
13ÙnÜSKK)

1. � f(x) = x(x+ 1)(x+ 2) · · · (x+ n), ¦ f ′(0).

) - g(x) = (x+ 1)(x+ 2) · · · (x+ n), g(0) = n!, K f(x) = xg(x), �

f ′(0) = n!

2. �Û¼ê f(x) 3 (−∞,+∞) þäk��ëY�ê, P¼ê

g(x) =


f(x)
x
, x 6= 0,

a, x = 0.

.

(1) (½ a ��,¦ g(x) 3 (−∞,+∞) þëY.

(2) é (1) ¥(½� a, y² g(x) 3 (−∞,+∞) þ��, ��¼êëY.

y² Ï f(x) ´ëY�Û¼ê, ¤± f(0) = 0. Ïd g(x) ëY��=�

a = g(0) = lim
x→0

g(x) = lim
x→0

f(x)

x
= f ′(0).

¤±�k� a = f ′(0) �, g(x) 3 (−∞,+∞) þëY.

� x 6= 0 �,

g′(x) =
d

dx

(
f(x)

x

)
=
xf ′(x)− f(x)

x2
.

� x = 0 �, |^Taylor Ðm

f(x) = f(0) + f ′(0)x+
f ′′(ξ)

2
x2 = f ′(0)x+

f ′′(ξ)

2
x2,

Ù¥ ξ 0u 0 Ú x �m: |ξ − 0| 6 |x− 0|, = |ξ| 6 |x|. ¤±

g′(0) = lim
x→0

g(x)− g(0)
x− 0

= lim
x→0

f(x)
x
− f ′(0)
x

= lim
x→0

1

2
f ′′(ξ) =

1

2
f ′′(0).

lim
x→0

g′(x) = lim
x→0

xf ′(x)− f(x)
x2

= lim
x→0

xf ′′(x)

2x
=

1

2
f ′′(0) = g′(0)

Ïd g(x) 3 (−∞,+∞) þ��, ��¼êëY.
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3. �
a0

n+ 1
+
a1
n

+ · · ·+ an = 0, y², �§ a0x
n + a1x

n−1 + · · ·+ an = 0 3 (0, 1) S

��k���.

y² �

f(x) =
a0

n+ 1
xn+1 +

a1
n
xn + · · ·+ anx,

K f(0) = f(1) = 0, Ïd�3 ξ ∈ (0, 1), ¦�

f ′(ξ) = a0ξ
n + a1ξ

n−1 + · · ·+ an = 0.

= f(x) 3 (0, 1) ¥��k���.

4. e¼ê f(x)3 [a, b]þëY,3 (a, b)S��,� f(a) = f(b) = 0,K�3 ξ ∈ (a, b),

¦ f ′(ξ) + f(ξ) = 0.

y² � g(x) = exf(x), K g(a) = g(b) = 0, ¤±�3 ξ ∈ (a, b), ¦�

g′(ξ) = eξ(f ′(ξ) + f(ξ)) = 0,

íÑ f ′(ξ) + f(ξ) = 0.

5. � f(x) 3«m I þëY, XJ?� I ¥ü: x1, x2, k

f

(
x1 + x2

2

)
6
f(x1) + f(x2)

2
,

K f(x) ´«m I þ�à¼ê.

y² (�y{) e f(x) Ø´ I þ�à¼ê, K3 x1, x2 ∈ I, 9 x0 ∈ (x1, x2) ¦�

f(x0) > f(x1) +
f(x2)− f(x1)

x2 − x1
(x0 − x1).

�E�5¼ê

g(x) = f(x1) +
f(x2)− f(x1)

x2 − x1
(x− x1).

§�ã�´ë� (x1, f(x1)) Ú (x2, f(x2)) �u, Ïdk

g(x1) = f(x1), g(x2) = f(x2), f(x0) > g(x0).

-

h(x) = f(x)− g(x).
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K h(x1) = h(x2) = 0, h(x0) > 0. �

a = sup{x | x < x0, h(x) = 0}, b = inf{x | x > x0, h(x) = 0},

w, x1 6 a, x2 > b �x0 ∈ (a, b) ⊂ (x1, x2). �â h(x) �ëY5±9 h(x0) > 0, ��

h(x) > 0, x ∈ (a, b);

h(a) = f(a)− g(a) = 0,

h(b) = f(b)− g(b) = 0.

Ïd

h

(
a+ b

2

)
> 0, =, f

(
a+ b

2

)
> g

(
a+ b

2

)
.

Ï� g ´�5¼ê, ¤±

f

(
a+ b

2

)
> g

(
a+ b

2

)
=
g(a) + g(b)

2
=
f(a) + f(b)

2
.

ù�^�gñ!

:µ w,, XJ f(x) ´à¼ê, K8¥�^�g,¤á. Ïd f(x) ´à¼ê�

�=�

f

(
x1 + x2

2

)
6
f(x1) + f(x2)

2
.

Ïdþª��±��à¼ê�½Â.

6. � f(x) ´ [0, 1] þ�ü���¼ê, f(0) = f(1). y²: �3 ξ ∈ (0, 1), ¦�

f ′′(ξ) =
2f ′(ξ)

1− ξ
.

y² �

F (x) = f(x) + x(x− 1)f ′(x), x ∈ [0, 1],

KF (x) ëY� F (0) = F (1). Ïd�3�: ξ ∈ (0, 1) ¦�

F ′(ξ) = 2ξf ′(ξ) + ξ(ξ − 1)f ′′(ξ) = 0,

)� f ′′(ξ) =
2f ′(ξ)

1− ξ
.

7. e¼ê f(x) 3 [a, b] þëY, � f(a) = f(b) = 0, 9 f ′(a)f ′(b) > 0. y², 3 (a, b)

S�3�: ξ, ¦� f(ξ) = 0.
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y² f ′(a)f ′(b) > 0 L² f ′(a), f ′(b) ÓÒ, Ø�� f ′(a) > 0, f ′(b) > 0, =

lim
x→a+

f(x)

x− a
= lim

x→a+

f(x)− f(a)
x− a

= f ′(a) > 0,

¤±�3 x1 > a, ¦�
f(x1)

x1 − a
> 0,

Ï x1 − a > 0, ¤± f(x1) > 0. Ón�y�3 x2 < b ¦� f(x2) < 0, íÑ�3

ξ ∈ [x1, x2] ∈ (a, b) ¦� f(ξ) = 0.

8. � f(x) 3 [0, 1] þ��, f(0) = 1, f(1) = 1
2
. ¦y: �3 ξ ∈ (0, 1) ¦�

f 2(ξ) + f ′(ξ) = 0.

y² 1!e f(x) vk":µ-

F (x) = x− 1

f(x)
, x ∈ [0, 1]

K F (x) ÷v

F (0) = F (1) = −1, F ′(x) = 1 +
f ′(x)

f 2(x)

�â Rolle ½n, í��3 ξ ∈ (0, 1), ¦� F ′(ξ) = 0, �Ò´

f 2(ξ) + f ′(ξ) = 0.

2!e f(x) k��":ξ ∈ (0, 1) : Ï�f(0) = 1, f(1) = 1
2
, ¤± f(x) ���

�f(x0) Ø�U´K�, ÄK3[0, x0] Ú [x0, 1] �k��":, gñ. Ïdù���"

:ξ ����:,¤±

f(ξ) = 0, f ′(ξ) = 0

(Øw,¤á.

3!e f(x) 3 [0, 1] þk�Lü�9±þ�":µP

E = {x | x ∈ [0, 1], f(x) = 0}

Ï� f(0) = 1, f(1) =
1

2
, ¤± E ⊂ (0, 1). ©OP a = inf E, b = supE.

1�Ú,y² a, b �´":.ù´Ï� a ´ E �e(., Ïdé?¿�
1

n
, a +

1

n
Ø´e(.,=�3": xn ∈ E, ¦�

a < xn < a+
1

n
, f(xn) = 0
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- n→∞, 2d¼êëY5�

lim
n→∞

xn = a, f(a) = lim
n→∞

f(xn) = 0.

Ón�y b �´ f(x) �":.

1�Ú,�y²3«m [0, a) Ú (b, 1] þ,kf ′(a) 6 0, f ′(b) > 0. ù´Ï�3 [0, a)

þ f(x) > 0, 3 (b, 1] þ f(x) > 0. ¤±

f ′(a) = f ′−(a) = lim
x→a−

f(x)− f(a)
x− a

= lim
x→a−

f(x)

x− a
6 0

Ón�y f ′(b) > 0.

XJ f ′(a) 6 0, f ′(b) > 0 ¥k���Ò¤á,@o f 2(a) + f ′(a) = 0 ½ f 2(b) +

f ′(b) = 0. (Jg,¤á. ÄKk f ′(a) < 0, f ′(b) > 0 .

1nÚ, e f ′(a) < 0, d

lim
x→a+

f(x)− f(a)
x− a

= lim
x→a+

f(x)

x− a
= f ′+(a) = f ′(a) < 0

�,�3δ > 0, ¦�

f(x) < 0, a < x < a+ δ

P

a = inf{x | f(x) = 0, a+ δ < x < b},

@o3 a < x < a ¥,f(x) < 0 -

F (x) = x− 1

f(x)
, x ∈ (a, a)

@o

lim
x→a+

F (x) = lim
x→a−

F (x) = −∞

¤± F (x) 3 (a, a) ¥k���: ξ ∈ (a, a), ¤±

F ′(ξ) = 0, = f 2(ξ) + f ′(ξ) = 0.

`² 31�Ú¥,- g(x) = f 2(x)+f ′(x) ,K g(a) < 0, g(b) > 0.Ï� f 2(x)ëY,

¤±´,�¼ê��¼ê,Ø�� F ′(x) = f 2(x), ù� g(x) = F ′(x) + f ′(x) = (f(x) +

f(x))′ ´ F (x) + f(x) ��¼ê,|^�¼ê g(x) = F ′(x) + f ′(x) = (f(x) + f(x))′�

0�5.���±���3 ξ ∈ (a, b),¦� g(ξ) = 0.

9. �¼ê f(x) 3 [a,+∞) þ����, �÷v f(a) > 0, f ′(a) < 0, ±9� x > a �,

f ′′(x) 6 0. Áy3«m (a,+∞) S, ¼ê f(x) Tk��":.
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y² Ï� f ′′(x) 6 0, íÑ f ′(x) üN~, ¤±

f ′(x) 6 f ′(a) < 0, x > a.

íÑ f(x) î�üN~, Ïd4� lim
x→+∞

f(x) �o´k�ê, �o´−∞.

e lim
x→+∞

f(x) ´k�ê, @o�3 ξ ∈ (x, x + 1), ¦� f ′(ξ) = f(x + 1) − f(x),
íÑ

0 > f ′(a) > f ′(x) > f ′(ξ) = f(x+ 1)− f(x)→ 0 (x→ +∞)

gñ, Ïd

lim
x→+∞

f(x) = −∞,

=� b ¿©��, k f(b) < 0, ¤±�3 x0 ∈ (a, b) ¦� f(x0) = 0. 2d f(x) �î�

üN5, íÑ":��.

10. �¼ê f(x) 3 [a, b] þ��, f ′(x) î�üNO. e f(a) = f(b) = λ, Ké?¿

x ∈ (a, b), k f(x) < λ.

y² £�y¤e�3 x0 ∈ (a, b) ¦� f(x0) > λ, K©O�3 ξ1 ∈ (a, x0), ξ2 ∈
(x0, b) ¦�

f ′(ξ1) = (f(x0)− f(a))(x0 − a) > 0, f ′(ξ2) = (f(b)− f(x0))(b− x0) 6 0,


 ξ1 < ξ2, ¤± f ′(ξ1) > 0 > f ′(ξ2) � f ′(x) î�üNOgñ. ¤±é x ∈ (a, b), k

f(x) < λ.

11. ¼ê
sinx2

x
(x > 0) L², e¼ê f(x) 3 (a,+∞) þ��, � lim

x→+∞
f(x) �3, Ø

U�y lim
x→+∞

f ′(x) �3. y²: e®�ù4��3, KÙ�7,�".

y² � lim
x→+∞

f ′(x) = a , e a 6= 0, Ï�3 ξn ∈ (n, n+ 1) ¦�

f ′(ξn) = f(n+ 1)− f(n).

- n→ +∞, kξn → +∞, �

a = lim
n→+∞

f ′(ξn) = lim
n→+∞

(f(n+ 1)− f(n)) = 0.

gñ, Ïd7k lim
x→+∞

f(x) = 0.
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12. �¼ê f(x) 3 x > 0 �����, � f ′′(x) < 0, f(0) = 0. y²: é?¿�ê

x1, x2, kf(x1 + x2) < f(x1) + f(x2).

y² é?¿ê x1 > 0, x2 > 0, � g(x) = f(x+ x1)− f(x) (x > 0), f ′′(x) < 0 í

Ñ f ′(x) î�üN~. 2íÑ g′(x) = f ′(x + x1) − f ′(x) < 0, Ïd g(x) î�üN~,

¤±é x2 > 0 k

g(x2) < g(0) = f(x1)− f(0) = f(x1),

=⇒ f(x2 + x1)− f(x2) < f(x1),

=⇒ f(x2 + x1) < f(x2) + f(x1).

13. �¼ê f(x) 3 x0 ?�3���ê, ¦

lim
h→0

f(x0 + h) + f(x0 − h)− 2f(x0)

h2
.

y² Ï�

f(x0 + h) = f(x0) + f ′(x0)h+
1

2
f ′′(x0)h

2 + o(h2),

f(x0 − h) = f(x0)− f ′(x0)h+
1

2
f ′′(x0)h

2 + o(h2),

¤±

lim
h→0

f(x0 + h) + f(x0 − h)− 2f(x0)

h2
= lim

h→0

(
f ′′(x0) +

o(h2)

h2

)
= f ′′(x0).

:µ : �K�,´0
0
., �e^L’Hospital {K¦4�: é h ¦�, k

lim
h→0

f(x0 + h) + f(x0 − h)− 2f(x0)

h2
= lim

h→0

f ′(x0 + h)− f ′(x0 − h)
2h

= lim
h→0

f ′′(x0 + h) + f ′′(x0 − h)
2

= f ′′(x0),

K´�Ø�, Ï����Ú^�
���êëY�^�, �K¿ØÎ.

14. y²e�Ø�ª.
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(1) é?¿¢ê x, ex > 1 + x+
x2

2
+
x3

6
;

(2) é x > 0, x− x2

2
6 ln(1 + x) 6 x− x2

2
+
x3

3
;

(3) é 0 < x <
�
2
, x− x3

6
< sinx < x− x3

6
+

x5

120
;

(4) é?¿¢ê x, y, k 2e
x+y
2 6 ex + ey.

y² (1)

ex = 1 + x+
x2

2
+
x3

6
+

eθx

4!
x4,

Ù¥ 0 < θ < 1. Ï�
eθx

4!
x4 > 0 é?¿¢ê x ¤á, ¤±Ø��¤á.

:µ : þã(J�±í2�?¿ÛêgÐm. �´éóêgÐ(ØØ¤á. ~X

ex = 1 + x+
x2

2
+

eθx

6
x3,

� x 6 0�,
eθx

6
x3 6 0,¤± ex 6 1+x+

x2

2
; � x > 0�,

eθx

6
x3 > 0, ex > 1+x+

x2

2
.

(2) d ln(1 + x) �Ðmª

ln(1 + x) = x− x2

2
+
x3

3
+ · · ·+ (−1)nx

n

n
+Rn(x),

�éu x > 0,

Rn(x) =
(−1)nxn+1

(n+ 1)(1 + θx)n+1

> 0 � n ´óê

< 0 � n ´Ûê

ùp 0 < θ < 1. ¤±£2¤¥Ø�ª¤á.

(3) �y²aq, Ø2­E.

(4) Ï ex, ey Ñ´�ê, |^
√
ab 6

a+ b

2
(a, b > 0) =��Ø�ª.

15. ¦ lim
n→∞

(
1 +

1

n2

)(
1 +

2

n2

)
· · ·
(
1 +

n

n2

)
.

) |^ x− x2

2
6 ln(1 + x) 6 x �

k

n2
− k2

2n4
6 ln

(
1 +

k

n2

)
6

k

n2
,
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lk = 1 � k = n ¦Ú�

n(n+ 1)

2n2
− n(n+ 1)(2n+ 1)

12n4
6

n∑
k=1

ln

(
1 +

k

n2

)
6
n(n+ 1)

2n2
.

¤±

lim
n→+∞

n∑
k=1

ln

(
1 +

k

n2

)
=

1

2
,

lim
n→∞

(
1 +

1

n2

)(
1 +

2

n2

)
· · ·
(
1 +

n

n2

)
=
√
e.

16. ¦ n
√
n (n = 1, 2, · · · ) ����.

) �â�ê¼êÚéê¼ê�üN5, Äk�Ä ln n
√
n =

lnn

n
����.

3 x ∈ [1,+∞) ¥, - f(x) =
lnx

x
, @o f(x) > 0 �

f(1) = 0, lim
x→+∞

f(x) = 0.

¦��

f ′(x) =
1− lnx

x2
,

¤±f(x) 3 x = e �����, �� 1 6 x 6 e �, f(x) üNO, � x > e �, f(x) ü

N~. ÏdXJ�Ä��ê, @o3��ê:����´ n = 2, ½ n = 3. d

ln 3

3
− ln 2

2
=

ln 9− ln 8

6
> 0,

� n
√
n ����´ 3

√
3.

17. Á�Ñ¼ê x cosx 3
[
0,�

2

]
þ���¦�U��þ..

) � f(x) = x cosx, Ï� f(x) > 0, 0 < x < �
2
, f(0) = f(�

2
) = 0 ,¤±f(x)

3
[
0,�

2

]
SÜ�����. ¦��

f ′(x) = cos x− x sinx, f ′′(x) = −(2 sinx+ x cosx) < 0.

Ïd37: f ′(x0) = 0 ?��4�.

�´l f ′(x) = cosx− x sinx = 0 J±)ÑäN4�:,�J±O�4�.�d|

^TaylorÐmO�Cq�.Ï����ê´K�,¤±

f(x) = f(x0) + f ′(x0)(x− x0) +
f ′′(ξ)

2
(x− x0)2 6 f(x0) + f ′(x0)(x− x0), (x ∈ [0,

�
2
])
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�¦��¦�U��äNþ.,Ø�©OÀJ3 x0 = 0; �
6
; �

4
; �

3
; �

2
?Ðm.

3 x0 = 0 : f(x) 6 0 + x 6 �
2
,

3 x0 =
�
6
: f(x) 6 �

6

√
3
2
+
(√

3
2
− �

12

) (
x−�

6

)
6 �

3

(
2
√
3

4
− �

12

)
,

3x0 =
�
4
: f(x) 6 �

4

√
2
2
+
√
2
2

(
1−�

4

)
(x−�

4
) =

√
2
2

(
�
4
+ (1−�

4
)(�

2
−�

4
)
)
.

3x0 =
�
3
: f(x) 6 �

6
+ (1

2
− �

2
√
3
)(x−�

3
) 6 �

6
+ ( �

2
√
3
− 1

2
)�
3

3x0 =
�
2
: f(x) 6 −�

2
(x−�

2
) 6 �2

4

l¥'���¦�U��=�.

18. �¼ê f(x) 34«m [−1, 1] þäkn�ëY�ê,� f(−1) = 0, f(1) =

1, f ′(0) = 0. y²: �3 ξ ∈ (−1, 1), ¦� f ′′′(ξ) = 3.

y² �â^�, 3 x = 0 ?1Taylor Ðm¿�\ x = −1 Ú x = 1 �

0 = f(−1) = f(0) +
1

2
f ′′(0)− 1

6
f ′′′(ξ1),

1 = f(1) = f(0) +
1

2
f ′′(0) +

1

6
f ′′′(ξ2),

Ù¥ξ1 ∈ (−1, 0), ξ2 ∈ (0, 1), üª�~�

1 =
1

6
(f ′′′(ξ2) + f ′′′(ξ1)).

Ï�

min{f ′′′(ξ2), f ′′′(ξ1)} 6
f ′′′(ξ2) + f ′′′(ξ1)

2
6 max{f ′′′(ξ2), f ′′′(ξ1)},

�â�¼ê�0�5, �3 ξ ∈ (ξ1, ξ2) ⊂ (−1, 1) ¦�

f ′′′(ξ) =
f ′′′(ξ2) + f ′′′(ξ1)

2
= 3.

19. � a > 1, ¼ê f : (0,+∞) → (0,+∞) ��. ¦y�3ªuÃ¡��ê� {xn}
¦�

f ′(xn) < f(axn), n = 1, 2, · · · .

y² (�y{) e(ØØé, K�3 M > 0, ¦�

f ′(x) > f(ax), (x >M).

10



Ï� f > 0, ¤±� x > M �, f ′(x) > 0, íÑ f(x) 3 [M,+∞) î�üNO.

�â�©¥�½n, é x > M , �3 ξ ∈ (x, ax) ¦�

f(ax)− f(x) = f ′(ξ)(ax− x) > f(aξ)(a− 1)x

> f(ax)(a− 1)x.

ùp^�
 aξ > ax, ù´Ï�ξ > x, a > 1, ¤±w,k aξ > ax. � x > 1
a−1 > 0 ,

íÑ

f(ax)− f(x) > f(ax) =⇒ f(x) < 0.

ù� f : (0,+∞)→ (0,+∞) �gñ, ¤±(Ø¤á.

20. |^à¼ê�5�y² Hölder Ø�ª: � {ai}, {bi}, i = 1, 2, · · · , n ´�ê. p, q

´�u 1 ��ê, � 1
p
+ 1

q
= 1, Kk

n∑
i=1

aibi 6

(
n∑
i=1

api

) 1
p
(

n∑
i=1

bqi

) 1
q

.

(J«: �Ä¼ê f(x) = xp.)

y² : � f(x) ´«m I þ����à¼ê, é?¿ x1, · · · , xn ∈ I, - αk >

0, k = 1, · · · , n ÷v α1 + · · ·+ αn = 1.

� x1, · · · , xn �\�²þ

x = α1x1 + · · ·+ αnxn,

¿3 x �TaylorÐm. Ï� f ′′ > 0, ¤±

f(xk) = f(x) + f ′(x)(xk − x) +
f ′′(ξk)

2!
(xk − x)2

> f(x) + f ′(x)(xk − x), k = 1, · · · , n.

ü>¦±αk ¿¦Ú�

α1f(x1) + · · ·+ αnf(xn) > f(x) + f ′(x)(x− x) = f(α1x1 + · · ·+ αnxn),

ù�é����à¼ê f(x), «�S?¿x1, · · · , xn ±9÷v α1 + · · ·+ αn = 1 �?

¿�ê α1, · · · , αnk.

f(α1x1 + · · ·+ αnxn) 6 α1f(x1) + · · ·+ αnf(xn).

¿¡�Jensen Ø�ª £1�þSK3.51�K¤
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e¡y² HölderØ�ª : � p > 1, q > 1,
1

p
+

1

q
= 1£�Ý^�¤, - f(x) = xp,

w,3 x > 0 S f ′′(x) = p(p − 1)xp−2 > 0, Ïd´à¼ê. éü|�ê {ai}, {bi},
i = 1, 2, · · · , n, �

xk = akb
1−q
k , k = 1, · · · , n,

±9�ê

αk =
bqk∑n
i=1 b

q
i

> 0, k = 1, · · · , n.

w, α1 + · · ·+ αn = 1. �\Jensen Ø�ª

f(α1x1 + · · ·+ αnxn) 6 α1f(x1) + · · ·+ αnf(xn)

=⇒
(∑n

k=1 akbk∑n
k=1 b

q
k

)p
6

n∑
k=1

(
bqk∑
i=1 b

q
i

(akb
1−q
k )p

)
=

∑n
k=1 a

p
k∑n

k=1 b
q
k

.

ùp·�^�
 p+ q − pq = 0. ü>m p g�Ò��(J

n∑
k=1

akbk 6

(
n∑
k=1

apk

) 1
p
(

n∑
k=1

bqk

) 1
p
−1

=

(
n∑
k=1

apk

) 1
p
(

n∑
k=1

bqk

) 1
q

.

SK3.3 122 K� a ∈ (0, 1), b1 = 1− a,

bn+1 =
bn

1− e−bn
− a, n = 1, 2, · · · ,

¯ bn ´ÄÂñºeØÂñ, K��y²; eÂñ, K¦Ù4�.

y² £1�Ú¤�yÙÂñ,�ÐüNk.,�yüN,/Ï¼ê

f(x) =
x

1− e−x
− a, x > 0

|^Ø�ª ex > 1 + x, k

f(x) = − 0− x
e−0 − e−x

− a = eξ − a > 1− a > 0 (0 < ξ < x)

f ′(x) =
1− (1 + x)e−x

(1− e−x)2
> 0

Ïd f(x) > 1− a > 0 �î�üNO.

£1�Ú¤Ï� b1 = 1 − a > 0, b2 = f(b1) > 1 − a = b1.£8B¤XJ

b1 < b2 < · · · bn K

bn+1 − bn = f(bn)− f(bn−1) = f ′(ξ)(bn − bn−1) > 0

12



¤± {bn} ´î�üNOê�.

£1nÚ¤y² bn kþ..

XJ bn kþ., K bn k4�, P bn → b Ïd bn 6 b, K3 bn+1 = f(bn) ü>�

4�� f(b) = b. ¤±Ïé bn �þ.Ò´�é f(x)− x = 0 �).�d�

g(x) = f(x)− x =
x

ex − 1
− a

w,

g(0 + 0) = lim
x→0+

g(x) = 1− a > 0, lim
x→+∞

g(x) = −a < 0

�

g′(x) =
(1− x)ex − 1

(ex − 1)2
< 0

ù´Ï�l ex > 1 + x ¥,- x→ −x � e−x > 1− x,=⇒ (1− x)ex < 1. ¤± g(x) î

�üN~. d":½n, í� g(x) 3 (0,+∞) ¥k��),P� b.

e¡�y² b ´bn �þ.,w, b = f(b) > 1 − a = b1, £8B¤XJ b > bn, |

^ f(x) üNO� b = f(b) > f(bn) = bn+1,¤± b ´bn �þ..

ù�·�Òy²
 bn üNOkþ. b,Ù¥ b ´ f(x) − x = 0 ����":.Ï

d bn → b.
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