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↓╣╕≢⁸▪ꜝ▬▪fi☻ ⌐⅔™≡│⁸▪ꜝ▬▪fi☻ ─ⱴ♇♅fi◓─ⱷ◌♬☼ⱶ╩ ∆

╢ ⸗♦ꜟ⅜ ⇔⌂⅛∫√⁹∕─√╘⁸2 ─ ╩ ≤⇔≡ ≢⅝⌂⅛∫√⁹

ⱬכ☻ ╩╙≤⌐⇔≡⁸∆≢⌐ ⇔√ ⸗♦ꜟ╩↕╠⌐ ↕∑⁸ ╩

⇔≡™╢◄ꜞ▪⌐≈™≡⁸ ⸗♦ꜟ≤⇔≡ ⇔⁸╕√⁸▪ꜝ▬▪fi☻╛ ┼─ ⌐≈™

≡│⁸ ⸗♦ꜟ≤⇔≡ ⇔√⁹ ∆╢⸗♦ꜟ│⁸ⱪ꜡◓ꜝⱵfi◓ ≢ ⇔⁸ ⌐ 152

─ ≡⌐♃כ♦ ╩ ⇔⁸ ∆╢↓≤╩ ⇔√⁹↓╣⌐╟╡⁸2 ─▪ꜝ▬▪fi

☻ ─ ╩ ⌐⇔√⁹ ⅜כ◙כꜚ⁸│ꜟ♦⸗╢∆ ⌐Ɽꜝⱷכ♃כ ╛

↑⁸ ╖ ↑ ╩ ≢⅝╢ⱨ꜠◐◦Ⱪꜟ⌂⸗♦ꜟ≤⌂∫≡™╢⁹
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з │∂╘⌐ 

↓╣╕≢⁸ ─▪ꜝ▬▪fi☻1 ⌐⅔

™≡│⁸2 ─▪ꜝ▬▪fi☻─ ─

╩ ∆ ⸗♦ꜟ⅜ ⇔≡™⌂⅛∫√⁹ 

ה [2015]≢│⁸2008 5 2015

3 ╕≢─ 7 ≢ 152 ─ ─◖fi

◘ꜟ♥▫fi◓ ╩2♃כ♦ ™≡⁸▪ꜝ▬

▪fi☻─ ⸗♦ꜟ⅜ ↕╣≡™

╢⁹↓╣⌐╟╡⁸▪ꜝ▬▪fi☻ ─ 2 ─

╩ ∆ ⸗♦ꜟ⅜ ╘≡ ↕╣⁸

╩ ≤⇔≡ ≤⌂∫√⁹ 

⇔⅛⇔⌂⅜╠⁸ ◄ꜞ▪⅜ ⌂╢ ─

▪ꜝ▬▪fi☻│⁸ ⸗♦ꜟ≢│ ∆╢

↓≤⅜≢⅝∏⁸╕√⁸ ╛╢ ⅜№╢⅛

⅛⅜ ↕╣≡™⌂⅛∫√⁹ 

≢│⁸ ה [2015]≢ ↕╣√

⸗♦ꜟ⌐⁸○ⱪ◦ꜛfi≤⇔≡⁸

◄ꜞ▪─ ⸗♦ꜟ≤⁸ ─ ™─ ╖╩

⇔√ ⸗♦ꜟ╩ ⇔⁸ ↕╣√

⸗♦ꜟ⅜⁸↕╠⌐ ⌂ⱨ꜠◐◦Ⱪꜟ⌂╙

─≢№╢↓≤╩ ∆⁹ 

≢─ ה ה ⸗♦ꜟ⌐≈™

Python─☻כ♁ⱪfiכ○⁸╙≡ ≢ ⇔⁸

─ ∆╢ ╩♃כ♦ ™≡⁸⸗♦ꜟ⅜

∆╢↓≤╩ ⇔√⁹ 

│⁸▪ꜝ▬▪fi☻─ ─◖fi◘ꜟ♃

fi♩⅜ ─ ≢ ∫≡™╢ⱴ♇♅fi◓─ⱷ◌

♬☼ⱶ╩ ⌐ ⇔⁸ ⌐∆╢↓≤

⅜ ≢№╢⁹↓↓≢ ™√ ↄ№│♃כ♦

╕≢ ⁸≡∫╙╩♃כ♦─↓⁸╡№≢ ∆

╢╙─≢│⌂™⁹ 

∆╢⸗♦ꜟ ─ ─ │⁸ ה

─ ≢─ ⅜№╡⁸╦⅜ ⌐⅔↑╢▪

ꜝ▬▪fi☻⌐╟╢ ∟ →─ ⁸

™≡│⁸ ─ ⌐ ∆╢╙─≤

ⅎ╢⁹ 

 

и ─꜠ⱦꜙכ 

1 ה ─ ─ ≢─▪ꜝ▬▪fi

☻ ─   

Hamel and Prahalad[1994] ⌐≡⁸₈▪ꜝ▬▪

fi☻⅜ ⌐⌂╢ ╙ ⌂ │⁸ ╛

╩☻ⱦכ◘ ╗─⌐ ⌂ ╩∆═

≡ ╡ ⅎ≡™╢ ⌂≥ 1 √╡≤≡

⇔⌂™≤™℮ ≢№╢₉≤↕╣≡⅔╡⁸╕√⁸

∕─ ≤⇔≡⁸ŋ ╩ ℮⁸o

╩ ╘╢⁸ɔ Ɽכ♫♩כ ≢ꜞ☻◒╩

⇔ ℮↓≤⌐№╢≤↕╣≡™╢⁹∕╣╠│⁸

[2014]⌐⅔™≡╙⁸ ה ↕╣≡™╢⁹ 

▪ ꜝ ▬ ▪ fi ☻ │ ⁸ Yoshino and 

Rangan[1995]⌐⅔™≡⁸ ╘≡ ⌐▪ꜝ

▬▪fi☻─ ─ ה ה ↑⅜⌂↕

╣⁸ꜝ ▬Ᵽꜟ ≤ ⇔∆⅞╢↓≤╩ ↑╢

⅛╠─ ─ ≤⇔≡╙⁸

Hamel⁸Prahalad and Doz[1989]╩ ≤⇔

≡ ⇔≡⅝≡™╢⁹▪ꜝ▬▪fi☻ ─

⌐≈™≡│ [2006⁸2010]╛⁸ [2012]⁸

[2013]⁸ [2013]⁸ [2003]⌐≡╕≤

╘╠╣≡™╢╟℮⌐⁸▪ꜝ▬▪fi☻ │⁸

─ ─ ─ ∞↑≢⌂ↄ⁸

─ ─ ─ ⌐╙ ↑

╠╣╢⁹ 

─Ⱶ◒꜡ ─ ≤⇔≡⁸ ◖

☻♩ 3╛⁸ ≤⌂╢ ≤─ ╩

ⱶכ◕╢∆ 4≤™∫√ⱨ꜠כⱶ꞉כ◒⅜

№╢⁹ 

─ ≤⇔≡│⁸Wernerfelt [1984]

┘ Barney[1991] ╩ ≤⇔≡ ↕╣√

ⱬכ☻ Resource-Based View⁸RBV

⅜№╢⁹↓╣│⁸ ─ ⌂ ─

│⁸ ⌐№╢≤⇔≡™╢⁹ 

∕─ ⁸ ⱬכ☻ │⁸▪ꜝ▬▪fi☻

⌐ ╡ ╣╠╣≡⅝≡™╢⁹▪ꜝ▬▪fi☻

⌐⅔↑╢ ⱬכ☻ ⌐ ≠ↄ

≤⇔≡│⁸Das and Teng[1998a⁸2000]⅜

⌂╙─⌂∫≡™╢⁹↓╣╠≢│⁸ ─
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⁸ ⁸ ─ ⅛

╠▪ꜝ▬▪fi☻╩∆╢ ─ ⅜

↕╣≡™╢⁹ 

∕─ ⁸Hamel and Doz[1989]≢▪ꜝ▬▪fi

☻│ ∆╢↓≤⅜ ≤ ↕╣≡™╢╟

℮⌐⁸ ▪ⱪ꜡כ♅─ ⅛╠─ ⅜⌂

↕╣≡⅝≡™╢⁹ 

 

2. ─ ≤⌂╢ ⱨ꜠כⱶ꞉כ◒ 

│⁸ ─ ─ │⁸

─ ⌐ ⇔≡⅔╡⁸╕√⁸

─ ─√╘⌐⁸ │▪ꜝ▬▪fi☻╩ ℮5

≤ ⅎ╢↓≤⅜ ≢№╢≤ ⅎ╢√╘⁸∆≢

⌐▪ꜝ▬▪fi☻ ⌐ ╡ ╣╠╣≡™╢

ⱬכ☻ 6╩ⱬכ☻≤⌂╢ ≤⇔≡™╢⁹ 

Das and Teng[1998a]≢│⁸ ⌐⅔

↑╢ ⁸ ⁸ ⁸ ─ 4≈─ ╩

⌐ ∆╢ ≢─ ⅜⁸▪ꜝ▬▪fi☻

─ הꜞ◒☻ꜞ╛ ─fiכ♃ ⌂≥⌐≈™≡

⌂↕╣≡⅔╡⁸Das and Teng[ 2000]≢│⁸

─ ≤ ─ ≤™℮ 2 ⌐ ≠ↄ

▪ꜝ▬▪fi☻─Ɽכ♫♩כ ─ ─

⅜ ⁸ ⁸ ⁸ ─ 4≈─♃▬ⱪ≢

↕╣≡™╢⁹ 

∕─ ≤⇔≡⁸ [2006⁸2010]≢│⁸

RBV ─ⱨ꜠כⱶ꞉כ◒╩ ⇔⁸

─ ⁸∆⌂╦∟ᵑ ⁸ᵒ ⁸ᵓ

⁸ᴖ ⁸ᴗ ─ 5≈─

─ ⅜ ≢№╡⁸∕╣╠─

─ ⅜▪ꜝ▬▪fi☻≢№╢≤ ═≡™╢⁹ 

≢│⁸↓─ [2006⁸2010]≢─▪

ꜝ▬▪fi☻─ ⱬכ☻ ⌐ ≠ↄⱨ꜠כ

ⱶ꞉7◒כ≤⇔≡ ⇔⁸∕─ⱨ꜠כⱶ꞉כ◒

╩ ↕∑≡⁸ⱴ♇♅fi◓ ≢─▪ꜝ▬▪fi

☻ ─ⱷ◌♬☼ⱶ╩ ∆╢ ⸗♦ꜟ╩

∆╢8⁹ 

ⱬכ☻ ─▪ꜝ▬▪fi☻ ─

≢№╢ ◖☻♩ │⁸▪ꜝ▬▪fi

☻─ ─ ⌐ ╩ ⅎ≡™╢∞↑≢

№╡⁸♄▬♫Ⱶ♇◒⌐ ≤ ⅜≥─╟℮⌐

┘≈ↄ─⅛╩ ⇔⅝╣≡™⌂™√╘⁸

⇔⌂™⁹ 

ⱶכ◕⁸√╕ │⁸▪ꜝ▬▪fi☻ ⅜

∆≢⌐ ⅎ≡⅔╡⁸ ─ ⅜™ↄ

≈⅛⌐ ╠╣≡ ⇔≡™╢ ≢─

─ ╩ ⇔√╙─≤⌂∫≡™√╘⁸▪ꜝ

▬▪fi☻ ╩ ∆╢ ≢─

≤⇔≡│ ↕⌂™√╘⁸ ⇔⌂™⁹ 

↕╠⌐│⁸Das and Teng[2002]─╟℮⌐⁸

⅜ ⱪ≤⌂╢↓≤⌐╟∫≡⁸כꜟ◓≡∫⌂

⌂╙─⅜ ↕╣╢ ≢─

⅜№╢⅜⁸ ≢│⁸ ⌂╙─╩

⇔⁸ ─ⱷꜞ♇♩╩ ╢↓≤╩

≤⇔≡™╢√╘⁸ │⁸

─ⱷ▬fi─ ≤│⌂╠⌂™⁹ 

≢│⁸ ה [2015] ┘ Tomita 

andTakefuji[2016] ≢─ ה╖ ╖─ 8≈─

≢─ 9─ ↑╩ ™≡™╢⁹  

∕╣╠─ ↑─ ─ ⌐⅔™≡╙⁸

[2006⁸2010]─ ⱬכ☻ ⌐ ≠ↄ

ⱨ꜠כⱶ꞉⁸∟╦⌂∆⁸◒כ ⁸ ⁸

⁸ ⁸ ─ 5≈╩ⱬכ☻≤⇔≡™

╢ 10⁹ 

∕─5≈⌐ ⅎ⁸Das and Teng[1998b]⌐≡⁸

─ ⅜ ═╠╣≡™╢√╘⁸ Ⱪה

ꜝfi♪╩ ⇔≡⅔╡⁸╕√⁸▪ꜝ▬▪fi☻│

∟ →╩ ≤⇔≡ ╦╣╢↓≤

⅜ ™√╘⁸ ╩▪▫♦▬▪╢⌂≥☼כ◦

╖ ∆ ▪▬♦▫▪ ╙ ⇔√⁹↕╠⌐

│⁸Hamel and Prahalad[1994] ≢ ═╠╣≡

™╢╟℮⌐⁸▪ꜝ▬▪fi☻│ ─☻Ⱨכ

♪▪♇ⱪ╩ ─ ≈≤⇔≡™╢√╘⁸ ≤

⇔≡─ ─ ™╩ ⇔√⁹↓╣⌐╟╡⁸

8≈─ ⌐╟╢ ה╖ ╖─ ╩ ∫

≡™╢⁹ 
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3.ⱴ♇♅fi◓─ ⌐ ╩  

↓╣╕≢─▪ꜝ▬▪fi☻─ │⁸▪ꜝ▬▪

fi☻ ─ ⁸ ─ ╛

─ ⁸ ─ ⌂≥⅜ ≤⌂∫≡™╢⁹

⌂╙─≤⇔≡│⁸ [2006⁸2010⁸

2015]⁸ [2014]⁸Doz and Hamel[1998] ⁸

Bamford et al.[2003] ⁸Tjemkes et al.[2012]

≢№╢⁹↓╣╠─ ≢│⁸▪ꜝ▬▪fi☻─

⅜ ⅎ√ ─▪ꜝ▬▪fi☻─ ⁸

─ ╘ ⁸ ─ ⁸▪ꜝ▬▪fi☻─

⌂≥⅜ ≤⌂∫≡™╢⁹ 

ⅎ≡⁸ ⅜ ⅎ√ ─ ⅛

⅛─ ─ ─ ≤⇔≡ Dye⁸

Prashant Kale ⁸and Singh [2004]⅜№╡⁸╕

√⁸▪ꜝ▬▪fi☻ ─▪ꜝ▬▪fi☻─

⌐≈™≡│ Ernst  and Bamford[2005] ⁸▪ꜝ

▬▪fi☻─ ⌐≈™≡│ Kapla n⁸Norton⁸

and Rugelsjoen[2009]⅜№╢⁹ 

≢│⁸∕╣╠─▪ꜝ▬▪fi☻─ ⅜

ⅎ≡™╢ ╛▪ꜝ▬▪fi☻─ ≢│

⌂ↄ⁸ ─ⱴ♇♅fi◓─ ⁸≈╕╡⁸

─ ⅜ ∆╢ ≢⁸ ≤ ⅜▪

ꜝ▬▪fi☻╩∆╢↓≤⌐ ╩ ≈↑ ⇔⁸2

─ ⅜▪ꜝ▬▪fi☻─ ⌐ ↑≡ ┘

⅝ ╘╢ ─ ⱷ◌♬☼ⱶ╩ ╠⅛⌐

∆╢↓≤╩ ─ⱷ▬fi ≤⇔≡™╢⁹ 

▪ꜝ▬▪fi☻─ ─ⱴ♇♅fi◓─ ╩

╡ →√╙─≤⇔≡│⁸Mitsuhashi and 

Greve[2009]⅜ ≤⇔≡ ∆╢⅜⁸

⌂ ∞↑⌐≤≥╕∫≡⅔╡⁸ⱴ♇♅fi◓

─ ─ ⸗♦ꜟ│ ↕╣≡™⌂™⁹ 

 

4. ≢│⌂ↄ ⸗♦ꜟ─  

▪ꜝ▬▪fi☻─ ⌐╟╢ │⁸

▪ꜝ▬▪fi☻⌐╟╢ ⌐≈™≡│⁸

Anand and Khanna [2000] ⁸ Chang, Chen 

and Lai[2008] ⁸▪ꜝ▬▪fi☻⌐╟╢▬ⱡⱬכ

◦ꜛfi ╛ ─ ⌐≈™≡│⁸

Kelley and Rice[2002] ⁸ Lee and Cavusgil 

[2006]⁸▪ꜝ▬▪fi☻⌐╟╢ ⌐≈™≡

│⁸Leiblein & Reuer [2004] ⁸▪ꜝ▬▪fi☻

⌐╟╢ⱴⱠ☺ⱷfi♩ ─ ⌐≈™≡│⁸

Rothaermel & Deeds[2006] ≤∫√╟℮⌐

∆╢⁹ 

↓─╟℮⌐⁸▪ꜝ▬▪fi☻ ⌐⅔™≡╙

─ │ ∆╢╙──⁸▪ꜝ▬▪fi☻

⅜ ∆╢ ─ ≤ ─ ┘≈⅝⅜≥─

╟℮⌂ⱷ◌♬☼ⱶ≢ ⇔≡™╢─⅛╩ ∆

⸗♦ꜟ⅜ ⇔≡™⌂™√╘⁸▪ꜝ▬▪fi

☻╩ ℮ 2 ─ ╖ ╦∑╩ ≢ ∆╢

↓≤⅜≢⅝≡™⌂™⁹ 

│⁸ ⌐ ╩♃כ♦≡™≠

≢ ⌂≥╩ ⱴ≢│⌂ↄ⁸כ♥⅜≥↓℮

ⱴ♇♅fi◓─ⱷ◌♬☼ⱶ╩ ⌐ ∆╢

⸗♦ꜟ╩ ה ∆╢↓≤╩ ≤⇔≡™╢⁹ 

 

fiꜛ◦כⱡⱬ▬הⱪfiכ○.5 ≤─  

⌐⁸ │⁸▪ꜝ▬▪fi☻ ─ ≢

─ ≠↑│⁸ ─ ╡≢№╢⅜⁸ │⁸

Chesbrough[2003⁸2006a⁸2006b]≢ ↕╣

fiꜛ◦כⱡⱬ▬הⱪfiכ○√ ≢⁸

≢─ ≢ ╖ ↕╣√╙─∞↑╩

≤⇔≡ ∆╢─≢│⌂ↄ⁸

⅜ ╖ ⇔√ ⌂≥╩ ╡ ╪≢ ⇔≡

™ↄ ⅎ ─ ─ ה ─ ≢╙ ⅎ

╢↓≤⅜≢⅝╢⁹ [2012] ┘ ה

[2015]≢ ═╠╣≡™╢╟℮⌂⁸ ─

─ ⅛╠⁸ ─▪ꜝ▬▪fi☻ ≤⇔≡

∆╢ ╩ 9∆╢ ⁸≤╡╦↑⁸ ≤

⅜ ∫≡⁸▪ꜝ▬▪fi☻⌐ ↑≡ ⇔

™╩⇔ ╘╢ⱴ♇♅fi◓─ ⌐ ╩ ≡

≡™╢⁹↓─ ⌐⅔↑╢ ◖☻♩10╩

↕∑╢√╘─ ⌂⸗♦ꜟ≤⌂╢⁹ 

ה  ꜛ◦כⱡⱬ▬הⱪfiכ○─[2015]

fi─ ⌐⅔™≡╙⁸ ▼☺כ◄₈╛♩☻◖

fi♩ 11₉⌐≈™≡ ═╠╣≡™╢⅜⁸

http://www.sciencedirect.com/science/article/pii/S0883902600000537
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ⱴ♇♅fi◓⅜ ∆╢ⱷ◌♬☼ⱶ⌐≈™≡─

⸗♦ꜟ│ ↕╣≡™⌂™12⁹ 

ה [2015]≢│⁸ ⅜ ⇔™

╩∆╢⌐№√∫≡⁸ ─ ⅜

⅝™↓≤⅜ ═╠╣≡™╢⅜13⁸ ⌐⅔™

≡│⁸ ╙ ─♃כ♦ ⌐ ╕╣≡⅔

╡⁸ ⌐fiꜛ◦כⱡⱬ▬הⱪfiכ○─

∆╢ ≤╙ ═╢⁹ 

↓─╟℮⌐⁸ │⁸▪ꜝ▬▪fi☻ ⌐

⅔↑╢ ⱬכ☻ ─ ≢№╢ Das and 

Teng[1998a⁸2000] ┘ [2006⁸2010]╩

↕∑√ ≢№╢≤≤≤╙⌐⁸ ─╟℮⌐⁸

fiꜛ◦כⱡⱬ▬הⱪfiכ○ ─ ⌐№╢

≤™℮ ⅎ ╙≢⅝╢⁹ 

 

й ─♃כ♦ ≤ ≤⇔≡─ ≠↑ 

─≡™≈⌐◓fiⱪꜞfi◘─♃כ♦ │⁸

ה [2015]⌐ ⇔√√╘⁸ ⌐│

⇔≡ ∆╢↓≤⌐⌂╢ ╩ ∆╢⁹√∞

⇔⁸ ≢ ™√ ─♃כ♦ ⌐≈™≡⁸

↓↓≢ ⇔≡⅔ↄ⁹ 

 

1 ─♃כ♦  

≢ ™√ ⁸│♃כ♦ ⅜

7 ≢ ⌐◖fi◘ꜟ♥▫fi◓╩⇔√

⌐≈™≡─ ⌐│ ↕╣≡™⌂™

─▬fiⱨ◊כⱴꜟ ╩ ╪≢™╢ ⌐

⅜№╢⁹ 

≢ ◓fi◘ꜟ♥▫fi◖⁸│♃כ♦√™

⅛╠ ↕╣√ ╛⁸Ⱶכ♥▫fi◓(

╛ ⅜ )≢─▪♪Ᵽ▬☻≢ ╠╣√

⁸ ─ ≢♩fi☺ⱷfi꜠▪ה ╠╣

√ ⌂≥≤⇔≡ ה ↕╣√ ≤⌂∫

≡™╢⁹ ⌂╢▪fi◔כ♩ ─ ⌂

≢│⌂ↄ⁸ ╠⅜ ⌐

⇔√ ─ ≤⌂∫≡™╢ ⌐

⅜№╢⁹ 

╕√⁸ ↄ─▪ꜝ▬▪fi☻─ ⅜⁸

⌐ ╩⇔≡™╢╟℮⌂ ╩

≤⇔√ ≤⌂∫≡™╢⁹√≤ⅎ┌⁸Doz 

and Hame l[1998]╛ [2006⁸2010⁸2015]

╙⁸ ╩ 14≤⇔≡™╢⅜⁸ ≢│

╙ ≤⇔≡™╢↓≤⅜ ─ ≈

≤⌂∫≡™╢⁹ 

 

2. ≈─ ≤⇔≡─  ♃כ♦

≢│⁸╕∏│ ╠⅜ ╩♃כ♦╢™≡⇔

™≡⁸ ⇔⌂⅜╠⁸⸗♦ꜟ╩ ⇔⁸

∕⇔≡⁸ ∆╢⸗♦ꜟ╩ ╠⅜ ⇔≡™╢

≢♃כ♦ ⌐ ∆╢↓≤╩ ∆╢↓

≤╩ ⇔√⁹∕─√╘⁸ ≢ ⇔≡™╢

─◖fi◘ꜟ♥▫fi◓ 152 כ♦─

♃│⁸⸗♦ꜟ ─ ≤∕─ ─ ─√

╘⌐ ™√╙─≢№╡⁸№ↄ╕≢⁸Γone of 

themΔ─ ≥♃כ♦─≡⇔≥ ⅎ╢↓≤⅜

≢№╢⁹ 

 

3 ▪ꜝ▬▪fi☻ ה ─◌►fi♩─

 

─ ה │⁸▪ꜝ▬▪fi☻─ ≢

№╢ⱴ♇♅fi◓─ ╕≢⁸▪ꜝ▬▪fi☻

╩ ⇔⁸∕─ ≢─▪ꜝ▬▪fi☻ ─ⱷ

◌♬☼ⱶ╩ ⌐ ⇔⁸ ⌂⸗♦ꜟ

╩ ∆╢↓≤⌐№╢⁹ 

∕─√╘⁸ ⌐⅔↑╢▪ꜝ▬▪fi☻ ─

│⁸₈ ╩⇔≡⁸∕╣╠ 2 ⌐≡⁸

─☻ⱦכ◘ה ╛ ⁸

─ ⁸ ה ⁸ ה

⌂≥─ⱷꜞ♇♩╩ ∂≡⁸⌂╪╠⅛─

⇔ ™⅜ ⌐ ╪∞ ₉≤ ⇔⁸╕√⁸

₈╕∫√ↄ ⌐ ╕⌂⅛∫√ ₉╩ ≤

⇔√⁹╕√⁸ ⌐⁸ⱴ♇♅fi◓≤│⁸₈

≤ ⅜▪ꜝ▬▪fi☻─ ╛ ≢

─ ⌂≥─√╘⌐ ⇔ ™╩⇔ ╘╢

↓≤₉≤ ∆╢⁹ 

№ↄ╕≢⁸▪ꜝ▬▪fi☻─ ─ ≢№╢
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ⱴ♇♅fi◓─ⱨ▼כ☼╩ ⇔≡™╢√╘⁸╕

∏│⁸ ⇔ ™⅜ ╖ ╘√⅛ ⅛≢⁸▪ꜝ▬

▪fi☻─ ╩◌►fi♩∆╢↓≤⇔√⁹ 

╕√⁸ ⌐⅔™≡│⁸▪ꜝ▬▪fi☻─

ה ⌐⅔™≡⁸ ∏⇔╙⁸ ⅜ ╦

╣╢≤│ ╠∏⁸ ≢─ ╛▪ꜝ▬▪fi☻

≢│⌂ↄ⁸ ╛ⱴכ☺fi ⌂≥⅜

⌐ ⇔√ ≢ ╛ ╩

∆╢ ≢ ╘╢↓≤╙№╢⁹ ─ⱦ☺Ⱡ☻

─ ⅜⁸ ─╟℮⌂ ≢⌂™↓≤

⌐╙ ⇔≡⁸▪ꜝ▬▪fi☻─ ╩▪ꜝ

▬▪fi☻ ─ ≤│⇔≡™⌂™ ⁹ 

 

4 ▪ꜝ▬▪fi☻─ ╖ ╦∑─ ─   

⌐╟╢◖fi◘ꜟ♥▫fi◓─ ⌐⅔↑

╢ ≢│⁸◖fi◘ꜟ♥▫fi◓   

─ ─ ⅛╠ⱴ♇♅∆╢ ─ ╙ ™⁸

▪ꜝ▬▪fi☻⅜ ⇔≡™╢⁹ 

⇔⅛⇔⁸◖fi◘ꜟ♥▫fi◓ 152

─ ⌐≈™≡│⁸ ↕╣≡™╢ ┘

Ⱶכ♥▫fi◓ ⌐⅔™≡ ⇔√ ⅜№╢

╙──⁸◖fi◘ꜟ♥▫fi◓ ≤ ∂╟℮⌐

∆╢∞↑─ ⌂ ╩ ה ≢⅝⌂

™ ≢№╢⁹ 

∕╣╠⁸ ⅜ ⌂ ≥♃כ♦╩

⇔≡ ╡ ╗≤⁸ ─ ⌐╝⅜╖⅜

∂≡⇔╕℮√╘⁸  ╩♃כ♦⁸│≡™⅔⌐

⌐ ╣╢ 152 ─◖fi◘ꜟ♥▫fi◓

─▪ꜝ▬▪fi☻ ה ⌐ ⇔≡

⇔√⁹ 

≢─ 152 ─ ꜝ▪╢↑⅔⌐♃כ♦

▬▪fi☻ ─ ╖ ╦∑│ 121 ⁸▪ꜝ▬

▪fi☻ ─ ╖ ╦∑30 ≤⌂∫√⁹152

≤ 152 ─ ─∆═≡─ ╖ ╦∑ 11476

152×152-152 ⌐≈™≡╙ ⇔⁸

≤⇔√⁹ 

 

к ▪ꜝ▬▪fi☻─ ⸗♦ꜟ─  

│⁸ ה [2015] ┘ Tomita  and 

Takefuji[2016] ≢ ↕╣√ ⸗♦ꜟ

╩↕╠⌐ ↕∑╢↓≤╩ ≤⇔≡™╢⁹

ה [2015] ┘ Tomita  and 

Takefuji[2016] ⌐≡ ↕╣√ ⸗♦

ꜟ─ │ ─ ╡≢№╢⁹ 

 

 (1) ─ ⅎ ≤ ⸗♦ꜟ─  

▪ꜝ▬▪fi☻ ─  ─ⱷ◌♬☼ⱶ╩

∆ ⸗♦ꜟ╩ ∆╢⌐№√╡⁸ ─

≢─ ─☻Ⱨfi◓ꜝ☻ה⸗♦ꜟ N ≤

S ⅜ ⅝ ℮ ─↓≤ ╩ ↕∑√⁹ 

▪ꜝ▬▪fi☻─ ⸗♦ꜟ─ ⅎ ≤⇔

≡│⁸№╢ X ─ ╖╩ ─ Y ─

╖≢ ⇔⁸ ⌐⁸Y ─ ╖╩ X ─  

╖≢ ∆╢↓≤⅜ ≤⌂╡⁸ ─

∞↑─ ╛⁸ ─ ⅜ ↕™ │⁸

─ │ ↕™≤ ⅎ⁸ ⌐ ╖╛

╖╩⁸ ↄ ⇔ ∫≡™╢ ⌐│⁸ ™

∞≤ ⅎ╢⁹≈╕╡⁸▪ꜝ▬▪fi☻─

│⁸2 ─ ™⌐ ⅝ ℮ ⌐ ≠ↄ

2 ⸗♦ꜟ≢№╢≤ ⅎ╠╣╢⁹ 

 

1  2 ─ ⸗♦ꜟ 

 

 

─ 2⌐≡⁸ fi│⁸כ♂─כ꜠◓™
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⅜ ↄ⁸▪ꜝ▬▪fi☻⅜ ⌐⇔

ↄ™ ╖ ╦∑≤⌂╢⁹ 

 

(2) ─ ה╖ ╖─ 1 ≤ 2 ⱬ

◒♩ꜟ≢─  

ה [2015]≢│⁸╟╡ ⇔≡⁸4

≈─ ≢ ↕╣≡™╢⅜⁸↓↓≢│⁸

─ ─≢♃כ♦ ≤ ∂ↄ⁸8≈─

⌐ ↕∑≡ ∆╢⁹ Tomita  and 

Takefuji[2016] ≢│⁸∆≢⌐ 8≈─ ≢─

⸗♦ꜟ─ ╩ ∫≡™╢⁹ 

2 ─ │⁸1 ≢

≢⅝╢⁹X ≤ Y ─ ה╖ ╖╩ 8 ≈─

≢⁸1⅛╠ 5─ ╩ ↑╢≤⁸ ─╟

℮⌐ ≢⅝╢⁹ 

≤⇔≡│⁸ 

X  x=(1,  4,  5,  2,  5,  1,  3,  2) 

Y  y=(4,  1,  1,  3,  1,  5,  3,  1) 

≤⌂╢⁹ 

∕─ ≢⁸X ≤ Y ─ ↔≤⌐

⅝ ⇔√ ─ z│⁸ 8≈

─-4 +4─ 2 ⱬ◒♩ꜟ≤⇔≡ ≢⅝╢⁹ 

=x-y=(-3,  3,  4,  -1,  4,  -4,  0,  1)  

↓─╟℮⌐⁸ │⁸ ─ ה╖

╖│ 1 ⁸2 ─ │⁸

2 ─ⱬ◒♩ꜟ≢ ↕╣╢⁹ 

 

(3) ─ ≤∕↓⅛╠─  

─ ↕╩ ∆⌐№√∫≡│⁸ ─

─ ⅛╠─ ≢⁸∕─ 2 ─

─ ╩ ≢⅝╢⁹ 

∆⌂╦∟⁸ ה╖ ╖─ ╩ ↑╢

─ 8≈≢⁸ ↕ 0 4─ 2 ⱬ◒♩ꜟ

≢│⁸ ─ │⁸ 8─℮∟⁸  

4 ≈∏≈≢⁸ ─ ↕ 4 כ◔╢⌂≥

☻≤⌂╡⁸ 8/2 × ─ ↕ 4 ≢⁸

(16,-16)≤⌂╢⁹ 

2 ─ d│⁸ ≢ ↕╣╢⁹ 

Ὠ ὥ ὥ ὦ ὦ  

 

─ (16,-16)─ │⁸(0, -0)

⅛╠(16, -16)─ ≤⌂╡⁸ 

 

ρφπ ρφπ ςςȢφσ 

 

≤ ↕╣╢⁹ 

2 ─ ⸗♦ꜟ≢│⁸ ─

─ ⅛╠─ ≢⁸2 ─

╩ ∆╢√╘⁸ ─ X ≤ Y ─ (+12, 

-8)─ │⁸(16, -16)⅛╠─ ≤⇔

≡ ∆╢↓≤⅜≢⅝╢⁹ ╩ ∆

│⁸ ⅛╠ ™≡⁸ ⅜ ⅝ↄ⌂╣

┌⌂╢╒≥⁸ ⅜ ↄ⌂╢≤ ╦∆

√╘⁸ ─ ⅛╠ⱴ▬♫☻╩⇔≡⁸ ≤

⌂╢⁹ 

 

ρφπ ρφπ

 ρφρς ρφ ψ ρσȢφψ 

 

 (4) ≤  

⁸ ⇔≡⅝√ ╩ ∆ ╩

≢ │ Mutually 

Complementary Strength ≤ ↑⁸ ≢

╦∆≤⁸ ≤⌂╢⁹ 
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↓─ ╩ ╡ ™╛∆™╟℮⌐⁸0 1 ─

─ ⌐ ∆╢≤⁸ │⁸ ≤⌂

╡⁸↓─ ≢ ╘╠╣╢ ╩

≢│ Mutually Complementary 

Strength Coefficient ≤⁸ ה [2015]

≢ ↑≡™╢⁹Tomita  and Takefuji[2016]

≢│⁸ ─▪ꜝ▬▪fi☻ ⅜ ∆╢

⌐⁸↓─ ╩ ∆╢↓≤⌐╟

∫≡⁸ ⌂▪ꜝ▬▪fi☻ ╩ ∆╢↓

≤⅜≢⅝╢↓≤⅜⁸ ≤≤╙⌐⁸ ↕╣≡™

╢⁹

 

 

 

▪ꜝ▬▪fi☻ ה ה ─

│⁸ ה [2015]─ ╡⁸▪ꜝ▬

▪fi☻⅜ ⇔√ ╖ ╦∑│⁸▪ꜝ▬▪fi☻

⅜ ≤⌂∫√ ╖ ╦∑╟╡╙⁸ ™

≤⌂∫≡⅔╡⁸ ⅜

™ ⌐⁸▪ꜝ▬▪fi☻⅜ ⇔╛∆™≤™℮

⅜ ↕╣≡™╢⁹ 

 3≢│⁸Python ≢ ⇔≡ ⇔

√ ⌐≈™≡⁸▪ꜝ▬▪fi☻ה

ה ─ ╩ ⇔≡™╢ 0.01 ╖

≢⁸ ─꜠fi☺≢ ⁹ 

 

 

2 ▪ꜝ▬▪fi☻ ה ─  
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╕√⁸ ─ ה ה

─ ╖ ╦∑─ ה ה ה

ה │⁸ ─ 4─ ╡≢№╢⁹  

™∏╣─ ⌐⅔™≡╙⁸ ⅜ ╟╡

╙ ⅝™ ≤⌂∫≡⅔╡⁸ │ ╟╡

╙ ↕™ ≤⌂∫≡™╢⁹↓↓≢─

─ ⌂ │⁸ ה [2015]

⌐⅔™≡ ╦╣≡™╢√╘⁸↓↓≢│ ∆╢⁹ 

 

 

3 ─ ה ה ─ ╖ ╦∑─ ה ה ה

ה  
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к ▪ꜝ▬▪fi☻─ ה ⸗♦ꜟ─

≤  

 

1 ▪ꜝ▬▪fi☻─ ⸗♦ꜟ─

 

▪ꜝ▬▪fi☻─ ⌐╖╢≤⁸ [2014]⌐

↕╣≡™╢╟℮⌐⁸ ─ 7≈⌐ ↑╠╣╢⁹ 

(1) (▪▬♦▫▪ )─№╢ ≤

─№╢  

(2) ╢№─15☼כ◦─ ⌂│☼כ◦≥

™⅜ ⅜ ∫≡™╢  

(3) 16 ─ ─  

(4) ─№╢ ≤ ╩ ∫≡™╢  

(5) ⅜ ∫≡™╢ ≤ ─ ╡⌂™  

(6) ⅜ ─ ─ ─  

(7) ™◄ꜞ▪⅜ ℮ ─  

ה [2015] ┘ Tomita and 

Takefuji[2016] ≢│⁸↓╣╠─Ɽ♃כfi─℮∟─

(1) (5)⌐ ∆╢╙─╩▪ꜝ▬▪fi☻─

⸗♦ꜟ⌐≡ ╡ ∫√⅜⁸ ≢│⁸∕╣

╠─ ≢ ╡ ⅎ⌂⅛∫√(6) ┘(7)⌐≈™≡

▪ꜝ▬▪fi☻─ ה ⸗♦ꜟ≤⇔≡ ╡

╗↓≤≤⇔⁸⸗♦ꜟ╩ ↕∑╢⁹ 

⁸│≡™≈⌐™⌂ה╢№⅜

≤⌂╢⅜⁸ ─ ⌐ ◄ꜞ▪⌐≈™≡│⁸

⇔ ≤ ⅎ╠╣╢⁹∕─√╘⁸

⸗♦ꜟ⌐│ ╡ ╗↓≤⅜≢⅝≡™⌂⅛∫√⁹ 

 ◄ꜞ▪⅜ ⌂╢ ─▪ꜝ▬▪fi☻

│⁸ ─╟℮⌐╙ ⅎ╢⅜⁸ ⌂

│⁸ ⸗♦ꜟ≢─ ⇔ ⅝ ⅝ ≢

│⌂ↄ⁸ ╦∫≡™ↄ ⇔ ≤⌂╢⁹ 

 ▪ꜝ▬▪fi☻─ ה ⸗♦ꜟ│⁸

5 ─╟℮⌐⁸ ⸗♦ꜟ⌐ ⸗♦ꜟ╩ ⅎ

╢ ╖≤⌂╢⁹ 

 

4 ▪ꜝ▬▪fi☻─ ה ⸗♦ꜟ 

 

 

⸗♦ꜟ╕≢─ ⌐≈™≡│⁸ ה

[2015]≢│⁸152 ─ ⌐≈™≡─ ה╖

╖─ ↑⌐≈™≡│⁸ ⌐ ═√╟℮⌐⁸

ᵑ ⁸ᵒ⇔⌂ה╢№⅜ ⁸⇔⌂ה╢№⅜

ᵓ▪▬♦▫▪ ⁸ᵔ⇔⌂ה╢№⅜ ה╢№⅜

⌂⇔⁸ᵕ ה╢№⅜ ⁸ᵖ™⌂™ה╢™⅜

⌂⇔⁸ᵗⱩꜝfi♪ה ⁸ᵘ⇔⌂ה╢№⅜

⌂ ℮™≥™⌂ה ╢№≢ 8 ≈─

⌐≈™≡⁸1 5─ 5 ╩ ∫≡⅔╡⁸

⸗♦ꜟ─ ⌐⅔™≡╙⁸ ─ ה

ה ⸗♦ꜟ⌐⅔™≡╙⁸∕─╕╕ ⇔√⁹ 

↓↓≢ ™≡™╢ ╛♃כ♦ ↑─

⌐≈™≡│⁸ⱴ♇♅fi◓ ⸗♦ꜟ╩ ∆╢

─♃כ♦⁸≡∫√№⌐ ≤⇔≡ ™≡⅔╡⁸↓

─ ↑⅜ ╩ ∆⌐№√∫≡⁸ ⌂╙

─≢│⌂™⁹ 

 

2 ─ ⁸Ⱡ♇♩ ⁸  

 ≢ ╡ →≡™╢152 ─ ⌐≈™≡⁸

⌐⅔™≡⁸ ╩ ─ 5 ≈⌐ ↑⁸

⅜ ╩⇔≡™╢ ⅛ ⅛─

↑╩ ∫√⁹ │ ≤⌂╢⁹ᵑ

⁸ ⁸ ⁸ ⁸ᵒ ◄ꜞ▪

⁸ ⁸ ⁸ ⁸ ⁸ᵓ ◄ꜞ▪

⁸ ⁸ ⁸ ⁸ ⁸ᵔ ◄ꜞ▪

⁸ ⁸ ⁸ ⁸ᵕ∕─ ᵑ ᵔ

⌐ ╕╣≡™⌂™ ∆═≡  ⁹ 

 ⅎ≡⁸▬fi♃כⱠ♇♩ ╩⇔≡™╢⅛≥℮

⅛─ ╩⁸152 ⌐≈™≡ ╩⇔√⁹▬fi♃

♩♇Ⱡכ ⌐≈™≡│⁸Web≢─ⱪ꜡⸗כ◦ꜛ

fi∞↑≢⌂ↄ⁸Web ≢─ ╩⇔≡™╢⅛≥℮

⅛≢ ╩⇔√⁹ 

 ↕╠⌐⁸ ≢─ ╩⇔≡™╢⅛ ⅛≢

─ ╙ ∫√⁹ ≢─ ⌐≈™≡│⁸

╩ ∂≡≢│⌂ↄ⁸ ⌐ ≢

╩⇔≡™╢⅛ ⅛≢ ╩⇔√⁹ 

152 ─ ⌐≈™≡⁸ ∆╢◄ꜞ▪⌐≈™
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≡│⁸ 6─ ≢☻◖▪╩◌►fi♩⇔√⁹∆

⌂╦∟⁸ ╩⇔≡™╢◄ꜞ▪│ 1⁸⇔≡™

⌂™◄ꜞ▪│ 0╩ ╣⁸1⌐≈™≡│⁸ ↕╣

√☻◖▪⅜ ↕╣╢↓≤≤⇔√⁹ ⌂∫≡™╢

◄ꜞ▪⌐≈™≡│⁸ ≤⇔≡│ ╡ ↄ≤─

ⅎ ╙≢⅝╢⅜⁸╛│╡⁸ ⌐≈™≡│

⌐⌂╢≤─ ⅎ⅛╠⁸ ↕╣≡™ↄ ≤⇔√⁹

 

5 ◄ꜞ▪≤▬fi♃כⱠ♇♩ ─ ☻◖▪ 

 

3 ⸗♦ꜟ─ ─ ↑  

─╟℮⌐⁸ 5 ⁸▬fi♃כⱠ

♇♩ ─ ⁸ ─ ─ 7 ≈─

ה▪ꜞ◄─⧵⁸≢ ⌐≡ ∫≡™╢⅛ ⅛≢

╩⇔√∞↑≢⌂ↄ⁸ ה▪ꜞ◄ ─ ╖

↑╩ ∫≡⁸ ה ⸗♦ꜟ≤⇔≡─

☻◖▪╩ ↑√⁹ ה ⸗♦ꜟ⌐⅔↑

╢ ◄ꜞ▪ ┘ ─☻◖▪│⁸ ─ 6

─ ╡≢№╢⁹ 

 ⌐≈™≡│⁸ ◄ꜞ▪─ ◄ꜞ▪

≤⇔≡─ ↕╩⌂╪╠⅛─ ≢ ∆╢↓≤

⅜ ≢№╡⁸ ╛ ⌂≥≢►◄▬♩╩

↑╢↓≤╙≢⅝╢⅜⁸↓↓≢│⁸ ⅜

⇔≡™╢ ─ ⁸ 24

╩ ™≡⁸ᵑ ᵕ─ ─ ╖╩ ⇔≡⁸

─☻◖▪╩ ⇔√⁹◄ꜞ▪ ↑⌐⅔™

≡│⁸↓─√┘ ™√ ─♃כ♦ ≢⁸

⇔≡™╢ ⅜ ⌂™ ╛ │⁸∕

─ ◄ꜞ▪⌐ ╘√⁹ ⌐⁸ │⌐♃כ♦

⌂≥⁸ ⅜ ⌐ ↄ ╕╣≡™√

√╘⁸ ◄ꜞ▪│⁸◄ꜞ▪ ↑⌐⅔™≡⁸

╡ →√⁹╕√⁸▬fi♃כⱠ♇♩ ─☻◖▪

≤ ─☻◖▪⌐≈™≡│⁸ ─☻◖

▪≤─Ᵽꜝfi☻╩ ⇔≡⁸ ─☻◖▪╩

⇔√⁹↓↓≢⁸►◄▬♩ ↑╩ ™╛∆ↄ

∆╢√╘⁸32.3%⁸14.8%⁸13.6 ⁸4.1 ⁸35.2

╩ ╡╛∆™ ⅜ 4≤⌂╢√╘⁸4≢ ∫≡⁸

►◄▬♩ ↑╩ 1 ─ ≤∆╢ ╘ ╩

⁸ ∫√↓≤╩ ⇔≡⅔ↄ⁹ 

⸗♦ꜟ⌐⅔™≡⁸ ☻◖▪─ ─√

╘─ⱬכ♦╢∆≥☻כ♃╩ ⌐∆╢⅛⁸ ◄ꜞ

▪─ ↑ ╩≥─╟℮⌐∆╢⅛⁸Ⱡ♇♩ ─

►◄▬♩╩ ◄ꜞ▪≤─Ᵽꜝfi☻╩≥─╟℮

⌐∆╢⅛│⁸ ⁸↓─⸗♦ꜟ╩ כꜚ╢∆

⅜כ◙ ⌐ ה ≢№╢⁹ 

 

4 ▪ꜝ▬▪fi☻─ ה ⸗♦ꜟ─

 

↓─╟℮⌂ ⇔≡™╢◄ꜞ▪ ┘

⌐╟∫≡☻◖▪ ↑╩⇔√╙─╩⁸ ה

[2015]≢ ↕╣√ ⸗♦ꜟ⌐

⇔√⁹ 

⸗♦ꜟ┼─ ⌐№√╡⁸

⸗♦ꜟ≢─ ≈─ ⌐ ╡ ≡╠╣≡™╢

╩⁸ ─ ╩

≢ ╢↓≤≢ ⇔⁸∕─ ≈─ ⌐ ╡

≡╠╣√ ─ ─ ╖≢⁸ ⸗♦ꜟ╩

⸗♦ꜟ⌐ ∆╢⅛╩⁸ad(w)≤⇔≡

∆╢↓≤≤⇔√ ⁹ 

∕─ ≢⁸X ≤ Y ─▪ꜝ▬▪fi☻⌐⅔™

≡⁸X ─ ☻◖▪ ◄ꜞ▪─☻◖

▪─↓≤ ─ Ɉarea(a) ≤ Y ─

◄ꜞ▪─☻◖▪─ Ɉarea(b) ╩ ⇔

√⁹∕╣╩ ☻◖▪─ ≢ ╡⁸

╖ ╦∑─ ⸗♦ꜟ⌐ ↕╣√ ─

╩⁸ ⸗♦ꜟ⌐ ⇔ ╦∑╢─⅛╩
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⇔√⁹ 

▪ꜝ▬▪fi☻─ ה ⸗♦ꜟ─ │

≤⌂╢⁹↓─ ⌐╟∫≡ ╘╠╣╢ ╩⁸

▪ꜝ▬▪fi☻─ ≤ ┬↓≤≤∆╢⁹ 

 

 

─ ≢ ╘╠╣╢▪ꜝ▬▪fi☻─

╩⁸ ⸗♦ꜟ─ ⌐ ⸗♦ꜟ─

╩ ⇔ ╦∑√ ה ⸗♦ꜟ─

≢ ╡⁸0 1─ ─ ≤⌂╢╟℮⌐ ⇔√

╩⁸▪ꜝ▬▪fi☻─ ≤ ┬↓≤≤∆

╢⁹ 

▪ꜝ▬▪fi☻─ ╩ ∆╢ │⁸ ─

╡≢№╢⁹ 



13 

 

 

 

√≤ⅎ┌⁸ ─ ─ X ≤ Y ⌐≈™≡⁸

┘ ─ ⅜ ∞∫√≤∆╢⁹ ( ⁸

⁸ ⁸ ⁸∕─ ⁸Ⱡ♇♩⁸ )⌐≈™

≡⁸ ∆╣┌ 1⁸ ⇔⌂↑╣┌ 0 ≤⁸1

⌐≡ ∆╢⁹ 

X  (1, 1, 0, 0, 1, 0, 1) 

Y  (1, 0, 0, 1, 0, 1, 0) 

◄ꜞ▪─ │⁸ ⁸ ⁸ ⁸

⁸∕─ ⁸Ⱡ♇♩⁸ = (8, 4, 3, 1, 9, 12, 5) 

≢№╢√╘⁸X ─ ☻◖▪│ 26⁸Y ─

☻◖▪│ 21 ≢⁸↓─ ╖ ╦∑─ ☻◖▪│

47≤⌂╢⁹ 

 



14 

 

 

↓↓≢─ ≤⇔≡™╢ X Yה ⸗♦ꜟ⌐⅔

↑╢ ad(w)╩ 3≤⇔≡⁸ ╩ ⌐ ∆╢

≤⁸18.43 ≤⌂╢17⁹╕√⁸∕╣╩ ⇔√

│ 0.5924≤⌂╢18⁹ 

 

4 152 ─ ─≡™≈⌐♃כ♦  

 ─ ⌐⅔↑╢ ad(w)⌐≈™≡│⁸ ≢│

3 ≤⇔≡⁸ ה ⸗♦ꜟ─ ↓↓≢

│⁸ ≤ ┬ ╩ Python ⌐╟∫≡

╩ ∫√⁹ 

 152 ─ ☻fi▪▬ꜝ▪╢↑⅔⌐♃כ♦

─ ╖ ╦∑ 152 ≤ 152 ─ ⌐≡⁸121

≤▪ꜝ▬▪fi☻ ─ ╖ ╦∑ ∂

ↄ 30 ─▪ꜝ▬▪fi☻─ ─◓ꜝ

ⱨ│⁸ 7≢№╢⁹╕√⁸▪ꜝ▬▪fi☻ ה

ה ─ ─ ⁸ ⁸

⁸ ⁸ ⌐≈™≡│⁸ 8─ ╡≢

№╡⁸∕─◓ꜝⱨ│⁸ 9≢№╢⁹ 

 

 

6 ▪ꜝ▬▪fi☻ ה ─ ─  
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7 ─ ה ה ─ ⁸ ⁸ ⁸ ⁸  

 

 

8 ─ ה ה ─  

 

 

─╟℮⌐⁸▪ꜝ▬▪fi☻─ ╩

∆╢↓≤⅜≢⅝√⁹↓╣⌐╟╡⁸▪ꜝ▬▪fi☻─

ה ─ ⸗♦ꜟ⅜ ∆╢↓≤⅜

≢⅝√⁹ 

 ≢ ↑╠╣╢▪ꜝ▬▪fi☻─

Ɽ♃כfi∞↑≢⌂ↄ⁸ ◄ꜞ▪ ▬fi♃כ

Ⱡ♇♩ ─ ╙ ╗ ─ ⇔ ╦∑≤⌂╢▪

ꜝ▬▪fi☻ ─ⱷ◌♬☼ⱶ╩⁸ ⸗♦ꜟ⌐

╖ ╗↓≤⅜≢⅝√⁹ 

 

к ▪ꜝ▬▪fi☻─ ה ה ⸗♦ꜟ

─ ≤  

 ⌐⁸▪ꜝ▬▪fi☻⌐╟╢ ⌐ ∆╢

╩⸗♦ꜟ⌐ ╡ ╣╢↓≤≤∆╢⁹ 

 

1 ─ ≤  

 │⁸ ≤─▪ꜝ▬▪fi☻⌐╟∫≡

╩ ∟ →╟℮≤∆╢ ╛⁸ ╩

↕∑╟℮≤™℮ ─ ⌐╟∫≡⁸▪ꜝ▬▪fi

☻⌐╟╢ ⅜℮╕ↄ™ↄ⅛≥℮⅛⅜ ╕



 

 

∫≡ↄ╢ ⅜№╢≤ ⅎ╢⁹ 

ה [2015] ┘ Tomita and 

Takefuji[2016] ≢ ↕╣√▪ꜝ▬▪fi☻─

⸗♦ꜟ≢│⁸ 19─ ⅜ ↕╣≡™

⌂™⅜⁸2 ⌐⅔™≡ ╦╣╢▪ꜝ▬▪fi☻⌐

⅔™≡│⁸∕─ ⌐ ↑≡⁸ ─ ⌐

⅜№∫≡╙⁸╙℮ ─ ⌐ ⅜⌂↑╣┌⁸

▪ꜝ▬▪fi☻─ ⅜ ⇔ↄ⌂╢≤ ↕╣╢⁹

─ ⌐ ⅜№╣┌⁸↕╠⌐ ⅜⇔╛∆

ↄ⌂╢≤ ↕╣⁸ ⌐⁸ ─ ⌐ ⅜⌂

↑╣┌⁸▪ꜝ▬▪fi☻│ ⅜↕╠⌐ ⌐⌂╢⁹ 

⸗♦ꜟ⌐╟╢ ▪ꜝ▬▪fi☻─

⌐ ⸗♦ꜟ─ ▪ꜝ▬▪fi☻

─ ╩ ⇔ ╦∑√╙─⌐⁸ ─ ╖╩

⅛↑╢↓≤⌐╟╡⁸ ⌐ ╦╢ ╖ ↑╩▪ꜝ

▬▪fi☻─ ⸗♦ꜟ⌐ ╡ ╣⁸▪ꜝ▬▪fi☻

─ ה ה ⸗♦ꜟ╩ ∆╢⁹ ⌐

╦∆≤ 10─╟℮⌐⌂╢⁹ 

 

ה 9 ה ⸗♦ꜟ 

 

 

2 ⸗♦ꜟ─ ─ ↑  

 152 ─ ⌐≈™≡⁸▪ꜝ▬▪fi☻⌐╟╢

┼─ ∕─╙─╛ ┼

─▪ꜝ▬▪fi☻⌐ ∆╢ ⌂≥⁸ ┼─

╩ ⌐ ╩ 0 100 ≢⁸ ╩ ↑

√20⁹↓─√┘─ 152 ─ ─ ↑─

│⁸62.8 ≤⌂∫≡™╢⁹ 

 ∕─ ≢⁸ ─ ≢ 4 ∆╢ 0.6 1.4

─꜠fi☺ 50 ⅜ 1≤⌂╢ ≢⁸ ╖ ↑≢─

⸗♦ꜟ─ ╩ ∫√⁹∕─ ⁸∕╣╟╡╙

™ ╖ ↑≢№╢ 0.8 1.2─꜠fi☺⁸∕╣╟╡╙

™ ╖ ↑≢№╢ 0.4 1.6 ─꜠fi☺≢─

⸗♦ꜟ─ ╩ ∫√⁹ 

 

3 ה ה ⸗♦ꜟ─  

 ⸗♦ꜟ⌐≈™≡│⁸▪ꜝ▬▪fi☻─

⸗♦ꜟ⌐ ⸗♦ꜟ╩ ⇔ ╦∑√╙─⌐⁸

╖ ↑╩⅛↑╢↓≤⌐⌂╢√╘⁸ ∆╢

⌂ │ ─╟℮⌐ ≢⅝╢⁹⌂⅔⁸↓─ ⌐

╟∫≡ ╘╠╣╢ ╩▪ꜝ▬▪fi☻─

≤ ┬↓≤≤∆╢⁹ 

 



 

 

 

 

─ ≢ ╘╠╣╢▪ꜝ▬▪fi☻─

╩⁸0 1─ ─ ≤⌂╢╟℮⌐⁸

─ ≤ ─ ╩ ⇔ ╦∑√╙─

⌐⁸ ─ ─ ╖ ↑≢№╢ mot(w)╩⅛↑

√ ≢ ∫√╙─╩⁸▪ꜝ▬▪fi☻ ≤ ┬

↓≤≤∆╢⁹ │⁸ ─╟℮⌐⌂╢⁹ 

 



 

 

 

 

 √≤ⅎ┌⁸ ─ X ≤ Y ─ ⌐⅔™≡⁸

─ ⅜ X =90⁸Y =40≤∆╢≤⁸ ╖

↑─ ╩ ∆╢≤ ≤⌂╢⁹ 

 0.8 1.2─ ─  67.57 

0.6 1.4─ ─  73.69 

0.4 1.6─ ─  79.03 

 

 ↕╠⌐⁸∕─ ╩ ⇔√▪ꜝ▬▪fi☻

│⁸ ≤⌂╢⁹ 

0.8 1.2─ ─  0.440 

0.6 1.4─ ─  0.352 

0.4 1.6─ ─  0.289 

 

4 152 ─ ─≡™≈⌐♃כ♦  

 ─ ╩⁸Python ≢ ⇔≡⁸▪ꜝ▬

▪fi☻ ╩ ⇔√⁹ 

0.8 1.2─ ─▪ꜝ▬▪fi☻ ה ─

╖ ╦∑─▪ꜝ▬▪fi☻ ─◓ꜝⱨ⅜

11≢№╢⁹▪ꜝ▬▪fi☻ ─ ╖ ╦∑─▪ꜝ

▬▪fi☻ │⁸ ⌐ ™ ⅜№╡⁸▪ꜝ

▬▪fi☻ ─ ╖ ╦∑─▪ꜝ▬▪fi☻

│⁸ ⌐ ™ ⅜№╢≤ ⅎ╢⁹╕√⁸



 

 

╖ ↑╩╟╡ ↄ⇔√ 0.6 1.4 ─ ─▪ꜝ

▬▪fi☻ ה ─ ╖ ╦∑─▪ꜝ▬▪fi

☻ 12≤⇔≡ ⁸0.4 1.6─꜠fi☺

≢─▪ꜝ▬▪fi☻ ה ─ ╖ ╦∑─▪

ꜝ▬▪fi☻ 13 ≤⇔≡ ╙ ⌐

⇔√⁹ 

 ↕╠⌐⁸0.8 1.2⁸0.6 1.4⁸0.4 1.6 ─

≢─▪ꜝ▬▪fi☻ ה ─▪ꜝ▬▪fi☻

─ ה ה ─╕≤╕√╙─⅜⁸

14 ≢№╢⁹▪ꜝ▬▪fi☻ ─▪ꜝ▬▪fi☻

│⁸≥─ ─Ɽ♃כfi⌐⅔™≡╙⁸╕√⁸

⁸ ⁸ ─™∏╣⌐⅔™≡╙⁸▪

ꜝ▬▪fi☻ ─▪ꜝ▬▪fi☻ ╟╡╙⁸

™ ≤⌂∫≡™╢⁹ ─ ™╩ ⅝ↄ⇔√

╒℮⅜⁸▪ꜝ▬▪fi☻ ≤▪ꜝ▬▪fi☻

─ ⅜ ⅝ↄ⌂∫≡™╢⁹▪ꜝ▬▪fi☻ ─

╖ ╦∑─ ─ ≤▪ꜝ▬▪fi☻─

─ ╖ ╦∑─ ─ ─ /

╩⁸ / ≤ ┬↓≤≤⇔⁸↓

─ ⅜⸗♦ꜟ─ ╩ ∆╢ ≤ ⅎ

╢⁹ / ─ ⅜ ™╒≥⁸⸗♦ꜟ─

⅜ ™≤⌂╢⁹ 

ה  [2015]≢ ↕╣√▪ꜝ▬▪fi☻─

⸗♦ꜟ≢─▪ꜝ▬▪fi☻ ─

─ 0.31 ≤▪ꜝ▬▪fi☻

─ ─ 0.253─

/ │ 1.225≢№∫√⁹⌂⅔⁸ ≢─

─▪ꜝ▬▪fi☻─ ה ⸗♦ꜟ≢│⁸

▪ꜝ▬▪fi☻ ─ ─ 0.319⁸▪

ꜝ▬▪fi☻ 0.269─ / │

1.186≢№∫√⁹ 

↓─√┘⁸▪ꜝ▬▪fi☻ ה ה

⸗♦ꜟ⌐⇔√↓≤≢⁸╟╡ ⁸▪ꜝ▬▪fi☻

≤▪ꜝ▬▪fi☻ ─ ⅜ ™≡™╢⁹ 

⌂⅔⁸▪ꜝ▬▪fi☻ ⅜ ↄ≡╙⁸ ⇔≡

™╢ ╖ ╦∑⅜№╢ │⁸ ─ ↑│

⌐≈™≡─ ≢№╢⅜⁸ ≤│

⌂╢ ה ≢─ ∟ →≢

─▪ꜝ▬▪fi☻─ ⁸ ─ ≢─

↑≢│⁸ ∏⇔╙ⱨ▫♇♩⇔⌂™√╘≢№╢⁹

⁸▪ꜝ▬▪fi☻ ⅜ ↄ≡╙⁸ ≤⌂∫

≡™╢ ╖ ╦∑⅜™ↄ≈⅛ ⇔≡™╢

│⁸ ─ ╛ ─ ╩ ∆╢↓≤⅜≢

⅝⌂⅛∫√╡⁸ ⅜ ☻כ◔√⇔╡√∫⅛⌂╦

⅜№╢√╘≢№╢⁹↓╣╠─↓≤│⁸ ─

≤⌂╢⁹

  



 

 

10 0.8 1.2─ ≢─▪ꜝ▬▪fi☻ ה ─▪ꜝ▬▪fi☻ ─  

 

 

11 0.6 1.4─ ≢─▪ꜝ▬▪fi☻ ה ─▪ꜝ▬▪fi☻ ─  

 

 

 

 

  



 

 

12 0.4 1.6─ ≢─▪ꜝ▬▪fi☻ ה ─▪ꜝ▬▪fi☻ ─  

 

 

 ⌐⁸0.8 1.2⁸0.6 1.4⁸0.4 1.6 ─ ≢

─▪ꜝ▬▪fi☻ ה ─▪ꜝ▬▪fi☻

─ ⁸ ⁸ ⁸ ─ ─ ⌐

╕≤╘√╙─⅜⁸ 14 ≢№╢⁹0.8 1.2⁸0.6

1.4⁸0.4 1.6─ ⸗♦ꜟ≢─▪ꜝ▬▪fi☻

⌐⅔™≡⁸™∏╣╙⁸ ⅜ ≡⅝≡™

╢⁹↓╣│⁸▪ꜝ▬▪fi☻ ─ ⅜

≢⌂™↓≤╩ ⇔≡⅔╡⁸↓╣│⁸ ⌐♃כ♦

⅔™≡⁸ ╩ ≤⇔√ ⌂≥│

≢│⌂™↓≤╩ ⇔≡™╢⁹ 

 ▪ꜝ▬▪fi☻ ─ ─ ╖ ↑↔≤⌐

◓ꜝⱨ⌐⇔√╙─⅜ 15 ≢№╢⁹ ⸗♦ꜟ

≢─ ╖ ↑⌐⅔™≡│⁸ ╖╩╟╡ ⅝ↄ⅛↑

╢≤⁸▪ꜝ▬▪fi☻ ⅜ ⅜∫≡™ↄ ⅜

╠╣╢⁹↓╣│⁸ ╛╢ ─ ™╩Ɽꜝ

ⱷכ♃כ≤⇔≡ ⇔√↓≤⌐╟∫≡⁸ⱴ♇♅fi

◓─ ⅜ ⇔⁸ ╖⅜ ™≤⁸ ⸗♦ꜟ╕

≢╟╡╙⁸ⱴ♇♅fi◓─ ↕⅜ ∆╢↓≤╩

⇔≡™╢⁹↓╣│⁸ ─ ⅜ ╦∫√↓≤─

≢№╢⁹╕√⁸▪ꜝ▬▪fi☻ ─ ─

╖ ↑↔≤⌐◓ꜝⱨ⌐⇔√╙─⅜ 16 ≢№

╢⁹ ≤ ─ ⅜ ╠╣╢⁹

 

 

 

 

 

 

 

 

 

 



 

 

 

13 0.8 1.2⁸0.6 1.4⁸0.4 1.6─ ≢─▪ꜝ▬▪fi☻ ה ─▪ꜝ▬▪fi☻ ─

⁸ ⁸ ⁸ ─ ─  

 

 

14 ▪ꜝ▬▪fi☻ ─ ─ ╖ ↑⌐╟╢ ─ ─◓ꜝⱨ 

 

 

  



 

 

15 ▪ꜝ▬▪fi☻ ─ ─ ╖ ↑⌐╟╢ ─ ─◓ꜝⱨ 

 

 

  

↕╠⌐⁸0.8 1.2─ ≢─ 152 ─ כ♦

♃─∆═≡─ ╖ ╦∑ ─▪ꜝ▬▪fi☻

─◓ꜝⱨ⅜ 17⁸0.6 1.4─ ≢─ 152

─ ─≡═∆─♃כ♦ ╖ ╦∑ ─

▪ꜝ▬▪fi☻ ─◓ꜝⱨ⅜ 18⁸0.4 1.6

─ ≢─152 ─ ─≡═∆─♃כ♦ ╖

╦∑ ─▪ꜝ▬▪fi☻ ─◓ꜝⱨ⅜

19≢№╢⁹ 

 ─ ™⌐≈™≡⁸ ™ ╖ ↑─ 0.8

1.2─ ⅛╠⁸0.6 1.4─ ⁸∕⇔≡⁸0.4

1.6 ─ ┼≤ ™ ╖ ↑⌐∆╢≤⁸ ─

⅜ ⌐ ∫≡⅝≡™╢⁹↓╣│⁸ ⅜ ™

─ ⅜╟╡ ⅝ↄ ≡ↄ╢╙─≤ ⅎ╠╣╢⁹

─ ⅜ 62.8 100 ≢№∫√⅜⁸

≢⁸ ⅝ↄ 1╩ ∫≡™√

⅜№∫√√╘≢│⌂™⅛≤ ↕╣╢⁹↓╣

│⁸√≤ⅎ┌⁸ ─ ⅜ 0.8─ ≤ ─

⅜ 1.2 ─ ─ ╖ ╦∑─ ⁸ ╖⅜

0.96≤⌂╡⁸▪ꜝ▬▪fi☻ ⅜ ⅜╢ ⌐⌂

╢√╘≢№╢⁹ 

 ⌂⅔⁸↓↓≢⁸ ─ ╩ ℮↓≤╙

≢⅝╢⅜⁸↓╣╠─ ─ │⁸

≢│⌂™√╘⁸ ⌂ ╩ ℮↓≤│

↕⌂™≤ ⅎ╢√╘⁸◓ꜝⱨ≢─ ⌂

┘ ה ה ─ ─ ╖ ↑─

™≢─ ≢─ ⌂ ⌐ ╘╢↓≤≤

∆╢⁹ 

 

 

  



 

 

16 0.8 1.2─ ≢─∆═≡─ ╖ ╦∑─▪ꜝ▬▪fi☻  

 

 

17 0.6 1.4─ ≢─∆═≡─ ╖ ╦∑─▪ꜝ▬▪fi☻  

 

 

 

  



 

 

18 0.4 1.6─ ≢─∆═≡─ ╖ ╦∑─▪ꜝ▬▪fi☻  

 

 

 

л  

 

1. ─╕≤╘ 

│⁸↓╣╕≢▪ꜝ▬▪fi☻ ≢│

╡ →╠╣≡↓⌂⅛∫√▪ꜝ▬▪fi☻ ─ⱴ

♇♅fi◓─ ⌐╕≢⁸▪ꜝ▬▪fi☻ ╩

⇔√↓≤⁸∕⇔≡⁸∕↓⌐⅔↑╢ ⸗♦ꜟ╩

╘≡ ה ⇔√↓≤⅜⁸ ─ ┘

─ ≢№╢⁹ ⁸↓─⸗♦ꜟ╩ ₁⌂

╛♃כ♦ ⁸ ╖ ↑⌂≥≢⁸ ⇔≡

╖╢↓≤≢⁸ ─ ⅜ ↕╣╢╙─≤

ⅎ╠╣⁸∕─ ≤⌂╢ ⌂ ╩⇔√╙

─≤ ⅎ╢⁹ 

≢│⁸╕∏│⁸ ה [2015]≢ ↕

╣√▪ꜝ▬▪fi☻─ ⸗♦ꜟ≢ ╡

╗↓≤⅜≢⅝≡™⌂⅛∫√ ◄ꜞ▪⅜ ⇔

≤⌂╢ ─ ⸗♦ꜟ╩ ∆╢↓≤⅜≢

⅝√⁹Python ≢ ⇔⁸∕─ ⸗♦ꜟ⅜

∆╢↓≤⅜ ≢⅝√⁹↓╣⌐╟╡⁸ ◄

ꜞ▪─ ╩ ⸗♦ꜟ≤⇔≡ ⇔⁸∕─

┘ ╩ ∆╢↓≤⅜ ≤

⌂∫√⁹ 

⌐⁸▪ꜝ▬▪fi☻ ⌐⅔↑╢ ─ ─

╛╢ ─ ™╩ ╡ ╗√╘─ ⸗

♦ꜟ╙ ⇔√⁹↓╣⌐≈™≡╙⁸Python

≢ ⇔⁸▪ꜝ▬▪fi☻─ ⁸∕⇔≡⁸▪ꜝ

▬▪fi☻ ╩ ⇔√⁹ 

↓╣╠⌐╟╡⁸ ⅜ ⌐ ∫≡⅝√▪ꜝ

▬▪fi☻─ ≤⇔≡─ ה ╩⁸

⌐ ⇔⁸▪ꜝ▬▪fi☻ ─ ─ⱴ♇♅fi◓

─ ─ⱷ◌♬☼ⱶ╩ ⌐ ∆╢↓≤⅜

≢⅝√╙─≤ ⅎ╢⁹ 

▪ꜝ▬▪fi☻⅜ ∆╢ ─ⱴ♇♅fi◓─

─ ⅜ ⌂↕╣≡⅔╠∏⁸⅛≈⁸ ⸗

♦ꜟ⅜ ⇔≡™⌂™≤™℮▪ꜝ▬▪fi☻

─ ─ ⌐ ╡ ╖⁸▪ꜝ▬▪fi☻─

─ⱴ♇♅fi◓ ╕≢ →⁸ ≤ ─▪ꜝ▬

▪fi☻⌐ ↑√ⱴ♇♅fi◓⅜≥─╟℮⌂ ─



 

 

⌐⁸ⱴ♇♅fi◓⅜ ⇔╛∆™─⅛╩ ⌐

⇔⁸ⱪ꜡◓ꜝⱵfi◓≢ ≤⇔√↓≤⅜

─ ≢№╢⁹ 

 

2. ─ ≤  

─ ה │⁸▪ꜝ▬▪fi☻─ⱴ♇♅

fi◓─ ─ ≤ ─ ┘≈⅝╩ ⌐

⇔⁸ ◓꜡ⱪ─☻כ♁ⱪfiכ○⁸⇔⌐

ꜝⱵfi◓ ≢ ⇔⁸ ∆╢↓≤⌐№∫√√

╘⁸ ≢ ╡ ∫√ 152 ─ ─≢♃כ♦

│⁸№ↄ╕≢⁸ ≈─◘fiⱪꜟ⌐ ⅞⌂™ 

 ⸗♦ꜟ⌐⅔↑╢ 8≈─ ─ ─

╛∕╣∙╣─ ↑⁸ ⸗♦ꜟ⌐⅔↑╢

─ ╛ ┼─☻◖▪─ ⁸

⸗♦ꜟ┼─ ⸗♦ꜟ╛ ⸗♦ꜟ╩ ∆

╢ ─ ╖ ↑⌂≥─ ╩≥─╟℮⌂⌐∆╢

─⅜╟™⅛╩↕╠⌐ ⇔≡™ↄ ⅜№╢⁹ 

 ↕╠⌐⁸ ↑⌐⅔↑╢ ─ ─

─√╘⌐│⁸™ↄ≈⅛─ ╩ ∫√╙──⁸

⸗♦ꜟ⁸ ⸗♦ꜟ⁸ ⸗♦ꜟ─

⌐⅔↑╢ ↑⌐⅔™≡│⁸ ⌐ ╩

∆╢↓≤⅜≢⅝≡™⌂™⁹ 

 

3. ⇔√⸗♦ꜟ─ⱪ꜡◓ꜝⱵfi◓─  
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