
三角形 综合练习
【例题精选】：

例1、已知, 等腰三角形一边上的高是另一边的一半, 求顶角的度数

解: 本题有四种情况

(1)如图a中底边上的高是腰长的一半

∵
[image: image163.png]



∴(A = 30(

即(ACB = 120(

(2)如图b中一腰上的高是底边的一半

∵
[image: image2.wmf]BD
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∴(DAB = 30(
即(ACB = 120(
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(3)如图c中一腰上的高是另一腰的一半, 且高在
[image: image4.wmf]D

ABC外时, 


∵
[image: image5.wmf]DB
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∴(BCD = 30(

∴(ACB = 150(

(4)如图d中, 一腰上的高是另一腰的一半且高在
[image: image6.wmf]D

ABC内时

∵ 
[image: image7.wmf]DB
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∴(C = 30(

故本题答案为顶角的度数可能是30(, 120(或150(。

(本题的定理待讲完Rt
[image: image8.wmf]D

性质之后会明白, 本题的主要目的是想让同学们体会分类讨论的数学思想)

[image: image9.png]




例2、求证: 等腰三角形腰上的高与底边的头角等于顶角的一半

已知: 
[image: image10.wmf]D

ABC中, AB = AC, BD(AC

求证: (CBD = 
[image: image11.wmf]1

2

(A

分析一: 本题图形特征是即有等腰三角形又有直角三角形, 它的角有的相等, 有的互余, 通过计算与代换可完成证明。

证明: ∵BD(AC, 则(BDC = (BDA = 90(

而(1 = 90(－(C, (A + (2 = 90(

∴(1 = 90(－(C = (A + (2－(C……(1)


又∵AB = AC, (ABC = (C

∴(2 = (ABC－(1 = (C－(1……(2) 
(2)代入(1)


(1 = (A + (C－(1－(C

(1 = (A－(1
(1 = 
[image: image12.wmf]1

2

(A



即(CBD =
[image: image13.wmf]1
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(A

分析二: 前面已经介绍过等腰三角形顶角和底角的关系, 可知
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, (1 = 90(－(C

证明: ∵AB = AC, (ABC = (C, 
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又∵BD(AC

(BDC = 90(－(C = 90(－(90(－
[image: image16.wmf]1
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    分析三: 可将(A平分, 证平分后的角与(CBD相等, 

[image: image18.png]




证明: 过A点作AE(BC于E

∵AB = AC, 则(BAE = (CAE = 
[image: image19.wmf]1
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Ð
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又BD(AC, AE(BC, (BDC = (AEC = 90(

∴(CBD = (CAE(同角的余角相等)


即(CBD = 
[image: image20.wmf]1
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(还可以通过全等等方法就不在这里介绍了)

[image: image21.png]




例3、在等边三角形ABC的边上取中点D, 在BC边的延长线上取一点E, 使CE = CD, 过D作DF(BC于F, 求证: 点F平分BE。

分析: 已知DF(BC, 要证点F平分BE, 只须证
[image: image22.wmf]D

BDE是等腰三角形即可, 从条件出发, D是AC中点, BD平分(B, (DBC = 30(, 又有DC = CE, (1 = (2, (DCB = 2(2, ∴60( = 2(2, 

故(2 = 30(, 
[image: image23.wmf]D

DBE为等腰三角形

证明联结BD, DE……(略)

[image: image24.png]




例4、AB是等腰Rt
[image: image25.wmf]D

ABC的斜边, AD是(A的平分线

求证: AC + CD = AB

分析一: 由于结论是二短线段之和等于一长线段, 自然想到截长法。        


因CD(AC, 故可过D作DE(AB于E, 证出Rt
[image: image26.wmf]D

ACD≌Rt
[image: image27.wmf]D

AED, 便有AC + CD = AE + DE, 此后再证DE = DB即可, 因为
[image: image28.wmf]D

ABC是等腰Rt
[image: image29.wmf]D

, 所以(B = 45(, 可得(BDE = 45(, 有BE = DE, 即AD + DE = AB = AC + CD
[image: image30.png]




证明: (自证)


分析二: 欲证AC + CD = AB, 也可采取补短法, 延长AC, 使CE = CD, 只须证出AB = AE, 即可, 为此连结DE, 
[image: image31.wmf]D

CED即为新出现的等腰Rt
[image: image32.wmf]D

(E = 45(, 而(B = 45(, AD = AD, AD平分(A, ∴
[image: image33.wmf]D

AED≌
[image: image34.wmf]D

ABD, AE = AB
[image: image35.png]




分析三: 由于AC(BC, 且AC = BC, 此时可将
[image: image36.wmf]D

ABC以AC为轴作对称变换得到
[image: image37.wmf]D

ACE的位置, 从图中可知ED = EC + CD = AC + CD, 我们须要证明出AE = ED即可, 从图中可知(EAD为45( + 
[image: image38.wmf]1
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45(即67.5(, (EDA = (B + (DAB = 45( + 
[image: image39.wmf]1

2

45( = 67.5(, ∴(EAD = (EDA, 即有AE = ED

证明: 延长BC至E, 使CB = CE, 连结AE

∵AC(BE

∴
[image: image40.wmf]D

ABE为等腰三角形



∵(B = 45(

∴(EAB = 90(……(略去)

[image: image41.png]




例5、如图, 已知在
[image: image42.wmf]D

ABC中, AB = AC, BD平分(ABC, (BDE = 90(, 


求证: DC = 
[image: image43.wmf]1

2

BE



分析: 由图可知, BE是Rt
[image: image44.wmf]D

BDE的斜边它的中线等于它的一半长, 添加斜边的中线也是一种重要的辅助线的作法, 此时, 我们须要证DF = DC, 这就须要去找角等

证明: 取BE中点F, 连结DF

∵(BDE = 90(, ∴DF = 
[image: image45.wmf]1

2

BE

   且DF = BF

(1 = (FDB

(3 = (1 + (FDB = 2(1


∵BD平分(B, (ABC = 2(1


∵AB = AC
∴(ABC = (C

则有(C = (3

故DC = DF          


∴DC = 
[image: image46.wmf]1
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例6、如图在Rt
[image: image48.wmf]D

ABC中, (C = 90(, E是BC上一点, DE(BC交AB于D, 若BE = AC, BD = 
[image: image49.wmf]1

2

, DE + BC = 1


求证: BE = 
[image: image50.wmf]1

2

AB

证明: 延长BC到F, 使CF = DE, 连结AF, 由DE + BC = 1得BC + CF = 1即BF = 1


∵DE(BC

(BED = 90(

又知(ACB = 90(

又∵BE = AC, DE = CF

∴Rt
[image: image51.wmf]D

BDE≌Rt
[image: image52.wmf]D

AFC(SAS)


∴AF = BD = 
[image: image53.wmf]1

2

   
(FAC = (B

已知(B + (BAC = 90((直角三角形两锐角互余)


∴(BAC + (FAC = 90(

∴(FAB = 90(

在Rt
[image: image54.wmf]D

FAB中 FA =
[image: image55.wmf]1
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, BF = 1
∴(B = 30((？)


AC = 
[image: image56.wmf]1
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例7、在
[image: image58.wmf]D

ABC中(BAC = 75(, (B = 45(, AB = 
[image: image59.wmf]6

cm

,


求
[image: image60.wmf]D

ABC的面积

分析: 为了求
[image: image61.wmf]D

ABC的面积就须要求出它的一边和这条边上的高, 题中已知
[image: image62.wmf]AB

=

6

, 首先想到的就是能否求出AB边上的高CE, 容易得到CE = BE, 但BE是多少呢, 由于(A = 75(, 这个条件不好用, 求BE遇到困难, 此时, 及时调解解题方向是十分重要的, 换个解题思路。

解: 作AD(BC于D, 则在Rt
[image: image63.wmf]D

ABD中, (B = 45(

∴(DAB = 45(

有AD = BD

由勾股定理得
[image: image64.wmf]AD
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∴AD = 
[image: image65.wmf]3



又∵(CAD = (CAB－(BAD = 75(－45( = 30(

∴CD = 
[image: image66.wmf]1
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在Rt
[image: image67.wmf]D

ADC中, 由勾股定理得
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即
[image: image69.wmf](
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∴DC = 1


则由BC = BD + DC = AD + DC = 1 +
[image: image70.wmf]3




[image: image71.wmf](
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答: 
[image: image72.wmf]D

ABC面积为
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例8、在正方形ABCD中, F为DC的中点, E为BC上一点, 且EC = 
[image: image75.wmf]1

4
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求证: (EFA = 90(

分析: 通过图形结构和求证本题思路十分明显, 就是要找Rt
[image: image76.wmf]D

, 那就是要通过勾股定理逆定理来完成。

证明: 设正方形ABCD的边长为4a

则EC = a, BE = 3a, CF = DF = 2a

在Rt
[image: image77.wmf]D

ABE中
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在Rt
[image: image79.wmf]D

ADF中
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在Rt
[image: image81.wmf]D

ECF中
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由上述结果可得
[image: image83.wmf]AE
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由勾股定理逆定理可知
[image: image84.wmf]D

AEF为Rt
[image: image85.wmf]D

, 且AE是最大边, 即(AFE = 90(
[image: image86.png]




例9、如图
[image: image87.wmf]D

ABC中, AB = AC, (BAC = 90(, D是AB中点, 且AE(CD

求证: (1 = (2



分析: 要证(1 = (2, 但它们所在的三角形不同类, 故不可能通过全等直接获证, 此时须借助第三个角进行等量代换, 这就须要利用已知条件构造新的三角形。

证法一: 过B点作BF(AB交AE的延长线于F, 


在
[image: image88.wmf]D

ABF和
[image: image89.wmf]D

ACD中, (BAC = (ABF = 90(, AB = AC

(BAF = (DCA(在Rt
[image: image90.wmf]D

CAD中, AE(CD, 同角的余角)


∴
[image: image91.wmf]D

ABF≌
[image: image92.wmf]D

CAD(ASA), 有AD = BF, 有(2 = (F……①

∵D是AB中点, AD = DB, ∴DB = BF 


∵AB = AC
(ABC = (ACB = 45(

∴(EBF = 45(, BE = BE

则
[image: image93.wmf]D

DBE≌
[image: image94.wmf]D

FBE(SAS)


有(1 = (F……②

由①②知(1 = (2

[image: image95.png]




证法二: 过A点作AH(BC于H, 交CD于M,


∵(A = 90(
AB = AC

∴AH平分(A, 有(4 = 45(

又可知(B = 45(

∴(4 = (B

在Rt
[image: image96.wmf]D

ADC中, AE(DC, (3 = (5


故
[image: image97.wmf]D

AMC≌
[image: image98.wmf]D

BEA
∴AM = BE

∵D是AB中点

∴AD = DB


[image: image99.png]




又知(DAM = 45(




∴
[image: image100.wmf]D

AMD≌
[image: image101.wmf]D

BED
(1 = (2


说明: 这两种证法中都用到, 在直角三角中有斜边上的高, 就产生两对同角的余角相等

即(1= (2, (3 = (4


两种证法中的辅助线各有特点, 都很重要特别遇到等腰三角形时, 常常要做出底边上的中线, 它具有三重性, 集三条线段于一身, 为灵活运用创造了条件。
【综合练习】：
一、选择题

1、直角三角形的周长是2 + 
[image: image102.wmf]6

, 斜边上的中线的长为1, 那么, 这个三角形面积是
(
)


A．2


B．1


C．
[image: image103.wmf]3
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D．
[image: image104.wmf]1
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[image: image105.png]




2、如图, 
[image: image106.wmf]D

ABC中, D是BC上一点, 且BA = BD, (DAC =
[image: image107.wmf]1

2

(B, (C = 50(, 则
[image: image108.wmf]D

ABC是(
)


A．锐角三角形




B．直角三角形

C．钝角三角形




D．等腰三角形
[image: image109.png]




3、在Rt
[image: image110.wmf]D

ABC中, (ACB = 90(, (A = 30(, CD(AB于D, BD = 2, 则AB长为(
)


A．4


B．8


C．10


D．16

[image: image111.png]




4、在Rt
[image: image112.wmf]D

ABC中, (ACB = 90(, D是AB中点, DE(BC于E, 且AC = 
[image: image113.wmf]1

2

AB

, 那么图中60(角有(

)


A．2个


B．3个


C．4个


D．5个

5、
[image: image114.wmf]D

ABC中, (A、(B、(C的对边分别是a、b、c下列命题中的假命题是(
)


A．如果(C－(B = (A, 那么(C = 90(    


B．如果(C = 90(, 那么
[image: image115.wmf]c
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C．如果
[image: image116.wmf](
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, 那么(C = 90( 


D．如果(A = 30(, (B = 60(, 那么AB = 2BC 

二、填空题

1、直角三角形两边长为5和12, 斜边中线长为

。

2、等腰三角形底边上中线长4, 腰长为5, 则此三角形面积为

。
[image: image117.png]




3、如图, 正方形ABCD, 
[image: image118.wmf]D

EAD为等边三角形, 则(EBC = 


。

4、等腰三角形中有一个角是52(, 它的一条腰上的高与底边的夹角为


。
[image: image119.png]




5、在
[image: image120.wmf]D

ABC中, (A = 40(, (B = 72(, CD(AB于D, CE平分(ACB交AB于E, DF(EC于F, 则(CDF = 


。
三、解答题  

[image: image121.png]




1、已知
[image: image122.wmf]D

ABC是等腰三角形, AB = AC, (A = 45(, AD和CE是高它们相交于
[image: image123.wmf]D



求证: AH = 2BD

(99年江苏扬州, 中数试卷节23题)

[image: image124.png]




2、
[image: image125.wmf]D

ABC中, AD、BE分别为BC、AC, 边上的高, D、E为垂足M为边AB的中点, N为DE中点。

求证:(1)
[image: image126.wmf]D

MDE是等腰三角形

 
(2)MN(DE
[image: image127.png]3





3、已知AD是等腰三角形ABC底边上的高, E、F为AD上两点且(ABE = (EBF = (FBC连结CF并延长交AB于G。

求证: (1)
[image: image128.wmf]D

GBF为等腰三角形


(2)GE∥BF
【答案】：
一、1、D  


略解  设两直角边为x、y, ∵斜边上的中线为1, 那么斜边为2, 两直角边之和为
[image: image129.wmf]6

, 据勾股定理还有
[image: image130.wmf]x
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∴xy = 1


[image: image132.wmf]S
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(注意求出xy = 1, 这样一个整体思想)


2、B。
    略解 ∵(ADC = (DAC + (C =
[image: image133.wmf]1

2

(B + 50(

AB = DB, (BAD = (BDA(等边对等角), 


在
[image: image134.wmf]D

ABD中, (B +
[image: image135.wmf]1
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= 180(
∴(B = 40(

(BAD = 70(
(DAC = 20(
[image: image136.wmf]Þ

 (BAC = 90(

BA(AC


3、B。

4、D。

∵(ACB = 90(, 且AC =
[image: image137.wmf]1

2

AB

, ∴(B = 30(

故(A = 60(, ∵D是AB中点, DC = 
[image: image138.wmf]1
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[image: image139.wmf]D

ADC是等边三角形, (ACD = (ADC = 60(

又∵DE(BC于E, ∴DE平分(BDC, 故(BDE = (EDC = 60(

5、C。
二、1、解: (1)当5、12分别为两直角边时, 斜边长为
[image: image140.wmf]5

12

2

2

+

=13, 斜边上中线长6.5


解(2)当斜边为12时, 斜边中线为6


(5不可能为斜边, 因为在Rt
[image: image141.wmf]D

中斜边大于直角边)


2、12


3、(EBC = 75(

4、38(或26(

5、74(

3、解: ∵正方形ABCD, (A = 90(
正三角形AED
∴(EAD = 60(

∴(BAE = 150(

AB = AE

∴(ABE = (AEB = 
[image: image142.wmf]1

2

+ 30( = 15(

(EBC = 90(－15( = 75(

4、解: 如果顶角为52(, 则等腰三角形底角为64(, 它的腰上的高与底边夹角为26(。

如果底角52(, 则等腰三角形顶角76(, 它的腰上的高与底边夹角38(。

此题要分类讨论。

只有当等腰三角形中一个角或大于或等于60(时才是一个答案。

5、解: 在
[image: image143.wmf]D

ABC中, (A = 40(, (B = 72(, CD(AB于D, CE平分(ACB, 在
[image: image144.wmf]D

ABC中可知(ACB = 68(, (ECB = 34(, (DBB = 18(, ∴(ECD = 16(, 则(CDF = 90(－16( = 74(
[image: image145.png]



三、1、证明: 在
[image: image146.wmf]D

ABC中AB = AC, AD是底边BC上的高, ∴BD = CD, BC = 2BD, 


∵(A = 45( , CE(AE, 
[image: image147.wmf]D

AEC是等腰直角三角形, 则AE = EC, 
[image: image148.wmf]D

AEH≌
[image: image149.wmf]D

CEB(ASA)


AH = BC, AH = 2BD

2、证明: ∵AD(BC, BE(AC, ∴
[image: image150.wmf]D

ABD、
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ABE都是Rt
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, AB为公共斜边
[image: image153.png]




∵M为AB的中点

∴MD = 
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故MD = ME, 即
[image: image155.wmf]D

MDE是等腰三角形

在等腰
[image: image156.wmf]D

MDE中, ∵N是ED中点, ∴MN平分DE

即有MN(DE

[image: image157.png]< é“»&o





3、证明: (1)AD是等腰三角形ABC底边的高由等腰三角形对称性(或通过全等)


可得(FBC = (FCB

∵(GFB = (FBC + (FCB

又BF是(ABD三等分线

∴(GFB = 
[image: image158.wmf]2
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∴(GFB = (GBF



∴GB = GF , 即
[image: image159.wmf]D

GBF是等腰三角形

(2)延长BF交AC于点
[image: image160.wmf]D



∵AD是等腰三角形的高, 由三角形对称性可得(GFA = (HFA, 即AF是(HFG的平分线

∴E到FG、FH的距离EM = EN

∵(ABE = (EBF  
BE平分(ABF, E到AB、BH的距离EK = EN

∴EK = EM, ∴GE平分(AGF, 即(EGF =
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(AGF

又(GFB =
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2

(AGF, 即(EGF = (GFB, ∴GE∥BF
PAGE  
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