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Abstract 
 

This paper describes the current status of a flight experiment aiming at exploring the 
applications of microwave transmission of power and information (Fig. 1). The experiment 
configuration is composed of a flight system onboard an airship and ground system. Power on 
the order of several hundreds Watt is transmitted from the flight system, using a flat dish type 
antenna (radial slot array antenna), onboard an airship at the altitude of approximately 25 m, to 
the ground system, downward and vertically.  

The receiving antenna on the ground collects the transmitted power, which is used for 
charging cell phones, lighting small bulbs, etc. At the same time, the telemetry data of the flight 
system is transmitted to the ground via wireless system, and the flight system is remotely 
controlled through the commands sent from the ground system to the onboard computer.  

The total system intends to validate the power-information transmission system capability. 
The flight system is also assumed to have a beam forming and a retro-directive capability. The 
flight system is equipped with two phase-controlled magnetrons (500-600 W class) at 2.46 GHz 
frequency, slot array antenna for wireless power transmission, Lithium-ion battery, data storage 
for onboard data, PC with wireless LAN capability for controlling the flight system and 
receiving commands from the ground.  

The total mass of the flight system other than the airship system is estimated as 45 kg, which 
makes possible a flight time of around 20 minutes for a midsize, commercial airship with 17 
meter length. The peak power density on the ground is as low as 10 W/m2 at the center point 
beneath the airship, which yields 2-3 W power generation with a light, inflatable rectenna 
(receiving antenna) of 1 m2 area. 

 

 
Fig. 1 Test configuration of the airship onboard system 

35



 
㘧ⴕ⦁ࡠࠢࠗࡑߚ޿↪ࠍᵄή✢㔚ജવㅍታ㛎㧦ታ㛎᭎ⷐ�

�

٤�ጊᎹብޔᯅᧄᒄ⮥ޔᎹፒ❥↵ޔ◉ේ⌀Პޔਃ⼱෹ᒾ㧔੩ㇺᄢቇ�↢ሽ࿤⎇ⓥᚲ㧕�

㜞ᯅ�ᢥੱ�☨ୖ⑲᣿ޔᐔ㊁ᢘኡ㧔੩ㇺᄢቇᄢቇ㒮�Ꮏቇ⎇ⓥ⑼㧕ޔ�

⮮ේᥞ㓶�
⠍ࠛࠣࡦ࡝ࠕ࠾ࠫࡦ�ޔ㐳㊁⾫ม�
��࡯ࠫࡠࡁࠢ࠹ࠬ࡯ࡍࠬ

�

611-0011� ੩ㇺᐭቝᴦᏒ੖ࡩᐣ 
yamakawa@rish.kyoto-u.ac.jp 

�

㘧ⴕ⦁䈎䉌࿾਄䈮ะ䈔䈩䇮㔚ജ䈍䉋䈶ᖱႎ䈱หᤨ䊙䉟䉪䊨ᵄή✢વㅍታ㛎䉕ⴕ䈭䈇䇮㔚ജ䊶

ᖱႎหᤨવㅍᛛⴚ䇮䈍䉋䈶㘧ⴕ⦁៞タ䈱ᯏེዊဳൻᛛⴚ䈮㑐䈜䉎ᛛⴚᬌ⸽䉕ⴕ䈭䈉੍ቯ

䈪䈅䉎䇯዁᧪䈲䇮ἴኂᤨ䉕ᗐቯ䈚䈢㘧ⴕ⦁╬䈱⒖േ૕䈮ή✢ㅍ㔚ᯏ⢻䉕ઃട䈚䈢䉝䊄䊖䉾䉪

䈭៤Ꮺ㔚⹤ၮ࿾ዪ䉲䉴䊁䊛䉕ᗐቯ䈚䈩䈍䉍䋬䉁䈢䇮ቝቮᄥ㓁⊒㔚ⴡᤊ䈱ታ⃻䈮ะ䈔䈢৻ᱠ

䈫䈚䈩䉅૏⟎䈨䈔䈩䈇䉎䇯ᧄ⊒⴫䈪䈲䇮⹜㛎䈱᭎ⷐ䇮Ḱ஻⁁ᴫ䇮น⢻䈭䉌䈳⹜㛎⚿ᨐ䈮䈧䈇

䈩ㅀ䈼䉎੍ቯ䈪䈅䉎䇯㩷

�

㧝㧚⋡⊛߮ࠃ߅⢛᥊�

� ᧄ⎇ⓥ߇ኻ⽎ࡠࠢࠗࡑޔߪߩࠆߔߣᵄࠆࠃߦ㔚

ജߣᖱႎߩหᤨή✢ㅍฃାᛛⴚޕࠆ޽ߢή✢ .#0

⋓߇ⓥ⎇ߩᖱႎㅍฃାᛛⴚࠆࠃߦᵄࡠࠢࠗࡑޔ╬

ⷰ߁޿ߣ㔚ജㅍାߦࠇߎޔ߇ࠆ޿ߡࠇࠄ߼ㅴߦࠎ

ὐࠍઃടޔࠅࠃߦߣߎࠆߔᄙ᭽࡚ࠪ࡯ࠤ࡝ࡊࠕߥ

�ޕࠆߔᗧ࿑ࠍߣߎߊ޿ߡߒ㐿ᜏࠍࡦ

� ㅍ㔚ⷰ߁޿ߣὐࠄ߆⷗ޔߣࠆ੩ㇺᄢቇ↢ሽ࿤

⎇ⓥᚲޔߪߢ࿾਄ᔕ↪଀ࠬ࠲ࠠࡆ࡙ߪߡߒߣ㔚Ḯ

⎇ࠆߔ㑐ߦή✢ల㔚ߩേゞ߳⥄ޔⓥ⎇ߩࡓ࠹ࠬࠪ

ⓥ╬ࠍㅴޔߚ߹ޕߚ߈ߡ߼ㄭ޿዁᧪ߩቝቮᔕ↪଀

ቝቮᄥ㓁⊒㔚ᚲࠆ޽ߦ࿾⃿๟࿁゠㆏਄ޔߪߡߒߣ

㧔525㧕ࠄ߆ᄥ㓁㔚ᳰߚߒ↢⊑ߢ㔚ജࡠࠢࠗࡑࠍᵄ

ࠆߔ㑐ߦࡓ࠹ࠬࠪࠆߔ࿾਄߳ή✢ㅍ㔚ߡߒᄌ឵ߦ

⎇ⓥࠍ♖ജ⊛ߦⴕߩࠄࠇߎޔࠅ߅ߡߞߥ⎇ⓥᚑᨐ

����ޕࠆ޽ߢ↹⸘ߊ޿ߡߒ↪ᔕߦᧄឭ᩺⎇ⓥࠍ ᐕ

ᐲޔᛛⴚታ⸽ⷰߩὐޔࠄ߆㘧ⴕ⦁ࡠࠢࠗࡑߦᵄ಴

ജⵝ⟎ࠍ៞タޔߡߒ㔚ജߣᖱႎࠍ࿾⴫ߦะߡߌㅍ

ାࠆߔታ㛎੍ࠍቯޕ?���=ࠆ޿ߡߒ�

㧞㧚㘧ⴕ⦁ࠆࠃߦታ⸽ታ㛎�

� ᛛⴚታ⸽ⷰߩὐޔࠄ߆㘧ⴕ⦁ࡠࠢࠗࡑߦᵄ಴ജ

ⵝ⟎ࠍ៞タޔߡߒ㔚ജߣᖱႎࠍ࿾⴫ߦะߡߌㅍା

࿑ޕࠆߔឭ᩺ࠍታ㛎ࠆߔ � ߢ࿾਄ޔߦ߁ࠃߔ␜ߦ

ޔ߰ߪ ޔߡߒ↪೑ࠍ࠽࠹ࡦࠕシ㊂ዷ㐿ဳߩ⁁߈ߒࠈ

ޔߪ޿ࠆ޽ޔㅢ⹤ࠆࠃߦ៤Ꮺ㔚⹤ࠬ࡟࡯࡝࠹࠶ࡃ

៤Ꮺ㔚⹤ߩ࡯࡝࠹࠶ࡃή✢ల㔚ࠍⴕޔ޿ߥหᤨߦ

ή✢ࠍ੺࠼ࡦࡑࠦ࡮࡝࠻ࡔ࡟࠹ߡߒᠲ૞ࠍⴕ߁ߥ

ߔ⸽ታࠍࡓ࠹หᤨㅍฃାࠪࠬߩᖱႎߣ㔚ജߢߣߎ

Ბߩᰴߪ⹜㛎ࠆߔ㑐ߦᯏ⢻ߩ៤Ꮺ㔚⹤ၮ࿾ዪޕࠆ

㓏ߢᗐቯޕࠆߔ࿾਄ޔߪߢ㕙Ⓧ �O� ⒟ᐲߒࠈ߰ߩ

���9ޔߢߣߎࠆߔ↪೑ࠍ࠽࠹ࡦࠕዷ㐿ဳ߈ 㔚ജߩ

㔚ജኒޔ߈ߣߩߎޕࠆ޽ߢน⢻߇ߣߎࠆߔฃାࠍ

ᐲޔߪߡߒߣᏱᤨ቟ోၮḰࠍḩߔߚ ���9�O�㧔ਛᔃ㧕

����ޕࠆ޿ߡߒᗐቯࠍ ᐕᐲࡓ࠹ࠬࠪߩᯏ⢻⏕⹺ታ

㛎ޔߪߢ㜞ᐲ ��O ߩ࡜࠼ࡦࠧࠍ⦁㘧ⴕޔߢ⟎૏ߩ

� ὐߢଥ⇐ޔߖߐ㘧ⴕ⦁ߩᆫ൓߇቟ቯߣࠆ޿ߡߒ

ޕࠆߔㅍାࠍ㔚ജޔߺߩ߈

࿑ 1� 㘧ⴕ⦁ታ㛎᭎ⷐ(๟ᵄᢙߪⷐ⺞ᢛ), 㘧ⴕ⦁

⦁ᒁ↪㧔㘧ⴕࠅࠃhttp://www.airships.jpߪࠫ࡯ࡔࠗ

ળ␠ࠫ࡯ࡍࡓ࡯ࡎࠬࠢࠗࡔ㧕 

㜞ᐲ 25m

36



� ࿑ � ޔᯏེ᭴ᚑ࿑ߩ♽ㅍ㔚ࠆߔ៞タߦ⦁㘧ⴕߦ

࿑ � ߥޕߔ␜ࠍታ㛎ᯏེ᭴ᚑ࿑ࠆߔዷ㐿ߦ࿾਄ߦ

ߪߢ⦁㘧ⴕߥน⢻࡞࠲ࡦ࡟ߢࠬ࡯ࡌ໡ᬺޔ߅ ���MI

⒟ᐲߩ៞タ㊀㊂ޔߢ�� ಽ㑆ߪ㘧ⴕน⢻ߎޕࠆ޽ߢ

Ⓧタ㊀㊂ޔߒଐሽߦ㊂ࡦ࡝࠰ࠟ⾌ᶖߪ㘧ⴕᤨ㑆ߩ

߇ ���MI ߣน⢻߇㘧ⴕᤨ㑆ߩ㧞ᤨ㑆⒟ᐲߪ႐วߩ

�ޕࠆߥ

�

ㅍ㔚♽㧔㘧ⴕ⦁៞タ㧕㧔࿑ �㧕�

⫾㔚ᳰ
� ୘�� � ��MI
� ୘��

��♽ᵄㅍ㔚ࡠࠢࠗࡑ ���MI�

�♽ࡉࠗ࠹ࠢ࡟ࠗ࠺ࡠ࠻࡟ ��MI�

�♽࠽࠹ࡦࠕ � ��MI
� ୘��

�♽ᠲ૞࠲࡯ࡔ࡟࠹᷹⸘ ��MI��

㔚᳇♽࡮ᯏ᪾♽⸘ⵝ� ��MI�

�

ฃ㔚♽㧔࿾਄㈩⟎㧕㧔࿑ �㧕�

�࿾਄↪㧕࡮㧔៤Ꮺ㔚⹤࠽࠹ࠢ࡟

�ାภㅍାᯏ࠻࠶ࡠࠗࡄ

�♽ᠲ૞࠲࡯ࡔ࡟࠹᷹⸘

�

�♽ᵄㅍ㔚ࡠࠢࠗࡑ���

� ๟ᵄᢙޔߪߡߒߣ����)*\������9
ㅍାᯏ಴ജ�ࠍ

Ꮧᦸޕࠆ޿ߡߒ೨ឭ᧦ઙޔߪએਅߩㅢޕࠆ޽ߢࠅ�


�\*(�����࡮+5/ ߣવㅍ࡯ࠡ࡞ࡀࠛߚ޿↪ࠍ࠼ࡦࡃ

�ޕ�ࠆࠃߦઙ᧦߁޿

��࡮ ⚛ሶࡒ࡯ࠜࡈࡓ࡯ࡆࠆࠃߦ࡯࡟ࠕ࠼࠭࡯ࠚࡈ

�ޕታ㛎ࠣࡦ

�ㅍା〒㔌���O࡮ ਄ࠄ߆⋥ਅ�
㘧ⴕ⦁ߩ⢻ജࠃߦ

�ޕ�ઙ᧦ࠆ

�㔚ജኒᐲ���9�Oߩߢ�ฃ㔚ὐ࡮ 
�ߊജㄭᭂߦ࡙

቟ోၮߩ૕߳ੱߣᔅⷐ㔚ജߩߡߒߣ㔚Ḯࠬ࠲ࠠࡆ

Ḱ ��9�O�"����)*\ߩࠄ߆ޔ᧦ઙ�ޕ�

ߦᓟ⋤ߒฃାࠍ㔚ᵄ�ޠ࠽࠹ࠢ࡟ޟ��ฃ㔚⸳஻࡮

⋥ᵹߦᄌ឵࡮࠽࠹ࡦࠕࠆߔ࿁〝৻૕ⵝ⟎ޕቢోࡄ

�ޕ�ࠬ࡯ࡌ࠼࡯ࠝࠗ࠳
ࡉࠪ࠶

࠹ࡦࠕߣㅍ㔚㔚ജߚࠇࠄ߼᳞ࠄ߆�਄⸥᧦ઙ࡮


���ㅍ㔚㔚ജ��������9�Zޔߪᓘ࠽㘧ⴕ⦁ߩ៞タ㊀

㊂෸߮࡯࡝࠹࠶ࡃ㊀㊂ޔታ㛎ᤨ㑆╬ߩ೙⚂ࠆࠃߦ

᧦ઙ�ޔㅍ㔚࠽࠹ࡦࠕ���EO ᓘ࠻࠶ࡠࠬ࡞ࠕࠫ࡜ޔ

㧔࿑ࠆ޽ߢ࠽࠹ࡦࠕࠗ࡟ࠕ �㧕ޕ�

�

࿑㧠� �࠽࠹ࡦࠕࠗ࡟ࠕ࠻࠶ࡠࠬ࡞ࠕࠫ࡜

�

�♽ᮡㅊየ⋠ࡉࠖ࠹ࠢ࡟ࠖ࠺ࡠ࠻࡟���

� ᧄ᧪ㅍ㔚߈ߴߔ਄ㇱࠪࠬޟࠍࡓ࠹ㅍ㔚஥ޔޠฃ

ࠆࠇࠄㅍࠄ߆ฃ㔚஥ޕ๭߱ߣޠฃ㔚஥ޟࠍᣇࠆߌ

���)*\ ࠻࠶ࡠࠗࡄޟࠍ♽ㅍฃାߩାภ࠻࠶ࡠࠗࡄ

ߩࠄ߆ㅍ㔚஥ޔޠ♽ ����)*\ ᔕ╵ࡓ࡯ࡆㅍฃା♽ࠍ

�ޕࠆߔߣߣߎ๭߱ߣޠ♽ࡓ࡯ࡆޟ

� ฃ㔚஥࠻࠶ࡠࠗࡄࠅࠃାภࠍㅍାߒ㧘ㅍ㔚஥

ߢ � ⚛ሶએ਄ߢ࠽࠹ࡦࠕߩฃାߩߘ�ߒ૏⋧Ꮕ߆

�ޕࠆߔቯ᷹ࠍ೔᧪ᣇะࠄ ⚛ሶએ਄ࠆࠃߦ㜞♖ᐲ

᷹ቯ߽ⴕ࠻࠶ࡠࠗࡄޕ߁ߥାภࠍㅍฃࡓ࡯ࡆࠆߔ

�ޕ߁ߥታ㛎߽ⴕߚߌដࠍ᜛ᢔ࡞࠻ࠢࡍࠬ�ߪߢ♽

� ㅍ㔚஥᷹ޔߪࠄ߆ቯߚࠇߐ೔᧪ᣇะࠗ࡟ࠕߦ

࡯ࡆߪ᧪ᧄޕߔ㄰ࠅㅍߡߌะࠍᜰะᕈߩ࠽࠹ࡦࠕ

࿑ 2 㘧ⴕ⦁ߦ៞タࠆߔㅍ㔚♽ߩᯏེ᭴ᚑ࿑ 

࿑ 3� 㘧ⴕ⦁ታ㛎࡮࿾਄ᯏེ᭴ᚑ࿑ 

37



ࠇߘߪߢᧄታ㛎ޔ߇ࠆߔࠍ೎ㅜᄢ㔚ജㅍ㔚ߢ♽ࡓ

ࡆߢࠗ࡟ࠕ࠼࠭࡯ࠚࡈޔߊߥߪߢ㔚ജߥ߈ᄢߤ߶

ࠆߔቯ᷹ࠍฃା㔚ജಽᏓߪߢฃ㔚஥ޔࠅ૞ࠍࡓ࡯

ฃାᒝߩㇱ৻ߚ߹ޕࠆߔଔ⹏ࠍᕈ⢻ޔࠅࠃߦߣߎ

ᐲߩߤߥ⚿ᨐࠍㅍ㔚஥ߦㅍࠅ㄰ޔߒ♖ᐲߩะ਄ࠍ

࿑ޕࠆ�

�

�

�♽࠽࠹ࠢ࡟���

� ᵄ㔚ࡠࠢࠗࡑ߮ࠃ߅࠽࠹ࡦࠕ↪ฃ㔚ߪ࠽࠹ࠢ࡟

ജࠍ⋥ᵹ㔚ജߦᄌ឵ࠆߔᢛᵹ࿁〝ࠄ߆ᚑޕࠆ㘧ⴕ⦁

ᢛ߮ࠃ߅࠽࠹ࡦࠕޔࠅߚ޽ߦ߁ⴕࠍታ⸽ታ㛎ࠆࠃߦ

ᵹ࿁〝ߩࠇߙࠇߘ⹜૞⹏ଔࠍⴕߪ࠽࠹ࡦࠕޕߚߞᣇ

ᒻࠍ࠽࠹ࡦࠕࡊ࠶࡝࠻ࠬࡠࠢࠗࡑណ↪ޕߚߒ⹜૞ࠕ

ߪኸᴺߩ࠽࠹ࡦ �EO ታ᷹ߪ೑ᓧ࠽࠹ࡦࠕޔࠅ޽ߢⷺ

⚿ᨐࠅࠃ �㨪�F$K ⒟ᐲ��9ޔߪࠇߎޕߚߞ޽ߢ�O�

࠽࠹ࡦࠕߡ޿߅ߦᵄ㔚ജኒᐲਅࡠࠢࠗࡑߩ � ⚛ሶ

ࠅߚ޽ ��㨪��O9 ⒟ᐲࡠࠢࠗࡑߩᵄ㔚ജࠍฃ㔚߈ߢ

ޔࠅࠃታ᷹⚿ᨐߩ〝⹜૞ᢛᵹ࿁ޔߚ߹ޕࠆߥߣ▚⸘ࠆ

��O9 ₸ᵹᄌ឵ല⋤ߡ޿߅ߦᵄ౉ജᤨࡠࠢࠗࡑߩ ��

㨪߇���ᓧߩࠄࠇߎޕߚࠇࠄታ᷹⚿ᨐߺ⚵ࠍวߖࠊ

ࠢ࡟ߡ޿߅ߦᵄ㔚ജኒᐲਅࡠࠢࠗࡑߩ���9�Oޔߣࠆ

࠽࠹ � ⚛ሶࠅߚ޽ ��㨪��O9 ⒟ᐲߩ⋥ᵹ㔚ജ߇ᓧࠄ

�ޕࠆߥߣ▚⸘ࠆࠇ

� 㘧ⴕ⦁ࠆࠃߦታ⸽ታ㛎ߦ❑ޔߪߡ޿߅ߦ �⚛ሶޔ

ᮮߦ � ⚛ሶߦ㈩⟎ߚߒ �� ⚛ሶࠆࠃߦ࠽࠹ࠢ࡟៤Ꮺ

㔚⹤ల㔚ታ㛎ࠍⴕ੍߁ቯޕࠆ޽ߢ�� ⚛ሶ࠽࠹ࠢ࡟ �

ᨎߩࠅߚ޽ኸᴺߪ❑ ��EO�ᮮ ��EO ���9�Oޔࠅ޽ߢ

ߡ޿߅ߦᵄ㔚ജኒᐲਅࡠࠢࠗࡑߩ ���㨪���O9 ⒟ᐲ

ࠍࠇߎޕࠆ޽ߢᗐቯࠆࠇࠄᓧ߇ᵹ㔚ജ⋤ߩ �O឵ߦ�

ߩࠅᒰೋ⸘↹ㅢߣࠆߔ▚ �㨪�9 ࠄᓧ߇ᵹ㔚ജ⋤ߩ

�ޕࠆࠇ

� ࡉ㔚ሶޔߪߡ޿߅ߦታ⸽ታ㛎ࠆࠃߦ⦁㘧ⴕߚ߹

ᗧ↪ࠍ࠽࠹ࠢ࡟ሶ⚛�ߚߒ៞タࠍ&'.ߪ޿ࠆ޽࡯ࠩ

ߣᚲ࿷⏕⹺ᚻᴺߩ╬ⵍἴ⠪ࠆߌ߅ߦᤨ↢⊑ἴኂޔߒ

�ޕ㧔࿑㧡㧕ࠆߔ⸛ᬌࠍ᦭ലᕈߩή✢㔚ജવㅍߩߡߒ

�

࿑ �� �࠽࠹ࠢ࡟

�ࡦ࡚ࠪ࡯ࠤ࡝ࡊࠕ���

� ᧄ⎇ⓥࠆߌ߅ߦᛛⴚޔߪἴኂ⊒↢ᤨ⒖ࠆߌ߅ߦ

േ૕៞タဳߩ៤Ꮺ㔚⹤ၮ࿾ዪ⸳⟎߳ߩዷ㐿߇น⢻

ߢ߹ἴኂᓳᣥޔߦ߁ࠃߔ␜ߦ࿑㧢ޔࠅ߹ߟޕࠆ޽ߢ

ߩ CF�JQE ߈ߢ▽᭴ࠍ᭎ᔨ߁޿ߣ៤Ꮺ㔚⹤ၮ࿾ዪߥ

ޔߪߕ߹ޔߦ߈ߣߚߒ↢⊑߇ᄢἴኂߩ╬ᄢ࿾㔡ޕࠆ

ኻᄖ⊛ߥㅪ⛊߮ࠃ߅ᖱႎߩ෼㓸ࠍ៤Ꮺ㔚⹤ࠅࠃߦ

ⴕ੍ߣࠆߥߦߣߎ߁ᗐޔߒ߆ߒޕࠆࠇߐ஗㔚ޔᣢሽ

ޔࠅࠃߦ╬ୟუߩ៤Ꮺ㔚⹤ၮ࿾ዪޔಾᢿߩ✢㔚⹤࿁ߩ

ᓳᣥ߹ߢᢙᣣ㑆ߪ៤Ꮺ㔚⹤ߩ࿁✢߇ᚑ┙ࠄߐޔߕߖ

ޕࠆࠇࠄ߃⠨߇ᴫ⁁޿ߥ߃ల㔚߽ⴕߩ៤Ꮺ㔚⹤ޔߦ

ἴኂࠄ߆ἴኂ⊒↢⋥ᓟޔ߇ߩࠆ߈ߢᛂ㐿ࠍᴫ⁁ߩߎ

ᓳᣥ߹ߪߢᢙᣣ㑆ߦ૶↪น⢻⒖ߥേ૕៞タဳ߆ޔߢ

࠹៤Ꮺ㔚⹤ၮ࿾ዪࠪࠬߚߒઃടࠍ㔚ജㅍାᯏ⢻ޔߟ

㘧ⴕᤨ⛯⛮ޔ⒖േ⢻ജޔߪߡߒߣ⒖േ૕ޕࠆ޽ߢࡓ

㑆ޔㆇ⥶ߩ቟ోᕈⷰߩὐࠄ߆㘧ⴕ⦁߇᜼ޕࠆࠇࠄߍ

࿾਄ߢᔅⷐޔߪߩࠆߥߦᢙ ��I ⒟ᐲߢ �O�⒟ᐲ߰ߩ

ἴࠍࠇߎޔࠅ޽ߢߌߛ࠽࠹ࡦࠕฃ㔚ߩዷ㐿ဳ߈ߒࠈ

ኂࠣߡߒߣ࠭࠶៤Ꮺޔߒἴኂᤨޔߪߦ៤Ꮺ㔚⹤ߣធ

㘧ⴕ⦁ၮ࿾ޔ߇ㅢ⹤߮ࠃ߅ల㔚ޔࠅࠃߦߣߎࠆߔ⛯

ዪࠍ੺ߡߒน⢻ࠆߥߣ��

એਅࠇߘߦએᄖߩ㑐ㅪᛛⴚߩࡦ࡚ࠪ࡯ࠤ࡝ࡊࠕߩ

น⢻ᕈࠍ೉᜼ޕࠆߔ�

�

ἴኂࠣ࠭࠶�

��᛬ߺ⇥ࠅᑼシ㊂ࠪ࡮ဳ࠻࡯஺ဳ࠽࠹ࡦࠕ�

㧔ࡠࠢࠗࡑᵄࠍฃାޔᢇഥାภߩㅍ಴ޔ⊒శ㧕�

��ⵍἴ⠪૏⟎ផቯࠪࠬࡓ࠹�

㧔㆙〒㔌ဳ �ޔή✢ㅍ㔚ߩಽᢔ៤Ꮺ㔚⹤߳ޔ&+�)4

��៤Ꮺ㔚⹤ࠨࡦࠕࠄ߆㧕�

��ἴኂᤨߩ៤Ꮺ㔚⹤߳ߩ㔚ജ࡮ἴኂᖱႎߩ�

��หᤨㅍା��

�

࿑㧢� ዁᧪ߩἴኂᤨߩ ad hoc ៤Ꮺ㔚⹤ၮ࿾ߥ

ዪ࡮౗࡮ή✢ㅍ㔚ㅢ⹤ࠪࠬࡓ࠹ 

38



㕖Ᏹᤨࡦࠗ࡜ࡈࠗ࡜�

㧔⊒㔚ᯏ࡮㔚ᳰߩߣ⋧੕⵬ቢ㧕�

��⼊ኤ࡮ᶖ㒐࡮⥄ⴡ㓌࡮ጊጪᢇഥ㓌ߩ៤Ꮺ┵ᧃ�

�㐳ᤨ㑆㚟േൻߩ��

㧔࡯࡝࠹࠶ࡃ࡮࡞࠮㊀㊂ߩシᷫ㧕�

��ᖡᄤ୥ਛߦ㐳ᤨ㑆ἴኂ⋙ⷞࠍⴕ߁ߥήੱ㘧ⴕᯏ�

�ⓨਛ⛎㔚ߩ߳�

��ጊ㑆ߩⵍἴ࿾ߩ߳࠻࠶ࡏࡠల㔚�

�

㧣��㐿⊒⚻✲�

� ��������� ᐕᐲਛޔߦ⫾㔚ᳰޔ૏⋧೙ᓮࡀࠣࡑ

ޔ♽ᠲ૞࠲࡯ࡔ࡟࠹᷹⸘ޔ♽࠽࠹ࡦࠕޔ�/2%
ࡦࡠ࠻

)25 ⵝ⟎ޔฃ㔚↪ዷ㐿ဳߩ࠽࠹ࡦࠕ㐿⊒ߩḰ஻ࠍⴕ

����ޕߚߞ ᐕᐲࠗࡄޔ♽ࡉࠗ࠹ࠢ࡟ࠗ࠺ࡠ࠻࡟ޔߪ

ޔାภㅍାᯏࠪ࠻࠶ࡠ ޔߦหᤨޔߒ⊑㐿ࠍ૕ోࡓ࠹ࠬ

���� ᐕᐲਛߦታ㛎ࠍታᣉࠍߣߎࠆߔ⋡ᮡޔߦ✚ോ⋭

ή✢఺⸵ࠍ⺧↳ߩⴕޕࠆ޿ߡߞ႐ᚲޔߪߡߒߣ੩ㇺ


��OZ��O �ޕࠆ޿ߡߒᗐቯࠍ�ߣߎ޿ߥ߇‛ᑪߦ๟࿐ߢ

���� ᐕ �� ᦬߹ߩߢ⹜㛎ޔߪߡ޿߅ߦ㔚ᵄࠍ᡼኿

ๆࠍᵄ㔚ജࡠࠢࠗࡑߢ࠼࡯ࡠ࡯ࡒ࠳↪ᄢ㔚ജߕߖ

෼ߡߖߐታ㛎ࠍⴕޔ޿ૐ㔚ജဳࡦࡠ࠻ࡀࠣࡑ㧡บߩ

ၮ␆․ᕈ㧔㓁ᭂ㔚ᵹޔ㔚࿶ޔ㔚ജޔ๟ᵄᢙ․ᕈ㧕ࠍ

ขᓧࡠࠢࠗࡑޔߒᵄㅍ㔚 㧔ེ૏⋧೙ᓮࡦࡠ࠻ࡀࠣࡑ㧕

�ޕߚߒㆬቯࠍ㧞บࠆߔ↪ㆡߦ

���� ᐕ � ᦬ࡠࠢࠗࡑޔߪߦᵄㅍ㔚ེၮ␆⹜㛎ࠍ

ⴕࡦࡠ࠻ࡀࠣࡑޔ޿⊒ᝄ⋥ᓟࠄ߆ �� ಽએ਄ޔ⊒ᝄ

๟ᵄᢙࠍ቟ቯߡߒ೙ᓮ㧔ⷙቯߩ๟ᵄᢙࠢ࠶ࡠߦ㧕ߢ

�ޔߦ౒ߣࠆߔ⹺⏕ࠍߣߎࠆ߈ บࡠࠢࠗࡑߩᵄㅍ㔚

ࠍᨐ⚿߁޿ߣࠆ߈ߢ೙ᓮߊߥหᤨ⿠േ߽໧㗴ߩེ

ᓧޕߚ�

����ޔߚ߹ ᐕ � ᦬ߩ⹜㛎ߪߢ㔚ᵄ᡼኿ታ㛎ޔࠍ

㔚ᵄᥧቶࠍ೑↪ߡߒⴕޔ޿ㅍ㔚๟ᵄᢙޔㅍ㔚㔚ജޔ

ߣ㔚ജㅍ㔚ޔߦࠄߐޕߚߒขᓧࠍ࠲࡯࠺࡞࠻ࠢࡍࠬ

หᤨ࠲࡯࠺ߦㅢା߇ⴕࠍߣߎࠆ߃⏕⹺ޕߚߒห㧟᦬

⊛ᯏ᪾ߩߣ⦁㘧ⴕߡ޿߅ߦޠࠩ࡜ࡊߥࠎߪ޿ߌޟߦ

�ޕ㧔࿑㧣㧕ߚߞⴕࠍࠢ࠶ࠚ࠴ࠬ࡯ࠚࡈ࡯࠲ࡦࠗ

����㧘ߦࠄߐ ᐕ ��� ᦬ߪߦή✢ㅍ㔚♽ߩ᡼኿㔚

ജ᷹ߩቯ㧘ߩࡦࡠ࠻ࡀࠣࡑ૏⋧೙ᓮ․ᕈ᷹ߩቯ㧘ή

✢ㅍ㔚♽ߩ࠽࠹ࡦࠕߣ૏⋧ࠍ೙ᓮࠗ࠺ࡠ࠻࡟ࠆߔ

ߩ៞タᯏེߩߢᐓᷤ⸘᷹㧘៞タ㔚ᳰߩ♽ࡉࠗ࠹ࠢ࡟

േ૞⏕⹺ࠍⴕߚߞ㧔࿑ ����㧕ޕ�

���� ᐕ㧝㧞᦬એ㒠ߦ੩ㇺߡ޿߅ߦ㘧ⴕ⦁޿↪ࠍ

ߦ߼ߚߩታᣉߩߘޔ߇ࠆ޿ߡߒቯ੍ࠍ㘧ⴕታ㛎ߚ

シ㊂ൻ㧘࿾਄⹜㛎ߩࡓ࠹㧘㘧ⴕ⦁៞タᯏེࠪࠬߪ

ⴕࠍࠢ࠶ࠚ࠴ࠬ࡯ࠚࡈ࡯࠲ࡦࠗ⦁Ḱ஻㧘㘧ⴕߩ♽

�ޕࠆ޿ߡߞ

�
࿑ �C� 㘧ⴕ⦁ࠗࠢ࠶ࠚ࠴ࠬ࡯ࠚࡈ࡯࠲ࡦ⹜㛎�

�

�

࿑ �D� 㘧ⴕ⦁ࠗࠢ࠶ࠚ࠴ࠬ࡯ࠚࡈ࡯࠲ࡦ⹜㛎�

�

�

࿑ �� ૏⋧೙ᓮߩࡦࡠ࠻ࡀࠣࡑ ૏⋧೙ࠆࠃߦ♽�

ᓮേ૞ߩ⏕⹺�

39



�

࿑ �� ㄭற⇇᷹ቯⵝ⟎࠽࠹ࡦࠕࠆࠃߦ᡼኿࡯࠲ࡄ

�ቯ᷹ࡦ

�

�

࿑ ��� ᡼኿㔚ജ․ᕈ⏕⹺�

�

�

࿑ ��� ᡼኿㔚ജ․ᕈ⹜㛎
ㅍ㔚〒㔌㧣�㧥㨙૏⟎��

�

�

�

⻢ㄉ�

ᧄ⎇ⓥߪએਅߩᄙߩߊᓮᡰេߢߣ߽ߩⴕࠅ߅ߡߞ

�ޕߔ߹

�

᧲੩Ꮏᬺᄢቇ�਄↰⧷᮸᳁�቟⮮⌀᦭వ↢ޔ᦭㒢ળ

ቇ⎇ⓥ⾌ၮ⋚⎇ⓥ⑼ޔ�ᳰጊᱞ᳁ࠬࠢࠗࡔ␠ $㧔⎇

ⓥઍ⴫⠪㧦ᯅᧄ㧕ޔ⽷࿅ᴺੱ࿖㓙ࠦࠪ࡯ࠤ࠾ࡘࡒ

ቇᛛⴚ⑼ޔⓥઍ⴫⠪㧦ጊᎹ㧕⎇ޔၮ㊄㧔એਅࡦ࡚

ᝄ⥝ᯏ᭴㧔,56㧕࿾ ၞ ࠗ ࡁ ࡌ ࡯ ࠪ ࡚ ࡦ ഃ ಴

✚ ว ᡰ េ ੐ ᬺ � ㊀ ὐ ࿾ ၞ ⎇ ⓥ 㐿 ⊒ ផ ㅴ

ࡊ ࡠ ࠣ ࡜ ࡓ � ᐔ ᚑ �� ᐕ ᐲ ࠪ ࡯ ࠭ ⊒ ជ ⹜

㛎 ⽷ޔ ࿅ ᴺ ੱ ᄢ Ꮉ ᖱ ႎ ㅢ ା ၮ ㊄ޔ੩ㇺᄢ

ቇ�↢ሽ࿤⎇ⓥᚲࡠࠢࠗࡑ�ᵄࠛ࡯ࠡ࡞ࡀવㅍታ

㛎ⵝ⟎౒ห೑↪⎇ⓥޔ੩ㇺᄢቇ✚㐳ⵙ㊂⚻⾌ޔ੩

ㇺᄢቇ↢ሽ࿤⎇ⓥᚲ࠻ࠢࠚࠫࡠࡊࡦ࡚ࠪ࠶ࡒ⚻

�ޕ⾌

�

ෳ⠨ᢥ₂�

�� ጊᎹብ�ᯅᧄᒄ⮥�Ꮉፒ❥↵�◉ේ⌀Პ�ਃ⼱෹

ᒾ�ᐔ㊁ᢘኡ�☨ୖ⑲᣿�⮮ේᥞ㓶�㐳㊁�⾫

ม�̌ࡠࠢࠗࡑᵄή✢વㅍᛛⴚߩ㘧ⴕታ⸽ታ㛎

╙�̍ߺ⹜ߩ �� ࿁ ੩ᄢ᧲�ࡓ࠙ࠫࡐࡦ525�ࠪ

ቇ����� ᐕ �᦬ ��� ᣣ��

�� ጊᎹብ�ᯅᧄᒄ⮥�Ꮉፒ❥↵�◉ේ⌀Პ�ਃ⼱෹

ᒾ�ᐔ㊁ᢘኡ�☨ୖ⑲᣿�⮮ේᥞ㓶�㐳㊁�⾫

ม�̍ࡠࠢࠗࡑ�ᵄή✢㔚ജવㅍᛛⴚߩ㘧ⴕታ⸽

╙�㐿ᜏ̍ߩࡦ࡚ࠪ࡯ࠤ࡝ࡊࠕߣ ��࿁ቝቮ⑼ቇ

ᛛⴚㅪว⻠Ṷળ�ᧅᏻ����� ᐕ �� ᦬ ����� ᣣ�

�� ☨ୖ⑲᣿�⮮ේᥞ㓶�㐳㊁⾫ม�ਃ⼱෹ᒾ��਄↰

⧷᮸�቟⮮⌀�ᐔ㊁ᢘኡ�◉ේ⌀Პ�ᯅᧄᒄ⮥�ጊ

Ꮉብ�̍�㘧ⴕ⦁ታ㛎↪࠻࠶ࡠࠬࡦࠗ࡜࡞ࠕࠫ࡜

✢ήࠆߔ㑐ߦ࠽࠹ࡦࠕ .#0 㜞಴࡮ᐓᷤታ㛎ߩߣ

ജᕈ⢻⏕⹺ታ㛎̍��/'6.#$ ႎ๔ળ������ ᐕ �

᦬ �� ᣣ�੩ㇺᄢቇ��

�� ጊᎹብޔᯅᧄᒄ⮥ޔᎹፒ❥↵ޔ◉ේ⌀Პޔਃ⼱

෹ᒾޔᐔ㊁ᢘኡޔ☨ୖ⑲᣿�⮮ේᥞ㓶�㐳㊁⾫

ม�̍ࡠࠢࠗࡑ�ᵄή✢㔚ജવㅍᛛⴚߩ㘧ⴕ⦁ߦ

㘧ⴕታ⸽᭴ᗐ̍�㔚ሶᖱႎㅢାቇળࠆࠃ ���� ᐕ

✚วᄢળ����� ᐕ � ᦬ �� ᣣ�ർ਻Ꮊቇⴚ⎇ⓥㇺ

Ꮢਃᄢቇ��

�� ਄↰⧷᮸�቟⮮⌀�◉ේ⌀Პ�ጊᎹብ�⮮ේᥞ㓶�

㐳㊁⾫ม�࡙̌ࠬ࠲ࠠࡆ㔚Ḯࠍ⋡ᜰޔߚߒ㘧ⴕ

ࠫ࡜ࡓࠞ࠾ࡂ↪ᵄㅍ㔚ታ㛎ࡠࠢࠗࡑࠆࠃߦ⦁

⸘⸳ߩ࠽࠹ࡦࠕ࠻࠶ࡠࠬࡦࠗ࡜࡞ࠕ ⹜

૞ ̍�525 ᤨ 㒢 ⎇ ⓥ ኾ 㐷 ᆔ ຬ ળ ⎇ ⓥ

ળ�����������ᯏ᪾ᝄ⥝ળ㙚�᧲੩�ାቇᛛႎ�

㔚ሶᖱႎㅢାቇળ�

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

1.00E+01

㪄㪌㪇 㪄㪋㪇 㪄㪊㪇 㪄㪉㪇 㪄㪈㪇 㪇 㪈㪇 㪉㪇 㪊㪇 㪋㪇 㪌㪇

㔚
ജ

ኒ
ᐲ

䋨
m
W
/c
䋛

䋩

ⷺᐲ 䋨㫦䋩

-45ᐲ/+45ᐲ

-45ᐲ/+45ᐲ

40


