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𝐂′′ + 𝐊𝟐 + 𝐊𝟑 𝐂′ = 𝐊𝟏𝐕
′ + 𝐊𝟏𝐊𝟑𝐕



𝐌′′ + 𝐊𝟐 + 𝐊𝟑 𝐌′ = 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟑𝐕

𝐌 = 𝐂𝟏 + 𝐂𝟐 + 𝛃𝐕



𝐌′′ + 𝐊𝟐 + 𝐊𝟑 𝐌′ = 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟑𝐕

𝒙 =

𝐊𝟏

𝐊𝟐

𝐊𝟑

𝛃

𝐌 𝐭𝐢
𝐕 𝐭𝐢
𝐢 = 𝟏…𝐍



𝐌 𝐭 = 𝛂𝟏  

𝟎

𝐭

𝐞−𝐬𝟏 𝐭−𝛕 𝐕 𝛕 𝐝𝛕 + 𝛂𝟐  

𝟎

𝐭

𝐞−𝐬𝟐 𝐭−𝛕 𝐕 𝛕 𝐝𝛕

𝐌′′ + 𝐊𝟐 + 𝐊𝟑 𝐌′ = 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟐𝐕

NLLS

𝒙 =

𝐊𝟏

𝐊𝟐

𝐊𝟑

𝛃

𝐌 𝐭𝐢
𝐕 𝐭𝐢
𝐢 = 𝟏…𝐍



𝐌′′ = − 𝐊𝟐 + 𝐊𝟑 𝐌′ + 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟑𝐕

𝒂𝟏 𝒂𝟐 𝒂𝟑 𝒂𝟒

LLS



𝐌′′ = − 𝐊𝟐 + 𝐊𝟑 𝐌′ + 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟑𝐕

𝒂𝟏 𝒂𝟐 𝒂𝟑 𝒂𝟒

LLS

𝐌′′ 𝐭𝐢 = 𝒂𝟏𝐌
′ 𝐭𝐢 + 𝒂𝟐𝐕

′′ 𝐭𝐢 + 𝒂𝟑𝐕
′ 𝐭𝐢 + 𝒂𝟒𝐕 𝐭𝐢 𝐢 = 𝟎…𝐍



𝐌′′ 𝐭𝐢 = 𝒂𝟏𝐌
′ 𝐭𝐢 + 𝒂𝟐𝐕

′′ 𝐭𝐢 + 𝒂𝟑𝐕
′ 𝐭𝐢 + 𝒂𝟒𝐕 𝐭𝐢

𝐌′′ = − 𝐊𝟐 + 𝐊𝟑 𝐌′ + 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟑𝐕

𝒂𝟏 𝒂𝟐 𝒂𝟑 𝒂𝟒

𝐢 = 𝟎…𝐍

LLS



𝐌′′ = − 𝐊𝟐 + 𝐊𝟑 𝐌′ + 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟑𝐕

𝒂𝟏 𝒂𝟐 𝒂𝟑 𝒂𝟒

𝐌 𝐭𝐢 = 𝒂𝟏  
𝟎

𝐭𝐢

𝐌 + 𝒂𝟐𝐕 𝐭𝐢 + 𝒂𝟑  
𝟎

𝐭𝐢

𝐕 + 𝒂𝟒  
𝟎

𝐭𝐢

 𝐕

LLS



𝒃 =

𝐌 𝐭𝟎
⋮
⋮

𝐌 𝐭𝐍

𝐌 𝐭𝐢 = 𝒂𝟏  
𝟎

𝐭𝐢

𝐌 + 𝒂𝟐𝐕 𝐭𝐢 + 𝒂𝟑  
𝟎

𝐭𝐢

𝐕 + 𝒂𝟒  
𝟎

𝐭𝐢

 𝐕

LLS

𝐌′′ = − 𝐊𝟐 + 𝐊𝟑 𝐌′ + 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟑𝐕

𝒂𝟏 𝒂𝟐 𝒂𝟑 𝒂𝟒

𝐇 =

 
𝟎

𝐭𝟎

𝐌 𝐕 𝐭𝟎  
𝟎

𝐭𝟎

𝐕  
𝟎

𝐭𝟎

 𝐕

⋮ ⋮ ⋮ ⋮
⋮ ⋮ ⋮ ⋮

 
𝟎

𝐭𝐍

𝐌 𝐕 𝐭𝐍  
𝟎

𝐭𝐍

𝐕  
𝟎

𝐭𝐍

 𝐕

𝒃 = 𝐇 𝒂



𝐊𝟏 = 𝒂𝟒 − 𝒂𝟏𝒂𝟑𝒂 = 𝐇𝐓𝐇
−𝟏

𝐇𝐓𝒃

𝐌 𝐭𝐢 = 𝒂𝟏  
𝟎

𝐭𝐢

𝐌 + 𝒂𝟐𝐕 𝐭𝐢 + 𝒂𝟑  
𝟎

𝐭𝐢

𝐕 + 𝒂𝟒  
𝟎

𝐭𝐢

 𝐕

LLS

𝐌′′ = − 𝐊𝟐 + 𝐊𝟑 𝐌′ + 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟑𝐕

𝒂𝟏 𝒂𝟐 𝒂𝟑 𝒂𝟒

𝒃 = 𝐇 𝒂







𝐌′′ + 𝐊𝟐 + 𝐊𝟑 𝐌′ = 𝛃𝐕′′ + 𝐊𝟏 + 𝛃 𝐊𝟐 + 𝐊𝟑 𝐕′ + 𝐊𝟏𝐊𝟐𝐕
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30 s



120 s







𝑻 = 𝒂𝒓𝒈𝒎𝒊𝒏 𝑽𝒘

= 𝒂𝒓𝒈𝒎𝒊𝒏 𝒘𝟏𝑽𝟏 + 𝒘𝟐𝑽𝟐

𝑻



𝑻 = 𝒂𝒓𝒈𝒎𝒊𝒏 𝑽𝒘

= 𝒂𝒓𝒈𝒎𝒂𝒙 𝑽𝒃

= 𝒂𝒓𝒈𝒎𝒂𝒙 𝑽 − 𝑽𝒘

𝑻



𝑻 = 𝒂𝒓𝒈𝒎𝒊𝒏 𝑽𝒘

= 𝒂𝒓𝒈𝒎𝒂𝒙 𝑽𝒃

= 𝒂𝒓𝒈𝒎𝒂𝒙 𝒘𝟏𝒘𝟐 𝝁𝟐 − 𝝁𝟏
𝟐

𝑻



𝑻

𝑽𝒃





𝜫 = 𝒄𝒙, 𝒄𝒚, 𝒄𝒛



𝜫 =  𝒄𝒙, 𝒄𝒚, 𝒄𝒛 ;

 𝒂𝒙, 𝒂𝒚, 𝒂𝒛





𝜫 =  𝒄𝒙, 𝒄𝒚, 𝒄𝒛 ;

𝒂𝒙, 𝒂𝒚, 𝒂𝒛;

 𝒆, 𝜹



𝜫 =  𝒄𝒙, 𝒄𝒚, 𝒄𝒛 ;

𝒂𝒙, 𝒂𝒚, 𝒂𝒛;

𝒆, 𝜹;
 𝜽𝟏, 𝜽𝟐







𝜫𝒐𝒑𝒕 = 𝒂𝒓𝒈𝒎𝒊𝒏  

𝛀

𝒇 − 𝑻 𝟐 𝛀 = 𝐁𝐊𝐆 ∩ 𝐢𝐧 ∪ 𝐌𝐘𝐎∩ 𝐨𝐮𝐭

𝑻













𝑪 = 𝒂𝒓𝒈𝒎𝒂𝒙
𝟓×𝟓×𝟓

 𝒗𝒂𝒔𝒄𝒇

 𝒎𝒚𝒐𝒄𝒇



𝑽 𝒕 ≈ 𝑮 𝒕 = 𝑨(𝒕 − 𝒕𝟎)
𝜶 𝒆𝒙𝒑 − 𝒕 − 𝒕𝟎 /𝜷

𝜷=1 𝜷=2 𝜷=3

𝜶=1           𝜶=2           𝜶=3

𝒕𝟎



𝒕𝟎 𝒕𝟏

𝒍𝒏 𝑽 𝒕 ≈ 𝒍𝒏 𝑨 + 𝜶 𝒍𝒏 𝒕 − 𝒕𝟎 −
𝟏

𝜷
𝒕 − 𝒕𝟎

𝒕𝟏

𝑽 𝒕 ≈ 𝑮 𝒕 = 𝑨(𝒕 − 𝒕𝟎)
𝜶 𝒆𝒙𝒑 − 𝒕 − 𝒕𝟎 /𝜷



𝒕𝟎 𝒕𝟏

𝑽 𝒕 ≈ 𝑹 𝒕 = 𝑮 𝒕 + 𝜿 
𝟎

𝒕

𝑮 𝝉 𝒅𝝉



















IVA

Cx

CD


