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𝜎𝑥̅ =
𝜎

√𝑛
𝜎𝑥̅=

𝜎

√𝑛
√
𝑁−𝑛

𝑁−1

≥

→ ∞

≥

𝑥̅

=
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𝜎𝑥̅

𝜇𝑥̅𝜇

𝜎𝑥̅
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𝜇𝑋̅

𝜇𝑥̅= 𝜇=

𝜎𝑥̅=
𝜎

√𝑛
=
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√36
=
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6
=

𝑋̅

𝜇

𝑋

𝜇



>

𝜎𝑥̅=
𝜎

√𝑛
√
𝑁−1

𝑁−1
=
12

√64
√
900−64

900−1
=
12

8
√
9836

9899
= x =

𝑥̅

𝑋̅

𝑧



=
24−20

2
=

𝑥̅2−𝜇𝑥̅

𝜎𝑥̅
==

18−20

2
=

𝑥̅1−𝜇𝑥̅

𝜎𝑥̅
=

𝑥̅ = = %

±

μ̂ =  𝑥̅ ± σ𝑥̅

𝑧

𝑋̅

 24 

 24 



μ̂𝑥̅

σ𝑥̅
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%

μ̂  = 𝑥 ̅  ± σ𝑥̅

%%

 μ̂  =  𝑥 ̅ ± σ𝑥̅

%%%

μ̂ 𝑥̅ ± Zσ𝑥̅

σ𝑥̅

σ𝑥̅=
σ

√𝑛



μ̂ 𝑥̅ ± Z
σ

√𝑛

 σ𝑥̅
σ

√𝑛

 

σ

√𝑛
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%

%

%

%

%

%

σ

μ̂ 𝑥̅ ± Z
𝑠

√𝑛



%

μ̂ 𝑥̅ ± Z
𝑠

√𝑛

𝑥̅

%

%

μ̂ 90 ± 1.96
25

√100

90 ± 1.96

90 ± 4.9

μ̂ {
85.1
94.9

}

%. 

α



= α== α

𝑍1−α

2

=  𝑍1−0.05
2

= 𝑍1− =

μ

𝑥̅ 𝜎𝑥̅ μ < 𝑥̅ 𝜎𝑥̅ =

%

μ̂ 𝑥̅ ± 1.96𝜎𝑥̅        >

𝑥̅ ± 1.96
σ

√𝑛
√
𝑁−𝑛

𝑁−1
       >

100 ± 1.96
60

√144
√
1000−144

1000−1
 σ

±1.96

±9.11

μ%%



p̂

p̂

𝛔p̂ √
p̂(1−p̂)

𝒏

σp̂ 𝑍√
p̂(1−p̂)

𝑛

p̂

p̂ ± 𝑧√
p̂(1−p̂)

𝑛



%

p̂

p̂
60

144

%

p̂ ± 𝑧√
p̂(1−p̂)

𝑛

𝐩̂𝐩̂

0.42 ± 1.96√
0.42x0.58

144

±

p {
0.34
0.50

}

%

%

%%



 𝜇 =𝑥̅ ± Z
𝜎

√𝑛

|𝑥̅ − 𝜇| < Z
𝜎

√𝑛
|𝑥̅ − 𝜇|

 Z
𝜎

√𝑛
 Z

𝜎

√𝑛

𝑧2.𝜎2

(𝑒)2

σ2

𝑒

𝜎 = 15

%

%

𝜎 = 15



𝑧2.𝜎2

(𝑒)2

(2.58)2.(15)2

52
≈

%

%α

|𝑧1−𝛼
2

√
𝑝̂𝑞̂

𝑛
| = ℇ

𝑍2.𝑝(1−𝑝)

(𝑒)2

%%



%

%

%

%

𝑧2.𝑝(1−𝑝)

(𝑒)2

(1.96)2(0.5)(0.5)

(0.02)2

0.9604

0.0004



σ



𝑀̂ 𝑥̅ ± (t(a
2
,n−1)) 

𝑠

√𝑛

 α
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%

 

𝑥̅

%

 𝛼𝛼 = 0.05

𝛼

2

0.05

2



𝑡0.025.9

μ̂ 𝑥̅ ± (𝑡(0.025.9)
𝑠

√𝑛

μ̂ ±
6.4

√10

μ̂ ±
14.78

3.16

μ̂ ±

μ̂ {
67.4
76.6

}

%

σ>

≥



𝑥̅ − 𝑡(𝛼
2
,𝑛−1)

𝑠

√𝑛
<𝜇< 𝑥̅ + 𝑡(𝛼

2
,𝑛−1)

𝑠

√𝑛

%

√𝑛√𝑛σσx̅

==𝑥̅=

%

 ±t%

𝜇 𝑥̅ ± (2.262
𝑠

√𝑛
±

1

√10
≅ ±  ≅ ±

μ%

<



≥

𝛍𝟏𝛔𝟏

𝛍𝟐𝛔𝟏

𝐗̅𝐗̅𝐗̅𝐗̅

𝝁𝟐𝝁𝟏𝝁𝐗𝟏−𝐗𝟐

σ12

n2
 

σ12

  n1
σ2X̅1−X̅2

𝑋̅

0.025
0.025

5.714.29

𝑟 =𝑟 =

−2.262 2.262



(X̅1−X̅2)−(𝛍𝟏−𝛍𝟐 )

√
𝛔𝟏𝟐

n1
+
𝛔𝟏𝟐

n2

≈ 𝑁(0,1)

[(X̅1 − X̅2) ± Z1−α
2

√
σ1
2

n1
+
σ2
2

n2
]

≥σ1σ1s1s2

[(X̅1 − X̅2) ± Z1−α
2

√
𝑠1
2

n1
+
s2
2

n2
]

=n1n2=𝑠1=𝑠2

%

≥

𝛍𝟏𝛔𝟏

𝛍𝟐𝛔𝟏

𝛔𝛔𝟐𝛔𝟏

𝐗̅𝐗̅𝐗̅ 𝐗̅

𝝁𝟐𝝁𝟏𝝁𝐗𝟏−𝐗𝟐
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(𝑛1    −1)𝑆1

2+((𝑛2    −1)𝑆2
2

𝑛1   +𝑛2   −2
=    𝛔

(𝑛1    −1)𝑆1
2

𝜎2
≈ 𝜒

(𝑛2    −1)𝑆2
2

𝜎2
≈ 𝜒

=[
(𝑛1    −1)𝑆1

2

𝜎2
+
(𝑛2    −1)𝑆2

2

𝜎2
] ≈ 𝜒

=[
𝑍

√𝑦/(𝑛1   +𝑛2   −2)
=
(X̅1−X̅2)−(μ1−μ2 )

𝑆𝑝√
1

𝑛1   
+
1

n2

]

𝑛2    𝑛1    

[(X̅1 − X̅2) ± t1−α
2

𝑆𝑝√
1

𝑛1   
+
1

n2
]



%

𝛼= ⇒ 𝛼 = = ⇒ 1−
α

2
=

0.05

2

= =

==𝑛1   + 𝑛2   

t1−𝛂
𝟐

= =

(10−1)(3.1)2+(8−1)(0.7)2

10+8−2
==

[(X̅1 − X̅2) ± t1−α
2
𝑆𝑝√

1

𝑛1   
+

1

n2
]= ± √(

1

10
+
1

8
)

𝝈𝟐

𝑋̅𝜒

(𝑛−1)𝑠2

𝜎2
=𝜒

[
(𝑛 − 1)𝑠2

χ𝜎
2

2(𝑛 − 1)
,
(𝑛 − 1)𝑠2

χ1−𝜎
2

2(𝑛 − 1)
]



%

= 𝑛

𝑠1𝑠2𝑛1𝑛2

𝑆1
2𝛔𝟐

2 

𝑆2
2𝛔𝟏

2 

𝑆2
2

𝛔𝟐
2

𝑆1
2

𝛔𝟏
2

𝑆2
2

𝛔𝟐
2

𝑆1
2

𝛔𝟏
2

[𝐹𝛼
2

(𝑛1 − 1, 𝑛2 − 1)
𝑆1
2

𝑆2
2 , 𝐹𝛼

2

(𝑛1 − 1, 𝑛2 − 1)
𝑆1
2

𝑆2
2]

%

𝑛1𝑛2

𝑝̂2
𝑦2

𝑛2
⇒ 𝑝̂1=

𝑦1

𝑛1
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𝑝̂1 𝑝̂2 = 𝑝̂1) 𝑝̂2 =  𝑝1 − 𝑝2              𝑝̂1 𝑝̂2

≥𝑛2𝑛1 𝑝̂1 𝑝̂2

𝑝̂1 𝑝̂2= 𝑝1 − 𝑝2

𝜎2𝑝̂1−𝑝̂22 𝑝̂1 + 𝑝̂2 𝑝̂1 ) + 𝑣(𝑝̂2
𝑝1𝑞1

𝑛1

𝑝2𝑞2

𝑛2

(𝑝̂1−𝑝̂2)− 𝑝1−𝑝2

√
𝑝1𝑞1
𝑛1

+
𝑝2𝑞2
𝑛2

≈

[−𝑍1−𝛼
2
< 𝑍 < 𝑍1−𝛼

2
] 𝛼

𝑝̂1𝑝̂2

[(𝑝̂1 − 𝑝̂2)−𝑍1−𝛼
2 

√
𝑝̂1𝑞̂1
𝑛1

+
𝑝̂2𝑞̂2
𝑛2

, (𝑝̂1 − 𝑝̂2)+𝑍1−𝛼
2 

√
𝑝̂1𝑞̂1
𝑛1

+
𝑝̂2𝑞̂2
𝑛2
]

%

𝑝̂1 =
700

1000
𝑝̂2

438

600

(𝑝̂1 − 𝑝̂2)

𝛼= = = 𝛼 ⇒
𝛼

2
=
0.08

2
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𝑍1−𝛼
2 
 = 𝑍0.96 = 1.75

[(𝑝̂1 − 𝑝̂2)−𝑍1−𝛼
2 

√
𝑝̂1𝑞̂1
𝑛1

+
𝑝̂2𝑞̂2
𝑛2

, (𝑝̂1 − 𝑝̂2)+𝑍1−𝛼
2 

√
𝑝̂1𝑞̂1
𝑛1

+
𝑝̂2𝑞̂2
𝑛2
]

[
 
 
 
 
 
−0.03 − 1.75√

(0.7)(0.30)

100
+
(0.73)(0.27)

600
,

−0.03 + 1.75√
(0.7)(0.30)

100
+
(0.73)(0.27)

600 ]
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𝛔𝟐

𝛔𝟐
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𝛔
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μσ2

:

𝑥̅−𝜇0

𝜎/√𝑛
 

μσ2μ

:≥ 30

𝑥̅−𝜇0

𝜎/√𝑛
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𝑥̅−𝜇0

𝜎/√𝑛
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𝑥̅−𝜇0

𝜎/√𝑛
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𝑥̅−𝜇0

𝜎/√𝑛
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𝛼 =

0.05)

:𝜇

:𝜇 ≠

 

 𝑥̅

 𝛼 = 0.05)

 

𝜎



𝑥̅−𝜇0

𝜎/√𝑛

0.495−0.5000

0.024/√36
 

 𝛼 = 0.05)

1−𝛼

2
<<

𝛼 = 0.05)

𝜇

𝜇 < 3000

𝑥̅

 𝛼 = 0.01

 𝜎

𝑥̅−𝜇0

𝜎/√𝑛
 



  𝜎𝜇0

𝑥̅−𝜇0

𝜎/√𝑛

2980−30000

250/√81
 

 −𝑍1−𝛼

x̅

𝛼 = 0.05𝜇

𝜇

 𝜇 ≠ 70.2

𝛼 = 0.05

𝜎

𝑥̅−𝜇0

𝜎/√𝑛
 

 x̅μ0

𝑥̅−𝜇0

𝜎/√𝑛

73.7−70.2

11.2/√25

[1 −
∝

1
; 𝑛 − 1] [0.975; 24]

 



𝛼 = 0.01

 𝜇:>𝜇:

 𝑥̅

  𝛼 = 0.01

 𝜎<

x̅μ0

𝑥̅−𝜇0

𝜎/√𝑛

198−190

6/√81

[1 − 𝛼 ;  𝑛 − 1] [0.99; 80]
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𝑝(1−𝑝)

𝑛

𝜎𝑝

𝜇



≥

𝜎𝑝

≥

p̅ =
m

n

p̅−p0

√
p0(1−p0)

𝑛

:

p0

%

𝛼

𝑝:𝑝 ≠:

p̅
27

100
p̅

p̅−p0

√
p0(1−p0)

𝑛

:

 p0p̅



0.27−0.20

√
(0.20)(0.80)

100

𝛼

2

 

%

𝛼

𝑝:𝑝 <:

p̅
1800

5000
p̅

𝛼

p̅−p0

√
p0(1−p0)

𝑛

:

p0p̅

036−0.37

√
(0.35)(065)

5000

 

%

%



𝑝:𝑝 >:

p̅
320

1000
p̅

𝛼 %

p̅−p0

√
p0(1−p0)

𝑛

:

p0p̅

0.32−0.30

√
(0.30)(0.30)
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𝑝̅1

𝑝̅2

𝑝̅1)(𝑝̅2



 𝜇𝑝̅1
𝜎𝑝̅1

√
𝑝1(1−𝑝1)

𝑛1

 𝜇𝑝̅2
𝜎𝑝̅2

√
𝑝2(1−𝑝2)

𝑛2

𝑝̅1𝑝̅2

𝑝̅2𝑝̅1𝑝̅2𝑝̅1

 𝜇𝑝̅1−𝑝̅2

 𝜎𝑝̅1−𝑝̅2
√

𝑝1(1−𝑝1)

𝑛1
+

𝑝2(1−𝑝2)

𝑛2

𝑝̅2𝑝̅1

𝑝̅2𝑝̅1

𝜎𝑝̅1−𝑝̅2

𝜎𝑝̅1−𝑝̅2
√

𝑝1(1−𝑝1)

𝑛1
+ √

𝑝2(1−𝑝2)

𝑛2
√𝑝̅(1 − 𝑝̅) [

1

𝑛1
+

1

𝑛2
]

p̅

𝑠𝑝̅1−𝑝̅2
√

𝑝1(1−𝑝1)

𝑛1
+ √

𝑝2(1−𝑝2)

𝑛2
 p̅

𝑥1+𝑥2

𝑛1+𝑛2

𝑥1𝑛1

𝑥2𝑛2

𝑝̅1 − 𝑝̅2

𝑝̅(1−𝑝̅)[
1

𝑛1
+

1

𝑛2
]
:



%

<:

𝑝̅2𝑝̅1

𝑝̅1
78

100

𝑝̅2
82

100

 α

 

𝑝̅1 − 𝑝̅2

𝑝̅(1−𝑝̅)[
1

𝑛1
+

1

𝑛2
]
:

p̅
𝑥1+𝑥2

𝑛1+𝑛2

78+82

100+100

 

𝑝̅1𝑝̅2𝑝̅

0.78 – 0.82

(0.80)(0.20)[
1

100
+

1

100
]

 



α

≠:

𝑝̅2𝑝̅1

𝑝̅1
12

51

𝑝̅2
2

47

 α

 

𝑝̅1 − 𝑝̅2

𝑝̅(1−𝑝̅)[
1

𝑛1
+

1

𝑛2
]
:

 𝑝̅1𝑝̅2

p̅
𝑥1+𝑥2

𝑛1+𝑛2

12+2

15+47

𝑝̅1 – 𝑝̅2

𝑝̅(1−𝑝̅)[
1

𝑛1
+

1

𝑛2
]
:

0.23529−0.04255

(0.14286)(0.85714)[
1

51
+

1

47
]

0.19274

0.07076
=



 

μ
1

− μ2

σ1
2σ2

2

𝜇
1

σ1
2

𝜇
2

σ2
2

𝜇𝑥̅−𝑦̅ 𝜇1 − 𝜇2)

𝜎𝑥̅−𝑦̅ √
σ1

2

𝑛1
+

σ2
2

𝑛2

(𝑥̅−𝑦̅)−(𝜇1−𝜇2)

√
σ1

2

𝑛1
+

σ2
2

𝑛2

σ1
2σ2

2σ1
2σ2

2

𝜇
1

σ1
2

𝜇
1

σ2
2σ1

2σ2
2

𝑛1𝑛2

(𝑥̅ − 𝑦̅)



𝜎𝑥̅−𝑦̅ √
σ1

2

𝑛1
+

σ2
2

𝑛2

√σ2 [
1

𝑛1
+

1

𝑛2
]  σ√

1

𝑛1
+

1

𝑛2

s1
2s2

2

σ2 

𝑠c
2

(𝑛1−1)s1 
2 +(𝑛1−1)s2 

2

𝑛1+𝑛2−2

𝑠𝑥̅−𝑦̅ 𝑠𝑐√
1

𝑛1
+

1

𝑛2

𝑛1 + 𝑛2 − 2)

(𝑋̅−𝑌̅)−(𝜇1−𝜇2)

𝑠𝑐√
1

𝑛1
+

1

𝑛2

 𝜇1 = 𝜇2:   𝜇1 ≠ 𝜇2: 

 𝜇1 < 𝜇2: 

 𝜇1 > 𝜇2: 

σ1
2σ2

2

𝜇1 = 𝜇2)>μ1 = μ2

α



: 𝜇1=𝜇2 𝜇1 − 𝜇2) >

(𝑋̅ − 𝑌̅)𝑌̅X̅

 α

(𝑥̅−𝑦̅)

√
σ1

2

𝑛1
+

σ2
2

𝑛2

σ2
2σ1

2σ2
2𝑦̅𝑥̅

10

√28

10

√8+20

(350−340)

√
400

50
+

900

45

μ1 = μ2

μ1 > μ2

s1
2s2

2

μ1 = μ2μ1 ≠ μ2

σ1
2 = σ2

2

 

: 𝜇1 ≠ 𝜇2 : 𝜇1 = 𝜇2)

(𝑋̅ − 𝑌̅)𝑌̅X̅

 α

(𝑋̅−𝑌̅)

𝑠𝑐√
1

𝑛1
+

1

𝑛2



𝑠c
2

(𝑛1−1)s1 
2 +(𝑛1−1)s2 

2

𝑛1+𝑛2−2

𝑦̅𝑥̅

𝑠1
2𝑠2

2

𝑠c
2 (49)(600)+(44)(1350)

50+45−2

𝑠c
2

(10)

(30.9)(0.207)

(350−340)

(30.9)√
1

50
+

1

45

 𝑛1 + 𝑛2 − 2]

 93]

𝑠1
2𝑠2

2 α



   𝜇1 = 𝜇2:𝜇1 < 𝜇2):

(𝑋̅ − 𝑌̅)𝑌̅X̅

 α

𝑛1 + 𝑛2 − 2)

(𝑋̅−𝑌̅)

𝑠𝑐√
1

𝑛1
+

1

𝑛2

 α

𝑠1
2𝑠2

2

(𝑛1−1)s1 
2 +(𝑛1−1)s2 

2

𝑛1+𝑛2−2

(39)(0.64)+(39)(1.44)

540+400−2

−0.6

(1.02))0.224)

(18.2−18.8)

1.02√
1

40
+

1

40

 78]

| 𝑡|| t |

𝝁𝟏 − 𝝁𝟐



𝜇1

𝜇2

𝑑̅
∑ 𝑑𝑖

𝑛

𝑠𝑑
2 ∑(𝑑𝑖−𝑑̅)2

𝑛−1

𝜇1 −

𝜇2  𝜇𝑑

𝜇𝑑−𝑑̅

𝑠𝑑/√𝑛



α

  𝜇𝑑 = 0:𝜇1 < 0):

 𝑑̅

𝑑̅
∑ 𝑑𝑖

𝑛

10

10

α

𝜇𝑑−𝑑̅

𝑠𝑑/√𝑛

;  α

𝑑̅ = 1 𝑠𝑑
∑(𝑑𝑖−𝑑̅)2

𝑛−1

1

1.8856/√10
 

 α

 9]



𝜇𝜇 ≠α

α

α

α

%

α



α

α

%%

α

α

α



α

%



% α



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

 

 






