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݄௠௡ାଵ ൌ ݄௠௡ ൅ ௠ܲ௡ାଵ ∙ Δ݄௡തതതതത
݄௠ m௠ܲ mΔ݄തതതത݊

Δ݄തതതത௡



Δߑ௔Δߑ௔ሺܶሻ ൌ ߑ ோమ ሺܶሻ െ ߑ ோమ ሺ ଴ܶሻ
ൌ െߑோమሺ ଴ܶሻ ஶ݇ஶ݇߂ ሺܶሻ1 ൅ ஶ݇ஶ݇߂ ሺܶሻ െ ோଵߑ௙ଵߑߥ ݇ஶ ሺ ଴ܶሻΔ݇ஶ݇ஶ ሺܶሻ ൌ ௗ௢௣ܥ ൈ ൫√ܶ െ ඥ ଴ܶ൯

௱௞ಮ௞ಮ ሺܶሻߑ ோమ ሺܶሻܥௗ௢௣
Δߑ௔

௠ܲ
௠ܲ௡ାଵ



Δ݄തതതത௡
ݐ݀ܰ݀ ሺݐሻ ൌ ߉1 ൬݇ െ 1݇ െ ሻݐ൰ܰሺߚ ൅ ෍ߣ௜଺

௜ୀଵ ሻݐ௜ሺܥ
ݐ௜݀ܥ݀ ሺݐሻ ൌ ߉1 ሻݐ௜ܰሺߚ െ ሻݐ௜ሺܥ௜ߣ

ܲሺݐሻ ൌ ܣ ൈ ܰሺݐሻ

݀ ത݄݀ݐ ሺݐሻ ൌ ሻݐሺܲሺܤ െ ܲሺ0ሻሻ
ܰሺݐሻܲሺݐሻ݇ܣሺݐሻܥ௜ሺݐሻ iത݄ሺݐሻΛߚ௜ iߣߚ௜ i݅ܤ ݅ ൌ 1~6

൭ൌ෍ߚ௜଺
௜ୀଵ ൱



݇
݄௡തതത ݄௡തതത ൅ Δ݄௡Δ݇௖, ݇௦

݇ሺݐሻ ൌ ݇ሺ0ሻ ൅ Δ݇௖ሺݐሻ ൅ Δ݇௦ሺݐ െ ௦ሻݐ ൅ Δ݇஽ሺݐሻ
Δ݇݇ሺݐሻ ݇ሺ0ሻ ൌ 1.0Δ݇௖ሺݐሻΔ݇௦ሺݐ െ ሻݐ௦ሻΔk஽ሺݐ

Δk஽ሺݐሻ ത݄ሺݐሻ
Δ݇஽ሺݐሻ ൌ ቊߣ௡ ൅ ሺߣ௡ାଵ െ ሻݐ௡ሻ൫ത݄ሺߣ െ ത݄௡൯Δ݄തതതത௡ ቋߣ଴ െ 1.0
௡ߣ଴ߣ



݄௠௙ ൌ ݄௠௡ ൅ ቊ ௠ܲ௡ ൅ ሺ ௠ܲ௡ାଵ െ ௠ܲ௡ሻΔ݄തതതത௙Δ݄തതതത௡ ቋΔ݄തതതത௙
݂݊
Δ݄തതതത௙ ഥ݄ ௙ െ ഥ݄௡݉
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᭢᭕᭢᭠ ൅ ᭢᭡̅᭢ݐ ൌ 0	
᭡᭮᭮ ᭢᭖᭢ݐ ൅ ᭕ ᭢᭖᭢᭠ ൌ ᭗ሺ᭠, 	ሻݐ
᭢ܲ᭢᭠ ൅ ᭢᭢᭠ ሺ᭕ଶ᭞᭮ሻ ൅ ᭢᭕᭢ݐ ൅ ሺ݂ ᭡௟⁄ ሻ᭕ଶ2ܦ᭦ ൅ ᭡̅᭚ ൌ 0	

᭡̅ ᭡᭮᭮ ᭞᭮᭡̅ ൌ ᭡௙ሺ1 െ ᭘ሻ ൅ ᭡᭨ ∙ ᭘᭡᭮᭮ ൌ ᭬᭡௙᭟ ൅ ᭡᭨ሺ1 െ ᭟ሻ᭭ ݀᭘݀᭟᭞᭮ ൌ ᭞௙ ሺ1 െ ᭟ሻଶ1 െ ᭘ ൅ ᭞᭨ ᭟ଶ᭘
᭕᭡᭖᭗ሺ᭠, 	ሻݐ
᭚ܲ᭞݂
᭦᭘᭟ܦ
᭛



᭚݂

௖ܶ ൌ ᭪ܶ ൅ ᭜݄᭪݄᭪݄᭪ ൌ 0.023᭘᭙଴.᭤ܲ᭝଴.᭣ ݇௟ܦ᭦

௖ܶ ൌ ௦ܶ௔᭩ ൅ 0.79᭙᭥ ᭧଺.ଶൈଵ଴᭫ሺ᭜ሻଵ ᭣⁄

௖ܶ ൌ ᭪ܶ ൅ ᭜݄᭪



hw
݄᭪ ൌ ݄௖௢௡ሺ1 ൅ 0.025Δ ௦ܶᮀ᭿ሻ ൅ ݂᭹ሺ ᭼ܶ ൅ ௦ܶ௔᭩ሻሺ ᭼ܶଶ ൅ ௦ܶ௔᭩ଶ ሻ
݄௖௢௡ ൌ 0.943 ᮈ݇ଷᮁ ∙ ᭡ᮁ ∙ ሺ᭡௙ െ ᭡ᮁሻ ∙ ௙݄ᮁ ∙ ᭚᭷ ∙ ᭸ᮁ ∙ ሺ ᭼ܶ െ ௦ܶ௔᭩ሻ ᮉ଴.ଶ᭺
௙ᮁ ≡ ௙᭨ ൅ ᭧ᮂሺܥ0.34 ᭼ܶ െ ௦ܶ௔᭩ሻ
௖ܶܶ᭪ܶ௦௔᭩Δ ௦ܶᮀ᭿ ௦ܶ௔᭩ െ ௟݄ܶ᭪݄௖௢௡ܦ᭦ܲ݇
᭡᭸ᮁܥ௣ᮁ᭚᭜݄௙᭨௙݄ᮁ
᭹݂L᭘᭙	 :ܲ᭝	 :

᭛



᭞݂
᭚





᭜᭻᭾ ൌ ᭜᭻᭾᭾ ∙ ᮆ1 ൅ 0.065 ൈ ൫᭡௟ ᭡᭨⁄ ൯଴.᭤ ∙ ௣௟ܥ ∙ Δ ௦ܶᮀ᭿ ௙݄᭨⁄ ᮇ
᭜᭻᭾᭾ ൌ 0.012 ∙ ᭡᭨ ∙ ௙݄᭨ ∙ ᭬൫᭡௟ െ ᭡᭨൯ ᭡᭨ᮃ ᭭଴.଺
᭜᭻᭾᭜᭻᭾᭾᭡௟᭡᭨ܥ௣௟Δ ௦ܶᮀ᭿௙݄᭨



1᭝ ᭢᭢᭝ ᮄ᭝᭶᭽ሺܶሻ ∙ ᭢ܶ᭢᭝ᮅ ൌ ᭡᭽ܥ᭽ሺܶሻ ᭢᭢ܶݐ െ ᭗᭽ሺݐሻ
ᮄ᭶᭽ ∙ ᭢ܶ᭢᭝ᮅ ൌ ݄᭨ ∙ Δ ᭨ܶ௔௣

1᭝ ᭢᭢᭝ ᮄ᭝᭶௖ሺܶሻ ∙ ᭢ܶ᭢᭝ᮅ ൌ ᭡௖ ∙ ௖ሺܶሻܥ ᭢᭢ܶݐ



᭶᭽ሺܶሻ᭶௖ሺܶሻ᭡᭽᭡௖ܥ᭽ሺܶሻܥ௖ሺܶሻ᭗᭽ሺݐሻ݄᭨Δ ᭨ܶ௔௣



݄᭨
݄᭨ ൌ ݄௦ ൅ ௙݄ ൅ ݄ᮌ݄௦௙݄݄ᮌ݄௦, ௙݄, ݄ᮌ݄௦ ൌ ᭶௠ ௖ܲܣ ∙ ᭖ ∙ ᭘ଵଶ

௙݄ ൌ ᭶௙ܥሺ᭘ଵ ൅ ᭘ଶሻ ൅ ሺ᭚ଵ ൅ ᭚ଶሻ ൅ ᮌ݄ܦ ൌ ᭹᭻ሺ ௦ܶ᭣ െ ௖ܶ᭣ሻ᭕௙௔௖᭩ሺ ௦ܶ െ ௖ܶሻ
᭶௠ ൌ 2 ∙ ᭶ᮊ᭾మ ∙ ᭶ᮋᮌ ൫᭶ᮊ᭾మ ൅ ᭶ᮋᮌ൯⁄᭘ ൌ ᮎሺ᭘ଵଶ ൅ ᭘ଶଶሻ 2⁄ ᮏଵ ଶ⁄
᭶௠᭶ᮊ᭾మ᭶ᮍᮌ᭶௙௖ܲ᭘ଵ, ᭘ଶ᭘᭖ܥܣ᭚ଵ ൅ ᭚ଶܦ᭹᭻᭕௙௔௖᭩௦ܶ, ௖ܶ











































ᮓଶଷ᭤ሺܶሻ ൌ ሺᮓଶଷ᭤ሺ ଴ܶሻ െ ᮖሻᮗ1 ൅ ܶ√൫ߚ െ ඥ ଴ܶ൯ᮘ ൅ ᮖ

ᮓଶଷ᭤ሺ ଴ܶሻ ൌ ᮚ4.15 ൅ 26.6ᮙ
ᮕ᭽
ᮔ᭽

ᮛ ൅ ᮖ

ߚ ൌ 10᭥ଶ ൬0.58 ൅ 0.5 ∙
ᮕ᭽
ᮔ᭽

൰

ᮓଶଷ᭤ሺTሻ
ܶ

଴ܶ ଴ܶ ൌ 293ሺKሻ
ᮖ
ᮕ᭽
ᮔ᭽

ߚ

ᮓଶଷ᭤ሺTሻ



ᮓଶଷ᭤ሺ ଴ܶሻ
ߚ ᮓଶଷ᭤ሺ ଴ܶሻ ൈ ߚ ൫2√ܶ൯ᮃ

ᮓଶଷ᭤ሺ ଴ܶሻ ൈ ߚ ൫2√ܶ൯ᮃ















ሺ1pcm ൌ 10᭥᭺Δk/kሻ










































