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√2πσ
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(x-m)2
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☺

χ2(k) = X1
2 + X2 

2+ … + Xk
2

χ

𝜒𝑝
2(𝑘). 



𝜒0,95
2 (5)

𝜒0,95
2 (5)

𝑇(𝑘) =
𝑋0

√𝑋1
2 +⋯+ 𝑋𝑘

2

𝑘





Т𝑝(𝑘). 

Т0,9(12)



𝐹(𝑘, 𝑛) =

𝑋1
2 +⋯+ 𝑋𝑘

2

𝑘
𝑋𝑘+1
2 +⋯+ 𝑋𝑘+𝑛

2

𝑛

𝐹𝑝(𝑘, 𝑛). 
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F1-p(n, k)
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𝑄2 =∑∑(𝑥𝑖𝑗 − �̅�)
2

𝑛

𝑗=1

𝑟

𝑖=1

=∑∑((𝑥𝑖𝑗 − �̅�𝑖) + (�̅�𝑖 − �̅�))
2

𝑛

𝑗=1

𝑟

𝑖=1

= ∑∑(𝑥𝑖𝑗 − �̅�𝑖)
2

𝑛𝑖

𝑗=1

+∑∑(�̅�𝑖 − �̅�)
2 + 2∑∑(𝑥𝑖𝑗 − �̅�)(�̅�𝑖 − �̅�)

𝑛𝑖

𝑗=1

𝑟

𝑖=1

𝑛

𝑗=1

𝑟

𝑖=1

𝑟

𝑖=1

∑∑(𝑥𝑖𝑗 −

𝑛

𝑗=1

𝑟

𝑖=1

�̅�𝑖)(�̅�𝑖 − �̅�) =∑(�̅�𝑖 − �̅�) ∗∑(𝑥𝑖𝑗 − �̅�𝑖)

𝑛𝑖

𝑗=1

𝑟

𝑖=1

∑(𝑥𝑖𝑗 − �̅�𝑖) =

𝑛𝑖

𝑗=1

∑𝑥𝑖𝑗 − 𝑛𝑖

𝑛𝑖

𝑗=1

�̅�𝑖 =∑𝑥𝑖𝑗 − 𝑛𝑖 ∗
1

𝑛
∑𝑥𝑖𝑗 = 0

𝑛𝑖

𝑗=1

𝑛𝑖

𝑗=1



𝑄2 =∑∑(𝑥𝑖𝑗 − �̅�)
2 +∑𝑛𝑖(

𝑟

𝑖=1

𝑛

𝑗=1

𝑟

𝑖=1

�̅�𝑖 − �̅�)
2 = 𝑄𝑅

2 + 𝑄𝐴
2

𝑄2 = 𝑄𝑅
2 + 𝑄𝐴

2

𝑄𝐴
2

𝑄𝐴
2 =∑𝑛𝑖(

𝑟

𝑖=1

�̅�𝑖 − �̅�)
2

𝑄𝑅
2

𝑄𝑅
2 =∑∑(𝑥𝑖𝑗 − �̅�𝑖)

2

𝑛𝑖

𝑗=1

𝑟

𝑖=1



Ǝ

𝐹 =
𝑄𝐴
2 (𝑟 − 1)⁄

𝑄𝑅
2 (𝑛 − 𝑟)⁄

�̅�𝑖
𝑄𝐴
2 𝑄𝑅

2



�̅�1 =
1

6
(12,5 + ⋯+ 12,4) = 12,95

�̅�2 =
1

5
(10,1 + ⋯+ 11,6) = 10,96

�̅�3 =
1

7
(4,2 +⋯+ 11,2) = 8,89

�̅� =
1

18
(12,5 +⋯+ 11,2) = 10,82

𝑄𝐴
2 = 6(12,95 − 10,82)2 + 5(10,96 − 10,82)2 + 7(8,89 − 10,82)2 = 53,51

𝑄𝑅
2 = (12,5 − 12,95)2 + (14,3 − 12,95)2 +⋯+ (10,1 − 10,96)2 + (8,4 − 10,96)2 +⋯

+ (4,2 − 8,89)2 + (9,4 − 8,89)2… = 101,26

 



𝜃1, … , 𝜃𝑙

𝜃1, … , 𝜃𝑙

  ( )  

  ( )  



{
𝑛 ≥ 30
𝑛𝑖
∗ ≥ 5

 , 𝑖 = 1, 𝑘̅̅ ̅̅̅

𝑛𝑖
∗

𝜒2 =∑
(𝑛𝑖
∗ − 𝑛 ∙ 𝑝𝑖)

2

𝑛 ∙ 𝑝𝑖

𝑘

𝑖=1

 

𝜒2~𝜒2(𝑘 − 𝑙 − 1)

𝑛𝑖
∗

𝑛 ∙ 𝑝𝑖

𝜒2 < 𝜒1−𝛼
2 (𝑘 − 𝑙 − 1)

(𝑥𝑖
∗, 𝑛𝑖

∗)

𝑛𝑖
∗ ≥ 5

𝑛 ∙ 𝑝𝑖 



𝜒2

 

𝜒2 < 𝜒1−𝛼
2 (𝑘 − 𝑙 − 1)

Х̅=

  

  ≁ 

х𝑖
∗ 𝑛𝑖

∗ 𝑝𝑖 𝑛 ∙ 𝑝𝑖 



𝜒2 =
(8 − 6,6)2

6,6
+
(10 − 12,3)2

12,3
+
(13 − 12,3)2

12,3
+
(7 − 6,6)2

6,6
= 0,79 

𝜒2 < 𝜒0,95
2 (4 − 1) = 𝜒0,95

2 (3) = 7,81

0,79 < 7,81

https://youtu.be/9KTEkt5AwWs
https://youtu.be/AYPTs6fqtSs
https://youtu.be/_2gk7YG6vVw
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 | ̂ ( )  |
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√
𝑛1 + 𝑛2
𝑛1𝑛2

√
𝑛1 + 𝑛2
𝑛1𝑛2

√
𝑛1 + 𝑛2
𝑛1𝑛2

𝑛1 𝑛2



https://youtu.be/Oa9GiU3970I
https://youtu.be/tJCm679WCFQ
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 ∃
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𝑥𝑟𝑣
𝑜 = (∑𝑥𝑖𝑣

𝑘

𝑖=1

∙∑𝑥𝑟𝑗

𝑚

𝑗=1

) ∑∑𝑥𝑖𝑗

𝑚

𝑗=1

𝑘

𝑖=1

⁄



χ2 =∑ ∑
(𝑥𝑖𝑗
𝑜 − 𝑥𝑖𝑗)

2

𝑥𝑖𝑗
𝑜

m 

j=1

k

i=1

𝜒2~𝜒2 ( ) ( )

𝜒2 < 𝜒1−𝛼
2 ( ) ( )

χ2 =∑ ∑
(|𝑥𝑖𝑗

𝑜 − 𝑥𝑖𝑗| − 0,5)
2

𝑥𝑖𝑗
𝑜

m 

j=1

k

i=1

𝜒2 < 𝜒1−𝛼
2

 

https://youtu.be/IzjJWu_YXWE
https://youtu.be/6Yj1elIrQlQ
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𝐻0: 𝜌 = 0
𝐻1: 𝜌 ≠ 0

 𝑡 =
�̂� ∙ √𝑛 − 2

√1 − 𝜌2
, 𝑡~𝑇(𝑛 − 2)

|𝑡| < 𝑡
1−
𝛼
2
(𝑛 − 2)

𝑃 = |

1 𝜌12 𝜌13 ⋯ 𝜌1𝑘
𝜌21 1 𝜌23 ⋯ 𝜌2𝑘
⋯
𝜌𝑘1

⋯
𝜌𝑘2

⋯
𝜌𝑘3

⋯
⋯

⋯
1

|

𝜌𝑖𝑗

�̂�

�̂�

https://youtu.be/Pq_DR-XTPco


�̂�𝑖.𝑗𝑘 = √
�̂�𝑖𝑗
2 + �̂�𝑖𝑘

2 − 2 ∙ �̂�𝑖𝑗 ∙ �̂�𝑖𝑘 ∙ �̂�𝑗𝑘

1 − �̂�𝑗𝑘
2

0 ≤ �̂�𝑖.𝑗𝑘 ≤ 1

|�̂� (𝑌, 𝑋𝑖)| ≤ �̂� (𝑌, 𝑋1,⋯ , 𝑋𝑘) 

�̂�2(𝑋, 𝑌) = �̂�2(𝑋, 𝑌)

𝐻0: 𝑅
2 = 0

𝐻1: 𝑅
2 ≠ 0

 𝐹 =
𝑅2̂ ∙ (𝑛 − 𝑘)

(1 − 𝑅2̂)(𝑘 − 1)
, 𝐹~𝐹(𝑘 − 1, 𝑛 − 𝑘)

𝐹 < 𝐹1−𝛼(𝑘 − 1, 𝑛 − 𝑘)

�̂�𝑖𝑗.𝑘 =
�̂�𝑖𝑗−�̂�𝑖𝑘 ∙ �̂�𝑗𝑘

√(1 − �̂�𝑖𝑘
2 )(1 − �̂�𝑗𝑘

2 )

−1 ≤ �̂�𝑖𝑗.𝑘 ≤ 1



𝐻0: 𝑟 = 0
𝐻1: 𝑟 ≠ 0

 𝑡 =
�̂� ∙ √𝑛 − 2

√1 − 𝑟2
, 𝑡~𝑇(𝑛 − 𝑘 + 2)

|𝑡| < 𝑡
1−
𝛼
2
(𝑛 − 𝑘 + 2) 

χ2 =∑ ∑
(𝑥𝑖𝑗
𝑜 − 𝑥𝑖𝑗)

2

𝑥𝑖𝑗
𝑜

m 

j=1

k

i=1

𝜒2 < 𝜒1−𝛼
2 ( ) ( )

https://youtu.be/_R-igrtsTs4
https://youtu.be/8bNyBiruFrY
https://youtu.be/TcCyqVvGrFw


0 <  χ2 < ∞

χ2

𝐶 = √
𝜒2

𝑛 ∙ min (𝑘 − 1,𝑚 − 1)

0 ≤ С ≤ 1

�̂�S=1 − (6 ∙∑(𝑅𝑖
𝑥 − 𝑅𝑖

𝑦
)
2

𝑛

𝑖=1

) (𝑛 ∙ (𝑛2 − 1))⁄



𝑅𝑖
𝑥 𝑅𝑖

𝑦

𝑇𝑥 =
1

12
∙∑(𝑡𝑥𝑖

3 − 𝑡𝑥𝑖)

𝑚𝑥

𝑖=1

              𝑇𝑦 =
1

12
∙∑(𝑡𝑦𝑖

3 − 𝑡𝑦𝑖)

𝑚𝑦

𝑖=1

𝑚𝑥 𝑚𝑦
𝑡𝑥𝑖 𝑡𝑦𝑖

�̂�S=1 − (∑(𝑅𝑖
𝑥 − 𝑅𝑖

𝑦
)
2

𝑛

𝑖=1

) (
1

6
∙ 𝑛 ∙ (𝑛2 − 1) − (𝑇𝑥 + 𝑇𝑦))⁄

𝐻0: 𝜌𝑠 = 0
𝐻1: 𝜌𝑠 ≠ 0

 𝑡 =
𝜌�̂� ∙ √𝑛 − 2

√1 − �̂�𝑠2
, 𝑡~𝑇(𝑛 − 2)

|𝑡| < 𝑡
1−
𝛼
2
(𝑛 − 2)

Ŵ =
12

m2(n3 − n)
∑(∑Rij −

m(n + 1)

2

m

j=1

)

2

,

n

i=1

https://youtu.be/ykciGvrgIMc
https://youtu.be/E_lI-Ycg6N8


Tj =
1

12
∑(tjk

3 − tjk),

mj

k=1

Ŵ =∑(∑Rij −
m(n + 1)

2

m

j=1

)

2
n

i=1

(
1

12
m2(n3 − n) − m∑Tj

m

j=1

)⁄ .

H0:W = 0 (ознаки неузгоджені, зв′язку немає)   

H1:W ≠ 0 (ознаки узгоджені, зв′язок значущий)

χ2 = Ŵ ∙ m ∙ (n − 1) χ2~χ2(n − 1)



∑Rij

m

j=1

m(n + 1)

2
= 18,

Ŵ =
12

42(83 − 8)
((6 − 18)2 + (18 − 18)2 + (10 − 18)2 + (11 − 18)2 + (18 − 18)2 + (24 − 18)2

+ (30 − 18)2 + (27 − 18)2) = 0,77

H0:W = 0   
H1:W ≠ 0   

χ2 = 0,77 ∙ 4 ∙ (8 − 1) = 21,5

χ2 < χ1−α
2 (n − 1)

χ1−α
2 (8 − 1) = χ0,95

2 (7) = 14,1

 



=

 

 

++= XY 10


2D,0E ==

 



i10i xˆˆŷ +=
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