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ªã̌̊Â÷̊"Æ½°0÷̊"ž"Ł̊Ã̊Äºš,̊"<"¸-0W̊"Ł"

"+"サケキャや1/"1""*""ªÚ%É̶÷̊"ª%ðë̊0º÷̊"ªóÂŮ"<"+S . H . M"*"

"""""""""""""""""""""""""ªóÂŮ""ª$ž¸Éºü"ª%ŸüÃ"Ł̊Aë"0"¸™ÉìŠ"ÁÂôŒ"#º÷̊"

",,"るヤをョぺ"ラョ"るΑケヱキャや"るミケェャや"<00000000000000000000000"00000000"000000000000000000000000000000000000000"

"""""""""""""""""0"ラョコャや"サゅΑボャ"りやキほミ"サョセャや"メヱェ"チケΕや"ラやケヱキ"るミケェ"ヱぺ"ヅΑシよャや"メヱキルよャや"るミケェ"ウヤタゎ"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00"000000000000000000000000000"

""
""""""""""""""""""""""×È0÷̊"Ł¸̈$Ä-">â"ª$Ã̊Äºš,̊"ªóÂŮ"õ¸ðºŠ̊"

"¬ゅョャや"れゅΑもコィ"メボゎルゎ"メワ"0"¬ゅョャや"ヶプ"ケもやヱキ"メミセゎ"ドェΚゎシ"¬ゅョ"るミケよ"ヶプ"⇔やケィェ"れΑョケ"やクま",,"∨ヱ"∨"やクゅョャ"

444444"0000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000004
"""""""""""""""""""¬ヵコィ"ラョ"¬ゅョャや"ウヅシ"ヴヤハ"るをキゅェャや"ヮィヱョャや"ケセゎルゎ"ヴャま"ケカぺ""0"""

44400000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000"00000000000000000000000000000000000000000000000000000000000000"
"

"""""""""""""""""""""""""""""""""""""""""""""""""""Æ0ï"¸™%ë"̨È¸ŸºŒ"ª$Ã̊Äºš̊"ªóÂ°à¸-Á*̊""áü"¸$¼ÂÙ"ª°̊Ã*̊""Ž¸K,¸̌"¸™Éó¸ãŒž"
""""""""""""""""""""""""""""""""""""""""""""""""""õ¸ýš̂̌"ôº°,̊¸ñ""X̊"áüS̊0"

"

"ュシケΑ"ュヤボャや"ラま"ゐΑェよ"ペヤバョ"チよゅルよ"ュヤホ"ゅヰよ"れよをョ"るヤゎミ"ヅよケ"キルハ"

"るホケヱ"ヴヤハ""るゎよゅを"るハケシよヱ"ヶボプぺ"メミセよ"ポケェゎゎ"るハヱッヱョ"""ュを"

"れミケゎヱ"メヘシΕ"るヤゎミャや"れよェシポケェゎゎ"""るヅΑシよ"るΑボプやヱゎ"るミケェ"

るホケヱャや"ヴヤハ"アゎゅルャや"メミセャや"ュシケぺ"*"ぺ"""<"

ゆ"*⇒よ"メをョゎ"るヅΑシよャや"るΑボプやヱゎャや"るミケェャや"ラぺ"アゎルゎシル⇒"00000"0"00000000000000000000000000000000000000"

""
"""""""""""""""""""""""""Æ0ï"öýãŒ!ùâ""ûÉT̊"à¸-Á́5́"Š̊ÄŒ̊"áÔ0ü̅"ž¸™Éó¸ãŒž"ª°̊Ã*̊"áü"¸$¼ÂÙ"̨È¸ŸºŒ"Ž¸K,¸̌"

""""""""""""""""

"

3/"ッヱョ"ヱェル"ポケェゎゎ"ゅヰルほプ"ゅヰミケゎル"ュを"チよゅルャや"るΑゅヰルよ"るヅヱよケョャや"るヤゎミャや"キセよ"ュヱボル"ゅョキルハルやコゎや"ノヰ"ゅ"
"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

4/"""0"ヮルやコゎや"ノッヱョ"ヶャま"るヅΑシよャや"るΑボプやヱゎャや"るミケェャや"ヶプ"コゎヰョャや"ュシィャや"キヱバΑ"

00000000000000000000000000000000000000000000000000000000000000000000000000000"0"000000000000000000000000000000"

"

ネゅィケΗや"りヱホ 

メヤハ"ゅョャ"ヶゎほΑ"""< 

メヤハ"<"" 

"るΑケヱキャや"るミケェャや 

"るィヱョャや 

るΑボプやヱゎャや"るミケェャや"メΑをョゎ"ヅΑシよャや"⇔ ゅΑルゅΑよ"る""<"

やるミケェャ""るヅΑシよャや"るΑボプやヱゎャや 

"チよゅル 
y 

t 

X 

F 

ネゅィケΗや"りヱホ"や"るェやコΗやヱェャ"るをキゅ"
や"ヶプ"るヅΑシよャや"るΑボプやヱゎャや"るミケェャ 

"メヤハ"< 
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"ªÚ%É̶÷̊"ª%ðë̊0º÷̊"ªóÂŮ"Ï̇¸Ñµ"
""""""""""""""""""""""""""""">ó̊ª°̊Ã́""ûÉ©ù÷"

x
̊½%ã̌"Äº™W̊"̅ Š0ôÈ"áÔ0ü"ÿâ"

"""""ž»"F̌"ªë¸ÉW̊"êÑŠ»"öÑ$"FºÚðŠ"½ã̌¸ý™%÷́"º™W̊"ûÉT̊Ä"

"ヵぺ"ヶプ"コゎヰョャや"ュシィャや"キバよ",,ラハ"るドェャ""ョヱノッ""メをョΑ"ラやコゎΙや""000000000000000""""メをョΑ"コゎヰョャや"ュシィヤャ"キバよ"ケよミぺ"ゅョルΑよ""000000000000"

"+"ヵヱゅシΑ"コゎヰョャや"ュシィャや"ゅヰΑャや"メタΑ"ラΑゎヅボル"キバよぺ"ラΑよ"キバよャや"ラゅミ"やクま",,8 cm"ヵヱゅシゎ"るミケェャや"るバシ"ラほプ"*"0000000000000"00000"

"""""""""""""""""""""""""""""""""りコやコゎワΙや"るバシ""  : 4 m"

00000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000"

""

"""""""""""""""""""""""""""""""¼½â"""Æ½°̊0÷̊"ª%Š¸ø÷̊"0"ªł¼¸Ů"Ł̊Ã̊Äºš,̊4

444444444444444444444444444444444444"""ュシィ"キキケゎ""20 Hz""""<"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000"
""

""""""""""""""""""""""""""""""""""""""""""""Ã-÷̊"ÿüÄ÷̊"öýã÷"ú""¼žü¸ó"ÆÁªù"

""""""""""""""""""""""""""""ヵケヱキャや"ラョコャや10 s"""<4
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000"

",,ヵケヱキャや"ラョコャや"サゅボΑ""りキェヱよ""4000000000000"""00000000"""""りキェヱよ"キキケゎャや"サゅボΑ"ゅョルΑよ"0000000000000000000000000"

"

""

"

"
"

""""""""""""

"""""""""""""""""""""""""""""""""""""""""""""""""’¢&}‰/}4;31D$/}4P,4⁄‹>/}4¶814D?&(034P#/}4;3‰}ƒ/}"""
",,"りキェヱよ"るΑヱやコャや"るハケシャや"サゅボゎ"000000000000000000000000""""""""""""""""""""""""""""""""

""

""メゅをョ3""<""ノルタΑヱ"るヅΑシよ"るΑボプやヱゎ"るミケェ"ポケェゎΑ"ュシィ+120"<"ゆシェぺ"0"るボΑホキ"メΚカ"りコやコゎワぺ"*"

ぺ"*"<"キキケゎャや""""00000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

ゆ*"<"ヵケヱキャや"ラョコャや"""0000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000"""""""""""""""""""""""""""""""""""""""""""""""""

ァ*"<"*"ヵヱやコャや"キキケゎャや"+"るΑヱやコャや"るハケシャや""000000000000000000000000000000000000000000000000000000000000000000""""""!"

4/"キケゎャや"+"キf""* 

1 

f
 

T
 

5/"やヵケヱキャや"ラョコャ"""+T"*""!

6/"ケシャや"+"るΑヱやコャや"るハの""* 

t

N
f ?

!

N

t
T ?

!

や"キキケゎャや"ゆヱヤボョヱ"ヵケヱキャや"ラョコャ"
や"ヶプケェャミゎャや"る"るヅΑシよャや"るΑボプやヱ 

ョコャやラ""ヵケヱキャややヱゎャ"キキケュシィャ"
るヅΑシよ"るΑボプやヱゎ"るミケェ"ポケェゎΑ 

T 

f

1
"

T 

f

T 

事"

f2ヾ
T

2ヾの ??

3/""+"るバシャやA""* 

"<"キヱタボョャや"ゅョ 

"<"キヱタボョャや"ゅョ 

タボョャや"ゅョ"<"キヱ 
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ªÚ%É̶÷̊"ª%ðë̊0º÷̊"ªóÂŮ"Ł,¼¸ãü""""""
"

"""""""""""""""""""""""""¼½ýºù÷"ö̌¸ï"Eçž"þÃ0÷̊"öý™ü"×%µ"0"îùãü"öðł"ÿâ"ÆÁ¸̶â"
",,"ケセヱ"るヅΑシよ"るΑボプやヱゎ"るミケェ"ヅΑシよャや"メヱキルよャや"るミケェ"ヅ"<"

"""ヱ/""0000000000000000000000000000000000000000000000"00"00000000000000000000000000"

"""""ヲ┽"""0000000000000"000000000000000000000000000000000000000000000000000000000000"

",,""+"りキΑバョャや"りヱボャやネゅィケΗや""メヱキルよヤャ"*"<"るホΚバャや"ラョ"ゆシェゎ"" 00000000000000000000000000"00000""
"

""""""""""""""""""""るミケェ"メヱキルよャや"るミケェ""るΑボプやヱゎ"るヅΑシよよピΑポゅミゎェΙや"ゆゅ"りケΑピタ"コやコゎワΙや"るΑヱやコヱ"""

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000"

!

!

"",,y00000000000000"""""""""""""""""+A "000"000000000"""""""""""""""""00"の""00000000000000""""""""""""""""t*"""0000000000000000000000000"

""メゅをョ4""<"るΑボプやヱゎ"るミケェよ"ュシィ"ポケェゎΑ"""るヅΑシよ"ゐΑェよるΑャゅゎャや"るホΚバャゅよ"ヮゎェやコま"ヶヅバゎ""<"""t) (10 sin15y ヾ"?"

""""""+"りキェヱよ"キゅバよΕや"サゅボゎ"ゐΑェcm"""+"るルョコΕやヱ"*s""+"ゅΑヱやコャやヱ"*"rad"""*0"<"ゆシェぺ"

ぺ"""るミケェャや"るバシ"*"0"
"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000"

ゆ""るΑヱやコャや"るハケシャや"*0"""

000000000000000000000000000000000000000000000000000"00"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

ァ""キキケゎャや"*"0"
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00"000000000000000000"

"キ"ヵケヱキャや"ラョコャや"*"0"

"00000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000"

"⇒ワ"+"ラョコ"キバよ"るェやコΙや"*"0.12 s""""*"0"
000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"""

"
"
"
"

"+"ヶプ"るェやコΕやS . H . M""* )sin( tAy y?"

よャや"ヅΑシよャや"メヱキル 

"<"メヤハ 

stranded

s_
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"""るルケゅボョャや"ヮィヱ "チよゅルャや"ヶプ"ヵケヱキャや"ラョコャや メヱキルよャや"ヶプ"ヵケヱキャや"ラョコャや""ヅΑシよャや 

ラヲルゅボャや 
K

m
T r2?

 g

L
T r2? 

モョやヲバャや 
3┽""000000000000000000000000000000000000000000000000"
4┽""00000000000000000000000000000000000000000000000 

3┽""0000000000000000000000000000000000000000000000000"
4┽""0000000000000000000000000000000000000000000000000 

ャや"るヤわムャや"ノョ"るホΚバャやヤバヨ"るボ 00000"0"0000000000000000000000000000000000000000000000 "0000000000000000000000000000000000000000000000000000 

"テΒガャや"メヲヅ"ノョ"るホΚバャや "0000000000000000000000000000000000000000000000000000 "0000000000000000000000000000000000000000000000000000 
"""""""""""""""""""""""""""""""""""

"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
",,"""ゆィΑ"ヮΑヤハ"ラゅミ"ゅョ"ヶヤをョ"ヴャま"ヅΑシよャや"メヱキルよヤャ"ヵケヱキャや"ラョコャや"るヘハゅッョャりキゅΑコ"ヴャま"ヮャヱヅ"""000000000000000000000000000000000000000"

",,"ソゅボルΗ""ヵケヱキャや"ラョコャやチよゅルヤャ""ヴャまフタル""ゆィΑ"ヮΑヤハ"ラゅミ"ゅョ"るボヤバョャや"るヤゎミャや"ソゅボルま"ヴャま""0000000000000000000000000000000"000000"
""
"""

"" 
3/""0"チケΕや"ウヅシ"ヶヤハ"ラゅミョャや"フΚゎカゅよ""ヅΑシよャや"メヱキルよヤャ"ヵケヱキャや"ラョコャや"フヤゎカΑ"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000"

4/"ャや"ラョコ"キャやヱケヵ"ヤャ"0"チケΕや"ウヅシ"ヶヤハ"メヱキルよャや"サヘルャ"ヵケヱキャや"ラョコャや"ラョ"ケよミぺ"ケョボャや"ウヅシ"ヶヤハ""ヅΑシよャや"メヱキルよ"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000"

5/"やョコャや"ラケヱキャヵ"ルよヤャ"ヮΑプ"ペヤバョャや"メボをャや"るヤゎミ"ヴヤハ"フホヱゎΑ"Ι"ヅΑシよャや"メヱキ"0"
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000"

"

"<"ヶゎゅΑ"ゅョャ"メヤハ 

"ヵケヱキャや"ラョコャや""チよゅルヤャ"
ャやヱクィ"チよゅルャや"れよゅをャ"ヶバΑよケゎャや"ケ 

T 

K

T 
"ラョコャやや"ヵケヱキャ"チよゅルヤャ"

れよゅを"ケクィ"ゆヱヤボョヱ""チよゅルャや 

 T 

K

1

  

"ヵケヱキャや"ラョコャや"チよゅルヤャ"
ケクィヱ"ャやミや"るヤゎ"チよゅルャゅよ"るボヤバョャ 

T 

m

T 

L

T "ヵケヱキャや"ラョコャやャや"メヱキルよヤャシよ"ヅΑ"
"ヅΑカャや"メヱヅャ"ヶバΑよケゎャや"ケクィャやヱ 

2T 

L

"ノよケョ"ヵケヱキャや"ラョコャや"メヱキルよヤャ"
や"ヅΑカャや"メヱヅヱ"ヅΑシよャ 

の"

f"

やや"るハケシャキキケゎャやヱ"るΑヱやコャ"
やヱゎャや"るミケェャや"ヶプΑボプる"シよャや"るヅΑ 

の"

T 

や"るハケシャやコャやヱ"るΑヱやコャラョ"ヵケヱキャや"
"プ"るヅΑシよャや"るΑボプやヱゎャや"るミケェャや"ヶ 

y 

t"

ャや"ヱ"るェやコΗや"ヶルェルョョコ"ラ"
ェャや"ヶプ"るヅΑシよャや"るΑボプやヱゎャや"るミケ 

EI
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"""
"

3/"ャヤコョ"ヱ""ヵケヱキャや"ラ""キルよャ""キキケゎャや""ヅΑシよ"メヱ"ヤハ"コゎヰΑ"0"ケョボャや"ウヅシ"ヶヤハ"メヱキルよャや"サヘル"コゎヰΑ"ゅョキルハ"チケΕや"ウヅシ"ヶ"
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000"00"

4/"ャヤコョ"ラ"キやコ"やクま"ヅΑシよャや"メヱキルよヤャ"ヵケヱキャや"0"メゅをョぺ"るバよケぺ"ヶャや""ヅΑカャや"メヱヅ"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000"

5/""メヱキルよヤャ"ヵケヱキャや"ラョコヤャよャやヅΑシ"やクま"コや"れキ"0"ヶヤをョャや"ヶャや"るボヤバョャや"るヤゎミャや"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000"

6/"ノよケ"ヶャや"るボヤバョャや"るヤゎミャや"れヤホ"やクま"チよゅルヤャ"ヵケヱキャや"ラョコヤャ""ゅョ"ゅミハ"れルヤΑ"ヮ""0"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000"

7/""ヵケヱキャや"ラョコヤャ"0"メよゅボョャや"メミセャゅよ"ゅョミ"ヶヤをョヤャ"るヅΑシよャや"るΑボプやヱゎャや"るミケェャや"るバシ"れキやコ"やクま"
"00000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

!

"""""""""""""""""""""""0"るヅΑシよ"るΑボプやヱゎ"るミケェ"ポケェゎΑ"ヅΑシよ"メヱキルよ"<"メよゅボョャや"メミセャや"ヶプ"

ャ"ゐキェΑ"やクゅョ"*"ぺョコヤや"ラ"ケヱキャヵ"""キルハ"りコやコゎワΙや"るバシ"りキゅΑコ<"0000000"0000000000000000000000000"00"

"るボヤバョャや"るヤゎミャや"りキゅΑコ"キルハ"ヵケヱキャや"ラョコヤャ"ゐキェΑ"やクゅョ"*"ゆ"<000000000000000000000000000000000"

""ヅΑカャや"メヱヅ"りキゅΑコ"キルハ"ヵケヱキャや"ラョコヤャ"ゐキェΑ"やクゅョ"*"ァ<"000000000000000000000000000000000000"

"やクゅョ"*"キ""シゎゎルゎ"ア"<0"0000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"
""""""""""""""""""""""""""""0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000""""

"""

                     """ヶボプぺ"ヵヱゎショ"ヶヤハ"ポケェゎΑ"チよゅル"るミケェ"メをョΑ"<"メよゅボョャや"メミセャや"

+"りヱボよ"るヤゎミャや"キセよ"ュヱボル"ゅョキルバプF ""+"ケやキボョよ"ラやコゎΙや"ノッヱョ"ラハ"ポケェゎゎ"ゅヰルほプ"* X "*"

"ヶョシゎ"チよゅルャや"ゅヰミケェゎΑ"ヶゎャや"るミケェャや"*"ぺ<"""00000000000000"000"0000000000000000000000000000000000"

"るミケェャや"ロクワ"ソもゅタカ"*"ゆ"""<00000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

"るミケェャや"ラョ"ネヱルャや"やクワ"れゅボΑよヅゎ"ュワぺ"*"ァ<"000000000000000000000000000000000000000"000"000000000000000000000000000000000000000000000000000000000"

ェャや"ロクワ"ヶプ"*"キや"りヱホ"ラヱミゎ"るミケ""ゆシゅルゎゎ"ネゅィケΗ4"000000000000000000000"""ゅヰシミゅバゎヱ"るェやコΗや"ノョ"ヶプ000000000000000000000000"

"

""メゅをョ5""<"""ヵヱゅシΑ"ヅΑシよ"メヱキルよャ"ヵケヱキャや"ラョコャや"ラゅミ"やクまu"+3.14  "*""0ま"ゆシェ"メヱヅ"ヅΑカャや"ャ"やクヰ"ャや"""0"メヱキルよ 

00000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

ヶプ"ゐキェΑ"やクゅョ"""<"ヶヤΑ"ゅョ 

""ヅゅセル 

""ヅゅセル 



"""" 

ど"ヶ"ど!

!

""メゅをョ6""<"+"ヮヅΑカ"メヱヅ"ヅΑシよ"メヱキルよ1 m"""+"ヮゎケミ"るヤゎミヱ"*0.1 kg""0"*"+"ケよゎハぺ2= 9.8 m/s g"*""0ぺェ"<"ゆシ"

ぺ"""0"メヱキルよヤャ"ヵケヱキャや"ラョコャや"*"

00000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

"0"ラΑヤをョャや"ヶャま"りケミャや"るヤゎミ"れキやコ"やクま"メヱキルよヤャ"ヵケヱキャや"ラョコャや"*ゆ"""
000"000"000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000"

ァ""0"メゅをョぺ"るバよケや"ヶャや"ヅΑカャや"メヱヅ"キやコ"やクま"ヵケヱキャや"ラョコャや"*"

0000000000000000000000000000000000000000000000000"000"000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000"

"メヱキルよヤャ"ヵケヱキャや"ラョコャや"*キチケヘよ""バッヱ"ヮ""0"ケョボャや"ウヅシ"ヶヤハ"""

"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000"

*⇒ワ"ケヱキャや"ラョコャや""メヱキルよヤャ"ヵ"チケヘよ"ッヱ"ヮバ"0"チケΕや"ゆミヱミ"るΑよクゅィ"るヤィハ"メゅをョぺ"ゐΚを"ヮゎΑよクゅィ"るヤィハケカへ"ゆミヱミ"ヴヤハ"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000"

""メゅをョ7""<"るヤゎミ"れボヤハ"ヱヤバョ"ケΑビ"+""ヮゎルヱケョ"れよゅを"チよゅルよ"るョ00 N/m4""+"ロキキケゎヱ"*ZH 5""<"ゆシェぺ"0"*"
"0"チよゅルヤャ"ヵケヱキャや"ラョコャや"*"ぺ"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000"

ゆャや"*るヤゎミ"""0"チよゅルャや"ヶプ"るボヤバョャや"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000"0"

ョを""メゅ8"<""+"ゅワケやキボョ"るヤゎミ( 0.25 kg""ヮャ"りヱボャや"れよゅを"ラケョ"チよゅル"ノョ"るヤタゎョ"""+N/m  010(  ""るャヱゅヅ"ヴヤハ"ゅΑボプぺ"ノッヱ"

"""""""""""""+"るプゅショ"るヤゎミャや"れよェシ"やクみプ( 10 cm""るヅΑシよ"るΑボプやヱゎ"るミケェ"ポケェゎゎャ"れミケゎヱ"ラやコゎΙや"ノッヱョ"ラΑョΑ""0"<"ゆシェぺ"

"0"ヵケヱキャや"ラョコャや"*"ぺ"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000"

ゆ"るハケシャや"*"るミケェヤャ"るΑヱやコャや"0"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000"

""メゅをョ9"<"Κバャや"ュシケ"キルハ"るΑルゅΑよャや"るホ""ヵケヱキャや"ラョコャや"ノよケョ"ラΑよ) 2T( ""メヱキルよャ"

"""0"メよゅボョャや"ヶルゅΑよャや"ヅカャや"ヴヤハ"メヱタェャや"ュゎ"れやケよゎカョャや"キェぺ"ヶプ"ヮャヱヅヱ"ヅΑシよ"

"""0"るΑよクゅィャや"るヤィハ"ケやキボョ"ゆシェぺ"

 "00000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000"

""000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"
"

L(m) 

)  2( s 2T 

"

 

"

"

"
"

/""

1 

 

0.5 

  2        4      " 



"""" 

ど"Α"ど!

!

"+"サケキャや1/"2"""*<"ª%-0W̊"ªóÂŮ"Ï̇¸Ñµ!

"るルケゅボヨャや"ヮィヱ れヲダャや ¬ヲツャや 

"るィヱョャや"ネヱル 000000000000000000"000000000000000000000000000000 00000000000000000000000000000000000000000"0000000 

ヵキゅョャや"ヅシヱャや"ヶプ"ゅワケゅセゎルや "000000000000000000000000000000000000000000000000 "000000000000000000000000000000000000000000000000 

""

"""""""""""""""""""
3/"ΑルゅミΑョ"れゅィヱョ"れヱタャや"れゅィヱョるΑミ""ΑよるΑミΑルゅミΑョ"ケΑビ"れゅィヱョ"¬ヱッャや"れゅィヱョ"ゅョル""."

0000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

4/"ゅヰΑプ"るをキゅェャや"れやケゅィヘルΙや"れヱタ"ノョシル"Ιヱ"サョセャや"¬ヱッ"ヵケル"""0"
00000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000"

5/""0"サケィャや"ラΑルケ"れヱタ"ノョシル"Ι"ゅルルみプ"¬やヱヰャや"ラョ"パケヘョ"ヶィゅィコ"サヱホゅル"れェゎ"サケィ"ノッヱ"やクま"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000"

"るルケゅボョャや"ヮィヱ "るトΒジらャや"るΒボプやヲわャや"るミゲエャや *"れゅィヲヨャや"+""るΒィヲヨャや"るミゲエャや 

"ソもゅタカャや 
0000000000000000000000000000000000000000000000000"0000000000"

""0000000000000000000000000000000000000000"000000000000000000 

0"0000000000000000000000000000000000000000000000000000000000"
""00000000000000000000000000000000000000000000000000000000000 

""""""""""

"れゅィヱョャや"ネやヱルぺ 3/""るッケバゎショャや"れゅィヱョャや 4/"ャヱヅャや"れゅィヱョャや"るΑ 

メミセャや 

"

"

"
"

 

 

"フΑケバゎャや 
Ł¸-0ü"""×È0÷̊"Ł¸̈$Ä-"ªóÂ°"¸™%ë"þ0ôŒ

!ùâ"ª$¼0ýâ""K̊̊"Ž¸ª-0W̊"Á¸ÍºŠ!

Ł¸-0ü"""×È0÷̊"Ł¸̈$Ä-"ªóÂ°"¸™%ë"þ0ôŒ"
"ÇìŠ"0"""ª-0W̊"Á¸ÍºŠ̊"Ž¸K̊!

"るヤをョぺ "00000000000000000000000000000000000000000000000000000000000!000000000000000000000000000000000"000"00000000000000000000000!

"ラヱミゎゎ"ゅョョ 0000000000000000000000000000000000000"0000000000000000000000!"00000000000000000000000000000000000000000000000000000000000!

"るィヱョャや"メヱヅ"
""+n"* 

0000000000000000000000000000000000000000000000000000000000"0"
»ž""

"00000000000000000000000000000000000000000000000000000000000!

000000000"00000000000000000000000000000000000000000000000000"
"""ž»"

"00000000000000000000000000000000000000000000000000000000000!

""メヱヅ"フタル"
"るィヱョャや 

000000000000000000000000000000000000000000000000000"00000000!"00000000000000000000000000000000000000000000000000000000000!

""
"

メヤハ"ほΑ"ゅョャ""ヶゎ"< 

"るョホ 

"ネゅホ 

"ヅビゅッゎ "メカヤカゎ 
!

!

"ロゅィゎやケェるィヱョャや"るミ るィヱョャや"るミケェ"ロゅィゎや "ロゅィゎやコやコゎワΙや ""ロゅィゎや"
コやコゎワΙや 



"""" 

ど"Β"ど!

!

""""""""""""""""""""""""""""""""""""""""""""<""ラΑゎヘヤゎカョ"ラゅゎィヱョ"ヶャゅゎャや"メミセャや"ヶプ"
"

"

"

 

 

"

"""ヶョシゎ""るィヱョャや",,"000000000000000000000000000000000000000000000 

"

""ヶョシゎ""るィヱョャや",,4"0000000000000"00000000000000000000000000 
"

"ヅシヱャや"れゅΑもコィ"るミケェ"",,""0000000000000000000"""るミケェャや"りゅィゎや 

"

"ヅシヱャや"れゅΑもコィ"るミケェ"",,""000000000000000000"""るミケェャや"りゅィゎや 
"

"

"ヵヱゅシΑ"ヶィヱョャや"メヱヅャや",,""""""0000000000000000000000000000000"" 

"

"

"ヵヱゅシΑ"ヶィヱョャや"メヱヅャや",,"""0000000000000000000000000000000""" 

""
""""""""""""""""""""""""""""""""""""öÐ¸°0"¼¼A÷̊"̋ÂÔ""#-0W̊"õ0Ú÷̊"""

",,"""""+"メをョゎそ""""*"0000000000000000000000000044444"+""メをョゎヱf """*"""0000000000000000000000000044444"

",,"""フホヱゎゎ"ヶゎャや"メョやヱバャや"るハケシ"ゅヰΑヤハれゅィヱョャや""<"000000000000000000000000000000"00000000000000000000000000000000000"00000"

",,""れゅィヱョャや"ケゅセゎルや"るハケシ"ゆゅシェャ""+ V*"""るプゅショャや"るャΙキよ"るΑヤミャや""+d""+"ラョコャやヱ"*t"*""<""000000000044444"

",,""ヶィヱョャや"メヱヅャや"ゆゅシェャ"""+そ"*""""+"るΑヤミャや"るプゅショャや"るャΙキよd""+"れゅィヱョャや"キキハヱ"*N"*""<""00000000000000044444"

""

"""""""""""""""""""ヅシヱャや"サヘル"ヶプ"るゎよゅを"れゅィヱョャや"ケゅセゎルや"るハケシ"メドゎ""キキケゎャや"キやコ"ゅョヰョ"ヱぺ""フホヱゎゎ"Ι"ゎャや"ヶヤハ"キキケ"ヱ"ヶィヱョャや"メヱヅャや"""

"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000"

444

3/""ヮΑヤハ"ラゅミ"ゅョ"ヶヤをョャ"ゅワキキケゎ"キやキコΑ"ゅョキルハ"るィヱョャや"ケゅセゎルや"るハケシャ<""000000"000000000000000000000000000000"

4/""ヮΑヤハ"ラゅミ"ゅョ"ヶヤをョャ"ゅワキキケゎ"キやキコΑ"ゅョキルハ"るィヱョ"メヱヅャ"<"000000000000"00000000000000"000000000000000000000000"
"

"

"

"

"

"

"れゅィヱョャや"ケゅセゎルや"るハケシ fそv ·?
!

Α"やクゅョ"ゐキェ"""< 

"<""メヤハ 

ル""ヅゅセ 

45  cm 

40  cm 

v 

f

"
n

 

d 

t"V 

d 

N"そ 

f 

n
T 

V 

f

T 

V 

n
T 

f 

n
1

 

れゅィヱョャや"ケゅセゎルや"るハケシ"
ヶィヱョャや"メヱヅャやヱ 

ケゅセゎルや"るハケシ"れゅィヱョャや"
"れゅィヱョャや"キキケゎヱ 

"キキケゎ"るィヱョャや"
ヱョャや"ゅヰャヱヅ"ゆヱヤボョヱヶィ 

キケゎ"るィヱョャや"キ"
ヶィヱョャや"ゅヰャヱヅヱ 



"""" 

ど"Γ"ど!

!

""

""メゅをョ3""<"""れバヅホ"ヱョ"るィ+"ゅワキキケゎ"るΑゎヱタ( 200 Hz ""+"ヮャヱヅ"ゆバヤョ( 80 m "+"ラョコ"メΚカ s 0.25""ゆシェぺ"0"*""<"

ぺ""""0"るィヱョャや"るハケシ"*"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000"

ゆヅ"*"メヱ"""0"るィヱョャや"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000"

ァ"+"るィヱョャや"キキケゎ"ウよタぺ"やクま"るィヱョャや"メヱヅ"*( 400  Hz""""0"

"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"""

""メゅをョ4""<""""<"キィヱぺ"ュシケャや"ラョ"るッケバゎショ"るィヱョャ"ラョコャや"ヱ"るェやコΗや"ウッヱΑ"<"メよゅボョャや"メミセャや"ヶプ"

"

"

"

"

"

"

"
3 ("りコやコゎワΙや"るバシ"+"りキェヱよm ""*""0 

000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000"000000000000000000000000000000000000000000000000"

4*""0"ヵケヱキャや"ラョコャや 

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000"

5*"キケゎャや"0"キ 

"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000"

6*"るΑヱやコャや"るハケシャや"""0 

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000"

7*""0"ヶィヱョャや"メヱヅャや"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000"

8*""ケゅセゎルや"るハケシ"""るィヱョャや"0"""""
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000"

"

y 

2 4 6 8 32 
t (s) 

 80 cm 

  40  m 



"""" 

ど"ヱヴ"ど!

!

0"öµ̊½º÷̊"÷̊Ł0Ñ"
"""""""""""""""""""""""""""""""""""""ªÚðŠ"Ł¸-0W̊"Á0̶â"̧ü"̊"Ž¸K,̊"0"öýôŒž"¸™ùôÌ"ª-0ü"öó"½%ãºÉŒ"ûł÷"À""̅ôùÉŒ"

"""""""""""""""""""""""""""""""""""""W̊"¸™%ë"áý©ºŒ"ªÚðŠ0÷̊"à0Ÿ÷̊"Ł̊¾"Ł¸-0""½°̊"

ェゎΑ"Ι",,や"ぺキよョ"ペボ"ラΑハヱル"ラョ"ラゅゎィヱョャや"れルゅミ"やクま"ゆミやケゎャ0000000000000000000000000""

"""""""""""""ンケカぺ"れやヱタぺ"ノョ"ノヅゅボゎ"ヮゎヱタ"ラぺ"ラョ"ュビケャゅよ"ゥヱッヱよ"ソカセ"ネゅョシ"ラミョΑ""0"

444444444444444444444000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000004

"""""""""""""""""""""""""""444"ÆÂš¸Ý"¸Xž"½°̊ž"à0Š"ÿü"Ł¸-0ü"ªâ0ýY"F̌"̨ó̊A÷̊"ÇìŠ¼¼A÷̊44

ヅョル"ヴヤハ"メヱタェヤャ",,""れゅィヱョヤャ"ラヱミΑ"ラぺ"キよΙ"ケョゎショヱ"ウッやヱ"メカやキゎ"キェやヱャや"キキケゎャや"れやクサヘル"るヤカやキゎョャや""000000000000000"00000"
"""

ィヱ"ヮ"るルケゅボヨャや"ヶもゅレらャや"モカやギわャや"ヶョギヰャや"モカやギわャや"
"ブΑゲバわャや""Óã̶÷̊"¸™Õã̌"Ł¸-0W̊"ûâ½Œ"öµ̊½Œ""Óã̶÷̊"¸™Õã̌"Ł¸-0W̊"#èùŒ"öµ̊½Œ"

"ゐギエΑ"ヴわョ"
00000000000000000000000000000000000"0"0000000000000000000000"

"0000000000000000000000000000000000000000000000000000000000"
00000000000000"000000000000000000000000000000000000000000"

"00000000000000000000000000000000000000000000000000000000"

モムゼャや"

"

"

"

""るΒヤムャや"るバジャや
"ゅヨヰャ"リΒわィヲヨャ"

"るバジャや"ザヘル"
00"00000"00000000000000000000000000000000000000000000"0000000000000000000000000000000"000000000000000"00000"

""ゲΒジヨャや"ベゲプ"nnS ?F!
2

)12(
n

-?F nS
!

"れゅィヲヨャや"ネヲル"
るヤカやギわヨャや"

"000000000000000000000000000000000000000000000000000"0000000000000000000000"00000000000000000000000000000"
"""""""""""""""""""""""

"""""""""""""""""""""""""""0"れゅィヱョャや"メカやキゎ"ウッヱΑ"ヶャゅゎャや"メミセャや"

"
"

"

3/"""メカやキゎャや"ネヱル"00"000000000000000"000000000000000000000000000"

4/"¬ゅボゎャや"るィΑゎル"ゐキェΑ"""00000000000000000000000000000000000""""""""""""""""""""

5"/""""ヵヱゅシゎ"るΑヤミャや"るェやコΗや"ラヱミゎ000000000000000000000"""

""""""""ヱ"Α""ヶャま"ヵキぼ"000000000000000000000000000000000000000000"

6"/""ヮをヱキェ"ヅヱケセ"00000000000000000000000"00000000000000000"

"
"

"

3/"""メカやキゎャや"ネヱル""00000000000000000000000000000000000000000000"

4/"¬ゅボゎャや"るィΑゎル"ゐキェΑ"""00000000000000000000000000000000000""""""""""""""""""""

5"/""ゎミヱ""ヵヱゅシゎ"るΑヤミャや"るェやコΗや"ラ000000000000000000000"""

"""""""""ヶャま"ヵキぼΑヱ"00000000000000000000000000"0000000000000000"

6"/""ヮをヱキェ"ヅヱケセ"0000000000000000000000000000000000000000"

"れゅィヱョャや"メカやキゎ 

れゅィヱョャや"ゆミやケゎ 

ャや"るヅボル"ゆミやケゎ 

ヅゅセル"" 

メヤハ""< 

ÂìÐ!- A A A A 2A 

togged



"""" 

ど"ヱヶ"ど!

!

Ł0Ñ÷̊"¼0%°"
"""""""""""""""""""""""""4š¸Ý"ÆÂ̊^#-0W̊"¸X0Ú÷"ª̶ÉŸ÷¸̌"ÆEèÐ"ª±ºë"ÿü"¸š¾¸ìŠ"½Ÿâ"ž»"Æ¼¸°"ªë¸°"õ0°"Ł¸-0W̊"S¸Ÿ4

",,ルェルや"キやキコΑれゅィヱョャや"¬ゅ""るェゎヘャや"ネゅシゎぺ"ラゅミ"ゅョヤミ""00000000000000000000000000""0"ヶィヱョャや"メヱヅャや"

"""""""""""""""""""ネゅョシ"ポルミョΑ"れヱタ*"ヅもゅェ"+"コィゅェ"ヮルハ"ポヤタヘΑ"""
44444440000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000"00000000000000000000000000000000000"

"""""""""""""""""""""""""0"るΑゎヱタャや"れゅィヱョャや"ケワやヱド"ヵキェや"ウッヱΑ"<"メよゅボョャや"メミセャや"

るェゎヘャや"ラョ"ゅワケヱケョ"キバよ"るΑゎヱタャや"れゅィヱョャや"ケゅショ"メョミぺ"*"ぺ"""ヶプやャ"0"メよゅボョャや"メミセ"

"りケワゅドャや"ロクワ"ヶョシゎ"*"ゆ""000000000000000000000000000000"

やキコゎ"*"ァドャや"キゅ"ゅェヱッヱ"りケワ"ラゅミ"ゅョヤミ"るェゎヘャや"ネゅシゎや""0000000000000""0"ヶィヱョャや"メヱヅャや"

""""""
""""""""""""""""""""""""""""0"ラΑゎェゎプ"ヶプ"るΑゎヱタャや"れゅィヱョャや"ケヱケョ"ウッヱΑ"<"メよゅボョャや"メミセャや"

"

"ヮィヱ"るルケゅボヨャや""モカやギゎれヲダャや"キヲΒェ"れヲダャや"

"⇔ ゅΒヤヨハ"りゲワゅヌャや"ウΒッヲゎ"00000000000000000000000000000000"0000000000000000!00000000000000000000000000000000000000000"0"00000000000!

"
"

"

"

"

"

"""

"
"

"

 <"るドェΚョャや"00"00000"0000000000000000000000000000"

"<"ァゅゎルゎシΙや"0000000000000000000000000000000000000000000000000"0000"

""""""""""""""""""0000000000000000000000000000000000000000000000000000000"

"

"

"

"
"

"<"るドェΚョャや""00000000000000000000000000000000000"

"<"ァゅゎルゎシΙや"0000000000000000000000"0000000000000000000000000000000"

""""""""""""""""""000000000000000000000000000"000000000000000"0000000000000"

タャや"キヱΑェ"れヱ 

ヅゅセル"" 

ヅゅセル"" 

メヤハ""< 



"""" 

ど"ヱΑ"ど!

!

*"ªŸó¸É÷̊"+"ªë0ï0W̊"Ł¸-0W̊"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!-0ü"Ł¸ùł¸ýºü"Ł¸-0W̊"ÿü"ÿ$Á¸Úï"̨ó̊ÂŒ"ÿü"…ÍŸŒ"ª""ªãÉ÷̊ž"¼¼A÷̊"0"
""""""""""""""""""""""""""""""""""""""žFÉó¸ãºü"Fš¸K¸̌"þ̊EÉ$"

"
""

""メをョΑ"メミセャや"½ù%ü"ª̌ÂK"<"

"
"

"ル"*"ぺや"ネヱャョ""るルゅルケャや"るミヱセャや"ベケヅ"キルハ"るルヱミゎョャや"れゅィヱ0000000000000000000"000000000000"

ゆャや"*"るヅボル""+A""*"ヶョシゎ"""00000"00000000"000000000000"""ラヱミゎ"りコやコゎワΙや"るバシ"ゐΑェ""0000000000000"000000000000"""""

ァ""+"るヅボルャや"*B"""*""ヶョシゎ"0000000000000"000000000000"""ラヱミゎ"りコやコゎワΙや"るバシ"ゐΑェ""000000"0"000000000000000000"""""

"キ"+"ラΑゎヅボルャや"ラΑよ"るプゅショャや"*A""ヱぺ""*Αゎヅボルャや"ラΑよ"るプゅショャや""+""ラB"""*"メをョゎ"000000000000000000000000000000000"000000000000"""""

""+"ケゎヱャや"メヱヅ"ゆゅシェャ"*"⇒ワL""*"ペよゅシャや"メミセャや"ヶプ""""<"るホΚバャや"ュキカゎシル0000000000000"000000000000"""""

ヱョャや"メヱヅャや"ゆゅシェャ"*"ヱ+"ヴィ"そ""""*"ペよゅシャや"メミセャや"ヶプ""""<"るホΚバャや"ュキカゎシル""""0000000000000"000000000000"""""

""*"ヵや"ラョャセ"ペよゅシャや"メミ"ャや"メヱヅャや+"ヴィヱョ"そ""*"""ヵヱゅシΑ0000000000000"000000000000"""" 

"るルケゅボョャや"ヮィヱ""ラヅよャや""りキボバャや"

"フΑケバゎャや""áÔ0ü""þ0ôŒ̅%ë"Ã̊Äºš,̊"ªãÈ""ÿôc"¸ü">ó»""áÔ0ü""þ0ôŒ̅%ë""Ã̊Äºš,̊"ªãÈìÐÂ"

""

""
"

""メよゅボョャや"メミセャや"ラョ""""0"

""<"ラョ"⇔Κミ"フケハ"

,""+"るプヱホヱョャや"るィヱョャや"メヱヅ"ノよケそ ¼(  "<""""00000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

"+"るプヱホヱョャや"るィヱョャや"メヱヅ"フタル",そ( ½  <""00000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000"

ホヱョャや"るィヱョャや"メヱヅ",+"るプヱ""そ(  <"""00"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

ヱョャやゅィ"るプヱホヱョャや"れ 

ヅゅセル"" 

ヅゅセル"" 

B 

A 

= 2.5 m  

るルゅルケ"るミヱセ 

""""""""ÿÚ̌!

Æ½ðâ!

"""""""""ÿÚ̌!

Æ½ðâ!Æ½ðâ!



"""" 

ど"ヱΒ"ど!

!

ªýèŸ÷̊"à0Š "ªýèŸ÷̊""ª%È¸È(̊" 6ž(̊"ª%ðë̊0º÷̊ "ª%ðë̊0º÷̊"ª%Š¸ø÷̊ 

モムゼャや"
  

 

"れゅハゅヅボャや"キキハ    

ケゎヱャや"メヱヅ"""   

やャ"ヶィヱョャや"メヱヅ""""""

キキケゎャや""""+""f""*    

"メヲヅ"リΒよ"るらジレャや"ケゅゎヱΕや  

"れやキキゲわャや"リΒよ"るらジレャや  
"

"""""""""

3/"ヱΕや"ヶプ"るプヱホヱョャや"れゅィヱョャや"ラヱミゎゎ""りコゎヰョャや"ケゅゎ"0"
444"0000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000"0000000000000000000000000000000"0000000000000000000000000000000004
4/""0"ュシΙや"やクヰよ"るルミゅシャや"れゅィヱョャや"ヶョシゎ"
"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000"00"

5/"ゅョキルハ"キキケゎ"メホや"ケゎヱャや"ケキタΑ""ケキタΑ"ヮゎョピル""るΑシゅシΕや"""0"
"""""00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000"00000000000000000000000000000000000000000""""

""メゅをョ3""<""+"ヮャヱヅ"メよェ"コゎワや300 cm"""ワや"*"やコやコゎ""ルヱミョ"⇔ゅ"""ゐΚをラヱヅよ""+"キキケゎャや"ラゅミ"ゅョキルハ"60 Hz "<"ゆシェぺ"0"*""""""""

""ヶィヱョャや"メヱヅャや"*"ぺ""0 "

"000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000"000000000000000000000000000000000000000000000000000000000000000000"

"るハケシ"*"ゆ"ゅセゎルやャや"ケプ"るィヱョよェャや"ヶ"0"メ"
000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000"0"

""メゅをョ4""<""+"ヮャヱヅ"ケゎヱ1.5 m""*"+"ラョ"るルヱミョ"るプヱホヱョ"るィヱョ"ヮΑヤハ"れキャヱゎ7 "るハケシヱ"キボハ"*"ヱョャや+"れゅィs /12 m ""0"*"

"*"ぺ"ゆシェぺェャや"るィヱョャや"メヱヅ""ケゎヱャや"ヶプ"るをキゅ"0 

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000"

"*"ゆ"ゆシェぺ""るョピルャや"キキケゎりケキゅタャや""0"

00000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

"*"ァ"ネヱル"キキェ"ャや"るョピル"りケキゅタャや"""0"
00"0000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000"0000000000000000000000000000000"0000000000000000000000000000000"

"メヤハ"ゎほΑ"ゅョャ""ヶ"< 



"""" 

ど"ヱΓ"ど!

!

"*"Aü0ŸÑ÷̊"+"ªÔÂãºÉW̊"Á¸Œž(̊"Ã̊Äºš̊"
"

"""""""""""""

"

"

"

"

""
"

3/""+"ケゎヱャや"メヱヅL"<"*"""""""

や"キキケゎ",,"ョピルャ"る""ヱャ"るΑシゅシΕや"""ゆシゅルゎΑ"ケゎ00000000000000000000000""""""ケゎヱャや"メヱヅ"ノョ"""

ピルャや"キキケゎ",,Εや"るョΑシゅシ"るゎヱャΑ"ケ"""ゆシゅルゎ000000000000000000000"0000""""ヱヅ"ゆヱヤボョ"ノョ""ケゎヱャや"メ"""

Εや"るョピルャや"キキケゎ"ラΑよ"るホΚバャや",,ヱ"るΑシゅシ"⇒⇒よ"メをョゎ"ケゎヱャや"メヱヅ"<00000000000000000000000"""""

"4/"""りヱホャやキセ"ヶプ"やヱャ"ケゎ""+T""<"*"""

"""ゆシゅルゎΑ"るΑシゅシΕや"るョピルャや"キキケゎ",,""000000000000ヱボャ"ヶバΑよケゎャや"ケクィャや"ノョセャや"り"ヶプ"キケゎヱャや""""

や"るョピルャや"キキケゎ"ラΑよ"るホΚバャや",,セャや"りヱホ"ヱ"るΑシゅシΕ""メをョゎ"キよ⇒⇒"""<00000000000000000000000"""""

ケゎヱャや"ヶプ"るボヤバョャや"るヤゎミャや"るャΙキよ"キセャや"りヱホ"ゆゅシェャ",,""ュキカゎシルるホΚバャや""<0000000000000000000"""""

5/""ラョ"メやヱヅΕや"りキェヱ"るヤゎミ"+"ケゎヱャやo<"*"

ケゎ",,ャや"キキゅシΕや"るョピルゆシゅルゎΑ"るΑシ"""""000000000000ャや"ノョや"ケクィヤゎミャ"ヶバΑよケゎャ"""メやヱヅΕや"りキェヱ"る"

"""ゆシゅルゎΑ"るΑシゅシΕや"るョピルャや"キキケゎ",,""000000000000ゆヱヤボョ"ノョ"""メやヱヅΕや"りキェヱ"るヤゎミ"ケクィ"

Κバャや",,ケゎ"ラΑよ"るホや"キキャルるΑシゅシΕや"るョピ"ヱ""⇒⇒よ"メをョゎ"メやヱヅΕや"りキェヱ"るヤゎミ"<""000000000000"

ャ",,キェヱ"るヤゎミ"ゆゅシェΕや"り"メやヱヅャΙキよ"ヤゎミ"る""ケゎヱャや"るるホΚバャや"ュキカゎシル""<"0""000000000000000"

"""""""""""""""""""""""""""""""""""
3/""ヶヤをョヤャ"ケゎヱャや"メヱヅ"キやコ"やクま"コゎヰョャや"ケゎヱャや"キキケゎャ"0"

"00000000000000000000000000"00000"0000000000000000000000000000000000000000000000000000000000000000000000000000"0"

4/""ゎヱャや"キキケゎャま"コゎヰョャや"ケ"ヶャま"キセャや"りヱホ"れキやコ"やク"0"メゅをョぺ"るバよケぺ"
000"000"00000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000"

5/"ケゎャや"キキャヱゎヰョャや"ケゎ"0"ヮΑヤハ"れルゅミ"ゅョ"ノよケ"ヶャま"メやヱヅΕや"りキェヱ"るヤゎミ"れヤホ"やクま"コ"
"000000"0000000000000000000000000000000000000000000000000000000000000000000000000"0000"0000000000000000000000000"

6/""ケゎヱャや"キキケゎャΕ"メやヱヅΕや"りキェヱ"るヤゎミ"れキやコ"やクま"メゅをョぺ"るバよケノよケャや"ヶャま"キセャや"りヱホ"れヤホヱ"0"
00"00000"0000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000"0000000000" ""

ゅゎルゎシや"ケ"るホΚハ"ァΑ"<"コゎヰョャや"ケゎヱャや"ラョ"りケキゅタャや"るョピルャや"キキケゎ"ゆゅシェャ"るΑッゅ 

"<"ゐキェΑ"やクゅョ 

ケゎ"ヶヤハ"りケをぼョャや"メョやヱバャや"キキ""るョピルャや""るΑシゅシΕや"ラョ"りケキゅタャや""<"ケゎヱャや 
!

f 

L

T 
ケゎヱヤャ"るΑシゅシΕや"るョピルャや"キキケゎ"

"ケゎヱャや"メヱヅヱ 

f 

L

1
 

"るョピルャや"キキケゎΑシゅシΕやケゎヱヤャ"る"
"ケゎヱャや"メヱヅ"ゆヱヤボョヱ 

f 

o

ケゎキキ"Εや"るョピルャやケゎヱヤャ"るΑシゅシ"
ヤゎミ"ケクィヱる""ケゎヱャや"ラョ"メやヱヅΕや"りキェヱ 

f 

T

ルャや"キキケゎョピケゎヱヤャ"るΑシゅシΕや"る"
"ケゎヱャや"キセ"りヱボャ"ヶバΑよケゎャや"ケクィャやヱ 

f 

o
1

"
ΑシゅシΕや"るョピルャや"キキケゎケゎヱヤャ"る"

メやヱヅΕや"りキェヱ"るヤゎミ"ケクィ"ゆヱヤボョヱ 

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000"

000000000000000000000"000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000!



"""" 

ど"ヲヰ"ど!

!

"""""""""""""ケゎヱャやポΑョシャや"""⇔ ゅゎヱタ"ケキタΑ"りキゅョャや"ネヱル"サヘル"ラョ"ノΑプケャや"ケゎヱャや"ラョ"キキケゎ"メホぺ"

00000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000"004

""メゅをョ3""<""""+"ヮャヱヅ"ケゎヱm 0.8""+"ヮゎヤゎミヱ""*g k  3-10x  2"ヱ"*"ロキセ"ュゎΑよりヱボ"""+"ゅワケやキボョN 64"<"ゆシェぺ"0"*"""""""
"ぺケゎヱャや"ラョ"メやヱヅΕや"りキェヱ"るヤゎミ"*"""0"""

00000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000"00000000000000000000000000"

ゆ"ゎ"*キキケ""るョピルャや"プやヱゎャや+"ヶャヱΕや"るΑボ"""るΑシゅシΕや""*"0"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000"

ァルャや"キキケゎ"*や"るョピ"プやヱゎャ"るΑボやャるΑルゅを""""0"

00000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0"

キ"るΑボプやヱゎャや"るョピルャや"キキケゎ"*るをャゅをャや""""0"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000"00000000000000000000000000000000000000000000000000000"

"""メゅをョ4""<""ケゎヱ"ヤゎミ"メやヱヅΕや"りキェヱ"る+0.04 kg/m "*"""ロキセ"ュゎΑヱ"よボヱ"り"+"N16 ""*"""0ぺ"ケゎヱャや"ヶプ"れゅィヱョャや"るハケシ"ゆシェ"0"
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000"

""メゅをョ5"<""+"ヮャヱヅ"ケゎヱ"ケキタΑ50 cm"""+"ゅワキキケゎ"るョピル"*500 Hz"ぺ"*"ゆシェ"ゎケルハ"ロキキ""+"ヮャヱヅ"ウよタΑ"ゅョキ100 cm"*""."""
0000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000"

""メゅをョ6""<""キセャや"りヱホヱ"メヱヅャや"ヶプ"ラゅΑヱゅシゎョ"ラやケゎヱ""ゐΑェΕや"りキェヱ"るヤゎミ"メやヱヅ""ケゎヱヤャ"やメヱΕ( 0.54 ) kg/m """

""""""""""""ヶルゅをャや"ケゎヱヤャヱ( 0.24 ) kg/m """キキケゎ"ラゅミヱケゎヱャや"ヱΕや"メ"( 200 ) Hz """0"ゆシェぺ"ゅをャや"ケゎヱャや"キキケゎ""ヶル"0"
000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000"00000000000000000000000000"

""メゅをョ7""<"""メミセャや"ヶプるヤゎミよ"キヱキセョ"ケゎヱ( 18 ) kg  ヤゎミヱェヱ"るキ"り""メやヱヅΕや"ルョ"ヮ"05) kg/m.( 0"""ヮャヱヅヱm5 ) .( 0"""0"

"キキェ"*"ぺ""ネヱル"りキャヱゎョャや"るィヱョャや"ヮよ"""0"
""00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000"

"0"ケゎヱャや"ヶプ"キセャや"りヱホ"ゆシェぺ"*ゆ 

""0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000"

"0"ヶシゅシΕや"ケゎヱャや"キキケゎ"ゆシェぺ"*ァ 

"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000"

"

"<"メヤハ 



"""" 

ど"ヲヵ"ど!

!

"½°0÷̊̊"<"ªÉü¸V̊"Æ¸É÷̊"ª%̇¸̌Â™ô÷"ªŸóž̊ÂýºÉW̊"Á¸%º÷!

"+"サケキャや1/""1"*"ž"Ł¸Ÿ±Í÷̊"<̊÷"ª%̇¸̌Â™ô÷̊""0ð"

",,"ラヱャゅよャや"オヘルやヱ"0"ノΑプケ"ヅΑカよ"ゆゅシルΑ"¬ゅョ"ヴヤハ"メタェゎャ"¬ゅョャや"ケヱよルタ"ウゎプや"<"メよゅボョャや"メミセャや"ヶプ""ヱ"0"¬ゅョャや"ラョ"ヮよケホ"

""""ャや"ネキラヱャゅよ""ポゎェΑ"フゅィャや"""¬ヅよよ"ラヱャゅよャや"ゆケホヱ"0"フヱタャや"ラョ"るバヅボよ"ヱぺ"ポゎケゎシよ"

3/"ョゅよャや"ゆシゎミや"やクゅ"ル"ラヱャ"るィΑゎミゎェや"るバヅボよ"ヱぺ"ポゎケゎシよ"ヮミゅ"∨"フヱタャや"
"""""000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

4/""ホ"ゅョキルハ"¬ゅョヤャ"ゐキェ"やクゅョや"れよケ"∨"ヮミゅミゎェや"メよホ"ヮルョ"ラヱャゅよャ 

"""""000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"0000000"

5/""¬ゅョヤャ"ゐキェ"やクゅョ"∨"ヮミゅミゎェや"キバよ"ヮルョ"ラヱャゅよャや"れよケホ"ゅョキルハ 

"""000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000"

6/"ケヅショ"ュやキカゎシや"ポルミョ⊥Α"メワキよ"キΑキェャや"ラョ"りよャや"ラョ"⇔Ι""∨"やクゅョャヱ"∨"ラヱャゅ 

0000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00"
7/""∨"アゎルゎシゎ"やクゅョ 

""00000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000"
""

",,""るルェセ"ラヱケゎミャΗや"メョェΑ0000000000000000000000"るルェセ"ラヱゎヱケよャやヱ""00000000000"0000000000000""ラヱケゎヱΑルャやヱ000000000000000000000000"""""

",,"ェ"るルェセ"ケピタぺ"るバΑよヅャや"ヶプ"りケ""ヱワ"0000000000000000000000000000000"

",,れゅルェセャや""ヰよゅセゎョャやる"00000000000000000000000000"""るヘヤゎカョャや"れゅルェセャや"ゅョルΑよ"0000000000000000000""""

"""""""""""""""""""""""""""""""""""""""""""""""̊" Âµ»"5́"Æ¼¸ü"ÿü"öðºŸŒ"ö̌"æ½±ºÉŒ",ž"DìŒ","Ł¸Ÿ±Í÷+"Z"Ł¸Ÿ±Í÷̊ªÝ0ì*"""""""""""""""""4

",,"るヤをゅョゎョ"れやケミ"ゐΚを"ポΑキャ" A"ヱ B""ヱC"""0やりケミャA ""ャ"るルェセ"ゅヰ(+ 30 C)""りケミャやヱB "るルェセ"ゅヰャ(- 55 C) """りケミャやヱC """""

"ゆシェぺ"0"るルェセ"ゅヰΑヤハ"キィヱΑ"Ι"""*"ぺ""<ャや"ラョ"メミ"るルェセバよ"るをΚをャや"れやケミ"ラぺ"キりケミャや"サョΚゎC ""りケミャやA"""りケミャや"ュを"ラョヱ B"0"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000"

"00000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000"

0000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

"*ゆセャや"ラョ"メミ"るルェ"サョΚゎ"ラぺ"キバよ"るをΚをャや"れやケミ"ゅョヰッバよ"ノョ"るをΚをャや"れやケミャや"0"""""""""""""""""""""""""""""""""""""""""""""
000"00000000000000"00000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000"

"

"""""""""""""""""""""""""Ÿó¸É÷̊"S¸̌Â™ô÷̊"þ̊½ðë"ª"½Ÿâ"¸Ÿ±Í÷̊"õ¸ðºŠ̊½%ã̌"Ł""ûÉT̊"ÿâ"""""""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""""ª%̇¸̌Â™ô÷̊"ªŸ±Í÷̊"ÿâ"êÍô÷̊"0"ú½¹ºÉ$"Ã¸™-"
"

ケヰミャや"るルェセャや"*¬ゅボよ+"ドヘェ"るΑよ 

"

ヅゅセル 

"ヶもゅよケヰミャや"ヒΑケヘゎャや 

"
やミャゅよケヰミャや"フゅセ"ヶも"
"+"ミャΙやゆヱミシヱケゎ""* 

"



"""" 

ど"ヲヶ"ど!

!

""

3/"Ιや+"ポャキャゅよ"ラェセャやポゅミゎェ*"<"""Âµ„"ûÉ-"5́"þ0±Íü"ûÉ-"ÿü"Ł¸ŠžAô÷,̊"õ¸ðºŠ̊"ñ¸ôº°,¸̌"
4/"や"メΑタヱゎャゅよ"ラェセャサョヤャや+*""<"É-"ÿü"Ł¸ŠžAô÷,̊"õ¸ðºŠ̊-"5́"þ0±Íü"ûÉ¸̌"Âµ„"ûÇü-º÷""ÂÌ¸̶W̊"
5/"ゐェャや+"ケΑをほゎャゅよ"ラェセャや*""<""ªŸ±Í÷̊"̶̨É̌"ûÉT̊"ÿü"SÄ-"5́"Ł¸ŠžAô÷,̊"õ¸ðºŠ̊"ª%̌Â™ô÷̊""̅ Éü-$","Âµ„"ûÉT"

ルャや"ネヱ""キルハ"るルヱミゎョャや"るルェセ""+"フケヅャやa"""*""+"フケヅャやb""*"
 
 
 

"

000000000000000000000000000"00000000""0000000000000000000000000"00"

" """ """"""" """ """""

""

3/"""キキハ"りケクャや"れキボプ"やクま"れゅルヱケゎミャΙや"ラョ"0"
<"ゐキェャや"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000"
シヘゎャやケΑ"<""000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"""

4/"ラョ"キキハ"りケクャや"れよシゎミや"やクま"ャΙや""れゅルヱケゎミ"0"
<"ゐキェャや"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000"
ケΑシヘゎャや"<"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"""

5/"ハシ"ポゅミゎェや"キル"¬やケヘャゅよ"ヅゅヅョャや"ベゅ"ヱぺ"フヱタャや"""0"
ゐキェャや"<"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0"
ケΑシヘゎャや"<"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"000000000000000000000000000000"""

6/""0"ケΑケェャゅよ""ポΑゎシΚよャや"ヱぺ"ァゅィコャや"ベゅシ"ポゅミゎェや"キルハ"
<"ゐキェャや"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000"
ケΑシヘゎャや"<""000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"""

7/"ゅョワキェぺ"メョェΑ"ラΑョシィ"ノョィ"キルハ"ヱ"るよィヱョ"るルェセ"0"るよャゅシ"るルェセ"ケカΓや"
ャや<"ゐキェ"000000000000000000000000000000000000000000"0000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000"

ケΑシヘゎャや"<"000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"""

8/"ャや"ヶゎホケヱャミヰミャや"フゅセ"0"⇔ ゅルヱェセョ"⇔ゅョシィ"フゅセミャや"ソケホ"サョヤΑ"ゅョキルハ"ヶよケ"
<"ゐキェャや"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000"
シヘゎャやケΑ"<""000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"""

9/"ヱ"ポΑョキホ"ラΑよプヱタャや"キゅィシャやクャや"ヶ"0"ヮΑヤハ"ヶセョゎ"ヵ"
<"ゐキェャや"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000"
ケΑシヘゎャや"<"00000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000"""

""

"3/""Ι"るルェセ"メキゅバゎ"るΑもゅよケヰミ"るルェセ"キヱィヱ"ラミョΑ"+10.5ヱぺ"*""+100.5ミャま"*"0"ラヱケゎ"
"""000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000"

4/""ネコルャ"るョコΚャや"るホゅヅャや"ャや"ラョ"ラヱケゎミャまや"ラョ"メホぺ"るΑィケゅカャや"れゅΑヱゎショャや"ヶプ"りケクるョコΚャや"るホゅヅャ"ラョ"ヮハコルャ"るΑヤカやキャや"れゅΑヱゎショャや"
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000"

5/"ルヱケゎミャま"ラヱミゎ"ヅゅヅョャや"れゅ"ヘャや"ラョ"れゅルヱケゎミャま"ラョ"⇔ゅヅゅよゎケや"ケをミぺ"*"フヱタャや"+"¬やケ""0"
"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000"

"<"ヶゎほΑ"ゅョャ"メヤハ 

"

や"ヶプ"ゐキェΑ"やクゅョェャるΑゎΓや"れΙゅ""ゆよシャや"ケミク"ノョ""< 

"

"*"るルミゅシャや"¬ゅよケヰミャや"キΑャヱゎ"ベケヅ"+"ラェセャや"ベケヅ""< 

"



"""" 

ど"ヲΑ"ど!

!

"ú0÷0ó"þ0Š¸ï"

""""""""""""""""""""44""¸̌Â™ô÷̊"Æ0ð÷̊"F̌"ª%̇"FºŸ±ÌÐ¸°"áü"¸$¼ÂÙ"̨È¸ŸºŒö""̋ÂÔ"""
""""""""""""""""""""""""""""""""ªë¸ÉW̊"á̌Âü"áü"¸%Éôâž"FºŸ±Í÷̊"""¸ý™Ÿ%̌""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

",,"+2q 1q"*""""メをョゎ"00000000000000000000000000""ゅョヰシゅΑホ"りキェヱヱ00000000000000000000000"00000000"

"+",, d"メをョゎ"*"000000000000000000000000000000000"""ゅヰシゅΑホ"りキェヱヱ000000000000000000000000000000000"

"+",,F""メをョゎ"*000000000000000000000000000000000"""ゅヰシゅΑホ"りキェヱヱ"00000000"0000000000000000000000000"

"+",,K"メをョゎ"*"""000000000000000000000000000000000""ヱ"フホヱゎΑ""ヶヤハ"00000000000000000000000000000"0000"

"ノよゎゎ",,やミャや"りヱボャ"ラヱルゅホ"ラΑゎルェセ"ラΑよ"るャキゅよゎョャや"るΑもゅよケヰ""000000000000000000000000000000000000"

",,""ュヱャヱミ"ラヱルゅホ""ュゅバャや"ゆクィャや"ラヱルゅホ"ヮよセΑ"0""やクゅョャ"∨"

0000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"""

""""""""""""""""""""3/"""<"るΑよケヰミャや"りヱボャや"ゆゅシェャ""2

21
 

d

qqK
F ? 

""""""""""""""""""""""4/""<"るΑよクゅィャや"りヱホ"ゆゅシェャ""2

21
 

d

mmG
F ?"

""""""""""""""""""""""5/( k ) "+"ヵヱゅシΑ""ュヱャヱミ"れよゅを""2C/2N.m  99 x 10 ""*"

""""""""""""""""""""""6/( G ) "バャや"ゆクィャや"れよゅを"ュゅ"ヵヱゅシΑ""+"2Kg/2N.m 11-67 x 10.6 """*"

""""""""""""""""""""""""7/"ヱケミΑョャや"りキェヱ"ヵヱゅシゎ""ュヱャヱミ""<CC 610/?o""""

"

",,ョ"ラΑよ"るΑもゅよケヰミャや"りヱボャやれゅルヱミ""りケクャや""00000000000000000""ルΑよ"るャキゅよゎョャや"るΑよクゅィャや"ンヱホ"ラョ"0"ゅヰ"

,","ヶゎャや"メョやヱバャや""ゅヰΑヤハ"フホヱゎゎ"るΑもゅよケヰミャや"りヱボャや"<0000000000000000"00000000"00000000000000000000000000""""

",,"ヱボャや"ロゅィゎやり"""るΑもゅよケヰミャや"キやキゎョや"ヴヤハ"⇔ゅョもやキ"ラヱミΑ"000000000000000000000000000000"ルェセャや"ラΑよ"ラΑゎ"

,",""ラゅゎΑもゅよケヰミ"ラゅゎルェセ"ゅョワケやキボョ( q ) ""ヱ"( 2q )""やクみプ""るルェセャや"れルゅミヤハ"ケをぼゎ"ヶャヱΕやヶ"

""""""+"りヱボよ"るΑルゅをャや"るルェセャやF"ラほプ*"ルゅをャや"るルェセャや"Αハ"ケをぼゎ"るりヱボよ"ヶャヱΕや"るルェセャや"ヶヤ"""""00000000000"""

""+"ラΑゎヱホ"ポΑキャ",,1F""""+"ヱ"*2F""ヶプ"*キェやヱ"ロゅィゎや"""+"ゅョヰゎヤタェョ"ラゅプTF""ヵヱゅシゎ"*00000000000000000"00000000000000000000"""

""+"ラΑゎヱホ"ポΑキャ",,1F""""+"ヱ"*2F"""*"ラΑゎシミゅバゎョ""ロゅィゎΙゅよ""ラゅプ""+"ゅョヰゎヤタェョTF""ヵヱゅシゎ"*""000000000000000000000000"0""00000"""

ルゅホ"ュヱャヱミ"ラヱ"

れゅドェΚョ""< 

2

21
 

d

qqK
F ?

!

K 

"
 

2d 

よゅをュヱャヱミ"れ""るプゅショャや"ノよケョヱ"
"ラΑゎルェセャや"ラΑよ 

F 

 

2

1

d

"や"よケヰミャや"りヱボャョ"ゆヱヤボョヱ"るΑノよケ"
ゅショャや"ラΑゎルェセャや"ラΑよ"るプ 

F 

2q1q 

"ラョ"メミ"ケやキボョヱ"るΑよケヰミャや"りヱボャや 

ラΑゎルェセャや"や"ラΑゎΑもゅよケヰミャ 

F 

2d"

""るプゅショャや"ノよケョ"ヱ"るΑよケヰミャや"りヱボャや"
セャや"ラΑよェ"ラΑゎル 



"""" 

ど"ヲΒ"ど!

!

""

3/""+"ゅワケやキボョ"るΑもゅよケヰミ"りヱボャ100 N"ゅヰゎョΑホ"フタルャ"ラΑゎルェセャや"ラΑよ"るプゅショャや"れヤホ"やクま"*"""0"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"00000000000000000000000000000000"

4/"もゅよケヰミ"りヱボャ"Αワケやキボョ"る"+"ゅ 400 N"0"ゅョヰゎョΑホ"フタル"ヶャま"ラΑゎルェセャや"ラョ"メミ"れヤホ"やクま"*"

"00000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000"0000"

5/"""メミ"れキΑコ"やクま"るΑもゅよケヰミ"りヱボャま"ラΑゎルェセャや"ラョャホ"ヶヤをョ"ヶ""ゅョヰゎョΑヱヤャ"るプゅショャや"れキΑコ"ヶヤをョ""0"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000"

6/"ャるΑもゅよケヰミ"りヱボ ま"ラΑゎルェセャや"ンキェま"メキよゎシぺ"やク"ョ"メミ"ケやキボョ""ゅョヰル( + q )""よボョ"るルェセゅワケやキ( - q ) ""0"

"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000"

"
+"メゅをョ3*""<"Αゎルェセボョ"¬やヱヰャや"ヶプ"ラ"+"ゅョワケやキµC 20""+"ヱ"*µC 40"""*""ヰルΑよ"+"るプゅショ"ゅョcm 50""*ぺ"0ゆシェ"""<"

""0"ゅョヰルΑよ"るャキゅよゎョャや"るΑよケヰミャや"りヱボャや"*"ぺ"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000"

"*"ゆ"ョヰΑゎヤゎミ"ゐΑェ"0"ゅョヰルΑよ"るΑよクゅィャや"りヱホヵヱゅシゎ"ゅ"+0.25 kg """ヱ"*+0.1 kg ""0"* 

"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000"

"ァャや"るΑよケヰミャや"りヱボャや"*ャや"ラΑよ"るャキゅよゎョョヤャ"ゅョヰルΑよ"るプゅショャや"れキやコ"やクま"ラΑゎルェセ"0"ヶヤを"

00000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000"

+"メゅをョ4*"""<"<"ゆシェぺ"ュを"0"メよゅボョャや"メミセャや"サケキぺ"

"

"

"

"*"ぺ"るΑよケヰミャや"りヱボャや""ラΑよ"るャキゅよゎョャや""+"りケミャやA""*"りケミャやヱ""+B"""*""0"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"

ゆ"るΑよケヰミャや"りヱボャや"*"ラΑよ"るャキゅよゎョャや""+"りケミャやA""*ャやヱ""+"りケミC"""*"0"

00"00000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

ァ"るΑよケヰミャや"りヱボャや"*"るΑヤミャや"をぼョャやヶヤハ"りケ""+"りケミャやA"*"""0"""
000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000"000000000"00000000000000000000000000000000000000000"

クゅョ"ゐキェΑ"や""<"ヶヤΑ"ゅョ"メミ"ヶプ"

"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!

CqB o4?!CqC o6?! CqA o5 /?"

0.2 m""""""""""""""""""""""""""""""""""""""""""""0.3 m 
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"""""+"サケキャや2/"1""*"üž"#̇¸̌Â™ô÷̊"Á¸%º÷̊"<"½™T̊"Á½Ñ"""

"

",,ヅ"キェぺ"ラョ"れゅルェセャや"ペプキゎゎや"ヶプケケカΓや"フケヅャや"ヴャま"メタヱョャ"ポゅルワ"ラヱミΑ"ゅョキルハ"""000000000000000000000000"00000000000000"00"

",,""れゅルェセャや"ラゅΑケシ"ケョゎシΑ"ホヱゎゎ"ュを"ゅョキルハ"フ"ヱゅシゎΑ"ン"0000000"000000000000000000000000000""

"""""""""""""""""""""""メミセャや"ヶプキャヱョ"+""ヵキ"ラゅプ""フやケィ"*""ラヱェセョ"""チケΕゅよ"メタヱョ"ポヤシよ"メタゎΑ"0"

ぺ/"ゐキェャや"""""<""""0000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000"

ゆ/"や""<"ケΑシヘゎャ""00000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

""""""""""""""""""""""""000000"00000000000000000000000000000000000000000000000000000000000000"00000000000000"000000000000000000000 

                    "プキゎ"ペやΑ"れゅルェセャペプキゎ"ヮよセ""ヴャま" ∃メゅハ"ラやコカ"ラョ"ロゅΑョャや"チヘカルョ""ロゅΑョャや"ペプキゎ"ケョゎシΑ"ゐΑェ"ロゅΑョャや"ンヱゎショ"ヶプ"ベケプ"ポゅルワ"ゅョャゅヅ"

"

"

"

"
"

"",ゅゎャヱプ"るΑケゅヅよ""<""ワ"ョィョ"ヶ"サゅェルャや"ラョ"るΑルキバョ"ソやケホぺ"るハヱヱ"ポルコャやヱノッヱゎ""ゅヰルΑよ""ベケヱ""¬ゅョャゅよ"ノよセョウャゅョャや"""

""""""""""""""""Á½Ñü̊"ªãë̊½÷̊"Æ0ð÷0"÷̊¸̌Â™ô÷̊"Â̇̊ž½̇ª%"""

""""" """ """ """" """ """ """ """ """ """" """ """""""""""""""""""""""""""ケゅΑゎャや"ケやケョゎシや"ゆヤヅゎΑ"ヶもゅよケヰミャやキヱィヱ"""+"キヰィャや"ケキタョ"もゅよケヰミ"るカッョるΑ"ヱぺ"るΑケゅヅよャや"0"るΑよケヰミャや"りケもやキャや"ヶプ"*"

""""000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000"00000000000000000000000000000000000000000000000000000000000000"

"""""""""""""""""""""""""""""ª%̇¸̌Â™ô÷̊"Ł¸Ÿ±Í÷̊"þ¸$ÂÈ4

",,"ャや"ヶプ"るよヤタャや"れΚタヱョ""ュヱボゎ000000000000000000000""れゅルェセャや"メョェよ"ゅョぺ"0000"00000000000000""るゎよゅをヱ"りケクャや"りやヱル"メカやキ"りキヱィヱョ"ヶヰプ"""0"

",,""ョャや"ヶプヱ"ノもや""メミセゎ"るよャゅシャや"れゅルヱΑΕや"るΑもゅよケヰミャや"るルェセャや"ラゅΑケシ"るよィヱョャやヱ"""メをョ"000000000000000000000000000"

""""""""""""""""""""""""""""""Aô÷*̊"Ł¸Šž"#º÷̊öýL""0"Ł¸Ÿ±Í÷̊ÆÂ̇̊½÷̊"ª%̇¸̌Â™ô÷̊""
"

",,"ヶプキヱョバャや""ヶよケヰミャや""るホゅヅャや"メヱェゎゎ00000000000000000000000""ゅヅャや""ヶャま"るホ"000000000"000000000"0000"

*"ヱョゅルΑキャや"+"ヶもゅよケヰミャや"キャヱョャや"ヶプ",,"""るホゅヅャや"メヱェゎゎ0000000000000000000000"""ヶャまるホゅヅャや"""0000000000000000000000000000"

",,"ヶプ"ャΗや"キキハ"るΑキゅバャや"フヱケドャや"れゅルヱケゎミ00000000000000000000000"ャや"キキハ"ィヱョャや"れゅルヱゎヱケよるよ""ポヤシャや"ヶプ"

や"ペプキゎェセャルれゅ"

"ケゅΑゎャやよケヰミャや"ヶもゅ"

"メΑタヱゎャや"れゅルヱケゎミャま!

<"

るドェΚョ"""< 

"ぺ"*ゅΑョャや"ペプキゎゎラョ""ロ"フケヅ"や"ゆヱよルΕ"

クヵ"ヅピッャや"フケヅャや"ヴャま"ノヘゎケョャや"""ケカΓや"

チヘカルョャや"ヅピッャや"ヵク"ヱ"ゎΑ""フホヱやクワ"

ペプキゎャや""ヅピッャや"ヵヱゅシゎΑ"ゅョキルハ"

!

"*"ゆΑョャや"ペプキゎ"ケョゎシΑ""ロゅ"

""キヱィヱ"ゆよシよョるカッ""
ドプゅェゎ"""ヶプ"ベケヘャや"ヴヤハ"

コカャや"ンヱゎショラや"

!

ヅゅセル 

メヤハ""<"

ャや"るΑケゅヅよ"
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"""""""""""""
3/"ミョΑ"Ι"れゅルヱゎヱケよヤャ"ラぺ"メョェゎ"ラ"や"れゅルェセャ"れゅルェセャや"メョェゎ"れゅルヱケゎミャΙや"ゅョルΑよるΑもゅよケヰミャや"りケもやキャや"ヶプ"""0"
"0000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000"00000000000000"00000000000000"

4/""るヤタェョャや"るルェセミャや"りケゅョャや"るΑよケヰやポヤシャ""ヶプるドェャ"メミ"ヵヱゅシゎ"ケヘタ"""0"
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000"00"

5/"ゎ"ケョΑ"Ιャゅよ"るェッヱョャや"りケもやキャや"ヶプ"ヶもゅよケヰミ"ケゅΑ"0"メミセ"
00000000"00000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

"

"""""""""""""""""""""

"
"""""""""""""""""""""""
",や"メミセャや"ヶプ"るバヅホ"ヶヤハ"メィシ"ュシぺ"ポョゅョぺ"ヵクャ"<"るバヅボャや"

""""

"""

"""

"""
""

"

"

"

"

"

"

"

""

"

"

"

"

"

"

"

ハメヤ"ヶゎほΑ"ゅョャ"""<"

!R 

やャ"ュヱシケゎャや"るΑヅΑヅカ 

"0000000000000000!

"0000000000000000!

"00000000"00"000000!

"0000000000000000!

"0000000000000000!
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"

"るルケゅボョャや"ヮィヱ ャや"りキセ""+"""ケゅΑゎI"""* "+""キヰィャや"ベケプV""* 

"るョキカゎショャや"るホΚバャや t

q
I ?"q

E
V ?"

メョやヱバャや 000000000000000000000000000000000000000000000"00000000 00000"00000000000000000000000000000000000000000000000"0"

"フΑケバゎャや 
±Í÷̊"ª%ýóªŸ"õ-µ"ÂN"#º÷̊"
"áÚðü""ª%Š¸ø÷̊"0"òùÈ 

"õžÀ̶W̊"öèÍ÷̊"+"ªï¸Ú÷̊"*"""öðŸ÷"
Ł¸Ÿ±Í÷̊"Æ½°ž""FºÚðŠ"F̌"

サゅΑボャや"りキェヱ 0000000"0000000000000000000000000000000000000000000000 00000000000000000000000000000"000000000000000000000000"

"サゅΑボャや"コゅヰィ 000000000000000000000000000000000000000000000000000"00 "00000000000000000000000000000000000000000000000000000"
"
"
"
"

"

"るルケゅボョャや"ヮィヱ "ケΑよョΕや ャやれャヱヘ 

"コョケャや""00000000000000000000000000000000000000000000000000000 000000000000000"00000000000000000000000000000000000000"

めプゅミョャや""ヮャ"
"ンケカΕや"れやキェヱャゅよ 

0000000000000000000000"0000000000000000000000000000000 "00000000000000000000000000000000000000000000000000000"

バゎャや"フΑケ 
½Ÿâ"Á¸%º÷̊"Æ½Ì"ªŸ±Ì"þ¸$ÂÈ"""+1 C"*"

ª%Š¸ø÷̊"0"
"Ÿâ"½™T̊"íÂë"½öèÌ"õÀ̌"""+1 J"*"

""FºÚðŠ"F̌"Ł¸Ÿ±Í÷̊"Æ½°ž"öðŸ÷"
"

ケゅボョャや"ヮィヱ"ル"る "ケゎΑョΕや ゎャヱヘャや"ゎΑョ"ケ 

ュやキカゎシΙや 000000000"00000000000000000000000000000000000000 "00000000000000000000000000000000000000000000000"00000"0"

"メΑタヱゎャや"るボΑケヅ"
"るΑよケヰミャや"りケもやキャや"ヶプ 

"000000000000000000000000000000000000000"000000000 00000000000000000000000000000000000000"000000000000000"

ャや"コョケ"
"Αよケヰミャや"りケもやキャや"ヶプ"る 

  

"

""

"""""""""""""""""""""""""""""""""""""""""""

3/""るホゅヅャや"れゅシシぼョ"ャや"れやキャヱョャや"ュキカゎシゎゅよケヰミ"ケΑプヱゎャ"るΑも( 220 V )"""0"

""0000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000"00000000000"

4/""+"メタヱョよ"ケゅョャや"ケゅΑゎャや"りキセ5 A"""*"0"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"00000000000000000000000000000000"

5/"よ"キヰィャや"ベケプΑ"+"ラΑゎヅボル"ラ12 V""*"""0"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000"

I t 

q 

V q 

E 

ボョャや"ゅョタ"ラョ"メミよ"キヱ"< 

"
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"

"

"

"

"
"

"キキハ"ゆゅシェャ",,ャや"れゅルヱケゎミャΙやポヤシャや"ヶプ"りケゅョ""+N""""*"るホΚバャや"ュキカゎシル""<"000000000"0000000000000000""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""ªŸ±Íù÷"ª%÷ž½÷̊"Æ½°0÷̊"ªŸ±Ì""ž¸É$ž""+ 18
× 10 56.2"*"þžAô÷́"

""""""""""""""""""""""""""""4"÷̊ªï¸Ú"öô÷"ªŸ±Ì"ú0÷0ó"½°̊ž"ªK¸Š"ÿâ"Â°Ł¸ŠžAô÷,̊"ªó""F̌""FºÚðŠ4
4

""メゅをョ3""<ヮゎキセ"ケゅΑゎ) Am 005(""プ"ケョΑ"ヶ"るボΑホキ"フタル"ヶプ"ポヤシ""ェ"ヶプケヅ"ラΑよ"キヰィャや"ベケプ"ゐΑ+"ポヤシャや12 Vゆシェぺ"0"*"""<"

""0"ポヤシャや"ヶプ"りケゅョャや"るΑよケヰミャや"るルェセャや"るΑョミ"*"ぺ"
"00000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00"

ゆ"*"メヱクよョャや"メピセャや"ボルャ"ュコΚャや"*"るホゅヅャや"+""0"ポヤシャや"ヶプ"るルェセャや"ロクワ"メ"

"0000000000000000000000000000000000000000000000000000000000000"00000"00000000000000000000000000000000000000000000000000000000000000"00000000000000"000000000"

ァハ"*"ポヤシャや"ヶプ"りケゅョャや"れゅルヱケゎミャΙや"キキΑェゐ"ヱャや"ラヱケゎミャΗや"るルェセ+"キェやC "19-1.6 x 10 "?e "*4f4

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000"

""メゅをョ4""<+"るホゅヅ"メクよゎ"るΑケゅヅよJ(270 "+"るルェセ"ヴヤハ(30 C"もやキ"ヶプケ"ゆシェぺ"0"るΑよケヰミ"り"<"

ぺ"*""Αケゅヅよャや"ロクワ"キヰィ"ベケプ""0"る"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000"

*ゆ"ゎャや"りキセケゅΑ""+"ロケキホ"ラョコ"ヶプ"りケもやキャや"ヶプ"ケゅョャや10""0"ヶルやヱを"*"

0"0000000000000000000"0000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000"000000000000000000"

""メゅをョ5""<+"ヮよ"ケョΑ"ポヤシ21 x 10 5"ラヱケゎミャま"*""0"ェ""ゐΑ"ゎミャΗや"るルェセ"+"キェやヱャや"ラヱケC "19-1.6 x 10 "?e *""ゆシェぺ"0""<"

"*"ぺ"ミョゅよ"りケゅョャや"るルェセャや"るΑ""0"ポヤシャ"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000"

*ゆ"ャや"りキセや"ケゅΑゎヶプ"ポヤシャゅよ"ケゅョャ""+"ロケキホ"ラョコ40""0"ヶルやヱを"*"

00000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000"

ボャや"るΑよケヰミャや"るバプやキャや"りヱ 
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ベケプ""メヱクよョャや"メピセャやヱ"キヰィャや"
れゅよを"キルハ"ョミΑるルェセャや"る"

ミヱ"キヰィャや"ベケプΑョ"るルェセャや"る"
ルハピセャや"れゅよを"キ"メヱクよョャや"メ"

キセヱ"ケゅΑゎャや"り"ラョコャや"れゅよを"キルハ"
"るルェセャやりケゅョャや"るΑよケヰミャや"よ"ポヤシャゅ 

るルェセャや"るΑョミヱ"ケゅΑゎャや"りキセ"
ラョコャや"れゅよを"キルハ"りケゅョャや"
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"キャや"+"サケ2/"2""*""<"ž"ª%̇¸̌Â™ô÷̊"ªüž¸ðW̊""úž»"þ0Š¸ï"

"""""""""""""""""""""""""""""̊"̶̨É̌"Ł¸ŠžAô÷,̊"¸™™-̊0Œ"#º÷̊"ªï¸â*"¸™ü¼¸ÑŒáü"Ł̊Á¾"Äùì÷̊""ž™ü¼¸ÑŒ"áü"¸"̧™Õã̌"

""""""""""""""""""""""""""""""""""""""""

3/""メヱヅ"+"ポヤシャやL""*""<"""るΑよケヰミャや"るョヱゅボョャや"ゆシゅルゎゎ00000000000000000000000"""ポヤシャや"メヱヅ"ノョ""0"

4/""ノヅボョ"るェゅショ""+"ポヤシャやA""*""<"ボョャや"ゆシゅルゎゎ"るΑよケヰミャや"るョヱゅ000000000000""""るェゅショ"ノョャや"ノヅボョ""0"""

5/""りキゅョ"ネヱルャやシポヤ <""ケヰミャや"るョヱゅボョャや"""ヶヤハ"フホヱゎゎ"るΑよ0000000"00000000000000"

6/""りケやケェャや"るィケキ"<"""ヶヤハ"フホヱゎゎ"るΑよケヰミャや"るョヱゅボョャや"00000000000000000000000"0"

"

""

"
"""""""""""

" 

3/"""ラヱミゎΕや"るョヱゅボョ"ラョ"メホぺ"るミΑョシャや"ポΚシΕや"るョヱゅボョ"バΑプケャや"ポΚシ""る"0"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000"

00000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000"

4/"や"るョヱゅボョ"ラヱミゎケΑタボャや"ポΚシΕや"るョヱゅボョ"ラョ"ケよミぺ"るヤΑヱヅャや"ポΚシΕ"0"り"

00000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000000000000000"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000"

5/"ゎや"るョヱゅボョ"ケΑピゎャケやケェ"るィケキ"ケΑピゎよ"ポヤシ"0"ヮゎ"

"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000"00000000"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00"
"""

""""""""""""""""""""""""""""""""""""""""""
x
̊½-"ªÕì¹ŸW̊"ÆÁ̊ÂŮ"Ł¸-Á¼"½Ÿâ"ÂìÐ"¸™ºüž¸ðü"¼̊0ü"

""""""""""""""""""""""""""3/""00000000000000000000000000000000000000""ヱ""コョケャゅよ"ゅヰャ"コョケΑ"000000000000000000000""""" 

""""""""""""""""""""""""""4/""00000000000000000000000000000000000000""""ヱ"ケャゅよ"ゅヰャ"コョケΑ"コョ"000000000000000000000""""

"""""""""""""""""""""""ú½¹ºÉ$"Ã¸™-̇¸̌Â™ô÷̊"ªüž¸ðW̊"Å¸%ï"0ž"ª%ü"Eł…Œ"ªëÂã"ªüž¸ðW̊"Á¸%º÷̊"!ùâ"

"
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 "りキゅョヤャ"るΑよケヰミャや"るョヱゅボョャや"
ョ"ヱヤボノヅボョ"るェゅショ"ゆヱ"

"りキゅョヤャ"るΑよケヰミャや"るョヱゅボョャや"
ポヤシャや"ノヅボョ"るェゅショヱ"
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キゅョヤャ"るΑよケヰミャや"るョヱゅボョャや"り"
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"るΑもゅよケヰミャや"りケもやキャや"ヶヤハ"メィシ",,"シぺ"ポョゅョぺ"ヶゎャや"<"ュシケャや"ヶヤハ"るバヅホ"メミ"ュ"""""

",,よケヰミャや"るョヱゅボョャや"サゅボゎゅ"りキェヱよ"るΑも"000000000000000000000000000000"000"

",,りキェヱよ"るΑハヱルャや"るョヱゅボョャや"サゅボゎ""""000000000000000000000000000000000"

",,""ョヱゅボョャや"フホヱゎゎルャや"る"""ラョ"メミ"ヶヤハ"るΑハヱ"000000000000000000000000000000000"

",,""ョャや"フホヱゎゎ"るΑハヱルャや"るョヱゅボ"ヶヤハ"サゅェルヤャ""00000000000000000000000000000000""プ"""ヅボ"

",,ヱゅボョャや"フホヱゎゎやケェ"るィケキ"ヶプ"るΑハヱルャや"るョ"ヶヤハ"るプケピャや"りケ0000000000000""ヅボプ"

""""""""""""""""""""""
""""""""""""""""""""""""""

3/""ボョヤャ"0"ヶヤをョャや"ヶャま"ポヤシャや"メヱヅ"キやク"やクま"るョヱゅ"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000"000000000000000000000"

4/"""0"ヶヤをョャや"ヶャま"ポヤシャや"ノヅボョ"るェゅショ"れキやク"やクま"るョヱゅボョヤャ"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000"0000000000000"

5/""ョヤャ"れヤホ"やクま"るΑハヱルャや"るョヱゅボ"0"ヮΑヤハ"れルゅミ"ゅョ"フタルャ"ノヅボョャや"るェゅショ"

000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000"

6/""+"ヮャヱヅ"メタヱョ"るョヱゅボョャL""*""ヮバヅボョ"るェゅショヱ( A )"ョヱ"ヮゎョヱゅボ( R )"ルョ"ラョ"ヶルをヱ"ヮヘタゎ"0"ロゅプケヅ"ペタゎャぺ"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000"

7/""+"ヮャヱヅ"メタヱョ"るョヱゅボョャL""*"ヮバヅボョ"るェゅショヱ"( A )""ヮゎョヱゅボョヱ( R )""ウよタぺ"やクま"ポヤシャや"メヱヅ( 2 L )"

"るェゅショヱ""ヮバヅボョ( 2 A ) """0"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000"

"るルケゅボョャや"ヮィヱ""もゅよケヰミャや"るョヱゅボョャやΑ""る"""るΑ⇒ハヱルャや"るョヱゅボョャや"

"フΑケバゎャや"
#º÷̊"ªï¸â*̊"""̶̨É̌"Ł¸ŠžAô÷,̊"¸™™-̊0Œ

"áü"¸™ü¼¸ÑŒ"Ł̊Á¾""Äùì÷̊!

"̅÷0Ù"öÐ0ü"ªüž¸ðüヱ""Aü"
"̅ãÚðü"ª°¸Éüžヱ""Aü"á̌Âü"

メョやヱバャや"
3┽"0000000000000000000000000000"""""""""5┽"000000000000000000"000000"

4┽"0000000000000000000000000000 """""""6┽""00000000000000000000"000000"

3┽""000000000000"000000000000"

4┽""000000000000000000000000"

サゅΑボャや"りキ⇒ェヱ"!!

"るΑッゅΑケャや"るホΚバャや"""

ゅョ"ヶプ"ゐキェΑ"やクΓや"れΙゅェャや"<"るΑゎ 

00000"00!
00000"00!

00000"00!

00000"0"0!

00000"00!

00000"00!
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,,"ヰミャや"るョヱゅボョャや"ゆゅシェャ"ケ""+"るΑよR"""*"バャや"ュキカゎシルるホΚ""000000000000000000000000000""""""
"""

""""""""""""44"̅%ëÂÙ"F̌"½™T̊"íÂë"öÐ0ü"ªüž¸ðü""+""3"Ø÷0ë Âcž"*""̅̌""Á¸%Œ""̅Œ½Ì""+3""*"E̶ü»"

,,""めプゅミゎ"ュヱΕや"りキェヱ""000000000000000000000""000000"""""

""""""""""""""""""""""""""+"メタヱョ"るョヱゅボョ*"37""っ""""0"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000"

""""""""""""""""""""

"

3/"ハ"ケゅΑゎャや"りキセャ"ベケプ"るヘハゅッョ"キル"0"キヰィャや"
0000000000000000000000000000000000000000"000000000000000000000"0000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000"

4/"ゎャや"りキセャハ"ケゅΑ"0"るΑよケヰミャや"るョヱゅボョャや"るヘハゅッョ"キル"
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000"

5/""0"キヰィャや"ベケプ"るヘハゅッョ"キルハ"るΑよケヰミャや"るョヱゅボョヤャ"
"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000"

"るルケゅボョャや"ヮィヱ や"るΑョヱΕや"れゅョヱゅボョャ ゅボョャや"るΑョヱΕや"ケΑビ"れゅョヱ 

"ュヱぺ"ラヱルゅホ"ペΑボェゎ "000000000000000000000000000000000000000000 000000000000"000000000000000000000000000000!

"るホΚバャや"メミセ 00000000000000000000000000000000"0000000000 "0000000000000000000000000000000000000"00000!

"
ゅΑよャや"るホΚバャや"るΑル"

"りキセ"ヱ"キヰィャや"ベケプ"+*"ケゅΑゎャや"

 

 
 

""
3/"るハケシよ"りケもやキャや"ウゎプ""⇔ ゅΑヤョハ"ュヱぺ"ラヱルゅホ"るよケィゎ"¬やケィま"キルハ"ヶハやケΑ""ヱぺ"ややキカゎシ""フΑバッ"ヶもゅよケヰミ"ケゅΑゎ"ュ"0"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000"0000000000"

4/""0"るΑよケヰミャや"りケもやキャや"ヶプ"れゅゎシヱΑケャや"ュやキカゎシや"
400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000"
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ャや"ベケプるョヱゅボョ"ヶプケヅ"ラΑよ"キヰィ"
ヱぺ"ΙるΑョ"キセヱ"ゅヰよ"ケゅョャや"ケゅΑゎャや"り"

キヰィャや"ベケプ"Αよラ""るョヱゅボョ"ヶプケヅ"るΑョヱぺ"
りキセヱ"やケゅョャや"ケゅΑゎャ""ゅヰよ"

"<"キヱタボョャや"ゅョ 
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ョを""メゅ3"<""ミ"ュヱぺ"るよケィゎ"ヶプ"ヶプケヅ"ラΑよ"キヰィャや"ベケプ"ラゅ+"ポヤシャや"V 10 ("""+"ヮΑプ"ケゅΑゎャや"りキセ"れルゅミヱ( 2 A ""0""<"ゆシェぺ"

ぺ""0"ポヤシャや"るョヱゅボョ"*"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"

メヱヅ"*ゆ"ゎョヱゅボョ"れルゅミ"やクま"ポヤシャや""るΑハヱルャや"ヮmっ0)  
8-

( 1.6 x 10""""ヮバヅボョ"るェゅショヱ2( 3 ) mm""0"

00000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000"

ョを""メゅ4""<"+"ヮャヱヅ"ポヤシm  200 ""+"ヮバヅボョ"るェゅショヱ"*2m 6-x 102 ""+"るΑハヱルャや"ヮゎョヱゅボョヱ"*m . µ""8-2.5 x 10""0"*"

ぺ""*""ゆシェぺ"0"ポヤシャや"るョヱゅボョ"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000"

*ゆ"""ゆシェぺケヅ"ラΑよ"キヰィャや"ベケプ"+"ヮゎキセ"ケゅΑゎ"ヮよ"ケョΑ"ゅョキルハ"ポヤシャや"ヶプ4 A""0"*"

"000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000"

""メゅをョ5""<ョ"ポヤシバ+"ヮャヱヅ"ヶルキ500 m  ョヱ"*"+"ヮバヅボョ"るェゅシ2cm 1"ヱ"*"+"ヮΑプケヅ"ラΑよ"キヰィャや"ベケプ( 210  V"

"""""""""""""ケゅΑゎャや"りキセ"れルゅミヱ""+"ヮΑプ"ケゅョャや( 7 A""ゆシェぺ"0""<"

ぺ""0"ポヤシャや"るΑよケヰミャや"るョヱゅボョャや"*"

"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000"

0"ポヤシャや"りキゅョャ"るΑハヱルャや"るョヱゅボョャや"*ゆ"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"00000000000000000000000000000000000000000"
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"+"サケキャや2/"3""*ª%̇¸̌Â™ô÷̊"ÆÁ½ð÷̊""<"

""""""""""""""""""""""""""""ÿüÄ÷̊"Æ½°ž"õ-µ"õžÀ̶W̊"öèÍ÷̊4

4444444444444444444444444444444444444444444444444"öÐ¸°"Á¸%º÷̊"Æ½Ì"̋ÂÔ"""½™T̊"íÂëž"""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""ž»""""ü"õ0L"õ½ã̊"5́"ª%̇¸̌Â™ô÷̊"ªï¸Ú÷ Âµ»"õ¸ôÌ»"+"ª$Á̊Â°ž0Ô"*ª%̇4

",,""<"るホΚバャや"ュキカゎシル"ラョコャやヱ"るΑよケヰミャや"るホゅヅャや"るャΙキよ"るΑよケヰミャや"りケキボャや"ゆゅシェャ""""00000000000000000000"""""

",,"よケヰミャや"りケキボャや"ゆゅシェャや"ベケプヱ"ケゅΑゎャや"りキセ"るャΙキよ"るΑキヰィャ"ャや"ュキカゎシル"<"るホΚバ"""00000000000000000000"""""

",,"キボャや"ゆゅシェャケ"りキセ"るャΙキよ"るΑよケヰミャや"り""るョヱゅボョャやヱ"ケゅΑゎャや"カゎシル""<"るホΚバャや"ュキ""""0000000000000"000000000"""""

",,"""りキェヱよ"るΑよケヰミャや"りケキボャや"サゅボゎ""""000000000"00000000000"""""""めプゅミΑヱ00000000000000000000"""""

""""""""""""""""ÆÁ½ï"òù™ºÉ$"Ã¸™-"Ù"+""ªï¸3"""0""*"õ0-ª%Š¸ø÷̊"

"""" """ """ """" """ """"""""" """ """ """ """" """ """""" """ """ """ """ """" """" """ """ """" """ """ """ """ """ """" """ """ """ """ """ """" """ """ """ """ """ """" """ """ """ """ """""""" """" """ """ """ """ """ """" """ """ """ """ """ """" """ """ """ """ """ """" """"""" """ """ """ """ """ """" """ """ """ """ """ """""" """ """" """ """ """ """"" """ """" """ """ """キボャやミ"ゥゅよタョャ"るΑもゅよケヰミャや"りケ""ヶもゅよケヰ"ヵヱゅシゎ (100 W) "0"
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"

"""""""""""""""""り¬ゅッま"りキセ"フヤゎカゎョョヰルぺ"ラョ"ュビケャゅよ"ラΑェゅよタヰィャや"ベケプ"サヘルよ"ラΚョバΑ"ゅ"0"ヶもゅよケヰミャや"キ"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"000004
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""""""""""""""
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"""""""""

"""""""""""""4"""

",,"アゎルゎシぺ"ャ"ラヱルゅホるΑもゅよケヰミャや"りケキボャや"ゆゅシェ""ヶもゅよケヰミ"コゅヰィャ""ヮΑプ"ケゅョャや"ケゅΑゎャや"りキセ"るャΙキよ"""ヮΑプケヅ"ラΑよ"キヰィャや"ベケプヱ"0"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000"

00000000000000000000000000000000000"000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000"000000000000000000000000000000"

"るΑミΑルゅミΑョャや"りケキボャや 
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"ケゅΑゎャや"りキセ"れヱよを"キルハ"キヰィャや"
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"ヰミャや"りケキボャや"るΑもゅよケるョヱゅボョャやヱ"
"ケゅΑゎャや"りキセ"れヱよを"キルハ"

ャやボョヱゅボョャやヱ"るΑもゅよケヰミャや"りケキる"
キセ"れヱよを"キルハ"ケゅΑゎャや"り

P"

R 



"""" 

ど"ンΒ"ど!

!

"ª%̇¸̌Â™ô÷̊"ªï¸Ú÷̊ 

",,"ゅヅャや"ゆゅシェャプ"るミヤヰゎショャや"るホ"<"るホΚバャや"ュキカゎシル""メコルョャや"ヶ00000000000000000000"0"00000"

",,"るホゅヅャや"ゆゅシェャ"ヰゎショャやタヱョ"コゅヰィ"ヶプ"るミヤ+"キヰィ"ベケプ"ヴヤハ"メヱV<"るホΚバャや"ュキカゎシル""*""""00000000000000000000000000"

",,"ゆゅシェャ"ヅャやョャや"るホゅミヤヰゎシるΑョヱぺ"るョヱゅボョ"ヶプ"る""*"メヱィ"ラヱルゅホ"+""""<"るホΚバャや"ュキカゎシル00000000000000000000000000"000000000"

",,""るィゎゅルャや"るΑケやケェャや"るホゅヅャや"""ヶプ"""るョヱゅボョ""るΑョヱぺ"""⇔ ゅΑキケヅ"ゆシゅルゎゎ"ノョ"""000000000000000000"0000000000000000000000000000000000000000000000000"

",,"コゅルョャや"ヶプ"るミヤヰゎショャや"るホゅヅャや"サゅボゎェヱよ"メ"りキ"0000000000000000000000000000000000000000"

",,""やヱ"ヱヤΑミャやれ"""0"""るハゅシ""+KW.h"*"""?00000000000000000000000000 """"メヱィ+J ""*"

""""""""""""""""""""""""""

3/"ゎョャや"るΑケやケェャや"るホゅヅヤャ"0"ラΑヤをョャや"ヶャま"ケゅΑゎャや"りキセ"りキゅΑコ"キルハ"るΑョヱぺ"るョヱゅボョ"ヶプ"りキャヱ"
""""""0000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000"00000000000000"000000000000000000000000000000000000000000000"

4/"ゎョャや"るΑケやケェャや"るホゅヅヤャヶヤハ"メヱタヱョ"コゅヰィ"ヶプ"りキャヱ"""ラΑヤをョャや"ヶャま"ケゅΑゎャや"りキセ"りキゅΑコ"キルハ"れよゅを"キヰィ"ベケプ""0"""
""""""00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000"00000000000000000000000000000000000000000"

",,シぺゎ"ラヱルゅホ"アゎルヰミャや"るホゅヅャやヰィ"ヶプ"るミヤヰゎショャや"るΑもゅよケ"コゅ"",,"ラヱルゅホ"アゎルゎシぺ"るΑョヱぺ"るョヱゅボョ"ヶプ"るミヤヰゎショャや"るホゅヅャや"
0000000000000000000000000000000"00000000000000000000000000000"00000"000000000000000000000000000000000000000000000000000000000000000"00000"

""
"

""メゅをョ3"<"""キ"ヶプ"りほプキョやフヤョ"ゅヰヤカ"""ヱ"キェやヱ"ラΑカシゎ+"キヰィ"ベケプ"ヴヤハ"メョバゎV0 42"ヮゎキセ"ケゅΑゎ"ゅヰΑプ"ケョΑヱ"*) 5 A("""0"

ぺ""*"0"キェやヱャや"フヤョャや"るョヱゅボョ"ゆシェぺ"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000"0000"

ゆ*"や"りケキボャや"ゆシェぺや"ュやキカゎシや"キルハ"るミヤヰゎショャ"0"キェやヱャや"フヤョャ"
"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000 

ァ*"るミヤヰゎショャや"るホゅヅャや"ゆシェぺ""+"メヱィャゅよ""*"シや"やクまゎキョャ"りほプキョャや"れョキカ"ュヱΑ"り""0"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000"00000000000000000000000000000000000000000000000"

キ*""るホゅヅャや"ゆシェぺ""+""るミヤヰゎショャややヱ"ヱヤΑミャゅよれ"Î""るハゅシ""0"りキョャや"サヘルャ"れョキカゎシや"やクま""*"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000"

"⇒ワ*"クャや"るヘヤミゎャや"ケバシ"ゆシェぺ"やクま"ヮバプキゎシ"ヵヱヤΑミャや"ケバシ"ラゅミ"やヱれ""Î""ヵヱゅシΑ"るハゅシ""+ 10"サヤプ"*"0"りキョャや"ロクワ"ヶプ"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000"

""メゅをョ4""<""+""るΑョヱぺ"るョヱゅボョ72"っゅΑゎ"ヮΑプ"ケョΑ"*+"ヮゎキセ"ケ(10 A"""<"ゆシェぺ"0"
ぺ/"""るΑョヱΕや"るョヱゅボョヤャ"るΑよケヰミャや"りケキボャや""<"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000"

ゆ/"+"ヶプ"るミヤヰゎショャや"るホゅヅャや 20 S "*:"
00000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000"

クゅョ"<"るΑゎΓや"れΙゅェャや"ヶプ"ゐキェΑ"や 



"""" 

ど"ンΓ"ど!

!

"+"サケキャや2/"4""*"ª%̇¸̌Â™ô÷̊"Â̇̊ž½÷̊""< 

""""""""""""""""""""""""Éü""Ł¸ŠžAô÷,̊"̅÷-µ"̋¸ÉŸŒ"îùèü"Á¸"

"""""""""""""""""""""""""öôÍŒ"#º÷̊"Æ¼ÂìW̊"ªüž¸ðW̊"ªý%ï"ÇìŠöýŮ"ùâ!"ª$Á¸Ú̶÷̊ 

ヱゎャや"ケもやヱキ"ヵコや "ヶャやヱゎャや"ケもやヱキ "ヮィヱ"るルケゅボョャや 
 

 

"

ヱ/""るΑもゅよケヰミャや"りケもやキャや"ュシケ 

0000000000000000000000000000000000000000000"00! 00"0000000000000000000000000000000000000000000! ヲ/"ミ"ヶプ"ケゅΑゎャや"りキセ"メ""るョヱゅボョ 

0000"00000000000000000000000000000000000000000! 00000"0000000000000000000000"000000000000000000! ン/""キヰィャや"ベケプ"ヶプ"るョヱゅボョ"メミ 

"000000000000000000000000000000000000000000000! 0000000000000000000"00000000000000000000000000! ヴ/"ヶヤミャや"ケゅΑゎャや"りキセ"""りケもやキャや"ヶプ 

00000000000000000"0000000000000000000000000000! 0000000000000000000000000000000000000000"00000! ヵ/""ヶヤミャや"キヰィャや"プ"りケもやキャや"ヶ"

321

1111

RRRReq
--?

 321 RRRReq --? ヶ/""るもプゅミョャや"るョヱゅボョャや"や"ヶプケもやキャ"り 

"000000000000000000000000000000000000000000000! 000000000000000000000000000"000000000000000000!
Α/""るもプゅミョャや"るョヱゅボョャや"やキャや"ヶプも"りケ"

"""""""""""るャゅェ"ヶプヵヱゅシゎャや 

0000000000000"00000000000000000000000000000000"

"000000000000000000000000000000000000000000000 

0000000000"00000000000000000000000000000000000"

0000000000000000000000000000000000000000"00000!

Β/""るもプゅミョャや"るョヱゅボョャや""りケもやキャや"ヶプ 

"""""ホΚハヱ"ゎれゅョヱゅボョャや"ヶホゅよよ"ゅヰ 

00000000000000000000000"0000000000000000000000! "000000000000000000000000000000000000000000000!

Γ/"ネゅヅボルや"るィΑゎル"Αゎャや"ケゅ"""ラハ"
""""""""れゅョヱゅボョャや"ンキェま 

!

!

 

ヱヰ/"れゅホΚバャや"ュシケ"""るΑルゅΑよャや"

 

""""""

""""""""""""""""""

3/"ヵコやヱゎャや"ヶヤハ"メコゅルョャや"ヶプ"りコヰィΕや"メタヱゎ"""ヶャやヱゎャや"ヶヤハ"メタヱゎ"Ιヱ""0"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000"0000000000000000000000000000000000000000000000"

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000"

4/""ミΑ"りケもやキャや"ヶプ"コゅヰィ"メミ"ケよハ"るバホやヱャや"キヱヰィャや"ネヱョィョショ"ラヱ""0"ヶャやヱゎャや"ヶプ"ケキタョヤャ"ヶヤミャや"キヰィヤャ"⇔ ゅΑヱゅ"
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000"0000000000000000000000"00000000000000000000000000"

"るΑよケヰミャや"りケもやキャや 

ヱゅボョャや"るョ""るもプゅミョャや 

"メヤハゅョャ"""ヶゎほΑ"< 

V 

R 

I 

R 

V 

R 

I 

R 

3V              2V                1V 
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"""

"3/""キルハ"りケもやキヤャ"るΑヤミャや"るョヱゅボョヤャ"るプゅッま"ヱゎャや"りケもやキ"ヴャま"ンケカぺ"りコヰィぺ"ヶャや""0"
"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000"0000000000000000000"

4/""りケもやキ"ヴャま"ンケカぺ"りコヰィぺ"るプゅッま"キルハ"りケもやキヤャ"るΑヤミャや"るョヱゅボョヤャコやヱゎャや"ヵ"0"
00000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000"00000000000000000000000000000"

5/"ョャや"り¬ゅッΗャやヱゎャや"ヶヤハ"るヤタヱョ"ウΑよゅタ""りケもやキヤャ"ゥゅよタョ"るプゅッま"キルハ"ヶ"0"
"0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000"

6/"ゅッΗ¬"ゅよタョ"るプゅッま"キルハ"ヵコやヱゎャや"ヶヤハ"るヤタヱョ"ウΑよゅタョャや"り"りケもやキヤャ"ゥ""0"
""000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000"000"

""メゅをョ3""<"るΑもゅよケヰミ"りケもやキ"ヵヱゎェゎゅボョ"ゐΚを"ヴヤハ"ヱれゅョ""メよゅボョャや"メミセャゅよ"ゅョミ"0"

""""""""""""<"ゆシェぺ"

ぺ"*"ミョャや"るョヱゅボョャや"るョΑホ"るもプゅ"""0"

000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000"

ゆ*""りキセ"ケゅΑゎャやりケもやキャや"ヶプ"ヶヤミャや"""0"

"00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000"

*ァ""りキセや"ケゅΑゎャ"ヶプ"ケゅョャやャやョヱゅボョ"る""+1R"*""0"

"0000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000"00000"

キ*""ベケプ""キヰィャや"ヶプ"ャや"ョヱゅボョ"る""+1R"*"0"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000"

⇒ワ*"+"るョヱゅボョャや"ヶプ"るプヱケタョャや"りケキボャや2R*"""0"

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"000000"

ヱ*"+"るョヱゅボョャや"ヶプ"るプヱケタョャや"るホゅヅャや3R*"+"メΚカ10"ヶルやヱを"*"0"

0000"0000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000"0000000"

*ヵ"+"メΚカ"りケもやキャや"ヶプ"るプヱケタョャや"るホゅヅャや32"*"""ヶルやヱを"0"

000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000"00000"000000000000000000000000000000"

ェャや"ヶプ"ゐキェΑ"やクゅョΓや"れΙゅるΑゎ""ゆよシャや"ケミク"ノョ""< 

xfよ!3 よ!5 よ!

V0 3 = TV 



"""" 
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!

""メゅをョ4""<ケヰミャや"りケもやキャや"メΚカ"ラョ"るΑャゅゎャや"るΑもゅよ<""ゆシェぺ"0"

ぺ"*""るもプゅミョャや"るョヱゅボョャや"るョΑホ"""0"
000000000"00000000000000000000000000000000000000000000000000000000000000000"000"

000000000000000000000000000000000000000000000000000000000000000"00000000000000"

"00000000000000000000000000000000000000000000000"00000000000000"00000000000000000"

00000000000000000000000000000"00000000000000000000000000000000000000000000"000"

ゆ*""キヰィャや"ベケプ"ヶヤミャや"りケもやキャや"ヶプ"""0"
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000"

ァ*"""ヶプケヅ"ラΑよ"キヰィャや"ベケプ"ャや"るョヱゅボョ"+1R""*"0"

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000"

"*キ""ケゅョャや"ケゅΑゎャや"りキセ"ヶプ"ャやョヱゅボョ"る""+2R"*""0"
000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000000000000000000000000"00000000000000000000000000000000000000000000"

*⇒ワ""ヱケタョャや"りケキボャや"ヶプ"るプ"+"るョヱゅボョャや2R*"""0"

00000000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000"0000"

*ヱ"プヱケタョャや"るホゅヅャや"りキェやヱ"るボΑホキ"メΚカ"りケもやキャや"ヶプ"る"0"
"00000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000000000000000000000000"0000000000000000000000000000000000000000000"

"
"""""""""""""""""""""""""""""""""ÆÂ̇̊¼"0ºL"â"ö%Ð0º÷̊"ÿü"Fâ0Š"!ù÷̊"0""Ã̊0º÷̊"ž"6̊0º""Æ½°̊ž"ªô̶Ì"

""メゅをョ3""<"やキ"メをョΑ"メよゅボョャや"メミセャやミ"りケもケゅヅよャや"ヶよヅホ"ラΑよ"キヰィャや"ベケプ"ラゅミ"やクみプ"るよミケョ"るΑもゅよケヰるΑ V) 24  (""0"""<"ゆシェや"

ぺ"*"や""0"れゅョヱゅボョャや"るハヱョィョャ"るもプゅミョャや"るョヱゅボョャ"
000000000000000000000000000000000000000000000000000000000000000000000000000"000000000000"

000000000000000000000000000000000000000000000000000000"000000000000000000000000000000000"

0000000000000000000000000000"00000000000000"000000000000000000000000000000000000000000000"

ゆ*"""ケゅΑゎャや"りキセ"りケもやキャや"ヶプ""""0"
00000000000000"0000000000000000000000"0000000000000000000000000000000000000000000000000000"

""メゅをョ4""<"""ゆシェやりケもやキャや"ロクヰャ"るもプゅミョャや"るョヱゅボョャや"ケやキボョ""<"""""""
""000000000000000000000000000000"000000000000000000000000000000000000000000000000"000000000"

""00000000000000000000000000000000000000000000000000000"000000000000000000000000000000000"

000000000000000000000000000000000"0000000000000000000000000000000000000000000000000000000"

ヱキャやや"ケもや"るよミケョャ 

= 20 µ 

 µ 

 µ 
A 10 =TI 

!っ 5 = 1R っ 5 = 2R 

っ40 =3R 

µ 4""= 3R 

µ 2""= 1R 

µ 2 "= 2R 
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"0"ª%Ô¸$Â÷̊"Ł¸ï-ã÷̊"™ŸW̊"

"Ł-$0±º÷̊"

"メヱヅャや"
mmm

mcm

›„
›„

1000

100
""るヤゎミャや"Kggm ›„1000

"

るェゅショャや"
222

222

1000

100

mmm

mcm

›„

›„

"

"ラョコャや"
S3600hr

S60min

›·
›·

"

"るΑもゅよケヰミャや"るルェセャや"CC ›· /610o""ケゅΑゎャや"りキセ"A01mA 3 ›· /"
"

"FŠ̊0ï"ªÚ%É̶÷̊"ª%ðë̊0º÷̊"ªóÂŮ"

キキケゎャや""プシよャや"るΑボプやヱゎャや"るミケェャや"ヶ"るヅΑ"""
t

N
f ?"

ャや"ラョコャやボプやヱゎャや"るミケェャや"ヶプ"ヵケヱキ"るヅΑシよャや"るΑ"
""N

t
T ?"

ヵケヱキャや"ラョコャやヱ"キキケゎャや"ラΑよ"るホΚバャや""""""""""""""""""""""""""""""""""""""""T
f

1
?"

るΑボプやヱゎャや"るミケェャや"ヶプ"るΑヱやコャや"るハケシャや"Αシよャや"ヅ"る"f2ヾ
T

2ヾの ??
"

るΑボプやヱゎャや"るミケェャや"ヶプ"るェやコΗや""るヅΑシよャや")( sin tAy y?"

"ヵケヱキャや"ラョコャや"ゅルャや"ヶプ"チよ"""
K

m
T r2?"

"メヱキルよャや"ヶプ"ヵケヱキャや"ラョコャや"ヅΑシよャや"
g

L
T r2?
!"

"りヱホネゅィケΗや""ヅΑシよャや"メヱキルよヤャ"しsin mgF /?"
"

ï"FŠ̊0ªóÂŮ"̊"ª%-0W"

ョャや"ケゅセゎルや"るハケシ"れゅィヱ"
"""""""""""""""""""t

d
v ?

!!!!!!!!!!!!!!!!!!!!!!!!!!!!"fそv ·?"

"ヶィヱョャや"メヱヅャや"
N

d
?n

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!f

V
?n

!!"""
"

"
"

It C
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"
"
"
"
"
"
"
"

"FŠ̊0ï"Ł0Ñ÷̊"

ショャやタ"ヶプ"るプゅキヵ""れヱタヤャ"""""""""""""""""""""!!!!!!!!!!!!!!!!!!!!!!!!!!!!""""V.t
2

1
d ?"

"れヱタャや"ケゅシミルや"
2

1

sin

sin

V

V
?

s
h

"

"ヶプ"ケΑショャや"ベケプ"れヱタャや"ヶプ"ヶもゅルよャや"メカやキゎャや"nnS ?F"

"ヶプ"ケΑショャや"ベケプれヱタャや"ヶプ"ヶョキヰャや"メカやキゎャや"
2

)12(
n

-?F nS
"

"

FŠ̊0ï"̊"ªÔÂãºÉW̊"Á¸Œž("

ハケシ"コゎヰョャや"ケゎヱャや"ヶプ"れゅィヱョャや"る"
o
T

V ?"""

ルャや"キキケゎラョ"りケキゅタャや"るョピ"や"ケゎヱャや"コゎヰョャ"
o
T

L

n
f

2
?"

""るボヤバョャや"るヤゎミャや"るャΙキよ"キセャや"りヱホャや"ヶプ"ケゎヱ"mgT ?"

"メやヱヅΕや"りキェヱ"るヤゎミ"ケゎヱャや"るヤゎミ"るャΙキよ"
L

m
?o

"
"

"á̌¸Œ"FŠ̊0ïž(̊"ªÔÂãºÉW̊"Á¸Œ"

ªýèŸ÷̊"à0Š º÷̊(̊"ª%ðë̊06ž"*"ª%È¸È(̊"+ 0º÷̊"ª%ðë̊"ª%Š¸ø÷̊ %ðë̊0º÷̊"ªªø÷¸ø÷̊ 

モムゼャや"
  

 

"れゅハゅヅボャや"キキハ"
""*"るィヱョャや"フタル"+ 

n = 1 n = 2 n = 3 

ケゎヱャや"メヱヅ""n
2

n
L ? n

2

1
1 ?L n12 ?L n

2

3
3 ?L 

"ヶィヱョャや"メヱヅャやL
n

2
?n"1L2?n"2L1?n"3L

3

2
·?n"

キキケゎャや""""+""f""* 1f 12 2 ff ? 13 3 ff ? 
"

"

"

togas



"""" 

ど"ヴヵ"ど!

!

"FŠ̊0ï¸É÷̊"ª%̇¸̌Â™ô÷̊"ž"ªŸó"ÂýºÉW̊"Á¸%º÷̊"

や"るΑもゅよケヰミャや"りヱボャやャ"ョ"るャキゅよゎ"""ラΑゎルェセ"ラΑよ"
"+"*"ュヱャヱミ"ラヱルゅホ"""2

21
 

d

qqK
F ?"

ゎミャΙや"キキハれゅルヱケ"
e

q
N ?"

ケゅΑゎャや"りキセ"""
""t

q
I ?"

"キヰィャや"ベケプ""""""""""""""""""""""""""""""""""""""q

E
V ?"

ョャや"るΑもゅよケヰミャや"るョヱゅボ"
A

L
R

t
?"

"るΑもゅよケヰミャや"るョヱゅボョャや""""*"ュヱぺ"ラヱルゅホ"+"
I

V
R ?""

や"るョヱゅボョャや"るΑハヱルャ"""L

RA
?t"

"るΑもゅよケヰミャや"りケキボャや"RIP  2?!""""""""VIP  ?"""""

"るΑもゅよケヰミャや"るホゅヅャや""tRIE ·? 2"""""tIVE ·?"
"

"

ï0"FŠ̊0º÷̊"#ùâ"ö%Ð0º÷̊""Ã̊0º÷̊"ž"6̊"

"ヵコやヱゎャや"ケもやヱキ ゎャや"ケもやヱキ"ヶャやヱ "ョャや"ヮィヱ"るルケゅボ 

321 IIIIeq --?
! 321 IIII eq ???

! ヱ/""りキセゅΑゎャやヶヤミャや"ケ"""りケもやキャや"ヶプ 

321 VVVVeq ???! 321 VVVVeq --?
! ヲ/"キヰィャや""ケキタョヤャ"ヶヤミャや"

321

1111

RRRReq
--?

 321 RRRReq --? ン/""るもプゅミョャや"るョヱゅボョャや"るョΑホ 

"

"

"

"

"

"

"

"

"
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",̊"0"Ł¸-¸ºŸºÈ"ß™ŸW̊"
""

3/"や"キキケゎ"ゆゅシェ"りケキゅタャや"るョピルャ"コゎヰョャや"ケゎヱャや"ラョ"

o

n

n

o

T

L

n
f

V
f

n

L

T
V

2
* 

 *

2
*

*

?

?

?

?

"

"

4/""ケゅΑゎャや"りキセ"るャΙキよ"るΑもゅよケヰミャや"りケキボャや"ゆゅシェキヰィャや"ベケプヱ"""

VIP

t

VIt
P

t

Vq
P

t

E
P

?

?

?

?

*

*

*

*

"

"
"

5/""ゆゅシェよケヰミャや"るホゅヅャやゅ"も"コゅヰィ"ヶプ"るミヤヰゎショャや"るΑ"

 tIVE*

IVP*

PtE*

?
?
?

"

"

"

6/"""ゆゅシェヱルゅホ"ラ"ョャや"るホゅヅャや"るΑョヱぺ"るョヱゅボョ"ヶプ"るミヤヰゎシ"

 tRIE*

RIP*

PtE*

2

2

?

?

?

"

"

"


