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1  

 

1.1  

1.1.1  

ⱨ□▬♫fi☻─ ≢│ ♥◐☻♩╩ ∆╢≤⅝⌐│ ─ ⌐⅔™≡ꜞ☻◒≤

│ ⅛∑⌂™ ─ ≈≢№╢ √≤ⅎ┌ ▪♫ꜞ☻♩ ─ ∆╢♥◐

☻♩[1][2]≢╙ ⌐ ∫≡™╢ ─ ⌐⅔™≡ Von Neumann ≤ Morgenstern[3][4]

⌐╟╢ ≢│ ⌂ ⅜ ∆╢ ─ ⌐⅔™≡

─ ╩ ╢√╘⌐ ∆╢↓≤⅜ ↕╣≡™╢ 1964 ⌐ William Sharpe │

⸗♦ꜟ(CAPM: Capital Pricing Model)[5]⌐╟╡ 1959 ⌐ Markowitz ⅜

⸗♦ꜟ[6]⌐╟╡ ⌂ ⌐⅔™≡ ⌐ ∆╢ ⅜ ≤ ⱳכ♩ⱨ◊

ꜞ○─ ∑⌐╟∫≡ ⌂ⱳכ♩ⱨ◊ꜞ○╩ ≢⅝╢↓≤╩ ⇔≡™╢ ∆⌂╦∟

∆═≡─ ─ ≤ ⅜ ∆╢ ≢│ │ ⇔≡⅔╡ⱴה♩♇◔כⱳכ♩

ⱨ◊ꜞ○│ ⱳכ♩ⱨ◊ꜞ○≢⌂↑╣┌⌂╠⌂™↓≤╩ ⇔≡™╢ [7][8] William 

Sharpe ╛ Markowitz ╠─ ⅎ │ ≢╙ ⱳכ♩ⱨ◊ꜞ○ ⌐⅔™≡ ╙

≢№╢≤ ⌐ ₁─ ─ ≤⌂╡ ↄ ↕╣≡™╢[9][10] ↓─ ⅎ │ ⱬ

fi♅ⱴכ◒⌐⌂╢ⱴכ◔♇♩≤ ─Ɽⱨ◊כⱴfi☻╩ ℮▬fi♦♇◒☻ ╩ ⇔

√ [11][12]┼≤ ↄ⅜ ⅜ ⅛ ⅛│ ∞ │≈™≡™⌂™[1][2]  

≢ ▬fi♦♇◒☻ ⅜ⱬfi♅ⱴכ◒≤ ─ ╩ ∆─⌐ ⇔≡ ▪◒♥

▫Ⱪ │ⱬfi♅ⱴכ◒╩ ╢ ╩ ∆ ─↓≤╩™℮[1][2] ⌂▪◒♥▫

Ⱪ ≢│ TOPIX ⌂≥╩ⱬfi♅ⱴכ◒≤⇔≡ ═╢↓≤⅜ ™╟℮∞⅜ ≢│Ⱬ♇

☺ⱨ□fi♪─╟℮⌐ ╩ ∆╢▪◒♥▫Ⱪ ╙ ∆╢ ↓─ │

⅜ⱬfi♅ⱴכ◒─ ╩ √⇔ ∆╢↓≤⌐⌂╢  

▬fi♦♇◒☻ ─ ⅜ ◖☻♩≢ⱬfi♅ⱴכ◒≤ ─Ɽⱨ◊כⱴfi☻╩ ∆╢

─⌐ ⇔ ▪◒♥▫Ⱪ ─ │ ה ה ⌂≥─ ◖☻♩╩ ⌐

⇔≈≈╙ ≤™℮ ╩ ∆╢↓≤≢№╢ ⇔⅛⇔ ─ ╩

≤⇔√≤⅝ ⌐ ╩ ∆╢↓≤│ ≤╙ ╦╣≡™╢ ↓─↓≤│

▪♫ꜞ☻♩ ─₈ ה и₉[2]≢╙ ⌐⅔™≡ ▪◒♥▫Ⱪ

─Ɽⱨ◊כⱴfi☻│ ⱬfi♅ⱴכ◒╩ ╢─⅛ ⅛│ ⅛≢│⌂™↓≤⅜ ↕╣≡™╢

≢╙ 1969 ─ Jensen ─ [13]─╟℮⌐▪◒♥▫Ⱪ ─ ⌂Ɽⱨ◊כⱴfi☻
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│ⱬfi♅ⱴכ◒╩ ╢↓≤⅜≢⅝⌂⅛∫√≤™℮ ⅜ ↕╣≡™╢ ↓─

╟℮⌂ │ ↄ ∆╢[2] ∆⌂╦∟ ▪◒♥▫Ⱪ ─Ɽⱨ◊כⱴfi☻╩

∆╢√╘⌐│ ⌐ ⇔≡ ⌐ ⇔√ ⅜ ⌂ ≤╙ ⅎ╠╣╢  

⌐▪◒♥▫Ⱪ ─ ⌐≈™≡ Charles D. Ellis[14][15]│ ₈ ≢ⱶ₉כ◕─

─╟℮⌐ ⇔≡™╢  

₈ ─ ⅜ ╟╡╙ ™ ╩№→╠╣╢≤™℮ │ ⇔ↄ⌂

™ ⌂−⌂╠ ∕─╙─⅜ ⌂─∞⅛╠ ≤⇔≡│

⌐ ∟ ≈↓≤⅜≢⅝⌂™ ∕─ ╛ ∕─ ─◖☻♩╩ ╦⌂↑

╣┌⌂╠∏ ™ ≢ ≡ ─ 75%─ │ ╩ ╢∞╤℮[15] ₉ 

↓─╟℮⌐ ⅎ╢≤ ⌐⅔™≡ ⅛∫√ ≤⌂╢ ─Ɽⱨ◊כⱴfi☻⌐

⇔⅜∟∞⅜ ╕≢ ∆╢≤ ╩ ≤∆╢ ─ │≥─╟℮⌂╙

─≢№╤℮⅛  

↓─√╘ ⅜ ⌂ ╩ ∆╢≤ ⌐⅔↑╢ ─Ɽⱨ◊כⱴfi☻

⅜≥─ ⅛ ⌐ ╙╢↓≤│ ↕╣⌂↑╣┌⌂╠⌂™ ↓─╟℮⌂ ⌐⅔

™≡ ⌂▪◒♥▫Ⱪ [16][17][18]│ ⱳכ♩ⱨ◊ꜞ○ ─ ≢ ⌐ ↑╠

╣≡™╢[16][17] ─ ⌐ ╩ ↄ ⱳכ♩ⱨ◊ꜞ○ ≢│ ▪◒♥▫Ⱪ

│ ⌐ ™ ⌐№╢⅛╠≢№╢  

 ≤↓╤≢ ⱳכ♩ⱨ◊ꜞ○ ⅜ ≤⇔≡⅝√ ─ ≤ ─

⌐≈™≡ Kahneman ≤ Tversky[19][20]│ ╩ ⅎ≡™╢ ∆⌂╦∟ Kahneman ≤

Tversky[19][20]⅜ ⇔√ ⱨ□▬♫fi☻[21]⌐⅔↑╢ⱪ꜡☻Ɑ◒♩ [19][20][21][22]⅜ ≢

│ ↕╣≡™╢ ⇔⅛⇔⌂⅜╠ ⅜ ╛ ╩ ╘┌ ≥↓╤⅛ ⌐

⅛⌂∫√ ╩∆╢↓≤╙ ↄ ≢╙ ⱨ□▬♫fi☻─ ╩ ∆╕≢⌐│ ∫

≡™⌂™[23] ⌐╙⅛⅛╦╠∏ Kahneman ≤ Tversky │ ⌐ ∆╢ꜞ☻◒ ⌂ ≤

⌐ ∆╢ꜞ☻◒ ⌂ ⌐≈™≡ ≤⇔≡ 2 ─═⅝ ⌐╟╡⸗♦ꜟ

⇔≡™╢↓≤│ ≢№╢[19][20] ↕╠⌐ ∕─ │ ─ ⅜ ⅝™↓≤╩ ⇔

≡™╢↓≤╙ ™  

 ≢ ⌐ ⌐ ≈▪◒♥▫Ⱪ │ √⇔≡ ∆╢⅛│ ≤⇔≡╙

Ellis[14][15]│ ⌐⅛⅛╢◖☻♩╩ ╠∆ ╩ ⇔≡™╢ ↓─╟℮⌐ │▪

◒♥▫Ⱪ ─Ɽⱨ◊כⱴfi☻⌐⅔™≡ ≢⅝⌂™ ≢№╢⌐╙⅛⅛╦╠∏

⌐│ ─ │ ╩ ╘⌂™ ⅜ ╢ ─ ╛ │ ⌐ⱬfi♅
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ⱴכ◒╟╡╙ ⌐⅛⅛╢◖☻♩╩ ╘≡ ╩ ╢↓≤⅜≢⅝√⅛ ≥─ ─

╩ ╘√─⅛⅜ ─ ≤⌂╢  

 ╕√ ⌐⅛⅛╢◖☻♩╩ ⇔√Ɽⱨ◊כⱴfi☻ │ ꜞ☻◒╩ ⌐ ∆

╛ ─▪◒♥▫Ⱪ ─ ⌐╙ ≈[24] ↓─√╘ ↄ⌂™ ⌐⅔™≡▪

◒♥▫Ⱪ ─ ⌐│↓─╟℮⌂ ─ ⅝╛ ─ ─ ╙ ⌂ ≢№

╢  

 ╩╙≤⌐ ╕∏ 1.1.2 ⌐⅔™≡ ─ⱨ□▬♫fi☻⌐ ╢╕≢─ ⌐≈™

≡╕≤╘ 1.1.3 ≢│▪◒♥▫Ⱪ ─Ɽⱨ◊כⱴfi☻ ⌐ ⅛∑⌂™▬fiⱨ◊ⱷכ◦ꜛ

fiה꜠◦○⌐≈™≡ ⌐ ∆╢ ∕─ 1.1.4 ≢ ⌐⅔™≡ ⌂ ⌐≈™

≡ ◖☻♩≤ ─ ™╩ ⇔ ≢ ™╢ ─⸗♦ꜟ─ ╖╩ ∆

↕╠⌐ 1.2 ≢ ─ ╩ ⌐⇔≡ 1.3 ≢∕─ ─ ╩ ∆  

 

1.1.2  

 ─ 1.1.1 ≢│ ⱨ□▬♫fi☻─ ≤▪◒♥▫Ⱪ ⌐⅔↑╢ ⌐≈™

≡ ⇔√ ≢│ ⱨ□▬♫fi☻⌐⅔↑╢ ⌐ ∑∏ ≢ ⌂ ─

⌐≈™≡ ℮ ⌐ ═⅝ ─ ⌐ ∆╢ ╩ ⇔≡™╢  

ꜞ☻◒1⌐⅔↑╢ [24]╩ ↄ≤ ꜞ☻◒─ ─ ≤ ╦╣╢ 1494 ⌐ Pacioli

⅜₈ ⅔╟┘ 2₉─ ≢ balla( ╩(ⱶכ◕⌂ ∫√─⌐ ╕╡ 1500

⌐₈◑ꜗfiⱩꜟ─ ─ │ ∕╣╩╛╠⌂™↓≤≢ ╠╣╢[24] ₉─ ╩ ⇔√

Cardano │ ⌐≈™≡₈ ─ⱶכ◕─ 3₉╩ ⇔≡◑ꜗfiⱩꜟ─ ╩

╕≤╘╟℮≤ ╖≡™╢[24] ∕─ 1600 ⌐ Pascal ≤ Fermat │ ╙─ ╩ ∂

─ⱶכ◕≡ ⌐ ╩ ⇔√ ⌐≈™≡ ╪≢™╢[24] ↕╠⌐ ◑ꜗfiⱩꜟ⌐⅔

↑╢ ⅜ ╢ ≤⇔≡│ 1738 ⌐ ↕╣√ Daniel Bernoulli ⌐╟╢ St. 

Petersburg ─Ɽꜝ♪♇◒☻⅜ ↕╣≡™╢[24][25] ↓─ │◖▬fi →⌐╟╢ ─

╩ ⇔ ⱪ꜠▬ꜘכ≤ ─ ╩ ⌐ ⇔√╙─≢№╢ ⅜ ⌐⌂

╢ ∞⅜ Daniel Bernoulli │ ─ ╩ ⇔√ ∕─ ─ 1728 ⌐╙

                                                      

1 │ Peter L. Bernstein, “Against the Gods: The Remarkable Story of Risk”, Wiley, 1998. 

2 │ “Summa de Arithmetica, Geometria, Proportioni et Proportionalita”, 1494. 

3 │ ”Liber de ludo aleae”, 1560. (1663 ⌐ ) 
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Gabriel Cramer │↓─ ⌐ ⇔≡ Nicolaus I Bernoulli ┼─ ≢ ╩ ™≡⅔╡ ═

⅝ ─ ╩ ⇔≡™╢[25] ∕─ ╩ ≡ 1957 ⌐ Stevens[26][27]⅜ ─

╛ │ ═⅝ ⅜ ↄ№≡│╕╢↓≤╩ ⇔≡™╢ Von Neumann ≤ Morgenstern[3][4]

─ ⌐╟╡ ─ ⌐ ∆╢ ╛ⱨ□▬♫fi☻─ ≢╙

│ ↕╣╢↓≤≤⌂╢ √≤ⅎ┌ ⱨ□▬♫fi☻─ ≢│ ὡ ╩ ≤∆╢≤

⅝ 

 

2  Ὗ ὡ ὡ ‍ὡ π ‍
ρ

ςὡ
 (1.1)

 Ὗ ὡ ρ Ὡ ‍ π  (1.2)

 Ὗ ὡ ÌÏÇ ὡ (1.3)

═⅝  Ὗ ὡ ὡ π ‍ ρ  (1.4)

 

─ ⅜ ↕╣≡™╢[28][1]  

∕─ ═⅝ │ 1979 ⌐ ─ ⌐ ╩ ⅎ√ Kahneman ≤ Tversky ─ⱪ꜡

☻Ɑ◒♩ [19][20]≢╙ ─ 1991 ⌐═⅝ ╩ [20]⌐ ™≡™╢↓≤⅛╠

⌂ ╩ √⇔≡™╢  

 ≤↓╤≢ (1.1)⅛╠ (1.4)─℮∟ ═⅝ ≤ ⌐ ∆╢ ⅎ │ ↄ⅛╠

≤ ≤─ ╩ ∆╢ ( ≤╙ ┌╣╢)[29]≢╙ ↕╣

≡⅝√ ⌐ 1860 ⌐ Fecher ⅜  Ὅ ╩ ™≡ Weber ─ ⇔√ ῳὍȾὍ=const.╩╙

≤⌐ 

 

 ὨὛ Ὧ
ὨὍ
Ὅ

 (1.5)

 

╟╡ 

 

 Ὓ Ὧ ÌÏÇ
Ὅ
Ὅ

 (1.6)

 

≤∆╢ ─ ╩ ⇔≡™╢[29] ↓↓⌐  Ὅ  │ ↕╣√ ≢№╢

↓─ ⅎ │ Daniel Bernoulli ≤ ∂ ╩ ⇔≡™╢ ≢╙ ™≤™ⅎ╢  

≢ ∂ ─ ⌐⅔™≡ Stevens │ Fechner ≤│ ⌂╢ ╩ ⇔≡™╢
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[26] Stevens │ 1957 ─ [26]≤ 1975 ⌐ [27]─ ≢ ─ ⌐ ∆╢ ⌐

⅔™≡ Cramer ─ ⌐╟╢═⅝ [25]╩ ⇔≡ 

 

 ‪ ὯὍ  (1.7)

 

╩ ⇔≡™╢[26] [27] ↓↓⌐  Ὅ │  ‪ │ ≤∕╣⌐╟╢ ─ ↕╩

↑╢  ‍ │ ─ ⌐╟╡ ╕╢  k │ ─ ≤ ∆╢

⌐╟∫≡ ╕╢ ≢№╢ ⌐ ─ ╩ ™≡ 

 

 ÌÏÇ ‪ ‍ ÌÏÇ Ὅ ÌÏÇ Ὧ (1.8)

 

─╟℮⌐ ‍ ╩ ⅝≤∆╢ ≤⇔≡ ≢⅝╢─≢ ═⅝ ─ ⌐⅔™≡ ≤

⇔≡╙ ≈[27] (1.8)╩ ™≡ ⌐╟╡ ╕≢⌐ ↄ─↓≤⅜ ⌐

↕╣≡™╢√╘ (1.7)│ Stevens ─═⅝ ≤ ┌╣≡™╢[29]  

∕↓≢ ─ ⅎ ╩╕≤╘╢≤ 1.1 ⌐ ∆╟℮⌐ ╩ ↄ↓≤⅜ ≤⌂

╢ 1.1(a)≢│ ─ ≤⌂╢ Bernoulli ─ ⅎ ─ [27]╩ 1.1(b)≢│

╩ ≤⇔√═⅝ ─ ╩ ∆ Cramer ─ ⅎ ─ [24]╩ 1.1(c)≢│

╩╙≤⌐ ─ ⅎ ─ ╩╕≤╘√ Stevens ─ ⅎ ─ [26][27]╩ ⇔≡™╢

1.1(a)≤ 1.1(b)≢│ Ὧ ─ ╩ ↕∑╢↓≤≢ ╩ ™≡™╢⅜ 1.1(c)

≢│ Ὧ ╩ ≤⇔≡  ‍ ─ ⌐╟╡ ™≡™╢ ↓─√╘ │≢

⅝⌂™⅜ 1.1(c)≢│ 1.1(b)─ ⅝╩ ⇔√ ╩ ↄ↓≤╙ ≢№╢ ⇔√⅜

∫≡ Stevens │ 1.1(a)─ ╟╡╙ 1.1(c)─═⅝ ⌐╟╢ │ ╣≡™╢≤

⇔≡™╢↓≤⅜╦⅛╢ ╕√ Stevens ⌐╟╡ ↕╣√ (1.8)≢ ∫≡™╢

─ ╩ ∆╢√╘⌐ 1.2 ≤⇔≡ 1.1 ≤ ∂ ─ ╩ ⇔≡™╢  
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(a) Bernoulli ─ ⅎ ─ [27]   (b) Cramer ─ ⅎ ─ [27] 

 

  

(c) Stevens ─ ⅎ ─ [26][27]   (d) (a)(b)(c)╩ ⌡√  

1.1 ─ ⅎ ─  

 

 

∆⌂╦∟ 1.2(a)≢│ ─ ≤⌂╢ Bernoulli ─ ⅎ ─ ╩ 1.2(b)≢│

╩ ≤⇔√═⅝ ─ ╩ ∆ Cramer ─ ⅎ ─ ╩ 1.2(c)≢│

╩╙≤⌐ ─ ⅎ ─ ╩╕≤╘√ Stevens ─ ⅎ ─ [26][27]╩ ⇔≡™

╢ 1.1 ≤ ⌐ ─√╘ 1.2(a)≤ 1.2(b)≢│  Ὧ ─ ╩ ↕∑╢↓≤≢

╩ ™≡™╢ 1.2(c)≢│ Ὧ ╩ ≤⇔≡  ‍ ─ ⌐╟╡ ™

≡™╢ ↓─√╘ 1.1 ≤ ⌐ │≢⅝⌂™⅜ 1.2(c)≢│ 1.2(b)─ ⅝≤

⇔√ ╩ ↄ↓≤⅜ ≢№╢ 1.2 ─ ╟╡ ═⅝ ⌐╟╢ │

⌐⅔™≡ ╩ ∆√╘ ™╙ ≢ ⌐⅔™≡ ⌐ ⌂

╩ ⇔≡™╢  
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(a) Bernoulli ─ ⅎ ─    (b) Cramer ─ ⅎ ─  

 

  

(c) Stevens ─ ⅎ ─ [27]   (d) (a)(b)(c)╩ ⌡√  

1.2 ⌐╟╢ ─ ⅎ ─  

 

 

≤↓╤≢ 1.1 ⌐ ⇔≡ Stevens │ St. Petersburg ─Ɽꜝ♪♇◒☻─ [25]≢№╢ 

 

 %6 ς ẗ ς

ρ
ρ
ς

ς
ρ
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τ
ρ
ψ

Ễ

ρ
ς
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ς

ρ
ς

Ễ

Њ 

(1.9)

 

─╟℮⌐ ─ ≤ ∆╢ ⌐⅔™≡ 1.1(a)⌐ ∆╟℮⌐ Daniel Bernoulli

─ ⌐╟╢ [27] 
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─ ╛ 1.1(b)⌐ ∆╟℮⌐ Daniel Bernoulli ─ ─ ≢ ↕╣╢ Gabriel Cramer ─

⌐╟╢═⅝ ≢№╢ [27] 

 

 Ὗ ὯὈ Ȣ  (1.11)

 

⌐≈™≡ ⇔√⅜ ─ ≢│ 1959 ⌐ Luce ⅜ [30][31] 

 

 ό ὯὍ ὑ Ὧ ό Ὅ ὅ Ὧ Ὧ πȟ ὑ Ὧ π (1.12)

 

╩ ™≡ (1.12)╩ √∆  ό Ὅ  │ ─ 2 ≈─ ⇔⅛№╡ⅎ⌂™↓≤╩

⇔≡™╢[30][31] ∆⌂╦∟ 

 

 ό Ὅ ὥ ÌÏÇ Ὅ ‍ (1.13)

 

╙⇔ↄ│ 

 

 ό Ὅ ὥὍ  (1.14)

 

≢№╢[30][31] ↓╣╠─ ╙╕√ ≢ ℮ⱨ□▬♫fi☻╛ [30]─

⌐⅔™≡ ─ ╩ ⌐ ∆╢√╘⌐ ⌂ ∞≤ ⅎ╢  

 ╕√ ⌐ Luce │═⅝ ─ ╩ ™≡ ≢╙ ⌂ ⅜ ─

╕≢ ↕╣√  

 

 Ὗ ὼ
      ‌ὼ ȟ ὼ πȟ ‌ πȟ ‍ π

‌ ὼ ȟ ὼ πȟ ‌ᴂ πȟ ‍ᴂ π
 (1.15)

 

╩ 2014 ─ [32]─ ≢ ⇔≡™╢ (1.15)│ⱪ꜡☻Ɑ◒♩ ╩ ╗ ╕≢ ↕

╣≡™╢ (1.15)─ ≤╙™ⅎ╢ Kahneman ≤ Tversky ⌐╟╢ ⱪ꜡☻Ɑ◒♩ [20]

≢│ (1.15)─ ⌐ ─ ⅝↕⅜ ⅎ╢▬fiⱤ◒♩│ ╩ ╢╟╡╙ ⅜№

╢↓≤ ⇔≡ ⌐ ɻ ρȢπ , ɻ ςȢςυ , ‍ ‍ πȢψψ ╩ ⇔≡™╢[20] St. 
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Petersburg ─Ɽꜝ♪♇◒☻≤ⱪ꜡☻Ɑ◒♩ ─ ⌐≈™≡│ 2005 ⌐ Blavatskyy [34]

2006 ⌐ Oliver ≤ Wang[35]≢╙ ═╠╣≡™╢ ≢ 2011 ⌐ Peters[36]│ St. Petersburg

─Ɽꜝ♪♇◒☻─ ↑⌐⅔↑╢ ⌐≈™≡╙ ⇔≡⅔╡ ⌂╢▪ⱪ꜡כ♅⌐╙

⅛⅛╦╠∏ Daniel Bernoulli ─ ≤╙ ─ ⅜№╢ ╕√ St. Petersburg ─Ɽꜝ♪

♇◒☻⌐ ∆╢ ≢│ Menger ─ 4⅜ Daniel Bernoulli ─ ⌐ ⇔≡™╢

[37][38]  

 1.3 ⌐│ (1.15)╩╙≤⌐ Kahneman ≤ Tversky ─ ─ ╩ ⇔≡™╢

⌐ ─⸗♦ꜟ╩ ⇔≡╙ ─ ⅝↕│ ╩ ╢ ⅝↕╟╡∕─ ⅜ ⅝™≤

ⅎ╢ ↓─√╘ ═⅝ ─ │ ⌡ 1.3 ≤ ─ ╩ ∆≤ ⅎ╠╣╢ ≤↓

╤≢ 1.3 ─╟℮⌐ ⌐≈™≡ ─ ╕≢ ⇔√ │ ⱪ꜡☻Ɑ◒♩

╟╡╙ ↄ 1957 ⌐ Devidson Suppes Siegel ╠⌐╟╢ 5─ [29]⅜№╢ ↓─

⅜ⱪ꜡☻Ɑ◒♩ ≤ ─ ╩ ⇔≡™╢↓≤│ ≢№╢ ╕√ 1952 ⌐

Markowitz[39]╙ⱨ□▬♫fi☻≢│ ╘≡ ─ ─ ╕≢╩ ⇔ ─

─ ╩ ⇔≡™╢ Markowitz ─ ⌐≈™≡│ Kahneman ≤ Tversky ╙╕√

⇔≡™╢[20] ↕╠⌐ Fishburn ≤ Kochenberber ╙ ─ ╕≢ ═⅝

╩ ⌐ ≡│╘≡ ⇔≡™╢[135] ≢╙ (1.15)─ ≤ ∂ ⌐

⇔≡™╢  

 ≢ ═⅝ ⌐≈™≡ ⇔√⅜ 1.1.3 ≢│ ⌐⅔™≡╙℮ ≈─ ⌂

≢№╢▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○⌐≈™≡ ⌐ ∆╢  

 

                                                      

4 │ Menger, Karl., “Das unsicherheitsmoment in der wertlehre”, Journal of Economics, 

Vol. 5, No. 4, pp. 459-485, 1934. 

5 │ Davidson, D., Suppes, P. and Siegel, S. “Decision Making: An Experimental 

approach”, Stanford University Press, 1957. 
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1.3 ⱪ꜡☻Ɑ◒♩─ ─ [22] 

 

 

1.1.3  

 ▪◒♥▫Ⱪ ─ ≢ ⱨ□fi♪הⱴⱠ☺ꜗכ─Ɽⱨ◊כⱴfi☻ ⌐│ ▬fiⱨ◊ⱷ

⅜○◦꜠הfiꜛ◦כ ™╠╣≡™╢[16][17][18] ↓─√╘ ▪♫ꜞ☻♩ ≢╙ 2003

⌐₈ ≤▬fiⱨ◊ⱷכ◦ꜛfi₉○◦꜠ה─ ╩ ╪≢™╢[40] ∕↓≢

≢│ ─ 4 ≢ ⌂ ╩ √∆▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○─ ⌐≈™≡

⌐ ∆╢  

 ╕∏ ⌐⅔↑╢▪◒♥▫Ⱪ ⌐⅔™≡ ⌂ ╩ √∆▬fiⱨ◊ⱷכ◦ꜛfiה

꜠◦○≢│№╢⅜ ∕─ ⌐≈™≡  [41]│ ─╟℮⌐ ⇔≡™╢  

₈ⱨ□▬♫fi☻─ ⌐⅔™≡▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○( ≢│ IR ≤╙ ∆

╢ )≤│ │ Treynor ≤ Black[39]─ (appraisal ratio)≢№∫√ ⇔⅛⇔ ∕─

⌐⅔™≡ ⌐│ ⌂ ⅎ ⅜ ⇔√ ∆⌂╦∟ ⱬfi♅ⱴה◒כ♩ꜝ♇◐fi◓ה

─כꜝ◄ ─ ⌐ ∆╢ ≤⇔≡─ IR ┼≤ ⅜₈™≈─ ⌐⅛₉ ↕╣

√[41]₉  

 ∕↓≢ Treynor ≤ Black ─ ⅎ [42]⌐≈™≡ ─ [38]╩ ∆╢ ╕∏  Ὦ 

─ ─ ╩ Ὑ  ≤ ⇔ ⱬfi♅ⱴכ◒≤∆╢ ─ ╩ Ὑ  ≤ ⇔

─ ╩ Ὑ  ≤ ∆╢≤⅝ ⱬfi♅ⱴכ◒ ╩ ⌐ ∆ │

◦fi◓ꜟהⱨ□◒♃ה⸗♦ꜟ╩ ⅎ╢≤ 

 

gainslosses 0
Reference point

U(x)

x

( ) , ( 0, 0, 0)U x x xβα α β= ≥ > >

'( ) '( ) , ( 0, ' 0, ' 0)U x x xβα α β= − − < > >

1.00
' 2.25

' 0.88

α
α
β β

=
=
= =

Case: Ref. 
Cumulative Prospect Theory
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 ώ Ὑ Ὑ  

ώ Ὑ Ὑ  

ώ — ‍ ώ  

(1.16)

 

≢№╢ ↓↓⌐  ώ  │ Ὦ ─ ─  ώ  │ⱬfi♅ⱴכ◒ ─

— ‌ ‐ fiכ♃ꜞהꜟ▪ꜙ♦☺꜠│    ‍  │ⱬfi♅ⱴכ◒⌐ ∆╢ꜞ☻◒

╩ ∆ ╕√  ‌  │ fi(Appraisal premium)כ♃ꜞהꜟ▪ꜙ♦☺꜠  ‐  │

≢№╢ ↓─≤⅝  Ὁ — ‌  ≤ ─  

 

 Ὁ — Ὁ — Ὁ — ‌ ‫  

Ὁ ώ Ὁ ώ „  

Ὁ — ‌ — ‌ π 

Ὁ — ‌ ώ Ὁ ώ π 

(1.17)

 

⅜ ∆╢╙─≤ ∆╢[41][42] ∆⌂╦∟  Ὦ ─ ≤ ὰ ─ ─ ⌐│

⌂ ╩ ⇔  Ὦ ≤ⱬfi♅ⱴכ◒─ ⌐╙ ⌂ ╩

∆╢ ↓─↓≤╩ ∆╢≤ 

 

 
ἤ

ụ
Ụ
Ụ
ợ‫

ể Ệ
3ÙÍȢ

π Ễ
π Ễ

‫
π „ Ứ

ủ
ủ
Ủ
 

(1.18)

 

≤ ∑╢[41] ⌐ (1.16)⌐≈™≡ Ὁ — π ⌂╠┌ ⸗♦ꜟ(CAMP)[5]≤

∂ ╩ ∆╢⅜ Treynor≤ Black │ (1.16)⌐≈™≡ CAPM─ │ ⇔≡™⌂™

↓↓≢ ─ ─ⱬ◒♩ꜟ ὁ ≤꜠☺♦ꜙ▪ꜟכ♃ꜞהfiהⱬ◒♩ꜟ  ≤ꜞ☻

◒─ ╩ ∆╢ⱬה♃כⱬ◒♩ꜟ╩∕╣∙╣ 

 

 ὁ ώ ȟ Ễ ȟ ώ  

— ȟ Ễ ȟ —  

‍ ȟ Ễ ȟ ‍  

(1.19)
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≤ ∆╢ ╕√ ┼─ ⱬ◒♩ꜟ╩ 

 

 Ἷ ύ ȟ Ễ ȟ ύ  (1.20)

 

╩ ⇔ ⱬfi♅ⱴכ◒⌐ ∆╢ ╩ 

 

 ύ ρ Ἷ 

   ρȟ Ễ ȟρ  

(1.21)

 

≤∆╢≤⅝ (1.16)╩ ™√▪◒♥▫Ⱪהⱳכ♩ⱨ◊ꜞ○─ │ 

 

 ώ ὁ Ἷ ώ ύ

ώ Ἷ ώ ύ

Ἷ ώ Ἷ ύ  

(1.22)

 

≤ ≢⅝╢[41] ╕√ (1.16)╟╡ 

 

 — ώ ‍ ώ  (1.23)

 

│ ▪◒♥▫Ⱪהⱨ□fi♪⅜ 1 ─ ™ ∟≤⌂╢꜡fi◓הⱳ☺◦ꜛfi≤ⱬfi♅ⱴכ◒

⅜ ‍ ─ ≡⇔≥○ꜞ◊ⱨ♩כⱳ☺◦ꜛfi─ⱳה♩כꜛ◦╢⌂≥╡ ⅎ╢↓≤⅜≢⅝

╢[41] √∞⇔ [41]│ ≥™⌂│≢♩☻◖ה꜡♀⅝≥─↓ ⇔≡™╢─≢ ≢

╙ ╩ ⅎ√▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○⌐≈™≡ 4 ≢ ⇔≡™╢ ≤↓╤≢

╩ⱨ◊ꜞ○[43][7][8]─ⱳ☺◦ꜛfi♩כⱳה♃כⱬה꜡♀│(1.23) ⇔√ ─ⱬfi♅ⱴכ◒

╩ⱳ☺◦ꜛfiה♩כꜛ◦─ ⅎ√╙─≢№╢[41]  

 ↓↓≢ ⱬ◒♩ꜟ Ἷ  ≤   ╩ 

 

 Ἷ Ἷ ȟ Ἷ ύ  

 Ἇ ȟ Ὁ ώ  

(1.24)
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≤ ∆╢≤⅝ ⸗♦ꜟ[6]≤⇔≡ ─╟℮⌐ ⅎ╢↓≤⅜≢⅝╢  ↓↓⌐ Ἇ  

│ ꜟ♩◒ⱬהfiכ♃ꜞהꜟ▪ꜙ♦☺꜠  Ὁ ώ  │ⱬfi♅ⱴכ◒─ ╩

∆╢ ∆⌂╦∟ 

 

 ÍÉÎÉÍÉÚÅ
ρ
ς

Ἷ ἤ Ἷ  

ÓÕÂÊÅÃÔ ÔÏ Ἷ ‘  

                  Ἷ ρ 

(1.25)

 

≢№╢ (1.25)⌐ Lagrange ─ [41][42][44]╩ ™≡ 

 

 ὒ  
ρ
ς

Ἷ ἤ Ἷ ‗ Ἷ ‘  (1.26)

 

≤ ∆╢≤⅝  Ἷ  ≤ ‗ ⌐ ∆╢ ─  

 

 
Ћὒ

‬Ἷ
ἤ Ἷ ‗  

   
‬ὒ
‬‗

Ἷ ‘ π 

(1.27)

 

╟╡ 

 

 Ἷ ʇἤ  (1.28)

 

≤ ╕╢ ⇔√⅜∫≡  

 

 ‘ Ἷ

ʇ ἤ  

„ Ἷ ἤ Ἷ

ʇ ἤ ἤ ἤ

ʇ ἤ  

(1.29)
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≤ ≢⅝╢─≢ ─[46][45]○◦꜠הⱪכꜗ◦ 2 │ 

 

 32
‘
„

ʇ ἤ

ʇ ἤ

ἤ

Ὁ ώ
„

Ὁ —
‫

Ὁ ώ
„

‌
‫

 

(1.30)

 

⅜ ∆╢[41][42] ↓─≤⅝ (1.30)─ 1 │ⱬfi♅ⱴכꜗ◦─◒כⱪה꜠◦○─ 2

2 │ Treynor ≤ Black ⌐╟╢ appraisal ratio ≢№╢[41][42] ↓─ 2 ╩ [41]∞↑≢│

⌂ↄ Goodwin ╙▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○─ [47]─ ≈≤⇔≡ ∫≡™╢  

 ≤↓╤≢ (1.23)⌐≈™≡ ‍ ρ ─≤⅝ Roll ⌐╟╢ Tracking Error Volatility(TEV)│ 

 

 4ÒÁÃËÉÎÇ %ÒÒÏÒ —

ώ ώ

Ὑ Ὑ Ὑ Ὑ

Ὑ Ὑ  

                     4%6 ὠὥὶ —

ὠὥὶ Ὑ Ὑ

ʎ ʎ ς” „ „  

(1.31)

 

⅜ ∆╢[48] ↓↓⌐  4%6 │♩ꜝ♇◐fi◓כꜝ◄ה─  „  │ Ὦ ─▪◒♥▫

Ⱪ ─ ─  „  │ⱬfi♅ⱴכ◒─ ─  ”  │  Ὦ ≤ⱬfi

♅ⱴכ◒─ ─ ≢№╢ ↓─≤⅝ (1.23)≢│ —  ≤ ώ  ⅜ ≢№╢↓

≤╩ ⇔≡™√⅜ (1.31)≢│ —  ≤ Ὑ  │ ≢│⌂™ ↓─ ─╙≤⌐

⌐⅔™≡ ⌂ ╩ √∆▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○│ 
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 )2
Ὁ Ὑ Ὑ

ὠ Ὑ Ὑ
‘ ‘

ʎ ʎ ς” „ „  
‌
‫

 

(1.32)

 

≤⇔≡ ╩ ╘╢[49] ∆═⅝ ≤⇔≡ ∆╢⅜ (1.32)≤ (1.30)─ 2

─ │ ≡™╢⅜ │ ⌂╢[41] ╕√ (1.32)─ IR │ ─ ≢╙№╢√

╘ │ ⌂╢⅜◄fi☺♬▪ꜞfi◓ה◘▬♪─ ≤⇔≡╙ ⌂ ⅜

↕╣≡™╢[50][51] ⇔√⅜∫≡ ↓─╟℮⌂ ≤ ⌐  )2 ╙╕√▪

◒♥▫Ⱪ ─ ⌐⅔™≡ ⅛ ⅛─ ⅜ ⅎ╢ ≤⇔≡─

⌐≈™≡ ⇔⌂↑╣┌⌂╠⌂™  

1.1.4 ≢│ ⌐⅔↑╢ ─ ╖⌐≈™≡ ∆╢  

 

1.1.4  

 Harold ⅜ ∆╢╟℮⌐ ◖☻♩│ ↄ⅛╠ⱴכ◔♇♩⌐⅔™≡ ≢№∫√[52] ▪

◒♥▫Ⱪ ⌐ ∆╢ ◖☻♩≤│ ⱳכ♩ⱨ◊ꜞ○╩ ∆╢√╘⌐ ⌂ꜞⱣ

ꜝfi☻─ ╩ ∆↓≤╩ ∆╢[18] ⌐ ◖☻♩│ ⌐ ↕╣╢◖☻

♩≢ 1.1 ─╟℮⌂ ⅜⌂↕╣≡™╢  

 ⇔√⅜∫≡ 1.1 ⌐ ≠ↄ ◖☻♩│ 

 

 ◖☻♩ 4#  

                                 ⱦ♇♪ה◒☻▪ה☻ⱪ꜠♇♪ 

                             ⱴה♩♇◔כ▬fiⱤ◒♩ 

                             ◖☻♩  

(1.33)

 

≤ ≢⅝╢[18] 1.1 ≤ (1.33)⌐⅔™≡ ≤ⱦ♇♩ה◒☻▪ה☻ⱪ꜠♇♪│ ⌐

ⅎ╢◖☻♩≢№╢ Fabozzi ╠[53]╙ⱴה♩♇◔כ▬fiⱤ◒♩╛ ◖☻♩│ ⅎ⌂™◖☻

♩≢│№╢⅜ ─ ≢ ⇔≡™╢ (1.33)╩ ∆╢≤⅝ ▬fiⱨ◊ⱷכ◦ꜛfiה

꜠◦○ )2  ╩ (1.32)─ ‌ ≤♩ꜝ♇◐fi◓כꜝ◄ה─  4% ‫  ≢ ╦∆─≤
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⌐ ◖☻♩╩ ⇔≡™⌂™ ≤ ⇔√ ─ │ 

 

 6! ‌ ‗4%   4# ╩ ⇔⌂™  

6! ‌ ‗4% 4# 4# ╩ ∆╢  

(1.34)

 

≤ ≢⅝╢[16][18]  

 

1.1 IS(Implementation Shortfall) ⌐╟╢ ◖☻♩─ [18] 

No. ◖☻♩─     

1  

 

⌐ ∂≡ ℮ ◖☻♩ 

2 ⱦ♇♪ה◒☻▪ה☻ⱪ꜠♇♪ ⱴה♩♇◔כⱷ▬◌כ⅜ ∆╢ ™ ≤

╡ ─ ╙ ⌂ ≢ ∆╢ ⌐

℮◖☻♩ 

 

3 ⱴה♩♇◔כ▬fiⱤ◒♩ ╙ ⌂ ≢ ≢⅝╢◘▬☼ ─

╩ ∆╢ ⌐ ╕╣╢ ◖☻

♩ 

 

4 ◖☻♩ ≤⌂∫√ ⅛╠ ∂╢◖☻♩ 

 

 

 

↕╠⌐ (1.34)│ )2 ≤ 4% ╩ ™≡ 

 

 6! )2 ẗ 4% ‗4% 4# ╩ ⇔⌂™  

6! )2 ẗ 4% ‗4% 4# 4# ╩ ∆╢  

(1.35)

 

≤ ⇔⌂⅔∆↓≤⅜≢⅝╢[16][17] ↓─√╘  4% ⌐≈™≡ ─ ╩ ™╢≤

─ ╩ ╘╢↓≤⅜≢⅝╢  

 ≢ ◖☻♩≤⇔≡≢│⌂ↄ ─ ⅛╠ ∆╢≤⅝ ⌂ ⅜

ⅎ╠╣╢[15] √≤ⅎ┌ ─ [54]⌐│  
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ה ⌐│  

ה ⌐│  

ה ─ ⌐│  

ה ⌐│  

⅜ ⅎ╠╣╢ ↓─ ⌐╙ Fabozzi ╠[55][56]⅜ ∆╢╟℮⌐ ⌂≥Ɽⱨ◊כⱴfi☻╩

⅝ →╢◖☻♩≤ ∂ │ ∆╢  

∕↓≢ ⌐⅔™≡ⱬfi♅ⱴכ◒╟╡╙ ⌐ ℮ ⅝≥√⇔≥ ‏ ╩

╩ ⇔√▪◒♥▫Ⱪ ─ⱳכ♩ⱨ◊ꜞ○⌐⅔↑╢ ⅛╠ⱬfi♅ⱴכ◒ ─

ⱳכ♩ⱨ◊ꜞ○⌐⅔↑╢ ╩ ⇔ ↄ ─⸗♦ꜟ╩ ∆╢ ∆⌂╦∟ 

 

 Ὣ ἠ Ὑ Ὑ  ‏

       ἠ Ὑ ȟ Ὑ  

(1.36)

 

≢№╢ ↓─ (1.36)│  Ὣ ἠ π ─≤⅝ ╩ ╗▪◒♥▫Ⱪ │ⱬfi♅ⱴ

╩◒כ ╡ Ὣ ἠ π ─≤⅝ ╩ ╗▪◒♥▫Ⱪ │ⱬfi♅ⱴכ◒╩

╢↓≤╩ ∆╢ ↓─≤⅝ ─ ─℮∟ ⌐ ∆╢ │ (1.36)

─ Ὑ  ⌐ ≤⇔≡ ╩ ⅎ╢↓≤╙ ≢⅝╢⅜ ≢│№ⅎ≡⸗♦ꜟ─

─√╘⌐ ⇔⌂⅛∫√ ≡⇔≥ ‏ ↕╣╢ ─╖⅜ ⌐ ⇔≡ ≥─╟℮⌐ 

Ὣ ἠ  ⌐ ∆╢⅛⌐ ⇔≡ ╩ ∫≡™╢  

≤↓╤≢ (1.36)─╟℮⌐⸗♦ꜟ╩ ⅎ╢≤ ▪◒♥▫Ⱪ ╙╕√ⱴכ◔♇♩╩

∆╢ ≢№╢√╘ ⌐ ⅎ╢⌂╠┌ ─ ∞↑Ɽⱨ◊כⱴfi☻│ ∆╢

↓≤⅜ ≢⅝╢ ↓─√╘ 

 

 Ὁ Ὣ ἠ Ὁ Ὑ Ὁ Ὑ ‏

‘ ‘ ‏

‌ ‏

‏  

(1.37)

 

≤ ≢⅝╢ ↓↓⌐  ‘  │▪◒♥▫Ⱪ ─  ‘  │ⱬfi♅ⱴכ◒ ─

≢№╢ ↓↓≢│ │ ∞≤ ⅎ≡ Ὁ Ὑ Ὁ Ὑ π ⅜ ∆╢
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╙─≤ ⇔≡™╢ ↓─↓≤│ ⌐▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ╩ ╢

╩ ∆↓≤│ ⌐╖╢≤ ≢№╢ ╕√ ╩ ∆╢≤⅔╟∕ 70%

⅛╠ 80%⅜ ↑ ⇔≡™╢≤ ⅎ╠╣≡™╢↓≤≤[57] 1.1 ≢ ⇔√ Ellis ─ ₈

⌐ ⱶ₉[15]כ◕─ ↕╣╢≤⅔╡ 75%─▪◒♥▫Ⱪ ⅜ ╩ ╢≤ ═√↓≤

≤╙ ≢№╢ ≢│ ⱨ□▬♫fi☻⌐⅔™≡ ─ ╩ ╠⅛⌐∆╢↓≤

⅜ ≢│№╢⅜ (1.37)─ ∆ ⅜ ≢№╢─≢ ╩ ≤▪◒♥▫

Ⱪ ─ ⌐ ↑≡ ╩ ℮ ∆⌂╦∟ ∕─ ⌐⅔™≡⸗

♦ꜟ╩ ⇔≡ ╩ ⇔√◖▬fi →─ ╡ ╩ⱶכ◕⇔ ∆╢  

 

1.2  

 1.1 ≢│ ⌐⅔↑╢ ─╒⅛⌐  

(1) ─√╘─ ╩ ⇔√═⅝  

(2) ▪◒♥▫Ⱪ ─ ≢№╢▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○  

(3) ▪◒♥▫Ⱪ ⌐⅔↑╢  

─ 3 ≈─ ⌐≈™≡ ⌐ ⇔√ ↓╣╠ 3 ≈─ ⌐╟╡ ≢│ ─

╩ ─╟℮⌐ ∆   

≢╙ │ ≢№╢⅛⌐≈™≡ ⅜ ⅛╣≡™╢⅜ ≢│▪◒♥▫Ⱪ

╛ ⱨ□▬♫fi☻⌐╙ ⇔≡™╢⌐╙⅛⅛╦╠∏ ⅜ ≢№╢≤ ⇔

≡ ─ ╩ ⇔≡™╢ ╙∟╤╪ ⌐ ≢ ⅜ ⅛╣≡™╢─≢

↓─↓≤⌐ ⇔™ ╛ ╩ ∆╢╙─≢│⌂™ ∆⌂╦∟ ⌐ ⅜ ≢№

╢⌂╠┌ 1.1.3 ─ (1.33)≢ ⇔√ ─ ╖─≤⅔╡▪◒♥▫Ⱪ │ ≢№

╢ⱬfi♅ⱴכ◒ ╩ ⌐ ╢↓≤╩ ∆↓≤│ ╛◓Ⱶfi◓(◑ꜗfiⱩꜞfiכ◕

↑≤ )─ ⅜№╢╙─≤ ⅎ╠╣╢─≢ ∕─ ⅛╠ ⌂ ╩ ∫≡™╢  

∕↓≢ ≢│ ─ 2 ≈─ ╩ ⅎ≡ ╩ ╘╢↓≤≤∆╢  

1 ≈ ─ │ ⱳכ♩ⱨ◊ꜞ○ ─ ⌐ ∟ ∫≡ ╩ ⌐ ∆

╢↓≤≤ IT ─ ⌐╟╡ ⌐ ♃כ♦⌂ ╩ ∆╢↓≤≢№╢ ⱳכ

♩ⱨ◊ꜞ○ ⅜ ⇔√ 1950 ⅛╠ 1970 ↔╤╕≢│ ⌐ⱨ□▬♫fi☻─

♃כ♦ │ ╛ ⌂≥─ ─ ≢№∫√⅜ Big Data ⅜ ↕╣╢

─ [58]≢│ ≢╙▬fi♃כⱠ♇♩╩ ⇔≡⅛≈≡─ ◒ꜝ☻⌐

♃כ♦╢∆ ⅜ ⌐ ⅎ╢ ≤⌂∫√ √≤ⅎ┌ ─╟℮⌂ ─ ⅜ ≤
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⇔≡ ⅎ╠╣╢  

♩♇Ⱡכ♃fi▬ה ⌐ ⌐╦√╢ ⌂ ╩♃כ♦ ∆╢ Yahoo!ⱨ□▬♫fi☻⅛

╠ ⌐ ╢⅝≢♪כ꜡fi►♄╩♃כ♦─  

ה ♁ⱨ♩╩ ∆╢ Microsoft Excel ≢╙ ♃כ♦─ ⅜ ≢№╡ ⱪ꜡◓

ꜝⱵfi◓╛♁ꜟⱣכ╩ ≢⅝╢  

╩♩ⱨ♁☻כⱬ♃כ♦─☻כꜚⱶכⱱה ∆╢ Microsoft Access ─☻כⱬ♃כ♦╙≢

SQL ⅜ ≢№╡ ⱪ꜡◓ꜝⱵfi◓╛ Excel ≤─ ⅜ ≢№╢  

↓─╟℮⌂ ╩ ⅎ╢≤ ≢╙▬fi♃כⱠ♇♩⌐ ↕╣╢ ─ ♦

╡╟⌐☻כⱬ♃כ♦─☻כꜚⱶכⱱ╩♃כ ≢⅝ ⱳכ♩ⱨ◊ꜞ○ ⌐ ≠ↄⱨ

□▬♫fi☻─ ╛ ─√╘⌐ ♁ⱨ♩╩ ⌐ ∆╢↓≤⅜≢⅝╢ ⇔√⅜∫

≡ ⌐ ↕╣╢ ─ ⌐≈™≡ ⌐╦√╢ ╩♃כ♦ ⇔

ⱳכ♩ⱨ◊ꜞ○ ─ ─√╘─ ─ ╙ ≢№╢ ≢│

─ IT ─ ⌐╙ ⇔≡ ⱳכ♩ⱨ◊ꜞ○ ╩ ⅛╠≤ ─ ⅛

╠ ─ ╛ ⌐≈™≡ ∆╢[59][60] ∕─ ≤⇔≡ ⸗♦ꜟ≤

⸗♦ꜟ⌐≈™≡ ╩▫♦♃☻ה☻כ◔⌂ ⇔∕─ ⌐╙≤≠⅝ ─

─ ╛ ⌐≈™≡ ╩ ╖≡™╢  

2 ─ │ ⅜ ≢№╢ ─╙≤≢ 1.1.3 ≢ ╖╩ ⇔√ ╩

∆╢ ↓─↓≤⌐╟╡ ▪◒♥▫Ⱪ ╩ ⇔√ ⌐⅔™≡ ╩ ∆╢ⱪ

│כꜘ▬꜠ ╢↑⅔⌐ⱶכ◕⌂ ╛ ≤⇔≡ ℮ ∕⇔≡ ≤ ⌐ ⅎ≡

╩ⱶכ◕ ⇔≡ ╩ⱪ꜠▬ꜘכ⅛╠ ≤⇔≡ ╢ (↓↓≢│ Ⱶכ◕

fi◓ ≤ ≤∆╢)╩ ⅎ√ 3 ⅜ ∆╢ⱴ▬♫☻ה◘ⱶכ◕הⱶ╩ ⅎ╢ ↓─

⌐ 1.1 ⌐⅔™≡ ⇔≡⅝√(1)⅛╠(3)─ 3 ≈─ ≢ ⌐≈™≡ ╩ ╖╢↓

≤⅜ ≢№╢ ∕↓≢ ⱨ□▬♫fi☻⌐ ∑∏ ↓─ ─╙≤≢ ⅜ ╢↓≤─

≢⅝╢ ─ ⌐≈™≡ ⇔ ╠╣√ ╩ⱨ□▬♫fi☻⌐ ∆╢↓≤

╩ ∆ ≢ ╩◖▬fi →─ ╡ ≡⇔≥ⱶכ◕⇔ ⇔≡™╢ ╕∏ ∕─

─⸗♦ꜟ ─√╘═⅝ ╩ ⇔√ ╩ ⇔ ∕─ │ (1.15)─╟℮⌐⌂╢

═⅝ ≢ ∑╢↓≤╩ ╠⅛⌐⇔≡™╢ ∕─ ≤─ ≤⇔≡ ≤◕

◓Ⱶfiכ ─ ⌐⅔™≡ ‗ πȢφρς ≤™℮ ╩╙≤⌐ ∆╢↓≤╩ ╠⅛

⌐⇔≡™╢[61] ∕↓≢ ╠╣√  ‗ ─ ─ ╩ ™[62] ↓─ ⅜▪◒♥

▫Ⱪ ─Ɽⱨ◊כⱴfi☻ ⌐⅔™≡ ≤─ ⌐ ≈↓≤╩ ─⸗♦
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ꜟ⌐ ⇔≡ ╩ ╖≡™╢[63] ╕√ ≤ ◖☻♩─ │ ⌂ ™⅜№╢

↓≤│ 1.1.3 ≢╙ ⇔≡™╢─≢ ≢│ ─ ≢│ │ ◖☻♩≤ ≤

⇔≡▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○─ ╩ ⇔≡™╢ ⇔√⅜∫≡ ≢│

≤∆╢ ─ ⌐≈™≡ ◖☻♩─ ─ ⌐ ⇔ ≤∆╢

⌐ ⌐ ℮◖☻♩─ ╩ ═√ ╩╕≤╘≡™╢ ⅎ≡ ▬fiⱨ◊

ⱷכ◦ꜛfiה꜠◦○─ ⌐⅔™≡ ▪◒♥▫Ⱪ ─ ─√╘─ ≤⇔≡▬

fiⱨ◊ⱷכ◦ꜛfiה꜠◦○⅜ ≢⅝╢╟℮⌐ 1 2 ♩ⱷfiכ⸗ ─ ╩

⇔ ╙ ≢⅝╢↓≤╩ ⇔≡™╢[64]  

 ─ 2 ≈─ ⌐╙≤≠⅝ ╩ ╘√▪◒♥▫Ⱪ ─ ⌂

≤⇔≡ 

(A) ▪◒♥▫Ⱪ ⌐ ∆╢ ⱳכ♩ⱨ◊ꜞ○ ─ ╛ ─  

(B) ⌂ ⌐⅔↑╢▪◒♥▫Ⱪ ─ ─ ≤∕─  

─ ≈─ ⅛╠ 1.3 ≢│ ╩ ⇔≡™╢  

 

1.3  

1.2 ≢│ 3 ≈─ ≤ 2 ≈─ ╩ ⇔√ ↓─↓≤╩ ⇔√ ─ │

1.4 ⌐ ∆≤⅔╡≢№╢  

 

 

 

1.4 ─  
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 2 ≢│ ⸗♦ꜟ⌐ ∆╢ ⱳכ♩ⱨ◊ꜞ○ ─ ╛ ─ ╩

╖╢ ∆⌂╦∟ ⸗♦ꜟ─ ─ ─╖⌂╠∏ Big Data ♃כ♦≤⌂

⅜ ↕╣ ∕─ ⌐≈™≡ ⅜ ⇔≡™╢[58]↓≤⅛╠ ▬fi♃כⱠ♇♩

⌐ ↕╣╢ ╩ ─☻כⱬ♃כ♦√⇔ ╩ ∫≡™╢[59] ∕⇔≡ ∕─

≤⇔≡ ⸗♦ꜟ≤ ⸗♦ꜟ┼─ ╩ ∫≡™╢ ⌐│ Yahoo!

ⱨ□▬♫fi☻[65]⅛╠♦כ♃╩♄►fi꜡כ♦≡⇔♪כ♃ⱬכ☻╩ ⇔[59] 1990 1 ⅛╠

2009 12 ╕≢─ 20 ─ [66]⌐ ⌐│ ╡[67]╩ ™

≡⇔≥▫♦♃☻ה☻כ◔√ ♃כ♦─ꜟ♦⸗ ╩ ∫≡™╢[59][60] ↓─≤⅝ ◔

│≢▫♦♃☻ה☻כ ⅜ ↕╣⌂™ ⌐≈™≡ ╩ ⇔≡™╢ ∕─

─ ╩ ™≡ ▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ╩ ╢⅛ ⅛╩ ⇔≡™

╢[60] ╕√ ↓─ ⌐ ─Ɽⱨ◊כⱴfi☻ ⌐≈™≡ ≤ ⸗

♦ꜟ─ ─ ╛ ─ ⌐≈™≡ ╩ ∫≡™╢[60]

╩╙≤⌐ ⸗♦ꜟ─ ─ ≤⇔≡─ ╛ ╩ ⇔√

♃כ♦─ ≢ ╠⅛⌐⌂∫√↓≤╩╕≤╘≡™╢  

 3 ≢│ ▪◒♥▫Ⱪ )◓Ⱶfiכ◕≡™≈⌐ ↑╛◑ꜗfiⱩꜞfi◓≤ ) [68][69][70]╩

⇔≡ ╩◖▬fi →⌐ ⅝ ⅎ≡⸗♦ꜟ ⇔⌂⅜╠ ─ ╩ ═≡™╢[61]

∆⌂╦∟ ⌐╟╢◖▬fi →─ ⌐ⱶכ◕⇔ ╩ ◓Ⱶfiכ◕╢ ─

≤ ─ⱪ꜠▬ꜘכ─℮∟ ─ ╛ ─ ─ ╩ ⇔≡™╢

⌐ ─ ─ ─ ╩ ≤─ ≤⇔≡ ∫≡™╢ ∕

─ ─ ╩ ─ⱶכ◕√⇔ ╩ ∆╢ ⸗♦ꜟ╩

∆╢√╘⌐ ═⅝ ╩ ™≡™╢ ╕√ ─ꜞ☻◒ ≤ ─ꜞ☻◒

⌐≈™≡ ═⅝ ─ ─ ⅛╠ [21]─⸗♦ꜟ ╩ ╖≡™╢

⌐ ⅜ ∞≤ ∆╢≤ ▪◒♥▫Ⱪ ⌐⅔↑╢Ɽⱨ◊כⱴfi☻─ │♀

꜡≢№╢ ↓─ ⌐ ╩ ⅎ╢≤ ╢⌂⌐ⱶכ◕הⱶ◘ה☻♫▬ⱶ⅜ⱴכ◕⌂

≢│ ⱴכ◔♇♩╩◖▬fi →─ ╡ ⌐ⱶכ◕⇔ ⅎ≡ ╩ ╖≡™╢ ↓─≤

⅝ ─ ∞↑ │ ≢№╢ ∕╣≢╙ ╩ ╢ ⅜ ─

≢ ∆╢↓≤╩ ⇔ ∕─ ╩ ⌐ ∆╢ ⇔√⅜∫≡ │ 2

≢ ∫√ ⌐ ∆╢ⱨ□▬♫fi☻─ ≢│№╢⅜ 3 │ⱨ□▬♫fi☻⌐ ∑∏

─◓Ⱶfiכ◕ ≤⇔≡╙ ≢⅝╢╟℮⌐ ⌐◖▬fi →─ ≤

⇔≡ ⇔≡™╢  
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4 ≢│ 3 ≢ ╠⅛⌐⌂∫√ ─ ─ ╩ ═≡ ▪◒♥▫Ⱪ

┼─ ╩ ╖≡™╢ ∆⌂╦∟ 3 ─ ≤⇔≡ 4 │ ⇔≡™╢⅜ ▪◒♥▫

Ⱪ ─Ɽⱨ◊כⱴfi☻ ⌐⅔™≡ ⌂▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○┼─ ╩

⇔⌂⅜╠ ╩ ╖≡™╢ ╕∏ ▪◒♥▫Ⱪ ─ ─√╘⌐ ▬fiⱨ◊ⱷכ◦ꜛfiה

꜠◦○⅜≥─ ™⅛╩ ∆╢ ⌐ⱬfi♅ⱴכ◒⌐ ∆╢ ─ ╩™

ↄ≈⅛ ⇔≡™╢ ↓╣╠─ ─ ─ ⌐∕╣∙╣─ ⅜ ⌐

℮ ≤⇔≡ ╩ ⇔√ ⌐ ℮ ≢ ∆╢⌂╠┌

⅜ ≤⇔≡ ⅜ ≤⌂╡ ≈↓≤╩ ⇔≡™╢[62] ™≡ 3

≢ ╠⅛⌐⇔√ ◓Ⱶfiכ◕≥ ─ [61]⌐⅔™≡ ╕∫√ ─

╩ ─ ≤ ╩ ™≡ ╠⅛⌐⇔≡™╢[64]

↓─ ╩▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○≢ ∆╢ ⌐ ⇔ ╩ ╗

─▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○⅜≥─╟℮⌐ ≢⅝╢⅛╩═⅝ ╩ ™≡⸗♦ꜟ

⇔≡™╢[63] ⸗♦ꜟ ↕╣√▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○≤ ─ ╟╡▪◒♥▫Ⱪ

⌐⅔↑╢ ⌐≈™≡ ╩╕≤╘≡™╢  

5 ≢│ ─ ≤⇔≡ ╠╣√ ╩ ⇔≡™╢  

─╟℮⌐₈ ╩ ⇔√ ⱳכ♩ⱨ◊ꜞ○⌐⅔↑╢▪◒♥▫Ⱪ ─

₉╩ ⇔ ╛ ─ ⌐╟╡ ╩ ⇔≡™╢  
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2 1,2 

 

2.1  

⸗♦ꜟ│ ⱳכ♩ⱨ◊ꜞ○ [1]╙⇔ↄ│▪☿♇♩כ◔꜡▪ה◦ꜛfi[2]─

─ ⅛╠ [94]⌐╟╢ ─ ╩ √⇔ ⅔™≡ ╘≡

⌂⸗♦ꜟ≢№╢[1][2][94] ╕√ ↓─√╘ ⸗♦ꜟ[74][28][75]│ [8][17]

ⱳכ♩ⱨ◊ꜞ○[72][73] ⱳכ♩ⱨ◊ꜞ○ [80][1] ⱳכ♩ⱨ◊ꜞ○ [76] ⱳכ♩ⱨ◊ꜞ○⸗♦ꜟ[78]

ⱴꜟ◖ⱦ♇♠⸗♦ꜟ[10] ▪ⱪ꜡[94]♅כ [2]⌂≥≤ ↄ─ ≤⇔≡╙ ⇔╕

╣ ™╠╣≡™╢ ∕↓≢ ─ ⌐ ⇔√≤⅝─ ╩ⱳכ♩ⱨ◊ꜞ○≤ ┘[1]

≢─ ⌐ ∆╢ │ ⱳכ♩ⱨ◊ꜞ○≤⇔≡ ⇔≡™╢ ╕√ ╛⸗♦ꜞfi

◓⌐≈™≡ ⌐│ ⸗♦ꜟ≤ ⇔≡ ⸗♦ꜟ─ ♃כ♦≥ ╩ ⇔≡™

╢  

≢ Big Data⌂≥─♦כ♃ ⅜ ↕╣≡⅔╡ ∕─ ⌐≈™≡ ⅜ ⇔≡

™╢[58] ≢│ ▬fi♃כⱠ♇♩⌐ ↕╣╢ ╩ ─☻כⱬ♃כ♦√⇔ ╩ ™

[59] ∕─ ≤⇔≡ ⸗♦ꜟ≤ ⸗♦ꜟ┼─ ╩ ∫≡™╢ ⌐│

Yahoo!ⱨ□▬♫fi☻[65]⅛╠ ╩☻כⱬ♃כ♦≡⇔♪כ꜡fi►♄╩♃כ♦ ⇔[59] 1990

1 ⅛╠ 2009 12 ╕≢─ 20 ─ [66]⌐ ⌐│ ╡[67]╩

╩▫♦♃☻☻כ◔√™ ⇔ ♃כ♦─ꜟ♦⸗ ╩ ∫≡™╢  

↓─√╘ ─≤⅔╡ 

ה ⸗♦ꜟ─ ⌐ ∆╢꜠ⱦꜙכ 

ה ─Ɽⱨ◊כⱴfi☻   

ה ≤ ⸗♦ꜟ─  

ה ─ ─  

                                                      

1  ”▬fi♃כⱠ♇♩⌐ ↕╣╢ ╩ ─☻כⱬ♃כ♦√⇔ ≤∕

─  ⸗♦ꜟ≤ ⸗♦ꜟ┼─ ”, Vol. 55, No. 1, 

pp.11-24 (2010 10 ) 

2  ” ⸗♦ꜟ─ ≤ ⌐ ∆╢  Ί ⸗♦ꜟ≤Microsoft 

Excel ♃כ♦╢╟⌐  Ί” Vol. 59 No. 2 pp.17-46 (2015 1 10

) 
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ה ─ ─  

ה ≤⇔≡─  

⌐≈™≡ ╩ ∫≡™╢ ╕√ │♃כ♦╢∆ Yahoo!ⱨ□▬♫fi☻⅛╠♄►fi꜡

√⇔♪כ ⌐☻כⱬ♃כ♦─[59] ╕╣╢ 2153 ─ 50

─ ≢ ─○◦꜠הⱪכꜗ◦╢╣⅛ 10 ⌐╟╢ⱳכ♩ⱨ◊ꜞ○╩ ™≡♦

♃כ ╩ ╘╢  

 ╩╙≤⌐ ⸗♦ꜟ─ ─ ╛ ╩ ⇔√ ─

♃כ♦ ≢ ╠⅛⌐⌂∫√↓≤╩╕≤╘╢  

 

2.2  

2.2.1  

 ὸ ≢─  Ὥ ρȟ Ễ ȟ ὲ  ─Ⱡ♇♩─ ( )│ 

 

Ὑ
Ὓ  Ὀ Ὓ

Ὓ

Ὓ Ὀ

Ὓ
ρ (2.1)

 

≢№╢[28][7][8] ↓↓⌐ Ὓ  │  ὸ ⌐⅔↑╢ Ὥ ─ Ὀ  │   ὸ ⌐⅔↑

╢ Ὥ ─ ─ ™ ≢№╢ ╕√  ὸ ≢─   Ὥ ─◓꜡☻─

│ Ⱡ♇♩─ ⌐ 1 ╩ ⅎ√╙─⌂─≢  ρ Ὑ  ≢№╢ (2.1)─  

ὸ Ὧ ⅛╠  ὸ ╕≢─  Ὧ ─ ─ ⌐⅔™≡ ™╩ ⇔⌂

™ ⌐│ 

 

ρ Ὑ Ὧ

ρ Ὑ  ρ Ὑ  Ễ ρ Ὑ   

Ὓ

Ὓ

Ὓ

Ὓ
Ễ

Ὓ

Ὓ

Ὓ

Ὓ
 

(2.2)

 

≤ ≢⅝╢[7][8] (2.2)╩╙≤⌐ ⅛╠─ ─ ╩ ╙╢↓≤⅜≢⅝╢

 Ὥ ─↓─ ─ ╩ ╡─Ⱡ♇♩  Ὁ Ὑ  ⌐ ∆
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╢√╘⌐ 

 

‘Ƕ Ὧ Ὁ Ὑ ρ Ὑ  ρ  (2.3)

 

≤ ╩ ™≡ ∆↓≤⅜≢⅝╢[7][8] ⱨ□▬♫fi☻≢│ ╟╡╙ Ɽ

ⱨ◊כⱴfi☻⌐⅔™≡↓─ ╩ ™╢↓≤⅜ ╕⇔™≤↕╣≡™╢ ⱨ□fi♪ה

ⱴⱠ☺ꜗכ─ ⌐⅔™≡╙ ≢№╢  

 ⇔⅛⇔⌂⅜╠ ⌐│ (2.3)⌐≈™≡ Ὑ π ⌐⅔↑╢  

 

‘Ƕ Ὧ Ὁ Ὑ Ὑ
ρ
Ὧ

Ὑ  (2.4)

 

⌐╟╡ ─ ╩ ∆╢↓≤⅜ ™╟℮≢№╢[7][8] (2.3)≤ (2.4)─ ⅜

™ ⌐│ ⅜⌂™⅜ ─ ╩ ≢⅝⌂™ ⌐│ ⅜ ≤⌂╡ (2.4)

⌐╟╢ ─ ≢│ ≢│⌂™  

 ≢ (2.3)─╟℮⌂ ╩ ∆╢↓≤⅜ ≢│⌂™─≢ ⌐╟

╢ ⅜№╢ ↓─ ⅎ │ ≢│⌂ↄ ─ ─⸗♦ꜟ ⌐⅔™≡ ≢

№╢ ─ ─ ─ ( )│ ◓꜡☻─  ρ Ὑ  ─

╩ ™≡ 

 

ὶ ḳ ÌÏÇ ρ Ὑ ÌÏÇ
Ὓ

Ὓ
 (2.5)

 

≤ ≢⅝╢[28][7][8] ⇔√⅜∫≡ ─ │ 
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ὶ Ὧ ÌÏÇ ρ Ὑ Ὧ

ÌÏÇ ρ Ὑ  

ÌÏÇ ρ Ὑ  

ὶ  

(2.6)

 

≤ ─ ≢ ∆↓≤⅜≢⅝╢  

 ↓↓≢  ὸ ─ⱳכ♩ⱨ◊ꜞ○⌐⅔™≡  ύ Ὥ ρȟ Ễ ȟ ὲ , ∆⌂╦∟

ⱬ◒♩ꜟ 

 

            Ἷ ύ ȟ ύ ȟ Ễ ȟ ύ  

            ρȟρȟ Ễ ȟρ  

      Ἷ ρ 

(2.7)

 

≤ ∆⅛ ╙⇔ↄ│  Ὑ  ─  ύ  ╙ ⌐ ╘≡ 

 

            Ἷ ύ ȟ ύ ȟ Ễ ȟ ύ  

            ρȟρȟ Ễ ȟρ  

      Ἷ ύ ρ 

(2.8)

 

⌐╟╢ ╩ ⅎ╢ ↓─≤⅝ ⱳכ♩ⱨ◊ꜞ○─  

 

ὶ ύ ὶ Ἷ Ἲ  

ḉ   Ἲ ὶ ȟ ὶ ȟ Ễ ȟ ὶ  

(2.9)

 

│ ⌐│ ─ ≢│⌂™↓≤⌐ ╩ ∆╢ ↓─ Ὑ π ≢ ─
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╩ ™≡ 

 

ὶ ÌÏÇ ρ Ὑ

ÌÏÇ ρ ύ Ὑ

ḙ ύ Ὑ

Ἷ ἠ  

 ḉ       ἠ ἠ Ὑ ȟ Ὑ ȟ Ễ ȟ Ὑ  

(2.10)

 

≤ ∆↓≤⅜≢⅝╢ ≢│ ╒≥─ 2.8.7 ♃כ♦─ ⌐⅔™≡ (2.9)≤ (2.10)⌐≈

™≡Ɽⱨ◊כⱴfi☻─ ™╩ ⇔≡™╢  

⇔√⅜∫≡ ⌐╟╢  Ὥ ─ ╩ 

 

Ὁ ὶ ὶӶ
ρ
Ὧ

ὶ  (2.11)

 

≤ ⇔ ⌐╟╢  Ὥ ─ ╩ 

 

Ὁ Ὑ Ὑ
ρ
Ὧ

Ὑ  (2.12)

 

≤ ∆╢[7][8] √∞⇔ ⌐⅔™≡ ─ ╩ ™╢ ⌐│ ╩

─√╘ ⌐ ⇔⌂™ ╡ ≢╙ Ὁ Ὑ  ╩ ™╢↓≤≤∆╢ ∕⇔≡ ∕─

ⱬ◒♩ꜟ╩ 

 

Ἇ ἠ Ὁ Ὑ ȟ Ễ ȟ Ὁ Ὑ  (2.13)

 

≤ ⇔[73][8] ─ ≤ ∑≡ ⸗♦ꜟ╩ ∆╢  
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2.2.2  

≢│ ∞↑≢│⌂ↄ ≢ ™╢ ─ ⌐≈™≡╙ ╩ ∆

√≤ⅎ┌ │ 

 

„ ὠὥὶ Ὑ

Ὁ Ὑ Ὁ Ὑ

ρ
Ὧ

Ὑ Ὁ Ὑ  

(2.14)

 

≤ ∆╢ ↓─≤⅝ ♃כ♦ ≢│ ╙ ─√╘  Ὧ ρ ≢ ╢↓≤⅜ ╕⇔

™─∞⅜ ╛ ⌐│ Ὧ ≢ ╢ Microsoft Excel ( Excel ≤ ∆╢)─

╩ ⇔ Microsoft Access( Access ≤ ☻כⱬ♃כ♦─(╢∆ [59]⌐╙ ⅜

™─≢ (2.14)─╟℮⌐ ∆↓≤≤∆╢  

 ↓─√╘ ╒≥─ 2.8.8 ≢ ∆ Excel ◙כꜚ─ ≤⇔≡  

 

ὛὯὩύ Ὑ Ὁ
Ὑ Ὁ Ὑ

„

ρ
Ὧ

Ὑ Ὁ Ὑ

„
 

(2.15)

 

╛  

 

ὑόὶὸ Ὑ Ὁ
Ὑ Ὁ Ὑ

„
σ

ρ
Ὧ

Ὑ Ὁ Ὑ

„
σ 

(2.16)

 

─ ╙ Ὧ ≢ ╢ ╩ ∆╢[7][8] √∞⇔ ≤ ╩ ∆╢ Excel ─
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─ [82]≤│ ♃כ♦≢─╢⌂ ─ ⌐ ↓─ ─ ⌐≈™≡╙ ╒≥─

2.8.8 ≢ ╘≡ ⇔≡™╢  

 ╕√ │ 

 

” „ „ ὅέὺ Ὑ ȟ Ὑ

Ὁ Ὑ Ὁ Ὑ Ὑ Ὁ Ὑ  

Ὁ Ὑ Ὑ Ὁ Ὑ Ὁ Ὑ

ρ
Ὧ

Ὑ Ὁ Ὑ  

(2.17)

 

≤ ∆╢ (2.17)─ ≢ ™√ ”  │  Ὑ  ≤  Ὑ  ─ ≢№╡ 

 

” ὅέὶὶ Ὑ ȟ Ὑ

ὅέὺ Ὑ ȟ Ὑ

„ „

Ὁ
Ὑ Ὁ Ὑ

„

Ὑ Ὁ Ὑ

„

ρ
Ὧ

Ὑ Ὁ Ὑ

„

Ὑ Ὁ Ὑ

„
 

(2.18)

 

≤ ∆╢[7][8]  

 ╩╙≤⌐  ἠ ─ │ 

 

ἤ Ὁ ἠ ἠ

ụ
Ụ
Ụ
ợ „  
” „ „ „

 3ÙÍȢ
  

ể Ệ
” „ „ Ễ

Ệ
” „ „ „ Ứ

ủ
ủ
Ủ
 

(2.19)
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≤ ∆╢[73][7][8]  

 

2.2.3  

 ≢│ ≢ ™╢ ⌐ ∆╢ ─ ╩ ∆ Ὧ ─  

‎ Ὧ  ≤  ” Ὧ  │ ─╟℮⌐ ∆╢ ∆⌂╦∟ 

 

‎ Ὧ ḳ Ὁ Ὑ Ὁ Ὑ Ὑ Ὁ Ὑ

ρ
Ὕ

Ὑ Ὑ Ὑ Ὑ  
(2.20)

 

” Ὧ ḳ
‎ Ὧ
‎ π

Ὁ Ὑ Ὁ Ὑ Ὑ Ὁ Ὑ

Ὁ Ὑ Ὁ Ὑ

В Ὑ Ὑ Ὑ Ὑ

В Ὑ Ὑ
 

(2.21)

 

≢№╢[7][8][76] √∞⇔  

 

Ὑ
ρ
Ὕ

Ὑ  (2.22)

 

≢№╢ ↓↓≢ ─ ≤⇔≡ 

 
Ὄ ȡ ” Ὧ π
Ὄ ȡ ” Ὧ π

 (2.23)

 

╩ ⅎ╢ ∆⌂╦∟ Ljung -Box  

 

ὗ ḳ Ὕ Ὕ ς
” Ὧ
Ὕ Ὧ

ͯ… Ὧ  (2.24)
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╩ ™≡ ∆╢[7][8][76]  

 

 

2.3.  

2.3.1  

⌐⅔↑╢ ─ ≤⇔≡ ─⸗♦ꜟ 

 

           ÍÉÎÉÍÉÚÅ       
ρ
ς

Ἷ ἤἿ Ἣ Ἷ 

          ÓÕÂÅÊÅÃÔ ÔÏ    ἋἿ Ἢ 

 
(2.25)

 

╩ ⅎ╢[82] ↓↓⌐  Ἷ ἤἿ │ ⱬ◒♩ꜟ Ἷ ≤ ὲ ─ ─ ⱬ◒♩ꜟ 

ἠ ⅛╠ ↕╣╢ⱳכ♩ⱨ◊ꜞ○─ ≢№╢ ↓─ │ ≢│ ≢№╢ ↓

─≤⅝─ Lagrange │ 

 

 ὒ
ρ
ς

Ἷ ἤἿ Ἣ Ἷ ἋἿ Ἢ   (2.26)

 

≢№╢ (2.26)⌐≈™≡ ─ ╟╡ 

 

           
‬ὒ
‬Ἷ

ἤἿ Ἣ Ἃ  

          
‬ὒ
‬ⱦ

ἋἿ Ἢ  

 

(2.27)

 

╙⇔ↄ│ 

 

ἤ   Ἃ
Ἃ

Ἷ Ἣ
Ἢ  (2.28)

 

≢№╢ ╝ⅎ⌐ 
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         Ἃἤ Ἃ Ἃἤ Ἣ Ἢ  

       Ἷ ἤ ἓ Ἃ Ἃἤ Ἃ Ἃἤ Ἣ ἤ Ἃ Ἃἤ Ἃ Ἢ 
(2.29)

 

≤ ╕╢[82] √∞⇔ ↓↓≢ ἓ │ ≢№╢  

 

 

2.3.2  

2.3.1 ≢│ ╩ ╗ ≤⇔≡─ ╩ ⇔√⅜ ─⌂™ ─

⸗♦ꜟ 

 

        ÍÉÎÉÍÉÚÅ    
ρ
ς

Ἷ ἤἿ 

       ÓÕÂÅÊÅÃÔ ÔÏ ἋἿ Ἢ 

 
(2.30)

 

╩ ⅎ╢[82] ↓─≤⅝─ Lagrange │ 

 

 ὒ
ρ
ς

Ἷ ἤἿ ἋἿ Ἢ   (2.31)

 

≢№╢ (2.31)⌐≈™≡ ─ ╟╡ 

 

        
‬ὒ
‬Ἷ

ἤἿ Ἃ  

        
‬ὒ
‬ⱦ

ἋἿ Ἢ  

 

(2.32)

 

╙⇔ↄ│ 

 

ἤ   Ἃ
Ἃ

Ἷ
Ἢ

 (2.33)

 

≢№╢[6] ╝ⅎ⌐ 
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 Ἃἤ Ἃ Ἢ 

Ἷ ἤ Ἃ Ἃἤ Ἃ Ἢ 
(2.34)

 

≤ ╕╢[82] ╕√ (2.25)≤ (2.30)─⸗♦ꜟ⌐ ─  Ἷ  ╩ ⇔≡

╡╩ ⇔⌂™ ⅜ Markowitz ⌐╟╡⸗♦ꜞfi◓↕╣≡™╢[6] 2.4 ≢│ ─

⸗♦ꜟ│ 2.3.1 ╙⇔ↄ│ 2.3.2 ─ ⅜ ≤⌂╡ ╡╩ ╘╢ ─⸗♦

ꜟ⌐≈™≡ ⇔≡™╢ ↓─ ─ │ 2.4 ─ ⌐⅔™≡ ≢№╢  

 

2.4.  

2.4.1  

╕∏ ⌂ ≢ ∆ⱳכ♩ⱨ◊ꜞ○╩ⱳכ♩ⱨ◊ꜞ○ P ≤ ┬↓≤⌐∆╢ ∆⌂

╦∟ (2.30)╩ ⌐ 

 

        ÍÉÎÉÍÉÚÅ    
ρ
ς

Ἷ ἤἿ 

       ÓÕÂÅÊÅÃÔ ÔÏ Ἷ ‘  

                             Ἷ ρ 

 

(2.35)

 

≤ ∆╢[73][10][74][83][89][44] №╢™│ 

 

        ÍÉÎÉÍÉÚÅ    
ρ
ς

Ἷ ἤἿ 

       ÓÕÂÅÊÅÃÔ ÔÏ Ⱨ Ἷ
‘
ρ  

 

(2.36)

 

≤ ∆╢↓≤╙ ⌂─≢ (2.36)╩ ™≡ ╩ ╘╢ ↓↓⌐  Ἷ │ ὲ ─

⅛╠⌂╢ ⱬ◒♩ꜟ≢№╢  ‘  │ ≤⇔≡ ∆╢ ≢№╢   

│ ὲ ─ ⅜∆═≡ 1 ≢№╢ⱬ◒♩ꜟ≢№╢ ↕╠⌐   │ ὲ ─ ─

─ⱬ◒♩ꜟ  ἤ │ ὲ ─ ─ ─ ≢№╢ ↓─√╘  Ἷ ἤἿ 

│ⱳכ♩ⱨ◊ꜞ○─ ─  Ἷ │ⱳכ♩ⱨ◊ꜞ○─ ≢№╢ ↓─≤

⅝ (2.36)─ Lagrange │ 
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ὒ
ρ
ς

Ἷ ἤἿ Ⱨ Ἷ
‘
ρ   (2.37)

 

≢№╢ ↓─ ─ ╟╡ 

 

        
‬ὒ
‬Ἷ

ἤἿ Ⱨ  

        
‬ὒ
‬ⱦ

Ⱨ Ἷ
‘
ρ  

 

(2.38)

 

≤⌂╢ ╝ⅎ⌐ 

 

 Ⱨ ἤ
‘
ρ

Ⱨ ἤ
ἤ

  ἤ
ἤ

‘
ρ  

Ἷ ἤ   ἤ
Ⱨ ἤ

ἤ
ἤ
ἤ

‘
ρ  

(2.39)

 

≤ ╕╢[89][91] ↓↓≢ 

 

       ὥ Ⱨ ἤ  

          ὦ Ⱨ ἤ  

          ὧ ἤ  

      Ὀ ÄÅÔ
Ⱨ ἤ

ἤ
ἤ
ἤ

ὥὧ ὦ  

(2.40)

 

≤⅔ↄ≤⅝ 
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     Ἷ
ρ
Ὀ

ὧ‘ ὦ ἤ ὥ ὦ‘ ἤ

ρ
Ὀ

 ὧ‘ ὦ ὂ ὥ ὦ‘ ὂ  

     
ρ
Ὀ

ὧ‘ ὦ
ὥ ὦ‘  

     „ Ἷ ἤἿ
ρ
Ὀ

ὧ‘ ςὦ‘ ὥ

ρ
ὧ

ὧ
Ὀ

‘
ὦ
ὧ

ʎ
ὧ
Ὀ

‘
ὦ
ὧ

 

(2.41)

 

≤ ≢⅝╢[44] √∞⇔ ↓↓≢ ÄÅÔ ẗ  │ ẗ ─ ╩ ∆╢ ↓─≤⅝  ὂ ἤ

ὂ ἤ  ≤ ⇔≡ ─ ╩ ⇔≡™╢ ╕√  „  │ ≢ ∆╢

ⱳכ♩ⱨ◊ꜞ○─ ≢№╢  

 

 

2.1 ╡╩ ╘╢ ⸗♦ꜟ─ ─ [71][72][10][5][1][95][44] 

 

⇔√⅜∫≡ (2.41)─ „  ⌐≈™≡ ⌐╟╡ [97] 

 

„

ρ
Ѝὧ

‘
ὦ
ὧ

ЍὈ
ὧ

ρ 
(2.42)
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⅜ ↕╣[44] ⱳכ♩ⱨ◊ꜞ○─ ≤∆╢  ‘  ≤  „  ─ │

2.1 ─ ⌐╟╢ ─╟℮⌐ ↄ↓≤⅜≢⅝╢[73][10] ↓─≤⅝ │

─ ╩ ⇔≡™╢ √∞⇔ Q ⅜ C ─ ⌐ ∆╢╟℮⌐ ∆╢√╘⌐│

ὦȾὧ Ὑ  ╩ √↕⌂↑╣┌⌂╠⌂™[10] ↓─↓≤│ ╒≥ 2.8.6 ≢ ∆╢  

 

2.4.2  

 ⱳכ♩ⱨ◊ꜞ○─ ≢╙ ⅜ ≤⌂╢ⱳכ♩ⱨ◊ꜞ○╩ ≢│ ⌐ⱳכ♩ⱨ◊

ꜞ○ C ≤ ┬↓≤⌐∆╢ 2.1 ≢│ C ╩ ∆╢ⱳכ♩ⱨ◊ꜞ○≢№╢ ∆⌂╦∟

(2.30)╩ ⌐ 

 

           ÍÉÎÉÍÉÚÅ       
ρ
ς

Ἷ ἤἿ 

          ÓÕÂÅÊÅÃÔ ÔÏ    Ἷ ρ 

 
(2.43)

 

≢№╢ ↓─≤⅝─ Lagrange │ 

 

ὒ
ρ
ς

Ἷ ἤἿ ‗ Ἷ ρ   (2.44)

 

⌂─≢ ─ ╟╡ 

 

           
‬ὒ
‬Ἷ

ἤἿ ‗  

          
‬ὒ
‬‗

Ἷ ρ π 

 

(2.45)

 

≤⌂╢ ╝ⅎ⌐ 
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            ʇ
ρ

ἤ
ρ
ὧ

 

             Ἷ
ἤ

ἤ
ἤ

ὧ
ὂ
ὧ
ὂ

ὂ
 

              „ Ἷ ἤἿ
ρ

ἤ
ρ
ὧ

 

              ‘ Ἷ
Ⱨ ἤ

ἤ
ὦ
ὧ

 

(2.46)

 

≤ ≢⅝╢[7][8][55] ↓─ (2.46)⌐ (2.41)─ ‘ ὦ ὧϳ  ╩ ∆╢≤  „ „  ≤⌂

╡ ⌐ ∆╢↓≤⅜╦⅛╢ ╕√ (2.46)⅛╠ Ἷ  │ ὂ Ⱦ ὂ  ─ ╩ ⇔≡

™╢↓≤╙ ≢⅝╢ ╟╡ ⱳכ♩ⱨ◊ꜞ○ C │ 2.1 ─ C ─╟℮⌐ꜞ☻◒╩

⌐⇔≡™╢↓≤⅜╦⅛╢  

 

2.4.3

 

Arrow-Pratt ꜞ☻◒  † [55]╩ ⇔√ ⱳכ♩ⱨ◊ꜞ○╩ ∆╢ ↓─

≤⅝─ⱳכ♩ⱨ◊ꜞ○╩ⱳכ♩ⱨ◊ꜞ○ G ≤ ┬↓≤⌐∆╢ 2.1 ≤ 2.2 ≢│ G ╩

∆╢ⱳכ♩ⱨ◊ꜞ○≢№╢ ∆⌂╦∟ (2.25)╩ ⌐ 

 

           ÍÁØÉÍÉÚÅ      Ἷ
ρ
ς

†Ἷ ἤἿ 

          ÓÕÂÅÊÅÃÔ ÔÏ    Ἷ ρ 

 
(2.47)
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≢№╢[71][72][55][84] ↓↓⌐  Ἷ ʐἿ ἤἿȾς │ 1 ─ (1.1)─╟℮⌐ⱳכ♩ⱨ

◊ꜞ○─ ─√╘─ 2 ≢№╢ ↓─≤⅝─ Lagrange

│ 

 

ὒ Ἷ
ρ
ς

†Ἷ ἤἿ ‗ Ἷ ρ  (2.48)

 

⌂─≢ ─ ╟╡ 

 

           
‬ὒ
‬Ἷ

†ἤἿ ‗  

          
‬ὒ
‬‗

Ἷ ρ π 

 

(2.49)

 

≢№╢ ╝ⅎ⌐ 

 

            ‗
ὦ †

ὧ
 

             Ἷ
ἤ

ὧ
ρ
ὧ†

ὧἤ ὦἤ

Ἷ
ρ
ὧ†

ὧἤ ὦἤ

Ἷ
ρ
ὧ†

ὧὂ ὦὂ  

              „ Ἷ ἤἿ
ρ
ὧ

Ὀ
ὧ

ρ
†

„
Ὀ
ὧ

ρ
†

 

              ‘ Ἷ
ὦ
ὧ

Ὀ
ὧ

ρ
†

‘
Ὀ
ὧ

ρ
†

 

(2.50)

 

≤ ≢⅝╢[84] ↓─≤⅝ⱳכ♩ⱨ◊ꜞ○ G │ ⱳכ♩ⱨ◊ꜞ○ C ╟╡╙ ρ †ϳ  

─ꜞ☻◒ (ꜞ☻◒ ─ )∞↑ ⌂ ☻♃▬ꜟ╩ ⇔≡™╢↓≤⅜

╠⅛≢№╢ ╕√ ⌐│ ⅛╠ ⱳכ♩ⱨ◊ꜞ○─
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╕≢╩ ⱨ꜡fi♥▫▪≤⇔≡ ∆╢⅜ 2.1 ⌐ ∆ ⱳכ♩ⱨ◊ꜞ○ 

(† ρ.0 ─ ) [71][72]≢№╢ G ⅛╠ ⱳכ♩ⱨ◊ꜞ○─ C ╕≢─ ≢ ─

╩ ℮↓≤⅜≢⅝╢↓≤╙ 2.1 ─ ╟╡ ╘≡ ≢⅝╢ ╕√ ↓─ │

ⱨ꜡fi♥▫▪─ ╩ ⇔≡⅔╡ ⌐⅔™≡ ⌂ ─

≢╙№╢  

 

 

2.2 ꜞ☻◒ ⌐╟╢ Ἷ †Ἷ ἤἿȾς ─  

 

╟╡ ⱳכ♩ⱨ◊ꜞ○ G │ ≤⌂╢ 2.2 ─ G ╩ ⇔≡™╢↓≤

⅜╦⅛╢ ╕√ ⱳכ♩ⱨ◊ꜞ○│ 2.2 ─ ─ ≤⇔≡ ⇔≡

™╢ ⅎ≡╦⅛╡╛∆™╟℮⌐ ≢ † πȢρͯρȢπ ╕≢─ ⱨ꜡fi♥▫▪╩

⇔≡™╢ ╕√ ∕─ ≢№╢ ⌂ⱳכ♩ⱨ◊ꜞ○╩ ⇔ ꜞ☻◒

 † ⌐╟╢ⱳכ♩ⱨ◊ꜞ○─ ╩ ⇔≡™╢  

 

2.4.4

 

 Ὑ  ╩ ╗ⱳכ♩ⱨ◊ꜞ○╩ⱳכ♩ⱨ◊ꜞ○ PF ≤ ┬↓≤⌐∆╢ ∆

⌂╦∟ (2.30)╩ ⌐ 
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            ÍÉÎÉÍÉÚÅ      
ρ
ς

Ἷ ἤἿ 

           ÓÕÂÅÊÅÃÔ ÔÏ    Ἷ Ὑ ύ ‘  

                                Ἷ ύ ρ 

 

(2.51)

 

≢№╢[73][74][44] ↓↓⌐  Ἷ ύ  │ ─ ⌂─≢ 1 ≢№╢ ↓─ (2.51)

⌐≈™≡ ╟╡  Ὑ  ─ │ ύ ρ Ἷ ∞⅛╠ ─

╟℮⌐ 

 

   ÍÉÎÉÍÉÚÅ       
ρ
ς

Ἷ ἤἿ 

  ÓÕÂÅÊÅÃÔ ÔÏ    Ὑ Ἷ ‘ Ὑ  

 
(2.52)

 

≤ ≢⅝╢[74] (2.52)─ Lagrange │ 

 

ὒ
ρ
ς

Ἷ ἤἿ ‗ Ὑ Ἷ ‘ Ὑ  (2.53)

 

≢№╢─≢ ∕─ ─ ╟╡ 

 

        
‬ὒ
‬Ἷ

ἤἿ ‗ Ὑ  

        
‬ὒ
‬‗

Ὑ Ἷ ‘ Ὑ π 
(2.54)

 

≤⌂╢ ╝ⅎ⌐  ἠ Ὑ Ὄ ἠ ἤ ἠ ὥ ςὦὙ ὧὙ  ≤⅔ↄ≤[73][10][74][44] 
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           ʇ
‘ Ὑ

Ὑ ἤ Ὑ
‘ Ὑ

ἠ ἤ ἠ
‘ Ὑ

ὥ ςὦὙ ὧὙ
‘ Ὑ

Ὄ
 

             Ἷ
‘ Ὑ ἤ Ὑ

Ὑ ἤ Ὑ

‘ Ὑ ἤ ἠ

ἠ ἤ ἠ

‘ Ὑ ἤ ἠ

ὥ ςὦὙ ὧὙ
‘ Ὑ ἤ ἠ

Ὄ
 

               ύ ρ Ἷ
‘ ἤ ἠ

Ὄ
 

              „ Ἷ ἤἿ
‘ Ὑ

Ὑ ἤ Ὑ
‘ Ὑ

ὥ ςὦὙ ὧὙ
‘ Ὑ

Ὄ
 

          ‘ Ἷ Ὑ ύ

‘  

(2.55)

 

≤ ≢⅝╢[44]  

↓─ (2.55)⌐⅔™≡ ─ ⅜ Ἷ ρ ╩ √∆ Ἷ ‘  ─≤⅝

 Ὑ  ─  ύ π ⅜ ∆╢ ⇔√⅜∫≡ ↓╣╩ ∆╢≤ⱳכ♩

ⱨ◊ꜞ○ PF │ⱳכ♩ⱨ◊ꜞ○ P ≤⇔≡╙ ⌐ ∆╢↓≤⅜ ≢⅝╢  

╟╡ ⱳכ♩ⱨ◊ꜞ○ PF │ (CML; Capital Market Line) [10][5]─ⱳכ♩ⱨ

◊ꜞ○╩ ⇔ 2.1 ≤ 2.2 ─ ─ ╩ ∆╢↓≤⅜╦⅛╢ 2.4.5 ≢│

↓─℮∟─ ⱳכ♩ⱨ◊ꜞ○⌐≈™≡ ∆╢  
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2.4.5

 

 ⱳכ♩ⱨ◊ꜞ○ PF ─ ╩ ∆ (2.55)⌐⅔™≡  Ὑ  ─  

ύ π ≤⌂╢ ⅜№╢ ↓─↓≤│ ⱳכ♩ⱨ◊ꜞ○ P ≤╙ ⅜№╢│∏≢№╢

∕↓≢ ⌐↓─ⱳכ♩ⱨ◊ꜞ○╩ⱳכ♩ⱨ◊ꜞ○ Q ≤ ┬↓≤⌐∆╢ ∆⌂╦∟ 

 

           ÍÁØÉÍÉÚÅ   
Ὑ Ἷ

ЍἿ ἤἿ
 

          ÓÕÂÊÅÃÔ ÔÏ   Ἷ ρ 
(2.56)

 

≢№╢[28][55] ∕⇔≡ ⅜○◦꜠הⱪכꜗ◦│ ≤⌂╢╟℮⌐⸗♦ꜟ ↕╣≡

™╢ ↓↓≢  ╩○◦꜠הⱪכꜗ◦

 

32
Ὑ Ἷ

ЍἿ ἤἿ

ἠ Ἷ

ЍἿ ἤἿ
 (2.57)

 

≤⅔⅝ ⇔≡ ⌐ ╩ ∆╢≤ 

 

                    Ἷ ἤἿ
Ⱦ Ὠ32

ὨἿ
Ὑ Ἷ ἤἿ 32 ἤἿ π (2.58)

 

⅜ ╠╣╢[28] ∕↓≢ (2.56)─ ≤ (2.58)╟╡ ↕╣╢ ─  

 
32 ἤἿ Ὑ Ἷ ἤἿ

 Ἷ ρ
 (2.59)

 

⌐≈™≡ ↄ≤ 
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      Ἷ
ἤ Ὑ

ἤ Ὑ

ἤ ἠ  
ἤ ἠ

ἤ Ὑ ἤ  
ὦ ὧὙ

◑  
ὂ

ὂ Ὑ ὂ  

ὦ ὧὙ
 

      „ Ἷ ἤἿ

Ὑ ἤ Ὑ  

ἤ Ὑ

ἠ ἤ ἠ  

ἤ ἠ 

ἠ ὂ  

ὂ 

ὥ ςὦὙ ὧὙ  
ὦ ὧὙ

 

      ‘ Ἷ
ἤ Ὑ  
ἤ Ὑ

ἤ ἠ  
ἤ ἠ

ὂ  
ὂ

ὥ ὦὙ
ὦ ὧὙ

 

(2.60)
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   32
Ὑ Ἷ

Ἷ ἤἿ 

Ὑ ἤ Ὑ

ἠ ἤ ἠ

ἠ ὂ  

 

≤ ≢⅝╢[28] √∞⇔  ὂ ἤ ἠ  ≢№╢ ╕∏ ↓↓≢ ╩ Ὑ ᴼ Њ 

≤ ∆╢≤ (2.60)⅛╠ 

 

 
    ÌÉÍ

ᴼ
Ἷ ÌÉÍ

ᴼ

ὂ
Ὑ ὂ

ὦ
Ὑ ὧ

ὂ
ὧ

ἿἍ 

      ÌÉÍ
ᴼ

„ ÌÉÍ
ᴼ

ὥ
Ὑ

ςὦ
Ὑ ὧ 

ὦ
Ὑ

ςὦὧ
Ὑ ὧ

ρ
ὧ

„  

      ÌÉÍ
ᴼ

‘ ÌÉÍ
ᴼ

ὥ
Ὑ ὦ

ὦ
Ὑ ὧ

ὦ
ὧ

‘  

(2.61)

 

≤⇔≡ⱳכ♩ⱨ◊ꜞ○ Q │ⱳכ♩ⱨ◊ꜞ○ C ⌐ ∆╢[28] ∆⌂╦∟ 2.1 ─

 Ὑ  ╩ⱴ▬♫☻ ⌐ ⅝ↄ ↕∑╢≤ Q ⅜ C ⌐ ≠ↄ ⅜▬ⱷכ☺

≢⅝╢  

≤↓╤≢ (2.60)≤ (2.55)╟╡  Ἷ Ἷ  ≤∆╢≤⅝ 

 

ἤ ἠ  
ἤ ἠ

‘ Ὑ ἤ ἠ

ἠ ἤ ἠ
 (2.62)

 

⅛╠ 
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‘ Ὑ

ἠ ἤ ἠ

ἤ ἠ

ἠ ἤ ἠ  

(2.63)

 

≤⌂╢ ↓↓≢ 2.7 ≢╙ ∆╢ ⸗♦ꜟ(CAPM) [5]⌐⅔↑╢ⱴה♩♇◔כⱳ

─○ꜞ◊ⱨ♩כ ╩ ‘  ≤⇔ ╩ „  ≤∆╢≤ 

 
‘ Ὑ

„
”

‘ Ὑ
„

 (2.64)

 

╟╡ 

 

‘ Ὑ ”
„
„

‘ Ὑ  (2.65)

 

≤⌂╢ (2.65)│ ” ρȢπ ─≤⅝─ [10][5]≢№╢ ∆⌂╦∟ ꜞ☻◒─

╙ ‍ ” „ Ⱦ„ ρȢπ ≢№╢ ↓↓⌐  ”  │ⱳכ♩ⱨ◊ꜞ○ P ≤ⱴה♩♇◔כⱳ

○ꜞ◊ⱨ♩כ M ─ ─ ≢№╢ │○◦꜠הⱪכꜗ◦─⅝≥─↓ ⱳכ♩ⱨ

◊ꜞ○ P ⅜ⱳכ♩ⱨ◊ꜞ○ Q ≢╙№╢√╘ 

 

‘ Ὑ
„

‘ Ὑ
„

32  (2.66)

 

≢№╢ ⇔√⅜∫≡  Ἷ Ἷ Ἷ  ⅜ ∆╢√╘ (2.41)⌐ ∆╢≤⅝│ ∏

(2.60)─ ‘ ‘ ‘ ὥ ὦὙ Ⱦ ὦ ὧὙ  ╩ √∆↓≤⅜╦⅛╢ ↓─√╘ ⱳ

○ꜞ◊ⱨ♩כ PF │ⱳכ♩ⱨ◊ꜞ○ Q ╩ ∆╢ ╝ⅎ⌐ ⱳכ♩ⱨ◊ꜞ○ Q ⅜ⱴכ◔

○ꜞ◊ⱨ♩כⱳה♩♇ M ≤⇔≡ ⱳכ♩ⱨ◊ꜞ○≤ ┌╣≡™╢↓≤⅜ ≢⅝╢  

 ≤↓╤≢ ⱳכ♩ⱨ◊ꜞ○ Q ≤ⱳכ♩ⱨ◊ꜞ○ C ⌐≈™≡ 

 

ἤ ὂ  

ἤ ὂ  
(2.67)
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╩ ™╢≤⅝ (2.60)─ⱳכ♩ⱨ◊ꜞ○ Q ─  Ἷ  ≤ (2.46)─ⱳכ♩ⱨ◊ꜞ○

C ─  Ἷ  ╟╡  

 

Ἷ
‘ ‘
‘ ‘

Ἷ
‘ ‘
‘ ‘

Ἷ

ρ
Ὀ

‘ ὧ ὦ ὂ ὥ ‘ ὦ ὂ  
(2.68)

 

≤⇔≡ (2.41)─ⱳכ♩ⱨ◊ꜞ○ P ─  Ἷ  ⌐ ∆╢[16][17] ⇔√⅜∫≡ ≤

∆╢ⱳכ♩ⱨ◊ꜞ○─  ‘  ⅜ ⅎ╠╣√ ≢ ╩ ⌐∆╢ⱳכ♩ⱨ

◊ꜞ○ P │ ⱳכ♩ⱨ◊ꜞ○ Q ≤ ⱳכ♩ⱨ◊ꜞ○ C ─ ≢№╢↓≤⅜

╦⅛╢ ╕√ 2.8 ≢ ∆╢ ─ ─ ─ ≤╙ ↄ ⇔≡™╢  

↕╠⌐ ⱳכ♩ⱨ◊ꜞ○─  Ἷ ⅜ꜞ☻◒  † ─ ⅝↕⌐╟╡

ⱳכ♩ⱨ◊ꜞ○─  Ἷ ʐἿ ἤἿȾς ≤≤╙⌐ ⇔≡™ↄ ╩ ≤⇔

≡ 2.2 ⌐ ∆ ↓─≤⅝ │ⱳכ♩ⱨ◊ꜞ○─  ЍἿ ἤἿ ╩ ∆√╘ ⱳ

○ꜞ◊ⱨ♩כ C ─  ʎ  │ † ─ ⅝↕⌐ ⌂ↄ ≢ ⱳכ♩ⱨ◊ꜞ○ Q ─

 ʎ  ⌐≈™≡│ⱳכ♩ⱨ◊ꜞ○ G ≤ ⇔≡™╢↓≤⅜ ╘≡ ≢⅝╢  

 

2.5.  

≢│ ╡╩ ╘√ ─ ₁─ ≢ ┬↓≤⌐⇔√ⱳכ♩ⱨ◊ꜞ○ X ⌐

⇔≡ ⅜ Ἷ  ≤⌂╢ ╩ ⅎ√ ╡╩ ╘⌂™ ─ⱳכ♩ⱨ◊ꜞ○⌐

ⱪꜝ▬ⱶ╩ ↑≡ⱳכ♩ⱨ◊ꜞ○ X’≤ ⇔≡ ╩ ℮↓≤⌐∆╢  

 

2.5.1  

⌂⸗♦ꜟ≤⇔≡ ∫√ 2.4.1 ─ⱳכ♩ⱨ◊ꜞ○ P ⌐ ─  

Ἷ  ╩ ⅎ√⸗♦ꜟ╩ ⅎ╢ ↓─ⱳכ♩ⱨ◊ꜞ○╩ⱳכ♩ⱨ◊ꜞ○ P’≤ ┬↓≤⌐

∆╢ √∞⇔  ὸ ─ⱳכ♩ⱨ◊ꜞ○⌐⅔™≡  ύ Ὥ ρȟ Ễ ȟ ὲ , ∆⌂╦∟

ⱬ◒♩ꜟ 
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                Ἷ ύ ȟ ύ ȟ Ễ ȟ ύ  

                ρȟρȟ Ễ ȟρ  

          Ἷ ρ 

               Ἷ  

(2.69)

 

╩ ™≡ ⱳכ♩ⱨ◊ꜞ○ P’─  

 

           ÍÉÎÉÍÉÚÅ       
ρ
ς

Ἷ ἤἿ 

           ÓÕÂÅÊÅÃÔ ÔÏ    Ἷ ‘  

                                 Ἷ ρ 

                                    Ἷ  

 

(2.70)

 

╩ ⅎ╢ ↓↓≢ ╩ ∆√╘⌐ (2.70)╩ 

 

ὒ
ρ
ς

Ἷ ἤἿ Ἷ ‘
Ἷ ρ

Ἷ  (2.71)

 

≤⅔⅝ KKT (Karush-Kuhn-Tucker ) 

 

           ᶯἿὒ ἤἿ  

           ᶯ ὒ Ἷ ‘
Ἷ ρ

 

           ᶯ ὒ  

                

      ᶯ ὒ π 

(2.72)

 

╩ √∆  Ἷ  ╩ ∆╢[74][75][96] ≢│ │ Excel ─ Solver ╩ ™≡

ↄ ∆⌂╦∟ Solver ╩ VBA ≢ ⇔⌂⅜╠ ∆╢[59][77][78][79][80][81]  
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2.5.2  

⌂⸗♦ꜟ≤⇔≡ ∫√ 2.4.4 ─ⱳכ♩ⱨ◊ꜞ○ PF ⌐ ὲ ─ ⅛╠⌂╢

ⱬ◒♩ꜟ Ἷ  Ὑ  ─  ύ π ─ ╩ ⅎ√⸗♦ꜟ╩

ⅎ╢ ↓─ⱳכ♩ⱨ◊ꜞ○╩ⱳכ♩ⱨ◊ꜞ○ PF’≤ ┬↓≤⌐∆╢ √∞⇔  ὸ ─

─ⱳכ♩ⱨ◊ꜞ○⌐⅔™≡  ύ Ὥ ρȟ Ễ ȟ ὲ  ≢№╢ ∆⌂╦∟ ⱬ

◒♩ꜟ Ἷ ≤  Ὑ  ─  ύ  ╙ ⌐ ╘≡ 

 

                Ἷ ύ ȟ ύ ȟ Ễ ȟ ύ  

                ρȟρȟ Ễ ȟρ  

          Ἷ ύ ρ 

               Ἷ  

             ύ π 

(2.73)

 

╩ ™≡ⱳכ♩ⱨ◊ꜞ○ PF’─  

 

           ÍÉÎÉÍÉÚÅ          
ρ
ς

Ἷ ἤἿ 

           ÓÕÂÅÊÅÃÔ ÔÏ      Ἷ Ὑ ύ ‘  

                                           Ἷ ύ ρ 

                                         Ἷ  

                                         ύ π 

(2.74)

 

╟╡ ╩ ∆╢  

⌐≈™≡ 2.1 ╩ ⇔√≤⅝≤ ∂ ≢ ⇔≡╖╢≤ 2.3 ⌐ ∆╟℮

⌐ PF’─ │  Ὑ  ─ RF ⅛╠ Q’╕≢│ CML ⌐ ╕╡ Q’⅛╠

G’╕≢│ ╡─⌂™ ─ ≤ ⌐ ╠╣╢ ↓─ 2.3 ⌐ ∆ │ 2.1 ≤

2.2 ≢ ⇔√ ╡╩ ╘╢ ─ⱳכ♩ⱨ◊ꜞ○─ ≢№╢  

≤↓╤≢ ╕≢│ ╩ ⌐ ╩ ⌐ ⇔ ⸗♦ꜟ╩

∫≡⅝√⅜ ⌐│ ὲ ─ ─♃כ♦ ╩ ⇔≡™╢ ∕↓≢ ≢│

♃כ♦─ ╩ ∆╢√╘⌐ ™╢ ╩ ∆╢ ≢ ⸗♦ꜟ

╩ ℮ ╕√ ╒≥ 2.8 ♃כ♦│≢ ≤⇔≡ ─ ╩ ™≡ 2.1
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2.2 2.3 ⌐ ╠╣╢ⱳכ♩ⱨ◊ꜞ○─ ⌐≈™≡ ⇔≡™╢  

 

 

2.3 ╡╩ ╘⌂™ ⸗♦ꜟ─ ─ [71][72] 

 

 

2.6   

─ⱳכ♩ⱨ◊ꜞ○ ≢│ ⸗♦ꜟ╩ ™≡ ↕╣╢↓≤⅜ ╕≢≢

╦⅛∫√ ≢ ⌐⅔↑╢ │ ⸗♦ꜟ[86][101]⌐⅔↑╢

≢╙ ℮↓≤⅜≢⅝╢ ≤ │≤╙⌐ ─ ⅝↕╩ ℮↓≤

⅜ ≢№╢⅜ ⸗♦ꜟ≢─ ─ ⅝↕⌐ ⇔≡│ Agnew ╠⅜

⸗♦ꜟ⌐ ⇔≡™╢[101] ↓─↓≤╩ ≤⇔≡⸗♦ꜟ ∆╢√╘⌐

─ [98][99]≤╙ ⇔≡ ∆╢↓≤│ ⸗♦ꜟ─ ─

─ ⅛╠╙ ≤ ⅎ╠╣╢  

∕↓≢ ≢│ ⸗♦ꜟ─ ╩ ╖⌂⅜╠ ─ ╩

⇔√ ⸗♦ꜟ≤─ ⌐≈™≡ ╩ ⇔≡™╢ ↓╣╕≢⌐╙ ⸗

♦ꜟ╩ ⇔√ Markowitz [6]╙ ≤ ⅔╟┘ ─ ⌐≈™≡

∫≡™╢ ↓╣⌐ ─ ⅝↕─ ╩╟╡ ⌐ ∆╢↓≤⅜ ≢№╢  

╕√ ⌐ ╡╩ ╘⌂™ ─╖╩ ⇔√ ⸗♦ꜟ│ 2.5 ≢ ⇔√╟

℮⌐ ↕╣╢ ∕⇔≡ ἠ │ ≤⇔≡ ∫≡™╢ ⌂ ≢╙

⸗♦ꜟ─ⱳכ♩ⱨ◊ꜞ○ ≢│ ─√╘⌐ ╩ Ἷ ≤⇔≡ ⌐
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℮↓≤⅜ ≢№╢ ⇔⅛⇔ ⌐│ ≥⅔╡⌐ ⌐ ™ ↑╢↓≤⅜

≢№╢

∕↓≢ ∆═⅝ ≤⇔≡ ἠ ╒≥Ᵽꜝ♠◐⅜ ⅝™╦↑≢│⌂™⅜ Ἷ ╙

≤⇔≡ │ ╦╣⌂↑╣┌⌂╠⌂™ ∆⌂╦∟ ↓─↓≤╩ ⇔√ ≢

─ ╩ ∆╢↓≤│ ≢№╢ ≢│ Ἷ ⌐ ∆╢

⸗♦ꜟ╩ ∆╢

2.6.1  

⸗♦ꜟ─ⱳכ♩ⱨ◊ꜞ○ ≤⇔≡ Ὑ Ἷ ἠ ─ Ἷ ─ Ἇ Ἷ

≤ ἤἿ ╩ ™≡ ∆╢

↓─≤⅝ ─ ╩ ‗ ≤∆╢≤⅝ [86]

ἠ Ἷ Ἇ Ἷ

ἠ ἤἿἠ
‗ (2.75)

╩ ⇔√

 

‗ ἠ ἤἿἠ ἠ Ἷ Ἇ Ἷ π (2.76)

│ ╢╟⌐fiכ♃ꜞ╩ꜟ♦⸗ ≢ ⇔√ ≤⇔≡ ∆↓≤⅜≢

⅝╢ ∆⌂╦∟ 2.4 ─╟℮⌐ ─ ⅝↕⌐ ∂≡ ⅜ ≢⅝╢

↓↓≢ 2.4(a)≢│  ύ  ≤ ύ  ─  ”
 

πȢω ─ ╩ ∫

≡™╢ 2.4(b)≢│  ύ  ≤ ύ  ─  ”
 

πȢπ ─ ╩ ∫≡

™╢ 2.4(c)≢│  ύ  ≤ ύ  ─  ”
 

πȢω ─ ╩ ∫≡™

╢ ↓─╟℮⌐ ∕╣∙╣─ ╩ ≢⅝╢ ∆⌂╦∟ 2.4 │ ⅎ╠╣√

 ”
 

 ─╙≤≢  ύ  ─ ‏ ╩ πȢπυ  ύ  ─ ‏ ╩ πȢπυ ≤

⇔≡  Ὁ ύ ύ Ὁ ύ ρ ύ ─ ╩ ∆√╘⌐  ‗ ─ ╩ ↕∑⌂⅜╠

─ ╩ ™√ ≢№╢  
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 (a) ” πȢω     (b) ” πȢπ 

(c) ” πȢω 

2.4 ⸗♦ꜟ⌐╟╢ [85] 

╕√  ”
 

 ─ ⅜ 2.4 ≤ ⌂╢ ≢╙ 2.4 ─ ⅛╠Ᵽꜝ♠◐─

╩ ≢⅝╢ ↓─╟℮⌐ ─ ≤⇔≡ ⌐≈™≡╙ ∆╢

↓≤│ ⅛╙⇔╣⌂™  
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2.6.2  

≢ ╩ ἥ ÄÉÁÇ ύ ≤ ↄ≤⅝ ─fiכ♃ꜞ─ꜟ♦⸗

─ │

ἠ ἥἏ ἠ ἥἤἥ ἠ 7% ἠ ‗ (2.77)

≤ ≢⅝╢[85] ↓↓⌐ ÄÉÁÇ ẗ │ ẗ ⌐╟╢ ╩ ∆╢ ╕√ ‗

│ ─ ≢№╢

(2.77)╩ ™╢≤⅝ ⸗♦ꜟ≤ ─ ╩ ⇔⌂⅜╠ ⌐⅔↑╢

─ ™⅜ 2.5 ─╟℮⌐ ≢⅝╢ ↓─≤⅝ 2.5 ⌐│ Ὑ  ─ ╩ ύ  

Ὑ  ─ ╩ ρ ύ ≤⇔≡  ύ ╩ 0.0 ⅛╠ 0.9 ╕≢ 0.1 ∏≈ ↕∑√ ╩∕╣∙╣

⇔≡™╢  

↓↓≢ 2.5(a)≢│  Ὑ  ≤ Ὑ  ─  ”
 

πȢω ─ ╩ ∫≡™╢

2.5(b)≢│  Ὑ  ≤ Ὑ  ─  ”
 

πȢπ ─ ╩ ∫≡™╢ 2.5(c)≢

│  Ὑ  ≤ Ὑ  ─  ”
 

πȢω ─ ╩ ∫≡™╢ ↓─╟℮⌐∕╣∙

╣ ╩ ≢⅝╢ ╕√  ”
 

 ─ ⅜ 2.5 ≤ ⌂╢ ≢╙ 2.5 ─

⅛╠ ≢⅝ ─ ⌐ ∆╢ ─ ⅜╦⅛╢  

↓─ ⸗♦ꜟ╟╡╙ ⅜ ⌐ ⌂╢ ─

─Ɽⱨ◊כⱴfi☻│ ἥἤἥ ╩ ⇔≡™╢ ≢ ⸗♦ꜟ─ ╩ ⌐

≢⅝≡™╢↓≤⌐⌂╢

╕√ ∆╢⅜ 2.5 ≢│ ⅜ ≤⇔≡ ↕╣≡™╢⌐╙⅛⅛

╦╠∏ ─ ╩ ⇔⌂ↄ≤╙ ⸗♦ꜟ─ꜞ☻◒ │

─ ⅝↕⌐╟╡ ─ ─ ─ ≤⇔≡ ≢⅝╢

↓╣⌐ 2.4 ─ ─ ╩ ⅎ≡ ─ ⅜ ╣╢─⅜

─ ☻♃▬ꜟ≢│⌂™⅛≤ ⅎ╠╣╢
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 (a) ” πȢω     (b) ” πȢπ 

(c) ” πȢω

2.5 ⸗♦ꜟ─ [85]  

 

2.7 CAPM  

2.7.1 CML  

ꜞ☻◒ ╩ ⇔√ ⱨ꜡fi♥▫▪≤⌂╢ │ ≤⇔≡ ≢⅝

╢[5][92] ∆⌂╦∟ 
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Ὁ Ὑ Ὑ

„
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≢№╢ ↓↓⌐ Ὁ Ὑ  │ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○─ ≢№╡ „  │ⱴ

─○ꜞ◊ⱨ♩כⱳה♩♇◔כ ≢№╢[92] ↓─ ─ │ ₈ =

ꜞ☻◒─ ×ꜞ☻◒ ₉≤⇔≡≤╠ⅎ╢↓≤⅜≢⅝╢ ∕─√╘ (2.56)

≤ (2.57)≢ ↕╣╢╟℮⌐ꜞ☻◒─ 32 ○◦꜠הⱪכꜗ◦╢№≢  ╩ ⇔≡

CML ╩ ∆╢↓≤⅜≢⅝╢[92]  

 

2.7.2 SML  

⌐⅔↑╢ ─  Ὥ ─ ⌐≈™≡ 

 

 Ὁ Ὑ Ὑ Ὁ Ὑ Ὑ ẗ
ὅέὺ Ὑ ȟ Ὑ

„

Ὑ ‍ Ὁ Ὑ Ὑ  

(2.79)

 

≤ ↕╣╢[5][92] ↓↓⌐  ὅέὺ Ὑ ȟ Ὑ  │  Ὥ ≤ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○─

─ ≢№╢ ↓─≤⅝ ꜞ☻◒ ≤⇔≡ ╙╢ⱬכ♃ ‍  │ 

 

 ‍
ὅέὺ Ὑ ȟ Ὑ

„
 (2.80)

 

≤⇔≡ ≢⅝╢[5][92] ↓╣│ ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○─ ╩ ≤⇔

≡ 

 

 Ὑ Ὑ ‌ ‍ Ὑ Ὑ ‭  (2.81)

 

╩ ≡≡ ∆╢↓≤⌐╟∫≡ ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○⌐ ⇔⌂™

─  ‌  ≤ ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○─ ⌐ ∆╢  ‍  ╩ ∆╢≤

⅝  Ὑ  ⌐ ∆╢  Ὥ ─ │ 

 

 Ὁ Ὑ Ὑ ‌ ‍ Ὑ Ὑ  (2.82)
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≤ ≢⅝╢[5][92] ↓─≤⅝─ ‌  ≤ⱬכ♃ ‍  │ ─☻כⱬ♃כ♦≡™≠≥╙⌐(2.82)

⌐╟╡ ⌐ ╘╢↓≤⅜≢⅝╢ ╕√ ─ⱬכ♃╩ⱬ◒♩ꜟ≤⇔≡ ╦

∆≤⅝ 

 

 Ἢ ‍ ȟ Ễ ȟ ‍  (2.83)

 

╩ ™≡ TOPIX ╛ ─╟℮⌂▬fi♦♇◒☻⌐╟╢ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○

≢│⌂ↄ ─╖≢ ↕╣╢ ⱨ꜡fi♥▫▪≤ (CML)≤─ ≢№╢

ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○ Q ╩ ∆╢⌂╠┌ ∕─ ≢№╢►▼▬♩ⱬ

◒♩ꜟ Ἷ ⅛╠∕─ⱬכ♃│ 

 

 ‍ Ἢ Ἷ ρ (2.84)

 

≤⌂╢ ⅜ ∆╢ ↓─√╘ ⱳכ♩ⱨ◊ꜞ○─ ⅜ ⱳכ♩ⱨ◊

ꜞ○≤ ∆╢ [100] ↓─↓≤│ ╒≥ 2.8.4 ─ ≢╙ Excel ♃כ♦⌐ ⇔≡

⇔≡™╢  

 

 

2.8  

 ≢ │♃כ♦╢™ ─℮∟ [140]⌐╟╢ Excel ─ ⌐ ↕╣

╢ ⌐ ⅎ≡ 2153 ⌐≈™≡ 1990 1 ⅛╠ 2009 12 ╕≢─ 20

─ ╩♃כ♦ Yahoo!ⱨ□▬♫fi☻[65]⅛╠♄►fi꜡כ♪⇔√╙─≢№╢ ♄►fi꜡כ

│≡™≈⌐♃כ♦√╣↕♪ Access ╩☻כⱬ♃כ♦הꜟ◌כ꜡╡╟⌐ ⇔≡™╢

≢│ ⌐≥╙╩♃כ♦─╠╣↓ ╕≢≢ ⇔√ ⸗♦ꜟ⌐ ♃כ♦╢∆

╩ ⇔≡™╢ Excel ≢ ⅜ ≢№╢↓≤≤ ▬fi♃כⱠ♇♩⌐╟╢

[67][141]─ ╙ ≢№╢↓≤│ ⱨ□▬♫fi☻╛ ⌐⅔↑╢ ⌐≤∫≡│

⌐ ≢№╢  

∕↓≢ ≢│↓─ ╩ ⅛⇔≡ Excel ≤ Access ╩ ™≡ ─ ╩

∆╢  
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2.8.1  

 fl▼ꜞ♃☻ 2010 1 10 ─ 1990 1 ⅛╠ 2009 12 ╕≢─ 20

─ ─ 50 [66]╩ ∆╢≤ Yahoo!ⱨ□▬♫fi☻⌐ 20 ⌂⅜♃כ♦─

™ 18 ⅜ ≢⅝╢ ↓╣╠╩ ⅝ ∕─ ─ ╠⅛☻כⱬ♃כ♦╩ ⇔≡

≤ ╩ ⇔√╙─⅜ 2.1 ≢№╢ ≢ ⇔√ Access ⱬ♃כ♦─

╡╟⌐☻כ ⇔√ 50 ⌐│ fl▼ꜞ♃☻≢│ 68 ╕≢─

⅜ ⇔≡⅔╡ ╩ ⇔≡ 20 ─ ⌐ ∆≤ │╒

╓ ∆╢↓≤⅜ ≢⅝╢  

 

2.1 50 ─ ≤  
♪כ◖ ♪כ◖

1 4530 0.00634 0.0920 26 6367 0.00222 0.0989

2 6861 0.00537 0.0959 27 7739 0.00213 0.1024

3 8113 0.00528 0.0886 28 6923 0.00211 0.1041

4 8227 0.00512 0.1103 29 4502 0.00209 0.0670

5 7267 0.00510 0.0858 30 6273 0.00207 0.0938

6 7741 0.00495 0.0877 31 6988 0.00199 0.1095

7 7751 0.00485 0.0786 32 7251 0.00186 0.1077

8 4063 0.00467 0.0875 33 7259 0.00178 0.0914

9 4543 0.00450 0.0905 34 6971 0.00173 0.1087

10 4062 0.00450 0.1193 35 6857 0.00163 0.1349

11 6967 0.00408 0.1373 36 4452 0.00146 0.0595

12 6963 0.00387 0.1114 37 6767 0.00142 0.1392

13 8035 0.00358 0.1276 38 6301 0.00141 0.0999

14 7915 0.00349 0.1098 39 5444 0.00139 0.1138

15 7269 0.00348 0.0875 40 6995 0.00129 0.1028

16 6981 0.00339 0.1019 41 7756 0.00126 0.1350

17 6794 0.00315 0.1380 42 4185 0.00123 0.1083

18 6806 0.00289 0.0918 43 9735 0.00120 0.0764

19 7974 0.00288 0.1001 44 7221 0.00111 0.0767

20 7309 0.00281 0.0979 45 6586 0.00096 0.0961

21 7733 0.00279 0.0954 46 6902 0.00086 0.0765

22 6370 0.00264 0.1053 47 5214 0.00085 0.1168

23 7203 0.00256 0.0722 48 7731 0.00082 0.1342

24 4523 0.00255 0.0847 49 4021 0.00082 0.1114

25 5947 0.00230 0.0817 50 6363 0.00080 0.1033

 

 

╕√ ─☻כⱬ♃כ♦─↓ ╩╙≤⌐ ╩ ⇔≡™╢  

⌐ 2.1 ⌐ ∆ ⌐≈™≡ TOPIX ≤─ ⸗♦ꜟ╩ ⇔≡ ∕─℮

∟─▪ꜟⱨ□─ ⌐ 20 ╩ 2.2 ⌐ ⇔≡™╢ ⌐│ ╙℮ ⇔ ─Ɽ
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ⱨ◊כⱴfi☻╩ ═╢√╘⌐ ╩ ↄ ∆╢╟℮≢№╢⅜ 2.2 ⌐ ∆╢

│ ╩ 2005 1 ⅛╠ 2009 12 ╕≢─ 5 ≤⇔√ 2.2 ⌐│ 2.1 ⌐

─ ─℮∟ ▪ꜟⱨ□─ ⌐ 20 ─╖─ ≢│№╢⅜ Access ⌐╟╢

─↓│≢☻כⱬ♃כ♦ ⌐ 1885 ─ ≤ TOPIX ╩ ╦∑√ 1887

─ ╩╒≤╪≥☻♩꜠☻⌂ↄ ≢⅝╢─≢ ▪ꜟⱨ□─ ∞♩כ♁╢╟⌐↕⅝

↑≢│⌂ↄ ⱬכ♃─ ╩♩כ♁─ ⇔√ ⅜ ≢№╢  

 

2.2 ⸗♦ꜟ─  
□ⱨꜟ▪ ♪כ◖  ⱬ כ ♃

1 6794 0.0280 1.7068 0.0204 0.1686

2 6363 0.0257 0.9577 0.0220 0.1084

3 6301 0.0241 1.7046 0.0165 0.1190

4 7915 0.0212 0.5801 0.0194 0.1437

5 5444 0.0200 1.4284 0.0139 0.1071

6 6370 0.0151 0.9746 0.0113 0.0985

7 4062 0.0148 1.4761 0.0085 0.1326

8 4543 0.0144 0.7305 0.0118 0.0833

9 6767 0.0142 1.9199 0.0055 0.1602

10 4021 0.0141 1.3713 0.0082 0.1076

11 6586 0.0140 1.1147 0.0095 0.1085

12 7731 0.0140 1.7718 0.0061 0.1354

13 7974 0.0127 0.9044 0.0092 0.1012

14 5214 0.0126 1.4729 0.0063 0.1364

15 6967 0.0121 1.8142 0.0040 0.1517

16 7733 0.0110 1.3740 0.0052 0.1148

17 8113 0.0101 0.3344 0.0096 0.0551

18 5947 0.0086 0.3264 0.0081 0.0687

19 6367 0.0086 1.2151 0.0035 0.1072

20 6995 0.0080 1.2667 0.0027 0.1135

 

 

2.8.2  

⸗♦ꜟ─√╘⌐ ⌂ ≢№╢ ╩

⌐ ∂≡ Access ─◒◄ꜞ ≥כꜙⱦ│≢☻כⱬ♃כ♦⌐ ┬ ╩ ⇔ SQL

≢ ∆╢ ↓↓⌐ ≤ │ Access ─ ≢№╢⅜ Access ─

⌐⌂™ ╛ │ (2.17)≤ (2.18)╩ ⇔ ⇔⌂↑╣┌⌂╠⌂™ ↓─√╘

≢│ ╛ ─ ╙ ╩≤╢↓≤⅛╠ ♃כ♦─ ≢ ╢
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Access ─ ╩ ™≡ SQL ⌐╟╡ ⇔≡™╢  

╕∏ ◒◄ꜞ≢ SQL ╩ ™≡ 1990 1 ⅛╠ 2009 12 ╕≢─ 240 יִ ─ ⌐

≈™≡ ╠╣√ ╠⅛♃כ♦ 2153 ─ ─ ╩ ⇔♩כ♁⌐

2.1 ⌐ ∆ 50 ╩ ╢ ⌐ ↓─ ⌐≥╙╩♪כ◖ 50

─ ─ ⌐ ╩♃כ♦╢∆ ⌐ SQL ≢ ⇔ (2.18)─

≢№╢◒◄ꜞ╩ ∆╢ ∕─ ⌐ Excel ♃כ♦⌐ ⇔≡ ╩ ∆╢≤ Excel

⌐≡ (2.35)⌐ ∆ ⸗♦ꜟ─ ╡─№╢ ─ [89][44]╩ ™≡ ⱨ꜡

fi♥▫▪╩ 2.6 ⌐ ∆≤⅔╡⌐ ⌐ ≢⅝╢  

 

 

2.6 ╡─№╢ ─ ⱨ꜡

fi♥▫▪≤∕─ ─ ⱨ꜡fi♥▫▪ 

 

2.7 ╡─⌂™ ─ ⱨ꜡

fi♥▫▪≤∕─ ─ ⱨ꜡fi♥▫▪ 

 

 

2.6 ⌐ ∆ ⱨ꜡fi♥▫▪─ │ ╩ ∆╢ ≤

─ ─ ─ ╩ 2 ╕≢ ⇔≡⅔╡ ≢│⌂™⅜ ∕─

⌐≈™≡ ╩ ∫≡™╢─≢ ∕─ │ ⇔╛∆™ √∞⇔ ─℮

∟─ ╩ ⅎ╢ ╩ ∆╢≤⅝⌐│ ╩ ∆╢  

╕√ (2.70)⌐ ∆ ╡─⌂™ ─ ⸗♦ꜟ─ ─ ─√╘ Excel ─

Solver ╩ VBA ≢ ⇔[77][78][79][80] ⌐ 2.7 ⌐ ∆╢↓≤⅜≢⅝╢ ⇔⅛⇔⌂⅜╠

⌂ ─ ⌂─≢ 2.7 ⌐ ↕╣√ ⌐│ ─ ∟ ╩ ∆╢

⅜ ╢ 2.6 ≤ 2.7 ─ ⅛╠ ╡─ ─ ⌐╟╢ ─ꜞ☻

◒ ─ ╩ ≢⅝╢─≢ ╩ ╦∑√ 2.8 ╩ ⇔≡ ⱨ꜡fi♥▫

▪≤∕─ ─ ╩ ⇔≡™╢  
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2.8 50 ─

ⱨ꜡fi♥▫▪≤∕─ ─ ⱨ꜡

fi♥▫▪ ─  

 

2.9 50 ─

ⱨ꜡fi♥▫▪≤∕─ ─ ◦ꜗ

─○◦꜠הⱪכ  

 

 

↓─ 2.8 ⅛╠ ╡─⌂™ ⌐│ ─ ⅝™ ⅛╠ⱳכ♩ⱨ◊ꜞ○⌐

╗ꜞ☻◒ │ ╘╠╣╢╙── ⱳכ♩ⱨ◊ꜞ○─ ─

⅜╟╡ ⅝ↄ⌂╢ ╩ ∆↓≤╙╦⅛╢ ╕√ ↓─ ⌐│ ╩ 10 ╙

⇔ↄ│ 50 ⌐╟╡ ⇔√≤⇔≡╙ ╡╕№│≡™≈⌐○◦꜠הⱪכꜗ◦ ⅝⌂ │

↕╣⌂™↓≤╙ ≢⅝╢  

⌐ 2.9 ─○◦꜠הⱪכꜗ◦│ ⅝™ ⅛╠ 10 ∏≈ ⇔≡ⱳכ♩ⱨ◊ꜞ○

╩ ⇔ ⱨ꜡fi♥▫▪≤∕─ ≢№╢ ⌂ⱳכ♩ⱨ◊ꜞ○╩ ⇔√

╙─≢№╢ 2.8 ≤ 2.9 ≢│ ⱨ꜡fi♥▫▪≤∕─ ≢№╢ ⌂ⱳכ♩

ⱨ◊ꜞ○─ ↓∕ ⌂╢╙── ⌂ ⌐╟╢ꜞ☻◒ ⌐≈™≡│

╡─⌂™ ≤ ╡─№╢ ─ │ 2.8 ≤ ─ ≢№╢↓≤⅜ ≢⅝╢

╠⅛☻כⱬ♃כ♦│╣↓ 50 ╩ ╘ ⇔≡™╢ ╙ ╕╣√ ≢№

╢≤╙™ⅎ╢ ⇔√⅜∫≡ ⅜ ⌂™ │ ─ 10 ─ ⱨ꜡fi

♥▫▪⅛ ─○◦꜠הⱪכꜗ◦ 10 ─ ⱨ꜡fi♥▫▪⅛≢ 2.8 ≤ 2.9 ⌐

╠╣╢ ─ ™─╟℮⌐ ⌂╢ⱳכ♩ⱨ◊ꜞ○≢№╢↓≤╩ ⇔≡⅔ↄ ⅜№╢  
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2.8.3  

 ⌐ ╡─№╢ ─ ⌐≈™≡ 10 ⌐ ⇔≡

⇔√╙─⅜ 2.10 ≢№╢   

2.10 ─ ─ⱴ▬♫☻─ │ ╡ⱳ☺◦ꜛfi╩ ⇔ ⱪꜝ☻─ │

™ⱳ☺◦ꜛfi─ ─ ─ ╩ ⇔≡™╢ ╕√ ─ ╡│ ⇔≡™⌂™

⅜ ─℮∟ ≤ ─ ╩ ╡ ╩

⌐ ╡ ∕─ ╩ 2 ⇔√╙─ ⅎ√╙─╩ ≤⇔≡ ─ ─ ╡─⌂™ ╩

⇔≡™╢  

 

 

2.10 ╡─№╢ ─  

10  

 

 

2.11 ╡─№╢ ─ ─

─ ⅜ 1 ≢№╢  

10  

 

 

2.12 ╡─№╢ ─  

○◦꜠הⱪכꜗ◦ 10  

 

 

2.13 ╡─№╢ ─ ─ 

─ ⅜ 1 ≢№╢  

○◦꜠הⱪכꜗ◦ 10  
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↓─ 2.10 ⅛╠ ⱳכ♩ⱨ◊ꜞ○ ─ ─ ─ ⅜ ↕ↄ

ⱨ꜡fi♥▫▪─ ⌐ ∆╢⌐ ∫≡ ─ ™ ─ ⅜⅛⌂╡ ™ⱳ☺◦

ꜛfi⌐⌂╡ ⌐ ↄ⌂™ │ ╡ⱳ☺◦ꜛfi⌐⌂╢ ⅜ ⅝ↄ⌂╢ ⅜╦⅛

╢ ╕√ ╩ ⇔√⌐╙⅛⅛╦╠∏ ∕─ ⅜ 1 ╩ √∆↓≤∞↑⅜ ⇔

─  ύ  ─ ─ │ ─ ⅝↕⌐╟╡⅛⌂╡ ⌂∫≡™╢

↓≤≤ ⌐╟∫≡│∕─ ─ ⅜ ⅝ↄ⌂╢↓≤╙╦⅛╢ ╕√ ─

╩ⱳכ♩ⱨ◊ꜞ○─Ɽⱨ◊כⱴfi☻⅜ ⅎ╢≤⅝ ╡ⱳ☺◦ꜛfi≤ ™

ⱳ☺◦ꜛfi─ ⅜ ⌐ ⅝ↄ⌂╢─≢ ⌂ ⅛╠↓─ ╩ ⇔ ⇔≡

™╢ ⅜№╢  

∕↓≢ ╡─№╢ ⌐│ ⌐ ⱨ꜡fi♥▫▪╩ ⇔√ ╩

≢⅝╢↓≤⅛╠ 2.10 ─ ⌐≈™≡ ╡╩ ╗ ─ ─ ─

⅜ 100%⌐⌂╢╟℮⌐ 10 ─ⱳכ♩ⱨ◊ꜞ○╩ ⇔⌂⅔⇔√╙─╩

2.11 ⌐ ⇔≡™╢ ⱳכ♩ⱨ◊ꜞ○⌐ ≠ↄ⌐≈╣≡ ╡─ ⅜ ⇔≡™

╢─≢ ⌡∂╣≡ ╪∞ ─ ⅜ ≢⅝╢  

 ⌐ 2.12 │ 2.1 ─℮∟─ ⅜○◦꜠הⱪכꜗ◦─ ⅝™╙─ 10 ⌐≈

™≡ (2.35)─ ⌐╟╡ ╩ ╘√ ╩ 2.10 ≤ ∆╢√╘⌐ ⇔√╙─≢

№╢ ∕─ │ ⌡ ─ ⅜ ╠╣╢╟℮≢№╢ ∕↓≢ 2.11 ≤╙ ─√

╘⌐ 2.13 ╩ ∆╢≤ ⱳכ♩ⱨ◊ꜞ○ ─ ⅜ ╡─ⱳ☺◦ꜛfi─

⌂™ ⌐⌂╢─≢ 2.11 ≤│ ⌂╢ ≢⌡∂╣≡ ╪∞ ╩ ∆╢↓≤⅜╦⅛╢

∆⌂╦∟ ↓─ ⌐│ ╡─⌂™ ≤ ∆╢ ─ ╩ ╢ⱳכ♩ⱨ◊

ꜞ○⅜ ∆╢↓≤⅜ ╘≡ ≢⅝╢  

↕╠⌐ (2.35)─ ⌐≈™≡ 2.1 ⌐ ∆ 50 ─ ⌐≈™≡

╙ ═≡╖╢√╘ ⇔√╙─⅜ 2.14 ⅔╟┘ 2.15 ≢№╢ 2.14 │ 2.10 ─

≤ ─ ⅜№╡ ⱳכ♩ⱨ◊ꜞ○─ ─ ≢│ ∕─ ─ ⌐

═≡ ─ ─ ⅜ ↕™↓≤│ ╠⅛≢№╢ ╕√ 2.15 │ 2.11 ─

≤ ⌂─≢ ⱳכ♩ⱨ◊ꜞ○⌐ ╕╣╢ ─ │ ╠╣⌂™╟℮≢№╢ ⇔√

⅜∫≡ 2.10 2.12 2.14 ─╟℮⌂ ─ ⅝↕⌐ ∂√ ─ ⅜

─ ⌐≈™≡╙ ≢⅝╢≤ ⅎ╠╣╢  
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2.14 ╡─№╢ ─  

50  

 

 

2.15 ╡─№╢ ─ ─ 

─ ⅜ 1 ≢№╢  

50

 

 

2.8.4  

≢│ 2009 12 ─ │ ─ ╩ ™╢ ≢

№╢ 1.285%╩ ⇔ ≤⇔≡ ∆╢ 2.16 ≢│Ỏ≤Ợ⅜ ⌂╢

≢№╢ ↓╣╩ ™≡ (2.70)─ ⸗♦ꜟ⌐╟╡ ─ ≢ ╠╣√ ╡─

⌂™ ─ⱳכ♩ⱨ◊ꜞ○≤ ≤─ ╩ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○Ợ≤∆╢

∆⌂╦∟ 2.16 ⌐⅔™≡ ⅛╣√ ⱨ꜡fi♥▫▪≤ ─ Ợ─ ╩

∆╢ⱳכ♩ⱨ◊ꜞ○≢№╢  

╕√ ╡─№╢ ─ ╩Ợ⌐ ∆╢ⱳכ♩ⱨ◊ꜞ○≤ ⅜

⌐⌂╢╟℮⌐ ╩ ╖ ╦∑√ⱳכ♩ⱨ◊ꜞ○╩ ⅎ╢ ∆⌂╦∟ 2.16

─ ⌐ⱳכ♩ⱨ◊ꜞ○Ỏ≤⇔≡ ∆ ≢№╢ ↓─ⱳכ♩ⱨ◊ꜞ○Ỏ│

┼─ ⌐╟╢ꜞ☻◒─ ╩ 2.16 ⅛╠ ∆╢↓≤⅜≢⅝╢ ⇔⅛⇔

⌂⅜╠ ∂ ╩ ╢ ≤⇔≡ ╡╩ ∆╣┌ꜞ☻◒⅜ ↕╣╢

│ ⅝™⅜ ⅜ ╡⌂⇔─ ╟╡╙⅛⌂╡ ⅝™ ↓─√╘

≤─ ─ ╙ ≢№╢↓≤⅜╦⅛╢  

2.16 ⌐⅔↑╢ⱳכ♩ⱨ◊ꜞ○Ợ─ ≤ⱳכ♩ⱨ◊ꜞ○Ỏ─ ⌐≈™≡ Access ⌐

╠⅛☻כⱬ♃כ♦╢╟ ─ ╩ ≡ 20 ─ ─ ╩

⇔√╙─⅜ 2.17 ≢№╢ 2.16 ⌐ ∆ ─≤⅔╡⌐ 2.17 ≢│ⱳכ♩ⱨ◊ꜞ

○Ợ─ ─ ─Ⱪ꜠ ╟╡╙ⱳכ♩ⱨ◊ꜞ○Ỏ⌐╟╢ꜞ☻◒ ⅜

≢⅝╢  
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2.16 ╡─№╢ ≤⌂™ ─

─ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○─

50  

 

2.17 2.16 ≢ ⇔√ⱴה♩♇◔כⱳכ

♩ⱨ◊ꜞ○─ ─  

50  

 

 

2.18 2.16 ≢ ⇔√ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○─ ─  

50

 

 

∕─ ≤⇔≡ ╩ ─ ≤⇔≡ ⇔≡╖√╙─⅜

2.18 ≢№╢ ↓─ 2.18 ⅛╠ 2.17 ─ ≤ ⌐ꜞ☻◒ ─ ⅜ ≢№

╢  

 ↕╠⌐ ─ ≤⇔≡ 20 ─ ⌐≈™≡ 1993 1 ⅛╠ 2009 12

╕≢─ ╟╡ ─ 3 ─ ╡⌂⇔─ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○─ⱬכ♃╩

⇔√ ⌐ ▬fi♦♇◒☻≤⇔≡ ™√ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○⅜ ‍ ρ ≤⌂╢
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40 ╡⌂⇔
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(2.84)⅜ ∆╢↓≤╙ Access ≤ Excel ♃כ♦─ ⌐╟╡ ≢⅝╢  

 ⇔√⅜∫≡ ≢ ╩☻כⱬ♃כ♦√⇔ ∆╢≤ ⸗♦ꜟ≤

⸗♦ꜟ⌐ ⌐ ≢⅝╢↓≤⅜ ╩ ∂≡ ≢⅝╢  

 

2.8.5 10  

≢│ ─○◦꜠הⱪכꜗ◦ 10 ─ ⌐ ∆╢ │ 10 ─ ╩

∆╢ 2.19 │ 1990 1 ⅛╠ 2009 12 ╕≢─ 20 ⌐ ╢ ─

50 ╩ ∕─ ⅜○◦꜠הⱪכꜗ◦─ 10 ≢№╢ ⸗♦ꜟ─ ⱨ

꜡fi♥▫▪╩ ⇔√╙─≢№╢ ⌐ ─ 2.A ⌐ ⇔√ 20 ─

╩ 60 ⅛ ≢№╢ 5 ⌐ ⇔√ ⸗♦ꜟ─ ╩ 1 ↔≤⌐ ↕∑≡

≢⅝╢╟℮ ⇔≡™╢  

 

 

2.19 1990 1 ⅛╠ 2009 12 ╕≢─ 20 ─ 50 כꜗ◦

ⱪה꜠◦○ 10 ─ ⱨ꜡fi♥▫▪ 

 

 

 ⌐ ─ ─ ╩ ∆╢≤ 2.20 ─╟℮⌐ 2.19 ⌐ ™╠

╣√ 10 ⅜ ─ ≤≤╙⌐ ⌐ ⇔√ ⅜╦⅛╢ ╕√ 2.19 ─ ─

╟℮⌐ ⌐ ╩ ╘√ ╩ ⇔≡™╢√╘ 2.19 ─ ⱨ꜡fi♥

▫▪│ ╩ 5 ⌐ ⇔√ ⱨ꜡fi♥▫▪≤⇔≡ 2.A ⌐ ∆ ₁─
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ⱨ꜡fi♥▫▪≤ ⇔≡╙ ↕⌂ ⌐ ╕∫≡™╢↓≤╙╦⅛╢ 2.20 ⌐│ⱳכ♩ⱨ

◊ꜞ○ Q’╩ ≢ C’╩ ≢ ⇔ ⌂ ─ ≤ ⌐ ⌐

╟╢ꜞ☻◒ ⅜ ≢⅝≡™╢  

 

 

2.20 1990 1 ⅛╠ 2009 12 ╕≢─ 20 ─ 10 ≤ ⱳכ♩ⱨ◊

ꜞ○≤ ⱳכ♩ⱨ◊ꜞ○─  

 

 

2.21 1990 1 ⅛╠ 2009 12 ╕≢

─ 20 ─ⱳכ♩ⱨ◊ꜞ○ G’⅛╠ⱳכ♩

ⱨ◊ꜞ○ C’╕≢─  ( ╡⌂⇔) 

 

2.22 1990 1 ⅛╠ 2009 12 ╕≢

─ 20 ─ⱳכ♩ⱨ◊ꜞ○ G’≤ꜞ♃כfi

─ ∂ⱳכ♩ⱨ◊ꜞ○⅛╠ⱳכ♩ⱨ◊ꜞ○

C ╕≢─ ( ╡№╡) 
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↕╠⌐ 2.19 ≢│ ╡─ ⌐ ╦╠∏ ⱳכ♩ⱨ◊ꜞ○ C ≤ C’│ ⇔≡⅔╡ ↓

─↓≤│ ╡╩ ╘⌂™ ─ ⱳכ♩ⱨ◊ꜞ○─ ╩ ∆ 2.21 ≤

╡╩ ╘╢ ─ ╩ ∆ 2.22 ─ ─ 35 ⅛╠╙ ≢⅝╢

2.21 ≢│ ╡╩ ╘⌂™ ─ⱳכ♩ⱨ◊ꜞ○ G’╩ ─ 1 ⌐ ⱳכ

♩ⱨ◊ꜞ○ C’╩ ─ 35 ⌐ ⇔ ∕─ ─ ╩ ⇔ ⱳכ♩ⱨ◊ꜞ

○ P’─ ╩ ⇔≡™╢ 2.22 ≢│ ⅜ⱳכ♩ⱨ◊ꜞ○ G’≤ⱳכ♩ⱨ◊ꜞ

○ C’─ ╩ 2.21 ≤ ∂ ─ ⌐ ⇔ ⱳכ♩ⱨ◊ꜞ○ P ─ ╩ ⇔≡

™╢ ↓─ 2.21 ≤ 2.22 ⅛╠ ╡─ ─ ⅜ ↕™↓≤⅜ 2.A ≤

⇔≡╙╦⅛╢  

 

2.8.6 5  

 ≤↓╤≢ 2.A ⌐│ 1995 1 ⅛╠ 2009 12 ╕≢─ 15 ─ ≢ 5

∆⌂╦∟ 60 ⅛ ─ ╩╙≤⌐ ⸗♦ꜟ─Ɽⱨ◊כⱴfi ─√╘⌐

∕╣∙╣ 4 ≈─ ╩ ⇔≡™╢ ⌐│ 2.A ─ ⅛╠ (a) ⱨ꜡fi♥▫▪

(b) ─ (c) ╡╩ ╘⌂™ ─ (d) ╡╩ ╘╢

─ ─ 4 ╩ 1 ↔≤⌐ ╩ ↕∑≡ ─√╘⌐ ⇔≡™╢ (c)≤(d)─

─ │ 2.21 ≤ 2.22 ≤ ⌐∕╣∙╣─ⱳכⱨ◊ꜞ○ G’≤ⱳכ♩ⱨ◊ꜞ○ C’─

╩ ⇔≡ ⇔√╙─≢№╢  

 

2.23 1995 1 ⅛╠ 2009 12 ⌐⅔

↑╢ 60 ⅛ ─ⱳכ♩ⱨ◊ꜞ○ Q’─

⸗♦ꜟ─ ─ ( ╡⌂⇔) 

 

2.24 1995 1 ⅛╠ 2009 12 ⌐⅔

↑╢ 60 ⅛ ─ⱳכ♩ⱨ◊ꜞ○ Q’≤

─fiכ♃ꜞ∂ ⸗♦ꜟ─ ─

( ╡№╡) 
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 ∆═⅝ ≤⇔≡ ↓─ ≢ ⅜ 1990 1 ⅛╠ 1994 12 ╕≢─ⱳכ

♩ⱨ◊ꜞ○C’─  ‘  ⅜  Ὑ  ╟╡ ↕™√╘⌐CML─ ⅜ 2.3

─╟℮⌐ ↕╣≡™⌂™↓≤⅜ ≢⅝╢  

≤↓╤≢ 2.A ⌐⅔™≡ ╡─⌂™ ─ⱳכ♩ⱨ◊ꜞ○ Q’─ ⅜

⌐ ⇔≡≥─╟℮⌐ ∆╢⅛╩ ⇔√╙─⅜ 2.23 ≢№╢ ⌐ⱳכ♩ⱨ◊ꜞ○ Q’

≤ ∂  ‘  ╩ ∆ⱳכ♩ⱨ◊ꜞ○ P ─ ─ ╩ ⇔√╙─⅜

2.24 ≢№╢  

 ↓╣╠│ ⌂╠┌ ⌐ 1 ⌐Ɽⱨ◊כⱴfi☻ ╩ ℮╟℮⌐ ╩ ∆

═⅝∞⅜ ◖☻♩[56][88][2]─⌂™ꜞⱣꜝfi☻╩≢⅝╢∞↑ ↄ ⇔√▪◒♥▫Ⱪ ─

╩ ∆╢√╘⌐ 1 ⅛ ↔≤⌐ ⇔ ⇔ꜞⱣꜝfi☻∆╢▪◒♥▫Ⱪ ╩ ⇔≡

⇔≡™╢ ↓─ ─╙≤≢ 2.23 ⌐ ∆ ─ ⌐ ℮ꜞⱣꜝfi☻╩

⇔ ─ ─ 1 ⅛ ─Ɽⱨ◊כⱴfi☻╩ ═√╙─╩ 2.20 ⌐ ≤⇔≡

™≡™╢  

⇔⅛⇔⌂⅜╠ ⇔≡™√Ɽⱨ◊כⱴfi☻│ ╠╣∏ ⱳכ♩ⱨ◊ꜞ○ Q’≤ ─

╩ ⌐ ╢╟℮⌂ ⅜ ╠╣√ ↓─√╘ ↓─ ⌐ ꜝⱣꜞ│╠⅛♃כ♦√⇔

fi☻⌐╟╢▪◒♥▫Ⱪ ─ │ ╣≡™√╙── ∕─ ─ 1 ⅛ ─

─Ɽⱨ◊כⱴfi☻⅛╠│ ≢⅝⌂⅛∫√≤™ⅎ╢ ↓─╟℮⌂ ╩ ═╢√╘ 2.8.8

≢│ ⌐≈™≡ ⸗♦ꜟ─ ╩╙≤⌐ ⇔≡™╢ ∕─ ⌐ ≢│

─ ⌐╟╢ ™≤ ⸗♦ꜟ─ ⌐≈™≡ ℮  

 

2.8.7  

 ≢│ ⌐╟╢ ⸗♦ꜟ≤ ⌐╟╢ ⸗♦ꜟ─ ╩

∆╢ ⌐│ 2.25 ─╟℮⌐ 1995 1 ⅛╠ 2000 12 ╕≢─ 5 ─ ─

─ ⱨ꜡fi♥▫▪╩ ™√╙─╩ ⌐ ⇔≡™╢  

∂ ─ ⅛╠ ⇔√⌐╙ ╦╠∏ (2.1)⌐╟╢ ─ ≤ (2.5)⌐╟╢

─ ⌐╟╢ ⸗♦ꜟ╩ ™√⅛≢ │ ≢№╢ ↓─√╘ ⱳכ♩ⱨ

◊ꜞ○─ ∞↑╩ ∆╢─≢│⌂ↄ ⱪ꜡☿☻─ ™╙ ⌐ ⇔≡ ─

╩ ℮↓≤⅜ ≢№╢  
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2.25 ≤ ─ⱳכ♩ⱨ◊ꜞ○─ ⱨ꜡fi♥▫▪─  ( : 1995

1 ⅛╠ 1999 12 ╕≢─ 60 ⅛ ╡╟♃כ♦ ) 

╕√ 2.25 ⌐ ─ ≢ ∆╟℮⌐ ╩ ™√ ⱳכ♩ⱨ◊ꜞ○╩ ™

√⅜ ≢ ℮ ╩ ™╢ ⸗♦ꜟ≤│ ─ ™─ ™≢ ≤∆

╢ ⱨ꜡fi♥▫▪─ ─ ⅜ ⅝ↄ ⌂╢↓≤⅜╦⅛╢  

2.8.8  

 ≤  [90]│ ╕≢ ∆╢⸗♦ꜟ╩ ⇔≡™╢ ∕↓≢ ⸗♦ꜟ⌐≈™

≡ ⌐ ≢№╢ ⌐╟╢ ⅜≥─ ⅛╩ ═

╢ ∆⌂╦∟ 2.20 ⌐ ∆╟℮⌐ 20 ─ ─ ≢ ⌂▬ⱬfi♩⌐╟╢ ⅜

™ↄ╠⅛ ≢⅝╢ ↓─√╘ ≢│ 60 ⅛ ↔≤─ ─ ┼─ ╩

∆╢  
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2.26 10 ≤ⱳכ♩ⱨ◊ꜞ○ Q’≤ⱳ

○ꜞ◊ⱨ♩כ C’─ ─  

 

2.27 10 ≤ⱳכ♩ⱨ◊ꜞ○ Q’≤ⱳ

○ꜞ◊ⱨ♩כ C’─ ─  

 

2.28 10 ≤ⱳכ♩ⱨ◊ꜞ○ Q’≤ⱳ

○ꜞ◊ⱨ♩כ C’─ ─  

2.29 10 ≤ⱳכ♩ⱨ◊ꜞ○ Q’≤ⱳ

○ꜞ◊ⱨ♩כ C’─ ─  

 

 

◙כꜚ 2.30 ≤ Excel ─

─  

◙כꜚ 2.31 ≤ Excel ─

─  
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 ╕∏ 2.26 ⌐ ∆ ─ ≢№╢⅜ 2.27 ⌐ ∆ ╟╡╙ ─ ─ │

⅝™ ↓─√╘ ↓─ ⅜ ─ ⌐╙ ╩ ╓⇔≡™╢↓≤⅜╦⅛╢ ⇔

√⅜∫≡ ─ ─ ─ ─ ⅝↕⅛╠ 2.23 ≤ 2.24 ─╟℮⌐ ⅜ ⇔

⌂™↓≤⅜╦⅛╢ ╕√ 2.27 ⅛╠╦⅛╢╟℮⌐ⱳכ♩ⱨ◊ꜞ○ Q’≤ⱳכ♩ⱨ◊ꜞ○ C’─

│ ─ 10 ─ ─ ╟╡╙ ⇔≡™╢ ↓─↓≤│ ⸗

♦ꜟ╩ ∆╢⌐│ ⌂ ≢№╢  

≤↓╤≢ (2.15)≤ (2.16)≢ ⇔√  Ὧ ╩ ∆╢ Ὕ ≢ ╢ ≤ │

Excel ─ SUMPRODUCT ╩ ◙כꜚ√™ ≤⇔≡ ⇔≡╙ ™⇔ ╙⇔

ↄ│ Cell ⌐ ⇔≡ 

 

                       35-02/$5#4   ὀ !6%2!'% ὀ ȟ ὀ !6%2!'% ὀ ȟ 

                                      ὀ !6%2!'% ὀ Ⱦ#/5.4 ὀ Ⱦ34$%6Ȣ 0 ὀ ͮσ 
(2.85)

 

               35-02/$5#4  ὀ !6%2!'% ὀ ȟ ὀ !6%2!'% ὀ ȟ 

                                      ὀ !6%2!'% ὀ ȟ ὀ !6%2!'% ὀ  

                                      Ⱦ#/5.4 ὀ Ⱦ34$%6Ȣ 0 ὀ ͮτ σ 

(2.86)

 

√∞⇔ 

 

          ὀ ὼ ȟ Ễ ȟ ὼ  

       Ὕ #/5.4 ὀ  

(2.87)

 

≤ ⇔≡ ≢⅝╢ ↓↓≢ (2.87)─ ὀ │ ∆╢ ─ ╩ ∆╢ (2.85)

≤ (2.86)≢│  Ὕ ≢ ∫≡™╢⅜ Excel ─ ≢│ ≤ │ 

 

              3ËÅ× ἠ
Ὕ

4 ρ 4 ς
ά
ί

 

              +ÕÒÔ ἠ
Ὕ

Ὕ ρ Ὕ ς Ὕ σ
ẗ

Ὕ ρ ά σ Ὕ ρ ά
ί

 
(2.88)

 

√∞⇔ 
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           ά
ρ
Ὕ

Ὑ Ὑ  

             ί
ρ

Ὕ ρ
 Ὑ Ὑ  

           ἠ Ὑ ȟ Ễ ȟ Ὑ  

(2.89)

 

⌂─≢ (2.85)≤ (2.86)≤ ∆╢≤ ─ ╩ ╪≢™╢ √∞⇔ ↓─≤⅝ ἠ │

╩♃כ♦─ ∆☿ꜟ ≢№╢ ↓╣╕≢─ │ 60 ⅛ ⌂─≢ Ὕ φπ ⅜

∆╢ ∆⌂╦∟ ≤ ⌐ ∆╢ (2.88)≤ (2.85)─ │ Ὕ ⌐ ⇔≡™╢  

2.27 ─ 2.28 ─ 2.29 ─ ⅛╠│ ─♃כ♦

⅜ ⌂╢ ─ ⅜ ⌐ ╦╣ ─ ⅜ ⇔≡™╢ ⅜╦⅛╢ ∆

⌂╦∟ 2000 5 ⅛╠ 2005 4 ╕≢─ ≢ ─ ─ ≤ ⅜ ⅝ↄ⌂

∫≡™╢ ↓─↓≤│ ⌐ ≢╙ ╩ ≢⅝╢⅜ ⱳכ♩ⱨ◊ꜞ○ Q’≤ⱳכ

♩ⱨ◊ꜞ○ C’─ ⌐│ ⌐╟╢ꜞ☻◒ ╙ ↕╣≡™╢  

⇔√⅜∫≡ ≤ ─ ⌐ ⅜№╢√╘ ↓╣╠─ ─ ⅝↕┼─

⅜ ⌐ ╦╣╢↓≤⅜╦⅛╢ ↓─ ⌐≈™≡│ 2.28 ≤ 2.29 ⌐ ↕╣√

⅛╠╙ ≢⅝╢  

↕╠⌐ ↓─ ⌐ ∆╢ │ 2.30 ◙כꜚ⌐ ≤ Excel ≤⇔

≡ ⇔≡™╢ ─ │╒≤╪≥ ⅜⌂™ ∆⌂╦∟ ─ │

2.52%≢ ≢№╢ ↓╣⌐ ⇔≡ │ 2.31 ⌐ ↕╣╢╟℮⌐ ⅜ ⅝™╒

≥ ◙כꜚ ≤ Excel ─ ⅜ ⅝ↄ ⌐╟╡ ─ ™⌐│

╩ ∆╢ ↓─√╘ ╩ ⇔ ◙כꜚ │ ∆╢↓≤⅜ ╕⇔™  

 ≢│  Ὕ φπ ─ ⸗♦ꜟ⌐ ∆╢ ⌐≈™≡ ⇔√⅜

╩ ™╢ ⸗♦ꜟ─ │ ⌐⅔™≡ ─ ≤

⌐╟╢ ─ ─√╘⌐ 2.A ≤ 2.26 ⅛╠ 2.31 ╕≢─ ╟╡

⅜ ⇔⌂™↓≤⅜ ╘≡╦⅛╢ ╕√ │ ╩ ≢ ∆

╢ ⌐│ ∂ ≢⇔┌╠ↄ─ ∂ ⅜ ∆╢↓≤╙ ≢⅝╢ ⇔√⅜∫

≡ ╩ ℮ ⌐│ ≤∆╢ ⌐≈™≡ ⌐ ╩ ⇔⌂⅜╠

∆╢↓≤⅜ ╕⇔™  
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2.8.9  

 2.8.8 ≢│ ≤ ╩ ╘≡ ╩ ∆╢ ╩ ⇔√ ≤  [87]│

─ ⌐ ∆╢⸗♦ꜟ╩ ⇔≡™╢ ∕↓≢ ≢│ 1995 1 ⅛╠ 2009

12 ╕≢─ 60 ⅛ ─∕╣∙╣─ ─ ─ ╩ ∆╢√╘⌐

╩ ⇔≡™╢  

√≤ⅎ┌ Ὧ ─ │ Excel ─ SUMPRODUCT ╩ ◙כꜚ≡™

╩ ∆╢⅛ ╙⇔ↄ│ Cell ⌐ ⇔≡ 

 

           Ὧ ─ 35-02/$5#4  

                                      ὀ !6%2!'% ὀ ȟ ὀ !6%2!'% ὀ Ⱦ#/5.4 ὀ  
(2.90)

 

√∞⇔ 

 

       ὀ ὼ ȟ Ễ ȟ ὼ  

    ὀ ὼ ȟ Ễ ȟ ὼ  

    ὀ ὼ ȟ Ễ ȟ ὼ  

(2.91)

 

≢№╢ ↓↓≢ ὀ ὀ ὀ  │ ⌐ ™╠╣╢ ─☿ꜟ ≢№╢  

 

 

 

2.32 ⱳכ♩ⱨ◊ꜞ○Q’≤ⱳכ♩ⱨ◊ꜞ

○ C’─ 1 ─  

2.33 ⱳכ♩ⱨ◊ꜞ○Q’≤ⱳכ♩ⱨ◊ꜞ

○ C’─ 2 ─  
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2.34 ⱳכ♩ⱨ◊ꜞ○Q’≤ⱳכ♩ⱨ◊ꜞ

○ C’─ 3 ─  

2.35 ⱳכ♩ⱨ◊ꜞ○Q’≤ⱳכ♩ⱨ◊ꜞ

○ C’─ 4 ─  

 

 

2.36 ⱳכ♩ⱨ◊ꜞ○Q’≤ⱳכ♩ⱨ◊ꜞ

○ C’─ 5 ─  

 

 

 

 

 

 

 

(2.90)≤ (2.91)╩ ™≡ 2.32 ⅛╠ 2.36 ⌐∕╣∙╣ 1 ⅛╠ 5

⌐≈™≡ ─ ╩ ⇔≡™╢  

 ≤ 2.32 ⅛╠ 2.36 ╕≢─ ╟╡ ⌐│ 1 2

3 ─ ⌐ ⇔∏≈ ⇔≡™╢ ⅜╦⅛╢ ↓╣⌐ ⇔ 4

≤ 5 │ 3 ╟╡ ⅝™ ⅜ ╠╣≡™╢

⅜№╢  

∕↓≢ 10 ≤ⱳכ♩ⱨ◊ꜞ○ Q’≤ C’⌐≈™≡ 1990 1 ⅛╠ 1994 12 ╕≢

1995 1 ⅛╠ 1999 12 ╕≢ 2000 1 ⅛╠ 2004 12 ╕≢ 2005 1 2009

12 ╕≢─ 5 ↔≤⌐ 4 ⇔ 2.37 ⌐ ∆╟℮⌐◖꜠꜡◓ꜝⱶ( │ ≤
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─ │ )─ ╩ ╖≡™╢  

 

  

2.37 ─◖꜠꜡◓ꜝⱶ 

 

 

↓─≤⅝ 2.37 ≢│ ≤⌂╢  πȢςυ ╩ ⅎ╢ ⌐│ ≢ ╩

⇔≡™╢ ╕√ ≤⇔≡ (2.24)─ Ljung-Box  ὗ  ╩ ⇔ 2.37 ─◖꜠꜡

◓ꜝⱶ─ ⌐ ─ ⅝↕─▬ⱷכ☺╩ ≢ ⇔≡™╢ ≢│ ┼─

│∕╣∙╣⌐ ↕╣≡™╢⅜ 2.37 ⅛╠ⱳכ♩ⱨ◊ꜞ○┼─ │ ↕ↄ⌂∫≡™

╢↓≤⅜ ≢⅝╢  

 

2.8.10  

≢ ⸗♦ꜟ≤ ╙⇔ↄ│ ─ ╙ ≢№╢ ∕↓≢

2.B ⌐ ∆╟℮⌐ 1995 1 ⅛╠ 2009 12 ╕≢ 60 ⅛ ─ⱳכ♩ⱨ◊ꜞ

○ Q’≤ⱳכ♩ⱨ◊ꜞ○ C’─ ⌐≈™≡ 1 ⅛ ↔≤─ ╩ ⇔≡™╢ ∕⇔

≡ ╡⌂⇔─ ╩ ─ ≤⇔≡ ⇔≡™╢ ⌐ ⌐│ⱳכ♩ⱨ◊

ꜞ○ Q’≤ⱳכ♩ⱨ◊ꜞ○ C’≤∕╣∙╣ ∂ ≤∆╢ ⌐≈™≡ ╡⅜№╢

─ ─ ≤⇔≡ ⇔≡™╢ 2.B ─ ≤ 2.5(a)─ ─ │

─ ─ ⅝↕⅜ ™√╘ ─ ╩ ∆↓≤⅜╦⅛╢ ⇔⅛⇔ ≢ ╕

≢≢ ⇔√ ─ ╛ ─ ⅜Ᵽꜝ♠◐─ ≤⇔≡∕╣∙╣─

─ ⌐ ╣≡™╢↓≤╙╦⅛╢ ╕√ 2.6 ≢╙ ⇔√≤⅔╡ ⌐│↓╣⌐



2  ⸗♦ꜟ─ ≤  

- 81 - 

─ ╩ ∆╢ ⅜№╢⅛╙⇔╣⌂™  

∆⌂╦∟ ─ ⌐│ ─ ⌐ ⌐ ≠ↄ ≥⅔╡

╩ ℮↓≤│ ⇔™↓≤⅜╦⅛╢ ↓─√╘ ─ ≤ ╩ ⌐ ┼─

╩ ∆╢ ∆⌂╦∟ ≤ ─ ⌐ ∆╢ ™≤⇔≡ 

 

ÌÏÇ ÌÏÇ  (2.92)

 

⌂╢ ╩ ∆╢ 2.38 ≢│ ↓─ ≤ ─ ╩ ⇔≡™╢  

2.38 ⌐ │ ⇔≡™⌂™⅜ ─ 10 ─ ╙ ∂ ≢№╢

⌂▬ⱬfi♩─ ─ ≤ ─ ⅜ ⅝ↄ⌂╢ ⅜№╡ ⌐ ∆╢ⱳ

╢№⅜☻ⱨ◊ꜞ○─ꜞⱣꜝfi♩כ ╡⌐ ≢⅝⌂™ ⅜№╢ ⌐│

[88]╩ ╗ ◖☻♩[56][2]╙ ∆╢ ⅜№╡ ↓─ ⌐≈™≡╙ ╙╢

↓≤⅜ ≢№╢  

⸗♦ꜟ─ ⌐ ⇔≡ ⌐╦√╡ ≢⅝╢─∞⅜ ∕╣⌐╙⅛

♃כ♦⌐∏╠╦⅛ ╩ ∂≡ ─ꜞ☻◒ ╩ ∆╢↓≤⅜≢⅝√  

 

 

2.38 ≤ ─ ≤ ─  
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2.9  

≢│ ⸗♦ꜟ─ ⸗♦ꜟ─ ≤ Excel ⌐╟╢ 1990 1 ⅛╠ 2009

12 ♃כ♦─≢╕ ╩ ∂≡ ∕─ ╛ ─ ╩ ⇔√ ╕∏ ⸗♦

ꜟ╩ ⇔ ⱳכ♩ⱨ◊ꜞ○ ⱳכ♩ⱨ◊ꜞ○ ⱳכ♩ⱨ◊ꜞ○─

╩ ≢⅝√ ∕⇔≡ ⌐╟╢ ⸗♦ꜟ─ ╩ ⇔

╩ ∆╢╙──ꜞ☻◒ ╩ ≢⅝√ ╕√ ─ ⌐ │ ╘∏⌐

↔≤─ⱳכ♩ⱨ◊ꜞ○╩ ⇔ ▪◒♥▫Ⱪ ─ ⌂Ɽⱨ◊כⱴfi☻╩ ⇔√⅜

№╠⅛∂╘ ≢ ⇔√ⱴה♩♇◔כⱳכ♩ⱨ◊ꜞ○≤ ─ │ ╘╠╣⌂⅛

∫√ ⇔√⅜∫≡ ╠╣√ ≢│№╢⅜ ▪◒♥▫Ⱪ ─ ⅜ⱬfi♅ⱴכ◒

╟╡╙ ∏⇔╙ ™ ╩ ∆≤│ ⅎ⌂™↓≤╩ ≤⇔≡ ⇔√  

╩╙≤⌐ ⌐ ╠╣√ ╟╡ ♃כ♦≥ ─ ─ ≤

⌐≈™≡ ╘≡ ∆╢↓≤⅜≢⅝√  
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2.A 60  

(a) ⱨ꜡fi♥▫▪  

(b)  

(c) ( ╡⌂⇔)  

(d) ( ╡№╡) 

 

 

1990/1-1994/12 a   b   c   d 

 

1991/1-1995/12 a   b   c   d 

 

1992/1-1996/12 a   b   c   d 

 

1993/1-1997/12 a   b   c   d 

 

1994/1-1998/12 a   b   c   d 
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1995/1-1999/12 a   b   c   d 

 

1996/1-2000/12 a   b   c   d 

 

1997/1-2001/12 a   b   c   d 

 

1998/1-2002/12 a   b   c   d 

 

1999/1-2003/12 a   b   c   d 

 

2000/1-2004/12 a   b   c   d 

 

2001/1-2005/12 a   b   c   d 
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2002/1-2006/12 a   b   c   d 

 

2003/1-2007/12 a   b   c   d 

 

2004/1-2008/12 a   b   c   d 

 

2005/1-2009/12 a   b   c   d 
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2.B ( )  

 

 

1990/1-1994/12 ╡⌂⇔  ╡№╡ 

 

1991/1-1995/12 ╡⌂⇔  ╡№╡ 

 

1992/1-1996/12 ╡⌂⇔  ╡№╡ 

 

1993/1-1997/12 ╡⌂⇔  ╡№╡ 

 

1994/1-1998/12 ╡⌂⇔  ╡№╡ 

 

 

1995/1-1999/12 ╡⌂⇔  ╡№╡ 

 

1996/1-2000/12 ╡⌂⇔  ╡№╡ 

 

1997/1-2001/12 ╡⌂⇔  ╡№╡ 

 

1998/1-2002/12 ╡⌂⇔  ╡№╡ 

 

1999/1-2003/12 ╡⌂⇔  ╡№╡ 
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2000/1-2004/12 ╡⌂⇔  ╡№╡ 

 

2001/1-2005/12 ╡⌂⇔  ╡№╡ 

 

2002/1-2006/12 ╡⌂⇔  ╡№╡ 

 

2003/1-2007/12 ╡⌂⇔  ╡№╡ 

 

2004/1-2008/12 ╡⌂⇔  ╡№╡ 

 

2005/1-2009/12 ╡⌂⇔  ╡№╡ 
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3 1 

 

3.1  

⅜ ∞≤ ∆╢≤ ─▪◒♥▫Ⱪ ⌐⅔↑╢Ɽⱨ◊כⱴfi☻─

│♀꜡≢№╢ ↓─ ⌐ ╩ ⅎ╢≤ ⌐ⱶכ◕הⱶ◘ה☻♫▬ⱶ⅜ⱴכ◕⌂

⌂╢ ≢│ ╩◖▬fi →─ ╡ ⌐ⱶכ◕⇔ ⅎ≡ ╩ ╖≡™╢ ↓

─≤⅝ ─ ∞↑ │fiכ♃ꜞ ≢№╢ ∕╣≢╙ ╩ ╢ ⅜

─ ≢ ∆╢↓≤╩ ⇔ ╩◓Ⱶfiכ◕─ ∆╢  

╕∏ │≥◓Ⱶfiכ◕ ─ ≤│ ⌂╢⅜ ╛ⱦ☺Ⱡ☻ ⌐⅔™≡ ⅛╩

ⅎ√╡ ╩ ⇔√╡∆╢√╘⌐ ╩ⱶכ◕√╣↕ ∆╢↓≤╩ ∆╢[107]

OR [119]≢╙ ⅛≈≡ ─ ≢ ⅜ ╕╣√↓≤⅜№╡ ╕≢⌐∕─

⅜ ⌐ ⅛↕╣≡™╢  

 ≢ ⅜ ≥◓Ⱶfi◓│◑ꜗfiⱩꜞfiכ◕╢∆ ≤⇔≡ ™╠╣╢↓≤╙

№╢[68] ⅛ ⌐ ◑ꜗfiⱩꜞfi◓╩ ↑[69][70]≤™℮ ≢ ™√↓╤⅛╠ ╩ ⌂

⅜╠◌☺ⱡ╩ ◓Ⱶfiכ◕≡⇔≥ ≤™℮ ╩ ℮ ⌐⌂∫√╟℮≢№╢ ∆⌂

╦∟ ╩ ∆╢◑ꜗfiⱩꜞfi◓ ≤™℮ ┘ │ ≥◒כⱴⱤכ♥─╣

⇔≡ ╩≤→√ꜝ☻ⱬ●☻⌂≥─ꜞ♂כ♩ ⌐⅔™≡ ◓Ⱶfiכ◕ ≤™℮ ┘ ⌐

╦∫≡⅝√╟℮⌐ ╩◓Ⱶfiכ◕ ™╢↓≤⅜ ≢№╢ ╕√ ▪ⱷꜞ◌─™ↄ≈

⅛─ ≢╙ ℮™≥♩ⱴⱠ☺ⱷfiה◓Ⱶfiכ◕⌐  ╩ ⇔≡™╢

[68] ⇔√⅜∫≡ ≢│ ≥◓Ⱶfi◓╩◑ꜗfiⱩꜞfiכ◕─ ≤⇔≡ ™≡™╢

◑ꜗfiⱩꜞfi◓╩ ∆╢ ⌂ ─ ⌐│ ≢│ ⱤꜞⱵꜙ♅ꜙ▪ꜟ ─꜡

♩⌐ ⇔≡ ─ ─╙≤≢ ⌂ ↑╩ ⅝ ∆ [102]╙⌂↕╣≡™╢ ↓

─╟℮⌂ ╩ ╘ ≢│◑ꜗfiⱩꜞfi◓≢─ ─ ╩ ═╢√╘

◖▬fi →─ ╩ⱶכ◕⇔ ∂≡ ⌂ ╩ ≤⇔≡™╢ ↓─√╘ ⌂

                                                      

 

1  ” ╩ ⇔√◖▬fi →─ ─ⱶכ◕⇔ ↑⌐⅔↑╢∆═≡

─ ─ ─ ≤∕─ ─ ”, ○Ɑ꜠כ◦ꜛfi☼ ♅כ◘ꜞ

Vol.55, pp.1-26 (2012 12 ) 



3  ╩ ⇔√◖▬fi →─ ─ⱶכ◕⇔ ↑ 

- 89 - 

◑ꜗfiⱩꜞfi◓≢ ⅜ ⇔√╟℮⌐ ≢│ ◓Ⱶfiכ◕╩ ≤ ┬↓≤⌐

∆╢ ◓Ⱶfiכ◕─↓ │ ╩ ∆╢⅜ ⱪ꜠▬ꜘכ─ ─ ⅜ ╠╣⌂↑╣

┌ ╩ⱶכ◕ ⇔≡™╢ⱴכ◔♇♩╩ ℮[68] ↓─√╘ ≢│ ↓╣╕≢№╕╡◕

─◓Ⱶfiכ ≢ ╦╣≡™⌂⅛∫√ ⌐ ⇔ ⱪ꜠▬ꜘכ─ ◓Ⱶfiכ◕≥

─ ⌐≈™≡ ∫≡™╢ ⌐│ ≢│ ╩ ⇔√◖▬fi →─

─ⱶכ◕⇔ ─ ─ ⌐≈™≡ ∫≡™╢ ↓─≤⅝ ≢ ℮

─ │ ◖▬fi →╩ ⇔ ⇔√ ╣╩⇔⌂⅛∫√ⱪ꜠▬ꜘכ╩ ≤

∆╢ ⌐ ╣╩⇔√ⱪ꜠▬ꜘכ╩ ≤ ╩ ∆╢  

 ↓↓≢ ◖▬fi →─ ⌐≈™≡ ⌐◓Ⱶfiכ◕ ∑∏⌐↓╣╕≢─ ╩

∆╢≤  

 (1) ≤⇔≡ ℮ [117][116][122][124]   

 (2) ◖▬fi →─ ─ ╩ ∫≡™╢ [117][125][126][24][29]   

 (3) ◖▬fi →─ ⌐≈™≡ ∫≡™╢ [120][114][115]   

 (4) ◖▬fi →─ ╩ ╙⇔ↄ│ ⌐ ∫≡™╢ [109][128][103][106]   

 (5) ◖▬fi╩◕כⱶ⌐ ⇔≡™╢ [110][123]   

─╟℮⌂ ⅜╦⅛╢ ⌐ ≢ ⌂(1)⌐≈™≡│ ╩ꜝfi♄ⱶה►

≡⇔≥◒כ◊ ™ ⅜ ⅝™ ⌐│ ⌐⅔↑╢ ≤─ ⅜

↕╣╢─≢ ⱨ□▬♫fi☻╩│∂╘ ↄ─ ≢∕─ ⌐ ↕╣≡™╢[113][117]   

 ╛ ─ ⌐≈™≡ ─ ⅛╠─ ╙⌂↕╣≡⅝√

[29][127][112][104][105] ⱪ꜠▬ꜘכ│ ─ ≢│⌂ↄ │ ─

─ ╩╙≤⌐ ∆╢⅜ ⱪ꜠▬ꜘכ╩ ∆╢ⱴכ◔♥▫fi◓ ≢│⌂

ↄ ◓Ⱶfiכ◕  │ⱪ꜠▬ꜘכ◕─כⱶ ─ ─ ⅜ ⌐⌂╢╟℮

⌐ ∆╢↓≤╙ ≢№╢ ∕↓≢ ↑⌐╟╢ ─ ─ ╩ ∆

╩ ≤⇔≡ ≢│ ℮↓≤⌐∆╢ ↓─√╘ ⅛╠─ ₁⌂

⅜⌂↕╣≡⅝√ ─ [29]≤ ™ ⌐⸗♦ꜟ ╩ ∆╢  

 ≤↓╤≢ ⌐ ↄ─ⱪ꜠▬ꜘכ⅜∕╣∙╣ ⌐◖▬fi →╩ ⇔ ╩ⱶכ◕

∆╢≤⅝ ╩ⱶכ◕ ◓Ⱶfiכ◕╢∆ │ ◖▬fi ╩ⱶכ◕℮™≥→ ∆╢ⱴ

╩♩♇◔כ ⇔≡™╢─≢ ⇔≡™╢ⱪ꜠▬ꜘכ⅛╠ 1 ─ ⌐ ∆╢ ╩

╢↓≤⅜≢⅝╢ ↓─√╘ ◓Ⱶfiכ◕ │ⱴכ◔♇♩⌐⅔™≡ⱪ꜠▬ꜘכ ⅜ ⅝

ↄ  ⅛≈ ⱪ꜠▬ꜘכ⅜ ⇔◖▬fi →╩ ↑≡ↄ╣≡™╢℮∟│ ╩ ↑╢↓
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≤⅜≢⅝╢ ⇔√⅜∫≡ ◓Ⱶfiכ◕ ─ ╩ⱶכ◕│ ╘⌂™↓≤⌐⌂╢[69]  

 ⇔⅛⇔⌂⅜╠ ⱪ꜠▬ꜘכ│◖▬fi →╩ ⇔≡ ─ⱶכ◕ ⌐╟╢ ╙⇔

ↄ│ ─ ≤ ◓Ⱶfiכ◕ ⌐ ℮ ─ ⅝↕─ ≢ ◖▬fi →╩

∆ ⅜ ⅛⌂ↄ⌂╡ ⱴכ◔♇♩⅛╠ ∆╢↓≤╙ ⅎ⌂↑╣┌⌂╠⌂™ ╕√

⌐│ ⱴכ◔♇♩≤⇔≡◖▬fi →╩ ⇔ ℮ ⌐│ ⅜™ↄ╠≢ ™≈

─ⱪ꜠▬ꜘכ⅜ ⌐∕╣∙╣◖▬fi →╩ ⇔≡™╢⅛ ⱪ꜠▬ꜘכ─ ≤

⌐⅔↑╢∕─ ╙ ∆╢ ⅜№╢  

 ∕↓≢ ≢│ ─ ⅝↕⌐╟╡ ⱪ꜠▬ꜘכ⅜ ╕≢ ↑≡◖▬fi →╩

∆⅛─ ╩ ═╢√╘⌐ ⱪ꜠▬ꜘכ─ ⅜ ─╙≤≢ ⱪ꜠▬ꜘכ⅜

╕≢◖▬fi →╩ ⇔ ↑╢╙─≤⇔≡ⱴכ◔♇♩⅛╠─ ╩ ╘⌂™ ╩ ⅎ

╢↓≤⌐∆╢ ╕√ ⱪ꜠▬ꜘכ│ ⌐∕╣∙╣◖▬fi →╩ ⇔ ↑╢╙─

(i.i.d.[104][105])≤⇔≡ ⱶכ◕ [130]≢ ℮╟℮⌂ⱪ꜠▬ꜘכ ─ ╛ ╩ ⇔≡⸗

♦ꜟ─ ╩ ∫√╙≤≢ ─⅛≈Ⱶfi◓─™ↄכ◕ ╩ ═≡™╢ ∆⌂╦∟

─≤⅔╡ ╩ ⇔ ─◓Ⱶfiכ◕ ≤⇔≡ⱪ꜠▬ꜘכ─℮∟ ⌐ ⇔√

ⱪ꜠▬ꜘכ─ ─ ─ ≤ ◓Ⱶfiכ◕ ⅜ ∆╢ ─ ⌐≈

™≡ ⌐═⅝ ╩ ™≡ ═≡™╢  

 ∕─ ⌐ ≠™≡ ◓Ⱶfiכ◕ ⅜ ─ ─ ─ ╩ ⇔√

─ⱶכ◕ ╩ ∆╢√╘─ ─ ⌐≈™≡ ⇔≡™╢ ╠╣√

⅛╠ ⌂ ⌐⅔™≡ ─ꜞ☻◒ ⌂ ≤ ─ꜞ☻◒ ⌂

╩ ⌐╟╢ ─ ≤⇔≡ ⇔≡™╢ ↓╣╩ ⌐ ∆╢ 2 ─═⅝

[29][20]≤⇔≡ [21]─ ╩ ╖≡™╢ ↕╠⌐ ─ⱶכ◕√╣╠

⌐⅔™≡ ◓Ⱶfiכ◕ ─ ≤ ─╖─ ─ │ ⇔≡

™╢↓≤╩ ⇔≡™╢  

 

3.2  

≡™⅔⌐◓Ⱶfiכ◕⌐ ⱪ꜠▬ꜘכ⅜ ℮ ╟╡╙ ╠╣╢ │ ™

⌐╙⅛⅛╦╠∏ ↄ∂ Ɽ♅fi◖╛◌☺ⱡ⌂≥⌐ ↄ─ⱪ꜠▬ꜘכ

⅜ ⇔ⱴכ◔♇♩⅜ ∆╢ ∆⌂╦∟ ⱴכ◔♇♩⌐ ∆╢ ↄ─ⱪ꜠▬ꜘכ│

↑╢⌐╙⅛⅛╦╠∏ ꜞ☻◒⌐ ⇔≡ ⌐⌂╢ ⅜№╢ ↓╣⌐│ ⅜ ↄ

⌂╢ ⅜ ⅎ╠╣╢ ∕↓≢ ≢│ 



3  ╩ ⇔√◖▬fi →─ ─ⱶכ◕⇔ ↑ 

- 91 - 

 (A) ◖▬fi →─ ∟ ↑─ ⅜ 1/2 ─ ( ⸗♦ꜟ)  

 (B) ◖▬fi →─ ≈ ⅜ ↑╢ ╟╡ ↕™ ( ⸗♦ꜟ)  

 (C) ◘▬◖꜡ →≢ ╢ ─ ⅜∕╣∙╣ 1/6 ─ ( ⸗♦ꜟ)  

─ 3 ≢☻כ◔─≈ ∆╢ ↓─≤⅝ ⌐ ⅜ ↕ↄ⌂╢─│ (B)─◔כ☻─╖≢

№╢⅜ ╩ ∆╢≤ 3 ≈─ │ ⌐⌂╢ ∆⌂╦∟ (A)(B)(C)⌐│

◓Ⱶfiכ◕ ─ (B)⌐│ ─ ⅜ ─ ╟╡╙ ─ⱶכ◕╢⌂⌐ ╛

╖⌐╟╢ ⅜ ╦╢  

 ◖▬fi →≤◘▬◖꜡ →─ ↑⌐≈™≡ ≢ ∆╢ ╩∕╣∙╣

∆╢ ↓─≤⅝ ◖▬fi →≢ (A)│ ─ ⅜ ─ ≤⇔≡ (B)│ ≈

⅜ ↑╢ ╟╡╙ ↕™ ≤⇔≡ ╒≥ ∆╢⸗♦ꜟ─ ╩

≢ ℮√╘⌐ ⇔≡™╢ (C)│(A)─ ─ ⌐ ∆╢ ─ ≤⇔≡◖▬

fi →─ ≥ⱶכ◕⇔ ⌐ ⅛╩ ═╢√╘⌐ ⇔≡™╢  

 

3.2.1  

╕∏ (A)⌐≈™≡─◖▬fi →≢№╢  

(A.1) ─╖─ ≢ ◖▬fi─ ─ ╢ │ ὴ ρȾς ─ ⌐≈™≡ ℮  

(A.2) ─ⱪ꜠▬ꜘכ│ 1 ⱶכ◕─ ⌐  ‌ ╩ ™ ⅜ √ ⌐│ 1

─ ╩ ≡ ⅜ ╣┌ 1 ╩ ℮ ↓─√╘ ◓Ⱶfiכ◕ │ 1 ⱶכ◕─

≢  ‌ ∞↑ ⌐ ╩ ╢  

(A.3) ─ⱪ꜠▬ꜘכ│ ὔ ─◕כⱶ╩ ≢ ↑╢ ╩ⱶכ◕≢ ⇔≡

ⱴכ◔♇♩⅛╠ ∆╢↓≤│≢⅝⌂™  

(A.4) (A.1)(A.2)(A.3)─╙≤≢ ⌐ ά ─ⱪ꜠▬ꜘכ⅜ ™⌐  ⱶ╩ ὔכ◕⌐

∞↑ ∆  

 ↓↓≢ ∆═⅝ ≤⇔≡ ─ 1 ≢│  ‌ │▪◒♥▫Ⱪ ─Ɽⱨ◊כⱴfi

☻╩ ∆▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○─ ╩ ∆♩ꜝ♇◐fi◓כꜝ◄ה─ ≢

№∫√ ⇔⅛⇔⌂⅜╠ ≢│ ‌ │ ─ ╩ ∆ ≤⇔≡ ∫≡™╢ ↓─

≢ ─ ‌ ╩ ™≡ ∆╢ ╩╕≤╘≡™╢  
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3.2.2  

™≡ (B)⌐≈™≡─◖▬fi →≢№╢  

(B.1) ◖▬fi─ ─ │ 1/2 ╟╡╙ ↕™  ὴ ὴ ρ ὴ  ≢   ‌

─ⱶכ◕≥ ╖⌐╟╢  ‌ ὴ ὴ ρ ςὴ  ╙ ╘√ ⌐≈™≡ ℮  

↓╣╠╩ ∑√ ╩ ⌐  ‌ ‌ ‌  ≤ ┬↓≤⌐∆╢  

(B.2) ─ⱪ꜠▬ꜘכ│ 1 ⱶכ◕─ ⌐  ‌ ‌ ‌  ╩ ™ ⅜

√ ⌐│ 1 ─ ╩ ≡ ⅜ ╣┌ 1 ╩ ℮ ↓─√╘ ◓Ⱶfiכ◕ │ 1

ⱶכ◕─ ≢  ‌ ∞↑ ⌐ ╩ ╢  

(B.3) ─ⱪ꜠▬ꜘכ│ ὔ ─◕כⱶ╩ ≢ ↑╢ ╩ⱶכ◕≢ ⇔≡

ⱴכ◔♇♩⅛╠ ∆╢↓≤│≢⅝⌂™  

(B.4) (B.1)(B.2)(B.3)─╙≤≢ ⌐ ά ─ⱪ꜠▬ꜘכ⅜ ™⌐  ⱶ╩ ὔכ◕⌐

∞↑ ∆  

 

3.2.3  

⌐◘▬◖꜡ →≢№╢   

(C.1) ─╖─ ≢ ◘▬◖꜡─ ─ ╢ │∕╣∙╣ 1/6 ─ ⌐≈™≡

℮  

(C.2) ─ⱪ꜠▬ꜘכ│ 1 ⱶכ◕─ ⌐  ‌ ╩ ™ ◘▬◖꜡╩ ⇔

≡ √ ─ ⅛╠ ◘▬◖꜡─ ─ 3.5 ╩ ™√ ∞↑ ╩ ╢ ↓─√╘ ◕

◓Ⱶfiכ │ 1 ⱶכ◕─ ≢  ‌ ∞↑ ⌐ ╩ ╢  

(C.3) ─ⱪ꜠▬ꜘכ│ ὔ ─◕כⱶ╩ ≢ ↑╢ ╩ⱶכ◕≢ ⇔≡

ⱴכ◔♇♩⅛╠ ∆╢↓≤│≢⅝⌂™  

(C.4) (C.1)(C.2)(C.3)─╙≤≢ ⌐ ά ─ⱪ꜠▬ꜘכ⅜ ™⌐  ⱶ╩ ὔכ◕⌐

∞↑ ∆  

 ─ ≈─ ╩ ⇔ ╒≥ ∆╢⸗♦ꜟ─ ⌐≈™≡ ╩ ∂≡

∆╢ ≢│ ⌐≈™≡(A)╩ ⌐⸗♦ꜟ╩ ∆╢  
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3.3  

╕∏ ─ⱪ꜠▬ꜘכ─◖▬fi →─⸗♦ꜟ╩ ∆╢  

 

3.3.1 1  

╩ⱶכ◕─ ∆╢≤⅝  ὲ (◖▬fi →≢│ ὲ ς ◘▬◖꜡ →≢│ ὲ φ )

─  ὧ Ὥ ρȟ Ễ ȟ ὲ  ╩ ⇔  ⅜ † ⌐⅔↑╢ 1 ─ⱶכ◕─ ─

ⱪ꜠▬ꜘכ─ │ 

 

 

         ὧ † ὧ ὢ † ȟ 

ὢ † ρȟ 

        ὢ †
ρש ↕╣╢

πש ↕╣⌂™
 ש

            Ὥ ρȟ Ễ ȟ ὲȠ † ρȟ Ễ ȟ ὔ  

(3.1)

 

≢ ↕╣╢[118] ↓↓⌐  ὢ † ρ │  Ὥ ─ ⅜ ↕╣  ∕╣ ─ ὢ † Ὥ Ὦ  

│∆═≡ π ≤╖⌂↕╣╢↓≤⌐╟╡  ὧ  ╩ ∆╢⸗♦ꜟ≢№╢ √≤ⅎ┌ ◖▬

fi →≢│ 1 ─ ≢ 1 ∞↑ ⅛ ╙⇔ↄ│ ╩ ℮◖▬fi →[104][105][113]╩

∆╢≤ ⌐ 2 ⸗♦ꜟ≤⇔≡ ≢⅝╢ ↓╣⌐ ⇔≡ (A)(B)⌐╙≤≠

⅝  ὧ  Ὥ ρȟς ◓Ⱶfiכ◕↑∞ ‌ │⌐  ⅜ ∆╢ ⅜ ↕╣╢. ∆⌂╦∟ 

 

 
ὧ ρ    ש‌

ὧ ρ ש‌
 (3.2)

 

≤ ╙╢↓≤⅜≢⅝╢ ╕√ ◘▬◖꜡ →≢│ (C)⌐╙≤≠⅝ 

 

 

ừ
Ử
Ử
Ừ

Ử
Ử
ứὧ ρ σȢυ ש‌ ρ ─

ὧ ς σȢυ ש‌ ς ─

ὧ σ σȢυ ש‌ σ ─

ὧ τ σȢυ ש‌ τ ─

ὧ υ σȢυ ש‌ υ ─

ὧ φ σȢυ ש‌ φ ─

 (3.3)
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─ ─™∏╣⅛⅜ ─◘▬◖꜡ ⱶכ◕─→ ≢ ╠╣╢╙─≤∆╢  

 ↓─≤⅝ 1 ─ ⌐⅔↑╢ │ ∞↑ ⌂ↄ⌂╡ (3.1)─ │ 

 

 

Ὁ ὧ † ὧ ὴ ‌ȟ 

ש ὴ ρȟ 

πש         ὴ ρ 

            Ὥ ρȟ Ễ ȟ ὲȠ † πȟρȟ Ễ ȟ ὔ  

(3.4)

 

≤ ≢⅝╢[118] ↓↓⌐  ὴ  │ Ὥ ─ ⅜ ∆╢ ≢№╢ ╕√ ∕─ │ 

 

 

ὠ ὧ † ὧ ὴ ὧ ὴ

ὺ 

            Ὥ ρȟ Ễ ȟ ὲȠ † πȟρȟ Ễ ȟ ὔ  

(3.5)

 

≤ ⌐ ≢⅝╢[118] ≢│ ⇔ ─⸗♦ꜟ╩ ∆╢  

 

 

3.3.2 ╝  

(3.1)╩╙≤⌐  ὔ ╕≢◕כⱶ╩ ∆╢≤⅝ ─ⱪ꜠▬ꜘכ─

│ 
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ὢ   ש ὔ ὧ †

ὧ ὢ † ȟ 

ὢ † ρȟ 

        ὢ †
ρש ↕╣╢

πש ↕╣⌂™
 

Ὥ        ש ρȟ Ễ ȟ ὲȠ † πȟρȟ Ễ ȟ ὔ  

(3.6)

 

≢№╢[118] ╩ⱶכ◕⌐℮╟─ ⌐ ⇔ ↑╢≤⅝ ⌐ (3.1)╩ ὔ ⇔√

╩ ∆╢↓≤⅛╠  ὔ ╕≢─ ὢ ὔ  ─ │ 

 

 

Ὁ ὢ ὔ ὧ ὴ ὔ

‌ὔ 

(3.7)

 

≤ ↕╣╢[118] ↓─≤⅝ 1 ─ ◓Ⱶfiכ◕↑∞ ‌ ≢ ─ ≤⌂╡  ‌ὔ ≤

◓Ⱶfiכ◕↑∞╣⧵│≥↓℮™ ⌐ ╩ ∫≡™╢↓≤⌐⌂╢ ⇔√⅜∫≡ ◕

◓Ⱶfiכ │ⱪ꜠▬ꜘכ◕⌐כⱶ╩ ↕∑ ↑√™≤ ⅎ≡™╢ ╕√ ↓─≤⅝─ 

ὢ ὔ  ─ │ ⌂─≢ 

 

 

ὠ ὢ ὔ Ὁ ὢ ὔ Ὁ ὢ ὔ

ὧ ὴ ὧ ὴ ὔ

ὺὔ 

(3.8)

 

≤ ⌐ ≤⇔≡ ↕╣╢[118] ↓─ ⌐ ™ ◖▬fi─ ⌐ⱶכ◕⇔

⅜ ∆╢ ≢│ ↓─ ⇔ ╩ ─ꜝfi♄ⱶכ◊►ה◒≤⇔≡

⸗♦ꜟ─ ⌐≈™≡ ∆╢  
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3.3.3 ╝  

↓↓≢ ╩ ∆╢√╘⌐ (A)⌐≈™≡ ⅜⌂™ ─

─◖▬fi →─ꜝfi♄ⱶכ◊►ה◒⌐ ∆╢ ⅛╠ ⌐ ≢⅝╢

⌐≈™≡ ∆╢[116][122][129]  

 ╕∏  ‌ π ≤⌂╢◖▬fi →╩ ⌐ ⇔ ∆╢ꜝfi♄ⱶכ◊►ה◒

ὢ † πȟ ρȟ ςȟ Ễ  │ ≢№╢ ≢│ ⅜ ╩ ⌐ ╠

ⅎ ὔ ⌐ ∆╢√╘ ꜝfi♄ⱶכ◊►ה◒─ │  ὔ ╕≢─ ⌐  ὔ 

∞↑ ⅛ ┼ ⇔≡™╢ ↓─≤⅝ ┼─ ╩ ὔ  ≤⇔ ┼─ ╩ ὔ  

≤∆╢≤ 

 

 
ὔ ὔ ὔȟש 

ὔ ὔ ὢ ὔ  
(3.9)

 

⅜ ∆╢[129] ↓↓≢ ὢ ὔ  │ ┼─ ≤ ┼─ ─ ─ ∞↑≢ ╕╡

─ ⌐│ ⇔⌂™  ὔ ─ ─℮∟ ┼─ ⅜ ὔ  ≢№╢ │  

ὄ ὔȟ ρȾς  ⌐ ℮─≢ 

 

 ὅ ẗ
ρ
ς

ὔȦ
ὔ Ȧ ὔ ὔ Ȧ

ẗ
ρ
ς

 (3.10)

 

≢ ⅎ╠╣╢  ὔ ȟ ὔ  ≤  ὔȟ ὢ ὔ  ≤─ │ (3.9)≢ ╕╢─≢ ↓╣╩

⌐ ™√ 

 

 

ὔ
ὔ ὢ ὔ

ς
ȟש 

ὔ
ὔ ὢ ὔ

ς
 

(3.11)

 

╩ (3.10)⌐ ∆╢≤⅝  ὔ ─ⱶכ◕⌐   ὢ ὔ  ≤⌂╢  

0 ὢ ὔ ȟ ὔ  ⅜ ╠╣╢[129] ∆⌂╦∟ 

 

 
0 ὢ ὔ ȟ ὔ

ὔȦ
ὔ ὢ ὔ

ς Ȧ
ὔ ὢ ὔ

ς Ȧ

ρ
ς

 
(3.12)
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≤ ≢⅝╢[129]   

 ≤↓╤≢ (3.12)⌐│ ⇔ ⅜ ≢№╢ ∆⌂╦∟  ὢ ὔ  ─ ╢ │ ὔ ─

⅜ ≤ ⌐ ∂≡ ⅛ ⌐ ╠╣╢  

 

 
ὔ⅜ ─≤⅝ ὢ ὔ πȟ ςȟ Ễ ȟ ὔ

ὔ⅜ ─≤⅝ ὢ ὔ ρȟ σȟ Ễ ȟ ὔ
 (3.13)

 

↓╣│ (3.11)≢  ὔ  ─≤╢ ⅜ ὔ ρȟςȟ Ễ ȟ ὔ ≢№╢↓≤╩ ⇔≡™╢  

  ὔ ⌐⅔↑╢  ὢ ὔ  │ (3.12)─ ⌐ ℮ ≢№╢ ↓↓≢  ὢ ὔ

─ ≤ ╩ ╘╢  ὔ  ⅜  ὄ ὔȟ ρȾς  ⌐ ℮↓≤╩ ⇔≡ 

 

 

Ὁ ὔ ὔ ẗ
ρ
ς

ὔ
ς

ȟש  

ὠ ὔ ὔ ẗ
ρ
ς

ẗ ρ
ρ
ς

ὔ
τ

 
(3.14)

 

≤ ≢⅝╢ ⇔√⅜∫≡ (3.11)⅛╠ ὔ ὔ ὢ ὔ Ⱦς ╩ ™╢≤⅝ 

 

 

Ὁ ὢ ὔ Ὁ ςὔ ὔ

ς ẗ
ὔ
ς

ὔ

π 

ὠ ὢ ὔ Ὁ ὢ ὔ

Ὁ ςὔ ὔ

τ ẗ
ὔ
τ

ὔ 

(3.15)

 

≤ ↕╣╢[129] ∆⌂╦∟ ꜝfi♄ⱶכ◊►ה◒≢│ │ π │ ὔ ≢№╢  

 ↓↓≢  ὔ ⅜ ⅝™≤⅝⌐│  

 

 Ὢ ὼ
ρ

Ѝς“ὔ
ÅØÐ

ὼ
ςὔ

 (3.16)
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⌐ ℮↓≤⅜ ↕╣╢ ↓╣╩ ─◓fiꜞכ♃☻⌐╘√∆ [129] 

 

 ÌÏÇ ὔ Ȧ ḙ ὔ
ρ
ς

ÌÏÇ ὔ ὔ
ρ
ς

ÌÏÇ ς“  (3.17)

 

╩ ™╢≤⅝ (3.12)⌐≈™≡ ─ ╩≤╢≤ 

 

 

ÌÏÇ 0 ὢ ὔ ȟ ὔ   

      ÌÏÇ 
ὔȦ

ὔ ὢ ὔ
ς Ȧ

ὔ ὢ ὔ
ς Ȧ

ρ
ς

 

      ÌÏÇ ὔ Ȧ ÌÏÇ 
ὔ ὢ ὔ

ς
Ȧ ÌÏÇ

ὔ ὢ ὔ
ς

Ȧ ὔ ÌÏÇ ς 

(3.18)

 

≤⌂╢[129] ↕╠⌐ ─ ⌐ (3.17)╩ ⇔≡ ∆╢≤ 

 

 

ÌÏÇ 0 ὢ ὔ ȟ ὔ ÌÏÇ ς ÌÏÇ Ѝς“ὔ
ὔ ὢ ὔ ρ

ς
ÌÏÇ ρ

ὢ ὔ
ὔ

ὔ ὢ ὔ ρ
ς

ρ
ὢ ὔ

ὔ
 

(3.19)

 

≤╕≤╘╠╣╢ ↓↓≢ כꜝ▬♥  

 

 ÌÏÇ ρ ώ ώ
ρ
ς

ώ
ρ
σ

ώ Ễ ρ ώ ρ  (3.20)

 

╩ 2 ╕≢ ™≡ (3.19)⌐ ∆╢≤ 

 

 ÌÏÇ 0 ὢ ὔ ȟ ὔ ḙ ÌÏÇ
ς

Ѝς“ὔ

ὼ
ςὔ

ὕ
ὼ
ὔ

 (3.21)

 

╩ ╢[129] ⇔√⅜∫≡ 

 

 0 ὢ ὔ ȟ ὔ ḙ
ς

Ѝς“ὔ
ÅØÐ

ὼ
ςὔ

 (3.22)
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⅜ ╠╣╢[129] ↓↓≢ (3.22)│ ─ ─ ⌂─≢ ─

 Ὢ ὼ  ≤ ὼ ─ ╡⌐  ɝὼ ╩≤∫√ ─ ⌐ ∆╢ 

 

 0 ὢ ὔ ȟ ὔ ḙ Ὢ ὼ ɝὼ (3.23)

 

─ ⅜ ∆╢  

 ⅛╠  ɝὼ ς ≤ ↄ≤⅝  ὔ ⅜ ⅝™≤⅝⌐│ꜝfi♄ⱶכ◊►ה◒│

≢ ≢⅝╢[129] ╝ⅎ⌐ ─ⱶכ◕─↓  ὔ ⅜ ⅝™≤⅝  ὸ ╩ ™≡

⌐ ὢ ὸ Ḑ ὔ πȟ ὸ  ⌐ ℮╙─≤⇔≡⸗♦ꜟ╩ ℮↓≤⅜≢⅝╢ ↓─ ╩╙≤

⌐ ┘  ‌ ╩ ⇔√ ╩ ∆╢≤  ὸ ⌐ ⇔√  Ὁ ὢ ὔ ‌ὸ 

∞↑ ∆╢ꜝfi♄ⱶכ◊►ה◒⅜ ╠╣╢ ∆⌂╦∟ 3.1 ⌐ ∆╟℮⌐ כ◕

ⱶ ⅜ ⌐ ℮ ─ ─╙≤≢ ∞↑ ⌐ ∂≡ ∆╢

™╩∆╢↓≤⅜ ≢⅝╢  

 ⇔⅛⇔⌂⅜╠  ὔ ⅜ ⅝ↄ⌂™ ⌐│ ┼─ │ ↄ│⌂™─

≢ ⸗♦ꜟ─ ⌐≈™≡╙ ∆╢ ⅜№╢ ≢ 3.2 ⌐ ∆╟℮⌐ (3.13)

⌐ ℮◖▬fi →─ ⇔ │ ─ ≤ ⌐╟╢ ╠⅞─ ⅝↕

⅜ ⌐⌂╢√╘ ─ ╛ ─ ╟╡╙ ⌐ ⅝⌂ ╩ ⅎ╢ ↓─

↓≤⅛╠ ─ⱪ꜠▬ꜘכ◕─כⱶ  ὔ ⅜ ⅝ↄ⌂™ ⌐│

⌐ ╩ ⇔≡ ⸗♦ꜟ─ ╩ ∆╢ ⌐ ™╢↓≤⅜ ╕⇔™  

 

 

 3.1  ─ ∟Ɽ♃כfi─  
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 3.2  ╩ ⇔√ⱪ꜠▬ꜘכ─ ─  

 

 

3.3.4  

≤↓╤≢ ─ⱶכ◕ ─ ─ │  Ѝὺὸ ─ ⅝↕⌐ ∂≡

3.1 ⌐ ↕╣≡™╢ ↓─≤⅝  ὸ ⌐⅔↑╢◕כⱶ─ ╩ ‌ ≤⇔≡ ₁─

ⱪ꜠▬ꜘכ─ │  ὸ ⅜ ⅝↑╣┌ ⌐ 3.1 ─╟℮⌂ ⌐

℮≤ ⅎ╠╣╢ ⌐ ∫≡ ∆╢≤ ─ⱶכ◕ ⌐ ≠⅝ │ ⅜

∆╢⅜ ╩ ≡ ∕─ ∆╢ ⌐№╢↓≤⅜ ≢⅝╢ 3.2 ─ Ɇ 

⌐╟╢ │ ⌂ ─ ─ ≢№╢  

 ∕↓≢ ⱪ꜠▬ꜘכ─℮∟ ⅜ ⌂ ⅜  ‌ὸ ⌐╟╡ ≥─╟

℮⌐ ╩ ↑╢─⅛ ═╢√╘⌐ ─ⱶכ◕⌐℮╟─ ⅜  Ѝὺὸ ─ ⅝

↕⌐ ∂√ ─ ⌂ⱪ꜠▬ꜘכ─  ὢὓ ὸ  ╩ ∆╢ ∆⌂╦∟ 

 

 
ὢ ὸ Ὁ ὢ ὸ

ὠ ὢ ὸ
‗ 

(3.24)

 

╟╡ 

 

 ὢὓ ὸ Ὁ ὢ ὸ ‗ ὠ ὢ ὸ ‌ὸ ‗Ѝὺὸ (3.25)
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≤ ╙╢[118] ↓↓⌐ ‗ │ ─ ╩ ⇔ ◖▬fi →─ ─

─ⱶכ◕ ─Ɽⱨ◊כⱴfi☻╩ ∆╢ ∆⌂╦∟ ─ⱶכ◕↑∞ ‗ ─

─ ╩ ⌐ ∆↓≤⅜≢⅝╢  

 (3.25)─ │ ╩ ℮⌐╙⅛⅛╦╠∏  Ѝὺὸ ─ ‗ ∞↑ ╣√Ɽⱨ

╩☻ⱴfiכ◊ ∆ ╩ ⇔√╙─≢№╢ ◓Ⱶfiכ◕ │ ⅜№╢ ∟ ↑

√≤⇔≡╙ ⌐ ╩ ℮↓≤╩ ⇔≡™⌂™ ⌐≥─ ─  ‌ ╩

∆╣┌ ╢↑⅔⌐ⱶכ◕ ─ ─  ὢὓ ὸᶻ  ≤∕─  ὸᶻ ╩ ╢─⅛

═≡⅔ↄ↓≤│ ≢№╢  

 ∕↓≢ (3.25)─  ὸ │ ╩ ≤⇔≡ ∫≡™╢─≢

╩ ═╢√╘⌐  ὸ ≢ ∆╢≤ 

 

 
Ὠὢὓ ὸᶻ

Ὠὸ
πȟ ὸᶻ

‗ςὺ

τ‌ς ȟ ὢὓ ὸᶻ
‗ςὺ

τ‌
 (3.26)

 

⅜ ╠╣╢[118] ⇔√⅜∫≡ ₁─ⱪ꜠▬ꜘכ⌐≤∫≡│  ὺ │ꜞ☻◒⌐ ∆╢

─ ≢╙№╢⇔ ∕─ ‗ς ∞↑ ⌐ ⅜ ┬ ⅜№╢≤™ⅎ╢ ⇔⅛

⇔ ⌐  ‌ ⌐ ⇔≡ ⅜ ⇔≡™ↄ↓≤╙ ≢⅝╢  

 ↕╠⌐ ₁─ⱪ꜠▬ꜘכ⅜ ─ Ѝὺὸ ∞↑ ╣√Ɽⱨ◊כⱴfi☻╩ כ◕≡↑

ⱶ╩ ∆╢≤⇔≡╙ ⌐│  ‌ὸ ─ ╩ ↑≡ ≤ ∂ ⌐ ╢≤

⅝╩ 

 

 ὢὓ ὸᶻᶻ πȟשὸᶻᶻ
‗ςὺ

‌ς  (3.27)

 

≤⇔≡ ╙╣╢[118]  

 ⇔√⅜∫≡ №╢ ─ │ ⱪ꜠▬ꜘכ◕│⌐כⱶ╩ ∆╢ ⅜ ↄ

⌂╢ ∕╣╝ⅎ ◓Ⱶfiכ◕ │ ≤ ─ ─ ╩ⱨ○♪כ꜠♩─ ⅎ╢

⅜№╢ ∆⌂╦∟ ─ Win-Win ⅜ ─ⱶכ◕╢↑ ╩ ∆╢↓≤⅜

≢№╢ ↓─√╘ ─ ─ ─ ─ ⅜ ≢№╡ ≢ ∆╢  
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3.4 □  

↓↓≢ (A)─╙≤≢ ⱪ꜠▬ꜘכ  ά ρπ  ὔ ρππ ─ ╢

 ὴρ πȢυ  ‌ πȢρ ─ ≤⇔≡ (3.2)≢ ⇔√◖▬fi →─ ⇔

╩ ∆╢ ∕─ ─ ─ ╩ ⇔√╙─⅜ 3.3 ≢№╢  

 

 

3.3  ─  

 

 ≢  † ρȟ Ễ ȟ ὔ  ⌐⅔↑╢ ─ⱪ꜠▬ꜘכ◕─כⱶ ╩ ⇔√ ὢ †

⅛╠  Ὦ ρȟ Ễ ȟ ά  ─ⱪ꜠▬ꜘכ⅜ ∫≡™╢⅛ ↑≡™╢⅛─ ╩ ™╢√╘  

 † ⌐⅔↑╢ⱪ꜠▬ꜘכ Ὦ ─ ─ ╩ 

 

 ὣὡὮ
† ÍÁØ ὢ † ȟπ Ὦ ρȟ Ễ ȟ άȠ † ρȟ Ễ ȟ ὔ  (3.28)

 

≤⇔  † ⌐⅔↑╢ⱪ꜠▬ꜘכ Ὦ ─ ─ ╩ 

 

 ὣὒὮ
† ÍÉÎ ὢ † ȟπ Ὦ ρȟ Ễ ȟ άȠ † ρȟ Ễ ȟ ὔ  (3.29)

 

≤ ⇔≡ ∆╢ ⱪ꜠▬ꜘכ Ὦ ⌐≈™≡ (3.28)╙⇔ↄ│ (3.39)│ 0 ⅛ ⅛

≢ │ ∏ 0 ⌐⌂╢↓≤╩ ∆ ↓↓≢  ά ─ⱪ꜠▬ꜘכ⌐≈™≡ (3.28)╩

⇔√ ⱪ꜠▬ꜘכ  ά ≢ ╡ √╡─ⱪ꜠▬ꜘכ─ ─ ╩
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∆╢ ∆⌂╦∟ 

 

 ὣὡ ‌ȟ †
ρ

ά
ὣὡὮ

ά

Ὦ ρ

†  (3.30)

 

≤ ≢⅝╢ ↓─ (3.30)│ ─ ╩ⱪ꜠▬ꜘכ⌐≥─ ⇔≡™╢─⅛

╙╢ ≤⌂╢ (3.30)─  ὣὡ ‌ȟ †  │ 3.2 ≢ ⇔√ ὢὓ ὸ  ─ ≤

⌐ №╢  † ≢ ╩ ⇔ ∕─ │ ⌐⌂╢╙─≤ ⅎ╠╣╢  

 ╕√ ⌐ (3.29)⅛╠ √╡─ⱪ꜠▬ꜘכ─ ─ │ 

 

 ὣὒ ‌ȟ †
ρ

ά
ὣὒὮ

ά

Ὦ ρ

†  (3.31)

 

≤ ≢⅝╢ ↓↓≢  ὣὡ ‌ȟ †  ὣὒ ‌ȟ †  │ ⅜ ⌂™ ⌐│ ⸗♦ꜟ⅜

∆╢ ╙ ⅝™⅜ ⅜≥─ ⅛∫≡™╢⅛╩ ═╢ ≤⇔≡ ⌂ ╩

≈  

 ⌐ ὢ ὸ π ⌐⅔↑╢ ─ ─ ⌐≈™≡ √╡─

╩  

 

 Ὁ ὣ ‌ȟ ὸ
ὢ ὸ

Ѝς“ὺὸ
ÅØÐ

ρ
ς

ὢ ὸ ‌ὸ
ὺὸ

Ὠὢ ὸ  (3.32)

 

≤ ∆╢ ╕√  ὢ ὸ π ⌐⅔↑╢ ─ ─ ⌐≈™≡ √╡─

╩ 

 

 Ὁ ὣ ‌ȟ ὸ
ὢ ὸ

Ѝς“ὺὸ
ÅØÐ

ρ
ς

ὢ ὸ ‌ὸ
ὺὸ

Ὠὢ ὸ  (3.33)

 

≤ ∆╢  
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 3.4  ─ ( ─ ─ ≤ ─ ─ ─ ) 

 

 ↓╣╩ ™≡ 3.4 │ 3.3 ─ ╩╙≤⌐ (3.30)⅔╟┘ (3.32)≤ (3.31)

⅔╟┘ (3.33)─ ╩ ™√╙─≢№╢ ∆⌂╦∟ 0 ≢ Ὁ ὣ ‌ȟ ὸ  ⅜  

ὣὡ ‌ȟ †  ⅜ Ɇ ≤⇔≡ ⅛╣≡⅔╡  0 ≢ Ὁ ὣ ‌ȟ ὸ  ⅜ ὣὒ ‌ȟ †  ⅜ Ɇ ≤

⇔≡ ⅛╣≡™╢ ⇔√⅜∫≡ ⌐≤∫≡ ─ ╕≢│ ⅜

⌐№╢⅜ ╩ ⌐ ⇔ ⅜ ↄ⌂╢↓≤⅜ ╣╢ ╕√ ⌐

≤∫≡ ≤≤╙⌐ ⌐ ℮ ─ │ ⌐ ∂≡⅛⌂╡ ⅝ↄ⌂╢

↓≤⅜╦⅛╢ ∆⌂╦∟ ∕─ │ ◓Ⱶfiכ◕ ⌐ ℮ ─ ⅜  ‌ὸ ≤

⇔≡ ∆╢↓≤⅜ ╘≡╦⅛╢  

 ↕╠⌐ ὢ ὸ π ⌐⅔↑╢ ─ ⌐≈™≡ √╡─ ╩

─ ─ ≢ ∫√  

 

 ὤὡ ‌ȟ ὸ

᷿
ὢ ὸ

Ѝς“ὺὸ
Њ

π
ÅØÐ

ρ
ς

ὢ ὸ ‌ὸ ς

ὺὸ Ὠὢ ὸ

᷿
ρ

Ѝς“ὺὸ
Њ

π
ÅØÐ

ρ
ς

ὢ ὸ ‌ὸ ς

ὺὸ Ὠὢ ὸ

 (3.34)

 

≤ ∆╢ ╕√  ὢ ὸ π ⌐⅔↑╢ ─ ─ ⌐≈™≡ √╡─

╩ ─ ─ ≢ ∫√  
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 ὤὒ ‌ȟ ὸ

᷿
ὢ ὸ

Ѝς“ὺὸ
π

Њ
ÅØÐ

ρ
ς

ὢ ὸ ‌ὸ ς

ὺὸ Ὠὢ ὸ

᷿
ρ

Ѝς“ὺὸ
π

Њ
ÅØÐ

ρ
ς

ὢ ὸ ‌ὸ ς

ὺὸ Ὠὢ ὸ

 (3.35)

 

≤ ∆╢ ↓↓≢ ⇔√ ὤὡ ‌ȟ ὸ  │ ⅜ │ ─╖⌐ ὤὒ ‌ȟ ὸ  │

⅜ ─╖⌐ ↕╣╢═⅝≢№╡ ⱪ꜠▬ꜘכ ≢│⌂™↓≤╩ ⇔≡

⇔√╙─≢№╢  

 ≢│ Ὁ ὣ ‌ȟ ὸ  ≤ Ὁ ὣ ‌ȟ ὸ  ⌐≈™≡ ─ ─ ─ ⌐≈™

≡ ═ ⸗♦ꜟ⌐≈™≡═⅝ ╩ ™≡ ⇔≡™╢  

 

 1. Ὗ ὸ ȟ Ὗ ὸ ≤‌─ ─ (ὺ ρ) 
‌ ὸ  ό  ό  

πȢρπ ὸ σχȢτυτψπ  ό ρȢπρςςψ  ό τȢχυχχφ  

πȢρς ὸ ςφȢπρπςψ  ό πȢψτσυχ  ό σȢωφτψπ  

πȢρτ ὸ ρωȢρπωυω  ό πȢχςσπφ  ό σȢσωψτπ  

πȢρφ ὸ ρτȢφσπχψ  ό πȢφσςφψ  ό ςȢωχσφπ  

πȢρψ ὸ ρρȢυφπρς  ό πȢυφςσψ  ό ςȢφτσςπ  

πȢςπ ὸ ωȢσφσχπ  ό πȢυπφρτ  ό ςȢσχψψψ  

πȢςς ὸ χȢχσψφπ  ό πȢτφπρσ  ό ςȢρφςφς  

πȢςτ ὸ φȢυπςυχ  ό πȢτςρχψ  ό ρȢωψςτπ  

πȢςφ ὸ υȢυτπφυ  ό πȢσψωστ  ό ρȢψςωωρ  

πȢςψ ὸ τȢχχχτπ  ό πȢσφρυσ  ό ρȢφωωςπ  

πȢσπ ὸ τȢρφρφτ  ό πȢσσχτσ  ό ρȢυψυως  

πȢσς ὸ σȢφυχχπ  ό πȢσρφστ  ό ρȢτψφψπ  

πȢστ ὸ σȢςτππσ  ό πȢςωχχσ  ό ρȢσωωστ  

πȢσφ ὸ ςȢψωππσ  ό πȢςψρρω  ό ρȢσςρφπ  

πȢσψ ὸ ςȢυωσψς  ό πȢςφφσω  ό ρȢςυςπτ  

πȢτπ ὸ ςȢστπως  ό πȢςυσπχ  ό ρȢρψωττ  

 

 2. Ὗ ὸ ȟ Ὗ ὸ ≤ὺ─ ─ (‌ πȢρ) 
ὺ ὸ  ό  ό  

ρ ὸ σχȢτυτψπ  ό ρȢπρςςψ  ό τȢχυχχφ  
ς ὸ χτȢωπωφπ  ό ςȢπςτυφ  ό ωȢυρυυς  
σ ὸ ρρςȢσφττ  ό σȢπσφψυ  ό ρτȢςχσςω  
τ ὸ ρτωȢψρως  ό τȢπτωρσ  ό ρωȢπσρπυ  
υ ὸ ρψχȢςχτπ  ό υȢπφρτρ  ό ςσȢχψψψρ  
φ ὸ ςςτȢχςψψ  ό φȢπχσφω  ό ςψȢυτφυχ  
χ ὸ ςφςȢρψσφ  ό χȢπψυωψ  ό σσȢσπτστ  
ψ ὸ ςωωȢφσψτ  ό ψȢπωψςφ  ό σψȢπφςρπ  
ω ὸ σσχȢπωσς  ό ωȢρρπυτ  ό τςȢψρωψφ  

ρπ ὸ σχτȢυτψπ  ό ρπȢρςςψς  ό τχȢυχχφς  
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3.5   

╕∏ 3.4 ≢ ∫√ (3.32)─Ὁ ὣ ‌ȟ † ─ ╩  

 

 
Ὗὡ ‌ȟ ὸᶻᶻᶻ ÍÁØ

π † ὸ
Ὁ ὣὡ ‌ȟ †  

 Ὗὒ ‌ȟ ὸᶻᶻᶻ Ὁ ὣὒ ‌ȟ ὸᶻᶻᶻ  
(3.36)

 

≤ ∆╢ ∆⌂╦∟ ↓─  Ὗὡ ‌ȟ ὸᶻᶻᶻ  │ ─ ─ ─

╩ ∆─≢ ╩ ╗◖▬fi →─ ⇔ ⌐⅔↑╢ ─ ─ ≤⇔≡

∆╢ ╕√ Ὗὒ ‌ȟ ὸᶻᶻᶻ  │ ─ ⌐╟╢ ≤ ∆╢ ≢│

Mathematica ╩ ⇔≡ Newton ⌐╟╢ ─ ╩ ╖≡™╢ [131] ⌐

Mathematica ⌐╟╢ │ ≢│⌂™≤ ⅜ ↕╣╢⅜ 3.5 ─╟℮⌐╒╓

╩ ╢↓≤⅜╦⅛╢ ∕─ ⌐≈™≡  ‌ ≤ (3.36)─ │ 3.1 ⌐ ↕╣╢

≤⅔╡⌐ ╠╣╢  

 3.5 ⌐ ↕╣╢ Ὗὡ ‌ȟ ὸ  ─ │ ⌐ 1 ≢ ⇔√ Stevens ─═⅝ [29][26][27]

─  όὯ ≤ ↕╣╢─≢ 

 

 όὯ ὥπὸὯ
ὥρ (3.37)

 

⌂╢ ╩ ™╢≤ 3.1 ⌐ ∆ ὑ ─♦כ♃⅛╠⌂╢ ╩≤∫√ │ 

 

 ÌÏÇ όὯ ÌÏÇ ὥπ ὥρ ÌÏÇ ὸὯ ‭Ὧ Ὧ ρȟ Ễ ȟ ὑ  (3.38)

 

≤ ╙╠╣╢ ↓╣╩ [108] 

 

 

ÍÉÎ ὐρ ÍÉÎ 
ρ

ς
‭Ὧ

ς

ὑ

Ὧ ρ

ÍÉÎ 
ρ

ς
ÌÏÇ όὯ ÌÏÇ ὥπ ὥρ ÌÏÇ ὸὯ

ς

ὑ

Ὧ ρ

 
(3.39)
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⌐╟╡ ↄ ∆⌂╦∟ (3.39)⌐≈™≡ ∕╣∙╣ ὥπ  ὥρ ≢ ⇔≡ 

 

 

‬ὐρ

‬ὥπ

ρ

ὥπ
ὑ ÌÏÇ ὥπ ὥρ ÌÏÇ ὸὯ

ὑ

Ὧ ρ

ÌÏÇ όὯ

ὑ

Ὧ ρ

π 

‬ὐρ

‬ὥρ
ÌÏÇ ὥπ ÌÏÇ ὸὯ

ὑ

Ὧ ρ

ὥρ

ὑ

Ὧ ρ

ÌÏÇ ὸὯ
ς

ὑ

Ὧ ρ

ÌÏÇ ὸὯ ÌÏÇ όὯ π 

(3.40)

 

≤⅔ↄ≤⅝ [108] 

 

 

ở

Ở
Ở
ờ

ὑ ÌÏÇ ὸὯ

ὑ

Ὧ ρ

ÌÏÇ ὸὯ

ὑ

Ὧ ρ

ὑ

Ὧ ρ

ÌÏÇ ὸὯ
ς

Ợ

ỡ
ỡ
Ỡ ÌÏÇ ὥπ

ὥρ

ở

Ở
Ở
ờ

ÌÏÇ όὯ

ὑ

Ὧ ρ
ὑ

Ὧ ρ

ÌÏÇ ὸὯ ÌÏÇ όὯ
Ợ

ỡ
ỡ
Ỡ

 (3.41)

 

╟╡  

 

 ὥπ ÅØÐ
В ÌÏÇ ὸὯ

ςὑ
Ὧ ρ В ÌÏÇ όὯ

ὑ
Ὧ ρ В ÌÏÇ ὸὯ

ὑ
Ὧ ρ В ÌÏÇ ὸὯ ÌÏÇ όὯ

ὑ
Ὧ ρ

ὑ В ÌÏÇ ὸὯ
ςὑ

Ὧ ρ В ÌÏÇ ὸὯ
ὑ
Ὧ ρ

ς
  (3.42)

 

⅔╟┘ 

 

 ὥρ
ὑ В ÌÏÇ ὸὯ

ὑ
Ὧ ρ ÌÏÇ ό В ÌÏÇ ὸὯ

ὑ
Ὧ ρ В ÌÏÇ όὑ

Ὧ ρ

ὑ Вὑ
Ὧ ρ ÌÏÇ ὸὯ

ς В ÌÏÇ ὸὑ
Ὧ ρ

ς
 (3.43)

 

≤ ≢⅝╢ ╕√ ∕─ [111]│ 

 

 Ὑς ὑ В ÌÏÇ ὸὯ
ὑ
Ὧ ρ ÌÏÇ ό В ÌÏÇ ὸὯ

ὑ
Ὧ ρ В ÌÏÇ όὑ

Ὧ ρ

ὑ В ÌÏÇ ὸὯ
ςὑ

Ὧ ρ В ÌÏÇ ὸὯ
ὑ
Ὧ ρ

ς ὑ В ÌÏÇ όὯ
ςὑ

Ὧ ρ В ÌÏÇ όὯ
ὑ
Ὧ ρ

ς

ς

 (3.44)

 

≤ ╙╠╣╢ ↓─ (3.37)⅛╠ (3.44)╕≢╩ ™╢≤ (3.2)≢ ⇔√◖▬fi →
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⌐≈™≡ ∕─ ─ ─ ≤∕─ ⌐⅔↑╢ │ 

 

 
  Ὗὡ ὸ πȢρφυτЍὸ 

ḉ ש ὥ πȢρφυτȟשὥ πȢυ
(3.45)

 

⅜ ╠╣╢   

 ↓─≤⅝ │ Ὑς ρ ≢№╢ ⌐ 3.1 ─ Ὗὒ ‌ȟ ὸ ȾὟὡ ‌ȟ ὸ  ─ │

⌂─≢ ─ │ 

 

 Ὗὒ ὸ πȢχχχτЍὸ (3.46)

 

≤ ╕╢ ↓↓≢  Ὑς ρ ≤™℮↓≤│  Ὗὡ ‌ȟ ὸ  ≤ Ὗὒ ‌ȟ ὸ  ─⸗♦ꜟ╩ ὸ ≢

⌐ ≢⅝╢↓≤⌐⌂╢   

 ≤↓╤≢ ─ ⅝↕─ ⌐≈™≡ 3.2 ⌐ ∆ ⅜ ╠╣╢ ∕↓≢ (3.26)

╩ ⌐ ⌐ ‌ ⌐ ὺ ⅜ ╣╢≤ ⇔≡ (3.37)⅛╠ (3.44)╕≢≤ ⌐

═⅝ ─ ─  

 

 όὯ ὦπ‌Ὧ
ὦρὺὯ

ὦς (3.47)

 

≤ ∆╢ ↓─ ╩ ™╢≤ 3.1 ≤ 3.2 ╩ ∑√ ὑ ─♦כ♃⅛╠⌂╢

╩≤∫√ │ 

 

 ÌÏÇ όὯ ÌÏÇ ὦπ ὦρ ÌÏÇ ‌Ὧ ὦς ÌÏÇ ὺὯ ‭Ὧ Ὧ ρȟ Ễ ȟ ὑ  (3.48)

 

≤ ╙╠╣╢ ↓╣╩ [108] 

 

 

ÍÉÎ ὐς ÍÉÎ 
ρ

ς
‭Ὧ

ς

ὑ

Ὧ ρ

ÍÉÎ 
ρ

ς
ÌÏÇ όὯ ÌÏÇ ὦπ ὦρ ÌÏÇ ‌Ὧ ὦς ÌÏÇ ὺὯ

ς

ὑ

Ὧ ρ

 
(3.49)
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⌐╟╡ ↄ ∆⌂╦∟ (3.49)⌐≈™≡ ∕╣∙╣ ὦπ  ὦρ  ὦς ≢ ⇔≡ 

 

          
‬ὐς

‬ὦπ

ρ

ὦπ
ὑ ÌÏÇ ὦπ ὦρ ÌÏÇ ‌Ὧ

ὑ

Ὧ ρ

ὦς ÌÏÇ ὺὯ

ὑ

Ὧ ρ

ÌÏÇ όὯ

ὑ

Ὧ ρ

π 

          
‬ὐς

‬ὦρ
ÌÏÇ ὦπ ÌÏÇ ‌Ὧ

ὑ

Ὧ ρ

ὦρ

ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ
ς

ὦς

ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ ÌÏÇ ὺὯ

ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ ÌÏÇ όὯ π 

 

‬ὐς

‬ὦς
ÌÏÇ ὦπ ÌÏÇ ὺὯ

ὑ

Ὧ ρ

ὦρ

ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ ÌÏÇ ὺὯ

ὦς

ὑ

Ὧ ρ

ÌÏÇ ὺὯ
ς

ὑ

Ὧ ρ

ÌÏÇ ὺὯ ÌÏÇ όὯ π 
(3.50)

 

≤⅔ↄ≤⅝ [108] 

 

 
ở

Ở
Ở
Ở
Ở
Ở
ờ

ὑ ÌÏÇ ‌Ὧ

ὑ

Ὧ ρ

ÌÏÇ ὺὯ

ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ

ὑ

Ὧ ρ

ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ
ς

ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ ÌÏÇ ὺὯ

ÌÏÇ ὺὯ

ὑ

Ὧ ρ

ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ ÌÏÇ ὺὯ

ὑ

Ὧ ρ

ÌÏÇ ὺὯ
ς

Ợ

ỡ
ỡ
ỡ
ỡ
ỡ
Ỡ

ÌÏÇ ὦπ
ὦρ
ὦς

  

ở

Ở
Ở
Ở
Ở
Ở
ờ

ÌÏÇ όὯ

ὑ

Ὧ ρ
ὑ

Ὧ ρ

ÌÏÇ ‌Ὧ ÌÏÇ όὯ

ὑ

Ὧ ρ

ÌÏÇ ὺὯ ÌÏÇ όὯ
Ợ

ỡ
ỡ
ỡ
ỡ
ỡ
Ỡ

 

(3.51)

 

╩ ↄ≤ 
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Ὗὡ ‌ȟ ὺ πȢρπρςςψ

ὺ

‌
 

   ḉ ש ὦ πȢρπρςςψȟ ὦ ρȟ ὦ ρ
(3.52)

 

╩ ╢ ╕√ Ὗὒ ‌ȟ ὺ ȾὟὡ ‌ȟ ὺ  │ ─√╘ 

 

 Ὗὒ ‌ȟ ὺ πȢτχυχχφ
ὺ

‌
 (3.53)

 
ὟὋ ‌ȟ ὺ Ὗὡ ‌ȟ ὺ Ὗὒ ‌ȟ ὺ

πȢσχτυτψ
ὺ

‌
 (3.54)

 

⅜ ╠╣√ ↓↓⌐  Ὗὡ ‌ȟ ὺ  │ ─ ╩  Ὗὒ ‌ȟ ὺ  │ ─ ╩  

ὟὋ ‌ȟ ὺ ◓Ⱶfiכ◕│  ─ ╩  ‌ ≤ ὺ ≢ ⇔√ ≢№╢  ↕╠⌐ (3.54)

│ ‌ὸ ≢╙№╢√╘  ὸ │ 

 

 ὸ πȢσχτυτψ
ὺ

‌
 (3.55)

 

─ ⅜ ╠╣╢ ↓─ ⅛╠  ‌ ╩ ≤⇔≡ ⇔≡ ─

─ ─ⱶכ◕─⧵≥ ─ ⅝↕╩ ∆╢↓≤⅜≢⅝╢ ∆⌂╦∟

 ὸ │ ‌ ─ ⌐ ⇔ ∕─ Ὗὡ ὸ , Ὗὒ ὸ , ὟὋ ὸ  │ ‌ ⌐ ∆╢ ╕√

(3.52)⅛╠ (3.54)╟╡  ─ ─ ⅜ ≤⌂╢≤⅝  ‌ ≤ ὺ ─ ⅝↕⌐

╠∏ ↓╣╠─ ─ ─ ⌐ ∆╢ ─  ─ Ⱶfiכ◕

◓ ─ ≤⌂╢↓≤⅜╦⅛╢   

 ↓─ ⅛╠ (3.52)⅛╠ (3.54)⌐ (3.55)╩ ⇔≡ (3.45)≤ (3.46)─╟℮⌐ ὸ 

≢ ⇔ ∆≤ 

 

  Ὗὡ ὸ πȢρφυτЍὺὸ (3.56)

   Ὗὒ ὸ πȢχχχτЍὺὸ (3.57)

   ὟὋ ὸ πȢφρςЍὺὸ (3.58)

 

⅜ ╠╣√ ∆⌂╦∟ (3.56)─ │ 3.5 ─ ⌐ ∆╢ (ὺ ρ)  
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 3.5  ─ ─ ─  

 

 ╕√ 3.5 ─ ─℮∟ ╟╡╙ ⌐≈™≡│ ─ ─ ⅜ ⅝

ↄ⌂╢─≢ ─ⱶכ◕ ⌐≈™≡ ∆╢ ⅜№╢↓≤⅜╦⅛╢ ⇔⅛⇔

⌐ ╟╡╙ ≢│ ◓Ⱶfiכ◕ ─ ≤⌂╡ ⌐≤∫≡ ⅜⌂ↄ⌂╢─

≢ ≤ ─ ≢№╢  ὸᶻᶻᶻ ⌐╟╡ ╩ⱶכ◕ ∆╢↓≤⅜ ╕⇔™↓≤

⅜╦⅛╢  

 ≤↓╤≢ (3.56)⅔╟┘ (3.57)⅛╠ ⅜ ≤⇔≡ꜞ☻◒ ≢№╡

⅜ ≤⇔≡ꜞ☻◒ ≢№╢↓≤⅜╦⅛╢ ↓─ │ ⱪ꜡☻Ɑ◒♩ [29][20]

─ [21]╩ ∆═⅝ ≤ ─ ≢№╢ ∕↓≢ 3.6 ⌐ ∆╟℮⌐ 4

─ ─ ╩ 3 ⌐ ∆╢ ∆⌂╦∟ 

 

 Ὗὒᶻ ὸ πȢχχχτ ὺ ὸ  (3.59)

 

≢ ⇔ ∆≤ ⅜ꜞ☻◒ ≢№╢ │  ≢ ↕╣╢ ⌐ ∆╢  

∆⌂╦∟ ⱶכ◕ ─ ╩ ≤⅔⅝ [29][20]≤∆╢≤⅝ │ ╕≢

╢ ∞↑ ╩ⱶכ◕⌐ ⇔ ↕⌂↑╣┌⌂╠∏ ∕℮⇔√≤⅝⌐ ─ ⅝↕

⌐ ⇔≡ ⅜ꜞ☻◒ ≢№╢ ⅜ ≢⅝╢ ⇔⅛⇔ ⱪ꜡☻Ɑ◒♩ [29][20]

│ ≢ ─ ™⌐╟╡ ╩ ⇔≡™╢ ↓─√╘ ≢

⇔√═⅝ │ ≤ ╩ ⇔√  ὸ ≢ ⇔≡™╢─≢ ⸗♦ꜟ─
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⅜ ⌂╢↓≤⌐ ⇔⌂↑╣┌⌂╠⌂™  

 

 

 3.6  √╡─ ─ ─ ≤ ─ ─ ─  

 

 ─╖⌐ ╩ ∆╢ ⌐│ 3.6 ─ │ 3.7 ─╟℮⌐ 

Ὁ ὣ ‌ȟ ὸ  ≤ Ὁ ὣ ‌ȟ ὸ  ≢│⌂ↄ  ὤὡ ‌ȟ ὸ  ≤ ὤὒ ‌ȟ ὸ  ⌐╟╡ ↕╣╢ ∕↓≢

─ ─ │  ὤὡ ‌ȟ ὸ  ≤ ὤὒ ‌ȟ ὸ  ⌐╟╡ ↕╣⌂™⅜  ‌ ≤ Ὗὡ ‌ȟ ὸ  

≤─ ≢ ↕╣√ 3.1 ─ ὸ ≤ ‌ ─ ╩ ∆╢≤ (3.56)⅛╠ (3.58)≤ ⌐ 

 

 ὠὡ ὸ
ρ

πȢςχπςφψ
Ὗὡ ὸ πȢφρςЍὺὸ (3.60)

  ὠὒ ὸ
ρ

ρ πȢςχπςφψ
Ὗὒ ὸ ρȢπφυЍὺὸ (3.61)

 ὠὒᶻ ὸ ρȢπφυ ὺ ὸ  (3.62)

 

⅜ ╠╣╢  

 

- 40 - 20 0 20 40
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- 1

0

1

t

(
(

,
))

W
E

Y
t

α
(

(
,

))
L

E
Y

t
α

1 2

1 2

1 , 1 ,
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α
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 3.7  ─ ─ ─ ≤ ─ ─ ─  

 

↓↓⌐  ὠὡ ‌ȟ ὸ  │ ─ ⅛╠ ╩ ὸ  ⌐╟╡ ╙╢ ≢№╡  

ὠὒ ‌ȟ ὸ  │ ─ ⅛╠ ╩ ὸ ⌐╟╡ ╙╢ ≢№╢ ╕√ ὸ ⅜ ‌ ⌐╟

╡ ↕╣╢≤⅝ 3.7 ─╟℮⌐  ὤὡ ‌ȟ ὸ  ─ ╩ ∆╢ ─ ⅜

πȢςχπςφψ ╩ ∆ ─ ≢№╢↓≤⅜╦⅛∫√ ↓─√╘ (3.60)⅔╟┘ (3.61)⌐

∆╢ ╩ ╢ (3.34)⅔╟┘ (3.35)│ CVaR[121]─╟℮⌐№╢ ─╙≤≢ ─ ─

╩ ∆╢ ≢╙№╢   

 ↕╠⌐ (3.60)≤ (3.26)╩ ⌐ (3.56)╩ ⇔≡ ⌐ ‌ ⌐ ὺ ⅜ ╣

╢ 

 

 
ὠὡ ὸᶻᶻᶻ πȢσχτυτψ

ὺ

‌
πȢφρςς ὺ

‌
ȟ 

ὸᶻᶻᶻ      ש πȢσχτυτψ
ὺ

‌
πȢφρς

ὺ
‌

 
(3.63)

 

⌐ ⅝ ⅎ╢↓≤⅜≢⅝╢ ↓↓≢  ὠὡ ὸ  ⅜ Ὗ ὸ  ⌐ ⇔™↓≤⌐ ⅜≈ↄ ∆⌂

╦∟ ≢ ⅎ√ ─╙≤≢ ◓Ⱶfiכ◕ ⅜ ─ ╩ ⇔⌂⅜╠ ⱶכ◕

╩ ∆╢  ὸᶻᶻᶻ ╩ ∆╢ │ ◓Ⱶfiכ◕ ─ ≤ ─╖╩

⇔√ ─ ⅜ ∆╢ 

 

 ὠὡ ὸᶻᶻᶻ ὟὋ ὸᶻᶻᶻ π (3.64)
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≤ ╕∫√ ↓─ ╩ √⇔⌂⅜╠ ◓Ⱶfiכ◕ │ ─ ─ ≤

⌐╟╢ ─√╘  ≤⇔≡ ╩◖fi♩꜡כꜟ≢⅝╢  ╕√

↓─≤⅝ ‗ᶻᶻᶻ ЍπȢσχτυτψ πȢφρς ≤∆╢≤⅝ (3.34)⌐ ∆ ὤὡ ‌ȟ ὸ  ─ ≤ ∂ 

 

 
ρ

Ѝς“
ÅØÐ 

ρ

ς
ώς

Њ

‗ᶻᶻᶻ
Ὠώ πȢςχπςφψ (3.65)

 

╩ ╢ ⇔√⅜∫≡ ╩ ⇔√◖▬fi →─ │ⱶכ◕⇔ ─ ⅜

πȢςχπςφψ ⌐⌂╢≤⅝⌐◕כⱶ╩ ∆╢≤ ─ ─ ─ ╩ ∆╢↓

≤⅜≢⅝╢ ≢ ⸗♦ꜟ─ ⌐≈™≡ ⇔√ ≢│ ⸗♦ꜟ─ ─

⌐≈™≡ ╩ ∂≡ ∆╢  

 

3.6  

3.6.1  

(A)⌐⅔™≡  ‌ ρ ─≤⅝⌐│ ◖▬fi →─ ╡ │≢ⱶכ◕⇔

╣√Ɽⱨ◊כⱴfi☻╩ ∑≡╙ │⌂™ ⌐╙⅛⅛╦╠∏ 3.8 │  

ὸᶻᶻᶻ πȢσχτυτψ πȢφρςς ─  Ὗὡ ὸᶻᶻᶻ πȢρπρςςψ ╩ ∆ ↓╣│

╠⅛⌐ ⌐⌂╢ ⇔⅛⇔ ↓─ │ ≢ ╘√⸗♦ꜟ─ ∕─╙─≢№╢ ⇔

√⅜∫≡ ─ ⸗♦ꜟ≢│ ↓─ ─ ╩ ⌐ ⇔√═⅝ ⌐ ∫≡

↕∑≡™╢↓≤⅜╦⅛╢ √∞⇔ ↓─╟℮⌐ ─ ↕™ ⌐ ⸗♦ꜟ

╩ ∆╢ ⌐│ ─ ⌐╟╢ ≤  ⅜ ⅛ ⌐╟╢ ╣─

─ ⌐ ⇔⌂↑╣┌⌂╠⌂™ ↓─√╘ ╠╣√ ╩ ≈─

⌐ ≤⇔≡ ℮↓≤⅜ ╕⇔™  
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 3.8   ‌ ρ ─ ─  

 

3.6.2  

↓↓≢ 3.2 ─ (B) (ὴρ ὴς) ─ ╩ ℮ │ 3.4 ≢ ⇔√

(A)≤ ∂ ≤⇔≡ ⱪ꜠▬ꜘכ  ά ρπ  ὔ ρππ  ‌π πȢρ ─

≤⇔≡◖▬fi →╩ ⇔ ∆╢  

 

 

─ⱶכ◕  3.9  ╖⌐╟╢ ╩ ╗ ─  

 

 3.3  (A)≤(B)─  
  (A) (B)  

Ὗ ὸ   ρȢπρςςψ πȢυπρπψ  
Ὗ ὸ   τȢχυχχφ ςȢσυυπω  

ὸ  σχȢτυτψ ωȢςχππ  
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 ↓↓≢ ◓Ⱶfiכ◕ ⅜ ≤⇔≡ ‌π ∞↑ ╢╟℮⌐ ⅎ╢⅜ ◓Ⱶfiכ◕─↓

≢│ ─ⱶכ◕ ⌐╟╢ ⅜ ∆╢ ∆⌂╦∟ ─ ≢│  ὴρ ὴς ╟

╡ ─ⱶכ◕⌂℮╟─ ⅜ 

 

 

‌ ρ ‌ ὴ ρ ‌ ὴ

‌ ‌ ‌ ὴ ὴ

‌ ρ ςὴ  

(3.66)

 

≤ ╙╠╣╢ ╕√ │ 

 

 
ὺ ρ ‌ ὴ ρ ‌ ὴ ρ ‌ ὴ ρ ‌ ὴ

τὴ ρ ὴ
(3.67)

 

≤ ↕╣╢  

 ↓↓≢ ≤⇔≡ ⅜ ╢  ὴρ πȢτυ ⅜ ╢  ὴς ρ ὴρ πȢυυ ≤

∆╢ ↓─≤⅝ (A)≤ (B)─ ─ ─ ─ ─ ╩

∆ ─ │ 3.9 ⌐ ∆≤⅔╡⌐ ╠╣√ ╕√ ─√╘ ⌐╟╢

─ │ 3.3 ⌐ ∆ ╩ √ 3.9 ≤ 3.3 ⅛╠ ╣╢↓≤│ ─

─ ─  Ὗὡ ὸ  ⅜ 2 ⌐⌂╢√╘⌐│  ‌ ⅜ 1/2 ⌐⌂╢↓≤≢№

╢ ⇔⅛⇔ (B)│ ╩ ‌π πȢρ ≤⇔  ὴρ ─ ⌐╟╡ ‌ρ ὴς ὴρ

πȢρ ╙ ≤⇔≡ │ ‌ ‌ ‌ πȢς ≤ 2 ⌐⌂╢ ↓─↓≤⅛╠ ─

─ ─ ◓Ⱶfiכ◕≥ ─ │  ὴρ ─ ⌐╟∫≡╙ ⅝⌂

╩ ↑╢↓≤⅜╦⅛╢  

 ≤↓╤≢ (3.66)⅔╟┘ (3.67)╩ (3.63)⌐ ∆╢≤ 

 

                    ὠὡ ὸᶻᶻᶻᶻ πȢσχτυτψ
τὴρ ρ ὴρ

ρ ςὴρ

ȟש 

                              ὸᶻᶻᶻᶻ πȢσχτυτψ
τὴρ ρ ὴρ

ρ ςὴρ
ς ȟ 

שש  π ὴ
ρ
ς

 (3.68)
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≤ ╙╢↓≤⅜≢⅝╢ ↓╣│ ─ⱶכ◕ ─ ⌐ ╩ ∆╢ Ⱶכ◕⌂

fi◓─ ╩ ∆ ↓─≤⅝  ὴρ ⅜ ρȾς ╟╡ ╦∏⅛⌐ ↕™ ⌐│ ─⸗♦ꜟ

≤ │ ↕™ ⇔⅛⇔ ὴρ ⅜ ρȾς ╟╡⅛⌂╡ ↕ↄ⌂╢≤ (3.68)─ ≢№╢

⌐ ⇔≡ ↕ↄ⌂╢─≢ ≢ ∆╢ ╟╡╙ ↕ↄ⌂╢ ⅜╦⅛╢  

 

 

 3.10   ὴρ ─ ⌐╟╢  

 

 ∆⌂╦∟ (B)≢│  ὴρ ╩ ↕∑╢↓≤⌐╟╡ ╙ ⅝↕⅜ ∆

╢ ∕─ ╩ ⇔√╙─⅜ 3.10 ≢№╢ ↓─ │ ─ ↕™ ╩ ∆

╢√╘⌐ ⌐╟╢ ≢ ⇔≡™╢ ↓─ ╟╡ ⌐  ‌ρ ⅜

1 ⌐ ≠ↄ≤ ⅜ ↕ↄ⌂╢√╘ 3.8 ─╟℮⌐ ⅜ ↕™≤⅝│ ─

╩ ⇔⌂™ ⇔⅛⇔ 3.10 ─ ─≤⅔╡ ⸗♦ꜟ─═⅝ ⌐ ─

⅜ ↕╣╢√╘⌐ ⸗♦ꜟ│═⅝ ∞↑─ ≢│⌂ↄ⌂╢ ↓─√╘

⅜ ↕™ ≢│ ⌐ ⇔⌂↑╣┌⌂╠⌂™  

 

3.6.3  

↕╠⌐ ⱪ꜠▬ꜘכ ╩ ά ρπ ȟ ά ρπ ȟ ά ρπ ȟ ά ρπ  ─ ⌐≈™≡  

─ ╩ ∆╢≤  3.11 ─╟℮⌐ ≢⅝╢  

 

- 3 - 2 - 1 0 1 2 3
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g
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)
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U
t

Case1: 1.0v =
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 3.11  ⱪ꜠▬ꜘכ  ά ─ ⌐╟╢⸗♦ꜟ─  

 

⇔√⅜∫≡ 3.11 ─ │  3.1 ≢ ⇔√ⱪ꜠▬ꜘכ  ά ─ ≤⇔≡ №

╢  ὸ ⌐⅔™≡ⱪ꜠▬ꜘכ⅜ ⌐ ≤ ╩ ℮≤⅝ ⱴכ◔♇♩─ ─

─ ⌐⌂╢  ά ─ⱪ꜠▬ꜘכ─◖▬fi →⌐╟╢ ─ ─√╘ ά 

─ ⅝↕⌐╟╢ ⅜ ╣ ⸗♦ꜟ─ ⌐⅔↑╢ ≤─ ─ ⅜

⅝ↄ⌂╢↓≤╙№╢ ↓─√╘ ◓Ⱶfiכ◕ │ ⌐ ─ ╩ ∆╢⌐│

↓─ ⌐≈™≡╙ │ ∆╢ ⅜№╢  

 

3.6.4  

◘▬◖꜡ →─ ╢ ─ ⅛╠ 3.5 ╩ ↄ ⅜ ≤⌂╢ ⸗♦ꜟ≢№╢  

◖▬fi →≤ ⌐ ∂ ⌐╟╡ ™⌐ ≢⅝╢√╘ │≡⇔≥◓Ⱶfiכ◕

∂ ⅜ ≢⅝╢  
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))
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Y
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3. 12  ◘▬◖꜡ →─  

 

∕↓≢  ‌ πȢυ ≤∆╢≤⅝ ∆⌂╦∟ ╢ ⅛╠ 4 ╩ ↄ≤⅝─ ╩ ⇔√ ⅜  

3.12 ≢№╢ ↓─╟℮⌐ ⌐ ℮⸗♦ꜟ≢╙ ⌐ ≠ↄ ⅜№

╕╡ ↄ⌂ↄ≡╙╟™ ⌐│ ≢ ∆ ╩ ╢↓≤⅜≢⅝╢  

 ⌐ (ↄ∂)─╟℮⌐ ─ ╡⅜ ⇔ ↕⌂ ≢ ─ ⅜ √╢

⌐│ כꜞ♠─ꜟ♦⸗ ⌐☺ꜗfiⱪ⅜ ∆╢ ↓─√╘ ─ⱶכ◕⇔

⌐│ ─ ⅜ ∂≡ ─ │ ╠╣⌂ↄ⌂╢ ╕√ ≢ ⇔√≤⅔╡

⌐ⱪ꜠▬ꜘכ ⅜ ⌂™ ╛ⱪ꜠▬ꜘכ ⅜ ∆╢ ≢│ 1 ─ ≢

─ ⅜ ─ ╩ ⇔ↄ ╢≤⅝⅜№╡ ◓Ⱶfiכ◕ ─ │ ⇔⌂™  

 ↓─√╘ ⸗♦ꜟ⅜ ╩ ⇔ ∕─ ⅜ ⌐ ™ ⌐∞↑ ≢

⇔√ │ ↕╣╢↓≤⌐⌂╢  

 

3.7  

≢│ ─ⱪ꜠▬ꜘכ⅜ ⌐ ™⌐ ⌐◖▬fi ◓Ⱶfiכ◕╩→ ⅜

∆╢ ╕≢ ∆╢ ╩ ⇔√ ↓─ ≢ ─ ─

─ ╩╙≤⌐ ◓Ⱶfiכ◕ ╩ⱶכ◕─ ∆╢ ╩ ⇔√  

 ∕─ ─ ≢⅝╢ ─ ╩ ╢ │ ◓Ⱶfiכ◕ ⅜

√╡⅛╠ ╢ ≤ ⌐ ∆╢ √╡─ ─ ⅜ ⇔™

↓≤⅜╦⅛∫√ ↓─ ╕≢│ ⱪ꜠▬ꜘכ◕│כⱶ╩ ∆╢ ⅜№╢⅜ ↓
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╣ │ ╩ ↑≡╙ ⅜ ∆╢─╖≢№╢ ∕↓≢ ◓Ⱶfiכ◕ │ ⱴ

╩♩♇◔כ ∆╢ ⌐ ↓─ ≤ ╩ ⇔ ─ⱶכ◕ ╩ ∆╢

↓≤⅜ ⌐ ≈╙─≤ ⅎ╠╣╢ ╕√ ╩ ⇔√ ═⅝

╩ ™≡  ─ꜞ☻◒ ≤ ─ꜞ☻◒ ╩ ⌐╟╡  

≢ ⇔√═⅝ ─⸗♦ꜟ─ ⅔╟┘ ╩ ∆↓≤⅜≢⅝√ ─ ⌐≈

™≡ 4 ≢▪◒♥▫Ⱪ ─Ɽⱨ◊כⱴfi☻ ⌐ ≡│╘≡ ╩ ╖╢ ╕√

≢ ⇔√ ─ ⌐≈™≡╙ ⌐ 4 ≢│ ╠⅛⌐⇔≡™╢  
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4  

 

4.1  

▪◒♥▫Ⱪ ─ │▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○(  )2 ≤ ∆╢)⅜ ╦╣

≡™╢ )2 ≤│ 1 ≢ ⌐ ⇔√≤⅔╡ ⱬfi♅ⱴכ◒ ─ ╩ ∕─

≢ ∫√╙─≢№╢ ╟╡ ™ꜞ☻◒≢ ╟╡ ™ ╩ ╢↓≤≢  )2 

⅜ ↄ⌂╢√╘ ╣√▪◒♥▫Ⱪ ≤│ )2 ─ ⅜ ™ ⌐⌂╢↓≤⌐⌂╢

[16][17][82]  

 ∕↓≢ ╕∏ )2 ⅜≥─ ™⅛╩ ∆╢ ⌐ ∆╢ⱬfi♅ⱴכ◒

─ ╩™ↄ≈⅛ ∆╢ ⇔⅛⇔ ⌂╢ⱬfi♅ⱴכ◒ ─ ⅛╠│

⌂╢ )2 ─ ⅜ ╠╣╢↓≤⅜ ≢⅝╢ ∕↓≢ ↓╣╠─ ─ ─ ⌐

⇔≡▪◒♥▫Ⱪ ≤ⱬfi♅ⱴכ◒ ─∕╣∙╣─ ⅜ ⌐

℮ ⌐ ≢│ ╩ ⇔√ 2 ─ ⌐ ℮ (

≤ ┬[62][51])┼ ⇔≡ )2 ─ ⌐≈™≡ ∆╢ ↕╣√ ⌐⅔™≡

╩ ∆╢ ─ ╩ ∆╢√╘⌐ ≢│ ♩ⱷfiכ⸗ [51][50]

╩ ⇔≡ )2 ⅜ ⅛╩ ∆╢ ∆⌂╦∟  )2 ⅜▪◒♥▫Ⱪ ─√╘─ⱬ

fi♅ⱴכ◒ ─Ɽⱨ◊כⱴfi☻ ≤⇔≡─ ╩ ⇔≡™╢⅛╩ ⇔

≡™╢ ∕─ ⌐ ╠╣√ )2 │ ─ ≤⇔≡─ ∞↑≢│⌂ↄ

─ ≤⇔≡─ ╩ ⌐╙ ⇔≡™╢↓≤╩ ⇔ ≢

⌂ ╩ ⇔≡╙ ⅜ ≢⅝╢↓≤╩ ∆  

 ™≡ 3 ≢ ╠⅛⌐⇔√ ◓Ⱶfiכ◕≥ ─ [61]⌐⅔™≡ ╕∫√

 ‗ πȢφρς ─ ⌐≈™≡ ─ ≤

╩ ™≡ ∆╢ ∆⌂╦∟ ‗ πȢφρς ⅜ ⌐ ℮ ⅜

≢№╢ ╩ ∆ ⇔√⅜∫≡ 3 ≢═⅝ ≤⇔≡ ⇔√ ‗ πȢφρς ─

⅜ ⌐⌂╡ 3 ─⸗♦ꜟ─ ⅜ ↕╣╢─≢ ↓─ ╩ ™≡

╩ ⇔√▪◒♥▫Ⱪ ─Ɽⱨ◊כⱴfi☻ ⌐ ∆╢ ⌐│ ▪◒♥▫Ⱪ

┼─ ─√╘ )2 ╩ 1 ≢ ⇔√ ⌐ ∆╢ ↓╣⌐ (  4# 

≤ ∆╢)╩ ╗ ─ )2 ⅜≥─╟℮⌐ ≢⅝╢⅛╩ ⇔≡™╢ ╕√ 3 ≢│

╩ ⌐ ℮ ╩ ─Ɽⱨ◊כⱴfi☻⅜ ⇔≡™ↄ ≤⇔≡⸗♦ꜟ

⇔√⅜ ▪◒♥▫Ⱪ ╩ ⌐╖╢≤ⱬfi♅ⱴכ◒ ╩ ╢Ɽⱨ◊כⱴfi☻─
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╙ ≢⅝╢ ⇔√⅜∫≡ 3 ─ 3.1 ╩ ὸ ╩ ⌐ ⇔≡Ɽⱨ◊כⱴfi

☻⅜ ⌐ ⇔≡ ⅜∫≡™ↄ⸗♦ꜟ╙ ∂ ⅎ ≢ ∆╢↓≤⅜≢⅝╢ ∕↓≢  

(1)  ▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ╩ ╢ ─≤⅝ 

(2)  ▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ≤ ∂ ─≤⅝ 

(3)  ▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ╩ ╢ ─≤⅝ 

─ 3 ≈─ ⌐ ↑≡⸗♦ꜟ╩ ∆╢ ╠╣√ ⅛╠ )2 ≤ 4# ─▪◒♥▫

Ⱪ ⌐⅔↑╢ ⌐≈™≡ ╠⅛⌐⇔≡™╢  

 

4.2   

4.2.1   

╕∏ ▪◒♥▫Ⱪ ─ ╩ Ὑ  ≤ ⇔ ⱬfi♅ⱴכ◒ ─ ╩ 

Ὑ  ≤ ∆╢ ↓╣╠╩ ∑≡ ⌐ ℮ ⱬ◒♩ꜟ ἠ Ḑ ὔ Ἇ ἠ ȟ ἤἠǿ  ≢№

╢≤ ∆╢ ↓↓⌐  Ἇ ἠ  │ ⱬ◒♩ꜟ─ ⱬ◒♩ꜟ  ἤἠ │∕─

≢№╢ ↓─≤⅝ ⱬfi♅ⱴכ◒ ╩ ⌐ ∆ ⅜™ↄ≈⅛ ⅎ

╠╣╢[47][41][132][42][49] ∆⌂╦∟ 1 ≢ ⇔√ (1.23)≤ ⌐ Treynor ≤ Black ─ ⅎ [42]

╩ ∆╢≤ 

 

 Ὣ ἠ Ὑ ‍Ὑ  

    ἠ Ὑ ȟ Ὑ  

(4.1)

 

≢№╢ ↓↓⌐ ‍ │ꜞ☻◒ ≢№╢ (4.1)│ Roll[48]⅜ ⇔√╟℮⌐ ‍ ρ ─≤⅝ 

 

 Ὣ ἠ Ὑ Ὑ  (4.2)

 

≤ ≢⅝╢ (4.2)⅛╠ ╠⅛⌐⌂╢↓≤│ Ὣ ἠ π ─≤⅝ ▪◒♥▫Ⱪ

│ⱬfi♅ⱴכ◒ ╩ ╢↓≤≤ Ὣ ἠ π ─≤⅝ ▪◒♥▫Ⱪ │ⱬfi

♅ⱴכ◒ ╩ ╢↓≤⅜╦⅛╢ ↓─╟℮⌐ ⅎ╢≤ ⌐ ∆╟℮⌐ ─

≤⇔≡ [62]⇔≡╙ ─ ─ │ ⌂╦╣⌂™ ∆⌂╦∟ 
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 Ὣ ἠ ÌÏÇ 
Ὑ

Ὑ
 (4.3)

 Ὣ ἠ
Ὑ

Ὑ
ρ (4.4)

 Ὣ ἠ ρ
Ὑ

Ὑ
 (4.5)

 

≤ ∆╢ ↓─ ⌐╙ ─ ─ ─ ⅜ ⌂╠┌  Ὑ  ≤ Ὑ  ─ 2 ─

≤ ⇔≡╙ ™  Ὣ ἠ  │™∏╣╙ 0 ≢ⱬfi♅ⱴכ◒ ⅜ ≢№╢↓

≤╩ ∆╢ ≤⇔≡ ─ ╩ √∆ √∞⇔ ─ ⅛╠╙╦⅛╢╟℮⌐≥╣

∞↑ ⌐Ɽⱨ◊כⱴfi☻╩ ≢⅝╢⅛╩ ╙╢≤⅝─ Ὣ ἠ  │ ⌂╢─≢

⌐│ (4.1)≤ (4.2)⌐╟╡ ╩ ⌐⇔√ Ὑ  ≤ Ὑ  ─ ⅜ ↕╣╢  

 

4.2.2  

 

∕↓≢ ↓╣╠─ Ὣ ἠ  ⅛╠ 1 ≢ ⇔√≤⅔╡ IR ─ ⅝↕╩ ⅎ╢↓≤⅜≢⅝╢

∆⌂╦∟ 

 

 

)2
Ὁ Ὑ

ὠ Ὑ
Ὁ Ὣ ἠ

ὠ Ὣ ἠ
‘ ‘

„ „ ς” „ „
‌

4%
 

(4.6)

 

⌐╟╡ ≢⅝╢ ↓↓⌐  4%  │ Ὥ ⌐ ⇔√ⱬfi♅ⱴכ◒  Ὣ ἠ  ─

♩ꜝ♇◐fi◓כꜝ◄ה─ ╩ ⇔  ‌ ‘ ‘  │♩ꜝ♇◐fi◓כꜝ◄ה─

≢№╢ ╕√  ‘  │▪◒♥▫Ⱪ ─  ‘  │ⱬfi♅ⱴכ◒ ─

≢№╢  „  │▪◒♥▫Ⱪ ─ ─  „  │ⱬfi♅ⱴכ◒

─ ─  ”  │▪◒♥▫Ⱪ ≤ⱬfi♅ⱴכ◒ ─ ─ ≢№

╢ ⇔⅛⇔⌂⅜╠ ⌂╢ Ὥ ⌐ ⇔√ⱬfi♅ⱴכ◒  Ὣ ἠ  ⅛╠│ )2 │

⌂╢ ⅜ ╕╢↓≤⅜ ≢⅝╢ ∕↓≢ ↓─↓≤╩ ╠⅛⌐∆╢√╘⌐ ─╟℮

⌂ ╩ ⅎ╢ ╕∏ Ὣ ἠ  ╩▪◒♥▫Ⱪ  Ὑ  ≤ⱬfi♅ⱴכ◒  Ὑ  
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⅛╠⌂╢ ⱬ◒♩ꜟ ἠ ─ ⱬ◒♩ꜟ Ἇ ἠ ‘ ȟ ‘  ⌐⅔™≡

⇔≡ 

 

 

Ὣ ἠ ḝ Ὣ Ἇ ἠ ​Ὣ Ἇ ἠ ἠ Ἇ ἠ  

ḉ ​Ὣ Ἇ ἠ
‬Ὣ Ἇ ἠ

‬Ὑ
ȟ
‬Ὣ Ἇ ἠ

‬Ὑ
 

(4.7)

 

≤ ╙╢≤⅝  )2 │ 

 

 )2
Ὁ Ὣ ἠ

ὠ Ὣ ἠ

Ὣ Ἇ ἠ

​Ὣ Ἇ ἠ ἤἠ​Ὣ Ἇ ἠ
 (4.8)

 

≤ ≢⅝╢ ↓↓⌐  ​Ὣ ẗ  │ Ὣ ẗ  ─ ẗ ⌐⅔↑╢ ⱬ◒♩ꜟ≢№╢ ↓─≤⅝

(4.2)⅛╠ (4.5)⌐≈™≡ Treynor ≤ Black[42]⅜ ⇔√╟℮⌐ ἠ ⌐ ⅜ ╘╠╣

⌂™ │≢☻כ◔⌂ (4.2)⅛╠ (4.5)╟╡ 

 

 )2
Ὁ Ὑ Ὁ Ὑ

ὠ Ὑ ὠ Ὑ
 (4.9)

 
)2

ÌÏÇ 
Ὁ Ὑ
Ὁ Ὑ

ὠ Ὑ
Ὁ Ὑ

ὠ Ὑ
Ὁ Ὑ

 
(4.10)

 
)2

Ὁ Ὑ
Ὁ Ὑ

ρ

ὠ Ὑ
Ὁ Ὑ

Ὁ Ὑ ὠ Ὑ
Ὁ Ὑ

 
(4.11)

 
)2

ρ
Ὁ Ὑ
Ὁ Ὑ

Ὁ Ὑ ὠ Ὑ
Ὁ Ὑ

ὠ Ὑ
Ὁ Ὑ

 
(4.12)

 

≤ ╙╢↓≤⅜≢⅝╢ ↓─╟℮⌐Ɽⱨ◊כⱴfi☻ ≤⇔≡─ ⅜ ⇔≡™╢

↓≤⅜╦⅛╢ ↓─ ╩ ∆╢√╘⌐ ≢ ∆ [133]╩ ™╢  
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4.2.3   

≤│ ╩ ∆╢ ₁⌂ ╩ ∆╢ ⅛╠ ⌂

⌐ ℮ ┼ ∆╢ ╩ ∆╢[133] ≢│ ἠ ⅜ ⌐ ℮↓≤╩

⇔≡™╢─≢ ─ ≤ ─╖╩ ∆╣┌ ™ ╕∏ ἠ ⅛╠

↕╣√ ⌐ ℮ ἣ Ḑ ὔ ȟ ἤἣ  ⌐ ∆╢ ↓↓⌐  ἤἣ │ ⱬ◒♩

ꜟ ἣ ─ ≢№╢⅜ ⱬ◒♩ꜟ ἠ ─ ≢╙№╢ ↕╠⌐  

Cholesky ⌐╟╢  Ἐἣ ╩ ™√ №╢™│ ─ ─

 ἣ
Ⱦ ≤∕─  Ἔἣ ╩ ™√ ⌐╟╡ ≢⅝╢[62][51] ↓─

╩ ∆╢≤ 4.1 ⌐ ∆≤⅔╡≢№╢  

⌂ ─ │ 

 

 

ἠ Ἇ ἠ ἤἠ ἠ Ἇ ἠ ἣ ἤἣ ἣ

Ἐἣ ἣ Ἐἣ ἣ

ἧ ἧ  

(4.13)

 

 
ἠ Ἇ ἠ ἤἠ ἠ Ἇ ἠ Ἔἣ ἣ Ἔἣ ἣ Ἔἣ ἣ Ἔἣ ἣ

ἧ ἧ  
(4.14)

 

 
ἠ Ἇ ἠ ἤἠ ἠ Ἇ ἠ ἣ

Ⱦ Ἔἣ ἣ ἣ
Ⱦ Ἔἣ ἣ

ἧ ἧ  
(4.15)

 

≢№╢[62][51] ↓↓⌐ ⌂ ⌐ ℮ ⱬ◒♩ꜟ ἧ Ḑ ὔ ȟ ἓ ≢

№╢ ↓╣╠─ │ ╕∏ 4.1(a)⌐ ∆ ἠͯὔ Ἇ ἠ ȟ ἤἠ  ─ ─

≢ ⅛╣√ ⅜ ⱬ◒♩ꜟ╩ ⱬ◒♩ꜟ ╩  ἓ ⌐

↕╣╢ ⌐ ╩ ⇔≡ 4.1(b)⌐ ∆╟℮⌐ ╩ ℮ ⌐  ἣͯὔ ȟ ἤἣ  ─

─ ⅜ ↕╣≡ 4.1(c)⌐ ∆╟℮⌐ ↕╣╢ ≢№

╢ ∆⌂╦∟  ἧ Ḑ ὔ ȟ ἓ  ─ ─ ≢№╢ ╩ ≤∆╢ ╕≢

─ ╩ ⇔≡™╢ ⇔√⅜∫≡ (4.13)⅛╠ (4.15)⌐ ∂≡ ἧ ἧ ἧ  │

⅜ ⌂╢─≢ 4.1(c)⌐ ⌂╢ 3 ╩ ⇔≡ⱪ꜡♇♩⇔≡™╢ ↓─√╘



4  ╩ ⇔√▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○ 

- 126 - 

╩ ∆╢√╘⌐ (4.13)⅛╠ (4.15)─™∏╣╩ ⇔≡╙ ↕╣√  ἧ  ≢│

⅛╠ Ὣ ἧ π ╩ √∆ ἧ  ╕≢─ │ ⅜ ↕╣╢ ⇔⅛⇔⌂⅜╠

™√ ⌐╟∫≡ ⅜ ⌂╢↓≤⌐ ╩ ∆╢ ↓─ ╩

™√  ἧ  ⌐⅔™≡ ≢│ 1 2 ♩ⱷfiכ⸗ [50]╩ ™≡ )2 ─

╩ ∆╢  

 

  

(a) ἠ : ἠͯὔ Ἇ ἠ ȟ ἤἠ     (b) ἣ : ἣͯὔ ȟ ἤἣ  

 

 

(c) ἧ : ἧͯὔ ȟ ἓ  

4.1 )2 ─ ≤  

 

 

0
AR�

BR�

( ) 0g =R�

( ) 0g >R�

( ) 0g <R�

( )E R�
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g
g g

−= − −
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( , )
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4.2.4   

▪◒♥▫Ⱪ ≤ⱬfi♅ⱴכ◒ ─ ⅜ ⇔™  Ὣ ἠ π ≤⇔≡ ≢

⅝╢↓≤│ (4.2)⅛╠ (4.5)≢╙ ∆╢ ∕↓≢ ↕╣√  ἧ  ⌐⅔™≡ 

Ὣ ἧ π ⌐ ⇔√ ⅜ ⌐⌂╢ ↓─√╘ Ὣ ἧᶻ π ≤⌂╢ ἧᶻ ⌐⅔™≡

 

 

 

Ὣ ἧ ḝ ​Ὣ ἧᶻ ἧ ἧᶻ  

ḉ ​Ὣ ἧᶻ
‬Ὣ ἧᶻ

‬ὣ
ȟ
‬Ὣ ἧᶻ

‬ὣ
 

(4.16)

 

╩ ℮ ↓─≤⅝ (4.16)╩ Hesse ─ [97]╩ ™≡ 

 

 

Ὣ ἧ
​Ὣ ἧᶻ

᷆ ​Ὣ ἧᶻ ᷆
ἧ ἧᶻ

​Ὣ ἧᶻ

᷆ ​Ὣ ἧᶻ ᷆
​Ὤ ἧᶻ ἧᶻ

​Ὣ ἧᶻ

᷆ ​Ὣ ἧᶻ ᷆
)2ᶻ  

(4.17)

 

≤ ∆╢≤⅝  )2ᶻ │ ⅛╠─ ≤⇔≡ )2 ─ ╩ ╙╢↓≤⅜≢

⅝╢ ↓↓⌐ ȿȿ ẗ ȿȿ │  ẗ ─ⱡꜟⱶ╩ ╦⇔≡™╢ ∆⌂╦∟ )2ᶻ │ ─

⌐ ∫≡™╢√╘ ⌐ ∆╢ )2ᶻ │ 

 

 0Ò Ὣ ἧᶻ π ɮ )2ᶻ  (4.18)

 

≤╙ ≢⅝╢ ⇔√⅜∫≡ (4.2)⅛╠ (4.5)⌐╟╡ ⌂╢ ╩ ⇔√⌐╙⅛⅛

╦╠∏ ⌂ )2 ╩ ╙╢↓≤⅜≢⅝╢ ⇔⅛⇔⌂⅜╠  )2 ─ ─√╘⌐│ ἧᶻ ╩

∆╢ ⅜№╢  

∕↓≢ Newton Raphson ╩ ™≡ ─╟℮⌐ ∆╢[42] ⱬfi♅ⱴכ◒

─ ─ ⌐ ⇔≡ 1 2 ♩ⱷfiכ⸗ ╩ ⇔√⸗♦ꜟ 
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)Æ Ὣ Ἇ ἠ π ÔÈÅÎ 

      ÍÉÎÉÍÉÚÅ  
​Ὣ ἧ

᷆ ​Ὣ ἧ ᷆
ἧ

​Ὣ ἧᶻ

᷆ ​Ὣ ἧᶻ ᷆
ἧᶻ 

ÏÒ ÍÉÎÉÍÉÚÅ  ᷆ ἧ ᷆ ᷆ ἧᶻ ᷆ 

    ÓÕÂÊÅÃÔ ÔÏ Ὣ ἧ π 

(4.19)

 

╙⇔ↄ│ 

 

 

%ÌÓÅ ÉÆ Ὣ Ἇ ἠ π ÔÈÅÎ 

     ÍÉÎÉÍÉÚÅ 
​Ὣ ἧ

᷆ ​Ὣ ἧ ᷆
ἧ

​Ὣ ἧᶻ

᷆ ​Ὣ ἧᶻ ᷆
ἧᶻ 

ÏÒ ÍÉÎÉÍÉÚÅ ᷆ ἧ ᷆ ᷆ ἧᶻ ᷆ 

     ÓÕÂÊÅÃÔ ÔÏ Ὣ ἧ π 

(4.20)

 

⌐╟╡ ⅜ ≤⌂╢ ↓↓⌐  Ὧ ρ ─ ─ ἧ  ╩ ─╟℮⌐

∆╢╕≢ ∆╢ ∆⌂╦∟ 

 

 ἧ
​Ὣ ἧ ἧ Ὣ ἧ

​Ὣ ἧ ​Ὣ ἧ
​Ὣ ἧ  (4.21)

 

≢№╢ (4.19)╛ (4.20)≤  ἠ ─ ╩ ═╢≤ (4.13) (4.14) (4.15)─™

∏╣╩ ™≡╙ )2ᶻ │ 

 

 

)2ᶻ
​Ὣ ἧᶻ

᷆ ​Ὣ ἧᶻ ᷆
ἧᶻ

​Ὣ ἠᶻ ἠᶻ Ἇ ἠ

​Ὣ ἠᶻ ἤἠ​Ὣ ἠᶻ
 

(4.22)

 

≤ ∆╢⅛ ╙⇔ↄ│ 
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)2ᶻ ÓÇÎ Ὣ Ἇ ἠ ᷆ ἧᶻ ᷆

ÓÇÎ Ὣ Ἇ ἠ ἠᶻ Ἇ ἠ ἤἠ ἠᶻ Ἇ ἠ   

        ḉ ÓÇÎ Ὣ Ἇ ἠ

ừ
Ử
Ừ

Ử
ứ Ὣ Ἇ ἠ π

π Ὣ Ἇ ἠ π

Ὣ Ἇ ἠ π

 

(4.23)

 

≤⇔≡ ─ ↄ Mahalanobis [134]╩ ⇔ ⌐ ─  ἠ ≢╙ ╩ ⇔

≡™╢↓≤⅜╦⅛╢[62] ⇔√⅜∫≡ Ὣ Ἇ ἠ π ─ ⌐ ⌐⅔™≡ ─

╩ ⌐ ∆ ⌂╠┌  )2 │ ⌂ ≤⇔≡ ╘╢↓≤⅜ ≢№╢  

 ↓↓≢ ⌐ (4.2)⅛╠ (4.5)⌐⅔↑╢ Ὣ Ὑ ȟ Ὑ  ─ Ὑ  ⌐≈™≡ 3 ≢ ⇔√╟℮⌐

≥ ‏ ╩ ‌  ⇔ ⇔≡ ⇔√ ╩ ⇔√≤⅝  Ὑ Ὑ ≥ ‏ ≢⅝

╢ ∕↓≢  Ὑ  ⅛╠ Ὑ  ⌐ ⅝ ⅎ√ ≢╙ Ὣ Ὑ ȟ Ὑ π ╩ √∆⌂╠┌

╩ ╗▬fiⱨ◊ⱷכ◦ꜛfi2( ○◦꜠ה  │ ╕╢ ∆⌂╦∟ ⌂╢ ≤⇔≡

(4.2)⅛╠ (4.5)─╟℮⌐ ⇔√≤⇔≡╙∕─ │ ≢№╢↓≤│ ╠⅛≢№╢[63] ⇔

√⅜∫≡  )2 ╙⇔ↄ│ ╩ ╗ )2  ╩ ─ ≤⇔≡ ╙╢≤⅝

▪◒♥▫Ⱪ ─ ⌐ ≈↓≤⅜╦⅛╢  

4.3 ≢│ 3 ≢ ╠⅛⌐⇔√ [61]≢ ╕∫√ ‗ πȢφρς ─ [64]╩

∆╢ ╕√ ∕─ ╩ ™≡ 4.5 ≢ ╘≡ )2  ╩ ⌐ ⇔√⸗♦ꜟ╩

∆╢  

 

4.3   

 3 ≢│ ◓Ⱶfiכ◕≥ ─ ⅜ ‗ πȢφρς ⌐╟╡ ∆╢↓≤⅜ ↕

╣√[61] ≢│  ‗ ─ ⌐≈™≡ ∆╢  

╕∏ ∕─ ≤⇔≡ ─ ⌐⅔™≡ ⌂ ╩ ∆ ∆⌂╦∟  
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    ɮ ό
ρ

Ѝςʌ
ÅØÐ

ρ
ς

ᾀ Ὠᾀ

‰ ᾀ Ὠᾀ 

ɮ ό ρ ɮ ό

‰ ᾀ Ὠᾀ

‰ ᾀ Ὠᾀ 

(4.24)

 

 ᾀ‰ ᾀ Ὠᾀ
ρ

Ѝςʌ
ᾀ ÅØÐ

ρ
ς

ᾀ Ὠᾀ

ρ

Ѝςʌ
ÅØÐ

ρ
ς

ᾀ

ρ

Ѝςʌ
π ÅØÐ

ρ
ς

ό

ρ

Ѝςʌ
ÅØÐ

ρ
ς

ό

‰ ό  

ᾀ‰ ᾀ Ὠᾀ
ρ

Ѝςʌ
ᾀ ÅØÐ

ρ
ς

ᾀ Ὠᾀ

ρ

Ѝςʌ
ÅØÐ

ρ
ς

ᾀ

ρ

Ѝςʌ
ÅØÐ

ρ
ς

ό π

ρ

Ѝςʌ
ÅØÐ

ρ
ς

ό

‰ ό  

(4.25)

 

≢№╢ ╕√ ─ ⌐⅔™≡ 1 ≢ ⇔√ )2 ─ ≢№╢♩ꜝ♇◐fi◓כꜝ◄ה

─  ‌ ≤ 3 ─  ‌ │ ⅜ ∂⌂─≢ ╩ ∆╢ ⇔√⅜∫≡

─ ≢│ ‌ ╩ ≢│ ὥ ≤ ⇔≡ ∆╢ ─ ╩╙≤⌐ 3 ≢ ⇔

√ (3.32)╩ ∆╢≤⅝ 

 

 Ὁ ὣ ὥȟ ὸ
ὼ

Ѝς“’ὸ
ÅØÐ

ρ
ς

ὼ ὥὸ
’ὸ

Ὠὼ (4.26)

 

⌐ 
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    ‗ ὥ  ȟ ᾀ  
ὼ ὥὸ

Ѝ’ὸ
ȟ 

   ὼ ᾀЍ’ὸ ὥὸ 

   ὼ π ᾀ ʇ #ÏÎÓÔȢ ȟ 

 Ὠὼ Ѝ’ὸὨᾀ 

(4.27)

 

≤⇔≡ (4.24)⅔╟┘ (4.25)╩ ™╢≤ 

 

 Ὁ ὣ ὥȟ ὸ Ὁ ὤ
ᾀЍ’ὸ ὥὸ

Ѝς“
ÅØÐ

ρ
ς

ᾀ Ὠᾀ

Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

Ѝ’ὸ‰ ὥ
ὸ
’

ὥὸɮ ὥ
ὸ
’

 

(4.28)

 

≤ ≢⅝╢ ╝ⅎ⌐ 3 ─ (3.63)─  ὸ ‗ ’Ⱦὥ  ─ ≢ Ὁ ὣ  ─ ⅜

╕╢─≢ (4.27)≤ 3 ─ (3.36)╩ ™≡ (4.28)╩ Ѝ’ὸ ≢ ∆╢≤ 

 

 Ὗ ὸ ÍÁØ Ὁ ὣ ὸ

ÍÁØ Ѝ’ὸ‰ ὥ
ὸ
’

ὥὸɮ ὥ
ὸ
’

ÍÁØ Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ‗Ѝ’ὸ ‰ ᾀ Ὠᾀ

ᾀ‰ ᾀ Ὠᾀ ‗ ‰ ᾀ Ὠᾀ Ѝ’ὸ

‰ ‗ ‗ɮ ‗ Ѝ’ὸ 

(4.29)

 

≤ ∑╢ ╙⇔ↄ│  ’Ⱦὥ ≢ ∆╢≤ 
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 Ὗ ὸ ÍÁØ Ὁ ὣ ὸ

ÍÁØ Ѝ’ὸ‰ ὥ
ὸ
’

ὥὸɮ ὥ
ὸ
’

ÍÁØ Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

‗ 
’
ὥ

ᾀ‰ ᾀ Ὠᾀ ‗  
’
ὥ

‰ ᾀ Ὠᾀ

ᾀ‰ ᾀ Ὠᾀ ‗ ‰ ᾀ Ὠᾀ ‗ 
’
ὥ

‗‰ ‗ ‗ ɮ ‗
’
ὥ

 

(4.30)

 

≤ ∑╢ ↓↓⌐  Ὗ ὸ  │ⱬfi♅ⱴכ◒ ≤▪◒♥▫Ⱪ ─ ╩ ⇔≡⅔╡

≢│ ⅜ ⌐ ═≡≥─ ╣≡™╢⅛╩ ╢√╘─ ≢ ™╢↓≤≤∆╢ ↕

╠⌐ 3 ≢ ⇔√ (3.56)─ ─  Ὧ =0.1654 ⌐╙≤≠™≡ 

 

 Ὗ ὸ Ὧ Ѝ’ὸ

‰ ‗ ‗ɮ ‗ Ѝ’ὸ 
(4.31)

 

≤ ⇔ ∆⅛ ╙⇔ↄ│ 3 ≢ ⇔√ (3.52)─ ─  ὰ =0.101228 ⌐╙≤≠™≡ 

 

 Ὗ ὸ Ὧ ‗
’
ὥ

ὰ
’
ὥ

‗‰ ‗ ‗ ɮ ‗
’
ὥ

 

(4.32)

 

≤ ⇔ ⇔≡ ⌐≈™≡ ╩ ╘╢  

⌐≈™≡ ∆╢≤ 4.2 ─╟℮⌐ ∆↓≤⅜≢⅝╢ 4.2 ─ │  ὥ ╩

↕∑⌂⅜╠ (4.26)≤ (4.28)≢ ⇔√ Ὁ ὣ ὥȟ ὸ  ─ ─ ╩ ™√╙─≢№╢

↓─≤⅝  ὥ ─ ⌐ ⇔√ Ὁ ὣ ὥȟ ὸ  ─ ╙ ⌐ ≤⇔≡ⱪ꜡♇♩⇔≡™

╢ ↓╣│ (4.29)≢ ⇔√ Ὗ ὸ  ─╟℮⌐ ≢№╢ ⇔√⅜∫≡  Ὗ ὸ  │ ὥ ─
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⌐ ⇔≡ ─ ≤⇔≡ ⅛╣≡™╢↓≤⅜╦⅛╢  

 

 

4.2 Ὁ ὣ ὥȟ ὸ  ≤ Ὗ ὸ  ─  

 

╕√ 3 ─ (3.33)⌐≈™≡╙ ⌐ 

 

 Ὁ ὣ ὥȟ ὸ
ὼ

Ѝς“’ὸ
ÅØÐ

ρ
ς

ὼ ὥὸ
’ὸ

Ὠὼ (4.33)

 

⌂─≢ (4.24)⅔╟┘ (4.25)╩ ™≡ 

 

 Ὁ ὣ ‌ȟ ὸ Ὁ ὤ

ᾀЍ’ὸ ὥὸ

Ѝς“
ÅØÐ

ρ
ς

ᾀ Ὠᾀ

Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

Ѝ’ὸ‰ ὥ
ὸ
’

ὥὸɮ ὥ
ὸ
’

Ѝ’ὸ‰ ὥ
ὸ
’

ὥὸ ρ ɮ ὥ
ὸ
’

 

(4.34)
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0.2

0.4
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( ( ) )
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0

1 ( )( ( , )) exp
22W
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πν
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ν ν

∞   +
= −     

   
= − Φ −      

   

∫



4  ╩ ⇔√▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○ 

- 134 - 

 

≤ ≢⅝╢ ↓↓≢ (4.29)⅜ ∆╢≤⅝⌐ (4.34)╩ Ѝ’ὸ ≢ ∆╢≤ 

 

 
Ὗ ὸ Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ‗Ѝ’ὸ ‰ ᾀ Ὠᾀ

‰ ‗ ‗ ρ ɮ ‗ Ѝ’ὸ 

(4.35)

 

≤ ∑╢ ╙⇔ↄ│  ’Ⱦὥ ≢ ∆╢≤ 

 

 
Ὗ ὸ Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

Ѝ’ὸ ᾀ‰ ᾀ Ὠᾀ ὥὸ ‰ ᾀ Ὠᾀ

‗
’
ὥ

ᾀ‰ ᾀ Ὠᾀ ‗
’
ὥ

‰ ᾀ Ὠᾀ

‗‰ ‗ ‗ ρ ɮ ‗
’
ὥ

 

(4.36)

 

≤ ∑╢ ↓↓⌐  Ὗ ὸ  │ⱬfi♅ⱴכ◒ ≤▪◒♥▫Ⱪ ─ ╩ ⇔≡⅔╡

≢│ ⅜ ⌐ ═≡≥─ ╢⅛╩ ╢√╘─ ≢ ™╢↓≤≤∆╢ ↕╠⌐ 3

─ (3.57)─ ─  Ὧ =0.7774 ⌐╙≤≠™≡ 

 

 Ὗ ὸ Ὧ Ѝ’ὸ

‰ ‗ ‗ ρ ɮ ‗ Ѝ’ὸ 
(4.37)

 

≤ ⇔ ∆ ╙⇔ↄ│ 3 ─ (3.53)─ ─  ὰ =0.475776 ⌐╙≤≠™≡ 

 

 Ὗ ὸ Ὧ ‗
’
ὥ

ὰ
’
ὥ

‗‰ ‗ ‗ ρ ɮ ‗
’
ὥ

 

(4.38)
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≤ ⇔ ∆ ↓╣╟╡  Ὗ  ≤ Ὗ  ─ ≢ ↕╣╢ Ὗ  │ 

 

 Ὗ Ὗ Ὗ

ὰ
’
ὥ

ὰ
’
ὥ

‗
’
ὥ

ὥὸ 

Ὗ Ὗ Ὗ

Ὧ Ѝ’ὸ Ὧ Ѝ’ὸ

‗Ѝ’ὸ 

ḉ  ὰ ὰ ‗  

ḉ Ὧ Ὧ ‗ 

ḉ  ὸ ‗
’

ὥ
 

(4.39)

 

≤⌂╢ ≤⇔≡ ≢⅝╢ ↓↓⌐  Ὗ  │ ╩ ╢ ─ ╩ ∆╢

↓─≤⅝ ⌐ 3 ─ ╩ ∆╢√╘⌐│ (4.39)─ ὥὸ ‗Ѝ’ὸ ─ ╟╡ 

 

 ὸ ‗
’

ὥ
 (4.40)

 

⅜ ⇔≡™⌂↑╣┌⌂╠⌂™ ↓↓≢ (4.32) ╟╡ 

 

 ὰ ‗‰ ‗ ‗ ɮ ‗  (4.41)

 

≤⅔ↄ≤⅝  ‗ ⌐≈™≡ 1 ⇔≡ ὰ  ─ ╩ ╘╢√╘⌐│ 

 

 
Ὠὰ
Ὠ‗

‰ ‗ ς‗ɮ ‗ π (4.42)

 

≤⌂╢ ╩ √↕⌂ↄ≡│⌂╠⌂™ (4.42) ╩ √∆ ‗ │ Mathematica ⌐⅔↑╢

Newton [131]⌐╟╡ ≢⅝╢ (4.42)⅛╠ ‗ │ 
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 ᷿
ᾀ

Ѝς“
ÅØÐ

ρ
ς ᾀ Ὠᾀ

‗ ᷿
ρ

Ѝς“
ÅØÐ

ρ
ς ᾀ Ὠᾀ

ς 

ḉ ‗ πȢφρςππσ  

(4.43)

 

╕√│ 

 

 
ρ

Ѝς“
ÅØÐ

ρ
ς ʇ

‗ ᷿
ρ

Ѝς“
ÅØÐ

ρ
ς ᾀ Ὠᾀ

ς 

ḉ ‗ πȢφρςππσ  

(4.44)

 

≤⌂╢ ⅜ ∆╢ ∆⌂╦∟ (4.43)⅔╟┘ (4.44) ╩ √∆ ‗ πȢφρςππσ ⅜

≢⅝╢[64] (4.24)≤ (4.25)╩ ™≡ (4.44)╩╟╡ ∆╢≤ 

 

     
‰ ‗ 

‗ɮ ‗
‰ ‗

‗ ᷿ ‰ ᾀ Ὠᾀ

᷿ ᾀ‰ ᾀ Ὠᾀ

‗ ᷿ ‰ ᾀ Ὠᾀ
ς 

              ḉ

ừ
Ử
Ừ

Ử
ứ

‗ πȢφρςππσȟ

         ‰ ‗
ρ

Ѝς“
ÅØÐ

ρ
ς

‗ ȟ

     ‰ ᾀ Ὠᾀ ‰ ᾀ Ὠᾀ
 

ɮ ‗

 
(4.45)

 

⅜ ∆╢ ⌐ ─ ≢│ 

 

 ᾀ‰ ᾀ Ὠᾀ ς‗ ‰ ᾀ Ὠᾀ 

          ‰ ‗ ς‗ɮ ‗  
(4.46)

 

≤╙ ≢⅝╢[64] ↓─≤⅝─ ‗ ─ │ 4.3 ⌐ ∆ ≤⇔≡ ⌐

≢⅝╢  

∆═⅝ ≤⇔≡  ‗ ─ ⌐⅔↑╢ │ 4.3 ≢ ∆  

ɮ ‗  ‰ ‗  ‗ ─ ⌂Ᵽꜝfi☻ ≢№╢ ∆⌂╦∟

4.3 ≤ (4.46)⅜ ∆╟℮⌐ ─  ɀ ‗ ⌐⅔↑╢ ─  ‰ ‗
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‰ ‗  │ ─  ɮ ‗  ─ 2 ⌐ ⇔™ ↓─↓≤│ 4.3 ⌐

╩ ς‗ ⌐ ↕∑√ ς‗ɮ ‗  ╩ ≤⇔≡ ↄ ⌐ ⅜ ‗ ─

≤⅝ ─  ‰ ‗  ⅜ ⇔ↄ⌂╢ ≤⇔≡ ↕╣≡™╢ ↕╠⌐ ᾀ π ─

≤⅝ ⌐ ς‗ɮ π ‗ ⅜ ∆╢√╘  ‗ ╩ ∆╢≤ 4.3 ⌐

≢ ∫≡™╢ │ ─ ⌐ ⅎ╢⅜ ⌐│ ─ ↕≤

─ ↕⅜ ‗ ≤⌂╢ ≢№╢ ⇔√⅜∫≡ ╩ ∆ ⌐

⅜ ↕╣≡™╢↓≤⅜╦⅛╢  

 

 

 

4.3 ‗ ─ ≤ ─  

 

⌂ ≢ ‗ πȢφρς │ Mosteller [136]╛ Cox[137]⌐╟╡ ─ ╩ ╘╢

⌐ ↕╣≡™╢ ≢╙ Cox │ 4.3 ─ ─ ᾀ ⌐ ∆╢ ╩ ─╟℮

⌐ ”Poor” ”Average” ”Good”≤⇔≡ Њȟ ‗  ‗ȟ ‗ ʇȟ Њ  ─ 3 ≈─ ⌐ ↑≡ ‗ ─

╩ ⇔≡™╢ ≢│ ⌂╢▪ⱪ꜡כ♅⌐╟╡ ─⸗♦ꜟ╩ ⇔√

Mosteller ╛ Cox ─ ⌐≈™≡ ─ ╩ √⇔≡™╢↓≤⅜ ≢⅝√ ∆⌂╦∟

Cox ⅜ ∆ 3 ≈─ ⌐ ∆╢ ≤ ⅝ ─ 2 ─ ─ ⅜ [137]≤⌂╢ 

 

λ λ

φ(
λ)

 =
 2

λΦ
(−

λ)

Φ(−λ) Φ(−λ)

λ=0.612003

Φ(−λ)Φ Φ(−λ)

 2
λ

φ(z),Φ(z)

z

1

2λ

0

λ

φ(λ) λ
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 ÍÁØ ‰ ό Ὠό
᷿ ό‰ ό Ὠό

᷿ ‰ ό Ὠό

‰ ό Ὠό
᷿ ό‰ ό Ὠό

᷿ ‰ ό Ὠό

    ‰ ό Ὠό
᷿ ό‰ ό Ὠό

᷿ ‰ ό Ὠό

 

ÍÁØ
ς‰ ᾀ
ɮ ᾀ

  

ς ς ‗ ɮ ‗ ḙ πȢψπωψ  

(4.47)

 

≢№╢ ⇔√⅜∫≡ ≢ ⇔√ (4.41)─ ⌐╟╢ ‗ │ Mosteller [136]╛ Cox[137]

⌐╟╢ (4.47)─ ‗ ≤ ∂ ≢№╢↓≤⅜╦⅛╢  

≤↓╤≢ ≢ ╠⅛⌐⌂∫√Ᵽꜝfi☻ (4.46)╩╙≤⌐ ὰ  ≤ Ὧ  ─ ╩

∆╢≤ 

 

 ὰ
ρ
ς

‗‰ ‗

‗ ɮ ‗

πȢφρς πȢςχπςφψ

πȢρπρςςψ 

(4.48)

 

 Ὧ
ρ
ς

‰ ‗

‗ɮ ‗

πȢφρς πȢςχπςφψ

πȢρφυτ 

(4.49)

 

≤ 3 ≢ ⇔√ ≤ ∆╢ ⌐ ὰ  ≤ Ὧ  ─ ╙ ⇔≡ 
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 ὰ ὰ ‗
ρ
ς

‗
ρ ɮ ‗

ɮ ‗
‰ ‗

‗ ρ ɮ ‗

πȢφρς ρ πȢςχπςφψ

πȢτχυχχφ 

(4.50)

 

 Ὧ Ὧ ‗
ρ
ς

ρ ɮ ‗
ɮ ‗

‰ ‗

‗ ρ ɮ ‗

πȢφρς ρ πȢςχπςφψ

πȢχχχτ 

(4.51)

 

≤ ⌐ ∆╢↓≤⅜ ≢⅝╢ ⇔√⅜∫≡ 3 ≢│═⅝ ⌐╟╡ ╩

╖√⅜ ≢ ─ ╩ ⌐ ∆╢↓≤⅜≢⅝√ ↓─ ╩ ™≡ ▪◒

♥▫Ⱪ ⌐⅔↑╢ ╩ ⇔√ )2 ╩ ™√ ⌐≈™≡ ╩ ∆

╢↓≤⅜ ─ ≢№╢  

 

4.4   ⱦ  

4.3 ─ 4.3 ⌐ ∆╟℮⌐ ‗ ⌐│ ≤ ⅜№╢↓≤⅜╦⅛∫√

≢│  ‗ πȢφρς ⌐≈™≡ ⌂ ≢ ≤─ ╩ ∆╢√╘

─ ╩ ™╢  

 ╕∏ (4.24)≤ (4.25)╩ ™≡ 

 

 Ὤ ᾀ ɮ Ú

‰ ‚ Ὠ‚
 

ρ

Ѝς“
ÅØÐ 

ρ
ς

‚ Ὠ‚
 

 

 ‰ ᾀ
ρ

Ѝς“
ÅØÐ 

ρ
ς

ᾀ  

(4.52)

 

≤ ╙╢ (4.52)⅛╠ ─╟℮⌐ ╩ ╘╢ ∆⌂╦∟ 
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 Ὤ ᾀ
‬Ὤ ᾀ

Ћᾀ
‰ ᾀ  

Ὤ ᾀ
‬ Ὤ ᾀ

Ћᾀ
ᾀ‰ ᾀ  

Ὤ ᾀ
‬ Ὤ ᾀ

Ћᾀ
ρ ᾀ ‰ ᾀ  

(4.53)

 

⅜ ╕╢ ↓─≤⅝ (4.52)≤ (4.53)─ ⅛╠ ─╟℮⌂  

 

 Ὤ ᾀ ‰ ‚ Ὠ‚
 

ɮ ᾀ  

Ὤ ᾀ ‚‰ ‚ Ὠ‚ 
 

ᾀ ‰ ‚ Ὠ‚
 

‰ ᾀ ᾀɮ ᾀ  

Ὤ ᾀ ᾀ ‚‰ ‚ Ὠ‚ 
 

ᾀ ‰ ‚ Ὠ‚
 

ᾀ‰ ᾀ ᾀ ɮ ᾀ  

Ὤ ᾀ
ρ
ς

‚‰ ‚ Ὠ‚ 
 

ρ
ς

‰ ᾀ  

Ὤ ᾀ
ᾀ
ς

‚‰ ‚ Ὠ‚ 
 

ᾀ
ς

‰ ᾀ  

Ὤ ᾀ ᾀ ‰ ‚ Ὠ‚
 

ᾀɮ ᾀ  

(4.54)

 

╩ ╙╢↓≤⅜≢⅝╢ ∆⌂╦∟ 

 

 Ὤ ᾀ Ὤ Ú ᾀὬ Ú  

Ὤ ᾀ ᾀὬ Ú ᾀ Ὤ Ú Ὤ Ú ᾀ Ὤ Ú  

Ὤ ᾀ
ρ
ς

Ὤ Ú  

Ὤ ᾀ
ᾀ
ς

Ὤ Ú
ρ
ς

Ὤ Ú  

Ὤ ᾀ ᾀὬ Ú  

(4.55)
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≢№╢ ↓↓≢ (4.55)⌐ ᾀ ‗ ╩ ∆╢≤⅝ 

 

 Ὤ ‗ ‗ɮ ‗

Ὤ ‗ ‗Ὤ ‗  

Ὤ ‗ ‗ ɮ ‗

‗Ὤ ‗ ‗ Ὤ ‗

Ὤ ‗ ‗ Ὤ ‗  

Ὤ ‗ ‗ɮ ‗
ρ
ς

Ὤ ‗  

Ὤ ‗ ‗ ɮ ‗
‗
ς

Ὤ ‗

ρ
ς

Ὤ ‗  

Ὤ ‗ ‗ɮ ‗

‗Ὤ ‗  

(4.56)

 

≤⌂╢ ⅜ ╠╣╢ ∆⌂╦∟ 

 

 Ὤ ‗ Ὤ ‗ Ὤ ‗ ‗ɮ ‗  

Ὤ ‗ Ὤ ‗ ‗ ɮ ‗  
(4.57)

 

≢№╢ ⌐ (4.55)⌐ ᾀ ρ ╩ ∆╢≤⅝ 

 

 Ὤ ρ Ὤ ρ  

Ὤ ρ Ὤ ρ  

Ὤ ρ Ὤ ρ  

(4.58)

 

≤⌂╢ ⅜ ╠╣╢ ↓─ ╩ ⌐∆╢√╘⌐ (4.54)─ Ὤ ᾀ  ⅛╠ Ὤ ᾀ  ╕

≢─ ╩ 4.4 ⌐ ⇔≡™╢ ⇔√  ‗ πȢφρς ≤ ‗ ρ ⌐⅔™≡ (4.57)

≤ (4.58)─ ⌐╟╢ ⅜ ↕╣≡™╢  
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4.4 ‗ ─ ▬ⱷכ☺  

 

 ⇔√⅜∫≡ №╠√╘≡ ‗ πȢφρς ⅜ №╢ ≢№╢↓≤⅜ ≢⅝╢ ╕√  

Ὤ ᾀ ᾀ‰ ᾀ ᾀ ɮ ᾀ  ─ ∆⌂╦∟  ὰ  ─ ⅜ ‗ πȢφρς ≢№╢↓≤╙

↕╣≡™╢ ⅛╠  Ὤ ᾀ  ⅛╠ Ὤ ᾀ  ─ ⅜╟╡ ⌐⌂╣┌

(4.46)─  ‰ ‗ ς‗ɮ ‗  ⌐≈™≡ ⌂╢ ⅜ ╠╣╢↓≤⅜ ≢⅝╢  

≢│ (4.46)─  ‰ ‗ ς‗ɮ ‗  ╩ )2 ≤ Ὗ  ⌐ ⇔≡ ╩ ╘╢  

 

4.5   ⱦ  

 ≢│ (4.31)≤ (4.32)≢ ⇔√ Ὗ ὸ  ─ ╩ ∆╢ ∆⌂╦∟ 

 

 Ὗ ὸ Ὧ
ὥὸ
‗

Ὧ Ѝ’ὸ

Ὧ ‗
’
ὥ

 

(4.59)

(
)

g
z

( )g z zλ=

2( )g z zλ=

( ) ( )g z zλ= Φ −

( ) ( )g z zλ λ= Φ −

2( ) ( )g z zλ λ= Φ −

0.612λ =

2 0.374548λ =

( ) 0.270268λΦ − =

( ) 0.1654λ λΦ − =

2( ) 0.101228λ λΦ − =

( ) 0.1654λ λΦ − =
( ) 0.270268λΦ − =
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z

1( )h z
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φ
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= − Φ −
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≢№╢ ↓─ (4.59)⌐ )2 ╩ ⇔≡ ∆╢ ╕∏ (4.22)≤ (4.23)⌐╟╡

⅜ ╠⅛≤⌂∫√ )2 │ 1 ≢╙ ⇔√≤⅔╡ 

 

 )2
Ὁ Ὣ ἠ

ὠ Ὣ ἠ   
‌

Ѝ’
‌

4%
 

(4.60)

 

≢№╢ ↓↓⌐ ♩ꜝ♇◐fi◓כꜝ◄ה─  ὥ ‌ ≤♩ꜝ♇◐fi◓כꜝ◄ה─

 4% Ѝʉ ≢№╢ (4.59)⌐ (4.60)╩ ™╢≤ 

 

 Ὗ ὸ Ὧ
‌ὸ
‗

Ὧ 4%Ѝὸ

Ὧ ‗
4%

‌

Ὧ ‗
4%
)2

 

(4.61)

 

≤ ∑╢[63] (4.61)⌐ Ὧ ‗ɮ ‗  ╩ ™≡ 

 

 Ὗ ὸ ɮ ‗ ‌ὸ

‗ɮ ‗ 4%Ѝὸ

‗ ɮ ‗
4%

‌

‗ ɮ ‗
4%
)2

 

(4.62)

 

≤ ⇔⌂⅔∆↓≤⅜≢⅝╢[64] ↓╣╟╡ 
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     ‌ὸ ‗4%Ѝὸ

‗
4%

‌

‗
4%
)2

 

    )2
‗

Ѝὸ
 

(4.63)

 

⅜ ╠╣╢ ↓─≤⅝ (4.63)─ ‗ │ ─ ≢╙№╢─≢ ⌐ⱥ☻♩

╩♃כ♦הꜟ◌ꜞ ™√ ⌐│ )2 ─ ≤⇔≡ ὸ ─ ⌐ ≢№

╢[16][17][49] ↓─↓≤│  Grinold ≤ Kahn ⅜ ∆ ⅎ [16][17]≤╙ ∆╢ ∆⌂╦∟  )2 ╩

≤⇔≡ ℮↓≤⅜≢⅝╢√╘ ▪◒♥▫Ⱪ ╩ ⌐ ≢⅝╢↓≤⅜

↕╣╢  

 ∕↓≢ 1 ─ (1.35)─ ╩╙≤⌐ ╩ 

 

 6! )2 Ͻ 4% ‎4%  (4.64)

 

≤⅔ↄ↓≤⅜≢⅝╢[16][17][82] ↓↓⌐ ‎ │ꜞ☻◒ ≢№╢  

4.2 ≢ ⇔√ ╩ ‏  ╗▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○│ 

 

 )2
‘ ‘ ‏

4%
)2

‏
4%

 (4.65)

 

≢№╢ ↓↓⌐  ‘  │▪◒♥▫Ⱪ ─  ‘  │ⱬfi♅ⱴכ◒ ─

│ ‏  ≢№╢ Grinold ≤ Kahn │ ◖☻♩╩ ╗ ─ 6! ╩ 1 ─ (1.35)

─≤⅔╡ 

 

 6! )2 ẗ 4%
ɾ
ς

4% 4# (4.66)

 

≤ ⇔≡™╢⅜[16][17] (4.65)─ )2  ╩ )2 ─ ╦╡⌐ (4.64)⌐ ∆╢≤⅝ 
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 )2 ẗ 4%
ɾ
ς

4% )2
‏

4%
4%

ɾ
ς

4%

)2 ẗ 4%
ɾ
ς

4% ‏

)2 ẗ 4%
ɾ
ς

4% 4# 

(4.67)

 

⅜ ∆╢ ⇔√⅜∫≡ ≢│ ╩ ◖☻♩≤ ≤⇔≡ ℮  

 

‏  4# (4.68)

 

⅜ ∆╢[64] ↓↓≢ (4.62)─ Ὗ ὸ  ⅛╠ 3 ≢ ⇔√ ὠ ὸ  ⌐ ∆╢≤  

 

 ὠ ὸ
Ὗ ὸ
ɮ ‗

‌ὸ

‗4%Ѝὸ

‗
4%

‌

‗
4%
)2

 

(4.69)

 

≤ ≢⅝╢  

≤↓╤≢ 3 ≢│ 4.5 ─ ≢ ↄⱤⱨ◊כⱴfi☻ ⌐ ─╟℮⌐

⅜ ∆╢ ≤⇔≡ ὠ ὸ  ╩ ⇔√ ↓─ ⅎ │  ὸ ⌐ ∂≡ ⅜

≤⇔≡ ∆╢√╘ ─Ɽⱨ◊כⱴfi☻⅜ ⇔≡™ↄ↓≤╩ ⇔√⸗♦ꜟ≢№∫

√ ⇔⅛⇔ ⌐│ ╩ ╘≡╙ⱬfi♅ⱴכ◒ ╟╡╙ ⌂ ╩ ∆╢▪◒

♥▫Ⱪ ╙ ∆╢ ↓╣╩ 4.5 ≢│ ≢ ™≡ ⇔≡™╢ ∆⌂╦∟ 3 ≢

│ ‌ὸ ≢ ⅜ ⅜╢ ╩ ⇔√⅜ ╩ ⇔√ ⅜ ‌ ‏ π  ─

╩ ╘╢▪◒♥▫Ⱪ │ 3 ≤│ ὸ ╩ ≤⇔≡ ∆╢ ↓─√╘

⅜╢ ≤⇔≡ ⅎ≡⅝√⸗♦ꜟ╩ ⅜╢ ≤⇔≡╙⸗♦ꜟ╩ ⅎ╣┌ ∂ ⅎ ⅜

≢⅝╢ ╕√ 4.5 ─ │ ╩ ⇔√▪◒♥▫Ⱪ ≤ⱬfi♅ⱴכ◒

─ ⅜ ⇔™ ─ ╩ ⇔√╙─≢№╢ ⇔√⅜∫≡ 4.5 ⌐│ 
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(1)  ▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ╩ ╢ ─≤⅝( 4.5 ─ ) 

(2)  ▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ≤ ∂ ─≤⅝( 4.5 ─ ) 

(3)  ▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ╩ ╢ ─≤⅝( 4.5 ─ ) 

─ 3 ≈─ ─ ⌐ ∆╢⸗♦ꜟ╩ ∆↓≤⅜≢⅝╢  

∕↓≢ 4.5 ⌐ ∆ 3 ≈─ ⌐≈™≡ ὸ ρ ⌐ ⇔√≤⅝ (4.69)⌐  

‏ 4#  ╩ ⇔≡⸗♦ꜟ╩ ∆╢ ↓─≤⅝ 3 ─  ‌ ╩ 4 ─♩ꜝ♇◐fi◓ה

─כꜝ◄ ⅛╠ ╩ ⇔√ ‌ ⌐ ‏ ⅝ ⅎ╢≤ (1)(2)(3)─ ╩

⇔√ ὠ ρ  │ 

 

 ὠ ρ ‘ ‘ ‏

‌ ‏

)2 ẗ 4% 4#
‗4% ‌ ‏ π
π ‌ ‏ π

    ‗4% ‌ ‏ π
 

(4.70)

 

≤ ∑╢ ⇔√⅜∫≡ (4.70)⌐≈™≡ (4.63)─ )2 ≤ 4% ⌐╟╡  4# ╩ ∆≤ 

 

 4#
ς)2 ẗ 4% ‌ ‏ π
   )2 ẗ 4% ‌ ‏ π

π ‌ ‏ π
 (4.71)

 

⅜ ∆╢ ╕√ (4.70)⌐≈™≡ (4.63)─ ‗ ≤ 4% ⌐╟╡  4# ╩ ∆≤ 

 

 4#
ς‗4% ‌ ‏ π
   ‗4% ‌ ‏ π

π ‌ ‏ π
 (4.72)

 

⅜ ∆╢ ↓─ ╩ ∆╢≤  4% ╩ ⇔≡ 4.5 ─╟℮⌐ 3 ≈─ ⌐⅔↑

╢ )2 ≤ 4# ─ ╩ ∆╢↓≤⅜≢⅝╢  
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4.5 ὠ ὸ  ─  
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↓─ 3 ≈─ ╩ ≢ ⅎ╢≤ 4.5 ⌐ ≤⇔≡ ─ ─ ╩ ↄ

↓≤⅜≢⅝╢ ∆⌂╦∟  4# │ )2 ⅜ 4% ─ ╩ ∆╢ ≢ ⇔≡™╢ √≤

ⅎ┌ )2 ẗ 4% 4# π ─≤⅝ ⌐ 4# ╩ ⇔≡⅔╡ ⇔≡™╢ ⇔√⅜∫≡

│ )2 ẗ 4% ≢№╢  )2 ẗ 4% 4# π ─≤⅝ ⌐ 4# ╩ ⇔≡™╢⅜ ⌐ )2 ẗ 4% 

∞↑Ɽⱨ◊כⱴfi☻│ ╣√ ≤⇔≡ ⇔≡™╢ ⇔√⅜∫≡ │ 0 ≢№╢

╕√ )2 ẗ 4% 4# π ─≤⅝ ⌐ 4# ╩ ⇔≡™╢⅜ )2 ẗ 4% ∞↑Ɽⱨ◊כⱴfi☻

│ ╢ ≤⇔≡ ⇔≡™╢ ⇔√⅜∫≡ │ ς)2 ẗ 4% ≢№╢  

‗ ⌐ ≠™≡ ⅎ╢≤ │ ‗ πȢφρς ─╙≤≢ )2 ẗ 4% 4# π ─≤⅝

⌂ ╩ ∆╢≤⅝─ ╣ꜞ☻◒╩ ὠ ὸ ‗4%Ѝὸ ≤⇔≡ ↑╢ )2 ẗ 4%

4# π ─≤⅝ ⌂ ╩ ∆╢≤⅝⌐ ⌐ ≈ fi╩ ὠכ♃ꜞ─ ὸ

‗4%Ѝὸ ≤⇔≡ ↄ↓≤⅜≢⅝╢ ⌐  ὸ ρ ─ ⌐│  4% ρȢπ ⌂╠┌  )2 ‗ ≤

⌂╢ ⅜ ≢⅝╢  

╩╕≤╘╢≤ 4.5 ⅛╠ 3 ≈─ ⌐≈™≡ ─ ⅜ ╠⅛≢№╢ ╕∏  

)2 ẗ 4% 4# π ─≤⅝  4# )% ẗ 4% ‌ ⅜ ∆╢ ⌐ )2 ẗ 4% 4# π ─≤⅝

⅜ 4# π ≤⌂╡ │fiכ♃ꜞ ╣ꜞ☻◒╩ ≢⅝≡™╢

)2 ẗ 4% 4# π ─≤⅝ │ 4# ς)% ẗ 4% ≤ ⌐ 2 ─ ≤⌂╢ꜞ☻◒

╩ ⇔≡™╢↓≤≤ ∂ ╩ ╢  

≤↓╤≢ (4.70)│ (4.69)╟╡ (1)(2)(3)─ ╩ ⇔≡ 

 

 ὠ ρ ‘ ‘ ‏

‌ ‏

)2 ẗ 4% 4#

ừ
Ử
Ừ

Ử
ứ ‗

4%
)2

‌ ‏ π

π ‌ ‏ π

    ‗
4%
)2

‌ ‏ π

 

(4.73)

 

─╟℮⌐ ∆╢↓≤╙≢⅝╢ ⇔√⅜∫≡ 4# │ 
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4#

ừ
Ử
Ừ

Ử
ứ )2 ẗ 4% ‗

4%
)2

‌ ‏ π

      )2 ẗ 4%                      ‌ ‏ π

)2 ẗ 4% ‗
4%
)2

‌ ‏ π

 (4.74)

 

≤╙ ╙╢↓≤⅜≢⅝╢ ∕↓≢  ὸ ⅜ 1 ─ ╙ ╘≡ ὠ ὸ  │ 

 

 ὠ ὸ ‘ ‘ ‏ ὸ

‌ ‏ ὸ

)2 ẗ 4% ‏ ὸ
‗4%Ѝὸ ‌ ‏ π

π ‌ ‏ π
   ‗4%Ѝὸ ‌ ‏ π

 

(4.75)

 

≤ ∆↓≤⅜≢⅝╢ ↓─ 4# ⌐≈™≡ 

 

 4#
ς)2 ẗ 4% ‌ ‏ π
   )2 ẗ 4% ‌ ‏ π

π ‌ ‏ π
 (4.76)

 

╙⇔ↄ│ 

 

 

4#

ừ
Ử
Ừ

Ử
ứ

ς‗4%

Ѝὸ
‌ ‏ π

   
‗4%

Ѝὸ
‌ ‏ π

π ‌ ‏ π

 (4.77)

 

⅜ ╠╣╢ ∆⌂╦∟  4# │  4%ȾЍὸ ≤ ‗ ─ ⌐╟╢ ⌐╟╡ ∆↓≤⅜≢

⅝╢ ⌐ (4.74)⌐≈™≡ ὸ ⅜ 1 ─ ╙ ╘≡ ὠ ὸ  │ 
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 ὠ ὸ ‘ ‘ ‏ ὸ

‌ ‏ ὸ

)2 ẗ 4% ‏ ὸ

ừ
Ử
Ừ

Ử
ứ ‗

4%
)2

‌ ‏ π

π ‌ ‏ π

    ‗
4%
)2

‌ ‏ π

 

(4.78)

 

≤ ╙╣╢ ⇔√⅜∫≡  4# │ 

 

 

4#

ừ
Ử
Ừ

Ử
ứ )2 ẗ 4%

‗
ὸ

4%
)2

‌ ‏ π

      )2 ẗ 4%                      ‌ ‏ π

)2 ẗ 4%
‗
ὸ

4%
)2

‌ ‏ π

 (4.79)

 

⅜ ╠╣╢ (4.79)≤ (4.76)─ │ 4.6 ⌐ ∆ ≤⇔≡ ↄ↓≤⅜≢⅝╢  

 ∆⌂╦∟ 4.5 ─ ≤⇔≡ ⇔√≤⅔╡ 4.6 ⌐⅔™≡╙ ∂ ⅜ ∆╢

╕∏  )2 ẗ 4% 4# π ─≤⅝  4# )% ẗ 4% ‌  ⅜ ⇔™↓≤╩ ∆╢ ╕√

)2 ẗ 4% 4# π ─≤⅝  4# π ≤⌂╡ │fiכ♃ꜞ ╣ꜞ☻◒╩ ≢⅝√↓≤╩

∆╢ )2 ẗ 4% 4# π ─≤⅝  4# ς)% ẗ 4% ⅜ ⌐ 2 ─ ╩ ⇔≡

™╢↓≤≤ ∂ ╩ ╢  

 ╕√ )2 ẗ 4% 4# π ─≤⅝  4# ς)% ẗ 4% │ ⌐ ∂√ )2 ─ │

─ ≢№╢↓≤⅜ ╖ ╣╢ ↓─≤⅝ ∂ )2 ─ ─ ≢   )2 ẗ 4% 4# π 

⌂╠┌  4# π ⅜ ⇔≡™╢↓≤⅜╦⅛╢  

⇔√⅜∫≡ )2 ≤ 4% ─ ╩ ╠⅛⌐∆╢↓≤⅜≢⅝√ ∆⌂╦∟ ╩ ╗ 

)2  ╩ ⇔√≤⅝ ╟╡╙ ╣≡™╢ ≤ ≢ ⇔≡™╢

╟╡╙ ∫≡™╢ ─ 3 ≈─ ⌐≈™≡  4# ♩ꜝ♇◐fi◓כꜝ◄ה─

 4% ⌐╟╡ ↕╣√ ─  ‗ ⌐╟╡ ⌂ ╩

∆╢↓≤⅜≢⅝√  
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4.6 4# ≤ )2 ─  

 

 ≤↓╤≢ 3 ≤ 4 ╩ ∂≡ 3 ─  ‌ ╛ 4 ─ ≥(4# ‏  4 ─♩

ꜝ♇◐fi◓כꜝ◄ה─  ‌ │⸗♦ꜟ─ ─ ⌐╟∫≡│ ≤⇔≡ ⇔√

↓─ │ ⱨ□▬♫fi☻⌐⅔↑╢ ⸗♦ꜟ⌐╟╢ ╛ ─ ╩

╙╢≤⅝─ ─ ≤ ⌐ ⅎ╢↓≤⅜≢⅝╢[138] ⇔√⅜∫≡ ╩ ∆

≤⇔≡─ ─ ╩ ⇔≡™╢ ⇔⅛⇔⌂⅜╠ ≤ ─ ⅜≈⅛⌂ↄ⌂╢

─ [139]─╟℮⌐ ‌ ḙ π ⌐ ™ ≢│ ≢ ⇔√ ⸗♦ꜟ≢│ ⅜≈⅛⌂ↄ

⌂╢ ╙№╢ ⇔√⅜∫≡ 4 ─ ≢ ⇔√ 3 ≈─ ⅜ ⌐ ∆↓≤⅜≢⅝

╢≤⅝─╖ ─ │ ↕╣╢↓≤⌐⌂╢  

 

4.6   

 ≢│ ▪◒♥▫Ⱪ ─Ɽⱨ◊כⱴfi☻ ⌐ ↕╣╢▬fiⱨ◊ⱷכ◦ꜛfiה꜠

◦○ )2 ─ ⌐≈™≡ ⱥ☻♩ꜞ◌ꜟכ♦ה♃⌐╟╢ ≢│⌂ↄ ⌐

≠™√ ─ ≤⇔≡ ╩ ∫√ ⌐ ‗ πȢφρς │ ⌐⅔↑╢

─ ≤ ╩ ∆╢Ᵽꜝfi☻ ≢№

╢↓≤⅜ ≢⅝√ ╕√  4# ╩ ╗ ⌐≈™≡╙ )2 ≤♩ꜝ♇◐fi◓ה◄ꜝ

─כ  4% ─ ⅜ ⌐ ╠⅛⌐⌂╡ ▪◒♥▫Ⱪ ─ ≢  4# 

│ ⌂ ╩ ∆╢↓≤╙ ╘≡ ≢⅝√  
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╟╡ 3 ≢ ⇔√ ⌐╙≤≠ↄ◖▬fi →≤⇔≡ ⇔√ ─

─√╘─ ⅜ ≢│▪◒♥▫Ⱪ ⌐ ∆╢√╘─ ─ ≤

⇔≡ ⇔ ≤ ─ 3 ≈─ ─ ⌐╙ ∆╢↓≤⅜≢⅝√  
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 │₈ ╩ ⇔√ ⱳכ♩ⱨ◊ꜞ○⌐⅔↑╢▪◒♥▫Ⱪ ─ ₉

⌐≈™≡╕≤╘√╙─≢№╢ ⌐∕─ ╩╕≤╘╢≤ ─≤⅔╡≤⌂╢  

  2 ≢│ ⸗♦ꜟ⌐ ∆╢ ⱳכ♩ⱨ◊ꜞ○ ─ ╩ ⇔√ Big 

Data ♃כ♦≤⌂ ─ ≤∕─ ⌐≈™≡ ⅜ ⇔≡™╢↓≤⅛╠ ▬fi

⌐♩♇Ⱡכ♃ ↕╣╢ ╩ ─☻כⱬ♃כ♦√⇔ ╩ ™ ∕─ ≤⇔≡

⸗♦ꜟ≤ ⸗♦ꜟ┼─ ╩ ∫√ ⌐│ Yahoo!ⱨ□▬♫fi

╩☻כⱬ♃כ♦≡⇔♪כ꜡fi►♄╩♃כ♦╠⅛☻ ⇔ ≡⇔≥▫♦♃☻ה☻כ◔

♃כ♦─ꜟ♦⸗ ╩ ∫√ ∕─ ≢ │≢▫♦♃☻ה☻כ◔√⇔

⅜⌂™ ≤⇔≡ ⇔√ ╩ ∂≡ ▪◒♥▫Ⱪ ⅜ⱬfi♅ⱴכ◒ ╩

⌐│ ╠⌂™↓≤⅜№╢ ╩ ⇔√ ╕√ ↓─ ⌐ ─Ɽⱨ◊כⱴfi

☻ ⌐≈™≡ ≤ ⸗♦ꜟ─ ─ ╛ ─

─ ╩ ∂≡ ╩ ⇔√  

 3 ≢│ ▪◒♥▫Ⱪ ⌐ ∆╢ )◓Ⱶfiכ◕⌐ ↑╛◑ꜗfiⱩꜞfi◓≤ )╩

≤ ⇔⌂⅜╠◖▬fi →⌐╟╢⸗♦ꜟ ╩ ∫≡ ─ ╩ ═√ ∆⌂╦∟

⌐╟╢◖▬fi →─ ⌐ⱶכ◕⇔ ╩ ◓Ⱶfiכ◕╢ ─ ≤

─ⱪ꜠▬ꜘכ─℮∟ ─ ╛ ─ ─ ╩⸗♦ꜟ ⇔ ─

─ ─ ╩ ≤─ ≤⇔≡ ∫√ ∕─ ─ ╩

─ⱶכ◕√⇔ ╩ ∆╢√╘⌐ ═⅝ ⌐╟╢ ⸗♦ꜟ╩

⇔√ ╕√ ═⅝ ⌐╟╡ ─ꜞ☻◒ ≤ ─ꜞ☻◒ ⌐≈™≡

⇔√ ─⸗♦ꜟ╩ ∆↓≤⅜≢⅝√  

4 ≢│ 3 ≢ ⇔√ ─ ╩ ═≡ ▪◒♥▫Ⱪ ┼ ⇔√ ∆⌂

╦∟ ▪◒♥▫Ⱪ ─Ɽⱨ◊כⱴfi☻ ⌐⅔™≡ ⌂▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○

⌐∕─ ╩ ⇔≡ ╩ ⇔√⸗♦ꜟ ╩ ∫√ ↓─≤⅝ ▪◒♥▫Ⱪ

─ ─√╘⌐ ▬fiⱨ◊ⱷכ◦ꜛfiה꜠◦○⅜≥─ ™⅛╩ ∆╢ ⌐

∆╢ⱬfi♅ⱴכ◒⌐ ∆╢ ─ ╩™ↄ≈⅛ ⇔ ⇔√ ↓╣╠─

─ ─ ⌐ ⇔≡∕╣∙╣─ ⅜ ⌐ ℮ │ ╩

⇔√ ⌐ ℮ ≢ ╩ ≢⅝╢⌂╠┌ ╩

≤⇔≡ ≢⅝≡ ≈ ⅎ≡ 3 ≢ ◓Ⱶfiכ◕≥ ─ ⌐⅔™≡
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╕∫√  ‗ πȢφρς ─ ≤⇔≡ ─ ≤

╩ ™≡ ╩ ╠⅛⌐∆╢↓≤⅜≢⅝√ ↓─ ╩▬fiⱨ◊ⱷכ◦ꜛ
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