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▪♬◗ⱬהꜟכ○♅ꜝ◄  Begonia x  hiemalis  Fotsch. │ ─ⱬ◗♬▪ה

♁ ◖♩ ♫כꜝ Begonia socotrana≤ ─ ⱬ◗♬ ▪ Begonia x 

tuberhybrida─ ≢№╡ 1800 ⅛╠ ≢ ─ ≤⇔

≡ ה ⅜ ╦╣≡™╢ Haegeman 1979 ≢╙ ⌐ ⌂╙─⅜ Otto 

Rieger⅜ ⇔√ ≢№╡ 1955 ⌐ ₁≤ ─ ™ ╩ ⇔

Otto Rieger─ │ ≤⌂∫√ 2003Hvoslef-EideהMunster2007

↓╣╠─↓≤⅛╠ ●כꜞ│√╕▪♬◗ⱬכ●כꜞ│▪♬◗ⱬהꜟכ○♅ꜝ◄

─▪♬◗ⱬ☻כ ≢ ה ↕╣╢↓≤╙ ™ ⌐ ╘≡ ↕╣

√─│ 1964≤↕╣≡™╢ 2002 ≢│ 1973⌐ ⅜ ↕

╣ ─ 1974⌐ ⅜ ⇔√ ה 1996 │ ⌐

╢╕≢ ≢│ ≢ ⅜ ╦╣≡™╢  

 ─ ⅝ ─ │ 1996╩Ⱨכ◒⌐ ⇔ 2010 │

┌™─ ⅜ ™≡™╢ 2019 ⇔⅛⇔ │ ⅜ ™

≡⅔╡ ─ ─ ╡ ™ │ 2009 ≢

2478 ∞∫√⅜ 2018│ 1439 ≤ 10 ≢ 42 ⇔√ ◄ꜝ♅

╙▪♬◗ⱬהꜟכ○ ─ ╩ ⇔ 2009 ─ 72 ⌐ ⇔ 2018│

41 ≤ 44 ⇔√ ∕─ ⌂ ≢ ≢ ╡ ℮◄ꜝ♅

∟℮─▪♬◗ⱬהꜟכ○ ⅜ ╘╢ │ 2009 │ 35 ≢№∫√

⅜ 2018│ 41≤ ⇔≡™╢ 20092018↓─ ⌐

─ ⅜ ↄ │▪♬◗ⱬהꜟכ○♅ꜝ◄─ ⅛╠ ─

™ ≤⇔≡ ↑╠╣≡⅔╡ ╙ ⌂╙─╩ ⇔≡ ∆╢

↓≤⅜ ─ ⌐ ⅜╢≤ ⅎ╠╣╢  

│▪♬◗ⱬהꜟכ○♅ꜝ◄  ≢№╡ ╩ ∆╢↓≤≢
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⅜ ≢№╢ Molnar1974PowellהBunt1979198019851986

↓─ ╩ ⇔ ≢│ ╙⇔ↄ│ ╩ ™√ ⅜

╦╣≡™╢ ─ ─ ╡ ™ ≤ ─ ╩╖

╢≤ ─ ╡ ™ │ 8 ⅜ ╙ ⌂ↄ⌂╢⅜ 9 ⅛╠ 10 ⌐⅛↑≡

₁⌐ ∆╢ ≢ ╙ ≤ ⌐ 6 ⅛╠ ⇔ 8 ⅜

╙ ⌂™ ∕─ ─ │ 11 ⌐⅛↑≡ ╛⅛⌐ ⇔≡™╢⅜ 9

10 ─ │ ⌐ ═ ⌂™ ⌐№╢ ─ ╩ ╢

≤ 8 │ ≢ ╙ ™⅜ 9 │ ⌐ ↄ⌂╢ ↓╣╠─↓≤

⅛╠ 9 10 ─ ╩ ↕∑╢↓≤⅜ ◗ⱬהꜟכ○♅ꜝ◄─

♬▪ ─ ╩ ↕∑╢ ─ 1≈≤ ⅎ╠╣╢ ⇔⅛⇔ ─

│ 9 10 ─ │ᵑ ⅜ ⇔⌂™√╘ ᵒ ─ ⌐╟

╡ ⌂╙─╩ ⇔ ™√╘─ 2≈─ ⅛╠ ╩ ∆╢↓≤⅜ ™  

 ⇔√⅜ ─▪♬◗ⱬהꜟכ○♅ꜝ◄╢№≢ ⌐│

≤ ⅜ ⌐ ∆╢ 2002╕√ ⌐ ∆╢ ⌐╙ ≤

⅜ ⌐ ∆╢ 2002 ≢│ 1970 1980 ⌐⅛

↑≡ ⌐ ∆╢ ⅜ ↄ ╦╣ 198119821983 ╠ 1984a

1984b1985c ╠ 1987 2002↓╣╠─ ╩ ⌐ ─

⅜ ↕╣√ 9 10 ─ │ 4 5 ⌐⅛↑≡ ⇔ ╩

™ 7 9 ─ ╩ ≡ ⌐ ╢ 7 9 ⌐⅛↑≡─ 3⅛ ─

╩ ⅜ ↕╣√ 1980 1980 1989 ≤ ─ 10

2009 2018 ≢ ∆╢≤ 10 │ 1980 ⌐ ═

⅔╟┘ ─™∏╣╙ 1.5ϴ ↄ ⅜

35ϴ ⅜ 25ϴ ≤⌂╢ ╙ ⌐ ⇔≡™╢ ↓─

↓≤⅛╠ ─ 9 10 ≢ ⅜ ≤⌂∫√ │

⅜ ↕╣√ ╟╡ ⅜ ⇔√↓≤⌐╟╢ ≤ ↕╣╢ ╕
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√ ⌐ ∆╢ ⌐≈™≡│ ≢│ ⅜ ™╒≥ ↄ⌂╡

≢│ ─ ⌐ ╦╠∏ ⌐ ═ ↄ⌂╢↓≤⅜ ↕

╣≡⅔╡ 2002 ≢│ ⅜ ↕╣√ 1980 ⅛

╠ 9 10 │ ⇔╛∆ↄ ⌂╙─╩ ⇔ ™ ≤

↕╣≡⅝√ ∕─√╘ ─ │ ⌐╙ ⇔≡ ╩ ↕∑

≡™╢≤ ↕╣╢  

 ∕↓≢ ≢│ ─ ─▪♬◗ⱬהꜟכ○♅ꜝ◄╢↑⅔⌐

⌂ 9 10 ─ ╩ ⌐ 1 ≢│ ─ ⅜

⅔╟┘ ⌐ ╓∆ ╩ ⇔√ 1 ≢─ ╩ ⌐ 2 ≤ 3

≢│ ≢─ ⅔╟┘ ─ ╩ ∫√ ╕∏ 2 ≢│

ↄ─ ⅝ ≢ ─ ╩ ≢⅝╢↓≤⅜ ↕╣≡™╢

╠ 2012 ╠ 2013 ╠, 2013 ╠ 2013 ╠ 2013

╠ 2013 ╠ 2014⅜ ⅔╟┘ ⌐ ╓∆ ╩ ╠⅛⌐∆╢

≤ ⌐ ≢─ ⌂ ╩ ⇔√ 3 ≢│ ⌐

═ ◖☻♩≢ ⅜ ╠╣╢ ≤⇔≡ ▬♅◗╛ ⅝ ≢

⅜ ↕╣≡™╢ Yoshida╠ 2012 ╠ 2015 ╠ 2016

⅜ ⅔╟┘ ⌐ ╓∆ ╩ ╠⅛⌐∆╢≤ ⌐ ≢─ ⌂

╩ ⇔√  

 ⌂⅔ ⌐⅔™≡ ⌐ ⌐ ─⌂™ ⌐│ ─ ≤

⇔√ ᵑ ☿fi♃כ ●ꜝ☻Ɫ►☻ ᵒ

Good Soil DB-1 ≤ ╩ 7 3─ ≢ ⇔

√╙─╩ ⇔√72 ☿ꜟ♩꜠▬⌐ ⇔⇔ ╕≢16 ≢

ᵓ → ─ 4 3 Ⱨכ♩⸗☻ 2 Ɽכꜝ▬♩ 1

─ ≢ ᵔ → ─ ≤⇔≡ ⌐

ⱴ◓▪fiⱪ K N P2O5 K2O 6 406 Ɫ▬ⱳⱠ♇◒☻☺ꜗⱤfi
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╩ 2g/L╩ ⇔ ≤⇔≡ → 1 ╩ ⌐ ⱪ꜡ⱨ▼♇

◦ꜛ♫ꜟⱢ▬ⱳⱠ♇◒☻ N P2O5 K2O 202020 Ɫ▬ⱳⱠ♇◒☻☺ꜗ

Ɽfi ─ 2000 ╩ 1 ᵕ ─ │ ⇔⅜

⇔√ ≤⇔ ⅜ ∆╢⌐ ™ ⅜ ╣ ╦⌂™ ⌐ ☻Ɑכ

◦fi◓ ᵖ 5 9 │ ≤⇔ 10 4 ╕≢│ 15ϴ

ᵗ 5055─ ♄▬○Ⱡ♇♩ ♄▬○

╩ ™ │ → │ 5 9 30 ╕≢ ╩

ᵘ ◦ꜟⱣכⱳꜞ◄♅꜠fiⱨ▫ꜟⱶ ◦ꜟⱣכⱳꜞ♩►

╩ ™≡ 10 ≤⌂╢╟℮⌐ ᵙ 1

─ ╩ ≤⇔√  
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▪♬◗ⱬהꜟכ○♅ꜝ◄─  ╡ ™  

⅔╟┘ ─ 2014 2018─  
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35ϴ 25ϴ

─ ─

1980 - 1989 24.1 32.5 17.0 0.2 12.0

2009-  2018 26.0 34.6 18.5 3.2 32.7

ϴ

 

 

 

 

 

 1980 1980 1989 ≤ 10 2009 2018 ─  

7 9 ─ z 

 

 

 

 

 

 
z │ 7 9 ⌐⅛↑≡─ 10 ─ ╩ ∆ ה   
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 ⅜ ⅔╟┘ ⌐ ╓∆ ─  

 

 ⅔╟┘ ⅜ ─ ╛ ⌐ ╓∆ │ ⌐╟∫≡ ⌂╢

↓≤⅜ ↄ⅛╠ ╠╣≡⅔╡ ♄▬☼╛○♫⸗Ⱶ ─ ≢│ ╟

╡ ⅜ ⌐ ↄ ∆╢≤↕╣≡™╢ ♅ꜗ▬ꜝⱥꜘfi 1959 ꜞꜙ

fi●כ 1978 ╕√ ─ ⌐│ ─ ⅜ ⅝™≤↕╣╢

♅ꜗ▬ꜝⱥꜘfi 1959 │▪♬◗ⱬהꜟכ○♅ꜝ◄ ─ ≢│

21ϴ ⅜ ≤↕╣╢ Karlsson 1992 ≢ ≤ ─

⅜ ⌂╢ ⌐⅔™≡│ │ ⌐ ╦╠∏ ⅜ ™╒≥ ↄ │

≢│ ⅜ ™╒≥ ↄ ≢│ ─ ™⌐ ╦╠∏

⌐ ═ ↄ⌂╢≤↕╣╢ 2002 ⇔⅛⇔ ↓╣╠─ │ 30ϴ

/ 22.5ϴ ─ ≢№╡ ─ ╩ ⇔√ ⌐⅔↑╢ ⅔

╟┘ ⅜ ⅔╟┘ ⌐ ╓∆ ⌐≈™≡│ ↕╣≡™⌂™ ∕

↓≢ ≢│ 2002 ─ ╟╡╙ ™ ⌐⅔↑╢ ⅔╟┘

─ ™⅜ ⅔╟┘ ⌐ ╓∆ ╩ ⇔√  

 

 ⅔╟┘ ─ ™⅜ ⅔╟┘ ⌐ ╓∆  

 

 ─ ╩ ⇔√ ≤ ⌐ ⇔ ≤ ⅜

⅔╟┘ ⌐ ╓∆ ╩ ⇔√  

 

⅔╟┘  

 │ΏⱠ♇♅ꜗ♄כ◒ΐ ╩ ⇔√

│ ≤ ╩ ╖ ╦∑ 8 ╩ ↑√ ▬fi◐ꜙⱬכ♃ MIR-

253 ─ ─ ⅛╠ 1 ─ ⌐≈⅝ 2
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≤ 2 ╩ ╖ ╦∑√ 4 ╩ ↑ 2 ⇔√ 1 │

30ϴ⅔╟┘ 35ϴ 20ϴ⅔╟┘ 25ϴ╩ ╖ ╦∑√ 4 ≤⇔

√ 2 │ 27.5ϴ⅔╟┘ 32.5ϴ 20ϴ⅔╟┘ 25ϴ╩

╖ ╦∑√ 4 ≤⇔√ │ 1 4 ≤⇔√ 56 ⇔√

╩ Ⱨכ♩⸗☻≤Ɽכꜝ▬♩╩ 1 1≢ ⇔√ ╩ ⇔√ 3

ⱳꜞⱳ♇♩⌐ →⇔ ─▬fi◐ꜙⱬכ♃⌐ ⇔√ ▬fi◐

ꜙⱬכ♃ │ ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟⱢ▬ⱳⱠ♇◒☻ N P2O5

K2O 202020 Ɫ▬ⱳⱠ♇◒☻☺ꜗⱤfi ─ 4000 ╩ ╘√♩꜠

▬⌐ ↕ 1cm≢ ⇔ ≢ ⇔√ │⌂╡╝⅝ 46 91

≢ ≤⇔√ │ ⱦ○ꜟ♇◒☻ HG FL40SBR

NECꜝ ▬♥▫fi◓ ╩▬fi◐ꜙⱬכ♃ ⌐ ⇔ ⱳ♇♩ ≢

PPFD110120ɡmolהm-2הsec-1 80009500lx≢ ⇔√ │ ◄

─▪♬◗ⱬהꜟכ○♅ꜝ ⅜ 12.5 14 ≢№╢ 2002↓

≤≤ 9 10 ≢│ ─ ⅜ 14 ─ ⌂√

╘ ≢│ ⌐ ╩ ℮↓≤⅛╠ ▬fi◐ꜙⱬכ♃ 14

│ 16 ─ ∕─ 21 ╩ 10 ─

⅛╠ ╕≢ 16 ─ ≤⇔√ │

▬fi◐ꜙⱬכ♃ 14 36

⅔╟┘ 85 ─ ⅔╟┘ 85

─ + ⅔╟┘ 1 ─ ⌐≈™≡

⇔√  

 

 

 35ϴ─ │ ─ ™⌐ ╦╠∏ 20 ⅛╠

─ ≤ ─ ⅜ ╘╠╣ 85 ╕≢⌐ ≡─ ⅜ ⇔√ 1-1-
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1a 1-1-1b ∕─√╘ ─ │ 35ϴ─ ╩ ™≡ ⇔√  

│ 14 ≢│ ─ ™⌐╟╢ │ ≤⇔⌂⅛∫√⅜

36 │ ⅜ ™╒≥ ↄ⌂∫√ ╕√ ⅜ ∂ │

⅜ 20ϴ⌐ ═ 25ϴ≢ ↄ⌂∫√ 1-1-1  

│ ⌐╟╢ ⌂ │ ╘╠╣⌂⅛∫√⅜ ⅜ ∂

│ 14 20ϴ⌐ ═ 25ϴ≢ ↄ⌂╢ ⅜ ╠╣√

1-1-2  

85 ─ │ ≡─ ≢ ⅜ ⅝ↄ ⅜

⅝⅛∫√⅜ ⌡ ─ ™⌐╟╢ │ ↕ↄ ⅜ ™╒≥

⅜ ↄ⌂╢ ⅜ ╠╣√ 1-1-1  

│ 27.5ϴ≢│ 20ϴ ⅜ 25ϴ ⌐ ═ 7 ⅛∫√

30ϴ≢│ │ 20ϴ≤ 25ϴ≢ │⌂⅛∫√⅜ 20ϴ⌐ ═

25ϴ≢│ ⅜ ⅝ↄ ⅜ ⅝⅛∫√ 32.5ϴ≢│ 20ϴ⅜

25ϴ⌐ ═ 6 ↄ 25ϴ│ ⅜ ⅝ↄ ⅜ ⅝⅛∫√ ╕

√ ™∏╣─ ⌐⅔™≡╙ 20ϴ│ ⅜ ↕ↄ │

↕⅛∫√ 1-1-2  

1 ─ │ ─ ™⌐╟╢ ⌂ │ ╘╠╣⌂⅛∫√⅜

⅜ ∂ │ 20ϴ⌐ ═ 25ϴ≢ ≤⌂╢ ⅜ ╠╣

√ 1-1-2  

 

 

─▪♬◗ⱬהꜟכ○♅ꜝ◄│2002  ≤ ─ ⌐≈™≡ ᵑ

╩ ™≡ 25ϴ─ ≤⇔√ ─ │ 2 2.5klx≢№╡ │

20klx ≢№╢ ᵒ ─ 35ϴ/ 25ϴ≢│ ─◒꜡꜡ⱨ▫ꜟ

⅜ ⇔ 110klx≢│ ⅜ ⇔ 43klx≢╙ ⅜╦™ ∆
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╢≤⇔≡™╢ ╕√ ≢ / ╩ 25ϴ/17.5ϴ ╙⇔ↄ

│ 30ϴ/22.5ϴ ≤⇔ ╩ 8 ─ ╙⇔ↄ│ 4 7 ─

≢ ╩ ℮≤ ᵓ │ ≢│ ╟╡ ≢

≢│ ╟╡ ≢ ↄ⌂╢ ᵔ │ ≤ ─ ≢

╟╡ ≢ ↄ⌂╢≤⇔≡™╢ ᵔ─ ≢─ │ 4 7 ─

─ ⅛╠ ─ ╡─ ⌐ ─ 40 ╩ ⅎ√

1993⅜ 13 15 4 1 14 38 7 31 ≤⌂╢↓≤⅛

╠ ≢─ ╩ ⇔≡™╢≤ ⅎ╠╣╢  

≢│ ⅜ 8 9.5klx≢№╡ 27.5ϴ 32.5ϴ─ ⌐≈™≡│

⅔╟┘ ⅜ ╘╠╣√ 1-1-1 1-1-2 ↓≤≤ ─ ─

ᵑ⅛╠ ⌐╟╢ ┼─ │⌂™≤ ⅎ╠╣√ │

27.5ϴ─ ≢ ╙ ↄ ⅜ ↄ⌂╢⌐ ™ ↄ⌂╡ 1-1-

1 ─ ─ ᵓ⌐⅔↑╢ ≢─ ≤ ─ ╩ ⇔√

↓╣│ ▬fi◐ꜙⱬכ♃ ≢ ⇔√ 85 ─℮∟ ≤⇔√ 21

│ ≢№∫√√╘ ≢─ ⌐ ™ ╩ ⇔√√╘≤

ⅎ╠╣√ ⅜ ↄ⌂╢⌐ ™ ⅜ ↄ⌂∫√ ≤⇔≡

⅜ ™╒≥ ⅜ ™ 1-1-1 ↓≤≤ ᵒ─ ─ ≢

⅜ ™≤ ─◒꜡꜡ⱨ▫ꜟ ⅜ ∆╢≤↕╣≡™╢↓≤⅛╠ ⅜

⅜╢⌐≈╣ ⅜ ⇔ ─ ╩ ™√√╘≤ ↕╣√

≢ ⅜ ∂ ≢│ ⅜ ™≤ ⅜ ↄ ╙ ⌂ↄ

⌂╡ ∕─ │ ⅜ ™ ╒≥ ≤⌂╢ ⅜ ╠╣√ כⱠכ◌

◦ꜛfi─ │ ╙⇔ↄ│ ─ ─ ™⌐╟∫≡ ⅜

⌂╢↓≤⅜ ↕╣≡™╢ Harrisʾ Jeffcoat 1974 ≢│ ⅜

∂ │ ─ ™⌐ ╦╠∏ ⅜ ≢№∫√ 1-1-1 ↓─

↓≤⅛╠ ⅜ ⌂╢↓≤⌐╟╡ ─ ⅜ ⇔√√╘⌐
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╛ ⅜ ⇔√≤ ⅎ╠╣√  

│ 27.5ϴ≢│ ─ ™⌐╟╢ ⅜ ↕ↄ

20ϴ ⌐ ═ 25ϴ │ ⌐ ⇔√ ⇔⅛⇔ 30ϴ⅔╟┘ 32.5ϴ

≢│ 25ϴ ≢ ⅜ ⅝ↄ⌂╢ ⅜ ╠╣√ 1-1-2 ᵔ─

─ ≢│ ─ ™⌐ ╦╠∏ │ ╟╡ ≢ ⌐

∆╢≤⇔≡™╢ ∕─√╘ ─ 27.5ϴ─ ⌐≈™≡│

20ϴ ⌐ ═ 25ϴ ≢ ⅜ ↄ⌂╢↓≤⅛╠ ─ ╩ ⇔√

≢ 30ϴ ─ ⌐≈™≡│ ⌂╢ ≤⌂∫√ ─ ╩

∆╢ ≤⇔≡ ╙⇔ↄ│ ─ ─ ™─ 2≈⅜

↕╣╢ ─ 1 ─ │ ⅜ ∂≢№╣┌ ⅜

™╒≥ ≢№╡ ⅜ ∂≢№╣┌ ⅜ ™≤ ≤⌂

╡ 1-1-2 ─ ™⌐╟╢ ─ ⅜ ╘╠╣√ ⇔⅛⇔

╙ ⅜ ∂≢№╣┌ ⅜ ™╒≥ ⌂ↄ ⅜ ∂

≢№╣┌ ⅜ ™≤ ⌂ↄ ⇔√ 1-1-2 ↓╣╠─↓≤⅛╠

─ ™⌐╟∫≡ ⅜ ⇔√ │ ⅜ ⇔√↓≤⌐

╟╢╙─⌂─⅛ ─ ⅜ ⇔√√╘⌂─⅛│ ≤⇔⌂⅛∫√

╕√ 30ϴ─ 25ϴ ≤ 32.5ϴ─ 20ϴ ⅔╟┘ 25ϴ │

ᵔ─ ─ ⌐№╢ ╟╡╙ ⌐ ™ ≢№╢↓≤⅛╠ ╟╡

™ ≢│ ⌐≈™≡─ │↓╣╕≢─ ≤│ ⌂╢ ╩ ∆

⅜ ↕╣√  

─↓≤⅛╠ │▪♬◗ⱬהꜟכ○♅ꜝ◄ ⅜ ™≤ ⅜

∆╢≤ ⅎ╠╣√ ╕√ ─ ™⌐ ╦╠∏ ⅜ ∆╢

≤ ─ ⅔╟┘ ─ ⌐ ╩ ╓∆↓≤⅜ ╠⅛≤⌂∫√ ⅎ≡

⌐≈™≡│ ⅜ ™ ≢│ ╩ 20ϴ≤∆╢↓≤≢

∆╢≤ ⅎ╠╣√   
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1-1-1a ⅔╟┘ ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

       ⌐ ╓∆ ᵑ  

 

⅛╠ / 30ϴ/25ϴ 30ϴ/20ϴ 35ϴ/25ϴ 35ϴ/20ϴ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-1-1b ⅔╟┘ ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

       ⌐ ╓∆ ᵒ  

 

⅛╠ / 32.5ϴ/25ϴ 32.5ϴ/20ϴ 27.5ϴ/25ϴ 27.5ϴ/20ϴ  

    

 

 

 

 



13 

 

 

 

 

 

 

1-1-1  ⅔╟┘ ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ─  

       ⌐ ╓∆  

 

            ─ │± ╩ ∆ n=4 

 

  

0

5

10

15

20

25

30

0 10 20 30 40 50 60 70 80 90

c
m

27.5ϴ/20ϴ 27.5ϴ/25ϴ

30.0ϴ/20ϴ 30.0ϴ/25ϴ

32.5ϴ/20ϴ 32.5ϴ/25ϴ
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1-1-2  ⅔╟┘ ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ─  

       ⌐ ╓∆  

 

            ─ │± ╩ ∆ n=4 

  

0

2

4

6

8

10

12

14

0 10 20 30 40 50 60 70 80 90

27.5ϴ/20ϴ 27.5ϴ/25ϴ

30.0ϴ/20ϴ 30.0ϴ/25ϴ

32.5ϴ/20ϴ 32.5ϴ/25ϴ
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27.5 12.41 (0.23) 
z 12.14 (0.18)

30  9.12 (0.18) 9.64 (0.16)

32.5 5.43 (0.09) 6.11 (0.14)

g

ϴ

20 25

 

 

 

 

 

 

 

 

 

 

1-1-1  ⅔╟┘ ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ  

─ ⌐ ╓∆ 85  

 

 

 

 

 

 

          z │ ╩ ∆ n=4 
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27.5 64.0 (0.05) 
z 58.5 (0.01) 8.3 (0.05) 9.0 (0.00)

30  66.5 (0.04) 65.5 (0.17) 6.3 (0.07) 7.0 (0.10)

32.5 67.0 (0.00) 73.3 (0.13) 6.5 (0.08) 7.3 (0.06)

ϴ ϴ

25202520

1 ─

 

 

 

 

 

 

 

 

 

 1-1-2  ⅔╟┘ ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─  

        ⅔╟┘ 1 ─ ⌐ ╓∆  

 

 

 

 

 

 

 

  

 
z │ ╩ ∆ n=4 
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 ─ ⅜ ⅔╟┘ ⌐ ╓∆  

 

─▪♬◗ⱬהꜟכ○♅ꜝ◄  ⌐ ∆╢ │ ↄ⅛╠ ↕╣≡™╢

Sandved 1962 PowellהBunt 1985 Vogelezang 1990 ⅜ ⌐

∆╢ ─ ⅔╟┘ ⌐ ∆╢ │ ╠╣⌂™ ╕√ 1 1 ─

⅛╠ 30ϴ ≢ ╩ ℮≤ ⅜ ™ ≢ ⅜

∆╢↓≤⅛╠ │ ─ ⅔╟┘ ⌐ ↄ ∆╢↓≤⅜ ↕

╣√ ∕↓≢ ▬fi◐ꜙⱬכ♃╩ ™ 1 1 ≢ ┼─ ⅜ ╙

⌐ ╣√ 32.5ϴ⌐⅔↑╢ ─ ™⅜ ─ ⅔╟┘ ⌐

╓∆ ╩ ⇔√  

 

⅔╟┘  

 │ΏⱠ♇♅ꜗ♄כ◒ΐ ╩ ⇔√

│ ╩ 32.5ϴ≢ ⇔ 20ϴ ≤ 25ϴ ─ 2 ╩ ↑√

4 3 Ⱨכ♩⸗☻ 2 Ɽכꜝ▬♩ 1─ ≢ ⇔√ ╩ ⇔

√ 3.5 ⱳꜞⱳ♇♩⌐ ⇔╩ ™ ⇔ ╩⇔√ ⌐▬fi◐ꜙⱬכ

♃ MLR-350 ⌐ ⇔√ ╩ ∆╢╕≢│ 16

≢ ⇔ 27 │ 23ϴ ≢ ⇔√ 27 ⌐ ╩ ⇔√

31 ╕≢│ 25ϴ 35 ╕≢│ 27.5ϴ/ 25ϴ 41

╕≢│ 30ϴ/ 25ϴ≤ ₁⌐ ╩ → ╩ ∫√ 42

⅛╠ ─ ≢ ╩ ⇔ │ 10 ≤⇔√ │ ≤

⇔≡ ⱴ◓▪fiⱪ K N P2O5 K2O 6 406 Ɫ▬ⱳⱠ♇

◒☻☺ꜗⱤfi ╩ ⌐ 2g/L╩ ⇔ ≤⇔≡ ⱪ꜡

ⱨ▼♇◦ꜛ♫ꜟⱢ▬ⱳⱠ♇◒☻ N P2O5 K2O 202020 Ɫ▬ⱳⱠ♇◒

☻☺ꜗⱤfi ─ 2000 ╩ 1 ≢ ⇔√ ▬fi◐ꜙⱬכ
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♃ ─ │⌂╡╝⅝ 79 90≢ ≤⇔√ │

ⱦ○ꜟ♇◒☻ HG FL40SBRNECꜝ ▬♥▫fi◓ ╩▬fi◐ꜙⱬ

─♃כ 3 ⌐ ⇔ ▬fi◐ꜙⱬכ♃ ≢ PPFD115123ɡmolה

m-2הsec-1≤⇔√ │ ⅛╠ 42 ╕≢ 7 ⌐

SZX10○ꜞfiⱤ☻ ╩ ™≡ 1 ─ ╩☺כ♥☻

∆╢≤ ⌐ 1 ─ ⅔╟┘ ╩ ⇔√ ╕√

⌐ ₁⌂ ─☺כ♥☻ ╩◘fiⱪꜞfi◓⇔ 95◄♃ⱡ

ꜟכ 105040─ ⌐ ⇔≡ ⇔ ♦☺♃ꜟⱴ▬◒

ⱪכ◖☻꜡ VHX-2000 ☻fi◄כ◐ ╩ ™≡ ╩ ⇔√

│ 1 ⌐≈⅝ 6 ≤⇔√ ╩ ℮ ⅜ 1 ≢№╢↓≤─

≤⇔≡ ⱬ◗♬▪ה☿fiⱤⱨ꜡כ꜠fi☻ Begonia semperflorens≢│™∫√

╪ ╩ ∆╢≤∕╣╟╡ ─ │ ≡ ≤⌂╢ Berghoefה

Bruinsma1979↓≤⅜ ↕╣≡™╢ ╙▪♬◗ⱬהꜟכ○♅ꜝ◄ ≢

№╢↓≤⅛╠ ⌐ ⅜☺כ♥☻╙ ╪≢™╢ ─ ╩

1 ≤⇔√   

 

 

─▪♬◗ⱬהꜟכ○♅ꜝ◄ │≡™≈⌐☺כ♥☻ ⅜ ╠╣⌂™

↓≤⅛╠ ⱬ◗♬▪הꜟ♠▼ꜟ♫ Begonia x lucerna hort.≢─

1991╩ ⌐ ─ ≢ ⇔√ ∕─ ♬◗ⱬהꜟכ○♅ꜝ◄

▪─ ─ ╩☺כ♥☻ ─ 7 ⌐ ↑√  

ᵑ☻♥כ☺з 1-2-1a 

ᵒ☻♥כ☺и ⅜ 1-2-1b  

ᵓ☻♥כ☺й ⅜ 1-2-1c  

ᵔ☻♥כ☺к ⅜ ↕╣╢ 1-2-1d  
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ᵕ☻♥כ☺л ─ ⌐ ⅜ ↕╣╢ 1-2-1e  

ᵖ☻♥כ☺м ∏™⅜ ↕╣╢ 1-2-1f  

ᵗ☻♥כ☺н ∏™⅜ ∆╢ 1-2-1g  

⌂⅔ │≡™≈⌐и☺כ♥☻ ─ ⌐ ⅜ ╘╠╣√⅜

╦∏⅛≢╙ ⇔≡⅔╡ ─ ⅜ ╘╠╣⌂⅛∫√ │ ≡☻

≥и☺כ♥ ⇔√  

─ ─☺כ♥☻ │ ≤╙ 7 ⌐и☺כ♥☻│⌐ ⇔

≡™╢ ⅜ ╣√⅜ 20ϴ ≢│ 14 ⌐ ≡─ ⅜и ⌐☺כ♥☻─

⇔√─⌐ ⇔ 25ϴ ≢│ ─ √∫№≢з☺כ♥☻⅜ 21

│ 20ϴ ─к☺כ♥☻│ ⅜ ⅛∫√⅜ 25ϴ ─й☺כ♥☻│ ⅜ ⅛∫

√ 28 │ 20ϴ ≢│ 28 ─к☺כ♥☻│ ⅜ ↄ 35 ≤ 42

─л☺כ♥☻│ ⅜ ⅛∫√ 25ϴ ≢│ 28 │ ⅜ ⅝ↄ

⌂╢ ⅜ ╠╣ ╩ ⇔√ 42 ─н☺כ♥☻╠⅛й☺כ♥☻│≢

⅜ ⇔≡™√ 1-2-1a 1-2-1b  

1 ─ ≤ ╦╣╢ ⅜☺כ♥☻ ╙ ╪∞ ─

─ │ 20ϴ │ ╕≢ 6 ≢№∫√ ╕√ 25ϴ │ 7

≢№∫√ 20ϴ ─ ─и☺כ♥☻│ ⅜ ╣√ 7 ≢ 7 ≢

№╡ ∕─ 28 ╕≢│ ⇔√ 28 │ ─ ╙

≤⌂∫√√╘ 9 ≢ ⇔√ 25ϴ ─ ─и☺כ♥☻│ ⅜

╣√ 7 ≢ 8 ≢№∫√ ∕─ │ 28 ╕≢ ⇔ 20ϴ ≤

⌐ ─ ╙ ≤⌂╡ 28 │ 11 ≢ ⇔√ 1-

2-2  

 

 

─ ─▪♬◗ⱬהꜟכ○♅ꜝ◄ ⅔╟┘ │ⱬ◗♬▪הꜟ



20 

 

♠▼ꜟ♫≢─ 1991≤ ⇔√ ╩ ⇔√ ∆⌂╦∟ │

─ ⅜ й☺כ♥☻ ⇔√ ⌐ ⅜ к☺כ♥☻ ⇔

∕─ ⅜ ↕╣√ л☺כ♥☻ ⅜ ↕╣╢≤ ≢

∏™≤⌂╢═⅝ ⅜ ↕╣√ м☺כ♥☻ ⅜ ΏⱠ♇♅ꜗ♄כ◒ΐ

─ │ ⌐ ⅝≤⌂╢↓≤⅛╠ ∏™ │ ⌐ ⅜

⇔ ≤⌂∫√ н☺כ♥☻ ≤⌂∫√  

─ ⅔╟┘ ⌐≈™≡│ 25ϴ │ 20ϴ ⌐ ⅛з☺כ♥☻═

╠ ⅜ ─┼к☺כ♥☻√╣↕ ⅜ ⅛∫√ ╕√ ∕╣ ─

│ 25ϴ ≢│ ⅜ ⅝ↄ 20ϴ⌐ ═ ⅜☺כ♥☻⌐ ╗ ╙№

╣┌ ™ ╙ ╠╣√ 1-2-1a 1-2-1b ⱬ◗♬▪ ─ ↄ│

≢№╡ ╙▪♬◗ⱬהꜟכ○♅ꜝ◄1994 ∆╢

≢№╢ⱬ◗♬▪ה☿fiⱤⱨ꜡כ꜠fi☻ Begonia semperflorens⅔╟┘

ⱬ◗♬▪הꜟ♠▼ꜟ♫ Begonia x lucerna hort.≢│ ╩ ↕∑

╩ ↕∑╢≤ ─ ╛ ⅜ ∆╢↓≤⅜ ↕╣≡™╢

1991╕√ ⱬ◗♬▪הꜟ♠▼ꜟ♫≢│ ╕≢⌐ ─

⅜ ∆╢↓≤⅜ ↕╣≡™╢ 1991↓╣╠─↓≤⅛╠

╕≢─ │ ─ ╩ ↑╢≤ ↕╣╢ ≢ ◐

◒≢│ ⅜ ™≤ ⅜ ↕╣ ╠ 2017∕─ │

⌐╟╡ ─ ⅜ ↕╣╢√╘≤↕╣╢ Nakano╠ 2013 1

1 ≢ 27.5ϴ ≢│ ⅜ ↄ⌂╢⌐≈╣≡ ⅜ ⇔√

∕─√╘ ⅜ 32.5ϴ≢№∫√ ─ │ ⅜ ⌂™

≢ ⅔╟┘ ╩⇔≡™√≤ ⅎ╠╣√ ∕─ ⌂ ⌐⅔™≡

20ϴ │ 25ϴ ⌐ ═ ⅜ ™√╘⌐ ⅜ ☺כ♥☻╢╣↕

к╕≢─ ⅜ ↄ⌂╡ к☺כ♥☻ ─ ╙ 20ϴ │ 25ϴ ⌐ ═

⇔√≤ ⅎ╠╣√  



21 

 

20ϴ ─ 1 ─ │ 25ϴ ⌐ ═ 1 ≢№∫√⅜

≤╙ ─ ⌐и☺כ♥☻⅜ ⇔√ 7 14 ≢

╙ 20ϴ │ 25ϴ ⌐ ═ 1 ⌂⅛∫√ 1-2-2 ∕─√╘

1 ─ ⅜ ≤⌂∫√ │ 20ϴ ⅜ 25ϴ ╟╡ ⌐

⅜ ╕∫√√╘≢│⌂ↄ ─ ─ ™⌐╟╢╙─≤ ↕

╣√ ↓─↓≤⅛╠ ─ │ ─ ╟╡╙ ┼─ ⅜

⅝™≤ ↕╣√  

─↓≤⅛╠ ─▪♬◗ⱬהꜟכ○♅ꜝ◄ │ ≤ ─ ⅜

⌐⌂╢≤ ─ ⌐ ╩ ╓⇔ ™⅜ ∆╢↓≤⅜ ╠⅛≤

⌂∫√ ╕√ ⅜ ≤⌂∫≡╙ ╩ ↕∑╢↓≤⌐╟╡

─ ⅜ ⇔ ™⅜ ↕╣╢≤ ⅎ╠╣√  
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1-2-1a ─ з☺כ♥☻  

 

 

 

 

 

 

 

 

 

 

 

1-2-1b ─ и☺כ♥☻  
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1-2-1c ─ й☺כ♥☻  

 

 

 

 

 

 

 

 

 

 

1-2-1d ─ к☺כ♥☻  
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1-2-1e ─ л☺כ♥☻  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-2-1f ─ м☺כ♥☻  
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1-2-1g ─ н☺כ♥☻  
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1-2-1a  32.5ϴ 20ϴ⌐⅔↑╢ΏⱠ♇♅ꜗ♄כ◒ΐ  

─ ─  

 

│☺כ♥☻                 1-2-a g╩  

                ừ│ ⌐ ⌐☺כ♥☻ ⇔√ ╩ ∆  

 

 

 

 

  

ừ ừ

0 ừ ừ

ừ ừ

ừ ừ ừ

7 ừ ừ

ừ

ừ ừ ừ

14 ừ ừ

ừ

ừ ừ ừ ừ

21 ừ

ừ

ừ ừ ừ

28 ừ ừ

ừ

ừ ừ ừ ừ

35 ừ

ừ

ừ ừ ừ

42 ừ ừ

ừ

ה ☺כ♥☻

з и й к л м н
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1-2-1b  32.5ϴ 25ϴ⌐⅔↑╢ΏⱠ♇♅ꜗ♄כ◒ΐ  

─ ─  

 

│☺כ♥☻                 1-2-a g╩  

                ừ│ ⌐ ⌐☺כ♥☻ ⇔√ ╩ ∆  

 

 

 

  

ừ ừ

0 ừ ừ

ừ ừ

ừ ừ ừ

7 ừ ừ

ừ

ừ ừ ừ

14 ừ ừ

ừ

ừ ừ ừ

21 ừ ừ

ừ

ừ ừ ừ ừ

28 ừ ừ

ừ ừ ừ

35 ừ ừ

ừ

ừ ừ ừ ừ

42 ừ

ừ

н

ה ☺כ♥☻

з и й к л м
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1-2-2  32.5ϴ⌐⅔↑╢ ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ  

        ─ 1 ─ ⅔╟┘ ⌐ ╓∆  

 

         ─ │± ╩ ∆ 7⅔╟┘ и☺כ♥☻│14  

⌐ ⇔√ ─ ╩ 21 │ n=6─ ╩ ∆  

 

 

  

0

2

4

6

8

10

12

0 7 14 21 28 35 42

╕
√
│

20ϴ( 1 ─

25ϴ( 1 ─

20ϴ

25ϴ



29 

 

 ⅜ ⅔╟┘ ⌐ ╓∆  

 

─▪♬◗ⱬהꜟכ○♅ꜝ◄╢↑⅔⌐ 9 10 ─ │

⅜ ≤⌂╢√╘ ─ ╢╟⌐♪כ▼◦│ ⅜ ≤⌂

╢ │♪כ▼◦ ╩ ℮ ⅜№╡ ♪כ▼◦ ─ │ ╟╡

™ ⅜ ↄ ╩ ⅝╛∆™ ∕─√╘ ⅛╠ ⇔

™ ≤↕╣≡⅝√ ה 1996 ╕√ 1 ─ ⅛╠ ↓╣╕≢

⌐ ↕╣≡™√ ─ │ ─ ⅜ ↕╣ ╩ ↄ↓≤⅜

╠⅛≤⌂∫√ ∕─√╘ │ ⌐╟╢│ ─ ─ ⌐

╟╡ ⌐╙ ⇔≡ ⇔√ ⅜ ⌂ ≤⌂∫≡™╢  

 ─ ≤⇔≡ ⱥכ♩ⱳfiⱪ ╩ ™≡ ╩ ∆╢ ⅜

→╠╣╢ ⇔⅛⇔ ╩ ℮ │ ◖☻♩⅜ ≤⌂╢√╘

≢│⌂™ ≢ ─╖─ ≢╙ ⌐╟╢ ╩ ≢⅝╢↓

≤⅜ ↄ─ ⅝ ≢ ↕╣≡™╢ ╠ 2012 ╠ 2013 ╠, 

2013 ╠ 2013 ╠ 2013 ╠ 2013 ╠ 2014⇔⅛

⇔ ─┼▪♬◗ⱬהꜟכ○♅ꜝ◄ ─ ⌐≈™≡─ │ ╠╣⌂

™  

 ∕↓≢ ≢│ 9 10 ┼▪♬◗ⱬהꜟכ○♅ꜝ◄╢↑⅔⌐

─ ⅜ ⅔╟┘ ⌐ ╓∆ ╩ ╠⅛⌐∆╢≤≤╙⌐ ╟╡

⌂ ⌐≈™≡ ⇔√  

 

 ─  

 

 ≢│ ─ ⅜ ⅔╟┘ ⌐ ╓∆ ╩ ⇔√ ╕

√ ─ ╩ ∆╢√╘ │ 2017 ≤ 2018 ─ 2 ⅛ ⌐



30 

 

⇔√  

 

⅔╟┘  

 │ΏⱠ♇♅ꜗ♄כ◒ΐ ╩ ⇔√ │

2017≤ 2018─ 2 ⇔√ │ ─ ╡⅛╠ ─ ╕≢╩ 20ϴ≢

∆╢ ≤ ─ 2 ╩ ↑√ ─√╘─ │ 15

19 15 ⌐ ╩ ™ ─ ╩ ╘╢ ≤⇔√

│ 21 ≤⇔√ 2017│ 4 29 ⌐ ⇔ ╩ ™ 7 26 ⌐ 5 ⱪ

ꜝ☻♅♇◒ ⌐ →⇔√ │ 8 7 8 28 ⌐⅛↑≡ ∫√

─ │ 8 1 9 30 ─ 60 ≤⇔√ 2018│ 5 11

⌐ ⇔ ╩ ™ 7 12 ⌐ 5 ⱪꜝ☻♅♇◒ ⌐ →⇔√ │ 8

2 8 23 ⌐⅛↑≡ ∫√ ─ │ 7 17 9 18

─ 63 ≤⇔√ │ 2017│ 1 6 ─ 3 2018│ 1 4

─ 3 ≤⇔√ │ ─ ─ ⅔╟┘

─ 1 ─

⅔╟┘ ⌐≈™≡ ⇔√  

 

 

 2017─ ─ ─ │ ⌐≈™≡│ ≢ ⌡ ⌐

⇔√ ─ │ │ 26ϴ 27ϴ≢№╡ │ 29ϴ

│ 25ϴ╩╛╛ ∫√ ╕√ ╕≢─

─ │ ≤╙ 26.5ϴ ≢№∫√ ─ │

│ ╩ ⇔≡ ⌡ ─ 20ϴ≢ ⇔√⅜ │ ≢

⇔ │ ≢ 23.0ϴ ≢ 24.4ϴ │

21.6ϴ≢№∫√ ╕≢─ ─ │ │
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19.5ϴ≢№╡ │ 22.5ϴ≢№∫√ 2-1-1a 2-1-1b  

 2018─ ─ ─ │ ⌐≈™≡│ ≢ ⌡ ⌐

⇔√ ─ │ ⅔╟┘ │ 30ϴ╩ ⅎ

│ 27ϴ╩ ∫√ ╕√ ╕≢─ ─

│ ≤╙ 29.2ϴ≢№∫√ ─ │ │ ╩ ⇔≡

⌡ ─ 20ϴ≢ ⇔√⅜ │ ≢ ⇔

│ ≢ 25.4ϴ ≢ 24.6ϴ │ 23.5ϴ≢№∫√

╕≢─ ─ │ │ 20.5ϴ≢№╡

│ 24.3ϴ≢№∫√ 2-1-1c 2-1-1d  

 2017─ │ ⅜ ⌐ ═ ⌐ ⅛∫√ ╕√ │

⅔╟┘ ⅜ ⌐ ═ ↄ │ ≢ ⅜ ⅛∫√↓≤

⅛╠ │ ≢ ↄ⌂∫√ 1 ─

⅔╟┘ │ ≢ ⅜ ⅛∫√ 2-1-2  

 2018─ │ ⅜ ⌐ ═ ⌐ ⅛∫√ ╕√ ⅔╟

┘ │ ≢ ⅜ ⅛∫√⅜ │ ⅜ ⌂⅛∫√√╘

│ ≢ ↄ⌂∫√ 1 ─ ⅔╟┘

─ │ ⅜ ⌐ ═ ↕⅛∫√ 2-1-3  

 

 

 2017≤ 2018≢│ ⅜ ╒≥ ⌂∫√╙── ⌐≈™≡│ 2017

│ ⅜ ⌐ ═ ↄ 2018│ ⅜ ⌐ ═ ↄ⌂╡

⌂╢ ╩ ⇔√ 1 1 ─ ⅛╠ 27.5ϴ≢│ ⅜

™ ⅜ ⌐ ⇔ 30ϴ ≢│ ⅜ ™ ⅜ │ ∆╢↓≤⅜

╠⅛≤⌂∫≡™╢ 2017≤ 2018─ ─ ╩ ∆╢≤ ╩

∫√ ≢ 2017│ 2018 ⌐ ═ ↄ ⇔ ╩ ⇔√ │
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2017⅜ 26.5ϴ 2018│ 28.5ϴ ≤ 1.5ϴ─ ⅜№∫√ ≢

⌐≈™≡│ │ ≤╙ 20ϴ ≢ ⇔ │ ≢ ⅜

№╢╙── ⌐ ═ ⌐ ™ ≢ ⇔√ ↓╣╠─↓≤⅛╠ 2017

≤ 2018≢ ⌐╟╢ ┼─ ⅜ ⌂∫√ │ ─ ⅜

≢ ⌂∫√√╘≢№╡ 2017│ 1 1 ─ 27.5ϴ≢─ ≤

2018│ 30ϴ≢─ ≤ ⇔√ ╩ ⇔√╙─≤ ⅎ╠╣√  

 ─ ╙ ≢ ⌂∫≡™√ 1 1 ─ ⅛╠

╩ ≤∆╢≤ ⅜ ™ ⅜ ≤ ⅜ ⇔ ∕─ │

⅜ ™╒≥ ⌐⌂╢↓≤⅜ ╠⅛≤⌂∫≡™╢ ─ ⅜ ⅛

∫√ 2018│ ─ 1 ─ ⅔╟

┘ ─ │ ⌐ ═ ↕⅛∫√ ⅜ ⌂™↓≤≤ 1

2 ─ ⅛╠ 1 ─ ─ │ ─ ─ ⌐╟╢

⅜ ⅝™↓≤⅜ ↕╣√ ╕√ ⅔╟┘ ─ │ ─

─ ⅜ ⅝ↄ ╙ ≤ ⌐ ─ ⅜ ⅜╢≤ ⅜

↕╣╢≤ ∆╢≤ 2018─ │ 1 1 ─ ≤ ⇔√ ╩

⇔√≤ ↕╣√  

─ ╩ ≢ ∫√ ─ │ ─ ⅜ ⌂╢ ≤╙

⅜ ⌐ ═ ↄ ⇔≡™√ ─ │ ≤ ─

Difference between the day temperature and the night temperatureDIF

⌐╟∫≡ ↕╣ ╟╡ ─ ⅜ ™ⱪꜝ☻─ DIF≢│ ⅜ ∆

╢↓≤⅜ ─ ≢ ╠╣≡™╢ ErwinהHeins1995 ⱬהꜟכ○♅ꜝ◄

◗♬▪⌐⅔™≡╙ⱪꜝ☻─ DIF⌐╟∫≡ ─ ∆╢↓≤⅜ ↕╣≡

™╢ MoeהMortensen1992↓╣╠─↓≤⅛╠ ≢ ⇔√ │

⌐╟∫≡ ─ ⅜ ⅝ↄ⌂╡ ⌐ⱪꜝ☻─ DIF⅜ ™

√√╘≤ ⅎ╠╣√  
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─↓≤⅛╠ │ ─ ⅜ ™ ⌐│ ╩ ≢⅝╢

↓≤⅜ ╠⅛≤⌂∫√ ≢ ᵑ ─ ⅜ ™≤ ╩ ↄ ᵒ

⅜ ™≤ ╛ ─ ∆╢√╘ ⅜ ⇔√≤ ⌂↕╣╢

⅜№╢ ᵓ ─ ⌐ ╦╠∏ ╩ ⅝ ⅜ ⇔√≤ ⌂↕╣╢

⅜№╢ ≤™∫√ ╙ ╠⅛≤⌂∫√ ∕─√╘ ≢

╩ ∆╢⌐│ ≢ ⇔√ ≢│ ≢№╡ ⌂╢ ⅜ ≢

№╢≤ ⅎ╠╣√  
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8/1 - 8/6 8/7 - 8/28 8/28 - 9/30 8/1 - 9/30

27.3 29.0 25.7 26.7

26.2 28.7 25.5 26.4

5:00 19 00 ϴ

8/1 - 8/6 8/7 - 8/28 8/28 - 9/30 8/1 - 9/30

20.2 20.0 19.1 19.5

23.0 24.4 21.6 22.5

19:00 5 00 ϴ

 

 

2-1-1a  ─ ─ 2017  

 

 

 

 

 

 

2-1-1b  ─ ─ 2017  

 

  



35 

 

7/17 - 8/1 8/2 - 8/23 8/24 - 9/18 7/17 - 9/18

30.2 30.2 27.7 29.2

30.5 30.1 27.7 29.2

5:00 19 00 ϴ

7/17 - 8/1 8/2 - 8/23 8/24 - 9/18 7/17 - 9/18

19.6 20.6 20.9 20.5

25.4 24.6 23.5 24.3

19:00 5 00 ϴ

 

 

 

2-1-1c  ─ ─ 2018  

 

 

 

 

 

 

 

2-1-1d  ─ ─ 2018  
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1 ─

cm cm (a) (b) (a)/(b)

cm

10  7 32.2 34.1 27.0 11.8 2.3 7.6 5.7 18.4

10  3 30.3 34.4 24.6 11.9 2.1 7.5 5.5 17.5

t-test 
z ** * ns ** ns ** ns ns ns

 

 

 

 

 

 

 

 

2-1-2  ─ ⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

        ⌐ ╓∆ 2017  

 

 

 

 

 

 
z **1% ≢  * 5% ≢  ns ⌂⇔ n=18 
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1 ─

cm cm (a) (b) (a)/(b)

cm

10  5 29.4 34.6 24.9 10.0 2.5 6.9 3.2 10.1

10 12 29.8 37.2 24.1 11.0 2.2 7.7 4.8 13.4

t-test 
z ** ns * ns * ** * ** *

 

 

 

 

 

 

 

 

 

 

2-1-3  ─ ⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

        ⌐ ╓∆ 2018  

 

 

 

 

 

 

 
z **1% ≢  * 5% ≢  ns ⌂⇔ n=18 
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 ⌂ ≤ ─  

 

 1 ─ ⅛╠ ΏⱠ♇♅ꜗ♄כ◒ΐ≢│ ─ ⅜ ™ ⌐⅔™

≡│ ╩ ℮↓≤≢ ╩ ∆╢↓≤⅜ ≢№╢⅜ ─

⅜ ™ │ ╩ ⌐ ╣↕∑╢ ⅜ ↕╣√ ╕√ ─

⅜ ™ ⌐⅔™≡╙ ╛ ⅜ ⇔ ⅜ ∆╢ ⅜

↕╣√ ∕─√╘ ╩ ≢ ∆╢─│ ─

⅜ ≢№╢≤ ⌐ ─ ≢─ ─ ╙ ≢№╢≤ ⅎ╠╣

√ ⌐ │ ─ ◖☻♩⅜ ⇔≡™╢↓≤⅛╠ ─ ™

╩ ℮⌐│ ⌐≈™≡╙ ⌐ ∆╢◄Ⱡꜟ◑כ◖☻♩╩ ≢⅝╢

⅜ ≢№╢ ∕↓≢ ≢│ ◖☻♩╩ ⇔≈≈ ─ ⌐

╟╢ ≤ ╩ ∆╢ ⌐≈™≡ ╩ ™≡ ⇔

√  

 

 ─ ≤ ─  

 

╩▪♬◗ⱬהꜟכ○♅ꜝ◄  ╘ ≢│ 1 ─╖╩ ∆╢↓≤

│ ⌂ↄ ↄ─ │ 1 ≈─ ≢ ─ ⅜ ↕╣≡™╢ 2

1 ≢│ ─ΏⱠ♇♅ꜗ♄כ◒ΐ⌐≈™≡─ ─ ╩

⇔√⅜ ─ ┼─ │ ≢№╢ ╕√ ▪ⱨꜞ◌fiⱴꜞכ◗כ

ꜟ♪≢ ─ ─ ⅜ ─ ה ⌐ ⅝ↄ ∆╢↓≤⅜

╠⅛≤⌂╡ ╠ 2010 ≢│↓─ ╩ ⇔ ⅛╠

─╖ ╩ ↄ ∆╢ End of day ð heating ≤∆╢↓

≤≢ ─ ╩ ≢ ∆╢ ⌐ ═ ◖☻♩╩ ≢⅝╢↓

≤⅜☻ⱪ꜠כ◑◒ ╠ 2012 ╛☻ⱪ꜠כ◌כⱠכ◦ꜛfi ╠



39 

 

2013 ≢ ↕╣≡™╢ ⌐ ↓─ ─ ≤⇔≡ Ᵽꜝ≢│

─ ─╖╩ ∆╢↓≤≢ ≤ ─ ╡ ╛ ╡ ≤⌂╡

⌐⅛⅛╢ ◖☻♩╩ ≢⅝╢↓≤╩ ⇔≡™╢ ╠ 2015  

∕↓≢ ≢│ ─ ⅔╟┘ ─ End  

of day cooling EODc ⅜ ⅔╟┘ ⌐ ╓∆ ╩ ≢

⇔√  

 

⅔╟┘  

 │ ─ΏⱠ♇♅ꜗ♄כ◒ΐ⌐ ⅎ ─ΏⱣ♥▫♇◒ΐ⅔

╟┘ ─Ώⱬꜟ☿Ᵽΐ ™∏╣╙ ╩ ⇔√ │

─ ╡⅛╠ │ ╕≢ │

─ ╕≢ ╩ 20ϴ≢ ∆╢ 20ϴ ≤ ─ ╡⅛╠ 4 20ϴ≢ ∆

╢ EODc⅔╟┘ ─ 3 ╩ ↑√ │ 4 9 ⌐⅛↑≡

╩ ™ ─ ╩ ╠∑╢ ≤⇔√ │ 21 ≤⇔

√  20185 11 ⌐ ⇔ ╩ ™ 6 26 ⌐ 2 ⇔≡ ⇔ 7 12

⌐ 5 ⱪꜝ☻♅♇◒ ⌐ →⇔√ │ 8 2 8 23 ⌐⅛↑

≡ ∫√ ⅔╟┘ EODc─ │ 7 17 9 18 ─ 63

≤⇔√ │ 1 4 3 ≤⇔√ │ ─ ─

⅔╟┘ ─ 1

─ ⅔╟┘ ⌐≈™≡ ⇔√  

 

 

 ─ ─ │ ─ ╡⅛╠ ─ ╕≢│ 3 ≢ ⌡

≢ ⇔√⅜ ─ │ ─ ╩ ↑√√╘ 20ϴ │

╩ ≢⅝⌂⅛∫√ 2-2-1-1  
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⅔╟┘ ─ │ ⌐≈™≡│ │ 20ϴ ⅔

╟┘ EODc⅜ ⌐ ═╛╛ ↄ │ EODc⅔╟┘

⅜ 20ϴ ⌐ ═╛╛ ⅛∫√ ╩ ⇔≡─ │ 3 ≤

╙ 29.6ϴ 29.8ϴ≢№╡ ╒╓ ≢№∫√ ⌐≈™≡│ 20ϴ │

╩ ⇔≡ ⌡ 20ϴ≢ ⇔√ EODc│ ╩ ⇔≡ 23ϴ ≢ ⇔

√ │ ⅔╟┘ │ 25.225.4ϴ≢ ⇔

│ 23.9ϴ≢№∫√ ╩ ⇔≡─ │ 20ϴ │ 20.1ϴ

EODc│ 23.3ϴ │ 24.7ϴ≢№∫√ 2-2-1-1a 2-2-1-1b  

 ΏⱠ♇♅ꜗ♄כ◒ΐ─ │ 20ϴ ⅜ ─ 2 ⌐ ═ ⅛∫√

⅔╟┘ │ 3 ≢ ⅜ ⅛∫√ 1 ─

⅔╟┘ ─ │ 20ϴ ⅜ ─ 2 ⌐ ═ ↕⅛∫√

│ 20ϴ ⅜ ─ 2 ⌐ ═ ⅛∫√ 2-2-1-2  

 ΏⱣ♥▫♇◒ΐ─ │ 20ϴ ⅜ ╙ ↄ ⌐ EODc ≢№╡

⅜ ╙ ⅛∫√ ⅔╟┘ │ 3 ≢ ⅜ ⅛∫√

⅔╟┘ ─ │ 20ϴ ⅜ ─ 2 ⌐ ═ ↕⅛∫√

⅔╟┘ 1 ─ │ EODc ─ ⌐ ⅜ ⅝ↄ⌂

╢ ⅜ ╠╣√ │ 20ϴ ⅜ ⌐ ═ ⌐ ⅛∫√

2-2-1-3  

 Ώⱬꜟ☿Ᵽΐ─ │ 20ϴ ⅜ ╙ ↄ ⌐ ≢№╡ EODc

⅜ ╙ ⅛∫√ ⅔╟┘ ─ │ 20ϴ ⅜ ─ 2

⌐ ═ ↕⅛∫√ ⅔╟┘ ─ │ 20ϴ ⅜ ╙ ↕ↄ

⌐ ≢№╡ EODc ⅜ ╙ ↕ↄ⌂╢ ⅜ ╠╣√ ∕─√╘

│ 3 ≢ ⅜ ⅛∫√ ⅜ 3 ≢ ⅜ ↄ 1 ─ │

20ϴ ≤ ≢ ⅜ ↄ EODc ⌐ ═ ≢№∫√ 2-2-1-

4  
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 ─ │ EODc─ ─ ╩ ⌐ ⌐ →

╢√╘ ╩ ─ ─ ╕≢ ∆╢ ≤⇔√ ∕─√╘ 2

1 ≤│ ⌂╢ ≤⇔√ ∕─ ⌂ ⌐⅔™≡╙ 2 1

─ ≤ ⌐ ΏⱠ♇♅ꜗ♄כ◒ΐ─ 20ϴ │ ⌐ ═ ⌐

⇔√ ╕√ │ ⅜ ⅛∫√⅜ 1 ─

⅔╟┘ ─ │ ⌐ ═ 20ϴ ⅜ ↕ↄ │

╟╡ 20ϴ ⅜ ↄ⌂╡ 2 1 ≤ ─ ╩ ⇔√

∕─√╘ 20ϴ ─ │ ─ ™⌐╟∫≡ ↑╢ │

↕™≤ ⅎ╠╣√  

 20ϴ ϴ │ ─ ⌂╢ΏⱣ♥▫♇◒ΐ⅔╟┘Ώⱬꜟ☿Ᵽΐ⌐⅔™

≡╙ ⌐ ═ ⌐ ⇔ ╩ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫

√ ≢ ΏⱣ♥▫♇◒ΐ≢│ΏⱠ♇♅ꜗ♄כ◒ΐ≤ ⌐ ⅜ ↄ⌂

╢↓≤⌐╟╢ ≤ ⅔╟┘ ─ ╩ ⅝ Ώⱬꜟ☿Ᵽΐ≢╙

│ ⅛∫√╙── ≤ ⅜ ⇔ ≤╙ ⌐≈™≡

│ ⅜ ∆╢ ⅜ ╠╣√ ↓╣╠─↓≤⅛╠ ΏⱠ♇♅ꜗ♄כ◒ΐ

─ ⌐⅔™≡╙ ╩ 20ϴ ≢ ∆╢ │ ╩ ↄ≤

ⅎ╠╣√  

 ◖☻♩─ ╩ ⌐ ⇔√ EODc ⌐≈™≡│ ΏⱠ♇♅ꜗ♄כ

◒ΐ⅔╟┘ΏⱣ♥▫♇◒ΐ─ │ ≤ ≢№∫√⅜ ╙

⅛╛╛ ™ ≢№╡ ╩ ⇔≈≈ ╩ ∆╢↓≤│≢⅝⌂⅛

∫√ ╕√ Ώⱬꜟ☿Ᵽΐ─ EODc│ 20ϴ ╟╡ 13 ╟╡ 9

⅜ ╣√ ∕─√╘ ─┼▪♬◗ⱬהꜟכ○♅ꜝ◄ EODc │

─ ⅜ ™∞↑≢⌂ↄ ⌐╟∫≡│ ⌐ ↄ↓≤⅜ ↕╣√ ↓
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╣╠─↓≤⅛╠ ─┼▪♬◗ⱬהꜟכ○♅ꜝ◄ EODc ─ │ ™≤

ⅎ╠╣√  

18ϴ ≢ ─┼▪♬◗ⱬהꜟכ○♅ꜝ◄√╣↕ 2 16ϴ─

≢│ ⅛╠ ╕≢─ ⅜ ⅔╟┘

⌐ ╩ ╓∆↓≤⅜ ↕╣≡™╢ GrindalהMoe1994╕√ ◐

◒─ ─ │ ╩ ∆╢ FTL3─ ⅜ ⌐╟

∫≡ ⇔ FTL3─ │ ╟╡ ≢ ─ ™↓≤⅜

↕╣≡™╢ ╠ 2017↓╣╠─↓≤⅛╠ ♬◗ⱬהꜟכ○♅ꜝ◄

▪┼─ ─ ⌐⅔™≡╙ ⅔╟┘ ⌐ ╓∆ │

╩ ℮ ⌐╟∫≡ ⌂╡ ─ ─ ⅜ ⌐

⇔≡™╢≤ ↕╣√ ∕─√╘ ─≢▪♬◗ⱬהꜟכ○♅ꜝ◄

╩ ∆╢⌐│ ≢ ⇔√ ─ ╡ ─ ─ ⅜

⅔╟┘ ⌐ ╓∆ ╩ ∆╢ ⅜№╢≤ ⅎ╠╣√  
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2-2-1  ─ 2018/8/13 12:008/14 12:00 

20ϴ 19:009:00╩ 20ϴ≢    EODc19:0023:00╩ 20ϴ≢  

2018 8 14 ─ ─ 4 57  

  

0

5

10

15

20

25

30

35

40

ϴ

20

EODc

20ϴ ה

─
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z

7/17 - 8/1 8/2 - 8/23 8/24 - 9/18 7/17 - 9/18

31.9 30.7 27.4 29.8

EODc 31.5 31.3 27.7 29.6

30.5 31.3 27.7 29.5

 
y

z

7/17 - 8/1 8/2 - 8/23 8/24 - 9/18 7/17 - 9/18

19.2 20.4 20.3 20.1

EODc 23.2 23.8 22.7 23.3

25.4 25.3 23.9 24.7

 y

 

 

2-2-1-1a  ─ ─  

 

 

 

 

 

   z ⅔╟┘ │ ─ ╡ ─ ╕≢ │  

─ ╡⅛╠ 14 ≤⌂╢╟℮⌐ 20ϴ≢  

      EODc ─ ╡⅛╠ 4 20ϴ≢  
y ⅔╟┘ │ 5:0019:00 19:005:00 

    │ 9:0019:00 19:009:00─ ╩ ∆  

 

 

 

2-2-1-1b  ─ ─  

 

 

 

 

 

   z ⅔╟┘ │ ─ ╡ ─ ╕≢ │  

─ ╡⅛╠ 14 ≤⌂╢╟℮⌐ 20ϴ≢  

      EODc ─ ╡⅛╠ 4 20ϴ≢  
y ⅔╟┘ │ 5:0019:00 19:005:00 

    │ 9:0019:00 19:009:00─ ╩ ∆  
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Ⱡ♇♅ꜗ♄כ◒

1 ─

cm cm (a) (b) (a)/(b)

cm

20ϴ   10  5  a 
z 30.5 34.5 24.8 10.0 a 2.5 b 6.5 a 3.1 a 10.1 a

EODc 10 15  b 31.0 37.4 24.7 11.2 b 2.2 a 7.3 b 4.5 b 13.7 b

10 15  b 30.9 36.1 24.8 11.1 b 2.2 a 7.5 b 4.5 b 15.0 b

** ns ns ns * ** ** ** **

 

 

 

 

 

 

 

 

 

2-2-1-2  ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

⌐ ╓∆  

 

 

 

 

 

 

 
z **1% ≢  * 5% ≢  ns ⌂⇔  

⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 
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1 ─

cm cm (a) (b) (a)/(b)

cm

20ϴ   10  1  a 
z 31.0 34.6 a 25.6  9.9 a 2.6 b 6.4 a 3.8 a 11.1 a

EODc 10  8  b 31.5 38.5 b 25.7 10.7 ab 2.4 ab 7.3 b 5.0 b 13.8 b

10 11  c 31.2 38.3 b 25.3 11.7 b 2.2 a 8.1 c 5.9 b 15.1 b

** ns ** ns ** ** ** ** **

 

 

 

 

 

 

 

 

 

 

 

 

2-2-1-3  ─ ™⅜ΏⱣ♥▫♇◒ΐ─ ⅔╟┘  

⌐ ╓∆  

 

 

 

 

 

 

 
z **1% ≢  * 5% ≢  ns ⌂⇔  

⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 
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1 ─

cm cm (a) (b) (a)/(b)

cm

20ϴ   10 24  a 
z 23.3 a 35.3 17.5 a 10.3 a 1.7  7.3 a 3.5 a  8.3 a

EODc 11 15  c 26.2 b 35.0 21.2 b 13.1 c 1.6 10.4 b 5.8 b 12.4 b

11  6  b 25.7 b 35.6 19.8 ab 12.1 b 1.6  8.2 a 4.0 b 11.5 b

** ** ns * ** ns ** ** *

 

 

 

 

 

 

 

 

 

 

 

 

2-2-1-4  ─ ™⅜Ώⱬꜟ☿Ᵽΐ─ ⅔╟┘  

⌐ ╓∆  

 

 

 

 

 

 

 
z **1% ≢  * 5% ≢  ns ⌂⇔  

⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 
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 ─╖─ ⅜ ⅔╟┘ ⌐ ╓∆  

 

 1 ─ ⅛╠ ─▪♬◗ⱬהꜟכ○♅ꜝ◄ ⅜ ⌐ ╓∆

│ ⌐╟∫≡ ⇔ ∕─ ─ │ 27.5ϴ≤ 30.0ϴ≢

∆╢↓≤⅜ ╠⅛≤⌂∫√ ↓─ │∟╞℮≥ ─ ─ ⌐ ∆

╢↓≤⅛╠ 2 1 ─ ⅜ ⇔√ ╡ ─ ⅜ ™ │

⌐╟╡ ╩ ≢⅝╢⅜ ─ ⅜ ™ ─ ≢│

╩ ℮≤ ⌐ ⅜ ⇔≡⇔╕™ ≢│ ─ ⌐ ⇔™

╩ ╠╣╢↓≤⅜ ↕╣╢  

 ∕↓≢ ≢│ ⅜ 30ϴ╩ ⅎ╢ │ ╩ ™

30ϴ ─ │ ╩ ╦⌂™↓≤≤∆╢ ⌐ ╦∑√

⅜ ⅔╟┘ ⌐ ╓∆ ╩ ⇔√  

 

⅔╟┘  

 │ΏⱠ♇♅ꜗ♄כ◒ΐΏⱣ♥▫♇◒ΐ⅔╟┘Ώⱬꜟ☿Ᵽΐ ™∏╣╙

─ 3 ╩ ⇔√ │ 20ϴ ─ ─ ╡⅛

╠ ╕≢ │ ╕≢ │ ─ ╕

≢ ╩ 7 17 9 18 ─ 63 ╩ ⌐ ℮ 5:00

─ ─ ⅜ 30ϴ ─ ⌐ ╕≢─ ╩ 20ϴ

≢ ∆╢ ⅔╟┘ ─ 3 ╩ ↑√ ⌐│ ╩

20ϴ ≢ ∆╢ A≤ ─ B─ 2 ╩ ™ │

A≢ │ B≢ ⇔ │ ─ ╩ ⌐

⌐ ╩ A╙⇔ↄ B⌐ ∆╢ ≤⇔√ │ 4 9 ╩

⇔ ─ ╩ ╠∑╢ ≤⇔√ │ 21 ≤⇔√  

20185 11 ⌐ ⇔ ╩ ™ 6 26 ⌐ 2 ⇔≡ ⇔ 7 12 ⌐
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5 ⱪꜝ☻♅♇◒ 13cm 15cm⌐ →⇔√ │ 8 2

8 23 ⌐⅛↑≡ ∫√ │ 1 4 3 ≤⇔√ │

─ ─ ⅔╟┘ ─

1 ─ ⅔╟┘ ⌐≈™≡ ⇔

√ ╕√ ⌐ ∆╢ ─ ⅔╟┘ ⌐ ∆╢ ─

╡ ╩ ⇔√  

 

 

 5 ─ ─ ⌐ ≠⅝ ─ ╩ ⇔√

─ ╩ ∫√ │ 7 17 7 25 7 29

8 7 8 9 8 18 8 21 9 2 ⅔╟┘ 9 4 9

10 ─ 44 ≢№∫√ 2-2-2-1  

⅔╟┘ ─ │ ⌐≈™≡│ │ ⅔

╟┘ ⅜ ⌐ ═╛╛ ↄ │ ⅜

⅔╟┘ ⌐ ═╛╛ ⅛∫√ ╩ ⇔≡─

│ 3 ≤╙ 29.3ϴ 29.6ϴ≢№╡ ╒╓ ≢№∫√ ⌐≈™≡

│ │ ╩ ⇔≡ ⌡ 20ϴ≢ ⇔√ │

╩ ⇔≡ 21ϴ ≢ ⇔√ │ ⅔╟┘ │

25.225.4ϴ≢ ⇔ │ 23.9ϴ≢№∫√ ╩ ⇔≡─

│ │ 20.1ϴ │ 21.0ϴ │

24.7ϴ≢№∫√ 2-2-2-1a 2-2-2-1b  

ΏⱠ♇♅ꜗ♄כ◒ΐ─ ─ │ ≤ ≢№╡

⌐ ═ 9 ⅛∫√ ─ │ ⅔╟┘

⌐ ═ ↄ │ ⅛∫√╙── ╙ ⅔╟┘

⌐ ═ ™ ╩ ⇔√ ╕√ │ ≤ ≢
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⌐ ═ ⌂⅛∫√ ∕─√╘ ─ │ ⌐ ═

⌂ↄ ≤ ≤⌂╢ ⅜ ╠╣√ ─ │

─ 2 ⌐ ═╛╛ ↄ⌂╢ ╩ ⇔√╙── │ ⌐ ™

╩ ⇔ │ ⌐ ═ ⇔√ 2-2-2-2 ╕√

─ │ ⅔╟┘ ⌐ ═ ⌐ ↕ↄ

╡ ╙ │ ⅛∫√╙── ↕ↄ⌂╢ ⅜ ╠╣√ 2-2-2-3  

 ΏⱣ♥▫♇◒ΐ─ ─ │ ≤ ≢№╡

⌐ ═ 10 ⅛∫√ ─ ⅔╟┘ │

│ ⅛∫√╙── ⅔╟┘ ⌐ ═ ™ ╩ ⇔

│ ≤ ≢ ⌐ ═ ⌂∫√ ∕─√╘

─ │ ⌐ ═ ↄ⌂╢ ╩ ⇔√

─ │ ─ 2 ⌐ ═ ⅛∫√ ─ ⅔╟┘

─ │ ⌐ ═ ⌂ↄ ≤ ≢№∫√ 2-2-2-4

╕√ ─ │ │ ⅛∫√╙── ⅔

╟┘ ⌐ ═ ↕™ ⅜ ╠╣ ╡ │ ─ 2 ⌐ ═ ⌐

↕⅛∫√ 2-2-2-5  

 Ώⱬꜟ☿Ᵽΐ─ ─ │ ≤ ≢№╡

⌐ ═ 15 ⅛∫√ ─ ⅔╟┘ │

⌐ ═ ↄ ⌐ ═ ™ ⅜ ╠╣√ ─

│ ≤ ≢ ⌐ ═ ⌂⅛∫√ ∕─√╘ │ 3

≢ ≢№∫√ ⅔╟┘ │ 3 ≢ ≢№∫√

─ │ ⌐ ═ ™ ⅜ ╠╣√ 2-2-2-6 ╕√

─ │ │ ⅛∫√╙── ⌐ ═ ↕

™ ⅜ ╠╣ ╡ │ 3 ≢ ⅜ ⅛∫√ 2-2-2-6  
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─ ─ │ ─ ⌐ ≠™≡ ⇔√√╘

⌂ ╩ ⅎ⌂⅛∫√⅜ ⌡ ⅜ 30ϴ╩ ⅎ╢ │ ╩ ℮

⅜ ⅎ√ ∕─ ─ ╩ ⇔≡─ ─

│ ⌐ ═ 1ϴ ↄ ⌐ ═ 3ϴ ↄ⌂∫√ ↓

╣│ ─ ⅜ ™ ─ │ ─ ⅜ ↄ⌂╢↓≤⅜ ™√╘≢№

∫√ ∕─√╘ ⌐╟∫≡ ─ ╩ ∆╢ │ ⌐⅛

⅛╢◄Ⱡꜟ◑כ◖☻♩╩ ⇔≈≈ ╩ ↄ ≈↓≤⅜ ≢№╢↓≤

⅜ ╠⅛≤⌂∫√  

↓─ ⌂ ⌐⅔™≡ ⇔√ 3 ≤╙ ─ │

≤ ≤⌂∫√ ↓╣│ ⌐ ═ ─ ⅜ ⅜∫

√↓≤⌐╟╢ ≤ ⅎ╠╣√ ∕─√╘ ╩ ∆╢ ≤⇔≡╙

─╖╩ ∆╢ │ ≢№╢≤ ⅎ╠╣√  

ΏⱠ♇♅ꜗ♄כ◒ΐ⅔╟┘ΏⱣ♥▫♇◒ΐ─ ─

⅔╟┘ │ ⅔╟┘ ⌐ ═ ↄ⌂∫√ ⱬ◗♬▪ │

≤ ⅜ ⇔≡ ╗√╘ ⅜ ™ │ ™ ⌐ ═

⅝ↄ⌂╡╛∆™ ╕√ ╩ ℮≤ ≤ ─ ⅜ ⅝ↄ⌂╢

⅜ ─ │ ╩ 63 ⇔√─⌐ ⇔ ─╖

─ │ 44 ≤ 2/3 ─ ≢№∫√ ↓╣╠─↓≤⅛╠ ΏⱠ

─ΐ⅔╟┘ΏⱣ♥▫♇◒ΐ◒כ♄ꜗ♅♇ ─ ⅔╟

┘ ⅜ ⌐ ═ ↄ⌂∫√ │ⱪꜝ☻─ DIF ⅜ ⅝ↄ⌂╢

─ ⅜ ⌂ↄ⌂∫√√╘≢№╡ ⌐ ═ ↄ⌂∫√

│ ⌐ ⇔√√╘≤ ⅎ╠╣√ ╕√ Ώⱬꜟ☿Ᵽΐ─

─ │ ⌐ ═ ↄ ⌐ ™ ╩ ⇔√ ↓─ │

⌐ ═ ≢ ⅔╟┘ ─ ⅜ ↕™ ╩ ⇔ ⅛≈
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│ 3 ≢ ⅜⌂⅛∫√ ∕─√╘ ⱪꜝ☻─ DIF ─ ⅜ ↕™ ≢

№╡ ≤ ⌐ ⌐ ⇔√√╘⌐ ╙ ⅜

ↄ⌂∫√≤ ⅎ╠╣√  

─ ⅔╟┘ │ ΏⱣ♥▫♇◒ΐ≢│

≤ ≢№∫√⅜ ΏⱠ♇♅ꜗ♄כ◒ΐ⅔╟┘Ώⱬꜟ☿Ᵽΐ│ ⌐

™ ≤⌂╢ ⅜ ╠╣√ 1 1 ─ ⅛╠ ⅜ ∂≢№

╣┌ ⅜ ™ ⅜ ╛ ─ ⅜ ⅝ↄ⌂╢↓≤⅛╠ ─

│ ⅜ ™ ⅜ ∆╢≤ ∆╢≤ ≤ ⅜

⌐ ═ ⇔√ │ ⅜╛╛ ⅛∫√√╘≤ ⅎ╠╣√  

─▪♬◗ⱬהꜟכ○♅ꜝ◄│2005 ⌐ ∆╢ ╩

◘▬☼ ╡ ⅔╟┘ ≤⇔≡™╢ ╕√ 2008─

≢ ─▪♬◗ⱬהꜟכ○♅ꜝ◄ ╩ ╕ⅎ │ ◘▬☼

⅔╟┘ ─Ᵽꜝfi☻⅜ ⌐ ∆╢≤⇔≡™╢ │ ◘

▬☼⅔╟┘ ⅔╟┘ ╩ ⇔ ╩ 1 ─

≤⇔√√╘ ⅜ →√ ─ ─ ≢│ ╡

⅔╟┘ ─Ᵽꜝfi☻⅜ ∆╢ ╡╩ ╗ ─Ᵽꜝfi☻╩

∆╢ ≤⇔≡ ─ ↕⌐ ∆╢ ─ ⅔╟┘ ╡─

╡ ⅜ →╠╣ Sachs╠ 1976 ≤╙ 1.62⅜ ⇔≡™╢

≤↕╣≡™╢ ≢│ ⅜№╢╙── │

⌐ ═ ⅔╟┘ ╡ ⅜ ↕ↄ 1.62⌐ ™ ≤⌂╢ ⅜ ╠

╣ ─ ⌐ ═ ⅜ ↕╣╢ ⅜ ↕╣√ Ᵽ

ꜝfi☻ ─ ─ ≢№╢ ⌐≈™≡│ ⅜ ⌐≈™

≡│ ─ ⅜ ∆╢ ⌐≈™≡│ ΏⱣ♥▫♇◒ΐ│ ⌐

⇔√╙── ΏⱠ♇♅ꜗ♄כ◒ΐ⅔╟┘Ώⱬꜟ☿Ᵽΐ≢│ ─

│ ⌐ ™ ≤⌂╢ ⅜ ╠╣√ ╕√ ⌐≈™≡│ 3
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≤╙ │ ⌐ ═ ⌂ↄ⌂∫√⅜ │

⌐ ™ ≤⌂╢ ⅜ ╠╣ │ ⌂ↄ≤╙ ⅜ ┘⇔√ │ ↑⌂

⅛∫√  

─↓≤⅛╠ ─╖─ │ ⌐ ═ ╩

⇔≈≈ │ ≤⌂╢ ≤⇔≡ ≢⅝╢ ⅜ ↕╣

√ ╕√ ⌐ ≠™≡ ─ ⅜ ↕╣╢↓≤⅛╠ 2

1 ─ 2017 ─ ⌐ ─ ⅜ ™ ─ ⌐ ╩

∫≡⇔╕™ ╩ ⇔≡⇔╕℮↓≤╩ ≢⅝╢≤ ⅎ╠╣√ ≢

⌐ ╓∆ ⌐≈™≡│ ─№╢↓≤╙ ╠⅛≤⌂╡ ≢─

─ ⅜ ≢№╢≤ ⅎ╠╣√  
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2-2-2-1  ─ ─ ≤ ─  

 

                   │ ≢ ╩ ∫√ ╩ ∆  

 

  

0

5

10

15

20

25

30

35

40

45

7 17 7 27 8 6 8 16 8 26 9 5 9 15

─
ϴ

8/9-8/18 8/21-9/2 (9/4-9/10)(7/17-7/25) (7/29-8/7)
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z

7/17 - 8/1 8/2 - 8/23 8/24 - 9/18 7/17 - 9/18

31.9 30.7 27.4 29.8

31.4 30.6 27.3 29.3

30.5 31.3 27.7 29.5

 
y

z

7/17 - 8/1 8/2 - 8/23 8/24 - 9/18 7/17 - 9/18

19.2 20.4 20.3 20.1

20.9 21.2 21.0 21.0

25.4 25.3 23.9 24.7

 y

 

 

 

2-2-2-1a  ─ ─  

 

 

 

 

 

 

 

 
z ⅔╟┘ │ ─ ╡ ─ ╕≢ │  

─ ╡⅛╠ 14 ≤⌂╢╟℮⌐ 20ϴ≢ ⇔√  

    5:00 ─ ─ ⅜ 30ϴ╩ ⅎ╢ │ ╩  

20ϴ≢ ⇔√ ─ ─ │ ╩ ∫√ │ ─  

╩ ╩ ╦⌂⅛∫√ │ ─ ⅛╠ ⇔√  
y ⅔╟┘ │ 5:0019:00 19:005:00 

  │ 9:0019:00 19:009:00─ ╩ ∆  

  

 

 

 

 

2-2-2-1b  ─ ─  

 

 

 

 

 

 

 

 
z ⅔╟┘ │ ─ ╡ ─ ╕≢ │  

─ ╡⅛╠ 14 ≤⌂╢╟℮⌐ 20ϴ≢ ⇔√  

    5:00 ─ ─ ⅜ 30ϴ╩ ⅎ╢ │ ╩  

20ϴ≢ ⇔√ ─ ─ │ ╩ ∫√ │ ─  

╩ ╩ ╦⌂⅛∫√ │ ─ ⅛╠ ⇔√  
y ⅔╟┘ │ 5:0019:00 19:005:00 

  │ 9:0019:00 19:009:00─ ╩ ∆  
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1 ─

cm cm (a) (b) (a)/(b)

cm

  10  5  a 
y 30.5 b 34.5 24.8 10.0 a 2.5 6.5 a 3.1 a 10.1 a

10  6  a 27.6 a 33.5 22.8  9.9 a 2.3 6.4 a 4.3 ab 14.0 b

10 15  b 30.9 b 36.1 24.8 11.0 b 2.2 7.5 b 4.5 b 15.0 b

 z ** * ns ns * ns ** * **

 

 

 

 

 

 

 

 

 

 

 

 

2-2-2-2  ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

       ⌐ ╓∆  

 

 

 

 

 

 

 
 
z **1% ≢  * 5% ≢  ns ⌂⇔  

y ⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 

  



57 

 

z y

cm cm

30.5 b   2.35 b 
w 34.5 2.30

27.6 a   2.12 a 33.5 2.24

30.9 b   2.38 b 36.1 2.41

 x * * ns ns

 

 

 

 

 

 

 

 

 

 

 

2-2-2-3  ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

╡ ⌐ ╓∆  

 

 

 

 

 

 

 

 
 

z / 13cm≢  

y / 15cm≢  

x * 5% ≢  ns ⌂⇔  

w ⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 

  



58 

 

1 ─

cm cm (a) (b) (a)/(b)

cm

  10   1  a 
y 31.0 34.6 b 25.6  9.9 a 2.6 b  6.4 a 3.8 a 11.1 a

  10   1  a 29.5 32.9 a 23.6  9.8 a 2.4 ab 6.6 a 3.5 a   9.7 a

  10 11  b 31.2 38.3 c 25.3 11.7 b 2.2 a  8.1 b 5.9 b 15.1 b

 z ** ns ** ns ** * ** ** **

 

 

 

 

 

 

 

 

 

 

 

2-2-2-4  ─ ™⅜ΏⱣ♥▫♇◒ΐ─ ⅔╟┘  

       ⌐ ╓∆  

 

 

 

 

 

 

 
 
z **1% ≢  * 5% ≢  ns ⌂⇔  

y ⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 
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z y

cm cm

31.0 2.39   34.6 b 
w 2.31 b

29.5 2.27   32.9 a 2.19 a

31.2 2.40   38.3 c 2.55 c

 x ns ns ** **

 

 

 

 

 

 

 

 

 

 

 

2-2-2-5  ─ ™⅜ΏⱣ♥▫♇◒ΐ─ ⅔╟┘  

╡ ⌐ ╓∆  

 

 

 

 

 

 

 

 
 

z / 13cm≢  

y / 15cm≢  

x * 5% ≢  ns ⌂⇔  

w ⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 
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1 ─

cm cm (a) (b) (a)/(b)

cm

  10 24  a
 y   23.3 a  35.3 17.5 10.3 a 1.7      7.3 ab 3.5  8.3 a 

  10 22  a   24.4 ab 35.3 18.7 10.5 a 1.8      6.9 a 3.6  9.7 ab

  11   6  b   25.7 b  35.6 19.8 12.1 b 1.6      8.2 b 4.0 11.5 b  

 z ** * ns ns ** ns * ns *

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-2-2-6  ─ ™⅜Ώⱬꜟ☿Ᵽΐ─ ⅔╟┘  

       ⌐ ╓∆  

 

 

 

 

 

 

 
 
z **1% ≢  * 5% ≢  ns ⌂⇔  

y ⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 

  



61 

 

z y

cm cm

  23.3 a 
w 1.79 a  35.3 2.35

  24.4 ab 1.88 ab 35.3 2.36

  25.7 b  1.98 b  35.6 2.38

 x * * ns ns

 

 

 

 

 

 

 

 

 

 

2-2-2-7  ─ ™⅜Ώⱬꜟ☿Ᵽΐ─ ⅔╟┘  

╡ ⌐ ╓∆  

 

 

 

 

 

 

 

 
 

z / 13cm≢  

y / 15cm≢  

x * 5% ≢  ns ⌂⇔  

w ⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 
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 ─╖─ ⅜ ⅔╟┘ ⌐ ╓∆  

 

 2 2 2 ─ ⅛╠ ─╖─ │

⌐ ═ ╩ ⇔≈≈ ╩ ≤∆╢ ≤⇔≡ ≢⅝╢

⅜ ↕╣√ ⇔⅛⇔ ─ ⅜ ≢№╢↓≤╩ ∆╢

≤ ⌐ ∆╢◄Ⱡꜟ◑כ◖☻♩╩ ⌐ ∆╢ ╩ ∆╢ ⅜№

╢  

Sandved 1962 ─▪♬◗ⱬהꜟכ○♅ꜝ◄│ ─ ⅜ ⌐

╓∆ ≤⇔≡ ⅔╟┘ ─ │ ≤⇔

─╖ ╩ ⅎ≡╙ ⅜ ∆╢↓≤⅛╠ ─ ⅜

⌐ ↄ ╩ ╓∆≤ ⇔≡™╢ ╕√ 1 2 ≢

⌐⅔↑╢ ─ ™⅜ ⅔╟┘ ⌐ ╩ ╓∆↓≤⅜ ╠⅛≤

⌂∫≡™╢ ↓╣╠─↓≤⅛╠ ⌐⅔™≡╙ ─╖─

≢ ╩ ∆╢↓≤⅜≢⅝╣┌ ╩ ⌐ ⇔ ⌐

∆╢◄Ⱡꜟ◑כ◖☻♩╩ ≢⅝╢↓≤⅜ ↕╣╢  

 ∕↓≢ ≢│ ─ ⅜ ⅔╟┘ ⌐ ╓∆

╩ ⇔√  

 

⅔╟┘  

 │ΏⱠ♇♅ꜗ♄כ◒ΐ ╩ ⇔√ │ 20ϴ

─ ─ ╡⅛╠ ╕≢ │ ╕≢

│ ─ ╕≢ ╩ 7 17 9 18 ─ 63 ╩ ⌐ ℮

≤⌂╢ 8 2 8 23 ─ 21 ─╖╩ 20ϴ

≢ ∆╢ ⅔╟┘ ─ 3 ╩ ↑√ ⌐│

╩ 20ϴ ≢ ∆╢ A≤ ─ B─ 2 ╩ ™ │



63 

 

A≢ │ B≢ ⇔ │ ≤

│ B≢ │ A≢ ⇔√ │ 4 9

⌐ ╩ ™ ─ ╩ ╠∑╢ ≤⇔√ 20185 11 ⌐

⇔ ╩ ™ 6 26 ⌐ 2 ⇔≡ ⇔ 7 12 ⌐ 5 ⱪꜝ☻♅♇◒

13cm 15cm⌐ →⇔√ │ 1 4 3 ≤⇔√

│ ─ ─ ⅔╟┘ ─

1 ─ ⅔╟┘ ⌐≈

™≡ ⇔√ ╕√ ⌐ ∆╢ ─ ⅔╟┘ ⌐ ∆╢

─ ╡ ╩ ⇔√  

 

 

 ≤ ─ ╩ ∆╢≤ ⌐≈™≡│

│ ⅜ 1.4ϴ ↄ │ ⅜ 0.6ϴ ↄ

│ ≢№∫√ ⌐≈™≡│ │ 20ϴ ≢ ⇔

│ ⅔╟┘ │ 25ϴ ≢№╡ │

23.9ϴ≤ ⌐ ⌐ ═ ↄ ⇔√ ─ │

≤ │ ≤ ∂ ≢ │ ≤

∂ ≢ ⇔√↓≤⅛╠ ─ ─ │ ⅔╟┘

≤╒╓ ≢№╡ ─ ─ │ ⌐ ═

3.2ϴ ↄ ⌐ ═ 1.4ϴ ⅛∫√ 2-2-3-1a 2-2-3-1b  

ΏⱠ♇♅ꜗ♄כ◒ΐ─ ─ │ ≤ ≢№╡

⌐ ═ 10 ⅛∫√ ─ │ ⅔╟┘

⌐ ═ ↄ │ ⅛∫√╙── ╙ ⅔╟┘ ⌐

═ ™ ╩ ⇔√ ╕√ │ ≤ ≢ ⌐ ═

⌂⅛∫√ ∕─√╘ ─ │ ╙ ⅛∫√
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─ │ │ ⅛∫√╙── ⅔╟┘ ⌐ ═ ↄ⌂

╢ ⅜ ╠╣√ 1 ─ │ ⅜ ╙ ↄ ⅜

╙ ↄ⌂╡ │ ─ ≢№∫√ ─

⅔╟┘ │ ⌐ ═ ↄ ≤ ≢№∫√ 2-2-3-2

╕√ ─ │ ⅔╟┘ ⌐ ═ ⌐

↕ↄ ╡ ╙ │ ⅛∫√╙── ↕ↄ⌂╢ ⅜ ╠╣√

2-2-3-3 2-2-3-1  

 

 

│ ─ 21 ─╖ 20ϴ ─ ╩ ∫√↓≤

⅛╠ ─ ─ │ ⌐ ═ 3ϴ ⅛∫√ ∕─

╟℮⌂ ⌐⅔™≡╙ │ ≤ ≢№╡ ╟╡

⌐ ⇔√ ∕─√╘ ⌐≈™≡│ ⇔≡ ╩ ℮ ⌐ ═ 1/3

─ ≢ ─ ⅜ ╠╣ 2 2 2 ≢ ⇔√ ─

╖ ∆╢ ╟╡╙ ⌐ ◖☻♩⌂ ≢№╢≤ ⅎ╠╣√ ╕

√ Sandved ─ 1962 │ 24ϴ ─ ≢─ ≢№∫√⅜

─ ⌐⅔™≡╙ ─ ⅜ ⌐ ↄ ∆╢≤ ⅎ╠╣√

1 2 ─ ≢│ ≢ ╩ ⇔√ 21 ─ כ♥☻

☺│ 20ϴ ⅜ 25ϴ ⌐ ═ ⌐ ─ ⅜☺כ♥☻ ╪≢⅔╡ ∕

─ ─ 20ϴ ─ │☺כ♥☻ ─ ╛ ⌐ ╩ ╓

∆≤ ↕╣╢ ≢№∫√ ∕─√╘ ≢│ ─ ⅔╟┘

⌐≈™≡│ ╩ ╦⌂⅛∫√⅜ ─╖ ╩ ∫≡╙

⌐ ═ ⌐ ⇔√ │ ╩ ∫√ 21 ≢ ─

─ ⅜☺כ♥☻ ⌐ ═ ╪≢⅔╡ ─ ⅜

≢ ≤⌂∫≡╙ ⌐ ⌐ ∫√√╘≤ ⅎ╠╣√  
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─ ⅔╟┘ │ ⅔╟┘ ⌐

═ ↄ⌂∫√ ↓╣│ 2 2 2 ─ ≤ ⌐

⌐ ⇔≡│ ─ ⌐ ═ ─

⅜ 1/3 ─ ≢№╡ ⱪꜝ☻─ DIF ⅜ ⅝ↄ⌂╢ ⌐ ⇔√

⅜ ⅛∫√√╘≤ ⅎ╠╣√ ╕√ ⌐ ⇔≡│ ⌐ ⇔√

↓≤⌐╟╡ ╕≢─ ⅜ ⌂ↄ⌂∫√√╘≤ ⅎ╠╣√  

─ ⅔╟┘ │ ⌐ ═ ↄ

⌐ ™ ≤⌂∫√ ↓─ ╙ 2 2 2 ─ ≤

⌐ ⌐ ═ ⅜ ™ ⌐ ↄ ⇔√√╘≤ ⅎ╠╣

√  

─ ─▪♬◗ⱬהꜟכ○♅ꜝ◄╩ ⌐ ∆╢

2005⌐ ≡│╘╢≤ ⅔╟┘ ╡ │ 2.13ה2.02

ה ╡ ≢№╡ ─ ⌐2.41ה2.37 ═ ⌂ ─Ᵽꜝfi☻

≤↕╣╢ 1.62Sachs╠ 1976⌐ ↄ⌂∫√ ╕√ │ ≤

≢№╡ ─ │ ╟╡ ⌂⅛∫√⅜ │ ⌐ ⅛∫√

√╘ ≤⇔≡ ╕∫√ ╩ ↑√  

─↓≤⅛╠ ╩ ℮ │ ≢ ∆╢ ≤

─ ╩ ∆╢ ╩ 1/3─ ≢ ≤⇔ ⌐≈™≡│

≤ ≤⌂╢ ≤⇔≡ ≢⅝╢≤ ⅎ╠╣√ ─ │

─ ⅜ ⅛∫√ 2018─ ≢№╢⅜ 2 2 2 ─

─╖ ∆╢ ≤ ╖ ╦∑╢↓≤≢ ⌂ ╩ ⅎ╢↓≤⅜

↕╣╢ ╕√ ≢│ΏⱠ♇♅ꜗ♄כ◒ΐ1 ─╖─ ≢№╡

─╖ ∆╢ ─ ╙ ⅜ ╘╠╣√↓≤⅛╠

⌐≈™≡╙ │ ≢─ ╩ ∆╢ ⅜№╢≤ ⅎ╠╣√  
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z

7/17 - 8/1 8/2 - 8/23 8/24 - 9/18 7/17 - 9/18

31.9 30.7 27.4 29.8

30.5 30.7 27.4 29.3

30.5 31.3 27.7 29.5

 
y

z

7/17 - 8/1 8/2 - 8/23 8/24 - 9/18 7/17 - 9/18

19.2 20.4 20.3 20.1

25.4 20.4 23.9 23.3

25.4 25.3 23.9 24.7

 y

 

 

 

 

 

2-2-3-1a  ─ ─  

 

 

 

 

 

 

 

 

 z ⅔╟┘ │ ─ ╡ ─ ╕≢ │ ─  

╡⅛╠ 14 ≤⌂╢╟℮⌐ 20ϴ≢ ⇔√  

   ⅔╟┘ │ ≤ ∂ ≢ │  

≤ ∂ ≢ ⇔√  
z ⅔╟┘ │ 5:0019:00 19:005:00 

  │ 9:0019:00 19:009:00─ ╩ ∆  

 

 

 

 

2-2-3-1b  ─ ─  

 

 

 

 

 

 

 

 

 z ⅔╟┘ │ ─ ╡ ─ ╕≢ │ ─  

╡⅛╠ 14 ≤⌂╢╟℮⌐ 20ϴ≢ ⇔√  

   ⅔╟┘ │ ≤ ∂ ≢ │  

≤ ∂ ≢ ⇔√  
z ⅔╟┘ │ 5:0019:00 19:005:00 

  │ 9:0019:00 19:009:00─ ╩ ∆  
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1 ─

cm cm (a) (b) (a)/(b)

cm

10   5  a 
y 30.5 b 34.5 24.8 10.0 a 2.5 c 6.5 a 3.1 a 10.1 a

10  5  a 26.3 a 32.0 22.0 10.6 a 2.1 a 6.8 ab 4.0 b 15.1 b

10 15  b 30.9 b 36.1 24.8 11.1 b 2.2 b 7.5 b 4.5 b 15.0 b

 z ** ** ns ns ns ** * ** **

 

 

 

 

 

 

 

 

 

 

 

2-2-3-2  ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

       ⌐ ╓∆  

 

 

 

 

 

 

 
 
z **1% ≢  * 5% ≢  ns ⌂⇔  

y ⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 
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z y

cm cm

  30.5 b 
w 2.35 b 34.5 2.30

  26.3 a 2.02 a 32.0 2.13

  30.9 b 2.37 b 36.1 2.41

 x ** ** ns ns

 

 

 

 

 

 

 

 

 

 

 

2-2-3-3  ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘  

╡ ⌐ ╓∆  

 

 

 

 

 

 

 

 
 

z / 13cm≢  

y / 15cm≢  

x * 5% ≢  ns ⌂⇔  

w ⌂╢ ⌐ 5% ≢ №╡ Tukeyn=3 
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2-2-3-1 ─ ™⅜ΏⱠ♇♅ꜗ♄כ◒ΐ─ ⅔╟┘ ⌐  

       ╓∆  

 

⅛╠ 201810 2  
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 ⅜ ⅔╟┘ ⌐ ╓∆  

 

2 ─▪♬◗ⱬהꜟכ○♅ꜝ◄│≢ 9 10 ⌐⅔↑╢

─ ⅔╟┘ ─ ≤⇔≡ ╩ ⇔√ ⇔⅛⇔

╩ ℮√╘⌐ ≤⌂╢ⱥכ♩ⱳfiⱪ│ 300 №√╡ 400 ─

⅜ ≤↕╣≡⅔╡ 2016 ≢⅝╢ │ ╠╣≡⇔

╕℮ ▬♅◗─ ≤⇔≡ ╩ ≢

⇔√ ⌐ ≢─ ╩ ℮↓≤╩ ╡ ∆ ⅜

↕╣≡⅔╡ 8 9 ⌐⅛↑≡ ╩ ℮↓≤≢ 10

╩ ≢⅝╢↓≤⅜ ↕╣≡™╢ Yoshida╠ 2012 ↓─ │ⱪꜞ

ⱶꜝהⱳꜞ▪fi◘ ╠ 2015⅔╟┘◦◒ꜝⱷfi ╠ 2016≢╙

⌐ ∆╢↓≤≢ ─ ╩ ↕∑╢↓≤⅜ ↕╣≡⅔╡ ─ ⅝

┼─ ╙ ≢№╢≤ ⅎ╠╣╢ ╕√▬♅◗≢│ ─

≤⇔≡ 1 ─ ≢ 3 ⱳ♇♩ ╩ 3500 ∆╢↓≤⅜

≤↕╣≡™╢ ה  2013

▪♬◗ⱬהꜟכ○♅ꜝ◄ │ 3.3m2№√╡ 25 ≢№╢↓≤⅛╠ ה

1996300№√╡ 7500 ≤⌂╢ ∕─√╘ 1 ≢▬♅◗

≤ ─ ╩ ≢⅝╢≤ ∆╢≤ ─ ≢ ╗√╘ⱥכ♩ⱳ

fiⱪ⌐ ═ ⌂ ≤⇔≡ ≢⅝╢ ⅜ ™ ∕↓≢ 3 ≢│◄

─▪♬◗ⱬהꜟכ○♅ꜝ 9 10 ⌐⅔↑╢ ⌂ ⅔╟┘

╩ ⌐ ⅜ ⅔╟┘ ⌐ ╓∆ ╩ ⇔√  

 

 ─ ◘▬◒ꜟ ⅜

⅔╟┘ ⌐ ╓∆  

 



71 

 

 ⅜ ⅔╟┘ ⌐ ╓∆ │ ≤ ≢─

╩ ╖ ╦∑√ᵑ ◘▬◒ꜟ ᵒ1 ─ ◘▬◒ꜟ╩

╡ ∆⅛─ ⅔╟┘ᵓ ─ 3 ≈─ ⅜ ╖ ╦↕

╢↓≤⌐╟∫≡ ∆╢ Yoshida╠ 2012∕↓≢ ≢│ 3 ⅜

⅔╟┘ ⌐ ╓∆ ╩ ⇔√  

 

⅔╟┘  

 │ ≢ ↄ ↕╣╢ΏⱠ♥▫▪ΐ ╩

⇔√ ─ │▬fi◐ꜙⱬכ♃ MIR-253

╩ ™ ─ ⇔ ╣│ 16 30 ⅛╠ 17 ─ ⌐ ∫√  

 

1. ─ ◘▬◒ꜟ⅜ ⅔╟┘ ⌐ ╓∆  

20125 30 ⌐ ⇔ ╩ ™ 6 22 ⌐ 2.5 ⱳꜞⱳ♇♩⌐

→ 6 29 ⌐ 2 ⇔≡ ⇔√ 8 4 ⅛╠ 9 5 ⌐⅛↑≡

╩ ∫√ ≤ ≢─ ╩∕╣∙╣ 2 ↔≤⌐ 8 ⇔

√ 2D/2DĬ84 ↔≤⌐ 4 ⇔√ 4D/4DĬ4⅔╟┘ 8 ↔≤⌐ 2

⇔√ 8D/8DĬ2─ 3 ─ ╩ ↑√ │ 10ϴ

≢ ™ ™∏╣─ ╙ ─ │ 16 ≤⌂╢╟℮⌐⇔√

≤⇔≡ ╩ ╦⌂™ ╩ ↑√ ─

⅜ ⇔√ 9 10 ⌐ 4 ⱪꜝ☻♅♇◒ ⌐ ⅎ⇔√ ─

→⅔╟┘ │ ≤ ⌐ ™ 8 1 ⌐ 4 ⱪꜝ☻♅♇◒ ⌐

ⅎ⇔√  

 │ ─ ─ 9 4 ⌐ ≤ 9 18 ─ ⅔╟┘

≤ ─ 1 ─

⅔╟┘ ⌐≈™≡ ⇔√ ⌐≈™≡│ 1 ⌐≈⅝ 20
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─ ≤⇔ ⅔╟┘ ⌐≈™≡│ ╩ ⇔√ ─ ⅛╠

⌐ ┘ ⅎ╩ ∫√ ╩ ⌐ 1 1 ─ 10 ≤⇔√  

 

2 ─ ⅜ ⅔╟┘ ⌐ ╓∆  

20135 22 ⌐ ⇔ ╩ ™ 6 20 ⌐ 2.5 ⱳꜞⱳ♇♩⌐

→ 7 2 ⌐ 2 ⇔≡ ⇔√ ─ ≤ ≢─

│ 4 ↔≤⌐ 2 ⇔√ 4D/4DĬ2 ─ │ 8 ≤ 4

⇔√ 4D/4DĬ4 │ 16 ─ 2 ─

╩ ↑√ 4D/4DĬ2│ 8 6 ⅛╠ 8 22 ⌐⅛↑≡ ╩

™ ⅜ ⇔√ ─ 8 19 ⌐ 4 ⱪꜝ☻♅♇◒ ⌐ ⅎ⇔

√ 4D/4DĬ4│ 8 6 ⅛╠ 9 7 ⌐⅛↑≡ ╩ ™

⅜ ⇔√ ─ 9 5 ⌐ 4 ⱪꜝ☻♅♇◒ ⌐ ⅎ⇔√

│ 10ϴ ≢ ∫√ ≤⇔≡ ╩ ╦⌂™

╩ ↑√ ≢│ ╕≢─ │ 2 ≤ ≤⇔ 8 5

⌐ 4 ⱪꜝ☻♅♇◒ ⌐ ⅎ⇔√  

 │ 4D/4DĬ2─ ─ 8 19 ⅔╟┘ 4D/4DĬ4─

─ 9 5 ─ ⌐≈™≡ ⇔√ ╕√ ─

1 ─ ⅔╟

┘ ⌐≈™≡ ⇔√ │ 1 1 ─ 9 ≤⇔√  

 

3 ─ ⅜ ⅔╟┘ ⌐ ╓∆  

 ⇔ →⅔╟┘ │ 2≤ ≤⇔ 20138 6 ⅛╠ 9

7 ⌐⅛↑≡ 4D/4DĬ4 ─ ╩ ∫√ ─ │ 10ϴ

12.5ϴ 15ϴ─ 3 ╩ ↑√ ≤⇔≡ ╩ ╦⌂™

╩ ↑√ ─ 9 5 ⌐ 3 ≤╙ 4 ⱪꜝ☻♅♇◒
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⌐ ⅎ⇔√ ─ │ 2─ ≤ ≤⇔√  

 │ ─ 9 5 ─ ⅔╟┘ ≤

─ 1 ─

⅔╟┘ ⌐≈™≡ ⇔√ │ 1 1 ─ 9 ≤⇔√  

 

 

 ─ ⌐ √╢ 8 1 ⅛╠ ⌐ √╢ 10 20

╕≢─ ≤ ─ ╩ 3-1-1 ⌐ ⇔√ 2012│

─ ⅜ ↕ↄ ≢№╢ 8 1 9 10 ⌐⅛↑≡│ 24

28ϴ─ ≢ ⇔√ ∕─ │ 9 20 ⅛╠ ⅜ ⇔ ╘ 10 1

⌐ 25ϴ≤ ↄ⌂∫√╙── ⇔√ ⅜ ╠╣√ 2013

│ 2012⌐ ═ ─ ⅜ ⅝ↄ ≢№╢ 8 1 9

10 ⌐⅛↑≡│ 2332ϴ─ ≢ ⇔√ ∕─ ╙ ─ ⅜ ⅝ↄ

9 ⅛╠ 20ϴ╩ ╢ ╛ 10 ⌐ 24ϴ╩ ╢ ⅜ №∫√  

 │ ─ 20138 1 10

20 ╕≢─ ─ ─ ╡╕≢─ ⅛╠ ⇔√ 2013

╩ ∫√ 8 1 9 10 ╕≢─ ╩ ╢≤ 8 1 ⅜ 13

57 ≤ ╙ ↄ ∕─ │ ╩ ℮↔≤⌐ ↄ⌂╡ 9 10 ≢│ 12

37 ≢№∫√  

 

1 ─ ◘▬◒ꜟ⅜ ⅔╟┘ ⌐ ╓∆  

 ─ ─ ⅔╟┘ ╩ 3-1-1 ⌐ ⇔√

│ 8D/8DĬ2─╖≢ ⇔ 65─ ⅜ ⇔√ ↓─√╘ 8D/8DĬ2≢│

─ ╩ ⇔√ ⅔╟┘ │ 2D/2DĬ8⅔╟┘ 4D/4DĬ4

≢ │⌂⅛∫√  
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3-1-2 ⌐ ⅔╟┘ ─ ╩ ⇔√ ∆═≡─ ≢ ⅜

╘╠╣ │ 2D/2DĬ8⅔╟┘ 4D/4DĬ4⌐ │⌂ↄ ⌐

═ 2 ⅛∫√ 1 ─

⅔╟┘ ⌐≈™≡╙ 2D/2DĬ8⅔╟┘ 4D/4DĬ4≢ │⌂ↄ

⌐ ═ ⌐ ⅜ ↕⅛∫√ ╕√ ⌐≈™≡│

⌐ ═ 4D/4DĬ4│ ⌐ ⌂⅛∫√⅜ ∕─ │ 1 ≢№∫√  

 

2 ─ ⅜ ⅔╟┘ ⌐ ╓∆  

™∏╣─ ⌐⅔™≡╙ ⌐ ⇔√ │ ╘╠╣⌂⅛∫√ כ♦

♃   

 ─ ™⅜ ⅔╟┘ ⌐ ╓∆ ╩ 3-1-3 ⌐ ⇔√

∆═≡─ ≢ ⅜ ╘╠╣ 4D/4DĬ4│ 4D/4DĬ2⅔╟┘

⌐ ═ ⅜ ⅛∫√ ╕√ ⅔╟┘ 1 ─

─ │ 4D/4DĬ4⅜ 4D/4DĬ2⅔╟┘ ⌐ ═ ↕⅛∫√

4D/4DĬ2≤ ≢│ ⅔╟┘ 1 ─

─ ⌐ │⌂⅛∫√ │ 4D/4DĬ4⅜ ⌐ ═ ⌐

⌂⅛∫√ ⅔╟┘ │ 3 ≢ ⅜⌂⅛∫√  

 

3 ─ ⅜ ⅔╟┘ ⌐ ╓∆  

™∏╣─ ⌐⅔™≡╙ ⌐ ⇔√ │ ╘╠╣⌂⅛∫√ כ♦

♃  

─ ─ ╩ 3-1-4 ⌐ ⇔√ 10ϴ 12.5ϴ ⅔

╟┘ 15ϴ ─ 3 ≢ ⅔╟┘ ⌐ │⌂⅛∫√  

3-1-5 ⌐ ⅔╟┘ ─ ╩ ⇔√ ∆═≡─ ≢ ⅜

╘╠╣ │ ╩ ∫√ 3 │ ⌐ ═ ⌐ ⅛
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∫√ ╕√ 3 ≢│ 12.5ϴ ⅔╟┘ 15ϴ ⅜ 10ϴ ⌐ ═ ⌐ ↄ

⇔√ ⅔╟┘ ⌐≈™≡│ 10ϴ ⅔╟┘ 12.5ϴ │

⌐ ═ ⌐ ⅜ ↕⅛∫√ 15ϴ │ ≤ ⅜⌂⅛∫√ ╕

√ 10ϴ ≤ 12.5ϴ ≢ │⌂⅛∫√ ≤ 1 ─ │ 3

≤╙ ⌐ ═ ⌐ ⅜ ↕ↄ 3 ≢│ ⅜⌂⅛∫√ │

15ϴ ⅜ 10ϴ ⅔╟┘ ⌐ ═ ⌐ ⅛∫√ ⅔╟┘

│ ─ ™⌐╟╢ │⌂⅛∫√  

 

 

⌐≈™≡│ 10ϴ ─ │ 16 ≢

∂≢№╢⅜ ◘▬◒ꜟ⅜ ⌂╢ 2D/2DĬ8≤ 4D/4DĬ4╩ ∆╢≤

≢ ⌐ │⌂ↄ ≤╙ ⌐ ═ ⌐ ⇔√ 3-

1-2 ╕√ ─ ⅜ ⌂╢ 4D/4DĬ2 8 ≤

4D/4DĬ4 16 ≤≢│ 4D/4DĬ4⅜ ≤ ⇔≡ ⌐

⇔√ 3-1-3 ↓╣╠ ⅜ ⇔√∆═≡─ ─ 1 ─

│ ─∕╣≤ ⇔≡ ≢№∫√↓≤⅛╠ ⅜

╟╡ ⅛∫√↓≤⅜ ↕╣√ ╕√ ⇔√ ─ ≢│

◘▬◒ꜟ╟╡╙ ─ ⅜ ⅝™↓≤⅜ ╠⅛≤⌂∫√  

10ϴ 12.5ϴ⅔╟┘ 15ϴ ─ 3 ≢ ∆╢≤ 12.5ϴ

⅔╟┘ 15ϴ ⅜ 10ϴ ⌐ ═ ⌐ ⇔√ 3-1-5 ─

™⌐╟∫≡ ⅜ ⌂∫√ ≤⇔≡  3 ≢ 1 ─

⅜ ≢№∫√↓≤⅛╠ ─ ⌐ ⅜№∫√√╘≤ ⅎ╠

╣√ ↓╣╠─↓≤⅛╠ ⌐╟∫≡ הꜟכ○♅ꜝ◄╡╟

ⱬ◗♬▪─ ⅜ ↄ⌂╢ ⌐│ ≤ ─

─ ≈─ ⅜ ⇔≡™╢≤ ⅎ╠╣√   
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─▪♬◗ⱬהꜟכ○♅ꜝ◄╢№≢ ⌐│ ≤ ⅜

⇔ ⌐≈™≡│ 12.514 ⅜ ≤↕╣╢ 2002 ≢

╩ ∫√ 8 1 9 10 ─ │ ─ ≤ ─ ╡─ ⅛

╠ 13 57 12 37 ≢№∫√ ⌐ │ ─ ⌐╙

∆╢√╘ │ ─ ⅛╠ ─ ╡╕≢─ ⌐ 40 ⅎ√

╙─≤∆╢↓≤⅜ ™ 1993∕─√╘ ─ │ 14.5

13.5 ≢№╡ ↓─ ─▪♬◗ⱬהꜟכ○♅ꜝ◄│ ⌐│ ⌂

≢№∫√ Yoshida╠ 2012│▬♅◗┼─ │ ╩ ⇔ ∕

─ ─ ≈⌐ ─ ≤ ─ ┼─ ─

⅛╠ ≤⇔≡ ⇔≡™╢√╘≤ ⇔≡™╢ ≢│

╩ 2012 8 4 9 1 1 ⅔╟┘ 20138 6 9 3

2⅔╟┘ 3 ⌐⅛↑≡ ™ ─ ─ ⇔ ╣│ 16 30

17 ⌐⅛↑≡ ∫√ ╙ ⅜ ™ 4D/4DĬ4 ╩ ⇔√ 8 4 6

─ ─ ≤ ─ ╡ │ 4 5051 ≤ 18 3941 ≢№╡

⅜ ⇔√ 9 1 2 ─ ─ ≤ ─ ╡ │ 5 11 12 ≤ 18 6

7 ≢№∫√ 2013 ↓╣╠─ ⌐ ─ 20 ╩ ⅎ╢

1993≤ ⅜ ⌐ ∆╢ │ 11 38

12 30 ⌐ ∆╢ │ 1 26 2 31 ≤⌂╡

≥∟╠╙ ╩ ∫≡™√ ∕─√╘ ⌐⅔™≡╙

│ ≤⇔≡ ⇔√ ⅜№╢≤ ⅎ╠╣√  

╕√ Sandved1969│◄ꜝ♅○הꜟכⱬ◗♬▪┼─ ≤ ⅜

⌐ ╓∆ ⌐≈™≡ 1013 ─ ≢│ ⅜ ™╒≥ │

ↄ⌂╢≤⇔≡™╢ ⌐ ╩ 1224ϴ ─ ≤∆╢≤ 10

≢│ ⅜ ∆╢≤ ⅜ ⇔ ⌐ 13 ≢│ ⅜

™╒≥ ⅜ ∆╢≤⇔≡™╢ │ ─ 4 6 ⌐⅛↑≡
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∫≡⅔╡ ─ │ ≤⇔≡™╢↓≤⅛╠ ◄ꜝ♅○

─▪♬◗ⱬהꜟכ │ ─ ─ ⅔╟┘ ─ ╩ ↑

╢≤ ⅎ╠╣╢  

─ ─ ─ │ ≤╙ 2332ϴ─

≢ ⇔≡™√ ∕─√╘ ⅜ ↄ ⅜ ™ ≢ ↕╣

√ ≤ ─ ╩ ↑≡™╢≤ ↕╣╢ ╩⇔√ ╩

∆╢≤ ╩⇔√ │ ⌐ ═ ⅜ ↄ ↕╠⌐

╩⇔√ ─ ≢│ ⅜ ™╒≥ ⅜ ⇔≡⅔╡

Sandved1969⅜ ⇔√ ─ ⅔╟┘ ⌐ ∆╢ ≤

⇔√ ⅜ ↕╣√ ↓╣╠─↓≤⅛╠ │≢▪♬◗ⱬהꜟכ○♅ꜝ◄

≢ ╠╣√ 10ϴ─ 2D/2D×8 ⅔╟┘ ─ 4D/4D×4 ⌐≈™≡│

⌂ ╛ ≢╙ ⇔√ ╛ ╩↕∑≡ ⇔

√ ≤ ⇔√ ⅜ ╠╣╢≤ ⅎ╠╣√  

2012 ≤ 2013 ─ │╒╓ ⌐ ∫√⅜ 1 ≤ 2 ⌐⅔↑╢

4D/4D×4 ⅔╟┘ ─ ╩ ∆╢≤ 4D/4D×4 │ 2 ─ ™

≢№╡ ─ 9 ⌐ ═ ⅜ ↕⅛∫√ ─ ≢─

─ ™│ 2012 ≤ 2013 ─ ─ ⅜ ⌂∫√√╘≤ ⅎ╠

╣√⅜ ↓─╟℮⌂ ⌐⅔™≡╙ 4D/4D×4 │ ─ ⅜ ↕⅛∫√

≤ ⅎ√ ∕─√╘ │ ─ ╩ ⅎ ╩

≤∆╢ ≢№╢≤ ⅎ╠╣√  

⌐≈™≡ ≤ ∆╢≤ ⅜ ™╒≥ ⅔╟┘

⅜ ↄ⌂╢ ⅜ ╠╣√ ⌐ 10ϴ⅔╟┘ 12.5ϴ─ 4D/4DĬ4│

⌐ ═ ⌐ ↄ ≤⌂╢ ╩ ≢⅝╢↓≤⅜ ╠⅛

≤⌂∫√ 3-1-5 ≢ │▪♬◗ⱬהꜟכ○♅ꜝ◄√⇔

⅜ ™╒≥ ⅜ ↄ⌂╢↓≤⅜ ↕╣≡™╢ 2002∕─√╘
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│ ─ ┼─ ≤ ⌐ ⌐ ⇔≡╙

≢─ ≤ ─ ╩ ╓∆≤ ⅎ╠╣√ ╕√ │ ◦

╢╟⌐♪כ▼ ≢│ ⌂ ─ ╩ ⇔≈≈ ╩ ⅎ

╢↓≤⅜≢⅝╢ ≢№╢≤ ⅎ╠╣√ ╩ ℮≤ ⅜ ↄ⌂

╡ ⌐╟∫≡│ ⅜ ⌂ↄ⌂╢↓≤⅜ ╠⅛≤⌂∫√ 3-1-2

↓─↓≤⌐≈™≡│ ─ ™⌐╟╢ ⌂ │ ╘╠╣⌂⅛

∫√ 3-1-5 ≢─ │ ⅜ ™╒≥ ⌂ↄ⌂╢↓≤⅛

╠ 2002 ⌐ ∆╢ ─ │ ≢─

≤│ ⌂╢≤ ⅎ╠╣√ ≤ ╩ ∫√ ─

─ │ 1 ≢№╢↓≤⅛╠ ⅜ ⇔√ │ ─

⅜ ⇔√√╘≤ ⅎ╠╣√ ╩ ℮≤ │ ≤

⌂╢√╘ ⅜ ⅎ∏ ⌐ ═ ─ ∆╢↓≤⅜ ↕╣

≡™╢ Yoshida╠ 2012∕─√╘ ≢│ ⌐ ╦╠∏

─ ⌐╟∫≡ ⅜ ⇔√↓≤⌐╟╡ ─ ─ ╩

™√≤ ↕╣√  

│ ─ ─ ⇔ ╣⌐ ⅜⅛⅛╢√╘ ≢─

╩ ⅎ╢≤ 1 ─ ◘▬◒ꜟ⅜ ↄ ⇔ ╣ ─ ⌂™

⅜ ╘╠╣╢ ⇔⅛⇔ ≢ ⇔√ ≢ ╙ ⅜ ⌂™ 8D/8DĬ2

≢│ ⅜ ⇔√ Ɫ▬fi☼╠ 1995│ ≢─ ─ │

─ ≤ ⌐╟╢ ─ ⌐╟╡ ─ ╩ ↄ↓≤╩

⇔≡™╢ ╕√ ─ ─▪♬◗ⱬהꜟכ○♅ꜝ◄≢ ≢№╢ ⱬ

◗♬▪─☿ꜟ │ 3 ⇔≡ ∆╢≤ 5 12.5ϴ─ ≢│

⅜ ™╒≥ ⅜ ∆╢↓≤╩ ⇔≡™╢ ↓╣╠─↓≤⅛╠

≢ ∫√ 10ϴ─ ≢│ ─ ⅜ ↄ 8 ─ ≢╙

⅜ ⇔≡⇔╕∫√√╘⌐ ⅜ ⇔√≤ ⅎ╠╣√ ∕─√╘
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≢ ⇔√ ─ ≢│ 4D/4D─ 4 ⅜ ╙ ⅜ ⌂ↄ

╩ ⇔ ╩ ≢⅝╢ ≢№╢≤ ⅎ╠╣√  

─↓≤⅛╠ ⌐▪♬◗ⱬהꜟכ○♅ꜝ◄ ⇔≡ 4 ⇔√

≢─ ╩ 4 ℮◘▬◒ꜟ╩ 4 ╡ ∆↓≤≢ ⌐ ═

╩ ≢⅝╢≤ ⅎ╠╣√ ╕√ ⌐ ═ ─ ⅜

⌂ↄ ⇔≡ 10 ⌐ ↕∑╢↓≤⅜ ≢№╢≤ ⅎ╠╣√ ⌐

╩ 1012.5ϴ≤∆╢↓≤≢ ≢ ≤⌂╢ ─

╙ ⌐ ≢⅝╢≤ ⅎ╠╣√  
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3-1-1  ─ ⅔╟┘ ─  

─ │ ─ 20138 1  

10 20 ╕≢─ ─ ─ ╡╕≢─ ≢ ⇔√  
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z y x x

cm

2D/2D×8 0 13.1 a
w 7.0 a

4D/4D×4 0 13.1 a 6.8 a

8D/8D×2 65 v v

 

 

 

 

 

3-1-1  ─ ▪♬◗ⱬהꜟכ○♅ꜝ◄⅜ꜟ◒▬◘  

ΏⱠ♥▫▪ΐ─ ⌐ ╓∆  

 

 

 

 

 
z │ × ╩ ∆  
y │ ⅜ ⇔√ 20129 4 ⌐ ⇔√  
x ⅔╟┘ │ ⅜ ⇔≡ ⅎ ─ 9 18 ⌐  

⇔√  

w ⌂╢ ≢ 5% ─ №╡ Tukey n=10 
v ⅜ ⅛∫√√╘ ⅔╟┘ ─ │ ⇔√  
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z y 1 ─

cm cm cm

2D/2D×8 10 13  a
x 23.7 a 22.6 a 14.4 a 10.2 a 7.3 a 4.0 ab 13.1 a

4D/4D×4 10 16  a 25.8 a 23.5 a 14.9 a   9.6 a 7.2 a 3.6 a 11.7 a

10 30  b 32.3 b 31.4 b 21.9 b 11.8 b 9.2 b 4.4 b 18.2 b

 

 

 

 

3-1-2  ─ ▪♬◗ⱬהꜟכ○♅ꜝ◄⅜ꜟ◒▬◘  

      ΏⱠ♥▫▪ΐ─ ⅔╟┘ ⌐ ╓∆  

 

 

 

 
z │ × ╩ ∆  
y ─ │ 20126 29 ⅛╠─ ≢ ∫√  
x ⌂╢ ≢ 5% ─ №╡ Tukey n=10 
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z y 1 ─

cm cm cm

4D/4D×2 10 23  b
x 29.4 b 29.9 b 20.6 b 10.1 ab 7.9 b 3.3 a 11.4 a

4D/4D×4 10 18  a 25.9 a 26.0 a 18.4 a  9.0 a 6.6 a 3.3 a  9.6 a

10 21  b 30.4 b 29.4 b 21.6 b 10.9 b  8.4 b 3.8 a 10.6 a

 

 

 

 

 

3-1-3  ─ ▪♬◗ⱬהꜟכ○♅ꜝ◄⅜  

      ΏⱠ♥▫▪ΐ─ ⅔╟┘ ⌐ ╓∆  

 

 

 

 
z │ × ╩ ∆  
y ─ │ 2013 7 2 ⅛╠─ ≢ ∫√  
x ⌂╢ ≢ 5% ─ №╡ Tukey n=9  
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z z

cm

10 12.4 a
y 5.1 a

12.5 12.0 a 5.1 a

15 13.6 a 5.1 a

 

 

 

 

3-1-4  ─ ▪♬◗ⱬהꜟכ○♅ꜝ◄⅜  

ΏⱠ♥▫▪ΐ─ ⌐ ╓∆  

 

 

 

 

z ⅜ ⇔√ 20139 5 ⌐ ⇔√  
y ⌂╢ ≢ 5% ─ №╡ Tukey n=9  
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z a b a/b 1 ─

cm cm cm cm

10 10 18  b
y 25.9 a 26.0 a 18.4 a   9.0 a 2.0 a 6.6 a 3.3 ab   9.6 a

12.5 10 11  a 27.2 a 26.6 a 19.9 a   8.9 a 2.2 ab 6.0 a 3.1 a 10.8 a

15 10 12  a 29.4 b 27.3 ab 22.1 b   9.2 a 2.4 b 6.8 a 3.4 ab 10.8 a

10 21  c 30.4 b 29.4 b 21.6 b 10.9 b 2.0 a 8.4 b 3.8 b 10.6 a

 

 

 

 

 

 

 

3-1-5  ─ ▪♬◗ⱬהꜟכ○♅ꜝ◄⅜  

 ΏⱠ♥▫▪ΐ─ ⅔╟┘ ⌐ ╓∆  

 

 

 

 
z ─ │ 20137 2 ⅛╠─ ≢ ∫√  
y ⌂╢ ≢ 5% ─ №╡ Tukey n=9  
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 ⅔╟┘ ⌐ ∆╢ ≤ ─

 

 

3 1 ≢ │ ⌐ ═ ╩ ↕∑

≢ ≤⌂╢ ╩ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫√ ≢ ↓─

≢─ ≤⇔≡ ╩♪כ▼◦│≢ ™√ ⅜

↕╣≡™╢ ⇔⅛⇔ ≢│ ≢ ⅜ ↄ⌂╢√╘ 2002

⅜ 7 8 ╩╕√← 9 10 ─ ≢│ ≢

╩ ↕∑≡╙ ─ ╩ ∆╢⌐│ ╠⌂™ ∕─√╘

⅜ ⌐ ═ ╩ ↄ ∆╢↓≤⅜ ╠⅛≤⌂╣┌ ─

≤⇔≡ ≢─ ⅜ ↕╣╢  

≢ ⌐ ⌂ │ ⌐╟╢ ⅜ ⌂ↄ

≤∆╢ ⅛╠ ⇔≡ ╩ ℮↓≤≢ ⅜ ≤⌂∫≡

™╢ ה 1996∕─√╘ ╩ ≢ ∆╢⌐

│ ─ ™⌐ ╦╠∏ ⇔√ ⅜ ╠╣≈≈ ─

╙ ╠╣╢↓≤╩ ╠⅛⌐∆╢ ⅜№╢ ∕↓≢ ≢│ 9

⅔╟┘ 10 ⌐⅔↑╢ ≤ ⅜

⅔╟┘ ─ ─Ᵽꜝfi☻⌐ ╓∆ ╩ ⇔ ─

⌐≈™≡ ⇔√  

 

⅔╟┘  

│ ΏⱠ♥▫▪ΐ╩ ⇔√ │

⅔╟┘ ─ 3 ≤⇔√ │ 10ϴ≢ 4 ⇔√

⌐ ≢ 3 1 ╙⇔ↄ│ 4 2 ∆╢ ╩ 4

╡ ∆ ≤⇔√ │ 15 19 15 ╕≢ ∆╢ ≤⇔
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│ ⌐∕─╕╕ ™√╙─≤⇔√  

 

1 9  

20154 27 ⌐ 72 ☿ꜟ♩꜠▬⌐ ⇔ ╩⇔ 6 2 ⌐ 3

ⱳꜞⱳ♇♩┼ → 6 8 ⌐ 2 ∆ ╩ ™ 7 28 ⌐ 5 ⱪꜝ

☻♅♇◒ 15cm 13cm┼ ⅎ⇔√ │ 6 29

╟╡ 7 26 ╕≢ │ 7 28 ⅛╠ 8 11 ╕≢ ∫√

1 9 ≤⇔ │ ╩ ⇔√ 6 29 ⅛╠ ≤

⌂╢ 10 3 ╕≢─ ─ ⅔╟┘ ╩ ∆╢≤≤╙⌐

⅔╟┘ ─ ╡ 1

─ ⅔╟┘ ╩ ⇔ ⌐ ∆╢ ─ ⅔╟

┘ ╡─ ╡ ╩ ⇔√  

 

2 10  

20165 17 ⌐ 72 ☿ꜟ♩꜠▬⌐ ⇔ ╩⇔ 6 30 ⌐ 3

ⱳꜞⱳ♇♩┼ → 7 8 ⌐ 2 ∆ ╩ ™ 8 26 ⌐ 5 ⱪꜝ

☻♅♇◒ 15cm 13cm┼ ⅎ⇔√ │ 7 28

╟╡ 8 24 ╕≢ │ 8 29 ⅛╠ 9 12 ╕≢ ∫√

1 9 ≤⇔ │ ╩ ⇔√ 7 28 ⅛╠ ≤

⌂╢ 10 26 ╕≢─ ─ ⅔╟┘ ╩ ∆╢≤≤╙⌐

⅔╟┘ ─ ╡ 1

─ ⅔╟┘ ╩ ⇔ ⌐ ∆╢ ─ ⅔╟

┘ ╡─ ╡ ╩ ⇔√  
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⅔╟┘ ─  

2015─ ─ │ 2◘▬◒ꜟ ─

⅜ ⇔√ 6 29 7 9 ⌐⅛↑≡│ 20.1ϴ 24.0ϴ≤ ⇔ↄ

⇔√ 7 10 │ ⌐ ⅜ ⇔ ⅜ ⇔√ 7 26

╕≢│ 26.3ϴ 30.1ϴ─ ≢ ⇔√ ╩ ∫√ 7 28 8

11 │ 27.6ϴ 31.0ϴ─ ≢ ⇔√ ∕─ │ 9 ⌐⅛↑≡ ⇔√

⅜ ╠╣√ 3-2-1a 2016─ ─ │

╩ ∫√ 7 28 8 24 ⌐⅛↑≡│ 25.9ϴ 31.7ϴ≤ ™ ≢ ⇔

√ ─ 8 28 ⌐ 22.6ϴ⌐ ⇔√⅜ ∕─ │ ┘

⅜ ⇔√ ╩ ∫√ 8 29 9 12 ─ │

─ 9 11 9 12 │ 22ϴ 23.9ϴ≤↓─ ≤⇔≡│ ⅛∫√⅜ 8

29 9 10 │ 26.1ϴ 29.1ϴ≤ ↄ ⇔√ 3-2-1b   

 2015⅔╟┘ 2016─ │

─ ─ ─ ╡╕≢─ ⅛╠ ⇔√ 2015

2016 ≤╙ ╩ ⇔√ 20156 29 ─ 14 33 ╙

⇔ↄ│ 20167 28 ─ 14 3 ⅜ ╙ ↄ ∕─ │ ╩ ℮↔≤⌐

ↄ⌂╡ ╩ ⇔√ 201510 3 │ 11 47 201610 26

│ 10 55 ≢№∫√ 3-2-1a 3-2-1b  

 

1 9  

│ ⅜ ╙ ↄ ⌐ ≢№╡ ⅜

╙ ⅛∫√ ⅔╟┘ ╡─ │ ⅜ ⅔╟┘

⌐ ═ ⌐ ↕⅛∫√ ⅔╟┘ │ ⅜

╙ ↕ↄ ⌐ ≢№╡ ⅜ ╙ ⅝⅛∫√

⅔╟┘ 1 ─ │ ≤ ≢│ ⅜ ↄ
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≤╙ ⌐ ═ ↕⅛∫√ 3-2-1  

⅔╟┘ ╡ │ ⅜ ⅔╟┘ ⌐

═ ↕ↄ ≤ ≢│ ⅜ ⅛∫√ 3-2-2  

 

2 10  

│ ⅜ ╙ ↄ ⌐ ≢№╡ ⅜

╙ ⅛∫√ ⅔╟┘ 1 ─ │

⅜ ⅔╟┘ ⌐ ═ ↕ↄ ≤

≢ │ ⅛∫√ ╡⅔╟┘ │ ⅜ ╟╡ ↕

ↄ ≤ ⅔╟┘ ⌐│ ⅜ ⅛∫√ 3-

2-2  

│ ⅜ ⅔╟┘ ⌐ ═ ↕ↄ

≤ ≢│ ⅜ ⅛∫√ ╡ │ ⅜ ↕ↄ

≤─ ⌐│ ⅜№∫√ 3-2-3  

 

  

╩ ∫√ 2015 ⅔╟┘ 2016 ─ 6 10 ─ │

⅜ ⇔⅛∫√╙── ⅔╟┘ ─ │ ⌡ 25ϴ

≢ ⇔√ ─▪♬◗ⱬהꜟכ○♅ꜝ◄ │ 21ϴ ≤↕╣≡™╢

Karlsson 1992 ∕─√╘ ─ │ ╟╡ ™

≢─ ╩ ⇔≡™╢≤ ⅎ╠╣√  

3 1 ─ ╟╡ ╩ 8 4 ⌐ ⇔√ 73

─ 10 18 ⌐ ⇔√ ∕↓≢ 9 ⅔╟┘ 10 ⌐

↕∑╢√╘⌐ ⌐≈™≡│ ╩ 3 1 ─

╟╡ 2 1⅛ 1 ╘√≤↓╤ ╒╓ ≤∆╢
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⌐ ↕∑╢↓≤⅜≢⅝√ ╕√ │ ה ─ 1996╩

⌐ ≤∆╢ ─ 1⅛ ╩ ⌐ ╩ ⇔ ↕∑╢↓

≤⅜≢⅝√ ↓╣╠─↓≤⅛╠ │ ≤ ⌐ ≤

∆╢ ⅛╠ ⇔≡ ╩ ∆╢↓≤≢ ⅜ ≢№╢≤

ⅎ╠╣√  

≢ ≤ ⌐⅔↑╢ ⅛╠ ╕≢─ │

⅜ 9 ≢│ 36 10 ≢│ 26 ⅛∫√

≢│ 12ÁC 24ÁC─ ≢ ⅜ ™╒≥ ⅜ ╣ Sandved

1969 3 1 ─ ⅛╠ ⌐⅔™≡╙ 10ÁC 15ÁC─

≢ ⅜ ™╒≥ ⅜ ╣╢↓≤⅜ ╠⅛≤⌂∫≡™╢ ∕─√╘

⇔≡ ≢ ↕╣√ ⌐ ═╢≤ │

⌐╟∫≡ ╕≢─ ⅜ ⇔√╙─≤ ↕╣√  

╕√ ⅛╠ ╕≢─ │ ┼─ │ ↕™╙

── ⅜ ™ 10 ⅜ 9 ⌐ ═ 4 ↄ⌂

∫√ ─▪♬◗ⱬהꜟכ○♅ꜝ◄ │ 12.5 ⅛╠ 14 ≤↕

╣≡⅔╡ 2002 ≢ ⇔√ ─ ⌐

─ 40 ╩ ⅎ√ 1993│ 8 ⅛╠ ╩ ╡

╘√ ↓─√╘ ⅜ ™ ╒≥ ⅜ ↄ ╕≢─ ⅜

ↄ⌂∫√─≢№╤℮  

2 ⌐⅔™≡╙ ═√⅜ ─▪♬◗ⱬהꜟכ○♅ꜝ◄│2005

⌐ ∆╢ ╩ ◘▬☼ ╡ ⅔╟┘ ≤

⇔≡™╢ ╕√ 2005─ ≢ ─▪♬◗ⱬהꜟכ○♅ꜝ◄ ╩

╕ⅎ │ ◘▬☼ ⅔╟┘ ─Ᵽꜝfi☻⅜

⌐ ∆╢≤⇔≡™╢ 2 2 2 ≤ ⌐ ╙ ◘▬☼⅔

╟┘ ⅔╟┘ ╩ ⇔ ╩ 1 ─
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≤⇔√√╘ 2005⅜ →√ ─ ─ ≢│ ╡

⅔╟┘ ─Ᵽꜝfi☻⅜ ∆╢ ╕√ ╡╩ ╗ ─

Ᵽꜝfi☻╩ ∆╢ ⌐≈™≡╙ 2 ≢ ═√≤⅔╡ ─ ↕⌐ ∆

╢ ─ ⅔╟┘ ╡─ ╡ ⅜ →╠╣ Sachs

╠ 1976 ≤╙ 1.62⅜ ⇔≡™╢≤↕╣≡™╢ ─

≤ ─ ⅔╟┘ ╡ │ 9 ≢∕╣∙╣

1.55⅔╟┘ 2.32≤ 1.94⅔╟┘ 2.7010 ≢∕╣∙╣ 2.07⅔╟┘

2.81≤ 2.55⅔╟┘ 2.90≢№╡ ╟╡ ⌐⅔™≡

╕√ 10 ╟╡ 9 ⌐⅔™≡ ─Ᵽꜝfi☻⅜ ↕╣√  

─▪♬◗ⱬהꜟכ○♅ꜝ◄ │ / ⅜ 20ÁC /12.5 ÁC⅛╠ 30ÁC /22.5ÁC

─ ≢│ ╒≥ ↄ⌂╢ 2002∕─√╘ 10ÁC─

╩ ∫√ │ ─ ⅜ ⅔╟┘

⌐ ═ ↄ ⇔√╘⌐ ⅜ ↕╣ ─Ᵽꜝfi☻⅜ ↕

╣√─∞╤℮ ╕√ 9 ⌐⅔↑╢ ─ │ ≢│⌂ↄ

⅜ ⅛∫√√╘≢№∫√ 1 1 ─ ⅛╠ הꜟכ○♅ꜝ◄

ⱬ◗♬▪─ │ 32.5ÁC ≢ ↕╣╢↓≤╩ ╘≡™╢ 9

│ ⅜ ⇔√ 7 ⌐ ─ ⌐ ↕╣√√╘

⅜ ↕╣√╙─≤ ⅎ╠╣√  

Ᵽꜝfi☻ ─ ─ ≢№╢ ⌐≈™≡│ ⅜

⌐≈™≡│ ─ ⅜ ⇔ ↓╣╠─ │ ⅜

⌐ ═ ⌂™ ╩ ⇔√ 1 2 ≢╙ ═√⅜ ⱬ◗♬▪הꜟ

♠▼ꜟ♫ Begonia x lucerna hort.≢│ ─ ⅜ ─

╛ ╩ ↄ↓≤╩ ↕╣≡™╢ 1991╕√ 3

1 ≢ ═√ ╡ ▬♅◗┼─ │ ─ ⌐╟╡ ⌐

═ ⅜ ∆╢↓≤⅜ ↕╣≡™╢ Yoshida╠ 2012 ≢
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│ ≤ ─ ─ │ ∫≡™⌂™⅜ ⅜

⌂╢╙── 2⌐ ═ ─ ─ ⅜ ⌂™ 1⌐

⅔™≡ ─ ⅜ ⌐ ═ ⌐ ⌂⅛∫√

│ ⌐ ═ ⅜ ⌂ↄ⌂∫√√╘⌐ ╛

⅜ ⇔√≤ ⅎ╠╣√ │ Ᵽꜝfi☻─ ╩ ╡≈≈ ╩

∆╢ ─ ⅜ ≢№╤℮  

 ─↓≤⅛╠ │ 9 10 ⌐⅔™≡

⌐ ═ ─Ᵽꜝfi☻╩ ⇔≈≈ ≤ ⌐ ⌐ ↕∑

╢↓≤⅜ ≢№╢≤ ⅎ╠╣√  
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3-2-1a  ─ ⅔╟┘ ─  

2015  

 

─ │ ─ 2015 6 29  

10 3 ╕≢─ ─ ─ ╡╕≢─ ≢ ⇔√  
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3-2-1b  ─ ⅔╟┘ ─  

2016  

 

─ │ ─ 2016 7 28  

10 26 ╕≢─ ─ ─ ╡╕≢─ ≢ ⇔√  
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z 1

cm cm (cm)

/

6/29 - 7/27    9 18 b
w  20.1 a 30.2 a 13.8 a 11.9 a 3.9 a 6.9 a

7/28 - 8/11    9 11 a  24.6 b 35.1 b 15.1 b 11.3 a 4.0 a 8.1 b

΅  10   3 c  25.2 b 35.2 b 17.5 c 13.9 b 5.6 b 9.6 c

 
x ** ** ** ** ** ** **

 
y

 

 

 

 

 

 

3-2-1  ⅔╟┘ ▪♬◗ⱬהꜟכ○♅ꜝ◄⅜  

ΏⱠ♥▫▪ΐ─ ⅔╟┘ ⌐ ╓∆ 9  

 

 

 

 

 
 
z 10ϴ ─ ╩ 4 ∫√ 3  

 15 19 15 ⌐⅛↑≡◦ꜟⱣכ◌כ♥fi╩ ♪כ▼◦≡™  
y ─ │ 20156 8 ⅛╠─ ≢ ∫√  
x ** 1% ≢  
w ⌂╢ ≢ 5% ─ №╡ Tukey n=9 
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3-2-2  ⅔╟┘ ⅜ ⅔╟┘ ╡ ⌐ ╓∆  

9  

 
z 10ϴ ─ ╩ 4 ∫√ 3  

      15 19 15 ⌐⅛↑≡◦ꜟⱣכ◌כ♥fi╩ ♪כ▼◦≡™  
y 13cm⌐ ∆╢ ─  

╡ 15cm ⌐ ∆╢ ─  

⅔╟┘ ─ │ 3-2-1 ╩  
x ⌂╢ ≢ 5% ─ №╡ Tukey n=9 

 

  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

╡

╙
⇔
ↄ
│

╡
y

a x b         b

A        B         Bz
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z 1

cm cm (cm)

/

7/28 - 8/29 10 13 a
w  26.9 a   36.5 a  21.5 a  11.8 a  7.1 a 14.8 a

8/29 - 9/12 10 19 b  33.1 b   37.8 ab  26.6 b  13.4 b  8.6 b 16.1 ab

΅ 10 26 c  33.1 b   39.7 b  27.3 b  13.5 b  9.4 b 16.6 b

 
x ** ** ** ** ** *

 
y

**

 

 

 

 

 

 

3-2-2  ⅔╟┘ ▪♬◗ⱬהꜟכ○♅ꜝ◄⅜  

ΏⱠ♥▫▪ΐ─ ⅔╟┘ ⌐ ╓∆ 10  

 

 

 

 

 
 
z 10ϴ ─ ╩ 4 ∫√ 4  

 15 19 15 ⌐⅛↑≡◦ꜟⱣכ◌כ♥fi╩ ♪כ▼◦≡™  
y ─ │ 20157 8 ⅛╠─ ≢ ∫√  
x ** 1% ≢  
w ⌂╢ ≢ 5% ─ №╡ Tukey n=9 
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3-2-3  ⅔╟┘ ⅜ ⅔╟┘ ╡ ⌐ ╓∆  

10  

 
z 10ϴ ─ ╩ 4 ∫√ 4  

      15 19 15 ⌐⅛↑≡◦ꜟⱣכ◌כ♥fi╩ ♪כ▼◦≡™  
y 13cm⌐ ∆╢ ─  

╡ 15cm ⌐ ∆╢ ─  

⅔╟┘ ─ │ 3-2-2 ╩  
x ⌂╢ ≢ 5% ─ №╡ Tukey n=9 

 

 

 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

╡

A        AB    B

╙
⇔
ↄ
│

╡
y a x b         b

z
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 ≤ ─ ╖ ╦∑⅜ ⅔╟┘ ⌐ ╓∆  

 

 3 2 ≢ │ ─ ⌐ ═ ⅔╟┘ ╡

⅜ ↕╣≈≈ ≤ ⌐ ⌂ ⅜ ≢№╢↓≤⅜

╠⅛≤⌂∫√ ≢ ⌐ ═ ⅜ ⇔ ─Ⱳꜞꜙכⱶ

⅜ ∆╢↓≤╙ ╠⅛≤⌂∫√ ⅔╟┘ ╡ ⅜ ↕╣√ │

⌐ ═ ⅔╟┘ ⅜ ↄ⌂∫√√╘≢№╡ 3 1 ─

⅛╠ ↓─ │ ⅜ ⇔√√╘≤ ⅎ╠╣√ ╕√

⌐╟╢ │ ─ ⅜ ≤⇔≡ ⇔√√╘≢№╡

─ │ ⌐╟╡ ⅜ ⇔√√╘≢№╢≤ ↕╣√ ↓╣╠

─↓≤⅛╠ ⌐ ↕∑≈≈ ╩ ↄ∆╢↓≤⅜≢⅝╣┌

⅔╟┘ ─ ↄ⇔≈≈ ─ ╩ ≢⅝╢≤ ↕╣╢ ⇔⅛

⇔ ⅜ ↄ⌂╢≤ 3 1 ─ ⅛╠ ⅜

ↄ⌂╢↓≤╙ ↕╣╢ ∕↓≢ ≢│ ⅔╟┘ ╩ ↕ↄ⇔≈≈

─ ╩ ⇔ ⅛≈ ⌂ ╩ ╢↓≤╩ ⌐

≤ ─ ╖ ╦∑⅜ ⅔╟™ ⌐ ╓∆ ╩

⇔√ ∑≡ ╩ ™ ↓╣╠ ─ ╩ ⇔√  

 

⅔╟┘  

 │ ─ΏⱠ♥▫▪ΐ ⌐ ⅎ ─

ΏⱣ♥▫♇◒ΐ⅔╟┘ ─Ώꜟ▬כ☼ΐ ™∏╣╙ ╩

⇔√ │10ϴ─ ╩4 ™ ─ ╩ 3 ℮4D/3D

─ ≤ ╩ ╖ ╦∑≡ ⇔√ ΏⱠ♥▫▪ΐ│

0 2 ⅔╟┘ 4 ≤ 0 7 ⅔╟┘ 14 ╩ ╖ ╦

∑√ 9 ╩ ΏⱣ♥▫♇◒ΐ│ 0 2 ⅔╟┘ 4 ≤
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7 ⅔╟┘ 14 ╩ ╖ ╦∑√ 6 ╩ Ώꜟ▬כ☼ΐ│

0 2 ⅔╟┘ 4 ≤ 7 14 ⅔╟┘ 21 ╩ ╖

╦∑√ 9 ╩ ↑√ │ 20154 23 ⌐ΏⱠ♥▫▪ΐ╩ 4 24

⌐ΏⱣ♥▫♇◒ΐ╩ 4 27 ⌐Ώꜟ▬כ☼ΐ╩ ⇔ ⇔ 6 2 ⌐ 2.5

ⱳꜞⱳ♇♩⌐ → 6 8 ⌐ 2 ⇔≡ ⇔√ │∆═≡

─ ⅜ 7 26 ⌐ ≤⌂╢╟℮⌐ ⇔ 2 ─ │ 7 13

⅛╠ 4 ─ │ 6 29 ⅛╠ ⇔√ ⅜ ⇔√ ─ 7

28 ⌐∆═≡─ ╩ 5 ⱪꜝ☻♅♇◒ ⌐ ⅎ⇔√ ╟╡ ╩

⇔ 7 ─ │ 8 3 ╕≢ 14 ─ │ 8 10 ╕≢ 21 ─

│ 8 17 ╕≢ ⇔√ │ 15 19 15 ╕≢ ╩ ™

─ ╩ ╘╢ ≤⇔√ │ΏⱠ♥▫▪ΐ│ 1 1 9

ΏⱣ♥▫♇◒ΐ│ 1 1 6 Ώꜟ▬כ☼ΐ│ 1 1 5 ≤⇔√

│ΏⱠ♥▫▪ΐ⌐≈™≡│ ⅔╟┘ ─

1 ─ ⅔╟┘ ≤⇔ ΏⱣ♥▫♇◒ΐ⅔╟┘Ώꜟ▬כ

☼ΐ│⌐≈™≡ ⅔╟┘ ─ 1 ─

⅔╟┘ ⌐≈™≡ ⇔√ ╕√ ⅔╟┘ ─

─ ⅔╟┘ ─ ╩ 3 2 ─ 1≤ ─ ≢

∫√  

 

 

 ─ ⅔╟┘ ─ ⌐≈™≡│ 3 2 ─ 1≢ ⇔

√ ╡ ⌡ 25ϴ ≢ ⇔ ─ ≢─

╩ ⇔≡™╢≤ ⅎ╠╣√ ♃כ♦ ╕√ 8 │

╩ ∫≡™√≤ ⅎ╠╣√ ♃כ♦  

↓─╟℮⌂ ⌐⅔™≡ ∆═≡─ ⌐≈™≡ ⅔╟┘
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⅜ ⅔╟┘ ⌐ ╓∆ ╩ ≢ ⇔√  

ΏⱠ♥▫▪ΐ≢│ ⅜ ⅎ╢⌐ ™ ⅜ ↄ

1 ─ ⅔╟┘ ─ ⅜ ↕ↄ⌂╢

⅜ ╘╠╣√ ⌐≈™≡│ ╙ ™ 4 ≤ ╙ ™ 0 ≢ 8 ─

⅜№∫√ ⌐≈™≡│ ⅜ ↄ⌂╢⌐ ™ ⅜

ↄ ⅔╟┘ 1 ─ ─ ⅜ ↕ↄ⌂╢ ⅜ ╘

╠╣√ ╕√ ⅔╟┘ │ ─ ™⌐╟╢ │ ╘╠╣

⌂⅛∫√ ⌐≈™≡│ ╙ ™ 14 ≤ ╙ ™ 0 ≢ 17 ─ ⅜№

∫√ ⅔╟┘ ╩ ↄ ⌐≈™≡│ ⅜ ╘╠

╣√ 3-3-1  

 ΏⱣ♥▫♇◒ΐ≢│ ⅜ ⅎ╢⌐ ™ ⅜ ↄ 1

─ │ 0 ⌐ ═ 2 ⅔╟┘ 4 ≢ ≤⌂╡ │ 0 ⌐

═ 2 ≢ ↄ⌂∫√ ╕√ ─ ⌐ │⌂⅛∫√ ⌐≈™≡

│ ⅜ ╘╠╣√╙── ╙ ™ 4 ≤ ╙ ™ 0 ≤≢ 2 ─ ≢№

∫√ ⌐≈™≡│ │ 7 ⌐ ═ 14 ≢ ⌐ ⅛∫√╙

── ∕─ │ 2 ≢№∫√ ─ ⌐≈™≡│ ⅜⌂⅛∫√ ™∏╣

─ ╙ │ ╘╠╣⌂⅛∫√ 3-3-2  

 Ώꜟ▬כ☼ΐ ≢│ ⌐≈™≡│ ∆═≡─ ≢ 0

⌐ ═ 2 ⅔╟┘ 4 │ ⅜ ⌐ ↕ↄ 2 ≤ 4 ≤≢│ ╙⇔ↄ│ 4

≢ ⅜ ↕ↄ⌂╢ ⅜ ╠╣√ ⌐ ⌐≈™≡│ ╙ ⅛∫√ 4

⌐ ═ 0 ≢ 13 ─ ≢№∫√ ⌐≈™≡│ │

─ ™⌐╟╢ │⌂ↄ ─ │ ⅜ ↄ⌂╢⌐≈╣≡ ⅜

↕ↄ⌂╢ ⅜ ╠╣√ ⌐≈™≡│ ╙ ⅛∫√ 21 ≤ ╙ ⅛

∫√ 7 ≢ 10 ─ ⅜№∫√ ╕√ ⌐≈™≡│ ⅜ ╘╠╣√

3-3-3  
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 ⌐≈™≡│ ™∏╣─ ⌐⅔™≡╙ ⅜ ↄ

⅜ ™╒≥ ↄ⌂╢ ⅜ ╘╠╣√ ╕√ ⅜

─ │ ⅜ ™╒≥ ⅜ ─ │

⅜ ™╒≥ ⌐ ⇔√ ⌐╟╢ │

─ ⅜ ≤⇔≡ ⇔≡™╢↓≤⅜ ↕╣╢↓≤⅛╠

≤ ╩ ╖ ╦∑√↓≤⌐╟╢ │ ⌐╟╢ ─

⅜ ⌐ ⇔√√╘≤ ⅎ╠╣√  

─ ╖ ╦∑⌐╟╢ │ ≢№╢ΏⱣ♥▫♇◒ΐ╟

╡╙ ─ΏⱠ♥▫▪ΐ⅔╟┘ ─Ώꜟ▬כ☼ΐ≢ ≢№╡

⅜ ╠╣√ ≢│ ⌐ ⌂ │ ╛ ⌐╟

∫≡ ⌂╢↓≤⅜ ─ ≢ ╠╣≡⅔╡ Tsukamoto╠ 1968

1998 ╠ 2014▬Ⱡ ╠ 1998╛♄▬☼ ה 1961

≢│ ╒≥ ⌐ ⌂ │ ™↓≤⅜ ↕╣≡™

╢ ∕─√╘ ─ ≤ ╩ ╖ ╦∑⌐╟╢

⌐ ⅜ ╠╣√ │ ╙▪♬◗ⱬהꜟכ○♅ꜝ◄ ─ ─

≤ ⌐ ─ ⌐╟∫≡ ⌐ ⌂ ─ ⅜ ⌂

∫√√╘≢№╡ ─ ⌂™ ─ΏⱣ♥▫♇◒ΐ⌐ ═ ─

™ ─ΏⱠ♥▫▪ΐ╛ ─Ώꜟ▬כ☼ΐ≢ ╩ ╖ ╦∑√

⅜ ⌐ ╣√≤ ↕╣√  

╕√ ΏⱠ♥▫▪ΐ≢│ ─ ╖ ╦∑⌐╟╢ ⌐

⅜ ╘╠╣√ ↓─ ⌐≈™≡ ⌐ ∆╢ ─ ╩ ℮

≤ ⅜ ⌂ↄ ⅜ ™ ╖ ╦∑≢

⅜ ≤⌂╡ ⅔╟┘ ⅜ ™ ╖ ╦∑≢│ ⅜ ≤⌂

∫≡™╢ ⅜ ╘╠╣√ ♃כ♦ ≥▪♬◗ⱬהꜟכ○♅ꜝ◄ ∂ↄ
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≢№╢◒ꜞ☻ⱴ☻הⱬ◗♬▪ Begonia x cheimantha Everett≢

│ │ ╩ ↕∑╢╙── ∕─ │ ⅜ ™╒≥ ⌐

╣ ─ ⌐⌂╢≤∕╣ ⅜ ╕╠⌂™≤ ↕╣≡™

╢ Heide1962∕─√╘ ⅜ ⌐ ╓∆ │ ⅜№╢

≤ ↕╣╢ ↓─↓≤⅛╠ ─ ╖ ╦∑⌐⅔™≡ ⅜ ╘╠

╣√ │ ─ ╖ ╦∑⌐╟∫≡│ ─ ╩ ⅎ√√╘≤

ⅎ╠╣√  

⌐≈™≡─ │ ⅜ ↄ ⅜ ™

╒≥ ⅜ ↕ↄ⌂╢ ⅜ ╠╣√ ╕√ ≤ ╩ ∆

╢≤ ≢ ⅜ ↕ↄ⌂╢ ⅜ ≢№∫√ │

3 1 ⅔╟┘ 2 ─ ─ ╡ ─ ≢ ─ ╩

⅝ ⅜ ⅎ╢≤ ≢ ┼─ ⅜ ∆╢─⌐ ⇔

│ ⅜ ⅎ√≤⇔≡╙ ┼─ ⅜ 1 √╡ ─ ⇔⅛

⌂™ ∕─√╘ ─ ⅜ ™ ≢ ⅜ ⌐ ╣√≤

↕╣√  

⅜ ⌐ ╓∆ │ ≤ ⌐ ─ ⅜ ™ ╒

≥ ≢№∫√ ╕√ ─ ╖ ╦∑⌐╟∫≡│ ⅜ ╘╠╣

√ ⅜ ╘╠╣√ ⌐≈™≡ ⌐ ∆╢ ─

╩ ℮≤ ™∏╣─ ⌐⅔™≡╙ ⅜ ∆╢ ╖ ╦∑│ ↄ

╙⇔ↄ│ ⅜ ™ ╖ ╦∑╩ ℮≤ ╖ ╦

∑⌐╟∫≡│ ─ ⅜ ↄ⌂╢ ╩ ⇔√ ♃כ♦ ─ │

┼─ ─ ⅜ ∆╢↓≤⅜♁Ᵽ 1961╛▬

♅◗ ╠ 1993◐ꜗⱬ♠ ╠ 1996 ─ ≢ ↕╣≡

™╢ ╕√ ≢│№╢⅜ ◦ꜙ♇◖fi◌☻Ⱶ♁►≢│ ─ ⌐╟

╡ ─ ⅜ ⇔ ╛ ─ ⌐ ╩ ╓∆≤ ↕╣≡™
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╢ ╠ 1992 ╠ 2013↓╣╠─↓≤⅛╠ ≤ ⌐

┼─ ╙ ⅜ ™ ╒≥ ⌐╟╢ ⅜ ─

⌐ ↄ ⇔ ─ ╖ ╦∑⌐╟∫≡│ ╩ ⇔√≤ ⅎ╠╣

√  

 ─ ─ │ΏⱠ♥▫▪ΐ⅔╟┘ΏⱣ♥▫♇◒ΐ≢│ 14

Ώꜟ▬כ☼ΐ≢│ 21 ≤↕╣≡™╢ ╕√ 3 1 ≢ΏⱠ♥▫

▪ΐ─ ≤ ─ ╩ ╢√╘⌐│ 4 ─ ⅜

≤⇔√ ⇔⅛⇔ ≢ ⇔√ ≤ ╩ ╖ ╦∑⌐╟

╡ ≢№╢ΏⱣ♥▫♇◒ΐ≢│ ⌂ │ ╘╠╣⌂∫√╙──

─ΏⱠ♥▫▪ΐ⅔╟┘ ─Ώꜟ▬כ☼ΐ≢│ 2 ─

≤ 7 ─ ─ ╖ ╦∑≢ ─ ≤ ⌐ ⇔

√ ╕√ 4 ─ ⌐ ═╢≤ │ ↕™⅜ ─

⌐ ═ ⅔╟┘ │ ↕ↄ⌂∫√ ⌐ 4 ─ ≢│

─ ⌐ ═ ⌐ ⌂ↄ⌂∫√⅜ 2 ─ ≤ 7 ─

─ ╖ ╦∑≢│ ─ ⅜ ↕╣√ │ ─

⌐ ╩ ∆╢ ╕√ ╙ ─ ≢│ ≢ ╦╣╢

↓≤⅜ ↄ ⅜ ™╒≥ │ ↕╣╢ ↓╣╠─↓≤⅛╠

≢ ⇔√ ≤ ╩ ╖ ╦∑╢ │ ─

≤ ╟╡ ™ ≢ ≤ ⌐ ↕∑╢↓≤⅜

≢⅝ ╩ ≢⅝╢ ⌂ ≤⇔≡ ≢№╢≤ ⅎ╠╣√  
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z y x

(a) (b)

0 0 10  3 25.2 35.2 17.5 13.9 5.6 9.6

0 7  9 18 24.3 34.3 15.8 12.2 4.8 8.4

0 14  9 11 24.6 35.3 15.1 11.3 4.0 8.1

2 0  9 28 23.5 33.5 14.2 12.8 5.2 8.2

2 7  9 13 22.2 32.2 14.3 11.9 4.6 8.2

2 14  9  8 21.1 31.1 13.5 11.9 3.9 7.4

4 0  9 18 20.1 30.2 13.8 11.9 3.9 6.9

4 7  9 13 20.7 30.7 13.9 11.8 4.1 7.6

4 14  9  9 20.2 30.2 13.2 11.2 3.6 6.9

0  9 21 c 
v 24.7 c 34.9 c 16.1 b 12.5 c 4.8 b 8.7 c

2  9 16 b 22.3 b 32.3 b 14.0 ab 12.2 b 4.6 b 8.0 b

4  9 13 a 20.3 a 30.4 a 13.6 a 11.6 a 3.9 a 7.1 a

0  9 26 c 23.0 33.0 15.1 b 12.9 b 4.9 b 8.2

7  9 14 b 22.4 32.4 14.6 b 12.0 b 4.5 b 8.1

14  9  9 a 22.0 32.2 14.0 a 11.5 a 3.8 a 7.5

* ns(a)×(b) ** ns * ns **

** **

** ns ns ** ** ** ns

w ** ** ** ** **

1

cm cm cm

 

 

 

 

3-3-1  ⅔╟┘ ─ ╖ ╦∑⅜  

─ⱬ◗♬▪ΏⱠ♥▫▪ΐהꜟכ○♅ꜝ◄         ⅔╟┘  

⌐ ╓∆  

 

 

 

 

 

 

 

 

 

 

 

 

 
z 10ϴ ─ ╩ 4 ∫√ 3  
y 15 19 15 ⌐⅛↑≡◦ꜟⱣכ◌כ♥fi╩ ♪כ▼◦≡™  
x ─ │ 20157 8 ⅛╠─ ≢ ∫√  
w ** 1% ≢  * 5% ≢  ns ⌂⇔  
v ⌂╢ ≢ 5% ─ №╡ Tukey n=9 
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z y x

( a) ( b)

0 7 9 11 19.4 24.2 12.0 5.4 7.8

0 14 9  9 19.2 25.6 11.9 5.0 8.0

2 7 9 10 18.7 24.3 11.6 4.6 9.9

2 14 9  8 18.5 23.9 11.7 4.4 9.2

4 7 9  9 17.9 24.0 11.4 4.2 8.7

4 14 9  7 18.0 22.8 11.9 4.3 8.4

0 9 10 b v 19.3 24.9 11.9 5.2 b 7.9 a

2 9  9 ab 18.6 24.1 11.6 4.5 a 9.6 b

4 9  8 a 18.0 23.4 11.7 4.3 a 8.6 ab

* ns ns ns ** *

7 9 10 b 18.7 24.2 11.7 4.7 8.8

14 9  8 a 18.6 24.1 11.8 4.6 8.6

** ns ns ns ns ns

ns ns ns ns ns ns

w

(a)×(b)

cm cm

1

 

 

 

 

 

3-3-2  ⅔╟┘ ─ ╖ ╦∑⅜  

─ⱬ◗♬▪ΏⱣ♥▫♇◒ΐהꜟכ○♅ꜝ◄         ⅔╟┘  

⌐ ╓∆  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

z 10ϴ ─ ╩ 4 ∫√ 3  
y 15 19 15 ⌐⅛↑≡◦ꜟⱣכ◌כ♥fi╩ ♪כ▼◦≡™  
x ─ │ 20157 8 ⅛╠─ ≢ ∫√  
w ** 1% ≢  * 5% ≢  ns ⌂⇔  
v ⌂╢ ≢ 5% ─ №╡ Tukey n=6  
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z y x

( a) ( b)

0 7 10  6 22.5 27.6 11.4 6.6  8.8

0 14  9 29 21.4 25.5 11.4 6.8 10.2

0 21  9 27 21.0 23.3 11.0 5.6  8.0

2 7  9 26 18.9 22.2 10.0 4.6  7.0

2 14  9 22 18.1 22.3 10.2 5.0  7.4

2 21  9 14 17.4 21.4 10.2 4.6  6.8

4 7  9 22 18.4 22.5 10.6 5.2  7.0

4 14  9 17 16.8 20.4  9.4 4.4  4.2

4 21  9 14 14.9 17.7  9.0 4.4  4.8

0  9 30 b v 21.6 c 25.5 b 11.3 b 6.3 b  9.0 c

2  9 21 a 18.1 b 22.0 a 10.1 a 4.7 a  7.1 b

4  9 17 a 16.7 a 20.2 a  9.7 a 4.7 a  5.3 a

** ** ** ** ** **

7  9 28 c 19.9 b 24.1 b 10.7 5.5 b  7.6 b

14  9 22 b 18.8 ab 22.7 ab 10.3 5.4 ab  7.3 ab

21  9 18 a 17.8 a 20.8 a 10.1 4.9 a  6.5 a

** ** ** ns * *

ns ns ns ns ns **

cm cm

w

(a)×(b)

1

 

 

3-3-3  ⅔╟┘ ─ ╖ ╦∑⅜  

─ΐ☼כ▬ꜟⱬ◗♬▪Ώהꜟכ○♅ꜝ◄         ⅔╟┘  

⌐ ╓∆  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

z 10ϴ ─ ╩ 4 ∫√ 3  
y 15 19 15 ⌐⅛↑≡◦ꜟⱣכ◌כ♥fi╩ ♪כ▼◦≡™  
x ─ │ 20157 8 ⅛╠─ ≢ ∫√  
w ** 1% ≢  * 5% ≢  ns ⌂⇔  
v ⌂╢ ≢ 5% ─ №╡ Tukey n=5  
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│▪♬◗ⱬהꜟכ○♅ꜝ◄╢№≢  ⌐│ ⌐╟╢

╩ ⌐│ ⌐╟╢ ╩ ℮↓≤≢ ⅜

≢№╡ ⌐╟╢ ⅜ ╦╣≡™╢ ∕─√╘ ╩ ⇔≡

⇔√ ╩ ℮↓≤⅜ ─ ⌐≈⌂⅜╢ ⇔⅛⇔ ≢│ ⇔

√ ⅜ ╘╢ 9 10 ─ ⅜ ⌂™ ↓─ ⌂ ≤⇔≡ ⌐

╟╢ ╛ ─ ⌐╟╢ ⅜ ⅎ╠╣≡™╢  

─▪♬◗ⱬהꜟכ○♅ꜝ◄  ⌐ ∆╢ ⅔╟┘ │ 1970

1980 ⌐⅛↑≡ ≢ ₁⌂ ⅜ ╦╣ ↓╣╠─ ╩ ⌐ ─

⅜ ↕╣≡™╢ ↓╣╕≢ ─▪♬◗ⱬהꜟכ○♅ꜝ◄ │

≤ ─™∏╣⌐⅔™≡╙ ⅜ ™╒≥ ╕╢≤↕╣ ⌐≈™≡│

⌐ ≤↕╣≡™⌂⅛∫√ ≢ │ ─ ≤ ╦╣╢ ─

⌐╟╡ ₁⌂ ≢ ╛ ─ ⅜ ⇔≡™╢ ∕─√╘ ◄ꜝ

─▪♬◗ⱬהꜟכ○♅ 9 10 ≢ ≤⌂∫≡™╢ │

⅜ 7 8 ≤⌂╢↓≤⅛╠ ─ ⌐╟╢ ⅜ ↕╣√ ∕↓

≢ ≢│ ─ ─ ─▪♬◗ⱬהꜟכ○♅ꜝ◄─≢ ⅔

╟┘ ╩ ╠⅛⌐∆╢≤≤╙⌐ 9 10 ⌐⅔↑╢ ─

╩ ⇔√ ∑≡ ╟╡ ≢ ≤⌂∫≡™√ ─ ⌐

≈™≡ ⇔√  

 ╕∏ 1 ≢▬fi◐ꜙⱬכ♃╩ ™ ⌐⅔↑╢ ⅔╟┘

─ ╖ ╦∑⅜ ≢ ─ ™ ─ΏⱠ♇♅ꜗ♄כ◒ΐ

─ ⅔╟┘ ⌐ ╓∆ ╩ ⇔√  

1 1 ≢│ 27.5ϴ 30ϴ 32.5ϴ⅔╟┘ 35ϴ≤ 20ϴ

⅔╟┘ 25ϴ╩ ╖ ╦∑√ 8 ≢ ⇔√≤↓╤ 27.5ϴ≢│
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20ϴ⌐ ═ 25ϴ≢ ⌐ ⇔√ ≢ 30ϴ⅔╟┘ 32.5ϴ

≢│ 25ϴ⌐ ═ 20ϴ≢ ™⅜ ≢№╢↓≤⅜ ╘╠╣√

⌐≈™≡│ ─ ™⌐ ╦╠∏ ⅜ ↄ⌂╢⌐ ™

⅜ ⇔ 35ϴ≢│ ⇔√ ∆═≡⅜ ⇔√ ⅜ ⇔

ↄ ⅜ ⌂╢≤ ⌐ │⌂™⅜ ─ ╛ ⅜ ⇔√

↓╣╠─↓≤⅛╠ ⌐≈™≡│ 27.5ϴ≢│ ⅜ ™ ∆

⌂╦∟ ⅜ ™╒≥ ⌐ ⇔√↓≤⅛╠ ─ ≤ ─

╩ ⇔√ ⇔⅛⇔ 30ϴ ≢│↓╣╕≢─ ≤│ ⌂╡ ⅜

™≤ ™⅜ ↄ⌂╢↓≤⅜ ╠⅛≤⌂∫√ ∕─√╘ ─ 9 10

≢ ⇔≡™╢ │ ─ ⌐╟╢ ─ ╛

─ ─ ⅜ ⇔≡™╢≤ ⅎ╠╣√  

 1 2 ≢│ 1 1 ≢ ⌐ ╓∆ ⅜ ≢№∫√

32.5ϴ─ ⌐⅔↑╢ ─ ™⅜ ─ ⅔╟┘ ─ ╩ ⇔

√ ∕─ 25ϴ │ 20ϴ ⌐ з☺כ♥☻═ ☺כ♥☻╠⅛

к ⅜ ╕≢─ ⅜ ↄ к☺כ♥☻ ─ ⌐≈™≡╙

─№╢↓≤⅜ ╠⅛≤⌂∫√ ∕─√╘ 1 1 ─ 30ϴ⅔╟┘

32.5ϴ⌐⅔™≡ 25ϴ≢ ™⅜ ≤⌂∫√ │ ─ ⌐

╟╡ ─ ⅜ ↕╣√√╘≤ ⅎ╠╣√  

 2 ≢│ ⌐⅔↑╢ ≤⇔≡ ─ ≢ ⅜

↕╣≡™╢ ╩ ⇔√  

 2 1 ≢│ ─ΏⱠ♇♅ꜗ♄כ◒ΐ┼─ 2 2 1

≢│ ─ΏⱣ♥▫♇◒ΐ ─ΏⱠ♇♅ꜗ♄כ◒ΐ⅔╟┘

─Ώⱬꜟ☿Ᵽΐ┼─ 20ϴ─ ⅜ ⅔╟┘ ⌐ ╓∆ ╩

⇔√ ΏⱠ♇♅ꜗ♄כ◒ΐ≢│ 2017 ≤ 2018 ─ 2 ⅛ ⇔ 2017

│ ≢ 2018 │ ≢ ⌐ ⇔√ ↓─ │ 2018 ─
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─ ⅜ 2017 ⌐ ═ 3ϴ ↄ 1 1 ─ ⅛╠

⅜ ⅛∫√ 2017 │ ≢ ⅜ ↄ⌂╡ ⅜ ∫√ 2018 │

≢ ⅜ ↄ⌂∫√≤ ⅎ╠╣√ ΏⱣ♥▫♇◒ΐ⅔╟┘Ώⱬꜟ☿Ᵽΐ┼

─ │ ⅜ ⅛∫√ 2018 ⌐ ⇔√ ≤╙

≢ ⌐ ⇔√ ↓╣╠─↓≤⅛╠ ⌐⅔™≡ ⅜ ™

⌐⅔™≡│ ╩ ℮↓≤≢ ╩ ≢⅝╢↓≤⅜ ╠⅛≤

⌂∫√ ≢ ⇔√∆═≡─ ≢ │ ⅔╟┘ ─ ╛

─ ╩ ⅝ ─ ╩ ↄ↓≤⅜ ╠⅛≤⌂∫√ ∕─√

╘ ╩ ≢ ∆╢⌐│ ◖☻♩ ╩ ∆╢↓≤

╛ ╩ ⇔≈≈ ─ ╩ ∆╢ ╩ ╠⅛⌐∆╢ ⅜

№╢≤ ⅎ╠╣√  

 ╩ ∆╢ ╩ ─ΏⱠ♇♅ꜗ♄כ◒ΐ╩ ⇔≡ 2

2 1 3 ≢ ⇔√ EODc ─ 1

1 ⅔╟┘ 2 1 ─ ╩ ╕ⅎ√ 5:00

─ ─ ⅜ 30ϴ ─ ─╖ ╩ 20ϴ≢ ⅔╟┘

1 2 ─ ╩ ╕ⅎ√ ─╖ ╩ 20ϴ≢

⅜ ⅔╟┘ ⌐ ╓∆ ╩ ⇔√ ∕─ ⅔╟

┘ ─ │ ╟╡ ↄ ⇔≡ ∆╢ ≤ ≢

№╢↓≤⅜ ╠⅛≤⌂∫√ ╕√ │ ⌐ ═ ⌐ ∆╢

⅔╟┘ ╡ ⅜ ↕ↄ ─Ᵽꜝfi☻⅜ ↕╣ │

≤ ≢№∫√ ∕─√╘ ⇔√ ─ ≢│

│ ◖☻♩⅜ ⌂ↄ ╩ ≢⅝ ─ ╩ ╣╢ ≤⇔

≡ ≢№╢≤ ⅎ╠╣√  

 3 ≢│ ╟╡╙ ◖☻♩─ ≤⇔≡ ▬♅◗ ≢

⅔╟┘ ⅜ ↕╣≡™╢ הꜟכ○♅ꜝ◄⅜
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ⱬ◗♬▪─ ⅔╟┘ ⌐ ╓∆ ╩ ⇔√  

 3 1 ≢│ ─ΏⱠ♥▫▪ΐ╩ ⇔≡ ⌐ ╩ ╓∆

╩ ⇔≈≈ ╩ ≢⅝╢ ◘▬◒ꜟ ⅔╟

┘ ╩ ⇔√ ∕─ 10ϴ─ ╩ 4 ∫√ ⌐

≢─ ╩ 4 ℮ ╩ 4 ╡ ∆ ⅜ ≢№╢≤ ⅎ╠╣

√  

 3 2 ≢│ 3 1 ≢ ╠⅛≤⇔√ ⌐≈™≡

─ΏⱠ♥▫▪ΐ╩ ⇔≡ ─ ≤↕╣≡™╢ ≤─

─ ╩ ∫√ ∕─ │ ⌐ ═ ⅛╠

╕≢─ │ ↄ⅛⅛╢╙── ≤ ⌐ ⌂ ⅜

≢№╡ ⌐ ═ ╩ ≢⅝╢↓≤⅜ ╠⅛≤⌂∫√

≢ ⌐ ═ ⅜ ∆╢↓≤╙ ╠⅛≤⌂╡ ─ ╩

⇔≈≈ ⅔╟┘ ─ ⅜ ⌂ ─ ⅜ ≤ ⅎ╠

╣√  

3 3 ≢│ ╩ ∆╢↓≤╩ ⌐ ─ΏⱣ♥▫♇

◒ΐ ─ΏⱠ♥▫▪ΐ⅔╟┘ ─Ώꜟ▬כ☼ΐ╩ ⇔≡

≤ ─ ╖ ╦∑⅜ ⅔╟┘ ⌐ ╓∆ ╩ ⇔√

∕─ ─ΏⱣ♥▫♇◒ΐ≢│ ⌂ │ ╠⅛≤⌂╠⌂⅛∫√

╙── ΏⱠ♥▫▪ΐ⅔╟┘ Ώꜟ▬כ☼ΐ≢│

⅔╟┘ │ ⅔╟┘ ⌐ ⇔≡ ⇔ ╙⇔ↄ│

⅜ ™╒≥ ⌐ ⇔ ⅜ ↄ ⅜ ∆╢↓≤⅜ ╠⅛≤

⌂∫√ ∕─√╘ ≤ ╩ ╖ ╦∑╢↓≤⌐╟╡

╙⇔ↄ│ ─ ⌐ ═ ⌂™ ≤

─ ╖ ╦∑≢ ╩ ↕ⅎ≈≈ ╩ ⇔ ─

╙ ≢⅝╢≤ ⅎ╠╣√  
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─↓≤⅛╠ 9 10 ⌐⅔™≡ ⇔≡™╢ │

─ ─ ⌐╟╡ ⅔╟┘ ⅜ ↕╣╢√╘⌐ ∆╢≤ ⅎ╠

╣√ ╕√ ⅔╟┘ ╩ ∆╢ ≤⇔≡ ─╖─

╙⇔ↄ│ ≤ ╩ ╖ ╦∑╢ ⅜ ≢№

╢↓≤╩ ╠⅛≤⇔√ │ ⅜№╡ │

⅜ ⌂™ ≢ ◖☻♩⅜ ↄ │ ◖☻♩⅜ ™╙──

∆╢ ⅜ ⅎ╢╒≥ ⅜ ∆╢ ∕─√╘ ⇔√

╩ ⌐ ∆╢⌐│ ⌐ ╦∑≡ ∆╢ ╩

⇔≡™ↄ ⅜№╢≤ ⅎ╠╣╢  

╩▪♬◗ⱬהꜟכ○♅ꜝ◄ ╘ ─ ⅝ ≢│ ─ ╛

◖☻♩─ ⌐ ∆╢√╘⌐ ╟╡ ─ ╛ ⅜ ╘╠╣╢≤

ⅎ╠╣╢ ≢ ⇔√ ⌐≈™≡╙ │ ⌐╟∫≡

≢ ─ ⅜ ╡ ╦╢╟℮⌂ ◦☻♥ⱶ─ ╛

─ ─ ⇔ ╣╩ ∆╢ ─ ⌐ ╡ ╖ ╟╡ ⅜ ↄ

⇔√ ⅜ ⅎ╢ ⌐ ╡ ╪≢™⅝√™  
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 ╩ ╡╕≤╘╢⌐№√╡ ─

⌐│ ⌂↔ ≤↔ ╩ ∫√ ⌐

│ ⅜ ≤⇔≡ ⌐ ╦∫√ ⅛╠↔ ↔ ≤ ─

⅔ ╩ ↄ™√∞™√ ╟╡ ⇔ →╢ ╕√ ─ ⌐№

√╡ ─ ─

 ─ ⌐│ ⌂↔

≤↔ ╩ ╡ ⇔ →╢  

 ─ │ ▬ⱡⱬכ◦ꜛfi

ה ₈ ⌐ ≠ↄ ⅝

─ ─ 29015C ─ ≢ ⇔√

≢№╢ ה  ⅝

─ ─ⱪכꜟ◓ ☿fi♃כ

─ ☼כ▬ ─ ⌂╠┘⌐

─ ⌐│ ≤⇔≡ ⌂╢↔ ≤↔ ╩™√∞™√

⌐ ≤ ⅛╠│ ⅛╠ ⌐ ╡↔ ≤

⅛™ ╩™√∞™√ ╟╡ ⇔ →╢  

 ↓╣╠─ ╩ ⌐ ∫≡™√∞™√ ☿fi♃כ

─   ⱢכⱩ

 ™

 

 

⌐│ ⌂╢↔ ≤↔ ╩™√∞™√ ⌐

≤ ⅛╠│ ╩ ↄ ╘≡™√∞ↄ≤≤╙⌐
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⌐№√╡↔ ≤ ⅛™ ╩™√∞™√ ↄ ∆╢ ╕√

╩ ℮⌐№√╡ ⅔╟┘ ╩ ∫≡™√∞™√

☿fi♃כ ─ ─ ₁ ⅛╠ √ ⌂↔

⌂╠┘⌐↔ ╩ ↄ™√∞™√ ⱬ◗♬▪

─ ₁⌐│ ╟╡ ─ ╩ ∆╢ │ ⅜ ☿fi

⌐כ♃ ⇔≈≈ ⌐ ⇔≡ ⇔√

≤⇔≡─ ⌐№√╡ ☿fi♃כ ─

⌂╠┘⌐ ⌐│ ⌂↔ ╩⇔≡™√∞™√ ↓↓⌐ ↄ ─

╩ ∆  

☿fi♃כ ─ ╩│∂╘

─ ₁⌐│ ⌐ ╡ ╗ ⅛╠ ≤⇔≡─ ⅎ╛

⅔╟┘ ─ ╘ ⌐≈™≡ ⌂↔ ≤↔ ╩™√∞™√ ↓╣╕≢

⅜ ⌐ ≢⅝√─╙ ─ ₁─⅔⅛→≢№╢ ╕√

─ ⌐│ ⅛™ ╩™√

∞™√ ↄ ∆╢  

⌐ ≤⇔≡─ ╩ ⅎ≡ↄ╣√ ⌂╠┘⌐

⌐ ⅛╠ ∆╢  
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