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𝑅𝑔

𝑅1: (𝑒1⃗⃗  ⃗, 𝑒2⃗⃗  ⃗, 𝑒3⃗⃗  ⃗) 𝑅2: (𝑢1⃗⃗⃗⃗ , 𝑢2⃗⃗⃗⃗ , 𝑢3⃗⃗⃗⃗ )

𝑀𝑅1/𝑅𝑔
= [

𝑋𝑒1
𝑋𝑒2

𝑋𝑒3

𝑌𝑒1
𝑌𝑒2

𝑌𝑒3

𝑍𝑒1
𝑍𝑒2

𝑍𝑒3

] 𝑀𝑅2/𝑅𝑔
= [

𝑋𝑢1
𝑋𝑢2

𝑋𝑢3

𝑌𝑢1
𝑌𝑢2

𝑌𝑢3

𝑍𝑢1
𝑍𝑢2

𝑍𝑢3

]

𝑋𝐼 , 𝑌𝐼 , 𝑍𝐼 𝐼 

𝑅1 𝑅2

𝑀𝑅1/𝑅2
= 𝑀𝑅1/𝑅𝑔

. (𝑀𝑅2/𝑅𝑔
)
−1

= [

𝑚00 𝑚01 𝑚02

𝑚10 𝑚11 𝑚12

𝑚20 𝑚21 𝑚22

]

𝜓 𝜑 𝜃



𝑀𝑅1/𝑅2
= 𝑅𝑧(𝜓)𝑅𝑥(𝜑)𝑅𝑦(𝜃)

= [
cos𝜓 −sin𝜓 0
sin𝜓 cos𝜓 0

0 0 1

] [
1 0 0
0 cos𝜑 −sin𝜑
0 sin𝜑 cos𝜑

] [
cos 𝜃 0 sin 𝜃

0 1 0
− sin 𝜃 0 cos 𝜃

]

= [

cos𝜓 − sin𝜓 cos𝜑 sin𝜓 sin𝜑
sin𝜓 cos𝜓 cos𝜑 −cos𝜓 sin𝜑

0 sin𝜑 cos𝜑
] [

cos 𝜃 0 sin 𝜃
0 1 0

− sin 𝜃 0 cos 𝜃
]

= [

cos𝜓 cos 𝜃 − sin𝜓 sin 𝜑 sin 𝜃 − sin𝜓 cos𝜑 cos𝜓 sin 𝜃 + sin𝜓 sin𝜑 cos 𝜃
sin 𝜓 cos 𝜃 + cos𝜓 sin 𝜑 sin 𝜃 cos𝜓 cos𝜑 sin𝜓 sin 𝜃 − cos𝜓 sin𝜑 cos 𝜃

−cos𝜑 sin 𝜃 sin𝜑 cos𝜑 cos 𝜃
]

- 𝑚21 =  sin𝜑 ≠ −1  𝑚21 ≠ +1

𝜑 =  sin−1(𝑚21)

𝜃 =  tan−1(
−𝑚20

𝑚22
⁄ )

𝜓 = tan−1(
−𝑚01

𝑚11
⁄ )

- 𝑚21 =  −1

𝜑 = −90°

𝜓 + 𝜃 =  tan−1(
𝑚10

𝑚00
⁄ )

- 𝑚21 =  1 

𝜑 =  90°

𝜓 − 𝜃 = tan−1(
𝑚10

𝑚00
⁄ )

𝜓 𝜃

𝜃 = 0 𝜓 = tan−1(
𝑚10

𝑚00
⁄ )



- 

- 

- 

- 

- 

- 



𝑣 = (
𝑋
𝑌
𝑍
)

𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  = (
𝑋
𝑌
0
)

𝑣𝑌𝑍⃗⃗ ⃗⃗ ⃗⃗ = (
0
𝑌
𝑍
) 𝑣𝑋𝑍⃗⃗ ⃗⃗ ⃗⃗  = (

𝑋
0
𝑍
)

𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  

(𝑣 , 𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  ̂ ) = cos−1 (
𝑣 . 𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  

‖𝑣 ‖‖𝑣𝑋𝑌⃗⃗ ⃗⃗ ⃗⃗  ‖
)

- 

- 

- 



- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 





𝑎 ≈ √𝜒2
𝜆0

𝑁
𝑏 ≈ √𝜒2

𝜆1

𝑁

𝜆0 𝜆1 𝑁

𝑃𝑟𝑜𝑏(𝜉 < 5,991) = 0,95

𝐴 = 𝜋𝑎𝑏 = 5,991𝜋
√𝜆0𝜆1

𝑁



𝑅(𝑖) = √(𝑥𝑖 − 𝑥𝑖−1)2+(𝑦𝑖 − 𝑦𝑖−1)2

𝑆 =  {𝑧𝑘, 𝑘 = 1…𝑁}

𝑧𝑖  

𝑝𝑚(𝑖) = {𝑧𝑖, 𝑧𝑖+1, … , 𝑧𝑖+𝑚−1}

𝑝𝑚(𝑖) 𝑝𝑚(𝑗)

|𝑧𝑖+𝑘 − 𝑧𝑗+𝑘| < 𝑟  ∀𝑘 ∈ [0;𝑚 − 1]

𝑃𝑚 𝑆

𝑝𝑚(𝑖)

𝐶𝑖𝑚(𝑟) =
𝑛𝑖𝑚(𝑟)

𝑁 − 𝑚 + 1

𝑛𝑖𝑚(𝑟) 𝑃𝑚 𝑝𝑚(𝑖)

𝐶𝑖𝑚(𝑟)

𝐶𝑖𝑚(𝑟)



𝑖 < 𝑁 − 𝑚 + 1

𝐶𝑚(𝑟) =
1

𝑁 − 𝑚 + 1
∑𝐶𝑖𝑚(𝑟)

𝑖

𝐶𝑚(𝑟)

𝑆

𝑆𝑎𝐸𝑛(𝑚, 𝑟) = −𝑙𝑛
𝐶𝑚+1(𝑟)

𝐶𝑚(𝑟)





- 

- 

- 

- 
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http://www.campbellcollaboration.org/resources/effect_size_input.php


































 

 











 

  



































 





𝑚

𝑣 

�⃗⃗� 

𝐹 =  −2𝑚(�⃗⃗� ^𝑣 )



 







𝑞(𝑞0, 𝑞1, 𝑞2, 𝑞3)

𝛼 �⃗� (𝑎, 𝑏, 𝑐)

|

|

𝑞0 = cos(𝛼 2⁄ )

𝑞1 =  𝑎. sin(𝛼 2⁄ )

𝑞2 =  𝑏. sin(𝛼 2⁄ )

𝑞3 =  𝑐. sin(𝛼 2⁄ )

𝑃′ = 𝑞 ∗ 𝑃 ∗ �̅�

𝑃

(0, 𝑥, 𝑦, 𝑧) 𝑥, 𝑦 𝑧 𝑃 𝑃′

(0, 𝑥′, 𝑦′, 𝑧′) 𝑞

�̅�  �̅�(𝑞0, −𝑞1, −𝑞2, −𝑞3)

𝑞 𝑞′

𝑞′ ∗ 𝑞



∗

𝑝(𝑝0, 𝑝1, 𝑝2, 𝑝3)

𝑞(𝑞0, 𝑞1, 𝑞2, 𝑞3)

𝑟(𝑟0, 𝑟1, 𝑟2, 𝑟3)

|

𝑝0 = 𝑞0𝑟0 − 𝑞1𝑟1 − 𝑞2𝑟2 − 𝑞3𝑟3
𝑝1 = 𝑞0𝑟1 + 𝑞1𝑟0 + 𝑞2𝑟3 − 𝑞3𝑟2
𝑝2 = 𝑞0𝑟2 − 𝑞1𝑟3 + 𝑞2𝑟0 + 𝑞3𝑟1
𝑝3 = 𝑞0𝑟3 + 𝑞1𝑟2 − 𝑞2𝑟1 + 𝑞3𝑟0



 

 













𝑀𝑅𝐴𝑛𝑎𝑡/𝑅𝑀𝑜𝑛𝑑𝑒
= [

−𝑌2 −𝑌1 0
𝑌1 −𝑌2 0
0 0 1

]

𝑌1 =
𝑚01,𝑏𝑎𝑠𝑠𝑖𝑛

√𝑚01,𝑏𝑎𝑠𝑠𝑖𝑛
2 + 𝑚11,𝑏𝑎𝑠𝑠𝑖𝑛

2



𝑌2 =
𝑚11,𝑏𝑎𝑠𝑠𝑖𝑛

√𝑚01,𝑏𝑎𝑠𝑠𝑖𝑛
2 + 𝑚11,𝑏𝑎𝑠𝑠𝑖𝑛

2

𝑚𝑖𝑗,𝑏𝑎𝑠𝑠𝑖𝑛

𝑞𝑏𝑎𝑠𝑠𝑖𝑛(𝑞0𝑏, 𝑞1𝑏 , 𝑞2𝑏 , 𝑞3𝑏)

𝑀𝑅𝐵𝑎𝑠𝑠𝑖𝑛/𝑅𝑀𝑜𝑛𝑑𝑒
= [

1 − 2𝑞2𝑏
2 − 2𝑞3𝑏

2 2𝑞1𝑏𝑞2𝑏 − 2𝑞3𝑏𝑞0𝑏 2𝑞1𝑏𝑞3𝑏 + 2𝑞2𝑏𝑞0𝑏

2𝑞1𝑏𝑞2𝑏 + 2𝑞3𝑏𝑞0𝑏 1 − 2𝑞1𝑏
2 − 2𝑞3𝑏

2 2𝑞2𝑏𝑞3𝑏 − 2𝑞1𝑏𝑞0𝑏

2𝑞1𝑏𝑞3𝑏 − 2𝑞2𝑏𝑞0𝑏 2𝑞2𝑏𝑞3𝑏 + 2𝑞1𝑏𝑞0𝑏 1 − 2𝑞1𝑏
2 − 2𝑞2𝑏

2

]

𝑚01,𝑏𝑎𝑠𝑠𝑖𝑛 = 2𝑞1𝑏𝑞2𝑏 − 2𝑞3𝑏𝑞0𝑏

𝑚11,𝑏𝑎𝑠𝑠𝑖𝑛 = 1 − 2𝑞1𝑏
2 − 2𝑞3𝑏

2

𝑞𝑎𝑛𝑎𝑡(𝑞0𝑎, 𝑞1𝑎, 𝑞2𝑎, 𝑞3𝑎)

[

1 − 2𝑞2𝑎
2 − 2𝑞3𝑎

2 2𝑞1𝑎𝑞2𝑎 − 2𝑞3𝑎𝑞0𝑎 2𝑞1𝑎𝑞3𝑎 + 2𝑞2𝑎𝑞0𝑎

2𝑞1𝑎𝑞2𝑎 + 2𝑞3𝑎𝑞0𝑎 1 − 2𝑞1𝑎
2 − 2𝑞3𝑎

2 2𝑞2𝑎𝑞3𝑎 − 2𝑞1𝑎𝑞0𝑎

2𝑞1𝑎𝑞3𝑎 − 2𝑞2𝑎𝑞0𝑎 2𝑞2𝑎𝑞3𝑎 + 2𝑞1𝑎𝑞0𝑎 1 − 2𝑞1𝑎
2 − 2𝑞2𝑎

2

] =  [
−𝑌2 −𝑌1 0
𝑌1 −𝑌2 0
0 0 1

]

|

|
𝑞0𝑎 =

𝑌1

2𝑞3𝑎

𝑞1𝑎 = 0
𝑞2𝑎 = 0

𝑞3𝑎 =
√2 + 2𝑌2

2



𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖/𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑗
= (𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑗/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒

)
−1

𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒



𝑡0

𝑡0

𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖,𝑐𝑜𝑟𝑟𝑖𝑔é/𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖
= (𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒

)
−1

|
𝑡0

𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖,𝑐𝑜𝑟𝑟𝑖𝑔é/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒
= 𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖/𝑅𝐴𝑛𝑎𝑡𝑜𝑚𝑖𝑞𝑢𝑒

∗ 𝑞𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖,𝑐𝑜𝑟𝑟𝑖𝑔é/𝑅𝐶𝑒𝑛𝑡𝑟𝑎𝑙𝑒 𝑖













 



























 

  

























 

  





 







 



 

 





 





 

 





 

  





















 

 



 

 

 


