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ࣥࣙࢩࢵࢭ $� ኪ✵ࡢ᫂ࡉࡿ�
01� � �ᐃ ࣥࣙࢩ࣮ࢹࣛࢢࡢኤ᪉ࡿࡼ640 ���

⏣�ᑠ㸦ᑠ �㸧࠙ ୍ᐑᕷ❧ྥᒣᑠᏛᰯࠚ�

02� � ୕㮚୰ኳᩥ㒊ࡢኪ✵ࡢ᫂ࡉࡿほ � ���
ᖖᯇ�ᰆ㤶ࠊᶫཱྀ�⣪⍛ࠊཎ⏣�㑈Ꮚ㸦୰ �㸧ࠊ⏣�Ꮚࠊ⚟ᔱ�⛸㸦୰ �㸧ࠊ≟㣫ࡳࡿࡃ�㸦୰ �㸧࠙ ୕㮚ᕷ❧➨୰Ꮫᰯ�ኳᩥ㒊ࠚ�

03� � ��ϯࡿㄪࢆࡉࡿ᫂ࡢ✵ኪࡢภ㤋࣭ࠖࡕࡲࡢࡾࡦࠕ
� � � � � � � ̿ภ㤋ࡢኪ✵ࡢ᫂ࠕࣉࢵ࣐ࡉࡿ᫂ࡋࡀࡉࠖࡶࡢࡉࡿ㸫� ���

㇂�ẚዉࠊ㛗ᒸ�┿ᕹ㸦㧗 �㸧ࠊᕤ⸨�┿⏕㸦㧗 �㸧ࠊᒸ⏣�⤖⾰ࠊᮾ�ᮥ⳹ࠊⰼ⏣�ឡᾏ㸦୰ �㸧ࠊᒸᮏ�⌔リࠊ㛗㇂ᕝ�ဏᏘ㸦୰ �㸧ࠊᕝཱྀ�⌔ᐇ㸦୰ �㸧�
࠙㑇ឡዪᏊ୰Ꮫᰯ࣭㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

04� � �ᙳ㡪ࡍࡰཬࡉࡿ᫂ࡢ✵ኪࡀࣝࢰ࢚ࣟ ࠥ᪂ᐟ༊࡛ࡢኪ✵ࡢ᫂ࡉࡿほ ࡽ᥈ࠥࡿ� ���
すᑿ�┿㍤㸦㧗 �㸧ࠊᘅᮌ�㣁ኴᮁࠊΎỈ�ᙯගࠊἲව�భὈྑࠊ⏣�ளᮁ㸦୰ �㸧ྂࠊ㈡�ᝆே㸦୰ �㸧࠙ ᾏᇛ୰Ꮫᰯ࣭㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

05� � ᜏ್ᫍᩘࡢࡁ▐ࡢኚືኳయࡢගᗘ ᐃ� ���
ຍ⸨�グࠊᕝ�♸ኴ㸦㧗 �㸧ࠊ᪥ྥ㔝�ሀᩯࠊᑿⰼ�ᣅᾏ㸦㧗 �㸧࠙ ᅧᏥ㝔Ꮵᰣᮌ㧗➼Ꮫᰯ�ኳᩥ㒊ࠚ�

06� � ᭶ࡢⰍࡢᛮ㆟� �ࠥࡢࡿ࠼ぢࡃࡱࡗ㯤Ⰽࡣኪࠊࡃࡱࡗⓑࡣ㛫ࡣⰍࡢ᭶ࠊࡐ࡞ࠥ ���
▼�ᙬ⨾㸦㧗 �㸧࠙ ⩌㤿┴❧๓ᶫዪᏊ㧗➼Ꮫᰯࠚ�

07P� ͆ගᐖ͇ࡢᙳ㡪ㄪᰝ� ̾ே㛫ࡢάືኪ✵ࡢ᫂̾ࡉࡿ� ���
ᰣ�ⰾᖺࠊ㊊❧�㸦㧗 �㸧ࠊ㔝୰�㍜ࠊ⏣ཱྀ�ಇဢࠊᓮ�ᆅ㸦㧗 �㸧࠙ ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

08P� �ㄪᰝࡉࡿ᫂ࡢ✵ኪࡢࡲࢇࡄ ���
㔠�Ἠࠊ▮㔝ࠊࡾࡲ࠸�బ⸨�ඃెࠊ◁㛗�భ㤶ࠊᏯ�ⰼ⳯Ꮚࠊ⚟⏣�᪩⣖Ꮚࠊ㧗⏿�ᐇ⣚ࠊᑠᯘ�⌮ࠊḈ�⨾⥴㸦㧗 �㸧�
࠙⩌㤿┴❧๓ᶫዪᏊ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

09P� ᒱ㜧ᕷࡢኪ✵ࡢ᫂ࡢࡉࡿほ � ���
Ἑᮧ�᪂ࠊ⳹�❹ᖹ㸦㧗 �㸧࠙ ᒱ㜧┴❧ᒱᒣ㧗➼Ꮫᰯ ୰�ᣅᚐ㸦୰⏣ࠊࠚ �㸧࠙ ᒱ㜧ᕷ❧㛗Ⰻ୰Ꮫᰯ ோ⛉�ṇᚨ㸦୰ࠊࠚ �㸧࠙ ᒱ㜧ᕷ❧୕㍯୰Ꮫᰯ �ࠊࠚ
㔝⃝�భኴ㸦୰ �㸧࠙ ᒱ㜧ᕷ❧⸛ᕝ୰Ꮫᰯࠚ�

10P� 㝈⏺㸟㸽㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ� ���
ඵᮡ�⨾ᬕࠊᮏ⏣�ⓒⰼ㸦㧗 �㸧ࠊᕝཱྀ�ྐᜨࠊᆏᮏ�┤ᶞࠊ␊ᒣ�㈗⣪Ꮚ㸦㧗 �㸧ఀࠊ⸨�㸦㧗 �㸧࠙ ᮾ⟃⣸Ꮫᅬ㧗➼Ꮫᰯ�⌮⛉㒊�ኪ✵ࡢ᫂ࠚ࣒࣮ࢳ✲◊ࡉࡿ�

�

�

ࣥࣙࢩࢵࢭ % �� ኴ㝧

11� � ኴ㝧ࡢ㧗ᗘ᪉ࡢᏘ⠇ࡿࡼኚ� ࠥᙳࢆࡓࡗほ ࠥ� ���
ᰠඖ�ᣅᐇࠊ➉⏣�ᬛ㸦୰ �㸧ࠊ➉ᮧ�ࠊΏᮧ�ဢ㸦୰ �㸧࠙ 㛗㔝┴ሷᑼᕷ❧ୣ୰Ꮫᰯࠚ�

12� � ನࡢࡕࡓᆒᕪ� ���
㧗⏣�ㄹ㤿ྜྷࠊᕝ�⁞ஓࠊᑠ㔝ᑎ�┿ᐇࠊ㜰ᮏ�ⴥ⏕㔛ࠊᏳ�ᾏ㸦㧗 �㸧ࠊ�
᪥᪉�ࠊ᰿ᓊ�ᑘኴࠊ⸨Ọ�ᘻࠊḈ⏣�ࠊ༑ᔒ�⪽ேࠊዟᕝ�㈗ஓࠊ℩ᡞ�୍ᚿࠊ┿ቨ�ᕦࠊ┠㯮�๛㸦㧗 �㸧࠙ ᅧᏥ㝔Ꮵஂᡃᒣ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

13� � �*+]ᖏኴ㝧㟁Ἴほ ⏝㟁Ἴᮃ㐲㙾ࡢ〇స I� ���
ṇᮌ�Ṋࠊᯈ�㎋▮ࠊཎ�㍤୍ࠊ㤿ሙ�㞝ஓࠊᑠ⃝�ᣅஓࠊᯇᓮ�⿱ᕼ㸦㧗༞㸧ࠊⰱ㒊�ክࠊᯘ�ᆅࠊすᕝ�ᶞࠊಖᡞሯ�ᣅஓ㸦㧗 �㸧ࠊ�
㟷ᮌ�㐩ஓࠊᾆ㔝�⛸ஓࠊ⸝�㐩ஓࠊ⃝�ࠊᑠᯇ�㉰ኈࠊ⏣୰�⿱ᶞࠊ୰ᮧ�ಇ㈗㸦㧗 �㸧࠙ 㛗㔝┴㥖ࣨ᰿ᕤᴗ㧗➼Ꮫᰯ�㟁Ἴᮃ㐲㙾ࠚ࣒࣮ࢳࢺࢡ࢙ࢪࣟࣉ�

14� � � ኴ㝧㟁Ἴほࡿࡼࢼࢸࣥ⏝%6 ���
ᕝཎ�ᙬᜨ㸦㧗 �㸧࠙ ⇃ᮏ┴❧ࠎ㯨㧗➼Ꮫᰯ ᯇᮏ�ዉ⣪㸦㧗ࠊࠚ �㸧࠙ ⇃ᮏ┴❧⇃ᮏ㧗➼Ꮫᰯ ᒸ�༓⪷㸦㧗∦ࠊࠚ �㸧࠙ ᑦ⤍㧗➼Ꮫᰯࠚ�



15� � � ほࡢࣞࣇኴ㝧ࡿࡼࢼࢸࣥ%6 ���
㯮ᐑ�┤ኸࠊ▼ᕝ�᜶⩏ࠊຍⱱ�ᗈࠊ㯮㡲�⿱┿ࠊᒣୗ�ᬛ㍤ࠊᶓᒣ�㞝ᇶ㸦㧗 �㸧ࠊ�
▼ᕝ�㑳ࠊᕝᮧ�♸ஓࠊ⇃ᡞ�❶⿱ࠊ㰺⸨�ຬኴࠊ᪂⸨�ྖࠊ➉୰�Ꮥ㸦㧗 �㸧࠙ ᇸ⋢┴❧ⷘ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

16� � ኴ㝧ࡢ �ศື᳨ฟࡢヨࡳ� ���
᪩ᕝ�Ꮥᚨࠊᐑᓮ�⣧୍ࠊ୰㔝�㐩㈗ࠊᯈ㇂�⏤⳯㸦㧗 �㸧ࠊᑠᯘ�ுࠊ⎼Ꮚ�ᐇ⣪ኸົྛࠊ�ṇᾈ㸦㧗 �㸧ୖࠊ⡲�ಇ㍤㸦㧗 �㸧�
࠙ி㒔ᗓ❧ᮾ㧗➼Ꮫᰯ�ኴ㝧ほ ࠚ࣒࣮ࢳ�

17P� 60$57⏬ീࡿࡼኴ㝧ࡢᕪືᅇ㌿᳨ࡢฟ� ���
ᯈ㇂�⏤⳯ࠊ㬼㣫�▱ࠊ⧊⏣�ⱸ㔛ࠊட⏣�♸ᕼࠊຍⱱ�ᕼࠊἙෆ�㱟㍤ࠊᮌᡞ�ኴ㑻ࠊబ㔝�▖ࠊᰘᓮ�Ὀᩯࠊ�
ΎỈ�㜿⌮Ἃࠊ㕥ᮌ�㐶ࠊ୰㔝�㐩㈗ࠊᶫᮏࠊࢼ࢚ࣞ�᪩ᕝ�Ꮥᚨࠊ⚟ᔱ�ᖾ୍㑻ࠊᐑᓮ�⣧୍㸦㧗 �㸧�
࠙ி㒔ᗓ❧ᮾ㧗➼Ꮫᰯ�➨Ꮫᖺ�⥲ྜ㑅ᢥไ�Ᏹᐂࡢ↛⮬⛉Ꮫࠕࢫ࣮ࢥᏱᐂᆅ⌫ࡢ⛉Ꮫࠖཷㅮ⪅୍ྠࠚ�

18P� ṇ☜࡛ࠊ᪥ᖖ⏕ά࡛ࡶά⏝࡛ࡿࡁ᪥ィࡢタィ� ���
ྡྲྀ�ⱆ⾰ࠊ୰ᒣ�ྐ⧊㸦୰ �㸧࠙ 㛗㔝┴ሷᑼᕷ❧ୣ୰Ꮫᰯࠚ�

�

�

ࣥࣙࢩࢵࢭ & �� ᝨᫍ

19� � 㔠࣮ᫍࢱ࣮ࣞࣗࢩࡢຠᯝࡢ◊✲� ���
⏣ཎ�᪩ኸⳀࠊỌぢ�Ⳁዉࠊ⏣୰�బ▱ࠊᒣ᰿�ඃ㤶㸦㧗ᑓ �㸧ࠊỌ�ಇ୍ࠊᇼỤ�Ὧࠊᑿୖ�ࠊ㒊�᱈Ꮚ㸦㧗ᑓ �㸧࠙ ᅜ❧⡿Ꮚᕤᴗ㧗➼ᑓ㛛Ꮫᰯ�⛉Ꮫ㒊ࠚ�

20� � ⣸እ⥺ࡿࡼ㔠ᫍࡢほ 㔠ᫍẼࡢ㐠ືゎᯒࡢࡑ� �� ���
ὸᒸ�ḟࠊὸ㔝�㈗ோࠊ㕥ᮌ�ᣅ㤿ࠊ୰ᮧ�୍㈗㸦㧗 �㸧ࠊ㈅℩�⏠㸦㧗 �㸧ࠊᑎ�㞙▮ࠊ㕥ᮌ�ඖ႐㸦㧗 �㸧࠙ 㟼ᒸ┴❧☬⏣༡㧗➼Ꮫᰯࠚ�

21� � ᮌᫍࡢ⾨ᫍ࢜ග㏿ᗘ� �ࠥࡓࡋㄆ☜ࢆබ㌿࿘ᮇኚືࡢ࢜ࠥ ���
ⴗ㇂�᪼ᖹࠊ⇃�⏤㈗Ꮚ㸦㧗 �㸧ࠊ୰ཎ�ᚭஓ㸦㧗 �㸧࠙ 㔠ගᏛᅬ㧗➼Ꮫᰯࠚ�

22� � �࿘ᮇ ᐃࡢᫍ⾨࢜ࣞࣜ࢞㸹࣮࣐࣮ࣞࡽ࢜ࣞࣜ࢞ ���
➉ෆ�⚽ᖾࠊ⏣ᮧ�ᬸࠊ㓇�┤ဢࠊ⏣୰�ဢኴ㸦㧗ᑓ �㸧ࠊᮧᯇ�┤ဢ㸦㧗ᑓ �㸧ࠊ⃝�㥴ኴࠊฟ�⁞ࠊ㟷ᔱ�ᝅ㸦㧗ᑓ �㸧࠙ 㛗㔝ᕤᴗ㧗➼ᑓ㛛Ꮫᰯ�ኳᩥ㒊ࠚ�

23� � ᮌᫍࡢ⾨ᫍࡢ᥈ᰝ� ���
㖟ἙᏛᰯ �����$⌜㸸ዟᮧࢀࡳࡍ�㸦㧗 �㸧࠙ ᳥ᒣዪᏛᅬ㧗➼Ꮫᰯ ᰩᮌ�Ꮥ㍜㸦㧗ࠊࠚ �㸧࠙ ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ ᆏ�⿱㤶㸦㧗ࠊࠚ �㸧࠙ ᮾி㒔❧᪥ẚ㇂㧗➼Ꮫᰯ �ࠊࠚ
❧⃝�ఞዉᏊ㸦㧗 �㸧࠙ 㛗㔝┴ᯇᮏ┴ࣨୣ㧗➼Ꮫᰯ �㍜㸦㧗ཱྀ㇂ࠊࠚ �㸧࠙ ᰤගᏛᅬ㧗➼Ꮫᰯ Ᏺᒇ�㸦㧗ࠊࠚ �㸧࠙ ᒸᒣ┴❧ᩜ༡㧗➼Ꮫᰯࠚ�

�

�

ࣥࣙࢩࢵࢭ '� ὶ࣭ᫍᙟᫍ ��
24� � �どほ ሗ࿌║ࡢ⩌ᗙὶᫍࢫ࢘ࢭࣝ࣌ ���

ಙኴ�୍㑣ࠊᒾ⏣�ᙬⰼ㸦୰➼ �㸧ࠊᓥ�ࠊ▼�ዌேࠊ㜿㒊�ᾏ⯚ࠊከ⏣�⳯ࠎᏊ㸦୰➼ �㸧࠙ ᮾிᏛᩍ⫱Ꮫ㒊㝃ᒓ୰➼ᩍ⫱Ꮫᰯ�ኳᩥ㒊ࠚ�

25� � ����ᖺࡈࡓࡩࡢᗙὶᫍ⩌࡚࠸ࡘ� ���
୕▮�㤶᛭ࠊゅ�㯞⾰Ꮚࠊ㔝�ளඃ㸦㧗 �㸧ࠊ⏣௦�ឡᐇࠊỤཱྀ�ዌࠊ୰㐨�ᮍⴌࠊṊ⸨�㟼ెࠊᒣᓮ�ᙬ㡢ࠊᰘ⏣�ᐇᑑ⣖ࠊ⚟ᮏ�Ύࠊᱵ⃝�✑㸦㧗 �㸧�
࠙ᫍ㔝㧗➼Ꮫᰯ�ኳᩥ㒊ࠚ�

26� � ὶᫍࡣࣝࢺࢡ࣌ࢫᑐᆅ㏿ᗘཬࡧ㧗ᗘ࠺ࡼࡢ㛵ಀࡢࡿ࠸࡚ࡋ� ���
ᯇᑿ�┤ᣅࠊᮡᮏ�ᝆኴ㑻ࠊ㕥ᮌ�⯗㸦㧗 �㸧ࠊᚎ�㍜㈼㸦㧗 �㸧࠙ ᇸ⋢┴❧ᾆ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

27� � 3$167$556ᙟᫍࡢほ � ࠥ⏬ീฎ⌮ ගࠥ� ���
㟷ᮌ�ዌኴఀࠊ⸨�ከὠ⏕ࠊΎỈ�Ⰻᗈࠊㄝ⏣�ᩗࠊ㇏⏣�᭷㔛ࠊ⳻⏣�┿⏤㸦㧗 �㸧�
࠙ᒱ㜧┴❧ᇉᮾ㧗➼Ꮫᰯ�ኳᩥ◊✲ྠዲ㸦ࣆࢺ࣮ࣁᏳඵ㧗ᰯ⏕ほ ࠚ࣒࣮ࢳ㸧 �

28P� � ほࡢᙟᫍࡓ࠸⏝ࢆᮃ㐲㙾ࢺࢵࢿ࣮ࢱࣥ ���
ᰠᓮ�ඃஓࠊᮌᮧ�ඃୖ᭱ࠊ�㸦㧗 �㸧࠙ ⛅⏣┴❧ᶓᡭΎ㝠Ꮫ㝔㧗➼Ꮫᰯࠚ�

� �



ࣥࣙࢩࢵࢭ ( �� ᑠᝨᫍ

29� � ᑠᝨᫍࡢ ගほ 㸦ࡢࡑ �㸧� ïࡢ࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹ≉ᛶࢆ᥈ࡿ� ï� ���
ᗉᓮ�ᘯᇶࠊ୰ᕝ�ㄹேࠊ┿ቨ�⪷▮㸦㧗 �㸧࠙ 㑣㡲㧗ཎᾏᇛ㧗➼Ꮫᰯࠚ�

30� � � ගほ ࡢᑠᝨᫍ㸦����㸧&HEULRQHV⩌ࣖࣟࢺ ���
⏣୰�ᩔࠊ୰ᕝ�ඞ㝯ࠊሐ�ගࠊⓑ⃝�⏤⣖㸦㧗 �㸧ࠊ㇂Ἑ�᳜ࠊᮌ�Ⰻከࠊᆏᮏ�ᚊࠊᯇᓥ�ᬛ㸦㧗 �㸧࠙ රᗜ┴❧୕⏣⚈㞼㤋㧗➼Ꮫᰯ�ኳᩥ㒊ࠚ�

31� � ᑠᝨᫍ⾲ᒙࡢⰍࡽぢࡓᑠᝨᫍࡢ༊ศ� ���
┾㘠�ᬛྐࠊす⏣�ౡຍࠊ᳃⏣�ᓫྐ㸦㧗 �㸧࠙ රᗜ┴❧⯙Ꮚ㧗➼Ꮫᰯࠚ�

32P� ᑠᝨᫍ 7DNXPL� ���
ᫍࡢᏛᰯ� ����㸸ᓥ�㸦୰➼ �㸧࠙ ᮾிᏛᩍ⫱Ꮫ㒊㝃ᒓ୰➼ᩍ⫱Ꮫᰯ Ṋ୰�㔛✠㸦㧗ࠊࠚ �㸧࠙ 㤶ᕝ┴❧㧗ᯇ㧗➼Ꮫᰯࠚ�

33P� ᑠᝨᫍࡢ⮬㌿㍈ᑠᝨᫍࡢᙧ≧ࢆ⌧ࡿࡍᡭἲࡢ◊✲� ���
ᚋ⸨�⌮ဏᏊࠊᒸᮧ�㯞⨾㸦㧗 �㸧ࠊ㑣㡲�㝧ᙪ㸦㧗 �㸧࠙ ⚟ᒸ┴❧ᑠ㧗➼Ꮫᰯ�⛉Ꮫ㒊 66ኳᩥ◊✲ࠚ�

�

�

ࣥࣙࢩࢵࢭ ) �� 㖟Ἑ࣭㖟Ἑ⣔

34� � 㖟Ἑ⣔ࡢጼࢆ᥈ࢀ㸟� ࠥᴃᆺ RU ᕳᆺࠥ� ���
㖟ἙᏛᰯ ����㹁⌜㸸ᆏ�㐶㤶㸦㧗 �㸧࠙ ᪥ᮏᨺ㏦༠Ꮫᅬ㧗➼Ꮫᰯ �ࠊࠚ
ᆏᮏ�⿱㸦㧗 �㸧࠙ ᇸ⋢┴❧⇃㇂㧗➼Ꮫᰯ 㛗℩�⨾Ἃ㸦㧗ࠊࠚ �㸧࠙ ᒱ㜧┴❧ᒱ㜧㧗➼Ꮫᰯ �ࠊࠚ
ᡂ⏣�㐨Ꮚ㸦㧗 �㸧࠙ ඵᡞᕤᴗᏛ➨㧗➼Ꮫᰯ ᮧ�㤶㸦㧗ࠊࠚ �㸧࠙ 㛗ᓮ┴❧㛗ᓮす㧗➼Ꮫᰯ ୰㔝�ᩯ㸦㧗ࠊࠚ �㸧࠙ 㧗➼Ꮫᰯ �ࠊࠚ
ᯇᮏ�ᙬⰼ㸦㧗 �㸧࠙ 㛗㔝┴ᒇ௦㧗➼Ꮫᰯ ᒣ�ⰼ㸦㧗ࠊࠚ �㸧࠙ 㛗㔝┴ᯇᮏ῝ᚿ㧗➼Ꮫᰯ ᳃ᕝ�⥤ዉ㸦㧗ࠊࠚ �㸧࠙ ᒱ㜧┴❧ᜨ㑣㧗➼Ꮫᰯ �ࠊࠚ
ᒣ㷂�᐀୍㑻㸦㧗 �㸧࠙ ᶓᕷ❧ᡞሯ㧗➼Ꮫᰯ ᕝ�㑣㸦᪂㧗⾰ࠊࠚ �㸧࠙ ྡྂᒇᏛᩍ⫱Ꮫ㒊㝃ᒓ୰Ꮫᰯ �㸧ࡢࡶࡢ㛤ጞ✲◊ࡣᡤᒓࡋࡔࡓ㸦ࠚ

35� �  ᕳࡽࡁᴃ� ࠥ㖟Ἑ㐍ࡢㅦ㏕ࠥ��ࡿ� ���
ኳࡋࡶ �ࡎ࣮ࡋࡃࡽࡷࡂ�࣒࣮ࢳ����� 㸸୕�ౡᖹ㸦㧗࣑ۼ �㸧࠙ ᐑᇛ┴ྎ➨୍㧗➼Ꮫᰯ 㸦㧗ࡳࡦ�ᮧ㇂ࠊࠚ �㸧࠙ ᐑᇛ┴ྎ⳹㧗➼Ꮫᰯ �ࠊࠚ
㕥ᮌ�᛭㸦㧗 �㸧࠙ ᐑᇛ┴ከ㈡ᇛ㧗➼Ꮫᰯ �⨾㔛㸦㧗ࠊࠚ �㸧࠙ ᐑᇛ┴ྎ➨୕㧗➼Ꮫᰯࠚ�

36� � Ᏹᐂ⭾ᙇ㉥᪉೫⛣� ���
ኳࡋࡶ �࣒࣮ࢳ����� 5HGVKLIW㸸▼�⳯㸦㧗 �㸧࠙ ᶓᕷ❧ᶓࢸࣥࣟࣇࢫ࢚ࣥࢧ㧗➼Ꮫᰯ ᑠ�ᾴኴ㒄㸦㧗ࠊࠚ �㸧࠙ ⩌㤿┴❧㧗ᓮ㧗➼Ꮫᰯ �ࠊࠚ
బ⸨�ง㸦㧗 �㸧࠙ ᐑᇛ┴ᐑᇛ➨୍㧗➼Ꮫᰯ �ࠚᒣᕝ�☐࠙ྡྂᒇᕷ❧୰ኸ㧗➼Ꮫᰯࠊࠚ

37� � Ᏹᐂࡽࢀࡇࡢ� ���
ኳࡋࡶ ࡢ๓࠾�ನ࣒࣮ࢳ����� *,1*$ᅋ㸸㧗ᶫ�┤அ㸦㧗 �㸧࠙ ᐑᇛ┴ྎ➨୍㧗➼Ꮫᰯ ᐩ㷂�ᕹⰼ㸦㧗ࠊࠚ �㸧࠙ ⇃ᮏ┴❧ඵ௦㧗➼Ꮫᰯ �ࠊࠚ
୰ᓥ�ྍ⬟㸦㧗 �㸧࠙ ᪂₲ΎᚰዪᏊ㧗➼Ꮫᰯ ᶓᒣ�ᙬᕼ㸦㧗ࠊࠚ �㸧࠙ ᮾி㒔❧ᅜ㝿㧗➼Ꮫᰯࠚ�

38P� 㖟Ἑ⣔ࡽࡕࡣᅇࡾ� ࠥ୰ᛶỈ⣲ ��㹡㹫ࡢほ ࠥ� ���
᪩ᕝ�ᚿࠊ㜿㒊�㞝୍ࠊຍᒣ�᪂ࠊす⏣�Ⰻ㍜ࠊ㔠⥘�ᏹᶞࠊ⳥ụ�㥴ኴ㸦㧗 �㸧࠙ ᇸ⋢┴❧ᕝ㉺㧗➼Ꮫᰯࠚ�

39P� Ᏹᐂࡢ⭾ᙇ㏿ᗘࡢ ᐃ� ���
ᒸᮏ�ឡຍࠊ➉⏣�▱㤶㸦㧗 �㸧࠙ ዉⰋ┴❧㟷⩧㧗➼Ꮫᰯࠚ�

40P� �Ᏹᐂᖺ㱋Ỵᐃࡢᐃᩘࣝࣈࢵࣁ ���
▼�⳯㸦㧗 �㸧࠙ ᶓᕷ❧ᶓࢸࣥࣟࣇࢫ࢚ࣥࢧ㧗➼Ꮫᰯࠚ�

41P� ㉸᪂ᫍ᥈⣴ࢺࢡ࢙ࢪࣟࣉ �࡚ࡋཧຍ66,. ���
ᯇ�㸦㧗 �㸧ࠊ㰻⸨�ඃዉࠊ㔝୰�㍜㸦㧗 �㸧࠙ ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

�

�

� �

㖟Ἑࡓࡁ࡛࡚ࡗࡸ࠺ࡣࢳࢱ࢝ࡢ㸽

ᑠᝨᫍ⾲ᒙࡢⰍࡓࡳࡽᑠᝨᫍࡢ༊ศ



ࣥࣙࢩࢵࢭࢱ�

42� � 'LVWDQFH�0HDVXUHPHQW�RI�*OREXODU�&OXVWHUV��8VLQJ�&HSKHLG�9DULDEOH�6WDU� ���
%RRWVDUDNDP�1DP\XGD�࠙+RNVLESDQVDZLWWD\DNRP�8ERQUDWFKDWKDQL�6FKRROࠚ�

43� � 2UELWDO�3HULRG�RI�WKH�(FOLSVLQJ�%LQDU\�6WDU�9����3HJ� ���
0RXNWKLGD�.KDPPHH�࠙+RNVLESDQVDZLWWD\DNRP�8ERQUDWFKDWKDQL�6FKRROࠚ�

44� � 7KH�URWDWLRQDO�SHULRG�RI�DVWHURLG������+R\OH� ���
7HHPDSRUQ�%XWVDERQJ�࠙%HQFKDPDUDWFKDUDQJVDULW�&KDFKRHQJVDR�6FKRROࠚ�

45� � 7KH�HYDOXDWLRQ�,QWHUVWHOODU�([WLQFWLRQ�LQ�WKH�0LON\�:D\�*DOD[\� ���
6XSLFKD\D�3DGMDURHQ�࠙%HQFKDPDUDWFKDUDQJVDULW�&KDFKRHQJVDR�6FKRROࠚ�

46� � 7KH�FODVVLILFDWLRQ�RI�JDOD[LHV�LQ�+HUFXOHV�*DOD[\�&OXVWHU�DQG�$EHOO����� ����
:RUUDSRQ�3DQSDQJ�࠙3XD�VFKRROࠚ�

47� � (VWLPDWLQJ�WKH�DJH�RI�RSHQ�FOXVWHU�0���XVLQJ�+�5�'LDJUDP� ����
1XQWKDSRQJ�1XQWKDVLQ�࠙3XD�VFKRROࠚ�

48� � $�6WXG\�RI�*DOD[\�'LVWDQFH�DQG�8QLYHUVH�([SDQVLRQ�ZLWK�6XSHUQRYD�7\SH�,D� ����
3RQODZDW�<RLIRL�࠙&KLDQJNKDP�:LWWD\DNKRP�6FKRROࠚ�

�

�

ࣥࣙࢩࢵࢭ * �� Ᏹᐂ㛤Ⓨ

49� � ┠ᣦࡏ㸟㸟୕ࢶᫍ㹑㹎㸿㹁㹃ࢇࡣࡈ㸟� ����
➨ ��ᅇ�ྩࡀసࡿᏱᐂࣥࣙࢩࢵ࣑� $6752⌜㸸ᕝཎ�ὒ㸦㧗 �㸧࠙ ᶓၟ⛉Ꮫ㧗➼Ꮫᰯ Ṋ⏣�ᓸ㸦㧗ࠊࠚ �㸧࠙ ᖖ⩧ၨගᏛᅬ㧗➼Ꮫᰯ �ࠊࠚ
ᮧ⏣�ዉ㔛⣪㸦㧗 �㸧࠙ ୕㔜┴㧗⏣㧗➼Ꮫᰯ ᒣཱྀ�┿ኸ㸦㧗ࠊࠚ �㸧࠙ Ύᚰ㧗➼Ꮫᰯ࣒ࢲࣝࢺ࣮ࣀ ಥᕝ�ᬛྐ㸦㧗ࠊࠚ �㸧࠙ ᑓಟᏛᯇᡞ㧗➼Ꮫᰯ �ࠊࠚ
ኳᓮ�㈼⮳㸦㧗 �㸧࠙ ༓ⴥ┴ᕷᕝ㧗➼Ꮫᰯࠚ�

50� � ேᕤ⾨ᫍࡿࡼప㌶㐨ᑠᆺࣜࣈࢹᅇ࣒ࢸࢫࢩ� ����
➨ ��ᅇ�ྩࡀసࡿᏱᐂࣥࣙࢩࢵ࣑� 6(/(1(⌜㸸ᱵ㇂�ᫍ⳯㸦㧗 �㸧࠙ 㜰᱒ⶱ㧗➼Ꮫᰯ �ె⳯Ꮚ㸦㧗⏫ࠊࠚ �㸧࠙ ᶓ㞬ⴥ㧗➼Ꮫᰯ �ࠊࠚ
ᮃ᭶�㐩ே㸦㧗 �㸧࠙ ᮾᾏ㧗➼Ꮫᰯ ᒣୗ�ᬕᕫ㸦㧗ࠊࠚ �㸧࠙ ྡྂᒇᏛᩍ⫱Ꮫ㒊㝃ᒓ㧗➼Ꮫᰯ ᒣ⏣�㯌㸦㧗ࠊࠚ �㸧࠙ ⩌㤿┴❧⏣㧗➼Ꮫᰯ �ࠊࠚ
ᶓ⏣�┤㸦㧗 �㸧࠙ Ύ㢼㧗➼Ꮫᰯࠚ�

51� � ῝Ᏹᐂ᥈ᰝᶵࡢ㏻ಙࡧࡼ࠾ほ ⏝㌶㐨ୖᕧࡢࢼࢸࣥ〇㐀᪉ἲࡢᥦ� ����
➨ ��ᅇྩࡀసࡿᏱᐂࣥࣙࢩࢵ࣑� 086(6⌜㸸⏣➃�ಙဢ㸦㧗ᑓ �㸧࠙ ᅜ❧ዉⰋᕤᴗ㧗➼ᑓ㛛Ꮫᰯ ᑠ⏣�㖟Ἑ㸦㧗ࠊࠚ �㸧࠙ ᪩✄⏣㧗➼Ꮫᰯ �ࠊࠚ
ⓑ�ᝆኴ㸦㧗 �㸧࠙ ᯇᏛⱁ㧗➼Ꮫᰯ ୰�ຬ㍤㸦㧗⏣ࠊࠚ �㸧࠙ ㇂ᩍ⫱Ꮫᅬᖥᙇ㧗➼Ꮫᰯ 㐲⸨�ඃ⨾㸦㧗ࠊࠚ �㸧࠙ ⚄ዉᕝ┴❧┦ᶍཎ㟷㝠㧗➼Ꮫᰯ �ࠊࠚ
ᑠ�ᘪᯞ㸦㧗 �㸧࠙ すᐑᕷ❧すᐑ㧗➼Ꮫᰯࠚ�

52� � 35DQHW�(6� a」ᩘ࣮࣮ࣟࣥࢱࣜࣝࣉࣥࢧࡿࡼࣂa� ����
➨ ��ᅇྩࡀసࡿᏱᐂࣥࣙࢩࢵ࣑� 3/$1(7⌜㸸▮ᓥ�㣁㸦୰➼ �㸧࠙ ⩌㤿┴❧୰ኸ୰➼ᩍ⫱Ꮫᰯ 㔝⏣�ᾴ㸦㧗ࠊࠚ �㸧࠙ すᏛᅬ㧗➼Ꮫᰯ �ࠊࠚ
㐲⸨�ᑗ㒔㸦㧗 �㸧࠙ ᐑᇛ┴Ẽ㧗➼Ꮫᰯ బ⸨�ဴ㸦㧗ࠊࠚ �㸧࠙ 㛤ᡂ㧗➼Ꮫᰯ 㔝�❳ㄔ㸦㧗຺ࠊࠚ �㸧࠙ Ύ㢼㧗➼Ꮫᰯ �ࠊࠚ
ᱵཎ�⍆⨾㸦㧗 �㸧࠙ Ύ┿Ꮫᅬ㧗➼Ꮫᰯࠚ�

53P� Ꮚᅬ⏥ࢺࢵࢧ⨁ ����� �ᶍᨃேᕤ⾨ᫍࡿࡼࢧࣥࢭࡢࠖࢺࢵࢧ⨁ࠕ⮬ᚊุ᩿㣕⾜ไᚚ�� ����
ᒣᆅ�⌶㸦㧗 �㸧࠙ ᮾிᕤᴗᏛ㝃ᒓ⛉Ꮫᢏ⾡㧗➼Ꮫᰯࠚ�

54P� ᡭసࡢ࣒࣮ࢻ࢚࣒࢘ࣜࢱࢿࣛࣉࡾసᡂ� ����
ᯇ⏣�㈼ுࠊோ⏣�ㄭ㸦㧗 �㸧ࠊᐑᮏ�ె㛛㸦㧗 �㸧࠙ ಟ㐨㧗➼Ꮫᰯࠚ�

55P� �సᡂࡢ࣒࣮ࢻ⏝ᢞᙳ࣒࢘ࣜࢱࢿࣛࣉ ����
ᰘ⏣�ඃࠊ୰ᮧ�ோ⨾ࠊᒣᾆ�Ἃᙬྜྷࠊ㔝�ᮒ⨾㸦㧗 �㸧ࠊ▼ᕝ�⥮ె㔛ࠊᯈᶫ�ᮥᯝࠊ✄⏣�⣸ⱌࠊᵳ�┿Ꮚࠊᮡ㔝�ᮍౡࠊ㕥ᮌ�ඃ⾰ࠊ㫽ሯ�⍆⣧㸦㧗 �㸧�
࠙ᫍ㔝㧗➼Ꮫᰯ�ኳᩥ㒊ࠚ�

� �



ࣥࣙࢩࢵࢭ +� ᭶࣭ᙟᫍ ��
56� � 0RRQ.$0ࡓ࠸⏝ࢆ᭶ࡢ◊✲ �࠸㐪ࡢ⾲ࡢ᭶ࡓぢࡽ㛵ಀࡢᚄ┤≦ᙧࡢ࣮ࢱ࣮ࣞࢡ�� ����

㛵す౯Ꮫᅬ� 0RRQ.$0�3URMHFW�7HDP㸸ᑎᡞ�⪷⳯㸦㧗 �㸧ࠊᯇᮏ�ㄹ㸦㧗 �㸧࠙ 㛵す౯㧗➼Ꮫᰯ Ọ⏣�ᗈᖹ㸦୰ࠊࠚ �㸧࠙ 㛵す౯୰Ꮫᰯࠚ�

57� � ᭶㠃ࡿࡼ▼ࣥࣛࣥ࢝ࡿࡅ࠾ኴ㝧ගࡢ྾᳨ࢆฟࡿࡍヨࡳ� ����
⚄ᑿ�ᮒ㡢ࠊᒸᓮ�ᶞ㸦㧗 �㸧ࠊ㝵ᇽ�㣁ᰭࠊ㘊�ᣅᐇࠊᜠ⏣�ᜤ㍜ࠊᒣཱྀ�ஂᐇࠊ༓⏣�┤ே㸦㧗 �㸧࠙ ᇸ⋢┴❧ᾆす㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

58� � ᭶⾲㠃ࡢ೫ගほ � ����
㝮ⶶࠊࡳࡺ࠶�ᰗ⏣�ᾴἨྜྷࠊ⏣�Ύ⨾㸦㧗 �㸧࠙ ᇸ⋢┴❧᪥㒊ዪᏊ㧗➼Ꮫᰯࠚ�

59� � ᭶ࡢ┿ࡀゎࡁ᫂ࡍබ㌿ࡢㅦ� ����
ኳᩥᴦ㒊㸸ᚋ⸨�㍤㸦୰ࢽࣗࢪᏳඵࣆࢺ࣮ࣁ �㸧࠙ ⩚ᓥᕷ❧⩚ᓥ୰Ꮫᰯ ᓥ�᛭୍㑻㸦ᑠ⏣ࠊࠚ �㸧࠙ ᒱ㜧ᕷ❧ᒱ㜧ᑠᏛᰯ �ࠊࠚ
ᶫཱྀ�ኴ㸦ᑠ �㸧࠙ ᒣ┴ᕷ❧ఀ⮬Ⰻ༡ᑠᏛᰯ 㡢㸦ᑠࠎᯘ�ⴌࠊࠚ �㸧࠙ ᇉᕷ❧ᮾᑠᏛᰯ ᚿᮧ�ಖె㸦ᑠࠊࠚ �㸧࠙ ୍ᐑᕷ❧ᮎᗈᑠᏛᰯ �ࠊࠚ
⏣�ᑠ㸦ᑠ �㸧࠙ ୍ᐑᕷ❧ྥᒣᑠᏛᰯ ᒣ⏣�♸᭶㸦ᑠࠊࠚ �㸧࠙ ⩚ᓥᕷ❧➉㰯ᑠᏛᰯࠚ�

60� � ᙟᫍࡢⰍࡢㅦ㏕ࡿ� ����
ኳࡋࡶ �ᙟᫍ�FRP㸸Ụ่�㡢㸦㧗࣒࣮ࢳ����� �㸧࠙ ྎⓑⓒྜᏛᅬ㧗➼Ꮫᰯ ᮏ㛫�⏤Ⳁ㸦㧗ࠊࠚ �㸧࠙ ᒾᡭ┴❧ஂឿᮾ㧗➼Ꮫᰯࠚ�

61� � �ࡢࡓࡗࡇ㉳ࡀఱᙟᫍࣥࢯ ����
๓⏣�Ⓩࠊ㢗Ᏻ�ᑑᶞ㸦㧗 �㸧ࠊ๓⏣�ᾴử㸦㧗 �㸧࠙ රᗜ┴❧Ꮫ㝃ᒓ㧗➼Ꮫᰯ�⮬↛⛉Ꮫ㒊ኳᩥ⌜ࠚ�

62P� ࡢ㐩⚾ᙟᫍࣥࢯ ��᪥㛫� ����
⚟ᓥ�ⓒྜᏊ⃝ࠊ⏣�ᙬᯝ㸦㧗 �㸧࠙ ⩌㤿┴❧๓ᶫዪᏊ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

63P� �ウ᳨ࡢṧᏑ᰾ࡢᙟᫍ㸦&������6�㸧ࣥࢯ ����
ື�ెᶞࠊᕝᮧ�᫂⏕ࠊኈ㔝�ேࠊụ⏣�ᝆᐇⰼఀࠊᮾ�㈼భࠊ㛗㇂ᕝ�♸┿ྜྷࠊ⏣�⨾ᶞᏊࠊ⚟ᮏ�Ⳁኟ㸦㧗 �㸧࠙ ᡂ㋣㧗➼Ꮫᰯ�ኳᩥẼ㇟㒊ࠚ�

64P� �ᙟᫍࡢほ  ග� ����
ኳ㔝�⩫㸦㧗 �㸧ࠊᚨ㔜�⨾๎ࠊṊ�᱈Ꮚ㸦㧗 �㸧࠙ ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

�

�

ࣥࣙࢩࢵࢭ , �� 㣗㐃ᫍ

65� � 㣗ኚගᫍ9ࠕ:�&HSࠖࣈ࣮࢝ࢺࣛࡢ㛵ࡿࡍ◊✲� ����
ᆏ⏣�❳ኴᮁ㸦㧗 �㸧ࠊ▮ᓥ�⩧ኴࠊᅬ�ဏዉ㸦㧗 �㸧࠙ ⚟ᒸ┴❧ᑠ㧗➼Ꮫᰯ�⛉Ꮫ㒊㹑㹑ኳᩥ◊✲ࠚ�

66� � ▷࿘ᮇ㣗㐃ᫍࡢ ගほ ගᗘ᭤⥺ࡢసᡂ� ����
ᓊ㒊�ோ⨾㸦㧗ᑓ �㸧࠙ ὠᒣᕤᴗ㧗➼ᑓ㛛Ꮫᰯࠚ�

67� � ▷࿘ᮇ㣗㐃ᫍࡢศගほ � ����
㔠㇂�ඃ㍤㸦㧗 �㸧ࠊ᯽㔝�⋹⍅㸦㧗 �㸧࠙ ᒸᒣၟ⛉Ꮫ㝃ᒓ㧗➼Ꮫᰯ�⮬↛⛉Ꮫ㒊ࠚ�

68� � 㣗ࢆ㉳ࡍࡇ㏆᥋㐃ᫍࡢㅦ㏕ࡿ�� � ����
㖟ἙᏛᰯ ����㹀⌜㸸ኳ㔝�㤶⳯㸦㧗 �㸧࠙ ឡ▱┴❧ᒸᓮ㧗➼Ꮫᰯ ᑠᙧ�⨾బ㸦㧗ࠊࠚ �㸧࠙ •༡ⓑⓒྜᏛᅬ㧗➼Ꮫᰯ �ࠊࠚ
㸦㧗ࡎࡍࡳ�≀┘ �㸧࠙ ᶓᕷ❧ᡞሯ㧗➼Ꮫᰯ ᶲ�࿃㸦㧗ࠊࠚ �㸧࠙ ឡ┴❧ᯇᒣ༡㧗➼Ꮫᰯ �ኴ㸦㧗ཱྀ⏣ࠊࠚ �㸧࠙ ᫍ㧗➼Ꮫᰯ �ࠊࠚ
᪂�ኟᕼ㸦㧗 �㸧࠙ ᮾி㒔❧᪥ẚ㇂㧗➼Ꮫᰯ Ḉ�Ὀே㸦㧗ࠊࠚ �㸧࠙ ᒣ┴❧᪥ᕝ㧗➼Ꮫᰯ Ṋ୰�㔛✠㸦㧗ࠊࠚ �㸧࠙ 㤶ᕝ┴❧㧗ᯇ㧗➼Ꮫᰯ �ࠊࠚ
ዉⰋᑿ�ⓒ㤶㸦㧗 �㸧࠙ 㛗㔝┴ᮌ᭮㟷ᓠ㧗➼Ꮫᰯ ᮧ℩�Ύ⳹㸦㧗ࠊࠚ �㸧࠙ ᒱ㜧┴❧ᒱ㜧㧗➼Ꮫᰯ ➼ᓥ�㸦୰ࠊࠚ �㸧࠙ ᮾிᏛᩍ⫱Ꮫ㒊㝃ᒓ୰➼ᩍ⫱Ꮫᰯࠚ�

69� � 㐃࣮ᫍࣝ࣍ࢡࢵࣛࣈ �✲◊ほ ⓗࡢ���66 ����
�ࠊᓥᆏ�㣁ኴࠊᇼ�⯟ኴࠊᯇᮏ�༟㸦㧗 �㸧࠙ ዉⰋ┴❧㟷⩧㧗➼Ꮫᰯࠚ�

70P� 㣗ኚගᫍࢆศ㢮ࡓ࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࣈ࣮࢝ࢺࣛࡿࡍᡭἲࡢ☜❧� ����
ᯇୗ�ᝆ㔛㸦㧗 �㸧ࠊⲨᮌ�㞝Ώ㸦㧗 �㸧࠙ ⚟ᒸ┴❧ᑠ㧗➼Ꮫᰯ�⛉Ꮫ㒊㹑㹑ኳᩥ◊✲ࠚ�

�

�



ࣥࣙࢩࢵࢭ - �� ᜏ࣭ᫍ᪂ᫍ

71� � �ᐃ ࡢⰍࡉࡿ᫂ࡢᫍࠊࡿࡼ࣓ࣛ࢝ࣝࢱࢪࢹ ����
ཱྀ�㞵᱒ࠊ▼�ᝆኴ㑻ࠊ㰺⸨�᭷ဏ㸦㧗 �㸧ࠊ⏣୰�ᘯᶞ㸦㧗 �㸧࠙ 㥴ྎᏛᅬ㧗➼Ꮫᰯࠚ�

72� � � ほࡢ㣗࢝ࣆࢫ �ගࠥ ࡢ࢝ࣆࢫࠥ ����
Ἑᮧ�᪂ࠊ⳹�❹ᖹ㸦㧗 �㸧࠙ ᒱ㜧┴❧ᒱᒣ㧗➼Ꮫᰯ㸦ࣆࢺ࣮ࣁᏳඵ㧗ᰯ⏕ほ ࠚ࣒࣮ࢳ㸧 �

73� � 9����'HO㸦����㸧�ࠥ �ศග࣭ ගࠥࡢᗙ᪂ᫍࡿ࠸ ����
బཎ�ᙲ⚽㸦㧗 �㸧ࠊ⟄�㣁ࠊᮧᮏ�㞝ኴ㸦㧗 �㸧࠙ ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ�

74� � ᑠᆺᮃ㐲㙾ࡿࡼ⣔እᝨᫍࢺࢵࢪࣥࣛࢺࡢほ � ����
┾㘠�⍞Ṍ୕ࠊ㇂�ᖾᖹྜྷࠊ⏣�༟ே㸦㧗 �㸧࠙ 㤶ᕝ┴❧ほ㡢ᑎ➨୍㧗➼Ꮫᰯࠚ�

75P� ᑠཱྀᚄࡢᮃ㐲㙾ࢆࡓࡗᫍ㣗ほ � ࠥ║どほ ࡢ้ ᐃ⢭ᗘࠥ� ����
ᕷᒸ�㔛⳯ࠊ�ⰼ㞷ࠊᇼෆ�༓ె㸦୰ �㸧࠙ 㛗㔝┴ሷᑼᕷ❧ୣ୰Ꮫᰯࠚ�

76P� ⃭ኚᫍ (0�&\Jࡢศග ගྠほ � ����
ୖ⡲�ಇ㍤ࠊᮌ㇂�᭷⣪㸦㧗 �㸧ࠊᯈ㇂�⏤⳯㸦㧗 �㸧ࠊᯘ�⏤ᶞࠊோ⏣�ⴌົྛࠊ�ṇᾈࠊᑠᯘ�ுࠊすᮧ�ెࠊ㔝ᮧࠊࡾࡢࡳ�⎼Ꮚ�ᐇ⣪ኸ㸦㧗 �㸧�
࠙ி㒔ᗓ❧ᮾ㧗➼Ꮫᰯ�⮬↛⛉Ꮫ㒊ࠚ�

77P� �ගᗘኚࡢᗙ᪂ᫍࡿ࠸ ����
⣽㇂�⍛Ꮚୖࠊ㔝�ᮍ㐟ࠊ᪩ᆏ�㯞⣖ࠊᒸᮏ�ెஅࠊᑠᕝ�⃢ࠊ㧗ᮌ�㯞⥴ࠊ㧗ᶫ�᭷㔛⣪㸦㧗 �㸧࠙ ᡂ㋣㧗➼Ꮫᰯ�ኳᩥẼ㇟㒊ࠚ�

78P� ᜏᫍࣝࢺࢡ࣌ࢫࡢᆺ᳨ฟ⨨� ����
㟷ᮌ�ዌኴఀࠊ⸨�ከὠ⏕ࠊΎỈ�Ⰻᗈࠊㄝ⏣�ᩗࠊ㇏⏣�᭷㔛ࠊ⳻⏣�┿⏤㸦㧗 �㸧�
࠙ᒱ㜧┴❧ᇉᮾ㧗➼Ꮫᰯ�ኳᩥ◊✲ྠዲ�㸦ࣆࢺ࣮ࣁᏳඵ㧗ᰯ⏕ほ ࠚ࣒࣮ࢳ㸧 �

�

�

ࣥࣙࢩࢵࢭ . �� ᫍ㞼࣭ᫍᅋ

79� � ⭾ᙇ㏿ᗘࡽồࡿࡵᫍ㞼ࡢᖺ㱋� ����
ᐑᮏ�ె㛛ࠊ᳃ᕝ�ㄔኈ㸦㧗 �㸧࠙ ಟ㐨㧗➼Ꮫᰯࠚ�

80� � ࡿࡼ࣓ࣛ࢝ࣝࢱࢪࢹ &0ᅗࡢసᡂ㊥㞳ࡢ᥎ᐃ� ����
ᒸ㔝�⨾᭶ࠊ㔠Ꮚྂࠊࡾࡢࡳ�ᕝ�㞷⤮ࠊᶫᮏ�┿ᙬ㸦㧗 �㸧࠙ ᇸ⋢┴❧㇏ᒸ㧗➼Ꮫᰯ�ኳᩥ㒊ࠚ�

81� � ᫍᅋࡢ +5ᅗసᡂᖺ㱋᥎ᐃ� ̾ᫍࡢ㐍ࢆ㏣࠼㸟̾� ����
᪥�㑳㤶㸦㧗 �㸧࠙ ᶓᕷ❧ᶓࢸࣥࣟࣇࢫ࢚ࣥࢧ㧗➼Ꮫᰯࠚ�

82� � ᫍᅋࡢ㹆㹐ᅗᖺ㱋� ����
▼�♸ᶞࠊᒸᮏ�㞝㣕ࠊᒣᮏ�㑈㸦୰ �㸧࠙ ಟ㐨୰Ꮫᰯࠚ�

�

�

����ᖺ⛅Ꮨᖺ࣮ࢱࢫ࣏Ⓨ⾲�
⛅ 01� ගỈࡿࡼ㕲ࡢ▼ࣥࣛࣥ࢝ኚ �� �ගࡢἼ㛗ࡢ㐪ࡿࡼ࠸㢼࣭ኚ㉁�� ����

ᑠᓥ�೧ࠊ㰻⸨�ຬኴࠊ᯽ཎ�ᝆ㍤㸦୰ �㸧ࠊ⏣㞝⏕ࠊ㧗ᆏ㈼ᘯࠊᒣୗ⁞᫂㸦୰ �㸧࠙ ᮾி㒔⏣༊❧༡භ㒓୰Ꮫᰯ�Ᏹᐂ⛉Ꮫ㒊ࠚ�

⛅ 02� ����ᖺ �᭶ ��᪥ほ ࢬ࣮ࢱࢫࣥࣃࡓࡋᙟ࣐ᫍࢥࡢᑿࡢ㛗ࡢࡉ᥎ᐃ� ����
⚟⏣�ㆸஂࠊᕝཱྀ� 㸦୰㸱㸧ࠊ�♩அࠊ㧗ᶫ�ᫍድࠊᑠᒣ�㈗ᘯ㸦㧗㸰㸧࠙ ᪥⏕Ꮫᅬ㝃ᒓ୰Ꮫᰯ࣭᪥⏕Ꮫᅬ➨୍㧗➼Ꮫᰯ�ኳᩥࠚࣝࢡ࣮ࢧ�



SQM �ᐃ ࣥࣙࢩ࣮ࢹࣛࢢࡢኤ᪉ࡿࡼ

ឡ▱┴୍ᐑᕷ❧ྥᒣᑠᏛᰯ 5 ᖺ� ⏣� ᑠ 
�

�

せ� ᪨�

�ࠋࡓࡋࡿㄪ࠸ᛮᛮ㆟ࡿ࠶࠸ࡽࡃࢀࡀࡉࡿ᫂ࡩࠊぢ࡚ࢆࡅ↝ኤ࠸ࡋ⨾

� ࢆࡿࡁ࡛ ほࡀᫍࡽ㡭ࡘ࠸ࠊࡾ࡞ࡃᬯ࠺ࡼࡢࡀ✵ඹ㛫ኚࡢኤ᪉ࠊࡓࡲ

ㄪࠋࡓ�

�

�

1.ィ   

୍ᐑ㧗ᰯࡢᒇୖ࡛ィ ࡣ✵ࠊᬕኳ࡛ࠋࡓࡗ࠶᪥ἐࡣ

ኳᩥⷧ᫂⤊ࠊ18:05  ࠋ19:30

SQM(࣮ࢱ࣮࣓࣮ࢸࣜ࢜ࢡ࢝ࢫ)࢝ࣇࣞ║୍

ᅗ�ࠋࡿࡍᅛᐃ⬮୕ࢆ࣓ࣛ �� 

ኴ㝧ࡢỿࡔࢇ⨨ࡢୖ┿ࡢ ࢆ80°ࠊ60°ࠊ40°ࠊ20° 5

ศࡈィ ࠊᙳࠋࡓࡋࢆ 

�

�

2.ᙳ⤖ᯝ 

ᙳࡓࡋ┿ࢆ㔜࡚ࡡ୪

㛫ኚࠋࡢࡶࡓࡋ♧ࢆ�ᅗ �� 

ẁࠊࠎᬯࡀࡿ࠸࡚ࡗ࡞ࡃᕥ

ࡽ 6ࠊ5ࠊ4 ࡀ┠␒ 3 ᫂ࡾࡼ┠␒

ࡓࡗࡲࡋ࡚࠼ኚࢆ㟢ฟࡣࡢ࠸ࡿ

 ࠋࡔࡽ

�

�

3. ග᪉ἲ 

ࠊ༙⏝ࢆ࣐ࣜ࢝ ࠊ༙ື⮬ ᚄ 50px ࡛୰ᚰࡢ

ᅗ��ࠋග ࢆᡤ୍ ���

⫼ᬒࢆᕪࡋᘬࢺࢡ࢙ࢪࣈ࢜࠸࡞⥲ィࢆグ

㘓ࠋࡓࡋ 

�

ᅗ ���㛫⤒㐣ࡢኤ᪉ࡓࡋᙳ࡛࣓ࣛ࢝

ᅗ �� ග⏬㠃�

ᅗ ��640 �ᅛᐃ⬮୕ࢆࣇࣞ║୍

講演 01



4. ගᚋࣇࣛࢢࡢ࣓ࣛ࢝ࡢ SQM  ẚ㍑⤖ᯝࡢࣇࣛࢢࡢ

 

�

�

�

�

18:45 ࡿぢࢆࣇࣛࢢࡢࢁࡈ �ࠋࡿ࠸࡚ࡋ㐩ࡉࡿ᫂ࡿ࠼ぢࡀᫍࡣ80°ࠊࡀ࠸ࡿ᫂ࡔࡲࡣ20°

SQMࠊ࣓ࣛ࢝  ࠋࡃ㏆Ỉᖹࡀࣇࣛࢢࠊࢀࡘࡃ㏆ࡾࢃ⤊ࡀ᫂ⷧࡶ್ࡢ

�

᪥ἐࡽ 45 ศࠊࡘࡓᫍࢆほ ࡛ࠋࡿࡁ�

�

5.ᚋࡢᒎᮃ 

1 ➼⣭ࡀ ගࡢ 2.5 ಸࡾ┒┠࠺ࡼࡿ࡞㛫㝸ࢆㄪᩚࢆ⏤⌮࠸࡞ࡋ⮴୍ࡀࣇࣛࢢࠊࡀࡓࡋㄪ

 ࠋ࠸ࡓ

�

6.⏝ࢺࣇࢯ 

ࢪ࣮࣓ࣛࢸࢫ 6.5 

 ࣐࣭ࣜ࢝ࢺࣇࢯ⌮ീฎ⏬ࡿࡤࡍ

 

7.ㅰ㎡ 

ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ� 㧗ᮧ⿱୕ᮁඛ⏕ 

� � � � � � � � � � � � ᆅᏛ㒊ࡢⓙࢇࡉ 

�ࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࡁࡔࡓ࠸ᣦᑟࡈ

0

1000

2000

3000

4000

5000

20°

40°

60°

80°

13
13.5

14
14.5

15
15.5

16
16.5

17
ᅗ ��640 �ࣇࣛࢢࡢ್ᩘࡢ

ᕥ࠺ࡼࡌྠ 18:50 ࣇࣛࢢࡣࡽ

㻌ࠋࡿศࡀࡃ࠸࡚࠸㏆Ỉᖹࡀ

18:55 ࡢ 80rࡢ㒊ศࡣ ගࡿࡍࢆ

ࡀࢱ࣮ࢹࠊࡵࡓࡓࡗ࡞ࢀྲྀࡳㄞࡁ

㻌ࠋ࠸࡞

㏆Ỉᖹࡀࣇࣛࢢࡽࡾࡓ࠶18:50

 ࠋࡿศࡀࡃ࠸࡚࠸

1 ➼⣭ࡀ ගࡢ 2.5 ಸ࠺ࡼࡿ࡞┠

 ࠋࡓࡋㄪᩚࢆ㛫㝸ࡾ┒

 

᫂ࡉࡿ�➼⣭� ᅗ �� ගᚋ࣓ࣛ࢝ࡢ�



�

�

�

୕㮚୰ኳᩥ㒊ࡢኪ✵ࡢ᫂ࡉࡿほ �

�

ᖖᯇ�ᰆ㤶ࠊᶫཱྀ�⣪⍛ࠊཎ⏣�㑈Ꮚ�୰㸱�ࠊ�

⏣�Ꮚࠊ⚟ᔱ�⛸�୰㸰�ࠊ≟㣫ࡳࡿࡃ��୰㸯��

࠙୕㮚ᕷ❧➨୰Ꮫᰯኳᩥ㒊ࠚ�

�

㸯㸬ࡵࡌࡣ�
� ୕㮚୰ኳᩥ㒊ࠊࡣᖺᩘᅇࡢ⯋ᰯࠊᒇୖ࡛ほᮃࠊࡋࡋࠋࡿ࠸࡚ࡗ࡞ࡇ࠾ࢆ୰Ꮫᰯࡢ㒊άື࡛ࡢ࡞

㝈ࡓࢀࡽ㛫㸦ኟࡣ��㸸��ࡣ��㸸࡛ࡲ��㸧࡛ࡋάືࡵࡓࡢࡑࠋ࠸࡞ࡁ࡛ࡀࡇࡿࡍኳᩥ㒊ࡢάື㛫

ෆ࡛ᫍࡃࡼࡀぢࡿ࠼᪥ほᮃࠋࡓ࠼⪄࠸ࡓ࠸⾜ࢆ๓ᅇࡣணഛㄪᰝࠊ࡚ࡋᏘࡿࡅ࠾᫂ࡉࡿほ ࡢ

ࠊࡓࡲࠋࡓࡋࢆ ほࡢኚࡉࡿ᫂ࡢ᫂ⷧࡿࡅ࠾ኟᏘࠊࡾࡼㄢ㢟ࡢ๓ᅇࡣᅇࠋࡓㄪࢆ௳タ⨨᮲ࡢࡵࡓ

๓ᅇࡢணഛㄪᰝࡢ⤖ᯝࢆ㋃ࠊ࠼ࡲ����ᖺ��᭶ࡢᮾி㒔୕㮚ᕷࡢ��㸸ࡿࡅ࠾��᭶ࡢࡉࡁኪ✵ࡢ᫂ࡉࡿ

�ࠋࡓࡋࢆ ほ࡚࠸ࡘ㛵ಀࡢ

�

㸰㸬᪉ἲ�
ほ ሙᡤ㸸ᮏᰯᒇୖ�ᮾி㒔୕㮚ᕷἑ��

⏝ᶵᮦ㸸ᅜ㝿ගჾ♫࣮ࢱ࣮࣓ࢸࣜ࢜ࢡ࢝ࢫ�640�/��

ᐇ㦂㸯� � Ꮨ⠇ⷧࡢࡈ᫂ࡢẚ㍑�

ᏘኟᏘ࡛ࡣኴ㝧�ⷧ᫂�ࡢᙳ㡪࠺ࡼࡢࡀ㐪ࡢ࠺ㄪࠋࡓ�

㸦㸯㸧�๓ᅇࡢⓎ⾲���࡛Ỵࡢࡘ�ࡓࡗࡲ᮲௳㸦640ࡾྲྀ⬮୕ࡣࡅᅛᐃࠋࡿࡍ᪉

ࡣ┿ࠊ௮ゅ��rࢆ࢚ࣜࡢほ ࠋࡿࡍ㸧ࠋࡓࡋࢺࢵࢭࢆ640ࡶࢆ�

㸦㸰㸧�ኟᏘ�����ᖺ�᭶�᪥ࠊ᪥ἐ�����ࠊࡣ����ࡈ�ศ࡚ࡅ�����ࡽ��

ほ ࠊ࠾࡞ࠋࡓࡋᏘࡢሙྜࡣ๓ᅇࡢⓎ⾲ࡢほ ࢱ࣮ࢹ��������ᖺ�᭶�

᪥ࠊ᪥ἐ���⬮୕ࠋࡓ࠸⏝ࢆ� ほࡈ�ศ࡚ࡅ�����ࡽ�����ࠊ��

ᖹࠊࡃ࡞ࡣ୰ኸ್࡛ࠊࡾ㐃⥆࡛�ᅇࡣ್ࡢ640ࠊࡵࡓࡢ ᐃⅬほࡿࡼ

ᆒ್ࠋࡓ࠸⏝ࢆ�

ᐇ㦂㸰� � ᭶ࡢࡉࡁኪ✵ࡢ᫂ࡢࡉࡿ㛵ಀ�ᮏほ ��

㸦㸯㸧�ᐇ㦂㸯ྠᵝࡢタ⨨᮲௳㸦640ࡾྲྀ⬮୕ࡣࡅᅛᐃࠋ᪉ࡣ┿ࠊ௮ゅ

��rࢆ࢚ࣜࡢほ ࠋࡿࡍ㸧࡛ほ ࠋࡓࡋ�

㸦㸰㸧���᭶�᪥ࡽ��᪥࡚ⷧࡅ᫂⤊ࡿࢀࡽࡳࡓࡋ᪥ἐᚋ⣙��ศࡢ�����

�ࠋࡓࡋ ほ �

᪥ ᭶㱋 㞼㔞�
᭶ࡢ�

㧗ᗘ�

�� ��� �� �����

�� ��� �� ������

�� ��� �� ������

�� ��� �� ������

�� ��� �� ������

�� ��� ��� ������

��� ��� �� ������

��� ��� �� ������

��� ��� �� ������

��� ���� �� ������

��� ���� �� ������

��� ���� �� ������

��� ���� �� ������

��� ���� �� �����

⾲㸯㸬ᐇ㦂ࡢ�ほ ᪥᭶㱋ࠊ㞼㔞ࠊ

����㧗ᗘࡢ᭶ࡿࡅ࠾��

ᅗ㸰㸬ᏘኟᏘⷧࡢ᫂ࡢኚࡢẚ㍑�

Ꮨ�᭶�᪥ࠊ᪥ἐ������ほ 㛫ࠊ����㹼��㸸���

ኟᏘ�᭶�᪥ࠊ᪥ἐ�����ほ 㛫ࠊ�����㹼��㸸���

ᏘࠊኟᏘࠊࡶ᪥ἐᚋ��ศ௨㝆ኚࡀᑠࠋࡿ࠸࡚ࡗ࡞ࡃࡉ

ᅗ㸯㸬ほ ⨨�

ࠊࡋᅛᐃ⬮୕ࢆ/�640

┿ࠊ௮ゅ��rࠋࡓࡅྥ

�
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� �

�

�

㸱㸬⤖ᯝ�
ᐇ㦂㸯� � �᭶�᪥ࡢኟᏘ࡛ࠊࡣ㛤ጞࡽ᪥ἐᚋ��ศࡣ࡛ࡲኪ✵ࡢ᫂ࡀࡉࡿ㛫ẚ࡚ࡋᬯࡓࡗ࡞ࡃ�ᅗ

㸰�ࠋ᪥ἐᚋ��ศ௨㝆ࡰࠊࡣ್ࡢ640ࠊᶓ࠸ࡤ㐍ࠋࡓࡗ࠸࡛ࢇ᪥ἐᚋ��ศࡢࡣ್ࡢ640ࠊ

������PDJࡢࡇࠋࡓࡗࡔ�ڧ�ࡽኚࡾ࡞ࡃ࡞ࡀጞࠋࡓࡵ�

๓ᅇࡢⓎ⾲���ࡾࡼࢱ࣮ࢹࡢ�᭶�᪥ࡢᏘ࡛ࡣ㛤ጞࡽ᪥ἐᚋ��ศࡣ࡛ࡲኪ✵ࡢ᫂ࡀࡉࡿ㛫

᪥ࡓࡵጞࡾ࡞ࡃ࡞ࡀኚࠋࡓࡗ࠸࡛ࢇ㐍࠸ࡤᶓࡰࡣࡽ᪥ἐᚋ��ศࠋࡓࡗ࡞ࡃᬯ࡚ࡋẚ

ἐᚋ��ศࡢࡣ್ࡢ640ࡢ������PDJࠋࡓࡗࡔ�ڧ��

ᏘኟᏘࢆ್ࡢẚ㍑ࡶࠊࡿࡍ᪥ἐᚋ��ศ࡛640ࡢ್ࡢኚࡀᑠⷧࠋࡓࡗ࡞ࡃࡉ᫂⤊

ࠊࡣ್ࡢᏘ������PDJ࡛�ڧ�ኟᏘ������PDJ࡛�ڧ�Ꮨࡢ᪉ࡀ�����PDJڧ��ࠋࡓ࠸࡚ࡗ࡞ࡃࡁ�

ᐇ㦂㸰� � ��᭶�᪥ࠊ�᪥ࠊ�᪥ࠊ�᪥ࠊ��᪥ࠊ��᪥ࡣ������PDJڧ��ᮍ‶࡛ࡢࣇࣛࢢࠊ୰࡛≉✺ฟ࠸࡚ࡋ

࠸ࡓࡅཷࢆᙳ㡪ࡢᝏኳೃ࡛ࡢ࡞��⾲�㞼㔞�௨ୖࡶࢀࠊࡣ᪥ࡢࡽࢀࡇࡓ࠸࡚ࡋฟ✺ࠋ�ᅗ㸱�ࡓ

�ࠋࡿ࠼

㞼㔞ࡀ�ᮍ‶ࡢ᪥࡛ࡣ��᪥�㞼㔞��௨እࡣ������PDJڧ��௨ୖ࡛ࠋࡓࡗ࠶�

�

㸲㸬ࡵࡲ�
ᅇࡢᐇ㦂࡛௨ୗࡢࠋࡓࡗࢃࡀ�

㸦㸯㸧�ᐇ㦂㸯ࡾࡼᏘኟᏘⷧࡢ᫂⤊ࡢ㛫ࡣኚⷧࠋࡓࡗ࡞ࡽࢃ᫂⤊ࠊࡣ್ࡢᏘࡣ

������PDJ࡛�ڧ�ኟᏘࡣ������PDJࠋࡓࡗࡔ�ڧ�Ꮨࡢ᪉ࡀ�����PDJڧ��ࠊࡃࡁኪ✵ࡢ᫂ࡉࡿ

�ࠋࡿࢀࡽࡳ࠸ᬯࡣ

㸦㸰㸧���᭶�᪥ࠊ�᪥ࠊ�᪥ࠊ�᪥ࠊ��᪥ࠊ��᪥ࡀ್ࡢ640ࡣ������PDJڧ��ᮍ‶࡛ࠊ㞼㔞ࡀ࠸ࡁ᪥ࡢኪ

�ࠋࡓࡗࡿ᫂ẚ᪥ࡢࠊࡣࡉࡿ᫂ࡢ✵

㸦㸱㸧�ᅗ㸲ࡾࡼᅇࡢほ ࡛ࠊࡣ᭶㱋ኪ✵ࡢ᫂ࡢࡉࡿ㛵ಀᛶࠋࡓࡗ࡞ࢀࡽࡳࡀ�

�

㸳㸬ᚋࡢㄢ㢟�
ᅇࡣணഛㄪᰝࢆᇶࡌྠࠊࡓࡋ㛫ࡿࡅ࠾ኪ✵ࡢ᫂ࡉࡿ᭶㱋ࡢ㛵ಀࡢほ �ᐇ㦂��ࢆ㸯ᅇࡋ

ࡢ�ᅗࡵࡓࡢࡑࠋࡓࡗ࡞ࡁ࡛ ほ࡚࠼ࢁࡑࢆ௳᮲ࡢኳೃࠊࡾ࠶ࡀ᪥࠸ࡁࡀ㞼㔞ࡓࡲࠊࡎࡽ࠾࡚ࡗ⾜

�ࠋ࠸ࡓࡋࡃከࢆࢺࢵࣟࣉࡢࣇࣛࢢࡾྲྀࢆࢱ࣮ࢹ࡚ࡡ㔜ࢆ ᚋほࠋࡓࡗ࡞ࢀࡽࡳࡀ㛵ಀᛶࡽࣇࣛࢢ

�ࠋ࠸ࡓࡅㄽ࡙⤖ࡿ࠶ࡀ㛵ಀࡉࡿ᫂ࡢ✵ኪࡉࡁࡢ᭶㱋࡚ࡋࡵࡲ࡚ࡋࡑ

�ࠋ࠸ࡓㄪࢆ㛵ಀࡢࡉࡿ᫂ࡢ✵ኪࠊ㧗ᗘࡢ᭶ࡿࡅ࠾㛫ࡓࡗࡲỴࠊࡓࡲ

�

ཧ⪃ᩥ⊩�
ணഛㄪᰝࡢ ほࡉࡿ᫂ࡢ✵ኪࡢ㮚୰ኳᩥ㒊୕ࠕ��� �ࠖ ୕㮚ᕷ❧➨୰Ꮫᰯኳᩥ㒊� ᪥ᮏኳᩥᏛ����

Ꮨᖺࣥࣙࢩࢵࢭࢽࣗࢪㅮ₇せ᪨�

���ࠗኳᩥᖺ㚷����ᖺ∧࠘ኳᩥᖺ㚷⦅㞟ጤဨ� ����� ㄔᩥᇽ᪂ග♫�

���ࠗኳᩥᖺ㚷����ᖺ∧࠘ኳᩥᖺ㚷⦅㞟ጤဨ� ����� ㄔᩥᇽ᪂ග♫�

�

ᅗ㸱㸬ኪ✵᫂ࡉࡿ᪥ࡢ㛵ಀࣇࣛࢢࡢ�

��᭶�᪥ࡽ��᭶��᪥ࡢ࡛ࡲ����ࠋ ほ��

�ࠋࡿ࠶್࡛࡞ࡉᑠ≉ࡀࢁࡇ࠸ࡁࡀ㞼㔞ࡢ�⾲

ᅗ㸲㸬ኪ✵ࡢ᫂ࡉࡿ᭶㱋ࡢ㛵ಀࣇࣛࢢࡢ�

ᐇ㦂ࡢ�⤖ᯝࢆ᭶㱋ኪ✵ࡢ᫂ࡢࡉࡿ㛵ಀࡋࢺࢵࣟࣉࢆ

�ࠋ࠸࡞࠸࡚ࡋࢺࢵࣟࣉࡣࢱ࣮ࢹࡢࡢ㞼㔞�௨ୖࠋࡓ
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�ࡿㄪࢆࡉࡿ᫂ࡢ✵ኪࡢภ㤋࣭ࠖࡕࡲࡢࡾࡦࠕ ϯ�

̿ภ㤋ࡢኪ✵ࡢ᫂ࠕࣉࢵ࣐ࡉࡿ᫂ࡋࡀࡉࠖࡶࡢࡉࡿ㸫 
࠙㑇ឡዪᏊ୰Ꮫᰯ࣭㧗➼Ꮫ �ᰯ ᆅᏛ㒊  ࠚ

㇂� ẚዉࠊ㛗ᒸ� ┿ᕹ㸦㧗2㸧ࠊᕤ⸨� ┿⏕㸦㧗1㸧ࠊᒸ⏣� �ᮾࠊ⾰⤖  ࠊ⳹ᮥ
ⰼ⏣� ឡᾏ㸦୰3㸧ࠊᒸᮏ� ⌔リࠊ㛗㇂ᕝ� ဏᏘ㸦୰㸰㸧ࠊᕝ �ཱྀ ⌔ᐇ㸦୰1㸧 

 
㸯㸬ࡵࡌࡣ�

� ᶵᮦࠊࡋཧຍㄪᰝࠖࡉࡿ᫂ࡢ✵ᅜ୍ᩧኪࠕSSHࢥឡ▱┴❧୍ᐑ㧗ᰯࡽ2011ᖺࡣࡕࡓ⚾

ภ㤋ࡿࡼ⪅༠ຊ㒊ဨࠊ ほື⮬ࡿࡼSQMLEࡓࡋ⨨タࢫࣛࢸయ⫱㤋ࡢᏛᰯࠊ࡚ࡋࡾ࠾ࢆ

࿘㎶࡛ࡢSQMLࡿࡼᐃⅬほ 2012ࠋࡓࡁ࡛ࢇ⤌ࡾྲྀᖺ10᭶ࡢ40ྎࡣSQMLࢆ㈚࠸࡚ࡋ

ࡉࡿ᫂ࡢ✵ኪࡢภ㤋࿘㎶ࠕࠊࡋウ᳨࡚࠼ຍࢆᯝ⤖ࡢ ほື⛣ࠊ ᐃⅬほࠊࡋᐇࢆ ከⅬほ࡚࠸ࡔࡓ

ࠊࡵࡓࡿࡍࡽ᫂ࢆࠖࡢࡿ࠼ぢࡀ࡛ᫍࡲࡇࡣ࡛✵ኪࡢภ㤋ࠕࠊࡓࡲࠋࡓࡳヨࢆసᡂࡢࠖࣉࢵ࣐

Ꮨ⠇ࡈᫍᗙࢆỴ࡚ࡵ║どほ ࠋࡔࢇ⤌ࡾྲྀࡶᖺᗘ3ࡣᖺ㛫ࡢ⤖ᯝࠊࡓࡵࡲࢆኳ㡬௨

እࡢ㧗ᗘ࣭᪉ࡢኪ✵ࢆ ᐃࠊྛࡋ ほ Ⅼࡢኪ✵ఱࡀᙳ㡪ࠕࠊࡢࡿ࠸࡚ࡋ᫂ࡶࡢࡉࡿ ࡋ᥈ࠖࢆ

 ࠋࡿࡍᐹ⪄ࡶ࡚࠸ࡘࡢࡿ࡞ࡃࡿ᫂ࡐ࡞ࡀ✵ኪࡢࡶࢆᯝ⤖ࡢࡇࠋࡓ
 
㸰㸬ほ ᪉ἲ�

ほ ࡣSQMLE௨እࠊ᭶᫂࠸࡞ࡢࡾୗᘻ㹼ୖᘻࡢᮇⷧࡢ᫂⤊1㛫ᚋ௨㝆ᐇࠋࡓࡋ 
㸦�㸧640/�� � ᕷෆࡢࡑ࿘㎶ྛࡢᐃⅬ࡛ࡶ࠾ࠊ 20 㹼21 ࢁࡈኳ㡬࡚ࡅࡴ 5 ᅇࢳࢵࢫ

࡛࠼࠺ࡓࡋṇ⿵ࢆಶయᕪࡵồࢆ୰ኸ್ࡢࡑࠊࡋᢲࢆ

21್ࡢ㛫⿵ṇࠋࡓࡋ 
㸦�㸧640/(� య⫱㤋タ⨨ࡋPC ほື⮬࡚ࡋ⥆᥋

 ࠋࡓࡋ㞟ィࠊࡳ㎸ࡾྲྀExcelࢆᯝ⤖ࠊ࠸⾜ࢆ 
㸦�㸧║どほ � � 㸦ࡾࡴࢇࠊࡋࡋ㸧� ኟ㸦୕

ゅࡿ࠸ࠊࡇࠊ㸧� ⛅㸦ࢫࢫ࢞࣌ᅄ㎶ᙧ㸧� 㸦࢜

సᡂ࡛࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫࢆほ ⏝ᫍᅗࡢ㸧ࣥ࢜ࣜ

 ࠋࡓࡵồࡀ⮬ྛࢆᚤගᫍ➼⣭᭱ᐃⅬ࡛ほ ࠊࡋ
㸦�㸧640/ ࣕ࢟ࢫኳ࣭㒊ศࡿࡼ �ࣥ� � ࢆ⬮୕

ࠊ⏫ᯇ๓ࡓࡋᐟྜࡳኟఇࠊࡋస⮬ࢆᐃჾ ࡚ࡋ⏝

ภ㤋ᕷ࿘㎶ࠊ✚㞷ᮇࡢᐆ᮶⏫࡛࡞ኳ㡬௨እࡢ᪉

࣭㧗ᗘ࡚࠸ࡘኪ✵ࡢ᫂ࢆࡉࡿ ᐃࠋࡓࡋ 
 
㸱㸬ほ ⤖ᯝ�

㸦�㸧�ᖺ㛫ࡢᐃⅬほ ⤖ᯝ�

� 㞼㔞㸲௨ୗࡢ᪥ྛࠊ࡚࠸ࡘほ Ⅼࡢ᭶᭱ࡈ㧗

4~3ࡶ࡚ࡃከࡣ᪥ࡿࡁ࡛ࡀ ほ࡚ࢀᬕࠊࡕ࠺ࡢほ ᪥ࡢẖ᭶10᪥ࠋࡓࡋࢃࡽ࠶㸯ࣇࣛࢢࢆ್
᪥ࠋࡓࡗࡔ㞼㔞ࡀᑡ࠸࡞᪥ྛほ Ⅼ࡛ほ ࢆ್ࡓࢀࡉ 0.5 ື⛣࣭ ከⅬほࠊࡾࢆィ⤫ࡈ➼

ほ ࡢ⤖ᯝࡶኪ✵ࡢ᫂ࡢࡉࡿ༊ᇦศࡓࡗ⾜ࡈ➼0.5ࢆࡅ㸦ᅗ㸯㸧㑇ឡ࿘㎶ࡢఫᏯ⾤18ࡣ
㹼18.5 ࡾࡼኟయࡣ㞷ᮇ✚ࡢࠋࡿ࡞༊ᇦࡢ➼ 0.5㹼1 ➼᫂≉ࠊࡾ࡞ࡃࡿ᫂࠸ࡿᆅᇦ࡛ࡣ

 ᐃ್ࡀࡁࡘࡽࡤࡢࠋࡓࡗ࡞ࡃࡁ 
㸦�㸧/( �⋠㛫ኚࡓࡵồࡽᯝ⤖ࡢ � ኪ✵ⷧࡣ᫂⤊ᚋ࠸ࡔࡋᬯⷧࠊࡁ࠸࡚ࡗ࡞ࡃ᫂㛤ጞ๓

ࠊࢁࡇࡓࡵồࢆ⋠㛫ኚࡢࡈ10ศࠊࡶࢆ್࡞㐃⥆ⓗࡓࡋグ㘓ࡀLEࠋࡿ࡞ࡃᬯࡶ᭱ࡀ

 ࠋࡓࡗࢃࡀࡇࡿࡍᗘୖୗ⛬0.01࡚ࡗࡼ᭶ࡀࡔ0.03/10ศࡰ

�
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�

� �

㸦�㸧║どほ � � ྛほ Ⅼ࡛ࡢほ ྜࠊ ᐟࡢ࡛࡞

ࡲࢆᯝ⤖ࡢ࡞ ほື⛣ࠊ ほࡿࡼ㒊ဨࡢᩘ「

ࡿ᫂ࡢ✵ኪᚤගᫍ➼⣭࡚᭱࠸ࡘ୕ゅࡢኟࠊࡵ

࠺ࡼࡢ㸰ࣇࣛࢢࠊࡿㄪࢆ㛵┦ࡢ㸦୰ኸ್㸧ࡉ

୍ᐃࡢ┦㛵ࡀㄆࠊࡀࡓࢀࡽࡵほ ⪅ࡿࡼಶேᕪࡀ

ࠋ࠸ࡁ 
㸦�㸧ኳ࣭ 㒊ศࣕ࢟ࢫ �ࣥ ኟఇࡳ୰ᯇ๓⏫ཎཱྀࠊ

㑇ឡᰯᗞࠊᕷẸ8ࠊ࣒࢘ࣜࢱࢿࣛࣉ ᭶࢘ࢲࢺࣛࡢ

࡚࠸ࡘ᪉࣭㧗ᗘࡢᩘ「ࢀࡒࢀࡑࠊ࡛⏫㣤ᮏᇛᓃ∾ሙࡢ୰࣮ࣥ࣌ࣥࣕ࢟ࣥ SQML ࡛ 3 ᅇࡎ

ཎ࠸㏆➼21ࡀኳ㡬ࠊࡀࡃ࠸࡚ࡗ࡞ࡃࡿ᫂ࡽ㧗ᗘ60r㏆ࠋࡓࡋẚ㍑࡚ࡵồࢆ୰ኸ್ࠊࡋᐃ ࡘ

ࡀᕪࡢࡑࡶすഃ࡛ࡿ࠶ࡢ㞟ⴠࡣཱྀ࡛ 0.5 ➼௨ෆࠋࡓࡗࡔ㣤ࠊภ㤋ᕷෆ࡛ࡣ㏆ࡢࡃ᫂࠸ࡿタࡢ᪉

㧗ᗘࡢྥ 60 ᗘ௨ୗ࡛ 1 ➼๓ᚋ᫂ࠊࡓࡲࠋࡓࡗ࡞ࡃࡿᐆ᮶⏫ࡢほ ᆅⅬ㏆ࡢᾏᓊ࡛ࡣ✚㞷ᮇ 

ᐃࡓࡋ⤖ᯝࠊᾏୖ࡛ࡣ㧗ᗘࡀୗࡿࡀ㏫ኳ㡬ࡾࡼᬯࡓࡗ࡞ࡃ㸦ࣇࣛࢢ㸱㸧ࠋ 

㸲㸬⪃ᐹ�

⠇㟁ࡵࡓࡢᾘⅉࡀ㐍ࡿࢀࡽࡵ㛫ኚ⋡ࡣࠋࡿࢀࡽ࠼⪄ࡿ࡞ࡃࡁ᪉࣭㧗ᗘ್ࡢࡈ

ࡀ※ග࠺ࡼࡢཎཱྀࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡅཷࢆᙳ㡪ࡢගࡢ※ගࡢࡃẚ㍑ⓗ㏆ඹࡣSQML,LEࡽ

ᑡࡣ࡛ࢁࡇ࠸࡞㞼㔞ࡀከࡶ࡚ࡃᬯࠊࡃ㧗ᗘ60r௨ୗ࡛ࡶᆅୖගࡢᙳ㡪ࡀᑠࠋ࠸ࡉ 
ࡢኪ✵ࡀ᫂ࡿ࡞ࡃࡿཎᅉࠊࡣࡢすᏘ⠇㢼ࡢࣝࢰ࢚ࣟࡿࡼቑຍࠊᆅୖࡢ㞷ࡢࡾ࠶

ࠊࡽࡇࡓࡗ࡞ࡃᬯࡾࡼኳ㡬ࡀୖࡢᾏ࠸࡞ࡢ㞷ࠊᐃ࡛ ࡢ࡛⏫ᐆ᮶ࡢ㞷ᮇ✚ࠊࡀࡿࢀࡽ࠼⪄ࡀࡘ

㞷ࡿࡼᑕ㸦㞷ࡾ࠶㸧ࡀཎᅉྍࡢ⬟ᛶࡀ㧗ࠋ࠸ᬯᐊ㞷ࢆධࠊࢀ㟁⌫ࢆⅬⅉࡓࡗ⾜࡚ࡋᐇ㦂࡛

 ࠋ࠸ࡓࡋウ᳨ࡽࡉᚋ࡚ࡵྵࡶẼ㇟≧ἣࡢ✵ୖࠋࡓᚓࢆᯝ⤖ࡿ࡞ࡃࡿ๓ᚋ᫂➼1ࡿ࠶ࡀ㞷ࡶ
ཧ⪃ᩥ⊩�

࣭SQMࡿࡼኳࣕ࢟ࢫ �ࣥ ᐩ⏣ᑠ㸦2013㸧᪥ᮏኳᩥᏛࣥࣙࢩࢵࢭࢽࣗࢪㅮ₇せ᪨㞟� 74 
࣭୕㮚୰ኳᩥ㒊ࡢኪ✵ࡢ᫂ࡉࡿほ ࡢணഛㄪᰝ㸦2013㸧୕ 㮚ᕷ❧➨7୰Ꮫᰯኳᩥ㒊� ᪥ᮏኳᩥᏛ

ࣥࣙࢩࢵࢭࢽࣗࢪㅮ₇せ᪨㞟� 73 
ㅰ㎡� ឡ▱┴❧୍ᐑ㧗ࠊࡓࡲࠋࡓࡅཷࢆຓᡂࡢᏛ㒊άື⯆ᴗ⛉ࡢ⏕JST୰㧗ࡣ✲◊ࡢࡇ �ᰯ ᆅ

Ꮫ㒊ࠊ㧗ᮧඛ⏕࠾ࢁ࠸ࢁ࠸ࡣୡヰࡢࡇࠋࡓࡗ࡞ሙࢆࠋࡿࡆୖࡋ⏦♩࠾ࡾ�

15



�

�

�

�ᙳ㡪ࡍࡰཬࡉࡿ᫂ࡢ✵ኪࡀࣝࢰ࢚ࣟ
㹼᪂ᐟ༊࡛ࡢኪ✵ࡢ᫂ࡉࡿほ ࡽ᥈ࡿ㹼�

ᾏᇛ୰Ꮫ㧗➼ᏛᰯᆅᏛ㒊�ኪ✵ࡢ࣒࣮᫂ࢳ✲◊ࡉࡿ�

すᑿ�┿㍤�㧗��ࠊᘅᮌ�㣁ኴᮁࠊΎỈ�ᙯගࠊἲව�భὈྑࠊ⏣�ளᮁ�୰��ྂࠊ㈡�ᝆே�୰���

�

�� ◊✲ືᶵ࣭┠ⓗ�

� ኳయࡃࡿ᫂ࡀ✵ኪࡵࡓࡿ࠶�ᮾி㒔᪂ᐟ༊�㒔ᚰ㒊ࡢ᭷ᩘࡶ᪥ᮏ࡛ࡣᏛᰯ࠺㏻ࡀࡕࡓ⚾

ほ ࡀᅔ㞴࡞⎔ቃ࡛ࠕ࡛ࡇࡑࠋࡿ࠶᪂ᐟࡣ᪥ᮏࢀ࡚࠸࠾ኪ✵ࡀ᫂ࡢ࠸ࡿ㸽ࠖ

ࠋࡿ࠶ࡀගᐖ࡚ࡋཎᅉࡿ࡞ࡃࡿ᫂ࡀ✵ኪࠋࡓࡋ㛤ጞࢆ ほࡉࡿ᫂ࡢ✵ኪࠊࡕᣢࢆၥ࠺࠸

ගᐖࡀኳయほ ᝏᙳ㡪ࢆࡿ࠼⤌ࠕ࡚ࡋࡳேᕤගࡀẼ୰ࡢᾋ㐟≀㉁࡛ᩓ࡚ࢀࡉ

ኪ✵ࡀ࡛᫂ࡇࡑࠋࡿ࠸࡚ࢀࡽ࠼⪄ࠖࡿ࡞ࡃࡿẼ୰ࡢᾋ㐟≀㉁ࡢࡣ⛬ᗘᙳ㡪ࡢࡿ࠶ࡀ

�ࠋࡓࡋⓗ┠ࢆࡇࡿࡍド᳨

�� ほ ᴫせ�

� ኪ✵ࡢ᫂ࡉࡿほ ࢆ)/�640ࡣ⏝ࢆࢀࡇࠊࡋᮏᰯᒇୖ�ᆅୖ��P�タ⨨ࠋࡓࡋ����ᖺ��

᭶௨㝆ࠊ����ᖺ�᭶⌧ᅾ࡛ࡲኳ㡬᪉ྥࢆ�ศẖほ ࡓࡲࠋࡿ࠸࡚ࡋឡ▱┴❧୍ᐑ㧗ᰯദ

ほ 㐃ᦠࠊ௨ୗ�ࢱ࣮ࢹࡓࢀࡉ ᪥ᮏྛᆅ࡛ほࠊࡋཧຍㄪᰝࠖࡉࡿ᫂ࡢ✵ᅜ୍ᩧኪࠕࡢ

�ࠋࡓࡋ⏝ᐹ⪄ࢆ�␎ࢱ࣮ࢹࡢ

Ẽ୰ࡢᾋ㐟≀㉁ࡢࣝࢰ࢚ࣟࠊࡣ࡚࠸ࡘほ ࡣࣝࢰ࢚ࣟࠋࡓ࠸⏝ࢆࢱ࣮ࢹẼయ

୰ᾋ㐟ࡿࡍᚤᑠ࡞ᾮయࡣࡓࡲᅛయࡢ⢏Ꮚࡢࣝࢰ࢚ࣟࡢࡇࠋࡿ࠶࡛⛠⥲ࡢほ ࡣࢱ࣮ࢹ

ᮾி㒔᪂ᐟ༊᪂ᐟᚚⱌ⨨ࡿࡍ⎔ቃ◊࣮ࢲࣛࡢほ ᡤ�ᅗ��ࠋࣛࡓ࠸⏝ࢆࡢࡶࡢ ࣮ࢲ

ほ ࡣᅗ୍࠺ࡼࡍ♧�ᐃࡢ㛗ࡢࡉගࢆẼ୰Ⓨᑕࡸࣝࢰ࢚ࣟࠊࡋศᏊࡿࡼᩓ
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㻝㻥㻦㻡㻞㻦㻜㻡

㻠᭶㻝㻠᪥

㻜㻦㻞㻥㻦㻝㻣

㻡᭶㻞᪥

㻞㻟㻦㻝㻞㻦㻜㻢

㻢᭶㻤᪥

㻞㻜㻦㻝㻜㻦㻜㻠

㻢᭶㻤᪥

㻞㻝㻦㻡㻠㻦㻞㻜

㻢᭶㻥᪥ 㻜㻦㻜㻟㻦㻡㻞 㻢᭶㻥᪥

㻞㻦㻝㻟㻦㻡㻜

㻹
㼍㼤
㻙
㼙
㼕㼚

᪥

ᴟᫍ㻹㼍㼤㻙㼙㼕㼚

�

���

�

���

�

���

�

���

�

���

�

�
᭶
�
�
᪥

�
᭶
�
�
᪥

�
᭶
�
�
᪥

�
᭶
�
᪥

�
᭶
�
�
᪥

�
᭶
�
�
᪥

�
᭶
�
�
᪥

�
�
᭶
�
᪥

�
�
᭶
�
�
᪥

�
�
᭶
�
�
᪥

�
�
᭶
�
�
᪥

ගᗘ

᪥

ᗙ᪂ᫍ㸦�᭶��᪥���➼ᫍ㸧࢝ࣝ

㻡

㻢

㻣

㻤

㻥

㻝㻜

㻝㻝

㻝㻞

ගᗘ

᪥

䜰䜲䝋䞁ᙟᫍ䛾ගᗘ
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᭶ࡢⰍࡢᛮ㆟�

�ࡢࡿ࠼ぢࡃࡱࡗ㯤Ⰽࡣኪࠊࡃࡱࡗⓑࡣ㛫ࡣⰍࡢ᭶ࠊࡐ࡞
▼� ᙬ⨾㸦㧗�㸧࠙⩌㤿┴❧๓ᶫዪᏊ㧗➼Ꮫᰯࠚ

�

㸯� �ࡵࡌࡣ

௨๓ࡽ᭶ࡢⰍࡀ㛫ࡣⓑࠊࡃࡱࡗኪࡣ㯤Ⰽࡃࡱࡗぢࢆࡇࡿ࠼ᛮ㆟ᛮࠊ࡛ࡢࡓ࠸࡚ࡗ㛫

 ࠋࡓࡵጞࢆ✲◊ࠊ࠸ᛮ࠸ࡓࡋࡽ᫂ࢆ⏤⌮ࡿ࠼ぢⰍࡓࡗ࡞␗ࡀኪ࡛᭶
 
㸰� ௬ㄝ᳨ド 
࣭௬ㄝϨ 

᭶ࡢⰍࡀ㛫ࡣⓑࠊࡃࡱࡗኪࡣ㯤Ⰽࡃࡱࡗぢࠊࡣࡢࡿ࠼⮬ศ⮬㌟ࡢᛮ࠸㎸ࡣࡃࡋࡶࠊࡳே㛫ࡢ┠

 ࠋ࠸࡞ࡣ࡛ࡢ࡞㘒ぬࡢ
࣭ᐇ㦂Ϩ 

ྠ᪥ࠊ㛫ࡽኪ୍࡚ࡅᐃ㛫㛫㝸࡛᭶ࡢ┿ࢆᙳࡢୖ್ᩘࠊࡋ᭶ࡢⰍࢆẚ㍑ࠋࡿࡍᙳ

᮲௳ࡣୗࡢ㏻ࠋࡿ࠶࡛ࡾ 
ᶵ✀͐NikonD60   ⏬㉁࣮ࣔ͐ࢻRAW+BASIC   ISO͐400   ࢫࣥࣛࣂࢺ࣡࣍(WB)͐ᬕኳ 
 MF   㟢ฟ㛫͐1/1250s   ↔Ⅼ㊥㞳͐300mm͐ࢻ࣮ࣔࢫ࣮࢛࢝ࣇ  Single͐ࢻ࣮ࣔࢬ࣮ࣜࣞ

࣭⤖ᯝϨ(RAW ⏬ീศᯒ)� 2013.8.14� ᭶㱋 7.4  ᭶㸦ୖᘻ㸧ࡢ
ᕥᅗ� ้ 15:49࠙ࡢ᭶ࠚ� 㧗ᗘ 31.642r� ᪉ 333.660r(༡༡ᮾ) 
ྑᅗ� ้ 19:06࠙ኪࡢ᭶ࠚ� 㧗ᗘ 30.820r� ᪉ 27.612r(༡༡す) 
㧗ᗘ࡛ࡢ࡞ࡌྠࡰࡀ㧗ᗘࠊࡓࡲࠋࡿ࠶࡛ࡌྠࡀែ≦ࡢẼ࡛ࡢࡓࡋᙳ᪥ྠࡣ᭶ࡢࡘ㸰ࡢࡇ

 ࠋࡿࢀࡽ࠼⪄࠸࡞ࡣኚࡢⰍࡿࡼ

� �  
࣭⪃ᐹϨ 

㛫ࡣከ࠸㡰㟷Ѝ⥳Ѝ㉥ࠊኪࡣከ࠸㡰㉥Ѝ⥳Ѝ㟷ࠊࡾ࡞Ⰽࡢྜࠊ࡛ࡢࡿ࡞␗ࡀ㛫ኪ

࡛ᐇ㝿Ⰽࡀࡇࡿ࠸࡚ࡗ࡞␗ࡀ☜ㄆ࡛ࠋࡓࡁ 
 

࣭௬ㄝϩ 
㛫ࡢ᭶ࠊࡣᩓ࡚ࡗࡼῶᑡࡓࡋ㟷ࡢ⥳ࡸගࡀ㟷✵࡚ࢀࢃ⿵࡚ࡗࡼⓑࡃࡱࡗぢࠊࡀࡿ࠼ 
ኪࡢ᭶ࠊࡣኴ㝧ࡢගࡵࡓ࠸࡞ࡀᩓࡸ⥳ࡓࡋ㟷ࠊࡎࢀࢃ⿵ࡀ㯤Ⰽࡃࡱࡗぢࠋ࠸࡞ࡣ࡛ࡢࡿ࠼ 
ኪࡢ᭶㸩(ኴ㝧ࡢẼᩓ)㸻ࡢ᭶͐ձ� ࡢ᭶㸫(ኴ㝧ࡢẼᩓ)㸻ኪࡢ᭶͐ղ 

࣭ᐇ㦂ϩ 
ᐇ㦂Ϩ࡛ᙳࡓࡋ᭶ࡢ┿ࢆ 40 ศࡁ࠾ᢳฟࢪ࣮࣓ࣛࢸࢫࠊࡋ㸵࡚࠸⏝ࢆῶ⟬ฎ⌮ຍ⟬ฎ

้ࡣ࡛⌮ຍ⟬ฎࠊࡁᘬࡽ┿యࢆⰍࡢ✵ࡢ┿ࡢࢀࡒࢀࡑࡣ࡛⌮ῶ⟬ฎࠋࡓࡗ⾜ࢆ⌮ 15:49
 ࠋࡓࡋ㊊ࢆⰍ┿యࠊ࠺ࡼࡿ࡞ࡌྠⰍࡢ✵ࡢ
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࣭⤖ᯝϩ(RAW ⏬ീศᯒ)� 2013.8.14� ᭶㱋 7.4  ᭶㸦ୖᘻ㸧ࡢ

ඖࡢ 
┿ 

  

ῶ⟬ 
ฎ⌮ 

  

ຍ⟬ 
ฎ⌮ 

  
้ 15:49 16:25 17:05 17:46 18:26 19:06 
㧗ᗘ 31.642r 34.174r 35.630r 35.525r 33.871r 30.820r 

᪉ 333.660r 
(༡༡ᮾ) 

343.167r 
(༡༡ᮾ) 

354.374r 
(༡) 

6.099r 
(༡) 

17.228r 
(༡༡す) 

27.612r 
(༡༡す) 

࣭⪃ᐹϩ 
Ẽᩓࡢῶ⟬ฎ⌮࡛ࠕࠊࡣኪࡢ᭶ࠖ࡞࠺ࡼࡢ⏬ീࠊẼᩓࡢຍ⟬ฎ⌮࡛ࠕࠊࡣࡢ᭶ࠖ࠺ࡼࡢ

ࡀീ⏬࡞ 6 ᯛ୪ࡌྠࡰࠋࡔࢇⰍࡌྠࠊ࡛ࡢࡓࡗ࡞┿ࢆఱᯛ࠸࡞ࡣ࡛ࡢࡓࡗࡲࡋ࡚ࡗ㈞ࡶ

 ࠋࡿࢀࡽ࠼⪄࠸ࡋṇࡣᘧࡢղࠊձࡢ௬ㄝࠊࡾࡼᯝ⤖ࡢࡽࢀࡇࠋࡓࡗࡔ࠺ᛮ
 
㸱� ⤖ㄽ 

᭶ࡢⰍࡀ㛫ࡣⓑࠊࡃࡱࡗኪࡣ㯤Ⰽࡃࡱࡗぢࠊࡣ⏤⌮ࡿ࠼㛫ࡣᩓ࡚ࡗࡼῶᑡࡓࡋ㟷ࡢ⥳ࡸ

ගࡀ㟷✵࡚ࢀࢃ⿵࡚ࡗࡼⓑࡃぢࠊࡀࡿ࠼ኪࡣኴ㝧ࡢගࠊࡃ࡞ࡀᩓࡸ⥳ࡓࡋ㟷ࡓ࠸࡞ࢀࢃ⿵ࡀ

 ࠋࡿࢀࡽ࠼⪄ࡔࡽࡿ࠼ぢ㯤Ⰽࠊࡵ
 
㸲� ᚋࡢᒎ㛤 

ࡢյࡽձࡢḟࡽࡇࡑࠊࡁࡔࡓ࠸ࢆࢫࣂࢻ࡞ࠎᵝࠊࢁࡇࡓࡋ⾲Ⓨ⾲➼࡛Ⓨࢆ✲◊ࡢࡇ

ᒎ㛤ࠋࡓ࠼⪄ࢆճմյࡣᐇ㝿ࡀࡢ࠺⾜㞴ࠊ࡛ࡢࡓࡗࢃ࠸ࡋձղࠋࡓࡗ⾜ࢆ 
ձࡢ᭶㸫ኪࡢ᭶㸻㸦ኴ㝧ࡢẼᩓ㸧ࠋࡍ♧ࢆ� � ղᐇ㦂ᐊ࡛ࢆ㇟⌧ࡢࡇ⌧ࠋࡿࡍ 
ճ✵ࡢⰍࡌྠࠊࡶ࡛ࡁࡿ࠸࡚ࡗ࡞ࣥࣙࢩ࣮ࢹࣛࢢࡀฎ⌮࡛Ⰽࡀᆒ୍ࡢࡿ࡞ㄪࠋࡿ 
մᒣࡸᘓ≀࡛ࡌྠࠊࡶฎ⌮࡛ኴ㝧ࡢẼᩓࡢᙳ㡪ࡾྲྀࢆ㝖ࡢࡿࡅㄪࠋࡿ 
յ⃮ࡿ࠸࡚ࡗụࡢ┿ࢆฎ⌮ࠊࡤࢀࡍụࡢᗏࡢࡿ࠼ࡳࡀㄪࠋࡿ 

 
㸳� ༠ຊࠊ⏝ࢺࣇࢯ 

༠ຊ� �ኳᩥྎࡲࢇࡄ � � ⏝ࢺࣇࢯ� Makali`i� StellaImage7�  㸷࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫ
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�

�

ᅗ��

ᐇ ್ࣥࣙࢩ࣮࣑ࣞࣗࢩ⤖ᯝࡢẚ㍑�

�∧ᅜیی � �∧ᆅ᪉ڸ

� ኪ✵ࡢ᫂ࡉࡿே㛫άືᣦᶆࡢ㛫ࡢࡈ᥎⛣ࣇࣛࢢࢆࠊࡀࡢࡶࡓࡋᅗ�࡛ࠋࡿ࠶

ᅗࠊࡾࡼ�ኪ✵ࡢ᫂ࡉࡿே㛫άືᣦᶆࠊࡶࡽࡕࡣ����๓ᚋࡣ࡛ࡲᚎࠎῶᑡࠊࡋ

�ࠋࡓࢀࡽぢࡀ㛵ಀᛶ࡞☜᫂ࡣ㛫ࡢ⪅୧ࠊࡾ࠾࡚ࡗ࡞ᐃ୍ࡰ࡛ࡲࡅኪ᫂ࡣᚋࡢࡑ

�

� �ϩ�ኪ✵ࡢ᫂ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡉࡿసᡂ�

ࣙࢩ࣮࣑ࣞࣗࢩ್ ᐇࠋࡿ࠶ᅗ�࡛ࡀࡢࡶࡓࡋࣇࣛࢢࢆᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩ

ࣥ⤖ᯝࡢ㛫࡛┦㛵ಀᩘࠊࢁࡇࡓࡗࢆᅜ∧࡛ࠊ����ᆅ᪉∧࡛����ࠋࡓࡗ࠶࡛�

ࡢ✵ኪࠊ࠸⾜ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ∧ᆅ᪉࡚ࡗ༊ษ≦ࣗࢩࢵ࣓ࢆឡ▱┴ෆࠊࡓࡲ

᫂ࣉࢵ࣐ࡉࡿ�ᅗ��ࢆసᡂࠋࡓࡋᅗࠊࡽ�㒔ᕷ࡛ྂྡࡿ࠶ᒇᕷࢆ୰ᚰྠࠊᚰ

�ࠋࡓࢀࡽぢࡀഴྥࡿ࡞ࡃᬯࠎᚎࡀࡉࡿ᫂ࡢ✵ኪୖ

�

�

�

�

�

�

�

�

�

�

�

�

�

㸱㸬⪃ᐹ�
�Ϩ�ኪ✵ࡢ᫂ࡢࡉࡿᐇ ㄪᰝ�

�ࠋࡓࡁ࡛ࡀ❧☜ࡢㄪᰝἲࡢࡉࡿ᫂ࡢ✵ኪࡓ࠸⏝ࢆ640

ࠊࡽࡇࡓࢀࡽぢࡀ㛵㐃ᛶ࡞☜᫂㛫ࡢάືᣦᶆࡢே㛫ࡉࡿ᫂ࡢ✵ኪࠊࡓࡲ

ே㛫ࡢάືࡀኪ✵ࡢ᫂ࡉࡿᙳ㡪ࢆࠋࡓࢀࡉ♧ࡀࡇ࠺࠸ࡿ࠸࡚࠼�

� �ϩ�ኪ✵ࡢ᫂ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡉࡿసᡂ�

ᐇ ್ࣥࣙࢩ࣮࣑ࣞࣗࢩ⤖ᯝࡢ┦㛵ಀᩘࡀᆅ᪉∧࡛ࡣ���ࠊࡽࡇࡓ࠼㉸ࢆ�

�ࠋࡓᚓࢆㄽ⤖ࡢࡿ࠶࡛⬟ྍࡣࣥࣙࢩ࣮࣑ࣞࣗࢩࡉࡿ᫂ࡢ✵ኪࡓ࠸⏝ࢆࢱ࣮ࣗࣆࣥࢥ

㏆㒔ᕷࡣᙳ㡪ࡢගᐖࠊࡽࣉࢵ࣐ࡓࡋసᡂ࡚࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡓࡲ

�ࠋࡿࢀࡉ ᥎࠸ࡁ࠸㏆ࡤࢀࡅ

�

�

ㅰ㎡�
ྡྂᒇᏛᏛ㝔�ᰘ⏣�㝯�ᩍᤵ�

ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ66+�ᅜኪ✵ࡢ᫂ࡉࡿほ ࡲࡉ࡞ࡳࡢ࣒࣮ࢳ�

�

ཧ⪃ᩥ⊩�
⎔ቃ┬Ỉ࣭Ẽ⎔ቃᒁẼ⏕ά⎔ቃᐊ ࠗගᐖᑐ⟇ࣥࣛࢻ࢞ ᖹᡂ18ᖺ12᭶ᨵゞ∧࠘ 
୰㒊㟁ຊ:HEࠗ�ࢺࢧ㟁ຊ㟂⤥≧ἣ࠘ࡏࡽ▱࠾ࡢ�KWWS���GHQNL�\RKR�FKXGHQ�MS���

� ����������㜀ぴ!�

ᅜᅵ㏻┬�ࠗᖹᡂ��ᖺᗘ�ᅜ㐨㊰࣭⾤㊰㏻ໃㄪᰝ�㏻ࢫࢧࣥࢭ�࠘�

⥲ົ┬⤫ィᒁ�ࠗᖹᡂ��ᖺᗘ�⤒῭࠘ࢫࢧࣥࢭ�

ᅗ��

ኪ✵ࡢ᫂ࣉࢵ࣐ࡉࡿ�

��సᡂࡽࣥࣙࢩ࣮࣑ࣞࣗࢩ�
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12

14

16

18

20

2011/6 2011/12 2012/6 2012/12 2013/6 2013/12

ኪ
✵
ࡢ
᫂
ࡿ
ࡉ

ᅗ㸯

Min Aver Max

18.0

18.2

18.4

18.6

18.8

19.0

19.2

19.4

19.6

19.8

21 22 23 24 25 26 27

ኪ
✵
ࡢ
᫂
ࡿ
ࡉ

้
ᅗ㸰

JulͲ11

AugͲ11

SepͲ11

OctͲ11

NovͲ11

DecͲ11

FebͲ12

MarͲ12

AprͲ12

MayͲ12

JunͲ12

MarͲ13

AprͲ13

MayͲ13

JunͲ13

AugͲ13

SepͲ13

OctͲ13

NovͲ13

�ㄪᰝࡉࡿ᫂ࡢ✵ኪࡢࡲࢇࡄ

㔠�Ἠࠊ▮㔝ࠊࡾࡲ࠸�బ⸨�ඃెࠊ◁㛗�భ㤶ࠊᏯ�ⰼ⳯Ꮚࠊ⚟⏣�᪩⣖Ꮚ�

㧗⏿�ᐇ⣚ࠊᑠᯘ�⌮ࠊḈ�⨾⥴㸦㧗㸯㸧� ࠙⩌㤿┴❧๓ᶫዪᏊ㧗➼Ꮫᰯ࣭ᆅᏛ㒊ࠚᴾ

�ࡵࡌࡣࠊ�
2011ࠊࡣࡕࡓ⚾ ᖺࡽ⩌㤿┴ෆࡢኪ✵ࡢ᫂ࢆࡉࡿ⥅⥆ⓗㄪᰝࠋࡿ࠸࡚ࡋᖺᗘࡣኪ✵ࡢ᫂ࡢࡉࡿ⤒

ኚࢆ୰ᚰࡢࢀࡒࢀࡑࠋࡓࡋࢆ✲◊⮬ᏯᏛᰯࡢᒇୖ࡛ኪ✵ࡢ᫂ࢆࡉࡿィ ࢆࢱ࣮ࢹࠊࡋ㞟ࠋࡓࡵ

⮬Ꮿ࡛ࡢィ ࡾࡼ✲◊ࡢ࡛ࡲࢀࡇࠊࡣ SQM ィࡢ࡛࣓ࣛ࢝ࠊࡵࡓࡓࡗศࡀ࠺࠸࠸పࡀಙ㢗ᛶࡢ

ࡓࡋ⨨タᒇୖࠊࡣᏛᰯ࡛ࠋࡓࡗ⾜୰ᚰࢆ  SQM-LE  ࠋࡓࡋ ィࡾࡼ
 
�ィ ⤖ᯝࡢᏛᰯᒇୖ࡛ࠊ�

࠙┠ⓗࠚ�

࣭Ꮨ⠇ࡿࡼኪ✵ࡢ᫂ࡢࡉࡿ㐪ࢆ࠸ㄪࠋࡿ�

࣭Ꮫᰯ�๓ᶫᕷ⣚㞼⏫㏆�ࡢ⤒ኚ⋡ࢆ

ㄪࠋࡿ�

࠙ ᐃ᪉ἲࠚ�

ᒇୖタ⨨ࡓࡋ 640�/( ����ࠊࡾࡼ ᖺ

�� ᭶ࡽ⥅⥆ⓗ ᐃᰯࠊ࠾࡞ࠋࡿ࠸࡚ࡋ

����ࠊࡵࡓࡢ㟈ᕤ⪏ࡢ⯋ ᖺ � ᭶ࡽ ����

ᖺ � ᭶ࡣ࡛ࡲ ᐃ࡛ࠊࡓࡲࠋࡓࡗ࡞ࡁㅖ

୍ࡾࡼ㒊ࠊほ ࡛ࡓࡗ࡞ࡁ᭶࠶ࡀ

�ࠋࡿ

࠙⤖ᯝࠚ�

ᅗࠔ࡚࠸ࡘ࠸㐪ࡿࡼᏘ⠇ࠓ �ཧ↷�

ྛ᪥ �� ࡢ᫂ࢆࡉࡿẚ㍑0ࠋࡓࡋD[ ྛࡣ

᭶ࡢ୰࡛᭱ࡶᬯ࠸᪥0ࠊLQ ᪥࠸ࡿ᫂ࡶ᭱ࡣ

;0$ࠋࡿ࠸࡚ࡋ♧ࢆ ཷࢆᙳ㡪ࡢᛌᬕ࡛᭶ࡣ

㛵ಀᏘ⠇ࠊࡁ࡛ࡀࡇࡿ࠼⪄᪥࠸࡞ࡅ

�ࠋࡓࡗ࠶ᐃ୍࡛ࡰࡃ࡞

�↷ᅗ㸰ཧࠔ࡚࠸ࡘኚ⤒ࠓ

ᅗ㸯ࡢ 0$; ࠊྛࡋᢳฟࢆ᪥ࡢ ᪥ �� ࡽ

�� ࡢ࡛ࡲ᫂ࡢࡉࡿኚ࡛ࡢࡶࡓࡋ♧ࢆ

����ࠋࡿ࠶ ᖺ � ᭶ࠊ�� ᭶ࠊ���� ᖺ � ᭶ࠊ�

᭶ࠊ���� ᖺ � ᭶ࢆ㝖୍ࠊࡁ㛫ࡢࡾࡓ࠶ኚ

ࡣᖹᆒ����➼⣭͜ڧ��s����➼⣭�࡛࠶

�ࠋࡓࡗ

࠙⪃ᐹࠚ�

Ꮨ⠇ࡿࡼ᫂ࡢࡉࡿ㐪ࠊࡣ࠸๓ᶫ࡛ࡣほ

�ࠋࡓࡗ࡞ࢀࡉ 

୍ᖺࢆ㏻ࡌ⤒ኚ୍ࡰࡣ್ࡢᐃ࡛࠶

୍ᖖࡣኚ⤒ࡢሙᡤ࡛ࡌྠࠊࡵࡓࡓࡗ

ᐃ࡛ࠋࡿࢀࡽ࠼⪄ࡿ࠶�

➼⣭͜ڧ� 

➼⣭͜ڧ�
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�ኚࡢࡑࡉࡿ᫂ࡢ㤿ྛᆅ⩌ࠊ�

࠙┠ⓗࠚ�

࣭⤒ኚ⋡ࡣሙᡤࢆ࠺ࡿ࡞␗࡚ࡗࡼㄪࠋࡿ�

࠙ ᐃ᪉ἲࠚ�

㞼࠸࡞ࡢᬕࡓࢀኪࠊ�㸸�� ࡽ ��㸸�� ࡛ࡲ �㛫ࠊࡈኳ㡬ࡅྥࢆ࣓ࣛ࢝㟢ฟ㛫 ��V ࡛ᙳࠋ

➼⣭ࢆᇶ‽ᫍ����㹼��������ӌ%�9ӌ�����ࡢẚ㍑ࠊࡾࡼ([FHO ࠸⏝ࢆ�6WHOOULXP㸪YHJD�ࢺࣇࢯ⏝ᑓ

࡚ ᐃྠࠋ640ࠊ�/ ࢆ್ᩘࡢ �ᅇ ᐃࠋ ᐃࡣ㒊ဨࡢ⮬Ꮿ࿘㎶㸳ࣨᡤ࡛⾜ࠋࡓࡗ�

࠙⤖ᯝ࣭⪃ᐹࠚ�

�

ࠊྠࡽࣇࣛࢢ ⤒ࡢ㛫ẖ୍ࡢሙᡤ࡛ࡌ

ኚ୍ࡣᐃ࡛ࠊࡓࡲࠋࡿࢀࡽ࠼⪄ࡿ࠶ሙᡤ

ࡲࠊࡋࡋࠋࡓࡗ࡞␗ࡀ⋠ኚ⤒࡚ࡗࡼ

᫂↷ࡢ㏆㞄࡚࠼ຍࠊࡾ࠶༑ศ࡛ࡀࢱ࣮ࢹࡔ

⥆⥅ࢆ ィࡽࡉࠊࡵࡓ࠸ࡍࡸࡅཷࢆᙳ㡪

ⓗ࠸⾜ṇ☜ࢆࢱ࣮ࢹ࡞ฟࡍᚲせࠋࡿ࠶ࡀ�

�

㸲ࠊගᐖ࡚࠸ࡘ�
ගᐖࡣ㐣࡞ேᕤ↷᫂ࡀኪ✵ࡿ࠼ᙳ㡪ࠊ࡛ࡇࡢኳయほ ࠊࡾ࡞ࡃࡃࡋࡀேయᝏᙳ㡪ࢆཬࡰ

�ࠋࡿ࠶ࡶᛶ⬟ྍࡍ

ࠊࡣࡵࡓࡢࡑࠋࡿ࠶࡛ࡇࡍࡸቑࢆᫍࡿࡁ࡛ࡀࡇࡿぢ࡛║⫗࡚࠸࠾๓ᶫᕷࠊࡣᶆ┠࡞ⓗ⤊᭱ࡢࡕࡓ⚾

ගᐖࢆῶࠊࡋࡽኪ✵ࡽࡉࢆᬯࡿࡍࡃᚲせࠋࡿ࠶ࡀගᐖᑐ⟇ࡣᆅᇦࡢ᪉ࡢࠎ༠ຊࡀᚲせྍḞ࡛ࠋࡿ࠶

�ࠋࡿ࠸࡚࠼⪄࠸ࡓࡁ࠸࡚ࡵᗈࢆ⟇ගᐖᑐ๓ᶫᕷࡎࡲࡣࡕࡓ⚾

ࠊࡋไᐃࢆගᐖ㜵Ṇ᮲ࡣ࡛⏫ᫍ⨾ࠋࡔ⏫ᒸᒣ┴ཎᕷ⨾ᫍࡿ࠶ࡢᫍኳᩥྎ⨾ࠊࡣ⏫ࡿࡍᶆ┠ࡢࡕࡓ⚾

⏕άᚲせ࡞ኪ㛫↷᫂ࢆ☜ಖࡘࡘࡋගᐖࡽᫍ✵ࢆᏲࠊ࠺࠸ࡿᅜⓗ㢮ࢆぢ࠸࡞άືࠋࡿ࠸࡚ࢀࢃ⾜ࡀ

ලయࠊ࡚ࡋගᐖࣔࣝࢹ⾤ⅉࡢタ⨨ࠊኳᩥ⌧㇟ࡢ⏫Ẹࡀ✚ᴟⓗᒇእ↷᫂ࢆᾘⅉࠊ࡞ࡿࡍ⏫య

�ࠋࡿ࠸࡚ࢀࡉไᐃࡀ᮲ࡢᵝྠࡶ㤿┴㧗ᒣᮧ࡛⩌ࠊࡓࡲࠋࡿ࠸࡚ࡗᏲࢆ✵ኪ࠸ࡋ⨾࡚ࡋ༠ຊࡀ

⨾ࡢࡇࠊࡵ㞟ࡽࡉࢆሗࡿࡍ㛵ගᐖࡶࡿࡵ㐍ࢆ✲◊ᚋࠊࡀࡔ⏬ẁ㝵ࡔࡲࡣ⏬ィࡢࡕࡓ⚾

ᫍ⏫ࡀࢃ࠺ࡼࡢ๓ᶫᕷ࡛ࡶᫍ✵ࢆᏲࡢࡵࡓࡿάືࢆጞࠋ࠸ࡓࡵ�

�

ཧ⪃ᩥ⊩࣭⏝ࢺࣇࢯ�

࣭ኳᩥ࢙࢘ࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩ Stellarium ver.0.10.6.1 � � ࣭⏬ീฎ⌮ࢺࣇࢯ vega 

18.0

18.5

19.0

19.5

20.0

20.5

19:30 20:00 20:30 21:00 21:30 22:00 22:30

ኪ
✵
ࡢ
᫂
ࡿ
ࡉ

ᅗ㸱 ྛᆅࡢ᫂ࡢࡉࡿ⤒ኚ

A B C D E

�⋠ኚ⤒ࡓࡋฟ⟭ࡽ⥺┤㏆ఝࡢࣇࣛࢢྛ

� $� %� &� '� (�

ኺྙ҄٭‒

‚➼⣭͜ڧ��K‛‒
•†․‥‥ •†‣‧ •†‣ …‒ •†․․‧‒ •†‣

ྛ ᐃᆅ 

➼⣭͜ڧ�
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ᒱ㜧ᕷࡢኪ✵ࡢ᫂ࡢࡉࡿほ �
Ἑᮧ� ᪂� ⳹� ❹ᖹ㸦㧗㸰㸧࠙ ᒱ㜧┴❧ᒱᒣ㧗ᰯࠚ�

⏣୰� ᣅᚐ㸦୰㸰㸧࠙ ᒱ㜧ᕷ❧㛗Ⰻ୰Ꮫᰯࠚோ⛉� ṇᚨ㸦୰㸯㸧࠙ ᒱ㜧ᕷ❧୕㍯୰Ꮫᰯࠚ�

㔝⃝� భኴ㸦୰㸯㸧࠙ ᒱ㜧ᕷ❧⸛ᕝ୰Ꮫᰯࠚ�

�
㸯㸬◊✲ᴫせ�

ᒱᒣ㧗ᰯᆅᏛ≀⌮㒊࡛ࡣ㸪ࠕኪ✵ࡢ࡚᫂࠸ࡘࠖࡉࡿㄪᰝࡣࡕࡓ⚾ࠋࡿ࠸࡚ࡗ⾜ࢆ㸪ᒱ

㜧ᕷദࠕᒱ㜧ᕷ⛉Ꮫሿ 㸪ࡣㄪᰝ࡛ࠋࡓࡗ⾜ࢆㄪᰝࡶ⏕୰Ꮫࡢ㸪ᒱ㜧ᕷෆ࡚ࡋ㏻ࠖࢆ

ᮏᰯࡢ SQM ⤖ㄪᰝࡢ㸱ࣨ᭶㛫ࠋࡓࡋ ほࢆࡉࡿ᫂ࡢ✵ኪࡢᆅᇦࡿ࠸࡛ࢇ㸪ఫࡋฟࡋ㈚ࢆ

ᯝࢆᣢࡕᐤࡾ㸪ࢆࢱ࣮ࢹゎᯒࡓࡋ⤖ᯝ㸪ኪ✵ࡢ᫂ࡣࡉࡿ㸪⾤ⅉࡸఫᏯࡢ↷᫂ࡢ࡞ேᕤⅉ

�ࠋࡓࡁ࡚ࡗศࡀࡇࡿ࠸࡚ࡋᙳ㡪ࡀ

�

㸰㸬┠ⓗ�
SQM 㸪」ᩘᆅⅬ࡛ࡓࡲࠋࡿࡍㄪᰝࢆࡉࡿ᫂ࡢ✵ኪࡢᆅᇦࡿ࠸࡛ࢇఫࡢ㸪⮬ศ࡚࠸⏝ࢆ

ࢆせᅉࡿ࠼ࢆᙳ㡪ࡉࡿ᫂ࡢ✵㸪ኪࡋẚ㍑ࢆ࠸㐪ࡀࡉࡿ᫂ࡢᆅᇦࡢ㸪࠸⾜ࢆㄪᰝࡢ

⪃ᐹࢆࡇࡿࡍ┠ⓗࠋࡿࡍ�

�

㸱㸬ほ ⎔ቃࡧࡼ࠾ほ ᪉ἲ�
࣭ほ ⎔ቃ�

ほ ሙᡤ㸸ᒱ㜧ᕷෆ࠙ᅗ㸯ࠚ�

᪥� 㸸���� ᖺ㸶᭶㸯᪥�

㹼���� ᖺ �� ᭶ �� ᪥�

ほ 㛤ጞ้㸸༗ᚋ ��  �� ศ㹼�

ͤᬕࡳࡢࡁࡢࢀほ 㸪ࡣࡓࡲࡾ㞵ࡢ

ሙྜ୰Ṇ�

�

࣭᪉ἲ�
㸯㸬እⅉࡃࡿ࡞ࡀᙜ࠸࡞ࡽࡓሙᡤ࡛ ᐃ

�ࠋ࠺⾜ࢆ

ͤ�  ᐃ้ࡣ㸪ẖ᪥ ��㸸�� �ࠋ࠺⾜

㸰㸬SQM ᮏయࢆኳ㡬ࠋࡿࡅྥ�

㸱㸬ࢆࣥࢱ࣎ࢺ࣮ࢱࢫᢲࡋ㸪ࡓࢀࡉ♧⾲ࣞࣉࢫࢹ➼⣭ࢆグ㘓ࠋࡿࡍ�

㸲㸬୍࠺ࡶᗘࢆࣥࢱ࣎ࢺ࣮ࢱࢫᢲࡋ㸪⾲♧ࡓࢀࡉ ᗘࢆ➼⣭グ㘓ࠋࡿࡍ�

㸳㸬㸰㹼㸲ࡢ࡛ࡲసᴗࢆ㸱ᅇ⧞ࡾ㏉ࠋࡍ�

㸴㸬グ㘓ࡓࡋ➼⣭ ᗘࡢᖹᆒࢀࡒࢀࡑࢆồࠋࡿࡵ�

�

࣭ศᯒ᪉ἲ�
㸯㸬ྛᆅⅬ࡛ࠋࡿࡵࡲࢆࢱ࣮ࢹࡢ�

�ࠋࡿࡍࢆ⌮㸪ฎࡋ⏝ࢆࢺࣇࢯ⟭ィ⾲ࡣࢱ࣮ࢹͤ

㸰㸬ྛᆅⅬ࡛ࡢ➼⣭ࡧࡼ࠾ ᗘࡢ≉ᚩࢆᤊࠋࡿ࠼�

㸱㸬➼⣭ࡧࡼ࠾ ᗘࡢ≉ᚩほ ᆅⅬࡽ㸪ᒱ㜧ᕷࡿࡅ࠾ኪ✵ࡢ᫂ࡢࡉࡿ≉ᚩ᳨ࢆウ

��ࠋࡿࡍ

�

࠙ᅗ㸯ࠚ 

߷ᕬࠊ᧲ޟ

᭗ఄᴾޛޟ

ᧈᑣᴾࠊ᧲ޟ

ჽҾɤᴾࠊ᧲ޟ

�

26　　講演 09P



�

�

㸲㸬⤖ᯝ�

�
࠙ᅗ㸰ࠚ�

㸳㸬⪃ᐹ�
㸯㸬ேᕤගࡢᙳ㡪�

ᒱ㜧ᕷෆࡢ㸲ᡤ࡛ ᐃࡓࡋࢆ⤖ᯝ㸪ᕷ⾤ᆅ㸦㛗Ⰻ⚟ග㸧ࡶ᭱ࡀ᫂ࠋ࠸ࡿᕷ⾤ᆅ࡛

࡚ࡅཷࡃࡁࢆᙳ㡪ࡢ㸧࡞㸪ேᕤග㸦ఫᏯ㸪⮬ື㌴ࡽࡇ࠸࡞ᐃ୍࡛ࡀᐃ್ ࡣ

ࡀᙳ㡪ࡢ㸪ேᕤගࡽࡇ࠸࡞ᑡࡀ㸪ఫᏯࡣ㑹እ㸦▼ཎ㸧࡛㏫ࠋࡿࢀࡽ࠼⪄ࡿ࠸

ᑠࡵࡓ࠸ࡉ㸪య࡚ࡋᬯࠋࡿࢀࡽ࠼⪄ࡿ࡞ࡃ�

ᐃ୍ࡰ㸪ࡵࡓࡿ࠶ࡀேᕤග㸦⏕ά↷᫂㸧ࡢࡽ㸪ఫᏯࡣ㸪ఫᏯᆅ㸦ⰰぢ㸧࡛ࡓࡲ

�ࠋࡿࢀࡽ࠼⪄ࡿࡅཷࢆᙳ㡪ࡢගࡢ

㸰㸬㞼ࡢ᭷↓�

ほ 㞼ࡀከ࠸✵యࡀ᫂ࡣࢀࡇࠋࡓࡗࡿ㸪ᆅୖࡢග㸦እⅉ㸪ᐙࡢ᫂࡞ࡾ

ࡃࡿ᫂ࡀయ✵࡚ࡋ㸪⤖ᯝࡾ࡞ࡃࡿ᫂ࡀ㞼య࡛ࡇࡿࡍᑕ࡚ࡗࡼ㞼ࡀ㸧

�ࠋࡿࢀࡽ࠼⪄ࡿ࡞

ᅇࡢほ ࡛ࡣ㸪᭶ࡢᙳ㡪ࡀ ᐃ⤖ᯝࡣࢀࡇࠋࡓࡗ࡞ࢀ⾲࡚ࡋ㸪᭶᫂ࡾࡼࡾ

�ࠋࡿࢀࡽ࠼⪄࠸ࡁࡀᙳ㡪ࡢ㸪ேཱྀගࡶ

�

㸴㸬࣭ࡵࡲឤ�
ኪ✵ࡢ᫂ࡣࡉࡿ㸪⚾ࡢࡕࡓ⏕άࡢ୰࡛ࡿ࠸࡚ࢀࢃ㸪↷᫂ࡢ࡞ගࡀᙳ㡪ࡇࡿ࠸࡚ࡋ

ᯝ⤖࡞☜㸪ṇࡾ࠶ࡶࡇ࠸࡞༑ศ࡛ࡀ㸪᮲௳タᐃࡣ࡛ ほࡢ㸪ᅇࡋࡔࡓࠋࡓࡗศࡀ

ࡀᚲせࡃ࠸࡚ࡋ᳨ウࢆタᐃࡢ௳㸪᮲ࡣࡵࡓࡃ࠸࡚ࡵ㐍ࢆ ᚋ㸪ほࠋ࠸࡞ࢀษ࠸ゝࡣ

�ࠋࡿ࠶

㸪࠼ຍウ᳨ࡢ௳᮲ࡿ࠸࡚ࡗ࡞ㄢ㢟࡛✲◊ࡢ㸪ᅇࡣ࡚ࡋࡳ⤌ࡾྲྀࡢ㸪ᚋࡓࡲ

ᖺᗘྠᵝ㸪ᒱ㜧ᕷෆࡢ୰Ꮫ⏕㐃ᦠࢆᅗࡾ㸪ᒱ㜧ᕷయࠕࡢኪ✵ࡢ᫂ࡢࠖࣉࢵ࣐ࡉࡿసᡂ

�ࠋ࠸ࡓࡁ࠸࡚ࡵ㐍ࢆ

�

㸵㸬⏝ᶵᮦ�
࣭SQM-LE 
࣭Microsoft Excel 
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㻥
᪥
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᪥
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᭶

㻞
㻥
᪥
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㻜
᭶

㻜
㻥
᪥

㻝
㻜
᭶

㻝
㻥
᪥

㻝
㻜
᭶

㻞
㻥
᪥

㻝
㻝
᭶

㻜
㻤
᪥

㻝
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᭶
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᪥

㻝
㻝
᭶

㻞
㻤
᪥

ᒱ㜧ᕷෆࡢኪ✵ࡢ᫂ࡉࡿ㸦640 ᐃ್㸧

㛗Ⰻ⚟ග

ⰰぢ

▼ཎ
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㝈⏺㸟㸽㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ㝈⏺㸟㸽㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ㝈⏺㸟㸽㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ㝈⏺㸟㸽㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ
ᮾ⟃⣸Ꮫᅬ㧗➼Ꮫᰯ ⌮⛉㒊 �㧗㸱�ඵᮡ ⨾ᬕ ᮏ⏣ ⓒⰼ

�㧗㸰�ᕝཱྀ ྐᜨ ᆏᮏ ┤ᶞ ␊ᒣ ㈗⣪Ꮚ
�㧗㸯�ఀ⸨ 

㸯ࡵࡌࡣ�㸯ࡵࡌࡣ�㸯ࡵࡌࡣ�㸯ࡵࡌࡣ�

��ᖺࡿࡓࢃほ ࡢ⤖ᯝࠕࠊኪ✵ࡢ᫂ࡣࠖࡉࡿ
ᵝ࡞ࠎẼ㇟≧ែࠊࡸ㹑㹎㹋࣭ගᏛࣥࢲࢩ࢟࢜
ᙳࡃᙉቃởᰁ≀㉁⎔࠸࡞࠼ぢ┠ࠊࡢ࡞ࢺ
㡪ࢆࡇࡿࢀࡉド᫂ࠋࡓࡋࠊࡶᕞࡢኪ
ᕞ㸯㸭㸳➼ගࠕࡓࡋどྍࢆࡉࡿ᫂ࡢ✵
ᗘ᭤⥺ᆅᅗࠖࡢ〇సࠊࡸኪ✵ࡢ᫂ࡽࡉࡿ㯤◁
ࡾྲྀ✲◊࡞ࠎᵝࠊ࡞ࡿࡍ ᥎ࢆὶື≧ែࡢ
ࠋࡓࡁ࡛ࢇ⤌

⌧ᅾࠊᅜࢡ࣮࣡ࢺࢵࢿࢢࣥࢳࢵ࢛࣮࢘ࢱࢫ
࣓ࣛ࢝෭༷㹁㹁㹂ࠊࡣࡢ࠸ᬯࡶ᪥ᮏ࡛᭱ࠊࡾࡼ
࡛ᙳࡓࢀࡉ┿ゎᯒࠊࡾࡼ����ᖺࡢᒾᡭ┴୍
㛵ᕷࠊ����ᖺࡢᓥ᰿┴ὠ㔝⏫࡛ࡶࠊ�����
PDJࢆ್ࡢࡇࠋࡿ࠶࡛͜ڧ�㒊ᕞ࡛ࡶほ ࡋ
��ࡎࡲࠊ࡛ࡇ࠺࠸࠸ࡓ PDJ͜ڧ�௨ୖࡢᬯ࠸
ࡁᐃ࡛ ࡛࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫࠊࡀ್
ࠊࡿ࠶ᒸ┴⏣ᕝ㒆⚟࡚ࡋࡑࠋࡓࡗ⾜ࢆㄆ☜ࡿ
ᕷ⾤ᆅࡽࡃࡁ㞳ࡿ࠸࡚ࢀⱥᙪᒣ࡛ほ ࢆ⾜
ࠋࡓࡗ

㸰�ほ ᶵჾ㸦࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ㸧㸰�ほ ᶵჾ㸦࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ㸧㸰�ほ ᶵჾ㸦࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ㸧㸰�ほ ᶵჾ㸦࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ㸧

ᅗ㸯ࡣኪ✵ࡢ
᫂ࡢࡉࡿほ 
⏝ࢫࡿ࠸࡚ࡋ
ࢸ࢛ࣜࢡ࢝
㸦㹑࣮ࢱ࣮࣓࣮
㹏㹋㸧࡛ࠋࡿ࠶
ཎ⌮ࡣゅᗘ��r
ࡢ㗹ᙧࡢගࡢ
㸯㸭㸰���r�ࢆ
ࡋࢢࣥࢽࣕ࢟ࢫ
࢘࢝ࢆගᏊࠊ࡚
➼ࡢࡾࡓ࠶ᖹ᪉⛊ゅࢆࢀࡇࠊ࡚ࡋࡑࠋࡿࡍࢺࣥ
⣭>PDJ͜ڧ�@࡛ᩘ್ࠋࡿࡍほ ࡀ▷㛫࡛῭
ࡾࡼ����ᖺᗘࠊࡵࡓ࠸࡞ฟࡀಶேᕪࠊࡸࡇࡴ
⏝ࠋࡿ࠸࡚ࡋ⌧ᅾࡣࡕࡓ⚾ࠊィ㸱ྎ࢝ࢫࡢ
ࢆ⏝ࠋࡿ࠸࡚ࡋ⏝ࢆ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ
㛤ጞࡓࡋ����ᖺಶయᕪࢆࡇ࠸࡞ࡀ☜ㄆ࡚ࡋ
ࡲࠋࡓࡋࢆㄪᰝ࡚࠸ࡘಶయᕪ࡚ࡵᨵࠊࡀࡿ࠸
ࡣ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫࡿࡍᐃ ࠊࡓ
͆ኍྕ ࠊ͇͆ ᘨྕ ࠊ͇͆ ཧྕ͇ྡࢀࡒࢀࡑࠊࡅ
ẚ㍑ࠋࡓࡗ⾜ࢆ

⾲㸬㹑㹏㹋ࡢಶయᕪ>༢㸸PDJ͜ڧ�@
ኍྕ ᘨྕ ཧྕ

Ꮫᰯᗜձ ����� ����� �����
Ꮫᰯᗜղ ����� ����� �����
Ꮫᰯᗜճ ����� ����� �����

Ꮫᰯᗜෆ࡛᫂ࢆࡉࡿኚࠊࡽࡀ࡞࠼㸱ྎྠ
����㸪��㸪ࡣࡉࡿ᫂ࠋࡓࡗ⾜ࢆᐃ  PDJ͜ڧ�
⛬ᗘࡢ㸱✀㢮࡛ኚࠊ࠺ࡼࡢ⾲ࠋࡿ࠸࡚ࡏࡉ
᫂ࢆࡉࡿኚࡢࢀࡎ࠸ࡓࡗ⾜࡚࠼ほ ࡛ࡶಶయᕪ
ࡶ࠸࡞ࡣಶయᕪࠊࡎࢀࡽぢࡋᑠᩘⅬ௨ୗ࡛ࡣ
ࠋࡓࡁㄆ࡛☜ࡢ

ᅗ㸯࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ�㸦㹑㹏㹋㸧

㸱ࡢ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ� ᐃ㝈⏺㸱ࡢ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ� ᐃ㝈⏺㸱ࡢ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ� ᐃ㝈⏺㸱ࡢ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ� ᐃ㝈⏺

⌧ᅾ᪥ᮏ࡛᭱ࡶᬯ
�����࠸ PDJࡢ͜ڧ�
ࢸ࢛ࣜࢡ࢝ࢫࡀ್
ᐃ ࡛࣮ࢱ࣮࣓࣮
ࡋド᳨ࢆࡢࡿࡁ࡛
ࢆ ほࡀࡕࡓ⚾ࠋࡓ
࡛ࡘ㸯ࡢᆅⅬࡓࡗ⾜
┿ࠕࡣ࡛❍㟷㱟ࡿ࠶
ᖹࡣ❍㟷㱟ࠋࡿࡁ࡛ࡀࡇࡿࡍయ㦂ࢆᬯ㜌ࠖࡢ
ᑿྎ㸦ᕞᕷᑠ༡༊㸧Ꮡᅾࡿࡍ㙂ஙὝ࡛
ࢆ್⏺㝈ࠊࡵࡓ࠸࡞ࡃࡀ※ගࡣ࡛ࡇࡑࠋࡿ࠶
 ᐃ᭱ࡢࡿࡍ㐺࡛ࠋࡿ࠶㟷㱟❍࡛ࠊࡣὝཱྀ࡛
ࡇࡿ࠼ኚࢆゅᗘࡢ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝ࢫ
ࡗ⾜ࢆ ほࠊࡋㄪ⠇ࢆගᏊᩘࡢど㔝ゅෆࠊ࡛
ࠋࡓ

ᅗ㸱ࠊࡣ����ᖺ㸴᭶ほ ࡓࡗ⾜ࢆ㟷㱟❍ࡢ
⤖ᯝ࡛ࠋࡿ࠶⦪㍈ࡣ㸯ᅇࡢほ ࡓࡗ㛫
>㹱@ࠊᶓ㍈ࡣ➼⣭>PDJࠋࡿ࠶࡛@͜ڧ�ᅗࠊࡾࡼ
ᬯࡿࡍ࠺ࢁ ࢆ್࠸㛫ࡀࡇࡿࡶ
ศ࡚ࡋࡑࠋࡿ����� PDJࡶ᭱ࡀ͜ڧ�ᬯࠊࡃ���
�� PDJ͜ڧ�௨ୖࡣ ᐃ࡛ࢫࡣࢀࡇࠋࡓࡗ࡞ࡁ
ᐃ ࡋ࡛ࡲ⛊��ࡀ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ࢝
ࠋࡿ࠶࡛ࡵࡓ࠸࡞ࡁ࡛

ᗘࠊ����ᖺ㸶᭶㟷㱟❍࡛ ᐃࡇࡓࡋࢆ
�����್࡛࠸ᬯࡶ᭱ࠊࢁ
PDJࡀ͜ڧ�ᚓࠋࡓࢀࡽ

ࢿࢢࣥࢳࢵ࢛࣮࢘ࢱࢫ
�����ࡢࢡ࣮࣡ࢺࢵ PDJ
ࡔ࠺ࡑࡁᐃ࡛ ࡣ͜ڧ�
��ࠊࡀ PDJ͜ڧ�௨ୖ 
ᐃ࡛ྍ࠸࡞ࡁ⬟ᛶ࠶ࡀ
ࠋࡿ

ᅗ 㸰 � 㟷 㱟 ❍ 㸦 ෆ ഃ  ࡽ  ᙳ 㸧

ᅗ㸳� Ꮫᰯᗜ㸦እഃ㸧

ᅗ㸱� 㟷㱟❍࡛ࡢ ᐃ�����ᖺ㸴᭶㸰᪥�

ᅗ㸲� 㟷㱟❍࡛ࡢ ᐃ�����ᖺ㸶᭶��᪥�
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㟷㱟❍ࡃ࡞࡛ࡅࡔᏛ
ᰯෆࡿ࠶ᗜ㸦ᅗ㸳�
ࢫࠋࡓࡗ⾜ࢆᐃ ࡶ࡛
࣮࣓࣮ࢸ࢛ࣜࢡ࢝
どࠊࡣ㸦㹑㹏㹋㸧࣮ࢱ
㔝ゅධࡿගࡢ㔞ࡀᑡ
♧ࢆ್࠸ᬯ࠸࡞
ࠊ㝿ࡢᐃ ࡛ࡇࡑࠋࡍ
࠼ኚࢆᖜࡿࡅ㛤ࢆࢻ
࡚ගࡢධࡿ㔞ࢆㄪ⠇ࡋ
ࠋࡓ

࣮ࢸ࢛ࣜࢡ࢝ࢫ
ࡅࡾྲྀࢆ⬮୕ࠊ࠺ࡼࡢᅗ㸴ࡣ㸱ྎ࣮ࢱ࣮࣓
⨨ほ ࠊࡋᅛᐃ࡛ࣉ࣮ࢸࢡࢵࢪ࣐ᯈࡢᮌࡓ
ࠋࡓࡋ࠺ࡼ࠸࡞ࡁ㉳ࡀࢀࡎࡢ

ᅗ㸵ࠊࡣᏛᰯᗜ࡛ほ ࡓࡗ⾜ࢆ⤖ᯝ࡛ࠋࡿ࠶
ࡼ࠾㛫ࡓࡗ ほࡢ㸯ᅇࡢ㍈⦪ࠊࡋࡔࡓ
࢝ࢫࠋࡿ࠶࡚ࡋ♧⾲ᑐᩘ࡛ࠊࡣ⣭➼ࡢᶓ㍈ࡧ
௨⛊��ࡿ࠶࡛⏺ᐃ㝈 ࡢ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜࢡ
ෆࠊࡣ࡚࠸࠾Ꮫᰯᗜ࡛᭱ࡣ㧗࡛ࡶ����� PDJ
ࠋࡓࡗ࠶࡛͜ڧ� 㝈ࡿࡁᐃ࡛ ࠊࡽࡇࡢࡇ
◚ࡢᅗ୰�࡛ࡲ⣭⛬ᗘ➼��ࡣࡉࡿ᫂ࡢ✵ኪࡢ⏺
⬟ྍ࠸࡞ࡁᐃ࡛ ࡣ����௨ୖࠋࡿࢀࡽ࠼⪄�⥺
ᛶ࡚࠼ࡲࡩࢆࢀࡇࠊࡀࡿ࠶ࡣⱥᙪᒣ࡛����� PDJ
ࠋࡓࡗ⾜ࢆ ほࠊࡵồࢆ್ࡿ࠼㉸ࢆ͜ڧ�

㸲�㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ㸲�㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ㸲�㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ㸲�㒊ᕞࡿࡅ࠾ኪ✵ࡢᬯࡉ

⌧ᅾࠊ᪥ᮏ࡛᭱ࡶ
ᬯࡿ࠶್࡛࠸�����
PDJ ್ࡢ௨ୖ͜ڧ�
ࠊࡵ㒊ᕞ࡛ồࢆ
����ᖺ㸶᭶⚟ᒸ┴
⏣ᕝ㒆ࡿ࠶ⱥᙪᒣ
㸦ᅗ㸶㸧࡛ᚭኪほ 
⤌ⱥᙪᒣࠋࡓࡗ⾜ࢆ
㸰ࡢ⤌ⱥᙪᒣ࿘㎶
ࡗ⾜࡚ࢀศ⌜
ࠋࡓ

ⱥᙪࡣᅗ㸷ࠊࡎࡲ
ᒣࡢᓅ�ᶆ㧗����
㹫�࡛ほ ࡚ࡗ⾜ࢆ
⃰ࠋࡿ࠶ᵝᏊ࡛ࡿ࠸
࠾࡚ࡗࡀ㟝࠸
ኚࡃపࡶ Ẽࠊࡾ
�ࡶᗘ‵ࠋࡓࡗࡔ�㸣
ỈẼࠋࡓࡗ࠶࡛
ᑕࠊ࡚ࢀࡉ᫂ࡿ

ᅗ㸶㸬ⱥᙪᒣ

ᅗ㸷㸬ⱥᙪᒣ㡬ୖ࡛ࡢほ 

ᅗ㸴㸬㸱ྎྠほ ࡢ㹑㹏㹋

ᅗ㸵㸬Ꮫᰯᗜ࡛ࡢほ �����ᖺ��᭶��᪥�

��ࠋࡓࡗ࡞ᯝ⤖࠸
PDJ͜ڧ�௨ୖࢆ್ࡢ
ồࡀࡓ࠸࡚ࡵኳೃ
ᜨࠊࡎࢀࡲṧᛕ࡞⤖
ᯝ࡛ࠊࡽࡉࠋࡿ࠶
ⱥᙪᒣ㡬ୖ࡛ࡶᕷ⾤
ᆅࡢ᫂ࡢࡾᙳ㡪ࡀ
ࠋࡓࡗ࠶

ᅗࠊࡣ��ⱥᙪᒣ࿘
㎶ࡢ㥔㌴ሙ�ᶆ㧗���
㹫�ࡽぢࡿ࠼ᫍ✵࡛ࠋࡿ࠶⾤ⅉࡢ࡞ᙳ㡪ࡀᑡ
ࠋࡿࡁ࡛ࡀࡇࡿࡵ═ࢆᫍࡾࡁࡗࡃࠊࡵࡓ࠸࡞
ᕷ⾤ᆅ࡛ࡾࡲ࠶ࡣぢ࡞࠸ࢀࡁ࠸࡞ࢀᫍ✵ࢆぢࡿ
ࠋࡿࡁ࡛ࡀࡇ

ᅗࠊࡣ��ⱥᙪᒣ࡛ࡢ����ศࡽ㸯��ศࡲ
ⱥᙪᒣࠊᯝ⤖ࡢࡑࠋࡿ࠶ᯝ࡛⤖ࡢ ᚭኪほࡢ࡛
��ࠊࡶ㧗࡛᭱ࠋࡓࡗ࡞ࡁ࡛ ほࡣ��௨ୖࡣ࡛
��ศࡢ����� PDJ୍࠺ࡶࠋࡓࡗ࠶࡛͜ڧ�ᗘࠊ
ⱥᙪᒣࡸࡢሙᡤ࡛ࡢほ ࠊ࠸⾜ࢆᗘࡑࡇ
㒊ᕞ࡛᭱ࡶᬯࢆ್࠸ほ ࠋࡿ࠸࡚࠼⪄࠸ࡓࡋ

㸳ࡾࢃ࠾�㸳ࡾࢃ࠾�㸳ࡾࢃ࠾�㸳ࡾࢃ࠾�

ኪ✵ࡢ᫂ࡢࡉࡿほ ⏝ࢡ࢝ࢫࡿ࠸࡚ࡋ
⮬ࡕࡓ⚾࡛ࡲࠊ࡚࠸ࡘ࣮ࢱ࣮࣓࣮ࢸ࢛ࣜ
㌟ࡀศࡓࡗ࡞࠸࡚ࡗ ᐃ㝈⏺್࡚࠸ࡘㄪ
�����㧗࡛᭱ࠊᯝ⤖ࡢࡑࠋࡓ PDJ࡛ࡲ͜ڧ� 
ᐃࡢࡇࠋࡓࡁ࡛ࡀࡇࡿࡍ⤖ᯝࡣᅜ࡛ࡗࡶ
�����࠸ᬯࡶ PDJࢆ͜ڧ�㉸ࠊࡾ࠶್࡛ࡿ࠼ⱥᙪ
ᒣ࡛ࡢほ ⏝࡛ࠊࡋࡋࠋࡓࡋุ᩿ࡿࡁ
ⱥᙪᒣ࡛⾜ࡓࡗほ ࡣኳೃࡢ࡞ᙳ㡪ࠊࡾ࠶ࡶ
᭱㧗࡛ࡶ����� PDJࠋࡓࡗ࡞͜ڧ�ᗘࠊⱥᙪ
ᒣࡸࡢሙᡤ࡛ほ ࠋࡿ࠸࡚࠼⪄࠸ࡓ࠸⾜ࢆ

᭱ᚋࠊኪ✵ࡢ᫂ࡉࡿ㛵ᚰࠊ⯆ࢆᣢࡘᏛ
����ࡀᮏᰯࠊ࠼ቑࡀᰯᖺᥦၐࡓࡆୖࡕ❧࡚ࡋ
㹑㹏㹋ᅜࠊࡀࢡ࣮࣡ࢺࢵࢿ⌧ᅾᾏ㐨ࡽ⚟
ᒸ┴࡛ࡲᅜ��ᰯࡢཧຍࢆᚓࢀࡽάືࠋࡿ࠸࡚ࡋ
ኪ✵ࡢ᫂ࢆࡉࡿᅜⓗඹ᭷ࠊࡾࡼࡇࡿࡍ
ࠋ࠺ࢁࡔࡿᣢ࡚ࡀಙ☜ࡾࡼ್

ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩
࣭�XQLKHGURQ�㸬6N\4XDOLW\ 0HWHU � /㸬

KWWS���ZZZ�XQLKHGURQ�FRP�SURMHFWV�VTP�O�
㸦ཧ↷���������㸧

࣭ᮾ⟃⣸Ꮫᅬ㧗➼Ꮫᰯ㺃↷᭙㤋୰Ꮫᰯ⌮⛉㒊������
㸸➨��ᅇ㺀ᫍ✵ࡢࡽࡒ࠾࠶࣭⾤ࡢ⾤㺁ᅜ

⎔ቃ⮧㈹ཷ㈹グᛕྕ ��SS�
���������㹼�ࢡ࣮࣡ࢺࢵࢿ㺃ࢢࣥࢳࢵ࢛࣮࢘ࢱࢫ࣭

㸸ᅜᫍ✵⥅⥆ほᐹࡢᐇ⤖ᯝሗ࿌᭩�
⎔ቃ┬ Ỉ࣭Ẽ⎔ቃᒁ

ᅗ��㸬ⱥᙪᒣ࿘㎶࡛ぢࡓࢀᫍ✵

ᅗ��㸬ⱥᙪᒣ࡛ࡢほ 
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㸰㍈ࡢ㥑ືᶵᵓࢆ㏣ຍࠊ࡚ࡋ㐃⥆ほ ࡞⬟ྍࡀ㟁Ἴᮃ㐲㙾ࡢ〇సࢆヨࠋࡓࡳᮏ◊✲ࡣᏛ

ᰯ❧㸳㸮࿘ᖺࡢグᛕᴗࠊ࡚ࡋ㸱ᖺ⏕ࡢㄢ㢟◊✲ࡢ୰࡛ࠊᶵᲔ⛉ࠊ㟁Ẽ⛉ࠊሗᢏ

�ࠋࡓࡋᐇ࡚ࡋ✲◊ࡿࡼ༠ຊࡢ⛉㸱ࡢ⛉⾡

�

㸰㸬ᅵྎ〇స㸦ᶵᲔ⛉ᢸᙜ㸧�

���㹫����㹫��῝ࡉ��㹫୕ࡓ࡚❧ࡳ⤌ࠊࡾ᥀ࢆ✰ࡢゅࢆ࣮࣡ࢱỈᖹᆶ┤ࢆฟࣉ࣮࡚ࣟࡋ

࡛ᅛᐃࡓࡋᚋ࡛ࢺ࣮ࣜࢡࣥࢥᅛࢆࣛ࣎ࣛࣃࡓࡲࠋࡓࡵ㥑ື⨨ྲྀࡾࡢࡵࡓࡿࡅ㔠ලࡢ〇

సࡶᶵᲔ⛉࡛ᢸᙜࠋࡓࡋ�

�

�

�

�

�

�

㸱㸬ࢫࢡࢵ࣎タ⨨㓄㟁ᕤ㸦㟁Ẽ⛉ᢸᙜ㸧�

タ⨨ࡢ࣮࣡ࢱࡓࡋഃᒇእ⏝ࡢࢫࢡࢵ࣎ࡢタ⨨㥑ື࣭ไᚚ⏝ᚲせࡿ࡞㟁※ࡢᆅ

୰㓄⥺ᒇእ㒊ศࢡ࣮࣡ࢺࢵࢿࡢ㓄⥺ᕤࢆ㟁Ẽ⛉ࡀᢸᙜࠋࡓࡋ�

�

�

�

�

�

�

㟁Ἴ྾య ✵㻌 ኴ㝧㻌

㻞㻡㻥㼙㼂㻌 㻡㻣㻚㻠㻌㼙㼂㻌 㻡㻢㻜㻌㼙㼂㻌
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㸲㸬㟁Ἴᮃ㐲㙾࣒ࢸࢫࢩࡢᵓᡂ㸦ሗᢏ⾡⛉ᢸᙜ㸧�

���㹫ࣗࢩࢵࢹࡢ㹁ࢻࣥࣂ㸦㸲*+]ᖏ㸧⏝1/ࡢ%)ྲྀࡅ㸯*+]ኚ࡚ࡋಙྕࡾྲྀࢆฟࠊࡋ

ྠ㍈ࢫࢡࢵ࡛࣎ࣝࣈ࣮ࢣෆࡾྲྀ㎸᳨ࡳἼᚋࡢ

┤ὶ㟁ᅽࢆ㸿�㹂ኚ࡚ࡋ㹎㹊㹁ୖ୍࡛✚

ࢱ࣮ࣗࣆࣥࢥ࣮ࣂ࣮ࢧ࡚ࡋࢆࢡ࣮࣡ࢺࢵࢿࡋ

ࢸࢫࢩᙧ࡛࠺⾜ࢆ✚ࡢࢱ࣮ࢹ࡚ࡋ㌿㏦ື⮬

ࣛ࣎ࣛࣃࠊࡣ㥑ື⣔ࠋࡓࡋࡇࡿࡍᵓᡂࢆ࣒

௮ゅࣟࠊࡋస⮬ࢆ㔠ලࡅྲྀࡢ⏝ᑓࣗࢩࢵࢹ

ࡅࡾྲྀࢆࢱ࣮ࢸ௮ゅ࣮ࣟࠊࡅྲྀࢱ࣮ࢸ࣮

ᵓ㐀ࡿࡏࡉᅇ㌿࡛ࢱ࣮ࢸ᪉࣮ࣟࢆࢺࢫ࣐ࡓ

࠶࣮ࣛࣟࢺࣥࢥࡢࢱ࣮ࢸ࣮ࣟࢀࡒࢀࡑࠋࡓࡋ

ࢥ࣐ࡢ⏝ไᚚ㏻ಙࢆ࣮ࢱࢡࢿࢥ⏝እ㒊ไᚚࡿ

ࡋࢆ㹊㸿㹌ࠊ࡚ࡋ⥆᥋㸦3,&1,&㸧ࢻ࣮࣎ࣥ

ࣟࢺࣥࢥࡽࢺࣇࢯ㏣ᑿไᚚࡿ࠶ୖࣥࢥࢯࣃ

�ࠋࡓࡋᵓᡂࡿࡍ࣮ࣝ

ձࣗࢩࢵࢹࣛ࣎ࣛࣃ��

� � ᭷ຠ┤ᚄ㸸���Pࠊ� ᨺ≀㠃῝ࡉ㸸����FPࠊ�

� ↔Ⅼ㊥㞳㸸����FPࠊ� )�'ẚ㸸�����

ղ�᳨Ἴჾ�

� ����ᖺᗘࢆࣥࣛࣉࢵࣜࢺࢫ⪃៖࡚ࡋタィࡓࡋ� ᇶᯈࢆ

ࠊ࡚ࡋ⏝ࢆᶵჾࡢ㔝㎶ᒣኴ㝧㟁Ἴほ ᡤࠊࡋసᡂࢆ㸵ᯛ࡚ࡋ⏝

≉ᛶヨ㦂୍࠸⾜ࢆ␒┤⥺ᛶ⠊ᅖࡀᗈࢆࡢࡶ࠸⏝ࠋࡓࡋ�

ճ�⮬ືィ ᶵ⬟�

� 㸿�㹂ࡢ��������ࠊ�㹼�9�⢭ᗘࢺࢵࣅ��&/3ࡢ〇ࢫ࢚࣮ࣥ࢟

ኚࣘࢆࢺࢵࢽ᥋⥆ࢢࣥࢠࣟࠊࡋᶵ⬟ࢆ⏝ࡾྲྀື⮬ࠊ࡚ࡋ㎸

�ࠋࡓࡋᵓᡂࡿࡍࡳ

մ�⮬ື㏣ᑿ࣒ࢸࢫࢩ�

� ㏻ಙไࢡ࣮࣡ࢺࢵࢿDOVDW��ࠖ&ࠕࢺࣇࢯᫍ㏣ᑿ⾨ࡢ࣮ࣜࣇ

ᚚ࡚ࡏࢃྜࡳ⤌ࢆ&,1&,3ࢻ࣮࣎ࣥࢥ࣐ᵓᡂࠋࡓࡋࡲࡋ�

�

㸳㸬 ᐃ⤖ᯝ�

� ࣉࣥࢱࢫ࣮ࣈࡢ%��G㛫ࡢἼჾ᳨ࢼࢸࣥ

ࢱ࣮࣓ࣝࢱࢪࢹࢆฟຊࡢἼჾ᳨ࠊᵓᡂ࡛ࡓࢀධࢆ

࡛ ᐃࠊࢁࡇࡓࡋḟࡢ⤖ᯝࠋࡓ࠼ࢆ�

㸴㸬ᚋࡢㄢ㢟�

࣭ほ ⢭ᗘྲྀࡢ➼(1%/ࠊࡵࡓࡿࡆୖࢆࡅ⨨ࡢㄪᩚࡢࢱ࣮ࢸ࣮ࣟࠊไᚚ㔞ኚࣈ࣮ࢸ

�ୖྥࡢ⢭ᗘࡢ᪉࣭௮ゅ࡚ࡋㄪᩚࢆࣝ

࣭㐃⥆࣭㏣ᑿほ ࡛ࡢ࣒ࢸࢫࢩྛ࠺ࡼࡿࡁタᐃ್ࡢㄪᩚ✚ࡢࢱ࣮ࢹຍᕤ࣭⾲♧ࣇࢯ

�㛤Ⓨࡢࢺࣇࢯ⏝ ほࡢࡑࠊ㛤Ⓨࡢࢺ

࣭」ᩘ㙾ࢆ⏝ࡓࡋᖸ΅ィᙧ㟁Ἴᮃ㐲㙾ࡢ〇స�

㟁Ἴ྾య ✵㻌 ኴ㝧㻌

㻞㻡㻥㼙㼂㻌 㻡㻣㻚㻠㻌㼙㼂㻌 㻡㻢㻜㻌㼙㼂㻌
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�

 ኴ㝧㟁Ἴほࡿࡼࢼࢸࣥ⏝%6 � � � � � � � � �

ᕝཎ ᙬᜨ(㧗 2) ࠙⇃ᮏ┴❧ࠎ㯨㧗➼Ꮫᰯࠚ 
ᯇᮏ ዉ⣪(㧗 1)࠙⇃ᮏ┴❧⇃ᮏ㧗➼Ꮫᰯࠚ 

∦ᒸ ༓⪷(㧗 1)࠙ᑦ⤍㧗➼Ꮫᰯࠚ 
㸯㸬ࡵࡌࡣ 
㯮Ⅼࡢᩘࡣቑῶࡢ࿘ᮇࡢࡇࠋࡿ࠶ࡀ࿘ᮇࠊࡁࡓࡌ⏕ࡀࢀࡎኴ㝧ࡢάືᗘࡀపୗࡋ 

ᆅ⌫ࡢẼ ࡀᐮ෭࠺࠸ࡿ࡞ㄝࡢࡇࠊࡣࡕࡓ⚾ࠋࡿ࠶ࡀㄝ᳨ࢆドࡵࡓࡿࡍ㯮Ⅼᩘ┦ 
㛵ࡿ࠶ࡀゝࡿ࠸࡚ࢀࢃኴ㝧㟁Ἴᙉᗘࡢほ ࢆ㛤ጞ12ࠋࡓࡋGHz ࡣ ほࡢኴ㝧㟁Ἴࡢ࡛ 1 
994 ᖺࡢᕤ⸨㡰ḟ㸦ኳᩥ᭶ሗ155ࠊ87ࠊ㸫㸧ࡢ2000ࠊ ᖺ௦ධࠊ࡚ࡗ᪥㣗ࡢኚືࡢほ 
2ࠋࡿ࠶ࡀሗ࿌ࡢࡘࡃ࠸࡚ࡵྵࢆ࡞ฟ᳨ࡢࢺࢫ࣮ࣂࡸ   ኚືࡀࡓࡗ⾜ࢆ ᡤ࡛ྠほ࢝
 㢖ࠊࡾ࠶ࡶሗ࿌ࡢ࡞2006㸧ࠊ40㸪11㸫ࠊ㜰ᗓ❧㧗ᰯ◊✲⣖せࠊ㸦␜ᮧ࠸࡞ࡋ⮴୍ࡀ
 ࡇࡿࢀධࢆṇᰯ๓ᚋࡢ ほࡣ࡛✲◊ᮏࠋࡓ࠼⪄ࡿ࠶ᚲせ࡛ࡀṇᰯࡢ㟁Ἴᙉᗘ࡞⦾
2013ࠊࡾࡼ ᖺ 6 ᭶ࡽ⣙ 9  ࡗࡼ࣒ࢸࢫࢩࡓࡋᏳᐃࢆኴ㝧㟁Ἴᙉᗘ࡚ࡗΏ㛗ᮇ㛫ࡢ᭶
࡚ィ ࠋࡓࡋ 

 
㸰㸬ほ ᪉ἲ 
2.1� ほ ࡓ࠸⏝ᶵᮦ 

� ࣭┤ᚄ 35㸯㸬ᰴ)〇 BS-TA352) 
� ࢺࢵࢽἼ᳨Ἴቑᖜࣘࣟࢡ࣐࣭ RFD-1500� 2 ྎ 

� � � 2.2� ほ ᪉ἲ 
12㹅㹆㹸ࡢ㟁Ἴࢆほ ࡛ࢼࢸࣥࣛ࣎ࣛࣃࡿࡍ 
 ࢆேయࠖࠊ✵ࠊኴ㝧ࠊ✵ࠊேయࠕࠋࡿࡍᐃ ࢆᙉᗘࡢ㟁Ἴࡿࢀࡉᨺᑕࡽேయࠊኴ㝧ࠊ✵
㸯ࠊ࡚ࡋࢺࢵࢭቑᖜᗘࡿ࡞␗ࡀ 2 ྛ࡛ࢀࡒࢀࡑ࡚࠸⏝ࢆ⨨ࡢྎ 3  ኴ㝧㟁ࡘࡎࢺࢵࢭ
Ἴᙉᗘࡢほ ཷࠋ࠺⾜ࢆಙᶵࡢឤᗘࢆᏳᐃࡵࡓࡿࡏࡉ㟁※ࢆධࡽ࡚ࢀ⣙ 30 ศᚋィ 
 ࡢಙᶵཷࡕࡢࡓࡋㄆ☜ࢆಙ≧ἣཷ࡚ࡅྥ㞼࣭ᘓ≀࣭ேయࡸᒣࠊࡎࡲࠋࡿࡍ㛤ጞࢆ 
ឤᗘኚືࢆᑡࠊࡵࡓࡿࡍࡃ࡞ேయ࣭✵࣭ኴ㝧࣭✵࣭ேయࡢ㡰 ᐃࡢࢀࡒࢀࡑࠋࡿࡍ  
ᐃ้ࢆ࡛ࡲ⛊ࡣグ㘓ࢆ✵ࠋࡿࡍ ᐃࡿࡍ㝿ࡣฟຊ㟁ᅽ᭱ࡢప್ࢆグ㘓ࠊࡋኴ㝧ࢆ  
ᐃࡿࡍ㝿ࢱ࣮ࣞࢺࣥࢭࣥࢥࣟࢡ࣐ࡣ(ࢼࢸࣥ୰ኸࡢ✺㉳≀)ࡢᙳࢆࢆࢼࢸࣥࠊ࠸ 
ኴ㝧ࠊࡅྥ ᐃ⪅ࡢᙳ࡚᭱ࡋ࠺ࡼ࠸࡞ࡽࢼࢸࣥࡀ㟁ᅽࢆィ 1ࠋࡿࡍ  ࢵࢭ
⣙ࡣᖹᆒほ 㛫ࡢࢺ 4 ศ⛬ᗘ࡛ࠋࡿ࠶ 

 
㸱㸬ࡢࢱ࣮ࢹฎ⌮᪉ἲ 
ேయࡢ✵ࠊ ᐃ้ࢆඖኴ㝧㟁Ἴほ ࡢேయࡢ✵㟁ᅽ್ࢆෆᤄࡾࡼ᥎ᐃࡑࠋࡿࡍ 

 ኴࡢෆ࡛࣒࣮ࣅࡢࢼࢸࣥࡣኴ㝧㍤ᗘ ᗘࠊ࠾࡞ࠋࡿࡍ௬ᐃࢆᛶ⥺┤ࡢឤᗘࡢಙᶵཷ㝿ࡢ
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㝧ࡢ㠃✚ࡢྜࡅࡔపࡃほ ࡎࡲࠋࡿࢀࡉᐇ ್ࡽぢࡢࡅኴ㝧ࡢ ᗘࢆ⟬ฟࢆࢀࡑࠊࡋ 
 ࠋࡿࡍ௬ᐃࢆᛶ⥺┤ࡢឤᗘࡢಙᶵཷ㝿ࡢࡑࠋࡿࡵồࢆ್ࡾࡼࡇࡿಀᩘ࡛ࡢࡇ
 యゅ❧ࡢ࣒࣮ࣅࡢࢼࢸࣥە

ᡃࡢ࣒࣮ࣅࡢࢼࢸࣥࡣࠎ❧యゅࢆồࡵࡓࡿࡵ㸯ᘧࠊࡀࡓ࠸⏝ࢆࡢㄽᩥ࡚࠸࠾㸰 
ᘧࡀከࠊࡵࡓࡿ࡞␗ࡀ್ࠊࡾ࠾࡚ࢀࡽ࠸⏝ࡃ௨ୗ 2  ࠋࡍグࢆᘧࡢࡘ
㸯㸬J. D. Kraus, Radio Astronomy, 6-15 ᘧ㸧�  
Ȑ=Ȣ㸰/A=4Ȣ㸰/㸦ȧ࣭Ȟ࣭D㸰㸧=0.009501㹙sr㹛 

㸰㸬Ȑ=ȧ࣭Ș㸰࣭Ȣ㸰/㸦4D㸰㸧=0.005906㹙sr㹛 
Ȑ:ࡢ࣒࣮ࣅᗈࡾࡀ[sr]� � � A:ᐇ㝿᭷ຠ㟁Ἴࢆ㞟ࡢࢼࢸࣥࡿ࠸࡚ࡵ㠃✚[੍] 
D:ࡢࢼࢸࣥ┤ᚄ[㹫]� � � Ȟ:≀⌮ⓗࡢࢼࢸࣥ࡞㠃✚㸿ࡢẚ⋡� ㏻ᖖ 0.6㹼0.7 
Ș:್༙ࡢ࣒࣮ࣅᖜࢆồࡿࡵಀᩘ� ㏻ᖖ 1.2 ⛬ᗘ� � � � � Ȣ:ほ ࡿࡍ㟁ἼࡢἼ㛗[㹫] 

ࡢㄽᩥࡢࡵࡓࡢࡇ 1.6 ಸࡢ ᗘࠋࡓࡗ࡞ 
    �  

㸲㸬ほ ⤖ᯝ� � � � � � � � �

ᅗ㸯ኴ㝧㍤ᗘ ᗘࡢ ᐃ⤖ᯝࠋࡍ♧ࢆ 
⨨ 2 ࡣ RFD-1500  Ᏻᐃࡀᯝ⤖ࡃపࡀቑᖜᗘࡢ
⨨ࡿ࠸࡚ࡋᏳᐃࡾࡼ࡛ࡢ࠸࡞࠸࡚ࡋ 1  ⤖ࡢ
ᯝࢆぢࡀࡿ࠶࡛ࡎࢃࡃࡈࠊࡿኴ㝧㟁Ἴᙉ 
ᗘࡣቑຍࠋࡿࢃࡀࡇࡿ࠸࡚ࡋ 
 

ᅗ㸯.2013 ᖺ 6 ᭶ࡽ 12 ᭶ࡢ࡛ࡲኴ㝧㍤ᗘ ᗘࡢ ᐃ⤖ᯝ 
㸳㸬⪃ᐹ� � � � � � � � � � � � � � � � � �  
ᡃࡣࠎᅜ❧ኳᩥྎ࡛ ᐃࡓࢀࡉ㯮Ⅼ┦ᑐᩘ 

 ࡑᅗ㸰ࠋࡓㄪࢆ㛵ಀࡢኴ㝧㍤ᗘ ᗘ
 ࢱ࣮ࢹࡢほ ᪥ᙜ᪥ࡣ㯮Ⅼ┦ᑐᩘࠋࡍ♧ࢆࢀ
 ࠋࡓ࠸⏝ࢆࢱ࣮ࢹࡢ๓ᚋࡢ᪥ࡢࡑሙྜ࠸࡞ࡀ
ᅗ㸰ࡾࡼኚືࡢ࠸ࡁ⨨ 2  ࡋど↓ࢆ್ࡢ
⨨ 1  ቑຍࡢ㯮Ⅼ┦ᑐᩘࡤࢀぢࢆࡳࡢࢱ࣮ࢹࡢ
 ୖࡀኴ㝧㍤ᗘ ᗘࡀࡿ࠶ࡣ࡛ࡎࢃ࡚ࡗకࡢ
� ࡢኴ㝧㟁Ἴᙉᗘࠋࡿ࠼ぢ࠺ࡼࡿ࠸࡚ࡋ᪼ ᅗ㸰.ኴ㝧㍤ᗘ ᗘ㯮Ⅼ┦ᑐᩘࡢ㛵ಀ 
ᐃㄗᕪࢆᑡࡋࡃ࡞ ᐃ⢭ᗘࠊࡵࡓࡿࡆ࠶ࢆ 
 ᐃࡢ㝿ࢆࢼࢸࣥኴ㝧ࡢ᪉ྥṇࡇࡿࡅྥࡃࡋ␃ពࡢࢼࢸࣥࠊࡋᣦྥᛶ࡞ 
�ࠋ࠸ࡓࡁ࠸࡚ࡅ⥆ࢆ㏣ཬࡶᚋࠊ࡚ࡋㄢ㢟ࢆࡇࡿࡡ㔜ࢆᐇ㦂࡚࠸ࡘ  
ཧ⪃ᩥ⊩ 
㯮Ⅼ┦ᑐᩘ http://solarwww.mtk.nao.ac.jp/jp/db_sunspot.html 
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ᅗ�� ほ ᶵᮦ�

ᅗ�� ኴ㝧㟁Ἴࡢᙉᗘኚ�

ᅗ�� ኴ㝧㟁Ἴࡢᙉᗘኚ�

�

� ほࡢࣞࣇኴ㝧ࡿࡼࢼࢸࣥ%6

�

㯮ᐑ� ┤ኸࠊ▼ᕝ� ᜶⩏ࠊຍⱱ� ᗈࠊ㯮㡲� �ᒣୗࠊ┿⿱ ᬛ㍤ࠊᶓᒣ� 㞝ᇶ㸦㧗㸰㸧�

▼ᕝ� 㑳ࠊᕝᮧ� ♸ஓࠊ⇃ᡞ� �⸩㰺ࠊ⿱❶ ຬኴࠊ᪂⸨� ྖࠊ➉୰� Ꮥ㸦㧗㸯㸧�

࠙ᇸ⋢┴❧ⷘ㧗➼ᏛᰯᆅᏛ㒊ࠚ�

�

㸯㸬ࡵࡌࡣ�

� ⷘ㧗ᆅᏛ㒊࡛ࠊࡣ����ᖺࡽ᭶ࡸኴ㝧ࡢ㟁Ἴほ ࠋࡓࡁ࡚ࡗ࡞ࡇ࠾ࢆᖺᗘࠊࡣኴ㝧

࢘ࡢᩘ「ࠋࡓࡗ࡞ࡇ࠾ࢆ ほ࡚ᮏᰯᒇୖࡾΏ᪥㛫ᩘࠊࡋᣮᡓࡇࡿ࠼ᤊࢆࣞࣇ

�᪥ᮏ㛫����ᖺࠊ࡛ࢺࢧࣈ࢙᭶��᪥ࡢ���▱ࢆࡇࡓࡋ⏕Ⓨࡀࣞࣇࡢࢫࣛࢡ&ࡽ��

࠸࡚ࢀࡽ࠼ᤊࡀኚࡢ㟁Ἴᙉᗘࡿࡼࣞࣇኴ㝧ࠊⅭࡓࡗ࠶ほ ୰࡛ࠊࡣ᪥ࡢࡇࠋࡓࡗ

�ࠋࡓࡗ࡞ࡇ࠾ࢆゎᯒࡢࡵࡓࡿࡍㄆ☜ࢆࡿ

�

㸰㸬ほ ᪉ἲ࣭ࢱ࣮ࢹฎ⌮�
����ほ ᪉ἲ�

� � ほ ࡣᅗ࡞࠺ࡼࡢ�ᶵᮦࠋࡓ࠸⏝ࢆほ ᪉ἲࡢ�

ᴫせࡣḟࠋࡿ࠶࡛ࡾ࠾ࡢ�

ձኴ㝧ࡢࢼࢸࣥ%6ࢆど㔝୰ኸᤊࠊ࠼㉥㐨�

� ࡛⮬ື㏣ᑿࠋࡿࡍ�

ղ⣙㸯㛫ࢆࡁྥࡢࢼࢸࣥࡁ࠾ኴ㝧ࡽእ�

�ࠋࡿࡍᐃ ࢆ㟁Ἴᙉᗘࡢࢻࣥࣛࢢࢡࢵࣂࠊࡋ

�ࡢ㟁Ἴ྾యࡵࡓࡿࡍ㍑ṇࢆᐃ್ ࠊࡓࡲ

㟁Ἴᙉᗘࡶ ᐃࠋࡿࡍ�

௨ୖࡢసᴗᩘࢆ㛫⥅⥆ࠋࡿࡍ�

�⌮ฎࢱ࣮ࢹ����

� ๓࣭㡯ձ࡛ኴ㝧ࢆᤊ್ࡓ࠼�ࠊࡽ�ࡿࡍ9

ղ್ࡢࢻࣥࣛࢢࢡࢵࣂࡢ�9VN\ࢆ�ࡿࡍ

ᘬ9ࢆ್ࡢࡇࠋࡃVXQࡀࢀࡇࠋࡿࡍኴ㝧

�ࠋࡿ࡞㟁Ἴᙉᗘ㸧ࡢࡅ㟁Ἴᙉᗘ㸦ぢࡢ

࣭㟁Ἴ྾యࡢ㟁Ἴᙉᗘ9ࢆDࠋࡿࡍ�

�

㸱㸬ほ ⤖ᯝ�
ᅇࡢほ ࡛ࠊࡣᅗࢆࣇࣛࢢ࡞࠺ࡼࡢ��

ᚓࠋࡓࡁ࡛ࡀࡇࡿ�

�ࠊࢆ\9VNࡣࢁࡇࡿ࠸࡚ࡗࡀୗࡀࣇࣛࢢ

�9ࠊࡓࡲࠋࡍ♧ࢆ9Dࡣࢁࡇࡿ࠸࡚ࡗࡀୖ

�ࢢ࡞ᖹᆠࡣᮏ᮶ࠊࡣ㛫ࡿ࠸࡚ࡋᐃ ࢆ

ࡎࡀᴟ㍈ࡢ㉥㐨ࠊࡀࡔࡎࡣࡿ࡞ࣇࣛ

ࡽど㔝୰ኸࠎᚎࡀኴ㝧ࠊⅭࡓ࠸࡚ࢀ

እࠊࢀ㟁Ἴᙉᗘࡀᚎࠎపୗࠋࡿ࠸࡚ࡋ

9VN\�9Dࢆ ᐃࡿࡍᗘࠊど㔝୰ኸኴ㝧ࢆ

ᡠࡿ࠸࡚ࡋⅭࠊ࿘ᮇⓗ࡞ኚࠋࡿ࠸࡚ࡋࢆ�

�

㸲㸬⪃ᐹ�
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�

ᅗ�� Ϩϩࡢ㟁Ἴᙉᗘࡢẚ㍑�

ᅗ�� 㡿ᇦϪࡢ㟁Ἴᙉᗘࡢኚ�

�↓᭷ࡢ㟁Ἴᙉᗘኚࡿࡼࣞࣇ����

�ฟ᳨࡛ࡀ㟁ἼᙉᗘኚࡢⓎ⏕ࣞࣇ

���ࡢࣇࣛࢢࡢ�ᅗࠊࡵࡓࡿㄪࡓࡁ

㡭㹼��㡭࡚࠸ࡘḟࡢ㸱㡿ᇦࢆタ�

ᐃ࡚ࡋヲ⣽ㄪࡓ㸦ᅗ�㸧ࠋ�

Ϩ� �����㡭㹼�����㡭�

ϩ� �����㡭㹼�����㡭�

Ϫ� �����㡭㹼�����㡭㸦Ϩࡢ⤊┙㸧�

����㡿ᇦϨϩࡢẚ㍑�

�� ᅗࡢࣇࣛࢢࡢ�Ϩϩࢆᢤࡁฟ࡚ࡋ�

ጞⅬ࡚ࡏࢃྜࢆ㔜ࡓࡏࢃྜࡡ㸦ᅗ�㸧ࠋ�

� యⓗϩࡀ࠺࠸࡚ࡗࢆ್࡞ࡁ�

�࡚ࡋ⏕Ⓨࡀࣞࣇࡣϩࠋࡿศࡀࡇࡿ

�ࡼࠋࡿ࠶࡛ࣇࣛࢢࡢ㛫ࡢࡑࡉࡲࡿ࠸

�㟁Ἴᙉࡿࡼࣞࣇ࡛ࢼࢸࣥ%6ࠊ࡚ࡗ

ᗘࡢኚࡀᤊࡓࢀࡽ࠼᥎ ࡛ࠋࡿࡁ�

����Ⓨ⏕้ࡢᙉᗘቑຍ�

�㟁Ⓨ⏕ᩘศᚋࡢࣞࣇኴ㝧ࠊ⯡୍

Ἴࡢ㗦࠸ቑຍࡀぢࠋࡿࢀࡽᅗࡢ�Ϫࡢ㡿�

ᇦࢆぢࠊࡿ㟁Ἴᙉᗘࡎࢃࡀቑຍࡋ�

�ࠊࡋฟࡁᢤࢆϪࠋࡓ࠸Ẽࡇࡿ࠸࡚

�ᅗࠊࡀࡢࡶࡓࡋ㏣ຍࢆ⥺㏆ఝ᭤ࣇࣛࢢ

���ࡣ้ࢡ࣮ࣆࡢ㟁Ἴᙉᗘࠋࡿ࠶࡛����

㡭࡛ࣞࣇࠊⓎ⏕ᩘศᚋࡢ㟁Ἴᙉᗘࡢቑຍࢆᤊྍࡓࡁ࡛ࡀࡇࡿ࠼⬟ᛶࠋࡿ࠶ࡀ�

�ቑຍࡢ࣮ࢠࣝࢿ࢚ᨺᑕࡿࡼࣞࣇ����

㟁Ἴ྾యࡢ㟁Ἴᙉᗘ�9D�Ẽ ࠊኴ㝧ࡢ㟁Ἴᙉᗘ�9VXQ�ࠊࡽぢࡢࡅኴ㝧 ᗘ

�7VXQ̓�ࢆồࠋࡿࡵぢࡢࡅኴ㝧ࡣᇶ‽ࡢ㟁Ἴ྾యࡾࡼᑠࠊ࡛ࡢ࠸ࡉࡢࡉࡁ⿵ṇ

ᘧࡢḟࠊ࡛ࡢ࡞�����rࡣど┤ᚄࡢኴ㝧ࡢ᪥ࡢࡇࠊ����rࡣど㔝ࡢࢼࢸࣥ%6ࠋࡿࡍࢆ

࡛ᮏ᮶ࡢኴ㝧 ᗘࢆồࠋࡿࡵ�

� � � 7VXQ ������������A��7VXQ̓� � � � � � � � � � � � � �

�ࠋࡿࡍ�7VXQࠊ�7VXQࢆᗘ ࡓࢀࡽᚓࠊ࠸࡞ࡇ࠾᪉࡛ࡢϩࠊ㡿ᇦϨࠊࢆ⟭ィࡢࡇ

ḟࡢ࣐ࣥࢶࣝ࣎ࣥࣇࢸࣗࢩࠊᘧ�( Ȫ7A��ࢆ⏝ࠊࡋ ᗘ࣮ࢠࣝࢿ࢚ࡽኚ

�ࠊࡿࢆẚ࡚࠸࠾�)ࠊ�)ࢀࡒࢀࡑࢆ࣮ࢠࣝࢿ࢚ࡿࡅ࠾ϩϨࠋࡿࡍ

(��(� �Ȫ�7VXQ��A����Ȫ�7VXQ��A��� �7VXQ��7VXQ��A��

��� �7VXQࠊ.�7VXQ� ������Aࠊࡇࡇ���A�.ࢆ௦ධࠊࡿࡍ(��(� ����� ࠊࡾ࡞

ほ ࡓࡋ㟁Ἴ㡿ᇦ࡛ࡀ࣮ࢠࣝࢿ࢚ࠊ���⛬ᗘቑຍࠋࡓࡗࢃࡀࡇࡓࡋ�

�

㸳㸬⤖ㄽ�
� ᤊ࡛ࢼࢸࣥ%6ࢆቑຍࡢ㟁Ἴᙉᗘࡿࡼࣞࣇኴ㝧ࡓࡋ⏕ᅇⓎࠊࡾࡼ������ࡢ���

ࡼࣞࣇࡀቑຍࡢ㟁Ἴࠊࡾࡼ���ࠊࡓࡲࠋࡿࡍ ᥎࠸࡞ࡣ࡛ࡢࡓࡁ࡛ࡀࡇࡿ࠼

ࢿ࢚ࠊ࡚࠸࠾㡿ᇦࡢ㟁ἼࡢἼ㛗ࡢ���FPࡿࡁ࡛ ほ࡛ࢼࢸࣥ%6ࠊࡿࡍࡔࡢࡶࡿ

�ࠋࡓࡗࢃࡀࡇࡿ࠸࡚ࡋ㸯㸮㸣⛬ᗘቑຍࡀ࣮ࢠࣝ

�

ཧ⪃ᩥ⊩➼�
࣭ᜏᫍ♫�⌧௦ኳᩥᏛㅮᗙ��ኴ㝧ᩘ࣭ࠊ◊ฟ∧� ᆅᏛ�

࣭ZHEࢺࢧ� ᅜ❧ኳᩥྎኴ㝧ほ ᡤࠊᏱᐂኳẼணሗ࣮ࢱࣥࢭ�6)2*ࠊ�&6:3⾨ᫍ�
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�

ኴ㝧ࡢ㸳ศື᳨ฟࡢヨࡳ 
᪩ᕝ� Ꮥᚨࠊᐑᓮ� ⣧୍ࠊ୰㔝� 㐩㈗ࠊᯈ㇂� ⏤⳯㸦㧗㸰㸧ࠊ 

ᑠᯘ� ுࠊ⎼Ꮚ� ᐇ⣪ኸྛࠊ �ົ ṇᾈ㸦㧗㸱㸧ୖࠊ⡲� ಇ㍤㸦㧗㸯㸧 
ி㒔ᗓ❧ᮾ㧗➼Ꮫ �ᰯ ኴ㝧ほ ࣒࣮ࢳ�

1㸬ࡵࡌࡣ�

� ி㒔ᏛᏛ㝔⌮Ꮫ◊✲⛉㝃ᒓⰼᒣኳᩥྎ࡛2013ᖺ8᭶16᪥㹼19᪥4ࡢ᪥㛫ኴ㝧ࡢほ ᐇ⩦ࢆ⾜

⌫ᆅࠊࡁࡢࡑࠋࡓ࠸࡚ࡳヨࢆฟ᳨ࡢ㌿㏿ᗘ⮬ࠊࡓࡲࠊㄪࢆሙ☢ࡢ୰ᛶ㕲⥺࡛㯮Ⅼࡣ18᪥ࠋࡓࡗ

Ẽ⥺ẚ㍑ࠊ࡚ࡋ୰ᛶ㕲⥺ࡀ㛫⤒㐣ࡶᚤጁࡡࡃࡡࡃ᭤࠺ࡼࡿ࠸࡚ࡗࡀぢࠋࡓ࠼ኳᩥ

5ࠊࢀࢃゝ࠸࡞ࢀࡋࡶࡢࡿ࠸࡚࠼ぢࡀືࡢኴ㝧Ẽࠊࡃ⪺⏕ඛࡢྎ ศືࡢほ ࡇࡿࡍࢆ

�ࠋࡓࡗ࡞

ኴ㝧ࡢ�ศືࠊࡣኴ㝧య࡞ࣝࣂ࣮ࣟࢢࡿࡓࢃື࡛ࠊኴ㝧୍㠃㏿ᗘᡂศࡀ࣮ࣥࢱࣃࡢ

ᗈࠋࡿ࠸࡚ࡗࡀ㏿ᗘ࡚ࡋ���Nm/s࡛ࠊࡾ࠶ኴ㝧ෆ㒊ࡢᵝᏊࢆ᥈ࡢࡿኚ㔜せ࡞◊✲᪉ἲࡗ࡞

�ࠋࡿ࠸࡚

2㸬ほ �

ி㒔ᏛᏛ㝔⌮Ꮫ◊✲⛉㝃ᒓⰼᒣኳᩥྎࡢኴ㝧㤋ཱྀࡿ࠶ᚄ 70cmࢺࢵࢱࢫ࣮ࣟࢩࡢᮃ㐲㙾㝃

ᒓࡿࡍ㧗ศᩓศගჾ㸦Ἴ㛗ศゎ⬟50࣭ࢺࢵࣜࢫᖜ100ȣ࣭ࢺࢵࣜࢫ㛗ࡀኴ㝧㠃ୖ࡛⣙5km㸧ࢆ

⏝ࠋࡓࡋศගჾ࡛ᚓࣝࢺࢡ࣌ࢫࡓࢀࡽ⏬ീࡣCCD࡛࣓ࣛ࢝TIFF⏬ീ࡚ࡋಖᏑࠋࡓࢀࡉ⏝ࡋ

 ࠋࡿ࠶6301ύ㹼6303ύ㏆࡛ࡣἼ㛗ᇦࡓ
ほ 㡿ᇦࠊࡀHȘ⏬ീ࡛࣮ࣔࢱࢽኴ㝧㠃ࡌྠࡢሙᡤ࠺ࡼࡿ࡞┘どࢺࢵࣜࢫࠊࡓࡲࠋࡓࡋ㠃࡛ኴ

㝧㠃ࡌྠࡢ⨨ࡢගࢆศග࡛࠺ࡼࡿࡁኴ㝧㠃3➃ࡢⅬ࡛ࢺࢵࢿࢢ࣐༳ࢆ࠺ࡼ࠸࡞ࢀࡎࠊࡅኴ

㝧ീࢆ㏣ᑿࠋࡓࡋ�

� ほ ࡣ 2013 ᖺ 8᭶ 18 ᪥ 13 40 ศ 00 ⛊㸦᪥ᮏ㛫㸧ࡽ 10⛊㛫㝸࡛ࣝࢺࢡ࣌ࢫ⏬ീྲྀࡢᚓࢆ

ࡢึ᭱ࠋࡓࡋ 500 ᡭ㛫ᚓྲྀࢱ࣮ࢹࠊࡓࡲࠋࡓࡋࡎࡣࡽゎᯒࠊ࡛ࡢࡓࡗ࠶ࡀᏳ⨨ീࡣ⛊

࡚ࡗྲྀ ࠶ࡶࡇࡓࢀ㞃㞼ࡀኴ㝧㠃ࡽࡉࠋࡓࢀࡉ㝖እࡶࡢࡶࡓࡗ࡞ࢃྜ㛫ᙳࡢࡈ⛊10

13ࠊࡾ 45ศ ࡽ⛊00 15 30ศ ࡢ⛊00 105ศ㛫10⛊ࡈ 260ಶࣝࢺࢡ࣌ࢫࡢ⏬ീࡀࢱ࣮ࢹ

ྲྀᚓ࡛ࠋࡓࡁ้ࡢ⢭ᗘࠊࡣീࡰ࡛ࢢ࣑ࣥࢱࡢỴ0.2ࠊࡾࡲ⛊⛬ᗘࠋࡿࢀࡉุ᩿ 
3㸬ゎᯒ�

� ᚓࣝࢺࢡ࣌ࢫࡓࢀࡽ⏬ീࡣᅜ❧ኳᩥྎᥦ౪ࢆ࣐ࣜ࢝ࡢ⏝್ᩘ࡚ࡋࡋࢫ࣮ࣞࢺࣝࢺࢡ࣌ࢫࡋ

ࡢศᩓ᪉ྥ࡚ࡋ⏝ࢆ⥺྾ࡢ※ᆅ⌫Ẽ㉳ࠋࡓ 1 ࠊࢁࡇࡓࡗ⾜ࢆᐃ ࡢἼ㛗ࡢࡾࡓ࠶ࣝࢭࢡࣆ

0.0032ύ㸭ࢆ್ࡢࣝࢭࢡࣆᚓࠋࡓ�

� ḟࣝࢺࢡ࣌ࢫࠊ⏬ീࢺࢵࣜࢫࡢ᪉ྥࡢࡾࡓ࠶ࣝࢭࢡࣆࡢኴ㝧⾲㠃࡛ࡢᐇ㛗ࢆㄪࠋࡓHǂ ࢱࢽࣔ

ࡀ㛗ࢺࢵࣜࢫࡢኴ㝧㠃࡛ࠊ࡚ࡋẚ㍑ࢆኴ㝧ീᙧࡢࢺࢵࣜࢫࡿ࠸࡚ࢀࡉグ㘓࣮ 50000km ࡗࢃ

�ࠋࡓᚓࢆࣝࢭࢡࣆ48km㸭ࠊࡾ࡛ᩘࣝࢭࢡࣆࡢ᪉ྥࢺࢵࣜࢫࡢീ࡛⏬ࣝࢺࢡ࣌ࢫࢆࢀࡇࠋࡓ

� ᪉ྥࢺࢵࣜࢫࡢീ⏬ࣝࢺࢡ࣌ࢫ

㸦Yᗙᶆ㸧࡛ CCDୖ࡛ࡸࢺࢵࣜࢫ

࠸↓ࡶ㯮Ⅼࠊࡃ࡞ᑡࡢ࣑ࢦ ��� ࣆ

ࡽࣝࢭࢡ ��� ࡾ㛫࡛ษࣝࢭࢡࣆ

࣐࢝ࢆࢫ࣮ࣞࢺࣝࢺࢡ࣌ࢫࡓࡗྲྀ

࡛ࣜసᡂࡢࡇࠋࡓࡋ㛫ࡣኴ㝧㠃ᐇ� � � �

㛗࡛ࡑࡼ࠾����km� �ࠋࡿ࡞

ᅗ㸰� ྾⥺ࡢἼ㛗ࡢỴᐃ᪉ἲ�

ᅗ㸯� �ീ⏬ࣝࢺࢡ࣌ࢫࡓࡋ♧⾲࡛࣐ࣜ࢝

ఱᮏࡢ⦪ࡢ㯮⥺ࡀኴ㝧Ẽᆅ⌫Ẽࡢ྾⥺࡛ࠋࡿ࠶�
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�2㸰⥺H,���������ύ(ࠊ⥺ ��������ύ⥺ࡢ㸰ࠋࡓ࠸⏝ࢆ࣌ࡢࡘ�
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㓟⣲ศᏊ⥺ᑐࡿࡍ୰ᛶ㕲⥺ࡢ้ࡢࡈἼ㛗ࢀࡎࡢ㸦ࣝࢭࢡࣆ༢㸧ࢆ ᐃࠋࡓࡋ� ᐃ ࠊࡓࡲ

㡿ᇦࡢ⢏≧ᩬࡢ࡞ᐤࢆㄪࣝࢺࢡ࣌ࢫࡌྠࠊࡵࡓࡿ⏬ീࢺࢵࣜࢫ࡛ࢱ࣮ࢹ㛗ᇦࢺࢡ࣌ࢫࡢ

�ࠋࡓㄪࢆࡉࡿ᫂ࡢ࣒࣮ࣗࢽࢸࣥࢥࠊࡋᗘసᡂࢆࢫ࣮ࣞࢺࣝ

4㸬⤖ᯝ� � ᚓࡓࢀࡽ⤖ᯝࢆᅗ㸱ࠋࡍ♧�

ᅗ �� ้㸦༢ࡣ⛊㸧ᑐࡿࡍኴ㝧ࡢ྾⥺ࡢἼ㛗ኚ

㸦ືୖࠊ୰㸧 ᐃ㡿ᇦࢺࢵࣜࢫ㛗ᇦࣗࢽࢸࣥࢥࡢ

�ࠋグ㸧⾲ẚ࣒࣮ࣗࢽࢸࣥࢥࠊኚື㸦ୗࡢࡉࡿ᫂ࡢ࣒࣮

�

ᅗ�࡛ୖᅗ㸦%�$㸧2ࠊࡣ㸰��������ύ⥺$ᑐ

୰ᅗ㸦'�&㸧ࠊ㔞ࢀࡎࡢ%⥺H,���������ύ(ࡿࡍ

��������,H(ࡿࡍᑐ&⥺2㸰��������ύࠊࡣ�ύ⥺'

ࠋୖࡍ⾲ࢆ㔞ࢀࡎࡢ ᅗࠊ୰ᅗࠊࡶ᫂ࣆ�ࡽ

ࡢࡇࠋࡿࢃࡀࢀࡎࡢἼ㛗࡞࿘ᮇⓗࡢᗘ⛬ࣝࢭࢡ

࿘ᮇࡣ┠ศ㔞࡛ ��� ⛊⛬ᗘぢ✚ࡁ࡛ࡀࡇࡿ

ࠊ࡚ࡋ⏝ࢆࢺ࣮ࢩࢡኚ࣮࢚࣮࣡ࣜࣇ㏿㧗ࠋࡓ

ᅗ㸲ࠋ㸦ᅗ㸲㸧ࡓࡳ࡚ㄪࢆ࣒ࣛࢺࢡ࣌ࢫ࣮࣡ࣃ

ືᩘࠊࡣ࡛ �������� ࡇࠋࡓࢀࡽぢࡀࢡ࣮ࣆ

┤ศ༢ࠋࡓࡗ࡞⛊�����ࡿࡍ࿘ᮇࢆࢀ

�ࠋࡿ࡞���ศࡍ �

5㸬⪃ᐹ�

� ࠊྠࡽἼ㛗ᕪࡢ⥺྾ࡢ⤌�ࡿࡍ❧⊃ ࿘ᮇࡌ

ࢺࢵࣜࢫほ 㡿ᇦࠊ᪉୍ࠋࡓࢀࡽᚓࡀ⛊�����

㛗యࡢ᫂ࡢࡉࡿኚືࠊࡣ࿘ᮇᛶࡀぢ࡞ࢀࡽ

࡞࠺ࡼࡢᩬ≦⢏ࡀ⛊�����࿘ᮇࠊࡣࡇࡢࡇࠋ࠸

ᑐὶ⌧㇟ࡎࡲྵࢆኴ㝧ࡢ � ศືࢆᤊࡢࡶࡓ࠼

��ࡾࡓ࠶���ศࡣ⛊�����ࠋࡿ࠼࠸ࡿ࠶࡛

ᅗ㸲� �࣒ࣛࢺࢡ࣌ࢫ࣮࣡ࣃࡢ$�% � � � � � � � � � ศࢆᑡࡋ㉸㐣ࠋࡿࡍ�

� ືࡣࢡ࣮ࣆ �ᩘ �ࠋࡿ࠶࡛⨨ࡢ�������� � � ���� � �ศືࡢ㏿ᗘࢆồࡿࡵᅗ㸱ࡢᖜ᭱ࡀ�

9㸻��������ύ�����㸳NP�V¹����ύ㸻ࠊ࠸⏝ࢆᘧࡢ࣮ࣛࣉࢵࢻࡽࡇࡿ࠶ᗘ࡛⛬ࣝࢭࢡࣆ

����km/s� ࡓࠋࡿ࠼࠸࠸㏆್ࡢ���NP�Vࡿ࠸࡚ࢀࢃゝⓗ⯡୍ࡣ���km/sࡢศ༙ࡢࡑࠊࡾ࡞

ࠊ᳨ࡅ⥆ࢆ ほࡶᚋࠋࡿ࠶ࡀၥ㢟࠸ࡋ㞴ࠊࡃ㏆ࡶᗘ㏿ࡢᑐὶࠊࡣᗘ㏿ࡢࡇࠊࡔ ドࠋ࠸ࡓࡁ࠸࡚ࡋ�

6㸬ㅰ㎡�

� ほ ࡛ࡣி㒔ᏛᏛ㝔⌮Ꮫ◊✲⛉ྡᩍᤵ� 㯮Ἑᏹඛ⏕� 㝃ᒓⰼᒣኳᩥྎ◊✲ဨ� ▼㈗Ꮚ

ඛ⏕ࠊࡵࡌࡣࢆኳᩥྎࠊࢇࡉ࡞ࡳࡢࣇࢵࢱࢫࡢTA ࢆពࡢឤㅰ࡚ࡋグࠋࡓࡗ࡞ୡヰ࠾ࢇࡉ࡞ࡳࡢ

ி㒔ᗓ❧ᮾ㧗➼ᏛᰯPTAࡧࡼ࠾ᴗࢸࣥࣟࣇᖹᡂ25ᖺᗘி㒔ᗓ㧗➼Ꮫᰯࡣ✲◊ࡢࡇࠋ࠸ࡓࡋ⾲
�ࠋࡓࢀࢃ⾜ຓ࡛ࡢ
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ࠗSMART ⏬ീࡿࡼኴ㝧ࡢᕪືᅇ㌿᳨ࡢฟ࠘ 
ᯈ㇂� �㬼㣫ࠊ⳯⏤ ▱ࠊ⧊⏣� ⱸ㔛ࠊட⏣� ♸ᕼࠊຍⱱ� ᕼࠊἙෆ� 㱟㍤ࠊ 
ᮌᡞ� ኴ㑻ࠊబ㔝� �ᰘᓮࠊ▖ ὈᩯࠊΎỈ� 㜿⌮Ἃࠊ㕥ᮌ� 㐶ࠊ୰㔝� 㐩㈗ࠊ 
ᶫᮏ� �᪩ᕝࠊࢼ࢚ࣞ Ꮥᚨࠊ⚟ᔱ� ᖾ୍㑻ࠊᐑᓮ� ⣧୍㸦㧗㸰㸧 

ி㒔ᗓ❧ᮾ㧗➼Ꮫᰯ� ➨Ꮫᖺ� ⥲ྜ㑅ᢥไ� Ᏹᐂࡢ↛⮬⛉Ꮫࢫ࣮ࢥ 
 ྠ୍⪅Ꮫࠖཷㅮ⛉ࡢ⌫ᆅᏱᐂࠕ

 
㸯㸬ࡵࡌࡣ 
⚾㐩ࡢᏛᰯ࡛ࡢࡇࡣ 12 ᖺ㛫ࠊⰼᒣኳᩥྎ࡛ኴ㝧ࡢ㧗ศᩓศගほ ࡿࡼᐇ⩦࠸࡚ࡅ⥆ࢆ

2013ࠋࡓࡗ⾜ࢆ⩦ኳᩥྎ࡛ᐇఱᗘ࡛⎔୍ࡢᤵᴗࡣ㐩⚾ࠋࡿ ᖺ 8 ᭶ 24 ᪥ࡢᐇ⩦࡛ࠊࡣኳ

ೃᜨࡎࢀࡲほ ࠊࡀࡓࡗ࡞ࡁ࡛ࡣ㣕㦌ኳᩥྎࡽ㈨ᩱ࠾ࢆࡋࡾኴ㝧ࡢ⮬㌿㏿ᗘࢆồ

 ࠋࡓࡁ࡛ࡀࡇࡿࡵ
ኴ㝧ࠊࡣ⣙ 27 ᪥ࡢ࿘ᮇ࡛⮬㌿ࠊࡀࡿ࠸࡚ࡋ⦋ᗘ࡚ࡗࡼ⮬㌿࿘ᮇࡀ㐪ࠋ࠺㉥㐨ࡢ᪉ࠊࡀ

⮬㌿࿘ᮇ࠸▷ࡣ㸦ᕥࡢᅗࠊ⌧

௦ኳᩥᏛㅮᗙ� 5 ኴ㝧� p96
ീ⏬ࢆࡇࡢࡇࠋᘬ⏝㸧ࢆ

 ࠋࡓࡗ࠶࡛⩦ᐇࡿㄪࡽ
 
 
 

 
㸰㸬ほ  
㣕㦌ኳᩥྎ࡚ 2013 ᖺ 5 ᭶ 1 ᪥ 8  03 ศ2ࠊ ᪥ 7  45 ศ3ࠊ ᪥ 8  30 ศ4ࠊ ᪥ 7 

53 ศ5ࠊ ᪥ 6  04 ศ6ࠊ ᪥ 8  35 ศ7ࠊ ᪥ 7  29 ศ8ࠊ ᪥ 16  20 ศ9ࠊ ᪥ 6  43 ศ

ീ㸦௨⏬ࡓࢀࡉᙳ࡚ࡗࡼி㒔Ꮫ⌮Ꮫ㒊㝃ᒓ㣕㦌ኳᩥྎኴ㝧☢ሙάືᮃ㐲㙾SMART

ୗࠊSMART ⏬ീ㸧9 ᯛࢆゎᯒࠋࡓࡋ 
ࡤ࠼ᕥࡢ⏬ീࡣ 5᭶ 2᪥ᚓࡓࢀࡽSMART

⏬ീ࡛ࠊⓑᩬ࠸Ⅼࠊࣗࢪ࣮ࣛࣉࡣᕥ༙ศࡢ୰ኸୗ

⥺࠸㯮ࡿ࠸࡚ࡋศᕸయࠊ㯮ⅬࡣⅬ࠸㯮ࡿ࠶

ࣉᕥୖ㒊ࠊࡓࡲࠋࡿ࠸࡚ࡋ⾲ࢆࢺ࣓ࣥࣛࣇࡣ

 ࠋࡿ࠸࡚ࡗࡀࢫࣥࢿ࣑ࣟ
ࠊูࡓࡲ ࢫ࣮ࣟࢩࡢⰼᒣኳᩥྎࡣ࡛⩦ᐇࡢ᪥ࡢ

ࡿࡼຠᯝ࣮ࣛࣉࢵࢻ㧗ศᩓศගჾ࡛ࡢࢺࢵࢱ

⮬㌿㏿ᗘࡢ ᐃࠋࡓࡗ⾜ࢆ 
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㸱㸬ཎ⌮ 
ᅇࠊ㣕㦌ኳᩥྎࡢኴ㝧ࡢ 5 ᭶㸯᪥㹼9 ᪥ࡢ HȘ⥺⏬ീࢆࢱ࣮ࢹᇶኴ㝧ࡢᕪືᅇ㌿ࢆㄪ

ࡿࡼ㌿⮬Ⅽࡿࡍฟ⟭ࢆࢱ࣮ࢹࠋࡓࡋ⏝ࢆࡢࡶࡓࢀࡉ༳ๅ࡚⣬ࠊࡣゎᯒࠋࡓ

ࣛࣇᬯ᮲ࠊ㝿ࡢࡇࠋࡿྲྀⅬࢆࣗࢪ࣮ࣛࣉࠊࢺ࣓ࣥࣛࣇᬯ᮲ࠊ㯮Ⅼ࠸ࡍࡸ࠸㏣ࢆࡁື

ኴ㝧ᗙᶆ㍈ୖࢆኴ㝧⏬ീࡢࡑࠋࡓࡗྲྀࢆⅬࡿ࠸࡚࠸㍤ࡾࡼࡣࣗࢪ࣮ࣛࣉࠊᒅ᭤Ⅼࡣࢺ࣓ࣥ

ᇶᮏⓗࡣᗘ⦌ࠋࡓࡋᐃ ࡶఱᗘ࡚ࡋศᢸࢆⅬࡢࢀࡒࢀࡑࡋᐃ ࢆᗘ⤒ᗘ⦌࡚ࡋࡑࠊࡏ㍕

ࢀࡒࢀࡑࠊࡵࡓ࠸࡞ࡋኚࡣࡃࡁ 15 ಶࡢⅬ࡛ᅇ㌿ゅ㏿ᗘ Xr㸭᪥ࢆ ᐃࠋࡓࡋ 
᭦ࠊど⥺㏿ᗘ㸦࣮ࣛࣉࢵࢻຠᯝ㸧ࠊࡣ࡚࠸ࡘἼ㛗ࡢࢀࡎࡢ㔞ࢆԥȢࠊࡋ㟼Ṇ≧ែ

ࢆ㌿㏿ᗘ(ど⥺㏿ᗘ)⮬ࡢኴ㝧ࠊȢࢆἼ㛗ࡢ⥺ࣝࢺࢡ࣌ࢫࡢ࡛ Vࠊග㏿ࢆ㹡ࡿࡍ 
Ϭ㸻(ԥȢ㸭Ȣ)�㹡 
 ࠋࡓࡋಟṇᅇ㌿ゅ㏿ᗘࡵồࢆ㌿㏿ᗘ⮬ࡢኴ㝧ࡋ⏝ࢆᘧࡢࡇࠋࡿฟ᮶ࡀࡇࡍ⾲
 
㸲㸬⤖ᯝ⪃ᐹ 
� 2013 ᖺ 5 ᭶ 1 ᪥㹼9 ᪥࡚ࡅኴ㝧ࡢᕪືᅇ㌿ࠊ࡚࠸ࡘ㣕㦌ኳᩥྎࡢ SMART ീ⏬ࡢ

15ࠋࡓㄪࢆ㌿㏿ᗘ⮬ࡢኴ㝧࡚࠸⏝ࢆࢱ࣮ࢹࡢࡑࠊࡋゎᯒࢆ ࣏ࡢ࡚ࠊࡾࢆࢺ࣏ࣥࡢ

 㸦ᅗཧ↷㸧ࠋࡓࡋࣇࣛࢢࡋ㞟ィࢆࡽࢀࡑࠊࡵồࢆᅇ㌿ゅ㏿ᗘࡢࢺࣥ

 

� ᅗࢆぢࡿ㧗⦋ᗘᅇ㌿ゅ㏿ᗘࡀᑠࡀࡇࡿ࡞ࡃࡉぢࠊࡋࡋࠋࡿ࠼㉥㐨㏆᭱ࡀ

 ࠋࡿࡍሙ࡛ሗ࿌ࠊࡣᅇ㌿ゅ㏿ᗘࡢ㉥㐨࡛ࡓࡵồࡽど⥺㏿ᗘࠊ࠾࡞ࠋ࠸࡞ࡣ್࡛
 
㸳㸬ㅰ㎡ 
ほ ࡸᣦᑟ࡛ࠊࡣி㒔Ꮫ⌮Ꮫ㒊㝃ᒓⰼᒣኳᩥྎ� 㯮Ἑᏹඛ⏕� ➉ෆ㈗Ꮚඛ⏕ࡌࡣࢆ

TAࠊࡵ ࡣ✲◊ࡢࡇࠊࡓࡲࠋࡓࡋࡲࡾ࡞ୡヰ࠾ࢇࡉ࡞ࡳࡢ SPP ࠋࡓࡋࡲࡅཷࢆຓࡢ

グ࡚ࡋឤㅰࡢពࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࠋࡍࡲࡋ⾲ࢆ 
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㔠࣮ᫍࢱ࣮ࣞࣗࢩࡢຠᯝࡢ◊✲ 
ᅜ❧⡿Ꮚᕤᴗ㧗➼ᑓ㛛Ꮫᰯ� ⛉Ꮫ㒊�

⏣ཎ� ᪩ኸⳀࠊỌぢ� Ⳁዉࠊ⏣୰� బ▱ࠊᒣ᰿� ඃ㤶�㧗ᑓ���

Ọ� ಇ୍ࠊᇼỤ� Ὧࠊᑿୖ� ࠊ㒊� ᱈Ꮚ�㧗ᑓ���

 
㸯㸬ࡵࡌࡣ 

㔠ᫍࡢ㍤㠃ẚࠊࡣኴ㝧ࠊ㔠ᫍࠊᆅ⌫ࡢ⨨㛵ಀ࡛Ỵࡋࡋࠋࡿࡲ㔠ᫍࡢ㍤㠃ẚ0.5ࡀ⛬ᗘ

0.5௨ୖࡣ㍤㠃ẚࡾࡲࡘࠋࡿ࠶ࡃࡼࡀࡇࡿ࠼ぢ࡚ࡋฟࡧ㣕ࡃࡿ᫂ࡀ୧ᴟ㏆ࡢ㔠ᫍࠊ㡭ࡢ

࠺ࡲࡋ࡚ࢀࡽࡶ✚ぢ0.5௨ୗࡀᯝ㍤㠃ẚ⤖ࡢࡑࠊ࠼ぢ᪥᭶ᙧ୕ࡀ㔠ᫍࠊࡎࡽࢃࡶ

 ࠋࡪຠᯝ࣮ࢱ࣮ࣞࣗࢩ࡛ࢇ࡞ࡕ๓ྡࡢ⪅Ⓨぢࡢࡑࢆ㇟⌧ࡢࡇࠋࡿ࡞ࡇ
� ๓ᅇ࡛ࣥࣙࢩࢵࢭࢽࣗࢪࡢ⩌㤿┴❧๓ᶫᮾ㧗➼Ꮫᰯྜྷࡢ⏣ዉࠊࡣࢇࡉ㔠ᫍࡀ᫂ࡢࡅ

࣮᫂ᫍࢱ࣮ࣞࣗࢩࡣࡁࡢຠᯝ᳨ࡀฟ࡛ࠊࡀࡓࡁᐘࡢ᳨᫂ᫍࡣࡁࡢฟ࡛࠸ࡓࡗ࡞ࡁ

ࡁฟ᳨࡛ࡀຠᯝ࣮ࢱ࣮ࣞࣗࢩࡣࡁࡢ᫂ᫍࡢᐘࡀ㔠ᫍࡣࡕࡓ⚾࡛ࡇࡑࠋࡓࡋ⾲Ⓨࢆᯝ⤖࠺

࣮ࣞࣗࢩࡶ࡛ࡁࡢ᫂ᫍࡢᐘࡤࢀࡍᕤኵࢆゎᯒ ほࠊᯝ⤖ࡢࡑࠋࡓࡗ⾜ࢆ ほࡢ࠸࡞

 ࠋࡓࡗࢃࡀࡇࡿࡁฟ᳨࡛ࡀຠᯝ࣮ࢱ
 
㸰㸬ほ  
� 2013ᖺࠊࡣ⛅ࡢ㔠ᫍࡣᐘࡢ᫂ᫍࠊࡾ࠾࡚ࡗ࡞ほ ࡢዲᮇ࡛9ࡣࡕࡓ⚾࡛ࡇࡑࠋࡓࡗ࠶
᭶12ࡽ᭶࡚ࡅ㔠ᫍࡢീほ ࠋࡓࡗ⾜ࢆ㔠ᫍࡢほ ࡣᆅ⌫Ẽࡢࢢ࣮ࣥࢩࡿࡼ

ᙳ㡪ࡢࡘ4ࠊࡵࡓ࠸ࡍࡸࡅཷࢆᕤኵࢆࡎࡲࠋࡓࡋᒅᢡᮃ㐲㙾ࠊ࡛ࡇࡿ࠸⏝ࢆ⟄ෆẼὶ

ࡀ㧗ᗘࡢ㔠ᫍ᪥ἐ๓ࠊࡋ⏝ࢆᑟධ㉥㐨ື⮬࡚࠸⥆ࠋࡔ࠸㜵ࢆᝏࡢࢢ࣮ࣥࢩࡿࡼ

ẚ㍑ⓗ㧗ࡕ࠺࠸ほ ࡽࡉࠋࡓࡗ⾜ࢆ㉥ࢢ࣮ࣥࢩࠊ࡛ࡇࡿ࠸⏝ࢆ࣮ࢱࣝࣇⰍ

ᕪࡢᙳ㡪ࢆῶࢆࢫࢡࢵࢱࢫࢪ࡚ࣞࡋࡑࠋࡓࡋࡽ⏝࣐ࢥ100࡚ࡋ௨ୖࡢ⏬ീࡋࢡࢵࢱࢫࢆ

 ࠋࡓࡋᨵၿࢆീ⏬ࠊ
ᮃ㐲㙾ࢩࣁ࢝ࢱࡣFS-128ࢆ⏝2ࢩࣁ࢝ࢱࠊࡋಸࣥࣛࢺࢵࣅࠊࢬ࣮ࣥࣞࣟࣂ〇෭༷CCD

 ࠋࡓࡋ⏝ࢆSXW㉥㐨ࣥࢭࢡࣅࠊ࣮ࢱࣝࣇR64ࠊBJ40L࣓ࣛ࢝
 
㸱㸬ゎᯒ 
� ࣛࢢࣟࣉࡿࡍᐃ ࢆ㍤㠃ẚkࡢIDL࡛㔠ᫍࡎࡲࡣࡕࡓ⚾

ࢡࢆ㸱Ⅼࡢ࿘ୖ࠸࡞࠸࡚ࡅḞࡢീ⏬ࡢ㔠ᫍࠋࡓࡋసᡂࢆ࣒

୰ᚰᗙᚄ༙ࡢ㔠ᫍࠊ�(x3,y3),(x2,y2),(x1,y1)ࡢ�ᅗ�ࡋࢡࢵࣜ

ᶆࢆồࡓࡵ�ᅗࡢ�(x0,y0)R�ࠋḟ㔠ᫍࡢḞ࡛ࢃࡂࡅ୰ᚰ

�ࠊ�a�(x4,y4)�ࡢ�ᅗ�ࡋࢡࢵࣜࢡࢆᆅⅬ࠸㏆␒୍

R
Rak

2
�

⾜㒊ဨ�ேဨ࡛ࡣᐃ ࠋࡓࡵồࢆ㍤㠃ẚkࡽ� 

�ࠋࡓࡋ ᥎ࡶㄗᕪ⠊ᅖࡽࡁࡘࡽࡤࡢࡑࠊ࠸

 
 

ᅗ1 㔠༙ᫍࡢᚄྛᗙᶆࡢㄝ᫂ 

㸲㸬⤖ᯝ

㸳㸬⪃ᐹࡵࡲ

ཧ⪃ᩥ⊩

1 
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㔠࣮ᫍࢱ࣮ࣞࣗࢩࡢຠᯝࡢ◊✲

㸯㸬ࡵࡌࡣ

㸰㸬ほ 

㸱㸬ゎᯒ

�

�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
㸲㸬⤖ᯝ�

 ᅗ2ࡣゎᯒࡓࡋ㔠ᫍࡢ⏬ീࠊࡾ࠾࡚ࡋ⾲ࢆᅗ3ࡣ㔠ᫍࡢ㍤㠃ẚࡢ㛫ኚࠋࡿ࠸࡚ࡋ⾲ࢆ

ࡢ㍤㠃ẚࡓࡵồࡀࡘࡎ㒊ဨ୍ேࡣᅄゅࠊࡾ࠾࡚ࡋ⾲ࢆㄽ್⌮ࡿ࠸࡚ࡗࡢኳᩥᖺ㚷ࡣ⥺

ほ ್ࡢᖹᆒࡣ࣮ࣂ࣮࢚ࣛࡓࡲࠋࡿ࠸࡚ࡋ⾲ࢆほ ್ࡽࡁࡘࡽࡤࡢ᥎ ࡓࡋㄗᕪ࡛࠶

ฟ᳨ࡀຠᯝ࣮ࢱ࣮ࣞࣗࢩࠊࡾୗᅇ᭷ពࢆㄽ್⌮ࡀ್ ほ࡛ࡾࡓ࠶0.5ࡀ㍤㠃ẚࠋ(ᅗ3)ࡿ

 ࠋࡿࢃࡀࡇࡿ࠸࡚ࡁ࡛
 
㸳㸬⪃ᐹࡵࡲ 
� ኤ้ࡢ㔠ᫍࡢほ ࡛ኳೃᕥྑࡀࡇࡿࢀࡉከࡢࢢ࣮ࣥࢩࡃᝏ࠸᪥ࡲࠋࡓ࠸⥆ࡀ

ീ⏬࡞ᅔ㞴ࡀࡢࡿࡍᢕᥱࢆ≦ᙧ࡞☜ṇࡿࡍゎᯒࢆീ⏬ࠊࡾࡼᙳ㡪ࡢࢢ࣮ࣥࢩࡓ

ࡿࡍࢡࢵࣜࢡࠊࡓࡋࢡࢵࣜࢡࢆ3Ⅼࡢ࿘ୖࡢീ⏬ࡢ㔠ᫍࡵࡓࡢࡑࠋࡓࡗ࠶ࡽࡃ࠸ࡀ

⨨ࡾ࡞␗ࡀほ ್ㄗᕪྛࡓࡲࠋࡓࡌ⏕ࡀ㒊ဨࡢឤぬࡢ㐪ࡾࡼ࠸ㄗᕪࠊࡀࡓࡌ⏕ࡀ

ゎᯒ⤖ᯝ࡛ࡣ᭷ព࣮ࢱ࣮ࣞࣗࢩຠᯝ᳨ࢆฟࡀࢢ࣮ࣥࢩ⯡୍ࠋࡓࡁ࡛ࡀࡇࡿࡍⰋ

ࣗࢩࡁࡢᗘ⛬0.5ࡀkࠊࡽࡇࡓࡁฟ᳨࡛ࡀຠᯝ࣮ࢱ࣮ࣞࣗࢩࡶࡢ᫂ᫍࡢᐘ࠸࡞ࡃ

ࠊㄪࢆᑕ≉ᛶࡢ㔠ᫍẼࡣᚋࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡌ⏕ᐃᖖⓗࡣຠᯝ࣮ࢱ࣮ࣞ

 ࠋ࠸ࡓࡋ✲◊ࡢࡿࡌ⏕ࡀຠᯝ࣮ࢱ࣮ࣞࣗࢩࡐ࡞
 
ཧ⪃ᩥ⊩ 
�����ᖺᏘᖺە ��ᇸ⋢Ꮫ�ㅮ₇ண✏㞟ࣥࣙࢩࢵࢭࢽࣗࢪ �᪥ᮏኳᩥᏛ��

��♫ㄔᩥᇽ᪂ග�ࢻ࢞ኳᩥە ����ᖺ��᭶ྕ�ᝨᫍࣥࣟࢧ�

��♫ㄔᩥᇽ᪂ග�����ᖺኳᩥᖺ㚷ە

�

1 

⌮ㄽ್ 

ほ ್ 

ᅗ3 ㍤㠃ẚࡢ⌮ㄽ್ほ ್ࡢẚ㍑ 

ᅗ2  12/12ࡢ㔠ᫍ  
 k=0.167ࡣ㍤㠃ẚࡢ᪥ࡢࡇ
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̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿�

⣸እ⥺ࡿࡼ㔠ᫍࡢほ 㔠ᫍẼࡢ㐠ືゎᯒ� �㸱ࡢࡑ

� � � � � � � � � � � � � � � � � � �

ὸᒸḟ� ὸ㔝㈗ோ� 㕥ᮌᣅ㤿� ୰ᮧ୍㈗㸦㸱ᖺ㸧�

㈅℩⏠㸦㸰ᖺ㸧� ᑎ㞙▮� 㕥ᮌඖ႐㸦㸯ᖺ㸧� ࠙㟼ᒸ┴❧☬⏣༡㧗➼Ꮫᰯࠚ�

̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿�

㸯ࡵࡌࡣ��

⏣㸦����㸧ࡣ�᪥ᮏࡢ㧗ᰯ⏕࡚ࡵึ࡚ࡋ㔠ᫍࡢ⣸እ⥺ᙳᡂຌࡋ㸪㞼ࡢ࣮ࣥࢱࣃࡢ

㍤ࡢ㞼࡚ࡋసᡂࢆ㍤ᗘ⥺ᅗ➼ࡣ㸦����㸧ὸᒸࡽࡉ�ࡓࡵồࢆ㏿㢼ྥ㢼ࡢ㔠ᫍẼࡽື⛣

ᗘࡿࡼゎᯒࡢࡇ�ࡓࡗ⾜ࢆ⤖ᯝ�㔠ᫍẼࡢ㐠ືࡣప⦋ᗘ㢼㏿ࡀࡃࡁ�㧗⦋ᗘᑠ࠸ࡉ

ࡢ⣸እ⥺⏬ീࡢ㔠ᫍ࡞㩭᫂ࡽࡉ�ࡣ࡛✲◊ࡢࡇ㸬ࡓࡋ᫂ࢆࡇࡿ࠶ࡀᑐ⛠ᛶ�༡ࡇ

ᙳྠ࠺⾜ࢆ㸪᥈ᰝᶵࡢᙳࡓࡋ⏬ീ࡚࠸⏝ࢆ㍤ᗘࡢゎᯒࢆᵝ࡞ࠎゅᗘ᳨ࡽド࣮ࢫ�࡚ࡋ

��ࡓࡋࡇࡿࡍᐹ⪄ࢆᡂᅉࡢࣥࣙࢩ࣮ࢸ࣮࣮ࣟࣃ

�

㸰�┠ⓗ�

㩭᫂࡞㔠ᫍࡢ⣸እ⥺⏬ീࡢᙳ࠺⾜ࢆ㸪ࡽࡉ�᥈ᰝ

ᶵࡢᙳࡓࡋ⏬ീࡢ㍤ᗘࢆゎᯒ࡚ࡋ�

ࡘᡂᅉࡢࣥࣙࢩ࣮ࢸ࣮࣮ࣟࣃ࣮ࢫ

��ࡿࡍᐹ⪄࡚࠸

�

�

㸱�᪉ἲ⤖ᯝ�

��� 㔠 ᫍ  Ẽ� � � � � �

�┿ᙳࡢ

�

ᮏᰯኳᩥྎ࠶

♫⸨ගᏛࡿ

〇 ��FP ᒅᢡᘧ

ᮃ㐲㙾�⣸እ

⥺㏱㐣ࣝࣇ

ࡋᤄධࢆ࣮ࢱ

⏝ࢆ�ᅗ㸯�࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹࡓ

㸷᭶ࢆᙳࡢ㔠࡚ᫍ࠸ 24 ᪥ 19 ᗘ⾜ࡓࡗ�ᅗ㸰���

�

���⏬ീゎᯒ�

ኳయ⏬ീゎᯒࢆ㸰㛫๓ᚋ⏬ീࡓࡋᙳࡀ᥈ᰝᶵ*DOLOHRࡢ1$6$

ࢺࣇࢯ 0DNDOL͂L ࡢᅗ㸱��㍤ᗘ�ࡓࡋసᡂࢆ㍤ᗘ⥺ᅗ➼࡚࠸⏝ࢆ

㸪ᖹᆒࡣࣥࣙࢩ࣮ࢸ࣮࣮ࣟࣃ࣮ࢫࡢ㔠ᫍẼࡽື⛣ ��㹼��NP�V

ᅗ㸰㔠ᫍྍࡢどග⏬ീ�ᕥ�⣸እ⥺⏬ീ�ྑ��

ᅗ㸲㍤ᗘࡢ┦㛵�

༡⦋ ��r�ୗᅗ��㉥㐨�ୖᅗ��

ᅗ㸴ࡢࣝࢺࢡ࣌ࢫ┦㛵ಀᩘ

⦋ᗘࡢ㛵ಀ�

ᅗ㸯ᙳ⨨

ᅗ㸱㔠ᫍࡢ➼㍤ᗘ⥺ᅗ

 

ᅗ㸳㍤ᗘ᭤⥺ࣝࢺࢡ࣌ࢫࡢ�

⦋

ᗘ

ᅗ � ᙳ⨨�

�

㸱�⪃ᐹ�

�

㸲�⤖ㄽ�

�

㸳�ᚋࡢᒎᮃ�

ཧ⪃ᩥ⊩�

ᅗ㸵㔠ᫍẼࡢ㐠ືࣔࣝࢹ�ኪᑐὶㄝ� ⇕₻ộἼㄝ� Ꮚ༗㠃ᚠ⎔ㄝ㸦*LHUDVFK ㄝ㸧
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̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿�

⣸እ⥺ࡿࡼ㔠ᫍࡢほ 㔠ᫍẼࡢ㐠ືゎᯒ� �㸱ࡢࡑ

� � � � � � � � � � � � � � � � � � �

̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿�

㸯ࡵࡌࡣ��

㸰�┠ⓗ�

�

㸱�᪉ἲ⤖ᯝ�

��� 㔠 ᫍ  Ẽ� � � � � �

�┿ᙳࡢ

�

�

���⏬ീゎᯒ�

ᅗ㸰㔠ᫍྍࡢどග⏬ീ�ᕥ�⣸እ⥺⏬ീ�ྑ��

ᅗ㸲㍤ᗘࡢ┦㛵�

༡⦋ ��r�ୗᅗ��㉥㐨�ୖᅗ��

ᅗ㸴ࡢࣝࢺࢡ࣌ࢫ┦㛵ಀᩘ

⦋ᗘࡢ㛵ಀ�

㸯

ᅗ㸱㔠ᫍࡢ➼㍤ᗘ⥺ᅗ ᅗ㸳㍤ᗘ᭤⥺ࣝࢺࢡ࣌ࢫࡢ�

ᅗ � ᙳ⨨�

��ࡓࡗࢃࡀࡇ࠸ࡉᑠ㸪㧗⦋ᗘࡃࡁప⦋ᗘࡣ㏿ᮾ㢼࡛㸪㢼ࡢ

ḟ㍤ᗘ᭤⥺ᅗࢆᇶࡢ࡛ୖ⥺⤒୍ྠ㸰㛫๓ᚋࡢ㍤ᗘࡽ್ࡢ┦㛵ᅗࢆసᡂࡓࡋ�ᅗ㸲�㸬

ᅗ㸲ࡽ㧗⦋ᗘṇࡢ┦㛵ࡀᙉࡃ�ప⦋ᗘศᩓࡀࡀࡇ࠸ࡁศࡣࢀࡇ�ࡿ�㧗⦋ᗘ

㞼ࡢ㍤ᗘࡢᔂࡀࢀᑠࡃࡉ�ప⦋ᗘ࡛ࡣ㞼ࡢ㍤ᗘࡢᔂࡀࢀࡿ࠸࡚ࡋ⾲ࢆࡇ࠸ࡁ��

ࡓࡿࢀࡽ࠼⪄ࡿ࠸࡚ࢀࡉᫎࡀ㇟⌧ἼືࡢἼ㛗࡞ࡲࡊࡲࡉࡢ㔠ᫍẼࡣ⥺㍤ᗘ᭤ࡽࡉ

┦ࡢࣝࢺࢡ࣌ࢫࡢࡇ��ᅗ㸳�ࡓࡋసᡂࢆࣝࢺࢡ࣌ࢫࡢ⥺㍤ᗘ᭤ࡋ⏝ࢆ⌮ཎࡢኚ࢚࣮ࣜࣇ�ࡵ

㛵ࢆồࡵ�⦋ᗘẖẚ㍑ࡓࡋ㸦ᅗ㸴㸧㸪ᅗࡾࡼ㧗⦋ᗘ࡚ࢀࡘࡿ࡞ṇࡢ┦㛵ࡀᙉࡾ࡞ࡃ�ప⦋ᗘ

㸪㢼ࡋ♧ࢆࡇࡿ࠸࡚ࡋΰᅾࡀἼࡢἼ㛗࡞ࠎᵝప⦋ᗘࡣࢀࡇ�ࡿศࡀࡇ࠸ᙅࡣ㛵┦ࡣ࡛

�㸬ࡿࢀࡽ࠼⪄㇟⌧ࡓࡗࡇ㉳ࡵࡓ࠸ࡁࡀ㏿

�

㸱�⪃ᐹ�

⌧ᅾ�㔠ᫍࡢࣥࣙࢩࣥࢸ࣮࣮ࣟࣃ࣮ࢫࡢᡂᅉࡣ࡚࠸ࡘ㸪ኪᑐὶㄝ�⇕₻ộἼㄝ�Ꮚ༗㠃ᚠ⎔

ㄝࡀࡘ�ࡢᥦၐࢆࢀࡇ�ࡿ࠸࡚ࢀࡉᅇࡢ⤖ᯝẚ㍑ࡿࡍ㸪ኪᑐὶㄝ࡛ࡣ�㢼㏿ࡀᑠࡃࡉᅇ

ồࡓࡵ��㹼��NP�Vࡢ㢼㏿ࢆㄝ᫂ࡓࡲ�࠸࡞ࡁ࡛ࡀࡇࡿࡍ㸪⇕₻ộἼㄝࡣす㢼࡛ࡵࡓࡿ࠶�ᅇࡢ

⤖ᯝࡋࡋ�ࡿࡍ┪▩㸪Ꮚ༗㠃ᚠ⎔ㄝࡣ�ᅇࡢ⤖ᯝ㢼㏿�㢼ྥඹ࠼ࡺ�ࡿࡍ⮴୍ࡰ㸪Ꮚ

༗㠃ᚠ⎔ㄝࡀᨭᣢࡿࢀࡉ��

�

㸲�⤖ㄽ�

㔠ᫍẼࡣࣥࣙࢩ࣮ࢸ࣮࣮ࣟࣃ࣮ࢫࡢ㸪ᖹᆒ��㹼��NP�Vࡢᮾ㢼࡛㸪㢼㏿ࡣప⦋ᗘࡃࡁ㸪

㧗⦋ᗘᑠࡓࡲ�࠸ࡉ�༡༙⌫࡛ᑐ⛠ᛶࡍ♧ࢆ�ᅗ㸵�ࡽࡉ�ᡂᅉࡣ㔠ᫍẼࡿࡅ࠾Ꮚ༗㠃

ᚠ⎔࡛ࡿࢀࡽ࠼⪄ࡿ࠶��

�

㸳�ᚋࡢᒎᮃ�

ᅇᙳࡓࡋ㔠ᫍࡢ⣸እ⥺⏬ീࡣ�ᆅୖࡢᮃ㐲㙾࡛ᙳࡵࡓࡓࡋゎᯒ⏝࡛࡞࠺ࡼࡿࡁ㩭᫂

⥺㸪⣸እ࡚ࡋ㛤Ⓨࢆᑠᆺᙳᶵᮦ࡞࠺ࡼࡿᦚ㍕࡛⌫Ẽࡸࢺࢵࢣ࡛ࣟࡇࡑ㸬ࡓࡗ࡞ࡣീ࡛⏬࡞

࠸࡞ᑡࡢ྾ࡢ ���㹼���NP �㸬࠸ࡓࡋᣮᡓᙳࡢࡽ✵ୖ

ཧ⪃ᩥ⊩�

㐲⸨ኊၨ,2010,㔠ᫍ⣸እ⥺ᑕ⋡ࡢ㛫ኚ,ᒸᒣᏛ⌮Ꮫ㒊༞ᴗㄽᩥ,pp32 

ᒾୖ┤ᖿ࣭᭶⚈Ꮚ������୍␒ᫍ࠺ࡇ⾜㸟᪥ᮏࡢ㔠ᫍ᥈ᰝᶵࡢᣮᡓࡢࡑ㸴�᪥ᮏᝨᫍ⛉Ꮫㄅ 9RO����1R���

㛗㇂ᕝ୍㑻,1978,ኳᩥィ⟬ධ㛛,25-27 

⏣ᩗே2012,,⣸እ⥺ࡿࡼ㔠ᫍࡢほ 㔠ᫍẼࡢ㐠ືゎᯒ,➨ 14 ᅇࣥࣙࢩࢵࢭࢽࣗࢪண✏㞟,116.117. 

㧗ᮌ⪷Ꮚ,2008,㔠ᫍẼࣥࣙࢩ࣮ࢸ࣮࣮ࣟࣃ࣮ࢫࡢ,ᾏ㐨Ꮫ⌮Ꮫ㒊༞ᴗㄽᩥ,pp45 

ᒣᮏ,2003,㔠ᫍẼ࡚࠸ࡘࣥࣙࢩ࣮ࢸ࣮࣮ࣟࣃ࣮ࢫࡢ,ᩘ⌮ゎᯒ◊✲ᡤㅮ✲㘓 ���� ᕳ ������

http://photojournal.jpl.nasa.gov/catalog/PIA00110 

ᅗ㸵㔠ᫍẼࡢ㐠ືࣔࣝࢹ�ኪᑐὶㄝ� ⇕₻ộἼㄝ� Ꮚ༗㠃ᚠ⎔ㄝ㸦*LHUDVFK ㄝ㸧

49



�

�

�

ᮌᫍࡢ⾨ᫍ࢜ග㏿ᗘ�
㹼ࡢ࢜බ㌿࿘ᮇኚືࢆ☜ㄆࡓࡋ㹼�

�

ⴗ㇂� ᪼ᖹࠊ⇃� ⏤㈗Ꮚ㸦㸰ᖺ㸧ࠊ୰ཎ� ᚭஓ㸦㸯ᖺ㸧࠙㔠ගᏛᅬ㧗➼Ꮫᰯࠚ�

�

㸯㸬� �ࡵࡌࡣ

ኳᩥᏛ⪅࣮ࣞࡢ࢜ࠊࡣ࣮࣐㣗ࡢほ ࡽග㏿ᗘࢆồ࡚ࡵึࠊࡵග㏿ᗘࡀ

᭷㝈࡛ࡢ࣮࣐࣮ࣞࠊࡣࡕࡓ⚾ࠋࡓࡋ♧ࢆࡇࡿ࠶᪉ἲࠊ࡚࠸⏝ࢆ㔠ගᏛᅬኳ

�ࠋࡓࡋᣮᡓࡇࡿࡵồࢆග㏿ᗘ⢭ᐦࠊࡾࡼᶵᮦࡢྎᩥ

�

㸰㸬� �᪉ἲࡢ࣮࣐࣮ࣞ

ᮌᫍࡀ࢜ᫍ⾨ࡢᮌᫍࠋࡿࡍㄝ࡚᫂࠸⏝ࢆ㸪ᅗ㸯ࢆ⌮ཎࡢ᪉ἲࡢ࣮࣐࣮ࣞ

㣗้㹲ࢆ้ࡢࡇ㸪ࡋ ᆅ⌫࡛ほࢆ้ࡿฟࡽᙳ㸦㣗㸧ࡿࡧఙࢁᚋࡢ

㣗ࡢḟ࡚ࡋ㸯බ㌿㸦බ㌿࿘ᮇ㹎⛊㸧ࢆࡾ࿘ࡢᮌᫍࡀ࢜㸪ḟࡢࡑࠋࡿࡍ

ࡀ⨨ࡢ㸪ᙳࡋබ㌿ࡶ㸪ᮌᫍࡁࡢࡇࠋࡿࡍ㣗้㹲ࢆ้ࡿࡁ࡛ ほࡀ

ኚࡵࡓࡿࡍ㸪ࡅࡔ⛊����ࡀ࢜వศබ㌿ࡓࡋ้࡛ほ ࡾࡲࡘࠋࡿࢀࡉ㸪�

㹲㸫㹲㸻㹎��������㸦⛊㸧ࡢ㛵ಀࠋࡿࢀࡽ࠼⪄ࡿ࠶ࡀ�

�� Șࢆࠖࣞࢬࠕ㸦ࠋࡓࡌ⏕ࡀࠖࣞࢬࠕࡣ㣗้ࡿࢀࡉ ほ㸪ᐇ㝿ࡋࡋ

�㣗ࡢ㸪᭱ึࡣཎᅉࡢࠖࣞࢬࠕࡢࡇ㸧ࡿࡍ⛊

�㸪ࡵࡓࡿࡍබ㌿ࡶᮌᫍࡶ⌫ᆅ࡛ࡲ㣗ࡢḟ

ᆅ⌫̿ᮌᫍ㛫ࡢ㊥㞳ࡀኚࠋࡿࢃ�

�ࡀග͇͆ࡅࡔศࡢᕪ㸦㹐�㸫㹐�㸧ࡢ㊥㞳ࡢࡑ

Ș⛊㐜࡚ࢀᒆࡾࡲࡘࠋࡓࡗ࠶࡛ࡵࡓࡃ㸪�

㹲㸫㹲㸻㹎����������Ș㸦⛊㸧ࡢ㛵ಀࠋࡿ࡞�

�ࡀᘧ࡛ග㏿ᗘ㹡ࡢ㸻㊥㞳¹㛫ࡉ㏿㸪࡛ࡇࡑ

ồࠋࡿ࡞ࡇࡿࢀࡽࡵ㹡㸻㸦㹐�㸫㹐�㸧㸭Ș� � �

�ࠋࡓࡋ㛤ጞࡽ ほࡶࡕࡓ⚾㸪࡚ࡗࢆ᪉ἲࡢࡇ

ͤ㸧ࡢ࢜බ㌿࿘ᮇ�㸦ࡢ࢜බ㌿࿘ᮇ�㸭�ᮌᫍࡢබ㌿࿘ᮇ㸧㸻����� 㸦⛊㸧�

�

㸱㸬� ほ ᪉ἲ�

ᮌᫍࡢ࢜ࡿࡼ㣗ࠊ࡚࠸ࡘ㔠ගᏛ

ᅬኳᩥྎࡢ��ᮃ㐲㙾࣓࢝ࣇࣞ║୍

�����ᖺࠊ࡛ࣛ᭶ࡽ����ᖺ�᭶࡚ࡅ

ほ ࠋࡓࡋ��ᅇࡢᙳᣮᡓࠊࡋ�ᅇࡢ

ゎᯒྍ⬟࡞㣗ࢆࢱ࣮ࢹࡢᚓࠎྛࠋࡓ

���㹼���ಶࢆࢱ࣮ࢹࡢඖ࣓ࣛࢸࢫࠊ

�ࠋࡓࡋග ࠸ࢆ࣐ࣜ࢝ࢪ࣮

([FHO࡛ࣇࣛࢢ㸦ᅗ㸰㸧ࠊ࡚ࡋ�ᅇࡢ㣗ࡢ้ࢆồࠊࡵᐇ㝿ࡣ࢜ࡣఱᅇ

ȳ
Ȯ
ɻ
ɐ
ٔ�

�ࡽޕ▌

�ᖼޕ▌

ᱲ�

�����������

ᅗ䠍㻌 䝺䞊䝬䞊䛾⪃䛘᪉㻌

ᅗ䠎㻌 䜲䜸䛾㣗䠄₯ධ䠅䛾䛸䛝䛾䜾䝷䝣㻌

W�ˉW� Qh�3ˇ�������5�ˉ5���F

3㸸 Q W

F 5

�

㸲㸬� ⤖ᯝ࣭⪃ᐹ�

㸳㸬� ⤖ㄽ� �

�

����

����

����

����

50　　講演 21



ᮌᫍࡢ⾨ᫍ࢜ග㏿ᗘ�
㹼ࡢ࢜බ㌿࿘ᮇኚືࢆ☜ㄆࡓࡋ㹼

㸯㸬� �ࡵࡌࡣ

㸰㸬� �᪉ἲࡢ࣮࣐࣮ࣞ

�

㸱㸬� ほ ᪉ἲ�

�

�

�ࠋࡓࡵồࢆᘧ࡛ග㏿ᗘࡢḟࠊ࡚ࡋQࢆබ㌿ᅇᩘࠊ࡛ࡢࡿࡍබ㌿

� W�ˉW� Qh�3ˇ�������5�ˉ5���F�

3㸸බ㌿࿘ᮇ� Q㸸බ㌿ᅇᩘ� � W㸸㣗ࡢ้�

F㸸ග㏿ᗘ� � 5㸸ᆅ⌫̿ᮌᫍࡢ㊥㞳� ����㸸ᮌᫍࡢබ㌿㸦ᙳࡢ⛣ື㸧�

�

㸲㸬� ⤖ᯝ࣭⪃ᐹ�

㣗้ࠊࡣ⣙�⛊ࡢ⢭ᗘ࡛ṇ☜ồࡵ

⛊��������බ㌿࿘ᮇࠋࡓࡁ࡛ࡀࡇࡿ

㸦*ROGVWHLQ�HW�DO������㸧ࢆᇶࠊ��ᅇ

��ࠊࡿࡵồࢆග㏿ᗘ࡛ࢱ࣮ࢹࡢ㣗ࡢ

NP�Vࡽ���NP�Vࡀ್ࡢฟࠋࡓ� �

ኚ⛊�ࡀ್ࡢබ㌿࿘ᮇࠊࡣ࡛⟭ィࡢࡇ

��ࠋࡓࡗࢃኚࡃࡁࡣ್ࡢග㏿ᗘࠊࡿࢃ

��ග㏿ᗘࠊ㏫ࠊ࡛ࡇࡑ�������P�Vࢆᇶබ㌿࿘ᮇࢆィ⟬ࡿࡍ⾲㸯ࡼࡢ

�ᖺ㛫࡛༙࠺⛊ኚືࠋࡓ࠸࡚ࡋồࡓࡵබ㌿࿘ᮇࡢ⢭ᗘࡣ⣙���⛊࡛ࠊࡾ࠶බ

㌿࿘ᮇࡣ᫂ࡽኚືࠋࡿ࠸࡚ࡋ�

ኳᩥࢫࠕࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩ�

�࢜ࠊ㠃ୖ࡛⏬ࡢࠖࢱ࣮ࢤࣅࢼࣛࢸ

�࡚ࡋ⟭ィࡾྲྀࡳㄞࢆ㣗้ࡽ㣗ࡢ

�ᅗ㸱ࠊࡿࡳ �බࡢ࢜࠺ࡼࡢ�༳ە

㌿࿘ᮇࡀ」㞧࡞࿘ᮇኚືࡿ࠸࡚ࡋࢆ�

ᵝᏊࢆᥥࠊ࡚ࡋࡑࠋࡓࡁ࡛ࡀࡇࡃ�

�್ࡢࡘ㸲ࡢබ㌿࿘ᮇࡓࡵồࡀࡕࡓ⚾

�༳㸧ۻ㸦ࡿࡳ࡚ࡡ㔜ࣇࣛࢢࠊࢆ

�⚾ࡾࡼࢀࡇࠋࡓࡋ⮴୍ࡃⰋࡾ࡞

�࠶࡛☜ṇࡣᯝ⤖ࡢほ ࣭ゎᯒࡢࡕࡓ

�ࠋࡓࡗࢃࡀࡇࡓࡗ
�

㸳㸬� ⤖ㄽ� �

� ձ㔠ගᏛᅬኳᩥྎࡢᶵᮦࡢほ ࡛㸪⢭ᗘ⣙�⛊࡛ࡢ࢜㣗้ࢆ☜ᐃ࡛ࠋࡓࡁ�

� ղ⢭ᗘ⣙���⛊࡛ࡢ࢜බ㌿࿘ᮇኚືࢆ☜ㄆࡋ㸪ࡢࡑ⤖ᯝࡣኳయຊᏛ᭱ࡢ᪂ᡂ

ᯝࢆࡓࡗኳయࡢࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩணሗⰋࠋࡓࡋ⮴୍ࡃ�

� ճ࣮࣮࣐ࣞἲ࡛ග㏿ᗘࢆồࡣࡿࡵ㸪ࡢ࢜බ㌿࿘ᮇኚືࢆṇ☜ࡿ▱ᚲせ�

� � �ࠋࡓࡗࢃࡀࡇࡿ࠶ࡀ

� մṇ☜࡞ග㏿ᗘࡣᚓࡀࡓࡗ࡞ࢀࡽ㸪㔠ගᏛᅬኳᩥྎࡢᶵᮦ࡛㸪ࡢ࢜බ㌿� �

� � ࿘ᮇ㸴᱆┠ࡢኚືࢆ᫂ࡿࡁ࡛ࡽ⢭ᐦ࡞ほ ࣭ゎᯒࡍ♧ࢆࡇࡿࡁ࡛ࡀ� �

� � ࠋࡓࡁ࡛ࡀ�

� յ⚾㐩ࡢ࢜ࡀබ㌿࿘ᮇኚືࢆヲࡃࡋほ ࡣࡇࡿࡍ⌧ᅾ㸪ከࡢࡃᝨᫍ᥈ᰝ

ᶵࡀ࡞ィ⏬ࢀࡉ㸪ಙ⏝࡛ࡿࡁ⨨ሗ㐠ືࡢணሗࡀᚲせ࡞୰㸪⌮ㄽࢆ

ほ ᳨࡛ドࡿࡍᏛၥⓗ࡞㈉⊩ྍࡿ࡞⬟ᛶࠋࡿ࠶ࡀ�

ᮇ㛫� 3� බ㌿࿘ᮇ�

����㹼������ ���������⛊�

�����㹼������ ���������⛊�

����㹼����� ���������⛊�

����㹼����� ���������⛊�

⾲㸯� ග㏿ᗘࢆ௦ධ࡚ࡋồࡓࡵබ㌿࿘ᮇ

ᅗ䠏㻌 ኳᩥ䝅䝳䝭䝺䞊䝅䝵䞁䛸䛾ẚ㍑㻌

51



�ᦼ᷹ቯߩⴡᤊࠝ㧙߳㧧ࠟࡑࠄ߆ࠝࠟ

┻ౝ� ⑲ᐘޔ↰� ᥰޔ㈬� ⋥ޔ↰ਛ� ᄥ㧔� ᐕ㧕ޔ᧻� ⋥㧔� ᐕ㧕�

ᨩỈ� 㛁ᄥޔ� ୶ṏޔ㕍᎑� ᖗ㧔� ᐕ㧕ޣ㐳㊁Ꮏᬺ㜞╬ኾ㐷ቇᩞᄤᢥㇱޤ�

�
㧝ߦߓߪ��

ࠄ߆⚂ ��� ᐕ೨ߪࠝࠟޔᧁᤊߩࠍࠅォࠝࠟࠆߔⴡᤊޔߒ᷹ⷰࠍേ⺑ࠍ

⏕ାࡑޕߚߒ㧙ߪ ���� ᐕޔⴡᤊࠗࠝߩ㘩ߩᦼᄌേࠄ߆శㅦᐲࠍೋޕߚ᳞ߡᚒޘ

ޔࠟߡߞࠃߦዊဳᦸ㆙㏜ޔߪ ࠍⴡᤊࠝ � ᐕ㑆ߩߎޕࠆߡߒ᷹ⷰߡߞߚࠊߦ㐳ᦼ࠲ޟߩ

ޔߡߒߣ‛↥ߩߘޕߚߒะߦ⊛㘧べߪቯ♖ᐲߩ⋦ޔᦼ߮ޔࠄ߆ޠ᷹ⷰࠣࡦࡒࠗ

�ޕߚߒᬌࠍߣߎࠆߔᄌേߡߞࠃߦォㆇേߩޔ߇ォᦼߩߌ߆ߩⴡᤊࠝࠟ

�

�㧚᷹ⷰߣ⸃ᨆ�

᷹ⷰᦼ㑆������������̄�����������

᷹ⷰᴺ㧦ᦸ㆙㏜㧦6GNG8WG����
&����OO��H����OO�� ࠛࠢࠬ࠳ࡦ࠹㧔วᚑ (�����㧕�

㜞ᯅ (%��
&���OO�(����OO���� ࠳ࡦ࠹ࠬࠢࠛࡃ㧔วᚑ (���㧕�

�ޠ&���15'ޟޠ:�.15�MKUU�&+)+6#'ޟޠ15�MKUU�&+)+6#.�0'ޟ㧦%CPQPࡔࠞ

㔺ᤨ㑆 ��� ⑽
�ޕᓇࠍᧁᤊ㧘ⴡᤊߢ������51+

⸃ᨆᴺ㧦� Ԙ� ↹⸃ᨆߢޠࠞࡑޟ࠻ࡈ࠰ⴡᤊߩߐࠆ㧔ࠞ࠙࠻ࡦ୯㧕᷹ࠍቯޔߒⴡᤊ

�ޕࠆߢ࠻ࠬࠞޔࡄࡠ࠙ࠛޔࠝࠗޔ࠺ࡔ࠾ࠟߦ㗅ߩߐࠆޕࠆߔ್ࠍ ԙ� ᧁᤊߣⴡ

ᤊߩਛᔃᐳᮡޔߡ᳞ࠇߙࠇߘࠍᧁᤊ�ⴡᤊ㑆ߩߩߌ߆〒㔌㧔RKZGN ᢙ㧕᷹ࠍቯߥޕࠆߔ

�ޕߚߞ߆ߪࠍല₸⊛ൻߡߒࠍ࠻ࡈ࠰േ᷹ቯ⥄ޔߦߚߩᨆ⸂ࠍ↹ߩᄢ㊂ޔ߅ Ԛ� ᧁ

ᤊ�ⴡᤊ㑆ߩ〒㔌=RKZGN?ࠍ❑ゲޔᣣઃ=ᣣ?ࠍᮮゲޔߡߒߣォߩ᭽ሶࠍᝄ
ߩߌ߆ォ

ඨᓘ�ޔᦼޔ⋧㧔ࠣࡦࡒࠗ࠲㧕ࠍᄌᢙޔߒߣ⸘▚ޟ࠻ࡈ࠰'ZEGNࠍ࠲ࡔࡄߢޠዋ


ࠆ᳞ࠍ⋦ޔᦼߣᝄޔߡߖߐ࠻࠶ࠖࡈߣ୯᷹ⷰࠄ߇ߥߖߐᄌൻߟߕߒ࿑ �ޕ��

�
࿑ �㧚ᧁᤊࠝࠟߩⴡᤊ

⟎ᄌൻߩ�ࠝࠗ❑ゲ� ᧁᤊࠄ߆〒㔌=RKZGN ᢙ?��

⚂ � ᐕಽࠍ࠲࠺ߩᦼ ������r������FC[ ㇱ৻ߩ᭽ሶߩ࠲࠺ోߩ߈ߣߚߒ࠻࠶ࠖࡈߢ

����Ꮐ㧔ޕ࿑ߚߒ␜ߡߒ☴ᛮࠍ ᐕ ��  � ᣣ㧕㧘ฝ㧔���� ᐕ �  �� ᣣޔ�� ᣣ㧕�

�

�

��⚿ᨐߣ⠨ኤ�

'�5'� '�,'�

'�5,�

㧠㧚߹ߣ�
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�ᦼ᷹ቯߩⴡᤊࠝ㧙߳㧧ࠟࡑࠄ߆ࠝࠟ

㧝ߦߓߪ�

�㧚᷹ⷰߣ⸃ᨆ

�

� � � ࿑㧞� 
ᝄߩࠝࠗߩߌ߆ォඨᓘ�ߩᐕᄌൻ
❑ゲߪ RKZGN ᢙ��

�

��⚿ᨐߣ⠨ኤ�

� ᐕ㑆ޔࠅࠃ࠲࠺ߩ゠ߩߩߌ߆ォඨᓘޔߪ⚂ � ᐕ �

㧔࿑ࠆ್߇ߣߎࠆߔᄌേߦࡩ �㧕ޔߪࠇߎޕߩォࠃߦ

ߩ㗃ߩⴣޔ߇㔌〒ߩߢ߹ᧁᤊࠄ߆ޔࠅ ��CW ߩ㗃ߩวޔࠄ߆

��CW �ޕࠆߔ⥌৻ߣ᭽ሶࠆߔᄌേߦ⊛ᦼߢ߹

ߩⴣ೨ᓟޔߪᦼߩߌ߆ߩࠝࠗ ����㑆㧔ࡩ� ᐕ �� ޔ����

ᐕ �� ޔ���� ᐕ � 㧕6ޔߣࠆߔ࠻࠶ࠖࡈࠍ�������r������FC[

㧔࿑ߚߞߥߣ �㧕ߩߎޕ୯ߩࠝࠗޔߪォᦼࠅࠃ ���㧑߶ߤ⍴

ߩࠝࠗޔߪࠇߎޕ?�=� � ォߩ㑆ޔߦ߇⚂ ��� ᐲォߒ

ߩࠝࠗޔ㧔''�5'�㧕ߚߚ � ォࠅࠃ⚂ ��� ᐲ㧔''�,'�㧕ዋ࠲ߥ

ߢࠣࡦࡒࠗ �ォߣࠆߢࠄ߆ࠆ߃㧔ฝ࿑ෳᾖ㧕ޕ৻ᣇޔ

�ᄥ㓁�ᧁᤊ
߇�,�5'' �� ᐲઃㄭޔߪߢ࠻࠶ࠖࡈߩߢ�����r

�����FC[ ޔࠗߣ ޔߪࠄࠇߎޕ?�=ࠆߔ⥌৻߷߶ߣォᦼߩࠝ

ޔ߇ᄥ㓁ߩࠍࠅォࠆߡߒലᨐޕࠆߢ�

�

㧠㧚߹ߣ�

ߩォߩ᭽ሶޔߪԘⴡᤊߩᝄ߇ � ᐕ � ߌ߆ߩԙⴡᤊޔߣߎࠆߔᄌേߢᦼ߆

߷߶ޕߚࠇࠄ߆⏕ߢߣߎࠆߔᄌേࠅࠃߦォㆇേߩޔ߇ォᦼߩ � ᐕ㑆࠲࠺ߩ

ലᢙሼ߇ᐲ♖ߩᦼޔߢ � ⴣ߇ലᨐ㧔ࠆߢ㒢߇శㅦᐲߢᐲ♖ߩߎޕߚߒ㆐ߦᩴ

ޔߪߢᧄ⊒ޕࠆ߇น⢻ᕈࠆ߈ߢᬌ߇ᐕᄌൻ㧕ࠆߔr�ಽᄌൻ߇⋦ޔߡߌ߆ߦวࠄ߆

⸂ߩ㧕࠻ࠬࠞޔ࠺ࡔ࠾ࠟޔࡄࡠⴡᤊ㧔ࠛ࠙ߩએᄖࠝࠗޔߦ߽ߣߣォലᨐߩࠄࠇߎ

ᨆ⚿ᨐ᷹ⷰޔ߿ᦼ㑆ߣ♖ᐲߩ㑐ଥޔశㅦᐲߩᬌߩน⢻ᕈߦߤߥઃ߽ߡႎ๔ޕࠆߔ�

�

ෳᾖᢥ₂�
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�

�

�

ᮌᫍࡢ⾨ᫍࡢ᥈ᰝ�
�

㖟ἙᏛᰯ2013 A⌜�

ዟᮧ� �ࠚ3ᖺ�᳥࠙ᒣዪᏛᅬ㧗➼Ꮫᰯ�ࢀࡳࡍ

ᰩᮌ� Ꮥ㍜�2ᖺ�࠙ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯࠚ�

ᆏ� ⿱㤶�2ᖺ�࠙ᮾி㒔❧᪥ẚ㇂㧗➼Ꮫᰯࠚ�

❧⃝� ఞዉᏊ�2ᖺ�࠙㛗㔝┴ᯇᮏ┴ࣨୣ㧗➼Ꮫᰯࠚ�

㇂ཱྀ� ㍜�3ᖺ�࠙ᰤගᏛᅬ㧗➼Ꮫᰯࠚ�

Ᏺᒇ� �3ᖺ�࠙ᒸᒣ┴❧ᩜ༡㧗➼Ꮫᰯࠚ� �

�

せ᪨�

� ᡃ2013ࡣࠎᖺ3᭶26᪥29ྠࡽ᪥࡚ࡅᮾிᏛᮌ᭮ほ ᡤദ࡛⾜ࠕࡓࢀࢃ㖟ἙᏛᰯ2013ࠖཧ

ຍࠕࠊࡋᮌᫍࡢ⾨ᫍࡢ᥈ᰝ࡛࣐࣮ࠖࢸ࠺࠸ほ ୪ࠋࡓࡗ⾜ࢆ✲◊ࡧᮏ◊✲ࡢ┠ⓗࠊ୍➨ࠊࡣᮌᫍ࿘

㎶ࡢ⛣ືኳయࢆ᥈ࡋฟࡢࡑࠊࡋኳయࡀᮌᫍࡢ⾨᳨࡛ᫍࢆ࠺ࡿ࠶ドࠋࡿ࠶࡛ࡇࡿࡍ᭦ࠊ⣔እᝨᫍ

᥈ᰝ࡛ࡶ᭷ຠ࡞ᡭἲ࡛ࡿ࠶┤᥋ീἲ᭱ࠊ࡛ࡇࡿ࠸⏝ࢆඛ➃➃୍ࡢ✲◊ࡢゐࠋࡿ࠶࡛ࡇࡿࢀ�

ᡃࡣࠎᜏᫍࣇࣛࢢࢼࣟࢥἲ࡛ᙳࡓࡋ⏬ീࡽᕪศἲ࡚࠸⏝ࢆ⛣ືኳయ㸦௨ୗ౽ᐅୖࡢࡇኳయࢆࡇࡢ

᭦ࠋࡓࡋᡂຌド᳨ࡢࡇࡿ࠶࡛ᫍ⾨ࡢᮌᫍࡀ࣮࢟ࢵࣜࢡࠊࡋⓎぢࢆ㸧ࡿࡍࡇࡪ࣮ࠖ࢟ࢵࣜࢡࠕ

�ࠋࡓࡗ⾜ࡶ᥎ᐃࡢࡉࡁࡧ㌶㐨せ⣲୪ࡢ࣮࢟ࢵࣜࢡࠊ

�

1㸬ほ �

ほ ሙᡤ㸸ᮾிᏛᮌ᭮ほ ᡤ㸦ᮾ⤒137ᗘ38ศࠊ⦋35ᗘ48ศ㸧�

ほ ᶵᮦ㸸105cmࢺࢵ࣑ࣗࢩᮃ㐲㙾ࠊKWFC㸦Vࢻࣥࣂ㸧�

ほ ᪥㸸2013ᖺ2᭶27᪥28ࠊ᪥3ࠊ᭶26᪥�

㟢ග㛫㸸30s/60s�
�

2㸬ゎᯒ�

1㸬⏝ࡓࡋീ⣲ᏊKWFCࡣᅗ18࠺ࡼࡢᯛࡢCCDࡓࡏࢃྜࡳ⤌ࢆ

ᜏᫍࠊ࡛ࡇࡿࡍ࠺ࡼࡿ࠶ࡀᮌᫍⅬࡓࡅࡘࢆ۵ࠊࡵࡓࡿ࠶࡛ࡢࡶ

�ࠋࡓࡗ⾜ࢆᙳࡘࡘࡋ⌧ࢆࣇࣛࢢࢼࣟࢥ

2㸬2᭶27᪥1㛫࡚࠸࠾ᙳ2ࡓࡋᯛࡢ⏬ീ୍ḟฎ⌮ࢆࡓࡋᚋࠊ

ᜏᫍࢆື࡚ࡋᕪศࠊ࡛ࡇࡿࢆ⛣ືኳయࢆⓎぢࠋࡓࡋᅗ2ᡃࠎ

�ࠋࡿࡍᥖ㍕ࢆᕪศ⏬ീࡢ㝿ࡓࡋⓎぢࢆ࣮࢟ࢵࣜࢡࡀ

3㸬2᭶28᪥ᙳࡓࡋ⏬ീࢆ1࣮࢟ࢵࣜࢡࡶࡽⓎぢࠋࡓࡋ�

4㸬ࡢ࣮ࣛࣉࢣ➨୍ἲ๎㸦ᴃ㌶㐨ࡢἲ๎㸧ࡀᡂ❧ࣜࢡ࡚ࡋࡿ࠸࡚ࡋ

�ࠋࡓࡋ᥎ᐃࢆᙧࡢ㌶㐨ࡢ࣮࢟ࢵ

5㸬ࡢ࣮ࣛࣉࢣ➨ἲ๎㸦㠃✚㏿ᗘ୍ᐃࡢἲ๎㸧ࡢ࣮ࣛࣉࢣ➨୕ἲ๎㸦ㄪࡢἲ๎㸧ࣜࢡࡽࢀࡒࢀࡑ

�ࠋࡓࡋ᥎ᐃࢆබ㌿࿘ᮇࡢ࣮࢟ࢵ

6㸬᭶ࡢ࣮࢟ࢵࣜࢡᑕ⋡୪ࡧᐦᗘ࠸ࡋ➼ࡀ௬ᐃࠊ࡚ࡋ᫂ࡢࡉࡿẚ㍑༙ࡢ࣮࢟ࢵࣜࢡࡾࡼᚄ୪ࡧ

�ࠋࡓࡋ᥎ᐃࢆ㉁㔞

ᅗ1㸸8ᯛࡢCCDࡿࡼKWFC

�ࣇࣛࢢࢼࣟࢥᜏᫍࡓ࠸⏝ࢆ

ᅗ2㸸ᕪศ⏬ീ�
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�

�

3㸬⤖ᯝ�

� ௨ୗࡢ⾲ࡢ㏻ࠋࡿ࠶࡛ࡾణࠕࠊࡋබ㌿࿘ᮇ1ࠖࡢ࣮ࣛࣉࢣࡣ➨ἲ๎ࡽ᥎ᐃࡓࡋබ㌿࿘ᮇࠕࠊබ㌿࿘

ᮇ2ࠖࡢ࣮ࣛࣉࢣࡣ➨୕ἲ๎ࡽ᥎ᐃࡓࡋ࿘ᮇ࡛ࠋࡿ࠶�

�

�

�

�

4㸬⪃ᐹ�

࣭ᅇࡣ᭶ࡢẚ㍑࡛༙ࡢ࣮࢟ࢵࣜࢡᚄ୪ࡧ㉁㔞ࡢ᥎ᐃࠊࡀࡓࡗ⾜ࢆ᭶࡛࣮࢟ࢵࣜࢡᑕ⋡ᐦᗘ

ᐇࡣ್ࡓࡋᅇ᥎ᐃࠊࡤࢀ࠼⪄ࡶࡇࡿ࠶ࡀ᰾ࡣ᭶ࠊ࡚ࡋ㛵ᐦᗘ≉ࠋࡿࡍᏑᅾࡣᐇ㝿ࡀ㐪┦ࡢ

㝿᭱ࡾࡼ࡛10ಸ⛬ᗘ࠸ࡁ᥎ᐃ್࡛ྍࡿ࠶⬟ᛶ᳨ࢆࢀࡇࠋࡿ࠶ࡀドࠊࡣࡵࡓࡿࡍVࢻࣥࣂ௨እ࡛ࡢ

ᙳࠊࡾࡼࡇ࠺⾜ࡶ⾲㠃ࡢᵝᏊࢆ᥎ᐃࡀࡇࡿࡍᚲせ࡛ࠋࡿ࠶�

ࡗ࡞␗⣙10ಸࡀබ㌿࿘ᮇࡓ࠸ᑟࡽἲ๎୕➨ࡢ࣮ࣛࣉࢣබ㌿࿘ᮇࡓ࠸ᑟࡽἲ๎ࢽ➨ࡢ࣮ࣛࣉࢣ࣭

Ⓨࡔࡲࠊࡀࡓࡋ࠺ࡑ᥈ࢆ࣮࢟ࢵࣜࢡࡽീ⏬ࡓࡋᙳ3᭶26᪥ࡵࡓࡿࡍド᳨ࢆཎᅉࡢࡇࠋࡿ࠸࡚

ぢ࡛ࠋ࠸࡞࠸࡚ࡁ�

�

5㸬ࡵࡲ�

� ほ ୪ࡢ✲◊ࡧ⤖ᯝ㸪ᡃ ㌶㐨せ⣲ࡢࡑ᭦ࠊࡋㄆ☜ࢆࡇࡿ࠶࡛ᫍ⾨ࡢᮌᫍࡀ࣮࢟ࢵࣜࢡࡣࠎ

�ࠋࡓࡋᡂຌࡇࡿࡍ᥎ᐃࢆࡉࡁ

� ᮏ◊✲࡛⏝ࡓ࠸ᡭἲࡣ⣔እᝨᫍ✲◊ࡢᛂ⏝࡛ࡿࡁᡭἲ࡛ࠊࡾ࠶ᑗ᮶ⓗ⣔እᝨᫍ᥈ᰝᦠࡇࡿࢃ

�ࠋࡿ࠶࡛ࡎࡣࡘ❧ᙺ㠀ᖖࡀ㦂⤒ࡢࡇࡤࢀ࠶ࡀ

�

6㸬ㅰ㎡ 
� ᮏ◊✲ࠊ࡚ࡗࡓ࠶ᮾிᏛᇶ♏◊✲ᡤ㓇ྥ㔜⾜Ặ୪ࡧTAࡢ㣤⏣⨾ᖾẶࠊἨ⏣ྐᮥẶࠊ⏣୰ᏹ

Ặࠊࡵࡌࡣࢆ㖟ἙᏛᰯ2013ࡢࣇࢵࢱࢫࡢⓙᵝከࡿ࡞ຓゝ༠ຊࢆ㈷ࠊࡓࡲࠋࡓࡋࡲࡾඹྠ◊✲⪅

࡞ⓗ่⃭ࡢࡃከࡣࡽࢇࡉ㘠⍞Ṍ┾ࠊࢇࡉ⾰Ụⱆ⸩ࠊࢇࡉᰩ⏣┿ᕹࠊࢇࡉゅ㇂ᮥᏘࠊࢇࡉዉᜨె⸩ఀࡢ

♧၀ࢆᚓࡢࡇࠋࡓࡋࡲࡁ࡛ࡀࡇࡿሙࢆ࡚ࡾཌࡃឤㅰࡢពࠋࡍࡲࡋ⾲ࢆ�

ࣥࣙࢩ࣮ࢸࢫࢫ࢚ࣥࢧNPOἲேࠊࡾࡓ࠶ࡿࡍཧຍࣥࣙࢩࢵࢭࢽࣗࢪ16ᅇኳᩥᏛ➨ࠊࡓࡲ

�ࠋࡍࡲࡋࡓ࠸ឤㅰࡾࡼᚰࠋࡓࡋࡲࡾ㈷ࢆ༠ຊࡈࡢ

�

7㸬⏝࣭ࢺࣇࢯཧ⪃ᩥ⊩�

�ࢺࣇࢯീゎᯒ⏬ࡿࡤࡍ࣭ Makali’i 
࣭ᅜ❧ኳᩥྎ⦅(2007)� ࠗ⌮⛉ᖺ⾲�ᖹᡂ20ᖺࢺࢵࢣ࣏�∧࠘� ၿฟ∧� 1060p�
࣭ᅜ❧ኳᩥྎ⦅(2008)� ࠗ⌮⛉ᖺ⾲�ᖹᡂ21ᖺࢺࢵࢣ࣏�∧࠘� ၿฟ∧� 1064p�
࣭ᅜ❧ኳᩥྎ⦅(2012)� ࠗ⌮⛉ᖺ⾲�ᖹᡂ25ᖺࢺࢵࢣ࣏�∧࠘� ၿฟ∧� 1136p�

⾲1㸸ࡢ࣮࢟ࢵࣜࢡ㌶㐨せ⣲୪ࡧࡉࡁ㛵ࡿࡍ᥎ᐃ⤖ᯝ�
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�どほ ሗ࿌║ࡢ⩌ᗙὶᫍࢫ࢘ࢭࣝ࣌

ಙኴ ୍㑣ࠊᒾ⏣ ᙬⰼ㸦୰➼ 4㸧ᓥ ࠊ▼ ዌேࠊ㜿㒊 ᾏ⯚ࠊከ⏣ ⳯ࠎᏊ㸦୰➼ 5㸧� �  
࠙ᮾிᏛᩍ⫱Ꮫ㒊㝃ᒓ୰➼ᩍ⫱Ꮫᰯኳᩥ㒊ࠚ 

 
 ࡵࡌࡣ .1
� ࡣࡕࡓ⚾ 8 ᭶ 12 ᪥㹼8 ᭶ 13 ᪥ࢫ࢘ࢭࣝ࣌ࠊ࡚ࡅᗙὶᫍ⩌ࡢ║どほ ᙳࡗ⾜ࢆ

ࠋึࡓ ࠊࡀࡿࡅḞಙ៰ᛶࡣࢱ࣮ࢹࡢ どほ║ࠊ࡛ࢇࡀே࠺࠸࠺⾜ࢆ ὶᫍほ࡚ࡵ

ኳೃࡣᜨࠊࢀࡲほ ࡓࡗ⾜ࢆ 2 ᪥ඹᛌᬕ࡛ࠋࡓࡗ࠶ᅇࢫ࢘ࢭࣝ࣌ࡣᗙὶᫍ⩌ࡢ║どほ

 ࠋࡿ࠶ሗ࿌࡛ࡢ 
 
2. ほ ᪉ἲ 
ほ ሙᡤ㸸㛗㔝┴ᯇᮏᕷᏳࢸ࣮࣏ࢫ㠡 

  ィᩘほۑ
8 ᭶ 12 ᪥8ࠊ ᭶ 13 ᪥ࡢ 2 ᪥㛫ࠊࡶィᩘほ 8ࠋࡓࡗ⾜ࢆ ᭶ 12 ᪥ࡣᮾす༡ኳ㡬ࢃ

4ࠊࢀ ேࡢほ ⪅グ㘓⪅ 1 ே࡛8ࠊ ᭶ 13 ᪥ࡣ 8 ᭶ 12 ᪥ࠊ࣮ࣂ࣓ࣥࡢάືࡀάⓎ

᪉ࡅ᫂ࡿࢀࡽ࠼⪄ࡿ࡞ 4 Ⓨࠊฟ⌧้ࡢὶᫍࠋࡓࡗ⾜ࢆ ほ࡚ࡋࡸቑࢆ⪅ ほྡ

ග㛫ࠊගᗘࠊⰍࠊࡢ᭷↓ࠊ⩌ὶᫍᩓᅾὶᫍࢆグ㘓ࢆ࢞࣋ࠋࡓࡋ 0 ➼ᫍࣈࢿࢹࠊ

ࢆࣝࢱࣝ 1 ➼࡚ᫍࡳほ ࠋࡓࡋ 
  
 

᪥ἐ 18㸸37 
ⷧ᫂⤊ 20㸸11 
᭶ࡢฟ 8㸸54 
᭶ἐ 20㸸40 
᪥ࡢฟ 4㸸56 
ⷧ᫂㛤ጞ 3㸸23 
᭶㱋 4.2 

 
3. ほ ⤖ᯝ 
� ║どほ ࡿࡼὶᫍ⩌ࡢฟ⌧ࡢᵝᏊ࠸ࡘ

 ࠋࡍ⾲௨ୗࠊࢆࡢࡶࡓࡵࡲ࡚
 
⾲ 1㸸0 ࡽ 4 ࡢ࡛ࡲ HR 
㛫㸦hh:mm:ss㸧 8 ᭶ 12 ᪥ 8 ᭶ 13 ᪥

00:00:00㹼00:59:59 25 80
01:00:00㹼01:59:59 41 98
02:00:00㹼02:59:29 59 105
03:00:00㹼03:59:59 �  121

᪥ἐ 18㸸36 
ⷧ᫂⤊ 20㸸09 
᭶ࡢฟ 09㸸55 
᭶ἐ 21㸸16 
᪥ࡢฟ 4㸸57 
ⷧ᫂㛤ጞ 3㸸24 
᭶㱋 5.2 

ᅗ��㸸⾲ �ࣇࣛࢢࡢ�

㸶᭶㸯㸯᪥㹼㸶᭶㸯㸰᪥ᬺࡢ 㸶᭶㸯㸰᪥㹼㸶᭶㸯㸱᪥ᬺࡢ 

้ࡢࡾ࠶ྜ้⩌ὶᫍࡢྜ
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⾲ 2㸸8 ᭶ 13 ᪥ࡢගᗘศᕸ 
㛫㸦hh:mm:ss㸧 3 ➼⣭ 2 ➼⣭ 1 ➼⣭ 0 ➼⣭ ̺1 ➼⣭ ̺2 ➼⣭ ̺3 ➼⣭ 
00:00:00㹼00:59:59 1 17 26 20 15 0 0
01:00:00㹼01:59:59 0 16 39 25 13 3 0
02:00:00㹼02:59:29 0 16 29 39 18 3 0
03:00:00㹼03:59:59 0 23 48 31 16 3 0
 

4. ⪃ᐹ 
� ࣭⾲ 1 ᭱ࡢࢱ࣮ࢹ ほࡢᴟ᪥ࠊࡾࡼ HR121 ࡀணࠊࡋᑐ HR70  ࠋࡓࡗ࠶࡛
� � Ѝほ ᮲௳ࡀⰋࡇ࠸ຍࢫ࢘ࢭࣝ࣌ࠊ࠼ᗙὶᫍ⩌ࡢάືࡀάⓎ࡛ࠋࡣ࡛ࡢࡓࡗ࠶ 
� ࣭ᅗ 1  ࠋࡿศࡀࡇࡿ࠸࡚ࡋቑຍࡀฟ⌧ὶᫍᩘ࡚ࡅ᪉ࡅ᫂ࡶ୧᪥ࠊࡾࡼ
� Ѝ᫂ࡅ᪉ࢫ࢘ࢭ࡚ࣝ࣌ࡅᗙࡀኳ㡬㏆ࠋࡿࢀࡽ࠼⪄ࡵࡓࡿࡃ࡚ࡗ᪼ 

� ࣭⾲ 2  ࠋࡓࡋ⌧ฟࡶὶᫍ࠸ࡿ᫂ࠊࡀࡓࡗ࡞ࢀࡉ ほࡣ⌫ⅆࠊࡾࡼ
� ࣭ᅗ 2 HRࠊࡾࡼ  ࠋࡿ࠸࡚ࡋቑຍ᪉ࡅ᫂ࡀྜࡢὶᫍ⩌ࡃࡌྠ

 ࠋࡿࢃࡀࡇ࠸࡞୧᪥࡛ᕪࡀྜࡢὶᫍ⩌ࠊࡓࡲ
� ࣭ᅗ 3 ࡓ࠸࡚ࢀࡉணࡿ࡞άⓎࡀάືࠊࡾࡼ 8 ᭶ 13 ᪥ࡢ 3 ࠊࡣࡽࡢࡾ࠶⩌

ὶᫍࡢྜࡀᴟ➃పࠋ࠸ 
Ѝⷧ᫂ࡀጞࠊࡾࡲࡀぢࠋࡿࢀࡽ࠼⪄ࡓࡗ࠸࡚ࡗ࡞ࡃࡃ࠼ 

 
5. ᚋ࡚ࡅྥ 
� ║どほ ྛࠊࡣ࡚࠸ࡘほ ⪅ࡢᢏ⾡ࡀࡇࡿࡍୖྥࢆㄢ㢟࡛ࠋࡿ࠶ 
� ᚋࠊࡣほ ࢱ࣮ࢹࡓࢀࡉᙳࡓࢀࡉὶᫍ┿ࠊ࡚ࡏࢃྜࢆᨺᑕ㡿ᇦ᳨ࢆฟࡿࡍணᐃ

 ࠋࡿ࠶࡛
 
6. ཧ⪃ᩥ⊩ 
࣭ኳᩥᖺ㚷⦅㞟ጤဨ� ኳᩥᖺ㚷ࠕ 2013 ᖺ∧ 㸦ࠖㄔᩥᇽ᪂ග♫㸧  
ᅜ࣭❧ኳᩥ ⩌ᗙὶᫍࢫ࢘ࢭࣝ࣌ࠕྎ �ࠖ http://www.nao.ac.jp/astro/sky/2013/perseids.html 

0%
10%
20%
30%
40%
50%
60%

้ࡢࡾ࠶ྜ 8᭶12᪥
8᭶13᪥

0%
20%
40%
60%
80%

100%
้⩌ὶᫍࡢྜ

8᭶12᪥
8᭶13᪥

ᅗ 2㸸30 ศࡢࡈ⩌ὶᫍᩘ/ὶᫍᩘ ᅗ 3㸸30 ศࡢࡈ⩌ὶᫍࡾ࠶/⩌ὶᫍᩘ
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㸰㸮㸯㸱ᖺࡈࡓࡩࡢᗙὶᫍ⩌࡚࠸ࡘ�
୕▮� 㤶᛭ࠊゅ� 㯞⾰Ꮚࠊ㔝� ளඃ㸦㧗㸰㸧ࠊ⏣௦� ឡᐇࠊỤཱྀ� ዌࠊ୰㐨� ᮍⴌࠊ 

Ṋ⸨� 㟼ెࠊᒣᓮ� ᙬ㡢ࠊᰘ⏣� ᐇᑑ⣖ࠊ⚟ᮏ� Ύࠊᱵ⃝� ✑㸦㧗㸯㸧࠙ᫍ㔝㧗➼Ꮫᰯኳᩥ㒊  ࠚ
 

㸯㸬ࡵࡌࡣ��

�  ࠋࡿ࠶࡛ࡘࡢ 㟁Ἴほ どほ║ࠊࡣほ ᪉ἲࠋࡓࡋࢆ ほࡢ⩌ᗙὶᫍࡈࡓࡩࡣࡕࡓ⚾
� ║どほ 2013ࡣ ᖺࡢ 12᭶ 13㹼14᪥ࠊ࡚ࡅᫍ㔝㧗➼Ꮫᰯ▼ཎ⏫ᰯ⯋(ᇸ⋢┴ᕝ㉺ᕷ▼ཎ⏫

㸰┠)࡛ࣉ࣮ࣝࢢィᩘἲ⌜3ࠊࡾࡼศࠊࢀA⌜ࡣほ ⪅5ே㸩グ㘓⪅1ேࠊB⌜ࡣほ ⪅

5 ே㸩グ㘓⪅1 ேࠋC⌜ࡣほ ⪅4ே㸩グ㘓⪅2ே࡛ほ ࠋࡓࡋ 
� 㟁Ἴほ ࠊࡣJA9YDB ⚟㧗ᑓࣈࣛࢡ⥺↓ࣗࢳ࣐(㢳ၥ㸸๓ᕝබ⏨Ặ)ࡀⓎᑕࡿࡍ

53.750MH2 ࡢᮏᰯ▼ཎ⏫ᰯ⯋ᒇୖࡣ ほࠋࡓࡋ⏝ࢆ㟁Ἴࣥࢥ࣮ࣅࡢ 4 ⣲Ꮚඵᮌࢼࢸࣥ᥋

ࡢࡈ㛫ࠊࡋ HROFFT(ᕝ୍ᙪẶస)ィࠊࢆฟຊ࢜ࢹ࣮࢜ࡢ〇RH-1ࢡࢵࢸࡓࡋ⥆

 ࠋࡓࡋࣇࣛࢢࢆᩘ࣮ࢥ࢚ࢢࣥࣟࡧࡽ࡞ᩘ࣮ࢥ࢚
㸰㸬�⤖ᯝ 
�D��║どほ �

 ࠒZHRࠑ
࠙⾲㸯  ࠚ

ほ ⤖ᯝࠕࡣὶᫍほ

 ౽ᖒࠖࢆ࡚ࡗ

ZHRࢆồࡀࢀࡑࠋࡓࡵ

⾲ 1 Aࠋࡿ࠶࡛ Bࠊ⌜
ࡣேᩘࡢ⌜ 5 ேࠊࡀࡔ

4 ᪉ྥࡕ࠺ࡢ 1 ᪉ྥࡢ

ࠊ࡛ࡢࡓࡋ 2ே࡛ほࡳ

1 ேᙜࡾࡓ ZHR ồࢆ

ࡣேᩘ⿵ṇ್ࠊ㝿ࡿࡵ

㸲ேࢆ(2.91)ࡢࡶࡢ⏝

1ࡢ1⾲ࠋࡓ࠸ ேࡓ࠶

ࡢࡾ ZHR (࡛� )ෆࡢ

ேᩘ⿵ṇ್ࡢ5ேࡣ್

(3.24)࡛ࡓࡗሙྜࡢ

㛫 ⌜ ほ ὶ

ᫍ  ᩘ
᭱ᚤ

ගᫍ 
㞼㔞 Fa CHR ㍽ᑕⅬ

㧗ᗘ 
Fb ZHR ୍ேᙜࡾ

ZHR 
24㸸00㹼
25㸸00 

A 47 4.18 1 2.9 150 70 ᗘ 1.0  150.0  51.5(46.3)
B 42 3.19 0 4.7 197 70 ᗘ 1.0  197.0  67.7(60.8)
C 32 3.7 1 3.7 118 70 ᗘ 1.0  118.0  40.5  

25㸸45㹼
26㸸45 

A 62 4.24 1 2.9 201 86 ᗘ 1.0  201.0  69.1(62.0)
B 56 3.43 0 4.1 230 86 ᗘ 1.0  230.0  79.0(71.0)
C 52 3.34 1 4.1 213 86 ᗘ 1.0  213.0  73.2  

ᅗ㸯 

�E�㟁Ἴほ �

58　　講演 25



㸰㸮㸯㸱ᖺࡈࡓࡩࡢᗙὶᫍ⩌࡚࠸ࡘ�

㸯㸬ࡵࡌࡣ��

㸰㸬�⤖ᯝ

�D� ║どほ �

ZHRࠊࡾࡼ⾲ࠋࡿ࠶್࡛ ࡋࣇࣛࢢࢆኚࡢ (࡚ᅗ㸯)ࢆぢࠊࡿኪࡀ᭦ࡶ⌜ࡢࡿࡅ ZHR
25:00~24:00ࠋࡃ࠸࡚࠼ቑࡀ ⣙38ZHRࡾࡼ⌜ࡣ࡛  ࠋࡓࡗ࠶ࡀᕪࡢ
᪥ᮏὶᫍ◊✲ࡢෆᒣⱱኵࡢࢇࡉ㏿ሗࢱ࣮ࢹ(ࡢࣇࣛࢢ㸨༳)ྠࡕࡓ⚾ࠊࡿࡼᵝ13/14᪥ࡣ

24 㐣ࡽࡂḟ➨ ZHR ZHRࠊࡋࡋࠋࡿ࠸࡚࠼ቑࡀ 12ࠊሙྜࡢ᪥ᮏὶᫍ◊✲ࡣ ᭶ 14 ᪥

0:00~1:00 71ࡣ ࡣࡕࡓ⚾࡛ 12᭶14ࠊ53 ᪥ 1:45~2:45 ࡣ  ࠋࡿ࠶࡛ࡵ࡞ᑡࡸࡸ74ࡣࡕࡓ⚾79࡛
� ὶᫍᩘྛࠊ࡚࠸࠾⌜ุ࡛ᐃከᑡࠋࡿࢀࡽ࠼⪄ࡔࡵࡓࡓࡌ⏕ࡀࡁࡘࡽࡤࡢὶᫍᩘࡀᑡ࠸࡞

Aࠊྠࡿ࡞ࡃᝏࡀ⏺どࡢ⌜ࡿ࠶ࡢ≀㞀ᐖࠊࡣࡢࡿ࠶ࡀ⌜ ࡀ≀ᘓࡿ࠸࡚ࡗᨺࢆග࠸ᙉࡣ࡛⌜

㏆ࠊࡵࡓࡓࡗ࠶ࡃẚ㍑ⓗᬯ࠸ὶᫍࢆㄆ㆑ࠊ࢚ࣜࡢ⌜ࡢࢀࡒࢀࡑࠊ࡚ࡋࡑࠊࡇࡓࡗࡽ࡙ࡋ

ගᗘࡢぢ✚ࠋࡿࢀࡽ࠼⪄ࡔࡵࡓࡓࡌ⏕ࡀࢀࡎࡾࡶ 
 ࠒගᗘศᕸࠑ
 ࠋࡓࡗ࡞࠺ࡼࡢ㸰⾲ࠊࡣගᗘศᕸࡢࡈ⌜

࠙⾲㸰  ࠚ
㻭⌜㻌 ගᗘ㻌 䍺㻙㻝➼㻌 㻜➼ 㻝➼ 㻞➼ 㻟➼㻌 㻠➼䍻

㻌 㻌 ὶᫍᩘ 㻤㻌 㻝㻞 㻠㻜 㻞㻢 㻝㻜㻌 㻜

㻮⌜㻌 ගᗘ㻌 䍺㻙㻝➼㻌 㻜➼ 㻝➼ 㻞➼ 㻟➼㻌 㻠➼䍻

㻌 㻌 ὶᫍᩘ 㻞㻌 㻜 㻝㻝 㻟㻡 㻠㻝㻌 㻤

㻯⌜㻌 ගᗘ㻌 䍺㻙㻝➼㻌 㻜➼ 㻝➼ 㻞➼ 㻟➼㻌 㻠➼䍻

㻌 㻌 ὶᫍᩘ 㻜㻌 㻜 㻝㻤 㻠㻞 㻠㻞㻌 㻡

A⌜ࠊࡣ᫂࠸ࡿὶᫍࡀከࠊࡃ୰࡛ࡶ㸯➼ࡀከࠋ࠸B⌜ࠊࡣ㸯⌜ẚ࡚ᑡࡋᬯࡢࡵὶᫍࡀከࠊࡃ

㸰➼ࡀከࠋ࠸C  ࠋ࠸࡞ࡀ➼㸮ࠊ➼㸫㸯ࠊࡣ⌜
ࠊࡀࡿ࠶ࡀᕪࡢගᗘศᕸࡢࡾ࡞ࡈ⌜࠺ࡼࡢࡇࠊࡎࡽࢃ㛵ࡶࡿ࠸࡚ࡋ ほ㛫ࡌྠ

 ࠋࡿ࠶࡛ࡽࡿ࠶ࡀᕪᐃุࡢගᗘࡢὶᫍࡣࢀࡇ
 

�E�㟁Ἴほ �

� 12 ᭶ࢬࣀࡣ

࡞ࡁ࡛ ィࡃከࡀ

 ࠋࡓࡗከࡀ᪥࠸
13ࠊࡓࡲ ᪥ࡢ

24㸸00࡛ࡀࢺࣇࢯ

Ṇࠊ࡚࠸࡚ࡋ║

どほ ࠸࡚ࡗ⾜ࢆ

ࡣࢱ࣮ࢹࡢ㛫ࡿ

 ࠋ࠸࡞
ࡣ࣮ࢥ࢚ࢢࣥࣟ

1 ࠋ࠸࡞ࢀࡽぢࡶࡘ

ࡢ⩌ᗙὶᫍࡈࡓࡩ

ᴟᮇ࡛12ࡿ࠶
᭶ 13᪥࡚ࡅྥᚎࡀᩘ࣮ࢥ࢚ࠎቑຍ࠺ࡼࡿ࠸࡚ࡋぢࡢࢺࣇࢯࠋࡿ࠼Ṇࠊࡾࡼ║どほ 

 ࠋࡓࡗ࡞ฟ᮶ࡀࡇࡿࡍẚ㍑ࢆ 㟁Ἴほ

5DGLR�0HWHRU�2EVHUYDWLRQ�����2EVHUYHG�5HVXOW
�'HFHPEHU��������������

+RVKLQR�+LJK�6FKRRO�.DZDJRH�6DLWDPD�-$3$1

�

��

��

��

��

��

���� ��WK ���� ��WK ���� ��WK ���� ��WK
7LPH��-67�������

DO
O�H
FK
RH
V

�

�

��

��

��

OR
QJ
�H
FK
RH
V�
�!
��
VH
F�

ORQJ�HFKRHV

DOO�HFKRHV

ᅗ㸰 
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�

�

�

ὶᫍࡣࣝࢺࢡ࣌ࢫᑐᆅ㏿ᗘཬࡧ㧗ᗘ࠺ࡼࡢ㛵ಀࡢࡿ࠸࡚ࡋ�
�

ᯇᑿ� ┤ᣅࠊᮡᮏ� ᝆኴ㑻ࠊ㕥ᮌ� ⯗㸦㧗2㸧ࠊᚎ� ㍜㈼㸦㧗1㸧 
࠙ᇸ⋢┴❧ᾆ㧗➼Ꮫᰯ� ᆅᏛ㒊ࠚ 

�

せ� ᪨�
2013ᖺ12᭶15᪥ࡈࡓࡩࠊᗙὶᫍ⩌࠺ࡹࡌࡃࡗ࠸ࠊᗙὶᫍ⩌ࠊᩓᅾὶᫍࢆࣝࢺࢡ࣌ࢫࡢ

ᤊࡇࡿ࠼ᡂຌࡢࡑࠋࡓࡋ⤖ᯝࠊὶᫍࡢⓎගᡂศࡕ࠺ࡢὶᫍ≀㉁ࡿࡼNaࡢ㍤⥺ࡣ㧗㧗

ᗘᙉࠊࡃMgࡢ㍤⥺ࡣప㧗ᗘ࡛ᙉࡿ࡞ࡃഴྥࡀぢࡓࡲࠋࡓࢀࡽᑐᆅ㏿ᗘࡢ࠸ࡁ᪉ࠊࡀ

ᆅ⌫ẼࡿࡼⓎගᡂศࡀὶᫍ≀㉁ࡿࡼⓎගᡂศẚ࡚ᙉ࠺࠸࠸⤖ᯝࡉࠋࡓࡗ࡞

࠸࡚ࡋ㛵ಀࡀᡂ⤌ࡢὶᫍ≀㉁ࠊࡃᙅ࡚ẚὶᫍࡢࡣ⥺㍤ࡢNaࡢ⩌ᗙὶᫍࡈࡓࡩࠊࡽ

 ࠋࡿࢀࡉ၀♧ࡀᛶ⬟ྍࡿ
�

㸯㸬ࡵࡌࡣ�

ὶᫍࠊࡣᙟᫍࡀ࡞ᨺฟࡓࡋሻ⢏Ꮚࡀᆅ⌫Ẽ✺ධ࡚ࡋⓎගࠋࡿ࠶࡛㇟⌧ࡿࡍᖺ

࡛࡞N2㸪Oࡿࡼᆅ⌫ẼࡸMg㸪Na㸪Feࡿࡼὶᫍ≀㉁ࡣⓎගᡂศࡢὶᫍࠊ࡛✲◊ࡢ

ࡗ࠸ᗙὶᫍ⩌௨እࡈࡓࡩࠊ࠸⾜ࢆ ศගほࡢὶᫍ2013ᖺ12᭶15᪥ࠋࡓㄪࢆࡇࡿ࠶

ᆅࠊࡵࡓࡢ ほࡢᬌ୍ࠋࡓࡁ࡛ࡀࡇࡿᚓࢆࣝࢺࢡ࣌ࢫࡢᩓᅾὶᫍ⩌ᗙὶᫍ࠺ࡹࡌࡃ

⌫Ẽࡢ≧ែࡣࡃࡁኚࠊ࡛ࡇࡑࠋࡿࢀࡽ࠼⪄࠸࡞࠸࡚ࡋὶᫍࡣࣝࢺࢡ࣌ࢫᑐᆅ㏿ᗘ

ཬࡧ㧗ᗘ࠺ࡼࡢ㛵ಀࢆࡢࡿ࠸࡚ࡋㄪࠋࡓࡋࡇࡿ 
 
㸰㸬ほ ゎᯒ�
(1)� ὶᫍࡢศගほ  

ὶᫍほ ⏝ࡢศගჾࠊࡣ㉸㧗ឤᗘࣔࡢࢬࣥࣞࡢ࣓ࣛ࢝࢜ࢹࣅࣟࢡࣀ๓㏱㐣ᆺᅇᢡ᱁

Ꮚࡾྲྀࢆࡓࡅ⡆᫆ࠋࡿ࠶࡛ࡢࡶ࡞ 
ձ� �࣓ࣛ࢝ 㸸� WAT-902H2 ULTIMATE(CCDࢳࣥ1/2 ࢬࢧ�  (〇♫ࢡࢵࢸ࣡
ղ� �ࢬࣥࣞ 㸸� YMV1795N(↔Ⅼ㊥㞳 17mmཱྀࠊᚄẚ 0.95� ඵ㞼♫〇) 

ͤ� ձࠊ࡛ࡏྜ⤌ࡢ࣓ࣛ࢝ࡢ⏬ゅ�16°21ࡣ°(Ỉᖹ�ᆶ┤) 
Ĺ� എᣈṬᆀ㸸� VIS 300GPM 50�50(ࢻࣥࣔࢻ࢚㺃ࢫࢡࢸࣉ࢜♫〇) 

 (᱁Ꮚ࿘Ἴᩘ 300ᮏ/mmࠊ50mm×50mm ࢬࢧ)
մ� グ� 㘓� 㸸� HDDࡢ࣓ࣛ࢝࢜ࢹࣅእ㒊ධຊᶵ⬟࡛㘓⏬ 
յ� ほ ᆅ� 㸸� ᇸ⋢┴❧ᾆ㧗➼ᏛᰯCᲷᒇୖ(⦋35°53Ļࠊᮾ⤒139°39Ļ) 
ն� ほ 㛫㸸� 2013ᖺ12᭶15᪥ 0ࠥ6 
շ� ほ ᪉ἲ㸸� ࡋ㏣ᑿࠊࡅྥഃࡸࡸࡾࡼኳ㡬࠺ࡼࡿࡅ㑊ࢆ᭶ࠊࢆศගჾࡢ3ྎ

  ほ࡛࠸࡞
(2)� ゎᯒᡭ㡰 

ձ� ⏬ീྲྀฟࡋ� 㸸� ��〇♫ࢶ࣮ࣟࢺࢫ�ࢪ࣮࣓ࣛࢸࢫ

�ࡋฟྲྀ࡚ࡋ⏬㟼Ṇࢆ⏬ື Ѝ� ղ࡛ ᐃྍ⬟࡞FITS࡛ࣝࣇಖᏑ�

ղ� ⏬ീ ᐃ� � 㸸� ⏬ീゎᯒࢺࣇࢯ� ��ᅜ❧ኳᩥྎసᡂ�࣐ࣜ࢝

�ᐃ ࢆᙉᗘࣝࢺࢡ࣌ࢫ � � Ѝ� ճ࡛ㄞࡿࡵCSV࡛ࣝࣇಖᏑ�

ճ� �సᡂࣇࣛࢢ 㸸� MS Excel�ࢺࣇࢯࣟࢡ࣐♫〇��

ὶᫍࡀࣝࢺࢡ࣌ࢫࡶ࣐ࢥ࠸࡞࠸࡚ࡗ ᐃࠊࡋSkyᡂศ࡚ࡋղࡽࢱ࣮ࢹࡢᘬࠋࡃ

ᑐ┦ࡿࡍᑐἼ㛗ࠊ࠸⾜ࢆṇ⿵ࡢ⋠ศග㏱㐣ࡢᅇᢡ᱁ᏊࡧศගឤᗘཬࡢCCDࠊࡽࡉ

ᙉᗘࢆࣇࣛࢢࡢసᡂࠋࡿࡍ 
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�

�

㸱㸬⤖ᯝ⪃ᐹ�
(1)�  ࡚࠸ࡘὶᫍࡓࢀࡽᚓࡀࣝࢺࢡ࣌ࢫ

ὶᫍࡢฟ⌧้ࠊᑐᆅ㏿ᗘࠊฟ⌧㧗ᗘཬࣝࢺࢡ࣌ࢫࡧ⏬ീࢆᅗ1ࠋࡍ♧ᑐᆅ㏿ᗘ

ฟ⌧㧗ᗘୖࠊࡣ⏣ᫀⰋẶ(SonotaCo Network)ࢆࢱ࣮ࢹࡢཧ⪃ࠋࡓ࠸ࡔࡓ࠸࡚ࡏࡉ 

�
(2)� Ⓨගࡽᾘ⁛ࡢࣝࢺࢡ࣌ࢫࡢ࡛ࡲኚ 

ձ� ὶᫍࡢ᫂ࡢࡾ࡞ࡢࡉࡿ㒊ศࠊࡣN2ࡢ࡞ẼࡿࡼⓎගᡂศ࡛ࠋࡿ࠶ᅇࡓࡗ

ศගჾࡣἼ㛗400ࠥ800ࡀnmࡢ⠊ᅖศ࡞ឤᗘࠊࡵࡓࡿ࠶ࡀᆅ⌫ẼࡿࡼⓎගᡂ

ศ(550ࠥ800nm㏆)ࡀὶᫍࡢ᫂ࡢࡉࡿ࡞ࡁྜࢆ༨ࠋࡿࢀࡽ࠼⪄ࡓࡵ 
ղ� Naࡢ㍤⥺(589㺃590nm)ࠊࡣ㧗㧗ᗘ࡛ᙉࡃప㧗ᗘࡿ࡞ᙅࡿ࡞ࡃഴྥ࡛ࠋࡿ࠶ 
ճ� Mgࡢ㍤⥺(517㺃518nm)ࠊࡣ㧗㧗ᗘࡾࡼప㧗ᗘ࡛ᙉࡿ࡞ࡃഴྥ࡛ࠋࡿ࠶ 

(3)� ᑐᆅ㏿ᗘὶᫍࡢࣝࢺࢡ࣌ࢫ㛵ಀ 
ձ� ᑐᆅ㏿ᗘࡿ࡞␗ࡀࡢࡘὶᫍ(࠺ࡹࡌࡃࡗ࠸ᗙὶᫍ⩌ᩓᅾὶᫍ)ࠊࡢ㧗ᗘ95km

㏆ࢆࣝࢺࢡ࣌ࢫࡢẚ㍑ࡢࡑࠋࡓࡋ⤖ᯝ㸪ᑐᆅ㏿ᗘࡀ࠸ࡁᩓᅾὶᫍࡢ᪉ࡀᆅ⌫Ẽ

 ࠋ࠸ࡁࡀྜࡢⓎගᡂศࡿࡼ
ղ� ᑐᆅ㏿ᗘࡌྠࡰࡀࡢࡘὶᫍ(࠺ࡹࡌࡃࡗ࠸ᗙὶᫍ⩌ࡈࡓࡩᗙὶᫍ⩌)ࠊࡢ㧗

ᗘ85km㏆ࢆࣝࢺࢡ࣌ࢫࡢẚ㍑ࡢࡑࠋࡓࡋ⤖ᯝࠊᆅ⌫Ẽὶᫍ≀㉁ࡿࡼⓎගᡂ

ศࡢྜࡀࡓࡗ࠶࡛࠸ࡽࡃࡌྠࡣ㸪ࡈࡓࡩᗙὶᫍ⩌ࡢNaࡢ㍤⥺ࡢᙉᗘࡾ࡞ࡀᑠࡉ

 ࠋ࠺ࢁࡔ࠸࡞ࡣᛶ⬟ྍࡿ࠸࡚ࡋ㛵ಀࡀᡂ⤌ࡢὶᫍ≀㉁ࠊࡣࢀࡇࠋࡿ࠼ぢ࠺ࡼ࠸
�

㸲㸬ᚋࡢㄢ㢟�
ձ� ὶᫍࡀࣝࢺࢡ࣌ࢫᑐᆅ㏿ᗘࡸ㧗ᗘ࠺ࡼࡢ㛵ಀࡢࡿ࠸࡚ࡋ㸪ࢆࢱ࣮ࢹࡽࡉ

ቑ࡚ࡋࡸㄪࠋ࠸ࡓ 
ղ� ࢡ࣌ࢫࡢ⩌ᗙὶᫍࡈࡓࡩࡿ࠸ᚓ࡚ࠊ࡚ࡋ㛵ᙉᗘࡢ⥺㍤ࡢNaࡢ⩌ᗙὶᫍࡈࡓࡩ

 ࠋ࠸ࡓࡋㄆ☜࡚ࡋゎᯒࢆࣝࢺ
ճ� ࢺࢡ࣌ࢫὶᫍࡿࡼ࠸㐪ࡢែ≦ࡢᆅ⌫Ẽࠊ࡚ࡋẚ㍑ࢱ࣮ࢹࡓࡋ ほᮇࡢู

 ࠋ࠸ࡓㄪ࡚࠸ࡘ᪉ࢀ⌧ࡢࣝ

�

ᅗ1� ほ ࡓࡋὶᫍࣝࢺࢡ࣌ࢫࢱ࣮ࢹࡢ⏬ീ 
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PANSTARRS ᙟᫍࡢほ � 㹼⏬ീฎ⌮ ග㹼 
㟷ᮌ� ዌኴ� ఀ⸨� ከὠ⏕� ΎỈ� Ⰻᗈ� ㄝ⏣� ᩗ� ㇏⏣� ᭷㔛� ⳻⏣� ┿⏤�㧗 ���

࠙ᒱ㜧┴❧ᇉᮾ㧗➼Ꮫᰯ� ኳᩥ◊✲ྠዲ (ࣆࢺ࣮ࣁᏳඵ㧗ᰯ⏕ほ ࣒࣮ࢳ)ࠚ 
 ࡵࡌࡣ,1
ᖺ 3 ᭶ࡽ 4 ᭶࡚ࡅᆅ⌫᥋㏆ࢬ࣮ࢱࢫࣥࣃࡓࡋᙟᫍࢆ෭༷ CCD ࣓ࣛ࢝

ᆺᑕᮃ㐲㙾ࢆ⏝࡚ࡋീࠊ⏬ീฎ⌮ࢬ࣮ࢱࢫࣥࣃࠋࡓࡋᙟᫍࡣኤ᪉す✵ࡢᮃ㐲㙾

࡛ほ ࡛ࡢࡿࡁ࡛᫂ࡢࡓࡗࡔࡉࡿᙟᫍࡢගᗘࢆồࢆࡇࡿࡵ┠ⓗࠋࡓࡋఱ᪥

ᙳ࡛ࡢࡓࡋ᫂ࡢࡉࡿኚࡶồࡓࡲࠋࡓࡵ ගࡿࡍ๓୍ḟฎ⌮ࡀ࡞ᚲせࡢࡑࠊࡀࡔ

సᴗࡣ㐣ཤࡢᝨᫍ≧ᫍ㞼ࡢ࡞⏬ീฎ⌮᪉ἲࢆᙟᫍࡶᛂ⏝࡛ࡵࡓࡿࡵ☜ࡿࡁ

 ࠋࡓࡋࢆ✲◊ࡢࡇ
2,ほ  
㸦㸯㸧ᙳ⎔ቃ 
ほ ᶵᮦ㸸ࣥࣞࢢࢭ࢝ᘧᑕᮃ㐲㙾㸦すᮧ〇� D㸸700mm� f㸸7000mm㸧 
� � � � � ෭༷ CCD 㸦SBIG࣓ࣛ࢝ 〇� STL-11000M-ABG㸧 

㸦SBIG࣮ࢱࣝࣇ 〇� (RGB)㸧 
ほ   ᆅ㸸ᒱ㜧┴Ᏻඵ⏫❧⏕ᾭᏛ⩦ࣆࢺ࣮ࣁࠕ࣮ࢱࣥࢭᏳඵࠖ 
� � � � � ⦋ 35 ᗘ 20 ศ 8 ⤒ᮾࠊ⛊ 136 ᗘ 39 ศ 53 ⛊ 
� � � � � ୡ⏺ ᆅ⣔㸦ࡿࡼࡎࡕࢵ࢛࢘㸧ᶆ㧗 18m 
㸦㸰㸧ീ 
᪥㸸2013 ᖺ 3/14, 3/15, 3/16, 3/21 
ᑐ㇟㸸C/2011 L4㸦ࢬ࣮ࢱࢫࣥࣃᙟᫍ㸧 
3,⏬ീฎ⌮  
࡚ࡗࢆ࣒࣮ࣞࣇࢺࢵࣛࣇ࣒࣮ࣞࣇࢡ࣮ࢲࡢ㟢ฟ㛫ࡌྠീ⏬ࡓࡋᙳࡵࡌࡽ࠶

ࢆᑐ㇟ᫍࡣㄽᩥ࡛ࡢඛ㍮ࠋࡓࡋࢆṇ⿵ࢺࢵࣛࣇ/ࢡ࣮ࢲඹ㏻࡚࠸⏝ࢆࢪ࣮࣓ࣛࢸࢫࠊࡁ࠾

ᑐゅ⥺ୖᣳ࠺ࡼࡴ 2 ⟠ᡤᇶ‽ᛶࢆ㑅ࠊࡀࡓࡗ࠶ࡪᙟᫍࡢࡇࡵࡓࡃືࡣ᪉ἲࢆ࠺

࠙ᅗ ࢆᇶ‽ᫍࠊⅭࡢࡑࠋ࠺ࡲࡋ࡚ࡧఙࡀ࣐ࢥࡢᙟᫍ࠺ࡼࡢࠚ1 1 ⟠ᡤࣇ࣮࢝ࢺ࣓ࠊࡾ

ἲ࠙ࡿ࠸⏝ࢆᅗ  ࠋࡓࡁ࡛ࡃࡲ࠺࠺ࡼࡢࠚ2
 ࠋࡓㄪ࡛࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫࡣ㔞ື⛣ࡢࡾࡓ࠶༢㛫ࡁࡿ࠸⏝ࢆἲࣇ࣮࢝ࢺ࣓
୍ḟฎ⌮ࡀࡓࡋ⏬ീࢆ RGB  ࠋࡓࡋసᡂࢆീ⏬࣮࡚ࣛ࢝ࡋᡂྜࢆࢀࡒࢀࡑ
 
 
 
 

࠙ᅗ ᅗ࠙                 ࠚ1  ࠚ2
࠙ᅗ 1 㸸ᇶ‽ᫍࠚ 2 ⟠ᡤྜ࡚ࡗᡂ࣐ࢥࡓࡋ 
࠙ᅗ 2 㸸ᇶ‽ᫍࠚ 1 ⟠ᡤࣇ࣮࢝ࢺ࣓ἲ࡛ྜᡂ࣐ࢥࡓࡋ 
࠙ᅗ 3 㸸RGBࠚ ྜᡂ࣮ࣛ࢝ࡓࡋ⏬ീ                             ࠙ᅗ  ࠚ3
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4, ග᪉ἲ 
 ග࠙ࡣᅗ  ࠋࡓࡗ⾜࠺ࡼࡍ♧ࡀࠚ4

ձ▴ᙧ ග࡛ᙟᫍࢆ ගࢆ್ࢺࣥ࢘࢝⥲ࠊࡋ 
ᖹᆒࠋࡿࡍ 
ղ㛤ཱྀ ග࡛ձ࡛ ࡓࡗ⠊ᅖࡿ࠶ᫍࢆ 
 ࠋࡿࡍග ࡚ࡍ
ճ▴ᙧ ග࡛ࢆࢻࣥ࢘ࣛࢢࢡࢵࣂ ගࠊࡋ 
 ࠋࡿࡍග ࢆ್ࢺࣥ࢘࢝⥲
մձ࡛ᚓࡓ ග⤖ᯝࡽղճ࡛ᚓࡓ ග⤖ᯝࢆ� � � � � � � ࠙ᅗ  ࠚ4
ῶ⟬ࠋࡿࡍ 
5, ග⤖ᯝ 

m=M㸫2.5 log ( l / L )  

 ࠋࡍ┤⣭➼ࡽ್ࢺࣥ࢘࢝࠸ࢆᘧࡢୖ
m Mࠊ⣭➼ࡢᑐ㇟ᫍࡀ  ࠊ⣭➼ࡢẚ㍑ᫍࡀ
l Lࠊ್ࢺࣥ࢘࢝ࡢᑐ㇟ᫍࡀ  ࡢẚ㍑ᫍࡀ
ᅇࠋࡿ࠶್࡛ࢺࣥ࢘࢝ m  ࠊ⣭➼ࡢᙟᫍࢆ
l  ගᗘࡢᙟᫍࠊࡋ್ࢺࣥ࢘࢝ࡢᙟᫍࢆ
 ẚ㍑࡛࣮ᫍࢱ࣮ࢤࣅࢼࣛࢸࢫࠋࡓࡵồࢆ
ᘧ࡛ࡢୖࠊㄪࢆ⣭➼ࡢ G ⏬ീࡢ➼⣭ࢆồࠋࡓࡵ� � � � ࣇࣛࢢ࠙  ࠚ1
ࣇࣛࢢ࠙ ࡣࠚ1 3/14~3/21  ࠋࡿ࠶࡛ࣇࣛࢢࡢኚࡢࡉࡿ᫂ࡢ㛫ࡢ
⦪㍈ࡣ➼⣭ࠊᶓ㍈ࡣ᪥ࠋࡓࡋ 
6,⪃ᐹ 
࣭㏆᪥Ⅼࡀ 3/10  ࠋࡃ࠸࡚ࡗ࡞ࡃᬯࢇࡔࢇࡔࡀᙟ࡛ᫍࡢࡓࡋᙳ᪥ࡓࡂ㐣ࢆࢀࡑ࡛ࡢ࡞
࣭ᅇồ್ࡓࡵኳᩥᖺ㚷࡞ᥖ㍕ࡣ್࡛ࡿ࠸࡚ࢀࡉయⓗᅇồࡢ್ࡓࡵ᪉ࡀ᫂ࡿ

 ࠋࡓࡗ
ࣇࣛࢢ࠙ࡋࡋ࣭ ࡢኚࡢࡉࡿ᫂ࡢᙟᫍࡿ࠸࡚ࢀࡉᥖ㍕ኳᩥᖺ㚷ࠊࡾࢆ⥺㏆ఝ᭤࡛ࠚ1

ࡇࡍฟࢆ್࡞☜ṇ࡚ࡋࢆ࡞ࡿࡅࢆಀᩘࠊࡵࡓࡓࡋ⮴୍ࢇࡿࡳ࡚ẚࣇࣛࢢ

 ࠋࡿࡁ࡛ࡀ
 ࡵࡲ,7
୍࣭ḟฎ⌮ࡢ㝿ࠊᑐ㇟ኳయࡀᫍྜࡣࡢࡶࡿ࡞␗ࡀࡉ㏿ࡃືᡂࡁࡿࡍᇶ‽ᫍ 1 ⟠ᡤ࣓

 ࠋࡿࡍᡂྜ࡚࠸⏝ࢆἲࣇ࣮࢝ࢺ
 ࠋࡓࡗࢃࡿ࠶᭷ຠ࡛ࡀἲࣇ࣮࢝ࢺ࣓ࠊࡣᡂసᴗ࡛ྜࡢ⌮ീฎ⏬ࡀἲࣇ࣮࢝ࢺ࣓࣭
8,ཧ⪃ᩥ⊩࣭⏝ࢺࣇࢯ 
ཧ⪃ ᩥ⊩ 㸸ᮏᰯ⌮ᩘ⛉ᖹᡂ 21,22 ᖺᗘㄢ㢟◊✲ሗ࿌᭩ ㏿ᨷ࡛ࡿࢃᙟᫍࡢ ග 
⏝ࢺࣇࢯ㸸 ࢪ࣮࣓ࣛࢸࢫ Ver.6.5 ࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫVer.7  

࣐࣭ࣜ࢝ࢺࣇࢯ⌮ീฎ⏬ࡿࡤࡍ Microsoft Word 2010� Microsoft Excel 2010 
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�

�

�

� ほࡢᙟᫍࡓ࠸⏝ࢆᮃ㐲㙾ࢺࢵࢿ࣮ࢱࣥ

ᰠᓮ�ඃஓࠊᮌᮧ�ඃୖ᭱ࠊ�㸦㧗㸰㸧࠙⛅⏣┴❧ᶓᡭΎ㝠Ꮫ㝔㧗➼Ꮫᰯࠚ�

�

せ� ᪨�

� ����ᖺࡣᙟᫍࡢᙜࡾࡓᖺࡔゝ࡛ࡇࡑࠋࡿ࠸࡚ࢀࢃ�᭶ࡶ࣮᭱᫂ࢱࢫࣥࣃࡓࡗ࡞ࡃࡿ

ࡢගᗘ ᐃࡢୡ⏺୰ࠊᯝ⤖ࡢࡑࠋࡓࡋᐃ ࡚࠸⏝ࢆᮃ㐲㙾ࢺࢵࢿ࣮ࢱࣥࢆගᗘࡢᙟᫍࢬ

⤖ᯝࢺࢵࢿ࣮ࢱࣥᮃ㐲㙾࡚࠸⏝ࢆ ᐃࡓࡋගᗘࡢኚࡢ⛬ᗘྠࠊࡣᵝࡢ⤖ᯝࡀᚓࢀࡽ

�ࠋࡓࡗศࡀࡇࡿ࠸࡚ࢀࡎ㸯ࡑࡼ࠾࠾ࡀ್ࡢගᗘࠊࡀࡓ

�

㸯㸬ࡵࡌࡣ�

� ����ᖺࡣከࡢࡃᙟᫍࡢほ ࡀฟ᮶ࡿ㈗㔜࡞ᖺ࡛࡛࢜ࢪࣛࡸࣅࣞࢸࠊࡿ࠶ሗ㐨࡚ࢀࡉ

ࢆᙟᫍࠊ࡚࠸⏝ࢆᮃ㐲㙾ࢺࢵࢿ࣮ࢱࣥࡕᣢࢆ⯆࡚࠸ࡘᙟᫍࡣࡕࡓ⚾ࡁ⪺ࢆࡢࡿ࠸

ほ ࡶ࡚ࡋᙟᫍࡢගᗘࡣ ᐃ࡛ࡿࡁ௬ᐃࠋࡓࡋ�

ᥦ౪࡛ࢺࢡ࢙ࢪࣟࣉᮃ㐲㙾ࢺࢵࢿ࣮ࢱࣥࡀ᠕⩏ሿᏛࡣᮃ㐲㙾ࢺࢵࢿ࣮ࢱࣥ

㐲࡚ࡌ㏻ࢆࢺࢵࢿ࣮ࢱࣥࡶㄡ࡛ࢆᮃ㐲㙾ࡿ࠸࡚ࢀࡉ⨨タ࡞ࢡ࣮࣮ࣚࣗࢽࡿ࠸࡚ࡋ

㝸᧯సࡋ��㛫⡆༢ኳయほ ࠋࡿ࠶࡛ࡢࡶࡿࡁ࡛ࡀ�

ࢡ࣮ࣆࡢࡉࡿ᫂�᭶୰᪪ࢀ⌧✵ࡢ᪥ᮏࢁࡈ����ᖺ�᭶㹼�᭶ࠊࡣᙟᫍࢬ࣮ࢱࢫࣥࣃ

�ࠋࡿ࡞ࡶ⣙�➼⣭ࡣ⣭➼ࠊ࠼㏄ࢆ

ୗᅗࡣᕥࢺࢵࢿ࣮ࢱࣥࡽᮃ㐲㙾࡚࠸⏝ࢆほ ࢬ࣮ࢱࢫࣥࣃࡓࡋᙟᫍࢿ࣮ࢱࣥࠊ

�ࠋࡿ࠶స⏬㠃࡛᧯ࡢᮃ㐲㙾ࢺࢵ

�
�

㸰㸬᪉ἲ�
� 㸰㸮㸯㸱ᖺ㸱᭶ࡽ㸳᭶ࢺࢵࢿ࣮ࢱࣥࠊ࡚ࡅᮃ㐲㙾࡛ࢬ࣮ࢱࢫࣥࣃᙟᫍࢆほ ࡋ

ᫍ㸦ᶆ‽ᫍ㸧ࡿ࠸࡚ࢀࡽ▱᪤ࡀගᗘ࡚ࡋㄪ⠇ࢆ㟢ฟ㛫ឤᗘࡢ࣓ࣛ࢝ࡣ㝿ࡢ ほࠋࡓ

ࠊ࡚࠸⏝ࢆ㸧࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫ㸦ࢺࣇࢯᫍᅗࠋࡓࡋ࠺ࡼࡿ࠼ぢࡀᙟᫍࢬ࣮ࢱࢫࣥࣃ

ᶆ‽ᫍࡢගᗘࢆㄪࡢࡽࢀࡑࠊගᗘ࡚࠸⏝ࢆ ගࠋࡓࡗ⾜ࢆ ගࡣᶆ‽ᫍኳయࡢගᗘ

�ࠋࡓ࠸⏝ࢆࠖࢪ࣮࣓ࣛࢸࢫࠕࡿฟ᮶ࡢࡇࡿࡍᐃ ࢆගᗘࡢኳయࡽࢀࡎࡢ

�

�

�

�

�

�

�
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�

�

㸱㸬⤖ᯝ�
� �ᅇࢺࢵࢿ࣮ࢱࣥᮃ㐲㙾࡛ᙳࢬ࣮ࢱࢫࣥࣃࡓࡋᙟᫍࢆ ගࡓࡋ⤖ᯝ௨ୗ࠺ࡼࡢ

�ࠋࡓࡗ࡞

�

�
�

㸲㸬⪃ᐹ�
ࡓࢀࡽୡ⏺࡛ㄪග⤖ᯝ ࡓ࠸⏝ࢆᮃ㐲㙾ࢺࢵࢿ࣮ࢱࣥࠊ࠺ࡼࡿࢃࡽࣇࣛࢢ

 ࠊࡣ⏤⌮ࡓࡌ⏕ࡀࢀࡎࡢࡇࠋࡓࡌ⏕ࡀࢀࡎࡢ�⣙ගᗘࠊࡣග⤖ᯝ࡛ ࡢᙟᫍࢬ࣮ࢱࢫࣥࣃ

ගࡿࡍ㝿ࡓ࠸⏝┿ࡢᙟᫍࡸ ගࡓ࠸⏝ࡵࡓࡿࡍᶆ‽ᫍࡀ㣬ࠊࡋṇ☜ᙟᫍᶆ‽

ᫍࡢᕪࢆㄪࢬ࣮ࢱࢫࣥࣃࠊࡽࡀ࡞ࡋࡋࠋࡿࢀࡽ࠼⪄ࡵࡓࡓࡗ࡞ࡁ࡛ࡀࡇࡿᙟᫍ

ࡰᯝ⤖ࡢග ࡢ⏺ୡࡶሙྜ࡛ࡓ࠸⏝ࢆᮃ㐲㙾ࢺࢵࢿ࣮ࢱࣥࠊࡣᵝᏊࡢኚࡢගᗘࡢ

�ࠋࡓࡗࢃࡀࡇࡿࡍ⮴୍

�

㸳㸬ㄢ㢟��

ḟࡢࡽࢀࡇࡣ◊✲⤖ᯝࠊ࡚࠼ࡲࡩࢆ ගࡿࡍ㝿ࡓ࠸⏝┿ࡢᙟᫍࡸ ගࡵࡓࡿࡍ⏝

 ࡞☜ṇࡾࡼࠊࡾࡓࡋࡸቑࢆᶆ‽ᫍࠊࡾࡓࡋග ࡛ࡳࡢ┿࠸࡞࠸࡚ࡋ㣬ࡀᶆ‽ᫍࡓ࠸

ග࠺ࡼࡿࡁ࡛ࡀࡧᣮᡓࠋ࠸ࡓࡋ�

�

㸳㸬ཧ⪃ᩥ⊩�
KWWS���DUFDGLD�NRHNL�X�DF�MS�LWS��

KWWS���PDWRPH�QDYHU�MS�RGDL���������������������

KWWS���VSDFHZHDWKHUJDOOHU\�FRP�LQGLYBXSORDG�SKS"XSORDGBLG ������

KWWS���ZZZ�\RGREDVKL�FRP�HF�SURPRWLRQ�IHDWXUH�GHWDLO������3������3B�����3�����

�&��

KWWS���ZZZ�QDR�DF�MS�DVWUR�VN\������SDQVWDUUV�KWPO�

�

�
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ᑠᑠᝨᫍࡢ ගほ 㸦ࡢࡑ㸰㸧
㸫 ᥈ࢆᛶ≉ࡢ࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹ ࡿ 㸫

ᗉᓮ ᘯᇶࠊ୰ᕝ ㄹேࠊ┿ቨ ⪷▮㸦㧗㸰㸧

࠙㑣㡲㧗ཎᾏᇛ㧗➼Ꮫᰯࠚ

㸯㸬ࡵࡌࡣ

㸰ᖺ๓ࠊࡽ᪤▱ࡢᑠᝨᫍࡢ≉ᛶㄪᰝ࡛ኳᩥᏛ㈉⊩࠺ࡼࡋほ ࢆጞࠋࡓࡵᑠᝨᫍࡢ

 ගほ ࠊࡣ෭༷CCD୍ࡀࡢ࠺⾜࡛࣓ࣛ࢝⯡ⓗ࡛ࠊࡋࡋࠋࡿ࠶ᮏᰯࡢࡑࡣタഛ࠸࡞ࡀ

ࠋࡿ࠸࡚ࡳヨࢆග ࡢ࡛࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹࠊࡵࡓ

ᖺ࡛࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹࠊࡣീࡓࡋRAW⏬ീ�ࣔࣟࢡࣀ�࡛ ගࠊࡿࡍIAUᑠ
ᝨᫍࢫ࣮࣋ࢱ࣮ࢹ࣭ࣈ࣮࢝ࢺࣛࡢ࣮ࢱࣥࢭᴫࡿࡍ⮴୍ࡡ⤖ᯝࡀᚓࢆࡇࡓࢀࡽሗ࿌ࡋ

࣋ࢱ࣮ࢹ࣭ࣈ࣮࢝ࢺࣛࡢ࣮ࢱࣥࢭIAUᑠᝨᫍࠊࡋീࢆᑠᝨᫍࡢูࡽࡉࠊࡣᖺࠋࡓ

⏬✀ྛࡢ࡞JPEG⏬ീࡸRGBศゎ⏬ീࡿࢀࡽᚓࡽRAW⏬ീࠊࡶࡿࡍẚ㍑ࢫ࣮

ീ࡛ࡢ ග⤖ᯝࢆẚ㍑᳨࣭ウࡓࡋ⤖ᯝࢆሗ࿌ࠋࡿࡍ

㸰㸬ほ ᪉ἲ

ほ ᪥ ձ 2013ᖺ 1᭶10᪥ 21㹼24㸦ᑠᝨᫍ # 129 㸧

ղ 2013ᖺ12᭶21᪥ 21㹼23㸦ᑠᝨᫍ # 443 㸧

ճ 2014ᖺ 1᭶ 9᪥ 21㹼23㸦ᑠᝨᫍ # 443 㸧

ほ ሙᡤ ᰣᮌ┴⏣ཎᕷ ኳᩥ㤋ୣࡢ࠸࠶ࢀࡩ

⏝ᶵᮦ ձኳయᮃ㐲㙾

65cm ᑕ㹤㸻 7800 mm 㸦୕㮚ගჾ㸧

15cm ᒅᢡ㹤㸻 1100 mm �㧗ᶫ〇సᡤ�

ղ࣓ࣛ࢝ Nikon D700 Canonࠊ EOS 60D
┤↔Ⅼࠊ㟢ฟ㛫 30⛊

 ග᪉ἲ ග ࣮ࣕࢳࣃࡿࡼࠖࢪ࣮࣓ࣛࢸࢫࠕ

㸱㸬ほ ⤖ᯝ

㸱㸬㸯 ീࢱ࣮ࢹ㸦ᑠᝨᫍ #129㸧
ീ4284ࠊࡣࢱ࣮ࢹ 㺩㺽㺖㺜㺷 � 2844 㺩㺽㺖㺜㺷㸦ྛࣝࢭࢡࣆ

ࡣ 0.222 ⛊ゅ㸧ࡢࡿ࠶࡛ࡉࡁ�Nikon D700�ࠋ
ࡢᅗ㸯ࠊࡣࢱ࣮ࢹࡿࢀࡽᚓ࡛࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹ

ࠊࡾ࠶࡛ࡢࡶࡓࡋ㏻ࢆ࣮ࢱࣝࣇ�RGB�ཎⰍ୕ࡢග࠺ࡼ

ձ࣮ࣖ࣋⿵㛫�ᅗ㸯ࡢ▮༳�࣮ࣛ࢝ࡓࡋ⏬ീ ղ࣋

࣮ࣖ⿵㛫࣮ࣖ࣋࠸࡞࠸࡚ࡋ⏬ീ�࡚ࣔࡋࡑࠊ�ࣟࢡࣀ

RGB ศゎ࡚ࡋᚓࡿࢀࡽ ճ㹐⣲Ꮚࡢࡳࡢ㹐⏬ീ�ࣔࢡࣀ

ࡳࡢյ㹀⣲Ꮚࠊ�ࣟࢡࣀࣔ�㹅⏬ീࡢࡳࡢմ㹅⣲Ꮚࠊ�ࣟ

ࡿ࠶ࡀ࡞�ࣟࢡࣀࣔ�㹀⏬ീࡢ
ᅗ㸯 ീ⣲Ꮚ࣮ࣖ࣋ࡢ㓄ิ

㸲㸬⪃ᐹࡵࡲ

㸳㸬ㅰ㎡
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ᑠᝨᫍࡢ ගほ 㸦ࡢࡑ㸰㸧
㸫 ᥈ࢆᛶ≉ࡢ࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹ ࡿ 㸫

㸯㸬ࡵࡌࡣ

㸰㸬ほ ᪉ἲ

㸱㸬ほ ⤖ᯝ

㸱㸬㸰 ᑠᝨᫍࡢ ග⤖ᯝ㸦ᑠᝨᫍ #129㸧
ᅗ㸰ࠊࡣ㹇㸿㹓ᑠᝨᫍࡢࡕࡓ⚾ࢫ࣮࣋ࢱ࣮ࢹ࣭ࣈ࣮࢝ࢺࣛࡢ࣮ࢱࣥࢭ ග⤖ᯝ�࣋

ࠋࡿ࠸࡚ࡋ⮴୍ࡣ⪅୧ࡡᴫࠋࡿ࠶࡛⥺ගᗘኚ᭤ࡓࡡ㔜ࢆ�ീ⏬࣮ࣖ

ᅗ㸰 ᑠᝨᫍ ���� ⥺ගᗘኚ᭤ࡢ

㸱㸬㸱 ྛ✀⏬ീࡿࡼ ග⤖ᯝࡢẚ㍑㸦ᜏᫍ㸧

ᅗ㸱ࠊࡣᫍ✵බᅋࡿࡼRGBศゎࢺࣇࢯ

�raw2fits�ࢆ⏝࡚ࡋᚓࡓࢀࡽ㹐⏬ീࠊ㹅

⏬ീࠊ㹀⏬ീ୰ࡢࡘࡃ࠸ࡢᜏ࡚ᫍ࠸ࡘ

 ගࡓࡋ⤖ᯝ࡛ࠋࡿ࠶ᶓ㍈ࡀᫍ⾲ࡢ➼⣭࡛ࠊ

⦪㍈ࡀ ගࡓࡋ⤖ᯝ࡛ࡢࢀࡒࢀࡑࠋࡿ࠶⏬

ീ࡛ ග⤖ᯝ㐪ࠊ≉ࠋࡿ࠶ࡀ࠸JPEG
⏬ീ�⅊Ⰽࡣ�ۑᫍ⾲➼⣭ࡢᕪࡀࠋ࠸ࡁ

Nikonࠊࡿࡍẚ㍑ࢆ࠸㐪ࡢ࣓ࣛ࢝ D700
ࠋ࠸ࡉᑠࡀ࢟ࢶࣛࣂࡢග⤖ᯝ ࡀ᪉ࡢ

㸲㸲㸬⪃ᐹࡵࡲ

R,G,Bྛࡢ⏬ീ࡛ ග⤖ᯝ㐪ࠊࡣࡢࡿ࠶ࡀ࠸ᜏᫍࡢ⾲㠃 ᗘࡢࡑࡾࡼᨺᑕἼ㛗࡞␗ࡀ

ࣝࢺࢡ࣌ࢫࡢᜏᫍࠊࡣ࠸㐪ࡢග⤖ᯝ ࡢᜏᫍࡿࡅ࠾R,G,Bྛ⏬ീࠊࡾࡲࡘࠋࡿ࠶࡛ࡽࡿ

ᆺ౫Ꮡࠋࡿࢀࡽ࠼⪄ࡿࡍᚋࠊࡣኴ㝧ගࢆᑕࡿ࠸࡚ࡋᑠᝨᫍࡢ ගࡶ᭱㐺ࢹࡿࡍ

⾲ᫍࡿࡍ‽ᇶࠊࡣ࡚࠸࠾ග ࡢᑠᝨᫍࠊࡋᐃ☜ࢆࡿ࠶࡛ࢀࡣീ⏬ࣇࣞ║୍ࣝࢱࢪ

ࡌྠኴ㝧ࡀ�B-V�Ⰽᣦᩘࡣᶆ‽ᫍࠊࡵᨵ�㹔➼⣭�Tycho-2ࢆ 0.65 ⛬ᗘࡢᜏᫍࠊ࠸⏝ࢆ

ࠋ࠸ࡓࡋᣦ┠ࢆග ࡞☜ṇࡾࡼ

㸳㸬ㅰ㎡

ᑠᝨᫍീࡢ㝿ࠊࡣᰣᮌ┴⏣ཎᕷୣࡢ࠸࠶ࢀࡩኳᩥ㤋ࡢᮃ㐲㙾ࢆ࣓ࣛ࢝⏝࡚ࡏࡉ

㔝ᘯᕭࠊࡣ࡚࠸ࡘゎᯒࡢࢱ࣮ࢹᑠᝨᫍീࠋࡓࡋࡲࡁࡔࡓ࠸ Ặࡈᣦᑟࡓ࠸ࡔࡓ࠸

ࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࠋࡍࡲ࠸࡚ࡗ࡞♏ᇶࡀࡇ

ᮏ◊✲ࠊࡣᖹᡂ25ᖺᗘ୰㧗⏕ࡢ⛉Ꮫ㒊άື⯆࣒ࣛࢢࣟࣉ㸦�⊂�⛉Ꮫᢏ⾡⯆ᶵᵓ㸧

ࠋࡍࡲࡋឤㅰࠋࡓࡋࡲࡅཷࢆᨭࡈࡿࡼ

ᅗ㸱 ྛ✀⏬ീࡢ ග⤖ᯝ

ග
ᗘ
䥹
➼
⣭
䥺

Ⅼ࣭ ,$8 㺡㺼㺎㺞㺫㺼㺎㺛

ە  ග⤖ᯝ

᪥ࢫ࢘ࣜࣘ
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�

�

�

� ගほ ࡢᑠᝨᫍ(2363)Cebriones⩌ࣖࣟࢺ

࠙රᗜ┴❧୕⏣⚈㞼㤋㧗➼Ꮫᰯ� ኳᩥ㒊ࠚ�

⏣୰� ᩔࠊ୰ᕝ� ඞ㝯ࠊሐ� ගࠊⓑ⃝� ⏤⣖�㧗㸰�ࠊ�

㇂Ἑ� ᳜ࠊᮌ� Ⰻከࠊᆏᮏ� ᚊࠊᯇᓥ� ᬛ�㧗㸯��

�

せ� ᪨�

� ᮃ㐲ࡓࡺ࡞ࡢኳᩥྎࡲࡾࡣすࠋࡓࡗ⾜ࢆ ከⰍ ගほࡢ�����&HEULRQHV�ᑠᝨᫍ⩌ࣖࣟࢺ

㙾SDSS ගࡾྲྀࢆࢱࣝࣇࡅg' ཬࡧr' ࡛ࢻࣥࣂᙳࡢࡑࡓࡋ⤖ᯝࠊg'=�������������
������➼�㹰
=�����������Dᆺᑠᝨᫍࡣᯝ⤖ࡢࡇࠋࡓࡗࢃࡀࡇࡓࡗ࠶࡛➼�������

�ࠋࡿ࠶ᚲせ࡛ࡀ᳨ウࡢᯝ⤖ࠊ࡛ࡢࡿ࠶࡛࠸Ⰽྜ࡞ᖹᆠࡾ࡞ࡣ࡚ࡋ

�

㸯㸬� �ࡵࡌࡣ
� ᑠᝨᫍ᥈ᰝᶵࠋࡿ࠸࡚ࡋᏑᅾ⨨ࡿᙧసࢆṇ୕ゅᙧᮌᫍኴ㝧ࡣᑠᝨᫍ⩌ࣖࣟࢺ

⿵᥈ᰝೃࡢḟࡢࡑࡣᑠᝨᫍ⩌ࣖࣟࢺࠊࡀࡿ࠶ணᐃ࡛ࡆୖࡕᡴ����ᖺ��᭶ࡣ㸰ࡉࡪࡸࡣ

ࡲࡾࡣす࡚ࡋဨ୍ࡢࢺࢡ࢙ࢪࣟࣉ5$3>+ࡣ㞼㤋㧗ᰯኳᩥ㒊⚈⏣୕ࡕࡓ⚾ࠋࡿ࠸࡚ࡗ࡞

ኳᩥྎ࡛ᙟᫍࡸᑠᝨᫍࡢほ ࡢࡑࠋࡓࡁ࡚ࡗ⾜ࢆάື࡚ࡋ⎔୍ࡢᑠᝨᫍ

������&HEULRQHVࡢከⰍ ගほ ᣮᡓࡢࡑࠋࡓࡋ⤖ᯝࢆሗ࿌ࠋࡿࡍ�
� �

㸰㸬� ������&HEULRQHV�ᑠᝨᫍ⩌ࣖࣟࢺ
�������&HEULRQHVࡣ����ᖺ��᭶�᪥3XUSOH�0RXQWDLQ�2EVHUYDWRU\࡛Ⓨぢࠋࡓࢀࡉከࢺࡢࡃ

ࣟࣖ⩌ᑠᝨᫍࡢࣉࢱ'ࡃࡌྠᑠᝨᫍศ㢮ࠋࡿ࠸࡚ࢀࡉ㌶㐨せ⣲ࡣ⾲㸯ࡢ㏻ࠋࡿ࠶࡛ࡾ

ᒓ�/ࡣHEULRQHV&������ࡀࡿ࠶ࡀ�/�/ࡣ⩌ࣖࣟࢺࠋࡿ࠶⣙��㛫࡛ࡣ㌿࿘ᮇ⮬ࡓࡲ

�ࠋࡿࡁ࡛ ほ࡛ࡲࡢ����ᖺࠊࡋ

�

�

�

�

�

�

�

�

�

㸦⾲㸯㸧������&HEULRQHVࡢ㌶㐨せ⣲�

㸱㸬ほ� �  �

� +<3$5᧤+\RJR�3UHIHFWXUDO�$VWHURLG�5HVHUFK᧥୕ࡣ⏣⚈㞼㤋㧗ᰯ⯙Ꮚ㧗ᰯ࡛ྠྜࡀ

すࡲࡾࡣኳᩥྎࡢᶵᮦࠊ࠸⏝ࢆ����ᖺࡽᑠᝨᫍࡸᙟᫍࡢほ ࠋࡓࡁ࡚ࡅ⥆ࢆ����ᖺᗘࡣ

ኳೃࡀᝏࠊࡃከࡢࡃほ ࡀࡓࡗ࡞ࡁ࡛ࡀࡇ࠺⾜ࢆୗグࡢ㏻ࡾ������&HEULRQHVࡢほ ࢆ

�ࠋࡓࡗ⾜

�᪥ۑ 㸸����ᖺ��᭶��᪥����ศ�̿���᭶��᪥����ศ� �᪥ᮏ㛫��

�ሙۑ ᡤ㸸すࡲࡾࡣኳᩥྎ� රᗜ┴బ⏝㒆బ⏝⏫� 1���������(���������� ᶆ㧗���P�

�ᮃ㐲㙾ࡓࡺ࡞ᮃ㐲㙾㸸ۑ ཱྀᚄ㸰㹫� ȳɃȸɴɻ❖⛩ (F12),�
�⨨㸸ྍどከἼ㛗ീ࣓ࣛ࢝ۑ 0XOWLEDQG�,PDJHU�IRU�1D\XWD�7HOHVFRSH��0,17���

㞳ᚰ⋡� e㻌 ������

㌶㐨㛗༙ᚄ� a㻌 ������� �$8�

㌶㐨ഴᩳゅ� i㻌 �������r

᪼Ⅼ㯤⤒� Ȑ㻌 ��������r

� ㏆᪥Ⅼᘬᩘ� Ȱ㻌 �������r

㏆᪥Ⅼ㏻㐣้� WS 㻞㻜㻜㻥ᖺ㻞᭶㻞㻟㻚㻤㻜㻟㻥᪥

࿘ᮇ� 3㻌 �����ᖺ

ᅗ㸯ࣖࣟࢺ⩌�

ᑠᝨᫍࡢ⨨�

ኴ㝧ࡣᑠᝨᫍ⩌ࣖࣟࢺ

ᙧࢆṇ୕ゅᙧᮌᫍ

సࡾຊᏛⓗ㠀ᖖᏳ

ᐃࡿ࠸࡚ࡋⅬ⨨ࡍ

Ⅼࡿࡍ⾜ඛᮌᫍࠋࡿ

�/ࢆⅬࡿࡍ㏣㝶ࠊ�/ࢆ

�ࠋࡪ

/��

/�

Jv� 㹰v J
�U
�
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�

�

�

�㸸6'66࣮ࢱࣝࣇۑ Jಬ� � Uಬ� � Lಬ� � ]ಬࢻࣥࣂ� �
�ࠋࡓࡗ࡞ࡁീ࡛ࡶᶆ‽ᫍࠊᑠᝨᫍࡣ̓[ࠊࡳࡢᑠᝨᫍࡣ㛵ಀ࡛L̓ࡢኳೃࠊࡋࡔࡓ

�ᇶ‽ᫍۑ � ㉥⤒03h18m04.48s�㉥⦋+01d35m13.15s��J
 ������➼��U
 ������➼㸧�

�㟢ฟ㛫ۑ ᑠᝨᫍࠊᶆ‽ᫍඹ���⛊�

㸲㸬ゎ� � ᯒ�

� ീࡓࢀࡉ⏬ീࡣ ග0ࢺࣇࢯDNDOOLࠋࡓࡗ⾜࡚࠸⏝ࢆ�

㸦㸯㸧�ྛ 㟢ฟ㛫ࡢࢬࣀࢡ࣮ࢲࡢ୰ኸ್ྜࡾࡼᡂࠋࡿࡍ�

㸦㸰㸧�ࣛ �ࠋࡿࡍ⏘ῶࢆࢬࣀࢡ࣮ࢲࡢ㸦㸯㸧ࡽ࣒࣮ࣞࣇࢺࢵࣛࣇࡧཬ࣒࣮ࣞࣇࢺ

㸦㸱㸧ࡢ࣒࣮ࣞࣇࢺࢵࣛࣇ�ᖹᆒ್࡛㝖⟬ࢆ࣒࣮ࣞࣇࢺࢵࣛࣇࠊࡋつ᱁ࠋࡿࡍ�

㸦㸲㸧ࢆ࣒࣮ࣞࣇࢺࢵࣛࣇ�ຍ⟬ᖹᆒྜࡾࡼᡂࠋࡿࡍ�

㸦㸳㸧�ࣛ �ࠋࡿࡍ⟭ࡾ࡛࣒࣮ࣞࣇࢺࢵࣛࣇࢆ࣒࣮ࣞࣇࢺ

㸦㸴㸧ࢆ್ࢺࣥ࢘࢝�ồࡵ௨ୗࡢࣥࢯࢢ࣏ࡢᘧࡢࢻࣥࣂྛࡾࡼගᗘࢆồࠋࡿࡵ�

�
�ගᗘࡢ㹫㸸ᑠᝨᫍࠊࡋࡔࡓ Q�ᇶ‽ᫍࡢගᗘ� �

,㹫㸸ᑠᝨ್ᫍࢺࣥ࢘࢝ࡢ� ,Q㸸ᇶ‽್ᫍࢺࣥ࢘࢝ࡢ�

㸳㸬⤖���ᯝ�
�ࠋࡿ࠶࡛ࡾ㏻ࡢ�⾲ࡣᯝ⤖ࡓࡗࢆᖹᆒ࠸⾜ࢆග ࡢ�ᅇࡁࡘ࣒࣮ࣞࣇࢺࣛ�

�⾲㸰�� � ������&HEURQHVࡢ ග⤖ᯝ�

� JJv� � 㹰㹰v� JJ
�U
�

➼⣭� ������������������ ����������������� ����������������
㸴㸬⪃� � ᐹ�

� ᆺᑠᝨ'ࡿࡼࢀࡇࠋࡿ࠸࡚ࢀࡉ࡞࠺ࡼࡢᅗ㸱ࡣศ㢮ࡢᑠᝨᫍࡿࡼ ほࡢ66'6

ᫍࡢJಬ�Uಬࠥ����ࡣ್ࡢ���⛬ᗘࡢ⠊ᅖࡢࡕࡓ⚾ࠋࡿ࠶⤖ᯝࡾ࡞ࡣᖹᆠ࡞Ⰽ࠾࡚ࡗ࡞

ほࡢࢻࣥࣂ̓[�L̓ࡣ࡛ ほࡢᅇࡽࡀ࡞ṧᛕࠋࡿ࠶ᚲせ࡛ࡀࡋ┤ぢ࡞ៅ㔜ࡢග⤖ᯝ ࡾ

ከⰍࡢHEURQHV&������ࡋ⏝ࢆ࣓ࣛ࢝'&&෭༷ᮃ㐲㙾ࡢᏛᰯࠊᚋࠋࡓࡗ࡞࠼⾜ࡣ 

 ගほ 㸦ࢬࣥࢬ࢝ࣥࢯࣥࣙࢪ� ࠊࡅ⥆ࢆ�,�9�%�5

Ⓨ⾲࡛ࡣࢆࢻࣥࣂほ ࡓࡋ⤖ᯝࢆሗ࿌ࡿࡍணᐃ

ほࡀᑠᝨᫍ⩌ࣖࣟࢺࡿࡍᒓ�/ࡣᚋࡓࡲࠋࡿ࠶࡛

ᑗࡅ⥆ࢆ ほࡢᑠᝨᫍࡢࡽࢀࡇࠋࡿ࠼㏄ࢆዲᶵࡢ 

᮶ࡢᑠᝨᫍ᥈ᰝࡢࡵࡓࡢணഛほ ㈉⊩ࡁ࠸࡚ࡋ

�ࠋ࠸ࡓ

ᅗ㸱�6'66ࡿࡼࢱࣝࣇᑠᝨᫍࡢⰍ�

ۑࠋศᕸࡢ�Uಬ�Lಬ�Jಬ�Uಬ�YV�ࡢ㝿ࡓࡋ ほ࡛ࢱࣝࣇ66'6

�0�3)ࡀڹ�-ࡀڸࠊ9ࡀڧࠊ$ࡀڦࠊ6ࡀ࣭ࠊ&ࡀ�ࠊ'ࡀ

ᆺࡢᑠᝨᫍࡢⰍࠋࡍ♧ࢆ�,YH]LF�HW�DOࡾࡼ��������

㸵㸬ཧ⪃ᩥ⊩ཬ85ࡧ/�
Ώ㒊� �⏣ࠊ୍₶ ⱱࠊబࠎᮌ� ᬗ������� ⨮ԓȃཙ᮷ᆖ� ኴ㝧⣔ᝨᫍ� ᪥ᮏホㄽ♫�

,YH]LF��=��HW�DO���������$VWURQRPLFDO�-RUQDO��������������� �
7KH�6$2�(QF\FORSHGLD� KWWS���DVWURQRP\�VZLQ�HGX�DX�FRVPRV�7�7URMDQ�$VWHURLGV�
�

ㅰ� � ㎡�

ᮏ◊✲ࢆ㐍ࠊࡾࡓ࠶ࡿࡵすࡲࡾࡣኳᩥྎ� 㧗ᶫ� 㞙Ặࠊ᪥ᮏࢻ࣮࢞ࢫ࣮࣌ࢫ༠� ᾆᕝ� ⪷

ኴ㑻Ặࡈࠊࡾࡼᣦᑟࡈࠊຓゝࢆ㡬ࡢࡇࠋࡓࡋࡲࡁሙ࠾ࢆࡋࡾឤㅰࡢពࠋࡍࡲࡋ⾲ࢆ�

¸̧
¹

·
¨̈
©

§
� 

n

m

I
I
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㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝 

ᑠᝨᫍ⾲ᒙࡢⰍࡓࡳࡽᑠᝨᫍࡢ༊ศ 
࠙රᗜ┴❧⯙Ꮚ㧗➼ᏛᰯኳᩥẼ㇟㒊ࠚ 

┾㘠� ᬛྐ㺃す⏣� ౡຍ㺃᳃⏣� ᓫྐ࣭㓇� ♸ᐇ㸦㸰ᖺ㸧 
㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝 
㸯㸬ࡵࡌࡣ�

ࡕᣢ⌫ᆅࢆ⧊⤌ࡢ㠃⾲ࠊࡋ㝣㞳㝣╔㸦25143㸧࣡࢝ࢺᑠᝨᫍࠊࡀ᥈ᰝᶵࡉࡪࡸࡣ

ᖐ࠺࠸ࡿ࠼೧ᴗࢆᡂࡋ㐙ࠊࡓࡲࠋࡓࡋࡲࡆ㏆ࡉࡪࡸࡣࠊࡕ࠺࠸㸰ྕ᥈ᰝᶵࡶᑠᝨᫍ

ᑠᝨᫍࠊ࠺ࡼࡢࡇࠋࡍࡲ࠸࡚ࡋ⾜㐍ࡀ⏬ィࡢ࣮ࣥࢱࣜࣝࣉࣥࢧࡾࡼ㝣㞳㝣╔ࡢ

ࡍࠊⰍࡢᑠᝨᫍ⾲㠃ࠊࡃ࡞࡛ࡢࡿࡍ ほࡽ≦ᙧࡸ㌶㐨ࠊࡣᑠᝨᫍࠊ୰ࡿࡲ㧗ࡀ㛵ᚰࡢ

 ࠋࡓࡋࡲࡋࡇࡿࡳヨࢆศ㢮ࡶࡽほⅬࡢ⧊⤌ᒙ⾲ࡢᑠᝨᫍࠊࡕࢃ࡞
 

㸰㸬ᴫせ�

� ᑠᝨᫍࡢศ㢮ࠊࡣ㌶㐨せ⣲࣭ᙧ≧㸦࣭ࡉࡁ

ᙧ㸧࣭ ⤌ᡂ࡞ࢁ࠸ࢁ࠸࡞᪉ἲࡑࠋࡍࡲࡾ࠶ࡀ

 ணࢆ⧊⤌ᒙ⾲ࠊࡾࡼ࠸㐪ࡢⰍࡢ㠃⾲ࠊ࡛ࡇ

ࡇࠋࡓࡋࡲࡳヨࢆࡇࡿࡍศ㢮ࡾࡼࡇࡿࡍ

ࢆⰍ ᗘ㸦ᑕ⋡㸧ࡢ㠃⾲ࠊࡣࢀ CCD ឤᗘࡢ

Ἴ㛗ᇦ࡛ࡿ࠶� 0.4-0.9ȣm ࡿࡅ࠾Ἴ㛗ᖏࡢ

ᑠᝨᫍࡢࣝࢺࢡ࣌ࢫࡢᙧ≧ࡾࡼศ㢮ࢃ⾜ࡀ

ఱ✀㢮ࡣ༊ศࡢᑠᝨᫍࡿࡼほⅬࡢⰍࠋࡍࡲࢀ

ࣝࢺࢡ࣌ࢫࡢᑠᝨ࡚ᫍࡗࡼศ㢮᪉ἲࠊࡾ࠶

ࠊࡣᇶᮏⓗࠊࡀࡿ࠶ࢁ࠸ࢁ࠸ࡣ㢮✀ࡢࣉࢱ

C X࣭ࣉࢱ㹑࣭ࣉࢱ D࣭ࣉࢱ �࣭ࣉࢱ � � � � � � � � � � � � � �  
V �ࠋࡿࡁ࡛ࡀࡇࡿࡅศ㸳✀㢮ࡢࣉࢱ � � � ᅗ㸯� ྍどගᇦ࡛ࡢᑠᝨᫍࢺࢡ࣌ࢫྛࡢ 
㸦ᅗ㸯㸧� � � � � � � � � � � � � � � � � � � � �  ẚ㍑ᅗࡢࣉࢱࣝ
� � � � � � � � � � � � �  
㸱㸬ほ �

ほ ࠊࡣරᗜ┴❧Ꮫ⮬↛࣭⎔ቃ⛉Ꮫ◊✲ᡤ� ኳᩥ⛉Ꮫ࣮ࢱࣥࢭすࡲࡾࡣኳᩥྎࡢ

ཱྀᚄ㸰㹫ᮃ㐲㙾㸦ࡓࡺ࡞ᮃ㐲㙾㸧ࣥࣞࢢࢭ࢝ࡢࡑࠊ࠸⏝ࢆ↔Ⅼࡾྲྀྍࡿ࠸࡚ࢀࡽࡅど

ീ⨨㸦MINT㸧࡚࠸⏝ࢆᙳࠋࡓࡋࡲࡋ 
㸵᭶௨㝆ࠊ㸰Ἡ㸱᪥ྜࡢᐟࢆ㸲ᅇ⾜ࠊ࠸ᙳࡿࡍணᐃ࡛ࠊࡀࡓࡋኟࠊ࡚ࡅ⛅ࡽኳ

ೃ㡰࡛ྜࠊᐟࢆ୰Ṇࢇ࡞ࠋࡓࡋࡲࡾ࠶ࡶࡇࡓࡋ㞼㛫࡚ࡗࡽࡡࢆᙳ࡛ࠊࡣࡢࡓࡁ

12 ᭶ 25 ᪥ࡢኪ༙ࠊ࡛ࡅࡔእẼ ࡀ㸮ᗘ௨ୗࡶࡢ╔㎸ࠋࡓࡋࡲࡳ⮫࡛ࢇ 
� ┠ᶆኳయࠊࡣᑠᝨᫍ 239 ࡛㟢ฟ㛫ࢆ 20 30ࠊ⛊ 60ࠊ⛊ ࡘࡎ㸱㹼㸳ᯛࡽࡀ࡞࠼ኚ⛊

ᙳࢆ࣮ࢱࣝࣇࠊࡋ z rࠊࢻࣥࣂ iࠊࢻࣥࣂ �ࢻࣥࣂ㹥ࠊࢻࣥࣂ ࢆࡇࡌྠࠊࡣ࡚ࡋ

�

�
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ࠊࡾ࡞ἣ≦ࡃࡘࡽࡕࡶ㞷ࡾ࡞ࡃཌࡀ㞼ࠊࡣࡂኪ༙㐣ࠊࡋࡋࠋࡓࡋࡲࡁ࠸࡚ࡋ㏉ࡾ⧞

ᮃ㐲㙾ࢆ㛤ࠊࡵࡓࡓࡗ࡞ࡃ࡞ࡁ࡛ࡀࡇࡃ࠾࡚ࡅほ ࢆ୰Ṇࢆࡿࡊࡏᚓࠊࡾ࡞ࡃ࡞㹥ࣥࣂ

 ࠋࡓࡋ࡛ࢇࡏࡲࡁ࡛ࠊࡣᙳࡢࢻ
Cࠊࡓ࠸࡚ࡋᙜึணᐃࠊࡎࢀࡽࡵồࡀ⋠ᑕࠊࡵࡓࡢࡑ X࣭ࣉࢱ㹑࣭ࣉࢱ D࣭ࣉࢱ

V࣭ࣉࢱ  ࠋࡓࡋ࡛ࢇࡏࡲࡾࡓ࠸ࠊࡣ࡛ࡲศ㢮ࡢ㸳✀㢮ࡢࣉࢱ
 

㸲㸬ほ ⤖ᯝ�

� ձ� ᙳࡓࡋ⏬ീࡾࡼ࣐ࣜ࢝ࠊࡣฎ⌮ࠋࡓࡋࡲ࠸⾜ࢆ 
 ࠋ୰ኸ್࡛ྜᡂࢆീ⏬ࢺࢵࣛࣇࡓฟ᮶ࠋసᡂࡢࢺࢵࣛࣇࠋ୰ኸ್࡛ྜᡂࢆࢡ࣮ࢲ࣭
1ࠊീ⏬ࡢࢺࢵࣛࣇ࣭ ᯛ 1 ᯛࡽ୰ኸ್࡛ྜᡂࢆࢡ࣮ࢲࡓࡋᘬࡃ 

� � ࣭ᙳࡓࡋ⏬ീ1ࠊ ᯛ 1 ᯛࡽඛసࢆࢺࢵࣛࣇࢡ࣮ࢲࡓࡗᘬࡃ 
� � ࣭ฟ᮶ࡓ⏬ീࢆ୰ኸ್࡛ྜᡂࠋࡿࡍ㸦࡚ࡢ⏬ീࡿ࠼ࢁࡑࢆᩘ⛊ࡢ㸧�  
� � ୍࣭㐃ࡢ᧯సࢆ r iࠊ࣮ࢱࣝࣇ zࠊ࣮ࢱࣝࣇ gࠊ࣮ࢱࣝࣇ  ࡍ㏉ࡾ⧞࡛࣮ࢱࣝࣇ
ղ� ┠ᶆኳయࠊᩘࢺࣥ࢘࢝ࡢᶆ‽ᫍ㸦Gem㸧ࢆᩘࢺࣥ࢘࢝ࡢồࡢࣥࢯࢢ࣏ࠊࡵබᘧ௦

ධࠋࡿࡍ 
� ճ� ┠ᶆኳయࡢගᗘࢆồࠋࡿࡵ 
� � � � z �ගᗘࡿࡼࢻࣥࣂ 11.37� ➼⣭ 
� � � � i �ගᗘࡿࡼࢻࣥࣂ � 9.60� ➼⣭ 
� � � � r �ගᗘࡿࡼࢻࣥࣂ 10.09� ➼⣭�  ࠊࡾ࡞
� � � ᑠᝨᫍࡢ⾲㠃ࡢᑕගࠋࡍࡲࡾࢃࡀࡇࡿ࡞␗ࡾࡼࣝࢺࢡ࣌ࢫࠊ 
� մ�  ࠋࡍࡲࡾ࡞⬟ྍࡀศ㢮ࠊࡾࡼࡇࡿࡵồࢆ⋠ᑕࠊᚋࡢࡇ
� յ� ኳೃⰋࡾࡼ㹥ࡢࢻࣥࣂᙳࠊࡎࡁ࡛ࡀᑕ⋡ࢆồࠋࡓࡋ࡛ࢇࡏࡲࡅ࠸࡛ࡲࡿࡵ 
 
㸳㸬⪃ᐹ�

ᐮ࠸୰࡛ࠊ┿ᙳ࡚ࡋ࠺ࡇࠊࡋࡋࠋࡓࡋ࡛ࢇ࠸ࡓࡣࡢࡿྲྀࢆࢱ࣮ࢹࠊ࠸⾜ࢆᚓࡽ

ࡁゎ࡛᫂ࡀࡕ❧ࡾᡂࡢ⌫ᆅࠊࡕ❧ࡾᡂࡢኴ㝧⣔ࠊ࠸⾜ࢆ ほࡢᑠᝨᫍࠊࡾࡼࢱ࣮ࢹࡓࢀ

ᖺࠊࡣ࡛ࡲศ㢮ࡢᑠᝨᫍࠊࡓ࠸࡚ࡋணᐃࠊᙜึࠋࡓࡋࡲࡁ࡛ࡀࡇࡘᣢࢆ㛵ᚰࡇࡿ

ᗘࠊࡀࡓࡋ࡛ࢇࡏࡲࡁ࡛ࡀࡇࡃࡘࡾࡓࠊᶵჾࢱ࣮ࢹࠊ࠸ᢅࡢฎ⌮ࡢ᪉࡞ᚓࡢࡶࡓ

 ࠋࡍணᐃ࡛࠺⾜ࢆศ㢮ࡢᑠᝨᫍࡢከᩘᇶࢆෆᐜࡢᖺᗘࠊࡣḟᖺᗘࠋࡍࡲ࠸ᛮ࠸ከࡣ
� ᅇࡢほ ᑐࠊࡋරᗜ┴❧Ꮫኳᩥ⛉Ꮫ࣮ࢱࣥࢭすࡲࡾࡣኳᩥྎࡢ㧗ᶫᵝࠊ᪥ᮏ࣌ࢫ

 ࠋࡓࡋࡲࡾ࡞ୡヰ࠾ࡢඛ⏕᪉ࡸဨ✲◊ࡢከᩘࡵࡌࡣࢆᾆᕝᵝࡢ༠ࢻ࣮࢞ࢫ࣮
 
࠙ཧ⪃ᩥ⊩ࠚ 
� �୍₶ᝨᫍࠖΏ㎶ኴ㝧⣔ࠕኳᩥᏛࡢ௦⌧ࢬ࣮ࣜࢩ 㸦᪥ᮏホㄽ♫㸧ࠖ  
 すᲄၿᘯ㸦ㄔᩥᇽ᪂ග♫㸧ࠖࢡࢵࢽࢡࢸࢳࢵࢱࣞࡢ┿ኳయࠕ
�ᝨᫍほ ࠖᏳ㐩ࠕ � 㸦ㄔᩥᇽ᪂ග♫㸧 
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�

ᑠᝨᫍ7DNXPL�
ᫍࡢᏛᰯ� �����

ᓥ� 㸦୰➼�㸧࠙ᮾிᏛᩍ⫱Ꮫ㒊㝃ᒓ୰➼ᩍ⫱Ꮫᰯࠚ�

Ṋ୰� 㔛✠㸦㧗�㸧࠙㤶ᕝ┴❧㧗ᯇ㧗➼Ꮫᰯࠚ�

�

�ࡵࡌࡣ��
� ᫍࠕࡓࢀࢃ⾜࡛࣮ࢱࣥࢭࢻ࣮࢞ࢫ࣮࣌ࢫᫍ⨾ࠊཎᕷ⨾ᫍኳᩥྎ����ᖺ�᭶ࡣࡕࡓ⚾

ᮌᫍⅆᫍ㌶㐨ࡀࢇࡢࡑࡣᑠᝨᫍࠋࡓࡋࢆ✲◊ࡢᑠᝨᫍ7DNXPLࠊࡋཧຍᏛᰯࠖࡢ

㌶㐨ࡢ㛫Ꮡᅾࡿࡍኴ㝧⣔ᑠኳయ࡛ࡓࡲࠋࡿ࠶ኴ㝧⣔ᙧᡂࡽ࡞ࡁኚࡽ࠾࡚ࡅཷࢆ

ኴ㝧⣔ᙧࠊࡤࢀࢃ࡚࠸ࡘᑠᝨᫍࡾࡲࡘࠋࡿ࠶ࡶኳయ࡛ࡘᣢࢆሗࡢኴ㝧⣔ᙧᡂࠊࡎ

ᡂࡿࡅ࠾ᚤᝨᫍࡸ✺⾪ࡢ◚ቯࡣࡕࡓ⚾࡛ࡇࡑࠋࡿࡁ࡛ࡀࡇࡿ▱࡚࠸ࡘࢫࢭࣟࣉࡢᑠ

ᝨᫍ7DNXPLࢆほ ࡢࡑࠊࡋ⮬㌿࿘ᮇࡸᙧ≧ࢆồࠋࡓࡵ�

�

��ᑠᝨᫍ7DNXPLࡢᇶᮏࢱ࣮ࢹ�
�

㌶㐨㛗༙ᚄ� �����$8�

㞳ᚰ⋡� �������

බ㌿࿘ᮇ� ����ᖺ�

㌶㐨ഴᩳゅ� ����r�

ᑠᝨᫍࡢ᥎ᐃ┤ᚄ� ⣙��

�

� 㸨����ᖺධ➟ᒣኳయほ ᡤ࡛Ⓨぢࠋ�

� 㸨ᆅ⌫ࡓࡋ✺⾪ሙྜࠊே㢮⁛ஸྍࡿ࡞⬟ᛶࡿ࠶ࡢࠋࡉࡁ�

�

��ほ ᮲௳�
࣭⨨� ᒸᒣ┴⨾࣮ᫍࢱࣥࢭࢻ࣮࢞ࢫ࣮࣌ࢫ� �Pᮃ㐲㙾�

࣭᮲௳� �࣮ࢱࣝࣇ :㸦����㹼����ύ㸻ྍどග㹼㏆㉥እ⥺㸧�

� � � � 㟢ฟ� ���⛊㸦��ᯛᙳ㸧�

࣭᪥� �᭶�᪥��ࡽ�᪥�࡛ࡲ�

࣭ᗙᶆ� 5$㸦㉥⤒㸧㸻��������㸦ほ 㛤ጞ㸧�

� � � � '(&㸦㉥⦋㸧㸻㸫�������㸦ࡋࢃᗙ㏆㸧�

�

��᪉ἲ�
ձ⏬ീ୍ࡢḟฎ⌮ࡓࡗ⾜ࢆᚋ࡚࠸⏝ࢆ(5$,ࠊẚ㍑ᫍᑠᝨᫍࡢ᫂ࠋࡿ ࢆࡉࡿ�

ղගᗘ᭤⥺ࢆᚓࠊࡵࡓࡿẼࡢኚືࡿࡼගᗘኚࢆ⿵ṇࡵࡓࡢࡑࠋࡿࡍẚ㍑ᫍࡢගᗘ

ኚࢆẼࡢኚືࠊࡋᑠᝨᫍࡢ᫂ࡽࡉࡿẚ㍑ᫍࡢ᫂ࡢࡉࡿᕪࢆồࠊࡵᑠᝨᫍࡢගᗘ

ኚࠋࡿࡍ㸦ᑠᝨᫍࡢගᗘኚ㸻ᑠᝨᫍࡢ᫂ࡉࡿ㸫ẚ㍑ᫍࡢ᫂ࡉࡿ㸧�

ճࡢࣥࢯࢢ࣏ᘧ� 0�┦ᑐ➼⣭�㸻���ORJ)��ẚ㍑ᫍࡢ)OX[��)ᑠ�ᑠᝨᫍࡢ)OX[�� ᑠᝨࡾࡼ

ᫍࡢගᗘ᭤⥺ࢆồࠋࡿࡵ�

մồࡓࢀࡽࡵගᗘ᭤⥺ࡢࢡ࣮ࣆࡢ㛫㛫㝸ࡾࡼ⮬㌿࿘ᮇࢆồࠋࡿࡵ�

յࡢࣥࢯࢢ࣏ᘧࡾࡼᑠᝨᫍࡢගᗘኚࡢࢡ࣮ࣆ㇂ࡢ᫂ࡢࡉࡿẚࢆồࠋࡿࡵ᫂ࡣࡉࡿᆅ⌫

�ࠋࡿࢀࡉ᥎ᐃࡀ≦ᙧࡢᑠᝨᫍࠊ࡛ࡢࡿ࠶ࡶẚ࡛ࡢ✚㠃ࡢᑠᝨᫍࡓࢀࡽࡅྥ

�

�

�

ᅗ㸯㸸ẚ㍑ᫍ ࡞ᑐⓗ┦ࡢ

➼⣭

ᅗ㸰㸸ẚ㍑ᫍ  ࡢᖹᆒࡢ

┦ᑐⓗ࡞➼⣭
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�
�

�

��⤖ᯝ�

࣭⮬㌿࿘ᮇ�

� � �����᪥� �㛫㛫㝸ࡢ�ࢡ࣮ࣆ�ࢡ࣮ࣆࡢ࡛⥺ගᗘ᭤ࡓࡵồ࡚ࡗࢆࡅࡔ&

� � �����᪥� �㛫㛫㝸ࡢ�㇂�㇂ࡢ࡛⥺ගᗘ᭤ࡓࡵồ࡚ࡗࢆࡅࡔ&

� ������᪥ࡿࢆᖹᆒࡢࡽࢀࡇ

࣭ᑠᝨᫍࡢ㠃✚ẚ�

� � ᑠᝨᫍ�㇂ࡢᑐࡢࢡ࣮ࣆ࡚ࡋ㠃✚ࡣ����ಸࡢ㠃✚㸦᫂ࡉࡿ㸧�

�

��⪃ᐹ�
࣭ẚ㍑ᫍࢆ�ಶ࡚ࡗගᗘ᭤⥺ࢆồࠊࡀࡓࡵ࿘ᮇᛶࡀぢࠋࡓࡗ࡞ࢀࡽ�

࣭ᑠᝨᫍࡢගᗘ୍ࡀࢡ࣮ࣆࡢᐃ࡛࡞ࡘࡧ࠸ࡽࡇ࠸࡞ᙧ࡛ࠋࡿࢀࡽ࠼⪄ࡿ࠶�

ሙྜ㸦ᅗ㸰㸧ࡓࡗࢆᖹᆒࡢ&%ẚ㍑ᫍࠊሙྜ㸦ᅗ㸯㸧ࡓ࠸⏝ࢆࡅࡔ&ẚ㍑ᫍࠊࡀ�㇂࣭

�ࠋࡿṧࡀၥ࠺࠸࠺ࢁࡔࡢࡿࡏ࡞ࡳ㇂ࠊࡵࡓࡿ࠶ࡀᕪᖜࡢኚࠊ࡚ࡗࡼ

࣭㇂�㏆ࡀ㞼ࡿࡼᙳ㡪࡛ࠊṇ☜ࡀࢱ࣮ࢹ࡞ᚓ࠸࡞࠸࡚ࢀࡽ௬ᐃ�ࢡ࣮ࣆࠊࡁࡓࡋ

�ࠋ࠸࡞ࢀࡋࡶࡿࡍᏑᅾࡀࢡ࣮ࣆࡓ᪂㛫ࡢ�ࢡ࣮ࣆ

�

��ㄢ㢟�
࣭ẚ㍑ᫍࢆ�ಶ⏝࡚࠸ගᗘ᭤⥺ࢆồࠊࡁࡓࡵ࿘ᮇᛶࡀぢࠊࡣࡢࡓࡗ࡞ࢀࡽẚ㍑ᫍ$ࡀኚ

ග࡛ᫍࠊ࡚ࡗࡼࠋ࠸࡞ࢀࡋࡶࡽࡓࡗ࠶ẚ㍑ᫍࢆቑ࡚ࡋࡸゎᯒࡿࡍᚲせࠋࡿ࠶ࡀ�

࣭ほ ⷧ㞼ࡾ࠾࡚ࡗࡀほ ࢱ࣮ࢹᑡࡋ࠸ࡋ㒊ศࠊࡵࡓࡿ࠶ࡀほ ᮲௳ࡀⰋ࠸

᪥୍࠺ࡶᗘほ ࠋ࠸ࡓࡋ�

�

��ㅰ㎡�
ࡢࡃከࠊࡿࡍࡵࡌࡣࢆࢇࡉᾆᕝ⪷ኴ㑻ࡢ࣮ࢱࣥࢭࢻ࣮࢞ࢫ࣮࣌ࢫᫍ⨾ࡣ✲◊ࡢࡇ

�Ꮫᰯࡢᫍࠕ ࠾ࡃཌ࡚ࡾࢆሙࡢࡇࠋࡓࡋࡲࡁ㡬ࢆ༠ຊຓゝࠎ᪉ࡢࣇࢵࢱࢫࡢࠖ����

�ࠋࡍࡲࡆୖࡋ⏦♩

-0.4
-0.35
-0.3
-0.25
-0.2
-0.15
-0.1
-0.05

0
0 0.2 0.4

┦
ᑐ
ⓗ
࡞
➼
⣭

้[᪥]

ᅗ㸯㸸ẚ㍑ᫍCࡢ┦ᑐⓗ࡞

➼⣭

�ࢡ࣮ࣆ

�ࢡ࣮ࣆ

㇂�
㇂�

�ࢡ࣮ࣆ

㇂�

-0.3
-0.25
-0.2
-0.15
-0.1
-0.05

0
0.05
0.1

0 0.1 0.2 0.3

┦
ᑐ
ⓗ
࡞
➼
⣭

้[᪥]

ᅗ㸰㸸ẚ㍑ᫍBCࡢᖹᆒࡢ

┦ᑐⓗ࡞➼⣭
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ᑠᝨᫍࡢ⮬㌿㍈ᑠᝨᫍࡢᙧ≧ࢆ⌧ࡿࡍᡭἲࡢ◊✲�

⚟ᒸ┴❧ᑠ㧗➼Ꮫᰯ⛉Ꮫ㒊㹑㹑ኳᩥ◊✲� � � �

ᚋ⸨� ⌮ဏᏊࠊᒸᮧ� 㯞⨾㸦㧗 �㸧ࠊ㑣㡲� 㝧ᙪ㸦㧗㸯㸧�

㸯㸬�┠ⓗ� � � � � � � � � � � � � � � � � � � � � � �

ࡣ࡛ࡲほ ࢆࣈ࣮࢝ࢺࣛࡓࡋࠊ࡚ࡗᑠᝨᫍࡢᙧ≧Ỵᐃࠊࡋࡋࠋࡓࡁ࡚ࡗ⾜ࢆ

⮬㌿㍈ࡢ≧ែࢆཝᐦỴᐃ࠸࡞ࡋ㝈ࠊࡾ⌧ᐇ㦂ࡢ⢭ᗘࡽࡉࠋ࠸࡞ࡁ࡛ࡣࡇࡿࡆୖࢆ

ࠋࡿ࠶ᚲせ࡛ࡀࢱ࣮ࢹ ほࡢ㸱㹼㸲ᖺศࡶࡃ࡞ᑡࠊࡣࡿࡍỴᐃཝᐦࢆ㌿㍈⮬ࠊ

ᡭἲࡿࡵィ⟬࡛ồࢆഴᩳゅࡢ㌿㍈⮬ࠊ࠼ຍࢆほ ㈨ᩱࡢ࣮ࢱࣥࢭᑠᝨᫍࡓ᪂ࠊ࡛ࡇࡑ

�ࠋࡓࡋ❧☜ࢆᐇ㦂ᡭἲࡿࡍ⌧ࢆࣈ࣮࢝ࢺࣛཝᐦࡾࡼࠊ࡛ୖࡢࡑࠋࡓࡋ❧☜ࢆ

㸰㸬◊✲ࡢᡭἲ�

���ᑠᝨᫍࡢࣈ࣮࢝ࢺࣛࡢほ ࠋ࠺⾜ࢆ㸦ᮏᰯࡢᮃ㐲㙾࡚⏬ീࢆᙳࠋࡿࡍ㸧�

ほ ࡀࢱ࣮ࢹ㊊ࡿࡍሙྜࠊࡣᑠᝨᫍࢆࢱ࣮ࢹࡢ࣮ࢱࣥࢭධᡭࠋࡿࡍ�

���ᑠᝨᫍࡢ⦪ᶓࡢẚࠊ⮬㌿㍈ࡢഴᩳゅࢆồࠋࡿࡵ㸦ගᗘኚᖜࡢᴟ್ᴟᑠ್ࡿ࠸⏝ࢆ㸧�

ᑠᝨᫍࡢ▷㍈ࡢ㛗ࡉ Dࠊ㛗㍈ࡢ㛗ࡉ㹠ࠋࡿࡍ�

ձ ගᗘኚᖜ �ࡁࡢ1

 ൌ ʹǤͷே� �ࠋࡘ❧ࡾᡂࡀ

ղ ගᗘኚᖜ Qࡁࡢ�

ほ ࠺⾜ࢆ㝿ぢࡿ࠼㍈ࡕ࠺ࡢ▷㍈ࠊࡃ࠾݈ࢆ

 ൌ ʹǤͷࡀᡂࠋࡘ❧ࡾබ㌿㠃⮬㌿㍈ᆶ

ᴃศ݈⥺ࠊࡾ㍈ݔࢆ⥺࡞┤ᆶ㌿㍈⮬ࠊ㍈ݕࢆ㌿㍈⮬ࠊ࡛ࡢࡿ࡞ȟࡀゅࡍᡂࡀ⥺࡞┤

ǡݔ㸦ࢆⅬࡢ࿘ࡢ �ࠋࡿࡵồࢆ݈ࠊ࡚࠸⏝ࢆ᪉⛬ᘧࡢᴃࠊࡋ�㸧ݕ

ߠ݊ܽݐ� ൌ ௬
௫͐�ϸ�� �� � � � � �ϸ�㹼�Ϻ�݈ࠊࡾࡼଶ ൌ ሺሻమ

ሺమାమ ୲ୟ୬మ ఏሻ� �

݈ ൌ ඥݔଶ  ��Ϲ�ଶ�͐ݕ �� � � � � � ܽ ൌ ଵ
ଶǤହಿ ܾ㸪��݈ ൌ ଵ

ଶǤହ �ࠊࡿ࠸⏝ࢆ�ܾ � � � � � � � �

� � ቀ௫ቁ
ଶ
 ቀ௬ቁ

ଶ
ൌ ͳ͐�Ϻ�� � � � � � � � � � � � ���ଶ ߠ ൌ ሺ భ

మǤఱሻ
మିሺ భ

మǤఱಿሻ
మ

ሺ భ
మǤఱಿሻ

మ൜ଵିቀ భ
మǤఱቁ

మ
ൠ
� �

ࡢࢱ࣮ࢹࠊᘧࡢࡇ Qࢆ1ࠊ௦ධࠊ࡛ࡇࡿࡍ⮬㌿㍈ࡢഴࢆࡁồࠋࡓࡗ࡞⬟ྍࡀࡇࡿࡵ�

���⮬㌿㍈ࡀഴࡿ࠸࡚࠸᪉ྥࢆồࠋࡿࡵ㸦㐣ཤࡢᮏᰯほ ᑠᝨᫍࡢ࣮ࢱࣥࢭほ ㈨ᩱ⏝㸧�

㸯࿘ࡢබ㌿㌶㐨ୖ࡛ሙᡤࡢࡈගᗘኚᖜࢆ⟬ฟࠊࡋගᗘኚᖜࡢᴟᴟᑠࡢሙᡤ

�ࠋࡿࡍỴᐃࢆࡁྥࡢ㌿㍈⮬࡛ࡇࡿࡍỴᐃࢆ

���⢓ᅵࣔࢆࣈ࣮࢝ࢺ࡚ࣛ࠸⏝ࢆࣝࢹ⌧ࠋࡿࡍ�

ほ ࡢኴ㝧ࠊᆅ⌫ࠊᑠᝨᫍࡢ⨨㛵ಀࢆ⌧ࠊ࣓ࣛ࢝࢜ࢹࣅࠊࢺࣛࣥࢤࣟࣁࠊࡋ

⣬⢓ᅵࠊ㉥㐨ື࡚࠸⏝ࢆ࡞⏬ᙳࢆ

ࢆ⏬ືࡓᚓࠊ࠸⾜ OLPRYLH㸦ື⏬ኚࢯ

ᚓࢆࣈ࣮࢝ࢺ࡛ࣛࡇࡿࡅ㸧ࢺࣇ

ࣝࢹ⢓ᅵࣔࡓ࡚❧ࢆ᪉ἲ࡛௬ㄝࡢࡇࠋࡿ

�ࠋ࠺⾜ࢆసᡂࡢࣈ࣮࢝ࢺࣛࠊ࡚࠸ࡘ

�
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㸱�◊✲ᡭἲࡢ☜❧�

ᑠᝨᫍࡢࡇࠊ࡚࠸⏝ࢆࢫ࢚ࣟᡭἲࡀṇ᳨ࡢ࠺࠸ࡋドᐇ㦂ࠋ࠺⾜ࢆ�

⢓ᅵࡽ≦ᙧࡢࡑࠊࡾ࠾࡚ࡗศࡀ≦ᙧ࡛ࡍࡣࢫ࢚ࣟ

ࢆゅᗘࡢ㍈ࠋࡿࡍసᡂࢆࣝࢹࣔ ��rࡘࡎኚࠊ࠼ᐇ㦂ࡾࡼᚓ

ࡋタᐃᐇ㦂ᐊ࡛ᐇ㝿ࠋࡿࡵồࢆȟࡋ௦ධᘧࢆ್ࡢ㹬ࡓ

᭱ࡣㄗᕪࠋࡍฟࢆㄗᕪ࡚ẚࢆ್ࡢȟࡓィ⟬࡛ᚓゅᗘࡓ

⣙㸳rࡢࡇࠊ࡛ࡢ࡞ᘧࡣ⢭ᗘࡢ㧗ࠋࡿࢀࡽ࠼⪄ࡔࡢࡶ࠸�

㸲�ᑠᝨᫍࡢ࣌࢜ࣜ࢝ᙧ≧Ỵᐃ�

ᑠᝨᫍࡢࠖ࣌࢜ࣜ࢝ࠕᙧ≧Ỵᐃࠊࢆᅇ⏝ࡓ࠸ᡭἲ࡛⾜ࠋ࠺�

���ᑠᝨᫍࡢほ ࢆࣈ࣮࢝ࢺࣛࡾࡼࢱ࣮ࢹᚓࠋࡿ㸦�� ኪศࢱ࣮ࢹࡢ㸧�

���ᑠᝨᫍࡢ࣌࢜ࣜ࢝⦪ᶓẚࢆồࠋࡿࡵ�

ࠊ᭱ࡣගᗘኚᖜࡢ࣌࢜ࣜ࢝ ࡛ ��� ➼⣭᭱ࠊ ᑠ࡛ ���� ➼⣭࡛ࠊ��� 1ࠊ࡛ࡢࡿ࠶Q ��

�� Ǥͷேʹࠊࡣᶓẚ⦪ࠋࡿ࠶࡛ ൌ ʹǤͷǤଷ ൌ��������� ࡼᴟᑠ್ᴟ್ࡢගᗘኚᖜࠋࡿ࡞

���� Qࠊ��� 1ࠋࡿࡵồࢆഴᩳゅࡢ㌿㍈⮬ࡾ �ࠋࡿ࡞ȟ ����rࡿࡍ௦ධᘧࡓࢀࡽᚓࢆ

���⮬㌿㍈ࡀഴࡿ࠸࡚࠸᪉ྥࢆồࠋࡿࡵ�

᪥ࡢࡈගᗘኚᖜࢆほ ࡾࡼࣈ࣮࢝ࢺࣛࡓࡋ⟬ฟࡋග

ᗘኚᖜࡢᴟᑠᴟࡢ⨨ࢆㄪ࡛ࡇࡿ⮬㌿㍈ࢆỴᐃࠋࡿࡍ�

���ᑠᝨᫍࡢ࣌࢜ࣜ࢝ᙧ≧ࢆ᥎ᐃࠊࡋ⢓ᅵ࡛ࣔࣝࢹ⌧ࠋࡿࡍ�

� ࡿ࠶ࡀᕪᴟᑠ್࡛ගᗘࠊࡣᚩ≉ࡢࣈ࣮࢝ࢺࣛࡢ࣌࢜ࣜ࢝

�ࠋࡿ࠶࡛ࡇࡿ࠶ࡀᕪࡉ㛗ࡢ㛫ࡢ࿘ᮇ༙ࡢ㌿⮬ࡇ

㸦�㸧ࡢ࣌࢜ࣜ࢝ࠊࡽࡇࡢࡽࢀࡇᙧ≧ࢆ᥎ᐃ࠺ࡼࡢࡇࠊࡋ

㸦��������㸧ࡢᴟࡀගᗘኚᖜࠋࡓࡋసᡂࢆࣝࢹ⢓ᅵࣔ࡞

ࣝࢹ⢓ᅵࣔࠊ࠺⾜ࢆ⌧ᐇ㦂ࡋタᐃࢆ㌿㍈⮬࠺ࡼࡢ ,$8�

0LQRU�3ODQHW�&HQWHU �ࠋࡓࡋ⮴୍ࡀࣈ࣮࢝ࢺࣛࡢ

㸦��������㸧㸦��������㸧࡛ ࠊࡽࡇࡓࢀࡽࡳࡀ㒊ศࡿࡍ⮴୍ࡶ

�ࠋࡿࢀࡽ࠼⪄ࡿ࠶࡛ࡢࡶ࠸㧗ࡢಙ㢗ᛶࡣࣝࢹ⢓ᅵࣔᡭἲࡢࡇ

㸳�⤖ㄽ�

� ⮬㌿㍈ࡢ≧ែࢆཝᐦỴᐃࡿࡍᡭἲࡢࡑࠋࡓࡁ࡛❧☜ࢆ⤖ᯝࠊ⢓ᅵࣔࡢ࡛ࣝࢹ⌧ᐇ

㦂࡛ᚓࠊࡀࣈ࣮࢝ࢺࣛࡿࢀࡽᴟ࡚ࡵ㧗࠸⢭ᗘ୍࡛⮴ࠋࡓࡗ࡞࠺ࡼࡿࡍ�

㸴�ཧ⪃ᩥ⊩�

�ࣈ࣮࢝ࢺࣛࠊᇶ♏㈨ᩱࡿࡍ㛵1$6$�㸸ᑠᝨᫍ��$8�0LQRU�3ODQHW�&HQWHUࠖ,ࠕ

ࣅࢼࣛࢸࢫ 9HU�㸸ほ ࡿࡍᑠᝨᫍࡢ⨨ィ⟬ࠋ࠺⾜ࢆ�

ᐇ㦂᮲௳ 䡊䠄➼⣭䠅 䃗䠄ᗘ䠅 ㄗᕪ䠄ᗘ䠅
䠕䠌㼻 㻜㻚㻜㻝 㻤㻣㻚㻥 㻞㻚㻜㻥
䠓䠑㼻 㻜㻚㻟 㻣㻢㻚㻥 㻙㻝㻚㻥㻟
䠒䠌㼻 㻜㻚㻢㻤 㻢㻡㻚㻠 㻙㻡㻚㻠㻠
䠐䠑㼻 㻝㻚㻝 㻠㻣㻚㻣 㻙㻞㻚㻢㻢
䠏䠌㼻 㻝㻚㻟 㻟㻠㻚㻝 㻙㻠㻚㻝㻝
䠍䠑㼻 㻝㻚㻠㻟 㻝㻥㻚㻡 㻙㻠㻚㻡
䠌㼻 㻝㻚㻠㻥 㻜 㻜
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㖟Ἑ⣔ࡢጼࢆ᥈ࢀ㸟㹼ᴃᆺ RU  ᕳᆺ㹼�

㖟ἙᏛᰯ ����㹁⌜�

ᆏ�㐶㤶�㧗㸰�࠙ ᪥ᮏᨺ㏦༠Ꮫᅬ㧗➼Ꮫᰯ ࠙�㧗㸰�ᆏᮏ�⿱ࠊࠚ ᇸ⋢┴❧⇃㇂㧗➼Ꮫᰯ ࠊࠚ

㛗℩�⨾Ἃ�㧗㸰�࠙ ᒱ㜧┴❧ᒱ㜧㧗➼Ꮫᰯ ࠙�㧗㸰�ᡂ⏣�㐨Ꮚࠊࠚ ඵᡞᕤᴗᏛ➨㧗➼Ꮫᰯ ࠊࠚ

ᮧ�㤶�㧗 ��࠙ 㛗ᓮ┴❧㛗ᓮす㧗➼Ꮫᰯ 㧗�୰㔝�ᩯࠊࠚ ��࠙ 㧗➼Ꮫᰯ 㧗�ᯇᮏ�ᙬⰼࠊࠚ

��࠙㛗㔝┴ᒇ௦㧗➼Ꮫᰯ 㧗�ᒣ�ⰼࠊࠚ ��࠙㛗㔝┴ᯇᮏ῝ᚿ㧗➼Ꮫᰯ 㧗�᳃ᕝ�⥤ዉࠊࠚ ��

࠙ᒱ㜧┴❧ᜨ㑣㧗➼Ꮫᰯ 㧗�ᒣ㷂�᐀୍㑻ࠊࠚ ��࠙ ᶓᕷ❧ᡞሯ㧗➼Ꮫᰯ ᪂㧗��ᕝ�㑣⾰ࠊࠚ

㸯�࠙ྡྂᒇᏛᩍ⫱Ꮫ㒊㝃ᒓ୰Ꮫᰯ �㸧ࡢࡶࡢ㛤ጞ✲◊ࡣᡤᒓࡋࡔࡓ㸦ࠚ

�

㸯ࡵࡌࡣ�

� ᮏ◊✲ࠊࡣ����ᖺ�᭶ᮾிᏛᮌ᭮ほ ᡤ࡛⾜ࡓࢀࢃ㖟ἙᏛᰯ࡛ࠕࠊ㖟Ἑ⣔ࡢጼࢆ᥈ࢀ㸟ࠖ

ᴃࡀ㖟Ἑ⣔ࡿ࠸࡛ࢇఫࡀࡕࡓศ⮬ࠊ࡛✲◊ࡢࡇࠋࡿ࠶࡛ࡢࡶࡓࡵ㐍ࢆ✲◊ࡢ࣐࣮ࢸ࠺࠸

ᆺ ᕳᆺࠋࡓࡋ✲◊ࢆ�

㸰ほ �

⨨㸸ᮌ᭮ ���㹡㹫ࢺࢵ࣑ࣗࢩᮃ㐲㙾� �

᪥㸸���� ᖺ � ᭶ �� ᪥ �� �

�㸸㖟⤒����r�㖟⦋���rࢺࢵࢤ࣮ࢱ

ほ ᪉ἲ㸸9ࢻࣥࣂ����>VHF@�

� � � � ��㹇ࢻࣥࣂ����>VHF@�

ゎᯒ㸸࣐ࣜ࢝�

㸱᪉ἲ�

� 㖟Ἑ⣔ࡀᴃᆺ࡛ࠊࡤࢀ࠶㖟Ἑ㠃ෆࡢᫍࡣᩘࡢ୰

ᚰࡽ༢ㄪῶᑡࡋ�ᅗ ࡀᫍࠊࡤࢀ࠶ᕳᆺ࡛ ࠊ��

㔞Ꮡᅾࢆ⭎ࡿࡍᶓ᩿ࡿࡍᗘᐦᗘኚࢀࡽࡳࡀ

ᅗ�ࡿ࠶࡛ࡎࡣࡿ ࡽሙᡤࡿ࠸ࡢࡕࡓ⚾ࠊ࡛ࡇࡑࠋ��

ኳࡢᕝࡿ࠶ࡢ᪉ྥࢆほ ࡢࡑࠊࡋᐦᗘࢆㄪࡇࡿ

᫂ࡢࡅࡳࡢᫍࠊࡵࡓࡿㄪࢆ㊥㞳ࡢᫍࠋࡓࡋ

⏝ࢆ㛵ಀࡿ࡞ࡃᬯ࡚ࡋẚࡢ㊥㞳ࠊࡀࡉࡿ

ᮏᙜࡢᫍࠊࡵࡓࡪ㑅ࢆᫍࡌྠࡀࡉࡿ᫂ࡢᮏᙜࠋࡓ࠸

ᅗࠋࡓ࠸⏝ࢆ㛵ಀࡿࡍ㛵┦Ⰽࡀࡉࡿ᫂ࡢ ࡢࡇࠊࡣ�

ᵝᏊࡍ♧ࢆ +5 ᅗ࡛ࠋࡿ࠶㟷࠸ᫍ�ORJ,�9����ࠊࡣ࡛��

᫂ࡀࡉࡿⰍ୍ࡽពỴࠋࡿࢃࡀࡇࡿࡲᅗ ࠊࡣ�

⣙ࡕ࠺ࡢᫍࡓࡋ ほࡀࡕࡓ⚾ ���� ಶࠊ࡚࠸ࡘ᫂ࡉࡿ

 ᕳᆺ

ᫍ
䧸
ᐦ
ᗘ

㊥㞳㖟Ἑ⣔䛾୰ᚰ 㖟Ἑ⣔䛾
ᯝ䛶

B

A

C

ᆅ
⌫

ᴃᆺ

ᫍ
䧸
ᐦ
ᗘ

㊥㞳㖟Ἑ⣔䛾୰ᚰ 㖟Ἑ⣔䛾
ᯝ䛶

B

A

C

ᆅ
⌫

咚

咁ᫍ
叏
᫂
召
厷
咂

᫂

ᬯ

䠥/䠲 䠄ᫍ䛾Ⰽ䠅᩷ ហ
0.950.760.59

ᅗ㸱 㖟⤒ 

ᅗ㸲 

ᅗ㸯 ᅗ㸰 
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㖟Ἑ⣔ࡢጼࢆ᥈ࢀ㸟㹼ᴃᆺ RU  ᕳᆺ㹼�

ࡽ୰ࡢࡇࠋࡿ࠶ᯝ࡛⤖ࡓㄪࢆ�ORJ�,�9�Ⰽ�9� ORJ�,�9 ࡀ ���� ࡽ ���� ࢆᫍ࠸㟷ࡢ

㑅ᢥࡢࡽࢀࡇࠋࡓࡋᫍࢆ ㊥㞳ࠊࡅศࣉ࣮ࣝࢢⰍࡢࡘ� ��SF ࡢࡁࡿ࠶ どࡉࡿ᫂ࡢ9

㔝ෆࡢᶆ‽ᫍࡢ ⾲�ࡓㄪࢆẚ㸦㸻㹟㸧ࡢࡉࡿ᫂ࡢ9 ࡢᫍ࠸ࡓࡵồࢆ㊥㞳ࠋ�� ࡉࡿ᫂ࡢ9

ᶆ‽ᫍࡢ ㊥㞳ࠋࡿࢀࡽࡵồࡀ㊥㞳ࡢᫍྛࡽ㹟�㹠ࠊࡿࡵồࢆẚ㸦㸻E㸧ࡢࡉࡿ᫂ࡢ9 O>SF@

O㸻ࠊࡤࢀࡍ ab/110 �ࠋࡿࢀࡉ⾲ᘧ࡛࠺࠸

� � � � � � � � � � � � � � � � � � � � � � � � � �

㸲⤖ᯝ�

� ࢆ㊥㞳ࡢᫍྛࡈࣉ࣮ࣝࢢⰍࡢࡘ

ㄪྛࠊࡋྜ⤫ࢆࡽࢀࡑࠊ㊥㞳⠊ᅖධ

ᅗࠊࡋ㞟ィࢆᐦᗘࡢᫍࡿ ࣛࢢ࡞࠺ࡼࡢ�

㐲㊥㞳ࠊࡣᐦᗘࡢ㍈⦪ࠋࡓࡗ࡞ࣇ

ᗈ⠊ᅖᫍࡀぢࠊ࠼⪄ࢆࡇࡿࡃ࡚࠼㊥

㞳ࡢ � ࡛࡚ࡗồࠊࡾࡼࣇࣛࢢࠋࡓࡵ

����SF ࡽ ����SF ࡢᫍࠊࢁࡇࡢ

�ࠋࡿࢃࡀࡇࡿ࠶ࡀᐦ㞟࡞ࡁ

㸳⪃ᐹ⤖ㄽ� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� ����SFࠊࡣࡕࡓ⚾ ࡽ ����SF 㖟ࠊ࠼⪄ࡢࡶࡿࡼ⭎ࡢ㖟Ἑ⣔ࡀᐦ㞟࡞ࡁࡢᫍࡿ࠶

Ἑ⣔ࡀ ᕳᆺ㖟Ἑ࡛ࡿ࠶ドᣐࠊࡽࡀ࡞ࡋࡋࠋࡿ࠼⪄ᫍࡢᐦ㞟ࡀࡢ㊥㞳ぢ࡞ࢀࡽ

࡚࠸ࡘ᪉ྥࡢࡢ㖟Ἑ⣔ࠋࡓ࠸࡚ࡗ࡞␗ࡣண࠺࠸ࡿ࠶ࢇࡉࡃࡓࡀ⭎ࠊࡣࡇࡓࡗ

�ࠋࡿ࠼⪄ࡿࡲ㧗ࡀド☜ࡿ࠶࡛⭎ࡢ㖟Ἑ⣔ࡀᐦ㞟ࡢᫍࡓࡗࡘᅇぢࠊ࡛ࡇࡿࡵ㐍ࢆ✲◊

㸴ㅰ㎡� �

� ᮏ◊✲ࡣᮾிᏛᮌ᭮ほ ᡤ୕ࡢᡞὒஅࡿࡍࡵࡌࡣࢆࢇࡉከࡢࣇࢵࢱࢫࡢࡃ᪉132ࠊࠎ

ἲேࣥࣙࢩ࣮ࢸࢫࢫ࢚ࣥࢧ 7$ ༠ࡈࢇࡉỤࡁ࠶ᕷᕝࠊࢇࡉ㫽⩚ᶞࠊࢇࡉ༲⏣⣧ᖹࡢ

ຊࡢࡇࠋࡓࡋࡲࡁࡔࡓ࠸ሙ࠾ࢆ࡚ࡋࡾཌࠋࡍࡲࡆୖࡋ⏦♩࠾ࡃ�

㸵ཧ⪃ᩥ⊩� �

� “Allen's Astrophysical Quantities” Arthur N. Cox, Los Alamos, NM  
 “GALACTIC ASTRONOMY” James Binney and Michael Merrifield 

ᅗ㸴 

ᫍ䛾Ⰽ䛸᫂䜛䛥䛾㛵ಀ

1.1㽢1050.76
2.3㽢1050.69
4.2㽢1050.63
7.6㽢1050.59

10pc䛻䛒䜛䛸䛝䛾V䛾᫂䜛䛥

ᶆ‽ᫍ䛾V䛾᫂䜛䛥
Iog  I/V

⾲㸯 

ᅗ㸳� ⾲ 1 
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㖟Ἑࡓࡁ࡛࡚ࡗࡸ࠺ࡣࢳࢱ࢝ࡢ㸽�
�ࡎ࣮ࡋࡃࡽࡷࡂ  㺮ۼ

୕ ౡᖹ࠙ᐑᇛ┴ྎ➨୍㧗➼Ꮫᰯࠚ� ㇂ᮧ ࠙ࡳࡦᐑᇛ┴ྎ⳹㧗➼Ꮫᰯࠚ(㧗㸯) 
㕥ᮌ ᛭࠙ᐑᇛ┴ከ㈡ᇛ㧗➼Ꮫᰯࠚ�  ⨾㔛࠙ᐑᇛ┴ྎ➨୕㧗➼Ꮫᰯࠚ(㧗㸰) 

�ࡵࡌࡣ ��

����ࠊࡣࡕࡓ⚾ ᖺ �� ᭶ࠊᮾᏛᏛ㝔⌮Ꮫ◊✲⛉ኳᩥᏛᩍᐊྎᕷኳᩥྎ

ࡢ㖟Ἑࠕࠊࡋཧຍࠖ͐ࡽࡓࡗ࡞⪅㒔࡛ኳᩥᏛࡢᮭࠊࡀྩࡶࡋࡶࠕࠊࡓࡋദࡀ

�ࠋࡓࡗ⾜ࢆ✲◊࡛࣐࣮ࢸ࠺࠸㸽ࠖࡓࡁ࡛࡚ࡗࡸ࠺ࡣࢳࢱ࢝

�� ືᶵ�

ࡶࠊࡣᙧࡢ㖟Ἑࠊࡀࡿ࠶ᕳ㖟Ἑ࡛ ࡣᕝ㖟Ἑࡢኳࡿ࠸࡛ࢇఫࡢࡕࡓ⚾

ᵝࡇࡿ࠶ࡀࡢࡶ࡞ࠎ⯆ࢆᣢࠊࡓࡲࠋࡓࡗ㖟Ἑ࡚ࡋ࠺ࡼࡢࡣᙧࢆ㐍ࡉ

�ࠋࡓࡗᛮ࠺ࡼࡳ࡚ㄪࡢࡿ࠸࡚ࡏ

�� ௬ㄝ�

㖟Ἑࡣ ᕳ㖟Ἑࡽᴃ㖟Ἑ㐍ࠋࡓࡋ�

�� ௬ㄝ᳨ࡢド᪉ἲ�

㖟Ἑࡢ㐍ࠊ࡚࠸࠾ḟࡢ㸰ࡀࡘᡂࢆࡇࡘ❧ࡾ௬ᐃࠋࡿࡍほ ࡓࡋ⤖ᯝࡇࡀ

�ࠋ࠸ࡼ࡚ࡗ࠸ࡘ❧ࡾᡂࡀ௬ㄝࡢࡇࠊࡤ࠼ᚑࢀ

ձ 㖟Ἑࡢᙧࠊࡣ㖟Ἑࡢ୰ᚰࡀ࣮ࣝ࣍ࢡࢵࣛࣈࡢࠊࢀࡘࡿ࡞ࡃࡁ ᕳ㖟Ἑ

�ࠋࡿࢃኚᴃ㖟Ἑࡽ

ղ  ᕳ㖟Ἑࡣ㟷࠸ᫍࢆከࠊࡕࡶࡃᴃ㖟Ἑࡣ㉥࠸ᫍࢆከࡃᣢࠋࡘ�

㸺ほ 㸼ᮃ㐲㙾㸸ཱྀᚄ ���P ᑕᮃ㐲㙾� ��ᮃ㐲㙾�ྎᕷኳᩥྎࡳࡦ�

ほ ኳయ㸸NGC1550� 2013/ 12/ 23  23:00~00:00 
NGC1227� 2013/ 12/ 24  23:00~23:35 
NGC2273� 2013/ 12/ 24  23:00~23:35 

㸸Vࢱࣝࣇ B ࢻࣥࣂ R ࢻࣥࣂ 㟢ฟྛ) ࢻࣥࣂ 60 ⛊)  
㸺ᘬ⏝㸼SDSS �ࢢࣟࢱ࢝㖟Ἑࡢ

㸸uࢱࣝࣇ �gࢻࣥࣂ r ࢻࣥࣂ �ࢻࣥࣂ

ኳయᩘ㸸�� ኳయ��

�� ⤖ᯝ�

ࢻࣥࣂྛࠋࡓࡗ⾜ࢆග ࡚࠸⏝ࢆ࣐ࣜ࢝ࠊࢆࡢࡶࡓࡋ ᮃ㐲㙾࡛ീほࡳࡦ

⾲㸦ࡵồࢆ⣭➼ࡢ �㸧ࡽࡇࡑࡽࡉࠊⰍᣦᩘࢆồࡓࡵ㸦⾲ �㸧ࠋ�

�

�

�
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�� ⪃ᐹ�

BH ᘬࢆ⥺┤㏆ఝࡽࡢࡶࡓࡋࢺࢵࣟࣉࢆ㛵ಀࡢᙧ㸦⦪㍈㸧ࡢ㖟Ἑ㉁㔞㸦ᶓ㍈㸧ࡢ

 ࡿ࡞ࡃࡁࡀ㉁㔞ࡢ࣮ࣝ࣍ࢡࢵࣛࣈࠊࡽࡿ࡞ᴃࡤࢀࡅࡉᑠࡀ್ࡢ㍈⦪ࠋࡓ࠸

ᕳ㖟Ἑࡽᴃ㖟Ἑ㐍ࠋࡿࢃࡀࡢࡿ࠸࡚ࡋ 
ጞࠊࡵ㸦g-r㸧㖟Ἑࡢᙧࣇࣛࢢࡢ㸦ほ ࡣ B,V,R ࡀࡓࡗ⾜࡛ࢻࣥࣂ SDSS ࢹࡢ

0.93(B-R)-0.06=(g-r)ࡵࡓࡿࡏྜࢱ࣮ 㸧ࠋࡓࡋኚ㸦g-r㸧ࢆⰍ࠸ࢆᘧ࠺࠸

Ⰽᣦᩘ㸦u-g㸧࠸ࡍࡸ࠼ぢࡢ㛵ಀ࡚ࡗࡼࠋࡓࡗࡃ࠼ぢࡀ㛵ಀࡀࡓࡋసᡂࢆ

㖟Ἑࡢᙧྠࡶᵝࡾࡃࡘࢆࣇࣛࢢ㏆ఝ┤⥺ࢆᘬࠋࡓ࠸Ⰽᣦᩘࡀࡤࢀࡅࡁ࠸ࡁ

 ࠋࡿࢃࡀࡇ࠸㏆ᴃ㖟Ἑࠊ
 

�� ⤖ㄽ�

㖟Ἑࡣ ᕳ㖟Ἑࡽᴃ㖟Ἑࡢ࣮ࣝ࣍ࢡࢵࣛࣈ㉁㔞ࢆቑຍࡽࡀ࡞ࡏࡉᡂ㛗

�ࠋ࠸࡞ࢀࡋࡶࡿ࠸࡚ࡋኚᙧࡋ

�

�� ཧ⪃ᩥ⊩�

Kormendy J., Ho L. C., 2013, ARA&A, 51, 511 
Houjun Mo, Frank van den Bosh and Simon White (2010). Galaxy Formation and 
Evolution. Cambridge University Press. 
ụෆࠗᑠᏛ㤋ࡢᅗ㚷 NEO Ᏹᐂ࠘ᑠᏛ㤋 
HyperLeda database (http://leda.univ-lyon1.fr) 

⾲㸯㸸➼⣭

➼⣭(B䝞䞁䝗) (V䝞䞁䝗) (R䝞䞁䝗)

NGC1550 14.8 13.5 13.4
NGC2273 13.9 12.6 12.1
NGC1277 15.2 14.1 12.4

⾲㸰㸸Ⰽᣦᩘ

Ⰽᣦᩘ(BͲV) (VͲR) (BͲR)

NGC1550 1.3 0.3 1.4
NGC2273 1.3 0.5 1.8
NGC1277 1.1 1.7 2.8

ᙧࡢ㸯㸸㖟Ἑࣇࣛࢢ BH  ㉁㔞ࡢ

Ͳ8

Ͳ6

Ͳ4

Ͳ2

0

2

4

6

1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09 1.00E+10

䝤䝷䝑䜽䝩䞊䝹䛾㉁㔞

ࣇࣛࢢ 2㸸Ⰽᣦᩘ(u-g)㖟Ἑࡢᙧ 

0 0.5 1 1.5 2 2
Ⰽ䠄uͲg䠅
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�

�

�

Ᏹᐂ⭾ᙇ㉥᪉೫⛣�

 㸸Redshiftྡ࣒࣮ࢳ
▼�⳯��㧗㸰�࠙ ᶓᕷ❧ᶓࢸࣥࣟࣇࢫ࢚ࣥࢧ㧗➼Ꮫᰯ �㧗㸰�ᑠ�ᾴኴ㒄ࠊࠚ

࠙⩌㤿┴❧㧗ᓮ㧗➼Ꮫᰯࠊࠚబ⸨�ง��㧗㸯�࠙ ᐑᇛ┴ᐑᇛ➨୍㧗➼Ꮫᰯࠊࠚᒣᕝ�☐࠙ྡ

ྂᒇᕷ❧୰ኸ㧗➼Ꮫᰯࠚ�

�

�㸬ࡵࡌࡣ�

ࡢ✲◊ࡢᅇࡵࡓࡢࡑࠋࡓࡗᣢࢆၥ࠺ࡢࡿ࠸࡚ࡋᮏᙜࡣᏱᐂ⭾ᙇࡣࡕࡓ⚾

┠ᶆࡣᏱᐂ⭾ᙇࡢドᣐࢆᚓࡇࡿỴࡣࡵࡓࡿ▱ࢆࢀࡑࠋࡓࡵ㐲࠸ኳయࢆほ ࡿࡍᚲせ

ࠊ࡛ࡃࡿ᫂ࡣ࣮ࢧ࣮࢙ࢡࠋࡔ࣮ࢧ࣮࢙ࢡࡣࡢࡓࡅࢆ┠ࡀࡕࡓ⚾࡛ࡇࡑࠋࡓ࠼⪄ࡿ࠶ࡀ

ࡢࡇࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋ⛣㉥᪉೫ࡃࡁ࡛ࡢࡿ࠶ࡃ㐲ࠋࡿ࠶ኳయ࡛ࡿ࠶ࡃ㐲ࡘ

�ࠋࡓࡋࡇࡿㄪࢆ⛣㉥᪉೫࡚ࡋ ほࢆ࣮ࢧ࣮࢙ࢡࡣࡕࡓ⚾ࡽ ண࡞࠺ࡼ

�

�㸬ほ �

࣭ほ ኳయ㸸 APM 08279㸩5255 
࣭⏝ᶵჾ㸸� ྎᕷኳᩥྎ�  ᮃ㐲㙾㸦1.3m ᑕᮃ㐲㙾㸧ࡳࡦ
࣭⏝࣮ࢱࣝࣇ㸸Red-BandࠊVisual-BandࠊBlue-Band 
࣭ほ ᪥࣭ሙᡤ㸸 ྎᕷኳᩥྎ࡚ほ   
� � � � 㸰㸮㸯㸱ᖺ㸯㸰᭶㸰㸲᪥  㸮㸸㸰㸴㹼㸯㸸㸲㸲 
  㸰㸲᪥㹼㸰㸳᪥  㸰㸱㸸㸱㸳㹼㸮㸸㸰㸮 
࣭✚ศ㛫㸸� R ; 480s,  V ; 240s,  B ; 600s 
�

�㸬⤖ᯝ�
࣭ほ ࡢࢱ࣮ࢹゎᯒࡢ᪉�

㸦㸯㸧ࢫࣂᘬࢡ࣮ࢲࠊࡁᘬࢺࢵࣛࣇࠊࡁ࢝ࢫࠊࡾᘬࠊࡁኳయࡢ⨨ྜࢆࡏࢃ

makali’i࡛ࠖࠕࢺࣇࢯീゎᯒ⏬ࢆീ⏬ࡓࡋ ⏬ീࡢຍ⟬ฎ⌮࠶ࡓࡋࢆᶆ‽ᫍࡢ ගࢆ

�ࠋࡓࡗ⾜

㸦㸰㸧 ගࡢ⤖ᯝࢆᘧࡢ࣮ࢧ࣮࢙ࢡ࡚ࡵࡣ࡚࠶➼⣭ࢆㄪࠋࡿ�
�

 
 

m��ࠊᐇど➼⣭ࡢM㸸ᶆ‽ᫍࠊᐇど➼⣭ࡢ࣮ࢧ࣮࢙ࢡ�

LA㸸ࠊ್ࢺࣥ࢘࢝ࡢ࣮ࢧ࣮࢙ࢡLB㸸ᶆ‽್ᫍࢺࣥ࢘࢝ࡢ 

�

࣭ゎᯒࡢ⤖ᯝ�

�⣭➼ࡢ࣮ࢧ࣮࢙ࢡ

�ࢻࣥࣂ ➼⣭㸦ᩥ⊩್㸧㸨㸯�

R 15.9, (15.2) 
V 16.4 
B 18.0 

㸨㸯� Michel et al.(1998) 
�
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�

�

�㸬⪃ᐹ�

����  ග㉥᪉೫⛣ࡢồࡵ᪉�

� 9�ẚ5ࡢࢫࢡࢵࣛࣇࡓࢀࡽᚓ࡚ࡋ ほᐇ㝿ࢆ࣮ࢧ࣮࢙ࢡ����࣮ࢧ࣮࢙ࢡ࡞ⓗ⯡୍ࠊ%

�ẚUࡢࢫࢡࢵࣛࣇࡓࡋ⟭ィ࡚ࡋ௬ᐃࢆ⛣㉥᪉೫ࡽࣝࢺࢡ࣌ࢫࡢY�E࠺࠸㸰ࢵࣛࣇࡢࡘ

࠶࡛⛣ග㉥᪉೫ ࡀ್ࡢ⛣㉥᪉೫ࡓࡋ௬ᐃࡢࡁࡓࡋ⮴୍ࡀࡽࢀࡑࠊ࡚ࡋẚ㍑ࢆẚࡢࢫࢡ

�ࠋࡿ

���୍⯡ⓗࢆࣝࢺࢡ࣌ࢫࡢ࣮ࢧ࣮࢙ࢡ࡞)�Ȣ�ࠊ㉥᪉೫⛣ᚋࢆࣝࢺࢡ࣌ࢫࡢ)
�Ȣ�ࠊ௬ᐃ

�ࠋࡿࡏ⾲ᘧ࡛�����ࡣ㛵ಀࡢࡑࠊࡿࡍ㹸ࢆ⛣㉥᪉೫ࡓࡋ

�����㉥᪉೫⛣ࢆ௬ᐃ࣮ࢱࣝࣇࢆࣝࢺࢡ࣌ࢫࡓࡋ㏻ࢫࢡࢵࣛࣇࡢࢀࡒࢀࡑࠊࡢࡁࡓࡋ

࠶ࠊ5(ࢆࢫࢡࢵࣛࣇࡢࢻࣥࣂ5ࡓࢀࡽィ⟬࡛ᚓࠊࡁࡿ࠶࡛ࢻࣥࣂ5ࠊࡤ࠼ࠋࡿࡍ⟭ィࢆ

�ࠋࡿࡏ⾲ᘧ࡛�����ࡣ㛵ಀࡢࡑࠊࡿࡍ�Ȣ�75ࢆ㛵ᩘࡍ♧ࢆ⋠㏱㐣ࡢࢻࣥࣂ5ࡢἼ㛗࡛ࡿ

�㸦��ࠊ࡛ࡇࡇほ ࡽᚓࢫࢡࢵࣛࣇࡓࢀࡽẚィ⟬ࡽᚓࢫࢡࢵࣛࣇࡓࢀࡽẚࢆẚ㍑ࠋࡿࡍ

ẚࠊࡣࢫࢡࢵࣛࣇࡣࡢࡿྲྀࢆኳయࡢ㊥㞳౫Ꮡ࡚ࡋኚࠋࡿ࠶࡛ࡵࡓ࠺ࡲࡋ࡚ࡋ�

� ㉥᪉ࡓࡋ௬ᐃࡁࡓࡋ⮴୍ࠋࡍ㏉ࡾ⧞ࢆసᴗࡢ௨ୖࠊ࡛ࡲࡿࡍ⮴୍ࡀẚࡢࡘ�ࡢࡇ���

೫⛣್ࢆ ග㉥᪉೫⛣ࠋࡍ࡞ࡳࡔ�

�

�

�

�

���� �Ᏹᐂ⭾ᙇ⛣㉥᪉೫ࡢ࣮ࢧ࣮࢙ࢡ

� ࠋࡿࡳ࡚࠼⪄࡚࠸ࡘᚋ㏥㏿ᗘࡢኳయࠊ࡛ࡇࡇࠋࡓࡗ࡞����ࡣ⛣㉥᪉೫ࡢ࣮ࢧ࣮࢙ࢡ

ᚋ㏥㏿ᗘࡣ㉥᪉೫⛣ග㏿ࠊࡋࡋࠋࡿࡏ⾲࡛✚ࡢᅇࡢ⤖ᯝࢆᙜ࡚ࡇࠊࡿ࠼⪄࡚ࡵࡣ

ཎࡢග㏿ᗘኚࠊࡣࢀࡇࠋࡿ࡞ࡇࡿ࠸࡚ࡋᗘ࡛ᚋ㏥㏿ࡢ�ಸ௨ୖࡢ㏿ගࡣ࣮ࢧ࣮࢙ࢡࡢ

����ಸ࡛ࡢ㏿ගࡀᏱᐂ✵㛫ࡿ࠶ࡢ࣮ࢧ࣮࢙ࢡࠊࡣࡢࡿࢀࡽ࠼⪄࡛ࡇࡑࠋࡿ࠸࡚ࡋ┪▩⌮

ᚋ㏥ࡾࡲࡘࠊࡿ࠸࡚ࡋ⭾ᙇࠊࡽࡇࡢࡇࠋࡿ࠶࡛ࡇ࠺࠸ࡿ࠸࡚ࡋᏱᐂࡢࡢࡉࡁ

ࡢࡑࠊࡕࢃ࡞ࡍࠋࡿ࠼࠸ࡀࡇ࠺࠸ࡓࡗ࠶ࡀ௦ࡓࡗࡔࡉࡁࡢ������ࠊࡿࡍ�ࢆ

ࡁࠊࡽ௨ୖࠋࡿ࠶࡛ࡇ࠺࠸ࡉࡁࡢ����ಸࡣࠊࡿ࠼⪄�ࢆࡉࡁࡢᏱᐂࡢࡁ

�ࠋࡿ࠼࠸ࡿ࡞ドᣐࡢᏱᐂ⭾ᙇࡣ⛣㉥᪉೫࡞

�

�㸬ࡵࡲ�

ࡇࡿ࠶࡛����ࡀ⛣㉥᪉೫ࠊ࡚ࡋ ほࢆ࣮ࢧ࣮࢙ࢡࡘᣢࢆᚩ≉࠺࠸࠸ࡿ࡚᫂ࡃ㐲ࡣࡕࡓ⚾

Ᏹᐂ⭾ᙇࡾ࡞ࡇࡿ࠸࡚ࡗࡊ㐲ࡃ᪩ࡶࡾࡼගࡀ࣮ࢧ࣮࢙ࢡࡣࡇࡢࡇࠋࡓࡗࢃࡀ

�ࠋࡿ࡞ドᣐࡢ
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Ᏹᐂࡽࢀࡇࡢ�
�㖟Ἑᅋࡢ๓࠾㸸ನ࣒࣮ࢳ

㧗ᶫ�┤அ�㧗 ��࠙ᐑᇛ┴ྎ➨୍㧗➼Ꮫᰯࠚ�

ᐩᓮ�ᕹⰼ�㧗 ��࠙⇃ᮏ┴❧ඵ௦㧗➼Ꮫᰯࠚ�

୰ᓥ�ྍ⬟�㧗 �᪂₲ΎᚰᏛᅬ࣒ࢲࣝࢺ࣮ࣀ࠙�� ᪂₲ΎᚰዪᏊ㧗➼Ꮫᰯࠚ�

ᶓᒣ�ᙬᕼ�㧗 ��࠙ᮾி㒔❧ᅜ㝿㧗➼Ꮫᰯࠚ�

 
㸯㸬ࡵࡌࡣ�

ࢀࡑࠊ࡚࠸࡚ࡋᵝᏊ࡛⭾ᙇ࡞࠺ࡼࡢࡣᏱᐂࠊࡾ▱ࢆࡇࡿ࠸࡚ࡋᙇ⭾ࡀᏱᐂࡣࡕࡓ⚾

⭾Ᏹᐂࡣ㊥㞳ࡢ㖟Ἑᅋྛ⌫ᆅ࡛ࡇࡑࠋࡓࡗ࡞Ẽࡀࡃ࠸࡚ࡗ࡞࠺ࡀᚋᏱᐂ࡚ࡗࡼ

ᙇ࡚ࡗࡼ࠺࠸ࡿ࠸࡚ࡗ࡞ࡃࡁᐇࠊࡽ㖟Ἑᅋࡢ࡛ࡲ㊥㞳㖟Ἑᅋࡢᚋ㏥㏿ᗘࢆㄪ

ࡣᚋᏱᐂࡾศࡀᵝᏊࡢᏱᐂ⭾ᙇࡢ࡛ࡲࢀࡇࡤࢀࡃࡘࢆࣇࣛࢢࡿศࡀ㛵ಀࡢࡑࠊ

 ࠋࡓ࠼⪄ࡿࡁண࡛ࡃ࠸࡚ࡗ࡞࠺
�

㸰㸬◊✲᪉ἲ�

ࢆࢀࡇࠋࡓㄪࢆࡉࡿ᫂࡞ᆺⓗࡢ㖟Ἑࡢ㖟Ἑᅋෆྛࠊࡋ ീほࢆ㖟Ἑᅋࡢᩘ「ࠊࡎࡲ

ㄪࡿ᪉ἲࡣ⤖ᯝࡢḍグࠋࡍḟࠊ㊥㞳ࡢࡣ᫂ࡉࡿẚ࠺࠸ࡿࡍ㛵ಀࡽ㉥

᪉೫⛣ࡶ᭱ࡀᑠ࠸ࡉ Abell426(ࢫ࢘ࢭࣝ࣌㖟Ἑᅋ)ࢆᇶ‽ 1 ㊥ࠋࡓࡵồࢆᑐ㊥㞳┦ࡓࡋ

㞳᫂ࡢࡉࡿ㛵ಀᘧࡣḟࠋࡿ࡞࠺ࡼࡢ 

d㸨㸨㸨㸻d426�(L426/L㸨㸨㸨)1/2㸦***ࡣ㖟Ἑᅋࡿ࠸ࡣࡀྕ␒ࡢ㸧d:㊥㞳� L:᫂ࡉࡿ  

�㏿ᚋ㏥㏿ᗘ㸻㉥᪉೫⛣�ගࠊࡽࢀࡑ ࡣ⛣㉥᪉೫ࠋࡓࡵồࢆᚋ㏥㏿ᗘࡽ㛵ಀ࠺࠸

Abell సࢆࣇࣛࢢࠊࡾ㍈⦪ࢆᚋ㏥㏿ᗘࠊᶓ㍈ࢆ㊥㞳ࠊᚋ᭱ࠋࡓࡋ⏝ᘬࡾࡼࢢࣟࢱ࢝

ᡂࡢࣇࣛࢢࠋᙧࡢ࡛ࡲࢀࡇࡽᏱᐂ⭾ᙇࡢᵝᏊࢆ☜ㄆࠊࡋᏱᐂࡢᚋࢆண ࠋࡓࡋ 
�

㸱㸬ほ �

࣭᪥㸸2013 ᖺ 12 ᭶ 24 ᪥� 21㸸49㸫23㸸02 
࣭ሙᡤ㸸ྎᕷኳᩥྎ࣭ほ ᪉ἲ㸸ീほ �  
࣭ᮃ㐲㙾㸸ࡳࡦᮃ㐲㙾࣭⏝ࢻࣥࣂ㸸ࣝࢫࣥࢼ࣑ 
࣭ほ ኳయ㸸⤖ᯝ⾲ࡢグࡓࡋ 
�

㸲㸬⤖ᯝ�

⏬ീゎᯒࢺࣇࢯ“Makali’i”࡛㖟Ἑᅋෆࡢ㖟Ἑࢆ ගࠊࡋ᫂࠸ࡿ㡰ࠊ᭱ࡽ࡞ ࡓࡗࡿ᫂ࡶ

ࡃ㝖ࢆ㖟Ἑࡢࡘ2 13ಶࡢ㖟Ἑࡢᖹᆒࢆ ග್ࠋࡓࡋ⿵ṇ್ࡣ✚ศ㛫 240s  ࠋࡓࡏࢃྜ
Abellࠋࡿ࠶࡛ࡢࡶࡓࡵࡲࡈ㖟Ἑᅋྛࢆ್ࡓㄪࡣ⾲ୗࠋࡿ࠶್࡛ 㖟Ἑࡀࡢ࠺࠸

ᅋࡓࡲࠋࡿ࠶࡛⛠ྡࡢྎᕷኳᩥྎࡳࡦࡢᮃ㐲㙾ࡣീࡓࡋሙྜ chip1ࠊchip22ࠊ ࡘ

ศ࡚ࢀฟຊ2ࠋࡿࢀࡉ ࡢࡘ chip  ࠋࡿࢆᖹᆒ࡚ࡅศ࡛ࡢ࠺㐪ࡀឤᗘࡣ
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㻭㼎㼑㼘㼘㻌
㉥᪉

೫⛣㻌

ᚋ㏥㏿ᗘ

䠄㼗㼙㻛㼟㻕㻌

 ග್

㼏㼔㼕㼜㻝㻌

 ග್

㼏㼔㼕㼜㻞㻌

✚ศ㛫

䠄㼟䠅㻌

⿵ṇ್

㼏㼔㼕㼜㻝㻌

⿵ṇ್

㼏㼔㼕㼜㻞㻌

㊥㞳

㼏㼔㼕㼜㻝㻌

㊥㞳

㼏㼔㼕㼜㻞㻌

㻌

㊥㞳䛾

ᖹᆒ㻌

㻠㻞㻢㻌 㻜㻚㻜㻝㻣㻥㻌 㻡㻟㻣㻜 㻝㻞㻞㻥㻣㻜㻚㻥㻌 㻠㻠㻥㻟㻣㻟㻚㻟 㻝㻜 㻞㻥㻡㻝㻟㻜㻝㻚㻢 㻝㻜㻣㻤㻠㻥㻡㻥㻚㻞 㻝㻌 㻝㻌 㻝

㻞㻢㻜㻌 㻜㻚㻜㻟㻠㻤㻌 㻝㻜㻠㻜㻜 㻞㻣㻤㻞㻤㻡㻚㻞㻌 㻠㻟㻤㻟㻣㻡㻚㻢 㻞㻠㻜 㻞㻣㻤㻞㻤㻡㻚㻞 㻠㻟㻤㻟㻣㻡㻚㻢 㻟㻚㻞㻢㻌 㻠㻚㻥㻢㻌 㻠㻚㻝㻝

㻡㻣㻢㻌 㻜㻚㻜㻟㻤㻝㻌 㻝㻝㻠㻜㻜 㻟㻤㻤㻥㻣㻞㻚㻟㻌 㻠㻥㻟㻠㻤㻤㻚㻞 㻝㻞㻜 㻣㻣㻣㻥㻠㻠㻚㻢 㻥㻤㻢㻥㻣㻢㻚㻠 㻝㻚㻥㻡㻌 㻟㻚㻟㻝㻌 㻞㻚㻢㻟

㻢㻣㻝㻌 㻜㻚㻜㻠㻥㻠㻌 㻝㻠㻤㻜㻜 㻞㻜㻝㻢㻞㻢㻚㻡㻌 㻝㻤㻢㻣㻜㻤㻚㻢 㻝㻞㻜 㻠㻜㻟㻞㻡㻟㻚㻜 㻟㻣㻟㻠㻝㻣㻚㻞 㻞㻚㻣㻝㻌 㻡㻚㻟㻣㻌 㻠㻚㻜㻠

㻡㻡㻟㻌 㻜㻚㻜㻢㻣㻜㻌 㻞㻜㻝㻜㻜 㻝㻝㻢㻢㻞㻢㻚㻞㻌 㻠㻞㻤㻠㻢㻥㻚㻞 㻞㻠㻜 㻝㻝㻢㻢㻞㻢㻚㻞 㻠㻞㻤㻠㻢㻥㻚㻞 㻡㻚㻜㻟㻌 㻡㻚㻜㻞㻌 㻡㻚㻜㻞

�

ᚋ㏥㏿ᗘ┦ᑐ㊥㞳ࡽᥥࡣࣇࣛࢢࡓ࠸ୗᅗࠋࡓࡗ࡞࠺ࡼࡢ�

�

ࡣⅬࡿ࠸࡚ࢀࡎࡣࡃࡁࡽࣇࣛࢢ $EHOO��� ࡢࡇほ ᚋࠋࡔ $EHOO��� 㖟Ἑᅋࡓࡋ ほࡣ

ࡗศࡀࡇ࠺࠸ࡿ࠶㖟Ἑᅋ࡛࡞Ṧ≉࠸࡞ࡃࡿ᫂ࢀࡑࡀ࠸㏆⌫ẚ㍑ⓗᆅࡣ୰࡛ࡢ

⭾㏿➼ࡣ⥺┤㏆ఝࠋࡓࡋ್ࢀእࢆࢀࡇ࠼⪄ࡓࡌ⏕ࡀࢀࡎᯝ⤖ࡵࡓࡢࡑࡣࡕࡓ⚾ࠋࡓ

ᙇࠊࢆ㏆ఝ᭤⥺ࡣຍ㏿⭾ᙇࡽࣇࣛࢢࡢࡇ࡚ࡗࡼࠋࡿ࠸࡚ࡋ⾲ࢆᏱᐂࡣຍ㏿ࡣ࠸ࡿ࠶ࠊ➼

㏿⭾ᙇࡿ࠸࡚ࡋࢆணࠋࡓࡋ�

�

㸳㸬⪃ᐹ�

ᅇసᡂࠊࡣࡽࣇࣛࢢࡓࡋᏱᐂࡀຍ㏿ࡣࡓࡲࠊ➼㏿⭾ᙇࡿ࠸࡚ࡋࢆண࡛ࡢࡇࠋࡿࡁ

ࡣᚋ㏥㏿ᗘࡢ㖟Ἑᅋࡓࢀ㞳ࡃ㐲ࡽ⌫ᆅࠊࡅ⥆ࢆᙇ⭾ࢇࢇࡶࡽࢀࡇࡣᏱᐂࡽࡇ

ග㏿ࢆ㉸ࠊ࠼㖟Ἑᅋࡢගࡣᆅ⌫ᒆࡿ࡞ࡃ࡞ணࠋࡓࡋ 
ࠋ࠸࡞࠼ゝࡣ☜ṇࡣࣇࣛࢢࡵࡓࡓ࠸࡚ࢀࡽ㝈ࡀኳయᩘࡿࡁ࡛ ほࡣ࡛ ほࡢᅇࡋࡋ

ࣛࢢ࡞☜ṇࡾࡼ࡚ࡋࡸቑࢆ㇟ほ ᑐࠋ࠸࡞ࡽศࡶࡿ࠸࡚ࡗ࡞࠺ࡼࡢࡣඛࡢࣇࣛࢢ

 ࠋ࠸ࡓࡾ▱ࢆࡇࡢࡽࢀࡇࡢᏱᐂࡁᥥࢆࣇ

83



 

㖟Ἑ⣔ࡽࡕࡣᅇࡾ 
㹼୰ᛶỈ⣲ 21cm  ほ 㹼ࡢ⥺

� ᇸ⋢┴❧ᕝ㉺㧗➼Ꮫᰯ� ᆅᏛ㒊㸰ᖺ� ᪩ᕝ ᚿ� 㜿㒊 㞝୍� す⏣ Ⰻ㍜� 㔠⥘ ᏹᶞ�    
⳥ụ 㥴ኴ� ຍᒣ ᪂ 

ᣦᑟᩍㅍ� � ྜྷ⏣ � � Ώ㎶ ᠇ 
◊✲ᴫせ 
ᡃࠊࡣࠎ㟁Ἴᮃ㐲㙾ࢆ〇సࠊࡋ㖟Ἑ㠃ศᕸࡿࡍỈ⣲ཎᏊࡀᨺᑕࡿࡍἼ㛗㸰㸯ࡢ㍤⥺

21cmࠋࡓࡋᡂຌࡇࡿᚓࢆࣝࢺࢡ࣌ࢫࡢࡑࠊࡋ ほࢆ ࠊࡋ ィࢆࢺࣇࢩ࣮ࣛࣉࢵࢻࡢ⥺

ኳࡢᕝ㖟Ἑࡢᅇ㌿᪉ྥࢆㄪࡓ⤖ᯝࠊᆅ⌫ࡢᴟഃࡽぢ࡚ィᅇࡗࢃࡀࡇࡿ࠶࡛ࡾ

ᅇ㌿㏿ᗘ㊥㞳ࡢࡽ㖟Ἑ୰ᚰࠊࡋほᐹࢆࣝࢺࢡ࣌ࢫࡈ⤒㖟ྛࡢᕝࡢኳࠊࡓࡲࠋࡓ

 ࠋࡓࡳヨࢆࡇࡿᚓࢆ⥺ᅇ㌿᭤ࡕࢃ࡞ࡍࠊ㛵ಀࡢ
㸯� ┠ⓗ � ձኳࡢᕝ㖟Ἑࡢᅇ㌿᪉ྥࢆỴᐃࠋࡿࡍ 

ղ㖟Ἑ୰ᚰࡢࡽ㊥㞳ᅇ㌿㏿ᗘࡢ㛵ಀࢆồࠋࡿࡵ 
 
㸰� ◊✲᪉ἲ 
㟁Ἴᮃ㐲㙾ࡢไస�  
ཱྀᚄ 1.4m ⣙ࡣࢻ࣮ࣇࠋࡓࡋస⮬ࢆࣛ࣎ࣛࣃࡢ 10cm ࡢ

ࢫࠊࡋቑᖜࢆಙྕ࡛ࣉࣥࢬࣀ࣮ࣟࠋࡿ࠶࡛࣮࣏ࣝࢲ

ࠋࡓࡋ࣒ࢸࢫࢩࡿࡍศᯒࠊಙཷ࡛ࢨࣛࢼ࣒ࣛࢺࢡ࣌

(ᅗ 1) 
㟁Ἴᮃ㐲㙾ࢆࡓࡗほ �  
ほ ࡣ㖟Ἑ㠃ἢ࡚ࡗ㖟⤒ 10rࠊ࠸⾜ࡈ㖟⤒ 0r

ࡽ 90r᭱ࡢࢺࣇࢩ࣮ࣛࣉࢵࢻࡢ್ࡽ㖟Ἑ⣔ࡢᅇ㌿᭤⥺

 ࠋࡿࡵồࢆ
㸱� ⤖ᯝ⪃ᐹ�  

 
 
⤖ᯝձ� 㖟⤒ 90r᪉ྥ࡛ࡀࢡ࣮ࣆࡢࣝࢺࢡ࣌ࢫࡢࡑࡣ୰ᚰ࿘Ἴᩘ 1.420406GHz Ἴ▷ࡾࡼ

㛗ഃࠊࡾ࠶ศᩓࡰࡢࣝࢺࢡ࣌ࢫࡓࡋᇦࡀ▷Ἴ㛗ഃࠋࡿ࠶(ᅗ㸰) 
⪃ᐹ� � ኳࡢᕝ㖟Ἑࡢᅇ㌿᪉ྥࠊࡣᴟഃࡽぢ࡚ィᅇࠋࡓࡗࢃࡀࡇࡿ࠶࡛ࡾ㖟⤒

90r᪉ྥ࠺ࡻࡕࡃࡣࡣᗙࠊࡾ࠶ࡀኴ㝧⣔ࡣᒁⓗࡢࡇࡣ᪉ྥࡿ࠸࡚ࡗྥ

 ࠋࡿࢀࡽ࠼⪄

㛗� � � � � Ȣ� � � � � ▷ 

ᅗ㸰㖟⤒ 90r᪉ྥࣝࢺࢡ࣌ࢫࡢ 

ᅗ 1� 〇సࡓࡋ㟁Ἴᮃ㐲㙾 

 
⤖ᯝղ�

 
⪃ᐹ� �

㸲� ᚋࡢㄢ㢟 

 

 
㸳� ཧ⪃ᩥ⊩ 

ᅗ㸱� ྛ㖟⤒ࡢ

 ࣝࢺࢡ࣌ࢫ
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㖟Ἑ⣔ࡽࡕࡣᅇࡾ 
㹼୰ᛶỈ⣲ 21cm  ほ 㹼ࡢ⥺

◊✲ᴫせ 

㸯� ┠ⓗ �

 
㸰� ◊✲᪉ἲ 
㟁Ἴᮃ㐲㙾ࡢไస

㟁Ἴᮃ㐲㙾ࢆࡓࡗほ �  

㸱� ⤖ᯝ⪃ᐹ�  

 
 
⤖ᯝձ

⪃ᐹ� �

ᅗ㸰㖟⤒ 90r᪉ྥࣝࢺࢡ࣌ࢫࡢ 

ᅗ 1� 〇సࡓࡋ㟁Ἴᮃ㐲㙾 

 
⤖ᯝղ� ྛ㖟⣔ࣝࢺࢡ࣌ࢫࡢ(ᅗ ᅗ)ࠋࡓᚓࢆ⥺ᅇ㌿᭤ࡾࡼ(3 4)� ኴ

㝧ࡢෆഃ࡛ࡣ୰ᚰ㒊ࢆ㝖ࠊࡁᅇ㌿㏿ᗘࡾࡲ࠶ࡀኚ࡞ࡋ

ᅗ)ࠋࡿࢀࡽࡳࡀഴྥࡿ࡞ࡃ㐜ࡣ࡛ࢁࡇ࠸㏆୰ᚰࠋ࠸
㸲)  

 
⪃ᐹ� � ᅇ㌿᭤⥺ࡾࡼ㖟Ἑ⣔୰ᚰ㒊௨እࡢ㡿ᇦࡶ㉁㔞ࡀᏑᅾ

ࣟࢮࡀ180r㏆࡛ど⥺㏿ᗘࠊࡓࡲࠋࡿࢀࢃᛮࡿ࠸࡚ࡋ

 ࠋ࠺ྜࡾ࡞㔜ࡁ㏆࡙ࡣኈྠࢡ࣮ࣆࠊࡾ࡞
㸲� ᚋࡢㄢ㢟 
ほ☜ṇ࡚ࡋ‽ᇶࢆᫍ࠸ࡿ᫂ࠊࡅࡾྲྀࢆ࡞࣮ࢲࣥࣇ ࣭

 ᑐ㇟ࠋࡿࡅྥ 
ࡼ⢭ᗘࠊࡵ㧗ࢆ⬟ศゎ࡛ࢼࢸࣥࣞࣛ࣎ࣛࣃࡢᚄࡾࡼ�࣭

�ᅇ㌿᭤ࡃ  ࠋࡿࡵồࢆ⥺
࣭� 180r࡛ࡀࢡ࣮ࣆࡣ୰ᚰ࿘Ἴᩘࠊࡀࡓ࠼⪄ࡿ࠶⤖ᯝ࡞␗ࡣ

 ࠋ࠸ࡓࡋᚋ᳨ウࡣ࡚࠸ࡘཎᅉࡢࡇࠋࡓࡗ
㸳� ཧ⪃ᩥ⊩ 
୰┤ṇ.ࠕᏱᐂࡢほ ϩ㸫㟁ἼኳᩥᏛ.➨ 2 ∧ ᪥ࠖᮏホㄽ♫,2012�  
๓⏣⪔୍㑻.ࠕ㟁ἼࡢᏱᐂ.ึ∧ࠖ2002,♫ࢼࣟࢥ 
㧗ᶫ᭸ோ.ࢨࣛࢼ࣒ࣛࢺࢡ࣌ࢫࠕධ㛛ࠖCQ ฟ∧♫,2006 
 
 
 
 

ᅗ㸱� ྛ㖟⤒ࡢ

 ࣝࢺࢡ࣌ࢫ

230r 

0r 

90r 

180r 
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�

�

�

Ᏹᐂࡢ⭾ᙇ㏿ᗘࡢ ᐃ�

�

ᒸᮏ� ឡຍࠊ➉⏣� ▱㤶㸦㧗㸰㸧࠙ዉⰋ┴❧㟷⩧㧗➼Ꮫᰯࠚ�

�

せ� ᪨�

� Ᏹᐂࡢ⭾ᙇ㏿ᗘࢆỴࣝࣈࢵࣁࡿࡵᐃᩘࠊࢆ್ࡢᒸᒣ┴⨾ᫍኳᩥྎ࡛పศᩓศගほ ࢆ⾜

ࡋฟ⟭66.4km/s/Mpc㸦20.4km/s/100ගᖺ㸧ࠊࡽࢱ࣮ࢹࡢSMOKAࢱ࣮ࢹࡓᚓ࡚ࡗ

పศᩓศගほࠊࡶ࡚࠸ࡘ3C273ࡿ࠶࡛࣮ࢧ࣮࢚ࢡࡓࢀࡉㄆ☜࡚ࡵึࡿ࠶ᗙࡵ࠾ࠋࡓ

�㊥ࡢ࡛ࡲ࣮ࢧ࣮࢚ࢡࡢࡇࠊࡽᐃᩘࣝࣈࢵࣁࡓࡵỴ࡛ࡕࡓศ⮬ࠊᯝ⤖ࡢࡑࠋࡓࡗ⾜ࢆ 

㞳ࢆィ⟬704ࠊࡿࡍMpc㸦23.0൨ගᖺ㸧ồࠋࡓࢀࡽࡵ�

�

㸯㸬ࡵࡌࡣ�

� ᡃࠊࡣࠎ㧗ᰯ1ᖺ⏕ࡢࠊᆅᏛࡢኳᩥศ㔝ࢆᏛ⩦ࡢࡑࠋࡓࡋ୰࡛ࠊ⌧ᅾᏱᐂࡣ⭾ᙇ࡚ࡋ

ࠊ࡛ࡇࡑࠋࡓࡗࡶࢆኚ⯆ࠊࡾ▱ࢆࡇࡿࡏ⾲ᐃᩘ࡛ࣝࣈࢵࣁࡣᙇ㏿ᗘ⭾ࡢࡑࠊࡾ࠾

ᡃࠊࡣࠎ⮬ศࡢࡕࡓᡭ࡛㖟Ἑࡢศගほ ࡚ࡗ⾜ࢆᚓࢆࢱ࣮ࢹࡓᇶࣝࣈࢵࣁࠊ࡚ࡋᐃᩘ�

�ࠋࡓࡳヨࢆࡇࡿࡵồࢆ

� ࡢኳᩥྎ࡛ࡲࡾࡣරᗜ┴❧Ꮫすࡸᒸᒣ┴⨾ᫍኳᩥྎࠊ4ᅇ6᭶㹼12᭶ࠊ࡛ࡇࡑ

ほ ࢆィ⏬ࠊࡀࡓࡋኳೃⰋ➼ࡾࡲ࠶ࠊࡵࡓࡢከ࣮ࢹࡢࡑࠋࡓࡗ࡞ࢀྲྀࢆࢱ࣮ࢹࡢࡃ

�ศගჾࣥࣞࢢࢭ࢝᪂ࡢᒸᒣኳయ≀⌮ほ ᡤࡢSMOKAࠖࠕࠊࡵࡓࡿࡍゎᾘࢆ㊊ࡢᩘࢱ

㸦SNG㸧࡛ྲྀᚓࠋࡓࡗ⿵࡛ࢱ࣮ࢹࡓࢀࡉ�

�

㸰㸬┠ⓗ�
� ᡃࡢ✲◊ࡢࠎ┠ⓗࠊࡣ࡚ࡋ௨ୗ2ࡢⅬ࡛ࠋࡿ࠶�

��� ከࡢࡃ㖟Ἑ࡚࠸ࡘศගほ ࡢࡽࢀࡑࠊ࠸⾜ࢆ㉥᪉೫⛣ࡽồࡓࡵ㖟Ἑࡢᚋ㏥㏿ᗘ 
㖟Ἑࡢ࡛ࡲ㊥㞳ࡢ㛵ಀࣝࣈࢵࣁࠊࡾࡼᐃᩘࢆỴᐃࠋࡿࡍ�

��� ���࡛Ỵࣝࣈࢵࣁࡓࡵᐃᩘ3࣮ࢧ࣮࢚ࢡࠊ࡚࠸⏝ࢆC273ࡢ࡛ࡲ㊥㞳ࢆồࠋࡿࡵ 
�

㸱㸬᪉ἲ�
� ᡃࠊࡣࠎ࡚ࡋᒸᒣ┴⨾ᫍኳᩥྎཱྀࡢᚄ101cmࡢᮃ㐲㙾ࠊ࡚࠸⏝ࢆ㖟Ἑࡢศගほ ࢆ 
 ࠋࡿ࠶࡛ࡾ㏻ࡢ௨ୗࠊࡣᡭ㡰ࡢゎᯒࢱ࣮ࢹࡧほ ཬࡢࡑࠋࡓࡗ⾜
��� ᮃ㐲㙾పศᩓศගჾ෭༷CCDࡾྲྀࢆ࣓ࣛ࢝ࠊࡅᵝ࡞ࠎ㖟Ἑྲྀࢆࣝࢺࢡ࣌ࢫࡢ�

ᚓࠊ࠾࡞ࠋࡓࡋほ ࡿࡍ㖟ἙࠊࡣHǂ⥺࠸ࡍࡸࢀ⌧ࡢ ᕳࡁ㖟Ἑࢆ㑅ࠋࡔࢇ�

�ࠋࡓࡗ⾜ࢆ⌮ḟฎ୍ࠊࡾࡼ㸧ࢶ࣮ࣟࢺࢫ�ᰴ�㸦ᅜ❧ኳᩥྎ࣭࣐ࠖࣜ࢝ࠕ ���

�ീ⏬ࣝࢺࢡ࣌ࢫࠊ࡚࠸ࡘ㖟Ἑࡢࢀࡒࢀࡑࠊ࡚࠸⏝ࢆ�ᕝ➃ဴஓẶ�స�Be Specࠖࠕ ���

�ࠋࡓࡋసᡂࢆࣇࣛࢢࡢ㛵ಀࡢࡉࡿ᫂ࡢࡅぢἼ㛗ࡽ

��� సᡂࠊࡽࣇࣛࢢࡓࡋHǂ⥺ࡢἼ㛗ࢀࡎࡢƦǌࢆồࠋࡓࡵ�

�୰✵┿ࡣ 㸦cࠋࡓࡵồࢆᚋ㏥㏿ᗘvࡢ㖟Ἑࠊࡾࡼᘧ㸦v㸻c㺃Ʀǌ�ǌ㸧ࡢຠᯝ࣮ࣛࣉࢵࢻ ���

�㸧ࠋࡿ࠶Ἴ㛗6562.8ύ࡛ࡢࡶࡢ⥺Hǂࡣǌࠊග㏿ᗘࡢ

��� NED㸦NASA/IPAC EXTRAGALACTIC DATABASE㸧ࡢWebࡒࢀࡑࠊࡾࡼࢺࢧ�

�ࠋࡓㄪࢆ㊥㞳ࡢ࡛ࡲ㖟Ἑࡢࢀ

��� 㖟Ἑࡢ࡛ࡲ㊥㞳ࢆᶓ㍈ࠊᚋ㏥㏿ᗘࢆ⦪㍈ࠊࡾ㛵ಀࠋࡓࡋࣇࣛࢢࢆ�

�ࠋࡓࡵồ࡚ࡗࡼ⟭ィࢆᐃᩘࣝࣈࢵࣁࠊࡽࡁഴࡢࣇࣛࢢ ���
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�

�

��� ���࡛ồࣝࣈࢵࣁࡓࡵᐃᩘ3࣮ࢧ࣮࢚ࢡࠊ࡚࠸⏝ࢆC273ࡢHǂ⥺࢚ࢡࡢࡇࠊࡽࢀࡎࡢ 
 ࠋࡓࡵồࢆ㊥㞳࡛ࡲ࣮ࢧ࣮

�

㸲㸬⤖ᯝ�
㖟Ἑྡ ほ ሙᡤ ほ ᪥ ㊥㞳r�Mpc� HǂࢀࡎࡢƦǌ�ύ� ᚋ㏥㏿ᗘv�km/s�

NGC925  
⨾ᫍኳᩥྎ 
101cmᮃ㐲㙾 

2013.12. 6 8.508 14.3  653.2 
NGC1068 2013.12. 6 12.650 34.7  1585.1 
NGC2403 2013.12. 6 3.569 3.4  155.3 
NGC2608 2013.12. 6 26.512 39.4  1799.8 
NGC2713 2013.12. 6 52.933 48.8  2229.2 
NGC628  

 
ᒸᒣኳయ≀⌮

ほ ᡤ 
㸦SMOKA㸧 

1992.11.23 9.078 8  365  
NGC673 1995.11.28 65.624 110  5025  
NGC1003 1995.11.29 11.002 12  548  
NGC1169 1993.01.30 35.433 71  3243  
NGC2512 1995.11.28 57.120 97  4431  
NGC2701 1999.02.12 40.831 63  2878  
NGC4501 1996.04.16 18.783 45  2056  
NGC5055 1994.03. 5 8.294 13  594  
NGC5371 1994.02.18 29.483 53  2421  
NGC7782 1995.10.20 78.950 91  4157  

 

�
�

㸳㸬⪃ᐹ�
�51.2km/s/Mpc㸦15.7km/s࠺ࢆࡳࡢࢱ࣮ࢹ ほࡢᫍኳᩥྎ࡛⨾ࠊࡣᐃᩘࣝࣈࢵࣁ ���

/100ගᖺ㸧ࠊSMOKA66.4ࡿࡵྵࡶࢱ࣮ࢹࡢkm/s/Mpc㸦20.4km/s/100ගᖺ㸧 
 ࡶ㛵ಀᩘR┦ࠊࡵࡓࡿ࠶࡛ࡳࡢ㖟Ἑࡢࡘ5ࠊࡣࢱ࣮ࢹ ほࡢᫍኳᩥྎ࡛⨾ࠋࡓࡗ࡞
�ࠋࡓࡗ࡞ࡃᝏࡀ⢭ᗘࡶࡾࡼሙྜࡓࡵྵࢆࢱ࣮ࢹࡢSMOKAࠊ0.8547

��� 3C273ࡢHǂ⥺ࢀࡎࡢƦǌ1023.4ࡣύ ᐃࡢࡑࠊࡽࡿࢀࡉᚋ㏥㏿ᗘ46,750ࡣkm/s 
 704Mpc㸦23.0ࡣ㊥㞳ࡢ࡛ࡲ3C273ࠊࡿࡍ66.4km/s/Mpcࢆᐃᩘࣝࣈࢵࣁࠋࡿ࡞
൨ගᖺ㸧ࠊࡾ࡞NEDࠋࡿ࠸࡚ࡋ⮴ྜࡰ࡞್ࡢ�

�

㸴㸬ࡵࡲ�
� �ቑࢆࢱ࣮ࢹ ほ᭦ࠊࡣᚋࠋࡓࡗ࡞ࡃⰋࡀ⢭ᗘࠊࡣ࡛ࡅࡔࢱ࣮ࢹࡢࡕࡓศ⮬ࠊࡾࡣࡸ

�ࠋ࠸ࡓࡵồࢆᐃᩘࣝࣈࢵࣁ࠸㧗ࡢ⢭ᗘ࡚࠸⏝ࢆࡳࡢࢱ࣮ࢹࡢࡕࡓศ⮬ࠊࡋࡸ

�

ㅰ㎡� ᮏ◊✲ࠊࡾࡓ࠶࠺⾜ࢆ㜰ᩍ⫱Ꮫࡢ⚟Ụᩍᤵࠊᯇᮏᩍᤵࡈᣦᑟࢆ㡬ࠋࡓࡋࡲࡁ

᪂◊✲ဨࡢኳᩥྎࡲࡾࡣරᗜ┴❧Ꮫすࠊ๓㔝◊✲ဨࠊோྎ㛗⥤ࡢᫍኳᩥྎ⨾ࠊࡓࡲ

�ࠋࡍࡲࡆୖࡋ⏦♩ᚚࡃཌ࡚ࡋࡾ࠾ࢆሙࡢࡇࠋࡓࡋࡲࡁ㡬ࢆᣦᑟࡈࡢ ほࠊࡣ
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ハッブル定数の決定と宇宙年齢!
石井�菜摘� �高 2�【横浜市立横浜サイエンスフロンティア高等学校】�

�

���要旨�$EVWUDFW��! 国立天文台が一般に公開するデータアーカイブ SMOKA から、研究された距離が既知の銀河のスペクトルデータを取得し、それを天体画像解析ソフトmakaliiで解析した。 赤方偏移をドップラー効果によるものだと仮定し、ハッブル定数を決定した。 また、それを用いて宇宙が等速度で均一に膨張したと仮定した時の宇宙年齢を推定した。 

 

���方法�0HWKRG��! 2-1 使用データ ! 国立天文台 公開データアーカイブ SMOKA より ! 岡山天体物理観測所 カセグレン分光器(SNG) による銀河のスペクトルデータ! 47個 

 ! 2-2 観測データの取得と解析 ! " 銀河の距離を算出している論文を読み、その論文の ! !  距離の文献値を信用した上で、その銀河のデータを ! !  SMOKAから取得した。同時に銀河が観測された ! !  同日同時刻に観測された波長比較用の Comparison ! !  データも取得した。(Fig.1) ! # 波長較正処理をしたデータから!
!
輝線の波長を測定し、 ! !  静止波長とともに、ドップラー方程式に代入して、         Fig.1 Comparison ! !  銀河の後退速度を求めた。 ! !  Fig.2にスペクトルデータを示す。 ! $ 銀河までの距離を横軸に、後退速度を縦軸にとった ! !  グラフを描き、切片を 0で１次近似させ、 ! !  ハッブル定数を決定した。また、そのハッブル定数から ! !  宇宙年齢を推定した。 

 

 

                                                         Fig.2 銀河のスペクトル 

���結果�5HVXOW� ハッブル定数!
"
を算出したところ、!

"
" 74となった。グラフを Fig.3に示す。 
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Fig.3 ハッブル定数算出 

 また、宇宙年齢はハッブル定数の逆数という捉え方ができる。これをハッブル時間という。今回の結果を当てはめると、ハッブル時間!
#
は、以下の式で求められる。 

!
#
%&'()* " 	

1

!
"
%-./*

" 	

3.98 4 10
$%

%67*

7.4 4 10
$
%-./*

4

1

3.17 4 10
&
%8*

" 1.32 4 10
$"

%&'()*				⋯ ;3.1< 

;3.1<式より、宇宙年齢は 132億年となった。 

 

���考察�'LVFXVVLRQ� ! ハッブル定数は「Hubble Space Telescope Key Project」1)で!
"
" 72 = 8%67 8⁄ /-./*と 定められている。本研究で決定したハッブル定数は!

"
" 74であるので、文献値を!

"
" 72 とした時の相対誤差は3%%*程度である。アーカイブデータを利用したこともあり、良い 精度でハッブル定数が決定できたのではないかと考えられる。 

 

�� 結論�&RQFOXVLRQ� ! 本研究では、国立天文台の公開データを用いて銀河の後退速度を算出し、文献値の 距離との関係からハッブル定数を決定した。ハッブル定数は74%67 8⁄ /Mpc*となり、 その値から求めた宇宙年齢は 132億年となった。今後は、決定したハッブル定数から 臨界密度を求めることや、今回前提とした宇宙膨張から示すことを考えていきたい。 

 

���参考�5HIHUHQFH� 
1) Wendy L. Freedman et al.:” Final Results from the Hubble Space Telescope Key  !  Project to Measure The Hubble Constant”, Apj, 553:47È72, 2001 May 20 

 

Based on data collected at Okayama Astrophysical Observatory and obtained from the 

SMOKA, which is operated by the Astronomy Data Center, 

National Astronomical Observatory of Japan. 
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㉸᪂ᫍ᥈⣴ࢺࢡ࢙ࢪࣟࣉ KISS   ࡚ࡋཧຍ

ᯇ��㧗����㰻⸨�ඃዉ� �㔝୰�㍜�㧗��࠙ឡ▱┴❧୍ᐑ㧗➼ᏛᰯᆅᏛ㒊ࠚ�

�

�ࡵࡌࡣ ��

����ᖺ66,.ࡽ�62�6,.XSHUQRYD�6XUYH\�ࡀࢺࢡ࢙ࢪࣟࣉ㛤ጞࣉࡢࡇࠋࡓࢀࡉ
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�
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�
�
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㍤ᗘศᕸࠊⅬ࡛♧ࡣࡢࡿ࠸࡚ࢀࡉղࠊճࡢ㍤ᗘኚ࡛ࠋࡿ࠶�
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�ࠋ࠺⾜ࢆ ᮌ᭮ほ ᡤ࡛㏣ほࡣᫍࡓࢀࡽࡅࡃ㧗ࡀࢥࢫ
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ࢺࢡ࢙ࢪࣟࣉࡢཧຍ⪅ពぢࡸሗࢆࠊࡋ�

㉸᪂ᫍᛮࡿࢀࢃ⏬ീࡢ࡚࠸ࡘ㆟ㄽࠊ࡛ࡇ࠺⾜ࢆ�

�ࠋࡿࡁ࡛ࡀࡇࡿࡵ㧗ࢆ⢭ᗘࡢ㉸᪂ᫍⓎぢࡾࡼ

�
�

�

�ᡂᯝࡢ࡛ࡲࢀࡇ ��

�
�

Dᆺ,ࡓࢀࡉⓎぢ࡛ࡇࡓࡅࢆࢥࢫ࠸㧗ࡀࢇࡉ�ᙪ⏣㇋ࠊࢇࡉᏛ⏣⚟ࡣࢀࡇ

㉸᪂࡛ᫍࡢࡇࠋࡿ࠶㉸᪂ᫍࡣᅜ㝿ኳᩥ㐃ྜࡽṇᘧㄆ61ࢀࡽࡵ����DOྡ࠺࠸

๓ࡀࡢࡇࠋࡓࢀࡽࡅࡶ㉸᪂ᫍྍࡢ⬟ᛶࡿ࠶ࡀᫍࡶࡘࡃ࠸ࡀぢࠊࡾ࠾࡚ࡗࡘ

⌧ᅾ.,66࡛ࢺࢡ࢙ࢪࣟࣉⓎぢࠊࢀࡉᅜ㝿ኳᩥ㐃ྜࡽㄆࡓࢀࡽࡵ㉸᪂ᫍࡣ�ಶ࡛

ࠊࡾ࠶ୡ⏺୰ࡣࣉ࣮ࣝࢢࡿ࠸࡚ࡋᣮᡓࡇࡿ࠼ᤊࢆ㉸᪂ᫍ⇿Ⓨࠊࡋࡋࠋࡿ࠶

Ⓨぢࡓࢀࡉ㉸᪂ᫍࡢ୰ࡣࣉ࣮ࣝࢢࡢඛⓎぢࠋࡓࡗ࠶ࡶࡢࡶࡓ࠸࡚ࢀࡉ�

ୡࠊࡤࢀࡁ࡛ࡀࡇࡿ࠼ᤊࢆ㛫▐ࡢ㉸᪂ᫍ⇿Ⓨࡿ࠶ⓗ࡛┠ࡢࢺࢡ࢙ࢪࣟࣉࡢࡇ

ࡿࡁ࡛ࡀࡇࡿ࠼ᤊࢆ㛫▐ࡢ㉸᪂ᫍ⇿Ⓨࠊࡋ⥆⥅ࢆάືࡢࡇࡶᚋࠋࡿ࡞ึ⏺

�ࠋ࠸ࡓࡁ࠸࡚ࡋດຊ࠺ࡼ

�

�� ㅰ㎡࣭ཧ⪃+3�
ᮾிᏛᮌ᭮ほ ᡤ��������������������

ㅖ㝰�ᬛ㈗�ඛ⏕�ᮾிᏛ��

⏣୰�㞞⮧�ඛ⏕�ᅜ❧ኳᩥྎ��

㓇ྥ�㔜⾜�ඛ⏕�ᮾிᏛ������������

��㠀බ㛤/85�3+ࢺࢡ࢙ࢪࣟࣉ66,.

ᅗ ��⣮࠸ࡋࢃࡽᫍ�

ᅗ ��)DFHERRN ⏬㠃

ᅗ��Ⓨぢࡓࢀࡉ㉸᪂ᫍ�

ᅗ ��୍ᐑ㧗ᰯ࡛Ⅼᩘࡓࡅࡘࢆ⏬ീ 
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7KH�URWDWLRQDO�SHULRG�RI�DVWHURLG������+R\OH��
7((0$3251� %876$%21*�
(�±�0DLO��WLWOHB��#KWRPDLO�FRP�

%HQFKDPDUDWFKDUDQJVDULW�&KDFKRHQJVDR�6FKRRO��
����&KRRPSRO�URDG�7DPERO�1DPDXQJ�$PSXUH�0DXQJ�&KDFKRHQJVDR�������7KDLODQG�

3KRQH�������������
$GYLVHU�0U�&KRRFKDUW���3DHQRL�

�

$EVWUDFW�

7KLV�SURMHFW� VWXGLHV� WKH� URWDWLRQDO� SHULRG�RI� DVWHURLG� �����+R\OH��$� VHULHV�RI� LPDJHV�RI� WKH�
DVWHURLG�ZHUH� WDNHQ��7KH�DVWHURLG������+R\OH�DQG� UHIHUHQFH�VWDUV�ZHUH� ORFDWHG�DQG�PDJQLWXGH�RI� WKH�
DVWHURLG�ZHUH�PHDVXUHG�DQG�FRQVWUXFWHG�LQWR�OLJKW�FXUYH� 7KH�OLJKW�FXUYH�VKRZV�D�UHODWLRQVKLS�EHWZHHQ�
DSSDUHQW�PDJQLWXGH�RI�DVWHURLG������+R\OH�DQG�-XOLDQ�'DWH��

7KH�DQDO\VLV�IURP�OLJKW�FXUYH�VKRZV�WKDW�WKH�URWDWLRQDO�SHULRG�RI�DVWHURLG������+R\OH�LV�DERXW�
����±������KRXU�DQG�PDJQLWXGH�GXULQJ������WR�������

�

,QWURGXFWLRQ�

$VWHURLGV�DUH�DVWURQRPLFDO�REMHFW� WKDW�QRQ�FLUFXODU� VKDSH��GLIIHUHQWO\� VL]H��7KHUH�DUH� VPDOOHU�
WKDQ�SODQHWV�DQG�PDVV�LVQ¶W�HQRXJK�WR�XQLWH�DV�WKH�SODQHW��

$VWHURLG�IURP�WHOHVFRSH�FDQ�VHH�VSRW�DV� VWDU�EXW�DVWHURLG�PRYHV�ZKHQ�WKDW�FRPSDUHG�ZLWK�DOO�
UHIHUHQFH�VWDUV�LQ�SKRWR��,Q�WKLV�SURMHFW�XVH�DVWHURLG������+R\OH�IRU�VWXG\�2EMHFWLYH�WR�VWXG\�URWDWLRQDO�
SHULRG�RI�DVWHURLG������+R\OH�WKDW�FDQ�EH�REVHUYHG�IURP�FKDQJLQJ�PDJQLWXGH�DQG�XVH�WR�EH�GDWDEDVH�RI�
DVWHURLG������+R\OH��

� 7KH�UHVHDUFK�RQ�URWDWLRQDO�SHULRG�RI�DVWHURLG������+R\OH�IURP�OLJKW�FXUYH��$[LV�RI�OLJKW�FXUYH�
LV�-XOLDQ�'DWH�PLQXV�UHIHUHQFH�-XOLDQ�'DWH�DQG�PDJQLWXGH�RI�DVWHURLG������+R\OH��

�

0DWHULDOV�DQG�0HWKRGV�

��� 6WXGLHV� DQG� FKRRVH� DVWHURLGV�� 7DNH� SKRWR� RI� DVWHURLG� ����� +R\OH� E\� 352037� WHOHVFRSH�
�3DQFKURPDWLF� 5RERWLF� 2SWLFDO� 0RQLWRULQJ� DQG� 3RODULPHWU\� 7HOHVFRSHV�� DW� &HUUR� 7ROROR� ,QWHU�
$PHULFDQ�2EVHUYDWRU\��&7,2��&KLOH��7KH�SKRWR�WDNH�WLPH�IRU�GXUDWLRQ�����VHFRQG�LQ���SKRWR�HYHU\����
PLQXWH�IRU�����KRXU�LQ���GD\�EHWZHHQ�-XQH�WR�2FWREHU������

���7KH�SKRWR�ZDV�DQDO\]HG�IRU�WKH�SRVLWLRQ�RI�DVWHURLG������+R\OH�DQG�UHIHUHQFH�VWDUV��

�� � )LQG� WKH� IOX[� RI� DVWHURLG� �����+R\OH� DQG� UHIHUHQFH� VWDUV�
XVLQJ�DSHUWXUH�SKRWRPHWU\��

�� &DOFXODWH�PDJQLWXGH�IURP�(TXDWLRQ��
P���P�� ������ORJ��)��)����
:KHUH� � P��LV�PDJQLWXGH�RI�DVWHURLG������+R\OH�
� � P��LV�PDJQLWXGH�RI�UHIHUHQFH�VWDU�
� � )��LV�IOX[�RI�DVWHURLG������+R\OH� �
� � )��LV�IOX[�RI�UHIHUHQFH�VWDU�

��� *UDSKLQJ� OLJKW� FXUYH� IURP� GDWD�� ,W� VKRZ� UHODWLRQVKLS�
EHWZHHQ� -XOLDQ� 'DWH� PLQXV� UHIHUHQFH� -XOLDQ� 'DWH� DQG�
PDJQLWXGH�RI�DVWHURLG������+R\OH�ZKHUH�UHIHUHQFH�-XOLDQ�'DWH�
LQ� WKLV� UHVHDUFK� LV� �������� E\� 3URJUDP� 0LFURVRIW� 2IILFH�
([FHO�

���7KH�URWDWLRQDO�RI�DVWHURLG������+R\OH�FDQ�DQDO\]H�IRUP�

/LJKW�FXUYH��

�

�
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�

5HVXOWV�DQG�'LVFXVVLRQ�

�

� *UDSK� �� OLJKW� FXUYH� IURP� GDWD�� $[LV� RI�
OLJKW� FXUYH� LV� -XOLDQ� 'DWH� PLQXV� UHIHUHQFH� -XOLDQ�
'DWH� DQG� PDJQLWXGH� RI� DVWHURLG� ���� +R\OH�
UHIHUHQFH�-XOLDQ�'DWH�LQ�WKLV�UHVHDUFK�LV���������

� 5RWDWLRQDO� SHULRG� RI� DVWHURLG� ���� +R\OH�
LV����

�

�

�

*UDSK� �� OLJKW� FXUYH� IURP� GDWD�� $[LV� RI�
OLJKW� FXUYH� LV� -XOLDQ� 'DWH� PLQXV� UHIHUHQFH� -XOLDQ�
'DWH� DQG� PDJQLWXGH� RI� DVWHURLG� ���� +R\OH�
UHIHUHQFH�-XOLDQ�'DWH�LQ�WKLV�UHVHDUFK�LV���������

� 5RWDWLRQDO� SHULRG� RI� DVWHURLG� ���� +R\OH�
LV�����

�

�
� )URP�JUDSK�QXPEHU��RI�WKH�VHULHV�QXPEHU���7KDW�LV�DQDO\]LQJ�RI�DVWHURLG����� +R\OH��
%\�WKH�FRPSOHWH�SHULRG�WKH�SRLQW�RI�JUDSK�LV�������SRLQW�DV���������PLQXWH������������KRXU��
&KDQJH�LW�WR�GD\V�DQG�UHVXOW�LV�������������GD\V��

�

&RQFOXVLRQV�

� )URP� WKH� JUDSK� DQDO\VLV� OLJKW� VKRZ� WKH� UHODWLRQVKLS�%HWZHHQ� -XOLDQ�'DWH� DQG�PDJQLWXGH� RI�
DVWHURLG������+R\OH��,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�DVWHURLGV������+R\OH��5RWDWLRQDO�SHULRG�RI�DVWHURLG�
���� +R\OH�DERXW����������KRXUV�DQG�KDYH�D�UDQJH�RI�PDJQLWXGH�IURP������WR������

�

$FNQRZOHGJHPHQWV�

� 7KLV� SURMHFW� FRXOG� QRW� EH� GRQH� ZLWKRXW� DVVLVWDQFH� DQG� VXSSRUW� IURP� WKH� ,QVWLWXWH� IRU� WKH�
3URPRWLRQ� RI� 7HDFKLQJ� 6FLHQFH� DQG� 7HFKQRORJ\� DQG� �,367�� 0LQLVWU\� RI� 6FLHQFH� DQG� 7HFKQRORJ\��
7KDLODQG�� 7KLV� SURMHFW� XVHG� 352037� WHOHVFRSH� �3DQFKURPDWLF� 5RERWLF� 2SWLFDO� 0RQLWRULQJ� DQG�
3RODULPHWU\�7HOHVFRSHV��DW�&HUUR�7ROROR�,QWHU�$PHULFDQ�2EVHUYDWRU\��&7,2��&KLOH�� 7KH�DFFHVVLELOLW\�
RI� 352037� IRU� 7KDL� VWXGHQWV� ZDV� SURYLGHG� E\� WKH� FROODERUDWLRQ� EHWZHHQ� WKH� 8QLYHUVLW\� RI� 1RUWK�
&DUROLQD� DW� &KDSHO� +LOO�� 7KH� 1DWLRQDO� $VWURQRPLFDO� 5HVHDUFK� ,QVWLWXWH� RI� 7KDLODQG� �1$5,7�� DQG�
%HQFKDPDUDWUDQJVDULW�6FKRRO�IRU�SURYLGLQJ�VXSSRUW��

�

5HIHUHQFHV�

0DWLSRQ�7DQJPDWLWKDP��*XLGH�WKH�VWXG\�RI�DVWURQRP\�ZRUNVKRS���VW��2IILFH�RI�$FDGHPLF�6HUYLFHV�
��������������,QIRUPDWLRQ�DQG�DVWURQRP\��������
;LDQPLQJ�/��+DQ��2UU\�5��+HIIQHU��$GDP�:��.LGG��%UDGOH\�-��0DJQHWWD���
���������������)UHGHULFN�:��5DVWHGH���7+(�0,125�3/$1(7�%8//(7,1�'HSDUWPHQW�RI�3K\VLFV����������
���������������DQG�$VWURQRP\���%XWOHU�8QLYHUVLW\�,QGLDQDSROLV��,1�86$���������
:LSKX� 5XMRSDNDUQ�� 8QLYHUVH�� WR� XQGHUVWDQG� WKH� QDWXUH� DQG� WKH� XQLYHUVH�� (GLWLRQ� ��� &RPSDQ\�
� 1DQPHHERRNV�5HSXEOLFDQ�3UHVV��������
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7KH�HYDOXDWLRQ�,QWHUVWHOODU�([WLQFWLRQ�LQ�WKH�0LON\�:D\�*DOD[\�
683,&+$<$�����3$'-$52(1�
(PDLO��9HHQXV��#JPDLO�FRP�

%HQFKDPDUDWFKDUDQJVDULW�&KDFKRHQJVDR�6FKRRO�
����&KRRPSRO�URDG�7DPERO�1DPDXQJ�$PSXUH�0DXQJ�&KDFKRHQJVDR�������7KDLODQG�

3KRQH�������������
$GYLVHU�0U�&KRRFKDUW���3DHQRL�

�

$EVWUDFW�
� 7KLV�SURMHFW�VWXGLHV�WKH�,QWHUVWHOODU�([WLQFWLRQ�LQ�WKH�0LON\�:D\�*DOD[\�DORQJ�WKH�JDODFWLF��ORQJLWXGH��
������������������������������������������������������������DQG�ODWLWXGH����������������������������������,PDJHV�RI�
VWDUV�LQ�RSWLFDO�ZHUH�WDNHQ�DORQJ�WKH�JDODFWLF�FRRUGLQDWH�DQG�FRPSDUH�ZLWK�WKH�LQIUDUHG�LPDJHV�IURP�GDWDEDVH��
6WDU�GHQVLW\�LQ�RSWLFDO�DQG�LQIUDUHG�DERYH�D�FXWRII�PDJQLWXGH�RI������ZHUH�FRXQWHG�DQG�FRPSDUHG��7KH�DPRXQW�
RI�LQWHUVWHOODU�H[WLQFWLRQ�LV�GHILQHG�WR�EH�WKH�UHODWLYH�QXPEHU�RI�VWHOODU�GHQVLW\�LQ�RSWLFDO�FRPSDUHG�WR�LQIUDUHG��
7KH�YDOXH�RI�LQWHUVWHOODU�H[WLQFWLRQ�LV�WKHQ�QRUPDOL]HG�E\�FRPSDULQJ�WR�WKH�JDODFWLF�FHQWHU��

7KH�DPRXQW�RI�LQWHUVWHOODU�H[WLQFWLRQ�LV�GHILQHG�WR�EH�WKH�UHODWLYH�QXPEHU�RI�VWHOODU�GHQVLW\�LQ�RSWLFDO�
FRPSDUHG�WR�LQIUDUHG��7KH�YDOXH�RI�LQWHUVWHOODU�H[WLQFWLRQ�LV�WKHQ�QRUPDOL]HG�E\�FRPSDULQJ�WR�WKH�JDODFWLF�FHQWHU��
7KH�DPRXQW�RI�LQWHUVWHOODU�H[WLQFWLRQ�FRPSDUHG�WR�WKH�FHQWHU�RI�JDOD[\�UDQJHV�IURP�����WR���DURXQG�WKH�JDOD[\��
,QWHUVWHOODU�H[WLQFWLRQ�LV�IRXQG�WR�EH�JUHDWHVW�QHDU�WKH�JDODFWLF�SODQH�DQG�GHFUHDVH�DV�ZH�PRYH�DZD\�IURP�WKH�
JDODFWLF�ODWLWXGH����

,QWURGXFWLRQ�
� *DOD[\�LQFOXGH�PDQ\�VWDUV��JDV��GXVW��DQG�GDUN�DUHDV��6RPHWLPHV�OLJKW�IURP�GLVWDQW�VWDUV�LV�EORFNHG�E\�
LQWHUVWHOODU�GXVW��NQRZQ�DV�WKH�LQWHUVWHOODU�H[WLQFWLRQ��6R�ZH�ZDQW�WR�VWXG\�LQWHUVWHOODU�GXVW�RU�WKH�,QWHUVWHOODU�
([WLQFWLRQ��7KH�HYDOXDWLRQ�,QWHUVWHOODU�([WLQFWLRQ�LV�WR�GHWHUPLQH�WKH�GXVW�LQ�WKH�0LON\�:D\�*DOD[\��:H�EHJLQ�
E\�VWXG\LQJ�VWDUV�DORQJ�WKH�JDODFWLF�FRRUGLQDWH��ZKHUH�]HUR�ORQJLWXGH�SRLQWV�DW�WKH�FHQWHU�RI�WKH�JDOD[\�DORQJ�WKH�
6DJLWWDULXV�FRQVWHOODWLRQ�DQG�SRVLWLYH�JDODFWLF�ODWLWXGH�SRLQWLQJ�WRZDUGV�WKH�QRUWK�SROH�RI�WKH�JDOD[\��SRLQWLQJ�
WRZDUGV�&RPD�%HUHQLFHV�FRQVWHOODWLRQ��6LQFH�LQIUDUHG�UDGLDWLRQ�FDQ�SDVV�WKURXJK�GXVW�LQ�WKH�JDOD[\��ZH�FDQ�
VWXG\�WKH�UHDO�QXPEHU�RI�VWDUV�E\�ORRNLQJ�LQ�LQIUDUHG��%\�FRPSDULQJ�WKH�QXPEHU�RI�VWDUV�VHHQ�WKURXJK�WKH�GXVW�LQ�
YLVLEOH�ZLWK�WKH�DFWXDO�QXPEHU�RI�VWDUV�LQ�LQIUDUHG��ZH�FDQ�FDOFXODWH�WKH�DPRXQW�RI�OLJKW�EORFNHG�E\�WKH�GXVW�RU�
WKH�LQWHUVWHOODU�H[WLQFWLRQ��

+HUH��ZH�FDQ�GHILQH�WKH�DPRXQW�RI�LQWHUVWHOODU�H[WLQFWLRQ�DV�WKH�UDWLR�RI�VWDU�GHQVLW\�REVHUYHG�LQ�YLVLEOH�
FRPSDUHG�WR�LQIUDUHG��7KHQ��ZH�FDQ�QRUPDOL]H�WKH�YDOXH�E\�FRPSDULQJ�LW�ZLWK�WKH�LQWHUVWHOODU�H[WLQFWLRQ�IRXQG�LQ�
WKH�FHQWHU�RI�PLON\�ZD\�JDOD[\��(DFK�JDODFWLF�FRRUGLQDWH�LV�WKHQ�SORWWHG�WR�PDNH�D�FRQWRXU�PDS�RI�LQWHUVWHOODU�
H[WLQFWLRQ�DORQJ�WKH�JDOD[\��

� �

0DWHULDOV�DQG�0HWKRGV�

���3KRWRJUDSK�VWDUV�LQ�WKH�ORQJLWXGH�RI����������������������������������������������������������������DQG�ODWLWXGH�
RI���������������������������������LQ�DQ�H[SRVXUH�WLPH�RI����VHFRQGV�DQG�����VHFRQGV�XVLQJ�ILOWHUV�RSHQ�
���)LQG�WKH�PDJQLWXGH�RI�WKH�VWDUV�LQ�HDFK�LPDJHV�IRU�ERWK�WKH�RSWLFDO�LPDJH�WDNHQ��DQG�IURP�LQIUDUHG�GDWDEDVH���
7KH�FXWRII�PDJQLWXGH�FULWHULD�LV�WKHQ�VHW�WR�WKH�DSSDUHQW�PDJQLWXGH�RI��������
���)LQG�WKH�YDOXH�RI�WKH�,QWHUVWHOODU�([WLQFWLRQ�E\�WDNLQJ�QXPEHUV�RI�VWDUV�LQ�WKH�,QIUDUHG�WR�PLQXV�QXPEHUV�RI�
VWDUV�LQ�WKH�YLVLEOH�LQ�HDFK�ORFDWLRQ��
���%ULQJ�WKH�,QWHUVWHOODU�([WLQFWLRQ�LQ�HDFK�ORFDWLRQ�FRQYHUWV�WR�D�SHUFHQWDJH�FRPSDUHG�ZLWK�QXPEHU�RI�VWDUV�LQ�
WKH�LQIUDUHG�DQG�ILQG�WKLV��LQ�HDFK�ORFDWLRQ�FRPSDUHG�ZLWK�DPRXQW�LQ�WKH�FHQWHU�RI�0LON\�:D\�JDOD[\��
����0DNH�FRQWRXU�SORW�JUDSK�IRU�,QWHUVWHOODU�([WLQFWLRQ�LQ�HDFK�ORFDWLRQ�FRPSDUHG�ZLWK�,QWHUVWHOODU�([WLQFWLRQ�LQ�
FHQWHU�RI�0LON\�:D\�JDOD[\���

�

5HVXOWV�DQG�'LVFXVVLRQ�

ODWLWXGH� ORQJLWXGH�

��� ��� ��� ��� ��� ��� �� ���� ���� ���� ���� ���� ���� ����

��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �� ����� ����� �����

�� ����� ����� �� ����� ����� ����� �� ����� ����� ����� ����� ����� ����� �����
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� 7DEOH�����7KH�YDOXH�RI�UHODWLYH�LQWHUVWHOODU�H[WLQFWLRQ�FRPSDUHG�WR�WKH�JDODFWLF�FHQWHU��

� *UDSK� ���� WR� VHH� WKDW�
PDJQLWXGH�RI�VWDUV�LQ�WKH�QRUPDO�UDQJH�
LQFUHDVHG� IURP� SKRWRJUDSKV� WDNHQ� E\�
WKH�,QIUDUHG��:KLFK�UHVXOW�RI�GXVW�WKDW�
REVFXUHG�WKH�VWDUV��

�

� �

�
*UDSK����&RQWRXU�SORW�VKRZLQJ�WKH�UHODWLYH�DPRXQW�RI�
LQWHUVWHOODU�H[WLQFWLRQ�FRPSDUHG�WR�WKH�JDODFWLF�FHQWHU��

�

� ��

��������������
� �
�
�
�

7KH�DPRXQW�RI�LQWHUVWHOODU�H[WLQFWLRQ�LV�GHILQHG�WR�EH�WKH�GLIIHUHQFH�LQ�QXPEHU�RI�VWDUV�GHQVLW\�VHHQ�LQ�
LQIUDUHG�DQG�VWDUV�VHHQ�LQ�RSWLFDO��GLYLGHG�E\�WRWDO�QXPEHU�RI�VWDUV�GHQVLW\�VHHQ�LQ�LQIUDUHG��%RWK�WKH�QXPEHU�RI�
VWDUV�LQFOXGH�RQO\�VWDUV�ZLWK�EULJKWQHVV�JUHDWHU�WKDQ�FXWRII�DSSDUHQW�PDJQLWXGH�RI�������
�

*UDSK�����VKRZV�KRZ�WKH�LQWHUVWHOODU�H[WLQFWLRQ�DIIHFW�WKH�VWDUV�REVHUYHG�LQ�YLVLEOH��FRPSDUHG�WR�VWDUV�
VHHQ�LQ�LQIUDUHG��7DEOH�����DQG�*UDSK�����VKRZV�WKDW�WKH�LQWHUVWHOODU�H[WLQFWLRQ�LV�KLJK�LQ�WKH�YLFLQLW\�RI�WKH�DUHD�
DORQJ�WKH�ODWLWXGH����7KH�DPRXQW�RI�LQWHUVWHOODU�H[WLQFWLRQ�GHFUHDVHV�DV�ZH�PRYH�DZD\�IURP�WKH�JDODFWLF�SODQH��

��

&RQFOXVLRQV�
:H�KDYH�IRXQG�WKDW�LQWHUVWHOODU�H[WLQFWLRQ�FDXVHG�WKH�DSSDUHQW�PDJQLWXGH�RI�VWDUV�LQ�YLVLEOH�WR�LQFUHDVH��

$ORQJ�WKH�JDODFWLF�FRRUGLQDWH��WKH�DPRXQW�RI�UHODWLYH�LQWHUVWHOODU�H[WLQFWLRQ�YDULHV�IURP�����WR���ZLWK�WKH�
LQWHUVWHOODU�H[WLQFWLRQ�EHLQJ�JUHDWHVW�DURXQG�WKH�JDODFWLF�ODWLWXGH�RI���DQG�GHFUHDVLQJ�DV�ZH�PRYH�DZD\�IURP�WKH�
JDODFWLF�SODQH��

$FNQRZOHGJHPHQWV�

� 7KLV�SURMHFW�FRXOG�QRW�EH�GRQH�ZLWKRXW�DVVLVWDQFH�DQG�VXSSRUW�IURP�WKH�,QVWLWXWH�IRU�WKH�3URPRWLRQ�RI�
7HDFKLQJ�6FLHQFH�DQG�7HFKQRORJ\�DQG�0LQLVWU\�RI�6FLHQFH�DQG�7HFKQRORJ\��7KDLODQG��7KLV�SURMHFW�XVHG�
352037�WHOHVFRSH��3DQFKURPDWLF�5RERWLF�2SWLFDO�0RQLWRULQJ�DQG�3RODULPHWU\�7HOHVFRSHV��DW�&HUUR�7ROROR�
,QWHU�$PHULFDQ�2EVHUYDWRU\��&7,2��&KLOH��7KH�1DWLRQDO�$VWURQRPLFDO�5HVHDUFK�,QVWLWXWH�RI�7KDLODQG��1$5,7��
DQG�%HQFKDPDUDWUDQJVDULW�6FKRRO�IRU�SURYLGLQJ�VXSSRUW��
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Abstract 

           This is research is the study of the classification of galaxies according to Hubble’s Classification. We take 
images of galaxies in Hercules galaxy cluster and Abell3558 and classify galaxies into different types using 
Hubble sequence and galaxy classifications scheme. 

Introduction 
 In general, galaxies are formed into clusters or groups. Galaxy clusters have large structures that are 
composed of a number of clusters. These clusters are called super clusters.  
 The Hercules galaxy cluster is a cluster near the Milky Way. The distance between the Milky Way 
galaxy and the Hercules galaxy cluster is approximately 500 million light years. It is composed of about 200 
galaxies including 18 bright galaxies.  
 The A3558 galaxy cluster is located in the Shapely super cluster. The aim of this research is to classify 
the 18 bright galaxies in Hercules and the galaxies in the center of A3558 according to Hubble’s classification 
system. 
                                                                        Materials and Methods
 In this research, I acquired images from a PROMPT2 telescope. I used a Lum filter and exposed the 
image for 45 seconds. Then I compared the galaxies’ images with the Hubble diagram in order to classify them 
according to type. Spiral galaxies, Barred galaxies and elliptical galaxies were found in this study.
 Find the ellipticity of galaxies by FWHM (Full width at half maximum) technique by set the contour 
line round the area that the value is half of the max value of the galaxy. Use ellipse tool to find major axis and 
minor axis of galaxy for Hubble’s classification in this formula: 

e=100(1-b/a) 

e = ellipticity of galaxy 
b = semi-minor axis 
a = semi-major axis 
The result of Hubble’s classification shows as the numbers from 0-7 the number represented the ellipticity of 
galaxy from less ellipticity to the most elliptical. This formula was created by Edwin Hubble, an American 
astronomer.                                                                          

Result and Discussion 
Study Table 1 shows the types of galaxies. Name of galaxies Hercules galaxy cluster. 

�

Types of galaxies List of galaxies Ellipticity

E2 N6047 2.87

S0 IC1182
N6044
IC1194
N6042
IC1178

Spiral IC1181
IC1193
N6054
IC1185

Barred Spiral IC1183
N6050
N6040
N6056
IC1192
IC1186
N6045
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�
Table 2 shows the types of galaxies. Name of galaxies Galaxy cluster A3558 

�
Conclusion 

 The classification of galaxies found that the galaxies observed in Hercules galaxy cluster are mostly 
spiral and barred spiral galaxies, while most galaxies found in the center of galaxy cluster A3558 are mostly 
elliptical, ranging from E0-E4.     
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Types of galaxies List of galaxies Ellipticity

E0 PGC47197
PGC47173

0.42
0.82

E1 PGC47273 1.96

E3 PGC88857 3.35

E4 PGC47322 4.89

S0 PGC47355

Spiral PGC47177
PGC47086
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�

(VWLPDWLQJ�WKH�DJH�RI�RSHQ�FOXVWHU�0���XVLQJ�+�5�'LDJUDP�
�1XQWKDSRQJ�1XQWKDVLQ��

$GYLVHU�0UV��-LUDSRUQ�.DNDHZ�
3XD�VFKRRO����1DQ���7KDLODQG�
(�PDLO��ILIDILID�#LFORXG�FRP�

$EVWUDFW�

� 7KLV�UHVHDUFK�FDOFXODWHV�WKH�DJH�RI��WKH�0���RSHQ�FOXVWHUV��$�SKRWR�LV�WDNHQ�IRUP�325037���LQ�ILOWHU�%�DQG�9�
IRU����VHFRQGV�SHU�LPDJH��$IWHU�WKDW�ZH�PHDVXUH�0DJQLWXGH�DQG�FRORU�LQGH[��7KHQ�WKH�DJH�LV�IRXQG�E\�SORWWLQJ�WKH��
+�5�'LDJUDP�DQG�ILQGLQJ�WKH�PDLQ�VHTXHQFH�WXUQ�RII�SRLQW� %DVHG�RQ�WKH�PDLQ�VHTXHQFH�WXUQ�RII�SRLQW��ZH�KDYH�
HVWLPDWHG�WKDW�WKH�DJH�RI�0���FOXVWHU�LV�QR�JUHDWHU�WKDQ�����ELOOLRQ�\HDUV��

,QWURGXFWLRQ�
� $Q�RSHQ�&OXVWHU�LV�D�JURXSV�RI��IL[HG�VWDUV�FUHDWHG�E\�WKH�FROODSVH�RI�D�QHEXOD��(DFK�IL[HG�VWDU�LV�DWWUDFWHG��
WR�VXUURXQGLQJ�RWKHU�IL[HG�VWDUV��FUHDWLQJ�FOXVWHUV��
� 7KH�SULQFLSDO�VRXUFH�RI�HQHUJ\�IRU�HDFK�IL[HG�VWDU�LV�D�VHULHV�RI�UHDFWLRQV�FDOOHG�QXFOHDU�IXVLRQ��RFFXUULQJ�LQ�WKH�
FHQWHU�RI�WKH�VWDU��7KH�UHDFWLRQ�UDWH�LV�PRUH�RU�OHVV�GHSHQGHQW�RQ�WKH�PDVV�RI�WKH�IL[HG�VWDU�VXFK�DV�IL[HG�VWDU�ZLWK�D�ORW�RI�
PDVV�KDYH�D�KLJKHU�UHDFWLRQ�UDWH�WKDQ�IL[HG�VWDU�ZLWK�OHVV�PDVV��
� +�5�'LDJUDPV�VKRZ�WKH�SK\VLFDO�SURSHUWLHV�RI�IL[HG�VWDUV��7KH�DUUDQJHPHQW�RI�PDQ\�VWDUV�VHHQ�LQ�DQ�
+�5�'LDJUDP�LV�FDOOHG�D�PDLQ�VHTXHQFH��7KH�SRLQW�ZKHUH�WKH�PDLQ�VHTXHQFH�OLQH�RI�D�FOXVWHU�EHJDQ�WR�GLYHUJH�WR�
EHFRPH�UHG�JLDQW�LV�FDOOHG�WKH�0DLQ�6HTXHQFH�7XUQ�RII�SRLQW��
�
0DWHULDOV�DQG�0HWKRGV�
� )LUVW��ZH�ILQG�WKH�DSSDUHQW�0DJQLWXGH�E\�XVLQJ�$SHUWXUH�3KRWRPHWU\�ZLWK�SKRWRV�WDNHQ IURP�325037���LQ�
ILOWHU�%�DQG�9��7KHQ�ZH�ILQG�WKH�$EVROXWH�0DJQLWXGH�RI�D�UHIHUHQFH�VWDU�LQ�ILOWHU�%�DQG�9�IURP�WKH�$ODGLQ�GDWDEDVH��
$IWHU�WKDW�ZH�ILQG�WKH�0DJQLWXGH�FRQVWDQW�E\�ILQGLQJ�WKH�GLIIHUHQFH�RI�DSSDUHQW�0DJQLWXGH�DQG�$EVROXWH�0DJQLWXGH�RI�
D�UHIHUHQFH�VWDU��7KHQ�ZH�ILQG�$EVROXWH�0DJQLWXGH�RI�DOO�WKH�VWDUV�LQ�WKH�SKRWR�E\�VXEWUDFWLQJ�WKH�0DJQLWXGH�FRQVWDQW�
IRUP�WKH�$SSHDU�0DJQLWXGH��

 

 

�

UHIHUHQFH�VWDU�

�

�

$IWHUZDUGV�ZH�ILQG�WKH�FRORU�LQGH[�E\�VXEWUDFWLQJ�WKH�$EVROXWH�0DJQLWXGH�LQ�ILOWHU�9�IRUP�WKH�$EVROXWH�0DJQLWXGH�LQ�
ILOWHU�%��7KHQ�SORW�WKH�+�5�'LDJUDP��7KH�<�D[LV�LV�DSSDUHQW�0DJQLWXGH�LQ�ILOWHU�9�DQG�WKH�;�D[LV�LV�WKH�FRORU�LQGH[��
:KHQ�ZH�KDYH�D�+�5�'LDJUDP�RI�0���RSHQ�FOXVWHUV��ZH�ILQG�WKH�0DLQ�6HTXHQFH�7XUQ�2II�3RLQW��:H�XVH�WKH�FRORU�
LQGH[�RI�WKH�0DLQ�6HTXHQFH�7XUQ�2II�SRLQW�WR�FDOFXODWH�WKH�DJH�RI�0���RSHQ�FOXVWHUV�E\�XVLQJ�WKH�FRORU�LQGH[�WR�ILQG�
WKH�FODVV�RI�WKH�IL[HG�VWDU�LQ�RUGHU�WR�ILQG�WKH�DSSUR[LPDWH�PDVV�DQG�WKHQ�XVH�WKH�IROORZLQJ�HTXDWLRQ�WR�ILQG�WKH�OLIHWLPH�
RI�D�PDLQ�VHTXHQFH�VWDU��

��

Ĳܵܯ ൎ ሾݔ���� ݉݉ۨሿെʹǤͷ�

Ĳܵܯ�LV�OLPLW�RI�OLIH�RI�IL[HG�VWDU�LQ�PDLQ�VHTXHQFH��

P�LV�PDVV�RI�IL[HG�VWDU��

Pۨ�LV�PDVV�RI�WKH�VXQ� 

�
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�

5HVXOWV�DQG�'LVFXVVLRQ�

� �

�

3KRWR�����+�5�'LDJUDP�RI�0���RSHQ�FOXVWHUV��

)URP�WKH�+�5�'LDJUDP��ZH�ZLOO�ILQG�WKDW�WKH�0DLQ�6HTXHQFH�7XUQ�2II�3RLQW�KDV�D�FRORU�LQGH[������7KHQ�ZH�ZLOO�NQRZ�
WKH�PDVV�RI�WKH�IL[HG�VWDU�LV�����WKH�PDVV�RI�WKH�VXQ��:KHQ�ZH�FDOFXODWH�WKH�DJH�RI�WKH�0���RSHQ�FOXVWHUV�ZH�ILQG�WKDW�
WKH�DJH�RI�0���FOXVWHU�PXVW�QRW�EH�ROGHU�WKDQ�����ELOOLRQ�\HDUV��
&RQFOXVLRQV�

� :KHQ�ZH�SORWWHG�WKH�+�5�'LDJUDP��ZH�IRXQG�WKH�0DLQ�6HTXHQFH�7XUQ�2II�3RLQW�DW�WKH�IL[HG�VWDU�LV��
5$�����������'HF������������,W�KDV�D�FRORU�LQGH[������7KHQ�ZH�FDOFXODWHG�WKH�DJH�RI�WKH�0���RSHQ�FOXVWHU�DQG�ILQG�WKH�
DJH�RI�WKH�0���RSHQ�FOXVWHU�LV�����ELOOLRQ�\HDUV��$JH�LV�VSHFLILF�WR�WKLV�PDLQ�VHTXHQFH�WXUQ�RII�SRLQW��:KHQ�ZH�FKDQJH�
WKH�PDLQ�VHTXHQFH�WXUQ�RII�SRLQW��DJH�ZLOO�FKDQJH��%HFDXVH�RI�WKH�JUDSK�GRHVQ¶W�H[SOLFLWO\�VKRZ�WKH�PDLQ�VHTXHQFH�WXUQ�
RII�SRLQW��WKH�XSSHU�OLPLW�IRU�WKH�DJH�LV�DERXW�����ELOOLRQ�\HDUV��

$FNQRZOHGJPHQWV�

� 7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN �1$5,7��'U�:LSKX�5XMRSDNDUQ��0U�0DWLSRQ�7DQJPDWLWKDP��
DQG�0UV�-LUDSRUQ�.DNDHZ�IRU�SURYLGLQJ�RSSRUWXQLWLHV�IRU�DGYDQFHG��WUDLQLQJ��FRQVXOWLQJ�DQG�DGYLFH�IRU�WKH�UHVHDUFK��

5HIHUHQFHV�

������³7KH�6WDU�&RORU�,QGH[´���RQOLQH���
$YDLODEOH�KWWS���GRPHRIWKHVN\�FRP�FOLFNV�EY�KWPO�����2FWREHU�������
� ������³6WHOODU�FODVVLILFDWLRQ´���RQOLQH���
$YDLODEOH�KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�6WHOODUBFODVVLILFDWLRQ�����2FWREHU�������
� ������³EDVLF�TXHU\�UHVXOW´���RQOLQH���
$YDLODEOH�KWWS���VLPEDG�X�VWUDVEJ�IU�VLPEDG�����2FWREHU�������
�
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7KH�DEVROXWH�PDJQLWXGH�RI�WKH�VXSHUQRYD�ZDV�FDOFXODWHG�E\�XVLQJ�WKH�GLIIHUHQFH�YDOXHV�RI�WKH�DSSDUHQW�
PDJQLWXGH�DW�WKH�DFWXDO�SHDN�DQG�RI�WKH�DSSDUHQW�PDJQLWXGH�DW�WKH�ILIWHHQWK�GDWH�DIWHUZDUG�E\�XVLQJ�WKH�HTXDWLRQ�
IURP�D�UHVHDUFK�RI�0DULR�+DPX\��������>�@��

7KH�GLVWDQFH�IURP�WKH�HDUWK�WR�WKH�JDOD[\�ZKLFK�WKH�VXSHUQRYD�RFFXUUHG�ZDV�FDOFXODWHG�IURP�WKH�
IROORZLQJ�HTXDWLRQ��

P���0 ��ORJG����
7KH�UHG�VKLIW��]��LV�REWDLQHG�IURP�1$6$�,3$&�([WUDJDODFWLF�'DWDEDVH��1('��>�@�DQG�WKH�UDGLDO�

YHORFLW\�RI�WKH�JDOD[\�ZDV�FDOFXODWHG�E\�WKH�IROORZLQJ�HTXDWLRQ���
�

��
� �
�
�
�
�
�

5HVXOWV�DQG�'LVFXVVLRQ�
7KH�ILJXUH�VKRZHG�WKH�UHOHYDQFH�EHWZHHQ�WKH�DYHUDJH�DSSDUHQW�PDJQLWXGHV�YHUVXV�WKH�-XOLDQ�GDWHV��
�

 �
)URP�OLJKW�FXUYH�VKRZHG�WKH�DSSDUHQW�PDJQLWXGH�DW�WKH�SHDN�DW���������������7KH�DEVROXWH�PDJQLWXGH�

ZLWK�PDJQLWXGH�FDOLEUDWLRQ�>�@�LV�IRXQG�WR�EH����������������DQG�ILQDOO\��WKH�GLVWDQFH�IURP�WKH�HDUWK�WR�WKH�JDOD[\�
ZDV�GHWHUPLQHG�E\�XVLQJ�WKH�DEVROXWH�PDJQLWXGH�DQG�WKH�DSSDUHQW�PDJQLWXGH�VXEVWLWXWH�LQWR�WKH�HTXDWLRQ����������
P���0 ��ORJG�����7KH�GLVWDQFH�IURP�WKH�(DUWK�WR�WKH�JDOD[\�ZKHUH�WKH�VXSHUQRYD�361�-�����������������
RFFXUUHG�ZDV�������������0SF��

7KH�UHG�VKLIW�YDOXH�IRUP�WKH�GDWDEDVH�ZKLFK�ZDV�VWXGLHG�WR�H[DPLQH�WKH�UDGLDO�YHORFLW\�RI�WKH�JDOD[\�
ZDV�DW��������NP�V��7KLV�ZRXOG�VXJJHVW�WKDW�WKH�GLVWDQFH�EHWZHHQ�(DUWK�DQG�WKLV�JDOD[\�LV�H[SDQGLQJ�DW�WKH�UDWH�
RI����NP�V�0SF��ZKLFK�LV�LQ�FORVH�DJUHHPHQW�ZLWK�WKH�FXUUHQW�YDOXH�IRU�+XEEOH�FRQVWDQW��

�
&RQFOXVLRQ�

� 7KH�GLVWDQFH�IURP�(DUWK�WR�WKH�JDOD[\�ZKLFK�VXSHUQRYD�361�-�����������������RFFXUUHG�LV�
FDOFXODWHG�IURP�WKH�PD[LPXP�DSSDUHQW�PDJQLWXGH�DQG�IRXQG�WR�EH������������0SF��)URP�GDWDEDVH��WKH�UDGLDO�
YHORFLW\�RI�WKLV�JDOD[\�LV�DW������NP�V��7KLV�ZRXOG�FRUUHVSRQG�WR�WKH�UHFHVVLRQDO�UDWH�RI������NP�V�0SF�ZKLFK�LV�
LQ�JRRG�DJUHHPHQW�ZLWK�WKH�FXUUHQW�+XEEOH�FRQVWDQW��
�

�
$FNQRZOHGJHPHQW�

7R�FRPSOHWH�DOO�WKH�SURFHVVHV�RI�WKLV�UHVHDUFK�IURP�WKH�GDWD�FROOHFWLRQ��WKH�GDWD�DQDO\VLV��WR�WKH�UHSRUW�
PDNLQJ��WKH�DXWKRU�ZDV�VXSSRUWHG��IDFLOLWDWHG�IURP�VHYHUDO�VHFWRUV�WKH�$GYDQFHG�$VWURQRP\�:RUNVKRS�IRU�
7HDFKHUV�SURMHFW��WKH�1DWLRQDO�$VWURQRPLFDO�5HVHDUFK�,QVWLWXWH�RI�7KDLODQG��1$5,7��DQG�7KH�,QVWLWXWH�IRU�WKH�
3URPRWLRQ�RI�7HDFKLQJ�6FLHQFH�DQG�7HFKQRORJ\��,367���7KH�DXWKRU�ZDV�YHU\�JUDWHIXO�DQG�DSSUHFLDWHG�WKH�
SUHFLRXV�VXSSRUWV��

5HIHUHQFHV�
>�@�5RFKHVWHU�$FDGHP\�RI�6FLHQFH�>2QOLQH@�$YDLODEOH�KWWS���ZZZ�URFKHVWHUDVWURQRP\�RUJ�VXSHUQRYD�KWPO�

����-XQH�������
>�@�0DULR�+DPX\��7KH�$EVROXWH�/XPLQRVLWLHV�RI�7KH�&DODQ�7ROROR�W\SH�,D�6XSHUQRYDH���
� 8QLYHUVLW\�RI�$UL]RQD��6WHZDUG�2EVHUYDWRU\����6HSWHPEHU��������
>�@�1$6$�,3$&�([WUDJDODFWLF�'DWDEDVH��1('���>2QOLQH@�$YDLODEOH�KWWS���ZZZ�KWWS���QHG�LSDF�FDOWHFK�HGX���

IRUPV�E\QDPH�KWPO�����6HSWHPEHU�������
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Ᏹᐂ࡛ࡣ┠ࡘ2ࠋࡿ࠸⏝ࢆ᪉ἲࡿࡍᡂ⏕ࢆ⇕ࡽኴ㝧ගࡾࡼ㞟ග㙾ࠊࡣ࡚࠸ࡘ※⇕ࠋࡿ࠶

࡞㔜㔞✵㛫↓ࡢ࡞ࡿᩓࡧ㣕ࠊࡋ┠╔ࡇࠖࡿࡵ⅗ࠕࡣ࡛⾲ᮏⓎࠋࡿ࠶ウ᳨࡛ࡢㄪ⌮᪉ἲࡢ

࠶᪉ἲ࡛ࡅࡾ┒ࡢ⌮ᩱࡣ┠ࡘ3ࠋࡿࡍᥦࢆㄪ⌮ჾල࠸ࡋ᪂ࠊࡵࡓࡿࡍᑐฎၥ㢟ࡢࡣ࡛ࡽ

᳨ࢆ⾡ᢏࡅࡾ┒ࡢ㔜㔞✵㛫࡛↓ࠊ࡛ࡇࡑࠋࡿ࠶ᅔ㞴࡛࡚ࡵᴟࡀࡅࡾ┒ࡣ㔜㔞✵㛫࡛↓ࠋࡿ

ウࠋࡿࡍᮏⓎ⾲࡛ࡣ௨ୖ3ࡢⅬ᳨ࢆウࠊࡋ↓㔜㔞✵㛫࡛࠸ࡋ࠸࠾ᩱ⌮ࢆᥦ౪ࢆࡇࡿࡍ┠ᣦ

 ࠋࡍ
 
2. ᥦᡭἲ 
� ᡃࡣࠎ௨ୗࡢ 3 Ⅼࢆ㍈ྛ࡚ࡋ᪉ἲ᳨࡚࠸ࡘウࠋࡓࡗ⾜ࢆ 
1. ᪂ࡉࡋ……………⌧ᅾᏱᐂ࡛㣗࠸࡞࠸࡚ࢀࡽ㣗ࢆᏱᐂ࡛ᐇ⌧࡛ࡿࡁ 
2. ᐇ⌧ྍ⬟࡞ᢏ⾡…᪤Ꮡࡢᢏ⾡࡛ࡀࣥࣙࢩࢵ࣑ࡢࡇᐇ⌧࡛ࡿࡁ 
 ࡿࡁᥦ౪࡛ࢆ⌮ᩱࡿࢀࡽࡌឤ࠺ࡑࡋ࠸࠾ࡀ┠ࡓぢࡃ࡞࡛ࡅࡔ…………ࡉࡋ࠸࠾ .3
  ࠚᡂἲ⏕ࡢ⇕࠙
� 㞟ග㙾Ỉ࡚࠸⏝ࢆኴ㝧ගࢆ⇕ࡽ⏕ᡂࡿࡍ᪉ἲ㸦ᅗ1㸧ࠋࡓ࠼⪄ࢆỈࠊࡣ⏤⌮ࡓ࠸⏝ࢆẚ

㍑ⓗ༴㝤ࡀᑡࠋࡿ࠶࡛ࡵࡓ࠸࡞㞟ග㙾ࢆᏱᐂࣝࢸ࣍タ⨨ࠊࡋኴ㝧ගࢆ㞟ග㒊㞟୰ࡏࡉ⟶ෆ

ຠࢆỈࠋ(2ࡿࡍ⏝ࡵࡓࡿࡍ⇕ຍࢆᩱ⌮࡛㣗ᮦࠊࡏࡉ᪼ୖࢆᗘ ࡛ࡲ200Υࠊࡋ⇕ຍࢆỈࡢ

⋡ⓗຍ⇕ࡵࡓࡿࡍ㞟ග㒊ࡣ⟶ࡢ ᕳ≧ࡿࡍ㸦ᅗ2㸧ࢆ⟶ࠊࡓࡲࠋࡢタഛ㏻ࡼࡇࡍ

ࡧࡁࡓࡗ㑏࡛ࡲ㞟ග㒊ࠊࡵࡓࡿ࠸࡚ࡋ⎔ᚠࡣỈࡢ⟶ࠋࡿࡁᮇᚅ࡛ࡶ⏝ḟࡢ⇕ࠊࡾ

200Я࡛ࡲຍ⇕ࠊ࡛ࡇࡇࠋࡿࢀࡉຍ⇕ỈẼࢆࡣࡇ࠺ไᚚࡀ㞴ࡵࡓ࠸ࡋỈࢆᾮయಖࡘ

ᚲせ1ࠋࡿ࠶ࡀẼᅽ࡛ࡢỈࡢἛⅬ100ࡣΥ࡛200ࠊࡽࡿ࠶Υ࡛ᾮయࡢ≧ែࢆಖࡵࡓࡘ⟶ෆࡣ

⣙4Ẽᅽ⥔ᣢࡢࡇࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ᪉ἲࡢၥ㢟Ⅼࠊࡣᆅ⌫ࡢഃ࡛ࡣ㞟ග࡛ࡇ࠸࡞ࡁ

㞟ග㙾ࠊࡋ㑅ᢥࢆ㞟ග㒊ࡿᙜ࡚ࢆග࡚ࡌᛂ⨨ࡢ㌶㐨ࡾసࢆ㞟ග㒊ࡢᩘ「ࠊ࡛ࡇࡑࠋࡿ࠶࡛

 ࠋࡿࡍ⏝᥇ࢆ᪉ἲࡿࡏࡉࢻࣛࢫࢆ

� � � � �  
 
 
 

ᅗ 1 㞟ග㙾ࡢ⇕ࡓ࠸⏝ࢆ☜ಖ� � � � � � � ᅗ 2 㞟ග㒊ࡢ ᕳ⟶ 
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�

�

࠙ㄪ⌮᪉ἲࠚ 
� ↓㔜㔞✵㛫࡛ࡢㄪ⌮ࢆᐇ⌧ࠊࡵࡓࡿࡍḟ࡞࠺ࡼࡢㄪ⌮ჾලࢆᥦࠋࡿࡍᕥྑ2ࡿࡍືྍ
ᯛࡢᯈࢆഃ㠃㓄⨨ࠋࡿࡍᯈࡢእഃඛ㏙ࢆ⟶ࡓ㏻࡛ࡇࡍᯈࠊࡋ⇕ࢆㄪ⌮ࠋࡿࡍᕥྑ

ࡿࡵ⅗ࢆලᮦࡶ㔜㔞✵㛫࡛↓࡛ࡇࡃࡌࡣᕥྑࢆලᮦࡿ࠸࡚࠸ᾋ୰ࡋືࢆᯈࡢ

㔞࡛ࡢỈࡍὶ⟶ࡣᗘㄪ⠇⟶ࠋࡓࡅྡ࣒ࢸࢫࢩ࣮ࣜࣛࢆࢀࡇࡣࠎᡃࠋࡿ࠶࡛⬟ྍࡀࡇ

ࢆ㖟࠸㧗ࡢ⋠ఏᑟ⇕እഃࠊࣥࢱࢳ࠸ࡁࡢᐜ㔞⇕ෆഃࡣ࡚࠸ࡘᯈࡿࡍ⇕ຍࡓࡲࠋ࠺⾜

2࠺㔜ᵓ㐀ࢆ᥇⏝ࡾࡼࢀࡇࠋࡓࡋ⇕ఏᑟᛶࢆ㧗ࠊࡵಖ ᛶࡶ☜ಖ࡛ࠋࡿࢀࡽ࠼⪄ࡿࡁ 

 
ᅗ3 ࣮࣒ࣛࣜࢸࢫࢩ 

 ࠚ᪉ἲࡅࡾ┒࠙
� ↓㔜㔞✵㛫࡛ᩱ⌮ࡾ┒ࢆࡣࡿࡅᩱ⌮ࡢ⢓ᛶࢆ㧗ࡵ⢓╔ᛶࢆᣢྍࠊࡣࡃࡋࡶࠊࡿࡏࡓ㣗

ᛶ3࣒ࣝࣇ)࡛そ࠺᪉ἲࠊࡕ࠺ࡢࡇࠋࡿࢀࡽ࠼⪄ࡀ⢓ᛶࢆ㧗ࡿࡵᡭἲࡢၥ㢟Ⅼ࡚ࡋᩱ⌮ᮏ᮶

୍ࠋࡿ࠶ࡀၥ㢟ࡓࡗ࠸࠸࡞࠼ࡣ⌮ᩱ࠸࡞ᑡࡢỈศࠊࡸࡇ࠺ࡲࡋ࡚ࢀࢃ࡞ᦆࡀ㣗ឤࡢ

᪉ྍࠊ㣗ᛶ࡛࣒ࣝࣇそ࠺᪉ἲࡵࡓ࠸ⷧࡀ࣒ࣝࣇࠊࡣ࡚࠸࠾㣗ឤࡣ㏻ᖖࡾ┒ࡢࡅኚ

ࡢࡽࢀࡇࠋࡿ࠶ࡀࢺࢵ࣓ࣜࡢ࡞࠸࡞ࡽࡀᗈࡀ࠸࠾ࠊࡓࡲࠊࡁ࡛⏝⌮ᩱ࠸ᖜᗈࠊࡎࡽࢃ

 ࠋࡿࡍ⏝᥇ࢆᡭἲࡢ࣒ࣝࣇ㣗ᛶྍࡽࢺࢵ࣓ࣜ

 
ᅗ4 ┒ࡅࡘࡾ 

 ࡵࡲ .3
� ᮏⓎ⾲ࡣᏱᐂࣝࢸ࣍ෆ࡛ᥦ౪ࡿࡍᏱᐂᩱ⌮ࠊ࡚࠸ࡘ⇕※࣭ㄪ⌮᪉ἲ࣭┒ࡾ3ࡢࡅⅬࡽ

᳨ウࡢ※⇕ࠋࡓࡋ☜ಖࡣ࡚࠸ࡘ㞟ග㙾ࡾࡼỈࢆຍ⇕ࡿࡍ※⇕ࡋ᪉ἲࢆ⪃ࠋࡓࡋಖ 

ᛶ⇕ᐜ㔞ࡀ㧗ࠊࡃ࠸ࡁᅽຊࡿࡁ࡛ࡀࡇࡿ࠼⪏⣲ᮦ᳨ࢆウࠋࡿࡍኴ㝧ගࢆᚓ࠸࡞ࢀࡽ

ሙᡤ࡛⇕ࢆᚓࡿ᪉ἲࡣᮍ᳨ウ࡛ࠋࡿ࠶ㄪ⌮᪉ἲࠊࡀࡓ࠼⪄ࢆ࣒ࢸࢫࢩ࣮ࣜࣛࡣ࡚࠸ࡘ㘠ࡢ

୰ࡢẼࡢ㝖ཤ᪉ἲࡸ㔠ᒓᯈᕳࡢࣉࣃࡃᙉᗘ᳨ࡶ࡚࠸ࡘウࠊࡓࡲࠋࡃ࠸࡚ࡋᥭࡸࡿࡆ

࡞ࡍࡢㄪ⌮᪉ἲࡶᛂ⏝ࠋࡿࡍᩱ⌮ࡾ┒ࡢࡅ᪉ἲࠊࡣ࡚࠸ࡘ↓㔜㔞✵㛫࡛ࡶ㣗ឤ

⌮ᩱࡢ࣒ࣝࣇຍ㣗ࡣᚋࠋࡓࡋウ᳨ࢆ᪉ἲࡿࢀࡽࡅࡾ┒ࢆ⌮ᩱ࡞ከᵝࡓࡲࠊࡎࢃ࡞ᦆࢆ

ࡁ࠸࡚ࡋウ᳨ࡶ࡚࠸ࡘ᪉ࡅࡾ┒ࡢ㔜㔞✵㛫≉᭷↓ࡧࡼ࠾᪉ࡳໟࡢ⌮ᩱࡸᙳ㡪ࡢ㣗ឤࡢ

 ࠋ࠸ࡓ
 
4. ཧ⪃ᩥ⊩ 
�ㄝ⥲ࠕ (1 Ᏹᐂ㣗ࠖ㸸 ᯇᮏ ᬡᏊࠊᏱᐂ⯟✵⎔ቃ་Ꮫ, 2008, Vol. 45, No. 2, 37-49. 
 ,The Chemical Timesࠊ㸸 すᮧ ၨ㐨ࠖ≦⌧ࡢࡑ㞟ගᘧኴ㝧⇕Ⓨ㟁㸦CSP)᪉ᘧࠕ (2

2012, Vol. 226, 18-23. 
3) ຍ㣗ᛶ࣒ࣝࣇ� ≉㛤� 2002-95426  

(http://www.j-tokkyo.com/2002/A23L/JP2002-095426.shtml) 
�
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➨ࠕ 12 ᅇ ྩࡀసࡿᏱᐂࣥࣙࢩࢵ࣑ SELENE ⌜ࠖ 
ᱵ㇂� ᫍ⳯(㧗 2)࠙㜰᱒ⶱ㧗➼Ꮫᰯࠚ㸪⏫� ె⳯Ꮚ(㧗 3)࠙ᶓ㞬ⴥ㧗➼Ꮫᰯࠚ 

ᮃ᭶� 㐩ே(㧗 1)࠙ᮾᾏ㧗➼Ꮫᰯࠚᒣୗ� ᬕᕫ(㧗 3)࠙ྡྂᒇᏛᩍ⫱Ꮫ㒊㝃ᒓ㧗➼Ꮫᰯࠚ 
ᒣ⏣� 㯌 (㧗 1)࠙⩌㤿┴❧⏣㧗➼Ꮫᰯࠚ㸪ᶓ⏣� ┤(㧗 1)࠙Ύ㢼㧗➼Ꮫᰯࠚ 

 
 
1. ⫼ᬒ࣭┠ⓗ 
 
� ࡣࣜࣈࢹࠎᖺࠊࡓࡲࠋࡿ࠶༴㝤࡛ࠊࡃࡁࡣ࣮ࢠࣝࢿ࢚ࡢ࡛⾪✺ᩘ㏿⛊ࡣࣜࣈࢹ
ቑຍഴྥࡢࡑࠊࡾ࠶ഴྥࡣᚋࡶᣢ⥆ࡀࡇࡿࡍணࠊ࠼ࡺࠋࡿࢀࡉᏳ࡞ே㢮ࡢ
Ᏹᐂ࡛ࡢάືࢆಖ㞀ࡿࡍⅭࡢࣜࣈࢹࠊᅇࡀᚲせ࡛10ࠋࡿ࠶cm ௨ୖࡣࣜࣈࢹࡢᆅୖ
ᅇࠊ ண๓ࢆ✺⾪ࡶࢆࢢࣟࢱ࢝ࡢࡑࠋࡿ࠸࡚ࢀࡉࡀࢢࣟࢱ࢝ࡾࡼ ほࡢ࡛
㑊1ࠋࡿ࠶࡛⬟ྍࡀࡇࡿࡍcm ᮍ‶ࡣࣜࣈࢹࡢᅜ㝿Ᏹᐂ࡛ࣥࣙࢩ࣮ࢸࢫ⏝ࡿࢀࡉ⾪✺
㜵Ṇ࡛࡞࣮ࣃࣥࣂ㜵ᚚ࡛1ࠊࡋࡋࠋࡿࡁcm ௨ୖ 10cm ᮍ‶ࣜࣈࢹࡢ㛵ࠊࡣ࡚ࡋල
యⓗ࡞ᑐ⟇ࠊ࡚ࡗࡼࠋ࠸࡞࠸࡚ࢀࡉ࡞ࡀヱᙜࡢࣜࣈࢹࡿࡍ⥅⥆ⓗ࡞┘どࠊᅇ࣒ࢸࢫࢩ
㧗ᗘ࠸㧗ࡀᐦᗘࡢࣜࣈࢹࡣ࡛ࣥࣙࢩࢵ࣑ᮏࠋࡿࡍᥦࢆ 800kmࠊኴ㝧ྠᮇ㌶㐨ୖࡢ 1cm
௨ୖ 10cm ᮍ‶ࡢᏱᐂࢆࣜࣈࢹ 10 ಶᅇࡿࡍேᕤ⾨ᫍࢆ⏝ࡢᩘ「࡚ࡋࡑࠋࡿࡍ⾨ᫍ
 ࠋ࠺⾜ࢆᅇࡋⓎぢࢆࣜࣈࢹⓗ⥆⥅ࠊ࡚ࡏࡉ㐃ᦠ┦ࢆ
 
2. ᥦᡭἲ 
 
� ᅇ⾨ᫍ INAZۻUMA ࡋᅇࠊࡋ᥋㏆ᚋࡓࡋⓎぢࢆࣜࣈࢹࡿ࠶ኴ㝧ྠᮇ㌶㐨ࡣ
࡚ฎศࠊࡓࡲࠋ࠺⾜ࢆᅇ⾨ᫍࡣ┦㐃ᦠࠊࡋ⥅⥆ⓗࣜࣈࢹⓎぢ࣭ᅇࢆ࣒ࢸࢫࢩᵓ
⠏ࡢࡑࠋࡿࡍ࡞ࡲὶ࡚࠸ࡘࢀㄝ᫂ࠋࡿࡍ 

 
2-1. ᅇ⾨ᫍ 
� ᅇ⾨ᫍࡣᰕᆺࠊᏛ᥎㐍ᘧࠊ࡛ࣥࢪ࢚ࣥᶵయഃ㠃ኴ㝧ගࣜࣈࢹࠊࣝࢿࣃⓎぢ⏝
ࢆ࣓ࣛ࢝どගྍࡢ 2 Ꮚᶵࠋࡿࡍᦚ㍕≦⎔ࢆᏊᶵࡣࡾ࿘ࡢᫍ⾨ࠊࡓࡲࠋࡿࡍᦚ㍕ࠊྎ
 ࠋࡿࡍᅇࢆࣜࣈࢹࠊࡾ࠶ࡀᅇཱྀࣜࣈࢹࡣ
 
 Ⓨぢ᪉ἲࣜࣈࢹ .2-1-1
� ⾨ᫍࢆᅇ㌿ྍࡽࡀ࡞ࡏࡉどග⥺ࢆࣜࣈࢹ࡛࣓ࣛ࢝┘どࡢࣜࣈࢹࠋࡿࡍ㊥㞳ࡸ㏿ᗘࡣ
2  ࠋࡿࡍ ィࡾࡼどᕪࡢ࣓ࣛ࢝⥺どගྍࡢྎ
 

ᅗ 1� ᅇ⾨ᫍᴫせᅗ ᅗࣜࣈࢹ 2�  ᅇᥦᡭἲᴫせᘧࣜࣈࢹ

2-1-2. ᥋㏆࣭ᅇ᪉ἲ

2-1-3. ฎศ᪉ἲ

2-1-4. Ꮚᶵศ㞳ᚋࡢ㐠⏝

࣒ࢸࢫࢩⓎぢ࣭ᅇࣜࣈࢹ .2-2
�

3. ᚋ᳨ࡢウㄢ㢟 

3-1. ヲ⣽࡞⾨ᫍࡢタィ

ウ᳨ࡢᑐຠᯝ⏝㈝ࡢ࣒ࢸࢫࢩ .3-2
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1. ⫼ᬒ࣭┠ⓗ 

2. ᥦᡭἲ 

2-1. ᅇ⾨ᫍ

Ⓨぢ᪉ἲࣜࣈࢹ .2-1-1

22-1-2. ᥋㏆࣭ᅇ᪉ἲ 
� ᚋ᪉ࠊ࡚ࡋ࣮ࣈࢹࣥࣛࡾࡼᏊᶵぶᶵࢆศ㞳ࣜࣈࢹࡎࡏ᥋㏆ࠋࡿࡍᏊᶵᦚ㍕ࡉ
 ࠋࡍ㞳ࡾษࢆᏊᶵࠊࡋᅇࢆࣜࣈࢹ୰ࡢᅇᐜჾࡿ࠸࡚ࢀ
 
2-1-3. ฎศ᪉ἲ 
� ぶᶵࡀᏊᶵࢆศ㞳ᚋࠊᏊᶵᒓ࡛࣮ࢱࢫࣛࢫࡢぶᶵࡢࡽไᚚࡾࡼẼᅪ✺ධ
 ࠋࡿࡍ༷↝ࠊࡏࡉ
 
2-1-4. Ꮚᶵศ㞳ᚋࡢ㐠⏝ 
� ぶᶵࠊࡣᏊᶵศ㞳ᚋ⥅⥆࡚ࡋ㐠⏝ࠋࡿࢀࡉぶᶵࡢ࡚ࡍࡣᏊᶵࢆศ㞳ࡓࡋᚋࡶᑠᆺࢹ
⇞࡞ᚲせไᚚⴠୗࠋࡿࢀࡽ࡚❧ᙺࢢࣟࢱ࢝ࡢࣜࣈࢹࠊ࡚ࡋほ ⾨ᫍࠊⓎぢࣜࣈ
ᩱࢆṧ࡚ࡋ㐠⏝⤊ᚋࡣẼᅪ✺ධࠊࡋ⾨ᫍࣜࣈࢹࡢࢆ㜵ࠋࡄ 
 
 ࣒ࢸࢫࢩⓎぢ࣭ᅇࣜࣈࢹ .2-2
� ࡚ࡗࡼࢀࡑࠋ࠺⾜ࢆࢢࣟࢱ࢝ࡢࣜࣈࢹࠊ࡚ࡋ㐃ᦠ┦ࡀほ ࣭ᅇ⾨ᫍࡢᩘ「
ᡴࡢࡆୖࡕᏳᛶྥୖࡸᅇຠ⋡ࡶࢆࢱ࣮ࢹࢢࣟࢱ࢝ࡢࡑࠊ࡚ࡋࡑࠋࡿࡀ࡞ࡘୖྥࡢ
 ࠋࡿࡍᅇ࣭ฎศࢆࣜࣈࢹࡀᅇ⾨ᫍࠊ

 
ᅗ 3�  ᴫせᅗ࣒ࢸࢫࢩᅇ⾨ᫍࣜࣈࢹ

 
3. ᚋ᳨ࡢウㄢ㢟 
 
�  ࠋࡿࡍᚋ᳨ウࠊ࡚࠸ࡘ㡯ࡢ௨ୗࠊࡵࡓࡿࡵ㧗ࢆጇᙜᛶࡢ࣒ࢸࢫࢩ
 
3-1. ヲ⣽࡞⾨ᫍࡢタィ 
� ࡞ࡲࡊࡲࡉࡿ࠼Ꮚᶵࡸぶᶵࡀ࣮ࢠࣝࢿ࢚ࡿ࠸࡚ࡗᣢࡢࣜࣈࢹࠊ㝿ࡢᅇࣜࣈࢹ
ᙳ㡪ࢆ⪃៖࣭ィ⟬ࠊࡓࡲࠋࡿࡍᏊᶵศ㞳ᚋࡢ㌶㐨ኚ᭦ࡢ㝿ࡀࣜࣈࢹࠊᅇᐜჾ࠼
ᅇ࡞⬟ྍ༷↝✺ධࡘᙉᗘ࡞༑ศࠊ࡚࠸⏝ࢆ್ࡢࡑࠋࡿࡍ⟭ィࢆࢪ࣮࣓ࢲࡢࡿ
ᐜჾ᳨ࡢウࠋ࠺⾜ࢆ⇞ᩱࠊኴ㝧ගࡢࣝࢿࣃ㔞ࢆ࡞⪃៖ࠊࡋ⾨ᫍࢆタィࠋࡿࡍ 
 
 ウ᳨ࡢᑐຠᯝ⏝㈝ࡢ࣒ࢸࢫࢩ .3-2
� ࢸࢫࢩࠊࡋ⟭ィࢆ࡞ᩘࡢᫍ⾨࡞ᚲせࡢࡿࡏࡉῶᑡࢆࣜࣈࢹࠊࡢ㝿ࡓࡋ࣒ࢸࢫࢩ
 ࠋࡿࡍ⟭ヨࢆᑐຠᯝ⏝㈝ࡢᵓ⠏࣒
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ᡤ࡛ࢆࣝࣉࣥࢧࡋ᥇㞟࡛ࠊࡵࡓࡢࡑࠋ࠸࡞ࡁ」ᩘ⟠ᡤࢆࣝࣉࣥࢧࡢᚓࡣࡿ」ᩘᅇࡿࡍࢆࢺࣛࣇࡢᚲせࠋࡿ࠶ࡀ

ⓗ┠ە

୍ᗘከ✀ከᵝࡢࣝࣉࣥࢧ࡞ᅇࠊࡶࡿࡍ࠺ࡼࡿ࠼⾜ࢆᏊᶵ࣮ࣟࣝࣉࣥࢧࡿࡼࣂᅇᢏ⾡ᆅ⌫௨እࡢኳయ

ࠋᐇドࡢ⾡ᢏࣈࢹࣥࣛࡢぶᶵࢼࢸࣥࢥᏊᶵࡢ࡛

ᴫせࣥࣙࢩࢵ࣑���

┠ᶆኳయࡢ࿘ᅇ㌶㐨ぶᶵࢆᢞධ࡚ࡋࡑࠋࡿࡍぶᶵࡿ࠶ᩘ「ࡽᏊᶵࣛࣥࢆࢲศ㞳୍ྠࠊࡋኳయࡢᩘ「ࡢ㞳ࡓࢀ⟠ᡤ

Ꮚᶵ࡚ࣛࣥ࠸⏝ࢆࢲᏊᶵ࣮ࣟࢆࣂ╔㝣ࡢࡑࠋࡿࡏࡉᚋࡢࢀࡒࢀࡑࠊᏊᶵ࣮ࣟࢆࣝࣉࣥࢧ࡛ࣂ᥇㞟ࠋࡿࡍ᥇㞟ࣝࣉࣥࢧࡓࡋ

ࠋࡿࡍぶᶵ࡛ᅇࠊࡆୖࡕᡴ࿘ᅇ㌶㐨ୖࡢぶᶵࢆࡳࡢࢼࢸࣥࢥᏊᶵࠊࡋ⣡ࢼࢸࣥࢥᏊᶵࡣ

ͤ᭱ᚋぶᶵࡀ࿘ᅇ㌶㐨ࢆ㞳⬺ࡋᆅ⌫ᖐ㑏ࠋࡿࡍ>ᅗ �@

ࠋࡓࡋウ᳨࡚ࡋỈ࣭ị࣭Ẽࢆࣝࣉࣥࢧࡿࡍ᥇㞟ࠊࡋࣃ࢚ࣟ࢘ࢆᑐ㇟ኳయࠊࡣ࡛ࡇࡇ࠾࡞

᥇㞟᪉ἲࣝࣉࣥࢧࠉ��

ࠋࡿࡍព␃࠺ࡼ࠸࡞ࡽࡊΰࡀ≀⣧ࠊࡋᐃࢆⓗ┠࠺࠸࠺⾜☜ṇࢆẚ㍑ࡢኈྠࣝࣉࣥࢧࠊࡣ࡛ࡇࡇ

ᅗ<ࠋࡿࡍ᥇㞟ࢆẼ࡚ࡅࢆࢱࣝࣇࣝࢭࣉ࢝ࡢ✵┿ࠉࠉẼە �@

ịە

⾪✺యࡍ่ࡁ✺ࢆ ⟄ᆺ࡛ࣝࣜࢻ᥀๐ > ᅗ �@
>�@ ࠺ࡃࡍ࡛ࣝ࣋ࣕࢩ

⇞ᩱࡀᑡࢺࢵ࣓ࣜࡴ῭࡚ࡃ࡞ ✵Ẽࡀΰ࠸࡞ࡽࡌ 」㞧࡞ᶵᵓࢆせ࠸࡞ࡋ

ᶵᲔ⮬యࡢᦆയࡢᜍࢺࢵ࣓ࣜࢹࢀ

✵Ẽࡀΰྍࡿࡌ⬟ᛶ

ኳయࡢ≧ἣ࡚ࡗࡼ

ᛶ⬟ྍ࠸࡞ࢀ᥀

✵Ẽࡀΰࡿࡊᜍࢀ

ᛶ⬟ྍ࠸࡞ࢀ᥀

Ỉە

⾪✺య࡛ịࡿ◚ࡁ✺ࢆ ๐᥀࡛ࣝࣜࢻ > ᅗ �@ ๐᥀࡚ࡋ⁐࡛⇕

⇞ᩱࡀẚ㍑ⓗᑡࢺࢵ࣓ࣜࡴ῭ࡃ࡞ ⣧⢋࡞Ỉࢆᚓࡿࢀࡽ ᇼࡾワ࠸࡞ࡀࡇࡿࡲ

ᶵᲔ⮬యࡢᦆയࡢᜍࢺࢵ࣓ࣜࢹࢀ

㏺ࡿࡀୖ࠸ࡢၥ㢟

㝈ᗘ᭷ࡉ῝ࡿࢀ᥀

ࡶᛶ⬟ྍ࠸࡞ࢀ᥀

㛫ࡿࡀ

⇞ᩱࢆ㔞࠺

ᅗ ࣝࢭࣉ࢝Ẽ᥇㞟ࠉ�
ᅗ �ị᥇㞟⟄ᆺࣝࣜࢻ

ᅗ ᅗࣝࣜࢻỈ᥇㞟ࠉ� ᴫせࣥࣙࢩࢵ࣑ࠉ�

内蓋
フィルタ
外蓋

カ
プ空
セ
ル洞
部

ị᥀๐᪉ἲࡢẚ㍑

Ỉ᥀๐᪉ἲࡢẚ㍑
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�� ᥈ᰝᶵᴫせ

ぶᶵᦚ㍕ᶵჾە

ձ㟁※㸦࢙ࢳࣝ࣌⣲Ꮚ � ኴ㝧ග㟁ụ㸧

ࠋᐃࢆ⏝ࡢᮌᫍᅪ࡛ͤࠉ

ղ࣮ࣞࢼࣕ࢟ࢫࢨ

㞟ࢆࢱ࣮ࢹᆅᙧ࡞ヲ⣽ࡢᑐ㇟ኳయ⾲㠃ࠉ

ճ㉥እ⥺ྍࠊどගศගィ

ㄪᰝࡢỈศᏊࡸᵓᡂඖ⣲ࡢ㠃⾲ࠉ

մྍどග࣓ࣛ࢝

ᐃ≉ࡢỈᄇฟಶᡤࠉ

ࡵࡓࡿぢࢆࡢࡶ࠸࡞ࢀぢࡋどග࡛ྍࠉ

յ࣮ࣞࢨ㧗ᗘィ

ࡵࡓࡿࡍᢕᥱ☜ṇࢆ㧗ᗘࡢ᥈ᰝᶵ⮬యࠉ

նᏊᶵᅇ⏝࣒࣮ࣟࢺࢵ࣎

շᖐ㑏ࣝࢭࣉ࢝

ࣝࢭࣉ࢝ࡿࡏࡉᖐ㑏⌫ᆅࠉ

ո࣮ࣟࣂ ᅗ ࢪ࣮࣓᥈ᰝᶵࠉ� &*

ᦚ㍕ᶵჾࣂᏊᶵ࣮ࣟە

ձ㟁※㸦࢙ࢳࣝ࣌⣲Ꮚ �ぶᶵࣟࢡ࣐ࡽἼ࡛㟁ຊ౪⤥㸧

ղྍどග࣓ࣛ࢝� �㸦❧యど㸧

ճぶᶵᖐ㑏࣮ࣔࣝࣗࢪ㸦Ꮚᶵࡴྵࢼࢸࣥࢥ㸧

մࣝࣉࣥࢧ᥇㞟࣮ࣔࣝࣗࢪ ➼ࣝࣜࢻ� �

ᦚ㍕ᶵჾࢲᏊᶵࣛࣥە

ձ╔㝣࣮ࣔࣝࣗࢪ

ࡵࡲ���

ከ✀ከᵝ୍ࢆࣝࣉࣥࢧ࡞ᗘ࡛ࢺࣛࣇࡢᅇࡿࡍⅭࡣࡕࡓ⚾ࠊᏊᶵ࣮ࣟࢆࣥࣙࢩࢵ࣑࠺࠸ࡿ࠸⏝ᩘ「ࢆࣂᥦࠋࡓࡋ

ᮏࡣࣥࣙࢩࢵ࣑㞳ࡓࢀ」ᩘᆅⅬࡽከ✀ከᵝࢆࣝࣉࣥࢧ࡞ᅇ࡛ࡵࡓࡿࡁ⛉Ꮫⓗព⩏ࡶࠋ࠸ࡁ

ࢆ᥈ᰝᶵᴫせࠊࡋウ᳨ࢆ᪉ἲࡆୖࡕᡴࢼࢸࣥࢥᏊᶵࠊ᪉ἲࢢࣥࣜࣉࣥࢧࠊ࡚ࡋᡭẁࡢࡵࡓࡿࡍ⾜㐙ࢆࣥࣙࢩࢵ࣑ࡢࡇ

ᥦ♧᳨ࠋࡓࡋウࡢ⤖ᯝࡢᩘ「ࠊᢏ⾡ⓗㄢ㢟ࡀṧุࡀࡇࡿ࠸࡚ࡗ᫂ࡢࡑࠊࡋࡋࠋࡓࡋㄢ㢟ࡀゎỴࡿ࡞ࡽࡉࠊࡤࡽ࡞ࡓࡋ

᳨ウࢆ㐍ࡵᐇ⌧ྍ⬟ࠋ࠸ࡓࡋุ᩿࠺

᭱ᚋࠊᰘ⏣ඃ୍ᵝࡢࣇࢵࢱࢫࡢࢇࡻࡋࡗࡳࡁࡿࡍࡵࡌࡣࢆ᪉ࡣࠎᵝ࡞ࠎຓゝࢆ㡬ࡢࡇࠋࡓࡋࡲࡁሙࢆ࡚ࡾᚚ♩

ࠋࡍࡲࡆୖࡋ⏦

⫣ᩥ⪄ཧە

>�@ ᅜ❧ᴟᆅ◊✲ᡤ㸪༡ᴟࡌࡩ࣒࣮ࢻࠕịᗋ῝ᒙ᥀๐ィ⏬ 㸪ࠖ

KWWS���SRODULV�QLSU�DF�MS�aGRPHI�KRPH�MDSDQ�LQGH[�M�KWPO

�� Ꮚᶵࡢࢼࢸࣥࢥぶᶵࡢᖐ㑏᪉ἲ

ᅇࠊࡣᏊᶵࢆࢼࢸࣥࢥぶᶵᖐ㑏ࡿࡏࡉ㐣⛬ࠊࡕ࠺ࡢ╔㝣ኳయࡽᏊᶵࢆࢼࢸࣥࢥᡴࡿࡆୖࡕ᪉ἲ᳨ࢆࡳࡢウࠋࡓࡋ

᪉ἲࡓࡋウ᳨ە

࣭㟁☢࡚ࡗࡼ࣮ࢱ࣮ࣔࢽ࣭࣭࣭ࣜࢺࣝࣃࢱ࢝Ꮚᶵ࣮ࣟࡽࣂᏊᶵࢆࢼࢸࣥࢥⓎᑕࠋࡿࡍ

࣭◙ᙎⓎᑕ࣭࣭࣭Ꮚᶵࢆࢼࢸࣥࢥ◙ᙎぢ❧࡚ࠊⅆ⸆࡚࠸⏝ࢆ◙ࡢせ㡿࡛ᡴࡕฟࠋࡍ

ࠋࡍࡔࡕᡴࠊ࡚ࡗࡼ࣮ࢠࣝࢿ࢚ᙎᛶࡢࡡࡤ࣭࣭࣭ࡡࡤ࣭

ࠋࡃ⾜࡚ࡗᣢࢆࡢࡶ࡞࠺ࡼࡢ࣮ࣥࢩ࣐ࢢࣥࢳࢵࣆ࣭࣭࣭࣮ࣥࢩ࣐ࢢࣥࢳࢵࣆ࣭

࣭㟁☢▼࣭࣭࣭ࡆୖࡾࡘ㟁☢▼ࢆぶᶵࠊࡋࡿྞࡽᏊᶵ࡚ࡅࡘࡗࡃࢆࢼࢸࣥࢥᘬࠋࡿࡆୖࡁ

࣭Ᏹᐂ࣭࣭࣭ࢱ࣮࢚࣋ࣞぶᶵᆅ⾲ࡢ㛫ࡪ⤖ࢆ⡆᫆ⓗ࡞Ᏹᐂࢆࢱ࣮࢚࣋ࣞᵓ⠏ࠋࡿࡍ

ᡴୖࡆ᪉ἲࡢẚ㍑⤖ᯝ

ࢺࢵ࣓ࣜ ࢺࢵ࣓ࣜࢹ

㟁☢ࢺࣝࣃࢱ࢝ 㸿࣭㹀࣭㹁 㹂

◙ᙎⓎᑕ 㹀 㹂

ࡡࡤ 㸿࣭̓ 㹁 ୍ᅇ㈇࣭ప ୗ࡛ࡣ㔠ᒓࡣᙎᛶࡀᙅ࣭ࡿ࡞ࡃ㔜ຊࡀ࠸ࡁኳయ࡛ࡣ㞴࠸ࡋ

࣮ࣥࢩ࣐ࢢࣥࢳࢵࣆ 㸿࣭㹀࣭㹁 ไᚚࡀ㞴࠸ࡋ

㟁☢▼ࡆୖࡾࡘ 㸿࣭㹀 㹃࣭㟁☢▼Ꮚᶵࡀࡢࡿࡅࡘࡗࡃࢆࢼࢸࣥࢥ㉸㞴㛵

Ᏹᐂࢱ࣮࢚࣋ࣞ 㸿ࠊࡢၥ㢟Ⅼ㸦ͤ �㸧ࡶゎỴ 㹃

ͤ㸿㸸⇞ᩱせ㸦㟁ຊᚲせ㸧ࠉ㸿 㸸̓⇞ᩱせ㸦㟁ຊせ㸧㹀㸸⧞ࡾ㏉ࡋᡴࡕฟࠉྍࡋ㹁㸸ᡴࡕฟࡍᙉࢆࡉㄪ⠇ྍ

㹂㸸ᡴࡆୖࡕࡢ⾪ᧁ࡛࣮ࣟࣂᮏయᦆയࡢᜍࢀ᭷ࠉ㹃㸸ぶᶵࢆᑐ㇟ኳయࡢ㟼Ṇ㌶㐨ධࡿࢀᚲせ᭷

ͤ �㸸╔㝣ࡢᆅ⾲㠃ởᰁ࣭Ꮚᶵࢆࢼࢸࣥࢥ࿘ᅇ㌶㐨ධࡿࢀ᪉ἲࡢࡢࡘၥ㢟Ⅼ
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�

�

�
ᅗ㸱� �ࢫࣥࢣ࣮ࢩࢺࣛࣇ

�

�Ꮚᅬ㸰㸮㸯㸱⏥ࢺࢵࢧ⨁

㸫ᶍᨃேᕤ⾨ᫍࡿࡼࢧࣥࢭࡢࠖࢺࢵࢧ⨁ࠕ⮬ᚊุ᩿㣕⾜ไᚚ㸫�
�

ᒣᆅ� ⌶㸦㧗�㸧࠙ᮾிᕤᴗᏛ㝃ᒓ⛉Ꮫᢏ⾡㧗➼Ꮫᰯࠚ�

�

㸯㸬� �ࡵࡌࡣ
� ᶍᨃேᕤ⾨ᫍࢆ࡞࣓ࣛ࢝ࠊࢧࣥࢭࣥࢥ࣐⨁ࢫ࣮ࣗࢪࠊࡣࠖࢺࢵࢧ⨁ࠕᦚ㍕ࡶࡓࡋ

�ࠋࡿࡍᐇࢆ㸦ㄢ㢟㸧ࣥࣙࢩࢵ࣑࡛ື⮬ᵝྠேᕤ⾨ᫍ୰㝆ୗ୰✵ࠊࡾ࠶࡛ࡢ

� ����ࠋ࠺➇ࢆࣥࣙࢩࢵ࣑࡛ࢺࢵࢧ⨁ࡓࡋస⮬ࠊᢏ࡛➇ࡢࡅྥ⏕㧗ᰯࠊࡣᏊᅬ⏥ࢺࢵࢧ⨁

ᖺࠊ⚾㐩ࡣ⛅⏣ண㑅㸦����ᖺ�᭶��᪥㹼��᪥㸧ཧຍࠊࡋᾏ㐨࡛⾜ࡓࢀࢃᅜ㸦ྠ

ᖺ�᭶�᪥㹼�᪥㸧ฟሙࠋࡓࡋᅜ�ᆅ༊ࡢண㑅ࢆ㏻㐣ࡾࡼᰯ��ࡓࡋᅜࢀࢃ⾜ࡀ

�ࠋࡓ

� 㸦⣡ᐜჾ㸧ࣜࣕ࢟ࠊࡵࡓࡿࡏ㍕ࢺࢵࢣࣟࡣࢺࢵࢧ⨁ࠊࡣつᐃ࡛ࡢᏊᅬ⏥ࢺࢵࢧ⨁

ධࡿࢀᚲせࠋࡿ࠶ࡀཧຍ⪅ࡣᶵయ࣭ࢆ࣭ࣜࣕ࢟ࢺ࣮ࣗࢩࣛࣃసࢆࡽࢀࡑࠊࡾ┤ᚄ���PP࣭

㛗���PP࣭ 㔜ࡉ����Jࠊ࡚ࡋࡑࠋࡿࡵ✵୰࡛ࢆࣜࣕ࢟⮬ຊ࡛㛤ࠋ࠺⾜ࢆࣥࣙࢩࢵ࣑ࠊ࡚ࡅ�

�

㸰㸬� 〇సࢺࢵࢧ⨁ࡓࡋ㸦ᶵయྡ㸸࣮࣐ࣜࢫ㸧�
� 〇సྜࡀࣜࣕ࢟ࢺ࣮ࣗࢩࣛࣃࠊࡣࢺࢵࢧ⨁ࡓࡋయࡓࡋᙧ≧࡛ࠊࡣࣜࣕ࢟ࡢࡇࠋࡿ࠶

ࡾ㏻ࡢ�ᅗࠊࡣෆ㒊ᵓ㐀ࡢᶵయࠋ㸦ᅗ㸯㸧ࡿ࠸࡚ࡡවࢆ࣒࣮ไᚚࡢࡵࡓࡢኚᙧࢺ࣮ࣗࢩࣛࣃ

�ࠋࡓࡋ♧㸯⾲ࡣᵝࠊࡾ࠶࡛

㸱㸬� �᪉ἲࣥࣙࢩࢵ࣑
� ᆅ╔ࠊࡋࡋࠋࡿࡍ㝆ୗ࡛ࢺ࣮ࣗࢩࣛࣃࠊࡣࢺࢵࢧ⨁⯡୍

ࠋࡿ࠶ࡶࡇࡿ࡞⬟ᅇྍࠊ࠸ࡲࡋ࡚ࢀࡉὶ㢼࡛ࡲࡿࡍ

࠺ࡼࡿࡍᆅ╔ࡎᚲᅇᅪෆࠊࡣ࡛ࣥࣙࢩࢵ࣑ࡢ㐩⚾ࠊ࡛ࡇࡑ

ࡑࠋࡓࡋࡇࠖࡿࡏࡉᆅ╔ୗ┿ࡢᨺฟⅬࡢࢺࢵࢣࣟࠕࠊ

ᚊุ᩿ࠖ⮬ࠕࢆ㣕⾜≧ἣࡢᶵ⮬࡛ࢱ࣮ࢹࡿࡼࢧࣥࢭࠊࡵࡓࡢ

㝆ࠊࡋࢆ⾜㣕ࢢࢨࢢࢪ㣕⾜ไᚚ࡛ࠖ๓ᚋࠕࡶࢆࢀࡑࠊࡋ

ୗࡿࡏࡉ㸦ྡ⛠࣮ࣜࢶ࣐ࣝࢫ�ᅗ�㸧ࠋ�

�

D�⮬ᚊุ᩿�
ࢭຍ㏿ᗘࠋࡿࡍุ᩿࡛ࢧࣥࢭຍ㏿ᗘࢆ㣕⾜≧ἣࡢᶵ⮬ࠊࡎࡲ

ᅗ��⨁࣮࣐ࠖࣜࢫࠕࢺࢵࢧ� � � � ᅗ��ᮏయᵓ㐀ෆ㒊�

యᅗ�

㺘ˍ� 㕦Ƚɋɐ࣮࣐ࠖࣜࢫࠕԅ �
㯤㸸ࢺ࣮ࣗࢩࣛࣃ�

ᶳ㸸ࣜࣕ࢟ව

� ไᚚ࣒࣮
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�

�
� � � D�!D�Ҹ�� � � � � � � � � � � � � � � � � D�!D�� � � � � � � � � � � � � � � � � � D� D�� � � � � � � � � � � � � � � � � � � � S�!S��

㸦㸯㸧⮬㌿ຍ㏿ᗘ� � � � 㸦㸰㸧බ㌿ຍ㏿ᗘ� � � � 㸦㸱㸧┤㐍ຍ㏿ᗘ� � � � � � � � ┤㐍Ẽᅽ�

� � � � � � � ᅗ㸳� ຍ㏿ᗘࡢࢧࣥࢭ⮬ᚊุ᩿� � � � � � � � � � � � � � � � � � � � ᅗ㸴� Ẽᅽࡢࢧࣥࢭ�

⮬ᚊุ᩿�

ẚ㍑ࢆຍ㏿ᗘࡿࡍᚓྲྀࡀࢧࣥࢭࡢࡘ�ࡢࡇࠋࡿ࠶࡚ࡋ⨨㓄ᡤࣨ�ࡢ୰ኸᶵయእ࿘ࠊࡣࢧࣥ

ᶵࠊࡤࢀ࠶ࡀᕪຍ㏿ᗘࡿࡍᚓྲྀࠊ࠺ࡼࡍ♧�ᅗࠋࡿࡍุ᩿㐍㐠ື┤ࠊᅇ㌿㐠ືࠊࡋ

యࡣᅇ㌿㸦㗹ᥣࡳ≧ែࡢ⮬㌿࣭㗹ࡾᏊ≧ែࡢබ㌿㸧ࠊࡓࡲࠋࡿ࠸࡚ࡋຍ㏿ᗘࢀࡅࡋ➼ࡀ

⾜㐍࡛ࢧࣥࢭẼᅽࠊࡣሙྜࡿ࠸࡚ࡋ㐍┤ࡀᶵయࠊࡽࡉࠋࡿࡁุ࡛᩿ࡿ࠸࡚ࡋ㐍┤ࠊࡤ

᪉ྥࡢ๓ᚋࠋࡿࡍุ᩿ࢆẼᅽࡣࢧࣥࢭ┤㐍᪉ྥᑐࠊࡋᶵయእ࿘ࡢ๓ᚋ㸦እ㒊㸧ࣨ�ࡢᡤ㓄

ࢆ್࠸ࡁࡀ᪉ࡓࡋ⨨㓄᪉ྥࡿ࠸࡛ࢇ㐍ࠊࡣẼᅽࡿࡍᚓྲྀࡀࢧࣥࢭࡢࡘ�ࡢࡇࠋࡿ࠶࡚ࡋ⨨

�ࠋࡿࡍุ᩿㐍⾜᪉ྥᚋ᪉ࡀ᪉࠸ࡉᑠࠊ㐍⾜᪉ྥ๓᪉ࡀ᪉࠸ࡁࡢẼᅽࠊ࡛ࡢࡍ♧

�

E�㣕⾜ไᚚ�
∦ࡢࢺ࣮ࣗࢩࣛࣃ࡚ࡌ㛢ࢆ࣒࣮ไᚚ࡛࣮࣎ࢧࡢࡇࠊࡋ⨨㓄ࢆ࣮࣎ࢧᮏయୖ㒊ࢺࢵࢧ⨁

ഃࢆኚᙧࡢࡑࠊ࡚ࡏࡉ᪉ྥ┤㐍ࠋࡿࡏࡉ๓ᚋࡢẼᅽᕪࡀ࠸ࡁሙྜ࠸㏿ࠊࡣ㏿ᗘ࡛㐍ࢇ

ࢆࢀࡇࠋࡿࡍࡃ▷ࢆ㛫ࡢ࡛ࡲࡿࡍ᪉ྥ㌿ࡵࡓࡄ㜵ࢆࡢࡿࢀࡉ㛗㊥㞳ὶࠊࡋุ᩿ࡿ࠸࡛

╔ᆅࡾ⧞࡛ࡲࡿࡍ㏉ࠋࡍ�

ࢩࣛࣃࠊࡾ࠶ࡀᚲせࡿ࠶࡛ࡌྠࡣ๓ᚋ᪉ྥࡢࢧࣥࢭẼᅽ㐍⾜᪉ྥࡢࢺ࣮ࣗࢩࣛࣃࠊࡓࡲ

ࡌࡡࡀࢺ࣮ࣗࢩࣛࣃࠊࡾࡼࢀࡇࠋࡓࡅࡘࡧ⤖ᵓ㐀࡛ࢫࣛࢺࠊࡋࡃ⊂ࢆ㛫㝸ࡢᶵయࢺ࣮ࣗ

�ࠋ࠺ᥞ᪉ྥࡌྠᖖࡀ๓ᚋ᪉ྥࡢࢺࢵࢧ⨁ࠊࡁാࡀຊࡿࡍඖࠊࡶ࡚ࡋᅇ㌿ࢀ

�

㸲㸬� �ࡵࡲ
� ⛅⏣࡛ࠊࡣᶵయࡀࢺ࣮ࣗࢩࣛࣃ㏆㐣࡚ࡂ᭷ຠ㠃✚ࡀᑠࠊࡾ࡞ࡃࡉ㝆ୗ㏿ᗘࡀタィࡼ

㣕⾜୰ࠊࡋࡃࡁࢆ✚㠃ࢺ࣮ࣗࢩࣛࣃࠊ࡛ࡇࡑࠋࡓࡋᦆയࢆࢱ࣮ࢹࢧࣥࢭࠊ࡚ࡗ࡞ࡃ㏿ࡾ

ࠋࡔࢇࡒࡢᅜࠊࡋᨵၿ࠺ࡼࡿࢆࣉࢵࢡࢵࣂࠊ࡚ࡋ㏦ಙ⥺↓ࢆࢱ࣮ࢹࡢࢧࣥࢭࡽ

ㄆ☜ࢆไᚚຠᯝࠊ࠸ࡲࡋ࡚ࡗ࡞ࡃ࡞ࡋసືࡀ㟁࡚ࡋࢺ࣮ࣙࢩࡀࢧࣥࢭ㔠ᒓእࠊࡋࡋ

ࠊᅾఀ⌧ࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿࡍ ㇋ᓥ࡛ࡢᡴࡆୖࡕᶵ㸦����ᖺ�᭶��᪥���᪥㸧ࢆᚓ࡚ࠊ

ࡢࡿࡍࢆ㣕⾜ไᚚ࡛ࡅࡔኚᙧࡢࢺ࣮ࣗࢩࣛࣃࠊࡣᅇࠋࡿࡍヨ㦂ࢆࣥࣙࢩࢵ࣑ࡌᗘྠ୍࠺ࡶ

�ࠋࡿࡍᣮᡓ࡚ࡵ㧗ࢆไᚚຠᯝࡽࡉ࡚ࡋ⏝ేࢆື⛣㔜ᚰࠊࡃ࡞ࡣ࡛

�

㸳㸬� ㅰ㎡�
⛅⏣࡛ࡣ㐠Ⴀࡢ⛅⏣Ꮫࡢඛ⏕᪉ࠊᏛ⏕Ᏹᐂࡢࢺࢡ࢙ࢪࣟࣉⓙᵝ࡚ࡋࡑࠊ♫ேࣟࢣ

ᰴᘧ♫᳜ᯇ㟁ࡢࢺࢵࢣࣟ,$08&ࠊࡣᅜ࡛ࡓࡲࠊⓙᵝࡢ56))7).&�52,$.72࣒࣮ࢳࢺࢵ

ᶵࡢⓙᵝ࠾ࢇ࠸ࡓୡヰࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶ࠋࡓࡋࡲࡾ࡞�

�

ᮾிᕤᴗᏛ㝃ᒓ⛉Ꮫᢏ⾡㧗➼Ꮫᰯ� �࣒࣮ࢳࢺࢵࢧ⨁

��6R5R/L㸸ᒣᆅ࣒࣮ࢳ ⌶�㧗���ᖹ⏣� Ꮥ♸�㧗���ᕸⰼཎ� ᵳ�㧗���୰ᒣ� ᬗⓡ�㧗���

�ᩍ⫱ࠖᐇ⾜ጤဨദࡿ࡞ࡃࡋᴦࡀᩘ⌮ࠕᏊᅬ㸸⏥ࢺࢵࢧ⨁ KWWS���ZZZ�VSDFH�NRVKLHQ�FRP�FDQVDW��

ᅇ㌿ࡢ୰ᚰ�

๓�

ᚋ�

ᅗࡢ▮༳ࡣ㐍⾜᪉ྥࡍ⾲ࢆ�
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ᡭసࡢ࣒࣮ࢻ࢚࣒࢘ࣜࢱࢿࣛࣉࡾసᡂ�

 

࠙ಟ㐨㧗➼Ꮫᰯࠚ 
ᯇ⏣� ㈼ுࠊோ⏣� ㄭ㸦㧗㸰㸧� ᐑᮏ� ె㛛㸦㧗㸯㸧 

 
�㸬ືᶵ�

㏆ᖺࠊᏱᐂࡸኳᩥᏛ⯆ࢆᣢࡿ࠸࡚ࡗேࡀῶ࠸࡞ࡣ࡛ࡢࡿ࠸࡚ࡗ㸽ᫍࢆぢࡿᶵࡀ

ᑡ࠸࡞ࡣ࡛ࡢ࠸࡞㸽 
ࢱࢿࣛࣉࡢࡇࠋࡓࡋࡇࡿࡍ⚍࡛ୖᫎᩥࡾసࢆ࣒࢘ࣜࢱࢿࣛࣉࠊࡣࠎᡃࡓ࠼⪄࠺ࡑ

ࡗᣢࢆ⯆ኳᩥᏛࡸᏱᐂࠋ࠸ࡋ࡚ࡋࡸቑࢆᶵ࠺ྜࢀゐᫍࠊ࡛ࡇࡿぢࢆ࣒࢘ࣜ

 ࠋ࠸ࡋ࡚
ᅇ࡛ 4 ௦┠ࡢࡇࠊࡀࡿ࡞࣒࢘ࣜࢱࢿࣛࣉࡢ⢭⚄⌜ࡀࢃࡣ௦ࠎ⥅ᢎࠋࡿ࠸࡚ࢀࡉ 

 
���ᢞᙳᶵ�ឡ⛠�ᬡ��

� �  
 
 
 
 
 
 
 
 
 
ձ ᜏᫍ⌫�

ᚑ᮶ࡿࡅ࠶ࢆ✰࡛ࣝࣜࢻࠊࣝࣜࢡࡸ࣮࣑ࣝ࣎ࣝࠊࡣᙧ࡛సࠊࡋࡋࠋࡓ࠸࡚ࡗ

ࡣ᪉ἲ࡛ࡢࡇ 300 ಶ⛬ᗘࡋᢞᙳ࡛࡛ࡇࡑࠋ࠸࡞ࡁᡃࡓ࠼⪄ࡀࠎ᪉ἲࣇࢫࣜࠕࠊࡣ

 ࠋࡓࡗࡔࡢࡶ࠺࠸ࡿࡍ㌿ࢆⅬࡿ࡞࣒ᫍࣝࣇ࡞Ṧ≉࠺࠸࣒ࠖࣝ
ࠊ࡛᭱ࡆ࠾ࡢ᪉ᘧࡢࡇ ᚤᜏᫍ 7.5 ➼⣭ࠊᢞᙳᫍᩘ 25000 ಶࢆᐇ⌧ࡇࡿࡍᡂຌࡋ

ࡏࢃࢆࡢࡶࡢᡞᏛኳᩥ◊✲⚄ࠊࡣࢱ࣮ࢹᜏ࣒ᫍࣛࢢࣟࣉࡓࡋ⏝ࠊ࠾࡞ࠋࡓ

 ࠋࡓ࠸ࡔࡓ࠸࡚
ղ ⟂య 

⪏ஂᛶࢆồ࣑ࣝࠊࡵࡓࡿࡵᯈࢆ⏝࣑ࣝࠋࡓࡋᯈࢆษ᩿ࡍ 
 ࡘࡀ᥋Ⅼ࣮ࣜࢱ࣮ࣟࡣ㍈ࠋࡓࡋ⏝ࢆ࣮ࢲࣥࣛࢢࡣࡢࡿ
 ࠋࡃ㟁ື࡛ື࠸ࢆࢢࣥࣜ࣋ࢠࠋࡿ࠸࡚࠸
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ճ 㟁⌫ 
ග※ࠊࡣΏ㎶ᩍල〇సᡤࠕࡢWPS 㟁⌫ࠖ࠺࠸㟁⌫ࢆࠋࡓࡗὶ 2V5A 㟁Ẽࡢ

 ࠋࡿࡍᚲせࢆ
 
�㸬࣒࣮ࢻ࢚�ឡ⛠� 㞷ぢࡃࡩ࠸ࡔ��

ᑠᏛᰯ࡛࡞ฟᙇୖ࡛ᫎࠊ࠺ࡼࡿࡁᣢࡕ㐠ࡀࡧᐜ᫆ࢆ࣒࣮ࢻ࡞స࠺࠸࠸ࡋ࡚ࡗ㢳ၥ

 ࠋࡓࡳヨࢆసᡂࡅཷࢆせᮃࡢ⏕ᑠ⏣⋞ඛࡢ

� � � � � � � ไస㢼ᬒ 

ձ ⣲ᮦ 
Ṋ⏣⏘ᴗࠕࡢⓑ㯮ⓑ㐽ගࢆ࣒ࠖࣝࣇ⏝ྍࠋࡓࡋどග⥺ࢆ 99.9㸣ࠊࡋࢺࢵ࢝㔜ࡉ 
 ᙉࠊࡀࡓࡗ࠶࡛ࡢࡶ࡞ⓗ⌮ࠊࡣ࡚ࡋ⣲ᮦ࣒࣮ࢻ࢚ࡢ⏝࣒࢘ࣜࢱࢿࣛࣉࡃ㍍ࡶ
ᗘࡀᙅࠊ࡛ࡢ࠸ࡍࡸࡁ࠶ࡀ✰ࡃไసࡣ⣽ᚰࡢὀពࢆᡶࡎࡽ࡞ࡤࡡࢃኚࠋࡓࡗࡔ 

ղ సᡂ᪉ἲ 
� � ᡂᙧࢆỴᐃࠊࡋᗏ㠃ࠊഃ㠃༙ࠊ⌫㒊ศศ࡚ࡅタィᅗࢆసᡂࡢࢀࡑࠋࡓࡋᆺࢆ 

సࠊࡾୗ࡚࠸⨨ࢆ࣒ࣝࣇษᢤࠊࡁษࡾᢤࢆࡢࡶࡓ࠸୧㠃࡛ࣉ࣮ࢸ᥋╔ࠋࡓࡋ 
༙⌫㒊ศࡣ⯪ᙧศࢆࡽࢀࡑࠊ࡚ࡅ᥋╔ࠋࡿࡍ 

ճ ࢡࢵ࢚ࣟ 
㐣ཤసᡂ࡛ࢡࢵ࢚࣒࣮ࣟࢻࡣ࣒࣮ࢻ࢚ࡓࡋศࠊࡀࡓ࠸࡚ࢀࡽࡅᅇࡣᣢࡕ

㐠ࢆࡉࡍࡸࡧ⪃៖୍࣒࣮ࢻࠊ࡚ࡋయࠋࡓࡏࡉධཱྀࡣ୰እࡢẼᅽᕪࢆ⏝ࡿࡍ

ෆᡬࠊࡣࢀࡇࠋࡓࡋᑡࠋࡓࡗࡃ࠸ᢅࠎ 
 
 
 
 
 

�㸬ཧ⪃ᩥ⊩ 
࣭home.kkobe-u.com/tenken/activity/plane/index.html 
� ⚄ᡞᏛኳᩥ◊✲ࢪ࣮࣒࣮࣌࣍ࡢ 
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ȗȩȍǿȪǦȠ৲ࢨဇȉȸȠƷ˺�

ᰘ⏣� ඃ㸪୰ᮧ� ோ⨾㸪ᒣᾆ� Ἃᙬ㸪ྜྷ㔝� ᮒ⨾� �� ᖺ��

▼ᕝ� ⥮ె㔛㸪ᯈᶫ� ᮥᯝ㸪✄⏣� ⣸ⱌ㸪ᵳ� ┿Ꮚ㸪ᮡ㔝� ᮍౡ㸪㕥ᮌ� ඃ⾰㸪㫽ሯ� ⍆⣧� �� ᖺ��

࠙ᫍ㔝㧗➼Ꮫᰯኳᩥ㒊ࠚ�

�

��� ƸơǊƴ�

ࢱࢿࣛࣉࠋࡿ࠸࡚ࡋࢆᫎୖࡢ࣒࢘ࣜࢱࢿࣛࣉ࡛⚍ẖᖺᩥࡣࡕࡓ⚾

Ꮫ⛉ࡢேࠕࡿ࠸ฟ࡚ࡽ◊Ꮫࡣ⨨ᢞᙳࡢ࣒࢘ࣜ ⏝ࢆࢺࢵ࢟ࡢࠖ

ࢆ࣒࣮ࢻᆺ࣮ࣛࣇࡢ⪄ࢇࡉᜤྖ⸩ᩧࡢẕᏛ㝔⪷ࡢி㒔ࡣ࣒࣮ࢻࠊࡋ

సᡂࡋࡣ࣒࣮ࢻࠋࡓࡁ࡚ࡗ㐣ཤᅇసࠊࡀࡓࡗ๓ᅇసྂࡀࡢࡶࡓࡗ

ᙅࡀᙉᗘࡢ࣒࣮ࢻࠊࡀࢁࡇࠋࡓࡋ┤ࡾసࡃࡋᖺ᪂ࠊ࡛ࡢࡓࡗ࡞ࡃ

 ࠋࡓࡋࡇࡍ┤ࡾసࡵࡓࡓࡗࡲࡋ࡚ࡋ⚍ᚋ◚ᦆᩥࡃ

�

��� ʻׅ˺ǔȉȸȠƱЭׅ˺ƬƨȉȸȠƷᢌƍ�

ࡢࡶࡢᖺࠋࡓࡗࢆ࣮ࣝ࣎ẁࢡࢵࢳࢫࣛࣉࡣ┠ᅇࠊ࣮ࣝ࣎⣬〇ẁࡣࡵึࠊࡕ࠺ࡓࡗᅇసࡀࡕࡓ⚾

ゅᙧࠊ࠸ࢆ࣮ࣝ࣎⣬〇ẁࠊࡣࡢࡶࡢ⪄ࢇࡉ⸩ᩧࠋࡓࡗࢆ࣮ࣝ࣎ẁࢡࢵࢳࢵࢫࣛࣉࡢⓑࡣᮦ㉁ࠊࡣ

ࡶᅇࠋࡿ࠶ᚩ࡛≉ࡀࡢ࡞⬟ྍ❧⤌ᅇᩘࡁ࡛ࡀࡇࡿࡍศゎẚ㍑ⓗ⡆༢ࠊᘧ࡛ࡳ㎸ࡵࡣࡢභゅᙧࡣࡓࡲ

ࡇࡑࠋ࠸࡞ࡣᚲせࡿࡍศゎࡾࡓ࡚❧⤌࡛ࡢࡃ࠾࡚࠸⨨ᐊ⛉⌮ࠊࡀࡓࡋࡇࡿసࢆࡢࡶࡢᆺ࣮ࣛࣇࡌྠ

࡛୕ゅᙧࡢᆺࢆసࢆࡢࡶࡿࡏࢃྜࡂ࡞ࡘࡾసࡓࡋࡇࡿ㸬సࢺࢧࢺࢵࢿ࣮ࢱࣥࡣ࡚ࡗࡓ࠶ࡿ

 ࠋࡓࡋ⪄ཧࢆdesert domesࠖࠕ

ࡣ࡛ࡲᆺࢆసᡂࢆࢶ࣮ࣃ࡚ࡏࢃྜࢀࡑࠊࡋษࡢࡑࠊࡀࡓࡗྲྀࡾ᪉ἲࢆࢶ࣮ࣃࡔసࠊ࡚ࢀࡘࡿᆺ

࣮ࣃࡢ࣮ࣝ࣎ẁࡣᅇࠋࡓࡗ࡞ฟ᮶ࡀࡇࡿࡍసᡂ☜ṇࠊ࠸ࡲࡋ࡚ࡁ࡚ࡗࢃኚࡀࢬࢧ࡚ࢀ๐ࡀゅࡢ

 ࠋࡓࡋసᡂࡁ᭩ࢆ⥺ࡘ୍ࡘ୍ࢆᙧࡢࢶ

� ๓ᑠࢆ࣒࣮ࢻࡢ⏝ࢺࢫࢸ࠸ࡉసࠊࡾసᴗࡢ࣒࣮ࢻࡢࡑࠊࢀ័⛬⾜ࡢḞⅬࢆぢ࡚ࡅࡘᮏ␒⏝࣒࣮ࢻ

 ࠋࡓࡋࡇࡍάసᡂࡢ

 

���� ̅ဇƠƨ૰Ʊဇφ�

� ࣭ẁ࣮ࣝ࣎� �ࣉ࣮ࢸ࣒࣭࢞ �ࢻ࣭ࣥ࣎ � �

� �࣮ࢱࢵ࣭࢝ �ࡋࡉࡢࡶ࣭

 
��� ˺૾ඥ�

࣭� �KWWS�GHVHUW�GRPHVࠖࠕࢺࢧࢺࢵࢿ࣮ࢱࣥ��ZZZ�GHVHUWGRPHV�FRP�LQGH[�KWPO�༙࡚ᚄ �����FP

��㸯⾲�ࡿࡵồࢆẚࡉ㛗ࡢ㎶ࡢ࣒࣮ࢻᆺ࣮ࣛࣇࠊࡋධຊࢆ

࣭� ィ⟬ࢬࢧࡓࡋᚑ࡚ࡗẁࢆࢶ࣮ࣃࡽ࣮ࣝ࣎ษࡾฟࡍ�

◚ᦆࠊࡓࡋᖺసࡓࡋ┤ࡾ

ᢞᙳ⏝࣒࣮ࢻ 
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࣭� ��ᯛᩘ㸸㸿㸿㹀ࢶ࣮ࣃ ᯛ� 㹄㹁㹂�� ᯛ� 㹁㹄㹂�� ᯛ� 㹁㹁㹀�� ᯛ� 㹂㹂㹃�� ᯛ� 㹃㹃㹃�� ᯛ�

�ᅗ㸯ྛࢺࢵ࣋ࣇࣝࡢ㸿࣭㹀࣭㹁࣭㹂࣭㹃࣭㹄୍ࢆ㎶୕ྛࡿࡍゅᙧ���

�

⾲㸯�

㎶� 㛗ࡉ�FP��

㸿� ������

㹀� ������

㹁� ������

㹂� ������

㹃� ������

㹄� ������

ᅗ㸯�

�ࠋࡓࡋࡇࡿసࢆゅᙧ୕ྛ࠸⏝ࢆ್ᩘࡢ㸯⾲࡚ࡏࢃ࠶ᚄ༙ࠊࡣ⏝ࢺࢫࢸ

�

��� ᙌ˺ɥƷදॖ�

�ࠋࡿࡍὀពࡢ௨ୗ㝿ࡿࡍษ᩿ࢆ࣮ࣝ࣎ࣥࢲ

࣭� �ࠋ࠺ࢆࡢࡶ࠸࡞࡚ࡗࡀ᭤ࢀ㡹࡛ᢡࡣ࣮ࣝ࣎ࣥࢲ

࣭� ษࡿ㝿ࠊ�PP ௨ୖࡢㄗᕪࢆసࠋ࠸࡞ࡽ�

�ࠋࡿࡍὀពࡢ௨ୗࡣ㝿ࡿ࡚❧ࡳ⤌ࠊࡓࡲ

࣭� ࡌྠࡅࡔࡿࡁ࡛ࠊⅭࡄ㜵ࢆ➼ࡳࡇ㝿ࡿ࡚❧ࡳ⤌ࢆ࣮ࣝ࣎ࣥࢲ

ཌࢆ࣮ࣝ࣎ࣥࢲࡢࡉࠋ࠺�

࣭� ࠺ࡼ࠸࡞ࡁ࡛ࡀ㛫ࡁࡍࠊࡏࢃྜࢆ➃➃ࠊ࠼ࢁࡑࢆᖜࡢࢁࡋࡾࡢ

�ࠋࡿࡍ

�

��� ǇƱǊ�

ࡶࡘࡓࡋ〇సࢆ⏝ࢺࢫࢸ࡚ࡅࢆẼὀពࠖࡢ〇సୖࠕ

ࠊࡵࡓࡓࡗ㐪ࡀࡉཌࡢ࣮ࣝ࣎ẁࡸࡉ㛗ࡢࢁࡋࡾࡢࠊࡀࡔࡾ

ேࡀᨭ୕ࠊࡓࡲࠋ࠺ࡲࡋ࡛ࢇࡇ࠸࡞࠸࡚࠼ゅᙧࡢࡁ

ࢧ␒ᮏࡣᅾ⌧ࠋࡓࡗࡲࡋ࡚ࡆ⧄ࡾࡸ⌮↓ࡵࡓࡓࡗ㐪ࡀࡉ

ᚄ༙ࡿ࠶࡛ࢬ ����� ࢆ࣒࣮ࢻࡢసᡂ୰࡛ࡢࡑࠊࡀࡿ࠶㝿

ࢭࢽࣗࢪࠋ࠸ࡓࡾసࡽ࡚ࡋ┤ࡾ ☜ᯛ୍ᯛṇ୍ࡣ

�ࠋ࠸ࡓࡋሗ࿌ࡶᵝᏊࡢ࡛ࡲࡇࡑࡣᙜ᪥ࣥࣙࢩࢵ

�

࣒࣮ࢻ࠸ࡉᑠࡢ⏝ࢺࢫࢸ

 ࢁࡇࡿ࠸࡚ࡗసࢆ

ᡂ࣒࣮ࢻࡢ⏝ࢺࢫࢸࡓࡋ 
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�

�

�

MoonKAMࡓ࠸⏝ࢆ᭶ࡢ◊✲㸱�

�࠸㐪ࡢ⾲ࡢ᭶ࡓぢࡽ㛵ಀࡢᚄ┤≦ᙧࡢ࣮ࢱ࣮ࣞࢡ

㛵す౯Ꮫᅬ�MoonKAM Project Team�

ᑎᡞ� ⪷⳯㸦㸱ᖺ㸧ࠊᯇᮏ� ㄹ㸦㸯ᖺ㸧࠙㛵す౯㧗➼Ꮫᰯࠚ 
Ọ⏣� ᗈᖹ㸦㸱ᖺ㸧࠙㛵す౯୰Ꮫᰯࠚ 

�

せ� ᪨�

MoonKAMࠊࡣ᭶࿘ᅇ⾨ᫍGRAIL㸦᪥ᮏ㛫2012ࡢᖺ12᭶18᪥᭶㠃ไᚚⴠୗ㸧

�ࠋࡿ࠶࡛࣒ࣛࢢࣟࣉ⫱ᩍࡢNASAࡓࡋ⏝ࢆ

ẚ㍑࡚࠸ࡘ㛵ಀࡢᚄ┤≦ᙧࡢ࣮ࢱ࣮ࣞࢡ࡚࠸⏝ࢆ┿ࡓࡋGRAIL࡛ᙳࡣࡕࡓ⚾

�ࠋࡓࡋᐹ⪄࡚࠸ࡘ࠸㐪ࡢ⾲ࡢ᭶ࠊࡋ

 
㸯㸬ࡵࡌࡣ 

ࡢᒙཌࢫࣜࢦࣞࡿࡅ࠾ഃഃ⾲ࠊࡿࡼẚ㍑ࡢ࣮ࢱ࣮ࣞࢡᑠᆺࠕࠊᖺࡣࡕࡓ⚾

㐪࠸㛵ࡿࡍ⪃ᐹࠖࡢ୰࡛ࡢ࣮ࢱ࣮ࣞࢡࠊ┤ᚄ⣼✚㢖ᗘࡢ㛵ಀ࣮ࢱ࣮ࣞࢡࠊࡧࡼ࠾ࠊ

ࡳヨࢆド᳨ࡢຠᯝࠖ௬ㄝࢻࣥࣛࣈࡿࡼ⌫ᆅࠕࠊࡽྜࡢ࣮ࢱ࣮ࣞࢡ㞧「ࡿࡵ༨

ࡣẚ㍑⤖ᯝࡢഃഃ⾲ࠊ࡚࠸࠾ᐹࠖ⪄ࡿࡍ㛵ࡉ῝ᚄ┤ࡢ࣮ࢱ࣮ࣞࢡࠕࡓࡲࠋࡓ

�ࠋࡓࡋ㐩ㄽ⤖ࡢ࠸࡞ࡋ┪▩ຠᯝࠖ௬ㄝࢻࣥࣛࣈࡿࡼ⌫ᆅࠕ

ࡇࡿ࠸࡚ࡅྥ⌫ᆅࢆ㠃ࡌྠᖖࡀ᭶ࠊࡣຠᯝࠖࢻࣥࣛࣈࡿࡼ⌫ᆅࠕࡢࡇ

GRAILࡋࡋࠋࡿ࠶௬ㄝ࡛ࡓ࡚❧ࡢࡕࡓ⚾ࠊ࠺࠸ࡿࡍ✺⾪ࡀ▼㝹ࡢࡃከࡾࡼഃࠊࡽ
ࢡࠕࡓ᪂ࠊᅇࠊࡃࡋ㞴ࡀࡇࡿࡍᐃ ☜ṇࢆࡉ῝ࡢ࣮ࢱ࣮ࣞࢡࡣ࡛┿ࡓࡋᙳࡀ

ࡿࡍド᳨ࢆຠᯝࠖ௬ㄝࢻࣥࣛࣈࡿࡼ⌫ᆅࠕ࡚࠸⏝ࢆ㛵ಀࠖࡢᚄ┤≦ᙧࡢ࣮ࢱ࣮ࣞ

 ࠋࡓࡋࡇ
 
㸰㸬ィ ᪉ἲ 
�ࠋࡿࡍฟ⟭ࢆᚄ┤ࡽᑻ⦰ࠊࡋࢡࢵ࢙ࢳࢆ࣮ࢱ࣮ࣞࢡࡽീ⏬ࡓࡋGRAIL࡛ᙳࠊࡎࡲ

ḟࡢ࣮ࢱ࣮ࣞࢡࠊᙧ≧ࠕࢆ༢⣧࣭࣮ࢱ࣮ࣞࢡᖹᗏ࣭࣮ࢱ࣮ࣞࢡ୰ኸୣ࣭࣮ࢱ࣮ࣞࢡከ

㔜ࣜࣥࡢ࣮ࠖࢱ࣮ࣞࢡ≦ࢢ㸲ࡢ⾲ࠕࢆࣥࣙࢩ࣮ࢣࣟࠊࡘᾏ࣭⾲ࡢ㧗ᆅ࣭ࡢᾏ࣭ࡢ㧗

ᆅ ࠊྛ࡚ࡋศ㢮ࢀࡒࢀࡑࡘ㸲ࡢࠖ �ࠋࡿࡍࢺࣥ࢘࢝ࢆᩘ࣮ࢱ࣮ࣞࢡࡿࡲࡣᙜ࡚࣮ࣜࢦࢸ࢝

� ᾏࡀᙧᡂࡿࢀࡉ㝿ࠊ᭶ෆ㒊ࡾࡼὶฟࡓࡋ⋞Ṋᒾ㉁ࡢࢫࣜࢦࣞࡀሁ✚ᒙࢆそࡓ࠺ࡲࡋ࡚ࡗ

ࡢ⾲ࠕᾏࠖࡢᾏ࣭ࡢ⾲ࠕ࡛ࡇࡑࠋࡿ࡞␗ࡀࡉཌࡢᒙࢫࣜࢦࣞࡢᒙ⾲ࡣ㧗ᆅ࡛ᾏࠊࡵ

㧗ᆅ࣭ࡢ㧗ᆅࠖࢀࡒࢀࡑࢆẚ㍑ࠋࡓࡋࡇࡿࡍ�

Ṇࢆࢫࣅ࣮ࢧᖺ��᭶௨㝆୍ⓗࡀࢺࢧࢻ࣮ࣟࣥ࢘ࢲࡢࢱ࣮ࢹMoonKAM࠾࡞

࠶ᐹ⪄ࡣ࡛✏ᮏࠊࡵࡓ࠸࡞ࡁ࡛ࡀࡇࡿ࠸⏝ࢆᙳ⏬ീࡢⅬ࡛GRAIL⌧ࠊࡾ࠾࡚ࡋ

 ࠋࡓࡋ⏝ࢆࢱ࣮ࢹࡢ��NASA Catalogue of Lunar Nomenclatureࡾࡓ
�

㸱㸬⤖ᯝ�

⤖ᯝࡣḟࡢ㏻ࠋࡓࡗ࠶࡛ࡾ�
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㧗ᆅྠኈ࡛ẚ㍑ࠊࡿࡍ┤ᚄ10ࡀ㹼30km⛬ᗘࡢᑠᆺࠊࡣ࣮ࢱ࣮ࣞࢡ⾲ഃ࡛ࡣ୰ኸୣᆺ

ࣞࢡᆺࡢ100㹼130kmࡓࡲࠋࡿࡵ༨ࢆ༙ࡀ༢⣧ᆺ࣭ᖹᗏᆺࡣഃ࡛ࠊࡀ࠸㧗ࡀྜࡢ

 ࠋࡿ࠶୍࡛ྠࡰࡶྜࠊࡾ࡞ࡳࡢ୰ኸୣᆺᖹᗏᆺࡶࡽࡕࠊࡣ࡛࣮ࢱ࣮
୍᪉ࠊᾏྠኈ࡛ẚ㍑ࠊࡿࡍ┤ᚄ30ࡀkm㹼ࠊࡣ࡛࣮ࢱ࣮ࣞࢡࡢ⾲ഃ࡛ࡣ༢⣧ᆺࡀぢࡽ

 ࠋࡿࢀࡽぢࡀᖹᗏᆺࡸ༢⣧ᆺࡣഃ࡛ࠊࡋᑐࡢ࠸࡞ࢀ
 

㸲㸬⪃ᐹ 
㧗ᆅࡢ┤ᚄ10km⛬ᗘࡢᑠᆺࢆ࣮ࢱ࣮ࣞࢡẚ㍑ࠊࡿࡍഃࡢ᪉ࡀ༢⣧ᆺࡢྜࡀ㧗ࠋ࠸

ぢࡀ༢⣧ᆺ࠸࡞ࢀࡽぢࡣഃ࡛⾲ࠊࡶ࡛࣮ࢱ࣮ࣞࢡ୰ᆺࡢ30km㹼60kmࡀᚄ┤ࠊࡢᾏࡓࡲ

ࢀࡉᙧᡂࡀ࣮ࢱ࣮ࣞࢡ༢⣧ᆺࡁࡓࢀࡽᢔࡀࡳࡢᒙࢫࣜࢦࣞࡢᒙ⾲࠸ࡽᰂࠋࡿࢀࡽ

 ࠋࡿࢀࡉ ᥎࠸ཌࡀ᪉ࡢᒙࢫࣜࢦࣞࡢഃࠊࡽẚ㍑ࡢࡘ௨ୖ㸰ࠊࡿࡍࡿ
 

㸳㸬ᚋࡢㄢ㢟 
᪥ᮏࡢ᭶ほ ⾨ᫍࡸࡄࠕ ࠊࡣᆅୗᵓ㐀ࡢᾏࡢഃ⾲ࡓࡋ ほ࡛࣮ࢲࣥ࢘ࢧ࣮ࢨ࣮ࣞࡀࠖ

ᙧ࣮ࢱ࣮ࣞࢡࠋࡓࡗ࠶ᵓ㐀࡛࣮ࣘࣇ࣑ࣝࡓࡗ࡞㔜ࡀṊᒾᒙ⋟ሁ✚ᒙࢫࣜࢦࣞ

�ࠋ࠸ࡓࡁ࠸࡚ࡋウ᳨ࢆࢱ࣮ࢹ࠸࡞ࢀࡽぢࡀ㛵ಀࡢ᭷≉ᾏࠊ࡚࠸ࡘ㛵ಀࡢᚄ┤≦

ᐹ⤖ᯝ⪄ࡃ࡞Ṥࡀグ㍕ࢺࢫࣜࡢNASAࠊࡣ࡚࠸ࡘ࣮ࢱ࣮ࣞࢡࡢᾏࡢഃࠊࡓࡲ

�ࠋ࠸ࡓࡁ࠸࡚ࡋ⿵ࢆࢱ࣮ࢹ࡚࠸⏝ࢆMoonKAM⏬ീࠊᚋࠊࡵࡓ࠸పࡶಙ㢗ᗘࡢ

㸲࡞࣮ࢱ࣮ࣞࢡࢢࣥࣜࢳ࣐ࣝࡸ࣮ࢱ࣮ࣞࢡࢢ࣮ࣥࣜࣆࡣ≦ᙧࡢ࣮ࢱ࣮ࣞࢡࠊ࠾࡞

ศ㢮ᙜ࡚ࡶࡢࡶ࠸࡞ࡽࡲࡣከᩘᏑᅾࠋࡓࡋ┿ࡢ࣮ࢱ࣮ࣞࢡࡽᙧ≧ࢆⓗ☜ศ㢮࡛

�ࠋ࠸ࡓࡁ࠸࡛ࢇᏛࡶ࡚࠸ࡘᆅᏛࡢ᭶࡞ᇶ♏ⓗࠊ࠺ࡼࡿࡁ

 
㸴㸬ཧ⪃㈨ᩱ  
NASA Catalogue of Lunar Nomenclature (Leif E. Andersson, Ewen A. Whitaker, 
1982) 
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�

 

᭶㠃ࡿࡼ▼ࣥࣛࣥ࢝ࡿࡅ࠾ኴ㝧ගࡢ྾᳨ࢆฟࡿࡍヨࡳ 
⚄ᑿ ᮒ㡢ࠊᒸᓮ ᶞ㸦㧗㸰㸧 

㝵ᇽ 㣁ᰭࠊ㘊 ᣅᐇࠊᜠ⏣ ᜤ㍜ࠊᒣཱྀ ஂᐇࠊ༓⏣ ┤ே㸦㧗㸯㸧 
࠙ᇸ⋢┴❧ᾆす㧗➼ᏛᰯᆅᏛ㒊ࠚ 

 
㸯㸬ࡵࡌࡣ 
� ᭶᥈ᰝᶵࠊࡣࠖࡸࡄࠕᦚ㍕ࡿࡼ࣮ࣛࣇࣟࣉࣝࢺࢡ࣌ࢫࡓࢀࡉᗈ⠊ᅖ࡞ศගほ

ࡿࡍ୰ᚰࢆἼ㛗1050nmࡿࡼ▼ࣥࣛࣥ࢝୰ኸୣࡸ㒊⦖ࡢ࣮ࢱ࣮ࣞࢡ᭶㠃ࡽ 

700nm㹼1500nmࡢ྾ࢆⓎぢࣝࢺ࣐ࣥࡣ▼ࣥࣛࣥ࢝ࠋࡓࡋ῝㒊ࡢ㧗 㧗ᅽୗ࡛ᙧᡂࢀࡉ

ࡼ✺⾪▼㝹ࡣᡂ⏕ࡢ࣮ࢱ࣮ࣞࢡ᭶㠃ࠊࡾࡼࡇࡿ࠶࡛≀㖔ࡿࡍᵓᡂ࡚ࡋࢆ▼ᒾࡿ

ࡢࡽᆅୖࢆ྾ࡿࡼ▼ࣥࣛࣥ࢝ࡢࡇࡣࠎᡃࠋࡿ࠶࡛ࡢࡶࡿࡅࢆㄝࡿࡍࡢࡶࡿ

ほ ᳨࡚ࡗࡼฟࢆࡇࡿࡍヨࠋࡓࡳ 
 
㸰㸬ほ ⤖ᯝ 
㸦㸯㸧2012ᖺ7᭶31᪥� ி㒔Ꮫᒓ㣕㦌ኳᩥྎ࡛ࡢほ  
࣭ほ ᆅ� ᒱ㜧┴㧗ᒣᕷ� ி㒔Ꮫᒓ㣕㦌ኳᩥྎ 
࣭ほ ᶵᮦ� 㹂㹑㹒㸦ࢫ࣒࣮ࣞࢻኴ㝧ᮃ㐲㙾㸧ᆶ┤ศගჾ 
� � � � � � Photometrics CH350㠃↷ᑕᆺ෭༷㹁㹁㹂࣓ࣛ࢝ 
࣭ほ ࢺࢵࢤ࣮ࢱ� ༴㞴ࡢᾏᮾ⦕ 
࣭ほ ᪉ἲ�  ᐃ ࢆศගᙉᗘࡢ1050nmࠊ875ࠊ750
࣭⤖ᯝ� ᮇᚅ1050ࡿࡍnm࡛ࡢ྾ࢆぢฟࠋࡓࡗ࡞ࡁ࡛ࡣࡇࡍ 
㸦ᖺ࡛ࣥࣙࢩࢵࢭࢽࣗࢪࡢሗ࿌ ྍࡓ࠸࡚ࡋࡎࡣࢆࢺࢵࢤ࣮ࢱࡀࢺࢵࣜࢫ⬟ᛶࡾ࠶㸧 
 
㸦㸰㸧2013ᖺ8᭶18᪥㹼20᪥� ி㒔Ꮫᒓ㣕㦌ኳᩥྎ࡛ࡢほ  
࣭ほ ᆅ� ᒱ㜧┴㧗ᒣᕷ� ி㒔Ꮫᒓ㣕㦌ኳᩥྎ 
࣭ほ ᶵᮦ� 㹂㹑㹒㸦ࢫ࣒࣮ࣞࢻኴ㝧ᮃ㐲㙾㸧Ỉᖹศගჾ 
� � � � � � Photometrics CH350㠃↷ᑕᆺ෭༷㹁㹁㹂࣓ࣛ࢝ 
࣭ほ ࢺࢵࢤ࣮ࢱ�  ୰ኸୣࢫࢡࢽࣝ࣌ࢥ
࣭ほ ᪉ἲ�  ᐃ ࢆศගᙉᗘࡢ1050nmࠊ875ࠊ750
� ᖺࡢ┬ࢆ㋃ࠊ࠼ࡲḟࡢኚ᭦ࠋࡓࡗ⾜ࢆ 
 ኚ᭦୰ኸୣࢫࢡࢽࣝ࣌ࢥ࠸ࡍࡸࡏࢃྜࢆᮃ㐲㙾ࢆࢺࢵࢤ࣮ࢱ࣭
࣭ศᩓࡢప࠸Ỉᖹศගჾኚ᭦ 
࣭⤖ᯝ� ⨨ࡢࡢࡶࡓࡗ⾜ࡣ࡛ࡲࢢࣥࢸࢵࢭࡢᝏኳೃࡵࡓࡢほ ࡛ࠋࡓࡗ࡞ࡁ 
 
㸦㸱㸧ᐇ㦂ᐊ࡛ࡢศගᐇ㦂 
࣭ᾆす㧗ᰯ≀⌮ᐇ㦂ᐊ 
࣭ᶵᮦ� ⮬సపศᩓศගჾ࠙ᅗ㸯ྍࠊࠚどග⏝෭༷CCD 
�  㸧࣮ࢱ࣮ࣄ⏝ࢶࢱࢥேᕤኴ㝧ග※㸦ࠊ(Atik Titan-mono)࣓ࣛ࢝

࠙ᅗ㸯ࠚపศᩓศගჾ 
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�

�

�ࢺࢵࢤ࣮ࢱ࣭  ⅆᡂᒾ㸦㸳✀㸧✀ྛࠊ▼᪉ゎࠊ▼ࣥࣛࣥ࢝
� � � � � � 㸦ࠊ▼ࣥࣛࣥ࢝᪉ゎ▼ࡣᑠ⤖ᬗࡢ㞟ྜయ㸧 
࣭ほ ᪉ἲ� 600nm~1000nmࡢ㐃⥆ศග㸦600nm௨ୗࡢἼ㛗ࡣR1ࢺࢵ࡛࣮࢝ࢱࣝࣇ㸧 
࣭⤖ᯝ� 600nmࡾࡼ㛗Ἴ㛗࡛ࡢᑕගศගᙉᗘࡢ ᐃࡢࡑࠋࡓࡗ⾜ࢆ⤖ᯝࠊᅗ㸰ࡼࡍ♧

᳨ࢆ྾ࡢ㛗Ἴ㛗ഃ࡛ࡾࡼ700nm㏆ࡢ᭷≉▼ࣥࣛࣥ࢝࠸࡞ࢀࡽࡵㄆࡣⅆᡂᒾ࡛ࡢ࠺

ฟࠋࡓࡁ࡛ࡀࡇࡿࡍ⏝1000ࡣ࣓ࣛ࢝ࡓࡋnm㏆࡛ࢇࡣឤᗘࠊࡵࡓࡿ࡞ࡃ࡞ࡀ

1000nm㏆࡛ྛࡢᒾ▼ࡢ㐪᳨ࡣ࠸ฟ࡛ࠋࡓࡗ࡞ࡁ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
㸱㸬⪃ᐹ 
� 㸰ᗘࡢ㣕㦌ኳᩥྎ࡛ࡢほ ࡛ᮇᚅࡀࢱ࣮ࢹࡿࢀࡉᚓࠊࡵࡓࡓࡗ࡞ࢀࡽ⌧ᅾᡭᣢࡢࡕᑠ

ᆺᮃ㐲㙾ᐊෆᐇ㦂࡛⏝ࡓࡋศගჾ࡚࠸⏝ࢆ᭶㠃ࡢศගほ ᣮᡓࠋࡿ࠸࡚ࡋᑠᆺࡢᮃ

㐲㙾ࡣ✵㛫ศゎ⬟ࡾࡲ࠶ࡀ㧗ࡢ▼ࣥࣛࣥ࢝ࡃ࡞ࡃᏑᅾࡾ࡞ࡣࡇࡿ࠼ࡽࢆ㞴࠸ࡋᛮ

࠶ணᐃ࡛ࡿࡁ࡛⾲ሙ࡛Ⓨࡢࣥࣙࢩࢵࢭࢽࣗࢪࡣᯝ⤖ࠊࡾ࠶ゎᯒ୰࡛ࠊ ほࠊࡀࡿࢀࢃ

 ࠋࡿ
 
㸲㸬ࡵࡲ 
� ᅇࡢほ ࠊࡽᐊෆᐇ㦂࡛700ࡢ▼ࣥࣛࣥ࢝ࡣnmࡾࡼ㛗Ἴ㛗࡛ࡢ྾ࢆᤊࡇࡿ࠼

᭱࠺ࡼࡿࡁ࡛ࡀࢀࡑࠊࡾ࠶ᶆ࡛┠ࡀࡇࡿ࠼ࡽࢆ྾ࡿࡅ࠾᭶㠃ࡢᐇ㝿ࠋࡓࡁ࡛ࡀ

ᚋ࡛ࡲດຊࣥࣙࢩࢵࢭࡋᙜ᪥ࢆ㏄ࠋ࠸ࡓ࠼ 
 
㸳㸬ㅰ㎡ 
� 㣕㦌ኳᩥྎ࡛ࡢほ ࡧࡼ࠾ほ ࡢࢱ࣮ࢹゎᯒ࡛ࠊࡣከࡢ⪅✲◊ࡢࡃ᪉༠ຊࡓ࠸࡚ࡋ

୰ࠕࡢᏛᢏ⾡⯆ᶵᵓ⛉ࡣ✲◊ᮏࠊࡓࡲࠋࡍࡲࡆୖࡋ⏦♩ᚚ࡚ࡾࢆሙࡢࡇࠋࡓࡋࡲࡁࡔ

㧗⏕ࡢ⛉Ꮫ㒊άື⯆ࡢ࣒ࠖࣛࢢࣟࣉ⿵ຓࠋࡓࡋࡲ࠸⾜࡚ࡅཷࢆ 

㻜㻚㻞

㻜㻚㻟

㻜㻚㻠

㻜㻚㻡

㻜㻚㻢

㻜㻚㻣

㻜㻚㻤

㻜㻚㻥

㻝

㻝㻚㻝

㻡㻤㻜 㻢㻟㻜 㻢㻤㻜 㻣㻟㻜 㻣㻤㻜 㻤㻟㻜 㻤㻤㻜 㻥㻟㻜 㻥㻤㻜

Ἴ㛗㼇㼚㼙㼉


ᑕ

⋡

㸦ᑠ㸧▼ࣥࣛࣥ࢝ 㸦㸧▼ࣥࣛࣥ࢝
Ᏻᒣᒾ 

⋞Ṋᒾ 

 ᒾࣞᩬ

㛝⥳ᒾ 

᪉ゎ▼ 
ⰼᓵᒾ 

࠙ᅗ㸰ࠊ▼ࣥࣛࣥ࢝ࠚ᪉ゎ▼ྛࠊ✀ⅆᡂᒾࡿࡼᑕගࡢศගᙉᗘศᕸ 



᭶⾲㠃ࡢ೫ගほ �
㝮ⶶ� �⏣ᰗࠊࡳࡺ࠶ ᾴἨྜྷࠊ⏣� Ύ⨾�� ᖺ��

࠙ᇸ⋢┴❧᪥㒊ዪᏊ㧗➼Ꮫᰯࠚ�

�

�ࡵࡌࡣ���

� ᮏᰯࡢᆅ⌫⛉Ꮫ㒊࡛ࠊࡣ௨๓ࡽᵝ࡞ࠎ᪉ἲ࡛᭶ࠋࡓࡁ࡚ࡗ⾜ࢆ✲◊ࡢ㉥እ⥺ᨺᑕ 

ᗘィࡓ࠸⏝ࢆ᭶㠃 ᗘࡢ ᐃࠊ᭶ࡢᑕࣝࢺࢡ࣌ࢫほ ࠊࡋࡋࠋࡿ࠶࡛࡞ᑕ࣌ࢫ

⚾ࠊ࡛ࡇࡑࠋࡓࡗศࡀࡇ࠸ࡋ㞴ࡣࡢࡍぢฟࢆ࠸㐪ࡢ㧗ᆅᾏࡢ᭶ࠊࡣ࡛ࡅࡔࣝࢺࢡ

�ࠋࡿ࠶࡛ࡾ㏻ࡢ௨ୗࡣⓗ┠ࡢ✲◊ࠋࡓࡋฟࡾ✲◊ࡿࡼ ೫ගほࡣࡕࡓ

� ࣭᭶ࡢ⏬ീࢆゎᯒࠊࡋ೫ගࢆࣉࢵ࣐సᡂࡿࡍ�

� ࣭᭶⾲㠃ఝࡓ≀㉁ࢆࣝࣉࣥࢧࡢ⏝ព࡚ࡋᐇ㦂࠸⾜ࢆẚ㍑ࡿࡍ�

� ࢥࢸࠕ࣭ �ࡿ࠼೫ගほ ࡛ᤊࢆᚩ≉ࡢග᮲ࡢ࣮ࢱ࣮ࣞࢡࡢ࡞ࠖࢫࢡࢽࣝ࣌ࢥࠕࠊࠖ

�

���ほ �

� ࠋࡓࡋᙳࢆ᭶ࡢ����ᖺ�᭶��᪥ࡣࡕࡓ⚾

ࡣ᭶㱋ࡢࡢࡇ ⣙ࡣ┦ゅࠊ���� ࡗ࠶࡛ࢎ��

ࡾྲྀࢆ࣮ࢱࣝࣇ೫ග࣓ࣛ࢝ᮃ㐲㙾ࠋࡓ

ࡓࡅ㸦ᅗ㸯㸧ࡣ࣮ࢱࣝࣇࠋ��rࡘࡎ���r

ࢆ࣮ࢱࣝࣇࠋࡿ࠶࡚ࡗࡩࡀࡾ┒┠࡛ࡲ ࢎ��

��ࠊࡏࡉᅇ㌿ࡘࡎ ᯛ࡛ � ࡞࠺ࡼࡿ࡞ࢺࢵࢭ

┿ࢆᙳࠋࡓࡋゎᯒ76,(ࠊࡣ ⏬ീᙧᘧኚ

ࠊࡋ⏬ീ୍ࡢḟฎ⌮ࡓࡗ⾜ࢆᚋ࡛ࠊ㹐㹅㹀

୕Ⰽศゎࠊࡽࡉࠋࡓࡗ⾜ࢆ೫ග࣮ࢱࣝࣇ

ࡢᩓᖹ㠃ࠊㄪ࡚࠸ࡘࡉࡿ᫂ᅇ㌿ゅࡢ

᪉ྥ┤ゅ᪉ྥࢆぢᴟ࡚ࡵ೫ගᗘࢆィ⟬ࠋࡓࡋ�

�

���ᐇ㦂�

� ᭶ࡢ೫ගほ ⤖ᯝࡢពࠊࡵࡓࡿࡵ☜ࢆᐇ㦂ᐊ࡚࠸࠾㖔≀ࡢ೫ග ᐃࠋࡓࡗ⾜ࢆ

᭶⾲㠃ࢆᙧᡂࡿ࠸࡚ࡋ࡞ᒾ▼ࡣᾏࡀ⋞Ṋᒾࠊ㧗ᆅᩳࡀ㛗ᒾ࡛ࠋࡿ࠶ᐇ㦂⏝ࢧࡓࡋ

�ࠋࡿ࠶࡛ࡾ㏻ࡢḟࡣࣝࣉࣥ

� � ᩳ㛗▼㸦�����PPࠊ����㹫㹫ࠥ����ࠊ�㹫㹫㸧�

� � ⋞Ṋᒾ㸦�����PPࠊ����㹫㹫ࠥ����ࠊ�㹫㹫㸧�

� ᭶ࡢ೫ගᗘࡢほ ࠊࡣ┦ゅ ᮃࠊ※ග≀㖔ࣝࣉࣥࢧࠊࡵࡓࡓࢀࢃ⾜࡚࠸࠾ࢎ��

㐲㙾ࡢゅᗘࡌྠࢆ ࡗ⾜ࢆᙳࡽࡀ࡞ࡋᅇࢆ࣮ࢱࣝࣇ೫ගᵝྠ᭶ࠊࡋ⨨タࢎ��

೫ගᗘࡢṊᒾ⋟ࠊࡽᐇ㦂⤖ᯝࠋࡓࡋ⌮ฎ࠺ࡼࡌྠ ほࡢ᭶ࠊࡣീ⏬ࡓࢀࡽᚓࠋࡓ

ࢇࠊࡣ࠸㐪ࡢ೫ගᗘࡿࡼࢬࢧࡢ▼㛗ᩳࠊࡓࡲࠋࡓࡗࡁࡾࡼ▼㛗ᩳࠊࡀ᪉ࡢ

�ࠋࡓࡗ࡞ࢀࡽࡵㄆ

�
� � � ᅗ �� ᥋║㒊ࡓࡋࢺࢵࢭ�

� � � � � � ೫ග࣮ࢱࣝࣇ�
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���⪃ᐹ�

� సᡂࡓࢀࡉ೫ගᗘ⏬ീ㸦ᅗ㸰㸧ࠊࡽ᭶ࡢ

ᾏࡣ㧗ᆅࡶࡾࡼ೫ගᗘࡀపࡗࢃࡀࡇ࠸

ග᮲ࡢ࣮ࢱ࣮ࣞࢡ࣭ࢥࢸࡣᅗ㸱ࠊࡓࡲࠋࡓ

㒊ࡢග᮲ࠋࡿ࠶㠃ᅗ࡛᩿ࡢ㹖̿㹖͛ࡿᶓษࢆ

ศࡢ೫ගᗘࡀపࠋࡿࢃࡀࡇ࠸ග᮲ࡣࡢ

㒊ศࡶࡾࡼ೫ගᗘࡀ⣙ ���㸣పࠋࡿ࠸࡚ࡗ࡞ࡃ

㧗ᆅᩳࡣ࣮ࢱ࣮ࣞࢡࡓࡁ࡛㛗ᒾࡀ࡛࠶

᪂ࠊࡤࢀࡍ࠸ࡋṇࡀᐇ㦂ࡢࡕࡓ⚾ࠊࡽࡿ

ࡀ೫ගᗘࡢᵓ㐀ࡿࡍ㛵㐃࣮ࢱ࣮ࣞࢡ࠸ࡋ

పࠊࡣ⏤⌮࠸ᒾ▼ࡢ⢏Ꮚ࡛ࡢࡶࡿࡼࢬࢧ

పࡀ೫ගᗘࡓࢀࡉᡂ⏕࡚ࡗࡼ✺⾪ࠋ࠸࡞ࡣ

➨ḟࡣࡽࢀࡑࠋ࠺ࢁ࠶࡛࡞∦◚ࡢ≀㖔࠸

㢼ࠊࡾࡼࡇࡃ࠸࡚ࡋ೫ගᗘࡢ㧗࠸㖔≀

ᡭ࡞᭷ຊࡿࡍ᥎ᐃࢆ࡞ᖺ௦ࡢ࣮ࢱ࣮ࣞࢡࠊࡣ ೫ගほࠋࡿࢀࡽ࠼⪄ࡃ࠸࡚ࡗࢃኚ

ẁ࡛ࠋ࠺ࢁࡔࡿ࠶�

�

�ࡵࡲ���

� ᭶ࠊ࡚࠸⏝ࢆ࣮ࢱࣝࣇ೫ගࡣࡕࡓ⚾

⾲㠃ࡢ೫ගᗘࡢࣉࢵ࣐సᡂᡂຌࠋࡓࡋ

ࡗࡼᐇ㦂ࢆᛶ≉࡞ගᏛⓗࡢ≀㖔ࠊࡓࡲ

ࡍᵓᡂࢆ᭶⾲㠃ࠊᯝ⤖ࡢࡑࠋࡓࡵ☜࡚

�ࠋࡓࡗ࡞ࡽ᫂ࡀᚩ≉ࡢ㉁≀ࡿ

࣭⋞Ṋᒾ࡛࡛ࡿ࠸࡚ࡁᾏࡢ೫ගᗘࡣ㧗ࠊࡃ

ᩳ㛗ᒾ࡛࡛ࡿ࠸࡚ࡁ㧗ᆅࡢ೫ගᗘࡣప

�ࠋ࠸

ࠊࡣ೫ගᗘࡢග᮲ࡿࡧᘏࡽ࣮ࢱ࣮ࣞࢡ࣭

࿘ᅖࡾࡼ ����⛬ᗘపࠋ࠸�

࣭�����ࠥ�PP ೫ගࡢṊᒾ⋟ࠊࡣ⠊ᅖ࡛ࡢ

ᗘࡣ⢏Ꮚࢬࢧ࠸ࡁ㧗ࠊᩳࡾ࡞ࡃ 㛗

�ࠋ࠸࡞ࡋ౫Ꮡࢬࢧ⢏Ꮚࡣ೫ගᗘࡢ▼

࣭ẚ㍑ⓗ᪂ࡢ࣮ࢱ࣮ࣞࢡ࠸ࡋ࿘㎶ࠊග᮲ࡢ೫ගᗘࡀపࡿࡼ✺⾪ࠊࡣࡢ࠸ኚᡂ㖔≀࡛࠶

�ࠋ࠸㧗ࡀᛶ⬟ྍࡿ

�

���ཧ⪃ᩥ⊩�

ẚ㍑ᝨᫍᏛࠕ��� ��ࠊᒾἼ᭩ᗑࠊᒾἼᆅ⌫ᝨᫍ⛉Ꮫㅮᗙࠊࠖ���

Ꮫ⛉ࡢ᪂࣭᭶᭱ࠕ��� .+1ࠊ୍₶Ώ㒊ࠊࠖ �����ࠊࢫࢡࢵࣈ

⾲ᖺ⛉⌮ࠕ��� �����ࠊၿࠊ⦆ᅜ❧ኳᩥྎࠊࠖ

Ꮫ⛉ࡢᙟᫍࠕ��� �����ࠊᜏᫍ♫ཌ⏕㛶ࠊⳢཎ㈼ࠊᏹᶞ⃝⛅ࠊ㕥ᮌᩥࠊࠖ

ᅗ �� �೫ගᗘపୗࡢග᮲ࡿࡧᘏࡽࢥࢸ

 
�

ᅗ �� ೫ගᗘ⏬ീ�* ��࣮ࣛ࢝

�┦ゅ �ࢎ��
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᭶ࡢ┿ࡀゎࡁ᫂ࡍබ㌿ࡢㅦ�
�ࠚኳᩥᴦ㒊ࢽࣗࢪᏳඵࣆࢺ࣮ࣁ࠙

ᚋ⸨� ㍤㸦୰ �㸧࠙ ⩚ᓥᕷ❧⩚ᓥ୰Ꮫᰯ �ᓥ⏣ࠊࠚ ᛭୍㑻㸦ᑠ㸴㸧࠙ ᒱ㜧ᕷ❧ᒱ㜧ᑠᏛᰯ ࠊࠚ
ᶫཱྀ� ኴ㸦ᑠ㸴㸧࠙ ᒣ┴ᕷ❧ఀ⮬Ⰻ༡ᑠᏛᰯ �ᯘࠊࠚ ⴌࠎ㡢㸦ᑠ㸴㸧࠙ ᇉᕷ❧ᮾᑠᏛᰯ ࠊࠚ
ᚿᮧ� ಖె㸦ᑠ㸳㸧࠙ ୍ᐑᕷ❧ᮎᗈᑠᏛᰯ �⏣ࠊࠚ ᑠ㸦ᑠ㸳㸧࠙ ୍ᐑᕷ❧ྥᒣᑠᏛᰯ �ࠊࠚ
ᒣ⏣� ♸᭶㸦ᑠ㸲㸧࠙ ⩚ᓥᕷ❧➉㰯ᑠᏛᰯࠚ 

�
せ� ᪨�

᭶ࡢ┿ࡕ‶ࡽḞࡅ࿘ᮇࢆồࠊࢁࡇࡓࡵពእ್ࡶ㸴᪥ࡀࡁࡘࡽࡤࡢࡶฟࠋࡓ‶
ࡘࡽࡤࡢ࿘ᮇࠊࡋసᅗ࡛ࣝࢹࣔ࡞༢⣧ࡓ࠼⪄࡛ࡅࡔබ㌿㐠ືࡢ᭶ࢆࡳ⤌ࡿࡁ㉳ࡀࡅḞࡕ
᭶ࡢ┿ࡽࡉࠋࡓࡋุ᫂ࡀࡇ࠸࡞㌶㐨࡛ࡀබ㌿ࡢ᭶ࠊࡃᥥ࡚ࡋ࠸㐪ࡢ࿘ࢆࡁ
 ࠋࡓࡗศࡀࡇࡿ࠸࡚ࡋኚࡶࡉ㏿ࡿࡍබ㌿ࠊࡿࡍ៖⪄ࢆ㊥㞳㸦ẚ㸧ࡢ᭶ࡽࡉࡁࡢ
 
㸯�┠ⓗ�
࣭ᮃ㐲㙾ࢆ࡚ࡗ᭶ࡕ‶ࡢḞࡢࡅ┿ࢆࠋࡿ㸦┿ᙳࡢ᪉ἲࢆ㌟ࠋࡿࡅࡘ㸧 
 ࠋࡿࡍᐹ⪄ࢆࣝࢹ㐠ືࣔࡢ᭶ࠊࡵồࢆ࿘ᮇࡅḞࡕ‶ࡽ┿ㄪࢆࡳ⤌ࡢࡅḞࡕ‶࣭
 
㸰�ᙳ᪉ἲ�
� ኳయᮃ㐲㙾ࡢ┤↔Ⅼ࡛ࠊ⾲㸯࠺ࡼࡢ᭶ࢆ㸯㸳ᬌᙳ
�ࠋࡓࡋ♧ᅗ㸯ࢆᙳࠋࡓࡋ
 
 
 
 
 
 
 
 
㸱�ᶍᆺ
�ᐇ㦂ࡢࡅḞࡕ‶ࡿࡼ
� ᭶ࡕ‶ࡢḞࡢࡅ࿘
ᮇⓗ࡞ኚ࠺ࢆ⌮
ゎࡵࡓࡿ࠼⪄ࡿࡍ
ࡗࢆᶍᆺࡢᅗ㸰ࠊ
ࢆ᭶ࠋࡓࡗ⾜ࢆᐇ㦂ࡓ
ṇ㠃ࠊୖࡃ࡞࡛ࡽ 
⏺ቃࡢኪࡿぢࡽ
ぢ࡛⥺┤࡞༢⣧ࢆ⥺
⥺⏺ቃࠊࡁ࡛ࡀࡇࡿ
 ࠋࡿࡁㄝ࡛᫂ࢆࡅḞࡕ‶ࠊ࡛ࡇࡃ࠸࡚ࡋᅇ㌿ࡀ
᪂᭶ࡢࡢቃ⏺⥺ࢆᇶ‽ࠊࡋᅗࡢᅇ㌿ゅࡀ 90 ᗘ࡛ୖ

ᘻࡢ᭶ࠊࡾ࡞ቃ⏺⥺ࡀ 360 ᗘᅇ㌿ࡕ‶ࡿࡍḞ୍ࡀࡅᕠ
 ࠋࡿࡍ
�
㸲�ᅇ㌿ゅࡢኚࡕ‶ࡽḞࡅ࿘ᮇࢆồࡿࡵ�
㸯㸳ᅇࡢほ ⤖ᯝࡢ┿ࡶࢆᅗ㸱࠺ࡼࡢసᅗࡢࢀࡒࢀࡑࠊࡋᅇ㌿ゅࢆồࠋࡓࡵ㸰

ᅇࡢほ ࡽᘧ㸯࡛‶ࡕḞࡅ࿘ᮇࡀồࠋࡿࢀࡽࡵ�
᭶ࡕ‶ࡢḞࡅ࿘ᮇ㸻ほ 㛫ࡢᕪ㸦⤒㐣㛫㸧¹ᅇ㌿ゅࡢᕪ����࣭࣭࣭ᘧ㸯�

ồࡕ‶ࡓࡵḞࡅ࿘ᮇ᭱ࠊࡣᑠ����� ᪥�᭱����� ᪥�࡛㸴᪥㛫ࡢࡶ㐪ࠋࡓࡗ࠶ࡀ࠸ 

ᅇ㌿ゅ
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᭶ࡢ┿ࡀゎࡁ᫂ࡍබ㌿ࡢㅦ�
�

 

 
 
 
 
 
 
 
 

㸳�‶ࡕḞࡅ࿘ᮇࡁࡘࡽࡤࡢ�
ᅗࠊ࠸ᛮၥࡢࡿ࠶ࡀࡁࡘࡽࡤࡢ㸴᪥㛫ࠊࡐ࡞

㸲ࣇࣛࢢࡾ࠾ࡍ♧ᥥࡁ≉ᚩࢆㄪࢆࣇࣛࢢࠋࡓ
ぢࡿἼࡢࡔࡓࡣࡕࡓ⚾ࠊ࡛ࡢࡿ࠸࡚ࡗ࠺ࢆㄗᕪ࡛ࡣ
 ࠋࡓ࠼⪄࠸࡞
ࢆࣝࢹࣔ࡞༢⣧ࡿࡍබ㌿ࢆࡾ࿘ࡢ⌫ᆅࡀ᭶ࠊ࡛ࡇࡑ

ᘧ㸰ࠊࡣ࿘ᮇࡅḞࡕ‶ࡢ᭶࡛ࣝࢹබ㌿ࣔࡢࡇࠋࡓ࠼⪄
��ࠋࡿࡁ࡛ࡀࡇࡍ⾲࡛
᭶ࡕ‶ࡢḞࡅ࿘ᮇ㸻㌶㐨ࡢ࿘¹බ㌿㏿ᗘ࣭࣭࣭ᘧ㸰�

᭶ࡀ༢⣧࡞㌶㐨࡛ᆅ⌫ࢆᅇࡿࡕ‶ࠊḞࡅ࿘ᮇࡀ
ኚࡿࢃཎᅉࡣḟࠋࡿ࠶࡛ࡾ࠾ࡢ 
ཎᅉ� a.᭶ࡢ㌶㐨ࡢ࿘ࡀࡅࡔኚࡿࢃ 

 �      b.බ㌿㏿ᗘࡀࡅࡔኚࡿࢃ 
      c.᭶ࡢ㌶㐨ࡢ࿘බ㌿㏿ᗘࡢ୧᪉ࡀኚࡿࢃ 
 ࠋࡓࡵ㐍ࢆᐹ⪄๓ᥦࢆaࠊࡵࡓࡢ᫂ጇᙜࡀࢀ

 
㸴�᭶ࡢබ㌿㌶㐨බ㌿㏿ᗘࡢ⪃ᐹ�
� ᭶ࡢබ㌿ࡢ㐠ືࢆ⡆༢ࡵࡓࡿࡍḟࡢ௬ᐃࠊ࠸⾜ࢆ
᭶ࡢ㐠ືࢆᅗ࡛⾲ࠋࡓࡋࡇࡍ 

௬ᐃ� ձ᭶ࡀබ㌿୍ࡣࡉ㏿ࡿࡍᐃ    
ղ᭶ࡢ㌶㐨ࡣ㌶㐨 

� ᘧ㸰ࢆ༢⣧ࠊࡿࡍ㛫=㊥㞳¹㏿ࠋࡿ࡞ࡉ௬� �
ᐃ୍ࡣࡉ㏿ࡾࡼᐃࠊ࡛ࡢ࡞㸯ࢆ௦ධࡿࡍᘧ㸰ࠊࡣ
㛫=㊥㞳ࠊࡾ࡞㛫ࡲࡲࡢࡑࢆ್ࡢ㊥㞳࡚ࡋィ⟬
 ࠋࡿ࡞ࡇࡿࡁ࡛
ᅗ㸳ࡕ‶ࠕࡣḞࡅ࿘ᮇࡢ㐪ࠕࢆࠖ࠸㌶㐨ࡢࡢࡉࡁ㐪ࠋࡿ࠶࡛ࡢࡶࡓࡋ⾲࡚ࡋࠖ࠸

㸰ᅇࡢほ ᪥ࡢ୰㛫௦⾲ࡢ᭶ࡢ⨨ࢆ㯮࡛ᥥࡔࢇ⤖ࢆࢀࡇࠊࡁኴ⥺ࡀ㌶㐨ࡇࠋࡍ♧ࢆ
 㸧ࠋࡓࡗ࡞㔜㸦ᴃࠋࡿศࡀࡇࠖ࠸࡞ࡣ㌶㐨࡛ࠕࡣ㌶㐨ࡢ᭶ࠊࡽᅗࡢ
 � ᆅ⌫㏆࠸᭶ࡣࡃࡁ㐲࠸᭶ࡣᑠࡃࡉぢࠊ࡛ࡢࡿ࠼ほ ┿ࢆ࠸ᅗ㸳࡛ᥥࡓ࠸ᴃࢆ
᳨ドࠋࡓࡋ᭶ࡢ⨨ࡰࡀṇᑐࠊࡾ࡞㐲࣭㏆ࡿ࠶ոնࡢ┿ࡢ᭶༙ࡢᚄࠋࡓࡗ ࢆ
┿సᅗࡢ▷༙ᚄࡢẚࢆẚࠊࡀࡓ㸰ࡢࡘẚࠋ࠸࡞ࡋ⮴୍ࡣ┿ࡽ᭶ࡀ㏆࠸ࠊࡣస
ᅗࡶࡾࡼᐇ㝿ࡣ㐲ࡀࡇ࠸ศࠋࡓࡗ 
㏆࠸ࡢ᭶ࢆ B ࡽ Bvಟṇࠊࡿࡍ

㌶㐨༙ᚄࡀ㛗ࡾ࡞ࡃ࿘ࡶ㛗ࢀࡇࠋࡿ࡞ࡃ
ࡣ㐠ືࡢ᭶ࡢBv࡛ࠊࡽࡿ㛫࡛ᅇࡌྠࢆ
࠸㐲ࠋࡿ࡞ࡃ㏿ A ࠸㏆᭶ࡢ Bvࡢ᭶ࢆẚ
㐜ࡣ࠸㐲ࠊࡃ㏿ࡣ࠸㏆⌫ᆅࠊࡿ
ࢆ㌶㐨ୖࡀ᭶ࠕࠊࡾศࡀࡇࡿ࠸࡚࠸ືࡃ
㐍ࠊࡣࠖࡉ㏿ࡴኚࠋࡿ࠼࠸ࡿࡍ 
�
㸵�⤖ㄽᚋ�
⪃ᐹࡽᑟࡓࢀ⤖ㄽࡣḟࡢ㸰Ⅼ࡛ࠋࡿ࠶�
ձ᭶ࡢබ㌿㌶㐨ࡣᴃ࡛ࡿ࠶�
ղ᭶ࡢබ㌿㏿ᗘࡣᆅ⌫㏆࠸ࡃ㏿ࡣ㐲࠸ࡣ㐜࠸�
⌫ᆅࠊࡣᚋࠋࡓࡁ࡚ࡵ㐍࡛ࣝࢹࣔ࡞༢⣧ࡓࡋ៖⪄ࢆࡅࡔබ㌿ࡢ᭶ࠊࡣᐹ⪄ࡢ࡛ࡲࢀࡇ

 ࠋ࠸ࡓࡁ࠸࡚ㄪࢆࣝࢹ㐠ືࣔࡢ᭶࠸ࡋヲࡽࡉࠊࡾసࢆࣝࢹࣔࡓࢀධ࠼⪄ࡶබ㌿ࡢ
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ᙟᫍࡢⰍࡢㅦ㏕ࡿ�

Ụ่� 㡢㸦㧗ᰯ㸰ᖺ㸧࠙ ྎⓑⓒྜᏛᅬ㧗➼Ꮫᰯࠚ 
ᮏ㛫� ⏤Ⳁ㸦㧗ᰯ㸰ᖺ㸧࠙ ᒾᡭ┴❧ஂឿᮾ㧗➼Ꮫᰯࠚ 

 
��◊✲ືᶵ�

ᮾᏛദࡢᮭࡀྩࡶࡋࡶࠕࡢ㒔࡛ኳᩥᏛ⪅ࠊ࡚ࢺࣥ࣋ࡢࠖ͐ࡽࡓࡗ࡞ᡃࡣࠎ

ᖺᗘࡃࡼヰ㢟ࡓࡗ࡞ᙟᫍࠋࡓࡗ࡞ࡇࡿࡍ✲◊࡚࠸ࡘᙟ࡚ᫍ࠸ࡘㄪ࠺ࡃ࠸࡚

⯆ࡇ࠺࠸ࡢࡿ࠶ࡀ࠸㐪ࡢⰍࡣᙟᫍࡐ࡞ࠊࡅࡘぢࢆ┿ࡢᙟᫍࡢⰍ࡞ࠎᵝࡕ

ศࡀࡇ࠺࠸࠸࡞ࡣⰍ࡛ࡢᮏᙜ࡛ࡢࡶࡓࢀࡉᡂྜேᕤⓗࡣⰍࡢᙟᫍࡢ┿ࠋࡓࡗᣢࢆ

ࡇ࠺⾜ࢆ ほᐇ㝿ࡢࡿ࠼ぢⰍࡢࡑࡐ࡞ࠊࡓࡲࠊࡢ࡞ఱⰍࡣᐇ㝿ࠊࡀࡔࡢࡓࡗ

�ࠋࡓࡋࡇࡃ࠸࡚ㄪ࡛

�

��◊✲᪉ἲ�

ീほ ࡛Ⰽᣦᩘࢆฟࡋศගほ ࡛ᡂศࠋࡿࡵ☜ࢆほ ࡣ࡚࠸ࡘ௨ୗࡢせ㡿࡛ᐇࠋ�

ほ ᪥࣭ሙᡤ㸸2013 ᖺ 12 ᭶ 23-24 ᪥� ྎᕷኳᩥྎ� ᮃ㐲㙾㸦ཱྀᚄࡳࡦ 1.3㹫㸧�

ほ ኳయ㸸ࣥࢺ࣮ࣥࣝࣈᙟᫍ㸦154P㸧 
㟢ฟ㛫࣭ᯛᩘ㸸ࠝ ീほ ࠞB㸸60 ⛊�3 ᯛࠊV㸸60 ⛊�3 ᯛࠊR㸸60 ⛊�3 ᯛ 

ࠝศගほ ࠞ2”ࢺࢵࣜࢫ㸦Ἴ㛗ᇦ 3200㹼6800Å㸧㸸120 ⛊�6 ᯛ 
 ࠋࡿࡍග ࢆࢱ࣮ࢹീ࡚࠸⏝ࢆ࣐ࣜ࢝㸸 ࢺࣇࢯ⌮ീฎ⏬ࡿࡤࡍࠊࡣ࡚࠸ࡘゎᯒࢱ࣮ࢹ
௨ୗࡢ⤖ᯝ࣭⪃ᐹ࡛ࢀࡇࠊࡣ௨እࠋࡿ࠸࡚࠸⏝ࡶࢱ࣮ࢹࣈ࣮࢝ 
 
��⤖ᯝ�

ࠝീほ  㸦ࠞ➼⣭࢞࣋ࡣ➼⣭��

➼⣭㸸B������ ➼⣭���V������ ➼⣭�� R������ ➼⣭�

Ⰽᣦᩘ㸸B㸫V㸻�������V㸫R㸻�����

��ࡿࡏ㍕ࡶⰍᣦᩘࡢኴ㝧࡚ࡋẚ㍑�ࠋࡿ࡞࠺ࡼࡢᅗ㸯ࡿࡏࢃྜࢱ࣮ࢹࣈ࣮࢝

�

ᅗ㸯� B㸫V �ᯝ⤖ࡢⰍᣦᩘࡢ

V㸫R ��እࡣᙟᫍࢺ࣮ࢽ�ࠋࡿ࠸࡚ࢀࡽᚓࡀᯝ⤖࠺࠸࠸ࡱࡗ㉥ࡶࡾࡼኴ㝧ᵝྠࡶ

ࠝศගほ ࠞ�

ほ ࣥࢺ࣮ࣥࣝࣈࡓࡋᙟᫍࡢ➼⣭ࡀ V ࡛ࢻࣥࣂ �����  ศගほࠊࡵࡓࡓࡗኚᬯ➼

࡛ᚓࢆࢱ࣮ࢹࡓゎᯒࡶ࡚ࡋ㍤⥺ࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿࡍูุࢆ�

�
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��⪃ᐹ�

ࡀ್ࡢ➼ྠኴ㝧ࡶⰍᣦᩘࠊࡽࡔࡢࡿ࠸࡚ࡗග࡚ࡋᑕࢆගࡢኴ㝧ࡣᙟᫍࠊࡵࡌࡣ

ᚓ࠺ࢁ࠶࡛ࡿࢀࡽணࠊࡋࡋࠋࡓ࠸࡚ࡋᐇ㝿ࡣኴ㝧ࡢⰍᣦᩘࡀ್ࡾࡼࠊࡃࡁ㉥࠸

ཎᅉࡿ࠼ぢࡃ㉥ࠊࡀࡿࢀࡽ࠼⪄࠸࡞ࡣᛶ㉁࡛ࡢᙟᫍ≉᭷ࡣࢀࡇࠋࡓࢀࡽᚓࡀᯝ⤖࠺࠸

 ࠋࡓ࡚❧ࢆᐹ⪄ࡢࡘ㸰ࡢ௨ୗ࡚࠸ࡘࡿࢀࡽ࠼⪄ࡀࡇ࡞࠺ࡼࡢࡣ

� � � � � � � � � � � � � � � � � � �  
�

⪃ᐹ㸰㸸㌶㐨ࡿࡼࢺࢫࢲῶගࡢ㛵ಀ 
୍⯡ⓗ࡚ࡗࡼࢺࢫࢲ▷Ἴ㛗ࡢගࡣ྾ࡾࡼࢀࡑࠊࡃࡍࡸࢀࡉⰍࡣ㉥ࠊࡓࡲࠋࡿ࡞ࡃ

ᙟᫍࡣኴ㝧ࢀࡉ⁐࡚ࡗࡼ⇕ࡢ࿘ࡸࢺࢫࢲࡾሻࡀⓎ⏕ࢆ࣐ࢥࡋᙧᡂࡇࡢࡇࠋࡿ࠸࡚ࡋ

ࣙࢪࣦࣛ ,ᙟᫍ(C/2009 P1)ࢻࢵࣛࣕࢠ ,ᙟᫍ(C/2001 Q4)ࢺ࣮ࢽࡿ࠶㛗࿘ᮇᙟ࡛ᫍࠊࡽ

ࡢኴ㝧ࡶࡃ࡞ᑡࡾࡼᙟᫍ(154P)ࣥࢺ࣮ࣥࣝࣈࡿ࠶࿘ᮇᙟ࡛ᫍ▷ࠊࡣᙟᫍ(C/2011 W3)

࿘ࢆࡾᅇࡓࡗᅇᩘࡀᑡࢺࢫࢲࡃ࡞㔞ࡶᑡࡀࢀࡑࠋ࠸࡞ᅗ㸯ࡢⰍᣦᩘࡢ⤖ᯝࡢࡿ࠸࡚ࢀ⾲

 ࠋࡿࢀࡽ࠼⪄ࠊ࠸࡞ࡣ࡛
 
�ㄢ㢟ࡢᚋࡵࡲ��

� ୍⯡ⓗᙟᫍࡣኴ㝧ࡶࡾࡼⰍᣦᩘⓗ㉥ࡢࡑࠋࡓࡗࢃࡀࡇ࠺࠸࠸ࡱࡗཎᅉ࡚ࡋ

௨ୖࡢ⪃ᐹ㸯⪃ᐹ 2  ࠋࡿࢀࡽ࠼⪄ࡀ࡞
� ᅇࡣศගほ ࡛᭷┈ࢆࢱ࣮ࢹ࡞ᚓࠊࡀࡓࡗ࡞ࢀࡽ㟢ฟ㛫ࢆ㛗ࡋࡃ✚ศᯛᩘࢆቑࡸ

ᐹ⪄ࠊ࡛ࡇࡿࡍศග࡚ࡋ 1 ᐹ⪄ 2 ࡛ࡢࡿࡁ࡛ࡀࡇࡿࡵỴࢆࡢ࡞ᨭ㓄ⓗࡀࡽࡕࡢ

 ࠋࡿࢀࡽ࠼⪄࠸࡞ࡣ
 
�࡚࠸ࡘࢱ࣮ࢹࣈ࣮࢝��

 ᥦ౪ࡽᙟᫍ㸸ྎᕷኳᩥྎࣙࢪࣦࣛ
ᙟᫍ㸸ᙟᫍㄢ᭶ሗࢺ࣮ࢽ 2004 ᖺ 5 ᭶ 
 ᙟᫍ㸸http://www.lpi.usra.edu/meetings/acm2012/pdf/6075.pdfࢻࢵࣛࣕࢠ
 

�

⪃ᐹ㸯㸸+�2  ⥺㍤ࡢ
ㄪࡕ࠺ࡃ࠸࡚ᙟᫍࡢᡂศࡢ⣙

80㸣ࡀ H2O ࡩࢆࢀࡇࠋࡓࡗศࡔ

ᅗ࡚࠼ࡲ 2 ࡿぢࢆ H2O㸩ࡀ 4270㸫
7540Å ࠋࡿศࡀࡇࡿ࠶⠊ᅖࡢ

ࡶᙟᫍࡢ H2O ࡿ࠸࡚ࢀࡲྵࡃከࡀ

㛗Ἴ㛗ࡀ⥺㍤ࡿࡼࢀࡑࠊࢀࡽ࠼⪄

ഃ࡛ከࡃฟࡵࡓࡿ㛗Ἴ㛗ഃࡢග࢚ࡢ

ከࡾࡼࡢࡶࡢἼ㛗ഃ▷ࡀ㔞࣮ࢠࣝࢿ

Ⰽࡶࡾࡼኴ㝧ⓗ⯡୍ࡣᙟᫍࠊࡾ࡞ࡃ

ᣦᩘⓗ㉥ࠋࡿࢀࡽ࠼⪄ࡿ࡞ࡃࡱࡗ

ᅗ㸰� ᡂศ㍤⥺ࡢ㛵ಀ(Feldman et al 2004� 

129



 ࡢࡓࡗࡇ㉳ࡀఱᙟᫍࣥࢯ
� � ๓⏣ Ⓩ��ᖺ��㢗Ᏻ�ᑑ �ð�ᖺ��๓⏣�ᾴử��ᖺ㸧࠙ රᗜ┴❧Ꮫ㝃ᒓ㧗ᰯ⮬↛⛉Ꮫ㒊ኳᩥ⌜ �ࠚ

�

せ� ᪨ 
ኴ㝧᥋㏆ࡋᔂቯࣥࢯࡓࡋᙟᫍC/2012 S1ࠊ࡚࠸ࡘኴ㝧㏆࡙ࡢ࡛ࡲࡃⰍࡢኚ࣭ཬࡧ㏆

᪥Ⅼ㏻㐣๓ᚋࡢ㏿ᗘࢆㄪࡢࡑࠋࡓ⤖ᯝࠊᙟᫍࡀኴ㝧㏆࡙ࡃ㐣⛬࡛ᛴ⃭ቑගࡢࡑࠊࡋⰍࡣḟ➨

ࡀኚࡿ࡞ࡃࡉᑠࡀຍ㏿ᗘࡢᙟᫍࠊ㏻㐣ᚋࡢ㏆᪥Ⅼ᭦ࠋࡓࡗศࡀࡇࡿ࠸࡚ࡋኚ㟷Ⰽ

ぢࠋࡓࢀࡽ 
 

 ࡵࡌࡣ
᮶࡚ࡗᡠᗘࠊࡓࢀࡉᮃ㐲㙾࡛Ⓨぢࡢ㸦ISON㸧ࢡ࣮࣡ࢺࢵࢿᅜ㝿⛉ᏛගᏛࠊࡣᙟᫍࣥࢯ

ࠋࡿ࠶ᅛ᭷࡛ࡾࡼ㉁≀ࡣἼ㛗ࡢࡑࠊࡀࡿࡍⓎගࡀ㉁≀࡞ࠎᵝࡣᙟᫍࠋࡿ࠶ᙟ࡛ᫍࡢ᭤⥺㌶㐨࠸࡞

ศගほ ࡚ࡏࢃྜᙟᫍࡢⰍࡢኚࢆᮃ㐲㙾࡛ほ ࡢࡇࠊࡋᙟᫍ࡞࠺ࡼࡢࡀ≀㉁ࢆᨺฟࡢࡿࡍ

ࡢ๓ࡢ ほࠊࡀࡓ࠸࡚࡚❧ࢆ⏬ィࡿࡍ✲◊ 11 ᭶ᮎࣥࢯᙟᫍࡀᔂቯࠊ࡛ࡇࡑࠋࡓࡗࡲࡋ࡚ࡋ

10᭶࡚ࡋ⥆⥅ࡽほ ࡓ࠸࡚ࡗࡉ࡞ᒸᒣࡢ㉥⃝⚽ᙪࡽࢇࡉᙟᫍ⏬ീࢆ㡬ࠊࡓࡲࠋࡓࡋࡇࡃᔂ

ቯ๓ᚋ࡛ᙟᫍࡁືࡢኚࡓࡗ↓ࡀኴ㝧ほ ⾨ᫍ SOHO ࡁືࡢᙟᫍࣥࢯࡓࡗീ⏬ࡢ

 ࠋࡓࡋࡇࡿࡳ࡚ㄪࢆ
 
◊✲Ϩ�  ኚࡢⰍࡢᙟᫍࣥࢯ
ほ ࢱ࣮ࢹ ほ ᶵᮦ: Celestron C11 28cm F6.3 +SBIG ST9-XE 
               ᮇ㛫:�  ࢱ࣮ࢹࡢ15᪥ศࡢ11/19 - 10/14
             ほ ⪅: ㉥⃝⚽ᙪࢇࡉ ほ ᆅ: ᒸᒣ┴ᩜᕷ 
� ⏬ീゎᯒࡢࢺࣇࢯMakali`iࢆࠊ࡚ࡗ㉥Ⰽ(R)㟷Ⰽ(B)ࡢ⏬ീࡽᙟᫍ࿘㎶ࡢᫍࢆ ගࠊࡋ⏬

ീୖ࡛ࡢ᫂ࡉࡿ(➼⣭)ࢆồࡓࡲࠋࡓࡵDS9ࢆࢺࣇࢯ࠺࠸ࡢࡽࢀࡑ࡚ࡗᫍࡢ᫂ࢆࡉࡿㄪࠊồࡵ

ࡽᕪࡢࡉࡿ᫂ࡢBRࡓࡵồࠋࡓࡵồࢆࡉࡿ᫂ࡢࡅぢࡢᙟ࡚ᫍࡋẚ㍑ࡉࡿ᫂ࡢᫍࡢീୖ⏬ࡓ

ኴ㝧㏆࡙࠺ࡼࡢࢀࡘࡃᙟᫍࡢⰍࡀኚࢆࡢࡿࡍㄪࠋࡓ 
� ኴ㝧ࡢ᥋㏆క࠺R,Bࡢࢀࡒࢀࡑ⤯ᑐ➼⣭ࡢኚࠊཬࡢࡑࡧᕪࡢኚࢆୗࠋࡍ♧ 

 
 

 
◊✲ϩ� ᙟᫍࡢ㏆᪥Ⅼ㏻㐣๓ᚋࡁືࡢ 
SOHO ࢱ࣮ࢹ ⣙ࢆᫎീࡢᙟᫍ㏆᪥Ⅼ㏻㐣ࣥࢯࡢࢪ࣮࣒࣮࣌࣍ 3 㛫ࡁ࠾ษࡾฟࡓࡋ⏬ീ

 ࠋࡓࡋసᡂࢆ
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 ࡢࡓࡗࡇ㉳ࡀఱᙟᫍࣥࢯ

せ� ᪨ 

 ࡵࡌࡣ

◊✲Ϩ�  ኚࡢⰍࡢᙟᫍࣥࢯ

 

 
 
◊✲ϩ� ᙟᫍࡢ㏆᪥Ⅼ㏻㐣๓ᚋࡁືࡢ 

B➼
⣭

-R
➼

⣭

ኴ㝧ISONᙟᫍࡢ㛫ࡢ㊥㞳(AU)

ISONᙟᫍࡢⰍࡢኚ

⤯
ᑐ
➼
⣭

ኴ㝧ISONᙟᫍࡢ㛫ࡢ㊥㞳(AU)
ኴ㝧ࡢ᥋㏆క࠺᫂ࡢࡉࡿኚ

� Makali`iࢆ࡚ࡗ⏬ീୖࡢᙟᫍࡢ⨨ࢆㄪࠋࡓồࡽࡵ

ࡢᐇ㝿ࠊᇶࢆࡉࡁࡢኴ㝧ࡢSOHO⏬ീୖࠊࢆ⨨ࡓࢀ

㊥㞳ኚࡢࢀࡒࢀࡑ࡚ࡋ้ࡿࡅ࠾㏿ᗘࢆồࡉࠋࡓࡵ

ኚᗘ㏿࠸ࡋṇࡾࡼࠊᇶࢆ⨨㛵ಀࡢᙟᫍ⌫ᆅࡽ

ࡋຍ㏿ᗘࢆồࠋࡓࡵ 
� ᅗࡣ㏿ᗘࡋ࠸࡞ຍ㏿ᗘࡢኚࠋࡿ࠶࡛ࡢࡶࡓࡋ⾲ࢆᶓ㍈

ࢆ้⤒㐣ࡢࡽ11᭶28᪥1835ศࡢ㏆᪥Ⅼ㏻㐣ࡣ

㛫࡛⾲ࠋࡿ࠸࡚ࡋ 
� ㏆᪥Ⅼ㏻㐣ᚋࠊ㏿ᗘࡀపୗࡋ㏿ᗘ୍ࡰࡀᐃࡗ࡞್ࡢ

ࡾࡼ ணࡀᗘ㏿ࡿࡊ㐲ࠊࡋࡋࠋࡿࢀࡽぢࡀᵝᏊࡃ࠸࡚

 ࠋࡓࡗศࡀࡇࡿ࠸࡚ࡗ࡞ࡃ㐜ࡶ
 
 

⪃ᐹࡵࡲ 
� ◊✲ Iࡢ᫂ࡢࡉࡿኚࡢᅗࠊࡾࡼᙟᫍኴ㝧ࡢ㊥㞳0.8ࡑࡼ࠾ࡀAU⛬ᗘ࡛ࡲ㏆࡙ࠊࢁࡇࡓ࠸ᛴ

ࡣࢀࡑࡾࡼᙳᮇࡢ┿ࠋࡿศࡀࡇࡿ࠶ࡀቑග࡞⃭ 11 ᭶ 8 ᪥㡭ࡢฟ᮶ࡔ᥎ ࡛ࠋࡿࡁ

㏆ኴ㝧ࡀᙟᫍࠊࡣࡽࢀࡇࠋࡓࡋኚ㟷Ⰽࠊࡽࡢࡶ࠸ᙉࡀẚ㍑ⓗ㉥ⰍගࠊࡣⰍࡢᙟᫍࠊࡓࡲ

 ࠋࡿࡍ⮴୍ࡶ✲◊ࡢࡽᇉࠊࢀࡽ࠼⪄ࡵࡓࡓࡋᨺฟࢆࢫ࢞࠸ࡔࡋࠊࢀࡘࡃ࡙
� ㏆᪥Ⅼ๓ᚋࡣࡁືࡢ◊✲ϩࡽࣇࣛࢢࡢㄞࠋࡿࡁ࡛ࡀࡇࡿྲྀࡳ㏆᪥Ⅼ㏻㐣ᩘࡢ࡛ࡲ᪥㛫ࠊᙟᫍ

ࡽ㐣⛬࡛ఱࡢᔂቯࡢᙟᫍࠊࡣᯝ⤖ࡢࡇࠋࡓࡋపୗࡾࡼ᥋㏆๓ࡀࡉ㏿ࡣ㏻㐣ᚋࠊࡀࡓࡋቑࢆࡉ㏿ࡣ

 ࠋࡿ࠸࡚ࡋ၀♧ࢆᛶ⬟ྍࡓ࠸ാࡀᢠຊࡢ
 
ཧ⪃ᩥ⊩ 
�� ീ࣭ศගほࡢ�$5)1,/��������7& ᇉ₶ஓࡽ��すࡲࡾࡣኳᩥྎᖺሗ��S������

�

ㅰ㎡�

ࡋᣦᑟࢆ✲◊ࠊࢇࡉ㉥⃝⚽ᙪࡢኳᩥᐙࣗࢳ࣐ࡓࡗࡉࡔࡃᥦ౪ࢆࢱ࣮ࢹ ほࠊ࡚ࡋ㝿✲◊ࡢࡇ

�ࠋࡿࡍឤㅰࢇࡉᨻᏕࡢኳᩥྎ◊✲ဨࡲࡾࡣඖすࡓࡗࡉࡔࡃ࡚
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ࡢ㐩⚾ᙟᫍࣥࢯ 23 ᪥㛫 
⚟ᓥ� ⓒྜᏊ⃝ࠊ⏣� ᙬᯝ㸦㧗㸯㸧� ࠙⩌㤿┴❧๓ᶫዪᏊ㧗➼Ꮫᰯ࣭ᆅᏛ㒊ࠚ

�

ᴫせ�

2013 ᖺࣥࢯࠊᙟᫍࠋ࣭࣭࣭ࡿࡃ࡚ࡗࡸࡀ⚾㐩ࡣ 2013 ᖺ 11 ᭶ 1 ᪥ࡢࡇࡽᙟᫍࡢほ ࢆጞࠋࡓࡵ

ኳయᙳᣮᡓࡣࡢࡓࡋᅇࡣึ᭱ࠊ࡛ࡢࡓࡗࡔ࡚ࡵึࡀ⨨ࡀ≉ᐃ࡛ࡗ࡞ࢃྜࡀࢺࣥࣆࡾࡓࡗ࡞ࡁ

18ࠊࡀࡓࡋࡾࡓ ᪥ࡽ 23 ᪥ࡢ࡛ࡲ 6 ᪥㛫ࡢᙳᡂຌࠋࡓࡋᙳࡓࡋ┿࡚࠸⏝ࢆᙟᫍࡢ⨨ኚග

ᗘኚࢆồࠊࡿࡵᙟᫍࡢࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩࡣண㏻ࡢࡾ㌶㐨ࢆᥥࠊࡀࡓ࠸ணࡾࡼᬯࡇࡓࡗ

 ࠋࡓࡗศࡀ

�

㸯� ┠ⓗ 
࣭ᙟᫍࡢ⨨ ᐃࡢ࣮ࣛࣉࢣࠊࡋࢆ➨ἲ๎ࡀᡂࠋࡿࡵ☜ࢆ࠺ࡘ❧ࡾ 

�  ἲ๎➨ࡢ࣮ࣛࣉࢣͤ

ᝨᫍኴ㝧ࡪ⤖ࢆ⥺ศࡀ༢㛫ᥥࡃ㠃✚ࡣ 

୍ᐃ࡛࠺࠸ࡿ࠶ἲ๎ 

࣭Astro-HS  ࠋࡿࡍ㏣㊧ࢆගᗘኚࡢᙟᫍࠊ࠸ᚑほ ᥦࡢ

㸰� ᪉ἲ�

ࠊㄪࢆ⨨ࡢᙟᫍࣥࢯ࡚࠸⏝ࢆ࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫ

 ࠋࡿࡍᙳࢆ┿๓ࡅኪ࡚᫂ࡗྥ᪉ゅࡢࡑ

࣭ほ ሙᡤ�  Ꮿ㸦⩌㤿┴๓ᶫᕷ㸧⮬ࡢ⮬ྛ

࣭ほ ᪥� 2013 ᖺ 11 ᭶ 1 ᪥㹼23 ᪥ 

࣭⏝ᶵᮦ� NIKON D60㸦⚟ᓥ㸧㸪NIKON D7000㸦⃝⏣㸧 

 � � ͤ㟢ฟ㛫ࡣᙟᫍࡢ㧗ᗘࡸ㛫ᖏࡿ࡞␗ࡾࡼ 

⨨ ᐃ�  ࠋࡃᑟࢆ⦌㉥⤒㉥ࡢ⨨ࡢᙟᫍࠊぢẚࢆ┿࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫ

ගᗘኚ� ᙳࡓࡋ┿ࡽ⏬ീฎ⌮ࢺࣇࢯ vega ࡋฟࡁᢤ࡛ࣝࢭࢡ࢚ࠊࡋฟࡁᢤࢆ࿘㎶ࡢᙟ࡚ᫍࡗࢆ

ᫍ࠸ᬯࡾࡼᙟᫍࡽ୰ࡢ┿ࡌྠࠋࡍฟࢆගᗘࡢᙟ࡚ᫍ࠸ᘬࢆࡉࡿ᫂ࡢ✵ኪࡽࡉࡿ᫂ࡢయࢁࡇࡓ

 ࠋࡃᑟࢆ⣭➼ࡢᙟᫍࡽ⣭➼ࡢᇶ‽ᫍࠋࡍฟࢆගᗘᵝྠᙟᫍࠊࡵᐃ࡚ࡋᇶ‽ᫍࢆ

㸱� ほ ⤖ᯝ�

�್ ணࡢ࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫࠒࣛࢸࢫࠑ �  ࡢࡶࡓࡋ⌮ฎ⮬ྛࢆࡢࡶࡓࡋᙳࢀࡒࢀࡑࠒᓥ⚟࣭⏣⃝ࠑ

Tࠑ ⃝⏣࣭T ⚟ᓥࠒඛ⏕ࡀᙳ⃝ࢆࡢࡶࡓࡋ⏣࣭⚟ᓥࡀฎ⌮ࡢࡶࡓࡋ�  

�ி㒔⏘ᴗᏛࠕࠒྎ୍㧗ࠑ ┈ᕝሿ� ➨භᅇ࡛࣒ࠖ࢘ࢪ࣏ࣥࢩⓎ⾲ࡓࡋ㝿ࣥࢯࡃࡌྠࠊᙟ࡚ᫍ࠸ࡘ

Ⓨ⾲ࡓ࠸࡚ࡋྎ➨୍㧗ᰯࢆࢱ࣮ࢹᥦ౪ࡢࡶࡓ࠸ࡔࡔ࠸࡚ࡋ 

ᅗ㸯� �ἲ๎➨ࡢ࣮ࣛࣉࢣ

132　 講演 62P



1313.51414.515
Ͳ20

Ͳ18

Ͳ16

Ͳ14

Ͳ12

Ͳ10

Ͳ8

㉥⤒࠙Kࠚ

㉥
⦋
劭

°
劮

ᅗ㸱 ⨨ኚ
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㸲� ⪃ᐹ�

⨨ኚ� ࡢࡽࡇࡇࠋࡓࡋ⮴୍ࡰࡣ⨨ࡓࡋ ほࡀ㐩⚾ࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫ

 ࠋࡿ࠶୰࡛✲◊ࠊࡣࡿࡆ࡞ࡘ๎࣮ࣛࣉࢣ࠺ࡼ

ගᗘኚ� ࡀᯝ⤖ࡢගᗘ ᐃࡢྎ➨୍㧗ᰯ㐩⚾ࠊࡾࡼᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫ

ඹୗᅇࠊ࡛ࡢࡿ࠸࡚ࡗᐇ㝿ࡣᙟᫍࡀண್ࡶࡾࡼᬯࡀࡇࡓࡗ᥎ᐃࠋࡿࢀࡉᙟᫍࡣணࡾࡼᬯࡃ

ぢ࠼ጞࠊࡵ᪥᪥᫂ࡓࡗ࠸࡚ࡗ࡞ࡃࡿᵝᏊࠋࡿࢃࡽࣇࣛࢢࡀ⚾㐩ࠊࢆ࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹࡣ

ྎ➨୍㧗ᰯࡣ෭༷ CCD ࡣࡢࡓࡗ࡞ࡃᬯࡾࡼணࡀᙟᫍࠊ࡛ࡢࡓࡋࢆᙳ࣭ගᗘ ᐃ࡚࠸⏝ࢆ࣓ࣛ࢝

⫼ࠊࡁ㏆࡙ኴ㝧ྠࠊࡀࡓࡗ࠸࡚ࡗ࡞ࡃࡿ᫂ࡈ᪥ࡣᙟᫍࠋࡿࢀࡽ࠼⪄࠸࡞ࡣၥ㢟࡛ࡢ࣓ࣛ࢝

ᬒࡶ✵ࡢ᫂ࠊ࡛ࡢࡓࡗ࠸࡚ࡗ࡞ࡃࡿᙟᫍࡀぢࡣࡢࡓࡗࡍࡸ 22 ᪥ࠋࡓࡗࡔࡾࡓ࠶ࡢ 

㸳� ᚋࡢㄢ㢟�

 ࠋ࠸ࡓࡵ☜ࢆࡇࡘ❧ࡾᡂࡀἲ๎➨ࡢ࣮ࣛࣉࢣ࣭

࡚࠸⏝ࢆࢱ࣮ࢹࡓ࠸ࡔࡓ࠸࡚ࡋᥦ౪ኳᩥྎࡲࢇࡄ࣭ 17 ᪥௨๓ࡢᙟᫍࡢᵝᏊࠋ࠸ࡓࡋ✲◊ࢆ 

㸴� ⏝ࢺࣇࢯ�

࣭ኳᩥ9࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫ࢙࢘ࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩ� (AstroArts ♫〇) 

࣭ኳᩥ࢙࢘ࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩ Stellarium ver.0.10.6.1  

࣭⏬ീฎ⌮ࢺࣇࢯ vega 

2
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11/5 11/8 11/11 11/14 11/17 11/20 11/23 11/26

ぢ

ࡅ
ࡢ
➼
⣭

ᅗ㸲 ගᗘኚ

ࣛࢸࢫ ྎ୍㧗 ⃝⏣ ඛ⏕ ⚟ᓥ
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�ウ᳨ࡢṧᏑ᰾ࡢ��&������6�ᙟᫍࣥࢯ

�

ື�ెᶞ�ᕝᮧ�᫂⏕�ኈ㔝�ே�ụ⏣�ᝆᐇⰼ��

ఀᮾ�㈼భ�㛗㇂ᕝ�♸┿�ྜྷ⏣�⨾ᶞᏊ�⚟ᮏ�Ⳁኟ��㧗��࠙ᡂ㋣㧗➼Ꮫᰯ࣭ኳᩥẼ㇟㒊ࠚ�

�

せ� ᪨�

� ㏆ᖺ࡛᭱ࡶ᫂࠸ࡿᙟᫍࣥࢯࡓࢀࢃ࠸ࡿ࡞ᙟᫍࠊࡣ����ᖺ��᭶��᪥㏆᪥Ⅼࢆ㏻

㐣ࡓࡋ㝿ࠊᔂቯࠋࡓࡗࡲࡋ࡚ࡋ�Ⓨྍࡓࡗࡲࡋ࡚ࡋ⬟ᛶࡀ㧗ࡈࠊࡀࡿ࠸࡚ࢀࡉ࠸

ࢆ࢙࢘ࢺࣇࢯ࠺࠸࣮ࢱࣥࣁࣛࢸࢫࡣࡕࡓ⚾ࠋ࠸࡞ࢀࡋࡶࡿ࠸࡚ࡗṧࡀ∦◚࡞ࡉᑠࡃ

ࢆ∦◚ࡢࡑ࡚ࡗ᥈ࠋࡓࡳ࡚ࡋ�

�

㸯㸬ࣥࢯᙟ࡚ᫍ࠸ࡘ�

� ᙟᫍࡣࢀࡑࡣᒾ▼ࡸ᭷ᶵ≀ࡢΰࡓࡗࡊị࡛ࠋࡿ࠶ᙟᫍࠊࡣኴ㝧㏆࡙ࠊ࡛ࡇࡃኴ㝧

ࡾࡕ࿘ᅖࡢࡑ㝿ᙟᫍᮏయࡢࡑࠋࡍฟࡁ྿ࢆࡾࡕࡽᙟᫍᮏయ࡛࣮ࢠࣝࢿ࢚ࡿࡅཷࡽ

ᑿࠖࠕࡓࡁ࡛࡛ࢫ࢞ࡸࡾࡕࡓࡧఙᑐ᪉ྥࡢኴ㝧ࠊ㒊ศࡿࢀࡤ࣐ࠖࢥࠕࡓࡋᣑᩓࡀ

⌫ᆅࠊࡀࡿ࡞ࡃࡿ᫂ࡶ᭱᪥㸧ࡃ㏆࡙ࡶ᭱㏆᪥Ⅼ㸦ኴ㝧ࠋࡃ㍤ࡃࡿ࡚᫂ࡅཷࢆኴ㝧ගࡀ

ࡑࡣᮇ㛫ࡓࡋ㐺ほᐹᐇ㝿ࠊࡵࡓ࠸ࡽ࡙ࡋほᐹ࡚ࡂ㏆㐣ኴ㝧ࡣ㏆᪥Ⅼࠊࡣࡿぢࡽ

࠺ࡢᙟᫍࠋࡿ࠼ぢࡃ㛗ࡀᑿࠊࡃࡿ᫂ࡶࡁࡿ࠸࡚ࡋ᥋㏆⌫ᆅࡀᙟᫍࡓࡲࠋࡿ࠶๓ᚋ࡛ࡢ

ࡗᡠᗘࠊ࠸ࡲࡋ࡚ࡗ⾜ࡇࡣᚋࡽࡓ࠸㏆࡙ኴ㝧ࡎࡽ࠾࡚ࡗ࡞ᴃࡀ㌶㐨ࠊࡕ

࡚᮶࠸࡞ᙟᫍࢆ㠀࿘ᮇᙟᫍゝ

�ࠋ࠺
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ኴ㝧ᴟ➃㏆࡙ࡃ㌶㐨ࢆᣢࡗ

๓ᚋࡢ㏆᪥Ⅼ㏻㐣ࠊࡾ࠾࡚

⣭➼��ࡽ⣭➼��ࡀࡉࡿ᫂ࠊࡣ

�ࠋࡓࡗ࠶࡛ࡳぢ㎸ࡿࡍ㐩࡛ࡲ

� ㏆᪥Ⅼ㏻㐣ᔂቯࡳࡓࡋ

ࠊ࡚࠸ࡘᙟᫍࣥࢯࡓࢀࡽ

⡿⯟✵Ᏹᐂᒁ㸦㹌㸿㹑㸿㸧ࡣ��

᭶��᪥ࠕࠊ࡛ࡲ᰾୍ࡢ㒊ࡀṧ

⾲Ⓨࠖࡿ࠶ࡀᛶ⬟ྍࡿ࠸࡚ࡗ

�ࠋࡓࡋ

�

㸱㸬ほ ᪉ἲ�
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�
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�
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� ࠊྠࡣ࣮ࢱࣥࣁࣛࢸࢫ ࡓࡋ㐃⥆ീࢆᫍ㔝ࡢ⠊ᅖࡌ

⏬ീࡢ୰ࡽᫍᗙࢢࣟࢱ࢝㍕ࡿ࠸࡚ࡗᫍᗙࢆ⮬ື࡛Ⓨぢࡢࡽࢀࡑࠊࡋኳయࡿ࡞␗ࡣ

�ࠋࡿࡁ࡛ࡀࡇࡿࡅࡘࡳࢆయ≀ࡿࡍࢆࡁື

࣭��ᯛࡢ⏬ീ࡚ࢺࢵࣛࣇ⿵ṇࡿࡍࢆ�

࣭⏬ീࠊ࡚ࡗ⾜ࢆࢢࣥࢳࢵ࣐ど㔝ෆࡢᜏᫍྠࢆᐃࡿࡍ�

࣭⨨ྜࠊ࠸⾜ࢆࡏࢃ᥈⣴⏬ീࡢど㔝ࢆࢀࡎࡢಟṇ�

�ࡿ࠼ࢁࡑࢆࡉࡿ᫂ࡢᬒ⫼ࡢ᥈⣴⏬ീࡢ࡚ࠊ࠸⾜ࢆㄪᩚ࢝ࢫ࣭

�㝖ཤࢆᜏᫍ࠸࡞ࡋື⛣ࠊ࡚ࡋࢆ⌮ฎࢡࢫ࣐࣭

�ࡿࡍᢳฟࢆࡢࡶࡢ௳᮲ࡢᐃ≉ࠊࡕ࠺ࡢኳయࡿࡍື⛣ࡓࡗṧ࡚ࡗࡼ⌮ฎࢡࢫ࣐࣭

�

㸳㸬᳨ฟ⤖ᯝ�
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�

㸴㸬ࡵࡲ�
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ࢆ↓᭷ࡢ㺂⛣ືኳయࡋ⌮ฎ࡛࣮ࢱࣥࣁࣛࢸࢫࢆീ⏬ࡓࢀࡽᚓࠋࡓࡗ⾜ࢆ㐃⥆ീࡢᫍ㔝ࡢ⨨

ㄪࡀࡓ㺂��➼ࡶࡾࡼ᫂࠸ࡿ⛣ືኳయࡣ☜ㄆࠋࡓࡗ࡞ࢀࡉ��

�

�
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㣗ኚගᫍ9ࠕ:�&HSࠖࣈ࣮࢝ࢺࣛࡢ㛵ࡿࡍ◊✲�
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�㣗ኚගᫍ 9:�&HS ��ࡣ

㣗ኚගᫍࠊࡣ㸰ࡢࡘᜏᫍࡀࡢ࠸࿘ࢆࡾᅇࡿ࠸࡚ࡗ㐃ᫍ⣔ࠊ࡛ࡇࡢ㸰ࡢࡘᜏᫍࡢබ㌿㠃ୖほ Ⅼ

㸦ᆅ⌫㸧ࠊ࡛ࡇࡿ࠶ࡀ㸰ࡢࡘᜏᫍࡢ㣗⌧㇟ࡾࡼ࿘ᮇⓗぢࡢࡅ᫂ࡀࡉࡿኚࡿࢃኳయ࡛ࠋࡿ࠶㐃ᫍ⣔
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ࢆᴟࡢᴟᑠᚋࠊᴟ୍➨ࢆᴟࡢᴟᑠᚋࠋࡿ࠶

➨ᴟࠊࡿࡍᴟࡢ᫂࠸ࡋ➼ࡀࡉࡿࠊ➨୍ᴟ

ࡢ᪉ࡀ᫂࠸ࡿࠊ➨ᴟࡢ᪉ࡀ᫂࠸ࡿࡢ㸱ࢱࣃ
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⚾㐩ྛࠊࡣኪࡢᖹᆒࢆࣈ࣮࢝ࢺࣛࡓࡗࢆồࢆࢀࡇࠊࡤࢀࡵᇶ‽ྛほ ᪥ࡢᖹᆒࣈ࣮࢝ࢺࣛࡢ
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ࡿ࠸࡚ࡗࢃ᪤ࠋࡓࡵồࢆࣈ࣮࢝ࢺࣛࡢᖹᆒ࡛ࣈ 9:�&HS ᴟࠊ࠸ࢆබ㌿࿘ᮇ㸮㸬㸰㸵㸶㸱᪥┦ࡢ

ᑠࡢ้ࢆᇶ‽࡚ࡋᶓ㍈ࡢ㛫ࠊ࠼ࢁࡑࢆᖹᆒࢆࣈ࣮࢝ࢺࣛࡓࡋᡂࠋࡓࡏࡉᕥྛࡣኪ࡛ほ ࡓࡋ

ᖹᆒࢆࣈ࣮࢝ࢺࣛࡓࡋ ほࡣྑࠋࡿࢀࡉㄆ☜ࡀࢀࡎࡢࣈ࣮࢝ࢺࣛኪẖࡓࡋ ほࠊ࡛ࣈ࣮࢝ࢺࣛ
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ճྛኪࣈ࣮࢝ࢺࣛࡢᖹᆒ್ࡢࣈ࣮࢝ࢺࣛࡢᕪࢆồྛࠊࡵኪࡢࣈ࣮࢝ࢺࣛࡢගᗘపୗࡢ㉳ࡓࡁ

�ࠋ㸧ࡿࡍࡽ᫂ࢆᚩ≉ࡢࣈ࣮࢝ࢺࣛࡢࢀࡒࢀࡑ㸦ࡿྲྀࡳㄞࢆ้

㸦㸧ᖹᡂ㸰㸳ᖺ㸳᭶㸰㸯᪥ࡢሙྜ㸦ࣇࣛࢢ㸯㸧㸫㸦ࣇࣛࢢ㸰㸧࡛㸦ࣇࣛࢢ㸱㸧ࢆᚓࠋࡿ�

㸦ࣇࣛࢢ㸯㸧������㸦ࣇࣛࢢ㸰㸸ᖹᆒ㸧� 㸦ࣇࣛࢢ㸱㸸ኚࡢ≉ᚩ㸧�

�

�

�

�

�

�

�

�

�

�

մගᗘపୗࡢ㉳ࡓࡁ้ࡀほ ᪥ẖ࠺ኚࢆࡿࡍㄪࡿ�

࣭▮༳㸸ගᗘపୗࡢ㛫ᖏ㸦ᶓ⥺࡛⾲♧㸧ࡢᴟᑠࡢ้ࡢኚ� � �

࣭ୗ㒊ᩳࡢ⥺㸸ගᗘపୗࡀ☜ㄆࡓࡗ࡞ࡃ࡞ࢀࡉᮇ㛫� �

࣭ᶓ㍈㸸ᴟᑠ้ࢆᇶ‽ࡓࡋ㛫㍈� � � ࣭⦪㍈㸸ほ ᪥�

㸦◊✲࣭ほ ࡢ⤖ᯝ㸧�

ᴟᑠ㒊ศࡣ㸰࢝ᡤほ ࡀࡓ࠸࡚ࢀࡉ㸯ࠋࡓࡗ࡞ࡘ㸳᭶ࡽ㸴᭶ࡢගᗘ

పୗࠊࡋື⛣ࡣ㸳㸷᪥࡛㸯࿘ࠋࡓࡗࢃࡀࡇࡿࡍ㸵᭶ࡣගᗘపୗࡀほ

�ࠋࡿࡍド᳨ࢆ௬ㄝࡢࡘ㸰ࡾࡼࡽࢀࡇࠋࡓࡗ࡞ࢀࡉ 

௬ㄝ㸯� ձ┦බ㌿ࡢ୰ᚰୖኳయࡀ᮶ࡓࡣගᗘపୗࡀᑠࡿ࡞ࡃࡉ

࠶ࡀࡇࡍࡇ㉳ࢆගᗘపୗࡢ㸰ᅇࠊ࡛ࡢࡿࡍ㏻㐣ࢀࡒࢀࡑࢆᡭ๓ࡢకᫍᫍࡿࡍ㌿⮬ࡀ㣗ኚගᫍࠊࡀ

ղ9:�&HSࠋࡿ࠺ࡾ ࢆࡾ࿘ࡢ㣗ኚගᫍࡾࡃࡗࡺࡅࡔࢀࡇࡀኳయ୕➨ࠋࡓࡁㄆ࡛☜ࡀࡇࡿࡍ㸳㸷᪥࡛㸯࿘ࡣ

බ㌿ࡽ࡞ࡢࡿࡍ㣗ኚගᫍࡾࡼ┦ᙜ㞳ࡿ࠸࡚ࢀᚲせࠊࡾ࠶ࡀ㣗ࠋ࠸ࡃࢀ⌧ࡣճほ Ⅼࡽ㣗ኚගᫍࡢ㛫

➨୕ኳయࡀᏑᅾࠊࡤࢀ࡞ࡃ࡞ࡋ㧗ᗘపୗࡣほ ࠊࡣࢀࡇࠋ࠸࡞ࢀࡉ➨୕ኳయࡢබ㌿㠃ࡀᆅ⌫ࡢࡽほ ᪉

�ࠋࡿࡁ㉳࿘ᮇⓗࡤࡅഴࡾࡼྥ �

௬ㄝ㸰� ձ⏕ࡓࡌ � ᅇࡢගᗘపୗࡢ㉳ࡓࡁ้ࡀኚࠋࡿ࠸࡚ࡋ㯮Ⅼࡀ � ಶ⏕ࠊ࡛ࡇࡿࡌ� ᅇࡢගᗘప

ୗࢆㄝ࡛᫂ࠋࡿࡁղ9:�&HSࡀ ��᪥࡛㸯࿘୍ࡣࡇࡿࡍ᪉ࡢᜏᫍୖࢆ㯮Ⅼࡀ��᪥୍࡛࿘ࡤࢀࡍ㉳ࠋࡿ࠺ࡾࡇ

ኴ㝧ࡀ �� ᪥࡛⮬㌿ࡾࡼࡇࡿࡍ �� ᪥ࡣጇᙜᩘ࡞Ꮠࠋࡿࢀࡽ࠼⪄ճᴟᑠ㒊ศࡀほᐹࡣࡇࡿ࡞ࡃ࡞ࢀࡉ

㯮Ⅼࡀᾘ⁛࡛ࡇࡿࡍㄝ࡛᫂ࠋࡿࡁ�

௨ୖࠊࡾࡼ⌧ᅾࢁࡇࡢ௬ㄝ㸰ࡀ᭷ຠ࡛ࠊࡓࡲࠋࡿ࠶ᅇࡢほ ࣭ゎᯒࡾࡼ㸰ࡢࡘせᅉ࡛␗ࡿ࡞ගᗘ

ኚࡀ㉳ࡓࡁሙྜ୍ࠊ᪉ࡢගᗘኚࡢせᅉࢆᘬ୍࠺ࡶ࡛ࡇࡿࡍ⟭ࡁ᪉ࡢගᗘኚࢆᘬࡁฟࡍᡭἲࢆ☜❧

�ࠋࡓࡁ࡛ࡀࡇࡿࡍ
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�

�

�

▷࿘ᮇ㣗㐃ᫍࡢ ගほ ගᗘ᭤⥺ࡢసᡂ�
�

ᓊ㒊� ோ⨾㸦㧗ᑓ㸱㸧࠙ὠᒣᕤᴗ㧗➼ᑓ㛛Ꮫᰯࠚ�

�

せ� ᪨�
� ▷࿘ᮇ࡛᫂ࡀࡉࡿኚࡿࡍ㣗㐃ᫍ࠺ࡻࡕࡃࡣࡢᗙ9��� ගほ ࢆ����ᗙ9ࣖ࣌࢜ࢩ࢝�

බ㌿ࡢ㣗㐃ᫍࠊ࡚ࡋࡑࠋࡿࡍసᡂࢆ⥺ගᗘ᭤࡛ࡇࡿࡍゎᯒ࡛(5$,ࢆࢱ࣮ࢹࡓࢀࡽᚓࠊࡋ

࿘ᮇᑠ㛵ಀࢆ⪃ᐹࠊ࠾࡞ࠋࡿࡍほ ࡣᒸᒣ┴ཎᕷࡿ࠶⨾ᫍኳᩥྎ⨾ᫍࢫ࣮࣌ࢫ

�ࠋࡓࡗ⾜࡛࣮ࢱࣥࢭࢻ࣮࢞

�

㸯㸬ࡵࡌࡣ�

� ኚගᫍࡢ✀㢮ࡣࡃࡁศࠊࡿࡅ㐃ᫍࡀ࠸㞃ࡿࡍࢆ࠸ྜࡋ㣗⌧㇟ࡀ㉳ࡾࡇぢ

ࡍ㏉ࡾ⧞ࢆ⦰ᙇ࣭⭾࿘ᮇⓗࡀᜏᫍ⮬㌟ࠊ�㣗㐃ᫍ�㣗ኚගᫍࡿࡍኚࡀࡉࡿ᫂ࡢࡅ

ࡀࡇࡿࡅศⓎኚගᫍ⇿ࡿࡏぢࢆගᗘኚ࡞ᛴ⃭ࠊᫍື⬦ࡿࡍኚࡀࡉࡿ࡛᫂ࡇ

ࡋࡇ࠺⾜ࢆ ගほ ࡢ㣗㐃ᫍࡿࢀࡦࡢ⯆ࡶ᭱ࡶ୰࡛ࡢࡇࠊࡣ࡛✲◊ᮏࠋࡿࡁ࡛

ࡇࡿࡵ㐍ࢆゎᯒࢱ࣮ࢹ࡛(5$,ࠊࡵࡓࡓࡗ࠶ࡀࡇࡓࡋ⏝ࡋᑡࢆ(5$,ࠊ࡚ࡋࡑࠋࡓ

�1DWLRQDO��2$12ࡢ࣓࢝ࣜࡣ�\PDJH�5HGXFWLRQ�DQG�$QDO\VLV�)DFOLOW,�(5$,ࠋࡓࡋ

2SWLFDO�$VWURQRP\�2EVHUYDWRULHV�࡛㛤ⓎࡓࢀࡉኳᩥᏛ⏝ࡢ⏬ീゎᯒྍࠊ࡛ࢺࣇࢯどග

�ࠋࡿ࠸࡚ࡗ࡞‽ᴗ⏺ᶆࡢീゎᯒ⏬ࡢ࡛

�

㸰㸬ほ ᪉ἲ�
9�����&\Jࡢᙳࡣ�᭶�᪥�ⅆ�ࡢ�����㹼⩣��㟢ฟࠊ㛫ࡢ��

㛫��⛊ࠊ⛊����⛊࡛�ศ��⛊ẖィ���ᯛᙳࡢࡇࠋࡓࡋ

⏝ࡓࡋほ ᶵჾࠊࡣ⨾ᫍࡢ࣮ࢱࣥࢭࢻ࣮࢞ࢫ࣮࣌ࢫ��FPᮃ㐲

㙾�ᅗ��ࡣ࣓ࣛ࢝'&&ࠊ⏬⣲ᩘ���������SL[HO࡛ど㔝���ศ����

ศࡣ࣮ࢱࣝࣇࠊ:L����������ύ�࡛ࠋࡿ࠶�

9�����&DVࡢᙳࡣ��᭶��᪥�ᅵ�ࡢ�����㹼⩣��㟢ࠊ㛫ࡢ��

ฟ㛫��⛊��⛊࡛ィ���ᯛᙳࡢࡇࠋࡓࡋ⏝ࡓࡋほ ᶵჾ

����������⣲ᩘ⏬ࡣ࣓ࣛ࢝'&&ࠊᫍኳᩥྎ���FPᮃ㐲㙾⨾ࠊࡣ

SL[HO࡛ど㔝���ศ����ศ5࣮ࢱࣝࣇࠊ�����������ύ�࡛ࠋࡿ࠶�

�

㸱㸬ࢱ࣮ࢹゎᯒ�
ẚ㍑ᫍ9ࠊ࡚ࡋ�����&\Jࡢሙྜࡣ+'���������������$�8612ࡣሙྜࡢDV&�����9ࠊ��$��

�����ࠋࡓࡋゎᯒࢆࢱ࣮ࢹᡭ㡰࡛ࡢ௨ୗࠊࡓࡲࠋࡓࡋ⏝ࢆ����

ձ ,5$)࡚࠸⏝ࢆᙳ⏬ീࠊࡁࡦࢆࢫࣂࢡ࣮ࢲࡽ⏬ീ࡛ࢺࢵࣛࣇࢆࠋࡿ�

ീ࡛⏬ࢺࢵࣛࣇࠊࡋࡃ࡞ࢆࢬࣀࡢᙳ⏬ീ࡚ࡗࡼࡇࡃࡦࢆࢫࣂࢡ࣮ࢲ

�ࠋࡿࡁ࡛ࡀࡇࡿࡍṇ⿵ࢆ࿘㎶ῶගࡢᙳ⏬ീࡾࡼࡇࡿ

ղ ,5$)࡛ᩚ⣙῭ྛࡢࡳ⏬ീࡢኚගᫍẚ㍑ᫍࡢ⏬ീୖࡢ⨨ሗྲྀࢆᚓࢱ࣮࣓ࣛࣃࠊࡋ

�ࠋ࠺⾜ࢆ㐃⥆ ගࠊୖࡢタᐃࢆ

ճ ኚගᫍẚ㍑ᫍࢆࢫࢡࢵࣛࣇࡢ ᐃࡢࣥࢯࢢ࣏ࠊࡋᘧ���࡚࠸⏝ࢆ➼⣭ᕪࢆồࠋࡿࡵ�

ο݉ ൌ ʹǤͷ ൈ ���ଵ భమ� Ă�����

�ࢫࢡࢵࣛࣇࡢଶ㸸ኚගᫍܮࠊࢫࢡࢵࣛࣇࡢଵ㸸ẚ㍑ᫍܮࠊ⣭ᕪ➼ࡿࡍᑐο݉㸸ẚ㍑ᫍࠊࡋࡔࡓ

մ  ගࣇࣛࢢࢆࢱ࣮ࢹ࡛ࡇࡿࡍගᗘ᭤⥺ࡀᚓࠋࡿࢀࡽ�

ᅗ�� ��FPᮃ㐲㙾�

ᅗ�� 9����&DVࡢගᗘ᭤⥺�

�

ᅗ�� 9����&\Jࡢගᗘ᭤⥺�
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ᅗ�� ��FPᮃ㐲㙾�

�

�

ᵋᵑᵌᵖ

ᵋᵑᵌᵕ

ᵋᵑᵌᵔ

ᵋᵑᵌᵓ

ᵋᵑᵌᵒ

ᵋᵑᵌᵑ

ᵋᵑᵌᵐ

ᵋᵑᵌᵏ

ᵋᵑ

ᵋᵐᵌᵗ

ᵋᵐᵌᵖ
ᵏᵒ ᵏᵓ ᵏᵔ ᵏᵕ ᵏᵖ ᵏᵗ ᵐᵎ

ሁ
ኢ
ࠀ

ί
ᶨ
ᾼ
ὸ

Цίᵳᵲὸ

ᅗ�� 9����&DVࡢගᗘ᭤⥺�

㸲㸬ゎᯒ⤖ᯝ�
ẚ㍑ᫍᑐࡿࡍ➼⣭ᕪࢆࡢࡶࡓࡋࣇࣛࢢࢆ௨ୗࠋࡍ♧⦪㍈ࡣẚ㍑ᫍᑐࡿࡍ➼⣭

ᕪ�ο݉�࡛ᶓ㍈ࡣୡ⏺้�87�࡛ࠋࡿ࠶�

�

ࡿ࠸࡚ࡋኚᛴ⃭ࠊ㒊ศ࠸࡞ࡢኚࡾࡲ࠶ࡸ㒊ศࡿࡍኚࡽࡔ࡞ࠊࡾࡼࣇࣛࢢ

㒊ศࡀࡇࡿ࠶ࡀศࠊࡓࡲࠋࡿḟࡢ㛫ࢆồࠋࡿࡵ�

���ᴟࡽࢡ࣮ࣆࡢḟࡢ࡛ࡲࢡ࣮ࣆࡢ㛫���ᴟᑠࡽࢡ࣮ࣆࡢḟࡢ࡛ࡲࢡ࣮ࣆࡢ㛫�

ኚ࡛ࡇࡿࢆᖹᆒࡢࡇࠊࡋฟࢆ࿘ᮇ࡚ࡋ㸰ಸࡽࡿ࠶㛫࡛ࡢ࿘ᮇ༙ࡣ㛫ࡢࡽࢀࡇ

ගᫍࡢ࿘ᮇࢆồࠋࡿࡵồࡓࡗࡲබ㌿࿘ᮇ9ࡣ�����&\Jࡀ�㛫��ศ࡛9ࠊ�����&DVࡣ�㛫

��ศ࡛ࠋࡿ࠶�

�

㸳㸬⪃ᐹ�
� ୧ኚගᫍࡶගᗘ᭤⥺ྠᵝ࡞≉ᚩࠊ࡛ࡢࡿ࠶ࡀ௨ୗ࠺ࡼࡢ௬ᐃࠋࡓࡋ�

௬ᐃ�㸸බ㌿㠃ୖᆅ⌫ࡿ࠶ࡀ� � � � ௬ᐃ�㸸ᫍࡀ᥋ゐࡿ࠸࡚ࡋ�

௬ᐃࠊࡾࡼ�ᆅ⌫ࡽぢࡓ᩿ᫍࡢ㠃✚ࡀ㣗࡚ࡗࡼኚࠊࡇࡿࡍ௬ᐃࠊࡾࡼ�ᫍࡢ᫂ࡿ

�ࠋࡿศࡀࡇࡿࡍኚ㐃⥆ⓗᴟࡣࡉ

㸺9�����&\J࡚࠸ࡘ㸼�

ࠊࡾࡼ�௬ᐃࠋࡃ࠾ࢆࠊࡿ࡞␗ࡀࡉࡁࡢ௬ᐃ�㸸ᫍࠊࡽࡉሙྜࡢࡇ

ᫍࡢ᫂ࡣࡉࡿᴟᑠኚ࠸࡞ࡋ㛫ᖏࡀࡇࡿ࠶ࡀศࠊ࡚ࡋࡑࠋࡿ

�ࡣ࿘ᮇࠊࡾ࠶࡛�:)�ᆺ:ࡲࡄ࠾࠾ࡣ㣗㐃ᫍࡢࡇࠊ࡚ࡋࢱ࣮ࢹ⫣ᩥ

㛫��ศ࡛ࠊࡽࡿ࠶ศᯒ⤖ᯝࠋࡿ࠸࡚ࡋ⮴୍ࡰࡣ�

㸺9�����&DV࡚࠸ࡘ㸼�

�ࠋࡃ࠾ࢆࠊ࠸ࡋ➼ࡰࡉࡁࡢᫍࡢࡘ௬ᐃ�㸸ࠊࡽࡉሙྜࡢࡇ

௬ᐃࡾࡼ�ᫍࡢ᫂ࡣࡉࡿᴟᑠᛴ⃭ኚࡀࡇࡿࡍศࡋࡑࠋࡿ

ࠊ�ᅗ�ྑഃ�ᴟᑠࡀࡿ࠶࡛ࡎࢃࡾࡼ�ᅗࠊࡶ࡚ࡋ៖⪄ࢆᐃㄗᕪ ࠊ࡚

ᴟᑠ�ᅗ�ᕥഃ�࡚ࡋࢱ࣮ࢹ⫣ᩥࠊࡓࡲࠋࡿࡁุ࡛᩿ࡀࡇࡿ࠶ࡀ

9�����&DVࡲࡄ࠾࠾ࡣ:ᆺ�(:�࡛ࠊࡾ࠶࿘ᮇࡣ�㛫��ศ࡛ࠊࡽࡿ࠶

ศᯒ⤖ᯝࠋࡿ࠸࡚ࡋ⮴୍ࡰࡣ�

� ᅇࡢほ ࠊࡣ࡚࠸ࡘᫍࡢᏛᰯࠊࣇࢵࢱࢫ����⨾ᫍኳᩥྎࠊ⨾ᫍࢭࢻ࣮࢞ࢫ࣮࣌ࢫ

�ࠋࡍࡲࡋ⮴ㅰ῝ࡇࡇࠋࡓࡋࡲࡾ࡞ୡヰ࠾ⓙᵝࡢ࣮ࢱࣥ

�

㸴㸬ཧ⪃ᩥ⊩�
>�@�Ọ⏨ࡢ㣗ኚගᫍほ ࢪ࣮࣌ࡢ� KWWS���HFOLSVLQJELQDU\�ZHE�IF��FRP��

�ࡁᡭᘬࡢゎᯒࣈ࣮࢝ࢺࣛ�@�< KWWS���ZZZ�WR\ER[�JU�MS�PS�����

>�@�6,0%$'�$VWURQRPLFDO�'DWDEDVH� KWWS���VLPEDG�X�VWUDVEJ�IU�VLPEDG��

ᵎᵌᵒ

ᵎᵌᵒᵓ

ᵎᵌᵓ

ᵎᵌᵓᵓ

ᵎᵌᵔ

ᵎᵌᵔᵓ

ᵎᵌᵕ

ᵎᵌᵕᵓ

ᵎᵌᵖ
ᵏᵎ ᵏᵐ ᵏᵒ ᵏᵔ ᵏᵖ ᵐᵎ

ሁ
ኢ

ࠀ
ί
ᶨ
ᾼ
ὸ

Цίᵳᵲὸ

ᅗ�� 9����&\Jࡢගᗘ᭤⥺�
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▷࿘ᮇ㣗㐃ᫍࡢศගほ �

㔠㇂� ඃ㍤㸦㧗 �㸧ࠊ᯽㔝� ⋹⍅㸦㧗 �㸧�

࠙ᒸᒣၟ⛉Ꮫ㝃ᒓ㧗➼Ꮫᰯ� ⮬↛⛉Ꮫ㒊ࠚ�

 
㸯㸬┠ⓗ 
� ▷࿘ᮇ㣗㐃ᫍࢆほ ࢺࣇࢩ࣮ࣛࣉࢵࢻࠊἲ࡛ࡢゎᯒࡢࡑࡾࡼ≉ᚩࢆㄪࠊ

බ㌿࿘ᮇࢆồࢆࡇࡿࡵ┠ⓗࠋࡓࡋ 
㸰㸬ほ  
� 㸰㸮㸯㸱ᖺ㸶᭶㸴᪥ࡽ㸶᭶㸶᪥ࠊ࡚ࡅ⨾ᫍኳᩥྎദࠕࡢᫍࡢᏛᰯ㸰

㸮㸯㸱ࠖཧຍࠊࡋ㸯㸮㸯㹡㹫ᮃ㐲㙾ࢆ⏝࡚ࡋほ ゎᯒࠋࡓࡗ⾜ࢆ 
㸱㸬㣗㐃ᫍࡣ 
� ᇶᮏⓗᫍࡿࢀࡤ࡞ࡁᜏᫍࢆ୰ᚰࡢࡑࠊ࡚ࡋ࿘ᅖᑠ࡞ࡉకᫍࡀ

࡚ࡗࡼࡇ࠺ྜࡋᙳ㡪ࡀࡽࢀࡑࠊ࡚࠸࡚ࡗᣢࢆ㔜ຊࢀࡒࢀࡑࡣࡽࢀࡇࠋࡿ࠶

ኳయ㛫ኴ㝧⣔ࡿࡅ࠾ኴ㝧ᝨᫍ࡞࠺ࡼࡢ㛵ಀࡀฟ᮶ࠋࡿබ㌿㐠ື࡛ࡣᇶᮏ

ⓗ࡞ࡁኳయࢆ୰ᚰ࡚ࡋᅇࠊࡀࡿ࠸࡚ࡗ㸰ࡢࡘኳయࡢྠࡀࡉࡁ⛬ᗘࡢሙ

බ୰ᚰࢆ㔜ᚰࡓࡋ⏕ᯝⓎ⤖ࡢࡑࠋࡃ࠸࡚ࢀࡎࡀ㔜ᚰ࡚ࡗࡼ㔜ຊࡢ࠸ࠊྜ

㌿㐠ືࡿ࠸࡚ࡗ⾜ࢆኳయࡀ㣗㐃࡛ᫍࠋࡿ࠶ 
㸲㸬ほ ᶵᮦ 
� ᮃ㐲㙾͐㸯㸮㸯㹡㹫ᮃ㐲㙾�  Ⅼ↔ࣥࣞࢢࢭ࢝
� ศගჾ͐୰ศᩓศගჾ 
� CCD  ANDOR DU-440BV࣓͐ࣛ࢝
㸳㸬ほ ᪥࣭ሙᡤ 
� ᪥͐㸰㸮㸯㸱ᖺ� 㸶᭶㸴᪥� 㸰㸮㸲㸴ศ� 㹼� 㸶᭶㸶᪥� 㸰㸶㸳㸵ศ 
ሙᡤ͐ᒸᒣ┴ཎᕷ⨾ᫍ⏫⨾ᫍኳᩥྎ 

㸴㸬ほ ኳయ 
V1191 Cyg 

㸵㸬ゎᯒ᪉ἲ 
ᅇࠊほ ࡢࢱ࣮ࢹゎᯒࡣ iraf  ࠋࡓࡋ⏝ࢆ
ኳయࢆほ ࡿࡍ㝿࣮ࣛࣉࢵࢻࠊຠᯝ࡚ࡗࡼኳయࡽ㐲ࡿࡊ㝿ࡣ㉥Ⰽࡀ

ᙉࠊࡃ㏆࡙ࡃ㝿ࡣ㟷Ⰽࡀᙉࠊ࡛ࡇࡑࠋࡿ࡞ࡃ㟼Ṇࡓࡋග※ࡢࡽගࢆศගࡋ

⨨ࡢኳయࡽᕪࡢἼ㛗ࡢ㒊ศࢡ࣮ࣆࡢ⥺㍤ࡓࢀ⌧ୖࣝࢺࢡ࣌ࢫ㝿ࡓ

ሗࢆồࡿࡵ᪉ἲࢺࣇࢩ࣮ࣛࣉࢵࢻࢆἲࠊ࠸࠸ᅇࡢࡇࡣ᪉ἲ࡛ゎᯒࠋࡓࡋ 
ᅇࡢゎᯒ࡛ࡣ HȘ Feϩࡢ㍤⥺ࢆ⏝ࠋࡓࡋ 
ձ ほ ࢱ࣮ࢹᑐࢡ࣮ࢲ࡚ࡋฎ⌮ࠋ࠺⾜ࢆ�  
ղ ࢡ࣮ࢲฎ⌮ᚋࢱ࣮ࢹࡢᑐࢺࢵࣛࣇ࡚ࡋฎ⌮ࠋ࠺⾜ࢆ 
ճ ฎ⌮ᚋࢆࣝࢺࢡ࣌ࢫࡽࢱ࣮ࢹࡢᢳฟࠋࡿࡍ 
մ ẚ㍑ග※⏬ീࢆࣝࢺࢡ࣌ࢫࡶࡽᢳฟࠋࡿࡍ 
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յ Ἴ㛗ྠᐃࠋ࠺⾜ࢆ 
ն Ἴ㛗㍑ṇࠋ࠺⾜ࢆ 
շ ㍤⥺ࡢ㛫ࡢࡈ᥎⛣ࣇࣛࢢࢆࠋࡿࡍ 

㸶㸬⤖ᯝ࣭⪃ᐹ 
� ࡧࡼ࠾HȘࠊࡣ㍈⦪ࡢࣇࣛࢢ Feϩࡢ㍤⥺ࡢᶆ‽Ἴ㛗ࢀࡎࡢࡽ(ύ)ࠊᶓ㍈ࡣ 
㛫(᪥)ࠋࡿ࠸࡚ࡋ⾲ࢆ 

 
� ᅇࡢ Feϩࡢ㍤⥺࡛ࡢゎᯒࡢ⤖ᯝࠊබ㌿࿘ᮇࡑࡼ࠾㸵㛫㸯㸱ศ࠺࠸ண

ࡢ࡛⥺㍤ࡢHȘࠊࡋࡋࠋࡓฟࡀᯝ⤖࠸㏆බ㌿࿘ᮇ㸵㛫㸱㸮ศࡓ࠸࡚ࢀࡉ

ゎᯒࡢ⤖ᯝࠊࡣබ㌿࿘ᮇࡑࡼ࠾㸱㛫㸱㸮ศ࠺࠸ணࡓ࠸࡚ࢀࡉබ㌿࿘ᮇࡼ

ࠊࡵࡓࡿ࠶ࡀవᆅࡢ⪄ࡣ࡚ࡋᑐᯝ⤖ࡢࡽࢀࡇࠋࡓฟࡀᯝ⤖࠸▷㸲㛫ࡾ

ᚋࡢ㏣ほ ࡛᫂ࠋࡔࡾࡶࡘࡃ࠸࡚ࡋࡽ 
㸷㸬ㅰ㎡ 
⥤ோ୍ဢࢇࡉ㸦⨾ᫍኳᩥྎྎ㛗㸧ࠊ๓㔝ᑗኴࢇࡉ㸦⨾ᫍኳᩥྎ㸧ࠊ๓ཎⱥኵࢇࡉ

㸦ඖᅜ❧ኳᩥྎᒸᒣほ ᡤᡤ㛗㸧ࠊᅇࡢⓎ⾲ࡾࡓ࠶ࡢᣦᑟࡀࡾ࠶ࡾࡉࡔࡃ࡚ࡋ

 ࠋࡓࡋࡲ࠸ࡊࡈ࠺
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�

�

�

㣗ࢆ㉳ࡍࡇ㏆᥋㐃ᫍࡢㅦ㏕ࡿ��

㖟ἙᏛᰯ����㹀⌜�

ኳ㔝�㤶⳯࠙ឡ▱┴❧ᒸᓮ㧗➼Ꮫᰯࠊࠚᑠᙧ�⨾బ࠙•༡ⓑⓒྜᏛᅬ㧗➼Ꮫᰯ࠙ࡎࡍࡳ�≀┘ࠊࠚᶓᕷ❧

ᡞሯ㧗➼Ꮫᰯࠊࠚᶲ�࿃࠙ឡ┴❧ᯇᒣ༡㧗➼Ꮫᰯࠊࠚ⏣ཱྀ�ኴ࠙ᫍ㧗➼Ꮫᰯࠚ㸦㧗�㸧�

᪂�ኟᕼ࠙ᮾி㒔❧᪥ẚ㇂㧗➼ᏛᰯࠊࠚḈ�Ὀே࠙ᒣ┴❧᪥ᕝ㧗➼ᏛᰯࠊࠚṊ୰�㔛✠࠙㤶ᕝ┴❧㧗

ᯇ㧗➼ᏛᰯࠊࠚዉⰋᑿ�ⓒ㤶࠙㛗㔝┴ᮌ᭮㟷ᓠ㧗➼Ꮫᰯࠊࠚᮧ℩�Ύ⳹࠙ᒱ㜧┴❧ᒱ㜧㧗➼Ꮫᰯ �㸦㧗�㸧ࠚ

ᓥ�࠙ᮾிᏛᩍ⫱Ꮫ㒊㝃ᒓ୰➼ᩍ⫱Ꮫᰯࠚ㸦୰➼�㸧�

�

�ࡵࡌࡣ���

� ㏆᥋㐃ࡍࡇ㉳ࢆ㣗ࠕࠊࡋཧຍ㖟ἙᏛᰯ����ࠖࠕࡓࢀࢃ⾜ᮾிᏛᮌ᭮ほ ᡤ࡛����ᖺ�᭶ࡣࡕࡓ⚾

ᫍࠖࡘ�ࠋࡓࡋࢆ✲◊ࡢ௨ୖࡢᜏᫍࠕࡿ࡞ࡽ㐃ᫍࠖࠊࡣ㔜ຊࠊࡁࡘࡧ⤖࡚ࡗࡼ㔜ຊࢆཬࠊ࠸࠶ࡋࡰබ

㌿ࠋࡿ࠸࡚ࡋ㐃ᫍࡢබ㌿㠃ୖᆅ⌫ࡀ⨨ࡿࡍሙྜࡿ࠶ࠊࡣᫍࡢูࡀᫍࢆ㞃ࠕࠊࡍ㣗ࠖࡀ㇟⌧࠺࠸㉳

࠶㏆᥋㐃ᫍ⣔࡛࡞࠺ࡼࡢࡇࠊࡣ࡛✲◊ࡢࡇࠋࡿ࠶࡛㇟⌧ࡿࡁኚ࡛☜ㄆ࡛ࡢࡉࡿ᫂࡞࿘ᮇⓗࡣࢀࡇࠋࡿࡁ

ࠖ�Polar�࣮࣮࣏ࣛࠕࡣᐇࡣࢀࡇ㸦ࡓࡋ ほࢆᵝᏊࡢኚࡢࡉࡿ᫂ࡢCSS081231:071126+440405ࡿ

ᗘ ࡸࡉࡿ᫂ࡢ�ᫍࡽほ ⤖ᯝࡢࡑࠋ�ࡪ࣮࣮࣏ࣛ௨ୗࢆኳయࡢࡇࠋࡿ࠶ኳయ࡛ࡢ㢮✀࡞Ṧ≉ࡿࢀࡤ

�ࠋࡓࡗ㏕ጼࡢ㐃ᫍ⣔ࡢࡇࠊࡋ᥎ᐃࢆሗࡓࡗ࠸ᚄ༙ࡢࢀࡒࢀࡑࠊ㊥㞳ࡢ�ᫍࠊ⋠ẚࡢ

�

��ほ ᮲௳�

࣭⨨� ᮾிᏛᮌ᭮ほ ᡤ�

� � ���FPࢺࢵ࣑ࣗࢩ�ᮃ㐲㙾�

࣭᮲௳� �࣮ࢱࣝࣇ V,R�

� � 㟢ฟ� ��⛊�

� � ᙳ㛫㝸�⣙�ศ�

� � �⏬ീࡢㄞࡳฟࡋ➼࡛㛫ࡿࡀⅭ��

࣭᪥� ��๓ᚋ��ศ㛫ࡢணሗ้ࡢ㣗�ࡾ㏻ࡢ⾲ྑ

��᪉ἲ�

ձ࡛࣐ࣜ࢝⏬ീ୍ࡢḟฎ⌮ࠊྑ࠸⾜ࢆ ᅗ࡞࠺ࡼࡢ㣗ࡢ๓ᚋ

�ࠋࡿࡃࡘࢆࣇࣛࢢࡢ㛫ኚࡢගᗘࡢ࣮࣮࣏ࣛࡢ

ղබ㌿࿘ᮇࡣ㣗ࡢ㛫㛫㝸ࠊࡁࡢࡇࠋࡿ࠶࡛⛊����ࡌྠ

ᫍ�㞃ࡿࢀࡉᫍ�కᫍ�ᫍࢆ㞃ࡍᫍ�ࡢ㉁㔞ࢆኴ㝧㉁

㔞༙ࡢศࡘࡎ௬ᐃࡢ࣮ࣛࣉࢣࠊ࡚ࡋ➨�ἲ๎ࡽ�ኳయ㛫

ཝᐦබ㌿㠃ୖࡢ�ኳయࡀ⌫ᆅࠊࡽࡉࠋࡿࡵồࢆ㊥㞳ࡢ

ࠊࡿࢀࡽᚓࡽࣇࣛࢢࡢඛࠊୖࡓࡋ௬ᐃࡿ࡞㔜

ᫍࡀᾘࡿࡢࡿ࠼㛫ࠊ࡚ࡏࢃྜᗄఱᏛⓗ࡞⪃ᐹ

�ࠋࡿࡵồࢆᚄ༙ࡢ�ኳయࡽ

ճղ࡛ồࡓࡵ༙ᫍࡢᚄࡽయ✚ࡸᐦᗘࢆồࠋࡿࡵ�

մ࣭ᫍకᫍࡢ᫂ࡢࡉࡿẚࠊࡽ༢㠃✚ࡢࡾࡓ࠶᫂ࢆࡉࡿồࡵ

�ࠋࡿࡵồࢆẚࡢᗘ ࡢకᫍᫍࡽἲ๎ࡢ࣐ࣥࢶ̺ࣝ࣎ࣥࣇࢸࣗࢩࠋࡿ

᪥� 㛤ጞ้� ⤊้� �࣮ࢱࣝࣇ

����ᖺ�᭶��᪥� ��K��P��V� ��K��P��V� 9�

����ᖺ�᭶��᪥� ��K��P��V� ��K��P��V� 5�

����ᖺ�᭶��᪥� ��K��P��V� ��K��P��V� 5�

����ᖺ�᭶��᪥� ��K��P��V� ��K��P��V� 9�

����ᖺ�᭶��᪥� ��K��P��V� ��K��P��V� 9�

2/27� 㹔࡛ࢻࣥࣂᙳࡓࡋ�

�ගᗘኚࡢ㣗ࡢ࣮࣮࣏ࣛ

��⤖ᯝ�

��⪃ᐹ�

��ㄢ㢟�

��ㅰ㎡�
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�ࡵࡌࡣ��

��ほ ᮲௳�

��᪉ἲ�

�

�

յᫍకᫍࡢⰍࡢ㐪ࢆ࠸ㄪࠊࡵࡓࡿ㹐ࢻࣥࣂ㹔ࡢࢻࣥࣂගᗘࡢẚࡢ㛫ኚࢆồࠋࡿࡵ�

�

���⤖ᯝ�

� ᫍ� కᫍ�

༙ᚄ� 㹼�������NP� �������NP㹼�

ᐦᗘ� �������NJ�P�㹼� 㹼�������NJ�P��

�

ගᗘẚ�5�9��  ᗘẚ�

㸦ᫍ�కᫍ㸧�
�ኳయ㛫㊥㞳�

㣗ࡢ┤๓� 㣗᭱ࡢ୰� 㣗ࡢ┤ᚋ�

����� ���� ����� ���㹼� �������NP㸦�����㸿㹓㸧�

�

��⪃ᐹ�

࣭�ኳయ㛫ࡢ㊥㞳ࠊࡣኴ㝧༙ࡢᚄࡶࡾࡼᑠࠊࡃࡉᆅ⌫ࡽ᭶ࡢ࡛ࡲ㊥㞳㸦������NP㸧ࡢ����ಸࡋ

�ࠋࡿࢀࡽ࠼⪄ࡿ࠶㊥㞳࠸㏆ࡾ࡞ࠊࡃ࡞

࣭㣗᭱ࡢ୰ࡣకᫍࡢගࡀࡅࡔぢࡿ࠸࡚࠼≧ែ࡛ࡁࡢࡇࠊࡀࡿ࠶㹐ࢻࣥࣂ�㹔ࡀ್ᩘࡢࢻࣥࣂ㧗ࡇ࠸

�ࠋࡿࢀࡽ࠼⪄࠸㉥ࡣకᫍࡽ

࣭༙ᫍࡢᚄࡣᆅ⌫༙ࡢᚄࡢ���ಸࡶ࡚ࠊᑠࠊࡀ࠸ࡉᐦᗘࡣࡣࢀࡇࠋ࠸ࡁᆅ⌫ᆺᝨᫍࡢᖹᆒࡢ

�����ಸ࡛ࠊࡾ࠶ᫍࡢᐦᗘࢆゅ◁⢾୍࡛ࠊࡿ࠼ಶศࡢయ✚��FP��࡛���NJ࡛ࠋࡿ࠶ࡉࡁᑐ࡚ࡋ

ᐦᗘࡀࠊࡵࡓ࠸ࡁⓑⰍ▸࡛ᫍࠋࡿࢀࡽ࠼⪄࠸࡞ࡣ�

࣭㣗ࡢ๓ᚋ࡛ᫍࡢගᗘࡀኚࠊࡽࡇࡿ࠸࡚ࡗࢃᫍ⮬యࡀኚග࡛ᫍࠋࡿࢀࡽ࠼⪄ࡀࡇࡿ࠶�

�

��ㄢ㢟�

࣭ᫍ⮬యࡀኚග࡛ᫍࢆ࣒ࢬࢽ࣓࢝ࡢࡑࡤࡽ࡞ࡿ࠶ゎ᫂ࠋ࠸ࡓࡋ�

࣭ᫍࡀ㞃ࡢ࡛ࡲࡿࢀ㛫ࡣගᗘࡢ㛫ኚࡀࣇࣛࢢࡢᛴ⃭ῶᑡࡢࡇࡵࡓࡓ࠸࡚ࡋほ ࡢ㛫ศゎ⬟

ࡇࡿ࠼ᤊࢆࡓࡋࡢῶගࠊࡃࡋࡽ࠸▷ࡶࡾࡼ�ࡓࡗ࠶࡛⛊��ࡶ࡛ࡢࡶ࠸▷ࡶࡗࡶ�ᗘ⛬⛊��ࡿ࠶࡛

�ࠋࡓࡗ࡞ࡁ࡛ࡀ

࣭ୖグࡢ⛊��ࠊࡣ࡚࠸ࡘࡢࡶࡢ⛊��ࠊࡢ㛫ࡰῶග๓ࡢỈ‽ࡽῶගᚋࡢỈ‽࡛ࡲගᗘࡀୗࠋࡓࡗࡀ

࡛ࡲࡿࢀ㞃ࡀᫍࠊࡽࡇࡿ࠶㟢ฟ࡛ࡀ⛊��ࠊ⌮ฎࡢ➼ࡋฟࡳㄞࡢീ⏬ࡀ⛊��ࠊࡣෆヂࡢ⛊��ࡢࡑ

�ࠋ࠸㧗ࡀᛶ⬟ྍ࠸࡞ࡶ⛊��ࡣ㛫ࡢ

⛊��ሙྜࡢ⛊��ࠊࡀ࠸࡞ࡽࢃኚࡾࡲ࠶ࡣᚄ༙ࡢకᫍࠊࡿࡳ࡚ࡋ⟭ィࡶሙྜ࡛ࡢ⛊��ሙྜࡢ⛊��࣭

��ಸࡢሙྜࡢ⛊��ࡀሙྜࡢ⛊��ࠊࡣ࡚ࡋ㛵ᐦᗘࠊࡓࡲࠋࡿ࡞⣙���ಸࡣᚄ༙ࡢᫍࠊࡣሙྜ࡛ࡢ

�ࠋ࠺ࡲࡋ࡚ࡗṧࡃࡁࡀ࢟ࢶࣛࣂࡢᐦᗘࠊ࡛ࡢ࠺ࡲࡋ࡚ࡗ࡞ࡶ

��ࠋࡿ࠶ㄢ㢟࡛ࡢࡽࢀࡇࡀࡇࡿ࠼ᤊࢆගᗘኚ࡞ヲ⣽ࡋᨵၿࢆࡉపࡢ⬟㛫ศゎࡢࡇ࣭

�

��ㅰ㎡�

ࡢࣇࢵࢱࢫࡢ����㖟ἙᏛᰯࡢࡃከࠊࡿࡍࡵࡌࡣࢆ⏕๓ཎ⿱அඛࡢᮾிᏛᮌ᭮ほ ᡤࡣ✲◊ࡢࡇ

᪉ࠊࠎNPOἲேࣥࣙࢩ࣮ࢸࢫࢫ࢚ࣥࢧTAࡢὸᒸᏹගࠊࢇࡉἈ୰ᮃࠊࢇࡉᱵ⏿⣖ࢇࡉከࡢࡃຓゝ

�ࠋࡍࡲࡆ࠶ࡋ⏦♩࠾ࡃཌ࡚ࡾࢆሙࡢࡇࠋࡓࡋࡲࡁ㡬ࢆ༠ຊ
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�

�

�

�✲◊ほ ⓗࡢ���㐃ᫍ66࣮ࣝ࣍ࢡࢵࣛࣈ

�

� ࠊᓥᆏ� 㣁ኴࠊᇼ� ⯟ኴࠊᯇᮏ� ༟㸦㧗㸰㸧࠙ዉⰋ┴❧㟷⩧㧗➼Ꮫᰯࠚ�

�

せ� ᪨�

� SS433ࡿ࠸࡚ࢀࡽ࠼⪄࣮ࣝ࣍ࢡࢵࣛࣈࠊࡣᫍᬑ㏻ࡢᜏ࡛ᫍࡿ࠶కᫍࡿ࡞ࡽ㐃ᫍ

㐃ࠊ࠸⾜ࢆ ከⰍ ගほࡿࡓࢃ⣙40᪥㛫ࠊ࡚࠸ࡘSS433ࡢࡇࠊࡣࠎᡃࠋࡿ࠸࡚ࡋᡂࢆ

ᫍࡢබ㌿ࡢ≉ᚩࢆㄪࠊබ㌿࿘ᮇ13.1ࡀ᪥࡛ࢆࡇࡿ࠶ồࠊࡓࡲࠋࡓࡵ ගほ ᮇ㛫୰ࡢ

8᭶2᪥ࡣపศᩓศගほ ࠊ࠸⾜ࢆHǂ⥺ࠊࡽࢀࡎࡢᫍࡽᨺฟࡿࢀࡉᏱᐂࡢࢺࢵ࢙ࢪ

ど⥺㏿ᗘ103×1.21ࢆkm/s103×5.31ࠊࡧࡼ࠾km/sồࠋࡓࡵ�

�

㸯㸬ࡵࡌࡣ�

� ᡃࡶࡶࠊࡣࠎኳᩥ⯆࡞␗≉ࡢ➼࣮ࣝ࣍ࢡࢵࣛࣈࡅࢃࡾࠊࡾ࠶ࡀኳయᙉ࠸

㛵ᚰࢆᣢࡢ࣮ࣝ࣍ࢡࢵࣛࣈࠊࡵࡓࡓ࠸࡚ࡗほ ⓗ◊✲ࠊࡋࡋࠋࡓ࠼⪄࠺ࡼࡋࢆヲࡋ

ࡗࢃࡀࡇ࠸ࡋ㞴ࡣࡇࡿࡍ ほࢆ࣮ࣝ࣍ࢡࢵࣛࣈࡿࡍ༢⊂࡛Ꮡᅾࠊࡿࡳ࡚ㄪࡃ

㐃࣮ࣝ࣍ࢡࢵࣛࣈࡿ࠸࡚ࡗ࠶ࡋබ㌿࠸ࡀᜏᫍࡢᬑ㏻࣮ࣝ࣍ࢡࢵࣛࣈࠊ࡛ࡇࡑࠋࡓ

ᫍ࠺࠸ኳయࢆㄪࠋࡓࡋࡇࡿ�

ᅇᡃࡀࠎほ ೃ⿵࡚ࡋ㑅ࡔࢇኳయࡋࢃࠊࡣᗙࡿ࠶SS433࡛ࠋࡿ࠶SS433࠺࠸

Ⓩ┠␒433➨ࡢࢢࣟࢱ࢝㍤⥺ᫍࡓࡋ∧ฟ1977ᖺࡀSanduleakStephensonࠊࡣ⛠ྡ

㘓ࡿ࠸࡚ࢀࡉኳయ࠺࠸ព࡛ࡢࡇࠋࡿ࠶ኳయࢆほ ᑐ㇟㑅ࠊࡣ⏤⌮ࡔࢇᮍゎ᫂ࡢ㒊

ศࡀከࠊࡃほ ྍ⬟ᮇࡶᡃࠋࡿ࠶࡛ࡵࡓࡓ࠸࡚ࡋ⮴ྜ࣮ࣝࣗࢪࢣࢫ✲◊ࡢࠎ�

�

㸰㸬┠ⓗ�
� ᡃࡢ✲◊ࡢࠎ┠ⓗࠊࡣ࡚ࡋ௨ୗ2ࡢⅬ࡛ࠋࡿ࠶�

��� V࣭Rc࣭Icࡢ࡛ࢻࣥࣂከⰍ ගほ ࡢࡑࠊ࠸⾜ࢆ⤖ᯝࠊࡽ㐃ᫍࡢබ㌿ࡢ≉ᚩࡸ࿘�

ᮇࢆồࠋࡿࡵ�

��� పศᩓศගほ ࠊ࠸⾜ࢆኳయࣝࢺࢡ࣌ࢫࡢ୰ࡢ㍤⥺ࠊࡾࡼࢀࡎࡢᫍ⾲㠃࡛ࢫ࢞ࡢ�

�ࠋࡿㄪࢆ㐠ື≧ែࡢ

�

㸱㸬᪉ἲ�
㸺 ගほ 㸼� 2013ᖺ7᭶ୖ᪪8ࡽ᭶୰᪪ࠊ࡚ࡅ㜰ᩍ⫱Ꮫኳᩥྎཱྀࡢᚄ51cmᮃ 
� 㐲㙾࡛ᐇࠋࡓࡋ�

��� ᮃ㐲㙾V࣭ Rc࣭ Icࡾྲྀࢀࡒࢀࡑࢆ࣮ࢱࣝࣇࠊ࡚ࡅ෭༷CCDࠊࡾࡼ࣓ࣛ࢝SS433�
�ࠋࡓࡋ5㹼10ᯛྲྀᚓྛࢆ࣒࣮ࣞࣇࢡ࣮ࢲࠊ࣒࣮ࣞࣇࢺࢵࣛࣇࠊ࣒࣮ࣞࣇࢺࣛࡢ

�ࠋࡓࡗ⾜ࢆ⌮ḟฎ୍ࠊࡾࡼ㸧ࢶ࣮ࣟࢺࢫ�ᰴ�㸦ᅜ❧ኳᩥྎ࣭࣐ࠖࣜ࢝ࠕ ���

�ࡢほ ᪥ࡢࢀࡒࢀࡑࠊࡾࡼẚ㍑ࡢࡉࡿ᫂ࡢẚ㍑ᫍࡢീෆ⏬ࠊ࡚࠸⏝ࢆ࣐ࠖࣜ࢝ࠕ ���

�ࠋࡓࡋసᡂࢆ⥺ගᗘ᭤ࠊࡵồࢆ⣭➼ࡢSS433ࡿࡅ࠾࣮ࢱࣝࣇྛ

㸺ศගほ 㸼� 2013ᖺ8᭶2᪥ࠊරᗜ┴❧Ꮫすࡲࡾࡣኳᩥྎཱྀࡢᚄ2mᮃ㐲㙾࡛ᐇࠋࡓࡋ�

��� ᮃ㐲㙾పศᩓศගჾࡾྲྀࢆࠊࡅSS433ศගᶆ‽ᫍࣜࣃࣥࢥࠊ࣒࣮ࣞࣇࢺࣛࡢ�

�ࠋࡓࡋᚓྲྀࢆീ⏬ࡢ࡞࣒࣮ࣞࣇࢡ࣮ࢲࠊ࣒࣮ࣞࣇࢺࢵࣛࣇࠊ࣒࣮ࣞࣇࣥࢯ

�ࠋࡓࡗ⾜ࢆ⌮ḟฎ୍ࠊࡾࡼ࣐ࠖࣜ࢝ࠕ ���

�㍈⦪ࠊἼ㛗ࡀᶓ㍈ࢆࢱ࣮ࢹࡓࡋ⌮ḟฎ୍ࠊ࡚࠸⏝ࢆBe Specࠖ㸦ᕝ➃ဴஓẶ�స㸧ࠕ ���

�ࠋࡓࡋᐃ≉ࢆඖ⣲ࠊࡽ⨨Ἴ㛗ࡢ⥺㍤ࡢࣇࣛࢢࠊḟࠋࡓࡋኚࣇࣛࢢࡢࡉࡿ᫂ࡀ
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�

�

㸲㸬⤖ᯝ�
㸺 ගほ 㸼�

�
㸺ศගほ 㸼�

㸳㸬⪃ᐹ�

��� ගᗘ᭤⥺ࡢᴟᑠࠊࡾࡼ㐃ᫍࡢබ㌿࿘ᮇ�

�ࠋࡿࢀࡽ࠼⪄ࡿ࠶⣙13.1᪥࡛ࡣ

��� ගᗘ᭤⥺ࡢᴟᑠࡢᖜࡀᗈࡇ࠸῝࡚ࡃ�

�ࡶࢆࡳཌ࡚ࡃࡁẚ㍑ⓗࡀ┙㝆╔ࠊࡾࡼ

�ࠋࡿࢀࡉ᥎ᐃࡿ࠸࡚ࡗ

��� Ⰽᣦᩘ V-Iࡢ�ኚࢆぢࠊࡿᴟᑠࡢ�

� � ẚ㍑ⓗపࠊࡽࡇࡿ࠸࡚ࡗ࡞ ప

���┙㝆╔ࡓࡗ࡞ 㧗ࡀ୰ᚰ㏆ࡀకᫍࡢ

�ࠋࡿࡁ᥎ᐃ࡛ࡀࡇࡿ࠸࡚ࡋ㞃ࢆ

��� Ἴ㛗ぢࡢࡅ᫂ࡢࡉࡿ㛵ಀࠊࡾࡼࣇࣛࢢࡢᡃࡣࠎἼ㛗6563ύ㏆≉ᙉ࠸Hǂ�
�ࠋࡓࡗࢃࡀࡇࡿࡍᏑᅾࡀ⥺Hǂࡓࢀࡎࡢ2ᮏࡽࡉࠊ㏆ࡢἼ㛗ࡢࡑࠊࡋฟ᳨ࢆ⥺

�103km/s×1.21ࠊࡿࡵồࢆど⥺㏿ᗘࡾࡼᘧࡢຠᯝ࣮ࣛࣉࢵࢻࠊ࡚࠸ࡘ⥺Hǂࡓࢀࡎ ���
� �ࠋࡿࢀࡽ࠼⪄ࡿ࠶࡛ࡢࡶࡿࡼࢺࢵ࢙ࢪᏱᐂࡣࢀࡇࠊࡾ࡞103km/s×5.31ࠊࡧࡼ࠾

�

㸴㸬ࡵࡲ�
� ⫣ᩥࡢẚ㍑ࠊࡿࡍ㐃ᫍࡢබ㌿࿘ᮇࡣ࡚࠸ࡘጇᙜࡀ್࡞ồࠊࡋࡋࠋࡓࡗࡲᏱ

ᐂࡿࡼࢺࢵ࢙ࢪHǂ⥺ࠊࡣணࡶࡽࡕ࡚ࡋ㉥᪉೫⛣ࢆ㉳ࠊ࡛ࡇࡑࠋࡓࡋࡇᚋࡣ

Ᏹᐂࢆ✲◊ࡢ࡚࠸ࡘࢺࢵ࢙ࢪ᭦ࠊࡾࡼࡇࡿࡵ῝SS433ࣝࢹࣔࡢࢆヨࠋ࠸ࡓࡳ�

�

ㅰ㎡�ᮏ◊✲ࠊࡾࡓ࠶࠺⾜ࢆ㜰ᩍ⫱Ꮫࡢ⚟Ụᩍᤵࠊᯇᮏᩍᤵࠊරᗜ┴❧Ꮫすࡾࡣ�

� ほࠊ᪉ࡢ⏕Ꮫ㝔ࡢ㜰ᩍ⫱Ꮫࠊࡓࡲࠋࡓࡋࡲࡁ㡬ࢆᣦᑟࡈ᪂◊✲ဨࡢኳᩥྎࡲ

�ࠋࡍࡲࡆୖࡋ⏦♩ᚚࡃཌ࡚ࡋࡾ࠾ࢆሙࡢࡇࠋࡓࡋࡲࡁ㡬ࢆᣦᑟࡈࠊ࡚࠸ࡘᡭ㡰ࡢ 
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㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝�

㣗ኚගᫍࢆศ㢮ࣈ࣮࢝ࢺࣛࡿࡍ�

�❧☜ࡢᡭἲࡓ࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ
ᯇୗ� ᝆ㔛㸦㧗 �㸧ࠊⲨᮌ� 㞝Ώ㸦㧗 �㸧࠙ ⚟ᒸ┴❧ᑠ㧗ᰯ⛉Ꮫ㒊㹑㹑ኳᩥ◊✲ࠚ�

㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝㹝�

㸯㸬ࡵࡌࡣ�

ᮏ◊✲࡛ࡣ ���� ᖺྲྀࢆࣈ࣮࢝ࢺࣛࠊࡽᚓࡿࡍᢏ⾡ࠊ࡚ࡋ⏕ࢆ㣗ኚගᫍ◊✲ࡗ⾜ࢆ

Ẽࡇࡿࢀ⌧ࡀᚩ≉࡞ࠎᵝᴟᑠ㒊ศࠊࡿࡍẚ㍑ࢆࣈ࣮࢝ࢺࣛࡢ㣗ኚගᫍࠋࡿ࠸࡚

�ࠋࡓ࠼⪄࠺ࡼࡋศ㢮ࢆ㣗ኚගᫍࠊࡋᐹ⪄ࢆ㇟⌧ࡿࡇᬒ࡛㉳⫼ࡢᚩ≉ࡢࡑࠋࡓ࠸

㸰㸬◊✲ࡢ᪉ἲ�

� 㣗ኚගᫍࡣ㣗ࢆ㉳ࡍࡇ㝿ࠊᴟᑠᴟᑠࠊ࡚࠸࠾᥏ⶸ㏻㐣ࢆ㇟⌧ࡢࢀࡎ࠸ࡢ

㉳ࠋࡍࡇ᥏ⶸࡿ࡞ࢺࢵࣛࣇࡀࣈ࣮࢝ࢺࣛࡣࡁࡢ≉ᚩࠋࣛࡿࢀࡽࡳࡀ ḟࢆࣈ࣮࢝ࢺ

�ࠋࡿࡁ࡛ ᥎ࢆࡢࡿ࠶ᙧែ࡛࡞࠺ࡼࡢࡀ㣗ኚගᫍࠊࡤࢀฟ᮶ࡀࡇࡿࡍศ㢮ࡘ㸱ࡢ

Ϩᆺ㸸ᴟᑠ࣭ᴟᑠ࡛ගᗘኚࡀ㉳ࡿࡁ㸦㒊ศ㣗㸧�

ϩᆺ㸸ᴟᑠ࡛ࣛࢺࢵࣛࣇࡀࣈ࣮࢝ࢺ㸦᥏ⶸ㸧ࠋࡿ࡞㸦㸧�

Ϫᆺ㸸ᴟᑠ࡛ࣛࢺࢵࣛࣇࡀࣈ࣮࢝ࢺ㸦᥏ⶸ㸧ࠋࡿ࡞㸦㣗㸧�

㸰㸬◊✲ࡢ᪉ἲ�

�ග᪉ἲ ۼ

ձ��FP ෭༷ᑕᮃ㐲㙾ࡢ &&' ࣓ࣛ࢝ 67���� ࢆᑐ㇟ኳయࠊࡋ⥆᥋ࢆ �� ࡁ࠾⛊ � 㛫

ᙳࠋࡿࡍ�

ղ⏬ീฎ⌮ࢺࣇࢯ $<3�:,1 �ࠋࡃᥥࢆࣈ࣮࢝ࢺࣛࠊࡋฟ⟭ࢆගᗘࡢᫍᑐⓗ┦࡚ࡗࡼ

�ࡿࡍ㸴ḟ㛵ᩘ࡛㏆ఝࠊࡁᥥࢆࣈ࣮࢝ࢺ࡚ࣛ࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩᡭἲ㸸ۼ

ձᶓ ���*㸦ࢻࢵࣜࢢ㸧ࠊ⦪ ��* ࠊࡤࢀࡍ�����ࢆᗙᶆࡢᕥୗࡢ㠃⏬ࠋࡿࡍព⏝ࢆ㛗᪉ᙧࡢ

�ࠋࡿ࡞��������ࡣᗙᶆࡢୖྑ

ղకᫍࡢ୰ᚰᗙᶆࡢ ;ᗙᶆࢆ㸯ࠊࡏࡉື⛣ྑࡘࡎ⏬㠃ୖࡢࢺࢵࢻࡓࡋ♧ࢆィ⟬ࢩࡿࡍ

�ࠋࡴ⤌ࢆࣥࣙࢩ࣮࣑ࣞࣗ

ճ࣭ᫍ కᫍࡢ⨨༙ࠊ ᚄࢆỴࠋࡿࡵᫍࡢ୰ᚰᗙᶆࡣ�������࡛㛗᪉ᙧࡢ୰ᚰᅛᐃࠋࡿࡍ�

కᫍࡢ୰ᚰ⨨ࢆ <ᗙᶆࠊࡣᅗࡢЍࠊ��ࠊ��ࠊ��ࠊ��ࠊ࠺ࡼࡢ

��ࠊ�� ࡇࠋ࠺⾜ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࡢࡘィ㸴ࠊ࠼ኚ㸴ẁ㝵

ࡢకᫍࡁࡢ <ᗙᶆࠊࡀ�����������㸦ୗࡢ ࡣ༳㸧▮ࡢࡘ�

㣗ࠊࢆ�����㸦ୖࡢ㸰ࡢࡘ▮༳㸧ࠊࡣ㒊ศ㣗ࠊࡓࡲࠋࡍ⾲ࢆ࿘㎶

ῶගࡶ⪃៖ࠋࡓࡋ�

մࢆࣈ࣮࢝ࢺࣛࡢࣥࣙࢩ࣮࣑ࣞࣗࢩᥥࠊࡁ㸴ḟ㛵ᩘ࡛㏆ఝࡍ
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�ࠋࡿࡍᐹ⪄ࢆᚩ≉ࡿࢀࡽࡳಀᩘࡢ㏆ఝᘧ㝿ࡢ㏻㐣ࡸ᥏ⶸࠊ࡛ୖࡢࡑࠋࡿ

յほ ࢆࣈ࣮࢝ࢺࣛࡓࡋ㏆ఝ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࢆࢀࡇࠋࡿࡍᚓࡢࣈ࣮࢝ࢺࣛࡓࢀࡽ

≉ᚩࠊ࡚ࡏࢃྜࡋࡽ↷ほ ࢆࣈ࣮࢝ࢺࣛࡓࡋศ㢮ࠋࡿࡍ�

�㸬ࣥࣙࢩ࣮࣑ࣞࣗࢩ⤖ᯝ�

� ࡔࣥࣙࢩ࣮࣑ࣞࣗࢩࡢࡘ㸰࡞㔜せ≉㛵ಀୖࡢࢫ࣮࣌ࢫࠋࡓࡗ⾜ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࡢࡘ

�ࠋ࠺⾜ࢆ⤂ࡅ

���5)9ۼ ��ᫍ�ࡾࡲࡘ��� �ᚄ༙ࡢకᫍ����� �ᚄ༙ࡢᫍ�࣮ࢱ࣮࣓ࣛࣃ�కᫍ� ����

᫂ࡉࡿẚࡣ�ᫍ���కᫍ� ����༙ͤᫍࡢᚄࡀ 9(5�� ࡢࢫ࣮࣌ࢫࠊࡵࡓࡓࡗ࡞ࡃࡁ࡚ẚ

㛵ಀୖࠊ㛗᪉ᙧࡢࢆࡉࡁᶓ ���*�⦪ ��*�㒊ศ㣗㣗ቃࢆ < ��  < �� �ࠋࡓࡋ㛫ࡢ

ᯝ�����㸦ᅗ⤖ۼ �㸧�

�ᅗ ���

࣭᫂ࡉࡿẚ�ᫍ���కᫍ� ��ࡾࡲࡘࠊ�

ᫍࡀ࠺ࡢ᫂ࠊ࡛ࡢ࠸ࡿϩᆺศ㢮ࡢཧ

�ࠋࡿ࡞⪄

�࣭ᅗ��ࡢࢀࡒࢀࡑࡾࡼᴟᑠ࡚࠸࠾�ࡢಀᩘࡢ࠸ࡁ᪉ࡀ㏻㐣ࠊᑠ࠸ࡉ᪉ࡀ᥏ⶸࠋࡿ࡞�

㺃�ᅗ ࡾࡼ�� �࡛ࠊࡣ�㏻㐣ࡢಀᩘ�᥏ⶸࡢಀᩘ�ࠊࡀ㒊ศ㣗㏆࡙࡚ࢀࡘࡃᑠ࡚ࡗ࡞ࡃࡉ

�!�ಀᩘࡢಀᩘ�᥏ⶸࡢ㏻㐣�ࠊࡾࡼ�ಀᩘࡢ᥏ⶸ�ಀᩘ�!ࡢ㏻㐣�ͤࠋࡿ࠸ �ࠋࡿ࡞

���5)9ۼ ��ᫍ�ࡾࡲࡘ��� �ᚄ༙ࡢకᫍ����� �ᚄ༙ࡢᫍ�࣮ࢱ࣮࣓ࣛࣃ�కᫍ� ����

᫂ࡉࡿẚࡣ�ᫍ���కᫍ� ����

�ᯝ⤖ۼ

� Ћ㸦ᅗ �㸧㸦ᅗ �㸧Ў�

࣭᫂ࡉࡿẚ�ᫍ���కᫍ� ��ࡢకᫍࡾࡲࡘࠊ�

�ࠋࡿ࡞⪄ཧࡢϪᆺศ㢮ࠊ࡛ࡢ࠸ࡿ᫂ࡀ࠺

࣭�ᅗ ࡚࠸࠾ᴟᑠࡢࢀࡒࢀࡑࡾࡼ�� � ࡢಀ

�ࠋࡿ࡞᥏ⶸࡀ᪉࠸ࡉᑠࠊ㏻㐣ࡀ᪉࠸ࡁࡢᩘ

࣭�ᅗ ࡾࡼ�� � ࡛ࠊࡣ�㏻㐣ࡢಀᩘ�᥏ⶸࡢಀᩘ�ࠊࡀ㒊ศ㣗㏆࡙࡚ࢀࡘࡃᑠࡗ࡞ࡃࡉ

�ࠋࡿ࠸࡚

�㸬ศ㢮⤖ᯝᚋࡢᒎᮃ���������� � � � � � �ศ㢮⤖ᯝЍۼ

ศ㢮ᡭἲࡓ࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࣈ࣮࢝ࢺࣛࡣࡕࡓ⚾

ࠎᵝࠊࡎࡽ㝈㣗ኚගᫍࠊࡤࢀࡍ⏝ᛂࢆᡭἲࡢࡇࠋࡓࡋ❧☜ࢆ

�ࠋࡿࡁ࡛ࡀࡇࡿ▱ࢆ㇟⌧ࡿ࠸࡚ࡁኳయ࡛㉳࡞
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� ほࡢ㣗࢝ࣆࢫ 㹼ࡢ࢝ࣆࢫ ග㹼�

Ἑᮧ� ᪂㸪⳹� ❹ᖹ㸦㧗㸰㸧࠙ ᒱ㜧┴❧ᒱᒣ㧗➼Ꮫᰯࠚ�

㸦ࣆࢺ࣮ࣁᏳඵ㧗ᰯ⏕ほ ࣒࣮ࢳ㸧�

�

㸯㸬◊✲ᴫせ�
ࡢ㸪ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ㸪ᒱ㜧┴❧ᇉᮾ㧗➼Ꮫᰯࡣᒱᒣ㧗➼ᏛᰯᆅᏛ≀⌮㒊ࡕࡓ⚾

㸱ᰯ࡛㸪ࣆࢺ࣮ࣁᏳඵኳᩥྎࢆᣐⅬࣆࢺ࣮ࣁࠕࡓࡋᏳඵ㧗ᰯ⏕ほ ࣒࣮ࢳ

㸦AstoroHA㸧ࠖ ࡞ࡓ᪂ࢆࠖ ほࡢᫍ㣗ࠕ㸪ࡣᖺᗘࠋࡿ࠸࡚ࡗ⾜ࢆάື✲◊࡞ࠎᵝ࡚ࡋ

�ࠋࡿ࠸࡚ࡵ㐍ࢆ✲◊ࡋ࣐࣮ࢸ

ᅇ࢝ࣆࢫࠕࡢ㣗ࠖࡣ㸪㸱ᰯྜྠ࡛⾜ࡿ࠸࡚ࡗほ ྜᐟࡢᮇ㛫୰ࡾ࠶࡛㇟⌧ࡢ㸪ྛᏛᰯ

�ࠋࡓࡋ ほࢆ㣗ࠖ࢝ࣆࢫࠕᶵᮦ࡛ࡢࢀࡒࢀࡑࡀ

�

㸰㸬┠ⓗ�
ᅇ࢝ࣆࢫࡢ㣗ࡣ㸪���� ᖺ � ᭶ �� ᪥㸪ᅜ࡛ᗈࡃほ ࠋࡓࢀࡉᅇࡢほ ࡛ࡣ㸪ࢫ

࠼ࡽ☜ṇࢆ้ࡢ⌧㸪₯ධ࣭ฟࡽᯝ⤖ࡢࡑ㸪ࡋグ㘓࡚ࡋ⏬ືࢆ⌧ධ࣭ฟ₯ࡢ࢝ࣆ

ࡇࡿࡍࡽ᫂ࢆኚࡢࡉࡿ㸪᫂࠸⾜ࢆග ࡢฟ⌧ࡧධཬ₯ࡢ࢝ࣆࢫ㸪ࡶࡿ

�ࠋࡿࡍⓗ┠ࢆ

 
㸱㸬ほ ⎔ቃ�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

ほ ሙᡤ㸸ࡽࡥࡗ࠾⮬↛య㦂࣮ࢱࣥࢭ㸦ᒱ㜧┴㧗ᒣᕷΎぢ⏫ཎ㸧�

㸦⦋ �� ᗘ �� ศ �� ⛊��ᮾ⤒ ��� ᗘ㸳ศ㸯⛊㸧�

᪥� � 㸸���� ᖺ㸶᭶ �� ᪥༗ᚋ ��  �� ศ �� ⛊㹼༗ᚋ ��  �� ศ�

₯� � ධ㸸༗ᚋ ��  �� ศ �� ⛊ ���㹼༗ᚋ ��  �� ศ �� ⛊ ����

ฟ� � ⌧㸸༗ᚋ ��  �� ศ �� ⛊ ���㹼༗ᚋ ��  �� ศ �� ⛊ ����

ᶵ� � ᮦ㸸ࣥࢺ࣮ࣗࢽᑕᘧᮃ㐲㙾㸪㧗ឤᗘ &&' �㸦WATEC100㸧㸪࣓ࣛ࢝

GPS ᑐᛂ࣮ࢨ࣮࣏࣒ࣥࢱ㸦GHS-OSD㸧㸪㘓⏬⏝࣓ࣛ࢝࢜ࢹࣅ�

 
 

 
࠙ᅗ �� ほ ᆅⅬࠚ 

 
࠙ᅗ㸰� ᶵᮦྲྀࡾࡅᅗࠚ�

�࣮ࢱࣥࢭయ㦂↛⮬ࡽࡥࡗ࠾

� �

�

��

�
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�

�

㸲㸬⤖ᯝ�

� �
 
㸳㸬⪃ᐹ�

�

࠙ᅗ㸳� ゎᯒ⤖ᯝࠚ 
�

㸴㸬ᚋࡢㄢ㢟�
ุ࠺㸪㔜ᫍࡡ㔜ࢆほ 㸪ゎᯒ࡚ࡋ⥆⥅㸪ࡣࡵࡓࡿ࠼࠸ࡿ࠶㔜࡛ᫍࡀ࢝ࣆࢫ࣭

�ࠋࡿ࠶ࡀᚲせࡃ࠸࡚ࡋ᩿

࣭ᅇࡣ࡛㇟⌧ࡢ㸪ࡀ࢝ࣆࢫ᭶ࡿ࠸࡚ࡕ‶ࡢ㒊ศࡽฟ⌧ࡵࡓࡓࡋ㸪᭶ࡢගࡢᙳ㡪ཷࢆ

�ࠋ࠸࡞࠸࡚ࡁ࡛ࡀග ࡢ㸪ฟ⌧ࡅ

௨ୖࡾࡼ㸪ᚋࡢ࢝ࣆࢫᫍ㣗ࡃ࡞ࡣ࡛ࡅࡔ㸪ࡢᜏᫍࡢᫍ㣗ࢆほ ࡧࡼ࠾ゎᯒࡋࢆ㸪㔜

ᫍほ ࡃ࠸࡚ࡆ࡞ࡘᚲせࠋࡿ࠶ࡀ�

 
㸵㸬⏝ࢺࣇࢯ�

࣭ᫍ㣗࢜ࢹࣅゎᯒ࢙࢘ࢺࣇࢯ�  Limovieࠖࠕ
࣭ᫍ㣗ணሗ࢙࢘ࢺࣇࢯ�  OCCULT Ver.㸲ࠖࠕ

 
࠙ᅗ �� ฟ⌧┤๓┤ᚋࠚ�

ฟ⌧ࡣ࡚࠸࠾�� ��ศ ��ணࡢ⛊

ሗᑐ࡚ࡋ㸪ゎᯒ⤖ᯝࡣ ��  �� ศ

������ ࠸㸲⛊㛫᪩ࡾࡼ㸪ணሗࡾ࡞⛊

ฟ⌧ࠋࡓࡗ࡞��

 
࠙ᅗ �� ₯ධ┤๓┤ᚋࠚ�

₯ධ㛤ጞࡢணሗ้ࡣ㸪��  �� ศ

�� ⤖ࡓࡋゎᯒࡀࠎᡃࠋࡓࢀࡉணሗ⛊

ᯝ ��  �� ศ ������ ࡾ㸪ணሗ㏻ࡾ࠶࡛

��ࠋࡓࡗ࡞ධ้₯ࡢ

࢙࢘ࢺࣇࢯゎᯒ࢜ࢹࣅ

LPRYLH/ࠕ 㸪ࡾࡼ⬟ゎᯒᶵࡢࠖ

₯ධࡣ ��  �� ศ ������

s����� 㸪ࡓࡲࠋࡓࡗ࡞⛊

₯ධ๓₯ධᚋ࡛ࡣ㸪᫂ࡉࡿ

࠶࡛ࡾ㏻ࡢ㸪ᅗ㸳ࡣኚࡢ

�ࠋࡿ

ሙྜ㸪ࡿ࠶㔜࡛ᫍࡀ࢝ࣆࢫ

ኚ㸰ẁ㝵ࡣࣈ࣮࢝ࢺࣛ

ࡀࡿࡍ㸪ᅇࡢゎᯒ࡛ᚓࡽ

㸪㸰ẁ㝵ࡣࣈ࣮࢝ࢺࣛࡓࢀ

ࣆࢫ㸪ࡽ࠸࡞ࡣኚ࡛ࡢ

ࢀࡽ࠼⪄࠸࡞㔜࡛ᫍࡣ࢝

��ࠋࡿ



�

�

�

9����'HO�������㹼ࡿ࠸ᗙ᪂ᫍࡢศග࣭ ග㹼�
�

࠙ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯ�ᆅᏛ㒊ࠚ� �

బཎ�ᙲ⚽㸦㧗㸰㸧ࠊ⟄�㣁ࠊᮧᮏ�㞝ኴ㸦㧗㸯㸧�

�

㸯㸬ࡵࡌࡣ�

� ▸ⓑⰍࡽ㉥Ⰽᫍࠊ࠸ྜࡋ㔜ຊ࡛ᙳ㡪ࡢ࠸ࡀ㉥ⰍᫍⓑⰍ▸ᫍࡍࡓ‶ࢆࣈ࣮ࣟࣗࢩࢵࣟ

ᫍࡢ⾲㠃Ỉ⣲ࠊ࡚ࡋࡑࠋࡿࡶ✚ࡾࡩࡀࢫ࢞Ỉ⣲ࡿ࠶ࡀࢫ࢞⛬ᗘ✚ࡓࢀࡉᚋࠊỈ⣲ࢫ࢞

᭶ᩘࠊ㸦��➼⣭௨ୖ㸧ࡾ࡞ࡃࡿ࡚᫂ࡅ᪥ᩘࠊࢀࡉᨺฟࡀ࣮ࢠࣝࢿ࢚࡚ࡋࡇ㉳ࢆ᰾⇿Ⓨࡢ

⛬ᗘࢇࡔࢇࡔ࡚ࡅᬯࡀ㇟⌧ࡃ࠸࡚ࡗ࡞ࡃ᪂ᫍ㸦ྂ᪂ᫍ㸧࡛ࡿ࠸ࠋࡿ࠶ᗙ᪂ᫍࡢࡇࡣ� �

ྂ᪂࡛ᫍࠊࡾ࠶����ᖺ�᭶��᪥ቑගࡀ☜ㄆࠋࡓࢀࡉ�

�Ⅽࡿࡵồࢆ㉁㔞ࡢⓑⰍ▸ᫍࡢࡇࠊࡣᮏᰯ࡛ࠋࡿ࠶࡛㇟⌧ࡢูࡣ㉸᪂ᫍࠊࡣ㇟⌧ࡢࡇ �

ほ ࠋࡓࡗ⾜ࢆ�

�

㸰㸬ほ ᪉ἲ�
㸦�㸧 ග�

� ෭༷&&'ࢆ࣓ࣛ࢝����FP�67��;(�ᒅᢡᮃ㐲㙾ࡣࡓࡲ��FPࣥࣞࢢࢭ࢝ࢺࢵࣞࣗࢩᘧᑕᮃ㐲㙾

 㸦����ᖺ�᭶��᪥㹼㸧ࠋࡓࡋ ほ࡚ࡅࡾྲྀ
⏝ࡢྑࡣ࣮ࢱࣝࣇࡓࡋ㏻ࠋࡿ࠶࡛ࡾ�

��㟢ฟ�V㹼��V�࣮ࢱࣝࣇ%㟢ฟ�V㹼��V㸧�࣭�࣮ࢱࣝࣇ9࣭

���㟢ฟ�V㹼��V�࣮ࢱࣝࣇ,࣭���㟢ฟ�V㹼��V�࣮ࢱࣝࣇ5࣭

࣭6WURPJUHQ�\࣮ࢱࣝࣇ��V㹼��V㸧� ������������������������ �����Ⅼ��

� 㸦�㸧ศග�

�㟢ฟ���V����V�6ศගჾ*6ᘧᑕᮃ㐲㙾ࣥࣞࢢࢭ࢝��FP࡚࠸࠾Ᏻඵኳᩥྎࣆࢺ࣮ࣁ

�ࠋࡓࡗ⾜ࢆ ほࣝࢺࢡ࣌ࢫ࡚࠸⏝ࢆ

�

㸱㸬ฎ⌮ࣇࣛࢢࠊ�
㸦�㸧 ග�

෭༷&&'ࢆ࣓ࣛ࢝⏝࡚ࡋᙳࡓࡋ⏬ീ㸦ࠊࢺࢵࣛࣇࠊࢡ࣮ࢲᫍࢱ࣮ࢹ㸧୍ࠊࢆḟฎ⌮� � � �

㸦ࢺࢵࣛࣇࠊࢡ࣮ࢲฎ⌮㸧ࠋࡓࡋ�

�ࠋࡓࡋ㸳Ⰽ㛤ཱྀ ගࢆࡘ㸱ࡢᫍࢡࢵ࢙ࢳࠊẚ㍑ᫍᑐ㇟ᫍࠊࡋ⏝ࢆ࣐ࣜ࢝

�ཧ↷㸧ࢆࣇࣛࢢࡢ㸦⤖ᯝࠋࡓࡋࣇࣛࢢ࡛ࢺࣇࢯ⟭ィ⾲ࠊ࠸⏝ࢆᘧࡢࣥࢯࢢ࣏ࢆᯝ⤖ࡢࡑ

�࡚࠸࠾࣮ࢱࣝࣇࡢࢀࡒࢀࡑࢱ࣮ࢹᥖ㍕ࡢ㸦᪥ᮏኚගᫍほ ⪅㐃┕㸧-/962ࠊࡓࡲ

�ࠋࡓࡋẚ㍑࡛ୖࣇࣛࢢྠ

㸦�㸧ศග�

ᙳᩘࡓࡋᯛࣝࢺࢡ࣌ࢫࡢ⏬ീࢆVN\XSࠊGDWDࠊVN\GRZQࡢ㸱ࡘศࠊ࡚ࡅ�

�ࠋࡓࡋࣇࣛࢢ࡛⬟ᶵࣇࣛࢢᙧ▴ࡢ࣐ࣜ࢝

VN\XSVN\GRZQ್ࢺࣥ࢘࢝ࡢᖹᆒࢆồࠊࡵGDWDࡽᘬࢆ್ࢻࣥ࢘ࣛࢢࢡࢵࣂ࡛ࡇࡃ� �

ᘬࡢࡑࠋࡓࡋ್ࡓ࠸ᚋࠊỈ㖟ගࣇࣛࢢࡢẚ㍑࡚ࡋἼ㛗ࢆỴᐃࠋࡓࡋ�

�
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�

�

㸲㸬⤖ᯝ�
㸦�㸧ࣛࣈ࣮࢝ࢺ�

�ࠋࡓࡗࡀୗࡀほ ➼⣭ࠊ࡚ࢀࡘࡘ⤒ࡀ᪥ࠊࡶᯝ࡛⤖ࡢ࣮ࢱࣝࣇࡢ
��ᥖ㍕࣮ࢱࢫ࣏ࡣヲ⣽�ࠋࡓࢀࡽࡳࡀఝᛶ┦ࢱ࣮ࢹࡢ-/962ࠊඹ\��5�9�%,ࠊࡓࡲ

⣙�᭶࡛ࠊ�㹼�➼⣭ୗࢀࡑࠊࡀࡿࢃࡀࡇࡿ࠸࡚ࡗࡀ௨㝆ࢇࡣῶගࠋ࠸࡞࠸࡚ࡋ�

�
㸦�㸧ࣝࢺࢡ࣌ࢫ�

�ࠋࡓࡗࡀୗࡀ್ࢺࣥ࢘࢝ࡾࡼ��᪥యⓗࡣ��᪥ࠊࢁࡇࡓࡗ �᭶��㹼��᪥ࢆ್ࢺࣥ࢘࢝

Ỉ⣲ࠊࡣ㒊ศࡿ࠸࡚ࡋฟࡧ㣕ࡀ್ࢺࣥ࢘࢝ࠋࡿ࠶࡛ࡢࡶࡿࡼῶᑡࡢ㐃⥆ගࡣ㒊ศࡢࡇ

�ࠋࡿ࠶࡛ࡢࡶࡿࡼᙳ㡪ࡢ⥺㍤ࡢ➼

�᭶��᪥ࡣ㟢ฟࡀ��᪥ࠊ࡛ࡢ࡞���ࡢᐇ㝿ࡣ್ࢺࣥ࢘࢝ࡢ��᪥ࠋࡿ࠶࡛���ࡢ�

�
㸳㸬⪃ᐹ�

㹷➼⣭ࡢ⤖ᯝࠊࡾࡼຍ⸨ඛ⏕ࡢసᡂࡢࡇࠊࢁࡇࡓࡏࢃྜࢆ࣮ࣝࢣࢫࣇࣛࢢࡓࡋ᪂ᫍࡣ

ኴ㝧㉁㔞ࡶࡾࡼ㍍ࡀࡇ࠸ணࠋࡿࢀࡉ�

� �ࠋࡓࡗ࠶���ಸ࡛ࡢኴ㝧㉁㔞ࡣᗙ᪂࡚ᫍ࠸ࡢᖺᗘࠊࡳ࡞ࡕ

�

㸴㸬ᚋࡢᒎᮃ�
� �ࠋࡿࡵồࢆ㉁㔞ࡢᑐ㇟ᫍࠊࡵồࢆࣈ࣮࢝ࢺࣛࠊࡋ⥆⥅ࢆ ほࡢᗙ᪂ᫍࡿ࠸

��ῶගࡢᵝᏊࡿ࡞ࡸ⦅ࡀᮇࡢࡑࠊࡀࡿ࠶ࡘࡃ࠸ࡀཎᅉࢆ⪃ᐹࠋ࠸ࡓࡋ�

� �

㸵㸬ㅰ㎡࣭⏝ࢺࣇࢯ�
ຍ⸨� 㔛Ꮚ� ඛ⏕� �ࠖࡵࡍࡍࡢ ほࡿࡼ࣮ࢱࣝࣇ㹷ࠕ

�ᒎ㛤ࠖ࠸ࡋ᪂ࡢ᪂ᫍ㢼⌮ㄽࠕ

⸨� ㈉� ඛ⏕� � � 㸽ࠖ࡞ࡿ࠸ࡣᗙ᪂ᫍ࢝ࣝࠕ

KWWS���ZZZ�I�ELJOREH�QH�MS�aKRVL]RUD�GH�LQGH[�KWP�

�ኳᩥᏛ���ᜏᫍࡢ௦⌧�ࢬ࣮ࣜࢩ � 962/-� ��⏝ᘬࢆࢱ࣮ࢹࡾࡼ/0

�࣐ࣜ࢝ࢺࣇࢯ⌮ീฎ⏬ࡿࡤࡍ � ([FHO� � ��ࢱ࣮ࢤࣅࢼࣛࢸࢫ

3
4
5
6
7
8
9

10
11
12
13

8/18 10/7 11/26 1/15 3/6

I➼⣭

R➼⣭

V➼⣭

B➼⣭

y➼⣭

155



ᅗ㸯�  ࢪ࣮࣓ࡢῶගࡿࡼࢺࢵࢪࣥࣛࢺ

ᑠᆺᮃ㐲㙾ࡿࡼ⣔እᝨᫍࢺࢵࢪࣥࣛࢺࡢほ �

┾㘠� ⍞Ṍ୕ࠊ㇂� ᖾᖹྜྷࠊ⏣� ༟ே㸦㧗㸰㸧࠙ 㤶ᕝ┴❧ほ㡢ᑎ➨୍㧗➼Ꮫᰯ �ࠚ

 
㸯㸬ࡵࡌࡣ 
� ኴ㝧௨እࡢᜏᫍࡢ࿘ࢆࡾᅇࡿኴ㝧⣔እᝨᫍ㸦௨ୗࠕ⣔እᝨᫍ 㸧ࠖࠊࡣᏛᰯ࡞࠺ࡼࡿ࠶ᑠᆺᮃ㐲㙾

ࢀࡇࠋࡿ࠸࡛ࢇ⤌ࡾྲྀ ほࠊⓗ┠ࢆࡇࡿࡵ☜ࢆࢀࡑࡣࡕࡓ⚾㸽ࡢࡿࡁ࡛ ほᮏᙜࡶ࡛

࢝෭༷㹁㹁㹂ࠊ࡚ࡗࡓ࠶ࡿࡍࢆ ほࡢᅇࠊࡃ࡞ࡀࡇࡓࡗࢆ࣓ࣛ࢝෭༷㹁㹁㹂ࡶᗘ୍࡛ࡲ

 ࠋࡓࡗ࡞ ほࡢࡽࡀ࡞ࡋຮᙉࡘ㸯ࡘ㸯ࡽ࡞⏝᪉ἲࡢ࣓ࣛ
⣔እᝨᫍࠊࡣ㸯㸷㸷㸳ᖺ࡚ࡵึほ ࡚ࢀࡉ௨᮶ḟࠎⓎぢࠊࡾ࠾࡚ࢀࡉ⌧ᅾࡣᩘࡢࡑ㸶㸮㸮ࢆ

㉸ࠋࡿ࠸࡚࠼㏆ᖺࡶ᭱ࠊⓎᒎࡓࡋኳᩥᏛࡢศ㔝ࡢ㸯ࡘゝࡶ࡚ࡗ㐣ゝ࡛ࠋ࠺ࢁࡔ࠸࡞ࡣ⣔እᝨᫍࡢ

୰ࡣỈࠊࡾ࠶ࡶࡢࡶࡿ࠸࡚ࢀࡽ࠼⪄ࡿ࠶ࡀ⏕ࡢᏑᅾࡶᮇᚅࠋࡿ࠸࡚ࢀࡉ 
㸰㸬᪉ἲ 
���ほ ᆅ�

�  㤶ᕝ┴❧ほ㡢ᑎ➨୍㧗➼Ꮫᰯᰯࡢᗞ㸦ᮾ⤒���������rࠊ⦋��������r㸧�

���⏝ࡓࡋᶵᮦࢺࣇࢯࠊ➼�

ᮃ㐲㙾㸦㙾⟄㸸ࢩࣁ࢝ࢱ�  ࠊⅬ㊥㞳2500mm㸧↔ࠊ250CRS㸦ཱྀᚄ250mm࣮࣑ࣥࣟࣗ
㉥㐨㸸ࢩࣁ࢝ࢱEM200 Temma2M㸧࡛࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫࠕVer.8ࠖࡾࡼไᚚࠊ 
෭༷CCD࣓ࣛ࢝㸦SBIG� ST-402ME㸧ࠊ⏬ീゎᯒࠕࢺࣇࢯMakali'iࠖ  ග ࡚࠸⏝ࢆ

���ほ ᪉ἲ�

� ⣔እᝨ᳨ᫍࢆฟࡿࡍ᪉ἲࠊ࡚ࡋẚ㍑ⓗᑠᆺࡢᮃ㐲㙾࡛ࡶほ ྍ⬟ࢺࢵࢪࣥࣛࢺࡿ࠸࡚ࢀࡉἲ

๓ࡢᜏᫍࡀぢ࡚⣔እᝨᫍࡽ⌫ᆅࠋࡓࡋࡇࡿ࠸⏝ࢆ

ࡎࢃࡀᜏᫍࠊࢀࡽ㐽ᝨᫍࡀගࡢᜏᫍࡁࡿᶓษࢆ

ᬯࡿ࡞ࡃ㸦ᅗ㸯㸧࡞࠺ࡼࡢࡇࠋ⣔እᝨᫍࡀ㉳ࢪࣥࣛࢺࡍࡇ

᫂ࢆᏑᅾࡢ⣔እᝨᫍࠊ࡛ࡇࡿࡍ ほࢆῶගࡿࡼࢺࢵ

 ࠋࡿ࠶ἲ࡛ࢺࢵࢪࣥࣛࢺࡀࡢࡿࡍ࠺ࡼࡋࡽ
᥋║ࣞࣥࡣࢬ⏝ࠊࡎࡏᮃ㐲㙾ࡢ᥋║㒊┤᥋ࠊ෭༷

㹁㹁㹂ࡾྲྀࢆ࣓ࣛ࢝ࡀࢺࢵࢪࣥࣛࢺࠊ࡚ࡅ㉳ࡿࡇண

ሗࡿ࠸࡚ࢀࡉᜏᫍࢆ㐃⥆ⓗᙳࠊࡋ㸯ᯛ㸯ᯛ ග࡚ࡋ

ࠊࢆ๓ᚋ㸱㸮ศ㛫ࡢࡑ㛫ᖏࡿ࠸࡚ࢀࡉணሗࡀࢺࢵࢪࣥࣛࢺࠋࡓࡋࡇࡿㄪࢆኚࡢ್

㸯㸮㹼㸲㸮⛊㸯ᯛ࡛ࢫ࣮࣌ࡢᙳࠋࡓࡅ⥆ࡋ㟢ฟ㛫ࠊࡣほ ᑐ㇟ᛂࠊ࡚ࡌCCDࡢ࣓ࣛ࢝ឤ

ᗘࡢ㝈⏺ୖࢆᅇ࠺ࡼ࠸࡞ࡽタᐃࠋࡓࡋ�

㸱㸬ほ  
� ⾲㸯�  ᴫせࡢ ほࢺࢵࢪࣥࣛࢺࡿࡼ⣔እᝨᫍࡓࡁᙳ࡛࡛ࡲࢀࡇ

⣔እᝨᫍ ࡢࢺࢵࢪࣥࣛࢺணሗ  ้ ᜏᫍࡢ➼⣭ ῶගࡿࡍ➼⣭ ほ ⤖ᯝ 

HAT-P-11 b 
ͤ㸯�

2013/9/20 22:51ጞ 
2013/9/21  1:09⤊ 

9.59➼ 0.0043➼ ㏵୰䛛䜙䛳䛶ほ 䛷䛝䛺䛛䛳䛯

䠄㟢ฟ㛫ྛ㻝㻜⛊䠅㻌

WASP-12 b 2013/11/17 1:12ጞ 
2013/11/17 4:12⤊ 

11.69➼ 0.0151➼ ⤊┙䛷㞼䛜䛛䛛䛳䛯䛜䚸䜋䜌ほ

 䛷䛝䛯䠄㟢ฟ㛫ྛ㻝㻜⛊䠅㻌

CoRoT-1 b 2013/12/23 1:53ጞ 
2013/12/23 4:12⤊ 

13.6➼ 0.0247➼ ㏵୰䛛䜙䛳䛶ほ 䛷䛝䛺䛛䛳䛯

䠄㟢ฟ㛫㻌ྛ㻟㻜⛊䠅㻌
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ᅗ㸱 � � Kelt-3 / ᇶ‽ᫍ㸦ࢡ࣮ࢲฎ⌮ᚋ㸧

HAT-P-36 b 2013/12/30 2:08ጞ 
2013/12/30 4:21⤊ 

12.262➼ 0.0204➼ ⤊┙䛷㞼䛜䛛䛛䛳䛯䛜䚸䜋䜌㻌

ほ 䛷䛝䛯䠄㟢ฟ㛫ྛ㻞㻜⛊䠅㻌

Kelt-3 b 2014/1/6 23:32ጞ  
2014/1/7  2:49⤊ 

9.8➼ 0.0098➼ ᛌᬕ䛷㐣⛬䜢ほ 䛷䛝䛯㻌

䠄㟢ฟ㛫㻌ྛ㻞㻜⛊䠅㻌

ͤ㸯�  ⏝ࢆᮃ㐲㙾ࡢᚄ㸴㸮㹡㹫ཱྀࡢኳᩥྎ㸦රᗜ┴㸧ࡲࡾࡣすࡳࡢ ほࡢࡇ
㸲㸬ゎᯒ⤖ᯝ 
� ⏬ീゎᯒࠕࢺࣇࢯMakali'iࠖࠊ࡚࠸⏝ࢆ⾲㸯ࡢ୰ࡽWASP-12ࠊKelt-3ࡢほ ࢆࢱ࣮ࢹゎᯒࡋ

㝖ࡾྲྀࢆࢬࣀࡿࡼ࡞⇕ࠊࡸṇ⿵ࢺࢵࣛࣇ࡚ࡋ⌮ḟฎ୍ࠊࡣࡵࡓࡿࡵ㧗ࢆ⢭ᗘࡢග ࠋࡓ

ࣛ࣡ࢺࡿࢀࡽᚓ࡚ࡋᙳࢆ✵ࡢኤ᪉ࡸࡅኪ᫂ࠊࡣീ⏬ࢺࢵࣛࣇࠋࡿ࠶ࡀᚲせ࠺⾜ࢆ⌮ฎࢡ࣮ࢲࡃ

࡞࠸࡚࠸⏝ࡣ⌮ฎࡢᅇࠊࡵࡓ࠸࡞ࡅ࠾ࡀ㐺ษ࡛ಙ㢗ࡀᙳ᪉ἲࠊࡀࡓࡋᙳࢆࢺࢵࣛࣇࢺ

 ࠋ࠸
� ᮍฎ⌮ࢡ࣮ࢲࢱ࣮ࢹࡢฎ⌮ᚋࡀࢺࢵࢪࣥࣛࢺࠊ࡚࠸⏝ࢆࢱ࣮ࢹࡢணሗࡿ࠸࡚ࢀࡉᜏᫍࠊど㔝

ෆࡢࡢᜏᫍ㸦ᇶ‽ᫍ㸧ࢆ ගࠋࡓࡋᅇࡣᇶ‽ᫍࡢẚ㍑ࠊࡵࡓ࠺⾜ࢆᇶ‽ᫍࢆ್ࡢ㸯ࡓࡋ

 ࠋ㸦ᅗ㸰࣭ᅗ㸱㸧ࡓࡋࣇࣛࢢᏳ┠ࢆࡈ㸳ศࠊࢆග್ ࡢ㇟ほ ᑐࡢࡁ

 
�  
� ࡘWASP-12㸦ᮍฎ⌮㸧ࡋࡋࠋࡓࡗ࡞ࡽ࡞ࡣᙧ࡞࠺ࡼࡓ࠸࡚ࡋᐃࠊࡣࣇࣛࢢࡢࡽࢀࡇ

せᅉࡢࡣࢀࡇࠊࡀࡿ࠶ࡘࡃ࠸ࡀ㒊ศࡿ࠸࡚ࡋฟ✺ࠋࡿ࠼ぢࡶ࠺ࡼࡿ࠸࡚ࡋⱝᖸῶගࠊࡣ࡚࠸

 ࠋ࠸ࡓࡁ࠸࡚ࡋᯝ⤖࡞☜ࡾࡼࠊࡵ㐍ࢆ⌮ฎࡢࢱ࣮ࢹࡽࡉࠋࡿ࠸࡚࠼⪄ࡔࡢࡶࡿࡼ
㸳㸬ᚋࡢㄢ㢟�

⣔እᝨᫍࡿࡼࢺࢵࢪࣥࣛࢺࡢῶග0.02࠸ࡐ࠸ࡏࠊࡣ➼⛬ᗘ㠀ᖖᚤ㔞ࠊ࡛࡛ࡢ࡞ 㧗ࡾ㝈ࡿࡁ

ࡲࠋ࠸ࡓ࠸⾜ᐇ☜ࡾࡼࢆ⌮ฎࢱ࣮ࢹࡢ࡞ṇ⿵ࢡ࣮ࢲࡸṇ⿵ࢺࢵࣛࣇࠊ࠺ࡼࡿࡁ࡛ ⢭ᗘ࡛ほ࠸

ṇࡾࡼࡤࢀࡍ࠺ࠋࡔ࠺ࡼࡿࡍᙳ㡪ࡃࡁ್ࠊ࡛ࡅࡔࡓ࠼ኚࡋᑡࡢࢇࢆග༙ᚄ ࠊ㝿ࡢග ࡓ

 ࠋ࠸ࡓࡁ࠸࡚ࡗ᥈ࡢࡿ࡞್࡞☜
㸴㸬ㅰ㎡ 
� ᮏ◊✲ࠊࡾࡓ࠶࠺⾜ࢆරᗜ┴❧Ꮫ⮬↛࣭⎔ቃ⛉Ꮫ◊✲ᡤኳᩥ⛉Ꮫ࣮ࢱࣥࢭすࡲࡾࡣኳᩥྎࢭ

࡚ࡋࡾ࠾ࢆሙࡢࡇࠋࡓࡋࡲࡁࡔࡓ࠸ᣦᑟࡈ⏕㧗ᮌᝆᖹඛࡢဨ✲◊ྠࠊ⏕ὒ୍ඛ⸩ఀࡢ㛗࣮ࢱࣥ

ᚚ♩⏦ࠋࡍࡲࡆୖࡋ 
㸵㸬ཧ⪃URL 
    ETD(Exoplanet Transit Database)  http://var2.astro.cz/ETD/index.php 
    SIMBAD Astronomical Database   http://simbad.u-strasbg.fr/simbad 
    http://www.ep.sci.hokudai.ac.jp/~dm2semi/2006/0419/pub/html/011.html 
 

0.6

0.8

1.0

1.2

1.4

1:12 4:120:58
4:40ほ ้㸦2013.11.18㸧

2.0
2.5
3.0
3.5
4.0
4.5

23:32 2;4923:02
3:26ほ ้(2014.1.6㹼7㸧

⣔እᝨᫍࢺࢵࢪࣥࣛࢺࡿࡼ ⣔እᝨᫍࢺࢵࢪࣥࣛࢺࡿࡼ 

ᅗ㸰� � WASP-12 / ᇶ‽ᫍ� 㸦ᮍฎ⌮㸧

157



����������������������������������������

�������	
�������������������

���������	
����������������������

����������������������������������������

������

��� !"#$%&'�()*+,-.�/01234$5678/9:�;<=78

$>?@ABCD@E�5678$FG!HIJK12LMNOC$P/QB2R2:CS

DDE!��T3UVW$34@*T3XYZ Z[\]$34$78>?J^:2_`aCS

!�������	"#$%&'�

�3478$>?!�bcdeef]ghi3`$jkl

mnUop$qr$stZuvwxyzP{|}

$v~$qr/QBCZ��3$����|�3

/�a�3$T�/��J��CS�LJ��

��2:CS��!;<=78�������

��5678/��$!�X������$78$

���5678E CD@P¡�¢$£$78

$FG�L$�¡:E CP�;<=78@5

678$£¤8¥FG$¦:/QBCD@JK§�¨©$78$8¥FG/ª¡PJaC

��E CS

(����)*

+�,����-.

�78J0M��J%&'/�«�

^¬^#1�S()*+,�®¯

°±²+,�³´²X³$-.%&'

�µ¶·¸¹UVW�E CSº»

�·¸¹E C�¼½¾$¿À�K

��ÁÂÃÄ^:2:C�ÅÆ�SÇJÁÂÃ!'È�E$ÉÂ/ÊË�v|ÌÍ�ÎÏ

$Â/Ð:E��C��3�Ñ|a��CD@P¡�3478J�ÒE CSÓ��WÔ

Õ$Ö×JØ§ÙÚ¡�C$EÛ�E CS

+!,��)*

�ÜÝÞ!ß«r�à�:@��2:CSáâãJ!4��CXäå�Jz�CÓ�æ�D

çæ�}$Xäèé/�å��Jê$�E^ë|�D@EäìXåÓE8�CKMJ�CS�

í�îR�£JL$èé�1�P/ïJ�í£¤/78ðñ«¬^J^:2���òJó

ô$õö/÷ø���í£¤/���Sùú£¤@�2!�ûcü£÷$ý/0���SA

þ$��$;<=78!�()Yägÿ$%&'J;<=WÔÕ/Ø§ÙÚ2���78��S

��������	
�����

����������

ÅÆ�%&'$��Å

158　 講演 75P



/�01234

+�,567�89:;+<=�!>,��

?@A�BC

�UVW!�T3EªCP1�$E6�J���|aP1�S��$78E!UVW!v

@ABC@�à��	Ë����
�ÓE!1R§ÑË2:�S����!%&'EÑ2

��P¡�§��P¡����S

D��01

�;<=78E!�X��±�ÿ±�ì�±iE §�5678E!�õöEX��±�ÿ±�ì��iE 1�S

+!,/EFG� �HIJKLMGNOGPQHRFSTFUVW

?@A�BC

�D$*T3XYZ Z[\]Ä()*+,$%&'EÑCD@�ER�S78!ER���U

VWK§�P1�SÓ��Ó��R��R:�����S
�ÓE���2:2��JÑ

ËC$P�ºJ�§�Ü/�Ú�ÓÓJ�2 C$EÜ$����2R2�Ó1�SUV

W$£K§!�!1R§�Ë�@��ER�P1�S:^$ÓJP�Ë2:����1�S

D��01

�;<=78E!�²ä�ä�ÿX�ì�Yi@:M>?E 

§�5678E!�²ä�ä�ÿ²äìXi@�1�S

+(,XY�Y34

�()*+,$%&'E*T3$34/78aC

�D@Ä�ÀE CSZ

�UVW4E!�;<=78K§5678$ �

�äìYå!L":>?@�1�SD�!��Ë�

�@��C$�"P1�$E!�:P@#Ë¡�

�C��$%!Ó�!1R§�2:�:S

�±T3XYZ Z[\]$£!3��:D@|�78

�«&�'�:D@�LP¡�r��R��1�@	O�CS�

����3478$��J!�(GÄ%&'/Ñ2vJ)O*CD@��+J�C@	O

��CSÓ��34$,-/ÑCÓEJÜ/.�CD@�/ÒE CS

Z�[\�]^

�D�P¡Ä�()*+,$%&'E(T3ÓEÑËCP�Ó��¢�¡$3$34�î

RC£$ÑË |ÜÝÞE$£¤FG�L$KMJNOCPJ^:2QB2:R�:SÓ

�;<=J0aC5678$"�$$%�1P¡�:$EÕ2¹�L��Ë�,-/;<

=@56EAB23CT�2��4r��C$PQB2:R�:S

_`a3bc

�34785½67¸8 ²äXYZ�34789�:;µ<<=><?<@�

�µ¶·¸¹UVW�A3�2BªC��DEFZ=¶;=U�

d(���e�fg���hijk��
�������

159



⃭ኚᫍ EM Cyg   ศග ගྠほࡢ
ୖ⡲� ಇ㍤㺂ᮌ㇂� ᭷⣪�㧗㸯�ࠊᯈ㇂� ⏤⳯��㧗㸰�ࠊᯘ� ⏤ᶞ㺂�ோ⏣� ⴌ㺂�

ྛົ� ṇᾈ㺂�ᑠᯘ� ுࠊすᮧ� ెࠊ㔝ᮧ� �㺂�⎼Ꮚࡾࡢࡳ ᐇ⣪ኸ�㧗㸱��

�ி㒔ᗓ❧ᮾ㧗➼Ꮫᰯࠓ ⮬↛⛉Ꮫ㒊ࠔ�
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㻜 㻡㻠㻢㻟㻥 㻜㻚㻝㻤 㻝㻥㻜 㻡㻡㻞㻞㻣 㻜㻚㻝㻣
㻝㻜 㻡㻞㻣㻞㻢 㻜㻚㻞㻞 㻞㻜㻜 㻠㻤㻤㻢㻥 㻜㻚㻟㻝
㻞㻜 㻠㻣㻤㻠㻢 㻜㻚㻟㻟 㻞㻝㻜 㻟㻥㻤㻝㻝 㻜㻚㻡㻟
㻟㻜 㻟㻥㻜㻠㻜 㻜㻚㻡㻡 㻞㻞㻜 㻞㻤㻣㻟㻥 㻜㻚㻤㻤
㻠㻜 㻞㻥㻢㻡㻞 㻜㻚㻤㻡 㻞㻟㻜 㻝㻤㻝㻡㻜 㻝㻚㻟㻤
㻡㻜 㻝㻥㻟㻣㻤 㻝㻚㻟㻝 㻞㻠㻜 㻥㻟㻢㻝 㻞㻚㻝
㻢㻜 㻥㻣㻝㻥 㻞㻚㻜㻢 㻞㻡㻜 㻟㻞㻝㻟 㻟㻚㻞㻢
㻣㻜 㻟㻝㻤㻜 㻟㻚㻞㻣 㻞㻢㻜 㻝㻜㻢 㻢㻚㻥㻢
㻤㻜 㻝㻡㻞 㻢㻚㻡㻣 㻞㻣㻜 㻣㻥㻡 㻠㻚㻣㻤
㻥㻜 㻣㻞㻣 㻠㻚㻤㻣 㻞㻤㻜 㻡㻝㻢㻣 㻞㻚㻣㻡
㻝㻜㻜 㻠㻥㻤㻢 㻞㻚㻣㻤 㻞㻥㻜 㻝㻞㻡㻥㻜 㻝㻚㻣㻤
㻝㻝㻜 㻝㻞㻝㻞㻤 㻝㻚㻤㻞 㻟㻜㻜 㻞㻟㻟㻣㻢 㻝㻚㻝㻝
㻝㻞㻜 㻞㻝㻤㻥㻠 㻝㻚㻝㻤 㻟㻝㻜 㻟㻠㻞㻞㻣 㻜㻚㻢㻥
㻝㻟㻜 㻟㻞㻜㻞㻢 㻜㻚㻣㻢 㻟㻞㻜 㻠㻣㻣㻤㻝 㻜㻚㻟㻟
㻝㻠㻜 㻠㻞㻝㻥㻣 㻜㻚㻠㻣 㻟㻟㻜 㻡㻥㻠㻣㻜 㻜㻚㻜㻥
㻝㻡㻜 㻡㻜㻤㻣㻢 㻜㻚㻞㻢 㻟㻠㻜 㻢㻠㻣㻤㻢 㻜
㻝㻢㻜 㻡㻢㻤㻜㻜 㻜㻚㻝㻠 㻟㻡㻜 㻢㻠㻣㻤㻢 㻜
㻝㻣㻜 㻡㻥㻝㻣㻣 㻜㻚㻝
㻝㻤㻜 㻡㻥㻡㻜㻢 㻜㻚㻜㻥

ᜏᫍࣝࢺࢡ࣌ࢫࡢᆺ᳨ฟ⨨ 

㟷ᮌ� ዌኴఀࠊ⸨� ከὠ⏕ࠊΎỈ� Ⰻᗈࠊㄝ⏣� ᩗࠊ㇏⏣� ᭷㔛ࠊ⳻⏣� ┿⏤� 㸦㧗㸰㸧 
࠙ᒱ㜧┴❧ᇉᮾ㧗➼Ꮫᰯ� ኳᩥ◊✲ྠዲ (ࣆࢺ࣮ࣁᏳඵ㧗ᰯ⏕ほ ࣒࣮ࢳ)ࠚ 

 
㸯㸬ࡵࡌࡣ 
� ᫍࡣᆺࣝࢺࢡ࣌ࢫࠊ࡚ࡋࡑࠋࡔࢇᏛ࡚࠸ࡘᆺࣝࢺࢡ࣌ࢫᤵᴗ࡛ࡢᖺᆅᏛࠊࡣࡕࡓ⚾

�ࠋࡓࡋゎ⌮ࢆࡇ࠺࠸ࡿࡁ࡛ࡀࡇࡿ▱ࢆࡇ࡞ࡲࡊࡲࡉࡢᫍࡢࡑࡵࡌࡣࢆ㠃 ᗘ⾲ࡢ

� ᅇࡵࡓࡿࡵ㧗ࢆ⯆ࡢ࡚࠸ࡘᫍࠊࡁ࡛ࡀࡇࡿࡵồ⡆༢ࢆᆺࣝࢺࢡ࣌ࢫࡤࡽ࡞

�ࠋࡔࢇ⤌ࡾྲྀ〇సࡢ⨨ᆺ᳨ฟࣝࢺࢡ࣌ࢫࡢ �

 
㸰㸬ཎ⌮ 

ᅇࠊྍࡣ どග࡛ồࡿࡁ࡛ࡢࡇࡿࡵ %�9 Ⰽᣦ

ࡿࡍ⏝ࢆⰍᣦᩘࡢࡑࠋࡓࡋࡇࡿࡍ ほࢆᩘ

ࢀ࠸⏝ࢆ㛵ಀࡢᆺࣝࢺࢡ࣌ࢫࡸ㠃 ᗘ⾲࡛ࡇ

�ࠋࡓ࠼⪄࠸࡞ࡣ࡛ࡢࡿࡁ࡛ࡇࡿࡵ⡆༢ồࡤ

ኚྍࡣᑐ≀ഃࡣ⨨ࡢࡇ 1' ࡀ࣮ࢱࣝࣇ

ࡇࡿࡍᅇ㌿ࡣ࣮ࢱࣝࣇࡢࡇࠋࡿ࠶࡚ࡅࡾྲྀ

࡛ῶග࡛ࡿࡁ㔞ࢆኚࠋࡿ࠶࡛⬟ྍࡀࡇࡿ࠼๓

ኚྍࠊ 1' ࠺ࡤࢀࡏࡉఱᗘᅇ㌿ࢆ࣮ࢱࣝࣇ

㏱㐣⋡ࡀኚࢆࡿࢃㄪࠋࡃ࠾࡚% ኚྍ࡚ࡅࢆ࣮ࢱࣝࣇ 1' ᫍࡁࡓࡋᅇࢆ࣮ࢱࣝࣇ

9ࠊ㹠ࢆ⣭ᕪ➼ࡢゅᗘࡢࡁࡿ࡞ࡃ࡞࠼ぢࡀ ኚྍ࡚ࡅࢆ࣮ࢱࣝࣇ 1' ࡋᅇࢆ࣮ࢱࣝࣇ

ࡢᐇ㝿ࠊ㹡ࢆ⣭ᕪ➼ࡢゅᗘࡢࡁࡿ࡞ࡃ࡞࠼ぢࡀᫍࡁࡓ %➼⣭࣭9➼⣭㹠࣭㹡ࡢᕪࢆ

Dࠊ%㸫9Ⰽᣦᩘࢆ �ࡁࡓࡋ;

% ➼⣭㸫9➼⣭㸻;�

�E㸩D�㸫�F㸩D�㸻;�

E㸫F㸻;͐ձ�

ᘧձࡀᡂࡢࡇࠋࡘ❧ࡾཎ⌮ࠊࡤࢀ࠸⏝ࢆṇ☜

㸫9%࡞☜ṇࡶ࡚ࡃ࡞ࡵồࢆ⣭➼9ࡸ⣭➼%࡞

Ⰽᣦᩘࢆồࠋࡿࢀࡽࡵ�

࠙⾲ � ࠊྍࡣࠚ ኚ 1' ࡈゅᗘࡢ࣮ࢱࣝࣇ

ࢆゅᗘ࠸ࡁࡶ᭱ࡀ⋠㏱㐣ࡢࡑࠊ⋠㏱㐣ࡢ

➼⣭ᕪ � ࠋ࠙ࡿ࠶್࡛ࡓࡋኚ⣭ᕪ➼ࢆ⋠㏱㐣ࠊࡢࡁࡓࡋ‽ᇶࡋ ࣇࣛࢢ ⾲ࠊࡣࠚ�

࡞☜ṇࠊࡽࡉࠋࡿ࠶࡛ࡢࡶࡓࡋࣇࣛࢢ࡚࠸ࡘᅇ㌿ゅᗘࡢ࣮ࢱࣝࣇ⣭ᕪ➼ࢆ್ࡢ

ࡀኚࡢ⣭ᕪ➼ࡢ�r࡛ࠊࡵࡓࡍࡔࢆ್ ��� ௨ୖࡿ࠶⠊ᅖࡣࡓࡢࡑࠋࡿࡍ࠺ࡼ࠸࡞ࢃ

ࡵ 1'� ࡧࡼ࠾ �ࠋࡿࡍ⏝㏵ู࡛ࢆ�

࠙⾲ ࠚ1

 ࣮ࢲࣥࣇ

ྍኚ 1' �࣮ࢱࣝࣇ

�࣮ࢱࣝࣇ%࣭9
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ࣇࣛࢢ࠙  ࠚ1

ࡸ��r㹼���rࠊࡿぢࢆࣇࣛࢢࠊࡓࡲ ���r㹼���rࡢ⠊ᅖ࡛ࡣ �r࡛ࡢ➼⣭ᕪࡢኚࡀ

ࠋ࠸ࡁ➼⣭ᕪࡢኚࡀ࠸ࡁㄗᕪࡀࡵࡓࡿ࡞ࡃࡁ⏝ࠋ࠸ࡃࡋ�

 
㸱㸬ほ ᪉ἲ 
� ௨ୗ࡞࠺ࡼࡢᡭ㡰࡛ほ ࠋࡓࡋ�

���% ኚྍ࡛ࡲࡿ࡞ࡃ࡞࠼ぢࡀ࡚ᫍࡅࢆ࣮ࢱࣝࣇ 1' ࢱࣝࣇ

ࠊ࠙ࡏࡉᅇ㌿ࢆ࣮ ࣇࣛࢢ �ࠋࡿࡵồࢆ⣭ᕪ➼࠸ࢆࠚ� �

㸧���rࡓࡗࡔሙྜࡣ ��� �ࠋࡿ࡞

���9 ኚྍ࡛ࡲࡿ࡞ࡃ࡞࠼ぢࡀ࡚ᫍࡅࢆ࣮ࢱࣝࣇ 1' ࢱࣝࣇ

ࠊ࠙ࡏࡉᅇ㌿ࢆ࣮ ࣇࣛࢢ �ࠋࡿࡵồࢆ⣭ᕪ➼࠸ࢆࠚ� �

㸧���rࡓࡗࡔሙྜࡣ ��� �ࠋࡿ࡞

���ᘧձࢆ࠸�ࠊ�����࡛ồࡓࡵ➼⣭ᕪࡽ %㸫9Ⰽᣦᩘࢆồࡵ�

㸧���ࠊ�ࡀ�� ���ࠊ��� ����࡛ࡢ࡞ �ࠋࡿ࡞

���%㸫9 Ⰽᣦᩘࣝࢺࢡ࣌ࢫࡽᆺኚࠋࡿࡍ� �

㸧���ࡀ���� ࡵࡓࡢ *� �ࠋࡿ࡞

 
㸲㸬ࡵࡲ 
� ᅇࡢ࣮ࢱࣝࣇࠊゅᗘ➼⣭ᕪࡢኚ㛵ࢆࣇࣛࢢࡿࡍ᭩ࠊࡁࡃᙜึࠊ ᐃἲࡸ 

ᐃ⠊ᅖࡀศࠊࡎࡽணࡣࠋࡓࡗ࡞ࣇࣛࢢࡿ࡞␗ࡃࡁཎᅉࠊࡣእ㒊ࡽගࡀධࡓࡗ

࠸࡞ࡽධࡀගࡢࡽእ㒊ࠊ࡛ࡇࡑࠋࡓࢀࡽ࠼⪄ࡀࡇࡓࡗ࡞ࡽ ࡋ࡛ࡲ���rࠊࡸࡇ

ࢆᐃ⠊ᅖ ࠊࡋ࠺ࡼ �r㹼���rࢆ್ࢺ࡚ࣥ࢘࢝ࡋ ᐃࢆࣇࣛࢢࠊࡋసࠋࡓࡗᚋࡣほ

�ࠋ࠸ࡓࡁ࠸࡚ࡵ㧗ࢆಙ㢗ᛶࡢ⨨ࠊࡡࡉࢆ 

 
㸳㸬ཧ⪃ᩥ⊩ 
࣭⌮⛉ᖺ⾲ᖹᡂ �� ᖺ� ၿᰴᘧ♫� �᪂ᅗㄝᆅᏛ࢚᭱ࢡࢫ࣭ ➨୍Ꮫ⩦♫�

% �࣮ࢱࣝࣇ �

����

ࣇࣛࢢ࠙ 1 ࠚᣑᅗࡢ

9 ࣮ࢱࣝࣇ

����
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�

�

�

⭾ᙇ㏿ᗘࡽồࡿࡵᫍ㞼ࡢᖺ㱋�

�

࠙ಟ㐨㧗➼Ꮫᰯࠚ�

ᐑᮏ� ె㛛ࠊ᳃ᕝ� ㄔኈ㸦㧗㸯ᖺ㸧�

�

��� ᴫせ�
� ᫍ㞼ࡢ୰࡛ࠊࡶ㧗㏿࡛⭾ᙇࡿ࠶ࡘࡘࡋ㉸᪂ᫍṧ㧁ࡸᝨᫍ≧ᫍ㞼ࢆࣝࢺࢡ࣌ࢫࡢᚓ࡚ࠊ㍤

ࡢࡅぢࠊࡋ௬ᐃࢆᙇ⭾࡞⛠ᑐ⌫ࠊࡓࡲࠋࡿ᥈ࢆᙇ㏿ᗘ⭾ࡢᫍ㞼ࠊࡵồࢆど⥺㏿ᗘࡢ⥺

ࢀࢃ࠸ࡿ࠸࡚ࡋ㧗㏿࡛⭾ᙇ≉ࠊࡣᅇࠋࡿࡍ᥎ᐃࢆᖺ㱋ࡢᫍ㞼ࠊ࡛ࡇࡿẚࡉࡁ

ࠊࡓࢀࢃ⾜2013ᖺ11᭶ࡣ✲◊ࡢࡇࠊ࠾࡞ࠋࡓࡗࡶ✚ぢࢆᖺ㱋ࡢᫍ㞼㸦M1㸧ࠊࡿ࠸࡚

�ࠋࡿ࠸࡚ࡋࡶࢆ✲◊ࡢኳᩥᩍᐊࡓ࡞

�

㸰㸬◊✲⨨�

� ᅇ⏝ࡓࡋᶵᮦࠊࡣᮾᗈᓥኳᩥྎ150ࡢcmᮃ㐲㙾㸦↔Ⅼ㊥㞳18300mm㸧ศගჾ࡛

�ࠋࡿ࠶

�ࠋࡓࡗ⾜㡿ᇦ࡛ࡢࡘ㸱ࡢᫍ㞼ࠊ11᭶23᪥ࡣ ほࠊ࠾࡞

�

㸱㸬◊✲᪉ἲ�
� ほ ࡚ࡗࡼᚓ୍ࢆࣝࢺࢡ࣌ࢫࡓฎ⌮ࡓࡋᚋࠊẼ㍤⥺࡚ࡗࡼἼ㛗ྠࢆᐃࡇࡑࠊࡋ

⥺どࠊ࠸ࢆຠᯝ࣮ࣛࣉࢵࢻࡽࢀࡎࡢἼ㛗ࡢᐇ㝿࡚ࡋࡑࠋࡿࡵồࢆἼ㛗ࡢ⥺HĮ㍤ࡽ

㏿ᗘࢆぢ✚ࡢࡇࠋࡿࡶ⮬ศࡢࡽࢫ࢞ࡿࡃ࡚ࡗྥ㍤⥺ࠊ㞳ࡢࡽࢫ࢞ࡃ࠸࡚ࢀ㍤

�ࠋࡓࡋど⥺㏿ᗘࢆᕪࡢࡑࠊࡾࡶ✚ぢࢆᗘ㏿ࡽ⥺㍤ࡢࢀࡒࢀࡑࠊࡾ࠶ࡀ㸰✀㢮ࡢ⥺

� ḟࠊぢࡢࡅࡉࡁᫍ㞼ࡢ࡛ࡲ㊥㞳ࡽぢ✚ࡓࡗࡶᫍ㞼ࡢࠊࡉࡁど⥺㏿ᗘࢆ⏝

�ࠋࡓࡗࢆᚄ┤▷ࡣࡉࡁࡢࡅぢࠋࡿࡶ✚ぢࢆᖺ㱋ࡢᫍ㞼࡚࠸

� ᮏ◊✲࡛⏝ࡓ࠸ィ⟬ᘧ࠸ࢆグࠋࡍ�

�ຠᯝ࣮ࣛࣉࢵࢻ࣭

� Ʀǌ/ǌ=v/c� 㸦Ʀǌ㸸Ἴ㛗ࢀࡎࡢ� ǌ㸸ᮏ᮶ࡢἼ㛗㸦HĮ㍤⥺ࡢሙྜ6563ࡣύ㸧 
c㸸ග㏿� v㸸ど⥺㏿ᗘ㸧 

࣭ᫍ㞼ࡢࡉࡁ 
� L=dș� 㸦L㸸ᫍ㞼ࡢࡉࡁ� d㸸ᫍ㞼ࡢ࡛ࡲ㊥㞳� ș㸸ぢࡢࡅࡉࡁ㸧 
 
㸲㸬⤖ᯝ�

� �
� � 㡿ᇦձ� � � 㡿ᇦղ� � � � 㡿ᇦճ�

㡿ᇦձ 

㡿ᇦղ 

㡿ᇦճ
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�

�

�

�

�

㡿ᇦ� ど⥺㏿ᗘ� ᫍ㞼ࡢࡉࡁ� ᖺ㱋�

㡿ᇦձ� 940 km/s� 3.3ගᖺ 1000 ᖺ 
㡿ᇦղ� 750 km/s 3.3ගᖺ 1300 ᖺ 
㡿ᇦճ� 940 km/s 3.3ගᖺ 1000 ᖺ 

������������������������������������ � � � � � � � � � ⾲㸯�

�

� ⾲㸯ࡣᅇࡢほ ࡢ⤖ᯝ࡛ࠋࡿ࠶�

ᅇࠊࡣ್ࡓࡗHĮ㍤⥺ࡢἼ㛗6563ࡀύࠊᫍ㞼ࡢ࡛ࡲ㊥㞳7200ࡀගᖺ࡛ࠋࡿ࠶�

�

㸳㸬㈨ᩱ�

� ᅇほ ࡓࡋᫍ㞼ࠊࡣ୰ᅜࠕࡢᰤྐࠖࠕኳᩥᚿࠖࡢࡇᫍ㞼ࡢࡁࡓࡁ࡛ࡀほ 

グ㘓ࡀṧࠊࡾ࠾࡚ࢀࡉ㙊௦ࡢ㈗᪘⸨ཎᐃᐙࡢ᪥グࡢ࡚ࡘࡶグ㘓ࡀグࠋࡿ࠸࡚ࢀࡉ

ࡢᫍ㞼ࡢࡇࠊ࡚ࡗࡼࠋࡿ࠸࡚ࡗศࡀࡇࡓࢀࡉ ほࡀ㉸᪂ᫍ1054ᖺࠊࡽࡇࡢࡇ

ᖺ㱋ࡣ⣙1000ᖺ࡛ࠋࡿࢃࡀࡇࡿ࠶�

�

㸴㸬⪃ᐹ�
� ࡿ࠶ᯝ࡛⤖࡞ጇᙜࡣᖺ㱋࠺࠸1000ᖺࠊᯝ⤖ࡢ㡿ᇦճࡧࡼ࠾㡿ᇦձࠊࡽ㈨ᩱࡢୖ

ࡾ࡞ẖ⛊750㹼940kmࠊࡢࡢࡶ࠺㐪࡚ࡗࡼ㡿ᇦࡣᙇ㏿ᗘ⭾ࡢᫍ㞼ࠊ࡚ࡋࡑࠋࡿ࠼࠸

�ࠋࡓࡗศࡀࡇࡿ࠸࡚ࡋᗘ࡛⭾ᙇ㏿࠸ࡸࡣ

୍᪉ࠊ㡿ᇦղ1300ࡣࡽᖺ࠺࠸⤖ᯝࡀฟࠊࡀࡓᫍ㞼ࡢࢆࡉࡁ┠ศ㔞࡛ぢ✚࡚ࡗࡶ

 ࠋࡿ࠶ᵝ࡛ྠࡶ㡿ᇦ࡛ࡢࡣࢀࡇࠋࡿࢀࢃᛮࡿ࠸࡛ࢇྵࢆㄗᕪࡣᯝ⤖ࡢࡇࠊࡵࡓࡿ࠸
ศࡀࡇࡿࢀࡎ200ᖺࡿྲྀࡳㄞ࡚ࡋࡽࡎࣝࢭࢡࣆ㸯ࢆࣝࢭࢡࣆࡢࣝࢺࢡ࣌ࢫࠊࡓࡲ

�ࠋࡓࡗ

�

㸵㸬⤖ㄽ�
� ᅇࡢ⤖ᯝࠊࡣ㡿ᇦձ㡿ᇦճࠊࡣࡽᖺ㱋1000ࡀᖺぢ✚ࢀࡇࠊࢀࡽࡶ㛵ࠊࡣ࡚ࡋ

㈨ᩱẚࡶ࡚ጇᙜࠊࡾ࠶࡛ࡢࡶ࡞㡿ᇦղ㛵ࢆࢱ࣮ࢹࡶ࡚ࡋㄞྍࡓࢀࡎࡁࡿྲྀࡳ

⬟ᛶࠊࢀࡽ࠼⪄ࡿ࠶ࡀ᭷ຠᩘᏐࡶࢀࡇࡿ࠼⪄ࢆጇᙜࡿ࠶࡛ࡢࡶ࡞ᛮࠋࡿࢀࢃ�

࡞ࡃ㐜࡚ࡗࡼࡇࡿࡅཷࢆᢠࡢࡽࢇ࡞ࠊࡀᙇ㏿ᗘ⭾ࡢᫍ㞼ࡣ✲◊ࡢᅇࠊࡓࡲ

ഴࡓࡗ࠸࠺ࡑࠊࡀࡓࢀࡉணࡀࡇࡿ࡞ࡃࡁࡶࡾࡼᐇ㝿ࡀᖺ㱋ࡢᙳ㡪࡛ᫍ㞼ࡢࡑࠊࡾ

ࡓࡁ࡚ࡋᙇ⭾ࡎࡅཷࢆᢠࢇࡣᫍ㞼ࡢࡇࠊࡽࡇࡢࡇࠋࡓࡗ࡞ࢀࡽࡳࡣྥ

�ࠋࡿࢀࡉ ᥎

ᖺࡢᫍ㞼☜ṇࡾ࡞ࡶ᪉ἲ࡛ࡢࡇࠊࡀࡿ࠸࡚ࡋ௬ᐃࢆᙇ⭾࡞⛠ᑐ⌫ࡣᅇࠊࡽࡉ

㱋ࢆぢ✚ࡿࡁ࡛ࡀࡇࡿࡶศࠋࡓࡗ�

�

㸶㸬ཧ⪃ᩥ⊩�
� ࣭ኳᩥᖺ㚷�2014� 㸦ၿ㸧�

�

㸷㸬ㅰ㎡�
� ᅇ✲◊ࡢ⏝ࠊࡓࡋほ ࢆࢱ࣮ࢹᥦ౪ࡓ࠸ࡔࡓ࠸࡚ࡋᗈᓥᏛᮾᗈᓥኳᩥྎࢫࡢ
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�

 
䝕䝆䝍䝹䜹䝯䝷䛻䜘䜛CMᅗ䛾సᡂ䛸㊥㞳䛾᥎ᐃ 

 
ᒸ㔝㻌 ⨾᭶䚸㔠Ꮚ㻌 䜏䛾䜚䚸ྂᕝ㻌 㞷⤮䚸ᶫᮏ㻌 ┿ᙬ䠄㧗䠍䠅䛆ᇸ⋢┴❧㇏ᒸ㧗➼Ꮫᰯኳᩥ㒊䛇 

 
䠍䠊䛿䛨䜑䛻 
㻌 ⚾䛯䛱ኳᩥ㒊䛷䛿ᬑ㏻䛾䝕䝆䝍䝹୍║䝺䝣䜹䝯䝷䜢⏝䛔䛶䝥䝺䜰䝕䝇䛸䝠䜰䝕䝇䜢ᙳ䛧䚸䛭䛾

䝕䞊䝍䜢ඖ䛻CMᅗ䜢స䛳䛯䚹CMᅗ䛸䛿䚸⦪㍈䛻⤯ᑐ➼⣭䚸ᶓ㍈䛻⾲㠃 ᗘ䜢ྲྀ䜚䚸ᵓᡂ䜢䜂

䛸䛴䛪䛴䝤䝻䝑䝖䛩䜛䛣䛸䛷స䜛䛣䛸䛾䛷䛝䜛䜾䝷䝣䛷䛒䜛䚹䝥䝺䜰䝕䝇䛿䚸⣔ิᫍ䛜䛧䛳䛛䜚䛧䛶

䛔䜛䛯䜑䚸䜎䛯䝠䜰䝕䝇䛿䚸䝥䝺䜰䝕䝇䛸㏆䛟ẚ㍑䛧䜔䛩䛔䛯䜑㑅䜣䛰䚹䛭䛧䛶䚸䝥䝺䜰䝕䝇䜢ᇶᮏ

䛸䛧䛶䚸䝥䝺䜰䝕䝇䛸䝠䜰䝕䝇䛾CMᅗ䛜䛹䛖䛔䛖䜅䛖䛻㐪䛳䛶䛔䜛䛾䛛䜢ẚ㍑䛧䛶䜏䛯䚹 
 
䠎䠊᪉ἲ 
ほ ሙᡤ䈈㇏ᒸ㧗ᰯΏ䜚ᗯୗ(ᇸ⋢┴ධ㛫ᕷ) 
㻌 㻌 㻌 ᪥䈈2013ᖺ11᭶1᪥23䛤䜝䠄䝥䝺䜰䝕䝇䠅䚸2014ᖺ01᭶17᪥19䛤䜝䠄䝠䜰䝕䝇䠅 
㻌 㻌 㻌 ᶵᮦ䈈䝕䝆䝍䝹䜹䝯䝷PENTAX䠄K-x䠅,VixenED80Sf䠄ཱྀᚄ8䠿䡉䠅 
⏬ീฎ⌮䝋䝣䝖䈈RAW2FITS䠄ᫍ✵බᅋ䠅㻌 㻌 㻌 㻌 ゎᯒ䝋䝣䝖䈈Makalii 
䠍䠅ほ 䚸୍ḟฎ⌮䛻䛴䛔䛶䛾ᕤኵ 

䞉䜸䝤䝆䜵䜽䝖⏬ീ䈈ṇ☜䛺᫂䜛䛥䛾䝕䞊䝍䜢ྲྀ䜛䛯䜑䛻䜟䛦䛸䝢䞁䝖䜢䜌䛛䛧䛶䛳䛯䚹䝩䝽䜲䝖

䝞䝷䞁䝇䛿ኴ㝧ග䛻ᅛᐃ䛧䛯䚹 
䞉䝣䝷䝑䝖⏬ീ䈈ⓑ䛔ቨ䜢䛳䛶୍ᐃ䛾䛸䛣䜝䜢䜛䛸䚸䛭䛾䛳䛯䛸䛣䜝䛻䝩䝁䝸䜔䜻䝈䛜䛒䜛ሙ

ྜ䚸ṇ☜䛺䝕䞊䝍䛜ྲྀ䜜䛺䛔䛾䛷୍ᯛ䛪䛴ሙᡤ䜢ኚ䛘䛺䛜䜙䛳䛯䚹 
䞉䝎䞊䜽⏬ീ䈈䜹䝯䝷䜢⮬ື䛷䝎䞊䜽⏬ീ䜢䜂䛟タᐃ䛻䛧䛯䜒䛾䜢⏝䛔䛯䚹 
䞉ゎᯒ䛾䛯䜑䛾⏬ീฎ⌮䈈RAW2FITS䛷䚸⚾䛯䛱䛜䛳䛯⏬ീ䜢blue䛸green䛾FITS䝕䞊

䝍䛻ኚ䛧䚸ṇ☜䛺䝕䞊䝍䜢ฟ䛩䛯䜑䛻Makalii䜢⏝䛔䛶10ᯛ㔜䛽䛯䚹 
䠎䠅ゎᯒ 

䝣䝷䝑䝖ฎ⌮ᚋ䚸 ග⏝䝋䝣䝖Makalii䜢⏝䛔䛶blue䛸green䛾⏬ീ䜢䛳䛶䛭䜜䛮䜜䛾ᫍᅋ䜢

 ග䛧䛯䚹䝕䞊䝍䜢䝔䜻䝇䝖ฟຊ䛧䚸EXCEL䛷䚸blue⏬ീ䛛䜙䛿b➼⣭䚸green⏬ീ䛛䜙䛿g➼⣭

䛸䛧䛶᫂䜛䛥䜢➼⣭䛷⾲䛧䛶್䜢ฟ䛧䛯䚹➼⣭䜢ィ⟬䛩䜛ᇶ‽䛿⏬ീ䛾᫂䜛䛔ᫍ䜢୍䛴㑅䜣䛷䝇

䝔䝷䝘䝡䝀䞊䝍䞊䛾ᜏᫍ䝕䞊䝍䛾ᫍ䛾᫂䜛䛥䜢ᇶ‽䛻䛧䛶䚸b➼⣭䛸g➼⣭䛸䛧䛯䚹䛭䛾ᚋ䚸b➼⣭

䛸g➼⣭䛾ᕪ䜢䛸䛳䛶Ⰽᣦᩘb-g䛸䛧䚸g➼⣭䛸䛾CMᅗ䜢సᡂ䛧䛯䚹 
 
䠏䠊⤖ᯝ 

䝇䝔䝷䝘䝡䝀䞊䝍䞊䛷ฟ䛧䛯➼⣭䛸⚾䛯䛱䛜ồ䜑䛯➼⣭䛜ྠ䛨䜘䛖䛺್䛻䛺䛳䛯䚹(ᅗ1,2) 
b➼⣭䛸g➼⣭䛾್䛿䚸䝇䝔䝷䝘䝡䝀䞊䝍䞊䛾䝕䞊䝍䛸䜋䜌┤⥺䛾㛵ಀ䛻䛺䛳䛶䛔䛶䚸ᅇ䛾◊

✲䛻b➼⣭䛸g➼⣭䜢䛖䛣䛸䛿ၥ㢟䛺䛔䛸ุ᩿䛧䛯䚹㝈⏺➼⣭䛿11➼⣭⛬ᗘ䛷䚸䝥䝺䜰䝕䝇䛾

CMᅗ䛻䛿⣔ิᫍ䛜䜘䛟⾲䜜䛶䛔䛯䚹 
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㹔➼⣭㹥➼⣭ 㹀➼⣭㹠➼⣭

�

�

䠐䠊⪃ᐹ 
ᅗ3䛛䜙ศ䛛䜛䜘䛖䛻䚸䝥䝺䜰䝕䝇䛿ᕥ䜘䜚䛷ྑୗ䛜䜚䛾┤⥺䛻㏆䛔䜖䜛䜔䛛䛺᭤⥺䛸䛺䛳䛯䚹

䛣䜜䛜⣔ิᫍ䛷䛒䜛䚹ᕥୖ㒊ศ䛾㟷䛔ᫍ䛜ከ䛔䛣䛸䛛䜙ẚ㍑ⓗ㐍䛜㐍䜣䛷䛔䛺䛔ᫍᅋ䛸䛔

䛖䛣䛸䛜䜟䛛䜛䚹䝠䜰䝕䝇䛿ᕥୖ㒊ศ䛾㉥䛔ᫍ䛜ከ䛟㐍䛜㐍䜣䛷䛔䜛ᫍᅋ䛷䛒䜛䛣䛸䛜䜟䛛䜛䚹

䛭䛾䛯䜑䝠䜰䝕䝇䛾䜾䝷䝣䛾᫂䜛䛔ᫍ䛿㉥䛔᪉ྥ䛻⛣ື䛧䛶䛔䜛䛣䛸䛜䜟䛛䜛䚹䛴䛾ᫍᅋ䛾

⣔ิᫍ䜢⾲䛩㒊ศ䛿2.3➼⣭㞳䜜䛶䛔䜛䛾䛷䛭䛾್䜢䛳䛶㊥㞳䛾ẚ䜢ồ䜑䛯䚹㊥㞳䛜2ಸ䛻

䛺䜛䛸᫂䜛䛥䛿1/4䛻䛺䜚➼⣭䛿㊥㞳䛾2䛻ẚ䛩䜛䛾䛷䚸䛣䜜䜢䝫䝤䝋䞁䛾ᘧ䛻䛒䛶䛿䜑䜛

䛸 
m-m0=-2.5log(d/d0)2 

䛸䛺䜛䚹d䛜䝠䜰䝕䝇䚸d0䛜䝥䝺䜰䝕䝇䛾㊥㞳䛸䛧䛶m䜢䝠䜰䝕䝇䚸m0䜢䝥䝺䜰䝕䝇䛾⣔ิᫍ䛾g
➼⣭䛸䛧䛶ᘧ䛻௦ධ䛩䜛䚹 

7.0-9.3=5logd/d0 
0.346=d/d0 

䝠䜰䝕䝇䛿䝥䝺䜰䝕䝇䛾㊥㞳䛾⣙0.35ಸ䛻䛺䛳䛶䛔䜛䛣䛸䛜䜟䛛䛳䛯䚹 

 
 
䠑䠊䜎䛸䜑 

ᅇ䛾◊✲䛷䚸CMᅗ䛜ᬑ㏻䛾䝕䝆䝍䝹୍║䝺䝣䜹䝯䝷䛷䛴䛟䜜䚸ᫍᅋ䛾ᛶ㉁䛾㐪䛔䜢ぢ䛴

䛡䜛䛣䛸䛜䛷䛝䜛䛣䛸䛜䜟䛛䛳䛯䚹ᚋ䛿䝠䜰䝕䝇䜘䜚䜒ྂ䛔ᫍᅋ䛾CMᅗ䜔㔜ᫍᅋ䛾NGC884
䛸NGC869䜒CMᅗ䛻ฟ䛧䛶䚸䛴䛾ᫍᅋ䛾㊥㞳䜢ẚ㍑䛩䜛䛺䛹䛧䛯䛔䚹 
 
䠒䠊ཧ⪃ᩥ⊩ 
䞉ኳᩥᖺ㚷2014ᖺ∧ 
䞉䝇䝔䝷䝘䝡䝀䞊䝍䞊 ver,7 
䞉➨15ᅇ䝆䝳䝙䜰䝉䝑䝅䝵䞁ㅮ₇ண✏㞟䚸ㅮ₇17䛂M67䛾Ⰽ➼⣭ᅗ䛾సᡂ䛸ᖺ㱋᥎ 䛃➟ཎᓫ

ྐ䚸㔠ගᏛᅬ୰Ꮫ㧗➼ᏛᰯኳᩥẼ㇟㒊 
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㸯㸬ࡵࡌࡣ�
� ㏆ᖺࠊኳᩥᏛࡣὀ┠ࢆᾎࠊࡾ࠾࡚ࡧኪ✵࠼ᩘษ࠸࡞ࢀᾋࡪᜏᫍࡢࡑࠊࡣㅦࢆゎ᫂ࡍ

ࢆᖺ㱋ࡢᫍᅋࡽ5ᅗ+ࡢᫍᅋࠊࡣ࡛✲◊ᮏࠋࡿ࠸࡚ࢀࡽ࠸⏝✲◊࡞ከᵝࠊ࡚ࡋ㘽ࡢ࡛ୖࡿ

᥎ᐃࠊࡋᜏᫍࡢ㐍ࡽࡇࡿࡓࢆᏱᐂ࡚࠸ࡘ⌮ゎ᭱ࢆࡇࡿࡵ῝ࢆ⤊┠ⓗࠋࡿ࠸࡚ࡋ

ᮏࡽࡇࡿࡍᡭ࡛ほ ࣭ᙳࡢ㌟⮬ࢆᫍᅋࠊࡵࡓࡃ╔ࡾࡓ࣮ࣝࢦࡓࡋタᐃ࠺ࡼࡢࡇ
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㙾ࢺࣥࣆࡢㄪᩚ࠺⾜ࢆ㸦ILJ��㸧ࠋ�
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ᜏᫍࢆ ගࡢࢱࣝࣇྛࠋࡿࡍ ගྛࠊࡋࡇ࠾ࣝࢭࢡ࢚ࢆࢱ࣮ࢹᜏ್ᫍࢺࣥ࢘࢝ࡢᶆ

‽ᫍ㸦7<&�����������㸧್࣭ࢺࣥ࢘࢝ࡢ➼⣭್ࡢࣥࢯࢢ࣏ࠊࡶࢆᘧ࡚࠸⏝ࢆồࡓࡵぢ

�ࠋࡿࡵồࢆⰍᣦᩘ࣭⤯ᑐ➼⣭ࡽࡉࠊࡽ⣭➼ࡅ

յồࡓࡵ⤯ᑐ➼⣭ࠊ⦪ࢆⰍᣦᩘࢆᶓ5+ࡾᅗࢆᥥࡢࡑࠋࡃᚋ0ࡢ��ᖺ㱋᥎ᐃ+5ᅗ㛵ࡿࡍ

ඛ⾜◊✲ࡓ࠸⏝ࡽ ගࢱ࣮ࢹ㸦௨ୗඛ⾜◊✲ࣔࣝࢹ㸧ࠊࢆඛᥥ5+ࡓ࠸ᅗ㔜ࢃྜࡡ

ࢹࣔ✲◊⾜ඛࢆ⨨ࡢⅬ㸦㌿ྥⅬ㸧ࡾࡀ᭤ࢀᢡࡿࡅ࠾5ᅗ+ࡍ♧ࡢࢱ࣮ࢹග ࡢ㌟⮬ࠊࡏ

�ࠋࡿࡍ᥎ᐃࢆᖺ㱋ࡢ��0ࠊ࡚ࡋẚ㍑ࣝ

�
ILJ��� 0��� � � � � � � � � � � � � � �ILJ��� ᙳ㢼ᬒ�

�

170　 講演 81



�

�

㸱㸬⤖ᯝ�
� ࣟࢺࢫ����ගᖺ㸦ࡣ㊥㞳ࡢ��0ࠊᅇࠋ㸦ILJ��㸧ࡍ♧ࢆ5ᅗ+ࡓࢀࡽᚓࠊࡋග ࡛࣐ࣜ࢝

�ࠋ㸦ILJ��㸧ࡍ♧ࢆᅗࡓࡏࢃྜࡡ㔜ࢆࣝࢹࣔ✲◊⾜ඛ��ILJࠊ࡛ࡇࡇࡓࡲࠋࡓࡋ㸧ࡾࡼࢶ࣮

�

�

ILJ���ほ ࡾࡼᚓࡓ +5 ᅗ� � � � � ILJ���ඛ⾜◊✲ࣔࡢࣝࢹẚ㍑�

�

㸲㸬⪃ᐹ࣭ࡵࡲ�

� ᅇ⏝��0ࡓ࠸㛵ࡿࡍඛ⾜◊✲࡛ࠊࡣ ගࡽࢱ࣮ࢹᚓ5+ࡓᅗࡢ��0ࠊࡾࡼᖺ㱋ࡣ

���㹼���0\Uࡕࢃ࡞ࡍࠊ⣙�൨ᖺࡿ࠸࡚ࡋ♧ࢆグ㏙ࠋࡿ࠸࡚ࢀࡉ)LJࡢ��ẚ㍑ࢆࣇࣛࢢࡢ

ぢ࡚ࠊࡿࡳᅇほ ࡚ࡋᚓࡓ ගࢱ࣮ࢹඛ⾜◊✲ࣔࡿࡅ࠾ࣝࢹᢡࢀ᭤ࡾࡀⅬ㸦㌿

ྥⅬ㸧ࡑࡼ࠾࠾ࡶࡽࡕࡀᗙᶆ�[�\�㸻�����ࡓࡲࠋࡿ࠸࡚ࡋ⮴୍ࢇࠊࡾ࠶⣔

ิᫍࡢᥥࡃ᭤⥺ࢇࡕࡁࡀ㔜ࠊࡽࡇࡿ࠸࡚ࡗྜࡾ࡞ᅇ⮬㌟࡛ᙳࡓࡋ⏬ീࢱ࣮ࢹ

᥎ᐃ⣙�൨ᖺࠊࡣᖺ㱋ࡢ��0ࡓࡋᙳࠊ࡚ࡗࡼࠋ࠸ࡃ࠼⪄ࡣࡇࡿ࠶ࡀࡾㄗ࡞ࡁ

ࡀᕪᩘࢱ࣮ࢹࡢ㸧ᜏᫍ࠸㸦㸻ᬯ࠸ࡁࡀ್ࡢᑐ➼⣭⤯࡚࠸࠾㛫ࢱ࣮ࢹ�ࠊࡓࡲࠋࡿࡍ

�ࠋࡿࢀࡽ࠼⪄ࡿ࠶㉳ᅉ࡛ࡀ࠸㐪ࡢࢡࢵ࣌ࢫࡢගᏛ⣔ࡓࢀࡽ࠸⏝ ほྛࠊࡣࡢࡿ࠶

� ⌧Ⅼࡢ࡛ࡲほ ࣭ゎᯒ࡛ࠊᩓ㛤ᫍᅋ0ࡢ��ᖺ㱋ඹᜏᫍࡢ㐍࡚࠸ࡘ⌮ゎࡵ῝ࢆ

࡞࡛࣓ࣛ࢝'&&෭༷ࡓ࠸⏝ࡃࠊගᏛ⣔ࡓࡋ⏝ᅇࠊྠࡇࡓࡁ࡛ࡀࡇࡿ

ᙳ࣭ゎࡢᫍᅋࡢูࡣ��ᚋ0ࠋࡓࡗࢃࡀࡇࡿࢀࡽᚓࡀほ ⤖ᯝ࠸㏆್࡞☜ṇࡾ

ᯒࡢ࣓ࣛ࢝'&&ࠊࡸ௦ࡓ࠸⏝ࢆ࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹࡾࢃほ ࣭ゎᯒࠋ࠸ࡓ࠸⾜ࢆ�

�

㸳㸬ㅰ㎡�
� ᮏ◊✲ࡧࡼ࠾ほ ᐇ⩦ࢆ㐍ࠊࡾࡓ࠶ࡿࡵ௨ୗࡢ᪉ࡈ༠ຊ࣭ ࠋࡓࡋࡲࡁࡔࡓ࠸ᣦᑟࡈ

�ࠋࡓࡋࡲ࠸ࡊࡈ࠺ࡀࡾ࠶

ᫍ✵බᅋ� ᑠ㔝㛫�ྐᶞ�Ặ�

ᮏᰯ࣮ࢩࣛࢸࣜࢫ࢚ࣥࢧϩᆅ⌫ᝨᫍ⛉Ꮫศ㔝㢳ၥ� ▼⏣ඛ⏕� ᑠᕝඛ⏕�

�

㸴㸬ཧ⪃ᩥ⊩�

�࣐ࣜ࢝㸸ࢺࣇࢯീゎᯒ⏬ࡿࡤࡍ࣭

KWWS���PDNDOLL�PWN�QDR�DF�MS�LQGH[�KWPO�MD�

࣭%��)��-RQHV�DQG�&+$5/(6�)��35266(5��͆0HPEHUVKLS�RI�6WDUV�LQ�1*&�������0���͇��7+(�

$6752120,&$/�-2851$/��YRO������1R����SS����a���0DUFK�������
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ᫍᅋࡢ HR ᅗᖺ㱋 
▼� ♸ᶞࠊᒸᮏ� 㞝㣕ࠊᒣᮏ� 㑈� (୰ 3)� ࠙ಟ㐨୰Ꮫᰯࠚ 

 
㸯㸬ᴫせ 

ᫍᅋ≦⌫ࠊࡣ࡛✲◊ࡢࡇ M2 ᩓ㛤ᫍᅋ M37 HRࠊࡽࢱ࣮ࢹࡓࡋග ࢆ ᅗࢆసᡂࠊࡋ

ྛᫍᅋࡢᛶ㉁ࢆ᥈2013ࠊࡣ✲◊ࡢࡇࠊ࠾࡞ࠋࡿ࠶࡛ࡢࡶ࠺࠸ࡿ ᖺᮾᗈᓥኳᩥྎ࡛

㛤ദࡓ࡞ࠕࡓࢀࡉኳᩥᩍᐊ 2013࡛ࠖᚓࢆࢱ࣮ࢹࡓᇶࠋࡿ࠸࡚ࡋ 
ࡢᫍᅋࡓࡗ⾜ࡀ௨๓ඛ㍮᪉ࡣᶵື✲◊ࠊࡓࡲ HR ᅗࢆඖᖺ㱋ࢆồ✲◊ࡿࡵ⯆ࡶࢆ

 ࠋࡿ࠶࡛ࡽࡓࡗ
 

㸰㸬ほ  
ほ 㝿ࡣ࡚ࡋ௨ୗࡢᶵᮦࠊ࡚࠸⏝ࢆ௨ୗࡢኳయࢆほ ࠋࡓࡋ 
ᮃ࣭ 㐲 㙾࣭ ࣭࣭ ᗈᓥᏛᮾᗈᓥኳᩥྎ࣭  (Ⅼ㊥㞳1850cm↔ࠊᚄ150cmཱྀ)ኳᩥྎࡓ࡞

࣭෭༷ CCD  Howpol࣭࣭࣓ࣛ࢝
࣭ほ   ᑐ ㇟࣭࣭࣭M2㸦⌫≧ᫍᅋ㸧ࠊM37㸦ᩓ㛤ᫍᅋ㸧 
࣭⏝࣭࣭࣭࣮ࢱࣝࣇV࣭I  ࢻࣥࣂ

� � � � � � 㹋㸰� � � � � � � � � � � � � � 㹋㸱㸵 
 
㸱㸬ゎᯒ 

1㸬 ྛ ኳయࡈ V࣭I  ࠋ⏝ࢆࢀࡒࢀࡑࢻࣥࣂ
2㸬 ᙳࡓࡋ⏬ീ୍ḟฎ⌮㸦ࢡ࣮ࢲ࣭ࢺࢵࣛࣇ⏬ീࡓ࠸⏝ࢆ⏬ീฎ⌮㸧ࠋ 
3㸬 V࣭I  ࠋฟຊ࡚ࡋࢱ࣮ࢹࠊග ࢆᫍࠎ㡰ࢆࢀࡒࢀࡑࢻࣥࣂ
4㸬 ྛ 㛵ಀᘧࢺࣥ࢘࢝ࡢᫍࡢࠎ m㸻m0㸫2.5logf㸦f㸸࣭ᫍࢺࣥ࢘࢝ࡢm0㸸➼⣭ࡢኚ

ᐃᩘ㸧ࠊ࡚࠸⏝ࢆV࣭I 㸫2.5logfࡢࢀࡒࢀࡑࢻࣥࣂ  ࠋࡿࡍ⟭ィࢆ
5㸬 ồࡓࡵ m ㍈㸦V⦪ࡢࣇࣛࢢ࡚࠸⏝ࢆ ࡢࢻࣥࣂ m㸧ࠊᶓ㍈㸦V㸫I㸧ࢆฟࠋࡓࡋ 
6㸬 ࡢࡑ⤖ᯝࣇࣛࢢࢆ࡚ࡋ┦ᑐⓗ࡞ HR ᅗࢆసᡂࠊ➼᭤⥺ẚ㍑ࠊ࡚ࡋᫍᅋࡢᛶ㉁

 ࠋணࢆ
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 㹋㸱㸵 
 
 
 

 
㹋㸰 

㸲㸬⪃ᐹ 
సᡂࡓࡋ HR ᅗ➼᭤⥺ࢆẚ㍑ࡓࡋ⤖ᯝࠊ௨ୗࡀࡇ࡞࠺ࡼࡢㄞࠋࡿࢀྲྀࡳ 
 
࣭⌫≧ᫍᅋ M2 
ࡓࡋసᡂࡣࡽࡕࡇ HR ᅗ➼᭤⥺ࢆẚ㍑ࡓࡋ⤖ᯝࠊࡾ࡞࠺ࡼࡢࣇࣛࢢࡢୖࠊᜍࡃࡽ

⣙ 110 ൨ᖺࡢᫍᅋ࡛ࡀࡇࡿ࠶ศࠋࡓࡗ 
 

࣭ᩓ㛤ᫍᅋ M37 
 ࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿసࢆࣇࣛࢢࡃࡲ࠺ࡀࡓࡳ࡚ࡋࢆග ࡣࡽࡕࡇ
ㄗࡢࡽࡋẁ㝵࡛ఱࡢග ࡃࡽᜍࠋࡓࡗ࡞ฟ᮶ࡣࡇࡿࡍࢆᐹ⪄ࡢᫍᅋࡢࡇ࡚ࡗࡼ

 ࠋࡿࢀࢃᛮࡓࡗ࠶ࡀࡾ
 
㸳㸬ࡵࡲ 
� ୖグ࠺ࡼࡢᅇࡣ M2 M37ࠊࡀࡓࡁ࡛ࡀࡇࡿసࢆࣇࣛࢢࡣ᪉ࡢ ࡲ࠺ࢆࣇࣛࢢࡣ᪉ࡢ

ࢆࣇࣛࢢࡣᗘࠊࡋ┤ࡾࡸࡽẁ㝵ࡢᗘ ග୍࠺ࡶࠊ࡛ࡇࡑࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿసࡃ

స࠸ࡓࡋ࠺ࡼࡿࢀᛮࠋ࠺ 
 
㸴㸬ㅰ㎡ 
� ᮏ◊✲ࡣ࡚࠸࠾ᗈᓥᏛࡢᕝ➃ᗈẶࡢࡑࡵࡌࡣࢆከࡓ࡞ࡢࡃኳᩥᩍᐊࢵࢱࢫࡢ

 ࠋࡍࡲࡆୖࡋ⏦♩࠾ࡃཌࠊ࡚ࡋࡾ࠾ࢆሙࡢࡇࠋࡓࡋࡲࡁ༠ຊ㡬ࡈࠎ᪉ࡢࣇ



�

�

 

ගỈࡿࡼ㕲ࡢ▼ࣥࣛࣥ࢝ኚ㸰��ගࡢἼ㛗ࡢ㐪ࡿࡼ࠸㢼࣭ኚ㉁��

ᮾி㒔⏣༊❧༡භ㒓୰Ꮫᰯ�Ᏹᐂ⛉Ꮫ㒊����㸱ᖺ� ᑠᓥ�೧� � 㰻⸨�ຬኴ� � ᯽ཎ�ᝆ㍤�

� � � � � � � � � � � � � � � � � � � � � 㸯ᖺ� ⏣�㞝⏕� � 㧗ᆏ�㈼ᘯ� � ᒣୗ�⁞᫂�

㸯ࡵࡌࡣ� 

� ⅆᫍࡐ࡞ࡣ㉥ࡢ࠸?� 㐣ཤࡢⅆᫍୖࡸ†ࡣᕝ࡞,Ỉࡓࡗ࠶ࡀ㊧ࡀࡇࡓࡗ࠶ࡀศࡗ

ኚ࡞࠺ࡼࡢࡣ▼ሙྜ,ᒾࡓࡗ࠶ࡀቃ⎔ࡿࡧᾎࢆ⥺⣸እࡲࡲࡓࡗᾐỈࡀ▼ᒾࡢⅆᫍ.ࡿ࠸࡚

ࡀ㉳ࡣࢀࡑ.ࡢࡿࡇⅆᫍ㓟㕲ࡀከࡇ࠸㛵ಀࡢࡿࡍ.༡භ㒓୰ᏛᰯᏱᐂ⛉Ꮫ㒊ࡑࡣ

 .ࡿ࠸࡚ࡗ⾜ࢆᐇ㦂࡚࠸⏝ࢆ▼ࣥࣛࣥ࢝㕲ᅾ,⌧ࡵࡓࡿㄪࢆࢀ
� ࡍ⏕Ⓨࡀᚤ⢏Ꮚࡢ㸪Ⲕ〓Ⰽࡌ⏕ࡀኚ▼ࣥࣛࣥ࢝㕲,ࡾࡼỈ⥺ᐇ㦂࡛,⣸እࡢ࡛ࡲࢀࡇ

ࡣᚤ⢏Ꮚࡢᯝ, Ⲕ〓Ⰽ⤖ࡓࡗ⾜ࢆศᯒ౫㢗࣮ࢱࣥࢭᰴᘧ♫ศᯒ,࡚ࡋࡑ.ࡓࡗࢃࡀࡇࡿ

Ỉ㓟㕲࡛ྍࡿ࠶⬟ᛶࡀ㧗ࡓࡗࢃࡀࡇ࠸.  

㸰�┠ⓗ�

� ⢭〇Ỉᾐࡓࡋ㕲▼ࣥࣛࣥ࢝,Ἴ㛗࣭↷ᗘࡿ࡞␗ࡢ⣸እ⥺,ᆅ⌫㝆ࡾὀࡄኴ㝧ග⥺㏆

 .ࡿㄪࢆ࠸㐪ࡢኚࡢࡁࡓࡅ⥆ᙜ࡚ࢆගࡢගⅉ⺯࠸

㸱�⏝ࡓࡋヨᩱ࣭ჾල࣭⨨➼�

࣭⣸እ⥺↷ᑕ⨨ (⮬స)� � ࣭Ἴ㛗ࡿ࡞␗ࡢගࡢ↷ᑕ⨨(⮬స)� � ࣭⢭〇Ỉ 
࣭▼ⱥヨ㦂⟶/እᚄ18mm� � �ヨ㦂⟶/እᚄ18mmࢫࢡࢵࣞࣃ࣭ �  ᰦࣥࢥࣜࢩ࣭
࣭㕲ࣥࣛࣥ࢝▼㸸ᮾி㒔୕Ꮿᓥ⏘㸬┤ᚄ3ࡣ㹼4mm࡛,ᬯ⥳Ⰽ࡛,㏱᫂ࡀࡢࡶ࡞ከ࠸. 

㸲�᪉ἲ�

� ᐇ㦂1ࡢ᪉ἲࡣ๓ᖺᗘࡢᐇ㦂ྠᵝ࡛ࡿ࠶(⏣༊❧༡භ㒓୰Ꮫᰯ,2012).⾲㠃ኚࢆヲࡃࡋぢ

 .ࡓࡋ⏝ࢆࡢࡶࡓࡋ☻◊ࡽᖹࢆ▼ࣥࣛࣥ࢝㕲ࡣᐇ㦂2࡛,ࡵࡓࡿ

㸳�⤖ᯝ�

����⾲㠃ほᐹࡢ⤖ᯝ�ᐇ㦂���ᅇ┠��ᅇ┠��

uvCS㸸┠ぢࡿ࠼ኚࡢࡣࡉࡁ,uvCྠ⛬ᗘࢀࡑ௨ୖ.uvCྠᵝ⾲㠃ࡢගἑࡀኻࢀࢃ,
Ⰽࡀᬯ࠺ࡼࡓࡗ࡞ࡃぢࡿ࠼. 

uvC㸸⾲㠃ࡢගἑࡾ࡞ࡃ࡞ࡀ,㕲ࣥࣛࣥ࢝▼⮬యࡢⰍࡀᬯࡿ࠼ࡳࡃ.⾲㠃,๐࠺ࡼࡓࢀࡽⓑࡃ

 .ࡓࡧᖏࢆࡳࡋᑡ.ࡿ࠶ࡀࢁࡇࡿ࠸࡚ࡗ࡞
uvA㸸ᐇ㦂๓ゅࡸࢁࡇࡓࡗࡤയࡣࢁࡇࡓࡗ࠶ࡀ,ⓑࡓࡗ࡞ࡃࡱࡗ㒊ศࡿࢀࡽࡳࡀ.ゅࡀ๐ࡽ

 .࠸࡞ࢀࡽぢࡣኚ࡞ࡁࡓࡗ࠸ࡿࢀ
㹤㸸uvAྠᵝゅࡸࢁࡇࡓࡗࡤയࡣࢁࡇࡓࡗ࠶ࡀ,ⓑࡓࡗ࡞ࡃ㒊ศࡀぢࡔ.ࡓࢀࡽ

 .࠸࡞ᑡࡣ㒊ศࡓࡋኚࡶࡾࡼuvA,ࡀ
nf㸸uvA,fྠᵝ,ゅࡀࢁࡇࡓࡗࡤ,ᑡࡋⓑࡗ

ẚuvA,f,ࡀࡔ.ࡿ࠶ࡶヨᩱࡓࡗ࡞ࡃࡱ

 .࠸࡞ᑡࡀኚࡽ᫂ࡿ
����㉁㔞ࡢኚࡢྜ�ᐇ㦂���ᅇ┠��

 ᐇ㦂๓ᚋࡢ㸳ಶࡢ㕲ࢆ▼ࣥࣛࣥ࢝㟁Ꮚኳ⛗

࡛ ᐃྜࡓࡋィ㉁㔞ࡓࡗ࡞࠺ࡼࡢ1⾲ࡣ. 

ヨᩱ ᐇ㦂๓ࡢ㉁㔞ࠝg  ࠞ ᐇ㦂ᚋࡢ㉁㔞ࠝ gࠞ
uvCS 0.05140 0.05010 
uvC 0.06940 0.06780 
uvA 0.06100 0.06050 
f 0.05600 0.05590 
nf 0.05680 0.04250 

⾲���㕲ࣥࣛࣥ࢝▼�ಶྜࡢィ㉁㔞�

㻌㻞㻞 㻚㻡
㻌㻞㻠 㻚㻠

㻌㻝㻤 㻚㻤 㻌㻝㻥 㻚㻠

㻌㻝㻞 㻚㻢

䝃䞁䝥䝹ྡ

䛾
䠂
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�

�

����⾲㠃ࡢኚࡢྜ�

� ᐇ㦂๓ᐇ㦂ᚋࡢヨᩱࡢ⾲㠃ࡢ┿ࡅࢆ┠⥙,
ኚࡿ࠸࡚ࡋ㒊ศኚ࠸࡞࠸࡚ࡋ㒊ศࢀࡑࢆࢫ࣐ࡢ

 .(ᅗ1)ࡓࡵồࢆྜࡢ㠃ኚ⾲,࡚࠼ᩘࢀࡒ
����⾲㠃ほᐹࡢ⤖ᯝ�ᐇ㦂���

uvCS㸸┠ぢࡿ࠼ኚࡢࡣࡉࡁ,ᐇ㦂1࠺ࡼࡌྠ, 
� � �  .ࡿ࠼ぢ࠺ࡼࡓ࠸ࡘࡽࡊࡀ㠃⾲,ࢀࢃኻࡀගἑࡢ㠃⾲.ࡓࡗࡁࡶ᭱
uvC㸸⾲㠃ࡢගἑࡀኻࢀࢃ,uvCSྠᵝ⾲㠃࠺ࡼࡓ࠸ࡘࡽࡊࡀぢࡀࡿ࠼,uvCSࡾࡼ⛬ᗘࡣᑠ

 .㸦ᅗ2㸧࠸ࡉ
uvA㸸ᅇࡢᐇ㦂࡛ࡣ,ᐇ㦂1ẚ࡚ኚࡀ࠸ࡁ.ᐇ㦂2ࡢuvCS,uvCࡾࡼ⛬ᗘࡣᑠࡢࡢࡶ࠸ࡉ,

▷ᮇ㛫࡛ࡓࡋࡾࡁࡗࡣኚࡀぢࡓࢀࡽ(ᅗ3). 
㹤㸸ᐇ㦂1ẚ࡚,⾲㠃ࡓࡋࡾࡁࡗࡣ,࡞ࡿࢀࡽࡳࡀࡁࡘࡽࡊኚࡀぢࡓࢀࡽ. 
nf㸸 ᐇ㦂2ࡢࡢヨᩱẚࡿኚࡣᑠࡋࡋ.࠸ࡉ,⾲㠃ࡃࡘࡽࡊࡀኚࡀ㉳ࡢࡑ.ࡓࡁኚ

 .ࡓ࠸࡚ࡋࡾࡁࡗࡣẚᐇ㦂1,ࡣ

�
 
� � ᅗ㸰�uvCSࡢኚ�ᕥ�ᐇ㦂๓� ྑ�ᐇ㦂ᚋ��� � ᅗ㸱�uvAࡢኚ�ᕥ�ᐇ㦂๓� ྑ�ᐇ㦂ᚋ��

㸴�⪃ᐹ�

࠙ᐇ㦂�  ࠚ 㢧ᚤ㙾ࡿࡼ⾲㠃ほᐹ࡛ࡣ,uvAࡣuvCࡀ࠸࡞ࡣ࡛⾲㠃ࡀⓑࡢࡇ.ࡓࡗ࡞ࡃ⾲㠃ࡢ

ኚࡣuvCS㸼uvC㸼uvA㸼f㸼nf ࡢ㡰ኚࡀᑠ࡚ࡅࢆ┠⥙.ࡓࡗ࡞ࡃࡉ⾲㠃ኚࡢྜࢆ

ồࡓࡵ⤖ᯝྠࡶᵝࡓࡗ࡞.㉁㔞ኚࡢྜࢆồࡿࡵ,uvC㸼uvCS㸼f㸼uvA㸼nf ࡢ㡰ᑠࡉ

㉁㔞ࡶ࡚࠸࠾ほᐹ,ࡣf࠸㛗ࡀἼ㛗ࡢග,≉.ࡓࡗ࡞㡰ࡓఝ㠃ほᐹ⾲,ࡀࡿ࠶ࡣㄗᕪ,ࡾ࡞ࡃ

ኚࡶ࡚࠸࠾ኚࡀᑠࡃࡉ,ගࢆᙜ࡚࠸࡞nfࡣ࡚࠸࠾,fྠᵝ㖔≀ࡢኚ࡞ࢇࡀ

 .ࡓࡗ
࠙ᐇ㦂�  ࠚ ᐇ㦂1ẚ࡚,యⓗ▷ᮇ㛫࡛ࡓࡋࡾࡁࡗࡣኚࡀぢࡓࢀࡽ.㢧ᚤ㙾ࡿࡼ⾲㠃ほ

ᐹ࡛ࡣ,⾲㠃࡚࠸ࡘࡽࡊࡀⓑࡿ࡞ࡃኚࡾࡁࡗࡣࡾࡼࡀほᐹ࡛ࡓࡁ.⾲㠃ࡢኚࡣ,ᐇ㦂1ྠ

ᵝ,uvCS㸼uvC㸼uvA㸼f㸼nf ࡢ㡰ኚࡀᑠ࠺ࡼࡓࡗ࡞ࡃࡉぢࡣࢀࡇ.ࡿ࠼ᐇ㦂1ࡌྠ㡰

 .ࡿ࠸࡚ࡗ࡞
� ᅇࡢᐇ㦂࡛ࡣ,๓ᅇࢇኚࡀぢࡓࡗ࡞ࢀࡽnfࡸ,ኚࡀᑠࡓࡗࡉuvAࡸf࡚࠸࠾

ࡢ࡛ࡲࢀࡇ,ࡣࡢࡿࢀࡽぢࡀኚࡓࡋࡾࡁࡗࡣ࡚࠸࠾nf࠸࡞࠸࡚࡚࠶ࢆග.ࡓࢀࡽࡳࡀኚࡶ

ᐇ㦂࡛ࡾ⧞,࡛ࡢ࠸࡞ࡀ㏉ࡋᐇ㦂ࡃ࠸࡚ࡗ⾜ࢆᚲせࡿ࠶ࡀ. 
࣭ⅆᫍࡢⰍࡢ㛵㐃�

� ⣸እ⥺C,࡚ࡋࡘ୍ࡢཎᅉࡓࡗ࡞ࡃ㉥ࡀ㸪ⅆᫍࡾࡼᐇ㦂ࡓࡁ࡚ࡗ⾜Ᏹᐂ⛉Ꮫ㒊࡛,࡛ࡲࢀࡇ

Ỉࡾࡼ㖔≀ࡀ㢼ኚ㉁ࡋⲔ〓Ⰽࡢᚤ⢏Ꮚࡢࡑ,ࡁ࡛ࡀᚤ⢏Ꮚࡀⅆᫍࡢᆅ⾲ṧࡾᆅ⾲ࡢⰍࢆ

㉥ࡢࡇ,ࡓࡲ.ࡿࢀࡽ࠼⪄ࡓࡋࡃᐇ㦂࡛⣸እ⥺A,⺯ගⅉࡢගỈ࡛ࡶ㕲ࡢ࡛▼ࣥࣛࣥ࢝㢼ኚ

㉁ࡀ㉳ࡽࡇࡓࡁ,ᆅ⌫฿㐩ࡿࡍ⣸እ⥺AỈ࡚ࡗࡼᆅ⌫⾲㠃ୖࡿ࠶㕲ࡶ▼ࣥࣛࣥ࢝㢼

ኚ㉁ಁࡀ㐍ࡿࢀࡽ࠼⪄ࡿࢀࡉ.ⅆ࡛ᫍࡣᆅ⌫ࡶࡾࡼẼࡃⷧࡀ,⣸እ⥺Cࡢ⣸እ⥺Aࡶᆅ

 .ࡿ࠶ࡀᛶ⬟ྍࡴ㐍ࡀ㢼ࡾࡼᐇ㦂ࡿ࠸࡚ࡗ⾜ࡀࡕࡓ⚾,ࡵࡓࡿࡍ㐩฿ୖ
ཧ⪃ᩥ⊩�

⏣༊❧༡භ㒓୰Ꮫᰯ㸦2013㸧㸸ගỈࡿࡼ㕲ࡢ▼ࣥࣛࣥ࢝ኚ-Ἴ㛗ࡢ㐪࠺ගࡿࡼ㢼࣭

ኚ㉁-,᪥ᮏኳᩥᏛ2013ᖺᏘᖺ➨15ᅇࣥࣙࢩࢵࢭࢽࣗࢪㅮ₇ண✏㞟pp172㹼173 

㻌㻞㻞 㻚㻡
㻌㻞㻠 㻚㻠

㻌㻝㻤 㻚㻤 㻌㻝㻥 㻚㻠

㻌㻝㻞 㻚㻢

㻜

㻡

㻝㻜

㻝㻡

㻞㻜

㻞㻡

㼡㼢㻯㻿 㼡㼢㻯 㼡㼢㻭 㼒 㼚㼒
䝃䞁䝥䝹ྡ

⾲
㠃
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ྜ
䛊
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22013 ᖺ 3 ᭶ 1㸲᪥ほ ࢬ࣮ࢱࢫࣥࣃࡓࡋᙟ࣐ᫍࢥࡢᑿࡢ㛗ࡢࡉ᥎ᐃ 
�  
� ⚟⏣ㆡஂࠊᕝཱྀ (୰ ᑠᒣ㈗ᘯ(㧗ࠊ㧗ᶫᫍድࠊ♩அࠊ(3 2) 

࠙᪥⏕Ꮫᅬ㝃ᒓ୰Ꮫᰯ࣭᪥⏕Ꮫᅬ➨୍㧗➼Ꮫᰯ� ኳᩥࣝࢡ࣮ࢧ  ࠚ

 
 

㸯㸬ࡵࡌࡣ� 
� ᅇほ ࢬ࣮ࢱࢫࣥࣃࡓࡋᙟᫍ(C/2011 L4)࣡ࣁࠊࡣᏛࡢ࣭ࢶࢻ࣭ࢫࣜࢠࠊ
ࡀࠖࢬ࣮ࢱࢫࣥࣃࠕ࣒࣮ࢳࡿ࠸࡚ࡋඹྠ࡛㐠Ⴀࡀᶵ㛵✲◊ࡢ‴ྎ 2011 ᖺ 6 ᭶ 6 ᪥ 19
➼⣭ࡢኳయ࡚ࡋⓎぢࡓࡋᙟ࡛ᫍࠋࡿ࠶ 
࠸㏆┤ᆶ࡚ࡋᑐ㌶㐨㠃ࡢ⌫ᆅࡣᙟᫍࢬ࣮ࢱࢫࣥࣃ 84rࡓࡗ❧㌶㐨࡛ࠊ༡ࡽ

࠸࡞ࡣࡇࡿᡠኴ㝧⣔ᗘࠊⅭࡃᥥࢆᨺ≀⥺㌶㐨ࡣ㌶㐨ࡢᙟᫍࡢࡇࠋࡃ࠸࡚࠸ື
 ࠋࡿ࠸࡚ࢀࢃ࠸

 

㸰㸬�◊✲┠ⓗ 
ࡢᙟᫍࢬ࣮ࢱࢫࣥࣃࠊࡾࡼ┿⏬ീࡓࡋᙳࠊࡳヨࢆᙳ࡚ࡋ ほࢆᙟᫍࢬ࣮ࢱࢫࣥࣃ

 ࠋࡿࡍ᥎ᐃࢆࡉ㛗ࡢᑿࡉࡁࡢ࣐ࢥࡢᐇ㝿ࠊࡵồࢆど┤ᚄࡢᑿ࣐ࢥ
 

㸱㸬ࢬ࣮ࢱࢫࣥࣃ�ᙟᫍࡢほ  
㸿㸧⏝ࡓࡋほ ᶵᮦ 
50ࠊ㉥㐨(CD-1)ࣝࣈࢱ࣮࣏ ੈᒅᢡᮃ㐲㙾(BORG 50FL)�  ࠊ
 (EOS Kiss X5)࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹ

㹀㸧ほ ᪉ἲ 
ձ�ⷧ᫂ࡢ୰ࢬ࣮ࢱࢫࣥࣃࠊᙟᫍࡢぢࡿ࠼᪉࣭㧗ᗘࡢணሗࡶࢆほ ሙᡤࢆỴᐃࡍ

⦌ࠊ㸦ほ ሙᡤ㸹᪥⏕Ꮫᅬ➨୍㧗ᰯ㟷㞼ᑅ๓ࠋࡿ 34 ᗘ 41 ศ 0.5 ⤒ᮾࠊ⛊ 136 ᗘ
11 ศ 0 ⛊㸧 

ղ�50 ੈᒅᢡᮃ㐲㙾(BORG 〇)࡛┤↔Ⅼᙳࠋ࠺⾜ࢆ 
㹁㸧ほ ⤖ᯝ㸦2013 ᖺ 3 ᭶ 11 ᪥㹼14 ᪥㸧 

3 ᭶ 11 ᪥12ࠊ ᪥ࡣᶆ‽ࣞࣥࡢ࡛ࢬᙳࢆヨࠊࡀࡓࡳ࿘ᅖ┠༳ࡿ࡞ᫍࡢᏑᅾ࡞ࡀ
 ࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿ࠼ࡽࢆጼࡢᙟᫍࠊࡾ࠶ࡶࡇ࠸ࡿኤ᪉᫂ࠊࡃ

3 ᭶ 13 ᪥ࡣࡾ✵࡛ほ ࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿࡍ 
3 ᭶ 14 ᪥ࡣ 50 ੈᒅᢡᮃ㐲㙾ࢆ⏝ࠊࡋᙳࢆヨࠋࡓࡳᙟᫍẚ㍑ᑐ㇟࡚ࡋ᭶㱋

2.6  ࠋࡓࡁ࡛ࡀࡇࡿࡍᙳࡽ㛫ࡢ㞼ࢆ᭶ࡢ
 

㸲㸬�ᙟ࣐ᫍࢥࡢᑿࡢ㒊ศࢆỴᐃࡿࡍ 
ᅇほ ฟ᮶ࢬ࣮ࢱࢫࣥࣃࡓᙟᫍࡓ࠼ࡽࢆ┿ⷧࠊࡣ᫂
୰ࡢኤ᪉ 18  48 ศ࣐ࢥࠊ࡛ࡢࡓࡗࡔᑿࡢ㒊ศࡢ༊ูࡀ
㞴ࠊࡀࡓࡗࡋᮏ◊✲࡛ࡣ⏬ീࢆࢺࢫࣛࢺࣥࢥࡢᙉࠊࡋࡃ
᫂ᬯࠊࡅࡘࢆᕥᅗࡢ㒊ศࢆᙟ࣐ᫍࢥࡢᙟᫍࡢᑿࡓࡋ(ྑ
┿)ࠋ 
 
 
 
 
 
 
 

㸳㸬�ᙳࡓࢀࡉ┿ࢬ࣮ࢱࢫࣥࣃࠊࡽᙟᫍࡢ࣐ࢥࡢࡉࡁᑿ
 ࡿࡍ᥎ᐃࢆࡉ㛗ࡢ

ᅗ㸯㸦ୖ㸧ࠊኴ㝧࣭ᆅ⌫࣭ᙟᫍࡢ⨨㛵ಀ�
� � ᅗ㸰㸦ྑ㸧ࢬ࣮ࢱࢫࣥࣃࠊᙟᫍ㏆ࡢᣑᅗ�

ᅗ㸱� �᥎ᐃࡢࡉ㛗ࡢᑿࡉࡁࡢ࣐ࢥࡢᙟᫍࢬ࣮ࢱࢫࣥࣃ

㸴㸬�⤖ᯝ࣭⪃ᐹ 

㸵㸬�ཧ⪃ᩥ⊩࣭⏝ࢺࣇࢯ 
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2013 ᖺ 3 ᭶ 1㸲᪥ほ ࢬ࣮ࢱࢫࣥࣃࡓࡋᙟ࣐ᫍࢥࡢᑿࡢ㛗ࡢࡉ᥎ᐃ 

 
㸯㸬ࡵࡌࡣ� 

㸰㸬�◊✲┠ⓗ 

㸱㸬ࢬ࣮ࢱࢫࣥࣃ�ᙟᫍࡢほ  
㸿㸧⏝ࡓࡋほ ᶵᮦ 

㹀㸧ほ ᪉ἲ 

㹁㸧ほ ⤖ᯝ㸦2013 ᖺ 3 ᭶ 11 ᪥㹼14 ᪥㸧 

㸲㸬�ᙟ࣐ᫍࢥࡢᑿࡢ㒊ศࢆỴᐃࡿࡍ 

㸳㸳㸬�ᙳࡓࢀࡉ┿ࢬ࣮ࢱࢫࣥࣃࠊࡽᙟᫍࡢ࣐ࢥࡢࡉࡁᑿ
 ࡿࡍ᥎ᐃࢆࡉ㛗ࡢ

�
࠙᪉ἲࠚ�
ձ� �ࠋࡿࡍಸ⋡࡛ᙳࡌྠࢆ┿ࡢ᭶ᙟᫍࢬ࣮ࢱࢫࣥࣃ

ほ ሙᡤ㸹᪥⏕Ꮫᅬ➨୍㧗ᰯ㟷㞼ᑅ๓(⦋ 34 ᗘ 41 ศ 0.5 ⤒ᮾࠊ⛊ 136 ᗘ 11 ศ 0
⛊�ᙳ้;2013 ᖺ 3 ᭶ 14 ᪥ 18  48 ศ�ᙟᫍ��

ղ� ᙳࡓࡋ┿⏬ീྠࢆಸ⋡࡛༳ๅࠋࡿࡍ�
ճ� ᙜ᪥ࡢ᭶ࡢど┤ᚄ(30.7Ļ)᭶ࡢ┿࡛ࡢ┤ᚄࢆẚ㍑ࠊ࡚ࡋ┿ୖ࡛ࡢ㛗ࡉほ ࢀࡉ

�ࠋࡿࡅᑐᛂ࡙ࢆどゅࡢኳయࡿ
մ� �ࠋࡿࡍᐃつ࡛ ᐃࢆࡉ㛗ࡢᑿࡉࡁࡢ࣐ࢥࠊࡾࡼ┿⏬ീࡢᙟᫍࢬ࣮ࢱࢫࣥࣃ
յ� ᙜ᪥ࢬ࣮ࢱࢫࣥࣃࡢᙟᫍࡢᆅᚰ㊥㞳(1.12265AU)᪥ᚰ㊥㞳(0.30929AU)ࠊᙜ᪥ࡢኴ

㝧ࡽᆅ⌫ࡢ࡛ࡲ㊥㞳(0.99378AU)࡛ࢱ࣮ࢤࣅࢼࣛࢸࢫࢆㄪࠊኴ㝧࣭ᆅ⌫࣭ᙟᫍࡢ
⨨㛵ಀ1ࠊࢆAU =10cm ࡛సᅗࡿࡍ(ᅗ �ࠋ(1,2

�
�
�
�
�
�
�
�
�

�
ᅗ㸯㸦ୖ㸧ࠊኴ㝧࣭ᆅ⌫࣭ᙟᫍࡢ⨨㛵ಀ�

� � ᅗ㸰㸦ྑ㸧ࢬ࣮ࢱࢫࣥࣃࠊᙟᫍ㏆ࡢᣑᅗ�
�
ն� సᅗࢬ࣮ࢱࢫࣥࣃࠊࡾࡼᙟᫍࡢ࣐ࢥࡢࡉࡁᑿࡢ㛗ࢆࡉ᥎ᐃࡿࡍ(ᅗ �ࠋ(3

 
 
 
 
 
 
 
 
 
 

ᅗ㸱� �᥎ᐃࡢࡉ㛗ࡢᑿࡉࡁࡢ࣐ࢥࡢᙟᫍࢬ࣮ࢱࢫࣥࣃ
 

㸴㸬�⤖ᯝ࣭⪃ᐹ 
ࢀࡒࢀࡑࡣࡉ㛗ࡢᑿࡉࡁࡢ࣐ࢥࡢᙟᫍࢬ࣮ࢱࢫࣥࣃ 1.83͛ ࢥࡢᐇ㝿ࠊ16.94࡛͛

8.9ࠊࡣࡉ㛗ࡢᑿࡉࡁࡢ࣐  km  99  km  ࠋࡓࢀࡽࡵồࡿ࠶࡛
ᆅ⌫ࡢ┤ᚄࡣ⣙ 1.3  km ⣙ࡢࡑࡣࡉࡁࡢ࣐ࢥࠊࡀࡿ࠶࡛ 7 ಸᑿࡢ㛗ࡣࡉ⣙ 77 ಸࡶ

 ࠋࡓࡗศࡀࡇࡿ࠶
ᅇࡢほ ࡛ࠊࡣᙟᫍࡢ⫼ᬒⷧࡔࡲࡣ✵ࡢ᫂ࠊࡾ࠾࡚ࡗࡀᐇ㝿ࡢ࣐ࢥࡢࡉࡁ
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