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2. ɇʐʆɲʌʏɼʍɸɿʎ
2.1 ȸ�ɹʆʆʉɿɲ�ʏɻʎ�ɇʐʆɳʌʏɻʍɻʎ
Ƀʌɿʍʅʊʎ

ɇʐʆɳʌʏɻʍɻ� Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ʃɲɿ� ʏɿʅɹʎ�ʍʏʉ�Ȳ�ʉʆʉʅɳɺɸʏɲɿ�
ʃɳɽɸ�ʅʉʆʉʍɼʅɲʆʏɻ�ɲʋɸɿʃʊʆɿʍɻ�ʏʉʐ�Ȱ�ʍʏʉ�Ȳ͘

ȸ�ɹʃʔʌɲʍɻ�ʏʉʐ�Ȱ�ʍɻʅɲʀʆɸɿ�ʊʄʉʐ�ʏʉʐ�Ȱ͕�ɷɻʄɲɷɼ�ʃɳɽɸ�x A! �ʆɲ�ɹʖɸɿ�
ʏɿʅɼ�y B! ͘�ȸ�ʄɹʇɻ�ʅʉʆʉʍɼʅɲʆʏɻ�ʍɻʅɲʀʆɸɿ�ʊʏɿ�ʍɸ�ʃɳɽɸ�x A! �ɲʆʏɿʍʏʉɿʖɸʀ�
ɹʆɲ�ʅʊʆʉ�y B! ͘�ȸ�ʍʐʆɳʌʏɻʍɻ�ʍʐʅɴʉʄʀɺɸʏɲɿ� :f A B" ͘

Ƀɿ�ʏɿʅɹʎ�ʋʉʐ�ɲʆɼʃʉʐʆ�ʍʏʉ�ʍʑʆʉʄʉ�Ȱ�ɲʋʉʏɸʄʉʑʆ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�
ʏɻʎ�ʍʐʆɳʌʏɻʍɻʎ�Ĩ͕ �ʋʉʐ�ʍʐʅɴʉʄʀɺɸʏɲɿ�ʅɸ�Df �ɼ�Af ͘�Ɉʉ�ʍʑʆʉʄʉ�ʋʉʐ�ɹʖɸɿ�ɶɿɲ�
ʍʏʉɿʖɸʀɲ�ʏʉʐ�ʏɿʎ�ʏɿʅɹʎ�ʏɻʎ�Ĩ�ʍɸ�ʊʄɲ�ʏɲ�x A! ͕�ʄɹɶɸʏɲɿ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏɻʎ�Ĩ�ʃɲɿ�
ʍʐʅɴʉʄʀɺɸʏɲɿ�ʅɸ�f A] g͘�ȵʀʆɲɿ�ɷɻʄɲɷɼ� ,f A y y f x x A!= =] ]g g" ,͘�Ɉʉ�ʍʑʆʉʄʉ�
ʏɿʅʙʆ�ɸʀʆɲɿ�ʐʋʉʍʑʆʉʄʉ�ʏʉʐ�ʍʐʆʊʄʉʐ�Ȳ͕�f A B3] g ͘

Ɉʉ�ɶʌɳʅʅɲ�ǆ͕�ʍʏʉɿʖɸʀʉ�ʏʉʐ�Ȱ͕�ɽɲ�ʄɹɶɸʏɲɿ�ɲʆɸʇɳʌʏɻʏɻ�ʅɸʏɲɴʄɻʏɼ͕�
ɸʆʙ�ʏʉ�ɶʌɳʅʅɲ�y f x= ] g͕�ʍʏʉɿʖɸʀʉ�ʏʉʐ�Ȳ͕�ɽɲ�ʄɹɶɸʏɲɿ�ɸʇɲʌʏɻʅɹʆɻ�ʅɸʏɲɴʄɻ-
ʏɼ͘

ɀɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ʋʄɼʌʘʎ�ʉʌɿʍʅɹʆɻ͕�ʊʏɲʆ�ʅɲʎ�ɷʀʆɸʏɲɿ�ʉ�ʏʑ-
ʋʉʎ�ʏɻʎ�f x] g�ʃɲɿ�ʇɹʌʉʐʅɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏɻʎ͘
Ʌʌʉʍʉʖɼ͊� ɀɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ʅʋʉʌɸʀ�ʆɲ�ɹʖɸɿ�ʅʀɲ�

ʅʊʆʉ�ʏɿʅɼ�f x0^ h�ɶɿɲ�ʃɳɽɸ�x A0 ! ͘�ȵʋʉʅɹʆʘʎ�ʃɳɽɸ�ʃɳɽɸʏɻ�ɶʌɲʅ-
ʅɼ�ʍʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�ɽɲ�ʋʌɹʋɸɿ�ʆɲ�ʏɻʆ�ʏɹʅʆɸɿ�ʏʉ�
ʋʉʄʑ�ʍʚɹʆɲ�ʍɻʅɸʀʉ͘

ʋ͘ʖ͘� Ƀ�ʃʑʃʄʉʎ� x y 12 2+ = �ɷɸʆ�ɲʋʉʏɸʄɸʀ�ʍʐʆɳʌʏɻʍɻ͘�ɏʍʏʊʍʉ�ʏʉ�ʍʖɼʅɲ�
ʏʉʐ�ʋʌʉɻɶʉʑʅɸʆʉʐ�ʃʑʃʄʉʐ�ʋɸʌɿʄɲʅɴɳʆɸɿ�ʏɿʎ�ɶʌɲʔɿʃɹʎ�ʋɲʌɲʍʏɳ-
ʍɸɿʎ�ɷʑʉ�ʍʐʆɲʌʏɼʍɸʘʆ͘�Ɉʉ�ɻʅɿʃʑʃʄɿʉ�ʋʉʐ�ɴʌʀʍʃɸʏɲɿ�ʋɳʆʘ�ɲʋʊ�ʏʉʆ�
'x x �ʃɲɿ�ʉʌʀɺɸʏɲɿ�ɲʋʊ�ʏɻʆ�ʍʐʆɳʌʏɻʍɻ�f x x1 2= -^ h �ʃɲɿ�ʏʉ�ɻʅɿʃʑʃʄɿʉ�

ʋʉʐ�ɴʌʀʍʃɸʏɲɿ�ʃɳʏʘ�ɲʋʊ�ʏʉʆ� 'x x �ʃɲɿ�ʉʌʀɺɸʏɲɿ�ɲʋʊ�ʏɻ�ʍʐʆɳʌʏɻʍɻ�
x xg 1 2=- -^ h ͘

Ⱦɲʆʊʆɸʎ�ɸʑʌɸʍɻʎ�Ʌɸɷʀʉʐ�Ƀʌɿʍʅʉʑ
Ɉʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�Ĩ�ɽɲ�ɸʀʆɲɿ�ʊʄʉ�ʏʉ�R �ɸʃʏʊʎ�ɲʋʊ�

ʏɿʎ�ʋɲʌɲʃɳʏʘ�ʋɸʌɿʋʏʙʍɸɿʎ͗
ͻ� Ʉʏɲʆ�ʉ�ʏʑʋʉʎ�ʏɻʎ�Ĩ�ɹʖɸɿ�ʃʄɳʍʅɲ͘�Ɉʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ɽɲ�ɸʀʆɲɿ�ʏʉ�R �

ɸʃʏʊʎ�ɲʋʊ�ʏɿʎ�ʏɿʅɹʎ�ʏʉʐ�ǆ�ʋʉʐ�ʅɻɷɸʆʀɺʉʐʆ�ʏʉʆ�ʋɲʌʉʆʉʅɲʍʏɼ͘
ͻ� Ʉʏɲʆ�ʉ�ʏʑʋʉʎ�ʏɻʎ�Ĩ�ɹʖɸɿ�ʌʀɺɲ�ʅɿɲʎ�ʋɲʌɳʍʏɲʍɻʎ� ǆ{] g͘�Ɉʉ�ʋɸɷʀʉ�ʉʌɿ-

ʍʅʉʑ�ɽɲ�ɸʀʆɲɿ�ʉɿ�ʏɿʅɹʎ�ʏʉʐ�ǆ�ʋʉʐ�ʃɳʆʉʐʆ�ʏʉ�ʐʋʊʌʌɿɺʉ�ʅɸɶɲʄʑʏɸʌʉ�
ɼ�ʀʍʉ�ʏʉʐ�ʅɻɷɸʆʊʎ�; x 0H{] g Ϳ͘
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ͻ� Ʉʏɲʆ�ʉ�ʏʑʋʉʎ�ʏɻʎ�Ĩ�ɹʖɸɿ�ʄʉɶɳʌɿɽʅʉ�ʅɿɲʎ�ʋɲʌɳʍʏɲʍɻʎ� ǆ{] g͘�Ɉʉ�ʋɸ-
ɷʀʉ�ʉʌɿʍʅʉʑ�ɽɲ�ɸʀʆɲɿ�ʉɿ�ʏɿʅɹʎ�ʏʉʐ�ǆ�ʋʉʐ�ʃɳʆʉʐʆ�ʏɻʆ�ʐʋʊ�ʄʉɶɲʌʀɽ-
ʅɿʍɻ�ʋʉʍʊʏɻʏɲ�ʅɸɶɲʄʑʏɸʌɻ�ʏʉʐ�ʅɻɷɸʆʊʎ�; x 0>{] g Ϳ͘

ͻ� Ʉʏɲʆ� ʉ� ʏʑʋʉʎ� ʏɻʎ� Ĩ� ɹʖɸɿ� ɸʔɲʋʏʉʅɹʆɻ� ʅɿɲʎ� ʋɲʌɳʍʏɲʍɻʎ�
ǆ{] g͘�Ɉʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ɽɲ�ɸʀʆɲɿ�ʉɿ�ʏɿʅɹʎ�ʏʉʐ�ǆ�ɶɿɲ�ʏɿʎ�ʉʋʉʀɸʎ�ɿʍʖʑ-

ɸɿ� ,x 2π π
Z! !{ l l+] g ͘

ͻ� Ʉʏɲʆ� ʉ� ʏʑʋʉʎ� ʏɻʎ� Ĩ� ɹʖɸɿ� ʍʐʆɸʔɲʋʏʉʅɹʆɻ� ʅɿɲʎ� ʋɲʌɳʍʏɲʍɻʎ�
ǆ{] g͘�Ɉʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ɽɲ�ɸʀʆɲɿ�ʉɿ�ʏɿʅɹʎ�ʏʉʐ�ǆ�ɶɿɲ�ʏɿʎ�ʉʋʉʀɸʎ�ɿʍʖʑ-

ɸɿ� ,x π Z! !{ l l] g ͘
Ʌʌʉʍʉʖɼ͊� Ɉʉ� ʋɸɷʀʉ� ʉʌɿʍʅʉʑ� ʅɿɲʎ� ʍʐʆɳʌʏɻʍɻʎ� ʏʉ� ɴʌʀʍʃʉʐʅɸ� ʋɳʆʏʉʏɸ�

ʋʌɿʆ� ʃɳʆʉʐʅɸ� ʏɻʆ� ʉʋʉɿɲɷɼʋʉʏɸ� ʋʌɳʇɻ� ɼ� ɲʋʄʉʋʉʀɻʍɻ� ʍʏʉʆ�
ʏʑʋʉ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻʎ͘

ȵʑʌɸʍɻ�ʍʐʆʊʄʉʐ�ʏɿʅʙʆ
ȳɿɲ�ʆɲ�ɴʌʉʑʅɸ�ʏʉ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�Ĩ͕ �ʅʊʄɿʎ�ɴʌʉʑʅɸ�

ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏɻʎ�Ȱ͕�ɽɲ�ɽɹʏʉʐʅɸ� f x y=] g �ʃɲɿ�ɽɲ�ʄʑʆʉʐʅɸ�ʘʎ�ʋʌʉʎ�
ǆ͘�ɇɸ�ɲʐʏɼ�ʏɻ�ɷɿɲɷɿʃɲʍʀɲ�ɸʑʌɸʍɻʎ�ʏʉʐ�ǆ�ɽɲ�ɴɳɺʉʐʅɸ͕�ʊʋʉʐ�ʖʌɸɿɳɺɸʏɲɿ͕�
ɲʆɳʄʉɶʉʐʎ�ʋɸʌɿʉʌɿʍʅʉʑʎ�ʍʏʉ�Ǉ͘�Ȱʐʏʉʀ�ʉɿ�ʋɸʌɿʉʌɿʍʅʉʀ�ɽɲ�ɲʋʉʏɸʄɹʍʉʐʆ�ʏʉ�
ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏɻʎ�Ĩ͕ �f A] g͘
2.2 ɇʐʅʅɸʏʌʀɸʎ
ȱʌʏɿɲ

ɀɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ɸʀʆɲɿ�ɳʌʏɿɲ�ʊʏɲʆ�ɹʖɸɿ�ʍʐʅ-
ʅɸʏʌɿʃʊ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʃɲɿ�ɿʍʖʑɸɿ�f x f x- =^ ^h h�ɶɿɲ�ʃɳɽɸ�ǆ ! A ͘

Ȱʆ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ɸʀʆɲɿ�ɳʌʏɿɲ͕�ʏʊʏɸ�ɻ�c Ĩ �
ɹʖɸɿ�ɳʇʉʆɲ�ʍʐʅʅɸʏʌʀɲʎ�ʏʉʆ�ɳʇʉʆɲ� 'y y ͘
Ʌɸʌɿʏʏɼ

ɀɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ɸʀʆɲɿ�ʋɸʌɿʏʏɼ�ʊʏɲʆ�ɹʖɸɿ�
ʍʐʅʅɸʏʌɿʃʊ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʃɲɿ�ɿʍʖʑɸɿ�f x f x- =-^ ^h h�ɶɿɲ�ʃɳɽɸ�ǆ ! A ͘

Ȱʆ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ɸʀʆɲɿ�ʋɸʌɿʏʏɼ͕�ɻ�c Ĩ �ɹʖɸɿ�
ʃɹʆʏʌʉ�ʍʐʅʅɸʏʌʀɲʎ�ʏɻʆ�ɲʌʖɼ�ʏʘʆ�ɲʇʊʆʘʆ�Ƀ͘
Ʌɸʌɿʉɷɿʃɼ

ɀɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ɸʀʆɲɿ�ʋɸʌɿʉɷɿʃɼ�ʅɸ�ʋɸʌʀ-
ʉɷʉ�Ɉ͕ �ʊʏɲʆ�ʏʉ�Ɉ�ɸʀʆɲɿ�ʉ�ʅɿʃʌʊʏɸʌʉʎ�ɽɸʏɿʃʊʎ�ɲʌɿɽʅʊʎ�ɶɿɲ�ʏʉʆ�ʉʋʉʀʉ�ɿʍʖʑɸɿ�
f x nT f x+ =^ ^h h͕�ʅɸ� , , ,n 0 1 2! ! f= �ɶɿɲ�ʃɳɽɸ�ǆ ! A ͘
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2.3 Ʌʌɳʇɸɿʎ�ʅɸʏɲʇʑ�ɇʐʆɲʌʏɼʍɸʘʆ
Ȼʍʊʏɻʏɲ�ʍʐʆɲʌʏɼʍɸʘʆ

ȴʑʉ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ�ʃɲɿ�Ő�ʄɹɶʉʆʏɲɿ�ʀʍɸʎ�ʊʏɲʆ͗
ͻ� ɹʖʉʐʆ�ʏʉ�ʀɷɿʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�Ȱ�ʃɲɿ
ͻ� ɶɿɲ�ʃɳɽɸ�x A! �ɿʍʖʑɸɿ�f x g x=] ]g g͘

Ȱʆ�ʉɿ�ɷʑʉ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ�ʃɲɿ�Ő�ɹʖʉʐʆ�ʋɸɷʀɲ�ʉʌɿʍʅʉʑ�Ȱ�ʃɲɿ�Ȳ�ɷɿɲʔʉ-
ʌɸʏɿʃɳ�ʅɸʏɲʇʑ�ʏʉʐʎ͕�ɲʄʄɳ�ʉʌʀɺɸʏɲɿ�ɻ�ʏʉʅɼ�ʏʘʆ�ɷʑʉ�ʍʐʆʊʄʘʆ� +C A B= ͕�
ʏʊʏɸ�ɸʇɸʏɳɺʉʐʅɸ�ʏɻʆ�ɿʍʊʏɻʏɲ�ʏʘʆ�ɷʑʉ�ʍʐʆɲʌʏɼʍɸʘʆ�ʍʏʉ�ʍʑʆʉʄʉ�ȳ͘
Ʌʌɳʇɸɿʎ�ɷʑʉ�ʍʐʆɲʌʏɼʍɸʘʆ

ȶʍʏʘ�ʊʏɿ�ɹʖʉʐʅɸ�ɷʑʉ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ�ʃɲɿ�Ő�ʅɸ�ʋɸɷʀɲ�ʉʌɿʍʅʉʑ�Ȱ�ʃɲɿ�
Ȳ�ɲʆʏʀʍʏʉɿʖɲ͘�Ȱʆ� A B 0+ !C = Y�ʉʌʀɺʉʆʏɲɿ�ʉɿ�ɸʇɼʎ�ʍʐʆɲʌʏɼʍɸɿʎ͗

ͻ� ȱɽʌʉɿʍʅɲ�f g+ ͘
f g x f x g x+ = +^ ] ] ]h g g g�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�ȳ͘

ͻ� ȴɿɲʔʉʌɳ�f g- ͘
f g x f x g x- = -^ ] ] ]h g g g�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�ȳ͘

ͻ� ȳɿʆʊʅɸʆʉ�f g$ ͘
f g x f x g x$ $=^ ] ] ]h g g g�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�ȳ͘

ͻ� Ʌɻʄʀʃʉ� g
f ͘

g
f x g x

f x=b ] ]]l g gg �ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�ȳ�ɸʃʏʊʎ�ʏʘʆ�ʏɿʅʙʆ�ʏʉʐ�ǆ ! C �
ʋʉʐ�ʃɳʆʉʐʆ�ʏɻʆ�g x 0=] g ͘

Ʌɲʌɲʏɻʌɼʍɸɿʎ
ͻ� ȳɿɲ�ʆɲ�ɴʌʉʑʅɸ�ʏʉ�ʍɻʅɸʀʉ�ʏʉʅɼʎ�ʏɻʎ�ɶʌɲʔɿʃɼʎ�ʋɲʌɳʍʏɲʍɻʎ�ʏɻʎ�Ĩ�ʅɸ�

ʏʉʆ� 'x x �ɽɲ�ʄʑʆʉʐʅɸ�ʏɻʆ�ɸʇʀʍʘʍɻ�f x 0=] g ͘
ͻ� ȳɿɲ�ʆɲ�ɴʌʉʑʅɸ�ʏʉ�ʍɻʅɸʀʉ�ʏʉʅɼʎ�ʏɻʎ�ɶʌɲʔɿʃɼʎ�ʋɲʌɳʍʏɲʍɻʎ�ʏɻʎ�Ĩ�

ʅɸ�ʏʉʆ� 'y y͕�ɽɲ�ɴʌʀʍʃʉʐʅɸ�ʏɻʆ�ʏɿʅɼ�ʏɻʎ�Ĩ�ɶɿɲ�x 0= ͕�ɷɻʄɲɷɼ�ɽɲ�ɴʌʀ-
ʍʃʉʐʅɸ�ʏʉ�f 0] g͘

ͻ� ȸ�ɶʌɲʔɿʃɼʎ�ʋɲʌɳʍʏɲʍɻʎ�ʏɻʎ�Ĩ�ɴʌʀʍʃɸʏɲɿ�ʋɳʆʘ�ɲʋʊ�ʏʉʆ� 'x x͕�ʊʏɲʆ�
f x 0>] g ͘

ͻ� ȸ�ɶʌɲʔɿʃɼʎ�ʋɲʌɳʍʏɲʍɻʎ�ʏɻʎ�Ĩ�ɴʌʀʍʃɸʏɲɿ�ʃɳʏʘ�ɲʋʊ�ʏʉʆ� 'x x͕�ʊʏɲʆ�
f x 0<] g ͘

ͻ� ȳɿɲ�ʆɲ�ɴʌʉʑʅɸ�ɲʆ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�Ĩ�ɴʌʀ-
ʍʃɸʏɲɿ�ʋɳʆʘ�ɼ�ʃɳʏʘ�ɲʋʊ�ʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�
Ő͕�ɽɲ�ɴʌʀʍʃʉʐʅɸ�ʏʉ�ʋʌʊʍɻʅʉ�ʏɻʎ�ɷɿɲʔʉʌɳʎ�f x g x-] ]g g͘
ͻ� Ȱʆ�ɻ�ɷɿɲʔʉʌɳ�ɸʀʆɲɿ�ɽɸʏɿʃɼ͕�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�ɴʌʀʍʃɸ-

ʏɲɿ�ʋɳʆʘ�ɲʋʊ�ʏɻʆ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ő͘
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ͻ� Ȱʆ�ɻ�ɷɿɲʔʉʌɳ�ɸʀʆɲɿ�ɲʌʆɻʏɿʃɼ͕�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�ɴʌʀ-
ʍʃɸʏɲɿ�ʃɳʏʘ�ɲʋʊ�ʏɻʆ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ő͘

ͻ� Ȱʆ�ɻ�ɷɿɲʔʉʌɳ�ɸʀʆɲɿ�ʀʍɻ�ʅɸ�ʅɻɷɹʆ͕�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�
ʏɹʅʆɸɿ�ʏɻʆ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ő͘

2.4 ɇʑʆɽɸʍɻ�ɇʐʆɲʌʏɼʍɸʘʆ
Ƀʌɿʍʅʊʎ

Ȱʆ�Ĩ͕ �Ő�ɸʀʆɲɿ�ɷʑʉ�ʍʐʆɲʌʏɼʍɸɿʎ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�Ȱ͕�Ȳ�ɲʆʏɿʍʏʉʀʖʘʎ͕�
ʏʊʏɸ�ʉʆʉʅɳɺʉʐʅɸ�ʍʑʆɽɸʍɻ�ʏɻʎ�Ő�ʅɸ�ʏɻʆ�Ĩ�ʃɲɿ�ʏɻʆ�ʍʐʅɴʉʄʀɺʉʐʅɸ� f g% ͕�ʏɻ�
ʍʐʆɳʌʏɻʍɻ�ʅɸ�ʏʑʋʉ� f g x f g x% =^ ] ]^h g gh͘�Ɉʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏɻʎ�ɽɲ�ɸʀʆɲɿ�ʏʉ�
ʍʑʆʉʄʉ�A x A g x Af g g f! !=% ] g" ,͘

Ʉʅʉɿɲ�ʉʆʉʅɳɺʉʐʅɸ�ʍʑʆɽɸʍɻ�ʏɻʎ�Ĩ�ʅɸ�ʏɻʆ�Ő�ʃɲɿ�ʏɻʆ�ʍʐʅɴʉʄʀɺʉʐʅɸ�
g f% �ʏɻ�ʍʐʆɳʌʏɻʍɻ�ʅɸ�ʏʑʋʉ� g f x g f x% =^ ] ]^h g gh͘�Ɉʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏɻʎ�ɽɲ�
ɸʀʆɲɿ�ʏʉ�ʍʑʆʉʄʉ�A x A f x Ag f f g! !=% ] g" ,͘
ɀɸɽʉɷʉʄʉɶʀɸʎ

ŝ͘� Ʉʏɲʆ�ʅɲʎ�ɷʀʆʉʐʆ�ʅɿɲ�ʍʑʆɽɸʍɻ�ʃɲɿ�ʅɲʎ�ɺɻʏɳʆɸ�ʆɲ�ɴʌʉʑʅɸ�ʏɿʎ�ʍʐʆɲʌ-
ʏɼʍɸɿʎ�ɲʋʊ�ʏɿʎ�ʉʋʉʀɸʎ�ɲʋʉʏɸʄɸʀʏɲɿ�ɻ�ʍʑʆɽɸʍɻ͕�ɽɲ�ʍʃɸʔʏʊʅɲʍʏɸ�ʏɻ�
ʍɸɿʌɳ�ʏɻʆ�ʉʋʉʀɲ�ɽɲ�ɲʃʉʄʉʐɽʉʑʍɲʅɸ�ɶɿɲ�ʆɲ�ʃɳʆʉʐʅɸ�ʏɿʎ�ʋʌɳʇɸɿʎ�
ɲʆ�ʅɲʎ�ɺɻʏʉʑʍɲʆ�ʆɲ�ʐʋʉʄʉɶʀʍʉʐʅɸ�ʏɻʆ�ɲʌɿɽʅɻʏɿʃɼ�ʏɻʎ�ʏɿʅɼ�ɶɿɲ�ʅɿɲ�
ʍʐɶʃɸʃʌɿʅɹʆɻ�ʏɿʅɼ�ʏʉʐ�ǆ͘

ʋ͘ʖ͘� ȳɿɲ�ʏɻ�ʍʐʆɳʌʏɻʍɻ�h x x1 2= -^ h �ʅʋʉʌʉʑʅɸ�ʆɲ�ʐʋʉʄʉɶʀʍʉʐʅɸ�ʏɻʆ�
ɲʌɿɽʅɻʏɿʃɼ�ʏɻʎ�ʏɿʅɼ�ɲʆ�ʐʋʉʄʉɶʀʍʉʐʅɸ�ʏɻʆ�ʏɿʅɼ�ʏɻʎ� x1 2- �ʃɲɿ�ʅɸʏɳ�
ʐʋʉʄʉɶʀʍʉʐʅɸ�ʏɻʆ�ʏɸʏʌɲɶʘʆɿʃɼ�ʏɻʎ�ʌʀɺɲ͘�ȵʋʉʅɹʆʘʎ�ɻ�ʍʐʆɳʌʏɻʍɻ�
h x^ h�ɲʋʉʏɸʄɸʀʏɲɿ�ɲʋʊ�ʏɿʎ�ʍʐʆɲʌʏɼʍɸɿʎ�f x x1 2= -^ h �ʃɲɿ� xg x=^ h ͕�
ɷɻʄɲɷɼ�h x g f x=^ ^^h hh͘

ŝŝ͘� Ʉʏɲʆ�ɽɹʄʉʐʅɸ�ʆɲ�ɴʌʉʑʅɸ�ʏɻʆ�ʍʑʆɽɸʍɻ�ʏɻʎ�Ő�ʅɸ�ʏɻʆ�Ĩ͕ �ɷɻʄɲɷɼ�ʏɻʆ�
f g% ͕�ɽɲ�ɴʌʀʍʃʉʐʅɸ�ʋʌʙʏɲ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏɻʎ�ʃɲɿ�ʅɸʏɳ�ɽɲ�ɽɹ-
ʏʉʐʅɸ�ʍʏʉʆ�ʏʑʋʉ�ʏɻʎ�Ĩ�ʊʋʉʐ�ǆ�ʏʉ�g x] g�ɶɿɲ�ʆɲ�ɴʌʉʑʅɸ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ͘

ŝŝŝ͘�Ʉʏɲʆ�ɽɹʄʉʐʅɸ�ʆɲ�ɴʌʉʑʅɸ�ʏɻʆ�ʍʑʆɽɸʍɻ�ʏɻʎ�Ĩ�ʅɸ�ʏɻʆ�Ő͕�ɷɻʄɲɷɼ�ʏɻʆ�
g f% ͕�ɽɲ�ɴʌʀʍʃʉʐʅɸ�ʋʌʙʏɲ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏɻʎ�ʃɲɿ�ʅɸʏɳ�ɽɲ�ɽɹ-
ʏʉʐʅɸ�ʍʏʉʆ�ʏʑʋʉ�ʏɻʎ�Ő�ʊʋʉʐ�ǆ�ʏʉ�f x] g�ɶɿɲ�ʆɲ�ɴʌʉʑʅɸ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ͘

Ʌʌʉʍʉʖɼ͊� ȵʀʆɲɿ�ʄɳɽʉʎ�ʆɲ�ɴʌʉʑʅɸ�ʋʌʙʏɲ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ�ʍʑʆɽɸʍɻʎ�ʃɲɿ�ʅɸʏɳ�
ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ɲʋʊ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ�ʍʑʆɽɸʍɻʎ�ɶɿɲʏʀ�ʅʋʉʌɸʀ�ʆɲ�
ʖɳʍʉʐʅɸ�ʃɳʋʉɿʉʐʎ�ʋɸʌɿʉʌɿʍʅʉʑʎ͘

ɇʐʆɲʌʏɻʍɿɲʃɹʎ�ʍʖɹʍɸɿʎ
ŝ͘� Ʉʏɲʆ�ʍɸ�ɳʍʃɻʍɻ�ʅɲʎ�ɷʀʆʉʐʆ�ʏɻ�ʍʑʆɽɸʍɻ�f g x^^ hh͕�ʏʉʆ�ʏʑʋʉ�ʏɻʎ�g x^ h�

ʃɲɿ�ʅɲʎ�ɺɻʏɳʆ�ʆɲ�ɴʌʉʑʅɸ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ�f x^ h�ʏʊʏɸ͗
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ɲ͘� ɽɹʏʉʐʅɸ�y g x= ^ h
ɴ͘� ʄʑʆʉʐʅɸ�ʘʎ�ʋʌʉʎ�ǆ
ɶ͘� ɲʆʏɿʃɲɽɿʍʏʉʑʅɸ�ʍʏɻ�ʍʑʆɽɸʍɻ͘
Ƀʋʊʏɸ�ʋʌʉʃʑʋʏɸɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� f y^ h�ɻ�ʉʋʉʀɲ�ʅɸʏɳ�ɲʋʊ�ɲʆʏɿʃɲʏɳ-
ʍʏɲʍɻ�ʏʉʐ�Ǉ�ɲʋʊ�ʏʉ�ǆ�ʅɲʎ�ɷʀʆɸɿ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ�f x^ h͘

ŝŝ͘� Ʉʏɲʆ�ʍɸ�ɳʍʃɻʍɻ�ʅɲʎ�ɷʀʆʉʐʆ�ʏɻ�ʍʑʆɽɸʍɻ�f g x^^ hh͕�ʏʉʆ�ʏʑʋʉ�ʏɻʎ� xf^ h�
ʃɲɿ�ʅɲʎ� ɺɻʏɳʆ�ʆɲ�ɴʌʉʑʅɸ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ� xg^ h� ʏʊʏɸ�ɲʆʏɿʃɲɽɿʍʏʉʑ-
ʅɸ�ʍʏʉʆ�ʏʑʋʉ�ʏɻʎ� f x^ h�ʏɻ� g x^ h͘�Ƀʋʊʏɸ�ʋʌʉʃʑʋʏɸɿ�ɹʆɲʎ�ɷɸʑʏɸʌʉʎ�
ʏʑʋʉʎ�ɶɿɲ�ʏɻ�ʍʑʆɽɸʍɻ� f g x^^ hh͘�ȵʇɿʍʙʆʉʐʅɸ�ʏʉʐʎ�ɷʑʉ�ʏʑʋʉʐʎ�ʃɲɿ�
ʋʌʉʃʑʋʏɸɿ�ʅɿɲ�ɸʇʀʍʘʍɻ�ʋʉʐ�ʋɸʌɿɹʖɸɿ�ʅʊʆʉ� g x^ h͘�ȿʑʆʉʆʏɲʎ�ɲʐʏɼ�
ʏɻʆ�ɸʇʀʍʘʍɻ�ʘʎ�ʋʌʉʎ� g x^ h�ʋɲʀʌʆʉʐʅɸ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻʎ�
ʋʉʐ�ʗɳʖʆʉʐʅɸ͘

ŝŝŝ͘�Ʉʏɲʆ�ʍɸ�ɳʍʃɻʍɻ�ʅɲʎ�ɷʀʆʉʐʆ�ʅɿɲ�ʍʐʆɲʌʏɻʍɿɲʃɼ�ʍʖɹʍɻ�ɶɿɲ�ʅɿɲ�ʍʐ-
ʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�Ȱ͕�ʏɻʎ�ʅʉʌʔɼʎ� f x f g xl m n+ =] ]^g gh ͕�ɻ�
ʉʋʉʀɲ�ɿʍʖʑɸɿ�ɶɿɲ�ʃɳɽɸ�x A! �ʃɲɿ�ʅɲʎ�ɺɻʏʉʑʆ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ�ʍʐʆɳʌ-
ʏɻʍɻʎ�Ĩ͕ �ɽɲ�ɽɹʏʉʐʅɸ�ʍʏɻ�ʍʖɹʍɻ�ʊʋʉʐ�ǆ�ʏʉ�g x] g͘�ȶʏʍɿ�ɽɲ�ʋʌʉʃʑʋʏɸɿ�
ʅɿɲ�ʆɹɲ�ʍʖɹʍɻ�ʋʉʐ�ɽɲ�ɹʖɸɿ�ʋɳʄɿ�ʘʎ�ɲɶʆʙʍʏʉʐʎ�ʏɲ�f x] g�ʃɲɿ�f g x]^ gh͕�
ʉʋʊʏɸ�ɽɲ�ʄʑʆʉʐʅɸ�ʏʉ�ʍʑʍʏɻʅɲ�ɶɿɲ�ʆɲ�ɴʌʉʑʅɸ�ʏɻʆ�f x] g͘�Ɉɲ�l�ʃɲɿ�m �
ʅʋʉʌɸʀ�ʆɲ�ɸʀʆɲɿ�ʍʐʆɲʌʏɼʍɸɿʎ�ʏʉʐ�ǆ͘

Ʌʌʉʍʉʖɼ͊� ȸ�ʋɲʌɲʋɳʆʘ�ʅɸɽʉɷʉʄʉɶʀɲ�ɿʍʖʑɸɿ�ʊʏɲʆ�ɻ�ʍʐʆɳʌʏɻʍɻ�g x^ h�ɸʀ-
ʆɲɿ� ʃʐʃʄɿʃɼ� ;ɷɻʄɲɷɼ�ɻ�ʍʑʆɽɸʍɻ� ʏɻʎ� Ő�ʅɸ� ʏʉʆ� ɸɲʐʏʊ� ʏɻʎ� ʆɲ�
ɿʍʉʑʏɲɿ�ʅɸ�ǆ͕� g g x x=^^ hh Ϳ͘�ɇʐʆɻɽɿʍʅɹʆɸʎ�ʃʐʃʄɿʃɹʎ�ʍʐʆɲʌʏɼ-
ʍɸɿʎ�ɸʀʆɲɿ�ɻ�g x xa= -^ h ͕�ɻ�g x x

a=^ h �ʃɲɿ�ɻ� xg x
x
1= -^ h ͘

Ʌʌʉʍʉʖɼ͊� ȸ� ʋɲʌɲʋɳʆʘ� ʅɸɽʉɷʉʄʉɶʀɲ� ɷɸʆ� ʅʋʉʌɸʀ� ʆɲ� ʖʌɻʍɿʅʉʋʉɿɻɽɸʀ�
ʊʏɲʆ�l m= ͘

ŝǀ͘ �Ȱʆ�ɻ�ʍʐʆɲʌʏɻʍɿɲʃɼ�ʍʖɹʍɻ�ɸʀʆɲɿ�ʏɻʎ�ʅʉʌʔɼʎ� f g x f h xl m n+ =]^ ]^gh gh �
ʏʊʏɸ�ʋʌʙʏɲ�ɽɲ�ɽɹʏʉʐʅɸ� y g x= ] g� ʃɲɿ�ʅɸʏɳ�ɽɲ�ʄʑʆʉʐʅɸ�ʘʎ�ʋʌʉʎ�
ǆ͘�ȶʋɸɿʏɲ�ɽɲ�ɲʆʏɿʃɲɽɿʍʏʉʑʅɸ�ʏʉ�ǆ�ʍʏɻʆ�ʍʐʆɲʌʏɻʍɿɲʃɼ�ʍʖɹʍɻ͘�ɀɸ�
ɲʐʏʊʆ� ʏʉʆ� ʏʌʊʋʉ�ɽɲ�ɷɻʅɿʉʐʌɶɻɽɸʀ�ʅɿɲ� ʃɲɿʆʉʑʌɶɿɲ�ʍʐʆɲʌʏɻʍɿɲ-
ʃɼ�ʍʖɹʍɻ�ʏɻʎ�ʅʉʌʔɼʎ� f y f yl m { n+ =^ ^^h hh �ʉʋʊʏɸ�ʖʌɻʍɿʅʉʋʉɿʉʑʅɸ�
ʏɻʆ�ʋʌʉɻɶʉʑʅɸʆɻ�ʅɸɽʉɷʉʄʉɶʀɲ�ɶɿɲ�ʆɲ�ɴʌʉʑʅɸ�ʏʉʆ�ʏʑʋʉ�ʏɻʎ�Ĩ͘

Ʌʌʉʍʉʖɼ͊� ȸ�ʍʐʆɳʌʏɻʍɻ� Ǉ{^ h�ʋʉʐ�ɽɲ�ʋʌʉʃʑʗɸɿ�ʋʌɹʋɸɿ�ʆɲ�ɸʀʆɲɿ�ʃʐʃʄɿʃɼ͘
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2.5 ɀɸʏɲʏʊʋɿʍɻ�ʏɻʎ�ɶʌɲʔɿʃɼʎ�ʋɲʌɳʍʏɲʍɻʎ�ʅɿɲʎ�
ʍʐʆɳʌʏɻʍɻʎ�f x^ h�ʋɳʆʘ�ʍɸ�ʍʑʍʏɻʅɲ�ɲʇʊʆʘʆ

Ⱦɲʏɲʃʊʌʐʔɻ�ʅɸʏɲʏʊʋɿʍɻ
ȳɿɲ�ʆɲ�ʅɸʏɲʃɿʆɼʍʉʐʅɸ�ʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�

y f x= ^ h�ʃɲʏɲʃʊʌʐʔɲ�ʋʌʉʎ�ʏɲ�ʋɳʆʘ�ʋʌɹʋɸɿ�ʆɲ�ʋʌʉʍɽɹʍʉʐʅɸ�ɹʆɲ�ʍʏɲɽɸ-
ʌʊ�ɽɸʏɿʃʊ�ɲʌɿɽʅʊ�ʍʏʉ�ɷɸʇʀ�ʅɹʄʉʎ�ʏɻʎ�ɸʇʀʍʘʍɻʎ�y f x= ^ h͘

y f x l= +^ h ͕� 0>l �� ʅɸʏɲʏʉʋʀɺɸʏɲɿ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ� Ĩ�
ʃɲʏɲʃʊʌʐʔɲ�ʋʌʉʎ�ʏɲ�ʋɳʆʘ�l�ʅʉʆɳɷɸʎ͘

ȳɿɲ�ʆɲ�ʅɸʏɲʃɿʆɼʍʉʐʅɸ�ʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�
y f x= ^ h�ʃɲʏɲʃʊʌʐʔɲ�ʋʌʉʎ�ʏɲ�ʃɳʏʘ�ʋʌɹʋɸɿ�ʆɲ�ʋʌʉʍɽɹʍʉʐʅɸ�ɹʆɲ�ʍʏɲɽɸʌʊ�
ɲʌʆɻʏɿʃʊ�ɲʌɿɽʅʊ�ʍʏʉ�ɷɸʇʀ�ʅɹʄʉʎ�ʏɻʎ�ɸʇʀʍʘʍɻʎ�y f x= ^ h͘

y f x l= +^ h ͕� 0<l �� ʅɸʏɲʏʉʋʀɺɸʏɲɿ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ� Ĩ�
ʃɲʏɲʃʊʌʐʔɲ�ʋʌʉʎ�ʏɲ�ʃɳʏʘ� l �ʅʉʆɳɷɸʎ͘

Ƀʌɿɺʊʆʏɿɲ�ʅɸʏɲʏʊʋɿʍɻ
ȳɿɲ�ʆɲ�ʅɸʏɲʃɿʆɼʍʉʐʅɸ�ʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�

y f x= ^ h�ʉʌɿɺʊʆʏɿɲ�ʋʌʉʎ�ʏɲ�ɷɸʇɿɳ�ʋʌɹʋɸɿ�ʆɲ�ʋʌʉʍɽɹʍʉʐʅɸ�ɹʆɲ�ʍʏɲɽɸʌʊ�
ɲʌʆɻʏɿʃʊ�ɲʌɿɽʅʊ�ʍʏʉ�ǆ͘

y f x h= +^ h͕�h 0< �� ʅɸʏɲʏʉʋʀɺɸʏɲɿ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ� Ĩ�
ʉʌɿɺʊʆʏɿɲ�ʋʌʉʎ�ʏɲ�ɷɸʇɿɳ� h �ʅʉʆɳɷɸʎ͘

ȳɿɲ�ʆɲ�ʅɸʏɲʃɿʆɼʍʉʐʅɸ�ʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�
y f x= ^ h�ʉʌɿɺʊʆʏɿɲ�ʋʌʉʎ�ʏɲ�ɲʌɿʍʏɸʌɳ�ʋʌɹʋɸɿ�ʆɲ�ʋʌʉʍɽɹʍʉʐʅɸ�ɹʆɲ�ʍʏɲɽɸ-
ʌʊ�ɽɸʏɿʃʊ�ɲʌɿɽʅʊ�ʍʏʉ�ǆ͘

y f x h= +^ h͕�h 0> �� ʅɸʏɲʏʉʋʀɺɸʏɲɿ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ� Ĩ�
ʉʌɿɺʊʆʏɿɲ�ʋʌʉʎ�ʏɲ�ɲʌɿʍʏɸʌɳ�h�ʅʉʆɳɷɸʎ͘

2.6 ɀʉʆʉʏʉʆʀɲ�Ͳ�Ȱʃʌʊʏɲʏɲ
Ƀʌɿʍʅʊʎ

ȶʍʏʘ�ʍʐʆɳʌʏɻʍɻ� f x] g�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ʃɲɿ�ɹʆɲ�ɷɿɳʍʏɻʅɲ�ȴ�
ʐʋʉʍʑʆʉʄʉ�ʏʉʐ�Ȱ͘�Ⱥɲ�ʄɹʅɸ�ʊʏɿ͗

ͻ� ȸ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ʍʏʉ�ȴ�;Ĩ KȴͿ�ʊʏɲʆ�ɶɿɲ�ʃɳɽɸ� ,x x1 2 ! D�ʅɸ�
x x<1 2 �ɸʀʆɲɿ�f x f x<1 2] ]g g͘

ͻ� ȸ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ�ʍʏʉ�ȴ�;Ĩ

K

ȴͿ�ʊʏɲʆ�ɶɿɲ�ʃɳɽɸ� ,x x1 2 ! D�ʅɸ�
x x<1 2 �ɸʀʆɲɿ�f x f x>1 2] ]g g͘

ͻ� ȸ�Ĩ�ɸʀʆɲɿ�ɲʑʇʉʐʍɲ�ʍʏʉ�ȴ�;Ĩ�-�ȴͿ�ʊʏɲʆ�ɶɿɲ�ʃɳɽɸ� ,x x1 2 ! D�ʅɸ�x x<1 2 �
ɸʀʆɲɿ�f x f x1 2G] ]g g͘

ͻ� ȸ�Ĩ�ɸʀʆɲɿ�ʔɽʀʆʉʐʍɲ�ʍʏʉ�ȴ�;Ĩ�.�ȴͿ�ʊʏɲʆ�ɶɿɲ�ʃɳɽɸ� ,x x1 2 ! D�ʅɸ�x x<1 2 �
ɸʀʆɲɿ�f x f x1 2H] ]g g͘
Ȱʆ�ɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ɼ�ʔɽʀʆʉʐʍɲ�ʍʏʉ�ȴ͕�ɽɲ�ʄɹʅɸ�ʊʏɿ�ɸʀʆɲɿ�
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ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ�ɸʆʙ�ɲʆ�ɻ�Ĩ�ɸʀʆɲɿ�ɲʑʇʉʐʍɲ�ɼ�ʔɽʀʆʉʐʍɲ�ʍʏʉ�ȴ͕�ɽɲ�ʄɹʅɸ�
ʊʏɿ�ɸʀʆɲɿ�ʅʉʆʊʏʉʆɻ͘
Ƀʌɿʍʅʊʎ

ɀɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�Ȱ�ɽɲ�ʄɹʅɸ�ʊʏɿ�ʋɲʌʉʐʍɿɳɺɸɿ�ʍʏʉ�
x A0 ! �;ʉʄɿʃʊͿ�ʅɹɶɿʍʏʉ͕�ʏʉ�f x0] g͕�ʊʏɲʆ�f x f x0G] ]g g�ɶɿɲ�ʃɳɽɸ�x A! ͘

ɀɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�Ȱ�ɽɲ�ʄɹʅɸ�ʊʏɿ�ʋɲʌʉʐʍɿɳɺɸɿ�ʍʏʉ�
x A0 ! �;ʉʄɿʃʊͿ�ɸʄɳʖɿʍʏʉ͕�ʏʉ�f x0] g͕�ʊʏɲʆ�f x f x0H] ]g g�ɶɿɲ�ʃɳɽɸ�x A! ͘

Ɉʉ�ʉʄɿʃʊ�ʅɹɶɿʍʏʉ�ʃɲɿ�ʏʉ�ʉʄɿʃʊ�ɸʄɳʖɿʍʏʉ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�Ĩ�ʄɹɶʉʆʏɲɿ�
ʉʄɿʃɳ�ɲʃʌʊʏɲʏɲ�ʏɻʎ�Ĩ͘
Ʌɲʌɲʏɻʌɼʍɸɿʎ

ͻ� Ƀ�ɹʄɸɶʖʉʎ�ʏɻʎ�ʅʉʆʉʏʉʆʀɲʎ�ʅʋʉʌɸʀ�ʆɲ�ʋʌɲɶʅɲʏʉʋʉɿɻɽɸʀ�ʅɸ�ʏɻ�ɴʉ-

ɼɽɸɿɲ�ʏʉʐ�ʄʊɶʉʐ�ʅɸʏɲɴʉʄɼʎ� x x
f x f x

2 1

2 1
m = -

-^ ^h h
͘�ɇʐɶʃɸʃʌɿʅɹʆɲ�ɻ�ʍʐ-

ʆɳʌʏɻʍɻ�Ĩ�ʍʏʉ�ɷɿɳʍʏɻʅɲ�ȴ�ɸʀʆɲɿ
ͻ� ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ͕�ɲʆ� 0>m
ͻ� ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ͕�ɲʆ� 0<m

ͻ� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ͕ �Ő�ɸʀʆɲɿ�;ɶʆɻʍʀʘʎͿ�ʅʉʆʊʏʉʆɸʎ�ʏɻʎ�ʀɷɿɲʎ�ʅʉʆʉ-
ʏʉʆʀɲʎ͕�ʏʊʏɸ�ʃɲɿ�ɻ� f g+ �ɸʀʆɲɿ�;ɶʆɻʍʀʘʎͿ�ʅʉʆʊʏʉʆɻ�ʅɸ�ʏɻʆ�ʀɷɿɲ�ʅʉ-
ʆʉʏʉʆʀɲ͘

ͻ� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ͕ �Ő�ɸʀʆɲɿ�ɽɸʏɿʃɹʎ�ʃɲɿ�;ɶʆɻʍʀʘʎͿ�ɲʑʇʉʐʍɸʎ͕�ʏʊʏɸ�
ʃɲɿ�ɻ�f g$ �ɸʀʆɲɿ�ɽɸʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�ɲʑʇʉʐʍɲ͘

ͻ� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ͕ �Ő�ɸʀʆɲɿ�ɽɸʏɿʃɹʎ�ʃɲɿ�;ɶʆɻʍʀʘʎͿ�ʔɽʀʆʉʐʍɸʎ͕�ʏʊʏɸ�
ʃɲɿ�ɻ�f g$ �ɸʀʆɲɿ�ɽɸʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�ʔɽʀʆʉʐʍɲ͘

ͻ� Ȱʆ� ʉɿ� ʍʐʆɲʌʏɼʍɸɿʎ� Ĩ͕ � Ő� ɸʀʆɲɿ� ɲʌʆɻʏɿʃɹʎ� ʃɲɿ� ;ɶʆɻʍʀʘʎͿ� ɲʑʇʉʐʍɸʎ͕�
ʏʊʏɸ�ʃɲɿ�ɻ�f g$ �ɸʀʆɲɿ�ɽɸʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�ʔɽʀʆʉʐʍɲ͘

ͻ� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ� Ĩ͕ �Ő�ɸʀʆɲɿ�ɲʌʆɻʏɿʃɹʎ�ʃɲɿ� ;ɶʆɻʍʀʘʎͿ�ʔɽʀʆʉʐʍɸʎ͕�
ʏʊʏɸ�ʃɲɿ�ɻ�f g$ �ɸʀʆɲɿ�ɽɸʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�ɲʑʇʉʐʍɲ͘

ͻ� Ȱʆ�ɻ�Ĩ�ɸʀʆɲɿ�ɽɸʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�ɲʑʇʉʐʍɲ�ʃɲɿ�ɻ�Ő�ɲʌʆɻʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�
ʔɽʀʆʉʐʍɲ͕�ʏʊʏɸ�ʃɲɿ�ɻ�f g$ �ɸʀʆɲɿ�ɲʌʆɻʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�ʔɽʀʆʉʐʍɲ͘

ͻ� Ȱʆ�ɻ�Ĩ�ɸʀʆɲɿ�ɽɸʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�ʔɽʀʆʉʐʍɲ�ʃɲɿ�ɻ�Ő�ɲʌʆɻʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�
ɲʑʇʉʐʍɲ͕�ʏʊʏɸ�ʃɲɿ�ɻ�f g$ �ɸʀʆɲɿ�ɲʌʆɻʏɿʃɼ�;ɶʆɻʍʀʘʎͿ�ɲʑʇʉʐʍɲ͘

ͻ� Ȱʆ� Ĩ͕ � Ő�ɸʀʆɲɿ� ;ɶʆɻʍʀʘʎͿ�ʅʉʆʊʏʉʆɸʎ�ʅɸ� ʏɻʆ� ʀɷɿɲ�ʅʉʆʉʏʉʆʀɲ͕� ʏʊʏɸ�ɻ�
ʍʑʆɽɸʍɼ�ʏʉʐʎ�f g% �ɸʀʆɲɿ�;ɶʆɻʍʀʘʎͿ�ɲʑʇʉʐʍɲ͘

ͻ� Ȱʆ�Ĩ͕ �Ő�ɸʀʆɲɿ�;ɶʆɻʍʀʘʎͿ�ʅʉʆʊʏʉʆɸʎ�ʅɸ�ɷɿɲʔʉʌɸʏɿʃɼ�ʅʉʆʉʏʉʆʀɲ͕�ʏʊʏɸ�
ɻ�ʍʑʆɽɸʍɼ�ʏʉʐʎ�f g% �ɸʀʆɲɿ�;ɶʆɻʍʀʘʎͿ�ʔɽʀʆʉʐʍɲ͘
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2.7 ɇʐʆɳʌʏɻʍɻ�ΗϭͲϭΗ
Ƀʌɿʍʅʊʎ

ɀɿɲ�ʍʐʆɳʌʏɻʍɻ� f x] g�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ɽɲ�ʄɹɶɸʏɲɿ�ɹʆɲ�ʋʌʉʎ�
ɹʆɲ�;ΗϭͲϭΗͿ�ɲʆ�ɶɿɲ�ʃɳɽɸ� ,x x A1 2 ! �ʅɸ�x x1 2! �ɸʀʆɲɿ�f x f x1 2!] ]g g͘
Ʌʊʌɿʍʅɲ

ɀɿɲ�ʍʐʆɳʌʏɻʍɻ� f x] g�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ɽɲ�ʄɹɶɸʏɲɿ�ɹʆɲ�ʋʌʉʎ�
ɹʆɲ�;ΗϭͲϭΗͿ�ɲʆ�ɶɿɲ�ʃɳɽɸ� ,x x A1 2 ! �ʅɸ�f x f x1 2=] ]g g�ɸʀʆɲɿ�x x1 2= ͘
Ʌɲʌɲʏɻʌɼʍɸɿʎ

ͻ� ȳɿɲ�ʃɳɽɸ�y f A! ] g�ɻ�ɸʇʀʍʘʍɻ�f x y=] g �ɹʖɸɿ�ʅɿɲ�ʅʊʆʉ�ʄʑʍɻ�x A0 ! ͘
ͻ� ɀɿɲ�ʏʐʖɲʀɲ�ʉʌɿɺʊʆʏɿɲ�ɸʐɽɸʀɲ͕�y y0= ͕�ʏɹʅʆɸɿ�ʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲ-

ʍɻ�ʏɻʎ�Ĩ�ʍɸ�ɹʆɲ�ʏʉ�ʋʉʄʑ�ʍɻʅɸʀʉ͘
ͻ� Ȱʆ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ�ʏʊʏɸ�ɸʀʆɲɿ�ʃɲɿ�ΗϭͲϭΗ͘�

ȴɸʆ�ɿʍʖʑɸɿ�ʊʅʘʎ�ʋɳʆʏɲ�ʏʉ�ɲʆʏʀʍʏʌʉʔʉ͘�Ȱʆ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�
ΗϭͲϭΗ�ʃɲɿ�ʍʐʆɸʖɼʎ�ʏʊʏɸ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ͘

ͻ� Ȱʆ�Ĩ͕ �Ő�ɸʀʆɲɿ�ʍʐʆɲʌʏɼʍɸɿʎ�ΗϭͲϭΗ͕�ʏʊʏɸ�ʃɲɿ�ɻ�g f% �ɸʀʆɲɿ�ΗϭͲϭΗ͘
ͻ� Ȱʆ�ɻ�g f% �ɸʀʆɲɿ�ʍʐʆɳʌʏɻʍɻ�ΗϭͲϭΗ͕�ʏʊʏɸ�ʃɲɿ�ɻ�Ĩ�ɸʀʆɲɿ�ΗϭͲϭΗ͘

ɀɸɽʉɷʉʄʉɶʀɸʎ
ŝ͘� ȳɿɲ�ʆɲ�ɲʋʉɷɸʀʇʉʐʅɸ�ʊʏɿ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ� :f A R" �ɸʀʆɲɿ�ΗϭͲϭΗ͕�ɽɸʘ-

ʌʉʑʅɸ� ,x x A1 2 ! �ʅɸ� f x f x1 2=] ]g g�ʃɲɿ�ʋʌʉʍʋɲɽʉʑʅɸ�ʆɲ�ɲʋʉɷɸʀʇʉʐ-
ʅɸ�ʊʏɿ�x x1 2= ͘

ŝŝ͘� ȳɿɲ�ʆɲ�ɲʋʉɷɸʀʇʉʐʅɸ�ʊʏɿ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɷɸʆ�ɸʀʆɲɿ�ΗϭͲϭΗ�ʋʌʉʍʋɲ-
ɽʉʑʅɸ�ʆɲ�ɸʆʏʉʋʀʍʉʐʅɸ͕�ʍʐʆɼɽʘʎ�ʅɸ�ʋɲʌɲʏɼʌɻʍɻ͕�ɼ�ɴʌʀʍʃʉʆʏɲʎ�ʏɿʎ�
ʌʀɺɸʎ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻʎ͕�ɼ�ɲʋʉɷɸɿʃʆʑʉʆʏɲʎ�ʊʏɿ�ʐʋɳʌʖʉʐʆ� ,x x A1 2 ! �
ʅɸ�x x1 2! �ʃɲɿ�f x f x1 2=] ]g g͘

2.8 Ȱʆʏʀʍʏʌʉʔɻ�ɇʐʆɳʌʏɻʍɻ
Ƀʌɿʍʅʊʎ

Ȱʆ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʅɸ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�Ȱ�ɸʀʆɲɿ�ʍʐʆɳʌʏɻʍɻ�ΗϭͲϭΗ�
ʏʊʏɸ�ʉʌʀɺɸʏɲɿ�ʅɿɲ�ʆɹɲ�ʍʐʆɳʌʏɻʍɻ͕�ɻ�ʉʋʉʀɲ�ɲʋɸɿʃʉʆʀɺɸɿ� ʏʉ� y f A! ] g�ʍʏʉ�
ʅʉʆɲɷɿʃʊ�x A! ͘�ȸ�ʍʐʆɳʌʏɻʍɻ�ɲʐʏɼ�ʄɹɶɸʏɲɿ�ɲʆʏʀʍʏʌʉʔɻ�ʏɻʎ�Ĩ�ʃɲɿ�ʍʐʅɴʉ-
ʄʀɺɸʏɲɿ�ʅɸ�f 1- ͘
Ʌɲʌɲʏɻʌɼʍɸɿʎ

ͻ� f x y f y x1+= =-] ^g h ͘
ͻ� f f x x1 =- ]^ gh ͕�x A! �ʃɲɿ�f f y y1 =- ^^ hh ͕�y A! ͘
ͻ� Ƀɿ�ɶʌɲʔɿʃɹʎ�ʋɲʌɲʍʏɳʍɸɿʎ�ʏʘʆ�Ĩ�ʃɲɿ� f 1- �ɸʀʆɲɿ�ʍʐʅʅɸʏʌɿʃɹʎ�ʘʎ�ʋʌʉʎ�

ʏɻʆ�ɷɿʖʉʏʊʅʉ�ʏʉʐ�ʋʌʙʏʉʐ�ʃɲɿ�ʏʌʀʏʉʐ�ʏɸʏɲʌʏɻʅʉʌʀʉʐ͕�ʏɻʆ�ɸʐɽɸʀɲ�
y x= ͘�ȵʋʉʅɹʆʘʎ�ɲʆ�ʉɿ�ɶʌɲʔɿʃɹʎ�ʋɲʌɲʍʏɳʍɸɿʎ�ʏʘʆ�Ĩ�ʃɲɿ� f 1- �ʏɹʅʆʉ-
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ʆʏɲɿ�ʃɲɿ�ɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ͕�ɽɲ�ʏɹʅʆʉʆʏɲɿ�ʋɳʆʘ�ʍʏɻʆ�ɸʐ-
ɽɸʀɲ�y x= ͘

ͻ� Ȱʆ�ʏʉ�ʍɻʅɸʀʉ� ,M a b^ h�ɲʆɼʃɸɿ�ʍʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ͕ �ʏʊʏɸ�
ʏʉ�ʍɻʅɸʀʉ� ,N b a^ h�ɲʆɼʃɸɿ�ʍʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�f 1- ͕�ɷɻʄɲɷɼ�
f f 1+a b b a= =-] ^g h ͘

ͻ� Ȱʆ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ͕�ʏʊʏɸ�ʃɲɿ�ɻ�f 1- �ɸʀʆɲɿ�ɶʆɻ-
ʍʀʘʎ�ʅʉʆʊʏʉʆɻ�ʅɸ�ʏʉ�ʀɷɿʉ�ɸʀɷʉʎ�ʅʉʆʉʏʉʆʀɲʎ͘

ɀɸɽʉɷʉʄʉɶʀɸʎ
ŝ͘� ȳɿɲ�ʆɲ�ɴʌʉʑʅɸ�ʏɻʆ�ɲʆʏʀʍʏʌʉʔɻ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ�Ĩ͕ �ɲʔʉʑ�ɴʌʉʑʅɸ�

ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏɻʎ�Ĩ͕ �ɽɲ�ɷɸʀʖʆʉʐʅɸ�ʊʏɿ�ɸʀʆɲɿ�ΗϭͲϭΗ͘�Ⱦɲʏʊʋɿʆ�ɽɲ�
ɽɹʏʉʐʅɸ�f x y=] g �ʃɲɿ�ɽɲ�ʄʑʆʉʐʅɸ�ʘʎ�ʋʌʉʎ�ǆ͕�ʊʋʘʎ�ɲʃʌɿɴʙʎ�ʃɳʆʉʐ-
ʅɸ�ʍʏɻʆ�ɸʑʌɸʍɻ�ʏʉʐ�ʍʐʆʊʄʉʐ�ʏɿʅʙʆ͕�ɸʇɲʍʔɲʄʀɺʉʆʏɲʎ�ʊʏɿ�ʐʋɳʌʖɸɿ�
ʅʀɲ�ʅʊʆʉ�ʄʑʍɻ�ɶɿɲ�ʏʉ�ǆ͘�ɇʏʉʆ�ʏʑʋʉ�ʋʉʐ�ɽɲ�ɷʀʆɸɿ�ʏʉ�ǆ͕�ɻ�ʅʉʆɲɷɿʃɼ�
ʄʑʍɻ�ʋʉʐ�ɴʌɼʃɲʅɸ͕�ɽɲ�ɽɹʏʉʐʅɸ�ʊʋʉʐ�ǆ�ʏʉ� f x1- ] g�ʃɲɿ�ʊʋʉʐ�Ǉ�ʏʉ�ǆ͘�
Ɉʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏɻʎ�f x1- ] g�ɽɲ�ɸʀʆɲɿ�ʏʉ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏɻʎ�f x] g͘

ŝŝ͘� Ʉʏɲʆ�ɽɹʄʉʐʅɸ�ʆɲ�ɴʌʉʑʅɸ�ʏɲ�ʍɻʅɸʀɲ�ʏʉʅɼʎ͕�ɼ�ʏɲ�ʃʉɿʆɳ�ʍɻʅɸʀɲ�ʏʘʆ�
ɶʌɲʔɿʃʙʆ�ʋɲʌɲʍʏɳʍɸʘʆ�ʏʘʆ�ʍʐʆɲʌʏɼʍɸʘʆ�Ĩ�ʃɲɿ�f 1- ͕�ʋʌɹʋɸɿ�ʆɲ�ʄʑ-
ʍʉʐʅɸ�ʏɻʆ�ɸʇʀʍʘʍɻ�f x f x1= -] ]g g͘
Ȱʆ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ʅʋʉʌʉʑʅɸ�ʆɲ�ʄʑʍʉʐʅɸ�
ʏɻʆ�ɸʇʀʍʘʍɻ�f x x=] g �ɼ�ʏɻʆ�ɸʇʀʍʘʍɻ�f x x1 =- ] g ͘

ŝŝŝ͘�ɇɸ�ʍʐʆɲʌʏɻʍɿɲʃɹʎ�ʍʖɹʍɸɿʎ͕�ɲʆ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɲʆʏɿʍʏʌɹʗɿʅɻ͕�
ʍʐʆɼɽʘʎ�ɽɹʏʉʐʅɸ�ʍʏɻ�ɽɹʍɻ�ʏʉʐ�ǆ�ʏʉ� f x1- ] g͕�ʅɸ� x f A! ] g�ʃɲɿ�ɹʏʍɿ�
ʋʌʉʃʑʋʏʉʐʆ�ʍʖɹʍɸɿʎ�ʋʉʐ�ʋɸʌɿɹʖʉʐʆ�ʏɻʆ�f x1- ] g͘

2.9 ȵʌʘʏɼʍɸɿʎ�Ⱥɸʘʌʀɲʎ
ϭ͘� Ʌʊʏɸ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɳʌʏɿɲ�ʃɲɿ�ʋʊʏɸ�ʋɸʌɿʏʏɼ͖
Ϯ͘� Ʌʊʏɸ�ɷʑʉ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ�ʃɲɿ�Ő�ɸʀʆɲɿ�ʀʍɸʎ͖
ϯ͘� Ʌʊʏɸ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ʃɲɿ�ʋʊʏɸ�ɶʆɻʍʀʘʎ�

ʔɽʀʆʉʐʍɲ�ʍʚɹʆɲ�ɷɿɳʍʏɻʅɲ�ȴ͖
ϰ͘� Ʌʊʏɸ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ� Ĩ� ɸʀʆɲɿ�ɲʑʇʉʐʍɲ� ʃɲɿ� ʋʊʏɸ�ʔɽʀʆʉʐʍɲ�ʍʚɹʆɲ�

ɷɿɳʍʏɻʅɲ�ȴ͖
ϱ͘� Ʌʊʏɸ� ɻ� ʍʐʆɳʌʏɻʍɻ� Ĩ� ɹʖɸɿ� ʍʏʉ� ʍɻʅɸʀʉ� x A0 ! ͕� ʉʄɿʃʊ� ʅɹɶɿʍʏʉ� ʃɲɿ�

ʋʊʏɸ�ʉʄɿʃʊ�ɸʄɳʖɿʍʏʉ͖
ϲ͘� Ʌʊʏɸ�ɻ�ʉʌɿʍʅɹʆɻ�ʍʏʉ�Ȱ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʄɹɶɸʏɲɿ�" "1 1- ͖
ϳ͘� Ɉɿ�ʉʌʀɺʉʐʅɸ�ɲʆʏʀʍʏʌʉʔɻ�ʍʐʆɳʌʏɻʍɻ�ʏɻʎ�Ĩ͖
ϴ͘� ȶʍʏʘ�ɻ�ʍʐʆɳʌʏɻʍɻ� Ĩ�ʋʉʐ�ɹʖɸɿ�ɲʆʏʀʍʏʌʉʔɻ�ʏɻʆ� f 1- ͘�Ɂɲ�ɲʋʉɷɸʀʇɸ-

ʏɸ�ʊʏɿ�ʉɿ�ɶʌɲʔɿʃɹʎ�ʋɲʌɲʍʏɳʍɸɿʎ�ʏʘʆ�ʍʐʆɲʌʏɼʍɸʘʆ�Ĩ�ʃɲɿ� f 1- �ɸʀʆɲɿ�
ʍʐʅʅɸʏʌɿʃɹʎ�ʘʎ�ʋʌʉʎ�ʏɻʆ�ɷɿʖʉʏʊʅʉ�ʏʉʐ�ʋʌʙʏʉʐ�ʃɲɿ�ʏʌʀʏʉʐ�ʏɸʏɲʌ-
ʏɻʅʉʌʀʉʐ͘
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2.10 ȵʌʘʏɼʍɸɿʎ�ʏʑʋʉʐ�ɇʘʍʏʊ�Ͳ�ȿɳɽʉʎ
ϭ͘� ȸ�ɷɿɲɷɿʃɲʍʀɲ�Ĩ͕ �ʅɸ�ʏɻʆ�ʉʋʉʀɲ�ʃɳɽɸ�ʍʏʉɿʖɸʀʉ�ʏʉʐ�R �ɲʆʏɿʍʏʉɿʖʀɺɸʏɲɿ�

ʅɸ�ɹʆɲ�ʍʏʉɿʖɸʀʉ�ɸʆʊʎ�ʍʐʆʊʄʉʐ�Ȱ͕�ɸʀʆɲɿ�ʍʐʆɳʌʏɻʍɻ�ɲʋʊ�ʏʉ�Ȱ�ʍʏʉ�R �
ʃɲɿ�ʍʐʅɴʉʄʀɺɸʏɲɿ� :f A R" ͘�

Ϯ͘� Ȱʆ�ʏʉ�Ϯ�ɸʀʆɲɿ�ʌʀɺɲ�ʏɻʎ�Ĩ͕ �ʏʊʏɸ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�ʏɹʅʆɸɿ�ʏʉʆ�
'x x �ʍʏʉ� ,A 2 0^ h͘

ϯ͘� Ɉʉ� ʍɻʅɸʀʉ� ,A 2 1^ h� ɲʆɼʃɸɿ� ʍʏɻ� ɶʌɲʔɿʃɼ� ʋɲʌɳʍʏɲʍɻ� ʏɻʎ� Ĩ� ʊʏɲʆ�
f 2 1=^ h ͘

ϰ͘� ȸ�ɸʐɽɸʀɲ�y 2= �ɷɸʆ�ʅʋʉʌɸʀ�ʆɲ�ʏɹʅʆɸɿ�ʏɻʆ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�
Ĩ�ʍɸ�ɷʑʉ�ʍɻʅɸʀɲ͘

ϱ͘� ȸ�ɸʐɽɸʀɲ�x 3= �ʅʋʉʌɸʀ�ʆɲ�ʏɹʅʆɸɿ�ʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�ʍɸ�
ɷʑʉ�ʍɻʅɸʀɲ͘

ϲ͘� Ȱʆ�f x 0!^ h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͕�ʏʊʏɸ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�ɷɸʆ�
ʏɹʅʆɸɿ�ʏʉʆ�ɳʇʉʆɲ� 'x x͘

ϳ͘� Ȱʆ�ʉʌʀɺɸʏɲɿ�ʏʉ�ɳɽʌʉɿʍʅɲ� f g+ �ɷʑʉ�ʍʐʆɲʌʏɼʍɸʘʆ�Ĩ�ʃɲɿ�Ő͕�ʏʊʏɸ�ʉɿ�Ĩ�
ʃɲɿ�Ő�ɹʖʉʐʆ�ʏʉ�ʀɷɿʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ͘

ϴ͘� Ȱʆ� f x f 0<^ ^h h�ɶɿɲ�ʃɳɽɸ�x 0< ͕�ʏʊʏɸ�ɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ɶɿɲ�
ʃɳɽɸ�x 0< ͘

ϵ͘� Ȱʆ�ɻ�Ĩ�ɸʀʆɲɿ�ʍʏɲɽɸʌɼ�ʍʏʉ�R �ʃɲɿ�f 1 1=^ h ͕�ʏʊʏɸ�ʃɲɿ�f 2009 2009=^ h ͘
ϭϬ͘� Ȱʆ�ɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ�ʍʏʉ�R ͕�ʏʊʏɸ�ɻ�ɸʐɽɸʀɲ� :y 2009f = �

ɲʋʉʃʄɸʀɸʏɲɿ�ʆɲ�ʏɹʅʆɸɿ�ʏɻʆ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�ʍɸ�ʋɸʌɿʍʍʊ-
ʏɸʌɲ�ɲʋʊ�ɹʆɲ�ʍɻʅɸʀɲ͘

ϭϭ͘� Ȱʆ�ʏʉ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏɻʎ�Ĩ�ɸʀʆɲɿ�ʏʉ� ,1 1-^ h�ʏʊʏɸ�ɻ�Ĩ�ɷɸʆ�ɹʖɸɿ�ɲʃʌʊʏɲ-
ʏɲ͘

ϭϮ͘� Ȱʆ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ� :f A R" �ʋɲʌʉʐʍɿɳɺɸɿ�ʍʏʉ�x A0 ! �ʅɹɶɿʍʏʉ͕�ʏʊʏɸ�
ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ő͕�ʅɸ� ,g x f x x A2 !=] ]g g �ʋɲʌʉʐʍɿɳɺɸɿ�ʍʏʉ�x0 �ʅɹ-
ɶɿʍʏʉ͘

ϭϯ͘� Ȱʆ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɹʖɸɿ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�R ͕�ʏʊʏɸ�ʃɲɿ�ɻ�ʍʑʆɽɸʍɻ�
Ĩ Ĩ% �ɹʖɸɿ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�R ͘

ϭϰ͘� Ɉʉ� ʍʑʆʉʄʉ� ʏɿʅʙʆ� ʏɻʎ� ʍʏɲɽɸʌɼʎ� ʍʐʆɳʌʏɻʍɻʎ� f x c=^ h � ɸʀʆɲɿ� ʏʉ�
f cR =^ h " ,͘

ϭϱ͘� Ȱʆ�ʅɿɲ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ʉʌʀɺɸʏɲɿ�ʍʏʉ�R ͕�ɷɸʆ�ɽɲ�ɹʖɸɿ�ɲʃʌʊʏɲʏɲ͘
ϭϲ͘� Ȱʆ�ʅɿɲ�ʅɻ�ʍʏɲɽɸʌɼ�ʍʐʆɳʌʏɻʍɻ�ɹʖɸɿ�ɲʃʌʊʏɲʏɲ�ʏʊʏɸ�ʏʉ�ʅɹɶɿʍʏʊ�ʏɻʎ�

ɸʀʆɲɿ�ʅɸɶɲʄʑʏɸʌʉ�ɲʋʊ�ʏʉ�ɸʄɳʖɿʍʏʊ�ʏɻʎ͘
ϭϳ͘� Ȱʆ� ʅɿɲ� ʍʐʆɳʌʏɻʍɻ� Ĩ� ɹʖɸɿ� ɷʑʉ� ʏʉʐʄɳʖɿʍʏʉʆ� ʌʀɺɸʎ� ʏʊʏɸ� ɷɸʆ� ɸʀʆɲɿ�

" "1 1- ͘
ϭϴ͘� Ȱʆ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɹʖɸɿ�ɲʆʏʀʍʏʌʉʔɻ�ʏɻʆ�f 1- ͕�ʏʊʏɸ�ʉɿ�ɶʌɲʔɿʃɹʎ�ʋɲʌɲ-

ʍʏɳʍɸɿʎ�ʏʘʆ�Ĩ�ʃɲɿ�f 1- �ʏɹʅʆʉʆʏɲɿ�ʋɳʆʘ�ʍʏɻʆ�ɸʐɽɸʀɲ�y x= ͘
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ϭϵ͘� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ�ʃɲɿ�Ő�ɹʖʉʐʆ�ʃʉɿʆʊ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�R �ʃɲɿ�ɻ�
ʍʑʆɽɸʍɻ� f g% � ɹʖɸɿ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏʉ�R ͕� ʏʊʏɸ�ʃɲɿ�ɻ� Ĩ�ɹʖɸɿ�ʍʑʆʉʄʉ�
ʏɿʅʙʆ�ʏʉ�R ͘

ϮϬ͘� Ȱʆ�ɻ�ʍʐʆɳʌʏɻʍɻ� :f R R" �ɹʖɸɿ�ɲʆʏʀʍʏʌʉʔɻ�ʏɻʆ� f 1- ͕�ʏʊʏɸ�ɻ� f 1- �ɹʖɸɿ�
ɲʆʏʀʍʏʌʉʔɻ�ʏɻʆ�Ĩ͘

Ϯϭ͘� Ȱʆ�ɻ�ʍʐʆɳʌʏɻʍɻ� :f R R" �ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ʍʏʉ�R ͕�ʏʊʏɸ�ʃɲɿ�
ɻ�ɲʆʏʀʍʏʌʉʔɼ�ʏɻʎ�f 1- �ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ʍʏʉ�R ͘

ϮϮ͘� Ɉʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʃɳɽɸ�ʍʐʆɳʌʏɻʍɻʎ�Ĩ�ɸʀʆɲɿ�ɷɿɳʍʏɻʅɲ�ɼ�ɹʆʘʍɻ�ɷɿ-
ɲʍʏɻʅɳʏʘʆ͘

Ϯϯ͘� Ȱʆ�ʏʉ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʅɿɲʎ�ʍʐʆɳʌʏɻʍɻʎ� :f R R" �ɸʀʆɲɿ�ʏʉ�R+ ͕�ʏʊʏɸ�
ɻ�Ĩ�ɷɸʆ�ɸʀʆɲɿ�ʌɻʏɼ͕�ɷɻʄɲɷɼ�ʋɻʄʀʃʉ�ʋʉʄʐʘʆʐʅɿʃʙʆ�ʍʐʆɲʌʏɼʍɸʘʆ͘

2.11 Ȱʍʃɼʍɸɿʎ�ɶɿɲ�ʄʑʍɻ
ϭ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘

ɲ͘� f x x x2 52= + -^ h ͘
ɴ͘� f x x x x2 5 13 2=- + - +^ h ͘

ɶ͘� f x x
x

9
3

2= -
-^ h ͘

ɷ͘� f x x
x

2 1
1

vyo= -
-^ h ͘

ɸ͘� f x
x

x
2 1

3=
-
+^ h ͘

ʍʏ͘�f x x x3
1

4
1= - + -^ h ͘

Ϯ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘
ɲ͘� f x x x

x
3 2
1

2= - +
-^ h ͘

ɴ͘� f x
x
x

2 2
3

hn
=

-
^ h ͘

ɶ͘� f x x x
x

x2 1
3

2= - - + -^ h ͘

ɷ͘� f x x x x
x

x x x
x

1
1

4 4
3

3 2

2

3 2

2

= + - -
+ + + - -

-^ h ͘

ɸ͘� f x x
x
2= -^ h ͘

ʍʏ͘�f x x
x
1 3

2 1= + +
+^ h ͘

ϯ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘
ɲ͘� f x x3= -^ h ͘
ɴ͘� f x x2 3= +^ h ͘
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ɶ͘� f x x x3 22= - +^ h ͘
ɷ͘� f x x x 22= - + +^ h ͘
ɸ͘� f x x1 23= -^ h ͘

ʍʏ͘�f x x
x
x2 1

1
12= - +
-
+^ h ͘

ϰ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘

ɲ͘� f x x
x
2

1= -
-^ h ͘

ɴ͘� f x e
e

2
1

x

x

= -
-^ h ͘

ɶ͘� f x x
x
1

42

= -
-^ h ͘

ɷ͘� f x x x433= - +^ h ͘
ɸ͘� f x x x4 42= + +^ h ͘
ʍʏ͘�f x x x6 823= - + -^ h ͘

ϱ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘
ɲ͘� lnf x x4= -^ ^h h͘
ɴ͘� lnf x x 12= -^ ^h h͘
ɶ͘� lnxf x

x
3
3= +
-^ h ͘

ɷ͘� lnf x
x

x
3
1=
-
-^ h ͘

ɸ͘� ln lnf x x x2 2= +^ h ͘
ʍʏ͘�f x x πf{= -^ ^h h͘

ϲ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘
ɲ͘� lnf x x x12= + -^ ^h h͘
ɴ͘� ln lnf x x=^ h ͘

ɶ͘� ln lnf x x x
x

2 1
3 5= - -

+^ ^ ^h h h ͘
ɷ͘� f x x2 3v{ r= +^ `h j͘
ɸ͘� f x x 3

2
2f{= -^ h ͘

ʍʏ͘�
, ,
, ,
, ,

f x
x x
x x
x x

2 1 5
3 7 5 6

1 10 20

3

2

!
!
!

=
+ -
+
+

^
^

h
h
h
h

66* ͘

ϳ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘
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ɲ͘� lnf x x x4 2= -^ ^h h͘
ɴ͘� f x x x433= - +^ h ͘

ɶ͘� f x x x 9
2
2= -^ ^h h ͘

ɷ͘� f x x
x x

3
1 7= -

- + -^ h ͘

ɸ͘� f x
x
x

2 3
1 1=

- -
- -^ h ͘

ʍʏ͘� xf
x

x x
1 2

2 20=
- -

- + -^ h ͘

ϴ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘

ɲ͘� f x x
x x x x

1
6 8 52 2

= -
- + + -^ h ͘

ɴ͘� lnf x x
x
2

1= -
-^ h ͘

ɶ͘� f x x x
x x x x

5 4
5 6 6

2

2 2

= - +
- + + -^ h ͘

ɷ͘� f x x x6 524= - +^ h ͘

ɸ͘� f x
x x

x
3 2

1=
- -

-^ ^h h ͘

ʍʏ͘� lnf x x
x
3

1 2= +
-^ h ͘

ϵ͘� Ɂɲ� ɴʌɸɽʉʑʆ� ʉɿ� ʏɿʅɹʎ� ʏʉʐ� R!m � ʙʍʏɸ� ɻ� ʍʐʆɳʌʏɻʍɻ�
lnf x x x 12m m m= + + -^ ^h h�ʆɲ�ɹʖɸɿ�ʋɸɷʀʉ�ʉʌɿʍʅʉʑ�ʏʉ�R ͘

ϭϬ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘
ɲ͘� f x x

x
1= +^ h ͘

ɴ͘� f x x x1 4 2= + -^ h ͘
ɶ͘� f x e x

x 2
=

-^ h ͘

ɷ͘� lnf x x
x

1
2= -

-^ h ͘

ɸ͘� f x x x
x x
3 2
2

2

2

= - +
-^ h ͘

ʍʏ͘�f x x x2 6 12= + -^ h ͘
ϭϭ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘

ɲ͘� f x x x
x
6 8
4

2

2

= - +
-^ h ͘

ɴ͘� f x x5 2= + -^ h ͘
ɶ͘� f x e e2 x 1 2= + -+^ h ͘
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ɷ͘� f x x2 vyo= +^ h ͘
ɸ͘� f x x x6 3 2 12hn vyo= + +^ h ͘

ʍʏ͘�f x e
e

1
2

x

x

= -
+^ h ͘

ϭϮ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏʉ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘
ɲ͘� f x x x x1 5 2 12= + + - - +^ h ͘

ɴ͘� f x x
x
2 1

3 1= + +
+^ h ͘

ɶ͘� lnf x e1 1
x= -^ `h j͘

ɷ͘�
,

,lnf x
x x
x x

2 3 2
1 2>
G

=
-
-^ ^h h( ͘

ɸ͘�
,
,lnf x

x x
x x

2 5 1
2 3

<
H

=
-
-^ h ( ͘

ʍʏ͘�
,
,f x

x x
e x

2 2
2>x 2

G
=

-
-^ h ' ͘

ϭϯ͘� Ɂɲ�ɴʌɸɽʉʑʆ�ʉɿ�ʏɿʅɹʎ�ʏʉʐ� R!l �ʙʍʏɸ�ʏʉ�ʍɻʅɸʀʉ� ,M 6l l -^ h�ʆɲ�ɸʀʆɲɿ�
ʍɻʅɸʀʉ�ʏɻʎ�ɶʌɲʔɿʃɼʎ�ʋɲʌɳʍʏɲʍɻʎ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻʎ�f x x x42= -^ h ͘

ϭϰ͘� Ⱥɸʘʌʉʑʅɸ� ʏɿʎ� ʍʐʆɲʌʏɼʍɸɿʎ� f x x x5 62= - +^ h ͕� lng x x 1= -^ h � ʃɲɿ�
h x x 1 1= + -^ h ͘�Ɂɲ�ɴʌɸɽʉʑʆ͗
ɲ͘� Ɉɲ�ʍɻʅɸʀɲ�ʍʏɲ�ʉʋʉʀɲ�ɻ�ɶʌɲʔɿʃɼ�ʏʉʐʎ�ʋɲʌɳʍʏɲʍɻ�ʏɹʅʆɸɿ�ʏʉʐʎ�

ɳʇʉʆɸʎ͘
ɴ͘� Ɉɿʎ�ʏɿʅɹʎ�ʏʉʐ�ǆ�ɶɿɲ�ʏɿʎ�ʉʋʉʀɸʎ�ɻ�ɶʌɲʔɿʃɼ�ʏʉʐʎ�ʋɲʌɳʍʏɲʍɻ�ɴʌʀ-

ʍʃɸʏɲɿ�ʋɳʆʘ�ɲʋʊ�ʏʉʆ�ɳʇʉʆɲ� 'x x͘
ɶ͘� Ɉɿʎ�ʏɿʅɹʎ�ʏʉʐ�ǆ�ɶɿɲ�ʏɿʎ�ʉʋʉʀɸʎ�ɻ�ɶʌɲʔɿʃɼ�ʏʉʐʎ�ʋɲʌɳʍʏɲʍɻ�ɴʌʀ-

ʍʃɸʏɲɿ�ʃɳʏʘ�ɲʋʊ�ʏʉʆ�ɳʇʉʆɲ� 'x x͘
ϭϱ͘� ȳɿɲ� ʋʉɿɸʎ� ʏɿʅɹʎ� ʏʉʐ� ǆ� ɻ� ɶʌɲʔɿʃɼ� ʋɲʌɳʍʏɲʍɻ� ʏɻʎ� ʍʐʆɳʌʏɻʍɻʎ�

f x x2 3=^ h � ɴʌʀʍʃɸʏɲɿ� ʋɳʆʘ�ɲʋʊ� ʏɻ� ɶʌɲʔɿʃɼ� ʋɲʌɳʍʏɲʍɻ� ʏɻʎ� ʍʐ-

ʆɳʌʏɻʍɻʎ�g x x
1=-^ h ͘

ϭϲ͘� ȳɿɲ� ʋʉɿɸʎ� ʏɿʅɹʎ� ʏʉʐ� ǆ� ɻ� ɶʌɲʔɿʃɼ� ʋɲʌɳʍʏɲʍɻ� ʏɻʎ� ʍʐʆɳʌʏɻʍɻʎ�
f x e x2=^ h �ɴʌʀʍʃɸʏɲɿ�ʃɳʏʘ�ɲʋʊ�ʏɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�ʍʐʆɳʌ-
ʏɻʍɻʎ�g x e5 6x= -^ h ͘

ϭϳ͘� Ȱʆ� ɿʍʖʑɸɿ� g x f x f x x2 32 2= - + +^ ^ ^h h h � ɶɿɲ� ʃɳɽɸ� ǆ R! � ʆɲ� ɷɸʀʇɸʏɸ�
ʊʏɿ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻʎ�g x^ hʏɹʅʆɸɿ�ʏʉʆ�ɽɸʏɿʃʊ�
ɻʅɿɳʇʉʆɲ�KǇ͘

ϭϴ͘� Ȱʆ�ɶɿɲ�ʏɻ�ʍʐʆɳʌʏɻʍɻ� :f A R" �ɿʍʖʑɸɿ� f x f x x x1 12 - - = -^ ^ ^h h h�ɶɿɲ�
ʃɳɽɸ� x A! �ʆɲ�ɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻ�
f x^ h�ɷɸʆ�ʏɹʅʆɸɿ�ʏʉʆ�ɳʇʉʆɲ� 'x x͘
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ϭϵ͘� Ȱʆ�ɿʍʖʑɸɿ� lnf x g x x 1= + -^ ^h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͕�ʋʉɿɲ�ɸʀʆɲɿ�ɻ�ʍʖɸʏɿʃɼ�
ɽɹʍɻ�ʏʘʆ�ɶʌɲʔɿʃʙʆ�ʋɲʌɲʍʏɳʍɸʘʆ�ʏʘʆ�ʍʐʆɲʌʏɼʍɸʘʆ�f x^ h͕�g x^ h͘

ϮϬ͘� Ȱʆ�ɿʍʖʑɸɿ� f x g x f g x2 22 2 $G+^ ^ ^ ^h h h h�ɶɿɲ�ʃɳɽɸ�ǆ R! �ʆɲ�ɴʌɸʀʏɸ�ʏɿʎ�
ʍʐʆɲʌʏɼʍɸɿʎ�f x^ h͕�g x^ h͘

Ϯϭ͘� Ȱʆ�ɿʍʖʑɸɿ� f x f x f x x x2 23 2 2- + = - +^ ^ ^h h h �ɶɿɲ�ʃɳɽɸ�ǆ R! �ʆɲ�ɷɸʀʇɸ-
ʏɸ�ʊʏɿ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻ� xf^ h�ɸʀʆɲɿ�ʋɳʆʘ�ɲʋʊ�
ʏʉʆ� 'x x͘

ϮϮ͘� Ɂɲ�ɸʇɸʏɳʍɸʏɸ�ɲʆ�ɸʀʆɲɿ�ɳʌʏɿɸʎ�ɼ�ʋɸʌɿʏʏɹʎ�ʉɿ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼ-
ʍɸɿʎ͘
ɲ͘� f x

x
x

4 2
vyo=

-
^ h ͘

ɴ͘� f x x x x53hn hn= - +^ ^h h͘
ɶ͘� f x x x3 3 3= - + + +^ h ͘
ɷ͘� lnf x x x 12= + +^ ^h h͘
ɸ͘� f x e e

e e
x x

x x

= +
-

-

-^ h ͘
Ϯϯ͘� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ͕ �Ő�ɸʀʆɲɿ�ʋɸʌɿʏʏɹʎ͕�ʆɲ�ɸʇɸʏɲʍʏʉʑʆ�ɻ� f g x+^ ^h h�

ʃɲɿ�ɻ� f g x$^ ^h h�ʘʎ�ʋʌʉʎ�ʏɻ�ʍʐʅʅɸʏʌʀɲ�ʏʉʐʎ͘
Ϯϰ͘� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ� f x^ h͕� g f x%^ ^h h�ɸʀʆɲɿ�ʉʌɿʍʅɹʆɸʎ�ʍʏʉ�R �ʃɲɿ�ʋɸ-

ʌɿʏʏɹʎ͕�ʆɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ʃɲɿ�ɻ� xg^ h�ɸʀʆɲɿ�ʋɸʌɿʏʏɼ͘
Ϯϱ͘� Ȱʆ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɳʌʏɿɲ�ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ő�ɸʀʆɲɿ�ʋɸʌɿʏʏɼ͕�ʆɲ�

ɷɸɿʖɽɸʀ�ʊʏɿ�ʉɿ�ʍʐʆɽɹʍɸɿʎ�f g% ͕�g f% �ɸʀʆɲɿ�ɳʌʏɿɸʎ͘
Ϯϲ͘� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ͕ �Ő�ɸʀʆɲɿ�ʋɸʌɿʏʏɹʎ͕�ʆɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ʉɿ�ʍʐʆɽɹʍɸɿʎ�

f g% ͕�g f% �ɸʀʆɲɿ�ʋɸʌɿʏʏɹʎ͘
Ϯϳ͘� ȶʍʏʘ� ɻ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�

f x y f x f y+ = +^ ^ ^h h h�ɶɿɲ�ʃɳɽɸ� ,x y R! ͘�Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� f 0 0=^ h ͘
ɴ͘� ɻ�Ĩ�ɸʀʆɲɿ�ʋɸʌɿʏʏɼ�ʍʐʆɳʌʏɻʍɻ͘

Ϯϴ͘� ȶʍʏʘ� ɻ� ʅɻ� ʅɻɷɸʆɿʃɼ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f x y f x y f x f y2+ + - =^ ^ ^ ^h h h h�ɶɿɲ�ʃɳɽɸ� ,x y R! ͘�Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� f 0 1=^ h ͘
ɴ͘� ɻ�Ĩ�ɸʀʆɲɿ�ɳʌʏɿɲ�ʍʐʆɳʌʏɻʍɻ͘

Ϯϵ͘� Ɂɲ�ɶʀʆʉʐʆ�ʉɿ�ɶʌɲʔɿʃɹʎ�ʋɲʌɲʍʏɳʍɸɿʎ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͗
ɲ͘� f x x3 2 4= + -^ h ͘

ɴ͘�
,
,f x

x x
x x
2 3 0
3 1 0<

H
=

- +
+^ h ' ͘

ɶ͘�
,

,
,

f x
x x
x x
x x

2 1
2 3 1 2

2

<

>2

G G=
- -

+ -
-

^ h
Z

[

\

]]

]
͘
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ϯϬ͘� Ɂɲ�ɶʀʆʉʐʆ�ʉɿ�ɶʌɲʔɿʃɹʎ�ʋɲʌɲʍʏɳʍɸɿʎ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͗
ɲ͘� lnf x e x2=^ ^h h͘
ɴ͘� f x x

x1 2= -^ h ͘
ɶ͘� f x x x x3 3 53 2= + + +^ h ͘
ɷ͘� f x x2 3= + -^ h ͘
ɸ͘� lnf x x 1 1= + -^ ^h h ͘
ʍʏ͘�f x e 1x 2=- -+^ h ͘

ɺ͘� f x x
x

1
3= +

+^ h ͘
ϯϭ͘� Ɂɲ�ɸʇɸʏɲʍʏɸʀ�ɻ� ɿʍʊʏɻʏɲ�ʏʘʆ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸʘʆ͘�Ȱʆ�ʉɿ�ʍʐ-

ʆɲʌʏɼʍɸɿʎ�ɷɸʆ�ɸʀʆɲɿ�ʀʍɸʎ�ʆɲ�ɴʌɸɽɸʀ�ʏʉ�ɸʐʌʑʏɸʌʉ�ʐʋʉʍʑʆʉʄʉ�ʏʉʐ�
R �ʍʏʉ�ʉʋʉʀʉ�ɿʍʖʑɸɿ�f x g x=^ ^h h͘
ɲ͘� f x x 1= -^ h �ʃɲɿ�g x x 1 2= -^ ^h h ͘
ɴ͘� f x x2 3= -^ h �ʃɲɿ�g x x2 3 2= -^ ^h h ͘
ɶ͘� f x x x 1= -^ ^h h�ʃɲɿ�g x x x 1= -^ h ͘
ɷ͘� f x

x
x

2
4=
-
-^ h �ʃɲɿ�g x x 2= +^ h ͘

ɸ͘� f x x 1 12= + -^ h �ʃɲɿ�g x
x
x

1 12

2

=
+ +

^ h ͘

ʍʏ͘�f x x x
x
3 2
4

2

2

= - +
-^ h �ʃɲɿ�g x x

x
1
2= -

+^ h ͘

ɺ͘� f x x
x

3
2= -

-^ h �ʃɲɿ�g x
x
x

3
2=

-
-^ h ͘

ϯϮ͘� Ɂɲ� ɴʌɸɽɸʀ� ɻ� ʏɿʅɼ� ʏʉʐ� R!m � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ʉɿ� ʍʐʆɲʌʏɼʍɸɿʎ�

f x x
x
1

2 2

m
m m= + -

+^ h �ʃɲɿ�g x x
x3 1
m

m m
= +

- +^ ^h h
�ɸʀʆɲɿ�ʀʍɸʎ͘

ϯϯ͘� ȴʀʆʉʆʏɲɿ� ʉɿ� ʍʐʆɲʌʏɼʍɸɿʎ� , :f g R R" � ɶɿɲ� ʏɿʎ� ʉʋʉʀɸʎ� ɿʍʖʑ-
ɸɿ� f g x f g x2 22 2 G+ + -^ ^ ^ ^h h h h � ɶɿɲ� ʃɳɽɸ� ǆ R! ͘� Ɂɲ� ɷɸʀʇɸʏɸ� ʊʏɿ�
f x g x=^ ^h h͘

ϯϰ͘� ȴʀʆʉʆʏɲɿ� ʉɿ� ʍʐʆɲʌʏɼʍɸɿʎ� , :f g R R" � ɶɿɲ� ʏɿʎ� ʉʋʉʀɸʎ� ɿʍʖʑɸɿ�
f g x f g x x f g x f g x x4 2 22 2 2 H+ - - - + + -^ ^ ^ ^ ^ ^ ^ ^h h h h h h h h6 @� ɶɿɲ� ʃɳɽɸ�
ǆ R! ͘�Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ�f x g x=^ ^h h͘

ϯϱ͘� ȴʀʆʉʆʏɲɿ� ʉɿ� ʍʐʆɲʌʏɼʍɸɿʎ� f x x 3
2= -^ h � ʃɲɿ� g x x

x
92= -^ h ͘� Ɂɲ� ɴʌɸ-

ɽʉʑʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�f g+ ͕�f g- ͕�f g$ �ʃɲɿ� g
f ͘

ϯϲ͘� ȴʀʆʉʆʏɲɿ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�f x x 2= -^ h �ʃɲɿ�
,

,g x
x x x
x x

2 1 2
2 1 2<

2 H
=

+ -
-^ h ( ͘�

Ɂɲ�ɴʌɸɽʉʑʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�f g+ �ʃɲɿ�f g- ͘
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ϯϳ͘� Ɂɲ�ɸʃʔʌɲʍʏɸʀ�ɻ�f x^ h�ʍɲʆ�ʍʑʆɽɸʍɻ�ɳʄʄʘʆ�ʍʐʆɲʌʏɼʍɸʘʆ͗
ɲ͘� f x x x3 12= - +^ h ͘
ɴ͘� f x x x3 3 13 4= + -^ ^h h ͘
ɶ͘� f x x 54hn= +^ ^h h͘
ɷ͘� lnf x x 1 2

3
3vyo

= + +^ ^^h h h ͘
ɸ͘� lnf x x1 2vyo= +^ ^^h hh͘

ϯϴ͘� ȶʍʏʘ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ� f x x=^ h �ʃɲɿ� g x x 2
1= -^ h ͘�Ɂɲ�ɴʌɸɽʉʑʆ�ʉɿ�

ʍʐʆɲʌʏɼʍɸɿʎ�f g% ͕�g f% ͕�Ĩ Ĩ% �ʃɲɿ�Ő Ő% ͘

ϯϵ͘� ȶʍʏʘ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�f x x
x

3 2
2 1= +

+^ h �ʃɲɿ�g x x
x

2 3
2 1= -

-^ h ͘�Ɂɲ�ɴʌɸɽʉʑʆ�
ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�f g% ͕�g f% ͕�Ĩ Ĩ% �ʃɲɿ�Ő Ő% ͘

ϰϬ͘� ȶʍʏʘ� ʉɿ� ʍʐʆɲʌʏɼʍɸɿʎ� f x x 32= +^ h � ʃɲɿ� g x x 42= -^ h ͘� Ɂɲ� ɴʌɸ-
ɽʉʑʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�f g% ͕�g f% ͕�Ĩ Ĩ% �ʃɲɿ�Ő Ő% ͘

ϰϭ͘� ȶʍʏʘ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�f x x=^ h �ʃɲɿ� lng x x=^ h ͘�Ɂɲ�ɴʌɸɽʉʑʆ�ʉɿ�ʍʐ-
ʆɲʌʏɼʍɸɿʎ�f g% ͕�g f% ͕�Ĩ Ĩ% �ʃɲɿ�Ő Ő% ͘

ϰϮ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x x2 3= -^ h �ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� g x^ h�ɶɿɲ�ʏɻʆ�
ʉʋʉʀɲ�ɿʍʖʑɸɿ� f e x2 4g x 3= +^ ^ hh �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�
ʏɻʎ�g x^ h͘

ϰϯ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x x1 2= -^ h �ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�g x^ h�ɶɿɲ�ʏɻʆ�
ʉʋʉʀɲ�ɿʍʖʑɸɿ�f g x xvyo=^^ hh �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�
ʏɻʎ�g x^ h͘

ϰϰ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x x3 2= +^ h �ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�g x^ h�ɶɿɲ�ʏɻʆ�
ʉʋʉʀɲ�ɿʍʖʑɸɿ� f g x x x x2 2hn= - +^^ hh �ɶɿɲ�ʃɳɽɸ� ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�
ʏʑʋʉʎ�ʏɻʎ�g x^ h͘

ϰϱ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� g x x 2= +^ h � ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h� ɶɿɲ� ʏɻʆ�
ʉʋʉʀɲ�ɿʍʖʑɸɿ� lnf g x x 32= -^^^ hhh �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑ-
ʋʉʎ�ʏɻʎ�f x^ h͘

ϰϲ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�g x x3 2= +^ h �ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h�ɶɿɲ�ʏɻʆ�
ʉʋʉʀɲ�ɿʍʖʑɸɿ� f g x x x2 2= -^^ hh �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�
ʏɻʎ�f x^ h͘

ϰϳ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�g x x 12=- +^ h �ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h�ɶɿɲ�ʏɻʆ�
ʉʋʉʀɲ�ɿʍʖʑɸɿ� f g x x5 2 2= +^^ hh �ɶɿɲ�ʃɳɽɸ� ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑ-
ʋʉʎ�ʏɻʎ�f x^ h͘

ϰϴ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h� ɶɿɲ� ʏɻʆ�ʉʋʉʀɲ� ɿʍʖʑɸɿ� f f x x2=^^ hh � ɶɿɲ�
ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ʐʋʉʄʉɶɿʍʏɸʀ�ʏʉ�f 0^ h͘

ϰϵ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� f x^ h� ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ� f f x x5=^^ hh � ɶɿɲ�
ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ�f x f x5 5=^ ^h h͘
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ϱϬ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɶɿɲ�ʏɻʆ�ʉʋʉʀɲ�ɿʍʖʑɸɿ�f x f x x1 3 12- - = +^ ^h h �
ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�ʏɻʎ�f x^ h͘

ϱϭ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɶɿɲ�ʏɻʆ�ʉʋʉʀɲ�ɿʍʖʑɸɿ� f x f x x3 2 5hn- + =^ ^h h �
ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�ʏɻʎ�f x^ h͘

ϱϮ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɶɿɲ�ʏɻʆ�ʉʋʉʀɲ�ɿʍʖʑɸɿ� f x f x e e2 4 x x- - = --^ ^h h �
ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�ʏɻʎ�f x^ h͘

ϱϯ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɶɿɲ�ʏɻʆ�ʉʋʉʀɲ�ɿʍʖʑɸɿ�f x f x x2 3 1+ - = -^ ^h h �
ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�ʏɻʎ� xf^ h͘

ϱϰ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� f x^ h� ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f x x f x x3 2 3 22- - = -^ ^h h �ɶɿɲ�ʃɳɽɸ� ,x 1 3R! - -" ,͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑ-

ʋʉʎ�ʏɻʎ�f x^ h͘
ϱϱ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɶɿɲ�ʏɻʆ�ʉʋʉʀɲ�ɿʍʖʑɸɿ�f x f x

x x1 1- - = +^ `h j �
ɶɿɲ�ʃɳɽɸ�x 1R*! - -" ,͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�ʏɻʎ�f x^ h͘

ϱϲ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� f x^ h� ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f x x f x x1 1 1 0- + - + - =^ ^ ^h h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�
ʏɻʎ�f x^ h͘

ϱϳ͘� Ɂɲ� ɷɸɿʖɽɸʀ� ʊʏɿ� ɷɸʆ� ʐʋɳʌʖɸɿ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ�
ɿʍʖʑɸɿ�f x f x x1+ - =^ ^h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘

ϱϴ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� :f R R" �ʅɸ�f f x x3 2= -^^ hh �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�
Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� f x f x3 2 3 2- = -^ ^h h ͘
ɴ͘� ȸ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻʎ�f x^ h�ʏɹʅʆɸɿ�ʏɻʆ�ɸʐɽɸʀɲ�

y 1= ͘
ϱϵ͘� ȶʍʏʘ�ɻ�ʍʐʆɳʌʏɻʍɻ� :f R R" ͕�ɻ�ʉʋʉʀɲ�ɶɿɲ�ʃɳɽɸ� ǆ R! �ɿʃɲʆʉʋʉɿɸʀ�

ʏɻ�ʍʖɹʍɻ�f x f y x yG- -^ ^h h ͘�Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� f x x f 0G +^ ^h h�ɶɿɲ�ʃɳɽɸ�ǆ R! ͘
ɴ͘� f x x f 0= +^ ^h h�ɶɿɲ�ʃɳɽɸ�ǆ R! ͘

ϲϬ͘� Eɲ�ʅɸʄɸʏɻɽʉʑʆ�ʘʎ�ʋʌʉʎ�ʏɻʆ�ʅʉʆʉʏʉʆʀɲ�ʉɿ�ʋɲʌɲʃɳʏʘ�ʍʐʆɲʌʏɼʍɸɿʎ͗
ɲ͘� f x x3 2 6= - +^ h ͘

ɴ͘� f x 3
1 3

x
x= -^ `h j ͘

ɶ͘� f x x
1 33= +^ h ͘

ɷ͘� f x x4 5 12= - +^ h ͘

ɸ͘�
,
,f x

x x
x x

5 12 2
3 7 2>

G
=

+
- +^ h ' ͘

ϲϭ͘� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�Ĩ�ʃɲɿ�Ő�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɸʎ�ʍʏʉ�ʍʑʆʉʄʉ�Ȱ�
ʃɲɿ�ɹʖʉʐʆ�ɷɿɲʔʉʌɸʏɿʃʊ�ɸʀɷʉʎ�ʅʉʆʉʏʉʆʀɲʎ�ʆɲ�ʅɸʄɸʏɻɽɸʀ�ɻ�ʅʉʆʉʏʉ-
ʆʀɲ�ʏɻʎ�ʍʐʆɳʌʏɻʍɻʎ�f g- ͘
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ϲϮ͘� ȴʀʆʉʆʏɲɿ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ� , :f g R R" ͘�ȸ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�
ʔɽʀʆʉʐʍɲ�ʃɲɿ�ɻ�ʍʑʆɽɸʍɻ� f g% �ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ʆɲ�ɷɸʀʇɸʏɸ�
ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�g x^ h�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ͘

ϲϯ͘� ɲ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x x x2 vyo= -^ h �ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑ-

ʇʉʐʍɲ�ʍʏʉ�ɷɿɳʍʏɻʅɲ� ,0 2
π8 B͘

ɴ͘� Ȱʆ�0 2
π< < <a b �ʏʊʏɸ�ʆɲ�ɷɸɿʖɽɸʀ�ʊʏɿ͗

> 2 2vyoa vyob a b- -
ϲϰ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x x x 17 5= + +^ h ͘

ɲ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɲʆʀʍʘʍɻ� x x3 4 3 4 2>7 5- + -^ ^h h ͘

ϲϱ͘� ȶʍʏʘ�ɻ�ʍʐʆɳʌʏɻʍɻ� : ,f 0 R"3+^ h �ʅɸ�ʏʑʋʉ� lnf x x x
1 1= - +^ h ͘

ɲ͘� Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ�f 1 0=^ h ͘
ɴ͘� Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�Ĩ K ,0 3+^ h͘
ɶ͘� Ɂɲ�ʅɸʄɸʏɼʍɸʏɸ�ʏɻ�ʍʖɸʏɿʃɼ�ɽɹʍɻ�ʏɻʎ�Cf �ʘʎ�ʋʌʉʎ�ʏʉʆ�ɳʇʉʆɲ� 'x x͘
ɷ͘� Ɂɲ�ʄʑʍɸʏɸ�ʏɻʆ�ɲʆʀʍʘʍɻ� ln lnx x x x2 1 1>2- - ͕�x 0> ͘

ϲϲ͘� ȶʍʏʘ�ʍʐʆɳʌʏɻʍɻ� :f R R" �ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ�ʏɻʎ�ʉʋʉʀɲʎ�ɻ�ɶʌɲʔɿ-
ʃɼ�ʋɲʌɳʍʏɲʍɻ�ɷɿɹʌʖɸʏɲɿ�ɲʋʊ�ʏɲ�ʍɻʅɸʀɲ� ,A 4 3^ h�ʃɲɿ� ,B 5 1^ h͘
ɲ͘� Ɂɲ�ʅɸʄɸʏɻɽɸʀ�ɻ�Ĩ�ʘʎ�ʋʌʉʎ�ʏɻ�ʅʉʆʉʏʉʆʀɲ͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɲʆʀʍʘʍɻ�f f x3 1<2+ ^^ hh ͘

ϲϳ͘� Ȱʆ�ɻ�ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ� :f R R" �ʏɹʅʆɸɿ�ʏɻʆ�ɸʐɽɸʀɲ�y x= �ʍɸ�
ɹʆɲ�ʍɻʅɸʀʉ�ʆɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ��g x f x x4 2= + -^ ^^h h h �ɶɿɲ�
ʃɳɽɸ�ǆ R! ͕�ʋɲʌʉʐʍɿɳɺɸɿ�ʉʄɿʃʊ�ɸʄɳʖɿʍʏʉ͘

ϲϴ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɲʆ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h� ɸʀʆɲɿ� ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ʍɸ�
ɹʆɲ�ɷɿɳʍʏɻʅɲ�ȴ͕�ʏʊʏɸ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x- ^ h�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ�
ʍʏʉ�ȴ͘

ϲϵ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɲʆ�ɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h͕�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ɲʑʇʉʐʍɲ�ʍʏʉ�
R �ʏʊʏɸ�ɻ�ʍʐʆɳʌʏɻʍɻ�ɷɸʆ�ʅʋʉʌɸʀ�ʆɲ�ɸʀʆɲɿ�ɳʌʏɿɲ͘

ϳϬ͘� ȶʍʏʘ�ɻ� ʍʐʆɳʌʏɻʍɻ� f x^ h� ʅɸ� ʋɸɷʀʉ� ʉʌɿʍʅʉʑ� ʏʉ�R � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ�
ɿʍʖʑɸɿ� f x 1>^ h �ʃɲɿ� f x f x x3 03 - - =^ ^h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɸʇɸʏɲ-
ʍʏɸʀ� ɻ� ʍʐʆɳʌʏɻʍɻ�ʘʎ�ʋʌʉʎ� ʏɻʆ� � ʅʉʆʉʏʉʆʀɲ͘� Ⱦɲʏʊʋɿʆ� ʆɲ� ʄʐɽɸʀ� ɻ�
ɲʆʀʍʘʍɻ�f f x 2>^^ hh ͘

ϳϭ͘� ȴʀʆɸʏɲɿ�ɻ�ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ�ʍʏʉ�R �ʍʐʆɳʌʏɻʍɻ�Ĩ�ʃɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�
Ő�ɶɿɲ�ʏɻʆ�ʉʋʉʀɲ�ɿʍʖʑɸɿ�g x f x f x3 2 1 2= - - -^ ^ ^h h h�ɶɿɲ�ʃɳɽɸ� ǆ R! ͘�
Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ő�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ�ʍʏʉ�R ͘

ϳϮ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� :f A R" � ʅɸ� f x f y x y<- -^ ^h h � ɶɿɲ� ʃɳɽɸ�
,x y A! �ʅɸ�x y! ͘�Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�g x f x x= -^ ^h h �ɸʀʆɲɿ�

ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ�ʍʏʉ�Ȱ͘
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ϳϯ͘� ȴʀʆʉʆʏɲɿ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ� lnf x x=^ h �ʃɲɿ�g x x=^ h ͘
ɲ͘� Ɂɲ�ɸʇɸʏɳʍɸʏɸ�ɲʆ�ɿʍʖʑɸɿ�f g g f% %= ͘
ɴ͘� Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� g f% �ɹʖɸɿ�ʉʄɿʃʊ�ɸʄɳʖɿʍʏʉ�ʃɲɿ�

ʆɲ�ʏɻʆ�ʋɲʌɲʍʏɼʍɸʏɸ�ɶʌɲʔɿʃɳ͘
ɶ͘� Ɂɲ�ʅɸʄɸʏɼʍɸʏɸ�ʏɻ�ʍʐʆɳʌʏɻʍɻ�g f% �ʘʎ�ʋʌʉʎ�ʏɻ�ʅʉʆʉʏʉʆʀɲ͘
ɷ͘� Ɂɲ�ɴʌɸʀʏɸ� ɶɿɲ� ʏɿʎ� ɷɿɳʔʉʌɸʎ� ʏɿʅɹʎ� ʏʉʐ� R!a � ʏʉ�ʋʄɼɽʉʎ� ʏʘʆ�

ʌɿɺʙʆ�ʏɻʎ�ɸʇʀʍʘʍɻʎ� g f x% a=^ ^h h ͘
ɸ͘� Ɂɲ�ɸʇɸʏɳʍɸʏɸ�ɲʆ�ɻ�ʍʐʆɳʌʏɻʍɻ�g f% �ɸʀʆɲɿ�ΗϭͲϭΗ

ϳϰ͘� Ɂɲ�ɴʌɸɽʉʑʆ�ɲʆ�ʐʋɳʌʖʉʐʆ�ʉɿ�ɲʆʏʀʍʏʌʉʔɸʎ�ʏʘʆ�ʍʐʆɲʌʏɼʍɸʘʆ͘
ɲ͘� f x x5 7= +^ h ͘
ɴ͘� f x x x22= -^ h ͘
ɶ͘� f x x x22= -^ h �ʅɸ�x 1> ͘

ɷ͘� f x x
x
2

2 1= -
-^ h ͘

ɸ͘� f x x 53= +^ h ͘
ʍʏ͘�f x x x x3 3 23 2= - + +^ h ͘

ϳϱ͘� Ɂɲ�ɴʌɸɽʉʑʆ�ɲʆ�ʐʋɳʌʖʉʐʆ�ʉɿ�ɲʆʏʀʍʏʌʉʔɸʎ�ʏʘʆ�ʍʐʆɲʌʏɼʍɸʘʆ͘
ɲ͘� f x x 46= -^ h ͘
ɴ͘� f x x3 4 8= + -^ h ͘
ɶ͘� f x x2 2= - -^ h ͘
ɷ͘� f x x 2 13= + -^ h ͘

ɸ͘� f x e
e
5

3
x

x

= +^ h ͘

ʍʏ͘� lnf x x2 2
7= -^ h ͘

ϳϲ͘� Ɂɲ�ɴʌɸɽʉʑʆ�ɲʆ�ʐʋɳʌʖʉʐʆ�ʉɿ�ɲʆʏʀʍʏʌʉʔɸʎ�ʏʘʆ�ʍʐʆɲʌʏɼʍɸʘʆ͘

ɲ͘� lnf x x
x

1
1= -
+^ h ͘

ɴ͘� f x e x2 1= -^ h ͘

ɶ͘�
,
,f x

x x
x x

3 1 2
3 5 2

<
2 H

=
+
-^ h ' ͘

ϳϳ͘� ȶʍʏʘ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ� f x x 1= -^ h �ʃɲɿ� g x x
x

2
1= -

-^ h ͘�Ɂɲ�ɴʌɸɽʉʑʆ�
ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ� f g 1% -^ h �ʃɲɿ�g f1 1%- - ͘

ϳϴ͘� ȶʍʏʘ� ʉɿ� ʍʐʆɲʌʏɼʍɸɿʎ� f x x 1 1= + -^ h � ʃɲɿ� g x x 2= +^ h ͘� Ɂɲ� ɴʌɸ-
ɽʉʑʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ� f g1 1%- -^ h �ʃɲɿ�g f1 %- ͘

ϳϵ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x e x xx2 3= + +^ h ͘
ɲ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�f x^ h�ɸʀʆɲɿ�" "1 1- ͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�e x e xx x2 9 23 + = + ͘

ϴϬ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x x x 15= + -^ h ͘

ΗΛΙΑΣΚΟΣ ΦΡΟΝΤΙΣΤΗΡΙΑ



69

ɲ͘� Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ɲʆʏɿʍʏʌɹʗɿʅɻ͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x f x1 =- ^ ^h h͘

ϴϭ͘� Ɂɲ� ɲʋʉɷɸɿʖɽɸʀ� ʊʏɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� f x x x2vyo= -^ ^h h ͕� ,x 0 2
π! ` j�

ɲʆʏɿʍʏʌɹʔɸʏɲɿ͘�Ⱦɲʏʊʋɿʆ�ʆɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x x 01 + =- ^ h ͘
ϴϮ͘� Ɂɲ� ɲʋʉɷɸɿʖɽɸʀ� ʊʏɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� f x x x3 33= + +^ h ͕� ǆ R! � ɲʆʏɿ-

ʍʏʌɹʔɸʏɲɿ͘�Ⱦɲʏʊʋɿʆ�ʆɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x x1 =- ^ h ͘
ϴϯ͘� Ɂɲ�ɲʋʉɷɸɿʖɽɸʀ� ʊʏɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� f x x xhn= +^ h ͕� ,x 0 2

π! 8 B� ɲʆʏɿ-
ʍʏʌɹʔɸʏɲɿ͘�Ⱦɲʏʊʋɿʆ�ʆɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x x 01 - =- ^ h ͘

ϴϰ͘� Ȱʆ�ʉɿ�ʍʐʆɲʌʏɼʍɸɿʎ�f x^ h�ʃɲɿ�g x^ h�ɸʀʆɲɿ�" "1 1- ͕�ʆɲ�ɷɸʀʇɸʏɸ�ʊʏɿ�ʃɲɿ�ʉɿ�
ʍʐʆɲʌʏɼʍɸɿʎ� f g x%^ ^h h�ʃɲɿ� g f x%^ ^h h�ɸʀʆɲɿ�" "1 1- ͘

ϴϱ͘� ȶʍʏʘ�ɻ�ʍʐʆɳʌʏɻʍɻ� :f R R" �ʅɸ�ʍʑʆʉʄʉ�ʏɿʅʙʆ�ʏʉ�R ͕�ɻ�ʉʋʉʀɲ�ɸʀʆɲɿ�
" "1 1- �ʃɲɿ�ʋɸʌɿʏʏɼ͘�Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�ɲʆʏʀʍʏʌʉʔɼ�ʏɻʎ�ɸʀʆɲɿ�ʋɸ-
ʌɿʏʏɼ͘

ϴϲ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f x f x f x12 G -^ ^ ^h h h�ɶɿɲ�ʃɳɽɸ� ǆ R! ͘�Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�
f x^ h�ɷɸʆ�ɲʆʏɿʍʏʌɹʔɸʏɲɿ͘

ϴϳ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f x f x x x2 2 2+ = -^ ^h h �ɶɿɲ�ʃɳɽɸ� ǆ R! ͘�Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�
f x^ h�ɷɸʆ�ɲʆʏɿʍʏʌɹʔɸʏɲɿ͘

ϴϴ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f f x f x x2 3+ = -^^ ^hh h �ɶɿɲ�ʃɳɽɸ�ǆ R! �ʃɲɿ�f 3 2=^ h ͘
ɲ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɸʀʆɲɿ�" "1 1- ͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x 21 =- ^ h ͘

ϴϵ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� : , ,f 0 0"3 3- -^ ^h h� ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
ln xf x f x=^^ ^hh h�ɶɿɲ�ʃɳɽɸ�x 0< ͘
ɲ͘� Ɂɲ�ɴʌɸɽɸʀ�ɻ�ɲʆʏʀʍʏʌʉʔɻ�ʍʐʆɳʌʏɻʍɻ�ʏɻʎ�f x^ h͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ� e f x 21 =-- ^ h ͘
ɶ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɲʆʀʍʘʍɻ� f x2 1 0<+^ h ͘

ϵϬ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f f x f x x2 33+ = +^^ ^hh h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘
ɲ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɸʀʆɲɿ�" "1 1- ͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x x f x2 43 + = -^ ^h h͕�ǆ R! ͘

ϵϭ͘� ȶʍʏʘ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ʅɸ� f R R=^ h � ʃɲɿ� ʏɹʏʉɿɲ͕� ʙʍʏɸ�
f f x f x x2= +^^ ^hh h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘
ɲ͘� Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�Ĩ�ɸʀʆɲɿ�ɲʆʏɿʍʏʌɹʗɿʅɻ�ʅɸ�f x f x x2

11 = -- ^ ^^h h h�
ɶɿɲ�ʃɳɽɸ�ǆ R! ͘

ɴ͘� Ȱʆ�f 2 4=^ h ͕�ʆɲ�ɴʌɸʀʏɸ�ʏɿʎ�ʏɿʅɹʎ�f 4^ h�ʃɲɿ�f 81- ^ h͘
ϵϮ͘� ȴʀʆɸʏɲɿ�ɻ�ʍʐʆɳʌʏɻʍɻ� :f R R" � ɶɿɲ� ʏɻʆ�ʉʋʉʀɲ� ɿʍʖʑɸɿ� f f x x3=^^ hh �

ɶɿɲ�ʃɳɽɸ�ǆ R! ͘
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ɲ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɲʆʏɿʍʏʌɹʔɸʏɲɿ͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x x=^ h ͘
ɶ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�f f f1 1 03 3- + =^ ^ ^h h h͘
ɷ͘� Ȱʆ�f 8 64=^ h ͕�ʆɲ�ʐʋʉʄʉɶɿʍʏɸʀ�ʏʉ�f 2^ h͘

ϵϯ͘� Ⱥɸʘʌʉʑʅɸ�ʏɻ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h�ʍʏʉ�R �ɻ�ʉʋʉʀɲ�
ʋɸʌʆɳɸɿ�ɲʋʊ�ʏɲ�ʍɻʅɸʀɲ� ,A 1 2^ h�ʃɲɿ� ,B 3 0^ h͘�Ɂɲ�ʄʐɽʉʑʆ͗
ɲ͘� ɻ�ɸʇʀʍʘʍɻ�f f x x2 2 11 2 + + =- ^^ h h ͘
ɴ͘� ɻ�ɲʆʀʍʘʍɻ�f f x x 2 2>1 3 + -- ^^ h h ͘

ϵϰ͘� Ⱥɸʘʌʉʑʅɸ�ʏɻ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h�ʍʏʉ�R �ɻ�ʉʋʉʀɲ�
ʋɸʌʆɳɸɿ�ɲʋʊ�ʏɲ�ʍɻʅɸʀɲ� ,A 1 3-^ h�ʃɲɿ� ,B 3 0^ h͘�Ɂɲ�ʄʐɽʉʑʆ͗
ɲ͘� ɻ�ɸʇʀʍʘʍɻ�f f e 2 2 2x - - =^^ h h ͘
ɴ͘� ɻ�ɲʆʀʍʘʍɻ� lnf f x 1 2 1>1 1 + + -- - ^^ h h ͘

ϵϱ͘� Ⱥɸʘʌʉʑʅɸ�ʏɻ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h�ʍʏʉ�R �ɻ�ʉʋʉʀɲ�
ʋɸʌʆɳɸɿ�ɲʋʊ�ʏɲ�ʍɻʅɸʀɲ� ,A 3 2^ h�ʃɲɿ� ,B 5 9^ h͘�Ɂɲ�ʄʐɽʉʑʆ͗
ɲ͘� ɻ�ɸʇʀʍʘʍɻ�f f x x2 91 2+ + =- ^^ hh ͘
ɴ͘� ɻ�ɲʆʀʍʘʍɻ�f f x x8 2 2<1 2 - -- ^^ h h ͘

ϵϲ͘� Ⱥɸʘʌʉʑʅɸ�ʏɻ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ�ʍʐʆɳʌʏɻʍɻ� f x^ h�ʍʏʉ�R �ɻ�ʉʋʉʀɲ�
ʋɸʌʆɳɸɿ�ɲʋʊ�ʏɲ�ʍɻʅɸʀɲ� ,A 4 2^ h�ʃɲɿ� ,B 6 1^ h͘�Ɂɲ�ʄʐɽʉʑʆ͗
ɲ͘� ɻ�ɸʇʀʍʘʍɻ�f f x x2 91 2+ - =- ^^ hh ͘
ɴ͘� ɻ�ɲʆʀʍʘʍɻ�f f x 2 2<1 1 2 -- - ^^ h h ͘

ϵϳ͘� ȶʍʏʘ� ʉɿ� ʍʐʆɲʌʏɼʍɸɿʎ� , :f g R R" � ʏɹʏʉɿɸʎ� ʙʍʏɸ� f R R=^ h � ʃɲɿ�
f f g f x x% %+ =^ ^h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ͗
ɲ͘� ɻ�f x^ h�ɸʀʆɲɿ�ɲʆʏɿʍʏʌɹʗɿʅɻ͘
ɴ͘� f x f x g x1 = +- ^ ^ ^h h h͘

ϵϴ͘� Ȱʆ� ɶɿɲ� ʏɻʆ� ʍʐʆɳʌʏɻʍɻ� Ĩ� ɿʍʖʑɸɿ� ʊʏɿ� f f x x f x% = +^ ^ ^h h h� ɶɿɲ� ʃɳɽɸ�
ǆ R! ͕�ʆɲ�ɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� ɻ�Ĩ�ɸʀʆɲɿ�" "1 1- ͘
ɴ͘� f 0 0=^ h ͘
ɶ͘� f x x f x1= + -^ ^h h�ɶɿɲ�ʃɳɽɸ�x f R! ^ h͘

ϵϵ͘� ȶʍʏʘ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ʏɹʏʉɿɲ� ʙʍʏɸ� f x f x x 03 + + =^ ^h h � ɶɿɲ�
ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�f x^ h�ɸʀʆɲɿ�ɲʆʏɿʍʏʌɹʗɿʅɻ�ʃɲɿ�ʆɲ�ɴʌɸ-
ɽɸʀ�ɻ�f x1- ^ h͘

ϭϬϬ͘� ȶʍʏʘ� ɻ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ʅɸ� f A R=^ h � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f x f x x 3 05 2+ + + =^ ^h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘
ɲ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�f x^ h�ɸʀʆɲɿ�ɲʆʏɿʍʏʌɹʗɿʅɻ�ʃɲɿ�ʆɲ�ɴʌɸɽɸʀ�ʉ�ʏʑʋʉʎ�

ʏɻʎ�ɲʆʏʀʍʏʌʉʔɻʎ�ʍʐʆɳʌʏɻʍɻʎ͘
ɴ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x x f x2 2 23 + - = -^ ^h h͘

ϭϬϭ͘� ȶʍʏʘ�ɻ�ʍʐʆɳʌʏɻʍɻ� :f R R* " �ɶɿɲ�ʏɻʆ�ʉʋʉʀɲ�ɿʍʖʑɸɿ�f xy f x f y= +^ ^ ^h h h�
ɶɿɲ�ʃɳɽɸ� ,x y R*! ͘�Ɂɲ�ɷɸʀʇɸʏɸ�ʊʏɿ͗
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ɲ͘� f 1 0=^ h ͘

ɴ͘� f x f x1 =-` ^j h�ɶɿɲ�ʃɳɽɸ�x R*! ͘
ɶ͘� Ȱʆ�ɻ�ɸʇʀʍʘʍɻ�f x 0=^ h �ɹʖɸɿ�ʅʉʆɲɷɿʃɼ�ʄʑʍɻ͕�ʆɲ�ɷɸʀʇɸʏɸ�ʊʏɿ͗

ŝ͘� ɻ�Ĩ�ɸʀʆɲɿ�" "1 1- ͘
ŝŝ͘� f x y f x f y1 1 1$+ =- - -^ ^ ^h h h͕�ɶɿɲ�ʃɳɽɸ� ,x y R! ͘

ϭϬϮ͘� ȶʍʏʘ�ʍʐʆɳʌʏɻʍɻ� :f R R" �ʏɹʏʉɿɲ͕�ʙʍʏɸ� f x 0!^ h �ɶɿɲ�ʃɳɽɸ� ǆ R! �
ʃɲɿ�f x y f x f y+ =^ ^ ^h h h�ɶɿɲ�ʃɳɽɸ� ,x y R! ͘�Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� f 0 1=^ h ͘
ɴ͘� f x f x 1- =^ ^h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘
ɶ͘� ɲʆ�ɻ�ɸʇʀʍʘʍɻ� f x 1=^ h �ɹʖɸɿ�ʅʉʆɲɷɿʃɼ�ʌʀɺɲ�ʏʉ�Ϭ͕�ʏʊʏɸ�ɻ�Ĩ�ɸʀʆɲɿ�

ΗϭͲϭΗ͘
ϭϬϯ͘� ȶʍʏʘ� ʍʐʆɳʌʏɻʍɻ� :f R R" ͕� ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ� ɻ� ʍʖɹʍɻ�

f f x x9 8= +^^ hh �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ΗϭͲϭΗ͘
ɴ͘� f R R=^ h ͘

ɶ͘� f x f x9
1 81 = -- ^ ^h h6 @�ɶɿɲ�ʃɳɽɸ�ǆ R! ͘

ɷ͘� xf f x9 8 9 8+ = +^ ^h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘
ɸ͘� f 1 1- =-^ h ͘

ϭϬϰ͘� ȶʍʏʘ�ʍʐʆɳʌʏɻʍɻ� :f R R" � ʏɹʏʉɿɲ͕�ʙʍʏɸ� f x x 83 3+ =^^ hh � ɶɿɲ�ʃɳɽɸ�
ǆ R! ͘�Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� Ɂɲ�ʄʑʍɸʏɸ�ʏɻʆ�ɸʇʀʍʘʍɻ�f x a=^ h ͘
ɴ͘� Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ�f R R=^ h ͘
ɶ͘� Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ�ɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ͘
ɷ͘� Ɂɲ�ɴʌɸʀʏɸ�ʏɻʆ�f 1- ͘

ϭϬϱ͘� ȶʍʏʘ� ʍʐʆɳʌʏɻʍɻ� :f R R" � ʏɹʏʉɿɲ͕�ʙʍʏɸ� f xf f x x4
1+ =-^^ ^hh h � ɶɿɲ�

ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� ɻ�ʍʐʆɳʌʏɻʍɻ�Ĩ�ɸʀʆɲɿ�ΗϭͲϭΗ͘
ɴ͘� ɲʆ�ɻ�Ĩ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʅʉʆʊʏʉʆɻ͕�ʏʊʏɸ�ɸʀʆɲɿ�ɶʆɻʍʀʘʎ�ʔɽʀʆʉʐʍɲ͘

ϭϬϲ͘� ȴʀʆɸʏɲɿ� ɻ� ʍʐʆɳʌʏɻʍɻ� :f R R* " � ɶɿɲ� ʏɻʆ� ʉʋʉʀɲ� ɿʍʖʑɸɿ�
f x f y f y

x- =^ ^ `h h j� ɶɿɲ� ʃɳɽɸ� ,x y R*! � ʃɲɿ� ʊʏɿ� ɻ� ɸʇʀʍʘʍɻ� f x 0=^ h �

ɹʖɸɿ�ʅʉʆɲɷɿʃɼ�ʌʀɺɲ͘
ɲ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ�f x 0=^ h ͘
ɴ͘� Ɂɲ�ɷɸɿʖɽɸʀ�ʊʏɿ�ɻ�ʍʐʆɳʌʏɻʍɻ�f x^ h�ɲʆʏɿʍʏʌɹʔɸʏɲɿ͘
ɶ͘� Ɂɲ�ʄʐɽɸʀ�ɻ�ɸʇʀʍʘʍɻ

f x f x f x f x3 1 12 2+ + = + + +^ ^ ^ ^h h h h
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ϭϬϳ͘� Ȱʆ� ɶɿɲ� ʃɳɽɸ� ,x y R! � ɿʍʖʑʉʐʆ� f x y f x f y+ =^ ^ ^h h h͕� f 0 0!^ h � ʃɲɿ�ɻ�
ɶʌɲʔɿʃɼ�ʋɲʌɳʍʏɲʍɻ�ʏɻʎ�Ĩ�ʏɹʅʆɸɿ�ʏɻʆ�ɸʐɽɸʀɲ�y 1= �ʍ͛�ɹʆɲ�ʅʊʆʉ�ʍɻ-
ʅɸʀʉ͕�ʆɲ�ɲʋʉɷɸʀʇɸʏɸ�ʊʏɿ͗
ɲ͘� ɻ�Cf �ɷɸʆ�ɹʖɸɿ�ʃʉɿʆɳ�ʍɻʅɸʀɲ�ʅɸ�ʏʉʆ�ɳʇʉʆɲ� 'x x͘
ɴ͘� ɻ�Ĩ�ɲʆʏɿʍʏʌɹʔɸʏɲɿ͘
ɶ͘� ɶɿɲ�ʃɳɽɸ� ,x y f R! ^ h�ɿʍʖʑɸɿ�f xy f x f y1 1 1= +- - -^ ^ ^h h h͘

ϭϬϴ͘� ȶʍʏʘ�ɻ�ʍʐʆɳʌʏɻʍɻ� :f R R" �ɶɿɲ�ʏɻʆ�ʉʋʉʀɲ�ɿʍʖʑɸɿ� f f x x2% = -^ ^h h �
ɶɿɲ�ʃɳɽɸ�ǆ R! ͘�Ɂɲ�ɲʋʉɷɸɿʖɽɸʀ�ʊʏɿ͗
ɲ͘� f 1 1=^ h ͘
ɴ͘� ɻ�Ĩ�ɲʆʏɿʍʏʌɹʔɸʏɲɿ͘
ɶ͘� f x f x 21+ =-^ ^h h �ɶɿɲ�ʃɳɽɸ�ǆ R! ͘
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