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1�Ù 1�Ù�Y

§1.1 Ì�SN

• n)�o´�ÅÁ�, ¿�3�½���ÅÁ��, ¬¦�ÅÁ�����

m,��:. SK1,2.

5¿���m´Á�¤k�U(J�8Ü,��:´���m¥���,�

=���U�(J.

• �Å¯�({¡�¯�)´���m�f8. n)7,¯�(�����m),Ø

�U¯�(φ,=Ø¹?���:),Ä�¯�(ü:8).

• ¯��'X:

1. �¹(A ⊂ B): If A, then B.

2. ��(A = B): If A ⊂ B and B ⊂ A.

3. éá¯�(B = A): If B = not A.

4. Ø�N(A, BØ�N): If A, then B.

• ¯��$�(õ�¯�Ón):

1. ¿(A ∪ B): If A or B.

2. �(AB): If A and B.

3. �(A − B = AB):If A and B.

• $�{K:

1. ��Æ:A ∪ B = B ∪ A, AB = BA.

2. (ÜÆ:(A ∪ B) ∪C = A ∪ (B ∪C) = A ∪ B ∪C, (AB)C = A(BC) = ABC.

3. ©�Æ: A(B ∪C) = AB ∪ AC.

4. éá¯�$�: A = A.

5. éóÆ: A ∪ B = A B,AB = A ∪ B; A ∪ B ∪C = A B C, ABC = A ∪ B ∪C.
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Ýº|^©¼ã5n)¯��'X$�9$�{K.

éASK3,4,5,6.

• n)ªÇ�VÇ�¿Â,¿ÝºVÇ�5�:

1. �K5: 0 ≤ P(A) ≤ 1.

2. 5�5: P(Ω) = 1, P(φ) = 0.

3. ���\5: P(A1 + A2 + A3 + · · · ) = P(A1) + P(A2) + P(A3) + · · · .

4. IfA ⊂ B, then P(A) ≤ P(B).

• ÝºVÇ�ü�O��.:�;VÇ�.�AÛVÇ�..©OÝºùü��

.�£ã±9éA�VÇúª.

1 . �;V.:(i). k����mΩ = {ω1, ω2, · · · , ωn}.

(ii).P(ω1) = P(ω2) = · · · = P(ωn).

¯�A�VÇ: P(A) = m
n =

A¤¹���:ê
Ω¥���:ê

.

2 .AÛV.:��«�ΩS�ÅÝ:,K:Má\Ω�,�Ü©A�VÇ:P(A) =
A�¡È
Ω�¡È

.

• Ä�Oê�n:

1 . \{�n:©õ«�¹.

2 . ¦{�n:©õ�Ú½.

• Ä�ü��|Ü:ü��|Ü�«O´ü�k^S(½ö?Ò),|ÜØ�Ä^

S.

1 .�Eü�: 1, 2, 3, · · · , n,ùn�êi¥�Ñk�êiü¤��,êi�±

E�,o�knk«�{.

2 .Ø�Eü�:1, 2, 3, · · · , n, ùn �êi¥�k�Ø�Óêiü¤��,o

�kAk
n = n(n − 1) · · · (n − k + 1)«�{.

3 .|Ü:1, 2, 3, · · · , n, ùn �êi¥�Ñk�êi,Ø�ÄÙk�^S, o�

kCk
n«�{.



• ü�êÚ|Üê:

1 . Pü�êAn
n = n!¡�n��ü�. 5½0! = 1.

2 . |ÜêCk
n =

n!
k!(n−k)! =

Ak
n

k! .

~X: C3
10 =

10∗9∗8
3! .

3 .Ck
n = Cn−k

n .

~X: C7
10 = C3

10.

§1.2 �Y

)1.2.1. (1)^1P��1:,Ù§aí,K���m�Ω = {1, 2, 3, 4, 5, 6}.

(2)^1, 2, 3P�Ñ?Ò�1, 2, 3�n�¥,Ù§aí,K���m�

Ω = {(1, 2, 3), (1, 2, 4), (1, 2, 5), (1, 3, 4), (1, 3, 5), (1, 4, 5), (2, 3, 4), (2, 3, 5), (2, 4, 5), (3, 4, 5)}.

(3)��3�g¬�Ü�Ñ,¤±���3g,�õ�10g,u´���m

Ω = {3, 4, 5, 6, 7, 8, 9, 10}.

(4)^1�L�¬, 0�Lg¬; (1,0)�L1���¬1��g¬,�daí.�

��m�
¦

(0,0),(0,1,0),(0,1,1,0),(0,1,1,1),(1,0,0),(1,0,1,0),
(1,0,1,1),(1,1,0,0),(1,1,0,1),(1,1,1,0),(1,1,1,1)

©
.

)1.2.2. ^1�L�¬, 0�Lg¬.K���m�{ω1 = (0, 0, 0, 0), ω2 = (0, 0, 0, 1), ω3 =

(0, 0, 1, 1), ω4 = (0, 1, 1, 1), ω5 = (0, 1, 0, 0), ω6 = (0, 0, 1, 0), ω7 = (0, 1, 0, 1), ω8 =

(0, 1, 1, 0), ω9 = (1, 0, 0, 0), ω10 = (1, 0, 0, 1), ω11 = (1, 0, 1, 1), ω12 = (1, 1, 1, 1), ω13 =

(1, 1, 0, 0), ω14 = (1, 0, 1, 0), ω15 = (1, 1, 0, 1), ω16 = (1, 1, 1, 0)}.

¯�A =”�~Ñ�”={ω12}.

¯�B =”2�u�”={ω4, ω11, ω15, ω16}.

¯�C =”ü?Ñ�”={ω3, ω7, ω8, ω10, ω13, ω14}.

¯�D =”Ø�Ñ�”={ω1, ω2, ω5, ω6, ω9}.

)1.2.3. �YØ��. (1) ABC, (2)A, (3) ABC, (4) A B C, (5)A ∪ B ∪ C, (6)A B C ∪

AB C∪ABC∪A BC, (7)AB∪BC∪CA, (8) ABC, (9) AB C∪ABC∪A BC, (10)ABC∪

ABC ∪ ABC.



)1.2.4. (1)A = {4, 5, 6},u´AB = {4}.

(2)A ∪ B = {2, 3, 4, 5, 6}.

(3)B − A = BA = {4},lB − A = {1, 2, 3, 5, 6}.

(4) BC = {4}, BC = {1, 2, 3, 5, 6},ABC = {1, 2, 3},ÏdABC = {4, 5, 6}.

(5) B ∪C = {2, 3, 4, 5, 6}, A(B ∪C) = {2, 3},¤±A(B ∪C) = {1, 4, 5, 6}.

)1.2.5. (1)

(A ∪ B)(B ∪C) = (A ∪ B)B ∪ (A ∪ B)C (|^��18��©�Æ)

= B ∪ (A ∪ B)C (|^¯�¿Ú��½Â)

= B ∪ (AC ∪ BC) (|^��18��©�Æ)

= B ∪ BC ∪ AC (|^��18��(ÜÆÚ��Æ)

= B ∪ AC (|^¯��Ú¿�½Â)

(2)A ∪ B ∪C = A + BA +CA B½öA ∪ B ∪C = AB + BC +CA + ABC��.

(3)
(A ∪ B)(A ∪ B)(A ∪ B)(A ∪ B)

=(A − BB)(A − BB) (|^(1))

=AA = φ

(4)AB + AB + AB + AB − AB = B + B − AB = −AB = AB.

)1.2.6. |^©¼ã½öÞ�~.

)1.2.7. 1��(J�(,���mΩ1éA�Ø´�;V..

)1.2.8. ·��±rÑyóêÚ(~X(1,1))w¤Ñy2g,ù����mÒ¤�

(1, 1), (1, 1), (1, 2), (1, 3), (1, 3), (1, 4), (1, 5), (1, 5), (1, 6)

(2, 1), (2, 2), (2, 2), (2, 3), (2, 4), (2, 4), (2, 5), (2, 6), (2, 6)

(3, 1), (3, 1), (3, 2), (3, 3), (3, 3), (3, 4), (3, 5), (3, 5), (3, 6)

(4, 1), (4, 2), (4, 2), (4, 3), (4, 4), (4, 4), (4, 5), (4, 6), (4, 6)

(5, 1), (5, 1), (5, 2), (5, 3), (5, 3), (5, 4), (5, 5), (5, 5), (5, 6)



(6, 1), (6, 2), (6, 2), (6, 3), (6, 4), (6, 4), (6, 5), (6, 6), (6, 6)

��36 + 18 = 54���.

(1):êÚ�u6,��k14���:

(1, 1), (1, 1), (1, 2), (1, 3), (1, 3), (1, 4)

(2, 1), (2, 2), (2, 2), (2, 3)

(3, 1), (3, 1), (3, 2)

(4, 1)

éA�VÇ� 14
54 .

(2):êÚ�u8,��k10���:

(2, 6), (2, 6), (3, 5), (3, 5), (4, 4), (4, 4), (5, 3), (5, 3), (6, 2), (6, 2).

éA�VÇ� 10
54 .

(3):êÚ´óê,��k36���:

(1, 1), (1, 1), (1, 3), (1, 3), (1, 5), (1, 5)

(2, 2), (2, 2), (2, 4), (2, 4), (2, 6), (2, 6)

(3, 1), (3, 1), (3, 3), (3, 3), (3, 5), (3, 5)

(4, 2), (4, 2), (4, 4), (4, 4), (4, 6), (4, 6)

(5, 1), (5, 1), (5, 3), (5, 3), (5, 5), (5, 5)

(6, 2), (6, 2), (6, 4), (6, 4), (6, 6), (6, 6)

éA�VÇ� 36
54 .

)1.2.9. �¿Ã��� êi����m�{0, 1, 2, 3, 4, 5, 6, 7, 8, 9},ÃÒØ�L3g

UÃÏ�VÇ´ 3
10 .

�¿Ã��� êi´Ûê����m�{1, 3, 5, 7, 9},ÃÒØ�L3gUÃÏ

�VÇ´ 3
5 .



)1.2.10. 4�<,z�<)F�°k12«�U,¤±4�<)F|Ük124«�U(=

��Eü�).y3¯vk2<)F3Ó���,=12��pÀ4 ��Ñ5©O�

�4�<�)F�°,�,ùp4�<�)F�°´k^S�(=`´1�°¯´2�

°)FÚ`´2�°¯´1�°)FØ´Ó�«�¹),¤±vk2<)F3Ó��

�°kA4
12«�U,u´éA�VÇ�A4

12
124 .

)1.2.11. Ê�êi¥k�£/�ëÄ�3�êi,=��Eü�,o�k53«�

U(Ï�zgÄ�êiÑk5«�U).

(1)�n�êi�Ø�Ó,o�kA3
5«�U(Ï�3���m53���¥·�

�Ä
êi�^S,¤±ùp�AT�Ä^S).éA�VÇ�P(A) = A3
5

53 .

(2)n�êiØ¹1Ú5,�Ò´`²n�êi´32, 3, 4¥��,¤±k33«�

U(�±EÄ�êi). éA�VÇ�P(B) = 33

53 .

(3) n�êi¥5Ñy
üg,Kùn�ê�±´(5, 5, a), (5, a, 5), (a, 5, 5)ùn

«�U,Ù¥a�±�1, 2, 3, 4.¤±o�k3 ∗ 4 = 12«�U.éA�VÇ�P(C) =
12
53 .

)1.2.12. ��Öo�ü�^SkA10
10 = 10! «�U. du�½,n�Ö�3�

å,ùn�Öü�^SkA3
3 = 3! «�U;rùn�Ö'�3�å����#ÖÚ

�e5Ô�Öo�ü�^SkA8
8 = 8!«�U,u´ù�ü�éA�VÇ� 3!8!

10! .

)1.2.13. ò3�¥��4�Ýfp,=��Eü�.z�¥o�k4«�{,¤±3�

¥Ò´43«�{.

(1)vk1�Ýfpk2�¥,=�Ø�Eü�,kA3
4«�{,éA�VÇ�A3

4
43 .

(2)3�¥3��ÝfSo�k4«�U,éA�VÇ� 4
43 .

)1.2.14. 10�?Ò,?À3�,´|Ü¯K(Ø�Ä^S),o�kC3
10 «�U.

(1)��Òè´5,`²,	2�Òè�l6, 7, 8, 9, 10¥À�,�kC2
5 ¥�U,é

A�VÇ�
C2

5
C3

10
.

(2) ��Òè´5,`²,	2�Òè�l1, 2, 3, 4¥À�,�kC2
4 ¥�U, éA

�VÇ�
C2

4
C3

10
.

)1.2.15. 6���,k�£��üg,=kEü�,�k62«�U.

(1)ügÑ´g¬,=2�g¬¥kE��2g�ü�,�k22«�U,éA�

VÇ� 22

62 .



(2)¯�Bkü«�¹,1�g´�¬1�g´g¬,�k2 ∗ 4«�U,�k�

«�¹´1�g´g¬1�g´�¬,Ó�k2∗4«�U,¤±¯�B�k2∗4∗2«

�U,éA�VÇ� 2∗4∗2
62 .

)1.2.16. 6���,Ã�£��üg,=ÃEü�,�kA2
6«�U.

(1)ügÑ´g¬,=2�g¬¥ÃE��2g�ü�,�kA2
2«�U,éA�

VÇ�
A2

2
A2

6
.

(2)¯�Bkü«�¹,1�g´�¬1�g´g¬,�k2 ∗ 4«�U,�k�

«�¹´1�g´g¬1�g´�¬,Ó�k2∗4«�U,¤±¯�B�k2∗4∗2«

�U,éA�VÇ� 2∗4∗2
A2

6
.

)1.2.17. 100@�¬�2@o�kC2
100 «�U.

(1) 1@`�¬1@g¬�k(100 − 4 − 12) ∗ 4 = 84 ∗ 4 «�U, éA�VÇ

� 84∗4
C2

100
.

(2) 1@�?¬1@g¬�k12 ∗ 4«�U,éA�VÇ� 12∗4
C2

100
.

(3)òÀk3«�U: (i)2@g¬,�kC2
4«�U,(ii)1@g¬,,	1@´�?¬

½ö`�¬,d��k4 ∗ (12+ 84)«�U, (iii)2@Ñ´�?¬,�kC2
12«�U.¤

±òÀ�VÇ�: C2
4+4∗96+C2

12
C2

100
.

(4)T1À��ÉÚòÀp�éá¯�,u´�òÀ�VÇ�:1 − C2
4+4∗96+C2

12
C2

100
.

(5)�¬¥k1@`�¬k84 ∗ (4 + 12)«�U,éA�VÇ�: 84∗16
C2

100
.

)1.2.18. 52Üý,�[�13ÜkC13
52«�U.

(1)Ï�ç;,ù%,�¬,ús��13Ü,¤±Tk5Üç;,4Üù%,3Ü�¬,1Ü

ús�kC5
13C

4
13C

3
13C

1
13 «�U,éA�VÇ�: C5

13C4
13C3

13C1
13

C13
52

.

(2)Ï�A,K,Q, J©O��4Ü,�e536Ü�ý. ¤±Tk�ýA,K,Q, J��

ÜÙ{Ñ´�ý�kC1
4C1

4C1
4C1

4C9
36 «�U,éA�VÇ�: C1

4C1
4C1

4C1
4C9

36
C13

52
.

)1.2.19. aqu��120�~14,ãÑ.

ü<¬¡�VÇ� 60∗60−40∗40
60∗60 = 5

9 .
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§2.1 Ì�SN

• \{úª: P(A ∪ B) = P(A) + P(B) − P(AB).

P(A ∪ B ∪C) = P(A) + P(B) + P(C) − P(AB) − P(AC) − P(BC) + P(ABC).

• éá¯��VÇúª: P(A) = 1 − P(A).

• n) ~���m,^�VÇP(B|A)�¿Â:®�Au)�^�e,Bu)�VÇ.

^�VÇ�½Â9Ù5�úª:

1 . ½Â: P(B|A) = P(AB)
P(A) .

2 . �K5: 0 ≤ P(B|A) ≤ 1

3 . 5�5: If A ⊂ B, then P(B|A) = 1.(=3Au)�^�eB�½u)).

If AB = φ or A ⊂ B, then P(B|A) = 0.(=3Au)�^�eB�½Øu

)).

4 . ���\5: P(B1 + B2 + B3 + · · · |A) = P(B1|A) + P(B2|A) + P(B3|A) + · · · .

5 . \{úª: P(B1 ∪ B2|A) = P(B1|A) + P(B2|A) − P(B1B2|A).

6 . éá¯��VÇúª: P(B|A) = 1 − P(B|A).

• ¦{úª: P(AB) = P(A)P(B|A) = P(B)P(A|B).

• Õá¯�:P(AB) = P(A)P(B) or P(A|B) = P(A) or P(B|A) = P(B).

• A�B, A�B,A�B,A�Bäk�Ó��pÕá5.

• n�¯�A, B,CüüÕáÚ�pÕá�½Â9«O.

1 . üüÕá: P(AB) = P(A)P(B) and P(AC) = P(A)P(C) and P(BC) =

P(B)P(C).

2 . �pÕá: üüÕáand P(ABC) = P(A)P(B)P(C).

9



• �VÇúª: If
P∞

k=1 Bk = Ω(=Bk r�����m©¤pØ�N�Ü©, ä

N�¹Ò´©A«�¹�¡?Ø), then P(A) = P(B1)P(A|B1)+ P(B2)P(A|B2)+

P(B3)P(A|B3) + · · · .

• ��dúª: P(Bk|A) = P(A|Bk)P(Bk)
P(A) .

§2.2 �Y

)2.2.1. eB ⊂ A,KA − B�BpØ�N¿�(A − B) + B = A,u´�âVÇ��

\5k:

P(A) = P((A − B) + A) = P(A − B) + P(A),

=P(A − B) = P(A) − P(B).

���¹e,·�kAB ⊂ A,u´dþ¡�úª��

P(A − AB) = P(A) − P(AB).

qÏ�A − B = A − AB,Ïd

P(A − B) = P(A − AB) = P(A) − P(AB).

)2.2.2. �â\{úªP(A∪B) = P(A)+P(B)−P(AB),^�VÇ½ÂP(A|B) = P(AB)
P(B)

±9éá¯��VÇúªP(A) = 1 − P(A),��:

• P(A ∪ B) = 0.5 + 0.4 − 0.1 = 0.8.

• P(A|B) = 0.1
0.4 = 0.25.

• P(B|A) = 0.1
0.5 = 0.2.

• P(A|B) = P(AB)
P(B) ,

duAB�ABpØ�N,¿�AB + AB = A,|^VÇ�\5��:

P(A) = P(AB + AB) = P(AB) + P(AB),

u´P(AB) = P(A)−P(AB) = 0.5−0.1 = 0.4, P(B) = 1−0.4 = 0.6.Ïd, P(A|B) = 2
3 .



)2.2.3. �âÕá¯��½Â: P(A|B) = P(A), P(AB) = P(A)P(B), ±9o|¯

�(1)A, B, (2)A, B,(3)A, B,(4)A, Bk�Ó�Õá5.

• P(A|B) = P(A) = 0.3.

• P(A∪B) = P(A)+P(B)−P(AB) = P(A)+P(B)−P(A)P(B) = 0.3+0.6−0.3∗0.6 =

0.72.

• P(B|A) = P(B) = 1 − 0.6 = 0.4.

• P(A|B) = P(A) = 1 − 0.3 = 0.7.

)2.2.4. �âAB ⊂ A ⊂ A ∪ B��:

P(AB) ≤ P(A) ≤ P(A ∪ B),

1��Ø�Ò�AB = A,=A ⊂ B����Ò.1��Ø�Ò�A = A∪B,=B ⊂ A

����Ò.

q�â\{úª±9VÇ��K5��:

P(A ∪ B) = P(A) + P(B) − P(AB) ≤ P(A) + P(B),

¿��AB = φ����Ò.

)2.2.5. �âK¿��:

8<: P(A B) = 1
9

P(AB) = P(AB)
d¯�A, B�Õá5:

8<: P(A)P(B) = 1
9

P(A)P(B) = P(A)P(B)
|^éá¯��VÇ,1���ª�±=z¤P(A)(1−P(B)) = (1−P(A))P(B),

=P(A) − P(A)P(B) = P(B) − P(A)P(B),l��P(A) = P(B),�\�1��ªf

��: (1 − P(A))(1 − P(A)) = 1
9 ,ÏdP(A) = 2

3 ½öP(A) = 4
3 (��).

)2.2.6. (1)|^\{úª±9A, B,Cn¯�üüÕá(5¿�n¯�Õá�«O),

·�k:

9
16
= P(A ∪ B ∪C) = P(A) + P(B) + P(C) − P(AB) − P(AC) − P(BC) + P(ABC)

= P(A) + P(B) + P(C) − P(A)P(B) − P(A)P(C) − P(B)P(C)

= 3P(A) − 3P(A)2

u´P(A) = 1
4 ½ö

3
4 (> 1

2 ) (��).



(2)duA ∪ B ⊂ A ∪ B ∪C,��

P(A ∪ B) ≤ P(A ∪ B ∪C),

=P(A) + P(B) − P(AB) ≤ 3P(A) − 3P(A)2, 2P(A) − P(A)2 ≤ 3P(A) − 3P(A)2,z{�

�P(A) ≤ 1
2 .

)2.2.7. �y²A ∪ B, AB, A − B = AB�C Õá,�âü�¯�Õá�½Â,=I

�y²:

• P((A ∪ B)C) = P(A ∪ B)P(C)?

• P((AB)C) = P(AB)P(C)?

• P((AB)C) = P(AB)P(C)?

(1)

P((A ∪ B)C) = P(AC ∪ BC) (|^��þ18��©�Æ)

= P(AC) + P(BC) − P(ABC) (|^\{úª±9ACBC = ABC)

= P(A)P(C) + P(B)P(C) − P(A)P(B)P(C) (|^A,B,C�pÕá)

= (P(A) + P(B) − P(AB))P(C) (|^A,B,C�pÕá)

= (P(A ∪ B))P(C)(|^\{úª±9)

(2)

P((AB)C) = P(A)P(B)P(C) = P(AB)P(C)

(2)

P((AB)C) = P(A)P(B)P(C) = P(AB)P(C)

)2.2.8. ��å100�?Â¥8Iù�¯��A, ��å150�?Â¥8Iù�¯

��B,��å200�?Â¥8Iù�¯��C.

u´P(A) = 0.6,q�âÂ¥8I�VÇ�ål¤�',=100P(A) = 150P(B) =

200P(C),l��P(B) = 0.4, P(C) = 0.3.

�ÃÂ¥8I�±©¤n«�¹

• 1�g3100�?Â¥,=¯�A,éAVÇ�P(A) = 0.6.



• 1�g3100�?�Â¥,=¯�A;¿�1�g3200�?Â¥,=¯�B;¤

±ù�¯�´AB,éAVÇ�P(AB) = P(A)P(B) = 0.4 ∗ 0.4 = 0.16.

• 1�g3100�?�Â¥,=¯�A;1�g3150�?E�Â¥,=¯�B;¿

�1ng3200�?Â¥,=¯�C;¤±ù�¯�´A BC,éAVÇ�P(A BC) =

P(A)P(B)P(C) = 0.4 ∗ 0.6 ∗ 0.3 = 0.072.

(5¿ùng�Â�m´�pÕá�).Ïd,Â¥8I�VÇAT�P(A)+P(AB)+

P(A BC) = 0.6 + 0.16 + 0.084 = 0.832.

)2.2.9. |^��126�17K,�ü�þ!�f����mΩo�k36���:

(1, 1), (1, 2), (1, 3), (1, 4), (1, 5), (1, 6)

(2, 1), (2, 2), (2, 3), (2, 4), (2, 5), (2, 6)

(3, 1), (3, 2), (3, 3), (3, 4), (3, 5), (3, 6)

(4, 1), (4, 2), (4, 3), (4, 4), (4, 5), (4, 6)

(5, 1), (5, 2), (5, 3), (5, 4), (5, 5), (5, 6)

(6, 1), (6, 2), (6, 3), (6, 4), (6, 5), (6, 6)

(1)e®�:êÚ�óê,y3� ~���mΩóo�k18���:

(1, 1), (1, 3), (1, 5)

(2, 2), (2, 4), (2, 6)

(3, 1), (3, 3), (3, 5)

(4, 2), (4, 4), (4, 6)

(5, 1), (5, 3), (5, 5)

(6, 2), (6, 4), (6, 6)

:êÚ�u8o�k5«�U:

(2, 6), (3, 5), (4, 4), (5, 3), (6, 2)



u´:êÚ�u8�VÇ� 5
18 .

(2)e®�:êÚ�Ûê,y3� ~���mΩÛo�k18���:

(1, 2), (1, 4), (1, 6)

(2, 1), (2, 3), (2, 5)

(3, 2), (3, 4), (3, 6)

(4, 1), (4, 3), (4, 5)

(5, 2), (5, 4), (5, 6)

(6, 1), (6, 3), (6, 5)

:êÚ�u6o�k12«�U:

(1, 6)

(2, 5)

(3, 4), (3, 6)

(4, 3), (4, 5)

(5, 2), (5, 4), (5, 6)

(6, 1), (6, 3), (6, 5)

u´:êÚ�u6�VÇ� 12
18 =

2
3 .

(3)e®�:êÚ�u6,y3� ~���mΩ>6 o�k21���:

(1, 6)

(2, 5), (2, 6)

(3, 4), (3, 5), (3, 6)

(4, 3), (4, 4), (4, 5), (4, 6)

(5, 2), (5, 3), (5, 4), (5, 5), (5, 6)

(6, 1), (6, 2), (6, 3), (6, 4), (6, 5), (6, 6)

:êÚ�Ûêo�k12«�U:

(1, 6)



(2, 5)

(3, 4)(3, 6)

(4, 3), (4, 5)

(5, 2), (5, 4), (5, 6)

(6, 1), (6, 3), (6, 5)

u´:êÚ�Ûê�VÇ�12
21 =

4
7 .

)2.2.10. �n�<UÈÑ�è�¯�©O�A, B,C,�â^�k: P(A) = 1
5 , P(B) =

1
3 , P(C) = 1

4 . �èU�»È�¯�´A∪ B∪C,éA�VÇ�P(A∪ B∪C),|^V

Ç�\{úª±9¯��Õá5:

P(A ∪ B ∪C) = P(A) + P(B) + P(C) − P(AB) − P(AC) − P(BC) + P(ABC)

= P(A) + P(B) + P(C) − P(A)P(B) − P(A)P(C) − P(B)P(C) + P(A)P(B)P(C)

=
1
5
+

1
3
+

1
4
−

1
5
∗

1
3
−

1
5
∗

1
4
−

1
3
∗

1
4
+

1
5
∗

1
3
∗

1
4

=
3
5

½ö�âéá¯��VÇúª. Ï�A ∪ B ∪C = A B C,u´:

P(A ∪ B ∪C) = 1 − P(A ∪ B ∪C) = 1 − P(A B C) = 1 −
4
5
∗

2
3
∗

3
4
=

3
5
.

)2.2.11. (1) P(B|A)? =3Au)�^�e¦Bu)�VÇ.

¯�Au)`²1�Ük¡?Ò�4,d�1�Ük¡�?Ò�U�1, 2, 3, 4, 5, 6, 7, 8, 9, 10.

¯�B´`üÜk¡?ÒÚ�7,3¯�Au)�^�e,=1�Ük¡I

�´4âU�y¯�Bu). ¤±P(B|A) = 1
10 .

(2) P(A|B)? =3Bu)�^�e¦Au)�VÇ.

¯�Bu)`²üÜk¡?ÒÚ�7,d�1�Ük¡�?Ò�U�1, 2, 3, 4, 5, 6(Ï

�XJ1�Ü?Ò�u6,KüÜk¡?ÒÚÒØ�U�6,�Ò´`¯�BØ�U

u),�^�gñ).

¯�A´`1�Ük¡?Ò�4,¤±P(A|B) = 1
4 .



)2.2.12. 1�g�5�¥�Ü´�¥(P�¯�A)�VÇ�: P(A) = C5
20

C5
30

;�r5�

�¥±�(=3¯�A u)�^�e), �e510 �x¥, 15��¥, Ù¥�5�x

¥5��¥(P�¯�B)�VÇ�: P(B|A) = C5
10C5

15
C10

25
.

Ïd,1�g�Ñ��´�¥1�g�Ñ�¥x¥��(¯�AB)�VÇ�(¦

{úª):

P(AB) = P(A)P(B|A) =
C5

20

C5
30

C5
10C

5
15

C10
25
.

)2.2.13. 1�g���¥(P�¯�A)�VÇ�(�;V.): P(A) = b
a+b .

31�g���¥�(=¯�Au)�^�e),C¤a�x¥, b+ c��¥,1

�g���¥(P�¯�B)�VÇ�(�;V.):P(B|A) = b+c
a+b+c .

3cüg���¥�(=¯�AÚ¯�B u)�^�e), C¤a �x¥, b +

2c��¥,1ng��x¥(P�¯�C)�VÇ�(�;V.):P(C|AB) = a
a+b+2c .

Ïd,cüg���¥1ng��x¥(¯�ABC)�VÇ�(¦{úª):

P(ABC) = P(A)P(B|A)P(C|AB) =
b

a + b
b + c

a + b + c
a

a + b + 2c
.

)2.2.14. PÄÑ�1��´g¬ù�¯��A,PÄÑ�1��´g¬ù�¯�

�B.

(1)ù1À¼�ÏL`²ÄÑ�2�ÑØ´g¬,=¯�A B.

1��ÄÑ5Ø´g¬(=¯�A)�VÇ�: P(A) = 67
70 . 31��Ø´g¬

�^�e(�e69���,Ù¥3�g¬),1��ÄÑ5Ø´g¬(=¯�B)�VÇ

�:P(B|A) = 66
69 .

Ïd,ù1À¼�ÏL�VÇ�(¦{úª): P(A B) = P(A)P(B|A) = 67
70 ∗

66
69 .

(2)Tk��g¬©ü«�¹:

• 1��´g¬(¯�A),1��´�¬(¯�B).1��´g¬�VÇ�: P(A) =
3
70 ,31��´g¬�^�e(�e69���,Ù¥2�g¬),1��´�¬�

VÇ�: P(B|A) = 67
69 .u´1��´g¬¿�1��´�¬(¯�AB)�VÇ

�(¦{úª): P(AB) = P(A)P(B|A) = 3
70

67
69 .

• 1��´�¬(¯�A),1��´g¬(¯�B).1��´�¬�VÇ�: P(A) =
67
70 ,31��´�¬�^�e(�e69���,Ù¥3�g¬),1��´g¬�

VÇ�: P(B|A) = 3
69 .u´1��´�¬¿�1��´g¬(¯�AB)�VÇ

�(¦{úª): P(AB) = P(A)P(B|A) = 67
70

3
69 .



Ïd,Tk��g¬�VÇ� 3
70

67
69 +

67
70

3
69 =

2∗3∗67
69∗70 .

(3)�òÀÚ¼�ÏL´éá¯�,¤±�òÀ�VÇ�: 1−P(A B) = 1− 67
70∗

66
69 .

(�òÀ^¯�L«=�����g¬A ∪ B;½ö�òÀ�±w¤´TÐ�

�g¬AB + AB±9ü�g¬AB.)

)2.2.15. ·�E^B1P�B1 �)��, ^B2P�B2 �)��. KP(B1) = 1800
3000 =

0.6, P(B2) = 1200
3000 = 0.4. ÀÑ�¬´g¬ù�¯�P�A,�â^���:

P(A|B1) = 0.01, P(A|B2) = 0.02.

(1) ÀÑ��¬´g¬(¯�A), ©�ü«�¹, �U´B1 �)�, ��U´B2 �

)��,u´|^�VÇúª:

P(A) = P(B1)P(A|B1) + P(B2)P(A|B2) = 0.6 ∗ 0.01 + 0.4 ∗ 0.02 = 0.014.

(2)®�ÀÑ��¬´g¬(=¯�A),¦§´dB1�)��VÇ.ù´��^

�VÇ,�uP(B1|A). |^��dúª:

P(B1|A) =
P(A|B1)P(B1)

P(A)
=

0.01 ∗ 0.6
0.014

=
6

14
.

(2)®�ÀÑ��¬´�¬(=¯�A),¦§´dB1�)��VÇ.ù´��^

�VÇ,�uP(B1|A). |^��dúª:

P(B1|A) =
P(A|B1)P(B1)

P(A)
=

(1 − 0.01) ∗ 0.6
1 − 0.014

.

)2.2.16. �¯�A��¬´g¬,¯�B�²u��g¬,K�âK¥^�,·�

k:

P(B|A) = 0.9, P(B|A) = 0.99, P(A) = 0.05.

(1)²u��g¬(¯�B)kü«�¹:�5´g¬½ö�5´�¬. u´·�^�

VÇúª:

P(B) = P(A)P(B|A) + P(A)P(B|A) = 0.05 ∗ 0.9 + (1 − 0.05) ∗ (1 − 0.99) = 0.0545.

(2)=I�¦VÇP(A|B),u´·�|^��dúª:

P(A|B) =
P(B|A)P(A)

P(B)
=

(1 − 0.99)(1 − 0.05)
0.0545

= 0.1743.



)2.2.17. �¯�A�Æ)´I),¯�B�À?¬OÆ.�â^�k:

P(A) =
2
5
, P(B|A) = 0.1, P(B|A) = 0.06.

(1)ù Æ)´À?¬OÆ�å),=¯�AB,éA�VÇ(|^¦{úª):

P(AB) = P(A)P(B|A) = (1 −
2
5

) ∗ 0.06 = 0.036.

(2)ù Æ)´�À?¬OÆ�I),=¯�AB,éA�VÇ(|^¦{úª):

P(AB) = P(A)P(B|A) =
2
5
∗ (1 − 0.1) = 0.36.

(3)ù Æ)´À?¬OÆ�Æ)(¯�B), ©ü«�¹, =´I)(¯�A)�

�¹½å)(¯�A)��¹. |^�VÇúª:

P(B) = P(A)P(B|A) + P(A)P(B|A) = (1 −
2
5

) ∗ 0.06 +
2
5
∗ 0.1 = 0.076.

)2.2.18. �¯�A�¡J�ö,¯�B�ÏLu��(�. �â^�k:

P(A) = 0.03, P(B|A) = 0.98, P(B|A) = 0.99.

(1) d<��ä�¡J�ö(¯�B), (�d¾(¯�A) �VÇ�P(A—B), �â^

�,·�|^��dúª:

P(A|B) =
P(B|A)P(A)

P(B|A)P(A) + P(B|A)P(A)
=

0.98 ∗ 0.03
0.98 ∗ 0.03 + 0.01 ∗ 0.97

= 0.7519.

(2)d<��ä¤��¡J(¯�B), ¢�d¾(¯�A)�VÇ�P(A|B), �â^�,

·�|^��dúª:

P(A|B) =
P(B|A)P(A)

P(B|A)P(A) + P(B|A)P(A)
=

0.02 ∗ 0.03
0.02 ∗ 0.03 + 0.99 ∗ 0.97

=
6

9609
.

)2.2.19. �¯�A�?è�0,¯�B�Â�&E0. �â^�k:

P(A) = 0.7, P(B|A) = 0.02, P(B|A) = 0.01.

Â�&E�0(¯�B),�u&E��0(¯�A)�VÇ�P(A—B),�â^�,·�|

^��dúª:

P(A|B) =
P(B|A)P(A)

P(B|A)P(A) + P(B|A)P(A)
=

0.98 ∗ 0.7
0.98 ∗ 0.7 + 0.01 ∗ 0.3

=
686
689
.



)2.2.20. �¯�A1�T�¬´��¬,¯�A2�T�¬��´��,¯�A3�T

�¬��´ØZ,¯�B�ñÑ200�±þ. �â^���:

P(A1) = 0.5, P(A2) = 0.3, P(A3) = 0.2; P(B|A1) = 0.9, P(B|A2) = 0.5, P(B|A3) = 0.1.

|^��dúª�¦�(1)-(3):

(1) P(A1|B) = P(B|A1)P(A1)
P(B|A1)P(A1)+P(B|A2)P(A2)+P(B|A3)P(A3) =

0.9∗0.5
0.9∗0.5+0.5∗0.3+0.1∗0.2 =

45
62 .

(2) P(A2|B) = P(B|A2)P(A2)
P(B|A1)P(A1)+P(B|A2)P(A2)+P(B|A3)P(A3) =

0.5∗0.3
0.9∗0.5+0.5∗0.3+0.1∗0.2 =

15
62 .

(3) P(A3|B) = P(B|A3)P(A3)
P(B|A1)P(A1)+P(B|A2)P(A2)+P(B|A3)P(A3) =

0.1∗0.2
0.9∗0.5+0.5∗0.3+0.1∗0.2 =

2
62 .

(4) ��½�´��±(¯�A1 + A2) �VÇ�:P((A1 + A2)|B) = P(A1|B) +

P(A2|B) = 45
62 +

15
62 =

60
62 .

)2.2.21. ���5�M1¥1i�¯�P�Ai, i = 1, 2, 3, 4, 5. P¯�B����

Ñyi¡. �âK¿:

P(Ai) =
1
5
, i = 1, 2, 3, 4, 5; P(B|A1) = 0, P(B|A2) =

1
4
, P(B|A3) =

1
2
, P(B|A4) =

3
4
, P(B|A5) = 1.

(1) Ñyi¡(¯�B),o�k5«�¹(¯�Ai, i = 1, 2, 3, 4, 5), |^�VÇú

ª:

P(B) =
5X

i=1
P(Ai)P(B|Ai) =

1
5
∗ 0 +

1
5
∗

1
4
+

1
5
∗

2
4
+

1
5
∗

3
4
+

1
5
∗ 1 =

1
2
.

(2)|^��dúª:

• P(A1|B) = P(B|A1)P(A1)
P(B) =

0∗ 1
5

1
2
= 0.

• P(A2|B) = P(B|A2)P(A2)
P(B) =

1
4 ∗

1
5

1
2
= 0.1.

• P(A3|B) = P(B|A3)P(A3)
P(B) =

1
2 ∗

1
5

1
2
= 0.2.

• P(A4|B) = P(B|A4)P(A4)
P(B) =

3
4 ∗

1
5

1
2
= 0.3.

• P(A5|B) = P(B|A5)P(A5)
P(B) =

1∗ 1
5

1
2
= 0.4.

(3) eò(2) ¥ù�M12���g, �=ù�M1k0 �VÇ´1��M

1(¯�A1), k0.1 �VÇ´1��M1(¯�A2), k0.2 �VÇ´1n�M1(¯



�A3), k0.3 �VÇ´1o�M1(¯�A4), k0.4 �VÇ´1Ê�M1(¯�A5).

�¦Ñyi¡(¯�B)�VÇ,©5«�¹?Ø,=|^�VÇúª:

0 ∗ P(B|A1) + 0.1 ∗ P(B|A2) + 0.2 ∗ P(B|A3) + 0.3 ∗ P(B|A4) + 0.4 ∗ P(B|A5)

=0 ∗ 0 + 0.1 ∗
1
4
+ 0.2 ∗

1
2
+ 0.3 ∗

3
4
+ 0.4 ∗ 1 = 0.75.

)2.2.22. r`¯ZÂ¥�Å�¯�©OP�A, B,C, �ÅÂá�¯�P�N. d

^���:P(A) = 0.4, P(B) = 0.5, P(C) = 0.7.

�Å�Âá©¤n«�¹:

• �<Â¥�¯�(P�¯�M1)�L«¤M1 = AB C + ABC + A BC,éA�V

Ç�(3ùpA, B,Cn�¯�´Õá�):

P(M1) = P(AB C + ABC + A BC)

= P(A)P(B)P(C) + P(A)P(B)P(C) + P(A)P(B)P(C)

= 0.4 ∗ 0.5 ∗ 0.3 + 0.6 ∗ 0.5 ∗ 0.3 + 0.6 ∗ 0.5 ∗ 0.7

= 0.36

d��Å�Âá(¯�N)�VÇ´0.2,=P(N |M1) = 0.2.

• ü<Â¥�¯�(P�¯�M2)�L«¤M2 = ABC + ABC + ABC,éA�VÇ

�:
P(M2) = P(ABC + ABC + ABC)

= P(A)P(B)P(C) + P(A)P(B)P(C) + P(A)P(B)P(C)

= 0.4 ∗ 0.5 ∗ 0.3 + 0.6 ∗ 0.5 ∗ 0.7 + 0.4 ∗ 0.5 ∗ 0.7

= 0.41

d��Å�Âá(¯�N)�VÇ´0.6,=P(N |M2) = 0.6.

• n<�ÜÂ¥�¯�(P�¯�M3)�L«¤M3 = ABC,éA�VÇ�:

P(M3) = P(ABC) = P(A)P(B)P(C) = 0.4 ∗ 0.5 ∗ 0.7 = 0.14

d��Å�Âá(¯�N)�VÇ´1,=P(N|M3) = 1.

,�·�|^�VÇúª:

P(N) = P(M1)P(N|M1)+P(M2)P(N |M2)+P(M3)P(N |M3) = 0.36∗0.2+0.41∗0.6+0.14∗1 = 0.458.



)2.2.23. �¯�A���´�¬,¯�B���²u�½��¬,UÑ��¯�P

�M. �â^�: P(B|A) = 0.99, P(B|A) = 0.05.

Ã�£�Ä�n�,o�k4«�U:

(1) 3�Ñ´g¬(P�¯�C1),VÇ�P(C1) = C3
4

C3
100

.

(2) 2�g¬1��¬(P�¯�C2),VÇ�P(C2) = C2
4C1

96
C3

100
.

(3) 1�g¬2��¬(P�¯�C3),VÇ�P(C3) = C1
4C2

96
C3

100
.

(4) 3��¬(P�¯�C4),VÇ�P(C4) = C3
96

C3
100

.

e¡·�©O¦3ù4«�¹e��UÑ��VÇ,�âz1�Ñ´Õá�?1u

�:

• 3�g¬ÑI��u���¬âUÑ�,éA�VÇ�P(M|C1) = 0.053.

• 2�g¬I��u���¬±91��¬I��u���¬âUÑ�,éA�

VÇ�P(M|C2) = 0.052 ∗ 0.99.

• 1�g¬I��u���¬±92��¬I��u���¬âUÑ�,éA�

VÇ�P(M|C3) = 0.05 ∗ 0.992.

• 3��¬ÑI��u���¬âUÑ�,éA�VÇ�P(M|C4) = 0.993.

,�·�|^�VÇúª:

P(M) =
4X

i=1
P(Ci)P(M|Ci) = 0.053 C3

4

C3
100
+0.052∗0.99

C2
4C1

96

C3
100
+0.05∗0.992 C1

4C2
96

C3
100
+0.993 C3

96

C3
100
.

)2.2.24. P�mn��f�¯�©O�B1, B2, B3,�¬�Ü�¬P�¯�A,²u

��Ü�¬P�¯�C. �âK¥^�,Äk·�¦P(A),�
¦P(A),o�k3«

�¹(B1, B2, B3),u´·�|^�VÇúª:

P(A) = P(B1)P(A|B1)+P(B2)P(A|B2)+P(B3)P(A|B3) =
1
3
∗

20
20 + 5

+
1
3
∗

12
12 + 4

+
1
3
∗

17
17 + 5

= 0.774.

q�â^�·�k:

P(C|A) = 0.04, P(C|A) = 0.06.



(1)²u��Ü�¬kü«�¹:�5´Ü�¬½�5´ØÜ�¬. u´·�|^

�VÇúª:

P(C) = P(A)P(C|A) + P(A)P(C|A) = 0.774 ∗ (1 − 0.04) + (1 − 0.774) ∗ 0.06 = 0.757.

(2)|^��dúª:

P(A|C) =
P(C|A)P(A)

P(C)
=

(1 − 0.04)0.774
0.757

= 0.982.

)2.2.25. �¯�A´�`�,¯�B´��1�°L�´I)��¶L,¯�C´

��1�°L�´I)��¶L.�âK¿:

P(A) =
1
2
, P(B|A) =

2
2 + 2

=
1
2
, P(B|A) =

2
2 + 6

=
1
4
.

(1)|^�VÇúª:

P(B) = P(A)P(B|A) + P(A)P(B|A) =
1
2
∗

1
2
+

1
2
∗

1
4
=

3
8
.

(2)^�´��Ñ�´I)�L(=¯�C),��Ñ�´I)�Lo�k4«�

¹:

(1) 3`�p(¯�A),1�g��I)�L�(=¯�B),�e3°L�,Ù¥1°I

)�L�,1�g��I)�L�(=¯�C),éA�VÇ�P(ABC) = P(A)P(B|A)P(C|AB) =
1
2

1
2

1
3 =

1
12 .

(2) 3`�p(¯�A),1�g��å)�L�(=¯�B),�e3°L�,Ù¥2°I

)�L�,1�g��I)�L�(=¯�C),éA�VÇ�P(ABC) = P(A)P(B|A)P(C|AB) =
1
2

1
2

2
3 =

1
6 .

(3) 3¯�p(¯�A),1�g��I)�L�(=¯�B),�e7°L�,Ù¥1°I

)�L�,1�g��I)�L�(=¯�C),éA�VÇ�P(ABC) = P(A)P(B|A)P(C|AB) =
1
2

1
4

1
7 =

1
56 .

(4) 3¯�p(¯�A),1�g��å)�L�(=¯�B),�e7°L�,Ù¥2°I

)�L�,1�g��I)�L�(=¯�C),éA�VÇ�P(A BC) = P(A)P(B|A)P(C|AB) =
1
2

3
4

2
7 =

3
28 .



ùp¡k�Ñ´å)�L���¹´1(2)Ú1(4)«,u´ù�^�VÇ�:

P(B|C) =
P(C|B)P(B)

P(C|B)P(B) + P(C|B)P(B)
=

1
6 +

3
28

1
6 +

3
28 +

1
12 +

1
56

=
46
63
.

(Ù¥P(C|B)P(B) = P(C|AB)P(B|A)P(A) + P(C|A B)P(B|A)P(A),1�«�¹Ú1o

«�¹�Ú;P(C|B)P(B) = P(C|AB)P(B|A)P(A) + P(C|AB)P(B|A)P(A),1�«�¹

Ú1n«�¹�Ú.ùp^�
ü°L�´3Ó���¥�Ñ5�^�).





1nÙ 1nÙ�Y

§3.1 Ì�SN

• �ÅCþ:��ÅÁ�����m�Ω,XJéuz����:ω ∈ Ω,þk�

��¢êX(ω)��éA,¡X = X(ω)����mΩþ��ÅCþ.

• eX´�ÅÁ�E����ÅCþ§S ⊂ R§@oX ∈ S�L«E¥�¯�.

|^�ÅCþ5L«¯�: {X = 1}, {X ≤ 3}, {X ≥ 2}, {0 ≤ X < 5}��.

• �ÅCþÌ��©�lÑ.ÚëY.ü�a.

• lÑ.�ÅCþ: �ÅCþ¤���U�´k�õ�½Ã����, ��l

Ñ.�ÅCþ.

• �lÑ.�ÅCþ¤k�U���:x1, x2, x3, · · · ;¿��ù
��VÇ�P(X =

xi) = pi, i = 1, 2, ...¡dª�lÑ.�ÅCþX�©ÙÆ,½VÇ©Ù.��±

^L�/ª�ÑlÑ.�ÅCþX�©ÙÆ:�
x1 x2 x3 x4 · · ·

p1 p2 p3 p4 · · ·

�
• lÑ.�ÅCþ�©ÙÆäke�5�:

1 . pi ≥ 0, i = 1, 2, ...,

2 .
P∞

i=1 pi = 1.(lÑ.�ÅCþ¤k�U���k���ùpÒ´k�Ú)

• Ëã|Á�: ��ÅÁ�E�kü«�U�(J:A9A,�P(A) = p,3�Ó�

^�eòEE?1ngÕáÁ�,K¡ù�GÁ��nËã|Á�.

• ~��A«©Ù:

1 . ü:©Ù:e�ÅCþX ����~ê�C,=P(X = C) = 1,K¡X Ñ

lü:©Ù.£��òz©Ù.¤

2 . 0-1©Ù:e�ÅCþX�U�ü�ê�0½1,Ù©Ù�

�
X 0 1

P p q

�
0 <

p < 1, q = 1 − p,½P�P(X = 0) = p, P(X = 1) = q. K¡X Ñlëê�p

�ü:©Ù½ëê�p�0-1©Ù.
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3 . ��©Ù:3nËã|Á�¥§̄ �Au)(¯�Au)�VÇ�p)�g

êX´��lÑ.�ÅCþ§Ù©ÙÆ�P(X = k) = Ck
n pk(1 − p)n−k, k =

0, 1, 2, · · · , n.¡X�Ñlëên, p���©Ù.P�X ∼ B(n, p).

½n3.1.1. �X ∼ B(n, p), K�k = [(n + 1)p] �, P(X = k) ����; X

Jk = (n + 1)p´�ê,KP(X = k) = P(X = k − 1)Ó����.

4 . Ñt©Ù:elÑ.�ÅCþX�©ÙÆ�

P(X = k) =
λk

k!
e−λ, k = 0, 1, 2, · · ·

Ù¥~êλ > 0,K¡XÑlëê�λ�Ñt©Ù,P�X ∼ P(λ).

½n3.1.2 (Ñt½n). ��ÅCþXÑl��©ÙB(n, pn),XJlimn→∞ npn =

λ,K

lim
n→∞

P(X = k) = lim
n→∞

Ck
n pk

n(1 − pn)n−k =
λk

k!
e−λ, k = 0, 1, 2, · · · .

d½n3äN¯K�:�n��,p���,=�^Ñt©ÙCqO��

�©Ù.

5 . �AÛ©Ù:��1Óa.��¬�kN�,Ù¥g¬kM�.8l¥?

�n(b½n ≤ M)�,Kùn�¥¤¹�g¬êX´��lÑ.�ÅCþ,Ù

©ÙÆ�

P(X = k) =
Ck

MCn−k
N−M

Cn
N
, k = 0, 1, · · · , r, r = min(M, n)

K¡XÑl�AÛ©Ù.

6 . AÛ©Ù:�±w¤”Äg¤õÁ�”(¤õ�VÇ�p),Ù©ÙÆ�

P(X = k) = qk−1 p, k = 1, 2, · · ·

K¡XÑlëê�p�AÛ©Ù"

• êÆÏ"EX: �lÑ.�ÅCþ�VÇ©Ù�P(X = xk) = pk, k = 1, 2, 3, · · · .

KEX = p1x1 + p2x2 + p3x3 + · · · . �ÅCþ¼êg(X)�êÆÏ"�Eg(X) =

p1g(x1) + p2g(x2) + p3g(x3) + · · · .

5¿: Ï"EX´�~ê.



1 . 0-1©Ù�êÆÏ"�p,

2 . ��©Ù�êÆÏ"�np,

3 . Ñt©Ù�êÆÏ"�λ.

• êÆÏ"�5�:

1 . EC = C.

2 . ECX = CEX.

3 . E[ f (X) + g(X)] = E f (X) + Eg(X).

• ��DX: �ÅCþ¼ê(X − EX)2 �Ï".

• ���O�:

1 . �â½Â: DX = (x1 − EX)2 p1 + (x2 − EX)2 p2 + (x3 − EX)2 p3 + · · · .

2 . �âúªDX = EX2 − (EX)2.

• ���5�:

1 . DC = 0.

2 . DCX = C2DX.

3 . D[X +C] = DX.

1 . 0-1©Ù����p(1 − p),

2 . ��©Ù����np(1 − p),

3 . Ñt©Ù����λ.

§3.2 �Y

)3.2.1. duùngÁ�z�g(JÑ�±´¥½öØ¥,¿�ng�Â�mv

k'X,¤±o�k8«�U;·�^1L«Â¥8I,^0L«vkÂ¥8I;u



´��n�|(1, 1, 0)ÒL«c¡ügÂ¥8I1ngvkÂ¥8I,�âù�

PÒ,·��±�����mΩ�u¦
ω1, ω2, ω3, ω4, ω5, ω6, ω7, ω8

��ω1 = (1, 1, 1), ω2 = (1, 1, 0), ω3 = (1, 0, 1), ω4 = (1, 0, 0),
ω5 = (0, 1, 1), ω6 = (0, 1, 0), ω7 = (0, 0, 1), ω8 = (0, 0, 0)

©
.

�X´·¥8I�gê,KX´���ÅCþ,�U��´0, 1, 2, 3. ¿�ù�

Á��±w¤´3ÕáËã|Á�, u´�ÅCþX Ñlëê�n = 3, p = 0.7

���©Ù,=X ∼ B(3, 0.7),©ÙÆ´

P(X = k) = Ck
30.7k0.33−k, k = 0, 1, 2, 3.

)3.2.2. �X´��Ü�¬�c®²�Ñ5�¢¬ê,KX´���ÅCþ,�U

��´0, 1, 2, 3,�âK¿,¦Ñ����éA�VÇ���X�VÇ©Ù

P(X = 0) =
9

12
, P(X = 1) =

3
12

9
11
, P(X = 2) =

3
12

2
11

9
10
, P(X = 3) =

3
12

2
11

1
10

9
9
.

)3.2.3. �X´���¢¬ê,KX´���ÅCþ

(1)du��Ø�£, u´X �U��´0, 1, 2, ¿�Ñl�AÛ©Ù, =X �

VÇ©Ù�

P(X = 0) =
C3

8

C3
10
, P(X = 1) =

C2
8C1

2

C3
10
, P(X = 2) =

C1
8C2

2

C3
10
.

(2)du���£,u´X�U��´0, 1, 2, 3,zg��g¬�VÇ´ 2
10 = 0.2,

¿�p��m´�pÕá�,¤±·��±w¤´��3Ëã|Á�,u´XÑ

lëê�n = 3, p = 0.2���©Ù,=X ∼ B(3, 0.2),=X�VÇ©Ù�

P(X = k) = Ck
30.2k0.83−k, k = 0, 1, 2, 3.

)3.2.4. �X´ügN��m)��Ü�¬ê,u´lI�N�m©,�e�gI

�N���,�±w¤´”�e�ÄgI�N�”Á�,�Ò´AÛ©Ù,u´X �

�U��´0, 1, 2, 3, · · · ,©ÙÆ´

P(X = k) = (1 − p)k p, k = 0, 1, 2, 3, · · · .

)3.2.5. �X ´Â¥8Igê, KX ´���ÅCþ, ¤k�U��´0, 1, 2. q

PA�`Â¥8Iù�¯�, B�¯Â¥8Iù�¯�,u´

{X = 0} = A B, {X = 1} = AB + AB, {X = 2} = AB.



lX�VÇ©Ù�

P(X = 0) = (1 − p1)(1 − p2), P(X = 1) = (1 − p1)p2 + p1(1 − p2), P(X = 2) = p1 p2.

)3.2.6. ©Û:TKÌ�´|^VÇ©Ù7I÷v�^���:=���ÅCþ¤

k�U��éA�VÇÚAT�1.

(1)

1 =
NX

k=1
P(ξ = k) =

NX
k=1

a
N
= a.

(2)

1 =
∞X

k=1
P(η = k)

=
∞X

k=1
c(

2
3

)k

= c
2
3

1 − 2
3

= 2c

u´c = 1
2 .

)3.2.7. ù´��”Äg¤õ”Á�,ÑlAÛ©Ù,=ξ�©ÙÆ´:

P(ξ = k) = (
1
4

)
k−1 3

4
, k = 1, 2, 3, · · · .

�
¦ξ �óê�VÇ, ·��m = 2r, r = 1, 2, 3, · · · . u´ξ �óê�ù�¯�

=ξ�m = 2r, r = 1, 2, 3, · · · �ù�¯�,u´éA�VÇ�X
m�óê

P(ξ = m) =
∞X

r=1
P(ξ = 2r) =

∞X
r=1

1
4

(2r−1) 3
4
=

1
5

)3.2.8. �3ù��þ��Oiê�X, KX ´���ÅCþ. duz��Oi

��U�Ñy3?Û��þ,u´z��OiÑy3�	�þ�VÇ´ 1
500 ,qd

u���OiÑy3=��þÚÙ§�OiÑy3=pÃ',l·��±w¤

´100 �Ëã|Á�, u´X Ñlëê�n = 100, p = 1
500 ���©Ù, =X ∼

B(100, 0.002),©ÙÆ´

P(X = k) = Ck
1000.002k0.998100−k, k = 0, 1, 2, 3, · · · , 100.



)3.2.9. �X ´10<¥�AB.�<ê,KX ´���ÅCþ. z�<´AB.�

VÇ´0.25,Ø´AB.�VÇ�0.75,¿�¦�´�oÉ.�p�mÑ´Ã'�,

¤±·��±w¤´10Ëã|Á�,u´XÑlëê�n = 10, p = 0.25���

©Ù,=X ∼ B(10, 0.25),©ÙÆ´

P(X = k) = Ck
100.25k0.7510−k, k = 0, 1, 2, 3, · · · , 10.

)3.2.10. �X ´Ó���¦^���ê,�âK¿,·��±�Ä3?���z

���´Ä�¦^,Ù�UÑy�(J´ü�,”¦^”½”Ø�¦^”. ¿����

�´Ä�¦^�pÕá,Ïdù�¯K�±w¤´p = 0.2�5Ëã|Á�,u

´XÑlëê�n = 5, p = 0.2���©Ù,=X ∼ B(5, 0.2),Ù©ÙÆ�:

P(X = k) = Ck
50.2k0.85−k, k = 0, 1, 2, 3, 4, 5.

(1)Tk2���3¦^,^�ÅCþ5L«={X = 2}ù�¯�,u´

P(X = 2) = C2
50.220.85−2 = 0.2048.

(2)�õk2���3¦^,^�ÅCþ5L«={X ≤ 2}ù�¯�,u´

P(X ≤ 2) = P(X = 0) + P(X = 1) + P(X = 2)

= C0
50.200.85−0 +C1

50.210.85−1 +C2
50.220.85−2

= 0.94208.

(3)��k2���3¦^,^�ÅCþ5L«={X ≥ 2}ù�¯�,u´

P(X ≥ 2) = 1 − P(X = 0) − P(X = 1) = 1 −C0
50.200.85−0 −C1

50.210.85−1 = 0.26272.

(2)kõê��3¦^,^�ÅCþ5L«={X ≥ 3} ù�¯�, §�(2)¥�

õ2���3¦^´éá�m,u´

P(X ≥ 3) = 1 − P(X ≤ 2) = 0.05792.

)3.2.11. ��ÅCþX ´¯�Au)�gê,KAu)3g½�õgù�¯��

±L«�{X ≥ 3}



(1)TÁ��±w¤´3Ëã|Á�,u´XÑlëê�n = 3, p = 0.3��

�©Ù,=X ∼ B(3, 0.3),©ÙÆ´

P(X = k) = Ck
30.3k0.73−k, k = 0, 1, 2, 3.

u´P(X ≥ 3) = P(X = 3) = C3
30.330.73−3 = 0.027.

(2)TÁ��±w¤´5Ëã|Á�,u´XÑlëê�n = 5, p = 0.3��

�©Ù,=X ∼ B(5, 0.3),©ÙÆ´

P(X = k) = Ck
50.3k0.75−k, k = 0, 1, 2, 3, 4, 5.

u´P(X ≥ 3) = P(X = 3) + P(X = 4) + P(X = 5) = C3
50.330.75−3 + C4

50.340.75−4 +

C5
50.350.75−5 = 0.16308.

)3.2.12. Äk, éz ÈÀ
5`, z��^®�VÇ´15
60 = 0.25. ·��±�

Ä3Ó���z¶ÈÀ
´Ä^®,Ù�UÑy�(J´ü�,”^®”½”Ø^®”.

¿��<Û�^®�pÕá, Ïdù�¯K�±w¤´p = 0.25 �4 Ëã|

Á�, ��ÅCþX ´z��Ó�^®ê, Ñlëê�n = 4, p = 0.25 ���©

Ù,=X ∼ B(4, 0.25),Ù©ÙÆ�:

P(X = k) = Ck
40.25k0.754−k, k = 0, 1, 2, 3, 4.

=P(X = 0) = 0.3164, P(X = 1) = 0.4219, P(X = 2) = 0.2109, p(X = 3) =

0.0469, P(X = 4) = 0.0039. lP(X ≤ 2) = 0.9492. Ïd,Ó�¦^®�<êØ�

L2��VÇ�0.9492,����2�®,ù�QØ¬¦®LÝs�,�Ø¬Ï�®

Ø
K��Ö.

(2) U(1) �(J�®, =��2 �®, u´z���Ø
^®�VÇ�1 −

0.9492 = 0.0508,=z��Ø
^®�m�0.0508 ∗ 1 = 0.0508(��), 8���Ø


^®�mÒ´0.0508 ∗ 8 = 0.4064(��).

)3.2.13. ��ÅCþX ´g¬ê,ù�¯K�±w¤´p = 0.1�10Ëã|Á

�,u´XÑlëê�n = 10, p = 0.1���©Ù,=X ∼ B(10, 0.1),Ù©ÙÆ�:

P(X = k) = Ck
100.1k0.910−k, k = 0, 1, 2, 3, · · · , 10.

u´TÐk��g¬�VÇAT�u: P(X = 1) = C1
100.110.910−1 = 0.3874.



��k��g¬�VÇAT�uP(X ≥ 1) = 1−P(X = 0) = 1−C0
100.100.910−0 =

0.6513.

¤±Ø´7k��g¬.

)3.2.14. ��ÅCþX´Â¥8Iê,ù�¯K�±w¤´p = 0.3�8Ëã|

Á�,u´XÑlëê�n = 8, p = 0.3���©Ù,=X ∼ B(8, 0.3),Ù©ÙÆ�:

P(X = k) = Ck
80.3k0.78−k, k = 0, 1, 2, 3, · · · , 8.

(1)|^��þ163�½n2:

du(n + 1)p = (8 + 1) ∗ 0.3 = 2.7Ø´�ê,u´{X = [2.7] = 2}�éA�V

Ç��,¿�P(X = 2) = C2
80.320.78−2 = 0.2865.

(2)��Â¥8I2gù�¯�^�ÅCþX5L«=�{X ≥ 2},éA�VÇ

�:

P(X ≥ 2) = 1 − P(X = 0) − P(X = 1) = 1 −C0
80.300.78−0 −C1

80.310.78−1 = 0.7447.

)3.2.15. ��ÅCþX ´g¬ê,ù�¯K�±w¤´p = 0.005�1000Ëã

|Á�,u´XÑlëê�n = 1000, p = 0.005���©Ù,=X ∼ B(1000, 0.005),

dun = 1000��, p = 0.005��,u´·��±^ëê�λ = np = 5�Ñt©

Ù�Cq��©Ù,Ù©ÙÆ�:

P(X = k) =
5k

k!
e−5.

(1)�k��g¬^�ÅCþL«=�{X = 1},éA�VÇ�:

P(X = 1) =
51

1!
e−5 = 5e−5 = 0.0337.

(½ö�±���þ1249��L�).

(2)��k��g¬^�ÅCþL«=�{X ≥ 1},éA�VÇ�:

P(X ≥ 1) = 1 − P(X = 0) = 1 −
50

0!
e−5 = 1 − e−5 = 0.9933.

(½ö�±���þ1249��L�).

(3)�¦A�g¬��ÿVÇ��,·�£���©Ù,=X ∼ B(1000, 0.005),

|^��þ163�½n2: du(n + 1)p = (1000 + 1) ∗ 0.005 = 5.005Ø´�ê,u

´{X = [5.005] = 5}�éA�VÇ��.�¦X = 5éA�VÇ,·�2g|^Ñ

t©Ù5Cq, P(X = 5) = 55

5! e−5 = 0.1755. (½ö�±���þ1249��L�).



)3.2.16. ��ÅCþX´u)�æ���ê

(1)ù�¯K�±w¤´p = 0.01�20Ëã|Á�,u´X Ñlëê�n =

20, p = 0.01���©Ù,=X ∼ B(20, 0.01),dun = 20��, p = 0.01��,u´

·��±^ëê�λ = np = 0.2�Ñt©Ù�Cq��©Ù,Ù©ÙÆ�:

P(X = k) =
0.2k

k!
e−0.2.

�k1<�?, ¤±�2�±þ��u)�æ�Ò�Ø�9��?, ^�ÅCþL

«=�{X ≥ 2},éA�VÇ´:

P(X ≥ 2) = 1 − P(X = 0) − P(X = 1) = 1 − 0.8187 − 0.1638 = 0.0175.

(���þ1249��L�).

(2)ù�¯K�±w¤´p = 0.01�100Ëã|Á�,u´XÑlëê�n =

100, p = 0.01���©Ù,=X ∼ B(100, 0.01), dun = 100��, p = 0.01��,

u´·��±^ëê�λ = np = 1�Ñt©Ù�Cq��©Ù,Ù©ÙÆ�:

P(X = k) =
1k

k!
e−1.

�I�t�<�?,K�k�t + 1�±þ��u)�æ�â¬k���Ø�9�

�?,^�ÅCþL«=�{X ≥ t + 1},éA�VÇ´:

P(X ≥ t + 1) = 1 − P(X = 0) − P(X = 1) − · · · − P(X = t) ≤ 0.01.

(���þ1249 ��L�),��: P(X = 0) = 0.3679, P(X = 1) = 0.3679, P(X =

2) = 0.1839, P(X = 3) = 0.0613, P(X = 4) = .0.513.

O���: P(X ≥ 4) = 1 − 0.981 = 0.019 > 0.01,P(X ≥ 5) = 1 − 0.9963 =

0.0037 < 0.01. ¤±t = 4,=����4¶�?<
,âU¦���u)�æ��

Ø�9��?�VÇØ�L0.01.

)3.2.17. ��ÅCþX ´Ø�L��gê, ù�¯K�±w¤´p = 0.05�100

Ëã|Á�,u´XÑlëê�n = 100, p = 0.05���©Ù,=X ∼ B(100, 0.05),

dun = 100��, p = 0.05��,u´·��±^ëê�λ = np = 5�Ñt©Ù

�Cq��©Ù,Ù©ÙÆ�:

P(X = k) =
5k

k!
e−5.



Ø�L��gêØ�u3ù�¯�^�ÅCþL«=�{X ≥ 3},éA�VÇ�(�

��þ1249 ��L�): P(X ≥ 3) = 1 − P(X = 0) − P(X = 1) − P(x = 2) =

1 − 0.0067 − 0.0337 − 0.0842 = 0.8754.

)3.2.18. Äkaqu163�½n2�Ä��©Ù���{,·��Ä:

P(ξ = m)
P(ξ = m − 1)

=
λm

m! e
−λ

λm−1

(m−1)!e
−λ
=
λ

m
.

u´�m < λ�, P(ξ = m) > P(ξ = m − 1);�m > λ�, P(ξ = m) < P(ξ = m − 1);

�m = λ�, P(ξ = m) = P(ξ = m − 1).

Ïd,·�©λ´Ä��êü«�¹?Ø:

(1)λØ´�ê,Pλ0 = [λ]. Kdþã?Ø��¶(ξ = λ0)�Ñt©Ù�VÇ�

��. (dud� P(ξ=λ0)
P(ξ=λ0−1) =

λ
λ0
> 1,¿�P(ξ=λ0+1)

P(ξ=λ0) =
λ
λ0+1 < 1.)

(2)λ´�ê,Kd�P(ξ = λ) = P(ξ = λ − 1)Ó��Ñt©ÙVÇ����.

)3.2.19. o�Äu4g, �ÅCþξ L«ù4g¥�N����gê, �Ò´ù4

gÄu¥,g¬õu1��gê. ·��±rù�¯Kw¤´��4�Ëã|Á

�,Ï�zgÄu�U�)�(J�kü�: ”�N���”,”ØI�N���”,¿

�4gÄu�m´�pÕá�. �´·�Ø��”�N���”ù�¯��VÇ,u

´·��I�¦ù�VÇ,�Ò´�¦zgÄuuyg¬õu1��VÇ.

·���ÅCþη ´�gÄu¥uy�g¬ê, ù�¯K�±w¤´p =

0.1 �10 Ëã|Á�, u´η Ñlëê�n = 10, p = 0.1 ���©Ù, =η ∼

B(10, 0.1),Ù©ÙÆ�:

P(η = k) = Ck
100.1k0.910−k, k = 0, 1, 2, 3, · · · , 10.

g¬õu1�ù�¯�^�ÅCþL«=�{η > 1},éA�VÇ�:

P(η > 1) = 1 − P(X = 0) − P(X = 1) = 1 −C0
100.100.910−0 −C1

100.110.910−1 = 0.2639.

(ù�¯K��±^ëê�λ = np = 1�Ñt©Ù5Cq,�L�¦�P(η > 1) =

0.2642.)

u´�ÅCþξÑlëê�n = 4, p = 0.2639���©Ù,=ξ ∼ B(4, 0.2639).

�â��©Ù�Ï"��:Eξ = np = 4 ∗ 0.2639 = 1.0556.



)3.2.20. ¯ª:Õk2�¦�e��VÇ,ù�¯KI�©nÚ�Ä:

(1)©u��þ¦�ê

Ï���e��<êÚ©u�¦�ê�½´k'X�,�,��yª:Õk2�

¦�,©u���I�k2�¦�. ¤±·�b�©u�kt + 2 �¦�, Ù¥t =

0, 1, 2, · · · . q�âK¿, ©u��þ¦�<ê´ëê�λ �Ñt©Ù�ÅCþξ,

u´©u�kt + 2�¦��VÇ�P(ξ = t + 2) = λt+2

(t+2)!e
−λ.

(2)�©u��þkt + 2�¦��,duz�¦�3ùk�Õ¥�=�Õe�

Ñ´��U�,u´z�¦�3���Õe��VÇAT� 1
k ,�,,Ø3���

Õe��VÇÒ´q = 1 − 1
k .

·�éùt = 2 �¦�©O�Ä, z�¦�´Ä3���Õe��kü«(

J:”´”½ö”Ä”(�,ùpØe�`²®²3c¡e�
). ¿�¦��m´Ä3

ª:Õe�Ñ´p�Õá�.¤±�±w¤´p = 1
k �t + 2 Ëã|Á�. ��

ÅCþη ´ª:Õe�<ê, Kη Ñlëê�n = t + 2, p = 1
k ���©Ù,=η ∼

B(t + 2, 1
k ),Ù©ÙÆ�:

P(η = r|ξ = t + 2) = Cr
t+2

1
k

r

qt+2−r, r = 0, 1, 2, 3, · · · , t + 2.

(3)(Üþ¡üÚ,·��Äk2�¦�3ª:Õe�(ù�¯�^�ÅCþL

«=�{η = 2})�VÇ

du©u��þ<ê�±´2, 3, 4, · · · , t+2, · · · ,u´·�|^�VÇúª(©

�¹?Ø):

P(η = 2) =
∞X

t=0
P(ξ = t + 2)P(η = 2|ξ = t + 2)

=
∞X

t=0

λt+2

(t + 2)!
e−λ ∗C2

t+2
1
k

2

qt+2−2

=
∞X

t=0

λtλ2

(t + 2)!
e−λ

(t + 2)!
t!2!

1
k2 qt

=
λ2e−λ

2!k2

∞X
t=0

(qλ)t

t!

=
λ2e−λ

2!k2 eqλ =
λ2e−λ

2!k2 e(1− 1
k )λ =

λ2

2k!
e
λ
k

)3.2.21. �ξ´)�6Y��UÑg¬�ê,§�#ó²´Äk�k'. �¯�A

´#ó²k�, K§�VÇP(A) = 0.75, d�ξ Ñlλ = 3 �Ñt©Ù, =P(ξ =



k|A) = 3k

k! e−3; AÒ´#ó²Ã�,�Ò´Îó²k�,§�VÇP(A) = 0.25,d�ξ

Ñlλ = 5�Ñt©Ù,=P(ξ = k|A) = 5k

k! e−5.

y3®²Ñ
2�g¬,¦#ó²k��VÇP(A|ξ = 2),�â^�·�|^

��dúª:

P(A|ξ = 2) =
P(ξ = 2|A)P(A)

P(ξ = 2|A)P(A) + P(ξ = 2|A)P(A)

=
32

2! e−3 ∗ 0.75
32

2! e−3 ∗ 0.75 + 52

2! e−5 ∗ 0.25

=
0.168

0.168 + 0.02105
= 0.89

)3.2.22. ��ÅCþτ´�Uu)��ægê,�âK¿,§ÑlÑt©Ù,·�

b�τÑlëê�λ�Ñt©Ù,=©ÙÆ�:

P(τ = k) =
λk

k!
e−λ.

q�â�USu)1g�æ�u)2g�æ�VÇ�Ó, =: P(τ = 1) = P(τ = 2),

l��:
λ1

1!
e−λ =

λ2

2!
e−λ.

��λ2 = 2λ,�âÑt©Ù��¦λ > 0��λ = 2. ÏdP(τ = k) = 2k

k! e−2.

zU�æØ�L1 gù�¯�^�ÅCþτ 5L«=�{τ ≤ 1}, éA�VÇ

�:

P(τ ≤ 1) = P(τ = 0) + P(τ = 1) = e−2 + 2e−2 = 3e−2.

)3.2.23. (1)|^VÇ©Ù7I÷v�^���:=���ÅCþ¤k�U��é

A�VÇÚAT�1.

d3a + 1
6 + 3a + a + 11

30 = 1,��a = 1
15 .

(2)�âlÑ.�ÅCþÏ"�½Â,��:

Eξ = −2 ∗ 3 ∗
1

15
+ (−1) ∗

1
6
+ 0 ∗ 3 ∗

1
15
+ 1 ∗

1
15
+ 3 ∗

11
30
=

3
5
.

(3)

�
ξ −2 −1 0 1 3

η = ξ2 − 1 3 0 −1 0 8

p 1
5

1
6

1
5

1
15

11
30

�
¤±η = ξ2 − 1�©Ù�´:



�
η −1 0 3 8

p 1
5

1
6 +

1
15 =

7
30

1
5

11
30

�
(4)�âÏ"�½Â:

Eη = −1 ∗ 1
5 + 0 ∗ 7

30 + 3 ∗ 1
5 + 8 ∗ 11

30 =
10
3 .

)3.2.24. �âÏ"Ú���½Â95�:

Eξ = −2 ∗ 0.4 + 0 ∗ 0.3 + 2 ∗ 0.3 = −0.2.

Eξ2 = (−2)2 ∗ 0.4 + 02 ∗ 0.3 + 22 ∗ 0.3 = 2.8.

E(3ξ2 + 5) = 3Eξ2 + 5 = 3 ∗ 2.8 + 5 = 13.4.

Dξ = Eξ2 − (Eξ)2 = 2.8 − (−0.2)2 = 2.76.

)3.2.25. �â���½Â95�:

Dξ = Eξ2 − (Eξ)2 = 12 ∗ p − (1 ∗ p)2 = p − p2.

¤±�p = 1
2 ������.

)3.2.26. 1ngl�¥�2�¥,���x¥êξ ´���ÅCþ,¤k�U��

�0, 1, 2.

du313gl�¥�¥�, ®²l�¥�r4�¥, ù4�¥���Uk3«

�¹,=

(1)4�Ñ´ç¥,P�¯�A; P(A) = C4
6

C4
8
= 3

14 . �e2�ç¥,2�x¥.

1ng�ü�¥¥x¥ê�0��VÇ�(=0�x¥2�ç¥): P(ξ = 0|A) =
C2

2
C2

4
= 1

6 ;

1ng�ü�¥¥x¥ê�1��VÇ�(=1�x¥1�ç¥): P(ξ = 1|A) =
C1

2C1
2

C2
4
= 2

3 ;

1ng�ü�¥¥x¥ê�2��VÇ�(=2�x¥1�ç¥): P(ξ = 2|A) =
C2

2
C2

4
= 1

6 ;

(2)3�ç¥,1�x¥,P�¯�B; P(B) = C3
6C1

2
C4

8
= 4

7 . �e3�ç¥,1�x¥.

1ng�ü�¥¥x¥ê�0��VÇ�(=0�x¥2�ç¥): P(ξ = 0|B) =
C2

3
C2

4
= 1

2 ;

1ng�ü�¥¥x¥ê�1��VÇ�(=1�x¥1�ç¥): P(ξ = 1|B) =
C1

3C1
1

C2
4
= 1

2 ;



(3)2�ç¥,2�x¥,P�¯�C. P(C) = C2
6C2

2
C4

8
= 3

14 . �e4�ç¥.

1ng�ü�¥¥x¥ê�0��VÇ�(=0�x¥2�ç¥): P(ξ = 0|C) =
C2

4
C2

4
= 1.

,��â�VÇúª(=©�¹?Ø):

P(ξ = 0) = P(A)P(ξ = 0|A)+P(B)P(ξ = 0|B)+P(C)P(ξ = 0|C) =
3

14
∗

1
6
+

4
7
∗

1
2
+

3
14
∗1.

P(ξ = 1) = P(A)P(ξ = 1|A) + P(B)P(ξ = 1|B) =
3

14
∗

2
3
+

4
7
∗

1
2
=

3
7
.

P(ξ = 2) = P(A)P(ξ = 2|A) =
3

14
∗

1
6
=

1
28
.

¤±Eξ = 0 ∗ P(ξ = 0) + 1 ∗ P(ξ = 1) + 2 ∗ P(ξ = 2) = 3
7 + 2 ∗ 1

28 =
1
2 .

)3.2.27. u)�æ��oêξ´���ÅCþ,¤k�U���0, 1, 2, 3. b�n

���u)�æ©OP�¯�A,B,C. �âK¿: P(A) = 0.2, P(B) = 0.3, P(C) =

0.4. (Ü¯�A,B,C�pÕá,·�k:

P(ξ = 0) = P(A B C) = P(A)P(B)P(C)

= (1 − 0.2)(1 − 0.3)(1 − 0.4) = 0.336.

P(ξ = 1) = P(AB C + ABC + A BC)

= P(A)P(B)P(C) + P(A)P(B)P(C) + P(A)P(B)P(C)

= 0.2 ∗ 0.7 ∗ 0.6 + 0.8 ∗ 0.3 ∗ 0.6 + 0.8 ∗ 0.7 ∗ 0.4 = 0.452.

P(ξ = 2) = P(ABC + ABC + ABC)

= P(A)P(B)P(C) + P(A)P(B)P(C) + P(A)P(B)P(C)

= 0.2 ∗ 0.3 ∗ 0.6 + 0.8 ∗ 0.3 ∗ 0.4 + 0.2 ∗ 0.7 ∗ 0.4 = 0.188.

P(ξ = 3) = P(ABC) = P(A)P(B)P(C)

= 0.2 ∗ 0.3 ∗ 0.4 = 0.024.

u´Eξ = 0 ∗ 0.336 + 1 ∗ 0.452 + 2 ∗ 0.188 + 3 ∗ 0.024 = 0.9.

Eξ2 = 02 ∗ 0.336 + 12 ∗ 0.452 + 22 ∗ 0.188 + 32 ∗ 0024 = 1.42.

Dξ = Eξ2 − (Eξ)2 = 1.42 − 0.92 = 0.61.



)3.2.28. �X ´�±5�ó�F¥u)�æ�Uê,Ñlëê�n = 5, p = 0.2�

��©Ù,=X ∼ B(5, 0.2),VÇ©Ù�:

P(X = k) = Ck
50.2k0.85−k, k = 0, 1, 2, 3, 4, 5.

u´�±�)|d�Ï"�AT�u:

P(X = 0) ∗ 10 + P(X = 1) ∗ 5 + P(X = 2) ∗ 0 + (P(X = 3) + P(X = 4) + P(X = 5)) ∗ (−2)

= 10C0
50.200.85−0 + 5C1

50.210.85−1 − 2(C3
50.230.85−3 +C4

50.240.85−4 +C5
50.250.85−5)

= 3.2768 + 2.048 − 2(0.0512 + 0.0064 + 0.00032) = 5.20896

(g�: ��oùp�Ï"�Ø´EX = P(X = 0) ∗ 0 + P(X = 1) ∗ 1 + P(X =

2) ∗ 2 + P(X = 3) ∗ 3 + P(X = 4) ∗ 4 + P(X = 5) ∗ 5.)





1oÙ 1oÙ�Y

§4.1 �Y

)4.1.1. ξ �©ÙÆ�: P(ξ = 0) = 0.027,P(ξ = 1) = 0.189,P(ξ = 2) = 0.441,P(ξ =

3) = 0.343. u´ξ�©Ù¼ê�:

• F(x) = P(ξ ≤ x) =

8>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>:

0, x < 0,

0.027, 0 ≤ x < 1,

0.027 + 0.189 = 0.216, 1 ≤ x < 2,

0.027 + 0.189 + 0.441 = 0.657, 2 ≤ x < 3,

1, 3 ≤ x,

)4.1.2. ξ �¤k�U���0, 1/2, 1;éA�VÇ: P(ξ = 0) = 1
10 − 0 = 1

10 , P(ξ =

1/2) = 5
10 −

1
10 =

4
10 , P(ξ = 1) = 1 − 5

10 =
5

10 .

)4.1.3. ξ�VÇ©Ù�

�
−1 0 1 2

1/3 − 0 = 1/3 1/2 − 1/3 = 1/6 2/3 − 1/2 = 1/6 1 − 2/3 = 1/3

�

41



u´ξ2 �©Ù��

�
0 1 4

1/6 1/3 + 1/6 = 1/2 1/3

�
¤±ξ2 �©Ù¼ê�

• F(x) = P(ξ ≤ x) =

8>>>>>>>>>>>>><>>>>>>>>>>>>>:

0, x < 0,

1/6, 0 ≤ x < 1,

1/6 + 1/2 = 2/3, 1 ≤ x < 4,

1, 4 ≤ x,

)4.1.4. �âξ�©Ù¼ê,�±��ξ�©Ù��:�
−1 0 1 2 3

r s − r 1/2 − s t − 1/2 u − t

�
�^�¥�©Ù�'���:

• ξ�−1Ú1.5�éA�VÇAT�0,¤±r = b = 0.

• P(ξ = 0) = 1/3 = s − r,¤±s = 1/3.

• P(ξ = 1) = a = 1/2 − s,¤±a = 1/6.

• P(ξ = 2) = 1/6 = t − 1/2,¤±t = 2/3.

• P(ξ = 3) = c = u − 2/3,¤±c = u − 2/3.

qc = 1 − 1/3 − a − b − 1/6 = 1 − 1/3 − 1/6 − 0 − 1/6 = 1/3,¤±u = a + 2/3 = 1.

1.2Ø´lÑ.�ÅCþξ���,¤±éAVÇP(ξ = 1.2) = 0.

P(ξ > 0.5) = 1 − P(ξ < 0.5) = 1 − P(ξ = 0) = 1 − 1/3 = 2/3.

)4.1.5. • �âF(+∞) = 1��: A + 0 = 1,��A = 1.

• �âëY.�ÅCþ�©Ù¼ê7½´ëY¼ê,u´F(x) 3x = 0 ?ëY,

u´0 = A + B,��B = −1.



)4.1.6. (1)�â
R∞
−∞ f (x)dx = 1.

1 =
R 1
−1

A√
(1−x2)

dx = A arcsin x|1−1 = A(π/2 − (−π/2)) = Aπ.

¤±A = 1/π.

(2)¯��VÇÒ´�Ý¼ê3«�þ�È©.

P(|ξ| < 1/2) = P(−1/2 < ξ < 1/2) =
R 1/2
−1/2

1/π√
(1−x2)

dx = 1/π arcsin x|1/2−1/2 = 1/3.

(3)|^�Ý¼êÚ©Ù¼ê�'X:

F(x) =
Z x

−∞
f (t)dt.

• �x < −1�, f (x) = 0,¤±F(x) = 0.

• �−1 ≤ x ≤ 1�, F(x) =
R x
−1

1/π√
(1−t2)

dt = 1/π arcsin t|x−1 = 1/π arcsin x + 1/2.

• �x > 1�, F(x) = 1.

¤±ξ�©Ù¼ê�:

• F(x) =

8>>>>>>><>>>>>>>:

0, x < −1,

1/π arcsin x + 1/2, −1 ≤ x ≤ 1,

1, x > 1

)4.1.7.

• f (x) = Ae−|x| =

8>>>><>>>>:
Aex, x < 0,

Ae−x, x ≥ 0,

u´�{Óþ�K.



(1)
1 =

Z ∞
−∞

f (x)dx

=

Z 0

−∞
Aexdx +

Z +∞
0

Ae−xdx

= Aex|0−in f ty − Ae−x|
+in f ty
0

= 2A

u´A = 1/2.

(2)P(0 < ξ < 1) =
R 1

0 f (x)dx =
R 1

0 1/2e−xdx = −1/2e−x|10 = 1 − 1/2e−1.

(3)�x < 0�

F(x) =
Z x

−∞
f (t)dt =

Z x

−∞
1/2etdt = 1/2et|x−∞ = 1/2ex.

�x ≥ 0�

F(x) =
Z 0

−∞
f (t)dt +

Z x

0
f (t)dt

=

Z 0

−∞
1/2etdt +

Z x

0
1/2e−tdt

= 1/2et|0−∞ + (−1/2e−t)|x0

= 1/2 + (−1/2e−x + 1/2) = 1 − 1/2e−x.

¤±ξ�©Ù¼ê�:

• F(x) =

8>>>><>>>>:
1/2ex, x < 0,

1 − 1/2e−x, x ≥ 0,

)4.1.8. (1)�x < 0�,du f (x) = 0,¤±F(x) =
R x
−∞ f (t)dt = 0.

�x ≥ 0�

F(x) =
Z x

0
1/2t3e−

t2
2 dt = −

Z x

0
1/2t2e−

t2
2 d(−

t2

2
)

= −

Z x

0
1/2t2de−

t2
2 = −

t2

2
e−

t2
2 |x0 +

Z x

0
e−

t2
2 d

t2

2

= −
x2

2
e−

x2
2 − e−

t2
2 |x0 = −

x2

2
e−

x2
2 − e−

t2
2 + 1



¤±ξ�©Ù¼ê�:

• F(x) =

8>>>><>>>>:
−

x2

2
e−

x2
2 − e−

t2
2 + 1, x ≥ 0,

0, x < 0,

(2)Fη(y) = P(η ≤ y) = P(ξ2 + 1 ≤ y) = P(ξ2 ≤ y − 1).

• �y < 1�, ξ2 ≤ y − 1´�8,éAVÇ�0,=Fη(y) = 0.

• �y ≥ 1�, Fη(y) = P(ξ2 ≤ y − 1) = P(−
√

y − 1 ≤ ξ ≤
√

y − 1) = F(
√

y − 1) −

F(−
√

y − 1) = 1 − e
1−y

2 −
1−y

2 e
1−y

2 .

¤±η�©Ù¼ê�:

• Fη(y) =

8>>>><>>>>:
1 − e

1−y
2 −

1 − y
2

e
1−y

2 , y ≥ 1,

0, y < 1,

éA��Ý¼ê�:

• fη(y) = Fη(y)′ =

8>>>><>>>>:
y − 1

4
e

1−y
2 , y ≥ 1,

0, y < 1,



)4.1.9. (1)

Eξ =
Z +∞
−∞

x f (x)dx =
Z +∞

0

x2

σ2 e−
x2

2σ2 dx

=

Z +∞
0

(−x)e−
x2

2σ2 d(−
x2

2σ2 ) =
Z +∞

0
(−x)de−

x2

2σ2

= −xe−
x2

2σ2 |+∞0 +

Z +∞
0

e−
x2

2σ2 dx

= 0 +
√

2πσ
1
√

2πσ
1/2

Z +∞
−∞

e−
x2

2σ2 dx =

√
2π
2
σ.

(2)

Eξ2 =

Z +∞
−∞

x2 f (x)dx =
Z +∞

0

x3

σ2 e−
x2

2σ2 dx

=

Z +∞
0

(−x2)e−
x2

2σ2 d(−
x2

2σ2 ) =
Z +∞

0
(−x2)de−

x2

2σ2

= −x2e−
x2

2σ2 |+∞0 +

Z +∞
0

e−
x2

2σ2 dx2

= 0 − 2σ2
Z +∞

0
e−

x2

2σ2 d(−
x2

2σ2 )

= −2σ2e−
x2

2σ2 |+∞0 = 2σ2.

u´Dξ = Eξ2 − (Eξ)2 = 2σ2 − π/2σ2 = (2 − π/2)σ2.

(3)

P(ξ > Eξ) = P(ξ >
√

2π
2
σ) =

Z +∞
√

2π
2 σ

x
σ2 e−

x2

2σ2 dx

= −

Z +∞
√

2π
2 σ

e−
x2

2σ2 d
−x2

2σ2 = −e−
x2

2σ2 |+∞√2π
2 σ
= e−π/4

)4.1.10. ξÑl��©ÙB(1000, 0.5), Eξ = 1000 ∗0.5 = 500, Dξ = 1000 ∗0.5 ∗ (1−

0.5) = 250. ¯�Au)450�550g�m`²·�I�ξ÷v|ξ − Eξ| < 50; u´|

^�'ÈÅØ�ª:

P(|ξ − 500| < 50) ≥ 1 −
Dξ
502 = 1 −

250
1500

= 0.9.

)4.1.11. ξÑl��©ÙB(10000, 0.7), Eξ = 10000∗0.7 = 7000, Dξ = 10000∗0.7∗

(1 − 0.7) = 2100. ξ36800�7200�m`²·�I�ξ÷v|ξ − Eξ| < 200;u´|^

�'ÈÅØ�ª:

P(|ξ − 7000| < 200) ≥ 1 −
Dξ

2002 = 1 −
2100

40000
= 0.9475.



)4.1.12. �I�)�n ��¬. KξÑl��©ÙB(n, 0.8), Eξ = n ∗ 0.8 = 0.8n,

Dξ = n ∗ 0.8 ∗ (1− 0.2) = 0.16n. ξ30.76n�0.84n�m`²·�I�ξ÷v|ξ− Eξ| <

0.04n;u´|^�'ÈÅØ�ª:

P(|ξ − 0.8n| < 0.04n) ≥ 1 −
Dξ

(0.04n)2 = 1 −
0.16n

(0.04n)2 ≥ 0.9.

¤±n ≥ 1000.

)4.1.13. Äk,w,k0 < a < 1. P(ξ > a) = 1−a
1 = 1 − a.

�η´?�4gξ¥,�ua�gê,u´ηÑl��©ÙB(4, 1 − a). ��k�

��ua�VÇ�0.9,=

0.9 = P(η ≥ 1) = 1 − P(η = 0) = 1 − a4.

¤±a = 4√0.1.

)4.1.14. �§x2 + ξx+ 1 = 0k¢��¿�^�´ξ2 − 4 ≥ 0,=ξ ≥ 2½öξ ≤ −2;

(Üξ´(1, 6)þ�þ!©Ù��, 2 ≤ ξ ≤ 6þ�§k¢�,éAVÇ�:P(2 ≤ ξ ≤

6) = 6−2
6−1 = 4/5.

)4.1.15. P(ξ > 60) = 90−60
90−50 = 0.75.

�η´4��)¥,©êξ�u60©�<ê,u´ηÑl��©ÙB(4, 0.75). �

�k3<�©ê�u60�VÇ,=

P(η ≥ 3) = P(η = 3) + P(η = 4) = C3
40.753(1 − 0.75) +C4

40.754 = 0.7383.

)4.1.16. (1)

• �âF(−∞) = 0��, a = 0;

• �âF(+∞) = 1��, c = 1;

• �âëY.�ÅCþ�©Ù¼ê´ëY¼ê��:

– 3x = 1?ëY, 1 ∗ ln 1 − b ∗ 1 + d = a = 0,

– 3x = e?ëY, e ∗ ln e − b ∗ e + d = c = 1,

��b = d = 1.



(2)

P(ξ > 2) = 1 − P(ξ ≤ 2) = 1 − F(2) = 1 − (2 ln 2 − 2 + 1) = 2 − 2 ln 2.

(3)

• f (x) = F(x)′ =

8>>>><>>>>:
ln x, 1 ≤ x ≤ e,

0, x < 1½öx > e,

)4.1.17. �ξ�¦��Õ�m8:ξ©,u´ξ´(0, 60)þ�þ!©Ù,�Ý¼ê�:

• f (x) =

8>>>><>>>>:
1/60, 0 ≤ ξ ≤ 60,

0, x < 0½öx > 60,

�η´T¶¦�I�����m,Kη´¦��Õ�mξ�¼ê:

• η = g(ξ) =

8>>>>>>>>>>>>><>>>>>>>>>>>>>:

5 − ξ, 0 ≤ ξ ≤ 5,

25 − ξ, 5 < ξ ≤ 25,

55 − ξ, 25 < ξ ≤ 55,

60 − ξ + 5, 55 < ξ ≤ 60,

�¦ÿ��m�êÆÏ",=¦�ÅCþ¼êη = g(ξ)�êÆÏ":

E(η) =
Z +∞
−∞

g(x) f (x)dx

=

Z 5

0
(5 − x) ∗ 1/60dx +

Z 25

5
(25 − x) ∗ 1/60dx +

Z 55

25
(55 − x) ∗ 1/60dx +

Z 60

55
(65 − x) ∗ 1/60dx

= 11.67



)4.1.18. Pξ��Ý¼ê´ f (x),©Ù¼ê´F(x). �|�x0 ëÀ,ÂÃ�η,Kη

´I¦þξ�¼ê:

• η = g(ξ) =

8>>>><>>>>:
3x0, ξ ≥ x0,

3ξ − (x0 − ξ) = 4ξ − x0, ξ < x0

u´ÂÃ�Ï"�:

Eη =
Z +∞
−∞

g(x) f (x)dx

=

Z +∞
x0

3x0 f (x)dx +
Z x0

−∞
(4x − x0) f (x)dx

= 3x0

Z +∞
x0

f (x)dx +
Z x0

−∞
4x f (x)dx − x0

Z x0

−∞
f (x)dx

�¦ÂÃ��,=¦Eη��,�Ò´'ux0 ��ê�u0�:.

0 = −3x0 f (x0) + 3
Z +∞

x0

f (x)dx + 4x0 f (x0) −
Z x0

−∞
f (x)dx − x0 f (x0)

= 3(1 −
Z x0

−∞
f (x)dx) −

Z x0

−∞
f (x)dx

= 3 − 4
Z x0

−∞
f (x)dx = 3 − 4F(x0)

¤±F(x0) = 3/4,�âξ´þ!©Ù��: x0 = 3500.

)4.1.19. ë��á�¡�Y.

)4.1.20. µ = 1, σ = 2.

• P(ξ ≤ 2.2) = Φ(2.2−1
2 ) = Φ(0.6) = 0.7257;

• P(−1.6 < ξ ≤ 5.8) = Φ( 5.8−1
2 ) − Φ(−1.6−1

2 ) = Φ(2.4) − Φ(−1.3) = Φ(2.4) − 1 +

Φ(1.3) = 0.8950;

• P(|ξ| ≤ 3.5) = P(−3.5 < ξ ≤ 3.5) = Φ( 3.5−1
2 ) − Φ(−3.5−1

2 ) = Φ(1.25) − Φ(−2.25) =

Φ(1.25) − 1 + Φ(2.25) = 0.8822;



• P(|ξ| > 4.56) = 1 − P(−4.56 < ξ ≤ 4.56) = 1 − Φ(4.56−1
2 ) + Φ(−4.56−1

2 ) = 1 −

Φ(1.78) + Φ(−2.78) = 1 − Φ(1.78) + 1 − Φ(2.78) = 0.0402.

)4.1.21. �âK¿��: F(x1) : (F(x2)− F(x1)) : (F(x3)− F(x2)) : (F(x4)− F(x3)) :

(F(x4) = 7 : 24 : 38 : 24 : 7. u´F(x1) = 0.07,F(x2) = 0.31,F(x3) = 0.69,F(x4) =

0.93. �âF(x) = Φ( x−µ
σ

),±9µ = 60, σ = 3,k:

• 0.07 = F(x1) = Φ( x1−60
3 ), u´Φ(60−x1

3 ) = 1 − 0.07 = 0.93, �L��: 60−x1
3 =

1.474,=x1 = 55.578.

• 0.31 = F(x2) = Φ( x2−60
3 ), u´Φ(60−x2

3 ) = 1 − 0.31 = 0.69, �L��: 60−x2
3 =

0.496,=x2 = 58.512.

• 0.69 = F(x3) = Φ( x3−60
3 ),�L��: x3−60

3 = 0.496,=x3 = 61.488.

• 0.93 = F(x4) = Φ( x4−60
3 ),�L��: x4−60

3 = 1.474,=x4 = 64.422.

)4.1.22. µ = 2, P(−1 ≤ ξ ≤ 2 + σ) = Φ(2+σ−µ
σ

) − Φ(−1−µ
σ

) = Φ(1) − Φ(−3
σ

). u

´Φ(−3
σ

) = Φ(1) − 0.6826 = 0.8413 − 0.6826 = 0.1587. Ïd: Φ(3/σ) = 0.8413.

=3/σ = 1, σ = 3.

)4.1.23. lξ ��Ý¼ê�±wÑ, ξ Ñl��©ÙN(20, 402). Ø��ýé�Ø

�L30�,=|ξ| ≤ 30,éA�VÇ�:

P(|ξ| ≤ 30) = P(−30 ≤ ξ ≤ 30) = Φ(
30 − 20

40
)−Φ(

−30 − 20
40

) = Φ(0.25)+Φ(1.25)−1 = 0.4931.

�η´3gÕá�ÿþ¥,Ø��ýé�Ø�L30�gê,u´ηÑl��©ÙB(3, 0.4931);

��k�g�VÇAT´P(η ≥ 1) = 1 − P(η = 0) = 1 − (1 − 0.4931)3 = 0.8698.

)4.1.24. ξÑlλ = 0.1��ê©Ù,u´éA��Ý¼ê�:

• f (x) =

8>>>><>>>>:
0.1e−0.1x, x ≥ 0,

0, x < 0



�â�ê©Ù�ÃPÁ5,ÿU¦^5c±þ�VÇ�u:

P(ξ ≥ 5) =
Z +∞

5
0.1e−0.1xdx = (−e−0.1x)|+∞5 = e−0.5.

���¹e,=:

P(ξ ≥ s + 5|ξ ≥ s) =
P(ξ ≥ s + 5, ξ ≥ s)

P(ξ ≥ s)
=

P(ξ ≥ s + 5)
P(ξ ≥ s)

=
1 − F(s + 5)

1 − F(s)
.

)4.1.25. TK´19K�AÏ�¹, �ξ�©Ù¼ê´F(x), Kη = 1 − e−2ξ = F(ξ).

b�η�©Ù¼ê�Fη(y),

Fη(y) = P(η ≤ y) = P(F(ξ) ≤ y).

du©Ù¼ê���3[0, 1]¥.

• �y < 0�, F(ξ) ≤ y´�8,éAVÇ�0,=d�Fη(y) = 0;

• �y > 1�, F(ξ) ≤ y´7,¯�,éAVÇ�1,=d�Fη(y) = 1;

• �0 ≤ y ≤ 1�,

Fη(y) = P(F(ξ) ≤ y) = P(1 − e−2ξ ≤ y)

= P(ξ ≤ −
ln(1 − y)

2
) =

Z − ln(1−y)
2

0
2e−2xdx = −e−2x|

−
ln(1−y)

2
0

= 1 − e2 ln(1−y)
2 = y

¤±η�©Ù¼ê´:

• Fη(y) =

8>>>>>>><>>>>>>>:

0, y < 0,

y, 0 ≤ y ≤ 1

1, y > 1

=�«m(0, 1)þ�þ!©Ù�©Ù¼ê.



)4.1.26. �η´ÈÑ���¬�¼|,Kη´��lÑ.�ÅCþ,¤k�U��

´100,−300;éA�VÇ©O�P(T ≥ 1), P(T < 1). u´η�Ï"�u:

Eη = 100 ∗ P(T ≥ 1) + (−300)P(T < 1)

= 100
Z +∞

1
1/5e−1/5tdt − 300

Z 1

0
1/5e−1/5tdt

= −100e−1/5t|+∞1 + 300e−1/5t|10 = 400e−1/5 − 300 = 27.48

)4.1.27. 1/4 = P(ξ = 1) = F(1)−F(1−0) = 1−(a+b),��a+b = 3/4.q�â©Ù

¼ê´mëY�,¤±3x = −1ù:mëY,=1/8 = F(−1) = F(−1+0) = −a+b.)

�a = 5
16 , b =

7
16 .

)4.1.28. �¥(�Æ·�Ý´T ,Ñlëê�a��ê©Ù;duET = 1/a = 2�

�, a = 1/2.nc�¥(E3;�þ$1=Æ·�u3c, ¤±éAVÇ�:P(T >

3) =
R +∞

3 1/2e−1/2tdt = −e−1/2t|+∞3 = e−1.5 = 0.2231.

�3�¥(¥,nc�E3;�þ$1�kη�,KηÑl��©ÙB(3, 0.2231).

��k��nc��3;�þ$1�VÇ: P(η ≥ 1) = 1 − P(η = 0) = 1 − (1 −

0.2231)3 = 0.5311.



1ÊÙ 1ÊÙ�Y

§5.1 �Y

)5.1.1. �ξ´`Â¥8I�gê,¤k�U��´0,1,2,Ñl��©ÙB(2, 0.8); η

´¯Â¥8I�gê,¤k�U��´0, 1, 2,Ñl��©ÙB(2, 0b.6). u´(ξ, η)

�¤k�U��´(0, 0), (0, 1), (0, 2), (1, 0), (1, 1), (1, 2), (2, 0), (2, 1), (2, 2). éA�

VÇ�:

P(ξ = 0, η = 0) = 0.22 ∗ 0.42 = 0.0064,

P(ξ = 0, η = 1) = 0.22 ∗C1
20.4 ∗ 0.6 = 0.0192,

P(ξ = 0, η = 2) = 0.22 ∗ 0.62 = 0.0144,

P(ξ = 1, η = 0) = C1
20.8 ∗ 0.2 ∗ 0.42 = 0.0512,

P(ξ = 1, η = 1) = C1
20.8 ∗ 0.2 ∗C1

20.4 ∗ 0.6 = 0.1536,

P(ξ = 1, η = 2) = C1
20.8 ∗ 0.2 ∗ 0.62 = 0.1152,

P(ξ = 2, η = 0) = 0.82 ∗ 0.42 = 0.1024,

P(ξ = 2, η = 1) = 0.82 ∗C1
20.4 ∗ 0.6 = 0.3072,

P(ξ = 2, η = 2) = 0.82 ∗ 0.62 = 0.2304.

)5.1.2. (ξ1, ξ2)¤k�U��´(0, 0), (0, 1), (1, 0), (1, 1).éA�VÇ�:

P(ξ1 = 0, ξ2 = 0) = 0.1;Ä�n�¬;

P(ξ1 = 0, ξ2 = 1) = 0.1;Ä���¬;

P(ξ1 = 1, ξ2 = 0) = 0.8;Ä���¬;

P(ξ1 = 1, ξ2 = 1) = 0;Ø�UÓ�Ä���¬Ú��¬.

)5.1.3. �âP(ξ1ξ2 = 0) = 1��:

P(ξ1 = 0, ξ2 = −1)+P(ξ1 = 0, ξ2 = 0)+P(ξ1 = 0, ξ2 = 1)+P(ξ1 = −1, ξ2 = 0)P(ξ1 = 1, ξ2 = 0) = 1.
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|^lÑ.�ÅCþ¤kVÇ�K¿�Ú�1,��:

P(ξ1 = −1, ξ2 = −1) = P(ξ1 = −1, ξ2 = 1) = P(ξ1 = 1, ξ2 = −1) = P(ξ1 = 1, ξ2 = 1) = 0.

q|^ξ1, ξ2�>�©Ù��:

P(ξ1 = −1, ξ2 = 0) = P(ξ1 = −1) = 1/4, P(ξ1 = 1, ξ2 = 0) = P(ξ1 = 1) = 1/4;

P(ξ1 = 0, ξ2 = −1) = P(ξ2 = −1) = 1/4, P(ξ1 = 0, ξ2 = 1) = P(ξ1 = 1) = 1/4;

P(ξ1 = 0, ξ2 = 0) + P(ξ1 = −1, ξ2 = 0) + P(ξ1 = 1, ξ2 = 0) = P(ξ2 = 0) = 1/2,

¤±P(ξ1 = 0, ξ2 = 0) = 0.

P(ξ1 = ξ2) = P(ξ1 = −1, ξ2 = −1) + P(ξ1 = 0, ξ2 = 0) + P(ξ1 = 1, ξ2 = 1) = 0.

)5.1.4. k = 1, 2, P(ξk ≤ 1) =
R 1
−∞

2
π(ex+e−x)dx = 2

π

R 1
−∞

1
e2x+1dex = 2

π

R e
0

1
1+t2 dt =

2
π

arctan t|e0 =
2
π

arctan e; P(ξk > 1) = 1 − 2
π

arctan e.

(η1, η2)¤k�U��´(0, 0), (0, 1), (1, 0), (1, 1).éA�VÇ�:

P(η1 = 0, η2 = 0) = P(ξ1 > 1, ξ2 > 1) = P(ξ1 > 1)P(ξ2 > 1) = (1 −
2
π

arctan e)2;

P(η1 = 0, η2 = 1) = P(ξ1 > 1, ξ2 ≤ 1) = P(ξ1 > 1)P(ξ2 ≤ 1) = (1−
2
π

arctan e)
2
π

arctan e;

P(η1 = 1, η2 = 0) = P(ξ1 ≤ 1, ξ2 > 1) = P(ξ1 ≤ 1)P(ξ2 > 1) =
2
π

arctan e(1−
2
π

arctan e);

P(η1 = 1, η2 = 1) = P(ξ1 ≤ 1, ξ2 ≤ 1) = P(ξ1 ≤ 1)P(ξ2 ≤ 1) = (
2
π

arctan e)2;

)5.1.5. (1)

1 =
Z +∞
−∞

Z +∞
−∞

f (x, y)dxdy =
Z +∞

0

Z +∞
0

Ae−(3x+4y)dxdy

= A
Z +∞

0
e−3xdx

Z +∞
0

e−4ydy = A
1

12
e−3x|+∞0 e−4y|+∞0

=
A
12

¤±A = 12.

(2)�x ≤ 0½öy ≤ 0�,�Ý¼ê f (x, y) = 0,u´éA�©Ù¼êF(x, y) =R x
−∞

R y
−∞ f (u, v)dudv = 0.



�x > 0¿�y > 0� f (x, y) = 12e−(3x+4y). u´éA�©Ù¼ê:

F(x, y) =
Z x

−∞

Z y

−∞
f (u, v)dudv =

Z x

0

Z y

0
12e−(3u+4v)dudv

= e−3u|x0 ∗ e−4v|
y
0 = (e−3x − 1)(e−4y − 1)

¤±:

• F(x, y) =

8>>>><>>>>:
(e−3x − 1)(e−4y − 1), x > 0, y > 0,

0, Ù¦

(3)P(0 < ξ ≤ 3, 0 < η ≤ 4) = F(3, 4) − F(0, 4) − F(3, 0) + F(0, 0) = F(3, 4) =

(e−9 − 1)(e−16 − 1).

)5.1.6. (ξ, η)éA��Ý¼ê´:

• f (x, y) =

8>>>><>>>>:
1/2, −1 ≤ x + y ≤ 1,−1 ≤ x − y ≤ 1,

0, Ù¦

• �x < −1½öx > 1�, f (x, y) = 0,u´éA�>�©Ù fξ(x) = 0;

• �−1 ≤ x ≤ 0�, −1 − x ≤ y ≤ x + 1,éA��Ý¼ê´ f (x, y) = 1/2,u´>

�©Ù fξ(x) =
R 1+x
−1−x 1/2dy = 1 + x.

• �0 ≤ x ≤ 1�, −1 + x ≤ y ≤ −x + 1,éA��Ý¼ê´ f (x, y) = 1/2,u´>

�©Ù fξ(x) =
R 1−x
−1+x 1/2dy = 1 − x.



Ïd:

• fξ(x) =

8>>>>>>><>>>>>>>:

1 + x, −1 ≤ x ≤ 0,

1 − x, 0 < x ≤ 1

0, Ù¦

)5.1.7. (1)�âlÑ.�ÅCþ¤kVÇÚ�u1. a+2∗1/8+3∗1/12+4∗1/16 = 1,

��a = 1/4.

(2)ξ�>�©Ù�:

�
1 2 3 4

1/4 1/4 1/4 1/4

�
η�>�©Ù�:

�
1 2 3 4

25/48 13/48 7/48 1/16

�
(3)P(ξ = η) = P(ξ = 1, η = 1) + P(ξ = 2, η = 2) + P(ξ = 3, η = 3) + P(ξ = 4, η =

4) = 1/4 + 1/8 + 1/12 + 1/16 = 25/48.

)5.1.8. (1)�âé?¿�x, yk:

• 1 = F(+∞,+∞) = A(B + π2 )(C + π2 );

• 0 = F(−∞, y) = A(B − π2 )(C + arctan y/3);

• 0 = F(x,−∞) = A(B + arctan x
2 )(C − π2 ).

��B = C = π2 , A =
1
π2 .

(2) f (x, y) = ∂
2F(x,y)
∂x∂y =

1
π2

1/2
1+(x/2)2

1/3
1+(y/3)2 =

6
π2

1
4+x2

1
9+y2 .

(3)>�©Ù¼êFξ(x) = F(x,+∞) = 1
π2 (π/2+ arctan x/2)(π/2+ π/2) = 1

π
(π/2+

arctan x/2),¤±éA�>��Ý: fξ(x) = dFξ(x)
dx =

1
π

1/2
1+(x/2)2 =

2
π

1
4+x2 .

>�©Ù¼êFη(y) = F(+∞, y) = 1
π2 (π/2 + π/2)(π/2 + arctan y/3) = 1

π
(π/2 +

arctan y/3),¤±éA�>��Ý: fη(y) = dFη(y)
dy =

1
π

1/3
1+(y/3)2 =

3
π

1
9+y2 .



)5.1.9.

P(η < ξ2) =
Z 1

0
(
Z x2

0
1/2e−y/2dy)dx =

Z 1

0
(−e−y/2|x

2

0 )dx

=

Z 1

0
(1 − e−x2/2)dx = 1 −

√
2π

1
√

2π

Z 1

0
e−x2/2dx

= 1 −
√

2π(Φ(1) − Φ(0)) = 1 −
√

2π(0.8413 − 0.5) = 0.1445

)5.1.10. (1)

1 =
Z +∞
−∞

Z +∞
−∞

f (x, y)dxdy =
Z 1

0

Z 2

0
(x2 + cxy)dxdy

=

Z 1

0
(
Z 2

0
(x2 + cxy)dy)dx =

Z 1

0
(x2y + c/2xy2)|20dx =

Z 1

0
(2x2 + 2cx)dx

= (2/3x3 + cx2)|10 = 2/3 + c

¤±c = 1/3.

(2)

• �x < 0½y < 0�,�Ý¼ê f (x, y) = 0,éA�©Ù¼ê

F(x, y) =
Z x

−∞

Z y

−∞
f (u, v)dudv = 0;

• �x ≥ 1¿�y ≥ 2�, F(x, y) = 1;

• �0 ≤ x ≤ 1¿�0 ≤ y ≤ 2�,

F(x, y) =
Z x

−∞

Z y

−∞
f (u, v)dudv =

Z x

0
(
Z y

0
(u2 + 1/3uv)dv)du

=

Z x

0
(u2v + 1/6uv2)|y0du =

Z x

0
(u2y + 1/6uy2)du

= (1/3u3y + 1/12u2y2)|x0 = 1/3x3y + 1/12x2y2;

• �0 ≤ x ≤ 1¿�y > 2�,

F(x, y) =
Z x

0
(
Z 2

0
(u2 + 1/3uv)dv)du = 2/3x3 + 1/3x2;

• �x > 1¿�0 ≤ y ≤ 2�,

F(x, y) =
Z 1

0
(
Z y

0
(u2 + 1/3uv)dv)du = 1/3y + 1/12y2.



¤±,©Ù¼ê´:

• F(x, y) =

8>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>:

0, x < 0½öy < 0,

1, x ≥ 1, y ≥ 2

1/3x3y + 1/12x2y2, 0 ≤ x ≤ 1, 0 ≤ y ≤ 2

2/3x3 + 1/3x2, 0 ≤ x ≤ 1, y > 2

1/3y + 1/12y2, x > 1, 0 ≤ y ≤ 2

(3)ξ�>��Ý:

• fξ(x) =
Z +∞
−∞

f (x, y)dy =

8>>>><>>>>:
0, x < 0½öx > 1,

R 2
0 (x2 + 1/3xy)dy = 2x2 + 2/3x, 0 ≤ x ≤ 1

η�>��Ý:

• fη(y) =
Z +∞
−∞

f (x, y)dx =

8>>>><>>>>:
0, y < 0½öy > 2,

R 1
0 (x2 + 1/3xy)dx = 1/3 + 1/6y, 0 ≤ y ≤ 2

(4)�y > 2½öy < 0�, fη(y) = 0,¤± f (x|y) = f (x,y)
fη(y) vk½Â;



�0 ≤ y ≤ 2�, fη(y) = 1/3 + 1/6y,¤±

• f (x|y) =
f (x, y)
fη(y)

=

8>>>><>>>>:
0, x < 0½öx > 1,

x2+1/3xy
1/3+1/6y =

6x2+2xy
2+y , 0 ≤ x ≤ 1

�x > 1½öx < 0�, fξ(x) = 0,¤± f (y|x) = f (x,y)
fξ(x) vk½Â;

�0 ≤ x ≤ 1�, fξ(x) = 2x2 + 2/3x,¤±

• f (y|x) =
f (x, y)
fξ(x)

=

8>>>><>>>>:
0, y < 0½öy > 2,

x2+1/3xy
2x2+2/3x =

3x+y
2+6x , 0 ≤ y ≤ 2

)5.1.11. (1) ξ�>��Ý:

• fξ(x) =
Z +∞
−∞

f (x, y)dy =

8>>>><>>>>:
0, x < 0

R +∞
0 (2e−(2x+y))dy = 2e−2x, x ≥ 0

�x < 0�, fξ(x) = 0,¤± f (y|x) = f (x,y)
fξ(x) vk½Â;

�x ≥ 0�, fξ(x) = 2e−2x,¤±

• f (y|x) =
f (x, y)
fξ(x)

=

8>>>><>>>>:
0, y < 0,

2e−(2x+y)

2e−2x = e−y, y ≥ 0



η�>��Ý:

• fη(y) =
Z +∞
−∞

f (x, y)dx =

8>>>><>>>>:
0, y < 0

R +∞
0 (2e−(2x+y))dx = e−y, y ≥ 0

�y < 0�, fη(y) = 0,¤± f (x|y) = f (x,y)
fη(y) vk½Â;

�y ≥ 0�, fη(y) = e−y,¤±

• f (x|y) =
f (x, y)
fη(y)

=

8>>>><>>>>:
0, x < 0,

2e−(2x+y)

e−y = 2e−2x, x ≥ 0

(2)

P(ξ ≤ 2|η ≤ 1) =
P(ξ ≤ 2, η ≤ 1)

P(η ≤ 1)
=

R 2
0 (
R 1

0 (2e−(2x+y))dy)dxR 1
0 e−ydy

= 1 − e−4

)5.1.12. �âK¿��:

• fξ(x) =

8>>>><>>>>:
1, 0 < x < 1,

0, Ù¦



• f (y|x) =

8>>>><>>>>:
1

1−x , x < y < 1,

0, Ù¦

(1)

• f (x, y) = fξ(x) f (y|x) =

8>>>><>>>>:
1

1−x , 0 < x < y < 1,

0, Ù¦

(2)η�>��Ý:

• fη(y) =
Z +∞
−∞

f (x, y)dx =

8>>>><>>>>:
0, y ≤ 0½öy ≥ 1

R y
0 ( 1

1−x )dx = − ln(1 − x)|y0 = − ln(1 − y), 0 < y < 1

(3)

P(ξ + η > 1) =
Z 1/2

0
(
Z 1

1−x

1
1 − x

dy)dx +
Z 1

1/2
(
Z 1

x

1
1 − x

dy)dx = ln 2.

)5.1.13. d¤kVÇÚ�u1��: A + B = 1/3. q�âÕá5��: 1/9 =

(1/6 + 1/9 + 1/18)(1/9 + A).¤±A = 2/9, B = 1/9.

)5.1.14. �P(ξ = xi, η = y j) = pi j,i = 1, 2; j = 1, 2, 3. u´�â>�©Ù9�ÅC

þ�Õá5:

p11 = 1/6 − 1/8 = 1/24; p1• =
p11

p•1
=

1/24
1/6

= 1/4,



p13 = p1• − p11 − p12 = 1/4 − 1/24 − 1/8 = 1/12; p2• =
p21

p•1
=

1/8
1/6
= 3/4,

p•2 =
p12

p1•
=

1/8
1/4
= 1/2; p22 = p•2 − p12 = 1/2 − 1/8 = 3/8,

p•3 = 1 − p•1 − p•2 = 1 − 1/6 − 1/2 = 1/3; p23 = p•3 − p13 = 1/3 − 1/12 = 1/4.

)5.1.15. (ξ, η)¤k�U��´(0, 0), (0, 1), (1, 0), (1, 1);�éA�VÇ©O�:

P(ξ = 0, η = 0) = a, P(ξ = 0, η = 1) = b,

P(ξ = 1, η = 0) = c, P(ξ = 1, η = 1) = d.

�âK¥^���:P(ξ = 1) = 3/4, P(ξ = 0) = 1/4;P(η = 1) = 1/2, P(η = 0) = 1/2.

=: a + b = 1/4, c + d = 3/4, a + c = 1/2, b + d = 1/2.

�âK¿��: Eξ = 3/4,Dξ = 3/16; Eη = 1/2,Dη = 1/4. u´E(ξη) =

EξEη +Cov(ξ, η) = EξEη + rξη
√

Dξ
√

Dη = 3/4 ∗ 1/2 +
√

3/3 ∗
√

3/4 ∗ 1/2 = 1/2.

q�â(ξ, η)�éÜ©ÙÆ��: P(ξη = 0) = a+b+c, P(ξη = 1) = d.=E(ξη) =

d. u´d = 1/2,(Üc¡��§��: a = 1/4, b = 0, c = 1/4.

)5.1.16. (1)

• Fξ(x) = F(x,+∞) =

8>>>><>>>>:
1 − e−0.5x, x > 0,

0, x ≤ 0

• Fη(y) = F(+∞, y) =

8>>>><>>>>:
1 − e−0.5y, y > 0,

0, y ≤ 0



(2)

• f (x, y) =
∂2F(x, y)
∂x∂y

=

8>>>><>>>>:
0.25e−0.5(x+y), x > 0, y > 0,

0, Ù¦

• fξ(x) =
dFξ(x)

dx
=

8>>>><>>>>:
0.5e−0.5x, x > 0,

0, x ≤ 0

• fη(y) =
dFη(y)

dy
=

8>>>><>>>>:
0.5e−0.5y, y > 0,

0, y ≤ 0

(3)du f (x, y) = fξ(x) fη(y),¤±ξÚη�pÕá.

(4)üÜ�Æ·þ�L100��(=0.1Z��)�VÇ�u:

P(ξ ≥ 0.1, η ≥ 0.1) =
Z +∞

0.1

Z +∞
0.1

0.25e−0.5(x+y)dxdy = e−0.5x|+∞0.1 e−0.5y|+∞0.1 = e−0.1.

)5.1.17. (1)

1 =
Z +∞
−∞

Z +∞
−∞

f (x, y)dxdy =
Z 1

0
(
Z x

0
c(x + y)dy)dx

= c
Z 1

0
(xy + y2/2)|x0dx = c

Z 1

0
(3x2/2)dx =

1
2

cx3|10 =
1
2

c

¤±c = 2.



(2)�x < 0½x > 1�,�Ý¼ê f (x, y) = 0,¤± fξ(x) = 0.

�0 ≤ x ≤ 1�,

fξ(x) =
Z +∞
−∞

f (x, y)dy =
Z x

0
2(x + y)dy = (2xy + y2)|x0 = 3x2.

¤±

• fξ(x) =

8>>>><>>>>:
0, x < 0½x > 1,

3x2, 0 ≤ x ≤ 1

�y < 0½y > 1�,�Ý¼ê f (x, y) = 0,¤± fη(y) = 0.

�0 ≤ y ≤ 1�,

fη(y) =
Z +∞
−∞

f (x, y)dx =
Z 1

y
2(x + y)dx = (x2 + 2xy)|1y = 1 + 2y − 3y2.

¤±

• fη(y) =

8>>>><>>>>:
0, y < 0½y > 1,

1 + 2y − 3y2, 0 ≤ y ≤ 1

(3) f (x, y) , fξ(x) fη(y),¤±ξÚηØÕá.

(4)

P(ξ + η ≤ 1) =
Z 1/2

0
(
Z 1−y

y
2(x + y)dx)dy

=

Z 1/2

0
(x2 + 2xy)|1−y

y dy =
Z 1/2

0
(1 − 4y2)dy

= (y − 4
1
3

y3)|1/20 = 1/3



)5.1.18. (1)

• f (x, y) = fξ(x) fη(y) =

8>>>><>>>>:
e−(x+y), x > 0, y > 0,

0, Ù¦

(2)

P(ξ ≤ 1|η > 0) =
P(ξ ≤ 1, η > 0)

P(η > 0)
=

R 1
0 (
R +∞

0 e−(x+y)dy)dxR +∞
0 e−ydy

=

Z 1

0
e−xdx = 1 − e−1.

)5.1.19. 12K�éÜVÇ©Ù�´:

P(ξ1 = 0, ξ2 = 0) = 0.1, P(ξ1 = 0, ξ2 = 1) = 0.1, P(ξ1 = 1, ξ2 = 0) = 0.8, P(ξ1 = 1, ξ2 = 1) = 0.

ξ1 �>�©Ù�P(ξ1 = 0) = 0.2, P(ξ1 = 1) = 0.8;ξ2 �>�©Ù�P(ξ2 = 0) =

0.9, P(ξ2 = 1) = 0.1. ξ1ξ2 �>�©Ù�P(ξ1ξ2 = 0) = 1, P(ξ1ξ2 = 1) = 0. u´

Eξ1 = 0.8, Eξ2 = 0.1; Dξ1 = 0.8 ∗ 0.2 = 0.16,Dξ2 = 0.9 ∗ 0.1 = 0.09.

Cov(ξ1, ξ2) = Eξ1ξ2−Eξ1Eξ2 = 0−0.8∗0.1 = −0.08; r =
Cov(ξ1, ξ2)
√

Dξ1
√

Dξ2
=
−0.08

0.4 ∗ 0.3
= −

2
3
.

)5.1.20.

• f (x) =

8>>>><>>>>:
1/2ex, x ≤ 0,

1/2e−x, x > 0

(1)

Eξ =
Z +∞
−∞

x f (x)dx =
Z 0

−∞
x

1
2

exdx +
Z +∞

0
x

1
2

e−xdx

=
1
2

Z 0

−∞
xdex −

1
2

Z +∞
0

xde−x

=
1
2

xex|0−∞ −
1
2

Z 0

−∞
exdx −

1
2

xe−x|+∞0 +
1
2

Z +∞
0

e−xdx

= −
1
2

ex|0−∞ −
1
2

e−x|+∞0 = −
1
2
− (−

1
2

) = 0



(½ö���âx f (x)´Û¼ê,3é¡«mþÈ©�u0.)

Eξ2 =

Z +∞
−∞

x2 f (x)dx =
Z 0

−∞
x2 1

2
exdx +

Z +∞
0

x2 1
2

e−xdx

=
1
2

Z 0

−∞
x2dex −

1
2

Z +∞
0

x2de−x

=
1
2

x2ex|0−∞ −
1
2

Z 0

−∞
2xexdx −

1
2

x2e−x|+∞0 +
1
2

Z +∞
0

2xe−xdx

= 1 − (−1) = 2

u´Dξ = Eξ2 − (Eξ)2 = 2.

(2)dux|x| f (x)´Û¼ê,¤±3é¡«mþÈ©�0,=E(ξ|ξ|) = 0.Ïd:

Cov(ξ, |ξ|) = E(ξ|ξ|) − EξE(|ξ|) = 0 − 0 ∗ E(|ξ|) = 0.

(3) ξÚ|ξ|Ø�'.�´�ØÕá,Ï�é?Û¦0 < Fξ(a) < 1��~êa,

P(ξ ≤ a, |ξ| ≤ a) = P(|ξ| ≤ a) > P(ξ ≤ a)P(|ξ| ≤ a).

(Ï�P(ξ ≤ a) = Fξ(a) < 1).

)5.1.21. (1)

Eξ =
Z +∞
−∞

Z +∞
−∞

x f (x, y)dxdy
Z 1

0

Z 1

0
x(2 − x − y)dxdy

=

Z 1

0
(x(2y − xy −

1
2

y2)|10)dx =
Z 1

0
(
3
2

x − x2)dx

= (−
1
3

x3 +
3
4

x2)|10 =
5

12

�âx, y�é¡5��Eη = 5
12 .

Eξ2 =

Z +∞
−∞

Z +∞
−∞

x2 f (x, y)dxdy
Z 1

0

Z 1

0
x2(2 − x − y)dxdy

=

Z 1

0
(x2(2y − xy −

1
2

y2)|10)dx =
Z 1

0
(
3
2

x2 − x3)dx

= (−
1
4

x4 +
1
2

x3)|10 =
1
4

u´��

Dξ = Eξ2 − (Eξ)2 =
1
4
−

25
144
=

11
144
.

�âx, y�é¡5��Dη = 11
144 .



Eξη =
Z +∞
−∞

Z +∞
−∞

xy f (x, y)dxdy
Z 1

0

Z 1

0
x(2y − xy − y2)dxdy

=

Z 1

0
(x(y2 −

1
2

xy2 −
1
3

y3)|10)dx =
Z 1

0
(
2
3

x −
1
2

x2)dx

= (−
1
3

x3 +
1
6

x2)|10 =
1
6

¤±Cov(ξ, η) = E(ξη) − EξEη = 1
6 −

25
144 = −

1
144 .

D(ξ + η) = Dξ + Dη + 2Cov(ξ, η) = 11
144 +

11
144 + 2 −1

144 =
5

36 .

(2)r = Cov(ξ,η)
√

Dξ
√
η
=

−1
144
11
144
= − 1

11 , 0. ¤±ξÚη�'ØÕá.

)5.1.22. �x < 0½x > 1�,�Ý¼ê f (x, y) = 0,¤± fξ(x) = 0.

�0 ≤ x ≤ 1�,

fξ(x) =
Z +∞
−∞

f (x, y)dy =
Z +∞

5
2xe−(y−5)dy = −2xe−(y−5)|+∞5 = 2x.

¤±

• fξ(x) =

8>>>><>>>>:
0, x < 0½x > 1,

2x, 0 ≤ x ≤ 1

�y ≤ 5�,�Ý¼ê f (x, y) = 0,¤± fη(y) = 0.

�y > 5�,

fη(y) =
Z +∞
−∞

f (x, y)dx =
Z 1

0
2xe−(y−5)dx = x2e−(y−5)|10 = e−(y−5).

¤±

• fη(y) =

8>>>><>>>>:
0, y ≤ 5,

e−(y−5), y > 5

du f (x, y) = fξ(x) fη(y),¤±ξÚη�pÕá.

E(ξη) = EξEη = (
R 1

0 x ∗ 2xdx) ∗ (
R +∞

5 e−(y−5)dy) = 2
3 ∗ 6 = 4.
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