ǦȖ ǣƷǼǌǐǌ ȂЍ ȝȂ ȖǼৄऀৄƷǆΞǶǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ

HৄƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ঳�%U�b঴ ǜȂȓ ȝǣǐ ȖΞǼȝǣǐȖǦȖ Ȃǜ ȏǣȂȖȏǣƷȝǦǌǦǆ ƷǆǦǌ ঳U�঴ॶ ΘǣǦǆǣ ǦȖ ǆȂǼΗǐȓȝǐǌ ȝȂ ǌǦƷৄ

ǆΞǶǝǶΞǆǐȓȂǶ ঳�%঴ ǅΞ ǶǦȏǦǼॶ ƷǼǌ ȝǣǐ ЖǼƷǶ Ȗȝǐȏ Ȃǜ b% ȖΞǼȝǣǐȖǦȖ ǦȖ ǆƷȝƷǶΞΣǐǌ ǅΞ ǌǦƷǆΞǶǝǶΞǆǐȓȂǶ ƷǆΞǶȝȓƷǼȖৄ

ǜǐȓƷȖǐ ঳�%�b঴ ঳$ǦǝȠȓǐ ऀॽऀ঴ॽ bǣǐȖǐ ǐǼΣΞǻǐȖ ǻƷǦǼǶΞ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ �X ȝȂ ǆȂȂȓǌǦǼƷȝǐ b% ȖΞǼȝǣǐȖǦȖ Ʒȝ

ȝǣǐ �X ǅǦǶƷΞǐȓ ǜȂȓ ǌȂΘǼȖȝȓǐƷǻ ȖȝȂȓƷǝǐ ǦǼ =�Ȗ Ȃȓ ȖǐǆȓǐȝǦȂǼँँऄॽ

bǣǐ ȓƷȝǐৄǶǦǻǦȝǦǼǝ Ȗȝǐȏ Ȃǜ b% ȖΞǼȝǣǐȖǦȖ ǦȖ %U�bॽ bǣǐȓǐ Ʒȓǐ ǜȂȠȓ ǻƷǱȂȓ ǦȖȂǜȂȓǻȖ Ȃǜ %U�bॵ %U�bं

ƷǼǌ %U�bः Ʒȓǐ ǻƷǦǼǶΞ �XৄǶȂǆƷǶǦΣǐǌ ǦȖȂǜȂȓǻȖॶ ƷǼǌ %U�bऀ ƷǼǌ %U�bँ Ʒȓǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǦȖȂৄ

ǜȂȓǻȖँंऀॶँःँॽ %U�bऀ ǦȖ ǣǦǝǣǶΞ ǐΝȏȓǐȖȖǐǌ ǦǼ ȝǣǐ ǶǦΗǐȓ ƷǼǌ ǦȝȖ ȓǐǝȠǶƷȝǦȂǼ ΘǦǶǶ ǅǐ ǌǦȖǆȠȖȖǐǌ ǦǼ ǝȓǐƷȝǐȓ

ǌǐȝƷǦǶ ǦǼ �ǣƷȏȝǐȓ ंॽ %U�bं ƷǼǌ %U�bः Ʒȓǐ ǻȂȖȝ ȏȓȂǻǦǼǐǼȝǶΞ ǐΝȏȓǐȖȖǐǌ ǦǼ ΘǣǦȝǐ ƷǼǌ ǅȓȂΘǼ

ƷǌǦȏȂȖǐ ȝǦȖȖȠǐ ȓǐȖȏǐǆȝǦΗǐǶΞँࣿँॶँंअॽ bǣǐǦȓ ƷǆȝǦΗǦȝΞ ǦȖ ȠȏȓǐǝȠǶƷȝǐǌ ǅΞ ǦǼȖȠǶǦǼ ȖȝǦǻȠǶƷȝǐǌ ȏǣȂȖȏǣȂȓΞৄ

ǶƷȝǦȂǼँंअॽ [ȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ %U�bः ȓǐǶȂǆƷǶǦΣǐȖ ǜȓȂǻ ȝǣǐ �X ȝȂ ǐΝȏƷǼǌǦǼǝ =�Ȗ ȝȂ ǜƷǆǦǶǦȝƷȝǐ

=� ǝȓȂΘȝǣँंःॽ bǣǐ ǻǦǆȓȂȖȂǻƷǶ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ %U�bȖ ƷǼǌ ȝǣǐ Ȃȝǣǐȓ ǻǐǻǅǐȓȖ Ȃǜ b% ȖΞǼȝǣǐȖǦȖ ǦȖ

ǦǻȏȂȓȝƷǼȝ ǜȂȓ ȝǣǐ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ b% ǦǼ ȝǣǐ �X ǅǦǶƷΞǐȓ ǜȂȓ =� ǅǦȂǝǐǼǐȖǦȖॽ

ऀ৷ँ৷ँ =� �ӢԀӚӏӹӏԓӢԓ әԏԀӸ Ԛӟӏ �X

=� ǅǦȂǝǐǼǐȖǦȖ ȂȓǦǝǦǼƷȝǐȖ Ʒȝ ȝǣǐ �X ΘǦȝǣ ȝǣǐ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ b% ǦǼ ǅǐȝΘǐǐǼ ȝǣǐ �X ǅǦǶƷΞǐȓ

ǶǐƷЙǐȝȖऀऄःॶँࣿईॶँँःॽ $ȓȂǻ Ʒ ǅǦȂȏǣΞȖǦǆƷǶ ȏǐȓȖȏǐǆȝǦΗǐॶ Ʒȝ ǐȒȠǦǶǦǅȓǦȠǻ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ b% ǦǼ ȝǣǐ �X

Ǧȝ ǦȖ ȝǣǐȓǻȂǌΞǼƷǻǦǆƷǶǶΞ ǜƷΗȂȓƷǅǶǐ ǜȂȓ ȝǣǐ b% ǦǼ ȝǣǐ �X ǅǦǶƷΞǐȓ ǶǐƷЙǐȝȖ ȝȂ ƷǆǆȠǻȠǶƷȝǐ ǦǼ ǶǐǼȖǐȖ Ȃȓ

ȂǦǶ ǅǶǦȖȝǐȓȖँऀࣿॶँँःॶँऄअॽ BȂǶǐǆȠǶƷȓ ǌΞǼƷǻǦǆȖ ȖȝȠǌǦǐȖ ȓǐΗǐƷǶ ȝǣƷȝ ȝǣǐ ȂǦǶ ǅǶǦȖȝǐȓ ǜȂȓǻƷȝǦȂǼ ǦǼ �X ǅǦǶƷΞৄ

ǐȓȖ ǆƷǼ ǅǐ ǌǐȖǆȓǦǅǐǌ ǅΞ Ʒ ǶǦȒȠǦǌৄǶǦȒȠǦǌ ȏǣƷȖǐ ȖǐȏƷȓƷȝǦȂǼ ঳==U[঴ ȏȓȂǆǐȖȖॵ b%Ȗ ǦǼ ǶǦȏǦǌ ǅǦǶƷΞǐȓȖ ǣƷΗǐ

ऄ



ǶǦȒȠǦǌৄǶǦǴǐ ǅǐǣƷΗǦȂȓ ȝǣƷȝॶ Ʒȝ ǐȒȠǦǶǦǅȓǦȠǻ ΘǦȝǣ ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ƷǅȂΗǐ ः઒ॶ ǜȂȓǻ ǶǐǼȖǐȖ ȝǣƷȝ Ʒȓǐ ǆƷȏƷǅǶǐ

Ȃǜ ǆȂƷǶǐȖǆǦǼǝॶ ǜȠȖǦǼǝ ƷǼǌ ǣƷΗǐ ǐΝǆǣƷǼǝǐ Ȃǜ b%ǻȂǶǐǆȠǶǐȖ ǅǐȝΘǐǐǼ ȝǣǐ ǆȂǼǌǐǼȖǐǌ b% ǶǐǼȖ ƷǼǌ ǌǦৄ

ǶȠȝǐǌ b% ȏǣƷȖǐȖऀࣿअॶँऄअॽ bǣǦȖ ȖȠǝǝǐȖȝȖ ȝǣƷȝ b% ǶǐǼȖǐȖ ǆƷǼ ǜȂȓǻ ȖȏȂǼȝƷǼǐȂȠȖǶΞॶ ǣȂΘǐΗǐȓॶ ǻƷǼΞ Ȃȝǣǐȓ

ǜƷǆȝȂȓȖ Ʒȓǐ ǦǼΗȂǶΗǐǌ ȝȂ ǌǐȝǐȓǻǦǼǐ ȖǦȝǐȖ ƷǼǌ ǌǦȓǐǆȝǦȂǼƷǶǦȝΞ Ȃǜ =�ॽ

UǣΞȖǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ ȝǣǐ �XǻǐǻǅȓƷǼǐ ȏǶƷΞ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ ǌǐȝǐȓǻǦǼǦǼǝ ȝǣǐ ȖǦȝǐȖ Ȃǜ b% ǶǐǼȖ ǼȠǆǶǐৄ

ƷȝǦȂǼॽ [ȏȂǼȝƷǼǐȂȠȖ ǶǐǼȖ ǜȂȓǻƷȝǦȂǼ ȂǆǆȠȓȖ ƷǼǌ ȓǐǻƷǦǼȖ ȖȝƷǅǶǐ Ʒȝ ƷȓǐƷȖ Ȃǜ ǣǦǝǣ ǆȠȓΗƷȝȠȓǐ ǦǼ ǻȂǶǐǆȠǶƷȓ

ǌΞǼƷǻǦǆȖ ȖǦǻȠǶƷȝǦȂǼȖँऄअॶ ƷǼǌ ǦǼ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖॶ ǼƷȖǆǐǼȝ =� ǜȂȓǻƷȝǦȂǼ ǦȖ ǐǼȓǦǆǣǐǌ Ʒȝ �X ȝȠǅȠǶǐȖ

Θǣǐȓǐ ȝǣǐȓǐ ǦȖ ǣǦǝǣǐȓ ǻǐǻǅȓƷǼǐ ǆȠȓΗƷȝȠȓǐऀआंॽ bǣǦȖ ǻƷΞ ǅǐ ǅǐǆƷȠȖǐ Ʒȝ ȖǦȝǐȖ Ȃǜ ǣǦǝǣ ǆȠȓΗƷȝȠȓǐ ƷǼǌ

ǻǐǻǅȓƷǼǐ ǌǐǜȂȓǻƷȝǦȂǼ ǌȠǐ ȝȂ ȏǣȂȖȏǣȂǶǦȏǦǌ ȏƷǆǴǦǼǝ ǌǐǜǐǆȝȖॶ b% ƷǆǆȠǻȠǶƷȝǦȂǼ ǻƷΞ ǅǐ ǐǼǐȓǝǐȝǦৄ

ǆƷǶǶΞ ǆǣǐƷȏǐȓॽ

UǣȂȖȏǣȂǶǦȏǦǌ ǆȂǻȏȂȖǦȝǦȂǼ ƷǼǌ ǌǐǼȖǦȝΞ Ʒȓǐ ƷǶȖȂ ǆȓȠǆǦƷǶ ǜȂȓ ȝǣǐ ǌǦȓǐǆȝǦȂǼƷǶǦȝΞ Ȃǜ =� ǐǻǐȓǝǐǼǆǐ

ǜȓȂǻ ȝǣǐ �X ǅǦǶƷΞǐȓंँॶंंॶऀंॽ [ȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ȖȏǐǆǦЖǆ ȏǣȂȖȏǣȂǶǦȏǦǌȖ ূ ȏǣȂȖȏǣƷȝǦǌΞǶǦǼȂȖৄ

ǦȝȂǶ ঳U/঴ॶ ƷǼǌ =ΞȖȂৄȏǣȂȖȏǣƷȝǦǌΞǶǆǣȂǶǦǼǐ ঳=ΞȖȂৄU�঴ Ȃȓ ǌǦৄȏƷǶǻǦȝȂΞǶৄȏǣȂȖȏǣƷȝǦǌΞǶǆǣȂǶǦǼǐ ঳�UU�঴

ǻǦΝǐǌ ΘǦȝǣ ȏǣȂȖȏǣƷȝǦǌǦǆ ƷǆǦǌ ঳U�঴ ূ ǌǐǆȓǐƷȖǐ ȖȠȓǜƷǆǐ ȝǐǼȖǦȂǼ Ȃǜ ȝǣǐ �XǻǐǻǅȓƷǼǐॶ ΘǣǦǆǣ ǜƷΗȂȓȖ

=� ǅȠǌǌǦǼǝंंॶऀंॽ HǼ ȝǣǐ Ȃȝǣǐȓ ǣƷǼǌॶ ȏǣȂȖȏǣȂǶǦȏǦǌȖ ΘǦȝǣ ǼǐǝƷȝǦΗǐ ǦǼȝȓǦǼȖǦǆ ǆȠȓΗƷȝȠȓǐ ূ ȏǣȂȖৄ

ȏǣƷȝǦǌΞǶǐȝǣƷǼȂǶƷǻǦǼǐ ঳U�঴ ƷǼǌ ǌǦƷǆΞǶǝǶΞǆǐȓȂǶ ঳�%঴ ূ ǌȂ ǼȂȝ ǜƷΗȂȓ =� ǅȠǌǌǦǼǝॶ ȓƷȝǣǐȓ ȝǣǐΞ ǜƷΗȂȓ

ȝǣǐ ǦǼǦȝǦƷǶ ȖȝǐȏȖ Ȃǜ b% ǶǐǼȖ ǜȂȓǻƷȝǦȂǼ ǦǼ ȝǣǐ �Xंंॶँऄअॽ $ȠȓȝǣǐȓǻȂȓǐॶ ȝǣǐ ǌǦȓǐǆȝǦȂǼƷǶǦȝΞ Ȃǜ =� ǅȠǌৄ

ǌǦǼǝ ǌǐȏǐǼǌȖ ȂǼ ȏǣȂȖȏǣȂǶǦȏǦǌ ǐΝǆǐȖȖঃ ǦǼ ȝǣƷȝ =�Ȗ ǅȠǌ ȝȂΘƷȓǌ ȝǣǐ ȖǦǌǐ Ȃǜ ȝǣǐ �X ǅǦǶƷΞǐȓ ȝǣƷȝ ǣƷȖ

ǐΝǆǐȖȖǦΗǐ ȏǣȂȖȏǣȂǶǦȏǦǌȖंँॽ

sǣǦǶǐ ȖȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ȏǣȂȖȏǣȂǶǦȏǦǌ ǆȂǻȏȂȖǦȝǦȂǼॶ ȏǣΞȖǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ ȝǣǐ ǻǐǻǅȓƷǼǐ

ƷǼǌ ȝǣǐ ǅǦȂȏǣΞȖǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ b% ȏǐȓǻǦȝ ȖȏȂǼȝƷǼǐȂȠȖ ǜȂȓǻƷȝǦȂǼ Ȃǜ b% ǶǐǼȖǐȖ ƷǼǌ =� ǅȠǌǌǦǼǝ

ǜȓȂǻ ȝǣǐ �Xॶ ȏȓȂȝǐǦǼȖ ǦǼЙȠǐǼǆǐ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ ȝǣǐȖǐ ǐΗǐǼȝȖ ǅΞ ǻȂǌǦǜΞǦǼǝ ƷǶǶ ȝǣȓǐǐ Ȃǜ ȝǣǐȖǐ ƷȖৄ

ȏǐǆȝȖॽ [ȝȠǌǦǐȖ ǦǼ ΞǐƷȖȝ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ Uǐȝऀࣿॶ ȝǣǐ ǣȂǻȂǶȂǝȠǐ Ȃǜ ȏǐȓǦǶǦȏǦǼॶ ǆƷǼ ǅǦǼǌ ��% ǦǼ ȝǣǐ

�X ƷǼǌ ȏȓȂǻȂȝǐ b% ƷǝǝȓǐǝƷȝǦȂǼ ǦǼȝȂ =�Ȗँऄअॽ UǐȓǦǶǦȏǦǼȖ Ʒȓǐ ȏȓȂȝǐǦǼȖ ǆȂǼȝƷǦǼǦǼǝ ƷǻȏǣǦȏƷȝǣǦǆ

ǣǐǶǦΝ ऀऀৄǻǐȓ ȓǐȏǐƷȝȖ ȝǣƷȝ ǅǦǼǌ ȝȂ ǌǐǜǐǆȝȖ ǦǼ ȏǣȂȖȏǣȂǶǦȏǦǌ ȏƷǆǴǦǼǝ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǐƷȓǶΞ b% ǶǐǼȖǐȖ

अ



ƷǼǌ =�Ȗँࣿࣿॶऀईईॽ bǣǐȓǐ Ʒȓǐ ЖΗǐ ȏǐȓǦǶǦȏǦǼ ǝǐǼǐȖ ǐΝȏȓǐȖȖǦǼǝ ȏǐȓǦǶǦȏǦǼ ऀ ȝǣȓȂȠǝǣ ऄঃ ȝǣǐȖǐ ǝǐǼǐȖ Ʒȓǐ ǌǦǜৄ

ǜǐȓǐǼȝǦƷǶǶΞ ǐΝȏȓǐȖȖǐǌ ƷǆȓȂȖȖ ȝǦȖȖȠǐ ȝΞȏǐȖँࣿࣿॽ sǣǦǶǐ ȏǐȓǦǶǦȏǦǼȖ ǜȠǼǆȝǦȂǼ ȝȂ ȏȓȂȝǐǆȝ =�Ȗ ǜȓȂǻ ǶǦȏȂǶৄ

ΞȖǦȖँࣿࣿॶऀईईॶऀँआॶ ȝǣǐΞ Ʒȓǐ ƷǶȖȂ ȂǅȖǐȓΗǐǌ ȝȂ ǅǦǼǌ b% ǶǐǼȖǐȖ Ʒȝ ȝǣǐ ǐƷȓǶǦǐȖȝ ȖȝƷǝǐȖ Ȃǜ =� ǜȂȓǻƷȝǦȂǼंऄॽ

[ȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ ȏǐȓǦǶǦȏǦǼ ँ ঳U=/Cँ঄��XU঴ ǦǼǆȓǐƷȖǐȖ b% ƷǼǌ ȖȝǐȓȂǶ ǐȖȝǐȓ

ǶǐΗǐǶȖॶ ƷǼǌ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ ǐǦȝǣǐȓ U=/Cऀॶ U=/Cँ঄��XU Ȃȓ U=/Cं঄bǦȏःआ ǦǼǌȠǆǐȖ =� ǜȂȓǻƷȝǦȂǼईआ

ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ ȏǐȓǦǶǦȏǦǼ ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ ǐƷȓǶΞ b% ǶǐǼȖǐȖ ȏǶƷΞȖ ƷǼ ǦǻȏȂȓȝƷǼȝ ȓȂǶǐ ǻǐǌǦƷȝǦǼǝ =� ǜȂȓৄ

ǻƷȝǦȂǼॽ

[ǦǻǦǶƷȓǶΞॶ ȝǣǐ ǐǼΣΞǻǐ ȏƷǣऀॶ ǣȂǻȂǶȂǝȠǐ ȝȂ ǶǦȏǦǼ ȝǣƷȝ ȖΞǼȝǣǐȖǦΣǐȖ �% ǜȓȂǻ U�ॶ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ

ǶȂǆƷǶ �% ǆȂǼǆǐǼȝȓƷȝǦȂǼȖ ǦǼ ȝǣǐ �X ȝǣƷȝ ȏȓȂǻȂȝǐǌ =� ǜȂȓǻƷȝǦȂǼंॶँऄअॽ bǣǐ ǐǼΣΞǻǐ $/bँॶ ȝǣƷȝ ǦȖ

ǴǼȂΘǼ ȝȂ ǅǦǼǌ �%ंःॶअइ ƷǼǌ ΘƷȖ ȓǐǆǐǼȝǶΞ ȖǣȂΘǼ ȝȂ ƷǆΞǶৄ�Ȃ� ǌǦȏǣȂȖȏǣƷȝƷȖǐ ǐǼΣΞǻǐऀऀॶ ǦȖ ƷǶȖȂ Ǧǻৄ

ȏȂȓȝƷǼȝ ǜȂȓ =� ǜȂȓǻƷȝǦȂǼ ƷǼǌ ǼȂȓǻƷǶ ǅȠǌǌǦǼǝঃ ȏǐȓǣƷȏȖ ǌȠǐ ȝȂ ǦȝȖ ƷǅǦǶǦȝΞ ȝȂ ǅǦǼǌ �% ƷǼǌ ȓǐǌȠǆǐ

ǶǐΗǐǶȖ ǼǐƷȓ =� ǜȂȓǻƷȝǦȂǼ ȝǣƷȝ ΘȂȠǶǌ ǅǐ ǦǼǣǦǅǦȝȂȓΞ ȝȂ =� ǅȠǌǌǦǼǝऀऀॽ

�ǐȓȝƷǦǼ ȏȓȂȝǐǦǼȖ ǻƷΞ ƷǶȖȂ ȏǶƷΞ Ʒ ȓȂǶǐ ǦǼ ǻƷȓǴǦǼǝ ȖǦȝǐȖ Ȃǜ =� ǜȂȓǻƷȝǦȂǼॽ [ǐǦȏǦǼ ǦȖ Ʒ ΘǦǌǐǶΞ ȖȝȠǌৄ

Ǧǐǌ ȏȓȂȝǐǦǼ ȖǣȂΘǼ ȝȂ ǅǐ ǦǼΗȂǶΗǐǌ ǦǼ =� ǜȂȓǻƷȝǦȂǼऀआंॶँँःॶँँआॶँँई ঳$ǦǝȠȓǐ ऀॽऀ঴ॽ [ǐǦȏǦǼ ǶȂǆƷǶǦΣǐȖ ȝȂ

ȖǦȝǐȖ Ȃǜ =� ȖΞǼȝǣǐȖǦȖ ƷǼǌ ǦȖ ǐǼȓǦǆǣǐǌ Ʒȝ �X ȝȠǅȠǶǐȖ Θǣǐȓǐ ȝǣǐȓǐ ǦȖ ǣǦǝǣǐȓ ǻǐǻǅȓƷǼǐ ǆȠȓΗƷȝȠȓǐऀआंॽ

[ǐǦȏǦǼ ǜȂȓǻȖ Ʒ ȓǦǼǝৄȖǣƷȏǐǌ ǌȂǌǐǆƷǻǐȓ Ʒȝ ȝǣǐ �Xॶ ƷǼǌ ǐƷǆǣ ǻȂǼȂǻǐȓ ǣƷȖ Ʒ ǣΞǌȓȂȏǣȂǅǦǆ ǣǐǶǦΝ Ʒȝ

ȝǣǐ �X ǶȠǻǦǼƷǶ ǶǐƷЙǐȝ ƷǼǌ ȝΘȂ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖ ȝǣƷȝ ȖȏƷǼ ȝǣǐ �X ǅǦǶƷΞǐȓंऄॶऀईअॽ /ȝ ǦȖ ȝǣǦȖ ǣΞৄ

ǌȓȂȏǣȂǅǦǆ ǣǐǶǦΝ ȝǣƷȝ ƷǶǶȂΘȖ ȖǐǦȏǦǼ ȝȂ ȝƷȓǝǐȝ ȝȂ =�Ȗ঳[ȠǦ ǐȝ ƷǶॽॶ ँࣿऀइ঴ॽ �Ȗ b% ƷǆǆȠǻȠǶƷȝǐȖ ǦǼȝȂ ǶǐǼȖǐȖॶ

Ǧȝ ǦǼȝȓȂǌȠǆǐȖ ȏƷǆǴǦǼǝ ǌǐǜǐǆȝȖ Ȃǜ ȏǣȂȖȏǣȂǶǦȏǦǌȖ ǦǼ ȝǣǐ �XǻǐǻǅȓƷǼǐँࣿइॽ �Ȗ ǣΞǌȓȂȏǣȂǅǦǆ ǣǐǶǦǆǐȖ

ƷǼǌ ƷǻȏǣǦȏƷȝǣǦǆ ǣǐǶǦǆǐȖ ঳ǜȠȓȝǣǐȓ ǌǦȖǆȠȖȖǐǌ ǅǐǶȂΘ঴ ȏȓǐǜǐȓǐǼȝǦƷǶǶΞ ǅǦǼǌ ǻǐǻǅȓƷǼǐȖ ΘǦȝǣ ȏƷǆǴǦǼǝ ǌǐৄ

ǜǐǆȝȖऀऄअॶ ȝǣǦȖ ǻƷΞ ǆȂǼȝȓǦǅȠȝǐ ȝȂ ȖǐǦȏǦǼ ǶȂǆƷǶǦΣǦǼǝ ȝȂ ǼǐȠȝȓƷǶ ǶǦȏǦǌ ǶǐǼȖǐȖॽ XǐǆǐǼȝ ȖȝȠǌǦǐȖ ȖǣȂΘ ȝǣƷȝ ȝǣǐ

ǣΞǌȓȂȏǣȂǅǦǆ ǣǐǶǦΝ ǦȖ ƷǶȖȂ ȓǐȒȠǦȓǐǌ ǜȂȓ ǦǼȝǐȓƷǆȝǦȂǼ ΘǦȝǣ =��$ऀॶ ΘǣǦǆǣ ǜȂȓǻȖ Ʒ ǆȂǻȏǶǐΝ ΘǦȝǣ ȖǐǦȏǦǼ

ƷǼǌ ǦȖ ǆȓȠǆǦƷǶ ǜȂȓ ǌǐЖǼǦǼǝ ȝǣǐ ȖǦȝǐ Ȃǜ ǦǼǦȝǦƷǶ =� ǜȂȓǻƷȝǦȂǼंऄॽ /Ǽ ȝǣǐ ƷǅȖǐǼǆǐ Ȃǜ =��$ऀॶ ǆǐǶǶȖ ƷǆǆȠৄ

ǻȠǶƷȝǐ ȖǦǻǦǶƷȓ ǶǐΗǐǶȖ Ȃǜ b% ǅȠȝ =� ǜȂȓǻƷȝǦȂǼ ǦȖ ǦǻȏƷǦȓǐǌॶ ǦǼǌǦǆƷȝǦǼǝ ȝǣƷȝ ȝǣǐ =��$ऀৄȖǐǦȏǦǼ ǆȂǻৄ

ȏǶǐΝॶ ƷǼǌ ǼȂȝ ȖǐǦȏǦǼ ƷǶȂǼǐ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ =� ǜȂȓǻƷȝǦȂǼंऄॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ =��$ऀ ǌǦȖȖȂǆǦƷȝǐȖ ǜȓȂǻ

आ



ȖǐǦȏǦǼ ƷǼǌ ȓǐǻƷǦǼȖ ǆȂƷȝǦǼǝ ȝǣǐ =�ǻȂǼȂǶƷΞǐȓ ƷȖ =�Ȗ ǐǻǐȓǝǐ ǜȓȂǻ ȝǣǐ �Xॶ ƷǼǌ ǦȝȖ ǌǐȏǶǐȝǦȂǼ ǜȓȂǻ

ȝǣǐ �X ƷǼǌ ȂǼȝȂ =�Ȗ ǆȂȠǶǌ ǅǐ Ʒ ȓǐǝȠǶƷȝȂȓΞ ǻǐǆǣƷǼǦȖǻ ǜȂȓ =� ǜȂȓǻƷȝǦȂǼंऄॶँँआॽ �Ȗ ȝǣǐ ȏǣȂȖȏǣȂৄ

ǶǦȏǦǌ ƷǼǌ ȏȓȂȝǐǦǼ ǆȂǻȏȂȖǦȝǦȂǼ Ȃǜ =�Ȗ ǦȖ ǌǦȖȝǦǼǆȝ ǜȓȂǻ ȝǣǐ �Xॶ Ǧȝ ǦȖ ǣΞȏȂȝǣǐȖǦΣǐǌ ȝǣƷȝ ȝǣǐ =��$ऀৄ

ȖǐǦȏǦǼ ǆȂǻȏǶǐΝ ǻƷΞ Ʒǆȝ ƷȖ Ʒ ǌǦЍȠȖǦȂǼ ǅƷȓȓǦǐȓ ǜȂȓ ȏȓȂȝǐǦǼȖ ƷǼǌ ǶǦȏǦǌȖअऄॽ

ऀ৷ँ৷ं =� ӏԭԌҷӹԓӢԀӹ

/Ǽ ȝǣǐ ЖǼƷǶ ȖȝǐȏȖ Ȃǜ =� ǜȂȓǻƷȝǦȂǼॶ =�Ȗ ǅȠǌ ǜȓȂǻ ȝǣǐ �X ȂǼ ȝǣǐ ǆΞȝȂȖȂǶǦǆ ȖǦǌǐ ƷǼǌ ȝǣǦȖ ǌǦȓǐǆȝǦȂǼৄ

ƷǶǦȝΞ ǦȖ ǻǐǌǦƷȝǐǌ ǅΞ ȏȓǐΗǦȂȠȖǶΞ ǻǐǼȝǦȂǼǐǌ ǻǐǻǅȓƷǼǐ ƷȖΞǻǻǐȝȓΞंँॶ ȏǣȂȖȏǣȂǶǦȏǦǌंँॶंंॶऀंॶ ǅǦȂȏǣΞȖǦৄ

ǆƷǶँऄअॶऀं ƷǼǌ ȏȓȂȝǐǦǼ ǜƷǆȝȂȓȖंँॶँँईॶँࣿइॽ /ȝ ȓǐǻƷǦǼȖ ȠǼǆǶǐƷȓ Ǧǜ =�Ȗ ȓǐǻƷǦǼǐǌ ƷȝȝƷǆǣǐǌ Ʒȝ =��$ऀৄȖǐǦȏǦǼ

ǻƷȓǴǐǌ ȖǦȝǐȖ Ȃȓ Ǧǜ ȝǣǐȓǐ ǦȖ Ʒ ЖȖȖǦȂǼ ǐΗǐǼȝ ȝǣƷȝ ȖǐȏƷȓƷȝǐȖ ȝǣǐ ȝΘȂ ȂȓǝƷǼǐǶǶǐȖॽ bǣǐȓǐ ǦȖ ǐΗǦǌǐǼǆǐ ǦǼ ΞǐƷȖȝ

ƷǼǌ�ȲȡȵȡȮȂȅȕǖ ȝǣƷȝ =�Ȗ ȓǐǻƷǦǼ ƷȝȝƷǆǣǐǌ ȝȂ ȝǣǐ �Xईअॽ �ǜȝǐȓ =� ǅȠǌǌǦǼǝ ǦǼȝȂ ȝǣǐ ǆΞȝȂȖȂǶॶ =�Ȗ

ǆȂǼȝǦǼȠǐ ȝȂ ǐΝȏƷǼǌॶ ƷǼǌ ȝǣǐ ǌǦȖȝǦǼǆȝǦȂǼ ǅǐȝΘǐǐǼ ǦǼǦȝǦƷǶ =�Ȗ ƷǼǌ ǐΝȏƷǼǌǦǼǝ =�Ȗ ǦǼ ǻȂȖȝ ȏȓȂǻǦৄ

ǼǐǼȝ ǦǼ�ȲȡȵȡȮȂȅȕǖ ǆǐǶǶȖॶ ȝǣȂȠǝǣ ǦȖ ǼȂȝ ǶǦǻǦȝǐǌ ȝȂ ȝǣǦȖ ǻȂǌǐǶ ȖΞȖȝǐǻँँःॶँंःॽ /ǼǦȝǦƷǶ =�Ȗ Ʒȓǐ ȂǅȖǐȓΗǐǌ

ƷǼΞΘǣǐȓǐ ǜȓȂǻǻǦǼȠȝǐȖ ȝȂ ǣȂȠȓȖ Ʒǜȝǐȓ ǼƷȖǆǐǼȝ =�Ȗ ǌǐȏǐǼǌǦǼǝ ȂǼ ȝǣǐ ǻȂǌǐǶ ȖΞȖȝǐǻॶ ƷǼǌ ȝǣǐΞ Ʒȓǐ

ȝΞȏǦǆƷǶǶΞ ǝȓǐƷȝǐȓ ȝǣƷǼ ँऄࣿ Ǽǻऀईआॽ �ΝȏƷǼǌǦǼǝ =�Ȗ ǆƷǼ ǅǐ ȠȏΘƷȓǌȖ Ȃǜ ऀ ઐB ǦǼ ȖǦΣǐँंःॽ /Ǽ�ȲȡȵȡȮȂȅȕǖ

ǆǐǶǶȖॶ ȝΘȂ ȖȠǅৄȏȂȏȠǶƷȝǦȂǼȖ Ȃǜ =�Ȗ Ʒȓǐ ȂǅȖǐȓΗǐǌँँआॶँंःॶ ΘǣǦǶǐ ǦǼ ȖȂǻǐ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖ ঳Ǧǐ �ȂȖৄआ঴

=� ȖǦΣǐ ǦȖ ǣǐȝǐȓȂǝǐǼȂȠȖ ΘǦȝǣǦǼ Ʒ ǆǐǶǶँँःॶऀअࣿॶऀईआॶँࣿआॽ Hȝǣǐȓ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖ ǶǦǴǐ ƷǌǦȏȂǆΞȝǐȖ ǣƷΗǐ Ʒ

ȖǦǼǝǶǐ ȠǼǦǶȂǆȠǶƷȓ =� ȝǣƷȝ ǆƷǼ ǝȓȂΘ ȝȂ ǅǐ Ƞȏ ȝȂ ऀࣿࣿ ઐB ǦȖ ȖǦΣǐऀईआॽ bǣǐ ǐΝȏƷǼȖǦȂǼ Ȃǜ =�Ȗ ȝȂ ǶƷȓǝǐȓ

ȖǦΣǐȖ ǜȓȂǻ ȝǣǐǦȓ ǦǼǦȝǦƷǶ ǜȂȓǻƷȝǦȂǼ ǻƷΞ ǅǐ ǜƷǆǦǶǦȝƷȝǐǌ ǅΞ ȝǣǐ ȓǐǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ Ʒ ȖȠǅȖǐȝ Ȃǜ b% ȖΞǼȝǣǐȖǦȖ

ǐǼΣΞǻǐȖ ǜȓȂǻ ȝǣǐ �X ȝȂ =�Ȗँंःॽ

ऀ৷ं =� ӅҷԚҷӂԀӲӢԓӸ

�Ǽ ǦǻȏȂȓȝƷǼȝ ƷȖȏǐǆȝ Ȃǜ =� ǅǦȂǶȂǝΞ ǦȖ ȝǣǐ ǻȂǅǦǶǦΣƷȝǦȂǼ Ȃǜ b% ƷǼǌ ǆǣȂǶǐȖȝǐȓȂǶ ǐȖȝǐȓȖ ȖȝȂȓǐǌ ǦǼ ȝǣǐ

=�Ȗ ȝȂ ǅǐ ȠȖǐǌ ƷȖ ǻǐǻǅȓƷǼǐ ǅȠǦǶǌǦǼǝ ǅǶȂǆǴȖ Ȃȓ ǻǐȝƷǅȂǶǦΣǐǌ ǜȂȓ ǐǼǐȓǝΞॽ bǣǐȓǐ Ʒȓǐ ȝΘȂ ǻƷǦǼ ǻǐǆǣƷৄ

इ



ǼǦȖǻȖ ǅΞ ΘǣǦǆǣ ȝǣǦȖ ȏȓȂǆǐȖȖ ȂǆǆȠȓȖॵ ǶǦȏȂǶΞȖǦȖॶ Θǣǐȓǐ ǐǼΣΞǻǐȖ ǶȂǆƷȝǐǌ ȂǼ ȝǣǐ =� ȖȠȓǜƷǆǐ ǆƷȝƷǶΞΣǐ ȝǣǐ

ǣΞǌȓȂǶΞȖǦȖ Ȃǜ b% ǦǼ Ʒ ȖȝǐȏৄΘǦȖǐ ǜƷȖǣǦȂǼॶ Ȃȓ ǶǦȏȂȏǣƷǝΞॶ Ʒ ȖǐǶǐǆȝǦΗǐ ǜȂȓǻ Ȃǜ ǻƷǆȓȂƷȠȝȂȏǣƷǝΞ ȖȏǐǆǦЖǆ

ȝȂ =�Ȗ Θǣǐȓǐ =�Ȗ Ʒȓǐ ȝȓƷАǆǴǐǌ ȝȂ ȝǣǐ ǶΞȖȂȖȂǻǐ ǜȂȓ ǌǐǝȓƷǌƷȝǦȂǼ Ȃǜ ǶǦȏǦǌȖ ƷǼǌ ȏȓȂȝǐǦǼȖऀःऄॶँࣿईॶँऄࣿॽ

�ǦЍǐȓǐǼȝ ǆǐǶǶ ȝΞȏǐȖ ȓǐǶΞ ǻȂȓǐ ǣǐƷΗǦǶΞ ȂǼ ȂǼǐ ȏƷȝǣΘƷΞ ΗǐȓȖȠȖ ȝǣǐ Ȃȝǣǐȓঃ ǜȂȓ ǐΝƷǻȏǶǐ ǶǦȏȂȏǣƷǝΞ ΘƷȖ

ЖȓȖȝ ǦǌǐǼȝǦЖǐǌ ƷǼǌ ȖǦǼǆǐ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ȏǶƷΞ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ ǶǦȏǦǌ ȝȠȓǼȂΗǐȓ ǦǼ ǶǦΗǐȓऀइँॶऀआइॽ �ΞȖȓǐǝȠǶƷȝǦȂǼ

Ȃǜ ǐǦȝǣǐȓ ȏƷȝǣΘƷΞ ǣƷȖ ǅǐǐǼ ǦǻȏǶǦǆƷȝǐǌ ǦǼ ǼȠǻǐȓȂȠȖ ǶǦȏǦǌ ȖȝȂȓƷǝǐ ƷǼǌ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ǌǦȖǐƷȖǐȖऀࣿआॽ

ऀ৷ं৷ऀ =� ӲӢԌԀӲԮԓӢԓ

bǣǐ ЖȓȖȝ ƷǼǌ ȓƷȝǐৄǶǦǻǦȝǦǼǝ Ȗȝǐȏ Ȃǜ =� ǶǦȏȂǶΞȖǦȖ ǦȖ ȝǣǐ ǣΞǌȓȂǶΞȖǦȖ Ȃǜ b% ȝȂ ǌǦƷǆΞǶǝǶΞǆǐȓȂǶ ƷǼǌ $$�

ǅΞ ƷǌǦȏȂȖǐ ȝȓǦǝǶΞǆǐȓǦǌǐ ǶǦȏƷȖǐ ঳�b%=঴ Ʒȝ ȝǣǐ =�ǻǐǻǅȓƷǼǐऄइॶँऄःॶअअॽ �ȂΘǼȖȝȓǐƷǻ Ȃǜ �b%=ॶ ǣȂȓৄ

ǻȂǼǐ ȖǐǼȖǦȝǦΗǐ ǶǦȏƷȖǐ ঳,[=঴ ƷǼǌ ǻȂǼȂƷǆΞǶǝǶΞǆǐȓȂǶ ǶǦȏƷȖǐ ঳B�%঴ ǜȠȓȝǣǐȓ ǣΞǌȓȂǶΞΣǐ ��% ȝȂ $$�Ȗ

ƷǼǌॶ ȠǶȝǦǻƷȝǐǶΞॶ ǝǶΞǆǐȓȂǶऀँऀॽ

bǣǐ ǐǼΣΞǻƷȝǦǆ ƷǆȝǦΗǦȝΞ Ȃǜ �b%= ǦȖ ǆȂǼȝȓȂǶǶǐǌ ǅΞ Ʒ ȖǐȓǦǐȖ Ȃǜ ȓǐǝȠǶƷȝȂȓΞ ǻǐǆǣƷǼǦȖǻȖँऄऀॶँःईॶऀइःॶँऄःॽ

�%/ৄऄइ঄��,�ऄ ȂǼ =�Ȗ ǦȖ ȝǣǐ ȓǐȒȠǦȓǐǌ ǆȂƷǆȝǦΗƷȝȂȓ ȏȓȂȝǐǦǼ ΘǣȂȖǐ ƷȖȖȂǆǦƷȝǦȂǼ ΘǦȝǣ �b%= ǦȖ ȏȓǐৄ

ΗǐǼȝǐǌ ǅΞ ǦǼȝǐȓƷǆȝǦȂǼ ΘǦȝǣ U=/Cऀ ঳ǦǼ�ȲȡȵȡȮȂȅȕǖॶ =Ȗǌৄऀ঴ऀईऄॶँऄऀॶऀःॽ [ȝȠǌǦǐȖ ǣƷΗǐ ƷǶȖȂ ǦǌǐǼȝǦЖǐǌ ǜƷȝ

ȖȏǐǆǦЖǆ ȏȓȂȝǐǦǼ ৄ ँआ ঳$[Uँआ঴ ƷȖ ƷǼ ǦǼȝǐȓƷǆȝȂȓ Ȃǜ �b%=ॶ ΘǣȂȖǐ ǅǦǼǌǦǼǝ ȓǐǌȠǆǐȖ ǶǦȏȂǶΞȖǦȖ Ȃǜ =�Ȗअःॽ

/Ǽ ȝǣǐ ȖǦǝǼƷǶǦǼǝ ȏƷȝǣΘƷΞॶ ǆ�BU ȖǦǝǼƷǶǦǼǝ ƷǆȝǦΗƷȝǐȖ ȏȓȂȝǐǦǼ ǴǦǼƷȖǐ � ঳U<�঴ॶ ΘǣǦǆǣ ȏǣȂȖȏǣȂȓΞǶƷȝǐȖ

U=/Cऀ ƷǼǌ ,[=ँऄऀॶऀँऀॶँःईॽ UǣȂȖȏǣȂȓΞǶƷȝǦȂǼ Ȃǜ U=/Cऀ ǆƷȠȖǐȖ Ǧȝ ȝȂ ȓǐǶǐƷȖǐ �%/ৄऄइॶ ΘǣǦǆǣ ƷȖȖȂǆǦƷȝǐȖ

ΘǦȝǣ �b%=ॶ ǦǼǌȠǆǦǼǝ ǦȝȖ ƷǆȝǦΗǦȝΞऀईऄॽ UǣȂȖȏǣȂȓΞǶƷȝǦȂǼ Ȃǜ ,[= ǆƷȠȖǐȖ ǦȝȖ ƷȖȖȂǆǦƷȝǦȂǼ ΘǦȝǣ ȏǣȂȖȏǣȂৄ

ȓΞǶƷȝǐǌ U=/Cऀ ȂǼ =�Ȗॽ /Ǽ ǆǐǶǶȖ ȝǣƷȝ ǶƷǆǴ U=/Cऀॶ ȖȠǆǣ ƷȖ ȖǴǐǶǐȝƷǶ ǻȠȖǆǶǐॶ Ǧȝ ǦȖ ȠǼǆǶǐƷȓ ΘǣƷȝ ǻǐǆǣƷৄ

ǼǦȖǻȖ ǻǐǌǦƷȝǐ ,[= ƷǆǆǐȖȖ ȝȂ =�Ȗॽ ,[= ǦȖ ƷǶȖȂ ȓǐǝȠǶƷȝǐǌ ǅΞ ǦǼȖȠǶǦǼ ǶǐΗǐǶȖॶ ƷȖ ǦǼȖȠǶǦǼ ǦǼǣǦǅǦȝȖ ,[=

ǐǼΣΞǻǐ ƷǆȝǦΗǦȝΞ ȖȝȓȂǼǝǶΞँऄऀॽ [ȝǦǻȠǶƷȝǦȂǼ Ȃǜ ǶǦȏȂǶΞȖǦȖ ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ƷǶȝǐȓ ȝǣǐ =� ȏȓȂȝǐȂǻǐऀईঃ

ǜȂȓ ǐΝƷǻȏǶǐॶ ǦǼ ƷǌǦȏȂǆΞȝǐȖ ȖȝǦǻȠǶƷȝǐǌ ΘǦȝǣ ǦȖȂȏȓȂȝǐȓǐǼȂǶ ȝȂ ǦǼǌȠǆǐ ǶǦȏȂǶΞȖǦȖॶ ȝǣǐ XƷǅ %bUƷȖǐॶ

XƷǅऀइॶ ǣƷȖ ǦǼǆȓǐƷȖǐǌ ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ =�Ȗऀंऀॽ [Ƞǆǣ ǶǦȏȂǶΞȖǦȖ ǦǼǌȠǆǐǌ ǆǣƷǼǝǐȖ ȖȠǝǝǐȖȝ ȝǣƷȝ ȝǣǐ ǶǦȏǦǌ

ǌȓȂȏǶǐȝ ȏȓȂȝǐȂǻǐ ȏǶƷΞȖ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ ȓǐǝȠǶƷȝǦǼǝ =� ǣȂǻǐȂȖȝƷȖǦȖॽ

ई



�ȠȓǦǼǝ ǼȠȝȓǦǐǼȝ ǌǐȏȓǦΗƷȝǦȂǼॶ ǣΞǌȓȂǶΞΣǐǌ $$�Ȗ Ʒȓǐ ȖȂǻǐǣȂΘ ȝȓƷАǆǴǐǌ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǜȂȓ

$� ȂΝǦǌƷȝǦȂǼ ঳$�H঴ॽ $�H ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷ ǝǐǼǐȓƷȝǐȖ ƷǆǐȝΞǶ �Ȃ�ॶ C��, ƷǼǌ $��,ँ ǜȂȓ �bU

ȏȓȂǌȠǆȝǦȂǼँँअॽ bǣǐ $�HǻƷǆǣǦǼǐȓΞ ȓǐȖǦǌǐȖ ǦǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻƷȝȓǦΝঃ ǆȂǼȖǐȒȠǐǼȝǶΞॶ $�Ȗ ǻȠȖȝ

ǅǐ ǦǻȏȂȓȝǐǌ ƷǆȓȂȖȖ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȂȠȝǐȓ ƷǼǌ ǦǼǼǐȓ ǻǐǻǅȓƷǼǐȖ ȝȂ ǅǐ ȂΝǦǌǦΣǐǌॽ bǣǦȖ $� ǦǻȏȂȓȝ

ǦȖ ǌǐȏǐǼǌǐǼȝ ȂǼ ǆƷȓǼǦȝǦǼǐ ȏƷǶǻǦȝȂΞǶ ȝȓƷǼȖǜǐȓƷȖǐ ऀ ঳�Ubऀ঴ऀःअॽ bǣǐȓǐ Ʒȓǐ ǻȠǶȝǦȏǶǐ ǣΞȏȂȝǣǐȖǐȖ ǜȂȓ ȝǣǐ

ǻǐǆǣƷǼǦȖǻ ǅΞ ΘǣǦǆǣ $�Ȗ Ʒȓǐ ȝȓƷАǆǴǐǌ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ǜȂȓ $�Hॶ ȖȠǆǣ ƷȖ Ʒȝ ǻǐǻǅȓƷǼǐ ǆȂǼȝƷǆȝ ȖǦȝǐȖ

ǅǐȝΘǐǐǼ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗঃ ȖǦǻȏǶǐ ǌǦЍȠȖǦȂǼ ǦǼ ȝǣǐ ǆΞȝȂȖȂǶঃ ȖȂǶȠǅǶǐ ǶǦȏǦǌ ȝȓƷǼȖȏȂȓȝ ȏȓȂȝǐǦǼȖ

ȝǣƷȝ ǌǐǶǦΗǐȓ $�Ȗ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ǜȓȂǻ =�Ȗइऀॶऀअँॶऀईंॶऀईइॽ BǦȝȂǆǣȂǼǌȓǦƷৄ=� ǦǼȝǐȓƷǆȝǦȂǼȖ Ʒȓǐ ǜȠȓȝǣǐȓ

ǌǦȖǆȠȖȖǐǌ ǦǼ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ȖǐǆȝǦȂǼॽ

ऀ৷ं৷ँ =� ҷԞԚԀԌӟҷӚԮ ৳ ӲӢԌԀԌӟҷӚԮ

[ȝȠǌǦǐȖ ǦǼ ǶǦΗǐȓ ǆǐǶǶȖ ȓǐΗǐƷǶǐǌ ȝǣƷȝ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ƷȠȝȂȏǣƷǝΞ Ƕǐǌ ȝȂ ǦǼǆȓǐƷȖǐǌ ǶǐΗǐǶȖ Ȃǜ b% ȖȠǝǝǐȖȝǦǼǝ

Ʒ ȓȂǶǐ ǜȂȓ ƷȠȝȂȏǣƷǝΞ ǦǼ ȝǣǐ ǻȂǅǦǶǦΣƷȝǦȂǼ Ȃǜ ǶǦȏǦǌȖ ȖȝȂȓǐǌ ǦǼ =�Ȗऀइँॽ �Ȃȝǣ ǻƷǆȓȂǶǦȏȂȏǣƷǝΞ ৄ ǦǼΗȂǶΗৄ

ǦǼǝ ȝǣǐ ǆƷǼȂǼǦǆƷǶ ƷȠȝȂȏǣƷǝȂȖȂǻǐৄǻǐǌǦƷȝǐǌ ȏƷȝǣΘƷΞ ǜȂȓ ǌǐǶǦΗǐȓΞ Ȃǜ =�Ȗ ȝȂ ƷȠȝȂǶΞȖȂȖȂǻǐȖ ৄ ƷǼǌ

ǻǦǆȓȂǶǦȏȂȏǣƷǝΞ ৄ ȝǣǐ ȝȓƷǼȖǦǐǼȝ ƷǼǌ ǌǦȓǐǆȝǐǌ ǦǼȝǐȓƷǆȝǦȂǼȖ Ȃǜ ǶΞȖȂȖȂǻǐȖ ΘǦȝǣ =�Ȗ ȝǣƷȝ ǜȠǼǆȝǦȂǼ ȝȂ

ǌǐǝȓƷǌǐ ǶǦȏǦǌȖ ǜȓȂǻ =�Ȗ ৄ ǣƷΗǐ ǅǐǐǼ ȖȝȠǌǦǐǌ ǦǼ =� ǅǦȂǶȂǝΞऀआइॽ [ȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ƷȠȝȂȏǣƷǝΞ

ǆȂȂȓǌǦǼƷȝǐȖ ΘǦȝǣ ǶǦȏȂǶΞȖǦȖ ȠǼǌǐȓ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ȖȝƷȓΗƷȝǦȂǼ ȝȂ ȏȓȂȝǐǆȝ ƷǝƷǦǼȖȝ Ʒ ЙȠΝ Ȃǜ ǜȓǐǐ $�Ȗ ȓǐǶǐƷȖǐǌ

ǜȓȂǻ ǶǦȏȂȏǣƷǝΞऀअँॽ CƷǻǐǶΞॶ ǌȠȓǦǼǝ ȖȝƷȓΗƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॶ $�Ȗ ȓǐǶǐƷȖǐǌ ǅΞ ǶǦȏȂȏǣƷǝΞ ЙȠΝ ǦǼȝȂ =�Ȗ

ƷǼǌ Ʒȓǐ ȝǣǐǼ ȝȓƷАǆǴǐǌ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ǜȂȓ ܮ ৄȂΝǦǌƷȝǦȂǼऀअँॽ /ǼȝȓǦǝȠǦǼǝǶΞॶ ȖȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ

ȝǣǐ ƷȠȝȂȏǣƷǝƷȖȂǻǐ ǻƷȓǴǐȓ =�ं ǦȖ ƷǅǶǐ ȝȂ ǦǼȝǐȓƷǆȝ ΘǦȝǣ �b%= Ʒȝ ȝǣǐ =� ȖȠȓǜƷǆǐॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ

�b%= ȓǐǝȠǶƷȝǐȖ =� ȝȠȓǼȂΗǐȓ ǅΞ ƷȠȝȂȏǣƷǝΞऀआइॽ Hȝǣǐȓ ȏǶƷΞǐȓȖॶ ǦǼǆǶȠǌǦǼǝ XƷǅ %bUƷȖǐȖ ȝǣƷȝ ǶȂǆƷǶǦΣǐ

ȝȂ =�Ȗॶ ǣƷΗǐ ǅǐǐǼ ǦǻȏǶǦǆƷȝǐǌ ǦǼ ȏȓȂǻȂȝǦǼǝ =� ƷȠȝȂȏǣƷǝΞॽ XƷǅआॶ ǜȂȓ ǐΝƷǻȏǶǐॶ ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ȝȂ

ǶȂǆƷǶǦΣǐ ȝȂ =�Ȗ ȠǼǌǐȓ ǼȠȝȓǦǐǼȝ ǌǐȏȓǦΗƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖ ƷǼǌ ǦȝȖ ǌǐȏǶǐȝǦȂǼ ǦǻȏƷǦȓȖ =� ǆȂǶȂǆƷǶǦΣƷȝǦȂǼ

ΘǦȝǣ ǶΞȖȂȖȂǻƷǶ ǻƷȓǴǐȓȖ ƷȖ ΘǐǶǶ ƷȖ ƷȠȝȂȏǣƷǝǦǆ ЙȠΝऀँईॽ �ǶȝǐȓǼƷȝǦΗǐǶΞॶ XƷǅऀइ ǶȂǆƷǶǦΣǐȖ ȝȂ =�Ȗ ƷǼǌ

ǦȝȖ ǌǐȏǶǐȝǦȂǼ ƷǶȖȂ ǦǻȏƷǦȓǐǌ ƷȠȝȂȏǣƷǝǦǆ ƷǆȝǦΗǦȝΞःअॽ bǣǦȖ ȏƷȝǣΘƷΞ ǜȂȓ =� ȝȠȓǼȂΗǐȓ ǦȖ ǼȂȝ ȠǼǦȒȠǐ ȝȂ

ऀࣿ



ǣǐȏƷȝȂǆΞȝǐঃ ܮ ৄƷǌȓǐǼǐȓǝǦǆ ȖǦǝǼǶƷǦǼǝ ǦǼ ƷǌǦȏȂǆΞȝǐȖ ȏȓȂǻȂȝǐǌ XƷǅआ ǌǐȏǐǼǌǐǼȝ ǶǦȏȂȏǣƷǝΞऀआइ ƷǼǌ ǦǼ

ǐǼȝǐȓȂǆΞȝǐȖॶ ǶǦȏȂȏǣƷǝΞ ȏǶƷΞȖ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ b% ǌǦȖȝȓǦǅȠȝǦȂǼ ƷǼǌ ȝȠȓǼȂΗǐȓऀࣿऄॽ bǣǐ ǅƷǶƷǼǆǐ ǅǐȝΘǐǐǼ

ǶǦȏȂǶΞȖǦȖ ƷǼǌ ǶǦȏȂȏǣƷǝΞ ǦȖ ƷǼ ǦǻȏȂȓȝƷǼȝ ƷȖȏǐǆȝ Ȃǜ =� ǣȂǻǐȂȖȝƷȖǦȖॶ ƷǼǌ ǦȖ ȏȂȝǐǼȝǦƷǶǶΞ ȓǐǝȠǶƷȝǐǌ ǅΞ =�

ȖǦΣǐऀआऄঃ ȝǣǐ ǦǼȝǐȓȏǶƷΞ ǦȖ ȖȝǦǶǶ ȠǼǌǐȓ ƷǆȝǦΗǐ ǦǼΗǐȖȝǦǝƷȝǦȂǼऀࣿआॽ

ऀ৷ः /ӹԚӏԏԀԏӚҷӹӏӲӲӏ ӢӹԚӏԏҷӅԚӢԀӹԓ

/ǼȝǐȓৄȂȓǝƷǼǐǶǶǐ ƷȖȖȂǆǦƷȝǦȂǼȖ Ʒȓǐ ǐǻǐȓǝǦǼǝ ƷȖ Ʒ ǻƷǱȂȓ ǻǐǆǣƷǼǦȖǻ ǜȂȓ ȝȓƷǼȖǜǐȓȓǦǼǝ ǶǦȏǦǌȖ ǅǐȝΘǐǐǼ

ȂȓǝƷǼǐǶǶǐȖॶ ƷǼǌ ǣƷΗǐ ǅǐǐǼ ǦǻȏǶǦǆƷȝǐǌ ǦǼ ȝǣǐ ȝȓƷǼȖǜǐȓ Ȃǜ $�Ȗ ǜȓȂǻ =�Ȗ ȝȂ ȏǐȓȂΝǦȖȂǻǐȖ ƷǼǌ ǅǐȝΘǐǐǼ

ȝǣǐ ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻ ঳�X঴ ƷǼǌ =�Ȗऀऄॶँँऄॽ $Ȃȓ ȝǣǐ ȏȠȓȏȂȖǐ Ȃǜ ȝǣǦȖ ȝǣǐȖǦȖॶ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ

ǻǦȝȂǆǣȂǼǌȓǦƷॶ �X ƷǼǌ =�Ȗ ΘǦǶǶ ǅǐ ȝǣǐ ǜȂǆȠȖ Ȃǜ ȝǣǦȖ ȖǐǆȝǦȂǼॽ

ऀ৷ः৷ऀ �X৳=� ӢӹԚӏԏҷӅԚӢԀӹԓ

CȠǻǐȓȂȠȖ ȖȝȠǌǦǐȖ ǣƷΗǐ ǦǌǐǼȝǦЖǐǌ ȏȓȂȝǐǦǼ ǦǼȝǐȓƷǆȝǦȂǼ ȏƷǦȓȖ ǦǼΗȂǶΗǐǌ ǦǼ ȝǐȝǣǐȓǦǼǝ Ȃȓ ǆȂǼǼǐǆȝǦǼǝ

ȝǣǐ �X ƷǼǌ =�Ȗ ƷǼǌ Ʒ ǜǐΘ Ʒȓǐ ǣǦǝǣǶǦǝǣȝǐǌ ǣǐȓǐऀअॶऀआआॶऀआࣿॶईंॽ �Ȗ ȏȓǐΗǦȂȠȖǶΞ ǌǦȖǆȠȖȖǐǌॶ =�Ȗ ȂȓǦǝǦǼƷȝǐ

ǜȓȂǻ ȝǣǐ �X ƷǼǌ ȖȝȠǌǦǐȖ ǦǼ ΞǐƷȖȝ ȖȠǝǝǐȖȝ ȝǣǐΞ ǻƷΞ ǜȂȓǻ ǆȂǼȝǦǼȠȂȠȖ ǆȂǼȝƷǆȝȖ ΘǦȝǣ ȝǣǐ �X ȝǣȓȂȠǝǣৄ

ȂȠȝ ȝǣǐǦȓ ǶǦǜǐȝǦǻǐईअॽ bǣǐ ȏȓǐΗǦȂȠȖǶΞ ǌǦȖǆȠȖȖǐǌ ȏȓȂȝǐǦǼ ȖǐǦȏǦǼ ǆȂǻȏǶǐΝǐȖ ΘǦȝǣ $Ƕǌऀ঄=ǌǅऀअ ǦǼ ΞǐƷȖȝ

ȝȂ ȖȝƷǅǦǶǦΣǐ �Xৄ=� ǆȂǼǼǐǆȝǦȂȖǼ ǌȠȓǦǼǝ ǜȂȓǻƷȝǦȂǼ ƷȖ ΘǐǶǶ ƷȖ ȝȂ ǻƷǦǼȝƷǦǼ �Xৄ=� ƷȖȖȂǆǦƷȝǦȂǼ Ʒȝ ǶƷȝǐȓ

ȏȂǦǼȝȖअऄॶऀअईॶऀआऀॽ �ǌǌǦȝǦȂǼƷǶ �Xৄ=� ǦǼȝǐȓƷǆȝǦȂǼ ȏȓȂȝǐǦǼȖ ǣƷΗǐ ǅǐǐǼ ǦǌǐǼȝǦЖǐǌ ǦǼ �ƷǐǼȂȓǣƷǅǌǦȝǦȖ ǐǶৄ

ǐǝƷǼȖ ঳ǆॽ ǐǶǐǝƷǼȖ঴ ȖȠǆǣ ƷȖ $�bUऀ Ʒȝ ȝǣǐ �X ƷǼǌ �%�bँ Ʒȝ ȝǣǐ =�Ȗॶ ΘǣǦǆǣ ǦȖ ȝǣȂȠǝǣȝ ȝȂ ǻǐǌǦƷȝǐ Ʒ

b% ȖΞǼȝǣǐȖǦȖ ǆȂǻȏǶǐΝ ǜȂȓ ǐАǆǦǐǼȝ =� ǝȓȂΘȝǣँंइॽ �ǼȂȝǣǐȓ �X ȓǐȖǦǌǐǼȝ ȏȓȂȝǐǦǼॶ [ǼΝऀःॶ ǦȖ ƷǅǶǐ ȝȂ

ǅǦǼǌ ȝȂ =�Ȗ ȝǣȓȂȠǝǣ ǦȝȖ �ৄȝǐȓǻǦǼƷǶ ƷǻȏǣǦȏƷȝǣǦǆ ǣǐǶǦΝঃ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ [ǼΝऀः ǐǼǣƷǼǆǐȖ �Xৄ=�

ǆȂǼȝƷǆȝȖ ƷǼǌ ǶȂȖȖ Ȃǜ [ǼΝऀः ǌǐǆȓǐƷȖǐȖ �Xৄ=� ǆȂǼȝƷǆȝȖ ȖȠǝǝǐȖȝǦǼǝ Ʒ ȓȂǶǐ ǦǼ ǻǐǌǦƷȝǐ �Xৄ=� ǆȂǼȝƷǆȝःऀॽ

XǐǆǐǼȝǶΞॶ qU[ऀं� ƷǼǌ qU[ऀं� ǣƷΗǐ ǅǐǐǼ ǦǌǐǼȝǦЖǐǌ Ʒȝ �Xৄ=� ǆȂǼȝƷǆȝ ȖǦȝǐȖ ƷǼǌ Ʒȓǐ ȏȂȖǦȝǐǌ ȝȂ ǣǐǶȏ

ȝȓƷǼȖǜǐȓ ǶǦȏǦǌȖ ǅǐȝΘǐǐǼ ȝǣǐȖǐ ǻǐǻǅȓƷǼǐȖऀऀईॽ HǼǐ ǴǐΞ ǆȂǻȏǶǐΝ ȝǣȂȠǝǣȝ ȝȂ ǅǐ ǦǼΗȂǶΗǐǌ ǦǼ �Xৄ=�

ऀऀ



ǦǼȝǐȓƷǆȝǦȂǼȖ ǦȖ ȝǣǐ �X ǶȂǆƷǶǦΣǐǌ CX~ ঳C�%ॶ X/Cbऀॶ ~sऀࣿ঴ ǆȂǻȏǶǐΝऀँऄॶँंआॶऄअॽ bǣǐ XƷǅ %bUƷȖǐॶ

XƷǅऀइॶ ȝǣƷȝ ǶȂǆƷǶǦΣǐȖ ȝȂ ȝǣǐ �X ƷǼǌ =�Ȗ ΘƷȖ ȖǣȂΘǼ ȝȂ ǦǼȝǐȓƷǆȝ ΘǦȝǣ ǆȂǻȏȂǼǐǼȝȖ Ȃǜ ȝǣǐ CX~ ǆȂǻৄ

ȏǶǐΝँंआॶऄअॶ ΘǣǦǆǣ ǻƷΞ ǅǐ ǦǻȏȂȓȝƷǼȝ ǜȂȓ =� ǣȂǻǐȂȖȝƷȖǦȖॽ eǼȏȠǅǶǦȖǣǐǌ ȓǐȖǐƷȓǆǣ ǜȓȂǻ ȂȠȓ ǶƷǅ ǣƷȖ

ǦǌǐǼȝǦЖǐǌ ȝǣǐ XƷǅ %bUƷȖǐ XƷǅऀ ƷȖ Ʒ ǆȂǻȏȂǼǐǼȝ Ȃǜ �Xৄ=� ȝǐȝǣǐȓǦǼǝ ȝǣƷȝ ǻƷΞ ƷǶȖȂ ǦǼȝǐȓƷǆȝ ΘǦȝǣ

ȝǣǐ CX~ ǆȂǻȏǶǐΝ ƷǼǌ ǅǐ ǆȓȠǆǦƷǶ ǜȂȓ ȏȓȂȝǐǦǼ ǻȂǅǦǶǦȝΞ ǜȓȂǻ ȝǣǐ �X ȝȂ =�Ȗঃ ȝǣǦȖ ȏȓȂǆǐȖȖ ΘǦǶǶ ǅǐ ǌǦȖৄ

ǆȠȖȖǐǌ ǦǼ ǌǐȏȝǣ ǦǼ ȝǣǐ ǼǐΝȝ ȖǐǆȝǦȂǼॽ

ऀ৷ः৷ँ BӢԚԀӅӟԀӹӋԏӢҷ৳=� ӢӹԚӏԏҷӅԚӢԀӹԓ

�ΝȝǐǼȖǦΗǐ ǆȂǼǜȂǆƷǶ ƷǼǌ ǐǶǐǆȝȓȂǼ ǻǦǆȓȂȖǆȂȏΞ ঳�B঴ Ȃǜ ǆȠǶȝȠȓǐǌ ǆǐǶǶȖ ƷǼǌ ǦȖȂǶƷȝǐǌ ȝǦȖȖȠǐ ǣƷΗǐ ȓǐৄ

ΗǐƷǶǐǌ ȝǣƷȝ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗ ǅǐǆȂǻǐ ǆǶȂȖǐǶΞ ƷȖȖȂǆǦƷȝǐǌ ȠǼǌǐȓ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ǶǦȏȂǶΞȖǦȖ Ȃȓ ǼȠৄ

ȝȓǦǐǼȝ ǌǐȏȓǦΗƷȝǦȂǼऄॶंआॶइऀॶऀअँॶँःअॶँऄँॽ �ǌǌǦȝǦȂǼƷǶǶΞॶ ȖȝȠǌǦǐȖ ȠȖǦǼǝ $ȆȓȖȝǐȓ ȓǐȖȂǼƷǼǆǐ ǐǼǐȓǝΞ ȝȓƷǼȖǜǐȓ

঳$X�b঴ ǣƷΗǐ ǦǼǌǦǆƷȝǐǌ ȝǣƷȝ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗ ǦǼ ƷȖȖȂǆǦƷȝǦȂǼ Ʒȓǐ ΘǦȝǣǦǼ ऀࣿ Ǽǻऀईःॽ UȓȂȝǐǦǼȖ

ǜȠǼǆȝǦȂǼǦǼǝ ƷȖ ȝǐȝǣǐȓȖ ǻƷΞ ǻǐǌǦƷȝǐ ȝǣǦȖ ǆǶȂȖǐ ƷȖȖȂǆǦƷȝǦȂǼঃ ȖȠǆǣ ȝǐȝǣǐȓȖ ȏǶƷΞ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ ǜȂȓǻǦǼǝ

ǐȖȝƷǅǶǦȖǣǐǌ ǻǐǻǅȓƷǼǐ ǆȂǼȝƷǆȝ ȖǦȝǐȖ ঳Ǧॽǐॽ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ ǻǦȝȂǆǣȂǼǌȓǦƷ঴ऀऄआॽ �ȠȓȓǐǼȝǶΞॶ ȂǼǶΞ Ʒ

ǜǐΘ ȏȓȂȝǐǦǼȖ Ʒȓǐ ǴǼȂΘǼ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ ǅȂȝǣ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗ ȝǣƷȝ ǆȂȠǶǌ ǅǐ ȏȂȝǐǼȝǦƷǶ ǆƷǼǌǦৄ

ǌƷȝǐȖॽ HǼǐ ȏȓȂȝǐǦǼ Ȃǜ ǦǼȝǐȓǐȖȝ ȝȂ ȝǣǦȖ ȏȓȂȏȂȖƷǶ ǦȖ ΗƷǆȠȂǶƷȓ ȏȓȂȝǐǦǼ ȖȂȓȝǦǼǝৄƷȖȖȂǆǦƷȝǐǌ ȏȓȂȝǐǦǼ ऀं�

঳qU[ऀं�঴ॶ ΘǣǦǆǣ ǣƷȖ ǅǐǐǼ ǦǌǐǼȝǦЖǐǌ ǦǼ ȖǐȏƷȓƷȝǐ ȖȝȠǌǦǐȖ ƷȖ ƷǼ =� ȏȓȂȝǐǦǼ ƷǼǌ ǦȖ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ȝǣǐ

ǻǦȝȂǆǣȂǼǌȓǦƷ ȂȠȝǐȓ ǻǐǻǅȓƷǼǐऀँंॽ /ȝȖ ƷȖȖȂǆǦƷȝǦȂǼ ȝȂ ǅȂȝǣ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗ ȖȠǝǝǐȖȝȖ Ʒ ȓȂǶǐ ǦǼ

ǻǦȝȂǆǣȂǼǌȓǦƷৄ=� ƷȖȖȂǆǦƷȝǦȂǼȖॽ

UȓȂȝǐȂǻǦǆ ȖȝȠǌǦǐȖ ƷǶȖȂ ȖȝȓȂǼǝǶΞ ȖȠȏȏȂȓȝ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =� ǦǼȝǐȓƷǆȝǦȂǼ ǌȠȓǦǼǝ ǼȠȝȓǦǐǼȝ ǌǐৄ

ȏȓǦΗƷȝǦȂǼॽ [ȝȠǌǦǐȖ ǦǼ ंbं=ऀ ƷǌǦȏȂǆΞȝǐȖ ǦǌǐǼȝǦЖǐǌ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼȖ ǦǼ ȝǣǐ =� ȏȓȂȝǐȂǻǐ ȂǼǶΞ

ȠǼǌǐȓ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ǶǦȏȂǶΞȖǦȖ ȖȝǦǻȠǶƷȝǦȂǼऀईॽ $ȠȓȝǣǐȓǻȂȓǐॶ ǦǼ ȏȓȂȝǐȂǻǦǆ ȖȝȠǌǦǐȖ Ȃǜ ȖǴǐǶǐȝƷǶ ǻȠȖǆǶǐॶ

Ʒ ǣǦǝǣǶΞ ȂΝǦǌƷȝǦΗǐ ȝǦȖȖȠǐॶ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼȖ Θǐȓǐ ȖǐǶǐǆȝǦΗǐǶΞ ǐǼȓǦǆǣǐǌ ǦǼ ȝǣǐ =� ǜȓƷǆȝǦȂǼॶ ƷǼǌ

ȝǣǦȖ ЖǼǌǦǼǝ ΘƷȖ ȖȠȏȏȂȓȝǐǌ ǅΞ ȂǅȖǐȓΗƷȝǦȂǼ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ ǆǶȂȖǐ ƷȖȖȂǆǦƷȝǦȂǼ ΘǦȝǣ =�Ȗ ǅΞ ȝȓƷǼȖৄ

ǻǦȖȖǦȂǼ ǐǶǐǆȝȓȂǼ ǻǦǆȓȂȖǆȂȏΞ ঳b�B঴ँऄँॽ bǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ȏȂǦǼȝ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷৄ=� ƷȖȖȂǆǦƷȝǦȂǼȖ

ऀँ



ǣƷΗǦǼǝ Ʒ ȖȏǐǆǦЖǆ ȓȂǶǐ ǌȠȓǦǼǝ ǼȠȝȓǦǐǼȝ ǌǐȏȓǦΗƷȝǦȂǼॽ ,ȂΘǐΗǐȓॶ ǣȂΘ ȝǣǐȖǐ ƷȖȖȂǆǦƷȝǦȂǼȖ Ʒȓǐ ǻǐǌǦƷȝǐǌ

ƷǼǌ ȝǣǐǦȓ ȏǣΞȖǦȂǶȂǝǦǆƷǶ ǜȠǼǆȝǦȂǼ ȓǐǻƷǦǼȖ ȠǼǆǶǐƷȓॽ

ऀ৷ः৷ं �X৳BӢԚԀӅӟԀӹӋԏӢҷ ӢӹԚӏԏҷӅԚӢԀӹԓ

Hǜ ȖǦǻǦǶƷȓ ǦǻȏȂȓȝƷǼǆǐ Ʒȓǐ ȝǣǐ ǦǼȝǐȓƷǆȝǦȂǼȖ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷॽ bǣǦȖ ǦǼȝǐȓৄ

ƷǆȝǦȂǼ ǣƷȖ ǅǐǐǼ ǆǣƷȓƷǆȝǐȓǦΣǐǌ ǅΞ ƷǼ ǦǼȝǐȓǻǐǌǦƷȝǐ ȖȠǅৄǌȂǻƷǦǼ Ȃǜ ȝǣǐ �X ƷǼǌ ǻǦȝȂǆǣȂǼǌȓǦƷ ǻǐǻৄ

ǅȓƷǼǐȖ ȝǐȓǻǐǌ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷৄƷȖȖȂǆǦƷȝǐǌ ǻǐǻǅȓƷǼǐȖ ঳B�B঴ँऀइॽ bǣǐB�B ǦȖ Ʒ ȓǐǝǦȂǼ Ȃǜ ȝǣǐ

�X ȝǣƷȝ ǦȖ ǐǼȓǦǆǣǐǌ ǦǼ ȖȏǐǆǦЖǆ ȏȓȂȝǐǦǼȖ ƷǼǌ ǦȖ ȝǣǐ ȏȓȂȏȂȖǐǌ ǶȂǆƷȝǦȂǼ ǜȂȓ ǼȠǻǐȓȂȠȖ ȏȓȂǆǐȖȖǐȖ ȝǣƷȝ

ȂǆǆȠȓ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ ǻǦȝȂǆǣȂǼǌȓǦƷॶ ǼƷǻǐǶΞ ǆƷǶǆǦȠǻ ȝȓƷǼȖȏȂȓȝ ƷǼǌ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻँऀइॶऀअःॶऀअआॽ

HǼǐ ǴǐΞ ǐΝǆǣƷǼǝǐ ȝǣƷȝ ȂǆǆȠȓȖ ǅǐȝΘǐǐǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ ȝǣǐ �X ǦȖ ȝǣƷȝ Ȃǜ ȏǣȂȖȏǣȂǶǦȏǦǌȖॶ

ȖȏǐǆǦЖǆƷǶǶΞ ȏǣȂȖȏǣƷȝǦǌΞǶȖǐȓǦǼǐ ঳U[঴ ƷǼǌ ȏǣȂȖȏǣƷȝǦǌΞǶǐȝǣƷǼȂǶƷǻǦǼǐ ঳U�঴ँँࣿॽ /ȝ ǣƷȖ ǅǐǐǼ ȓǐȏȂȓȝǐǌ

ȝǣƷȝ ȝǣǐ ǐǼΣΞǻǐ ȏǣȂȖȏǣƷȝǦǌΞǶȖǐȓǦǼǐ ȖΞǼȝǣƷȖǐॶ ΘǣǦǆǣ ǆƷȝƷǶΞΣǐȖ ȝǣǐ ǜȂȓǻƷȝǦȂǼ Ȃǜ U[ ǜȓȂǻ ��Uৄ��%ॶ

ǦȖ ǐǼȓǦǆǣǐǌ Ʒȝ ȝǣǐ B�Bऀईँॽ bǣǦȖ ȏȓȂΗǦǌǐȖ Ʒ ǆȂǼΗǐǼǦǐǼȝ ȖȠǅȖȝȓƷȝǐ ǜȂȓ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǶȂǆƷǶǦΣǐǌ

ǐǼΣΞǻǐ ȏǣȂȖȏǣƷȝǦǌΞǶȖǐȓǦǼǐ ǌǐǆƷȓǅȂΝΞǶƷȖǐ ȏȓȂǐǼΣΞǻǐ ঳U/[�঴ॶ ΘǣǦǆǣ ǆȂǼΗǐȓȝȖ U[ ȝȂ U� Ʒȝ ȝǣǐ ǻǦȝȂৄ

ǆǣȂǼǌȓǦƷऀइईॶँईॽ bǣǐ ǐΝǆǣƷǼǝǐ Ȃǜ ȏǣȂȖȏǣȂǶǦȏǦǌȖ ǅǐȝΘǐǐǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ ȝǣǐ �X ǦȖ ǆȓȠǆǦƷǶ ǜȂȓ

ǅȂȝǣ Ȃǜ ȝǣǐǦȓ ǜȠǼǆȝǦȂǼȖঃ ǌǦȖȓȠȏȝǦȂǼ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷǶ U� ȖΞǼȝǣǐȖǦȖ ȓǐȖȠǶȝȖ ǦǼ ǦǻȏƷǦȓǐǌ ǻǦȝȂǆǣȂǼǌȓǦƷǶ

ǜȠȖǦȂǼॶ ȂΝǦǌƷȝǦΗǐ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ƷǼǌ ǐǻǅȓΞȂǼǦǆ ǶǐȝǣƷǶǦȝΞ ǦǼ ǻǦǆǐँँࣿॶँࣿंॶँईॶऀइईॶआईॽ

bǣǐ ǐАǆǦǐǼȝ ǐΝǆǣƷǼǝǐ Ȃǜ ȏǣȂȖȏǣȂǶǦȏǦǌȖ ǅǐȝΘǐǐǼ ȝǣǐȖǐ ȝΘȂ ȂȓǝƷǼǐǶǶǐȖ ǦȖ ƷǶȖȂ ǻǐǌǦƷȝǐǌ ǅΞ ȝǣǐ ǻǦৄ

ȝȂǆǣȂǼǌȓǦƷǶ ǆȂǼȝƷǆȝ ȖǦȝǐ ƷǼǌ ǆȓǦȖȝƷǐ ȂȓǝƷǼǦΣǦǼǝ ȖΞȖȝǐǻ ঳B/�H[঴ऀࣿईॽ B/�H[ ǦȖ ǆȂǻȏȂȖǐǌ Ȃǜ ȝΘȂ

ȖȠǅǆȂǻȏǶǐΝǐȖॶ BǦǆँआ঄BǦǆऀࣿ঄BǦǆऀँ঄W/=ऀ ƷǼǌBǦǆअࣿ঄�,�,�ं঄BǦǆँऄॶ ȝǣƷȝ ǻƷǴǐ Ƞȏ Ʒ ǻƷǆǣǦǼৄ

ǐȓΞ ǶȂǆƷǶǦΣǦǼǝ ǦǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǦǼǼǐȓ ǻǐǻǅȓƷǼǐ ȝȂ ǆȓǦȖȝƷǐ ǱȠǼǆȝǦȂǼȖऄࣿॶऀअंॶँंऄॽ �Ʒǆǣ ȖȠǅȠǼǦȝ ǦȖ

ǆȓȠǆǦƷǶ ǜȂȓ ȝǣǐ ȂΗǐȓƷǶǶ ǜȠǼǆȝǦȂǼ Ȃǜ B/�H[ ǦǼ ǻƷǦǼȝƷǦǼǦǼǝ ǆȓǦȖȝƷǐ ƷȓǆǣǦȝǐǆȝȠȓǐॶ ȂȓǝƷǼǦΣƷȝǦȂǼ Ȃǜ ȝǣǐ

ǐǶǐǆȝȓȂǼ ȝȓƷǼȖȏȂȓȝ ǆǣƷǦǼॶ ǻǦȝȂǆǣȂǼǌȓǦƷǶ �C� ȖǐǝȓǐǝƷȝǦȂǼ ƷǼǌ ȝǣǐȓǐǜȂȓǐ ǅǦȂǝǐǼǐȖǦȖ ƷǼǌ ǦǼǣǐȓǦȝƷǼǆǐ

Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷँँइॶऄࣿॶऀअंॶअईॶँऀःॽ /ǻȏȂȓȝƷǼȝǶΞॶ B/�H[ ǣƷȖ ȖȝȓȂǼǝ ǝǐǼǐȝǦǆ ǦǼȝǐȓƷǆȝǦȂǼȖ ΘǦȝǣ ȝǣǐ �X

ǻǦȝȂǆǣȂǼǌȓǦƷ ǐǼǆȂȠǼȝǐȓ ȖȝȓȠǆȝȠȓǐ ঳�XB�[঴ ǦǼ ΞǐƷȖȝॶ ΘǣǦǆǣ Ʒȓǐ ȖǦǻǦǶƷȓ ȝȂ B�BȖ ǦǼ ǻƷǻǻƷǶǦƷǼ

ऀं



ǆǐǶǶȖइईॽ $Ƞȓȝǣǐȓ ȖȝȠǌǦǐȖ ǦǼ ΞǐƷȖȝ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ȝǣǐ ȝȓƷǼȖǜǐȓ Ȃǜ U[ ǅΞ ȝǣǐ eȏȖँৄBǌǻंऄ ǆȂǻȏǶǐΝ

ȓǐȒȠǦȓǐȖ B/�H[ऀॶऀंअॽ bǣǐȖǐ ȖȝȠǌǦǐȖ ƷǶȖȂ ȓǐΗǐƷǶǐǌ ȝǣƷȝ B/�H[ ǜƷǆǦǶǦȝƷȝǐǌ ȝǣǐ ȖΞǼȝǣǐȖǦȖ Ȃǜ ǻǦȝȂৄ

ǆǣȂǼǌȓǦƷǶ U� ΘǣǦǆǣ ΘƷȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ȝǣǐ ǆȂǼΗǐȓȖǦȂǼ Ȃǜ U� ȝȂ U� Ʒȝ ȝǣǐ �Xॶ ȖȝȓȂǼǝǶΞ ȖȠǝǝǐȖȝǦǼǝ Ʒ

ǴǐΞ ȓȂǶǐ ǜȂȓ B/�H[ ǦǼ ȏǣȂȖȏǣȂǶǦȏǦǌ ǐΝǆǣƷǼǝǐ ǅǐȝΘǐǐǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ ȝǣǐ �Xऀॽ ,ȂΘǐΗǐȓॶ Ǧȝ

ǦȖ ȠǼǆǶǐƷȓ ǣȂΘB/�H[ǻǐǌǦƷȝǐȖ ȝǣǦȖ ȏǣȂȖȏǣȂǶǦȏǦǌ ȝȓƷǼȖǜǐȓঃ ȖȂǻǐ ǣΞȏȂȝǣǐȖǦȖ ǦǼǆǶȠǌǐ ȝǣƷȝ B/�H[

ǻƷΞ ǻǐǌǦƷȝǐ ȝǣǐ ǐΝǆǣƷǼǝǐ Ȃǜ ȏǣȂȖȏǣȂǶǦȏǦǌȖ ǅǐȝΘǐǐǼ ȝǣǐ ǦǼǼǐȓ ƷǼǌ ȂȠȝǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻǐǻǅȓƷǼǐȖ

ǜȂȓ ȝȓƷǼȖȏȂȓȝ ǅǐȝΘǐǐǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ �Xऀॽ

ऀ৷ऄ UԏԀԚӏӢӹ ԚҷԏӚӏԚӢӹӚ ԚԀ =�ԓ

=ǦȏǦǌ ǌȓȂȏǶǐȝȖ ǣƷΗǐ Ʒ ȠǼǦȒȠǐ ȏȓȂȝǐȂǻǐ ȝǣƷȝ ǌǦЍǐȓȖ ǅƷȖǐǌ ȂǼ ǆǐǶǶ ȝΞȏǐॽ sǣǦǶǐ ȖȂǻǐ =� ȏȓȂȝǐǦǼȖ

Ʒȓǐ ǆȂǼȖǦȖȝǐǼȝ ƷǆȓȂȖȖ ǆǐǶǶȖॶ ǻƷǴǦǼǝ Ƞȏ Ʒ ǆȂȓǐ ȏȓȂȝǐȂǻǐ Ȃǜ ƷȓȂȠǼǌ ऄࣿ ȏȓȂȝǐǦǼȖइऄॶँࣿआॶ ȝǣǐ ȂΗǐȓƷǶǶ =�

ȏȓȂȝǐȂǻǐ ƷǆȓȂȖȖ ǆǐǶǶ ȝΞȏǐȖ ǌǦЍǐȓȖॶ ƷǼǌ ǐΗǐǼ ΘǦȝǣǦǼ ȝǣǐ ȖƷǻǐ ǆǐǶǶ ȝΞȏǐ ȏȓȂȝǐǦǼ ǆȂǻȏȂȖǦȝǦȂǼ ǻƷΞ ǌǦЍǐȓ

ǅǐȝΘǐǐǼ =�Ȗँࣿआॽ � ǜƷȖǆǦǼƷȝǦǼǝ ƷȖȏǐǆȝ Ȃǜ ȝǣǐ =� ȏȓȂȝǐȂǻǐ ǦȖ ǣȂΘ ȝǣǐȖǐ ȏȓȂȝǐǦǼȖ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ =�Ȗॽ

ऀ৷ऄ৷ऀ �ԮԚԀԓԀӲ ԚԀ =� ৵�ybH=�৶ ԌԏԀԚӏӢӹ ԚҷԏӚӏԚӢӹӚ

bǣǐ ǆȠȓȓǐǼȝ ǻȂǌǐǶ ǜȂȓ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗ ǌǦΗǦǌǐȖ =� ȏȓȂȝǐǦǼȖ ǦǼȝȂ ȝΘȂ ǆǶƷȖȖǐȖ ঳$ǦǝȠȓǐ ऀॽँ঴ऀऀࣿॽ

UȓȂȝǐǦǼȖ ȝǣƷȝ ȝƷȓǝǐȝ =�Ȗ ǜȓȂǻ ȝǣǐ ǆΞȝȂȖȂǶ ȏȓȂȝǐǦǼȖ Ʒȓǐ ȝǐȓǻǐǌ ǣǐȓǐ �yȝȂȖȂǶ bH =� ঳�ybH=�঴ ȝƷȓৄ

ǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖॽ bǣǐȖǐ ȏȓȂȝǐǦǼȖ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ =�ǻȂǼȂǶƷΞǐȓ ǅƷȖǐǌ ȂǼ ȖǐǆȂǼǌƷȓΞ ȖȝȓȠǆȝȠȓǐ ǻȂȝǦǜȖॵ

ƷǻȏǣǦȏƷȝǣǦǆ ǣǐǶǦǆǐȖॶ Ȃȓ ǻȠǶȝǦȏǶǐ ƷǻȏǣǦȏƷȝǣǦǆ ƷǼǌ ǣΞǌȓȂȏǣȂǅǦǆ ǣǐǶǦǆǐȖॽ bǣǐ =�ǻȂǼȂǶƷΞǐȓ ǦȖ ȖȠǅৄ

Ǳǐǆȝ ȝȂ ȏǣȂȖȏǣȂǶǦȏǦǌ ȏƷǆǴǦǼǝ ǌǐǜǐǆȝȖ ƷǼǌ Ǧȝ ǦȖ ȝȂ ȝǣǐȖǐ ǌǐǜǐǆȝȖ ȝǣƷȝ ȝǣǐ ǶƷȓǝǐॶ ǣΞǌȓȂȏǣȂǅǦǆ ȓǐȖǦǌȠǐȖ

Ȃǜ ƷǻȏǣǦȏƷȝǣǦǆ ǣǐǶǦǆǐȖ ǅǦǼǌ ȝȂऀऄअॽ ,ȂΘǐΗǐȓॶ ȝǣǐ ǅǦǼǌǦǼǝ Ȃǜ ȝǣǐȖǐ ȏȓȂȝǐǦǼȖ ȝȂ =�Ȗ ǦȖ ƷǶȖȂ ȖȠǅǱǐǆȝ ȝȂ

ȏȓȂȝǐǦǼ ǆȓȂΘǌǦǼǝॽ �Ȗ =�Ȗ Ʒȓǐ ǌΞǼƷǻǦǆ ȂȓǝƷǼǐǶǶǐȖ ǆǐǼȝȓƷǶ ȝȂ ǼǐȠȝȓƷǶ ǶǦȏǦǌ ȖȝȂȓƷǝǐॶ ȝǣǐǦȓ ȖǦΣǐ ǦȖ ǌǐȝǐȓৄ

ǻǦǼǐǌ ǅΞ ȝǣǐ ǻǐȝƷǅȂǶǦǆ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ȝǣǐ ǆǐǶǶॽ BȂǅǦǶǦΣƷȝǦȂǼ Ȃǜ ǼǐȠȝȓƷǶ ǶǦȏǦǌȖ ǦǼ ȝǣǐ ǣΞǌȓȂȏǣȂǅǦǆ

ǆȂȓǐ ূ b% ƷǼǌ ǆǣȂǶǐȖȝǐȓȂǶ ǐȖȝǐȓ ǻȂǶǐǆȠǶǐȖ ূ ǌȠȓǦǼǝ ǶǦȏȂǶΞȖǦȖ ǌǐǆȓǐƷȖǐȖ ȝǣǐ ȖȠȓǜƷǆǐ ƷȓǐƷ Ȃǜ ȝǣǐ =�ऀऀऀॽ
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Figure 1.2: Protein targeting from the cytosol to LDs (CYTOLD) relies in many cases on secondary structure, while
protein targeting from the ER to LDs (ERTOLD) is incompletely understood and the focus of this thesis.
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bǣǐ ǆȂǼȖǐȒȠǐǼǆǐ Ȃǜ ȝǣǦȖ ǦȖ ǜǐΘǐȓ ȏƷǆǴǦǼǝ ǌǐǜǐǆȝȖ ƷǼǌ Ʒ ǌǦȖȏǶƷǆǐǻǐǼȝ Ȃǜ �ybH=� ȏȓȂȝǐǦǼȖऀऀऀॽ bǣǦȖ

ǆƷǼ ƷǶȖȂ ǅǐ ȂǅȖǐȓΗǐǌ ΘǦȝǣ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ ȖȂǻǐ =� ȏȓȂȝǐǦǼȖঃ ȝǣǐǦȓ ǦǼǆȓǐƷȖǐǌ ǅǦǼǌǦǼǝ ȝȂ =�Ȗ ǶǐƷΗǐȖ

ǼȂ ȓȂȂǻ ǜȂȓ �ybH=� ȏȓȂȝǐǦǼȖ ȝȂ ǅǦǼǌऀऀࣿॽ [ȝȠǌǦǐȖ ǣƷΗǐ ƷǶȖȂ ȖǣȂΘǼ ȝǣƷȝ ȝǣǐ ȓƷȝǦȂ Ȃǜ U� ȝȂ U�

঳U�ॵU�঴ ǦȖ ǆȓǦȝǦǆƷǶ ǜȂȓ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗॶ ƷǼǌ ȝǣƷȝ ȝǣǐ ȝƷȓǝǐȝǦǼǝ Ȃǜ �bUॵȏǣȂȖȏǣȂৄ ǆǣȂǶǦǼǐ

ǆΞȝǦǌΞǶΞǶȝȓƷǼȖǜǐȓƷȖǐ ঳��b঴ ȝȂ =�Ȗ ǜȓȂǻ ȝǣǐ ǆΞȝȂȖȂǶ ǦȖ ǦǻȏȂȓȝƷǼȝ ȝȂ ǻƷǦǼȝƷǦǼ =� ǶȂǆƷǶǦΣǐǌ U�

ǣȂǻǐȂȖȝƷȖǦȖऀऀंॽ �ǶȝǐȓǼƷȝǦΗǐ ǻǐǆǣƷǼǦȖǻȖ ǅΞ ΘǣǦǆǣ �ybH=� ȏȓȂȝǐǦǼȖ ȝƷȓǝǐȝ =�Ȗ ǦȖ ΗǦƷ ǶǦȏǦǌ ƷǼৄ

ǆǣȂȓȖ ঳ȖȠǆǣ ƷȖ XƷǅ %bUƷȖǐ ȏȓȂȝǐǦǼȖ঴ Ȃȓ ΗǦƷ ǅǦǼǌǦǼǝ ȝȂ Ȃȝǣǐȓ =� ƷȖȖȂǆǦƷȝǐǌ ȏȓȂȝǐǦǼȖऀऀࣿॽ

ऀ৷ऄ৷ँ �X ԚԀ =� ৵�XbH=�৶ ԌԏԀԚӏӢӹ ԚҷԏӚӏԚӢӹӚ

bǣǐ ȖǐǆȂǼǌ ǆǶƷȖȖ Ȃǜ ȏȓȂȝǐǦǼȖ ȂȓǦǝǦǼƷȝǐ ǜȓȂǻ ȝǣǐ �X ঳�XbH=�঴ ƷǼǌ Ʒȓǐ ȝǣȂȠǝǣȝ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ

=�Ȗ ȠȏȂǼ =� ǜȂȓǻƷȝǦȂǼ ǜȓȂǻ ȝǣǐ �X Ȃȓ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ =�Ȗ Ʒȝ ǶƷȝǐȓ ȝǦǻǐ ȏȂǦǼȝȖ ΗǦƷ ȓǐǆȂǼǼǐǆȝǦȂǼ Ȃǜ

=�Ȗ ȝȂ ȝǣǐ �X ȝǣȓȂȠǝǣ �Xৄ=� ǅȓǦǌǝǐȖऀऀࣿॶँंःॶँंंॽ �ΝƷǻȏǶǐȖ Ȃǜ ȝǣǐȖǐ ȏȓȂȝǐǦǼȖ ǦǼǆǶȠǌǐ %U�bःॶ ǦǼৄ

ΗȂǶΗǐǌ ǦǼ b% ȖΞǼȝǣǐȖǦȖ ƷǼǌ =� ǐΝȏƷǼȖǦȂǼँंंॶ ƷǼǌ �b%=ॶ ȝǣǐ ȓƷȝǐৄǶǦǻǦȝǦǼǝ Ȗȝǐȏ ǜȂȓ ǶǦȏȂǶΞȖǦȖऀँऀॽ �Xৄ

bH=� ȏȓȂȝǐǦǼȖ ǶƷǆǴ ƷǼ �X ǶȠǻǦǼƷǶ ǌȂǻƷǦǼॶ ƷǶǶȂΘǦǼǝ ȝǣǐǻ ȝȂ ǐǻǅǐǌ ǦǼ ǐǦȝǣǐȓ ȝǣǐ �XǻǐǻǅȓƷǼǐ

Ȃȓ =�ǻȂǼȂǶƷΞǐȓ ǅΞ ǣΞǌȓȂȏǣȂǅǦǆ ȖǐȒȠǐǼǆǐȖ ȝǣƷȝ ȂǜȝǐǼ ǜȂȓǻ Ʒ ǣƷǦȓȏǦǼ ȖȝȓȠǆȝȠȓǐऀःःॽ BȂǶǐǆȠǶƷȓ ǌΞৄ

ǼƷǻǦǆȖ ȖǦǻȠǶƷȝǦȂǼ ȖȝȠǌǦǐȖ Ȃǜ ȝǣǐ ǣƷǦȓȏǦǼ ǻȂȝǦǜ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ȝǣǐ ƷǻǦǼȂ ƷǆǦǌ ȝȓΞȏȝȂȏǣƷǼ ƷǼǌ

ȏȂȖǦȝǦΗǐǶΞ ǆǣƷȓǝǐǌ ȓǐȖǦǌȠǐȖ Ʒȓǐ ȓǐȒȠǦȓǐǌ ǜȂȓ =� ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ȝǣǐ ȏȓȂȝǐǦǼऀःःॽ sǦȝǣǦǼ �XbH=�

ȏȓȂȝǐǦǼȖॶ ȝǣǐȓǐ Ʒȓǐ ȖȂǻǐ ȝǣƷȝ ȝȓƷǼȖǶȂǆƷȝǐ ǜȓȂǻ ȝǣǐ �X ȝȂ ȝǣǐ =�ǻȂǼȂǶƷΞǐȓ Ʒȝ ȝǣǐ ǦǼǦȝǦƷǶ ȖȝƷǝǐȖ Ȃǜ

=� ǜȂȓǻƷȝǦȂǼॽ �Ǽ ǐΝƷǻȏǶǐ Ȃǜ ȝǣǦȖ ǦȖ ȝǣǐ ȏȓǐΗǦȂȠȖǶΞ ǻǐǼȝǦȂǼǐǌ =��$ऀ ΘǣȂ ȓǐǻƷǦǼȖ ȂǼ ȝǣǐ =�

ǻȂǼȂǶƷΞǐȓॶ ǌǦȖȖȂǆǦƷȝǦǼǝ ǜȓȂǻ ȖǐǦȏǦǼॶ ƷȖ ȝǣǐ =� ǅǐǝǦǼȖ ȝȂ ǅȠǌंऄॽ �ǶȝǐȓǼƷȝǦΗǐǶΞॶ ȖȂǻǐ �XbH=� ȏȓȂৄ

ȝǐǦǼȖ ȓǐǶȂǆƷǶǦΣǐ ǜȓȂǻ ȝǣǐ �X ȝȂ =�Ȗ Ʒȝ ǶƷȝǐȓ ȖȝƷǝǐȖ ǦǼ ȝǣǐ =� ǶǦǜǐৄǆΞǆǶǐ ΗǦƷ ǻǐǻǅȓƷǼǐ ǅȓǦǌǝǐȖ ǅǐȝΘǐǐǼ

ȝǣǐ ȝΘȂ ȂȓǝƷǼǐǶǶǐȖऀऀࣿॶँंः঳ǌǦȖǆȠȖȖǐǌ ǅǐǶȂΘ঴ॽ %U�bः ǦȖ ǆǣƷȓƷǆȝǐȓǦȖȝǦǆ Ȃǜ ȝǣǐ ǶƷȝȝǐȓ ǝȓȂȠȏ Ȃǜ ȏȓȂȝǐǦǼȖॶ

ƷǼǌ ǣƷȖ ǅǐǐǼ ȖȝȠǌǦǐǌ ǐΝȝǐǼȖǦΗǐǶΞ ƷȖ Ʒ ȓǐƷǌ ȂȠȝ ǜȂȓ ǶƷȝǐȓ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝँंंॶँंःॶऀःःॶँँआॽ

UƷȓȝǦǆȠǶƷȓǶΞ ǦǼ�ȲȡȵȡȮȂȅȕǖ [ँ ǆǐǶǶȖॶ %U�bः ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ �X ǦǼ ȝǣǐ ƷǅȖǐǼǆǐ Ȃǜ

=�Ȗॶ ƷǼǌ ȝǣǐǼ ȝȓƷǼȖǶȂǆƷȝǐ ȝȂ =�Ȗ ƷǅȂȠȝ ं ǣȂȠȓȖ Ʒǜȝǐȓ ȝǣǐǦȓ ǦǼǌȠǆȝǦȂǼ ΘǦȝǣ $� ǦǼǆȠǅƷȝǦȂǼँंःॽ bǣǦȖ

ऀअ



ǦȖ ǦǼ ǆȂǼȝȓƷȖȝ ȝȂ ȏȓȂȝǐǦǼȖ ǶǦǴǐ =��$ऀ ȝǣƷȝ ǶȂǆƷǶǦΣǐ ȝȂ =�Ȗ ΘǦȝǣǦǼ Ʒ ǜǐΘ ǻǦǼȠȝǐȖ Ȃǜ ǦǼǆȠǅƷȝǦȂǼ ΘǦȝǣ

$�Ȗंऄॽ /ǼȝȓǦǝȠǦǼǝǶΞॶ %U�bः ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗ ǦǼ�ȲȡȵȡȮȂȅȕǖ [ँ ǆǐǶǶȖ ƷǶȖȂ ȓǐΗǐƷǶȖ ȝǣƷȝ ȝǣǐȓǐ Ʒȓǐ ǌǦȖৄ

ȝǦǼǆȝ ȖȠǅৄȏȂȏȠǶƷȝǦȂǼȖ Ȃǜ =�Ȗॶ ƷȖ %U�bः ȂǼǶΞ ȝƷȓǝǐȝȖ ȖȂǻǐॶ ǼȂȝ ƷǶǶ =�Ȗँंःॽ [ȝȠǌǦǐȖ ǣƷΗǐ ƷǶȖȂ ȝǐȖȝǐǌ

Ǧǜ ȝǣǦȖ ǦȖ ǌȠǐ ȝȂ ȝΘȂ ǦǼǌǐȏǐǼǌǐǼȝ ǶǦǼǐƷǝǐȖ Ȃǜ =�Ȗ Ȃȓ Ǧǜ =�Ȗ ǆƷǼ ƷǆȒȠǦȓǐ %U�bः Ʒǜȝǐȓ ǦǼǦȝǦƷǶ ǜȂȓǻƷৄ

ȝǦȂǼॶ ƷǼǌ ȖǣȂΘǼ ȝǣƷȝ %U�bः ǆƷǼ ȝȓƷǼȖǶȂǆƷȝǐ ȓƷȏǦǌǶΞ ȝȂ =�Ȗ ȝǣƷȝ Θǐȓǐ ǦǼǦȝǦƷǶǶΞ ǜȂȓǻǐǌ ΘǦȝǣȂȠȝ

%U�bःँंःॽ bƷȓǝǐȝǦǼǝ ȝȂ Ʒ ȖȠǅȖǐȝ Ȃǜ =�Ȗ ǦȖ ƷǶȖȂ ȂǅȖǐȓΗǐǌ ǜȂȓ Ȃȝǣǐȓ ǶƷȝǐȓ �XbH=� ȏȓȂȝǐǦǼȖ ȖȠǆǣ

ƷȖ =ǌȖǌǣऀ ǦǼ�ȲȡȵȡȮȂȅȕǖ ǆǐǶǶȖँऀँॽ HǼ ƷΗǐȓƷǝǐॶ ǅȂȝǣ %U�bः ƷǼǌ =ǌȖǌǣऀ ǶȂǆƷǶǦΣǐ ȝȂ Ʒ ȖȠǅȖǐȝ Ȃǜ ǶƷȓǝǐȓ

=�Ȗॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ ȝǣǐ ȖǦΣǐ Ȃȓ ǻǐȝƷǅȂǶǦǆ ȖȝƷȝȠȖ Ȃǜ ȝǣǐ =� ǦǼЙȠǐǼǆǐȖ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝँऀँॶँंःॶऀआऄॽ

/ǼȝǐȓǐȖȝǦǼǝǶΞॶ ��b ƷǶȖȂ ȝƷȓǝǐȝȖ ȝǣǐ ȖƷǻǐ ȖȠǅȖǐȝ Ȃǜ =�Ȗ ƷȖ %U�bःॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ ȝǣǐȖǐ ǌȓȂȏǶǐȝȖ

Ʒȓǐ ǦǼǌǐǐǌ ǐΝȏƷǼǌǦǼǝ ƷȖ ��b ȖȏǐǆǦЖǆƷǶǶΞ ǶȂǆƷǶǦΣǐȖ ȝȂ ǐΝȏƷǼǌǦǼǝ =�Ȗ ǅΞ ǌǐȝǐǆȝǦǼǝ ǌǐЖǆǦǐǼǆǦǐȖ ǦǼ

ǻȂǼȂǶƷΞǐȓ U�ऀऀंॶँंःॽ

=ǦΗǐ ǦǻƷǝǦǼǝ ȖȝȠǌǦǐȖ ΘǦȝǣ %$U ȝƷǝǝǐǌ %U�bः ǣƷΗǐ ȓǐΗǐƷǶǐǌ ȝǣƷȝॶ ȠȏȂǼ ȏǣȂȝȂৄǅǶǐƷǆǣǦǼǝ Ȃǜ ЙȠৄ

ȂȓǐȖǆǐǼȝǶΞ ȝƷǝǝǐǌ %U�bः ǶȂǆƷǶǦΣǐǌ ȝȂ =�Ȗ ǦǼ Ʒ ЙȠȂȓǐȖǆǐǼǆǐ ȓǐǆȂΗǐȓΞ Ʒǜȝǐȓ ȏǣȂȝȂǅǶǐƷǆǣǦǼǝ ঳$X�U঴

ƷȖȖƷΞॶ %U�bः ǜȓȂǻ ȝǣǐ �XǻǦǝȓƷȝǐȖ ǅƷǆǴ ȝȂ ȝǣǐ ȏǣȂȝȂৄǅǶǐƷǆǣǐǌ =� ΗǦƷ ΘǣƷȝ ǶȂȂǴ ǶǦǴǐ ǻǐǻǅȓƷǼǐ

ǆȂǼǼǐǆȝǦȂǼȖॶ Ȃȓ ǅȓǦǌǝǐȖँंःॽ bǣǐȖǐ ƷǼǌ Ȃȝǣǐȓ ȖȝȠǌǦǐȖ ǌǐȝƷǦǶǐǌ ǅǐǶȂΘ ȖȠȏȏȂȓȝ Ʒ ǻȂǌǐǶ ǦǼ ΘǣǦǆǣ ȏȓȂৄ

ȝǐǦǼȖ ǶǦǴǐ %U�bः ȝȓƷǼȖǶȂǆƷȝǐ ȝȂ ȝǣǐ =� ǜȓȂǻ ȝǣǐ �X ΗǦƷ ǻǐǻǅȓƷǼǐ ǅȓǦǌǝǐȖँंःॽ

ऀ৷ऄ৷ं �X৳=�ӸӏӸӂԏҷӹӏ ӂԏӢӋӚӏ әԀԏӸҷԚӢԀӹ

bǣǐ ǆȠȓȓǐǼȝ ǻȂǌǐǶ ǜȂȓ ǶƷȝǐ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ǦȖ ΗǦƷ ǻǐǻǅȓƷǼǐ ǅȓǦǌǝǐȖ ȝǣƷȝ ǜȂȓǻ ǅǐৄ

ȝΘǐǐǼ ȝǣǐ �X ƷǼǌ =�Ȗॽ bǣǦȖ ǅȓǦǌǝǐ ǦȖ ȝǣȂȠǝǣȝ ȝȂ ǅǐ ǌǦЍǐȓǐǼȝ ȝǣƷǼ ȝǣǐ �Xৄ=� ǜȂȓǻƷȝǦȂǼ ǅȓǦǌǝǐ

ǻǐǌǦƷȝǐǌ ǅΞ [ǐǦȏǦǼॽ bǣǐȖǐ Ʒȓǐ ǅǐȖȝ ΗǦȖȠƷǶǦΣǐǌ ǅΞ ȝǣǦǼৄȖǐǆȝǦȂǼ ǐǶǐǆȝȓȂǼ ǻǦǆȓȂȖǆȂȏΞ ঳�B঴ ƷǼƷǶΞȖǦȖ

Ȃǜ�ȲȡȵȡȮȂȅȕǖ ǆǐǶǶȖॶ Θǣǐȓǐ ǻǐǻǅȓƷǼȂȠȖ ǆȂǼȝǦǼȠǦȝǦǐȖॶ ȝǐȓǻǐǌ �Xৄ=� ǅȓǦǌǝǐȖ ǌȠǐ ȝȂ ȝǣǐǦȓ ƷȓǆǣǦȝǐǆৄ

ȝȠȓǐॶ Ʒȓǐ ȂǅȖǐȓΗǐǌ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ =�Ȗँंःॽ �ǶǐǝƷǼȝ ǆǐǶǶ ǜȠȖǦȂǼ ƷȖȖƷΞȖ ǣƷΗǐ ƷǶȖȂ ȓǐΗǐƷǶǐǌ ȝǣƷȝ

�ȓǜऀ঄�HU/ ǜƷǆǦǶǦȝƷȝǐ ǅȓǦǌǝǐ ǜȂȓǻƷȝǦȂǼँंंॽ �ȓǜऀ঄�HU/ ǣƷǌ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ ǦǌǐǼȝǦЖǐǌ ǦǼ Ʒ ǝǐǼȂǻǐ

ΘǦǌǐ ȖǆȓǐǐǼ ǜȂȓ ǜƷǆȝȂȓȖ ǦǼΗȂǶΗǐǌ ǦǼ =� ǜȂȓǻƷȝǦȂǼआऀॽ �ǐȏǶǐȝǦȂǼ Ȃǜ ǐǦȝǣǐȓ �ȓǜऀ Ȃȓ �HU/ ȖȠǅȠǼǦȝȖ ǦǼ

ऀआ



�ȲȡȵȡȮȂȅȕǖ [ँ ǆǐǶǶȖ Ƕǐǌ ȝȂ =�Ȗ Ȃǜ Ʒ ȠǼǦǜȂȓǻ ȖǦΣǐॶ ǦǻȏƷǦȓǐǌ ȝƷȓǝǐȝǦǼǝ Ȃǜ �b%= ƷǼǌ %U�bः ȝȂ =�Ȗॶ

ƷǼǌ ǦǻȏƷǦȓǐǌ ǶǦȏȂǶΞȖǦȖऀँॶआऀॶऀइआॶँंंॽ �b%= ǦȖ ȝǣȂȠǝǣȝ ȝȂ ȝȓƷǼȖǶȂǆƷȝǐ ȝȂ =�Ȗ ΗǦƷ ȖǦǻǦǶƷȓ ǻǐǆǣƷǼǦȖǻȖ ƷȖ

%U�bःॽ �Ȃȝǣ Ȃǜ ȝǣǐǦȓ ȝƷȓǝǐȝǦǼǝ ǦȖ ǦǼǣǦǅǦȝǐǌ ǅΞ �ȓǐǜǐǶǌǦǼ � ȝȓǐƷȝǻǐǼȝॶ ΘǣǦǆǣ ȖȝƷǅǦǶǦΣǐȖ ȝǣǐ ǦǼƷǆȝǦΗǐ

ǜȂȓǻ Ȃǜ �ȓǜऀ ƷǼǌ ǆƷȠȖǐȖ ǌǦȖȖȂǆǦƷȝǦȂǼ Ȃǜ �HU/ ǜȓȂǻǻǐǻǅȓƷǼǐȖॶ ǜȠȓȝǣǐȓ ȖȠȏȏȂȓȝǦǼǝ �ȓǜऀ঄�HU/

ǦǼΗȂǶΗǐǻǐǼȝ ǦǼ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝऀइआॶँंंॽ �Ȗ �HU/ ǦȖ ȝΞȏǦǆƷǶǶΞ ǦǼΗȂǶΗǐǌ ǦǼ ȓǐȝȓȂǝȓƷǌǐ

%ȂǶǝǦৄ�X ȝȓƷАǆǴǦǼǝॶ ȝǣǦȖ ǝȓȂȠȏ ƷǶȖȂ ǦǼΗǐȖȝǦǝƷȝǐǌ ȝǣǐ ȓǐǶƷȝǦȂǼȖǣǦȏ ǅǐȝΘǐǐǼ �X ǐΝǦȝ ȖǦȝǐȖ ঳�X�[঴ ƷǼǌ

�Xৄ%ȂǶǝǦ ǦǼȝǐȓǻǐǌǦƷȝǐ ǆȂǻȏƷȓȝǻǐǼȝȖ ΘǦȝǣ =�Ȗॶ ȂǅȖǐȓΗǦǼǝ ǆǶȂȖǐ ƷȏȏȂȖǦȝǦȂǼ ǅǐȝΘǐǐǼ ȝǣǐ ȝΘȂऀइआॽ

�X�[ Ʒȓǐ ȖȏǐǆǦƷǶǦΣǐǌ ǻǐǻǅȓƷǼǐ ȓǐǝǦȂǼȖ Ȃǜ ȝǣǐ �X Θǣǐȓǐ ǻǐǻǅȓƷǼǐ ȝȓƷАǆǴǦǼǝ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ

%ȂǶǝǦ ȂǆǆȠȓȖॶ ƷǼǌ ǦǼ ȖȂǻǐ ȖȏǐǆǦǐȖ ǝȂǐȖ ȝǣȓȂȠǝǣ ȝǣǐ �X%/�ॶ ΘǣǦǆǣ ǦȖ ƷǼ ǦǼȝǐȓǻǐǌǦƷȝǐ ǆȂǻȏƷȓȝǻǐǼȝ

ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ %ȂǶǝǦऀँࣿॽ sǣǦǶǐ Ǧȝ ǣƷȖ ǅǐǐǼ ȖȠǝǝǐȖȝǐǌ ȝǣƷȝ �b%= ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȂǆǆȠȓȖ ΗǦƷ

�b%=ৄǆȂǼȝƷǦǼǦǼǝ ΗǐȖǦǆǶǐȖ ǅȠǌǌǦǼǝ ǜȓȂǻ ȝǣǐ �X�[ Ȃȓ �X%/� ƷǼǌ ǜȠȖǦǼǝ ΘǦȝǣ ȏȓǐৄǐΝǦȖȝǦǼǝ =�Ȗॶ

ƷǼȂȝǣǐȓ ǦǼȝǐȓȏȓǐȝƷȝǦȂǼ ǦȖ ȝǣƷȝ ȝǣǐ ǻƷǆǣǦǼǐȓΞ ȠȖǐǌ ǜȂȓ ǻǐǻǅȓƷǼǐ ȝǐȝǣǐȓǦǼǝ ƷǼǌ ǜȠȖǦȂǼ Ȃǜ ΗǐȖǦǆǶǐȖ Ʒȝ

ȝǣǐ �X�[ ƷǼǌ �X%/� Ʒȓǐ ȓǐȏȠȓȏȂȖǐǌ ǜȂȓ �Xৄ=�ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼॽ

$Ƞȓȝǣǐȓ ȖȠȏȏȂȓȝǦǼǝ ȝǣǐ ȓȂǶǐ Ȃǜ �ȓǜऀ঄�HU/ ǦǼ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ �ȓǜऀ঄�HU/ ǻƷǆǣǦǼৄ

ǐȓΞ ǣƷΗǐ ǅǐǐǼ ǶȂǆƷǶǦΣǐǌ ȝȂ =�Ȗॶ ƷǼǌ ǦǼ ΗǦȝȓȂ Ʒȓǐ ǆƷȏƷǅǶǐ Ȃǜ ǅȠǌǌǦǼǝ ǼƷǼȂৄ=�Ȗ ǜȓȂǻ ƷǼ ȂǦǶৄΘƷȝǐȓ

ǦǼȝǐȓǜƷǆǐ ǆȂΗǐȓǐǌ ǅΞ ȏǣȂȖȏǣȂǶǦȏǦǌȖँࣿअॽ bǣǐȖǐ ȖȝȠǌǦǐȖ ȖȠǝǝǐȖȝ ȝǣƷȝ �ȓǜऀ঄�HU/ ǻƷΞ Ʒǆȝ ǌǦȓǐǆȝǶΞ ȂǼ

=�Ȗ ȝȂ ǅȠǌ ȂЍ ǼƷǼȂৄ=�Ȗॶ ȝǣǐȓǐǅΞ ǻȂǌǦǜΞǦǼǝ ȝǣǐ ȏǣȂȖȏǣȂǶǦȏǦǌ ǆȂǻȏȂȖǦȝǦȂǼ Ȃǜ =�Ȗॶ ǦǼǆȓǐƷȖǦǼǝ

ȝǣǐ ȖȠȓǜƷǆǐ ȝǐǼȖǦȂǼ ƷǼǌ ǻƷǴǦǼǝ ȓǐǆȂǼǼǐǆȝǦȂǼ ΘǦȝǣ ȝǣǐ �X ǜƷΗȂȓƷǅǶǐँࣿअॶँंंॽ bǣǦȖ ǜȠǼǆȝǦȂǼ ΘȂȠǶǌ ǅǐ

ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣǐ ΗǐȖǦǆȠǶƷȓ ȝȓƷАǆǴǦǼǝ ǜȠǼǆȝǦȂǼ Ȃǜ �ȓǜऀ঄�HU/ॶ ǦǼ ΘǣǦǆǣ �ȓǜऀ ȓǐǆȓȠǦȝȖ ȝǣǐ �HU/

ǆȂƷȝƷǻǐȓ ȝȂ ȝǣǐ %ȂǶǝǦ ƷȏȏƷȓƷȝȠȖ ǜȂȓ ȝǣǐ ǅȠǌǌǦǼǝ Ȃǜ ǆȂƷȝǐǌ ȝȓƷǼȖȏȂȓȝ ΗǐȖǦǆǶǐȖ ǜȂȓ ȓǐȝȓȂǝȓƷǌǐ %ȂǶǝǦ ȝȂ

�X ȏȓȂȝǐǦǼ ƷǼǌ ǻǐǻǅȓƷǼǐ ȝȓƷАǆǴǦǼǝँःआॶअॽ

�ǼȂȝǣǐȓ ǻȂȓǐ ȓǐǆǐǼȝ ǝǐǼȂǻǐ ΘǦǌǐ XC�Ǧ ȖǆȓǐǐǼ ǦǼ�ȲȡȵȡȮȂȅȕǖ [ँ ǆǐǶǶȖ ǜȂȓ ǻȂǌȠǶƷȝȂȓȖ Ȃǜ �Xৄ

bH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȓǐΗǐƷǶǐǌ ȝǣƷȝ ȏȓȂȝǐǦǼ ǜƷǆȝȂȓȖ ǦǼΗȂǶΗǐǌ ǦǼ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ Ʒȓǐ ȓǐȒȠǦȓǐǌ ǦǼ

ƷǌǌǦȝǦȂǼ Ȃȓ �ȓǜऀ঄�HU/঳:ॽ [ȂǼǝॶ ȠǼȏȠǅǶǦȖǣǐǌ঴ॽ bǣǐȖǐ ȖȝȠǌǦǐȖ ƷǶȖȂ ȖȠȏȏȂȓȝ ȝǣǐ ǼȂȝǦȂǼ ȝǣƷȝ ȖǐǦȏǦǼ

ǻƷΞ Ʒǆȝ ƷȖ Ʒ ȏȓȂȝǐǦǼ ǌǦЍȠȖǦȂǼ ǅƷȓȓǦǐȓ ǌȠȓǦǼǝ =� ǅǦȂǝǐǼǐȖǦȖॶ ƷȖ ǌǐǶǐȝǦȂǼ Ȃǜ ȖǐǦȏǦǼ ȂǼ ȝȂȏ Ȃǜ ǌǐȏǶǐৄ

ऀइ



ȝǦȂǼ Ȃǜ ȝǣǐȖǐ ȓǐȒȠǦȓǐǌ ȏȓȂȝǐǦǼ ǜƷǆȝȂȓȖ ǦȖ ƷǅǶǐ ȝȂ ȓǐȖǆȠǐ �XbH=� ȝƷȓǝǐȝǦǼǝ ȝǣƷȝ ǦȖ ȝǣȂȠǝǣȝ ȝȂ ȂǆǆȠȓ

ΗǦƷ ǅȓǦǌǝǐȖ ঳:ॽ [ȂǼǝॶ ȠǼȏȠǅǶǦȖǣǐǌ঴ॽ [ǐȏƷȓƷȝǐ ȖȝȠǌǦǐȖ Ʒȓǐ ƷǶȖȂ ȖȠȏȏȂȓȝǦΗǐ Ȃǜ ȝǣǦȖ ǻȂǌǐǶॶ ƷȖ ǌǐǶǐȝǦȂǼ Ȃǜ

ȖǐǦȏǦǼ ƷǶȂǼǐ ǶǐƷǌȖ ȝȂ ǐƷȓǶǦǐȓ ȝƷȓǝǐȝǦǼǝ Ȃǜ %U�bः ȝȂ =�Ȗॶ ǦǼ ȝǣǐ ȝǦǻǐȖǆƷǶǐ Ȃǜ ǻǦǼȠȝǐȖ ȖǦǻǦǶƷȓ ȝȂ ȏȓȂৄ

ȝǐǦǼȖ ǶǦǴǐ =��$ऀँँआॽ bǣǦȖ ǆȂȠǶǌ ǅǐ ƷǆǣǦǐΗǐǌ ǐǦȝǣǐȓ ǅΞ ǦǼǆȓǐƷȖǐǌ ǆȂǼǼǐǆȝǦȂǼȖ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ

=�Ȗ ǦǼ ȝǣǐ ƷǅȖǐǼǆǐ Ȃǜ ȖǐǦȏǦǼ Ȃȓ ΗǦƷ ƷǆǆǐȖȖ Ȃǜ �X ȏȓȂȝǐǦǼȖ ȝȂ ȝǣǐ =� ΗǦƷ ȖǐǦȏǦǼ ǆȂǼǼǐǆȝǦȂǼȖँँआॽ �ƷȖǐǌ

ȂǼ ǣǦȝȖ ǜȓȂǻ ȝǣǦȖ ȠǼȏȠǅǶǦȖǣǐǌ ȖǆȓǐǐǼ ƷǼǌ ȂȝǣǐȓȖ৚ ΘȂȓǴॶ ȂȠȓ ǆȠȓȓǐǼȝ ǻȂǌǐǶ Ȃǜ �Xৄ=�ǻǐǻǅȓƷǼǐ

ǅȓǦǌǝǐ ǜȂȓǻƷȝǦȂǼ ǦȖ ƷȖ ǜȂǶǶȂΘȖ ȖȝǐȏৄΘǦȖǐॵ

ऀ঴ XƷǅऀ ǦȖ ȓǐǆȓȠǦȝǐǌ ȝȂ ȝǣǐ =�ǻȂǼȂǶƷΞǐȓ ǅΞ ȝǣǐ bX�UU ǆȂǻȏǶǐΝऀࣿँॶँऀऀॽ bǣǐ bX�UU ǆȂǻȏǶǐΝ

ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ǅǦǼǌ ȝȂ �HU/ ǆȂƷȝǐǌ ΗǐȖǦǆǶǐȖॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ �ȓǜऀ঄�HU/ ǻƷΞ ƷǶȖȂ ǣƷΗǐ Ʒ ȓȂǶǐ ǦǼ

ȝȓǦǝǝǐȓǦǼǝ ȝǣǐ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ȖȝǐȏȖँःऀॶँःऄॽ

ँ঴ BǐǻǅȓƷǼǐ ȝǐȝǣǐȓǦǼǝ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ =�Ȗ ȂǆǆȠȓȖॶ ǻǐǌǦƷȝǐǌ ǅΞ XǦǼȝऀ Ȃǜ ȝǣǐ �ȖǶऀ ǆȂǻৄ

ȏǶǐΝॽ bǣǐ �ȖǶऀ ǆȂǻȏǶǐΝॶ ΘǣǦǆǣ ǦǼ ǻƷǻǻƷǶȖ ǦȖ ǴǼȂΘǼ ƷȖ CX~ ǆȂǻȏȂȖǐǌ Ȃǜ C�%ॶ X/Cbऀ ƷǼǌ

~sऀࣿॶ ȝǣƷȝ ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ȏȓȂȝȓȠǌǐ ǜȓȂǻ ȝǣǐ �XǻǐǻǅȓƷǼǐ ȝȂ ȝǐȝǣǐȓ �HU/ ǆȂƷȝǐǌ ΗǐȖǦǆǶǐȖ ǦǼ

ȓǐȝȓȂǝȓƷǌǐ %ȂǶǝǦৄ�X ȝȓƷАǆǴǦǼǝँࣿऀॶऀࣿँॶँऀऀॽ

ं঴ [C�X�Ȗ ঳[ȂǶȠǅǶǐ CৄǐȝǣΞǶৄǻƷǶǐǦǻǦǌǐৄȖǐǼȖǦȝǦΗǐ ǜȠȖǦȂǼ ȏȓȂȝǐǦǼ �ȝȝƷǆǣǻǐǼȝ ȏȓȂȝǐǦǼ X�ǆǐȏȝȂȓ঴

ǻǐǌǦƷȝǐ �bU ǌǐȏǐǼǌǐǼȝ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ Ȃǜ ȝǣǐ =�ǻȂǼȂǶƷΞǐȓ ΘǦȝǣ ȝǣǐ ǆΞȝȂȖȂǶ ǶǐƷЙǐȝ Ȃǜ ȝǣǐ �X

ǅǦǶƷΞǐȓॽ [C�X�Ȗ Ʒȓǐ ǌǐǻȂǼȖȝȓƷȝǐǌ ȝȂ ǅǐȖȝȂΘ ǦǼȝȓƷǆǐǶǶȠǶƷȓ ǻǐǻǅȓƷǼǐ ȝȓƷАǆǴǦǼǝ ȖȏǐǆǦЖǆǦȝΞ ǅΞ ȝǣǐ

ȖȏǐǆǦЖǆ ǆȂǻǅǦǼƷȝǦȂǼ Ȃǜ [C�X�Ȗ ǦǼΗȂǶΗǐǌंࣿॽ $Ȃȓ Ʒ ȖȠǆǆǐȖȖǜȠǶ [C�X�ǻǐǌǦƷȝǐǌ ǜȠȖǦȂǼ ȓǐƷǆȝǦȂǼॶ

Ʒ [C�X� ǜȓȂǻ ǐƷǆǣ ȖȠǅǜƷǻǦǶΞ Ȃǜ [C�X�Ȗ ঳WƷॶ Wǅॶ Wǆ ƷǼǌ X঴ ǦȖ ȓǐȒȠǦȓǐǌ ȝȂ ǜȂȓǻ Ʒ ȏȓȂǌȠǆȝǦΗǐ

ǆȂǻȏǶǐΝ ǜȂȓ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼइआॶऀआॽ /Ǽ ȝǣǐ ȖǆȓǐǐǼॶ ȂǼǐ [C�X� ǜȓȂǻ ǐƷǆǣ ȖȠǅǜƷǻǦǶΞ ΘƷȖ ǦǌǐǼȝǦৄ

Жǐǌ ƷȖ ǼǐǆǐȖȖƷȓΞ ǜȓȂǻ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ঳�ǐȝऀॶ [ΞǼȝƷΝǦǼऄॶ ǻǐǻǅȓǦǼ঄%ȂȖँआॶ ƷǼǌ yǴȝअ঴ॽ

BȂȓǐȂΗǐȓॶ ȝǣǐ ǆȂǻǅǦǼƷȝǦȂǼ Ȃǜ [C�X�Ȗ ΘƷȖ ȠǼǦȒȠǐॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ ȝǣǦȖ ȏƷȓȝǦǆȠǶƷȓ [C�X� ǆȂǻৄ

ȏǶǐΝ ǦǻȏƷȓȝȖ ȖȏǐǆǦЖǆǦȝΞ ȂǼ �Xৄ=�ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼॽ /ǻȏȂȓȝƷǼȝǶΞॶ ΘǣǦǶǐ [C�X�Ȗ ȝΞȏǦǆƷǶǶΞ ȏȓȂৄ

ǻȂȝǐ ǆȂǻȏǶǐȝǐ ǜȠȖǦȂǼ Ȃǜ ǅǦǶƷΞǐȓ ǻǐǻǅȓƷǼǐȖॶ ȖȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ ȝǣǐΞ ǆƷǼ ƷǶȖȂ ȖȠǆǆǐȖȖǜȠǶǶΞ

ȏȓȂǻȂȝǐ ǣǐǻǦৄǜȠȖǦȂǼ Ȃǜ ǻǐǻǅȓƷǼǐȖॶ ΘǣǦǆǣ ǦȖ ȝǣǐ ǐȒȠǦΗƷǶǐǼȝ Ȃǜ ȝǣǐ =�ǻȂǼȂǶƷΞǐȓ ǜȠȖǦǼǝ ΘǦȝǣ ȂǼǐ

ऀई



ǶǐƷЙǐȝ Ȃǜ ȝǣǐ �X ǅǦǶƷΞǐȓऄआॶँःࣿॽ

ः঴ �ǜȝǐȓ ǜȠȖǦȂǼॶ �XbH=� ȏȓȂȝǐǦǼȖ ƷǆǆȠǻȠǶƷȝǐ ȂǼ ȝǣǐ =�ǻȂǼȂǶƷΞǐȓॽ $Ȃȓ ȝǣǦȖ Ȗȝǐȏ ȝȂ ȂǆǆȠȓॶ

�XbH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖ ΘȂȠǶǌ Ǽǐǐǌ ȝȂ ȏȓǐǜǐȓǐǼȝǦƷǶǶΞ ƷǆǆȠǻȠǶƷȝǐ ȂǼ Ʒ ǻȂǼȂǶƷΞǐȓ ΘǣǐǼ ǝǦΗǐǼ

ȝǣǐ ȂȏȝǦȂǼ ǅǐȝΘǐǐǼ Ʒ ǻȂǼȂǶƷΞǐȓ ƷǼǌ ǅǦǶƷΞǐȓॽ XǐǆǐǼȝ ȖȝȠǌǦǐȖ ȖȠȏȏȂȓȝ ȝǣǦȖ ǐΗǐǼȝॶ ƷȖ ȝǣǐ ǣƷǦȓȏǦǼ ǻȂৄ

ȝǦǜ ǆȂǻǻȂǼ ȝȂ �XbH=� ȏȓȂȝǐǦǼȖ ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ǅΞ ǻȂǶǐǆȠǶƷȓ ǌΞǼƷǻǦǆȖ ȖǦǻȠǶƷȝǦȂǼȖ ȝȂ ǜƷΗȂȓ

Ʒ ǻȂǼȂǶƷΞǐȓ ǐǼΗǦȓȂǼǻǐǼȝ ΘǦȝǣ Ʒ ǣΞǌȓȂȏǣȂǅǦǆ ǆȂȓǐ ƷȖ ȂȏȏȂȖǐǌ ȝȂ Ʒ ǅǦǶƷΞǐȓॶ ƷȖ ȝǣǐ ǻȂǼȂǶƷΞǐȓ ǐǼৄ

ΗǦȓȂǼǻǐǼȝ ȏȓȂΗǦǌǐȖ Ʒ ǶȂΘǐȓ ǜȓǐǐ ǐǼǐȓǝΞऀःःॽ $ȠȓȝǣǐȓǻȂȓǐॶ ȅț ͝ȅȼȲȡ ȖȝȠǌǦǐȖ Ȃǜ %$U ȝƷǝǝǐǌ %U�bः

ǐǻǅǐǌǌǐǌ ǦǼ ǻǦǆȓȂȖȂǻǐȖ ƷǼǌ ǐΝȏȂȖǐǌ ȝȂ ǅȠЍǐȓৄǦǼৄȂǦǶ ǻǦǆȓȂৄȓǐƷǆȝȂȓȖ ȝȂ ȏȓȂǻȂȝǐ Ʒ ǻȂǼȂǶƷΞǐȓ ǅȂȓৄ

ǌǐȓǦǼǝ ȝǣǐ b% ȏǣƷȖǐ ȓǐΗǐƷǶ ȝǣƷȝ %U�bः ΘǦǶǶ ǼƷȝȠȓƷǶǶΞ ƷǆǆȠǻȠǶƷȝǐ ȂǼ ȝǣǐ ǻȂǼȂǶƷΞǐȓ ǆȂȓȓǐǶƷȝǦΗǐ ȝȂ

ȝǣǐ ǻȂǼȂǶƷΞǐȓ৚Ȗ ȖȠȓǜƷǆǐ ȝǐǼȖǦȂǼ ǅƷȖǐǌ ȂǼ ȏǣȂȖȏǣȂǶǦȏǦǌ ǆȂǻȏȂȖǦȝǦȂǼँंंॽ

�Ȃȝǣ �ybH=� ƷǼǌ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ Ʒȓǐ ǦǻȏȂȓȝƷǼȝ ǜȂȓ =� ǅǦȂǝǐǼǐȖǦȖ ƷǼǌ ǣȂǻǐৄ

ȂȖȝƷȖǦȖॽ sǣǦǶǐ Θǐ ǣƷΗǐ Ʒ ǅƷȖǦǆ ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ ȝǣǐ ǻǐǆǣƷǼǦȖǻȖ ǅΞ ΘǣǦǆǣ �ybH=� ȏȓȂȝǐǦǼȖ

ȝƷȓǝǐȝऀऄअॶ ȝǣǐ ǻǐǆǣƷǼǦȖǻ Ȃǜ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗ ȓǐǻƷǦǼȖ ȝȂ ǅǐ ǜȠǶǶΞ ǐǶȠǆǦǌƷȝǐǌॽ

�XbH=� ȏȓȂȝǐǦǼȖ %U�bः ƷǼǌ �b%=ॶ ǴǐΞ ǐǼΣΞǻǐȖ ǦǼ b% ȖΞǼȝǣǐȖǦȖ ƷǼǌ b%ǻȂǅǦǶǦΣƷȝǦȂǼ ȓǐȖȏǐǆৄ

ȝǦΗǐǶΞॶ ǣǦǝǣǶǦǝǣȝ ȝǣǐ ȝǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ ȝǣǦȖ ǻǐǆǣƷǼǦȖǻ Ȃǜ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ǜȂȓ ǅȂȝǣ =� ǐΝȏƷǼȖǦȂǼ

ƷǼǌ ǆƷȝƷǅȂǶǦȖǻॽ sǣǦǶǐ Ǧȝ ǦȖ ǼȂΘ ǆǶǐƷȓ ȝǣƷȝ ȖȏǐǆǦЖǆ ȏȓȂȝǐǦǼ ǜƷǆȝȂȓȖ ȝǣƷȝ ǻǐǌǦƷȝǐ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ǜȂȓ

�Xৄ=� ǅȓǦǌǝǐ ǜȂȓǻƷȝǦȂǼ Ʒȓǐ ǦǼΗȂǶΗǐǌॶ Ǧȝ ȓǐǻƷǦǼȖ ȠǼǆǶǐƷȓ ΘǣƷȝ Ȃȝǣǐȓ ǆǐǶǶȠǶƷȓ ȓǐȒȠǦȓǐǻǐǼȝȖ ȝǣǐȓǐ Ʒȓǐ

ǜȂȓ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ

bȂ ƷǌǌȓǐȖȖ ȝǣǦȖॶ / ȖΞȖȝǐǻƷȝǦǆƷǶǶΞ ȝǐȖȝǐǌ ȝǣǐ ǜȠǼǆȝǦȂǼ Ȃǜ ȝΘȂ ȏȓȂȝǐǦǼȖ ǜȂȓ ȝǣǐǦȓ ȓȂǶǐ ǦǼ �XbH=�

ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ bǣǐ ЖȓȖȝॶ XƷǅऀइॶ ǣƷǌ ǅǐǐǼ ȏȓȂȏȂȖǐǌ ǦǼ ȝǣǐ ǶǦȝǐȓƷȝȠȓǐ ȝȂ ƷЍǐǆȝ =� ȖǦΣǐ ƷǼǌ ȝȠȓǼȂΗǐȓ

ǅΞ ƷǼ ȠǼǴǼȂΘǼǻǐǆǣƷǼǦȖǻऀऄइॶऀःआॽ / ǣΞȏȂȝǣǐȖǦΣǐǌ ȝǣƷȝ XƷǅऀइ৚Ȗ ȓȂǶǐ ǦǼ =� ǅǦȂǶȂǝΞ ƷǼǌ ǐЍǐǆȝ

ȂǼ ȝǣǐȖǐ ȝΘȂ ǆȂǼȝȓƷȖȝǦǼǝ ȏƷȝǣΘƷΞȖ ΘƷȖ ƷȝȝȓǦǅȠȝǐǌ ȝȂ Ʒ ǜȠǼǆȝǦȂǼ ǦǼ ǻǐǌǦƷȝǦǼǝ =�ৄ�X ȝǐȝǣǐȓǦǼǝ

ǜȂȓ ǅȓǦǌǝǐ ǜȂȓǻƷȝǦȂǼॽ �Ȗ ȏȓǐΗǦȂȠȖǶΞ ǌǦȖǆȠȖȖǐǌॶ ǅȂȝǣ %U�bः ƷǼǌ �b%=ॶ ǐǼΣΞǻǐȖ ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ

=� ǝȓȂΘȝǣ ƷǼǌ ȝȠȓǼȂΗǐȓ ȓǐȖȏǐǆȝǦΗǐǶΞॶ ǶȂǆƷǶǦΣǐ ȝȂ =�Ȗ ǅΞ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝऀइआॶँंःॽ �Ƕৄ

ȝǣȂȠǝǣ Θǐ ǜȂȠǼǌ ȝǣƷȝ XƷǅऀइ ǶȂǆƷǶǦΣǐȖ ȝȂ =�Ȗॶ Θǐ ȖȠȓȏȓǦȖǦǼǝǶΞ ǜȂȠǼǌ ǼȂ ǐΗǦǌǐǼǆǐ Ȃǜ Ʒ ǌǦȓǐǆȝ ȓȂǶǐ ǜȂȓ

ँࣿ



XƷǅऀइ ǦǼ =� ǣȂǻǐȂȖȝƷȖǦȖ ΘǦȝǣ ȓǐȖȏǐǆȝ ȝȂ =� ǜȂȓǻƷȝǦȂǼॶ ȝǣǐ ȝƷȓǝǐȝǦǼǝ Ȃǜ ȖǐǶǐǆȝǐǌ =� ȏȓȂȝǐǦǼȖॶ Ȃȓ

b% ȝȠȓǼȂΗǐȓॽ bǣǦȖ ȖȠǝǝǐȖȝȖ ȝǣƷȝ XƷǅऀइ ǦȖ ǼȂȝ ȓǐȒȠǦȓǐǌ ǜȂȓ ȝǣǐ ǅƷȖǦǆ ǻƷǆǣǦǼǐȓΞ Ȃǜ ȝǣǐȖǐ ȏȓȂǆǐȖȖǐȖॽ

bǣǦȖ ΘƷȖ ȖȠȏȏȂȓȝǐǌ ǅΞ Ʒ ǝǐǼȂǻǐ ΘǦǌǐ XC�Ǧ ȖǆȓǐǐǼ ǦǼ�ȲȡȵȡȮȂȅȕǖ [ँ ǆǐǶǶȖ ǜȂȓ ǝǐǼǐȖ ΘǣȂ ƷЍǐǆȝǐǌ

�XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝঃ XƷǅऀइ ΘƷȖ ǼȂȝ Ʒ ǣǦȝॽ ,ȂΘǐΗǐȓ ǜȓȂǻ ȝǣǦȖ ȖǆȓǐǐǼ ǐǻǐȓǝǐǌ Ʒ ȖȝȓȂǼǝ ǣǦȝ

ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǦǻȏƷǦȓǐǌ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॵ bB�Bँँंॽ UȓǐΗǦȂȠȖǶΞ ȠǼǆǣƷȓƷǆȝǐȓǦΣǐǌ

ƷǼǌ ǣƷΗǦǼǝ Ʒ ǌȓƷǻƷȝǦǆ ǐЍǐǆȝ ȂǼ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ / ȖȂȠǝǣȝ ȝȂ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ǻǐǆǣƷǼǦȖǻ

ǅΞ ΘǣǦǆǣ bB�Bँँं ƷЍǐǆȝǐǌ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ƷǼǌ ǦȝȖ ǝǐǼǐȓƷǶ ǆǐǶǶȠǶƷȓ ǜȠǼǆȝǦȂǼॽ BΞ

ȖȝȠǌǦǐȖ ȖȠȏȏȂȓȝ Ʒ ǣΞȏȂȝǣǐȖǦȖ ȝǣƷȝ bB�Bँँं Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦȖ ǆȓȠǆǦƷǶ ǜȂȓ �XǻȂȓȏǣȂǶȂǝΞ

ƷǼǌ ǜȠǼǆȝǦȂǼॶ ȏƷȓȝǦǆȠǶƷȓǶΞ ǦǼ ȏȓȂȝǐǦǼ ȝȓƷАǆǴǦǼǝ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ %ȂǶǝǦॶ ƷǼǌ ȝǣƷȝ ǌǦȖȓȠȏȝǦȂǼ Ȃǜ

ȝǣǦȖ ȏȓȂǆǐȖȖ ǶǐƷǌȖ ȝȂ ƷǶȝǐȓƷȝǦȂǼȖ ǦǼ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ƷǼǌ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ bǣǐȖǐ ȖȝȠǌǦǐȖ

ȖȠǝǝǐȖȝ ȝǣƷȝ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ƷǼǌ �Xৄ%ȂǶǝǦ ȏȓȂȝǐǦǼ ȝȓƷАǆǴǦǼǝ ȓǐǶΞ ȂǼ ȖǦǻǦǶƷȓ ȏȓȂǆǐȖȖǐȖॶ

ȖȠǆǣ ƷȖ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ǻǐǌǦƷȝǐǌ ǅΞ �bU ǌǐȏǐǼǌǐǼȝ [C�X�Ȗॶ ƷǼǌ ȝǣƷȝ ǅȂȝǣ ǌǐȏǐǼǌ ȂǼ ȝǣǐ

ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼ bB�Bँँंॽ $ȠȓȝǣǐȓǻȂȓǐॶ / ǐΝȏǶȂȓǐǌ ƷǌǌǦȝǦȂǼƷǶ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼȖ

ǦǌǐǼȝǦЖǐǌ ǅΞ ȝǣǐ ȖǆȓǐǐǼ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǝǦΗǐ ȓǦȖǐ ȝȂ ȝǣǐ ȖƷǻǐ ȏǣǐǼȂȝΞȏǐȖ ȂǅȖǐȓΗǐǌ ΘǦȝǣ bB�Bँँं

ǌǐȏǶǐȝǦȂǼॽ eǶȝǦǻƷȝǐǶΞॶ / ȏȓȂȏȂȖǐ Ʒ ǼȂΗǐǶ ȓȂǶǐ ǜȂȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼȖ ǦǼ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓৄ

ǝǐȝǦǼǝॽ

ँऀ



,ȡȮȅțǼ ǻȡȲ ȼȂǯ Ǥǯȵȼ࣐ ȮȲǯȮǖȲǯǫ ǻȡȲ ȼȂǯ ͞ȡȲȵȼ࣐ ǖțǫ ȿțȵȿȲठ

ȮȲȅȵǯǫ Ǥͤ ǖțͤȼȂȅțǼ ȅț Ǥǯȼ͞ǯǯțࣗ

BƷΞƷ �ǼǝǐǶȂȠ

2
X��ऀइ ǦȖ ǼȂȝ ǼǐǆǐȖȖƷȓΞ ǜȂȓ ȏȓȂȝǐǦǼ

ȝƷȓǝǐȝǦǼǝ

ँ৷ऀ /ӹԚԏԀӋԞӅԚӢԀӹ

,ȂΘ ȂȓǝƷǼǐǶǶǐȖ ƷǆǣǦǐΗǐ ȝǣǐǦȓ ȖȏǐǆǦЖǆ ǦǌǐǼȝǦȝΞ ǦȖ Ʒ ǆǐǼȝȓƷǶ ȒȠǐȖȝǦȂǼ ǜȂȓ ǆǐǶǶ ǅǦȂǶȂǝΞॽ <ǐΞ ǜȂȓ ǌǐৄ

ȝǐȓǻǦǼǦǼǝ ȝǣǐ ǦǌǐǼȝǦȝΞ Ȃǜ ǻƷǼΞ ǻǐǻǅȓƷǼǐৄǅȂȠǼǌ ȂȓǝƷǼǐǶǶǐȖ Ʒȓǐ ȖǻƷǶǶ %bUƷȖǐȖ Ȃǜ ȝǣǐ XƷǅ ǜƷǻৄ

ँँ



ǦǶΞईःॶऀइऄॶऀईࣿॽ bǣǐȖǐ ȏȓȂȝǐǦǼȖ Ʒȓǐ ȖΘǦȝǆǣৄǶǦǴǐ ǻȂǶǐǆȠǶǐȖ ȝǣƷȝ ȓǐǝȠǶƷȝǐ ȓǐǆȓȠǦȝǻǐǼȝ Ȃǜ ȖȏǐǆǦЖǆ ȏȓȂȝǐǦǼȖ

ȝȂ ǻǐǻǅȓƷǼǐȖॽ /Ǽ ȝǣǐ ǦǼƷǆȝǦΗǐॶ %�UৄǅȂȠǼǌ ȖȝƷȝǐॶ XƷǅ ȏȓȂȝǐǦǼȖ ǅǦǼǌ ȝȂ %�UৄǌǦȖȖȂǆǦƷȝǦȂǼ ǦǼǣǦǅǦȝȂȓ

঳%�/঴ ǆǣƷȏǐȓȂǼǐȖ ǦǼ ȝǣǐ ǆΞȝȂȖȂǶॽ BǐǻǅȓƷǼǐৄǅȂȠǼǌ ǝȠƷǼǦǼǐ ǼȠǆǶǐȂȝǦǌǐ ǐΝǆǣƷǼǝǐ ǜƷǆȝȂȓȖ ঳%�$Ȗ঴

ȂǼ ȖȏǐǆǦЖǆ ȂȓǝƷǼǐǶǶǐȖ ƷǆȝǦΗƷȝǐ XƷǅȖ ǅΞ ȓǐǻȂΗǦǼǝ ȝǣǐ ǅȂȠǼǌ ǼȠǆǶǐȂȝǦǌǐॶ ƷǶǶȂΘǦǼǝ ȝǣǐ ǅǦǼǌǦǼǝ Ȃǜ

%bU ƷǼǌ ȖΘǦȝǆǣǦǼǝ ȝǣǐ ȏȓȂȝǐǦǼ ȝȂ ƷǼ ƷǆȝǦΗǐ ǆȂǼǜȂȓǻƷȝǦȂǼईॶऀऄँॽ HǼǆǐ ƷǆȝǦΗƷȝǐǌॶ ȝǣǐΞ ȏȓȂΗǦǌǐ ǅǦǼǌৄ

ǦǼǝ ȖȠȓǜƷǆǐȖ ȝȂ ȓǐǆȓȠǦȝ ǐЍǐǆȝȂȓ ȏȓȂȝǐǦǼȖ ΘǦȝǣ ǜȠǼǆȝǦȂǼȖ ȖȏǐǆǦЖǆ ȝȂ ȝǣǐ ȂȓǝƷǼǐǶǶǐॽ bǣȓȂȠǝǣ ȖȠǆǣ Ʒ

ǻǐǆǣƷǼǦȖǻॶ ǐƷǆǣ ȂȓǝƷǼǐǶǶǐ Ȃǜ ȝǣǐ ǐǼǌȂǻǐǻǅȓƷǼǐ ȖΞȖȝǐǻ ǆȂǼȝƷǦǼȖ ȖȏǐǆǦЖǆ XƷǅ ȏȓȂȝǐǦǼȖ ȝǣƷȝ Ʒǆȝ ȝȂ

ǌǐȝǐȓǻǦǼǐ ǦȝȖ ǦǌǐǼȝǦȝΞईॽ

=ǦȏǦǌ ǌȓȂȏǶǐȝȖ ঳=�Ȗ঴ Ʒȓǐ ǆǐǶǶȠǶƷȓ ȂȓǝƷǼǐǶǶǐȖ ǜȂȠǼǌ ǦǼ ǻȂȖȝ ǆǐǶǶȖ ȝǣƷȝ ȖȝȂȓǐ ǼǐȠȝȓƷǶ ǶǦȏǦǌȖॶ ȖȠǆǣ

ƷȖ ȝȓǦƷǆΞǶǝǶΞǆǐȓȂǶȖ ঳b%঴ ƷǼǌ ȖȝǐȓȂǶ ǐȖȝǐȓȖॶ ƷȖ ȏȓǐǆȠȓȖȂȓȖ ǜȂȓ ǆǐǶǶȠǶƷȓ ǻǐǻǅȓƷǼǐ ǶǦȏǦǌȖ ƷǼǌ ƷȖ ȓǐȖǐȓৄ

ΗȂǦȓȖ ǜȂȓ ǻǐȝƷǅȂǶǦǆ ǐǼǐȓǝΞअआॶऀऄःॶँँऄॽ �ǻȂǼǝ ǆǐǶǶȠǶƷȓ ȂȓǝƷǼǐǶǶǐȖॶ =�Ȗ Ʒȓǐ ȠǼǦȒȠǐ ǦǼƷȖǻȠǆǣ ƷȖ ȝǣǐΞ

Ʒȓǐ ǅȂȠǼǌǐǌ ǅΞ Ʒ ǻȂǼȂǶƷΞǐȓ Ȃǜ ȏǣȂȖȏǣȂǶǦȏǦǌȖ ȓƷȝǣǐȓ ȝǣƷǼ Ʒ ǅǦǶƷΞǐȓ ǻǐǻǅȓƷǼǐँࣿःॽ =�Ȗ ǅǦǼǌ ȖȏǐǆǦЖǆ

ȏȓȂȝǐǦǼȖॶ ƷǼǌ ȝǣǐ ȏȓǦǼǆǦȏǶǐȖ Ȃǜ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗ Ʒȓǐ ǱȠȖȝ ǅǐǝǦǼǼǦǼǝ ȝȂ ǅǐ ȠǼǌǐȓȖȝȂȂǌःࣿॶऀऀࣿॶऀऄअॶऀअऄॶँंःॽ

,ȂΘ ȝǣǐ ǦǌǐǼȝǦȝΞ Ȃǜ =�Ȗ ǦȖ ǌǐȝǐȓǻǦǼǐǌ ǻȂǶǐǆȠǶƷȓǶΞ ǦȖ ȏȂȂȓǶΞ ȠǼǌǐȓȖȝȂȂǌॵ ǼǐǦȝǣǐȓ ȖȏǐǆǦЖǆ ǶǦȏǦǌ

ȖȏǐǆǦǐȖ ǼȂȓ XƷǅ ȏȓȂȝǐǦǼȖ ȝǣƷȝ ǌǐЖǼǐ ǌȓȂȏǶǐȝ ǦǌǐǼȝǦȝΞ ǣƷΗǐ ǅǐǐǼ ǦǌǐǼȝǦЖǐǌॽ

�ǻȂǼǝ XƷǅ ȏȓȂȝǐǦǼȖॶ ǐΗǦǌǐǼǆǐ ȖȠǝǝǐȖȝȖ XƷǅऀइ ǻƷΞ ǅǐ ǦǻȏȂȓȝƷǼȝ ǜȂȓ =� ǦǌǐǼȝǦȝΞॽ XƷǅऀइ ǶȂৄ

ǆƷǶǦΣǐȖ ȝȂ ȝǣǐ �Xऄऄ ƷǼǌ ȝȂ =�Ȗऀंऀॶऀःआ ǦǼ ȖǐΗǐȓƷǶ ǌǦЍǐȓǐǼȝ ǣȠǻƷǼ ƷǼǌ ǻȂȠȖǐ ǆǐǶǶ ǶǦǼǐȖॽ �ǐȏǶǐȝǦȂǼ Ȃǜ

XƷǅऀइ ǆƷȠȖǐȖ ǌǐǜǐǆȝȖ ǦǼ �X ȝȠǅȠǶǐ ǦǼȝǐǝȓǦȝΞ ƷǼǌ ƷЍǐǆȝȖ =�ǻȂȓȏǣȂǶȂǝΞ ƷǼǌ ȏȓȂȝǐǦǼ ǶȂǆƷǶǦΣƷȝǦȂǼ

ȝȂ =�Ȗँऄॶऄऄॶऀंऀॶऀःआॽ bǣǐ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ XƷǅऀइ ǦǼǆȓǐƷȖǐȖ ƷȏȏȂȖǦȝǦȂǼ Ȃǜ �X ƷǼǌ =�ǻǐǻǅȓƷǼǐȖॶ

ȏȂȖȖǦǅǶΞ ǦǼǌǦǆƷȝǦǼǝ Ʒ ȓȂǶǐ ǜȂȓ ȝǣǐ ȏȓȂȝǐǦǼ Ʒȝ �Xৄ=� ǆȂǼȝƷǆȝ ȖǦȝǐȖऀःआॽ �ȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣǐȖǐ ЖǼǌৄ

ǦǼǝȖॶ XƷǅऀइ ǣƷȖ ǅǐǐǼ ǦǻȏǶǦǆƷȝǐǌ ǦǼ =� ǅǦȂǝǐǼǐȖǦȖ Ʒȝ ȝǣǐ �X ǅΞ ȓǐǆȓȠǦȝǦǼǝ ȝǣǐ C�%ৄX/Cbऀৄ~sऀࣿ

঳CX~঴ ȝǐȝǣǐȓǦǼǝ ǆȂǻȏǶǐΝ ƷǼǌ [C�X� ȏȓȂȝǐǦǼȖऄअॶँंआॽ bǣǐȖǐ ЖǼǌǦǼǝȖ ȖȠǝǝǐȖȝ ȝǣƷȝ XƷǅऀइ ǦȖ Ʒ ǌǐȝǐȓৄ

ǻǦǼƷǼȝ Ȃǜ =� ȂȓǝƷǼǐǶǶǐ ǦǌǐǼȝǦȝΞॽ ,ȂΘǐΗǐȓॶ ȝǣǦȖ ǣΞȏȂȝǣǐȖǦȖ ǣƷȖ ǼȂȝ ǅǐǐǼ ǐΝȝǐǼȖǦΗǐǶΞ ȝǐȖȝǐǌॶ ƷǼǌ ȝǣǐ

ǜȠǼǆȝǦȂǼ Ȃǜ XƷǅऀइ Ʒȝ =�Ȗ ǦȖ ȠǼǆǶǐƷȓॽ

,ǐȓǐ Θǐ ȝǐȖȝǐǌ Θǣǐȝǣǐȓ XƷǅऀइ ǣƷȖ Ʒ ǌǦȓǐǆȝ ȓȂǶǐ ǦǼ =� ǣȂǻǐȂȖȝƷȖǦȖ ǅΞ ȖȝȠǌΞǦǼǝ ȝǣǐ ȏȓȂȝǐǦǼ ǦǼ

ँं



ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖॽ �ǶȝǣȂȠǝǣ Θǐ ǜȂȠǼǌ ȝǣƷȝ XƷǅऀइ ǶȂǆƷǶǦΣǐȖ ȝȂ =�Ȗॶ Θǐ ȖȠȓȏȓǦȖǦǼǝǶΞ ǜȂȠǼǌ ǼȂ ǐΗǦৄ

ǌǐǼǆǐ Ȃǜ Ʒ ǌǦȓǐǆȝ ȓȂǶǐ ǜȂȓ XƷǅऀइ ǦǼ =� ǣȂǻǐȂȖȝƷȖǦȖ ΘǦȝǣ ȓǐȖȏǐǆȝ ȝȂ =� ǜȂȓǻƷȝǦȂǼॶ ȝǣǐ ȝƷȓǝǐȝǦǼǝ Ȃǜ

ȖǐǶǐǆȝǐǌ =� ȏȓȂȝǐǦǼȖॶ Ȃȓ b% ȝȠȓǼȂΗǐȓॽ bǣǦȖ ȖȠǝǝǐȖȝȖ ȝǣƷȝ XƷǅऀइ ǦȖ ǼȂȝ ȓǐȒȠǦȓǐǌ ǜȂȓ ȝǣǐ ǅƷȖǦǆ ǻƷৄ

ǆǣǦǼǐȓΞ Ȃǜ ȝǣǐȖǐ ȏȓȂǆǐȖȖǐȖॽ

ँ৷ँ Xҷӂऀइ ӲԀӅҷӲӢԲӏԓ ԚԀ =�ԓ ҷӹӋ Ԛӟӏ �X

bȂ ǦǼΗǐȖȝǦǝƷȝǐ ȝǣǐ ȓȂǶǐ Ȃǜ XƷǅऀइ ǦǼ =� ǅǦȂǶȂǝΞॶ Θǐ ЖȓȖȝ ƷǼƷǶΞΣǐǌ ǦȝȖ ȖȠǅǆǐǶǶȠǶƷȓ ǶȂǆƷǶǦΣƷȝǦȂǼॽ

sǐ ǆǣȂȖǐ ȝȂ ȖȝȠǌΞ XƷǅऀइ ǦǼ [eBऀऄई ǆǐǶǶȖःआॶ Ʒ ǣȠǻƷǼ ǻƷǻǻƷȓΞ ǆƷȓǆǦǼȂǻƷ ǆǐǶǶ ǶǦǼǐ ȝǣƷȝ Θǐ ȠȖǐ

ǐΝȝǐǼȖǦΗǐǶΞ ȝȂ ȖȝȠǌΞ =� ǅǦȂǶȂǝΞॽ bǣǐȖǐ ǆǐǶǶȖ ऀ঴ ǐΝȏȓǐȖȖ ǅȂȝǣ b% ȖΞǼȝǣǐȖǦȖ ǐǼΣΞǻǐȖॶ �%�bऀ ƷǼǌ

�%�bँॶ ँ঴ ǝǐǼǐȓƷȝǐ =�Ȗ ȓǐƷǌǦǶΞ ȂǼ ǦǼǆȠǅƷȝǦȂǼ ΘǦȝǣ ǜƷȝȝΞ ƷǆǦǌৄǆȂǼȝƷǦǼǦǼǝ ǻǐǌǦȠǻॶ ं঴ ǐΝȏȓǐȖȖ ǜƷǆৄ

ȝȂȓȖ ǦǼΗȂǶΗǐǌ ǦǼ =� ǅǦȂǝǐǼǐȖǦȖ ঳ǦǼǆǶȠǌǦǼǝ ȖǐǦȏǦǼॶ $/bँॶ ƷǼǌ ȏǐȓǦǶǦȏǦǼȖ ं ƷǼǌ ःँँॶअइॶँंँॶंःॶँँआ঴ॶ ƷǼǌ ः঴

Ʒȓǐ ǌǦȏǶȂǦǌ ƷǼǌ ƷǻǐǼƷǅǶǐ ȝȂ ǆǶȠȖȝǐȓǐǌ ȓǐǝȠǶƷȓǶΞ ǦǼȝǐȓȖȏƷǆǐǌ ȖǣȂȓȝ ȏƷǶǦǼǌȓȂǻǦǆ ȓǐȏǐƷȝȖ ঳�X/[UX঴ৄ

ǅƷȖǐǌ ǝǐǼȂǻǐ ǐǼǝǦǼǐǐȓǦǼǝ ƷǼǌ ǻǦǆȓȂȖǆȂȏΞ ǦǻƷǝǦǼǝँँआॶअࣿॽ �ǌǌǦȝǦȂǼƷǶǶΞॶ [eBऀऄई ǆǐǶǶȖ ǐΝȏȓǐȖȖ

XƷǅऀइ ঳Ȗǐǐ ǅǐǶȂΘ঴ॽ
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Figure 2.1 (following page): Rab18 localizes distinctly to LDs and the ER in SUM159 cells. (A) Overexpressed GFP‐Rab18
localizes to LDs (LipidTox) (white arrowheads) and the ER (mCherry‐ER3), and localization depends on GTP state (white
arrows). SUM159 cells coexpressing mCherry‐ER3 and GFP‐tagged WT Rab18, GDP‐bound Rab18(S22N) mutant, or
GTP‐bound Rab18(Q67L) mutant were incubated with OA for 0 or 18 h and imaged with spinning disk confocal. Scale
bar 5 μm and for inlay 1 μm. (B) Rab18 localizes to the ER and LD structures. SUM159 cells co‐expressing mCherry‐
ER3 and GFP‐Rab18 were incubated with oleic acid for 18 h and imaged by SIM. Max projections of 1.25‐μm stacks
are shown. Scale bars, 1 μm. (C) Quantification of Rab18 signal distribution in SIM images. n = 5 fields. (D) Rab18 was
detected in LD fractions and total cell lysates of SUM159 cells. LD fractions and cell lysates isolated from SUM159 cells
after 18 h oleic acid were analyzed by mass spectrometry to detect proteins on LDs compared with total lysate. ND =
not detected.
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Figure 2.1: (continued)
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sǐ ǐΝȏȓǐȖȖǐǌ ǝȓǐǐǼ ЙȠȂȓǐȖǆǐǼȝ ȏȓȂȝǐǦǼ ঳%$U঴ৄXƷǅऀइ ǦǼ ȝǣǐȖǐ ǆǐǶǶȖॶ ƷǼǌ ǦǻƷǝǦǼǝ ǅΞ ȖȏǦǼǼǦǼǝৄ

ǌǦȖǴ ǆȂǼǜȂǆƷǶ ǻǦǆȓȂȖǆȂȏΞ ȖǣȂΘǐǌ ȝǣƷȝ XƷǅऀइ ǆȂǶȂǆƷǶǦΣǐǌ ΘǦȝǣ ȝǣǐ ǆƷǶȓǐȝǦǆȠǶȂǼৄ<��= �XǻƷȓǴǐȓ

ǻ�ǣǐȓȓΞৄ�Xं ঳$ǦǝȠȓǐ ँॽऀ�঴ॽ sǣǐǼ ǆǐǶǶȖ Θǐȓǐ ȝȓǐƷȝǐǌ ΘǦȝǣ ȂǶǐƷȝǐ ǜȂȓ ऀइ ǣ ȝȂ ǦǼǌȠǆǐ =� ǜȂȓǻƷȝǦȂǼॶ

Θǐ ǜȂȠǼǌ ȝǣƷȝ XƷǅऀइ ǶȂǆƷǶǦΣǐǌ ȝȂ =�Ȗ ঳ȖȝƷǦǼǐǌ ΘǦȝǣ =ǦȏǦǌbȂΝ঴ ঳$ǦǝȠȓǐ ँॽऀ�঴ॶ ƷȖ ȓǐȏȂȓȝǐǌऀंऀॶऀःआॶऀँअॽ

sǐ ǌǐȝǐȓǻǦǼǐǌ Θǣǐȝǣǐȓ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ XƷǅऀइ ȝȂ =�Ȗ ǌǐȏǐǼǌȖ ȂǼ ȝǣǐ ƷǆȝǦΗƷȝǦȂǼ ȖȝƷȝǐ Ȃǜ

XƷǅऀइॽ sǐ ǜȂȠǼǌ ȝǣƷȝ ȝǣǐ ǣΞǌȓȂǶΞȖǦȖৄǌǐЖǆǦǐǼȝ ǻȠȝƷǼȝ XƷǅऀइWअआ=ॶ ΘǣǦǆǣ ǦȖ ǶȂǆǴǐǌ ǦǼ ȝǣǐ ƷǆȝǦΗǐॶ

%bUৄǅȂȠǼǌ ǜȂȓǻॶ ǶȂǆƷǶǦΣǐǌ ȝȂ =�Ȗ ΘǦȝǣ ǜƷȝȝΞ ƷǆǦǌ ǶȂƷǌǦǼǝॶ ΘǣǐȓǐƷȖ ȝǣǐ ǼȠǆǶǐȂȝǦǌǐৄǅǦǼǌǦǼǝ ǌǐЖৄ

ǆǦǐǼȝॶ ǦǼƷǆȝǦΗǐ XƷǅऀइ[ँँCǻȠȝƷǼȝ ΘƷȖ ƷǅȖǐǼȝ ǜȓȂǻ =�Ȗ ƷǼǌ ǦǼȖȝǐƷǌ ǶȂǆƷǶǦΣǐǌ ȝȂ ǌǦȖǆȓǐȝǐ ȏȠǼǆȝƷ ȂǼ

ȝǣǐ �X ঳$ǦǝȠȓǐ ँॽऀ�঴ॽ

HΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ XƷǅऀइ ǦǼǌȠǆǐȖ ǆǶȂȖǐ ƷȏȏȂȖǦȝǦȂǼ Ȃǜ �X ƷǼǌ =�ǻǐǻǅȓƷǼǐȖऀःआॶ ΘǣǦǆǣ ǻǦǝǣȝ

ǆȂǼǜȂȠǼǌ ǶȂǆƷǶǦΣƷȝǦȂǼ ǦǼȝǐȓȏȓǐȝƷȝǦȂǼȖॽ bȂ ǌǦȖȝǦǼǝȠǦȖǣ ǅǐȝΘǐǐǼ ǌǦȓǐǆȝ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ XƷǅऀइ ȝȂ =�Ȗ

ΗǐȓȖȠȖ �X ǶȂǆƷǶǦΣƷȝǦȂǼ ǆǶȂȖǐ ȝȂ =�Ȗॶ Θǐ ȠȖǐǌ ȖȝȓȠǆȝȠȓǐǌ ǦǶǶȠǻǦǼƷȝǦȂǼ ǻǦǆȓȂȖǆȂȏΞ ঳[/B঴ॶ ΘǣǦǆǣ

ȏȓȂΗǦǌǐȖ ǝȓǐƷȝǐȓ ǦǻƷǝǦǼǝ ȓǐȖȂǶȠȝǦȂǼ ȝǣƷǼ ǆȂǼǜȂǆƷǶ ǻǦǆȓȂȖǆȂȏΞॽ sǐ ƷǼƷǶΞΣǐǌ ǆȂǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ %$Uৄ

XƷǅऀइ ΘǦȝǣ ȝǣǐ ǶȠǻǦǼƷǶ �XǻƷȓǴǐȓ ǻ�ǣǐȓȓΞৄ�Xंॽ sǐ ǜȂȠǼǌ ȝǣƷȝ XƷǅऀइ ǶȂǆƷǶǦΣǐȖ ȝȂ ǅȂȝǣ �X

ƷǼǌ =�Ȗॶ ΘǦȝǣ Ʒ ȏȂȓȝǦȂǼ Ȃǜ ȝǣǐ ȖǦǝǼƷǶ ǆǶǐƷȓǶΞ ǶȂǆƷǶǦΣǦǼǝ ȝȂ =�Ȗ ƷǼǌ ǌǦȖȝǦǼǆȝ ǜȓȂǻ ȝǣǐ �XǻƷȓǴǐȓ

঳$ǦǝȠȓǐ ँॽऀॶ � ƷǼǌ �঴ॽ

bȂ ǆȂǻȏǶǐǻǐǼȝ ȝǣǐ ǻǦǆȓȂȖǆȂȏΞ ȖȝȠǌǦǐȖॶ Θǐ ƷǶȖȂ ǌǐȝǐȓǻǦǼǐǌ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ ǐǼǌȂǝǐǼȂȠȖ

XƷǅऀइ ǅΞ ǐΝƷǻǦǼǦǼǝ ǦȝȖ ǅǦȂǆǣǐǻǦǆƷǶ ǜȓƷǆȝǦȂǼƷȝǦȂǼ ǅǐǣƷΗǦȂȓॽ /Ǽ ȂǶǐƷȝǐৄǶȂƷǌǐǌ ǆǐǶǶȖॶ Θǐ ǌǐȝǐǆȝǐǌ

XƷǅऀइ ǦǼ ȝȂȝƷǶ ǶΞȖƷȝǐ ƷǼǌ =� ǜȓƷǆȝǦȂǼȖॶ ΘǣǦǆǣ Θǐȓǐ ǐǼȓǦǆǣǐǌ ǜȂȓ ȝǣǐ =�ǻƷȓǴǐȓ ȏȓȂȝǐǦǼȖ U=/Cं

ƷǼǌ U=/Cः ঳$ǦǝȠȓǐ ँॽऀ�঴ॽ Hȝǣǐȓ �X ȏȓȂȝǐǦǼȖॶ ȖȠǆǣ ƷȖ ȓǐȝǦǆȠǶȂǼ ƷǼǌ ǆƷǶǼǐΝǦǼॶ Θǐȓǐ ƷǅȖǐǼȝ ǜȓȂǻ ȝǣǐ

=� ǜȓƷǆȝǦȂǼॶ ǅȠȝ ȓǐƷǌǦǶΞ ǌǐȝǐǆȝǐǌ ǦǼ ȝǣǐ ȝȂȝƷǶ ǶΞȖƷȝǐ ঳$ǦǝȠȓǐ ँॽऀ�঴ॽ HȠȓ ȓǐȖȠǶȝȖ ǦǼǌǦǆƷȝǐ ȝǣƷȝ XƷǅऀइ

ǦȖ ƷǼ �XৄǶȂǆƷǶǦΣǐǌ ȏȓȂȝǐǦǼ ǦǼ [eBऀऄई ǆǐǶǶȖ ȝǣƷȝ ǅǐǆȂǻǐȖ ƷǆȝǦΗƷȝǐǌ ƷǼǌ ǶȂǆƷǶǦΣǐȖ ǦǼ ȏƷȓȝ ƷȓȂȠǼǌ =�Ȗ

ȂǼ ȝǣǐǦȓ ǜȂȓǻƷȝǦȂǼॽ
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Figure 2.2 (following page): Rab18 deletion does not affect ER morphology. (A) Sequence analysis of Rab18 KO clones
A and B. CRISPR/Cas9‐mediated genome editing of the Rab18 locus introduces early stop codons at exons 4 (clone
A) and 5 (clone B). (B) qPCR data reveal decreased Rab18 mRNA levels by 98 and 96% in Rab18KO‐A and –B, respec‐
tively, compared with WT control. WT vs. Rab18KO‐A* in gray, WT vs. Rab18KO‐B* in black. (C) No Rab18 protein
is detected in knockout clones by Western blot. Expression levels of Rab18 protein in WT and Rab18 KO cells were
analyzed by Western blot with an antibody against endogenous Rab18. No detectable Rab18 protein was found in the
Rab18KO‐A or Rab18KO‐B. (D) Rab18 peptide fragments were not detected by mass spectrometry in Rab18KO‐A.
WT SUM159 cell lysates and Rab18KO‐A cell lysates were analyzed by mass spectrometry with sequence coverage of
68.4% for Rab18. (E) ER morphology in Rab18 KO clones is similar to WT cells. Cells were transfected with GFP‐ERox
to analyze general ER morphology. Separately, cells were fixed and probed with Reticulon 4 (Rtn4) antibody to visualize
ER tubules. Scale bar 5 μm and for inlay 1 μm.
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Figure 2.2: (continued)
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ँ৷ं �ӏӲӏԚӢԀӹ Ԁә Xҷӂऀइ ӋԀӏԓ ӹԀԚ ҷәәӏӅԚ Ԛӟӏ ԓԚԏԞӅԚԞԏӏ Ԁә Ԛӟӏ �X

XƷǅऀइ ǣƷȖ ǅǐǐǼ ǦǻȏǶǦǆƷȝǐǌ ǦǼ =� ƷǼǌ �X ǜȠǼǆȝǦȂǼ ǅΞ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ ƷǼǌ ǌǐȏǶǐȝǦȂǼ ǐΝȏǐȓǦǻǐǼȝȖॶ

ǅȠȝ Ǧȝ ǦȖ ȠǼǆǶǐƷȓ Θǣǐȝǣǐȓ XƷǅऀइ ǦȖ ȓǐȒȠǦȓǐǌ ǜȂȓ =� ǅǦȂǝǐǼǐȖǦȖ Ȃȓ ȝȠȓǼȂΗǐȓॽ bǣǦȖ ǻƷΞ ǅǐ ǌȠǐ ȝȂ

ȝǣǐ ǌǦАǆȠǶȝǦǐȖ ǦǼ ǦǼȝǐȓȏȓǐȝǦǼǝ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ ǐΝȏǐȓǦǻǐǼȝȖ Ȃȓ ȓǐȖǦǌȠƷǶ XƷǅऀइ ƷǆȝǦΗǦȝΞ ǦǼ ǆǐǶǶȖ ΘǦȝǣ

XC�ǦৄǻǐǌǦƷȝǐǌ ǌǐȏǶǐȝǦȂǼ Ȃǜ ȝǣǐ ȏȓȂȝǐǦǼऀंऀॶऀःआॶऄऄॽ bȂ ȂΗǐȓǆȂǻǐ ȝǣǐ ǶƷȝȝǐȓ ȏȓȂǅǶǐǻॶ Θǐ ǝǐǼǐȓƷȝǐǌ Ʒ

ǴǼȂǆǴȂȠȝ ǆǐǶǶ ǶǦǼǐ ǅΞ �X/[UX঄�ƷȖईৄǻǐǌǦƷȝǐǌ ǝǐǼȂǻǐ ǐǌǦȝǦǼǝॽ eȖǦǼǝ ȝǣǦȖ ȝǐǆǣǼȂǶȂǝΞॶ Θǐ ǦȖȂǶƷȝǐǌ Ʒ

[eBऀऄई ǆǐǶǶ ǆǶȂǼǐ ΘǦȝǣ ȝΘȂ ƷǶǶǐǶǐȖ Ȃǜ XƷǅऀइ ȝǣƷȝ Θǐȓǐ ǻȠȝƷȝǐǌ ȝȂ ǝǐǼǐȓƷȝǐ Ʒ ȏȓǐǻƷȝȠȓǐ ȖȝȂȏ ǆȂǌȂǼ

Ʒȝ ȝǣǐ ǅǐǝǦǼǼǦǼǝ Ȃǜ ǐΝȂǼ ऄॶ ΘǣǦǆǣ ȓǐȖȠǶȝȖ ǦǼ ǌǐȏǶǐȝǦȂǼ Ȃǜ XƷǅऀइ ǻXC� ǶǐΗǐǶȖ ƷǼǌ Ʒ ǆȂǻȏǶǐȝǐ Ʒǅৄ

ȖǐǼǆǐ Ȃǜ ȝǣǐ ȏȓȂȝǐǦǼ ǅΞsǐȖȝǐȓǼ ǅǶȂȝ ƷǼǌ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ ƷǼƷǶΞȖǐȖ ঳$ǦǝȠȓǐ ँॽँॶ �ূ�঴ॽ bȂ ȓȠǶǐ ȂȠȝ

ǆǶȂǼǐৄȖȏǐǆǦЖǆ ǐЍǐǆȝȖॶ Θǐ ƷǶȖȂ ǝǐǼǐȓƷȝǐǌ Ʒ ȖǐǆȂǼǌ ǆǶȂǼǐ ΘǦȝǣ Ʒ ऀआँৄǅȏ ǌǐǶǐȝǦȂǼ ǦǼ ǐΝȂǼ ऄ Ȃǜ ǅȂȝǣ ƷǶǶǐৄ

ǶǐȖॶ ΘǣǦǆǣ ȓǐȖȠǶȝȖ ǦǼ Ʒ ȏȓǐǻƷȝȠȓǐ ȖȝȂȏ ǆȂǌȂǼॽ sǐ ȝǣǐǼ ǐΗƷǶȠƷȝǐǌ ǅȂȝǣ ǴǼȂǆǴȂȠȝ ǆǶȂǼǐȖ ǦǼ ǐƷǆǣ Ȃǜ ȝǣǐ

ǜȂǶǶȂΘǦǼǝ ǐΝȏǐȓǦǻǐǼȝȖॽ

[ǦǼǆǐ XƷǅऀइ ǦȖ ƷǼ �XৄǶȂǆƷǶǦΣǐǌ ȏȓȂȝǐǦǼ ǦǼ ȖȝƷǼǌƷȓǌ ǆȠǶȝȠȓǐ ǆȂǼǌǦȝǦȂǼȖॶ Θǐ ЖȓȖȝ ǦǼΗǐȖȝǦǝƷȝǐǌ �X

ǻȂȓȏǣȂǶȂǝΞ ǦǼ ΘǦǶǌৄȝΞȏǐ ঳sb঴ ƷǼǌ XƷǅऀइ ǴǼȂǆǴȂȠȝ ǆǐǶǶȖॽ �ȂǻȏƷȓǐǌ ΘǦȝǣ ǆȂǼȝȓȂǶ ǆǐǶǶȖॶ XƷǅऀइ

ǴǼȂǆǴȂȠȝ ǆǐǶǶȖ ƷȏȏǐƷȓǐǌ ȝȂ ǣƷΗǐ ǼȂȓǻƷǶ �X ΘǣǐǼ ƷǼƷǶΞΣǐǌ ǅΞ ǦǻǻȠǼȂЙȠȂȓǐȖǆǐǼǆǐ ΘǦȝǣ ƷǼȝǦǅȂǌǦǐȖ

ǌǦȓǐǆȝǐǌ ƷǝƷǦǼȖȝ ȝǣǐ ȝȠǅȠǶƷȓ �X ȏȓȂȝǐǦǼ XȝǼः Ȃȓ ǅΞ ǦǼ ΗǦΗȂ ЙȠȂȓǐȖǆǐǼǆǐ ǻǦǆȓȂȖǆȂȏΞ ȠȖǦǼǝ %$Uৄ

�XȂΝ ঳$ǦǝȠȓǐ ँॽँ�঴ॽ XǐǦǼȝȓȂǌȠǆȝǦȂǼ Ȃǜ %$UৄXƷǅऀइ ǦǼȝȂ XƷǅऀइ ǴǼȂǆǴȂȠȝ ǆǐǶǶȖ ȓǐΗǐƷǶǐǌ ǼȂ ǌǦЍǐȓৄ

ǐǼǆǐȖ ǦǼ ǦȝȖ ǶȂǆƷǶǦΣƷȝǦȂǼ ǆȂǻȏƷȓǐǌ ΘǦȝǣ ȝǣƷȝ ǜȂȠǼǌ ǦǼ ΘǦǶǌৄȝΞȏǐ ǆǐǶǶȖ ঳$ǦǝȠȓǐ ँॽं঴ॽ

ँ৷ः Xҷӂऀइ Ӣԓ ӹԀԚ ԏӏԎԞӢԏӏӋ әԀԏ =� ӂӢԀӚӏӹӏԓӢԓ৮ ӂԞԚ Xҷӂऀइ ӋӏӲӏԚӢԀӹ ӸԀӋӏԓԚӲԮ ԏӏ৳

ӋԞӅӏԓ Ԛӟӏ ԓӢԲӏ ҷӹӋ ӹԞӸӂӏԏԓ Ԁә =�ԓ

bǣǐ ǌȠƷǶ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ XƷǅऀइ ȝȂ �X ƷǼǌ =�ǻǐǻǅȓƷǼǐȖ ȂǼ =� ǦǼǌȠǆȝǦȂǼ ȏȓȂǻȏȝǐǌ ȠȖ ȝȂ

ȝǐȖȝ Θǣǐȝǣǐȓ XƷǅऀइ ǦȖ ǦǼΗȂǶΗǐǌ ǦǼ =� ǅǦȂǝǐǼǐȖǦȖॽ sǐ ǻȂǼǦȝȂȓǐǌ =� ȖǦΣǐ ƷǼǌ ǼȠǻǅǐȓ ȂǼ ǦǼǌȠǆৄ

ȝǦȂǼ Ȃǜ =� ǅǦȂǝǐǼǐȖǦȖ ǅΞ ƷǌǌǦȝǦȂǼ Ȃǜ ȂǶǐƷȝǐ ȝȂ ȝǣǐ ǆȠǶȝȠȓǐ ǻǐǌǦȠǻ Ȃǜ ǆȂǼȝȓȂǶ ƷǼǌ XƷǅऀइ ǴǼȂǆǴȂȠȝ
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Figure 2.3: GFP‐Rab18 expressed in Rab18 knockout cells has a similar localization pattern as in WT cells. SUM159 WT
or Rab18KO cells co‐expressing mCherry‐ER3 and GFP‐tagged WT Rab18 were incubated with OA for 18 h and imaged
with spinning disk confocal. LDs stained with LipidTox. Scale bar 5 μm, for inlay 1 μm.

[eBऀऄई ǆǐǶǶȖॽ sǣǐȓǐƷȖ =�Ȗ ƷȏȏǐƷȓǐǌ ȖǦǻǦǶƷȓ ǦǼ ǅȂȝǣ ǆǐǶǶ ȝΞȏǐȖ Ʒȝ ँ ǣ Ʒǜȝǐȓ ȂǶǐƷȝǐ ƷǌǌǦȝǦȂǼॶ ȝǣǐȓǐ

ΘƷȖ Ʒ ǻȂǌǐȖȝ ȓǐǌȠǆȝǦȂǼ ǦǼ ȝǣǐ ǼȠǻǅǐȓȖ ƷǼǌ ƷȓǐƷȖ Ȃǜ =�Ȗ ǦǼ XƷǅऀइ ǴǼȂǆǴȂȠȝ ǆǶȂǼǐȖ Ʒǜȝǐȓ ँः ǣ ঳$Ǧǝৄ

Ƞȓǐ ँॽःॶ �ূ�঴ॽ �Ξ ȠȖǦǼǝ ȓƷǌǦȂƷǆȝǦΗǐ ȂǶǐƷȝǐ ƷȖ Ʒ ȝȓƷǆǐȓॶ Θǐ ǜȂȠǼǌ ǼȂ ǌǦЍǐȓǐǼǆǐȖ ǦǼ b% ƷǆǆȠǻȠǶƷȝǦȂǼ

ǅǐȝΘǐǐǼ XƷǅऀइ ǴǼȂǆǴȂȠȝ ƷǼǌ ΘǦǶǌৄȝΞȏǐ ǆǐǶǶȖ ঳$ǦǝȠȓǐ ँॽःॶ � ƷǼǌ �঴ॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ ƷǼΞ ǆǣƷǼǝǐȖ ǦǼ

=� ƷǆǆȠǻȠǶƷȝǦȂǼ Θǐȓǐ ǼȂȝ ǌȠǐ ȝȂ ǆǣƷǼǝǐȖ ǦǼ b% ȖΞǼȝǣǐȖǦȖ ȓƷȝǐȖॽ
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ँ৷ऄ �ӏӲӏԚӢԀӹ Ԁә Xҷӂऀइ ӋԀӏԓ ӹԀԚ ҷәәӏӅԚ Ԛӟӏ ԚҷԏӚӏԚӢӹӚ Ԁә ԓӏԪӏԏҷӲ ӯӏԮ ԌԏԀԚӏӢӹԓ

ԚԀ =�ԓ

�ȠȓǦǼǝ =� ǅǦȂǝǐǼǐȖǦȖॶ ȖǐΗǐȓƷǶ ǐǼΣΞǻǐȖ Ȃǜ ȝǣǐ b% ȖΞǼȝǣǐȖǦȖ ȏƷȝǣΘƷΞ ǶȂǆƷǶǦΣǐ ȝȂ =�Ȗॶ ǦǼǆǶȠǌǦǼǝ

��[=ंॶ %U�bःॶ ƷǼǌ �%�bँऀईऀॶऀࣿःॶँंःॽ bǣǐȖǐ ȏȓȂȝǐǦǼȖॶ ǴǼȂΘǼ ƷȖ �XbH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖ

঳ȏȓǐΗǦȂȠȖǶΞ �ǶƷȖȖ /঴ॶ Ʒȓǐ ƷǼǆǣȂȓǐǌ ȝȂ ȝǣǐ ǻǐǻǅȓƷǼǐ ǅΞ ǣΞǌȓȂȏǣȂǅǦǆ ȖǐȒȠǐǼǆǐȖ ȝǣƷȝ Ʒȓǐ ǐǻǅǐǌǌǐǌ

ǦǼ ȝǣǐ ǅǦǶƷΞǐȓ ǻǐǻǅȓƷǼǐ ƷǼǌ ȝǣǐ =� ȖȠȓǜƷǆǐॽ bǣȠȖॶ ǻȂΗǦǼǝ ȝǣǐǻ ǜȓȂǻ ȝǣǐ �X ȝȂ =�Ȗ ǜȂȓ ȝƷȓǝǐȝǦǼǝ

ȝȂ =�Ȗ ȓǐȒȠǦȓǐȖ Ʒ ǻǐǻǅȓƷǼǐ ǆȂǼȝǦǼȠǦȝΞ Ȃȓ ǻǐǻǅȓƷǼǐ ǅȓǦǌǝǐँंःॶँंंॽ [ǦǼǆǐ XƷǅ ȏȓȂȝǐǦǼȖ ȓǐǝȠǶƷȝǐ

ǻǐǻǅȓƷǼǐ ȝǐȝǣǐȓǦǼǝ ƷǼǌ ǜȠȖǦȂǼ ȓǐƷǆȝǦȂǼȖॶ ƷȖ ΘǐǶǶ ƷȖ ǻǐǻǅȓƷǼǐ ǆȂǼȝƷǆȝȖईःॶइइॶ Θǐ ǣΞȏȂȝǣǐȖǦΣǐǌ ȝǣƷȝ

XƷǅऀइ ǻƷΞ ǅǐ ǦǼΗȂǶΗǐǌ ǦǼ ǐȖȝƷǅǶǦȖǣǦǼǝ �Xূ=� ǅȓǦǌǝǐȖ ǜȂȓ �XbH=�ǻǐǻǅȓƷǼǐ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ

ȝȂ =�Ȗॽ sǐ ЖȓȖȝ ȝǐȖȝǐǌ ȝƷȓǝǐȝǦǼǝ Ȃǜ %U�bःৄ%$U ȝȂ =�Ȗ Ʒǜȝǐȓ ȝȓǐƷȝǻǐǼȝ Ȃǜ ǆǐǶǶȖ ΘǦȝǣ ȂǶǐƷȝǐ ǜȂȓ ँः

ǣॽ �Ȗ ǜȂȠǼǌ ǦǼ ǆȂǼȝȓȂǶ ǆǐǶǶȖॶ ǌǐǶǐȝǦȂǼ Ȃǜ XƷǅऀइ ǌǦǌ ǼȂȝ ƷЍǐǆȝ ȝǣǐ ǌȠƷǶ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ %U�bः ȝȂ �X

ƷǼǌ =�ǻǐǻǅȓƷǼǐȖ ঳$ǦǝȠȓǐ ँॽऄ�঴ॽ

bȂ ǜȠȓȝǣǐȓ ȝǐȖȝ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ ȏȓȂȝǐǦǼȖ ǦǼΗȂǶΗǐǌ ǦǼ ǴǐΞ ƷȖȏǐǆȝȖ Ȃǜ =� ǅǦȂǶȂǝΞॶ Θǐ ǐΝƷǻǦǼǐǌ ƷǌǦৄ

ȏȂȖǐ ȝȓǦǝǶΞǆǐȓǦǌǐ ǶǦȏƷȖǐ ঳�b%=঴ॶ Ʒ b% ǣΞǌȓȂǶƷȖǐ ȝǣƷȝ ǶȂǆƷǶǦΣǐȖ ȝȂ =�Ȗ ΗǦƷ ǻǐǻǅȓƷǼǐৄǐǻǅǐǌǌǐǌ

ȝƷȓǝǐȝǦǼǝ ȖǐȒȠǐǼǆǐȖऀआईॶऀइआॽ =ǦǴǐ %U�bःॶ �b%= ǶȂǆƷǶǦΣƷȝǦȂǼ ǌǐȏǐǼǌȖ ȂǼ �ȓǜऀ঄�HU/ ȏȓȂȝǐǦǼȖऀइआ

ƷǼǌ ǻƷΞ ȂǆǆȠȓ ΗǦƷ �Xূ=� ǅȓǦǌǝǐȖॽ sǐ ǐΝȏȓǐȖȖǐǌ Ʒ ЙȠȂȓǐȖǆǐǼȝǶΞ ȝƷǝǝǐǌ ǆƷȝƷǶΞȝǦǆƷǶǶΞ ǦǼƷǆȝǦΗǐ ǻȠȝƷǼȝ

Ȃǜ �b%= ȝǣƷȝ ǶȂǆƷǶǦΣǐȖ ȝȂ =�Ȗऀइःॽ [ǦǻǦǶƷȓǶΞ ȝȂ ȝǣǐ ЖǼǌǦǼǝȖ ǜȂȓ %U�bःॶ ȝƷȓǝǐȝǦǼǝ Ȃǜ �b%= ȝȂ =�Ȗ

ΘƷȖ ȠǼƷЍǐǆȝǐǌ ǅΞ ȝǣǐ ƷǅȖǐǼǆǐ Ȃǜ XƷǅऀइ ঳$ǦǝȠȓǐ ँॽऄ�঴ॽ

�ybH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖ ঳ȏȓǐΗǦȂȠȖǶΞ �ǶƷȖȖ //঴ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ =�ǻȂǼȂǶƷΞǐȓ ǌǦȓǐǆȝǶΞ ǜȓȂǻ ȝǣǐ

ǆΞȝȂȖȂǶ ǅΞ ǦǼȖǐȓȝǦǼǝ ȂǼǐ Ȃȓ ȖǐΗǐȓƷǶ ƷǻȏǣǦȏƷȝǣǦǆ ǣǐǶǦǆǐȖ ǦǼȝȂ ȝǣǐ ǻȂǼȂǶƷΞǐȓ Ȃǜ ȝǣǐ =� ȖȠȓǜƷǆǐँंॶऀऄअॽ

sǐ ǐΝƷǻǦǼǐǌ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ U=/Cंॶ Ʒ �ybH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼॶ ƷǼǌ ƷǶȖȂ ǌǦǌ ǼȂȝ ǌǐȝǐǆȝ ǌǦǜৄ

ǜǐȓǐǼǆǐȖ ǦǼ ȝƷȓǝǐȝǦǼǝ ǜȂȓ XƷǅऀइ ǴǼȂǆǴȂȠȝ ƷǼǌ ΘǦǶǌৄȝΞȏǐ ǆǐǶǶȖ ঳$ǦǝȠȓǐ ँॽऄ�঴ॽ bǣȠȖॶ XƷǅऀइ ǦȖ ǼȂȝ

ȓǐȒȠǦȓǐǌ ǜȂȓ ȝƷȓǝǐȝǦǼǝ Ȃǜ ȝΘȂ �X ȏȓȂȝǐǦǼȖ ঳%U�bः ƷǼǌ �b%=঴ Ȃȓ ȂǼǐ ǆΞȝȂȖȂǶǦǆ ȏȓȂȝǐǦǼ ঳U=/Cं঴

ȝǣƷȝ ǶȂǆƷǶǦΣǐ ȝȂ =�Ȗॽ
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Figure 2.4 (following page): LD biogenesis is not affected in Rab18 KO cells. (A) LD morphology is similar in Rab18KO
clones and WT cells with oleic acid incubation. Representative images of WT and Rab18 KO cells pre‐starved for 5 h
before addition of oleic acid and after 24 h of oleic acid incubation. Scale bar 5 μm and for inlay 1 μm. (B) Rab18 KO av‐
erage BODIPY object area and number are slightly smaller than WT after 24 h oleic acid incubation. WT and Rab18 KO
cells were incubated with oleic acid for indicated time points, fixed, and imaged by high‐throughput microscopy. Aver‐
age BODIPY object area and number per cell per field (>five cells per field to obtain representative measurements) were
quantified per condition. n > 27 fields/point. WT vs. Rab18KO‐A* in gray; WT vs. Rab18KO‐B* in black. (C) Rab18KO
and WT average object area vs. number 90% confidence intervals overlap at 2 and 24 h oleic acid incubation. Average
object number plotted against average object area per cell per field with 2 and 24 h oleic acid. Ellipses represent 90%
confidence intervals. (D, E) Rab18KO clones have similar synthesis of TG, PE, and PC as WT cells with oleic acid incuba‐
tion. Incorporation of [14C] oleate into triglycerides (TGs), phophatidylethanolamine (PE), and phosphatidycholine (PC)
were measured over time. Lipids were extracted from cells and separated by TLC. Representative autoradiographs of
three replicates per genotype are shown (D). (E) Quantified TG, PC, and PE levels are similar between Rab18KO clones
and WT cells over time. TLC plates were developed and incorporation of [14C] oleate into TGs, PE, and PC was quanti‐
fied using Fiji. Data presented are normalized CPM to mg/ml protein and relative to WT at t = 0 h. n = 3.
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Figure 2.4: (continued)
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Figure 2.5: Protein targeting to LDs is similar in Rab18KO and WT. (A–C) Representative confocal images of WT,
Rab18KO‐A, and Rab18KO‐B cells transfected with GPAT4‐GFP (A), catalytically inactive mCherry‐ATGL(S47A) (B),
and GFP‐PLIN3 (C) were incubated with oleic acid for 24 h. Targeting to LDs stained with LipidTox (A, C) or BODIPY (B)
compared with total cell signal quantified in (A) n ≥ 39 cells, (B) n ≥ 36 cells, and (C) n ≥ 43 cells. Scale bar 5 μm and for
inlay 1 μm.
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ԓԚҷԏԪҷԚӢԀӹ

/ǼǌȠǆȝǦȂǼ Ȃǜ ǶǦȏȂǶΞȖǦȖ ǦǼ ǆȠǶȝȠȓǐǌ ƷǌǦȏȂǆΞȝǐȖ ǦǼǆȓǐƷȖǐȖ XƷǅऀइ ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗऀंऀॶऀऄइॽ sǐ ȝǣȠȖ

ȝǐȖȝǐǌ ȝǣǐ ǣΞȏȂȝǣǐȖǦȖ ȝǣƷȝ XƷǅऀइ ǻƷΞ ǅǐ ǦǼΗȂǶΗǐǌ ǦǼ ȝȠȓǼȂΗǐȓ Ȃǜ =�ৄȖȝȂȓǐǌ b%Ȗॽ sǐ ǝǐǼǐȓƷȝǐǌ

ǆǐǶǶȖ ΘǦȝǣ ƷǅȠǼǌƷǼȝ =�Ȗ ঳ǦǼǆȠǅƷȝǦǼǝ ȝǣǐǻ ǦǼ ȂǶǐƷȝǐ ǆȂǼȝƷǦǼǦǼǝ ǻǐǌǦȠǻ ǜȂȓ ऀँ ǣ঴ ƷǼǌ ǦǼǌȠǆǐǌ

ȖȝƷȓΗƷȝǦȂǼ ƷǼǌ b% ȝȠȓǼȂΗǐȓ ǅΞ ȓǐǻȂΗǦǼǝ ǜǐȝƷǶ ǅȂΗǦǼǐ ȖǐȓȠǻ ঳$�[঴ॶ ǦǼȖȠǶǦǼॶ ƷǼǌ ȂǶǐƷȝǐ ǜȓȂǻ ȝǣǐ

ǆȠǶȝȠȓǐ ǻǐǌǦȠǻॽ sǐ ǜȂȠǼǌ ȝǣƷȝॶ ǅΞ ःइ ǣ Ȃǜ ȖȝƷȓΗƷȝǦȂǼॶ ǻȂȖȝ =�Ȗ Θǐȓǐ ǌǐǝȓƷǌǐǌ ঳$ǦǝȠȓǐ ँॽअ�঴ॽ

sǣǐǼ Θǐ ƷǼƷǶΞΣǐǌ =� ȖǦΣǐ ƷǼǌ ǼȠǻǅǐȓȖ ঳ǅΞ ǅȂȓȂǼৄǌǦȏΞȓȓȂǻǐȝǣǐǼǐ ফ�H�/Uyব ȖȝƷǦǼǦǼǝ ȠȖǦǼǝ ǣǦǝǣৄ

ȝǣȓȂȠǝǣȏȠȝ ǻǦǆȓȂȖǆȂȏΞ ƷǼǌ ƷȠȝȂǻƷȝǐǌ ǦǻƷǝǐ ƷǼƷǶΞȖǦȖ঴ ǌȠȓǦǼǝ Ʒ ȝǦǻǐ ǆȂȠȓȖǐ Ȃǜ =� ǆƷȝƷǅȂǶǦȖǻॶ

XƷǅऀइ ǴǼȂǆǴȂȠȝ ǆǐǶǶȖ ঳ƷǼǌ ǦǼ ȏƷȓȝǦǆȠǶƷȓ ȂǼǐ ǆǶȂǼǐ঴ ȖǣȂΘǐǌ ǐΗǦǌǐǼǆǐ Ȃǜ ǦǼǆȓǐƷȖǐǌ ȝȠȓǼȂΗǐȓ Ȃǜ =�Ȗॶ

ǅȠȝ Ʒǜȝǐȓ ःइ ǣॶ Θǐ ǌǦǌ ǼȂȝ ǌǐȝǐǆȝ ǌǦЍǐȓǐǼǆǐȖ ǦǼ XƷǅऀइ ǴǼȂǆǴȂȠȝ ƷǼǌ ΘǦǶǌৄȝΞȏǐ ǆǐǶǶȖ ঳$ǦǝȠȓǐ ँॽअॶ �

ƷǼǌ �঴ॽ

sǐ ƷǶȖȂ ƷǼƷǶΞΣǐǌ ȝǣǐ ƷǻȂȠǼȝȖ Ȃǜ ǜȓǐǐ ǜƷȝȝΞ ƷǆǦǌȖ ȓǐǶǐƷȖǐǌ ǦǼȝȂ ȝǣǐ ǆȠǶȝȠȓǐ ǻǐǌǦȠǻ ঳ȠȖǦǼǝ ȓƷǌǦȂƷǆৄ

ȝǦΗǐ ȂǶǐƷȝǐ ƷȖ ȝȓƷǆǐȓ ǻƷȝǐȓǦƷǶ঴ ƷǼǌॶ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣǐ ǻǦǆȓȂȖǆȂȏΞ ȖȝȠǌǦǐȖॶ ǌǐȝǐǆȝǐǌ ǼȂ ǻƷǱȂȓ ǌǦǜৄ

ǜǐȓǐǼǆǐȖ ǅǐȝΘǐǐǼ XƷǅऀइ ƷǼǌ ΘǦǶǌৄȝΞȏǐ ǆǐǶǶȖ ΘǦȝǣ ȓǐȖȏǐǆȝ ȝȂ b% ǆȂǼȖȠǻȏȝǦȂǼ Ȃȓ ǜƷȝȝΞ ƷǆǦǌ ȓǐǶǐƷȖǐ

঳$ǦǝȠȓǐ ँॽअॶ �ূ�঴ॽ

ँ৷आ �ӢԓӅԞԓԓӢԀӹ

/Ǽ ȝǣǐ ǆȠȓȓǐǼȝ ȖȝȠǌΞॶ Θǐ ǜȂȠǼǌ ǶǦȝȝǶǐ ǐЍǐǆȝȖ Ȃǜ ǌǐǶǐȝǦǼǝ XƷǅऀइ ȂǼ =� ǅǦȂǝǐǼǐȖǦȖ Ȃȓ ȝȠȓǼȂΗǐȓ ǦǼ

Ʒ ǻƷǻǻƷȓΞ ǆƷȓǆǦǼȂǻƷ ǆǐǶǶ ǶǦǼǐॽ bǣǐ ǻȂȖȝ ȖǦǝǼǦЖǆƷǼȝ ȏǣǐǼȂȝΞȏǐ Θǐ ǜȂȠǼǌ ΘƷȖ Ʒ ǻȂǌǐȖȝ ȓǐǌȠǆȝǦȂǼ

ǦǼ =� ȖǦΣǐ ƷǼǌ ǼȠǻǅǐȓȖ ΘǦȝǣ ȂǶǐƷȝǐ ǦǼǌȠǆȝǦȂǼ Ȃǜ =�Ȗॽ sǐ ƷǶȖȂ ǌǦǌ ǼȂȝ ЖǼǌ ǐЍǐǆȝȖ Ȃǜ XƷǅऀइ ǌǐǶǐৄ

ȝǦȂǼ ȂǼ ȝǣǐ ȝƷȓǝǐȝǦǼǝ Ȃǜ ȖǐΗǐȓƷǶ ǴǐΞ =� ȏȓȂȝǐǦǼȖॶ ƷǶȝǣȂȠǝǣ Θǐ ǆƷǼǼȂȝ ǐΝǆǶȠǌǐ ȝǣƷȝ XƷǅऀइ ƷǆȝǦΗƷȝǦȂǼ

Ʒȝ =�Ȗ ǦȖ ǦǼΗȂǶΗǐǌ ǦǼ ȓǐǆȓȠǦȝǦǼǝ Ȃȝǣǐȓ ȏȓȂȝǐǦǼȖॽ �ȂǼȖǦǌǐȓǦǼǝ ȝǣǐȖǐ ǌƷȝƷॶ Θǐ ǆȂǼǆǶȠǌǐ ȝǣƷȝ XƷǅऀइ ǦȖ

ǼȂȝ Ʒ ǼǐǆǐȖȖƷȓΞ ǆȂǻȏȂǼǐǼȝ Ȃǜ ȝǣǐ ǅƷȖǦǆ ǆǐǶǶ ǻƷǆǣǦǼǐȓΞ ȓǐȒȠǦȓǐǌ ǜȂȓ =� ǜȂȓǻƷȝǦȂǼॶ ǐΝȏƷǼȖǦȂǼॶ Ȃȓ
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Figure 2.6 (following page): Rab18 deletion does not affect TG turnover. (A) LDs are degraded similarly in Rab18KO
clones and WT cells with starvation. Representative images of WT, Rab18KO‐A, and Rab18KO‐B cells after 12 h OA
loading (t = 0) and 24 or 48 h of starvation. LDs stained with BODIPY 493/503 and nuclei with Hoechst. Scale bar
5 μm and inlay 1 μm. (B) Rab18KO average BODIPY object area and number are similar to WT after 48 h starvation.
WT and Rab18KO cells were incubated with oleic acid for indicated time points as in A. Cells were fixed and imaged
by high‐throughput microscopy. Average BODIPY object area and number per cell per field (>5 cells per field) was
quantified per condition. n > 7 fields. WT vs. Rab18KO‐A * in gray; WT vs. Rab18KO‐B * in black. (C) Rab18KO clones
have similar synthesis of TG and PE and less PC than WT cells with starvation. WT and Rab18KO cells were incubated
with [14C] oleic acid for 18 h, followed by starvation for increasing time. Total lipids were extracted at each time point
and separated by TLC to detect radiolabeled TG, PE, and PC levels. Representative autoradiographs of three replicates
per genotype. (D) Quantified TG and PE levels are similar, and PC levels are less between Rab18KO clones and WT
cells over time with starvation. TG, PC, and PE signals were quantified from TLC plates using Fiji. Data presented are
normalized CPM to mg/ml protein and relative to WT at t = 0 h. n = 3 biological replicates. (E) Rab18KO clones have
decreased free fatty acid release over time with starvation. The [14C]‐labeled free fatty acid release measured over
time with starvation after WT; Rab18KO‐A, and Rab18KO‐B cells were incubated with [14C] oleic acid for 18 h. n = 3
biological replicates.
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Figure 2.6: (continued)
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ǆȂǼȖȠǻȏȝǦȂǼॽ /Ǽ ǆȂǻȏƷȓǦȖȂǼॶ Ȃȝǣǐȓ ǴǐΞ ǆȂǻȏȂǼǐǼȝȖ Ȃǜ ȝǣǦȖ ǻƷǆǣǦǼǐȓΞॶ ȖȠǆǣ ƷȖ ȖǐǦȏǦǼॶ $/bँॶ Ȃȓ ȏǐȓৄ

ǦǶǦȏǦǼȖ ǜȂȓ =� ǅǦȂǝǐǼǐȖǦȖँँॶअइॶँंँॶंःॶँँआॶ Ȃȓ �ȓǜऀ঄�HU/ ȏȓȂȝǐǦǼȖ ǜȂȓ �Xৄ=� ȝƷȓǝǐȝǦǼǝँंंॶ ǣƷΗǐ ȏȓȂǻǦৄ

ǼǐǼȝ ǐЍǐǆȝȖ ȂǼ ǆǐǶǶȖ ƷǼǌ ȝǦȖȖȠǐȖ ȝǣƷȝ ȖȝȂȓǐ ǼǐȠȝȓƷǶ ǶǦȏǦǌȖॽ ,ȂǻȂΣΞǝȂȠȖ XƷǅऀइ ǴǼȂǆǴȂȠȝ ǻǦǆǐ ȖǣȂΘ

ƷǼ ǐΞǐ ƷǼǌ ǼǐȠȓȂǼƷǶ ȏǣǐǼȂȝΞȏǐȖॶ ƷǼǌ ǐǻǅȓΞȂǼǦǆ ЖǅȓȂǅǶƷȖȝȖ ǌǐȓǦΗǐǌ ǜȓȂǻ ȝǣǦȖ ǶǦǼǐ ǣƷΗǐ Ʒ ǻǦǶǌǶΞ Ʒǜৄ

ǜǐǆȝǐǌ =�ǻȂȓȏǣȂǶȂǝΞॶ ǅȠȝ ǼǐȠȝȓƷǶ ǶǦȏǦǌ ȖȝȂȓƷǝǐ ǦǼ ǶǦΗǐȓ Ȃȓ ƷǌǦȏȂȖǐ ȝǦȖȖȠǐ ǦȖ ǼȂȝ ƷЍǐǆȝǐǌँऄॶ ǜȠȓȝǣǐȓ

ƷȓǝȠǦǼǝ ƷǝƷǦǼȖȝ Ʒ ȖȝȓȂǼǝ ȓǐȒȠǦȓǐǻǐǼȝ ǜȂȓ XƷǅऀइ ǦǼ ǜȠǼǌƷǻǐǼȝƷǶ =� ȏȓȂǆǐȖȖǐȖॽ

/Ǽ ǆȂǼȝȓƷȖȝ ȝȂ ȂȠȓ ЖǼǌǦǼǝȖ ǦǼ [eBऀऄई ǆǐǶǶȖॶ ǌǐǜǐǆȝȖ ǦǼ =� ǜȂȓǻƷȝǦȂǼ Θǐȓǐ ǜȂȠǼǌ ΘǣǐǼ XƷǅऀइ

ΘƷȖ ǴǼȂǆǴǐǌ ȂȠȝ ǦǼ ǻȠȓǦǼǐ ƷǌǦȏȂǆΞȝǐȖॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ XƷǅऀइ ǦȖ ƷǼ ǦǻȏȂȓȝƷǼȝ ǆȂǻȏȂǼǐǼȝ Ȃǜ =�

ǝȓȂΘȝǣ ƷǼǌ ǻƷȝȠȓƷȝǦȂǼ ǦǼ ȝǣǦȖ ǆǐǶǶ ȝΞȏǐँंआॽ ,ȂΘǐΗǐȓॶ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȂȠȓ ЖǼǌǦǼǝȖॶ ǌǐЖǆǦǐǼǆΞ Ȃǜ

XƷǅऀइ ǦǼ ȖǐΗǐȓƷǶ Ȃȝǣǐȓ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶ ǶǦǼǐȖ ঳�B=ऀँॶ ,ǐ=Ʒॶ �ȂȖआॶ ƷǼǌ ँईंb঴ ǌǦǌ ǼȂȝ ȖǣȂΘ ƷǼ

ǐЍǐǆȝ ȂǼ =�Ȗँंआॽ

/ȝ ǦȖ ȠǼǆǶǐƷȓ ΘǣΞ XƷǅऀइ ǌǐȏǶǐȝǦȂǼ ǻǦǝǣȝ ƷЍǐǆȝ =� ǜȂȓǻƷȝǦȂǼ ƷǼǌ ǻƷȝȠȓƷȝǦȂǼ ǦǼ ǻȠȓǦǼǐ ƷǌǦȏȂǆΞȝǐȖॶ

ǅȠȝ ǼȂȝ Ȃȝǣǐȓ ǆǐǶǶ ȝΞȏǐȖॶ ƷǼǌ ΘǣΞ Ǧȝ ǣƷȖ ǼȂ ǌȓƷǻƷȝǦǆ ǐЍǐǆȝ ȂǼ ǻȠȓǦǼǐ ƷǌǦȏȂȖǐ ȝǦȖȖȠǐॽ HǼǐ ȏȂȖȖǦǅǦǶǦȝΞ

ǦȖ ȝǣƷȝ XƷǅऀइॶ ΘǣǦǶǐ ǼȂȝ Ʒ ǆȂǻȏȂǼǐǼȝ Ȃǜ ȝǣǐ ǅƷȖǦǆ =� ǜȂȓǻƷȝǦȂǼ ǻƷǆǣǦǼǐȓΞ ǦǼ ǆǐǶǶȖॶ ǦȖ ǦǼΗȂǶΗǐǌ ǦǼ

ȖȏǐǆǦЖǆ ȏȓȂǆǐȖȖǐȖ Ȃǜ =� ǝȓȂΘȝǣ ǦǼ ȖȏǐǆǦƷǶǦΣǐǌ ǆǐǶǶȖ ȖȠǆǣ ƷȖ ƷǌǦȏȂǆΞȝǐȖॶ ΘǣǦǆǣ ǝǐǼǐȓƷȝǐ ǻȠǆǣ ǶƷȓǝǐȓॶ

ȠǼǦǶȂǆȠǶƷȓ =�Ȗ ঳ȝǐǼȖ Ȃǜ ǻǦǆȓȂǼȖ ǌǦƷǻǐȝǐȓ঴ ȝǣƷǼ ǻȂȖȝ ǆǐǶǶ ȝΞȏǐȖ ঳ࣿॽऄৄȝȂ ޅৄँ ǌǦƷǻǐȝǐȓ঴ ȠȖǦǼǝ ȖȏǐǆǦЖǆ

ǻƷǆǣǦǼǐȓΞॶ ȖȠǆǣ ƷȖ �/��ৄ�঄$Ȗȏँआऀःँॶऀऄईॽ bǣȠȖॶ XƷǅऀइ ǻƷΞ ǅǐ ȖǦǻǦǶƷȓǶΞ ǦǼΗȂǶΗǐǌ ǦǼ ƷǌǦȏȂǆΞȝǐৄ

ȖȏǐǆǦЖǆ ȏȓȂǆǐȖȖǐȖॽ �Ǽ ƷǶȝǐȓǼƷȝǦΗǐ ǐΝȏǶƷǼƷȝǦȂǼ ǻƷΞ ǅǐ ȝǣƷȝ XƷǅऀइ ǣƷȖ ǜȠǼǆȝǦȂǼƷǶ ȓǐǌȠǼǌƷǼǆΞ ΘǦȝǣ

Ȃȝǣǐȓ XƷǅ ȏȓȂȝǐǦǼȖ ǦǼ ȖȂǻǐ ǆǐǶǶȖ ঳[eBऀऄईॶ �B=ऀँॶ ,ǐ=Ʒॶ �ȂȖआॶ ƷǼǌ ँईंb঴ ǅȠȝ ǼȂȝ ǦǼ ǻȠȓǦǼǐ

ƷǌǦȏȂǆΞȝǐȖॽ $Ƞȓȝǣǐȓ ȖȝȠǌǦǐȖ Ʒȓǐ Ǽǐǐǌǐǌ ȝȂ ǆǶƷȓǦǜΞ ȝǣǐ ȏǣΞȖǦȂǶȂǝǦǆƷǶ ǜȠǼǆȝǦȂǼ Ȃǜ XƷǅऀइ ƷǼǌ ȝȂ ǌǐȝǐȓৄ

ǻǦǼǐ ȝǣǐ ȖȏǐǆǦЖǆ ǌȂΘǼȖȝȓǐƷǻǻȂǶǐǆȠǶƷȓ ǆȂǼȖǐȒȠǐǼǆǐȖ Ȃǜ XƷǅऀइ ȓǐǆȓȠǦȝǻǐǼȝ ȝȂ =� ȖȠȓǜƷǆǐȖॽ

ंई



ँ৷इ BҷԚӏԏӢҷӲԓ ҷӹӋBӏԚӟԀӋԓ

ँ৷इ৷ऀ �ӹԚӢӂԀӋӢӏԓ

sǐ ȠȖǐǌ ȓƷǅǅǦȝ ȏȂǶΞǆǶȂǼƷǶ ƷǼȝǦǅȂǌǦǐȖ ƷǝƷǦǼȖȝ XƷǅऀइ ঳UȓȂȝǐǦǼȝǐǆǣঃ ऀऀंࣿःৄऀৄ�U঴ॶ �b%= ঳�[bঃ

ँऀंइ[঴ॶ �ƷǶǼǐΝǦǼ ঳�ǼΣȂॵ ��/ৄ[U�ৄइअࣿ঴ॶ ȓǐȝǦǆȠǶȂǼ ः ঳[ƷǼȝƷ �ȓȠΣঃ CȂǝȂ Cऀइ [�ऀऀࣿँआ঴ ƷǼǌ %�U�,

঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞঃ Ȗǆৄँऄआआइ঴ॽ bǦȏःआ ƷǼȝǦǅȂǌΞ ǜȓȂǻ ǝȠǦǼǐƷ ȏǦǝ ΘƷȖ ǜȓȂǻ $ǦȝΣǝǐȓƷǶǌ ঳ँࣿXbUࣿࣿऀ঴ॽ

BȂȠȖǐ ঳ǻȂǼȂǆǶȂǼƷǶ঴ ƷǼȝǦৄݺ ȝȠǅȠǶǦǼ ΘƷȖ ǜȓȂǻ [ǦǝǻƷ ঳bऄऀअइ঴ॽ sǐ ȠȖǐǌ ,XUৄǆȂǼǱȠǝƷȝǐǌ ȖǐǆȂǼǌƷȓΞ

ƷǼȝǦǅȂǌǦǐȖ ƷǝƷǦǼȖȝ ǻȂȠȖǐ ঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞঃ Ȗǆৄँࣿࣿः঴ॶ ȓƷǅǅǦȝ ঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞঃ

Ȗǆৄऄऀअऀࣿँ঴ ƷǼǌ ǝȠǦǼǐƷ ȏǦǝ ঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞঃ Ȗǆৄँःंइ঴ ǜȂȓ ǦǻǻȠǼȂǅǶȂȝȝǦǼǝॶ ƷǼǌ ƷǼȝǦৄ

ȓƷǅǅǦȝ �ǶǐΝƷ $ǶȠȂȓ ःइइ ঳�ǅǆƷǻঃ Ʒǅऀऄࣿࣿआआ঴ ǜȂȓ ǦǻǻȠǼȂЙȠȂȓǐȖǆǐǼǆǐॽ

ँ৷इ৷ँ UӲҷԓӸӢӋԓ

,ȠǻƷǼ ǐΝȏȓǐȖȖǦȂǼ ΗǐǆȝȂȓȖ Θǐȓǐ ǝǐǼǐȓƷȝǐǌ ǅΞ ǆǶȂǼǦǼǝ XƷǅऀइॶ XƷǅऀइ঳[ँँC঴ॶ XƷǅऀइ঳Wअआ=঴ ǦǼȝȂ

ȏ�%$Uৄ�ऀ ΗǐǆȝȂȓ ঳�ǶȂǼȝǐǆǣ঴ ȠȖǦǼǝ �Ʒǻ,/ ƷǼǌ [ƷǶ/ ƷǼǌ U=/Cं ǦǼȝȂ ȏ�%$Uৄ�ऀ ΗǐǆȝȂȓ ΘǦȝǣ ȏb<

ȏȓȂǻȂȝǐȓ ȠȖǦǼǝ <ȏǼ/ ƷǼǌ �Ʒǻ,/ॽ �ৄȝǐȓǻǦǼƷǶ ǻ�ǣǐȓȓΞৄȝƷǝǝǐǌ �b%=঳[ःआ�঴ ΘƷȖ ǐΝȏȓǐȖȖǐǌ ǜȓȂǻ

ȏǆ�C�ंॽऀ ঳bǣǐȓǻȂ $ǦȖǣǐȓ঴ॶ �ৄȝǐȓǻǦǼǶ %$UৄȝƷǝǝǐǌ ǣȠǻƷǼ %U�bः ǜȓȂǻ ȏǆ�C�ৄ��[bःआ Ηǐǆৄ

ȝȂȓ ঳bǣǐȓǻȂ $ǦȖǣǐȓ঴ॶ �ৄȝǐȓǻǦǼƷǶ %$UৄȝƷǝǝǐǌ <��= ǜȓȂǻ ȂΝ%$U ΗǐǆȝȂȓ ঳�ǌǌǝǐǼǐ ॻअइࣿअई঴ॶ ƷǼǌ

ǻ�ǣǐȓȓΞৄ�Xं �ǌǌǝǐǼǐ ঳ॻऄऄࣿःऀ঴ॽ

ँ৷इ৷ं �ӏӲӲ ӅԞӲԚԞԏӏ ҷӹӋ ԚԏҷӹԓәӏӅԚӢԀӹ

[eBऀऄई ǆǐǶǶȖ ঳XX/�ॵ�q�=আऄःँं঴ Θǐȓǐ ȂǅȝƷǦǼǐǌ ǜȓȂǻ ȝǣǐ ǶƷǅȂȓƷȝȂȓΞ Ȃǜ UȓȂǜǐȖȖȂȓ bȂǻƷȖ <Ǧȓৄ

ǆǣƷȠȖǐǼ ঳,ƷȓΗƷȓǌBǐǌǦǆƷǶ [ǆǣȂȂǶ঴ ƷǼǌ Θǐȓǐ ǻƷǦǼȝƷǦǼǐǌ ǦǼ �B�B঄$ৄऀँ %ǶȠȝƷB�x ঳=Ǧǜǐ bǐǆǣৄ

ǼȂǶȂǝǦǐȖ঴ ΘǦȝǣ ऄ ǝ঄ǻǶޅ ǦǼȖȠǶǦǼ ঳�ǐǶǶ �ȏȏǶǦǆƷȝǦȂǼȖ঴ॶ ऀ ǝ঄ǻǶޅ ǣΞǌȓȂǆȂȓȝǦȖȂǼǐ ঳[ǦǝǻƷ঴ॶ ऄ઒ $�[ ঳%ǦǅǆȂ

ऀࣿࣿइँऀःआঃ bǣǐȓǻȂ $ǦȖǣǐȓ঴ॶ ऄࣿ ઐǝ঄ǻ= ȖȝȓǐȏȝȂǻΞǆǦǼ ƷǼǌ ऄࣿ ȠǼǦȝȖ঄ǻ= ȏǐǼǦǆǦǶǶǦǼॽ sǣǐȓǐ ǼȂȝǐǌॶ

ःࣿ



ǆǐǶǶȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ ǻǐǌǦƷ ǆȂǼȝƷǦǼǦǼǝ ऄࣿࣿ ઐB ȂǶǐǦǆ ƷǆǦǌ ǆȂǻȏǶǐΝǐǌ ΘǦȝǣ ࣿॽऄ઒ ǐȖȖǐǼȝǦƷǶǶΞ ǜƷȝȝΞ

ƷǆǦǌ ǜȓǐǐ �[� ঳[ǦǝǻƷ �ǶǌȓǦǆǣ঴ॽ bȓƷǼȖǜǐǆȝǦȂǼ Ȃǜ ȏǶƷȖǻǦǌȖ ǦǼȝȂ [eBऀऄई ǆǐǶǶȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ΘǦȝǣ

$Ƞ%�C�,� ȝȓƷǼȖǜǐǆȝǦȂǼ ȓǐƷǝǐǼȝ ঳UȓȂǻǐǝƷ঴ऀइৄँः ǣ ǅǐǜȂȓǐ ǦǻƷǝǦǼǝॽ

ँ৷इ৷ः %ӏӹӏԏҷԚӢӹӚ Xҷӂऀइ ӯӹԀӅӯԀԞԚԓ Ӣӹ [eBऀऄई ӅӏӲӲԓ

bǣȓǐǐ ǦǼǌǐȏǐǼǌǐǼȝ ȝƷȓǝǐȝǦǼǝ ȖǐȒȠǐǼǆǐȖ ȝȂ ǌǦȓǐǆȝ �ƷȖई ȝȂ ǐΝȂǼȖ ःॶ ऄ ƷǼǌ आ Ȃǜ ȝǣǐ XƷǅऀइ ǶȂǆȠȖ Θǐȓǐ

ȠȖǐǌ ȖǦǻȠǶȝƷǼǐȂȠȖǶΞ ƷȖ ǝXC� ǦǼ ȝǣǐ �ƷȖई ƷǼǌ ǝXC� ǐΝȏȓǐȖȖǦȂǼ ȏǶƷȖǻǦǌ ȏΝःऄई ঳�ǌǌǝǐǼǐ঴ ঳ȏȓǦǻǐȓ

ȖǐȒȠǐǼǆǐȖॵ ǐΝȂǼ ःॶ ����%%���b�%b����b��b%��%ॶ �����bb��%%�bb%%��ৄ

b�bbb��ঃ ǐΝȂǼ ऄॶ ����%�b%b%����b�b�b��b�%�ॶ ����%�b�bb�b�%�%ৄ

%b%����%�ঃ ǐΝȂǼ आॶ ����%�%b%��%b�%�b�%���b%�ॶ ����b��bbb�b�b

�%��bb���%�঴ॽ अࣿࣿ ઐǝ Ȃǜ ǐƷǆǣ ǝXC� ȏΝःऄई ȏǶƷȖǻǦǌ Ȃȓ ऀ ઐǝ Ȃǜ ǐǻȏȝΞ ȏΝःऄई ȏǶƷȖǻǦǌ Θǐȓǐ

ȝȓƷǼȖǜǐǆȝǐǌ ǦǼȝȂ इࣿॶࣿࣿࣿ ǆǐǶǶȖॽ bȓƷǼȖǜǐǆȝǐǌ ǆǐǶǶȖ Θǐȓǐ ǦȖȂǶƷȝǐǌ ǅΞ ȝȓǐƷȝǻǐǼȝ ΘǦȝǣ ȏȠȓȂǻΞǆǦǼ ǜȂȓ ः ǌƷΞȖॶ

ǜȂǶǶȂΘǐǌ ǅΞ ȖǦǼǝǶǐৄǆǐǶǶ ȖȂȓȝǦǼǝ ȠȖǦǼǝ ЙȂΘৄǆǐǶǶ ǆΞȝȂǻǐȝȓΞ ঳$��[�ȓǦƷ //ঃ �� �ǦȂȖǆǦǐǼǆǐȖ঴ ƷȖ ǌǐȖǆȓǦǅǐǌ

঳XƷǼ ǐȝ ƷǶॶ ँࣿऀं঴ॽ <ǼȂǆǴȂȠȝ ǆǶȂǼǐȖ Θǐȓǐ ΗǐȓǦЖǐǌ ǅΞ ΘǐȖȝǐȓǼ ǅǶȂȝ ƷǼƷǶΞȖǦȖ Ȃǜ ǆǐǶǶ ǶΞȖƷȝǐȖ ȠȖǦǼǝ XƷǅऀइ

ƷǼȝǦǅȂǌǦǐȖ ƷǼǌ ȖǐȒȠǐǼǆǦǼǝ Ȃǜ U�X ƷǻȏǶǦЖǐǌ ǝXC� ȝƷȓǝǐȝ ȓǐǝǦȂǼȖ ȖȠǅǆǶȂǼǐǌ ǦǼȝȂ ȏ�X �ǶȠǼȝ //

bHUH ΗǐǆȝȂȓ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ॽ UȂȖǦȝǦΗǐ ǆǶȂǼǐȖ Θǐȓǐ ΗǐȓǦЖǐǌ ǅΞ ȒU�X ঳ȖǐǼȖǐ ȏȓǦǻǐȓॵ

���b%bb�bbb�b�%�%%���%b%ॶ ƷǼǌ ƷǼȝǦৄȖǐǼȖǐ ȏȓǦǻǐȓॵ ���%bb�bb����%%��ৄ

��bb঴ ȠȖǦǼǝ ȏȂΘǐȓ [y�X ǝȓǐǐǼ ঳=Ǧǜǐ bǐǆǣǼȂǶȂǝǦǐȖ঴ॽ $Ȃȓ ƷǶǶ ǐΝȏǐȓǦǻǐǼȝȖ ΘǦȝǣ XƷǅऀइ ǴǼȂǆǴȂȠȝ

ǆǐǶǶȖॶ ΘǦǶǌৄȝΞȏǐ ǆǐǶǶȖ ȝȓƷǼȖǜǐǆȝǐǌ ΘǦȝǣ ƷǼ ǐǻȏȝΞ ȏΝःऄई ȏǶƷȖǻǦǌ Θǐȓǐ ȠȖǐǌ ƷȖ ǆȂǼȝȓȂǶ ΘǦǶǌৄȝΞȏǐ ǆǐǶǶȖॽ

ँ৷इ৷ऄ /ӸҷӚӢӹӚ ҷӹӋ ӢӸҷӚӏ ҷӹҷӲԮԓӢԓ

=ǦΗǐ ǆǐǶǶ ǦǻƷǝǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ Ʒ CǦǴȂǼ �ǆǶǦȏȖǐ bǦ ǦǼΗǐȓȝǐǌ ǻǦǆȓȂȖǆȂȏǐ ǐȒȠǦȏȏǐǌ ΘǦȝǣ �[eৄxऀ

ȖȏǦǼǼǦǼǝ ǌǦȖǴ ǆȂǼǜȂǆƷǶ ǣǐƷǌ ঳yȂǴȂǝƷΘƷ঴ॶ ःࣿऄৄॶ ःइइৄॶ ऄअऀৄॶ Ȃȓ अंईৄ Ǽǻ ǶƷȖǐȓ ǶǦǼǐȖॶ ऀࣿࣿΝ �ȏȂb/X$

ऀॽः C� ȂǅǱǐǆȝǦΗǐ ঳CǦǴȂǼॶ BǐǶΗǦǶǶǐॶ Cy঴ॶ ƷǼǌ ǦxȂǼ eǶȝȓƷ इईआ �B��� Ȃȓ ~ΞǶƷ ःॽँ UǶȠȖ Ȗ�BH[

ःऀ



ǆƷǻǐȓƷȖ ঳�ǼǌȂȓॶ �ǐǶǜƷȖȝॶ e<঴ॽ �ǐǶǶȖ Θǐȓǐ ƷǼǼȠƷǶǶΞ ȝǐȖȝǐǌ ǜȂȓ ǻΞǆȂȏǶƷȖǻƷ ǆȂǼȝƷǻǦǼƷȝǦȂǼ ǅΞ eǼǦΗǐȓৄ

ȖƷǶ BΞǆȂȏǶƷȖǻƷ �ǐȝǐǆȝǦȂǼ <Ǧȝ ঳�b��঴ॽ $Ȃȓ ȒȠƷǼȝǦЖǆƷȝǦȂǼ Ȃǜ �XǻȂȓȏǣȂǶȂǝΞॶ ं ઐǻ ~ ȖȝƷǆǴȖ ΘǦȝǣ

ࣿॽँऄ ઐǻ ȖȝǐȏȖ Θǐȓǐ ƷǆȒȠǦȓǐǌॽ

/ǻƷǝǦǼǝ ǐΝȏǐȓǦǻǐǼȝȖ Ȃǜ [eBऀऄई ǆǐǶǶȖ Θǐȓǐ ǆƷȓȓǦǐǌ ȂȠȝ ǦǼ %ǦǅǆȂ $ǶȠȂȓȂǅȓǦȝǐ �B�B ঳=Ǧǜǐ bǐǆǣৄ

ǼȂǶȂǝǦǐȖ঴ ȖȠȏȏǶǐǻǐǼȝǐǌ ΘǦȝǣ [eBऀऄई ǻƷǦǼȝǐǼƷǼǆǐ ǻǐǌǦƷ ǆȂǻȏȂǼǐǼȝȖॽ =�Ȗ Θǐȓǐ ȖȝƷǦǼǐǌ ΘǦȝǣ

ࣿॽऄ ઐǝ঄ǻ= �H�/Uy ःईं঄ऄࣿं ঳=Ǧǜǐ bǐǆǣǼȂǶȂǝǦǐȖ঴ Ȃȓ ,�[ =ǦȏǦǌbHx૰�ǐǐȏ Xǐǌ CǐȠȝȓƷǶ =ǦȏǦǌ

[ȝƷǦǼ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ ँࣿ ǻǦǼȠȝǐȖ ȏȓǦȂȓ ȝȂ ǦǻƷǝǦǼǝॽ CȠǆǶǐǦ Θǐȓǐ ȖȝƷǦǼǐǌ ΘǦȝǣ ऀ ઐǝ঄ǻ= Ȃǜ

,ȂǐǆǣȖȝ ंंंःँ ঳bǣǐȓǻȂ $ǦȖǣǐȓ঴ॽ

$Ȃȓ ǦǻǻȠǼȂЙȠȂȓǐȖǆǐǼǆǐ ǐΝȏǐȓǦǻǐǼȝȖ ǆǐǶǶȖ Θǐȓǐ ЖΝǐǌ ǦǼ ः઒ ǜȂȓǻƷǶǌǐǣΞǌǐ ঳UȂǶΞȖǆǦǐǼǆǐȖॽ঴ ǜȂȓ

ँࣿ ǻǦǼ Ʒȝ Xbॶ ǜȂǶǶȂΘǐǌ ǅΞ ȏǐȓǻǐƷǅǦǶǦΣƷȝǦȂǼ ƷǼǌ ȖȝƷǦǼǦǼǝ ƷȖ ǌǐȖǆȓǦǅǐǌ ȏȓǐΗǦȂȠȖǶΞँंःॽ [ǶǦǌǐȖ Θǐȓǐ

ǻȂȠǼȝǐǌ ΘǦȝǣ UȓȂ=ȂǼǝ %ȂǶǌ �ǼȝǦǜƷǌǐ ǻȂȠǼȝǦǼǝ ǻǐǌǦȠǻ ΘǦȝǣ ��U/ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴

ƷǼǌ ȖȝȂȓǐǌ Ʒȝ ः ૲�ॽ

,ǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ǦǻƷǝǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ Ʒ /C ��== �ǼƷǶΞΣǐȓ अࣿࣿࣿ ǻǦǆȓȂȖǆȂȏǐ ঳%�,ǐƷǶȝǣৄ

ǆƷȓǐ =Ǧǜǐ [ǆǦǐǼǆǐȖ঴ ȠȖǦǼǝ अࣿΝ ࣿॽईऄ C� ȂǅǱǐǆȝǦΗǐॽ �ǐǶǶȖ Θǐȓǐ ЖΝǐǌ ǦǼ ः઒ ǜȂȓǻƷǶǌǐǣΞǌǐ ঳UȂǶΞȖǆǦǐǼǆǐȖ঴

Ʒȝ Xb ǜȂȓ ँࣿ ǻǦǼॶ ΘƷȖǣǐǌ ंΝ ΘǦȝǣ U�[ ƷǼǌ ȖȝƷǦǼǐǌ ǜȂȓ =�Ȗ ƷǼǌ ǼȠǆǶǐǦ ƷȖ ǌǐȖǆȓǦǅǐǌ ƷǅȂΗǐॽ ँः ȝȂ अः

ǦǻƷǝǐȖ Θǐȓǐ ƷǆȒȠǦȓǐǌ ȏǐȓ ΘǐǶǶॽ

[ȝȓȠǆȝȠȓǐǌৄǦǶǶȠǻǦǼƷȝǦȂǼ ǻǦǆȓȂȖǆȂȏΞ Ȃǜ ǶǦΗǦǼǝ ǆǐǶǶȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ ƷǼ HBxqः �ǶƷΣǐ ঳%�

,ǐƷǶȝǣǆƷȓǐ =Ǧǜǐ [ǆǦǐǼǆǐȖ঴ ǐȒȠǦȏȏǐǌ ΘǦȝǣ ȝǣȓǐǐ U�Hॽǐǌǝǐ Ȗ�BH[ ǆƷǻǐȓƷȖॶ ःइइৄ ƷǼǌ ऄअइৄǼǻ ǶƷȖǐȓ

ǶǦǼǐȖॶ अࣿΝ ऀॽःँ UǶƷǼ �ȏȂǆǣȓȂǻƷȝ ȂǅǱǐǆȝǦΗǐ ঳HǶΞǻȏȠȖ঴ॽ eȖȠƷǶǶΞ ँॽऄ ઐǻ ȖȝƷǆǴȖ ΘǦȝǣ ࣿॽऀँऄ ઐǻ Ȗȝǐȏ

ȖǦΣǐ ΘǦȝǣ ऀऄ ȓƷΘ ǦǻƷǝǐȖ ঳ȝǣȓǐǐ ȓȂȝƷȝǦȂǼȖ ΘǦȝǣ ЖΗǐ ȏǣƷȖǐȖ ǐƷǆǣ঴ ȏǐȓ ΣৄȖǐǆȝǦȂǼ Θǐȓǐ ƷǆȒȠǦȓǐǌॽ [ȏǣǐȓৄ

ǦǆƷǶ ƷǅǐȓȓƷȝǦȂǼ ΘƷȖ ǻǦǼǦǻǦΣǐǌ ǅΞ ǦǻǻǐȓȖǦȂǼ ȂǦǶ ǻƷȝǆǣǦǼǝइःॽ [ȠȏǐȓৄȓǐȖȂǶȠȝǦȂǼ ǦǻƷǝǐȖ Θǐȓǐ ȓǐǆȂǼৄ

ȖȝȓȠǆȝǐǌ ǜȓȂǻ ȓƷΘ ǌƷȝƷ ȖǐȝȖ ΘǦȝǣ ǆǣƷǼǼǐǶ ȖȏǐǆǦЖǆॶ ǻǐƷȖȠȓǐǌ ȂȏȝǦǆƷǶ ȝȓƷǼȖǝǐȓ ǜȠǼǆȝǦȂǼ ƷǼǌsǦǐǼǐȓ

ЖǶȝǐȓ ǆȂǼȖȝƷǼȝ Ȃǜ ࣿॽࣿࣿऀ ȠȖǦǼǝ �e��ৄƷǆǆǐǶǐȓƷȝǐǌ ं�ৄ[/B ȓǐǆȂǼȖȝȓȠǆȝǦȂǼ ǆȂǌǐ ǅƷȖǐǌ ȂǼ %ȠȖȝƷǜȖȖȂǼ

ǐȝ ƷǶॽआंॽ bǐȝȓƷ[ȏǐǆǴ ǅǐƷǌȖ ঳bǣǐȓǻȂ ЖȖǣǐȓ঴ Ȃȓ Ʒ ǼƷǼȂৄǝȓǦǌ ǆȂǼȝȓȂǶ ȖǶǦǌǐ ঳%�঴ Θǐȓǐ ȠȖǐǌ ȝȂ ǻǐƷȖȠȓǐ

ƷΝǦƷǶ ƷǼǌ ǶƷȝǐȓƷǶ ǆǣȓȂǻƷȝǦǆ ǻǦȖȓǐǝǦȖȝȓƷȝǦȂǼॽ �ΝȏǐȓǦǻǐǼȝƷǶ ǌƷȝƷ ȖǐȝȖ Θǐȓǐ ȓǐǝǦȖȝǐȓǐǌ ȠȖǦǼǝ ǦǻΘƷȓȏ

ःँ



ǜȠǼǆȝǦȂǼ ǦǼB�b=�� ঳BƷȝǣsȂȓǴȖ঴ॽ

$Ȃȓ ǦǻƷǝǐ ƷǼƷǶΞȖǦȖॶ =� ƷȓǐƷ ƷǼǌ ǼȠǻǅǐȓ ǜȓȂǻ ǣǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ǻǦǆȓȂȖǆȂȏΞ ǦǻƷǝǐȖ Θǐȓǐ ȒȠƷǼȝǦৄ

Жǐǌ ȠȖǦǼǝ �ǐǶǶUȓȂЖǶǐȓ ȖȂǜȝΘƷȓǐ ঳�ƷȓȏǐǼȝǐȓ ǐȝ ƷǶॽॶ ँࣿࣿअ঴ॽ bΘȂ ΘȂȓǴЙȂΘȖ Θǐȓǐ ǌǐΗǐǶȂȏǐǌ ǜȂȓ ƷǼƷǶΞȖǦȖ

Ȃǜ ǦǻƷǝǐȖ ǜȓȂǻH� ǶȂƷǌǦǼǝ ǆȂǼǌǦȝǦȂǼȖ ƷǼǌ ǜȓȂǻ ȖȝƷȓΗƷȝǦȂǼ ǆȂǼǌǦȝǦȂǼȖॽ

UȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ΘƷȖ ȒȠƷǼȝǦЖǐǌ ȠȖǦǼǝ $/:/ ȖȂǜȝΘƷȓǐऀआःॽ �Ȗ ǌǐΗǐǶȂȏǐǌ ǅΞ UȓǑΗȂȖȝ ǐȝ ƷǶॽ ঳ँࣿऀइ঴ऀऄअ

ȝȂ ǦǌǐǼȝǦǜΞ ȝǣǐ ȓǐǝǦȂǼ Ȃǜ =�Ȗॶ Ʒ ȝǣȓǐȖǣȂǶǌ ΘƷȖ ƷȏȏǶǦǐǌ ȝȂ ȝǣǐ �H�/Uy Ȃȓ =ǦȏǦǌbȂΝ ǆǣƷǼǼǐǶȖॽ bǣǐ

ǻǐƷǼ ǦǼȝǐǼȖǦȝΞ Ȃǜ ǻ�ǣǐȓȓΞ Ȃȓ %$U ȏȓȂȝǐǦǼ ȖǦǝǼƷǶ ΘǦȝǣǦǼ ȝǣǐ =� ȓǐǝǦȂǼ ΘƷȖ ǻǐƷȖȠȓǐǌ ƷǼǌ ǌǦΗǦǌǐǌ

ǅΞ ȝǣǐ ǻǐƷǼ ǦǼȝǐǼȖǦȝΞ Ȃǜ ȝǣǐ ȝȂȝƷǶ ȖǦǝǼƷǶ ǦǼ ȝǣǐ ǆǐǶǶॽ

ँ৷इ৷अ BӏԚҷӂԀӲӢӅ ӲҷӂӏӲӢӹӚ ҷӹӋ ҷӹҷӲԮԓӢԓ Ԁә ӲӢԌӢӋԓ

/ǼǆȂȓȏȂȓƷȝǦȂǼ Ȃǜ b% ǌȠȓǦǼǝ ǜƷȝȝΞ ƷǆǦǌ ǶȂƷǌǦǼǝ ΘƷȖ ǻǐƷȖȠȓǐǌ ǅΞ ƷǌǌǦȝǦȂǼ Ȃǜ ऄࣿࣿ ઐB ফऀः�ব ȂǶǐǦǆ

ƷǆǦǌ ঳ँऄઐ�Ǧ঄ઐǻȂǶ঴ॶ ǜȂǶǶȂΘǐǌ ǅΞ ǶǦȏǦǌ ƷǼǌ ȏȓȂȝǐǦǼ ǐΝȝȓƷǆȝǦȂǼ ǦǼ ǣǐΝƷǼǐ঄ǦȖȂȏȓȂȏƷǼȂǶ ঳ंॵँ঴ Ȃȓ X/U�

ǅȠЍǐȓॶ ȓǐȖȏǐǆȝǦΗǐǶΞॽ =ǦȏǦǌ ǶȂƷǌǦǼǝ ȝȂ b=� ȏǶƷȝǐȖ ঳BǐȓǆǴ঴ ΘƷȖ ǼȂȓǻƷǶǦΣǐǌ ȝȂ ȝȂȝƷǶ ȏȓȂȝǐǦǼॽ UǣȂȖৄ

ȏǣȂǶǦȏǦǌȖ Θǐȓǐ ȖǐȏƷȓƷȝǐǌ ǦǼ �,�Ƕं঄�,ंH,঄,ँH ঳अऄॵंऄॵः঴ ƷǼǌ ǼǐȠȝȓƷǶ ǶǦȏǦǌȖ ǦǼ ǣǐΝƷǼǐ঄ǌǦǐȝǣΞǶ

ǐȝǣǐȓ঄ƷǆǐȝǦǆ ƷǆǦǌ ঳इࣿॵँࣿॵऀ঴ॽ b=� ȏǶƷȝǐȖ Θǐȓǐ ǐΝȏȂȖǐǌ ȝȂ ǦǻƷǝǦǼǝ ȖǆȓǐǐǼȖ ƷǼǌ ȖǆƷǼǼǐǌ ǦǼ Ʒ bΞȏǣȂȂǼ

$=� आࣿࣿࣿ ঳%�,ǐƷǶȝǣǆƷȓǐ঴ ȝȂ ΗǦȖȠƷǶǦΣǐ ȓƷǌǦȂƷǆȝǦΗǐ ǆȂǻȏȂȠǼǌȖॽ $Ȃȓ ȖȝƷȓΗƷȝǦȂǼ ǐΝȏǐȓǦǻǐǼȝȖॶ ǆǐǶǶȖ

Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ ऄࣿࣿ ઐB ফऀः�ব ȂǶǐǦǆ ƷǆǦǌ ঳ँऄ ઐ�Ǧ঄ઐǻȂǶ঴ ǜȂȓ ऀअ ǣॶ ǜȂǶǶȂΘǐǌ ǅΞ ΘƷȖǣǦǼǝ ंΝ ΘǦȝǣ

U�[ ƷǼǌ ƷǌǌǦȝǦȂǼ Ȃǜ ȖȝƷȓΗƷȝǦȂǼ ǻǐǌǦȠǻ ঳�B�B ǶȂΘ ǝǶȠǆȂȖǐॶ ऀࣿ ǻB,�U�[ॶ ȏ, आॽࣿॶ ऀ઒ ȏǐǼǦৄ

ǆǦǶǶǦǼ ƷǼǌ ȖȝȓǐȏȝȂǻΞǆǦǼॶ ऀ઒ ǐȖȖǐǼȝǦƷǶǶΞ ǜƷȝȝΞ ƷǆǦǌৄǜȓǐǐ �[�঴ॽ �ȝ ǐƷǆǣ ȝǦǻǐ ȏȂǦǼȝॶ ǶǦȏǦǌȖ ƷǼǌ ȏȓȂȝǐǦǼȖ

Θǐȓǐ ǐΝȝȓƷǆȝǐǌ ƷȖ ǌǐȖǆȓǦǅǐǌ ƷǅȂΗǐॽ bȂ ǻǐƷȖȠȓǐ ǜȓǐǐ ǜƷȝȝΞ ƷǆǦǌ ȓǐǶǐƷȖǐॶ ऀࣿ઒ Ȃǜ ǻǐǌǦȠǻ ΘƷȖ ǆȂǶǶǐǆȝǐǌॶ

ƷǼǌ ȓƷǌǦȂƷǆȝǦΗǦȝΞ ΘƷȖ ǻǐƷȖȠȓǐǌ ǦǼ Ʒ ,ǦǌǐΝ ंࣿࣿ[= ǶǦȒȠǦǌ ȖǆǦǼȝǦǶǶƷȝǦȂǼ ǆȂȠǼȝǐȓ ঳,ǦǌǐΝ঴ॽ XƷǌǦȂƷǆȝǦΗǦȝΞ

ΘƷȖ ǻǐƷȖȠȓǐǌ ƷǼǌ ǆȂȠǼȝȖ ȏǐȓ ǻǦǼȠȝǐ ঳�UB঴ ǻǐƷȖȠȓǐǻǐǼȝȖ Θǐȓǐ ǼȂȓǻƷǶǦΣǐǌ ȝȂ ǻǝ঄ǻ= Ȃǜ ȏȓȂȝǐǦǼॽ

ःं



ँ৷इ৷आ [ԞӂӅӏӲӲԞӲҷԏ әԏҷӅԚӢԀӹҷԚӢԀӹ

�ǐǶǶȖ Θǐȓǐ ǣƷȓΗǐȖȝǐǌॶ ΘƷȖǣǐǌ ȂǼǆǐ ΘǦȝǣ Ǧǆǐ ǆȂǶǌ U�[ ǜȂǶǶȂΘǐǌ ǅΞ Ʒ ΘƷȖǣ ǦǼ ǣȂǻȂǝǐǼǦΣƷȝǦȂǼ ǅȠЍǐȓ

঳ँࣿ ǻBbȓǦȖৄ,�Ƕ ȏ, आॽःॶ ँऄࣿ ǻB ȖȠǆȓȂȖǐॶ ऀ ǻB ��b� ȏ, इॶ XȂǆǣǐ ǆȂǻȏǶǐȝǐ ȏȓȂȝǐƷȖǐ ǦǼǣǦǅǦȝȂȓ

ȝƷǅǶǐȝ঴ॶ ǜȂǶǶȂΘǐǌ ǅΞ ȓǐȖȠȖȏǐǼȖǦȂǼ ǦǼ ऀ ǻ= Ȃǜ ǣȂǻȂǝǐǼǦΣƷȝǦȂǼ ǅȠЍǐȓ ঳,�঴ॶ ƷǼǌ ǶΞȖǦȖ ȝǣȓȂȠǝǣ Ʒ ँं%

ǼǐǐǌǶǐ ंࣿΝॽ CƷ�Ƕ ΘƷȖ Ʒǌǌǐǌ ȝȂ ЖǼƷǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ऀࣿࣿ ǻB ƷǼǌ ǶΞȖƷȝǐȖ Θǐȓǐ ǆǶǐƷȓǐǌ ǜȂȓ ऀࣿ ǻǦǼॶ

ऀॶࣿࣿࣿ Ν ǝ ƷǼǌ इॶࣿࣿࣿ Ν ǝ ȝȂ ȓǐǻȂΗǐ ȠǼǶΞȖǐǌ ǆǐǶǶȖॶ ǼȠǆǶǐǦ ƷǼǌ ǻǦȝȂǆǣȂǼǌȓǦƷॽ �ǶǐƷȓǐǌ ǶΞȖƷȝǐ ΘƷȖ ȖȠǅৄ

Ǳǐǆȝǐǌ ȝȂ ȠǶȝȓƷǆǐǼȝȓǦǜȠǝƷȝǦȂǼ ǜȂȓ ऀ ǣ Ʒȝ ऀࣿࣿॶࣿࣿࣿ Ν ǝ Ʒȝ ः ૲�ॽ bǣǐ ȏǐǶǶǐȝ ΘƷȖ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ ǣȂǻȂǝǐৄ

ǼǦΣƷȝǦȂǼ ǅȠЍǐȓॶ ǜȂǶǶȂΘǐǌ ǅΞ [�[ৄU�%� ƷǼǌ ΘǐȖȝǐȓǼৄǅǶȂȝ ƷǼƷǶΞȖǦȖॽ bȂ ȏȠȓǦǜΞ =�Ȗॶ ȝǣǐ ऀࣿࣿॶࣿࣿࣿ Ν ǝ

ȖȠȏǐȓǼƷȝƷǼȝ ΘƷȖ ǻǦΝǐǌ ऀॵऀ ΘǦȝǣ ऄࣿ઒ HȏȝǦUȓǐȏ ǦǼ ,�ॶ ƷǼǌ ǶƷΞǐȓǐǌ ΘǦȝǣ ऄࣿࣿ ઐ= ऀअ઒HȏȝǦUȓǐȏॶ ऀॽऄ

ǻ= इ઒HȏȝǦUȓǐȏॶ ऄࣿࣿ ઐ= ँ઒HȏȝǦUȓǐȏ ƷǼǌ ऄࣿࣿ ઐ=,�ॽ %ȓƷǌǦǐǼȝȖ Θǐȓǐ ȖȠǅǱǐǆȝǐǌ ȝȂ ȠǶȝȓƷǆǐǼȝȓǦǜȠৄ

ǝƷȝǦȂǼ ǦǼ Ʒ ȖΘǦǼǝǦǼǝ ǅȠǆǴǐȝ ȓȂȝȂȓ ঳b=[ऄऄॶ �ǐǆǴǻƷǼৄ�ȂȠǶȝǐȓ঴ ǜȂȓ ऀअ ǣ Ʒȝ ऀऄࣿॶࣿࣿࣿ Ν ǝ Ʒȝ ः ૲�ॽ =�Ȗ

Θǐȓǐ ǆȂǶǶǐǆȝǐǌ ǜȓȂǻ ȝǣǐ ȝȂȏ ǶƷΞǐȓॽ UȓȂȝǐǦǼ ΘƷȖ ȏȓǐǆǦȏǦȝƷȝǐǌ ǜȓȂǻ ȝǣǦȖ ǶƷΞǐȓ ƷǼǌ ȝǣǐ ȓǐǻƷǦǼǦǼǝ ǶƷΞǐȓȖ

ǆȂǶǶǐǆȝǦΗǐǶΞ ȝȂ ƷǼƷǶΞΣǐ ȝǣǐ ǆΞȝȂȖȂǶ ঳sǐȖȖǐǶ ƷǼǌ $ǶȤǝǝǐॶ ऀईइः঴ॽ UȓȂȝǐǦǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ΘƷȖ ǌǐȝǐȓǻǦǼǐǌ

ǅΞ �ȓƷǌǜȂȓǌ Ȃȓ ƷǅȖȂȓȏȝǦȂǼ Ʒȝ ँइࣿ Ǽǻ ঳ǼƷǼȂǌȓȂȏॶ bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ॽ

ँ৷इ৷इ Bҷԓԓ ԓԌӏӅԚԏԀӸӏԚԏԮ ҷӹҷӲԮԓӏԓ Ԁә ԚԀԚҷӲ ӅӏӲӲ ӲԮԓҷԚӏԓ ҷӹӋ =�ԓ

UȓǐǆǦȏǦȝƷȝǐǌ ȏȓȂȝǐǦǼȖ ǜȓȂǻ ȝȂȝƷǶ ǆǐǶǶ ǶΞȖƷȝǐȖ ƷǼǌ ȏȠȓǦЖǐǌ =� ǜȓƷǆȝǦȂǼȖ Θǐȓǐ ȓǐȖȂǶȠǅǦǶǦΣǐǌ ǦǼ ऀࣿࣿ ǻB

CƷH, ƷǦǌǐǌ ǅΞ ȖȂǼǦǆƷȝǦȂǼ Ʒȝ ः૲�ॶ ƷǼǌ ȝǣǐ ȖȂǶȠȝǦȂǼ ΘƷȖ ǅȓȂȠǝǣȝ ȝȂ ȏ, आॽऄ ΘǦȝǣ ँࣿࣿ ǻB,�U�[

঳ःৄ঳ँৄǣΞǌȓȂΝΞǐȝǣΞǶ঴ৄऀৄȏǦȏǐȓƷΣǦǼǐǐȝǣƷǼǐȖȠǶǜȂǼǦǆ ƷǆǦǌ঴ॽ UȓȂȝǐǦǼȖ Θǐȓǐ ȓǐǌȠǆǐǌ ȠȖǦǼǝ ऄ ǻB ǌǦȝǣǦȂৄ

ȝǣȓǐǦȝȂǶ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣ঴ Ʒȝ ंआ૲� ǜȂȓ ऀ ǣॶ ǜȂǶǶȂΘǐǌ ǅΞ ƷǶǴΞǶƷȝǦȂǼ Ȃǜ ǆΞȖȝǐǦǼǐ ȓǐȖǦǌȠǐȖ ȠȖǦǼǝ ऀऄ ǻB

ǦȂǌȂƷǆǐȝƷǻǦǌǐ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣ঴ ǦǼ ȝǣǐ ǌƷȓǴ Ʒȝ Xb ǜȂȓ ऀ ǣॽ �ΝǆǐȖȖǦΗǐ ǦȂǌȂƷǆǐȝƷǻǦǌǐ ΘƷȖ ȒȠǐǼǆǣǐǌ

ȠȖǦǼǝ ऀࣿ ǻB ǌǦȝǣǦȂȝǣǐȓǦȝȂǶॽ UȓȂȝǐǦǼ ǻǦΝȝȠȓǐȖ Θǐȓǐ ǌǦǶȠȝǐǌ ǦǼ ऀॵअ ȓƷȝǦȂ ঳Η঄Η঴ ȠȖǦǼǝ ȠǶȝȓƷȏȠȓǐ ΘƷȝǐȓ

ȏȓǦȂȓ ȝȂ ǌǦǝǐȖȝǦȂǼ ȠȖǦǼǝ ȖǐȒȠǐǼǆǦǼǝ ǝȓƷǌǐ ȝȓΞȏȖǦǼ ঳UȓȂǻǐǝƷ঴ Ʒȝ ंआ૲� ǜȂȓ ऀअ ǣॽ �ǦǝǐȖȝǐǌ ȏǐȏȝǦǌǐȖ

Θǐȓǐ ȖȠǅȖǐȒȠǐǼȝǶΞ ǌǐȖƷǶȝǐǌ ȠȖǦǼǝ ȖǐǶǜৄȏƷǆǴǐǌ �ऀइ [b�%� ȝǦȏȖ ঳ंB �ǻȏȂȓǐbB঴ ǜȂȓ =�ৄB[঄B[

ःः



ƷǼƷǶΞȖǦȖ ঳XƷȏȏȖǦǶǅǐȓ ǐȝ ƷǶॽॶ ँࣿࣿं঴ॽ �ǐȖƷǶȝǐǌ ȏǐȏȝǦǌǐȖ Θǐȓǐ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ ࣿॽऀ઒ ঳Η঄Η঴ ǜȂȓǻǦǆ ƷǆǦǌ ƷǼǌ

ǶȂƷǌǐǌ ȂǼȝȂ ,U=�ৄB[঄B[ ȖΞȖȝǐǻ ǜȂȓ ƷǼƷǶΞȖǦȖ ȂǼ ƷǼ HȓǅǦȝȓƷȏ Wৄ�ΝƷǆȝǦΗǐ ,$ ঳bǣǐȓǻȂ $ǦȖǣǐȓ

[ǆǦǐǼȝǦЖǆ঴ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝǐȓ ǆȂȠȏǶǐǌ ȝȂ ƷǼ �ƷȖΞ ǼƷǼȂ=� ऀࣿࣿࣿ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ ΘǦȝǣ Ʒ

ЙȂΘ ȓƷȝǐ Ȃǜ ंࣿࣿ ǼǶ঄ǻǦǼॽ bǣǐ ȖȝƷȝǦȂǼƷȓΞ ȏǣƷȖǐ ǅȠЍǐȓ ΘƷȖ ࣿॽऄ ઒ ǜȂȓǻǦǆ ƷǆǦǌॶ ƷǼǌ ǻȂǅǦǶǐ ȏǣƷȖǐ ǅȠЍǐȓ

ΘƷȖ ࣿॽऄ ઒ ঳Η঄Η঴ ǜȂȓǻǦǆ ƷǆǦǌ ǦǼ ƷǆǐȝȂǼǦȝȓǦǶǐॽ �ǣȓȂǻƷȝȂǝȓƷȏǣΞ ǜȂȓ ȏǐȏȝǦǌǐ ȖǐȏƷȓƷȝǦȂǼ ΘƷȖ ȏǐȓǜȂȓǻǐǌ

ȠȖǦǼǝ ǦǼǆȓǐƷȖǦǼǝ ȂȓǝƷǼǦǆ ȏȓȂȏȂȓȝǦȂǼ Ȃǜ ƷǆǐȝȂǼǦȝȓǦǶǐ ঳ऄূःࣿ ઒ ঳Η঄Η঴঴ ȂΗǐȓ Ʒ ँअऄৄǻǦǼ ǝȓƷǌǦǐǼȝ঴ ȂǼ Ʒ ȖǐǶǜৄ

ȏƷǆǴǐǌ ƷǼƷǶΞȝǦǆƷǶ ǆȂǶȠǻǼ ȠȖǦǼǝ UǦǆȂbǦȏbB ǐǻǦȝȝǐȓ ঳CǐΘHǅǱǐǆȝǦΗǐॶ sȂǅȠȓǼॶ B�঴ ȠȖǦǼǝ XǐȏȓȂȖǦǶ

%ȂǶǌ ऀँࣿ �ৄऀइॶ ऀॽईৄޅǻ ȏƷȓȝǦǆǶǐ ȖǦΣǐ ȓǐȖǦǼ ঳�ȓॽ BƷǦȖǆǣॶ �ǻǻǐȓǅȠǆǣৄ�ǼȝȓǦǼǝǐǼॶ %ǐȓǻƷǼΞ঴ॽ bǣǐ

ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ ƷǼƷǶΞΣǐȓ ȂȏǐȓƷȝǐǌ ǦǼ ǌƷȝƷ ǌǐȏǐǼǌǐǼȝ ƷǆȒȠǦȖǦȝǦȂǼ ǻȂǌǐ ΘǦȝǣ Ʒ ȝȂȏ ऀࣿ ǻǐȝǣȂǌ Ʒȝ Ʒ

ǻƷȖȖ ȓƷǼǝǐ Ȃǜ ंࣿࣿূँࣿࣿࣿ �Ʒॽ

BƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ ǌƷȝƷ Θǐȓǐ ȏȓȂǆǐȖȖǐǌ ǅΞBƷΝWȠƷǼȝ ȖȂǜȝΘƷȓǐ ΗǐȓȖǦȂǼ ऀॽऄॽँॽइ ঳�ȂΝ ƷǼǌBƷǼǼॶ

ँࣿࣿइ঴ ΘǦȝǣ ȝǣǐ ǜȂǶǶȂΘǦǼǝ ȖǐȝȝǦǼǝॵ ȂΝǦǌǦΣǐǌ ǻǐȝǣǦȂǼǦǼǐ ȓǐȖǦǌȠǐȖ ƷǼǌ ȏȓȂȝǐǦǼ CৄȝǐȓǻǦǼƷǶ ƷǆǐȝΞǶƷȝǦȂǼ

ƷȖ ΗƷȓǦƷǅǶǐ ǻȂǌǦЖǆƷȝǦȂǼॶ ǆΞȖȝǐǦǼǐ ǆƷȓǅƷǻǦǌȂǻǐȝǣΞǶƷȝǦȂǼ ƷȖ ЖΝǐǌ ǻȂǌǦЖǆƷȝǦȂǼॶ ЖȓȖȝ ȖǐƷȓǆǣ ȏǐȏȝǦǌǐ

ȝȂǶǐȓƷǼǆǐ ँࣿ ȏȏǻॶ ǻƷǦǼ ȖǐƷȓǆǣ ȏǐȏȝǦǌǐ ȝȂǶǐȓƷǼǆǐ ःॽऄ ȏȏǻॽ UȓȂȝǐƷȖǐ ȖȏǐǆǦЖǆǦȝΞ ΘƷȖ Ȗǐȝ ȝȂ ȝȓΞȏȖǦǼ

ΘǦȝǣ Ƞȏ ȝȂ ँ ǻǦȖȖǐǌ ǆǶǐƷΗƷǝǐȖ Θǐȓǐ ƷǶǶȂΘǐǌॽ HǼǶΞ ȏǐȏȝǦǌǐȖ ǶȂǼǝǐȓ ȝǣƷǼ ЖΗǐ ƷǻǦǼȂ ƷǆǦǌȖ Θǐȓǐ ƷǼƷৄ

ǶΞΣǐǌॶ ƷǼǌ ȝǣǐ ǻǦǼǦǻƷǶ ȓƷȝǦȂ ǆȂȠǼȝ ȝȂ ȒȠƷǼȝǦǜΞ Ʒ ȏȓȂȝǐǦǼ ǦȖ ँ ঳ȏȓȂȝǐȂǻǐ ȂǼǶΞ঴ॽ bǣǐ ǜƷǶȖǐ ǌǦȖǆȂΗǐȓΞ

ȓƷȝǐ ঳$�X঴ ΘƷȖ Ȗǐȝ ȝȂ ऀ઒ ǜȂȓ ȏǐȏȝǦǌǐ ƷǼǌ ȏȓȂȝǐǦǼ ǦǌǐǼȝǦЖǆƷȝǦȂǼȖॽ �ƷȝƷǅƷȖǐ ȖǐƷȓǆǣǐȖ Θǐȓǐ ȏǐȓǜȂȓǻǐǌ

ȠȖǦǼǝ ȝǣǐ �ǼǌȓȂǻǐǌƷ ȖǐƷȓǆǣ ǐǼǝǦǼǐ ǦǼȝǐǝȓƷȝǐǌ ǦǼȝȂ ȝǣǐ BƷΝWȠƷǼȝ ǐǼΗǦȓȂǼǻǐǼȝ ঳�ȂΝ ǐȝ ƷǶॽॶ ँࣿऀऀ঴

ƷǝƷǦǼȖȝ ȝǣǐ eǼǦUȓȂȝৄǣȠǻƷǼ ǌƷȝƷǅƷȖǐ ǆȂǼȝƷǦǼǦǼǝ आऀॶऄआई ǐǼȝȓǦǐȖ ঳HǆȝȂǅǐȓ ँࣿऀआ঴ॽ ৗBƷȝǆǣǦǼǝ ǅǐৄ

ȝΘǐǐǼ ȓȠǼȖ৘ ƷǶǝȂȓǦȝǣǻ ΘǦȝǣ Ʒ ȝǦǻǐ ΘǦǼǌȂΘ Ȃǜ ࣿॽआ ǻǦǼ ΘƷȖ ǐǻȏǶȂΞǐǌ ȝȂ ȝȓƷǼȖǜǐȓ ǦǌǐǼȝǦЖǆƷȝǦȂǼȖ ǅǐৄ

ȝΘǐǐǼ ȖƷǻȏǶǐȖ ȏȓȂǆǐȖȖǐǌ ȠȖǦǼǝ ȝǣǐ ȖƷǻǐ ǼƷǼȂȖȏȓƷΞ ǆȂǼǌǦȝǦȂǼȖॽ UȓȂȝǐǦǼ ȝƷǅǶǐȖ Θǐȓǐ ЖǶȝǐȓǐǌ ȝȂ ǐǶǦǻৄ

ǦǼƷȝǐ ǦǌǐǼȝǦЖǆƷȝǦȂǼȖ ǜȓȂǻ ȝǣǐ ȓǐΗǐȓȖǐ ǌƷȝƷǅƷȖǐ ƷǼǌ ƷǶȖȂ ǆȂǻǻȂǼ ǆȂǼȝƷǻǦǼƷǼȝȖॽ BƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ

ȖȂȠȓǆǐ ЖǶǐȖ ǝǐǼǐȓƷȝǐǌ Θǐȓǐ ǌǐȏȂȖǦȝǐǌ ȝȂ ȝǣǐ UȓȂȝǐȂǻǐxǆǣƷǼǝǐ �ȂǼȖȂȓȝǦȠǻ ΗǦƷ ȝǣǐ UX/�� ȏƷȓȝǼǐȓ

ȓǐȏȂȖǦȝȂȓΞँँँ ΘǦȝǣ ȝǣǐ ǌƷȝƷȖǐȝ ǦǌǐǼȝǦЖǐȓ Ux�ࣿࣿईअइंॽ

ःऄ



ँ৷इ৷ई [ԚҷԚӢԓԚӢӅҷӲ ҷӹҷӲԮԓӢԓ

�ƷȝƷ Ʒȓǐ ȏȓǐȖǐǼȝǐǌ ƷȖ ǻǐƷǼ ઄ ȖȝƷǼǌƷȓǌ ǌǐΗǦƷȝǦȂǼॽ [ȝƷȝǦȖȝǦǆƷǶ ȖǦǝǼǦЖǆƷǼǆǐ Ȃǜ ȒU�X ǌƷȝƷ ΘƷȖ ƷǼƷǶΞΣǐǌ

ǅΞ ȠǼȏƷǦȓǐǌ ȝΘȂৄȝƷǦǶǐǌ [ȝȠǌǐǼȝ৚Ȗ ȝ ȝǐȖȝॽ $Ȃȓ ǣǦǝǣ ȝǣȓȂȠǝǣȏȠȝ ǦǻƷǝǦǼǝ ǌƷȝƷ ȝǣƷȝ ΘƷȖ ǼȂȝ ǼȂȓǻƷǶǶΞ

ǌǦȖȝȓǦǅȠȝǐǌॶ ȝǣǐ ǼȂǼৄȏƷȓƷǻǐȝȓǦǆ sǦǶǆȂΝȂǼ ȓƷǼǴৄȖȠǻ ȝǐȖȝ ǜȂȓ ȖǦǼǝǶǐ ǆȂǻȏƷȓǦȖȂǼȖ ΘƷȖ ȠȖǐǌॽ $ȂǶǶȂΘǦǼǝ

ƷǼƷǶΞȖǐȖ ǜȂȓ ǼȂȓǻƷǶǶΞ ǌǦȖȝȓǦǅȠȝǐǌ ǌƷȝƷ Θǐȓǐ ȏǐȓǜȂȓǻǐǌ ȠȖǦǼǝ %ȓƷȏǣUƷǌ UȓǦȖǻ ऄॽࣿॽ $Ȃȓ ǜȓǐǐ ǜƷȝȝΞ ƷǆǦǌ

ȓǐǶǐƷȖǐ ǜȓȂǻ ȝǣǐ ȖƷǻǐ ȖƷǻȏǶǐȖ ȂΗǐȓ ȝǦǻǐॶ ȖȝƷȝǦȖȝǦǆƷǶ ȖǦǝǼǦЖǆƷǼǆǐ ΘƷȖ ǐΗƷǶȠƷȝǐǌ ǅΞ ȓǐȏǐƷȝǐǌ ǻǐƷȖȠȓǐȖ

ȝΘȂৄΘƷΞ �CHq�ঃ ǜȂȓ ȒȠƷǼȝǦЖǆƷȝǦȂǼ Ȃǜ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ ȂǼǐৄΘƷΞ �CHq� ǜȂǶǶȂΘǐǌ ǅΞ ȝǣǐ bȠǴǐΞ

ȏȂȖȝৄǣȂǆ ȝǐȖȝॽ $Ȃȓ ƷǶǶ Ȃȝǣǐȓ ǌƷȝƷ ǦǼΗȂǶΗǦǼǝ ǻȠǶȝǦȏǶǐ ǆȂǻȏƷȓǦȖȂǼȖॶ ȖȝƷȝǦȖȝǦǆƷǶ ȖǦǝǼǦЖǆƷǼǆǐ ΘƷȖ ǐΗƷǶȠƷȝǐǌ

ǅΞ ȝΘȂৄΘƷΞ �CHq� ǜȂǶǶȂΘǐǌ ǅΞ ȝǣǐ �ȂǼǜǐȓȓȂǼǦ ȏȂȖȝৄǣȂǆ ȝǐȖȝॽ $Ȃȓ ƷǶǶ ƷǼƷǶΞȖǐȖॶ ΗƷǶȠǐȖ Ȃǜ U ઁ ࣿॽࣿऀ

Θǐȓǐ ǆȂǼȖǦǌǐȓǐǌ ȖȝƷȝǦȖȝǦǆƷǶǶΞ ȖǦǝǼǦЖǆƷǼȝॶ ॱॱॶ U ઁ ࣿॽࣿऀঃ ॱॱॱॶ U ઁ ࣿॽࣿࣿऀॽ �ǶǶ ǐΝȏǐȓǦǻǐǼȝȖ Θǐȓǐ ȓǐȏǐƷȝǐǌ Ʒȝ

ǶǐƷȖȝ ȝΘȂ ǦǼǌǐȏǐǼǌǐǼȝ ȝǦǻǐȖॽ

ँ৷ई �ԞԚӟԀԏ ӅԀӹԚԏӢӂԞԚӢԀӹԓ

�ΝȏǐȓǦǻǐǼȝȖ ǌǐȖǦǝǼǐǌ ǅΞ ��<:ॶ ,�ॶ �s$ॶ Xq$ॶ ƷǼǌ b�sॽ �ΝȏǐȓǦǻǐǼȝȖ Θǐȓǐ ǆƷȓȓǦǐǌ ȂȠȝ ǅΞ

��<:ॶ ,�ॶ �s$ॽBƷǼȠȖǆȓǦȏȝ ΘƷȖ ΘȓǦȝȝǐǼ ǅΞ ��<:ॶ ,�ॶ Xq$ॶ ƷǼǌ b�sॽ UȓȂȝǐȂǻǦǆȖ ΘƷȖ ǆƷȓȓǦǐǌ

ȂȠȝ ǅΞ ~s=ॽ

ःअ



H͝ǯȲ ȼȂǯ ȕȡțǼ ȼǯȲȚ࣐ ȵͤȚǤȅȡȵȅȵ ȅȵ ȚȡȲǯ ȿȵǯǻȿȕ ȼȂǖț ȮǖȲǖठ

ȵȅȼȅȵȚࣗ BȡȲǯ ǻȿț࣐ ȼȡȡࣗ �ȵȓ ǖțͤ ȚȅȼȡǥȂȡțǫȲȅǖࣗ

=ƷȓȓΞ sƷǶǶ

3
bB�Bँँं ȓǐΗǐƷǶȖ Ʒ ȓȂǶǐ ǜȂȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ

ȏȓȂȝǐǦǼȖ ǦǼ �XbH=� ȝƷȓǝǐȝǦǼǝ

ं৷ऀ UԏӏәҷӅӏ

bǣǐ ΘȂȓǴ ȏȓǐȖǐǼȝǐǌ ǦǼ ȝǣǦȖ ǆǣƷȏȝǐȓ ΘƷȖ ΘȓǦȝȝǐǼ ǅǐǜȂȓǐ ȝǣǐ ЖǼƷǶ ǻƷǼȠȖǆȓǦȏȝ ΘƷȖ ƷȖȖǐǻǅǶǐǌॽ $Ȃȓ ЖǼƷǶ

ǌƷȝƷ ƷǼǌ ǆȂǼǆǶȠȖǦȂǼȖ Θǐ ȓǐȒȠǐȖȝ ȝǣƷȝ ȝǣǐ ȓǐƷǌǐȓ ǆȂǼȖȠǶȝ ȝǣǐ ȏȠǅǶǦȖǣǐǌ ǻƷǼȠȖǆȓǦȏȝ ȂǼǆǐ ƷΗƷǦǶƷǅǶǐॽ

ःआ



ं৷ँ /ӹԚԏԀӋԞӅԚӢԀӹ

�ǐǆƷȠȖǐ =�Ȗ Ʒȓǐ ǌǐȓǦΗǐǌ ǜȓȂǻ ȝǣǐ �XǻǐǻǅȓƷǼǐॶ ȖǆȓǐǐǼȖ Ȃǜ =� ǅǦȂǶȂǝΞ ǆƷǼ ȓǐΗǐƷǶ ǝǐǼǐȖ ȝǣƷȝ Ʒȓǐ

ǦǻȏȂȓȝƷǼȝ ǜȂȓ ǻƷǦǼȝǐǼƷǼǆǐ Ȃǜ �X ǣȂǻǐȂȖȝƷȖǦȖॽ � ȓǐǆǐǼȝ ǝǐǼȂǻǐৄΘǦǌǐ XC�Ǧ ȖǆȓǐǐǼ ǦǼ�ȲȡȵȡȮȂȅȕǖ

ǜȂȓ ȏȓȂȝǐǦǼȖ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ƷЍǐǆȝȖ ȝƷȓǝǐȝǦǼǝ Ȃǜ ȝǣǐ �XbH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼ %U�bः ǜȓȂǻ ȝǣǐ

�X ȝȂ =�Ȗ ȓǐΗǐƷǶǐǌ Ʒ ǅȓǐƷǌȝǣ Ȃǜ ǆƷǼǌǦǌƷȝǐȖ ȏȓǐΗǦȂȠȖǶΞ ȠǼǴǼȂΘǼ ȝȂ ǅǐ ǦǼΗȂǶΗǐǌ ǦǼ =� ȏȓȂȝǐǦǼ ȝƷȓৄ

ǝǐȝǦǼǝॽ ,ǐȓǐॶ Θǐ ǦǼΗǐȖȝǦǝƷȝǐ ȂǼǐ Ȃǜ ȝǣǐȖǐ ȏȓǐΗǦȂȠȖǶΞ ȠǼǦǌǐǼȝǦЖǐǌ ǆƷǼǌǦǌƷȝǐȖॶ bB�Bँँं ঳�%ऀँईंऄ

ǦǼ�ȲȡȵȡȮȂȅȕǖ঴ॶ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǌȓƷǻƷȝǦǆƷǶǶΞ ǦǻȏƷǦȓȖ %U�bः ǶȂǆƷǶǦΣƷȝǦȂǼ ǜȓȂǻ ȝǣǐ �X ȝȂ =�Ȗॽ =Ǧȝৄ

ȝǶǐ ǦȖ ǴǼȂΘǼ ƷǅȂȠȝ ȝǣǐ ȓȂǶǐ Ȃǜ bB�Bँँं ǦǼ ǆǐǶǶȖঃ bB�Bँँं ΘƷȖ ǦǌǐǼȝǦЖǐǌ ǦǼ Ʒ ȖǆȓǐǐǼ ǜȂȓ ǝǐǼǐȖ

ȝǣƷȝ ǦǻȏƷǦȓ�ȲȡȵȡȮȂȅȕǖ ǐǻǅȓΞȂǼǦǆ ǼǐȓΗȂȠȖ ȖΞȖȝǐǻ ǌǐΗǐǶȂȏǻǐǼȝऀࣿइॽ XǐǆǐǼȝǶΞॶ bB�Bँँं ΘƷȖ

ȏȓȂȏȂȖǐǌ ȝȂ ǅǐ Ʒ ȏƷȓȝ Ȃǜ ȝǣǐ bB�Bआࣿ঄ऀइअ঄ँँं ǜƷǻǦǶΞ ƷǼǌ ǶȂǆƷǶǦΣǐǌ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǶǦǴǐ ȝǣǐ

Ȃȝǣǐȓ ǜƷǻǦǶΞ ǻǐǻǅǐȓȖ bB�Bआࣿ ƷǼǌ bB�Bऀइअऀआँॽ /ǼȝȓǦǝȠǦǼǝǶΞॶ ǅǐΞȂǼǌ ȝǣǐȖǐ ȖȝȠǌǦǐȖ ȝǣǐ ȓȂǶǐ Ȃǜ

bB�Bँँं Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ȓǐǻƷǦǼȖ ǐǶȠȖǦΗǐॽ

BƷǦǼȝǐǼƷǼǆǐ Ȃǜ ǆǐǶǶȠǶƷȓ ȏǣȂȖȏǣȂǶǦȏǦǌ ǣȂǻǐȂȖȝƷȖǦȖ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ȏȓȂȏǐȓ ǜȠǼǆȝǦȂǼ Ȃǜ ȝǣǐ ǻǐǻৄ

ǅȓƷǼǐ ȝȓƷАǆǴǦǼǝ ȖΞȖȝǐǻॽ [ȏǣǦǼǝȂǶǦȏǦǌȖ ǦǼ ȏƷȓȝǦǆȠǶƷȓ Ʒȓǐ ǦǻȏȂȓȝƷǼȝ ǆȂǻȏȂǼǐǼȝȖ Ȃǜ ǆǐǶǶȠǶƷȓ ǻǐǻৄ

ǅȓƷǼǐȖॶ ȏƷȓȝǦǆȠǶƷȓǶΞ ǦǼ ȝǣǐ ȖǐǆȓǐȝȂȓΞ ȏƷȝǣΘƷΞॽ [ȏǣǦǼǝȂǶǦȏǦǌȖ ǜȂȓǻ ǝȓƷǌǦǐǼȝȖ ƷǶȂǼǝ ȝǣǐ ȖǐǆȓǐȝȂȓΞ ȏƷȝǣৄ

ΘƷΞ ƷǼǌ ǌǦȖȓȠȏȝǦȂǼ Ȃǜ ȝǣǦȖ ǆƷǼ ǶǐƷǌ ȝȂ ǦǻȏƷǦȓǐǌ ȏȓȂȝǐǦǼ ȖȂȓȝǦǼǝइअॶऀःईॶऀइऀॽ �ǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǶƷǆȝȂȖΞǶৄ

ǆǐȓƷǻǦǌǐ ƷǼǌ Ȃȝǣǐȓ ǝǶΞǆȂȖȏǣǦǼǝȂǶǦȏǦǌȖ ǦǼ CǦǐǻƷǼ UǦǆǴ � �ǦȖǐƷȖǐ ǌǦȖȓȠȏȝ ǐǼǌȂȖȂǻƷǶ ȝȓƷАǆǴǦǼǝ ǅΞ

ȏȂȝǐǼȝǦƷǶ ƷЍǐǆȝǦǼǝ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ ǻǐǻǅȓƷǼǐ ǻǦǆȓȂǌȂǻƷǦǼȖँࣿऄॽ /ǼǣǦǅǦȝǦȂǼ Ȃǜ ȝǣǐ�ȲȡȵȡȮȂȅȕǖ

ǆǐȓƷǻǦǌǐ ȖΞǼȝǣƷȖǐ ǝǐǼǐ ȖǆǣǶƷǼǴॶ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ƷǶȖȂ ǦǻȏƷǦȓȖ %U�bः ȝƷȓǝǐȝǦǼǝॶ ǶǐƷǌȖ ȝȂ ƷǶȝǐȓƷȝǦȂǼȖ

ǦǼ ȖȏǣǦǼǝȂǶǦȏǦǌ ǶǐΗǐǶȖ ƷǼǌ ǌǐǜǐǆȝȖ ǦǼ ǦǼȝȓƷǆǐǶǶȠǶƷȓ ȏȓȂȝǐǦǼ ȝȓƷАǆǴǦǼǝॽ bǣǐȓǐ Ʒȓǐ ȝΘȂ ǴǐΞ ǌǦЍǐȓǐǼǆǐȖ

ǦǼ�ȲȡȵȡȮȂȅȕǖ ƷǼǌ ǻƷǻǻƷǶǦƷǼ ǶǦȏǦǌȂǻǐȖॵ ऀॽ �ȲȡȵȡȮȂȅȕǖ ǣƷΗǐ U�ৄǆǐǼȝȓǦǆ ǶǦȏǦǌȂǻǐ ƷǼǌ Ʒ ȓǐΗǐȓȖƷǶ ǦǼ

ȝǣǐ ȓƷȝǦȂ Ȃǜ U� ȝȂ U�ँइঃ ँॽ �ȲȡȵȡȮȂȅȕǖ ȖΞǼȝǣǐȖǦΣǐ ǆǐȓƷǻǦǌǐ ȏǣȂȖȏǣȂǐȝǣƷǼȂǶƷǻǦǼǐ ঳�ǐȓU�঴ ǦǼȖȝǐƷǌ

Ȃǜ ȖȏǣǦǼǝȂǻΞǐǶǦǼॽ �ǐȓU�Ȗ Ʒȓǐ ȠǼǦȒȠǐ ǻȂǶǐǆȠǶǐ ȖΞǼȝǣǐȖǦΣǐǌ ǦǼ�ȲȡȵȡȮȂȅȕǖ ǅΞ �U�[ Ʒȝ ȝǣǐ %ȂǶǝǦ

Ȃȓ ǻǦǼǦǻƷǶǶΞ ǅΞ ǌ[B[ȓ Ʒȝ ȝǣǐ �Xँऀआॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ȖȝȠǌǦǐȖ Ȃǜ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ Ʒ ǅǶȂǆǴ ǦǼ ǌ[B[ȓ

ःइ



ǶǐƷǌȖ ȝȂ �X ǆǐȓƷǻǦǌǐ ƷǼǌ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐ ƷǆǆȠǻȠǶƷȝǦȂǼ ȝǣƷȝ ǌȓƷǻƷȝǦǆƷǶǶΞ ǌǦȖȓȠȏȝȖ ȝȓƷǼȖǦȝǦȂǼƷǶ �X

঳ȝ�X঴ৄ%ȂǶǝǦ ȖȝȓȠǆȝȠȓǐȖँऀअॽ

sǐ ΗƷǶǦǌƷȝǐǌ ȝǣǐ ǐЍǐǆȝ Ȃǜ bB�Bँँं ȂǼ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȠȖǦǼǝ ȒȠƷǼȝǦȝƷȝǦΗǐ ǆǐǶǶ ǻǦǆȓȂȖǆȂȏΞॶ

ƷǼǌ ΘǦȝǣ ǅǦȂǆǣǐǻǦǆƷǶ ǻǐȝǣȂǌȖ ǌǐЖǼǐ bB�Bँँं ƷȖ ƷǼ ǦǼȝǐǝȓƷǶ ǻǐǻǅȓƷǼǐ ȏȓȂȝǐǦǼ ȓǐȖǦǌǐǼȝ ȝȂ ȝǣǐ

ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǦǼǼǐȓ ǻǐǻǅȓƷǼǐॽ $Ƞȓȝǣǐȓ ƷǼƷǶΞȖǦȖ ǦǌǐǼȝǦЖǐǌ ȝǣƷȝ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ȓǐȖȠǶȝȖ ǦǼ �X

ǌΞȖǜȠǼǆȝǦȂǼॶ ǦǼǆǶȠǌǦǼǝ ǌǐǜǐǆȝǦΗǐ �X ȝȓƷАǆǴǦǼǝ Ȃǜ Ȗǐǆȓǐȝǐǌ ȏȓȂȝǐǦǼȖ ƷǼǌ �X ȖȝȓǐȖȖॽ sǐ ƷǶȖȂ ǦǌǐǼȝǦǜΞ

ȝǣƷȝ ȝǣǐȖǐ ǆǣƷǼǝǐȖ Θǐȓǐ ȖȝȓȂǼǝǶΞ ǆȂȓȓǐǶƷȝǐǌ ΘǦȝǣ ƷǶȝǐȓǐǌ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻॶ ǦǼ ȏƷȓȝǦǆȠǶƷȓ ȝǣǐ ǌǐȏǶǐȝǦȂǼ

Ȃǜ ǆǐǶǶȠǶƷȓ �ǐȓU� ǶǐΗǐǶȖ ƷǼǌ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐȖॽ �Ȗ ȖȏǣǦǼǝȂǶǦȏǦǌ ȖΞǼȝǣǐȖǦȖ ǌǐȏǐǼǌȖ

ȂǼ �X ȝȂ %ȂǶǝǦ ȝȓƷАǆǴǦǼǝॶ ƷǼǌ ȂǼ �bU ǜȂȓ ȝȓƷǼȖȏȂȓȝ Ȃǜ ǆǐȓƷǻǦǌǐ ǜȓȂǻ ȝǣǐ �X ȝȂ ȝǣǐ %ȂǶǝǦॶ ǌǦȖȓȠȏৄ

ȝǦȂǼ Ȃǜ ȝǣǐ �X Ȃȓ ǆǐǶǶȠǶƷȓ �bU ǶǐΗǐǶȖ ǆȂȠǶǌ ȓǐȖȠǶȝ ǦǼ ȝǣǐ ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼ ƷǼǌ ǶǦȏǦǌ ȏǣǐǼȂȝΞȏǐȖ Θǐ

Ʒȓǐ ȖǐǐǦǼǝॽ sǐ ȏȓȂȏȂȖǐ ȝǣƷȝ ȝǣǐ ȏǣǐǼȂȝΞȏǐȖ ȓǐΗǐƷǶǐǌ ǅΞ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ȖȠȏȏȂȓȝ ȂȠȓ ǻȂǌǐǶ Ȃǜ

�XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ΗǦƷ �bU ǌǐȏǐǼǌǐǼȝ [C�X�ǻǐǌǦƷȝǐǌ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ Ȃǜ ȝǣǐ �X ƷǼǌ

=�Ȗ ƷȖ ǜȂǶǶȂΘǦǼǝ ȖǦǻǦǶƷȓ ȏȓǦǼǆǦȏǶǐȖ ȝȂ ȝǣȂȖǐ ǦǼ �Xৄ%ȂǶǝǦ ΗǐȖǦǆȠǶƷȓ ȝȓƷАǆǴǦǼǝॽ

ं৷ं XC�Ӣ ԓӅԏӏӏӹ әԀԏ �XbH=� ԌԏԀԚӏӢӹ ԚҷԏӚӏԚӢӹӚ ӢӋӏӹԚӢәӢӏԓ ӹԀԪӏӲ ԌԏԀԚӏӢӹ �%ऀँईंऄ

ҷԓ ҷ ԓԚԏԀӹӚ ӋӏԚӏԏӸӢӹҷӹԚ

� ǝǐǼȂǻǐৄΘǦǌǐ ȖǆȓǐǐǼ ΘƷȖ ǆȂǼǌȠǆȝǐǌ ǦǼ Ʒ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶ ǶǦǼǐ ǦǼ ΘǣǦǆǣ %U�bः ЙȠȂৄ

ȓǐȖǆǐǼȝǶΞ ȝƷǝǝǐǌ ΘǦȝǣ �%$U ΘƷȖ ȖȝƷǅǶΞ ȂΗǐȓǐΝȏȓǐȖȖǐǌॽ bǣǦȖ ȖǆȓǐǐǼ ΘǦǶǶ ǅǐ ȓǐȏȂȓȝǐǌ ǦǼ ǦȝȖ ǐǼȝǦȓǐȝΞ

ǐǶȖǐΘǣǐȓǐॽ %U�bः ǦȖ ǴǼȂΘǼ ȝȂ ȝƷȓǝǐȝ ȝȂ =�Ȗ ΗǦƷ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȏƷȝǣΘƷΞȖ Ʒȝ ǶƷȝǐ ȝǦǻǐ

ȏȂǦǼȝȖ Ʒǜȝǐȓ ǦǼǆȠǅƷȝǦȂǼ ΘǦȝǣ ȂǶǐƷȝǐँंःॽ ,ȂΘǐΗǐȓॶ ȝǣǐ ǻǐǆǣƷǼǦȖǻ ǅΞ ΘǣǦǆǣ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓৄ

ǝǐȝǦǼǝ ȂǆǆȠȓȖ ǜȂȓ %U�bः ƷǼǌ Ȃȝǣǐȓ ȏȓȂȝǐǦǼȖ ǦȖ ȠǼǴǼȂΘǼঃ ȝǣǦȖ ȏȓȂǻȏȝǐǌ ȠǼǅǦƷȖǐǌ ƷȏȏȓȂƷǆǣǐȖ ȝȂ

ǦǌǐǼȝǦǜΞ ǝǐǼǐȖ ǦǼΗȂǶΗǐǌ ǦǼ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ $Ȃȓ ȝǣǐ ȖǆȓǐǐǼॶ ǆǐǶǶȖ Θǐȓǐ ȝȓǐƷȝǐǌ ΘǦȝǣ Ʒ ǶǦৄ

ǅȓƷȓΞ Ȃǜ ǌȖXC�Ȗ ȝȂ ǴǼȂǆǴ ǌȂΘǼ Ʒ ȖǦǼǝǶǐ ǝǐǼǐ ȏǐȓ ΘǐǶǶ ǅΞ XC�Ǧॽ �ǜȝǐȓ ǜȂȠȓ ǌƷΞȖ Ȃǜ ǴǼȂǆǴ ǌȂΘǼॶ

ǆǐǶǶȖ Θǐȓǐ ȝȓǐƷȝǐǌ ΘǦȝǣ ऀ ǻB ȂǶǐƷȝǐ ȝȂ ǦǼǌȠǆǐ =� ǜȂȓǻƷȝǦȂǼॽ ँࣿ ǣȂȠȓȖ Ʒǜȝǐȓ ȂǶǐƷȝǐ ƷǌǌǦȝǦȂǼॶ ƷǼǌ ЖΗǐ

ःई



ǌƷΞȖ Ʒǜȝǐȓ ǴǼȂǆǴ ǌȂΘǼॶ ǆǐǶǶȖ Θǐȓǐ ЖΝǐǌ ƷǼǌ ȖȝƷǦǼǐǌ ǜȂȓ =�Ȗ ƷǼǌ ǼȠǆǶǐǦॽ �ȠȝȂǻƷȝǐǌ ǦǻƷǝǦǼǝ ȠȖǦǼǝ

Ʒ ǆȂǼǜȂǆƷǶ ǻǦǆȓȂȖǆȂȏǐ ǆƷȏȝȠȓǐǌ इ ЖǐǶǌȖ ȏǐȓ ΘǐǶǶॽ /ǻƷǝǐȖ Θǐȓǐ ƷǼƷǶΞΣǐǌ ȠȖǦǼǝ Ʒ ǻƷǆǣǦǼǐ ǶǐƷȓǼǦǼǝ

ǅƷȖǐǌ ǦǻƷǝǐ ƷǼƷǶΞȖǦȖ ȏǦȏǐǶǦǼǐ ȝǣƷȝ ȖǐǝǻǐǼȝǐǌ ǦǼǌǦΗǦǌȠƷǶ ǆǐǶǶȖ ƷǼǌ ȝǣǐ ǼȠǆǶǐǦॶ =�Ȗॶ ƷǼǌ %U�bः ȖǦǝৄ

ǼƷǶ ΘǦȝǣǦǼ ǐƷǆǣ ǆǐǶǶॽ bǣǐ ȏǐȓ ǆǐǶǶ ȓƷȝǦȂ Ȃǜ ȝǣǐ ƷΗǐȓƷǝǐ ǦǼȝǐǼȖǦȝΞ Ȃǜ %U�bः ȖǦǝǼƷǶ ȂǼ =�Ȗ ǌǦΗǦǌǐǌ ǅΞ

ȝǣǐ ƷΗǐȓƷǝǐ ǦǼȝǐǼȖǦȝΞ Ȃǜ %U�bः ȖǦǝǼƷǶ ǼȂȝ ȂǼ =�Ȗ ΘƷȖ ǆƷǶǆȠǶƷȝǐǌ ƷǼǌ ΘǦǶǶ ǣǐǼǆǐǜȂȓȝǣ ǅǐ ȓǐǜǐȓȓǐǌ

ȝȂ ƷȖ ȝǣǐ =� ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂॽ bǣǐ ǻǐǌǦƷǼ =� ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂ ΘƷȖ ȝƷǴǐǼ ȏǐȓ ΘǐǶǶॶ ΘǣǦǆǣ ȓǐȏȓǐȖǐǼȝȖ Ʒ

ǌȖXC�ॽ bǣǐ ȖǆȓǐǐǼ ΘƷȖ ȓǐȏǐƷȝǐǌ ǦǼ ǌȠȏǶǦǆƷȝǐ ƷǼǌ ȂǼǐ ȝȂ ȝΘȂ ǌȖXC�Ȗ Θǐȓǐ ȠȖǐǌ ȏǐȓ ǝǐǼǐॽ ǌȖXC�

ƷǝƷǦǼȖȝ =Ʒǆ~ ΘƷȖ ȠȖǐǌ ƷȖ Ʒ ǼǐǝƷȝǦΗǐ ǆȂǼȝȓȂǶ ƷȖ Ǧȝ ǌȂǐȖ ǼȂȝ ǐΝǦȖȝ ǦǼ ȝǣǐ ǝǐǼȂǻǐॽ �Ȗ ǆȂǼȝȓȂǶȖ ǜȂȓ ǝǐǼǐȖ

ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǦǻȏƷǦȓȖ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ �ȓǜआईǜ ƷǼǌ �HUৄݻ Θǐȓǐ ȠȖǐǌ ƷȖ ȝǣǐΞ৚Ηǐ ȏȓǐৄ

ΗǦȂȠȖǶΞ ǅǐǐǼ ȖǣȂΘǼ ȝȂ ǦǻȏƷǦȓ %U�bः ȝƷȓǝǐȝǦǼǝ ȠȏȂǼ ȝǣǐǦȓ ǌǐȏǶǐȝǦȂǼँंंॽ ǌȖXC� ƷǝƷǦǼȖȝ ȖǐǦȏǦǼ ΘƷȖ

ȠȖǐǌ ƷȖ Ʒ ǆȂǼȝȓȂǶ ǜȂȓ ǝǐǼǐȖ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǐǼǣƷǼǆǐȖ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ bǣǐ ȓȂǅȠȖȝ ~ৄ

ȖǆȂȓǐ ΘƷȖ ǆƷǶǆȠǶƷȝǐǌ ǜȂȓ ǐƷǆǣ =� ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂॶ ƷǼǌ Ʒ ǆȠȝ ȂЍ ΘƷȖ Ȗǐȝ Ʒȝ ȓȂǅȠȖȝ ~ৄȖǆȂȓǐ ઁ ৄँॽऄ ঳=�

ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂ Ȃǜ ઁ ऀॽईईऄࣿ঴ ȝȂ ǌǐȝǐȓǻǦǼǐ ǣǦȝȖ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǦǻȏƷǦȓǐǌ %U�bः ȝƷȓǝǐȝǦǼǝॽ � ǆȠȝ

ȂЍ ΘƷȖ ƷǶȖȂ Ȗǐȝ Ʒȝ Ʒ ȓȂǅȠȖȝ ~ৄȖǆȂȓǐ Ȃǜ ઀ ँॽऄ ঳=� ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂ Ȃǜ ઀ ँॽइंईइॽ Hǜ ȝǣǐ ǆǶȂȖǐ ȝȂ ऀःॶࣿࣿࣿ
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ȏǶǐȝǦȂǼ ǣƷǌ ȂǼǐ Ȃǜ ȝǣǐ ǻȂȖȝ ǌȓƷǻƷȝǦǆ ǐЍǐǆȝȖ ȂǼ %U�bः ȝƷȓǝǐȝǦǼǝ ƷǶȂǼǝ ΘǦȝǣ ȝǣǐ �ȓǜआईǜ ƷǼǌ �HUৄݻ
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ȝǣǐȓǐǜȂȓǐ Ʒ ǴǼȂǆǴȂȠȝ ǆǐǶǶ ǶǦǼǐ ΘƷȖ ǼȂȝ Ʒȝȝǐǻȏȝǐǌॽ �Ξ ǆȂǼǜȂǆƷǶ ǻǦǆȓȂȖǆȂȏΞॶ bB�Bँँं ǌǐȏǶǐȝǦȂǼ

ǌȓƷǻƷȝǦǆƷǶǶΞ ǌǐǆȓǐƷȖǐǌ ǐǼǌȂǝǐǼȂȠȖ %U�bः ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ =�Ȗ ঳$ǦǝȠȓǐ ंॽऀॶ �ৄ�঴ॽ $ȠȓȝǣǐȓǻȂȓǐॶ

ȏƷȝǆǣǐȖ Ȃǜ %U�bः ƷȏȏǐƷȓǐǌ ȝȂ ƷǆǆȠǻȠǶƷȝǐ ǦǼ ǆȂǼȝȓƷȖȝ ȝȂ ȝǣǐ ȓȂǅȠȖȝ ǐǼȓǦǆǣǻǐǼȝ Ȃǜ %U�bः ȝȂ =�Ȗ
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ǦǼǝॽ bȂ ȝǐȖȝ ȝǣǦȖॶ Θǐ ǶȂȂǴǐǌ Ʒȝ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ Ȃȝǣǐȓ �XbH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖॶ =ǌȖǌǣৄऀ ƷǼǌ
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ΘǦȝǣ ȂǶǐƷȝǐॶ ǆȂǻȏƷȓǐǌ ȝȂ ǐƷȓǶǦǐȓ �XbH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖ ȝǣƷȝ ǶȂǆƷǶǦΣǐ ȝȂ =�Ȗ ƷȖ ǐƷȓǶΞ ƷȖ ȝǐǼȖ
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ΘǦȝǣ ȝǣǐ ƷǌǌǦȝǦȂǼ Ȃǜ ȂǶǐƷȝǐॶ ǦǼǌǦǆƷȝǦǼǝ ȝǣƷȝ �%ऀँईंऄ ǣƷȖ Ʒ ǝǐǼǐȓƷǶ ǐЍǐǆȝ ȂǼ ǶƷȝǐ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ

঳$ǦǝȠȓǐ ंॽऀॶ � ૫ $঴ॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ �%ऀँईंऄ ǌǐȏǶǐȝǦȂǼ ǌǦǌ ǼȂȝ ƷЍǐǆȝ =��, ƷǼǌ eǅΝǌइ ȝƷȓǝǐȝǦǼǝ

ǜȓȂǻ �X ȝȂ =�Ȗঃ ȝǣǐȖǐ ȏȓȂȝǐǦǼȖ Ʒȓǐ ǐƷȓǶΞ ȝƷȓǝǐȝǦǼǝॶ ƷȓȓǦΗǦǼǝ Ʒȝ ȝǣǐ =�Ȗ ΘǦȝǣǦǼ ंࣿ ǻǦǼȠȝǐȖ Ȃǜ ǦǼǆȠǅƷৄ
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Figure 3.1 (following page): (A) Distribution of targeting ratios from all genes in the screen (n = 50,688). Median LD tar‐
geting ratios for controls (ß‐COP, Arf79f, LacZ and seipin) are denoted by blue lines. Cut offs to identify screen hits
are denoted by black lines. Median LD targeting ratio of CG12935 is marked by a magenta line. (B) Representative im‐
ages of Drosophila S2 R+ cells with endogenously tagged GPAT4 (EGFP::GPAT4) by CRISPR knock in were treated with
dsRNA against CG12935 or control for 5 days, incubated in oleic acid for 21 hours, then stained with MDH and imaged
by confocal microscopy. Scale bar 5 μm and for inlay 1 μm. (C) Quantification of LD targeting ratio from images rep‐
resented by (B). n=17 for Control, n=19 for CG12935. Two‐tailed unpaired t test, #p<0.0001 compared to control. (D)
Representative images of wildtype Drosophila S2 R+ cells treated with dsRNA against CG12935 or control for 5 days,
transfected with EGFP constructs of late ERTOLD targeting proteins, incubated in oleic acid for 21 hours, then stained
with MDH and imaged by confocal microscopy. CG122935 is also required for targeting of other late ERTOLD targeting
proteins. Scale bar 5 μm and for inlay 1 μm. (E) Representative images of wildtype Drosophila S2 R+ cells treated with
dsRNA against CG12935 or control for 5 days, transfected with EGFP constructs of early ERTOLD targeting proteins,
incubated in oleic acid for 21 hours, then stained with MDH and imaged by confocal microscopy. CG12935 requirement
for ERTOLD targeting proteins is specific to late, not early targeting proteins. Scale bar 5 μm and for inlay 1 μm. (F)
Quantification of transfected proteins LD targeting ratio with control or CG12935 depletion in (D) and (E) reveal speci‐
ficity of CG12935 for ERTOLD targeting of late targeting proteins n=13‐21 cells. Multiple t test with Bonferroni‐Dunn
multiple comparisons test, *p<0.05, **p<0.01 compared to control. Cells transfected with HSD17B11‐G were quantified
as percentage of cells with >2 LDs with LD targeting. Data represented as mean +/‐ SD of 2 independent experiments
n>50 for control, n>34 for CG12935 for each experiment. Two‐tailed unpaired t test. (G) Representative images of
wildtype Drosophila S2 R+ cells treated with dsRNA against CG12935 or control for 5 days, transfected with mCherry
constructs of CYTOLD targeting proteins, incubated in oleic acid for 21 hours, then stained with MDH and imaged by
confocal microscopy. CG12935 is not required for CYTOLD targeting proteins. Nuclear signal was removed in quantifi‐
cation of mC‐CCT1 transfected cells. Scale bar 5 μm and for inlay 1 μm. (H) Quantification of transfected proteins LD
targeting ratio with control or CG12935 depletion in (G) reveal CYTOLD targeting does not require CG12935 n=15‐21
cells.
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Figure 3.1: (continued)
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A B RNAi:
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Figure 3.2: (A) Representative images of Seipin knock out Drosophila S2 R+ cells were treated with dsRNA against
CG12935 or control for 5 days, transfected with EGFP constructs of late ERTOLD targeting proteins, incubated in
oleic acid for 21 hours, then stained with MDH and imaged by confocal microscopy. Scale bar 5 μm and for inlay 1 μm.
(B) Quantification of LD targeting ratio from images represented by (A). n=19‐23 for Control, n=22‐25 for CG12935.
Two‐tailed unpaired t test.

ȝǦȂǼ ΘǦȝǣ H� ঳$ǦǝȠȓǐ ंॽऀॶ �ৄ$঴ॽ bǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ȖȠǝǝǐȖȝ ȝǣƷȝ bB�Bँँं ǦȖ ȠǼǦȒȠǐǶΞ ȓǐȒȠǦȓǐǌ ǜȂȓ

ȝƷȓǝǐȝǦǼǝ Ȃǜ ǶƷȝǐ �XbH=� ȏȓȂȝǐǦǼȖ

bȂ ȝǐȖȝ Ǧǜ �%ऀँईंऄ ǌǐȏǶǐȝǦȂǼ ǐЍǐǆȝ ȂǼ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ΘƷȖ ȖȏǐǆǦЖǆ ȝȂ �XbH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂৄ

ȝǐǦǼȖॶ Θǐ ǶȂȂǴǐǌ Ʒȝ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ �ybH=� ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖ ΘǦȝǣ �%ऀँईंऄ ǴǼȂǆǴǌȂΘǼॽ /Ǽৄ

ǌǐǐǌॶ Θǐ Ȗǐǐ ȝǣƷȝ ��bऀ ƷǼǌ =Ȗǌऀ ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗ ǜȓȂǻ ȝǣǐ ǆΞȝȂȖȂǶ ǦȖ ǼȂȝ ǦǻȏƷǦȓǐǌ ΘǦȝǣ �%ऀँईंऄ

ǴǼȂǆǴǌȂΘǼ ঳$ǦǝȠȓǐ ंॽऀॶ %ৄ,঴ॽ $ǦǼƷǶǶΞॶ Θǐ ƷȖǴǐǌ Ǧǜॶ ȖǦǻǦǶƷȓ ȝȂ ǆȂǻȏȂǼǐǼȝȖ ǦǌǐǼȝǦЖǐǌ ǦǼ ȝǣǐ ȖǆȓǐǐǼ

ǦǼΗȂǶΗǐǌ ǦǼ ǜȂȓǻǦǼǝ �Xৄ=�ǻǐǻǅȓƷǼǐ ǅȓǦǌǝǐȖॶ ǴǼȂǆǴȂȠȝ Ȃǜ [ǐǦȏǦǼ ΘȂȠǶǌ ǅΞȏƷȖȖ ȝǣǐ ǦǻȏƷǦȓǐǌ

ȝƷȓǝǐȝǦǼǝ Ȃǜ ǶƷȝǐ ȝƷȓǝǐȝǦǼǝ ȏȓȂȝǐǦǼȖ ΘǦȝǣ �%ऀँईंऄ ǴǼȂǆǴǌȂΘǼॽ [ǐǦȏǦǼ ǦȖ ȝǣȂȠǝǣȝ ȝȂ ǅǐ Ʒ ȏȓȂȝǐǦǼ

ǅƷȓȓǦǐȓॶ ƷǼǌ ȝǣǦȖ ǻȂǌǐǶ ǦȖ ȖȠȏȏȂȓȝǐǌ ǅΞ ȝǣǐ ȖǆȓǐǐǼ ƷȖ ǌǐȏǶǐȝǦȂǼ Ȃǜ ȖǐǦȏǦǼ ǦǼ ȝǣǐ ȖǆȓǐǐǼ ǶǐƷǌȖ ȝȂ ǐǼৄ

ǣƷǼǆǐǌ ȝƷȓǝǐȝǦǼǝ Ȃǜ ȏȓȂȝǐǦǼȖ ǜȓȂǻ ȝǣǐ �X ȝȂ =�Ȗॽ �%ऀँईंऄ ǴǼȂǆǴǌȂΘǼ ǦǼ [ǐǦȏǦǼ ǴǼȂǆǴȂȠȝ ǆǐǶǶȖ

ǌǦǌ ǼȂȝ ǦǻȏƷǦȓ ȝǣǐ ȝƷȓǝǐȝǦǼǝ Ȃǜ %U�bःॶ =ǌȖǌǣऀ Ȃȓ ,[�ऀआ�ऀऀॶ ǦǼǌǦǆƷȝǦǼǝ ȝǣƷȝ ȝǣǐȓǐ ǦȖ Ʒ ǅΞȏƷȖȖ ȝȂ

ȝǣǐ ǼȂȓǻƷǶ ȝƷȓǝǐȝǦǼǝ ȏƷȝǣΘƷΞ ȝǣƷȝ �%ऀँईंऄ ƷЍǐǆȝȖ ǦǼ ȝǣǐ ƷǅȖǐǼǆǐ Ȃǜ [ǐǦȏǦǼ ঳$ǦǝȠȓǐ ंॽँ঴ॽ
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Figure 3.3: TMEM223 is highly conserved across species180. Hs = Homo sapiens, Mm =Mus musculus, Xt = Xenopus
tropicalis, Dr = Danio rerio, Dm = Drosophila melanogaster.

ं৷ऄ bB�Bँँं Ӣԓ ҷ ӟӢӚӟӲԮ ӅԀӹԓӏԏԪӏӋ ԌԏԀԚӏӢӹ ӲԀӅҷӲӢԲӢӹӚ ԚԀ Ԛӟӏ ӸӢԚԀӅӟԀӹӋԏӢҷ

�%ऀँईंऄ ǐǼǆȂǌǐȖ Ʒ ँआ Ǵ�Ʒ ȏȓȂȝǐǦǼ ȝǣƷȝ ǦȖ ǣǦǝǣǶΞ ǆȂǼȖǐȓΗǐǌ ƷǆȓȂȖȖ ȖȏǐǆǦǐȖॶ ǦǼǆǶȠǌǦǼǝ ǦǼ ǻƷǻৄ

ǻƷǶǦƷǼ ǆǐǶǶȖ Θǣǐȓǐ ȝǣǐ ǣȂǻȂǶȂǝȠǐ ǦȖ bB�Bँँं ঳$ǦǝȠȓǐ ंॽं঴ॽ bǣǐ ǣǦǝǣǐȖȝ ǶǐΗǐǶȖ Ȃǜ ǆȂǼȖǐȓΗƷȝǦȂǼ

ƷǆȓȂȖȖ ȖȏǐǆǦǐȖ Ʒȓǐ ΘǦȝǣǦǼ ȝǣǐ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖ ƷǼǌ ȝǣǐ �ৄȝǐȓǻǦǼȠȖ Ȃǜ bB�Bँँं ঳$Ǧǝৄ

Ƞȓǐ ंॽं঴ॽ bB�Bँँं ǦȖ ȏȓǐǌǦǆȝǐǌ ȝȂ ǣƷΗǐ ȝΘȂ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖऄंॶँऄंॶ ƷǼǌ ǅȂȝǣ ǣȠǻƷǼ ƷǼǌ

ЙΞ bB�Bँँं Ʒȓǐ ȏȓǐǌǦǆȝǐǌ ǅΞBǦȝȂ$ƷȝǐȖ ȝȂ ǣƷΗǐ Ʒ ǻǦȝȂǆǣȂǼǌȓǦƷ ȝƷȓǝǐȝǦǼǝ ȖǐȒȠǐǼǆǐऄऀॽ sǣǦǶǐ

ǶǦȝȝǶǐ ǦȖ ǴǼȂΘǼ ƷǅȂȠȝ ȝǣǦȖ ȏȓȂȝǐǦǼॶ �%ऀँईंऄॶ ǣǐǼǆǐǜȂȓȝǣ bB�Bँँंॶ ǣƷȖ ǅǐǐǼ ǦǌǐǼȝǦЖǐǌ ǦǼ ƷǼ ǦǼৄ

Ǽǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻǐǻǅȓƷǼǐ ȏȓȂȝǐȂǻǐऀँँ ƷȖ ΘǐǶǶ ƷȖ Ʒ ȏȂȝǐǼȝǦƷǶ ȖȠǅȖȝȓƷȝǐ Ȃǜ ȝǣǐ [ǐǆअऀৄƷȠΝǦǶǦƷȓΞ

ȝȓƷǼȖǶȂǆȂǼৄƷȖȖȂǆǦƷȝǐǌ ȏȓȂȝǐǦǼ ঳bX�U঴ ǆȂǻȏǶǐΝऀःऀॶ ȏȂȖǦǼǝ ƷǼ ǦǼȝȓǦǝȠǦǼǝ ǶȂǆƷǶǦΣƷȝǦȂǼ ǌǦǆǣȂȝȂǻΞॽ

HǼǐ ΞǐƷȖȝ ȝΘȂৄǣΞǅȓǦǌ ȖȝȠǌΞ ǦǌǐǼȝǦЖǐǌ bB�Bँँं ƷȖ ƷǼ ǦǼȝǐȓƷǆȝȂȓ Ȃǜ ȝǣǐ �ƷΗँॽँ �Ʒँ੺ ǆǣƷǼǼǐǶ ƷǼǌ

ǶȂǆƷǶǦΣǐǌ ȝǣǐ ȏȓȂȝǐǦǼ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ ǻȂȠȖǐ ǐǻǅȓΞȂ ЖǅȓȂǅǶƷȖȝȖॶ ǣȂΘǐΗǐȓ ǼȂ ǜȂǶǶȂΘ Ƞȏ ȖȝȠǌǦǐȖ

Θǐȓǐ ȏǐȓǜȂȓǻǐǌऀंࣿॽ /ǼȝȓǦǝȠǦǼǝǶΞॶ ȓǐǆǐǼȝ ȖȝȠǌǦǐȖ ȖȠǝǝǐȖȝ ȝǣƷȝ bB�Bँँं ǦȖ ȏƷȓȝ Ȃǜ ȝǣǐ

bB�Bआࣿ঄bB�Bऀइअ঄bB�Bँँं ǜƷǻǦǶΞइࣿॶऀआँॽ bB�Bआࣿ ƷǼǌ bB�Bऀइअ Ʒȓǐ ǦǻȏǶǦǆƷȝǐǌ ǦǼ ȝǣǐ

ƷȖȖǐǻǅǶΞ Ȃǜ �ȂǻȏǶǐΝ q ƷǼǌ �ȂǻȏǶǐΝ /ॶ ȓǐȖȏǐǆȝǦΗǐǶΞॶ ƷǼǌ ǅȂȝǣ Ʒȓǐ ȏȓǐǌǦǆȝǐǌ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ ǻǦȝȂৄ

ǆǣȂǼǌȓǦƷǶ ǦǼǼǐȓ ǻǐǻǅȓƷǼǐ ǅΞ ȝΘȂ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖ ȝǣƷȝ Ʒȓǐ ȖǦǻǦǶƷȓ ȝȂ ȝǣǐ ȝΘȂ ȝȓƷǼȖǻǐǻৄ

ǅȓƷǼǐȖ ȏȓǐǌǦǆȝǐǌ ǜȂȓ bB�Bँँंॶ ΘǦȝǣ ȝǐȓǻǦǼǦ ǜƷǆǦǼǝ ȝǣǐ ǻƷȝȓǦΝःईॶआࣿॶऀऀँॶऀऀअॶऀआँॶँँंॽ

�Ȗ ȝǣǐ ǜȠǼǆȝǦȂǼ Ȃǜ bB�Bँँं ǦȖ ǶƷȓǝǐǶΞ ȠǼǴǼȂΘǼ ƷǼǌ ǦȝȖ ǌǐȏǶǐȝǦȂǼ ȏȓȂǜȂȠǼǌǶΞ ǌǐǆȓǐƷȖǐǌ %U�bः
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Figure 3.4: (A) Overexpressed TMEM223‐GFP localizes to mitochondria (MitoTracker Red CMXRos) in the presence
or absence of oleic acid (OA). LDs marked by MDH. Scale bar 5 μm and for inlay 1 µm. (B) TMEM223 tagged endoge‐
nously with EGFP at the C‐terminus by CRISPR Cas‐9 knock in (TMEM223::EGFP) localizes to the mitochondria (Mi‐
toTracker Deep Red FM) in the presence or absence of oleic acid (OA). LDs marked by MDH. Scale bar 5 μm and for
inlay 1 µm. (C) Oxygen consumption rate (OCR) was measured in pMoles per minute at baseline, normalized to protein
concentration in Drosophila S2 R+ cells subjected to dsRNA against control or TMEM223. 2.5 µM oligomycin (Oligo), 1
µM carbonylcyanide p‐trifluoromethoxyphenylhydrazone (FCCP), and 5 µM each of rotenone and antimycin A (Rot/AA)
were injected sequentially at respective arrows and OCR was measured after each injection. (D) Respiratory parameters
calculated from oxygen consumption rates measured in (C).
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Figure 3.5: (A) Schematic of endogenous tagging dTMEM223 with EGFP by CRISPR/Cas9 knock in. (B) Sequencing of
genomic DNA isolated from endogenously tagged TMEM223::EGFP cells confirms that EGFP is in frame and inserted
into the genome as expected.

ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂ ǦǼ ȝǣǐ ȖǆȓǐǐǼॶ Θǐ ȖȂȠǝǣȝ ȝȂ ǆǣƷȓƷǆȝǐȓǦΣǐ bB�Bँँं ǦǼ ȝǣǐ ǆȂǼȝǐΝȝ Ȃǜ �XbH=� ȏȓȂৄ

ȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ǅΞ ЖȓȖȝ ǌǐȝǐȓǻǦǼǦǼǝ ǦȝȖ ǆǐǶǶȠǶƷȓ ǶȂǆƷǶǦΣƷȝǦȂǼॽ /Ǽ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖ ǐΝȂǝǐǼȂȠȖǶΞ

ǐΝȏȓǐȖȖǐǌ bB�Bँँं ǆȂǼǱȠǝƷȝǐǌ ȝȂ �%$U Ʒȝ ȝǣǐ �ৄȝǐȓǻǦǼȠȖ ǶȂǆƷǶǦΣǐǌ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ ȝǣǐ

ƷǅȖǐǼǆǐ Ȃȓ ȏȓǐȖǐǼǆǐ Ȃǜ ȂǶǐƷȝǐॶ ǆȂǶȂǆƷǶǦΣǦǼǝ ΘǦȝǣBǦȝȂbȓƷǆǴǐȓ ΘǣǦǆǣ ǶƷǅǐǶȖ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ঳$Ǧǝৄ

Ƞȓǐ ंॽः�঴ॽ /Ǽ ȖȂǻǐ ǆǐǶǶȖ ǣǦǝǣǶΞ ȂΗǐȓǐΝȏȓǐȖȖǦǼǝ bB�Bँँंৄ�%$Uॶ ȖǦǝǼƷǶ ΘƷȖ ȂǅȖǐȓΗǐǌ Ʒȝ ȝǣǐ �X Ȃȓ

ǼǐƷȓ =�Ȗ ঳ǌƷȝƷ ǼȂȝ ȖǣȂΘǼ঴ॶ ȝǣǦȖ ΘƷȖ ǐΝƷǆǐȓǅƷȝǐǌ ΘǣǐǼ bB�Bँँं ΘƷȖ ȝƷǝǝǐǌ Ʒȝ ȝǣǐ CৄȝǐȓǻǦǼȠȖॽ

bȂ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ ǐǼǌȂǝǐǼȂȠȖ bB�Bँँंॶ �X/[UX঄�ƷȖई ΘƷȖ ȠȖǐǌ ȝȂ ǝǐǼǐȓƷȝǐ Ʒ

ǴǼȂǆǴৄǦǼ ǆǐǶǶ ǶǦǼǐ Θǣǐȓǐ bB�Bँँं ǦȖ ǐǼǌȂǝǐǼȂȠȖǶΞ ȝƷǝǝǐǌ Ʒȝ ȝǣǐ �ৄȝǐȓǻǦǼƷǶ ǶȂǆȠȖ ΘǦȝǣ �%$U

঳bB�Bँँं�%$U঴ ǦȖ [ँ X੺ ǆǐǶǶȖॽ bǣǦȖ ΘƷȖ ǆȂǼЖȓǻǐǌ ǅΞ ǝ�C� ȖǐȒȠǐǼǆǦǼǝ ঳$ǦǝȠȓǐ ंॽऄॶ �ৄ�঴ॽ /Ǽ

ȝǣǐȖǐ ǆǐǶǶȖ bB�Bँँं ǆǶǐƷȓǶΞ ǶȂǆƷǶǦΣǐȖ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ ȝǣǐ ȏȓǐȖǐǼǆǐ Ȃȓ ƷǅȖǐǼǆǐ Ȃǜ ȂǶǐƷȝǐ ঳$Ǧǝৄ

Ƞȓǐ ंॽः�঴ॽ �Ȗ bB�Bँँं ǦȖ Ʒ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼ Ǧȝ ȖȠǝǝǐȖȝȖ ȝǣƷȝ ƷȖȏǐǆȝȖ Ȃǜ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ

ǦȝȖ ȓǐǶƷȝǦȂǼȖǣǦȏ ΘǦȝǣ ȝǣǐ �X Ȃȓ =�Ȗ ǻΞ ǦǼЙȠǐǼǆǐ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ

ं৷अ �ӏԌӲӏԚӢԀӹ Ԁә ӋbB�Bँँं ԏӏԓԞӲԚԓ Ӣӹ �X ҷӂӹԀԏӸҷӲӢԚӢӏԓ

sǐ ЖȓȖȝ ȖȂȠǝǣȝ ȝȂ ǌǐȝǐȓǻǦǼǐ Ǧǜ ǌǐȏǶǐȝǦȂǼ Ȃǜ bB�Bँँं ƷЍǐǆȝǐǌ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǜȠǼǆȝǦȂǼ ǅΞ ǶȂȂǴৄ

ǦǼǝ Ʒȝ ǻǦȝȂǆǣȂǼǌȓǦƷ ȓǐȖȏǦȓƷȝǦȂǼॽ sǐ ȓǐƷȖȂǼǐǌ ȝǣƷȝ ǆǣƷǼǝǐȖ ǦǼ ǆǐǶǶȠǶƷȓ ǐǼǐȓǝΞ ȏȓȂǌȠǆȝǦȂǼ ΘǦȝǣ Ǧǻৄ

ȏƷǦȓǐǌ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȓǐȖȏǦȓƷȝǦȂǼ ǆȂȠǶǌ ǦǻȏƷǦȓ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȏǣȂȖȏǣȂǶǦȏǦǌ ȝȓƷǼȖȏȂȓȝ
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ǅǐȝΘǐǐǼ ǻǐǻǅȓƷǼǐȖ ƷǼǌ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ȓǐȒȠǦȓǐ �bUइआॶँऀईॽ sǐ ǻǐƷȖȠȓǐǌ ȂΝΞǝǐǼ ǆȂǼȖȠǻȏȝǦȂǼ

ǅǐȝΘǐǐǼ [ँ X੺ ǆǐǶǶȖ ȝȓǐƷȝǐǌ ΘǦȝǣ ǐǦȝǣǐȓ ǆȂǼȝȓȂǶ Ȃȓ bB�Bँँं ǌȖXC� ƷǼǌ ȂǅȖǐȓΗǐǌ ǼȂ ȖǦǝǼǦЖǆƷǼȝ

ǆǣƷǼǝǐȖ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȓǐȖȏǦȓƷȝǦȂǼ ΘǦȝǣ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ঳$ǦǝȠȓǐ ंॽःॶ �ৄ�঴ॽ

sǐ ǼǐΝȝ ǣΞȏȂȝǣǐȖǦΣǐǌ ȝǣƷȝ bB�Bँँं Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǆȂȠǶǌ ǅǐ ƷЍǐǆȝǦǼǝ �XbH=� ȏȓȂȝǐǦǼ

ȝƷȓǝǐȝǦǼǝ ǅΞ ƷЍǐǆȝǦǼǝ ȝǣǐ ǆȂǻǻȠǼǦǆƷȝǦȂǼ ǅǐȝΘǐǐǼ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ ȝǣǐ �Xॽ CȠǻǐȓȂȠȖ ȖȝȠǌǦǐȖ

ǣƷΗǐ ǆǣƷȓƷǆȝǐȓǦΣǐǌ ȝǣǐ ǦǼȝȓǦǆƷȝǐ ȓǐǶƷȝǦȂǼȖǣǦȏ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǜȂȓ ȝǣǐ ǐΝǆǣƷǼǝǐ

Ȃǜ ǆƷǶǆǦȠǻ ƷǼǌ ȏǣȂȖȏǣȂǶǦȏǦǌȖ ƷǻȂǼǝ Ȃȝǣǐȓ ǻȂǶǐǆȠǶǐȖॽ sǐ ȝǣǐȓǐǜȂȓǐ ǦǼΗǐȖȝǦǝƷȝǐǌ ƷǼΞ ǆǣƷǼǝǐȖ ȝȂ ȝǣǐ

�X ΘǦȝǣ bB�Bँँं ǌǐȏǶǐȝǦȂǼॶ ȏƷȓȝǦǆȠǶƷȓǶΞ ƷȖ %U�bः ƷǆǆȠǻȠǶƷȝǦȂǼ ǦǼ ȏƷȝǆǣǐȖ ǣƷǌ ǅǐǐǼ ȂǅȖǐȓΗǐǌ

ΘǦȝǣ bB�Bँँं ǌǐȏǶǐȝǦȂǼॽ eȖǦǼǝ Ʒ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶ ǶǦǼǐ ǦǼ ΘǣǦǆǣ ȝǣǐ �XৄȓǐȖǦǌǐǼȝ ȏȓȂȝǐǦǼ

�ƷǶǼǐΝǦǼईई� ঳�Cxईई�঴ ǣƷȖ ǅǐǐǼ ǐǼǌȂǝǐǼȂȠȖǶΞ ȝƷǝǝǐǌ ΘǦȝǣ ȝǣǐ ЙȠȂȓȂȏǣȂȓǐ �%$Uऀࣿंॶ Θǐ Ȃǅৄ

ȖǐȓΗǐǌ ǌȓƷǻƷȝǦǆ ǆǣƷǼǝǐȖ ǦǼ �XǻȂȓȏǣȂǶȂǝΞ ΘǦȝǣ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ȝǣƷȝ ǻƷȝǆǣǐǌ ȝǣǐ %U�bः

ȏƷȝǆǣǐȖॵ ȏƷȝǆǣǐȖ Ȃǜ �Cxईई� �XΘǐȓǐ ǆȂǼȖǦȖȝǐǼȝǶΞ ȂǅȖǐȓΗǐǌ ǦǼ ǆǐǶǶȖ ȝȓǐƷȝǐǌ ΘǦȝǣ bB�Bँँं

ǌȖXC� ǆȂǻȏƷȓǐǌ ȝȂ ǆȂǼȝȓȂǶ ǌȖXC� ঳$ǦǝȠȓǐ ंॽअ�঴ॽ

�Ȗ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ǦǼǌȠǆǐȖ ȖȝȓȂǼǝ ƷǅǐȓȓƷȝǦȂǼȖ ȝȂ ǼȂȓǻƷǶ �XǻȂȓȏǣȂǶȂǝΞॶ Θǐ ΘȂǼǌǐȓǐǌ

Ǧǜ ǆȂǻǻȂǼ ȏȓȂǆǐȖȖǐȖ ǌǐȏǐǼǌǐǼȝ ȂǼ �X ȂȓǝƷǼǦΣƷȝǦȂǼ Θǐȓǐ ƷǶȖȂ ǌǦȖȓȠȏȝǐǌॶ ȖȠǆǣ ƷȖ ȏȓȂȝǐǦǼ ȝȓƷАǆǴৄ

ǦǼǝ ǜȓȂǻ �X ǐΝǦȝ ȖǦȝǐȖ ঳�X�[঴ ǜȂȓ ȖǐǆȓǐȝǦȂǼऀँࣿॽ bȂ ȝǐȖȝ ȝǣǦȖॶ Θǐ ǐΝȏȓǐȖȖǐǌ Ʒ ǆȂǼȖȝȓȠǆȝ ȝǣƷȝ ǦȖ ǆȂǻৄ

ȏȂȖǐǌ Ȃǜ ȖȖ,XU ǆȂǼǱȠǝƷȝǐǌ ȝȂ ƷǼǌ �X ȝƷȓǝǐȝǦǼǝ ȖǦǝǼƷǶ ঳�ǦU঴ ȠǼǌǐȓ Ʒ�ȲȡȵȡȮȂȅȕǖǻǐȝƷǶǶȂȝǣǦȂǼǐǦǼ

ȏȓȂǻȂȝǐȓइॽ bǣǐ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ ȝǣǦȖ ȖȖ,XU ǆȂǼȖȝȓȠǆȝ ȂǼǆǐ ȝȓƷǼȖǜǐǆȝǐǌ ǦǼȝȂ ǆǐǶǶȖ ǦȖ ǦǼǌȠǆǐǌ ǅΞ ȝǣǐ Ʒǌৄ

ǌǦȝǦȂǼ Ȃǜ ǆȂȏȏǐȓ ȖȠǶǜƷȝǐ ȝȂ ȝǣǐ ǻǐǌǦȠǻॽ �Ȗ ȝǣǦȖ ǆȂǼȖȝȓȠǆȝ ǦȖ ȏƷǆǴƷǝǐǌ ǦǼȝȂ ΗǐȖǦǆǶǐȖ Ʒȝ ȝǣǐ �X�[ॶ ȝȓƷǜৄ

ЖǆǴǐǌ ȝǣȓȂȠǝǣ ȝǣǐ �X ƷǼǌ %ȂǶǝǦॶ ƷǼǌ ȠǶȝǦǻƷȝǐǶΞ Ȗǐǆȓǐȝǐǌॶ ȝǣǐ ǶǐΗǐǶ Ȃǜ ,XU ǌǐȝǐǆȝǐǌ ǦǼ ȝǣǐ ǻǐǌǦȠǻ

ȓǐЙǐǆȝȖ ȝǣǐ ǜȠǼǆȝǦȂǼ Ȃǜ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴǦǼǝ ȂȓǦǝǦǼƷȝǦǼǝ ǜȓȂǻ ȝǣǐ �X�[ ƷǼǌ ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼइॽ

�Ȗ ȏȂȖǦȝǦΗǐ ǆȂǼȝȓȂǶȖ Θǐ ȠȖǐǌ ǴǼȂǆǴǌȂΘǼ Ȃǜ [ΞǼȝƷΝǦǼऄ ঳[ΞΝऄ঴ॶ ΘǣǦǆǣ ǦȖ Ʒ ȝৄ[C�X� ǦǼΗȂǶΗǐǌ ǦǼ ȝǣǐ

ȖǐǆȓǐȝǦȂǼ ȏƷȝǣΘƷΞॶ ƷǼǌ bƷǼǝȂऀॶ ΘǣǦǆǣ ΘƷȖ ǦǌǐǼȝǦЖǐǌ ȝǣȓȂȠǝǣ Ʒ ȖǆȓǐǐǼ ȠȖǦǼǝ ȝǣǦȖ ȓǐƷǌȂȠȝ ƷȖ ƷǼ Ȃȓৄ

ǝƷǼǦΣǐȓ Ȃǜ ȏȓȂȝǐǦǼ ȝȓƷǼȖȏȂȓȝ ƷǼǌ ȝǣǐ %ȂǶǝǦ ƷȏȏƷȓƷȝȠȖइॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ǅȂȝǣ [ΞΝऄ ƷǼǌ bƷǼǝȂऀ Θǐȓǐ

ǦǌǐǼȝǦЖǐǌ ǦǼ ȝǣǐ ǝǐǼȂǻǐ ΘǦǌǐ XC�Ǧ ȖǆȓǐǐǼ ঳:ॽ [ȂǼǝ ȠǼȏȠǅǶǦȖǣǐǌ঴ ƷǼǌ Ʒȓǐ ǴǼȂΘǼ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ
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Figure 3.6: (A) TMEM223 depletion in Drosophila S2 R+ cells with endogenously tagged Calnexin99A
(CNX99A::EGFP)103 is characterized by ER aggregates of Calnexin99A compared to control knockdown after incuba‐
tion with oleic acid for 21 hours. LDs marked by MDH. Scale bar 5 μm and for inlay 1µm. (B) Quantification of ssHRP
secreted into media through the ERES and Golgi with depletion of Syx5, Tango1 or TMEM223 is significantly impaired
compared to control knockdown or depletion of components of other membrane trafficking pathways (Rab7, Golgin84,
GM130). Data are represented as mean +/‐ SD of the results from at least 2 independent experiments. Two‐tailed un‐
paired t test, *p<0.05, #p<0.0001 compared to control. (C) Wildtype Drosophila S2 R+ cells were subjected to dsRNA for
5 days and RNA was extracted for qPCR to detect gene expression of ER stress response components. Multiple t test
with Bonferroni‐Dunn multiple comparisons test, *p<0.05 compared to control.

ऄई



�X�[ ǜȂȓ ȝǣǐǦȓ ǜȠǼǆȝǦȂǼॽ �Ȗ ǝǐǼǐȓƷǶ ǆȂǼȝȓȂǶȖ Θǐ ǦǼǆǶȠǌǐǌ XƷǅआॶ %ȂǶǝǦǼइः ƷǼǌ %Bऀंࣿॶ ΘǣǦǆǣ Ʒȓǐ

ȏȓȂȝǐǦǼȖ ǦǼΗȂǶΗǐǌ ǦǼ Ȃȝǣǐȓ ǆǐǶǶȠǶƷȓ ǻǐǻǅȓƷǼǐ ȝȓƷАǆǴǦǼǝ ȏȓȂǆǐȖȖǐȖॽ [ȝȓǦǴǦǼǝǶΞॶ bB�Bँँं ǌǐȏǶǐৄ

ȝǦȂǼ ǦǻȏƷǦȓǐǌ ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼ ǜȓȂǻ ȝǣǐ �X�[ ƷǼǌ ȝǣȓȂȠǝǣ ȝǣǐ %ȂǶǝǦ ȝȂ ȝǣǐ ȖƷǻǐ ǶǐΗǐǶ ƷȖ [ΞΝऄ ƷǼǌ

bƷǼǝȂऀ ǌǐȏǶǐȝǦȂǼॵ ǆǶȂȖǐ ȝȂ ǼȂ ȖǐǆȓǐȝǦȂǼ ঳$ǦǝȠȓǐ ंॽअ�঴ॽ bǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ȖȠǝǝǐȖȝ ȝǣƷȝ bB�Bँँं

ǌǐȏǶǐȝǦȂǼ Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷЍǐǆȝȖ �XǻȂȓȏǣȂǶȂǝΞঃ Θǐ ǆƷǼ ǦǻƷǝǦǼǐ ȝǣƷȝॶ ǆȂǼȖǐȒȠǐǼȝǶΞॶ ǦǻȏƷǦȓǐǌ

�XǻȂȓȏǣȂǶȂǝΞ ƷЍǐǆȝȖ ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼ ƷȖ ǦǼ [ΞΝऄ ƷǼǌ bƷǼǝȂऀ ǴǼȂǆǴǌȂΘǼ ǆǐǶǶȖॽ $ǦǼƷǶǶΞॶ Θǐ ȝǐȖȝǐǌ

Ǧǜ ǌǐȏǶǐȝǦȂǼ ǦǼ bB�Bँँं ǆƷȠȖǐǌ �X ȖȝȓǐȖȖॽ sǐ ȂǅȖǐȓΗǐ ȝǣƷȝॶ ΘǣǦǶǐ ǼȂȝ ƷȖ ǌȓƷǻƷȝǦǆ ƷȖ ǆǐǶǶȖ ȝȓǐƷȝǐǌ

ΘǦȝǣ bǣƷȏȖǦǝƷȓǝǦǼ ȝȂ ǦǼǌȠǆǐ �X ȖȝȓǐȖȖॶ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ȖǶǦǝǣȝǶΞ ǦǼǆȓǐƷȖǐǌ ǶǐΗǐǶȖ Ȃǜ ȝǣǐ �X

ǆǣƷȏǐȓȂǼǐॶ �ǦUॶ ȝȂ Ʒ ǶǐȖȖǐȓ ǐΝȝǐǼȝ ȝǣƷǼ [ΞΝऄ ǌǐȏǶǐȝǦȂǼ ঳$ǦǝȠȓǐ ंॽअ�঴ॽ Hǜ ǼȂȝǐॶ bƷǼǝȂऀ ǌǐȏǶǐȝǦȂǼ

ǌȂǐȖ ǼȂȝ ƷȏȏǐƷȓ ȝȂ ǦǼǌȠǆǐ �X ȖȝȓǐȖȖॽ

ं৷आ ӋbB�Bँँं Ӣԓ ԏӏԎԞӢԏӏӋ әԀԏ ӅӏӲӲԞӲҷԏ ӲӢԌӢӋ ӟԀӸӏԀԓԚҷԓӢԓ

�ƷȖǐǌ ȂǼ ȝǣǐ ǌȓƷǻƷȝǦǆ ǐЍǐǆȝȖ bB�Bँँं ǌǐȏǶǐȝǦȂǼ Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǣƷȖ ȂǼ �XǻȂȓȏǣȂǶȂǝΞ

ƷǼǌ �X�[ ǌǐȓǦΗǐǌ ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼॶ Θǐ ǣΞȏȂȝǣǐȖǦΣǐǌ ȝǣƷȝ ȝǣǐ ǆȂǻǻȂǼ ǆȠǶȏȓǦȝ ǆȂȠǶǌ ǅǐ ǆǣƷǼǝǐȖ ǦǼ

ǶǦȏǦǌȖॶ ȏƷȓȝǦǆȠǶƷȓǶΞ ȏǣȂȖȏǣȂǶǦȏǦǌȖॽ UǣȂȖȏǣȂǶǦȏǦǌ ǅƷǶƷǼǆǐ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ =� ǜȂȓǻƷȝǦȂǼ ƷǼǌ ǐΝȏƷǼৄ

ȖǦȂǼ ƷȖ ΘǐǶǶ ƷȖ =� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝऀऀࣿॶँंँॽ sǣǦǶǐ ȝǣǐ �X ǦȖ ǴǼȂΘǼ ȝȂ ǅǐ Ʒ ǻƷǱȂȓ ȖǦȝǐ Ȃǜ ȏǣȂȖȏǣȂৄ

ǶǦȏǦǌ ǅǦȂȖΞǼȝǣǐȖǦȖ ǦǼ ȝǣǐ ǆǐǶǶॶ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǶȖȂ ǆȂǼȝȓǦǅȠȝǐȖ ȝȂ ȝǣǐ ȖΞǼȝǣǐȖǦȖ Ȃǜ ȏǣȂȖȏǣȂǶǦȏǦǌȖ

ȖȠǆǣ ƷȖ ȏǣȂȖȏǣƷȝǦǌΞǶǆǣȂǶǦǼǐ ƷǼǌ ȏǣȂȖȏǣƷȝǦǌΞǶǐȝǣƷǼȂǶƷǻǦǼǐ ঳U� ƷǼǌ U�঴ःइॶऀंःॶँँऀॽ U� ȏȓȂǌȠǆǐǌ Ʒȝ

ǣǦǝǣ ǶǐΗǐǶȖ Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷॶ ǜȂȓ ǐΝƷǻȏǶǐॶ ǆƷǼ ǅǐ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ ȝǣǐ �X ǜȂȓ ǌȂΘǼȖȝȓǐƷǻ ǆȂǼΗǐȓৄ

ȖǦȂǼ ȝȂ U�ऀंःॽ �ΞȖȓǐǝȠǶƷȝǦȂǼ ǦǼ U� ȖΞǼȝǣǐȖǦȖ ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ǅΞ ȏȓǐΗǦȂȠȖ ǻǐǻǅǐȓȖ Ȃǜ ȂȠȓ ǶƷǅȂȓƷৄ

ȝȂȓΞ ȝȂ ǆƷȠȖǐ ǌǐǜǐǆȝȖ ǦǼ =� ǣȂǻǐȂȖȝƷȖǦȖऀऀंॽ

अࣿ



�Ȗ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ ȝǣǐ �X Ʒȓǐ ǴǼȂΘǼ ȝȂ ǐΝǆǣƷǼǝǐ ȏǣȂȖȏǣȂǶǦȏǦǌȖऀॶंअॶऀअऀॶँऀईॶ Θǐ ȖȂȠǝǣȝ ȝȂ

ǌǐȝǐȓǻǦǼǐ Ǧǜ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ƷЍǐǆȝǐǌ ǆǐǶǶȠǶƷȓ ǶǦȏǦǌ ȏȓȂЖǶǐȖ ȝǣƷȝ ǆȂȠǶǌ ȖȠǅȖǐȒȠǐǼȝǶΞ ƷЍǐǆȝ

�XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ /Ǽ ȖȝȠǌǦǐȖ Ȃǜ ǦǼȝƷǆȝ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ ȓƷǌǦȂৄ

ǶƷǅǐǶǐǌ ফऀः�ব ȂǶǐƷȝǐ ȂΗǐȓǼǦǝǣȝॶ ȏǣȂȖȏǣȂǶǦȏǦǌ ǆǣƷǼǝǐȖ ΘǦȝǣ bB�Bँँं ǌǐȏǶǐȝǦȂǼ Θǐȓǐ ȂǅȖǐȓΗǐǌॽ

[ȝȓǦǴǦǼǝǶΞॶ ƷǼ ȠǼǴǼȂΘǼ ȏǣȂȖȏǣȂǶǦȏǦǌ ȓȠǼǼǦǼǝ Ʒȝ Ʒ ǣǐǦǝǣȝ ǅǐȝΘǐǐǼ ȏǣȂȖȏǣƷȝǦǌΞǶǆǣȂǶǦǼǐ ঳U�঴ ƷǼǌ

ȏǣȂȖȏǣƷȝǦǌΞǶǐȝǣƷǼȂǶƷǻǦǼǐ ঳U�঴ ΘƷȖ ǌǐȏǶǐȝǐǌ ΘǦȝǣ bB�Bँँं ǴǼȂǆǴǌȂΘǼ ǆȂǻȏƷȓǐǌ ȝȂ ǆȂǼȝȓȂǶ

ǴǼȂǆǴǌȂΘǼ ঳$ǦǝȠȓǐ ंॽआॶ �ৄ�঴ॽ bȂ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ǦǌǐǼȝǦȝΞ Ȃǜ ȝǣǐ ȠǼǴǼȂΘǼ =ǦȏǦǌ xॶ ȠǼǶƷǅǐǶǐǌ ǆǐǶǶȖ

Θǐȓǐ ȓȠǼ ƷǶȂǼǝȖǦǌǐ ȓƷǌǦȂǶƷǅǐǶǐǌ ǆǐǶǶȖ ȝȂ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ ȝǣǐ ȠǼǴǼȂΘǼ ȏǣȂȖȏǣȂǶǦȏǦǌ

ΘǣǐǼ ȖǐȏƷȓƷȝǐǌ ȂǼ ȖǦǶǦǆƷ ȏǶƷȝǐȖ ǅΞ ȝǣǦǼ ǶƷΞǐȓ ǆǣȓȂǻƷȝȂǝȓƷȏǣΞ ঳b=�঴ॽ [ǦǶǦǆƷ ȏǶƷȝǐȖ Θǐȓǐ ȖǆȓƷȏǐǌ Ʒȝ

ȝǣǐ ǶȂǆƷȝǦȂǼ Ȃǜ =ǦȏǦǌ x ǜȓȂǻ ǆǐǶǶȖ ȝȓǐƷȝǐǌ ΘǦȝǣ ǐǦȝǣǐȓ ǆȂǼȝȓȂǶ Ȃȓ bB�Bँँं ǌȖXC� ƷǼǌ ǦǼǆȠǅƷȝǐǌ

ȂΗǐȓǼǦǝǣȝ ǦǼ ȂǶǐƷȝǐॶ ǅƷǆǴ ǐΝȝȓƷǆȝǐǌ ǦǼ ँॵऀ �ǣǶȂȓȂǜȂȓǻॵBǐȝǣƷǼȂǶ ƷǼǌ ǶǦȏǦǌȖ Θǐȓǐ ǌǦȓǐǆȝǶΞ ǌǦЍȠȖǐǌ

ǦǼȝȂ ȝǣǐ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝǐȓ ঳$ǦǝȠȓǐ ंॽआ�ৄ�঴ॽ �Ȗ Ʒ ǆȂǼȝȓȂǶॶ ƷǼ ǐǻȏȝΞ ȖǦǶǦǆƷ ǶƷǼǐ ΘƷȖ ǐΝȝȓƷǆȝǐǌ ǜȓȂǻ

ΘǦǶǌȝΞȏǐ [ँ X੺ ǆǐǶǶȖॽ �Ξ ǆȂǻȏƷȓǦǼǝ ȝǣǐ ǦǼȝǐǼȖǦȝΞ Ȃǜ ƷǶǶ ǦǌǐǼȝǦЖǐǌ ǶǦȏǦǌȖ ǦǼ ȝǣǐ ǆȂǼȝȓȂǶ ǴǼȂǆǴǌȂΘǼ

ȖƷǻȏǶǐ ƷǼǌ ȝǣǐ bB�Bँँं ǴǼȂǆǴǌȂΘǼ ǆȂǻȏƷȓǐǌ ȝȂ ȝǣǐ ȖǦǶǦǆƷ ǆȂǼȝȓȂǶॶ ȝǣǐ ȖȏǣǦǼǝȂǶǦȏǦǌ ǆǐȓƷǻǦǌǐ

ȏǣȂȖȏǣȂǐȝǣƷǼȂǶƷǻǦǼǐ ঳�ǐȓU�঴ ΘƷȖ ǦǌǐǼȝǦЖǐǌ ƷȖ ȝǣǐ ǻȂȖȝ ƷǅȠǼǌƷǼȝ ǶǦȏǦǌ ǌǐȝǐǆȝǐǌ ȝǣƷȝ ΘƷȖ ǌǐȏǶǐȝǐǌ

ǦǼ bB�Bँँं ǴǼȂǆǴǌȂΘǼ ȖƷǻȏǶǐȖआइॽ

bȂ ǆȂȓȓȂǅȂȓƷȝǐ ȂȠȓ ЖǼǌǦǼǝॶ Θǐ ȝȂȂǴ ƷǼ ȠǼǅǦƷȖǐǌ ƷȏȏȓȂƷǆǣॶ ȠȖǦǼǝ ΘǣȂǶǐ ǆǐǶǶ ǶǦȏǦǌȂǻǦǆȖ Ȃǜ [ँ

X੺ ǆǐǶǶȖ ȝȓǐƷȝǐǌ ΘǦȝǣ ǌȖXC� ƷǝƷǦǼȖȝ ǆȂǼȝȓȂǶ Ȃȓ bB�Bँँं ƷǼǌ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ ȂǶǐƷȝǐ ȂΗǐȓǼǦǝǣȝ

/ǼȝǐȓǐȖȝǦǼǝǶΞॶ bB�Bँँं ǴǼȂǆǴǌȂΘǼ ȖȏǐǆǦЖǆƷǶǶΞ ƷЍǐǆȝǐǌ ȖȏǣǦǼǝȂǶǦȏǦǌȖॶ ǶǐƷǌǦǼǝ ȝȂ Ʒ ǌȓƷǻƷȝǦǆ Ʒǆৄ

ǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐȖ ƷȖ ΘǐǶǶ ƷȖ ǌǐǆȓǐƷȖǐȖ ǦǼ ȖȏǣǦǼǝȂǦǌ ǅƷȖǐȖ ƷǼǌ ȏƷȓȝǦƷǶ ǌǐǆȓǐƷȖǐ ǌǐȝǐǆȝǐǌ

ǦǼ �ǐȓU�ॶ ȝǣǐȓǐǅΞ ǆȂǼЖȓǻǦǼǝ ȂȠȓ ǦǌǐǼȝǦЖǆƷȝǦȂǼ Ȃǜ ȝǣǐ ȏǣȂȖȏǣȂǶǦȏǦǌ ǌǐȏǶǐȝǐǌ ΘǦȝǣ bB�Bँँं

ǌǐȏǶǐȝǦȂǼ ঳$ǦǝȠȓǐ ंॽआ�঴ॽ

�ǐȓU� ǦȖ ȝǣǐ�ȲȡȵȡȮȂȅȕǖ ǐȒȠǦΗƷǶǐǼȝ ȝȂ ǻƷǻǻƷǶǦƷǼ ȖȏǣǦǼǝȂǻΞǐǶǦǼॶ ΘǣǦǆǣ ȏǶƷΞȖ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ ǻǐǻৄ

ǅȓƷǼǐ ȖȝȓȠǆȝȠȓǐँऀॶऀइंॽ �ǐȓU� ǦȖ ȖΞǼȝǣǐȖǦΣǐǌ ǦǼ ȝΘȂ ǶȂǆƷȝǦȂǼȖॵ Ʒȝ ȝǣǐ %ȂǶǝǦ �ȏȏƷȓƷȝȠȖ ǅΞ ǆǐȓƷǻǦǌǐ

ȏǣȂȖȏǣȂǐȝǣƷǼȂǶƷǻǦǼǐ ȖΞǼȝǣƷȖǐ ঳�U�[঴ॶ Ȃȓ ǻǦǼǦǻƷǶǶΞ Ʒȝ ȝǣǐ �X ǅΞ ȖȏǣǦǼǝȂǻΞǐǶǦǼ ȖΞǼȝǣƷȖǐ ȓǐǶƷȝǐǌৄ

अऀ



Figure 3.7 (following page): (A) Wildtype Drosophila S2 R+ cells were subjected to dsRNA against control or TMEM223
for 4 days before addition of oleate spiked with radiolabeled oleate for 21 hours. On day 5 of knockdown, incorpo‐
ration of [14C] oleate into phospholipids phosphatidylethanolamine (PE), phosphatidylserine (PS) and phosphatidyl‐
choline (PC) were measured. Lipids were extracted from cells and separated by TLC. Representative autoradiographs
are shown. The unknown phospholipid, Lipid X, is depleted with TMEM223 knockdown (B) Quantification of Lipid X,
PE, PC and PS reveal that the unknown lipid is dramatically decreased with TMEM223 depletion. Data are represented
as mean +/‐ SD of 4 independent experiments. n=3 per knockdown. Multiple t test with Bonferroni‐Dunn multiple
comparisons test, *p<0.05, **p<0.01, #p<0.0001 compared to control. (C) Similar experiment to that in (A) was per‐
formed with unlabeled oleate, and the silica plate was scraped at the location of Lipid X. Lipids were extracted from
silica in 2:1 Methanol:Chloroform and directly infused into a mass spectrometer and measured spectra are presented
for one of the most abundant ceramide phosphoethanolamine species detected in control cells that was decreased in
TMEM223 knockdown cells (CerPE[14:1/20:0]); n=2. As a control an empty silica lane was used. (D) Fragmentation
pattern after higher‐energy collision dissociation of the ion 661.52 identified in (C) to determine the identified lipid is
Ceramide Phosphatidylethanolamine (CerPE) (E) Whole cell lipidomics was performed on wildtype Drosophila S2 R+ cells
subjected to dsRNA against control or TMEM223 for 4 days then incubated with oleic acid for 21 hours. Lipids were
extracted on day 5 of dsRNA treatment and separated on an LC/MS revealing changes in sphingolipids. Relative fold
change represented as normalized median of control +/‐ SD. TMEM223KD, n = 4; Control KD, n = 6. Multiple t test
with Bonferroni‐Dunn multiple comparisons test, *p<0.05, #p<0.0001 compared to control.
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Figure 3.7: (continued)
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ऀ ঳[B[ȓ঴ऀःइॶँऀआॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ȖȝȠǌǦǐȖ ǦǼ�ȲȡȵȡȮȂȅȕǖ ǆǐǶǶȖ ǣƷΗǐ ȖǣȂΘǼ Ʒ ǆȂǼǼǐǆȝǦȂǼ ǅǐȝΘǐǐǼ ǌǐȏǶǐৄ

ȝǦȂǼ Ȃǜ [B[ȓ Ʒȝ ȝǣǐ �X ƷǼǌ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǆǐȓƷǻǦǌǐ ƷǼǌ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐȖ ȝǣƷȝ ǦǻȏƷǦȓȖ �X�[ँऀअॽ

sǐ ΘȂǼǌǐȓǐǌ Ǧǜ ȝǣǐ ǌǐȏǶǐȝǦȂǼ Ȃǜ �ǐȓU� Ȃȓ ȝǣǐ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐ ΘǦȝǣ bB�Bँँं

ǴǼȂǆǴǌȂΘǼ ΘƷȖ ȖȏǐǆǦЖǆ ȝȂ bB�Bँँं ǌǐȏǶǐȝǦȂǼ Ȃȓ ΘƷȖ ǻȂȓǐ ǅȓȂƷǌǶΞ ȓǐǶƷȝǐǌ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷǶ

ǜȠǼǆȝǦȂǼॽ
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ं৷इ �ӏԌӲӏԚӢԀӹ ԀәB/�H[ ӅԀӸԌԀӹӏӹԚԓ W/=ऀ ҷӹӋ �,�,�ं ӏԭӟӢӂӢԚ ԌӟӏӹԀԚԮԌӏԓ

ԓӢӸӢӲҷԏ ԚԀ bB�Bँँं ӋӏԌӲӏԚӢԀӹ

XǐȝȠȓǼǦǼǝ ȝȂ ȝǣǐ ȓǐȖȠǶȝȖ ǜȓȂǻ ȂȠȓ ǝǐǼȂǻǐ ΘǦǌǐ ȖǆȓǐǐǼॶ ȏƷȝǣΘƷΞ ƷǼƷǶΞȖǦȖ Ȃǜ Ȃȝǣǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ

ǝǐǼǐȖ ȝǣƷȝ ǌǐǆȓǐƷȖǐ ȝƷȓǝǐȝǦǼǝ Ȃǜ %U�bः ȝƷȓǝǐȝǦǼǝ ΘǦȝǣ ǴǼȂǆǴǌȂΘǼ ȓǐΗǐƷǶǐǌ ȝΘȂ ǴǐΞ ǆȂǻȏȂǼǐǼȝȖ Ȃǜ

ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǆȂǼȝƷǆȝ ȖǦȝǐ ƷǼǌ ǆȓǦȖȝƷǐ ȂȓǝƷǼǦΣǦǼǝ ȖΞȖȝǐǻ ঳B/�H[঴ॽ bȂ ȝǐȖȝ Ǧǜ bB�Bँँं ǜȠǼǆৄ

ȝǦȂǼȖ ȖǦǻǦǶƷȓǶΞ ȝȂ ǆȂǻȏȂǼǐǼȝȖ Ȃǜ B/�H[ॶ W/=ऀ ƷǼǌ �,�,�ं ȝǣƷȝ Θǐȓǐ ȖȝȓȂǼǝ ǣǦȝȖ ǦǼ ȝǣǐ ȖǆȓǐǐǼॶ

/ ǆȂǼЖȓǻǐǌ ȝǣǐ ǐЍǐǆȝ Ȃǜ �,�,�ं ƷǼǌ W/=ऀ ǌǐȏǶǐȝǦȂǼ ȂǼ %U�bः ȝƷȓǝǐȝǦǼǝ ȠȖǦǼǝ Ʒ ȖȏǦǼǼǦǼǝ ǌǦȖǴ

ǆȂǼǜȂǆƷǶ ǜȂȓ ǣǦǝǣǐȓ ȓǐȖȂǶȠȝǦȂǼ ঳$ǦǝȠȓǐ ंॽइॶ �ৄ�঴ॽ �Ȗ B/�H[ ǣƷȖ ȏȓǐΗǦȂȠȖǶΞ ǅǐǐǼ ǦǻȏǶǦǆƷȝǐǌ ǦǼ ȏǣȂȖৄ

ȏǣȂǶǦȏǦǌ ȝȓƷǼȖȏȂȓȝ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷऀॶ Θǐ ȠȖǐǌ ȝǣǐ ƷǜȂȓǐǻǐǼȝǦȂǼǐǌ �Cxईई�ৄ

�%$U ǴǼȂǆǴৄǦǼ ǆǐǶǶȖ ȝȂ ǦǼΗǐȖȝǦǝƷȝǐ ǆǣƷǼǝǐȖ ǦǼ �XǻȂȓȏǣȂǶȂǝΞॽ CǐǦȝǣǐȓ W/=ऀ Ȃȓ �,�,�ं ǌǐȏǶǐৄ

ȝǦȂǼ ǆƷȠȖǐǌ ǌǦȖȓȠȏȝǦȂǼ ǦǼ �XǻȂȓȏǣȂǶȂǝΞ ȝȂ ȝǣǐ ȖƷǻǐ ǐΝȝǐǼȝ ƷȖ bB�Bँँं ǴǼȂǆǴǌȂΘǼॶ ǣȂΘǐΗǐȓ

�X ƷǝǝȓǐǝƷȝǐȖ Θǐȓǐ ȂǅȖǐȓΗǐǌ ǦǼ ȖȂǻǐ ǆǐǶǶȖ ΘǦȝǣ W/=ऀ ǴǼȂǆǴǌȂΘǼ ঳$ǦǝȠȓǐ ंॽइ�঴ॽ eȖǦǼǝ ȝǣǐ ȖȖ,XU

ǆȂǼȖȝȓȠǆȝ ȏƷǆǴƷǝǐǌ Ʒȝ ȝǣǐ �X�[ ǜȂȓ ȖǐǆȓǐȝǦȂǼॶ Θǐ ȂǅȖǐȓΗǐǌ ȝǣƷȝ ǅȂȝǣ �,�,�ं ƷǼǌ W/=ऀ ǌȓƷৄ

ǻƷȝǦǆƷǶǶΞ ǦǻȏƷǦȓǐǌ ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼ ȝȂ ȝǣǐ ǐΝȝǐǼȝ Ȃǜ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ঳$ǦǝȠȓǐ ंॽइ�঴ॽ BȂȖȝ

ȖȝȓǦǴǦǼǝǶΞॶ Θǐ ǜȂȠǼǌ ȝǣƷȝ ǆǐǶǶȖ ȝȓǐƷȝǐǌ ΘǦȝǣ �,�,�ं ƷǼǌॶ ȝȂ Ʒ ǶǐȖȖǐȓ ǐΝȝǐǼȝॶ W/=ऀ ǌȖXC� ǣƷǌ ǌǐৄ

ǆȓǐƷȖǐǌ �ǐȓU� ǶǐΗǐǶȖॶ ȖǦǻǦǶƷȓ ȝȂ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ঳$ǦǝȠȓǐ ंॽइॶ �ৄ$঴ॽ bǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ȖȠǝǝǐȖȝ

ȝǣƷȝ bB�Bँँं ƷǼǌB/�H[ Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǣƷΗǐ ȖǦǻǦǶƷȓ ǐЍǐǆȝȖ ȝǣƷȝ ƷǶȝǐȓ �XbH=� ȏȓȂȝǐǦǼ

ȝƷȓǝǐȝǦǼǝॽ

ं৷ई bB�Bँँं ӋӏԌӲӏԚӢԀӹ Ӣӹ ӸҷӸӸҷӲӢҷӹ ӅӏӲӲԓ ԏӏԓԞӲԚԓ Ӣӹ ԓӢӸӢӲҷԏ ԌӟӏӹԀԚԮԌӏԓ

�Ȗ bB�Bँँं ǦȖ ǣǦǝǣǶΞ ǆȂǼȖǐȓΗǐǌ ǜȓȂǻ�ȲȡȵȡȮȂȅȕǖ ȝȂ ǣȠǻƷǼȖ Θǐ ȝǐȖȝǐǌ Ǧǜ bB�Bँँं ǦȖ ƷǶȖȂ

ȓǐȒȠǦȓǐǌ ǦǼ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖ ǜȂȓ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ sǐ ЖȓȖȝ ǌǐȝǐȓǻǦǼǐǌ Ǧǜ ȝǣǐ ǻǦȝȂǆǣȂǼৄ

ǌȓǦƷǶ ǶȂǆƷǶǦΣƷȝǦȂǼ ΘƷȖ ǆȂǼȖǐȓΗǐǌ ǅǐȝΘǐǐǼ ȂȓǝƷǼǦȖǻȖॽ sǐ ǆȂǼЖȓǻǐǌ ȝǣƷȝ bB�Bँँं ƷǶȖȂ ǶȂǆƷǶǦΣǐȖ

ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ ȝǣǐ ǣȠǻƷǼ ǅȓǐƷȖȝ ǆƷǼǆǐȓ ǆƷȓǆǦǼȂǻƷ ǆǐǶǶ ǶǦǼǐॶ [eBऀऄई ǆǐǶǶȖॶ ǅΞ ǝǐǼǐȓƷȝǦǼǝ Ʒ ǆǐǶǶ
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Figure 3.8 (following page): (A) Representative images of EGFP::GPAT4 knock in Drosophila S2 R+ cells were treated
with dsRNA against CG12935, CHCHD3, QIL1 or control for 5 days, incubated in oleic acid for 21 hours, then stained
with MDH and imaged by confocal microscopy. Scale bar 5 μm and for inlay 1 μm. (B) Quantification of LD target‐
ing ratio from images represented by (A) reveal QIL1 and CHCHD3 depletion also impair ERTOLD protein targeting.
n=25‐45 cells per knockdown. Two‐tailed unpaired t test, #p<0.0001 compared to control. (C) Representative images of
CNX99A::EGFP knock in Drosophila S2 R+ cells were treated with dsRNA against CG12935, CHCHD3, QIL1 or control
for 5 days, incubated in oleic acid for 21 hours, then stained with MDH and imaged by confocal microscopy. CNX99A
aggregates are observed with QIL1 and TMEM223 depletion, and mildly with CHCHD3 depletion. Scale bar 5 μm and
for inlay 1 μm. (D) Quantification of ssHRP secreted into media through the ERES and Golgi with depletion of Syx5,
Tango1, TMEM223, CHCHD3 or QIL1 is significantly impaired compared to control knockdown. Data are represented
as mean +/‐ SD. Two‐tailed unpaired t test, **p<0.01, ***p<0.001 compared to control. (E) Wildtype Drosophila S2 R+
cells were subjected to dsRNA against control or TMEM223 for 4 days before addition of oleate spike with radiolabeled
oleate for 21 hours. On day 5 of knockdown, incorporation of [14C] oleate into phospholipids phosphatidylethanolamine
(PE), ceramide phosphoethanolamine (CerPE), phosphatidylcholine (PC), and phosphatidylserine (PS) were measured.
Lipids were extracted from cells and separated by TLC. Representative autoradiographs are shown. (F) Quantification
of PE, CerPE, PC and PS reveal that CerPE is dramatically decreased with TMEM223 or CHCHD3 depletion, and signif‐
icantly decreased with QIL1 depletion. Data are represented as mean +/‐ SD. n=3 per knockdown. Multiple t test with
Bonferroni‐Dunn multiple comparisons test, *p<0.05, **p<0.01, #p<0.0001 compared to control.
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Figure 3.8: (continued)
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Figure 3.9: TMEM223‐EGFP expressed in Huh7 cells also localizes to the mitochondria (MitoTracker Red CMXRos). Cells
incubated with 0.5 mM oleic acid for 21 hours to form LDs visualized by LipidTox Deep Red. Scale bar 5µm and for inlay
1 µM.

ǶǦǼǐ ȖȝƷǅǶΞ ǐΝȏȓǐȖȖǦǼǝ bB�Bँँं ȝƷǝǝǐǌ ΘǦȝǣ �%$U Ʒȝ ȝǣǐ ��q[ऀ ǶȂǆȠȖ ঳$ǦǝȠȓǐ ंॽऀࣿ�঴ॽ sǐ ƷǶȖȂ

ǆȂǼЖȓǻǐǌ ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ ƷǼȂȝǣǐȓ ǆǐǶǶ ǶǦǼǐॶ ,Ƞǣआॶ ǅΞ ǐΝȂǝǐǼȂȠȖ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ

Ȃǜ ЙȠȂȓǐȖǆǐǼȝǶΞ ȝƷǝǝǐǌ bB�Bँँं ঳$ǦǝȠȓǐ ंॽई঴ॽ

sǣǦǶǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ bB�Bँँं ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǣƷǌ ǅǐǐǼ ȏȓȂȏȂȖǐǌ ǦǼ ȝǣǐ ǶǦȝǐȓƷȝȠȓǐऀँँॶऀंࣿॶऀआँ

ƷǼǌ ǆȂǼЖȓǻǐǌ ǣǐȓǐॶ ȝǣǐ ȖȠǅǶȂǆƷǶǦΣƷȝǦȂǼ ΘǦȝǣǦǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦȖ ȠǼǴǼȂΘǼॽ bǣǦȖ ǦǼǜȂȓǻƷȝǦȂǼ

ΘȂȠǶǌ Ȗǣǐǌ ǶǦǝǣȝ ȂǼ ǦȝȖ ȏȂȝǐǼȝǦƷǶ ǜȠǼǆȝǦȂǼॽ bȂ ƷǌǌȓǐȖȖ ȝǣǦȖॶ Θǐ ȝȂȂǴ ƷǌΗƷǼȝƷǝǐ Ȃǜ ȝǣǐ ǆȂǼȖǐȓΗƷȝǦȂǼ

Ȃǜ bB�Bँँं ǶȂǆƷǶǦΣƷȝǦȂǼ ǦǼ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖॶ ƷȖ ȝǣǐȓǐ Ʒȓǐ ǻȂȓǐ ȝȂȂǶȖ ǜȂȓ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷȖȖƷΞȖ ǦǼ

ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖॽ bȂ ǌǐȝǐȓǻǦǼǐ Ǧǜ bB�Bँँं ǦȖ ƷǼ ǦǼȝǐǝȓƷǶ ǻǐǻǅȓƷǼǐ ȏȓȂȝǐǦǼॶ Θǐ ǦȖȂǶƷȝǐǌ ǻǦȝȂৄ

ǆǣȂǼǌȓǦƷ ǜȓȂǻ ȝǣǐȖǐ ǆǐǶǶȖ ƷǼǌ ȖȠǅǱǐǆȝǐǌ ȝǣǐǻ ȝȂ ǦǼǆȓǐƷȖǦǼǝ ȏ, Ȃǜ ȖȂǌǦȠǻ ǅǦǆƷȓǅȂǼƷȝǐॽ �Ǽ ƷǼȝǦǅȂǌΞ

ƷǝƷǦǼȖȝ %$U ΘƷȖ ȠȖǐǌ ȝȂ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ bB�Bँँं ǅǐȝΘǐǐǼ ȝǣǐ ȖȠȏǐȓǼƷȝƷǼȝ ƷǼǌ

ȏǐǶǶǐȝ ǜȓƷǆȝǦȂǼȖॽ [ǦǻǦǶƷȓ ȝȂ bȂǻःࣿॶ bB�Bँँं ঳%$U঴ ȓǐǻƷǦǼǐǌ ǦǼ ȝǣǐ ȏǐǶǶǐȝ ǜȓƷǆȝǦȂǼ ǐΗǐǼ ΘǦȝǣ ǦǼৄ

ǆȓǐƷȖǦǼǝ ȏ,ॽ UǐȓǦȏǣǐȓƷǶ ǻǐǻǅȓƷǼǐ ǻƷȝȓǦΝ ȏȓȂȝǐǦǼȖ ǻȝ,[Uआࣿ ƷǼǌ �ǶȏU ǅǐǆȂǻǐ ȖȝȓȂǼǝǶΞ ǐǼȓǦǆǣǐǌ

ǦǼ ȝǣǐ ȖȠȏǐȓǼƷȝƷǼȝ ǜȓƷǆȝǦȂǼ ΘǦȝǣ ǦǼǆȓǐƷȖǦǼǝ ȏ,ॽBǦǆअࣿॶ ƷǼ ǦǼȝǐǝȓƷǶ ǻǐǻǅȓƷǼǐ ȏȓȂȝǐǦǼ ȝǣƷȝ ǶȂǆƷǶǦΣǐȖ

ǦǼ ȝǣǐ ȏǐǶǶǐȝ ǜȓƷǆȝǦȂǼ ȠǼȝǦǶ ȝǣǐ ǣǦǝǣǐȖȝ ȏ, ǶǐΗǐǶॶ ȏ, ऀँॽࣿॽ ঳$ǦǝȠȓǐ ंॽऀࣿ�঴ॽ

bȂ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ȖȠǅǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ bB�Bँँं ǅǐȝΘǐǐǼ ȝǣǐ ȂȠȝǐȓ ƷǼǌ ǦǼǼǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ

ǻǐǻǅȓƷǼǐȖॶ Θǐ ȖȠǅǱǐǆȝǐǌ ǆǐǶǶȖ ȝȂ ǦǼǆȓǐƷȖǦǼǝ ǶǐΗǐǶȖ Ȃǜ ǌǦǝǦȝȂǼǦǼ ǜȂǶǶȂΘǐǌ ǅΞ UȓȂȝǐǦǼƷȖǐ < ȝȓǐƷȝǻǐǼȝॽ

BǦȝȂǆǣȂǼǌȓǦƷǶ ЖȖȖǦȂǼ ǜƷǆȝȂȓ ঳BЍ঴ॶ bȂǻःࣿॶ bȂǻ ँࣿ ƷǼǌ HȏƷऀ Θǐȓǐ ȠȖǐǌ ƷȖ ǻƷȓǴǐȓȖ Ȃǜ ȝǣǐ ȂȠȝǐȓ ǻǦৄ
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Figure 3.10: (A) AAVS1 Safe Harbor targeting method of EGFP conjugated to the C‐terminus hTMEM223 under a TK
promoter allowed stable integration into SUM159 (AAVS1‐TMEM223). AAVS1‐TK‐TMEM223‐EGFP localizes to mi‐
tochondria (MitoTracker Red CMXRos). Cells incubated with 0.5 mM oleic acid for 21 hours to form LDs visualized by
LipidTox Deep Red. Scale bar 5µm and for inlay 1 µM. (B) Sodium bicarbonate extraction of mitochondrial membrane
proteins with increasing pH. Antibodies against endogenous TOM40, MIC60, mtHSP70 and ClpP were used to iden‐
tify the outer and inner membrane and matrix compartments respectively. Antibody against GFP was used to identify
AAVS1‐TK‐TMEM223‐EGFP and is shown in the mitochondrial membrane fraction. T = 10% of total input, S = super‐
natant, P = pellet. (C) TMEM223 localizes to the inner membrane compartment with termini likely facing toward the
matrix. Increasing digitonin in the presence of Proteinase K was used to digest the outer membrane, then inner mem‐
brane proteins. Addition of TritonX‐100 was used to access matric proteins, though the mitoribosome component,
MRPL11, and TMEM223 remained protected. Antibodies against endogenous Mff, TOM40, TOM20 and Opa1 marked
the outer membrane, TIM23 and MIC60 marked the inner membrane, and ClpP, MRPL11 and NDUFS2 marked the
matrix compartment. Molecular mass markers (kDa) are shown on the left for panels (B) and (C). (D) Wildtype SUM159
cells were treated with siRNA against control (NC1 sequence) or TMEM223 for two days, transfected with and EGFP‐
GPAT4 construct and treated with oleic acid for 24 hours before being stained with LipidTox Deep Red to visualize LDs.
GPAT4 aggregates in the ER in cells treated with TMEM223 siRNA and does not fully enrich around LDs. (E) ER stress
increases with depletion of TMEM223 by siRNA compared to control in presence or absence of oleic acid (OA) treat‐
ment. qPCR analysis of indicated genes where data represents mean +/‐SD; n=3. Multiple t test with Bonferroni‐Dunn
multiple comparisons test, *p<0.05, **p<0.01, #p<0.0001 compared to control.
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ȝȂǆǣȂǼǌȓǦƷǶ ǻǐǻǅȓƷǼǐ ঳HBB঴ॽ bǣǐȖǐ ȏȓȂȝǐǦǼȖ Θǐȓǐ ƷǶǶ ǌǐǝȓƷǌǐǌ Ʒȝ ȝǣǐ ǶȂΘǐȖȝ ǶǐΗǐǶȖ Ȃǜ ǌǦǝǦȝȂǼǦǼॽ

/ǼǼǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻǐǻǅȓƷǼǐ ঳/BB঴ ȏȓȂȝǐǦǼȖ bǦǻँं ƷǼǌBǦǆअࣿ Θǐȓǐ ǌǐǝȓƷǌǐǌ Ʒȝ ǣǦǝǣǐȓ ǶǐΗৄ

ǐǶȖ Ȃǜ ǌǦǝǦȝȂǼǦǼ ঳ࣿॽࣿः઒঴ॽ BƷȝȓǦΝ ǻƷȓǴǐȓȖ �ǶȏUॶ BXU=ऀऀ ƷǼǌ C�e$[ँ Θǐȓǐ ƷǶǶ ȏȓȂȝǐǆȝǐǌ ǐΗǐǼ Ʒȝ

ȝǣǐ ǣǦǝǣǐȖȝ ǌǦǝǦȝȂǼǦǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼॽ �ǶȏU ƷǼǌ C�e$[ँ Θǐȓǐ ǅȂȝǣ ǌǐǝȓƷǌǐǌ ΘǦȝǣ ȝǣǐ ƷǌǌǦȝǦȂǼ Ȃǜ

bȓǦȝȂǼxৄऀࣿࣿॽ BXU=ऀऀ ΘƷȖ ȏƷȓȝǦƷǶǶΞ ǌǐǝȓƷǌǐǌॶ ǦȝȖ ƷȖȖȂǆǦƷȝǦȂǼ ΘǦȝǣ ȝǣǐ ǻǐǻǅȓƷǼǐ ƷǼǌ ǻǦȝȂȓǦǅȂৄ

ȖȂǻǐȖ ǻƷΞ ǣƷΗǐ ȏȓȂȝǐǆȝǐǌ Ǧȝॽ [ǦǻǦǶƷȓ ȝȂ BXU=ऀऀॶ bB�Bँँं ঳%$U঴ ΘƷȖ ƷǶȖȂ ȏȓȂȝǐǆȝǐǌ ǜȓȂǻ UȓȂৄ

ȝǐǦǼƷȖǐ < ǌǦǝǐȖȝǦȂǼॶ ǐΗǐǼ ΘǦȝǣ bȓǦȝȂǼxৄऀࣿࣿ ঳$ǦǝȠȓǐ ंॽऀࣿ�঴ॽ � ȓǐǆǐǼȝ ȏƷȏǐȓ ȏȂȖǦȝǐǌ ȝǣǐ bB�Bँँं

ΘƷȖ ǣȂǻȂǶȂǝȠǐ Ȃǜ ΞǐƷȖȝ BȓΝऀऄ ΘǣǦǆǣ ǦȖ ǴǼȂΘǼ ȝȂ ƷȖȖȂǆǦƷȝǐ ΘǦȝǣ ȝǣǐ ǻǦȝȂȓǦǅȂȖȂǻǐ ƷȖ ΘǐǶǶॶ ΘǣǦǆǣ

ǆȂȠǶǌ ǐΝȏǶƷǦǼ ȂȠȓ ȂǅȖǐȓΗƷȝǦȂǼȖऀआँॽ sǐ ȓǐΗǐƷǶ ǣǐȓǐ ȝǣƷȝ bB�Bँँं ǦȖ Ʒ ǅȂǼƷ Жǌǐ ǦǼȝǐǝȓƷǶ ǻǐǻǅȓƷǼǐ

ȏȓȂȝǐǦǼ ȝǣƷȝ ǶȂǆƷǶǦΣǐȖ ȝȂ ȝǣǐ ǦǼǼǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻǐǻǅȓƷǼǐॽ

bȂ ȝǐȖȝ ȝǣǐ ǐЍǐǆȝ Ȃǜ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ǦǼ [eBऀऄई ǆǐǶǶȖ ȂǼ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ Θǐ

ȠȖǐǌ ȖǦXC� ƷǝƷǦǼȖȝ bB�Bँँं ǦǼ [eBऀऄई ǆǐǶǶȖॶ ƷǼǌ ǐΝȂǝǐǼȂȠȖǶΞ ǐΝȏȓǐȖȖǐǌ ЙȠȂȓǐȖǆǐǼȝǶΞ ȝƷǝǝǐǌ

%U�bः ǦǼ ǴǼȂǆǴǌȂΘǼ ǆǐǶǶȖ ǅǐǜȂȓǐ ƷǌǌǦȝǦȂǼ Ȃǜ ȂǶǐƷȝǐ ȂΗǐȓǼǦǝǣȝॽ [ǦǻǦǶƷȓ ȝȂ�ȲȡȵȡȮȂȅȕǖ [ँ ǆǐǶǶȖॶ ǌǐৄ

ȏǶǐȝǦȂǼ Ȃǜ bB�Bँँं ǅΞ ȖǦXC�ǻǐǌǦƷȝǐǌ ǴǼȂǆǴǌȂΘǼ ǦǻȏƷǦȓȖ %U�bः ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗ Ʒȝ ǶƷȝǐȓ

ȝǦǻǐ ȏȂǦǼȝȖॶ ँः ǣȂȠȓȖ Ʒǜȝǐȓ ǦǼǆȠǅƷȝǦȂǼ ΘǦȝǣ ȂǶǐƷȝǐ ঳$ǦǝȠȓǐ ंॽऀࣿ�঴ॽ /Ǽ bB�Bँँं ǴǼȂǆǴǌȂΘǼ

ǆǐǶǶȖॶ %U�bः ǦǼȖȝǐƷǌ ǶȂǆƷǶǦΣǐȖ ȝȂ ȝǣǐ �X ƷǼǌ ƷǝǝȓǐǝƷȝǐȖ ƷȓȂȠǼǌ ȝǣǐ ǶƷȓǝǐȓ =�Ȗॽ [ǣǐǐȝৄǶǦǴǐ ȏƷȝǆǣǐȖ

Ȃǜ %U�bः Ʒȓǐ ƷǶȖȂ ȂǅȖǐȓΗǐǌ ǦǼ ȝǣǐ ǆǐǶǶ ȏǐȓǦȏǣǐȓΞ ঳$ǦǝȠȓǐ ंॽऀࣿ�঴ॽ bǣǐ ǶƷȝǐ ȂǼȖǐȝ Ȃǜ ǅȂȝǣ ȏǣǐǼȂȝΞȏǐȖ

ǦǼǌǦǆƷȝǐȖ Ʒ ȓȂǶǐ Ȃǜ bB�Bँँं ǦǼ �X ǣȂǻǐȂȖȝƷȖǦȖ ȝǣƷȝ ǅǐǝǐȝȖ ȝǣǐ =�ৄȓǐǶƷȝǐǌ ȏǣǐǼȂȝΞȏǐȖ ȂǅȖǐȓΗǐǌॽ

$ȠȓȝǣǐȓǻȂȓǐॶ ǴǼȂǆǴ ǌȂΘǼ Ȃǜ bB�Bँँं ǦǼ [eBऀऄई ǆǐǶǶȖ ȓǐȖȠǶȝȖ ǦǼ ǦǼǆȓǐƷȖǐǌ �X ȖȝȓǐȖȖ ǅȂȝǣ ǦǼ

ȝǣǐ ȏȓǐȖǐǼǆǐ ƷǼǌ ƷǅȖǐǼǆǐ Ȃǜ ȂǶǐƷȝǐॶ ȖȠǝǝǐȖȝǦǼǝ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ǌǦȖȓȠȏȝȖ �X ǣȂǻǐȂȖȝƷȖǦȖ ঳$Ǧǝৄ

Ƞȓǐ ंॽऀࣿ�঴ॽ bȂǝǐȝǣǐȓ ȝǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ȖȠȏȏȂȓȝ ȂȠȓ ЖǼǌǦǼǝȖ ǦǼ�ȲȡȵȡȮȂȅȕǖ ǆǐǶǶȖ ƷǼǌ ȓǐΗǐƷǶ Ʒ ǆȂǼৄ

ȖǐȓΗǐǌ ȓǐȒȠǦȓǐǻǐǼȝ ǜȂȓ Ʒ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼǼǐȓ ǻǐǻǅȓƷǼǐ ȏȓȂȝǐǦǼ ǦǼ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ

आࣿ



ं৷ऀࣿ �ӢԓӅԞԓԓӢԀӹ

HȠȓ ǆȠȓȓǐǼȝ ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ �Xৄ=� ǅȓǦǌǝǐ ǜȂȓǻƷȝǦȂǼ ǜȂȓ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ Ȃǜ �X ȝȂ =�Ȗ ǣǦǝǣৄ

ǶǦǝǣȝ Ʒ ȓȂǶǐ Ȃǜ ȏȓȂȝǐǦǼȖ ȝΞȏǦǆƷǶǶΞ ǦǼΗȂǶΗǐǌ ǦǼ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴǦǼǝॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ƷǌǌǦȝǦȂǼƷǶ ȖȝȓȂǼǝ

ǣǦȝȖ ǦǼ ȝǣǐ ȖǆȓǐǐǼ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǦǻȏƷǦȓǐǌ %U�bः ȝƷȓǝǐȝǦǼǝ ূ bƷǼǝȂऀ ূ Ʒȓǐ ȏȓȂȝǐǦǼȖ ǦǼΗȂǶΗǐǌ ǦǼ

ȂȓǝƷǼǦΣǦǼǝ ȝǣǐ �X ǐΝǦȝ ȖǦȝǐॶ Ʒ ȖȏǐǆǦƷǶǦΣǐǌ �X ȖǦȝǐ ǜȂȓ ΗǐȖǦǆǶǐ ǜȂȓǻƷȝǦȂǼ ǜȂȓ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴǦǼǝ ǜȂȓ

ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼइॶऀअइॽ $ȠȓȝǣǐȓǻȂȓǐॶ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ȏȓȂȝǐǦǼȖ ȏȓȂȏȂȖǐǌ ȝȂ ǅǐ ȓǐȒȠǦȓǐǌ ǜȂȓ �Xৄ=�

ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ Ʒȓǐ ƷǶȖȂ ǦǼΗȂǶΗǐǌ ǦǼ �X ȝȂ %ȂǶǝǦ ȏȓȂȝǐǦǼ ƷǼǌ ȏǣȂȖȏǣȂǶǦȏǦǌ ȝȓƷАǆǴǦǼǝ ǅΞ ΗǐȖǦǆǶǐȖॶ

ǦǼǆǶȠǌǦǼǝ XǦǼȝऀ ƷǼǌ [ΞΝऄॽ bǣǦȖ ǻȂǌǐǶ ȖȠǝǝǐȖȝȖ ȝǣƷȝ ȝǣǐ ȏȓȂȏȂȖǐǌ �Xৄ=� ǅȓǦǌǝǐȖ ǻƷΞ ƷǶȖȂ ǜȂȓǻ

Ʒȝ ȝǣƷȝ �X�[ ǦǼ Ʒ ȓǐȏȠȓȏȂȖǦǼǝ Ȃǜ ǻƷǆǣǦǼǐȓΞ ǴǼȂΘǼ ȝȂ ȏƷȓȝǦǆǦȏƷȝǐ ǦǼ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ǜȂȓ ǆƷȓǝȂ

ȝȓƷǼȖȏȂȓȝॽ /ȝ ǦȖ ǴǼȂΘǼ ȝǣƷȝ ǜȂȓǻƷȝǦȂǼ Ȃǜ ȝǣǐȖǐ ȖȏǐǆǦƷǶǦΣǐǌ �X ǌȂǻƷǦǼȖ ǜȂȓ �X ȝȂ %ȂǶǝǦ ȝȓƷАǆǴǦǼǝ

ǦǼΗȂǶΗǐȖ Ʒ ǜǐǼǆǦǼǝ Ȃǜ bƷǼǝȂऀ ȏȓȂȝǐǦǼȖ ƷǼǌ ǻƷΞ ǌǐȏǐǼǌ ȂǼ ȖȏǐǆǦЖǆ ǶǦȏǦǌȖ ȝȂ ǆȓǐƷȝǐ Ȃȓ ǻƷǦǼȝƷǦǼ ȝǣǐȖǐ

ǌȂǻƷǦǼȖइॶऀअइॽ $ȠȓȝǣǐȓǻȂȓǐॶ Ʒ ȖȏǣǦǼǝȂǶǦȏǦǌ ǝȓƷǌǦǐǼȝ ǦȖ Ʒ ǆǣƷȓƷǆȝǐȓǦȖȝǦǆ Ȃǜ ȝǣǐ ȖǐǆȓǐȝȂȓΞ ȏƷȝǣΘƷΞ ǜȓȂǻ

ȝǣǐ �X ȝȂ ȝǣǐ %ȂǶǝǦऀࣿऀॽ

sǣǦǶǐ ȖȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ Ʒ ǻƷǱȂȓǦȝΞ Ȃǜ �ǐȓU� ǦȖ ȖΞǼȝǣǐȖǦΣǐǌ ǅΞ �U�[ Ʒȝ ȝǣǐ %ȂǶǝǦॶ ƷǌǌǦৄ

ȝǦȂǼƷǶ ǦǼΗǐȖȝǦǝƷȝǦȂǼȖ Ȃǜ ȝǣǐ ȓȂǶǐ Ȃǜ [B[ȓ ǣƷΗǐ ȓǐΗǐƷǶǐǌ Ǧȝ ȏǶƷΞȖ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ ǻȂǌȠǶƷȝǦǼǝ �X ǆǐȓƷǻǦǌǐ

ƷǼǌ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐ ǶǐΗǐǶȖ Ʒȝ ȝǣǐ �X ȝǣƷȝ Ʒȓǐ ǦǻȏȂȓȝƷǼȝ ǜȂȓ �X ȝȂ %ȂǶǝǦ ȝȓƷАǆǴǦǼǝॽ �ǐȏǶǐȝǦȂǼ Ȃǜ

[B[ȓॶ ƷǼ ǐǼΣΞǻǐ ǴǼȂΘǼ ȝȂ ȖΞǼȝǣǐȖǦΣǐ Ʒ ǜȓƷǆȝǦȂǼ Ȃǜ ȝǣǐ �ǐȓU� ǦǼ�ȲȡȵȡȮȂȅȕǖॶ ǣƷȖ ǅǐǐǼ ȖǣȂΘǼ ȝȂ

ǌǦȖȓȠȏȝ �X�[ ȂȓǝƷǼǦΣƷȝǦȂǼ ƷǼǌ ȝȓƷǼȖǦȝǦȂǼƷǶ �X ঳ȝ�X঴ৄ%ȂǶǝǦ ȠǼǦȝȖँऀअॽ bǣǦȖ ȂǅȖǐȓΗƷȝǦȂǼ ǆȂȓȓǐǶƷȝǐǌ

ΘǦȝǣ ǆǐȓƷǻǦǌǐ ƷǼǌ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐ ƷǆǆȠǻȠǶƷȝǦȂǼ ȂǅȖǐȓΗǐǌ ΘǦȝǣ ǌǐȏǶǐȝǦȂǼ Ȃǜ bB�Bँँंॽ ,ȂΘৄ

ǐΗǐȓॶ ǌǐȏǶǐȝǦȂǼ Ȃǜ �U�[�ȲȡȵȡȮȂȅȕǖ ǆǐǶǶȖ ȂǼǶΞ ǻǦǶǌǶΞ ǦǻȏƷǦȓǐǌ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ǌǐȖȏǦȝǐ

ǆȂǻȏǶǐȝǐǶΞ ǌǐȏǶǐȝǦǼǝ �ǐȓU� ǶǐΗǐǶȖ ঳$ǦǝȠȓǐ ंॽऀऀॶ � ૫�঴ॽ [B[ȓ ǌǐȏǶǐȝǦȂǼ ǌȂǐȖ ǼȂȝ ǌǐǆȓǐƷȖǐ �ǐȓU�

ǶǐΗǐǶȖॶ ƷȖ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌँऀअॶ Ȃȓ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ ǅȠȝ ǌȂǐȖ ǌȓƷǻƷȝǦǆƷǶǶΞ ǦǼǆȓǐƷȖǐ ǝǶȠৄ

ǆȂȖΞǶǆǐȓƷǻǦǌǐ ǶǐΗǐǶȖ ƷȖ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌँऀअ ঳$ǦǝȠȓǐ ंॽऀऀॶ �ৄ�঴ॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ǌȂȠǅǶǐ ǴǼȂǆǴ ǌȂΘǼ

Ȃǜ �U�[ ƷǼǌ [B[ȓ ȝȂǝǐȝǣǐȓ ǌȂǐȖ ǼȂȝ ǦǻȏƷǦȓ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ǌǐȖȏǦȝǐ ǆȂǻȏǶǐȝǐǶΞ ǌǐȏǶǐȝৄ

आऀ



ǦǼǝ �ǐȓU� ǶǐΗǐǶȖॽ bǣǦȖ ȖȠǝǝǐȖȝȖ ȝǣƷȝ �ǐȓU� ǦȝȖǐǶǜ ǦȖ ǼȂȝ ȝǣǐ ǆȠǶȏȓǦȝ ǅȠȝ Ʒ ǌȂΘǼȖȝȓǐƷǻ ǆȂǼȖǐȒȠǐǼǆǐॽ

sǐ ǣΞȏȂȝǣǐȖǦΣǐ ȝǣƷȝ ȝǣǐ ǌȓƷǻƷȝǦǆ ǌǐǆȓǐƷȖǐ ǦǼ �ǐȓU� ƷǼǌ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐȖ ΘǦȝǣ

bB�Bँँं ǌǐȏǶǐȝǦȂǼ ǦȖ ǌȠǐ ȝȂ ǦǻȏƷǦȓǐǌ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴǦǼǝॶ ƷȖ Θǐ ȂǅȖǐȓΗǐǌ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴǦǼǝ

ΘƷȖ ǆǶǐƷȓǶΞ ǌǦȖȓȠȏȝǐǌ ঳$ǦǝȠȓǐ ंॽअ�঴ॶ ƷǼǌ ȝǣǦȖ ȏȓǐΗǐǼȝȖ ǼȂȓǻƷǶ ȝȓƷАǆǴǦǼǝ Ȃǜ ǆǐȓƷǻǦǌǐ ȝȂ ȝǣǐ %ȂǶǝǦ ǜȂȓ

�ǐȓU� ȖΞǼȝǣǐȖǦȖॽ Hǜ ǼȂȝǐॶ ȝȓƷАǆǴǦǼǝ Ȃǜ ǆǐȓƷǻǦǌǐ ǜȓȂǻ ȝǣǐ �X ȝȂ ȝǣǐ %ȂǶǝǦ ǜȂȓ ǆȂǼΗǐȓȖǦȂǼ ȝȂ �ǐȓU�

ǦǼ�ȲȡȵȡȮȂȅȕǖ ƷǼǌ ȖȏǣǦǼǝȂǻΞǐǶǦǼ ǦǼ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖ ǦȖ �bUৄǌǐȏǐǼǌǐǼȝ ΗǦƷ ȝǣǐ ǆΞȝȂȖȂǶǦǆ ȏȓȂȝǐǦǼ

��Xbऀऀइॶँऀंॽ sǐ ȖȠȖȏǐǆȝ ȝǣƷȝ ȝǣǐ ƷȏȂȏȝȂȝǦǆ ƷǼǌ ǌǐȝȓǦǻǐǼȝƷǶ ǐЍǐǆȝȖ Ȃǜ ǆǐȓƷǻǦǌǐ ƷǆǆȠǻȠǶƷȝǦȂǼ

ǦǼ ȝǣǐ �X ǦȖ ǻǦȝǦǝƷȝǐǌ ǅΞ ǆȂǼΗǐȓȖǦȂǼ ȝȂ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐȖॶ ǣǐǼǆǐ ȝǣǐ ƷǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǝǶȠǆȂȖΞǶǆǐৄ

ȓƷǻǦǌǐ ȖȏǐǆǦǐȖॽ

,ȂΘǐΗǐȓॶ ȝǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ȖȝǦǶǶ ǅǐǝǐȝ ȝǣǐ ȒȠǐȖȝǦȂǼ Ȃǜ ǣȂΘ ǌȂǐȖ ǻǦȝȂǆǣȂǼǌȓǦƷǶ bB�Bँँं

ƷЍǐǆȝ ȝǣǐ ǜȠǼǌƷǻǐǼȝƷǶ ȏȓȂǆǐȖȖ Ȃǜ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ǜȓȂǻ ȝǣǐ �X ȝȂ =�Ȗॾ $Ƞȓȝǣǐȓ ȖȝȠǌǦǐȖ Ǽǐǐǌ ȝȂ

ǅǐ ǆƷȓȓǦǐǌ ȂȠȝ ȝȂ ǌǦȓǐǆȝǶΞ ȝǐȖȝ ȝǣǐ ǜȠǼǆȝǦȂǼ Ȃǜ bB�Bँँं Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷॽ sǣǦǶǐ bB�Bँँं

ǌǐȏǶǐȝǦȂǼ ǌȂǐȖ ǼȂȝ ǌǦȖȓȠȏȝ ȂΝΞǝǐǼ ǆȂǼȖȠǻȏȝǦȂǼ ǦǼ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖॶ Θǐ ǆǶǐƷȓǶΞ ǼȂȝǐǌ ǦǼৄ

ǆȓǐƷȖǐǌ ǆǐǶǶ ǌǐƷȝǣ ΘǦȝǣ bB�Bँँं ǌǐȏǶǐȝǦȂǼॽ bǣǦȖ ǆȂȠǶǌ ǦǼǌǦǆƷȝǐ ȝǣƷȝ ǆǐǶǶȠǶƷȓ ǐǼǐȓǝΞ ǶǐΗǐǶȖ Ʒȓǐ

ǦǻȏƷǦȓǐǌ ΘǦȝǣ bB�Bँँं ǌǐȏǶǐȝǦȂǼॽ sǐ ȏȓȂȏȂȖǐ ȝȂ ǻǐƷȖȠȓǐ ǶǐΗǐǶȖ Ȃǜ ǐǼǐȓǝΞ ǻȂǶǐǆȠǶǐȖ ȖȠǆǣ ƷȖ

�bU঄��U ƷǼǌ C��঄C��, ȓƷȝǦȂȖ ȝȂ ǆȂǻȏǶǐȝǐ ȂȠȓ ǦǼΗǐȖȝǦǝƷȝǦȂǼ Ȃǜ Ʒ ȓȂǶǐ ǜȂȓ bB�Bँँं ǦǼ ǻǦȝȂৄ

ǆǣȂǼǌȓǦƷ ǜȠǼǆȝǦȂǼॽ �Ȗ ȏȓǐΗǦȂȠȖǶΞ ǻǐǼȝǦȂǼǐǌॶ ȝǣǐ ȏȂȖǦȝǐǌ ΞǐƷȖȝ ǣȂǻȂǶȂǝȠǐ Ȃǜ bB�Bँँंॶ BȓΝऀऄॶ

ΘƷȖ ȖǣȂΘǼ ȝȂ ǣƷΗǐ ȖΞǼȝǣǐȝǦǆ ǝǐǼǐȝǦǆ ǦǼȝǐȓƷǆȝǦȂǼȖ ΘǦȝǣ ȝǣǐ ǻǦȝȂȓǦǅȂȖȂǻǐ ȏȓȂȝǐǦǼ BǅƷऀ ঳ǻƷǻǻƷǶǦƷǼ

ƷǼǌ�ȲȡȵȡȮȂȅȕǖBXU=ःऄ঴ঃ ΘǣǦǶǐ ǌǐȏǶǐȝǦȂǼ Ȃǜ BȓΝऀऄ ƷǶȂǼǐ ǌǦǌ ǼȂȝ ǣƷΗǐ ȓǐȖȏǦȓƷȝȂȓΞ ǝȓȂΘȝǣ ǌǐǜǐǆȝȖॶ

BȓΝऀऄઌ ȂǼ ƷǼBǅƷऀઌ ǅƷǆǴǝȓȂȠǼǌ ǐΝƷǆǐȓǅƷȝǐǌBǅƷऀ ȓǐȖȏǦȓƷȝȂȓΞ ǝȓȂΘȝǣ ǌǐǜǐǆȝȖ ȂǼ ǝǶΞǆǐȓȂǶऀंआॽ

[ǦǻǦǶƷȓǶΞॶ BȓΝऀऄઌ ƷǶȂǼǐ ǌȂǐȖ ǼȂȝ ƷЍǐǆȝ ǐǶǐǆȝȓȂǼ ȝȓƷǼȖȏȂȓȝ ǆǣƷǦǼ ǆȂǻȏǶǐΝ ƷǆȝǦΗǦȝΞॶ ǅȠȝ BȓΝऀऄઌ ȂǼ

ƷǼBǅƷऀઌ ǅƷǆǴǝȓȂȠǼǌ ǜȠȓȝǣǐȓ ǌǐȏǶǐȝǐȖ �ȂǻȏǶǐΝ /q ȏȓȂȝǐǦǼ ǶǐΗǐǶȖ ƷǼǌ �ȂǻȏǶǐΝ /q ƷǆȝǦΗǦȝΞऀंआॽ

bǣǐȖǐ ȖȝȠǌǦǐȖ ƷȖ ΘǐǶǶ ƷȖ ȝǣǐ ǐΗȂǶȠȝǦȂǼƷȓΞ ȓǐǶƷȝǦȂǼȖǣǦȏ ǅǐȝΘǐǐǼ bB�Bँँं ƷǼǌ bB�Bऀइअ ƷǼǌ

bB�Bआࣿॶ ΘǣǦǆǣ Ʒȓǐ ǅȂȝǣ ǦǼΗȂǶΗǐǌ ǦǼ ȝǣǐ ƷȖȖǐǻǅǶΞ Ȃǜ �ȂǻȏǶǐΝ / Ȃȓ qॶ ȖȠǝǝǐȖȝȖ bB�Bँँं ǻƷΞ

ǅǐ ǦǼΗȂǶΗǐǌ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȂΝǦǌƷȝǦΗǐ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ǆȂǻȏǶǐΝ ƷȖȖǐǻǅǶΞॽ bǣǦȖ ǆƷǼ ǅǐ ǌǦȓǐǆȝǶΞ
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Figure 3.11: (A) Wildtype Drosophila S2 R+ cells were subjected to dsRNA against control, TMEM223 or CPES for 4 days
before addition of oleate spike with radiolabeled oleate for 21 hours. On day 5 of knockdown, incorporation of [14C]
oleate into phospholipids glucosylceramide (GlcCer), phosphatidylethanolamine (PE), ceramide phosphoethanolamine
(CerPE), phosphatidylcholine (PC), and phosphatidylserine (PS) were measured. Lipids were extracted from cells and
separated by TLC and quantification reveals trending increases in glucosylceramides and dramatic decreases in CerPE
with either TMEM223 or CPES depletion. Data are represented as mean +/‐ SD. n=3 per knockdown. Multiple t test
with Bonferroni‐Dunn multiple comparisons test, #p<0.0001 compared to control. (B) Wildtype Drosophila S2 R+ cells
were subjected to dsRNA against control, TMEM223, SMSr, or a combination of SMSr/CPES for 4 days before addition
of oleate spike with radiolabeled oleate for 21 hours. On day 5 of knockdown, incorporation of [14C] oleate into phos‐
pholipids glucosylceramide (GlcCer), phosphatidylethanolamine (PE), ceramide phosphoethanolamine (CerPE), phos‐
phatidylcholine (PC), and phosphatidylserine (PS) were measured. Lipids were extracted from cells and separated by TLC
and quantification reveals increases in glucosylceramides with either TMEM223, SMSr or SMSr/CPES depletion. Dra‐
matic decreases in CerPE were only observed with TMEM223 or SMSr/CPES depletion. Data are represented as mean
+/‐ SD. n=3 per knockdown. Multiple t test with Bonferroni‐Dunn multiple comparisons test, *p<0.05, ***p<0.001,
#p<0.0001 compared to control. (C) EGFP::GPAT4 knock in Drosophila S2 R+ cells were treated with dsRNA against
TMEM223, CPES, SMSr, SMSr/CPES or control for 5 days, incubated in oleic acid for 21 hours, then stained with MDH,
imaged by confocal microscopy and the LD targeting ratio was quantified. n = 25‐45 cells per knockdown, n = 13 for
CPES/SMSr knockdown. *p<0.05, #p<0.0001 compared to control.
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ȝǐȖȝǐǌ ǅΞ ƷȖȖƷΞǦǼǝ ǜȂȓ ǦǼǌǦΗǦǌȠƷǶ ƷǆȝǦΗǦȝΞ Ȃǜ ǐƷǆǣ Ȃǜ ȝǣǐ ǆȂǻȏǶǐΝǐȖ ƷȖ ǣƷȖ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ ȓǐȏȂȓȝǐǌ ǦǼ

�ȲȡȵȡȮȂȅȕǖ [ँ ǆǐǶǶȖऀअअॽ

�Ȗ B/�H[ ǦȖ ǴǼȂΘǼ ȝȂ ȏǶƷΞ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ ǆȓǦȖȝƷǐ ƷȓǆǣǦȝǐǆȝȠȓǐॶ ƷǼǌ ǌǦȖȏǶƷΞȖ ȖǦǻǦǶƷȓ ȏǣǐǼȂȝΞȏǐȖ ȝȂ

bB�Bँँंॶ ǐǶǐǆȝȓȂǼ ǻǦǆȓȂȖǆȂȏΞ Ȃǜ�ȲȡȵȡȮȂȅȕǖ ǆǐǶǶȖ ȖȠǅǱǐǆȝǐǌ ȝȂ ǌȖXC� ƷǝƷǦǼȖȝ ǆȂǼȝȓȂǶॶ bB�Bँँंॶ

�,�,�ं ƷǼǌ W/=ऀ ΘǦǶǶ ȓǐΗǐƷǶ Ǧǜ bB�Bँँं ȖǦǻǦǶƷȓǶΞ ǦǻȏƷǦȓȖ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻȂȓȏǣȂǶȂǝΞॽ �Ƕǐǆৄ

ȝȓȂǼ ǻǦǆȓȂȖǆȂȏΞ ȖȝȠǌǦǐȖ ΘǦǶǶ ƷǶȖȂ ǐǶȠǆǦǌƷȝǐ Ǧǜ ȝǣǐ ȏǣΞȖǦǆƷǶ ȓǐǶƷȝǦȂǼȖǣǦȏ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ ȝǣǐ ǻǦৄ

ȝȂǆǣȂǼǌȓǦƷ ǦȖ ǌǦȖȓȠȏȝǐǌ ΘǦȝǣ ǶȂȖȖ Ȃǜ ǐǦȝǣǐȓ bB�Bँँं Ȃȓ B/�H[ ǆȂǻȏȂǼǐǼȝȖॶ �,�,�ं ƷǼǌ

W/=ऀॽ

HȠȓ ǆȠȓȓǐǼȝ ǻȂǌǐǶ ǦȖ ȝǣƷȝ B/�H[ ƷǼǌ bB�Bँँं Ʒȓǐ ȓǐȒȠǦȓǐǌ ǜȂȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǜȠǼǆȝǦȂǼ

ƷǼǌ ȝǣƷȝ ǦǻȏƷǦȓǐǌ ǐǼǐȓǝΞ ȏȓȂǌȠǆȝǦȂǼ ǦǻȏƷǦȓȖ �bUৄǌǐȏǐǼǌǐǼȝ [C�X� ǆȂǻȏǶǐΝ ǌǦȖƷȖȖǐǻǅǶΞ ǴǐΞ

ǜȂȓ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ǦǼ ǻǐǻǅȓƷǼǐ ȝȓƷАǆǴǦǼǝ ǅǐȝΘǐǐǼ ȝǣǐ �X ƷǼǌ %ȂǶǝǦआअ ƷǼǌ ȏȂȖǦȝǐǌ ȝȂ ǅǐ Ǧǻৄ

ȏȂȓȝƷǼȝ ǜȂȓ �Xৄ=�ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼॽ �ȂǼȖǐȒȠǐǼȝǶΞॶ ǦǻȏƷǦȓǐǌ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴǦǼǝ ǌǦȖȓȠȏȝȖ �X

ǻȂȓȏǣȂǶȂǝΞॶ �X ȏȓȂȝǐǦǼ ǐΝȏȂȓȝ ƷǼǌ ǻȂȖȝ ǶǦǴǐǶΞ ǆǐȓƷǻǦǌǐ ȝȓƷǼȖǜǐȓॶ ȓǐȖȠǶȝǦǼǝ ǦǼ ȝǣǐ ȂǅȖǐȓΗǐǌ �ǐȓU�

ǌǐȏǶǐȝǦȂǼ ƷǼǌ ǝǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐ ƷǆǆȠǻȠǶƷȝǦȂǼ ƷǼǌ ȖȝȓǦǴǦǼǝǶΞॶ ǦǻȏƷǦȓǐǌ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ

eǶȝǦǻƷȝǐǶΞॶ ȝǣǐȖǐ ȖȝȠǌǦǐȖ ȖȠǝǝǐȖȝ Ʒ ȏȓǐΗǦȂȠȖǶΞ ȠǼǐΝȏǶȂȓǐǌ ȓȂǶǐ ǜȂȓ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ �XbH=�

ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ƷǼǌ ǦǌǐǼȝǦЖǐȖ ƷǼ ǦǻȏȂȓȝƷǼȝ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǜƷǆȝȂȓ ǜȂȓ ǻƷǦǼȝǐǼƷǼǆǐ Ȃǜ ǻǐǻǅȓƷǼǐ

ǶǦȏǦǌ ǆȂǻȏȂȖǦȝǦȂǼॶ ǜȠȓȝǣǐȓ ǦǶǶȠȖȝȓƷȝǦǼǝ ǣȂΘ =� ȏǣǐǼȂȝΞȏǐȖ ǆƷǼ ǅǐ ȖǐǼȖǦȝǦΗǐ ǻƷȓǴǐȓȖ ǜȂȓ �Xǻǐǻৄ

ǅȓƷǼǐ ǌΞȖǜȠǼǆȝǦȂǼॽ

ं৷ऀऀ BҷԚӏԏӢҷӲԓ ҷӹӋBӏԚӟԀӋԓ

ं৷ऀऀ৷ऀ �ӹԚӢӂԀӋӢӏԓ

�ǼȝǦǅȂǌǦǐȖ ȠȖǐǌ ǦǼ ȝǣǦȖ ȖȝȠǌΞ Ʒȓǐ ǶǦȖȝǐǌ ǦǼ bƷǅǶǐ �ऀ
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ं৷ऀऀ৷ँ UӲҷԓӸӢӋԓ

UǶƷȖǻǦǌȖ Θǐȓǐ ǝǐǼǐȓƷȝǐǌ ǅΞ ЖȓȖȝ U�X ƷǻȏǶǦǜΞǦǼǝ ȝǣǐ ǦǼȖǐȓȝ ȠȖǦǼǝ UǜȠeǶȝȓƷ // $ȠȖǦȂǼ ,ȂȝȖȝƷȓȝ �C�

UȂǶΞǻǐȓƷȖǐ ঳�ǝǦǶǐǼȝ bǐǆǣǼȂǶȂǝǦǐȖॶ ॻअࣿࣿअआँ঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ U�X ȏȓȂǌȠǆȝ

Θǐȓǐ ǝǐǶ ȏȠȓǦЖǐǌ ȠȖǦǼǝ Ʒ CȠǆǶǐȂ[ȏǦǼ %ǐǶ ƷǼǌ U�X�ǶǐƷǼৄȠȏ <Ǧȝ ঳BƷǆǣǐȓǐΞৄCƷǝǐǶॶॻ आःࣿअࣿईॽँऄࣿ঴ॽ

UȠȓǦЖǐǌ U�X ȏȓȂǌȠǆȝȖ Θǐȓǐ ǆǶȂǼǐǌ ǦǼȝȂ ƷǼ ǐǼȝȓΞ ΗǐǆȝȂȓ ȠȖǦǼǝ ȝǣǐ ȏ�CbX঄�ৄbHUH�ǶȂǼǦǼǝ

<Ǧȝ ঳/ǼΗǦȝȓȂǝǐǼॶॻ<ँःࣿࣿँࣿ঴ ƷǼǌ ȝǣǐǼ ȠȖǦǼǝ ȝǣǐ ȝǣǐ %ƷȝǐΘƷΞ =X ǆǶȂǼƷȖǐ �ǼΣΞǻǐ ǻǦΝ ঳/ǼΗǦȝȓȂৄ

ǝǐǼॶॻऀऀआईऀࣿऀई঴ ǆǶȂǼǐǌ ǦǼȝȂ Ʒ ǌǐȖȝǦǼƷȝǦȂǼ ΗǐǆȝȂȓ ǜȓȂǻ ȝǣǐ�ȲȡȵȡȮȂȅȕǖ%ƷȝǐΘƷΞ ΗǐǆȝȂȓ ǆȂǶǶǐǆȝǦȂǼ

ȖΞȖȝǐǻ ঳BȠȓȏǣΞ =ƷǅȂȓƷȝȂȓΞॶ �ƷȓǼǐǝǦǐ BǐǶǶȂǼ eǼǦΗǐȓȖǦȝΞ঴ॽ /ǼǜȂȓǻƷȝǦȂǼ ȂǼ U�X ȝǐǻȏǶƷȝǐȖ ƷǼǌ

ȏȓǦǻǐȓȖ ǆƷǼ ǅǐ ǜȂȠǼǌ ǦǼ bƷǅǶǐ �ँॽ

$Ȃȓ ǻƷǻǻƷǶǦƷǼ ǆȂǼȖȝȓȠǆȝȖॶ U�X Ȃǜ ǦǼȖǐȓȝȖ ǜȂȓ ǆǶȂǼǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȠȖǦǼǝ Wऄ,Ȃȝ [ȝƷȓȝ ,Ǧǝǣৄ

$ǦǌǐǶǦȝΞ �C� UȂǶΞǻǐȓƷȖǐ ঳CǐΘ �ǼǝǶƷǼǌ �ǦȂǶƷǅȖॶ ॻBࣿःईं[঴ॽ U�X ȏȓȂǌȠǆȝȖ Θǐȓǐ ȏȠȓǦЖǐǌ ΘǦȝǣ

Ʒ CȠǆǶǐȂ[ȏǦǼ %ǐǶ ƷǼǌ U�X�ǶǐƷǼৄȠȏ <Ǧȝ ঳BƷǆǣǐȓǐΞৄCƷǝǐǶॶ ॻआःࣿअࣿईॽँऄࣿ঴ॽ U�X ȏȓȂǌȠǆȝȖ ƷǼǌ

ΗǐǆȝȂȓȖ Θǐȓǐ ǌǦǝǐȖȝǐǌ ΘǦȝǣ ǐǼΣΞǻǐȖ ǜȓȂǻCǐΘ �ǼǝǶƷǼǌ �ǦȂǶƷǅȖ ƷǼǌ ȝǣǐǼ ǶǦǝƷȝǐǌ ΘǦȝǣ ȝǣǐ XƷȏǦǌ

�C��ǐȏǣȂȖ ૫ =ǦǝƷȝǦȂǼ <Ǧȝ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻःइईइऀऀआࣿࣿऀ঴ॽ ȏb<ৄǣ%U�bःৄ�%$U ΘƷȖ ǌǐΗǐǶȂȏǐǌ

ǅΞ $ॽ sǦǶЙǦǼǝँंःॽ bǣǐ ȖΞǼȝǣǐȝǦǆ �C�Ȗ ঳ǝ�ǶȂǆǴॶ /ǼȝǐǝȓƷȝǐǌ �C�bǐǆǣǼȂǶȂǝǦǐȖ঴ ȠȖǐǌ ǦǼ ȝǣǦȖ ȖȝȠǌΞ

ƷǼǌ ǆǶȂǼǦǼǝ ȖȝȓƷȝǐǝǦǐȖ Ȃǜ ȝǣǐ Ȃȝǣǐȓ ȏǶƷȖǻǦǌȖ Ʒȓǐ ȖȠǻǻƷȓǦΣǐǌ ǦǼ bƷǅǶǐ �ंॽ

ं৷ऀऀ৷ं �ӂҳӆҳҿҒҕҥѪ ӅӏӲӲ ӅԞӲԚԞԏӏ ҷӹӋ ԚԏҷӹԓәӏӅԚӢԀӹ

bǣǐ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖ ঳ȖǐΝॵ ǻƷǶǐ঴ ȠȖǐǌ Θǐȓǐ ȏȓȂΗǦǌǐǌ ǅΞ UȓȂǜǐȖȖȂȓ CȂȓǅǐȓȝ UǐȓȓǦǻȂǼ ঳,ƷȓΗƷȓǌ

BǐǌǦǆƷǶ [ǆǣȂȂǶ঴ॽ �ǌǌǦȝǦȂǼƷǶ ǴǼȂǆǴ ǦǼ ǆǐǶǶ ǶǦǼǐȖ ȠȖǐǌ ǦǼ ȝǣǦȖ ȖȝȠǌΞ ঳[ँX੺ৄ�ǼΝईईƷৄ%$Uৄःॶ [ँX੺ৄ

%ǻƷȏৄ%$Uৄःॶ [ँX੺ৄbȂǻँࣿৄ%$Uৄँ঴ Θǐȓǐ ǴǦǼǌ ǝǦǜȝȖ ȝǣǐ ǶƷǅ Ȃǜ UȓȂǜǐȖȖȂȓ CȂȓǅǐȓȝ UǐȓȓǦǻȂǼऀࣿंॽ

�%$Uॵॵ%U�bः ǴǼȂǆǴ ǦǼ ǆǐǶǶȖ Θǐȓǐ ǌǐΗǐǶȂȏǐǌ ǅΞ :ǦȠǼǼ [ȂǼǝ ঳ǻƷǼȠȖǆȓǦȏȝ ǦǼ ȏȓǐȏƷȓƷȝǦȂǼ঴ॽ [ǐǦȏǦǼ

ǴǼȂǆǴȂȠȝ ঳[ǐǦȏǦǼ<H঴ ǆǐǶǶȖ Θǐȓǐ ȏȓǐΗǦȂȠȖǶΞ ǌǐΗǐǶȂȏǐǌ ǅΞsƷǼǝ ǐȝ ƷǶँँआॽ �ǐǶǶȖ Θǐȓǐ ǆȠǶȝȠȓǐǌ Ʒȝ ँअ

૲� ǦǼ [ǆǣǼǐǦǌǐȓ৚Ȗ�ȲȡȵȡȮȂȅȕǖBǐǌǦȠǻ ঳%ǦǅǆȂॶ ॻँऀआँࣿࣿࣿऀ঴ ΘǦȝǣ ऀࣿ઒ ǜǐȝƷǶ ǅȂΗǦǼǐ ȖǐȓȠǻ ঳%ǦǅǆȂॶ

आऄ



ॻऀअऀःࣿৄࣿआऀ঴ ƷǼǌ ऄࣿ ઐǝ঄ǻ= ȖȝȓǐȏȝȂǻΞǆǦǼ ƷǼǌ ऄࣿ ȠǼǦȝȖ঄ǻ= ȏǐǼǦǆǦǶǶǦǼॽ sǣǐȓǐ ǼȂȝǐǌॶ ǆǐǶǶȖ Θǐȓǐ ǦǼৄ

ǆȠǅƷȝǐǌ ΘǦȝǣ ऀ ǻB ȂǶǐǦǆ ƷǆǦǌ ǆȂǻȏǶǐΝǐǌ ΘǦȝǣ ࣿॽऄ઒ ǐȖȖǐǼȝǦƷǶǶΞ ǜƷȝȝΞ ƷǆǦǌ ǜȓǐǐ �[� ঳[ǦǝǻƷ �ǶǌȓǦǆǣ঴ॽ

�ǐǶǶȖ Θǐȓǐ ǻƷǦǼȝƷǦǼǐǌ ǅΞ ȖȏǶǦȝȝǦǼǝ ऀॵंৄऀॵऀँ ǐΗǐȓΞ ँৄः ǌƷΞȖॽ bȓƷǼȖǜǐǆȝǦȂǼ Ȃǜ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖ

ΘƷȖ ȏǐȓǜȂȓǻǐǌ ΘǦȝǣ �ЍǐǆȝǐǼǐ bȓƷǼȖǜǐǆȝǦȂǼ XǐƷǝǐǼȝ ঳WǦƷǝǐǼॶॻंࣿऀःँऄ঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆৄ

ȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ �ǼΞ ǜȠȓȝǣǐȓ ȝȓǐƷȝǻǐǼȝȖॶ ȖȠǆǣ ƷȖ ƷǌǌǦȝǦȂǼ Ȃǜ ȂǶǐǦǆ ƷǆǦǌॶ ȝȂȂǴ ȏǶƷǆǐ Ʒǜȝǐȓ ँअ ǣȂȠȓȖ

Ʒǜȝǐȓ ȝȓƷǼȖǜǐǆȝǦȂǼॽ

ं৷ऀऀ৷ः �X/[UX৳�ҷԓई ӯӹԀӅӯ৳Ӣӹ ӅӏӲӲ ӲӢӹӏ ӚӏӹӏԏҷԚӢԀӹ

<ǼȂǆǴৄǦǼ ǆǐǶǶ ǶǦǼǐȖ Θǐȓǐ ǝǐǼǐȓƷȝǐǌ ȠȖǦǼǝ �X/[UXৄ�ƷȖई ƷǼǌ ǜȂǶǶȂΘǦǼǝ ȏȓȂȝȂǆȂǶȖ ȏȠǅǶǦȖǣǐǌ ǅΞ

,ȂȠȖǌǐǼ ǐȝ ƷǶईऀॶईࣿॶईँॽ %ȠǦǌǐ XC� ȖǐȒȠǐǼǆǐ ƷǼǌ U�X ȏȓǦǻǐȓ ȖǐȒȠǐǼǆǐȖ ǜȂȓ ǌȂǼȂȓ ǆȂǼȖȝȓȠǆȝ ǆǶȂǼǦǼǝ

ǆƷǼ ǅǐ ǜȂȠǼǌ ǦǼ bƷǅǶǐ xॽ ऀ ΘǐǐǴ Ʒǜȝǐȓ ȝȓƷǼȖǜǐǆȝǦȂǼॶ ǆǐǶǶȖ Θǐȓǐ ȖȠȖȏǐǼǌǐǌ ǦǼ ऀΝ �U�[ ȖȠȏȏǶǐǻǐǼȝǐǌ

ΘǦȝǣ ऀ઒ ǜǐȝƷǶ ǅȂΗǦǼǐ ȖǐȓȠǻ ƷǼǌ ȖȂȓȝǐǌ ǅΞ ЙȠȂȓǐȖǆǐǼǆǐৄƷǆȝǦΗƷȝǐǌ ǆǐǶǶ ȖȂȓȝǦǼǝ ঳$��[�ȓǦƷৄऄअऀ ΘǦȝǣ

ऀࣿࣿઐǻ ǝƷȝǦǼǝ঴ ȝȂ ȖǦǼǝǶǐ ǆǐǶǶȖ ǦǼȝȂ Ʒ ईअৄΘǐǶǶ ȏǶƷȝǐ ǆȂǼȝƷǦǼǦǼǝ ǆȂǼǌǦȝǦȂǼǐǌ ǻǐǌǦƷ ঳ǻǐǌǦƷ ǆȂǶǶǐǆȝǐǌ

ǜȓȂǻ ǆȂǼЙȠǐǼȝ ǆǐǶǶȖ ǆȂǻǅǦǼǐǌ ΘǦȝǣ ǐȒȠƷǶ ΗȂǶȠǻǐ Ȃǜ ǜȓǐȖǣ�ȲȡȵȡȮȂȅȕǖ [ǆǣǼǐǦǌǐȓ৚Ȗ ǻǐǌǦȠǻ ΘǦȝǣ

ँࣿ઒ ǜǐȝƷǶ ǅȂΗǦǼǐ ȖǐȓȠǻ঴ॽ �ǜȝǐȓ ǼǐƷȓ ं ΘǐǐǴȖॶ ΗǦƷǅǶǐ ǻȂǼȂǆǶȂǼƷǶ ǆȂǶȂǼǦǐȖ Θǐȓǐ ǐΝȏƷǼǌǐǌ ƷǼǌ ȖȠǅৄ

Ǳǐǆȝǐǌ ȝȂ ǻǦǆȓȂȖǆȂȏΞॶ ΘǐȖȝǐȓǼ ǅǶȂȝ ƷǼǌ ǝǐǼȂǻǦǆ ȖǐȒȠǐǼǆǦǼǝ Ȃǜ U�XৄƷǻȏǶǦЖǐǌ ǝXC� ȝƷȓǝǐȝ ȓǐǝǦȂǼȖ

ȖȠǅǆǶȂǼǐǌ ǦǼȝȂ U�X �ǶȠǼȝ // bHUH ΗǐǆȝȂȓ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ ǜȂȓ ΗǐȓǦЖǆƷȝǦȂǼ Ȃǜ ȏȓȂȏǐȓ

ǦǼȖǐȓȝǦȂǼ ǅΞ ǝǐǼȂǻǐ ǐǌǦȝǦǼǝॽ

ं৷ऀऀ৷ऄ ӋԓXC� ԓԮӹԚӟӏԓӢԓ әԀԏ XC�Ӣ ҷӹӋ XC�Ӣ

%ǐǼȂǻǦǆ �C� Ȃǜ ΘǦǶǌȝΞȏǐ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖ ΘƷȖ ǦȖȂǶƷȝǐǌ ȠȖǦǼǝ %ǐǼ�ǶȠȝǐ %ǐǼȂǻǦǆ �C�

BǦǼǦȏȓǐȏ <Ǧȝ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻ%ऀCंऄࣿৄऀ<b঴ॽ U�X ƷǻȏǶǦЖǆƷȝǦȂǼ Ȃǜ ǝǐǼȂǻǦǆ �C�ΘƷȖ ȏǐȓৄ

ǜȂȓǻǐǌ ǅΞ Wऄ,Ȃȝ [ȝƷȓȝ ,Ǧǝǣৄ$ǦǌǐǶǦȝΞ �C� UȂǶΞǻǐȓƷȖǐ ঳CǐΘ �ǼǝǶƷǼǌ �ǦȂǶƷǅȖॶ ॻBࣿःईं[঴ ȠȖǦǼǝ

ȏȓǦǻǐȓȖ ΘǦȝǣ Ʒ bआ ȏȓȂǻȂȝǐȓ ঳b��b��%��b���b�b�%%%঴ ȂǼ ǅȂȝǣ ǜȂȓΘƷȓǌ ƷǼǌ ȓǐΗǐȓȖǐ

आअ



ȏȓǦǻǐȓȖॽ U�X ȏȓȂǌȠǆȝȖ Θǐȓǐ ȖǐȏƷȓƷȝǐǌ ȠȖǦǼǝ ऀ઒ ƷǝƷȓȂȖǐ ǝǐǶ ǦǼ bȓǦȖৄƷǆǐȝƷȝǐৄ��b� ǅȠЍǐȓ ƷǼǌ U�X

ȏȓȂǌȠǆȝȖ Ȃǜ ȝǣǐ ǐΝȏǐǆȝǐǌ ȖǦΣǐ Θǐȓǐ ǐΝǆǦȖǐǌ ǜȓȂǻ ȝǣǐ ǝǐǶ ǜȂȓ ȏȠȓǦЖǆƷȝǦȂǼ ȠȖǦǼǝ Ʒ CȠǆǶǐȂ[ȏǦǼ %ǐǶ ƷǼǌ

U�X�ǶǐƷǼৄȠȏ <Ǧȝ ঳BƷǆǣǐȓǐΞৄCƷǝǐǶॶ ॻआःࣿअࣿईॽँऄࣿ঴ॽ UȠȓǦЖǐǌ U�X ȏȓȂǌȠǆȝȖ Θǐȓǐ ȠȖǐǌ ƷȖ Ʒ ȝǐǻৄ

ȏǶƷȝǐ ǜȂȓ XC� ȝȓƷǼȖǆȓǦȏȝǦȂǼ ΘǦȝǣ ȝǣǐ B�%�ȖǆȓǦȏȝ bआ bȓƷǼȖǆȓǦȏȝǦȂǼ <Ǧȝ ঳/ǼΗǦȝȓȂǝǐǼॶ ॻ�Bऀंंः঴ॽ

[ΞǼȝǣǐȖǦΣǐǌ ǌȖXC�ΘƷȖ ȝǣǐǼ ȝȓǐƷȝǐǌ ΘǦȝǣ bȠȓǅȂ�CƷȖǐ ǜȓȂǻ ȝǣǐB�%�ȖǆȓǦȏȝ bआ bȓƷǼȖǆȓǦȏȝǦȂǼ

<Ǧȝ ঳/ǼΗǦȝȓȂǝǐǼॶ ॻ�Bऀंंः঴ ǅǐǜȂȓǐ ȏȠȓǦЖǆƷȝǦȂǼ ΘǦȝǣ ȝǣǐ XCǐƷȖΞ BǦǼǦ <Ǧȝ ঳WǦƷǝǐǼॶ ॻआःऀࣿः঴ॽ �Νৄ

ȏǐǆȝǐǌ ȖǦΣǐ ƷǼǌ ȒȠƷǶǦȝΞ Ȃǜ ȖΞǼȝǣǐȖǦΣǐǌ ǌȖXC�Θǐȓǐ ǆȂǼЖȓǻǐǌ ȠȖǦǼǝ Ʒ ऀ઒ ƷǝƷȓȂȖǐ ǝǐǶ ΘǦȝǣ bȓǦȖৄ

�ȂȓƷȝǐৄ��b� ǅȠЍǐȓ ǅǐǜȂȓǐ ȠȖǐॽ U�X ȏȓǦǻǐȓ ȖǐȒȠǐǼǆǐȖ ǜȂȓ ǌȖXC� Ʒȓǐ ǶǦȖȝǐǌ ǦǼ bƷǅǶǐ �ऀॽ

$Ȃȓ ǴǼȂǆǴǌȂΘǼ ǅΞ XC�Ǧॶ ǆǐǶǶȖ Θǐȓǐ ȖȏȠǼ ǌȂΘǼ Ʒȝ ऀॶँࣿࣿ XUB ǜȂȓ ऄ ǻǦǼȠȝǐȖ ƷǼǌ ȓǐȖȠȖȏǐǼǌǐǌ

ǦǼ [ǆǣǼǐǦǌǐȓ৚Ȗ�ȲȡȵȡȮȂȅȕǖBǐǌǦȠǻ ঳%ǦǅǆȂॶ ॻँऀआँࣿࣿࣿऀ঴ ΘǦȝǣȂȠȝ ȖǐȓȠǻ ȖȠȏȏǶǐǻǐǼȝƷȝǦȂǼ Ȃȓ ƷǼৄ

ȝǦǅǦȂȝǦǆȖ Ʒȝ अࣿΝऀࣿः ǆǐǶǶȖ঄ǻ=ॽ �ǐǶǶȖ Θǐȓǐ ȏǶƷȝǐǌ ǦǼ ǐǼȂȠǝǣ ΗȂǶȠǻǐ ȝȂ ǆȂΗǐȓ ȝǣǐ ǅȂȝȝȂǻ Ȃǜ ȝǣǐ ȏǶƷȝǐ

ƷǼǌ ǌȖXC�ΘƷȖ Ʒǌǌǐǌ Ʒȝ ँࣿ Ǽǝ঄ઐ=ॽ �ǜȝǐȓ ǆƷȓǐǜȠǶǶΞ ȓȂȝƷȝǦǼǝ ȝǣǐ ȏǶƷȝǐ ȝȂ ǻǦΝ ȝǣǐ ǆȂǼȝǐǼȝȖॶ ȏǶƷȝǐȖ

Θǐȓǐ ȖǐƷǶǐǌ ΘǦȝǣ ȏƷȓƷЖǶǻ ƷǼǌ ȏǶƷǆǐǌ ǦǼ Ʒ Θǐȝ ǆǣƷǻǅǐȓ ǆȂǻȏȂȖǐǌ Ȃǜ ǌƷǻȏ ȏƷȏǐȓ ȝȂΘǐǶȖ ǶǦǼǦǼǝ ƷǼ

ƷǦȓȝǦǝǣȝ ǆȂǼȝƷǦǼǐȓॶ ƷǼǌ ȖȝȂȓǐǌ ǦǼ Ʒ ँअ ૲� ǦǼǆȠǅƷȝȂȓ ȝȂ ȏȓǐΗǐǼȝ ǐΗƷȏȂȓƷȝǦȂǼॽ �ǜȝǐȓ ऄࣿ ǻǦǼȠȝǐȖॶ ȖǐȓȠǻৄ

ȖȠȏȏǶǐǻǐǼȝǐǌ ǻǐǌǦȠǻ ΘǦȝǣ ƷǼȝǦǅǦȂȝǦǆȖ ঳ऄࣿ ȠǼǦȝȖ঄ǻ= Ȃǜ ȏǐǼǦǆǦǶǶǦǼॶ ƷǼǌ ऄࣿ =ǝ঄ǻޅ Ȃǜ ȖȝȓǐȏȝȂǻΞǆǦǼ঴

ΘƷȖ Ʒǌǌǐǌ ǆƷȓǐǜȠǶǶΞ ȝȂ ƷΗȂǦǌ ǌǐȝƷǆǣǦǼǝ ǆǐǶǶȖ Ʒȝ ं ΗȂǶȠǻǐȖ ȝȂ ȝǣǐ ǦǼǦȝǦƷǶ ΗȂǶȠǻǐ Ȃǜ ǆǐǶǶȖ ȏǶƷȝǐǌॽ UǶƷȝǐȖ

Θǐȓǐ ȖǐƷǶǐǌ ƷǝƷǦǼ ΘǦȝǣ ȏƷȓƷЖǶǻ ƷǼǌ ǦǼǆȠǅƷȝǐǌ ǦǼ ȝǣǐ Θǐȝ ǆǣƷǻǅǐȓ ǜȂȓ ःৄऄ ǌƷΞȖ ȏȓǦȂȓ ȝȂ ǜȠȓȝǣǐȓ ȝȓǐƷȝৄ

ǻǐǼȝॽ /ǜ XC�Ǧ ȝȓǐƷȝǐǌ ǆǐǶǶȖ Θǐȓǐ ȠȖǐǌ ǜȂȓ ȝȓƷǼȖǜǐǆȝǦȂǼ Ȃȓ ǦǻƷǝǦǼǝॶ ǆǐǶǶȖ Θǐȓǐ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ Ʒ ǼǐΘ

ȏǶƷȝǐ ǅǐǜȂȓǐ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ȝȓƷǼȖǜǐǆȝǦȂǼ ȏȓȂȝȂǆȂǶ Ȃȓ ǅǐǜȂȓǐ ǦǻƷǝǦǼǝॽ

ं৷ऀऀ৷अ /ӸӸԞӹԀәӲԞԀԏӏԓӅӏӹӅӏ

$Ȃȓ ȖȝƷǼǌƷȓǌ ǦǻǻȠǼȂЙȠȂȓǐȖǆǐǼǆǐ ǐΝȏǐȓǦǻǐǼȝȖॶ ǆǐǶǶȖ ȝȓǐƷȝǐǌ ΘǦȝǣ XC�Ǧ Θǐȓǐ ȓǐৄȏǶƷȝǐǌ Ʒȝ ऄࣿ઒ ǌǐǼৄ

ȖǦȝΞ ȂǼ Ʒ ǝǶƷȖȖৄǅȂȝȝȂǻǐǌ ँः ΘǐǶǶ ȏǶƷȝǐॶ ǐƷǆǣ ΘǐǶǶ ǆȂƷȝǐǌ ǻƷǼȠƷǶǶΞ ΘǦȝǣ ࣿॽऀ ǻǝ঄ǻ= �ȂǼǆƷǼƷΗƷǶǦǼ �ॽ

�ǜȝǐȓ ȂǼǐ ǣȂȠȓ Ȃǜ ȖǐȝȝǶǦǼǝ Ʒȝ ँअ ૲�ॶ ऀ ǻB ȂǶǐǦǆ ƷǆǦǌ ΘƷȖ Ʒǌǌǐǌ ȝȂ ǆǐǶǶȖ Θǣǐȓǐ ǦǼǌǦǆƷȝǐǌॽ �ǜȝǐȓ ँऀ

ǣȂȠȓȖ ȝȓǐƷȝǻǐǼȝ ΘǦȝǣ ȂǶǐǦǆ ƷǆǦǌॶ ǆǐǶǶȖ Θǐȓǐ ЖΝǐǌ ǦǼ ः઒ ȏƷȓƷǜȂȓǻƷǶǌǐǣΞǌǐ ঳�ǶǐǆȝȓȂǼBǦǆȓȂȖǆȂȏΞ [ǆǦৄ

आआ



ǐǼǆǐȖ ऀऄआऀࣿ঴ ǜȂȓ ऀࣿ ǻǦǼȠȝǐȖॽ �ǐǶǶȖ Θǐȓǐ ΘƷȖǣǐǌ ΘǦȝǣ �ȠǶǅǐǆǆȂ৚Ȗ ȏǣȂȖȏǣƷȝǐ ǅȠЍǐȓǐǌ ȖƷǶǦǼǐ ঳�U�[঴

঳%ǦǅǆȂॶ ॻऀःऀईࣿৄऀःः঴ ं ȝǦǻǐȖ ȝǣǐǼ ȏǐȓǻǐƷǅǦǶǦΣǐǌ ǜȂȓ ं ǻǦǼȠȝǐȖ ǦǼ ࣿॽࣿऄ઒ ȖƷȏȂǼǦǼ ঳[ǦǝǻƷॶ ॻःआࣿंअৄ

ऄࣿ%ৄ$঴ॶ ࣿॽऀ઒ ǅȂΗǦǼǐ ȖǐȓȠǻ ƷǶǅȠǻǦǼ ঳�[�঴ ঳�ǣǐǻ �ȓȠΣॶ ॻȖǆৄँंँं঴ ǦǼ ऀΝ �U�[ॽ �ǐǶǶȖ Θǐȓǐ ΘƷȖǣǐǌ

ȝǣȓǐǐ ȝǦǻǐȖ ǦǼ �U�[ ƷǼǌ ȝǣǐǼ ǅǶȂǆǴǐǌ ǜȂȓ ऀ ǣȂȠȓ ǦǼ ࣿॽࣿऄ઒ ȖƷȏȂǼǦǼ ƷǼǌ ऄ઒CȂȓǻƷǶ %ȂƷȝ [ǐȓȠǻ

঳�ǐǶǶ [ǦǝǼƷǶǦǼǝ bǐǆǣǼȂǶȂǝǦǐȖॶ ॻऄःँऄ[঴ॽ UȓǦǻƷȓΞ ƷǼǌ ȖǐǆȂǼǌƷȓΞ ƷǼȝǦǅȂǌΞ ǌǦǶȠȝǦȂǼȖ Θǐȓǐ ȏǐȓǜȂȓǻǐǌ

ǦǼ ȝǣǐ ȖƷǻǐ ȖȂǶȠȝǦȂǼॽ sǐ ȠȖǐǌ ƷǼȝǦৄǌ[ǐǆऀअ ঳ǝǦǜȝ ǜȓȂǻ UȓȂǜǐȖȖȂȓ �ƷȝǣǐȓǦǼǐ XƷǅȂȠǦǶǶǐॶ ,Ƞǅȓǐǆǣȝ /Ǽৄ

ȖȝǦȝȠȝǐ঴ Ʒȝ Ʒ ऀॵइࣿࣿ ǌǦǶȠȝǦȂǼ ȝȂ ǌǐȝǐǆȝ ȝ�Xॽ sǐ ȠȖǐǌ �ǶǐΝƷ $ǶȠȂȓ अःआৄǆȂǼǱȠǝƷȝǐǌ ȖǐǆȂǼǌƷȓΞ ƷǼȝǦǅȂǌǦǐȖ

঳=Ǧǜǐ bǐǆǣǼȂǶȂǝǦǐȖ঴ॽ /Ǽ ǅǐȝΘǐǐǼ ЖȓȖȝ ƷǼǌ ȖǐǆȂǼǌƷȓΞ ƷǼȝǦǅȂǌΞ ǦǼǆȠǅƷȝǦȂǼȖ ƷǼǌ Ʒǜȝǐȓ ǦǼǆȠǅƷȝǦȂǼ ΘǦȝǣ

ȝǣǐ ȖǐǆȂǼǌƷȓΞ ƷǼȝǦǅȂǌΞॶ ǆǐǶǶȖ Θǐȓǐ ΘƷȖǣǐǌ ंΝ ǜȂȓ ऄ ǻǦǼ ǐƷǆǣ ΘǦȝǣ ࣿॽࣿऄ઒ ȖƷȏȂǼǦǼ ƷǼǌ ࣿॽँ઒ �[� ǦǼ

�U�[঴ॽ =�Ȗ Θǐȓǐ ȖȝƷǦǼǐǌ ΘǦȝǣB�, ǦǼ �U�[ ǅǐǜȂȓǐ ǦǻƷǝǦǼǝॽ

ं৷ऀऀ৷आ /ӸҷӚӢӹӚ ҷӹӋ ӢӸҷӚӏ ҷӹҷӲԮԓӢԓ

�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ȝǣƷȝ ȠǼǌǐȓΘǐǼȝ ȝȓƷǼȖǜǐǆȝǦȂǼ Ȃȓ XC�Ǧ ȝȓǐƷȝǻǐǼȝ ǦǼ ँःৄΘǐǶǶ ȏǶƷȝǐȖ Θǐȓǐ ȓǐȖȠȖৄ

ȏǐǼǌǐǌ ǦǼ ȝǣǐǦȓ ǆȠȓȓǐǼȝ ǻǐǌǦȠǻ ƷǼǌ ȏǶƷȝǐǌ Ʒȝ Ʒ ऄࣿ઒ ǌǐǼȖǦȝΞ ȂǼ Ʒ ǝǶƷȖȖৄǅȂȝȝȂǻǐǌ ँः ΘǐǶǶ ȏǶƷȝǐ Ȃȓ

ȏǶƷȝǐǌ ΘǦȝǣ ǐȒȠƷǶ ΗȂǶȠǻǐ Ȃǜ ǜȓǐȖǣ ǻǐǌǦȠǻ ȂǼ Ʒ ंऄ ǻǻ ǌǦȖǣ ΘǦȝǣ ऀः ǻǻCȂॽ ऀॽऄ ǆȂΗǐȓȖǶǦȏ ǅȂȝৄ

ȝȂǻ ঳BƷȝǐǴ =Ǧǜǐ [ǆǦǐǼǆǐȖॶ ॻUंऄ%ৄऀॽऄৄऀःৄ�঴ঃ ǐƷǆǣ ΘǐǶǶ ΘƷȖ ǆȂƷȝǐǌ ǻƷǼȠƷǶǶΞ ΘǦȝǣ ࣿॽऀ ǻǝ঄ǻ= �ȂǼৄ

ǆƷǼƷΗƷǶǦǼ � ȏȓǦȂȓ ȝȂ ȏǶƷȝǦǼǝॽ �ǜȝǐȓ ȂǼǐ ǣȂȠȓ Ȃǜ ȖǐȝȝǶǦǼǝ Ʒȝ ँअ ૲�ॶ ऀ ǻB ȂǶǐǦǆ ƷǆǦǌ ΘƷȖ Ʒǌǌǐǌ ȝȂ ǆǐǶǶȖ

Θǣǐȓǐ ǦǼǌǦǆƷȝǐǌॽ [eBऀऄई ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖ Θǐȓǐ ȏǶƷȝǐǌ Ʒ ंऄ ǻǻ ǌǦȖǣ ΘǦȝǣ ऀः ǻǻCȂॽ ऀॽऄ ǆȂΗǐȓৄ

ȖǶǦȏ ǅȂȝȝȂǻ ঳BƷȝǐǴ =Ǧǜǐ [ǆǦǐǼǆǐȖॶ ॻUंऄ%ৄऀॽऄৄऀःৄ�঴ॽ /ǻƷǝǦǼǝ ΘƷȖ ǆƷȓȓǦǐǌ ȂȠȝ ǦǼ =Ǧǜǐ bǐǆǣǼȂǶȂǝǦǐȖ

$ǶȠȂȓȂǅȓǦȝǐ �B�B ঳=Ǧǜǐ bǐǆǣǼȂǶȂǝǦǐȖ঴ ȖȠȏȏǶǐǻǐǼȝǐǌ ΘǦȝǣ [eBऀऄई ǻƷǦǼȝǐǼƷǼǆǐ ǻǐǌǦƷ ǆȂǻȏȂৄ

ǼǐǼȝȖ ƷǼǌॶ Θǣǐȓǐ ǦǼǌǦǆƷȝǐǌॶ ȝȓǐƷȝǐǌ ΘǦȝǣ ࣿॽऄ ǻB ȂǶǐǦǆ ƷǆǦǌॽ eǼǶǐȖȖ ȂȝǣǐȓΘǦȖǐ ǦǼǌǦǆƷȝǐǌॶ ǆǐǶǶȖ Θǐȓǐ

ǦǻƷǝǐǌ ँऀ ǣȂȠȓȖ Ʒǜȝǐȓ ƷǌǌǦȝǦȂǼ Ȃǜ ȂǶǐǦǆ ƷǆǦǌॽ =�Ȗ Θǐȓǐ ȖȝƷǦǼǐǌ ΘǦȝǣ ǐǦȝǣǐȓ ऀࣿࣿ ઐBǻȂǼȂǌƷǼȖΞǶȏǐǼৄ

ȝƷǼǐ ঳B�,঴ ঳�ebHǌȂȝঃ �ǅǆǐȏȝƷॶ ॻ[Bऀࣿࣿǅ঴ॶ ࣿॽऄ ઐǝ঄ǻǶ �H�/Uy ःईं঄ऄࣿं ঳=Ǧǜǐ bǐǆǣǼȂǶȂǝǦǐȖ঴ Ȃȓ

,�[ =ǦȏǦǌbHx�ǐǐȏ Xǐǌ CǐȠȝȓƷǶ =ǦȏǦǌ [ȝƷǦǼ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ Ʒȝ ǶǐƷȖȝ ऀऄ ǻǦǼȠȝǐȖ ǅǐৄ

ǜȂȓǐ ǦǻƷǝǦǼǝॽ BǦȝȂǆǣȂǼǌȓǦƷ Θǐȓǐ ȖȝƷǦǼǐǌ ΘǦȝǣ ँऄ ǼBBǦȝȂbȓƷǆǴǐȓ Xǐǌ �BxXȂȖ ঳bǣǐȓǻȂ $ǦȖǣǐȓॶ

आइ



ॻBৄआऄऀँ঴ Ȃȓ BǦȝȂbȓƷǆǴǐȓ �ǐǐȏ Xǐǌ $B ঳bǣǐȓǻȂ $ǦȖǣǐȓॶ ॻBँँःँअ঴ Ʒȝ ǶǐƷȖȝ ऀऄ ǻǦǼȠȝǐȖ ǅǐǜȂȓǐ

ǦǻƷǝǦǼǝॽ [ȏǐǆǦЖǆ ǌΞǐȖ ȠȖǐǌ ǦǼ ǐƷǆǣ ǐΝȏǐȓǦǻǐǼȝ Ʒȓǐ ȖȏǐǆǦЖǐǌ ǦǼ ȝǣǐ ЖǝȠȓǐ ǶǐǝǐǼǌȖॽ

=ǦΗǐ ǆǐǶǶ ǦǻƷǝǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ Ʒ CǦǴȂǼ �ǆǶǦȏȖǐ bǦ ǦǼΗǐȓȝǐǌ ǻǦǆȓȂȖǆȂȏǐ ǐȒȠǦȏȏǐǌ ΘǦȝǣ Ʒ

�[eৄxऀ ȖȏǦǼǼǦǼǝ ǌǦȖǴ ǆȂǼઇǜȂǆƷǶ ǣǐƷǌ ঳yȂǴȂǝƷΘƷ঴ঃ ःࣿऄৄॶ ःइइৄॶ ऄअऀৄॶ Ȃȓ अंईৄǼǻ ǶƷȖǐȓ ǶǦǼǐȖঃ ऀࣿࣿΝ

�ȏȂb/X$ ऀॽः C� ȂǅǱǐǆȝǦΗǐ ঳CǦǴȂǼॶ BǐǶΗǦǶǶǐॶ Cy঴ঃ ƷǼǌ ǦxȂǼ eǶȝȓƷ इईआ ǐǶǐǆȝȓȂǼৄǻȠǶȝǦȏǶΞǦǼǝ

ǆǣƷȓǝǐৄǆȂȠȏǶǐǌ ǌǐΗǦǆǐ ঳�B���঴ Ȃȓ ~ΞǶƷ ःॽँ UǶȠȖ ȖǆǦǐǼȝǦЖǆ ǆȂǻȏǶǐǻǐǼȝƷȓΞ ǻǐȝƷǶৄȂΝǦǌǐ ȖǐǻǦǆȂǼৄ

ǌȠǆȝȂȓ ঳Ȗ�BH[঴ ǆƷǻǐȓƷȖ ঳�ǼǌȂȓॶ �ǐǶǜƷȖȝॶ e<঴ॽ �ǐǶǶȖ Θǐȓǐ ƷǼǼȠƷǶǶΞ ȝǐȖȝǐǌ ǜȂȓ ǻΞǆȂȏǶƷȖǻƷ ǆȂǼȝƷǻৄ

ǦǼƷȝǦȂǼ ǅΞ eǼǦΗǐȓȖƷǶ BΞǆȂȏǶƷȖǻƷ �ǐȝǐǆȝǦȂǼ <Ǧȝ ঳�ǻǐȓǦǆƷǼ bΞȏǐ �ȠǶȝȠȓǐ �ȂǶǶǐǆȝǦȂǼ঴ॽ

ं৷ऀऀ৷इ WԞҷӹԚӢәӢӅҷԚӢԀӹ Ԁә =� ԚҷԏӚӏԚӢӹӚ ԏҷԚӢԀ

�ȂǼǜȂǆƷǶ ǦǻƷǝǐȖ Θǐȓǐ ȒȠƷǼȝǦЖǐǌ ȠȖǦǼǝ $/:/ ȖȂǜȝΘƷȓǐऀआः ȝȂ ǆƷǶǆȠǶƷȝǐ =� ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂȖॽ �ǐǶǶ ǅȂȠǼǌৄ

ƷȓǦǐȖ Θǐȓǐ ǌȓƷΘǼ ǻƷǼȠƷǶǶΞ ǅƷȖǐǌ ȂǼ ЙȠȂȓǐȖǆǐǼǆǐ ǜȓȂǻ ȝǣǐ ǆǣƷǼǼǐǶ Ȃǜ ȝǣǐ ЙȠȂȓǐȖǆǐǼȝǶΞ ȝƷǝǝǐǌ ȏȓȂৄ

ȝǐǦǼ ΘǣȂȖǐ =� ȝƷȓǝǐȝǦǼǝ ΘƷȖ ǅǐǦǼǝ ǻǐƷȖȠȓǐǌॽ �ǐǶǶȖ Θǐȓǐ ȝǣǐǼ ǦǼǌǦΗǦǌȠƷǶǶΞ ǆȓȂȏȏǐǌ ȂȠȝ ƷǼǌ ȠȖǐǌ

ƷȖ BƷȖǴ ऀॽ =� ȓǐǝǦȂǼȖ Θǐȓǐ ǌǦȖȝǦǼǝȠǦȖǣǐǌ ǅΞ ȠȖǦǼǝ ȝǣǐ HȝȖȠ ǻǐȝǣȂǌ Ȃǜ ƷȠȝȂǻƷȝǦǆ ȝǣȓǐȖǣȂǶǌǦǼǝ ȝȂ

ȝǣǐ ǻȂǼȂǌƷǼȖΞǶȏǐǼȝƷǼǐ ǆǣƷǼǼǐǶ ΘǦȝǣǦǼ ǐƷǆǣ ǆȓȂȏȏǐǌ ǆǐǶǶॽ bǣǐ =� ȖǦǝǼƷǶ ΘƷȖ ǌǦǶƷȝǐǌ ǅΞ ऀ ȏǦΝǐǶ ȝȂ

ǦǼǆǶȠǌǐ =� ȖȠȓǜƷǆǐȖॶ ȖǐȓΗǦǼǝ ƷȖ BƷȖǴ ँॽ =� ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂȖ Θǐȓǐ ǌǐȝǐȓǻǦǼǐǌ ǅΞ ǌǦΗǦǌǦǼǝ ȝǣǐ ǻǐƷǼ

ǦǼȝǐǼȖǦȝΞ Ȃǜ ȝǣǐ ЙȠȂȓǐȖǆǐǼȝ ȏȓȂȝǐǦǼ ǆǣƷǼǼǐǶ ǦǻƷǝǐ ǦǼ BƷȖǴ ँ ƷǼǌ ǌǦΗǦǌǦǼǝ ȝǣǦȖ ΗƷǶȠǐ ǅΞ ȝǣǐ ǻǐƷǼ

ǦǼȝǐǼȖǦȝΞ Ȃǜ ЙȠȂȓǐȖǆǐǼȝ ȏȓȂȝǐǦǼ ȖǦǝǼƷǶ ǦǼ BƷȖǴ ऀ ȝǣƷȝ ǦǼ BƷȖǴ ँॽ $Ȃȓ ȒȠƷǼȝǦЖǆƷȝǦȂǼ Ȃǜ ��bऀ =�

ȝƷȓǝǐȝǦǼǝ ȓƷȝǦȂॶ ǼȠǆǶǐǦ Θǐȓǐ ȖǐȏƷȓƷȝǐǶΞ ǌǦȖȝǦǼǝȠǦȖǣǐǌ ǅΞ ǻƷǼȠƷǶǶΞ ǌȓƷΘǦǼǝ ȝǣǐ ǼȠǆǶǐƷȓ ǅȂȠǼǌƷȓΞ ΗǦȖৄ

ǦǅǶǐ ǦǼ ȝǣǐ ǻ�ǣǐȓȓΞৄ��bऀ ǆǣƷǼǼǐǶॶ ΘǣǦǆǣ ΘƷȖ ƷǶȖȂ ǐΝǆǶȠǌǐǌ ǜȓȂǻBƷȖǴ ऀ ǦǼ ȝǣǐ ǌǐǼȂǻǦǼƷȝȂȓ Ȃǜ

ȝǣǐ ȏȓǐΗǦȂȠȖǶΞ ǌǐȖǆȓǦǅǐǌ ǐȒȠƷȝǦȂǼॽ

आई



ं৷ऀऀ৷ई HԭԮӚӏӹ ӅԀӹԓԞӸԌԚӢԀӹ

�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖ ȝǣƷȝ ȠǼǌǐȓΘǐǼȝ ȝȓƷǼȖǜǐǆȝǦȂǼ Ȃȓ XC�Ǧ ȝȓǐƷȝǻǐǼȝ ǦǼ ँःৄΘǐǶǶ ȏǶƷȝǐȖ Θǐȓǐ ȓǐȖȠȖৄ

ȏǐǼǌǐǌ ƷǼǌ ǆȂȠǼȝǐǌॽ ँࣿࣿॶࣿࣿࣿ ǆǐǶǶȖ ȏǐȓ ऀࣿࣿ ઐ=�ȲȡȵȡȮȂȅȕǖ [ǆǣǼǐǦǌǐȓ৚Ȗ ǻǐǌǦȠǻ ΘǦȝǣȂȠȝ ȖǐȓȠǻ Ȃȓ

ƷǼȝǦǅǦȂȝǦǆȖ Θǐȓǐ Ȗǐǐǌǐǌ ǦǼ ँःৄΘǐǶǶ ƷȖȖƷΞ ȏǶƷȝǐȖ ǆȂƷȝǐǌ ΘǦȝǣ ँँॽः ઐǝ঄ǻ= �ǐǶǶৄbƷǴ ঳�ȂȓǼǦǼǝॶ ॻंऄःँःࣿ঴

ǜȂǶǶȂΘǦǼǝ ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ [ǐǐǌǐǌ ǆǐǶǶȖ Θǐȓǐ ȖȏȠǼ ǜȂȓ ँࣿ ȖǐǆȂǼǌȖ Ʒȝ ँࣿࣿ ǝ ǦǼ ǅȂȝǣ ǌǦȓǐǆৄ

ȝǦȂǼȖ ȝȂ Ʒǌǣǐȓǐ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖॽ �ǜȝǐȓ ंࣿ ǻǦǼȠȝǐȖ ःࣿࣿ ઐ=�ȲȡȵȡȮȂȅȕǖ [ǆǣǼǐǦǌǐȓ৚Ȗ ǻǐǌǦȠǻ

ΘǦȝǣȂȠȝ ȖǐȓȠǻ Ȃȓ ƷǼȝǦǅǦȂȝǦǆȖ ΘƷȖ Ʒǌǌǐǌ ȝȂ ȝǣǐ ǆǐǶǶȖ ƷǼǌ ǆǐǶǶȖ Θǐȓǐ ǶȂƷǌǐǌ ǦǼȝȂ ƷǼ x$ँः ǐΝȝȓƷǆǐǶৄ

ǶȠǶƷȓ ƷǼƷǶΞΣǐȓ ঳[ǐƷǣȂȓȖǐ �ǦȂȖǆǦǐǼǆǐॶ CȂȓȝǣ �ǦǶǶǐȓǦǆƷॶ e[�঴ ȝȂ ǻǐƷȖȠȓǐ ȂΝΞǝǐǼ ǆȂǼȖȠǻȏȝǦȂǼ ȓƷȝǐȖ

঳H�X঴ Ʒȝ ँऄ ૲�ॽ �ƷȖƷǶ ȂΝΞǝǐǼ ǆȂǼȖȠǻȏȝǦȂǼ ȓƷȝǐȖ Θǐȓǐ ǻǐƷȖȠȓǐǌ ǜȂȠȓ ȝǦǻǐȖॶ ȝǣǐǼ ǆǐǶǶȖ Θǐȓǐ ǐΝৄ

ȏȂȖǐǌ ǦǼ ȖǐȒȠǐǼǆǐ ȝȂ ँॽऄ ઐB ȂǶǦǝȂǻΞǆǦǼ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻ HःइआअৄऄB%঴ॶ ऀ ઐB ǆƷȓǅȂǼΞǶǆΞƷǼǦǌǐ

ȏৄȝȓǦЙȠȂȓȂǻǐȝǣȂΝΞȏǣǐǼΞǶǣΞǌȓƷΣȂǼǐ ঳$��U঴ ঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞॶ ॻȖǆৄँࣿंऄआइ঴ॶ ƷǼǌ ऄ ઐB

XȂȝǐǼȂǼǐ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻXइइआऄৄऀ%঴ ƷǼǌ ऄ ઐB�ǼȝǦǻΞǆǦǼ � ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻ�इअआःৄँऄB%঴

ǆȂǻǅǦǼǐǌॽ �ǜȝǐȓ ǐƷǆǣ ǦǼǱǐǆȝǦȂǼ ȝǣǐ ǻǐǌǦȠǻ ΘƷȖ ǻǦΝǐǌ ǜȂȓ ईࣿ ȖǐǆȂǼǌȖॶ H�XΘƷȖ ǻǐƷȖȠȓǐǌ ǜȂȓ ं

ǻǦǼȠȝǐȖॶ ƷǼǌ ȝǣǐǼ ȝǣǐȓǐ ΘƷȖ Ʒ ΘƷǦȝ ȏǐȓǦȂǌ Ȃǜ ईࣿ ȖǐǆȂǼǌȖ ǅǐǜȂȓǐ ȝǣǐ ǆΞǆǶǐ ΘƷȖ ȓǐȏǐƷȝǐǌ ƷǝƷǦǼ ं ǻȂȓǐ

ȝǦǻǐȖॽ

ं৷ऀऀ৷ऀࣿ UԏԀԚӏӢӹ ԓӏӅԏӏԚӢԀӹ ҷԓԓҷԮ

�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ΘǦǶǌȝΞȏǐ ǆǐǶǶȖ ȝǣƷȝ ǣƷǌ ǅǐǐǼ ȝȓǐƷȝǐǌ ΘǦȝǣ ǌȖXC� ǦǼ ȝȓǦȏǶǦǆƷȝǐ Θǐȓǐ ȓǐৄȏǶƷȝǐǌ ȝȂ

Ʒ ǼǐΘ ईअ ΘǐǶǶ ȏǶƷȝǐ ƷǼǌ ȝȓƷǼȖǜǐǆȝǐǌ ΘǦȝǣ ȏBbৄ�ǦUৄȖȖ,XUৄ�ৄqऄৄ,ǦȖॶ Ʒ ǝǦǜȝ ǜȓȂǻ UȓȂǜǐȖȖȂȓ qǦΗǐǴ

BƷǶǣȂȝȓƷइॽ �ǜȝǐȓ ः ǌƷΞȖ Ȃǜ ǌȖXC� ȝȓǐƷȝǻǐǼȝ Ȃǜ ँ ǌƷΞȖ Ʒǜȝǐȓ ȝȓƷǼȖǜǐǆȝǦȂǼॶ ǆǐǶǶȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ǜȂȓ

ँः ǣȂȠȓȖ ǦǼ ऀࣿࣿ ઐ=�ȲȡȵȡȮȂȅȕǖ [ǆǣǼǐǦǌǐȓ ǻǐǌǦȠǻ ΘǦȝǣ $�[ॶ ƷǼȝǦǅǦȂȝǦǆȖ ƷǼǌ ऄࣿࣿ ઐB ǆȂȏȏǐȓ ȖȠǶǜƷȝǐ

঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻ�ऀँईआৄऀࣿࣿ%঴ॽ ऀࣿ ઐ= Ȃǜ ȝǣǐ ȖȠȏǐȓǼƷȝƷǼȝ ΘƷȖ ȝȓƷǼȖǜǐȓȓǐǌ ǦǼȝȂ Ʒ ȓǐǆǐȏȝƷǆǶǐ ȏǶƷȝǐ ǦǼ

ǌȠȏǶǦǆƷȝǐ ǜȂȓ ǐƷǆǣ ȖƷǻȏǶǐ ƷǼǌ ,XU ȖǐǆȓǐȝǦȂǼ ΘƷȖ ǌǐȝǐǆȝǐǌ ǅΞ ǦǼǆȠǅƷȝǦǼǝ ΘǦȝǣ आऄ ઐ= ��= ȓǐƷǝǐǼȝ

[Ƞȏǐȓ[ǦǝǼƷǶ sǐȖȝ �ȠȓƷ �ΝȝǐǼǌǐǌ �ȠȓƷȝǦȂǼ [ȠǅȖȝȓƷȝǐ ঳qsXॶ ॻंःࣿआऄ঴ ǜȂȓ ँࣿ ǻǦǼȠȝǐȖ ƷǼǌ ǶȠǻǦৄ

इࣿ



ǼǐȖǆǐǼǆǐ ΘƷȖ ǻǐƷȖȠȓǐǌ ȠȖǦǼǝ Ʒ ȏǶƷȝǐ ȓǐƷǌǐȓॽ UȓȂȝǐǦǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ǐƷǆǣ ȖƷǻȏǶǐ ΘƷȖ ǻǐƷȖȠȓǐǌ

ǅΞ Ʒ �� UȓȂȝǐǦǼ �ȖȖƷΞ ঳�ǦȂৄXƷǌॶ ॻऄࣿࣿࣿऀऀँ঴ॽ �Ȗ Ʒ ǆȂǼȝȓȂǶॶ ȖȠȏǐȓǼƷȝƷǼȝ ǜȓȂǻ ǆǐǶǶȖ ȝȓƷǼȖǜǐǆȝǐǌ ΘǦȝǣ

ȖȖ,XUॶ ǅȠȝ ǼȂȝ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ ǆȂȏȏǐȓ ȖȠǶǜƷȝǐ ȂΗǐȓǼǦǝǣȝ Θǐȓǐ ȠȖǐǌ ȝȂ ǝƷȠǝǐ ǅƷǆǴǝȓȂȠǼǌ ȖǦǝǼƷǶॽ $Ȃȓ

ƷǼƷǶΞȖǦȖॶ ǅƷǆǴǝȓȂȠǼǌ ȖǦǝǼƷǶ ΘƷȖ ȖȠǅȝȓƷǆȝǐǌ ǜȓȂǻ ǐƷǆǣ ȓǐƷǌǦǼǝॽ �Ʒǆǣ ȓǐƷǌǦǼǝ ΘƷȖ ȝǣǐǼ ǼȂȓǻƷǶǦΣǐǌ

ȝȂ ȏȓȂȝǐǦǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ƷǼǌ ȝǣǐǼ ȝȂ ǆȂǼȝȓȂǶॽ �ǼΞ ǼǐǝƷȝǦΗǐ ȓǐƷǌǦǼǝȖ Ʒǜȝǐȓ ǅƷǆǴǝȓȂȠǼǌ ȖȠǅȝȓƷǆȝǦȂǼ

Θǐȓǐ ƷǌǱȠȖȝǐǌ ȝȂ ΣǐȓȂॽ

ं৷ऀऀ৷ऀऀ XC� ӏԭԚԏҷӅԚӢԀӹ ҷӹӋ ԏӏҷӲ৳ԚӢӸӏ ԎU�X

bȂȝƷǶ XC�ΘƷȖ ǦȖȂǶƷȝǐǌ ǜȓȂǻ ǆǐǶǶȖ ȠȖǦǼǝ ȝǣǐ XCǐƷȖΞ <Ǧȝ ঳WǦƷǝǐǼ ॻआःऀࣿः঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆৄ

ȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ ǆ�C�ΘƷȖ ȖΞǼȝǣǐȖǦΣǐǌ ȠȖǦǼǝ ȝǣǐ Ǧ[ǆȓǦȏȝ ǆ�C� ȖΞǼȝǣǐȖǦȖ ǴǦȝ ঳�ǦȂৄXƷǌॶ ॻऀआࣿइइईऀ঴ॶ

ƷǼǌ ȒU�XΘƷȖ ȏǐȓǜȂȓǻǐǌ ǦǼ ǌȠȏǶǦǆƷȝǐȖ ȂǼ ǅǦȂǶȂǝǦǆƷǶ ȝȓǦȏǶǦǆƷȝǐȖ ȠȖǦǼǝ ȝǣǐ UȂΘǐȓ [y�X%ȓǐǐǼ U�X

BƷȖȝǐȓ BǦΝ <Ǧȝ ঳�ȏȏǶǦǐǌ �ǦȂȖΞȖȝǐǻȖॶ ॻःंअइआࣿँ঴ॽ sǣǐȓǐ ǦǼǌǦǆƷȝǐǌॶ ǆǐǶǶȖ Θǐȓǐ ȝȓǐƷȝǐǌ ΘǦȝǣ ऀ ઐB

bǣƷȏȖǦǝƷȓǝǦǼ ঳bȂǆȓǦȖॶ ॻऀऀंइ঴ ǜȂȓ ँः ǣȂȠȓȖॽ [ǐȒȠǐǼǆǐȖ Ȃǜ ȝǣǐ U�X ȏȓǦǻǐȓȖ ȠȖǐǌ ǜȂȓ ȒU�X ǆƷǼ ǅǐ

ǜȂȠǼǌ ǦǼ bƷǅǶǐ �ऀॽ

ं৷ऀऀ৷ऀँ ৫ऀः�৬ HӲӏӢӅ ҷӅӢӋ ӲҷӂӏӲӢӹӚ Ԁә ӲӢԌӢӋԓ৮ ӲӢԌӢӋ ӏԭԚԏҷӅԚӢԀӹ৮ ҷӹӋ b=�

�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ΘǦǶǌȝΞȏǐ ǆǐǶǶȖ ȝǣƷȝ ǣƷǌ ǅǐǐǼ ȝȓǐƷȝǐǌ ΘǦȝǣ ǌȖXC� ǜȂȓ ःॽऄ ǌƷΞȖ Θǐȓǐ ȏȠǶȖǐ ǶƷǅǐǶǐǌ

ΘǦȝǣ ফऀः�ব ȂǶǐǦǆ ƷǆǦǌ ঳ँऄ ઐ�Ǧ঄ઐǻȂǶ঴ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣ ऀ ǻB ȂǶǐǦǆ ƷǆǦǌॽ �ǜȝǐȓ ँऀ ǣȂȠȓȖ Ȃǜ ȂǶǐǦǆ

ƷǆǦǌ ǦǼǆȠǅƷȝǦȂǼॶ ǆǐǶǶȖ Θǐȓǐ ΘƷȖǣǐǌ ȂǼǆǐ ΘǦȝǣ U�[ ƷǼǌ ǶǦȏǦǌȖ Θǐȓǐ ǐΝȝȓƷǆȝǐǌ ǦǼ ǣǐΝƷǼǐ঄ǦȖȂȏȓȂȏȂǼƷǶ

঳ंॵँ঴ ƷǼǌ ȏȓȂȝǐǦǼ ΘƷȖ ǐΝȝȓƷǆȝǐǌ ǦǼ ࣿॽं C ȖȂǌǦȠǻ ǣΞǌȓȂΝǦǌǐ ঳BǦǶǶǦȏȂȓǐ [ǦǝǻƷॶ ॻँँऀःअऄ঴ ƷǼǌ ࣿॽऀ ઒

[�[ ঳bǣǐȓǻȂ $ǦȖǣǐȓॶ ॻ�Bईइँࣿ঴ ǜȂȓ ँ ǣȂȠȓȖ ǅǐǜȂȓǐ ȏȓȂȝǐǦǼ ΘƷȖ ǻǐƷȖȠȓǐǌ ΘǦȝǣ Ʒ �� UȓȂȝǐǦǼ �Ȗৄ

ȖƷΞ ঳�ǦȂৄXƷǌॶ ॻऄࣿࣿࣿऀऀँ঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ =ǦȏǦǌȖ Θǐȓǐ ǼȂȓǻƷǶǦΣǐǌ ȝȂ ȏȓȂȝǐǦǼ

ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǅǐǜȂȓǐ ǶȂƷǌǦǼǝ ȂǼȝȂ ȝǣǦǼ ǶƷΞǐȓ ǆǣȓȂǻƷȝȂǝȓƷȏǣΞ ঳b=�঴ ȏǶƷȝǐȖ ঳�ǼƷǶȝǐǆǣॶ ॻःंईऀऀ঴ॽ

UǣȂȖȏǣȂǶǦȏǦǌȖ Θǐȓǐ ȖǐȏƷȓƷȝǐǌ ǦǼ �,�Ƕं঄�,ंH,঄,ँH ঳अऄ঄ँऄ঄ः঴ॽ [ȝƷǼǌƷȓǌȖ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ

इऀ



ǆǣǶȂȓȂǜȂȓǻ Θǐȓǐ ȓȠǼ ȂǼ b=� ȏǶƷȝǐȖ ƷǶȂǼǝȖǦǌǐ ȖƷǻȏǶǐȖ ȝȂ ǦǌǐǼȝǦǜΞ ǶǦȏǦǌȖॵ ȏǣȂȖȏǣƷȝǦǌΞǶǐȝǣƷǼȂǶƷǻǦǼǐ

ফऀअॵࣿ঄ऀइॵऀব ঳�ΗƷǼȝǦॶ ॻइऄࣿआऄआ঴ॶ ȏǣȂȖȏǣƷȝǦǌΞǶǆǣȂǶǦǼǐ ফऀअॵࣿ঄ऀइॵऀব ঳�ΗƷǼȝǦॶ ॻइऄࣿःऄआ঴ॶ ȏǣȂȖȏǣƷȝǦǌΞǶȖǐȓৄ

ǦǼǐ ফऀअॵࣿ঄ऀइॵऀব ঳�ΗƷǼȝǦॶ ॻइःࣿࣿअࣿ঴ॶ �ऀँ %ǶȠǆȂȖΞǶ঳ț঴ �ǐȓƷǻǦǌǐ ফǌऀइॵऀ঄ऀँॵࣿব ঳�ΗƷǼȝǦॶ ॻइअࣿऄःं঴ॶ

�ȓƷǦǼ �U� ঳�ΗƷǼȝǦॶ ॻइअࣿࣿअअ঴ॽ b=� ȏǶƷȝǐȖ Θǐȓǐ ǐΝȏȂȖǐǌ ȝȂ ǦǻƷǝǦǼǝ ȖǆȓǐǐǼȖ ƷǼǌ ȖǆƷǼǼǐǌ ǦǼ Ʒ bΞৄ

ȏǣȂȂǼ $=� आࣿࣿࣿ ঳%�,ǐƷǶȝǣǆƷȓǐ঴ ȝȂ ΗǦȖȠƷǶǦΣǐ ȓƷǌǦȂƷǆȝǦΗǐ ǆȂǻȏȂȠǼǌȖॽ [ȝƷǼǌƷȓǌȖ Θǐȓǐ ΗǦȖȠƷǶǦΣǐǌ

ǅΞ ǦǼǆȠǅƷȝǦǼǝ ȏǶƷȝǐȖ ΘǦȝǣ ǦȂǌǦǼǐ ǆǣǦȏȖॽ WȠƷǼȝǦЖǆƷȝǦȂǼ Ȃǜ b=� ȏǶƷȝǐȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȠȖǦǼǝ $/:/ ȖȂǜȝৄ

ΘƷȓǐॽ � ȓǐǆȝƷǼǝȠǶƷȓ ȓǐǝǦȂǼ Ȃǜ ǦǼȝǐȓǐȖȝ ΘƷȖ ǌȓƷΘǼ ƷȓȂȠǼǌ ȝǣǐ ǅƷǼǌ Ȃǜ Ʒ ȖȏǐǆǦЖǆ ǶǦȏǦǌ ȝΞȏǐ ǜȂȓ ǐƷǆǣ

ȖƷǻȏǶǐ ƷǼǌ ǅƷǼǌ ǦǼȝǐǼȖǦȝΞ ΘƷȖ ǻǐƷȖȠȓǐǌ ǜȂȓ ǐƷǆǣ ȖƷǻȏǶǐ ƷǼǌ ǐƷǆǣ ǶǦȏǦǌ ȂǼ ȝǣǐ b=�ॽ

ं৷ऀऀ৷ऀं =ӢԌӢӋԀӸӢӅԓ ҷӹҷӲԮԓӢԓ ӂԮ Ӹҷԓԓ ԓԌӏӅԚԏԀӸӏԚԏԮ

�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ΘǦǶǌȝΞȏǐ ǆǐǶǶȖ ȖȠǅǱǐǆȝǐǌ ȝȂ ǌȖXC� ǜȂȓ ःॽऄ ǌƷΞȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ǦǼ ऀ ǻB ȂǶǐǦǆ

ƷǆǦǌ ǜȂȓ ँऀ ǣȂȠȓȖॽ �ȝ ऄ ǌƷΞȖ ȝȓǐƷȝǻǐǼȝ ΘǦȝǣ ǌȖXC� ƷǼǌ ँऀ ǣȂȠȓȖ ȝȓǐƷȝǻǐǼȝ ΘǦȝǣ ȂǶǐǦǆ ƷǆǦǌॶ ǆǐǶǶȖ

Θǐȓǐ ȏǐǶǶǐȝǐǌ Ʒȝ ऀॶँࣿࣿ XUB ǜȂȓ ǻǦǼȠȝǐȖॶ ǻǐǌǦȠǻ ΘƷȖ ȓǐǻȂΗǐǌ ƷǼǌ ǆǐǶǶ ȏǐǶǶǐȝȖ Θǐȓǐ ΘƷȖǣǐǌ ȂǼǆǐ

ΘǦȝǣ �U�[ॽ �ǐǶǶ ȏǐǶǶǐȝȖ Θǐȓǐ ȝǣǐǼ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ ंࣿࣿ ઐ= ΘƷȝǐȓ ƷǼǌ ȖȠǅǱǐǆȝǐǌ ȝȂ Ʒ ǜȓǐǐΣǐৄȝǣƷΘ ǆΞৄ

ǆǶǐ ǦǼ ǶǦȒȠǦǌ ǼǦȝȓȂǝǐǼ ǜȂȓ ऄ ȖǐǆȂǼǌȖ ƷǼǌ ȠǶȝȓƷȖȂǼǦǆ ΘƷȝǐȓ ǅƷȝǣ ȖȂǼǦǆƷȝȂȓ Ʒȝ ȓȂȂǻ ȝǐǻȏǐȓƷȝȠȓǐ ǜȂȓ ऄ

ǻǦǼȠȝǐȖ ǜȂȓ Ʒ ȝȂȝƷǶ Ȃǜ ȝǣȓǐǐ ǆΞǆǶǐȖॽ ऄࣿ ઐ= Ȃǜ ȓȠȏȝȠȓǐǌ ǆǐǶǶ ǶΞȖƷȝǐ ΘƷȖ ȓǐǻȂΗǐǌ ǜȓȂǻ ǐƷǆǣ ȖƷǻȏǶǐ ƷǼǌ

ǦǼǆȠǅƷȝǐǌ ȂǼ Ʒ ȓȂȝƷȝǦǼǝ ȝƷǅǶǐ ΘǦȝǣ ࣿॽऀ ઒ ǌǦǝǦȝǦȂǼǦǼ ǜȂȓ ँ ǣȂȠȓȖॶ ΘǣǦǶǐ ȝǣǐ ȓǐȖȝ Ȃǜ ȝǣǐ ȓȠȏȝȠȓǐǌ ǆǐǶǶȖ

Θǐȓǐ Ǵǐȏȝ ǦǼ ȝȠǅǐȖ ȂǼ ǌȓΞ Ǧǆǐॽ UȓȂȝǐǦǼ ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǜȂȓ ǐƷǆǣ ȖƷǻȏǶǐ ΘƷȖ ǌǐȝǐȓǻǦǼǐǌ ΘǦȝǣ Ʒ ��

UȓȂȝǐǦǼ �ȖȖƷΞ ঳�ǦȂৄXƷǌॶ ॻऄࣿࣿࣿऀऀँ঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ �ȒȠƷǶ ƷǻȂȠǼȝȖ Ȃǜ ȓȠȏৄ

ȝȠȓǐǌ ǆǐǶǶ ǶΞȖƷȝǐ Θǐȓǐ ȝǣǐǼ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ ǶǦȏǦǌ ǐΝȝȓƷǆȝǦȂǼ ǝǶƷȖȖ ȝȠǅǐȖ ǆȂǼȝƷǦǼǦǼǝ ऀ ઐ= Ȃǜ [U=�[,

=/U/�HB/xBƷȖȖ [ȏǐǆ [ȝƷǼǌƷȓǌ ঳�ΗƷǼȝǦॶ ॻंंࣿआࣿआ঴ ƷǼǌ ΗȂǶȠǻǐȖ Θǐȓǐ ǅȓȂȠǝǣȝ Ƞȏ ȝȂ ंࣿࣿ ઐ= ΘǦȝǣ

ΘƷȝǐȓॽ =ǦȏǦǌȖ Θǐȓǐ ȝǣǐǼ ǐΝȝȓƷǆȝǐǌ ǦǼ ǆǣǶȂȓȂǜȂȓǻ঄ǻǐȝǣƷǼȂǶ ঳ँ঄ऀॶ Η঄Η঴ ȂǼ Ǧǆǐॶ ΗȂȓȝǐΝǐǌ ǅȓǦǐЙΞॶ ƷǼǌ

ȝǣǐ ǆƷȏȖ Ȃǜ ȝǣǐ ǝǶƷȖȖ ȝȠǅǐȖ Θǐȓǐ ΘȓƷȏȏǐǌ ǦǼ ȏƷȓƷЖǶǻ ƷǼǌ Ȗǐȝ ȝȂ ȖǣƷǴǐ Ʒȝ ः ૲� ǜȂȓ ऀॽऄ ǣȂȠȓȖॽ ः ΗȂǶৄ

ȠǻǐȖ Ȃǜ ࣿॽइइ઒ ȖȂǌǦȠǻ ǆǣǶȂȓǦǌǐ ঳Θ঄Η঴ ΘƷȖ Ʒǌǌǐǌ ƷǼǌ ȖƷǻȏǶǐȖ Θǐȓǐ ΗȂȓȝǐΝǐǌॽ [ƷǻȏǶǐȖ Θǐȓǐ ȝǣǐǼ ǆǐǼৄ

ȝȓǦǜȠǝǐǌ Ʒȝ ऀॶऀࣿࣿ XUB ǜȂȓ ंࣿ ǻǦǼȠȝǐȖ Ʒȝ ः ૲� ƷǼǌ ȝǣǐ ǶȂΘǐȓ ȂȓǝƷǼǦǆ ȏǣƷȖǐ ΘƷȖ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ ǆǶǐƷǼ

इँ



ǝǶƷȖȖ ȝȠǅǐȖ ȠȖǦǼǝ Ʒ ȖȝǐȓǦǶǐ ǝǶƷȖȖ ȏǦȏǐȝȝǐॽ �ΝȝȓƷǆȝǐǌ ǶǦȏǦǌȖ Θǐȓǐ ǌȓǦǐǌ ȠǼǌǐȓ ǼǦȝȓȂǝǐǼ ȖȝȓǐƷǻ ƷǼǌ ȖȝȂȓǐǌ

Ʒȝ ৄइࣿ ૲�ॽ �ȓǦǐǌ ǶǦȏǦǌȖ Θǐȓǐ ǶƷȝǐȓ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ Ʒ ȖǻƷǶǶ ΗȂǶȠǻǐ Ȃǜ ǆǣǶȂȓȂǜȂȓǻ঄ǻǐȝǣƷǼȂǶ ঳ँ঄ऀॶ Η঄Η঴

ǜȂȓ ǶǦȏǦǌȂǻǦǆ ƷǼƷǶΞȖǦȖॽ

=ǦȏǦǌȂǻǦǆ ƷǼƷǶΞȖǦȖ ǅΞ =�ৄB[঄B[ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ƷȖ ǌǐȖǆȓǦǅǐǌ ǦǼ ǌǐȝƷǦǶ ǦǼ %ǶȠǆǣȂΘȖǴǦ ǐȝ ƷǶअऀॽ

/Ǽ ǅȓǦǐǜॶ ऄ ઐ= Ȃǜ ǐƷǆǣ ȖƷǻȏǶǐ ΘƷȖ ƷǼƷǶΞΣǐǌ ȖǐȏƷȓƷȝǐǶΞ ǅΞ ǶǦȒȠǦǌ ǆǣȓȂǻƷȝȂǝȓƷȏǣΞৄǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝȓΞ

ȖǐȏƷȓƷȝǐǌ ǅΞ ȝǣǐ e,U=� ȖΞȖȝǐǻ ঳ǆȂǼȖǦȖȝǦǼǝ Ȃǜ bǣǐȓǻȂ �ǆǆǶƷǦǻ �ंࣿ ȓǐΗǐȓȖǐৄȏǣƷȖǐ ǆȂǶȠǻǼ ǆȂǼৄ

Ǽǐǆȝǐǌ ȝȂ Ʒ �ǦȂǼǐΝ eǶȝǦBƷȝǐ ंࣿࣿࣿ e,U=� ȖΞȖȝǐǻ঴ ȂΗǐȓ अࣿ ǻǦǼȠȝǐȖ Ȃǜ ǦǼǆȓǐƷȖǦǼǝ ǝȓƷǌǦǐǼȝ ǜȓȂǻ

ȖȝƷȝǦȂǼƷȓΞ ȏǣƷȖǐ ঳अࣿ঄ःࣿ ΘƷȝǐȓ঄ƷǆǐȝȂǼǦȝȓǦǶǐ ঳Η঄Η঴ॶ ऀࣿ ǻB ƷǻǻȂǼǦȠǻ ǜȂǻƷȝǐ ƷǼǌ ࣿॽऀ઒ ǜȂȓǻǦǆ ƷǆǦǌ঴

ȝȂ ǻȂǅǦǶ ȏǣƷȖǐ ঳ईࣿ঄ऀࣿ ँৄȏȓȂȏƷǼȂǶ঄ƷǆǐȝȂǼǦȝȓǦǶǐॶ ऀࣿ ǻB ƷǻǻȂǼǦȠǻ ǜȂȓǻƷȝǐ ƷǼǌ ࣿॽऀ઒ ǜȂȓǻǦǆ ƷǆǦǌॽ

�ƷȝƷ ǜȂȓ ǐƷǆǣ ȖƷǻȏǶǐ Θǐȓǐ ƷǆȒȠǦȓǐǌ ǦǼ ȝǣǐ ȏȂȖǦȝǦΗǐ ƷǼǌ ǼǐǝƷȝǦΗǐ ǦȂǼǦΣƷȝǦȂǼ ǻȂǌǐȖॽ bǣǐ e,U=�

ȖΞȖȝǐǻ ΘƷȖ ǆȂǼǼǐǆȝǐǌ ȝȂ Ʒ Wৄ �ΝƷǆȝǦΗǐ HȓǅǦȝȓƷȏ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝǐȓ ǐȒȠǦȏȏǐǌ ΘǦȝǣ ƷǼ ǐǶǐǆȝȓȂȖȏȓƷΞ

ǦȂǼ ȖȂȠȓǆǐ ঳bǣǐȓǻȂ $ǦȖǣǐȓ঴ॶ ΘǣǦǆǣ ǝǐǼǐȓƷȝǐ B[ ȖȏǐǆȝȓƷ Ȃǜ ǶǦȏǦǌȖ ȠȖǦǼǝ ȝǣǐ ǜȠǶǶ ȖǆƷǼ঄ǌƷȝƷৄǌǐȏǐǼǌǐǼȝ

B[ँ ǻȂǌǐॽ

=ǦȏǦǌ[ǐƷȓǆǣ ΗǐȓȖǦȂǼ ःॽऀ [U ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ ΘƷȖ ȠȖǐǌ ȝȂ ƷǼƷǶΞΣǐ ȝǣǐ B[ ǌƷȝƷॽ HǼǶΞ

ǦǌǐǼȝǦЖǐǌ ȖȏǐǆǦǐȖ ΘǦȝǣ ǝȓƷǌǐ � Ȃȓ � Θǐȓǐ ΗƷǶǦǌƷȝǐǌ ƷǼǌ ȒȠƷǼȝǦЖǐǌ ȠȖǦǼǝ ȝǣǐ XৄȖǆȓǦȏȝ ǌǐΗǐǶȂȏǐǌ ǦǼৄ

ǣȂȠȖǐॽ �ǌǌǦȝǦȂǼƷǶ ȖȏǣǦǼǝȂǶǦȏǦǌȖ ǼȂȝ ǦǌǐǼȝǦЖƷǅǶǐ ǅΞ =ǦȏǦǌ[ǐƷȓǆǣ Θǐȓǐ ƷǼƷǶΞΣǐǌ ǅΞ =ǦȏǦǌxȏǶȂȓǐȓइँॽ

bȂ ǦǌǐǼȝǦǜΞ ǆǐȓƷǻǦǌǐ ȏǣȂȖȏǣƷȝǦǌΞǶ ǐȝǣƷǼȂǶƷǻǦǼǐ ƷȖ =ǦȏǦǌ xॶ�ȲȡȵȡȮȂȅȕǖ [ँ X੺ ǆǐǶǶȖ Θǐȓǐ ȖȠǅৄ

Ǳǐǆȝǐǌ ȝȂ ǌȖXC� ƷǝƷǦǼȖȝ ǆȂǼȝȓȂǶ Ȃȓ bB�Bँँं ƷǼǌ ǦǼǆȠǅƷȝǐǌ ǦǼ ऀ ǻB ȠǼǶƷǅǐǶǐǌ ȂǶǐǦǆ ƷǆǦǌ ǜȂȓ

ँऀ ǣȂȠȓȖॽ =ǦȏǦǌȖ Θǐȓǐ ǐΝȝȓƷǆȝǐǌ ƷǼǌ ȖǐȏƷȓƷȝǐǌ ǅΞ b=� ƷȖ ȏȓǐΗǦȂȠȖǶΞ ǌǐȖǆȓǦǅǐǌॽ bǣǐ ȖǦǶǦǆƷ ȏǶƷȝǐ ΘƷȖ

ȖǆȓƷȏǐǌ Ʒȝ ȝǣǐ ǴǼȂΘǼǻǦǝȓƷȝǦȂǼ ǶȂǆƷȝǦȂǼ Ȃǜ =ǦȏǦǌ xॽ =ǦȏǦǌȖ Θǐȓǐ ǐΝȝȓƷǆȝǐǌ ΘǦȝǣ ऄ ǻ= Ȃǜ ǆǣǶȂȓȂৄ

ǜȂȓǻ঄ǻǐȝǣƷǼȂǶ ঳ँ঄ऀ঴ ǜȂȓ ँ ǣȂȠȓȖ ȖǣƷǴǦǼǝ ǦǼ ǝǶƷȖȖ ȝȠǅǐȖ Ʒȝ ः ૲�ॽ [ƷǻȏǶǐȖ Θǐȓǐ ȝǣǐǼ ǆǐǼȝȓǦǜȠǝǐǌ Ʒȝ

ऀॶऀࣿࣿ XUB ǜȂȓ ऀऄ ǻǦǼȠȝǐȖ ȝȂ ȏǐǶǶǐȝ ȖǦǶǦǆƷ ƷǼǌ ȝǣǐ ȖȂǶΗǐǼȝȖ Θǐȓǐ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ ǆǶǐƷǼ ǝǶƷȖȖ ȝȠǅǐȖ ȠȖৄ

ǦǼǝ Ʒ ȖȝǐȓǦǶǐ ǝǶƷȖȖ ȏǦȏǐȝȝǐॽ =ǦȏǦǌȖ Θǐȓǐ ǌȓǦǐǌ ȠǼǌǐȓ Ʒ ǼǦȝȓȂǝǐǼ ȖȝȓǐƷǻ ƷǼǌ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ आॽऄ ǻB

ƷǻǻȂǼǦȠǻ ƷǆǐȝƷȝǐ ǦǼ ǆǣǶȂȓȂǜȂȓǻ঄ ǻǐȝǣƷǼȂǶ঄ȏȓȂȏƷǼȂǶ ঳ऀॵँॵः ΗȂǶॵΗȂǶॵΗȂǶ঴ॽ [ǣȂȝǝȠǼ ǶǦȏǦǌȂǻǦǆȖ ƷǼƷǶৄ

ΞȖǐȖ Θǐȓǐ ȏǐȓǜȂȓǻǐǌ ȂǼ Ʒ W �ΝƷǆȝǦΗǐ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝǐȓ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ ǐȒȠǦȏȏǐǌ ΘǦȝǣ Ʒ

इं



ȓȂǅȂȝǦǆ ǼƷǼȂЙȂΘ ǦȂǼ ȖȂȠȓǆǐ bȓǦqǐȓȖƷ CƷǼȂBƷȝǐ ঳�ǌΗǦȂǼ �ǦȂ[ǆǦǐǼǆǐȖ঴ॽ �ȓǦǐЙΞॶ ȖƷǻȏǶǐȖ Θǐȓǐ ƷǼƷৄ

ǶΞΣǐǌ ǦǼ ǅȂȝǣ ȏȂȖǦȝǦΗǐ ƷǼǌ ǼǐǝƷȝǦΗǐ ǦȂǼ ǻȂǌǐȖ ΘǦȝǣ Ʒ ȓǐȖȂǶȠȝǦȂǼ Ȃǜ Xǻ঄Σ੾ँࣿࣿ੾ँइࣿॶࣿࣿࣿ ǜȂȓ B[ ƷǼǌ

Xǻ঄Σ੾ँࣿࣿ੾ऀआॶऄࣿࣿ ǜȂȓ B[঄B[ ǐΝȏǐȓǦǻǐǼȝȖॶ ǦǼ Ʒ ȖǦǼǝǶǐ ƷǆȒȠǦȖǦȝǦȂǼॽ B[঄B[ ΘƷȖ ȝȓǦǝǝǐȓǐǌ ǅΞ ƷǼ

ǦǼǆǶȠȖǦȂǼ ǶǦȖȝ ǐǼǆȂǻȏƷȖȖǦǼǝ ǆȂȓȓǐȖȏȂǼǌǦǼǝB[ǻƷȖȖ ȓƷǼǝǐȖ ȖǆƷǼǼǐǌ ǦǼ ऀ �Ʒ ǦǼǆȓǐǻǐǼȝȖॽ

bǐǼ ǻǦǆȓȂǶǦȝǐȓȖ Ȃǜ ȖƷǻȏǶǐॶ ȝǣǐȓǻȂȖȝƷȝȝǐǌ ȝȂ ऀࣿ૲� ǦǼ Ʒ ईअৄΘǐǶǶ ȏǶƷȝǐॶ Θǐȓǐ ǦǼǜȠȖǐǌ ΗǦƷ ःॽऀ ઐǻ

ȖȏȓƷΞǦǼǝ ǼȂΣΣǶǐȖ ǜȂȓ अ ǻǦǼॽ �ƷǆǴȏȓǐȖȖȠȓǐ ΘƷȖ Ȗǐȝ ȝȂ ࣿॽईऄ ȏȖǦ ƷǼǌ ǦȂǼǦΣƷȝǦȂǼ ΗȂǶȝƷǝǐ ȝȂ ऀॽँऄ Ǵqॽ �ǜৄ

ȝǐȓ ंࣿ Ȗ Ȃǜ ȖȏȓƷΞ ȖȝƷǅǦǶǦΣƷȝǦȂǼॶ $bৄB[ ȖȏǐǆȝȓƷ ǦǼ ȝǣǐ ȓƷǼǝǐ Ȃǜ ǻ঄Σ ःࣿࣿ ȝȂ ऀॶࣿࣿࣿ Θǐȓǐ ƷǆȒȠǦȓǐǌ ǜȂȓ ऀ

ǻǦǼ ǦǼ ȏȓȂЖǶǐ ǻȂǌǐ ΘǦȝǣ ƷǼ �%� ȖǐȝȝǦǼǝ Ȃǜ ऀ�अ ƷǼǌ ǻƷΝǦǻȠǻ ǦȂǼ ȝǦǻǐ Ȃǜ ँࣿࣿ ǻȖॽ $Ȃȓ ȝǣǐ ǼǐΝȝ

ँ ǻǦǼॶ ȏȓȂǌȠǆȝ ǦȂǼ ȖǆƷǼȖ ǦǼ ǆǐǼȝȓȂǦǌ ǻȂǌǐ Θǐȓǐ ƷǆȒȠǦȓǐǌ ǦǼ ǌƷȝƷৄǦǼǌǐȏǐǼǌǐǼȝ ƷǼƷǶΞȖǦȖ ǻȂǌǐॶ ȠȖৄ

ǦǼǝ Ʒ ȏȓǐǆȠȓȖȂȓ ǶǦȖȝ ȖȝƷȓȝǦǼǝ Ʒȝ ǻ঄Σ ःࣿࣿॽँऄॶ ΘǦȝǣ ǦǼǆȓǐǻǐǼȝȖ Ȃǜ ǻ঄Σ ऀॽࣿࣿऀॶ ȠǼȝǦǶ ǻ঄Σ ईईईॽइःईॶ ΘǦȝǣ

Ʒ ȓǐȖȂǶȠȝǦȂǼ ȖǐȝȝǦǼǝ Ȃǜ ऀआॶऄࣿࣿ ঳$s,B Ʒȝ ǻ঄Σ ँࣿࣿ঴ॶ ƷǼ �%� ȖǐȝȝǦǼǝ Ȃǜ ऀ�ऄॶ Ʒ ǼȂȓǻƷǶǦΣǐǌ ǆȂǶǶǦȖǦȂǼ

ǐǼǐȓǝΞ Ȃǜ ँࣿॶ ƷǼ ǦȖȂǶƷȝǦȂǼ ΘǦǼǌȂΘ Ȃǜ ǻ঄Σ ऀॶ ƷǼǌ Ʒ ЖΝǐǌ ЖȓȖȝ ǻƷȖȖ Ȃǜ ǻ঄Σ इࣿॽ [ƷǻȏǶǐȖ Θǐȓǐ ƷǼƷǶΞΣǐǌ

ЖȓȖȝ ǦǼ ȏȂȖǦȝǦΗǐॶ ȝǣǐǼ ȖΘǦȝǆǣ ȝȂ ǼǐǝƷȝǦΗǐॶ ǦȂǼ ǻȂǌǐ ǜȂȓ ǼǐΝȝ ंǻǦǼॶ ȠȖǦǼǝ ǶȂǆǴ ǻƷȖȖǐȖ Ȃǜ ǆȂǻǻȂǼ

ǅƷǆǴǝȓȂȠǼǌ ǦȂǼȖ ঳ǻ঄Σ ऄंअॽऀअऄंअ ƷǼǌ ǻ঄Σ अइࣿॽःइࣿँँ ǦǼ ȏȂȖǦȝǦΗǐ ǦȂǼ ǻȂǌǐॶ ƷǼǌ ǻ঄Σ ऄँईॽःअँअँ ǦǼ

ǼǐǝƷȝǦΗǐ ǦȂǼ ǻȂǌǐ঴ ǦǼ ǜȠǶǶ ȖǆƷǼ ǻȂǌǐॽ �ȂȝǣB[ ƷǼǌB[঄B[ ǌƷȝƷ Θǐȓǐ ǆȂǻǅǦǼǐǌ ȝȂ ǦǌǐǼȝǦǜΞ �ǐȓU�

ȠȖǦǼǝ =ǦȏǦǌxȏǶȂȓǐȓ ȖȂǜȝΘƷȓǐइंॶऀआअॽ

ं৷ऀऀ৷ऀः BҷӸӸҷӲӢҷӹ ӅӏӲӲ ӅԞӲԚԞԏӏ ҷӹӋ ԚԏҷӹԓәӏӅԚӢԀӹ

[eBऀऄई ǆǐǶǶȖ ঳XX/�ॵ�q�=আऄःँं঴ Θǐȓǐ ȂǅȝƷǦǼǐǌ ǜȓȂǻ ȝǣǐ ǶƷǅȂȓƷȝȂȓΞ Ȃǜ UȓȂǜǐȖȖȂȓ bȂǻƷȖ <Ǧȓৄ

ǆǣƷȠȖǐǼ ঳,ƷȓΗƷȓǌBǐǌǦǆƷǶ [ǆǣȂȂǶ঴ ƷǼǌ Θǐȓǐ ǻƷǦǼȝƷǦǼǐǌ ǦǼ �B�B঄$ৄऀँ %ǶȠȝƷB�x ঳=Ǧǜǐ bǐǆǣৄ

ǼȂǶȂǝǦǐȖ঴ ΘǦȝǣ ऄ ǝ঄ǻǶޅ ǦǼȖȠǶǦǼ ঳�ǐǶǶ �ȏȏǶǦǆƷȝǦȂǼȖ঴ॶ ऀ ǝ঄ǻǶޅ ǣΞǌȓȂǆȂȓȝǦȖȂǼǐ ঳[ǦǝǻƷ঴ॶ ऄ઒ $�[ ঳%ǦǅǆȂ

ॻऀࣿࣿइँऀःआঃ bǣǐȓǻȂ $ǦȖǣǐȓ঴ॶ ऄࣿ ઐǝ঄ǻ= ȖȝȓǐȏȝȂǻΞǆǦǼ ƷǼǌ ऄࣿ ȠǼǦȝȖ঄ǻ= ȏǐǼǦǆǦǶǶǦǼॽ sǣǐȓǐ ǼȂȝǐǌॶ

ǆǐǶǶȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ ǻǐǌǦƷ ǆȂǼȝƷǦǼǦǼǝ ऄࣿࣿ ઐB ȂǶǐǦǆ ƷǆǦǌ ǆȂǻȏǶǐΝǐǌ ΘǦȝǣ ࣿॽऄ઒ ǐȖȖǐǼȝǦƷǶǶΞ

ǜƷȝȝΞ ƷǆǦǌ ǜȓǐǐ �[� ঳[ǦǝǻƷ �ǶǌȓǦǆǣ঴ॽ bȓƷǼȖǜǐǆȝǦȂǼ Ȃǜ ȏǶƷȖǻǦǌȖ ǦǼȝȂ [eBऀऄई ǆǐǶǶȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ

ΘǦȝǣ $Ƞ%�C�,� ȝȓƷǼȖǜǐǆȝǦȂǼ ȓǐƷǝǐǼȝ ঳UȓȂǻǐǝƷ঴ऀइৄँः ǣ ǅǐǜȂȓǐ ǦǻƷǝǦǼǝॽ ȖǦXC� ȝȓǐƷȝǻǐǼȝ ΘƷȖ

इः



ȏǐȓǜȂȓǻǐǌ ःइ ǣȂȠȓȖ ȏȓǦȂȓ ȝȂ ƷǌǌǦȝǦȂǼ Ȃǜ ȂǶǐǦǆ ƷǆǦǌ ǅΞ ȓǐΗǐȓȖǐ ȝȓƷǼȖǜǐǆȝǦȂǼ ȠȖǦǼǝ =ǦȏȂǜǐǆȝƷǻǦǼǐ

XC�ǦB�x ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆॶ ॻऀंआआइࣿआऄ঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ǦǼȖȝȓȠǆȝǦȂǼȖॽ

ȖǦXC� ƷǝƷǦǼȖȝ bB�Bँँं ΘƷȖ ȏȠȓǆǣƷȖǐǌ ǜȓȂǻ�ǣƷȓǻƷǆȂǼ ঳ॻ=ৄࣿंँआࣿःৄࣿँৄࣿࣿࣿऄ঴ॽ ȖǦXC� ǜȂȓ

CǐǝƷȝǦΗǐ �ȂǼȝȓȂǶ ΘƷȖ ȏȠȓǆǣƷȖǐǌ ǜȓȂǻ /�b�C�bǐǆǣǼȂǶȂǝǦǐȖ ঳$ȂȓΘƷȓǌॵ ȓ�ȓ%ȓeȓeȓ�ȓ�ȓeȓ�ȓৄ

%ȓ�ȓ%ȓeȓ�ȓeȓ�ȓ�ȓeȓ�ȓ�ȓ%ȓ�ȓ%ȓe�bঃ XǐΗǐȓȖǐॵ ȓ�ȓeȓ�ȓ�ȓ%ȓ�ȓ%ȓeȓ�ȓeȓeȓ�ȓeȓ�ȓ�ȓৄ

%ȓ�ȓ%ȓ�ȓeȓeȓ�ȓ�ȓ�ȓ%ȓ�ȓ�঴ ƷǼǌ ƷǼǼǐƷǶǐǌ ǅΞ ǣǐƷȝǦǼǝ ǐȒȠƷǶ ǻȂǶƷȓ ƷǻȂȠǼȝȖ Ȃǜ ǐƷǆǣ ȂǶǦǝȂ ȖȝȓƷǼǌ

ǦǼ ऀΝ ȖǦXC� �ȠЍǐȓ ঳,ȂȓǦΣȂǼ �ǦȖǆȂΗǐȓΞॶ ॻ�ৄࣿࣿँࣿࣿࣿৄe�ৄऀࣿࣿ঴ ȝȂ ईࣿ ૲� ƷǼǌ ȝǣǐǼ ǦǼǆȠǅƷȝǦǼǝ Ʒȝ ंआ

૲� ǜȂȓ ऀ ǣȂȠȓँऀऄॽ

ं৷ऀऀ৷ऀऄ [ԚҷӂӲӏ ӅӏӲӲ ӲӢӹӏ ӚӏӹӏԏҷԚӢԀӹ

bǣǐ ��q[ऀ [Ʒǜǐ ,ƷȓǅȂȓ bƷȓǝǐȝǦǼǝ ǻǐȝǣȂǌ ঳[ΞȖȝǐǻ �ǦȂȖǆǦǐǼǆǐȖ঴ ΘƷȖ ȠȖǐǌ ȝȂ ǝǐǼǐȓƷȝǐ Ʒ [eBऀऄई

ǆǐǶǶ ǶǦǼǐ ȖȝƷǅǶΞ ǐΝȏȓǐȖȖǦǼǝ bB�Bँँंৄ�%$U ȠǼǌǐȓ Ʒ b< ȏȓȂǻȂȝǐȓॽ /Ǽ ǅȓǦǐǜॶ ǌȂǼȂȓ ȏǶƷȖǻǦǌȖ Ȃǜ

��q[ऀৄb<ৄbB�Bँँंৄ�%$U Θǐȓǐ ǆȂৄȝȓƷǼȖǜǐǆȝǐǌ ΘǦȝǣ ȖǦǻȠǶȝƷǼǐȂȠȖǶΞ ȝȓƷǼȖǜǐǆȝǐǌ ΘǦȝǣ ǣ�ƷȖई

ȏǶƷȖǻǦǌ ঳�ǌǌǝǐǼǐ ȏǶƷȖǻǦǌ ॻःऀइऀऄ঴ ƷǼǌ ǝXC�ৄ��q[ऀৄbँ ȏǶƷȖǻǦǌ ঳�ǌǌǝǐǼǐ ȏǶƷȖǻǦǌ ॻःऀइऀइ঴

ǦǼȝȂ ΘǦǶǌȝΞȏǐ [eBऀऄई ǆǐǶǶȖ ȠȖǦǼǝ $Ƞ%�C�,� ȝȓƷǼȖǜǐǆȝǦȂǼ ȓǐƷǝǐǼȝ ঳UȓȂǻǐǝƷ঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ

ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ �ǐǶǶȖ Θǐȓǐ ȖǐǶǐǆȝǐǌ ΘǦȝǣ ऀॽऄ ઐǝ঄ǻ= ȏȠȓȂǻΞǆǦǼ ǜȂȓ ःइ ǣȂȠȓȖ ƷǼǌ ȖǦǼǝǶǐৄ

ǆǐǶǶ $��[ ȖȂȓȝǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ΘǦȝǣ ःइइৄǼǻ ǐΝǆǦȝƷȝǦȂǼ ΘǦȝǣ ऀࣿࣿ ઐǻ ǝƷȝǦǼǝ Ʒȝ ȝǣǐ ЙȂΘ ǆΞȝȂǻǐȝȓΞ

ǆȂȓǐ ǜƷǆǦǶǦȝΞ ঳,ƷȓΗƷȓǌॶ �ǦΗǦȖǦȂǼ Ȃǜ /ǻǻȠǼȂǶȂǝΞ঴ॽ UȂȖǦȝǦΗǐ ǆǶȂǼǐȖ Θǐȓǐ ǆȂǼЖȓǻǐǌ ǅΞ ЙȠȂȓǐȖǆǐǼǆǐ

ǻǦǆȓȂȖǆȂȏΞ ƷǼǌ ǅΞ ΘǐȖȝǐȓǼ ǅǶȂȝ ΘǦȝǣ ƷǼȝǦৄ%$U ƷǼȝǦǅȂǌΞॽ

ं৷ऀऀ৷ऀअ BӢԚԀӅӟԀӹӋԏӢҷӲ ҷӹӋ ӸӢӅԏԀԓԀӸӏ ӢԓԀӲҷԚӢԀӹ

bȂ ǦȖȂǶƷȝǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǜȓȂǻ ��q[ऀৄb<ৄbB�Bँँंৄ�%$U [eBऀऄई ǆǐǶǶȖ Ʒ ǻȂǌǦЖǐǌ ȏȓȂȝȂǆȂǶ

ǜȓȂǻ %ȠƷȓƷǼǦ ǐȝ ƷǶॽ ΘƷȖ ȠȖǐǌअईॽ /Ǽ ǅȓǦǐǜॶ ǆǐǶǶȖ Θǐȓǐ ȏǐǶǶǐȝǐǌ ƷǼǌ ΘƷȖǣǐǌ ȂǼǆǐ ΘǦȝǣ ��U[ॽ �ǐǶǶȖ Θǐȓǐ

ȝǣǐǼ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ ǻǦȝȂৄǦȖȂǶƷȝǦȂǼ ǅȠЍǐȓ ঳ँऄࣿ ǻB ȖȠǆȓȂȖǐॶ ऀ ǻB ��b�ॶ ऀࣿ ǻBBHU[ৄ<H,ॶ
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ȏ, आॽँ঴ ƷǼǌ ȓȠȏȝȠȓǐǌ ǅΞ ǌȂȠǼǆǦǼǝ ःࣿ ȝǦǻǐȖ ǦǼ Ʒ ँ ǻ=sǣǐƷȝȂǼ ȝǦȖȖȠǐ ǝȓǦǼǌǐȓ ঳�s< =Ǧǜǐ [ǆǦǐǼǆǐȖॶ

ॻंऄइࣿँई঴ॽ,ȂǻǐǝǐǼǦΣǐǌ ǆǐǶǶȠǶƷȓ ǐΝȝȓƷǆȝ ΘƷȖ ȝǣǐǼ ǆǐǼȝȓǦǜȠǝǐǌ Ʒȝ अࣿࣿ Ν ǝ ǜȂȓ ऄ ǻǦǼȠȝǐȖ Ʒȝ ः ૲� ȝȂ

ȂǅȝƷǦǼ Ʒ ȏȂȖȝৄǼȠǆǶǐƷȓ ȖȠȏǐȓǼƷȝƷǼȝॽ BǦȝȂǆǣȂǼǌȓǦƷ Θǐȓǐ ȝǣǐǼ ȏǐǶǶǐȝǐǌ ǅΞ ǆǐǼȝȓǦǜȠǝƷȝǦȂǼ Ʒȝ इॶࣿࣿࣿ Ν ǝ

ǜȂȓ ऀࣿ ǻǦǼȠȝǐȖ Ʒȝ ः ૲�ॽ bǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ȏǐǶǶǐȝ ΘƷȖ ȝǣǐǼ ΘƷȖǣǐǌ ȝΘǦǆǐ ΘǦȝǣ ǻǦȝȂৄǦȖȂǶƷȝǦȂǼ ǅȠЍǐȓॽ

�ȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷ ΘƷȖ ǌǐȝǐȓǻǦǼǐǌ ΘǦȝǣ Ʒ �� UȓȂȝǐǦǼ �ȖȖƷΞ <Ǧȝ ঳�ǦȂৄXƷǌॶ ॻऄࣿࣿࣿऀऀँ঴ॽ

bȂ ǜȠȓȝǣǐȓ ǦȖȂǶƷȝǐ ǻǦǆȓȂȖȂǻǐȖॶ ȝǣǐ ȖȠȏǐȓǼƷȝƷǼȝ Ʒǜȝǐȓ ǆǐǼȝȓǦǜȠǝƷȝǦȂǼ Ʒȝ इॶࣿࣿࣿ Ν ǝ ǜȂȓ ऀࣿ ǻǦǼȠȝǐȖ ΘƷȖ

ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ Ʒ ǼǐΘ ȝȠǅǐ ƷǼǌ ȖȠǅǱǐǆȝǐǌ ȝȂ ȠǶȝȓƷǆǐǼȝȓǦǜȠǝƷȝǦȂǼ ǦǼ Ʒ b=�ৄःऄ ȓȂȝȂȓ ঳�ǐǆǴǻƷǼ঴ ǜȂȓ ंࣿ

ǻǦǼ Ʒȝ ऀࣿࣿॶࣿࣿࣿ Ν ǝ Ʒȝ ः ૲�ॽ bǣǐ ȓǐǻƷǦǼǦǼǝ ȖȠȏǐȓǼƷȝƷǼȝ ΘƷȖ ƷȖȖƷΞǐǌ ƷȖ ȝǣǐ ǆΞȝȂȖȂǶॽ

ं৷ऀऀ৷ऀआ �ӢӅҷԏӂԀӹҷԚӏ ӏԭԚԏҷӅԚӢԀӹ ҷӹӋ UԏԀԚӏӢӹҷԓӏ < ԚԏӏҷԚӸӏӹԚ

/ȖȂǶƷȝǐǌ ǻǦȝȂǆǣȂǼǌȓǦƷ Θǐȓǐ ȖȠǅǱǐǆȝǐǌ ȝȂ ƷǶǴƷǶǦǼǐ ǐΝȝȓƷǆȝǦȂǼ ǦǼ ǜȓǐȖǣǶΞ ȏȓǐȏƷȓǐǌ ࣿॽऀ B ȖȂǌǦȠǻ ǅǦǆƷȓৄ

ǅȂǼƷȝǐ Ʒȝ ȏ, ऀऀॶ ऀऀॽऄॶ Ȃȓ ऀँॽ BǐǻǅȓƷǼǐȖ Θǐȓǐ ȝǣǐǼ ȏǐǶǶǐȝǐǌ Ʒȝ ऀࣿࣿॶࣿࣿࣿ Ν ǝ ǜȂȓ ंࣿ ǻǦǼȠȝǐȖ Ʒȝ ः ૲� ǦǼ

Ʒ b=�ৄःऄ ȓȂȝȂȓ ঳�ǐǆǴǻƷǼ঴ॽ [ȠȏǐȓǼƷȝƷǼȝȖ Θǐȓǐ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ Ʒ ǼǐΘ ȝȠǅǐ ƷǼǌ ऀࣿࣿ઒ ȝȓǦǆǣǶȂȓȂƷǆǐȝǦǆ

ƷǆǦǌ ΘƷȖ Ʒǌǌǐǌ ȝȂ Ʒ ЖǼƷǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ऀँॽऄ઒ ǜȂȓ ंࣿ ǻǦǼȠȝǐȖ ȝȂ ȏȓǐǆǦȏǦȝƷȝǐ ȏȓȂȝǐǦǼȖॽ bǣǐ ǻǐǻৄ

ǅȓƷǼǐ ȏǐǶǶǐȝ ΘƷȖ ǦǻǻǐǌǦƷȝǐǶΞ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ ऀΝ =ƷǐǻǻǶǦ [ƷǻȏǶǐ �ȠЍǐȓ ǌǦǶȠȝǐǌ ǦǼ ǻǦȝȂৄǦȖȂǶƷȝǦȂǼ

ǅȠЍǐȓॽ �ǜȝǐȓ ंࣿ ǻǦǼȠȝǐȖ ǦǼǆȠǅƷȝǦȂǼ ǦǼ ȝȓǦǆǣǶȂȓȂƷǆǐȝǦǆ ƷǆǦǌॶ ȝǣǐ ȖȠȏǐȓǼƷȝƷǼȝȖ Θǐȓǐ ȖȏȠǼ ǌȂΘǼ Ʒȝ

ऀइॶࣿࣿࣿ Ν ǝ ǜȂȓ ंࣿ ǻǦǼȠȝǐȖ Ʒȝ ः ૲� ƷǼǌ ΘƷȖǣǐǌ ȂǼǆǐ ΘǦȝǣ ǆȂǶǌ ƷǆǐȝȂǼǐॽ �ǜȝǐȓ ȝȓǐƷȝǻǐǼȝȖॶ ऀࣿࣿ઒ Ȃǜ ȝǣǐ

ȖȂǶȠǅǶǐ ঳[ॶ ȖȠȏǐȓǼƷȝƷǼȝ঴ ƷǼǌ ǦǼȖȂǶȠǅǶǐ ঳Uॶ ȏǐǶǶǐȝ঴ ƷǼǌ ऀࣿ઒ Ȃǜ ȝǣǐ ǦǼȏȠȝ ঳bॶ ȝȂȝƷǶ঴ Θǐȓǐ ƷǼƷǶΞΣǐǌ ǅΞ

[�[ৄU�%� ƷǼǌ ǦǻǻȠǼȂǅǶȂȝȝǦǼǝ ঳Ȗǐǐ ǜȂǶǶȂΘǦǼǝ ȖǐǆȝǦȂǼ঴ ȠȖǦǼǝ ƷǼȝǦǅȂǌǦǐȖ ƷǝƷǦǼȖȝ bȂǻःࣿॶ BǦǆअࣿॶ

ǻȝ,[Uआࣿॶ �ǶȏU ƷǼǌ %$U ঳Ȗǐǐ bƷǅǶǐ �ऀ ǜȂȓ ƷǼȝǦǅȂǌǦǐȖ঴ॽ

$Ȃȓ ȖȠǅǆǐǶǶȠǶƷȓ ǶȂǆƷǶǦΣƷȝǦȂǼ ΘǦȝǣǦǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷॶ ǐȒȠƷǶ ƷǻȂȠǼȝȖ Ȃǜ ǦȖȂǶƷȝǐǌ ǻǦȝȂǆǣȂǼǌȓǦƷ

Θǐȓǐ ǌǦΗǦǌǐǌ ǦǼȝȂ ǐǦǝǣȝ ȝȠǅǐȖ ȂǼ Ǧǆǐ ƷǼǌ ǅȓȂȠǝǣȝ ȝȂ Ʒ ȝȂȝƷǶ ȓǐƷǆȝǦȂǼ ΗȂǶȠǻǐ Ȃǜ ऄࣿ ઐ= ΘǦȝǣ ǻǦȝȂৄ

ǦȖȂǶƷȝǦȂǼ ǅȠЍǐȓ ΘǦȝǣ ǦǼǆȓǐƷȖǦǼǝ ƷǻȂȠǼȝȖ Ȃǜ ǌǦǝǦȝȂǼǦǼ ঳ࣿॽࣿऀ઒ॶ ࣿॽࣿँ઒ॶ ࣿॽࣿः઒ॶ ࣿॽࣿअ઒ॶ ࣿॽࣿइ઒ ƷǼǌ

ࣿॽऀ઒঴ ǜȓȂǻ Ʒ ऀ઒ ǌǦǝǦȝȂǼǦǼ ȖȝȂǆǴ ȖȂǶȠȝǦȂǼ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻ�ऀःऀৄऄࣿࣿB%঴ Ȃȓ ऀ઒ bȓǦȝȂǼxৄऀࣿࣿ

঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆॶ ॻँइंऀः঴ॽ �Ʒǆǣ ȖƷǻȏǶǐ ΘƷȖ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ ࣿॽँ ǻǝ঄ǻ= UȓȂȝǐǦǼƷȖǐ <
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঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆॶ ॻऀआईऀअ঴ ǜȓȂ ंࣿ ǻǦǼȠȝǐȖ ȂǼ Ǧǆǐ Ʒǜȝǐȓ ΘǣǦǆǣ ȝǣǐ ȓǐƷǆȝǦȂǼ ΘƷȖ ȖȝȂȏȏǐǌ ΘǦȝǣ

ः ǻB UǣǐǼΞǶǻǐȝǣΞǶȖȠǶǜȂǼΞǶ ЙȠȂȓǦǌǐ ঳UB[$঴ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻऀऀंऄईࣿअऀࣿࣿऀ঴ ǜȂȓ ऀࣿ ǻǦǼȠȝǐȖ ȂǼ

Ǧǆǐॽ =ƷǐǻǻǶǦ [ƷǻȏǶǐ �ȠЍǐȓ ΘƷȖ Ʒǌǌǐǌ ȝȂ ȖƷǻȏǶǐȖ ȝȂ Ʒ ЖǼƷǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ऀx ƷǼǌ ȖƷǻȏǶǐȖ Θǐȓǐ

ǅȂǦǶǐǌ ǜȂȓ ऄ ǻǦǼȠȝǐȖ Ʒȝ ईऄ ૲� ȏȓǦȂȓ ȝȂ [�[ৄU�%� ƷǼǌ ǦǻǻȠǼȂǅǶȂȝȝǦǼǝ ƷǼƷǶΞȖǦȖ ঳Ȗǐǐ ǜȂǶǶȂΘǦǼǝ Ȗǐǆৄ

ȝǦȂǼ঴ ȠȖǦǼǝ ƷǼȝǦǅȂǌǦǐȖ ƷǝƷǦǼȖȝ %$Uॶ BЍॶ bȂǻःࣿॶ bȂǻँࣿॶ HȏƷऀॶ bǦǻँंॶ BǦǆअࣿॶ �ǶȏUॶ BXU=ऀऀॶ

ƷǼǌ C�e$[ँ ঳Ȗǐǐ bƷǅǶǐ �ऀ ǜȂȓ ƷǼȝǦǅȂǌǦǐȖ঴ॽ

ं৷ऀऀ৷ऀइ /ӸӸԞӹԀӂӲԀԚԚӢӹӚ

$Ȃȓ ƷǼƷǶΞȖǦȖ Ȃǜ ȏȓȂȝǐǦǼȖ ǜȓȂǻ ȂȓǝƷǼǐǶǶǐ ǦȖȂǶƷȝǦȂǼ ƷǼǌ ǻǦȝȂǆǣȂǼǌȓǦƷ ȝȓǐƷȝǻǐǼȝȖॶ =ƷǐǻǻǶǦ [ƷǻȏǶǐ

�ȠЍǐȓ ΘƷȖ Ʒǌǌǐǌ ȝȂ ȖƷǻȏǶǐȖ ȝȂ Ʒ ЖǼƷǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ऀxॽ [ƷǻȏǶǐȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ǜȂȓ ऀࣿ ǻǦǼৄ

ȠȝǐȖ Ʒȝ आࣿ ૲� ȏȓǦȂȓ ȝȂ [�[ৄU�%�ॽ UȓȂȝǐǦǼȖ Θǐȓǐ ȖǐȏƷȓƷȝǐǌ ȂǼ Ʒ ःৄऀऄ઒ [�[ৄU�%� ǝǐǶ ঳�ǦȂৄXƷǌॶ

ॻःऄअइࣿइअ঴ ǦǼ ऀ x bȓǦȖ঄%ǶΞǆǦǼǐ঄[�[ ǅȠЍǐȓ ঳�ǦȂৄXƷǌॶ ॻऀअऀৄࣿआआँ঴ ƷǼǌ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ ࣿॽँ ઐǻ ǼǦȝȓȂৄ

ǆǐǶǶȠǶȂȖǐ ǻǐǻǅȓƷǼǐȖ ঳�ǦȂৄXƷǌॶ ॻऀअँࣿऀऀँ঴ ǦǼ ऀ x bȓǦȖ঄ǝǶΞǆǦǼǐ ȝȓƷǼȖǜǐȓ ǅȠЍǐȓ ঳�ǦȂৄXƷǌॶ ॻऀअऀৄࣿआआऀ঴

ΘǦȝǣ ँࣿ઒ǻǐȝǣƷǼȂǶ ǜȂȓ ँ ǣȂȠȓȖ Ʒȝ आࣿ q ǦǼ ƷǼ Ǧǆǐ ΘƷȝǐȓ ǅƷȝǣॽ bǣǐ ǻǐǻǅȓƷǼǐȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ǦǼ ऄ઒

ǼȂǼৄǜƷȝ ǌȓΞ ǻǦǶǴ ঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞॶ ॻȖǆৄँंँऄ঴ ǦǼ b�[ৄb ঳ँࣿǻBbȓǦȖ Ʒȝ ȏ, आॽअॶ ऀऄࣿǻB

CƷ�Ƕॶ ࣿॽऀ઒ bΘǐǐǼৄँࣿ ঴ ǜȂȓ ऀ ǣȂȠȓ ƷǼǌ ȖȠǅȖǐȒȠǐǼȝǶΞ ǦǼǆȠǅƷȝǐǌ ȂΗǐȓǼǦǝǣȝ ǦǼ ȏȓǦǻƷȓΞ ƷǼȝǦǅȂǌǦǐȖ

Ʒȝ ः ૲�ॽ BǐǻǅȓƷǼǐȖ Θǐȓǐ ΘƷȖǣǐǌ ȝǣȓǐǐ ȝǦǻǐȖ ǦǼ b�[ৄb ǜȂȓ ऄ ǻǦǼȠȝǐȖ ƷǼǌ ȝǣǐǼ ǦǼǆȠǅƷȝǐǌ Ʒȝ ȓȂȂǻ

ȝǐǻȏǐȓƷȝȠȓǐ ΘǦȝǣ ऀॵऄࣿࣿࣿ ǌǦǶȠȝǦȂǼȖ ǐǦȝǣǐȓ ƷǼȝǦৄǻȂȠȖǐ Ȃȓ ƷǼȝǦৄȓƷǅǅǦȝ ,XUৄǆȂǼǱȠǝƷȝǐǌ ȖǐǆȂǼǌƷȓΞ ƷǼৄ

ȝǦǅȂǌǦǐȖ ঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞॶ ॻȖǆৄँंऄआ ƷǼǌ ॻȖǆৄऄऀअऀईँ঴ ǦǼ ऄ઒ ǼȂǼৄǜƷȝ ǌȓΞ ǻǦǶǴ ǦǼ b�[ৄbॽ

[ǦǝǼƷǶ ΘƷȖ ƷǼƷǶΞȖǐǌ ǅΞ ǆǣǐǻǦǶȠǻǦǼǐȖǆǐǼǆǐ ΘǦȝǣ [Ƞȏǐȓ[ǦǝǼƷǶ sǐȖȝ UǦǆȂॶ �ȠȓƷ Ȃȓ $ǐǻȝȂ ȓǐƷǝǐǼȝȖ

঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ॽ

इआ



ं৷ऀऀ৷ऀई [ԚҷԚӢԓԚӢӅҷӲ ҷӹҷӲԮԓӢԓ

�ǶǶ ȖȝƷȝǦȖȝǦǆƷǶ ƷǼƷǶΞȖǦȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ǦǼ %ȓƷȏǣUƷǌ UȓǦȖǻ ईॽ /ǼǜȂȓǻƷȝǦȂǼ ƷǅȂȠȝ ȝǣǐ ȖǦǝǼǦЖǆƷǼǆǐ ȝǐȖȝ

ƷǼǌ ȓǐȖȠǶȝȖ Ʒȓǐ ȏȓȂΗǦǌǐǌ ǦǼ ǌǐȝƷǦǶ ǦǼ ǐƷǆǣ ЖǝȠȓǐ ǶǐǝǐǼǌॽ

ं৷ऀँ �ԞԚӟԀԏ ӅԀӹԚԏӢӂԞԚӢԀӹԓ

�ΝȏǐȓǦǻǐǼȝȖ ǌǐȖǦǝǼǐǌ ǅΞ ��<:ॶ :[ॶ Xq$ॶ b�sॽ UǶƷȖǻǦǌ ƷǼǌ ǴǼȂǆǴ ǦǼ �ȓȂȖȂȏǣǦǶƷ ǆǐǶǶ ǶǦǼǐ ǝǐǼǐȓৄ

ƷȝǦȂǼ ǆƷȓȓǦǐǌ ȂȠȝ ǅΞ :[ॽ HȓǦǝǦǼƷǶ XC�Ǧ ȖǆȓǐǐǼ ǆƷȓȓǦǐǌ ȂȠȝ ǅΞ :[ॽ �ΝȏǐȓǦǻǐǼȝȖ ǆƷȓȓǦǐǌ ȂȠȝ ǅΞ ��<:ॽ

=ǦȏǦǌȂǻǦǆȖ ǆƷȓȓǦǐǌ ȂȠȝ ǅΞ ~s= ƷǼǌ y�ॽ

इइ



Cȡ͞ ȼȂȅȵ ȅȵ țȡȼ ȼȂǯ ǯțǫࣗ /ȼ ȅȵ țȡȼ ǯ͝ǯț ȼȂǯ ǤǯǼȅțțȅțǼ ȡǻ ȼȂǯ

ǯțǫࣗ �ȿȼ ȅȼ ȅȵ࣐ ȮǯȲȂǖȮȵ࣐ ȼȂǯ ǯțǫ ȡǻ ȼȂǯ ǤǯǼȅțțȅțǼࣗ

sǦǼȖȝȂǼ �ǣȠȓǆǣǦǶǶ

4
�ȂǼǆǶȠǌǦǼǝ ȓǐǻƷȓǴȖ

�Ξ ǆȂǻǅǦǼǦǼǝ ǅȂȝǣ ȝƷȓǝǐȝǐǌ ȖȝȠǌǦǐȖ Ȃǜ XƷǅऀइ ƷǼǌ ǌǐǐȏǐȓ ǦǼΗǐȖȝǦǝƷȝǦȂǼȖ Ȃǜ ƷǼ ȠǼǅǦƷȖǐǌ ǝǐǼȂǻǐৄ

ΘǦǌǐ ȖǆȓǐǐǼॶ ȝǣǦȖ ΘȂȓǴ ȓǐΗǐƷǶȖ ȝǣƷȝ ȝǣǐȖǐ ȝΘȂ ƷȏȏȓȂƷǆǣǐȖ ǆƷǼ ǆȂǻȏǶǐǻǐǼȝ ǐƷǆǣ Ȃȝǣǐȓ ǦǼ ȠǼǆȂΗǐȓǦǼǝ

ȓǐȒȠǦȓǐǻǐǼȝȖ ǜȂȓ ǆǐǶǶȠǶƷȓ ȏƷȝǣΘƷΞȖ ȖȠǆǣ ƷȖ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ /Ǽ ȝǐȖȝǦǼǝ ȝǣǐ ǣΞȏȂȝǣǐৄ

ȖǦȖ ȝǣƷȝ XƷǅऀइ ǦȖ ȓǐȒȠǦȓǐǌ ǜȂȓ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ Θǐ ȓǐΗǐƷǶǐǌ ȝǣƷȝ XƷǅऀइ ǦȖ ǼȂȝ ȓǐȒȠǦȓǐǌ

ǜȂȓ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ǦǼ ǝǐǼǐȓƷǶॶ ǼȂȓ ǜȂȓ =� ǅǦȂǝǐǼǐȖǦȖ Ȃȓ ȝȠȓǼȂΗǐȓ ǦǼ ȝǣǐ ǣȠǻƷǼ ǻƷǻǻƷȓΞ ǆƷȓǆǦৄ

ǼȂǻƷ ǆǐǶǶ ǶǦǼǐॶ [eBऀऄईईईॽ bǣǐȖǐ ЖǼǌǦǼǝȖ Θǐȓǐ ǆȂȓȓȂǅȂȓƷȝǐǌ ǅΞ ȝǣǐ XC�Ǧ ǝǐǼȂǻǐ ΘǦǌǐ ȖǆȓǐǐǼ ǦǼ

इई



�ȲȡȵȡȮȂȅȕǖॶ Θǣǐȓǐ XƷǅऀइ ΘƷȖ ǼȂȝ ǦǌǐǼȝǦЖǐǌ ƷȖ Ʒ ǻȂǌȠǶƷȝȂȓ Ȃǜ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ /ǼȖȝǐƷǌॶ

ǻȠǆǣ Ȃǜ ȝǣǐ ȖƷǻǐ ǻƷǆǣǦǼǐȓΞ ȏȓȂȏȂȖǐǌ ȝȂ ǦǼȝǐȓƷǆȝ ΘǦȝǣ XƷǅऀइ ǜȂȓ �Xৄ=�ǻǐǻǅȓƷǼǐ ȝǐȝǣǐȓǦǼǝँंआ

Θǐȓǐ ǦǌǐǼȝǦЖǐǌ ǦǼ ȝǣǐ ȖǆȓǐǐǼ ƷǶȂǼǝ ΘǦȝǣ ȝǣǐ XƷǅ %bUƷȖǐ XƷǅऀॽ $Ƞȓȝǣǐȓ ȖȝȠǌǦǐȖ ȂǼ ȝǣǐ ǻǐǻǅȓƷǼǐ

ǜȠȖǦȂǼ ǻƷǆǣǦǼǐȓΞ ǦǌǐǼȝǦЖǐǌ ǦǼ ȝǣǐ ȖǆȓǐǐǼ ƷǼǌ ȏȓȂȏȂȖǐǌ ȝȂ ǻǐǌǦƷȝǐ ȝǣǐ ǆȂǼǼǐǆȝǦȂǼȖ ǅǐȝΘǐǐǼ ȝǣǐ �X

ƷǼǌ =�Ȗ ǜȂȓ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ Ʒȓǐ ǌǐȖǆȓǦǅǐǌ ǦǼ ȝǣǐ ȝǣǐȖǦȖ ƷǼǌ ǻƷǼȠȖǆȓǦȏȝ Ȃǜ :ॽ [ȂǼǝॽ

/Ǽ ƷǌǌǦȝǦȂǼ ȝȂ ȏȓȂȝǐǦǼ ǻƷǆǣǦǼǐȓΞ ȓǐȒȠǦȓǐǌ ǜȂȓ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ǜȂȓ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝৄ

ǦǼǝॶ ȝǣǦȖ ȖǆȓǐǐǼ ȏȓȂΗǦǌǐǌ Ʒ ΘǐƷǶȝǣ Ȃǜ ǦǼǜȂȓǻƷȝǦȂǼ ȝȂ ǐΝȏǶȂȓǐॽ Hǜ ǝȓǐƷȝ ǦǼȝǐȓǐȖȝ ΘƷȖ ȝǣǐ ǦǌǐǼȝǦЖǆƷȝǦȂǼ

Ȃǜ ǼȠǻǐȓȂȠȖ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼȖ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǦǻȏƷǦȓǐǌ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ sǐ

ǜȂǆȠȖǐǌ ȂǼ ȂǼǐ ȖȠǆǣ ǣǦȝॶ bB�Bँँं ƷǼǌ ǆȂǼЖȓǻǐǌ ǦȝȖ ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷॽ sǐ ǜȠȓৄ

ȝǣǐȓ ǌǐȝǐȓǻǦǼǐǌ ȝǣƷȝ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ǼȂȝ ȂǼǶΞ ǦǻȏƷǦȓȖ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ ǅȠȝ ƷǶȖȂ

ǌȓƷǻƷȝǦǆƷǶǶΞ ƷǶȝǐȓȖ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻॶ �XǻȂȓȏǣȂǶȂǝΞ ƷǼǌ �X ǜȠǼǆȝǦȂǼॶ ǼƷǻǐǶΞ ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼॽ

bǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ȖȝȓǐǼǝȝǣǐǼ Ʒ ǻȂǌǐǶ ǦǼ ΘǣǦǆǣ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ǜȂǶǶȂΘȖ ȖǦǻǦǶƷȓ ȏȓǦǼৄ

ǆǦȏǶǐȖ ȝȂ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴǦǼǝॵ �bU ǌǐȏǐǼǌǐǼȝॶ [C�X�ǻǐǌǦƷȝǐǌ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼ ǜȂȓ ȏȓȂȝǐǦǼ

ƷǼǌ ǶǦȏǦǌ ȝȓƷǼȖȏȂȓȝ ǦǼ ȝǣǐ ǆȂǼȝǐΝȝ Ȃǜ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴǦǼǝ ƷǼǌ ǦǼ ȝǣǐ ǆȂǼȝǐΝȝ Ȃǜ �XbH=� ȏȓȂȝǐǦǼ

ȝƷȓǝǐȝǦǼǝॶ ǜȂȓ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝ ȝȂ =�Ȗॽ bǣǐȖǐ ȖȝȠǌǦǐȖ ƷǶȖȂ ǣǦǝǣǶǦǝǣȝ Ʒ ȏȓǐΗǦȂȠȖǶΞ ȠǼǌǐȓƷȏȏȓǐǆǦƷȝǐǌ

ȓȂǶǐ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼȖ ǦǼ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ

sǣƷȝ ȓǐǻƷǦǼȖ ȝȂ ǅǐ ǌǦȖǆȂΗǐȓǐǌ ǦȖ ǣȂΘ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ƷЍǐǆȝȖ ǻǦȝȂǆǣȂǼǌȓǦƷॽ sǐ ȏȓǐǌǦǆȝ

ȝǣƷȝ ȝǣǐ ǦǼǆȓǐƷȖǐǌ ǆǐǶǶ ǌǐƷȝǣ ΘǦȝǣ bB�Bँँं ǌǐȏǶǐȝǦȂǼȖ ǣǦȝȖ ȝȂ ƷǼ ǐЍǐǆȝ ȂǼ ǆǐǶǶȠǶƷȓ ǐǼǐȓǝΞ ǶǐΗǐǶȖ

ƷǼǌ ΘȂȠǶǌ ǅǐ ȠǼȖȠȓȏȓǦȖǐǌ Ǧǜ bB�Bँँं ǌǐȏǶǐȝǦȂǼ ǦǻȏƷǦȓȖ ǆǐǶǶȠǶƷȓ ǐǼǐȓǝΞ ǆȠȓȓǐǼǆΞ ǦǼ ȝǣǐ ǜȂȓǻȖ Ȃǜ

�bU Ȃȓ C��,ॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ Ȃǜ ȝǣǐ इईअ ǣǦȝȖ ΘǣȂȖǐ ǌǐȏǶǐȝǦȂǼ ǦǻȏƷǦȓǐǌ %U�bः ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॶ

ऀई Θǐȓǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǣǦȝȖॶ ǦǼǆǶȠǌǦǼǝ ऀࣿ ȖȠǅȠǼǦȝȖ Ȃǜ ȝǣǐ ȂΝǦǌƷȝǦΗǐ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ঳HxU,H[঴

ǆȂǻȏǶǐΝǐȖॽ �Ȗ Ȃȝǣǐȓ ǻǐǻǅǐȓȖ Ȃǜ ȝǣǐ bB�Bआࣿ঄bB�Bऀइअ঄bB�Bँँं ǜƷǻǦǶΞ Ʒȓǐ ǦǼΗȂǶΗǐǌ ǦǼ

ȝǣǐ ƷȖȖǐǻǅǶΞ Ȃǜ �ȂǻȏǶǐΝ / ƷǼǌ qऀआँॶ ƷǼǌ ȝǣǐ ȓȂǶǐ Ȃǜ ȝǣǐ ȏȂȝǐǼȝǦƷǶ ΞǐƷȖȝ ǣȂǻȂǶȂǝȠǐ Ȃǜ bB�Bँँंॶ

BȓΝऀऄ ǦǼ ǅǦǼǌǦǼǝ ǻǦȝȂȓǦǅȂȖȂǻǐȖऀंआॶ Θǐ ȖȏǐǆȠǶƷȝǐ ȝǣƷȝ bB�Bँँं ǻƷΞ ȏǶƷΞ Ʒ ȓȂǶǐ ǦǼ ȝǣǐ ȝȓƷǼȖǶƷৄ

ȝǦȂǼ Ȃȓ ƷȖȖǐǻǅǶΞ Ȃǜ HxU,H[ ǆȂǻȏǶǐΝǐȖঃ ȝǣǐȓǐǜȂȓǐ ǌǐȏǶǐȝǦȂǼ Ȃǜ bB�Bँँं ΘȂȠǶǌ ƷǶȝǐȓ ǆǐǶǶȠǶƷȓ

ईࣿ



ǐǼǐȓǝΞ ǶǐΗǐǶȖ ȂȓǦǝǦǼƷȝǦǼǝ ǜȓȂǻ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ȝǣƷȝ ȠǶȝǦǻƷȝǐǶΞ Ʒȓǐ ǦǻȏȂȓȝƷǼȝ ǜȂȓ �Xৄ%ȂǶǝǦ ȝȓƷАǆǴৄ

ǦǼǝ ƷǼǌ �XbH=� ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ

ईऀ



A
BǐȝǣȂǌȖ [ȠȏȏǶǐǻǐǼȝƷȓΞ bƷǅǶǐȖ
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Table A1 
 

Reagent or 
Resource 

Source Identifier 

Antibodies 
Rabbit polyclonal 
anti-GFP  

Abcam Cat# ab290; RRID: AB_303395 

Rabbit polyclonal 
anti-dSec16 
antibody 764 

Ivan et al., 2008(Ivan et al., 2008) N/A 

Rabbit polyclonal 
anti-TOMM40 

Proteintech Cat# 18409-1-AP 
 

Rabbit polyclonal 
anti-Mitofilin 
(MIC60) 

Proteintech Cat# 10179-1-AP 
 

Rabbit polyclonal 
anti-MFF 

Proteintech Cat# 17090-1-AP 

Rabbit polyclonal 
anti-CLPP 

Proteintech Cat# 15698-1-AP 

Mouse anti-OPA1 
Clone 19 

BD biosciences Cat# 612606 

Mouse anti-Tim23 BD biosciences Cat# 611222 
Rabbit mAb anti-
MRPL11 (D68F2) 
XP #2066 

Cell Signaling Technology Cat# D68F2 

Mouse monoclonal 
anti-NDUFS2 
[7A12BE5AD5] 

Abcam Cat# ab110249 

Mouse monoclonal 
anti-mtHSP70 
(JG1) 

Invitrogen Cat# MA3-028 

Mouse anti-tom20 
clone 29 

BD biosciences Cat# 612278 

Mouse anti-IgG 
kappa binding 
protein-HRP 

Santa Cruz Biotechnology Cat# sc-516102; RRID: AB_2687626 

Mouse monoclonal 
anti-rabbit IgG-
HRP 

Santa Cruz Biotechnology Cat# sc-2357; RRID: AB_628497 

   
dsRNA 
sequences 

  

dsRNA target Forward primer Reverse primer 
pBlueScript KS 
II+ 

TAAATTGTAAGCGTTAATATTTTGTTAAA CCCTGGCGTTACCCAACTTAATCGCCTT
GC 

Seipin ACGCCCTGCACCTTTCC  ACTATGGCCGACAATACGG  
CG12935/TMEM
223 

ATGAGCAATCTGCTGAATTTTGCCC CTTGAAAAGTATTATGTCCTTGGGG 

GM130 CAATCGCAGGCACAAATCAAGGAC CTCGCTGGTTTCTTCCTTGGATG 
Golgin84 GTGCTGGAAGCTCTGGTTAAAAGTC CAACTCCTTTGCTAGTGTTTCCTCG 
Rab7 GACACTGCTGGTCAGGAACGCT CTCCAACTCTAACGCATTCTTGGC 
Syx5 CACACAAACCTGCCAGCTAAGTG GGTCTGTTTGATGAAGGCGTCTTC 
Tango1 ATTGCCAAAATCACCTACGCCATTG CAGAGGCGTTAAGAACAGGCTGC 
CHCHD3 CGTGAGCACGCAGCCGCTGCGGAG GTCACTTTCGACGACTCTGGTTCC 
QIL1 AACCGTCTACTACACACAAAAGGT ACTTCGGCGGACTGGACTCCGCAC 
CPES GACCACACCAACCACTACC GTGAAGCTGATCACGTTCTT 

ईं



SMSr1** TTAATACGACTCACTATAGGGAGA AGAA
ACAGCCAGAAGAACATCG 

TTAATACGACTCACTATAGGGAGA 
TAGCACGACCACCCAAATG 

GlcT1 CAGAACATGTCCGAGAAGCA GACTACCGCAGGCTCTAACG 
   
qPCR primers   
Target Forward primer Reverse primer 
dRpL19 AGGTCGGACTGCTTAGTGACC CGCAAGCTTATCAAGGATGG 
dAtf4 GGAGTGGCTGTATGACGATAAC CATCACTAAGCAACTGGAGAGAA 
dBiP CCACCAACGGTGATACTCATT GTCCTTGCCCTTCTTCTTCTT 
dGPAT4 CCCAAGACTGACGACAAACA GCGTCCCTGGTAATCAATGT 
dXbp1_total TGGGAGGAGAAAGTGCAAAG TCCGTTCTGTCTGTCAGCTC 
dXbp1_short ACCAACCTTGGATCTGCCG CGCCAAGCATGTCTTGTAGA 
dPek TACTAGGTCCAGTGGTGC GCTTGTCCAGGTGGGAAGCTA 
dTMEM223 GCATTATGACCGTGCCATTAAA CACGCATATCCAGGACGTAATA 
dCPES CCCTGAAATCAGCCCGATAA AGAAGATGATCAGCAGGAACAG 
hTMEM223 AGCGAGACCTTGTCTCTATTTAC AGGGATGACTGCTCCTTTATTT 
hCHOP AGA ACC AGG AAA CGG AAA CAG A TCT CCT TCA TGC GCT GCT TT 
hATF3 GGA GTG CCT GCA GAA AGA GT CCA TTC TGA GCC CGG ACA AT 
hBiP GACATCAAGTTCTTGCCGTTCA CTTTGTTTGCCCACCTCCAATA 
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Table A2 
 

 

Plasmid PCR 
template 

Primer Forward Primer Reverse 

pAEGFP-
GPAT4 

pAC-
GPAT4(Wilfl
ing et al., 
2013) 

CACC 
ATGATCGCCGTGCTGTTGGACATATTC  

TTAGGTGGAGTCCGACTTCAGC
CG  
 

pA-
TMEM223-
EGFP 

gBlock Gene Fragment Synthesis (Integrated DNA Technologies): CACC+gene sequence from flybase.org 
(FBgn0033547) excluding the stop codon  

pA-Ldsdh1-
EGFP 

gBlock Gene Fragment Synthesis (Integrated DNA Technologies): CACC+gene sequence from flybase.org 
(FBgn0029994) excluding the stop codon  

pA-
HSD17B11-
EGFP 

gBlock Gene Fragment Synthesis (Integrated DNA Technologies): CACC+gene sequence from flybase.org 
(FBgn0032910) excluding the stop codon  

pA-LDAH-
EGFP 

gBlock Gene Fragment Synthesis (Integrated DNA Technologies): CACC+gene sequence from flybase.org 
(FBgn0035206) excluding the stop codon  

pAEGFP-
Ubxd8 

gBlock Gene Fragment Synthesis (Integrated DNA Technologies): CACC+gene sequence from flybase.org 
(FBgn0025608)  

pAmCherry-
Lsd1 

pAC-
Lsd1(Kory et 
al., 2015)  

CACC 
ATGGCAACTGCAACCAGCGGCAGTG  

CTAGTAGACGCCGTTGATGTTA
TTGTG  

pA-CGI58-
mCherry 

pA-CGI-58-
C(Kory et al., 
2015) 

CACC 
ATGCTGCGTGCCGTGGAGAAGAAG  

CTTCGGTTTGATGTTCGCCGCC
AG  

pAmCherry-
CCT1 

pAC-
CCT1(Kory 
et al., 2015)  
 

CACC ATGGCCACCTCATCGATACTCGCC  TCAATTGCTTCGACGCTCGTACT
CC  

CRISPR-Cas9 genome editing of TMEM223-EGFP knock-in cells 
Plasmid PCR 

template 
Primer Forward Primer Reverse 

Pl18 (Cas9 
and 
guide)(Hous
den et al., 
2016)  

S2 genomic 
DNA 

GTTCG CGAGTTATTCGATTACACGG AAAC 
CCGTGTAATCGAATAACTCG C 

pBH-donor 
vector DNA  
(using 
BsaI)(Housd
en and 
Perrimon, 
2016) 

S2 genomic 
DNA (left 
homology 
arm) 

TAGT GGTCTC T 
GACCGCCGGTTACTTCCACGATAAAGAG 

TAGT GGTCTC T GAAC 
AATGCGACGCTTGAGGCCCGCC 

 EGFP C-tag 
insert with 
GGGGS*3 
linker 

TAGT GGTCTC T 
GTTC TA ggtggcggagggtctggtggaggcgggagcggagg
gggtggctca 
ATGGTGAGCAAGGGCGAGGAGCT 

TAGT GGTCTC T GCCC 
CTACTTGTACAGCTCGTCCATGC
CGAG 

 S2 genomic 
DNA (right 
homology 
arm) 

TAGT GGTCTC T GGGC 
AGGGCAAGTTTTGTTGTTTTGTAGCT 

TAGT GGTCTC T TATA 
ACGGGCAAGCTCCTTATTTCAT
ACT 

ईऄ



Table A3 
 

Plasmid PCR 
template 

Primer Forward Primer Reverse Vector 
back 
bone 

Enzyme 
sites 

pTK-
hTMEM
223-
EGFP 

TMEM22
3 gblock 

GCACAGAGCTCGCCACCATGGC
GGCGCCTTGGAGG 
 

GCACAGGTACCCACAAGCTCCG
GTAGGCACC 
 

pTK-
EGFP-
N1 

SacI/Kp
nI 

AAVS1-
TK-
hTMEM
223-
EGFP 

pTK-
TMEM22
3-EGFP 

GCACA ATGCAT GAAATGAGTCT
TCGGACCTCGCGGG 

GCACA TCTAGA TTACTTGTACA
GCTCGTCCATGCCGAG 

AAVS1
_puro-
PGK1-
3XFLA
G-
Twin_S
tep 

NsiI/Xb
aI 

pTK-
EGFP-
GPAT1 

GPAM 
cDNA  

GCACAGAGCTCGAATGGATGAA
TATGCACTGACCCTTGGTAC 

GCACAGGTACCCTACAGCACCACAAAACT
CAGAATATATTC 

 

pTK-
EGFP-
C1 

SacI/Kp
nI 

pHalo-
GPAT1 

GPAM 
cDNA 

GCACATCCGGAATGGATGAATA
TGCACTGACCCTTGGTAC 

GCACACTGCAGCTACAGCACCA
CAAAACTCAGAATATATTC 

pHalo-
C1 

BspEI/P
stI 

pEGP-
GPAT1 

GPAM 
cDNA 

GCACAGAGCTCGAATGGATGAA
TATGCACTGACCCTTGGTAC 

GCACAGGTACCCTACAGCACCACAAAACT
CAGAATATATTC 

 

pEGFP
-C1 

SacI/Kp
nI 

pTK-
Halo-
PLIN3 

pEGFP-
PLIN3(C
hung et 
al., 2019) 

CACC 
ATGGCAACTGCAACCAGCGGCA
GTG  

CTAGTAGACGCCGTTGATGTTA
TTGTG  

pTK-
Halo-
C1 

KpnI/Ba
mHI 

pTK-
mCherry
-FIS1 

gBlock GCACAGGTACCATGGAGGCCGT
GCTGAAC 

CTGTGGGATCCTCAGGATTTGG
ACTTG 

pTK-
mCherr
y-C1 

KpnI/Ba
mHI 

p-
ACSL1-
Halo 

ACSL1 
cDNA 

GCACA GAATTC GCCACC 
ATGCAAGCCCATGAGCTGTTCCG
G 

GCACA GGATCC TT 
AACCTTGATAGTGGAATAGAGG
TCATC 

pHalo-
N1 

EcoRI/
BamHI 

p-
AGPAT
5-EGFP 

AGPAT5 
gBlock 

GCACA GAGCTC 
CTGCTGTCCCTGGTGCTCCAC 

GCACA GGTACC 
CTATGCTTTAATAGTAACCCACA
GGCAGC 

pEGFP
-N1 

SacI/Kp
nI 

pTK-
EGFP-
GPAT1-
catalyitic 
+TMD1
+2 

pTK-
EGFP-
GPAT1 

GCACAGAGCTCGAATGGATGAA
TATGCACTGACCCTTGGTAC 

CTGTCTGGTA GGTACC CTA 
CCCCAGTCCCCTCTTGTTCAGAA
CTGC 
 

pTK-
EGFP-
C1 

SacI/Kp
nI 

pTK-
EGFP-
GPAT1-
catalyitic 
+TMD1 

pTK-
EGFP-
GPAT1 

GCACAGAGCTCGAATGGATGAA
TATGCACTGACCCTTGGTAC 

CTGTCTGGTA GGTACC CTA 
TCCCAGCAGCTGTATGGCATGC 

pTK-
EGFP-
C1 

SacI/Kp
nI 

pTK-
EGFP-
GPAT1-
catalyitic 

pTK-
EGFP-
GPAT1 

GCACAGAGCTCGAATGGATGAA
TATGCACTGACCCTTGGTAC 

CTGTCTGGTA GGTACC CTA 
TGGTAACAACGCTTGCTCCAGG 
 

pTK-
EGFP-
C1 

SacI/Kp
nI 

pTK-
EGFP-
GPAT1-
C-term 
+TMD1
+2 

pTK-
EGFP-
GPAT1 

GCACAGAGCTCTAAGAAATGCA
ACAGATGAATCCCTACGAAGG 
 

GCACAGGTACCCTACAGCACCACAAAACT
CAGAATATATTC 

 

pTK-
EGFP-
C1 

SacI/Kp
nI 
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$ȡȲ ȡǻ ǖȕȕ ȵǖǫ ͞ȡȲǫȵ ȡǻ ȼȡțǼȿǯ ȡȲ Ȯǯț࣐

bȂǯ ȵǖǫǫǯȵȼ ǖȲǯ ȼȂǯȵǯ࣏ ऴ/ȼ ȚȅǼȂȼ Ȃǖ͝ǯ Ǥǯǯț࣒ऴ

:ȂǣǼ %ȓǐǐǼǶǐƷǜ sǣǦȝȝǦǐȓ

B
%U�bऀ ǦȖ ȖȏǐǆǦЖǆ ǜȂȓ ǐǼǌȂǝǐǼȂȠȖ ǜƷȝȝΞ ƷǆǦǌ

ǦǼǆȂȓȏȂȓƷȝǦȂǼ ǦǼȝȂ ȝȓǦƷǆΞǶǝǶΞǆǐȓȂǶ

�৷ऀ /ӹԚԏԀӋԞӅԚӢԀӹ

bȓǦǝǶΞǆǐȓǦǌǐ ঳b%঴ ȖΞǼȝǣǐȖǦȖ ƷǼǌ ȖȝȂȓƷǝǐ ǦȖ ǦǼȝǐǝȓƷǶ ȝȂ ǐǼǐȓǝΞ ǣȂǻǐȂȖȝƷȖǦȖ ǦǼ ǐȠǴƷȓΞȂȝǦǆ ǆǐǶǶȖॽ �ΞȖৄ

ȓǐǝȠǶƷȝǦȂǼ Ȃǜ ȝǣǦȖ ȏȓȂǆǐȖȖ ǣƷȖ ǅǐǐǼ ǦǻȏǶǦǆƷȝǐǌ ǦǼ ǻǐȝƷǅȂǶǦǆ ǌǦȖǐƷȖǐȖ ǦǼǆǶȠǌǦǼǝ ȂǅǐȖǦȝΞ ƷǼǌ ǼȂǼƷǶǆȂৄ

ईआ



ǣȂǶǦǆ ǜƷȝȝΞ ǶǦΗǐȓ ǌǦȖǐƷȖǐॽ sǣǦǶǐ ȝǣǐ ǻƷǱȂȓǦȝΞ Ȃǜ ȝǣǐ b% ȖΞǼȝǣǐȖǦȖ ȏƷȝǣΘƷΞ ȓǐȖǦǌǐȖ Ʒȝ ȝǣǐ ǐǼǌȂȏǶƷȖǻǦǆ

ȓǐȝǦǆȠǶȠǻ ঳�X঴ॶ Ʒ ȖȏǐǆǦЖǆ ǦȖȂǜȂȓǻ Ȃǜ ȝǣǐ ȓƷȝǐৄǶǦǻǦȝǦǼǝ Ȗȝǐȏॶ ǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ऀ

঳%U�bऀ঴ॶ ǶȂǆƷǶǦΣǐȖ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷॽ bǣǐ ǆȂǼǼǐǆȝǦȂǼ ǅǐȝΘǐǐǼ %U�bऀ Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ ȝǣǐ

ȓǐǻƷǦǼǌǐȓ Ȃǜ ȝǣǐ b% ȖΞǼȝǣǐȖǦȖ ȏƷȝǣΘƷΞ Ʒȝ ȝǣǐ �X ǦȖ ǦǼǆȂǻȏǶǐȝǐǶΞ ȠǼǌǐȓȖȝȂȂǌॽ eǼǐΝȏǐǆȝǐǌǶΞॶ Θǐ

ȖǣȂΘ ȝǣƷȝ %U�bऀ ǆƷǼ ǶȂǆƷǶǦΣǐ ƷȓȂȠǼǌ =�Ȗ ǦǼ ƷǌǌǦȝǦȂǼ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ǌȠȓǦǼǝ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ǜƷȝȝΞ

ƷǆǦǌ ǦǼǆȠǅƷȝǦȂǼॽ BǐǻǅǐȓȖ Ȃǜ ȝǣǐ b% ȖΞǼȝǣǐȖǦȖ ȏƷȝǣΘƷΞ ǣƷΗǐ ƷǶȖȂ ǅǐǐǼ ǦǌǐǼȝǦЖǐǌ ȂǼ =�Ȗॶ ȖȠǝǝǐȖȝৄ

ǦǼǝ %U�bऀǻƷΞ ȏǶƷΞ Ʒ ȓȂǶǐ ǦǼ ǆȂǼǼǐǆȝǦǼǝ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗ ȝȂ ǐАǆǦǐǼȝǶΞ ǆȂǼȝȓǦǅȠȝǐ ȝȂ b%

ȖΞǼȝǣǐȖǦȖॽ sǐ ƷǼǌ ȂȝǣǐȓȖ ǣƷΗǐ ȂǅȖǐȓΗǐǌ ǦǼǆȓǐƷȖǐǌ ǻǦȝȂǆǣȂǼǌȓǦƷৄ=� ƷȖȖȂǆǦƷȝǦȂǼȖ ǌȠȓǦǼǝ ƷǼƷǅȂǶǦǆ

ǆȂǼǌǦȝǦȂǼȖঃ ǣȂΘǐΗǐȓॶ ȝǣǐ ǻǐǆǣƷǼǦȖǻ ǅΞ ΘǣǦǆǣ ǻǦȝȂǆǣȂǼǌȓǦƷৄ=� ƷȖȖȂǆǦƷȝǦȂǼȖ Ʒȓǐ ǻǐǌǦƷȝǐǌॶ ȏƷȓȝǦǆȠৄ

ǶƷȓǶΞ ȝȂ ǜƷǆǦǶǦȝƷȝǐ b% ȖΞǼȝǣǐȖǦȖॶ ǦȖ ǦǼǆȂǻȏǶǐȝǐǶΞ ȠǼǌǐȓȖȝȂȂǌॽ bǣǐȓǐǜȂȓǐॶ ȝǣǐ ǝȂƷǶ Ȃǜ ȝǣǦȖ ȏȓȂǱǐǆȝ ΘƷȖ ȝȂ

ƷǌǌȓǐȖȖ ǣȂΘ %U�bऀ ǶȂǆƷǶǦΣǐȖ ȝȂ =�Ȗ ƷǼǌ ȝȂ ȝǐȖȝ Ǧǜ =� ǶȂǆƷǶǦΣƷȝǦȂǼ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ b% ȖȝȂȓƷǝǐॽ

bǣǦȖ ȖȝȠǌΞ ƷǦǻǐǌ ȝȂ ȏȓȂΗǦǌǐ ǻǐǆǣƷǼǦȖȝǦǆ ǦǼȖǦǝǣȝ ǦǼȝȂ ǣȂΘ ǦǼȝǐȓৄȂȓǝƷǼǐǶǶǐ ȏƷȝǣΘƷΞȖ Ʒȓǐ ǆȂǼৄ

Ǽǐǆȝǐǌ ƷǼǌ ǣȂΘ %U�bऀ ǐАǆǦǐǼȝǶΞ ǆȂǼȝȓǦǅȠȝǐȖ ȝȂ b% ȖΞǼȝǣǐȖǦȖ ƷǼǌ ȖȝȂȓƷǝǐॽ bǣǐ ȓƷȝǐৄǶǦǻǦȝǦǼǝ Ȗȝǐȏ

Ȃǜ b% ȖΞǼȝǣǐȖǦȖ ǦȖ %U�bॽ bǣǐȓǐ Ʒȓǐ ǜȂȠȓ ǻƷǱȂȓ ǦȖȂǜȂȓǻȖ Ȃǜ %U�bॵ %U�bं ƷǼǌ %U�bः Ʒȓǐ ǻƷǦǼǶΞ

�XৄǶȂǆƷǶǦΣǐǌ ǦȖȂǜȂȓǻȖॶ ƷǼǌ %U�bऀ ƷǼǌ %U�bँ Ʒȓǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǦȖȂǜȂȓǻȖँंऀॶँःँॽ sǣǦǶǐ ȝǣǐ �Xৄ

ǶȂǆƷǶǦΣǐǌ %U�bȖ ǆȂǼȖȝǦȝȠȝǐ ȝǣǐ ǻƷǱȂȓǦȝΞ Ȃǜ %U�b ƷǆȝǦΗǦȝΞ ǦǼ ǻȂȖȝ ȝǦȖȖȠǐȖॶ %U�bऀ ǦȖ ǴǼȂΘǼ ȝȂ ǻƷǴǐ

Ƞȏ ंࣿৄऄࣿ઒ Ȃǜ ȝǣǐ %U�b ƷǆȝǦΗǦȝΞ ǦǼ ǶǦΗǐȓःँॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ǦǼ ǻȠȓǦǼǐ ǻȂǌǐǶȖ Ȃǜ ǝǐǼǐȝǦǆ ƷǼǌ ǌǦǐȝৄ

ǦǼǌȠǆǐǌ ȂǅǐȖǦȝΞॶ %U�bऀ ƷǆȝǦΗǦȝΞ ǶǐΗǐǶȖ Ʒȓǐ ǣǦǝǣǐȓ ǦǼ ƷǌǦȏȂǆΞȝǐȖ ƷǼǌ ǣǐȏƷȝȂǆΞȝǐȖईइॶऀँइॽ �ȂǼȝȓƷȖȝৄ

ǦǼǝǶΞॶ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ %U�bऀ ǦǼ ȓƷȝ ǶǦΗǐȓ ǶǐƷǌȖ ȝȂ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ǜƷȝȝΞ ǶǦΗǐȓॶ ǣΞȏǐȓǶǦȏǦǌǐǻǦƷ

ƷǼǌ ǦǼȖȠǶǦǼ ȓǐȖǦȖȝƷǼǆǐऀंईॽ bǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ǦǼǌǦǆƷȝǐ ȝǣǐ ǦǻȏȂȓȝƷǼǆǐ Ȃǜ %U�bऀ ǦǼ ȓǐǝȠǶƷȝǦǼǝ b%

ǶǐΗǐǶȖॶ ƷǼǌ Ʒ ȏȂȝǐǼȝǦƷǶ ȓȂǶǐ Ȃǜ %U�bऀ ǦǼ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ ǻǐȝƷǅȂǶǦǆ ǌǦȖǐƷȖǐȖॽ ,ȂΘǐΗǐȓॶ ǝǦΗǐǼ ȝǣƷȝ

%U�bऀ ǶȂǆƷǶǦΣǐȖ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷॶ Ǧȝ ȓǐǻƷǦǼȖ ȠǼǆǶǐƷȓ ǣȂΘ =U� ȏȓȂǌȠǆǐǌ ǅΞ %U�bऀ ǦȖ ȝȓƷǼȖৄ

ȏȂȓȝǐǌ ȝȂ ȝǣǐ ȓǐǻƷǦǼǌǐȓ Ȃǜ ȝǣǐ b% ȖΞǼȝǣǐȖǦȖ ȏƷȝǣΘƷΞ ƷǼǌ ȝǣȠȖ ǣȂΘ Ǧȝ ǐАǆǦǐǼȝǶΞ ǆȂǼȝȓǦǅȠȝǐȖ ȝȂ b%

ȖȝȂȓƷǝǐॽ

ईइ



�৷ँ %U�bऀ ӲԀӅҷӲӢԲҷԚӢԀӹ

%U�bऀ ǦȖ ƷǼ इँइ ƷǻǦǼȂ ƷǆǦǌ ȏȓȂȝǐǦǼॶ ǶȂǆƷǶǦΣǦǼǝ Ʒȝ ȝǣǐ ȂȠȝǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻǐǻǅȓƷǼǐ ঳HBB঴अंॽ

bǣǐ ǆƷȝƷǶΞȝǦǆ ǌȂǻƷǦǼ Ȃǜ %U�bऀ ǦȖ ǶȂǆƷȝǐǌ ǼǐƷȓ ȝǣǐ C ȝǐȓǻǦǼȠȖ ǐΝȏȂȖǐǌ ȝȂ ȝǣǐ ǆΞȝȂȖȂǶঃ Ǧȝ ǦȖ ǆȂǼৄ

ȖǐȓΗǐǌ ƷǆȓȂȖȖ ǝǶΞǆǐȓȂǶǦȏǦǌ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐȖ ƷǼǌ ǆȂǼȖǦȖȝȖ Ȃǜ ǜȂȠȓ ǻȂȝǦǜȖ ǦǼΗȂǶΗǐǌ ǦǼ ȖȠǅȖȝȓƷȝǐ ǅǦǼǌǦǼǝ

ƷǼǌ ǆƷȝƷǶΞȖǦȖंईॽ BȂȖȝ Ȃǜ ȝǣǐ ΘȂȓǴ ȝȂ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ ƷǼǌ ȂȓǦǐǼȝƷȝǦȂǼ Ȃǜ %U�bऀ ȓǐǶǦǐǌ ȂǼ

ǅǦȂǆǣǐǻǦǆƷǶ ǻǐȝǣȂǌȖअंॶऀऄࣿॽ �Ξ ȝǣǐȖǐ ǻǐȝǣȂǌȖॶ %U�bऀ ΘƷȖ ǦǌǐǼȝǦЖǐǌ ǦǼ ǅȂȝǣ ȏȠȓǐ ǻǦȝȂǆǣȂǼǌȓǦƷ

ǜȓƷǆȝǦȂǼ ƷǼǌ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷȖȖȂǆǦƷȝǐǌ ǻǐǻǅȓƷǼǐȖ ঳B�B঴ऀऄऀॶ ȝǣǐ ǌȂǻƷǦǼ Θǣǐȓǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ

�X ǜȂȓǻ ǆȂǼȝƷǆȝ ȖǦȝǐȖऀअःॶ ǦǼǌǦǆƷȝǦǼǝ %U�bऀǻƷΞ ǣƷΗǐ ȖȂǻǐ ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ ȖǦȝǐȖ Ȃǜ ǦǼȝǐȓȂȓǝƷǼǐǶǶǐ

ǆȂǼȝƷǆȝॽ [ȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ ȝǣƷȝ %U�bऀ ǆƷǼ ȝƷȓǝǐȝ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼǌǐȏǐǼǌǐǼȝ Ȃǜ ǻǦǆȓȂȖȂǻǐȖॶ ȖȠǝৄ

ǝǐȖȝǦǼǝ %U�bऀ ȝƷȓǝǐȝȖ ǜȓȂǻ ȝǣǐ ǆΞȝȂȖȂǶऀऄऀঃ ǣȂΘǐΗǐȓॶ ȝǣǐ ǻǐǆǣƷǼǦȖǻ Ȃǜ %U�bऀ ȝƷȓǝǐȝǦǼǝ ȝȂ ǻǦȝȂৄ

ǆǣȂǼǌȓǦƷ ǦȖ ȠǼǴǼȂΘǼॽ %ȂǼΣƷǶǐΣৄ�Ʒȓȃ ǐȝ ƷǶ ǆǶƷǦǻ ȝǣƷȝ %U�bऀ ǆȂǼȝƷǦǼȖ ȝΘȂ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖ

঳bB�঴ ǦǼ ȝǣǐ ǻǦǌǌǶǐ Ȃǜ ȝǣǐ ȏȓȂȝǐǦǼ ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ %U�bऀ ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ ȝǣǐ HBBअंॽ /ǼȝȓǦǝȠৄ

ǦǼǝǶΞॶ bB� ȏȓǐǌǦǆȝǦȂǼ ƷǶǝȂȓǦȝǣǻȖ ǌȂ ǼȂȝ ǆȂǼȖǦȖȝǐǼȝǶΞ ȏȓǐǌǦǆȝ ȝΘȂ bB�Ȗ ƷǼǌ ȝǣǐ ǣΞǌȓȂȏǣȂǅǦǆǦȝΞ

Ȃǜ ȏȓǐǌǦǆȝǐǌ bB�Ȗ ǦȖ ǶȂΘ ǆȂǻȏƷȓǐǌ ȝȂ ǅȂǼƷ Жǌǐ HBBȏȓȂȝǐǦǼȖ ΘǦȝǣ bB�঳Ȗ঴ॽ $ȠȓȝǣǐȓǻȂȓǐॶ ǶǦȝȝǶǐ

ǆǐǶǶ ǅǦȂǶȂǝΞ ǣƷȖ ǅǐǐǼ ǌȂǼǐ ȝȂ ǆȂǼЖȓǻ ƷǼǌ ȖȝȠǌΞ ȝǣǐ ǌΞǼƷǻǦǆȖ Ȃǜ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ %U�bऀॽ

�৷ं %U�bऀ ԏӏӚԞӲҷԚӢԀӹ

%U�bऀ ǶǐΗǐǶȖ Ʒȓǐ ȖǐǼȖǦȝǦΗǐ ȝȂ ǼȠȝȓǦǐǼȝ ƷǼǌ ǣȂȓǻȂǼƷǶ ȖȝƷȝǐॵ ǣǦǝǣ ǦǼȖȠǶǦǼ Ȃȓ ǆƷȓǅȂǣΞǌȓƷȝǐȖ ǦǼৄ

ǆȓǐƷȖǐȖ %U�bऀǻXC� ǶǐΗǐǶȖॶ ΘǣǦǶǐ ǜƷȖȝǦǼǝ ǌǐǆȓǐƷȖǐȖ ǻXC�ॶ ȏȓȂȝǐǦǼ ƷǼǌ ƷǆȝǦΗǦȝΞ ǶǐΗǐǶȖ ǦǼ ƷǌǦȏȂǆΞȝǐȖ

ƷǼǌ ǣǐȏƷȝȂǆΞȝǐȖऀࣿॶऀँःॶँंࣿॽ /ǼǆȓǐƷȖǐ ǦǼ %U�bऀǻXC� ǦǼ ȓǐȖȏȂǼȖǐ ȝȂ ǦǼȖȠǶǦǼ ǦȖ ǻǐǌǦƷȝǐǌ ǅΞ [X��Uৄ

ऀॶ ȖȝǐȓȂǶ ȓǐǝȠǶƷȝȂȓΞ ǐǶǐǻǐǼȝ ȖǦȝǐȖ ƷǼǌ ǆƷȓǅȂǣΞǌȓƷȝǐ ȓǐȖȏȂǼȖǐ ǐǶǐǻǐǼȝȖःःॶऀࣿࣿॽ sǣǦǶǐ %U�bऀ ǐΝȏȓǐȖৄ

ȖǦȂǼ ǦȖ ǼȂȝ ǌǐȝǐǆȝǐǌ ǦǼ ȏȓǐৄƷǌǦȏȂǆΞȝǐȖॶ %U�bऀǻXC� ǶǐΗǐǶȖ ǦǼǆȓǐƷȖǐ ΘǦȝǣ ƷǌǦȏȂǆΞȝǐ ǌǦЍǐȓǐǼȝǦƷȝǦȂǼॶ

ǻǐǌǦƷȝǐǌ ǅΞ [X��Uऀ঄���ऀःःॽ

%U�bऀ ƷǆȝǦΗǦȝΞ ǻƷΞ ƷǶȖȂ ǅǐ ȓǐǝȠǶƷȝǐǌ ǅΞ ȏȂȖȝৄȝȓƷǼȖǶƷȝǦȂǼƷǶ ǻȂǌǦЖǆƷȝǦȂǼȖॽ �BU< ǦȖ ƷǅǶǐ ȝȂ ǦǼৄ

ईई



ƷǆȝǦΗƷȝǐ %U�bऀ ǦǼ ΗǦȝȓȂ ƷǼǌ ȝȓǐƷȝǻǐǼȝ Ȃǜ ǣǐȏƷȝȂǆΞȝǐȖ ΘǦȝǣ �/��X ȝȂ ƷǆȝǦΗƷȝǐ �BU< ǌǐǆȓǐƷȖǐ

%U�bऀ ƷǆȝǦΗǦȝΞऀंइॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ΘǣǐǼ ǣǐȏƷȝǦǆ %U�bऀ ƷǆȝǦΗǦȝΞ ǌǐǆȓǐƷȖǐȖ ΘǦȝǣ �/��X ȝȓǐƷȝǻǐǼȝॶ Ʒ

ǆȂǼǆȂǻǦȝƷǼȝ ǦǼǆȓǐƷȖǐ ǦǼ ǜƷȝȝΞ ƷǆǦǌ ȂΝǦǌƷȝǦȂǼ ঳$�H঴ ǦȖ ȂǅȖǐȓΗǐǌॶ ȏȂǦǼȝǦǼǝ ȝȂ ȓǐǆǦȏȓȂǆƷǶ ȓǐǝȠǶƷȝǦȂǼ Ȃǜ

ȝǣǐ ȝΘȂ ȏƷȝǣΘƷΞȖऀंइॽ [ǦǻǦǶƷȓǶΞॶ ȂΗǐȓǐΝȏȓǐȖȖǦǼǝ %U�bऀ ǦǼ ȓƷȝ ǣǐȏƷȝȂǆΞȝǐȖ ǝȓǐƷȝǶΞ ǌǐǆȓǐƷȖǐȖ $�Hऀँइॶ

ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ %U�bऀ Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦȖ ǌǦȓǐǆȝǦǼǝ $�Ȗ ǦǼȝȂ b% ȖΞǼȝǣǐȖǦȖ ȂΗǐȓ ǅǐȝƷৄȂΝǦǌƷȝǦȂǼॽ

HΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ %U�bऀ ƷǶȖȂ ǦǼǆȓǐƷȖǐȖ ȝǣǐ ǅƷȖƷǶ ǶǐΗǐǶ Ȃǜ b%Ȗ ƷȖ ΘǐǶǶ ƷȖ ȝǣǐ ǦǼǆȂȓȏȂȓƷȝǦȂǼ Ȃǜ ǐΝৄ

ȂǝǐǼȂȠȖ $�Ȗ ǦǼȝȂ ǌǦƷǆΞǶǝǶΞǆǐȓȂǶ ঳��%঴ ƷǼǌ b%ईऄॶऀँइॽ ,ȂΘǐΗǐȓॶ ȝǣǐ ǻǐǆǣƷǼǦȖǻ ǅΞ ΘǣǦǆǣ %U�bऀ

ǐАǆǦǐǼȝǶΞ ǆǣƷǼǼǐǶȖ ǦȝȖ ȖȠǅȖȝȓƷȝǐ ȝȂ ȝǣǐ ȓǐǻƷǦǼǌǐȓ Ȃǜ b% ȖΞǼȝǣǐȖǦȖ Ʒȝ ȝǣǐ �X ǌȠȓǦǼǝ ȝǦǻǐȖ Ȃǜ $�

ȂΗǐȓǶȂƷǌ ȓǐǻƷǦǼȖ ȝȂ ǅǐ ǐǶȠǆǦǌƷȝǐǌॽ

ऀࣿࣿ



�৷ः %U�bऀ Ӣӹ ԌӟԮԓӢԀӲԀӚԮ

[ȝȠǌǦǐȖ ǦǼ ȏȓǦǻƷȓΞ ǣǐȏƷȝȂǆΞȝǐȖ ǜȓȂǻ %U�bऀৄ঄ৄ ǻǦǆǐ ǦǼǌǦǆƷȝǐ %U�bऀ ǌǐȏǶǐȝǦȂǼ ƷЍǐǆȝȖ ǦǼǆȂȓȏȂৄ

ȓƷȝǦȂǼ Ȃǜ ǐǼǌȂǝǐǼȂȠȖǶΞ ȖΞǼȝǣǐȖǦΣǐǌ $�Ȗ ǦǼȝȂ b%ॶ ΘǦȝǣ ǼȂ ǐЍǐǆȝ ȂǼ ǐΝȂǝǐǼȂȠȖ $� ǦǼǆȂȓȏȂȓƷȝǦȂǼँंࣿॽ

$ȠȓȝǣǐȓǻȂȓǐॶ %U�bऀ ǌǐȏǶǐȝǦȂǼ ǦǼǆȓǐƷȖǐǌ ǶǐΗǐǶȖ Ȃǜ $�H ƷǼǌ ƷǆΞǶৄǆƷȓǼǦȝǦǼǐȖॶ ȖȠȏȏȂȓȝǦǼǝ Ʒ ǣΞȏȂȝǣǐȖǦȖ

ȝǣƷȝ %U�bऀ ȂǼ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǆȂǻȏǐȝǐȖ ΘǦȝǣ �Ubऀ ৄ ȝǣǐ ȓƷȝǐ ǶǦǻǦȝǦǼǝ Ȗȝǐȏ Ȃǜ $�H ৄ ǜȂȓ ȖȠǅৄ

ȖȝȓƷȝǐआऄॶईऄॶँंࣿॽ /Ǽ ǝǐǼǐȓƷǶॶ %U�bऀ ৄ঄ৄ ǻǦǆǐ ΘǐǦǝǣ ǶǐȖȖॶ ǣƷΗǐ ǶȂΘǐȓ ǣǐȏƷȝǦǆ b% ǆȂǼȝǐǼȝॶ ȏǶƷȖǻƷ b%

ƷǼǌ ΗǐȓΞ ǶȂΘৄǌǐǼȖǦȝΞ ǶǦȏȂȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼॶ ƷǼǌ ǣƷΗǐ ǌǐǆȓǐƷȖǐǌ ǝȂǼƷǌƷǶ ǜƷȝ ȏƷǌ ΘǐǦǝǣȝȖ ǆȂǻȏƷȓǐǌ

ȝȂ ǆȂǼȝȓȂǶȖआःॽ $ȠȓȝǣǐȓǻȂȓǐॶ ȝǣǐȖǐ ǻǦǆǐ ǣƷΗǐ ǦǼǆȓǐƷȖǐǌ ǣΞȏǐȓǦǼȖȠǶǦǼǐǻǦƷ ƷǼǌ ȓǐǌȠǆǐǌ ǝǶȠǆȂȖǐ ȝȂǶৄ

ǐȓƷǼǆǐ ȂǼ ǣǦǝǣ ǜƷȝ Ȃȓ ǣǦǝǣ ȖȠǆȓȂȖǐ ǌǦǐȝआऄॽ /ǼȝǐȓǐȖȝ ǦǼ %U�bऀ ƷȖ Ʒ ȝǣǐȓƷȏǐȠȝǦǆ ȝƷȓǝǐȝ ǣƷȖ ǌǐΗǐǶȂȏǐǌ

ǌȠǐ ȝȂ ȖȝȠǌǦǐȖ ǦǻȏǶǦǆƷȝǦǼǝ %U�bऀ ƷȖ ȝǣǐ ȏȓǦǻƷȓΞ %U�b ǦȖȂǜȂȓǻ ǜȂȓ ǌǐ ǼȂΗȂ ǶǦȏȂǝǐǼǐȖǦȖ ঳�C=঴ॽ

/ǼǆȓǐƷȖǐǌ �C= ǆȂǼȝȓǦǅȠȝǐȖ ȝȂ ȝǣǐ ǌǐΗǐǶȂȏǻǐǼȝ Ȃǜ C�$=�ंऀॶ ΘǣǦǆǣ ǦȖ ǆȠȓȓǐǼȝǶΞ ȝǣǐ ǻȂȖȝ ǆȂǻǻȂǼ

ǶǦΗǐȓ ǌǦȖǐƷȖǐ ǦǼ ȝǣǐ e[ ƷǼǌ ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ Ȃȝǣǐȓ ǻǐȝƷǅȂǶǦǆ ǌǦȖǐƷȖǐȖअࣿॶऀऄऄॽ bǣǐȓǐǜȂȓǐॶ Ǧȝ ǦȖ ǦǻȏȂȓȝƷǼȝ

ȝȂ ȠǼǌǐȓȖȝƷǼǌ ȝǣǐ ǻǐǆǣƷǼǦȖǻ ǅΞ ΘǣǦǆǣ %U�bऀ ǦȖ ǦǼΗȂǶΗǐǌ ǦǼ b% ȖΞǼȝǣǐȖǦȖ ȝȂ ǅǐȝȝǐȓ ȠǼǌǐȓȖȝƷǼǌ ȝǣǐ

ȏƷȝǣΘƷΞȖ ǆȂǼȝȓǦǅȠȝǦǼǝ ȝȂ ǻǐȝƷǅȂǶǦǆ ǌǦȖǐƷȖǐ ǻƷǼǦǜǐȖȝƷȝǦȂǼॽ

bƷǴǐǼ ȝȂǝǐȝǣǐȓॶ ǆȠȓȓǐǼȝ ǴǼȂΘǶǐǌǝǐ ǌǐǻȂǼȖȝȓƷȝǐ %U�bऀ ǦȖ ǆȓǦȝǦǆƷǶ ǜȂȓ ǆȂǻǻǦȝȝǦǼǝ ƷǼǌ ǆǣƷǼৄ

ǼǐǶǦǼǝ $�Ȗ ǦǼȝȂ b% ȖΞǼȝǣǐȖǦȖॶ ǣȂΘǐΗǐȓ ȝǣǐ ȒȠǐȖȝǦȂǼ ȓǐǻƷǦǼȖॵ ǣȂΘ ǌȂǐȖ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǶȂǆƷǶǦΣǐǌ

%U�bऀ ǆȂȂȓǌǦǼƷȝǐ ΘǦȝǣ ȝǣǐ ȝǐȓǻǦǼƷǶ ǐǼΣΞǻǐȖ ǦǼ ȝǣǐ b% ȖΞǼȝǣǐȖǦȖ ȏƷȝǣΘƷΞ ǴǼȂΘǼ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ

�X ƷǼǌ =�Ȗ ǜȂȓ ǐАǆǦǐǼȝ b% ȖΞǼȝǣǐȖǦȖ ƷǼǌ ȖȝȂȓƷǝǐॾ

�৷ऄ %U�bऀ Ӆҷӹ ӲԀӅҷӲӢԲӏ ԚԀ ӸӢԚԀӅӟԀӹӋԏӢҷ ҷӹӋ =�ԓ

bȂ ǦǼǦȝǦƷǶǶΞ ƷǌǌȓǐȖȖ ȝǣǦȖ ȒȠǐȖȝǦȂǼॶ Θǐ ȖȂȠǝǣȝ ȝȂ ǆȂǼЖȓǻ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ %U�bऀ ǦǼ ǆǐǶǶȖॽ sǐ ǐΝৄ

ȏȓǐȖȖǐǌ %U�bऀ ƷǶȂǼǝ ΘǦȝǣ $ǦȖऀ ƷǼǌ bȂǻǻँࣿॶ ǅȂȝǣ ǴǼȂΘǼ HBBȏȓȂȝǐǦǼȖॶ ǦǼ [eBऀऄई ǆǐǶǶȖ ȠǼǌǐȓ

ǅƷȖƷǶ ǆȂǼǌǦȝǦȂǼȖ ƷǼǌ ȂǅȖǐȓΗǐǌ ȝǣƷȝ %U�bऀ ǆȂǶȂǆƷǶǦΣǐǌ ΘǦȝǣ ǻǦȝȂǆǣȂǼǌȓǦƷ ǻƷȓǴǐȓȖ ঳$ǦǝȠȓǐ �ॽऀ�঴ॽ

/ǼȝȓǦǝȠǦǼǝǶΞॶ ȠȏȂǼ ǦǼǆȠǅƷȝǦǼǝ ǆǐǶǶȖ ǐΝȏȓǐȖȖǦǼǝ %U�bऀ ΘǦȝǣ ȝǣǐ $� ȂǶǐƷȝǐ ঳H�঴ ȝȂ ǦǼǌȠǆǐ =� ǜȂȓৄ

ऀࣿऀ



Figure B.1 (following page): (A) GPAT1 localizes to mitochondria marked by co‐transfection with Fis1 or Tomm20 under
basal conditions. Scale bar 5 μm, for inlay 1 μm. (B) After incubation with 500µM OA overnight, GPAT1 localizes around
LD structures stained with LipidTox. Scale bar 5 μm, for inlay 1 μm. (C) GPAT1 localizes around LDs distinct from mito‐
chondria marker Fis1, ER markers Sec61ß and ER3 (KDEL), and colocalizes with LD protein PLIN3 around LDs. Scale bar
5 μm, for inlay 1 μm.
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Figure B.1: (continued)
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Figure B.2: Mitochondria and LD are observed in close contact with OA incubation by FIB‐SEM (Chung, unpublished).

ǻƷȝǦȂǼॶ Θǐ ȂǅȖǐȓΗǐǌ Ʒ ȏȂȓȝǦȂǼ Ȃǜ ȝǣǐ %U�bऀ ȏȂȏȠǶƷȝǦȂǼ ȖȠȓȓȂȠǼǌǦǼǝ =�Ȗ ঳$ǦǝȠȓǐ �ॽऀ�঴ॽ bȂ ǌǐৄ

ȝǐȓǻǦǼǐ Ǧǜ ȝǣǦȖ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ %U�bऀ ΘƷȖ ǌǦȖȝǦǼǆȝ ǜȓȂǻ Ȃȝǣǐȓ ǻǐǻǅȓƷǼǐȖॶ Θǐ ǐΝȏȓǐȖȖǐǌ %U�bऀ

ƷǶȂǼǝ ΘǦȝǣ ǴǼȂΘǼǻǦȝȂǆǣȂǼǌȓǦƷॶ �X ƷǼǌ =�ǻƷȓǴǐȓȖ ঳$ǦǝȠȓǐ �ॽऀ�঴ॽ %U�bऀ ǶȂǆƷǶǦΣǐǌ ƷȓȂȠǼǌ ȝǣǐ

=�Ȗ ǌǦȖȝǦǼǆȝ ǜȓȂǻ ȝǣǐ �X ǶȠǻǦǼƷǶ ƷǼǌ ǻǐǻǅȓƷǼǐ ǻƷȓǴǐȓȖ <��= ƷǼǌ [ǐǆअऀݻॶ ƷǼǌ ǆȂǶȂǆƷǶǦΣǐǌ ΘǦȝǣ

U=/Cंॶ Ʒ ǅȂǼƷ Жǌǐ =� ȏȓȂȝǐǦǼ ȝǣƷȝ ƷȖȖȂǆǦƷȝǐȖ ΘǦȝǣ =�Ȗ ǅΞ ƷǼ ƷǻȏǣǦȏƷȝǣǦǆ ǣǐǶǦΝ ঳$ǦǝȠȓǐ �ॽऀ�঴ॽ

/ǼȝǐȓǐȖȝǦǼǝǶΞॶ ǜȂǆȠȖǐǌ ǦȂǼ ǅǐƷǻৄȖǆƷǼǼǦǼǝ ǐǶǐǆȝȓȂǼ ǻǦǆȓȂȖǆȂȏΞ ঳$/�ৄ[�B঴ ȖȝȠǌǦǐȖ ǦǼ ȂȠȓ ǶƷǅ ǣƷΗǐ

ǦǌǐǼȝǦЖǐǌ ƷȖȖȂǆǦƷȝǦȂǼ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗ ǦǼ ǆǐǶǶȖ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ H� ঳$ǦǝȠȓǐ �ॽँ঴ॽ $Ƞȓȝǣǐȓৄ

ǻȂȓǐॶ ȏȓȂȝǐǦǼ ǆȂȓȓǐǶƷȝǦȂǼ ȏȓȂЖǶǐȖ Ȃǜ %U�bऀ ǦǼ ǣǐȏƷȝȂǆΞȝǐȖ ǜȓȂǻǻǦǆǐ ȂǼ ǶȂΘ ǜƷȝ Ȃȓ ǣǦǝǣ ǜƷȝ ǌǦǐȝ

ȓǐΗǐƷǶ ȝǣƷȝ %U�bऀ৚Ȗ ǶȂǆƷǶǦΣƷȝǦȂǼ ǆǣƷǼǝǐȖ Ʒǜȝǐȓ ǣǦǝǣ ǜƷȝ ǌǦǐȝ ȝȂ ǣƷΗǐ ȖȂǻǐ ǶȂǆƷǶǦΣƷȝǦȂǼ ǦǼ ȝǣǐ =� ǜȓƷǆৄ

ȝǦȂǼऀऀऄ ঳$ǦǝȠȓǐ �ॽं�঴ॽ bǣǦȖ ǶȂǆƷǶǦΣƷȝǦȂǼ ȏƷȝȝǐȓǼ ǦȖ ǆȂǼȖǦȖȝǐǼȝ ΘǦȝǣ ȝǣǐ ȏȓȂЖǶǐȖ Ȃǜ Ȃȝǣǐȓ ȏȓȂȝǐǦǼȖ ǦǌǐǼৄ

ȝǦЖǐǌ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ ǆȂǼȝƷǆȝ ȖǦȝǐȖ ǅǐȝΘǐǐǼ =�Ȗ ƷǼǌ Ȃȝǣǐȓ ȂȓǝƷǼǐǶǶǐȖॶ ȖȠǆǣ ƷȖ qU[ऀं� ƷǼǌBǜǼँऀइॶऀऀई

঳$ǦǝȠȓǐ �ॽं�঴ॽ bǣǐȖǐ ȂǅȖǐȓΗƷȝǦȂǼȖ ȖȝȓȂǼǝǶΞ ȖȠǝǝǐȖȝ ȝǣǐ ǜȂȓǻƷȝǦȂǼ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷৄ=�ǻǐǻǅȓƷǼǐ

ǆȂǼȝƷǆȝ ȖǦȝǐȖ ǌȠȓǦǼǝ ƷǼƷǅȂǶǦǆ ǆȂǼǌǦȝǦȂǼȖॽ ,ȂΘǐΗǐȓॶ ȝǣǐ ǻǐǆǣƷǼǦȖǻ ǅΞ ΘǣǦǆǣ ǻǦȝȂǆǣȂǼǌȓǦƷৄ=� ƷȖৄ

ȖȂǆǦƷȝǦȂǼȖ Ʒȓǐ ǻǐǌǦƷȝǐǌॶ ȏƷȓȝǦǆȠǶƷȓǶΞ ȝȂ ǜƷǆǦǶǦȝƷȝǐ b% ȖΞǼȝǣǐȖǦȖॶ ǦȖ ǦǼǆȂǻȏǶǐȝǐǶΞ ȠǼǌǐȓȖȝȂȂǌॽ / ȖȂȠǝǣȝ

ȝȂ ȝǐȖȝ ȝǣǐ ǣΞȏȂȝǣǐȖǦȖ ȝǣƷȝ %U�bऀ ǶȂǆƷǶǦΣǐȖ Ʒȝ ǻǦȝȂǆǣȂǼǌȓǦƷৄ=� ǆȂǼȝƷǆȝ ȖǦȝǐȖ ȝȂ ǐАǆǦǐǼȝǶΞ ǆȂǼৄ

ȝȓǦǅȠȝǐ ȝȂ b% ȖΞǼȝǣǐȖǦȖ ǜȓȂǻ�C= ǌǐȓǦΗǐǌ $�Ȗ ƷǼǌ ȖȝȂȓƷǝǐ ǦǼ =�Ȗॽ
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Figure B.3: (A) GPAT1 protein correlation profile from hepatocytes of mice on a low fat diet (LFD) plotted against the
profiles of known organelle markers115. Perilipin3 (PLIN3) marks LDs, Tomm20 marks mitochondria, and calnexin
(CANX) marks the ER. GPAT1 profile after high fat diet (HFD) exhibits a peak of GPAT1 identified in the LD frac‐
tion. (B) GPAT1 profile plotted against predicted LD protein and mitochondria‐ER contact site protein, VPS13A, and
mitochondria‐LD contact site protein, Mitofusin2 (MFN2) under HFD conditions.
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�৷अ %U�bऀ Ӣԓ ԓԌӏӅӢәӢӅ әԀԏ Ԛӟӏ ӢӹӅԀԏԌԀԏҷԚӢԀӹ Ԁә Ӌӏ ӹԀԪԀ ӲӢԌԀӚӏӹӏԓӢԓ ৵�C=৶ Ӌӏ৳

ԏӢԪӏӋ $�ԓ

bȂ ЖȓȖȝ ǌǐȝǐȓǻǦǼǐ ȝǣǐ ȓȂǶǐ Ȃǜ %U�bऀ ǦǼ ǣƷǼǌǶǦǼǝ Ȃǜ $�Ȗ ǜȓȂǻ ǐΝȂǝǐǼȂȠȖ ƷǼǌ ǐǼǌȂǝǐǼȂȠȖ ȖȂȠȓǆǐȖ

ǜȂȓ b% ȖΞǼȝǣǐȖǦȖ ƷǼǌ ȖȝȂȓƷǝǐॶ / ȝǐȖȝǐǌ ȝǣǐ ǐЍǐǆȝȖ Ȃǜ %U�bऀ ǌǐȏǶǐȝǦȂǼ Ȃȓ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ ȂǼ ȝǣǐ ǦǼǆȂȓৄ

ȏȂȓƷȝǦȂǼ Ȃǜ ȓƷǌǦȂǶƷǅǐǶǐǌ ফऀः�ব ƷǆǐȝƷȝǐ ǦǼȝȂ b%ॽ / ΗǐȓǦЖǐǌ ǦǼ [eBऀऄई ǆǐǶǶȖ ȝǣƷȝ %U�bऀ ǌǐȏǶǐȝǦȂǼ ǅΞ

ȖǦXC� ǴǼȂǆǴǌȂΘǼ ǌǐǆȓǐƷȖǐȖ ফऀः�ব ƷǆǐȝƷȝǐ ǦǼǆȂȓȏȂȓƷȝǦȂǼ ǦǼȝȂ b% ঳$ǦǝȠȓǐ �ॽःॶ �ৄ�঴ॽ �Ǽ ǦǼǣǦǅǦȝȂȓ

Ȃǜ ȝǣǐ ЖȓȖȝ Ȗȝǐȏ Ȃǜ �C=ॶ �ǆǐȝΞǶৄ�Ȃ� �ƷȓǅȂΝΞǶƷȖǐ ऀ ঳���ऀǦ঴ॶ ΘƷȖ ȠȖǐǌ ƷȖ Ʒ ǆȂǼȝȓȂǶ ȝȂ ƷǅȂǶǦȖǣ ফऀः�ব

ƷǆǐȝƷȝǐ ǦǼǆȂȓȏȂȓƷȝǦȂǼ ΗǦƷ �C=ॽ eȖǦǼǝ Ʒ %U�bं঄ः ǦǼǣǦǅǦȝȂȓॶ / ȖǣȂΘǐǌ ȝǣƷȝ ȝǣǐ ǐЍǐǆȝ Ȃǜ %U�bऀ

ǴǼȂǆǴǌȂΘǼ ȂǼ ফऀः�ব ƷǆǐȝƷȝǐ ǦǼǆȂȓȏȂȓƷȝǦȂǼ ǦȖ ǼȂȝ ǜȠȓȝǣǐȓ ƷЍǐǆȝǐǌ ǅΞ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ %U�bं ƷǼǌ

%U�bः ঳$ǦǝȠȓǐ �ॽःॶ �ৄ�঴ॽ $Ƞȓȝǣǐȓ ȖȠȏȏȂȓȝǦǼǝ ȝǣǐ ǻȂǌǐǶ ȝǣƷȝ %U�bऀ ǦȖ ȖȏǐǆǦЖǆ ǜȂȓ ȝǣǐ ǦǼǆȂȓȏȂȓƷৄ

ȝǦȂǼ Ȃǜ �C= ǌǐȓǦΗǐǌ $�Ȗॶ ǦǼǆȂȓȏȂȓƷȝǦȂǼ Ȃǜ ফऀः�ব ȂǶǐƷȝǐ ǦȖ ǻȂȖȝ ǦǻȏƷǦȓǐǌ ǅΞ %U�bं঄ः ǦǼǣǦǅǦȝǦȂǼ

঳$ǦǝȠȓǐ �ॽःॶ �ৄ�঴ॽ �ǐȏǶǐȝǦȂǼ Ȃǜ %U�bऀ ǅΞ ȖǦXC� ȂǼ ȝȂȏ Ȃǜ %U�bं঄ः ǦǼǣǦǅǦȝǦȂǼ ǌȂǐȖ ǼȂȝ ǜȠȓȝǣǐȓ

ǌǐǆȓǐƷȖǐ ফऀः�ব ȂǶǐƷȝǐ ǦǼǆȂȓȏȂȓƷȝǦȂǼ ǦǼǌǦǆƷȝǦǼǝ ȝǣƷȝ %U�bं ƷǼǌ %U�bः Ʒȓǐ ȝǣǐ ǌȂǻǦǼƷǼȝ ǦȖȂǜȂȓǻ

ǜȂȓ ǦǼǆȂȓȏȂȓƷȝǦȂǼ Ȃǜ ǐΝȂǝǐǼȂȠȖ $�Ȗ ǦǼȝȂ b%ॶ ΘǣǦǶǐ %U�bऀ ǦȖ ȝǣǐ ǌȂǻǦǼƷǼȝ ǦȖȂǜȂȓǻ ǜȂȓ ǦǼǆȂȓȏȂȓƷৄ

ȝǦȂǼ Ȃǜ ǐǼǌȂǝǐǼȂȠȖ ঳�C= ǌǐȓǦΗǐǌ঴ $�Ȗ ǦǼȝȂ b%ॽ

�৷आ %U�bऀC৳ԚӏԏӸӢӹԞԓ৮ ҷӹӋ ӹԀԚ Ԛӟӏ ԚԏҷӹԓӸӏӸӂԏҷӹӏ ӋԀӸҷӢӹԓ৮ Ӣԓ ӹӏӅӏԓԓҷԏԮ әԀԏ

ӸӢԚԀӅӟԀӹӋԏӢҷ ӲԀӅҷӲӢԲҷԚӢԀӹ

/ ǼǐΝȝ ȖȂȠǝǣȝ ȝȂ ȠǼǌǐȓȖȝƷǼǌ ǣȂΘ %U�bऀ ǶȂǆƷǶǦΣǐȖ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗॽ [ȝȠǌǦǐȖ ǣƷΗǐ ȖǣȂΘǼ

ȝǣƷȝ %U�bऀ ǆƷǼ ȝƷȓǝǐȝ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼǌǐȏǐǼǌǐǼȝ Ȃǜ ǻǦǆȓȂȖȂǻǐȖॶ ȖȠǝǝǐȖȝǦǼǝ %U�bऀ ȝƷȓǝǐȝȖ ǜȓȂǻ

ȝǣǐ ǆΞȝȂȖȂǶऀऄऀঃ ǣȂΘǐΗǐȓॶ ȝǣǐ ǻǐǆǣƷǼǦȖǻ Ȃǜ %U�bऀ ȝƷȓǝǐȝǦǼǝ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦȖ ȠǼǴǼȂΘǼॽ %ȂǼΣƷǶǐΣৄ

�Ʒȓȃ ǐȝ ƷǶ ǆǶƷǦǻ ȝǣƷȝ %U�bऀ ǆȂǼȝƷǦǼȖ ȝΘȂ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖ ঳bB�঴ ǦǼ ȝǣǐ ǻǦǌǌǶǐ Ȃǜ ȝǣǐ

ȏȓȂȝǐǦǼ ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ %U�bऀ ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ ȝǣǐ HBBअंॽ /ǼȝȓǦǝȠǦǼǝǶΞॶ bB� ȏȓǐǌǦǆȝǦȂǼ ƷǶৄ
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Figure B.4: (A) Thin layer chromatography incorporation reveals GPAT1 knockdown impairs the incorporation of [14C]
acetate derived fatty acids into TG and is not further impaired by inhibition of GPAT3 and GPAT4. (B) Quantification
of TLC triglyceride (TG) band. (C) Thin layer chromatography incorporation reveals GPAT1 knockdown does not affect
the incorporation of [14C] oleate into TG to the extent of inhibition of GPAT3 and GPAT4. (D) Quantification of TLC
triglyceride (TG) band.

ऀࣿआ



ǝȂȓǦȝǣǻȖ ǌȂ ǼȂȝ ǆȂǼȖǦȖȝǐǼȝǶΞ ȏȓǐǌǦǆȝ ȝΘȂ bB�Ȗ ƷǼǌ ȝǣǐ ǣΞǌȓȂȏǣȂǅǦǆǦȝΞ Ȃǜ ȏȓǐǌǦǆȝǐǌ bB�Ȗ ǦȖ

ǶȂΘ ǆȂǻȏƷȓǐǌ ȝȂ ǅȂǼƷ Жǌǐ HBBȏȓȂȝǐǦǼȖ ΘǦȝǣ bB�঳Ȗ঴ऀऀआ ঳$ǦǝȠȓǐ �ॽअ�঴ॽ bȂ ƷǌǌȓǐȖȖ ȝǣǐ ǶƷǆǴ Ȃǜ

ǻȂǶǐǆȠǶƷȓ ȠǼǌǐȓȖȝƷǼǌǦǼǝ Ȃǜ %U�bऀ ǶȂǆƷǶǦΣƷȝǦȂǼॶ / ȖǣȂΘǐǌ ȝǣƷȝ ȝǣǐ CৄȝǐȓǻǦǼȠȖ ƷǶȂǼǐ ȏȓǦȂȓ ȝȂ ȝǣǐ

ȏȓǐǌǦǆȝǐǌ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖ ǆƷǼ ǶȂǆƷǶǦΣǐ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ঳$ǦǝȠȓǐ �ॽऄ঴ॽ

/ ƷǶȖȂ ǌǐȝǐȓǻǦǼǐǌ ȝǣƷȝ ȝǣǐ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖ Ȃǜ %U�bऀ Ʒȓǐ ǼȂȝ ǼǐǆǐȖȖƷȓΞ ǜȂȓ ǻǦȝȂǆǣȂǼৄ

ǌȓǦƷ ȝƷȓǝǐȝǦǼǝॶ ƷȖ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ Ʒ %U�bऀ ǆȂǼȖȝȓȠǆȝ ΘǦȝǣȂȠȝ ȝǣǐ ȝΘȂ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ǌȂǻƷǦǼȖ

঳%U�bऀ۶bB঴ ǶȂǆƷǶǦΣǐȖ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ঳$ǦǝȠȓǐ �ॽअ�঴ॽ bǣǐ �ৄȝǐȓǻǦǼȠȖ Ȃǜ %U�bऀ ǣƷȓǅȂȓȖ ȝΘȂ

ȏȓǐǌǦǆȝǐǌ ǣǐǶǦǆǐȖৄݺ ঳�,Ȗ঴ ΘǣǦǆǣ Ʒȓǐ ǻȂȝǦǜȖ ǴǼȂΘǼ ȝȂ ȓǐǆȂǝǼǦΣǐ ȏƷǆǴǦǼǝ ǌǐǜǐǆȝȖ ǦǼ ȝǣǐ =�ǻȂǼȂৄ

ǶƷΞǐȓ ƷǼǌ ǜƷǆǦǶǦȝƷȝǐ =� ǶȂǆƷǶǦΣƷȝǦȂǼऀऄअॽ bȂ ȝǐȖȝ Ǧǜ ǐǦȝǣǐȓ Ȃǜ ǅȂȝǣ Ȃǜ ȝǣǐȖǐ �,Ȗ Θǐȓǐ ǼǐǆǐȖȖƷȓΞ ƷǼǌ঄Ȃȓ

ȖȠАǆǦǐǼȝ ǜȂȓ =� ƷȖȖȂǆǦƷȝǦȂǼ Ȃǜ %U�bऀॶ / ЖȓȖȝ ǝǐǼǐȓƷȝǐǌ Ʒ ȝȓȠǼǆƷȝǐǌ ǆȂǼȖȝȓȠǆȝ Ȃǜ %U�bऀ ǦǼǆǶȠǌৄ

ǦǼǝ ȂǼǶΞ ȝǣǐ ȝΘȂ �,Ȗ ঳�,ऀ ƷǼǌ �,ँ঴ ƷǼǌ ȝǣǐ ȓǐǻƷǦǼǦǼǝ �ৄȝǐȓǻǦǼȠȖ ঳$ǦǝȠȓǐ �ॽअॶ �ৄ�঴ॽ bǣǦȖ

ǆȂǼȖȝȓȠǆȝ ǻȂȖȝǶΞ ǶȂǆƷǶǦΣǐȖ ȝȂ =�Ȗॶ ȝǣȂȠǝǣ ǦǼȝȓǦǝȠǦǼǝǶΞॶ ȖȂǻǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ǶȂǆƷǶǦΣƷȝǦȂǼ ΘƷȖ Ȃǅৄ

ȖǐȓΗǐǌॽ � ȝȓȠǼǆƷȝǦȂǼ ǆȂǼȖȝȓȠǆȝ Ȃǜ ǱȠȖȝ �,ँ ƷǼǌ ȝǣǐ ȓǐǻƷǦǼǦǼǝ �ৄȝǐȓǻǦǼȠȖ ǶȂǆƷǶǦΣǐǌ ȖȂǶǐǶΞ ȝȂ =�Ȗॶ

ȓǐΗǐƷǶǦǼǝ ȝǣƷȝ �,ँ ǦȖ ȖȠАǆǦǐǼȝ ǜȂȓ =� ǶȂǆƷǶǦΣƷȝǦȂǼ ঳$ǦǝȠȓǐ �ॽअॶ �ৄ�঴ॽ / ǼǐΝȝ ǝǐǼǐȓƷȝǐǌ ǌǐǶǐȝǦȂǼ ǆȂǼৄ

ȖȝȓȠǆȝȖ ȓǐǻȂΗǦǼǝ ǐǦȝǣǐȓ ǅȂȝǣ �,Ȗ ঳%U�bऀ�,ઌऀৄँ঴ Ȃȓ ǱȠȖȝ �,ँ ঳%U�bऀ�,ઌँ঴ ঳$ǦǝȠȓǐ �ॽअॶ � ƷǼǌ

�঴ॽ %U�bऀ�,ઌऀৄँ ǌȂǐȖ ǼȂȝ ǶȂǆƷǶǦΣǐ ƷȓȂȠǼǌ =�Ȗॶ ǶȂǆƷǶǦΣǦǼǝ ȂǼǶΞ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ঳$ǦǝȠȓǐ �ॽअ�঴ॽ

/ǼȝȓǦǝȠǦǼǝǶΞॶ ǣȂΘǐΗǐȓॶ %U�bऀ�,ઌँ ǶȂǆƷǶǦΣǐȖ ǐǦȝǣǐȓ ȝȂ ȝǣǐ ǆΞȝȂȖȂǶ Ȃȓ ƷȓȂȠǼǌ =�Ȗ ঳$ǦǝȠȓǐ �ॽअ�঴ॽ

�৷इ �ӹӋԀӚӏӹԀԞԓ %U�bऀ ӸҷԮ ӲԀӅҷӲӢԲӏ ԚԀ =�ԓ ԀӹӲԮ ԞӹӋӏԏ ԓԌӏӅӢәӢӅ ӸӏԚҷӂԀӲӢӅ

ӅԀӹӋӢԚӢԀӹԓ ԫӟӏԏӏ %U�bऀ ӏԭԌԏӏԓԓӢԀӹ Ӣԓ ԞԌԏӏӚԞӲҷԚӏӋ

%U�bऀ ǐΝȏȓǐȖȖǐǌ ǦǼ [eBऀऄईॶ ,ǐȏ%ँॶ ,Ƞǣआॶ ƷǼǌ �ȂȖआ ǆǐǶǶȖ ǣƷȖ ȝǣǐ ǆƷȏƷǆǦȝΞ ȝȂ ǶȂǆƷǶǦΣǐ ȝȂ ǅȂȝǣ

ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ =�Ȗ ঳$ǦǝȠȓǐ �ॽआ঴ॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ȝǣǐ ǌǦȖȝȓǦǅȠȝǦȂǼ Ȃǜ %U�bऀ ǅǐȝΘǐǐǼ ȝǣǐ ȝΘȂ

ȖȠǅǆǐǶǶȠǶƷȓ ǆȂǻȏƷȓȝǻǐǼȝȖ ΗƷȓǦǐȖ ȏǐȓ ǆǐǶǶ ǶǦǼǐॽ bȂ ǜȠȓȝǣǐȓ ǆǣƷȓƷǆȝǐȓǦΣǐ ȝǣǐ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ %U�bऀॶ /

ǝǐǼǐȓƷȝǐǌ ƷǼ ǐǼǌȂǝǐǼȂȠȖǶΞ [Ƞȏǐȓৄ$ȂǶǌǐȓ %$U ঳Ȗǜ%$U঴ ȝƷǝǝǐǌ %U�bऀ ǆǐǶǶ ǶǦǼǐ ǦǼ ȝǣǐ ǣȠǻƷǼ ǅȓǐƷȖȝ
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Figure B.5: (A) Graphical models of GPAT1 truncations; the catalytic site is green, catalytic motifs in orange, predicted
transmembrane domains are in blue. (B) GPAT1 truncations were expressed in cells and imaged after incubating with
oleate overnight. LDs are stained with LipidTox. Scale bar 5 μm, for inlay 1 μm.
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Figure B.6: (A) GPAT1 is weakly predicted to have two transmembrane domains (TMHMM algorithm)188,117. (B) GPAT1
lacking transmembrane domains (GPAT1ΔTM) is able to localize to mitochondria. Mitochondria are stained with Mito‐
Tracker CMX ROS. Scale bar 5 μm. (C) GPAT1 has two alpha helices at the C‐terminus predicted by HELIQUEST54 that
were altered to determine sufficiency. (D) Truncations to observe the C‐terminus with both or one of the alpha helices
reveal AH2 is sufficient for LD localization. Scale bar 5 μm, for inlay 1 μm. (E) GPAT1 truncation constructs removing
both alpha helices or just AH2 reveal LD targeting is complex and may involve both alpha helices. Scale bar 5 μm, for
inlay 1 μm.
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Figure B.7: GPAT1 localizes to the mitochondria and LDs in breast cancer carcinoma (SUM159), liver (HepG2 and Huh7)
and kidney (Cos7) cell lines. Mitochondria are stained with MitoTracker Deep Red, LDs are stained with AutoDot. Scale
bar 5 μm.

ǆƷȓǆǦǼȂǻƷ ǆǐǶǶ [eBऀऄईॽ sǣǦǶǐ ȏȓǐǶǦǻǦǼƷȓΞ ǦǻƷǝǦǼǝ Ȃǜ ȝǣǐ ȏȂǶΞǆǶȂǼƷǶ ȏȂȏȠǶƷȝǦȂǼ ǦǼǌǦǆƷȝǐǌ ǐǼৄ

ǌȂǝǐǼȂȠȖǶΞ ȝƷǝǝǐǌ %U�bऀ ǶȂǆƷǶǦΣǐȖ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ȠǼǌǐȓ ǅƷȖƷǶ ǆȂǼǌǦȝǦȂǼȖ ƷǼǌ ƷȓȂȠǼǌ =�Ȗ ȠȏȂǼ

ƷǌǌǦȝǦȂǼ Ȃǜ ȝǣǐ ǜƷȝȝΞ ƷǆǦǌ ȂǶǐƷȝǐ ঳H�঴ ঳$ǦǝȠȓǐ �ॽइ�঴ॶ ȝǣǦȖ ΘƷȖ ǼȂȝ ȂǅȖǐȓΗǐǌ ǦǼ ȝǣǐ ȖǦǼǝǶǐ ǆǶȂǼǐȖ ǦȖȂৄ

ǶƷȝǐǌॽ sǐȖȝǐȓǼ ǅǶȂȝ ঳s�঴ Ȃǜ ΗǐȓǦЖǐǌ ǣȂǻȂΣΞǝȂȠȖ Ȗǜ%$U%U�bऀ ȖǦǼǝǶǐ ǆǶȂǼǐ ǦǼǌǦǆƷȝǐǌ ǣǦǝǣ ǶǐΗǐǶȖ Ȃǜ

ǜȓǐǐ %$U ঳$ǦǝȠȓǐ �ॽइ�঴ॽ bǣǐ ǶǐΗǐǶȖ Ȃǜ ǜȓǐǐ %$U Θǐȓǐ ƷǶȖȂ ƷȏȏƷȓǐǼȝ ǅΞ ǆȂǼǜȂǆƷǶ ǦǻƷǝǦǼǝॶ ǻƷǴǦǼǝ ȝǣǐ

ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ Ȗǜ%$U%U�bऀ ȠǼǆǶǐƷȓ ΘǦȝǣ ǅƷǆǴǝȓȂȠǼǌ %$U ȖǦǝǼƷǶ ǦǼ ȝǣǐ ǆΞȝȂȖȂǶ ঳$ǦǝȠȓǐ �ॽइ�঴ॽ

bȂ ƷǌǌȓǐȖȖ ȝǣǦȖॶ / ǝǐǼǐȓƷȝǐǌ Ʒ ǼǐΘ Ȗǜ%$Uৄ,�%U�bऀ ǆǐǶǶ ǶǦǼǐ ȝǣƷȝ ǦǼǆǶȠǌǐȖ ƷǼ ǦǼǆȓǐƷȖǐǌ ǶǦǼǴǐȓ

ऀऀऀ



ΘǦȝǣ ƷǼ ,�ৄȝƷǝ ূ ǦǼ ȝǣǐ ǐΗǐǼȝ ȝǣƷȝ ǆǶǐƷΗƷǝǐ Ȃǜ ȝǣǐ Ȗǜ%$U ΘƷȖ ȂǆǆȠȓȓǦǼǝ ূ ƷǼǌ ΘǦȝǣ Ʒ ǴȂΣƷǴ Ȗǐৄ

ȒȠǐǼǆǐ ǅǐǜȂȓǐ ȝǣǐ Ȗǜ%$U ূ ƷȖ ǝǐǼȂǻǦǆ ǐǌǦȝǦǼǝ ǻƷΞ ǣƷΗǐ ǌǐȖȝȓȂΞǐǌ ȝǣǐ ǐǼǌȂǝǐǼȂȠȖ ǴȂΣƷǴ ȖǐȒȠǐǼǆǐॽ

bǣǐ ǶǐΗǐǶȖ Ȃǜ ǜȓǐǐ %$U Θǐȓǐ ȓǐǌȠǆǐǌ ǦǼ ȝǣǦȖ ǆǐǶǶ ǶǦǼǐ ƷȖ ǌǐȝǐǆȝǐǌ ǅΞ ǅȂȝǣs� ǜȂȓ %$U ƷǼǌ ǆȂǼǜȂৄ

ǆƷǶ ǦǻƷǝǦǼǝॶ ƷǼǌ %U�bऀ ȖǦǝǼƷǶ ȝǣƷȝ ǌȂǐȖ ǼȂȝ ǆȂǶȂǆƷǶǦΣǐ ΘǦȝǣ ǻǦȝȂǆǣȂǼǌȓǦƷ ȖǦǝǼƷǶ ǦȖ ȂǅȖǐȓΗǐǌ ǼǐƷȓ

ȖȂǻǐ =�Ȗ ঳$ǦǝȠȓǐ �ॽइॶ �ৄ�঴ॽ �ǐǆƷȠȖǐ %U�bऀǻȂȖȝ ǆǶǐƷȓǶΞ ǶȂǆƷǶǦΣǐȖ ȝȂ =�Ȗ ǌȠȓǦǼǝ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ

ȂΗǐȓǐΝȏȓǐȖȖǦȂǼॶ ǦǌǐǼȝǦǜΞǦǼǝ ǆȂǼǌǦȝǦȂǼȖ ȠǼǌǐȓ ΘǣǦǆǣ %U�bऀ ǐΝȏȓǐȖȖǦȂǼ ǦȖ ǐǼǣƷǼǆǐǌ ǻƷΞ ǅǐ Ǽǐǆৄ

ǐȖȖƷȓΞ ǜȂȓ %U�bऀ ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ =�Ȗॽ /Ǽ ȖȠȏȏȂȓȝ Ȃǜ ȝǣǦȖॶ ǐΝȂǝǐǼȂȠȖ ǐΝȏȓǐȖȖǦȂǼ Ȃǜ %U�bऀ ǦǼ ȝǣǐ
Ȗǜ%$Uৄ,�%U�bऀ ǆǐǶǶ ǶǦǼǐ ǶȂǆƷǶǦΣǐǌ ƷȓȂȠǼǌ =�Ȗ ƷǼǌ ȏȓȂǻȂȝǐǌ ǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ Ȗǜ%$Uৄ,�%U�bऀ ȝȂ =�Ȗ

ƷȖ ΘǐǶǶ ঳$ǦǝȠȓǐ �ॽइ$঴ॽ

eǶȝǦǻƷȝǐǶΞॶ Θǐ ǆȂǼǆǶȠǌǐǌ ȝǣƷȝ %U�bऀǻƷΞ ǶȂǆƷǶǦΣǐ ȝȂ =�Ȗ ȠǼǌǐȓ ǆǐȓȝƷǦǼ ǻǐȝƷǅȂǶǦǆ ȖȝƷȝǐȖ Ȃǜ ȝǣǐ

ǆǐǶǶॶ ȖȠǆǣ ƷȖ ȝǣȂȖǐ ȝǣƷȝ ȏȓȂǻȂȝǐ ǌǐ ǼȂΗȂ ǶǦȏȂǝǐǼǐȖǦȖॽ sǐ ȏȓȂȏȂȖǐ ȝǣƷȝ ȝǣǦȖ ǌȠƷǶ ǶȂǆƷǶǦΣƷȝǦȂǼ ǻƷΞ

ǅǐ ǜȂȓ ȖȠǅȖȝȓƷȝǐ ǆǣƷǼǼǐǶǦǼǝॽ ,ȂΘǐΗǐȓॶ ȂȠȓ ǶƷǅ ǦȖ ǼȂȝ ǅǐȖȝ ȏȂǦȖǐǌ ȝȂ ȝǐȖȝ ȝǣǦȖ ǣΞȏȂȝǣǐȖǦȖॶ ΘǣǦǆǣ ΘƷȖ

ȏȓȂȏȂȖǐǌ ǦǼ ȝǣǐ ǶǦȝǐȓƷȝȠȓǐ Ʒȝ ȝǣǐ ȖƷǻǐ ȝǦǻǐ Θǐ Θǐȓǐ ƷȓȓǦΗǦǼǝ Ʒȝ ȝǣǦȖ ǆȂǼǆǶȠȖǦȂǼंइॽ bǣǐȓǐǜȂȓǐॶ Θǐ ǌǦǌ

ǼȂȝ ȏȠȓȖȠǐ ȝǣǦȖ ȏȓȂǱǐǆȝ ǜȠȓȝǣǐȓॽ

�৷ई $ԞԚԞԏӏ ӋӢԏӏӅԚӢԀӹԓ

� ȖȝȓǦǴǦǼǝ ȂǅȖǐȓΗƷȝǦȂǼ ǦȖ ȝǣƷȝ %U�bं ƷǼǌ %U�bः Ʒȓǐ ȠǼƷǅǶǐ ȝȂ ǆȂǻȏǐǼȖƷȝǐ ǜȂȓ ǶȂȖȖ Ȃǜ %U�bऀ

ǦǼ ǦǼǆȂȓȏȂȓƷȝǦǼǝ $�Ȗ ǌǐȓǦΗǐǌ ǜȓȂǻ�C= ǦǼȝȂ b%ँंࣿ ঳$ǦǝȠȓǐ �ॽःॶ �ৄ�঴ॽ bǣǦȖ ǦǼǌǦǆƷȝǐȖ ȝǣƷȝ ȝǣǐȓǐ ǦȖ

ȖȂǻǐ ȖȏǐǆǦЖǆǦȝΞ Ȃǜ %U�bऀ ǜȂȓ �C= ǌǐȓǦΗǐǌ $�Ȗॽ � ǣΞȏȂȝǣǐȖǦȖ ȝǣƷȝ ǣƷȖ ǅǐǐǼ ȏȓǐΗǦȂȠȖǶΞ ȏȂȖǐǌ ȝȂ

ȝǣǐ ЖǐǶǌ ǦȖ ȝǣƷȝ %U�bऀ ƷǆǆȂǻȏǶǦȖǣǐȖ ȝǣǦȖ ȖȏǐǆǦЖǆǦȝΞ ΗǦƷ ȖȠǅȖȝȓƷȝǐ ǆǣƷǼǼǐǶǦǼǝंइॽ [ȠȏȏȂȓȝǦǼǝ ȝǣǦȖ

ǣΞȏȂȝǣǐȖǦȖॶ / ǣƷΗǐ ȂǅȖǐȓΗǐǌ ǆȂǶȂǆƷǶǦΣƷȝǦȂǼ Ȃǜ %U�bऀ ΘǦȝǣ �%�bँ ƷȓȂȠǼǌ =�Ȗॶ ȖȠǝǝǐȖȝǦǼǝ =�Ȗ

ǻƷΞ ǅǐ ȝǣǐ ȖǦȝǐ Ʒȝ ΘǣǦǆǣ %U�bऀ ǌǐǶǦΗǐȓȖ =U� ȝȂ ȝǣǐ ǌȂΘǼȖȝȓǐƷǻ ǐǼΣΞǻǐȖ ǦǼ b% ȖΞǼȝǣǐȖǦȖ ȝǣƷȝ ǼȂȓৄ

ǻƷǶǶΞ ǶȂǆƷǶǦΣǐ ȝȂ ȝǣǐ �Xॶ ǅȠȝ ǣƷΗǐ ǅǐǐǼ ȂǅȖǐȓΗǐǌ ȂǼ =�Ȗ ƷȖ ΘǐǶǶँंं ঳$ǦǝȠȓǐ �ॽई�঴ॽ /ǼȝǐȓǐȖȝǦǼǝǶΞॶ ȝǣǐ

ǦǻǻǐǌǦƷȝǐ ǼǐΝȝ Ȗȝǐȏ ǦǼ b% ȖΞǼȝǣǐȖǦȖॶ �%U�bऄॶ ǌȂǐȖ ǼȂȝ ǆȂǶȂǆƷǶǦΣǐ ΘǦȝǣ %U�bऀ ƷȓȂȠǼǌ =�Ȗ ঳$Ǧǝৄ
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Figure B.8: (A) sfGFPGPAT1 polyclonal knock in cells have GPAT1 localization to mitochondria and LDs after incuba‐
tion with oleate for 48 hours. Mitochondria stained with MitoTracker CMX ROS, LDs stained with LipidTox Deep Red.
Scale bar 5 μm, inlay scale bar 1 μm. (B) Western blot against GFP of single clone sfGFPGPAT1 reveals high levels of free
GFP. sfGFPGPAT1 as detected by anti‐GFP antibody marked by asterisk. (C) sfGFPGPAT1 single clone cell line localizes
to the mitochondria after incubation with oleate for 18 hours. Mitochondria stained with MitoTracker CMX ROS, LDs
stained with LipidTox Deep Red. Scale bar 5 μm. (D) Western blot of single clone sfGFP‐HAGPAT1 cells with 48 hours
siRNA against control or GPAT1. sfGFP‐HAGPAT1 marked by asterisk. (E) sfGFP‐HAGPAT1 single clone cell line localizes
to the mitochondria after incubation with oleate for 18 hours. Mitochondria stained with MitoTracker CMX ROS, LDs
stained with LipidTox Deep Red. Scale bar 5 μm. (F) Exogenous expression of GPAT1 in sfGFP‐HAGPAT1 single clone cells
promotes localization of endogenous sfGFP‐HAGPAT1 to the LDs after incubation with oleate for 18 hours. Mitochondria
stained with MitoTracker Deep ed, LDs stained with AutoDot. Scale bar 5 μm, inlay scale bar 1 μm.

ऀऀं



EGFP-GPAT1 LDMito

B

C

- o
le

at
e

A

ACSL1-Halo

EGFP-GPAT1 LDMito GPAT1
ACSL1

GPAT1
ACSL1

Halo-GPAT1 EGFP-DGAT2

ACSL1-Halo

LD

Halo-GPAT1 AGPAT5-EGFP LD

+ 
ol

ea
te

Figure B.9: (A) Exogenously expressed GPAT1 and DGAT2 in SUM159 cells colocalize to some LDs after incubation
with oleate for 16 hours. LDs stained with LipidTox Deep Red. Scale bar 5 μm, inlay scale bar 1 μm. (B) Exogenously
expressed GPAT1 and AGPAT5 in SUM159 cells colocalize to the mitochondria after incubation with oleate for 18
hours. LDs stained with LipidTox Deep Red. Scale bar 5 μm, inlay scale bar 1 μm. (C) Exogenously expressed GPAT1 and
ACSL1 in Huh7 liver cells colocalize to the mitochondria under basal conditions and to some LDs after incubation with
oleate for 24 hours. Mitochondria stained with MitoTracker Deep Red, LDs stained with AutoDot. Scale bar 5 μm, inlay
scale bar 1 μm.

Ƞȓǐ �ॽई�঴ॽ $ȠȓȝǣǐȓǻȂȓǐॶ ��[=ऀॶ ΘǣǦǆǣ ȖΞǼȝǣǐȖǦΣǐȖ ǜƷȝȝΞ ƷǆΞǶৄ�Ȃ�Ȗ ǜȓȂǻ ǜȓǐǐ $�Ȗ ǱȠȖȝ ȠȏȖȝȓǐƷǻ

Ȃǜ %U�bऀ ǆȂǶȂǆƷǶǦΣǐȖ ΘǦȝǣ %U�bऀ Ʒȝ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷ ȠǼǌǐȓ ǅƷȖƷǶ ǆȂǼǌǦȝǦȂǼȖ ǦǼ ,Ƞǣआ ǆǐǶǶȖ ঳$Ǧǝৄ

Ƞȓǐ �ॽई�঴ॽ ,ȂΘǐΗǐȓॶ ȠȏȂǼ ȝǣǐ ƷǌǌǦȝǦȂǼ Ȃǜ ȂǶǐƷȝǐ ȝȂ ǐǼǣƷǼǆǐ =� ǜȂȓǻƷȝǦȂǼॶ ��[=ऀ ǆȂǶȂǆƷǶǦΣǐȖ ΘǦȝǣ

%U�bऀ ƷȓȂȠǼǌ =�Ȗॶ ȖȠǝǝǐȖȝǦǼǝ ȝǣƷȝ =�Ȗ ǻƷΞ ǅǐ Ʒ ǣȠǅ ǜȂȓ ȖȠǅȖȝȓƷȝǐ ǆǣƷǼǼǐǶǦǼǝ ȝǣȓȂȠǝǣ %U�bऀ

঳$ǦǝȠȓǐ �ॽई�঴ॽ

bǣǐ ǦǼȝǐȓƷǆȝȂǻǐ Ȃǜ %U�bऀ ǣƷȖ ǼȂȝ ǅǐǐǼ ȖȝȠǌǦǐǌ ƷǼǌ ǆȂȠǶǌ ȏȓȂΗǦǌǐ ǦǼȖǦǝǣȝ ǦǼȝȂ ǣȂΘ %U�bऀ

ǶȂǆƷǶǦΣǐȖ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ƷǼǌ ǆȂǼȝȓǦǅȠȝǐȖ ȝȂ b% ȖΞǼȝǣǐȖǦȖ ǜȓȂǻ ǦȝȖ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǶȂǆƷǶǦΣƷȝǦȂǼॽ sǦȝǣ

ऀऀः



ȝǣǐ ǼǐΘǶΞ ǌǐΗǐǶȂȏǐǌ [eBऀऄई Ȗǜ%$Uৄ,�%U�bऀ ǆǐǶǶ ǶǦǼǐॶ Ǧȝ ΘǦǶǶ ǅǐ ȏȂȖȖǦǅǶǐ ȝȂ ЖȖǣ ǜȂȓ ǦǼȝǐȓƷǆȝȂȓȖ Ȃǜ

%U�bऀ ǌȠȓǦǼǝ ǌǦЍǐȓǐǼȝ ǻǐȝƷǅȂǶǦǆ ǆȂǼǌǦȝǦȂǼȖॽ /ǌǐǼȝǦǜΞǦǼǝ ǆȂǼǌǦȝǦȂǼȖ ȝǣƷȝ ȠȏȓǐǝȠǶƷȝǐ %U�bऀ ȖǦǻৄ

ǦǶƷȓ ȝȂ ǌȠȓǦǼǝ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ �C= ǦǼ ǶǦΗǐȓऀࣿॶऀँःॶँंࣿ ǣƷȖ ǅǐǐǼ Ʒ ǆǣƷǶǶǐǼǝǐॽ eǶȝǦǻƷȝǐǶΞॶ ȝǣǐ ǦǌǐƷǶ ȖΞȖȝǐǻ

ΘȂȠǶǌ ǅǐ ȝȂ ǐǼǌȂǝǐǼȂȠȖǶΞ ȝƷǝ %U�bऀ ǦǼ ȝǣǐ �X/[UXǻȂȠȖǐ ƷǼǌ ȝǣǐǼ ǦȖȂǶƷȝǐ ȝƷǝǝǐǌ %U�bऀ ǜȓȂǻ

ǻȂȠȖǐ ǶǦΗǐȓ ȠǼǌǐȓ ǆȂǼǌǦȝǦȂǼȖ Ȃǜ ǜƷȖȝǦǼǝ ΗǐȓȖȠȖ ǜǐǐǌǦǼǝ ȝȂ ǦǌǐǼȝǦǜΞ ǦǼȝǐȓƷǆȝȂȓȖ Ȃǜ %U�bऀ ȠǼǦȒȠǐ ȝȂ

�C= ǆȂǼǌǦȝǦȂǼȖॽ [ǦǻȠǶȝƷǼǐȂȠȖ ǦȖȂǶƷȝǦȂǼ Ȃǜ ǣǐȏƷȝȂǆΞȝǐȖ ǜȓȂǻ ȝǣǐȖǐ ǻǦǆǐ ǆȂȠǶǌ ƷǶǶȂΘ ȝǣǐ ǶȂǆƷǶǦΣƷৄ

ȝǦȂǼ Ȃǜ %U�bऀ ǌȠȓǦǼǝ ǌǦЍǐȓǐǼȝ ǆȂǼǌǦȝǦȂǼȖ ƷȖ ΘǐǶǶ ȝȂ ȝǐȖȝ Ǧǜ ȝǣǐ ȏǣΞȖǦȂǶȂǝǦǆƷǶ ȓǐǶǐΗƷǼǆǐ Ȃǜ %U�bऀ

ǶȂǆƷǶǦΣƷȝǦȂǼ ȝȂ =�Ȗ ΗǐȓȖȠȖ ȝȂ ǻǦȝȂǆǣȂǼǌȓǦƷ ȂǼǶΞॽ bȂ ƷǌǌȓǐȖȖ ȝǣǦȖ ǜȓȂǻ Ʒ ǌǦЍǐȓǐǼȝ ƷǼǝǶǐॶ / ǣƷΗǐ ǝǐǼৄ

ǐȓƷȝǐǌ Ʒ [eBऀऄई ǆǐǶǶ ǶǦǼǐ ȝǣƷȝ ȖȝƷǅǶΞ ȂΗǐȓ ǐΝȏȓǐȖȖǐȖ �%$Uৄ%U�bऀ ȠǼǌǐȓ Ʒ ȏb< ȏȓȂǻȂȝǐȓ ȠȖǦǼǝ

ȝǣǐ ȖƷǜǐৄǣƷȓǅȂȓ ǶȂǆȠȖ ǦǼ ΘǣǦǆǣ %U�bऀ ȖȝƷǅǶΞ ȂΗǐȓǐΝȏȓǐȖȖǐǌ ǶȂǆƷǶǦΣǐȖ ǜƷǦǼȝǶΞ ȝȂ =�Ȗঃ ȝǣǐ ǻƷǱȂȓǦȝΞ Ȃǜ

ȝǣǐ %$U ȖǦǝǼƷǶ ȓǐǻƷǦǼǦǼǝ ǶȂǆƷǶǦΣǐǌ ȝȂ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷॽ �Ȗ Ʒ ǆȂǼȝȓȂǶॶ / ǝǐǼǐȓƷȝǐǌ Ʒ [eBऀऄई ǆǐǶǶ

ǶǦǼǐ ȝǣƷȝ ȖȝƷǅǶΞ ȂΗǐȓ ǐΝȏȓǐȖȖǐȖ �%$UৄB�q[ ঳ǻǦȝȂǆǣȂǼǌȓǦƷǶ ƷǼȝǦΗǦȓƷǶ ȖǦǝǼƷǶ঴ ȠǼǌǐȓ Ʒ ȏb< ȏȓȂǻȂȝǐȓॽ

/ǻǻȠǼȂȏȓǐǆǦȏǦȝƷȝǦȂǼ ǅΞ %$U ǆƷǼ ǅǐ ȠȖǐǌ ȝȂ ǦǌǐǼȝǦǜΞ ǆƷǼǌǦǌƷȝǐȖ ȝǣƷȝ ǦǼȝǐȓƷǆȝ ΘǦȝǣ %U�bऀ ȖȏǐǆǦǜৄ

ǦǆƷǶǶΞ ȠǼǌǐȓ ǅƷȖƷǶ ǆȂǼǌǦȝǦȂǼȖ ΗǐȓȖȠȖ ǆƷǼǌǦǌƷȝǐȖ ȝǣƷȝ Ʒȓǐ ȠǼǦȒȠǐǶΞ ǦǌǐǼȝǦЖǐǌ ΘǦȝǣ H� ǦǼǆȠǅƷȝǦȂǼॽ

/ǼȝǐȓƷǆȝǦȂǼ Ȃǜ %U�bऀ ΘǦȝǣ ȝǣǐȖǐ ǆƷǼǌǦǌƷȝǐȖ ǆƷǼ ǅǐ ǆȂǼЖȓǻǐǌ ǅΞ ǆȂৄ/Uॽ �ȂৄǐΝȏȓǐȖȖǦǼǝ ЙȠȂȓǐȖǆǐǼȝǶΞ

ȝƷǝǝǐǌ ǆƷǼǌǦǌƷȝǐȖ ǦǼ Ȗǜ%$Uৄ,�%U�bऀ ǆǐǶǶȖ ΘǦǶǶ ƷǶǶȂΘ ǌǐȝǐȓǻǦǼƷȝǦȂǼ Ȃǜ ǆȂৄǶȂǆƷǶǦΣƷȝǦȂǼ ǅΞ ǆȂǼǜȂǆƷǶ

ǻǦǆȓȂȖǆȂȏΞॽ /ǼȝǐȓƷǆȝȂȓȖ Ȃǜ %U�bऀ ΘǦǶǶ ǦǼǜȂȓǻ ǣΞȏȂȝǣǐȖǐȖ ƷȖ ȝȂ ǣȂΘ %U�bऀ ǶȂǆƷǶǦΣǐȖ ȝȂ ǻǦȝȂǆǣȂǼৄ

ǌȓǦƷ Ȃȓ =�Ȗॶ ȝǣǐ ȖȏǐǆǦЖǆǦȝΞ Ȃǜ �C= ǌǐȓǦΗǐǌ $�Ȗ ǜȂȓ %U�bऀॶ ƷǼǌ ȝǣǐ ǻǐǆǣƷǼǦȖǻ ǅΞ ΘǣǦǆǣ %U�bऀ

ǆƷǼ ǆȂǼȝȓǦǅȠȝǐ ȝȂ �X ǶȂǆƷǶǦΣǐǌ b% ȖΞǼȝǣǐȖǦȖॽ

�৷ऀࣿ BҷԚӏԏӢҷӲԓ ҷӹӋBӏԚӟԀӋԓ

�৷ऀࣿ৷ऀ �ӹԚӢӂԀӋӢӏԓ

�ǼȝǦǅȂǌǦǐȖ ȠȖǐǌ ǦǼ ȝǣǦȖ ȖȝȠǌΞ Ʒȓǐ ǶǦȖȝǐǌ ǦǼ bƷǅǶǐ �ऀ

ऀऀऄ



�৷ऀࣿ৷ँ �ӏӲӲ ӅԞӲԚԞԏӏ ҷӹӋ ԚԏҷӹԓәӏӅԚӢԀӹ

[eBऀऄई ǆǐǶǶȖ ঳XX/�ॵ�q�=আऄःँं঴ Θǐȓǐ ȂǅȝƷǦǼǐǌ ǜȓȂǻ ȝǣǐ ǶƷǅȂȓƷȝȂȓΞ Ȃǜ bȂǻƷȖ <ǦȓǆǣƷȠȖǐǼ

঳,ƷȓΗƷȓǌBǐǌǦǆƷǶ [ǆǣȂȂǶ঴ ƷǼǌ Θǐȓǐ ǻƷǦǼȝƷǦǼǐǌ ǦǼ �B�B঄$ৄऀँ %ǶȠȝƷB�x ঳=Ǧǜǐ bǐǆǣǼȂǶȂǝǦǐȖॶ

ॻऀࣿऄअऄৄࣿःँ঴ ΘǦȝǣ ऄ ǝ঄ǻǶޅ ǦǼȖȠǶǦǼ ঳�ǐǶǶ �ȏȏǶǦǆƷȝǦȂǼȖ঴ॶ ऀ ǝ঄ǻǶޅ ǣΞǌȓȂǆȂȓȝǦȖȂǼǐ ঳[ǦǝǻƷ঴ॶ ऄ઒ $�[

঳%ǦǅǆȂ ऀࣿࣿइँऀःआঃ bǣǐȓǻȂ $ǦȖǣǐȓ঴ॶ ऄࣿ ઐǝ঄ǻ= ȖȝȓǐȏȝȂǻΞǆǦǼ ƷǼǌ ऄࣿ ȠǼǦȝȖ঄ǻ= ȏǐǼǦǆǦǶǶǦǼॽ ,ǐȏ%ँ

঳�b��ॶ ॻ,�ৄइࣿअऄ঴ॶ �ȂȖआ ঳�b��ॶ ॻ�X=ৄऀअऄऀ঴ ƷǼǌ ,Ƞǣआ ǆǐǶǶȖ Θǐȓǐ ǻƷǦǼȝƷǦǼǐǌ ǦǼ %ǦǅǆȂ �B�Bॶ

,Ǧǝǣ %ǶȠǆȂȖǐ ঳=Ǧǜǐ bǐǆǣǼȂǶȂǝǦǐȖॶ ॻऀऀৄईअऄৄऀऀइ঴ॶ ऀࣿ઒ $�[ ঳%ǦǅǆȂ ॻऀࣿࣿइँऀःआঃ bǣǐȓǻȂ $ǦȖǣǐȓ঴ॶ ऄࣿ

ઐǝ঄ǻ= ȖȝȓǐȏȝȂǻΞǆǦǼ ƷǼǌ ऄࣿ ȠǼǦȝȖ঄ǻ= ȏǐǼǦǆǦǶǶǦǼॽ �ǐǶǶȖ Θǐȓǐ ƷǼǼȠƷǶǶΞ ȝǐȖȝǐǌ ǜȂȓ ǻΞǆȂȏǶƷȖǻƷ ǆȂǼৄ

ȝƷǻǦǼƷȝǦȂǼ ǅΞ eǼǦΗǐȓȖƷǶ BΞǆȂȏǶƷȖǻƷ �ǐȝǐǆȝǦȂǼ <Ǧȝ ঳�ǻǐȓǦǆƷǼ bΞȏǐ �ȠǶȝȠȓǐ �ȂǶǶǐǆȝǦȂǼ঴ॽ

sǣǐȓǐ ǼȂȝǐǌॶ ǆǐǶǶȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ΘǦȝǣ ǻǐǌǦƷ ǆȂǼȝƷǦǼǦǼǝ ऄࣿࣿ ઐB ȂǶǐǦǆ ƷǆǦǌ ǆȂǻȏǶǐΝǐǌ ΘǦȝǣ

ࣿॽऄ઒ ǐȖȖǐǼȝǦƷǶǶΞ ǜƷȝȝΞ ƷǆǦǌ ǜȓǐǐ �[� ঳[ǦǝǻƷ �ǶǌȓǦǆǣ঴ॽ bȓƷǼȖǜǐǆȝǦȂǼ Ȃǜ ȏǶƷȖǻǦǌȖ ǦǼȝȂ [eBऀऄई ǆǐǶǶȖ

ΘƷȖ ȏǐȓǜȂȓǻǐǌ ΘǦȝǣ $Ƞ%�C�,� ȝȓƷǼȖǜǐǆȝǦȂǼ ȓǐƷǝǐǼȝ ঳UȓȂǻǐǝƷ঴ऀइৄँः ǣ ǅǐǜȂȓǐ ǦǻƷǝǦǼǝॽ ȖǦXC�

ȝȓǐƷȝǻǐǼȝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ःइ ǣȂȠȓȖ ȏȓǦȂȓ ȝȂ ƷǌǌǦȝǦȂǼ Ȃǜ ȂǶǐǦǆ ƷǆǦǌ ǅΞ ȓǐΗǐȓȖǐ ȝȓƷǼȖǜǐǆȝǦȂǼ ȠȖǦǼǝ =ǦȏȂৄ

ǜǐǆȝƷǻǦǼǐ XC�ǦB�x ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆॶ ॻऀंआआइࣿआऄ঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ǦǼৄ

ȖȝȓȠǆȝǦȂǼȖॽ �ȂǼȝȓȂǶ ȖǦXC� ঳ȖǦ%�CHB�X/[�ৄ$ȓǐǐ �ȂǼȝȓȂǶॶ �ǣƷȓǻƷǆȂǼॶ ॻ�ৄࣿࣿऀँँࣿৄࣿऀৄࣿऄ঴ ΘƷȖ

ȠȖǐǌॶ ƷǼǌ ȖǦXC� ƷǝƷǦǼȖȝ %U�bऀ ΘƷȖ ȏȠȓǆǣƷȖǐǌ ǜȓȂǻ�ǣƷȓǻƷǆȂǼ ঳ॻ=ৄࣿࣿईईःअৄࣿࣿৄࣿࣿࣿऄ ঴ॽ

�৷ऀࣿ৷ं ৫ऀः�৬ ӲҷӂӏӲӢӹӚ Ԁә ӲӢԌӢӋԓ৮ ӲӢԌӢӋ ӏԭԚԏҷӅԚӢԀӹ৮ ҷӹӋ b=�

[eBऀऄई ǆǐǶǶȖ ȖȠǅǱǐǆȝǐǌ ȝȂ ȖǦXC� ƷǝƷǦǼȖȝ %U�bऀ Ȃȓ ǆȂǼȝȓȂǶ ǜȂȓ ःइ ǣȂȠȓȖ Θǐȓǐ ȝȓǐƷȝǐǌ ΘǦȝǣ ƷǼ

ǦǼǣǦǅǦȝȂȓ ƷǝƷǦǼȖȝ %U�bं ƷǼǌ %U�bः ঳�ǶǦ =ǦǶǶΞॶ ॻंँऀअइआः঴ॶ ΘǣǦǆǣ ΘƷȖ Ʒ ǴǦǼǌ ǝǦǜȝ ǜȓȂǻ �ȓƷǦǝ ,Ʒǻৄ

ǻȂǼǌ ƷǼǌ :ǦƷǼǶǦƷǼǝ =Ƞॶ ं ǣȂȠȓȖ ȏȓǦȂȓ ȝȂ ȂǶǐƷȝǐ Ȃȓ ƷǆǐȝǦǆ ƷǆǦǌ ǶȂƷǌǦǼǝ ƷǼǌ ƷǼ ǦǼǣǦǅǦȝȂȓ ƷǝƷǦǼȖȝ ���ऀ

঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻU$ৄࣿऄऀआऄऀऄआ঴ Ȃȓ �B[H ǜȂȓ ऀॽऄ ǣȂȠȓȖ ȏȓǦȂȓ ȝȂ ȂǶǐƷȝǐ ǶȂƷǌǦǼǝॶ ƷǼǌ �B[Hॽ �ǐǶǶȖ

Θǐȓǐ ȝǣǐǼ ȏȠǶȖǐ ǶƷǅǐǶǐǌ ΘǦȝǣ ǐǦȝǣǐȓ ফऀः�ব ȂǶǐǦǆ ƷǆǦǌ ঳ँऄ ઐ�Ǧ঄ઐǻȂǶ঴ ǦǼ ǆȂǻǅǦǼƷȝǦȂǼ ΘǦȝǣ ࣿॽऄ ǻB

ȂǶǐǦǆ ƷǆǦǌ Ȃȓ ফऀः�ব ƷǆǐȝǦǆ ƷǆǦǌ ঳ँऄ ઐ�Ǧ঄ઐǻȂǶ঴ ǜȂȓ ँ ǣȂȠȓȖॽ �ǜȝǐȓ ँ ǣȂȠȓȖ Ȃǜ ȝȓǐƷȝǻǐǼȝॶ ǆǐǶǶȖ Θǐȓǐ

ऀऀअ



ΘƷȖǣǐǌ ȝǣȓǐǐ ȝǦǻǐȖ ΘǦȝǣ �U�[ ƷǼǌ ǶǦȏǦǌȖ Θǐȓǐ ǐΝȝȓƷǆȝǐǌ ǦǼ ǣǐΝƷǼǐ঄ǦȖȂȏȓȂȏȂǼƷǶ ঳ंॵँ঴ ȝΘǦǆǐ ƷǼǌ ȝǣǐǼ

ǌȓǦǐǌॶ ƷǼǌ ȏȓȂȝǐǦǼ ΘƷȖ ǐΝȝȓƷǆȝǐǌ ǦǼ ࣿॽं C ȖȂǌǦȠǻ ǣΞǌȓȂΝǦǌǐ ঳BǦǶǶǦȏȂȓǐ [ǦǝǻƷॶ ॻँँऀःअऄ঴ ƷǼǌ ࣿॽऀ ઒

[�[ ঳bǣǐȓǻȂ $ǦȖǣǐȓॶ ॻ�Bईइँࣿ঴ ǜȂȓ ँ ǣȂȠȓȖ ǅǐǜȂȓǐ ȏȓȂȝǐǦǼ ΘƷȖ ǻǐƷȖȠȓǐǌ ΘǦȝǣ Ʒ �� UȓȂȝǐǦǼ �Ȗৄ

ȖƷΞ ঳�ǦȂৄXƷǌॶ ॻऄࣿࣿࣿऀऀँ঴ ǜȂǶǶȂΘǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ =ǦȏǦǌȖ Θǐȓǐ ǼȂȓǻƷǶǦΣǐǌ ȝȂ ȏȓȂȝǐǦǼ

ǆȂǼǆǐǼȝȓƷȝǦȂǼ ǅǐǜȂȓǐ ǶȂƷǌǦǼǝ ȂǼȝȂ ȝǣǦǼ ǶƷΞǐȓ ǆǣȓȂǻƷȝȂǝȓƷȏǣΞ ঳b=�঴ ȏǶƷȝǐȖ ঳�ǼƷǶȝǐǆǣॶ ॻःंईऀऀ঴ॽ

=ǦȏǦǌȖ Θǐȓǐ ȖǐȏƷȓƷȝǐǌ ǦǼ ǣǐΝƷǼǐ঄ǌǦǐȝǣΞǶ ǐȝǣǐȓ঄ƷǆǐȝǦǆ ƷǆǦǌ ঳इࣿ঄ँࣿ঄ऀ঴ॽ [ȝƷǼǌƷȓǌȖ ȓǐȖȠȖȏǐǼǌǐǌ ǦǼ ǆǣǶȂৄ

ȓȂǜȂȓǻ Θǐȓǐ ȓȠǼ ȂǼ b=� ȏǶƷȝǐȖ ƷǶȂǼǝȖǦǌǐ ȖƷǻȏǶǐȖ ȝȂ ǦǌǐǼȝǦǜΞ ǶǦȏǦǌȖॵ bȓǦȂǶǐǦǼ ঳ऀइॵऀ b%঴ ঳�ΗƷǼȝǦॶ

ॻइआࣿऀऀࣿHৄऀǻǝ঴ॶ ऀॶँৄǌǦȂǶǐȂΞǶৄȖǼৄǝǶΞǆǐȓȂǶ ঳ऀॶँৄ�%঴ ঳�ΗƷǼȝǦॶ ॻइआࣿऄँࣿUৄऄǻǝ঴ॽ b=� ȏǶƷȝǐȖ Θǐȓǐ

ǐΝȏȂȖǐǌ ȝȂ ǦǻƷǝǦǼǝ ȖǆȓǐǐǼȖ ƷǼǌ ȖǆƷǼǼǐǌ ǦǼ Ʒ bΞȏǣȂȂǼ $=� आࣿࣿࣿ ঳%�,ǐƷǶȝǣǆƷȓǐ঴ ȝȂ ΗǦȖȠƷǶǦΣǐ ȓƷৄ

ǌǦȂƷǆȝǦΗǐ ǆȂǻȏȂȠǼǌȖॽ [ȝƷǼǌƷȓǌȖ Θǐȓǐ ΗǦȖȠƷǶǦΣǐǌ ǅΞ ǦǼǆȠǅƷȝǦǼǝ ȏǶƷȝǐȖ ΘǦȝǣ ǦȂǌǦǼǐ ǆǣǦȏȖॽ WȠƷǼȝǦЖǆƷৄ

ȝǦȂǼ Ȃǜ b=� ȏǶƷȝǐȖ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȠȖǦǼǝ $/:/ ȖȂǜȝΘƷȓǐॽ � ȓǐǆȝƷǼǝȠǶƷȓ ȓǐǝǦȂǼ Ȃǜ ǦǼȝǐȓǐȖȝ ΘƷȖ ǌȓƷΘǼ

ƷȓȂȠǼǌ ȝǣǐ ǅƷǼǌ Ȃǜ Ʒ ȖȏǐǆǦЖǆ ǶǦȏǦǌ ȝΞȏǐ ǜȂȓ ǐƷǆǣ ȖƷǻȏǶǐ ƷǼǌ ǅƷǼǌ ǦǼȝǐǼȖǦȝΞ ΘƷȖ ǻǐƷȖȠȓǐǌ ǜȂȓ ǐƷǆǣ

ȖƷǻȏǶǐ ƷǼǌ ǐƷǆǣ ǶǦȏǦǌ ȂǼ ȝǣǐ b=�ॽ

�৷ऀࣿ৷ः UӲҷԓӸӢӋԓ

U�X Ȃǜ ǦǼȖǐȓȝȖ ǜȂȓ ǆǶȂǼǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȠȖǦǼǝ Wऄ,Ȃȝ [ȝƷȓȝ ,Ǧǝǣৄ$ǦǌǐǶǦȝΞ �C� UȂǶΞǻǐȓƷȖǐ

঳CǐΘ �ǼǝǶƷǼǌ �ǦȂǶƷǅȖॶ ॻBࣿःईं[঴ॽ U�X ȏȓȂǌȠǆȝȖ Θǐȓǐ ȏȠȓǦЖǐǌ ΘǦȝǣ Ʒ CȠǆǶǐȂ[ȏǦǼ %ǐǶ ƷǼǌ U�X

�ǶǐƷǼৄȠȏ <Ǧȝ ঳BƷǆǣǐȓǐΞৄCƷǝǐǶॶ ॻआःࣿअࣿईॽँऄࣿ঴ॽ U�X ȏȓȂǌȠǆȝȖ ƷǼǌ ΗǐǆȝȂȓȖ Θǐȓǐ ǌǦǝǐȖȝǐǌ ΘǦȝǣ ǐǼৄ

ΣΞǻǐȖ ǜȓȂǻCǐΘ �ǼǝǶƷǼǌ �ǦȂǶƷǅȖ ƷǼǌ ȝǣǐǼ ǶǦǝƷȝǐǌ ΘǦȝǣ ȝǣǐ XƷȏǦǌ �C��ǐȏǣȂȖ ૫ =ǦǝƷȝǦȂǼ <Ǧȝ

঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ ॻःइईइऀऀआࣿࣿऀ঴ॽ bǣǐ ȖΞǼȝǣǐȝǦǆ �C�Ȗ ঳ǝ�ǶȂǆǴॶ /ǼȝǐǝȓƷȝǐǌ �C�bǐǆǣǼȂǶȂǝǦǐȖ঴ ȠȖǐǌ

ǦǼ ȝǣǦȖ ȖȝȠǌΞ ƷǼǌ ǆǶȂǼǦǼǝ ȖȝȓƷȝǐǝǦǐȖ Ȃǜ ȝǣǐ Ȃȝǣǐȓ ȏǶƷȖǻǦǌȖ Ʒȓǐ ȖȠǻǻƷȓǦΣǐǌ ǦǼ bƷǅǶǐ �ं঴ॽ ȏb<ৄ�%$Uৄ

�ऀॶ ȏb<ৄ�%$UৄCऀॶ ȏb<ৄ,ƷǶȂৄ�ऀॶ ȏb<ৄ,ƷǶȂৄU=/Cं Θǐȓǐ ǌǐΗǐǶȂȏǐǌ ǅΞ �ǣȠǼǝ ǐȝ ƷǶंऄॽ ȏb<ৄ

�%$Uৄ�%�bँ ΘƷȖ ǌǐΗǐǶȂȏǐǌ ǅΞsǦǶЙǦǼǝ ǐȝ ƷǶँंःॽ ǻ�ǣǐȓȓΞৄ�Xৄं ঳�Xं঴ ΘƷȖ Ʒ ǝǦǜȝ ǜȓȂǻBǦǆǣƷǐǶ

�ƷΗǦǌȖȂǼ ঳�ǌǌǝǐǼǐ ȏǶƷȖǻǦǌ ॻऄऄࣿःऀ ঃ ǣȝȝȏॵ঄঄ǼँȝॽǼǐȝ঄ƷǌǌǝǐǼǐॵऄऄࣿःऀ ঃ XX/�ॵ�ǌǌǝǐǼǐআऄऄࣿःऀ঴ॽ

ǻ�ȏȏǶǐৄbHBBँࣿৄCৄऀࣿ ΘƷȖ Ʒ ǝǦǜȝ ǜȓȂǻBǦǆǣƷǐǶ �ƷΗǦǌȖȂǼ ঳�ǌǌǝǐǼǐ ȏǶƷȖǻǦǌ ॻऄःईऄऄ ঃ

ऀऀआ



ǣȝȝȏॵ঄঄ǼँȝॽǼǐȝ঄ƷǌǌǝǐǼǐॵऄःईऄऄ ঃ XX/�ॵ�ǌǌǝǐǼǐআऄःईऄऄ঴ॽ %U�bऀ ΘƷȖ ƷǻȏǶǦЖǐǌ ǜȓȂǻ %U�B

ǆ�C� ঳�ǣƷȓǻƷǆȂǼॶ ॻB,[अँआइৄँࣿँइࣿअईऀऄ঴ॽ ��[=ऀ ΘƷȖ ƷǻȏǶǦЖǐǌ ǜȓȂǻ ��[=ऀ ǆ�C� ঳�ǣƷȓৄ

ǻƷǆȂǼॶ ॻB,[अँआइৄँࣿँइࣿइऀईं঴ॽ

�৷ऀࣿ৷ऄ %ӏӹӏԏҷԚӢԀӹ Ԁә ӯӹԀӅӯ৳Ӣӹ ӅӏӲӲԓ ԫӢԚӟ �X/[UX৽�ҷԓई৳ ӸӏӋӢҷԚӏӋ ӚӏӹԀӸӏ ӏӋӢԚ৳

ӢӹӚ

�ǼǌȂǝǐǼȂȠȖ ȝƷǝǝǦǼǝ Ȃǜ ȝǣǐ CৄȝǐȓǻǦǼȠȖ Ȃǜ %U�bऀ ΘǦȝǣ ȖȠȏǐȓǜȂǶǌǐȓ%$U ঳Ȗǜ%$U঴ Θǐȓǐ ǝǐǼǐȓƷȝǐǌ ǅΞ

ȖǦǻȠǶȝƷǼǐȂȠȖǶΞ ȝȓƷǼȖǜǐǆȝǦǼǝ Ʒ ȓǐȏƷǦȓ ȝǐǻȏǶƷȝǐ ǌȂǼȂȓ ȏǶƷȖǻǦǌ ঳ȏ[B�Xb঴ ǆȂǼȝƷǦǼǦǼǝ ǣȂǻȂǶȂǝΞ ƷȓǻȖ

ƷȓȂȠǼǌ इࣿࣿ ǼȠǆǶǐȂȝǦǌǐȖ ȠȏȖȝȓǐƷǻ ƷǼǌ ǌȂΘǼȖȝȓǐƷǻ Ȃǜ ȝǣǐ ȝƷȓǝǐȝ ȖǦȝǐ ΘǦȝǣ ƷǼ ƷǼǼǐƷǶǐǌ ǝXC� ঳ȝȂȏॵ

ऄ৚ৄ����ǝ %%%��bb����bbb%b%���ৄं৚ ƷǼǌ ǅȂȝȝȂǻ ऄ৚ৄ����b%b������%b%ৄ

b��bb��� ǆৄं৚঴ ȠȖǦǼǝ $Ƞ%ǐǼǐ ,� ȝȓƷǼȖǜǐǆȝǦȂǼ ȓǐƷǝǐǼȝ ঳UȓȂǻǐǝƷॶ ॻ�ँंऀऀ঴ॽ �ǐǶǶȖ Θǐȓǐ ȖǐǶǐǆȝǐǌ

ΘǦȝǣ ऀॽऄ ઐǝ঄ǻ= ȏȠȓȂǻΞǆǦǼ ǜȂȓ ःइ ǣȂȠȓȖ ƷǼǌ ȖǦǼǝǶǐৄǆǐǶǶ $��[ ȖȂȓȝǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ΘǦȝǣ ःइइৄǼǻ

ǐΝǆǦȝƷȝǦȂǼ ΘǦȝǣ ऀࣿࣿઐǻ ǝƷȝǦǼǝ Ʒȝ ȝǣǐ ЙȂΘ ǆΞȝȂǻǐȝȓΞ ǆȂȓǐ ǜƷǆǦǶǦȝΞ ঳,ƷȓΗƷȓǌॶ �ǦΗǦȖǦȂǼ Ȃǜ /ǻǻȠǼȂǶৄ

ȂǝΞ঴ॽ UȂȖǦȝǦΗǐ ǆǶȂǼǐȖ Θǐȓǐ ǆȂǼЖȓǻǐǌ ǅΞ ЙȠȂȓǐȖǆǐǼǆǐ ǻǦǆȓȂȖǆȂȏΞॶ ΘǐȖȝǐȓǼ ǅǶȂȝ ΘǦȝǣ ƷǼȝǦৄ%$U ƷǼȝǦৄ

ǅȂǌΞॶ ƷǼǌ ǝǐǼȂǻǦǆ ȖǐȒȠǐǼǆǦǼǝ Ȃǜ U�XৄƷǻȏǶǦЖǐǌ ǝXC� ȝƷȓǝǐȝ ȓǐǝǦȂǼȖ ȖȠǅǆǶȂǼǐǌ ǦǼȝȂ ȏ�X �ǶȠǼȝ

// bHUH ΗǐǆȝȂȓ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ ǜȂȓ ΗǐȓǦЖǆƷȝǦȂǼ Ȃǜ ȏȓȂȏǐȓ ǦǼȖǐȓȝǦȂǼ ǅΞ ǝǐǼȂǻǐ ǐǌǦȝǦǼǝॽ

UȓǦǻǐȓ ƷǼǌ ȏǶƷȖǻǦǌ ǌǐȖǦǝǼ ǜȂȓ ǴǼȂǆǴ ǦǼ ǆȂǼȖȝȓȠǆȝȖ Ʒȓǐ ǦǼ bƷǅǶǐ �ंॽ

�৷ऀࣿ৷अ [ԚҷӂӲӏ ӅӏӲӲ ӲӢӹӏ ӚӏӹӏԏҷԚӢԀӹ

bǣǐ ��q[ऀ [Ʒǜǐ ,ƷȓǅȂȓ bƷȓǝǐȝǦǼǝ ǻǐȝǣȂǌ ঳[ΞȖȝǐǻ �ǦȂȖǆǦǐǼǆǐȖ঴ ΘƷȖ ȠȖǐǌ ȝȂ ǝǐǼǐȓƷȝǐ [eBऀऄई

ǆǐǶǶ ǶǦǼǐȖ ȖȝƷǅǶΞ ǐΝȏȓǐȖȖǦǼǝ �%$Uৄ%U�bऀ Ȃȓ �%$UৄB�q[ ȠǼǌǐȓ Ʒ b< ȏȓȂǻȂȝǐȓॽ /Ǽ ǅȓǦǐǜॶ ǌȂǼȂȓ

ȏǶƷȖǻǦǌȖ Ȃǜ ��q[ऀৄb<ৄbB�Bँँंৄ�%$U Θǐȓǐ ǆȂৄȝȓƷǼȖǜǐǆȝǐǌ ΘǦȝǣ ȖǦǻȠǶȝƷǼǐȂȠȖǶΞ ȝȓƷǼȖǜǐǆȝǐǌ

ΘǦȝǣ ǣ�ƷȖई ȏǶƷȖǻǦǌ ঳�ǌǌǝǐǼǐ ȏǶƷȖǻǦǌ ॻःऀइऀऄ঴ ƷǼǌ ǝXC�ৄ��q[ऀৄbँ ȏǶƷȖǻǦǌ ঳�ǌǌǝǐǼǐ ȏǶƷȖǻǦǌ

ॻःऀइऀइ঴ ǦǼȝȂ ΘǦǶǌȝΞȏǐ [eBऀऄई ǆǐǶǶȖ ȠȖǦǼǝ $Ƞ%�C�,� ȝȓƷǼȖǜǐǆȝǦȂǼ ȓǐƷǝǐǼȝ ঳UȓȂǻǐǝƷ঴ ǜȂǶǶȂΘৄ

ऀऀइ



ǦǼǝ ȝǣǐ ǻƷǼȠǜƷǆȝȠȓǐȓ৚Ȗ ȏȓȂȝȂǆȂǶॽ �ǐǶǶȖ Θǐȓǐ ȖǐǶǐǆȝǐǌ ΘǦȝǣ ऀॽऄ ઐǝ঄ǻ= ȏȠȓȂǻΞǆǦǼ ǜȂȓ ःइ ǣȂȠȓȖ ƷǼǌ

ȖǦǼǝǶǐৄǆǐǶǶ $��[ ȖȂȓȝǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ΘǦȝǣ ःइइৄǼǻ ǐΝǆǦȝƷȝǦȂǼ ΘǦȝǣ ऀࣿࣿઐǻ ǝƷȝǦǼǝ Ʒȝ ȝǣǐ ЙȂΘ ǆΞৄ

ȝȂǻǐȝȓΞ ǆȂȓǐ ǜƷǆǦǶǦȝΞ ঳,ƷȓΗƷȓǌॶ �ǦΗǦȖǦȂǼ Ȃǜ /ǻǻȠǼȂǶȂǝΞ঴ॽ UȂȖǦȝǦΗǐ ǆǶȂǼǐȖ Θǐȓǐ ǆȂǼЖȓǻǐǌ ǅΞ ЙȠȂৄ

ȓǐȖǆǐǼǆǐ ǻǦǆȓȂȖǆȂȏΞ ƷǼǌ ǅΞ ΘǐȖȝǐȓǼ ǅǶȂȝ ΘǦȝǣ ƷǼȝǦৄ%$U ƷǼȝǦǅȂǌΞॽ bǣǐ ǆǶȂǼǦǼǝ ȖȝȓƷȝǐǝǦǐȖ ঳ǦǼǆǶȠǌǦǼǝ

ȏȓǦǻǐȓȖ঴ Ȃǜ ȝǣǐ ǻǐǼȝǦȂǼǐǌ ȏǶƷȖǻǦǌȖ Ʒȓǐ ȖȠǻǻƷȓǦΣǐǌ ǦǼ bƷǅǶǐ �ंॽ

�৷ऀࣿ৷आ /ӸӸԞӹԀӂӲԀԚԚӢӹӚ

$Ȃȓ ƷǼƷǶΞȖǦȖ Ȃǜ ȏȓȂȝǐǦǼ ǶΞȖƷȝǐॶ ǆǐǶǶȖ Θǐȓǐ ǶΞȖǐǌ ǦǼ ऀ઒ [�[ ǶΞȖǦȖ ǅȠЍǐȓ ঳ऄࣿ ǻBbȓǦȖॶ ȏ, इॽࣿॶ ऀऄࣿ ǻB

CƷ�Ƕॶ ऀ઒ [�[ ƷǼǌ ǆHǻȏǶǐȝǐ BǦǼǦ ��b�ৄ$ȓǐǐ UȓȂȝǐƷȖǐ /ǼǣǦǅǦȝǦȂȓ �ȂǆǴȝƷǦǶ ȝƷǅǶǐȝ ঳[ǦǝǻƷৄ�ǶǌȓǦǆǣॶ

ॻऀऀइंअऀआࣿࣿࣿऀ঴঴ ΘǦȝǣ ऀࣿࣿ ȠǼǦȝȖ Ȃǜ �ǐǼΣȂǼƷȖǐ ǼȠǆǶǐƷȖǐ ঳BǦǶǶǦȏȂȓǐ[ǦǝǻƷॶ ॻ�ऀࣿऀः঴ॽ UȓȂȝǐǦǼ ǆȂǼৄ

ǆǐǼȝȓƷȝǦȂǼ ΘƷȖ ǌǐȝǐȓǻǐǌ ȠȖǦǼǝ ǐǦȝǣǐȓ Ʒ UǦǐȓǆǐ ��� UȓȂȝǐǦǼ �ȖȖƷΞ <Ǧȝ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆॶ

ॻँंँँऄ঴ Ȃȓ Ʒ �� UȓȂȝǐǦǼ �ȖȖƷΞ <Ǧȝ ঳�ǦȂৄXƷǌॶ ॻऄࣿࣿࣿऀऀँ঴ॽ =ƷǐǻǻǶǦ [ƷǻȏǶǐ �ȠЍǐȓ ΘƷȖ Ʒǌǌǐǌ

ȝȂ ȖƷǻȏǶǐȖ ȝȂ Ʒ ЖǼƷǶ ǆȂǼǆǐǼȝȓƷȝǦȂǼ Ȃǜ ऀΝॽ [ƷǻȏǶǐȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ǜȂȓ ऀऄ ǻǦǼȠȝǐȖ Ʒȝ अࣿ ૲� ȏȓǦȂȓ

ȝȂ [�[ৄU�%�ॽ UȓȂȝǐǦǼȖ Θǐȓǐ ȖǐȏƷȓƷȝǐǌ ȂǼ Ʒ ःৄऀऄ઒ [�[ৄU�%� ǝǐǶ ঳�ǦȂৄXƷǌॶ ॻःऄअइࣿइअ঴ ǦǼ ऀ x

bȓǦȖ঄%ǶΞǆǦǼǐ঄[�[ ǅȠЍǐȓ ঳�ǦȂৄXƷǌॶ ॻऀअऀৄࣿआआँ঴ ƷǼǌ ȝȓƷǼȖǜǐȓȓǐǌ ȝȂ /ǻǻȠǼৄ�ǶȂȝ Uq�$ǻǐǻǅȓƷǼǐȖ

঳�ǦȂৄXƷǌॶ ॻऀअँࣿऀआआ঴ ǦǼ ऀ x bȓǦȖ঄ǝǶΞǆǦǼǐ ȝȓƷǼȖǜǐȓ ǅȠЍǐȓ ঳�ǦȂৄXƷǌॶ ॻऀअऀৄࣿआआऀ঴ ΘǦȝǣ ँࣿ઒ǻǐȝǣƷǼȂǶ

ǜȂȓ ँ ǣȂȠȓȖ Ʒȝ आࣿ q ǦǼ ƷǼ Ǧǆǐ ΘƷȝǐȓ ǅƷȝǣॽ bǣǐ ǻǐǻǅȓƷǼǐȖ Θǐȓǐ ǦǼǆȠǅƷȝǐǌ ǦǼ ऄ઒ ǼȂǼৄǜƷȝ ǌȓΞ ǻǦǶǴ

঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞॶ ॻȖǆৄँंँऄ঴ ǦǼ b�[ৄb ǜȂȓ ऀ ǣȂȠȓ ƷǼǌ ȖȠǅȖǐȒȠǐǼȝǶΞ ǦǼǆȠǅƷȝǐǌ ȂΗǐȓǼǦǝǣȝ

ǦǼ ȏȓǦǻƷȓΞ ƷǼȝǦǅȂǌǦǐȖ Ʒȝ ः ૲�ॽ BǐǻǅȓƷǼǐȖ Θǐȓǐ ΘƷȖǣǐǌ ȝǣȓǐǐ ȝǦǻǐȖ ǦǼ b�[ৄb ǜȂȓ ऄ ǻǦǼȠȝǐȖ ƷǼǌ

ȝǣǐǼ ǦǼǆȠǅƷȝǐǌ Ʒȝ ȓȂȂǻ ȝǐǻȏǐȓƷȝȠȓǐ ΘǦȝǣ ऀॵऄࣿࣿࣿ ǌǦǶȠȝǦȂǼȖ ǐǦȝǣǐȓ ƷǼȝǦৄǻȂȠȖǐ Ȃȓ ƷǼȝǦৄȓƷǅǅǦȝ ,XUৄ

ǆȂǼǱȠǝƷȝǐǌ ȖǐǆȂǼǌƷȓΞ ƷǼȝǦǅȂǌǦǐȖ ঳[ƷǼȝƷ �ȓȠΣ �ǦȂȝǐǆǣǼȂǶȂǝΞॶ ॻȖǆৄँंऄआ ƷǼǌ ॻȖǆৄऄऀअऀईँ঴ ǦǼ ऄ઒ ǼȂǼৄ

ǜƷȝ ǌȓΞ ǻǦǶǴ ǦǼ b�[ৄbॽ [ǦǝǼƷǶ ΘƷȖ ƷǼƷǶΞȖǐǌ ǅΞ ǆǣǐǻǦǶȠǻǦǼǐȖǆǐǼǆǐ ΘǦȝǣ [Ƞȏǐȓ[ǦǝǼƷǶ sǐȖȝ UǦǆȂॶ �ȠȓƷ

Ȃȓ $ǐǻȝȂ ȓǐƷǝǐǼȝȖ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ॽ

ऀऀई



�৷ऀࣿ৷इ /ӸҷӚӢӹӚ ҷӹӋ ӢӸҷӚӏ ҷӹҷӲԮԓӢԓ

=ǦΗǐ ǆǐǶǶ ǦǻƷǝǦǼǝ ΘƷȖ ȏǐȓǜȂȓǻǐǌ ȂǼ Ʒ CǦǴȂǼ �ǆǶǦȏȖǐ bǦ ǦǼΗǐȓȝǐǌ ǻǦǆȓȂȖǆȂȏǐ ǐȒȠǦȏȏǐǌ ΘǦȝǣ �[eৄxऀ

ȖȏǦǼǼǦǼǝ ǌǦȖǴ ǆȂǼǜȂǆƷǶ ǣǐƷǌ ঳yȂǴȂǝƷΘƷ঴ॶ ःࣿऄৄॶ ःइइৄॶ ऄअऀৄॶ Ȃȓ अंईৄ Ǽǻ ǶƷȖǐȓ ǶǦǼǐȖॶ ऀࣿࣿΝ �ȏȂb/X$

ऀॽः C� ȂǅǱǐǆȝǦΗǐ ঳CǦǴȂǼॶ BǐǶΗǦǶǶǐॶ Cy঴ॶ ƷǼǌ ǦxȂǼ eǶȝȓƷ इईआ �B��� Ȃȓ ~ΞǶƷ ःॽँ UǶȠȖ Ȗ�BH[

ǆƷǻǐȓƷȖ ঳�ǼǌȂȓॶ �ǐǶǜƷȖȝॶ e<঴ॽ �ǐǶǶȖ Θǐȓǐ ƷǼǼȠƷǶǶΞ ȝǐȖȝǐǌ ǜȂȓ ǻΞǆȂȏǶƷȖǻƷ ǆȂǼȝƷǻǦǼƷȝǦȂǼ ǅΞ eǼǦΗǐȓৄ

ȖƷǶ BΞǆȂȏǶƷȖǻƷ �ǐȝǐǆȝǦȂǼ <Ǧȝ ঳�b��঴ॽ $Ȃȓ ȒȠƷǼȝǦЖǆƷȝǦȂǼ Ȃǜ �XǻȂȓȏǣȂǶȂǝΞॶ ं ઐǻ ~ ȖȝƷǆǴȖ ΘǦȝǣ

ࣿॽँऄ ઐǻ ȖȝǐȏȖ Θǐȓǐ ƷǆȒȠǦȓǐǌॽ

/ǻƷǝǦǼǝ ǐΝȏǐȓǦǻǐǼȝȖ Ȃǜ [eBऀऄई ǆǐǶǶȖ Θǐȓǐ ǆƷȓȓǦǐǌ ȂȠȝ ǦǼ %ǦǅǆȂ $ǶȠȂȓȂǅȓǦȝǐ �B�B ঳=Ǧǜǐ bǐǆǣৄ

ǼȂǶȂǝǦǐȖ঴ ȖȠȏȏǶǐǻǐǼȝǐǌ ΘǦȝǣ [eBऀऄई ǻƷǦǼȝǐǼƷǼǆǐ ǻǐǌǦƷ ǆȂǻȏȂǼǐǼȝȖॽ /ǻƷǝǦǼǝ ǐΝȏǐȓǦǻǐǼȝȖ

Ȃǜ ,ǐȏ%ँॶ ,Ƞǣआॶ ƷǼǌ �ȂȖआ ǆǐǶǶȖ Θǐȓǐ ǆƷȓȓǦǐǌ ȂȠȝ ǦǼ %ǦǅǆȂ $ǶȠȂȓȂǅȓǦȝǐ �B�B ঳=Ǧǜǐ bǐǆǣǼȂǶȂৄ

ǝǦǐȖ঴ ȖȠȏȏǶǐǻǐǼȝǐǌ ΘǦȝǣ ऀࣿ઒ $�[ ƷǼǌ ƷǼȝǦǅǦȂȝǦǆȖॽ =�Ȗ Θǐȓǐ ȖȝƷǦǼǐǌ ΘǦȝǣ ǐǦȝǣǐȓ ऀࣿࣿ ઐBǻȂǼȂǌƷǼৄ

ȖΞǶȏǐǼȝƷǼǐ ঳B�,঴ ঳�ebHǌȂȝঃ �ǅǆǐȏȝƷॶ ॻ[Bऀࣿࣿǅ঴ॶ ࣿॽऄ ઐǝ঄ǻǶ �H�/Uy ःईं঄ऄࣿं ঳=Ǧǜǐ bǐǆǣǼȂǶȂৄ

ǝǦǐȖ঴ Ȃȓ ,�[ =ǦȏǦǌbHx�ǐǐȏ Xǐǌ CǐȠȝȓƷǶ =ǦȏǦǌ [ȝƷǦǼ ঳bǣǐȓǻȂ $ǦȖǣǐȓ [ǆǦǐǼȝǦЖǆ঴ Ʒȝ ǶǐƷȖȝ ऀऄ ǻǦǼৄ

ȠȝǐȖ ǅǐǜȂȓǐ ǦǻƷǝǦǼǝॽ BǦȝȂǆǣȂǼǌȓǦƷ Θǐȓǐ ȖȝƷǦǼǐǌ ΘǦȝǣ ँऄ ǼBBǦȝȂbȓƷǆǴǐȓ Xǐǌ �BxXȂȖ ঳bǣǐȓǻȂ

$ǦȖǣǐȓॶ ॻBৄआऄऀँ঴ Ȃȓ BǦȝȂbȓƷǆǴǐȓ �ǐǐȏ Xǐǌ $B ঳bǣǐȓǻȂ $ǦȖǣǐȓॶ ॻBँँःँअ঴ Ʒȝ ǶǐƷȖȝ ऀऄ ǻǦǼȠȝǐȖ

ǅǐǜȂȓǐ ǦǻƷǝǦǼǝॽ [ȏǐǆǦЖǆ ǌΞǐȖ ȠȖǐǌ ǦǼ ǐƷǆǣ ǐΝȏǐȓǦǻǐǼȝ Ʒȓǐ ȖȏǐǆǦЖǐǌ ǦǼ ȝǣǐ ЖǝȠȓǐ ǶǐǝǐǼǌȖॽ

�৷ऀऀ �ԞԚӟԀԏ ӅԀӹԚԏӢӂԞԚӢԀӹԓ

�ΝȏǐȓǦǻǐǼȝȖ ǌǐȖǦǝǼǐǌ ǅΞ ��<:ॶ Xq$ॶ ƷǼǌ b�sॽBƷǼΞ ȏǶƷȖǻǦǌȖ ȠȖǐǌ Θǐȓǐ ǌǐΗǐǶȂȏǐǌ ǅΞ :�ॽ �Νȏǐȓৄ

ǦǻǐǼȝȖ ǆƷȓȓǦǐǌ ȂȠȝ ǅΞ ��<:ॽ

ऀँࣿ



XǐǜǐȓǐǼǆǐȖ

ফऀব �ƷǶȝȂǼǐǼॶ Bॽ :ॽॶ $ȓǦǐǌǻƷǼॶ :ॽ Xॽॶ HȖǻƷǼॶ �ॽॶ [ƷǶǦǼॶ �ॽॶ UƷȠǶॶ :ॽॶ CȠǼǼƷȓǦॶ :ॽॶ =ƷǼǝǐȓॶ bॽॶ ૫
bƷȝȖȠȝƷॶ bॽ ঳ँࣿऀअ঴ॽ B/�H[ ƷǼǌ ȏǣȂȖȏǣȂǶǦȏǦǌ ȝȓƷǼȖǜǐȓ ǅΞ eȏȖँ ূBǌǻंऄ ȂȓǝƷǼǦΣǐ ǻǐǻৄ
ǅȓƷǼǐ ǶǦȏǦǌ ȖΞǼȝǣǐȖǦȖ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀं঳ऄ঴ॶ ऄँऄূऄंःॽ

ফँব �ǅǐǶॶ �ॽ �ॽ ঳ँࣿऀࣿ঴ॽ $ȓǐǐ ǜƷȝȝΞ ƷǆǦǌ ȂΝǦǌƷȝǦȂǼ ǦǼ ǦǼȖȠǶǦǼ ȓǐȖǦȖȝƷǼǆǐ ƷǼǌ ȂǅǐȖǦȝΞॽ ,ǯǖȲȼ ǖțǫ
BǯȼǖǤȡȕȅȵȚॶ ःइॶ ऄূऀࣿॽ

ফंব �ǌǐΞȂॶ Hॽॶ ,ȂȓǼॶ Uॽ :ॽॶ =ǐǐॶ [ॽ <ॽॶ �ǦǼǼȖॶ �ॽ �ॽॶ �ǣƷǼǌȓƷǣƷȖॶ �ॽॶ �ǣƷȏǻƷǼॶ <ॽ �ॽॶ ૫ %ȂȂǌৄ
ǻƷǼॶ :ॽ Bॽ ঳ँࣿऀऀ঴ॽ bǣǐ ΞǐƷȖȝ ǶǦȏǦǼ ȂȓȝǣȂǶȂǝȠǐ UƷǣऀȏ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ǅǦȂǝǐǼǐȖǦȖ Ȃǜ ǶǦȏǦǌ
ǌȓȂȏǶǐȝȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ऀईँ঳अ঴ॶ ऀࣿःंূऀࣿऄऄॽ

ফःব �ǻǐǐȓॶ $ॽॶ [ǆƷǼǌǦȠΣΣǦॶ =ॽॶ ,ƷȖǼƷǦǼॶ [ॽॶ <ƷǶǅƷǆǣǐȓॶ ,ॽॶ ૫ ~ƷǦǌǦॶ Cॽ ঳ँࣿऀः঴ॽ �ǐ ǼȂΗȂ ǶǦȏȂǝǐǼǐৄ
ȖǦȖ ǦǼ ǣǐƷǶȝǣ ƷǼǌ ǌǦȖǐƷȖǐॽ BǯȼǖǤȡȕȅȵȚ࣏ �ȕȅțȅǥǖȕ ǖțǫ �ͣȮǯȲȅȚǯțȼǖȕॶ अं঳आ঴ॶ इईऄূईࣿँॽ

ফऄব �ȂǼॶ Bॽ �ॽॶ �ǣƷȝȝॶ Cॽॶ ૫ �ȂȓȝƷȖȖƷॶ [ॽ ঳ँࣿऀः঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ ƷǼǌ ǆǐǶǶȠǶƷȓ ǻǐǆǣƷǼǦȖǻȖ ǜȂȓ
ǻƷǼƷǝǦǼǝ ǶǦȏǦǌ ǐΝǆǐȖȖॽ $ȲȡțȼȅǯȲȵ ȅț UȂͤȵȅȡȕȡǼͤॶ ऄ :e=঳:ȠǶΞ঴ॶ ऀূऀंॽ

ফअব �ȓƷǴǐǶॶ �ॽ �ॽ ૫ [ǆǣΘƷȏȏƷǆǣॶ �ॽ ঳ँࣿऀइ঴ॽ �ȂȓȓǐǆȝǦȂǼॵ $ȂȓǻƷȝǦȂǼ Ȃǜ �HU/ৄǆȂƷȝǐǌ ΗǐȖǦǆǶǐȖ Ʒȝ Ʒ
ǝǶƷǼǆǐ ফ:ॽ �ǐǶǶ [ǆǦॶ ऀंऀॶ ঳ǱǆȖँࣿईइईࣿ঴ব ǌȂǦॵऀࣿॽऀँःँ঄ǱǆȖॽँࣿईइईࣿॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ [ǥȅǯțǥǯॶ ऀंऀ঳आ঴ॽ

ফआব �ΞΞƷȏȏƷǼॶ :ॽ Uॽॶ UƷȠǶॶ �ॽॶ ૫ %ȂȂॶ yॽ ,ॽ ঳ँࣿऀअ঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝৄƷȖȖȂǆǦƷȝǐǌ ȏȓȂȝǐǦǼȖ ǦǼ
ƷȝǣǐȓȂȖǆǶǐȓȂȖǦȖ ঳XǐΗǦǐΘ঴ॽ BȡȕǯǥȿȕǖȲBǯǫȅǥȅțǯ XǯȮȡȲȼȵॶ ऀं঳अ঴ॶ ःऄँआূःऄंःॽ

ফइব �Ʒȓǌॶ $ॽॶ �ƷȖƷǼȂॶ =ॽॶ BƷǶǶƷǅǦƷǅƷȓȓǐǼƷॶ �ॽॶ sƷǶǶƷǆǐॶ �ॽॶ [ƷǦȝȂॶ <ॽॶ <ǦȝƷΞƷǻƷॶ ,ॽॶ %ȠǦΣΣȠǼȝǦॶ
%ॽॶ ,Ƞॶ yॽॶ sǐǼǌǶǐȓॶ $ॽॶ �ƷȖ%ȠȏȝƷॶ Xॽॶ UǐȓȓǦǻȂǼॶ Cॽॶ ૫BƷǶǣȂȝȓƷॶ qॽ ঳ँࣿࣿअ঴ॽ $ȠǼǆȝǦȂǼƷǶ
ǝǐǼȂǻǦǆȖ ȓǐΗǐƷǶȖ ǝǐǼǐȖ ǦǼΗȂǶΗǐǌ ǦǼ ȏȓȂȝǐǦǼ ȖǐǆȓǐȝǦȂǼ ƷǼǌ %ȂǶǝǦ ȂȓǝƷǼǦΣƷȝǦȂǼॽ CǖȼȿȲǯॶ
ःंई঳आࣿआअ঴ॶ अࣿःূअࣿआॽ

ফईব �Ʒȓȓॶ $ॽ �ॽ ঳ँࣿऀं঴ॽ XƷǅ %bUƷȖǐȖ ƷǼǌ ǻǐǻǅȓƷǼǐ ǦǌǐǼȝǦȝΞॵ �ƷȠȖƷǶ Ȃȓ ǦǼǆȂǼȖǐȒȠǐǼȝǦƷǶॾ :ȡȿȲठ
țǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँࣿँ঳ँ঴ॶ ऀईऀূऀईईॽ

ফऀࣿব �ƷȝǐȖॶ �ॽ :ॽ ૫ [ƷǝǝǐȓȖȂǼॶ �ॽ �ॽ ঳ऀईआई঴ॽ � ȖȝȠǌΞ Ȃǜ ȝǣǐ ǝǶΞǆǐȓȂǶ ȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ƷǼǌ
ǌǦǣΞǌȓȂΝΞƷǆǐȝȂǼǐ ȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ƷǆȝǦΗǦȝǦǐȖ ǦǼ ȓƷȝ ǶǦΗǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ƷǼǌ ǻǦǆȓȂৄ
ȖȂǻƷǶ ǜȓƷǆȝǦȂǼȖॽ XǐǶƷȝǦΗǐ ǌǦȖȝȓǦǅȠȝǦȂǼ ǦǼ ȏƷȓǐǼǆǣΞǻƷǶ ƷǼǌ ǼȂǼৄȏƷȓǐǼǆǣΞǻƷǶ ǆǐǶǶȖॶ ǐЍǐǆȝȖ Ȃǜ
CৄǐȝǣΞǶǻƷǶǐǦǻǦǌǐॶ ȏॽ bȂǯ �ȅȡǥȂǯȚȅǥǖȕ ȐȡȿȲțǖȕॶ ऀइँ঳ं঴ॶ आऄऀূअँॽ

ऀँऀ



ফऀऀব �ǐǆȠΘǐॶ Bॽॶ �ȂǼǌॶ =ॽ Bॽॶ UǦǼȝȂॶ �ॽ $ॽॶ �ȂǶƷǼǌॶ [ॽॶ BǐǱǣǐȓȝॶ Cॽॶ �ǶǶǦȂȝȝॶ [ॽ �ॽॶ �ǦǆǆȂǼǐȝॶ Bॽॶ
%ȓƷǣƷǻॶ BॽBॽॶ =ǦȠॶ xॽ Cॽॶ /ǶǴƷΞǐΗƷॶ Hॽॶ [ƷǝǣƷȝǐǶǦƷǼॶ �ॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ ૫ $ƷȓǐȖǐॶ Xॽ qॽ
঳ँࣿँࣿ঴ॽ $/bँ ǦȖ ƷǼ ƷǆΞǶৄǆȂǐǼΣΞǻǐ � ǌǦȏǣȂȖȏǣƷȝƷȖǐ ǆȓȠǆǦƷǶ ǜȂȓ ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻ ǣȂǻǐৄ
ȂȖȝƷȖǦȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀई঳ऀࣿ঴ॽ

ফऀँব �ǐǶǶǐȓॶ Bॽॶ [ΣȝƷǶȓΞǌॶ �ॽॶ [ȂȠȝǣƷǶǶॶ Cॽॶ �ǐǶǶॶ Bॽॶ :ƻǆǴǶǐॶ ,ॽॶ �ȠǶǌॶ �ॽ [ॽॶ ૫ HǶǦΗǐȓॶ �ॽ ঳ँࣿࣿइ঴ॽ
�HU/ �ȂǻȏǶǐΝ /Ȗ Ʒ XǐǝȠǶƷȝȂȓ Ȃǜ =ǦȏǦǌ ,ȂǻǐȂȖȝƷȖǦȖॽ U=H[ �ȅȡȕȡǼͤॶ अ঳ऀऀ঴ॶ ǐँईँॽ

ফऀंব �ǐǼB৚ǅƷȓǐǴॶ <ॽॶ �ǱǱƷǱǦॶ �ॽॶ �ǣȂȓǶƷΞॶ �ॽॶ qƷǼǼǦॶ [ॽॶ $Ȃȓǔȝॶ =ॽॶ ૫ bǣǦƷǻॶ �ॽ Xॽ ঳ँࣿऀआ঴ॽ �X
BǐǻǅȓƷǼǐ UǣȂȖȏǣȂǶǦȏǦǌȖ ƷǼǌ [ȠȓǜƷǆǐ bǐǼȖǦȂǼ �ȂǼȝȓȂǶ �ǐǶǶȠǶƷȓ =ǦȏǦǌ �ȓȂȏǶǐȝ $ȂȓǻƷȝǦȂǼॽ
�ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ःऀ঳अ঴ॶ ऄईऀূअࣿःॽ

ফऀःব �Ǧॶ :ॽॶ xǦƷǼǝॶ yॽॶ �ǣǐǼॶ ,ॽॶ =ǦȠॶ ~ॽॶ %ȓȆǼǴǐॶ [ॽॶ <ȤǣǼǶǐǦǼॶ Xॽ Uॽॶ ૫ ,ȠƷǼǝॶ xॽ ঳ँࣿऀँ঴ॽ Hȏৄ
ȏȂȖǦȝǐ ƷǼǌ ȓǐǌȠǼǌƷǼȝ ȓȂǶǐȖ Ȃǜ ȝǣǐ ȝΘȂ �ȓȂȖȂȏǣǦǶƷॵ UǐȓǦǶǦȏǦǼȖ ǦǼ ǶǦȏǦǌ ǻȂǅǦǶǦΣƷȝǦȂǼॽ :ȡȿȲțǖȕ ȡǻ
�ǯȕȕ [ǥȅǯțǥǯॶ ऀँऄ঳ऀऄ঴ॶ ंऄअइূंऄआआॽ

ফऀऄব �ǦǼǼȖॶ �ॽॶ :ƷǼȠȖΣǐΘȖǴǦॶ bॽॶ �ǣǐǼॶ yॽॶ ,ǦǶǶॶ :ॽॶ BƷȓǴǦǼॶ qॽ [ॽॶ ~ǣƷȂॶ yॽॶ %ǦǶȏǦǼॶ �ॽॶ �ǣƷȏǻƷǼॶ
<ॽ �ॽॶ �ǼǌǐȓȖȂǼॶ Xॽ %ॽ sॽॶ ૫ %ȂȂǌǻƷǼॶ :ॽ Bॽ ঳ँࣿࣿअ঴ॽ �Ǽ ǦǼȝǦǻƷȝǐ ǆȂǶǶƷǅȂȓƷȝǦȂǼ ǅǐȝΘǐǐǼ
ȏǐȓȂΝǦȖȂǻǐȖ ƷǼǌ ǶǦȏǦǌ ǅȂǌǦǐȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ऀआं঳ऄ঴ॶ आऀईূआंऀॽ

ফऀअব �ȂǣǼǐȓȝॶ Bॽ ঳ँࣿँࣿ঴ॽ bǐȝǣǐȓǦǼǝ $Ʒȝॵ bǐȝǣǐȓȖ ǦǼ =ǦȏǦǌ �ȓȂȏǶǐȝ �ȂǼȝƷǆȝ [ǦȝǐȖॽ �ȡțȼǖǥȼॶ ंॶ
ँऄऀऄँऄअःँࣿईࣿइऀःॽ

ফऀआব �ȂǻǅƷȓǌǦǐȓॶ :ॽ Uॽ ૫BȠǼȖȂǼॶ Bॽ ঳ँࣿऀऄ঴ॽ bǣȓǐǐ ȖȝǐȏȖ ǜȂȓΘƷȓǌॶ ȝΘȂ ȖȝǐȏȖ ǅƷǆǴॵ BǐǆǣƷǼǦȖȝǦǆ
ǦǼȖǦǝǣȝȖ ǦǼȝȂ ȝǣǐ ƷȖȖǐǻǅǶΞ ƷǼǌ ǌǦȖƷȖȖǐǻǅǶΞ Ȃǜ ȝǣǐ [C�X� ǆȂǻȏǶǐΝॽ �ȿȲȲǯțȼ HȮȅțȅȡț ȅț
�ȂǯȚȅǥǖȕ �ȅȡȕȡǼͤॶ ँईॶ अअূआऀॽ

ফऀइব �ȂȠȝƷǼȝॶ Bॽॶ <ȠǶǴƷȓǼǦॶ [ॽ [ॽॶ :ȂЍȓƷȠǌॶ Bॽॶ XƷȝƷǱǆΣƷǴॶ :ॽॶ qƷǶǐȓƷ৆�ǶǅǐȓǼǦॶ Bॽॶ �Ȃǻǅǐॶ Xॽॶ
~ȂȓΣƷǼȂॶ �ॽॶ ૫ �ƷǼȝȃॶ �ॽ ঳ँࣿऀआ঴ॽ BǜǼँ ǦȖ ǆȓǦȝǦǆƷǶ ǜȂȓ ǅȓȂΘǼ ƷǌǦȏȂȖǐ ȝǦȖȖȠǐ ȝǣǐȓǻȂǝǐǼǦǆ
ǜȠǼǆȝǦȂǼॽ bȂǯ �B�H :ȡȿȲțǖȕॶ ंअ঳ऀऀ঴ॶ ऀऄःंূऀऄऄइॽ

ফऀईব �ȓƷȖƷǐǻǶǐॶ �ॽ =ॽॶ �ȂǶǦȂȖॶ %ॽॶ [ǣƷȏǦȓȂॶ =ॽॶ ૫sƷǼǝॶ Xॽ ঳ँࣿࣿः঴ॽ UȓȂȝǐȂǻǦǆ ƷǼƷǶΞȖǦȖ Ȃǜ ȏȓȂȝǐǦǼȖ
ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖ Ȃǜ ǅƷȖƷǶ ƷǼǌ ǶǦȏȂǶΞȝǦǆƷǶǶΞ ȖȝǦǻȠǶƷȝǐǌ ंbंৄ=ऀ ƷǌǦȏȂǆΞȝǐȖॽ :ȡȿȲțǖȕ
ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँआई঳ःऄ঴ॶ ःअइंऄূःअइःँॽ

ফँࣿব �ȓƷȖƷǐǻǶǐॶ �ॽ =ॽ ૫sȂǶǦǼȖॶ Cॽ �ॽ ঳ँࣿऀँ঴ॽ UƷǆǴƷǝǦǼǝ Ȃǜ ǜƷȝॵ �Ǽ ǐΗȂǶΗǦǼǝ ǻȂǌǐǶ Ȃǜ ǶǦȏǦǌ
ǌȓȂȏǶǐȝ ƷȖȖǐǻǅǶΞ ƷǼǌ ǐΝȏƷǼȖǦȂǼॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइआ঳ः঴ॶ ँँआंূँँआईॽ

ফँऀব �ȓǐȖǶȂΘॶ �ॽ <ॽ ૫sǐǦȖȖǻƷǼॶ :ॽ [ॽ ঳ँࣿऀࣿ঴ॽ BǐǻǅȓƷǼǐȖ ǦǼ �ƷǶƷǼǆǐॵ BǐǆǣƷǼǦȖǻȖ Ȃǜ [ȏǣǦǼৄ
ǝȂǶǦȏǦǌ ,ȂǻǐȂȖȝƷȖǦȖॽ BȡȕǯǥȿȕǖȲ �ǯȕȕॶ ःࣿ঳ँ঴ॶ ँअआূँआईॽ

ফँँব �ȠǶƷǼǴǦǼƷॶ �ॽ qॽॶ �ǐǝǝǐȓǦǆǣॶ �ॽॶ sǐǼΣǐǶॶ �ॽॶ BȠȝǐǼǌƷॶ <ॽॶ sǦȝȝǻƷǼǼॶ :ॽ %ॽॶ XȠǌȂǶȏǣॶ
Bॽ %ॽॶ �Ƞȓǝǐȓॶ <ॽ Cॽ :ॽॶ ૫ ,ȆǼǦǼǝॶ [ॽ ঳ँࣿࣿई঴ॽ b/Uःआ ǜȠǼǆȝǦȂǼȖ ǦǼ ȝǣǐ ǅǦȂǝǐǼǐȖǦȖ Ȃǜ ǶǦȏǦǌ
ǌȓȂȏǶǐȝȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ऀइऄ঳ः঴ॶ अःऀূअऄऄॽ

ऀँँ



ফँंব �ȠȖȖǐǶǶॶ Xॽ ঳ँࣿࣿऄ঴ॽ ,ǐǶǦΝ ȏǐȓǦȂǌǦǆǦȝΞॶ ȝȂȏȂǶȂǝΞॶ ƷǼǌ ǌΞǼƷǻǦǆȖ Ȃǜ ǻǐǻǅȓƷǼǐৄƷȖȖȂǆǦƷȝǐǌ ੆ৄ
[ΞǼȠǆǶǐǦǼॽ UȲȡȼǯȅț [ǥȅǯțǥǯॶ ऀः঳ः঴ॶ इअँূइआँॽ

ফँःব �ƷǻȠȖॶ %ॽॶ qȂǝȝॶ �ॽ �ॽॶ <ȂǼǌȓƷȝȂΘǦǆΣॶ �ॽ [ॽॶ ૫ Hȝȝॶ Bॽ ঳ँࣿऀं঴ॽ =ȅȮȅǫ �ȲȡȮȕǯȼȵ ǖțǫ qȅȲǖȕ
/țǻǯǥȼȅȡțȵॶ ΗȂǶȠǻǐ ऀऀअॽ �ǶȖǐΗǦǐȓ /Ǽǆॽॶ ऀ ǐǌǦȝǦȂǼॽ

ফँऄব �ƷȓȏƷǼǦǼǦॶ [ॽ Bॽॶ Bǆ<Ǧǐॶ =ॽॶ bǣȂǻȖȂǼॶ �ॽॶ sȓǦǝǣȝॶ �ॽ <ॽॶ %ȂȓǌȂǼॶ [ॽ =ॽॶ XȂǆǣǐॶ [ॽ =ॽॶ ,ƷǼৄ
ǌǶǐΞॶ Bॽ bॽॶ BȂȓȓǦȖȂǼॶ ,ॽॶ �ȓȂΘǼȖȝǐǦǼॶ �ॽॶ sǦȖǣƷȓȝॶ bॽ Bॽॶ �ȂȠȖǦǼॶ Bॽ �ॽॶ %ǦǶǶǦǼǝΘƷȝǐȓॶ
bॽ ,ॽॶ �ǶǦǝǦƷǼǦȖॶ /ॽ �ॽॶ ૫ :ƷǆǴȖȂǼॶ /ॽ :ॽ ঳ँࣿऀः঴ॽ � ǼȂΗǐǶ ǻȂȠȖǐ ǻȂǌǐǶ Ȃǜ sƷȓǅȠȓǝBǦǆȓȂ
ȖΞǼǌȓȂǻǐ ȓǐΗǐƷǶȖ ȓȂǶǐȖ ǜȂȓ X��ऀइ ǦǼ ǐΞǐ ǌǐΗǐǶȂȏǻǐǼȝ ƷǼǌ ȂȓǝƷǼǦȖƷȝǦȂǼ Ȃǜ ȝǣǐ ǼǐȠȓȂǼƷǶ ǆΞৄ
ȝȂȖǴǐǶǐȝȂǼॽ �ȅȵǯǖȵǯBȡǫǯȕȵ ੉BǯǥȂǖțȅȵȚȵॶ आ঳अ঴ॶ आऀऀূआँँॽ

ফँअব �Ʒȓȓॶ Xॽ Bॽ ૫ �ǣǦǻƷॶ Xॽ [ॽ ঳ँࣿऀअ঴ॽ UƷȝǣȂȏǣΞȖǦȂǶȂǝΞ Ȃǜ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ȏȓȂȝǐǦǼȖ ǦǼ ǶǦΗǐȓ ǌǦȖৄ
ǐƷȖǐȖॽ �ͣȮǯȲȅȚǯțȼǖȕ �ǯȕȕ XǯȵǯǖȲǥȂॶ ंःࣿ঳ँ঴ॶ ऀइआূऀईँॽ

ফँआব �ƷȓΗƷǶǣȂॶ $ॽ �ॽॶ �ƷȓǼǐǦȓȂॶ $ॽ �ॽॶ BƷȓȝǦǼȖॶ /ॽ �ॽॶ �ȖȖȠǼǆƷȂৄBǦȓƷǼǌƷॶ /ॽॶ $ƷȠȖȝǦǼȂॶ �ॽ $ॽॶ
UǐȓǐǦȓƷॶ Xॽ Bॽॶ �ȂΣΣƷॶ Uॽ bॽॶ �ƷȖȝƷǼǣȂॶ Bॽ �ॽ Xॽ �ॽॶ BȂǣƷǼƷৄ�ȂȓǝǐȖॶ Xॽॶ �Ʒ UȂǦƷǼॶ �ॽ bॽॶ
૫ [ƷǼȝȂȖॶ Cॽ �ॽ ঳ँࣿऀँƷ঴ॽ �ǐǼǝȠǐ qǦȓȠȖ �ƷȏȖǦǌ UȓȂȝǐǦǼ �ǦǼǌǦǼǝ ȝȂ ,ǐȏƷȝǦǆ =ǦȏǦǌ �ȓȂȏǶǐȝȖ
঳=�঴ /Ȗ UȂȝƷȖȖǦȠǻ /ȂǼ �ǐȏǐǼǌǐǼȝ ƷǼǌ /Ȗ BǐǌǦƷȝǐǌ ǅΞ =� [ȠȓǜƷǆǐ UȓȂȝǐǦǼȖॽ :ȡȿȲțǖȕ ȡǻ qȅȲȡȕठ
ȡǼͤॶ इअ঳ः঴ॶ ँࣿईअূँऀࣿइॽ

ফँइব �ƷȓΗƷǶǣȂॶ Bॽॶ [ƷǻȏƷǦȂॶ :ॽ =ॽॶ UƷǶǻॶ sॽॶ �ȓƷǼǴƷȝȖǆǣǴॶ Bॽॶ �ƷȝȂǼॶ [ॽॶ ૫ [ǣǐΗǆǣǐǼǴȂॶ �ॽ
঳ँࣿऀँǅ঴ॽ �ЍǐǆȝȖ Ȃǜ ǌǦǐȝ ƷǼǌ ǌǐΗǐǶȂȏǻǐǼȝ ȂǼ ȝǣǐ �ȓȂȖȂȏǣǦǶƷ ǶǦȏǦǌȂǻǐॽ BȡȕǯǥȿȕǖȲ [ͤȵȼǯȚȵ
�ȅȡȕȡǼͤॶ इ঳अࣿࣿ঴ॶ ऀূऀआॽ

ফँईব �ǣƷǼॶ �ॽ yॽ ૫BǆWȠǦǅǅƷǼॶ %ॽ �ॽ ঳ँࣿऀँ঴ॽ UǣȂȖȏǣƷȝǦǌΞǶȖǐȓǦǼǐ ǌǐǆƷȓǅȂΝΞǶƷȖǐ ऀ ঳UȖǌऀ঴ ȏȓȂৄ
ǻȂȝǐȖ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǜȠȖǦȂǼ ǅΞ ȓǐǝȠǶƷȝǦǼǝ ȝǣǐ ǅǦȂȏǣΞȖǦǆƷǶ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ
ǻǐǻǅȓƷǼǐ ƷǼǌ ƷǶȝǐȓǼƷȝǦΗǐ ȝȂȏȂǝǐǼǐȖǦȖ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǝǐǼȂǻǐ ǻƷǦǼȝǐǼƷǼǆǐ ȏȓȂȝǐǦǼ ऀ
঳Bǝǻऀ঴ॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइआ঳ःइ঴ॶ ःࣿऀंऀূःࣿऀंईॽ

ফंࣿব �ǣǐǼॶ yॽ �ॽ ૫ [ǆǣǐǶǶǐȓॶ Xॽ ,ॽ ঳ँࣿࣿऀ঴ॽ [C�X�ৄǻǐǌǦƷȝǐǌ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼॽ CǖȼȿȲǯ Ȳǯ͝ȅǯ͞ȵࣗ
BȡȕǯǥȿȕǖȲ ǥǯȕȕ ǤȅȡȕȡǼͤॶ ँ঳ँ঴ॶ ईइূऀࣿअॽ

ফंऀব �ǣǦȠॶ [ॽॶ BȠǶǶǦǝƷǼॶ <ॽॶ ૫ [ǆǣΘƷȓΣॶ :ॽ Bॽ ঳ँࣿऀइ঴ॽ �ǦǐȝƷȓΞ ǆƷȓǅȂǣΞǌȓƷȝǐȖ ƷǼǌ ǜƷȝȝΞ ǶǦΗǐȓ ǌǦȖǐƷȖǐॵ
�ǐ ǼȂΗȂ ǶǦȏȂǝǐǼǐȖǦȖॽ �ȿȲȲǯțȼ HȮȅțȅȡț ȅț �ȕȅțȅǥǖȕ CȿȼȲȅȼȅȡț ǖțǫBǯȼǖǤȡȕȅǥ �ǖȲǯॶ ँऀ঳ः঴ॶ ँआआূ
ँइँॽ

ফंँব �ǣȂȓǶƷΞॶ �ॽॶ BȂǼȝǦǆǐǶǶǦॶ =ॽॶ qǐȓǨȖȖǦǻȂ $ǐȓȓǐǦȓƷॶ :ॽॶ �ǐǼB৚ǅƷȓǐǴॶ <ॽॶ �ǱǱƷǱǦॶ �ॽॶ sƷǼǝॶ [ॽॶ :ȂǣǼৄ
ȖȂǼॶ �ॽॶ �ǐǆǴॶ Xॽॶ HǻȓƷǼǐॶ Bॽॶ �ǐǶǶǐȓॶ Bॽॶ �ƷȓΗƷǶǣȂॶ Uॽॶ ૫ XƷǆǣǦǌ bǣǦƷǻॶ �ॽ ঳ँࣿऀई঴ॽ Bǐǻৄ
ǅȓƷǼǐ �ȖΞǻǻǐȝȓΞ /ǻȏȂȖǐȖ �ǦȓǐǆȝǦȂǼƷǶǦȝΞ ȂǼ =ǦȏǦǌ �ȓȂȏǶǐȝ �ǻǐȓǝǐǼǆǐ ǜȓȂǻ ȝǣǐ �Xॽ �ǯ͝ǯȕठ
ȡȮȚǯțȼǖȕ �ǯȕȕॶ ऄࣿ঳ऀ঴ॶ ँऄূःँॽ

ফंंব �ǣȂȠǌǣƷȓΞॶ qॽॶ %ȂǶƷǼǦॶ %ॽॶ :ȂȖǣǦॶ �ॽ [ॽॶ �ȂȝȝǦǐȓॶ [ॽॶ [ǆǣǼǐǦȝǐȓॶ Xॽॶ UȓǦǼΣॶ sॽ �ॽॶ ૫ <ȂΣǶȂΗॶ
Bॽ Bॽ ঳ँࣿऀइ঴ॽ �ȓǆǣǦȝǐǆȝȠȓǐ Ȃǜ =ǦȏǦǌ �ȓȂȏǶǐȝȖ ǦǼ �ǼǌȂȏǶƷȖǻǦǆ XǐȝǦǆȠǶȠǻ /Ȗ �ǐȝǐȓǻǦǼǐǌ ǅΞ
UǣȂȖȏǣȂǶǦȏǦǌ /ǼȝȓǦǼȖǦǆ �ȠȓΗƷȝȠȓǐॽ �ȿȲȲǯțȼ �ȅȡȕȡǼͤॶ ँइ঳अ঴ॶ ईऀऄূईँअॽ

ऀँं



ফंःব �ǣȂȠǌǣƷȓΞॶ qॽॶ HǱǣƷॶ Cॽॶ %ȂǶǌǐǼॶ �ॽॶ ૫ UȓǦǼΣॶ sॽ �ॽ ঳ँࣿऀऄ঴ॽ � ǆȂǼȖǐȓΗǐǌ ǜƷǻǦǶΞ Ȃǜ ȏȓȂȝǐǦǼȖ
ǜƷǆǦǶǦȝƷȝǐȖ ǼƷȖǆǐǼȝ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǅȠǌǌǦǼǝ ǜȓȂǻ ȝǣǐ �Xॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀऀ঳ँ঴ॶ ँअऀূ
ँआऀॽ

ফंऄব �ǣȠǼǝॶ :ॽॶ sȠॶ xॽॶ =Ʒǻǅǐȓȝॶ bॽ :ॽॶ =ƷǦॶ ~ॽ sॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ ૫ $ƷȓǐȖǐॶ Xॽ qॽ ঳ँࣿऀई঴ॽ =��$ऀ
ƷǼǌ [ǐǦȏǦǼ $Ȃȓǻ Ʒ =ǦȏǦǌ �ȓȂȏǶǐȝ �ȖȖǐǻǅǶΞ �ȂǻȏǶǐΝॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ऄऀ঳ऄ঴ॶ ऄऄऀূऄअंॽ

ফंअব �ȂǆǴǆȓȂǜȝॶ [ॽ ૫ XƷǝǣȠॶ Uॽ ঳ँࣿऀइ঴ॽ UǣȂȖȏǣȂǶǦȏǦǌ ȝȓƷǼȖȏȂȓȝ ȏȓȂȝǐǦǼ ǜȠǼǆȝǦȂǼ Ʒȝ ȂȓǝƷǼǐǶǶǐ
ǆȂǼȝƷǆȝ ȖǦȝǐȖॽ �ȿȲȲǯțȼ HȮȅțȅȡț ȅț �ǯȕȕ �ȅȡȕȡǼͤॶ ऄंॶ ऄँূअࣿॽ

ফंआব �ȂǣǐǼॶ �ॽ sॽॶ XƷΣƷǼǦॶ �ॽॶ [ǆǣȠǅǐȓȝॶ sॽॶ sǦǶǶǦƷǻȖॶ bॽ Bॽॶ sƷǼǝॶ xॽ �ॽॶ /ΞǐǼǝƷȓॶ Uॽॶ
�ȓƷȖƷǐǻǶǐॶ �ॽ =ॽॶ [ǆǣǐȓǐȓॶ Uॽ �ॽॶ ૫ =ǦȖƷǼȝǦॶ Bॽ Uॽ ঳ँࣿࣿः঴ॽ XȂǶǐ Ȃǜ �ƷΗǐȂǶǦǼৄऀ ǦǼ ȝǣǐ BȂǌৄ
ȠǶƷȝǦȂǼ Ȃǜ =ǦȏȂǶΞȖǦȖ ƷǼǌ =ǦȏǦǌ �ȓȂȏǶǐȝ $ȂȓǻƷȝǦȂǼॽ �ȅǖǤǯȼǯȵॶ ऄं঳ऄ঴ॶ ऀँअऀূऀँआࣿॽ

ফंइব �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿऀई঴ॽ /ȝ ȝƷǴǐȖ Ʒ ΗǦǶǶƷǝǐॵ �ǣƷǼǼǐǶǦǼǝ ǜƷȝȝΞ ƷǆǦǌ ǻǐȝƷǅȂǶǦȖǻ ƷǼǌ ȝȓǦƷǆΞǶǝǶΞǆৄ
ǐȓȂǶ ǜȂȓǻƷȝǦȂǼ ΗǦƷ ȏȓȂȝǐǦǼ ǦǼȝǐȓƷǆȝȂǻǐȖॽ :ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ XǯȵǯǖȲǥȂॶ अࣿ঳ं঴ॶ ःईࣿূःईआॽ

ফंईব �ȂǶǐǻƷǼॶ Xॽ �ॽ ૫ =ǐǐॶ �ॽ Uॽ ঳ँࣿࣿः঴ॽ �ǼΣΞǻǐȖ Ȃǜ ȝȓǦƷǆΞǶǝǶΞǆǐȓȂǶ ȖΞǼȝǣǐȖǦȖ ƷǼǌ ȝǣǐǦȓ ȓǐǝȠǶƷৄ
ȝǦȂǼॽ UȲȡǼȲǯȵȵ ȅț =ȅȮȅǫ XǯȵǯǖȲǥȂॶ ःं঳ँ঴ॶ ऀंःূऀआअॽ

ফःࣿব �ȂȏǦǈॶ �ॽॶ �ǼȝȂǦǼǐৄ�ƷǶǶΞॶ [ॽॶ %ǦǻǑǼǐΣৄ�ǼǌȓǑȖॶ Bॽॶ =Ʒ bȂȓȓǐ %ƷȓƷΞॶ �ॽॶ �ǼȝȂǼǼΞॶ �ॽॶ BƷǼǼǦॶ
Bॽ Bॽॶ UƷǝǼȂȝȝƷॶ [ॽॶ %ȠǦǣȂȝॶ :ॽॶ ૫ :ƷǆǴȖȂǼॶ �ॽ =ॽ ঳ँࣿऀइ঴ॽ � ǝǦƷǼȝ ƷǻȏǣǦȏƷȝǣǦǆ ǣǐǶǦΝ ǜȓȂǻ Ʒ
ȏǐȓǦǶǦȏǦǼ ȝǣƷȝ ǦȖ ƷǌƷȏȝǐǌ ǜȂȓ ǆȂƷȝǦǼǝ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॽ CǖȼȿȲǯ �ȡȚȚȿțȅǥǖȼȅȡțȵॶ ई঳ऀ঴ॶ ऀূऀअॽ

ফःऀব �ƷȝȝƷॶ [ॽॶ =ǦȠॶ yॽॶ ,ƷȓǦȓǦॶ ,ॽॶ �ȂΘǐȓǻƷǼॶ :ॽॶ ૫ ,ǐǼǼǐॶ sॽBॽ ঳ँࣿऀई঴ॽ �ǐȓǐǅǐǶǶƷȓ ƷȝƷΝǦƷ
ǌǦȖǐƷȖǐৄƷȖȖȂǆǦƷȝǐǌ [ǼΝऀः ȏȓȂǻȂȝǐȖ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǝȓȂΘȝǣ Ʒȝ �XৄǌȓȂȏǶǐȝ ǆȂǼȝƷǆȝȖॽ :ȡȿȲțǖȕ
ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀइ঳ः঴ॶ ऀंंऄূऀंऄऀॽ

ফःँব �ǦȓǆǴȖॶ =ॽ <ॽ ૫ [ȠǶॶ ,ॽ [ॽ ঳ऀईईआ঴ॽ BƷǻǻƷǶǦƷǼ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖৄ
ǜǐȓƷȖǐॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठ =ȅȮȅǫȵ ǖțǫ =ȅȮȅǫBǯȼǖǤȡȕȅȵȚॶ ऀंःइ঳ऀৄँ঴ॶ ऀआূँअॽ

ফःंব �ȠǼǆƷǼॶ :ॽ %ॽ ঳ँࣿࣿइ঴ॽ =ǦȏȂȝȂΝǦǆǦȝΞॵ ΘǣƷȝ ǦȖ ȝǣǐ ǜƷȝǐ Ȃǜ ǜƷȝȝΞ ƷǆǦǌȖॾ :ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ XǯȵǯǖȲǥȂॶ
ःई঳आ঴ॶ ऀंआऄূऀंआअॽ

ফःःব �ȓǦǆȖȖȂǼॶ :ॽॶ :ƷǆǴȖȂǼॶ [ॽ Bॽॶ <Ǧǻॶ :ॽ �ॽॶ [ȏǦǐǝǐǶǻƷǼॶ �ॽ Bॽॶ ૫ �ǌΘƷȓǌȖॶ Uॽ �ॽ ঳ऀईईआ঴ॽ /ǌǐǼȝǦЖৄ
ǆƷȝǦȂǼ Ȃǜ ǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ƷȖ ƷǼ ƷǌǦȏȂǆΞȝǐ ǌǐȝǐȓǻǦǼƷȝǦȂǼ ƷǼǌ ǌǦЍǐȓǐǼȝǦƷৄ
ȝǦȂǼ ǜƷǆȝॽ : �ȅȡȕࣗ�ȂǯȚࣗॶ ँआँ঳ऀऀ঴ॶ आँईइূआंࣿऄॽ

ফःऄব $ƷȓǐȖǐॶ Xॽ qॽ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿࣿई঴ॽ =ǦȏǦǌ �ȓȂȏǶǐȝȖ $ǦǼƷǶǶΞ %ǐȝ Ʒ =ǦȝȝǶǐ Xৄ�ৄ[ৄUৄ�ৄ�ৄbॽ
�ǯȕȕॶ ऀंई঳ऄ঴ॶ इऄऄূइअࣿॽ

ফःअব $ǐǶǌǻƷǼǼॶ �ॽॶ �ǐǴǅȠǶƷȝॶ $ॽॶ ,ȠǐȖǻƷǼǼॶ ,ॽॶ eǶǅȓǦǆǣॶ [ॽॶ bƷȝΣǐǶȝॶ :ॽॶ �ǐǣǶॶ �ॽॶ ૫ <ǐȓǼॶ �ॽ
঳ँࣿऀआ঴ॽ bǣǐ X��%bUƷȖǐ X��ऀइ ǻȂǌȠǶƷȝǐȖ ǻƷǆȓȂƷȠȝȂȏǣƷǝΞ ƷǼǌ ȏȓȂȝǐȂȖȝƷȖǦȖॽ �ȅȡǥȂǯȚȅǥǖȕ
ǖțǫ �ȅȡȮȂͤȵȅǥǖȕ XǯȵǯǖȲǥȂ �ȡȚȚȿțȅǥǖȼȅȡțȵॶ ःइअ঳ं঴ॶ आंइূआःंॽ

ऀँः



ফःआব $ǶƷǼƷǝƷǼॶ =ॽॶ qƷǼsǐǐǶǌǐǼॶ <ॽॶ �ǻǻǐȓǻƷǼॶ �ॽॶ �ȝǣǦǐȓॶ [ॽ Uॽॶ ૫sǐǶȖǣॶ :ॽ �ॽ ঳ऀईईई঴ॽ [eBৄ
ऀऄईUb ǆǐǶǶȖॵ � ǼȂΗǐǶ ǐȖȝȓȂǝǐǼ ǦǼǌǐȏǐǼǌǐǼȝ ǣȠǻƷǼ ǅȓǐƷȖȝ ǆƷǼǆǐȓ ǻȂǌǐǶ ȖΞȖȝǐǻॽ �Ȳǯǖȵȼ �ǖțठ
ǥǯȲ XǯȵǯǖȲǥȂ ǖțǫ bȲǯǖȼȚǯțȼॶ ऄइ঳ं঴ॶ ऀईंূँࣿःॽ

ফःइব $ǶǦȖॶ qॽ qॽ ૫ �ƷȠǻॶ %ॽ ঳ँࣿऀं঴ॽ =ǦȏǦǌ bȓƷǼȖȏȂȓȝ ǅǐȝΘǐǐǼ ȝǣǐ �ǼǌȂȏǶƷȖǻǦǆॽ �ȡȕǫ [ȮȲȅțǼ ,ǖȲǤ
UǯȲȵȮǯǥȼ �ȅȡȕॶ ऄ঳अ঴ॶ ऀূँँॽ

ফःईব $ȂȓǻȂȖƷॶ =ॽ �ॽॶ BȠǐǶǶǼǐȓৄsȂǼǝॶ =ॽॶ XǐǶǱǦǆॶ �ॽॶ [ǣƷȓȏǐॶ �ॽ :ॽॶ �ǐǦǶǣƷȓΣॶ bॽ ,ॽॶ =ƷΣƷȓȂȠॶ Bॽॶ
[ȝȓȂȠǌॶ �ॽ �ॽॶ ૫ XΞƷǼॶ Bॽ bॽ ঳ँࣿऀई঴ॽ �ǦȖȖǐǆȝǦǼǝ ȝǣǐ XȂǶǐȖ Ȃǜ BǦȝȂǆǣȂǼǌȓǦƷǶ �ȂǻȏǶǐΝ /
/ǼȝǐȓǻǐǌǦƷȝǐ �ȖȖǐǻǅǶΞ ঳B�/�঴ �ȂǻȏǶǐΝ $ƷǆȝȂȓȖ ǦǼ ȝǣǐ �ǦȂǝǐǼǐȖǦȖ Ȃǜ �ȂǻȏǶǐΝ /ॽ ǤȅȡXͣȅ͝ॶ
঳ȏȏॽ इࣿइंऀऀ঴ॽ

ফऄࣿব $ȓǦǐǌǻƷǼॶ :ॽ Xॽॶ BȂȠȓǦǐȓॶ �ॽॶ yƷǻƷǌƷॶ :ॽॶ BǆǆƷЍǐȓΞॶ :ॽ Bॽॶ ૫ CȠǼǼƷȓǦॶ :ॽ ঳ँࣿऀऄ঴ॽ B/�H[
ǆȂȂȓǌǦǼƷȝǐȖ ΘǦȝǣ ȓǐȖȏǦȓƷȝȂȓΞ ǆȂǻȏǶǐΝǐȖ ƷǼǌ ǶǦȏǦǌȖ ȝȂ ǐȖȝƷǅǶǦȖǣ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǦǼǼǐȓ ǻǐǻৄ
ǅȓƷǼǐ ƷȓǆǣǦȝǐǆȝȠȓǐॽ ǯ=ȅǻǯॶ ঳ȏȏॽ ऀূँऄ঴ॽ

ফऄऀব $ȠǴƷȖƷΘƷॶ yॽॶ bȖȠǱǦॶ :ॽॶ $Ƞॶ [ॽৄ�ॽॶ bȂǻǦǦॶ <ॽॶ ,ȂȓȝȂǼॶ Uॽॶ ૫ /ǻƷǦॶ <ॽ ঳ँࣿऀऄ঴ॽ BǦȝȂ$ƷȝǐȖॵ /ǻৄ
ȏȓȂΗǐǌ UȓǐǌǦǆȝǦȂǼ Ȃǜ BǦȝȂǆǣȂǼǌȓǦƷǶ bƷȓǝǐȝǦǼǝ [ǐȒȠǐǼǆǐȖ ƷǼǌ bǣǐǦȓ �ǶǐƷΗƷǝǐ [ǦȝǐȖॽ Bȡȕǯǥȿठ
ȕǖȲ ǖțǫ �ǯȕȕȿȕǖȲ UȲȡȼǯȡȚȅǥȵॶ ऀः঳ः঴ॶ ऀऀऀंূऀऀँअॽ

ফऄँব $ȠǴȠȖǣǦǻƷॶ �ॽ ૫ =ȂȏƷȖǆǣȠǴॶ %ॽ �ॽ ঳ँࣿऀअ঴ॽ �ƷȓǌǦƷǆ ǜƷȝȝΞ ƷǆǦǌ ȂΝǦǌƷȝǦȂǼ ǦǼ ǣǐƷȓȝ ǜƷǦǶȠȓǐ
ƷȖȖȂǆǦƷȝǐǌ ΘǦȝǣ ȂǅǐȖǦȝΞ ƷǼǌ ǌǦƷǅǐȝǐȖॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ ǖțǫ �ǯȕȕ
�ȅȡȕȡǼͤ ȡǻ =ȅȮȅǫȵॶ ऀइअऀ঳ऀࣿ঴ॶ ऀऄँऄূऀऄंःॽ

ফऄंব %ƷǅǶǐȓॶ $ॽॶ CƷǻॶ [ॽ ~ॽॶ bǦǶǶॶ [ॽॶ BǦȓǌǦȝƷॶ Bॽॶ [ȝǐǦǼǐǝǝǐȓॶ Bॽॶ [ȆǌǦǼǝॶ :ॽॶ =ȠȏƷȖॶ �ॽ Cॽॶ ૫ �ǶΗƷॶ
qॽ ঳ँࣿँࣿ঴ॽ UȓȂȝǐǦǼ [ǐȒȠǐǼǆǐ �ǼƷǶΞȖǦȖ eȖǦǼǝ ȝǣǐ BU/ �ǦȂǦǼǜȂȓǻƷȝǦǆȖ bȂȂǶǴǦȝॽ �ȿȲȲǯțȼ
UȲȡȼȡǥȡȕȵ ȅț �ȅȡȅțǻȡȲȚǖȼȅǥȵॶ आँ঳ऀ঴ॶ ऀূंࣿॽ

ফऄःব %ƷȠȝǦǐȓॶ Xॽॶ �ȂȠǝȠǐȝॶ �ॽॶ �ǼȝȂǼǼΞॶ �ॽॶ ૫ �ȓǦǼॶ %ॽ ঳ँࣿࣿइ঴ॽ ,�=/We�[bॵ � Θǐǅ ȖǐȓΗǐȓ ȝȂ
ȖǆȓǐǐǼ ȖǐȒȠǐǼǆǐȖ ΘǦȝǣ ȖȏǐǆǦЖǆ ǣǐǶǦǆƷǶৄܭ ȏȓȂȏǐȓȝǦǐȖॽ �ȅȡȅțǻȡȲȚǖȼȅǥȵॶ ँः঳ऀइ঴ॶ ँऀࣿऀূँऀࣿँॽ

ফऄऄব %ǐȓȂǼǌȂȏȂȠǶȂȖॶ �ॽॶ �ƷȖȝȂȖॶ Xॽ Cॽॶ yȂȖǣǦǻȠȓƷॶ [ॽ /ॽॶ �ǼǌǐȓȖȂǼॶ Xॽॶ �ƷȓȏƷǼǦǼǦॶ [ॽॶ �ǶǦǝǦƷǼǦȖॶ
/ॽॶ ,ƷǼǌǶǐΞॶ Bॽ bॽॶ ૫ �Ʒȓȓॶ $ॽ �ॽ ঳ँࣿऀः঴ॽ XƷǅऀइ ƷǼǌ Ʒ XƷǅऀइ %�$ ǆȂǻȏǶǐΝ Ʒȓǐ ȓǐȒȠǦȓǐǌ ǜȂȓ
ǼȂȓǻƷǶ �X ȖȝȓȠǆȝȠȓǐॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँࣿऄ঳ऄ঴ॶ आࣿआূआँࣿॽ

ফऄअব %ǦǶǶǦǼǝǣƷǻॶ �ॽ <ॽॶ [ǦǼǴƷॶ Xॽॶ bȂȓȓǐȖॶ /ॽ =ॽॶ =ǦǶǶǐΞॶ <ॽ [ॽॶ ૫BȠǼȓȂॶ [ॽ ঳ँࣿऀः঴ॽ bȂΘƷȓǌ Ʒ ǆȂǻৄ
ȏȓǐǣǐǼȖǦΗǐ ǻƷȏ Ȃǜ ȝǣǐ ǐЍǐǆȝȂȓȖ Ȃǜ ȓƷǅ %bUƷȖǐȖॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ ǥǯȕȕॶ ंऀ঳ं঴ॶ ंऄइূंआंॽ

ফऄआব %ǦȓƷȠǌȂॶ �ॽ %ॽॶ ,Ƞॶ �ॽॶ yȂȠॶ �ॽॶ [ǶȂΗǦǆॶ �ॽ Bॽॶ BȂȖǣƷȓȂΗॶ �ॽ qॽॶ [ȠǶΣǐȓॶ �ॽॶ BǐǶǦƷॶ bॽ :ॽॶ ૫
XȂȝǣǻƷǼॶ :ॽ �ॽ ঳ँࣿࣿऄ঴ॽ [C�X�Ȗ ǆƷǼ ȏȓȂǻȂȝǐ ǆȂǻȏǶǐȝǐ ǜȠȖǦȂǼ ƷǼǌ ǣǐǻǦǜȠȖǦȂǼ ƷȖ ƷǶȝǐȓǼƷȝǦΗǐ
ȂȠȝǆȂǻǐȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ऀआࣿ঳ँ঴ॶ ँःईূँअࣿॽ

ফऄइব %ǦȓȂȠȖȖǐॶ Ʒॽ ૫ =ƷǼǝǦǼॶ �ॽ ঳ँࣿऀँ঴ॽ �ǌǦȏȂǆΞȝǐ ǶǦȏƷȖǐȖ ƷǼǌ ǶǦȏǦǌ ǌȓȂȏǶǐȝৄƷȖȖȂǆǦƷȝǐǌ ȏȓȂȝǐǦǼȖॵ
ǦǼȖǦǝǣȝ ǜȓȂǻ ȝȓƷǼȖǝǐǼǦǆ ǻȂȠȖǐ ǻȂǌǐǶȖॽ /țȼǯȲțǖȼȅȡțǖȕ :ȡȿȲțǖȕ ȡǻ HǤǯȵȅȼͤॶ ंअ঳ः঴ॶ ऄइऀূऄईःॽ

ऀँऄ



ফऄईব %ǶƷȝΣॶ :ॽ $ॽॶ =ȠǦǴǐǼॶ :ॽ :ॽॶ ૫ �ȂǼǐǼॶ �ॽ ঳ँࣿऀࣿ঴ॽ BǐǻǅȓƷǼǐ ǜƷȝȝΞ ƷǆǦǌ ȝȓƷǼȖȏȂȓȝǐȓȖ ƷȖ ȓǐǝȠǶƷȝȂȓȖ
Ȃǜ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻॵ /ǻȏǶǦǆƷȝǦȂǼȖ ǜȂȓ ǻǐȝƷǅȂǶǦǆ ǌǦȖǐƷȖǐॽ UȂͤȵȅȡȕȡǼȅǥǖȕ Xǯ͝ȅǯ͞ȵॶ ईࣿ঳ऀ঴ॶ ंअआূ
ःऀआॽ

ফअࣿব %ǶȠǆǣȂΘȖǴǦॶ Cॽ =ॽॶ �ǐǆȠΘǐॶ Bॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ ૫ $ƷȓǐȖǐॶ Xॽ qॽ ঳ँࣿऀआ঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝȖ ƷǼǌ
ǶǦΗǐȓ ǌǦȖǐƷȖǐॵ ǜȓȂǻ ǅƷȖǦǆ ǅǦȂǶȂǝΞ ȝȂ ǆǶǦǼǦǆƷǶ ǦǻȏǶǦǆƷȝǦȂǼȖॽ CǖȼȿȲǯ Xǯ͝ȅǯ͞ȵ %ǖȵȼȲȡǯțȼǯȲȡȕȡǼͤ ੉
,ǯȮǖȼȡȕȡǼͤॶ ऀः঳अ঴ॶ ंःंূंऄऄॽ

ফअऀব %ǶȠǆǣȂΘȖǴǦॶ Cॽ =ॽॶ %ƷǅȓǦǐǶॶ <ॽ Xॽॶ �ǣǦȝȓƷǱȠॶ �ॽॶ �ȓȂǼȖȂǼॶ Xॽ bॽॶ BǐǱǣǐȓȝॶ Cॽॶ �ȂǶƷǼǌॶ [ॽॶ
sƷǼǝॶ <ॽॶ =ƷǦॶ ~ॽ sॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀई঴ॽ ,ǐȏƷȝȂǆΞȝǐ �ǐǶǐȝǦȂǼ Ȃǜ
bȓǦǝǶΞǆǐȓǦǌǐৄ[ΞǼȝǣǐȖǦȖ �ǼΣΞǻǐ �ǆΞǶ �Ȃ�ॵ �ǦƷǆΞǶǝǶΞǆǐȓȂǶ �ǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ँ XǐǌȠǆǐȖ [ȝǐƷȝȂȖǦȖ
sǦȝǣȂȠȝ /ǼǆȓǐƷȖǦǼǝ /ǼЙƷǻǻƷȝǦȂǼ Ȃȓ $ǦǅȓȂȖǦȖ ǦǼ BǦǆǐॽ ,ǯȮǖȼȡȕȡǼͤॶ आࣿ঳अ঴ॶ ऀईआँূऀईइऄॽ

ফअँব %ȂǻǐȖॶ [ॽॶ [ȂƷȓǐȖॶ qॽ �ॽॶ ૫ $ǐȓȓǐǦȓƷॶ �ॽ �ॽ ঳ँࣿँࣿ঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝȖ ǜȠǐǶ [�X[ৄ�Ȃqৄँ ȓǐȏǶǦǆƷৄ
ȝǦȂǼ ƷǼǌ ȏȓȂǌȠǆȝǦȂǼ Ȃǜ ǦǼЙƷǻǻƷȝȂȓΞ ǻǐǌǦƷȝȂȓȖॽ ǤȅȡXͣȅ͝ॶ ঳ȏȏॽ ऀূऀई঴ॽ

ফअंব %ȂǼΣƷǶǐΣৄ�Ʒȓȃॶ Bॽ Xॽॶ %ȓƷǼǝǐȓॶ �ॽ �ॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿࣿऀ঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ %ǶΞǆǐȓȂǶ
UǣȂȖȏǣƷȝǐ �ǆΞǶȝȓƷǼȖǜǐȓƷȖǐ �ȂǼȝƷǦǼȖ bΘȂ bȓƷǼȖǻǐǻǅȓƷǼǐ �ȂǻƷǦǼȖ ΘǦȝǣ ȝǣǐ �ǆȝǦΗǐ [Ǧȝǐ
ǦǼ ȝǣǐ CৄȝǐȓǻǦǼƷǶ �ȂǻƷǦǼ $ƷǆǦǼǝ ȝǣǐ �ΞȝȂȖȂǶॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँआअ঳ःअ঴ॶ
ःंऀइँূःंऀइइॽ

ফअःব %ȓƷǣǼॶ bॽ ,ॽ Bॽॶ <ƷȠȓॶ Xॽॶ yǦǼॶ :ॽॶ [ǆǣΘǐǦǝǐȓॶ Bॽॶ [ǣƷȓǻƷॶ qॽ Bॽॶ =ǐǐॶ Bॽ :ॽॶ /ǌȂॶ yॽॶ [ǻƷȖॶ
�ॽ Bॽॶ ~ǐǆǣǼǐȓॶ Xॽॶ =ƷȖȖॶ �ॽॶ ૫ UȠȓǦॶ qॽ ঳ँࣿऀः঴ॽ $ƷȝৄȖȏǐǆǦЖǆ ȏȓȂȝǐǦǼ ँआ ঳$[Uँआ঴ ǦǼȝǐȓƷǆȝȖ
ΘǦȝǣ ƷǌǦȏȂȖǐ ȝȓǦǝǶΞǆǐȓǦǌǐ ǶǦȏƷȖǐ ঳�b%=঴ ȝȂ ȓǐǝȠǶƷȝǐ ǶǦȏȂǶΞȖǦȖ ƷǼǌ ǦǼȖȠǶǦǼ ȖǐǼȖǦȝǦΗǦȝΞ ǦǼ ǣȠǻƷǼ
ƷǌǦȏȂǆΞȝǐȖॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइई঳ऀआ঴ॶ ऀँࣿँईূऀँࣿंईॽ

ফअऄব %ȓǦȏȏƷॶ �ॽॶ �ȠΝȃॶ =ॽॶ BȂȓƷॶ %ॽॶ $ȠǼƷΞƷॶ �ॽॶ /ǌȓǦȖȖǦॶ $ॽ ~ॽॶ BƷǼǆȠȖȂॶ $ॽॶ %ȂǻǐΣॶ Xॽॶ
BȠǼȝƷǼΞƼॶ :ॽॶ [ƷǅǦǌȃॶ �ॽॶ ૫ �ƷȓΗƷǶǣȂॶ Uॽ ঳ँࣿऀऄ঴ॽ bǣǐ ȖǐǦȏǦǼ ǆȂǻȏǶǐΝ $Ƕǌऀ঄=ǌǅऀअ ȖȝƷǅǦǶǦΣǐȖ
�XৄǶǦȏǦǌ ǌȓȂȏǶǐȝ ǆȂǼȝƷǆȝ ȖǦȝǐȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀऀ঳ः঴ॶ इँईূइःःॽ

ফअअব %ȓȆǼǴǐॶ [ॽॶ BǦǶǌǼǐȓॶ �ॽॶ $ǐǶǶǐȓȝॶ [ॽॶ bǐǼǼƷǝǐǶȖॶ Cॽॶ UǐȝȓΞॶ [ॽॶ BȤǶǶǐȓॶ %ॽॶ :ƻǆǴǶǐॶ ,ॽॶ ૫ <ȤǣǼৄ
ǶǐǦǼॶ Xॽ Uॽ ঳ँࣿࣿऄ঴ॽ �ȓȠǻǻǐȓ ǶǦȏƷȖǐ ǦȖ ƷǼ ǐΗȂǶȠȝǦȂǼƷȓΞ ǆȂǼȖǐȓΗǐǌ ǜƷȝ ȖȝȂȓƷǝǐ ȓǐǝȠǶƷȝȂȓ ǦǼ
�ȓȂȖȂȏǣǦǶƷॽ �ǯȕȕBǯȼǖǤȡȕȅȵȚॶ ऀ঳ऄ঴ॶ ंँंূंंࣿॽ

ফअआব %ȓȂȖȖॶ �ॽ �ॽ ૫ [ǦǶΗǐȓॶ �ॽ =ॽ ঳ँࣿऀः঴ॽ �ΞȝȂȖȂǶǦǆ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॵ $ȓȂǻǻǐǆǣƷǼǦȖǻȖ Ȃǜ ǜƷȝ ȖȝȂȓƷǝǐ
ȝȂ ǌǦȖǐƷȖǐॽ �Ȳȅȼȅǥǖȕ Xǯ͝ȅǯ͞ȵ ȅț �ȅȡǥȂǯȚȅȵȼȲͤ ǖțǫBȡȕǯǥȿȕǖȲ �ȅȡȕȡǼͤॶ ःई঳ः঴ॶ ंࣿःূंँअॽ

ফअइব %ȓȂȖȖॶ �ॽ �ॽॶ ~ǣƷǼॶ �ॽॶ ૫ [ǦǶΗǐȓॶ �ॽ =ॽ ঳ँࣿऀऀ঴ॽ �Ǧȓǐǆȝ ǅǦǼǌǦǼǝ Ȃǜ ȝȓǦǝǶΞǆǐȓǦǌǐ ȝȂ ǜƷȝ ȖȝȂȓƷǝǐৄ
ǦǼǌȠǆǦǼǝ ȝȓƷǼȖǻǐǻǅȓƷǼǐ ȏȓȂȝǐǦǼȖ ऀ ƷǼǌ ँ ǦȖ ǦǻȏȂȓȝƷǼȝ ǜȂȓ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǜȂȓǻƷȝǦȂǼॽ UȲȡǥǯǯǫठ
ȅțǼȵ ȡǻ ȼȂǯ Cǖȼȅȡțǖȕ �ǥǖǫǯȚͤ ȡǻ [ǥȅǯțǥǯȵॶ ऀࣿइ঳ःई঴ॶ ऀईऄइऀূऀईऄइअॽ

ফअईব %ȠƷȓƷǼǦॶ qॽॶ BǆǼǐǦǶǶॶ �ॽ Bॽॶ UƷȠǶȂॶ :ॽ �ॽॶ ,ȠȝȝǶǦǼॶ �ॽ =ॽॶ %ΞǝǦॶ [ॽ Uॽॶ qƷǆȝȂȓॶ �ॽ qॽॶ ૫,Ʒȓȏǐȓॶ
:ॽ sॽ ঳ँࣿऀऄ঴ॽ W/=ऀ ǦȖ Ʒ ǼȂΗǐǶ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȏȓȂȝǐǦǼ ȓǐȒȠǦȓǐǌ ǜȂȓ B/�H[ ǆȂǻȏǶǐΝ ȖȝƷǅǦǶǦȝΞ
ƷǼǌ ǆȓǦȖȝƷǐ ǻȂȓȏǣȂǶȂǝΞॽ ǯ=ȅǻǯॶ ঳ȏȏॽ ऀূँं঴ॽ

ऀँअ



ফआࣿব %ȠǐȓȓǐȓȂৄ�ƷȖȝǦǶǶȂॶ [ॽॶ �ƷǐȓȝǶǦǼǝॶ $ॽॶ <ȂΘǼƷȝΣǴǦॶ �ॽॶ sǐȖȖǐǶȖॶ ,ॽ :ॽॶ �ȓǼȂǶǌॶ [ॽॶ �ȓƷǼǌȝॶ eॽॶ ૫
CǦǱȝǻƷǼȖॶ =ॽ ঳ँࣿऀआ঴ॽ bǣǐ �ȖȖǐǻǅǶΞ UƷȝǣΘƷΞ Ȃǜ BǦȝȂǆǣȂǼǌȓǦƷǶ XǐȖȏǦȓƷȝȂȓΞ �ǣƷǦǼ �ȂǻȏǶǐΝ
/ॽ �ǯȕȕBǯȼǖǤȡȕȅȵȚॶ ँऄ঳ऀ঴ॶ ऀँइূऀंईॽ

ফआऀব %ȠȂॶ yॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ XƷȂॶ Bॽॶ [ȝȠȠȓǻƷǼॶ Cॽॶ %ȂȖǣǦǻƷॶ %ॽॶ bǐȓƷΞƷǻƷॶ <ॽॶ sȂǼǝॶ :ॽ [ॽॶ
qƷǶǐॶ Xॽ �ॽॶ sƷǶȝǐȓॶ Uॽॶ ૫ $ƷȓǐȖǐॶ Xॽ qॽ ঳ँࣿࣿइ঴ॽ $ȠǼǆȝǦȂǼƷǶ ǝǐǼȂǻǦǆ ȖǆȓǐǐǼ ȓǐΗǐƷǶȖ ǝǐǼǐȖ ǦǼৄ
ΗȂǶΗǐǌ ǦǼ ǶǦȏǦǌৄǌȓȂȏǶǐȝ ǜȂȓǻƷȝǦȂǼ ƷǼǌ ȠȝǦǶǦΣƷȝǦȂǼॽ CǖȼȿȲǯॶ ःऄं঳आऀईऄ঴ॶ अऄआূअअऀॽ

ফआँব %ȠȖǌȂǼॶ �ॽ Bॽॶ [ȂǼǝॶ <ॽৄxॽॶ ૫ WȠॶ [ॽ ঳ँࣿऀः঴ॽ CȂǼƷǶǆȂǣȂǶǦǆ $ƷȝȝΞ ǶǦΗǐȓ ǌǦȖǐƷȖǐॵ ȏƷȝǣȂǝǐǼǐȖǦȖ
ƷǼǌ ȝǣǐȓƷȏǐȠȝǦǆȖ ǜȓȂǻ Ʒ ǻǦȝȂǆǣȂǼǌȓǦƷৄǆǐǼȝȓǦǆ ȏǐȓȖȏǐǆȝǦΗǐॽ Hͣȅǫǖȼȅ͝ǯ Țǯǫȅǥȅțǯ ǖțǫ ǥǯȕȕȿȕǖȲ
ȕȡțǼǯ͝ȅȼͤॶ ँࣿऀःॶ अंआࣿँआॽ

ফआंব %ȠȖȝƷǜȖȖȂǼॶ Bॽ %ॽॶ [ǣƷȂॶ =ॽॶ �ƷȓǶȝȂǼॶ Uॽ Bॽॶ sƷǼǝॶ �ॽ :ॽॶ %ȂǶȠǅȂΗȖǴƷΞƷॶ /ॽ Cॽॶ �ƷǼǌǐॶ sॽ ~ॽॶ
�ǝƷȓǌॶ �ॽ �ॽॶ ૫ [ǐǌƷȝॶ :ॽ sॽ ঳ँࣿࣿइ঴ॽ bǣȓǐǐৄǌǦǻǐǼȖǦȂǼƷǶ ȓǐȖȂǶȠȝǦȂǼ ǌȂȠǅǶǦǼǝ ǦǼ ΘǦǌǐৄЖǐǶǌ
ЙȠȂȓǐȖǆǐǼǆǐ ǻǦǆȓȂȖǆȂȏΞ ǅΞ ȖȝȓȠǆȝȠȓǐǌ ǦǶǶȠǻǦǼƷȝǦȂǼॽ �ȅȡȮȂͤȵȅǥǖȕ :ȡȿȲțǖȕॶ ईः঳ऀँ঴ॶ ःईऄआূःईआࣿॽ

ফआःব ,ƷǻǻȂǼǌॶ =ॽ �ॽॶ %ƷǶǶƷǝǣǐȓॶ Uॽ �ॽॶ sƷǼǝॶ [ॽॶ ,ǦǶǶǐȓॶ [ॽॶ <ǶȠǆǴǻƷǼॶ <ॽ �ॽॶ UȂȖǐΞৄBƷȓǆȂȖॶ
�ॽ =ॽॶ BƷǐǌƷॶ Cॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿࣿँ঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ %ǶΞǆǐȓȂǶৄंৄUǣȂȖȏǣƷȝǐ
�ǆΞǶȝȓƷǼȖǜǐȓƷȖǐৄ�ǐЖǆǦǐǼȝ BǦǆǐ ,ƷΗǐ XǐǌȠǆǐǌsǐǦǝǣȝ ƷǼǌ =ǦΗǐȓ bȓǦƷǆΞǶǝǶΞǆǐȓȂǶ �ȂǼȝǐǼȝ
ƷǼǌ �Ƕȝǐȓǐǌ %ǶΞǆǐȓȂǶǦȏǦǌ $ƷȝȝΞ �ǆǦǌ �ȂǻȏȂȖǦȝǦȂǼॽ BȡȕǯǥȿȕǖȲ ǖțǫ �ǯȕȕȿȕǖȲ �ȅȡȕȡǼͤॶ ँँ঳ँं঴ॶ
इँࣿःূइँऀःॽ

ফआऄব ,ƷǻǻȂǼǌॶ =ॽ �ॽॶ CǐȖǆǣǐǼॶ [ॽॶ XȂǻƷǼǐǶǶǦॶ �ॽ :ॽॶ �ǶǦǼǐॶ %ॽ sॽॶ /ǶǴƷΞǐΗƷॶ Hॽ Xॽॶ [ǣȠǶǻƷǼॶ
%ॽ /ॽॶ BȠȂǦȂॶ �ॽ Bॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿࣿऄ঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ ǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ
ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐৄऀ ǦȖ ǐȖȖǐǼȝǦƷǶ ǦǼ ǶǦΗǐȓ ǜȂȓ ȝǣǐ ǻǐȝƷǅȂǶǦȖǻ Ȃǜ ǐΝǆǐȖȖ ƷǆΞǶৄ�Ȃ�Ȗॽ :ȡȿȲțǖȕ ȡǻ �ȅठ
ȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइࣿ঳ँआ঴ॶ ँऄअँईূँऄअंअॽ

ফआअব ,ƷΞॶ :ॽ �ॽॶ �ǣƷȂॶ �ॽ [ॽॶ <ȠȂॶ �ॽ [ॽॶ ૫ [ǆǣǐǶǶǐȓॶ Xॽ ,ॽ ঳ऀईईआ঴ॽ UȓȂȝǐǦǼ ǦǼȝǐȓƷǆȝǦȂǼȖ ȓǐǝȠǶƷȝǦǼǝ
ΗǐȖǦǆǶǐ ȝȓƷǼȖȏȂȓȝ ǅǐȝΘǐǐǼ ȝǣǐ ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻ ƷǼǌ %ȂǶǝǦ ƷȏȏƷȓƷȝȠȖ ǦǼ ǻƷǻǻƷǶǦƷǼ
ǆǐǶǶȖॽ �ǯȕȕॶ इई঳ऀ঴ॶ ऀःईূऀऄइॽ

ফआआব ,ǐƷȝȂǼॶ Cॽ [ॽॶ UǐȓǐȓƷॶ Xॽॶ �ǐȓǝǐȓॶ <ॽ =ॽॶ <ǣƷǌǴƷॶ [ॽॶ =Ʒ�ȂȠǼȝॶ �ॽ :ॽॶ <ȠǣǼॶ Xॽ :ॽॶ ૫ XƷǼǌƷǶǶॶ
%ॽ ঳ँࣿऀࣿ঴ॽ �ǐǼǝȠǐ ΗǦȓȠȖ ǼȂǼȖȝȓȠǆȝȠȓƷǶ ȏȓȂȝǐǦǼ ं ȓǐǌǦȖȝȓǦǅȠȝǐȖ ǜƷȝȝΞ ƷǆǦǌ ȖΞǼȝǣƷȖǐ ȝȂ ȖǦȝǐȖ
Ȃǜ ΗǦȓƷǶ ȓǐȏǶǦǆƷȝǦȂǼ ƷǼǌ ǦǼǆȓǐƷȖǐȖ ǆǐǶǶȠǶƷȓ ǜƷȝȝΞ ƷǆǦǌ ȖΞǼȝǣǐȖǦȖॽ UȲȡǥǯǯǫȅțǼȵ ȡǻ ȼȂǯ Cǖȼȅȡțǖȕ
�ǥǖǫǯȚͤ ȡǻ [ǥȅǯțǥǯȵ ȡǻ ȼȂǯ ețȅȼǯǫ [ȼǖȼǯȵ ȡǻ �ȚǯȲȅǥǖॶ ऀࣿआ঳ःࣿ঴ॶ ऀआंःऄূऀआंऄࣿॽ

ফआइব ,ǐǅǅƷȓॶ [ॽॶ [ƷǣȂȂॶ /ॽॶ BƷȝΞȖǦǴॶ �ॽॶ �ȓǝȠǌȂ %ƷȓǆǦƷॶ /ॽॶ HȖǅȂȓǼǐॶ <ॽ �ॽॶ UƷȏƷǼॶ �ॽॶ bȂȓȝƷॶ $ॽॶ
CƷȓƷΞƷǼƷȖΘƷǻΞॶ Uॽॶ $ȠǼॶ xॽ ,ॽॶ sǐǼǴॶ Bॽ Xॽॶ [ǣǐΗǆǣǐǼǴȂॶ �ॽॶ [ǆǣΘȠǌǴǐॶ �ॽॶ ૫ <ȓƷȠȝॶ Xॽ
঳ँࣿऀऄ঴ॽ �ǐȓƷǻǦǌǐȖ ƷǼǌ ȖȝȓǐȖȖ ȖǦǝǼƷǶǶǦǼǝ ǦǼȝǐȓȖǐǆȝ ΘǦȝǣ ƷȠȝȂȏǣƷǝǦǆ ǌǐǜǐǆȝȖ ǦǼ ǼǐȠȓȂǌǐǝǐǼǐȓƷৄ
ȝǦΗǐ ǌȓȂȖȂȏǣǦǶƷ ǅǶȠǐ ǆǣǐǐȖǐ ঳ǅǆǣȖ঴ BȠȝƷǼȝȖॽ [ǥȅǯțȼȅϨǥ XǯȮȡȲȼȵॶ ऄ঳�ǐǆǐǻǅǐȓ঴ॶ ऀূऀइॽ

ফआईব ,ǐǌǐǼॶ bॽ �ॽॶ :ȂǣǼȖȂǼॶ :ॽ Bॽॶ $ǐȓȓƷȓƷॶ Uॽ :ॽॶ �ȖǣǦǻƷॶ ,ॽॶ qǐȓǴǐȓǴǐॶ �ॽ Xॽॶ sǐǼȝΣǶǐȓॶ �ॽ :ॽॶ
[ǦȓǦȏȂǴȖȠȏॶ Uॽॶ CƷȓȂΘȖǴǦॶ bॽ Bॽॶ �ȂǶǐǻƷǼॶ �ॽ �ॽॶ =ǦǼॶ �ॽ bॽॶ XΞƷǼॶ bॽ �ॽॶ XǐǦǌΞॶ Uॽ bॽॶ
ǌǐ �ƷȖȝȓȂ �ȓƸȖॶ =ॽ �ॽॶ <ƷȓǼǐȓॶ �ॽ Bॽॶ �ȠȓƷǼȝॶ �ॽ $ॽॶ �ǶƷǼBƷȖǆǣǐǴॶ :ॽॶ �ȂΝॶ :ॽ �ॽॶ BƷȖǣǐǴॶ

ऀँआ



�ॽ %ॽॶ <ƷȓǌȂǼॶ %ॽॶ �ȂȠǌǦǼƷॶ [ॽॶ ~ǐǆΣΞǆǴǦॶ bॽ Cॽॶ XȠȝȝǐȓॶ :ॽॶ [ǣƷǦǴǣॶ [ॽ Xॽॶ qƷǼǆǐॶ :ॽ �ॽॶ �ȓȠǻৄ
ǻȂǼǌॶ Bॽ :ॽॶ �ƷȓȓǐǶǶ CǐȠǜǐȓॶ Uॽॶ ૫ $ȠǼƷǦॶ <ॽ ঳ँࣿऀई঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ U� ȏȂȝǐǼȝǦƷȝǐȖ ȓǐȖȏǦȓƷৄ
ȝȂȓΞ ǐǼΣΞǻǐȖ ȝȂ ƷǻȏǶǦǜΞ ȖǴǐǶǐȝƷǶ ǻȠȖǆǶǐ ƷǐȓȂǅǦǆ ǆƷȏƷǆǦȝΞॽ [ǥȅǯțǥǯ �ǫ͝ǖțǥǯȵॶ ऄ঳ई঴ॶ ऀূऀँॽ

ফइࣿব ,ǐǱΣǶƷȓȂΗƸॶ <ॽॶ bǐȖƷȓȕȂΗƸॶ Bॽॶ qȓǅƷǆǴƸৄ�ǨΥǴȂΗƸॶ �ॽॶ qȓǅƷǆǴ΢ॶ Bॽॶ ,ƷȓȝǻƷǼǼȂΗƸॶ ,ॽॶ <Ʒৄ
ȏǶƷǼȂΗƸॶ qॽॶ CȂȖǴȂΗƸॶ =ॽॶ <ȓƷȝȂǆǣΗǨǶȂΗƸॶ ,ॽॶ �ȠΣǴȂΗƸॶ :ॽॶ ,ƷΗǶǨǈǴȂΗƸॶ qॽॶ ~ǐǻƷǼॶ :ॽॶ <ǻȂǆǣॶ
[ॽॶ ૫ ,ȂȠȘȝǓǴॶ :ॽ ঳ँࣿऀऀ঴ॽ �ΝȏȓǐȖȖǦȂǼ ƷǼǌ ȏȓȂǆǐȖȖǦǼǝ Ȃǜ ȝǣǐ bB�Bआࣿ ȏȓȂȝǐǦǼॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ
�ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठ �ȅȡǯțǯȲǼǯȼȅǥȵॶ ऀइࣿआ঳ऀ঴ॶ ऀःःূऀःईॽ

ফइऀব ,ǐȓǻȖॶ �ॽॶ �ȂȖǆǣॶ Bॽॶ XǐǌǌΞॶ �ॽ :ॽ Cॽॶ [ǆǣǦǐǅǐȓॶ Cॽ =ॽॶ $ƷǱƷȓǌȂॶ �ॽॶ XȠȏǑȓǐΣॶ �ॽॶ $ǐȓǼƸǼǌǐΣৄ
qǦǌƷǶॶ �ॽॶ $ǐȓǝȠȖȂǼॶ �ॽॶ XǐǼȝǐȓȂॶ �ॽॶ bǐǅƷȓॶ $ॽॶ �ǼȓǦǆǣॶ �ॽॶ UƷȓȝȂǼॶ Xॽ %ॽॶ %ȓȂȖȖॶ [ॽ Uॽॶ ૫ UȂǶॶ
�ॽ ঳ँࣿऀऄ঴ॽ �BU< ƷǆȝǦΗƷȝǦȂǼ ȏȓȂǻȂȝǐȖ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǌǦȖȏǐȓȖǦȂǼ ȂǼ ǌǐȝΞȓȂȖǦǼƷȝǐǌ ǻǦǆȓȂৄ
ȝȠǅȠǶǐȖ ȝȂ ǦǼǆȓǐƷȖǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǜƷȝȝΞ ƷǆǦǌ ȂΝǦǌƷȝǦȂǼॽ CǖȼȿȲǯ ǥȡȚȚȿțȅǥǖȼȅȡțȵॶ अ঳BƷΞ঴ॶ
आऀआअॽ

ফइँব ,ǐȓΣȂǝॶ Xॽॶ [ǆǣȠǣǻƷǼǼॶ <ॽॶ [ǆǣΘȠǌǴǐॶ �ॽॶ [ƷǻȏƷǦȂॶ :ॽ =ॽॶ �ȂȓǼȖȝǐǦǼॶ [ॽ Xॽॶ [ǆǣȓȂǐǌǐȓॶ
Bॽॶ ૫ [ǣǐΗǆǣǐǼǴȂॶ �ॽ ঳ँࣿऀँ঴ॽ =ǦȏǦǌΝȏǶȂȓǐȓॵ � ȖȂǜȝΘƷȓǐ ǜȂȓ ǆȂǼȖǐǼȖȠƷǶ ǆȓȂȖȖৄȏǶƷȝǜȂȓǻ
ǶǦȏǦǌȂǻǦǆȖॽ U=ȡ[ HC�ॶ आ঳ऀ঴ॶ ऀऄূँࣿॽ

ফइंব ,ǐȓΣȂǝॶ Xॽॶ [ǆǣΘȠǌǴǐॶ �ॽॶ [ǆǣȠǣǻƷǼǼॶ <ॽॶ [ƷǻȏƷǦȂॶ :ॽ =ॽॶ �ȂȓǼȖȝǐǦǼॶ [ॽ Xॽॶ [ǆǣȓȂǐǌǐȓॶ
Bॽॶ ૫ [ǣǐΗǆǣǐǼǴȂॶ �ॽ ঳ँࣿऀऀ঴ॽ � ǼȂΗǐǶ ǦǼǜȂȓǻƷȝǦǆȖ ǆȂǼǆǐȏȝ ǜȂȓ ǣǦǝǣৄȝǣȓȂȠǝǣȏȠȝ ȖǣȂȝǝȠǼ
ǶǦȏǦǌȂǻǦǆȖ ǅƷȖǐǌ ȂǼ ȝǣǐ ǻȂǶǐǆȠǶƷȓ ǜȓƷǝǻǐǼȝƷȝǦȂǼ ȒȠǐȓΞ ǶƷǼǝȠƷǝǐॽ %ǯțȡȚǯ �ȅȡȕȡǼͤॶ ऀँ঳ऀ঴ॶ
ऀূँऄॽ

ফइःব ,ǦȓƷȂǴƷॶ yॽॶ [ǐǌƷȝॶ :ॽ sॽॶ ૫ �ǝƷȓǌॶ �ॽ �ॽ ঳ऀईईࣿ঴ॽ �ǐȝǐȓǻǦǼƷȝǦȂǼ Ȃǜ ȝǣȓǐǐৄǌǦǻǐǼȖǦȂǼƷǶ ǦǻƷǝৄ
ǦǼǝ ȏȓȂȏǐȓȝǦǐȖ Ȃǜ Ʒ ǶǦǝǣȝ ǻǦǆȓȂȖǆȂȏǐ ȖΞȖȝǐǻॽ UƷȓȝǦƷǶ ǆȂǼǜȂǆƷǶ ǅǐǣƷΗǦȂȓ ǦǼ ǐȏǦЙȠȂȓǐȖǆǐǼǆǐ ǻǦৄ
ǆȓȂȖǆȂȏΞॽ �ȅȡȮȂͤȵȅǥǖȕ :ȡȿȲțǖȕॶ ऄआ঳ँ঴ॶ ंँऄূंंंॽ

ফइऄব ,ȂǌǝǐȖॶ �ॽ �ॽ ૫sȠॶ �ॽ �ॽ ঳ँࣿऀࣿ঴ॽ UȓȂȝǐȂǻǦǆ ǦǼȖǦǝǣȝȖ ǦǼȝȂ ƷǼ ǐΝȏƷǼǌǐǌ ǆǐǶǶȠǶƷȓ ȓȂǶǐ ǜȂȓ
ǆΞȝȂȏǶƷȖǻǦǆ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॽ :ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ XǯȵǯǖȲǥȂॶ ऄऀ঳ँ঴ॶ ँअँূँआंॽ

ফइअব ,ȂǶȝǣȠǦȖॶ :ॽ �ॽॶ UȂǻȂȓȖǴǦॶ bॽॶ XƷǝǝǐȓȖॶ Xॽ :ॽॶ [ȏȓȂǼǝॶ ,ॽॶ ૫ qƷǼBǐǐȓॶ %ॽ ঳ँࣿࣿऀ঴ॽ bǣǐ ȂȓǝƷৄ
ǼǦΣǦǼǝ ȏȂȝǐǼȝǦƷǶ Ȃǜ ȖȏǣǦǼǝȂǶǦȏǦǌȖ ǦǼ ǦǼȝȓƷǆǐǶǶȠǶƷȓ ǻǐǻǅȓƷǼǐ ȝȓƷǼȖȏȂȓȝॽ UȂͤȵȅȡȕȡǼȅǥǖȕ Xǯ͝ȅǯ͞ȵॶ
इऀ঳ः঴ॶ ऀअइईূऀआँंॽ

ফइआব ,ȂǼǝॶ sॽ ঳ँࣿࣿऄ঴ॽ [C�X�Ȗ ƷǼǌ ȝȓƷАǆॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ ǤȅȡȮȂͤȵȅǥǖ ǖǥȼǖॶ ऀआःः঳ं঴ॶ ःईंূऄऀआॽ

ফइइব ,ȆǼȖǆǣǐȓॶ �ॽॶ BƷȓǦॶ Bॽॶ �ȠЍƷȓȝǣॶ <ॽॶ �ȂǣǼǐȓȝॶ Bॽॶ %ȓǦАȝǣॶ :ॽॶ %ǐǐȓȝȖॶ sॽॶ ΗƷǼ ǌǐȓ =ƷƷǼॶ Bॽॶ
�ƷǅȓǐȓƷॶ Bॽॶ XǐǝǝǦȂȓǦॶ $ॽॶ ૫ eǼǝǐȓǻƷǼǼॶ �ॽ ঳ँࣿऀः঴ॽ �ǐǶǶȠǶƷȓ ǻǐȝƷǅȂǶǦȖǻ ȓǐǝȠǶƷȝǐȖ ǆȂǼȝƷǆȝ
ȖǦȝǐȖ ǅǐȝΘǐǐǼ ΗƷǆȠȂǶǐȖ ƷǼǌ ǻǦȝȂǆǣȂǼǌȓǦƷॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ंࣿ঳ऀ঴ॶ इअূईःॽ

ফइईব ,ȂȏȏǦǼȖॶ [ॽॶ �ȂǶǶǦǼȖॶ [ॽ Xॽॶ �ƷȖȖǦǌΞৄ[ȝȂǼǐॶ �ॽॶ ,ȠǻǻǐǶॶ �ॽॶ �ǐqƷΞॶ Xॽ Bॽॶ =ƷǆǴǼǐȓॶ =ॽ =ॽॶ
sǐȖȝǐȓǻƷǼǼॶ �ॽॶ [ǆǣȠǶǌǦǼǐȓॶ Bॽॶ sǐǦȖȖǻƷǼॶ :ॽ [ॽॶ ૫ CȠǼǼƷȓǦॶ :ॽ ঳ँࣿऀऀ঴ॽ � ǻǦȝȂǆǣȂǼǌȓǦƷǶৄ
ǜȂǆȠȖǐǌ ǝǐǼǐȝǦǆ ǦǼȝǐȓƷǆȝǦȂǼ ǻƷȏ ȓǐΗǐƷǶȖ Ʒ ȖǆƷЍȂǶǌৄǶǦǴǐ ǆȂǻȏǶǐΝ ȓǐȒȠǦȓǐǌ ǜȂȓ ǦǼǼǐȓ ǻǐǻǅȓƷǼǐ
ȂȓǝƷǼǦΣƷȝǦȂǼ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ऀईऄ঳ँ঴ॶ ंँंূंःࣿॽ

ऀँइ



ফईࣿব ,ȂȠȖǌǐǼॶ �ॽ �ॽॶ ,Ƞॶ yॽॶ ૫ UǐȓȓǦǻȂǼॶ Cॽ ঳ँࣿऀअ঴ॽ �ǐȖǦǝǼ ƷǼǌ ǝǐǼǐȓƷȝǦȂǼ Ȃǜ �ȓȂȖȂȏǣǦǶƷ ȖǦǼǝǶǐ
ǝȠǦǌǐ XC� ǐΝȏȓǐȖȖǦȂǼ ǆȂǼȖȝȓȠǆȝȖॽ �ȡȕǫ [ȮȲȅțǼ ,ǖȲǤȡȲ UȲȡȼȡǥȡȕȵॶ ँࣿऀअ঳ई঴ॶ आइँূआइइॽ

ফईऀব ,ȂȠȖǌǐǼॶ �ॽ �ॽॶ =ǦǼॶ [ॽॶ ૫ UǐȓȓǦǻȂǼॶ Cॽ ঳ँࣿऀः঴ॽ �ǖȵࡢठǤǖȵǯǫ ǼǯțȡȚǯ ǯǫȅȼȅțǼ ȅț ǫȲȡȵȡȮȂȅȕǖॶ
ΗȂǶȠǻǐ ऄःअॽ �ǶȖǐΗǦǐȓ /Ǽǆॽॶ ऀ ǐǌǦȝǦȂǼॽ

ফईँব ,ȂȠȖǌǐǼॶ �ॽ �ॽ ૫ UǐȓȓǦǻȂǼॶ Cॽ ঳ँࣿऀअ঴ॽ �ǐȖǦǝǼ ƷǼǌ ǝǐǼǐȓƷȝǦȂǼ Ȃǜ ǌȂǼȂȓ ǆȂǼȖȝȓȠǆȝȖ ǜȂȓ
ǝǐǼȂǻǐ ǐǼǝǦǼǐǐȓǦǼǝ ǦǼ �ȓȂȖȂȏǣǦǶƷॽ �ȡȕǫ [ȮȲȅțǼ ,ǖȲǤȡȲ UȲȡȼȡǥȡȕȵॶ ँࣿऀअ঳ई঴ॶ आइईূआईंॽ

ফईंব ,ȠǝǐǼȓȂȝǣॶ Bॽ ૫ �ȂǣǼǐȓȝॶ Bॽ ঳ँࣿँࣿ঴ॽ �Ȃǻǐ Ʒ ǶǦȝȝǶǐ ǅǦȝ ǆǶȂȖǐȓॸ =ǦȏǦǌ ǌȓȂȏǶǐȝৄ�X ǆȂǼȝƷǆȝ
ȖǦȝǐȖ Ʒȓǐ ǝǐȝȝǦǼǝ ǆȓȂΘǌǐǌॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ �ǯȕȕ XǯȵǯǖȲǥȂॶ ऀइअआ঳ँ঴ॶ
ऀऀइअࣿंॽ

ফईःব ,ȠȝƷǝƷǶȠǼǝॶ �ॽ ,ॽ ૫CȂΗǦǆǴॶ Uॽ :ॽ ঳ँࣿऀऀ঴ॽ XȂǶǐ Ȃǜ XƷǅ %bUƷȖǐȖ ǦǼ BǐǻǅȓƷǼǐ bȓƷАǆ ƷǼǌ
�ǐǶǶ UǣΞȖǦȂǶȂǝΞॽ UȂͤȵȅȡȕȡǼȅǥǖȕ Xǯ͝ȅǯ͞ȵॶ ईऀ঳ऀ঴ॶ ऀऀईূऀःईॽ

ফईऄব /ǝƷǶॶ Xॽ �ॽॶ sƷǼǝॶ [ॽॶ %ȂǼΣƷǶǐΣৄ�Ʒȓȃॶ Bॽ Xॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿࣿऀ঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ %ǶΞǆৄ
ǐȓȂǶ UǣȂȖȏǣƷȝǐ �ǆΞǶȝȓƷǼȖǜǐȓƷȖǐ �ǦȓǐǆȝȖ ȝǣǐ /ǼǆȂȓȏȂȓƷȝǦȂǼ Ȃǜ �ΝȂǝǐǼȂȠȖ $ƷȝȝΞ �ǆǦǌȖ ǦǼȝȂ
bȓǦƷǆΞǶǝǶΞǆǐȓȂǶॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँआऄ঳ःऄ঴ॶ ःँँࣿऄূःँँऀँॽ

ফईअব :ƷǆȒȠǦǐȓॶ Cॽॶ �ǣȂȠǌǣƷȓΞॶ qॽॶ BƷȓǦॶ Bॽॶ bȂȠǶǻƷΞॶ �ॽॶ XǐǝǝǦȂȓǦॶ $ॽॶ ૫ [ǆǣǼǐǦȝǐȓॶ Xॽ ঳ँࣿऀऀ঴ॽ
=ǦȏǦǌ ǌȓȂȏǶǐȝȖ Ʒȓǐ ǜȠǼǆȝǦȂǼƷǶǶΞ ǆȂǼǼǐǆȝǐǌ ȝȂ ȝǣǐ ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻ ǦǼ [ƷǆǆǣƷȓȂǻΞǆǐȖ
ǆǐȓǐΗǦȖǦƷǐॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ [ǥȅǯțǥǯॶ ऀँः঳ऀः঴ॶ ँःँःূँःंआॽ

ফईआব :ƷǆȒȠǦǐȓॶ Cॽॶ BǦȖǣȓƷॶ [ॽॶ �ǣȂȠǌǣƷȓΞॶ qॽॶ ૫ [ǆǣǼǐǦȝǐȓॶ Xॽ ঳ँࣿऀं঴ॽ �ΝȏȓǐȖȖǦȂǼ Ȃǜ ȂǶǐȂȖǦǼ ƷǼǌ
ȏǐȓǦǶǦȏǦǼȖ ǦǼ ΞǐƷȖȝ ȏȓȂǻȂȝǐȖ ǜȂȓǻƷȝǦȂǼ Ȃǜ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖ ǜȓȂǻ ȝǣǐ ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻॽ
:ȡȿȲțǖȕ ȡǻ �ǯȕȕ [ǥȅǯțǥǯॶ ऀँअ঳ँँ঴ॶ ऄऀईइূऄँࣿईॽ

ফईइব :ƷǻǌƷȓॶ [ॽ �ॽ ૫ $ƷǼǝ �ƷȂॶ sॽ ঳ऀईईऄ঴ॽ bȓǦƷǆΞǶǝǶΞǆǐȓȂǶ ǅǦȂȖΞǼȝǣǐȝǦǆ ǐǼΣΞǻǐȖ ǦǼ ǶǐƷǼ ƷǼǌ ȂǅǐȖǐ
~ȠǆǴǐȓ ȓƷȝȖॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ए���ऐࣞ=ȅȮȅǫȵ ǖțǫ =ȅȮȅǫBǯȼǖǤȡȕȅȵȚॶ ऀँऄऄ঳ं঴ॶ
ँंआূँःंॽ

ফईईব :ƷΞȖȂǼॶ �ॽॶ �ȓǶȝॶ ,ॽॶ $ǦȖǆǣǐȓॶ �ॽ sॽॶ sǐǼǝ =ƷǦॶ ~ॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀइ঴ॽ
XƷǅऀइ ǦȖ ǼȂȝ ǼǐǆǐȖȖƷȓΞ ǜȂȓ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǅǦȂǝǐǼǐȖǦȖ Ȃȓ ȝȠȓǼȂΗǐȓ ǦǼ ǣȠǻƷǼ ǻƷǻǻƷȓΞ ǆƷȓǆǦৄ
ǼȂǻƷ ǆǐǶǶȖॽ BȡȕǯǥȿȕǖȲ �ȅȡȕȡǼͤ ȡǻ ȼȂǯ �ǯȕȕॶ ँई঳ऀआ঴ॶ ँࣿःऄূँࣿऄःॽ

ফऀࣿࣿব :ǐȓǴǦǼȖॶ �ॽॶ =ǦȠॶ sॽ Xॽॶ =ǐǐॶ [ॽॶ ૫ [ȠǶॶ ,ॽ [ॽ ঳ऀईईऄ঴ॽ �ǣƷȓƷǆȝǐȓǦΣƷȝǦȂǼ Ȃǜ ȝǣǐ BȠȓǦǼǐ BǦȝȂৄ
ǆǣȂǼǌȓǦƷǶ %ǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ �ǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ȏȓȂǻȂȝǐȓॽ bȂǯ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚठ
ȅȵȼȲͤॶ ँआࣿ঳ं঴ॶ ऀःऀअূऀःँऀॽ

ফऀࣿऀব :ǦǻǑǼǐΣৄXȂǱȂॶ Cॽॶ =ǐȂǼǐȝȝǦॶ Bॽ �ॽॶ ~ȂǼǦॶ qॽॶ �ȂǶȂǻॶ �ॽॶ $ǐǼǝॶ [ॽॶ /ΞǐǼǝƷȓॶ Cॽ Xॽॶ BƷȝǦǶǐॶ [ॽॶ
XȂȠΝॶ �ॽॶ qƷǼǼǦॶ [ॽॶ sǐǦȖȖǻƷǼॶ :ॽ [ॽॶ ૫ XǦǐΣǻƷǼॶ ,ॽ ঳ँࣿँࣿ঴ॽ �ȂǼȖǐȓΗǐǌ $ȠǼǆȝǦȂǼȖ Ȃǜ �ȝǣǐȓ
=ǦȏǦǌȖ ƷǼǌ [ȏǣǦǼǝȂǶǦȏǦǌȖ ǦǼ ȝǣǐ �ƷȓǶΞ [ǐǆȓǐȝȂȓΞ UƷȝǣΘƷΞॽ �ȿȲȲǯțȼ �ȅȡȕȡǼͤॶ ंࣿ঳ऀई঴ॶ ंआआऄূ
ंआइआॽ

ऀँई



ফऀࣿँব :ȂǦǼǐȓॶ �ॽ Bॽ Cॽॶ UǣǦǶǶǦȏȖॶ �ॽ Uॽॶ yȠǝƷǼǌǣƷȓॶ <ॽॶ [ƷǼǜȂȓǌॶ �ॽ :ॽॶ [ǻȂǶǴƷॶ Bॽ �ॽॶ yȠॶ ,ॽॶ BǦǶǶǐȓॶ
�ॽ �ॽॶ ૫ $ȓȂǻǻǐॶ :ॽ �ॽ ঳ँࣿँࣿ঴ॽ [ȝȓȠǆȝȠȓǐ ƷǼǌ ǻǐǆǣƷǼǦȖǻ Ȃǜ bX�UU///ৄǻǐǌǦƷȝǐǌ XƷǅऀ
ƷǆȝǦΗƷȝǦȂǼॽ �ȅȡȲͣȅ͝ॽ

ফऀࣿंব <ƷǼǆƷॶ Hॽॶ ~ǦȓǦǼॶ :ॽॶ %ƷȓǆǦƷৄBƷȓȒȠǐȖॶ :ॽॶ <ǼǦǝǣȝॶ [ॽ Bॽॶ yƷǼǝৄ~ǣȂȠॶ �ॽॶ �ǻƷǌȂȓॶ %ॽॶ �ǣȠǼǝॶ
,ॽॶ ~ȠȂॶ ~ॽॶ BƷॶ =ॽॶ ,ǐॶ yॽॶ =ǦǼॶ sॽsॽॶ $ƷǼǝॶ yॽॶ %ǐॶ Bॽॶ yƷǻƷǻȂȝȂॶ [ॽॶ [ǆǣȠǶΣǐॶ <ॽ =ॽॶ ,Ƞॶ
yॽॶ [ȏȓƷǌǶǦǼǝॶ �ॽ �ॽॶ BȂǣȓॶ [ॽ �ॽॶ UǐȓȓǦǻȂǼॶ Cॽॶ ૫ �ǐǶǶǐǼॶ ,ॽ :ॽ ঳ँࣿऀई঴ॽ �Ǽ ǐАǆǦǐǼȝ �X/[UXৄ
ǅƷȖǐǌ ȖȝȓƷȝǐǝΞ ȝȂ ǦǼȖǐȓȝ ȖǻƷǶǶ ƷǼǌ ǶƷȓǝǐ ǜȓƷǝǻǐǼȝȖ Ȃǜ �C� ȠȖǦǼǝ ȖǣȂȓȝ ǣȂǻȂǶȂǝΞ ƷȓǻȖॽ ǯ=ȅǻǯॶ
इॶ ऀূँँॽ

ফऀࣿःব <ƷȖȖƷǼॶ �ॽॶ ,ǐȓǻȖॶ �ॽॶ $ǐȓǼƸǼǌǐΣৄqǦǌƷǶॶ �ॽॶ �ȂȖǆǣॶ Bॽॶ [ǆǣǦǐǅǐȓॶ Cॽ =ॽॶ XǐǌǌΞॶ �ॽ :ॽॶ $Ʒৄ
ǱƷȓǌȂॶ �ॽॶ %ǐǶƷǅǐȓȝৄ�ƷǶǌȓǦǆǣॶ Bॽॶ bǐǅƷȓॶ $ॽॶ �ǼȓǦǆǣॶ �ॽॶ %ȓȂȖȖॶ [ॽ Uॽॶ UƷȓȝȂǼॶ Xॽ %ॽॶ ૫ UȂǶॶ
�ॽ ঳ँࣿऀं঴ॽ �ǆΞǶৄ�Ȃ� ȖΞǼȝǣǐȝƷȖǐ ं ȏȓȂǻȂȝǐȖ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǅǦȂǝǐǼǐȖǦȖ ǦǼ �XǻǦǆȓȂǌȂǻƷǦǼȖॽ
:ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँࣿं঳अ঴ॶ ईइऄূऀࣿࣿऀॽ

ফऀࣿऄব <ǣƷǶǌȂȠǼॶ [ॽ �ॽॶ �ǻȂǼǌৄ�ȂǦȖǱȂǶΞॶ Bॽৄ�ॽॶ �ǣƷȝǐƷȠॶ �ॽॶ �ƷȓȓǦǗȓǐॶ qॽॶ =ƷǆƷȖƷॶ Bॽॶ XȂȠȖȖǐȝॶ
Bॽॶ �ǐǻǦǝǼȂȝॶ [ॽॶ ૫BȂȓǐǶॶ �ॽ ঳ँࣿऀः঴ॽ �ȠȝȂȏǣƷǝȂȖȂǻǐȖ ǆȂǼȝȓǦǅȠȝǐ ȝȂ ǦǼȝȓƷǆǐǶǶȠǶƷȓ ǶǦȏǦǌ
ǌǦȖȝȓǦǅȠȝǦȂǼ ǦǼ ǐǼȝǐȓȂǆΞȝǐȖॽ BȡȕǯǥȿȕǖȲ ǤȅȡȕȡǼͤ ȡǻ ȼȂǯ ǥǯȕȕॶ ँऄ঳ऀ঴ॶ ऀऀइূंँॽ

ফऀࣿअব <ǣƷǼǌǐǶǦƷॶ ,ॽॶ �ȠǐǶȠǼǌॶ =ॽॶ UƷǴǴƷǼǐǼॶ <ॽ /ॽॶ ૫ /ȏȖǐǼॶ :ॽ ,ॽ ঳ँࣿऀࣿ঴ॽ bȓǦǝǶΞǆǐȓǦǌǐ ǅǶǦȖȝǐȓȖ ǦǼ
ǶǦȏǦǌ ǅǦǶƷΞǐȓȖॵ /ǻȏǶǦǆƷȝǦȂǼȖ ǜȂȓ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǅǦȂǝǐǼǐȖǦȖ ƷǼǌ ȝǣǐ ǻȂǅǦǶǐ ǶǦȏǦǌ ȖǦǝǼƷǶ ǦǼ ǆƷǼǆǐȓ
ǆǐǶǶ ǻǐǻǅȓƷǼǐȖॽ U=ȡ[ HC�ॶ ऄ঳ई঴ॶ ऀূइॽ

ফऀࣿआব <ǶȂȖǴƷॶ �ॽॶ sɱȖǦǐȓȖǴƷॶ Bॽॶ BƷǶǦǼȂΘȖǴƷॶ Bॽॶ %ƷǅǦǝৄ�ǦǻǦǽȖǴƷॶ Bॽॶ ૫ :ƷǴȃǅǴǦǐΘǦǆΣৄ�ƷǼǐǆǴƷॶ
:ॽ ঳ँࣿँࣿ঴ॽ =ǦȏȂȏǣƷǝΞ ƷǼǌ ǶǦȏȂǶΞȖǦȖ ȖȝƷȝȠȖ ǦǼ ǶǦȏǦǌ ȖȝȂȓƷǝǐ ƷǼǌ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ǌǦȖǐƷȖǐȖॽ /țȼǯȲठ
țǖȼȅȡțǖȕ :ȡȿȲțǖȕ ȡǻBȡȕǯǥȿȕǖȲ [ǥȅǯțǥǯȵॶ ँऀ঳ऀआ঴ॶ ऀূंंॽ

ফऀࣿइব <ȂǦΣȠǻǦॶ <ॽॶ ,ǦǝƷȖǣǦǌƷॶ ,ॽॶ yȂȂॶ [ॽॶ /ȖǶƷǻॶ Bॽ [ॽॶ /ΗƷǼȂΗॶ �ॽ /ॽॶ %ȠȂॶ qॽॶ UȂΣΣǦॶ Uॽॶ yȠॶ [ॽ ,ॽॶ
XȂΗǐȖǆƷǶǶǦॶ �ॽ �ॽॶ bƷǼǝॶ �ॽॶ ૫ CǦȓǐǼǅǐȓǝॶ Bॽ ঳ँࣿࣿआ঴ॽ XC� ǦǼȝǐȓǜǐȓǐǼǆǐ ȖǆȓǐǐǼ ȝȂ ǦǌǐǼȝǦǜΞ
ǝǐǼǐȖ ȓǐȒȠǦȓǐǌ ǜȂȓ �ȓȂȖȂȏǣǦǶƷ ǐǻǅȓΞȂǼǦǆ ǼǐȓΗȂȠȖ ȖΞȖȝǐǻ ǌǐΗǐǶȂȏǻǐǼȝॽ UȲȡǥǯǯǫȅțǼȵ ȡǻ ȼȂǯ
Cǖȼȅȡțǖȕ �ǥǖǫǯȚͤ ȡǻ [ǥȅǯțǥǯȵ ȡǻ ȼȂǯ ețȅȼǯǫ [ȼǖȼǯȵ ȡǻ �ȚǯȲȅǥǖॶ ऀࣿः঳ऀं঴ॶ ऄअँअূऄअंऀॽ

ফऀࣿईব <ȂǱǦǻƷॶ Xॽॶ <ƷǴǦǻȂȝȂॶ yॽॶ $ȠȓȠȝƷॶ [ॽॶ /ȝȂǣॶ <ॽॶ [ǐȖƷǴǦॶ ,ॽॶ �ǼǌȂॶ bॽॶ ૫ bƷǻȠȓƷॶ yॽ ঳ँࣿऀई঴ॽ
BƷǦǼȝǐǼƷǼǆǐ Ȃǜ �ƷȓǌǦȂǶǦȏǦǼ ƷǼǌ �ȓǦȖȝƷ [ȝȓȠǆȝȠȓǐ XǐȒȠǦȓǐȖ �ȂȂȏǐȓƷȝǦΗǐ $ȠǼǆȝǦȂǼȖ Ȃǜ BǦȝȂৄ
ǆǣȂǼǌȓǦƷǶ �ΞǼƷǻǦǆȖ ƷǼǌ UǣȂȖȏǣȂǶǦȏǦǌ bȓƷǼȖȏȂȓȝॽ �ǯȕȕXǯȮȡȲȼȵॶ ँअ঳ं঴ॶ ऄऀइূऄँइॽ

ফऀऀࣿব <ȂȓΞॶ Cॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀअ঴ॽ bƷȓǝǐȝǦǼǝ $Ʒȝॵ BǐǆǣƷǼǦȖǻȖ Ȃǜ UȓȂȝǐǦǼ
=ȂǆƷǶǦΣƷȝǦȂǼ ȝȂ =ǦȏǦǌ �ȓȂȏǶǐȝȖॽ bȲǯțǫȵ ȅț �ǯȕȕ �ȅȡȕȡǼͤॶ ँअ঳आ঴ॶ ऄंऄূऄःअॽ

ফऀऀऀব <ȂȓΞॶ Cॽॶ bǣǦƷǻॶ �ॽ Xॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀऄ঴ॽ UȓȂȝǐǦǼ �ȓȂΘǌǦǼǝ /Ȗ Ʒ �ǐȝǐȓৄ
ǻǦǼƷǼȝ Ȃǜ =ǦȏǦǌ �ȓȂȏǶǐȝ UȓȂȝǐǦǼ �ȂǻȏȂȖǦȝǦȂǼॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ंः঳ं঴ॶ ंऄऀূंअंॽ

ফऀऀँব <ȂΗƷǶǈǨǴȂΗƸॶ :ॽॶ qȓǅƷǆǴΟॶ Bॽॶ UǐǆǦǼƷॶ Uॽॶ bƷȠǆǣǻƷǼǼȂΗƸॶ <ॽॶ CΕȖǴȂΗƸॶ ,ॽॶ <ƷȏǶƷǼȂΗƸॶ qॽॶ
�ȓƸΣǌȂΗƸॶ �ॽॶ �ǶƸǼॶ =ॽॶ �ǶǦƸȘॶ :ॽॶ �ȠǼƸȝȂΗƸॶ <ॽॶ <ȂȕǨǼǐǴॶ qॽॶ [ǐǌǶƷǆǐǴॶ Xॽॶ BȓƸǈǐǴॶ bॽॶ ૫

ऀंࣿ



,ȂȠȘȝǓǴॶ :ॽ ঳ँࣿऀई঴ॽ bB�Bआࣿ ǜƷǆǦǶǦȝƷȝǐȖ ǅǦȂǝǐǼǐȖǦȖ Ȃǜ ǻƷǻǻƷǶǦƷǼ �bU ȖΞǼȝǣƷȖǐ ǅΞ ȏȓȂৄ
ǻȂȝǦǼǝ ȖȠǅȠǼǦȝ ǆ ǦǼǆȂȓȏȂȓƷȝǦȂǼ ǦǼȝȂ ȝǣǐ ȓȂȝȂȓ ȖȝȓȠǆȝȠȓǐ Ȃǜ ȝǣǐ ǐǼΣΞǻǐॽ $�[�� :ȡȿȲțǖȕॶ
ंं঳ऀँ঴ॶ ऀःऀࣿंূऀःऀऀआॽ

ফऀऀंব <ȓƷǣǻǐȓॶ Cॽॶ %ȠȂॶ yॽॶ sǦǶЙǦǼǝॶ $ॽॶ ,ǦǶǝǐȓॶ Bॽॶ =ǦǼǝȓǐǶǶॶ [ॽॶ ,ǐǝǐȓॶ <ॽॶ CǐΘǻƷǼॶ ,ॽ sॽॶ
[ǆǣǻǦǌȝৄ[ȠȏȏȓǦƷǼॶ Bॽॶ qƷǼǆǐॶ �ॽ �ॽॶ :ȓॶ Xॽ qॽ $ॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ BƷǼǼॶ Bॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫
sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀऀ঴ॽ UǣȂȖȏǣƷȝǦǌΞǶǆǣȂǶǦǼǐ [ΞǼȝǣǐȖǦȖ ǜȂȓ =ǦȏǦǌ �ȓȂȏǶǐȝ �ΝȏƷǼȖǦȂǼ /Ȗ BǐǌǦৄ
Ʒȝǐǌ ǅΞ =ȂǆƷǶǦΣǐǌ �ǆȝǦΗƷȝǦȂǼ Ȃǜ �bUॵUǣȂȖȏǣȂǆǣȂǶǦǼǐ �ΞȝǦǌΞǶΞǶȝȓƷǼȖǜǐȓƷȖǐॽ �ǯȕȕBǯȼǖǤȡȕȅȵȚॶ
ऀः঳ः঴ॶ ऄࣿःূऄऀऄॽ

ফऀऀःব <ȓƷǣǻǐȓॶ Cॽॶ ,ǦǶǝǐȓॶ Bॽॶ <ȂȓΞॶ Cॽॶ sǦǶЙǦǼǝॶ $ॽॶ [ȝȂǐǣȓॶ %ॽॶ BƷǼǼॶ Bॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫
sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀं঴ॽ UȓȂȝǐǦǼ ǆȂȓȓǐǶƷȝǦȂǼ ȏȓȂЖǶǐȖ ǦǌǐǼȝǦǜΞ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ȏȓȂȝǐǦǼȖ ΘǦȝǣ ǣǦǝǣ
ǆȂǼЖǌǐǼǆǐॽ Bȡȕࣗ �ǯȕȕ UȲȡȼǯȡȚȅǥȵॶ ऀँ঳ऄ঴ॶ ऀऀऀऄূऀऀँअॽ

ফऀऀऄব <ȓƷǣǻǐȓॶ Cॽॶ CƷǱƷЖॶ �ॽॶ [ǆǣȠǐǌǐȓॶ $ॽॶ WȠƷǝǶǦƷȓǦǼǦॶ $ॽॶ [ȝǐǝǐȓॶ Bॽॶ [ǐǦȝΣॶ [ॽॶ <ƷȖȏǐȓॶ Xॽॶ [ƷǶǦৄ
ǼƷȖॶ $ॽॶ �ȂΝॶ :ॽॶ eǣǶǐǼǣƷȠȝॶ Cॽ ,ॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ :ȠǼǝǻƷǼǼॶ Xॽॶ ~ǐǦǝǐȓǐȓॶ �ॽॶ �ȂȓǼǐȓॶ %ॽ
,ॽ ,ॽॶ ૫BƷǼǼॶ Bॽ ঳ँࣿऀइ঴ॽ HȓǝƷǼǐǶǶƷȓ UȓȂȝǐȂǻǦǆȖ ƷǼǌ UǣȂȖȏǣȂৄUȓȂȝǐȂǻǦǆȖ XǐΗǐƷǶ [Ƞǅৄ
ǆǐǶǶȠǶƷȓ XǐȂȓǝƷǼǦΣƷȝǦȂǼ ǦǼ �Ǧǐȝৄ/ǼǌȠǆǐǌ ,ǐȏƷȝǦǆ [ȝǐƷȝȂȖǦȖॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ःआ঳ँ঴ॶ ँࣿऄূ
ँँऀॽ

ফऀऀअব <ȓƷȝȂǆǣΗǨǶȂΗƸॶ ,ॽॶ ,ǐǱΣǶƷȓȂΗƸॶ <ॽॶ qȓǅƷǆǴΟॶ Bॽॶ BȓƸǈǐǴॶ bॽॶ <ƷȓǅƷǼȂΗƸॶ qॽॶ bǐȖƷȕȂΗƸॶ Bॽॶ
%ȂǻǅǦȝȂΗƸॶ �ॽॶ �ǻƷȓǴȂॶ �ॽॶ sǦȝȝǦǝॶ /ॽॶ ~ǐǻƷǼॶ :ॽॶ ૫ ,ȂȠȘȝǓǴॶ :ॽ ঳ँࣿऀः঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ
ǻǐǻǅȓƷǼǐ ƷȖȖǐǻǅǶΞ Ȃǜ bB�Bआࣿ ȏȓȂȝǐǦǼॽ BȅȼȡǥȂȡțǫȲȅȡțॶ ऀऄ঳ऀ঴ॶ ऀূईॽ

ফऀऀआব <ȓȂǝǣॶ �ॽॶ =ƷȓȖȖȂǼॶ �ॽॶ ΗȂǼ ,ǐǦǱǼǐॶ %ॽॶ ૫ [ȂǼǼǣƷǻǻǐȓॶ �ॽ =ॽ ঳ँࣿࣿऀ঴ॽ UȓǐǌǦǆȝǦǼǝ ȝȓƷǼȖৄ
ǻǐǻǅȓƷǼǐ ȏȓȂȝǐǦǼ ȝȂȏȂǶȂǝΞ ΘǦȝǣ Ʒ ǣǦǌǌǐǼ ǻƷȓǴȂΗ ǻȂǌǐǶॵ ƷȏȏǶǦǆƷȝǦȂǼ ȝȂ ǆȂǻȏǶǐȝǐ ǝǐǼȂǻǐȖॽ
:ȡȿȲțǖȕ ȡǻBȡȕǯǥȿȕǖȲ �ȅȡȕȡǼͤॶ ंࣿऄ঳ं঴ॶ ऄअआূऄइࣿॽ

ফऀऀइব <ȠǌȂॶ Cॽॶ <ȠǻƷǝƷǦॶ <ॽॶ bȂǻǦȖǣǦǝǐॶ Cॽॶ yƷǻƷǱǦॶ bॽॶ sƷǴƷȝȖȠǴǦॶ [ॽॶ CǦȖǣǦǱǦǻƷॶ Bॽॶ ,ƷǼƷǌƷॶ <ॽॶ
૫ <ƷȝȂॶ Xॽ ঳ँࣿࣿइ঴ॽ [ȝȓȠǆȝȠȓƷǶ ǅƷȖǦȖ ǜȂȓ ȖȏǐǆǦЖǆ ǶǦȏǦǌ ȓǐǆȂǝǼǦȝǦȂǼ ǅΞ ��Xb ȓǐȖȏȂǼȖǦǅǶǐ ǜȂȓ
ǼȂǼΗǐȖǦǆȠǶƷȓ ȝȓƷАǆǴǦǼǝ Ȃǜ ǆǐȓƷǻǦǌǐॽ UȲȡǥǯǯǫȅțǼȵ ȡǻ ȼȂǯ Cǖȼȅȡțǖȕ �ǥǖǫǯȚͤ ȡǻ [ǥȅǯțǥǯȵ ȡǻ ȼȂǯ
ețȅȼǯǫ [ȼǖȼǯȵ ȡǻ �ȚǯȲȅǥǖॶ ऀࣿऄ঳ँ঴ॶ ःइइূःईंॽ

ফऀऀईব <ȠǻƷȓॶ Cॽॶ =ǐȂǼΣǦǼȂॶ Bॽॶ ,ƷǼǆȂǆǴৄ�ǐȓȠȝȝǦॶ sॽॶ ,ȂȓǐǼǴƷǻȏॶ $ॽ �ॽॶ =Ǧॶ Uॽ Wॽॶ =ǐǐȖॶ :ॽ �ॽॶ
sǣǐǐǶǐȓॶ ,ॽॶ XǐǦǼǦȖǆǣॶ <ॽ Bॽॶ ૫ �ǐ �ƷǻǦǶǶǦॶ Uॽ ঳ँࣿऀइ঴ॽ qU[ऀं� ƷǼǌ qU[ऀं� Ʒȓǐ ǶǦȏǦǌ
ȝȓƷǼȖȏȂȓȝ ȏȓȂȝǐǦǼȖ ǌǦЍǐȓǐǼȝǦƷǶǶΞ ǶȂǆƷǶǦΣǐǌ Ʒȝ �X ǆȂǼȝƷǆȝ ȖǦȝǐȖॽ bȂǯ :ȡȿȲțǖȕ ȡǻ ǥǯȕȕ ǤȅȡȕȡǼͤॶ
ँऀआ঳ऀࣿ঴ॶ ंअँऄূंअंईॽ

ফऀँࣿব <ȠȓȂǴƷΘƷॶ <ॽ ૫CƷǴƷǼȂॶ �ॽ ঳ँࣿऀई঴ॽ bǣǐ �X ǐΝǦȝ ȖǦȝǐȖ Ʒȓǐ ȖȏǐǆǦƷǶǦΣǐǌ �X ΣȂǼǐȖ ǜȂȓ ȝǣǐ ȝȓƷǼȖৄ
ȏȂȓȝ Ȃǜ ǆƷȓǝȂ ȏȓȂȝǐǦǼȖ ǜȓȂǻ ȝǣǐ �X ȝȂ ȝǣǐ %ȂǶǝǦ ƷȏȏƷȓƷȝȠȖॽ :ȡȿȲțǖȕ ȡǻ �ȅȡǥȂǯȚȅȵȼȲͤॶ ऀअऄ঳ँ঴ॶ
ऀࣿईূऀऀःॽ

ফऀँऀব =ƷȖȖॶ �ॽॶ ~ǦǻǻǐȓǻƷǼǼॶ Xॽॶ Hǅǐȓǐȓॶ Bॽॶ ૫ ~ǐǆǣǼǐȓॶ Xॽ ঳ँࣿऀऀ঴ॽ =ǦȏȂǶΞȖǦȖ ূ � ǣǦǝǣǶΞ ȓǐǝȠৄ
ǶƷȝǐǌ ǻȠǶȝǦৄǐǼΣΞǻǐ ǆȂǻȏǶǐΝ ǻǐǌǦƷȝǐȖ ȝǣǐ ǆƷȝƷǅȂǶǦȖǻ Ȃǜ ǆǐǶǶȠǶƷȓ ǜƷȝ ȖȝȂȓǐȖॽ UȲȡǼȲǯȵȵ ȅț =ȅȮȅǫ
XǯȵǯǖȲǥȂॶ ऄࣿ঳ऀৄः঴ॶ ऀःূँआॽ

ऀंऀ



ফऀँँব =ǐǐॶ [ॽৄΞॽॶ <ƷǼǝॶ Bॽৄǝॽॶ [ǣǦǼॶ [ॽॶ <ΘƷǴॶ �ॽॶ <ΘȂǼॶ bॽॶ [ǐȂॶ :ॽ <ॽॶ <Ǧǻॶ :ॽৄȖॽॶ ૫ Xǣǐǐॶ ,ॽৄΘॽ
঳ँࣿऀआ঴ॽ �ȓǆǣǦȝǐǆȝȠȓǐ BƷȏȏǦǼǝ Ȃǜ ȝǣǐ /ǼǼǐȓ BǦȝȂǆǣȂǼǌȓǦƷǶ BǐǻǅȓƷǼǐ UȓȂȝǐȂǻǐ ǅΞ �ǣǐǻǦৄ
ǆƷǶ bȂȂǶȖ ǦǼ =ǦΗǐ �ǐǶǶȖॽ :ȡȿȲțǖȕ ȡǻ ȼȂǯ �ȚǯȲȅǥǖț �ȂǯȚȅǥǖȕ [ȡǥȅǯȼͤॶ ऀंईॶ ंअऄऀূंअअँॽ

ফऀँंব =ǐȖƷǝǐॶ [ॽॶ �ȓȂȠǐȝॶ qॽॶ BƷǱȂȠǼǦǐॶ �ॽॶ �ǐȓƷǻǐǆȂȠȓȝॶ qॽॶ :ƷǆȂȠȏΞॶ Bॽॶ CǦǆȂǶƷȖॶ �ॽॶ �ȂȓǻǦǐȓৄ
�ǐȒȠƷǦȓǐॶ $ॽॶ ,ƷȖȖȂȠǼॶ [ॽ Bॽॶ UȠǱȂǶॶ �ॽॶ �ǦȠȓƷॶ [ॽॶ �ȓȏƷȏƷΣȂǝǶȂȠॶ ~ॽॶ eȖǐǼǴȂॶ bॽॶ BƷȠȓƷǝǐॶ
�ॽ �ॽॶ [ƷǣǅƷȝȂȠॶ Bॽॶ =ǦǐǅƷȠॶ [ॽॶ �ǦǼǝॶ :ॽॶ �ǦǶǝǦǆॶ �ॽॶ �ǻȓǐॶ Bॽॶ �ȓǝǦǼǐǶৄeǼƷǶȝȠǼƷॶ Cॽॶ %Ƞৄ
ΗǐǼॶ %ॽॶ bǦȖȂǼॶ $ॽॶ bȓƷǼǆǣƷǼȝॶ �ॽॶ qǦǌƷǦǶǣǐȝॶ Bॽॶ �ȂȓΗȂǶॶ :ॽ �ॽॶ <ȓƷǆǴॶ Uॽॶ =ǐȠȝǐǼǐǝǝǐȓॶ �ॽ =ॽॶ
CƷǶǶȖॶ Bॽ �ॽॶ ,ǐȓǼƷǼǌǐΣॶ �ॽ %ॽॶ ,ǐȠȝǦǼǴॶ Uॽॶ %ǦǅǅȖॶ :ॽ Xॽॶ ,ƷȓǌΞॶ :ॽॶ sȂȂǌॶ Cॽ sॽॶ %ƷȖȖǐȓॶ
bॽॶ �Ƞȓȓॶ �ॽॶ �ǐǶǐȠΣǐॶ :ॽ $ॽॶ bƷΣǦȓॶ Bॽॶ �ǐȖȝǐॾॾॶ �ॽॶ =ȂǣǻƷǼǼॶ �ॽॶ <ƷǅƷȖǣǦॶ �ॽॶ [ǦǼǝǶǐȝȂǼॶ �ॽॶ
�ȂȓȝǦॶ Hॽॶ ૫ �ȓǦǆǐॶ �ॽ ঳ँࣿऀअ঴ॽ =ȂȖȖ Ȃǜ qU[ऀं� $ȠǼǆȝǦȂǼ ǦǼ �ȠȝȂȖȂǻƷǶৄXǐǆǐȖȖǦΗǐ UƷȓǴǦǼৄ
ȖȂǼǦȖǻ �ƷȠȖǐȖ BǦȝȂǆǣȂǼǌȓǦƷǶ �ΞȖǜȠǼǆȝǦȂǼ ƷǼǌ /ǼǆȓǐƷȖǐȖ U/C<ऀ঄UƷȓǴǦǼৄ�ǐȏǐǼǌǐǼȝ BǦৄ
ȝȂȏǣƷǝΞॽ �ȚǯȲȅǥǖț :ȡȿȲțǖȕ ȡǻ ,ȿȚǖț %ǯțǯȼȅǥȵॶ ईइ঳ं঴ॶ ऄࣿࣿূऄऀंॽ

ফऀँःব =ǐΘǦǼॶ bॽ Bॽॶ %ȓƷǼǝǐȓॶ �ॽ �ॽॶ <Ǧǻॶ :ॽ ,ॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿࣿऀ঴ॽ XǐǝȠǶƷȝǦȂǼ Ȃǜ ǻǦৄ
ȝȂǆǣȂǼǌȓǦƷǶ ȖǼৄǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ƷǆȝǦΗǦȝΞॵ XǐȖȏȂǼȖǐ ȝȂ ǜǐǐǌǦǼǝ ȖȝƷȝȠȖ ǦȖ
ȠǼǦȒȠǐ ǦǼ ΗƷȓǦȂȠȖ ȓƷȝ ȝǦȖȖȠǐȖ ƷǼǌ ǦȖ ǌǦȖǆȂȓǌƷǼȝ ΘǦȝǣ ȏȓȂȝǐǦǼ ǐΝȏȓǐȖȖǦȂǼॽ �ȲǥȂȅ͝ǯȵ ȡǻ �ȅȡǥȂǯȚठ
ȅȵȼȲͤ ǖțǫ �ȅȡȮȂͤȵȅǥȵॶ ंईअ঳ऀ঴ॶ ऀऀईূऀँआॽ

ফऀँऄব =Ǧॶ �ॽॶ ~ǣƷȂॶ yॽ %ॽॶ =Ǧॶ �ॽॶ ~ǣƷȂॶ ,ॽॶ ,ȠƷǼǝॶ :ॽॶ BǦƷȂॶ %ॽॶ $ǐǼǝॶ �ॽॶ =ǦȠॶ Uॽॶ =Ǧॶ �ॽॶ ૫ ~ǣƷǼǝॶ
,ॽ ঳ँࣿऀई঴ॽ bǣǐ �Xৄ=ȂǆƷǶǦΣǐǌ UȓȂȝǐǦǼ �$�UऀBȂǌȠǶƷȝǐȖ �Xৄ=ǦȏǦǌ �ȓȂȏǶǐȝ �ȂǼȝƷǆȝ $ȂȓǻƷৄ
ȝǦȂǼॽ �ǯȕȕ XǯȮȡȲȼȵॶ ँआ঳ँ঴ॶ ंःंূंऄइॽ

ফऀँअব =Ǧॶ =ॽ Hॽॶ BƷȖǣǐǴॶ �ॽ %ॽॶ �Ǽॶ :ॽॶ �ȂȠǝǣǻƷǼॶ [ॽ �ॽॶ CǐΘǝƷȓǌॶ �ॽ �ॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ
঳ँࣿࣿअ঴ॽ HΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ ȓƷȝ ǶȂǼǝ ǆǣƷǦǼ ƷǆΞǶৄ�Ȃ� ȖΞǼȝǣǐȝƷȖǐ ऀ ƷǶȝǐȓȖ ǜƷȝȝΞ ƷǆǦǌ ǻǐȝƷǅȂǶǦȖǻ
ǦǼ ȓƷȝ ȏȓǦǻƷȓΞ ǣǐȏƷȝȂǆΞȝǐȖॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइऀ঳ःइ঴ॶ ंआँःअূंआँऄऄॽ

ফऀँआব =ǦǼॶ %ॽ %ॽৄǣॽॶ [ǆȂȝȝॶ :ॽ %ॽॶ �ǦǆǴǐǶॶ Uॽ �ॽॶ bƷǼȖǐΞॶ :ॽ bॽॶ ૫sǐǶȝǐॶ Bॽ �ॽ ঳ँࣿࣿई঴ॽ U�b ȏȓȂȝǐǦǼȖॶ
ƷǼ ƷǼǆǦǐǼȝ ǜƷǻǦǶΞ Ȃǜ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ȏȓȂȝǐǦǼȖ ȝǣƷȝ ȓǐǝȠǶƷȝǐ ǆǐǶǶȠǶƷȓ ǶǦȏǦǌ ȖȝȂȓǐȖॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ
ǤȅȡȮȂͤȵȅǥǖ ǖǥȼǖॶ ऀआईऀ঳अ঴ॶ ःऀईূःःࣿॽ

ফऀँइব =ǦǼǌǑǼॶ �ॽॶ sǦǶǶǦƷǻৄHǶȖȖȂǼॶ =ॽॶ XǣǐǌǦǼॶ Bॽॶ �ȖΣȝǑǶΞॶ �ॽৄ<ॽॶ �ǶƷȏǣƷǻॶ :ॽ �ॽॶ ૫ [ǆǣȓǐΞǐȓॶ [ॽ
঳ँࣿࣿः঴ॽ HΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷǶ %U�b ǦǼ ȓƷȝ ǣǐȏƷȝȂǆΞȝǐȖ ǶǐƷǌȖ ȝȂ ǌǐǆȓǐƷȖǐǌ ǜƷȝȝΞ
ƷǆǦǌ ȂΝǦǌƷȝǦȂǼ ƷǼǌ ǦǼǆȓǐƷȖǐǌ ǝǶΞǆǐȓȂǶǦȏǦǌ ǅǦȂȖΞǼȝǣǐȖǦȖॽ :ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ XǯȵǯǖȲǥȂॶ ःऄ঳आ঴ॶ
ऀँआईূऀँइइॽ

ফऀँईব =ǦΣƷȖȂॶ �ॽॶ bƷǼॶ <ॽ bॽॶ ૫ =ǐǐॶ yॽ ,ॽ ঳ँࣿऀं঴ॽ ƷǌȓǐǼǐȓǝǦǆৄܮ ȓǐǆǐȏȝȂȓৄȖȝǦǻȠǶƷȝǐǌ ǶǦȏȂǶΞȖǦȖ ȓǐȒȠǦȓǐȖ
ȝǣǐ X��आৄǻǐǌǦƷȝǐǌ ƷȠȝȂǶΞȖȂȖȂǻƷǶ ǶǦȏǦǌ ǌǐǝȓƷǌƷȝǦȂǼॽ �ȿȼȡȮȂǖǼͤॶ ई঳इ঴ॶ ऀँँइূऀँःंॽ

ফऀंࣿব BƷǶǶǻƷǼǼॶ Xॽॶ HǼǌƷǆȂΗƷॶ <ॽॶ BȂȓƷΗǆǦǴȂΗƷॶ =ॽॶ :ȠȓǴȂΗǦǆȂΗƷৄȝƷȓƷǅȂΗƷॶ �ॽॶ UƷΗǶȂΗǦǆȂΗƷॶ Bॽॶ
BȂȓƷΗǆǦǴॶ Xॽॶ =ǦǆǣΗƷȓȂΗƷॶ =ॽॶ <ȂǻǦǼǴȂΗƷॶ qॽॶ ૫ <ǶȠǝǅƷȠǐȓॶ Cॽ ঳ँࣿऀई঴ॽ $ȂȠȓ ǼȂΗǐǶ ǦǼȝǐȓৄ
ƷǆȝǦȂǼ ȏƷȓȝǼǐȓȖ ǌǐǻȂǼȖȝȓƷȝǐ ǌǦΗǐȓȖǐ ǻȂǌȠǶƷȝȂȓΞ ǐЍǐǆȝȖ ȂǼ ΗȂǶȝƷǝǐৄǝƷȝǐǌ �Ʒ q ँ ॽ ँ �Ʒ ँ ੺
ǆǣƷǼǼǐǶȖॽ �ȿȲȡȮǯǖț :ȡȿȲțǖȕ ȡǻ UȂͤȵȅȡȕȡǼͤॶ ःआऀॶ इअऀূइआःॽ

ऀंँ



ফऀंऀব BƷȓȝǦǼॶ [ॽॶ �ȓǦǐȖȖǐǼॶ <ॽॶ CǦΝȂǼॶ [ॽ :ॽॶ ~ǐȓǦƷǶॶ Bॽॶ ૫ UƷȓȝȂǼॶ Xॽ %ॽ ঳ँࣿࣿऄ঴ॽ XǐǝȠǶƷȝǐǌ ǶȂǆƷǶৄ
ǦΣƷȝǦȂǼ Ȃǜ XƷǅऀइ ȝȂ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॵ �ЍǐǆȝȖ Ȃǜ ǶǦȏȂǶΞȝǦǆ ȖȝǦǻȠǶƷȝǦȂǼ ƷǼǌ ǦǼǣǦǅǦȝǦȂǼ Ȃǜ ǶǦȏǦǌ
ǌȓȂȏǶǐȝ ǆƷȝƷǅȂǶǦȖǻॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइࣿ঳ऄऀ঴ॶ ःँंँऄূःँंंऄॽ

ফऀंँব BƷȖǣǦǻƷॶ bॽॶ [ǐǦǻǦΞƷॶ ,ॽॶ ૫ bȖȠȓȠȂॶ bॽ ঳ँࣿࣿई঴ॽ �ǐ ǼȂΗȂ ǜƷȝȝΞৄƷǆǦǌ ȖΞǼȝǣǐȖǦȖ ƷǼǌ ȓǐǶƷȝǐǌ
ȏƷȝǣΘƷΞȖ ƷȖ ǻȂǶǐǆȠǶƷȓ ȝƷȓǝǐȝȖ ǜȂȓ ǆƷǼǆǐȓ ȝǣǐȓƷȏΞॽ �ȲȅȼȅȵȂ :ȡȿȲțǖȕ ȡǻ �ǖțǥǯȲॶ ऀࣿࣿ঳ई঴ॶ ऀंअईূ
ऀंआँॽ

ফऀंंব BǑǼǑǝƷȠȝॶ =ॽॶ :ƷǶǦǶॶ �ॽॶ bǣȂǻƷȖॶ �ॽॶ ૫BƷȖȖȂǼॶ �ॽ ঳ँࣿऀई঴ॽ BƷǆȓȂȏǣƷǝǐ ǜƷȝȝΞ ƷǆǦǌ
ǻǐȝƷǅȂǶǦȖǻ ƷǼǌ ƷȝǣǐȓȂȖǆǶǐȓȂȖǦȖॵ bǣǐ ȓǦȖǐ Ȃǜ Ue$�Ȗॽ �ȼȂǯȲȡȵǥȕǯȲȡȵȅȵॶ ँईऀ঳[ǐȏȝǐǻǅǐȓ঴ॶ ऄँূ
अऀॽ

ফऀंःব BǐȖǻǦǼॶ �ॽ ঳ँࣿऀअ঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ ǶǦȏǦǌ ȝȓƷǼȖȏȂȓȝ ƷǼǌ ǅǦȂȖΞǼȝǣǐȖǦȖ ॵ � ǆȂǻȏǶǐΝ ǅƷǶƷǼǆǐॽ
:ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀः঳ऀ঴ॶ ईূऀऀॽ

ফऀंऄব BǦΞƷǼƷȓǦॶ yॽॶ �ȝȖȠΣƷΘƷॶ <ॽॶ eȖȠǌƷॶ Cॽॶ sƷȝƷȖǣǦॶ <ॽॶ ,ǦȖǣǦǴǦॶ bॽॶ ~ƷΞƷȖॶ Bॽॶ �ƷȓȝǐǼȖǆǣǶƷǝǐȓॶ
Xॽॶ sƷǴǦȝƷॶ bॽॶ ,ǦǱǦǴƷȝƷॶ Bॽॶ ૫ [ǣǦǻȂȝȂǣǼȂॶ <ॽ ঳ँࣿࣿआ঴ॽ bǣǐ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǦȖ ƷǼ ǦǻȏȂȓȝƷǼȝ
ȂȓǝƷǼǐǶǶǐ ǜȂȓ ǣǐȏƷȝǦȝǦȖ � ΗǦȓȠȖ ȏȓȂǌȠǆȝǦȂǼॽ CǖȼȿȲǯ �ǯȕȕ �ȅȡȕȡǼͤॶ ई঳ई঴ॶ ऀࣿइईূऀࣿईआॽ

ফऀंअব BǦΞƷȝƷॶ Cॽॶ sƷȝƷǼƷǅǐॶ yॽॶ bƷǻȠȓƷॶ yॽॶ �ǼǌȂॶ bॽॶ ૫ <Ƞǝǐॶ Hॽ ঳ँࣿऀअ঴ॽ UǣȂȖȏǣƷȝǦǌΞǶȖǐȓǦǼǐ
ȝȓƷǼȖȏȂȓȝ ǅΞ eȏȖँ ূBǌǻंऄ ǦǼ ȓǐȖȏǦȓƷȝǦȂǼৄƷǆȝǦΗǐ ǻǦȝȂǆǣȂǼǌȓǦƷॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ
ँऀः঳ऀ঴ॶ आआূइइॽ

ফऀंआব BȆǶǶǐȓৄ,ǐȓǝȝॶ �ॽ qॽॶ �ƷȓǶȖȝȓȆǻॶ �ॽॶ [ȝǐȏǣƷǼॶ <ॽॶ /ǻǣȂǜॶ �ॽॶ ૫ Hȝȝॶ Bॽ ঳ँࣿऀइ঴ॽ bǣǐ ȓǦǅȂȖȂǻǐ
ȓǐǆǐȏȝȂȓȖ BȓΝऀऄ ƷǼǌBǅƷऀ ǱȂǦǼȝǶΞ ȂȓǝƷǼǦΣǐ ǆȂȝȓƷǼȖǶƷȝǦȂǼƷǶ ǦǼȖǐȓȝǦȂǼ ƷǼǌ ȏȓȂȝǐǦǼ ǅǦȂǝǐǼǐȖǦȖ
ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷॽ BȡȕǯǥȿȕǖȲ �ȅȡȕȡǼͤ ȡǻ ȼȂǯ �ǯȕȕॶ ँई঳ँࣿ঴ॶ ँंइअূँंईअॽ

ফऀंइব BeH/Hॶ �ॽ Bॽॶ [ǐǐǜǐǶǌॶ <ॽॶ sǦȝȝǐȓȖॶ =ॽ �ॽॶ ૫ �H=�B�Cॶ Xॽ �ॽ ঳ऀईईई঴ॽ �BUৄƷǆȝǦΗƷȝǐǌ
ǴǦǼƷȖǐ ȓǐǆǦȏȓȂǆƷǶǶΞ ȓǐǝȠǶƷȝǐȖ ȝȓǦƷǆΞǶǝǶΞǆǐȓȂǶ ȖΞǼȝǣǐȖǦȖ ƷǼǌ ǜƷȝȝΞ ƷǆǦǌ ȂΝǦǌƷȝǦȂǼ ǦǼ ǶǦΗǐȓ ƷǼǌ
ǻȠȖǆǶǐॵ ǐΗǦǌǐǼǆǐ ȝǣƷȝ ȖǼৄǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ǦȖ Ʒ ǼȂΗǐǶ ȝƷȓǝǐȝॽ �ȅȡǥȂǯȚȅǥǖȕ
:ȡȿȲțǖȕॶ ंंइ঳ं঴ॶ आइंॽ

ফऀंईব CƷǝǶǐॶ �ॽ �ॽॶ �Ǽॶ :ॽॶ [ǣǦȂȝƷॶ Bॽॶ bȂȓȓǐȖॶ bॽ Uॽॶ �ǶǦǼǐॶ %ॽ sॽॶ =ǦȠॶ ~ॽ xॽॶ sƷǼǝॶ [ॽॶ �ƷȝǶǦǼॶ Xॽ
�ॽ =ॽॶ [ǣȠǶǻƷǼॶ %ॽ /ॽॶ CǐΘǝƷȓǌॶ �ॽ �ॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿࣿआ঴ॽ ,ǐȏƷȝǦǆ ȂΗǐȓǐΝȏȓǐȖȖǦȂǼ Ȃǜ
ǝǶΞǆǐȓȂǶৄȖǼৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ऀ ǦǼ ȓƷȝȖ ǆƷȠȖǐȖ ǦǼȖȠǶǦǼ ȓǐȖǦȖȝƷǼǆǐॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ
�ȂǯȚȅȵȼȲͤॶ ँइँ঳ँࣿ঴ॶ ऀःइࣿआূऀःइऀऄॽ

ফऀःࣿব CƷȖȖǦȓॶ $ॽ ૫ /ǅǌƷǣॶ :ॽ ঳ँࣿऀः঴ॽ XȂǶǐ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ ǼȂǼƷǶǆȂǣȂǶǦǆ ǜƷȝȝΞ ǶǦΗǐȓ ǌǦȖǐƷȖǐॽ /țȼǯȲठ
țǖȼȅȡțǖȕ :ȡȿȲțǖȕ ȡǻBȡȕǯǥȿȕǖȲ [ǥȅǯțǥǯȵॶ ऀऄ঳ऄ঴ॶ इआऀंূइआःँॽ

ফऀःऀব CǝȠΞǐǼॶ �ॽॶ [ȝȠȝΣॶ Xॽॶ [ǆǣȂȓȓॶ [ॽॶ =ƷǼǝॶ [ॽॶ UǜǐЍǐȓॶ [ॽॶ $ȓǐǐΣǐॶ ,ॽ ,ॽॶ $ȆȓȖȝǐȓॶ $ॽॶ ,ǐǶǻȖॶ qॽॶ
�ȠǌǐǴॶ :ॽॶ ૫ ~ǦǻǻǐȓǻƷǼǼॶ Xॽ ঳ँࣿऀइ঴ॽ UȓȂȝǐȂǻǦǆȖ ȓǐΗǐƷǶȖ ȖǦǝǼƷǶ ȏǐȏȝǦǌǐ ǜǐƷȝȠȓǐȖ ǌǐȝǐȓǻǦǼৄ
ǦǼǝ ȝǣǐ ǆǶǦǐǼȝ ȖȏǐǆǦЖǆǦȝΞ ǦǼ ǣȠǻƷǼ bX�UৄǌǐȏǐǼǌǐǼȝ �X ȏȓȂȝǐǦǼ ǦǻȏȂȓȝॽ CǖȼȿȲǯ �ȡȚȚȿțȅठ
ǥǖȼȅȡțȵॶ ईॽ

ऀंं



ফऀःँব CȂȓǌȖȝȓȆǻॶ �ॽ �ॽॶ XΞǌǑǼॶ Bॽॶ �ƷǆǴǶȠǼǌॶ �ॽ �ॽॶ �ƷǣǶǻƷǼॶ /ॽॶ <ƷƷǻƷǼॶ Bॽॶ �ǶȂǻȒΗǦȖȝॶ =ॽॶ
�ƷǼǼȂǼॶ �ॽॶ CǐǌǐȓǝƷƷȓǌॶ :ॽॶ ૫ �ȓǼǐȓॶ Uॽ ঳ँࣿࣿऄ঴ॽ � ǣȠǻƷǼৄȖȏǐǆǦЖǆ ȓȂǶǐ Ȃǜ ǆǐǶǶ ǌǐƷȝǣৄǦǼǌȠǆǦǼǝ
�$$� ঳�C� ǜȓƷǝǻǐǼȝƷȝǦȂǼ ǜƷǆȝȂȓৄܭ঴ৄǶǦǴǐ ǐЍǐǆȝȂȓ � ঳�/���঴ ǦǼ ƷǌǦȏȂǆΞȝǐ ǶǦȏȂǶΞȖǦȖ ƷǼǌ
ȂǅǐȖǦȝΞॽ �ȅǖǤǯȼǯȵॶ ऄः঳अ঴ॶ ऀआँअূऀआंःॽ

ফऀःंব HǝƷΘƷॶ <ॽॶ ,ǦȖǣǦǴǦॶ bॽॶ [ǣǦǻǦΣȠॶ yॽॶ $ȠǼƷǻǦॶ <ॽॶ [ȠǝǦΞƷǻॶ <ॽॶ BǦΞƷǼƷȓǦॶ yॽॶ ૫ [ǣǦǻȂȝȂǣǼȂॶ
<ॽ ঳ँࣿࣿई঴ॽ ,ǐȏƷȝǦȝǦȖ � ΗǦȓȠȖ ȠȝǦǶǦΣǐȖ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǜȂȓ ȏȓȂǌȠǆȝǦȂǼ Ȃǜ ǦǼǜǐǆȝǦȂȠȖ ΗǦȓȠȖॽ UȲȡǥǯǯǫठ
ȅțǼȵ ȡǻ ȼȂǯ :ǖȮǖț �ǥǖǫǯȚͤ [ǯȲȅǯȵ �࣏ UȂͤȵȅǥǖȕ ǖțǫ �ȅȡȕȡǼȅǥǖȕ [ǥȅǯțǥǯȵॶ इऄ঳आ঴ॶ ँऀआূँँइॽ

ফऀःःব HǶƷȓȝǐॶ Bॽ :ॽॶ <Ǧǻॶ [ॽॶ [ǣƷȓȏॶ Bॽ �ॽॶ [ΘƷǼȖȂǼॶ :ॽ Bॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿँࣿ঴ॽ
�ǐȝǐȓǻǦǼƷǼȝȖ Ȃǜ �ǼǌȂȏǶƷȖǻǦǆ XǐȝǦǆȠǶȠǻৄȝȂৄ=ǦȏǦǌ �ȓȂȏǶǐȝ UȓȂȝǐǦǼ bƷȓǝǐȝǦǼǝॽ �ǯ͝ǯȕȡȮȚǯțठ
ȼǖȕ �ǯȕȕॶ ऄः঳ः঴ॶ ःआऀূःइआॽ

ফऀःऄব HǼƷǶॶ %ॽॶ <ȠȝǶȠॶ Hॽॶ %ȂΣȠƷǆǦǴॶ �ॽॶ ૫ �ȂǴǻǐǆǦ �ǻȓǐॶ [ॽ ঳ँࣿऀआ঴ॽ =ǦȏǦǌ �ȓȂȏǶǐȝȖ ǦǼ ,ǐƷǶȝǣ
ƷǼǌ �ǦȖǐƷȖǐॽ =ȅȮȅǫȵ ȅț ,ǯǖȕȼȂ ǖțǫ �ȅȵǯǖȵǯॶ ऀअ঳ऀ঴ॶ ऀँइॽ

ফऀःअব HǼǝॶ <ॽ bॽॶ BƷȖǣǐǴॶ Bॽ bॽॶ �ƷΗǦǌȖȂǼॶ Cॽ Hॽॶ ૫BƷȖǣǐǴॶ �ॽ %ॽ ঳ँࣿऀः঴ॽ ,ǐȏƷȝǦǆ �b%=ǻǐৄ
ǌǦƷȝǐȖ UU�Xৄܭ ȖǦǝǼƷǶǦǼǝ ƷǼǌ ǜƷȝȝΞ ƷǆǦǌ ǆǣƷǼǼǐǶǦǼǝ ȝǣȓȂȠǝǣ ƷǼ =ৄ$��U ǦǼǌǐȏǐǼǌǐǼȝ ǻǐǆǣƷৄ
ǼǦȖǻॽ :ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ XǯȵǯǖȲǥȂॶ ऄऄ঳ऄ঴ॶ इࣿइূइऀऄॽ

ফऀःआব HΣǐǴǦॶ [ॽॶ �ǣǐǼǝॶ :ॽॶ bƷȠǆǣǦৄ[ƷȝȂॶ <ॽॶ ,ƷȝƷǼȂॶ Cॽॶ bƷǼǦǝȠǆǣǦॶ ,ॽॶ ૫ $ȠǱǦǻȂȝȂॶ bॽ ঳ँࣿࣿऄ঴ॽ
XƷǅऀइ ǶȂǆƷǶǦΣǐȖ ȝȂ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖ ƷǼǌ ǦǼǌȠǆǐȖ ȝǣǐǦȓ ǆǶȂȖǐ ƷȏȏȂȖǦȝǦȂǼ ȝȂ ȝǣǐ ǐǼǌȂȏǶƷȖǻǦǆ
ȓǐȝǦǆȠǶȠǻৄǌǐȓǦΗǐǌ ǻǐǻǅȓƷǼǐॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ [ǥȅǯțǥǯॶ ऀऀइ঳ऀँ঴ॶ ँअࣿऀূँअऀऀॽ

ফऀःइব UƷǼǐΗȖǴƷॶ �ॽॶ [ǴȂǈƷǱॶ Bॽॶ <ȓǦΥƷǱॶ /ॽॶ BƷǈǐǴॶ Uॽॶ ૫ [ǐȏǈǦǇॶ <ॽ ঳ँࣿऀई঴ॽ �ǐȓƷǻǦǌǐ ȏǣȂȖȏǣȂৄ
ǐȝǣƷǼȂǶƷǻǦǼǐॶ ƷǼ ǐǼǦǝǻƷȝǦǆ ǆǐǶǶȠǶƷȓ ǻǐǻǅȓƷǼǐ ȖȏǣǦǼǝȂǶǦȏǦǌॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठ
�ȅȡȚǯȚǤȲǖțǯȵॶ ऀइअऀ঳आ঴ॶ ऀँइःূऀँईँॽ

ফऀःईব UƷȝȝǐȓȖȂǼॶ %ॽ ,ॽॶ ,ǦȓȖǆǣǅǐȓǝॶ <ॽॶ UȂǶǦȖǣǆǣȠǴॶ Xॽ [ॽॶ %ǐȓǶǦǆǣॶ �ॽॶ UǣƷǦȓॶ Xॽ �ॽॶ ૫ =ǦȏȏǦǼǆȂȝȝৄ
[ǆǣΘƷȓȝΣॶ :ॽ ঳ँࣿࣿइ঴ॽ bȓƷǼȖȏȂȓȝ ȝǣȓȂȠǝǣ ȝǣǐ %ȂǶǝǦ �ȏȏƷȓƷȝȠȖ ǅΞ XƷȏǦǌ UƷȓȝǦȝǦȂǼǦǼǝ ΘǦȝǣǦǼ Ʒ
bΘȂৄUǣƷȖǐ BǐǻǅȓƷǼǐ [ΞȖȝǐǻॽ �ǯȕȕॶ ऀंं঳अ঴ॶ ऀࣿऄऄূऀࣿअआॽ

ফऀऄࣿব UǐǶǶȂǼৄBƷǦȖȂǼॶ Bॽॶ �ȂǶǐǻƷǼॶ Xॽ �ॽॶ ૫ %ȂǼΣƷǶǐΣৄ�Ʒȓȃॶ Bॽ Xॽ ঳ँࣿࣿअ঴ॽ bǣǐ �ৄȝǐȓǻǦǼƷǶ ȓǐǝǦȂǼ
Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐৄऀ ǦǼȝǐȓƷǆȝȖ ΘǦȝǣ ȝǣǐ ƷǆȝǦΗǐ ȖǦȝǐ ȓǐǝǦȂǼ
ƷǼǌ ǦȖ ȓǐȒȠǦȓǐǌ ǜȂȓ ƷǆȝǦΗǦȝΞॽ �ȲǥȂȅ͝ǯȵ ȡǻ �ȅȡǥȂǯȚȅȵȼȲͤ ǖțǫ �ȅȡȮȂͤȵȅǥȵॶ ःऄࣿ঳ँ঴ॶ ऀऄआূऀअअॽ

ফऀऄऀব UǐǶǶȂǼৄBƷǦȖȂǼॶ Bॽॶ BȂǼȝƷǼƷȓȂॶ Bॽ �ॽॶ �ȂǶǐǻƷǼॶ Xॽ �ॽॶ ૫ %ȂǼΣƷǶǐΣৄ�Ʒȓȃॶ Bॽ Xॽ ঳ँࣿࣿआ঴ॽ
BǦȝȂǆǣȂǼǌȓǦƷǶ ǝǶΞǆǐȓȂǶৄंৄU ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ऀ ǦȖ ǻȂȖȝ ƷǆȝǦΗǐ ǦǼ ȂȠȝǐȓ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻǐǻǅȓƷǼǐ
ǅȠȝ ǼȂȝ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ƷȖȖȂǆǦƷȝǐǌ ΗǐȖǦǆǶǐȖ ঳B�q঴ॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ ǤȅȡȮȂͤȵȅǥǖ ǖǥȼǖॶ ऀआआऀ঳आ঴ॶ
इंࣿূइंइॽ

ফऀऄँব UǜǐЍǐȓॶ [ॽ Xॽ ঳ँࣿࣿऀ঴ॽ XƷǅ %bUƷȖǐȖॵ [ȏǐǆǦǜΞǦǼǝ ƷǼǌ ǌǐǆǦȏǣǐȓǦǼǝ ȂȓǝƷǼǐǶǶǐ ǦǌǐǼȝǦȝΞ ƷǼǌ ǜȠǼǆৄ
ȝǦȂǼॽ bȲǯțǫȵ ȅț �ǯȕȕ �ȅȡȕȡǼͤॶ ऀऀ঳ऀँ঴ॶ ःइआূःईऀॽ

ऀंः



ফऀऄंব UȂǣǶॶ :ॽॶ XǦǼǝॶ �ॽॶ <ȂȓǴǻƷΣॶ eॽॶ �ǣǐǣƷǶȝॶ Xॽॶ ૫ [ȝȓǐǻǻǐǶॶ sॽ ঳ँࣿࣿऄ঴ॽ $�b঄��ंअৄǻǐǌǦƷȝǐǌ
=ȂǼǝৄ�ǣƷǦǼ $ƷȝȝΞ �ǆǦǌ eȏȝƷǴǐ ǦǼ �ǌǦȏȂǆΞȝǐȖ XǐȒȠǦȓǐȖ UǶƷȖǻƷBǐǻǅȓƷǼǐ XƷǜȝȖॽ Bȡȕ �ȅȡȕ
�ǯȕȕॶ ऀअ঳ऀ঴ॶ ँःূंऀॽ

ফऀऄःব UȂǶॶ �ॽॶ %ȓȂȖȖॶ [ॽ Uॽॶ ૫ UƷȓȝȂǼॶ Xॽ %ॽ ঳ँࣿऀः঴ॽ �ǦȂǝǐǼǐȖǦȖ Ȃǜ ȝǣǐ ǻȠǶȝǦǜȠǼǆȝǦȂǼƷǶ ǶǦȏǦǌ ǌȓȂȏǶǐȝॵ
=ǦȏǦǌȖॶ ȏȓȂȝǐǦǼȖॶ ƷǼǌ ȖǦȝǐȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँࣿः঳ऄ঴ॶ अंऄূअःअॽ

ফऀऄऄব UȂȖȝǦǆॶ �ॽ ૫ %ǦȓƷȓǌॶ :ॽ ঳ँࣿࣿइ঴ॽ �ȂǼȝȓǦǅȠȝǦȂǼ Ȃǜ ǌǐ ǼȂΗȂ ǜƷȝȝΞ ƷǆǦǌ ȖΞǼȝǣǐȖǦȖ ȝȂ ǣǐȏƷȝǦǆ ȖȝǐƷȝȂৄ
ȖǦȖ ƷǼǌ ǦǼȖȠǶǦǼ ȓǐȖǦȖȝƷǼǆǐॵ ǶǐȖȖȂǼȖ ǜȓȂǻ ǝǐǼǐȝǦǆƷǶǶΞ ǐǼǝǦǼǐǐȓǐǌ ǻǦǆǐॽ bȂǯ :ȡȿȲțǖȕ ȡǻ �ȕȅțȅǥǖȕ
/ț͝ǯȵȼȅǼǖȼȅȡțȵॶ ऀऀइ঳ं঴ॶ इँईূइंइॽ

ফऀऄअব UȓǑΗȂȖȝॶ �ॽॶ [ǣƷȓȏॶ Bॽ �ॽॶ <ȂȓΞॶ Cॽॶ =ǦǼॶ Wॽॶ qȂȝǣॶ %ॽ �ॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ
঳ँࣿऀइ঴ॽ BǐǆǣƷǼǦȖǻ ƷǼǌ �ǐȝǐȓǻǦǼƷǼȝȖ Ȃǜ �ǻȏǣǦȏƷȝǣǦǆ ,ǐǶǦΝৄ�ȂǼȝƷǦǼǦǼǝ UȓȂȝǐǦǼ bƷȓǝǐȝǦǼǝ
ȝȂ =ǦȏǦǌ �ȓȂȏǶǐȝȖॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ःः঳ऀ঴ॶ आंূइअॽ

ফऀऄआব UȓǦǼΣॶ sॽ �ॽ ঳ँࣿऀः঴ॽ �ȓǦǌǝǦǼǝ ȝǣǐ ǝƷȏॵ BǐǻǅȓƷǼǐ ǆȂǼȝƷǆȝ ȖǦȝǐȖ ǦǼ ȖǦǝǼƷǶǦǼǝॶ ǻǐȝƷǅȂǶǦȖǻॶ ƷǼǌ
ȂȓǝƷǼǐǶǶǐ ǌΞǼƷǻǦǆȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँࣿऄ঳अ঴ॶ आऄईূआअईॽ

ফऀऄइব UȠǶǦǌȂॶ Bॽ Xॽॶ �ǦƷΣৄXȠǦΣॶ �ॽॶ :ǦǻǑǼǐΣৄ%ȃǻǐΣॶ yॽॶ %ƷȓǆǦƷৄCƷΗƷȓȓȂॶ [ॽॶ %ȓƷǆǦƷৄCƷΗƷȓȓȂॶ $ॽॶ
bǦǼƷǣȂǼǐȖॶ $ॽॶ =ȃȏǐΣৄBǦȓƷǼǌƷॶ :ॽॶ $ȓȤǣǅǐǆǴॶ %ॽॶ qƸΣȒȠǐΣৄBƷȓȝǨǼǐΣॶ Xॽॶ ૫BƷǶƷǝȃǼॶ Bॽ Bॽ
঳ँࣿऀऀ঴ॽ XƷǅऀइ ǌΞǼƷǻǦǆȖ ǦǼ ƷǌǦȏȂǆΞȝǐȖ ǦǼ ȓǐǶƷȝǦȂǼ ȝȂ ǶǦȏȂǝǐǼǐȖǦȖॶ ǶǦȏȂǶΞȖǦȖ ƷǼǌ ȂǅǐȖǦȝΞॽ U=ȡ[
HC�ॶ अ঳आ঴ॶ ǐँँईंऀॽ

ফऀऄईব UȠȓǦॶ qॽॶ <ȂǼǌƷॶ [ॽॶ XƷǼǱǦȝॶ [ॽॶ �ȂȠƷǌǦॶ Bॽॶ �ǣƷΘǶƷॶ �ॽॶ �ǣȂȠǦǼƷȓǌॶ Bॽॶ �ǣƷǴǶƷǌƷȓॶ �ॽॶ ૫
�Σǐǆǣॶ Bॽ Uॽ ঳ँࣿࣿआ঴ॽ $ƷȝৄȖȏǐǆǦЖǆ ȏȓȂȝǐǦǼ ँआॶ Ʒ ǼȂΗǐǶ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ȏȓȂȝǐǦǼ ȝǣƷȝ ǐǼǣƷǼǆǐȖ
ȝȓǦǝǶΞǆǐȓǦǌǐ ȖȝȂȓƷǝǐॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइँ঳ःआ঴ॶ ंःँऀंূंःँऀइॽ

ফऀअࣿব WǦॶ yॽॶ [ȠǼॶ =ॽॶ ૫ yƷǼǝॶ ,ॽ ঳ँࣿऀआ঴ॽ =ǦȏǦǌ �ȓȂȏǶǐȝ %ȓȂΘȝǣ ƷǼǌ �ǌǦȏȂǆΞȝǐ �ǐΗǐǶȂȏǻǐǼȝॵ
BǐǆǣƷǼǦȖȝǦǆƷǶǶΞ �ǦȖȝǦǼǆȝ UȓȂǆǐȖȖǐȖ �ȂǼǼǐǆȝǐǌ ǅΞ UǣȂȖȏǣȂǶǦȏǦǌȖॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ
�ǥȼǖ ए���ऐ ठBȡȕǯǥȿȕǖȲ ǖțǫ �ǯȕȕ �ȅȡȕȡǼͤ ȡǻ =ȅȮȅǫȵॽ

ফऀअऀব WȠȂǼॶ �ॽ ૫ �ǐǣॶ �ॽ bॽ ঳ँࣿऀऄ঴ॽ BǐǻǅȓƷǼǐ �ȂǼȝƷǆȝ [ǦȝǐȖॵ �ȂǻȏǶǐΝ ~ȂǼǐȖ ǜȂȓ BǐǻǅȓƷǼǐ
�ȖȖȂǆǦƷȝǦȂǼ ƷǼǌ =ǦȏǦǌ �ΝǆǣƷǼǝǐॽ =ȅȮȅǫ /țȵȅǼȂȼȵॶ इ঳[ȠȏȏǶॽ ऀ঴ॶ ऄऄূअंॽ

ফऀअँব XƷǻǅȂǶǌॶ �ॽ [ॽॶ �ȂǣǐǼॶ [ॽॶ ૫ =ǦȏȏǦǼǆȂȝȝৄ[ǆǣΘƷȓȝΣॶ :ॽ ঳ँࣿऀऄ঴ॽ $ƷȝȝΞ ƷǆǦǌ ȝȓƷАǆǴǦǼǝ ǦǼ ȖȝƷȓΗǐǌ
ǆǐǶǶȖॵ XǐǝȠǶƷȝǦȂǼ ǅΞ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǶǦȏȂǶΞȖǦȖॶ ƷȠȝȂȏǣƷǝΞॶ ƷǼǌ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǜȠȖǦȂǼ ǌΞǼƷǻǦǆȖॽ
�ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ंँ঳अ঴ॶ अआइূअईँॽ

ফऀअंব XƷǻȏǐǶȝॶ ,ॽॶ ~ǐȓǅǐȖॶ Xॽ Bॽॶ ΗƷǼ ǌǐȓ =ƷƷǼॶ Bॽॶ ૫ UǜƷǼǼǐȓॶ Cॽ ঳ँࣿऀआ঴ॽ XȂǶǐ Ȃǜ ȝǣǐ ǻǦȝȂৄ
ǆǣȂǼǌȓǦƷǶ ǆȂǼȝƷǆȝ ȖǦȝǐ ƷǼǌ ǆȓǦȖȝƷǐ ȂȓǝƷǼǦΣǦǼǝ ȖΞȖȝǐǻ ǦǼ ǻǐǻǅȓƷǼǐ ƷȓǆǣǦȝǐǆȝȠȓǐ ƷǼǌ ǌΞǼƷǻǦǆȖॽ
�ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ �ǯȕȕ XǯȵǯǖȲǥȂॶ ऀइअः঳ः঴ॶ आंआূआःअॽ

ফऀअःব XƷȝȠȓǦॶ �ॽ ૫ [ǦǻǻǐǼॶ bॽ ঳ँࣿऀं঴ॽ sǣǐȓǐ ȝǣǐ ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻ ƷǼǌ ȝǣǐ ǻǦȝȂǆǣȂǼǌȓǦȂǼ
ȝǦǐ ȝǣǐ ǴǼȂȝॵ bǣǐ ǻǦȝȂǆǣȂǼǌȓǦƷৄƷȖȖȂǆǦƷȝǐǌ ǻǐǻǅȓƷǼǐ ঳B�B঴ॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ
ठBȡȕǯǥȿȕǖȲ �ǯȕȕ XǯȵǯǖȲǥȂॶ ऀइंं঳ऀ঴ॶ ँऀंূँँःॽ

ऀंऄ



ফऀअऄব XȂΘǐॶ �ॽ Xॽॶ BǦǻǻƷǆǴॶ Bॽ =ॽॶ �ƷȓǅȂȖƷॶ �ॽ �ॽॶ ,ƷǦǌǐȓॶ �ॽॶ /ȖƷƷǆॶ /ॽॶ HȠǅǐȓƷǦॶ Bॽ Bॽॶ bǣǦƷǻॶ
�ॽ Xॽॶ UƷȝǐǶॶ [ॽॶ [ƷȠǌǐǴॶ qॽॶ [ǦǼǦȂȖȖȂǝǶȂȠॶ [ॽॶ ૫ [ƷΗƷǝǐॶ �ॽ �ॽ ঳ँࣿऀअ঴ॽ �ȂǼȖǐȓΗǐǌ ƷǻȏǣǦȏƷȝǣǦǆ
ǣǐǶǦǆǐȖ ǻǐǌǦƷȝǐ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ȝƷȓǝǐȝǦǼǝ Ȃǜ ȏǐȓǦǶǦȏǦǼȖ ऀৄंॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ
ँईऀ঳ऀं঴ॶ अअअःূअअआइॽ

ফऀअअব XȂΞॶ Xॽॶ HȓǌȂΗƷȖॶ =ॽॶ bƷȂȠȓǦȝॶ [ॽॶ ~ƷȓƷǝȂΣƷॶ Uॽॶ �ǝǝǐǼॶ �ॽॶ ૫ XȂǌǐǶǶƷȓॶ �ॽ ঳ँࣿࣿअ঴ॽ %ǐǼȂǻǦǆ
ȖȝȓȠǆȝȠȓǐ ƷǼǌ ƷǼ ƷǶȝǐȓǼƷȝǦΗǐ ȝȓƷǼȖǆȓǦȏȝ Ȃǜ ǅȂΗǦǼǐ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǝǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶৄ
ȝȓƷǼȖǜǐȓƷȖǐ ǝǐǼǐ ঳%U�B঴ॽ �ͤȼȡǼǯțǯȼȅǥ ǖțǫ %ǯțȡȚǯ XǯȵǯǖȲǥȂॶ ऀऀँ঳ऀৄँ঴ॶ इँূइईॽ

ফऀअआব XȠȖǦȁȂǶॶ �ॽ �ॽॶ �ȠǦॶ ~ॽॶ �ǣǐǼॶ Bॽ ,ॽॶ ૫ qƷǼǆǐॶ :ॽ �ॽ ঳ऀईईः঴ॽ � ȠǼǦȒȠǐ ǻǦȝȂǆǣȂǼǌȓǦƷৄ
ƷȖȖȂǆǦƷȝǐǌ ǻǐǻǅȓƷǼǐ ǜȓƷǆȝǦȂǼ ǜȓȂǻ ȓƷȝ ǶǦΗǐȓ ǣƷȖ Ʒ ǣǦǝǣ ǆƷȏƷǆǦȝΞ ǜȂȓ ǶǦȏǦǌ ȖΞǼȝǣǐȖǦȖ ƷǼǌ ǆȂǼৄ
ȝƷǦǼȖ ȏȓǐৄ%ȂǶǝǦ ȖǐǆȓǐȝȂȓΞ ȏȓȂȝǐǦǼȖ ǦǼǆǶȠǌǦǼǝ ǼƷȖǆǐǼȝ ǶǦȏȂȏȓȂȝǐǦǼȖॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚठ
ȅȵȼȲͤॶ ँअई঳ःः঴ॶ ँआःईःূँआऄࣿँॽ

ফऀअइব [ƷǦȝȂॶ <ॽॶ �ǣǐǼॶ Bॽॶ �Ʒȓǌॶ $ॽॶ �ǣǐǼॶ [ॽॶ ~ǣȂȠॶ ,ॽॶ sȂȂǌǶǐΞॶ �ॽॶ UȂǶǦȖǆǣȠǴॶ Xॽॶ [ǆǣǐǴǻƷǼॶ Xॽॶ
૫BƷǶǣȂȝȓƷॶ qॽ ঳ँࣿࣿई঴ॽ b�C%Hऀ $ƷǆǦǶǦȝƷȝǐȖ �ƷȓǝȂ =ȂƷǌǦǼǝ Ʒȝ �ǼǌȂȏǶƷȖǻǦǆ XǐȝǦǆȠǶȠǻ �ΝǦȝ
[ǦȝǐȖॽ �ǯȕȕॶ ऀंअ঳ऄ঴ॶ इईऀূईࣿँॽ

ফऀअईব [ƷǶȂॶ qॽ bॽॶ �ǐǶǐΗǦǆǣॶ /ॽॶ =Ǧॶ [ॽॶ <ƷȓǣǦǼǐǼॶ =ॽॶ qǦǣǦǼǐǼॶ ,ॽॶ qǦǝȂȠȓȂȠΝॶ �ॽॶ BƷǝȓǑॶ :ॽॶ bǣǦǐǶǐॶ
�ॽॶ ,ȆǶȝȝƻ৆qȠȂȓǦॶ Bॽॶ :ȂǴǦȝƷǶȂॶ �ॽॶ ૫ /ǴȂǼǐǼॶ �ॽ ঳ँࣿऀअ঴ॽ [ǐǦȏǦǼ ȓǐǝȠǶƷȝǐȖ �X ূǶǦȏǦǌ ǌȓȂȏǶǐȝ
ǆȂǼȝƷǆȝȖ ƷǼǌ ǆƷȓǝȂ ǌǐǶǦΗǐȓΞ ॽ bȂǯ �B�H :ȡȿȲțǖȕॶ ंऄ঳ँः঴ॶ ँअईईূँआऀअॽ

ফऀआࣿব [ƷǶȂॶ qॽ bॽ ૫ /ǴȂǼǐǼॶ �ॽ ঳ँࣿऀई঴ॽ BȂΗǦǼǝ ȂȠȝ ǅȠȝ ǴǐǐȏǦǼǝ ǦǼ ȝȂȠǆǣॵ ǆȂǼȝƷǆȝȖ ǅǐȝΘǐǐǼ ǐǼǌȂৄ
ȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻ ƷǼǌ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॽ �ȿȲȲǯțȼ HȮȅțȅȡț ȅț �ǯȕȕ �ȅȡȕȡǼͤॶ ऄआॶ अःূआࣿॽ

ফऀआऀব [ƷǶȂॶ qॽ bॽॶ =Ǧॶ [ॽॶ qǦǣǦǼǐǼॶ ,ॽॶ ,ȆǶȝȝƻৄqȠȂȓǦॶ Bॽॶ [ΣǴƷǶǦȖǦȝΞॶ �ॽॶ ,ȂȓΗƷȝǣॶ Uॽॶ �ǐǶǐΗǦǆǣॶ /ॽॶ
UǐȓƻǼǐǼॶ :ॽॶ bǣǦǐǶǐॶ �ॽॶ [ȂǻǐȓǣƷȓǱȠॶ Uॽॶ ~ǣƷȂॶ ,ॽॶ [ƷǼȝǦǼǣȂॶ �ॽॶ bǣǦƷǻॶ �ॽ Xॽॶ :ȂǴǦȝƷǶȂॶ �ॽॶ
૫ /ǴȂǼǐǼॶ �ॽ ঳ँࣿऀई঴ॽ [ǐǦȏǦǼ $ƷǆǦǶǦȝƷȝǐȖ bȓǦǝǶΞǆǐȓǦǌǐ $ǶȂΘ ȝȂ =ǦȏǦǌ �ȓȂȏǶǐȝ ƷǼǌ �ȂȠǼȝǐȓƷǆȝȖ
�ȓȂȏǶǐȝ XǦȏǐǼǦǼǝ ΗǦƷ �ǼǌȂȏǶƷȖǻǦǆ XǐȝǦǆȠǶȠǻ �ȂǼȝƷǆȝॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ऄࣿ঳ः঴ॶ ःआइূ
ःईंॽ

ফऀआँব [ƷǼǆǣǑΣৄ�ƷǅƷǶǶǐȓȂॶ =ॽॶ �ǶȠȓǅǐॶ �ॽ Bॽॶ �ƷǐȓȝǶǦǼǝॶ $ॽॶ %ȠǐȓȓǐȓȂৄ�ƷȖȝǦǶǶȂॶ [ॽॶ ΗƷǼ ǌǐǼ �ȓƷǼǌॶ Bॽॶ
ΗƷǼ [ȝȓǦǐǼॶ :ॽॶ ΗƷǼ �Ʒǻॶ bॽ :ॽॶ XȂǌǐǼǅȠȓǝॶ Xॽॶ �ȓƷǼǌȝॶ eॽॶ ,ȠΞǼǐǼॶ Bॽ �ॽॶ ૫ CǦȝǱƷǻȖॶ =ॽ %ॽ
঳ँࣿँࣿ঴ॽ bB�Bआࣿ ǜȠǼǆȝǦȂǼȖ ǦǼ ȝǣǐ ƷȖȖǐǻǅǶΞ Ȃǜ ǆȂǻȏǶǐΝǐȖ / ƷǼǌ qॽ ��� ठ �ȅȡȚǯȚǤȲǖțǯȵॶ
঳ȏȏॽ ऀइंऀंऄ঴ॽ

ফऀआंব [ƷǼȝǦǼǣȂॶ �ॽॶ [ƷǶȂॶ qॽ bॽॶ �ǣȂȓǶƷΞॶ �ॽॶ =Ǧॶ [ॽॶ ~ǣȂȠॶ xॽॶ HǻȓƷǼǐॶ Bॽॶ /ǴȂǼǐǼॶ �ॽॶ ૫ bǣǦƷǻॶ
�ॽ Xॽ ঳ँࣿँࣿ঴ॽ BǐǻǅȓƷǼǐ �ȠȓΗƷȝȠȓǐ �ƷȝƷǶΞΣǐȖ =ǦȏǦǌ �ȓȂȏǶǐȝ �ȖȖǐǻǅǶΞॽ �ȿȲȲǯțȼ �ȅȡȕȡǼͤॶ
ंࣿ঳ऀं঴ॶ ँःइऀূँःईःॽ

ফऀआःব [ǆǣǦǼǌǐǶǦǼॶ :ॽॶ �ȓǝƷǼǌƷৄ�ƷȓȓǐȓƷȖॶ /ॽॶ $ȓǦȖǐॶ �ॽॶ <ƷΞǼǦǝॶ qॽॶ =ȂǼǝƷǦȓॶ Bॽॶ UǦǐȝΣȖǆǣॶ bॽॶ UȓǐǦǅǦȖǆǣॶ
[ॽॶ XȠǐǌǐǼॶ �ॽॶ [ƷƷǶǜǐǶǌॶ [ॽॶ [ǆǣǻǦǌॶ �ॽॶ bǦǼǐΗǐΣॶ :ॽ yॽॶ sǣǦȝǐॶ �ॽ :ॽॶ ,ƷȓȝǐǼȖȝǐǦǼॶ qॽॶ �ǶǦǆǐǦȓǦॶ
<ॽॶ bȂǻƷǼǆƷǴॶ Uॽॶ ૫ �ƷȓǌȂǼƷॶ �ॽ ঳ँࣿऀँ঴ॽ $ǦǱǦॵ �Ǽ ȂȏǐǼৄȖȂȠȓǆǐ ȏǶƷȝǜȂȓǻ ǜȂȓ ǅǦȂǶȂǝǦǆƷǶৄǦǻƷǝǐ
ƷǼƷǶΞȖǦȖॽ CǖȼȿȲǯBǯȼȂȡǫȵॶ ई঳आ঴ॶ अआअূअइँॽ

ऀंअ



ফऀआऄব [ǆǣȂȝȝॶ Bॽ �ॽॶ sǐǶǶǐȓॶ [ॽ %ॽॶ [ǆǣȠǶΣǐॶ Xॽ :ॽॶ <ȓȠǐǝǐȓॶ �ॽ sॽॶ �ȓǦΣΞȝǐৄBǦǶǶǐȓॶ <ॽॶ �ƷȖǐΞॶ �ॽ �ॽॶ
૫BǆCǦΗǐǼॶ Bॽ �ॽ ঳ँࣿऀई঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝ ȖǦΣǐ ǌǦȓǐǆȝȖ ǶǦȏȂǶΞȖǦȖ ƷǼǌ ǶǦȏȂȏǣƷǝΞ ǆƷȝƷǅȂǶǦȖǻ ǦǼ
ǣǐȏƷȝȂǆΞȝǐȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀइ঳ऀࣿ঴ॶ ंंँࣿূंंंऄॽ

ফऀआअব [ǆǣȠǣǻƷǼǼॶ <ॽॶ �ǶǻǐǦǌƷॶ Xॽॶ �ƷȠǻǐȓȝॶ Bॽॶ ,ǐȓΣȂǝॶ Xॽॶ �ȂȓǼȖȝǐǦǼॶ [ॽ Xॽॶ ૫ [ǣǐΗǆǣǐǼǴȂॶ �ॽ
঳ँࣿऀँ঴ॽ [ǣȂȝǝȠǼ ǶǦȏǦǌȂǻǦǆȖ ȂǼ Ʒ =bWHȓǅǦȝȓƷȏ ǻƷȖȖ ȖȏǐǆȝȓȂǻǐȝǐȓ ǅΞ ȖȠǆǆǐȖȖǦΗǐ ȖΘǦȝǆǣǦǼǝ
ǅǐȝΘǐǐǼ ƷǆȒȠǦȖǦȝǦȂǼ ȏȂǶƷȓǦȝΞ ǻȂǌǐȖॽ :ȡȿȲțǖȕ ȡǻBǖȵȵ [ȮǯǥȼȲȡȚǯȼȲͤॶ ःआ঳ऀ঴ॶ ईअূऀࣿःॽ

ফऀआआব [ǆǣȠǶǌǦǼǐȓॶ Bॽ ૫ �ȂǣǼǐȓȝॶ Bॽ ঳ँࣿऀआ঴ॽ � ǌǦЍǐȓǐǼȝ ǴǦǼǌ Ȃǜ ǶȂΗǐ ৄ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǆȂǼȝƷǆȝ ȖǦȝǐȖॽ
�ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ए���ऐ ठBȡȕǯǥȿȕǖȲ ǖțǫ �ǯȕȕ �ȅȡȕȡǼͤ ȡǻ =ȅȮȅǫȵॶ ऀइअँ঳ऀࣿ঴ॶ ऀऀइূ
ऀऀईअॽ

ফऀआइব [ǆǣȠǶΣǐॶ Xॽ :ॽॶ [ƷȝǣΞƷǼƷȓƷΞƷǼॶ �ॽॶ ૫BƷȖǣǐǴॶ �ॽ %ॽ ঳ँࣿऀआ঴ॽ �ȓǐƷǴǦǼǝ ǜƷȝॵ bǣǐ ȓǐǝȠǶƷȝǦȂǼ
ƷǼǌ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ ǶǦȏȂȏǣƷǝΞॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ ǖțǫ �ǯȕȕ �ȅȡȕȡǼͤ ȡǻ
=ȅȮȅǫȵॶ ऀइअँ঳ऀࣿ঴ॶ ऀऀआइূऀऀइआॽ

ফऀआईব [ǆǣΘǐǦǝǐȓॶ Bॽॶ [ǆǣȂǦȖΘȂǣǶॶ %ॽॶ =ƷȖȖॶ �ॽॶ XƷǌǼǐȓॶ $ॽ Uॽ sॽॶ ,ƷǐǻǻǐȓǶǐॶ %ॽॶ BƷǶǶǦॶ Xॽॶ %ȓƷǦǐȓॶ
sॽॶ �ȂȓǼƷǆǦȠॶ /ॽॶ Hǅǐȓǐȓॶ Bॽॶ [ƷǶΗƷΞȓǐॶ Xॽॶ $ǦȖǆǣǐȓॶ :ॽॶ ~ǐǆǣǼǐȓॶ Xॽॶ ૫ ~ǦǻǻǐȓǻƷǼǼॶ Xॽ
঳ँࣿࣿइ঴ॽ bǣǐ �ৄȝǐȓǻǦǼƷǶ XǐǝǦȂǼ Ȃǜ ,ȠǻƷǼ �ǌǦȏȂȖǐ bȓǦǝǶΞǆǐȓǦǌǐ =ǦȏƷȖǐ �ЍǐǆȝȖ �ǼΣΞǻǐ
�ǆȝǦΗǦȝΞ ƷǼǌ =ǦȏǦǌ �ȓȂȏǶǐȝ �ǦǼǌǦǼǝॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइं঳ँऄ঴ॶ ऀआँऀऀূऀआँँࣿॽ

ফऀइࣿব [ǦǐΗǐȓȖॶ $ॽॶ sǦǶǻॶ �ॽॶ �ǦǼǐǐǼॶ �ॽॶ %ǦǅȖȂǼॶ bॽ :ॽॶ <ƷȓȏǶȠȖॶ <ॽॶ =Ǧॶ sॽॶ =ȂȏǐΣॶ Xॽॶ BǆsǦǶǶǦƷǻॶ
,ॽॶ Xǐǻǻǐȓȝॶ Bॽॶ [ȆǌǦǼǝॶ :ॽॶ bǣȂǻȏȖȂǼॶ :ॽ �ॽॶ ૫,ǦǝǝǦǼȖॶ �ॽ %ॽ ঳ँࣿऀऀ঴ॽ $ƷȖȝॶ ȖǆƷǶƷǅǶǐ ǝǐǼৄ
ǐȓƷȝǦȂǼ Ȃǜ ǣǦǝǣৄȒȠƷǶǦȝΞ ȏȓȂȝǐǦǼ ǻȠǶȝǦȏǶǐ ȖǐȒȠǐǼǆǐ ƷǶǦǝǼǻǐǼȝȖ ȠȖǦǼǝ �ǶȠȖȝƷǶ HǻǐǝƷॽ Bȡȕǯǥȿठ
ȕǖȲ [ͤȵȼǯȚȵ �ȅȡȕȡǼͤॶ आ঳ऄंई঴ॽ

ফऀइऀব [ǦǶǶǐǼǆǐॶ �ॽ :ॽॶ UȠȓǦॶ qॽॶ BƷȓǴȖॶ �ॽ =ॽॶ �ȠȝȝǐȓȖॶ bॽ �ॽॶ �ΘǐǴॶ Xॽ �ॽॶ UƷǝƷǼȂॶ Xॽ �ॽॶ ૫ UǶƷȝȝॶ
$ॽ Bॽ ঳ँࣿࣿँ঴ॽ %ǶȠǆȂȖΞǶǆǐȓƷǻǦǌǐ ǻȂǌȠǶƷȝǐȖ ǻǐǻǅȓƷǼǐ ȝȓƷАǆ ƷǶȂǼǝ ȝǣǐ ǐǼǌȂǆΞȝǦǆ ȏƷȝǣΘƷΞॽ
:ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ XǯȵǯǖȲǥȂॶ ःं঳ऀऀ঴ॶ ऀइंआূऀइःऄॽ

ফऀइँব [ǦǼǝǣॶ Xॽॶ <ƷȠȖǣǦǴॶ [ॽॶ sƷǼǝॶ yॽॶ xǦƷǼǝॶ yॽॶ <ȂǻƷȝȖȠॶ Bॽॶ bƷǼƷǴƷॶ <ॽॶ �ȠǐȓΗȂॶ �ॽ Bॽॶ ૫
�ΣƷǱƷॶ Bॽ :ॽ ঳ँࣿࣿई঴ॽ �ȠȝȂȏǣƷǝΞ ȓǐǝȠǶƷȝǐȖ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻॽ CǖȼȿȲǯॶ ःऄइ঳आँःँ঴ॶ ऀऀंऀূऀऀंऄॽ

ফऀइंব [ǶȂȝȝǐॶ :ॽ Uॽ ૫ XƷǻȖȝǐǌȝॶ �ॽ ঳ँࣿࣿआ঴ॽ bǣǐ ǜȠǼǆȝǦȂǼƷǶ ȓȂǶǐ Ȃǜ ȖȏǣǦǼǝȂǻΞǐǶǦǼ ǦǼ ǆǐǶǶ ǻǐǻǅȓƷǼǐȖॽ
�ȿȲȡȮǯǖț :ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ [ǥȅǯțǥǯ ǖțǫ bǯǥȂțȡȕȡǼͤॶ ऀࣿई঳ऀࣿ঴ॶ ईआआূईइऀॽ

ফऀइःব [ǻǦȓǼȂΗƷॶ �ॽॶ %ȂǶǌǅǐȓǝॶ �ॽ �ॽॶ BƷǴƷȓȂΗƷॶ <ॽ [ॽॶ =ǦǼॶ =ॽॶ �ȓȂΘǼॶ sॽ :ॽॶ ૫ :ƷǆǴȖȂǼॶ �ॽ =ॽ
঳ँࣿࣿअ঴ॽ �b%= ǣƷȖ Ʒ ǴǐΞ ȓȂǶǐ ǦǼ ǶǦȏǦǌ ǌȓȂȏǶǐȝ঄ƷǌǦȏȂȖȂǻǐ ǌǐǝȓƷǌƷȝǦȂǼ ǦǼ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖॽ
�B�HXǯȮȡȲȼȵॶ आ঳ऀ঴ॶ ऀࣿअূऀऀंॽ

ফऀइऄব [ȂǶǌƷȝǦॶ bॽॶ XƷǼǆƷǼȂॶ �ॽॶ %ǐǦȖȖǶǐȓॶ ,ॽॶ ૫ UǜǐЍǐȓॶ [ॽ Xॽ ঳ऀईईऄ঴ॽ XƷǅआ ƷǼǌ XƷǅई Ʒȓǐ ȓǐǆȓȠǦȝǐǌ
ȂǼȝȂ ǶƷȝǐ ǐǼǌȂȖȂǻǐȖ ǅΞ ǅǦȂǆǣǐǻǦǆƷǶǶΞ ǌǦȖȝǦǼǝȠǦȖǣƷǅǶǐ ȏȓȂǆǐȖȖǐȖॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚठ
ȅȵȼȲͤॶ ँआࣿ঳ःं঴ॶ ँऄऄःऀূँऄऄःइॽ

ऀंआ



ফऀइअব [ȂǶǦǼƷȖॶ %ॽॶ �ȂȓǑǼॶ :ॽॶ ૫ �ȠǶǶȂȂॶ �ॽ %ॽ ঳ँࣿऀऄ঴ॽ �ǐ ǼȂΗȂ ǶǦȏȂǝǐǼǐȖǦȖ ǦǼ ǻǐȝƷǅȂǶǦǆ ǣȂǻǐȂȖȝƷȖǦȖॵ
BȂȓǐ ǜȓǦǐǼǌ ȝǣƷǼ ǜȂǐॾ BȡȕǯǥȿȕǖȲBǯȼǖǤȡȕȅȵȚॶ ः঳ऄ঴ॶ ंअआূंआआॽ

ফऀइआব [ȂǼǦॶ <ॽ %ॽॶ BƷȓǌȂǼǐȖॶ %ॽ �ॽॶ [ȂȠǝȓƷȝॶ Xॽॶ [ǻǦȓǼȂΗƷॶ �ॽॶ :ƷǆǴȖȂǼॶ �ॽ =ॽॶ ૫ �ȂǼǦǜƷǆǦǼȂॶ :ॽ [ॽ
঳ँࣿࣿई঴ॽ �ȂƷȝȂǻǐȓৄǌǐȏǐǼǌǐǼȝ ȏȓȂȝǐǦǼ ǌǐǶǦΗǐȓΞ ȝȂ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ [ǥȅǯțǥǯॶ
ऀँँ঳ऀऀ঴ॶ ऀइंःূऀइःऀॽ

ফऀइइব [ȂǼǼǣƷǻǻǐȓॶ �ॽ =ॽ =ॽ ૫ <ȓȂǝǣॶ �ॽ ঳ँࣿࣿइ঴ॽ � ǣǦǌǌǐǼBƷȓǴȂΗ ǻȂǌǐǶ ǜȂȓ ȏȓǐǌǦǆȝǦǼǝ ȝȓƷǼȖৄ
ǻǐǻǅȓƷǼǐ ǣǐǶǦǆǐȖ ǦǼ ȏȓȂȝǐǦǼ ȖǐȒȠǐǼǆǐॽ [ȅͣȼȂ /țȼࣗ �ȡțǻࣗ ȡț /țȼǯȕȕȅǼǯțȼ [ͤȵȼǯȚȵ ǻȡȲBȡȕǯǥȿȕǖȲ
�ȅȡȕȡǼͤॶ ঳ȏȏॽइ஋঴ॽ

ফऀइईব [ȝǐǐǼǅǐȓǝǐǼॶ Xॽ ,ॽॶ CƷǼȂΘȖǴǦॶ bॽॶ �ǐǦǝǼǐȠΝॶ �ॽ Uॽॶ <ȠǶǦǼȖǴǦॶ �ॽॶ yȂȠǼǝॶ [ॽ %ॽॶ ૫ qƷǼǆǐॶ
:ॽ �ॽ ঳ँࣿࣿऄ঴ॽ �ǦȖȓȠȏȝǦȂǼ Ȃǜ ȝǣǐ UǣȂȖȏǣƷȝǦǌΞǶȖǐȓǦǼǐ �ǐǆƷȓǅȂΝΞǶƷȖǐ %ǐǼǐ ǦǼBǦǆǐ �ƷȠȖǐȖ
�ǻǅȓΞȂǼǦǆ =ǐȝǣƷǶǦȝΞ ƷǼǌBǦȝȂǆǣȂǼǌȓǦƷǶ �ǐǜǐǆȝȖॽ : �ȅȡȕ �ȂǯȚॶ ँइࣿ঳ःइ঴ॶ ःࣿࣿंँূःࣿࣿःࣿॽ

ফऀईࣿব [ȝǐǼǻƷȓǴॶ ,ॽ ঳ँࣿࣿई঴ॽ XƷǅ %bUƷȖǐȖ ƷȖ ǆȂȂȓǌǦǼƷȝȂȓȖ Ȃǜ ΗǐȖǦǆǶǐ ȝȓƷАǆॽ CǖȼȿȲǯ Xǯ͝ȅǯ͞ȵBȡȕǯǥठ
ȿȕǖȲ �ǯȕȕ �ȅȡȕȡǼͤॶ ऀࣿ঳इ঴ॶ ऄऀंূऄँऄॽ

ফऀईऀব [ȝȂǼǐॶ [ॽ :ॽॶ =ǐΗǦǼॶ Bॽ �ॽॶ ~ǣȂȠॶ Uॽॶ ,ƷǼॶ :ॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ ૫ $ƷȓǐȖǐॶ Xॽ qॽ ঳ँࣿࣿई঴ॽ bǣǐ
�ǼǌȂȏǶƷȖǻǦǆ XǐȝǦǆȠǶȠǻ �ǼΣΞǻǐ �%�bँ /Ȗ $ȂȠǼǌ ǦǼBǦȝȂǆǣȂǼǌȓǦƷৄƷȖȖȂǆǦƷȝǐǌBǐǻǅȓƷǼǐȖ
ƷǼǌ ,ƷȖ Ʒ BǦȝȂǆǣȂǼǌȓǦƷǶ bƷȓǝǐȝǦǼǝ [ǦǝǼƷǶ bǣƷȝ UȓȂǻȂȝǐȖ /ȝȖ �ȖȖȂǆǦƷȝǦȂǼ ΘǦȝǣBǦȝȂǆǣȂǼৄ
ǌȓǦƷॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइः঳इ঴ॶ ऄंऄँূऄंअऀॽ

ফऀईँব [ȝȂǼǐॶ [ॽ :ॽ ૫ qƷǼǆǐॶ :ॽ �ॽ ঳ँࣿࣿࣿ঴ॽ UǣȂȖȏǣƷȝǦǌΞǶȖǐȓǦǼǐ ȖΞǼȝǣƷȖǐৄऀ ƷǼǌ ৄँ Ʒȓǐ ǶȂǆƷǶǦΣǐǌ ȝȂ
ǻǦȝȂǆǣȂǼǌȓǦƷৄƷȖȖȂǆǦƷȝǐǌ ǻǐǻǅȓƷǼǐȖॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँआऄ঳ःः঴ॶ ंःऄंःূ
ंःऄःࣿॽ

ফऀईंব [ȝȂȓǆǣॶ :ॽ ૫ �ȂȓȖǦǆȂॶ �ॽ ঳ँࣿࣿइ঴ॽ bǣǐ ǐǻǐȓǝǦǼǝ ǜȠǼǆȝǦȂǼȖ ƷǼǌ ǻǐǆǣƷǼǦȖǻȖ Ȃǜ ǻƷǻǻƷǶǦƷǼ
ǜƷȝȝΞ ƷǆǦǌৄǅǦǼǌǦǼǝ ȏȓȂȝǐǦǼȖॽ �țțȿǖȕ Ȳǯ͝ȅǯ͞ ȡǻ țȿȼȲȅȼȅȡțॶ ँइॶ आंূईऄॽ

ফऀईःব [ȝȠȓǻǐΞॶ Xॽ %ॽॶ H৚bȂȂǶǐॶ Uॽ :ॽॶ ૫ =ǐǐȖǐॶ ,ॽ :ॽ ঳ँࣿࣿअ঴ॽ $ǶȂȠȓǐȖǆǐǼǆǐ ȓǐȖȂǼƷǼǆǐ ǐǼǐȓǝΞ ȝȓƷǼȖǜǐȓ
ƷǼƷǶΞȖǦȖ Ȃǜ ǻǦȝȂǆǣȂǼǌȓǦƷǶॵ =ǦȏǦǌ ƷȖȖȂǆǦƷȝǦȂǼ ǦǼ ȝǣǐ ȏȂȓǆǦǼǐ ȂȂǆΞȝǐॽ XǯȮȲȡǫȿǥȼȅȡțॶ ऀंँ঳अ঴ॶ
इँईূइंआॽ

ফऀईऄব [ȠǅȓƷǻƷǼǦƷǼॶ qॽॶ XȂȝǶǦǐǼǅǐȓǝॶ �ॽॶ %ȂǻǐΣॶ �ॽॶ �ȂǣǐǼॶ �ॽ sॽॶ %ƷȓǆǦƷॶ �ॽॶ �ǣƷȝȝƷǆǣƷȓΞΞƷॶ [ॽॶ
[ǣƷȏǦȓȂॶ =ॽॶ �ȂǶǦȂȖॶ %ॽॶ sƷǼǝॶ Xॽॶ =ǦȖƷǼȝǦॶ Bॽ Uॽॶ ૫ �ȓƷȖƷǐǻǶǐॶ �ॽ =ॽ ঳ँࣿࣿः঴ॽ UǐȓǦǶǦȏǦǼ �
ǻǐǌǦƷȝǐȖ ȝǣǐ ȓǐΗǐȓȖǦǅǶǐ ǅǦǼǌǦǼǝ Ȃǜ �%/ৄऄइ ȝȂ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖ ǦǼ ंbंৄ=ऀ ƷǌǦȏȂǆΞȝǐȖॽ :ȡȿȲțǖȕ ȡǻ
�ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँआई঳ःࣿ঴ॶ ःँࣿअँূःँࣿआऀॽ

ফऀईअব [ȠǦॶ xॽॶ �ȓǶȝॶ ,ॽॶ �ȓȂȂǴॶ <ॽ Uॽॶ =ƷǦॶ ~ॽ sॽॶ �ǦBƷǦȂॶ $ॽॶ BƷȓǴȖॶ �ॽ [ॽॶ =ǦƷȂॶ Bॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ
૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀइ঴ॽ �ȓΞȂৄǐǶǐǆȝȓȂǼ ǻǦǆȓȂȖǆȂȏΞ ȖȝȓȠǆȝȠȓǐ Ȃǜ ȝǣǐ ǶǦȏǦǌ ǌȓȂȏǶǐȝৄǜȂȓǻƷȝǦȂǼ
ȏȓȂȝǐǦǼ ȖǐǦȏǦǼॽ ǤȅȡXͣȅ͝ॶ ँऀआ঳ऀँ঴ॽ

ফऀईआব [ȠΣȠǴǦॶ Bॽॶ [ǣǦǼȂǣƷȓƷॶ yॽॶ HǣȖƷǴǦॶ yॽॶ ૫ $ȠǱǦǻȂȝȂॶ bॽ ঳ँࣿऀऀ঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝȖॵ [ǦΣǐ ǻƷȝȝǐȓȖॽ
:ȡȿȲțǖȕ ȡǻ �ȕǯǥȼȲȡțBȅǥȲȡȵǥȡȮͤॶ अࣿ঳[eUU=ॽ ऀ঴ॽ

ऀंइ



ফऀईइব [ΞƷǻȖȠǼƷȓǼȂॶ Bॽ Xॽ �ॽ �ॽॶ /ȖȂॶ bॽॶ ,ƷǼƷȂǴƷॶ ,ॽॶ yƷǻƷǝȠǆǣǦॶ �ॽॶ HǅȂǴƷȝƷॶ Bॽॶ <ȂǦȝƷǅƷȖǣǦॶ
Cॽॶ %ȂȝȂॶ <ॽॶ ,ǦȖǣǦǴǦॶ bॽॶ CƷǝƷǣƷȝƷॶ yॽॶ BƷȝȖȠǦॶ ,ॽॶ [ƷǼȂॶ Bॽॶ <ȂǅƷΞƷȖǣǦॶ Bॽॶ <ǦǴȠǆǣǦॶ Hॽॶ
[ƷȖƷǴǦॶ bॽॶ BƷǐǌƷॶ <ॽॶ BȠȓƷǴƷǻǦॶ Bॽॶ <ǦȝƷǻȠȓƷॶ bॽॶ [ȠǐǻƷȝȖȠॶ Bॽॶ bȖȠȖǣǦǻƷॶ yॽॶ �ǼǌȂॶ <ॽॶ
,ȂȝƷǻǦȖǶǦǝǦǶॶ %ॽ [ॽॶ ૫ <ȠȓƷǅƷΞƷȖǣǦॶ Bॽ ঳ँࣿऀं঴ॽ � ǆȓǦȝǦǆƷǶ ȓȂǶǐ Ȃǜ ǜƷȝȝΞ ƷǆǦǌ ǅǦǼǌǦǼǝ ȏȓȂȝǐǦǼ ः
ƷǼǌ ऄ ঳$��Uः঄ऄ঴ ǦǼ ȝǣǐ ȖΞȖȝǐǻǦǆ ȓǐȖȏȂǼȖǐ ȝȂ ǜƷȖȝǦǼǝॽ U=ȡ[ HC�ॶ इ঳ऀऀ঴ॽ

ফऀईईব [ΣȝƷǶȓΞǌॶ �ॽ ૫ �ȓƷȖƷǐǻǶǐॶ �ॽ =ॽ ঳ँࣿऀआ঴ॽ bǣǐ ȏǐȓǦǶǦȏǦǼ ǜƷǻǦǶΞ Ȃǜ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ȏȓȂȝǐǦǼȖॵ %Ʒȝǐৄ
ǴǐǐȏǐȓȖ Ȃǜ ǦǼȝȓƷǆǐǶǶȠǶƷȓ ǶǦȏȂǶΞȖǦȖॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ ǤȅȡȮȂͤȵȅǥǖ ǖǥȼǖॶ ऀइअँ঳ऀࣿ঴ॶ ऀँँऀূऀँंँॽ

ফँࣿࣿব [ΣȝƷǶȓΞǌॶ �ॽ ૫ <ǦǻǻǐǶॶ �ॽ Xॽ ঳ँࣿऀः঴ॽ UǐȓǦǶǦȏǦǼȖॵ =ǦȏǦǌ ǌȓȂȏǶǐȝ ǆȂƷȝ ȏȓȂȝǐǦǼȖ ƷǌƷȏȝǐǌ ǜȂȓ
ȝǦȖȖȠǐৄȖȏǐǆǦЖǆ ǐǼǐȓǝΞ ȖȝȂȓƷǝǐ ƷǼǌ ȠȝǦǶǦΣƷȝǦȂǼॶ ƷǼǌ ǶǦȏǦǌ ǆΞȝȂȏȓȂȝǐǆȝǦȂǼॽ �ȅȡǥȂȅȚȅǯॶ ईअ঳ऀ঴ॶ
ईअূऀࣿऀॽ

ফँࣿऀব bƷǝƷΞƷॶ Bॽॶ �ȓƷȖƷǴǦॶ <ॽॶ /ǼȂȠǐॶ ,ॽॶ ૫ <ǦǻȠȓƷॶ ,ॽ ঳ँࣿऀः঴ॽ BȂȂǼǶǦǝǣȝǦǼǝ ǜȠǼǆȝǦȂǼȖ Ȃǜ ȝǣǐ
CX~ ঳ǻƷǻǻƷǶǦƷǼ �ȖǶऀ঴ ǆȂǻȏǶǐΝॽ $ȲȡțȼȅǯȲȵ ȅț ǥǯȕȕ ǖțǫ ǫǯ͝ǯȕȡȮȚǯțȼǖȕ ǤȅȡȕȡǼͤॶ ँ঳:ȠǼǐ঴ॶ ँऄॽ

ফँࣿँব bƷǴǐȠǆǣǦॶ <ॽ ૫ XǐȠǐॶ <ॽ ঳ँࣿࣿई঴ॽ �ǦȂǆǣǐǻǦȖȝȓΞॶ ȏǣΞȖǦȂǶȂǝΞॶ ƷǼǌ ǝǐǼǐȝǦǆȖ Ȃǜ %U�bॶ �%U�bॶ
ƷǼǌ ǶǦȏǦǼ ǐǼΣΞǻǐȖ ǦǼ ȝȓǦǝǶΞǆǐȓǦǌǐ ȖΞǼȝǣǐȖǦȖॽ �:U࣏ �țǫȡǥȲȅțȡȕȡǼͤ ǖțǫBǯȼǖǤȡȕȅȵȚॶ ँईअ঳अ঴ॶ
�ऀऀईऄূ�ऀँࣿईॽ

ফँࣿंব bƷȖȖǐΗƷॶ %ॽॶ �ƷǦॶ ,ॽ �ॽॶ �ƷΗǦǌǐȖǆȠॶ Bॽॶ ,ƷȓȂǻΞॶ �ॽॶ BǦǆǣǐǶƷǴǦȖॶ �ॽॶ ૫ qƷǼǆǐॶ :ॽ �ॽ ঳ँࣿऀं঴ॽ
UǣȂȖȏǣƷȝǦǌΞǶǐȝǣƷǼȂǶƷǻǦǼǐ ǌǐЖǆǦǐǼǆΞ ǦǼ ǻƷǻǻƷǶǦƷǼ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǻȏƷǦȓȖ ȂΝǦǌƷȝǦΗǐ ȏǣȂȖৄ
ȏǣȂȓΞǶƷȝǦȂǼ ƷǼǌ ƷǶȝǐȓȖ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻȂȓȏǣȂǶȂǝΞॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइइ঳अ঴ॶ
ःऀऄइূःऀआंॽ

ফँࣿःব bƷȠǆǣǦৄ[ƷȝȂॶ <ॽॶ HΣǐǴǦॶ [ॽॶ ,ȂȠǱȂȠॶ bॽॶ bƷǝȠǆǣǦॶ Xॽॶ ૫ $ȠǱǦǻȂȝȂॶ bॽ ঳ँࣿࣿँ঴ॽ bǣǐ ȖȠȓǜƷǆǐ Ȃǜ
ǶǦȏǦǌ ǌȓȂȏǶǐȝȖ ǦȖ Ʒ ȏǣȂȖȏǣȂǶǦȏǦǌ ǻȂǼȂǶƷΞǐȓ ΘǦȝǣ Ʒ ȠǼǦȒȠǐ ǜƷȝȝΞ ƷǆǦǌ ǆȂǻȏȂȖǦȝǦȂǼॽ :ȡȿȲțǖȕ ȡǻ
�ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँआआ঳ःअ঴ॶ ःःऄࣿआূःःऄऀँॽ

ফँࣿऄব bǐ qȓȠǆǣȝǐॶ �ॽॶ =ǶȂΞǌৄ�ΗƷǼȖॶ �ॽॶ qǐǶǌǻƷǼॶ Xॽ :ॽॶ CǐΗǦǶǶǐॶ �ॽ �ॽॶ �ΘǐǴॶ Xॽ �ॽॶ UǶƷȝȝॶ $ॽ Bॽॶ
qƷǼ �ǶǦȝȝǐȓȖΘǦǱǴॶ sॽ :ॽॶ ૫ [ǦǶǶǐǼǆǐȖॶ �ॽ :ॽ ঳ँࣿࣿः঴ॽ �ǆǆȠǻȠǶƷȝǦȂǼ Ȃǜ ǝǶΞǆȂȖȏǣǦǼǝȂǶǦȏǦǌȖ ǦǼ
CǦǐǻƷǼǼৄUǦǆǴ � ǌǦȖǐƷȖǐ ǌǦȖȓȠȏȝȖ ǐǼǌȂȖȂǻƷǶ ȝȓƷǼȖȏȂȓȝॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ
ँआई঳ँऄ঴ॶ ँअऀअआূँअऀआऄॽ

ফँࣿअব bǣǦƷǻॶ �ॽ Xॽॶ �ǼȝȂǼǼΞॶ �ॽॶ sƷǼǝॶ :ॽॶ �ǐǶƷǆȂȝȝǐॶ :ॽॶ sǦǶЙǦǼǝॶ $ॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ �ǐǆǴॶ Xॽॶ
XȂȝǣǻƷǼॶ :ॽ �ॽॶ ૫ UǦǼǆǐȝॶ $ॽ ঳ँࣿऀंƷ঴ॽ �HU/ ǅȠǌȖ अࣿৄǼǻ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖ ǜȓȂǻ ȓǐǆȂǼȖȝǦȝȠȝǐǌ
ΘƷȝǐȓৄȏǣȂȖȏǣȂǶǦȏǦǌৄȝȓǦƷǆΞǶǝǶΞǆǐȓǦǌǐ ǦǼȝǐȓǜƷǆǐȖॶ ȖȠǝǝǐȖȝǦǼǝ Ʒ ȝǐǼȖǦȂǼ ǆǶƷǻȏ ǜȠǼǆȝǦȂǼॽ UȲȡǥǯǯǫठ
ȅțǼȵ ȡǻ ȼȂǯ Cǖȼȅȡțǖȕ �ǥǖǫǯȚͤ ȡǻ [ǥȅǯțǥǯȵॶ ऀऀࣿ঳ंं঴ॶ ऀंँःःূऀंँःईॽ

ফँࣿआব bǣǦƷǻॶ �ॽ Xॽ ૫ �ǐǶǶǐȓॶ Bॽ ঳ँࣿऀआ঴ॽ bǣǐ ΘǣΞॶ ΘǣǐǼ ƷǼǌ ǣȂΘ Ȃǜ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǌǦΗǐȓȖǦȝΞॽ :ȡȿȲțǖȕ
ȡǻ �ǯȕȕ [ǥȅǯțǥǯॶ ऀंࣿ঳ँ঴ॶ ंऀऄূंँःॽ

ফँࣿइব bǣǦƷǻॶ �ॽ Xॽ ૫ �ȠǝƷǦǶॶ /ॽ ঳ँࣿऀई঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝৄǻǐǻǅȓƷǼǐ ǆȂǼȝƷǆȝ ȖǦȝǐȖ ৄ $ȓȂǻ ȏȓȂȝǐǦǼ
ǅǦǼǌǦǼǝ ȝȂ ǜȠǼǆȝǦȂǼॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ [ǥȅǯțǥǯॶ ऀंँ঳ऀँ঴ॽ

ऀंई



ফँࣿईব bǣǦƷǻॶ �ॽ Xॽॶ $ƷȓǐȖǐ :ȓॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀंǅ঴ॽ bǣǐ ǅǦȂȏǣΞȖǦǆȖ ƷǼǌ ǆǐǶǶ ǅǦȂǶȂǝΞ Ȃǜ
ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॽ Cǖȼ Xǯ͝Bȡȕ �ǯȕȕ �ȅȡȕॶ ऀः঳ऀँ঴ॶ आआऄূआइअॽ

ফँऀࣿব bǣǦƷǻॶ �ॽ Xॽ ૫ $Ȃȓǔȝॶ =ॽ ঳ँࣿऀअ঴ॽ bǣǐ ȏǣΞȖǦǆȖ Ȃǜ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǼȠǆǶǐƷȝǦȂǼॶ ǝȓȂΘȝǣ ƷǼǌ ǅȠǌৄ
ǌǦǼǝॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ ǖțǫ �ǯȕȕ �ȅȡȕȡǼͤ ȡǻ =ȅȮȅǫȵॶ ऀइअऀ঳इ঴ॶ आऀऄূआँँॽ

ফँऀऀব bǣȂǻƷȖॶ =ॽ =ॽॶ :ȂǦǼǐȓॶ �ॽ Bॽॶ ૫ $ȓȂǻǻǐॶ :ॽ �ॽ ঳ँࣿऀइ঴ॽ bǣǐ bX�UU/ // ǆȂǻȏǶǐΝ ƷǆȝǦΗƷȝǐȖ
ȝǣǐ %bUƷȖǐ yȏȝऀ ঳XƷǅऀ঴ ǦǼ ȝǣǐ ȖǐǆȓǐȝȂȓΞ ȏƷȝǣΘƷΞॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀआ঳ऀ঴ॶ ँइंূँईइॽ

ফँऀँব bǣȠǶॶ Uॽ :ॽॶ bȖǆǣƷȏƷǶǌƷॶ <ॽॶ <ȂǶǴǣȂǜॶ Uॽॶ bǣǦƷǻॶ �ॽ Xॽॶ Hǅǐȓǐȓॶ Bॽॶ ૫ �ǐǶǶǐȓॶ Bॽ ঳ँࣿऀआ঴ॽ bƷȓৄ
ǝǐȝǦǼǝ Ȃǜ ȝǣǐ �ȓȂȖȂȏǣǦǶƷ ȏȓȂȝǐǦǼ �%ँँऄः঄=ǌȖǌǣऀ ȝȂ Ʒ ȖȠǅȖǐȝ Ȃǜ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॽ :ȡȿȲțǖȕ ȡǻ
�ǯȕȕ [ǥȅǯțǥǯॶ ऀंࣿ঳ऀइ঴ॶ ंऀःऀূंऀऄआॽ

ফँऀंব bǦǌǣƷȓॶ Xॽ ૫ $ȠȝǐȓǻƷǼॶ �ॽ ,ॽ ঳ँࣿऀं঴ॽ bǣǐ ǆȂǻȏǶǐΝǦȝΞ Ȃǜ ȖȏǣǦǼǝȂǶǦȏǦǌ ǅǦȂȖΞǼȝǣǐȖǦȖ ǦǼ ȝǣǐ
ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ �ǯȕȕ XǯȵǯǖȲǥȂॶ ऀइंं঳ऀऀ঴ॶ
ँऄऀऀূँऄऀइॽ

ফँऀःব bȖƷǦॶ Uॽ /ॽॶ UƷȏƷǴΞȓǦǴȂȖॶ �ॽ Bॽॶ ,ȖǦǐǣॶ �ॽ ,ॽॶ ૫sƷǼǝॶ xॽ ঳ँࣿऀआ঴ॽ �ȓȂȖȂȏǣǦǶƷ
B/�अࣿ঄ǻǦȝȂЙǦǼ ǆȂǼǌȠǆȝȖ ǌȠƷǶ ȓȂǶǐȖ ǦǼ ǻǦȝȂǆǣȂǼǌȓǦƷǶ ǻȂȝǦǶǦȝΞ ƷǼǌ ǆȓǦȖȝƷ ȖȝȓȠǆȝȠȓǐॽ Bȡȕǯǥȿठ
ȕǖȲ �ȅȡȕȡǼͤ ȡǻ ȼȂǯ �ǯȕȕॶ ँइ঳ँः঴ॶ ंःआऀূंःआईॽ

ফँऀऄব bȠȖǆǣǶॶ bॽ ঳ँࣿࣿअ঴ॽ �ǼǼǐƷǶǦǼǝ ȖǦXC�Ȗ ȝȂ UȓȂǌȠǆǐ ȖǦXC��ȠȏǶǐΝǐȖॽ �ȡȕǫ [ȮȲȅțǼ ,ǖȲǤȡȲ
UȲȡȼȡǥȡȕȵॶ ँࣿࣿअ঳ऀ঴ॶ ȏǌǅॽȏȓȂȝःंःࣿॽ

ফँऀअব qƷǆƷȓȠॶ �ॽ Bॽॶ bƷǜǐȖȖǐॶ $ॽ %ॽॶ bǐȓǼǐȖॶ Uॽॶ <ȂǼǌΞǶǦȖॶ qॽॶ ,ǐȓǻƷǼȖȖȂǼॶ Bॽॶ �ȓȂȠΘǐȓȖॶ :ॽ $ॽॶ
[ȂǻǐȓǣƷȓǱȠॶ Uॽॶ XƷǅȂȠǦǶǶǐॶ �ॽॶ ૫,ȂǶȝǣȠǦȖॶ :ॽ �ॽ ঳ँࣿࣿई঴ॽ [ȏǣǦǼǝȂǻΞǐǶǦǼ ȖΞǼȝǣƷȖǐৄȓǐǶƷȝǐǌ
ȏȓȂȝǐǦǼ [B[ȓ ǆȂǼȝȓȂǶȖ ǆǐȓƷǻǦǌǐ ǣȂǻǐȂȖȝƷȖǦȖ ǦǼ ȝǣǐ �Xॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ऀइऄ঳अ঴ॶ
ऀࣿऀंূऀࣿँआॽ

ফँऀआব qƷǆƷȓȠॶ �ॽ Bॽॶ qƷǼ �ǐǼ �ǦǴǴǐǼǅǐȓǝॶ :ॽॶ bǐȓǼǐȖॶ Uॽॶ ૫ ,ȂǶȝǣȠǦȖॶ :ॽ �ॽ ঳ँࣿऀं঴ॽ �ǐȓƷǻǦǌǐ
ȏǣȂȖȏǣȂǐȝǣƷǼȂǶƷǻǦǼǐ ǅǦȂȖΞǼȝǣǐȖǦȖ ǦǼ �ȓȂȖȂȏǣǦǶƷ ǦȖ ǻǐǌǦƷȝǐǌ ǅΞ Ʒ ȠǼǦȒȠǐ ǐȝǣƷǼȂǶƷǻǦǼǐ
ȏǣȂȖȏǣȂȝȓƷǼȖǜǐȓƷȖǐ ǦǼ ȝǣǐ ǝȂǶǝǦ ǶȠǻǐǼॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ �ȂǯȚȅȵȼȲͤॶ ँइइ঳ऀअ঴ॶ ऀऀऄँࣿূ
ऀऀऄंࣿॽ

ফँऀइব qƷǼǆǐॶ :ॽ �ॽ ঳ँࣿऀः঴ॽ B�B ঳ ǻǦȝȂǆǣȂǼǌȓǦƷৄƷȖȖȂǆǦƷȝǐǌ ǻǐǻǅȓƷǼǐȖ ঴ ǦǼ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖ ॵ
=ǦȏǦǌȖ ƷǼǌ ǅǐΞȂǼǌॽ ��� ठBȡȕǯǥȿȕǖȲ ǖțǫ �ǯȕȕ �ȅȡȕȡǼͤ ȡǻ =ȅȮȅǫȵॶ ऀइःऀ঳ः঴ॶ ऄईऄূअࣿईॽ

ফँऀईব qƷǼǆǐॶ :ॽ �ॽ ঳ँࣿऀऄ঴ॽ UǣȂȖȏǣȂǶǦȏǦǌ [ΞǼȝǣǐȖǦȖ ƷǼǌ bȓƷǼȖȏȂȓȝ ǦǼ BƷǻǻƷǶǦƷǼ �ǐǶǶȖॽ bȲǖϪǥॶ
ऀअ঳ऀ঴ॶ ऀূऀइॽ

ফँँࣿব qƷǼǆǐॶ :ॽ �ॽ ૫ bƷȖȖǐΗƷॶ %ॽ ঳ँࣿऀं঴ॽ $ȂȓǻƷȝǦȂǼ ƷǼǌ ǜȠǼǆȝǦȂǼ Ȃǜ ȏǣȂȖȏǣƷȝǦǌΞǶȖǐȓǦǼǐ ƷǼǌ ȏǣȂȖৄ
ȏǣƷȝǦǌΞǶǐȝǣƷǼȂǶƷǻǦǼǐ ǦǼ ǻƷǻǻƷǶǦƷǼ ǆǐǶǶȖॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ ǖțǫ
�ǯȕȕ �ȅȡȕȡǼͤ ȡǻ =ȅȮȅǫȵॶ ऀइंऀ঳ं঴ॶ ऄःंূऄऄःॽ

ऀःࣿ



ফँँऀব qǐǐǼॶ :ॽ Cॽ qॽ �ॽॶ <ǐǼǼǐǶǶΞॶ :ॽ Uॽॶ sƷǼॶ [ॽॶ qƷǼǆǐॶ :ॽ �ॽॶ qƷǼǆǐॶ �ॽ �ॽॶ ૫ :ƷǆȂǅȖॶ Xॽ =ॽ ঳ँࣿऀआ঴ॽ
bǣǐ ǆȓǦȝǦǆƷǶ ȓȂǶǐ Ȃǜ ȏǣȂȖȏǣƷȝǦǌΞǶǆǣȂǶǦǼǐ ƷǼǌ ȏǣȂȖȏǣƷȝǦǌΞǶǐȝǣƷǼȂǶƷǻǦǼǐ ǻǐȝƷǅȂǶǦȖǻ ǦǼ ǣǐƷǶȝǣ
ƷǼǌ ǌǦȖǐƷȖǐ �ॽ ��� ठ �ȅȡȚǯȚǤȲǖțǯȵॶ ऀइऄई঳ई঴ॶ ऀऄऄइূऀऄआँॽ

ফँँँব qǦΣǆƷǨǼȂॶ :ॽ �ॽॶ �ȖȂȓǌƷȖॶ �ॽॶ �ǐǶৄbȂȓȂॶ Cॽॶ �ǦƷǼǐȖॶ :ॽ �ॽॶ %ȓǦȖȖॶ :ॽॶ =ƷΗǦǌƷȖॶ /ॽॶ BƷΞǐȓॶ %ॽॶ
UǐȓǐΣৄXǦΗǐȓȂǶॶ yॽॶ XǐǦȖǦǼǝǐȓॶ $ॽॶ bǐȓǼǐǼȝॶ bॽॶ xȠॶ Wॽ sॽॶ sƷǼǝॶ Xॽॶ ૫,ǐȓǻǱƷǴȂǅॶ ,ॽ ঳ँࣿऀअ঴ॽ
ँࣿऀअ ȠȏǌƷȝǐ Ȃǜ ȝǣǐ UX/�� ǌƷȝƷǅƷȖǐ ƷǼǌ ǦȝȖ ȓǐǶƷȝǐǌ ȝȂȂǶȖॽ Cȿǥȕǯȅǥ �ǥȅǫȵ XǯȵǯǖȲǥȂॶ ःः঳�ऀ঴ॶ
�ःःआূ�ःऄअॽ

ফँँंব qȓǅƷǆǴΟॶ Bॽॶ <ȂΗƷǶǈǦǴȂΗƸॶ :ॽॶ �ǣƷΘǐǼǝȖƷǴȖȂȏǣƷǴॶ <ॽॶ �ǐǆǴॶ /ॽ Bॽॶ BȓƸǈǐǴॶ bॽॶ CΕȖǴȂΗƸॶ
,ॽॶ [ǐǌǻǐȓƷॶ �ॽॶ UƷȏȂȠȘǐǴॶ $ॽॶ <ȂǶƸȕॶ $ॽॶ [ȂǅȂǶॶ Bॽॶ ,ȂΣƸǴॶ Uॽॶ [ǐǌǶƷǆǐǴॶ Xॽॶ ૫,ȂȠȘȝǓǴॶ :ॽ
঳ँࣿऀअ঴ॽ <ǼȂǆǴȂȠȝ Ȃǜ bǻǐǻआࣿ ƷǶȝǐȓȖ ǅǦȂǝǐǼǐȖǦȖ Ȃǜ �bU ȖΞǼȝǣƷȖǐ ƷǼǌ ǶǐƷǌȖ ȝȂ ǐǻǅȓΞȂǼƷǶ
ǶǐȝǣƷǶǦȝΞ ǦǼ ǻǦǆǐॽ ,ȿȚǖțBȡȕǯǥȿȕǖȲ %ǯțǯȼȅǥȵॶ ँऄ঳ँऀ঴ॶ ःअआःূःअइऄॽ

ফँँःব sƷǶȝǣǐȓॶ bॽ �ॽॶ �ǣȠǼǝॶ :ॽॶ ૫ $ƷȓǐȖǐ :ȓॶ Xॽ qॽ ঳ँࣿऀआ঴ॽ =ǦȏǦǌ �ȓȂȏǶǐȝ �ǦȂǝǐǼǐȖǦȖॽ �țțȿǖȕ Ȳǯ͝ȅǯ͞
ȡǻ ǥǯȕȕ ǖțǫ ǫǯ͝ǯȕȡȮȚǯțȼǖȕ ǤȅȡȕȡǼͤॶ ंं঳ऀः঴ॶ ंईऄূःࣿऀॽ

ফँँऄব sƷǶȝǣǐȓॶ bॽ �ॽ ૫ $ƷȓǐȖǐ :ȓॶ Xॽ qॽ ঳ँࣿऀँ঴ॽ =ǦȏǦǌ �ȓȂȏǶǐȝȖ �Ǽǌ �ǐǶǶȠǶƷȓ =ǦȏǦǌ BǐȝƷǅȂǶǦȖǻॽ
�țțȿǖȕ Ȳǯ͝ȅǯ͞ ȡǻ ǤȅȡǥȂǯȚȅȵȼȲͤॶ इऀॶ अइआূआऀःॽ

ফँँअব sƷǼǌǐȓȖॶ Xॽ :ॽ ૫ �ȓǦȝǐȖॶ Uॽ ঳ँࣿऀࣿ঴ॽ �ǦȂȖΞǼȝǣǐȖǦȖ Ȃǜ ǐȝǣǐȓৄȏǣȂȖȏǣȂǶǦȏǦǌȖ ǦǼǆǶȠǌǦǼǝ ȏǶƷȖǻƷǶȂৄ
ǝǐǼȖॶ ȏǐȓȂΝǦȖȂǻǐȖ ƷǼǌ ǣȠǻƷǼ ǌǦȖǐƷȖǐॵ CǐΘ ǦǼȖǦǝǣȝȖ ǦǼȝȂ ƷǼ ȂǶǌ ȏȓȂǅǶǐǻॽ �ȕȅțȅǥǖȕ =ȅȮȅǫȡȕठ
ȡǼͤॶ ऄ঳ं঴ॶ ंआईূंइअॽ

ফँँआব sƷǼǝॶ ,ॽॶ �ǐǆȠΘǐॶ Bॽॶ ,ȂȠȖǌǐǼॶ �ॽ �ॽॶ �ǣǦȝȓƷǱȠॶ �ॽॶ UȂȓȓƷȖॶ �ॽ :ॽॶ %ȓƷǣƷǻॶ BॽBॽॶ =ǦȠॶ
xॽ Cॽॶ bǣǦƷǻॶ �ॽ Xॽॶ [ƷΗƷǝǐॶ �ॽ �ॽॶ �ǝƷȓΘƷǶॶ �ॽ <ॽॶ %Ʒȓǝॶ �ॽॶ HǶƷȓȝǐॶ Bॽৄ:ॽॶ =ǦǼॶ Wॽॶ $ȓȆǣǶǦǆǣॶ
$ॽॶ ,ƷǼǼǦǅƷǶৄ�Ʒǆǣॶ ,ॽ <ॽॶ eȏƷǌǣΞƷΞȠǶƷॶ [ॽॶ UǐȓȓǦǻȂǼॶ Cॽॶ <ǦȓǆǣǣƷȠȖǐǼॶ bॽॶ �ǱȖǦǼǝॶ �ॽ [ॽॶ
sƷǶȝǣǐȓॶ bॽ �ॽॶ ૫ $ƷȓǐȖǐॶ Xॽ qॽ ঳ँࣿऀअ঴ॽ [ǐǦȏǦǼ ǦȖ ȓǐȒȠǦȓǐǌ ǜȂȓ ǆȂǼΗǐȓȝǦǼǝ ǼƷȖǆǐǼȝ ȝȂ ǻƷȝȠȓǐ
ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॽ ǯ=ȅǻǯॶ ऄ঳ँ঴ॶ ऀंंূऀऄࣿॽ

ফँँइব sƷǼǝॶ =ॽ :ॽॶ ,ȖȠॶ bॽॶ =ǦǼॶ ,ॽ =ॽॶ ૫ $Ƞॶ �ॽ yॽ ঳ँࣿँࣿ঴ॽ �ȓȂȖȂȏǣǦǶƷ B/�H[ ǴǼȂǆǴǌȂΘǼ ǦǻȏƷǦȓȖ
ǻǦȝȂǆǣȂǼǌȓǦƷǶ ȖȝȓȠǆȝȠȓǐ ƷǼǌ ǜȠǼǆȝǦȂǼ ƷǼǌ ȏȓȂǻȂȝǐȖ ǻǦȝȂȏǣƷǝΞ ǦǼ ǻȠȖǆǶǐ ȝǦȖȖȠǐॽ �ȅȡȕȡǼͤ
HȮǯțॶ ई঳ऀँ঴ॽ

ফँँईব sƷǼǝॶ [ॽॶ /ǌȓǦȖȖǦॶ $ॽ ~ॽॶ ,ǐȓǻƷǼȖȖȂǼॶ Bॽॶ %ȓǦȏȏƷॶ �ॽॶ �ǱȖǦǼǝॶ �ॽ [ॽॶ ૫ �ƷȓΗƷǶǣȂॶ Uॽ ঳ँࣿऀइ঴ॽ
[ǐǦȏǦǼ ƷǼǌ ȝǣǐ ǻǐǻǅȓƷǼǐৄȖǣƷȏǦǼǝ ȏȓȂȝǐǦǼ UǐΝंࣿ ǆȂȂȏǐȓƷȝǐ ǦǼ ȂȓǝƷǼǐǶǶǐ ǅȠǌǌǦǼǝ ǜȓȂǻ ȝǣǐ
ǐǼǌȂȏǶƷȖǻǦǆ ȓǐȝǦǆȠǶȠǻॽ CǖȼȿȲǯ �ȡȚȚȿțȅǥǖȼȅȡțȵॶ ई঳ऀ঴ॶ ऀূऀँॽ

ফँंࣿব sǐǼǌǐǶॶ �ॽ �ॽॶ �ȂȂȏǐȓॶ �ॽ �ॽॶ /ǶǴƷΞǐΗƷॶ Hॽ Xॽॶ BȠȂǦȂॶ �ॽ Bॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿऀं঴ॽ
%ǶΞǆǐȓȂǶৄंৄȏǣȂȖȏǣƷȝǐ ƷǆΞǶȝȓƷǼȖǜǐȓƷȖǐ ঳%U�b঴ৄऀॶ ǅȠȝ ǼȂȝ %U�bःॶ ǦǼǆȂȓȏȂȓƷȝǐȖ ǼǐΘǶΞ ȖΞǼȝǣǐৄ
ȖǦΣǐǌ ǜƷȝȝΞ ƷǆǦǌȖ ǦǼȝȂ ȝȓǦƷǆΞǶǝǶΞǆǐȓȂǶ ƷǼǌ ǌǦǻǦǼǦȖǣǐȖ ǜƷȝȝΞ ƷǆǦǌ ȂΝǦǌƷȝǦȂǼॽ :ȡȿȲțǖȕ ȡǻ �ȅȡȕȡǼȅǥǖȕ
�ȂǯȚȅȵȼȲͤॶ ँइइ঳ंइ঴ॶ ँआँईईূँआंࣿअॽ

ফँंऀব sǐǼǌǐǶॶ �ॽ �ॽॶ =ǐΘǦǼॶ bॽ Bॽॶ ૫ �ȂǶǐǻƷǼॶ Xॽ �ॽ ঳ँࣿࣿई঴ॽ %U�bȖॵ ȓƷȝǐ ǶǦǻǦȝǦǼǝ ǐǼΣΞǻǐȖ Ȃǜ
b�% ǅǦȂȖΞǼȝǣǐȖǦȖॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ ǤȅȡȮȂͤȵȅǥǖ ǖǥȼǖॶ ऀआईऀ঳अ঴ॶ ऄࣿऀূऄࣿअॽ

ऀःऀ



ফँंँব sǦǶЙǦǼǝॶ $ॽॶ ,ƷƷȖॶ :ॽ bॽॶ sƷǶȝǣǐȓॶ bॽ �ॽॶ ૫ :ȓॶ Xॽ qॽ $ॽ ঳ँࣿऀःƷ঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝ ǅǦȂǝǐǼǐȖǦȖॽ
�ȿȲȲǯțȼ HȮȅțȅȡț ȅț �ǯȕȕ �ȅȡȕȡǼͤॶ ँई঳ऀ঴ॶ ंईূःऄॽ

ফँंंব sǦǶЙǦǼǝॶ $ॽॶ bǣǦƷǻॶ �ॽ Xॽॶ HǶƷȓȝǐॶ Bॽ :ॽॶ sƷǼǝॶ :ॽॶ �ǐǆǴॶ Xॽॶ %ȂȠǶǌॶ bॽ :ॽॶ �ǶǶǝǐΞǐȓॶ �ॽ [ॽॶ
UǦǼǆǐȝॶ $ॽॶ �ǐΘǐȓȖǌȂȓǜॶ :ॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀःǅ঴ॽ �ȓǜऀ঄�HU/ ǻƷǆǣǦǼǐȓΞ
ƷǆȝȖ ǌǦȓǐǆȝǶΞ ȂǼ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖ ƷǼǌ ǐǼƷǅǶǐȖ ȝǣǐǦȓ ǆȂǼǼǐǆȝǦȂǼ ȝȂ ȝǣǐ �X ǜȂȓ ȏȓȂȝǐǦǼ ȝƷȓǝǐȝǦǼǝॽ
ǯ=ȅǻǯॶ ँࣿऀः঳ं঴ॶ ऀূँࣿॽ

ফँंःব sǦǶЙǦǼǝॶ $ॽॶ sƷǼǝॶ ,ॽॶ ,ƷƷȖॶ :ॽ bॽॶ <ȓƷǣǻǐȓॶ Cॽॶ %ȂȠǶǌॶ bॽ :ॽॶ �ǣǐǼǝॶ :ॽৄΝॽ xॽॶ %ȓƷǣƷǻॶ Bॽॶ
�ǣȓǦȖȝǦƷǼȂॶ Xॽॶ $ȓȆǣǶǦǆǣॶ $ॽॶ �ȠǣǻƷǼॶ <ॽ <ॽॶ �ȂǶǐǻƷǼॶ Xॽ �ॽॶ �ǐΘǐȓȖǌȂȓǜॶ :ॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ
sƷǶȝǣǐȓॶ bॽ �ॽॶ eǆǣǦǌƷॶ �ॽॶ �ǣǐǼǝॶ :ॽৄΝॽ xॽॶ %ȓƷǣƷǻॶ Bॽॶ �ǣȓǦȖȝǦƷǼȂॶ Xॽॶ $ȓȆǣǶǦǆǣॶ $ॽॶ =ǦȠॶ
xॽॶ �ȠǣǻƷǼॶ <ॽ <ॽॶ �ȂǶǐǻƷǼॶ Xॽ �ॽॶ �ǐΘǐȓȖǌȂȓǜॶ :ॽॶ $ƷȓǐȖǐॶ Xॽ qॽॶ ૫sƷǶȝǣǐȓॶ bॽ �ॽ ঳ँࣿऀं঴ॽ
bȓǦƷǆΞǶǝǶΞǆǐȓȂǶ ȖΞǼȝǣǐȖǦȖ ǐǼΣΞǻǐȖ ǻǐǌǦƷȝǐ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǝȓȂΘȝǣ ǅΞ ȓǐǶȂǆƷǶǦΣǦǼǝ ǜȓȂǻ ȝǣǐ �X
ȝȂ ǶǦȏǦǌ ǌȓȂȏǶǐȝȖॽ �ǯ͝ǯȕȡȮȚǯțȼǖȕ �ǯȕȕॶ ँः঳ः঴ॶ ंइःূंईईॽ

ফँंऄব sȂǶǶΘǐǅǐȓॶ $ॽॶ ΗȂǼ ǌǐȓ BƷǶȖǅȠȓǝॶ <ॽॶ ૫ ΗƷǼ ǌǐȓ =ƷƷǼॶ Bॽ ঳ँࣿऀआ঴ॽ BǦȝȂǆǣȂǼǌȓǦƷǶ ǆȂǼȝƷǆȝ ȖǦȝǐ
ƷǼǌ ǆȓǦȖȝƷǐ ȂȓǝƷǼǦΣǦǼǝ ȖΞȖȝǐǻॵ � ǆǐǼȝȓƷǶ ȏǶƷΞǐȓ ǦǼ ǻǐǻǅȓƷǼǐ ȖǣƷȏǦǼǝ ƷǼǌ ǆȓȂȖȖȝƷǶǴॽ �ȅȡǥȂȅȚठ
ȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ �ǯȕȕ XǯȵǯǖȲǥȂॶ ऀइअः঳ई঴ॶ ऀःइऀূऀःइईॽ

ফँंअব sȠॶ =ॽॶ =Ǧॶ �ॽॶ =Ǧॶ :ॽৄǶॽॶ �ƷȂॶ :ॽॶ bȂǅǦǼॶ :ॽ $ॽॶ %ǦǻǐǼȂॶ Xॽ �ॽॶ ,ȠȓȂΗॶ :ॽॶ ૫ [ǣƷǼॶ �ॽ ঳ँࣿऀࣿ঴ॽ
%U�bं ƷǼǌ %U�bः Ʒȓǐ ȓǐǝȠǶƷȝǐǌ ǅΞ ǦǼȖȠǶǦǼৄȖȝǦǻȠǶƷȝǐǌ ȏǣȂȖȏǣȂȓΞǶƷȝǦȂǼ ƷǼǌ ȏǶƷΞ ǌǦȖȝǦǼǆȝ
ȓȂǶǐȖ ǦǼ ƷǌǦȏȂǝǐǼǐȖǦȖॽ :ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ XǯȵǯǖȲǥȂॶ ऄऀ঳आ঴ॶ ऀईआऀূऀईइऀॽ

ফँंआব xȠॶ �ॽॶ =Ǧॶ yॽ yॽॶ sȠॶ =ॽॶ =Ǧॶ yॽ yॽॶ ~ǣƷȂॶ �ॽॶ yȠॶ :ॽॶ ,ȠƷǼǝॶ bॽॶ $ǐȓǝȠȖȂǼॶ �ॽॶ UƷȓȝȂǼॶ Xॽ %ॽॶ
yƷǼǝॶ ,ॽॶ ૫ =Ǧॶ Uॽ ঳ँࣿऀइƷ঴ॽ XƷǅऀइ ȏȓȂǻȂȝǐȖ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ঳=�঴ ǝȓȂΘȝǣ ǅΞ ȝǐȝǣǐȓǦǼǝ ȝǣǐ �X
ȝȂ =�Ȗ ȝǣȓȂȠǝǣ [C�X� ƷǼǌ CX~ ǦǼȝǐȓƷǆȝǦȂǼȖॽ :ȡȿȲțǖȕ ȡǻ �ǯȕȕ �ȅȡȕȡǼͤॶ ँऀआ঳ं঴ॶ ईआऄূईईऄॽ

ফँंइব xȠॶ Cॽॶ ~ǣƷǼǝॶ [ॽ Hॽॶ �ȂǶǐॶ Xॽ Ʒॽॶ Bǆ<ǦǼǼǐΞॶ [ॽ Ʒॽॶ %ȠȂॶ $ॽॶ ,ƷƷȖॶ :ॽ bॽॶ �ȂǅǅƷॶ [ॽॶ $ƷȓǐȖǐॶ
Xॽ qॽॶ ૫BƷǴॶ ,ॽ yॽ ঳ँࣿऀँ঴ॽ bǣǐ $�bUऀৄ�%�bँ ǆȂǻȏǶǐΝ ǜƷǆǦǶǦȝƷȝǐȖ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ǐΝȏƷǼȖǦȂǼ
Ʒȝ ȝǣǐ �XৄǶǦȏǦǌ ǌȓȂȏǶǐȝ ǦǼȝǐȓǜƷǆǐॽ bȂǯ :ȡȿȲțǖȕ ȡǻ ǥǯȕȕ ǤȅȡȕȡǼͤॶ ऀईइ঳ऄ঴ॶ इईऄূईऀऀॽ

ফँंईব xȠॶ [ॽॶ ~ǣƷǼǝॶ xॽॶ ૫ =ǦȠॶ Uॽ ঳ँࣿऀइǅ঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝ ȏȓȂȝǐǦǼȖ ƷǼǌ ǻǐȝƷǅȂǶǦǆ ǌǦȖǐƷȖǐȖॽ �ȅȡǥȂȅȚठ
ȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ �ǖȵȅȵ ȡǻ �ȅȵǯǖȵǯॶ ऀइअः঳ऄ঴ॶ ऀईअइূऀईइंॽ

ফँःࣿব xȠॶ yॽॶ ~ǣƷǼǝॶ $ॽॶ [Ƞॶ ~ॽॶ BǆCǐΘॶ :ॽ �ॽॶ ૫ [ǣǦǼॶ yॽ <ॽ ঳ँࣿࣿऄ঴ॽ ,ǐǻǦǜȠȖǦȂǼ ǦǼ [C�X�ৄ
ǻǐǌǦƷȝǐǌ ǻǐǻǅȓƷǼǐ ǜȠȖǦȂǼॽ CǖȼȿȲǯ [ȼȲȿǥȼȿȲǖȕ ǖțǫBȡȕǯǥȿȕǖȲ �ȅȡȕȡǼͤॶ ऀँ঳ऄ঴ॶ ःऀआূःँँॽ

ফँःऀব yƷǻƷȖƷǴǦॶ �ॽॶ BǐǼȂǼॶ [ॽॶ yȠॶ [ॽॶ �ƷȓȓȂΘǻƷǼॶ :ॽॶ BǐǐȓǶȂȂॶ bॽॶ HȂȓȖǆǣȂȝॶ qॽॶ <ǶȠǻȏǐȓǻƷǼॶ :ॽॶ
[ƷȝȂǣॶ �ॽॶ ૫ $ǐȓȓȂৄCȂΗǦǆǴॶ [ॽ ঳ँࣿࣿई঴ॽ ǻbȓȖऀंࣿ /Ȗ Ʒ �ȂǻȏȂǼǐǼȝ Ȃǜ Ʒ BƷǻǻƷǶǦƷǼ bX�UU//
�ȂǻȏǶǐΝॶ Ʒ XƷǅऀ %�$ bǣƷȝ �ǦǼǌȖ ȝȂ �HU/ৄǆȂƷȝǐǌ qǐȖǦǆǶǐȖॽ BȡȕǯǥȿȕǖȲ ǤȅȡȕȡǼͤ ȡǻ ȼȂǯ ǥǯȕȕॶ ँࣿॶ
ःँࣿऄূःँऀऄॽ

ফँःँব yƷǻƷȖǣǦȝƷॶ �ॽॶ ,ƷΞƷȖǣǦॶ yॽॶ BƷȝȖȠǻȂȝȂॶ Cॽॶ CǐǻȂȝȂৄ[ƷȖƷǴǦॶ yॽॶ HǴƷॶ [ॽॶ bƷǼǦǴƷΘƷॶ bॽॶ ૫
[ȠǝǦȠȓƷॶ bॽ ঳ँࣿऀः঴ॽ %ǶΞǆǐȓȂȏǣȂȖȏǣƷȝǐ঄�ǆΞǶǝǶΞǆǐȓȂȏǣȂȖȏǣƷȝǐ �ǆΞǶȝȓƷǼȖǜǐȓƷȖǐȖॽ �ȅȡȕȡǼͤॶ ं঳ः঴ॶ
इࣿऀূइंࣿॽ

ऀःँ



ফँःंব yƷǼǝॶ =ॽॶ yƷǼǝॶ :ॽ �ॽॶ �ǣǐǼॶ :ॽॶ yȠॶ %ॽ yॽॶ ~ǣȂȠॶ Uॽॶ =ǐǦॶ =ॽॶ sƷǼǝॶ ~ॽ ~ॽॶ �ǣƷǼǝॶ �ॽ �ॽॶ yƷǼǝॶ
xॽ yॽॶ �ǣƷǼǝॶ bॽ yॽॶ ૫ =Ǧॶ �ॽ =ॽ ঳ँࣿࣿः঴ॽ �ǼǣƷǼǆǐǻǐǼȝ Ȃǜ ǣȠǻƷǼ ���bऀ ǝǐǼǐ ǐΝȏȓǐȖȖǦȂǼ
ȝȂ ȏȓȂǻȂȝǐ ȝǣǐ ǻƷǆȓȂȏǣƷǝǐৄǌǐȓǦΗǐǌ ǜȂƷǻ ǆǐǶǶ ǜȂȓǻƷȝǦȂǼ ǅΞ ǌǐΝƷǻǐȝǣƷȖȂǼǐॽ �ǯȕȕ XǯȵǯǖȲǥȂॶ
ऀः঳ः঴ॶ ंऀऄূंँंॽ

ফँःःব yƷȂॶ �ॽ ,ॽॶ $ȂΘǶǐৄ%ȓǦǌǐȓॶ Xॽॶ BƷǣǦǐȠॶ Cॽ %ॽॶ =ǦȠॶ %ॽ yॽॶ �ǣǐǼॶ yॽ :ॽॶ sƷǼǝॶ Xॽॶ [ǦǼǝǣॶ Bॽॶ
UȂȝȝǐȓॶ %ॽ [ॽॶ %ȓȂȖȖॶ Xॽ sॽॶ [ǆǣƷǐǜǐȓॶ :ॽॶ :ȂǣǼȖȂǼॶ [ॽ =ॽॶ ૫ UƷȝȝǦॶ %ॽ :ॽ ঳ँࣿऀअ঴ॽ �ΝȂǝǐǼȂȠȖ $ƷȝȝΞ
�ǆǦǌȖ Ʒȓǐ ȝǣǐ Uȓǐǜǐȓȓǐǌ [ȂȠȓǆǐ Ȃǜ BǐǻǅȓƷǼǐ =ǦȏǦǌȖ ǦǼ UȓȂǶǦǜǐȓƷȝǦǼǝ $ǦǅȓȂǅǶƷȖȝȖॽ �ǯȕȕ �ȂǯȚ
�ȅȡȕॶ ँं঳ः঴ॶ ःइंূःईंॽ

ফँःऄব yǦȏॶ �ॽ <ॽॶ �ǐȓȖǆǣǐǻǦǼȖǴǦॶ :ॽॶ ૫sƷǶΣॶ bॽ ঳ँࣿऀࣿ঴ॽ BȂǶǐǆȠǶƷȓ ƷȓǆǣǦȝǐǆȝȠȓǐ Ȃǜ ȝǣǐ bX�UU//
ǆȂǻȏǶǐΝ ƷǼǌ ǦǻȏǶǦǆƷȝǦȂǼȖ ǜȂȓ ΗǐȖǦǆǶǐ ȝǐȝǣǐȓǦǼǝॽ CǖȼȿȲǯ [ȼȲȿǥȼȿȲǖȕ ੉BȡȕǯǥȿȕǖȲ �ȅȡȕȡǼͤॶ
ऀआ঳ऀऀ঴ॶ ऀँईइূऀंࣿःॽ

ফँःअব yȠॶ :ॽॶ ~ǣƷǼǝॶ [ॽॶ �ȠǦॶ =ॽॶ sƷǼǝॶ sॽॶ CƷॶ ,ॽॶ ~ǣȠॶ xॽॶ =Ǧॶ =ॽॶ xȠॶ %ॽॶ yƷǼǝॶ $ॽॶ �ǣȓǦȖȝǦƷǼॶ Bॽॶ
૫ =ǦȠॶ Uॽ ঳ँࣿऀऄ঴ॽ =ǦȏǦǌ ǌȓȂȏǶǐȝ ȓǐǻȂǌǐǶǦǼǝ ƷǼǌ ǦǼȝǐȓƷǆȝǦȂǼ ΘǦȝǣ ǻǦȝȂǆǣȂǼǌȓǦƷ ǦǼ ǻȂȠȖǐ
ǅȓȂΘǼ ƷǌǦȏȂȖǐ ȝǦȖȖȠǐ ǌȠȓǦǼǝ ǆȂǶǌ ȝȓǐƷȝǻǐǼȝॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ �ǯȕȕ
XǯȵǯǖȲǥȂॶ ऀइऄं঳ऄ঴ॶ ईऀइূईँइॽ

ফँःआব yȠॶ xॽॶ �ȓǐǦȝǻƷǼॶ Bॽॶ ૫ %ȂǶǌǅǐȓǝॶ :ॽ ঳ँࣿऀँ঴ॽ � [ȝȓȠǆȝȠȓǐৄǅƷȖǐǌ ǻǐǆǣƷǼǦȖǻ ǜȂȓ �ȓǜऀৄ
ǌǐȏǐǼǌǐǼȝ ȓǐǆȓȠǦȝǻǐǼȝ Ȃǜ ǆȂƷȝȂǻǐȓ ȝȂ ǻǐǻǅȓƷǼǐȖॽ �ǯȕȕॶ ऀःइ঳ं঴ॶ ऄंࣿূऄःँॽ

ফँःइব yȠƷǼॶ yॽॶ =Ǧॶ Uॽॶ ૫ yǐॶ :ॽ ঳ँࣿऀँ঴ॽ =ǦȏǦǌ ǣȂǻǐȂȖȝƷȖǦȖ ƷǼǌ ȝǣǐ ǜȂȓǻƷȝǦȂǼ Ȃǜ ǻƷǆȓȂȏǣƷǝǐৄǌǐȓǦΗǐǌ
ǜȂƷǻ ǆǐǶǶȖ ǦǼ ƷȝǣǐȓȂȖǆǶǐȓȂȖǦȖॽ UȲȡȼǯȅț ǖțǫ �ǯȕȕॶ ं঳ं঴ॶ ऀआंূऀइऀॽ

ফँःईব ~ǐǆǣǼǐȓॶ Xॽॶ <ǦǐǼǐȖǅǐȓǝǐȓॶ Uॽ �ॽॶ ,ƷǐǻǻǐȓǶǐॶ %ॽॶ ~ǦǻǻǐȓǻƷǼǼॶ Xॽॶ ૫ =ƷȖȖॶ �ॽ ঳ँࣿࣿईƷ঴ॽ
�ǌǦȏȂȖǐ ȝȓǦǝǶΞǆǐȓǦǌǐ ǶǦȏƷȖǐ ƷǼǌ ȝǣǐ ǶǦȏȂǶΞȝǦǆ ǆƷȝƷǅȂǶǦȖǻ Ȃǜ ǆǐǶǶȠǶƷȓ ǜƷȝ ȖȝȂȓǐȖॽ :ȡȿȲțǖȕ ȡǻ =ȅȮȅǫ
XǯȵǯǖȲǥȂॶ ऄࣿ঳ऀ঴ॶ ंূँऀॽ

ফँऄࣿব ~ǐǆǣǼǐȓॶ Xॽॶ BƷǌǐȂॶ $ॽॶ ૫ <ȓƷȝǴΞॶ �ॽ ঳ँࣿࣿईǅ঴ॽ �ΞȝȂȖȂǶǦǆ ǶǦȏȂǶΞȖǦȖ ƷǼǌ ǶǦȏȂȏǣƷǝΞॵ ȝΘȂ ȖǦǌǐȖ
Ȃǜ ȝǣǐ ȖƷǻǐ ǆȂǦǼॽ CǖȼȿȲǯ UȿǤȕȅȵȂȅțǼ %ȲȡȿȮॶ ँࣿࣿईॽ

ফँऄऀব ~ǐǆǣǼǐȓॶ Xॽॶ ~ǦǻǻǐȓǻƷǼǼॶ Xॽॶ �ǦǆǣǻƷǼǼॶ bॽ Hॽॶ <ȂǣǶΘǐǦǼॶ [ॽ �ॽॶ ,ƷǐǻǻǐȓǶǐॶ %ॽॶ =ƷȖȖॶ
�ॽॶ ૫BƷǌǐȂॶ $ॽ ঳ँࣿऀँ঴ॽ $�b [/%C�=[ ৄ =ǦȏƷȖǐȖ ƷǼǌ ǶǦȏȂǶΞȖǦȖ ǦǼ ǶǦȏǦǌ ǻǐȝƷǅȂǶǦȖǻ ƷǼǌ
ȖǦǝǼƷǶǦǼǝॽ �ǯȕȕBǯȼǖǤȡȕȅȵȚॶ ऀऄ঳ं঴ॶ ँआईূँईऀॽ

ফँऄँব ~ǣƷǼǝॶ ,ॽॶ sƷǼǝॶ yॽॶ =Ǧॶ :ॽॶ yȠॶ :ॽॶ UȠॶ :ॽॶ =Ǧॶ =ॽॶ ~ǣƷǼǝॶ ,ॽॶ ~ǣƷǼǝॶ [ॽॶ UǐǼǝॶ %ॽॶ yƷǼǝॶ $ॽॶ ૫
=ǦȠॶ Uॽ ঳ँࣿऀऀ঴ॽ UȓȂȝǐȂǻǐ Ȃǜ ȖǴǐǶǐȝƷǶ ǻȠȖǆǶǐ ǶǦȏǦǌ ǌȓȂȏǶǐȝ ȓǐΗǐƷǶȖ ƷȖȖȂǆǦƷȝǦȂǼ ΘǦȝǣ ǻǦȝȂǆǣȂǼৄ
ǌȓǦƷ ƷǼǌ ƷȏȂǶǦȏȂȏȓȂȝǐǦǼ �ৄ/ॽ :ȡȿȲțǖȕ ȡǻ UȲȡȼǯȡȚǯ XǯȵǯǖȲǥȂॶ ऀࣿ঳ऀࣿ঴ॶ ःआऄआূःआअइॽ

ফँऄंব ~ǦǻǻǐȓǻƷǼǼॶ =ॽॶ [ȝǐȏǣǐǼȖॶ �ॽॶ CƷǻॶ [ॽ ~ॽॶ XƷȠॶ �ॽॶ <ȤǅǶǐȓॶ :ॽॶ =ȂΣƷǱǦǆॶ Bॽॶ %ƷǅǶǐȓॶ $ॽॶ [Ȇǌৄ
ǦǼǝॶ :ॽॶ =ȠȏƷȖॶ �ॽ Cॽॶ ૫ �ǶΗƷॶ qॽ ঳ँࣿऀइ঴ॽ � �ȂǻȏǶǐȝǐǶΞ XǐǦǻȏǶǐǻǐǼȝǐǌBU/ �ǦȂǦǼǜȂȓǻƷȝǦǆȖ
bȂȂǶǴǦȝ ΘǦȝǣ Ʒ CǐΘ,,ȏȓǐǌ [ǐȓΗǐȓ Ʒȝ ǦȝȖ �Ȃȓǐॽ :ȡȿȲțǖȕ ȡǻBȡȕǯǥȿȕǖȲ �ȅȡȕȡǼͤॶ ःंࣿ঳ऀऄ঴ॶ ँँंआূ
ँँःंॽ

ऀःं



ফँऄःব ~ǦǻǻǐȓǻƷǼǼॶ Xॽ ঳ँࣿࣿः঴ॽ $Ʒȝ BȂǅǦǶǦΣƷȝǦȂǼ ǦǼ �ǌǦȏȂȖǐ bǦȖȖȠǐ /Ȗ UȓȂǻȂȝǐǌ ǅΞ �ǌǦȏȂȖǐ
bȓǦǝǶΞǆǐȓǦǌǐ =ǦȏƷȖǐॽ [ǥȅǯțǥǯॶ ंࣿअ঳ऄआࣿࣿ঴ॶ ऀंइंূऀंइअॽ

ফँऄऄব ~ǶȂǅǦǼǐॶ /ॽॶ %ȂȏƷǶॶ <ॽॶ ૫ eȖȖǣǐȓॶ :ॽ Xॽ ঳ँࣿऀअ঴ॽ =ǦȏȂȝȂΝǦǆǦȝΞ ǦǼ ȂǅǐȖǦȝΞ ƷǼǌ ǌǦƷǅǐȝǐȖৄȓǐǶƷȝǐǌ
ǆƷȓǌǦƷǆ ǌΞȖǜȠǼǆȝǦȂǼॽ �ȅȡǥȂȅȚȅǥǖ ǯȼ �ȅȡȮȂͤȵȅǥǖ �ǥȼǖ ठBȡȕǯǥȿȕǖȲ ǖțǫ �ǯȕȕ �ȅȡȕȡǼͤ ȡǻ =ȅȮȅǫȵॶ
ऀइअऀ঳ऀࣿ঴ॶ ऀऄऄऄূऀऄअइॽ

ফँऄअব ~ȂǼǦॶ qॽॶ <ǣƷǌǌƷǱॶ Xॽॶ �ƷǻȏȂǻƷǼǐȖॶ Uॽॶ bǣǦƷǻॶ �ॽ Xॽॶ [ǆǣǼǐǦȝǐȓॶ Xॽॶ ૫ qƷǼǼǦॶ [ॽ ঳ँࣿऀई঴ॽ
=ǦȏǦǌ ǌȓȂȏǶǐȝ ǅǦȂǝǐǼǐȖǦȖ ǦȖ ǌȓǦΗǐǼ ǅΞ ǶǦȒȠǦǌৄǶǦȒȠǦǌ ȏǣƷȖǐ ȖǐȏƷȓƷȝǦȂǼॽ ǤȅȡXͣȅ͝ॶ ঳ȏȏॽ ऀূंࣿ঴ॽ

ऀःः



bӟӢԓ ԚӟӏԓӢԓ ԫҷԓ ԚԮԌӏԓӏԚ ȠȖǦǼǝ =�b�xॶ
ȂȓǦǝǦǼƷǶǶΞ ǌǐΗǐǶȂȏǐǌ ǅΞ =ǐȖǶǦǐ =ƷǻȏȂȓȝ
ƷǼǌ ǅƷȖǐǌ ȂǼ �ȂǼƷǶǌ <ǼȠȝǣ৚Ȗ b�xॽ bǣǐ

ǅȂǌΞ ȝǐΝȝ ǦȖ Ȗǐȝ ǦǼ ऀऀ ȏȂǦǼȝ �ǝǐǼȂǶЍৄ�ǐȓǼǐȓ
%ƷȓƷǻȂǼǌॶ Ʒ ȓǐΗǦΗƷǶ Ȃǜ �ǶƷȠǌǐ %ƷȓƷǻȂǼȝ৚Ȗ
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 ǝǦȝǣȠǅॽǆȂǻ঄ȖȠǆǣȂΘ঄�ǦȖȖǐȓȝƷȝǐ
Ȃȓ ǜȓȂǻ ǦȝȖ ƷȠȝǣȂȓॶ :ȂȓǌƷǼ [ȠǆǣȂΘॶ Ʒȝ ȖȠৄ
ǆǣȂΘ૪ȏȂȖȝॽǣƷȓΗƷȓǌॽǐǌȠॽ

ऀःऄ
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