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𝐴1,𝑗 𝐴0,𝑗 

�̂�0,𝑗 = 𝐵0 + 𝐵1 ∙ 𝐴1,𝑗 

𝐾 𝐵0 𝐵1 

𝐴1,𝑗 𝑗 = 1, … , 𝐽 𝐾 𝑚𝑘 

𝑚𝑘 = 𝑚𝑘−1 + 𝜃 𝜃 = (max𝑗 𝐴1,𝑗 − min𝑗 𝐴1,𝑗)/ (𝐾 − 1)  𝑚1 = min𝑗 𝐴1,𝑗 
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𝐶𝑡,𝑘 = 𝑏𝑘 ∙ 𝑡 + 𝑚𝑘 ∙ 𝑋𝑡 + 𝜇𝑘 𝑘 = 1, … , 𝐾 

𝜇𝑘 = 𝛼 − 𝑔�̅� , 𝑔𝑡,𝑘 = 𝑏𝑘 ∙ 𝑡 + 𝑚𝑘 ∙ 𝑋𝑡 𝑏𝑘 = 𝐵0 + 𝐵1 ∙ 𝑚𝑘 

𝐾 {𝐶𝑡,𝑘} {𝑐𝑡,𝑘 = ∆ 𝐶𝑡,𝑘} 
𝑥𝑡 = ∆𝑋𝑡 

𝑐𝑡,𝑘 = 𝑏𝑘 + 𝑚𝑘 ∙ 𝑥𝑡 ∀𝑡, 𝑘 𝑏𝑘 = 𝐵0 + 𝐵1 ∙ 𝑚𝑘 ∀𝑘 

𝑏𝑘 𝑚𝑘 𝐾 𝑐𝑡,𝑘 = 𝑏𝑘 + 𝑚𝑘 ∙ 𝑥𝑡 

(𝑥𝑡, 𝑐𝑡,𝑘) = (−𝐵1, 𝐵0) 𝐾 

(−𝐵1, 𝐵0) 𝑐𝑡,1 𝑚𝑘 

𝐶𝑡,𝑘 

{𝐶𝑡,𝑘 } 
𝐾 
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- 𝑪𝒕,𝒌 𝑪𝒕,𝒌′ {𝑪𝒕,𝒌} 
𝒎𝒌 < 𝒎𝒌´ 

𝑑(𝐶𝑡,𝑘 , 𝐶𝑡,𝑘′) = (𝑚𝑘´ − 𝑚𝑘) ∙ 𝜀 

𝜺 𝒕 𝒌 𝒌′ 
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- 𝑪𝒕,𝒒 𝑪𝒕,𝒓 𝑪𝒕,𝒑 {𝑪𝒕,𝒌} 
𝒎𝒒 < 𝒎𝒓 < 𝒎𝒑 

𝑑(𝐶𝑡,𝑞 , 𝐶𝑡,𝑟) + 𝑑(𝐶𝑡,𝑟 , 𝐶𝑡,𝑝) = 𝑑(𝐶𝑡,𝑞 , 𝐶𝑡,𝑝) 

{𝐶𝑡,𝑘} 

𝐶𝑡,𝑞 𝐶𝑡,𝑝 𝐶𝑡,𝑟 

𝑑(𝐶𝑡,𝑞 , 𝐶𝑡,𝑟) 𝑑(𝐶𝑡,𝑟 , 𝐶𝑡,𝑝) 

𝑚𝑘+1 = 𝑚𝑘 + 𝜃 ∀𝑘 𝑑(𝐶𝑡,𝑘+1, 𝐶𝑡,𝑘 ) = 𝜃 ∙ 𝜀 
𝐾 𝐾 

𝐶𝑡,1 𝐶𝑡,𝐾 

𝜃 ∙ 𝜀 

{𝑪𝒕,𝒌} 
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ANEXO I: La metodología del haz de rectas 

𝐶�̅� = 
1 

𝑇 
∙ ∑ 𝐶𝑡,𝑘 

𝑇 

𝑡=1 

= 𝛼 

{𝑐𝑡,𝑘} 𝐾 
𝑡 = 1, … , 𝑇 𝐾 𝑥𝑡 𝑐𝑡,𝑘 

𝑏𝑘 𝑚𝑘 𝐵0 𝐵1 𝑚𝑘 

𝑐𝑡,𝑘 = 𝑏𝑘 + 𝑚𝑘 ∙ 𝑥𝑡 ∀𝑡, 𝑘 𝑏𝑘 = 𝐵0 + 𝐵1 ∙ 𝑚𝑘 ∀𝑘 

(−𝐵1, 𝐵0) 

{𝐶𝑡,𝑘} 𝑘 = 1, … , 𝐾 𝐾 
𝑡 = 1, … , 𝑇 

∀𝑘 

𝑋𝑡 𝐶𝑡,𝑘 𝑏𝑘 𝑚𝑘 𝜇
𝑘 𝐵0 𝐵1 

𝑚𝑘 

𝐶𝑡,𝑘 = 𝑏𝑘 ∙ 𝑡 + 𝑚𝑘 ∙ 𝑋𝑡 + 𝜇𝑘 ∀𝑡, 𝑘 

𝑏𝑘 = 𝐵0 + 𝐵1 ∙ 𝑚𝑘 ∀𝑘 

{𝑐𝑡,𝑘 = ∆𝑠𝐶𝑡,𝑘} 

𝑥𝑡 = ∆𝑠𝑋𝑡 (∆𝑠𝑋𝑡 , ∆𝑠𝐶𝑡,𝑘) = (−𝑠𝐵1 , 𝑠𝐵0) 

{𝐶𝑡,𝑘} 

𝑚𝑘 = 0 

𝐶𝑡,𝑞 𝐶𝑡,𝑟 𝐶𝑡,𝑝 {𝐶𝑡,𝑘} 
𝑚𝑞 < 𝑚𝑟 < 𝑚𝑝 

𝑑(𝐶𝑡,𝑞 , 𝐶𝑡,𝑟) < 𝑑(𝐶𝑡,𝑞 , 𝐶𝑡,𝑝) 
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𝑍𝑡,𝑗 = 𝑌𝑡,𝑗 − 𝛼𝑗 + 𝛼 𝑗 = 1, … , 𝐽 

̅𝛼𝑗 = 𝑌𝑗 𝛼 = �̅�𝑗 

�̅� = 𝛼 ∀𝑗 

𝐽 

       

                              

 

 

 

 

          

   

 

 

(𝐴0,𝑗 , 𝐴1,𝑗 , 𝐴2,𝑗 ), 𝑗 = 1, … , 𝐽 𝐽 
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{𝑌𝑡,𝑗} 𝑡 = 1, … , 𝑇 𝑗 = 1, … , 𝐽 

{𝐶𝑡,𝑘} = 1, … , 𝐾 

{𝑐𝑡,𝑘 = ∆𝑠𝐶𝑡,𝑘} 
𝑥𝑡 = ∆𝑠𝑋𝑡 𝑋𝑡 {𝑌𝑡,𝑗} {𝐶𝑡,𝑘} 

{𝑌𝑡,𝑗} 𝑗 
{𝐶𝑡,𝑘 } 

𝑌𝑡,𝑗 

𝐽 

𝑘 

𝐽 

𝐽 

𝑋𝑡 = 
1 

𝐽 
∙ ∑ 𝑌𝑡,𝑗 

𝑗=1 

𝑍𝑡,𝑗 

𝑍 

�̂�𝑡,𝑗 = 𝐴0,𝑗 ∙ 𝑡 + 𝐴1,𝑗 ∙ 𝑋𝑡 + 𝐴2,𝑗 

𝐵0 𝐵1 

�̂�0,𝑗 = 𝐵0 + 𝐵1 ∙ 𝐴1,𝑗 

𝐽 (𝐴1,𝑗 , 𝐴0,𝑗) 

𝐴1,𝑗 𝑗 = 1, … , 𝐽 𝐾 
𝑚𝑘 = 𝑚𝑘−1 + 𝜃 

𝜃 = (max𝑗𝐴1,𝑗 − min𝑗𝐴1,𝑗)/(𝐾 − 1) 𝑚1 = min𝑗𝐴1,𝑗 

𝐾 𝑏𝑘 = 𝐵0 + 𝐵1 ∙ 𝑚𝑘 

𝐾 𝜇𝑘 

𝜇𝑘 = 𝛼 − 𝑔𝑘̅ 𝑔𝑡,𝑘 = 𝑏𝑘 ∙ 𝑡 + 𝑚𝑘 ∙ 𝑋𝑡 

𝐾 {𝐶𝑡,𝑘}: 

𝐶𝑡,𝑘 = 𝑏𝑘 ∙ 𝑡 + 𝑚𝑘 ∙ 𝑋𝑡 + 𝜇𝑘 

𝑗 
𝐶𝑡,𝑘 = 𝐶𝑡,𝑘 − 𝛼 + 𝛼𝑗 

𝑗 𝑗 
{𝑐𝑡,𝑘 = ∆𝑠𝐶𝑡,𝑘} 𝑘 = 1, … , 𝐾 

𝑗 
𝑥𝑡 = ∆𝑠𝑋𝑡 {𝐶𝑡,𝑘} 

𝐾 {𝑐𝑡,𝑘 = ∆𝑠𝐶𝑡,𝑘} 
𝑥𝑡 = ∆𝑠𝑋𝑡 {𝐶𝑡,𝑘 } 

{𝑍𝑡,𝑗 } 

𝐽 {𝐶𝑡,𝑘 
𝑗 

} 

𝑌𝑡,𝑗 
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𝑌𝑡,𝑗 {𝐶𝑡,𝑘 
𝑗 

} 

ANEXO II 

{𝐶𝑡,𝑘 } 

1/2 𝑇 
2 

𝑑(𝐶𝑡,𝑘 , 𝐶𝑡,𝑘′) = (∑((𝑏𝑘′ ∙ 𝑡 + 𝑚𝑘′ ∙ 𝑋𝑡 + 𝜇𝑘′) − (𝑏𝑘 ∙ 𝑡 + 𝑚𝑘 ∙ 𝑋𝑡 + 𝜇𝑘)) ) 
𝑡=1 

1/2 𝑇 
2 

= (∑((𝑏𝑘′ − 𝑏𝑘) ∙ 𝑡 + (𝑚𝑘′ − 𝑚𝑘) ∙ 𝑋𝑡 + (𝜇𝑘′ − 𝜇𝑘)) ) 
𝑡=1 

̅ ̅ 𝜇𝑘 = 𝛼 − 𝑏𝑘 ∙ 𝑡 + 𝑚𝑘 ∙ 𝑋𝑡 

𝜇𝑘 = (𝛼 − 𝐵0 ∙ 𝑡)̅ + (𝐵1 ∙ 𝑡̅ + �̅�𝑡) ∙ 𝑚𝑘 

' ' 𝐵0 = 𝛼 − 𝐵0 ∙ 𝑡̅ 𝐵1 = 𝐵1 ∙ 𝑡̅ + �̅�𝑡 

′ ′ 𝜇𝑘 = 𝐵0 + 𝐵1 ∙ 𝑚𝑘 

𝑇 1/2 
2 

' ' 𝑑(𝐶𝑡,𝑘 , 𝐶𝑡,𝑘′) = (∑ ((𝐵1 ∙ 𝑚𝑘′ − 𝐵1 ∙ 𝑚𝑘) ∙ 𝑡 + (𝑚𝑘′ − 𝑚𝑘) ∙ 𝑋𝑡 + (𝐵1 ∙ 𝑚𝑘′ − 𝐵1 ∙ 𝑚𝑘)) ) 
𝑡=1 

1/2 𝑇 
2 

= (∑ ((𝑚𝑘′ − 𝑚𝑘) ∙ 𝐵1 ∙ 𝑡 + (𝑚𝑘′ − 𝑚𝑘) ∙ 𝑋𝑡 + (𝑚𝑘′ − 𝑚𝑘) ∙ 𝐵1
' ) ) 

𝑡=1 

1/2 𝑇 
2 

= (𝑚𝑘′ − 𝑚𝑘) (∑(𝐵1 ∙ 𝑡 + 𝑋𝑡 + 𝐵1
' ) ) = (𝑚𝑘′ − 𝑚𝑘) ∙ 𝜀 

𝑡=1 

1/2 𝑇 

𝜀 = (∑(𝐵1 ∙ 𝑡 + 𝑋𝑡 + 𝐵1 
' ) 

2 
) 𝑡 𝑘 𝑘’ 

𝑡=1 
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