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SIP 2 ⌐⅔™≡⁸CSTI│⁸ ╡ ╗═⅝ ≤⇔≡ 12 ╩ ╘≡⅔╡⁸∕─℮∟─ ≈

≢№╢ ◦☻♥ⱶ─◘כⱦ☻─ ⌐⅔™≡│⁸ ⌐ ╢ ⇔™ ─
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꜠ⱬꜟ 3╩ ∆╢√╘─ ╩ ⇔⁸ ∆╢↓≤╩ ≤⇔≡™╢⁹ 
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SIP 2 ◦☻♥ⱶ≤◘כⱦ☻─ ─ ₉─

⌐⅔↑╢ ╕≢ ה ╩ ™⁸ │ ה ╩ ∫

√⁹ 

↓╣╠─ ⌐≈™≡│⁸₈ ♃☻◒ⱨ◊⁸≡⌐₉☻כ ה

⌐ ⇔√⁹ 
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In the second phase of SIP, CSTI stipulated the issues to be addressed in 12 fields. Among them, 

ñAutomated Driving for Universal Servicesò specifies, aiming to be competitive in the fierce international 

competition of automated driving, the establishment of the world's most advanced core technologies (such 

as technologies for collecting and distributing road traffic information, including traffic signal and probe 

information), which requires cooperation among automobile manufacturers, and the establishment and social 

implementation of a foundation for the realization of the Level 3 automated driving on ordinary roads. 

Also, at the Future Investment Conference (in March 2018), then Prime Minister Abe said, ñWe will realize 

automated driving at the 2020 Tokyo Olympics and Paralympics. We will further strengthen our efforts with 

an eye to developing various projects, such as establishing a demonstration area in the Tokyo waterfront area 

where traffic signal information is transmitted to vehicles to enable safer automated driving.ò 

Aiming to realize the above, we have been investigating and examining the specific area to conduct a 

demonstration experiment in the Tokyo waterfront area as well as the functions and locations of the necessary 

traffic infrastructures, in cooperation with the Japan Automobile Manufacturers Association and other related 

industries, Tokyo Metropolitan Government, relevant ministries and agencies, and others. 

This demonstration experiment is intended to establish a mechanism for utilizing traffic environment 

information, such as traffic signal and merging support information provided by the traffic infrastructure, 

and put the infrastructure-coordinated advanced automated driving into practice at an early stage. We will 

develop, pre-verify, maintain, and manage the experimental environment (infrastructure) required for that 

purpose. 

This project designs and develops the infrastructure necessary for vehicles (large buses) to participate in 

the experiment in the Haneda area as a part of the Tokyo waterfront area demonstration experiment, that is, 

places magnetic markers, colors the dedicated lanes, builds temporary bus stops, and paves Zone 1, in order 

to pre-verify whether there are any problems in the execution of the experiment. The temporary bus stops 

were made lightweight and portable to the extent that they can bear the weight of wheelchair users, so that 

they can be easily placed and removed. 

The infrastructure developed for this experiment will be maintained until the end of the demonstration 

experiment in the Haneda Airport area as a part of the ñCross-ministerial Strategic Innovation Promotion 

Program (SIP) Second Phase / Automated Driving for Universal Services / Implementation of Tokyo 

Waterfront Area Demonstration Experiment,ò which is another project, and then withdrawn to restore the 

original state after the end of the experiment. 

The results of these activities were reported to the relevant ministries, agencies, and organizations at the 

ñTokyo Waterfront Area Demonstration Experiment Task Force.ò 
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 ◦☻♥ⱶ⌐ ⌂▬fiⱨꜝ  

ⱴכ◌כ╩ ™√ ◦☻♥ⱶ╩ ∆╢√╘⌐⁸▬fiⱨꜝ─ ה ╩ ™⁸

ה ╩ ℮⁹╕√⁸ │ ה ∆╢⁹⌂⅔⁸ ∆╢▬fiⱨꜝ│⁸

ⱴ⁸כ◌כ ─fiכ꜠ ⁸ ─Ᵽ☻ ⁸ fiכ♂ ─ ≢№╢⁹ 

╕√⁸ ꜟ♫Ⱶכ♃ ⌐⅔™≡│⁸ fiכ꜠ ╩ ℮√╘⁸∕─ ╩

≢ ∫√⁹ 
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 ⱴכ◌כ─  

 

(1)  ▬fiⱨꜝ─  

▬fiⱨꜝ─└≤≈≤⇔≡⁸ ⱴכ◌כ─ ╩ ∫√⁹  

 

─ ╩ ℮ ⌐│⁸ ─╟℮⌂╙─⅜№╢⁹  

ᵑIMU/ ⁸ ─ ☿fi◘ ╩ ∆╢╙─  

ᵒLiDAR ꜝⱷ◌ה ╩ ™√ ⅔╟┘ ≤─  

ᵓGPS/GNSS ╩ ™╢╙─  

ᵔ ⱴכ◌כ / ⅔╟┘ RF ♃◓╩ ™╢╙─  

 

↓╣╠─ ─℮∟⁸ ≢─ ꜠ⱬꜟ≢│ᵑ∞↑≢─ │ ≤⇔≡ ≢№╡⁸

ᵒהᵓהᵔ─™∏╣⅛⁸╕√│ ╩ ∆╢ ⅜ ↕╣≡™╢⁹ ↔≤⌐⁸⅔⅔

╟∕ ─╟℮⌂ⱷꜞ♇♩ה♦ⱷꜞ♇♩⅜№╢≤↕╣╢⁹  

 5 ⱷꜞ♇♩ה♦ⱷꜞ♇♩  

 ⱷꜞ♇♩ ♦ⱷꜞ♇♩  

ᵑ ה№╠╝╢ ה ♃כ♦≡™⅔⌐

⅜  

ה ⌐╟╡ ⅜ ∆╢√╘⁸↓╣∞↑

≢─ │  

ᵒ ה ⌂ ⅜ ─♃כ♦╘∂⅛╠№ה  ⅜  

ה ─ ( ה )⌐╟∫

≡ ⅜≢⅝⌂ↄ⌂╢  

ᵓ ה ⌐ ▬fiⱨꜝכ♦ה♃╩

∆╢↓≤⌂ↄ ⅜  

ה ┼─ ⇔⅜ ↄ ≢№╣

┌⁸ ⌂ ⅜  

ה (♩fiⱠꜟה ⱦꜟ⌂≥)⌐╟∫

≡ ⅜ ⌐ ∆╢⁹  

ᵔ ה ה ⌐ ↕╣∏⁸

⌂ ⅜  

ה ≢─▬fiⱨꜝ ה ⅜  

│⁸ ⅜כ◌כ♫כ○⌐ ∆╢ ≤│ ⌂╡⁸ ─ ╩ ╡ ⇔

∆╢ Ᵽ☻╩ ⇔√ ╩ ∫√⁹∕─√╘ ⅜♩כꜟ ≢⅝╢↓≤⁸

─╟╡ ™ ⅜ ╘╠╣╢↓≤⅛╠⁸ᵔ─ ⅜ ™ ≢№╢⁹  

 

3 ─℮∟ 2 (™∏╣╙ Ᵽ☻)⌐≈™≡│⁸ ⌂ ≤⇔≡

ⱴכ◌כ⅔╟┘ RF ♃◓╩ ™≡ ╩ ℮╙─≢№∫√√╘⁸↓╣⌐№╦∑√▬fi

ⱨꜝ ╩ ∫√⁹  

 

 



 

 

 

  19 
 

 

  

 

ⱴכ◌כ ⌐≈™≡⁸ ─ ⌐ ∆⁹  

╕√ ⌐≈™≡│⁸ ─ ≢ ∆≤⅔╡⁸ ─♩כꜟ ≢№╢⁹  
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(2)  ▬fiⱨꜝ─  

ⱴכ◌כ─ ⌐≈™≡│⁸ ≤─ ╩ ╕ⅎ ⇔√⁹ 

⌂≥⌐≈™≡│⁸ ─ ≢ ∆╢↓≤≤⇔√⁹ 

 

(a)   

ⱴכ◌─ │⁸2m ╩ ≤⇔≈≈⁸⁸ ⌐╟∫≡│ ╩ ╘≡ ⇔√⁹ 

 

 6  

   

 2m ≤─ ─ ⁹ ⌐⁸ ⅜ ↄ⌂╢

╒≥ ─ ⅜ ↄ⌂╡⁸ ⅜ ⅜╢

⁸ ⅜ ↄ⌂╢⁹ ⅜ ⌂ↄ ⇔√ ⅜№

╢ ≢⁸ ™ ╩ ⇔√╙─≢№╢⁹ 

Ⱪכ◌  

(R=30 ─

⅔╟┘∕

─ 10m) 

1m 

 

Ⱪכ◌ │⁸ ╟╡ ⌂ ⅜ ⌂√╘⁸

╩ ╘╢ ⅜№╢⁹ ⁸ ─ ╩

⇔ ⁹ 

⌐ R=30 Ⱪ│⌂ↄ⁸כ◌╢⌂≥ ─

│ ⅜ ⁹ 

Ᵽ☻  20cm 

( ⁹

⌐ 1m

⌐ ) 

 Ᵽ☻⅜Ᵽ☻ ⌐ ∆╢ │⁸ ≤ ⇔⁸

↕╠⌐ ⌂ ⅜ ≤⌂╢⁹ ⁸ ─

╩ ⇔ ⁹ 

β │ 20cm ≤⇔≡™√ ⌐≈™≡⁸ ⌐ ─

⁸◖☻♩ ─ ⁸⅔╟┘ ≢─ ╩ ⇔≡ 1m

⌐  

 

(b)  ⱴכ◌כ─  

ⱴכ◌כ─ ≤⇔≡⁸ ≤ ─ ⅜№╢⁹ 

─ ⁸ ⌐⅛⅛╢ │ ↄ⌂╢╙──⁸ ⌐ ╢⁹ ─ │

≢№╢√╘⁸ ⱴכ◌כ─ ╩ ⇔⁸ ≤⇔√⁹ 

 

╕√⁸ ∆╢ⱴכ◌כ─ ⌐ ⌐≈™≡⁸ ─ ╩╟╡ ⌐∆╢√

╘⁸RFID ⱴכ◌כ╩ ⇔√⁹⌂⅔⁸ⱴכ◌כ ─ ⌐≈™≡⁸RFID ⱴכ◌כ│

S ⁸∕╣ │ N ╩ ⌐⇔≡ ⇔√⁹ 
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(c)   

ⱴכ◌כ─ ⌂ ╩ ∆╢ ⌂ ≤⇔≡⁸₈ ₉₈ ∟ ₉⅜

№╢⁹ │⁸╒≤╪≥─ ≢│ ╩⁸ ─ ≢│ ∟ ╩ ⇔√⁹ 

 

│⁸ ⌐♩כꜟ ─ ╩ ╠∑⁸ ∫√ ╩ ≢ⱴכ◐fi◓∆╢↓

≤≢ ꜝ▬fi╩ ∆╢ ≢№╢⁹ 

╕√ ∟ │⁸ ⌐ CAD ⌂≥≢ ╩ ⇔⁸ ⱴ1כ◌כ≈ 1≈─ ╩

⇔√ ≢ ∆╢ ≢№╢⁹ 

 7  
 

 ∟  

 

╩ ↕∑ ╩ⱴכ◐

fi◓ 

ѝ 

ⱴכ◌כ  

ѝ 

ⱴכ◌כ─ ╩  

CAD ≢ ⱴכ◌כ─ ╩  

ѝ 

ⱴכ◌כ ╩  

ѝ 

ⱴכ◌כ  

ѝ 

ⱴכ◌כ ╩  

ⱷꜞ♇♩ה 

♦ⱷꜞ♇

♩ 

ה (ԇ )⅜ ™ 

⅜♩☻◖ה ™ 

ה ─♪ꜝ▬Ᵽכ⅜ ⇔√ ≢ 

 ⅜ ∆╢↓≤⌐⌂╢ 

ה ≤ ─ ⌐  

ה (ԇ )⅜ ™( ) 

⅜♩☻◖ה ™ 

CADה ≢ ⇔√  ≢☻כ◖⌂

 ╩ ↕∑╢↓≤⅜≢⅝╢ 

ה ≤ ─ ⌐  

 

⁸ ∟ ≢─ᵑ ≢─ ⅜⌂™↓≤╛⁸ᵒ ⅜ ↄ⌂╢⁸ᵓ

─ ⅜ ╕╣╢↓≤⅛╠⁸╒≤╪≥─ ≢ ╩ ⇔√⁹ 

√∞⇔⁸ ⌂ ⅜ ≤⌂╢Ᵽ☻ ─ ⌐≈™≡│⁸ ∟ ⌐≡ ╩

⇔√⁹ 
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(d)   

ⱴכ◌─ │⁸ ≤─ ⌐╟╡ ⇔√⁹ 

⌂⅔⁸ ♩כꜟ │⁸ ─ ⌐ ⇔≡™√╙─≢№╢⁹ 

 

↔≤─ ⌐≈™≡ ⌐╕≤╘╢⁹ ⁸ ─ ⌐ ⇔≡™╢⁹ 
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ᵑ ⌐ ⁹ 

ᵒ ⌐ ⁹ 

ᵓ ⌐ ⁹ 

ᵔ ─ ≢ ∆╢↓≤⅛╠⁸ ( ≢│ ─(fiכ꜠ ⌐

⁹ 

ᵕ Ᵽ☻ ≢│⁸ ╩⇔⌂™ ꜟ♫Ⱶכ♃⁸≢ ─ ⌐ ⁹ 

Ᵽ☻ ─ ≢│⁸Ᵽ☻⅜ ⅛╠ ┼ ∆╢ ⌐⅔™≡⁸

─ ⌐ ⁹∕─ ≢│ ⌐ ⁹ 

ᵖ ⌐ ⁹ 

ᵗ ⌐ ⁹ 

ᵘ ⌐ ⁹ 

─ ≢ ∆╢↓≤⅛╠⁸ ≢│ ⌐fiכ꜠ ⁹ 

ᵙ ⌐ ⁹ 

ᵚ ⌐ ⁹ᵑ ⌐ ⁹ 
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(3)  ⌐⅛⅛╢ ≤─  

⌐№√╡ ⌂ ┼─ ╩ ∫√⁹ ⌂ │ ─≤⅔╡≢№╢⁹ 

 ⌂  

  

  

(⅔╟┘⁸ 2 ) 

ה  

ה   

fiכ♂  

( 1 ה 2 ) 

ה  

ה ה ה   

 

⌐⁸ ⱴכ◌כ─ │⁸ ה ה ה ≤

─ ⌂╢ ─ ⌐ ╪∞√╘⁸ ↄ─ ╩ ⇔√⁹ 

ה ( ) 

ⱴ⁸│◌כ ⌐⅔™≡│ ⌐╟╢ ≠↑⅜⌂ↄ⁸ ⱴכ◌╩

⌐╟∫≡ ∆╢↓≤│ ≢№∫√⁹∕─√╘ ─ ⁸ ⅜ ≢№╢↓≤╙

╕ⅎ≡ ⌂ ╩™√∞⅝⁸ ─ ⌐╟╢ ╩ ∫√⁹ 

╕√ ⌐№√∫≡│⁸ ─ ─ ⅜ ⌐⅔™≡ ↕╣≡™⌂™

≢№∫√↓≤╙№╡⁸♃▬Ⱶfi◓ ─ ╩ ∫√℮ⅎ≢ ⇔√⁹ 

ה ( ) 

ⱴכ◌╩ ∆╢ ─ │ ─ ∆╢ ( )≢№╢√╘⁸

ⱴכ◌─ ≠↑≤⇔≡│ ─ ≤⌂╢⁹∕─√╘ ≤ ─ ⁸

ה ⌂≥╩ ∫√ ≢ ╩ ∫√⁹ 

ה fiכ♂ ( ה ) 

fiכ♂ ─ │⁸ ⌐ ↕╣≡™⌂™ ─ ⌐№∫√⁹╕√ כ♂

fi │ ≢№∫√⁹∕─√╘⁸↓╣╠─ ≤⌂╢ fiכ♂ ≤ ─

≢ ╩ ∫√⁹ 

 

(4)  ─  

⇔√ ╩╙≤⌐⁸ ─ ╩ ∫√⁹ 

─ │⁸ Ᵽ☻ ╩ ≢ ↕∑⁸ ╩ ╠⇔≡ⱴכ◐fi◓∆╢↓≤≢

╩ ╘╢√╘⁸ ⌐⅔™≡│ ╩♩כꜟ ∆╢─╖≤⇔≡⅔╡⁸ ₁─ⱴכ◌─

│ ⇔≡™⌂™⁹ 
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(5)   

⌐⅔™≡│⁸ ⱴכ◌כ │ ─≤⅔╡⁹ 

 

 

 7 2019  

 

╕√⁸ ⌐⅔™≡│⁸ ⱴכ◌כ │ ─≤⅔╡⁸ ⇔≡™√

⌐⅔™≡ ⅜ ⇔√⁹ 

 

 

 8 2020  
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ⱴכ◌כ ─ ╩ ⌐ ∆⁹ 

⇔  №↑  

  

ⱴכ◌כ   
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─ ─ ╩ ⌐ ∆⁹ 

  

  

Ᵽ☻ ─ ⱴכ◌כ  

 

  

ⱴכ◌כ ⱴכ◌כ 

ⱴכ◌כ 
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─fiכ꜠   

≢│⁸ Ᵽ☻ ╩fiכ꜠─ ∆╢↓≤≢⁸ ה ─ ╩

∫√⁹ 

≢ ╩ ∫√▬fiⱨꜝ │⁸ ─≤⅔╡≢№╢⁹ 

ה כꜝ◌─fiכ꜠  

ה ♪ꜝ▬Ᵽכ⌐ ╩fiכ꜠ ∆╢  

ה ─ fiכ꜠ ( ─╖)  

  



 

 

 

  28 
 

 

  

▬fiⱨꜝ│⁸ ─≤⅔╡⁹ 

 

 9 ▬fiⱨꜝ  
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3.2.1 כꜝ◌   

(1)  ▬fiⱨꜝ─  

─ ╡⁸Ᵽ☻ ╩≥↓╢№≢fiכ꜠ ♪ꜝ▬Ᵽכ⌐ ∆╢↓≤╩ ⌐⁸Ᵽ☻

כꜝ◌─fiכ꜠ ╩ ∫√⁹ 

⌂⅔⁸Ᵽ☻ ─fiכ꜠ ⅔╟┘ ⌐≈™≡⁸ ה │ ⌐≡ ⇔

√⅜⁸ ─ ⌂≥│ ≤ ⇔≡ ∫√√╘⁸№╦∑≡ ∆╢⁹ 
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(2)   

 

(a) כꜝ◌  ─  

⌐⁸Ᵽ☻ כꜝ◌─fiכ꜠ │ ⌐ ℮⁹ │⁸ ⅜ ╠╣√

≢№╢↓≤╩ ╕ⅎ⁸◖☻♩ ─√╘⌐↓╣╩ ⇔⁸ 30cm ─ ≤⇔

√⁹ 

╩ ∆╢↓≤⌐╟╡⁸ ⅛╠─ │ ∆╢↓≤⌐⌂╢√╘⁸ ⌐ 3D 

CG⌐╟∫≡ ─ ╩◦Ⱶꜙ꜠כ♩⇔ ≢ ∆╢↓≤≢ ╩ ⇔√⁹ 

 

 

fiכ꜠ 10   

 

 

fiכ꜠ 11   :W= ─  

 

 

 

20cm 30cm < > 45cm 100cm
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(b)   

כꜝ◌ ╩ ℮ │ ─ ⅜№╢⅜⁸ ╕≢─ ≢№╢≤™

℮↓≤╩ ╕ⅎ⁸ ─ ⁸ ╩ ⇔⁸ ⌐ ™╠╣╢ ╩

⇔√⁹ 

 

כꜝ◌ ─ ╩ ⌐ ∆⁹ 

⇔   

  

ⱪꜝ▬ⱴכ כꜝ◌   
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(3)  ─  

─fiכ꜠ │⁸ ⌐ ה ─ ╩ ℮ ≤ ⌐ ⇔ ⇔√⁹ 

ה ─√╘⁸≢⅝╢ ╡ ╩ ∆╢ ≢ ⇔√⁹ 

≢─ ─√╘⁸ ⅜ ╕╢ 30m ≢ ╩fiכ꜠ ∆╢

≤⇔√⁹↓╣│ ≢│⁸ ─ ─√╘№╣┌ ╙Ᵽ☻ ╩fiכ꜠

≢⅝╢⅜⁸ ∫≡│™↑⌂™≤ ™⇔√ ⅜ ( ╠⅛(fiכ꜠ ⇔≡

⇔╕∫√╡⁸ ≢ ⌂ ╡ ╖╩ ℮ ⅜№╢√╘─ ≢№╢⁹ 

∕─ ⁸ ⁸Ᵽ☻ ⅜fiכ꜠ ╕╢ ⌐≈™≡╙⁸№╢ ⅛╠

∆ ╩ ∫√⁹ 
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(4)   

Ᵽ☻ ─fiכ꜠ ─ ╩ ⌐ ∆⁹ 

Ᵽ☻ fiכ꜠  

 

 

Ᵽ☻ fiכ꜠ ─  

 

  

≢ ⇔√

כꜝ◌  

 

( ≢ )  

 

( ≢ )  
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3.2.2   

(1)  ▬fiⱨꜝ─  

╡( )⌐Ᵽ☻ ╩fiכ꜠ ∆╢⌐№√∫≡⁸ ─ ⅛╠ ⇔≡⅝

√ ⅜ ≠⅛⌂™℮∟⌐ ⌐fiכ꜠ ⇔≡⇔╕℮↓≤⅜⌂™╟℮⁸ ╩fiכ꜠ ∆

╢ ─ ⌐ ─ ╩ ∫√⁹ 

 

(2)   

─ ⌐≈™≡│⁸ ≤─ ⌐╟╡ ─≤⅔╡⁸ ⅛

⌐ ∆╢↓≤≤⇔√⁹ 

 

 12 ─  

─ ↔≤─꜠▬▪►♩⌐≈™≡│⁸ ─≤⅔╡ ⇔√⁹ 

 9 ꜠▬▪►♩  

 ꜠▬▪►♩  

 

ᵘ  

꜠▬▪►♩ A ⅝ ⌐⅔™≡⁸Ᵽ☻

⅜fiכ꜠ ᵓ╟╡ ╕╢↓≤╩⁸

┼ ╠∑╢√╘  

 

♫Ⱶכ♃

ꜟ  

⅝ ⌐⅔™≡⁸Ᵽ☻

⅜fiכ꜠ ᵖ╟╡ ╕╢↓≤╩⁸

┼ ╠∑╢√╘  

 

ᵒ  

꜠▬▪►♩ B ᵒ╟╡ ┼ ≡™ↄ

⌐ ⇔≡⁸ ᵓᵘ─Ᵽ☻ ⅜fiכ꜠

↕╣≡™╢↓≤╩ ╠∑╢√╘

 

 

 

(C)NTT ▬fiⱨꜝⱠ♇♩ 
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(3)  ꜠▬▪►♩ 

 

─꜠▬▪►♩⌐≈™≡│⁸ ≤ ─ ─≤⅔╡≤⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 13 ꜠▬▪►♩ A 

 14 ꜠▬▪►♩ B 
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(4)   

⌐⅔™≡│⁸ ╡─ ⅛ ┼─ ⅜ ⇔√⁹ᵒ ─ ╡─

⌐≈™≡│⁸ ⌐ ⇔√⁹ 

─ ⌐≈™≡⁸ ⌐ ∆⁹ 

 

ꜟ♫Ⱶכ♃  

 

ᵒ  
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3.2.3 fiכ꜠   

(1)  ▬fiⱨꜝ─  

─fiכ꜠ ≤ ⇔≡⁸ ( ─ ⁹ ─ │₈ ♫Ⱶכ♃

ꜟ ₉)─ ─fiכ꜠ ╩ ⇔√⁹ 

⌂⅔⁸ ≢│ ─╖╩ ™⁸ │ ≢№╢ ⅜ ∫√⁹ 

 

(2)  ─  

─ ⁸ ─fiכ꜠ │ 31m⅛╠ 51m≤⌂∫√⁹ 

↓╣ ⇔√ ⁸ ─ ◦ⱨ♩ ╩ ( )⌐ ⅛∫≡ ∆╢

⅜№╢↓≤⅛╠⁸ ( )─ ⅜ ≤⌂╢√╘⁸ ⅜ ⅝™⁹∕─√╘⁸

◦ⱨ♩ ⌐ ⇔⌂™ ≢ ⇔√╙─≢№╢⁹ 

≢ ≤─ ╩ ™⁸ ⌐≈™≡ ╩ ≡™╢⁹ 

 

╕√⁸ ⌐╟╢ ┼─ ⅜⌂™╟℮⁸ ╟╡ ╩♃כ♦─ ⇔

≡ ╩ ⇔√⁹∕─ ⁸ ⌐ ↕╣≡™╢ ⅜ꜟⱩכ◔─ ∆

╢ ⅜№∫√√╘⁸ ╩ ™⁸ ⅜ ↕╣╢ │ ─ ╩ ℮╟℮ ⇔

╡╩ ∫√⁹ 

 

(3)  ─  

fiכ꜠ ─ ╩ ⌐ ∆⁹ 

 

 15  
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(4)   

─ ─ │ ─ ╡ 
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 Ᵽ☻ ─  

Ᵽ☻─ ⌐ ∆╢ ╩ ℮↓≤╩ ⌐⁸ Ᵽ☻ ╩ ⇔⁸ ⇔√⁹

╕√⁸Ᵽ☻ ─ ╩ꜝⱩ♀ה ⇔√⁹ 

⌂⅔⁸ Ᵽ☻ ─ ⌐≈™≡│⁸ ─כ◙כꜚ ⌐ ⅎ℮╢ ≢ ה

⇔⁸ ה ⅜ ≤⌂╢╟℮ ⇔√⁹ 
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⌐ ∆⁸ Ᵽ☻ ⱪꜝ♇♩ⱨ◊כⱶ ⅛ ∆╢⁹  

 

 16 ▬fiⱨꜝ  
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⌐ ⇔≡⁸ ─≤⅔╡⁹ 

☻Ⱶ♫ꜟⱣכ♃ ⌐≈™≡│⁸ ⌐ ⇔√⁹ 

☻fiⱣכ♂ ⌐≈™≡│⁸ ⌐ ⇔√⁹ 

 10 Ᵽ☻  
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3.3.1 ☻Ⱶ♫ꜟⱣכ♃   

(1)  ▬fiⱨꜝ─  

☻Ⱶ♫ꜟⱣכ♃ │⁸ ≢ ⇔√ Ᵽ☻ ─℮∟⁸ ꜟ♫Ⱶכ♃

( ─(ꜟ♫Ⱶכ♃  ∑ ⌐ ⇔√Ᵽ☻ ≢№╢⁹ 

 

☻Ⱶ♫ꜟⱣכ♃  
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(2)   

 

(a)  ⅔╟┘Ᵽ☻ⱬ▬─  

Ᵽ☻ │⁸ ∟℮─ꜟ♫Ⱶכ♃ Ᵽ☻(ꜞⱶ☺fiⱣ☻ ) ⅜ ∆╢ ∑

─ ⌐ ⇔√⁹ │ │ ≤⌂∫≡™√ ≢№╡⁸ ╩ ∆

╢ ≢ ∆╢↓≤≢⁸ ─ Ᵽ☻ ─ ╩ →⌂™ ≤⇔√⁹ 

⌂⅔⁸ ─⅔⅔╟∕─ │⁸ ╟╡ ⇔≡™√╙─≢№╢⁹ 

 

≢│⁸ ─╒⅛ ( )⅔╟┘ ( )≤

╩ ™⁸Ᵽ☻ ─ ─ꜝⱩ♀ה ╡ ⅝ ─ ╩ ∫√⁹ 

 

 17 Ᵽ☻  

 

≤⇔≡│Ᵽ☻ ╕≢ ⇔≡⅝≡ ≢⅝╢↓≤╩ ⇔≡™√⅜⁸

≤─ ─ ⁸ ─ ⅜ ≢Ᵽ☻ ⌐ ≢⅝╢ │ ⅜№╢√╘⁸

≢™∫√╪ ╩ ↕∑√ ⌐⁸№╠√╘≡Ᵽ☻ ╩ ∆╢ (Ᵽ☻ⱬ▬ )≤∆╢↓

≤≤⅜ ╘╠╣√⁹ 

 

 18 Ᵽ☻  

 

≢⁸ ≤─ ─ ⁸Ᵽ☻ⱬ▬ (10m)⅔╟┘Ᵽ☻ (15m)─

─ ─ ≤⇔≡⁸ 25m ╩ ∆╢↓≤╩ ↕╣√⁹ 

─ ≤ ─ ╩ √∆√╘⁸Ᵽ☻ⱬ▬ ─♀Ⱪꜝ╩┤ↄ╠

╕∑╢ ≤⇔√⁹↓─♀Ⱪꜝ─ ⌐≈™≡╙⁸ ─ ╩ ≡™╢⁹ 
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Ᵽ☻ ─ (11m)│⁸ ─ ─ ↕≢№╢⁹ 

Ᵽ☻ │◖☻♩ ─√╘⌐⁸ │ 7m ≤⇔≡™╢⁹↓╣│⁸Ᵽ☻─ ≤ ─

⅛╠ ╡ ╡⅜ ⌂ ─⌂⅛≢⁸◖☻♩ ─√╘⌐ ╩ ⇔√╙─≢⁸ ⌂

╩ ≤⇔√ ≢№╢⁹ 

 

Ᵽ☻ ─ (11m)⌐≈™≡╙⁸ ─ ─ ↕≢№╢⁹ 

Ᵽ☻│ ⌐╟∫≡Ᵽ☻ ⌐ ⌐ ⇔≡ ∆╢√╘( ☿fi♅ )⁸Ᵽ☻⅜

⇔√ ⁸Ᵽ☻─ ⅜Ᵽ☻ ╩ ⇔≡⅛╠ ⌐ ⅜╢╟℮⌐⇔⌂↑╣┌⁸Ᵽ☻─ꜞ▪○כ

ⱣכⱢfi◓ ⅜Ᵽ☻ ⌐ ∆╢ ⅜№╢⁹∕─√╘⁸ ∆╢☻Ɑכ☻╩

⇔≡™╢⁹ 

 

Ᵽ☻ ─ ( )⌐≈™≡⁸Ᵽ☻ⱬ▬≤ ╩ⱳ☻♩◖כfi≢ ╢√

╘⁸∕─√╘⌐ ⌂ ╩ ⇔√⁹∕─℮ⅎ≢⁸Ᵽ☻ⱬ▬ ╩ ↕ↄ∆╢√╘⁸≢⅝╢

╡ ⌐ ∆╢ ≢ ⇔≡™╢⁹ 
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(b)  Ᵽ☻ ─ ⅔╟┘  

Ᵽ☻ ─ │⁸ ─≤⅔╡≤⇔√⁹ 

 

 19 Ᵽ☻  

 

ה ⅝ↄ⁸Ᵽ☻⅜ ∆╢ ₈ ─☻Ᵽה₉ ╩ ←√╘─₈ ה₉ ≤

∆╢√╘─₈ ⱪכ꜡☻₈┘╟⅔₉ ₉≢ ↕╣≡™╢⁹ 

☻Ᵽה ─ ↕│⁸ⱡfi☻♥♇ⱪⱣ☻ ⅜ ⇔√≤⅝─ ─ ↕⌐ ╦∑⁸₈ ⅛

╠ 23cm₉≤⇔√⁹∕─√╘⁸ (15cm)≤─ ╩ⱪכ꜡☻⌐ ⇔≡™╢⁹ 

₈ה ₉─ ⌐≈™≡│⁸ ╢ ─ 3.5m ╩ ∆↓≤╩ ⌐⁸2.0m ≤⇔

√⁹ 

ה ⌐ ⌐ ≢⅝╢ ≤∆╢√╘⁸ ה ≢ ⇔⁸ ╩

⇔√⁹⌂⅔⁸ ─№╢ ─ ≤│ ⌂╡⁸ ⌐ ∫≡ ↕╣╢↓

≤⁸╕√ ⌐☻♃♇ⱨ⅜ ╢╦↑≢│⌂™↓≤⅛╠⁸ ה ─ ⅜ ≢№╢↓≤

╩ ╕ⅎ≡ ה ╩ ⇔√⁹ 

ה ⌂≥─ ╩ ∆╢√╘⁸Ᵽ☻ ⌐ ─ ╩ ⇔√⁹⌂⅔⁸

Ᵽ☻─○כⱣכⱢfi◓ ≤─ ╩ ↑╢√╘⁸ │Ᵽ☻ ⅛╠ 50cm ─ ╩ ⇔

≡ ⇔≡™╢⁹ 

☻⁸Ᵽ√╕ה ╩ ⇔⌂™ ⅜Ᵽ☻ ⌐ ה ∆╢↓≤⅜⌂™╟℮⁸Ᵽ☻

⌐│ⱳ☻♩◖כfiכ▼♅הfi╩ ⇔≡ ╩ ∫√⁹ 
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ה │ ≤ ─ ⇔√⁹ ⅜ ⌐ ≢⅝╢╟℮⁸₈ ☻₉₈♪כ●

◐ⱴ⸗₉ꜟכ╩ ⇔≡™╢ ⅜⁸ ─Ᵽ☻ ≤ ⅝ↄ ⌂╢⁹↓╣╠─ ⌐≈™≡│⁸

≤ ─ ⇔√⁹ 

 

 

 20 Ᵽ☻  

  

 ꜟכ⸗

◗ⱶ ─ ≢⁸Ᵽ☻⅜Ᵽ☻ ⌐ ⇔

√ ⌐⁸ ┼─ ╩ ⌐ ⅎ╢⁹ 

 ♪כ●

╡╟ꜟכ⸗ ∫ ╢╟℮⌐∆╢↓≤

≢⁸Ᵽ☻⅜Ᵽ☻ ⌐ ⅛∫≡⅝√ ⌐⁸

♃▬ꜘ⅜ ⌐♪כ● ⇔⁸ ─

╩ ╠→╢⁹ 
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ה ☻Ⱶ♫ꜟⱣכ♃ ⌐│ⱴfiⱱ⁸╡№⅜ꜟכ ⅜ⱴfiⱱכꜟ ─

( ─╙─╩ ╗)╩ ≢⅝╢╟℮⁸Ᵽ☻ ─ⱴfiⱱכꜟ ⅜ ⌂ ≤⇔

√⁹ 

 

 21 Ᵽ☻  

 

ⱴfiⱱכꜟ  
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(c)   

ה ─ ╡⁸ ╩ ╠╕∑╢ ≢ ⇔√↓≤⌂≥╩┤╕ⅎ⁸Ᵽ☻ ⌐ ♪כ●

╩ꜟכ꜠ ⇔≡Ᵽ☻ ┼─ ╩ ∆╢╒⅛⁸ ╩ ∆ ╩ ⇔≡

╩ ∫√⁹ 

 ꜟכ꜠♪כ●

 

 

 

 

 22 ─  
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(3)  ─  

☻Ⱶ♫ꜟⱣכ♃ ─ │ ─≤⅔╡  

 

 23 Ᵽ☻  
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(4)  ─  

Ᵽ☻ ⁸ ╟╡⁸ ─ ⅜№∫√√╘⁸ ─ꜟכ꜠♪כ● ┘

─ ╩ ⌐ ⇔√⁹ 

 11 ─  

  

─ꜟכ꜠♪כ●  Ᵽ☻ ⁸ ⅜ꜟכ꜠♪כ● ⌐ ⇔≡

⇔╕™⁸ ⌐ ╢ ⌐ ⌂ ╩ ≡⌂™√

╘ 

─  Ᵽ☻ ⁸ ∫≡Ᵽ☻⅜Ᵽ☻ ⌐ ╡ →≡⇔

╕∫√ ⁸ ≤ ⅜ ⇔≡⇔╕℮√╘ 

 

─ ⌐╟╡⁸ ─ ╡ ╩ꜟכ꜠♪כ● ∆╢↓≤≤⇔⁸ ╩

∆╢↓≤≤⇔√⁹ 

 

ꜟכ꜠♪כ● 24   
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(5)   

⌐ ⇔≡⁸ ☻Ⱶ♫ꜟⱣכ♃ ⌐≈™≡│⁸ ⌐ ⇔√⁹ 

☻Ⱶ♫ꜟⱣכ♃ ─ ╩ ⌐ ∆⁹ 

☻Ⱶ♫ꜟⱣכ♃ ☻Ⱶ♫ꜟⱣכ♃   

  

☻Ⱶ♫ꜟⱣכ♃ ☻Ⱶ♫ꜟⱣכ♃   

  

  






















































