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Z =  R − S  (3-1) 

𝑝௙ = 𝑃(𝑍 ≤ 0) = ∫ 𝐹ோ(𝑞). 𝑓ௌ(𝑞)𝑑𝑞 ≅ ɸ(−𝛽)ஶ଴   (3-2) 

𝐹ோ 𝑓ௌɸ 𝛽
µோ µௌ 𝜎ோଶ 𝜎ௌଶZ =  R − S

µ௭ = µோ − µௌ   (3-3) 

𝜎௓ଶ = 𝜎ோଶ + 𝜎ௌଶ  (3-4) 



𝑝௙
𝑝௙ = 𝑃(𝑅 − 𝑆 ≤ 0) = 𝑃(𝑍 ≤ 0) = ɸ(଴ିµೋఙೋ )  (3-5) 

ɸ
𝑝௙ = ɸ ቈ−(µோ − µௌ)ඥ𝜎ோଶ + 𝜎ௌଶ ቉ =  ɸ(−𝛽) (3-6) 

𝛽
𝛽 = µೋఙೋ = µೃିµೄටఙೃమାఙೄమ  (3-7) 

 



𝑝௙ = 𝑁௚(௑)ஸ଴𝑁  (3-8) 

𝑁௚(௑)ஸ଴

𝑋௜

 



 

𝛽்஺ோீா்

 

 
 
 
 
 
 
 
 
 
 
 
 
 



[107]

[108]

[106]

[109]

[107]

[108]

[106]

[109]

𝛽 ≥ 9,00 9,00 > 𝛽 ≥ 8,00 8,00 > 𝛽 ≥ 6,00 6,00 > 𝛽 ≥ 4,60 4,60 > 𝛽

 



 





 

𝑅𝑖𝑠𝑘 = 𝑝௙ ×  𝐶௙  (3-9) 

𝑝𝑓 𝐶௙

𝑅஽௜௥ = 𝑃(𝐸) × 𝑃(𝐷|𝐸) × 𝑃(𝐶̅|𝐷) × 𝐶஽௜௥  (3-10) 

𝑅ூ௡ௗ = 𝑃(𝐸) × 𝑃(𝐷|𝐸) × 𝑃(𝐶|𝐷) × 𝐶ூ௡ௗ (3-11) 

𝐶஽௜௥ 𝐶ூ௡ௗ 𝑃(𝐸)𝑃(𝐷|𝐸)  𝐸 𝑃(𝐶|𝐷)𝐷

𝑅஽௜௥ = න න 𝐶஽௜௥௬௫ . 𝑓஽|ா(𝑦|𝑥)𝑓ா(𝑥) 𝑑𝑦 𝑑𝑥 (3-12) 

𝑅ூ௡ௗ = න න 𝐶ூ௡ௗ௬௫ . 𝑃(𝐶|𝐷 = 𝑦)𝑓஽|ா(𝑦|𝑥)𝑓ா(𝑥) 𝑑𝑦 𝑑𝑥 (3-13) 

𝑓஽|ா  𝑓ா𝑃(𝐶|𝐷 = 𝑦)
 
 

 





 

 
 
 
 
 
 
 
 
 
 
 
 



𝑅 = 𝐿௜௡௧௔௖௧𝐿௜௡௧௔௖௧ − 𝐿ௗ௔௠௔௚௘ௗ 𝐿௜௡௧௔௖௧ 𝐿ௗ௔௠௔௚௘ௗ
𝑅ௗ = 1 − ௣௣೗೔೘ 𝑅ௗ 𝑝𝑝௟௜௠𝑅ௗ = 1 − 2. ∫ [𝑑(𝑖) − 𝑖] 𝑑𝑖ଵ଴ 𝑑(𝑖)

𝑅𝑜𝑏(𝛿) = 𝑓(𝛿 = 0)𝑓(𝛿) 𝑅𝑜𝑏(𝛿) 𝑓(𝛿 = 0)𝑓(𝛿)𝑅 = න 𝑓(𝑥)𝑑𝑥஽ୀଵ
஽ୀ଴ 𝑓(𝑥) 

𝑅𝐼 = 𝑃௙(ௗ௔௠௔௚௘ௗ) − 𝑃௙(௜௡௧௔௖௧)𝑃௙(௜௡௧௔௖௧) 𝑃௙(ௗ௔௠௔௚௘ௗ) 𝑃௙(௜௡௧௔௖௧)
𝛽ோ = 𝛽௜௡௧௔௖௧𝛽௜௡௧௔௖௧ − 𝛽ௗ௔௠௔௚௘ௗ 𝛽௜௡௧௔௖௧ 𝛽ௗ௔௠௔௚௘ௗ

𝑉 = 𝑃(𝑟଴, 𝑆)𝑃(𝑟ௗ , 𝑆)
𝑟଴ 𝑟ௗ 𝑃(𝑟, 𝑆)

𝐼௥௢௕ = 𝑅஽௜௥𝑅஽௜௥ + 𝑅ூ௡ௗ 𝑅஽௜௥ 𝑅ூ௡ௗ
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𝑐𝑚ଶ



 
a) 

 
b) 

 



𝜑 = 1 + ( ଶ.ଵ଺√௟ି଴.ଶ − 0.27)  (3-14) 

(𝑓௦௬) (𝐸௦)(𝐸௣)(𝐴௦)(𝐴௣) (𝑓௖௠)(𝑥)𝜃(𝑆௪) (𝐺௔)
(𝑄௧௥௔௜௡)

(𝑄௖௘௡௧)

𝜀௖௨

 𝑍 = 𝜃 × 𝑀ோ − (𝑀஽௅ + 𝑀ொ௧௥௔௜௡ + 𝑀ொ௖௘௡௧)  (3-15) 

𝑀ோ 𝑀஽௅ 𝑀ொ௧௥௔௜௡ 𝑀ொ௖௘௡௧



 

𝑀஽௅ = 𝑝௦௪ × 𝑙ଶ8 + 𝑝ீ௔ × 𝑙ଶ8
𝑀ொ௧௥௔௜௡ = ቂ(3.4 × 𝑝ଶ + 2 × 𝑝ଵ) × ௟ଶ − 𝑝ଵ × (1.6 + 0.8) − 𝑝ଶ ×3.4 × 4.9ቃ × 𝜑

𝑀ொ௖௘௡௧ = 0.36 × 𝑀ொ௧௥௔௜௡

𝑀௥ = 𝑓௬௦ × 𝐴௦ା × 𝑑௦ା + 𝐴௣ × 𝑑௣ × ቌ𝐸௣ × ቆ𝜀௖௨൫𝑑௣௜ − 𝑥൯𝑥 ቇቍ
− (𝑓௖௠ × 𝑏 × 𝜆ଶ × 𝑥ଶ2 − 𝑓௬௦ × 𝐴௦ି × 𝑑௦ି 𝜑 

 



𝐶௥௘௕ = 𝑐௥௘௕ × 𝐴௥௘௕  (3-16) 

𝑐௥௘௕ €/𝑚ଶ 𝐴௥௘௕ 𝑚ଶ

𝐶ௗ௘௧௢௨௥ = 𝐷𝑈𝑅 × 𝑃𝐸𝑅 × ෍ 𝑇𝑀𝐷 × ൤𝐶𝐾 × (𝐿𝐷 − 𝐿𝑃) + 𝐶𝐻 × ൬𝐿𝐷𝑆௥ − 𝐿𝑃𝑆௡ ൰൨ଶ
௩ୀଵ  (3-17) 

𝐷𝑈𝑅 𝑃𝐸𝑅 𝑣𝑣 𝑣 𝑇𝑀𝐷 𝐿𝐷𝐿𝑃 𝑆௡ 𝑆௥𝐶𝐾 € 𝐶𝐻 €



 

€ 𝑐௥௘௕𝐴௥௘௕

€

€ 𝑆௡𝑆௥

𝑐௥௘௕



 



 

𝐼௥௢௕ = ோವ೔ೝோವ೔ೝାோ಺೙೏  (3-18) 

𝑅஽௜௥ 𝑅ூ௡ௗ



 



 

 
 
 

𝒎𝒎𝟐 𝒎𝒎𝟐



  

a) b) 

  

c) d) 



 

e) 

 

f) 

 



𝜙ଷ
𝜙ଷ = ଶ.ଵ଺ඥ௅ഝି଴.ଶ + 0.73  (3-19) 

𝐿థ 𝐿థ

 

[𝐤𝐍] [𝐤𝐍] [𝐤𝐍]



𝜒
 

 𝜒

𝝌

 

 



𝑍 = 𝑓௬ × 𝐴 − 𝑁ௌ(𝑃𝐿, 𝐿𝑀71)  (3-20) 

𝑓௬ 𝐴 𝑚𝑚ଶ

 
 
 
 
 
 
 

𝐴 [109]

𝑓௬௠ [109]

[151]



 

 

€/m),

€ 𝑐௥௘௕

€

€ 𝑆௡𝑆௥



€

€

€

 





 

 



 

𝑘𝑁/𝑚ଷ 𝑀𝑃𝑎30∘ 𝑘𝑁/𝑚ଷ
30∘

𝑘𝑁/𝑚ଷ 𝑘𝑁/𝑚ଶ

𝛾௠ (𝑘𝑁/𝑚ଷ)
𝑓௖  (𝑀𝑃𝑎)

𝜇 (−)𝛾௙ (𝑘𝑁/𝑚ଷ)
𝜙 (∘)𝑐 (𝑘𝑃𝑎)𝛾௕  (𝑘𝑁/𝑚ଷ)

𝑇௅ (𝑘𝑁/𝑚ଶ)
 



 

𝜙ଷ  𝐿థ

𝑟𝑒𝑑 𝜙ଷ = 𝜙ଷ − ℎ − 110  (3-21) 

𝑟𝑒𝑑 𝜙ଷ

 



 

 



𝛾௠ (𝑘𝑁/𝑚ଷ)𝛾௙ (𝑘𝑁/𝑚ଷ)
𝜙 (∘)𝑊௣ (𝑚𝑚)

𝑡 (𝑚𝑚)

𝑍 (𝛾௠, 𝛾௙ , 𝜙, 𝑊௣, 𝑡, 𝐿𝑀71) = 𝑅 − 𝑆 (3-22) 

𝑅~𝑁(4.10, 0.47ଶ)

𝑆~𝑁(1.18, 0.11ଶ)



 





€ 𝑐௥௘௕

€

€ 𝑆௡𝑆௥

€

€

€

 



 



 



 

𝑉଴ 𝐷(𝑡) 𝑉(𝑡)
𝑉(𝑡) = 𝑉଴ − 𝐷(𝑡) (4-1) 

𝑉(𝑡) = max(𝑉଴ − 𝐷(𝑡), 𝑘) (4-2) 



 

𝐶(𝑡) = 𝐴𝑡஻  (4-3) 



 𝑻𝒄𝒐𝒓𝒓 = 𝜽𝒅 ቈ 𝒙𝟐𝟒𝒌𝒆𝒌𝒄𝒌𝒕𝑫𝟎𝒕𝟎𝒏 ൤𝐞𝐫𝐟ି𝟏 ൬𝟏 − 𝑪𝒄𝒓𝑪𝒔 ൰൨ି𝟐቉𝟏 (𝟏ି𝒏)ൗ
 

 𝜃ௗ  𝑥𝑘௘ 𝑘௖𝐷଴ 𝑘௧ 𝐷଴ 𝑡଴𝐷଴ 𝑒𝑟𝑓 𝐶௖௥ 𝐶௦𝐶௦ = 𝐴௖௦(𝑤/𝑏) + 𝜀௖௦ 𝐴௖௦𝐶௦ (𝑤/𝑏) 𝜀௖௦
𝑑௕ 𝑡

𝑑௕(𝑡) = ൞ 𝑑௕௜  𝑡 ≤ 𝑇௖௢௥௥𝑑௕௜ − 2 ∫ 𝜆(𝑡) 𝑑𝑡௧்೎೚ೝೝ 𝑇௖௢௥௥ < 𝑡 ≤ 𝑇௙0 𝑡 >  𝑇௙ ൢ  (4-5) 

𝑑௕௜  𝑇௖௢௥௥ 𝜆(𝑡)𝜆(𝑡) = 0.0116𝑖௖௢௥௥(𝑡) 𝑖௖௢௥௥,௧ 𝑡𝑇௙ 𝑑௕(𝑡)
 



𝑦(𝑡, 𝛽) = 𝛽଴ + 𝛽ଵ𝑡 + 𝜀௜ 𝛽଴ 𝛽ଵ𝜀௜
𝑦(𝑡, 𝛽) = 𝛽଴ + 𝛽ଵ𝑡ଵ + 𝛽ଶ𝑡ଶ + ⋯ + 𝜀௜

𝑅ଶ  



 

𝛽(𝑡) = ൜ 𝛽଴ 𝑓𝑜𝑟 0 ≤ 𝑡 ≤ 𝑡ூ𝛽଴ −  𝛼ଵ(𝑡 − 𝑡ூ)𝑓𝑜𝑟 𝑡 > 𝑡ூ   (4-6) 

𝐶(𝑡) = ൜ 𝐶଴ 𝑓𝑜𝑟 𝑡 ≤ 𝑡௜௖𝐶଴ −  𝛼௅(𝑡 − 𝑡௜௖)  𝑡 > 𝑡௜௖  (4-7) 

  𝑆(𝑡) = ൜ 𝑆଴ 𝑡 ≤ 𝑡௜𝑆଴ −  𝛼(𝑡 − 𝑡ூ) 𝑡 > 𝑡௜  (4-8) 

𝐶଴ 𝑆଴ 𝛼௅ 𝛼 𝑡௜௖ 𝑡௜



𝛽(𝑡) = ൜ 𝛽଴ 𝑓𝑜𝑟 0 ≤ 𝑡 ≤ 𝑡ூ𝛽଴ −  𝛼ଶ(𝑡 − 𝑡ூ) − 𝛼ଷ(𝑡 − 𝑡ூ) ௣ 𝑓𝑜𝑟 𝑡 > 𝑡ூ  (4-9) 

𝛼ଶ 𝛼ଷ
 𝐶(𝑡) = ൜ 𝐶଴ 𝑓𝑜𝑟 𝑡 ≤ 𝑡௜௖𝐶଴ −  𝐴(𝑡ଶ − 𝑡௜௖ଶ )  𝑡 > 𝑡௜௖   (4-10) 

  𝑆(𝑡) = ൜ 𝑆଴ 𝑡 ≤ 𝑡௜𝑆଴ −  𝐵(𝑡ଶ − 𝑡௜ଶ) 𝑡 > 𝑡௜  (4-11) 

 

 







𝑃∆௧ = ൦𝑝ଵଵ 𝑝ଵଶ … 𝑝ଵ௡0 𝑝ଶଶ … 𝑝ଶ௡⋮ ⋮ ⋱ ⋮0 0 … 𝑝௡௡൪∆௧
  (4-12) 

𝑝௜௝ 𝑡 𝑡 + ∆𝑡
 ௗௗ௫ 𝑃 = 𝑃𝑄  (4-13) 

𝑃 = 𝑒ொ∆௧  (4-14) 

𝑄 = ൦−𝜃ଵ 𝜃ଵ … 0⋮ ⋱ ⋱ ⋮0 … −𝜃௜ 𝜃௜0 … 0 0 ൪  (4-15) 



𝜃௜

𝜃௜ = ௡೔ೕ∑ ∆௧೔  (4-16) 

𝑛௜௝ ∑ ∆𝑡௜

∑ ∑ log (𝑝௜௝)ே௡ୀଵெ௠ୀଵ   (4-17) 

𝑚 𝑛 𝑝௜௝

𝑝௜(𝑡) = 𝑝଴ × 𝑃  (4-18) 

𝑝଴ 𝑃

𝐶𝑆തതതത(𝑡) = 𝑝௜(𝑡) × ⎣⎢⎢⎢
⎡1⋮⋮⋮𝑘⎦⎥⎥⎥

⎤
  (4-19) 

𝐶𝑆തതതത
 



 

π
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𝑖௖௢௥௥൫𝑡௣൯ = 𝑖௖௢௥௥(𝑡଴) 0.85 𝑡௣ି଴.ଶଽ [𝜇𝐴/𝑐𝑚ଶ]  (4-20) 

𝑖௖௢௥௥(𝑡଴)  𝑡௣

𝑖௖௢௥௥(𝑡଴) = 𝑇௄𝑅𝐻(𝑤/𝑐)𝑐𝑜𝑣𝑒𝑟  [𝜇𝐴/𝑐𝑚ଶ] (4-21) 

𝑇௄ 𝑅𝐻 𝑤/𝑐

𝐴௦൫𝑡௣൯ = 𝑛𝜋𝐷଴4 ቆ𝐷଴ − ቈ(𝑡 + 0.62)଴.଻ଵ − 0.71217.59 ቉ 𝑖௖௢௥௥(𝑡௣)ቇ (4-22) 

𝑛 𝐷଴



𝜙



𝐹𝑉(𝑡) = 𝑃𝑉(1 + 𝑟)௧ (4-23) 

𝑟

 
a) b) c) 

 
a) b) c) 



€. 

 

 



൦𝜃ଵ𝜃ଶ𝜃ଷ𝜃ସ൪ = ൦𝑞ଵଶ𝑞ଶଷ𝑞ଷସ𝑞ସହ൪ = ൦0.0510.0670.6230.066൪

𝑄 = ⎣⎢⎢⎢
⎡−0.051 0.051 0 0 00 −0.067 0.067 0 00 0 −0.623 0.623 00 0 0 −0.066 0.0660 0 0 0 0 ⎦⎥⎥⎥

⎤

𝑝଴ = [0 1 0 0 0]



 
a) b) 

 

 

 



𝐶(𝑡) = 34.0𝑡଴.଺ହ  (4-24) 



 
a) b) c) 

 
a) b) c) 



 

൦𝜃ଵ𝜃ଶ𝜃ଷ𝜃ସ൪ = ൦𝑞ଵଶ𝑞ଶଷ𝑞ଷସ𝑞ସହ൪ = ൦0.1870.1690.3300.01 ൪

𝑄 = ⎣⎢⎢⎢
⎡−0.187 0.187 0 0 00 −0.169 0.169 0 00 0 −0.330 0.330 00 0 0 −0.01 0.010 0 0 0 0 ⎦⎥⎥⎥

⎤



𝑝଴ = [0 1 0 0 0]

 
a) b) 

 

  



 
a) b) 

 
c) d) 

 
e) f) 



 



 



 



 

 

 

 

 

 

[253]

[254]

 

 

 



𝐿𝐶𝐴𝐶 = ෍ 𝐶௧(1 + 𝑟)௧௡
௧ୀ଴  (5-1) 

𝐶௧ 𝑟

𝐶௜௡௦௣(𝑡) = ෍ ቆቈ2𝑑80 + ቆ(20 + 0.5𝐿)𝐻 × 𝑆 × 𝐼 × 𝑀60 ቇ቉ × (𝐶௟ + 𝐶௩) × 1(1 + 𝑟)௧ቇ௧ୀ௡
௧ୀଵ  (5-2) 

𝐶௟
€ 𝐶௩ €

𝑀𝐶௧,௡௢௠ = ∑ 𝐴𝑈𝐶௜ × 𝐴𝑞௜ × 𝜓 × ଵ(ଵା௥)೟௠௜ୀ௡   (5-3) 



𝑀𝐶௧,௡௢௠ € 𝑖 𝐴𝑈𝐶௜
€ 𝐴𝑞௜ 𝑖 𝑡 𝜓

 



𝐼𝑛𝑑஼௢௦௧(𝑡) = ∑ [𝑉𝐴௩ × 𝐷𝑈𝑅 × 𝑇𝑀𝐷 × 𝑃𝐸𝑅 × (𝐴𝑇𝑅 + 𝐴𝑇𝐹)] × ଵ(ଵା௥)೟௡௧ୀଵ   (5-4) 

𝑉𝐴௩ € 𝐷𝑈𝑅𝑇𝑀𝐷 𝑃𝐸𝑅𝐴𝑇𝑅 𝐴𝑇𝐹

𝐴𝑇𝑅 =  60 × (𝐵𝐿 + 0.15) × ቀ ଵௌೝ − ଵௌ೙ቁ  (5-5) 

𝐴𝑇𝐹 =  ଵ଴଴଴଺଴×଺଴×଺଴ × (𝑆௥ − 𝑆௡) × (2.2 − 0.0105 × 𝑆௥)  (5-6) 

𝑆௥ 𝑆௡ 𝐵𝐿

T୪ = ൫l௥ + (3 × l௧)൯ × ቀ଺଴ௌೝ − ଺଴ௌ೙ቁ  (5-7) 

T୪ l୰l୲ S୰ S୬



 

 



𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑓(𝑥) = ൫𝑓ଵ(𝑥), … , 𝑓௦(𝑥)൯ 𝑤ℎ𝑒𝑟𝑒 𝑥 ∈  Ω (5-8) 

𝑔௝(𝑥) ≥ 0, 𝑤𝑖𝑡ℎ 𝑗 = 1, … , 𝑚ℎ௜(𝑥) ≥ 0, 𝑤𝑖𝑡ℎ 𝑖 = 𝑚 + 1, … , 𝑚 + 𝑝
𝑥 𝑓(𝑥) 𝑔(𝑥)ℎ(𝑥)



 







 

 



 



€/𝒎𝟐)
𝑡௥) (𝛿)

 €/𝑚ଶ
(𝑡ௗ)

 €/𝑚ଶ
 €/𝑚ଶ

𝐷𝑈𝑅𝑙௥
𝑉𝐴௩ €𝑆௥𝑆௡𝑇𝑀𝐷

𝑃𝐸𝑅

 



 

 

 

 𝑡௜ − 𝑡௝ ≥ 5 𝑦𝑒𝑎𝑟𝑠

 
a)  b)  



 
a) b) 

 
a) b) c) 

 
a) b) c) 



a) b) c) 

a) b) c) 



a) b) c) 

 
a) b) c) 

 
a) b) c) 

 





𝐷𝑈𝑅𝑙௥
𝑉𝐴௩ €𝑆௥𝑆௡𝑇𝑀𝐷𝑃𝐸𝑅

 

 

 

 

 𝑡௜ − 𝑡௝ ≥ 5 𝑦𝑒𝑎𝑟𝑠



 
a) b) c) 

 
a) b) c) 

 
a) b) c) 

 
a) b) c) 



 

 



 





 

 

 

 

 



11.1

18.8

15.3

28.3

12.7

2.8

1.6

6.7

1.9

0.7
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𝑹𝑺 = ∫ 𝑸(𝒕)𝒅𝒕𝒕𝟎ା𝒕𝑹𝒕𝟎   

𝑡଴ 𝑡ோ





Q(t) = Q଴ + F(t t଴⁄ , t଴+ Tୖ )[Qୖ − (Q଴ − L଴)]  

[330]

 Tୖ
 Q଴ L଴ t଴

F(t t଴⁄ , t଴ + Tୖ ୉)

F(t t଴⁄ , t଴ + Tୖ ୉) = (t − t଴)Tୖ I(t଴, t଴ + Tୖ )

Q(t) = Q଴ + F(t t଴⁄ , t଴+ Tୖ )[Qୖ − (Q଴ − L଴)]  [348] [327]

 L଴
θ

β
[347]

F(t θ⁄ , β) = 1β√2π න e[୪୭୥(୶)ି஘]మଶஒమx dx୲
ିஶ

Q(t) = Q଴ + ൜1 − eି஑୲ ൤൬α + β2β ൰ eஒ୲
+ ൬β − α2β ൰ eିஒ୲൨ൠ [Qୖ− (Q଴ − L଴)]

 [330]

 

 L଴ α = ωξ β = ඥξଶ − 1
 ω ξ ξ ≥ 1 ω ≤ 1 ωξ

Q(t) = 1 − L଴eିன୲(1 + ωt)(ξ = 1)𝑓(𝑡|𝜃, 𝛽) = 1𝛽𝑥√2𝜋 𝑒[୪୭୥(௫)ିఏ]మଶఉమ

 



 



a) b) 

 

a) b) 



c) d) 

a) b) 

 

 



L଴ = 1ω = 10L଴ = 1ω = 0.05L଴ = 1θ = 5.0β = 0.27

 
a) b) c) 

 
a) b) c) d) e) 



 

€ 𝑚ଶ

a) b) c) 



a) b) c) 

 
a) b) c) 

 
a) b) c) 



a) b) c) 

a) b) c) 

a) b) c) 

a) b) c) 



 

 



∆𝐶𝑆 = −1 𝐶𝑆 = 5∆𝐶𝑆 = −1

 

 
a) b) c) 



 
a) b) c) 

 

 
a) b) c) 

a) b) c) 



a) b) c) 

 
a) b) c) 



 





 

 



 

 



 
 

a) b) 

 
c) 



𝑚ଶ

𝑓௖௠𝜀௖ଵ𝜀௖௨ 𝑓௖௧௠𝑓௬௠𝜀௦௬)𝜀௦௨)𝐹௬𝐾௘



 

𝑋௜

𝑏௞ = ∑ (∆𝑦௞ 𝑦௠⁄ ) (∆𝑥௞ 𝑥௠⁄ )⁄ . 𝐶𝑉௡௜ୀଵ   (7-1) 

𝑏௞ ∆𝑦௞∆𝑥௞ 𝑥௠ 𝑦௠𝐶𝑉 𝑏௞
(𝑋௜ × 2 + 1)



𝑓௖௠𝑓௖௧௠𝐸௖,௣௜௘௥𝐸௖,ௗ௘௖௞𝛾௖ 𝑓௬𝜀௦௨)𝐴௦ 𝐸௦

𝑓௖௠ 𝑓௬௠

 𝑋 = (𝑓௖௠, 𝐸௖௠,௣௜௘௥, 𝛾, 𝑓௬௠, 𝐴௦, 𝐸௦) 

 
 



 

𝑛௧௛



 



 

 

𝛾ூ 𝑚/𝑠ଶ



 

𝐼஺ 𝑆௔𝑆௔

𝑆௔

 

𝛿௬ 𝛿௨



50 ± 25

𝛿௣௜௘௥ ≤ 0.7𝛿௬ 𝛿௣௜௘௥> min [1.5𝛿௬, ൬13൰ . ൫𝛿௨− 𝛿௬൯]
𝛿௣௜௘௥> min [3.0𝛿௬, ൬23൰ . ൫𝛿௨− 𝛿௬൯]

𝛿௣௜௘௥ > 𝛿௨



 

𝐹𝑟𝑎𝑔𝑖𝑙𝑖𝑡𝑦 = 𝑃(𝐸𝐷𝑃 ≥ 𝐷𝐿𝑆|𝐼𝑀) (7-2) 

𝑃(𝐷𝐿𝑆|𝐼𝑀 = 𝑥) = Φ ቌ𝑙𝑛 ቀ𝑥𝜃ቁ𝛽 ቍ (7-3) 

𝑃(𝐷𝐿𝑆|𝐼𝑀 = 𝑥) 𝐼𝑀 = 𝑥 Φ𝜃 𝛽 ln (𝐼𝑀)
 𝜃෡  𝛽෡

𝑃(𝑛௖  𝑜𝑢𝑡 𝑜𝑓 𝑁௘௩௘௡௧௦|𝐼𝑀 = 𝑥) = ൬𝑁௘௩௘௡௧௦𝑛௖ ൰ 𝑝௡೎(1 − 𝑝௜)ே೐ೡ೐೙೟ೞି௡೎  (7-4) 

𝐼𝑀 = 𝑥

൫ 𝜃෡ ,  𝛽෡ ൯ = arg 𝑚𝑎𝑥  ෍ ൦𝑛௖ ln ൮Φ ቌ𝑙𝑛 ቀ𝑥𝜃ቁ𝛽 ቍ൲ + (𝑁௘௩௘௡௧௦ − 𝑛௖) ln ൮1 − Φ ቌ𝑙𝑛 ቀ𝑥𝜃ቁ𝛽 ቍ൲൪௠
௝ୀଵ  (7-5) 





 𝜽෡  𝜷෡  𝜽෡  𝜷෡  𝜽෡  𝜷෡

 𝜽෡  𝜷෡  𝜽෡  𝜷෡  𝜽෡  𝜷෡

 



𝑚𝑎𝑥௜ୀଵ௡ [𝑃(𝐹௜)] ≤ 𝑃൫𝐹௦௬௦௧௘௠൯ ≤ 1 − ෑ[1 − 𝑃(𝐹௜)]௡
௜ୀଵ  (7-6) 

𝑃(𝐹௜) 𝑃൫𝐹௦௬௦௧௘௠൯

 𝜽෡  𝜷෡  𝜽෡  𝜷෡  𝜽෡  𝜷෡



 

 

𝑇௖௢௥௥ 𝑑௕(𝑡)

𝐴௦(𝑡) 𝐴௦଴5௧௛ 95௧௛



𝜃ௗ𝑥 𝑘௘𝑘௖ 𝐷଴ 𝑘௧𝑡଴
𝐶௖௥

𝐴௖௦
𝜀௖௦ λ ζ

λ ζ

 





 

 𝜽෡  𝜷෡  𝜽෡  𝜷෡  𝜽෡  𝜷෡

 𝜽෡  𝜷෡  𝜽෡  𝜷෡  𝜽෡  𝜷෡



 

 

𝑅𝑖𝑠𝑘 = 𝑝(𝐷𝐿𝑆௜|𝐼𝑀) × 𝐶
 𝑝(𝐷𝐿𝑆௜|𝐼𝑀) 𝐶

 

 





€ c୰ୣୠA୮୧ୣ୰Aୢୣୡ୩

€

€



€. 



 







 



𝑡௥) (𝛿) 3€/𝑚ଶ
(𝑡ௗ) 50€/𝑚ଶ
(𝑡ௗ) 75€/𝑢𝑛𝑖𝑡

𝑡௥) (𝛿) 120€/𝑢𝑛𝑖𝑡
𝑡௥) (𝛿) 126€/𝑚

76€/𝑚ଶ(𝑡ௗ) 2000€/𝑚ଷ

𝐷𝑈𝑅𝑙௥
𝑉𝐴௩ €𝑆௥𝑆௡ 𝑇𝑀𝐷
𝑃𝐸𝑅

𝑙௥ 𝑙௧ 𝑆௥ 𝑆௡𝑇𝑀𝐷 𝑃𝐸𝑅



 

 

 

 𝑡௜ − 𝑡௝ ≥ 2 𝑦𝑒𝑎𝑟𝑠



 

 

 

𝐵𝑒𝑛𝑒𝑓𝑖𝑡௜(%) = ൭1 − ∫ 𝐹𝑟𝑎𝑔𝑖𝑙𝑖𝑡𝑦 𝐶𝑢𝑟𝑣𝑒(𝐼𝑀)௦௖௘௡௔௥௜௢ ௜ூெୀଵ.ହ௚ூெୀ଴∫ 𝐹𝑟𝑎𝑔𝑖𝑙𝑖𝑡𝑦 𝐶𝑢𝑟𝑣𝑒(𝐼𝑀)௜௡௜௧௜௔௟ ௥௜௦௞ூெୀଵ.ହ௚ூெୀ଴ ൱ × 100 (7-8) 

€

 



  

 

  

  

  



  

  

  

 



 



 





 
 







 

 

 

 



 

 

 

 

 





















































 

   
   
   
   
   
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   
   
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   
   

 
 



 
 
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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



    
    
    
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    
    
    
    
    
    
    
    
    
    
    
    
    

 



 𝝀𝒍 𝒊𝒙 𝒊𝒚 𝑳𝒄𝒓,𝒙 𝑳𝒄𝒓,𝒚

 𝑨𝒔 𝝀ത𝒙 𝝀ത𝒚 𝜶𝒙 𝜶𝒚

𝝓𝒔𝒙 𝝓𝒔𝒚 𝝌𝒙 𝝌𝒚 𝝌
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