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2 P(A), , ~ ( , ), = 1, , , ,
1
2
3

= 0.05 = 0.05
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2010-2011

. (30 , 3 )

1. B 2. A 3. a+ b = 1, af(x) + bg(x) ≥ 0, ∀x 4. D 5. C 6. B 7. B

8. X̄ > uα/
√
n H0, . Φ(uα −√

n)

9. 0.05, 10. 4

. (15 ) (1) 1
4 [0 +

2
3 + 2

3 + 0] = 1
3

(2) 1
2

. (15 ) (1)X Y , fX(x) = 2xI(0 < x < 1), fY (y) = [1− y
2 ]I(0 < y < 2).

(2) fZ(z) = [1− z
2 ]I(0 < z < 2).

(3) 1/2

. (10 ) (1)
∑7

k=3
5k

k! e
−5 = 0.742

(2) 2Φ( 2√
5×0.995

)− 1 = 2Φ(0.897)− 1 = 0.63.

. (15 ) (1) μ̂ =
∑

i aiyi∑
i a

2
i
, σ̂2 = 1

n

∑
i(yi − aiμ̂)

2

(2) .

(3) , Eσ̂2 = 1
n

∑
iE(yi−aiμ̂)

2 = 1
n

∑
iE(yi−aiμ+ai(μ− μ̂))2 = 1

n [
∑

iE(yi−
aiμ)

2 −∑
i a

2
iE(μ− μ̂)2] = 1

n [
∑

i V ar(yi)−
∑

i a
2
iV ar(μ̂)] = n−1

n σ2. σ2 = n
n−1 σ̂

2

. (15 )

Xi, Yj , X̄ = 1081.429, S2
X = 129447.6, Ȳ = 1456.25, S2

Y =
181026.8,

(1) H0 : σ
2
1 = σ2

2 ↔ H1 : σ
2
1 	= σ2

2 .

0.175 = F0.975(6, 7) < T =
S2
X

S2
Y

= 0.7151 < F0.025(6, 7) = 5.119,

.

(2) (1) , , H0 : μ1 ≥ μ2 ↔ H1 : μ1 < μ2

T = X̄−Ȳ√
15
728

(6S2
X+7S2

Y )
= −1.8265 < t0.05(13) = 1.771 ,

.
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1
60% 40% 1%
2%

2 1 2 3 4 X 1 X
Y {Y=2}

3 X ( ) = (1 + ) , 0 < < 1: = 5 : = 3 X > 1 2
4 X cm N( , 1) 16

40cm 0.95
5 , , ~N( , ) cc ( )
6 1000 A 0.25

95% 1000 A  
(X,Y) D D y=x,x=0,y=1

(X,Y) ( , )         2 (X,Y) ( ) ( )
3 ( |Y = )            4 E(X|Y=y)

X 0 < < 1
100 17 0 33 1 50 2

X 0 1 2
P /4 1- 3 /4

1
2
3

180 120

49 31 100
51 20 49 = 0.05
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12 6
17 14 18 13 19 15 16 19 20 22 18

19

1 = 0.05 = 0.05
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1

15 X 41)1(,81)1(,1|| XPXPX

X )1,1(

X )()( xXPxF

X X )(XE

20 ),( YX

,0
)0,0(,

),(
)43( yxAe

yxf
yx

A X Y

YXZ )(zf Z

| 1Var X X Y

2007 2008 1 2

20 ),,,( 21 nXXX )1,(~ NX

1 )2(XP * (.)

2 )1( )1(

15 BA, 10

A B ( A B ) 10

10 BA,
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05.0

1 2 3 4 5 6 7 8 9 10

A 13.2 8.2 10.9 14.3 10.7 6.6 9.5 10.8 8.8 13.3

B 14.0 8.8 11.2 14.2 11.8 6.4 9.8 11.3 9.3 13.6

-0.8 -0.6 -0.3 0.1 -1.1 0.2 -0.3 -0.5 -0.5 -0.3

15
1998

05.0

3778.7)2(2
025.0 9915.5)2(2

05.0

4494.14)6(2
025.0 5916.12)6(2

05.0 2622.2)9(025.0t

8331.1)9(05.0t 2281.2)10(025.0t 8125.1)10(05.0t

2007 2008 2 2

)1)(1(* ppp )12()1( *pp 4.0,55.0*p

25.0p

5.0 5.0*p p

100
88

7
10

561
370
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1,0
1,

11,
1,1

)(
8
1

16
75

x
x
x

x

xF
x

16
7)0(F

8
1)(XE

12A )0(,)(12)( 43 zeezf zz
Z

1
1)1|(;)10(,

1
)1|(| e

ZXEx
e
eZxf
x

ZX

)2(1* X
n

uX 1

2

)12(
2 n
uX

0:0: 10 ZZ HH

)9(2622.23485.3
103872.0
|41.0|||

025.0tnS
Z

Z
0H

)2(9915.54437.5 2
05.0Z 0H
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2011—2012

: 2012 1 6 2:30—4:30;

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
. . ( , 40 )

1. (6 ) A B 1% 2% A B

60% 40% A

.

2. (6 ) 1, 2, 3, 4 , X, 1, · · · , X , Y,

Y = 2

3. (8 ) X f(x) = (1 + θ)xθ, 0 < x < 1, H0 : θ = 5 ↔ H1 :

θ = 3. X > 1/2,

4. (6 ) X( cm) N(μ, 1), 16

, 40cm, μ .

5. (6 ) X ∼ N(μ, σ2), X1, · · · , Xn X , c

c
∑n−1

i=1 (Xi+1 −Xi)
2 σ2

6. (8 ) 1000 , A 0.25,

95% 1000 A

. (20 ) (ξ, η) D , D y = x, x = 0, y =

1 . :

(1) (ξ, η) p(x, y); (2) (ξ, η) p1(x) p2(y);

(3) p(x|η = y); (4) E(ξ|η = y).

. (15 ) , AA, Aa, aa,

. X = 0, 1, 2 AA, Aa, aa. X

θ > 0 . 100

30 AA, 40 Aa, 30 aa.

X 0 1 2

P θ2 2θ(1− θ) (1− θ)2

(1) θ θ1 θ2;

(2) θ1 θ2

(3)

2011—2012 2 1 Page 33



. (10 )

180 120 ,

49 31 100

51 20 49

(α = 0.05)

. (15 ) ,

20 , ,

17 15 18 17 13 15

16 19 20 22 18 19

, .

(1) (α = 0.05)?

(2) (α = 0.05).

: Φ(0.897) = 0.815, u0.025 = 1.960, u0.05 = 1.645, t0.025(13) = 2.16,

t0.025(14) = 2.145, t0.05(13) = 1.771, t0.05(14) = 1.761, χ2
0.05(1) = 3.841, χ2

0.05(2) = 5.991,

F0.025(6, 7) = 5.119, F0.025(7, 6) = 5.695.
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A B C

A ∪ (B ∩ C) = (A ∪ B) ∩ (A ∪ C)

(A ∪ B) ∩ C = A ∪ (B ∩ C)

A ∩ (B ∩ C) = (A ∩ B) ∩ C

A ∩ (B ∩ C) = (A ∩ B̄) ∪ (A ∩ C̄)

A A

f(x) g(x)

f(x)/g(x) f(x) g(x)

(f(x) + g(x))/2 (1 + f(x))(1 g(x))

X Y Y Z

X Z X Z

X Z (X Y ) = 0

0 < P (B) < 1 P (A|B) = P (A|B̄)

P (AB) = P (A)P (B) P (A+ B) = P (A) + P (B)

P (A) = P (B) P (A) = P (B̄)

X1, . . . , Xn U( θ, θ) θ

X̄ θ
1≤i≤n

(Xi θ)
1≤i≤n

(Xi θ)

1≤i≤n
(Xi θ)

1≤i≤n
(Xi θ)

t t
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H0 φ

fθ(x) θ X

x fθ(x) θ fθ(x)

θ fθ(x) fθ(x) θ x

X

P (X = 0) = 0.5 P (X = 1) = p P (X = 2) = 0.5− p 0 < p < 0.5

p

m

m n(n ≥ m)

X Y X U(−1, 1) Y

1/2

Z = (X + 1)Y X

P (Z > 1|X = 0)

X

95

p = P (X ≤ 35)

p
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(α =

0.05)

t < 1 1 < t < 3 t > 3

α = 0.05
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P (X = m) =
∞∑

n=m

P (X = m|Y = n)P (Y = n) =
∞∑

n=m

(
n

m

)
pmqn−m 1

n!
e−1

=
pm

m!
e−p, m = 0, 1, 2, . . .

P (Y = n|X = m) =
P (X = m|Y = n)P (Y = n)

P (X = m)

=
qn−m

(n−m)!
e−q, n = m,m+ 1, . . .

EZX = E[X(X + 1)]EY = 1/6 V ar(Z) = 5/12

ρZ,X = [EZX − EZ · EX]/
√

V ar(Z)V ar(X) = 1/
√
5

Z = (X + 1)Y

P (Z > 1|X = 0) = P (Y > 1) = e−2

x̄ = 33.004, s = 3.95

x̄+ S√
n
t0.05(n− 1)

p = P (X ≤ 35) = P (x−μ
σ

≤ 35−μ
σ

) = Φ(35−μ
σ

) x̄
√
(n− 1)/ns2 =√

9/10s = 3.75 μ σ p p̂ =

Φ( x̄−μ̂
σ̂

) = Φ(0.53) = 0.70

N(μ1, σ
2
1) N(μ1, σ

2
1)

H0 : σ2
1 = σ2

2 ↔ H1 : σ2
1 �= σ2

2

F = S2
x/S

2
y = 14.71/19.6 = 0.75 > F0.975(9, 9) = 1/F0.025(9, 9) = 1/4.03 = 0.25

H0 : μ1 = μ2 ↔ H1 : μ1 �= μ2

t T = |x̄ − ȳ|/
√
(s2x + s2y)/10 = 2.16 >

t0.025(18) = 2.10
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T =
∑ (O−E)2

E
= 39.60 > χ0.05(2) = 5.99
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A B C ABC

A B C A B C

A B C A B C

X ∼ N(μ σ2) y y2 + 4y +X = 0

μ =

X1 X2 X3 X4 T = a(2X1 −
X2)

2 + b(X3 +X4)
2 (a b) = T

(0 1
2
) (1

5
1
2
) (1

5
0) (1 1

2
)

X Y σ2 −0.5

Z = πX + (1− π)Y π
1
2

1
3

1
4

1
5

X1 . . . Xn μ σ2

X̄ = 1
n

n∑
i=1

Xi S2
n = 1

n−1

n∑
i=1

(Xi − X̄)2

X̄ S2
n σ2

X̄ μ
√
n(X̄ − μ)/Sn tn−1

θ [1.2 2.2]
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[1.2 2.2] θ

[1.2 2.2] θ

[1.2 2.2] θ θ

X ∼ N(μ 1) μ [0.22 1.10]

P (X ≤ 0)

[Φ(0.22) Φ(1.10)] [1− Φ(1.10) 1− Φ(0.22)]

[0.22 1.10] [0 Φ(1.10)]

X1 . . . Xn N(μ 1) H0 : μ = 0 ↔
H1 : μ = 1

√
nX̄ > 1.645

n

Y fY (y) = 4y3I(0 < y < 1)

X Y = y (0 < y < 1) U(0 y)

X

X Y

X X1 . . . Xn

X

P p 1− 2p p
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p p̂1 p̂2

p̂1 p̂2

n = 100

α = 0.05 p̂2

X

N(μ σ2) μ σ2

α = 0.05

α = 0.05
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A = Bi

i (i = 0, 1, 2)

P (A) = P (A|B0)P (B0) + P (A|B1)P (B1) + P (A|B2)P (B2)

=
4

11
· 2

42
+

5

11
· 20
42

+
6

11
· 20
42

=
38

77
≈ 0.494.

P (B̄0|A) = 1− P (A|B0)P (B0)

P (A)
= 1− 4/11 · 2/42

38/77
= 55/57 ≈ 0.965.

f(x, y) = 4y2I(0 < x < y < 1)

fX(x) =
4

3
(1− x3)I(0 < x < 1)

EX = 2/5, V ar(X) = 14/225 EY = 4/5, V ar(Y ) = 2/75

EXY = 1/3 ρXY = 1/3−8/25√
14/225·2/75 =

√
3
28

≈ 0.327

p̂1 =
a2−1
2

p̂2 =
n−n1

2n
a2 =

1
n

∑n
i=1 X

2
i

n1

Ep̂1 = p Ep̂2 = p V ar(p̂1) = 5p−2p2

2n
> V ar(p̂2) =

p(1−2p)
2n

0.0213 < χ2
1(0.05) = 3.841

X

|√n(X̄ − 90)/S| = 1.946 < t49(0.025) = 2.010

(n− 1)S2 = 58.22 < χ2
49(0.05) = 66.339

[X̄ − S√
n
tn−1(0.025), X̄ + S√

n
tn−1(0.025)] = [89.39, 90.01]
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{1, 2, 3, 4, 5, 6} N

N = 2 EN =

X ∼ N(1, 9), Y ∼ N(1, 16) X Y ρXY = −1/2 Z =
X

2
+

Y

3
X Z

ρXZ =

f(x) =
1

2
I{a− 3/2 ≤ x ≤ a}+ 1

4
I{a− 1 ≤ x ≤ a} a ∈ R

f(x) =
5

6
I{a− 3/2 ≤ x ≤ a} − 1

4
I{a− 1 ≤ x ≤ a} a ∈ R

P (X = k) =
1

2k
, k = 0, 1, 2, . . .

f(x) = λαxα−1e−λxα

I{x > 0} λ > 0 α > 0

A,B

P (A|B) = P (A|Bc) P (A|B) = P (Ac|B)

P (B|A) = P (B|Ac) P (Bc|A) = P (Bc|Ac)

1

2

1

3

2

3

3

4

X Y

X + Y X2 + Y 2 χ2

X2 Y 2 χ2 X2

Y 2
F

t

μ σ2 X1, . . . , Xn
σ

μ

Y ∼ U(0, θ), θ > 1 X =

{
Y, Y ≥ 1

0, Y < 1

X EX
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X ∼ Exp(a, b) X f(x) =
1

b
e−(x−a)/bI(x > a)

a ∈ R, b > 0 Exp(a, 1) X1, . . . , Xn Exp(a, 2)

Y1, . . . , Ym

a
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5√
73

√∑n
i=1(Xi −X)2

√
nX

FX(x) = P (Y ≤ x|Y ≥ 1)P (Y ≥ 1) + P (0 ≤ x|Y < 1)P (Y < 1)

=

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩
0, x < 0
1

θ
, 0 ≤ x ≤ 1;

x

θ
, x > 1.

E[X] = E[X|Y ≥ 1]P (Y ≥ 1) + E[X|Y < 1]P (Y < 1) = E[Y |Y ≥ 1]P (Y ≥ 1) + E[0|Y < 1]P (Y < 1)

=
θ − 1

θ

1 + θ

2
=

θ2 − 1

2θ
.

X1, . . . , X100 ∼ Exp(6)

P (15 ≤
100∑
i=1

Xi ≤ 20) = P (
15− 50/3

10/6
≤

∑100
i=1 Xi − 100/6√

100 ∗ 1/6 ≤ 20− 50/3

10/6
)

≈ Φ(2)− Φ(−1) = Φ(2)− 1 + Φ(1).

P (
n∑

i=1

Xi ≤ 16) = P (

∑n
i=1 Xi − n/6√

n/6
≤ 16− n/6√

n/6
) ≈ Φ(

96− n√
n

) = 0.95.

96− n√
n

= 1.645

n = 81.19.

81

E[X] = a+ 1, E[Y ] = a+ 2.

a

â1 = 2X − Y

X =
1

n

n∑
i=1

Xi Y =
1

n

m∑
i=1

Yi a â1 = (X + Y − 3)/2

L = exp{−
n∑

i=1

(Xi − a)− 1

2

m∑
i=1

(Yi − a)}1{X(1)>a,Y(1)>a}.

a < {X(1), Y(1)} a a

â2 = {X(1), Y(1)}.

E[â1] = E[X − Y ] = a.

Page 50



x > a

P ( {X(1), Y(1)} ≤ x) = 1− P ( {X(1), Y(1)} > x) = 1−
n∏

i=1

e−(x−a)

m∏
i=1

e−
x−a
2 = 1− e−

(2n+m)(x−a)
2 .

{X(1), Y(1)}

f(x) =
2n+m

2
e−

(2n+m)(x−a)
2 1{x>a}.

â2 ∼ Exp(a,
2

2n+m
)

E[X] =

ˆ ∞

a

x
2n+m

2
e−

(2n+m)(x−a)
2 dx = a+

2

2n+m

â2

â∗2 = â2 − 2

2n+m

V ar(â1) = 4
n+m

nm

V ar(â∗2) = V ar(â2) =
4

(2n+m)2

â∗2
Zi = Xi − Yi i = 1, . . . , 10 ∼ N(μ, σ2)

H0 : μ = 0 ←→ H1 : μ �= 0.

T =

√
10

∑10
i=1(Xi − Yi)

SX−Y

|H0
∼ t9.

t = −0.6048 > −t9(0.025) = −2.262.

α = 0.05

μ̂ =

∑10
i=1(Xi − Yi)

10
= −0.103 < 0

[
−0.103− S√

n
t9(0.025),−0.103 +

S√
n
t9(0.025)

]
= [−0.488, 0.282]

0

χ2 =
(17− 18 ∗ 47/61)2

18 ∗ 47/61 +
(11− 15 ∗ 47/61)2

15 ∗ 47/61 +
(8− 15 ∗ 47/61)2

15 ∗ 47/61
+

(11− 13 ∗ 47/61)2
13 ∗ 47/61 +

(1− 18 ∗ 14/61)2
18 ∗ 14/61 +

(4− 15 ∗ 14/61)2
15 ∗ 14/61 +

(7− 15 ∗ 14/61)2
15 ∗ 14/61

+
(2− 13 ∗ 14/61)2

13 ∗ 14/61 = 8.389 > 7.815 = χ3(0.05).

α = 0.05
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2015—2016

: 2016 6 24 8:30–10:30;

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
. . (10 ) , .

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

2. (−∞,∞) . ( )

3. θ θ̂ θ, θ̂ θ . ( )

4. . ( )

5. . ( )

. (20 ) , .

1. (4 ) , . , 0.8;

, 0.2. 0.9 . ,

; ,

.

2. (3 ) X λ Poisson . E[(X−1)(X−2)] = 1, λ = .

3. (3 ) (X, Y )

F (x, y) =

{
1− e−

x
2 − e−

y
2 + e−

x+y
2 , x, y > 0;

0, .

X Y ? ( “ ” “ ”).

4. (3 ) X Y 4 9, −0.5, X − Y

.

5. (3 ) X Y , ( ).

(A) X + Y (B) X2 + Y 2 χ2

(C) X2/Y 2 F (D) X2 Y 2 χ2

6. (4 ) X

F (x) =

{
1− x−β, x > 1;

0, x ≤ 1,

β > 1 , X1, X2, · · · , Xn X ,

X. , β .
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. (18 ) X Y , X λ ,

Y μ , .

1. ( Z = min{X, Y }) .

2. U = X/Y .

. (16 ) , 150 ,

5 . 1

, 0.002.

,

1. ?

2. 50 ?

. (16 ) X μ, σ2. n1 n2 ,

X1 X2.

1. : a+ b = 1 a b, Y = aX1 + bX2 μ .

2. a b Y .

. (20 ) , ,

A B :

A 85.6 85.9 85.9 85.7 85.8 85.7 86.0 85.5 85.4 85.5

B 86.2 85.7 86.5 86.0 85.7 85.8 86.3 86.0 86.0 85.8

,

( α = 0.05).

u0.025 = 1.960, u0.05 = 1.645, Φ(2.24) = 0.9874

F10,10(0.025) = 3.72, F9,9(0.025) = 4.03, F10,10(0.05) = 2.98, F9,9(0.05) = 3.18,

t20(0.025) = 2.086, t19(0.025) = 2.093, t18(0.025) = 2.101,
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2016—2017

(B)

: 2017 1 3 8:30–10:30;

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
. . (30 , 3 ) , .

1. A B , P(A) = 0.4,P(B) = 0.3,P(A|B) = 0.4, ( ).

(A) A B (B) A B

(C) A ⊃ B (D) P(A ∪ B) = P(A) + P(B)

2. , 1 , p(0 < p < 1),

1 − p, 2 , 2

, .

3. X λ Poisson , P(X = 1) = P(X = 2), X

3 .

4. X Y N(0, σ2), P(X ≤ 2, Y ≤ −2) = 0.25,

P(X > 2, Y > −2) = .

5. X Y 1 1/4 , P(X < Y ) = .

6. X1 X2 , , f1(x) f2(x).

Y1 [f1(y) + f2(y)]/2, Y2 = (X1 +X2)/2, ( ).

(A) E[Y1] > E[Y2],Var[Y1] > Var[Y2] (B) E[Y1] = E[Y2],Var[Y1] = Var[Y2]

(C) E[Y1] = E[Y2],Var[Y1] < Var[Y2] (D) E[Y1] = E[Y2],Var[Y1] > Var[Y2]

7. , ( ).

(A) α (B)

(C) (D)

8. X1, X2, X3, X4 N(1, σ2) , T = (X1−X2)2

(X3+X4−2)2

( ).

(A) t1 (B) F1,1 (C) F2,2 (D) .

9. X1, X2, · · · , Xn B(n, p) , X S2

. X + kS2 np2 , k = .

10. X ∼ N(μ, σ2), μ σ2 . n

1− α , , μ ( ).

(A) (B) μ

(C) (D) .
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. (11 ) (X, Y ) f(x, y) =
{ Ax2, 0 < |x| < y < 1;

0, .

A P(X ≤ 0.25|Y = 0.5).

. (16 ) X Y , X P(X = 0) = P(X = 2) = 0.5,

Y f(y) =
{ 2y, 0 < y < 1;

0, .

1. P(Y ≤ EY );

2. Z = X + Y .

. (15 ) , n ,

μ . n X1, X2, · · · , Xn N(μ, σ2),

n Zi = |Xi − μ|, i = 1, 2, · · · , n.
σ.

1. Zi ;

2. σ ;

3. σ .

. (18 ) , .

, 10

, 20 ( : ) :

8 7 9 5 12 10 9 10 8 7

10 8 5 7 8 7 11 4 5 6

,

( α = 0.05).

. (10 ) 44 ( Trump) ,

5 , 3 ,

, 4 . ,

. , ?(

α = 0.05)

:

F10,10(0.025) = 3.72, F9,9(0.025) = 4.03, F10,10(0.05) = 2.98, F9,9(0.05) = 3.18,

t20(0.025) = 2.086, t19(0.025) = 2.093, t18(0.025) = 2.101, χ2
11(0.05) = 24.725.
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. 3

1. A 2. p2/[ p2 + (1− p)2] p2/(1− 2p+ 2p2) 3. 4
3
e−2 0.18 4. 0.25 1/4

5. 0.2 1/5 6. D 7. C 8. B 9. −1 10. D

. A = 6. (5 )

fY (y) = 4y3, 0 < y < 1 fX|Y (x|y) = 3x2

2y3
, −y < x < y, fX|Y (x|12) = 12x2,−1

2
<

x < 1
2
.

P(X ≤ 1/4|Y = 1/2) =

∫ 1/4

−1/2

12x2dx =
9

16
. (6 )

. 1. EY = 2
3
, P(Y ≤ EY ) =

∫ 2/3

0
2ydy = 4/9. (6 )

2. 0 < z < 3,

P(Z ≤ z) =
1

2
P(Y ≤ z) +

1

2
P(Y ≤ z − 2)

=

⎧⎪⎨⎪⎩
z2/2, 0 ≤ z < 1;

1/2, 1 ≤ z < 2;

((z − 2)2 + 1)/2, 2 ≤ z < 3.

(5 )

Z

l(z) =

⎧⎪⎨⎪⎩
z, 0 ≤ z < 1;

z − 2, 2 ≤ z < 3;

0, .

(5 )

. 1. f(z) = 2√
2πσ

exp{− z2

2σ2}, z > 0. (5 )

2. E[Zi] =
2σ√
2π
, σ σ̂ =

√
π
2
Z, Z = 1

n

∑n
i=1 Zi. (5 )

3. l(σ) = c − n ln σ − 1
2σ2

∑n
i=1 z

2
i , c σ ,

dl(σ)
dσ

= 0, σ σ̂ =
√

1
n

∑n
i=1 Z

2
i .

. x̄ = 8.5, s21 = 3.83, n1 = 10; ȳ = 7.1, s22 = 4.99, n2 = 10. (4 )

. F = 3.83
4.99

= 0.768, F9,9(0.025) =

4.03, F9,9(0.975) = 1/4.03 = 0.248. 0.248 < F < 4.03,

. (7 )

. s2w = 4.411, t = x̄−ȳ

sw
√

1/n1+1/n2

= −1.235.

|t| < t18(0.025) = 2.101, . ,

. (7 )

. H0 : . χ2

2.91 < χ2
11(0.05) = 24.725. H0, .
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2017—2018

(B)

: 2018 1 10 8:30–10:30;

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
. . (30 , 3 ) , .

(1) A B , A C , B C . P(A) = P(B) = 1/2,

P(AC|AB ∪ C) = 1/4, P(C) = .

(2) ABC A ,

, , n A

.

(3) X f(x) f(1 + x) = f(1− x),
∫ 2

0
f(x)dx = 0.4,

P(X < 0) = ( )

(A) 0.2 (B) 0.3 (C) 0.4 (D) 0.5

(4) X F (x) = 0.5Φ(x) + 0.5Φ(x−4
2
), Φ(x)

, X EX = .

(5) X Y , X P(X = 1) = P(X = −1) = 1/2, Y

λ > 0 Poisson . Z = XY , Cov(X,Z) = .

(6) 1 , X, 1/3 Y ,

X Y ( )

(A) 1 (B) −1 (C) −1/3 (D) 1/3

(7) X1, X2, · · · , X9 X ∼ N(0, 1) ,

F ( )

(A)
X2

1+X2
2+X2

3

X2
4+X2

5+···+X2
9

(B)
X2

1+X2
2+X2

3+X2
4+X2

5

X2
5+X2

6+X2
7+X2

8+X2
9

(C)
X2

1+X2
2+X2

3

2(X2
4+X2

5+···+X2
9 )

(D)
2(X2

1+X2
2+X2

3 )

X2
4+X2

5+···+X2
9

(8) X1, X2, · · · , Xn X , X S2

. Var(X) = σ2, ( )

(A) S σ (B) S σ

(C) S X (D)

(9) X ∼ N(μ, 0.92) 9 , X = 5,

μ 0.95 ( ).

(10) X1, X2, · · · , Xn N(μ, σ2) ,

H0 : μ = μ0 ↔ H1 : μ 	= μ0, μ0 , ( )

(A) α = 0.05 H0, α = 0.01 H0

(B) α = 0.05 H0, α = 0.01 H0

(C) α = 0.05 H0, α = 0.01 H0

(D) α = 0.05 H0, α = 0.01 H0
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. (16 ) (X, Y )

f(x, y) = Ce−2x2+2xy−y2 , −∞ < x, y < ∞.

(1) C ;

(2) X = x , Y fY |X(y|x).
. (16 ) (X, Y ) N(μ1, μ2; σ

2
1, σ

2
2; ρ), μ1 = μ2 = 1,

σ2
1 = σ2

2 = 0.5, ρ = 0.5.

Z = |X − Y |, U = max(X, Y ), V = min(X, Y ).

(1) Z fZ(z);

(2) E(U + V );

(3) EU EV .

. (18 ) X

f(x) =
2x

a2
, 0 ≤ x ≤ a,

a > 0 , X1, X2, · · · , Xn .

(1) a â1 â2;

(2) p = P(0 < X <
√
a) p̂;

(3) â1 â2 ? , ; , .

. (10 ) , 10 .

( : ) ,

( , α=0.05)?

70 65 67 58 69 72 74 61 63 67

68 60 68 58 67 70 70 60 60 65

. (10 ) “ ”,

. (1991 1 2017 12 ) ,

:

14 21 16 15 14 14 13 15 11 13 18 13

13 6 11 12 13 13 14 12 16 14 9 14

, ?

:

u0.025 = 1.96, u0.05 = 1.645;

t8(0.025) = 2.306, t8(0.05) = 1.86, t9(0.025) = 2.262, t9(0.05) = 1.833;

χ2
11(0.05) = 19.675.
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. ( 3 )
1
4
; 1

3
[1− (−1

2
)n−1]; B; 2; λ; B; D; C; [4.412, 5.588]; A.

. (1) (8 ) ∫ ∞

−∞

∫ ∞

−∞
e−2x2+2xy−y2dxdy =

∫ ∞

−∞
e−x2

dx

∫ ∞

−∞
e−(x−y)2dy = π

C = 1
π
;

(2) (8 ) X

fX(x) =

∫ ∞

−∞
f(x, y)dy =

1√
π
e−x2

,

,

fY |X(y|x) = f(x, y)

fX(x)
=

1√
π
e−(x−y)2 , −∞ < y < ∞.

. (1) (6 ) E(X − Y ) = 0,

Var(X − Y ) = Var(X) + Var(Y )− 2Cov(X, Y )

= 0.5 + 0.5− 2× 0.25 = 0.5,

X − Y ∼ N(0, 0.5), Z = |X − Y |

fZ(z) =
2√
π
e−z2 , z > 0.

(2) (4 ) , E(U + V ) = E(X + Y ) = 2.

(3) (6 ) EU − EV = EZ = 1√
π
, EU = 1 + 1

2
√
π
, EV = 1− 1

2
√
π
.

. (1) (6 ) â1 =
3
2
X, â2 = X(n);

(2) (4 ) p = 1
a

p̂ = 1/X(n);

(3) (8 ) â1 , E(â1) =
3
2
E(X) = 3

2
E(X) = a; X(n)

h(x) = n[F (x)]n−1f(x) =
2n

a2n
x2n−1, 0 < x < a,

E(â2) =
2n

2n+1
a. â2 , â∗2 =

2n+1
2n

X(n).

. (10 ) . , X = 2, S2 = 28/9.

t =

√
nX

S
= 3.59 > t9(0.05) = 1.833,

(H0: ),

.

. (10 ) . 177 147, 27.

χ2 11.394 < χ2
11(0.05) = 19.675, “

” “ ”.
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2018—2019

(B)

: 2019 1 9 8:30–10:30;

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

(30 , 3 ) , .

(1) 10 7 3 , , 9

2 , .

(2) X f(x) = Ae−x2+x, −∞ < x < ∞, A = .

(3) X Y , {1, 2} {1, 2, 3}.

P(Y = 1) =
1

6
, P(X = 1, Y = 2) = P(Y = 1, X = 2) =

1

8
,

P(Y = 3) = .
(4) (X, Y ) Φ(2x)Φ(y − 1), Φ(x)

, (X, Y ) ( )

(A) N(0, 1; 1
4
, 1; 0) (B) N(0,−1; 1

4
, 1; 0) (C) N(0, 1; 4, 1; 0) (D) N(0,−1; 4, 1; 0)

(5) X Y , X 2 , Y [−3, 3]

, Var(XY ) = .

(6) X1, X2, X3, X4 , a > 0 .

Y = a
(1
2
X2

1 +
1

2
X2

2 +
1

2
X2

3 +
1

2
X2

4 +X1X2 +X3X4

)
χ2
n , n+ a = .

(7) X F3,4 . α(0 < α < 1), F3,4(α)

P(X > F3,4(α)) = α. P(X ≤ x) = 1− α, x ( )

(A) 1
F4,3(1−α)

(B) 1
F3,4(1−α)

(C) F4,3(α) (D) F4,3(1− α)

(8) X1, X2, · · · , Xn U [−θ, θ] , θ

θ̂ ( )

(A) max
1≤i≤n

Xi (B) max
1≤i≤n

|Xi| (C) − min
1≤i≤n

Xi (D) − min
1≤i≤n

|Xi|

(9) X1, X2, · · · , Xn (n > 2) N(μ, σ2) , X

. T = c(X1 +Xn − 2X)2 σ2 , c = .

(10) X1 X2 N(μ1, σ
2
1) N(μ2, σ

2
2), X1

X2 , ( )

(A) H0 : μ1 > μ2 ↔ H1 : μ1 ≤ μ2 (B) H0 : μ1 ≥ μ2 ↔ H1 : μ1 < μ2

(C) H0 : μ1 < μ2 ↔ H1 : μ1 ≥ μ2 (D) H0 : μ1 ≤ μ2 ↔ H1 : μ1 > μ2
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(24 ) (X, Y )

f(x, y) =
1

5
(2x+ y), 0 ≤ x ≤ 2, 0 ≤ y ≤ 1.

(1) X Y fX(x) fY (y);

(2) X = 1 , Y y = 0.5 fY |X(0.5 | 1);
(3) X Y Cov(X, Y );

(4) Z = max{X, Y } fZ(z).

(12 ) , 80%.

200 , 152 ,

. , :

(1) 80%, ?

(2) 200 160 , ?

.

(18 ) X

f(x; θ) =

{
−θx ln θ, x > 0;

0, x ≤ 0,

0 < θ < 1 . X1, X2, · · · , Xn .

(1) θ θ̂;

(2) h(θ) = (ln θ)−1 ĥθ;

(3) a, ĥθ a, ε > 0, lim
n→∞

P
(∣∣ĥθ−a

∣∣ ≥ ε
)
= 0.

(8 ) A B , A 10 ,

x = 500(m/s), s1 = 1.10(m/s); B 20

, y = 496(m/s), s2 = 1.20(m/s). A B

N(μ1, σ
2) N(μ2, σ

2).

α = 0.05 H0 : μ1 − μ2 = 5 ↔ H1 : μ1 − μ2 	= 5.

(8 ) , ,

:

A B O AB

64 86 130 20

125 138 210 26

( α = 0.05).

:

u0.025 = 1.96, u0.05 = 1.645, Φ(1.414) = 0.9214;

t28(0.025) = 2.0484, t28(0.05) = 1.7011, t29(0.025) = 2.0452, t29(0.05) = 1.6991;

χ2
3(0.95) = 0.3518, χ2

3(0.05) = 7.8147.
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. ( 3 )

3/8; 1√
π
e−

1
4 ; 1/3; A; 18; 3; A; B; n

2(n−2)
; D.

. (1) (6 ) ,

fX(x) =

∫ 1

0

f(x, y)dy =
2

5
x+

1

10
, 0 ≤ x ≤ 2;

fY (y) =

∫ 2

0

f(x, y)dx =
2

5
y +

4

5
, 0 ≤ y ≤ 1.

(2) (6 ) ,

fY |X(0.5 | 1) = f(1, 0.5)

fX(1)
= 1.

(3) (6 )

E[XY ] =

∫ 1

0

∫ 2

0

xyf(x, y)dxdy =
2

3
,

EX = 19
15

EY = 8
15
, Cov(X, Y ) = E[XY ]− EXEY = − 2

225
.

(4) (6 )

FZ(z) = P(Z ≤ z) =

∫∫
x,y≤z

f(x, y)dxdy

,

FZ(z) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
0, z < 0;

3
10
z3, 0 ≤ z < 1;

1
5
z2 + 1

10
z, 1 ≤ z < 2;

1, z ≥ 2.

,

fZ(z) =

{
9
10
z2, 0 ≤ z < 1;

2
5
z + 1

10
, 1 ≤ z < 2.

. (1) (6 ) Φ(
√
2) = 0.9214.

(2) (6 ) . , 80%

Φ(0) = 0.5, .

. (1) (6 ) θ̂ = exp{− 1
X
}, X ;

(2) (6 ) θ exp{− 1
X
}, h(θ)

ĥθ = −X;

(3) (6 ) , a = −EX = 1
ln θ

.
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. (8 ) t ,

T =
X − Y − μ0

Sw

√
1
n1

+ 1
n2

.

, sw = 1.169, t = −2.209. |t| > t28(0.025) = 2.0484,

α = 0.05 H0.

. (8 ) . ,

χ2 =
2∑

i=1

4∑
j=1

(nnij − ni·n·j)2

nni·n·j
.

, χ2 = 1.921 < χ2
3(0.05) = 7.8147. α = 0.05

, .

4
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2018—2019

: 2019 6 19 14:30—16:30;

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
. . ( , 40 )

1. (6 )

60% 40%

1% 2%

2. (6 ) λ Poisson

p, k

? k m (m ≥ k)

3. (6 ) X f(x) = (1 + θ)xθ, 0 < x < 1

H0 : θ = 5 ↔ H1 : θ = 3. X > 1/2,

4. (6 ) X( cm) N(μ, 1), 16

, 40cm, μ 0.95

5. (8 ) X1, ..., Xn X , ,

E

(
X1∑n
i=1Xi

)
.

6. (8 ) , (

, ), 300 , ,

0.01. (

), ,

0.01?

. (20 ) (ξ, η) D , D y = x, x = 0, y =

1 . :

(1) (ξ, η) p(x, y); (2) (ξ, η) p1(x) p2(y);

(3) p(x|η = y); (4) E(ξ|η = y).
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. (15 ) X , 0 < θ < 1 .

100 17 0, 33 1, 50 2.

X 0 1 2

P θ
4

1− θ 3θ
4

(1) θ θ̂1 θ̂2;

(2) θ̂1 θ̂2

(3)

. (10 ) · (1775 - 1817),

a 147 186 184

an 25 26 40

this 32 39 30

that 94 105 59

,

(α = 0.05)

. (15 ) (%), 6

: 17, 14, 18, 13, 19 15; : 16, 19, 20,

22, 18 19. , , .

(1)(6 ) 0.05 , ?

(2)(9 ) 0.05 ,

?

: u0.025 = 1.960, u0.05 = 1.645, t0.025(10) = 2.228, t0.05(10) = 1.812, t0.025(11) =

2.201, t0.05(11) = 1.796, t0.025(12) = 2.178, t0.05(12) = 1.782, χ2
0.05(1) = 3.841, χ2

0.05(2) =

5.991, χ2
0.05(6) = 12.591, F0.05(5, 5) = 5.050, F0.025(5, 5) = 7.146, F0.05(6, 6) = 4.284

F0.025(6, 6) = 5.820.
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2018—2019

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

. ( )

1. (6 ) X A B

P (A) = 0.6, P (B) = 0.4, P (X|A) = 0.01,

P (X|B) = 0.02.

P (X) = P (X|A)P (A) + P (X|B)P (B) = 0.014.

A

P (A|X) =
P (X|A)P (A)

P (X)
=

3

7
.

2. (6 ) k :

∞∑
n=k

λne−λ

n!
Ck

np
k(1− p)n−k =

(λp)ke−λp

k!
.

k m (m ≥ k) :

Ck
mp

k(1− p)m−k λme−λ

m!∑∞
n=k

λne−λ

n!
Ck

np
k(1− p)n−k

=
(λ(1− p))m−ke−(λ(1−p))

(m− k)!

3. (6 )

P (X > 1/2|θ = 5) =

∫ 1

1/2

(1 + 5)x5dx = 1− 1

26
= 0.984375;

P (X < 1/2|θ = 3) =

∫ 1/2

0

(1 + 3)x3dx =
1

24
= 0.0625.

4. (6 ) μ 0.95 [x̄ − u0.025/
√
n, x̄ + u0.025/

√
n]

[40− 1.96

4
, 40 +

1.96

4
] = [39.51, 40.49].

5. (8 ) :

E

(
X1∑n
i=1Xi

)
=

1

n
.
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6. (8 ) : X k, X ∼ B(300, 0.01)

P (X ≤ k) =
k∑

i=0

C i
3000.01

i0.99300−i ≥ 0.99

P (X ≤ k) ≈
k∑

i=0

3i

i!
e−3 ≥ 0.99

k = 8 8 ,

0.01.

k = 8

. (20 )

(1) (ξ, η) p(x, y) = 2, 0 < x ≤ y < 1; p(x, y) = 0, .

(2) ξ p1(x) =
∫ 1

x
2dy = 2(1− x), 0 < x < 1;

η p2(y) =
∫ y

0
2dx = 2y, 0 < y < 1.

(3) 0 < y < 1 , p(x|η = y) = p(x,y)
p2(y)

= 1
y
, 0 < x ≤ y.

(4) E(ξ|η = y) =
∫ y

0
xp(x|η = y)dx =

∫ y

0
x
y
dx = y

2
.

. (15 )

(1) E(X) = 0× θ
4
+ 1× (1− θ) + 2× 3θ

4
= 1 + θ

2
,

θ̂1 = 2(X̄ − 1),

X̄ . , θ̂1 = 0.66.

ni i , i = 0, 1, 2, n = n0 + n1 + n2.

L(θ) =

(
θ

4

)n0

(1− θ)n1

(
3θ

4

)n2

.

,
∂ log(L(θ))

∂θ
=

n0

θ
− n1

1− θ
+

n2

θ
= 0,

θ̂2 =
n− n1

n
.

, θ̂2 = 0.67.

(2) E(θ̂1) = E(2(X̄ − 1)) = 2(E(X̄)− 1) = 2(E(X)− 1) = θ, θ̂1 θ

. E(θ̂2) = E(n−n1

n
) = n−E(n1)

n
= n−n(1−θ)

n
= θ, θ̂2 θ .

(3) E(X2) = 0× θ
4
+1× (1−θ)+4× 3θ

4
= 1+2θ, V ar(X) = E(X2)− (E(X))2 =
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1 + 2θ − (1 + θ
2
)2 = θ − θ2

4
. ,

V ar(θ̂1) = V ar(2(X̄ − 1)) = 4V ar(X̄) = 4V ar(X)/n =
4θ − θ2

n
.

V ar(n1) = n(1− θ)θ,

V ar(θ̂2) = V ar(
n− n1

n
) =

V ar(n1)

n2
=

θ − θ2

n
.

V ar(θ̂2) < V ar(θ̂1), θ̂2 θ̂1 .

. (10 ) : ,

. , ,

, ,

a 159.32368 190.33299 167.34333

an 28.04343 33.50155 29.45502

this 31.12513 37.18304 32.69183

that 79.50776 94.98242 83.50982

T =
2∑

i=1

3∑
j=1

(nij − E(nij))
2

E(nij)
= 19.722,

6. T > χ2
0.05(6) = 12.591, ,

, .

. (15 ) : X Y , X ∼
N(μ1, σ

2
1), Y ∼ N(μ2, σ

2
2). , μ̂1 = 16, μ̂2 = 19, σ̂2

1 = 5.6 σ̂2
2 = 4.

(1) : H0 : σ
2
1 = σ2

2 ←→ H1 : σ
2
1 	= σ2

2. F

F =
σ̂2
1

σ̂2
2

= 1.4,

(5, 5). F0.025(5, 5) = 7.146 F0.975(5, 5) = 1/F0.025(5, 5) = 0.140,

F0.975(5, 5) < F < F0.025(5, 5), ,

.

(2) : H0 : μ1 = μ2 ←→ H1 : μ1 < μ2. S2
w = (5σ̂2

1+5σ̂2
2)/10 = 4.8,

t

T =
μ̂1 − μ̂2

Sw

√
1/6 + 1/6

= −2.3717,

10. t0.05(10) = 1.812, T < −t0.05(10), ,

.
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2019—2020

(B)

: 2020 1 13 8:30–10:30;

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

(30 , 3 ) , .

(1) P(A) = P(B) = 0.4, P(B|A) + P(B|A) = 1, P(AB) = .

(2) , 101 , 100 ,

.

(3) X f(x) = 2
π

√
1− x2, x ∈ (−1, 1). x ∈ (−1, 1),

X = x , Y

P(Y = −
√
1− x2) = P(Y =

√
1− x2) = 1/2,

Y , (X, Y ) . ( )

(A) , (B) , (C) , (D) ,

(4) {(x, y) : x2 + y2 ≤ 1} , X

, E(X2) = .

(5) X1, X2, · · · , Xn , λ > 0

. X = 1
n

∑n
i=1Xi Φ(x) , x ∈ R, ( )

(A) lim
n→∞

P
(√

n
λ
(X − λ) ≤ x

)
= Φ(x) (B) lim

n→∞
P
(√

n
λ
(X − λ) ≤ x

)
= Φ(x)

(C) lim
n→∞

P
(√

n(λX − 1) ≤ x
)
= Φ(x) (D) lim

n→∞
P
(√

nλ(X − 1
λ
) ≤ x

)
= Φ(x)

(6) X1, X2, · · · , Xn , 1 ≤ m < n,

c = , c (
∑m

i=1 Xi)
2/

∑n
i=m+1 X

2
i F .

(7) X1, X2, · · · , Xn N(μ, σ2) , μ ,

X S2 , X ( )

(A) S (B) 1
n

∑n
i=1(Xi −X)2 (C) 1

n

∑n
i=1(Xi − μ)2 (D) X1 −X2

(8) X1, X2, X3 N(μ, σ2) , , ( )

μ .

(A) 1
2
X1 +

1
3
X2 +

1
6
X3 (B) 1

3
X1 +

1
3
X2 +

1
3
X3

(C) 1
5
X1 +

2
5
X2 +

2
5
X3 (D) 1

7
X1 +

2
7
X2 +

3
7
X3

(9) N(μ, 100) μ 95% ,

4, n .

(10) , α = 0.05 H0 , ( )

(A) H0 (B) H0

(C) H1 (D) H1
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(20 ) X1, X2, · · · , Xn , U(0, 1) .

Y = min{X1, X2, · · · , Xn}, Z = max{X1, X2, · · · , Xn}.
(1) : 0 < y, z < 1,

P(Y ≤ y, Z ≤ z) =

{
zn − (z − y)n, y < z;

zn, y ≥ z.

(2) , Y Z f(y, z).

(3) Y = y (0 < y < 1), Z fZ|Y (z|y).
(4) n = 2, Y Z Cov(Y, Z).

(15 ) X, Y Z , 1 .

U =
X

X + Y
, V =

X + Y

X + Y + Z
, W = X + Y + Z.

(1) (U, V,W ) .

(2) U, V W ? .

(15 ) T F (t) =

{
1− exp{−( t

θ
)m}, t ≥ 0;

0, t < 0,

m > 0 , θ > 0 . n ,

T1, T2, · · · , Tn. g(θ) = θm.

(1) g(θ) ĝ(T1, T2, · · · , Tn).

(2) ? .

(12 ) , N(72, 62).

16 67 / , 7 / .

0.05 , ( )

? ( .)

(8 ) 2019 ,

( ) :

I II III IV V VI

8 27 10 6 8 6 65

15 25 8 7 6 4 65

? α = 0.05.

:

Φ(1.645) = 0.95, Φ(1.96) = 0.975;

t15(0.025) = 2.131, t15(0.05) = 1.753, t16(0.025) = 2.12, t16(0.05) = 1.746;

χ2
5(0.95) = 1.145, χ2

5(0.05) = 11.071, χ2
15(0.975) = 6.262, χ2

15(0.025) = 27.488.
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. (1) 0.16 (2) 0.5 (3) B (4) 1 (5) C

(6) n−m
m

(7) C (8) B (9) 97 ( 96 ) (10) B.

. (1) 0 < y, z < 1 , X1, · · · , Xn

P(Y ≤ y, Z ≤ z) = P(Z ≤ z)− P(Y > y, Z ≤ z)

= P(X1 ≤ z, · · · , Xn ≤ z)− P(y < X1 ≤ z, · · · , y < Xn ≤ z)

= [P(X1 ≤ z)]n − [P(y < X1 ≤ z)]n.

X1 ∼ U(0, 1)

P(Y ≤ y, Z ≤ z) =

{
zn − (z − y)n, y < z;

zn, y ≥ z.

(2) f(y, z) 0 < y < z < 1, (1)

P(Y ≤ y, Z ≤ z) y z ,

f(y, z) = n(n− 1)(z − y)n−2, 0 < y < z < 1.

( , 0 < y < z < 1, 1–2 .)

(3) (2) , Y

fY (y) =

∫ 1

y

f(y, z)dz = n(1− y)n−1, 0 < y < 1.

fZ|Y (z|y) = f(y, z)

fY (y)
=

(n− 1)(z − y)n−2

(1− y)n−1
, y < z < 1.

( , y < z < 1, 1–2 .)

(4) n = 2 , Y fY (y) = 2(1− y), 0 < y < 1,

EY =

∫ 1

0

2y(1− y)dy =
1

3
.

, Z fZ(z) = 2z, 0 < z < 1, EZ = 2
3
. ,

f(y, z) = 2, 0 < y < z < 1,

E[Y Z] =

∫ 1

0

∫ 1

y

2yzdzdy =
1

4
.

,

Cov(Y, Z) = E[Y Z]− EY · EZ =
1

4
− 1

3
· 2
3
=

1

36
.
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. (1)

u =
x

x+ y
, v =

x+ y

x+ y + z
, w = x+ y + z,

x = uvw, y = (1− u)vw, z = (1− v)w, Jacobi

J =

∣∣∣∣∣∣∣
vw uw uv

−vw (1− u)w (1− u)w

0 −w 1− v

∣∣∣∣∣∣∣ = vw2.

(X, Y, Z) f(x, y, z) = e−(x+y+z), x, y, z > 0,

(U, V,W )

p(u, v, w) = vw2e−w, 0 < u, v < 1, w > 0.

( , , 1–2 .)

(2) U, V W . ,

p(u, v, w) = pU(u)pV (v)pW (w)

,

pU(u) = 1, 0 < u < 1; pV (v) = 2v, 0 < v < 1; pW (w) =
1

2
w2e−w, w > 0.

. (1) T f(t) = mtm−1

θm
exp{−( t

θ
)m}, t ≥ 0,

L(θ) =
mn

θmn

n∏
i=1

tm−1
i exp

{
−

(ti
θ

)m}
.

,

l(θ) = lnL(θ) = C − n ln(θm)− 1

θm

n∑
i=1

tmi .

θm , 0, ( θ , )

dl(θ)

d(θm)
= − n

θm
+

1

θ2m

n∑
i=1

tmi = 0.

ĝ(T1, T2, · · · , Tn) =
1

n

n∑
i=1

Tm
i .

(2)

E[ĝ(T1, T2, · · · , Tn)] =
1

n

n∑
i=1

E[Tm
i ] = E[Tm]

=

∫ ∞

0

mt2m−1

θm
exp

{
−

( t

θ

)m}
dt = θm

∫ ∞

0

xe−xdx = θm,

, ĝ(T1, T2, · · · , Tn) g(θ) .
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. (1) . H0 : μ = 72, ←→ H1 : μ 	= 72. t

t =

√
n(X − μ0)

S
=

√
16(67− 72)

7
= −2.857,

|t| > t15(0.025) = 2.131, ,

.

(2) . H0 : σ
2 = 62, ←→ H1 : σ

2 	= 62. χ2

χ2 =
(n− 1)S2

σ2
0

=
15 · 72
62

= 20.417,

χ2
15(0.975) = 6.262 < χ2 < χ2

15(0.025) = 27.488, ,

. ,

.

( : , 62, u

, .)

. . ,

χ2 =
2∑

i=1

6∑
j=1

(nnij − ni·n·j)2

nni·n·j
.

, χ2 = 3.1922 < χ2
5(0.05) = 11.071, α = 0.05

, .

5
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2019—2020

B

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
..
..
..
..
. . ( 3 , 30 , )

1. A B , P (B) = 0.3, P (Ā ∪ B) = 0.8,

P (A) = .

2. X Y , EX = EY = 0, V arX = V arY = 1

W1 = X + Y, W2 = X − Y , W1 W2 .

3. X1, X2, X3, X4 , T = a(X1 − 2X2)
2 +

b(3X3 + 4X4)
2 , a b .

4. 9 ,

x̄ = 20 , s = 3( ).

N(μ, σ2), μ, σ2 , μ 0.95

.

5. X1, X2, . . . , Xn N(μ, σ2) , 2X2−X1, X,X1

μ , .

6. , 10 , 2 .

,

.

7. 1, 2, 3, ..., n , Xi =

{
1, i i,

0, i i.

Y =
∑n

i=1 Xi. Y .

8. P (X ≥ 0, Y ≥ 0) = 3/7, P (X ≥ 0) = P (X ≥ 0) = 4/7, P (max{X, Y } ≥ 0)

= .

9. F (x) G(x) , .

(A)F (x)G(x); (C)aF (x) + (1− a)G(x), , 0 < a < 1;

(B)[F (x)]6[G(x)]8; (D)bF (x) + 1
b
G(x), , b > 1;

10. ,

(A) .

(B) , , .
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(C) , .

(D) , , .

. 10 100 , .

Xi : [0, 12] , 100

500 . Φ(·) .

. 15 X Y 1 ,

f(x) = e−x, x > 0. U = X + Y , V = X/(X + Y ) .

(1) (U, V ) ;

(2) X Y , U V .

. (20 ) X1, · · · , Xn U(0, θ) n

(1) θ θ̂1 θ̂2;

(2) θ̂1 θ̂2 , .

. (15 ) ,

, :

2800 3100 2900 2900 3200 3100 3000

3000 2900 3100 2800 3200 3600 3900 3100

N(μ1, σ
2) N(μ2, σ

2),

. :

α = 0.05

. (10 )

180 120 ,

49 31 100

51 20 49

(α = 0.05)

:

u(0.05) = 1.64, u(0.025) = 1.96, t8(0.05) = 1.86, t8(0.025) = 2.30, t9(0.05) = 1.83, t9(0.025) =

2.26, t13(0.05) = 1.77, t13(0.025) = 2.16, t14(0.05) = 1.76, t14(0.025) = 2.15, t15(0.05) =

1.75, t15(0.025) = 2.13, χ2(0.05) = 5.99, χ2(0.025) = 7.38, χ5(0.05) = 11.07, χ5(0.025) =

12.83, χ6(0.05) = 12.59, χ6(0.025) = 14.45.
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2020—2021

(B)

: 2021 3 6 8:30–10:30;

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

(30 , 3 ) , .

(1) A,B , 0 < P(B) < 1, ( )

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

(B) P(A|B) > P(A), P(A|B) > P(A)

(C) P(A|B) > P(A|B), P(A|B) > P(A)

(D) P(A|A ∪ B) > P(A|A ∪ B), P(A) > P(B)

(2) n , 1, 2, · · · , n. ,

.

1, 1 2 .

(3) X 0 < p < 1 , X = k , Y

k . y > 0, P(Y > y) =( ).

(A) e−y/p (B) pe−y (C) p/(y + p) (D) p/(ey − 1 + p)

(4) X Y P(X2 + Y 2 = 2) = 1, ( )

(A) (X, Y ) (B) P(X + Y = 0) = 1/2

(C) EX = EY = 0 (D) X Y

(5) X Y , P(max{X, Y } ≥ 0) = .

(6) X Y λ μ Poisson , .

n, E[X|X + Y = n] = .

(7) (X, Y ) N(a, a; σ2, σ2; 0), Cov(X,XY 2) = .

(8) X1, X2, · · · , Xn, Xn+1 N(μ, σ2) , X = 1
n

∑n
i=1 Xi,

m2 =
1
n

∑n
i=1(Xi−X)2. T = c(Xn+1−X)/

√
m2 t , c = .

(9) X ∼ N(μ, σ2), σ2 , n 1− α

, , μ ( )

(A) (B) μ (C) (D)

(10) X1, X2, · · · , X16 N(μ, 4) , X , Φ(x)

. : H0 : μ ≤ 10 ↔ H1 : μ > 10.

W = {X ≥ 11}, μ = 11.5 , ( )

(A) 1− Φ(0.5) (B) 1− Φ(1) (C) 1− Φ(1.5) (D) 1− Φ(2)
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(10 ) , m n , n m

, m > n. , .

, ,

1/2 ? .

(20 ) (0, 2) , X, Y .

(1) X Y Corr(X,Y );

(2) X f(x);

(3) Z = Y
X

g(z);

(4) X∗ X , V = 2|X −X∗| h(v).

(16 ) X f(x) = (θ + 1)xθ, 0 < x < 1, θ > −1

. X1, X2, · · · , Xn .

(1) θ θ̂;

(2) g(θ) = 1
θ+1

ĝ;

(3) ĝ g(θ) ? .

(4) b, x, lim
n→∞

P
(√

n(ĝ − g(θ))/b ≤ x
)
= Φ(x) ,

Φ(x) .

(14 ) 1970 ,

(NDMA). 1980 .

, NDMA ( 10 ) :

6 4 5 5 6 5 5 6 4 6 7 4

2 1 2 2 1 0 3 2 1 0 1 3

. α = 0.05 ,

(1) ?

(2) NDMA 3?

(10 ) , X p ,

P(X = k) = p(1− p)k−1, k = 1, 2, · · · . 130 , :

k 1 2 3 4 5 6 7 8 9 10 11 12 ≥ 13

48 31 20 9 6 5 4 2 1 1 2 1 0

(1) p ( );

(2) 5, k ≥ 7

, “X ” ( α = 0.05).

: t22(0.025) = 2.074, t22(0.05) = 1.717, t23(0.025) = 2.069, t23(0.05) = 1.714

F11,11(0.025) = 3.474, F11,11(0.05) = 2.818, F12,12(0.025) = 3.277, F12,12(0.05) = 2.687

χ2
5(0.05) = 11.071, χ2

5(0.95) = 1.145, χ2
6(0.05) = 12.592, χ2

6(0.95) = 1.635
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. (1) D (2) n
2(n−1)

(3) D (4) A (5) 3
4

(6) nλ
λ+μ

(7) (a2 + σ2)σ2 (8)
√

n−1
n+1

(9) D (10) B

. A (m n ) , B

, Bayes

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

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

m

m+ n
.

,

m

m+ n
P(A|B) +

n

m+ n
P(Ac|B) =

m2 + n2

(m+ n)2
>

1

2
.

. (1) P(X + Y = 2) = 1 Corr(X, Y ) = −1.

(2) U ∼ U(0, 2), X (0, 1), 0 < x < 1,

P(X ≤ x) = P(U ≤ x) + P(2− U ≤ x) =
x

2
+

x

2
= x,

X ∼ U(0, 1). X f(x) = 1, 0 < x < 1.

(3) Z = Y
X

= 2−X
X

X = 2
Z+1

, (2) g(z) = 2
(z+1)2

, z > 1.

(4) , V

h(v) =

{
v, 0 < v ≤ 1;

2− v, 1 < v < 2.

, .

. (1) EX = θ+1
θ+2

, θ+1
θ+2

= X θ θ̂ = 2X−1
1−X

.

(2) , L(θ) = (θ + 1)n
∏n

i=1 x
θ
i ,

l(θ) = lnL(θ) = n ln(θ + 1) + θ
n∑

i=1

ln xi.

dl(θ)
dθ

= 0, n
θ+1

+
∑n

i=1 ln xi = 0. , g(θ) = 1
θ+1

ĝ = − 1

n

n∑
i=1

lnXi.

(3) Yi = − lnXi, i = 1, 2, · · · , n, {Yi, 1 ≤ i ≤ n} θ+1

, Eĝ = 1
θ+1

. ĝ g(θ) .

(4) , ĝ {Yi, 1 ≤ i ≤ n} ,

, b =
√

Var(Y1) =
1

θ+1
.
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. . : n1 = 12, x = 5.25, (n1 − 1)S2
1 = 10.25; :

n2 = 12, y = 1.5, (n2 − 1)S2
2 = 11; S2

w = 0.9832.

(1) H0 : σ
2
1 = σ2

2 ↔ H1 : σ
2
1 �= σ2

2.

1

3.474
=

1

F11,11(0.025)
<

S2
1

S2
2

= 0.932 < F11,11(0.025) = 3.474,

H0, .

(2) H0 : X − Y ≤ 3 ↔ H1 : X − Y > 3.

t =
X − Y − 3

Sw

√
1
n1

+ 1
n2

= 1.867 > t22(0.05) = 1.717,

H0, NDMA 3.

. (1) , p

p̂ =
1

X
=

130

363
= 0.358.

(2)

k 1 2 3 4 5 6 ≥ 7

48 31 20 9 6 5 11

χ2 =
(48− 130× p̂)2

130× p̂
+

[31− 130× p̂(1− p̂)]2

130× p̂(1− p̂)
+ · · ·+ [11− 130× (1− p̂)6]2

130× (1− p̂)6

= 1.868 < χ2
5(0.05) = 11.071.

.
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2021—2022

: 2022 1 12 8:30–10:30;

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

(30 , 3 ) , .

(1) ABC , 0.8,

0.1. AAAA, BBBB CCCC

, ABCA, AAAA .

(2) A,B,C , ( )

(A) A B ∩ C (B) A ∩ B A ∪ C

(C) A ∩ B A ∩ C (D) A ∪ B A ∪ C

(3) X ∼ N(0, 1), Y 0.5 Bernoulli , ,

Z = XY ( )

(A) 0 (B) 1 (C) 2 (D) 3

(4) X Y (0, 1) ,

n, P(Xn + Y > 1) = .

(5) , , X

, EX = .

(6) X1, X2, · · · , Xn λ = 3 ,

ε > 0, lim
n→∞

P
(∣∣ 1

n

∑n
i=1 X

2
i − a

∣∣ ≥ ε
)
= 0 , a = ( )

(A) 1
9

(B) 2
9

(C) 1
3

(D) 4
9

(7) X1, X2, · · · , X10 , Y =
1
2

∑10
i=1 X

2
i +

∑5
i=1 X2i−1X2i, Y ( )

(A) χ2
4 (B) χ2

5 (C) χ2
9 (D) χ2

10

(8) X1, X2, · · · , Xn U(θ, 2θ) , θ > 0

, X(1) = min{X1, X2, · · · , Xn} θ ( )

(A) (B) (C) (D)

(9) X1, X2, · · · , X36 N(μ, 8) , X

. [X − 1, X + 1] μ , .

(10) X1, X2, X3 X ∼
( 1 2 3

θ2 2θ(1− θ) (1− θ)2

)
,

H0 : θ = 0.1 ↔ H1 : θ = θ1 {X1 = X2 = X3 = 1},
0.5 < θ1 < 1 , .
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(20 ) X ∼ N(0, 1), x, X = x , Y ∼ N(x, 1).

(1) Y fY (y), Y .

(2) E[XY |X = x].

(3) X Y .

(4) a, aX + Y aX − Y .

(15 ) X1, X2, X3 (0, 1) .

(1) Y = −a lnX1, a > 0 , Y .

(2) Z = X2/X1 .

(3) U = 1/(X1X2X3) .

(20 ) Y1, Y2, · · · , Yn

Yi = βxi + εi, i = 1, 2, · · · , n,

x1, x2, · · · , xn , ε1, ε2, · · · , εn
N(0, σ2), β σ2 .

(1) Y1, Y2, · · · , Yn , L(β, σ2).

(2) β β̂, β̂ β .

(3) β̂∗ =
∑n

i=1 Yi/
∑n

i=1 xi β , β̂ β̂∗ .

(15 ) 2021 32 ,

10 . 15 ( : ):

10.5 9.7 10.0 10.5 10.3 10.2 10.1 10.6 10.4 9.9 10.8 10.8 10.4 10.4 10.4

10.3 10.4 10.9 10.2 10.5 10.4 10.2 10.8 10.6 10.0 10.5 10.7 10.4 10.1 10.7

, .

, ( α = 0.05):

(1) ?

(2) “ ” ?

: Φ(1.645) = 0.95, Φ(1.96) = 0.975, Φ(2.121) = 0.983

: t28(0.025) = 2.048, t28(0.05) = 1.701, F14,14(0.025) = 2.979, F14,14(0.05) = 2.484

( )
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3 .
4
5
; A; B; 1

n+1
; π; B; B; D; 0.966; 1− θ61.

5 .

(1)

fX(x) =
1√
2π

e−
x2

2 , fY |X(y|x) = 1√
2π

e−
(y−x)2

2 ,

(X, Y )

f(x, y) = fX(x)fY |X(y|x) = 1

2π
e−

x2+(y−x)2

2 .

, Y

fY (y) =

∫ ∞

−∞
f(x, y)dx =

1

2
√
π
e−

y2

4 ,

Y N(0, 2). [ 1 .]

(2) , E[XY |X = x] = xE[Y |X = x] = x2.

(3) (1) Var(Y ) = 2, (2) E[XY ] = E[E(XY |X)] = E[X2] = 1. ,

ρX,Y =
Cov(X, Y )√

Var(X) · Var(Y )
=

E[XY ]√
2

=

√
2

2
.

(4) , (aX + Y, aX − Y ) , Cov(aX + Y, aX − Y ) = a2 − 2.

, a = ±√
2.

5 .

(1) y > 0,

P(Y ≤ y) = P(−a lnX1 ≤ y) = P(X1 ≥ e−y/a) = 1− e−y/a,

Y 1/a ,

fY (y) =
1

a
e−

y
a , y > 0. [ 2 .]

(2) (X1, X2) , , 0 ≤ z < 1 ,

P(Z ≤ z) = P(X2 ≤ zX1) = z/2;

z ≥ 1 ,

P(Z ≤ z) = P(X2 ≤ zX1) = 1− 1/(2z).

Z

FZ(z) =

⎧⎪⎨⎪⎩
0, z < 0;

z/2, 0 ≤ z < 1;

1− 1/(2z), z ≥ 1.

[ z < 0 1 .]

2021—2022 4 3 Page 82



(3) ( , ) V := lnU = −∑3
i=1 lnXi (1) ,

V 3 Exp(1) , V Γ(1, 3) ,

fV (v) =
1

2
v2e−v, v > 0.

U = eV , U

fU(u) =
ln2 u

2u2
, u > 1. [ 2 .]

1 4 , , 8 .

(1) Yi ∼ N(βxi, σ
2), i = 1, 2, · · · , n ,

L(β, σ2) =
1

(
√
2πσ)n

exp
{
− 1

2σ2

n∑
i=1

(yi − βxi)
2
}
.

(2) l(β, σ2) = lnL(β, σ2), ∂l
∂β

= 0 ,
∑n

i=1(yi − βxi)xi = 0,

β

β̂ =

∑n
i=1 xiYi∑n
i=1 x

2
i

.

β̂ , β̂ ,

E(β̂) =

∑n
i=1 βx

2
i∑n

i=1 x
2
i

= β, Var(β̂) =
σ2∑n
i=1 x

2
i

.

β̂ β .

(3) β̂ , β̂∗ ,

E(β̂∗) =
∑n

i=1 βxi∑n
i=1 xi

= β, Var(β̂∗) =
nσ2(∑n
i=1 xi

)2 .
β̂∗ β , Cauchy-Schwarz , x1, x2, · · · , xn

, Var(β̂) < Var(β̂∗), β̂ .

. : n1 = 15, x = 10.333, (n1 − 1)S2
1 = 1.353; : n2 = 15, y =

10.447, (n2 − 1)S2
2 = 0.957; S2

w = 0.2872. [ 3 , 6 .]

(1) H0 : σ
2
1 = σ2

2 ↔ H1 : σ
2
1 �= σ2

2.

0.336 =
1

F14,14(0.025)
<

S2
1

S2
2

= 1.414 < F14,14(0.025) = 2.979,

H0, .

(2) H0 : μ1 ≥ μ2 ↔ H1 : μ1 < μ2.

t =
X − Y

Sw

√
1
n1

+ 1
n2

= −1.08 > −t28(0.05) = −1.701,

H0, .
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2021—2022

: 2022 6 13 14:30–16:30;

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

..
..
..
..
..
..
..
..
..
..

(30 , 3 ) , .

(1) n , k, 1

.

(2) X Y

P(X = 1) = p1, P(max{X, Y } = 1) = p2, P(min{X, Y } = 1) = p3,

P(Y = 1) = .

(3) (X, Y ) N(0, 0; 1, 1; 0), E
[√

X2 + Y 2
]
= .

(4) X Y , Y ∼ N(2, 2), E[X|Y ] = Y 2, EX = .

(5) 
ABC P , BC

Q, PQ AB ( )

(A) 1
2

(B) AB
AB+AC

(C)
AB+ 1

2
BC

AB+AC+BC
(D) AB2

AB2+AC2

(6) X Y , (X +Y )2/(X −Y )2 ( )

(A) χ2
1 (B) F1,1 (C) F2,2 (D)

(7) X1, X2, · · · , Xn N(0, σ2) , σ2 ,

S2 , ( )

(A)
∑n

i=1 X
2
i ∼ χ2

n (B)
(
Xi

σ

)2
+ (n−1)S2

σ2 ∼ χ2
n

(C) 1
n

∑n
i=1

(
Xi

σ

)2
+ (n−1)S2

σ2 ∼ χ2
n (D) 1

n

(∑n
i=1

Xi

σ

)2
+ (n−1)S2

σ2 ∼ χ2
n

(8) X μ, μ̂1 μ̂2 μ ,

1 2,
√
2
4
. αμ̂1 + βμ̂2 μ

, αβ = .

(9) X1, X2, · · · , Xn N(μ, σ2) , σ2

. α , μ [μ̂1, μ̂2],

μ̂∗
1 μ̂∗

2, ( )

(A) μ̂1 < μ̂∗
1 (B) μ̂2 > μ̂∗

2 (C) μ̂2 − μ̂1 = μ̂∗
2 − μ̂∗

1 (D) μ̂2 − μ̂∗
2 = μ̂∗

1 − μ̂1

(10) N(μ, σ2) μ , α = 0.05

H0 : μ = μ0, α = 0.01 , ( )

(A) H0 (B) H0

(C) H0 (D)
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(16 ) (X, Y )

f(x, y) = cx(y − x)e−y, 0 ≤ x ≤ y < ∞.

(1) c.

(2) fX|Y (x|y) fY |X(y|x).
(3) E[XY ].

(4) X Y Corr(X, Y ).

(18 ) X (0, 1) , Y 2 ,

.

(1) (X, Y ) f(x, y).

(2) Z = X + Y p(z).

(3) t t2+2Xt+Y = 0 ( 3 ).

(24 ) X Pareto ,

f(x) =
αcα

xα+1
, x ≥ c,

α > 2, c > 0 . X1, X2, · · · , Xn

, X S2 .

(1) α c α̂1 ĉ1.

(2) α c α̂2 ĉ2.

(3) ĉ2 c ? , ; , .

(12 ) 8 , ( :

), :

1 2 3 4 5 6 7 8

(xi) 172 168 180 181 160 163 165 177

(yi) 172 167 177 179 159 161 166 175

, (

α = 0.05)?

: Φ(1) = 0.8413, Φ(1.645) = 0.95, Φ(1.96) = 0.975

: t7(0.025) = 2.365, t7(0.05) = 1.895, t14(0.025) = 2.145, t14(0.05) = 1.761

( )
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3 .
k
n
; p2 + p3 − p1;

√
π
2
( 1

2

√
2π); 6; A; B; D; 3

16
; C; A.

4 .

(1) fX(x) = cxe−x, x > 0 fY (y) =
c
6
y3e−y, y > 0, c = 1.

(2) [ , 1 ]

fX|Y (x|y) = f(x, y)

fY (y)
= 6x(y − x)y−3, 0 ≤ x ≤ y;

fY |X(y|x) = f(x, y)

fX(x)
= (y − x)ex−y, x ≤ y < ∞.

(3)

E[XY ] =

∫ ∞

−∞

∫ ∞

−∞
xyf(x, y)dxdy =

∫ ∞

0

ye−ydy

∫ y

0

x2(y − x)dx

Γ E[XY ] = 10. ,

. , 1 Γ

EX = 2, Var(X) = 2; EY = 4, Var(Y ) = 4.

, (2)

E[Y |X = x] =

∫ ∞

x

y(y − x)ex−ydy = x+ 2,

E[Y |X] = X + 2. ,

E[XY ] = E[E(XY |X)] = E[XE(Y |X)] = E[X2] + 2EX = 10.

(4) , Corr(X, Y ) = (10− 2× 4)/
√
2× 4 =

√
2
2
.

6 .

(1) f(x, y) = 1
2
e−y/2, 0 < x < 1, y > 0. [ 2 .]

(2) [ , ,

z − 1 ≤ y ≤ z, y > 0, z .]

p(z) =

{
1− e−z/2, 0 < z < 1;

(
√
e− 1)e−z/2, z ≥ 1.

(3) P(Y ≤ X2). G y = x2, x = 1 y = 0 ,

P(Y ≤ X2) =

∫∫
G

f(x, y)dxdy =

∫ 1

0

dx

∫ x2

0

1

2
e−y/2dy

=

∫ 1

0

(
1− e−

x2

2

)
dx = 1−

√
2π[Φ(1)− Φ(0)]

= 0.145.
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8 .

(1) ,

EX =
αc

α− 1
, Var(X) =

αc2

(α− 1)2(α− 2)
.

EX = X,Var(X) = S2, α c

α̂1 = 1 +

√
1 +X

2
/S2, ĉ1 =

X

√
1 +X

2
/S2

1 +

√
1 +X

2
/S2

X

√
X

2
+ S2

S +

√
X

2
+ S2

.

: , S2 m2 =
1
n

∑n
i=1(Xi−X)2.

(2) ,

L(α, c) =
n∏

i=1

αcα

xα+1
i

, c ≤ x1, x2, · · · , xn,

c ĉ2 = X(1), min{X1, X2, · · · , Xn}. ,

l(α, c) = n lnα + nα ln c− (α + 1)
n∑

i=1

ln xi.

, ∂l(α,c)
∂α

= 0, α α̂2 = n/
∑n

i=1 ln(Xi/X(1)).

(3) . ĉ2 = X(1) nα c Pareto . 1

E[ĉ2] =
nαc
nα−1

, ĉ2 c , ĉ∗2 =
nα−1
nα

X(1).

, N(μ, σ2).

α = 0.05 H0 : μ ≤ 0 ↔ H1 : μ > 0. , n = 8,

x− y = 1.25, s = 1.2817, t

t =
x− y

s/
√
n
= 2.758 > t7(0.05) = 1.895,

, “ ” .
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2019—2020

: 2020 1 9 2:30—4:30;

..
..
..
..
..
..
..
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..
..
..
..
..
..
..
..
..
..

..
..
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..
..
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..
..
..

. ( 3 , )

1 Z(t) = X+Y t, X Y N(0, σ2), Z(t) Z(s)(s < t)

= .

2 1/5, 1/3, 1/4,

.

3 X Y , ,

(A) X Y (B) (X, Y )

(C) X Y (D) X + Y

4 X1, . . . , X16 N(μ, 0.16),

H0 : μ = 0.5 ↔ H1 : μ > 0.5,

0.05. , μ = 0.65

.

5 X ∼ N(μ, σ2), X1, · · · , Xn X , X , c =

, c(X1 +X2 +X3 − 3X)2 σ2 .

6 θ 95% .

(A) θ 95% (B) θ 5%

(C) θ 95%

(D) θ 5%

7 30 y = a + bx + ε. 0.05

b t , b 0 T .

(A) T > t29(0.05) (B) |T | > t29(0.025)

(C) T > t28(0.05) (D) |T | > t28(0.025)

8 X1, . . . , Xn f(x) = θxθ−1I(0 < x < 1) , θ

, U = e−1/θ .

9 X ∼ N(μ, σ2), σ2 , x1, · · · , xn X , μ

α = 0.01 H0 : μ = μ0, α = 0.05 ,

(A) H0 (B) H0

(C) (D) H0
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. (12 ) 100 4 1.

(1) , 20 40

(2) 85%, 90

. (15 ) X1, . . . , Xn U(−θ, θ) ,

(1) θ θ̂1 θ̂2;

(2) θ̂1 θ̂2

(3)

. (15 ) 1875 1894 20 14 280 )

0 1 2 3 4 ≥ 5

144 91 32 11 2 0

Poisson .

(1) Poisson λ .

(2) 0.05

. (13 ) ( s). 8 ,

:

0.30 0.23 0.41 0.53 0.24 0.36 0.38 0.51

0.43 0.32 0.58 0.46 0.27 0.41 0.38 0.61

(α = 0.05)

. (15 ) : ( X: ( / ), Y : ( ))

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

X 168 145 128 138 145 135 127 111 102 94

Y 661 631 610 588 583 575 567 502 446 379∑
Xi = 1293,

∑
Yi = 5542,

∑
X2

i = 171617,
∑

Y 2
i = 3139490,

∑
XiYi = 732776.

(α = 0.05).

(1) X Y .

(2) , a b . .

(3) α .

(4) 1996 104.8, 1− α .

: Φ(3.46) = 0.9997, Φ(−2/
√
3) = 0.124,Φ(1.4) = 0.92, u0.025 = 1.960,

u0.05 = 1.645, t0.025(13) = 2.16, t14(0.025) = 2.145, t13(0.05) = 1.771, t7(0.05) = 1.89,

t7(0.025) = 2.36, t8(0.025) = 2.306, t9(0.025) = 2.262
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1. 1+ts√
(1+t2)(1+s2)

, 2. 3/5, 3. C, 4. X̄ > 0.6645,Φ(0.145) 5. n
3(n−3)

6. C 7. D 8.

exp{ 1
n

∑
lnXj} 9. A

(1) Xi=I( i ),

P (20 ≤
100∑
i=1

Xi ≤ 40) =P (
20− 25√

100 ∗ 0.25 ∗ 0.75 ≤
∑100

i=1 Xi − 25√
100 ∗ 0.25 ∗ 0.75 ≤ 40− 25√

100 ∗ 0.25 ∗ 0.75)

=Φ(2
√
3)− Φ(−2/

√
3) = 0.8785.

(2) Yi=I( i ),

P (
100∑
i=1

Yi ≥ 90) =P (

∑100
i=1 Yi − 85√

100 ∗ 0.85 ∗ 0.15 ≥ 90− 85√
100 ∗ 0.85 ∗ 0.15)

=1− Φ(1.4) = 0.08.

(1) Yi = |Xi|, Yi ∼ U(0, θ),EYi = θ/2.

θ̂1 = 2Ȳ .

L(y, θ) = (1
θ
)n

∏n
i=1 I(0 < Yi < θ) = (1

θ
)nI(Y(n) < θ).

θ̂2 = maxYi = Y(n).

(2)Eθ̂1 = 2EY1 = θ, θ̂1 .

θ̂2 ∼ f(y) = 1/θ(y/θ)n−1, Eθ̂2 =
∫ θ

0
n(y/θ)ndy = n

n+1
θ.

θ̂2 , θ̂∗2 =
n+1
n
θ̂2.

(3)var(θ̂1) =
4
n
var(Y1) =

θ2

3n
,

var(θ̂∗2) =
(n+1)2

n2 (Eθ̂22 − (Eθ̂2)
2) = θ2

n(n+2)
,

var(θ̂1) ≥ var(θ̂2), n = 1 , .

.

(1) ni i , L =
∏

i(e
−λ λi

i!
)ni = C1e

−λ
∑

i niλ
∑

i ini ,

l = C2 − λ
∑

i ni +
∑

i inilogλ,

λ̂ =
∑

i ini

n
= 0.7.

(2) ,

H0: 0.7 Poisson .

0 1 2 3 ≥ 4

νi 144 91 32 11 2

npi 139.04 97.33 34.07 7.95 1.61
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χ2 =
∑5

i=1
(npi−νi)

2

npi
= 1.98, χ2 ≤ χ2

3(0.05) = 7.81, H0.

.

Xi, Yi, Zi = Xi − Yi,

Z -0.13 -0.09 -0.17 0.07 -0.03 -0.05 0 -0.10

H0:μ ≥ 0, H1 : μ < 0

Z̄ = −0.0625, S2 = 0.00585, T =
√
n(Z̄−μ0)

S
=

√
8(−0.0625)√
0.00585

= −2.31 < −t7(0.05) = −1.85.

H0, .

(1)

r =
n
∑

xy −∑
x
∑

y√
n
∑

x2 − (
∑

x)2
√
n
∑

y2 − (
∑

y)2
= 0.932.

(2)

b̂ =
n
∑

xy −∑
x
∑

y

n
∑

x2 − (
∑

x)2
= 3.654,

â = Ȳ − b̂X̄ = 81.738.

1, 3.654 .

(3)

H0 : b = 0, H1 : b �= 0

F =
SSR/1

SSE/(n− 2)
=

59179.84

8933.76/8
= 52.99 > F1,8(0.05) = 5.317.

H0, .

(4) ŷ0 = 81.738 + 3.654 ∗ 104.8 = 464.677,

Se =
√

SSE
n−2

= 33.417,

ŷ0 ± t0.025(n− 2)Se

√
1 +

1

n
+

(x0 − X̄)2∑
(Xi − X̄)2

[379.03,550.33].
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����: 2020�11�26���9:45—11:45; �������
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�. �������(��3�,��������)�

1 ������A������p, �������n���A���������

� , ���������� .

2 ������A ���P (A) = 0.5, ����B ���P (B) = 0.6 ����

�P (B | A) = 0.8, ����A ∪ B ���P (A ∪ B) = .

3 ����� X � Y �������, ������, � .

(A) X �Y���� (B) (X, Y )������

(C) X�Y���� (D) X + Y��������

4 �F1(x) �F2(x) �������X1 �X2 �����. ��F (x) = aF1(x) −
bF2(x) ��������������������������

(A) a = 3
5
, b = −2

5
. (B) a = 2

3
, b = 2

3
.

(C) a = −1
2
, b = 3

2
. (D) a = 1

2
, b = −3

2
.

5 �����X������N(0, 1),����α(0 < α < 1),�uα��P {X > uα} =

α, �P{| X |< x} = α, �x �� .

(A) uα
2

(B) u 1−α
2

(C) u1−α
2

(D) u1−α.

6 �����X ������N (μ, σ2) (σ > 0), �����y2 + 4y +X = 0 �	�

����1
2
, �μ = .

7 �	������������	��3 ������
i �������

����pi = 1
i+1

(i = 1, 2, 3), �X �
3 ����������, �P (X =

2) = .

8 �����X �Y ����, ������� 1
λ
�	���,�min{X, Y } ��

��� � ��.

9 �Var(X) = Var(Z),Var(Y) = 4Var(X), ����ρX,Y = −1, ρX,Z = 1/2,

�ρX,Y+Z = .

10 �f(x) �g(x) �����������af(x) + bg(x)������������

�� .
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�. ����������������10%, �����. ������������

��0.95 �0.05, �����������������0.01 �0.99.

(1). �����������, ��������������

(2). ��������������1������, 1������. ������

�2���1�������, ��������������?

�. ������(X,Y ) ������:

f(x, y) =

{
Ae−(3x+4y), (x > 0, y > 0)

0, ��

(1) ����A =?

(2)X �Y ����?

(3) ��Z = X + Y �����fZ(z);

(4) ��Var(X | X + Y = 1).

�. ���������10000 �������������200����������

��������0.017, ��������������10000�������:

(1) �����������?

(2) ������������10������20�������?

��������, ������

�. ������(X,Y ) ������		N
(
μ, 2μ, σ2, 2σ2,

√
2/4

)
, ��������

���������������(�	����), ���
��

(X + Y − 3μ)+ = max{X + Y − 3μ, 0}.

(1) ���
����E [(X + Y − 3μ)+].

(2) ���
��
�Var [(X + Y − 3μ)+].

�. � U1, · · · , Un �� (0, 1) ���		�������. � 0 < x < 1 ��

I(X ≤ x) =

{
1, X ≤ x,

0, X > x,


� Fn(x) =
1

n

n∑
k=1

I(Uk ≤ x), 0 ≤ x ≤ 1, �� U1, · · · , Un ���		�����

(1) Fn(x)����
�.

(2) Fn(x)�Fn(y)��
�(0 < x, y < 1).

�� 		�	��: Φ(0.77) = 0.78, Φ(1.55) = 0.94, Φ(2.32) = 0.99
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(30 , 3 ) , .

(1) , ,

, . ,

, . .

(2) n , 1, 2, · · · , n.
,

. 1 , 2

.

(3) X F (x), ( )

(A) X , F (x) (B) X , F (x)

(C) F (x) , X (D) F (x) , X

(4) X Y λ μ Poisson , .

m ≤ n, P(X = m|X + Y = n) = .

(5) X p(x) =

{
a+ x, −1 < x ≤ 0;

a− x, 0 < x < 1,
a

, P(|X| < 0.5) =( )

(A) 0.25 (B) 0.5 (C) 0.75 (D)

(6) X ∼ Exp(λ), Y ∼ Exp(μ) , P(X ≤ Y ) = .

(7) X ∼ Poi(λ). k, X = k ,

Y ∼ Exp(k + 1), Y p(y) = , y > 0.

(8) X ∼ N (1, 1), Y ∼ N (0, 1) , Z = X−Y

( )

(A) Y −X (B) X + Y (C) X + 2Y (D) X − 2Y

(9) X1, X2, X3, X4 iid ∼ N (0, 4), T = a(X1 − 2X2)
2 + b(3X3 − 4X4)

2

χ2 , a b ab = .

(10) X1, X2, · · · , Xn iid ∼ Exp(λ), min{X1, X2, · · · , Xn} ( )

(A) Exp(λ) (B) Exp(nλ) (C) Exp(λ/n) (D)
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(10 ) , m n , n

m , m > n. , ,

. , 1/2 ?

.

(18 ) (X,Y ) f(x, y) = Ax2, 0 < |x| < y < 1.

(1) A.

(2) pX|Y (x|y).
(3) P(X ≤ 1/4|Y = 1/2).

(18 ) {(x, y) : x2 + y2 ≤ 1} ,

(R1,Θ1) (R2,Θ2).

(1) R1 Θ1 .

(2) R1 Θ1 ? .

(3) Θ = |Θ1 −Θ2| .

(24 ) X1, X2, · · · , Xn iid ∼ Exp(1), U1, U2, · · · , Un iid ∼ U [0, 1],

.

Sn = X1 +X2 + · · ·+Xn, n ≥ 2.

(1) Sn

pn(x) = e−x xn−1

(n− 1)!
, x > 0.

(2) 1 ≤ m < n, Ym = Sm/Sn .

(3) N p (0 < p < 1) , Xi (1 ≤ i ≤ n) ,

SN .

(4) ( , 10 ) Zm = (U1U2 · · ·Un)
−Ym .
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