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福州市 2021 届高三 5 月调研卷 

数学参考答案及评分细则 

评分说明： 

1．本解答给出了一种或几种解法供参考，如果考生的解法与本解答不同，可根据试题

的主要考查内容比照评分标准制定相应的评分细则。 

2．对计算题，当考生的解答在某一步出现错误时，如果后继部分的解答未改变该题的

内容和难度，可视影响的程度决定后继部分的给分，但不得超过该部分正确解答应给

分数的一半；如果后继部分的解答有较严重的错误，就不再给分。 

3．解答右端所注分数，表示考生正确做到这一步应得的累加分数。 

4．只给整数分数。选择题和填空题不给中间分。 

一、选择题：本大题考查基础知识和基本运算．每小题 5 分，满分 40 分． 

1．D 2．C 3．B 4．B  

5．C 6．C 7．A 8．B  

二、选择题：本大题考查基础知识和基本运算．每小题 5 分，满分 20 分．每小题全部选对

的得 5 分，有选错的得 0 分，部分选对的得 2 分． 

9．AD 10．ABC 11．BCD 12．BD 

二、填空题：本大题考查基础知识和基本运算．每小题 5 分，满分 20 分． 

13．
24

25
 14． 12 2n+ −   

15．0.63；150 16． (2,3) 等（注：[2,4]的任意一个非空子区间均可） 

三、解答题：本大题共 6 小题，共 70 分．解答应写出文字说明，证明过程或演算步骤． 

17．本小题主要考查正弦定理、余弦定理、解三角形等基础知识；考查运算求解能力；

考查函数与方程思想，化归与转化思想；考查直观想象、逻辑推理、数学运算等核

心素养；体现基础性．满分 10 分． 

解法一：（1）由题设及正弦定理得， sin sin sin cos( )
6

B A A B


= − ， ···············  1 分 

从而
3 1

sin sin sin ( cos sin )
2 2

B A A B B= + ，  ··············································· 2 分 

化简得，
1 3

sin sin sin cos
2 2

A B A B= ． ····················································· 3 分 
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因为0 , sin 0A A    ， ····································································· 4 分 

所以 tan 3B = ， 

又 0 B   ,故
3

B =

． ·········································································· 5 分 

（2）在 ABC△ 中，由余弦定理知，

2 2 2 2 22 cos =3 +4 2 3 4 cos =13
3

b a c ac B


= + − −    ， 

即 13b = ． ························································································ 6 分 

又由于 A B C D， ， ， 四点共圆，从而
2

3
ADC B = −


= ， ····························  7 分 

在 ADC△ 中，设DC x= ，由余弦定理得， 

2 2 2 2 cosAC AD DC AD DC ADC= + −    ， ··············································  8 分 

即得
2 2 2

13 1 + 2 1 cos
3

x x


= −    ， 

化简得， 2 12 0x x+ − = ，解得 3x = 或 4x = − （舍去）， 

故 3DC = ． ······················································································ 10 分 

解法二：（1）由题设及正弦定理得， sin sin sin cos( )
6

B A A B


= − ， ···············  1 分 

从而
3 1

sin sin sin ( cos sin )
2 2

B A A B B= + ，················································ 2 分 

化简得
1 3

sin sin sin cos
2 2

A B A B= ． ······················································· 3 分 

因为0 , sin 0A A    ， 

所以
1 3

sin cos 0
2 2

B B− = ， 

所以 sin 0
3

B
 

− = 
 

，··········································································· 4 分 

又 0 B   ,故
3

B =

． ········································································· 5 分 

（2）在 ABC△ 中，由余弦定理知，

2 2 2 2 22 cos =3 +4 2 3 4 cos =13
3

b a c ac B


= + − −    ， 

即 13b = ． ························································································ 6 分 
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又由于 A B C D， ， ， 四点共圆，从而
2

3
ADC B = −


= ， ····························  7 分 

在 ACD△ 中，设 ACD  = ，则由正弦定理得 

sin sin sin

AD CD AC

ACD CAD ADC
= =

  
，即

1 13 2 13

πsin 3 3
sin

3 2

CD




= = =
 

− 
 

， ······· 8 分 

所以
3

sin
2 13

 = ， 

又
π

0
3


 

 
 

， ，所以
7

cos
2 13

 = ， 

所以
π 3 1 3 3

sin cos sin
3 2 2 2 13

  
 

− = − = 
 

， ·············································· 9 分 

所以
2 13 π 2 13 3 3

sin 3
33 3 2 13

CD 
 

= − =  = 
 

． ········································ 10 分 

18．本小题主要考查等差数列、等比数列的概念、通项公式，数列求和等基础知识；考查

运算求解能力，推理论证能力；考查化归与转化思想；考查数学抽象、数学运算等核

心素养；体现基础性，综合性．满分 12 分． 

解法一：（1）当 n＞1 时，由 1

1
2n

n

a
a

+ = − ，得 1 12n n

n n

b b

b b

+ −= − ， ······················ 2 分 

化简得
1 12n n nb b b+ −= − ，即

1 1n n n nb b b b+ −− = − ， ············································ 4 分 

这说明{ }nb 是等差数列，故存在一个等差数列{bn}，当 n＞1 时，
1

n
n

n

b
a

b −

= 成立． 

 ········································································································ 6 分 

（2）依题意， 2

1

1 5
2

3
a

a
= − = ， ······························································· 7 分 

又由（1）知 2
2

1

b
a

b
= ，所以 2

1

5

3

b

b
= ，即

2 1

5

3
b b= ， ········································· 8 分 

所以等差数列{bn}的公差
2 1 1

2

3
d b b b= − = ， ················································ 9 分 

所以
1 1

2 1
( 1) ( )

3 2
nb b n d n b= + − = + ， ························································· 11 分 
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故
1

1
1

2 1
( )

2 13 2
2 1 2 1

( )
3 2

n

n

n

n b
b n

a
b n

n b−

+
+

= = =
−

−

． ·························································· 12 分 

解法二：（1）由已知，当 n＞1 时，因为 1 3a = ， 1

1
2n

n

a
a

+ = − ， 

所以
2

5

3
a = ，

3

7

5
a = ， ·········································································· 2 分 

故令 2 1nb n= − ，则数列 nb 是首项为 1，公差为 2 的等差数列． ··················· 4 分  

此时
2 1

2 1
n

n
a

n

+
=

−
，代入验算满足 1

1
2n

n

a
a

+ = − ， 

故存在一个等差数列 nb ，当 n＞1 时，
1

n
n

n

b
a

b −

= 成立，命题得证． ················ 6 分 

（2）由 1

1
2n

n

a
a

+ = − ，得 1

11
1 1 n

n

n n

a
a

a a
+

−
− = − = ， ······································· 7 分 

由 ，得 ， ········································································· 8 分 

所以 ， ····························································· 9 分 

所以 是首项为
1

2
，公差为 1 的等差数列， 

即 ， ······························································ 11 分 

所以
2 1

2 1
n

n
a

n

+
=

−
． ··············································································· 12 分 

19．本小题主要考查直线与直线、直线与平面、平面与平面的位置关系，直线与平面所

成的角，异面直线所成的角等基础知识；考查空间想象能力，推理论证能力，运算

求解能力； 考查化归与转化思想，数形结合思想，函数与方程思想；考查直观想

象，逻辑推理，数学运算等核心素养；体现基础性，综合性．满分 12 分． 

解法一：（1）证明：因为 AB AC⊥ ，平面 ABC ⊥平面
1 1ABB A ， 

平面 ABC 平面
1 1ABB A AB= ， AB 平面 ABC ，所以 AC ⊥平面

1 1ABB A ． ····· 1 分 

又因为
1AA 平面

1 1ABB A ，所以
1AC AA⊥ ．·············································· 2 分 

同理：
1AB AA⊥ ， ··············································································· 4 分 

1 3a = 1 0na − 

1

1 1
1

1 1 1

n

n n n

a

a a a+

== = +
− − −

1

1na

 
 

− 

1 1 2 1
( 1)

1 2 2n

n
n

a

−
= + − =

−
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又因为 AB AC A= ，所以
1AA ⊥平面 ABC ； ············································ 5 分 

（2）选择①②； 

由（1）知，
1AA ⊥平面 ABC ，所以三棱柱

1 1 1ABC A B C− 是直三棱柱． 

因为 AC AB⊥ ， 1AB AC= = ，所以 2BC = ． 

在直三棱柱
1 1 1ABC A B C− 中， AC ⊥平面

1 1ABB A ，
1 1AC AC ， 

所以
1 1AC ⊥平面

1 1ABB A ，所以
1 1C BA 为 1BC 与平面 1 1ABB A 所成的角， 

所以
1 1=30C BA ． ·············································································· 6 分 

在Rt 1 1C A B△ 中，
1 1 1C A = ，

1 2C B = ，所以
1 3A B = ， 

在Rt 1ABA△ 中， 1AB = ，所以
1 2AA = ． ··············································· 7 分 

以 A 为原点，
1, ,AB AA AC 的方向分别为 , ,x y z 轴的正方向建立空间直角坐标系，如图

所示． 

(1,0,0)B ， (0,0,1)C ，
1(1, 2,0)B ，

1(0, 2,0)A ，
1(0, 2,1)C  

所以
1 ( 1, 2,0)BA = − ，

1 1 (0,0,1)AC = ， 

1 ( 1, 2,1)BC = − ，
1 (0, 2,0)BB = ． ····························· 8 分 

设平面
1 1A BC 的法向量为 ( , , )x y z=m ， 

由 1

1 1

0

0

BA

AC

  =


 =

m

m
得

2 0

0

x y

z

− + =


=
，令 1y = 得平面

1 1A BC 的一个法向量为 ( 2,1,0)=m ． 

 ········································································································ 9 分  

设平面
1 1BC B 的法向量为 ( , , )x y z=n ， 

由
1

1

0

0

BB

BC

  =


 =

n

n
得

2 0

2 0

y

x y z

 =

− + + =

，令 1x = 得平面
1 1BC B 的一个法向量为 (1,0,1)=n ．

 ······································································································ 10 分 

所以 cos ,


 =
m n

m n
m n

2

3 2
=



3

3
= ， ·············································· 11 分 

A1

z

y

x

C1

B1

C

B

A



数学参考答案及评分细则（第6页 共13页） 

所以二面角 1 1 1A BC B− − 的余弦值为
3

3
． ··············································· 12 分 

解法二： 

（1）同解法一；·················································································· 5 分 

（2）选择①③； 

因为 AC AB⊥ ， 1AB AC= = ，所以 2BC = ． 

由（1）知，
1AA ⊥平面 ABC ，故

1AA AB⊥ ， 

在三棱柱
1 1 1ABC A B C− 中，

1 1C C A A， 

所以异面直线 1C C 与 1A B 所成角为
1AA B ，所以

1

6
cos

3
AA B = ． ················ 6 分 

在Rt 1ABA△ 中，因为 1AB = ，
1AA AB⊥ ，

1

6
cos

3
AA B = ， 

所以
1 2AA = ． ·················································································· 7 分 

下同解法一； ···················································································· 12 分 

解法三： 

（1）同解法一；·················································································· 5 分 

选择②③； 

由（１）知，
1AA ⊥平面 ABC ，所以三棱柱

1 1 1ABC A B C− 是直三棱柱， 

在直三棱柱
1 1 1ABC A B C− 中， AC ⊥平面

1 1ABB A ，
1 1AC AC ， 

所以
1 1AC ⊥平面

1 1ABB A ，所以
1 1C BA 为 1BC 与平面 1 1ABB A 所成的角， 

所以
1 1=30C BA ． ·············································································· 6 分 

在直三棱柱
1 1 1ABC A B C− 中，

1 1C C A A，且
1AA AB⊥ ， 

所以异面直线 1C C 与 1A B 所成角为
1AA B ，所以 1

6
cos

3
AA B = ． ················ 7 分 

在 1 1Rt A BC△ 中，设
1 1 1C A = ，则

1 2C B = ，所以
1 3A B = ， 

在Rt 1ABA△ 中，因为
1 3A B = ， 1

6
cos

3
AA B = ， 

所以
1 2AA = ， 1AB = ． ······································································ 8 分  
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下同解法一． ···················································································· 12 分 

20．本题主要考查用样本估计总体，独立性检验，条件概率等基础知识；考查数学建模

能力，运算求解能力，推理论证能力，创新能力以及应用意识；考查统计与概率思

想，化归与转化思想；考查数学建模，数据分析，数学运算等核心素养；体现综合

性、应用性和创新性．满分 12 分． 

解法一：（1）设 A =“从这 100 名被检测者中，随机抽取一名不带菌者，检测结果呈

阳性”， ······························································································ 1 分 

根据统计图可知在不带菌者中，检测结果呈阳性的有 5 人， ·························· 2 分 

所以
5 1

( )
50 10

P A = = ． ··········································································· 3 分 

（2）假设 H0：“带菌”与“检测结果呈阳性”无关， ·································· 4 分 

可作出 2 2 列联表如下： ······································································ 5 分 

 阳性 阴性 合计 

带菌 35 15 50 

不带菌 5 45 50 

合计 40 60 100 

进一步计算得， 2K 的观测值
2100 (35 45 15 5)

37.5 10.828
40 60 50 50

k
  − 

= = 
  

； ·········· 6 分  

因为 2( 10.828) 0.001P K  = ， ································································· 7 分 

所以，能够在犯错误概率不超过 0.001 的前提下认为“带菌”与“检测结果呈阳性”

有关． ······························································································· 8 分 

（3）设 B =“被检测者带菌”，C =“被检测者检测结果呈阳性”， 

则 BC =“被检者‘带菌’且‘检测结果呈阳性’”， ···································· 9 分 

用频率估计概率，根据题意可知： ( ) 0.1P B = ，
35

( | ) 0.7
50

P C B = = ， ············· 11 分 

所以由条件概率公式可知 ( ) ( ) ( | ) 0.1 0.7 0.07P BC P B P C B=  =  = ． ·············· 12 分 

解法二：（1）设 A =“从这 100 名被检测者中，随机抽取一名为不带菌者”，D =  “从

这 100 名被检测者中，随机抽取一名检测结果呈阳性”，  
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则“从这 100 名被检测者中，随机抽取一名不带菌者，检测结果呈阳性”的概率就是

“在事件 A 发生的条件下，事件 D 发生”的概率，记为 ( | )P D A ． ················· 1 分 

根据题意，
1

( )
2

P A = ，
5

( )
100

P AD = ， ····················································· 2 分 

利用条件概率公式，得

5

( ) 1100( | )
1( ) 10

2

P AD
P D A

P A
= = = ． ································· 3 分 

（2）下同解法一． ············································································ 12 分 

21．本小题主要考查椭圆的标准方程及简单几何性质，直线与椭圆的位置关系等基础知识；

考查运算求解能力，推理论证能力；考查数形结合思想，函数与方程思想，化归与转

化思想；考查直观想象，逻辑推理，数学运算等核心素养；体现基础性和综合性．满

分 12 分． 

解法一：（1）以OB 为对角线的正方形OPBQ 的顶点

坐标分别为 ( ,0)B a , ( , )
2 2

a a
P , ( , )

2 2

a a
Q − ． ······· 1 分 

因为 ,P Q在椭圆上，所以

2 2

2 2

4 4 1

a a

a b
+ = ， ······· 2 分 

所以
2

2
3

a

b
= ， ·········································· 3 分 

所以 2 2 2 22c a b b= − = ， ········································································· 4 分 

所以椭圆的离心率
6

3

c
e

a
= = ； ······························································ 5 分 

（2）当 2a = 时，
2 3

3
b = ，所以椭圆的方程为 2 23 4x y+ = ． ······················· 6 分 

1

2

k

k
为定值

1

3
，理由如下： 

①当直线 l 的斜率不存在时， l 的方程为 1x = ，则 (1,1), (1, 1)M N − ， 

所以 1
1

1

1 1

2 1 ( 2) 3

y
k

x
= = =

+ − −
， 2

2

2

1
1

2 1 2

y
k

x

−
= = =

− −
，所以 1

2

1

3

k

k
= ． ··············· 7 分 

②当直线 l 的斜率存在时，设 l 的方程为 1x my= + ， 0m  ， 

设
1 1( , )M x y ，

2 2( , )N x y ， 

Q

P

BA O

y

x

1

N

M

BA O

y

x
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不妨设
2 10y y  ，且

1 2 0y y+  ． 

由
2 2

1

3 4

x my

x y

= +


+ =
可得 2 2( 3) 2 3 0m y my+ + − = ， ············································ 8 分 

2=16 36 0m +  ，
1 2 2

2

3

m
y y

m
+ = −

+
，

1 2 2

3

3
y y

m
= −

+
． ······························· 9 分 

要证 1

2

1

3

k

k
= ，只要证明：

1

1

2

2

2 1

3

2

y

x

y

x

+
=

−

， 

只要证：
1 2 2 13 ( 2) ( 2)y x y x− = + ， 

只要证：
1 2 2 13 ( 1) ( 3)y my y my− = + ， 

只要证：
1 2 1 22 3( )my y y y= + ， 

因为
1 2 0y y+  ， 0m  ，即证 1 2

1 2

3

2

y y

y y m
=

+
， ·········································· 10 分 

因为
1 2 2

2

3

m
y y

m
+ = −

+
，

1 2 2

3

3
y y

m
= −

+
，所以 1 2

1 2

3

2

y y

y y m
=

+
． 

所以 1

2

1

3

k

k
= 成立， ·············································································· 11 分 

综上所述： 1

2

1
=

3

k

k
． ··········································································· 12 分 

解法二：（1）同解法一； ······································································· 5 分 

（2）当 2a = 时，
2 3

3
b = ，所以椭圆的方程为 2 23 4x y+ = ． ······················· 6 分 

设 l 的方程为 1x my= + ， 0m  ， 

设
1 1( , )M x y ，

2 2( , )N x y ，不妨设
2 10y y  ． 

由
2 2

1

3 4

x my

x y

= +


+ =
可得 2 2( 3) 2 3 0m y my+ + − = ， 

2=16 36 0m +  ，
1 2 2

2

3

m
y y

m
+ = −

+
，

1 2 2

3

3
y y

m
= −

+
． ······························· 7 分 

所以 1 2

1 2

2

3

y y m

y y

+
= ，即

1 2 1 22 3( )my y y y= + ． ··············································· 8 分 
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1

1 1

22

2

2

2

y

k x

yk

x

+
=

−

 ························································································· 9 分 

1 2

1 2

2

2

y x

x y

−
=

+
 

 1 2 1 2 1

1 2 1 2 2

( 1)

( 3) 3

y my my y y

my y my y y

− −
= =

+ +
 ······························································· 10 分 

 
1 2 1 1 2

1 2 2 1 2

3 1 3
( )

12 2 2
3 3 9 3

( )+3
2 2 2

y y y y y

y y y y y

+ − +

= = =

+ +

． ···················································· 11 分 

综上所述： 1

2

1
=

3

k

k
． ··········································································· 12 分 

解法三：（1）同解法一； ······································································· 5 分 

（2）当 2a = 时，
2 3

3
b = ，所以椭圆的方程为 2 23 4x y+ = ． ······················· 6 分 

设 l 的方程为 1x my= + ， 0m  ， 

设
1 1( , )M x y ，

2 2( , )N x y ，不妨设
2 10y y  ． 

由
2 2

1

3 4

x my

x y

= +


+ =
可得 2 2( 3) 2 3 0m y my+ + − = ， 

2=16 36 0m +  ，
1 2 2

2

3

m
y y

m
+ = −

+
，

1 2 2

3

3
y y

m
= −

+
． ······························· 7 分 

因为 N 在椭圆上，所以 2 2

2 23 4x y+ = ，即 2 2

2 24 3 0x y− + = ， 

所以 2 2

2 2

1

2 2 3

y y

x x
 = −

− +
． ······································································ 8 分 

1

1 1 1 2 1 2

22 1 2 1 2

2

2 2 3

2 2 2

2

y

k x y x y y

yk x y x x

x

+ − −
= =  = 

+ + +

−

 ， ············································· 9 分 

1 2

1 2

3

( 3)( 3)

y y

my my

−
=

+ +
 

1 2

2

1 2 1 2

3

3 ( ) 9

y y

m y y m y y

−
=

+ + +
 ································································· 10 分 
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2 2

2

2 2 2

3 9
3( )

13 3
3 2 27 3

( ) 3 ( ) 9
3 3 3

m m
m

m m
m m m

− −
+ += = =

− + − +
+ + +

． 

所以 1

2

1

3

k

k
= ． ···················································································· 11 分 

综上所述： 1

2

1
=

3

k

k
． ··········································································· 12 分 

解法四：（1）同解法一； ······································································· 5 分 

（2）当 2a = 时，
2 3

3
b = ，所以椭圆的方程为 2 23 4x y+ = ． ······················· 6 分 

设
1 1( , )M x y ，

2 2( , )N x y ， 

因为M 在椭圆上，所以 2 2

1 13 4x y+ = ，所以 1 1

1 1

1

2 2 3

y y

x x
 = −

+ −
． ····················· 7 分 

所以 1 1
1

1 1

21

2 3

y x
k

x y

−
= = − 

+
， ·································································· 8 分 

同理 2 2
2

2 2

21

2 3

y x
k

x y

+
= = − 

−
． ································································· 9 分 

设 1

2

k
t

k
= ，则

( )

( )

( )

( )
2 1 1 2

1 2 2 1

2 2

2 2

x y x y
t

x y x y

− −
= =

+ +
， 

所以 1 2 2 2 1 12 2tx y ty x y y+ = − ，① 

1 2 2 2 1 12 2x y y tx y ty− = + ，② 

① +②得 ( ) ( ) ( ) ( )1 2 2 2 1 11 2 1 1 2 1t x y t y t x y t y+ + − = + + − ， ····························· 10 分 

当 1t = − 时得 2 1y y= ，不合题意，舍去． 

当 1t  − 时，
( ) ( )

1 2 2 1

2 1 2 1

1 1

t t
x y x y

t t

− −   
− = −   

+ +   
， 

所以直线MN 经过点
( )2 1

0
1

t

t

− 
 

+ 
， , 

又MN 过定点 ( )1 0， ，故
( )2 1

1
1

t

t

−
=

+
，解得

1

3
t = ． ····································· 11 分 

综上所述： 1

2

1
=

3

k

k
． ··········································································· 12 分 
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22．本小题主要考查导数，函数的单调性，不等式等基础知识；考查逻辑推理能

力，运算求解能力和创新能力；考查函数与方程思想，化归与转化思想，数形结合

思想；考查逻辑推理，直观想象，数学运算等核心素养；体现综合性和创新性．满

分 12 分． 

解法一：（1）因为 ( )( ) sin 1 lnf x a x x= − + ， 

所以 ( ) ( )
1

cos 1f x a x
x

 = − − + ． ······························································· 1 分 

因为0 1x  ，所以0 1 1x −  ，则 ( )0 cos 1 1x −  ． ································· 2 分 

又 0 1a ，知0 cos(1 ) 1a x −  ，且0 1x  时
1

1
x
 ， ······························· 3 分 

故 ( ) ( )
1

cos 1 0f x a x
x

 = − − +  ，所以 ( )f x 在 ( )0,1 单调递增． ························ 4 分 

（2）由（1）知，当 1a = 时， ( ) ( )1f x f ，即 ( )sin 1 ln 0x x− +  ， 

所以 ( )
1

sin 1 lnx
x

−  ． ··········································································· 5 分 

令 2

1
1

1
x

n
− =

+
，所以

2

2 2

1
1

1 1

n
x

n n
= − =

+ +
，从而

2

2

1 1n

x n

+
= ， 

所以
2

2 2 2

1 1 1
sin ln ln 1

1

n

n n n

+  
 = + 

+  
， ······················································ 6 分 

因为 *2,n n≥ N ，所以 2

1
(0,1)

1n


+
，所以 2

1
0 sin 1

1n
 

+
， 

所以
2

2 2

1 1
sin sin

1 1n n


+ +
2

1
ln 1

n

 
 + 

 
，··················································· 7 分 

所以
2 2 2

2 2 2 2

1 1 1 1 1 1
sin sin sin ln 1 ln 1 ln 1

5 10 1 2 3n n

     
+ +    +  + + + +    + +     

+      
， 

即
2 2 2

2 2 2 2

1 1 1 1 1 1
sin sin sin ln 1 1 1

5 10 1 2 3n n

     
+ +    +  +  +      +     

+      
． ··············· 8 分 

因为
4 4 4

2 2 2

2 2 2

1 1 1
1 1 1

1 1 1 2 3
1 1 1

1 1 12 3
1 1 1

2 3

n

n

n

     
−  −      −     

           
+  +      + =     

           −  −      −     
     

 ··················· 9 分 

( )( ) ( )( ) ( )( )

4 4 4 4 4 4

2 2 2

1 1 1 1 1 1
1 1 1 1 1 1

2 3 2 3

1 12 1 2 1 3 1 3 1 1 1

22 3

n n

nn n

nn

           
−  −      − −  −      −           

           
= =

+− + − + − +
     
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 ······································································································ 10 分 

4 4 4

1 1 1 1
1 1 1 2 2

2 3 1n n

       
= −  −      −  −        

+       
， ······································· 11 分 

所以 2 2 2

1 1 1
ln 1 1 1 ln 2

2 3 n

     
+  +      +      

     
， 

所以
2 2 2

2

1 1 1
sin sin sin ln 2

5 10 1n
+ +   + 

+
． ·············································· 12 分 

解法二：（1）同解法一； ······································································· 4 分 

（2）由（1）知，当 1a = 时， ( ) ( )1f x f ，即 ( )sin 1 ln 0x x− +  ， 

所以 ( )
1

sin 1 lnx
x

−  ．··········································································· 5 分 

令 2

1
1

1
x

n
− =

+
，所以

2

2 2

1
1

1 1

n
x

n n
= − =

+ +
，从而

2

2

1 1n

x n

+
= ， 

所以
2

2 2 2

1 1 1
0 sin ln ln 1 ln 2

1

n

n n n

+  
  = +  

+  
（ *nN 且 2n≥ ）， ·················· 6 分 

构造函数 ( ) ln(1 )x x x = + − ， 0x  ， 

1
( ) 1 0

1 1

x
x

x x


−
 = − = 

+ +
，所以 ( )x 在 (0, )+ 上单调递减， 

所以 ( ) (0) 0x  = ，即 ln(1 ) ( 0)x x x+   ， ·············································· 7 分 

所以0 
2

1
ln(1 )

k
+ 

2

1

k

1
( 1)

( 1)
k

k k
 

−
， ·················································· 8 分 

所以当 *nN 且 2n≥ ，
( )2

1 1
0 sin

1 1n n n+ −
＜ ＜ ，故

( )
2

2

1 ln 2
sin

1 1n n n+ −
＜ ， ····· 9 分 

所以
2 2 2

2

1 1 1
sin sin sin

5 10 1n
+ +   +

+
 

1 1 1
(ln 2) (ln 2) (ln 2)

1 2 2 3 ( 1)n n
  +  +    + 

  − 
 

1 1 1
ln 2

1 2 2 3 ( 1)n n

 
= + +    +  

  − 
 

1 1 1 1 1
(1 ) ( ) ln 2

2 2 3 ( 1)n n

   
= − + − +    + −   

−   
 ························································· 10 分 

1
= 1 ln 2 ln 2

n

 
−   

 
． ······································································ 11 分 

所以
2 2 2

2

1 1 1
sin sin sin ln 2

5 10 1n
+ +   + 

+
. ················································ 12 分 


