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單元 22: 最佳化 (第二部分)
({… §4.5)

‡øÀj欲|7“í¾ÌÑ#ìíƒb, ˚Tñ™ƒb

(objective function), à‚潤ƒb, �ÌA…ƒb, −

�˛−¼§ƒb£Ê¶飛Wò�ƒb�. ø般7k, Ûl

根WFb«ní½æ, ø欲|7“í¾[A適çíƒb,
y根Wƒbí4”, J適çíj¶°FÛí"ú”M. �

à-í

j|7“½æN引

1. 針ú欲«n½æ2óÉí¾Ìqì‰b. JÛb, 輔

JÇ$.

2. ø欲|7“í¾[Abç�.

3. 根WF«n½æí‘K, ø欲|7“í¾[AÀ‰b

ƒb f , 1根WõÒ8境üì f íì2域.

4. 根W‡øÀjíj¶Êì2域q|7“ f , àÊ�Ì

ä閉–È,|7“©/ƒb, †Sàªœ¶; ´†S

àø階Cù階ûƒb�ì¶.
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JWzpà-.

W 1. DJ 50 呎Åí柵欄欲圍|ø矩$I園. t°ª

)|×Þ	I園í�÷.

<j> I x D y Ñ¤I園ù¹邊íÅ�/ A ÑÞ	,

†

A = xy

àÇý. ÄÑ柵欄,ÅÑ 50 呎, )Ì„‘K

2x + 2y = 50

j y, )

y = 25− x

Hp, )ñ™ƒb

A(x) = x(25− x) = −x2 + 25x

ÄÑ x D y Ñ邊Å, ]

x ≥ 0 / 25− x ≥ 0

¹

0 ≤ x ≤ 25
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Ä¤, Ÿ½æ�gk|×“

A(x) = −x2 + 25x, 0 ≤ x ≤ 25

QO, ú x �}, )

A′(x) = −2x + 25

0©/, ]I A′ = 0, )@äb

x =
25

2
= 12.5 ∈ (0,25)

|(, l�1ªœ A Ê@äb£«õíM, )

A(0) = 0(25) = 0

D

A(12.5) = 12.5(25− 12.5) = 156.25

J£

A(25) = 25(0) = 0

Ä¤, ç

x = 12.5 / y = 25− 12.5 = 12.5

¹圍A£j$I園v, �|×I園Þ	 156.25 呎2.

註. øìbð„, ¥šn?üì)ƒ欲°í"ú|×MC

"ú|üM. Î7ªœ¶Õ, ?ªSàø階ûƒb�ì¶,
àl� A′ Ê}’|íù_ä–È,í¯U, )
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(0,12.5): A′ = (+), A 遞Ó

(12.5,25): A′ = (−), A 遞Á

àÇý. Ä¤, Ê x = 12.5 �óú|×Þ	, ?Ñ"ú

|×Þ	, àF°.

Cyú x �}, )

A′′ = −2 < 0, 0 < x < 25

0-凹, àÇý. ]根Wù階ûƒb�ì¶, Ê®�~(

T, ¹ x = 12.5, �"ú|×Þ	, àF°.

W 2. øøÅ 16 吋, 寬 10 吋íw�板i ó°£j

$íûi1ÂAøÇ¨] (open box). t°ª)|×

ñ	í�÷.

<j> I x Ñi¥£j$í邊Å/ V ÑÇ¨]íñ	,
†

V = (16− 2x)(10− 2x)x

= 4(8− x)(5− x)x = 4(x3 − 13x2 + 40x)

ÄÑÅ寬òÌÑÝŠ, ¹

16− 2x ≥ 0, 10− 2x ≥ 0, x ≥ 0
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)

0 ≤ x ≤ 5

Ä¤, Ÿ½æ�gk|×“

V (x) = 4(x3 − 13x2 + 40x), 0 ≤ x ≤ 5

QO, ú x �}1“�, )

V ′(x) = 4(3x2 − 26x + 40)

= 4(x− 2)(3x− 20)

0©/, ]I V ′ = 0, )@äb x = 2 D x = 20
3

(.5?, ÄÑ.Ê (0,5) q). |(, l�1ªœ V Ê

@äbD«õíM, )

V (0) = 16(10)(0) = 0

D

V (2) = (16− 4)(10− 4)(2) = 144

J£

V (5) = (16− 10)(10− 10)(5) = 0

Ä¤, ç x = 2, ¹�÷Ñ 12× 6× 2 v, �|×Þ	

144 吋3.

註. ?ªJø階ûƒb�ì¶ð„, ¹l� V ′ Ê}’|

íù_ä–È,í¯U, )
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(0,2): V ′ = (−)(−) = (+), V 遞Ó

(2,5): V ′ = (+)(−) = (−), V 遞Á

àÇý. Ä¤, Ê x = 2 �"ú|×ñ	, àF°. O

.qJù階ûƒb�ì¶ð„, ÄÑ V .0-凹, ~AW

*3.

W 3. ç�gÑ $3 v, 某Í�Ì©n»¡«í

îÑ 6000 A. ¢�g©漲 $0.50, �Ì©nîb}

Áý 1000 A. t°ª×)|×Yïí�g.

<j> q p Ñ�g/ x Ñîb, †Yï

R = xp

QO, âæ<, ç p = 3 v, x = 6000 / p = 3.5

v x = 5000, ¹ p D x íÉ[�Ñ¬õ (6000,3)

D (5000,3.5) íò(. â¤)é0

m =
3.5− 3

5000− 6000
= −

0.5

1000
= −0.0005

]âõé�,

p− 3 = −0.0005(x− 6000) (1)
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¹

p = −0.0005x + 6

Hp, ø R [A x íƒb, )

R = xp = −0.0005x2 + 6x

ÄÑ�gDîbÌÑÝŠ, ¹

p = −0.0005x + 6 ≥ 0 / x ≥ 0

)

0 ≤ x ≤
6

0.0005
= 6(2000) = 12,000

Ä¤, Ÿ½æ�gk|×“

R(x) = −0.0005x2 + 6x, 0 ≤ x ≤ 12,000

QO, ú x �}, )

R′(x) = −0.001x + 6

0©/, ]I R′ = 0, )@äb

x =
6

0.001
= 6000 ∈ (0,12,000)

|(, l�1ªœ R Ê@äbD«õíM, )

R(0) = 0(6) = 0

7 2×bçÍ:PM
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D

R(6000) = 6000(3) = 18,000

D

R(12,000) = 12,000(0) = 0

Ä¤, çîb x = 6000, ¹�g p = 3 v, ª)|

×Yï $18,000.

<Çj> ?ªø R òQ[A�g p íƒb, ¹â (1)

�, )

x = 6000−
1

0.0005
(p− 3)

= 6000− 2000(p− 3)

= −2000p + 12,000

Hp, )

R = px = −2000p2 + 12,000p

¢�gDîbÌÝŠ, ¹

p ≥ 0 / x = −2000p + 12,000 ≥ 0

)

0 ≤ p ≤ 6
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Ä¤, Ÿ½æ�gk|×“

R(p) = −2000p2 + 12,000p, 0 ≤ p ≤ 6

QO, ú p �}, )

R′(p) = −4000p + 12,000

0©/, ]I R′ = 0, )@äb

p =
12,000

4000
= 3 ∈ (0,6)

|(, l�1ªœ R Ê@äbD«õíM, )

R(0) = 0(12,000) = 0

D

R(3) = 3(6000) = 18,000

J£

R(6) = 6(0) = 0

Ä¤, ç�gÑ $3 v, ª)|×Yï $18,000.

註. ?ªJù階ûƒb�ì¶ð„, ¹yú x �}, )

R′′(x) = −0.01 < 0, 0 ≤ x ≤ 12,000

0-凹, àÇý. ]Ê®�~(T, ¹ x = 6000 /ú

@í p = 3 v, �|×Yï, àF°.
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Cyú p �}, )

P ′′(p) = −4000 < 0, 0 ≤ p ≤ 6

0-凹, àÇý. ]Ê®�~(T, ¹ p = 3, �|×Y

ï, àF°.

W 4. D欲qløñ¾Ñ 54 吋3 í£Æ柱鋁`ñÂ.
t°Uà|ý‡eíš�Dò�.

<j> q¤ñÂíš�Ñ r /òÑ h, †[Þ	

S = 2πr2 + 2πrh

àÇý. ÄÑñ¾Ñ 54 吋3, ])

πr2h = 54

j h, )

h =
54

πr2
(2)

Hp, )

S = 2πr2 + 2πr

(
54

πr2

)
= 2πr2 +

108

r

¢š� r > 0. Ä¤, Ÿ½æ�gk|ü“

S = 2πr2 +
108

r
, r > 0

10 2×bçÍ:PM
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QO, ú r �}1“�, )

S′(r) = 4πr −
108

r2
=

4πr3 − 108

r2
, r > 0

0©/, ]I S′ = 0, )

r = 3

√
108

4π
= 3

√
27

π
=

3
3
√

π
≈ 2

|(, yú r �}, )

S′′(r) = 4π +
216

r3
> 0, r > 0

0,凹, àÇý. ]根Wù階ûƒb�ì¶, Ê®�~(

T, ¹ r = 3
3√π

v, Uàí‡e|ý. Hp (2) �, )

ú@íò�

h =
54

πr2
=

54

π

(
3
3√π

)2 =
54π2/3

π(9)
=

6
3
√

π
= 2r

Ä¤, çò�uš�íùI, ¹š�� 2 吋/ò� 4 吋

v, Uàí‡e|ý.

t−í訂Œb¾Û夠×JÅ—¾‘Û°, O}¨Aòí庫

æ‘à (storage cost), Í7Áý訂Œb¾Ö}降Q庫

æ‘à, Oº}Ó‹訂ŒŸb7Tò訂ŒA…

(reordering cost). àS°)適çí訂Œb¾D訂ŒŸ
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b7降Q,A…uø_M)«níF‚庫æ½æ

(inventory problem), à

W 5. q某¹�íÁqšø�íÛ°¾Ñ 10,000 «/

JÌ勻銷»0»|. ¢©uí訂Œ‘àÑ $10,000 /©

輛Áqší�庫æ‘Ñ $200. t½©Ÿí訂Œb¾Dr

¶í訂ŒŸbÑSv, ª)|Qí訂ŒD庫æ,A…?

<j> q x Ñ©Ÿí訂Œb¾/©uŒÓƒ®ívÈÿ

u‡uŒÓ»êív…, àÇý. Ä¤, 根WÌ勻銷»0

£¥uŒÓƒ®¹,uŒÓ»êív…, �Ì7k, ø�

Ûb庫æíÁqšb¾Ñ x
2, )ø�í庫æA…Ñ

200
(

x

2

)
= 100x

¢訂ŒŸbÑ

10,000

x

]ø�í訂ŒA…Ñ

10,000
(
10,000

x

)
=

100,000,000

x

Çâæ<,

0 < x ≤ 10,000
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Ä¤, Ÿ½æ�gk|ü“ø�í,A…

C(x) = 100x +
108

x
, 0 < x ≤ 10,000

QO, ú x �}1“�, )

C′(x) = 100−
108

x2

=
100x2 − 108

x2
, 0 < x < 10,000

0©/, ]I C′ = 0, ¹

x2 = 1,000,000

)@äb x = 1000 D x = −1000 (.¯, ÄÑ.Ê

(0,10,000) q). |(, yú x �}, )

C′′(x) =
200,000,000

x3
> 0, 0 < x < 10,000

0,凹, àÇý. ]Ê®�~(T, ¹訂Œ¾ x = 1000
/ú@í訂ŒŸbÑ

10,000

1000
= 10

v, �|ü,A….

W 6. �廢eÛæ[Êø鉛`/¾�Ñ 6 吋í£Æ柱ñ

Âq, àÇý. JÕÆ柱íñ	Ñ 16π 呎3, t°ª)|

×qÆ柱ñ¾íqÆ柱š�Dò�.
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<j> qqÆ柱íš�Ñ r /ò�Ñ h, †qÆ柱íñ	

V = πr2h

DJ呎TÑl�ÀP, 1Êø呎�k 12 吋í²�-, â

æ<, ÕÆ柱íñ	Ñ

π

(
r +

1

2

)2
(h + 1) = 16π

j h, )

h =
16(

r + 1
2

)2 − 1

¢š�Dò�ÌÑÝŠ, ¹

r ≥ 0 /

(
r +

1

2

)2
≤ 16

)

0 ≤ r ≤ 4−
1

2
=

7

2

Ä¤, Hp, )Ÿ½æ�gk|×“

V (r) = πr2

 16(
r + 1

2

)2 − 1

 , 0 ≤ r ≤
7

2
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QO, 根W¶d†D©鎖d†1“�, )

V ′(r) = 2πr

 16(
r + 1

2

)2 − 1

− 32πr2(
r + 1

2

)3

= 2πr

 16(
r + 1

2

)2 − 1−
16r(

r + 1
2

)3


= 2πr

16
(
r + 1

2

)
−

(
r + 1

2

)3
− 16r(

r + 1
2

)3


= 2πr

8−
(
r + 1

2

)3

(
r + 1

2

)3



0©/, ]I V ′ = 0, ¹(
r +

1

2

)3
= 8

)@äb

r = 2−
1

2
=

3

2
∈

(
0,

7

2

)

|(, l�1ªœ V Ê@äbD«õíM, )

V (0) = π(0)2(64− 1) = 0
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D

V

(
3

2

)
= π

(
9

4

) [
16

4
− 1

]
=

27

4
π

J£

V

(
7

2

)
= π

(
49

4

) [
16

16
− 1

]
= 0

Ä¤, çš� r = 3
2 呎/ò

h =
16(

3
2 + 1

2

)2 − 1 = 4− 1 = 3 呎

v, �|×qÆ柱ñ¾ 27
4 π 呎3.

註. ?ªl� V ′ Ê}’|íù_ä–È,í¯U, )

(
0, 3

2

)
: V ′ = (+)(+)

(+) = (+), V 遞Ó

(
3
2, 7

2

)
: V ′ = (+)(−)

(+) = (−), V 遞Á

àÇý, ]根Wø階ûƒb�ì¶, Ê r = 3
2 �"ú|×

qÆ柱ñ¾, àF°. O.qJù階ûƒb�ì¶ð„,

ÄÑ V .0-凹, ~AW*3.
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