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発表へのコメントは、インターネットで受け付けています。 
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��6� ଢཇ͹Ғ஖ͳࠃ࣎Ν༽͏ͪɼଢཇʷஏؔځ͹ړ཯͹৿͢͏ࢋड़๏๑͹ཱི֮� ���
஝໼� ᡪଢɼṨీ� ණկɼϘϩʖ� �ɼ઴ీࢼޭ ඥ࿪ɼൂ໨� ୉धʤ߶̐ʥɹ ฎཱྀིݟށ໼߶౵ָߏʵ�

��7� ೖৱ͹ܩକؔ࣎Ͷͯ͏ͱ� ���
ύʖφϒΠ҈ൂళชୈζϣωΠళชֺ۠෨ʁ�
�ీݬ ૳੔ʤ஦̐ʥɹ ୉໼ௌཱི୉໼஦ָߏ ɼɻඎ㟔� ༟خʤ஦̏ʥɹ ҈ൂௌཱིౌྀ஦ָߏ ɼɻ�
੶ڰ� ༐ৼʤ஦̏ʥɹ Ӎౣཱིࢤ஝ඕ஦ָߏʵ�

��6� �ෘ͹รયܢେ͹ଢཇ͹ೈ஦߶ౕ͹؏଎๑ͳ࣎ރߒ ���
Ռָ෨ళชൟʁ�
҈౽� ೣԽɼ஦ౣ� ᰞࡌɼࠕଞ� ݆೭ʤ஦̏ʥɹ Ԛ৴ٲཱིࢤ஦ָߏʵ�

��3� ॉܙ࣊͹ԥྌΝ༽͏ͪଢཇ͹ೈ஦߶ౕʀೈ஦ࠃ࣎͹؏଎� ���
Ռָ෨ళชൟʁ�
ґ౽� ৽೯ঁɼஓీ� ґ਩ʤ஦̐ʥɹ Ԛ৴ٲཱིࢤ஦ָߏʵ�

��6� 8QLW\ Ν༽͏ͪঘ࿯੗ٌಕ͹҈ఈ੓͹ৄݗ� ���
છব� �ɼՑೈࢦߦ Մޙʤ߶̏ʥɹ ૧כ߶౵ָߏʵ�

��6� υζνϩҲءϪϓΩϟϧͳ 640Ν༽͏ͪ໹ۯ͹໎Ζ͠௒ࠬ� ���
ཱིઔ߶ߏళชـে෨ʁ�
એཁ� Ѭཪ࡛ɼฑԮ� ࣥքʤ߶̐ʥɼ໵ഇ� ஈ୉ʤ߶̏ʥɹ ౨ښ౐ཱཱིིઔ߶౵ָߏʵ�

��7� Ωϧʖྮ٭ &&'Ν༽͏ͪޭ֒͹଎ఈ� ���
ਁ࿮� ՘෪ʤ̐೧ʥɹ ͕ண͹ਭঃࢢ୉ָ෡଒߶౵ָߏʵ�

��6� ηϕϧ΢φ͹൅ਫ਼য়ڱͳ൅ਫ਼࣎͹ـেড়݇Ͷͯ͏ͱ� ���
੔᪡߶౵ָߏ� ళชـে෨ʁ�
�ຌڰ ਇғɼฯ฾� ඔࠦࢢɼోᬓ� ༑քɼࠦ஝� Ӑ݆ʤ߶̐ʥɼ�
ௗ୫ઔ� ૓Ҳɼછব� �ଢɼ੤୫ܛ ༓ᠵɼਭ౤� ༖ਕɼӋҬ� य़ਜ਼ɼԮీ� �໎ɼ٤ీߝ ՜Խɼ٤ీ� ՘Խɼ
੪໨� એՄɼ਄୫� ਇ಺ʤ߶̏ʥɹ ੔᪡߶౵ָߏʵ�

�

�

��3� 925 ͳ )0๎ૻΝཤ༽ͪ͢ϘϩιΤηླྀ࠴੗܊͹؏଎� ���
Ռָ෨ʁ�
�཮ݻ ଢҲʤ߶̐ʥɹ ੪ਁۂ޽ރൂཱིݟ߶౵ָߏʵ�

��7� ుഀླྀ੗ΝΌ͛ͮͱ� ���
ᅵತళช෨ླྀ੗ൟʁ�
ࠦ౽� ਸހɼઔᬔ� ५೯ղʤ߶̑ʥɼ℆Ӯ� ༠ଢɼ෤੶� ஈ୉ʤ߶̐ʥɼ�
੶ీ� քɼฤ༆� ༠੗ɼࣝ໼� �Մɼঘฑ࢛ �ٸଢ࿢ɼঘר ཮࡛ɼᐽࢃ� ࿪߀ɼԥࢃ� ཡ࢞ʤ߶̏ʥ�
ʴᅵልӅ୉ልತ໨߶౵ָߏ ɼɻ�
ґ౽� ਇಛɼآ৏� �Խɼࠦʓ໨ۑ ౩ೣɼ໼ؔ� ֎ਖɼຉߒ� ༖ଢʤ஦̏ʥɹ ᅵልӅ୉ልತ໨஦ָߏʵ�



�
T：講演（４分間）＋質疑（１分間）�
S：ショートプレゼンテーション（１分間）�
P：ポスターのみ�

��6� � ୉ླྀ੗܊͹ుഀ؏଎ͶΓΖΠϱτψ͹͘޴͹ӪڻͶͯ͏ͱ� ���
�ڰ߶ �ɼ࣪ీنߦ �ઔࢤɼنڻ ႔ଢ࿗ɼग୫� ེᠵɼ஦ౣ� ࿪धʤ߶̐ʥɹ ৿ౣָԄ߶౵ָߏʵ�

��7� ླྀ੗܊͹ٌಕմੵ� ʛ؏଎͖Δ฾ళରΝ୵Ζʛ� ���
ෳԮۂ޽୉ָ෡଒৕౨߶౵ָߏՌָ෨ʁ�
೉ࠞ� ྍɼௗ୫ઔ� ໎ࢢʤ߶̐ʥɼ�
�ౣ࣋ ᚢਫ਼ɼోᬓ� ՘ࡌɼௗ୫ઔ� ૷ɼٸ࿮� ༖Ցɼࠦ౽� ਇɼࠉ໨� ᰞ࢞ʤ߶̏ʥ�
ʴෳԮۂ޽୉ָ෡଒৕౨߶౵ָߏʵ�

��7� ኯ੗͹ਭི͖༙؜Δஏځ͹ਭ͹ًݱΝ୵Ζ� ���
΍͢ళ� ��3Bൟʁ�
߶౤� ӵथʤ߶̑ʥɹ ߏጱٝग़߶౵ָܜ ɼɻ኏ੋ� ⁞ʤ߶̐ʥɹ ஞഀ୉ָ෡଒ރࡖ߶౵ָߏ ɼɻ�
�ీࢃ ༑౉ʤ߶̏ʥɹ ෤଄߶౵ָߏʵ�

��6� ঘ࿯੗έϨʖϞϐϩφ�����͹ޭౕۄતͳ �'Ϡυϩ͹ৄݗ� ���
�౽ޛ ཪൗɼࢤઔ� ݃Ѭɼತݬ� ཮࡛ʤ߶̏ʥɹ ৿ౣָԄ߶౵ָߏʵ�

��3� &026ΩϟϧΝ༽͏ͪ߅੗ৱ͹؏଎� ���
�ߏ๼߶౵ָ࡜ٸཱིݟ࡜ٸ Ռָ෨� ஏָൟʁ�
Ӯీ� ༑಺ɼஶࢃ� �ඎآɼࢢࡌߵ Խʤ߶̏ʥɹ߅ �ʵߏ๼߶౵ָ࡜ٸཱིݟ࡜ٸ

�

�

��7� �଎ܯ఼ͶΓΖଢཇ͹ࠫಊյ఺͹ࠉ ���
෤଄߶౵ָߏ஦ָߏ� ଢཇ؏଎෨ʁ�
�ీࢃ ༑౉ʤ߶̏ʥɹ ෤଄߶౵ָߏ ɼɻ�
�௣ࠕ ӵᠵɼঘઔ� ଻ਫ਼ɼݬ܂� Ꮶ࢞࿗ʤ஦̐ʥɼ�
ҧൻ� �౽ଢ࿗ɼԗߦ �໷ɼ໨ଞװ �໷ɼ੗ۯ ༡ਕɼຌઔ� Մ໽ʤ஦̏ʥɹ ෤଄஦ָߏʵ�

��7䢢 ଢཇࠉ఼͹Իౕͳ໚੷͹ؖܐ� ���
ཀྵՌڂݜ෨Ӌநൟʁ�
Ԡଞ� ༓ཇʤ߶̐ʥɼ੶㟔� ૷ਇɼݻծ� ୉྆ɼ༆ຌ� ଣʤ߶̏ʥɹ߃ ୉ࡗැཱིએ཮߶౵ָߏʵ�

��7� �Νཤ༽ͪ͢ଢཇϓϪΠ͹؏଎ںుഀ๮ԗࡠࣙ ���
ք৕߶౵ָߏஏָ෨ళชൟʁ�
Ց߻� ٍඛʤ߶̏ʥɹ ք৕߶౵ָߏʵ�

��7� ଢཇޭͳ݆ޭ͹ٷफતർֳ� ���
ഘݬ� ᠵଢɼӮᖔ� ૷໽ʤ߶̐ʥɹ ԥශރཱིࢤ௫߶౵ָߏʵ�

��7� ݆ৱ࣎͹݆໚͹৯Իౕͳ໎Ζ͠͹ؖܐ� ���
٤ీ� �ʤ߶઒̐ʥɼনຌޙ݊ Ҳਫ਼ɼਭຌ� ࿪ࢦɼਁԾ� ԟᠵɼ٤ీ� ӱʤ߶઒̏ʥɹߔ ธۂ޽ࢢ߶౵઒໵ָߏ �ɻ

��6� ෨෾݆ৱ͹5*%෾ੵ� ���
ᅵತళช෨ 5*%ൟʁ�
Ҭݬ� ཏɼࢃ஦� ཰אʤ߶̑ʥɼ℆Ӯ� ༠ଢʤ߶̐ʥɼࠞࢃ� �໷ɼঘྜྷ࢛ ྆ᡪʤ߶̏ʥ�
ʴᅵልӅ୉ልತ໨߶౵ָߏ ɼɻ�
∃ਁ� ѧ໵ʤ஦̐ʥɼ໼஦� ඔ࡛ɼ౽৕� ཮ඥʤ஦̏ʥɹ ᅵልӅ୉ልತ໨஦ָߏʵ�



�
�

��7� νʖα΢θϓϨϱζ͹৯࠾ͶയΖ�
ʛ���������� ݆ৱͶ͕͜ΖຌӪڧֆ෉ۛ͹59%ޭྖ෾ාʛ� ���

ਁ� �ɼੜਭߵ࠾ ຓԟɼࠦ౽� ৼքɼ࿱௣� ೭ӵՅʤ߶̏ʥɹ ѬஎཱིݟҲٸ߶౵ָߏʵ�

��7� ժ଀ॴཀྵͶΓΖ݆ৱ࣎͹ஏځ͹Ӫ͹ڧֆ͹பड़ͳ݆ΉͲ͹ړ཯଎ఈ� ���
�ௗ໼߶઒ళช෨ʁཱིࠅ
Ԛઔ� ਇൗ෭ʤ߶઒̑ʥɼঘஓ� ๘ֈɼঘྜྷ� ૷ཁɼٸઔ� Ոඔɼണݬ� ҏ࠾ʤ߶઒̐ʥ�
ʴௗ໼ۂ޽߶౵઒໵ָߏʵ�

�

�

��7� Ւ੗͹ౖৗ͗ਫ਼ͣͪҲҾͶͯ͏ͱ͹ࣰݩͶΓΖਬఈ� ���
Ռָ୵ٽ෨ʁ�
኏ీ� ༠سʤ஦̐ʥɼ໨ଞ� ᴶʤ஦̏ʥɹ ୉ీཱིۢీח஦ָߏʵ�

��7� �� ຬທ͹ժ଀ͲٽΌͪ໨੗͹಼෨ߑଆ� ���
�޳ݬ ਇॻʤ߶̐ʥɼন۾� �ࡖղɼӮܔ �ཨɼണ೯಼ྒྷس ඔ݆ʤ߶̏ʥɼݫࢃ� �౩ඔʤ߶̏ʥދ
ʴྀࣝۆౣࣉཱིࣝࢤౣࣉ߶౵ָߏʵ�

��7� ໨੗͹ηϘέφϩࡳ଀Ͷ͕͜Ζ್࣏ηϘέφϩ͹Ӫڻ͹ܲݰͶͯ͏ͱ� ���
ஏָ෨ʁ�
࿮୫� ༖ɼీ৴� চ୉ʤ߶̐ʥɼҬ৏� ੘ਕɼ܄ຌ� Ո޴ɼੁຌ� ཆࡌʤ߶̏ʥɹ �ʵߏӞ࿪੤߶౵ָཱིݟۆ࡝

�

�

�

��7� ΠϩϜ๮ԗں͹ుഀ؏଎ͶΓΖ࢟ݬ࿯੗ܧԃ൭͹մੵ� ���
�໨ࠉ ͍ΏΌʤ߶̏ʥɹ ߏүָ෨෡଒߶౵ָگԲ୉ָݻ໌ ɼɻ�
ీઔ� ஒ໷ɼీࢃ� ʤ߶̏ʥɹޝܔ Ѭஎཱིݟ໎࿪߶౵ָߏ ɼɻ�
਄୫� ࡛ྒྷɼࢃ؛� ৼࡌɼ੪໨� ཀʤ஦̑ʥɹ �ʵߏүָ෨෡଒஦ָگԲ୉ָݻ໌

��6� �ৄݗ͹ͪΌ͹φϧϱζρφ๑͹ڂݜ࿯੗֐ܧ͹ޛࠕ ���
�ݬۜ ฝɼ෤ं� ୕ਇɼ౛৕� ૙Ѭɼ∃ڰ� ᔪղɼԈۛ� �ʤ߶̐ʥޝݣ
ʴԥශཱིࢤԥශγ΢ΦϱηϓϫϱτΡΠ߶౵ָߏʵ�

��7� �࿯੗͹න໚Իౕ͹༩଎஍ͳ؏଎஍͹ർֳ֐ܧ ���
ᅵຌ� ষଢ࿢ɼঘઔ� ෤ླྀɼ๼� ࿪थɼౣଞ� ୕ࣰɼवࢃ� ୕ٍɼీᔻ� ༖ਕʤ߶̐ʥɹ ୉ࡗැཱི๼໼߶౵ָߏʵ�

��6� �͹૮ؖ੓ܚͳٌಕൔغ࿯੗Ͷ͕͜Ζޮ఺ब֐ܧ ���
ଏཱི� າ༖ɼ੶ઔ� ୕ਇɼ୫Ҭ� ৼߵɼ௣ઔ� ଢҲɼෳీ� ণمʤ߶̐ʥɹ ୉ࡗැཱི๼໼߶౵ָߏʵ�

�

�

�



�
T：講演（４分間）＋質疑（１分間）�
S：ショートプレゼンテーション（１分間）�
P：ポスターのみ�

��7� 7KH�VWXG\�RI�PHWKRGV�RQ�WKH�*HPLQLGV�0HWHRU�6KRZHUbV��������KHLJKW� ���
7KDQDSDW�,DPSUDPRRO��*UDGH����HTXLYDOHQW�ʴ9DUHH�&KLDQJPDL�6FKRROʵ�

��7� 7KH�6WXG\�RI�'LVWDQFH�EHWZHHQ�WKH�(DUWK�DQG�0RRQ� �
ZLWK�DQ�RFFXOWDWLRQ�RI�0DUV�E\�WKH�0RRQ�E\�/XQDU�3DUDOOD[�0HWKRG� ���
3OR\VDL�$UNNDUDSRQJFKDQDSRUQ��*UDGH����HTXLYDOHQW�ɹ 'HPRQVWUDWLRQ�6FKRRO�RI�3KXNHW�5DMDEKDW�8QLYHUVLW\ �ɻ

��7� 7KH�6WXG\�RI�7URMDQ�0RWLRQ�8VLQJ�1�ERG\�6LPXODWLRQ� ���
.ULWVDNRUQ�6DWDUDWSD\RRQ��*UDGH����HTXLYDOHQW�ʴ3URPPDQXVRUQ�3KHWFKDEXUL�6FKRROʵ�

��7� 7KH�6LPXODWLRQ�RI�,QWHUSODQHWDU\�0RWLRQ�LQ�6RODU�6\VWHP� ���
3LPFKDQRN�.HVRUQ��*UDGH����HTXLYDOHQW�ʴ3URPPDQXVRUQ�3HWFKDEXUL�6FKRROʵ�

��7� 7KH�VWXG\�RI�+\GURJHQ�WR�+HOLXP�UDWLR�DQG�PHWDOOLF�HOHPHQW� �
LQ�WKH�PDLQ�VHTXHQFH�VWDUV�E\�WKH�6SHFWURVFRS\�WHFKQLTXH� ���
2OLYHU�3KRRP�+DUULV��*UDGH����HTXLYDOHQW�ʴ9DUHH�&KLDQJPDL�6FKRROʵ�

��7� 3XOVDU�0DS� ���
.DQUDZHH�&KDPVDHQJ��*UDGH���HTXLYDOHQW�ʴ3URPPDQXVRUQ�3KHWFKDEXUL�6FKRROʵ�

�

�

��6� �੓ܐ੗͹੪Ίͳ੼Ί͹ؖ߅ ʛΨʖϩχΩϟϧͲࢀ৯଎ޭʛ� ���
ෳԮۂ޽୉ָ෡଒৕౨߶౵ָߏ� Ռָ෨ʁ�
�࿮ٸ ༖Ցɼࠦ౽� ਇɼࠉ໨� ᰞ࢞ʤ߶̏ʥɹ ෳԮۂ޽୉ָ෡଒৕౨߶౵ָߏʵ�

��7� ͦ͏Ό͏๮ԗںΝ༽͏ͪຼಊപ৯ᛛ੗ϘΪηη࠴ ��� ੗͹ �৯଎ޭ؏଎� ���
�㟔آ ஒ໷ɼ૥ઔ� ༑ࡌɼ౽Ҭ� ࣰ݃ʤ߶̐ʥɼ�
԰໼� ᗇɼ৪໼� ँྐྵɼഗൃ� ༟ൗɼ౽Ҭ� ඔ݆ɼ࡜ٸ� �ݬ༑ɼ໨ܝ �ʤ߶̏ʥي࢚
ʴฎཱིݟށ๼ઃీࢀ߶౵ָߏʵ�

��7� ϘΪηη࠴'<͹଎ޭ؏଎� ���
෥ߏ߶ࢢళชـে෨ʁ�
ਪҬ� ຓѧࢢɼঘ੤� �ɼ୉ౣߵ҃ ਸسʤ߶̐ʥɼ઴ీ� ྉӵɼྜྷ� ุ೭՘ʤ߶̏ʥɹ ฎཱིݟށ෥ࢢ߶౵ָߏ �ɻ

��7� .,&�������� ͹รޭ͹ݬҾΝ͛͠Ζ �'Ϡυϩࣰݩ� ���
੔᪡߶౵ָߏ� ళชـে෨ʁ�
ঘٸ� �ੁ߶ਖɼس ߸ɼ࡜ࢃ� ʤ߶̐ʥɹيܕ ੔᪡߶౵ָߏʵ�

��6� Џ&DVVLRSHLD ͹ޭౕรԿͳηϘέφϩ͹ؖܐ� ���
�ஏ࣋ �ɼ຦٤ߕ ҲٍɼѪ෨� ༡౉ɼࢃຌ� �ɼੁຌౌہ ᠵʤ߶̐ʥɼ�
૥ઔ� ੘ɼࢀ෇� ੪ଢʤ߶̏ʥɹ ԥශཱིࢤԥශγ΢ΦϱηϓϫϱτΡΠ߶౵ָߏʵ�

��7� �ڂݜͶͯ͏ͱ͹؏଎దܗ੗͹ηϘέφϩ߅ ���
ઔཱིࢤ޳߶౵ָߏళช෨ʁ�
ీ஦� ୣ໷ʤ߶̐ʥɼీ஦� ႔Ҳ࿢ɼ૥ઔ� ॥࠺ɼฑ੶� �ɼ໨ଞࢦہ ཇߵʤ߶̏ʥɹ ઔཱིࢤ޳߶౵ָߏʵ�



�
�

��7� �Ѝ੗͹൒੗͹؏଎࠴๑Ν༽͏͕͕ͪ͛Ήࢋݰ ���
�ࢢీ ༑ཏɼీ஦� రฎʤ߶̐ʥɹ ԥශཱིࢤԥශγ΢ΦϱηϓϫϱτΡΠ߶౵ָߏʵ�

��7� ϔϧρέϙʖϩ࿊੗ 66��� ͹ζΥρφ͹รԿ� ���
ਁຌ� એܝɼনඎ� ༏಻ʤ߶̐ʥɹ ಺ྒྷཱིݟ੪ᠵ߶౵ָߏʵ�

��6� ళର͹࣯ྖͳΠΤφϓϫʖʀζΥρφ͹ଐౕ͹૮ؖͶͯ͏ͱ� ���
΍͢ళ ����� ΁ΖʖͻΞ΁͐ൟʁ�
Ԛీ� ੔ཇʤ߶̐ʥɹ ߏത߶౵ָཱིࠦݟౣ߁ ɼɻ໨ຌ� ͽ͵ͪʤ߶઒̐ʥɹ ಺ྒྷۂ޽߶౵઒໵ָߏ ɼɻ�
Ց໼� Ԥࣰʤ߶̏ʥɹ ք৕߶౵ָߏʵ�

��7� ۞Ցܧ͹͠޲͹଎ఈ� ���
۞Ցָߏ ����ʁ�
⅕౤� Յʤ߶̑ʥɹ࠾ ૥Ҷీࣰߏָۂ߶౵෨ ɼɻࠕ໼� ཏʤ���� ೧ଖʥɹ ઍୈ৕ೈ߶౵ָߏ ɼɻ�
್ຌ༆� ҈जʤ߶̐ʥɹ ॖಛ༫໼߶౵ָߏ ɼɻీ஦� ੥ʤ߶̑ʥɹ߃ ੤୉࿪ָԄ߶౵ָߏ ɼɻ�
�٤߅ ͖ͥ ʤ͘஦౵̓ʥɹ౨ښ୉ָگүָ෨෡଒஦౵گүָߏ ɼɻవ໤� ߦ ʤٍ߶̐ʥɹ୉ࡗැཱིࠦ໼߶౵ָߏ ɼɻ�
ґ౽� ୉࿗ʤ߶̑ʥɹ ߏ෠߶౵ָزཱིݟ෠ز ɼɻ૥ઔ� ͚͠Δʤ߶̑ʥɹ ߏઔָԄखघ߶౵ָރߒ ɼɻ�
�ચ߀ ՘ཨʤ߶̑ʥɹ ਈރঃָӅ߶౵ָ෨ ɼɻґ੐৏� ͚͠Δʤ���� ೧ଖʥɹ ਤຑָԄ߶౵ָߏʵ�

��6� ۞Ց͹ܙয়ͶΓͮͱ੗ܙ੔͹༹ࢢͺʹ͑รΚΖ͖� ���
΍͢ళ �����*DOD[VHD ൟʁ�
�ీࡖ ࿪՘ʤ߶̏ʥɹ ϓΥϨηঃָӅ߶౵ָߏ ɼɻ�
຦٤� Ҳ ʤٍ߶̐ʥɹ ԥශཱིࢤԥශγ΢ΦϱηϓϫϱτΡΠ߶౵ָߏ ɼɻԾՑᬓ� ଢஒʤ߶̏ʥɹ ք৕߶౵ָߏʵ�

�

�

��7� ਕ޽Ӷ੗Ν௪ͣͪ࣍କՆ೵͵ڢಉָसϕϫζΥέφ� ���
�ߏ౵ָ߶࠴৿گཱི ؏଎෨ʁ�
઴ڰ� ऴ࠺ɼ޳ߒ� ஒߔʤ߶̑ʥɼ�
ਤ㟔� �౽ղɼࠦܤ ޯҲɼঋ໼� ཆ੔ɼԠฑ� धɼപ੶� ༐Ҳ࿢ɼԮຌ� �ʤ߶̐ʥɼހ୕
୉໼� ӱਕɼᜌ౽� ಃɼ୉໼� ཰ਕɼҬ஖� िਕʤ߶̏ʥɹ �ʵߏ౵ָ߶࠴৿گཱི

��3� ਼खحΝ༽͏ͱηφϪηΝՆࢻԿͤΖࣆͺՆ೵͖� ���
�৏ࢀ ཁͰسʤ߶̐ʥɹ ੪ᠵ֋ஒ߶౵ָߏʵ�

��7� ,�6,7(58��Π΢ετϩ��,Q�6,WX�QL7URJ(Q�5HJHQHUDWLRQ�DQG�8WLOL]DWLRQ� �
ʘՒ੗৏͹஢ો१؂εητϞ͹ߑ૟ʘ� ���
୊ �� յ� �ΖӋநϝρεϥϱࡠ͗܇ $32//2 ൟʁ�
ඎ࡜� ҏ՜ʤ߶̐ʥɹ ߏ౵ָ߶ָؙ࡫౨ཱིݟܙࢃ ɼɻຌԮ� ඊ໎ʤ߶̐ʥɹ ߏӅ߶౵ָָ޽౐ښཱིࢤ౐ښ ɼɻ�
Ҭ৏� ཾଢ࿢ʤ߶̐ʥɹ Ѭஎཱིݟ໎࿪߶౵ָߏ ɼɻ୫޳� ಺಺੊ʤ߶̐ʥɹ ߏ෠߶౵ָزཱིݟ෠ز ɼɻ�
�ຌࢃ ໂʤ߶̐૮౲ʥɹ %ORRU�&ROOHJLDWH�,QVWLWXWH ɼɻ٤ઔ� એ՜ʤ߶̑ʥɹ ໎࣑୉ָ෉଒໎࣑߶౵ָߏʵ�

��3� �ଆߑफٷ͹ুܺ࣎஥཰ځΝ༽͏ͪӋந઩͹ஏࢶ ���
ళช෨ʁ�
ీ஦� ৼ݃ɼྵ໨� Մޙɼঘઔ� ุՈɼ౽Ҭ� ᠵଢɼ୉௸� Մஈɼ୉ਁ� ຬ⁞ɼݬٸ� լՎɼਣᖔ� �ɼل݃
ࠦ౽� ⁞ɼঀ޳� ಛਕɼ߶ڰ� �ʤ߶̐ʥɼس֨
Ҭ৏� �Ҭ־ɼۯ ङᣨɼࠦʓ໨� ՘ɼ࿚ߒ� ྗଢɼࠒנ� ୉੡ɼ҈౽� ໌಻ɼࢃ৏� �໨ߧ౩ɼދ �౉ɼܜ
ഗీ� ᰞଢɼ໼ᖔ� ӱਕɼݫ࢝� ࿪࠺ɼࢤԖ� �ࡖɼඛࡌྦ ք݆ɼౣؑ� Ոधɼᕈ૖� ୉࿪ɼੇీ� ँ໽ɼ�
໾࡜� �ɼঘઔލޓ ༙཮ɼؖ޳� Ί͹Εɼຌ྘� �ɼྵ໨࠾ ᣂѬʤ߶̏ʥɹ ੗໼߶౵ָߏʵ�



�
T：講演（４分間）＋質疑（１分間）�
S：ショートプレゼンテーション（１分間）�
P：ポスターのみ�

��7� �ؽ࿯੗ʀතӶ੗୵ࠬܗ੊େళԨ੗࣏ 81,7(��8UD1LDQ�SODQHW�DQG�,F\�VD7HOOLWH�([SORUHU��
͹֕೨ݗ౾� ���

୊ �� յ� �ΖӋநϝρεϥϱࡠ͗܇ $57(0,6 ൟʁ�
੼੶� ༖ଢ࿗ʤ߶̐ʥɹ ୉ࡗැཱིٲࠅࢀ߶౵ָߏ ɼɻ࠼ব� थʤ߶઒̐ʥɹࡥ Ѷઔۂ޽߶౵઒໵ָߏ ɼɻ�
Ց໼� Ԥࣰʤ߶̏ʥɹ ք৕߶౵ָߏ ɼɻ਄ୖ� ঌʤ஦౵̒ʥɹ ਈ಺ઔཱིݟ૮ໝݬ஦౵گүָߏ ɼɻ�
�ీࢃ ༑౉ʤ߶̏ʥɹ ෤଄߶౵ָߏ ɼɻ౽໼� ඿ʤ߶̐ʥɹࠂ ૥Ҷీࣰߏָۂ߶౵෨ʵ�

�

�

��7� �๑༼࢘ͳͨ͹ح੕րྻ͹؏଎Ͷ༽͏ΔΗͪਭ६װ ���
Ռָ෨ళชൟʁ�
ඨੋ� ݊ଢ࿢ɼԮଞ� �ɼੜਭ࠺݃ ӱيʤ஦̐ʥɹ Ԛ৴ٲཱིࢤ஦ָߏʵ�

��7� ੗ৱݳে͹ಢࣙ؏଎ʀմੵεητϞ͹ߑ஛�
ʛ0$7/$% ͶΓΖ੗ৱݳেࣙಊմੵϕϫήϧϞʛ� ���

�ߏ๼߶౵ָ࡜ٸཱིݟ࡜ٸ Ռָ෨� ஏָൟʁ�
٢ஓ� �༠ɼਁԮܜ ྱਫ਼ɼ໨ీ� ਇଢ࿢ɼᖝઔ� ࡛঺ʤ߶̑ʥɹ �ʵߏ๼߶౵ָ࡜ٸཱིݟ࡜ٸ

��3� ΤΥϔΩϟϧӫ଀͹ 3\WKRQ ϕϫήϧϞͶΓΖηϘέφϩ෾ੵ� ���
୉୫� ༟ࡌيʤ߶̐ʥɼ଻ᒞ� ᠵ࿪ɼনຌ� ͞͞Θɼฑব� ౩ࢢɼᅵҬ� ຟسɼҲᑏ� ༡نɼ໼޳� ൑༐ʤ߶̏ʥ�
ʴ॥ୈָԄ߶౵ָߏʵ�

��7� 9/%, ͹຿ؔԿΝ໪ࡠࣙͪ͢ࢨుഀ๮ԗںͶΓΖ஦੓ਭોηϘέφϩ͹؏଎� ���
༙Ҭ� ७ɼࢃ౨� ิໂɼྵ໨� ୉ٍɼۯ� ༐Խɼྜྷ� ৽Ҳ࿢ɼྜྷ� ༠धɼ኏ీ� �ʤ߶̐ʥࢢ݃
ʴ࿪Ր޴ཱིݟࢃཇ߶౵ָߏʵ�

��7� ΠέϨϩ॑ྙϪϱθ͹ϓϪϋϩϪϱθԿ� ���
໼ీ� ΉΕ͖ʤ߶̐ʥɹ ۜୖ୉ָਕؔऀճָҮָگߏүָྪ෡଒߶౵ָߏʵ�

��7� И��ཽࢢͶΓΖ෼࣯͹ߑ੔ݫોࣟพεητϞ͹ཱི֮� ���
�Ҭآ ඖഇɼঘઔ� ਇ݃ʤ߶̐ʥɹ �ʵߏઍୈ୊್߶౵ָݟ৕ٸ

�

�

�

��7� ళରΝݡΖ͞ͳ͗ਕ͹ৼͶ༫͓ΖӪڻ� ʷ੗ۯͲ༌͠ΗΖ͞ͳ͹୵ڂʷ� ���
Ցӿ� ༑՘ʤ߶ �ʥɹ ੤෤ָԄชཀྵ߶౵ָߏʵ�

��7� ΍͢΍ξʖέϜνʖ͗͵͖ͮͪΔɼʹΞ͵ӋநͶ͵Ζ͖� ���
ԥਤծ߶ߏ 3ULQFLSLD�,, ξʖέϜνʖڂݜήϩʖϕʁ�
ోว� ౩Յɼ౞໨� �বࠉඔɼښ ᰞଢɼਁీ� ੘يɼࡋઔ� ྱଢ࿢ʤ߶̐ʥɹ ਈ಺ઔཱིݟԥਤծ߶ߏʵ�

�



ኴ㝧ࡢ఩⨨࡜᫬้ࠊࡓ࠸⏝ࢆኴ㝧㸫ᆅ⌫㛫ࡢ㊥㞳ࡢ᪂࠸ࡋ⟬ฟ᪉ἲࡢ☜❧

➉㔝 ⬶ኴࠊ⛳⏣ ᙭㞞࣮ࣝ࣌ࠊ ගモࠊ๓⏣ ጲ࿴ࠊඵᮌ ኱ᶞ㸦㧗2㸧࠙රᗜ┴❧㱟㔝㧗➼Ꮫᰯࠚ 

せ᪨ 

ኴ㝧㸫ᆅ⌫㛫ࡢ⤯ᑐ㊥㞳ࢆ⟬ฟࡿࡍ᪂࡞ࡓ᪉ἲࡋ࡜

࡚ኴ㝧ࡢ఩⨨࡜᫬้ࠋࡓࡋ❧☜ࢆࡢࡶࡿ࠸⏝ࢆ

1㸬┠ⓗ

ྂ௦ࡢࣕࢩࣜࢠᏛ⪅࡛ࠊࡣࢫࢿࢸࢫࢺ࢚ࣛࡿ࠶㖄┤

ࢆ඲࿘㛗ࡢ⌫ᆅ࡚࠸⏝ࢆゅࡍ࡞ࡀᙳࡢࡑ࡜Წࡓ࡚❧࡟

ồࠊࡶࡕࡓ⚾ࠋࡓࡵኴ㝧㸫ᆅ⌫㛫ࡢ㊥㞳ࢆồࡿࡵ᪂ࡓ

ࠋࡿࡍ❧☜ࢆ᪉ἲ࡞

2㸬᪉ἲ 

ኴ㝧࡜ᆅ⌫ࡀᖹ㠃࡛ࠊ࠼⪄࡜ࡿ࠶ኴ㝧ࡀ┿ᶓ࡟᮶ࡓ

᫬ࡢ᫬้࡟ୖ┿࡜᮶ࡓ᫬ࡢ᫬้ࡿ࠸⏝ࢆ᪉ἲ㸦ᅗ㸯ཧ

↷㸧࡛ィ⟬ࡢࡇࠋࡓࡗ⾜ࢆ᪉ἲ࡛࣐ࣥࢥࡣఱ⛊ࡢ⢭ᗘ

⌮ཎࢆ㠃୕ゅἲ⌫ࡾ࠶ࡀᚲせࡿࡵồࢆ᫬้ࡢࡽࢀࡇ࡛

࡟⪄ཧࢆ᪉ࡵồࡢ᫬้ࡓࡋ࡜ python࡚࡟ィ⟬ࢫࡢ

ࠋࡓࡵồࢆ᫬้ࠊࡋసᡂࢆࢺࣉࣜࢡ

ᅗ㸯 ኴ㝧ࡢ఩⨨࡜᫬้ࡓ࠸⏝ࢆ᪉ἲࡢᶍᘧᅗ 

3㸬ィ⟬ᘧཬࡧ⤖ᯝ

ȣٙኴ㝧ࡁືࡢ㸦┿ᶓ㹼┿ୖ㸧ࡿ࠿࠿࡟᫬㛫/1᪥

ኴ㝧ࡁືࡢ㸦┿ᶓ㹼┿ୖ㸧ࡿ࠿࠿࡟᫬㛫ٙ᪥ࡢฟࡢ᫬

㛫ࡽ࠿኱Ẽᕪ➼ࢆ⪃៖ࡢࡶࡓࡋ㸫༡୰᫬้ 

ኴ㝧㸫ᆅ⌫㛫ࡢ⤯ᑐ㊥㞳ٙᆅ⌫༙ࡢᚄ/COSሺȣሻ

⤖ᯝ 1.33×10كۜۚق8ب  

while True:

   y=sympy.symbols('y') 

   a=sekikeinokatamuki*x +sekikei1 

   b=sekiinokatamuki*x +sekii1 

   th=t0 + 360.9856474*x +keido 

   r=kyorinosyokiti +kyorinokatamuki*x 

   k=(0.0024428)/r  

   iido=math.radians(ido) 

   aa=math.radians(a) 

   bb=math.radians(b) 

   tthh=math.radians(th)  

   rr=math.radians(r) 

   kk=math.radians(k) 

   f=sympy.cos(y)-((sympy.sin(kk)-

(sympy.sin(bb)*sympy.sin(iido)))/(sympy.cos(bb)*

sympy.cos(iido))) 

㒊ᢤ⢋୍ࢺࣉࣜࢡࢫ

4㸬⪃ᐹ 

⌮ㄽ᳨ࡢウཬࡧ⟬ฟࢆ್ࡓࢀࡉ௚ࡢ᪉ἲ࡛⟬ฟࢀࡉ

࡛ࡢࡶ࡞᭷ຠࡶ᫬Ⅼ࡛᭱⌧ࡣ᪉ἲࡢࡇࠊࡋẚ㍑࡜್ࡓ

ࡀ࡜ࡇࡍฟࢆ್ࡢ⢭ᗘ࡞༑ศࠊࡋ࠿ࡋࠋࡿ࠼࠸࡜ࡿ࠶

⌧᫬Ⅼ࡛ࡣฟ᮶࡚ࡢࡑࠋ࠸࡞࠸ཎᅉ࡚ࡋ࡜ḟࡀ࡜ࡇࡢ

༡ࡢᆅⅬࡿࡍ࡟࡜ࡶ࡛⟭ィࡣ᪉ἲ࡛ࡢࡇࠋࡿࢀࡽ࠼⪄

୰㧗ᗘࡀ 90ᗘ࡛ࡿ࠶ᚲせࡀࡿ࠶ࡀ pythonࣜࢡࢫࡢ

ࡣ࡛ࢺࣉ 90ᗘࡢᆅⅬࡢᗙᶆࢆ㏫⟬ࡿࡍᶵ⬟࡚ࡅࡘࢆ

ࡀ༡୰㧗ᗘ࡟☜ṇࠊࡵࡓࡓࡗ࠿࡞࠸ 90ᗘࡢᆅⅬ࡛ィ

 ࠋࡿ࠶ࡀᛶ⬟ྍࡓࡗ࠿࡞࠸࡚ࡁ࡛⟭

5㸬⤖ㄽ 

ᮏ◊✲ࡢ┠ⓗࡣኴ㝧㸫ᆅ⌫㛫ࡢ⤯ᑐ㊥㞳ࢆồࡑࠊࡵ

࡜ࡇࡿࡍ⟭ィࢆࡢࡶ࡞ࠎᵝ࡝࡞ᚄ༙ࡢኴ㝧࠸౑ࢆ್ࡢ

ࡇࡿࡵồࢆ್ࡢ⢭ᗘ࡞༑ศࡿࡁ࡛ࡀࢀࡑࠊࡀࡓࡗ࠶࡛

᪉ἲ࡛ࡿ࠸⏝ࢆ఩⨨㛵ಀࡢኴ㝧ࠋࡓࡗ࠿࡞ࡁ࡛ࡀ࡜

ࡽࡆୖࢆ⢭ᗘࡾࡼ࡛࡜ࡇ࠺⾜ࢆᨵၿࡓࡆᐹ࡛ୖ⪄ࠊࡣ

 ࠋࡿࢀࡽ࠼⪄࡜ࡿࢀ

6㸬ᒎᮃ 

ኴ㝧㸫ᆅ⌫㛫ࡢ㊥㞳ࢆ༑ศ࡞⢭ᗘ࡛⟬ฟࠊࡓࡲࠋࡿࡍ

ࢆ್࡞ࡲࡊࡲࡉ࡝࡞ᚄ┤ࡢኴ㝧ࠊ࡚࠸⏝ࢆࢱ࣮ࢹࡢࡑ

⟬ฟࠋࡿ࠸࡚࠼⪄࡜࠸ࡓࡋ

 7㸬ཧ⪃ᩥ⊩

᪥ࡢฟ᪥ࡢධࡢࡾィ⟬ 㛗ἑ ᕤ(ⴭ⪅ሻ

ㅮ₇䚷䠌䠍㻿

䠍䠌



᪥㣗ࡢ⥅⥆᫬㛫࡚࠸ࡘ࡟
ኳᩥ೜ᴦ㒊㸸࢔ࢽࣗࢪᏳඵኳᩥྎ࢔ࣆࢺ࣮ࣁ

ཎ⏣ ⪽ᡂ㸦୰㸰㸧࠙኱㔝⏫❧኱㔝୰Ꮫᰯࠊࠚᑿ㷂 ⏤ᇶ㸦୰㸯㸧࠙Ᏻඵ⏫❧Ⓩ㱟୰Ꮫᰯࠚ 

▼ᶫ భᚰ㸦୰㸯㸧࠙⩚ᓥᕷ❧➉㰯୰Ꮫᰯࠚ 

せ᪨ 

ᮏ◊✲࡛2019ࡣᖺ1᭶6᪥ࡢ㒊ศ᪥㣗ࡢ෗┿ほ ࠊࡓࡗ࠿ࢃࡽ࠿᪥㣗ࡢ๓༙㸦᪥㣗㛤ጞ᫬้ࡽ࠿㣗ศ᭱ࡀ኱ࡿ࡞࡜᫬

ࡸ㐣ཤࠊࡋ┠╔࡟᫬㛫ᕪࡢ⣙9ศ㛫ࡢ᫬㛫㸧ࡢ࡛ࡲࡿࡍ᪥㣗⤊஢ࡽ࠿᫬้ࡿ࡞࡜኱᭱ࡀᚋ༙㸦㣗ศ࡜᫬㛫㸧ࡢ࡛ࡲ้

ᮍ᮶ࡢ᪥㣗ࢆㄪ࡭᫬㛫ᕪࡢཎᅉࢆ⪃ᐹ࡟࠺ࡼࡌྠࠋࡓࡋ᪥㣗ࡢ๓༙࡜ᚋ༙࡛᫬㛫ᕪࠊ࠿ࡢࡿ࠶ࡀ᪥㣗ࡓࡁ࠾ࡢ᫬้ࠊ

Ꮨ⠇ࡢ࡝࡞㛵ಀࡽ࠿᪥㣗඲య࡞࠺ࡼࡢ࡝࡟ഴྥࠊつ๎ࢆ࠿ࡢࡿ࠶ࡀㄪࡢࡽࢀࡑࠊ࡭ཎᅉࠋࡓࡁ࡛ࡀ࡜ࡇࡿ⤠ࢆ 

㸯㸬┠ⓗ 

㸿㸬᪥㣗ࡢ๓༙࡜ᚋ༙ࡢ⥅⥆᫬㛫ࠊ࡟⣙9ศ㛫ࡢ㐪2019ࡓࢀࡲ⏕ࡀ࠸ᖺ1᭶6᪥ࡢ㒊ศ᪥㣗࡞ู≉ࡣ᪥㣗ࠋ࠿ࡢ࡞ 

㹀㸬㣗ศ᭱ࡀ኱ࡿ࡞࡜᫬㛫ᖏࠊ࡚ࡗࡼ࡟᪥㣗ࡢ๓༙࡜᪥㣗ࡢᚋ༙࡞࠺ࡼࡢ࡝࡟≉ᚩࠋ࠿ࡢࡿ࠶ࡀ 

㹁㸬᭶࡜ࡁືࡢᆅ⌫ࡓࡋ┠╔࡟ࡁືࡢሙྜࡢࡑࠊኚ໬ࡀ᪥㣗ࡢ๓༙ᚋ༙ࡢ᫬㛫ᕪ࠺࡝࡟ᙳ㡪ࠋ࠿ࡢࡿࡃ࡚ࡋ 

㸰㸬◊✲ᴫせ 

㸿㸬2019ᖺ12᭶26᪥2020ࠊᖺ6᭶21᪥ࡢ㒊ศ᪥㣗ࡣ᭎㞵ኳ࡛⥅⥆ほ

࣮ࣁࡽ࠿ィ⟬ᐊᬺࡢࢪ࣮࣒࣮࣌࣍ᅜ❧ኳᩥྎࠊ࡛ࡢࡓࡗ࠿࡞ฟ᮶ࡀ 

࣮ࢹ᪥㣗ࡢᮍ᮶࡜㐣ཤࡿࢀࡽᏳඵኳᩥྎ㸦ᒱ㜧┴Ᏻඵ⏫㸧࡛ぢ࢔ࣆࢺ

≉ࡢ᫬㛫⥆⥅ࠊᕪࡢ᫬㛫ࡢᚋ༙࡜๓༙ࡢ᪥㣗ࡾ㏻ࡢ1⾲ࠊࡋᚓྲྀࢆࢱ

ᚩࠋࡓࡵ࡜ࡲࢆ

㹀㸬⾲1࡛㐣ཤཬࡧᮍ᮶ࡢ᪥㣗ࢆࢱ࣮ࢹࡢ࡚࠸ࡘ࡟ᇶࠊ࡟ᶓ㍈࡟᪥㣗

᪥㣗ࠊࡾྲྀࢆ᫬㛫ᕪࡢᚋ༙࡜๓༙ࡢ㣗࡟㍈⦪ࠊࢆ᫬้ࡿ࡞࡜኱᭱ࡢ㣗ࡢ

ࡢ࡝ࠊࡋసᡂࢆᩓᕸᅗ㸦ᅗ㸯㸧ࡢ㛵ಀࡢ᫬㛫ᕪࡢ๓༙ᚋ༙࡜኱᫬้᭱ࡢ

 ࠋࡓ࡭ㄪ࠿ࡿ࠶ࡀ㛵ಀ࡞࠺ࡼ

㹁㸬ᅗ㸰ࡣ᫓ศ㸦⛅ศ㸧ࡢ᪥ࠊ࡟ぢࡢୖࡅ࠿᭶ࡢ⛣ື㊥㞳࡜ᆅ⌫ࡢ෇

࿘ゅࡓ࠼⪄ࢆሙྜࡌྠࠊ෇࿘ゅ࡛ࡶ࡚ࡗ࠶ぢࡢୖࡅ࠿᭶ࡢ⛣ື㊥㞳ࡣ␗

ࣇࣛࢢࢆ㛵ಀࡢ࡜㌿㏿ᗘ⮬ࡢ⌫ᆅ࡜ᑐ㏿ᗘ┦ࡢ᭶ࠊࡾࡼᯝ⤖࠺࠸࡜ࡿ࡞

⾲ࢆ஢⤊ࠊ኱᭱ࠊ㛤ጞࡢ㣗ࡢ2035ᖺ࡜2019ᖺࡣ⥺⦪ࠋࡿ࠶࡛ࡢࡶࡓࡋ࡟

ࡢほ ᆅⅬ㸦᪥ᮏ㸧ࡿࡼ࡟Ꮨ⠇࡟ࡽࡉࠊኚ໬ࡢᑐ㏿ᗘ┦ࡢ⌫᭶࣭ᆅࠋࡍ

ࠊࡀࡏࢃྜࡳ⤌ࡿࡼ࡟࠸㐪ࡢࡁືࡢᙳࡢ᭶ࡿࡼ࡟㝆஺Ⅼ࡜஺Ⅼ᪼ࠊࡁື

᪥㣗ࡢ๓༙࡜ᚋ༙ࡢ࡜᫬㛫ࡢᕪࢆస࡜࠿࠸࡞ࡣ࡛ࡢࡿ࠸࡚ࡗㄪࠋࡓ࡭ 

㸱㸬⤖ᯝ 

㸿㸬ㄪᰝࡢ࡚࡭ࡍࡓࡋ᪥㣗࡛㣗ࡢ๓༙࡜ᚋ༙ࡢ᫬㛫ࠊࡾ࠾࡚ࡗ࡞␗ࡀ

᭱኱࡛⣙12ศ࡛2019ࠋࡓࡗ࠶ᖺ1᭶6᪥ࡢ᪥㣗ࠋࡓࡗ࠿࡞ࡣู࡛≉ࡣ 

㹀㸬ᅗ1ࠊ࡟࠺ࡼࡓࡋ♧࡟㣗᭱ࡢ኱᫬้ࠊ࡚ࡗࡼ࡟᪥㣗ࡢ๓༙ᚋ༙ࡢ

᫬㛫ࡢ㛗࡟ࡉ≉ᚩࠊࡾ࠶ࡀ༗๓୰ࡢ᪥㣗ࡣᚋ༙ࡀ㛗ࠊࡃṇ༗㏆ࡢࡃ᪥㣗

኱᭱ࡢ㣗ࠋࡓࡗ࠿㛗ࡀ๓༙ࡣ᪥㣗ࡢ༗ᚋࠊࡃ࡞ᑡࡀ᫬㛫ᕪࡢ๓༙ᚋ༙ࡣ

᫬้ࡌྠࡰ࡯ࡀ᪥㣗࡛ࡶ࡚ࡗ࠶๓༙ᚋ༙ࡢ⥅⥆᫬㛫ࡢᕪࡀ኱ࡶࡢࡶ࠸ࡁ

 ࠋࡓࡋ♧ࢆᚩ≉ࡢᆺࠖ⼖ࡵᩳࠕࡣᩓᕸᅗ࡚ࡋ࡜඲యࠋࡿ࠶

㹁㸬᭶ࡢᙳࡢ㏿ᗘࠊࡣᆅ⌫ࡢ⮬㌿ࡾࡼ࡟ほ Ⅼࠊࡵࡓࡿࡍື⛣ࡀ┦ᑐ

㏿ᗘ࡛⪃࡜ࡿ࠼ᮅኤࠊࡃ㏿ࡣṇ༗ࡣ㐜ࡃぢࠊࡓࡲࠋࡿ࠼ኴ㝧ࡓࡳࡽ࠿᪥

ᮏࡢ㌶㊧ࡣᏘ⠇ࡁື࡚ࡗࡼ࡟᪉ࡀ኱ࠊࡾ࡞␗ࡃࡁ᭶ࡢᙳ᪼ࡶ஺Ⅼ࠿㝆஺

Ⅼࡀࡁྥࡃື࡚ࡗࡼ࡟࠿㐪࡚ࡗࡼ࡟ࡏࢃྜࡳ⤌ࡢࡽࢀࡑࠋ࠺᭶ࡢᙳෆࡢ

᪥ᮏࡃືࡢ㊥㞳ࡀ๓༙࡜ᚋ༙࡛ኚࠊࡵࡓࡿࢃ᪥㣗ࡀほ ࡛ࡿࡁ᫬㛫ࡀ␗

 ࠋࡓࡋ♧ࢆᙳࡢ᪥㣗᫬࡜ື⛣ࡢほ Ⅼࡢ⮳෤࡜⮳ኟ࡟ᅗ3ࠋࡿࡃ࡚ࡗ࡞

㸲㸬ࡵ࡜ࡲ 

 ᪥㣗ࡢ๓༙ᚋ༙ࡢ⥅⥆᫬㛫ࡢࡑࡣ㣗ศ᭱ࡢ኱᫬้ࡀࡽࡕ࡝ࠊ࡚ࡗࡼ࡟

㛗࠿࠸Ỵࠊࡾ࠾࡚ࡗࡲṇ༗࡛ࠊࡾ࡞ࡃࡋ➼ࡰ࡯ṇ༗ࡽ࠿㐲࡝࡯ࡃࡢ᫬㛫

ᕪࡣ኱ࡢࡑ࡚ࡋࡑࠋࡿ࡞ࡃࡁ᫬㛫ᕪࡣ᭶࣭ᆅ⌫ࡢ┦ᑐ㏿ᗘࠊᏘ⠇ኚ໬࡟

ྥࡃືࡢᙳࡢ᭶ࡿࡼ࡟㝆஺Ⅼ࡜஺Ⅼ᪼ࠊኚ໬ࡢ㊰⤒ື⛣ࡢほ ᆅⅬࡿࡼ

࡟せᅉࡢ࠿ࡘࡃ࠸ࡿࢀࡲ⏕ࡀࡽࢀࡑࠊつ๎ᛶࡢ᫬㛫ᕪࡢ๓༙ᚋ༙ࡢ᪥㣗ࡣ࡛✲◊ࡢ௒ᅇࠋࡿࡍኚື࡚ࡗࡼ࡟࠸㐪ࡢࡁ

࡞࠸࡚ࡁド᳨࡛ࡣ࡚࠸ࡘ࡟ヲ⣽ࡿࢃ๓༙ᚋ༙࡛ኚࡢ᪥㣗ࡀࡁືࡢ᪥ᮏࡢᙳෆࡢ᭶ࠊࡋ࠿ࡋࠋࡓࡁ࡛ࡀ࡜ࡇࡿ㏕࡚࠸ࡘ

ࡀせᅉࠊつ๎࡞ࡓ᪂࡟᭦ࠋ࠸࡞࠸࡚ࡗ࠿ࢃࡣ࡜ࡾࡁࡗࡣࡔࡲࡣ࠿ࡢࡿࡍᙳ㡪࡟ᗘ᫬㛫ᕪ⛬ࡢ࡝య୍ࡀࡽࢀࡑࠊࡵࡓ࠸

ぢࠊ࡛ࡢ࠸࡞ࢀࡋࡶ࠿ࡿ࠿ࡘ௒ᚋࠋ࠸ࡓࡁ࠸࡚ࡅ⥆ࢆ✲◊࡚ࡋ⥆⥅ࡶ 

㸳㸬ཧ⪃ᩥ⊩➼ 

ᅜ❧ኳᩥྎ ᬺィ⟬ᐊ ᪥㣗ྛᆅணሗ https://eco.mtk.nao.ac.jp/cgi-bin/koyomi/eclipsex_s.cgi 

࠙ㅰ㎡࢔ࣆࢺ࣮ࣁࠚᏳඵኳᩥྎྎ㛗 ⯪㉺ᾈᾏඛ⏕ࡢ✲◊ࡣ࡟ᵝ࡞ࠎሙ㠃࡛ࡈᣦᑟ࣭ࡈຓゝࠋࡓࡋࡲࡁࡔࡓ࠸ࢆᮏᙜ

 ࠋࡓࡋࡲ࠸ࡊࡈ࠺࡜ࡀࡾ࠶࡟

ㅮ₇䚷䠌䠎㼀

䠍䠍



 

Ụᡞ᫬௦ࡢኴ㝧ࡢ༡୰㧗ᗘࡢほ ἲ࡜ᬒ➢ࡢኚ㑄 

⛉Ꮫ㒊ኳᩥ⌜㸸 

Ᏻ⸨ ᑀ㡢ࠊ୰ᓥ 㣁⳯ࠊ௒ᮧ ᭶஀㸦୰1㸧࠙ሷᑼᕷ❧ୣ୰Ꮫᰯࠚ 

1㸬せ᪨
Ụᡞ᫬௦ࡢኴ㝧ࡢ༡୰㧗ᗘࡢほ ἲࠕࡢ᚟ඖࠖࢆ┠ⓗࠊ࡚ࡋ࡜ᐶᨻᬺ᭩ࡢグ㏙࡟ᇶ࡙ࡓ࠸ほ ࠊ࠸⾜ࢆᬒ➢ࡢᵓ㐀

 ࠋࡓࡋᐹ⪄࡚࠸ࡘ࡟⏤⌮ࡓࡗࢃኚࡾ⛣࡜㸦ᐶᨻᬺ㸧࣮ࣝ࣍ࣥࣆࠊ㸦ᐆᬺᬺ㸧ࢺࢵࣜࢫࠊ㸦㈆ாᬺ㸧࣮ࣝ࣍ࣥࣆࡀ

2㸬࡟ࡵࡌࡣ㸦ほ ࡜୰ᚰᴟ㝈ᐃ⌮࡚࠸ࡘ࡟㸧 

 ➨23ᅇࡢࡕࡓ⚾ࡢ࡛ࣥࣙࢩࢵࢭ࢔ࢽࣗࢪᆂ⾲

൤ࡢほ ࡢⓎ⾲
*1
㤿ሙࡢᅜ❧ኳᩥྎࠊ࡚࠸ࡘ࡟

ಇ௓ඛ⏕ࠕࡽ࠿ᐶᨻᬺ᭩ࡢほ ᡭ㡰࡛᭱ᚋ࡟

ࠗ」ᩘᅇ ᐃ࡚ࡋ୰ᚰࠊ࠺࠸࡜࠘ࢀྲྀࢆ௒ࡢᐇ

㦂࡛ࡶᇶᮏࡢ᪉ἲ㸦୰ᚰᴟ㝈ᐃ⌮㸧ࡀ᭩࡚ࢀ࠿

࠺ࡑࡣほ ᡭ㡰࡛ࡢ୰ୣࠋࡓࡋࡲࡁ㦫࡟ࡢࡓ࠸

ࢥ࠺࠸࡜ࠖࠒ㸽࠿࠺ࡻࡋ࡛ࡿ࠸࡚ࡋࡣ࡜ࡇ࠺࠸

ᆺࢺࢵࣜࢫࡣࡕࡓ⚾ࠊࡋ࠿ࡋࠋࡓ࠸㡬ࢆࢺ࣓ࣥ

ࡋ㸯ᅇ࡟ ほࡢ㸯ᅇࠊࡵࡓࡓ࠸࡚ࡗ౑ࢆ➢ᬒࡢ

ࡢᐶᨻᬺ᭩ࠊ࡛ࡇࡑࠋࡓࡗ࠿࡞࠸࡚ࡁᐃ࡛ ࠿

᪉ἲ࡛」ᩘᅇࡢ ᐃࠊ࡚ࡋࢆ⢭ᗘࡢ㧗࠸ほ ࡀ

 ࠋࡓࡋ࡟࡜ࡇࡿࡳ࡚ࡵ࠿☜ࢆ࠿ࡿࡁ࡛

3㸬ᐶᨻᬺ᭩࡟グ㍕ࡓࢀࡉ᪉ἲ 

4㸬⚾ࡀࡕࡓ෌⌧ࡓࡋ᪉ἲ 

ࢆ࠿࠺࡝࠿ࡿ࠶࡟୰ᚰࡢኴ㝧ീࡀീࡢᶓᱱࠊሙྜࡢ➢ᬒࡢᘧࢺࢵࣜࢫࡢ࡛ࡲࢀࡇ 

࡟㸧ࡁྥࡢᆶ┤㸦ᶓᱱ࡟ᆂ㠃ࡀⅬࡓࡗ ࡜ࡔ᪉ἲࡢࡇࠊࡀࡓࡗ࠿ࡋ㞴ࡀࡢࡿࡍุ᩿

୪ࢆ࡜ࡇࡪ฼⏝ࠊ࡚ࡋṇ☜࡞఩⨨ࠊࡓࡲࠋ࠸ࡍࡸࡋุ᩿ࢆᬒ⟂࡟ീࢆᫎ࡜ࡍ㩭࡛᫂ 

ぢࡓࡲࠊࡾ࡞ࡃࡍࡸᅗ2࡟࠺ࡼࡢ㏫࡚ࡋ࡟ࡲࡉගࢆ㐽࡜ࡿᆂ㠃࡟ᫎࡿᶓᱱࡢീࢆ㩭᫂ࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ࡟

5㸬ほ ⤖ᯝ 

 ⤖ᯝࢆᅗ3ࠋࡍ♧࡟ᅗ3ࠊࡣ࡟୺࡚ࡋ࡜බ㌿㏿ᗘࡢኚ໬ࡀἼࡢᙧࢆᥥ࡚࠸

ࡿࢀࡽ࠼⪄࡜ࡿࢀ⌧
*3
ࡑࠊࡣ࡛ ほࡢ2021ᖺ8᭶௨㝆ࡿࡼ࡟ほ ἲ࡞ࡓ᪂ࠋ

ࡁ࡚ࢀ⌧ࡀኚ໬࡟░ẚ㍑ⓗ᫂ࠊࡾ࡞ࡃ࡞ᑡࡀࡁࡘࡽࡤࡢ್ ほࡾࡼ௨๓ࢀ

 ࠋࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡵ࠿☜࡚ࡋ⥆⥅ࢆ ほࡶ௒ᚋࠋࡿ࠼ぢ࡟࠺ࡼࡿ࠸࡚

6㸬ほ ἲࡽ࠿ᬒ➢ࡢᙧᘧࡢኚ໬ࡢṔྐࢆ⪃ᐹࡿࡍ 

 Ụᡞ᫬௦࡟౑ࡓ࠸࡚ࢀࢃᬒ➢ࠊࡣ㈆ாᬺ(1683ᖺ)࡛࣮ࣝ࣍ࣥࣆࡣᆺࡗࡔ

࡞࡟ᐶᨻᬺ㸦1798ᖺ㸧ࠊࢀࢃ౑ࡀᆺࢺࢵࣜࢫࡣᐆᬺᬺ㸦1755ᖺ㸧࡛ࠊࡀࡓ

ࡿ࠸࡚ࡗᡠ࡟ᆺ࣮ࣝ࣍ࣥࣆࡧ෌࡜ࡿ
*2
ࡢࡕࡓ⚾ࡢ࡛ࡲ᫖ᖺࠊࡣᐆᬺᬺ࡛ࠋ

ほ ἲࡾࡼࠊ࡟࠺ࡼࡌྠ࡜᫂࠸ࡿീࢺࢵࣜࢫ࡟ࡵࡓࡿࡍ࡟ᆺ࠼⪄࡜ࡓࡋ࡟

 ᚓࢆ್ ほ࠸㧗ࡢ⢭ᗘࡽ࠿ᐃ ࡢࡃከࡾࡼࠊࡣᐶᨻᬺ࡛ࠊࡓࡲࠋࡿࢀࡽ

ࡓࡋゎỴ࡛࡜ࡇ࠺౑ࢆ⟂ᬒࠊࡣᡤ▷࠺࠸࡜ࠖ࠸ᬯࡀീࠕࡢࡑࠊࡋ⏝᥇ࢆᆺ࣮ࣝ࣍ࣥࣆ࡚ࡋ࡜࠺
*1
ࠋࡿࢀࡽ࠼⪄࡜ࡔࡢ

࠙ཧ⪃ᩥ⊩ࠚ 

1 ᕷᕝ᭾㇏,ᆂ⾲൤ࡢ⿵ຓほ ჾලࠕᬒ⟂࣭ᬒ➢ࠖࡢᙺ๭,2021ᖺ,➨23ᅇ᪥ᮏኳᩥᏛ఍ࣥࣙࢩࢵࢭ࢔ࢽࣗࢪண✏㞟 

2 ᰗ⃝ὒᩥ,ྂほ ᶵჾࠕᆂ⾲ࠖ3ࡢDCG᚟ඖ,2012ᖺ,ኳᩥᩍ⫱ᬑཬ◊✲఍ㄅࠗኳᩥᩍ⫱࠘Vol24 No.1 

3 㛗⏣⌰ᩯ,ඵᑻࡢᆂ⾲൤ࡓ࠸⏝ࢆኴ㝧ࡢ༡୰㧗ᗘࡢほ , 2019ᖺ,➨21ᅇ᪥ᮏኳᩥᏛ఍ࣥࣙࢩࢵࢭ࢔ࢽࣗࢪண✏㞟 

㸦๓␎㸧 ๎ࠊࡕ㞃↛࡜ぢࡢࡑࡋ࠼ᱱᙳன㸦ࡼ㸧ࠊࡾගⅬ୰࡟᪊࡚࠸Ṉࠋࡿྲྀࢆࢀᬒ⟂ࢆ㸦ᬒ㸧➢ࡢୗ࡟⨨

୍ࡓࡲᙳࡢࡑࠋࡍグࢆቚⅬ࡟ᆂ㠃ࠊࡾཤࢆ⟂ᬒ࡚ࡋ⪌ࠋஓࡿぢ࡟㢧᫂ࡃࡋࡔ⏒ᱱᙳࡕ๎ࠋࡍ㏕⦰࡟ᬒࢀ඼ࠊࡁ

᫬㸦୍ᅇ㸧࡟Ỵᐃ࡟࠼ࡺࠋࡎࡽ࠿࡭ࡍ㐍㏥ࡿࡏᬒ➢ࡢගⅬ୰ࡢᱱᙳࡢᡤࢆ␓㸦࠿㸧ࠋࡃୗ᭩ࡢࡁቚⅬᩘ࠿ᡤࠊ

ᢡ⾺ࡢࡑ࡚ࡋᬘᚰࠋࡿྲྀࢆᬘᚰᕬ࡜ṇ࡚ࡋ⪌ࠋࡾ࡞ᚋࠊᆂᑻࡢࡑ࡚࠸⏝ࢆ㏆ഐࢆ␓ࡢᰝ㸦ࡽࡋ㸧ࠊ࡭ᮏ᪥ࡢᬘ

ᬒࡢ୔㸦ᑻᑍศཊ㸧ࠊࢆᆶ⥺࡚࠸⏝ࢆᚓࠋࡿ㸦ᚋ␎㸧 㸦₎ᩥ࡛᭩ᬺࡓࢀ࠿᭩ࡢㄞࡳୗᩥࡋ 
*1 

㸧

 ᆂ㠃ࡓࡋࡾࡸࢇࡰ࡟ୖࡢᶓᱱࡢᙳࡢ๓࡟ᬒ➢ࠋࡃ⨨ࢆᬒ➢ࡃࡘࡀ࣮ࣝ࣍ࣥࣆࡢ

ࡿࡍࠋࡍ࠿ືࡋᑡ࡟᪉ྥࡉ㛗ࡢᆂࢆ➢ᬒࠊࡽࡓࢀࡽぢࡀീࡢᶓᱱ࡟୰ࡢኴ㝧ീࡿ

ࡢീࡢᶓᱱࠊ࡟ࡁ࡜ࡓࡗ࡞࡟୰ᚰࡢኴ㝧ീࠊ࡛ࡢࡃືࢆ୰ࡢኴ㝧ീࡀീࡢᶓᱱ࡜

఩⨨࡟Ⅼࢆᡴࠊࢆࢀࡇࠋࡘᆂ࡜ᆶ┤᪉ྥ࡟ᑡ7ࡽࡀ࡞ࡋࡽࡎࡘࡎࡋ㹼10ᅇ࡝࡯⧞

ᆶ࡜᪉ྥࡢᆂࠊ࡟࠺ࡼࡿ࡞࡜୰ኸࡢࡁࡘࡽࡤࡢⅬࠊࡽࡓࡗࢃ⤊ࡕᡴࢆⅬࠋࡍ㏉ࡾ

 ࠋࡿ ࡛ࡋࡉࡢࡶࢆ㊥㞳ࡢ࡛ࡲⅬࡢୗ┿ࡢᶓᱱࡽ࠿ࡇࡑࠊࡁᘬࢆ⥺࡞┤

ㅮ₇䚷䠌䠏㻿

䠍䠎



༑Ꮠᙧࡢᶓᱱࡓ࠸⏝ࢆኴ㝧ࡢ༡୰㧗ᗘ࣭༡୰᫬้ࡢほ 

⛉Ꮫ㒊ኳᩥ⌜㸸 

ఀ⸨ ៅஅຓࠊụ⏣ ఀ྿㸦୰2㸧࠙ሷᑼᕷ❧ୣ୰Ꮫᰯࠚ 

㸯㸬せ᪨ 

 ୣ୰ኳᩥ⌜ࡣ࡟ 8 ᑻࡢ኱ᆺᆂ⾲൤ࡢ௚ࠊ࡟ඛ㍮ࡀࡕࡓ⪃᱌ࡓࡋ༑Ꮠᙧࡢᶓᱱࢆ

ᣢࡘ㧗ࡉ 60cmࠕࡢ᪉఩㧗ᗘ ᐃჾࠖࡶṧ࡚࠸⏝ࢆࢀࡇࠋࡿ࠸࡚ࢀࡉ஧ḟᘧ࡟㏆ఝ

ࡁ࡛ࡀᐃ ࡢ༡୰᫬้ࡧࡼ࠾ᐃ ࡢ༡୰㧗ᗘ࡞⢭ᐦ࡟ᆂ⾲൤ྠᵝࠊ࡛࡜ࡇࡿࡏࡉ

 ࠋࡓࡗ⾜ࢆド᳨ࡢ⢭ᗘ࡜ ほ࡚࠼⪄࡜࠿࠸࡞ࡣ࡛ࡢࡿ

2㸬᪉఩㧗ᗘ ᐃჾࡢ௙⤌ࡳ 

 ᬒ➢࡜࿧ࢆ࣮ࣝ࣍ࣥࣆࡿࢀࡤ౑࡚ࡗኴ㝧࡜ᶓᱱࡢീࢆỈᖹ㠃ୖ࡟ᫎࡣࡢࡍᆂ⾲

൤ྠ࡜ᵝ࡛ࠋࡿ࠶ᶓᱱࡀ༑Ꮠᙧ࡛ࠊ࡜࡜ࡇࡿ࠶ᖜࡢᗈ࠸Ỉᖹᯈୖ࡟ീࢆᫎࡍⅬࡀ

㸦ᅗࡿ࠸࡚ࡗ࡞␗ 1㸧ࠋ 

3㸬᪉఩㧗ᗘ ᐃჾࡓ࠸⏝ࢆほ  

(1) ほ ᪉ἲ

ᬒ➢ࡀỈᖹ㠃ୖ࡟ᫎࡍኴ㝧ീࡢ୰ᚰ࡟༑Ꮠᙧᶓᱱࡢീࡢࡑࠊࡋ࡟࠺ࡼࡿࡃࡀ஺

Ⅼ࡟༳11ࠊࢆࢀࡇࠋࡿࡅࡘࢆ᫬㡭ࡽ࠿ 12᫬ 30ศ㡭࡛ࡲ 5ศࡾ⧞࡟࡜ࡈ㏉ࡍ (ᅗ

ኚ໬ࡢࡉ㛗ࡢᙳࠊ࡚ࡗ ࢆ࡛ࡲ⨨఩ࡢᙳࡽ࠿Ⅼࡢୗ┿ࡢ༑Ꮠᆺᶓᱱ࡟ほ ᚋࠋ(2

 ࠋࡿ࡭ㄪࢆ

(2) ィ⟬᪉ἲ

᪉఩㧗ᗘ ᐃჾࠊࡣᆂ⾲൤ࡾ࡞␗࡜ 5 ศ㛫㝸࡛ ࠊࡵࡓࡿᙳࡿ࡞ࡃ▷ࡶ᭱ࡀ

᫬ࡢ㛗࡜ࡉ᫬้࡛ࡇࡑࠋ࠸࡞ࡽ࠿ࢃࡀほ ⤖ᯝࡿࡍ⮴୍ࡃࡼࡶ᭱࡜ࣇࣛࢢࡢ஧

ḟ㛵ᩘࡢᘧࢆồࠊ࡛࡜ࡇࡿࡵᙳࡢ㛗᭱ࡢࡉᑠ್࡜༡୰᫬้ࢆồࠋࡓࡋ࡟࡜ࡇࡿࡵ

⾲ィ⟬ࠊ࡚࠸⏝ࢆࢺࣇࢯ஧ḟ㛵ᩘ y=a(x-b)2+c ࡟㏲ḟ㏆ఝ࡚ࡋồࠋࡓࡵ

4㸬ほ ࡜ᅜ❧ኳᩥྎࡢࡳࡼࡇィ⟬ᐊࡢィ⟬⤖ᯝࡢ࡜ẚ㍑ 

(1) ほ ࡢ⤖ᯝ

2021 ᖺ 9 ᭶ 24 ᪥ࡢほ ୖ࡚࠸ࡘ࡟グࡢᘧࡢ a,b,c ᑠ஧஌ἲ᭱ࠊ࠼ኚࢆ್ࡢ

ᅗࢆᯝ⤖ࡓࡋ㏲ḟ㏆ఝࡾࡼ࡟ 3 ⾲࡜ 1 bࠋࡍ♧࡟ ࡣ 11 ᫬ࢆᇶ‽ࡓࡋ࡜༡୰᫬

ࡣ༡୰᫬้ࡽ࠿࡜ࡇࡿ࠶้࡛ 11 ᫬ 39 ศ 22 cࠋࡿࢀࡽࡵồ࡜⛊ ▷ࡶ᭱ࡣ್ࡢ

࡜ࡿࡵồࢆ༡୰㧗ᗘࡽ࠿ࡇࡑࠊࡾ࠶࡛ࡉ㛗ࡢᙳࡢࡁ࡜ࡿ࡞ࡃ 52.87rࠋࡿ࡞࡜

ᅜ❧ኳᩥྎࡢࡳࡼࡇィ⟬ᐊࡢ webࢆࢺ࢖ࢧ౑ࡓࡗ⤖ᯝ࡜ẚࠊ࡜ࡿ࡭ㄗᕪࡣ༡୰

㧗ᗘࡀ ࡀ༡୰᫬้ࠊ0.5° 50 ࢀほ ࡛୙័ࡢ࡚ࡵึࡣࢀࡇࠋ࠸ࡁ኱࡜࡝࡯⛊

 ࠋࡓ࠼⪄࡜ࡿ࠶ཎᅉ࡛ࡶ࡜ࡇ࠸ࡃ࡟࠼ぢࡀീࡢᶓᱱࡸኴ㝧ࠊ࠼ຍ࡟࡜ࡇࡓࡗࡔ

(2) ⢭ᗘྥୖࡢࡵࡓࡢᕤኵ

⢭ᗘྥୖࠊ࡟ࡵࡓࡢᆂ⾲൤࡛ࡿ࠸࡚ࢀࡽ࠸⏝ࡶᬒ⟂࠺࠸࡜ほ ⿵ຓჾලࡢ౑⏝

⾲ࡣᯝ⤖ࠋࡓࡳヨࢆ 2 ࡢᆂ⾲൤ࠊࡾ࡞࡟☜ṇࡾ࡞࠿ࡣ༡୰㧗ᗘࠋࡓࡗ࡞࡟࠺ࡼࡢ

ほ ⤖ᯝࡶࡾࡼ⢭ᗘࡿ࡞ࡃࡼࡀሙྜࠊࡋ࠿ࡋࠋࡓࡗ࠶ࡶ༡୰᫬้ࡾࡲ࠶ࡣᨵၿࡏ

3ࠊࡎ ᅇࡢほ ඲࡚࡚࠸࠾࡟ 30 ┙ࡢᐃჾ ࠊ࡛ࡇࡑࠋࡿ࠸࡚ࡗ࡞࡜್࠸᪩࡝࡯⛊

㠃ࢆㄪ࡟࠿ࡎࢃࠊ࡚࠸࡚ࡌ⏕ࡀࡳࡀࡺࠊࢁࡇ࡜ࡓࡳ࡚࡭୰ኸ㒊ศࡀᾋ࡚ࡗࡀୖࡁ

 ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ㛵ಀ࡟ࢀࡎࡢ༡୰᫬้ࡀ࡜ࡇࡢࡇࠋࡓࡋุ᫂ࡀ࡜ࡇࡿ࠸

5㸬࡜ࡵ࡜ࡲ⪃ᐹ 

࣭㧗ᗘ᪉఩ ᐃჾࡶ࡚࠸⏝ࢆ༡୰᫬้࡜༡୰㧗ᗘࢆồࠋࡿ࠶࡛⬟ྍࡣ࡜ࡇࡿࡵ

ᆂ࣭⾲൤ࡃࡌྠ࡜ほ ࡟ᆂ⟂ࡾࡼ࡛࡜ࡇࡿ࠸⏝ࢆṇ☜࡞ほ ࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍࢆ 

࣭ᆂ⾲൤࡛ࡣ⢭ᗘྥୖࠊ࡟ࡵࡓࡢほ ᫬࡟Ⅼࢆ ࡽ࠿7 10ᅇᡴ࡚ࡗほ ୍ࠋ࠺⾜ࢆ

᪉ࡢࡇࠊ ᐃჾࡣᶓᱱࡢ㧗ࡀࡉ 60cm࡜ᑠᆺࡢ⿦⨨࡛20ࠊࡀࡿ࠶ᅇࢀࡑࡣࡓࡲ௨

⢭࠸㧗ࡢᵝྠ࡜኱ᆺᆂ⾲൤ࠊࡽ࠿࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍࢆᐃ ࡢᅇᩘࡢୖ

ᗘࡢほ ࠋࡿࢀࡽ࠼⪄࡜ࡔࡢࡿࡁ࡛ࡀ

࣭඲࡚ࡢほ ࡚࠸࠾࡟༡୰᫬้ࡀ  ᪉఩㧗ᗘࠊࡣ࡚࠸ࡘ࡟࡜ࡇࡿ࡞ࡃ᪩࡝࡯⛊30

ᐃჾࡀࡳࡀࡺࡢ㛵ಀࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ

6㸬௒ᚋࡢㄢ㢟 

Ỉᖹ㒊ࢆࡳࡀࡺࡢಟṇ࡛࡞࠺ࡼࡿࡁᶵ⬟ࡀ௜ࡓ࠸⿦⨨ࢆ〇సࠋ࠸ࡓࡁ࠸࡚ࡋ 

࠙ཧ⪃ᩥ⊩ࠚ 

ᯇ⃝ࠊ࠿࡯ࢬࢩᙳࡢ㛗ࡢࡉኚ໬ࡢほ ࡽ࠿♽Ἀஅࡢἲ࡛ኴ㝧ࡢ༡୰᫬้ࢆồࡿࡵ, ➨ 21 ᅇ᪥ᮏኳᩥᏛ఍ࢵࢭ࢔ࢽࣗࢪ

ண✏㞟ࣥࣙࢩ

ㅮ₇䚷䠌䠐㻼

䠍䠏



Unityࡓ࠸⏝ࢆᑠᝨᫍ㌶㐨ࡢᏳᐃᛶ᳨ࡢド 

ὸ἟ ⯟ᚿࠊἙ༡ ె࿃㸦㧗1㸧࠙ᕢ㬞㧗➼Ꮫᰯࠚ 

せ᪨ 

Ᏻᐃᛶ࡞ຊᏛⓗࡢ㌶㐨ࡢᑠᝨᫍࡿࡅཷࢆ㔜ຊࡢᮌᫍ࡜ኴ㝧ࠊ࡚࠸⏝ࢆ⬟ᶵ⟭₇⌮≀ࡢࣥࢪ࢚࣒࣮ࣥࢤ

 ࠋࡓࡗ⾜ࢆド᳨࡚࠸ࡘ࡟
㸯.࡟ࡵࡌࡣ

2021ᖺ10᭶16᪥ࠊNASAࡢᑠᝨᫍ᥈ᰝᶵLucyࡀᡴୖࡕ

ࣝ࣋ࣥ࢖࣓ࡸᑠᝨᫍ⩌ࣖࣟࢺࡣ᥈ᰝᶵࡢࡇࠋࡓࢀࡽࡆ

ࢀࡇࠋࡿ࠶ணᐃ࡛ࡿࡍ ほࢆᑠᝨᫍࡢࡘィ8ࡢᑠᝨᫍࢺ

ࡿ࡭ㄪࡃࡋヲ࡚࠸ࡘ࡟ᑠᝨᫍ㌶㐨ࠊ࡚ࡋ࡜ࡅ࠿ࡗࡁࢆ

ࠋࡓࡋ࡟࡜ࡇ

㸰.┠ⓗ

ⅆᫍ࡜ᮌᫍࡢ࡜㛫࡟Ꮡᅾࡿࡍከᩘࡢᑠᝨᫍࠊࡕ࠺ࡢ

ᮌᫍࡢ㔜ຊ࡚ࡅཷࢆ㌶㐨ࡀᏳᐃࣖࣟࢺࡿࡍ⩌ᑠᝨᫍࠊ

࢝ࡿ࡞࡟୙Ᏻᐃ࡜ᑠᝨᫍ⩌࣮ࣞࣗࢳࠊᑠᝨᫍ⩌ࢲࣝࣄ

࠸ࡘ࡟Ᏻᐃᛶࡢᑠᝨᫍ㌶㐨ࡿࡅ࠾࡟㛫㝽ࡢࢻࢵ࢘ࢡ࣮

᳨ࡾࡼ࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩࡓ࠸⏝ࢆࣥࢪ࢚࣒࣮ࣥࢤ࡚

ドࠋࡿࡍ

㸱.᪉ἲ

(1)౑⏝ࡓࡋPCࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩࠊ
౑⏝ࡓࡋPC㸸NEC VersaPro

㸸corei3-8145U CPU  2.10GHzࢧࢵࢭࣟࣉ࣭
࣭ᐇ⿦ RAM㸸8.00 GB

(㸸Unity1ࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩ

↓ᩱ࡛࣒࣮ࢤࡿࡁ࡛ࢻ࣮ࣟࣥ࢘ࢲไసࠊ࡛ࣥࢪ࢚ࣥከ

ࠋࡿ࠶ࡀࢺ࢖ࢧࡸཧ⪃᭩ࡢᩘ

(2)☜ㄆ

䠄2䌦1䠅୓᭷ᘬຊࡿࡼ࡟㐠ືࡢ☜ㄆ

mizu-mi blog2)࡛ࡣᆅ⌫ࡀኴ㝧ࡢ࿘ࢆࡾ෇㐠ືࡸᴃ

෇㐠ືࡿࡍᵝᏊࠋࡿ࠸࡚ࡋࣥࣙࢩ࣮࣑ࣞࣗࢩࢆ௒ᅇࡣ

ᐜ᳨᫆࡟ドྍ⬟࡞෇㌶㐨࡛ࡳࡢ෌⌧ࠋࡓࡗ⾜ࢆ

(2Ѹ2)୓᭷ᘬຊࡿࡼ࡟㐠ືࡢ☜ㄆ(2㸧 

mizu-mi blog3)࡛ࠊࡣ᭶ࡀᆅ⌫࡜ኴ㝧ࡢࡽ࠿୧᪉ࡢ㔜

ຊࠊ࡚ࡅཷࢆᆅ⌫ࡢ࿘ࢆࡾᅇࡿᵝᏊࣙࢩ࣮࣑ࣞࣗࢩࢆ

ఝ࡚࡟✲◊ᮏ࠺ᢅࢆ㉁Ⅼ⣔୕ࡌྠࡣࢀࡇࠋࡿ࠸࡚ࡋࣥ

ࢫࡸタᐃ᪉ἲ㸧ࡢࢺࢡ࢙ࢪࣈ࢜㸦࣮ࢱ࣮࣓ࣛࣃࠊࡾ࠾

ࢀࡉබ㛤ࡀ㸧ࣝ࢖࢓ࣇࡓࢀࡉグ㏙ࡢᘧࡢ㸦ຊࢺࣉࣜࢡ

ࠋࡓࡋ࡟⪄ཧ࡛ࡢࡓ࠸࡚

(3)ᡭ㡰

Ᏹᐂつᶍ࡛࣮ࣝࢣࢫࡢィ⟬ࡓࡋᚋࠊUnity ྜ࡟つᶍࡢ

ࠋࡿࡍࢢ࣮ࣥࣜࢣࢫ࡚ࡏࢃ

(3-1)ኴ㝧ࠊᮌᫍࢱ࣮ࢹࡢ

࣭ኴ㝧࡜ᮌᫍࡢ㉁㔞ࠊᮌᫍࡢ㌶㐨༙ᚄ࡜බ㌿࿘ᮇࡣ⌮

⛉ᖺ⾲4)ࡽ࠿ᘬ⏝ࠋࡓࡋ

࣭ึᮇ఩⨨㸸ኴ㝧ࡣཎⅬࠊᮌᫍࡣኴ㝧7.783ࡽ࠿× 10ଵଵ
㹫㞳ࡓࢀ఩⨨ࠋࡃ⨨࡟

࣭ᮌᫍࡢ㏿ᗘ㸸➼㏿෇㐠ືࢆ௬ᐃྥࠊ࡚ࡋᚰຊ㸻୓᭷

ᘬຊࢆ㏿ึࡾࡼồࠊࡵኴ㝧࡜ᆶ┤࡞᪉ྥ࡟୚ࠋࡓ࠼

(3Ѹ2)ᑠᝨᫍࢱ࣮ࢹࡢ

㌶࣭㐨༙ᚄ㸸ᖹᆒ㐠ື5)㸦1࿘ᮇ࡛ᖹᆒࡓࡋබ㌿ゅ㏿ᗘ㸧

࡞࡟ẚࡢබ㌿࿘ᮇࡢᑠᝨᫍ࡜බ㌿࿘ᮇࡢᮌᫍࡀ㏫ẚࡢ

㌶ࡾࡼἲ๎୕➨ࡢ࣮ࣛࣉࢣࡽ࠿බ㌿࿘ᮇࡢᑠᝨᫍࠋࡿ

㐨༙ᚄࢆồࠋࡓࡵ

࣭ึᮇ఩⨨㸸ࣖࣟࢺ⩌ᑠᝨᫍ௨እ࡚࡭ࡍࡣኴ㝧࡜ᮌᫍ

ᑠ⩌ࣖࣟࢺࠋࡃ⨨࡟⨨఩ࡢ㌶㐨༙ᚄࡢࠎྛࡢୖ⥺┤ࡢ

ᝨᫍL4ࡣᮌᫍࡢබ㌿᪉ྥ࡟ᑐ࡚ࡋ๓᪉60r࡟఩⨨ࡍ

ࠋࡿࡍ⨨఩࡟ᚋ᪉60°ࡣL5ࠋࡿ

࣭㉁㔞㸸ࡰ࡯ṇ☜ࡀ್࡞ᐃࣗࣜࡸ࣡࢝ࢺ࢖ࡿ࠸࡚ࡗࡲ

1.0࡚ࡋ៖⪄ࢆ್ࡢ࢘ࢢ࢘ × 10ଵ଴kgࠋࡿࡍ࡜

࣭ึ㏿㸸ᮌᫍྠ࡜ᵝࠊྥ࡟ ᚰຊ㸻୓᭷ᘬຊࡾࡼồࠋࡓࡵ

 ࢢ࣮ࣥࣜࢣࢫ(3-3)

Unity࡛ࡣ㉁㔞ୖࡢ㝈1.0ࡀ × 10ଽkg࡟タᐃࡿ࠸࡚ࢀࡉ

㏆࡙࡟ཧ⪃ᩥ⊩3ࢆ್ࡣࡉࡁ኱ࠋࡓࡋ࡟10ିଶଶಸࠊࡵࡓ

ࠊࡵࡓࡿࡍ࡟್ࡌྠࢆᗘ㏿ࠋࡓࡋ࡟10ିଵ଴ಸࠊࡵࡓࡿࡅ

㔜ຊᐃᩘ10ࢆଵଶಸࠋࡓࡋ࡟ 
㸲.⤖ᯝ

௒ᅇࠊࡣ᪉ἲ(2)ࡢ࡛ࡲ⤖ᯝࠋࡍ♧ࢆ

☜ㄆ(2-1)ࡢ⤖ᯝࢆᅗ1࡟࠺ࡼࡢࡇࠋࡍ♧࡟Unity࡛ࠊࡣ

ᥥ࡛࣒࢖ࢱࣝ࢔ࣜࢆ෇㐠ື࡞࠸ࢀࡁࠊࡃ࡞ࡀㄗᕪࡰ࡯

ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿࡅ

☜ㄆ(2Ѹ2)ࡢ⤖ᯝࢆᅗ 2 ࡜ኴ㝧ࡀ᭶࡟࠺ࡼࡢࡇࠋࡍ♧࡟

ᆅ⌫ࡽ࠿㔜ຊࡀ࡜ࡇࡿ࠸࡚ࡅཷࢆศࢫࠊࡾࡲࡘࠋࡿ࠿

ࡓ࠸⏝ࢆࣥࢪ࢚࣒࣮ࣥࢤࠊࡎࡽ࠾࡚ࡗ㛫㐪ࡣࢺࣉࣜࢡ

ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿࡁ࡛⏝౑࡟ᐇ㦂ࣥࣙࢩ࣮࣑ࣞࣗࢩ

㸳.⪃ᐹ

㌶㐨ィ⟬ࡢ⢭ᗘ࡚࠸ࡘ࡟⪃ᐹࢆຍ࡟ࢫࣞࢣࠋࡿ࠼ാ

ࡢ୓᭷ᘬຊࡢࡽ࠿ኴ㝧ࡿࡍᑐ࡟୓᭷ᘬຊࡢࡽ࠿ᮌᫍࡃ

๭ྜࠊࢆ୓᭷ᘬຊࡢබᘧF =G௠ெ
௥మ

⣙ࠊ࡜ࡿࡵồ࡚࠸⏝ࢆ

ࠊࡃࡍࡸࡋࡀ ほࡣࢫࣞࢣ㸦ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶4%࡛

㉁㔞ࡰ࡯ࡰ࡯ࡀṇ☜࡟ᐃࡵࡓࡿ࠸࡚ࡗࡲィ⟬࡟౑⏝ࡋ

ᙳ࡞࠿ࡽ᫂ࡿࡼ࡟㔜ຊࡢᮏᐇ㦂࡛ᮌᫍࠊࡾࡲࡘ㸧ࠋࡓ

㡪ࡣ࡟ࡍ⾲ࢆṇ☜࡞ィ⟬ࡀᚲせࠋࡿ࡞࡜Unityࡢཧ⪃ᩥ

⊩2࡛౑⏝ࡓࡋfloatࢆ࡜ࡇࡿ࠶࡛ࢺࢵࣅ32ࡀ⪃៖ࡿࡍ

㌶ࡿࡼ࡟㔜ຊࡢᮌᫍࡢᑠᝨᫍࡣUnityࡽ࠿ᐇ㦂⤖ᯝࠊ࡜

㐨ࢆࣞࢬࡢぢ࡜ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿ᥎ ࠋࡿࢀࡉ 
㸴.௒ᚋࡢㄢ㢟

࢚࣒࣮ࣥࢤࠊࡋ௦ධࢆ್ࡓࡵᡭ㡰(3-3)࡛ồࠊࡣࡎࡲ

ࠋ࠸ࡓࡏࡽࢃ⤊ࢆᐇ㦂ࣥࣙࢩ࣮࣑ࣞࣗࢩࡓ࠸⏝ࢆࣥࢪ

ᴃ෇㐠ࡢᮌᫍࡓࡋ␎┬࡟ࡵࡓࡢ⡆༢ࡣ௒ᅇࠊࡣ࡟ࡽࡉ

⾜ࢆホ౯࡞ᐃ㔞ⓗࠊࡋ⌧Unityୖ࡛෌ࢆ㌶㐨ഴᩳࠊࡸື

࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࡀᴃ෇㐠ືࡢᐇ㝿ࠊࡓࡲࠋ࠸ࡓ࠸

ᮌ࡛ࢇᣳࢆኴ㝧ࡀᑠᝨᫍ⩌ࢲࣝࣄࠊࡤࢀ࡞࡟࠺ࡼࡿࡁ

ᫍࡢ཯ᑐഃࡣ࠸ࡿ࠶ࠊᮌᫍ60ࡾࡼr࡝࡯๓ࡣࡃࡋࡶᚋ

ࡢL5ࠊⅬL4ࣗࢪࣥࣛࢢࣛࠊⅬ࡞⾮ᖹ࡟ຊᏛⓗࡿ࠶࡟ࢁ

ෆഃࡢ࠿ࢀࡎ࠸ࡢ㐲᪥Ⅼࢆ㏻㐣ࠋ࠸ࡓࡋ♧ࡶ࡜ࡇࡿࡍ

㸵㸪ཧ⪃ᩥ⊩

1㸧Unityබᘧࢺ࢖ࢧ https://unity.com/ja

2㸧mizu-mi blog | Unity࡛୓᭷ᘬຊࡿࡼ࡟㐠ືࡢ☜ㄆ

https://mzmlab.hatenablog.com/entry/unity-planet

3㸧mizu-mi blog | Unity࡛୓᭷ᘬຊࡿࡼ࡟㐠ືࡢ☜ㄆ

(2)㹼᭶ࡶᅇࡓࡳ࡚ࡋ 

https://mzmlab.hatenablog.com/entry/unity-planet

-moon

4㸧ᅜ❧ኳᩥྎ ⦅.⌮⛉ᖺ⾲2021.୸ၿฟ∧,2020ᖺ

5㸧ኳᩥᏛ㎡඾ 㹺 ᖹᆒ㐠ືඹ㬆

https://astro-dic.jp/mean-motion-resonance/
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ㄪᰝࡉࡿ᫂ࡢ✵ኪࡓ࠸⏝ࢆSQM࡜࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹ

❧ᕝ㧗ᰯኳᩥẼ㇟㒊㸸 

༓ⴥ ឡ⍵ဏࠊᖹᒸ ୐ᾏ㸦㧗2㸧ࠊ㛛㤿 ᬮ኱㸦㧗1㸧࠙ᮾி㒔❧❧ᕝ㧗➼Ꮫᰯࠚ 

せ᪨
ኳᩥẼ㇟㒊ࡢඛ⾜◊✲ࢆᘬࡓ࠸⏝࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹࠊ࡛࠸⥅ࡁኪ✵ࡢ᫂ࡉࡿㄪᰝࠊ࠸⾜ࢆᏘ⠇ࡿࡼ࡟᫂ࡿ

 ࠋࡓࡋㄪᰝࢆኚ໬ࡢࡉࡿ᫂ࡢ✵ኪࡿࡼ࡟᫬้࡚࠸⏝ࢆSQMࠊࡓࡲࠋࡓࡋศᯒ࡚ࡋ┠╔࡟ኚ໬ࡢࡉ

1. ࡟ࡵࡌࡣ
᪥ࡢࠎኳయほ ࠊࡽ࠿ᆅୖ௜㏆࡛ࡣ⾤᫂ࡀࡾ࠿ኪ✵ࡢ᫂࡟ࡉࡿ኱࡞ࡁᙳ㡪ࢆ୚࡚࠼

ࡓࡋ㛤Ⓨ࡟ࡵࡓࡢ ど⛬ほࡀ[2]ࡽ὾ᓥ࡟2019ᖺࠊࡣ[1]ࡽ☾኱ࡢᮏ㒊ࠋࡿࡌឤ࡜ࡿ࠸

ࠊࡋ⏝άࡶ࡟ኪ㛫ࢆ⿦⨨ (ᅗ1)ࡿࡍ᧜ᙳື⮬࡚ࡋไᚚࢱ࣮ࣗࣆࣥࢥࢆ࣓ࣛ࢝ࣇࣞ║୍

ኪ✵ࡢᐃ᫬᧜ᙳ2021ࠋࡓࡗ⾜ࢆᖺࡢ⣙1ࣨ᭶㛫ࡢ᧜ᙳ⏬ീࡽ࠿ኪ✵ࡢ᫂ࡀࡉࡿኚ໬ࡿࡍ

᮲௳ࢆ᥈ࠊࡾኳೃࡸ⾤᫂ࡢ࡜ࡾ࠿㛵㐃ࢆ᥈ࠋࡓࡗᮏ◊✲࡛ࡢࡇࡣඛ⾜◊✲ࢆᘬࡁ⥅

 ࠋࡓࡋㄪᰝࢆኚ໬ࡢࡉࡿ᫂ࡢ✵ኪࡿࡼ࡟᫬้ࡸᏘ⠇࡚ࡋ⥆⥅ࢆ ⣙1ᖺ㛫ほࠊࡂ

2. ┠ⓗ
ኪ✵ࡢ᫂ࡀࡉࡿᏘ⠇ࡸ᫬้࡟࠺ࡼࡢ࡝࡚ࡗࡼ࡟ኚ໬ࢆ࠿ࡿࡍ᥈ࠋࡿ

3. ◊✲᪉ἲ
(1) ࡿࡍศᯒࢆീ⏬ࡓࡋᐃ᫬᧜ᙳ࡛࣓ࣛ࢝ࣇࣞ║୍ࣝࢱࢪࢹ

⿦⨨㸸Raspberry Pi࡜NikonD3400

(iso800 f5.6 㟢ฟ1s ↔Ⅼ㊥㞳55ੈ) 

ᮇ㛫㸸2021ᖺ1᭶ࡾࡼ⣙1ᖺ㛫 20᫬6ࡽ࠿᫬1࡛ࡲ᫬㛫ẖ࡟ᐃ᫬᧜ᙳ 

᪉ྥ㸸ᮏᰯࡽ࠿すഃ(ᐩኈᒣ᪉㠃)࡜ᮾഃ(㒔ᚰ᪉㠃) 

ศᯒ㸸Python࠸⏝ࢆ࣒ࣛࢢࣟࣉᅗ2ࡢ᪉ἲ࡛ࣇࣛࢢ໬ࠊࡋᏘ⠇ࡸኳೃ࡜ኪ✵ࡢ᫂ࡢࡉࡿ㛵㐃ࢆㄪࠋࡿ࡭

(2) ᧜ᙳ⏬ീࡢಖᏑᙧᘧ㸦JPEG࡜RAW㸧ࡿࡼ࡟㐪ࢆ࠸ẚ㍑ࠋࡿࡍ

(3) Sky Quality Meter(SQM)ࠊ࡚࠸⏝ࢆ᪉఩࣭௮ゅࡿࡼ࡟᫂ࡢࡉࡿ㐪1ࢆ࠸᫬㛫ẖ࡟ㄪࠋࡿ࡭

ᮏᰯᒇୖ࡛ᚭኪほ ࢆᐇ᪋ࡓࡋ㝿1ࠊ࡟᫬㛫ẖࡢኪ✵ࡢ᫂ࡉࡿኚ໬ࢆSQM࡛8᪉఩ࠊ௮ゅ10ᗘ࡟࡜ࡈ ᐃࠊࡋ᫂ࡿ

ࠋ(ほ ᪥᫬㸸2021ᖺ12᭶13᪥18᫬㹼14᪥6᫬)ࡿࡍど໬ྍࢆ࠸ᗘྜࡢࡉࡿ᫂ࡢ඲ኳ࡚ࡋ⾲᫂ᬯ࡛ࢆ್ࡢࡉ

4. ⤖ᯝ࡜⪃ᐹ
(1) ᐩኈᒣ᪉㠃࢝10ࢆ᭶㛫ࠊ㒔ᚰ᪉㠃࢝9ࢆ᭶

㛫᧜ᙳࡓࡋ⏬ീࡽ࠿సᡂࠊࢆࣇࣛࢢࡓࡋᙧ≧࡟

ᙳ㡪ࡢࡾ࠿᫂⾤ࡸ㞼ࡣAࠋࡓࡋศ㢮࡟3ẁ㝵ࡾࡼ

ࡃࡁ኱ࢆᙳ㡪ࡢࡑࡣCࠊࡎࡽ࠾࡚ࡅཷ࡝ࢇ࡜࡯ࢆ

᫬ᮇྠࡢ᪉ྥࡢࡘ㸰ࠋࡿࢀࡉ᥎ᐹ࡜ࡿ࠸࡚ࡅཷ

㒔ᚰࠊࡽ࠿࡜ࡇࡿ࡞␗ࡃࡁ኱ࡀ๭ྜࡢ᪥࠸ᬯࡢ

᪉㠃ࡣ⾤᫂ࡀࡾ࠿኱࡞ࡁᙳ㡪ࢆ୚࡜ࡿ࠸࡚࠼⪃

࠿ഴྥࡢ1ᖺ㛫ࡢᐩኈᒣ᪉㠃ࠊࡓࡲࠋࡿࢀࡽ࠼

ࡁ኱ࡀ๭ྜࡢ᪥࠸ᬯࡣ෤Ꮨ࡚࡭ẚ࡟ኟᮇࠊࡽ

࠸࡚ࡋ㛵㐃ࡀ࡜ࡇ࠸ከࡀ᪥ࡢࢀᬕ࠸↓ࡀ㞼ࠊࡃ

ࠋࡿࢀࡽ࠼⪄࡜ࡿ

(2) ᅗ5ࠊࡾࡼRAW⏬ീࡽ࠿సᡂࡢࣇࣛࢢࡓࡋኚ

໬ࡣJPG࡜㢮ఝࡓࡋഴྥࡣࢀࡇࠋࡓࡋ♧ࢆRAW⏬

ീࡢ≉ᛶ࡛ࣇࣛࢢࠊࡃ࡞ࡣ໬ࡓ࠸⏝࡟pythonࣛ

௒ᚋࠊࡾ࠶ࡀᛶ⬟ྍࡿࡍ㉳ᅉ࡟⌮ฎࡢࣜࣛࣈ࢖

ࠋ࠸ࡓ࡭ㄪࡶ

(3) ᅗ620ࠊࡾࡼ᫬3⩣ࡽ࠿᫬࡚ࡅ࠿࡟ᚎ࡟ࠎᬯ

ࢀྲྀࡳㄞࡀഴྥࡿ࡞ࡃࡿ᫂ࡣᚋࡢࡑࠊࡾ࡞ࡃ

᫂ࡣ✵ኪ࡝࡯࠸పࡀ௮ゅࠊࡓࡲࠋࡿࢀࡽ࠼⪄࡜ࡵࡓࡢ᫂ⷧࠊࡾ࠾࡚ࡗ࡞ࡃࡉᑠ࡟ᛴ⃭ࡀ್ ほࡢSQMࡣ6᫬࡟≉ࠋࡓ

ࠋࡓࡗ࠿పࡀᐃ್ ࠊࡾ࠶ࡀ≀ᘓ࠸ࡿ᫂࡟≉ࡣ༡すഃࠋࡿࢀࡉ ᥎ࡀᙳ㡪ࡢࡾ࠿᫂⾤ࠊࡾ࠶ࡀഴྥ࠸ࡿ

5. ௒ᚋࡢᒎᮃ
௒ᚋࡶほ ࠊࡋ⥆⥅ࢆ᧜ᙳ⏬ീࡓ࠸⏝ࢆኪ✵ࡢ᫂ࡢࡉࡿศᯒࢆ᭦࡟㐍ࠋࡿࡵ

6. ཧ⪃ᩥ⊩
[1]ᮾி㒔❧❧ᕝ㧗➼ᏛᰯኳᩥẼ㇟㒊 ኱☾ెⱑ࣓࢝ࣇࣞ║୍ࣝࢱࢪࢹࠗ࠿࡯

ࣥࣙࢩࢵࢭ࢔ࢽࣗࢪ2021ኳᩥᏛ఍࠘ࡿ᥈ࢆኚ໬ࡢࡉࡿ᫂ࡢ✵ኪ࡚࠸⏝ࢆࣛ

[2]ᮾி㒔❧❧ᕝ㧗➼ᏛᰯኳᩥẼ㇟㒊 ὾ᓥᝆဢ ࠗ࠿࡯ど⛬ほ ᶵ"Clear

Sky"࠘2019 㧗ᰯ㧗ᑓẼ㇟ほ ᶵჾࢺࢫࢸࣥࢥ

7.ㅰ㎡
ᮏ◊✲ࠊࡾࡓ࠶࡟࠺⾜ࢆᮏ㒊༞ᴗ⏕ࡢᵽཱྀ㝧ගẶࠊ὾ᓥᝆဢẶࣛࢢࣟࣉࡣ࡟

ࠋࡍࡲࡆୖࡋ⏦♩ᚚࠋࡓࡋࡲࡁࡔࡓ࠸ᣦᑟࡈ〇స࡛ࡢ࣒

ᅗ4 ᙧ≧ࡿࡼ࡟ศ㢮ࡢ౛ 

ᅗ3 ኪ✵ࡢ᫂ࡢࡉࡿᏘ⠇ኚ໬

ᅗ5 JPG࡜RAW(NEF)⏬ീࡢ㐪࠸ᅗ4 ᙧ≧ࡿࡼ࡟ศ㢮ࡢ౛ ᅗ5 JPG

ᅗ3 ኪ✵ࡢ᫂ࡢࡉࡿᏘ⠇ኚ໬

ᅗ1 ほ ⿦⨨ 

ᅗ2 ᧜ᙳ⏬ീࡽ࠿సᡂࣇࣛࢢࡓࡋᅗ2 ᧜ᙳ⏬ീࡽ࠿సᡂࣇࣛࢢࡓࡋ

ᅗ6 SQMࡿࡼ࡟඲ኳࡢ᫂ࡢࡉࡿ

⤒᫬ኚ໬(12᭶13/14᪥) 

ᅗ6 SQMࡿࡼ࡟඲ኳࡢ᫂ࡢࡉࡿ
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ᐃ ࡢගᐖࡓ࠸⏝ࢆ෭༷CCD࣮ࣛ࢝

᳃⬥ ⰼᴁ㸦2ᖺ㸧࠙࠾ⲔࡢỈዪᏊ኱Ꮫ㝃ᒓ㧗➼Ꮫᰯࠚ 

せ᪨ 

ேᕤࡢගࠊ࡚ࡗࡼ࡟㒔఍ࡢኪࡣ᫂ࡾࡼ࡟࡜ࡇࡢࡑࠊ࡚࠸࡚ࡗ࡞ࡃࡿ㉳ࡿࡇᐖࡣගᐖ࡜࿧ࠋࡿࢀࡤ௒ᅇ࣮ࣛ࢝ࡣ෭༷

CCD࡚࠸⏝ࢆගᐖࡢཎᅉ࡛ࡿ࠶㒔఍ࡽ࠿㑹እ࡟ฟ࡚ࡿ࠸ග࡜㒔఍࡛ࡢගࡢ୧᪉࡚࠸ࡘ࡟Ⰽᡂศࢆศᯒࠋࡓࡋ

1.◊✲ືᶵ

ᮾி࡟ఫࡴ୰࡛ࠊኪ✵ࢆぢୖࠊࡶ࡚ࡆᫍࡀ㑹እ࡜ẚ

ࢆගᐖࠊ࡛ࡇࡑࠋࡿ࠸࡚ࡌឤ࡜࠸ࡃ࡟࠼ぢ࡟㠀ᖖ࡭

ゎỴࠊ࠼⪄࡜࠸ࡓࡋගᐖࡢཎᅉࡢ㒔఍ࡢග࡜㒔఍࠿

ࢁぢୗࢆᮾி࡜ᮾிࠊ࡚࠸ࡘ࡟ගࡿ࠸ฟ࡚࡟㑹እࡽ

᧜࡚࠸⏝ࢆ෭༷CCD࣮ࣛ࢝ࡽ࠿2ᆅⅬࡢᐩኈᒣࡿࡏ

ᙳࠊࡋⰍᡂศࡢ᫬㛫⤒㐣ࡽ࠿ศᯒࠋࡓ࠼⪄࡜࠸ࡓࡋ

2.◊✲᪉ἲ

౑ࢆBU-50Cࡢ♫BITRANࠊ࡚ࡋ࡜෭༷CCD࣮ࣛ࢝

ࠋࡓࡋ⏝

෭༷CCDࡢタᐃࢆ 㟢ග᫬㛫120s F್2.4/3.5mm
↔Ⅼ㊥㞳8mm ෭༷ ᗘ-10.0Ԩ
ࡿࡍタᐃ࡟R=0.91 G=1.00 B=1.11ࢫࣥࣛࣂࢺ࢖࣡࣍

օᮾிࡽ࠿㑹እ࡟ฟࡿග࡚࠸ࡘ࡟

᧜ᙳ᪉ἲ㸸ᐩኈᒣ஬ྜ┠࡛2021ᖺ9᭶19᪥18ࡢ᫬2׽
᫬ࡢ㛫1ࠊ᫬㛫࡟࡜ࡈ᧜ᙳ࠺⾜ࢆ

ศᯒ᪉ἲ㸸imageJ࡛ୗᅗ⥺㒊ࡢRGB್ࣇࣛࢢࢆ໬

᧜ᙳ᪥ࡢ᮲௳㸸ኳẼ ᬕࢀ Ẽ  ͹Ǥ͹׽ͳʹǤͻԨ
‵ᗘ ͷͻ׽͹͸Ψ ᧜ᙳ᪉ྥ࡟ᮾி࡜ᶓ὾

ֆᮾிࡢග࡚࠸ࡘ࡟

᧜ᙳ᪉ἲ㸸ᮾி㒔┠㯮༊࡛2021ᖺ10᭶8᪥18ࡢ᫬׽Ͳ
᫬ࡢ㛫1ࠊ᫬㛫࡟࡜ࡈ෭༷CCD࡛᧜ᙳ࠺⾜ࢆ

ศᯒ᪉ἲ㸸imageJ࡛ୗᅗ⥺㒊ࡢRGB್ࣇࣛࢢࢆ໬

᧜ᙳ᪥ࡢ᮲௳㸸ኳẼ ᬕࢀ Ẽ  ͸Ԩʹ׽23
‵ᗘ ͸ͺ80׽㸣᪂᭶

3.⤖ᯝ

օᮾிࡽ࠿㑹እ࡟ฟࡿගࡣ࡚࠸ࡘ࡟ᅗ3࡛♧ࠋࡍ

ֆᮾிࡢගࡣ࡚࠸ࡘ࡟ᅗ4࡛♧ࠋࡍ

4.⪃ᐹ

օᮾிࡽ࠿㑹እࢀ₃࡟ฟࡿග࡚࠸ࡘ࡟

(ࡿࡍヱᙜ࡟ୗ㒊᭱ࡢᅗ3)㒊ศࡓࢀࡲᅖ࡛ࠐࡢᅗ1ࠊࡎࡲ

ୗ㒊ࡢᅗ3ࠋࡿ࠼⪄࡚࠸ࡘ࡟᥋ග┤ࡿ᥋᮶┤ࡽ࠿ᮾிࠊࡢ

BGRࡣẼ✵ࠊࡣࢀࡇࠋࡿ࠸࡚ࡗ࡞ࡃᙉࡀ㡰࡛ගࡢRGBࡣ
㧗ࡢᶆ㧗ࠊࡵࡓ࠸ࡍࡸࡾࡀ᭤ࡀගࠊࡃ㧗ࡀ⋠㡰࡛ᒅᢡࡢ

ࡢᅗ3ࡵࡓࡿ࡞࡟㡰ࡢRGB࡟㏫ࡣ㔞ࡢගࡃᒆ࡟ᐩኈᒣ࠸
ୗ㒊ࡀRGBࡢ㡰ࠋࡿࢀࡽ࠼⪄࡜ࡓࡗ࡞࡟

ࡇࠋࡿ࠸࡚ࡗ࡞ࡃ㧗ࡀ⋠ẚࡢR࠸క࡟㐣⤒ࡢ᫬㛫ࠊࡓࡲ

ࡀ⢏Ꮚࡢ࡝࡞ᇕࠊࡾῶࡀື⾜ࡢே࡚ࡗ࠿ྥ࡟ኪ῝ࠊࡣࢀ

ᆅୖ࡟ୗ࡛࡜ࡇࡿࡃ࡚ࡾගࡢᩓ஘ࡀ኱࣮࣑ࠊࡾ࡞ࡃࡁᩓ

஘ࡢ๓᪉ᩓ஘ࡀRGBࡢ㡰࡟ᙉࠋࡿࢀࡽ࠼⪄࡜ࡵࡓࡿ࡞ࡃ

ḟࠊ࡟ᅗ3ୖ㒊ࡣRGBࡢ㡰ࠊࡣࢀࡇࠋࡿ࠸࡚ࡗ࡞࡟ኴ㝧

㒔఍࡛ࠊࡽ࠿࡜ࡇ࠸࡞ࡀ※ග࡜࡜ࡇࡿ࠶࡟⿬ഃࡢ⌫ᆅࡀ

ᩓ஘ࡓࡋගࡢ๭ྜࡀ㧗ࠊ࡚ࡋࡑࠋࡿࢀࡽ࠼⪄࡜࠸᪩࠸᫬

㛫࡛ࡢ✵ୖࠊࡣᇕࡢᐦᗘࡀ㧗ࡃከ㔜ᩓ஘ࡀ㉳ࠊࡾࡇගᙉ

ᗘࠊࡋ࠿ࡋࠋࡿ࡞࡟ࡌྠࡣᆅୖ࡟ᇕࡀⴠ࣮࣑࡜ࡃ࠸࡚ࡕ

ᩓ஘ࡢ๓᪉ᩓ஘ࡢ㐪ࡀ࠸኱ࠊࡾ࡞ࡃࡁRGBࡢගᙉᗘ࡟ᕪ

࡞ࡃᙅࡀග࡟ࡶ࡜࡜᫬㛫⤒㐣ࡣ✵ୖࠊ࡛ࡢ࡞ࠋࡿࡌ⏕ࡀ

ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡗ࡞࡟㡰ࡢRGBࡘ࠿ࠊࡁࡺ࡚ࡗ

ֆᮾிࡢග࡚࠸ࡘ࡟

ᅗ4࡛18ࠊࡣ᫬࡜ẚ㍑19ࠊࡋ᫬௨㝆ࡣࡢࡶࡢ඲యⓗ࡟G
㉳ᅉ࡟࡜ࡇࡿࡍⅬⅉࡀⅉ⾤ࠊࡣ࡜ࡇࡢࡇࠋ࠸㧗ࡀ⋠ẚࡢ

ᆅ⾲௜㏆࡚ࢀࡘ࡟ࡿ࡞ࡃ㐜ࠊ࡚ࡋࡑࠋࡿࢀࡽ࠼⪄࡜ࡿࡍ

⢏ࠊ࡛ࡌྠ࡜ᐩኈᒣࡢ࡝࡯ඛࡣࡢࡿ࡞ࡃ㧗ࡀ⋠ẚࡢRࡢ

Ꮚࡢỿ㝆ࡿࡼ࡟ගࡢᩓ஘ࡢᙳ㡪࡛ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶

ࡵ࡜ࡲ.5

օࠊࡾࡼᐩኈᒣ࠺࠸࡜ᶆ㧗ࡢ㧗࠸ᆅⅬ࡛ࡣ㒔఍ࡽ࠿┤᥋

ᒆࡃගࠊ࡜㒔఍ࡢගࡀᩓ஘࡚ࢀࡉᒆࡃගࡀ☜ㄆࠊࢀࡉ㒔

఍ࡢගࡣ㒔఍࡛࠸࡞ࡣ✵Ẽ࡛ࡲ࡟ࢁࡇ࡜ࡔࢇ⃈ࡢᙳ㡪ࢆ

ཬࠋࡓ࠸࡚ࡋࡰֆࡣࡽ࠿✵Ẽ࠸࡞࠸࡛ࢇ⃈ࡢ㒔఍࡛ࡣග

࠺ࡑࡁ኱ࡶᙳ㡪ࡢ⢏ᏊࡢẼ୰✵ࠊࡾ࠶ཎᅉ࡛࡞ࡁ኱ࡀ※

࡞࡛ࡅࡔⅉ⾤ࡸᯈ┳ࡔࡓࡣཎᅉࡢගᐖࠊࡽ࠿ࡘ2ࠋࡿ࠶࡛

 ࠋࡿࢀࡽ࠼⪄࡜࠸ࡁ኱ࡶᙳ㡪ࡢᇕ࠺క࡟ே㛫άືࠊࡃ

6.ㅰ㎡

ᮏ◊✲ࢆ㐍ࡈࡾࡓ࠶࡟ࡿࡵᣦᑟࡈ༠ຊࠊࡓ࠸ࡔࡓ࠸ᮾி㎰ᕤ኱Ꮫࡢ㧗ᮌᗣ༤ඛ⏕ࠊᒾ஭ಇ᫛ඛ⏕ࠊ⸨஭ᜏேඛ⏕࡟

ឤㅰࠋࡍࡲࡋࡓ࠸ 

ㅮ₇䚷䠌䠓㼀

䠍䠒



ηϕϧ΢φ͹൅ਫ਼য়ڱͳ൅ਫ਼࣎͹ـেড়݇Ͷͯ͏ͱ
੔᪡߶౵ָߏ ళชـে෨ʁڰຌ ਇғɼฯ฾ ඔࠦࢢɼోᬓ ༑քɼࠦ஝ Ӑ݆ʤ߶2ʥɼ 

ௗ୫ઔ ૓Ҳɼછব ܛଢɼ੤୫ ༓ᠵɼਭ౤ ༖ਕɼӋҬ य़ਜ਼ɼԮీ ߝ໎ɼ 
٤ీ ՜Խɼ٤ీ ՘Խɼ੪໨ એՄɼ਄୫ ਇ಺ʤ߶1ʥʴ੔᪡߶౵ָߏʵ 

གྷ ࢭ 
࣎ͳɼ൅ਫ਼ڱে͹ͽͳͯͲ͍Ζηϕϧ΢φ͹൅ਫ਼য়ݳে෨Ͳͺɼ߶߶ౕͲ͹བྷ๎ు൅ޭـళชߏ੔᪡߶౵ָͬͪࢴ

͹ـেড়݇͹մ໎ΝࢾΊͪɽ౛ل͹๼཰ஏ๏Ͳ൅ਫ਼ͤΖηϕϧ΢φͺɼఁـѻΏͨΗͶ൒͑઴ત͹௪գ࣎ͶɼΦαʖ
௘߶ౕ6-8kmͲ൅ਫ਼ͤΖྭࣆΝ࠹΍ଡ͚ଌ͓ͪɽ 

̏ɿͺͣΌͶ 
ηϕϧ΢φͳͺɼབྷӤ͖Δ͹๎ుݳে͹ͽͳͯͲɼ஦ؔ૜͹൅ޭݳেͲ͍ΖɽབྷӤ͖ΔԘ௜৏๏޴͹߶ౕ50ʛ

80kmͲ஢ો෾͗ࢢ൅ޭͤΖɽ൅ޭؔ࣎ͺ100ϝϨභҐԾͳ୻͏ɽ͠Ή͡Ή͵झྪ͍͗Εɼ໪ࢻͺೋ͢͏͗ɼ߶ౕ͖״
 ӪͤΖ͞ͳ͗Ͳ͘Ζɽࡳ෾մ೵͹ΩϟϧͲؔ࣎߶ͯ
ຌߏͲͺ౨ָܵښ୉ָͳڠಋͲ߶ౕ״ΩϟϧΝԲ৏Ͷઅ஖͢ɼηϕϧ΢φ͹؏଎Νͮߨͱ͏Ζɽͨ͹؏଎حؽͳ

؏଎υʖν͗Ἡͮͱ͏Ζ͵͖Ͳɼͬͪࢴళชـে෨΍ηϕϧ΢φ͹͞ͳΝ͏ͪ͢ڂݜͳͪͮ͞ࢧͳ͗ɼࠕյ͹ڂݜ
ಊؽͲ͍Ζɽ 

̐ɿڂݜ໪ద
Ͷ߫ڂݜಋڠͳָܵ୉ָ͹ߏেড়݇Ν௒΄Ζ͞ͳͲɼຌـ͹࣎Ͳͺɼηϕϧ΢φ͹൅ਫ਼ড়݇ͳɼ൅ਫ਼ڂݜյ͹ࠕ

Ͷༀཱིͯ੔ՎΝಚΖ͞ͳΝ໪దͳͤΖɽڂݜɼΉͪ͞Η͖Δ͹͢ݛ

3ɿڂݜ๏๑
2019೧6݆ʛ2021೧12݆͹3೧ؔΝଲেͳͪ͢ɽϭτρέऀ੣͹߶ౕ״ΩϟϧWAT-902H3 ULTIMATEΝԲ৏Ͷ

અ஖͢ɼUFOΫϡϕοϡʖV2Ͳଡ਼͹໎ౕรԿݳেΝى࿧ͪ͢ɽࡳӪ͠Ηͪժ଀ʀӫ଀υʖνΝɼηϕϧ΢φͳͨ
͑Ͳ͵͏ɼླྀ੗Ώமɼඊؽߨ͹ޭ͵ʹͶ໪ࢻͲ෾ྪͪ͢ɽΉͪɼـেড়݇Ν௒΄ΖͪΌͶɼຘೖ9࣎͹ـেுళـਦ
͖Δـѻഓ஖ܗΝ෾ྪͪ͢ɽญͦͱـেுϪʖξʖժ଀͖ΔΦαʖ௘߶ౕΝٽΌͪɽ͞ΗΔ͹෾ྪ݃ՎΝ॑͸ͱɼη
ϕϧ΢φ͹൅ਫ਼ͳـেড়݇͹ؖܐΝ௒΄ͪɽ

4ɿ݃Վͳࡱߡ
ਦ1ͶɼຌߏͲࡳӪ͠Ηͪηϕϧ΢φժ଀͹ҲྭΝࣖͪ͢ɽབྷޭ͹৏๏Ͷ෵਼͹ηϕϧ΢φ͓͗ݡΖɽ3೧ؔͶى࿧

͠Ηͪ289ೖؔ3624ྭࣆ͹໎ౕรԿݳে͹஦͖Δɼ10ೖؔ23ྭࣆ͹ηϕϧ΢φΝଌ͓ͪɽଌ͓ͪηϕϧ΢φͺͤ΄ͱ
11݆ʛཎ೧2݆͹౛لͶ๼཰৏ۯͲ൅ਫ਼ͪ͢΍͹Ͳ͍ͮͪɽ 
න1Ͷɼـѻഓ஖ܗพ͹ηϕϧ΢φ͹൅ਫ਼਼ɼ൅ਫ਼ིɼӤ௘߶ౕ͹෾ྪ݃ՎΝࣖͪ͢ɽηϕϧ΢φ൅ਫ਼౲ೖ͹ـѻഓ

஖ܗͺɼ23ྭࣆ஦12͗ྭࣆఁـѻܗɼ7͗ྭࣆ੤߶౨ఁܗɼ3͗ྭࣆҢಊ੓߶ـѻܗͲ͍ͮͪɽ਼֦ྭࣆΝ෾ྪ͠Ηͪ
ʤ11%ʥɼ੤ܗѻـड़ͪ͢ɽηϕϧ΢φ൅ਫ਼ི΍ఁࢋพ͹ηϕϧ΢φ൅ਫ਼ིΝܗѻഓ஖ـ͹ೖ਼ͲׄΕɼܗѻഓ஖ـ
߶౨ఁܗʤ8%ʥɼҢಊ੓߶ـѻܗʤ5%ʥ͹ॳͳ͵ͮͪɽ͞ΗΔ͖Δɼ๼཰ஏ๏ΝఁـѻΏͨΗͶ൒͑઴ત͗௪գͤ
ΖࡏͶଡ͚͹ηϕϧ΢φ͗൅ਫ਼ͤΖܑ͍͗޴Ζ͞ͳ͗෾͖ͮͪɽ 
Ϫʖξʖժ଀͹Ӥ௘߶ౕͺɼ6-8km͗17ྭࣆʤસର͹74%ʥΝઐΌɼ౛لͶೖຌքͲ൅ୣͤΖ੷Ӥ͹Ӥ௘߶ౕ͖ɼ

ͨΗΓΕΏΏ߶͏߶ౕ͗ଡ͏݃Վ͗ಚΔΗͪɽ

5ɿޛࠕ͹ఴ๮
࿧Ν΍ͳͶɼ͠Δىে͹؏଎ݳ͹๴୉͵൅ޭߏͺຌޛࠕյͺ2019೧ʛ2021೧͹3೧ؔ͹υʖν͹ΊΝ௒΄ͪ͗ɼࠕ

Ͷ৆͢͏ڂݜΝ਒Όͪ͏ɽ 
ःࣛʁ౨ָܵښ୉ָࣙષՌָܧ͹ྵ໨ஒ߀ദ࢞Ͷͺࢨڂݜ಍౵Ͳ୉ร͕੊࿫Ͷ͵ΕΉͪ͢ɽ਄͚͕ླਅ͢৏͝Ήͤɽ

ㅮ₇䚷䠌䠔㻿

䠍䠓



 

VOR࡜FMᨺ㏦ࢆ฼⏝ࢫ࢘ࢭࣝ࣌ࡓࡋᗙὶᫍ⩌ࡢほ  

⛉Ꮫ㒊㸸ྂ㔛 ኴ୍㸦㧗2㸧࠙㟷᳃┴❧ඵᡞᕤᴗ㧗➼Ꮫᰯࠚ 

 ࡟ࡵࡌࡣ,1

 ὶᫍࡢ㟁Ἴほ ࡛1ࠊ࡟⯡୍ࡣ᪥24᫬㛫VHFࡢ㟁ἼࡀⓎಙࡿ࠸࡚ࡅ⥆ࡋ↓⥺ᒁࡢ㟁Ἴ࡚࠸⏝ࢆほ ࠺ࡇࠋ[1]ࡿࡍ

-㉸▷Ἴ඲᪉ྥᘧ↓⥺ᶆ㆑㸦VHF omniࡧࡼ࠾ࠊFMᨺ㏦ᒁࠊࣥࢥ࣮ࣅࡢ⥺↓࢔ࣗࢳ࣐࢔ࡢ50MHzᖏ࡚ࡋ࡜ᒁ⥺↓ࡓࡋ

directional radio rangeࠊ௨ୗࠊVORࠋࡍ␎࡜㸧ࠋ[2]ࡿ࠶ࡀVORࠊࡣVHFᖏ㸦108.0MHz117.95ࡽ࠿MHz㸧ࡢ㟁Ἴࢆ⏝

࡛ࡀ࡜ࡇࡿ▱ࢆ࠿ࡿ࠸࡟᪉ྥࡢ࡝ࡀᶵ✵⯟࡚ࡋ࡜୰ᚰࢆᶆ㆑ᒁ࡛࡜ࡇࡿ࠸⏝ࢆࢀࡇࠋࡿ࠶ᶵ⏝↓⥺ᶆ㆑࡛✵⯟ࡿ࠸

ᕪ࡞ࡁ኱ࡣ࡟ಶᩘ࡚ࡋ࡜ᯝ⤖ࠊ㝿ࡓࡗ⾜ࢆ 㟁Ἴほࡢὶ࡛ᫍࡘ2ࡢVOR࡜ࣥࢥ࣮ࣅ50MHzࡢ⥺↓࢔ࣗࢳ࣐࢔ࠋ[2]ࡿࡁ

ࡀ࡜ࡇࡿ࡞࡟ᯝ⤖ࡢ➼ྠ࡜50MHzࡤࢀ࠸⏝ࢆࢼࢸࣥ࢔࠸㧗ࡢ฼ᚓࡶVORࠊࡾ࠾࡚ࢀࡽぢࡀ㛵┦ࡢṇ࠸ᙉࡀࡓࢀࡲ⏕ࡀ

ண᝿ฟ᮶୍࡚ࠋ[3]ࡿ࠸᪉ࠊFMᨺ㏦࡟๭ࡾᙜ࡚ࡿ࠸࡚ࢀࡽ࿘Ἴᩘ⠊ᅖ㸦76.1 MHz94.9ࡽ࠿MHz㸧ࡣVOR࡟๭ࡾᙜ࡚ࡽ

฼ࢆFMᨺ㏦ࠊࡣ࡛✲◊ᮏࠋ[4]ࡿ࠶࡟㛫ࡢ࿘Ἴᩘ⠊ᅖࡢࣥࢥ࣮ࣅࡢ⥺↓࢔ࣗࢳ࣐࢔ࡢ50MHzᖏ࡜࿘Ἴᩘ⠊ᅖࡿ࠸࡚ࢀ

 ࠋࡓࡋẚ㍑࡜ᯝ⤖ࡓࡋ VOR࡛ほࠊ࠸⾜ 㟁Ἴほࡢὶ࡚ᫍࡋ⏝

㸰㸪◊✲᪉ἲ 

 㟁㞳ࡓࡋ㟁Ꮚ࡟ᩓ஘ࡿࢀࡉ㟁Ἴࠊ࡚ࡋ࡜ฟ㞼✵ ࡛Ⓨಙࡿ࠸࡚ࡋVOR㸦113.4MHz)࡜NHKFM኱㜰ᨺ㏦ᒁࡢFMᨺ㏦

㸦81.1MH㹸㸧ࢆ฼⏝ཷࠋࡿࡍಙᶵ࢜ࢪࣛࣥ࢖ࢨࢹ࢔࢙࢘ࢺࣇࢯࡣ࡟㸦SDR)ࠋࡿ࠸⏝ࢆ࣮ࢱ࣮ࣗࣆࣥࢥࣝࢼࢯ࣮ࣃ࡜ 

ཷಙࡓࡋ㟁Ἴࡣ㡢࡟ኚ᥮࡚ࡋ⏬ീ໬ࠋࡿࡍ⏬ീࡢ୰ࡽ࠿ὶᫍࡓࡌ⏕࡚ࡗࡼ࡟㡢ࠋࡿ࠼ᩘࢆᩘࡢ 

VORࡢほ ᮇ㛫2020ࡣᖺ8᭶8᪥8ࡽ࠿᭶17᪥ࠊFMᨺ㏦ࡢほ ᮇ㛫2021ࡣᖺ8᭶8᪥8ࡽ࠿᭶17᪥ࠋࡿ࠸࡚ࡗ࡞࡜࡛ࡲ 

3,⤖ᯝ࡜⪃ᐹ 

 ほ ᮇ㛫ࠊࡢࡢࡶࡿ࡞␗ࡣᅗ1,2ࢆぢ࡚ศࡿ࠿㏻ࡾ඲యⓗ࡟ぢ࡚ὶᫍࡢಶᩘࡣFMᨺ㏦ࡢ᪉ࡀከࠋࡿ࠸࡚ࡗ࡞ࡃὶ

ᫍ㟁Ἴほ ᅜ㝿ࢫ࢘ࢭࣝ࣌࡜ࡿࡼ࡟][5]ࢺࢡ࢙ࢪࣟࣉᗙὶᫍ⩌ࢡ࣮ࣆࡢ᪥2020ࡣᖺ8ࡣ࡟᭶12᪥8࡜᭶13᪥2021ࠊᖺ

ࠋࡿࢀぢ࡚ྲྀࡀ࡜ࡇࡿ࠸࡚࠼㏄ࢆ᪥ࢡ࣮ࣆࡢ⩌ᗙὶᫍࢫ࢘ࢭࣝ࣌࡟8᭶13᪥ࡣVORࠋࡓࡗ࠶8᭶14᪥࡛࡜8᭶13᪥ࡣ࡟

ࣥ࢔ࡢ⏝FMᨺ㏦ࠋ࠸࡞ࡁ࡛ࡀ࡜ࡇࡿࡅࡘぢࢆࢡ࣮ࣆ࡞☜࡛᫂ࡧᶓ୪ࡀࣇࣛࢢ࡛ࡲࡾࡓ࠶8᭶9᪥㹼13᪥ࡣFMࠊࡋ࠿ࡋ

࡚ࢀඃࡶࡾࡼVOR࡚࠼ࡲ㋃ࡶ฼Ⅼ࠺࠸࡜ࡿࢀࡽࡵጞࢆ ὶᫍ㟁Ἴほ࡟Ᏻ౯࡛ẚ㍑ⓗ⡆༢࡭ẚ࡟ࢼࢸࣥ࢔ࡢ௚ࡣࢼࢸ

ࠋࡓࡌឤ࡜ࡿ࠸

4.ཧ⪃ᩥ⊩

[1] ὶᫍ㟁Ἴほ ࡣ࡜㸽㸦ὶᫍ㟁Ἴほ ᅜ㝿ࢺࢡ࢙ࢪࣟࣉ㸧, https://www.amro-net.jp/about-hro.html
[2] ㉸▷Ἴ඲᪉ྥᘧ↓⥺ᶆ㆑,https://ja.wikipedia.org/wiki/%E8%B6%85%E7%9F%AD%E6%B3%A2%E5%85%

A8%E6%96%B9%E5%90%91%E5%BC%8F%E7%84%A1%E7%B7%9A%E6%A8%99%E8%AD%98

[3] ほ 㸦Ⓨ⾲ ➨42ᅇ㟷᳃┴㧗ᰯ⥲ྜᩥ໬⚍⮬↛⛉Ꮫ㒊㛛 ྂ㔛ኴࡢ⩌ᗙὶᫍࢫ࢘ࢭࣝ࣌ࡓࡗ౑ࢆ࿘Ἴᩘࡢࡘ2

୍㸧

[4] ㉸▷Ἴᨺ㏦, https://ja.wikipedia.org/wiki/%E8%B6%85%E7%9F%AD%E6%B3%A2%E6%94%BE%E9%80%81
[5] -㸧, https://www.amro-net.jp/meteorࢺࢡ࢙ࢪࣟࣉᵓ㐀㸦ὶᫍ㟁Ἴほ ᅜ㝿ࢡ࣮ࣆ⩌ᗙὶᫍࢫ࢘ࢭࣝ࣌

results/08_per/per-total-list_j.html

ㅮ₇䚷䠌䠕㻼

䠍䠔



㟁Ἴὶ࡚ᫍࡗࡄࡵࢆ

ᅧᰣኳᩥ㒊ὶᫍ⌜㸸 

బ⸨ ⍞ᕫࠊᕝ㑓 ῟அ௓(㧗3)ࠊᚫỌ ♸ኴࠊṊ▼ ᬮ኱㸦㧗2㸧ࠊ▼⏣ ᾏࠊ∦ᰗ ♸ᫍࠊ㮵㔝 ྐ

ᑠᖹࠊె ຺ኴ㑻ࠊᑠᐑ 㔛ဏᷓࠊᒣ ࿴ᖾࠊᶓᒣ ⸛ኈ㸦㧗1㸧࠙ ᅧᏥ㝔኱Ꮵᰣᮌ㧗➼Ꮫᰯఀࠊࠚ⸨ ┿

ᚨࠊᒾୖ ⍆㡢ࠊబࠎᮌ ᱈ᑀࠊ㔝㛫 ถோࠊᇼỤ ᝆኴ㸦୰1㸧࠙ᅧᏥ㝔኱Ꮵᰣᮌ୰Ꮫᰯࠚ

せ ᪨ 
2021ᖺ12᭶14᪥1᫬08ศ5ࡽ࠿᫬26ศ㸦4᫬㛫18ศ㸧ࡈࡓࡩࡿࡼ࡟ᗙὶᫍ⩌ࢆᤊࡓ࠼㟁Ἴほ ࡢ⏬ീࢹ

ࡉ᧜ᙳ࡛⏬ືࠋࡓࡋド᳨ࢆ⢭ᗘࡢ ὶᫍ㟁Ἴほ࡚ࡋẚ㍑ࢆ࡜⏬ືࡓࡋᆅⅬ࡛᧜ᙳࡓࢀ⣙70੊㞳ࠊ࡜ࢱ࣮

ࠋࡓࡗ࠶60.9㸣࡛ࡣ⋠⮴୍ࠊࡾ࠶646ಶࡣࡢࡓࡋ⮴୍࡜㟁Ἴὶᫍ࡟᫬้ྠࡕ࠺ࡢ1,060ಶࡓࢀ

1㸬┠ⓗ
ᮏᰯᒇୖ(N36.364288,E139.7039055ࠊᶆ㧗84m)ࡢὶᫍ㟁Ἴほ ࡢ⢭ᗘཬࡢࢱ࣮ࢹࡢࡑࡧಙ㢗ᛶࢆ

᳨ド࡛ࡇࡑࠋࡿࡍ㟁Ἴࢆ฼⏝ࡓࡋ↓ேほ ࡀᐇ⏝ⓗ࡞࠺ࡼࡢࡇࠊࡋุ᩿࠿࠺࡝࠿≧ἣ࡛ࡢ✲◊ࡢ⥅⥆

 ࠋࡿ࡚❧ᙺ࡟

2㸬ほ ᪉ἲ࣭ゎᯒ

㸦1㸧㟁Ἴほ 

࣭ᮏᰯᒇୖ࡚࡟ὶᫍほ ⏝ࠕࢼࢸࣥ࢔ࡢComet CA-52HB ኳࢆ࣒ࠖࢸ࢖࢔ࢺ࣮ࣅ50MHz ᖏࢺࢵ࣓ࢥ

㡬ࠊࡅྥ࡟ὶᫍほ ⏝ࡢ㟁Ἴ㸦⚟ᓥ┴⚟ᓥᕷࡾࡼ㸸50.027MHz㸧ཷࢆಙࠊྲཱྀࡋ ಙ ƫࠕNooelec  NESDR

SMArt  v4 SDR-࣒࢘ࢽ࣑ࣝ࢔〇0.5ࠊࣕࢪ࣮ࣟࢡ࢚ࣥPPM tcxoࠖࡂ࡞ࡘ࡜ࣥࢥࢯࣃࢆ㡢ኌࢆほ

ࠋࡓࡋ 

࣭ὶᫍࡢᙜヱ㟁Ἴࢆ཯ᑕࢆ࣮ࢥ࢚ࡓࡋほ ͆ࢺࣇࢯHROFFT”࠸⏝ࢆ⏬ീࢱ࣮ࢹ࡚ࡋ࡜໬ࠋࡓࡋ

㸦2㸧ື⏬᧜ᙳ

࣭ⰼ❧⮬↛බᅬ(N36,65037ࠊE140.29301ࠊᶆ㧗287m)621࣓ࣛ࢝ࣝࢱࢪࢹ࡚࠸࠾࡟<ǂ㸵sࡑ4ྎࢆ

ࠋࡓࡅ⥆ࡾ4᫬㛫18ศ᧜ࡢ࡛ࡲ2021ᖺ12᭶14᪥01:08㹼05:26࡛ࢻ࢖࢞ື⮬ࠊ࡚ࡅྥ࡟ᅄ᪉ྥࢀࡒࢀ

ࠋࡓ࠸ࡔࡓ࠸࡚ࡋᥦ౪ࠊࡾࡼᮡᮏ ᬛᵝࡣീ⏬ࡢࡇ

㸦3㸧ゎᯒ

࣭ὶᫍࢆ࢜ࢹࣅࡢ☜ㄆࠊ࡚ࡋಶᩘࢆグ㘓ྠࡋ᫬้࡟㟁Ἴ࡛ほ ࡓࢀࡉὶᫍࠋࡓࡋࢺࣥ࢘࢝ࢆ

࣭ྠ᫬୍้࡛⮴ࡓࡋὶᫍࡢಶᩘ୍࡟࡜ࡶࢆ⮴⋡㸦㸣㸧ࢆ⟬ฟࠋࡓࡋ

3㸬⤖ᯝࡧࡼ࠾⪃ᐹ
ᚓ࡚࡭ࡍࢆࢱ࣮ࢹࡓࢀࡽHR(1᫬㛫ᙜࡢࡾࡓὶᫍᩘ)ࠊࡋ┤࡟ᅗ1࡟᧜ᙳࡓࢀࡉὶᫍࡢHR࢜ࢹࣅࠕࢆ ࠊࠖ

ྠ᫬้࡟཮᪉࡟☜ㄆࡓࢀࡉὶᫍࡢಶᩘࡓࡋ⮴୍࡜࢜ࢹࣅࠕࢆ㟁Ἴ ࠋ୍ࡓࡋࠖ࡜ 03h12m㹼03h42mࡣ⋠⮴

࣮ࢥ࢚ࡓࢀࡉ 㟁Ἴ࡛ほ࡟᫬้ྠࠊࡕ࠺ࡢὶᫍ1,060ಶࡓࡋㄆ☜࡛࢜ࢹࣅࠋ㸦88㸣㸧ࡓࡗ࡞ࡃ㧗ࡶ᭱ࡀ

ὶࡓࢀ㟁Ἴほ ࡛ὶࠊࡶሙᡤ࡛ࡓࢀ70km㞳ࠋࡓࡗ࡞࡜60.9㸣ࡣࠖ⋠⮴୍ࠕࡢ඲యࠊࡾ࠶646ಶࡣ
ᫍ6ࡢ๭ࢆᤊྍࡓ࠼⬟ᛶࠋࡿ࠶ࡀ

4㸬ㅰ㎡
ࡢ 㟁Ἴほࠊᮡᮏ ᬛᵝ㸦᪥ᮏὶᫍ◊✲఍㸧ࡓࡗࡉࡔࡃ࡚ࡋᥦ౪ࢆ⏬ືࡓࡋ᧜ᙳࢆ⩌ᗙὶᫍࡈࡓࡩ

᪉ἲࠊ㟁ἼࡢⓎಙඖᩪࠊࡣ࡝࡞⸨ Ἠᵝ㸦ᰣᮌ┴Ꮚࡶ࡝⥲ྜ⛉Ꮫ㤋㸧ࠊὶᫍ㟁Ἴほ 㞟ィ࣮ࢱࣥࢭ

(http://www5f.biglobe.ne.jp/~hro/)ࢆཧ⪃ࠋࡓࡋࡲ࠸ࡊࡈ࠺࡜ࡀࡾ࠶ࠋࡓࡋࡲࡋ࡟

ㅮ₇䚷䠍䠌㼀

䠍䠕



 

3኱ὶᫍ⩌ࡢ㟁Ἴほ ࡢࡁྥࡢࢼࢸࣥ࢔ࡿࡼ࡟ᙳ㡪࡚࠸ࡘ࡟ 

㧗ᶫ ⯟⣖ࠊᐊ⏣ 㡪⣖ࠊᕷᕝ ฆኴᮁࠊᏲ㇂ ⌰⩧ࠊ୰ᓥ ࿴ᶞ㸦㧗2㸧࠙᪂ᓥᏛᅬ㧗➼Ꮫᰯࠚ

せ ᪨ 
ὶࡓࡅྥ࡟ኳ㡬࡜Ỉᖹࢆࡁྥࡢࢼࢸࣥ࢔ࠊ࡚࠸ࡘ࡟⩌3኱ὶᫍࡢ⩌ᗙὶᫍࡈࡓࡩࠊ⩌ᗙὶᫍࢫ࢘ࢭࣝ࣌ࠊ⩌ᗙὶᫍࡂࢇࡪࡋ

ᫍ㟁Ἴほ ࡛ほ ࡛ࡿࡁὶᫍᩘ᳨ࢆウࠋࡓࡋ඲࡚ࡢὶᫍ⩌ࢆࡁྥࡢࢼࢸࣥ࢔࡚࠸࠾࡟ኳ㡬ࡓࡅྥ࡟ほ ࡢ᪉ࡀὶᫍᩘࡀከࡃ

 ࠋࡓࡗ࠿࡞ࡁ࡛ ほࡣᕪ࡞ࡁ኱ࡿࡼ࡟⩌ὶᫍࠋࡓᚓࢆᯝ⤖ࡿ࡞

㸯㸬࡟ࡵࡌࡣ 
࢔ࠋࡓࡋ⾲Ⓨ࡛ࣥࣙࢩࢵࢭ࢔ࢽࣗࢪ᪥ᮏኳᩥᏛ఍ࡢ2021ᖺࠊࡋウ᳨࠿ࡿࡌ⏕ࡀ࠸㐪࡟ὶᫍᩘࡿࡁ࡛ ほ࡛ࡁྥࡢࢼࢸࣥ࢔

ࡍウ᳨ࢆ⏤⌮ࡢࡑࡾࡼ ほࡢ⩌3኱ὶᫍࡣ௒ᖺᗘࠋࡓᚓࢆᯝ⤖ࡿ࡞ࡃከࡀὶᫍᩘࡿࡁ࡛ ほࡀ᪉ࡓࡅྥ࡟ኳ㡬ࢆࡁྥࡢࢼࢸࣥ

ࠋࡿ

㸰㸬᪉ἲ 

ὶᫍࡢ㟁Ἴほ ࡣ⚟஭┴❧኱Ꮫࡽ࠿ฟ࡚50ࡿ࠸MHzࡢ㟁Ἴࢆ౑⏝࡚ࡋほ ࠋࡓࡋ↓⥺ᶵiCOM.IC-R8500ཷࢆಙᑓ⏝ᶵ࡜

ࣀ࣮ࣟ࡜RSP2 SDRཷಙᶵࡢ♫SDRplayࠊࡓࡲࠋࡓࡋ⨨タ࡟Ỉᖹ࡚ࡅྥ࡟┴஭⚟ࢆࢼࢸࣥ࢔2⣲Ꮚࡢ50MHzࠊࡋ⏝౑࡚ࡋ

ࡅྥ࡟ኳ㡬㸦ᆶ┤㸧ࢆࢼࢸࣥ࢔50MHzࠊࡋ⏝౑ࢆࣉࣥ࢔ࣜࣉࢬ࢖

࡚タ⨨࡜ࢼࢸࣥ࢔ࠋࡓࡋ↓⥺ᶵࢆࡢࡶࡌྠࡣࣝࣈ࣮ࢣࡢ࡛ࡲ౑⏝ࡋ

ࡢࡽ࠿ᶵ⥺↓ࠋࡓࡋ⏝౑ࢆSDRunoࡣࢺࣇࢯಙཷࡢSDR↓⥺ᶵࠋࡓ

㡢ࠊࡂ⧄࡟࣮ࢱ࣮ࣗࣆࣥࢥࢆほ ࢺࣇࢯMROFFT࡛10ศࡢ࡜ࡈ⏬

ീ࡚ࡋ࡜ಖᏑࡢࡇࠋࡓࡋ⏬ീࢺࣇࢯࢆHROView࡛10࡚ࡋࢺࣥ࢘࢝

ศ㛫ࡢὶᫍᩘࠋࡓࡋ࡜ὶᫍ㟁Ἴほ 2019ࡣᖺࢫ࢘ࢭࣝ࣌ࡢᗙὶᫍ

ࡗ⾜࡛⩌ᗙὶᫍࡈࡓࡩࡢ2020ᖺࠊ⩌ᗙὶᫍࡈࡓࡩࡢ2019ᖺࠊ⩌

 ࠋࡓ

㸱㸬⤖ᯝ 
ᅗ1ࡽ࠿ᅗ31ࡣ᪥ࡢὶᫍᩘኚ໬ࠊࡋ♧ࢆὶᫍᩘࡣᴟ኱᪥ࢆ୰ᚰ3࡟

᪥㛫ྜࡢィ࡛♧ࠋࡓࡋᅗ1ࢫ࢘ࢭࣝ࣌ࡣᗙὶᫍ⩌ࠊᅗ2ࡈࡓࡩࡣᗙὶ

ᫍ⩌ࠊᅗ3ࡂࢇࡪࡋࡣᗙὶᫍ⩌ࠋࡓࡋ♧ࢆᨺᑕⅬ᭱ࡀ኱㧗ᗘࡿ࡞࡟᫬

ࡋࠊࢁࡈ2᫬ࡀ⩌ᗙὶᫍࡈࡓࡩࠊࢁࡈ5᫬ࡀ⩌ᗙὶᫍࢫ࢘ࢭࣝ࣌ࡣ้

࢔ࡓࡅྥ࡟ኳ㡬ࠋࡓࡋ♧༳࡛▮࡟ᅗ୰ࠊ࡛ࢁࡈ9᫬ࡀ⩌ᗙὶᫍࡂࢇࡪ

ῶᑡࡢ௜㏆࡛ὶᫍᩘࡿ࡞࡟኱㧗ᗘ᭱ࡀᨺᑕⅬࠊࡣ࡛ࣇࣛࢢࡢࢼࢸࣥ

ࠋࡓࢀࡉ ほࡀ

㸲㸬⪃ᐹ 
ᅗ1ࡽ࠿ᅗ3ࡀࡁྥࡢࢼࢸࣥ࢔ࡾࡼỈᖹࡾࡼኳ㡬ࡢ᪉ࡀほ ࡓࡋὶ

ᫍᩘࡀከ࠸⤖ᯝࢆᚓࠋࡓỈᖹ࡜ኳ㡬᪉ྥࡿࡼ࡟ὶᫍᩘࡢᕪࣝ࣌ࠊࡣ

ࡗ࡞ࡃࡁ኱࡜2ಸ⛬ᗘࡀ⩌ὶᫍࡢࡘ2ࡢ௚ࠊࡃࡉᑠࡀ⩌ᗙὶᫍࢫ࢘ࢭ

ࠊ18᫬㡭࡛ࡽ࠿17᫬ࡣ᫬้ࡿ࡞࡟ᑠ᭱ࡀὶᫍᩘࡢኳ㡬᪉ྥࠋࡿ࠸࡚

኱᭱ࡀᨺᑕⅬࠋࡿ࠸࡚ࡗ࡞ࡃ࡞ࡀᕪࡢὶᫍᩘࡿࡼ࡟ࡁྥࡢࢼࢸࣥ࢔

㧗ᗘࡿ࡞࡜᫬้௜㏆࡛ࠊࡣኳ㡬᪉ྥࡢὶᫍᩘࡢῶᑡࡀ㢧ⴭ࡚ࢀ⾲࡟

ࠋࡿ࠸

ࡢࢼࢸࣥ࢔ࡣ࣮ࢥ࢚ὶᫍࡓࢀࡉ Ỉᖹ᪉ྥ࡛ほࡀࡁྥࡢࢼࢸࣥ࢔

ቑࡀᩘ࣮ࢥ࢚ὶᫍࡢኳ㡬᪉ྥࠋࡓࢀࡉ ほ࡚࡭ࡍኳ㡬᪉ྥ࡛ࡀࡁྥ

ຍࡓࡋศࡣኳ㡬᪉ྥࡢほ ࠊࢀ⾲࡟ࡳࡢỈᖹ᪉ྥ࡛ࡣほ ࠿࡞ࢀࡉ

ࠋࡓࡗ

ὶᫍ⩌1ࡿࡼ࡟᪥ࡢὶᫍᩘኚ໬ࡣᅗࡾࡼほ ࡛ࡢࢼࢸࣥ࢔ࠊࡀࡓࡁ

ࠋࡓࡗ࠿࡞ࢀ⾲࡟☜᫂ࡣኚ໬ࡢὶᫍᩘࡿࡼ࡟ࡁྥ

㸳㸬ࡵ࡜ࡲ 

3኱ὶᫍ⩌࡛ࡿࡼ࡟ࡁྥࡢࢼࢸࣥ࢔ὶᫍᩘኚ໬ࢆほ 1ࠋࡓࡋ᪥ࡢ

ὶᫍᩘࡢഴྥࡢᕪࡣほ ࡛ࠊࡀࡓࡁὶᫍ⩌࡟ࡁྥࡢࢼࢸࣥ࢔ࡿࡼ࡟ 

 ᙳࡢࡁྥࡢࢼࢸࣥ࢔࡚ࡅ⥆ࢆ ほࡶ௒ᚋࠋࡓࡗ࠿࡞ࢀ⾲ࡣᙳ㡪ࡿࡼ

㡪᳨ࢆウࠋࡿࡍ

㸴㸬ㅰ㎡ 

⩌㤿┴❧ࡲࢇࡄኳᩥྎࡢ୺ᖿ࣭すཎⱥ἞ඛ⏕ࡈ࡟ᣦᑟࡢࡇࠋࡓࡋࡲࡁࡔࡓ࠸ࢆሙ࠾ࢆ೉࡚ࡋࡾཌࠋࡍࡲࡆୖࡋ⏦♩࠾ࡃ 

㸵㸬ཧ⪃ 

(1) ὶᫍ㟁Ἴほ ᅜ㝿ࢪ࣮࣒࣮࣌࣍ࡢࢺࢡ࢙ࢪࣟࣉ http://www.amro-net.jp/hro_index.htm
(2) SDRplay♫〇 RSP2 SDRཷಙᶵ http://icas.to/lineup/rsp2.htm

ㅮ₇䚷䠍䠍㻿

䠎䠌



ὶᫍ⩌ࡢ㌶㐨ゎᯒ㹼ほ ࡽ࠿ẕኳయࢆ᥈ࡿ㹼 
  ⚟ᒸᕤᴗ኱Ꮫ㝃ᒓᇛᮾ㧗➼Ꮫᰯ⛉Ꮫ㒊㸸ᴋ᰿ ᾴࠊ㛗㇂ᕝ ᫂Ꮚ㸦㧗 2) 

ᑎᓥ ⓡ⏕ࠊΏ㑔 ⰼ⳯ࠊ㛗㇂ᕝ ⵬ࠊᐑ⬥ ᝆἙࠊబ⸨ ┿ࠊ㯮ᮌ 㣁ኈ㸦㧗 1㸧 

࠙⚟ᒸᕤᴗ኱Ꮫ㝃ᒓᇛᮾ㧗➼Ꮫᰯࠚ 

せ᪨

ࠊࡋฟࡾ๭ࢆ㌶㐨࡚ࡋฟࢆᗘ㏿ࠊ᪉ྥࠊⓎග᫬㛫ࠊⓎග㊥㞳ࡢὶᫍࡵồࢆ㍽ᑕⅬ࡞☜ṇࡋ᧜ᙳ࢜ࣞࢸࢫࢆ⩌ᗙὶᫍࡈࡓࡩ

ẕኳయࢆ≉ᐃࢆ࡜ࡇࡿࡍ┠ⓗࠋࡓࡋ࡜

㸯㸬 ືᶵ࣭ඛ⾜◊✲࣭┠ⓗ 

ࢆኳయ࡞ࠎᵝ࡝࡞᭶ࡸࣜࣈࢹࢫ࣮࣌ࢫࡣᏛ㒊⛉ࡕࡓ⚾

ほ ࡢࡑࠋࡓࡁ࡚ࡋ୰࡛ὶᫍࡢほ ࡓࡗ⾜ࢆ㝿ࠕࠊὶᫍࡣ

⯆࡟✲◊ࡿࡍ㛵࡟ὶᫍࠊࡾ࡞࡟Ẽࡀࠖ࠿ࡢࡓࡁࡽ࠿ࡇ࡝

࿡ࢆᣢ2020ࠋࡓࡗᖺࡈࡓࡩᗙὶᫍ⩌2021ࠊᖺࢫ࢘ࢭࣝ࣌

ᗙὶᫍ⩌ࢆ᧜ᙳࡋⓎග㊥㞳ࠊⓎග᫬㛫ࠊ᪉ྥࠊ㏿ᗘࠊ㍽ᑕ

Ⅼࢆồࡀᩘࢱ࣮ࢹࡋ࠿ࡋࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡵᑡࡵࡓ࠸࡞

ẕኳయࢆ≉ᐃ࡛ࡇࡑࠋࡓࡗ࠿࡞ࡁ࡛ࡀ࡜ࡇࡿࡍ 2021ᖺࡩ

ࠊᗘ㏿ࠊ᪉ྥࠊⓎග᫬㛫ࠊⓎග㊥㞳ࡋ᧜ᙳࢆ⩌ᗙὶᫍࡈࡓ

㍽ᑕⅬࢆฟ࡚ࡋ㌶㐨ࢆ๭ࡾฟࠊࡋẕኳయࢆ≉ᐃ࡜ࡇࡿࡍ

ࠋࡓࡋ࡜ⓗ┠ࢆ

㸰㸬 ◊✲᪉ἲ 

Ϩ.ࡈࡓࡩᗙὶᫍ⩌ࡢᴟ኱᪥࡟ 30 ੊㞳ࡓࢀ 2 ᆅⅬ࡛ኪ✵

ࡍ㑅ᐃࢆ┿෗ࡿ࠸࡚ࡗ෗ࡀὶᫍࠊࡅ⥆ࡋᅛᐃ᧜ᙳࢆ

 ࠋ࠺⾜ࢆ᧜ᙳࡶ࡛⏬ືࠊࡓࡲࠋࡿ

ϩ.ᫍᅗ(ᚰᑕᅗἲ)࡟ὶᫍࡢ㌶㊧ࢆ⥺ࡢᘬࠊࡁ㍽ᑕⅬࢆồ

 ࠋࡿࡵ

Ϫ.ᫍᅗ࡚࠸⏝ࢆࢱ࣮ࢤࣅࢼࣛࢸࢫࢺࣇࢯጞⅬࠊ⤊Ⅼࠊ㍽

ᑕⅬࡢᗙᶆࢆㄪ࡚ࡋࡑࠋࡿ࡭᪉఩ゅࡽ࠿ጞⅬࠊ⤊Ⅼ

ࠋࡍ⾲஺ᗙᶆ࡛┤ࠊࡋฟࢀࡒࢀࡑࢆỈᖹ㊥㞳ࡢ࡛ࡲ

ϫ.Ϫࡢ⤖ᯝࡽ࠿ὶᫍࡢⓎග㊥㞳ࢆồࠋࡿࡵ  

Ϭ.ື⏬ࡽ࠿Ⓨග᫬㛫ࢆồࠊࡵὶᫍ≀㉁ࡢ㏿ᗘࢆồࠋࡿࡵ

ϭ.ὶᫍ≀㉁ࡢ㏿ᗘࡽ࠿㌶㐨㛗༙ᚄࢆồࠊࡵẕኳయࡢ㌶㐨

ࠋࡿࡵồࢆ

᧜ࠑ ᙳ ᪥ ᫬2021ࠒᖺ 12᭶ 15᪥ 01:00㹼05:00 

᧜ࠑ ᙳ ሙ ᡤࠒձ⚟ᒸ┴㣤ሯᕷ ղ⚟ᒸ┴ඵዪᕷ

᧜ࠑ ᙳ ᶵ ᮦࠒձSONY Ș㸵Sϩࣇࣞ║୍ࢫ࣮࣑ࣞࣛ

SUMYAN18mmF2.8ᗈゅࣞࣥࢬ

ղ୍ࢫ࣮࣑ࣞࣛ║ OLYMPUS OM-D

E-M10 7.5mmF2.0 Fish Eye

ձISOឤᗘࠒタᐃࡢ࣓ࣛ࢝ࠑ ISO16000

್ࡾ⤠ F2.8

MP4ᙧᘧ ẖ⛊ ࣒࣮ࣞࣇ30

ղISOឤᗘ ISO2000

㟢ฟ᫬㛫 15⛊

್ࡾ⤠ F2.0

㸱㸬 ⤖ᯝ 

4᫬㛫ほ ࠸⾜ࢆ┠ど࡛ 48ಶほ ฟ᮶ࡢࡑࠋࡓ୰ࡢ㸯

ಶ࢜ࣞࢸࢫࡀ᧜ᙳ࡟ᡂຌฟ᮶ࡓ(ᅗ 1,ᅗ ࠋ(2

㟼Ṇ⏬ືࠊ ࠊ19.3੊ࡣⓎග㊥㞳ࡢὶᫍࠊᯝ⤖ࡓࡋゎᯒࢆ⏬

Ⓨග᫬㛫ࡣ බ㌿㌶㐨ࡢ⌫ᆅࡣࡁྥࡢ㌶㐨ࡢὶᫍࠊ⛊0.48

ࡰ࡯࡜ 80r࡛஺ࡾࢃ(ᅗ ࡣᗘ㏿ࡢࡅ࠿ࡳࡢὶᫍࠊ(3 39.9 

km/sࡢࡑࠋࡓࡗ࡞࡜⤖ᯝࡽ࠿ᆅ⌫ࡢබ㌿ࡿࡼ࡟ᙳ㡪ࢆィ

ࢆቑຍศࡢ࣮ࢠࣝࢿ࢚㐠ືࡿࡼ࡟ᘬຊࡢ⌫ᆅ࡟᭦ࠊࡋ⟭

ᘬ࡜ࡃᆅ⌫㌶㐨࡛ࡢὶᫍࡢ㌶㐨㏿ᗘࡣ 38.0km/s ࡗ࡞࡜

ࢫ࢝࡜ࡿࡵồࢆ㍽ᑕⅬࡽ࠿஺Ⅼࡢ㌶㊧ࡢὶᫍࡢᩘ「ࠋࡓ

࣮ࢠࣝࢿ࢚ຊᏛⓗ࡜ἲ๎ࡢ࣮ࣛࣉࢣࠋࡓࡗ࡞࡜௜㏆ࣝࢺ

ಖᏑ๎(ᅗ ࢁࡇ࡜ࡓࡵồࢆ㌶㐨㛗༙ᚄࡢኳయࡽ࠿(4 1.8

ኳᩥ༢఩ࠋࡓࡗ࡞࡜ 

㸲㸬 ⪃ᐹ࣭⤖ㄽ 

㌶㐨㛗༙ᚄࢆồࢁࡇ࡜ࡓࡵ 1.8 ኳᩥ༢఩ࡵࡓࡓࡗ࡞࡜

 ࠋࡓ࠼⪄࡜ࡿ࠶ᑠᝨ࡛ᫍࡣẕኳయࡢ⩌ᗙὶᫍࡈࡓࡩ

ࣇࡿ࠸ఝ࡚ࡀ㌶㐨せ⣲ࡣẕኳయࡢ⩌ᗙὶᫍࡈࡓࡩࡓࡲ

⾲)࠸㧗ࡶᛶ⬟ྍࡿ࠶࡛ࣥࢺ࣮࢙  ࠋ(1

1 ಶࡢὶᫍࡽ࠿㌶㐨ゎᯒࡢࡇ࡛ࡢࡓࡁ࡛ࡀ᪉ἲࡣẕኳయ

≉ᐃ࡟᭷ຠ࡛ࠋࡓࡗ࠶ 

㸳㸬 ཧ⪃ᩥ⊩ 

࣭඲ኳᜏᫍᅗ 2000 㸦ⴭ㸧୰㔝 ⦾ ㄔᩥᇽ᪂ග♫

࣭ኳᩥᖺ㚷 2021ᖺ∧  ㄔᩥᇽ᪂ග♫ 

ࡕࡓᫍࡿࡂࡍࡋ⨾࣭ ぢࠊࡿ▱ࠊࡿ᧜ࡢࡿᫍᗙࡢᩍ⛉

᭩ ᐆᓥ♫

࣭᭶หᫍ2021 ࣅࢼᖺ 8᭶ྕ ࢶ࣮࢔ࣟࢺࢫ࢔

ㅮ₇䚷䠍䠎㼀

䠎䠍



ᙟᫍࡢỈྵ᭷⋡ࡽ࠿ᆅ⌫ࡢỈࡢ㉳※ࢆ᥈ࡿ

 ኳ 67P_⌜㸸ࡋࡶ

㧗ᔱ ⱥᑑ㸦㧗3㸧࠙៞᠕⩏ሿ㧗➼Ꮫᰯࠊࠚᘅ℩ ง㸦㧗2㸧࠙⟃Ἴ኱Ꮫ㝃ᒓᆏᡞ㧗➼Ꮫᰯࠊࠚ 

ᒣ⏣ ඃᩯ㸦㧗1㸧࠙Ṋⶶ㧗➼Ꮫᰯࠚ

せ ᪨
ࠋࡓࡗᣢࢆ␲ၥ࠿ࡢࡿ࠸࡚ࢀࡲྵࡀỈ࠸ࡽࡃࢀ࡝࡟ᐇ㝿ࠊ࡚࠸ࡘ࡟ᙟᫍࡿ࠶ࡢᛶ⬟ྍࡢ※㉳ࡢỈࡢ⌫ᆅࠊࡣࡕࡓ⚾

ࡢỈࡿ࠸࡚ࢀࡲྵ࡟ᙟᫍࠊ࡟࡜ࡶࢆゎᯒࡢࢱ࣮ࢹࣈ࢖࣮࢝࢔࡜ ගほ ࡿࡅ࠾࡟ᙟᫍࡢᩘ「ࡣ࡛✲◊ࡢ௒ᅇࠊ࡛ࡇࡑ

ẚ⋡࡚࠸ࡘ࡟㆟ㄽࠋࡓࡋ

㸯㸬⫼ᬒ 
ᙟ࣐ᫍࢥࡿࡼ࡟ࢺࢫࢲࡸࢫ࢞ࠊࡣ࡟(ⷧ࠸኱Ẽ)࡜ᑿࡀᏑᅾࠊࡋኴ㝧ࡢ࿘ࢆࡾᴃ෇ࡸᨺ≀⥺ࡢ㌶㐨ࢆᥥࡁබ㌿࡚ࡋ

ᙟࠋࡿࢀࡉ኱ู࡟㛗࿘ᮇᙟᫍࡿࢀࡉ࡜ࡿࡍ㣕᮶ࡽ࠿㞼ࡢࢺ࣮ࣝ࢜࡜࿘ᮇᙟᫍ▷ࡿࡍ㣕᮶ࡽ࠿ࢺ࣮ࣝ࣋ࣃ࢖࢝ࠋࡿ࠸

ᫍࠊࡣ㇏ᐩ࡟Ỉࡽ࠿࡜ࡇࡴྵࢆᆅ⌫ࡢỈࡢ㉳※࡚ࡋ࡜ࡘ୍ࡢᥦ᱌୍ࠋ[1]ࡿ࠸࡚ࢀࡉ᪉࡛67ࠊPᙟᫍࡢD/Hẚ(Ỉ⣲

㔜Ỉ⣲ẚ)ࡀᆅ⌫ࡢᾏỈ࡟ẚࡑࡼ࠾࡚࡭㸱ಸ࡛ࠊࡸ[2]࡜ࡇࡓࡗ࠶ᙟᫍࡢ⾪✺㢖ᗘࡀపࠊ ࡽ࠿࡝࡞[3]࡜ࡇ࠸ᙟᫍࡢ

Ỉྵ᭷⋡ࡽ࠿ᆅ⌫ୖࡢỈ㔞ࢆㄝ࡛᫂࠺࠸࡜࠿ࡿࡁ㆟ㄽࡀ⌧ᅾࡣࡕࡓ⚾ࠋࡿ࠸࡚࠸⥆ࡶ⏕࿨ࡢ㉳※ࢆ᥈ࠊࡃ࡭ࡿ⏕࿨

 ࠋࡓࡗᣢࢆ࿡⯆࡚࠸ࡘ࡟࠿ࡢࡓ᮶ࡽ࠿ࡇ࡝ࡀỈࡿ࠶㉁࡛≀࡞ᚲ㡲࡟

㸰㸬┠ⓗ 
ࠊ↛ᙜࡣࡉࡁ኱ࠊୖ࠸ࡋ㞴ࡣ࡜ࡇࡿࡵồࢆᑐ㔞⤯ࡢỈࡿࢀࡲྵ࡟ᙟᫍࠋࡿ࡭ㄪࢆ᭷㔞ྵࡢỈࠊࡋ ほࢆᙟᫍࡢᩘ「

Ỉྵࡢ᭷㔞ࡢᕪࠋࡿࡍ⤖┤࡟௚ࡢ≀㉁ࡢศᏊ࡟ᑐࡿࡍỈࡢẚ⋡ࢆẚ㍑ࠊࡋᙟᫍࡀỈࡢ㉳※࡛ྍࡿ࠶⬟ᛶࢆ⪃ᐹࠋࡿࡍ

㸱㸬◊✲᪉ἲ
ྛᙟ࣐ᫍࢥࡿࡅ࠾࡟୰ࡢH2O࡜C2ศᏊࡢẚ⋡(H2O/C2ẚ)ࢆồࠊࡵࡓࡿࡵH2O+(୰ᚰἼ㛗

702nm)ࠊC2(514nm)࡚࠸⏝ࢆ࣮ࢱࣝ࢕ࣇ ගほ ࠋࡓࡗ⾜ࢆ᧜ീ⏬ീࡢ᫂ࢆࡉࡿẚ㍑

ࢥࡢᙟᫍࠊ࡛࡜ࡇࡿࡍ៖⪄ࢆ⋠ศᒱࡢH2O+㸩e-཯ᛂ ֐ H2Oࠊ⋠Ⓨගຠࡢࣥ࢜࢖ศᏊ࣭ࠊࡋ

ࡗ࠿࡞ࡁ࡛ࡃᝏࡀኳೃࠊࡀࡓࡋணᐃࡶ ศගほࠋࡓࡋᙟᫍ㛫࡛ẚ㍑ࠊࡵồࢆH2O/C2ẚࡢ࣐

⥺㍤ྛࠊࡽ࠿ゎᯒࡢࢱ࣮ࢹ ศගほࡢLeonardᙟᫍࠋࡓ࠸⏝ࢆࢱ࣮ࢹ ほࡢ㐣ཤࠊࡵࡓࡓ

,OHࡢᙟᫍࠊࡋ⏝౑ࢆ[4]ࢱ࣮ࢹࣈ࢖࣮࢝࢔ࠊࡓࡲࠋࡓࡵồࢆNH2/C2ẚࡋ⟭ィࢆࡉࡿ᫂ࡢ

NH2, CN, C2, C3ศᏊࡢ᰾ࡢࡽ࠿ᨺฟ⋡ࢆࢱ࣮ࢹࡢẚ㍑ࠋࡓࡋ

㸲㸬ほ ⤖ᯝ
 ගほ ࡛ࡣィ4ᙟᫍ(104P, 4P, 67P, 2019L3)ࢆH2O+,C2࡛࣮ࢱࣝ࢕ࣇほ ࡋ

ࡗࡔᗘ⛬100ࡣNH2/C2ẚࡢLeonardᙟᫍࠊࡽ࠿ゎᯒࡢࢱ࣮ࢹࣈ࢖࣮࢝࢔ࠋࡓ

ほ Ⅼࠊࡀࡓࡋ࡜࠺ࡼ࡭ㄪࢆ࠸㐪ࡢCN/OHẚࡸNH/OHẚࡿࡼ࡟ᙟᫍࡓࡲࠋࡓ

ῶࡀᨺฟ㔞ࡢOH࡚ࢀࡘ࡟ࡃ㏆࡙࡟၏୍ኴ㝧ࠊࡵࡓࡓࡗ࠿࡞ᑡࡀᙟᫍ࡞༑ศࡀᩘ

ᑡࡓ࠸࡚ࡋC/1990 K1(Levy)ࡢゎᯒࠋࡓࡗ⾜ࢆ

㸳㸬⪃ᐹ
 ගほ ⤖ᯝࡽ࠿H2O/C2ẚࡀᙟ࡚ᫍࡗࡼ࡟኱ࡀ࡜ࡇࡿ࡞␗ࡃࡁศࠋࡓࡗ࠿

ࡗ࠿࡞ฟ᮶ࡣ࡜ࡇࡿࡍᑟฟࢆṍᗘࡢࣇࣛࢢࡸᶆ‽೫ᕪࠊࡃ࡞ᑡࡀᩘࣝࣉࣥࢧ

ࡣప ᗘ࡛ࡣࢀࡇࠊࡀࡓࢀࡽぢࡀഴྥ࠸పࡀH2O/C2ẚ࡝࡯࠸㐲ࡽ࠿ኴ㝧ࠋࡓ

H2Oࠋࡿࢀࡽ࠼⪄࡜ࡔࡽ࠿࠸ࡃ࡟ࡋ⳹᪼ࡀLeonardᙟᫍࡢNH2/C2ẚࡣồࡇࡿࡵ

ࢆࡅࡔἼ㛗ࡿࡍᑐᛂ࡟+H2Oࡣ࣮ࢱࣝ࢕ࣇ+H2Oࠊࡣග࡛ ࠊࡀࡓࡁ࡛ࡀ࡜

ᤊࡿ࠸࡚࠼㸦ᮏ᮶H2O+ࡣ࣮ࢱࣝ࢕ࣇH2O+࡜NH2࡟ᑐᛂࡿࡍἼ㛗ࡢගࢆ㏱

㐣ࡿࡍ㸧࡜௬ᐃࠊࡵࡓࡓࡋ┤᥋ẚ㍑ࡣ࡜ࡇࡿࡍฟ᮶ࠋࡓࡗ࠿࡞C/1990
K1(Levy)ࡢゎᯒྛࠊࡣࡽ࠿ศᏊࡢ᰾ࡢࡽ࠿ᨺฟ㔞ࢆẚ㍑ࠊ࡜ࡿࡍOHࡀኴ

㝧࡟㏆࡙࡚ࢀࡘ࡟ࡃῶᑡࡀ࡜ࡇࡿ࠸࡚ࡋぢ࡚ྲྀࢺࢵࢭࢱ࣮ࢹࠋࡿࢀ(COBS
database) ࡛ྍどග࡛ࡢ᫂ࡢࡉࡿኚ໬ࢆぢࠊࢁࡇ࡜ࡓ㏆᪥Ⅼ㏻㐣๓࡟᫂ࡿ

࡜ࡇ࠺࠸࡜ࡿ࠸࡚ࡁ㉳ࡀᔂቯࡢ㏵୰࡛᰾ࠊࡽ࠿࡜ࡇࡿ࠸᮶࡚ࡀࢡ࣮ࣆࡢࡉ

ᨺฟ㔞ࡢOH࡟᰾ᔂቯᚋࡢᙟᫍࠊゎᯒ࡛ࡢC/1990 K1(Levy)ࠋࡓࡗ࠿ศࡀ

௚ࡢࡑ࡜OHࡀ๭ྜࡢ㉁≀ࡢ୰ࡢ᰾࡟࡜ࡈᙟᫍࠊࡽ࠿࡜ࡇࡓ࠸࡚ࡋῶᑡࡀ

 ࠋࡓ࠼⪄࡜ࡿ࠶ࡀᛶ⬟ྍࡿ࡞␗ࡃࡁ㉁࡛኱≀ࡢ

㸴㸬௒ᚋࡢᒎᮃ 
ᙟᫍࡢ ගࡢࢱ࣮ࢹゎᯒࢆ෌ᗘ⾜࠸⪃ᐹࠋ࠸ࡓࡵ῝ࢆ௒ᚋࠊᙟᫍࡢෆ㒊

ᵓ㐀ࡢ࡚࠸ࡘ࡟㆟ㄽࢆⓎᒎࠋࡃ࠸࡚ࡏࡉ 

㸵㸬ཧ⪃ᩥ⊩ 
[1]ᾏ㒊ᐉ⏨ࠗᏱᐂ⏕࿨ㄽ࠘ࠊᮾி኱Ꮫฟ∧఍2015ࠊᖺࠊp.98
[2]Altwegg, K. et al. (2015, Science, 347, 6220)
[3]Morbidelli, A.et al. (2000, Meteoritics & Planetary Science, 35(6), 1309-1320)
[4]Lowell Observatory Cometary Database - Production rates https://data.nasa.gov/Earth-Science/LOWELL-
OBSERVATORY-COMETARY-DATABASE-PRODUCTION-RA/hxax-w8en ᭱⤊㜀ぴ2022/1/28
㸶㸬ㅰ㎡ 

C/2021 A1 (Leonard) ࡢศගほ ࢆࢱ࣮ࢹᥦ౪࡚ࡋୗࡓࡗࡉ㉥⃝⚽ᙪᵝࠊ௝ྎᕷኳᩥྎࡢⓙᵝࡋࡶࠊኳ2021ࢵࢱࢫ

ࠋࡓࡋࡲ࠸ࡊࡈ࠺࡜ࡀࡾ࠶ࠋࡍࡲࡆୖࡋ⏦ឤㅰ࡟ⓙᵝࡢࣇ

ㅮ₇䚷䠍䠏㼀

䠎䠎



ᑠᝨᫍࡢ(242)ࢺࣝࣄ࣒࣮ࣜࢡගᗘ᭤⥺3࡜D᳨ࣔࡢࣝࢹド

ᚋ⸨ ⍵ᕹࠊᕷᕝ ⤖ឡࠊᰣཎ 㔛ဏ㸦㧗1㸧࠙᪂ᓥᏛᅬ㧗➼Ꮫᰯࠚ 

せ ᪨ 
ᑠᝨᫍ3ࠊࢀࡉ✲◊ࡀࣝࢹࣔࡢDࢪ࣮࣒࣮࣌࣍ࡀࢱ࣮ࢹ㸦㸰㸧࡟බ㛤ࢆࢱ࣮ࢹࡢࡇࠋࡿ࠸࡚ࢀࡉ౑⏝ࡋ

࡚3D࡛࣮ࢱࣥࣜࣉᑠᝨᫍࢆసᡂࡓࡋ㸦ᅗ1㸧ࠋ௒ᅇࡣᑠᝨ᳨࡚ᫍ࠸ࡘ࡟(242)ࢺࣝࣄ࣒࣮ࣜࢡウࠋࡓࡋ

సᡂ3ࡓࡋDᑠᝨᫍ࡟ගࢆᙜ࡚࡚ගᗘ᭤⥺ࢆồࠊࡵᐇ㝿࡟ᮃ㐲㙾࡛ほ ࡚ࡋồࡓࡵගᗘ᭤⥺࡜ẚ㍑᳨ウ

ࡇࡿ࠸࡚ࡋ⾲ࢆ≦ᙧࡢᑠᝨᫍࡢᐇ㝿ࡀࣝࢹ3Dࣔࡢᑠᝨᫍࠊࡋ♧ࢆ⮴୍࠸Ⰻࡣ⥺ගᗘ᭤ࡢࡘ2ࠋࡓࡗ⾜ࢆ

 ࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍウ᳨ࢆࡁഴࡢ㌿㍈⮬ࡢᑠᝨᫍࡾࡼᙧࡢ⥺ගᗘ᭤ࠊࡓࡲࠋࡓࡗ࠿ศࡀ࡜

㸯㸬࡟ࡵࡌࡣ 
2021ᖺ3᭶ࡢ᪥ᮏኳᩥᏛ఍ࠊ࡛ࣥࣙࢩࢵࢭ࢔ࢽࣗࢪᑠᝨ᳨࡚ᫍ࠸ࡘ࡟(184)࢔࣌ࣚࢹウ࡚ࡋⰋ࠸

⤖ᯝࢆᚓࠋࡓ௒ᖺᗘ࡚ࡋ⥆⥅ࡶᑠᝨ࡚ᫍ࠸ࡘ࡟(242)ࢺࣝࣄ࣒࣮ࣜࢡほ ࠋࡓࡗ⾜ࢆ

㸰㸬┠ⓗ 
ᑠᝨ࡛࣮ࢱࣥࣜࣉ3D࡚ࡋ⏝౑ࢆࢱ࣮ࢹᑠᝨᫍ3Dࡢ3D Asteroid Catalogueࠖ㸦㸰㸧ࠕࢪ࣮࣒࣮࣌࣍

ᫍࢆసᡂࡓࡋ㸦௒ᚋ3Dᑠᝨᫍ࡜࿧ࡪ㸧3ࠋDᑠᝨᫍࡢගᗘ᭤⥺࡜ᐇ㝿ࡢᑠᝨᫍࡢほ ࡛ᚓࡓࢀࡽග

ᗘ᭤⥺ࢆẚ㍑3ࠊ࡚ࡋD᳨ࣔࡢࣝࢹド࡜⮬㌿㍈ࡢഴ᳨ࡢࡁウࠋ࠺⾜ࢆ

㸱㸬᪉ἲ 
ᑠᝨᫍࡢගᗘ᭤⥺ࠊࡣすᮧ〇సᡤ40ࡢcmF5ࣥࢺ࣮ࣗࢽᘧ཯ᑕᮃ㐲㙾࡜෭༷CCDࠊ࣓ࣛ࢝L࢕ࣇ

࡟ᚋࡓࡗ⾜ࢆṇ⿵ࢺࢵࣛࣇ࣭ࢡ࣮ࢲࡣീ⏬ࠋࡓࡗ⾜ࢆ᧜ᙳ࡚ࡋ⏝౑ࢆ࣮ࢱࢡࣞࢥ࣐ࢥࠊ࣮ࢱࣝ

AstroImageJ࡛࣐ࣜ࢝ࡣࡓࡲ ගࠋࡓࡋほ 2020ࡣᖺ12᭶22᪥ࡓࡗ⾜࡟(ගᗘ13.3➼⣭)ࠋ

3Dᑠᝨᫍ3ࠕࢪ࣮࣒࣮࣌࣍ࡣD Asteroid Catalogueࠖࢆࢱ࣮ࢹࡢ౑⏝3࡚ࡋDࢳࣥࣅࢲ࣮ࢱࣥࣜࣉ

Pro࡛ฟຊ3ࠋࡓࡋDᑠᝨᫍࡢගᗘ᭤⥺ࡢほ ࠊࡣLEDࣛࢆࢺ࢖ኴ㝧3࡚ࡋ࡜Dᑠᝨᫍ࡟ගࢆᙜ࡚࡚࢝

࣓ࣛ㸦ᆅ⌫ࡢほ ⪅㸧࡛᧜ᙳࠋࡓࡗ⾜ࡾࡼ࡟࡜ࡇࡿࡍ᧜ᙳࡓࡋRAW࣮ࢹ

ගᗘࠋࡓࡋග ࡟ᵝྠ࡜ ኳయほࡢ㏻ᖖࠊᚋࡓࡋROW2FITS࡛ኚ᥮ࡣࢱ

᭤⥺ࠊࡣᅗ23࡟࠺ࡼࡢ᪉ྥ࡟ഴ࡚ࡅほ 3ࠊࡓࡲࠋࡓࡋDᑠᝨᫍࡢ⮬㌿ࡣ

ᆅ⌫ࡌྠ࡜㡰⾜ࡢ᪉ྥ5࡟ᗘࡘࡎ㸯࿘ᮇศᅇ㌿ࠋࡓࡏࡉ

㸲㸬⤖ᯝ 
3Dᑠᝨᫍࡢ⮬㌿㍈ࡣᅗ2(1)ࠋࡍ♧࡟ほ ⪅࡚ࡗ࠿ྥ࡟๓ᚋ(2)ࠊྑഃ࡟

45ᗘࡢ๓ᚋ(3)ࠊᕥഃ45࡟ᗘࡢ๓ᚋ࡟ഴ࡚ࡅほ ࠋࡓࡋほ 3ࡓࡋDᑠᝨᫍ

0ࠊ๓30ᗘࠊ๓60ᗘ࡟㡰ࡽ࠿ୖࡣࣇࣛࢢࠋࡍ♧࡟ᅗ6ࡽ࠿ᅗ4ࢆ⥺ගᗘ᭤ࡢ
ᗘࠊᚋ30ᗘࠊᚋ60ᗘࡢ㡰ࡀࣇࣛࢢࠊࡋ♧࡟㔜ୖ࡟࠺ࡼ࠸࡞ࡽ࡞ୗࡋື⛣࡟

ࣝࢹࣔࡣ௒ᅇࠊࡾ࠶ࡀࣝࢹࣔࡢ㢮✀2ࡣ࡟3D Asteroid Catalogueࠖࠕࠋࡓ

㸰ࢆ౑⏝ࠋࡓࡋᅗ3࡟ᮏᰯࡢᮃ㐲㙾࡛ほ ࡓࡋ⤖ᯝࠋࡍ♧ࢆᅗ3ࡢ⤒㐣᫬㛫

 ࠋࡿ࠶㐣᫬㛫࡛⤒ࡢࡽ࠿17᫬30ศࡢ2020ᖺ12᭶22᪥ࡣ
㸳㸬⪃ᐹ 

ᅗ4ࡽ࠿ᅗ6࡟࠺ࡼࡓࡋ♧࡟⮬㌿㍈ࡢഴࢆࡁኚ3ࡾࡼ࡟࡜ࡇࡿ࠼Dᑠᝨᫍࡢග 
ᗘ᭤⥺ࡀ኱ࡃࡁኚ໬ࡿࡍ⤖ᯝࠋࡓࡗ࡞࡜ഴྥ࡚ࡋ࡜⮬㌿㍈ࡀᆶ┤(0ᗘ)ࡢ᫬ࡢගᗘኚ໬

ࠋࡓࡋ♧ࢆഴྥࡿ࡞ࡃࡉᑠࡀගᗘኚ໬࡜ࡿ࡞ࡃࡁ኱ࡀࡁഴࡢ㌿㍈⮬ࠊࡃࡁ኱ࡀ

ᮃ㐲㙾࡛ほ ࡓࡋᑠᝨᫍࡢගᗘኚ໬࡞࠺ࡼࡌྠ࡜ගᗘኚ໬3ࡓࡋ♧ࢆDᑠᝨᫍࢢࡢ

ࡓࡅഴ࡟๓ᚋࡢ45ᗘ࡟ഃྑ(2)ࡢᅗ5ࠊࡣ⥺ගᗘ᭤ࡢ3Dᑠᝨᫍࡢࡇࠋࡍ♧࡟ᅗ3ࢆࣇࣛ

ࡢࢱ࣮ࢹ3Dࠊࡋ♧ࢆ⮴୍࠸኱ኚⰋࡣ⥺ගᗘ᭤ࡢࡘ㸰ࠋࡿ࠶࡛ࣇࣛࢢࡢᚋ30ᗘࡢࡁ࡜

ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ⾲ࡃࡼࢆ≦ᙧࡢᑠᝨᫍࡣ㸰ࣝࢹࣔ

㸴㸬ࡵ࡜ࡲ 
௒ᅇ౑⏝3ࡓࡋDࡣ2ࣝࢹࣔࡢࢱ࣮ࢹᐇ㝿ࡢᑠᝨᫍࡢᙧ≧ࢃࡀ࡜ࡇࡿ࠸࡚ࡋ⾲ࡃࡼࢆ

⮬ࠊࡽ࠿⥺ගᗘ᭤ࡢᑠᝨᫍࡓࡋసᡂ࡛࣮ࢱࣥࣜࣉ3D࡚ࡋ⏝౑ࢆࢱ࣮ࢹࡢࡇࠋࡓࡗ࠿

㌿㍈ࡣ⣙30ᗘഴ࡜ࡿ࠸࡚࠸ண᝿ࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ 

㸵㸬ㅰ㎡ 

 ⩌㤿┴❧ࡲࢇࡄኳᩥྎࡢ୺ᖿ࣭すཎⱥ἞

ඛ⏕ࡈ࡟ᣦᑟࠋࡓࡋࡲࡁࡔࡓ࠸ࢆ 

ࡲࡆୖࡋ⏦♩࠾ࡃཌ࡚ࡋࡾ೉࠾ࢆሙࡢࡇ

 ࠋࡍ

㸶㸬ཧ⪃ 

ࡿ࠿ࢃࡀఱࡽ࠿ ど ගほྍࡢᑠᝨᫍࠕ(1)

Ᏻ㒊ṇ┿ JAXA ࠖ࠿
(2) 3D Asteroid Catalogueࢪ࣮࣒࣮࣌࣍

https://3d-asteroids.space/asteroids/

ㅮ₇䚷䠍䠐㻿

䠎䠏



CMOSࡓ࠸⏝ࢆ࣓ࣛ࢝ᜏᫍ㣗ࡢほ  

ᐑᓮ┴❧ᐑᓮ໭㧗➼Ꮫᰯ ⛉Ꮫ㒊 ᆅᏛ⌜㸸Ọ⏣ ඃዉ㸦㧗1㸧ࠊ 
⊦ᒣ 㤶⳯Ꮚ㸦㧗1㸧ࠊᒾᑿ ᜏ㡢㸦㧗1㸧࠙ᐑᓮ┴❧ᐑᓮ໭㧗➼Ꮫᰯࠚ

せ ᪨ 

2021ᖺ12᭶27᪥࡟ᑠᝨᫍ(426)Hippoࡿࡼ࡟ᜏᫍTYC 2921-01190-1ࡢ᥏ⶸࢆCMOS࣓࢝

࡛ࣛほ 8.867ࠊࡋ⛊㛫ࡢῶගࢆ☜ㄆࠋࡓࡋ

㸯㸬 ◊✲ࡢ⫼ᬒ

ኪ✵ࡣ࡟ከࡢࡃᫍࡀࠎ㍤࠸࡚࠸

ࡣ࡛║⫗࡚ࡋ⏝฼ࢆࠎᫍࡢࡇࠋࡿ

ぢ࠸࡞࠼ᑠᝨᫍࡢ኱ࢆ࡝࡞ࡉࡁ▱

ࢆᜏᫍࡀᑠᝨᫍࠋࡿࡁ࡛ࡀ࡜ࡇࡿ

㞃ࡍᜏᫍ㣗ࢆほ ࠊࡤࢀࡍᮏ᮶ࡣ

᥈ᰝᶵ࡛࡝࡞ㄪ࡞ࡽ࠿ࢃ࡜࠸࡞࡭

᝟ࡢ࡝࡞ࡉࡁ኱ࡢᑠᝨᫍ࡞࠺ࡼ࠸

ሗࡀᡭ࡟ධࠋࡿ㧗ᰯ⏕࡛ࡶኳᩥᏛ

ࠊࢀ࠿ច࡟ ᫍ㣗ほࡿࡁᐤ୚࡛࡟Ⓨᒎࡢ

ᡃࡣࠎ᪥ࠎほ ࠋࡿ࠸࡚ࡗ⾜ࢆ

㸰㸬ほ ᪉ἲ

ほ 2021ࡣᖺ12᭶27᪥࡟ᐑᓮ໭㧗ᰯᒇ

ୖ㸦ᮾ⤒131ᗘ26ศ6.3⛊ࠊ໭⦋31ᗘ58ศ
14.6⛊ᶆ㧗51m㸧࡛⾜ࠋࡓࡗ᧜ᙳࢽࡣ࡟

ᘧ཯ᑕᮃ㐲㙾㸦ཱྀᚄ20cm ↔Ⅼࣥࢺ࣮ࣗ

㊥㞳800mm㸧ࠋࡿ࠸⏝ࢆ㉥㐨൤㸦ࣁ࢝ࢱ

ᮃ㐲ࠋ㸦Fig.1㸧ࡿࡅ௜ࡾྲྀ࡟EM10㸧ࢩ

㙾ࡢ᥋║㒊ศࡣ࡟CMOS࣓ࣛ࢝㸦ZWO A
SI290MM㸧ࡾྲྀࢆ௜ࣥࢥࢯࣃࢺ࣮ࣀࠊࡅ

GPSࡔ࠸⧄࡟ࣥࢥࢯࣃࢺ࣮ࣀࡣ᫬้᝟ሗࠋࡿࡍ⏬㸦Sharp Cap㸧࡛㘓ࢺࣇࢯ⏝ᑓࠊࡋ⥆᥋࡜
-COROྲྀࡽ࠿ᚓࡣ⏬ືࠋࡓࡋaviᙧᘧ30ࠊfps࡛ࣥ࢖ࢤタᐃࠋࡿࡍ࡜500ࡣᜏᫍ㣗ࡀⓎ⏕ࡿࡍ

TYC 2921-01190-1ࡷࡋࡻࡂࡣᗙ11.5ࡿ࠶࡟➼⣭ࡢᜏ࡛ᫍࠋࡿ࠶ᜏᫍ㣗ࡢணሗࢺࣇࢯ㸦Occu
lt Watcher㸧ࡢ᝟ሗ࡜࣮ࢱ࣮ࢤࣅࢼࣛࢸࢫࠊ࡟࡜ࡶࢆ᧜ീ⏬㠃ࢆぢẚࡽࡀ࡞࡭ᜏᫍࢆᑟධࡍ

ᫍ㣗ᑓࡣ࡟ゎᯒࠋ㸦Fig.3㸧ࡿ࠶0.27r⛬ᗘ࡛×°0.40ࡣ෗㔝ゅࡢ࢔࢚ࣜ᧜ീࠋ㸦Fig.2㸧ࡿ

⏝ ගࠕࢺࣇࢯLimovieࠖࢆ⏝

ࠋࡿ࠸

㸱㸬ほ ⤖ᯝ࡜ᒎᮃ

13:55:50.988㹼13:55:59.855
㸦UT㸧࡟ᜏᫍࡢῶගࢆ☜ㄆࡋ

ῶගࡢ㛫⛊8.867ࠋ㸦Fig.4㸧ࡓ

JOIN㸦Jࡣほ ⤖ᯝࠋࡓࡗ࠶࡛
apan Occultation Information
Network㸧࡬ሗ࿌ࠋࡓࡋ 
௒ᚋࡣᑠᝨᫍࡢ㌶㐨ࡽ࠿㏿ᗘ

ᑠ࡟ᐇ㝿ࡽ࠿ほ ⤖ᯝࠊࡵồࢆ

ᝨᫍࡢ኱ࢆࡉࡁィ⟬ࠋ࠸ࡓࡋ

㸲㸬ཧ⪃ᩥ⊩

ᫍ㣗2020ࢡࢵࣈࢻࣥࣁ ᫍ㣗ほ ᪥ᮏᆅᇦ࣮ࢱ࣮ࢿ࢕ࢹ࣮ࢥ㸦JCLO㸧 

ㅮ₇䚷䠍䠑㻼

䠎䠐



㯮Ⅼࡿࡼ࡟ኴ㝧ࡢᕪືᅇ㌿ࡢィ 

Ṋⶶ㧗➼Ꮫᰯ୰Ꮫᰯ ኴ㝧ほ 㒊㸸 

ᒣ⏣ ඃᩯ㸦㧗1㸧࠙Ṋⶶ㧗➼Ꮫᰯࠊࠚ௒ὠ ⱥ⩧ࠊᑠᕝ Ὀ⏕ࠊᰩཎ ᪿኈᮁ㸦୰2㸧ࠊ 

⾰ᩫ ⯟ኴᮁࠊ㐲⸨ ᐶஓࠊᮌᮧ ✵ஓࠊᫍ ⿱ேࠊᮏᕝ ెᘺ㸦୰1㸧࠙Ṋⶶ୰Ꮫᰯࠚ 

せ ᪨ 
ኴ㝧ࠊࡣ⮬㌿㏿ᗘ୍ࡀᐃ࡛ࡃ࡞ࡣ㉥㐨ࡢ᪉ࡀ⮬㌿࿘ᮇࡢᑠ࠺࠸࡜࠸ࡉᕪືᅇ㌿࡟ࢀࡇࠋࡿ࠸࡚ࡋࢆకࠊ࠸⦋ᗘ࡜ࡈ

㏿㌿⮬ࡢ࡜ࡈᗘ⦌ࡢ㯮Ⅼ࡚࠸⏝ࢆほ グ㘓ࢳࢵࢣࢫࡢ㯮Ⅼࡢ㐣ཤࠊࡣ௒ᅇ࡛ࡇࡑࠋࡿ࠸࡚ࡗ࡞␗ࡀᗘ㏿ື⛣ࡢ㯮Ⅼ࡟

ᗘࢆㄪࠊ࡛࡜ࡇࡿ࡭ᕪືᅇ㌿᳨ࢆドࠋࡓࡋ 

㸯㸬⫼ᬒ࣭┠ⓗ 
ほࢳࢵࢣࢫࡢኴ㝧㯮Ⅼ࡚ࡗΏ࡟ࡃ90ᖺ㏆ࠊ๰㒊௨㝆ࡢ1931ᖺࠊࡣኴ㝧ほ 㒊ࡕࡓ⚾

⮬࡝࡯࠸㏆࡟㉥㐨ࠊࡾ࡞␗ࡀ㌿㏿ᗘ⮬࡟࡜ࡈᗘ⦌ࠊࡣኴ㝧࡛ࠋ(ᅗ1)ࡿ࠸࡚ࡗ⾜ࢆ 

㌿㏿ᗘࡀ኱ࡿ࠸࡚ࡗ࡞ࡃࡁᕪືᅇ㌿࡜࿧ࡀ㇟⌧ࡿࢀࡤ㉳ࠋ(1)ࡿ࠸࡚ࡁኴ㝧ࡢ⮬㌿㏿

ᗘࠊࡣᴟᑠᮇࡢ᪉ࠊࡾ࠾࡚ࡗ࡞ࡃ㏿ࡀ࿘ᮇࡶ࡚ࡗࡼ࡟㯮Ⅼࡀపㄪ࡞᫬ࡲࠋ࠸㏿࡝࡯

ኴ㝧ࡓ࠸⏝ࢆ㯮Ⅼ࡟࠺ࡼࡢࡇࠋ(e.g.,2)࠸㏿ࡀ༡༙⌫࡛⮬㌿㏿ᗘ࡟࠿ഹࡣ࡛⌫୧༙ࠊࡓ

࡟ᙜ㒊ࠊࡣࡕࡓ⚾ࠋࡓࡁ࡚ࢀࡉศᯒࡽ࠿ほⅬ࡞ࠎᵝࡣ ィࡢᕪືᅇ㌿ࡸ㌿㏿ᗘ⮬ࡢ

ṧࡿ㐣ཤࢳࢵࢣࢫࡢほ ࡓࡋ࠺ࡇࡶ࡛ࢱ࣮ࢹኴ㝧ࡢᕪືᅇ㌿ࡀ཯ᫎ࠿ࡢࡿ࠸࡚ࢀࡉ

㌿࿘⮬ࡧཬࠊ㌿ゅ㏿ᗘ⮬࡚ࡋࢢࣥࣜࣉࣥࢧࢆ㯮Ⅼ࡟ᗘู⦌ࠊ࡟ࡵࡓࡿࡍ࡟࠿ࡽ᫂ࢆ

ᮇࢆồࠋࡓࡵ

㸰㸬◊✲᪉ἲ 
(1)ᡃࡢࠎ㐣ཤࡢほ 2ࠊࡽ࠿ࢱ࣮ࢹ᪥㛫௨ୖ㐃⥆࡚ࡋほ ࡌྠࡓࢀࡉ㯮Ⅼ(ᬯ㒊)

ࠋࡿࡍᢳฟࢆ

(2)ኴ㝧㠃⤒⦋ᗘᅗࢳࢵࢣࢫࢆほ グ㘓⏝⣬࡟㔜࡚ࡡ(ᅗ2)ࠊ㐃⥆ࡓࡋほ ᪥1ࡢ᪥

ࠋࡿࡵồࢆᗘ⦌⤒ࡢኴ㝧㠃ୖ࡛ࡢ㯮Ⅼࢀࡒࢀࡑ┠2᪥࡜┠

(3)1᪥┠2࡜᪥┠ࡢ㯮Ⅼࡢ⤒ᗘᕪࢆồࠊࡵほ ᫬㛫ᕪ࡛๭࡚ࡗ⦋ᗘ

ࠋࡿࡍฟ⟭ࢆᑐゅ㏿ᗘ┦(ࡿࡍᑐ࡟ᗘయ⣔⤒ࡢኴ㝧)ࡢ࡜ࡈ

(4)⟬ฟࡓࡋ┦ᑐゅ㏿ᗘࠊ࡟ኴ㝧ࡢ⤒ᗘయ⣔ࡢゅ㏿ᗘࢆ㊊ࠊ࡚ࡋᐇ

㝿ࡢゅ㏿ᗘࢆồࠋࡿࡵ

㸱㸬⤖ᯝ 
2010,11,14㹼16ᖺࡢィ62ಶࡢ㯮Ⅼࡢゅ㏿ᗘࢆồࡓࡵ(ᅗ3)ࠊࡓࡲࠋ

㯮Ⅼࡢゅ㏿ᗘࡢࡑࡽ࠿㏿ᗘ࡛⛣ືࡓࡋሙྜࡢ⮬㌿࿘ᮇࡶィ⟬ࡓࡋ

(ᅗ4)ࠋᅗ3,4࡛ە୸ཬࡣ⥺◚ࡧ໭༙⌫୕ڸࠊゅᙧཬࡧᐇ⥺ࡣ༡༙⌫

ࡿ࡞࡟㧗⦋ᗘࠊࡃࡁ኱ࡀゅ㏿ᗘ࡝࡯㯮Ⅼࡢప⦋ᗘࠋࡿ࠶㯮Ⅼ࡛ࡢ

 ࠋࡿ࠿ࢃࡀഴྥࡿ࡞ࡃࡉᑠࡀゅ㏿ᗘࠊ࠸ᚑ࡟

㸲㸬⪃ᐹ 
⤖ᯝࡽ࠿ప⦋ᗘ࡝࡯⮬㌿࿘ᮇࡿ࡞ࡃ▷ࡀᕪືᅇ㌿ࡢ≉ᚩࡣ☜ㄆ

ࡸࡁࡘࡽࡤࡢゅ㏿ᗘࡢ㯮Ⅼࡢࠎྛࠊ᪉୍࡛ࠋࡿࢀࡽ࠼⪄࡜ࡓࡁ࡛

ࡃࡁ኱ࡀᕪࡢゅ㏿ᗘࡢ࡜ࡈ㯮Ⅼ࡚ࡗࡼ࡟࡝࡞⏺㝈ࡢ⢭ᗘࡢࢳࢵࢣࢫ

ࡓࢀࡽぢࡀᕪࡢከᑡࠊࡣ㛫࡛ࡢ⌫༡໭༙ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡗ࡞

ࡗ࠿࡞ࡁ࡛ࡣ࡜ࡇࡿ࠼⪄࡜ࡔ᭷ពࡽ࠿ほⅬࡢ⢭ᗘࡸᩘࣝࣉࣥࢧࠊࡀ

ࠋࡓ

㸳㸬⤖ㄽ 

ᙜ㒊ࢳࢵࢣࢫࡢほ ࡽ࠿ࢱ࣮ࢹኴ㝧ࡢᕪືᅇ㌿᳨ࡀฟ࡛࡜ࡇࡿࡁ

༡໭༙ࡸᕪࡢᴟ኱ᮇ࡜ᴟᑠᮇࡢኴ㝧άື࿘ᮇࠊ௒ᚋࠋࡓࡗ࠿ศࡀ

 ࠋ࠸ࡓࡁ࠸࡚ࡋ⢭ᰝ࠿ࡢࡿࡁ࡛ࡀ㆟ㄽࡢ࡛ࡲࡇ࡝ࡽ࠿ほ グ㘓ࡢᙜ㒊⮬๓ࠊ࡚ࡋ⢭ᰝࢆ࡝࡞ᕪࡢ⌫

ཧ⪃ᩥ⊩ 
[1] Balthasar, H., Vázquez, M., & Wöhl, H., 1986, “Differential rotation of sunspot groups in the period from 1874

through 1976 and changes of the rotation velocity within the solar cycle.” Astronomy and Astrophysics, 155, 87-98.

[2] Hathaway, D. H., & Wilson, R. M., 1990,”Solar rotation and the sunspot cycle.” The Astrophysical Journal, 357,

271-274.

[3]ኳᩥᏛ㎡඾ࠕᕪືᅇ㌿ࠖhttps://astro-dic.jp/differential-rotation-2/㸦2022-1-1㜀ぴ㸧

[4]ᱜ஭ 㝯,ᑠᮡ ೺㑻,ᰘ⏣ ୍ᡂ,ᑠᓥ ṇᐅ(⦅),2009,ࠗࢬ࣮ࣜࢩ⌧௦ࡢኳᩥᏛ ኴ㝧࠘,᪥ᮏホㄽ♫.

[5]ⰼᒸ ᗤ୍㑻,2019,ࠗኴ㝧ࡣᆅ⌫࡜ே㢮࠺࡝࡟ᙳ㡪ࢆ୚࠘࠿ࡿ࠸࡚࠼,ගᩥ♫.
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ኴ㝧㯮Ⅼࡢ ᗘ࡜㠃✚ࡢ㛵ಀ

⌮⛉◊✲㒊Ᏹᐂ⌜㸸 

ዟᮧ ཭㝧㸦㧗2㸧ࠊ▼㷂 ⵬┿ྂࠊ㈡ ኱ுࠊᰗᮏ ᗣử㸦㧗1㸧࠙኱㜰ᗓ❧༓㔛㧗➼Ꮫᰯࠚ 

せ ᪨ 
ࣆࢆ✚㠃ࠊࡋ⟭㍤ᗘ࡛ィࡢ㯮Ⅼࢆᗘ ࡢ㯮Ⅼࠊ࠸ᛮ࡜࠸ࡓࡋ࡟࠿ࡽ᫂ࢆ㛵ಀࡢሙ☢࡜✚㠃࡜ᗘ ࡢ㯮Ⅼࠊࡣࡕࡓ⚾

పࡀᗘ ࡝࡯ࡃࡁ኱ࡀ✚㠃ࡢ㯮Ⅼࠊࡣ࡚ࡋ࡜ᯝ⤖ࠋࡓ࡭ㄪࢆ㛵ಀࡢ✚㠃࡜ᗘ ࡢ㯮Ⅼ࡛࡜ࡇࡿࡍ⟭ィ࡚ࡋ࡜ᩘࣝࢭࢡ

ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶࡟ഴྥࡿ࡞ࡃ

㸯㸬ඛ⾜◊✲ 
ඛ⾜◊✲[1]ࡾࡼ㯮Ⅼࡢ☢ሙࡀᙉ࡝࡯ࡿ࡞ࡃ ᗘ

ࠋࡿ࠸࡚ࡗ࠿ศࡀ࡜ࡇࡿ࡞ࡃపࡀ

㸰㸬┠ⓗ 
㸦1㸧㯮Ⅼࡢ ᗘ࡜㠃✚ࡢ㛵ಀࢆㄪࡿ࡭

㸦2㸧㯮Ⅼࡢᙧᡂࡽ࠿ᾘኻࡢ࡛ࡲ ᗘ࣭㠃✚᥎⛣

ࡿ࡭ㄪࢆ

㸦3㸧㯮Ⅼෆ㒊ࡢ ᗘศᕸࢆᅗ♧ࡿࡍ

㸱㸬௬ㄝ 
㸦1㸧㠃✚ࡀ኱࡝࡯ࡿ࡞ࡃࡁ ᗘࡣపࡿ࡞ࡃ

㸦2㸧㠃✚ࡣቑຍࡽ࠿ῶᑡ࡟㌿࡟ࢀࡑࠊࡌక࡚ࡗ ᗘ

 ࡿࡌ㌿࡟᪼ୖࡽ࠿㝆ୗࡶ

㸦3㸧㯮Ⅼෆ㒊࡛ࡣ୰ᚰ㒊࡝࡯ࡃ⾜࡟ ᗘࡣపࡿ࡞ࡃ 

㸲㸬 ᐃ᪉ἲ 
㸦1㸧㯮Ⅼ ᗘࡢ ᐃ

FITSᙧᘧ࡚࠸⏝ࢆ࣐ࣜ࢝࡜ࢱ࣮ࢹࣝࢱࢪࢹ㍤ᗘ

ࡍኚ᥮࡟ᗘ ࢆ㍤ᗘࡓࡋᐃ ࠊࡓࡲࠋࡓࡋᐃ ࢆ

ἲ๎ࡢ࣐ࣥࢶࣝ࣎㸻ࣥ࢓ࣇࢸࣗࢩ࡟ࡵࡓࡿ

㸦ܫ = ࣝ࣎㸻ࣥ࢓ࣇࢸࣗࢩࡣߪ ࡉᙉࡢගࡣܫ ସܶߪ

ኴࠊࡣἲ๎ࡢࡇࠋࡓ࠸⏝ࢆᗘ㸧 ࡣܶ ᐃᩘ࣐ࣥࢶ

㝧ࢫ࢞ࡢ࡝࡞యࡀᨺᑕࡿࡍගࡢᙉࠊࡣࡉ ᗘ4ࡢ
஌࡟ẚ౛࠺࠸࡜ࡿࡍἲ๎࡛ࠊኴ㝧ࡢ ᗘܭ6400ࡣ
㍤ᗘࡓࡋᐃ ࠊ࡛ࡢࡿ࠸࡚ࡗ࠿ศࡀ࡜ࡇ࠺࠸࡜ࡔ

ࠋࡓࡋฟ⟭ࢆᗘ ࡛࡜ࡇࡿࡍ௦ධࢆ್ࡢࡑ࡜

㸦2㸧㯮Ⅼ㠃✚ࡢ ᐃ

ᩘࣝࢭࢡࣆࡢ㯮Ⅼ࡚࠸⏝ࢆGIMP࡜ࣝ࢖࢓ࣇ⏬⥺

⏕ࡀㄗᕪ࡟✚㠃ࡣ࡛ࡅࡔ᪉ἲࡢࡇࠊࡀࡓࡋᐃ ࢆ

ࠋࡓࡋウ᳨ࢆㄗᕪಟṇࠊ࡛ࡢ࠺ࡲࡋ࡚ࡌ

ㄗᕪಟṇ࡚࠸ࡘ࡟

ኴ㝧ࡣ⌫㠃ࠊ࡛ࡢ࡞㯮Ⅼࡢ఩⨨࡚ࡗࡼ࡟ᖹ㠃ᅗ࡜

⌫㠃ࡣ࡛࡜㠃✚࡟኱࡞ࡁㄗᕪࠋ࠺ࡲࡋ࡚ࡌ⏕ࡀ

ಟṇ᪉ἲ 

 ᅗ1ࡢ෇ࡣኴ㝧ࡽ࠿ୖࢆぢ᩿ࡓ㠃ᅗ࡛ࠋࡿ࠶୰ᚰ

ࡢ୰ᚰࠋࡓࡗసࢆゅ୕ゅᙧ┤࡚ࡗ࠿ྥ࡟㯮Ⅼࡽ࠿

┤ゅ୕ゅᙧݎ࣭݀ࡢ௨እࡢ㎶୕ࡣᖹ᪉ࡢᐃ⌮ࡾࡼ

ξݎଶ െ ݀ଶ࡚ࡋࡑࠋࡿ࡞࡜㯮Ⅼࡢ㒊ศࢆᣑ኱ࠊࡋ㯮

Ⅼࡢ➃ࡽ࠿➃ࡢⅬࢆ᥋⥺ୖ࡟ᖹ⾜⛣ືࣟࣉࡏࡉ

ࢆゅ୕ゅᙧ┤࡞ఝ┦࡜ゅ୕ゅᙧ┤ࡢ୰ᚰࠊࡋࢺࢵ

సࠊ࡚ࡋࡑࠋࡓࡗ┤ゅ୕ゅᙧ୕ࡢ㎶࡚࠸⏝ࢆ್ࡢ
௥

ξ௥మିௗమ
ࡿࡅ࠿࡟✚㠃ࡢ㯮Ⅼࢆ್ࡢࡇࠋࡓࡋฟ⟭ࢆ

࠸ࡋṇࡓࡋ៖⪄ࢆㄗᕪࡢࡽ࠿୰ᚰ࡚ࡗࡼ࡟࡜ࡇ

ࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍฟ⟭ࢆᩘࣝࢭࢡࣆ

㸦3㸧㯮Ⅼෆ㒊ࡢ ᗘศᕸ

㯮Ⅼࡢ඲ࡢࣝࢭࢡࣆ㍤ᗘ࡜㯮Ⅼෆࡢᗙᶆࡳ⤌ࢆ

ࠋࡓࡋసᡂࢆD➼ ᅗ-3࡚ࡏࢃྜ

㸳㸬⤖ᯝ 

࣭ᅗ2ࡾࡼ㯮Ⅼࡢ ᗘ࡜㠃✚ࡣ࡟㈇ࡢ┦㛵ࡿ࠶ࡀ

࣭┦㛵ಀᩘ㸸-0.691722
㸴㸬⪃ᐹ
࣭ᅗ2ࡾࡼ㯮Ⅼࡢ㠃✚ࡀ኱࡝࡯ࡿ࡞ࡃࡁ ᗘࡣపࡃ

ࡓࡗ࠿ศࡀ࡜ࡇࡿ࡞

࣭㯮Ⅼࡣᩘࡢ㠃✚ࡢᑠࡀࡢࡶ࠸ࡉከࠊࡃ㠃✚ࡢ኱࠸ࡁ

ࡓࡗ࠿ศࡀ࡜ࡇ࠺࠸࡜ࡿ࠶࡟ഴྥ࠸࡞ᑡࡣࡢࡶ

࣭ᖺ࡟ᩘࢱ࣮ࢹ࡟࡜ࡈᕪࠊࡢࡢࡶࡿ࠶ࡣ┦㛵㛵ಀࡣ࡟

ኚ໬ࡓࡗ࠿࡞ࡣ

㸶㸬ᒎᮃ 
࣭☢ሙ࡟㛵ࢆࢱ࣮ࢹࡿࡍ㞟୕ࠊࡵせ⣲ࡢ┦㛵ࢆㄪࡿ࡭

ࡍࡸቑࢆ᝟ሗࡿࢀྲྀࡳㄞࠊࡋࡸቑࢆᩘࣝࣉࣥࢧ࣭

࣭ ᗘศᕸᅗ࡜☢ሙศᕸᅗ࡛࡜ࡇࡿࡍྜ↷ࢆ࡜㠃✚࡜

☢ሙࡢ㛵ಀࡃ῝ࡾࡼࢆ⪃ᐹࡿࡍ

㸷㸬ཧ⪃ᩥ⊩࣭౑⏝ࢱ࣮ࢹ 
[1]☢ሙ࡜ ᗘࡢ㛵ಀࡢ࡚࠸ࡘ࡟ㄽᩥ

Writer: Greg Kopp & Douglas Rabin㸦1992㸧  
Title: A relation between magnetic field strength and 

temperature in sunspots 
Journal title: Solar Physics 141, pages253–265 

[2]⌮⛉ᖺ⾲ࢺ࢖ࢧࣝࣕࢩ࢕ࣇ࢜ 㯮Ⅼࡣ࡜㸽

URL:https://www.rikanenpyo.jp/FAQ/tenmon/faq_te 
n_002.html 㸦᭱⤊㜀ぴ᪥㸸2021ᖺ11᭶14᪥㸧

ࡓࡁ࡚࠼ぢࡀ11ᖺ࿘ᮇࡢ୰࡛㯮Ⅼࡢிࠖࠕ[3]

URL:https://www.r-ccs.riken.jp/newsletter/201701/in 
terview.html (᭱⤊㜀ぴ᪥㸸2021ᖺ9᭶26᪥)

[4]㕥ᮌ ᩥ஧ Ὕཱྀ ಇ༤

ኳᩥᏛ ᜏᫍ♫ཌ⏕㛶࣓࢝ࢪࢹࡿࡁ࡛ࡶࡓ࡞࠶

ᅜ❧ኳᩥྎ୕ࡢ㮚ほ ᡤࡀほ ࢆࢱ࣮ࢹࡓࡋ౑⏝ࡓࡋ 

 ᗘ㸸FITSᙧᘧࢱ࣮ࢹࣝࢱࢪࢹ 㠃✚㸸⥺⏬ࣝ࢖࢓ࣇ

౑⏝ᖺᩘ㸸2002ᖺ 2003ᖺ 2013ᖺ 2014ᖺ
㸸1258ಶᩘࢱ࣮ࢹ⥲
㸯㸮㸬ㅰ㎡ 

ᮏ◊✲ࠊࡾࡓ࠶࡟࠺⾜ࢆᅜ❧ኳᩥྎࢆࢱ࣮ࢹ✲◊ࡢ

౑⏝ࠊࡓࡲࠋࡓࡋࡲࡁࡔࡓ࠸࡚ࡏࡉᅜ❧ኳᩥྎኴ㝧

ほ ⛉Ꮫࢺࢡ࢙ࢪࣟࣉ≉௵ᑓ㛛ဨఀࡢ㞟 ᮅဢࢇࡉ

ࡔࡓ࠸࡚࠼ᩍ࡚࠸ࡘ࡟ࢱ࣮ࢹࡓࡋ⏝ᮏ◊✲࡛౑ࡣ࡟

 ࠋࡍࡲࡆୖࡋ⏦♩ᚚࡃཌ࡚ࡾ೉ࢆሙࡢࡇࠋࡓࡋࡲࡁ

ㅮ₇䚷䠍䠓㼀

䠎䠒



⮬స㟁Ἴᮃ㐲㙾ࢆ฼⏝ࡓࡋኴ㝧ࡢ࢔ࣞࣇほ  

ᾏᇛ㧗➼ᏛᰯᆅᏛ㒊ኳᩥ⌜㸸 

Ἑྜ ㍤ᙪ㸦㧗1㸧࠙ᾏᇛ㧗➼Ꮫᰯࠚ 

せ᪨ 
ᮏ◊✲࡛ࠊࡣBSࢆࢼࢸࣥ࢔ᨵ㐀࡚ࡋ〇సࡓࡋ㟁Ἴᮃ㐲㙾2021ࠊ࡚࠸⏝ࢆᖺ10᭶30᪥࡟Ⓨ⏕ࡓࡋኴ㝧࢔ࣞࣇୗࡿࡅ࠾࡟ኴ

㝧ࡽ࠿ᨺฟࡿࢀࡉ㟁Ἴࡢቑῶࢆほ ࠋࡓࡋᮏⓎ⾲࡛ࡢࡑࠊࡣほ ᪉ἲࡸほ ⤖ᯝ࡚࠸ࡘ࡟Ⓨ⾲ࠋࡿࡍ 

㸯㸬࡟ࡵࡌࡣ 
ᮏ◊✲ࢆጞࡓࡋ࡜࠺ࡼࡵ┠ⓗࠊࡣ᫖ᖺᗘኳᩥ⌜࡛᪂࡟ࡓ〇సࡓࡋ⮬స㟁Ἴᮃ

㐲㙾(ᅗ1)࡚࠸⏝ࢆኴ㝧ࡢάືࢆほ ࡜࠸ࡓࡋᛮࠋࡿ࠶࡛ࡽ࠿ࡓࡗ 2021ᖺ10᭶

29ࠥ31᪥࡟Ⓨ⏕ࡓࡋኴ㝧ࡣ࢔ࣞࣇኴ㝧άືࡢほ ࡟㐺࡜ࡿ࠸࡚ࡋᛮࠊ࠸ኴ㝧㟁

Ἴࡢቑῶࢆㄪ࡛࡜ࡇࡿ࡭ኴ㝧ࡢάືࡢኚ໬ࢆグ㘓࡛࠼⪄࡜࠿࠸࡞ࡣ࡛ࡢࡿࡁ

ࡵࡓࡓࡗ࠿࡞ࡀᤵᴗࠊࡾ࠶ࡶ࡜ࡇࡓ࠸࡚ࢀࢃ⾜ࡀ⚍໬ᩥࡢᏛᰯࡣ10᭶30᪥ࠋࡓ

ኴ㝧୍ࢆ᪥୰ほ ࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍ 

㸰㸬ほ ᶵჾࡢㄝ᫂
ほ ᶵჾ(ᅗ1)ࠊࡣ࡟BSࠊࢼࢸࣥ࢔BSࠊ࣮ࢱࢫ࣮ࣈศἼჾࠊ㟁※⿦⨨ࠊ⮬స᳨Ἴ

ჾࠋࡓ࠸⏝ࢆBSࡣࢼࢸࣥ࢔ᕷ㈍ࡿ࠸࡚ࢀࡉ⾨ᫍᨺ㏦ཷಙ⏝ࢆࡢࡶࡢ฼⏝࢔ࠋࡓࡋ

⛣ࡢኴ㝧ࠊ࡚ࡅྥ࡟᪉ྥࡢᡭື࡛ኴ㝧ࠊࡅ௜ࡾྲྀ࡟ᯫྎࡢ⏝ኳయᮃ㐲㙾ࡣࢼࢸࣥ

సࢆἼჾ᳨ࡢస⮬ࠊ࡟࠺ࡼࡿ࠶࡟ᅗ2ࠊࡓࡲࠋࡓࡋ࠿ືࢆࢼࢸࣥ࢔࡚ࡏࢃྜ࡟ື

ᡂࠋࡓࡋ᢬ᢠ75Ȑ1000࣮ࢧࣥࢹࣥࢥࠊpFࠊ᢬ᢠ1kȐࠊ᢬ᢠ10kȐࢆࢻ࣮࢜࢖ࢲࠊ

ࡢኴ㝧ࠋࡿࡍࢆㄝ᫂࡞⡆༢ࡢ࡚࠸ࡘ࡟ほ ᶵჾࠋࡓࡋసᡂ࡛ࡅ௜ࡔࢇࡣ࡚࠸⏝

᪉ྥࡓࡅྥ࡟BS࡛ࢼࢸࣥ࢔ኴ㝧ࡢ㟁Ἴཷࢆಙཷࠋࡿࡍಙࡓࡋᚓࡓࢀࡽಙྕ࡜ࡣ

ὶ┤ࢆಙྕࡢస᳨Ἴჾ࡛㧗࿘Ἴ⮬ࠋࡿࡏࡉቑᖜ࡛࣮ࢱࢫ࣮ࣈBSࠊ࡛ࡢ࠸ᙅࡶ࡚

௒ᅇࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ ほࢆ㟁Ἴࡢኴ㝧࡛࡜ࡇࡿ ࢆ㟁ᅽࡢࡇࠋࡿࡍὶᩚ࡟

ࡋ ほࢆኚ໬ࡢάືࡢኴ㝧ࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡍほᐹࢆቑῶࡢ㟁ᅽࠊࡣ࡛ ほࡢ

ࠋࡓ

㸱㸬2021ᖺ10᭶30᪥ࡢኴ㝧࡚࠸ࡘ࡟࢔ࣞࣇ 
NHK29ࠊ࡜ࡿࡼ࡟ࢫ࣮ࣗࢽࡢ᪥ᮍ᫂ࠕࠊኴ㝧ࣇ

୰࡛ࡢ㇟⌧Ⓨ⇿ࡢኴ㝧⾲㠃࡛ࡿࢀࡤ࿧࡜ࠖ࢔ࣞ

⏕ⓎࡀⓎ⇿࡞ᕧ኱ࠊࡿࢀࡉศ㢮࡟ࢫࣛࢡ኱᭱ࡶ

ࢆ㟁Ẽࡢ࡝࡞㝧Ꮚࠊ࡚ࡗࡼ࡟࢔ࣞࣇኴ㝧ࠋࡓࡋ

ᖏࡓࡧ⢏Ꮚࡀ኱㔞࡟ᨺฟ30ࠊ࡚࠸࡚ࢀࡉ᪥༗ᚋ

࠶࡛ࡋぢ㏻ࡿࡍ㐩฿࡟⌫ᆅࠊ࡚ࡅ࠿࡟31᪥ࡽ࠿

⾨㏻ಙ࡚ࡗࡓࢃ࡟᪥ᩘࠊ30᪥௨㝆ࡵࡓࡢࡑࠋࡿ

ᫍࡢ࡝࡞ேᕤ⾨ᫍࠊࡸGPSࡢ఩⨨᝟ሗ࡟ࢀࡑࠊ▷

Ἴࡢ↓⥺㏻ಙ࡟࡝࡞ᙳ㡪ྍࡿ࡛ࡀ⬟ᛶࠋࡿ࠶ࡀ

࡚ࡗࡼ࡟࢔ࣞࣇኴ㝧ࡢ௒ᅇࠊࡾ࠾࡚ࢀࡉሗ㐨࡜

ኴ㝧ࡿࡅ࠾࡟㟁Ἴ㔞ࡀቑ኱࡜࠿࠸࡞ࡣ࡛ࡢࡿࡍ

࠺ࡼࡳ࡚ࡋ ほ࡚࠸⏝ࢆస㟁Ἴᮃ㐲㙾⮬ࠊ࠼⪄

ࠋࡓ࠼⪄࡜

㸲㸬ほ ⤖ᯝࠊ⪃ᐹ 
2021ᖺ10/22,10/30࡛࣮ࢱࢫࢸ࡟ィ ࡓࡋ㟁ᅽࡽ࠿9:15ࢆ್ࡢ⣙15ศ㛫㝸࡛グ㘓ࠋࡓࡋ௨๓ࡢほ ࡛ࠊ㟁ᅽࡢቑῶ

 ࠋࡿ࠸࡚ࡗ࠿ࢃࡀ࡜ࡇࡿࡁほᐹ࡛ࢆኚ໬ࡢኴ㝧㟁Ἴࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡍほᐹࢆ

⤖ᯝࡣᅗ3ࠊࡽ࠿ࣇࣛࢢࡢࡇࠋࡓࡗ࡞࡟࠺ࡼࡢ୧᪥࡟ࡶ࡜㟁ᅽ࡚ࡅྥ࡟12:00ࡣ㧗12:00ࠊࡾ࡞ࡃ㡭ࡀ್ᩘࡶ᭱࡟㧗

ࡓࡋ ほࢆኴ㝧㟁Ἴ࡟10᭶22᪥ࡢ㐌㛫๓୍ࠊࡣ⥺Ⅼࡢࣇࣛࢢࠋࡿ࠿ࢃࡀ࡜ࡇࡿࡍῶᑡࡀ್ᩘ࡚ࢀࡘ࡟ࡘ❧ࡀ᫬㛫ࠊࡃ

㝿ࡢ࣮ࢱࢫࢸࡢ㟁ᅽࠋࡿ࠶್࡛ࡢᐇ⥺10/30ࡣ᪥࡟ほ ࠊࡾ࠶࡛ࡢࡶࡓࡋ඲యⓗ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡋ᪼ୖࡀ್ᩘ࡟

ኴࠊࡾ࡞࡟άⓎࡀάືࡢኴ㝧࡚ࡗࡼ࡟࢔ࣞࣇኴ㝧ࡣࢀࡇࠋࡓࡌ⏕ࡀ࠸㐪࡟್ᩘࠊࡀࡓࡗ࠶࡛ࢀᬕࡣኳẼ࡟୧᪥ඹࠋࡿ

㝧ࡽ࠿ᨺฟࡿࢀࡉ㟁Ἴࡀቑຍࡀ࡜ࡇࡓࡋཎᅉ࡛ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶ 

5㸬ཧ⪃ᩥ⊩ 
 2002ᖺ4᭶ ࢬ࣮ࣜࢩࢼࣟࢥ᪂ ♫ࢼࣟࢥ Ᏹᐂࠖ๓⏣⪔୍㑻ࡢ㟁Ἴࠕ

https://www.nao.ac.jp/contents/naoj-news/almar/data/almar04.pdf ࡢ࣮࣐ࣝ࢔ෑ㝤04 ᅜ❧ኳᩥྎⓎ⾜ ᭱⤊

㜀ぴ᪥2022/01/24 

https://www3.nhk.or.jp/news/html/20211029/k10013327711000.html 

 㜀ぴ᪥2022/01/24⤊᭱ࠖࢀࡑ࠾ࡢᙳ㡪࡟࡝࡞GPSࡸ30᪥௨㝆ᩘ᪥ ㏻ಙ⾨ᫍ࠘࢔ࣞࣇኴ㝧ࠗࢫ࣮ࣗࢽNHKࠕ

ㅮ₇䚷䠍䠔㼀

䠎䠓



ኴ㝧ග࡜᭶ගࡢ྾཰⥺ẚ㍑
ᴝཎ ⩧ኴࠊỌ⃝ ⵬ᘺ㸦㧗2㸧࠙ᶓ὾ᕷ❧ᡞሯ㧗➼Ꮫᰯࠚ

࣭せ᪨

᭶ගࡣኴ㝧ගࡢ཯ᑕග࡛ࠋࡿ࠶ኴ㝧ග࡜᭶ගࡢ྾཰⥺ࡢᙉᗘࢆẚ㍑ࡿࡍ஦࡛஧ࡢࡘኳయࡢ኱Ẽࡢᵓᡂඖ⣲ࡢ㐪ࢆ࠸

ㄪ࡜࠿࠸࡞ࡣ࡛ࡢࡿࢀࡽ࡭ᛮࠊ࠸ศගほ ࡢࡑࠋࡓࡗ⾜ࢆ⤖ᯝᵓᡂඖ⣲࡟㐪ࡀ࠸ぢࠋࡓࢀࡽ

࣭┠ⓗ

ኴ㝧ග㸦┤᥋ග㸧࡜᭶ග㸦ኴ㝧ࡢ཯ᑕග㸧ࡢ྾཰⥺ࢆẚ㍑ࡾࡼ࡟࡜ࡇࡿࡍ᭶ࡢ⾲㠃ࡢᵓᡂඖ⣲ࢆ᥎ᐹࠋࡿࡍ

࣭ほ ᪉ἲ

ኴ㝧࡜᭶ࢆᅗ㸯ࡢ෭༷CCD࡜࣓ࣛ࢝ศගჾ࡚࠸⏝ࢆ᧜ᙳࠋࡿࡍ

㸦᭶ࡣᮏᰯཱྀࡢᚄ35cmࣥࢺ࣮ࣗࢽᘧᮃ㐲㙾࡛᧜ᙳ㸧

᫬㛫ᖏ࡞࠺ࡼࡿ࡞࡟ࡌྠࡀ㧗ᗘࡢ᭶࡜ኴ㝧ࠊ᫬ࡢࡇ

㸦ኴ㝧㸸2021ᖺ11᭶4᪥14᫬ࠊ㧗ᗘ28°ࠊ
᭶㸸2021ᖺ7᭶21᪥20᫬30ศ㧗ᗘ28°㸧࡛᧜ᙳࠋࡓࡗ⾜ࢆ 

࣭⤖ᯝ

᧜ᙳࡓࡋ⏬ീࡿࡤࡍࢆ⏬ീゎᯒࢺࣇࢯMakali`iࢆ౑࡚ࡗ

ゎᯒࡓࡋ⤖ᯝࠊᅗ2ࡀࣇࣛࢢ࡞࠺ࡼࡢᚓࠋࡓࢀࡽ

࣭⪃ᐹ

ᚓࡓࢀࡽ⤖ᯝࠊ࡟࡜ࡶࢆ྾཰㔞ࢆẚ㍑ࢆࣝࢭࢡ࢚ࡵࡓࡿࡍ

౑࡚ࡗ㐃⥆ᡂศ࡚ࡋ࡟1ࢆ್ࢺࣥ࢘࢝ࡢ྾཰⥺᭱ࡢୗⅬ࡜ᕪࢆ

ồࠋࡓࡵ㸦ᅗ3㸧
ࠋࡿ࠸࡚ࡋグධ࡟1⾲࡟࡜ࡈἼ㛗ࡢ⥺྾཰ࡢඖ⣲ྛࡣ࡛ࡇࡇ

ᅗ4ࡾࡼ᭶࡜ኴ㝧ࡀ್ࡢ㏆࠸Ѝ᭶ࡢ኱Ẽ࡛྾཰࠸࡞ࢀࡉ

㸦᭶࡟Ꮡᅾ࠸࡞ࡋ㸧࡜᥎ᐃࡿࢀࡉඖ⣲э㸦Mg㸧
᭶್ࡢ㸼ኴ㝧್ࡢЍ᭶࡛྾཰ࡿࢀࡉ㸦᭶࡜ࡿ࠶ࡶ࡟᥎ᐃࡿࢀࡉ

эFeࠊNaࠊCaࠊO2ࠊ㸦�Ⱦࠊ�Ƚ㸧

࣭⤖ㄽ

⪃ᐹࡽ࠿᭶ࡢ኱Ẽࡣ࡟FeࠊNaࠊCaࠊO2ࡀᏑᅾࠊࡔࡓࠋࡓࡗ࠿ࢃࡀ࡜ࡇࡿࡍᮏ᮶

᭶ࡢ኱Ẽ࡟ᏑᅾࡢࡎࡣࡿࡍMgࡀᏑᅾ࠺࠸࡜࠸࡞ࡋ⤖ᯝࠊ࡜ࡾࡓࡗࡲࡋ࡚ࡗ࡞࡟

ほ ࠊゎᯒࡢ᪉ἲ࡟ᨵၿࡢవᆅ࡜࠿࠸࡞ࡣ࡛ࡢࡿ࠶ࡀᛮࠋࡓࡗ 
࣭ཧ⪃ᩥ⊩
᭶⛉Ꮫhttp://www.geochem.jpࡃᣅࡀ✲◊ྜ⼥ࡢ᭶ヨᩱ࡜ࢱ࣮ࢹࡢࡸࡄ࠿

�Ⱦ 

HȽ Na 

Ca 
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᭶㣗᫬ࡢ᭶㠃ࡢⰍ ᗘ࡜᫂ࡢࡉࡿ㛵ಀ

ྜྷ⏣ ೺࿃㸦㧗ᑓ2㸧ࠊᯇᮏ ୍⏕ࠊỈᮏ ࿴ᚿࠊ᳃ୗ ኸ⩧ྜྷࠊ⏣ ᾈ⍛㸦㧗ᑓ1㸧 

࠙⡿Ꮚᕤᴗ㧗➼ᑓ㛛Ꮫᰯࠚ 

㸯㸬࡟ࡵࡌࡣ 

ࠋ1ͤࡓࡗసࢆ࣮ࠖࣝࢣࢫࡢࣥࣙࢪࣥࢲࠕࡋศ㢮࡟5ẁ㝵ࢆࠖࡉࡿ᫂࡜Ⰽㄪࠕࡢ᭶㣗ࡣࣥࣙࢪࣥࢲ⪅ኳᩥᏛࡢࢫࣥࣛࣇ

ࡇࡑࠋࡿṧࡀ␲ၥ࠺࠸࡜࠿ጇᙜࡀ1ḟඖศ㢮࡞࠺ࡼࡢࡇࠊࡾ࠶㔞࡛⌮≀࡞❧⊃ᮏ᮶ࡣࠖࡉࡿ᫂ࠕ࡜Ⰽㄪࠖࠕࠊࡋ࠿ࡋ

ࠊࢆⰍࡢయ≀ࡣ࡜Ⰽ ᗘࠖࠕ࠾࡞ࠋࡓࡋẚ㍑ࢆࠖࡉࡿ᫂ࠕ࡜Ⰽ ᗘࠖࠕ࠸⾜ࢆ ศගほࡢ᭶㠃ࡢᮏᙳ㣗୰ࡣ㐩⚾ࠊ࡛

ຍ⇕ࡓࡋ㯮యࡢⰍ࡜ẚ㍑ࡌྠࠊࡋⰍࡿ࡞࡜ ᗘ࡛⾲ࡍᑻᗘ࡛᭱ࠊࡓࡲࠋࡿ࠶㏆ὀ┠ࡿ࠸࡚ࢀࡉ᭶㣗ࡢᮏᙳࡀ⦖ࡢ㟷ࡃ

ࠋࡓ࡭ㄪࡶ㇟⌧࠺࠸࡜ࠖࢪࣥࣜࣇࢬ࢖ࢥ࣮ࢱࠕࡿ࡞

㸰㸬ほ  

⚾㐩2021ࡣᖺ11᭶19᪥(㔠)ࡢ᭶㣗࡚࠸࠾࡟ᮏᙳ

ෆࡢ᭶㠃ࡢศගほ ࠋࡓࡗ⾜ࢆほ ࡛ࠊࡣMeade 
኱᭱ࠊࡅ௜ࡾྲྀࢆࠖ⸥ගࠕศගჾ࡟25cmᮃ㐲㙾ࡢ

㣗ࡀ㐣18ࡓࡂ᫬25ศࡽ࠿ᮏᙳ㣗19ࡿࢃ⤊ࡀ᫬25ศ
ࡢ᭶ࠊࡃ㏆࡙ࡶ᭱࡟ᮏᙳ୰ᚰࠊ5ศ㛫㝸࡛ࡰ࡯࡛ࡲ

໭ᴟ௜㏆ࣝࢺࢡ࣌ࢫࡢ᧜ീࠊࡁ࡜ࡢࡇࠋࡓࡗ⾜ࢆ 

 ࡣ໭ᴟࡢ᭶ࠊ࡟ࡵࡓࡃᕪᘬࢆᙳ㡪ࡢࠖ࢖࢝ࢫࠕ

ࡿධࡀ࢖࢝ࢫࡣ࡟ศ༙ୖࠊࡋ࡜ୗ༙ศࡢࢺࢵࣜࢫ

ࡓࡗࡔ୙᫂ࡀ㐺ṇ㟢ගࠊ࠾࡞ࠋࡓࡋ᧜ീ࡟࠺ࡼ

ࠊࡀࡓࡗ⾜ࢆ᧜ീࡢ3ẁ㝵࡜⛊1,⛊10,⛊60ࠊࡵࡓ

ᮏᙳ㣗ࡢ⤊஢ࡀ㏆࡙࡜ࡃ᭶㠃ࡀ᫂ࠊࡵࡓࡓࡗ࡞ࡃࡿ㐺ᐅ㟢ගࠋࡓࡋࡃ▷ࢆ 

ࡓࡋ஢⤊ࡶᙳ㣗༙ࠊ࡜19᫬50ศࡓࡋ஢⤊ࡀᮏᙳ㣗ࠊ࡟ࡵࡓࡢẚ㍑ࠊࡓࡲ

21᫬05ศࣝࢺࢡ࣌ࢫࡶ࡟᧜ീࠊ࡟ࡽࡉࠋࡓࡗ⾜ࢆほ ᚋࣉࣥࣛࣥࢤࣟࣁ

 ࠋࡓࡗ⾜ࢆ᧜ീࢺࢵࣛࣇ࡚࠸⏝ࢆ

㸱㸬⤖ᯝ࡜⪃ᐹ

O2⥺㸦Ἴ㛗7593.7ύ,6869.95ύ㸧ࡢᆅ⌫኱Ẽࠊᚋࡢ⌮ฎࢺࢵࣛࣇࠊࢡ࣮ࢲ

࡛Ἴ㛗ྠᐃࡢࣉࣥࣛࣥࢤࣟࣁࠊ࠸⾜ࢆග3000ࡀKࢡࣥࣛࣉࡢ㛵ᩘ࡛⾲ࡿࡏ

ࡢࡽ࠿ᮏᙳ୰ᚰ࡜Ⰽ ᗘࠊ࡚࠸⥆ࠋࡓࡵồࢆⰍ ᗘࡢ᭶㠃ࠊ2࡚ͤࡋ௬ᐃ࡜

㊥㞳ࢆࣇࣛࢢࡢసᡂࠊࢁࡇ࡜ࡓࡋⰍ ᗘࡣᮏᙳ୰ᚰࡢࡽ࠿㊥㞳ࡢ༢ㄪቑຍ

㛵ᩘ࡛࡟ࡽࡉࠊࡾ࠶㐣ཤࡢ᭶㣗ࡓࡗ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡋ⮴୍ࡃࡼࡶ࡜(ᅗ1)ࠋ
 Ⰽ ᗘ࡜ࡉࡿ᫂ࠊࢁࡇ࡜ࡓ࡭ㄪࢆ㛵ಀࡢ࡜Ⰽ ᗘ࡜ࡉࡿ᫂ࡢ᭶㠃ࠊ࡚࠸⥆

ࠊࡣࢀࡇࠋ 3ͤ (ᅗ2)ࡓ࠸࡚ࡋ⮴୍ࡃࡼࡶ࡜᭶㣗ࡢ㐣ཤࠊࡾ࠶ࡀ㛵┦ࡢṇࡣ࡟

࣮ࣝࢣࢫࡢࣥࣙࢪࣥࢲࡿ࠶㸯ḟඖศ㢮࡛ࡓ࠸ᇶ࡙࡟ࠖࡉࡿ᫂࡜Ⰽㄪࠕ

 ࣝࢺࢡ࣌ࢫࡓࢀࡽ௒ᅇᚓࠊ࡛ࢁࡇ࡜ࠋࡿࢀࡽ࠼⪄࡜ᯝ⤖ࡿࡅ⿬௜ࢆ

ࡾ┒ࡿࡓࢃ࡟6000ύࡽ࠿4000ύࠊࡓࡋ࡜୰ᚰࢆ5000ύ௜㏆ࡣ࡟

 ♧⾲࡚ࡡ㔜ࢆࣝࢺࢡ࣌ࢫࡓࡋ௒ᅇ᧜ീࠊ࡛ࡇࡑࠋࡓࢀࡽࡳࡀࡾࡀ࠶

࡚ࡗࡀࡓࡋ࡟㸧ࡿࢀ㞳ࡽ࠿㸦ᮏᙳ୰ᚰࡘࡓࡀ᫬㛫ࠊ(ᅗ3)ࢁࡇ࡜ࡓࡋ

 ࢡ࣌ࢫࡢࢪࣥࣜࣇࢬ࢖ࢥ࣮ࢱࡀࢀࡇࠊࡾ࠾࡚ࡗ࡞ࡃ㧗ࡀࡾࡀ࠶ࡾ┒

18᫬ࡓࡋ㛤ጞࢆ᧜ീࡣࡾࡀ࠶ࡾ┒ࡢࡇࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶࡛ࣝࢺ
25ศ(ᮏᙳ୰ᚰࡽ࠿��Ļ)ࢬ࢖ࢥ࣮ࢱࠊࡽ࠿࡜ࡇࡿ࠸࡚ࢀࡽࡳ࡟࡛ࡍࡣ࡟

ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࠸࡚ࡋ౵ධ࡛ࡲ࡟ᙜᮏᙳෆ㒊┦ࡣࢪࣥࣜࣇ

㸲㸬ࡵ࡜ࡲ 

ᮏᙳ㣗୰ࡢ᭶㠃ࡢⰍ ᗘࢆồࠊࢁࡇ࡜ࡓࡵⰍ ᗘ࡜᫂ࡣ࡟ࡉࡿṇࡢ┦㛵ࢆ࣮ࣝࢣࢫࡢࣥࣙࢪࣥࢲࠊࡾ࠶ࡀ⿬௜ࡿࡅ

⤖ᯝࡀᚓࡢࢪࣥࣜࣇࢬ࢖ࢥ࣮ࢱࠊࡓࡲࠋࡓࢀࡽᙳ㡪ࠊࡀᮏᙳࡢ୰ᚰ㏆࡛ࡲ࡟ࡃཬࡀ࡜ࡇࡿ࠸࡛ࢇศࠋࡓࡗ࠿ 

ཧ⪃ᩥ⊩

1㸬 ㄔᩥᇽ᪂ග♫,᭶หኳᩥ2021,ࢻ࢖࢞ᖺ,12᭶ྕ,pp6-17
2㸬 ᓥὠ〇సᡤࢪ࣮࣒࣮࣌࣍https://www.an.shimadzu.co.jp/uv/support/lib/uvtalk/uvtalk6/basic.htm

3㸬 ➉ෆᙲ⥅௚,2016,⡿Ꮚᕤᴗ㧗➼ᑓ㛛Ꮫᰯ◊✲ሗ࿌,No51,pp1-5

ㅮ₇䚷䠎䠌㼀

䠎䠕



 

㒊ศ᭶㣗ࡢRGBศᯒ 

ᅧᰣኳᩥ㒊RGB⌜㸸 

஭ཎ ⩼ࠊᒣ୰ 㝣ྔ㸦㧗3)ࠊᚫỌ ♸ኴ㸦㧗2㸧ࠊᒣ᰿ ྐஓࠊᑠᯘ ு⬶(㧗1)࠙ᅧᏥ㝔኱Ꮵᰣᮌ㧗

➼Ꮫᰯࠊࠚ㧘᳃ ள㛛㸦୰2㸧ࠊ㔝୰ ⨾ဏࠊ⸨ᇛ 㔛ጲ㸦୰1㸧࠙ᅧᏥ㝔኱Ꮵᰣᮌ୰Ꮫᰯࠚ 

せ ᪨ 
〇10cmᒅᢡᮃ㐲ࢩࣁ࢝ࢱࢆ࣓ࣛ࢝CMOS࣮ࣛ࢝ ZWO ASI294MC࡚࡟࣒࣮ࢻᮏᰯኳయ࡟2021ᖺ11᭶19᪥ࡣኳᩥ㒊ࡕࡓ⚾ 

㙾࡟᥋⥆࡚ࡋ㒊ศ᭶㣗ࡢ᧜ീࠋࡓࡗ⾜ࢆ᧜ീࡓࡋ⏬ീࠗࢆ 9ࢪ࣮࣓࢖ࣛࢸࢫ ࠊࡋᐃ ࢆኚ໬ࡢග㔞ࡢRGBูࠊࡋ⏝౑࠘ࢆ

 ࠋࡓࡗ࠿ศࡀ࡜ࡇࡓࡋ⛣⠊ᅖෆ࡛᥎ࡢ⣙1000ಸࠊࡀග㔞ࠊࡣ㒊ศ᭶㣗࡛ࡢ௒ᅇࠊᯝ⤖ࡢࡑࠋࡓࡋ໬ࣇࣛࢢ

㸯㸬࡟ࡵࡌࡣ 
ࢆศᯒࡢᙳ᭶㣗༙࡜ⓙ᪤᭶㣗ࠊ࡟࡛ࡲ᫖ᖺࡣࡕࡓ⚾ࠋࡓࡗ⾜ࢆRGB ᐃࡢ㒊ศ᭶㣗࡟2021ᖺ11᭶19᪥ࠊࡣࡕࡓ⚾

 ࠋࡓࡳヨࢆẚ㍑ࡢࢱ࣮ࢹࡢ㒊ศ᭶㣗࡜ࢱ࣮ࢹࡢ᫖ᖺࡣ௒ᅇࠊࡵࡓࡓࡗ࠿࡞ࡀ࡜ࡇࡓࡗ⾜ࡣศᯒࡢ㒊ศ᭶㣗ࠊࡀࡓࡗ⾜

㸰㸬᪉ἲ 
 ZWO ASI294MC ࣮ࣛ࢝CMOSࢩࣁ࢝ࢱࢆ࣓ࣛ࢝〇10cmᒅᢡᮃ㐲㙾࡟᥋⥆࡚ࡋ㒊ศ᭶㣗ࢆ᧜ീ࣮ࣛ࢝ࠊࡋ⏬ീࢆฟຊࡋ

ࢡࣆࡢࢀࡒࢀࡑࠊࡅศ࡟Ⰽ୕ࡢRGBࡋᐃ ࢆගᗘࡢ᭶඲యࠊ࠸⏝ࢆ9࠘ࢪ࣮࣓࢖ࣛࢸࢫࠗࢺࣇࢯീ⦅㞟⏬ࠊᚋࡢࡑࡓ

ࠋࡓࡋศᯒࠊࡵ᪉ἲ࡛ồࡢୗグࢆ್ࣝࢭ

㸯 ᭶㣗ࡴྵࢆ⏬ീ඲యᩘࣝࢭࢡࣆࡢ(a)

᭶㣗ࡴྵࢆ⏬ീྜࡢ್ࣝࢭࢡࣆࡢィ(b) 

᭶㣗࠸࡞ࡲྵࢆ⏬ീྜࡢᩘࣝࢭࢡࣆࡢィ(c) 

᭶㣗࠸࡞ࡲྵࢆ⏬ീྜࡢ್ࣝࢭࢡࣆࡢィ(d) 

 (e=d/c)ࡓࡵồࢆᖹᆒ(e)ࡢ್ࣝࢭࢡࣆࡢ㡿ᇦ࢖࢝ࢫࠊࡾࡼ1 2

 (f=b-e×a)ࡓࡵồࢆᖹᆒ(f)ࡢ್ࣝࢭࢡࣆࡢࡳࡢኳయ㒊ศࡽ࠿್ࡢ2࡜1 3

4 RGBูࡢ(f)ࢆồࠕࢀࡒࢀࡑࠊࡵ᫂ࡢࡉࡿ┦ᑐ್ࠖࣇࣛࢢࡋ┤࡟໬ࠋࡓࡋ 

㸱㸬⤖ᯝ 

཰㞟࡟࡜ࡶࢆࢱ࣮ࢹࡓࡋ㒊ศ᭶㣗ࡢ᫂ࡢࡉࡿ┦ᑐ್ࡢኚ໬ࣇࣛࢢࡢ Fig.1 ࢆసᡂࠋࡓࡋ㞼ࡢᙳ㡪ࠊࡾࡼ࡟᫂ࡢࡉࡿ

┦ᑐ್ࡀⴠࡓࡕ㒊ศࡓࢀࡽࡳࡀ㒊ศࠋࡓࡗ࠶ࡶ

㸲㸬⪃ᐹ 
సᡂࡓࡋFig.1ࠊࡾࡼ㣗ศ᭱ࡀ኱ࡢ᫬ࡢ᫂ࡉࡿ┦ᑐ್ࠊ࡜᭶㣗⤊஢ᚋࡢ᫂ࡉࡿ┦ᑐ್ࡢ࡜ᕪࠊࡀ⣙1000ಸ࡚ࡗ࡞࡜

⣙ࠊࡣࡁ࡜ࡓࡋᐃ ࢆⓙ᪤᭶㣗ࡢ2020ᖺ3᭶ࠊ⣙2ಸࡣࡁ࡜ࡓࡋᐃ ࢆᙳ᭶㣗༙࡟2020ᖺ11᭶ࡀࡕࡓ⚾ࠊࡓࡲࠋࡓ࠸

10,000ಸࡢᕪࠋࡓࡗ࠶ࡀ 
㸳㸬ࡵ࡜ࡲ 
௒ᖺࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶ࡀᕪ࡞ࡁ኱ࠊࡣ࡟㛫ࡢⓙ᪤᭶㣗࡜㒊ศ᭶㣗ࠊࡶ࡚ࢀࢃ࠸࡜࠸㏆࡟ⓙ᪤ࠊ࡛✲◊ࡢᗘࡢࡇ 

 ࠋ࠸ࡓࡋ࠿⏕࡟✲◊ࡢ᮶ᖺᗘࠊࡋࡸቑࢆࢱ࣮ࢹࡢ᭶㣗ࠊ࠸⾜ࢆ ෌ᗘほࠊ࡛ࡢࡿ࠶ࡀⓙ᪤᭶㣗࡟11᭶ࡢ
㸴㸬ㅰ㎡ 
 ᐃ᪉ἲࡈࡢຓゝࢶ࣮࢔ࣟࢺࢫ࢔ࡓࡗࡉࡔࡃࢆ⪅ᵝࠋࡓࡋࡲ࠸ࡊࡈ࠺࡜ࡀࡾ࠶ࠊ

ㅮ₇䚷䠎䠍㻿

䠏䠌



ࡿ㏕࡟Ⰽᙬࡢࢪࣥࣜࣇࢬ࢖ࢥ࣮ࢱ

㹼2021.11.19 ᭶㣗ࡿࡅ࠾࡟ᮏᙳቃ⏺௜㏆ࡢ RVB ග㔞ศᕸ㹼
᳃ ᙬ㤶ࠊΎỈ 㯞ኸࠊబ⸨ ᚰᾏࠊ㮖ὠ ஀ⱥຍ㸦㧗 1㸧࠙ ឡ▱┴❧୍ᐑ㧗➼Ꮫᰯࠚ 

せ᪨
ᶍᵝࢆᾘཤࡓࡋ᭶㣗⏬ീࢆ ගࠊࡾࡼ࡟࡜ࡇࡿࡍRVB ࡢࢪࣥࣜࣇࢬ࢖ࢥ࣮ࢱࡽ࠿ග⤖ᯝ ࡢ RGB ẚࡢⰍᙬࢆồࠋࡓࡵ 

㸯㸬࡟ࡵࡌࡣ 
ࡣࡕࡓ⚾ 11 ᭶ 19 ᪥࡟㉳ࡓࡗࡇⓙ᪤᭶㣗ࢆ CMOS ᮏᙳ࡚ࡋࡑࠋࡓࡋ ほ࡚࠸⏝ࢆ࣓ࣛ࢝║୍ࣝࢱࢪࢹ࡜࣓ࣛ࢝

ෆࡢ R,V,B ග㔞ศᕸ࡚࠸ࡘ࡟ㄪࠊࡓࡲࠋࡓࡋ࡟࡜ࡇࡿ࡭௒ᅇࡢ᭶㣗࡛ࠊ࠺࠸࡜ࠖࢪࣥࣜࣇࢬ࢖ࢥ̿ࢱࠕࡣኴ㝧ගࡀ

ᡂᒙᅪࢆ㏻㐣࡟ࡁ࡜ࡿࡍ㉥࠸ගࡀ྾཰ࠊࢀࡉ㟷࠸ගࡀࡅࡔ┤㐍ࠊࡾࡼ࡟࡜ࡇࡿࡍ᭶㠃ࡀ⦖ࡢ㟷ࡃぢࡀ㇟⌧ࡿ࠼ᮏᰯ

ࡢࡇࠋࡓࢀࡉ ほࡶ࡛ R ࡜ B ࠋࡓࡋㄆ☜ࢆ㛵ಀࡢග㔞ࡢ

㸰㸬᪉ἲ 
ሙᡤ㸸ឡ▱┴❧୍ᐑ㧗ᰯ(ឡ▱┴୍ᐑᕷ໭ᅬ㏻ 6-9)
ᶵᮦ㸸ZWO ♫ ASI-290MMࠊR,V,B ࢩࣁ࢝ࢱࠊࢱࣝ࢕ࣇ FSQ-106(D:106

ੈ f:530 EM200ࠊ(ੈ ㉥㐨൤ࠊCanon EOS RP  EF200mmF2.8 
2X  ࣮ࢲࣥࢸࢫࢡ࢚

ほ ᪥㸸2021 ᖺ 11 ᭶ 19 ᪥

ࢪ࣮࣓࢖ࣛࢸࢫ ࣐ࣜ࢝ ࢺࣇࢯ⌮ീฎ⏬ࡿࡤࡍ㸸ࢺࣇࢯ ver.6,8 ࣛࢸࢫ

ࢱ࣮ࢤࣅࢼ ver.11 Microsoft Excel 2019
 ග㸸CMOS ࢆീ⏬ࡢ࣓ࣛ࢝ 1 ḟฎ⌮ࠊࡋ⏬ീࡢ᭶ࡢᶍᵝࡿࡼ࡟᫂ࡉࡿ

ᾘࢆᶍᵝࡢ᭶㠃ࠊ࡛࡜ࡇࡿࡍ⟭ࡾ᭶⏬ീ࡛๭‶ࡢ᭶㣗⤊஢ᚋࢆኚ໬ࡢ

⣙ࡢ᭶㠃ୖࡓ࠼ᾘࡢᶍᵝ࡛࣐ࣜ࢝ࠋࡓࡋ 20 Ⅼ༙ࢆᚄ 5 ࡛㛤ཱྀ ගࡋ

ᅗ)ࡓ ࡜ゅ㊥㞳ࡢ࡜୰ᚰࡢᮏᙳ࡜Ⅼࡓࡋග ࠋ(1 Obj ᖹᆒࢆㄪ1ࠊ࡭ ⛊

㟢ฟ࡟᥮⟬ࠊ࡛ୖࡓࡋ⾲ィ⟬ࣇࣛࢢ࡛ࢺࣇࢯ(ᩓᕸᅗ)ࢆసᡂࠋࡓࡋ 

㸱㸬⤖ᯝ࡜⪃ᐹ 
࡟ᶓ㍈ࠊࡣ(ᩓᕸᅗ)ࣇࣛࢢ

ᮏᙳ୰ᚰࡢࡽ࠿ゅ㊥㞳ࠊ⦪㍈

(ᑐᩘ㍈)࡟ RࠊVࠊB ࡢ 1 ⛊㟢

ฟ┦ᙜࡢ᫂ࠋࡓࡗ࡜ࢆࡉࡿ(ᅗ

ࡾ㊊ࡀ᫬㛫ࡢ⌮ฎࢱ࣮ࢹ)(2

Vࠊࡎ ࡜ B ᳨࡞඘ศࡣࢱ࣮ࢹࡢ

ウ࠸࡞࠸࡚ࡁ࡛ࡀ) 

ෆ㒊࡛ࡢᮏᙳࠊࡾࡼࣇࣛࢢ

࡚ࡗ࡞࡜ R>V>B ࡀࡉࡿ᫂ࡣ

ࠋࡿ࠿ศ࡜ࡿ࠶Ⰽ࡛࠸㉥ࠊࡾ࠾

ࡀኴ㝧ගࢆ኱Ẽࡢ⌫ᆅࠊࡣࢀࡇ

㏻㐣ࡿࡍ㝿㟷ࡢ⥳࡜ගࡾࡼࡀ

ᩓ஘ࡽࡀ࡞ࡋ㐍ࠋࡿࡼ࡟࡜ࡇࡴ

Vࠊࡋ࠿ࡋ ࡜ B ࡽ࠿⦖ࡢᮏᙳࡀ

༙ᙳ࡚ࡅ࠿࡟(ᶓ㍈ ࡢ(’38-42

௜㏆࡛ᛴ⃭ࢱࠊ࡚࠸࡚ࡗࡀୖ࡟

ࢀࡉ ほࡀࢪࣥࣜࣇࢬ࢖ࢥ࣮

 ࠋࡿࢀࢃᛮ࡜ࡓ

㸲㸬௒ᚋࡢᒎᮃ 
V ࡜ B ࡃࡉᑠࢆࡾࡤࡽᩓࠊ➼ࡿࡍ㝖ཤࢆࢱ࣮ࢹࡿࡍᙜ┦࡟್ࢀࡎࡣ࡟ィⓗ⤫ࠊ࡛ࡢ࠸ࡁ኱ࡀࡾࡤࡽᩓࡢࢱ࣮ࢹࡢ

࡟࡜ࡈᗘᩘࡓࡲࠋ࠸ࡓࡋ RVB ࠋ࠸ࡓࡋసᡂࢆᶍᘧᅗࡢⰍࡢࢪࣥࣜࣇࢬ࢖ࢥ࣮ࢱ࡜ᮏᙳࠊࡋᡂྜࢆⰍ࡚ࡋฟࢆẚࡢ

㸳㸬ཧ⪃ᩥ⊩ 
➨ 17 ᅇࣥࣙࢩࢵࢭ࢔ࢽࣗࢪㅮ₇ ࡢᮏᙳෆࡿࡼ࡟ⓙ᪤᭶㣗ࠕ56 RVB ග㔞ศᕸ୍ࠖᐑ㧗ᰯ 

ㅮ₇䚷䠎䠎㼀

䠏䠍



⏬ീฎ⌮ࡿࡼ࡟᭶㣗᫬ࡢᆅ⌫ࡢᙳࡢቃ⏺ࡢᢳฟ࡜᭶ࡢ࡛ࡲ㊥㞳 ᐃ

ᅜ❧㛗㔝㧗ᑓኳᩥ㒊㸸

ሷᕝ ┿ᕹⷋ㸦㧗ᑓ3㸧ࠊᑠụ ⴌ⤮ࠊᑠᯘ ⵬ⴥࠊᐑᕝ ኟ⨾ࠊⴗཎ ᮥᙬ 㸦㧗ᑓ2㸧 

࠙⊂❧⾜ᨻἲே ᅜ❧㧗➼ᑓ㛛Ꮫᰯᶵᵓ 㛗㔝ᕤᴗ㧗➼ᑓ㛛Ꮫᰯࠚ 

せ ᪨ 
2021ᖺ11᭶19᪥ࡢኤ᪉ࡰ࡯ࠊⓙ᪤᭶㣗࡟㏆࠸㒊ศ᭶㣗ࡀ㉳ࠋࡓࡁ㛗㔝㧗ᑓኳᩥ㒊࡛ࡢࡇࠊࡣ㒊ศ᭶㣗ࢆ᧜ᙳࡑࠊࡋ

 ࠋࡓࡋ㛤Ⓨࢆ࣒ࣛࢢࣟࣉࡿࡍᢳฟࢆ⏺ቃࡢᙳࡢ⌫㐣⛬࡛᭶⦕࣭ᆅࡢࡇࠋࡓࡵồࢆ㊥㞳ࡢ࡛ࡲ᭶ࡽ࠿ീ⏬ࡢ

1. ᭶ࡢ࡛ࡲ㊥㞳ࢆసᅗ࡛ồࡿࡵ
↔Ⅼ㊥㞳540ੈ㸦F=5.4㸧ࡢᮃ㐲㙾࡟Canon EOS60D࡛㒊ศ᭶㣗ࢆ᧜ᙳࠋࡓࡋ

⏬ࠊࡁᥥࢆ෇࡞࠺ࡼ࠺ἢ࡟㒊ศࡢᙳࡢ⌫ど࡛ᆅ┠ࠊ࡟࠺ࡼࡢᅗ1ࠊࢆീ⏬ࡢࡑ

ീࢆᩘࣝࢭࢡࣆࡢ ᐃ࡚ࡋ⏬ീୖ࡛ࡢ᭶࡜ᆅ⌫ࡢᙳࢆࢬ࢖ࢧࡢ ᐃࠋࡓࡋ᭶

ᮃ㐲ࠊࡓࡲࠋࡓࡗ࠶44:117࡛ࠊࡣẚࡢࢬ࢖ࢧീ⏬ࡢᙳࡢ⌫ᆅ࡜ࢬ࢖ࢧീ⏬ࡢ

㙾ࡢど㔝ࠊࡾࡼ᭶ࡢぢࡢࡅ࠿኱ࠊࡾࡼࡽࢀࡇࠋࡓࡗ࠶࡛°0.494ࡣࡉࡁ᭶ࡢ┤

ᚄ Rࠊ᭶ࡢ࡛ࡲ㊥㞳 d ࠊࡣḟࡢᘧ࡛ồࠋ[1,2]ࡿࢀࡽࡵ 

ܴ =
ᆅ⌫ࡢ┤ᚄ

1 +ᆅ⌫ࡢᙳࡢ⏬ീࢬ࢖ࢧ

᭶ࡢ⏬ീࢬ࢖ࢧ

=
12742݇݉

1 + 117 ± 144 ± 1
= (3.5 ± 0.1) × 10ଷ݇݉ 

݀ = ோ
᭶ࡢぢࡢࡅ࠿኱ࡉࡁ

= (ଷ.ହ±଴.ଵ)×ଵ଴య௞௠
(గ/ଵ଼଴)×଴.ସଽସ

= (4.0 ± 0.1) × 10ହ݇݉

2. ᆅ⌫ࡢᙳࡢ᫂ࢆࡉࡿㄪࡿ࡭㸦஧್໬㸧
ᆅ⌫ࡢᙳࡢ୰ࡢ᫂ࠊࡣࡉࡿᆅ⌫ࡢ኱Ẽࡢᙳ㡪࡛⦆࡟࠿ࡸኚ໬ୖࠊࡵࡓࡢࡇࠋࡿ࠸࡚ࡋグࡢᅗ1ࡢసᅗἲ࡛᭶ࡢ࡛ࡲ

㊥㞳ࢆ ᐃࠊࡁ࡜ࡿࡍᆅ⌫ࡢᙳࡢቃ⏺ࡢ఩⨨ࡾྲྀࡢ᪉࡛ࠊ᭶ࡢ࡛ࡲ㊥㞳࡟኱࡞ࡁ୙ᐃᛶࡀฟ࡚ࠊࡵࡓࡢࡇࠋ࠺ࡲࡋ᭶

㣗ࡢ⏬ീࢆ஧್໬࡛࡜ࡇࡿࡍ᭶ࡢᘼࡸᆅ⌫ࡢᙳࡢቃ⏺ࢆ௵ព࡟ᢳฟࢆ࣒ࣛࢢࣟࣉࡿࡍసࠊ࡛࡜ࡇࡿᆅ⌫ࡢᙳࡢᵝᏊࢆ

ㄪࠋࡓࡋ࡟࡜ࡇࡿ࡭஧್໬ࠊࡣ࡜⏬ീࡢ㍤ᗘࢆ㜈್࡛ศ࡚ࡅⓑ࡜㯮࡟ኚ᥮ࡿࡍ⏬ീฎ⌮ࠋࡿ࠶࡛࡜ࡇࡢᅗ2ࠊࡣ஧್

໬ࡓࡋ⏬ീࠊࡽ࠿᭶ࡢᘼࡿ࡞࡜㒊ศ࡜ᆅ⌫ࡢᙳࡢቃ⏺ࡢᘼࡿ࡞࡜㒊ศࡢᢳฟࡓࡋ⏬ീ࡛ࠋࡿ࠶

ᅗ2 ᭶㣗ࡢ஧್໬⏬ീ  ᭶ࡢᘼࡢᢳฟ    ᆅ⌫ࡢᙳࡢቃ⏺ࡢᢳฟ 

ḟ࡟ᆅ⌫ࡢᙳࡢቃ⏺ࡢᘼୖࡢⅬࡴྵࢆ෇ࢆồࢆ࣒ࣛࢢࣟࣉࡿࡵసࠊࡾᆅ⌫ࡢᙳ༙ࡢᚄࢆồࡼࡢࡇࠊࡀࢁࡇ࡜ࠋࡓࡵ

஧ࠊᙜึࠊࡣཎᅉࡢࡇࠋࡓࡗ࡞࡜ഴྥࡿ࡞ࡃࡉᑠ࡚࡭ẚ࡟ࡢࡶࡓࡵసᅗ࡛ồࡢ1ࠊࡣᚄ༙ࡢᙳࡢ⌫ᆅࡓࡵồ࡚ࡋ࡟࠺

್໬ࡿࡍࢆ㜈್࡛ᆅ⌫ࡢᙳࡢቃ⏺ࡢ఩⨨ࡀኚࡣ࡛ࡅࡔࢀࡑࠊࡀࡓ࠼⪄࡜ࡿ࠶࡛ࡵࡓࡿࢃㄝ࡛᫂࡟࠺ࡼ࠸࡞ࡁぢࠋࡿ࠼

౛ࠊࡤ࠼᭶࡟ᢞᙳࡿ࠸࡚ࢀࡉᆅ⌫ࡢᙳࠊࡀ⌫య࡟ᢞᙳࡿ࠸࡚ࢀࡉᙳ࡛ࠊ࡟ࡵࡓࡿ࠶ᖹ㠃࡟ᢞᙳࡾࡼࡿ࠸࡚ࢀࡉ᭤⋡ࡀ

኱ࡿ࡞ࡃࡁຠᯝࠋࡿࢀࡽ࠼⪄ࡀ࡝࡞ᮏⓎ⾲࡛ࡢࡇࡣຠᯝࡿࡼ࡟ᙳ㡪ࡢ᭷↓᳨ࡶ࡚࠸ࡘ࡟࡝࡞ウࡋ⤂௓ࠋࡿࡍ

3. ᒎᮃ࡜ࡵ࡜ࡲࡢ≦⌧
᭶㣗ࡿࡼ࡟᭶ࡢ࡛ࡲ㊥㞳 ᐃࠊ࡟ࡵࡓࡢ஧್໬ࡿࡼ࡟᭶⦕ࡸᆅ⌫ࡢᙳࡢቃ⏺ࢆᢳฟࢆ࣒ࣛࢢࣟࣉࡿࡍ㛤Ⓨࠋࡓࡋ

ࡲ᭶ࠊ࡜ࡿࡳ࡚ࡵồࢆ㊥㞳ࡢ࡛ࡲ᭶࡜ࡉࡁ኱ࡢᡭἲ࡛᭶ࡢᚑ᮶࡟ึ᭱ࠊࡵࡓࡿࡵ࠿☜ࢆᐃ⢭ᗘ ࡢ࣒ࣛࢢࣟࣉࡢࡇ

ࡋࠋࡿ࠶40.54୓km࡛ࡣᆅᚰ㊥㞳ࡿࡼ࡟᭶㣗ணሗࡢᅜ❧ኳᩥྎṔィ⟬ᐊࠊ࡟ࡳ࡞ࡕࠋࡓࡗ࡞࡜⣙40୓kmࡣ㊥㞳ࡢ࡛

ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿࡌ⏕ࡀ㸦10%⛬ᗘ㸧ㄗᕪ࡞ࡁ኱ࡾࡼ࡟᪉ࡾྲྀࡢ㜈್ࠊࡣᐃ࡛ ࡿࡼ࡟࣒ࣛࢢࣟࣉ஧್໬ࠊࡋ࠿

࠺ࡼࡢ࡝ࡀศᕸࡉࡿ᫂ࡢ఩⨨௜㏆ࡢᙳࡢ⏺ᗄఱⓗቃࡢ⌫ᆅࠊ࡛࡜ࡇࡿ࠸⏝ࢆ࣒ࣛࢢࣟࣉ஧್໬ࡢࡇࠊ࡟㏫ࠊ࡛ࡇࡑ

◊ࡢ࡛ࡲࢀࡇࠊࡣ࡛⾲ᮏⓎࠋ࠸ࡓ࡭ㄪࢆᙳ㡪ࡢ኱Ẽࡢ⌫ᆅ࡟≉ࠋࡿࢀࡽ࠼⪄࡜ࡿࡁ࡛ࡀ஦ࡿ࡭ㄪ࠿ࡿ࠸࡚ࡋኚ໬࡟

ࡶ㛵ಀࡢ࡝࡞ࡉࡿ᫂ࡢᙳࡢᗄఱⓗቃ⏺௜㏆ࡢ⌫ᆅ࡜ᆅ⌫኱Ẽࠊ࡚࠼ຍ࡟ᯝ⤖ࡢ㊥㞳 ᐃࡢ࡛ࡲ᭶ࠊ࠼ࡲ㋃ࢆ⦌⤒✲

᫂ࠋ࠸ࡓࡋ࡟࠿ࡽㅰ㎡㸸ᮏ◊✲࡟㛵ࠊ࡚ࡋኳᩥ㒊5ᖺ⏕ࡢ᳃ᒣᐇඛ㍮ࠊ㛫⸨᝴ᚿඛ㍮࡟ከࡢࡃᣦᑟࠋࡓࡋࡲࡅཷࢆ 

ཧ⪃ᩥ⊩ 

[1] ༓㔝㈗ᙪࠊ࠿࡯㛗㔝㧗ᑓኳᩥ㒊࣓ࣥࠕࠊ࣮ࣂ᭶㣗ほ ࡿࡼ࡟᭶ࡢ࡛ࡲ㊥㞳 ᐃࠖ ࠊ᪥ᮏኳᩥᏛ఍➨3ᅇࢽࣗࢪ

ண✏㞟 pp.10-13(2001.10)ࣥࣙࢩࢵࢭ࢔

[2] ኱すᾈḟࠕࠊ᭶㣗ほ ࡿࡼ࡟᭶ࡢ࡛ࡲ㊥㞳 ᐃࠖࠊPaofits◊✲఍㞟㘓 (2007.12)

https://paofits.nao.ac.jp/naoWS07/oonisi.pdf (2022ᖺ1᭶25᪥㜀ぴ)
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ⅆᫍࡢᅵተ୍ࡓࡌ⏕ࡀᅉࡢ࡚࠸ࡘ࡟ᐇ㦂ࡿࡼ࡟᥎ᐃ 

⛉Ꮫ᥈ồ㒊㸸

ᘅ⏣ ♸ᕼ㸦୰2㸧ࠊᮌᮧ 㐭㸦୰1㸧࠙኱⏣༊❧ⵦ⏣୰Ꮫᰯࠚ

せ ᪨
⛉Ꮫ᥈ồ㒊࡛ࠊࡣⅆᫍࡢᅵተ୍ࡓࡌ⏕ࡀᅉࢆ᥈ࡿᐇ㦂ࡢࡇࠋࡿ࠸࡚ࡗ⾜ࢆᐇ㦂ࠊࡣ⣸እ⥺ࢆ↷ᑕࠊࡽࡀ࡞ࡋ⋞Ṋᒾ

ᚤࡽ࠿Ṋᒾ⋟ࠊ࡚ࡗࡼ࡟⏝ຎ໬సࡿࡼ࡟⥺⣸እࠊᯝ⤖ࡢᐇ㦂ࡢࡇࠋࡿ࠶ᐇ㦂࡛ࡿ࠼୚ࢆࡋ㏉ࡾ⧞ࡢ₶‵⇱஝ࡢ㓟◲࡟

⣽ࠊ࡜ࡇࡿࡌ⏕ࡀ∦◚࡞ཬࡧ◲㓟ሷࡿࡼ࡟ሷ㢮㢼໬࡚ࡗࡼ࡟⋞Ṋᒾ࡞࠺ࡼࡢࡇࠋࡓࡗ࠿ࢃࡀ࡜ࡇࡿࡍ○◚ࡣ⋞Ṋᒾࡢ

㢼໬ࠊࡣ㐣ཤࡢⅆᫍୖ࡛ࡶⓎ⏕ࠊࡋᅵተ୍ࡓࡌ⏕ࡀᅉ࡜ࡓࡗ࡞࡟᥎ᐃࠋࡿࡍ

㸯 ◊✲ࡢ⫼ᬒ࡜┠ⓗ
௒40ࡽ࠿൨ᖺ๓㹼30൨ᖺ๓ࡢⅆᫍୖࠊࡣ࡟㓟ᛶࡢỈࡀᏑᅾࠊࡋ ᬮ࡞Ẽೃࡢ᫬ᮇ࡜ࡓࡗ࠶ࡀ᥎ᐃࡢࡇࠋࡿ࠸࡚ࢀࡉ

᫬ᮇࠊ࡟◲㓟࡜⋞Ṋᒾࡀ཯ᛂࠊ࡚ࡋⅆᫍࡢᅵተࡸ⭯▼ࡿ࠸࡚ࢀࡲྵ࡟᫂♠➼ࡢ◲㓟ሷࠊࡸ㉥㕲㖔ࠊ㔪㕲㖔➼ࡢ㕲㓟໬

ࡇࠋ࠸࡞࠸࡚ࡋࡾࡁࡗࡣࠊࡣ࡚࠸ࡘ࡟ཎᅉࡓࡌ⏕ࡀᅵተࡢⅆᫍࠊࢁࡇ࡜ࡢᅾ⌧ࡋ࠿ࡋࠋࡿ࠸࡚ࢀࡽ࠼⪄࡜ࡓࡌ⏕ࡀ≀

ᐹ⪄࡚࠸ࡘ࡟ᅉ୍ࡓࡌ⏕ࡀᅵተࡢⅆᫍࠊ࡭ㄪࢆᙳ㡪ࡿ࠼୚࡟Ṋᒾ⋟ࡀࡋ㏉ࡾ⧞‵஝ࡢ㓟◲࡜⥺⣸እࠊࡣⓗ┠ࡢᐇ㦂ࡢ

 ࠋࡿ࠶ࡀⲨ஭㸦2005㸧ࠊᇉ✄ࠊ࡚ࡋ࡜✲◊ࡿࡍ㛵㐃ࠋࡿ࠶࡛࡜ࡇࡿࡍ
㸰 ᪉ἲ

2cm×1cm×1cmࡢ⋞ṊὝ⏘⋞ṊᒾࠊࢆpH2ࡢ◲㓟Ỉ⁐ᾮࡓࡋࡓ‶ࢆ┤ᚄ6cm㧗1.5ࡉcm࡟࣮ࣞࣕࢩࡢᾐ࡚ࡋࡑࠋࡍ

ẅ⳦ⅉࡾࡼ࡟⣸እ⥺࡟࣮ࣞࣕࢩࢆ↷ᑕࠊࡋ◲㓟Ỉ⁐ᾮࢆ஝⇱࡞࠺ࡼࡢࡇࠋࡿࡏࡉ஝⇱‵₶ࡢ㐣⛬ࡍ࡜ࣝࢡ࢖ࢧ1ࢆ

ᑐ↷ᐇࠊࡵࡓࡿ࡭ㄪࢆᙳ㡪ࡢ⥺⣸እ࡟᫬ྠࠋࡓࡋほᐹࢆኚ໬ࡢṊᒾ⋟࠸⾜ࣝࢡ࢖ࢧ10ࢆࡋ㏉ࡾ⧞ࡢ₶‵⇱஝ࡢࡇࠋࡿ

㦂࡚ࡋ࡜⣸እ⥺ࢆ↷ᑕࡌྠ࡟ࡎࡏᐇ㦂࠾࡞ࠋࡓࡗ⾜ࢆ⣸እ⥺ࢆ↷ᑕࡓࡋヨᩱࢆUVCࠊ⣸እ⥺ࢆ↷ᑕ࠸࡞ࡋヨᩱࢆN࡜

ࠋࡓࡋ

㸱 ⤖ᯝ࡜⪃ᐹ 
ࡼNࡣ࡛ࣝࢡ࢖ࢧ10ࠊࡵࡌࡣࡋᩓᅾ࡟㠃୍࣮ࣞࣕࢩࡀ∦◚ࡢṊᒾ⋟࡞ᚤ⣽ࡢ⛬0.1mmࡣUVC࡛ࠊࡽ࠿⛬ࣝࢡ࢖ࢧ3

㸦ᅗࡿࢀࡽ࠼⪄࡜ࡓࡌ⏕࡚ࡗࡼ࡟ຎ໬ࡢṊᒾ⋟ࡿࡼ࡟㓟◲࡜⥺⣸እࠊࡣ∦◚࡞ᚤ⣽ࡢࡇࠋࡓࡋ⏕Ⓨࡃከ࡜ࡗࡎࡶࡾ

1㸧୍ࠋ᪉ࠊ⋞Ṋᒾヨᩱᮏయࡽ࠿⛬ࣝࢡ࢖ࢧ5ࠊࡣ࡟㠃࡟ᖹ⾜ࡀࢡࢵࣛࢡࠊ࡟Ⓨ⏕ࠊࡣࢡࢵࣛࢡࡢࡇࠋࡓࡋNࡢ᪉ࡀ

UVCࡃࡋ⃭ࡶࡾࡼⓎ⏕ࡓࡋ㸦ᅗ2㸧ࠊࡣࢡࢵࣛࢡࠋሷ㓟࡜⋞Ṋᒾࡀ཯ᛂ࡚ࡋⓎ⏕ࡓࡋ◲㓟ሷࡿࡼ࡟ሷ㢮㢼໬࡚ࡗࡼ࡟

ࢀࢃᛮ࡜ࡿ࡞␗ࡀᗘ⛬ࡢሷ㢮㢼໬ࠊ࡟ࡵࡓࡿ࠸࡚ࡗ࡞␗ࡀ㓟ሷ◲ࡓࡌ⏕ࡣN࡛࡜UVC࡚ࡋࡑࠋࡿࢀࡽ࠼⪄࡜ࡓࡌ⏕

࡜ࡓࡗ࡞࡟ᅉ୍ࡢ⣽⢏໬ࡢṊᒾ⋟ࠊࡌ⏕ࡀࡋ㏉ࡾ⧞ࡢ₶‵⇱஝ࡢ㓟◲࡜⥺⣸እ࡞࠺ࡼࡢ௨ୖࠊࡶⅆᫍୖ࡛ࡢ㐣ཤࠋࡿ

ࠋࡿ࠼⪄

Ming,M.and Morris,R.(2017)࡜ࡿࡼ࡟ⅆᫍࡢᅵተࡿࡃࡘࢆ⢏Ꮚࠊࡕ࠺ࡢࢬ࢖ࢧࡢ⣙15ࠥ25㔜㔞%ࡣ⢓ᅵࢬ࢖ࢧ

���ǍP�࡛85ࠊࡾ࠶㹼75%࡜◁ࡣࡓࡲࢺࣝࢩࡣ᥎ᐃࠋࡿ࠸࡚ࡋ⣸እ⥺࡜◲㓟ࡿࡼ࡟⋞Ṋᒾࡢຎ໬࡟≉ࠊࡣ⢓ᅵࡢࢬ࢖ࢧ

⢏Ꮚ୍ࡿࡌ⏕ࡀᅉ࡜ࡓࡗ࡞࡟᥎ᐃࠋࡿࡍ

ㅰ㎡ 
⏦♩࠾ࠊ࡟⏕ᑠ᳃ಙ⏨ඛࡢⵦ⏣୰Ꮫᰯ⛉Ꮫ᥈ồ㒊㢳ၥࡍࡲࡾ࠾࡚࠸ࡔࡓ࠸ࢆᣦᑟࡈ࡟ᖖࠊ࡛ୖࡿࡵ㐍ࢆ✲◊ࡢࡇ

 ࠋࡍࡲࡆୖࡋ

ᘬ⏝ᩥ⊩
✄ᇉ ㈗ᐶࠊⲨ஭ ♸ஓ(2005): ◲㓟ࡢ஝⇱‵₶ࡾ⧞ࡢ㏉ࡿࡼ࡟ࡋ⋞Ṋᒾࡢኚ໬ࠊ᪥ᮏኳᩥᏛ఍ࣥࣙࢩࢵࢭ࢔ࢽࣗࢪ

2005ண✏㞟. 

Ming,M and Morris,R.(2017): Chemical,Mineralogical,and Physical Properties Of Martian Dust And Soil. 

Dust in the Atmosphere of Mars 2017. 

UVC N N 

ᅗ1 ᵝᏊࡢ∦◚ࡓࡌ⏕࡛ࣝࢡ࢖ࢧ10 ᅗ2 ᵝᏊࡢࢡࢵࣛࢡࡓࡌ⏕࡟ヨᩱ࡛ࣝࢡ࢖ࢧ10
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25万枚の画像で求めた木星の内部構造
原口　真緒（高 2）、松窪　啓介、永坂　希良梨、萩之内　美月（高 1）、山元　胡桃美（高 1） 【鹿児島市立鹿児島玉龍高等学校】
我が校では 25万枚の画像をコンピュータで解析したことにより精度良く木星の形状を測定することができた。惑星の形状は楕円体とみなすことができ、楕円率 εで表せる。私たちの観測結果 εはハッブル宇宙望遠鏡で観測された楕円率と誤差の範囲で完全に一致した。また楕円率は木星が一様なガスの塊であった場合では説明が付かず、内部に構造があることがわかった。
1. 目的我が校では木星閃光現象を観測するために2017年から 2020年までの 4年間の間に 25万枚を撮影してきた。25万枚の画像を目視で研究することは解析において人によって常に同じ結果を得るが難しいのでコンピュータで解析することが望ましい。現在はプログラミング言語 pythonにより画像の処理は非常に身近になっている。本研究ではプログラミングによる均質な画像解析により木星の画像を処理した。
2. 機材・サンプル

·カメラ　 ZWO ASI29MC（非冷却 CMOS）
·期間　 2017年 7月 15日-2020年 12月 21日
·枚数　 254,084

3. 研究方法本研究ではまず木星の画像を pythonのオープン画像解析ライブラリー opencv2を用いて木星の輪郭を 1 px程度の精度で決定する。決定した輪郭を図 1に示す。次にその輪郭を長径 a
[km]、短径 b [km]の楕円として捉え、楕円率
ε ≡ (a− b)/a [(無次元)]を求める。モデル、計算の詳細は図 2のQRコード先のホームページで示している。

4. 結果本研究で求めた ε を図 3 に示す。図 3 には人工衛星で決定した楕円率を示す [3]。両者は誤差の範囲で完全に一致していることを示している。楕円率は物質密度の分布によって変化する。木星の中心からの距離を r として内部の物質密度を傾き −α の power-law
(ρ ∝ r−α) と置く [1, 4]。ε と α の関係を

図1 図2:省略した
　   計算の詳細

図3

図 1:コンピュータによる木星の輪郭の同定。図 2:省略した計算の詳細。図 3:楕円率の分布
(中央の縞)。破線が人工衛星による観測結果、点波線の内部構造なしは一様な球の場合を示す。誤差範囲で楕円率が人工衛星の観測結果と一致し、一様な球と一致していないことがわかる。
図 3で表す。理科年表 (国立天文台)[2]から必要なパラメータを代入すると一様な構造である内部構造なしは 5.0 σ信頼水準で否定できることがわかった。これにより木星には内部構造があることがわかった。求められた α = 2.0であり、中心部分 (半径の 40%の位置)の密度は平均密度より 2倍高く、およそ 2.6 g/cm3である。これにより中心部には液体や固体の核がある可能性があることがわかった。

参考文献
[1] R. Fitzpatrick (2012), An introduction to celestial mechanics, [2]国立天文台 (2021),理科年表,
[3]D. R. Williams (2021) Jupiter Fact Sheet. NASA. , [4] http://phys1.sakura.ne.jp/kagoshima/
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ᮌᫍࣝࢺࢡ࣌ࢫࡢ᧜ീࡿࡅ࠾࡟஧ḟࡢࣝࢺࢡ࣌ࢫᙳ㡪ࡢ㍍ῶ࡚࠸ࡘ࡟

ᆅᏛ㒊㸸⬥㇂ ᝆࠊ⏣ᑼ ᑦ኱㸦㧗 2㸧ࠊ஭ୖ ᬕேࠊ᱓ᮏ ኟྥࠊᮡᮏ 㐶⳯㸦㧗 1㸧࠙ ᇸ⋢┴❧ᾆ࿴す㧗➼Ꮫᰯࠚ 

せ᪨  ⚾ࡣࡕࡓᮌᫍࣥࢱ࣓ࡿࡅ࠾࡟ࣝࢺࢡ࣌ࢫ྾཰ᖏࡢ⦋ᗘẖࡢᕪ᳨ࡢฟࢆヨࡢࡑࠊࡀࡿ࠸࡚ࡳ྾཰ᖏࡿ࠶ࡀ㉥

እᇦ࡟▷Ἴ㛗ഃࡢගࡢ஧ḟࡀࣝࢺࢡ࣌ࢫ㔜ྍࡿ࡞⬟ᛶࡢࡑࠊ࡜ᙳ㡪࡟ᠱᛕ࡛ࡇࡑࠋࡓࡗ࠶ࡀᕷ㈍ࡢ R1 ࣝ࢕ࣇ

ࠋࡓࡳヨࢆ㍍ῶࡢࣝࢺࢡ࣌ࢫ஧ḟࠊ࡚ࡗࡼ࡟࡜ࡇࡿ࠸⏝ࢆ࣮ࢱ

㸯㸬ᮏᖺᗘࡢ◊✲

᫖ᖺᗘࡢ◊✲ ᮌࡿࡅ࠾࡟ගࡢ㉥እᇦࡽ࠿どගྍࡣ࡛(1

ᫍࣝࢺࢡ࣌ࢫࡢ᧜ീࡢࡑࠋࡓࡗ⾜ࢆ㝿ࡢࣥࢱ࣓ࠊ྾཰ᖏ

Ἴ㛗ഃ▷ࡣ࡟ࢀࡇࠋࡓࡗ࠿࡞ࡏぢฟࡣᕪࡢẁ≉࡚࠸ࡘ࡟

ᮏᖺࠋࡓ࠼⪄࡜ࡿ࠶ࡀ࡝࡞ᙳ㡪ࡢࣝࢺࢡ࣌ࢫ஧ḟࡢගࡢ

ᗘࡣ஧ḟࡢࣝࢺࢡ࣌ࢫᙳ㡪ࢆ㍍ῶࠊ࡟ࡵࡓࡿࡍ⣙ 600nm

௜㏆ࡾࡼ▷Ἴ㛗ഃࡢගࡿࡍࢺࢵ࢝ࢆ R1 ⏝ࢆ࣮ࢱࣝ࢕ࣇ

ࠋࡓࡋ࡟࡜ࡇࡿࡍド᳨ࢆຠᯝࡢࡑࠊ࠸⾜ࢆ᧜ീ࡚࠸

㸰㸬ほ ࡚࠸ࡘ࡟

(1)ほ ᪥᫬:2021 ᖺ 10 ᭶ 28 ᪥㹼2022 ᖺ 1 ᭶ 8 ᪥

(2)ほ ሙᡤ:ᮏᰯᒇୖ

(3)୺࡞ほ ᶵᮦ㸦ᅗ㸯㸧:ᮃ㐲㙾(Vixen FL-102),

R1 ࣮ࢱࣝ࢕ࣇ(Kenko),ศගჾ(VEGA ᫛࿴ᶵᲔ〇సᡤ),

෭༷ CCD (ATIK TITAN)࣓ࣛ࢝

(4)౑⏝ࢺࣇࢯ

᧜ീ:Artemis Capture   ⏬ീฎ⌮:Makali’i 

ゎᯒ:Makali’i, Microsoft Excel

㸱㸬ゎᯒ᪉ἲ

(1)᧜ᙳࡢࡋ࡞࣮ࢱࣝ࢕ࣇࡓࡋ⏬ീࢆ Makali’i ࣮ࢲ࡚࡟

㸦ᅗࡓࡗ⾜ࢆຍ⟬ᖹᆒ࡚ࡋࢆ⌮ฎࢡ 2㸧ࠋR1 ࢆ࣮ࢱࣝ࢕ࣇ

ࡢࡽࢀࡇࠋࡓࡗ⾜ࢆ⌮ฎࡢᵝྠࡶ࡟ീ⏬ࡓࡋ᧜ᙳ࡚࠸⏝

⏬ീࡢࣝࢺࢡ࣌ࢫࡽ࠿㍤ᗘ್㸦ࢆ್ࢺࣥ࢘࢝ࡣ࡛ࡇࡇ㍤

ᗘ್ࡓࡋ࡜㸧ࡾྲྀࢆฟࣇࣛࢢࡋ໬ࠋࡓࡋ

(2)⌮⛉ᖺ⾲ Makali’iࠊࡋ↷ཧࢆ(2 ࡛ᚓ࠺ࡢࢱ࣮ࢹ್ᩘࡓ

ࡿᙜ࡚ࡾ๭ࢆ⥺྾཰ࡿࡍᑐᛂ࡟㒊ศ࡞ࡉᑠࡢ㍤ᗘ್ࠊࡕ

㛵ಀᘧ(஧ḟ㛵ᩘ)࡛㏆ࡢἼ㛗࡜⨨఩ࣝࢭࢡࣆࠊࡾࡼ࡟࡜ࡇ

ఝࠊࡋ඲యࡢἼ㛗௜ࠋࡓࡗ⾜ࢆࡅ

(3)(2)࡛ồࡓࡵἼ㛗࡟࡜ࡶࢆᮌᫍࡢ 2 ✀㢮ྠࢆࢱ࣮ࢹࡢ

㸦ᅗࡓࡵ࡜ࡲ࡟ࣇࣛࢢࡌ 3㸧ࠋ 

㸲㸬ゎᯒ⤖ᯝ࣭⪃ᐹ

ࡢ⾲බ࣮࣮࣓࢝ R1 ⥺ᛶ᭤≉࣮ࢱࣝ࢕ࣇ ࠊ࡜ࡿࡼ࡟(3

650nm ௜㏆ࡾࡼ㛗Ἴ㛗ഃࡢගࡢ㏱㐣⋡ࡣ 98㸣⛬ᗘ࡛ࠊ

ண᝿ࡀ㍤ᗘ್࡞࠺ࡼࡌྠࡰ࡯࡜᫬࠸࡞ࢃ౑ࢆ࣮ࢱࣝ࢕ࣇ

ᅗࡋ࠿ࡋࠋࡿࢀࡉ 3 ࡾࡼ R1 ㍤ࡿࡼ࡟↓᭷ࡢ࣮ࢱࣝ࢕ࣇ

ᗘ್ࡢᕪࠊࡣண᝿ࡿࢀࡉ㏱㐣⋡ࡶࡾࡼ 650nm ௨㝆࠸࠾࡟

࡚᫂࡟࠿ࡽᕪࡶ࠿ࡋࠋࡿ࠶ࡀᅗ 3 ࡿࡅ࠾࡟ R1 ࢱࣝ࢕ࣇ

࡚࡭ẚ࡜ࡋ࡞࣮ࢱࣝ࢕ࣇࡣࢱ࣮ࢹࡢ࣮ 2 ಸࡢ㟢ฟࡅ࠿ࢆ

ࡣࢀࡇࠋࡿ࠶࡛ࡎࡣࡿ࡞࡟㢧ⴭ࡟ࡽࡉࡣᕪࠊࡵࡓࡿ࠸࡚

R1 ࡢࣝࢺࢡ࣌ࢫ஧ḟ࡚ࡗࡼ࡟࡜ࡇࡓ࠸⏝ࢆ࣮ࢱࣝ࢕ࣇ

ᙳ㡪࡝ࢇ࡜࡯ࢆ᤼㝖࡛ࠋࡿࢀࡽ࠼⪄࡜ࡔࡵࡓࡓࡁ

㸳㸬௒ᚋࡢㄢ㢟

R1 ࣜࢫࡢᮌᫍࠊ࡚࠼ࡲ㋃ࢆㄆ☜ࡢ᭷ຠᛶࡢ࣮ࢱࣝ࢕ࣇ

኱ࡣീ⏬ࡓࢀࡽᚓࠊࡀࡓࡳヨࢆ᧜ᙳࡢീ⏬ࣥࣕ࢟ࢫࢺࢵ

ᖜ࡟ṍࡢࡑࠋࡓࡗࡲࡋ࡛ࢇཎᅉࠊࡣ࡚ࡋ࡜ከᩘࡢ㒊ရࢆ

ࡵࡓࡓࡗ࡞ࡃ㛗ࡀ඲㛗ࡢほ ᶵᮦࡾࡼ࡟࡜ࡇࡓࡅ௜ࡾྲྀ

ኚ໬ࡀࡁྥࡢ⟃㙾࡚ࡗࡼ࡟㏣ᑿࠊࡀࡳࡎࡦࡓ࠸࡚ࡌ⏕࡟

ࠋࡿࢀࡽ࠼⪄࡜ࡔࡽ࠿ࡓࡗ࠿࡞ࡣᐃ୍࡛࡟ࡵࡓࡿࡍ

㸴㸬ཧ⪃ᩥ⊩

1)ᮌᫍࡿࡅ࠾࡟ࣝࢺࢡ࣌ࢫ⦋ᗘࡿࡼ࡟ᕪ᳨ࡢฟ[Ᏺᒇ

భ┿ࠊ㛵ᘏ ෽㸦㧗 2㸧ࠊ⏣ᑼ ᑦ኱ࠊ⬥㇂ ᝆ㸦㧗 1㸧

(ᾆ࿴す㧗ᰯ)ࠊ᪥ᮏኳᩥᏛ఍(2020)ࣥࣙࢩࢵࢭ࢔ࢽࣗࢪ] 

2)⌮⛉ᖺ⾲ ᅜ❧ኳᩥྎ⦅(2019)

3) ࡾࡼࢪ࣮࣒࣮࣌࣍㸦ᰴ㸧࣮ࢼ࢟ࢺ࣭࣮ࢥࣥࢣ

㸵㸬ㅰ㎡

 ほ ᪉ἲࡢࣥࣕ࢟ࢫࢺࢵࣜࢫࡸ⏬ീฎ⌮ࠊ࡚࠸࠾࡟ᕝ

ཱྀᕷ❧㧗➼ᏛᰯࡢᆏỤ㝯ᚿඛ⏕ࡈࡣ࡟ᑾຊࡋࡲࡁࡔࡓ࠸

ࠋࡍࡲࡆୖࡋ⏦♩ᚚ࡚ࡋࡾ೉࠾ࢆሙࡢࡇࠋࡓ
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⇈∑∄ஓᢒᦟ↝ᩓඬᚇย↚↷↺Ҿڼष଩ኒόႴ↝ᚐௌ

㯮ᮌ ࡵࡸ࠶㸦㧗1㸧࠙ᅜ❧ྡྂᒇ኱Ꮫᩍ⫱Ꮫ㒊㝃ᒓ㧗➼Ꮫᰯࠚ 

⏣ᕝ ᬛஓࠊᒣ⏣ ၨᝅ㸦㧗1㸧࠙ឡ▱┴❧᫂࿴㧗➼Ꮫᰯࠚ 

῝㇂ ဏⰋࠊ୸ᒣ ᚰ⳯ࠊ㟷ᮌ ⪀㸦୰3㸧࠙ᅜ❧ྡྂᒇ኱Ꮫᩍ⫱Ꮫ㒊㝃ᒓ୰Ꮫᰯࠚ 

ಒᙲ 
ᮏ◊✲࡛ࠊࡣⱝ࠸ᫍࡢ࿘ᅖ࡟Ꮡᅾࠊࡋᝨᫍᙧᡂࡢẕయ࡛ࡿ࠶ཎጞᝨᫍ⣔෇┙ࡢ≉ᚩࢆㄪᰝ࣐ࣝ࢔ࠋࡓࡋᮃ㐲㙾ࡀほ

ࢆ㛵ಀࡢ࡜㟁Ἴᙉᗘࡸࡉࡁ኱ࡢ┙ཎጞᝨᫍ⣔෇ࠊࡵồࢆ㉁㔞ࡢ୰ᚰᫍࡽ࠿ࢱ࣮ࢹ㟁Ἴࡢ㓟໬Ⅳ⣲ศᏊ(CO)୍ࡓࡋ 

ồࠋࡓࡵ 

 ࡟ࡵࡌࡣ 1
ᫍ࡜ᫍࡢ㛫࡟Ꮡᅾࠊࡿࡍᫍ㛫ࡢࢫ࢞ᐦᗘࡀ㧗࠸㡿ᇦ

ࡍ⦰཰ࡾࡼ࡟ᕫ㔜ຊ⮬ࡀศᏊ㞼ࡢࡇࠋࡪ࿧࡜ศᏊ㞼ࢆ

ࡢ࿘ᅖࡢᫍࡾࡼ࡟㐲ᚰຊࠊࡀࡿࢀࡉᙧᡂࡀ࡛ᫍ࡜ࡇࡿ

඲࡚ࡢศᏊࡀࢫ࢞ࡢ୰ᚰ࡟฿㐩࡛ࠊࡵࡓ࠸࡞ࡁ୰ᚰᫍ

ཎጞࢆࢀࡇࠋ㸦ᅗ㸯[1]㸧ࡿࢀࡉᙧᡂࡀ┙෇࡟࿘ᅖࡢ

ᝨᫍ⣔෇┙࡜࿧ࡢࡇࠊࡧ୰࡛ᝨᫍࡀᙧᡂ࠼⪄࡜ࡿࢀࡉ

 ࠋࡿ࠸࡚ࢀࡽ

ᮏ◊✲࡛11ࠊࡣಶࡢཎጞᝨᫍ⣔෇┙ࡢ኱ࠊ࡜ࡉࡁ୰

ᚰᫍࡢ㉁㔞ࢆồࡢࡽࢀࡑࠊࡵ┦㛵ᅗࢆసᡂࠋࡓࡋ 

ᅗ1 ཎጞᝨᫍ⣔෇┙HD163296 

 ࢱ࣮ࢹ 2
DSHARP DATAࡓࡋ 㟁ἼほࢆCOࡀᮃ㐲㙾࣐ࣝ࢔

RELEASE[1]ࡢබ㛤ࢆࢱ࣮ࢹ౑⏝ࠊࡓࡲࠋࡿࡍESAࡢබ

㛤ࡿ࠶࡛ࢱ࣮ࢹGaia EDR3[2]ࡢᖺ࿘どᕪࠋࡿ࠸⏝ࢆ 

3 ཎጞᝨᫍ⣔෇┙ࡢゎᯒ 
3.1 ኱ࡉࡁ 

ᖺࡿࡼ࡟Gaiaࡢᫍࡿࡍ௜㝶ࡀ┙ཎጞᝨᫍ⣔෇ࠊࡎࡲ 

࿘どᕪࣝࣕࢳ࣮ࣂࢆኳᩥྎESA SKYࡽ࠿ᚓ࡚ࡢࡑࠊ㏫

ࡵồࢆ㊥㞳ࡢ࡛ࡲ┙ཎጞᝨᫍ⣔෇ࡽ࠿⌫ᆅࠊࡽ࠿ᩘ

ഴ࡚ࡋᑐ࡟ど⥺᪉ྥࡀᙧࡢ┙ཎጞᝨᫍ⣔෇ࠊ࡟ḟࠋࡿ

ࡉ㛗ࡢ㛗㍈ࡢࡇࠋࡓࡏࡉ㏆ఝ࡟ᴃ෇ࠊ࠼⪄࡜ࡔ෇ࡓ࠸

࡞ࡢ㸦ኳ⌫㠃࡛ࡉࡁ኱ࡢࡅ࠿ぢࡢ┙ཎጞᝨᫍ⣔෇ࠊࡣ

 ほࠊ࡚ࡗ౑ࢆ㊥㞳ࡓࡵồ࡛ୖࠋࡿ࠶࡛ࡌྠ࡜ゅ㸧ࡍ

 ࠋࡿࡍ⟭ィࢆᚄ┤ࡢ┙ཎጞᝨᫍ⣔෇ࡓࢀࡉ

3.2 ୰ᚰᫍࡢ㉁㔞 

ཎጞᝨᫍ⣔෇┙ࡢ▷༙ᚄ࡜㛗༙ᚄࡢẚࠊࡽ࠿ཎጞᝨ

ᫍ⣔෇┙ࡢど⥺᪉ྥࡢഴࡢࡁవᘻࢆồࡁ࡛ࡀ࡜ࡇࡿࡵ

࠿ࣝࢺࢡ࣌ࢫࡢ㟁Ἴࡓࢀࡉ Ⅼ࡛ほྛࡢୖ┙෇ࠋࡿ

ど⥺᪉ࡢᗘ㏿ࡢ㐠ືࢫ࡚࢞ࡗࡼ࡟ຠᯝ࣮ࣛࣉࢵࢻࠊࡽ

ྥᡂศ㸦ど⥺㏿ᗘ㸧ࡀồࠋࡿࢀࡽࡵཎጞᝨᫍ⣔෇┙ࡢ

ど⥺᪉ྥࡢഴࢆࡁồࠊ࡛࡜ࡇࡿࡵཎጞᝨᫍ⣔෇┙ࡢ㛗

㍈ୖࡢど⥺㏿ᗘࠊࢆᐇ㝿ࡢ㏿ᗘ࡟᥮⟬ྍࡀ࡜ࡇࡿࡍ⬟

 ࠋࡿ࡞࡜

࢞ศᏊࡿ࠶࡟࿘ᅖࡢ୰ᚰᫍࡢ┙ཎጞᝨᫍ⣔෇ࠊࡓࡲ

ࡘࡢ㐲ᚰຊ࡜୓᭷ᘬຊࠋࡿ࠸࡚ࡋᅇ㌿࣮ࣛࣉࢣࠊࡣࢫ

ࠊࡽ࠿࠸࠶ࡾ

 (1) 

ࠊ࡛ࡇࡇࠋࡿ࡞࡜ ࠊᗘ㏿ࡢࢫ࢞ศᏊࡣ  ୓᭷ᘬࡣ 

ຊᐃᩘࠊ ࠊ㉁㔞ࡢ୰ᚰᫍࡣ ࡢ┙ཎጞᝨᫍ⣔෇ࡣ

୰ᚰࡽ࠿ศᏊࡢ࡛ࡲࢫ࢞㊥㞳ࠊ ࡀ┙ཎጞᝨᫍ⣔෇ࡣ 

ᆅ⌫ࡽ࠿㐲ࡿ࠿ࡊ㏿ᗘ࡛ࠋࡿ࠶ᘧ(1)ࢆᵝ࡟  ࡞ࠎ

ࠊࡾࡼ࡟࡜ࡇࡿࡍࢢࣥ࢕ࢸࢵ࢕ࣇ࡜ࢱ࣮ࢹ ほࡿࡅ࠾

ཎጞᝨᫍ⣔෇┙ࡢ୰ᚰᫍࡢ㉁㔞ࢆồࡁ࡛ࡀ࡜ࡇࡿࡵ

ࠋࡿ

4 ⤖ᯝ 
 11ಶࡢཎጞᝨᫍ⣔෇┙ࡢ┤ᚄ࡜୰ᚰᫍࡢ㉁㔞ࡢศᕸ

୰ࠋࡍ♧࡟ᅗ㸰ࢆ㛵┦ࡢ㟁Ἴᙉᗘ࡜㉁㔞ࡢ୰ᚰᫍࠊ࡜

ᚰᫍࡢ㉁㔞1.8ࡽ࠿0.18ࠊࡣኴ㝧㉁㔞࡛ࠊᖹᆒ್1.0ࡣ

ኴ㝧㉁㔞࡛ࠋࡓࡗ࠶ 

ᅗ2 ཎጞᝨᫍ⣔෇┙ࡢ┤ᚄ࡜୰ᚰᫍࡢ㉁㔞ࠊ୰ᚰᫍ 

 㛵ಀࡢ㟁Ἴᙉᗘ࡜㉁㔞ࡢ     

5 ⪃ᐹ 
ᮏ◊✲࡛ゎᯒࡓࡋཎጞᫍᝨᫍ෇┙ࡢ୰ᚰᫍࡢ㉁㔞

࡜ᚄ┤ࡢ┙ཎጞᫍᝨᫍ෇ࠋࡓࡗ࠶ᗘ࡛⛬ྠ࡜ኴ㝧ࠊࡣ

୰ᚰᫍࠋࡓࡗ࠶0.04࡛ࡣ㛵ಀᩘ┦ࡢ㉁㔞ࡢ୰ᚰᫍࡢࡑ

࡜ࡿࡍ౫Ꮡ࡟ゅ㐠ື㔞ࡢࢫ࢞ศᏊࡿࡍ௜㝶ࠊࡣ㉁㔞ࡢ

ᛮࠋࡿࢀࢃ 

 ୍᪉ࠊཎጞᫍᝨᫍ෇┙ࡢ୰ᚰᫍࡢ㉁㔞ࠊ࡜ཎጞᫍᝨ

ᫍ⣔෇┙ࡢ㟁Ἴᙉᗘ㸦ᆅ⌫11ࡽ࠿ಶࡢཎጞᝨᫍ⣔෇┙

ࠊ࡜0.50ࡀ㛵ಀᩘ┦ࠊࡣ࡟㛫ࡢ㸧ࡓࡋ࡜ᐃ୍ࡣ㊥㞳ࡢ

ṇࡢ┦㛵ࠋࡓࢀࡽࡳࡀ㟁Ἴᙉᗘࠊࡣཎጞᝨᫍ⣔෇┙ࡢ

㉁㔞ࡰ࡯࡟ẚ౛ࠊ[3]ࡵࡓࡿࡍ㉁㔞ࡢ኱࠸ࡁᫍࡢ࿘ᅖ

ᝨᫍ⣔ࡿࢀࡉᙧᡂࠊࡋᏑᅾࡀ┙෇࡞ࡁ኱ࡢ㉁㔞ࠊࡣ࡟

 ࠋࡿࢀࡽ࠼⪄ࡀᛶ⬟ྍ࠸ࡁ኱ࡶ㉁㔞ࡢ

6 ㅰ㎡ 

 ྡྂᒇ኱Ꮫ኱Ꮫ㝔⌮Ꮫ◊✲⛉ኳయ≀⌮Ꮫ◊✲ᐊࡢ❧

ཎ◊ᝅ෸ᩍᤵࠊᅜ❧ྡྂᒇ኱Ꮫᩍ⫱Ꮫ㒊㝃ᒓ㧗➼Ꮫᰯ

⏕᪥㧗ṇ㈗ඛࡢឡ▱┴❧᫂࿴㧗➼Ꮫᰯࠊ⏕኱⩚ᚭඛࡢ

 ࠋࡍࡲࡆୖࡋ⏦♩࠾ࡃཌࠋࡓࡋࡲࡁࡔࡓ࠸ࢆᣦᑟࡈ࡟

7 ཧ⪃ᩥ⊩ 
[1] https://almascience.eso.org/almadata/lp/

DSHARP/

[2] https://sky.esa.int

[3] ᅜ❧ኳᩥྎALMAࢱ࣮ࢹゎᯒ࡟㛵ࡿࡍ᝟ሗ

㸦https://www2.nao.ac.jp/~eaarc/DATARED/EAARC

  _MAPSCI/eaarc_map2sci_diskcont.html㸧 

ㅮ₇䚷䠎䠓㼀
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௒ᚋࡢ⣔እᝨᫍ◊✲ࢺࢵࢪࣥࣛࢺࡢࡵࡓࡢἲ᳨ࡢド

㔠ཎ ☐ࠊṊ⪅ ᣅ┿ࠊ෤ᇛ ዌឡࠊ㧘ᶫ Ὧ௓ࠊᘏ㏆ ㈼ᝅ㸦㧗2㸧
࠙ᶓ὾ᕷ❧ᶓ὾࢔࢕ࢸࣥࣟࣇࢫ࢚ࣥ࢖ࢧ㧗➼Ꮫᰯࠚ 

せ ᪨ 
ᮏᰯ࡚࠸࠾࡟⣔እᝨᫍ◊✲ࢺࢵࢪࣥࣛࢺࡢࡵࡓࡢἲࡓ࠸⏝ࢆほ ᪉ἲࠊࡵࡓࡿࡍ❧☜ࢆᮏ◊✲࡛ᐇ㝿ࢵࢪࣥࣛࢺ࡟

ᝨࡧࡼ࠾ ほࡢWASP-33 bࠊᯝ⤖ࡢࡑࠋࡓࡗ⾜Ἴ㛗ᇦ࡛ࡢࡘ2ࡢ⥺㏆㉥እ࡜どගྍࠊࢆ ほࡢ⣔እᝨᫍࡓ࠸⏝ࢆἲࢺ

༙ᫍᚄࡢィ⟬࡟ᡂຌࠊࡋ㏆㉥እ⥺ࢆほ ࡟್⫣ᩥࡾࡼࡀ࠺࡯ࡿࡍ㏆ࢆ್࠸ᚓࡀ࡜ࡇࡿࢀࡽศࠋࡓࡗ࠿

㸯㸬࡟ࡵࡌࡣ
⣔እᝨᫍ◊✲ࡣ᪥ࠊࠎᵝ࡞ࠎ◊✲ᶵ㛵࡛⾜ࠊࡾ࠾࡚ࢀࢃᮏᰯࡶ࡚࠸࠾࡟⣔እᝨᫍ◊✲ࡋࠋࡓ࠸࡚࠼⪄࡜࠸ࡓ࠸⾜ࢆ

⣔࡚ࡗ❧ඛ࡟✲◊ᮏࠊ௒ᖺᗘࠋࡓࡗ࠿࡞࠸࡚ࢀࢃ⾜ࡣ ほࡢ⣔እᝨᫍ࡟άⓎ࡝࡯ࢀࡑࡣᮏᰯ࡛࡛ࡲࢀࡇࠊࡽࡀ࡞ࡋ࠿

እᝨᫍほ ࡓࡗ⾜ࢆ⏕ᚐࠊࡾ࠾ࡀᮏᰯࡢタഛ࡛ᝨ༙ᫍࡢᚄࢆồࡀ࡜ࡇࡿࢀࡽࡵ᫂ࠋࡓࡗ࡞࡟࠿ࡽᮏ◊✲࡛ࡢࡑࠊࡣ◊

✲ᚋ࡟௬ㄝ࡚ࡋ࡜ᣲࠊࡓ࠸࡚ࢀࡽࡆ㏆㉥እ⥺ࡿࡼ࡟ ගほ ࡢ᭷⏝ᛶ᳨࡚࠸ࡘ࡟ドࠋࡿࡍ 

㸰㸬┠ⓗ
ᮏᰯࡿࡅ࠾࡟௒ᚋࡢ⣔እᝨᫍ◊✲ࠊ࡟ࡵࡓࡢ㏆㉥እ⥺ࡿࡼ࡟ ගほ ࡢ᭷⏝ᛶ᳨࡚࠸ࡘ࡟ドࠋ࡜ࡇࡿࡍ 

㸱㸬ほ ᪉ἲ 
࣭ほ ̿ほ ᑐ㇟ WASP-33 b, ẚ㍑ᫍ㸸BD +36 487(㉥እ⥺)ࠊBD +36 488(ྍどග)

̿౑⏝ᶵᮦ ㏆㉥እ⥺㸸㧗ᶫ〇సᡤSKY 90 (ཱྀᚄ90mm, ↔Ⅼ㊥㞳500mm), 

ZWO ASI462MC(3.2×5.6ࢬ࢖ࢧ࣮ࢧࣥࢭmm), ZWO IR850 Pass Filter 

ྍどග⥺㸸㧗ᶫ〇సᡤC300 (ཱྀᚄ300mm, ↔Ⅼ㊥㞳3,600mm),  

ATIK 414EX(6.4×8.8ࢬ࢖ࢧ࣮ࢧࣥࢭmm), ZWO IR/UV ࣮ࢱࣝ࢕ࣇࢺࢵ࢝

㉥㐨൤㸸㧗ᶫ〇సᡤEM-500 Temma 2 
ͤ⣔እᝨ࡚ᫍࡗࡼ࡟ᜏᫍࡀῶගࡿࡍ᫬㛫ᖏ[1]ࠊ࡟㏆㉥እ⥺ྍࠊどග⥺ࡿࡼ࡟ほ ྠࢆ᫬࠺⾜࡟

࣭ゎᯒ࡚̿࠸⏝ࢆ8ࢪ࣮࣓࢖ࣛࢸࢫ⏬ീ࣮ࣖ࢖࣋ࡢኚ᥮୍࡜ḟฎ⌮ࠊ࠸⾜ࢆMakali’i࡚࠸⏝ࢆ㛤ཱྀ ගࠋࡓࡗ⾜ࢆ

ᚓࡓࢀࡽ ග⤖ᯝࢆExoplanet Transit Databaseࣇࣛࢢ࡚࠸⏝ࢆ໬ࠊࡋ㏆ఝ᭤⥺ࢆィ⟬ࠋࡓࡋ

㸲㸬⤖ᯝ

࣭ᅗ1ࠊᅗ2ྍࡾࡼどගࠊ㏆㉥እ⥺ඹ࡟

ࠋࡓࡁ࡛ ほࢆኚ໬ࡢගᗘ࠺క࡟ࢺࢵࢪࣥࣛࢺ

࣭ᅗ1ࠊᅗ2ࡢほ ⤖ᯝࡾࡼ⟬ฟࡓࡋᝨ༙ᫍᚄࠋࡓࡋ♧࡟1⾲ࢆ

ࠊࡀ᪉ࡢ⥺㏆㉥እࡾࡼ1⾲࣭

ྍどග࡟್⫣ᩥࡶࡾࡼ㏆ࢆ್࠸ᚓࠋࡓࡁ࡛ࡀ࡜ࡇࡿ

࣭㏆㉥እ⥺࡛ࡣ᧜ᙳࡢ㝿࡟250ࡽ࠿200ࢆࣥ࢖ࢤࡢ
ኚࡢ್ᩘ࡛࡜ࡇࡿ࠼ㄗᕪࡾࡼࢆᑡࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍࡃ࡞

㸳㸬⤖ㄽ 
✲◊⣔እᝨᫍࠊ࡚ࡗࡼࠋࡓࡁ࡛ࡀ࡜ࡇࡿᚓࢆ್ᩘ࠸㏆࡟್⫣ᩥࡶࡾࡼどගྍࠊ࡛࡜ࡇࡿࡍ ほࢆ⥺㏆㉥እࡾࡼ1⾲

 ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶࡛⏝᭷ࡶࡾࡼどගྍࡀ ගほ ࡿࡼ࡟⥺㏆㉥እࠊࡣἲ࡛ࢺࢵࢪࣥࣛࢺࡢࡵࡓࡢ

㸴㸬ཧ⪃ᩥ⊩ 
1. ETD-Exoplanet Transit Database, http://var2.astro.cz/ETD/, ᭱⤊㜀ぴ᪥㸸2021ᖺ1᭶24᪥
2. ኴ㝧⣔እᝨᫍࢫ࣮࣋ࢱ࣮ࢹ, http://www.exoplanetkyoto.org/, ᭱⤊㜀ぴ᪥㸸2021ᖺ1᭶24᪥

㸵㸪ㅰ㎡
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⣔እᝨᫍࡢ⾲㠃 ᗘࡢண ್࡜ほ ್ࡢẚ㍑

ᅧᮏ ⚈ኴ㑻ࠊᑠᕝ Ṋὶࠊ໭ ࿴ᑑࠊᓥᮧ ᣅᐇࠊ⛅ᒣ ᣅ㍤ࠊ⏣ῲ ᝆே㸦㧗2㸧
࠙኱㜰ᗓ❧໭㔝㧗➼Ꮫᰯࠚ 

せ ᪨ 
⣔እᝨᫍࡢ⾲㠃 ᗘࡢண ࢆ୺ᫍࡢࡽ࠿㊥㞳ࡅࡔ

☜ṇࡾࡼ࡛࡜ࡇࡿࡍ៖⪄ࡶᙳ㡪ࡢ※⇕ෆ㒊ࠊࡃ࡞࡛

㠃⾲ࡀࢀࡑࠊ࠼⪄ࡽ࠿※㉳ࡢ※⇕ෆ㒊ࠊࡵࡓ࠺⾜࡟

 ᗘ࡟୚ࡿ࠼ᙳ㡪ࢆ⪃ᐹࠋࡿࡍ 

1.┠ⓗ࣭⫼ᬒ
㏆ᖺࠊ⎔ቃၥ㢟ࡀ῝้໬ࡿࡍ୰࡛ࠕࠊ➨஧ࡢᆅ

࡞ࢇࡑࠋࡿ࠸࡚ࢀࡉ┠ὀࡀ⣔እᝨᫍࡵࡓࡍ᥈ࢆࠖ⌫

⣔እᝨᫍࡢ⾲㠃 ᗘࡢண ࠊࢆෆ㒊⇕※ࡢᙳ㡪ࡶ⪃

៖࡟ࡽࡉࠊࡾࡼ࡟࡜ࡇࡿࡍ⢭ᗘࡢⰋ࡜ࡇࡿࡍ࡟≀࠸

ࠋࡿ࠶ⓗ࡛┠ࡀ

᪉ἲࡢ✲◊.2
ᝨᫍࡢ⾲㠃 ᗘTࡣ୺ᫍࡽ࠿ධᑕ࣮ࢠࣝࢿ࢚ࡿࡍ

࠿࠸ྜࡾ㔮ࡀ࣮ࢠࣝࢿ࢚ࡿࡍᨺฟࡽ࠿㠃⾲ࡢᝨᫍ࡜

࡜ࡿࡍ࡜බ㌿༙ᚄࢆrࠊᚄ༙ࢆRࠊ㠃 ᗘ⾲ࢆTࠊࡽ

T୮୪ୟ୬ୣ୲ = Tୱ୲ୟ୰ඨ
Rୱ୲ୟ୰

2r  

 ᅾ⾲㠃⌧ࢆ⟭ィࡢࡇ

ᗘࡀほ 27ࡿ࠸࡚ࢀࡉ
ಶࡢᝨᫍࡓࡗ⾜࡟⤖ᯝ

ࠋࡿ࠶ᅗ1࡛ࡀ

್ ண ್=ほࡣ⥺┤

࠿ࡇࡇࠋࡿ࠸࡚ࡋ♧ࢆ

ࢃࡀ࡜ࡇ࠸ከࡀᝨᫍ࠸1000㹼2500K㧗ࡀ್ ほࠊࡽ

ࠊ࠼⪄࡜ࡔᙳ㡪ࡢ※⇕ෆ㒊ࡀᕪࡢࡇࡣࡕࡓ⚾ࠋࡿ࠿

 ࠋࡓࡋ࡟࡜ࡇࡿ࠼⪄ࢆࡉࡁ኱ࡢᙳ㡪ࡢࡑ

㔜ࡿ࠸࡚ࢀࢃゝ࡜※㉳ࡢ※⇕ෆ㒊࡟ⓗ⯡୍ࠊࡎࡲ

ຊࡀ࣮ࢠࣝࢿ࢚ᮏᙜ࡟㉳※᳨ࢆ࠿ࡢ࡞ドࠋࡿࡍ㔜ຊ

ࡀᝨᫍࠊࡤࢀ࠶࡛ࡢ࡞※㉳ࡢ※⇕ෆ㒊ࡀ࣮ࢠࣝࢿ࢚

㍽ᑕ࡚ࡗࡼ࡟ኻࡓࡗෆ㒊⇕※࣮ࢠࣝࢿ࢚ࡢ(ձ)ࡀ㔜

ຊ࣮ࢠࣝࢿ࢚(ղ)ࡶࡾࡼᑠ࠿☜ࢆࢀࡇࡣࡎࡲࠋ࠸ࡉ

࠶࡛※㉳ࡢ※⇕ෆ㒊ࡀ࣮ࢠࣝࢿ࢚㔜ຊࠊ࡛࡜ࡇࡿࡵ

ࠋࡍ♧ࢆ࡜ࡇ࠸࡞ࡀ┪▩࡟࡜ࡇࡿ

௨ୗࠊɐ࣐ࣥࢶ࣭ࣝ࣎ࣥ࢓ࣇࢸࢫࡣᐃᩘࠊRࡣᝨᫍࡢ

༙ᚄݐࠊଵࡣ⌧ᅾࡢᝨᫍࡢᖺ㱋ࠊf(t)ࡣ᫬้t࡛ࡢ⾲㠃

 ᗘࡍ⾲ࢆ㛵ᩘࠊTࡣඛ࡝࡯ồࡓࡵ⾲㠃 ᗘࡢண 

ࠋࡍ⾲ࢆ㉁㔞ࡢᝨᫍࡣMࠊ୓᭷ᘬຊᐃᩘࡣGࠊ್

᫬้tଵ࡛㸯ࠊࡽ࠿᪉⛬ᘧࡢ࣐ࣥࢶ࣭ࣝ࣎ࣥ࢓ࣇࢸࢫ

⛊㛫࡟ᝨᫍࡽ࠿㍽ᑕ࡛ኻࡿࢀࢃෆ㒊⇕※ࢠࣝࢿ࢚ࡢ

 ࠊࡣ࣮

௟௢௦௧ܧ = െ(ݐ)݂}ଶܴߪߨ4 ܶ}ସ݀ܬ]ݐ ή [ଵିݏ
ࠊࡾࡼ࡟࡜ࡇࡿࡍt࡛✚ศ࡚࠸࠾࡟[ଵݐ,0]༊㛫ࢆࢀࡇ

௒࡟࡛ࡲ㍽ᑕ࡛ኻࡓࡗෆ㒊⇕※࣮ࢠࣝࢿ࢚ࡢ㔞ࠊࡀ 

௟௢௦௧ܧ = ଶනܴߪߨ4 െ(ݐ)݂} ܶ}ସ݀[ܬ]ݐ
௧భ

଴
ήήήձ

ࡲ㞟ࡀయ≀ࡽ࠿㝈㐲↓ࡣ࣮ࢠࣝࢿ࢚㔜ຊࠋࡿࡏ⾲࡜

 ࠊࡽ࡞ᐃ୍ࡀᐦᗘࡢᝨᫍࠊࡽ࠿࡜ࡇࡿࢀࡽ࠼⵳࡚ࡗ

௚௥௔௩௜௧௬ܧ =
ଶܯܩ3

5ܴ
ղڮ[ܬ]

ࡇࠊ࡛ࡢ࡞୙᫂ࡀศ㛵ᩘ✚⿕ࡢձ࡛ࡇࡇࠋࡿࡏ⾲࡜

 ࢆ್ࡢศ✚ࠊ࡚ࡋ┠╔࡟࡜ࡇࡿࡍ༢ㄪῶᑡࡀࢀ

ଵݐ ή െ(ଵݐ)݂} ܶ}ସ 
ࡇࠋࡓࡋ࡟࡜ࡇࡿࡵồࢆୗ㝈್ࡢศ✚ࡢࡇࠊ࡚ࡋ࡜

ࠋࡃ࠾࡜’ձࢆୗ㝈್ࡢձࡓࡵồ࡚ࡗ౑ࢆࢀ

࡚ࢀࡉ ほࡀࢱ࣮ࢹࡢ඲࡚࠺౑࡟⟭ィࢆࡘ஧ࡢࡇ

ࠋࡿ࠶ᅗ2࡛ࡢḟࡀࡢࡓࡗ⾜࡟⣔እᝨᫍࡢ17ಶࡿ࠸

࠿ࢃࡽ࠿ᅗ2ࠋࡿ࠶ሙྜ࡛࠸ࡋ➼ࡀղ࡜’ձࡣ⥺┤

Ⅼࡢ඲࡚ࠊ࡟࠺ࡼࡿ

ࡢ࣮ࢠࣝࢿ࢚㔜ຊࡀ
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The study of methods on the Geminids Meteor Shower’s (2020) height
Mr. Thanapat Iampramool (grade 10) [Varee Chiangmai School]

Abstract 
Photograph from two location were used to measure the hight of Geminids Meteor shower. The meteor's heights 

were found to be around 30 to 180 kilometers above the sea level, where meteor should start to burn up. In this research, 
pictures were captured by DSLR camera on the 13th December 2020. Apparently, after analyzed by trigonometric and 
parallax method, both methods have approximately same accuracy. Both of methods are similar and could be used as 
the same, the decision is up to information from pictures and number of observation points. 
Introduction 

Meteor shower is a made up of ion, dust, and debris that light up while falling down through earth’s atmosphere 
in many numbers. The Geminids meteor shower is special, it came from debris of an asteroid / rocky comet called 3200 
Phaethon instead of comet like other meteor showers. 
Methods 
1. Set camera to same setting and capture pictures in areas that are at least 15 kilometers apart (for accuracy).
2. Separate the calculation into two parts, parallax and trigonometric method

Parallax method : First, overlaid two pictures from both observations and find the angular distance. Second, calculate
angular distance by comparing to the distance between Pollux and Castor from the picture. Finally, use TAN’s function 
to calculate the meteor’s height and plus the result then divide by two to find the average height.
Trigonometric method : Match stars in meteor’s picture with reference stars in the ‘Stellarium’ program, draw lines
using angle from azimuth and altitude of meteor and find the intersections. Measure the distance and use TAN’s
function in excel to find the height of the meteor and make them on average.

3. Analyze and compare the results that we got from both methods, find the error and discuss for conclusion.
Result and Discussion

Meteor number 6’s height was found reaches over 250 kilometers in parallax method and reaches over 300 
kilometers in trigonometric method. The result from parallax method show in table 1 and table 2 . And the result from 
trigonometric method show in table 3 and table 4.  

The reason predicted is the chosen picture was taken around 2 AM of 14th December 2020, has Geminids 
constellation around the zenith, and has altitude point higher if compared to other meteor head to tail distances. Also, they 
might be an error from sky obstacles and other light disturbance. 
Table 1 the height of meteors’ tails (parallax) 

Table 2 the height of meteors’ heads (parallax) 

Table 3 the height of meteors’ tails (trigonometric) 

Table 4 the height of meteors’ heads (trigonometric) 

Conclusion
The meteor's heights were found at the same range around 30 to 180 kilometers above the sea level, where 

meteor should start to burn up. Conclude that both methods have approximately the same accuracy. An accuracy from 
both methods are almost the same but, the trigonometric method’s information can be used to find incident angle that 
improves the credibility of the result. 
Acknowledgement: I am deeply appreciating to NARIT for giving a help and new knowledge and also, to my advisor Mr. 
Sarawut Pudmale and Mr.Thanakrit Santikunaporn whose impossible to be working without. 
Reference: Richard Dibon-Smith. (2016). Gemini Transit Date of principal star. Retrieved January 13, 2021 from 
http://www.dibonsmith.com/gem_con.htm 

1 the height of meteors’ tails (parallax)

he height of meteors’ heads (parallax)

he height of meteors’ tails (trigonometric) 

he height of meteors’ heads (trigonometric) 
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The Study of Distance between the Earth and Moon with an occultation of Mars by the Moon 

by Lunar Parallax Method 

Miss Ploysai arkkarapongchanaporn (Grade 11) 

[Demonstration school of Phuket Rajabhat University, Phuket, Thailand]  

Abstract 

The study aimed to measure the distance from the Earth to the Moon from the phenomenon. In addition, this 

study identifies trends of deviation. Data were collected by imaging the Moon and Mars in different regions on April 17th, 

2021, using 10-inch Dobsonian reflectors connected to a DSLR camera. The result shows that the distance from Earth to 

the Moon, calculated using the Lunar Parallax method, was correlated with the distance, and the discrepancy results were 

affected by the distances.

Introduction 

The distance from the Earth to the Moon can be measured using the parallax method, so this study is observed 

by the change in position of an object relative to its background from a different perspective. In this research, the 

researcher studied the distance from the Earth to the Moon from the occultation of Mars by the Moon that occurred on 

April 17, 2020, by using the Lunar Parallax method. 

Methodology of research 

1. Data Collection

1.1 Study the phenomenon of the moon obscuring 

Mars (Occultation of Mars by the Moon) on April 17, 2020, from 

8:00 PM to 8:45 PM on the Stellarium program.  

1.2 The moon and Mars’ pictures were carried out by 

using the 10-inch dobsonian reflector telescope and DSLR 

cameras from 8 positions of observation, from 7:30 p.m. until the 

moon eclipsed.  

2. Data analysis

2.1 Measure the distance between locations by using 

Google Maps and taking pictures of each location. Overlay and 

measure the apparent magnitude of the moon and its parallax 

on the Geometer's Sketchpad program. (figure 1) 

2.2 The distance from the Earth to the Moon is 

calculated 

D = Moon Distance (km) 

P = Parallax Angle(Ñ) 

Result and Discussion 

1. Table 1: Distance from Earth to Moon photos at the same time.

Conclusions 

A study of the distance between Earth and the moon with an occultation of Mars by the Moon by Lunar Parallax 

Method found that the simultaneous photographs got the average distance from Earth to the Moon is 421,760.35 km, with 

an error of 5.71% the data show in Table 1. When considering the Earth-to-Moon distance trend by the Lunar Parallax 

method, there is an error in calculating the Earth-Moon distance by the Lunar method. The error is correlated with the 

distance with larger observer distance giving more accurate measurements. 

Acknowledgments: I would like to thanks Mr. Nattapong Songumpai, Khomson Thuree, Astronomy Information Officer, 

National Astronomical Research Institute of Thailand (Public Organization) and my family for their encouragement 

References: Romanized Title [Astronomical Phrnonena]. Chang Mai: National Astronomical Research Institute of Thailand 

(Public Organization) and Matipon Tangmatitham. (2020)  
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The Study of Trojan Motion Using N-body Simulation 
Mr. Kritsakorn Sataratpayoon (Grade 11)

[Prommanusorn Phetchaburi School, Phetchaburi, Thailand] 

Abstract 
The purposes of this research are (1) to be able to derive the motion of an object in the solar system, and 

(2) to be able to simulate the motion of trojan asteroids in some studied cases. After simulating the motion of an object in
the solar system, the position data was compared to JPL's Horizon. The simulation produced low error, with a mean error
of 0.0333% and a standard deviation of 0.119%. Mercury has the highest error of 0.17400%, while Mars has the lowest
error of 0.00108 %.  According to experiments, trojan motion is influenced by its velocity and mass. The trojan’s orbit
around lagrage point, L4, expands as its velocity increases. But as its mass increases, trojan’s orbit become more stable.
Introduction

Trojans are celestial bodies that orbit near the L4 or L5 Lagrange point of stability. Newton's law of gravitation 
states that all objects interact with one another. As a result, each object must withstand multiple forces. One method for 
determining the trojan orbit is to use N-body simulation. The N-body problem is a complex and difficult problem to solve 
with an accurate solution. Computer programming has become one of the methods for assisting in the evaluation of the 
N-body problem. The leapfrog method, also known as the "kick-drift-kick" method, is one of the efficient numerical methods
for evaluating the N-body problem.  The simulation of trojan motion in Python 3 is developed in this work using the
Leapfrog method as well as the N-body problem.
Summary
PART 1: The solar system simulation

An N-body simulation is created in Visual Studio Code using 
Python 3 and the NumPy and Matplotlib libraries. The simulation 
employs Newton's Law of Gravitation and is calculated using the 
Leapfrog method, which is stable for oscillatory motion, in this case 
planetary motion. 

Fሬറ =
Gmଵmଶ

rଷ rറ

vሬറ ൬t +
οt
2 ൰ = vሬറ(t) + aሬറ(t)

οt
2

rറ(t + οt) = rറ(t) + vሬറ ൬t +
οt
2 ൰οt

vሬറ(t + οt) = vሬറ ൬t +
οt
2 ൰+ aሬറ

(t + οt)
οt
2

Using positions and velocities of the objects in the solar system on January 1, 2021, 0.00 UT from JPL's 
HORIZON as the initial conditions, then run the simulation as shown in figure 1. After that comparing the simulated 
positions to database. 
Table 1 The comparisons of mean percentage error all over 149 days in simulation. 

As a result of the comparison, the mean error is 0.0333%, and the standard deviation is 0.119%. Mercury has 
the highest error of 0.17400%, while Mars has the lowest error of 0.00108%. As shown in table 1. 

The fact that Mercury has the highest error is likely due to the simulation using classical mechanics, but Mercury 
orbits in a strong gravitational field, so there must be a relativistic effect causing more error. This means that the simulation 
works well in solving the N-body problem if none of the objects is too close to each other.
PART 2: Derive the trojan motion 

The simulation from PART 1 is converted into a three-body problem model. Then apply the positions of all the 
object included trojan. Simulate and collect the positions in all timesteps for further analysis. 

The results of this simulation show that increasing trojan's velocity causes trojan's orbit to grow larger, but 
increasing trojan's mass may affect Jupiter's motion, making trojan's orbit more stable. As shown in the figure 2 above. 
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The Simulation of Interplanetary Motion in Solar System
Miss Pimchanok Kesorn (Grade11) 

[Prommanusorn Petchaburi School, Petchaburi, Thailand]

Abstract
This project is a simulation of the spacecraft movement between planets in our solar system. The project's goals 

are to (1) model planet motion in the solar system, and (2) simulate interplanetary spacecraft motion in the solar system 
with varying initial velocity. Python 3 was used to create the model, which included Euler's approach as well as the 
Hohmann Transfer Orbit. The database's information on the planet’s positions and orbital velocity were used as initial 
conditions. The result of the study revealed that the created model can accurately simulate planet motion in the solar 
system. The largest percentage difference between the planets and the Sun is 1.65% for Venus and Mercury, and the 
smallest is 0.00028% for Saturn. And for all stars, the average discrepancy is 0.507%. The journey from Earth to Mars 
takes 192 days in this simulation, with an initial velocity of 33.84 km/s and a speed difference (οݒ) of 4.31 km/s.

Introduction 
Sending spacecraft is one of the methods scientists use to explore or study objects in the solar system. One 

method of moving a spacecraft between objects in the solar system is the Hohmann Transfer Orbit, which determines 
orbits under the influence of the Sun's gravity. At the high school level, physics models can be used to study space 
exploration. In physics modeling with computer programing Euler's approach is one of the numerical methods that can be 
used in physics modeling with computer programming. The goal of this study is to use computer programming to create 
a representation of a spacecraft traveling between objects in the solar system.

Materials and Methods 
PART 1: The solar system model 
1. Create a model with the Python 3 language and Numpy

and Matplotlib modules.
2. Create a function for calculating acceleration. To be

used to update acceleration, velocity, and position
changes over time (οݐ):

റܽ(ݐ) =
ଶܯଵܯܩ

ଷݎ
റݎ (1) 

ݐ)റݒ + οݐ) = (ݐ)റݒ + റܽ(ݐ)οݐ (2) 
ݐ)റݎ + οݐ) = (ݐ)റݎ + ݐ)റݒ + οݐ)οݐ (3) 

3. Using the positions and speeds of solar system objects
on January 1, 2021, 0.00 UT from JPL's HORIZON
database as the default in modeling.

4. Run the simulation using a one-day calculation update 
period and a 100-year calculation period 

5. Compare the model's results, positions, to the data in
the database and determine the percentage error.

PART 2: The interplanetary model 
1. Create functions and equations for processing

spacecraft motion, utilizing Kepler's 2nd law to
determine the criteria for a transiting orbit's initial
velocity.

௣ݒ = ඨ
௦ܯܩ

ܽ
ڄ
௔ݎ
௣ݎ

(4)

2. Using the Tkinter module, write a program to build an
interface for making the variation of spacecraft’s initial
velocity.

Simulate the journey of a spacecraft from Earth to Mars and 
Mars to Earth. 

Result and Conclusion 
PART 1: The solar system model Figure 1 and Figure 2 shows the results of the simulated 

movements of planets in the solar system. The created 
model is effective. The reference distance is compared to 
the simulated one for each object. The largest percentage 
error between the planets and the Sun is 1.65% for Venus 
and Mercury, while Saturn has the smallest at 0.00028%. 
And for all stars, the average discrepancy is 0.507% as 
shown in table 1. The simulation can be more accuracy by 
decreasing the time step or reduce the calculation time.  

PART 2: The interplanetary model 
The results reveal that the solar system's model of 
interplanetary spaceship takes 192 days to journey from 
Earth to Mars and a speed difference (οݒ) of 4.31 km/s. 
However, the orbital plane in z-axis doesn’t consider for this 
study. So, the result may not be applied to the real situation. 
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The study of Hydrogen to Helium ratio and metallic element in the main sequence stars by the Spectroscopy technique 
Mr.Oliver Phoom Harris (Grade 10)

[Varee Chiangmai School, Chiangmai, Thailand]  

Abstract 
This research aimed to compare the Hydrogen to Helium ratio of the main sequence stars in every spectral 

type. In this research, the Planewave CDK700 telescope at Nakhon Ratchasima observatory was used to observe and 
capture the spectrum photographs along with the ISIS software to create the spectrum lines. From the observation data, 
the ratio and the metallic element's absorption intensity of each star were later compared with each other. Type A star 
has the highest ratio of Hydrogen to Helium and the metallic elements absorption intensity.
Introduction 

Stars are formed from large clouds of gas and dust. The gravity of the gas and dust in the clouds causes them 
to slowly shrink and collapse. There are seven main types of stars which include type O, B, A, F, G, K, and M. Stars are 
also divided by their Luminosity classes. 
Material and methods

Firstly, the main sequence star photographs were taken with the Planewave CDK700 telescope at Regional 
Observatory for the Public, Nakhon Ratchasima. Secondly, Tungsten and Thorium Argon photographs were taken and 
used as a navigation line for the spectrum analysis, and the ISIS software was used to calibrate in the analysis. Third, the 
spectrum lines were made by the calibrated pictures in the ISIS software. Next, find the absorption point for each element 
in the possible wavelength that we can observe and find the intensity in every star and compare the results with other 
stars. Finally, find the ratio of Hydrogen to Helium of stars in every spectral type and observe the metallic elements.
Result and Discussion 

After finding the ratio of Hydrogen to Helium and the metallic elements, the data were compared to find the 
difference for each spectral type. Figure 1 shows the ratio of Hydrogen Gamma to Helium which the black graphs are 
indicating the binary star systems. Moreover, after finding the metallic elements absorption intensity, Type O and B cannot 
observe Iron and Magnesium and Type A star got the highest metallic elements absorption intensity in all of the spectral 
types. 

Conclusion 
From this spectrum project, every spectral type in the main sequence can be observed except for type M which 

the instrument does not have the resolution to observe this spectral type star. The ratio of Hydrogen to Helium depends 
on the star spectral types however there are exceptions for several stars such as AO Cassiopieae V, Sirius, 18 
Andromedre, and Chi Ceti. For other normal Main Sequence stars the ratio of Hydrogen and Helium, Type A star has the 
highest ratio of Hydrogen to Helium ratio followed by Type O, B, F, G, and K however Sirius B is a white dwarf star which 
result in the lowest ratio in all of the other stars. Metallic elements that can be observed in every spectral type is Sodium, 
however, Magnesium and Iron can only be observed in type A, F, G, and K which Type A got the highest absorption 
intensity followed by type F, G, and K 
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Pulsar Map 
Miss Kanrawee Chamsaeng (Grade11) 

[Prommanusorn Phetchaburi School, Phetchaburi, Thailand]
Abstract 

The study on pulsar map aims to (1) create an interstellar map to the solar system based on known pulsars, and 
(2) create a pulsar map that points to other planetary systems. The data for each pulsar comes from the Australia
Telescope National Facility (ATNF) database, and the SIMBAD astronomical database is used to find stars with life
habitats. The TRAPIST-1 star system was selected for this study. It is a star system in which some of the planets are in
habitable zones that could support life. According to the results, a pulsar could not be detected in all directions. This
depends on the pulsar's pulse width and the angle of observation. The pulse width of each pulsar varies depending on
the pulsar's rotation period. So not all pulsars can be used, it depends on the area where the signal is observed.
Introduction

A pulsar map is the starburst-like diagram that shows the location of the solar system relative to known pulsars. 
In 1971, the pulsar map was sent into space with Pioneer 10 spacecraft in the hope that any creatures that discover the 
ship will be able to comprehend the pulsar map. Pulsars are all different because of their rhythmic radiation. To determine 
the positions of the solar system, it needs at least three pulsars to find the intersection of the pulsar’s radio beam. The 
pulsar map is made up of 14 pulsars, with the dash representing binary numbers and the intersection of the pulsar’s radio 
beam representing the solar system's positions. The binary numbers represent each pulsar's self-rotation rate, while the 
length of the line drawn between the solar system and each pulsar represents the distance between the two. We are 
interested in how to create and read the pulsar map as well as how to make a map with destination on another exoplanet. 
Materials and Method
PART 1: Create a pulsars map using ATNF 
1. Define the pulsar data required for mapping, including

pulsar spacing, galactic coordinates, rotation period,
and distance of the galactic center.

2. Find the desired pulsar information from ATNF
database.

3. Convert each position's coordinates into a cartesian
coordinate system, with the sun as the centerpiece.

4. Choose pulsars that meet the following criteria for
mapping: 1) Earth distance, 2) rotation period less than
1 second, 3) variety of directions.

5. Create a map using the rotation period of the pulsar in
a binary number system based on the HI transition unit.

PART 2: Create a pulsar map for other planetary systems 
1. Obtain the coordinates of TRAPIST-1  data from the

SIMBAD astronomical database and convert them into
cartesian coordinate system. Then move the center
from Earth to TRAPPIST-1.

2. Use the equation to calculate the pulsar's pulse width.
(Lorimer & Kramer, p. 70, 2005):

ൎ ߩ
5.4 P ି

ଵ
ଶ

ݏ
3�LV� WKH� URWDWLRQ� SHULRG� RI� WKH�SXOVDU�� DQG� ȡ� LV�EHDP�
angle (see Figure 1). 

3. Determine the angle at which the pulsar is visible
from trappist-1 (angle A), which must be less than
�ȡ��$V�VKRZQ�LQ�)LJXUH���

4. Select pulsars based on the following criteria: 1) a
pulsar that can be observed from Earth, 2) a pulsar that 
is close to Earth, 3) a pulsar with a rotation period of
less than 1 second, and 4) a pulsar with a variety of
directions.

5.  Make a map 

Conclusions and Discussion 
PART 1: Creating a pulsars map using ATNF

A pulsar map can be created by converting galactic 
coordinates to cartesian coordinates and selecting a pulsar 
with a close distance to Earth (see Figure 2). Choose a 
pulsar with a variety of directions and shorter rotation 
periods of 1 second as they become longer and signal 
more accurate over time. This pulsar map, on the other 
hand, will show the rotation period of pulsars in HI 
transition vibration period units. 
PART 2: Creating a pulsar map for other planetary systems 

To choose a pulsar, the pulsar’s pulse width must be 
determined versus the angle at which the pulsar is 
observed to predict whether radio waves can be detected 
in that planetary system. Result is shown in figure 3. 
Different pulsars could also be used to make pulsar maps 
for other stars. 
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ኚ໬ࡢ࿘ᮇࢆㄪᰝࠋࡓࡋ᫂ࡢࡉࡿኚ໬ࢡ࣮ࣆࡢ᫬้ࢆ ᐃࠊࡋ࿘ᮇࠋࡓࡗࡔ⛊299.99068ࡣ

1. ࡟ࡵࡌࡣ
ⓑⰍ▸ᫍ8ࠊࡣ࡜ኴ㝧㉁㔞ࡾࡼ㍍࠸ᜏᫍࡀ㐍໬ࡢ⤊ᮎᮇࡿ࡜࡟ᙧែ࡛ࠊඖࡣᜏᫍࡢ୰ᚰ࠶࡛ࡢࡶࡓࡗࡔ

ࡉࡿ᫂ࡢኳయࡿࡼ࡟࡜ࡇࡿࡍ⦰཰ࡀ㒊ศࡢ࠿࡯࡟᫬ྠ࡜ࡿࡍᙇ⭾ࡀ㒊ศࡿ࠶ࡢᜏᫍ⾲㠃ࠊࡣ࡜ື⬦ࠋࡿ

 ࠋ࠺࠸࡜ⓑⰍ▸ᫍື⬦ࢆⓑⰍ▸ᫍࡿࡍኚ໬ࡀගᗘࡾࡼ࡟ື⬦ࠋࡍᣦࢆኚ໬ࡢ

㸰㸬ほ ࡜ゎᯒ
ほ ࡣࢱ࣮ࢹி㒔኱Ꮫᒸᒣኳᩥྎ࠸ࡵ࠸ࡏࡢᮃ㐲㙾ࡾྲྀ࡟௜ࡓࢀࡽࡅ TriCCS(ྍどග 3 Ⰽྠ᫬᧜ീ⿦

ࡣほ ᫬้ࠋ[1]ࡓࢀࡽᚓ࡚ࡗࡼ࡟(⨨ 2021 ᖺ 8 ᭶ 29 ᪥ 3 ᫬ 18 ศ 47 ⛊-3 ᫬ 35 ศ 36 ࡣ㟢ග᫬㛫ࠊ⛊ 10

iࠊrࠊgࠊ࡛⛊ ࡢ࡛ࢻࣥࣂ 3 Ⰽྠ᫬㐃⥆ほ ࢆィ 300 ᯛᐇ᪋ࠋࡓࡋ 

ࡢṇ⿵ࢺࢵࣛࣇ࣭ࢡ࣮ࢲ 1 ḟฎ⌮ࡓࡗ⾜ࢆᚋ࡚࠸⏝ࢆ࣐ࣜ࢝ࠊ ගࡢື⬦ࡓࡲࠋࡓࡗ⾜ࢆ࿘ᮇࢆồࡿࡵ

ࡢ஺Ⅼࡢୖ⥺┤㏆ఝࡢ㒊ศࡢࢫࢼ࢖࣐࡜㒊ศࡢࢫࣛࣉࡀࡁഴࡢ⥺ගᗘ᭤ࡓࢀࡽᚓࠊࡵࡓ X ᗙᶆࢆኳయࡢග

ᗘኚືࡢ㡬Ⅼ᫬้ࠊࡋ࡞ࡳ࡜㡬Ⅼ᫬้࠿ࡘࡃ࠸ࢆồ࡛࡜ࡇࡿࡵ࿘ᮇ(༢఩:᫬㛫)ࢆ⟬ฟࠋࡓࡋᅗ㸯ࡢࡑ࡟

ồࡵ᪉ࡢᶍᘧᅗࡢࡽࢀࡇࠋࡍ♧ࢆసᴗࠋࡓࡗ⾜࡚࠸⏝ࢆࣝࢭࢡ࢚ࡣ 

㸱㸬⤖ᯝ࡜⪃ᐹ 

࠿⥺ගᗘ᭤ࡢࡇࠋࡍ♧࡟ᅗ㸰ࢆ⥺ගᗘ᭤ࡢ3Ⰽࡢᗙ394ᫍࢫࢫ࢞࣌ࡓࢀࡽᚓ࡚ࡗࡼ࡟ ほࡢࡕࡓ⚾

 ࠋࡿ࠿ࢃࡀ࡜ࡇ࠺࠸࡜ࡔࡌྠࡀࢢ࣑ࣥ࢖ࢱࡿ࠼㏄ࢆࢡ࣮ࣆ࡛ࢻࣥࣂ࡚࡭ࡍࡢiࠊrࠊgࠊࡽ

ࠋࡓࡋฟ⟭ࢆ࿘ᮇࠊࡵ࡜ࡶࢆ㡬Ⅼࡢගᗘኚືࡢᗙ394ᫍࢫࢫ࢞࣌ࠊ࡚ࡗࡼ࡟᪉ἲࡓ࡭ゎᯒ࡛㏙ࠊࡓࡲ

࡛✲◊⾜ඛࠋࡓࡗ࡞࡜⛊299.99068ࠊࡾ࡞ࡃࡋ➼࡟ẖࢡ࣮ࣆࠊࡣ࿘ᮇࡢ࡛ࡲࡿ࠼㏄ࢆࢡ࣮ࣆࠊᯝ⤖ࡢࡑ

ᑡࡀᩘࡢࢱ࣮ࢹࠋࡿ࠶チᐜ⠊ᅖ࡛ࡢࡢࡶࡿ࠶ࡣㄗᕪࡢከᑡࠊ[2]ࡾ࠾ฟ࡚ࡀᯝ⤖࠺࠸࡜⛊307.098ࠊࡣ

 ࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡵồࢆ್࠸㏆࡜✲◊⾜ඛࠊࡀ࠸࡞࠼ゝࡣ࡜ᐇ☜ࡣᯝ⤖✲◊ࡢࡕࡓ⚾ࠊࡵࡓ࠸࡞

ཧ⪃ᩥ⊩㸸[1]࠸ࡵ࠸ࡏᮃ㐲㙾 (https://www.kwasan.kyoto-u.ac.jp/general/facilities/okayama/) 

[2]V394 Peg (https://www.aavso.org/vsx/index.php?view=detail.top&oid=25517)

ㅰ㎡㸸ᮏ◊✲ࡢඹྠ◊✲⪅࡛ࠊࡾ࠶ᮏ◊✲ࡢᚚᣦᑟࡓ࠸ࡔࡓ࠸ࢆி㒔኱ᏛᏱᐂ≀⌮Ꮫᩍᐊࡢ኱Ꮫ㝔⏕ࠊ

཯ಖ㞝௓ࡢࡇ࡟ࢇࡉሙࢆ೉࡚ࡾឤㅰ⏦ࠋࡍࡲࡆୖࡋ 

ㅮ₇䚷䠏䠔㼀

䠐䠓



 

  ගほ ࡢᗙDYࢫࢫ࢞࣌

⯙Ꮚ㧗ᰯኳᩥẼ㇟㒊㸸 

ᆶ஭ 㯞ளᏊࠊᑠす ⥤㤶ࠊ኱ᓥ ⍞ᕼ㸦㧗㸰㸧ࠊ๓⏣ ෽ⱥࠊᯘ ✑஀ⰼ㸦㧗㸯㸧 

࠙රᗜ┴❧⯙Ꮚ㧗➼Ꮫᰯࠚ 

せ᪨ 
ほ ࢫࢫ࡚࢞࣌ࡗࡼ࡟ᗙDYࡢ᫂ࡀࡉࡿ࿘ᮇⓗ࡟ኚ໬ࠊࡵ࠿☜ࢆ࡜ࡇࡿࡍB࡜ࢻࣥࣂVࡿࡼ࡟ࢻࣥࣂ㸰Ⰽ ගほ 

࡛ᚓࡽ࠿್ࡓࢀࡽගᗘ᭤⥺ࢆసᡂࠋࡓࡋḟ࡟ኚග࿘ᮇ࡜ᴟ኱࡜ᴟᑠ༙ࡿࡅ࠾࡟ᚄࡢẚࢆồࠊࡵ㐣ཤ࡜ࢱ࣮ࢹࡢẚ㍑

 ࠋࡓࡋ

㸯㸬࡟ࡵࡌࡣ 
 ほࡢᗙDYࢫࢫ࢞࣌ᡭἲ࡛ࡌྠࡶ࡟2020ᖺࡣࡕࡓ⚾

ࡿᚓࢆࢱ࣮ࢹ࡞༑ศࡾࡼ࡟ᝏኳೃࠊࡋ࠿ࡋࠋࡓࡗ⾜ࢆ

2021ᖺ11᭶20ࡶ௒ᅇࠊࡵࡓࡢࡑࠋࡓࡗ࠿࡞ࡁ࡛ࡀ࡜ࡇ
᪥21ࡽ࠿᪥ࢫࢫ࡚࢞࣌ࡅ࠿࡟ᗙDYࡢほ ࡾࡼࠊ࠸⾜ࢆ

ṇ☜ࢆࢱ࣮ࢹ࡞ᚓࠊ࡟ࡶ࡜࡜ࡿᙜ᫬࡜ࢱ࣮ࢹࡢẚ㍑࣭

᳨ウࠋࡓࡋ

㸰㸬ほ ࣭ゎᯒ᪉ἲ 
රᗜ┴❧኱Ꮫすࡲࡾࡣኳᩥྎ60cmᮃ㐲㙾࡟CCD࣓࢝

ࣛ(SBIG ST-L)ࢆ౑⏝2ࠊࡋⰍ ගほ ࠋࡓࡗ⾜ࢆVࣂ

࡛⛊㟢ฟ᫬㛫15ࠊ࡚ࡋ⏝౑ࢆ࣮ࢱࣝ࢕ࣇࢻࣥࣂBࠊࢻࣥ

஺஫࡟᧜ᙳࠋࡓࡗ⾜ࢆᚓࡓࢀࡽ⏬ീࡣࢱ࣮ࢹFITSᙧᘧ

࣐ࣜ࢝ࠕࢺࣇࢯീゎᯒ⏬ࡢᅜ❧ኳᩥྎࠊࡵࡓࡢ

㸦Makali’i㸧ࠖࢆ฼⏝ࢡ࣮ࢲ࡚ࡋ⿵ṇࢺࢵࣛࣇࡧࡼ࠾⿵

ṇ୍ࠊ࠸⾜ࢆḟฎ⌮ࠋࡓࡋࢆḟࢫࢫ࢞࣌࡟ᗙDYࡢ᫂ࡿ

್ࢺࣥ࢘࢝ࡢᗙDYࢫࢫ࢞࣌࡜ẚ㍑ᫍ࡟ࡵࡓࡿࡵồࢆࡉ

ගᗘ᭤࡚࠼ኚ࡟⣭➼ࠊ࡚࠸⏝ࢆᘧࡢࣥࢯࢢ࣏ࠊࡵồࢆ

ࠋࡓࡋసᡂࢆ⥺

㸱㸬⤖ᯝ࡜ศᯒ 
ほ ࡛ᚓࡓࢀࡽගᗘ᭤⥺ࡣᅗ㸯ࠋࡓࡗ࡞࡟࠺ࡼࡢ

ගᗘ᭤⥺㸦ᅗ㸯㸧ࠊࡾࡼ࿘ᮇ105ࡣศ࡛ࡲࠋࡓࡗ࠶

ࡣⰍᣦᩘࡢB-Vࠊᴟᑠ್ࠊᴟ኱್ࡢV➼⣭ࠊB➼⣭ࠊࡓ

⾲㸯ࠋࡓࡗ࡞࡟࠺ࡼࡢ

Ⰽᣦᩘ࡜⾲㠃 ᗘࡢ㛵ಀࠊࡾࡼ ᗘࡣᴟ኱࡛

8200Kࠊᴟᑠ࡛7447Kࠋࡓࡗ࡞࡜᫂ࡢࡉࡿẚࡣV➼⣭ࡢ

ᴟ኱್࡜ᴟᑠ್ࡢᕪࢆ฼⏝ࡢࣥࢯࢢ࣏ࠊࡋᘧ࡚࠸⏝ࢆ

ồ1.68ࠊࢁࡇ࡜ࡓࡵ㸸1᭱ࠋࡓࡗ࡞࡜ᚋࠊ࡟ᜏᫍࡢ᫂ࡿ

ࠋࡓࡵồ࡚ࡗࡼ࡟ᘧࡢ௨ୗࡣࡉ

ܮ =  ସ ࣭࣭࣭㸦㸯㸧ܶߪଶܴߨ4
L㸸᫂ࡉࡿ R㸸༙ᚄ ǔ㸸࣐ࣥࢶ࣭ࣝ࣎ࣥ࢓ࣇࢸࣗࢩᐃ

ᩘ T㸸 ᗘ 
㸦㸯㸧ᘧࠊࡾࡼ༙᫂ࡣࡉࡿᚄ2ࡢ஌ࠊ ᗘ4ࡢ஌࡟ẚ

౛༙ࠊࡽ࠿࡜ࡇࡿࡍᚄࡢẚ1.07ࡣ㸸1ࠋࡓࡗ࡞࡜ 

࡟࠺ࡼࡢ㸰⾲࡜ࡿࡍẚ㍑࡜ࢱ࣮ࢹࡢ2020ᖺࠊ࡟ࡽࡉ

Vࠊẚࡢ4஌ࡢTࠊ್ࡢB-Vࡿࢃ㛵࡟ฟ⟭ࡢᚄ༙ࠋࡓࡗ࡞
➼⣭ࡢᴟ኱-ᴟᑠ༙ࠊ್ࡢᚄࡢẚࢆࡳࡢẚ㍑ࠋࡓࡋ 

㸲㸬⪃ᐹ 
࿘ᮇ࠙ࠊ࡚࠸ࡘ࡟SIMBAD Astronomical 

Database105ࡣ࡟ࠚศ࡜᭩ࡾ࡞࠿ࡽ࠿࡜ࡇࡿ࠸࡚ࢀ࠿

ṇ☜ࢆࢱ࣮ࢹ࡞ᚓࠋࡓࡁ࡛ࡀ࡜ࡇࡿ

༙ᚄࡢẚ2020ࠊࡣᖺࡢほ 2ࡶࡾࡼ㸣ᑠ࠸ࡉ⤖ᯝ࡞࡜

ࡿࡼ࡟࠸㐪ࡢ᭷ຠᩘᏐࡢB-Vࠊࡣ࡚ࡋ࡜ཎᅉࡢࡇࠋࡓࡗ

࡝࡞ㄗᕪࡿࡼ࡟ᙳ㡪ࡢᝏኳೃࡢほ ᫬ࡢ2020ᖺࠊࡢࡶ

ࠋࡿࢀࡽ࠼⪄ࡀ

㸳㸬௒ᚋࡢㄢ㢟 
௒ᅇ2020ࠊᖺࡌྠ࡜᪉ἲ࡛༙ᚄࢆ ᐃࠊࡀࡓࡋ๓ᅇ

ࡿࡼ࡟᭷ຠᩘᏐࡀཎᅉࡢࡇࠋࡓࡗ࡞࡜ᯝ⤖ࡿ࡞␗ࡣ࡜

ࡲࠋࡿ࠶ㄢ㢟࡛ࡢ௒ᚋࡀ࡜ࡇࡿࡵ࠿☜ࠊ࠿ࡢ࡞ࡢࡶ

ᙳ㡪ࡶ᭱ࠊࡣ࡟ࡵࡓࡿࡵồࢆ್ࡢᚄ༙࡞☜ṇࡾࡼࠊࡓ

ຊࡢ኱࠸ࡁ ᗘࢆṇ☜࡟ ᐃࡾࡼࡀ࡜ࡇࡿࡍ㔜せ࡛࠶

ㄢࡢ௒ᚋࠊࡶ࡜ࡇࡿࡵ㧗ࢆ⢭ᗘࡢࡑࠋࡿࢀࡽ࠼⪄࡜ࡿ

㢟࡛ࠋࡿ࠶

ㅰ㎡ 
 ௒ᅇࡣ✲◊ࡢරᗜ┴❧すࡲࡾࡣኳᩥྎ◊✲ဨࡢ኱ᓥ

ㄔேᵝࡈࡾࡼᣦᑟ㡬ࡢࡇࠊࡁሙࢆ೉ࡆୖࡋ⏦♩࠾࡚ࡾ

ࠋࡍࡲ

ཧ⪃ᩥ⊩ 

࣭SIMBAD Astronomical Database
http://simbad.u-strasbg.fr/simbad/sim-
id?Ident=V*+DY+Peg 㸦2022/1/21 㜀ぴ㸧 
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KIC 8462852͹รޭ͹ݬҾΝ͛͠Ζ3DϠυϩࣰݩ 

੔᪡߶౵ָߏ ళชـে෨ʁঘس ٸਖɼ߶ੁ ߸ɼيܕ ࡜ࢃʤ߶2ʥʴ੔᪡߶౵ָߏʵ 

གྷ ࢭ 

 ɽͪͮߨΝৄݗ੔͢รޭ͹ࡠΝͤΖKIC8462825͹3DϠυϩΝޭݰ͵٠ࢧে෨ͺɼ෈Նـళชߏ੔᪡߶౵ָͬͪࢴ

̏ɿͺͣΌͶ
੔᪡߶౵ָߏళชـেͲͺɼKIC8462825͹෈Նޭݰ͵٠ࢧͶͯ͏ͱՀઈΝཱིͱʤઔ໼Ά͖ 2017ʥɼͨ͹౐ౕͨ

͹ৄݗΝͮߨͱͪ͘ʤᅵ෾Ά͖ 2020ʥɽͨ͢ͱࠕյ΍ըʓͺ͞͹ṘΝ໎Δ͖Ͷͤ΄͚ՀઈৄݗΝͪͮߨɽ

̐ɿKIC8462852ͳͺ 
KIC8462825ͺɼͺ͚ͬΒ͑࠴Ͷ͍ΖFܗ͹߅੗Ͳ͍ΖɽKICͳͺKepler Input Catalog͹ྲྀͲɼίϕϧʖӋந๮ԗ

 ΝͤΖ͞ͳͲ͍ΖʤSchaeferޭݰ͵ઈ໎͗Ͳ͘͵͏Γ͑ࡑݳ୉͹ಝ௅ͺ࠹੗͹߅͹؏଎ଲেͳ͵ͮͱ͏Ζɽ͞͹ں

2016ʥɽۛ࠹Ͳͺ2017೧Ͷ΍ݗ͗ޭݰड़͠Ηɼࡑݳ΍ඉबغద͵ޭݰΝକ͜ͱ͏Ζɽ 

̑ɿޭݰ͹͚͢ΊͶͯ͏ͱ͹Հઈ 
୉͵Φϋϩάʖ͗ࣕ৖Νൕ఺ͦ͠ڌͺɼ੗͹಼෨ࣕ৖͹รಊͶ஥໪͢ͱՀઈΝཱིͱͪɽ੗͹αΠ͹Ԡ਄͚Ͳͬͪࢴ

ͪΕҡ͵Ζ๏޴Ͷด΄ͪΕͤΖͳ͏ͮͪళରͳ͢ͱҡ৙͵ݳেͶΓͮͱɼݳޭݰে͗Ӏً͘͞͠Ηͱ͏Ζͳ͏͑͞ͳ
Ͳ͍ΖʤMohammedΆ͖ 2016)ɽҡ৙͵ࣕ৖͹รԿͶΓΕɼ੗ΝखΕ֐͚תኯ੗Ώঘ࿯੗͹ഃฤ͵ʹ͖Δ͵ΖਘͶؖ
͢ͱ΍ҡ৙͵ࡠ༽͗ಉ͗͘ޭݰਫ਼ͣΖɽຌཔɼ॑ྙͺళରΝ҈ఈͦ͠ɼͻΔͯ͘͹ঙ͵͏Ҳఈ͹ϏνʖϱͲಊܑ͚޴
͍͗ΖͪΌɼ͑ͪ͢͞௟͢͏ݳেً͗͞Ζͳ૟ఈ͠Ηͱ͏Ζɽ 

̒ɿ3DϠυϩͳࣰݩ๏๑ٶ;ͨ͹݃Վ 
KIC8462825͹໎Ζ͠Νܯ଎ͤΖͪΌɼ3DϠυϨϱήλϓφΤΦΠ͹BlenderΝ༽͏ɼ͞͹߅੗ͳ߅੗Ν෈ۋҲͶ

෶͑ኯ੗Ώঘ࿯੗ഃฤ͹ਘ͖Δ͵Ζ3DϠυϩΝࡠ੔ͪ͢ʤਦ1ʥɽ3DϠυϩ͹ਘ͹ೳ͠ΝBlender಼͹ೳౕร਼ЍΝ
༽͏ͱร͢ߍɼΠηφϫΠʖςऀ੣ητϧ΢ϟʖζ9Ͳ଎ޭͤΖ͞ͳͲޭౕ͹ΩΤϱφ஍Νಚͪɽ͠ΔͶ߅੗Ν෶͑
ਘ͗յ఺Ν͢ͱ͏Ζͳ͓ߡɼਦ1͹ֱౕͳਪ௜࣢Ͷଲ͢ӊյΕͶ90ౕյ఺ֱౕͪ͢͹ਘ͹3DϠυϩΝ༽͏ͱɼౕޭݰ
 ਦʥɽͪݡ͹ࠫҡΝ௒΄ͪʤਦ̏ͺKIC8462825ͳͨΗΝ෶͑ਘ͹3DϠυϩΝ0ౕ͹ֱౕ͖Δ͏߻

ਦ1 ੗Ν෶͑ਘ͹̑DϠυϩ߅ ਦ2 ਘ͹ೳ͠ͶԢͣͪKIC8462852͹3DϠυϩ͹ޭౕรԿʤࠪʁ0ౕɼӊʁ90ౕʥ

5ɿ݃ՎͳΉͳΌ
ኯ੗Ώঘ࿯੗ഃฤ͹ືౕ͹୉͘͠ΝࣖͤЍ஍Νรͪ͢ߍͳ͞Θɼ2ͯ͹݃Վ͗ಚΔΗͪɽ1ͯ໪ͺɼਦ2͹ʹͬΔ͹

ήϧϓ΍ɼЍ஍ΝଁΏ͢ਘ͹ືౕΝ৏͝ΖͳKIC8462852͹໎Ζ͗͠অʓͶఁԾͤΖ͞ͳͲ͍Ζɽ͞͹݃Վ͖Δɼ͞
͹߅੗Ν෶͑ኯ੗ٶ;ঘ࿯੗͹ഃฤ͹ೳౕ͗߅੗͹ޭݰ͹ౕ͏߻ͶӪڻΝ༫͓ͱ͏Ζͳ͓ߡΔΗΖɽ2ͯ໪ͺɼ߅੗
Ν෈ۋҲͶ෶͑ਘ͹ೳ͗͠ҡ͵Ζͳɼ3DϠυϩ͹ਘ͹͘޴ͶΓΕ߅੗͹ޭݰ͹ౕ͏߻ΝࣖͤΩΤϱφ஍͗รΚΖ͞ͳ
Ͳ͍Ζɽ͞͹ͪΌɼ͞͹߅੗Ν෶͑ኯ੗Ώঘ࿯੗͹ਘͶϞϧ͍͗ΖͳɼϞϧ͹ೳ͠ͶΓΕਘΝ؜΋߅੗સର͹ޭౕ͗
รΚΖ͞ͳΝ֮೟Ͳͪ͘ɽ 

ชݛ 
Mohammed A. Sheikh, Richard L. Weaver, and Karin A. Dahmen, 2016, Avalanche Statistics Identify Intrinsic Stellar 

Processes near Criticality in KIC 8462852, Phys. Rev. Lett. 117, 261101. 

Schaefer, 2016, Astrophysic. Jour. Letters., 822: L34.

ઔ໼ඔॹΆ͖, 2017, KIC 8462852͹଎ޭ؏଎݃Վͳรޭ͹ݬҾΝ͛͠Ζࣰݩ, ୊19յζϣωΠιρεϥϱ༩22,ॄߚP.

ᅵ෾ͨΓ͖Ά͖, 2020, KIC8462852͹଎ޭ؏଎݃Վͳรޭ͹ࡱߡ, ୊22յζϣωΠιρεϥϱ༩28 ,ॄߚS.
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ȚCassiopeiaࡢගᗘኚ໬ࡢࣝࢺࢡ࣌ࢫ࡜㛵ಀ 

ᑎᆅ ᮎྜྷࠊ  ୍㍤ࠊ㜿㒊 ⿱ᩯࠊᒣᮏ ᬡⓏࠊᮡᮏ ⩧㸦㧗2㸧ࠊ᪩ᕝ ᬕ୕ࠊ⎼ 㟷ኴ㸦㧗1㸧
࠙ᶓ὾ᕷ❧ᶓ὾࢔࢕ࢸࣥࣟࣇࢫ࢚ࣥ࢖ࢧ㧗➼Ꮫᰯࠚ 

せ ᪨ 
ᫍࡢ᫂ࡀࡉࡿኚ໬ࡿࡍ᫬࡟ᫍࡢ⤌ᡂࡀኚ໬࠺࠸࡜ࠊ࠿࠸࡞ࡣ࡛ࡢࡿࡍ௬ㄝ᳨ࡢドࠋࡓࡗ⾜ࢆほ ᑐ㇟ࢩ࡚࢝ࡋ࡜

ほࡿࡼ࡟ග ࡧศගཬࠊࡋ࡜㇟ᑐ✲◊ࢆ㸧ࡿࡍ࡜࣮࢕ࢶࠊȚCassiopeia㸦௨ୗࡿ࠶௦⾲࡛ᫍࡢᗙȚᆺኚගᫍ࢔࣌࢜

ࠋࡓࡗ⾜ࢆ 

1㸬࡟ࡵࡌࡣ
ほ ᑐ㇟࢔࣌࢜ࢩ࡚࢝ࡋ࡜ᗙࡢWᏐࢇ┿ࡢ୰ࡿ࠶࡟ᫍ(ᅗ1)࡛࢔࣌࢜ࢩ࢝ࡿ࠶

ᗙȚᫍࢆ㑅ࠋࡔࢇᫍࡣ㧗㏿࡛ᅇ㌿ࠊࡋ࿘ࡾࡼ࡟ࢢࣥࣜࢫ࢞ࡿ࠶࡟ࡾኚගࠋࡿࡍ

ࠋࡿࢀࡤ࿧࡜Beᫍࡶ୰࡛ࡢBᆺᫍ(ᗙȚᆺኚගᫍ࢔࣌࢜ࢩ࢝)

2㸬◊✲ᡭἲ 

౑⏝ᶵᮦ㸸ཱྀᚄ300mmࣥࣞࢢࢭ࢝ᘧ཯ᑕᮃ㐲㙾㸦C-300㸧 
෭༷CCD࣓ࣛ࢝㸦Atik414Ex㸧 
ศගჾ㸦Alphy600㸧 

௨ୖࡢᶵᮦࡢ࣮࢕ࢶ࡚࠸⏝ࢆศග࣭ ගほ ࡿࡤࡍࠊ࠸⾜ࢆ⏬ീゎᯒࢺࣇࢯMakali`i࡚࠸⏝ࢆゎᯒࢶࠊ࡚ࡋࡑࠋࡓࡋ

 ࠋࡓࡵồࢆᑐᙉᗘ┦ࡢ⥺㍤ࡢ⥺HșࠊHȘ࡜ගᗘࡢ࣮࢕

㸺㍤⥺ࡢ┦ᑐᙉᗘ㸼

㍤⥺ࢆ್ࢺࣥ࢘࢝ࡢࢡ࣮ࣆࡢ㐃⥆್࡛ࢺࣥ࢘࢝ࡢࣝࢺࢡ࣌ࢫ๭ࠋ࡜ࡇࡢ್ࡓࡗᮏ᮶ࡣ➼౯ᖜ࡚࠸⏝ࢆホ౯ࠊࡀࡿࡍ

௒ᅇࢺࢵࣛࣇࡣ⿵ṇࡢࡇࡵࡓࡓࡗ⾜ࢆ᪉ἲࠋࡓ࠸⏝ࢆ

3㸬⤖ᯝ

ᐇど➼⣭42ࡀ᪥ࡢ㛫࡟➼3.70ࡽ࠿➼3.17࡟ኚ໬ࡢ2021/12/10ࠋࡓࡋ㍤⥺ࡢ┦ᑐᙉᗘࡣHȘ⥺ࠊ1.43ࡀHș⥺1.18ࡣ
ࠋࡓࡗࡔ

4㸬⪃ᐹ

㐣ཤࡽ࠿✲◊ྠࡢᮇ㛫ࠊࡁ✵ࡀほ ⎔ቃࡶኚࠊࡵࡓࡓࡗࢃ⤖ᯝ୍ࡢ㒊ࢆ౑⏝࡛ࠋࡓࡗࡲࡋ࡚ࡗ࡞ࡃ࡞ࡁගᗘኚ໬࡟

ᑐᛂࡿࡍ㍤⥺ᙉᗘࡢኚ໬ࢆぢࡀ࡜ࡇࡿฟ᮶ࠊ࡛ࡢࡓࡗ࠿࡞௒ᚋࡶ⥅⥆ⓗ࡞ほ ࡀᚲせࠋࡿ࠼⪄࡜

5㸬ཧ⪃ᩥ⊩

࣭㔝ᮏ᠇୍ࠊᐃ㔠᫭୕ࠊబ⸨຾ᙪࠗࢬ࣮ࣜࢩ⌧௦ࡢኳᩥᏛ 7.ᜏᫍ࠘᪥ᮏホㄽ♫ 2009

࣭ᒸᒣ⌮⛉኱Ꮫ⥲ྜ᝟ሗᏛ㒊⏕≀ᆅ⌫࣒ࢸࢫࢩᏛ⛉⏣㑓◊✲ᐊ ⬟ໃᶞⴥࠗ㟷࠸㉸ᕧᫍP Cyg㸦࠺ࡻࡕࡃࡣᗙP
ᫍ㸧ࡢศග࡟ࡧࡽ࡞ ගほ ࠘2010

࣭ᮾி኱Ꮫ኱Ꮫ㝔⌮Ꮫ⣔◊✲⛉ኳᩥᏛᩍ⫱◊✲࣮ࢱࣥࢭ ⏣㎶ಇᙪࠗBᆺ㍤⥺࢙ᫍࣥࢩࢵࣃࡢ㍤⥺ほ ࠘2013

࣭POLLMAN,E.;VOLLMANN,W.;HENRY,G.W. ,“Long-7HUP�0RQLWRULQJ�2I�+ǂ�(PLVVLRQ�6WUHQJWK�$QG
3KRWRPHWULF�9�0DJQLWXGH�2I�Ǆ�&DVµ�����
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ᜏᫍࣝࢺࢡ࣌ࢫࡢᆺࡢ࡚࠸ࡘ࡟ほ ⓗ◊✲
ᕝཱྀᕷ❧㧗➼Ꮫᰯኳᩥ㒊㸸⏣୰ 㐩ஓ㸦㧗2㸧ࠊ 

⏣୰ ฆ୍㑻ࠊ᪩ᕝ 㥴ဢࠊᖹ▼ ᬡᚿࠊᮌᮧ 㝧㤶㸦㧗1㸧࠙ᕝཱྀᕷ❧㧗➼Ꮫᰯࠚ 

せ᪨ࠊᬒ⫼ࡢ✲◊.1
ᡃࡣࠎᇶ‽ග※(Hg-Arࣛࣥࣉ)ࡢࢱ࣮ࢹࣝࢺࢡ࣌ࢫࡿࡼ࡟Ἴ㛗௜ࡅ᪉ἲࡢࡑࠊࡋ❧☜ࢆᛂ⏝࡚ࡋ࡜ᜏᫍࡢపศᩓ

ศගほ ࠋࡔࢇ⤌ࡾྲྀ࡟ゎᯒࡢ⤖ᯝࠊᜏᫍࡢࡑࡀ⾲㠃 ᗘࡾࡼ࡟OࠊBࠊAࠊFࠊGࠊKࠊMࣝࢺࢡ࣌ࢫ࠺࠸࡜ᆺ࡟ศ㢮

 ࠋࡓࡋᡂຌ࡟࡜ࡇࡿ࠼ᤊ࡟ほ ⓗࢆ࡜ࡇࡘᣢࢆᚩ≉ࡢᅛ᭷ࢀࡒࢀࡑࠊࢀࡉ

2.◊✲᪉ἲ
2022ᖺ1᭶5᪥ࠊᇸ⋢┴❧኱ࢨࣛࣉࡁࢇࡆ⁪㸦ᇸ⋢┴

⛛∗ᕷ㸧࡟タ⨨ࡿ࠸࡚ࢀࡉ ཱྀᚄ16cmࠊF12.5 ᒅᢡᮃ

㐲㙾┤᥋↔Ⅼ࡟పศᩓศගჾVEGA(᫛࿴ᶵᲔ〇సᡤ〇)

࣮ࢲࠊ᧜ീࣝࢺࢡ࣌ࢫ࡚࠸ࡘ࡟௦⾲ⓗᜏᫍࠊࡋ╔⿦ࢆ

ࢆ(ࣝࢤࣜ)șOri࡟ࡽࡉࠊࡅἼ㛗௜ࠊ⟭ῶ࢖࢝ࢫ࣭ࢡ

ศගᶆ‽࡚ᫍࡋ࡜ᙉᗘ⿵ṇ390ࠊ࠾࡞ࠋࡓࡗ⾜ࢆnmᮍ

ࢡ࣌ࢫ஧ḟࡣ㛗Ἴ㛗࡛ࡾࡼ700nmࠊࡃࡉᑠࡀ㍤ᗘࡣ‶

ࡿࡅ࠾࡟Ἴ㛗ᇦࡢ390㹼700nmࠊࡾࡼ࡜ࡇࡿ࡞㔜ࡀࣝࢺ

ᜏᫍࣝࢺࢡ࣌ࢫࡢᙉᗘศᕸࢆసᡂࠋࡓࡋほ ࡓࡋᜏᫍ

ȘOriࠊșGemࠊȘAurࠊȘCMiࠊȘCMaࠊȚCasࠊࡕ࠺ࡢ

ࠋࡓࡋゎᯒࢆ

3.⤖ᯝ
ᅗ2࡟ほ ࡓࡋᜏᫍࣝࢺࢡ࣌ࢫࡢᙉᗘศᕸࠋࡍ♧ࢆ

ᅗ2.ᜏᫍࣝࢺࢡ࣌ࢫࡢᙉᗘศᕸ ⦪㍈㸸ᙉᗘࠊᶓ㍈㸸Ἴ㛗(nm) 

ࠋࡿ࠸࡚ࢀ⾲ࡀ⥺㍤࣮࣐ࣝࣂ࠸ᙉࡢᫍ≉᭷ࡢࡇࠊ࡚࠼ຍ࡟⥺㝵㟁㞳㔠ᒓ୍ࡿ࠶ᚩ࡛≉ࡢBᆺᫍࡣ࡟࣮࢕ࢶ࣭

ࠋࡿࢀࡽࡳࡀᚩ≉ࡢAᆺᫍࠊࡾ࠾࡚ࢀ⾲ࡃᙉࡀ⥺࣮࣐ࣝࣂࡢỈ⣲ࡣࢫ࢘ࣜࢩ࣭

ࠋࡿ࠸࡚ࢀ⾲ࡀᚩ≉ࡢFᆺᫍࠊࡾ࠾࡚ࡗ❧┠ࡀ⥺CaϩH/Kࠊ⥺୰ᛶ㔠ᒓࠊࡾ࡞ࡃᙅࡣ⥺࣮࣐ࣝࣂࡢࣥ࢜࢟ࣟࣉ࣭

ࠋࡿࢀࡽぢࡀᚩ≉ࡢGᆺᫍࡃᙉࡀ⥺୰ᛶ㔠ᒓࠊࡾࡲᙅࡀ⥺࣮࣐ࣝࣂࡣ࣭ࣛ࣌࢝

ࠋࡿ࠶ࡀ⥺୰ᛶ㔠ᒓ࠺ྜࡾ࡞㔜ࡢᚩ≉ࡢKᆺᫍࡣ࡟ࢫࢡࢵ࣏࣭ࣝ

ࠋࡿࢀࡽぢࡀᚩ≉ࡢMᆺ࡚ᫍࢀ⾲ࡃᙉࡀ⥺྾཰ࡢ୰ᛶ㔠ᒓࡸࣥࢱࢳ㓟໬ࠊࡣࢫ࢘ࢠࣝࢸ࣭࣋

4.⪃ᐹ࣭ࡵ࡜ࡲ
ᙉᗘ⿵ṇࡢࣝࢺࢡ࣌ࢫࠊ࡛࡜ࡇࡓࡗ⾜ࢆ≉ᚩࡽ࠿ᜏᫍࣝࢺࢡ࣌ࢫࡢᆺࢆỴࠊࡵศ㢮ࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍ௒ᅇࠊࡣ

ほ ࡓࡋ඲࡚ࡢᜏ࡚ᫍ࠸ࡘ࡟ㄪࠊࡀࡓࡗ࠿࡞ࡁ࡛ࡀ࡜ࡇࡿ࡭௒ᚋࡣㄪࡓࡗ࠿࡞ࢀࡁ࡭ศ࡚ࡵྵࡶゎᯒࡓࡲࠊ࠸⾜ࢆ

᪂࡟✲◊࡞ࡓᣮࠋࡿ࠼⪄࡜࠸ࡓࡳ 

5.ཧ⪃ᩥ⊩
࣭Kirisciunas et al.2017,PASP,129:054504 șOri(ศගᶆ‽ᫍࢱ࣮ࢹ)

࣭⌮⛉ᖺ⾲ 2016ᖺ ᅜ❧ኳᩥྎ⦅

࣭௝ྎᕷኳᩥྎ ◊✲ᐇ㊶⣖せ 20191ࠊ➼ᫍࢢࣟࢱ࢝ࣝࢺࢡ࣌ࢫࡢ

6.ㅰ㎡
ゎࡧᥦ౪ཬࢱ࣮ࢹࡢ࡚࠸ࡘ࡟ṇ⿵ࡿࡼ࡟ศගᶆ‽ᫍࠊࡣ࡟ᐃ㔠᫭୕ඛ⏕(኱㜰ᩍ⫱኱Ꮫྡ㄃ᩍᤵ)ࠊࡾࡓ࠶࡟✲◊

ᯒ᪉ἲࡈ࡚࠸ࡘ࡟ᣦᑟࠋࡓࡋࡲࡁࡔࡓ࠸ᚚ♩⏦ࠋࡍࡲࡆୖࡋ 

ᙉᗘ⿵ṇ᪉ἲ

ᅗ1. (a)ほ ࢱ࣮ࢹ (b)ᶆ‽ࢱ࣮ࢹ    (c)ᙉᗘ⿵ṇ῭ 
 ほࠋࡿ࠸࡚ࡋ⾲ࢆἼ㛗ࡣᶓ㍈ࠊᙉᗘࡣ㍈⦪ࡢࣇࣛࢢ

ศගᶆ‽ᫍࠊࡵࡓࡿࡍṇ⿵ࢆᙉᗘࣝࢺࢡ࣌ࢫࡢࢱ࣮ࢹ

(șOriࣝࢤࣜࠊ)ࡢほ ࢱ࣮ࢹ(a)࡜ศගᶆ‽ᫍࢱ࣮ࢹ(b)
್ࡢࡑࠊࡵồࢆṇಀᩘ⿵ࡢ࡜ࡈἼ㛗ࠊࡋẚ㍑ࢆ㍯㒌ࡢ

࡛(a)ࢆࢱ࣮ࢹࡢ๭࡜ࡿᙉᗘ⿵ṇࡓࡋ(c)ࡀᚓࡇࠋࡿࢀࡽ

ࡼ࡟࡜ࡇࡿࡍ⏝㐺࡟ᜏᫍࡓࡋ ほࡢ௚ࢆṇಀᩘ⿵ࡢ

ࠋࡓࡗ⾜ࢆᙉᗘ⿵ṇࠊࡾ
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ῶ⟬ἲࡲࡄ࠾࠾ࡓ࠸⏝ࢆᗙȘᫍࡢకᫍࡢほ 

⏣Ꮚ ඃ⩼ࠊ⏣୰ 㕲ර㸦㧗2㸧࠙ᶓ὾ᕷ❧ᶓ὾࢔࢕ࢸࣥࣟࣇࢫ࢚ࣥ࢖ࢧ㧗➼Ꮫᰯࠚ

せ ᪨ 
஧㐃࡛ᫍࡲࡄ࠾࠾ࡿ࠶ᗙǂᫍࠊࡽ࠿ࣝࢺࢡ࣌ࢫࡢ୺ᫍࣝࢺࢡ࣌ࢫࡌྠ࡜ᆺࡢᜏᫍࢫࡢ

ᜏࡢᆺྠ࡜୺ᫍࡢ㢮✀ᩘࠋࡿࡍᐃ≉ࢆᆺࣝࢺࢡ࣌ࢫࡢకᫍࠊ࡛࡜ࡇࡿࡍ⟭ῶࢆࣝࢺࢡ࣌

ᫍࡓ࠸⏝ࢆ⤖ᯝࠊ㢮ఝࡀࣇࣛࢢࡓࡋᚓࡢࡇࠊࡵࡓࡓࢀࡽ᪉ἲ࡚ࡗࡼ࡟కᫍࣝࢺࢡ࣌ࢫࡢ

ᆺࢆ≉ᐃࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛⬟ྍࡣ࡜ࡇࡿࡍ 

㸯㸬 ࡟ࡵࡌࡣ
㐃ᫍࡢศගほ ࠊ࡚࠸࠾࡟ศゎࡀᅔ㞴࡛ࡿ࠶కᫍࣝࢺࢡ࣌ࢫࡢᆺࢆ≉ᐃࠋࡿࡍ

୺ᫍྠ࡜ᆺࡢᜏᫍࢆࣝࢺࢡ࣌ࢫࡢῶ⟬ୖࠊ࡛࡜ࡇࡿࡍグࡢ┠ⓗࢆ㐩ᡂ࡛ࡣ࡛ࡢࡿࡁ 

 ࠋࡓ࠼⪄࡜࠿࠸࡞

㸰㸬 ◊✲᪉ἲ 
ほ ᶵჾ㸸ᮃ㐲㙾(d=300mm,f=3600mm),ศගჾ(ࢺࢵࣜࢫᖜ:��ǍP),෭༷CCD࣓ࣛ࢝

ᑐ㇟ኳయ㸸ࡲࡄ࠾࠾ᗙǂᫍ㸦୺ᫍࣝࢺࢡ࣌ࢫࡢᆺ G9㸧
ྠᆺኳయ㸸ࡵࡀࡎࡳᗙǉ࣭ᫍ࠺ࡹࡾᗙǅ࣭ᫍࡧ࡬ࡳ࠺ᗙǇᫍ

ձ ㏻ᖖࡢศගほ ࡢࢀࡒࢀࡑࠊ࡚ࡗࡼ࡟ᫍࢆࣝࢺࢡ࣌ࢫࡢᚓࠋࡿ

ղ ࠋࡿ࠼ᥞࢆ್ࢺࣥ࢘࢝ࡽ࠿ẚࡢᙉᗘࡢἼ㛗(max)ྠࠊࡵࡓ࡞ᑐ್┦ࡣ್ᩘ

ճ 㸦ᑐ㇟ኳయ㸧㸫㸦ྠᆺኳయ㸧ࡢ⤖ᯝࠊࡾࡼకᫍࣝࢺࢡ࣌ࢫࡢᆺࢆ≉ᐃࠋࡿࡍ

㸱㸬 ⤖ᯝ࣭⪃ᐹ 

㢮ఝࡀࣇࣛࢢࡓࡋᚓࠊࢀࡽ඲࡚ࣇࣛࢢࡢ

 ࠋࡓࢀࡽࡳࡀ⥺྾཰ࡢỈ⣲࡜㕲࠸ᙉ࡟

(ᅗ1,2,3)ࡲࡄ࠾࠾ᗙǂᫍࡢకᫍࣝࢺࢡ࣌ࢫࡢ

ᆺࠊࡣỈ⣲ࡢ྾཰⥺ࡀᙉ࠿࡜ࡇࡿࢀࡽࡳࡃ

ࠋࡿ࠼⪄࡜ࡿ࠶Aᆺ࡛ࡽ

Gᆺ࡛ࠊࡣࡢࡓࢀࡽࡳࡀ⥺྾཰ࡢ㕲ࡓࡲ

 ࠋࡿ࠼⪄࡜ࡔࡵࡓࡓࡅཷࢆᙳ㡪ࡢ୺ᫍࡿ࠶

㸲㸬 ⤖ㄽ 
ࢡ࣌ࢫࡢᜏᫍࡢᆺྠ࡜୺ᫍࡓࡲࠋࡿ࠶Aᆺ࡛ࠊࡣᆺࣝࢺࢡ࣌ࢫకᫍࡢᗙǂᫍࡲࡄ࠾࠾

ࡗ࠿ศࡀ࡜ࡇࡿ࠶࡛⬟ྍࡀᐃ≉ࡢᆺࣝࢺࢡ࣌ࢫࡢకᫍࡢ㐃ᫍࠊ࡛࡜ࡇࡿࡍ⟭ῶࢆࣝࢺ

ࡢࡇẚ㍑ⓗࠊ࠸ࡿ᫂ࡀక࡚ᫍࡋᑐ࡟୺ᫍࠊࡣᗙǂᫍࡲࡄ࠾࠾ࡿ࠶࡛㇟ほ ᑐࡢ௒ᅇࠋࡓ

᪉ἲ࡟㐺ࡓࡋᜏ࡛ᫍࠊࡵࡓࡓࡗ࠶௚ࡢᜏ࡛ᫍࡢࡇࡶ᪉ἲࡀ㐺⏝࡛ࠊ࠿࠺࡝࠿ࡿࡁ௒ᚋ

 ࠋ࠸ࡓࡁ࠸࡚ࡵ࠿☜࡛✲◊ࡢ

ㅮ₇䚷䠐䠏㼀

䠑䠎



 ኚ໬ࡢࢺࢵ࢙ࢪࡢ㐃ᫍSS433࣮ࣝ࣍ࢡࢵࣛࣈ

᳃ᮏ ༓្ࠊᯇᑿ ၏㑣㸦㧗2㸧࠙ዉⰋ┴❧㟷⩧㧗➼Ꮫᰯࠚ

せ ᪨ 
࿘ᮇࡢṓᕪ㐠ືࡢࢺࢵ࢙ࢪࡓࢀࡽࡵồ࡚ࡗࡼ࡟Panferov㸦2013㸧ࠊ࡚࠸ࡘ࡟㐃ᫍSS433࣮ࣝ࣍ࢡࢵࣛࣈ

162.25᪥ࡀ௒࡛ࡶṇ࠿ࡢ࠸ࡋㄪࡢࢺࢵ࢙ࢪࠊ࡜࡜ࡇࡿ࡭ᨺฟᙉᗘࡢኚ໬ࡢᵝᏊࢆヲࡃࡋゎ᫂ࢆ࡜ࡇࡿࡍ┠

ⓗࠊ࡟ᮏᰯ࡛㐣ཤ10ᖺ㛫ྲྀ࡟ᚓ15ࡓࡋ᪥㛫ࡢSS433ࣝࢺࢡ࣌ࢫࡢ⏬ീࢆゎᯒࡢࡑࠋࡓࡋ⤖ᯝ10ࡢࡇࠊᖺ࡛

ࡢど⥺㏿ᗘࡿࡼ࡟ṓᕪ㐠ືࡣࡉᙉࡢ⥺Ƚ㍤�ࡢࢺࢵ࢙ࢪࠊࡾ࡞࡜163.06᪥ࡣ࿘ᮇࡢṓᕪ㐠ືࡢࢺࢵ࢙ࢪࡢ

኱ࡀࡉࡁᑠ࠸ࡉ᪉ࡀᙉࡿ࡞ࡃഴྥࡀぢࠋࡓࢀࡽ

㸯㸬┠ⓗ 
ձ 㐣ཤ10ᖺ㛫ࡢపศᩓศගほ ࡢࢺࢵ࢙ࢪࠊࡵ࡜ࡲࢆࢱ࣮ࢹṓᕪ㐠ືࡢ࿘ᮇࡾࡼࢆ㧗࠸⢭ᗘ࡛ồࡿࡵ

ࠋ࡜ࡇ

ղ ᭱㏆ࡢపศᩓศගほ ࢆࢱ࣮ࢹゎᯒࡢࢺࢵ࢙ࢪࠊࡾࡼ࡟࡜ࡇࡿࡍᙉᙅࡢኚ໬ࡢᵝᏊࢆゎ᫂ࠋ࡜ࡇࡿࡍ 

㸰㸬᪉ἲ 
ձ1) ᒸᒣ⨾ᫍኳᩥྎཱྀࡢᚄ101cmᮃ㐲㙾࡛పศᩓศගほ ࠊ࠸⾜ࢆSS433ࣝࢺࢡ࣌ࢫࡢ⏬ീྲྀࢆᚓࠋࡓࡋ 

2) ᚓࡓࢀࡽ⏬ീࢆ⏬ീฎ⌮࣐ࠖࣜ࢝ࠕࢺࣇࢯ㸦ᅜ❧ኳᩥྎ࣭(ᰴ)ࢶ࣮࢔ࣟࢺࢫ࢔㸧୍࡚࠸⏝ࢆḟฎ⌮ࢆ⾜

ࠋࡓࡗ

3) ศගࢱ࣮ࢹゎᯒࠕࢺࣇࢯBe Specࠖ㸦ᕝ➃ဴஓ స㸧ࣝࢺࢡ࣌ࢫࠊ࡚࠸⏝ࢆᅗࢆసᡂࠊࡋSS433ࡢ㝆

╔෇┙ࡢࢺࢵ࢙ࢪ࡜HȽ㍤⥺ࡢ୰ᚰἼ㛗ࢆ ᐃࠋࡓࡋ

4) ୗ࣮ࣛࣉࢵࢻࡢຠᯝࡢᘧࡢࢺࢵ࢙ࢪࠊࡾࡼど⥺㏿ᗘ v㸦km/s㸧ࢆồࠋࡓࡵ

v 㸻 c࣭ȟɉ㸭ɉ 
ղ1) ྛほ ᪥ࣝࢺࢡ࣌ࢫࡢᅗࠕࢆࢀࡑࠊࡋ࡟ࢱ࣮ࢹࢺࢫ࢟ࢸࢆࢱ࣮ࢹࡢMicrosoft Excel࡛ࠖ ㄞࡳ㎸ࠋࡔࢇ

2) 㐃⥆ග㒊ࠊ㝆╔෇┙ཬࡢࢺࢵ࢙ࢪࡧ�Ƚ㍤⥺㒊ࢀࡒࢀࡑࢆษࡾฟࠋࡓࡋ

3) ༊ศồ✚ἲࡾࡼ࡟㝆╔෇┙ࡢࢺࢵ࢙ࢪ࡜�Ƚ㍤⥺㒊ࡢ㠃✚ࢀࡒࢀࡑࢆồࠊࡵ➼౯ᖜࢆ⟬ฟࠋࡓࡋ

㸱㸬⤖ᯝ࣭⪃ᐹ 
ձ 2018ᖺ௨㝆࢙ࢪࡢ

ኚࡢど⥺㏿ᗘࡢࢺࢵ

໬ࡓࡵ࡜ࡲࢆ⤖ᯝ㸦

ྑᅗ㸧ࠊPanferovࡢ
ィ⟬್᭱ࡾࡼ኱10᪥
࡜ࡇࡿ࠸࡚ࢀࡎ࡝࡯

ࠊࡓࡲࠋࡓࡗ࠿ศࡀ

2021ᖺ8᭶7᪥2013࡜
ᖺ7᭶25᪥ྠࡀ఩┦

ࡇࠊࡋุ᩿࡜ࡿ࠶࡛

 ࡍ18࿘ᮇᏑᅾ࡟㛫ࡢ
 ṓᕪࠊ࡜ࡿ࠼⪄࡜ࡿ

㐠ືࡢ࿘ᮇ163.06ࡣ 
᪥࡜ồࠋࡓࡗࡲ

ղ 2020ᖺ4᭶10᪥࡟

ྲྀᚓࣝࢺࢡ࣌ࢫࡓࡋ

⏬ീ࡛ࠊࡣዲ᮲௳࡛ほ ࡶ࡟ࡓࡋ㛵ࡢࢺࢵ࢙ࢪࡎࡽࢃ㍤⥺࡝ࢇ࡜࡯ࡀぢࢵ࢙ࢪࠊ࡛ࡇࡑࠋࡓࡗ࠿࡞ࢀࡽ

ࠋࡓ࠼⪄ࢆࡘ2ࡢ௨ୗ࡚ࡋ࡜⏤⌮ࡢࡑࠊ࠼⪄࡜ࡿ࠸࡚ࡋࡇ㉳ࢆኚ໬ࡢᙉᙅࡀ⥺㍤ࡢࢺ

1) 㸧ࡿ࡞ࡃࡉᑠࡀࡉࡁ኱ࡢ㸦ど⥺㏿ᗘࡿ࡞࡟┤ᆶ࡚ࡋᑐ࡟⥺どࡀࢺࢵ࢙ࢪࠊࡾࡼ࡟ṓᕪ㐠ືࡢࢺࢵ࢙ࢪ

ࠋࡿ࡞ࡃᙉࡀ⥺㍤ࠊࡵࡓࡿ࡞ࡃᗈࡀ✚㠃ࡢࡅ࠿ぢࡢࡽ࠿⌫ᆅ࡜

2) 㐃ᫍࡢ㐠ືࡢࢺࢵ࢙ࢪࡸṓᕪ㐠ື࡜↓㛵ಀࠊ࡟క࡛ᫍࡿ࠶ᬑ㏻ࡢᜏᫍࡢࢫ࢞ࡢࡽ࠿౪⤥㔞ࡀቑࡿ࠼

ࠋࡿ࡞ࡃᙉࡀ⥺㍤ࠊࡵࡓࡿ࡞ࡃࡁ኱ࡀᐦᗘࡢࢺࢵ࢙ࢪࡸ┙㝆╔෇࡜

㸲㸬௒ᚋࡢᒎᮃ 
௒ᚋࠊࡣSS433࡚࠸ࡘ࡟⥅⥆ⓗ࡟ศගほ ࡢࢺࢵ࢙ࢪࠊࡾࡼ࡟࡜ࡇ࠺⾜ࢆṓᕪ㐠ືࡢ࿘ᮇࡢኚ໬ࡢ≉

ᚩࡸࢺࢵ࢙ࢪࡸ㝆╔෇┙ࡢ�Ƚ㍤⥺ࡀᙉᙅࡢኚ໬ࡁ✺࡚࠸ࡘ࡟⏤⌮ࡢワࠋࡿ࠼⪄࡜࠸ࡓࡁ࠸࡚ࡵ

㸳㸬ཧ⪃ᩥ⊩ 1㸧A.A.Panferov, Deceleration of SS 433 radio jets㸦2013㸧
2㸧⚟Ụ ⣧ࡽ ࠗ㉸࣭Ᏹᐂࢆゎ࣮ࡃ⌧௦ኳᩥᏛ₇⩦࠘ ᜏᫍ♫ཌ⏕㛶㸦2014㸧

ᅗ SS433ࡢࢺࢵ࢙ࢪࡢど⥺㏿ᗘࡢኚ໬㸦2018ᖺ㹼2021ᖺ㸧

ㅮ₇䚷䠐䠐㼀

䠑䠏



ኳయࡢ㉁㔞ࡢࢺࢵ࢙ࢪ࣭࣮ࣟࣇࢺ࢘࢔࡜㏿ᗘࡢ┦㛵࡚࠸ࡘ࡟ 

 ࠊࠚ㸸ሷ⏣ ᡂ㝧㸦㧗2㸧࠙ᗈᓥ┴❧బ఑㧗➼Ꮫᰯ⌜࠹ࡪࢇࡤ࣮ࡿࡪ ኳ2021ࡋࡶ

ᮌᮏ ࡓ࡞ࡦ㸦㧗ᑓ2㸧࠙ዉⰋᕤᴗ㧗➼ᑓ㛛ᏛᰯࠊࠚἙ㔝 ᪲ᐇ㸦㧗1㸧࠙ᾏᇛ㧗➼Ꮫᰯࠚ 

せ ᪨ 

ኳయࡸࢫ࢞ࡽ࠿ሻࡀᨺฟࡸࢫ࢞ࡢ㇟⌧ࡢࡽࢀࡇࠋࡿ࠶ࡀ㇟⌧࠺࠸࡜ࢺࢵ࢙ࢪࡸ࣮ࣟࣇࢺ࢘࢔ࡿࢀࡉሻࡀ

ᨺฟࡿࢀࡉ㏿ᗘ࡜ᨺฟ※ࡢኳయࡢ㉁㔞ࡢ㛫ࡣ࡟ṇࡢ┦㛵࠺࠸࡜ࡿ࠶ࡀ௬ㄝࢆඖࠋࡓࡗ⾜ࢆ✲◊࡟

㸯㸬⫼ᬒ
࣮࢙ࢡࣟࢡ࢖࣐ࡸཎጞᫍࡣ࡟ኳయࡿࡍᨺฟࢆࢺࢵ࢙ࢪࡸ࣮ࣟࣇࢺ࢘࢔

࠶ࡀኳయࡓࡗ࠸࡜㖟Ἑࢺࢫ࣮ࣂ࣮ࢱࢫࡸ࣮ࣝ࣍ࢡࢵࣛࣈ㉸኱㉁㔞ࠊ࣮ࢧ

ࡿ࠸࡚ࡗᣢࢆᚩ≉ࡿ࡞␗ࠊ࡝࡞⛬㐣ࡢᙧᡂࡸࡉࡁ኱ࡣኳయࡢࡽࢀࡇࠋࡿ
ࠋࡓࡗᣢࢆ࿡⯆࡟࡜ࡇࡿ࠸࡚ࡗࡇ㉳ࡀ㇟⌧ࡢඹ㏻ࡎࡽࢃ㛵ࡶ࡟

㸰㸬┠ⓗ
ኳయࡢ㉁㔞ࡀ኱࡝࡯ࡿ࡞ࡃࡁ

⬺ฟ㏿ᗘࡶ኱࠿࡜ࡇࡿ࡞ࡃࡁ

ࡢࢺࢵ࢙ࢪ࣭࣮ࣟࣇࢺ࢘࢔ࠊࡽ
㏿ᗘ࡜ᨺฟ※ኳయࡢ㉁㔞ࡣ࡟ṇ

ࠋࡓ࡚❧ࢆ௬ㄝ࡜ࡿ࠶ࡀ㛵┦ࡢ
ᗘ㏿ࡢࢺࢵ࢙ࢪ࣭࣮ࣟࣇࢺ࢘࢔

ࠊ࡭ㄪࢆ㉁㔞ࡢኳయࡢ※ᨺฟ࡜
ࠋࡿࡍᐹ⪄ࢆ㛵ಀࡢࡽࢀࡑ

㸱㸬◊✲᪉ἲ
௝ྎᕷኳᩥྎࡳ࡜ࡦࡢᮃ㐲㙾ࢺࢫ࣮ࣂ࣮ࢱࢫࠊ࡚࠸⏝ࢆ㖟Ἑ࡛ࡿ࠶M82ࠊ㉸኱㉁㔞ࡘࡶࢆ࣮ࣝ࣍ࢡࢵࣛࣈNGC12

➼ᑐ⤯ࡓᚓࡽ࠿್ࢺࣥ࢘࢝ࠊࡋ᧜ീ࡛ࢻࣥࣂVࡣNGC1275࡜M82ࠋ࠺⾜ࢆ ほࡢP Cyg(ኳయྡ)ࡿࢀࡽࡳࡀᫍ㢼ࠊ75
⣭ࣥ࢔ࣜࢦ࣐ࠕࡽ࠿㛵ಀ(ᘧ1)ࠖ[1]࡚࠸⏝ࢆ㉁㔞ࢆồࠋࡓࡵ 

P Cygࡣศගほ ࣮ࣛࣉࢵࢻࠊ࠸⾜ࢆຠᯝ࡚࠸⏝ࢆᫍ㢼ࡢ㏿ᗘࢆồࠋࡓࡵᨺฟ※ኳయࡢ㉁㔞࡜ᫍ㢼ࡢ㏿ᗘࡢ࡜
㛫ྠ࡜࣮ࣟࣇࢺ࢘࢔ࡸࢺࢵ࢙ࢪ࡟ᵝ࡞㛵ಀᛶࡀぢࢆ࠿ࡿࢀࡽㄪࡵࡓࡿ࡭ほ ࠋࡓࡋ 

 [2]ࠋࡓࡋ⏝ᘬࡽ࠿ࣈ࢖࣮࢝࢔ࡣኳయࡢ௚ࡢࡑ

㸲㸬ほ ⤖ᯝ
M82࡜NGC1275ࢆV,R,I࡛ࢻࣥࣂ᧜ീほ ࢆ⾜

 ࠋ(ᅗ1)ࡓࡗ⾜ࢆ ศගほࡣP Cygࠋࡓࡗ

㸳㸬⪃ᐹ
ᚓࡓࢀࡽ㉁㔞࡜㏿ᗘࡽ࠿඲࡚ࡢኳయ࡜ኳయࡢ

✀㢮ࢀࡒࢀࡑᩓᕸᅗࢆసᡂࡋ┦㛵ಀᩘࢆồࡵ

 (ᅗ2)ࠋࡓ
඲࡚ࡢኳయࡢᩓᕸᅗࠊࡽ࠿ኳయࡢ㉁㔞࢘࢔࡜

ྍࡿ࠶ࡀ㛵ಀ࡞ᣦᩘ㛵ᩘⓗࡣ࡟ᗘ㏿ࡢ࣮ࣟࣇࢺ
⬟ᛶࡓࡲࠋࡿ࠶ࡀኳయࡢ㉁㔞ࡢࢺࢵ࢙ࢪ࡜㏿ᗘ

ࠋࡿ࠶ࡀᛶ⬟ྍ࠸࡞ࡀ㛵┦ࡣ࡟
ኳయࡢ✀㢮ࡓࡵ࡜ࡲ࡟࡜ࡈᩓᕸᅗࠊࡣࡽ࠿ཎ

ጞᫍࢪ࡜࣮ࢧ࣮࢚ࢡࣟࢡ࢖࣐ࠊ࣮ࣟࣇࢺ࢘࢔࡜
 ࠋࡿ࠶ࡀᛶ⬟ྍࡿ࠶ࡀ㛵┦࡟ࢺࢵ࢙

㸴. ௒ᚋࡢᒎᮃ
࡞ࡽ࠿ศࡀ㛵ಀࡣ࡛ࡅࡔ᝟ሗࡓ࡭ኳ࡛ㄪࡋࡶ

ࡓ᪂ࢆᚄ༙ࠋ࠸ࡓࡋ㊊ࢆࢱ࣮ࢹࡢ㉁㔞࡜ᗘ㏿࡚ࡋ᥈ࢆኳయ࡞࠺ࡼࡿࢀࡽࡵᇙࢆ㒊ศࡿ࠸࡚࠸✵ࡢࣇࣛࢢࠊ࡛ࡢ࠸
 ࠋࡿ࠿ศࡀ㛵ಀ࠸ࡋ᪂࡛࡜ࡇࡿࡍ៖⪄࡟

㸵㸬ཧ⪃ᩥ⊩
[1]MISTY C. BENTZ.et.al.2018 [2]J.Tremaine.et.al.2020࣭J.Casares.et.al.,2005࣭Hartigan,Patrick199

4࣭L.A.Busch.et.al.2019  María José Maureira.et.al.2020  C. Carrasco-Gonzalez et.al.2015 .Torrelle

s, José M.et.al.1997 C. Carrasco-Gonzalez.et.a l2015 Per Bjerkeli.et.al.2019 Per Bjerkel.et.al.201
9 Paulo.et.al.2020࣭Heckman, T. M et al.,2001࣭ከ࿘ἼVLBIほ ࡿࡼ࡟NGC 4261ࢺࢵ࢙ࢪᙧ≧᥈ᰝ࣭Cohen, 

Daniel P et al.,2020 ࣭Timothy M. Heckman et al.1990࣭Alberto D. Bolatto, et al.,2021࣭Tadhunter, Cl
ive N.et al.1991࣭Jeremy Mould et al.,2012࣭S. Paltani et al.,2005࣭Graham, Alister W. et al.,2008࣭

Gopal-Krishna et al.,1986࣭NASA/IPAC EXTRAGALACTIC DATABASE NGC 1128࣭=��6WXFKOvóN��HW�DO�������࣭
D. J. Hurley et al., 2013

㸶.ㅰ㎡
௝ྎᕷኳᩥྎࡢⓙᵝࡋࡶࠊኳ2021ࡢࣇࢵࢱࢫⓙᵝ࡟ឤㅰ⏦ࠋࡓࡋࡲ࠸ࡊࡈ࠺࡜ࡀࡾ࠶ࠋࡍࡲࡆୖࡋ

ㅮ₇䚷䠐䠑㻿

䠑䠐



㖟Ἑ⣔ࡢཌࡢࡉ ᐃ 

㖟ἙᏛᰯ2021㸸
ℊᔱ ᙬຍ㸦㧗3㸧࠙᪩✄⏣ᐇᴗᏛᰯ㧗➼㒊ࠊࠚ௒㔝 ⩼㸦2021ᖺ༞㸧࠙௝ྎᇛ༡㧗➼Ꮫᰯࠊࠚ

஧ᮏᰗ Ᏻ⌔㸦㧗2㸧࠙ῄᚨ୚㔝㧗➼Ꮫᰯࠊࠚ⏣୰ ᗣㄔ㸦㧗3㸧࠙す኱࿴Ꮫᅬ㧗➼Ꮫᰯࠊࠚ

ᜏྜྷ ࡁࡎ࠿㸦୰➼5㸧࠙ᮾி኱Ꮫᩍ⫱Ꮫ㒊㝃ᒓ୰➼ᩍ⫱Ꮫᰯࠊࠚᗑ⥙ ⯟㍤㸦㧗2㸧࠙኱㜰ᗓ❧బ㔝㧗➼Ꮫᰯࠊࠚ

ఀ⸨ ኱ᮁ㸦㧗3㸧࠙ᒱ㜧┴❧ᒱ㜧㧗➼Ꮫᰯࠊࠚ᪩ᕝ ࡽࡃࡉ㸦㧗3㸧࠙ỤᡞᕝᏛᅬྲྀᡭ㧗➼Ꮫᰯࠊࠚ

ᖾἨ ⰼ᲍㸦㧗3㸧࠙⚄ᡞዪᏛ㝔㧗➼Ꮫ㒊ఀࠊࠚໃୖ ࠚ㸦2021ᖺ༞㸧࠙㡲☻Ꮫᅬ㧗➼Ꮫᰯࡽࡃࡉ

せ᪨ 
ゎᯒࢆࢱ࣮ࢹീ⏬࡚࠸⏝ࢆࢺࣇࢯࠋࡓࡗ⾜ࢆᐃ ࡢࡉཌࡢ㖟Ἑ⣔ࠊ࡟ࡵࡓࡿ▱ࢆ඲ㇺࡢᕝ㖟Ἑࡢኳࡴఫࡢࡕࡓ⚾

 ࠋࡓࡵ῝ࢆᐹ⪄ࡶ࡚࠸ࡘ࡟ṇᙜᛶࡢ௬ᐃࠊ࡛࡜ࡇࡿࡍฟ⟭ࢆࡉ᪉ἲ࡛ཌࡢࡘ2ࠊࡋ

࡟ࡵࡌࡣ.1
㖟Ἑ⣔࡞࠺ࡼࡢ࡝ࡣጼࠋ࠿࠺ࢁࡔࡢࡿ࠸࡚ࡋࢆ࿘㎶ࡢ௚ࡢ㖟Ἑࡢ෗┿ࠊࡸኳࡢᕝ㖟Ἑࢆ᝿ീ࡚ࡋᥥࣛ࢖ࡓࢀ࠿

ࡍᮃ㐲㙾࡛☜ㄆ࡟ᐇ㝿ࡣே㢮ࡿ࠸࡛ࢇఫ࡟⌫ᆅࡢ㖟Ἑ⣔ෆ㒊ࠊࡋ࠿ࡋࠋ࠺ᛮ࡜࠸ከࡣேࡿ࠶ࡀ࡜ࡇࡓぢࢆCGࡸࢺࢫ

࢙ࢩ࣮ࣁࡣࡕࡓ⚾ࠊࡀࡓࡁ࡚ࢀࢃ⾜ࡀ✲◊࡞ࠎᵝ࡟ࡵࡓࡿ▱ࢆᙧࡢ඲యࡢࡑࡽ࠿ෆഃࡢ㖟Ἑ⣔ࠋ࠸࡞ࡁ࡛ࡀ࡜ࡇࡿ

ࠋࡓ࠼⪄࡜࠺ࡇ㏆࡙࡟࠼⟆ࡢ࠸ၥࡢࡑ࡚ࡗࡼ࡟࡜ࡇࡿࡍᐃ ࢆࡉཌࡢ㖟Ἑ⣔ࠊࡋ┠ὀ࡟✲◊ࡢࣝ

1) ࡚࠸ࡘ࡟✲◊ࡢ࢙ࣝࢩ࣮ࣁ

࡜ಶᩘࡢᫍࡢ㖟Ἑ⣔ෆࠊ࡚ࡋ࡜ࡿ࠸࡚ࡋᐦᗘ࡛ศᕸ࡞ᵝ୍࡟㖟Ἑෆ࡛ࡉࡿ᫂ࡌ඲࡚ྠࡀᜏᫍࠊࡣ࢙ࣝࢩ࣮ࣁ

㊥㞳ࡢ㛵ಀࡽ࠿ཌࢆࡉ⟬ฟࠊࡋ㖟Ἑ⣔ࢆᵓᡂࡿࡍᫍࡀࠎ෇┙≧࡟ศᕸࢆ࡜ࡇࡿࡍ᫂ࡢ✲◊ࡢࡇࠋࡓࡋ࡟࠿ࡽᐃ

㔞ⓗ࡞ゎᯒ⤖ᯝࠊࡣ⌧ᅾ࡛ࡶ㖟Ἑ⣔ࡢᙧ≧ࢆ࡝࡞ゎㄝࡿࡍ㝿࡟ᘬ࡟࠸ྜࡁฟࡿࢀࡉ೧኱࡞ᴗ⦼ࠋࡿ࠸࡚ࡗ࡞࡜ 

2) ᮏ◊✲ࡢ௬ᐃ

ࠋࡓ࠸⨨ࢆ௬ᐃࡢࡘ2ࡢ௨ୗ࡚ࡗೌ࡟࢙ࣝࢩ࣮ࣁ

࣭ほ ࡿࢀࡉᫍࡢ඾ᆺⓗ࡞ගᗘࡣኴ㝧ࠋࡿࡍ࡜ࡌྠ࡜

࣭㖟Ἑ෇┙ࡣኴ㝧⣔࿘㎶࡛ᐦᗘ୍ᵝࠋࡿࡍ࡜

2.◊✲᪉ἲ
ࢆࢱ࣮ࢹീ⏬ࡢࡑࠋࡓࡗ⾜ࢆ ほ࡚࠸⏝ࢆᮃ㐲㙾ࢺࢵ࣑ࣗࢩ105cmࡢᮾி኱Ꮫᮌ᭮ほ ᡤࡿ࠶࡟┴㛗㔝ࡣࡕࡓ⚾

ࣇࢯീゎᯒ⏬ࡿࡤࡍࠕࠊᚋࡓࡗ⾜ࢆ⌮ḟฎ୍࡝࡞ṇ⿵ࡢࢬ࢖ࣀࡢീ⏬ࡢ㖟Ἑ㠃4᪉ྥ࡜NGP᪉ྥࡣ࡟ලయⓗࠊ࡚࠸⏝

ࡢᩘࡢᫍ࡜ග ࠊ࡟ࡵࡓࡿࡍฟ⟭ࢆࡉཌࡽ࠿ẚ㍑ࡢNGP(㖟Ἑ໭ᴟ)᪉ྥ࡜㖟Ἑ㠃᪉ྥࠋࡓࡋࢆMakali`i࡛ࠖゎᯒࢺ

ࠋࡓࡗ⾜ࢆࢺࣥ࢘࢝

㖟Ἑ⣔ࡢཌࡢࡉ⟬ฟ

1) ᫍࡢ᫂࡜ࡉࡿ㊥㞳ࡢ㛵ಀ

ࠋࡘ❧ࡾᡂࡀ㛵ಀᘧࡢࡇࠊࡽ࠿௬ᐃ࠺࠸࡜ࠖࡿࡍ࡜ࡌྠ࡜ኴ㝧ࡣගᗘ࡞඾ᆺⓗࡢᫍࡿࢀࡉ ほࠕ

൫ኴ㝧ࡢ⤯ᑐ➼⣭൯ െ ൫NGP᪉ྥࡢ㝈⏺➼⣭൯ = െ5 logଵ଴(㖟Ἑࡢཌࡉ/ኴ㝧ࡢ࡜㊥㞳)
2) ᫍࡢಶᩘ࡜㊥㞳ࡢ㛵ಀ

௬ᐃ࠺࠸࡜ࠖࡿࡍ࡜ኴ㝧⣔࿘㎶࡛ᐦᗘ୍ᵝࡣ┙㖟Ἑ෇ࠕ

ࡣಶᩘࡢᫍࠊࡋẚ౛࡟✚యࡢ෇㗹ࡣᩘࡢᫍࡓࡋ ほࠊࡽ࠿

㊥㞳3ࡢ஌࡟ẚ౛ࠋࡿ࡞࡟࡜ࡇࡿࡍNGP᪉ྥ࡜㖟Ἑ㠃᪉ྥࡢ

ᫍࡢಶᩘࡢẚࡽ࠿⟬ฟࠋࡓࡋ 

3.⤖ᯝ
NGP᪉ྥࡢ➼⣭ࢆᅗ1ࠊࡋ⾲࡛࣒ࣛࢢࢺࢫࣄ࡟࠺ࡼࡢ㝈⏺➼

⣭ࢆồࠋࡓࡵ㏆ఝ┤⥺ࡽ࠿እࢆ16.0ࡢ್ࡿࢀ㝈⏺➼F⣭࡜ᐃ

㝈ࠊࡋసᡂࢆ࣒ࣛࢢࢺࢫࣄࡶ㖟Ἑ㠃᪉ྥ࡟ᵝྠࠊࡓࡲࠋࡓࡵ

⏺➼⣭17.6ࢆ㹼18.1ࠊࡓࡲࠋࡓࡋ࡜ゎᯒࡓࡋ⏬ീࢱ࣮ࢹෆࡢ

ᫍࡣᩘ⥲ࡢNGP᪉ྥ447ࡀಶࠊ㖟Ἑ㠃᪉ྥ58956ࡣಶࠋࡓࡗࡔ

ࡣ᪉ἲ࡛ࡢ(1ࠊ࡜ࡿ࠸⏝ࢆฟ᪉ἲ⟭ࡓࡋ♧2࡛࡜ᯝ⤖ࡢࡽࢀࡇ

⣙1721.9pc(◊✲⤖ᯝ1)ࡢ(2ࠊ᪉ἲ࡛ࡣ⣙548.2pc㹼702.0pc࠺࠸࡜

⤖ᯝࡓࡗ࡞࡟(◊✲⤖ᯝ2)ࡣ࡛ࡇࡇࠋኴ㝧ࡰ࡯ࡀ㖟Ἑ㠃࡟఩⨨ࡿࡍ

ࠋࡓࡋฟ⟭ࢆ(ศ༙ࡢࡉཌ)㊥㞳ࡢNGP᪉ྥࡽ࠿㖟Ἑ㠃ࠊࡽ࠿࡜ࡇ

4.⪃ᐹ
௒ᅇࠊࡣ࡛✲◊ࡢ᪂࠸ࡋᫍ࠸ྂࡸᫍࢆ༊ู࡟ࡎࡏほ ࡛ࡿࡁ㝈

ᅗࡣࡕࡓ⚾ࠊ࡚࠸࠾࡟⩏ᐃࡢࡉཌࠊࡵࡓࡓࡋ࡜ࡉཌࡢ㖟Ἑ⣔ࢆ⏺

⣙್࡛⫣ᩥࡣࢀࡇࠋࡓࡋ௬ᐃ࡜ࡓࡋᐃ ࢆ┙෇࠸ཌࡿࢀࡉ⾲2࡛

1000pcࠊ࡛ࡢࡿ࠶࡜◊✲⤖ᯝ1ࡣ⣙72㸣ࠊ◊✲⤖ᯝ2ࡣ⣙29.8㸣㹼

45.1㸣ࡢ኱࡞ࡁㄗᕪࠋࡓࡌ⏕ࡀ◊✲⤖ᯝ1ࠊࡣ࡚࠸ࡘ࡟ኴ㝧ࡶࡾࡼᬯ࠸ᫍࡀNGP᪉ྥࡢ㐲࡟ࢁࡇ࡜࠸ศᕸࠊ࡚࠸࡚ࡋ

ྂࡣ࡟㖟Ἑ࠸ཌࠋࡓࡗ࠶ࡀᛶ⬟ྍࡓࡗࡲࡋ࡚ࡗࡶ✚ぢࡃࡁ኱ࢆ㊥㞳࡟ࡵࡓࡓࡗᢅ࡚ࡋ࡜್ྠ࡜ኴ㝧ࢆᑐ➼⣭⤯ࡢࡑ

࡟ᯝ2⤖✲◊ࡓࡲࠋࡿࢀࡽ࠼⪄࡜࠿࠸࡞ࡣ࡛ࡢ࠸ᬯࡾࡼኴ㝧ࡣࡉࡿ᫂ࡢࡑ࡜ࡿࡍ↷ཧࢆHRᅗࠊ࡚࠸࡚ࡋศᕸࡀᫍ࠸
ศࡀ࡜ࡇࡿ࠶㡿ᇦ࡛ࡿ࠸࡚ࡋศᕸࡀᐦᗘ࡛ᫍ࠸㧗ࠊࡃ㏆ࡶ᭱࡟୰ᚰ᪉ྥࡢ㖟Ἑ⣔ࡀ㖟Ἑ㠃᪉ྥࡓࡋ ほࠊࡣ࡚࠸ࡘ

ᛶ⬟ྍࡓࡗࡲࡋ࡚ࡗࡶ✚ぢࡃࡉᑠ࡟ᑐⓗ┦ࢆ㊥㞳ࡢNGP᪉ྥࠊ࡜ࡿࡵồࢆẚࡢ㊥㞳ࡽ࠿ẚࡢಶᩘࡵࡓࡢࡑࠋࡓࡗ࠿

ࠋࡿࢀࡽ࠼⪄ࡀ

5.ཧ⪃ᩥ⊩
♽∗Ụ⩏࣭᫂᭷ᮏಙ㞝࣭ᐙṇ๎,㖟ἙII,ࢬ࣮ࣜࢩ⌧௦ࡢኳᩥᏛ➨5ᕳ,᪥ᮏホㄽ♫,2007ᖺ
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۞Ց͹ܙয়ͶΓͮͱ੗ܙ੔͹༹ࢢͺʹ͑รΚΖ͖ 

΍͢ళ2021 Galaxseaൟʁీࡖ ࿪՘ʤ߶1ʥʴϓΥϨηঃָӅ߶౵ָߏʵɼ 

຦٤ Ҳٍʤ߶2ʥʴԥශཱིࢤԥශγ΢ΦϱηϓϫϱτΡΠ߶౵ָߏʵɼԾՑᬓ ଢஒʤ߶1ʥʴք৕߶౵ָߏʵ

གྷࢭ
۞Ցܙয়͹ఈྖద͵ࢨඬͲ͍Ζܙସ਼ࢨʤඉଲসౕAͳ஦ৼॄ஦ౕCʥɼ͕Γ;RʀBʀIώϱχͶΓΖ؏଎͖Δਬఈ

ͪ͢HII྘Ү͹஦ৼ͖Δ͹ړ཯͹ͨΗͩΗͶͯ͏ͱɼ੗ܙ੔ི͹ؖܐΝ௒΄ͪɽͨ͹݃Վɼ஦ৼॄ஦ౕ͗ఁ͚ɼHII྘
Ү͗஦ৼ͖Δ཯Ηͱ͏Ζ۞ՑΆʹ੗ܙ੔ི͗߶͏ͳ͏͑ؖܐͶ͍Ζ͞ͳ͗ࣖ͠ࠨΗͪɽ

1. ܢ͹ഐڂݜ
۞ՑͶͺ༹ʓ͵झྪ͗ଚ͢ࡑɼΉͪ۞ՑͶΓͮͱ੗ܙ

੔ི͗୉͚͘ҡ͵Ζɽԃ൭۞Ցͺ࣯ྖ͗୉͘͏Άʹ੗ܙ
੔ི͗߶͚͵Ζ͗ɼବԃ۞Ց͹ଡ͚ͺ੗ܙ੔ི͗ఁ͏͞
ͳ͗எΔΗͱ͏ΖʤWuyts et al. 2011ʥɽҲ๏Ͳɼ੗ܙ
੔ི͗චͥ͢΍ܙয়ͳͺؖ͗ܐ͵͏ͳ͏͑ڂݜ΍͍Ζ
ʤKoyama et al. 2019ʥɽͨ͞Ͳɼ۞Ց͹ܙয়ͳHII྘
Ү͹෾ා͗۞Ց͹੗ܙ੔ིͶ༫͓ΖӪڻͶັڷΝͬ࣍ɼ
ɽͪͮߨΝڂݜ

2. ๏๑
I. ੗ܙ੔ིͳܙସ਼ࢨ͹ؖܐ

MaNGAΩνϫήʤWake et al. 2017, Pawlik et al.

2016ʥΝ༽͏ͱଡ͚͹۞Ց͹੗ܙ੔ིɼܙସ਼ࢨʤඉ
ଲসౕA, ஦ৼॄ஦ౕCʥΝࢋड़ͪ͢ɽ

II. ੗ܙ੔ིͳHII྘Ү͹෾ා͹ؖܐ
ຌڂݜͲͺӖת۞ՑʤM33, M74ʥʀବԃ۞Ց

ʤNGC720ʥʀϪϱθয়۞ՑʤNGC524ʥΝઍୈࢤళ
ชୈͽͳΊ๮ԗںͲࡳ଀͢ɼժ଀͹մੵΝͪͮߨɽ۫
ରదͶͺɾRʀBʀIώϱχ͹ժ଀ΝૌΊ߻Κͦͱɼ
HII྘Ү͹۞Ց஦ৼ͖Δ͹Ғ஖Ν଎ఈͪ͢ɽ

3. ݃Վ
I. ੗ܙ੔ིͳܙସ਼ࢨ͹ؖܐ
ਦ1ࠪ͹Γ͑Ͷɼඉଲসౕͳ੗ܙ੔ི͹ؔͶ໪ཱིͮͪ
૮ؖͺݡΔΗ͵͖ͮͪɽΉͪਦ1ӊ͹Γ͑Ͷɼ஦ৼॄ
஦ౕͳ੗ܙ੔ི͹ؔͶͺෝ͹૮͍ؖ͗ΖՆ೵੓͍͗Ζɽ

II. ੗ܙ੔ིͳHII྘Ү͹෾ා͹ؖܐ
ժ଀͖ΔHII྘Ү֮͗೟Ͳͪ͘͹ͺӖת۞ՑͲ͍Ζ

M33ͳM74͹ΊͲ͍ͮͪɽͨΗΔ͹۞ՑͶ͕͜Ζɼ
HII྘Ү͹۞Ց஦ৼ͖Δ͹ړ཯ͳΩΤϱφ஍Ν௒΄ͪ

ʤਦ2ʥɽ࠹΍໎Ζ͏HII྘ҮͶͯ͏ͱɼ஦ৼ͖Δ͹ړ
཯͹۞ՑௗܚͶଲͤΖർིΝർ΄ΖͳɼM74͹๏͗͞
͹ർི͗୉͖ͮͪ͘ɽͪ͗ͮ͢ͱɼM74ͺM33ΓΕ΍
HII྘Ү͗ർֳద஦ৼ͖Δԗ͏ͳ͞ΘͶ෾ා͢ͱ͏Ζ
ͳ͓ݶΖɽ 

4. ٠࿨
I. ΠʖΩ΢ϔυʖν͖Δ෾͖ͮͪ͞ͳ

஦ৼॄ஦ౕ͗ఁ͏۞ՑΆʹ੗ܙ੔ི͗߶͏ܑ͍͗޴
Ζɽ

II. ؏଎݃Վ͖Δ෾͖ͮͪ͞ͳ
֦۞ՑΝௗܚ৏͹ΩΤϱφ஍͹รԿͲർֳͤΖͳɼ

Ӗת۞Ց͹Ά͑͗۞Ց͹஦ৼ͖Δ཯Ηͪ෨෾ͲΩΤϱ
φ஍͗୉͘͏྘Ү͗ݡΔΗΏͤ͏͞ͳ͗෾͖ͮͪɽ

M33, M74͹HII྘Ү͹෾ාΝർֳͤΖͳɼM74͹
๏͗஦ৼ͖Δ཯Ηͪͳ͞ΘͶHII྘Ү͗෾ා͢ͱ͏Ζɽ
Ҳ๏Ͳɼ੗ܙ੔ིͺM74͹๏͗୉͘͏͞ͳ͖ΔɼHII

྘Ү͗஦ৼ͖Δ཯Ηͱ͏Ζ۞Ց͹๏͗ɼ੗ܙ੔ི͗߶
͚͵Ζܑ͠ࠨࣖ͗޴Ηͪɽ͞ΗΔ͹ࡱߡͺɼ஦ৼॄ஦
ౕ͗ఁ͏۞ՑΆʹ੗ܙ੔ི͗߶͏͞ͳͳ੖ͤ߻Ζɽ 

5. ΉͳΌ
۞Ց͹੗ܙ੔ིͺɼ஦ৼॄ஦ౕ͗ఁ͚ɼHII྘Ү͗஦ৼ
͖Δ཯Ηͱ͏Ζ۞ՑΆʹ߶͚͵ΕΏͤ͏ͳ͓ߡΔΗΖɽ

6. ݛชߡࢂ
ʀKoyama et al. 2019, ApJ, 874, 142

ʀPawlik et al. 2016, MNRAS, 456, 3032

ʀWake et al. 2017, AJ, 154, 86

ʀWuyts et al. 2011, ApJ, 742, 96
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ேᕤ⾨ᫍࢆ㏻ࡓࡌᣢ⥆ྍ⬟࡞༠ാᏛ⩦ࢺࢡ࢙ࢪࣟࣉ

❧ᩍ᪂ᗙ㧗➼Ꮫᰯ ほ 㒊㸸 

๓ᶫ ⚽ဢࠊỤཱྀ ᬛᾈ㸦㧗3㸧ࠊ㡲㷂 ῱௓ࠊబ⸨ ຌ୍ࠊ຾㔝 㐶ᡂࠊዟᖹ ᶞࠊⓑ▼ భ୍㑻ࠊ 
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ேᕤ⾨ᫍࡢ࿘ᅖࡢ≧ἣࡢᢕᥱࠊ㐲㝸᧯స࡟ࡵࡓࡢຍ㏿ᗘࢆࢱ࣮ࢹࡢ࣮ࢧࣥࢭ༶᫬ࣇࣛࢢ໬ࠋࡓࡋ⿦⨨ࢆไᚚࣉࡿࡍ

Dataࡿࡍ㏦ཷಙࢆࢱ࣮ࢹࡢExcelࠊࡂ⧄ࢆࣥࢥࢯࣃ࡜࣮ࢧࣥࢭຍ㏿ᗘࡿ࠸࡚ࡋ࠿ゝㄒArduino࡛ືࢢ࣑ࣥࣛࢢࣟ
Streamer࡛࡜ࡇࡿ࠸⏝ࢆ༶᫬ࣇࣛࢢ໬ࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍᐇ㝿࡟ຍ㏿ᗘࡣࢱ࣮ࢹࡢᚓ࣮ࢧࣥࢭࡽ࠿ࣇࣛࢢࡢࡇࠊࢀࡽ

BluetoothࠊWiFiࢆࢱ࣮ࢹࡢࡇࡣᅾ⌧ࠋࡓࡗ࠿ศࡀ࠿ࡢࡿ࠸࡚࠸ືࡅࡔࢀ࡝࡟ࡽࡕ࡝ࠊ࠿ࡢࡿ࠸࡚࠸ഴ࠸ࡽࡃࡢ࡝ࡀ
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ຍ㏿ᗘࢆ࣮ࢧࣥࢭ஌ࡿࡏ㒊ရࢆసᡂࠋࡿ࠸࡚ࡋ௒ᚋࠊேᕤ⾨ᫍࡢᶍᆺ〇సࡸᐇ㦂࡟౑⏝ࡿࡍ㒊ရࡢసᡂࢆ㐍ࠋࡃ࠸࡚ࡵ

1-3.㟁※⌜

ኴ㝧ගࡢࣝࢿࣃⓎ㟁ຠ⋡ࢆㄪࠊࣉ࣒ࣥࣛ࢘ࣜࢺࢼࠋࡓ࡭ᫎ෗ᶵࠊ㉥ࠊ㯤ࠊ㟷ࢀࡒࢀࡑࢆࣝࢽࣅ࣮ࣛ࢝ࡢ⥳ࠊ௜ࡓࡅ

ᫎ෗ᶵ࡛ㄪࡓࡲࠋࡓ࡭ኴ㝧ගࡣࣝࢿࣃNUZAMAS ࡢࡑࠋࡓ࠸⏝ࢆ⤖ᯝࡶ᭱ࡀࣉ࣒ࣥࣛ࢘ࣜࢺࢼࠊⓎ㟁ຠ⋡ࡀⰋࡇ࠸

↷ࠊ࠿࠺࡝࠿ࡿࡁ᥇ྲྀ࡛ࢆࢱ࣮ࢹࡢ࣮ࢧࣥࢭࠊࡋ࠿ືࢆ࣮ࢧࣥࢭࡢ⌜࣮ࢧࣥࢭ㟁ຊ࡛ࡓࡋⓎ㟁ࡣᅾ⌧ࠋࡓࡗ࠿ศࡀ࡜
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1-4.↓⥺⌜
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ࠋࡿ࠸࡚ࡳヨࢆಙཷࡢ㟁Ἴࡢࡽ࠿
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਼खحΝ༽͏ͱηφϪηΝՆࢻԿͤΖࣆͺՆ೵͖ 
ࠚߏ๑ਕܴ໒ָԄ੪ᠵ֋ஒ߶౵ָߏʤ߶2ʥָ࠙س৏ ཁͰࢀ

གྷࢭ 
ISS͹Γ͑͵༙ؔۯݸͶ͕͏ͱ઒໵దٗढ़Ώஎࣟ͗ໃ͚ͱ΍ηφϪηౕΝٮ؏దͶ଎ఈͤΖ๏๑Ν఑ҌͤΖɽ 

1ɿͺͣΌͶ
ηφϪηͺɼ੠ਈద͵݊߃Ν֒ͤΖݬҾ͹ͽͳͯͲ͍Ζɽ
ͨ͢ͱɼգౕ͵ηφϪη͖͖͗Ζͳϐφ͹ۂࡠ͹࣯ͺஸ
͚͢ఁԾͤΖ͞ͳ͗எΔΗͱ͏Ζɽ͞ΗͺӋநؔۯͲϝ
ρεϥϱΝ͞͵ͤӋநඊ࢞ߨͶͳͮͱໍखΕͳ͵ΖɽӋ
நඊ࢞ߨͺηφϪηଳ੓Ν͠ࢾΗɼ͠ΔͶηφϪηͶଳ
͓Ζ܉࿇Νण͜ͱ͏ΖɽࡏࠅӋநητʖεϥϱ(ҐԾɼ
ʰISSʱ)Ͳ͹ϝρεϥϱ஦Ͷᓖয়ସΏϙʖϞερέͶ͵
Ζ͗ྭࣆๅ͠ࠄΗͱ͏Ζɽ͞͹Γ͑͵੠ਈয়ସͲϝρε
ϥϱΝ׮ਲ਼ͤΖ͞ͳͺࠖೋͲ͍Ζ͞ͳͺ͏͑ΉͲ΍͵͏ɽ
ો੘Δ͢͏੔ՎΝ৏͝ΖͪΌͶͺ੠ਈ݊߃য়ସΝ݊৙Ͷ
ฯͯ͞ͳ͗ՁΓΕ΍୉઀ͫɽηφϪηͶΓΖ੠ਈ݊߃য়
ସ͹ѳԿΝ๹͛ɼ͍Ζ͏ͺ࿪Δ͝ΖͪΌͶͺɼࣙ෾ࣙਐ
Ͳٮ؏దͶ೼ѴͤΖ͞ͳ͗Ͳ͘Ζࢨඬ͗චགྷͫɽ
2ɿഐܢʀ໪ద
2-1 ϐφͺ߶ηφϪη͵য়ڱԾͶ͕͖ΗΖͳɼଥӹ͖Δ
αϩομʖϩ͹෾ൽྖ͗ଁՅͤΖɽ͞͹͞ͳͺɼݜཱིࠅ
הͳ(ҐԾɼʰJAXAʱ)ߑؽ֋൅ڂݜۯߦ֋൅๑ਕӋநڂ
ࣞճऀࣁਫ਼ಌ(ҐԾɼʰࣁਫ਼ಌʱ)ͶΓΖڠಋڂݜͲ͍Ζ
ISS Νໝͪ͢ถؔۯ࠱Ͳ͹ࣰݩͲࣰৄ͠Ηͪɽ৏ى͹ݜ
Ͷ͕͏ͱɼ߶ηφϪηԾͲͺɼϐφ͹න৚͗࿬΋͞ͳڂ
΍֮೟͠ΗͪɽଠͶ΍ɼە௃ͶΓΖηφϪηͲൿේ͖Δ
ωΨ΢(ൿේΪη)͹൅ਫ਼͗ࣁਫ਼ಌ͹ڂݜͲ൅͠ݡΗͱ͏
Ζɽ͞ΗΔ͹݃ՎΝ༽͏Ζ͞ͳͲηφϪη͹ఈྖԿ͗غ
ଶͲ͘Ζɽ 

2-2 ҲൢͶɼαϩομʖϩྖ͹ܯ଎Ώන৚͹մੵͶͺɼ
઒໵ద͵ࣰ۫حݩΏ੠ື͗حؽචགྷͫɽ͞͹حؽΝӋந
͏ڳ΋Ͷͺഴ୉͵ඇ༽Νགྷ͢ɼ͖ͯɼࠒͬ࣍Ͷؔۯ ISS
಼Ͳ͹અ஖৖ॶ͹֮ฯ͗ࠖೋͲ͍Ζɽͨ͞Ͳɼ਼खحΝ
ҝద͵ηφϪηౕ͹଎ఈΝ఑ҌͤΖɽ؈ͪ͏༼
2-3 ຌߏΓΕໃࡠҟͶபड़ࣰͪ͢ݩͲ਼खحͲܯ଎ͪ͢
յ਼ͳηφϪηౕ͏߻͹૮ܐؖޕΝ֮೟͢ɼ͞͹ૹ஖͹
༙ް੓Νਦͮͪɽ
2-4 ͞͹घ๑ͺ਼खحͽͳͯͲ੔ཱིͤΖͪΌɼӋநؔۯ
΃͹༎ૻɼઅ஖৖ॶ౵͹໲ୌͺմ݀͠ΗΖͳ͓ߡΔΗΖɽ 
3ɿࣰݩ๏๑
ຌڂݜͲͺຌߏ͹ਫ਼ై 5 ໌ͶࢂՅ͢ͱ΍Δ͏ɼҐԾ͹ࣰ
ɽͪͮߨΝݩ
ʴࣰݩ 9:ؔ࣎ 1 ʛ16࣎ ࣎ 30 ෾(1 ೖʥ৖ॶ:ָߏʵ
ΠψϫήΩΤϱνʖΝ༽͏ηφϪηΝࡏͪͣ״Ͷඅंݩ
ຌਕͶΩΤϱφ͢ͱ΍ΔͮͪɽΉͪɼࣰݩ 1 ͶࢂՅͪ͢
අंݩ 1 ໌Ͷͺ࣏͹ࣰݩΝͪͮߨɽ

ʴࣰݩ 6:ؔ࣎ 2 ʛ22࣎ ࣎ 30 ෾(3 ೖ໪) ৖ॶ:ࣙ୒ʵ 

MESH(ϕϫήϧϝϱήςʖϩ)Ν༽͏ͱηφϪηΝͣ״
 ຌਕͶΩΤϱφ͢ͱ΍ΔͮͪɽंݩͶඅࡏͪ

4ɿࣰ݃ݩՎ
ݩࣰ 1 5 ਕ஦ 3 ਕ͗ 90 յҐ৏ 100 յҐԾͫͮͪɽ 

 ฑۋͺ 152.8 յɽ

ݩࣰ 2 7:00ʛ9:00ɼ17:00ʛ18:00 ͺ 3 ೖؔͳ΍ΩΤϱ
φյ਼͗ଁ͓ͱ͏Ζ͗ɼ໎Δ͖͵૮ؖͺݡΔΗ͵͖ͮͪɽ

5ɿࡱߡʀب๮ 
ݩࣰ 1 ͹݃Վ͖ΔηφϪηΝͣ״Ώͤ͏ਕΆʹΩΤϱφ
յ਼͗ଡ͏ͳ͓ߡΔΗͪɽࣰݩ 2 ΓΕɼ1 ೖΝ௪͢௉ͺ
ηφϪηΝͣ״Ώͤ͏ͳ͏͑͗ࣆ༩૟͠ΗΖɽࠕյ͹ࣰ
Ͳɼ1ݩ ೖ͹ηφϪη͹ළౕΝ଎ఈͤΖ͞ͳ͗ड़པͪɽ
ΔΗ͵͖ͮͪ͗ɼௗݡ͹ͪΌ૮ؖͺݩ͹ࣰؔغյͺ୻ࠕ
ͺɼຌघ๑ޛࠕΖɽ͓ߡΔΗΖͳݡͲͺ૮ؖ͗ݩ͹ࣰغ
Ν༽͏ͱ୉ਕ਼Ͳௗؔغ͹ࣰݩΝ͏ߨɼ੠ౕΝ߶Όͪ͏ɽ
͠ΔͶͺɼӋநඊ࢞ߨ΃͹ෝ୴ͳ͵Δ͵͏ঘܗͲ݄஦࢐
ોೳౕ౵΍଎ΗΖΓ͑͵ϠυϩΝࡠ੔ͪ͢͏ɽ
ݛชߡࢂ
ঋࢃկࢢ, ଠ ʰە௃࣎Ͷൿේ͖Δಝ௅దͶ൅ਫ਼ͤΖ೑͏
੔෾ʱ,ೖຌਫ਼ཀྵৼཀྵָճ, 2016;36:73-156
https://www.jstage.jst.go.jp/pub/pdfpreview/jjppp/36/2

_36_1811ci.jpg (2021 ೧ 5 ݆ 29 ೖԀལ) 
Mariko, E., et al.. ”Evaluation of psychological stress in 
confined environments using salivary, skin, and facial 
image parameters”. Publish with Scientific Reports. 
2018;8:8264  
https://www.nature.com/articles/s41598-018-26654 

(2021 ೧ 5 ݆ 29 ೖԀལ)
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I-SITERU (ࣝࢸࢩ࢖࢔) In-SItu niTrogEn Regeneration and Utilization

̺ⅆᫍୖࡢ❅⣲ᚠ⎔ࡢ࣒ࢸࢫࢩᵓ᝿̺

➨20ᅇ ྩࡀసࡿᏱᐂࣥࣙࢩࢵ࣑ APOLLO⌜㸸 

ᑿᓮ ᮥ⳹㸦㧗2㸧࠙ᒣᙧ┴❧ᮾᱜᏛ㤋㧗➼Ꮫᰯࠊࠚᮏᒸ 㣕᫂㸦㧗2㸧࠙ி㒔ᕷ❧ி㒔ᕤᏛ㝔㧗➼Ꮫᰯࠊࠚ 

஭ୖ 㝯ኴ㑻㸦㧗2㸧࠙ឡ▱┴❧᫂࿴㧗➼Ꮫᰯࠊࠚ㇂ཱྀ ዉዉୡ㸦㧗2㸧࠙ᒱ㜧┴❧ᒱ㜧㧗➼Ꮫᰯࠊࠚ 

ᒣᮏ ክ㸦㧗2┦ᙜ㸧࠙Bloor Collegiate Instituteྜྷࠊࠚᕝ ༓⳹㸦㧗3㸧࠙᫂἞኱Ꮫ௜ᒓ᫂἞㧗➼Ꮫᰯࠚ 

1. せ᪨

ⅆ࡛ᫍࡢᆅ⏘ᆅᾘࢆᐇ⌧ࢆ࡜ࡇࡿࡍ┠ⓗࠊࡋ࡜❅⣲

⎔ᚠ࡚ࡋࡑࠋࡓࡗ⾜ࢆᥦ᱌ࡢࣝࢹࣔ⎔ᚠࡓࡋ࡜‽ᇶࢆ

ࠋࡓࡋᐃ㔞ホ౯ࢆᐇ⌧ྍ⬟ᛶࡢࣝࢹࣔ

2. ᬒ࣭┠ⓗ⫼ࡢ✲◊

⌧ᅾࡢୡ⏺࡛ࠊࡣ⡿ᅜ࣮࣌ࢫࡿ࠶࡛ࣉࢵ࢔ࢺ࣮ࢱࢫࡢ

࠸࡞ࡋ౫Ꮡ࡟⌫ᆅࠊ࡞࠺ࡼࡢ⏬ⅆᫍ⛣ఫィࡿࡵ㐍ࡀXࢫ

Ᏹᐂ✵㛫࡛ࡓࡋ❧⮬ࡢ⏕άࡢᐇ⌧ࢆ┠ᣦࡍィ⏬ࡀ㐍ࢇ

኱ࡣ⣲❅ࠊࢁࡇ࡜ࡓࡋ┠╔࡟ቃ⎔ࡢⅆ࡛ᫍࡇࡑࠋࡿ࠸࡛

Ẽ඲యࢆ%2.7ࡢ༨ࠊࡀࡿ࠸࡚ࡵᆅ୰࡝ࢇ࡜࡯ࡣ࡟Ꮡᅾࡋ

ࣃࣥࢱࡿᙧసࢆయࡢ≀ࡁ⏕ࡣ⣲❅ࠋࡓࡗ࠿ศࡀ࡜ࡇ࠸࡞

ᚲせ୙ྍ࡛ୖࡿࡁ⏕ࡀே㛫ࠊࡾ࠶ඖ⣲࡛ࡿࡍᵓᡂࢆ㉁ࢡ

Ḟ࡛ࠊࡀࢁࡇ࡜ࠋࡿ࠶⌧ᅾẚ㍑ⓗᏱᐂ✵㛫ࡿࡅ࠾࡟❅⣲

❅ⅆ࡛ᫍࠊ࡚ࡗࡀࡓࡋࠋ࠸࡞࠸࡚ࢀࡉ┠ὀࡣࣝࢡ࢖ࢧࡢ

⣲ඖ⣲ࠊࡀ࡜ࡇࡿࡏࡉ❧☜ࢆࣝࢡ࢖ࢧࡢᆅ⌫ࡢ㈨※࡟౫

Ꮡᩘࠊ࡞࠺ࡼ࠸࡞ࡋ୓ேつᶍ࡛ࡢே㢮ࡢⅆ࡛ᫍࡢ⏕ά࡟

 ࠋࡓ࠼⪄ࡣࡕࡓ⚾࡜ࡿࡀ࡞ࡘ
 ᮏ◊✲࡛ࡢ┠ⓗࠊࡣⅆ࡛ᫍ͆ࡢᆅ⏘ᆅᾘ͇ࢆᐇ⌧ࡍ

᭱ࡀⅆᫍୖ࡛ே㛫“ࠊࡣᆅ⏘ᆅᾘ͇͆ࠋࡿ࠶࡛࡜ࡇࡿ

ప㝈ࡢ⏕άࢆႠࡢ࡜ࡇࡴฟ᮶ࡿ᮲௳࡜ ”࡜ࡇࡍࡓ‶ࢆᐃ

࡜ࡇࡿࡍ❧☜ࢆ࣒ࢸࢫࢩ⎔⣲ᚠ❅ࠊࡣࡕࡓ⚾ࠋࡿࡍ⩏

࡛㣗ᩱ࡟㛵ࡿࡍᆅ⏘ᆅᾘࡀ㐩ᡂ࡛ࠋࡓ࠼⪄࡜ࡿࡁ

3. ᥦ᱌

ⅆ࡛ᫍࡢ❅⣲ᚠ⎔࡚ࡋ࡜࣒ࢸࢫࢩᅗ㸯ࢆᥦ᱌ࠋࡿࡍ

ቃ⎔ࡢ➼࣮ࢽࣟࢥ࡟ⅆᫍୖ࡟࡛ࡍࡣࣝࢹࣔࡢࡇࠊ࠾࡞

እ࣮ࢽࣟࢥࡎࡲࠋࡿࡍ࡜๓ᥦࢆ࡜ࡇࡿ࠸࡚ࢀࡉഛ‽ࡀ

྾╔≉ᛶࡢᡂศྛࡢẼ୰✵ࠊࡳ㎸ࡾྲྀࢆⅆᫍ኱Ẽࡽ࠿

྾╔ศࡿ࠶᪉ἲ࡛ࡿࡍศ㞳࡟ᡂศྛࠊ࡚ࡋ⏝฼ࢆᕪࡢ

㞳ἲ࡛❅⣲ࡾྲྀࢆࢫ࢞ฟ[1] ࡍ㸦ᅗ㸯୰ࡢ㸯㸧ࡽࢀࡇࠋ

࡞⳦᰿⢏ࠊᚋࡢࡑࠋࡿ࠶࡛⨨Ẽศ㞳⿦✵ࡀᶵᲔ࠺⾜ࢆ

ࣥ࢔࡛㑏ඖ཯ᛂ [2]ࡓ࠸⏝ࢆ㑄⛣㔠ᒓ࡜⳦⣲ᅛᐃ❅ࡢ࡝

࢔ࢽࣔࣥ࢔㝿ࡢࡇࠋ㸰㸧ࡢ㸦ᅗ㸯୰ࡿࡍᡂ⏕ࢆ࢔ࢽࣔ

ࡿࡍ⏝౑ࡳࡢ⳦⣲ᅛᐃ❅ࡽࡓࡁ࡚ࡋᏳᐃࡀᚠ⎔㔞ࡢ

㸦ᅗ㸯୰ࡢ㸱㸧ࡣ࢔ࢽࣔࣥ࢔ࡢࡇࠋᵝ࡞ࠎᚤ⏕≀ࡼ࡟

᳜࡚ࡋ࡜ᙧ࡛⫧ᩱࡢỈ⁐ᾮࠊࢀࡉኚ᥮࡟ࣥ࢜࢖㓟◪ࡾ

❅ࠊࢀࡉ㈝ᾘ࡚ࡗࡼ࡟➼ே㛫ࡣ≀᳜ࠋࡿࢀࡉ྾཰࡟≀

⣲ࡣᒀ⣲࡚ࡋ࡜᤼ἥࢆࢀࡇࠋࡿࢀࡉ෌࡟࢔ࢽࣔࣥ࢔ࡧ

ᡠࡋ❅⣲ࡀᚠ⎔ࠋࡿࡍ 

4. ㆟ㄽ

ᅗ㸯ࡢᚠ⎔ᅗࡀᆅ⏘ᆅᾘ࡛ୖࡃ࠸࡚ࡗ⾜ࢆᶵ⬟࡚ࡋ

ࡵࡓࡢࡑࠋࡓࡗ⾜ࢆᐃ㔞ホ౯࡟ࡵࡓࡿࡵ࠿☜ࢆ࠿ࡿ࠸

┬ཌ⏕ປാࠋࡓࡋ⩏ᐃࢆ⣲㔞❅࡞ᚲせ࡟㎰ᴗࠊࡎࡲ࡟

ᇶ࡙࡟㣗஦ᦤྲྀᇶ‽㸦2020ᖺ∧㸧ࠖ [3]ࡢ᪥ᮏேࠕࡢ

‽ᇶࡢC࣑ࣥࢱࣅࠊ≀ⅣỈ໬ࠊ㉁⬡ࠊ㉁ࢡࣃࣥࢱࠊ࡚࠸

ࣕ࢟ࠊࢫ࢞ࣛࣃࢫ࢔ࠊࢺ࣐ࢺࠊ㇋኱ࠊ࡟࠺ࡼࡍࡓ‶ࢆ

㔞⏘⏕ࡢ㔝⳯ࡢࡘ6ࡢࡶ࠸ࡀࡷࡌࠊ࣮ࣜࢥࢵࣟࣈࠊࢶ࣋

 231ࢆࢺ࣐ࢺᯝ⤖ࡢࡑࠋࡓࡗ⾜ࢆᙧィ⏬ἲ⥺ࡋタᐃࢆ
਻ࠊ኱㇋61ࢆ ਻⏕⏘ࡶ᭱ࡀࡢࡿࡍ❅⣲ࡢᾘ㈝㔞ࡀᑡ࡞

グୖࡣ⋠ຠࡢ྾╔ศ㞳ἲࠊࡓࡲࠋࡓࡗ࡞࡜࣮ࣥࢱࣃ࠸

 ࡛ࡾࡓ࠶ᖺ୍ࠊࡽ࠿⫣ᩥ⪄ཧ࡜ᯝ⤖ࡢ
ᶇ ㎰ᴗ࡟ᚲせ࡞❅⣲㔞 4.663×10 kg/ே
ᶇ ྾╔ศ㞳ἲࡢ❅⣲⏕ᡂ㔞 ͳǤͲͻ͸ൈͳͲ΃�kg/ྎ
ᶇ ேࡢ᤼ἥ≀ࡽ࠿ᚓࡿࢀࡽ❅⣲㔞 2.968 kg/ே
ᶇ ᅵተࡢࡽ࠿❅⣲↓ᶵ໬㔞 0.245 kg
 ࡁタᐃ࡛ࢆ್ᩘ࡜
ͳǤͲͻ͸ൈͳͲ΃÷ (4.663×10-2.968-0.245) 㸻ʹǤͶ͸ʹͳ͹ൈͳͲ΁
Ẽศ㞳⿦⨨୍ᶵ࡛᭱኱⣙✵ࡽ࠿ᯝ⤖ࡢ௨ୖࠋࡿ࡞࡜

24.62୓ேࡢேཱྀࢆ㣴ࡿ࠼ィ⟬ࠋࡓࡗ࡞࡟ 

5. ࡵ࡜ࡲ

ᚠࡢ⣲❅ࡵࡓࡢ⌧ᐇࡢᆅ⏘ᆅᾘࡢⅆ࡛ᫍࠊࡣࡕࡓ⚾

ࡇࡿࡏࡉⅆ࡛ᫍⓎᒎࢆࡽࢀࡇࠋࡓࡋᥦ᱌ࢆ࣒ࢸࢫࢩ⎔

ࡿࡁ࡛⫣㈉ࡃࡁ኱࡟Ᏹᐂ㐍ฟࡢᮍ᮶ࡢே㢮࡚ࡗࡼ࡟࡜

࡟⎔㓟⣲ᚠࡸ⎔Ỉᚠࡢ᪤Ꮡࢆ⎔⣲ᚠ❅ࡢࡇࠋࡿ࠼⪄࡜

Ᏹᐂ࡛ࡓࡋ❧⮬ࡽ࠿⌫ᆅ࡟ࡽࡉࠊࡾࡼ࡟࡜ࡇࡴ㎸ࡳ⤌

 ࠋ࠺ࢁࡔࡿ࡞࡜⬟ྍࡀά⏕ࡢ

ཧ⪃ᩥ⊩ (᭱⤊ࢫࢭࢡ࢔㸸2022/01/22)

[1] " ,♫ᰴᘧ఍ࢺࣥࣛࣉ࢜࢖ࣛࢡ࣭࣮ࢱ࣮࢛࣭࢘࢔࢚

✵Ẽศ㞳ἲࡢ✀㢮," 6 8 2021. [Online]. Available:

http://sac.co.jp/pdf/kiso2.pdf.

[2] Y. A. K. N. K. e. a. Ashida, "Nature 568, 536–

540," 2019. [Online]. Available:

https://doi.org/10.1038/s41586-019-1134-2.

[3] ࡢ㣗஦ᦤྲྀᇶ‽ࠖ⟇ᐃ᳨ウ఍, "᪥ᮏேࡢ᪥ᮏேࠕ

㣗஦ᦤྲྀᇶ‽㸦2020 ᖺ∧㸧," 2019. [Online].

Available:

https://www.mhlw.go.jp/content/10904750/00058

6553.pdf.
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⣬ࡓ࠸⏝ࢆᏱᐂ⯪ࡢᆅ⌫╔㝣᫬ࡢ⾪ᧁ྾཰ᵓ㐀 

ኳᩥ㒊㸸⏣୰ ᚰ⤖ࠊ㕥ᮌ ె࿃ࠊᑠᕝ ✑ኟࠊ⸨஭ ⩧ኴࠊ኱ᆤ ెᬮࠊ኱᳃ ୓งࠊᐑཎ ⱆᯝࠊ 
ㄶ⃝ ⤖Ꮨࠊబ⸨ งࠊㅖཱྀ ᚨேࠊ㧗ᶫ ᣑᕼ㸦㧗 2㸧ࠊ஭ୖ ✵ࠊ➟஭ ᮒⳀࠊబࠎᮌ ⰼࠊ 
ᾉỤ 㝠ኴࠊส㎸ ኱⪷ࠊᏳ⸨ ྡ㑣ࠊᒣୖ ⬌᱈ࠊⲨᮌ ៞ᩯࠊᱵ⏣ 㣁ኴࠊ㔝⃝ ⍛ேࠊ 
ᅄඖ ࿴ဢࠊᕷⷵ ⍠⳯ࠊᙪᆏ ᾏ᭶ࠊᓥ㈏ ኟᶞࠊῦ಴ ኱࿴ࠊ⃈⏣ ⣪ᘺࠊ▮ᓮ 㰘⹡ࠊ 
ᑠᕝ ᭷㔛ࠊ㛵ཱྀ ࠊࡾࡢࡳᮏ㡿 ᙬࠊ㕥ᮌ Ⱬឡ㸦㧗 1㸧࠙ᫍ㔝㧗➼Ꮫᰯࠚ 

1㸬せ᪨
⾪ᧁࡾࡼࢆ྾཰ࡿࡍᵓ㐀ࠊࡵࡓࡿࡅࡘࡳࢆ⣬࡛༸ࢆᏲࢆࣝࢭࣉ࢝ࡿసࣃࡾ

ࡢࡷࡋࡃࡷࡋࡃࠊᯝ⤖ࠋࡓࡋ࡜ⴠࡽ࠿ࡉ㧗ࡢࣝࢺ4࣓࣮ࠊࡅࡘࢆࢺ࣮ࣗࢩࣛ

⣬㸦௨ୗࡷࡋࡃࠕࠊ⣬ࠖྑࠋ࠺࠸࡜ᅗAཧ↷㸧ࡀධࡀ⌜ࡢࣝࢭࣉ࢝ࡓࡗ༸ࢆ

๭࡟ࡎࡽ╔ᆅ࡟࡜ࡇࡿࡍᡂຌࠋࡓࡋ

2㸬┠ⓗ
㏆ᖺࠊẸ㛫ேࡀᏱᐂ᪑⾜ࡀࡁື࠺࠸࡜ࡃ⾜࡟άⓎࠋࡿ࠸࡚ࡗ࡞࡟Ᏹᐂ᪑⾜ 

 ㍍ῶࢆᧁ⾪ࡢ㝣᫬╔ࡢ㝿ࡿࡏࡉᖐ㑏࡟⌫ᆅࢆ⯪Ᏹᐂࠊࡵࡓࡿࡍ࡟㌟㏆ࡾࡼࢆ

ࢀࡒࢀࡑࢆᚩ≉ࡢᵓ㐀ࡢࣝࢭࣉ࢝ᖐ㑏ࡢࡵࡓࡢࡑࠋࡓࡋ࡜ᶆ┠ࢆ࡜ࡇࡿࡍ ЌᅗAࡢࡷࡋࡃࡷࡋࡃ⣬ 

ẚ㍑ࡀ࡜ࡇࡿࡍ┠ⓗ࡛ࠊࡓࡲࠋࡿ࠶㒊ဨࡀᴦࠋࡓ࠸࠾࡟␒୍ࢆ࡜ࡇ࠺⾜ࢆ✲◊࡛ࢇࡋ   㸦ࡷࡋࡃ⣬㸧 

3㸬᪉ἲ
㒊ဨ࡟ࣉ࣮ࣝࢢ5ࢆศࢆࢺ࣮ࣗࢩࣛࣃ࡜ࣝࢭࣉ࢝ࡢࢀࡒࢀࡑࠊࡅసࡣࣝࢭࣉ࢝ࠋࡿᵓ㐀ࢆ㔜どࠊࡵࡓࡿࡍ⣬ࡅࡔ

࡜࠸㔜ࠋࡿࡍẚ㍑ࢆᵓ㐀ࠊ࡛ࡉ㔜ࡢࣝࢭࣉ࢝ࠊ࠿࠺࡝࠿ࡓࢀ๭ࡀẆࡢ༸ࠋࡿ࠸࡚ࡗධࡀ༸࡛ࡺࡣ࡟୰ࠋࡿࡍ⏝౑ࢆ

ࡢࡃࡘ࡟ᆅ㠃␒୍ࠊࡋኈ࡛ẚ㍑ྠࢺ࣮ࣗࢩࣛࣃ࡟ึ᭱ࠋ࠸Ⰻࡀ࠺࡯ࡢࣝࢭࣉ࢝࠸㍍ࠊ࡛ࡢ࠸࡞ࢀࡽࡏ஌࡟ࢺࢵࢣࣟ

ࠋࡓࡋ࡜ⴠࢆࣝࢭࣉ࡚࢝ࡋ୍⤫࡛ࡢࡶࡓࡗ࠿㐜ࡀ

4㸬⤖ᯝ

5㸬⪃ᐹ࣭ᒎᮃ
๭ࡣ⌜ࡓࡗ࠿࡞ࢀඹ㏻ࡷࡋࡃ࡚ࡋ⣬ࢆ୰࡟ධࡷࡋࡃࠋࡿ࠸࡚ࢀ⣬㸦ᅗA㸧ࡣ⾪ᧁࡿࡁ࡛ࡢ࡜ࡇࡿࢀ₽࡚ࡅཷࢆ㝽

㛫ࠊࡾ࠾࡚࠸࠶ࢇࡉࡃࡓࡀ༸ࡢᙧ࡛ࡁືࡸᰂ㌾࡟ኚࠊࡋ࠿ࡋࠋࡿࡁ࡛ࡀ࡜ࡇࡿࢃᡂຌࡀࣝࢭࣉ࢝ࡶࡽࡕ࡝ࡣ⌜ࡓࡋ

㔜ࠋ࠸ࡓ௒ᚋࡢࣝࢭࣉ࢝ࡣ㍍㔞໬ࢆ㐍ࠊ࡟ࡶ࡜࡜ࡿࡵᐇ㝿ࡢᖐ㑏ࡿ࠿࠿࡟ࣝࢭࣉ࢝⾪ᧁࡸ㏿ᗘ࣭㧗ᗘࢆ࡝࡞ィ⟬ࡋ

᭷ேࠊࡣᧁ྾཰ᵓ㐀⾪ࡓࡗ࠿ศ࡜ࡔຠᯝⓗ࡛✲◊ࡢࡇࠊࡓࡲࠋ࠸ࡓࡋ࡜ⓗ┠ࢆ࡜ࡇࡿྲྀࢆࢱ࣮ࢹ࡞ᐇ⏝ⓗࡾࡼࠊ࡚

ࡇࡶ௒ᚋࠋࡿ࠶࡛⬟ྍ⏝ᒁ㠃࡛฼ࡢᏱᐂ㛤Ⓨ࡞ࠎᵝࠊ࡝࡞᫬࣮ࣥࢱࣜࣝࣉࣥࢧࡢᑠᝨ࡛ᫍࡸ᫬ࡆୖࡕᡴࡢࢺࢵࢣࣟ

ࠋ࠸ࡓࡁ࠸࡚ࡋ⫣㈉࡟࡜ࡇࡿࡍ࡟㌟㏆ࢆ⾜Ᏹᐂ᪑ࠊࡅ࡙ࡘࢆ✲◊ࡢ
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ḟୡ௦ኳ⋤ᫍᆺᝨ࣭ᫍị⾨ᫍ᥈ᰝᶵ UNITE (UraNian planet and 
Icy saTellite Explorer) ࡢᴫᛕ᳨ウ 

➨20ᅇ ྩࡀసࡿᏱᐂࣥࣙࢩࢵ࣑ ARTEMIS⌜㸸 

㉥▼ ᝆኴᮁ㸦㧗2㸧࠙኱㜰ᗓ❧୕ᅜୣ㧗➼Ꮫᰯࠊࠚጔ἟ ᭾ᑑ㸦㧗ᑓ2㸧࠙᪫ᕝᕤᴗ㧗➼ᑓ㛛Ꮫᰯࠊࠚ

Ἑ㔝 ᪲ᐇ㸦㧗1㸧࠙ᾏᇛ㧗➼Ꮫᰯࠊࠚ῝ἑ ໶㸦୰➼4㸧࠙⚄ዉᕝ┴❧┦ᶍཎ୰➼ᩍ⫱Ꮫᰯࠊࠚ 

ᒣ⏣ ඃᩯ㸦㧗1㸧࠙Ṋⶶ㧗➼Ꮫᰯࠊࠚ⸨㔝 ඞᙯ㸦㧗2㸧࠙᪩✄⏣ᐇᴗᏛᰯ㧗➼㒊ࠚ 

せ᪨ 
ኳ⋤ᫍᆺᝨᫍࡢ࡬⯟⾜ᢏ⾡ᐇドࠊኳ⋤ᫍᆺᝨᫍࡢᇶᮏⓗᛶ㉁ࡢゎ᫂ࠊኳ⋤ᫍᆺᝨᫍ⾨ᫍࡢෆ㒊ᾏࡢᏑᅾࡢࡑࡧࡼ࠾ࠊ

ᇶᮏⓗᛶ㉁ࡢゎ᫂ࢆ┠ᶆࡓࡋ࡜ኳ⋤ᫍᆺᝨᫍ࿘ᅇ᥈ᰝࣥࣙࢩࢵ࣑UNITEࢆᥦ᱌ࠋࡿࡍ 

1. ᬒ⫼ࡢࣥࣙࢩࢵ࣑

ኳ⋤࣭ᫍᾏ⋤ᫍࡿ࠶࡛⛠⥲ࡢኳ⋤ᫍᆺᝨᫍࡣኴ㝧⣔ᙧ

ᡂࡢ⤊┙࡛ᙧᡂࠊࡾ࠾࡚ࢀࡽ࠼⪄࡜ࡓࢀࡉኴ㝧⣔ᙧᡂㄽ

ࡢኳ⋤ᫍᆺᝨᫍࠊ࡟≉ࠋࡿ࠶ኳయ࡛࡞㔜せ࡛ୖࡿ࠼⪄ࢆ

኱Ẽᵓ㐀࣭⤌ᡂࡣ㐣ཤࡢᨺᑕ෭༷㐣⛬ࢆ཯ᫎࠊࡾ࠾࡚ࡋ

ኳ⋤ᫍᆺᝨᫍࡢᙧᡂ࡟኱࡞ࡁไ⣙ࢆ୚ࡢࡑࠊࡵࡓ[1]ࡿ࠼

ヲ⣽࡞⌮ゎࡀồࠊࡓࡲࠋࡿ࠸࡚ࢀࡽࡵኳ⋤ᫍᆺᝨᫍࡢị

⾨ᫍࡢịᆅẆࡢୗᒙࡣ࡟ᾮయࡢỈࡿ࡞ࡽ࠿ෆ㒊ᾏࡢᏑᅾ

⬟ྍࡿࡍᏑᅾࡀᆅ⌫እ⏕࿨࡟ࡇࡑࠊ[2]ࡾ࠾࡚ࢀࡉ၀♧ࡀ

ᛶࠊ࡚ࡗࡀࡓࡋࠋࡿ࠶ࡀኳ⋤ᫍᆺᝨᫍ⣔ࡢໟᣓⓗ࡞⌮ゎ

ウ᳨ࢆỈࡢᾮయࡢ࡚ࡋ࡜௳Ꮡᅾ᮲ࡢ࿨⏕ࠊᝨᫍ⛉Ꮫࠊࡣ

ኳ⋤ᫍࠊࡋ࠿ࡋࠋࡿ࠶㔜せ࡛ࡽ࠿ほⅬࡢᏱᐂ⏕≀Ꮫࡿࡍ

ᆺᝨᫍࡢ࡬᥈ᰝᐇ⦼࢖ࣂ࢖ࣛࣇࡿࡼ࡟2ྕ࣮ࣕࢪ࢖࣎ࡣ

᥈ᰝࠊࡾ࠶࡛ࡳࡢヲ⣽࡞㔜ຊሙࡸ☢ሙᵓ㐀ࠊᵓᡂ≀㉁ࡸ

⾨ᫍࡢ࡜┦஫స⏝ࡢ࡝࡞≀⌮ⓗࠊ≀㉁⛉Ꮫⓗ᝟ሗࡣ୙㊊

ኳ⋤ᫍᆺᝨࡣ࡟ࡵࡓࡿࡍ࡟࠿ࡽ᫂ࢆࡽࢀࡇ[3]ࠋࡿ࠸࡚ࡋ

ᫍ࿘ᅇ᥈ᰝࡢࣥࣙࢩࢵ࣑ᐇ⌧ࡀ୙ྍḞ࡛ࠊࡋ࠿ࡋࠋࡿ࠶

ࠊࡃࡋཝࡀせồࡿࡍᑐ࡟➼᥎㐍⣔࡟୺ࡣ᥈ᰝ࡞࠺ࡼࡢࡑ

ᮍࡔᢏ⾡ⓗㄢ㢟ࡀከࡃṧࠋࡿ࠸࡚ࢀࡉ

ࠊᢏ⾡ᐇド⾜⯟ࡢ࡬ኳ⋤ᫍᆺᝨᫍ(1)ࠊࡣࠎᡃ࡛ࡇࡑ

(2)ኳ⋤ᫍᆺᝨᫍࡢᇶᮏⓗᛶ㉁ࡢゎ᫂(3)ࠊኳ⋤ᫍᆺᝨᫍ

⾨ᫍࡢෆ㒊ᾏࡢᏑᅾࡢࡑࡧࡼ࠾ࠊᇶᮏⓗᛶ㉁ࡢゎ᫂3ࡢ

㡯┠ࢆ┠ᶆࡓࡋ࡜ኳ⋤ᫍᆺᝨᫍ࿘ᅇ᥈ᰝࣥࣙࢩࢵ࣑

UNITE (UraNian planet and Icy saTellite Explorer)ࢆ

ᥦ᱌ࠋࡿࡍ

2. ᴫせࡢࣥࣙࢩࢵ࣑
UNITEࣥࣙࢩࢵ࣑ࡢෆᐜࢆᴫほୖࠋࡿࡍグࡢࡘ3ࡢ┠

ᶆࠊࡕ࠺ࡢᮏ✏᳨࡛ࡢ(2)࡜(1)࡟≉ࡣウ≧ἣࢆ㏙ࠋࡿ࡭ 

2.1. ኳ⋤ᫍᆺᝨᫍࡢ࡬⯟⾜ᢏ⾡

ᮏ⠇࡛ࢆ(1)ࠊࡣ㐩ᡂࠊ࡟ࡵࡓࡿࡍኳ⋤ᫍᆺᝨᫍ࡬฿㐩

ୖࡕᡴࠋࡍ♧ࢆウ⤖ᯝ᳨ࡢ࡚࠸ࡘ࡟⾡ᢏ⾜⯟ࡢࡵࡓࡿࡍ

     N⣭ 500ࡣ࡟᥈ᰝᶵ᥎㐍⣔ࠊH3-24S[4]࡟ࢺࢵࢣࣟࡆ

஧ᾮᘧࢆ[5]ࢱࢫࣛࢫ௬ᐃࠊࡋ㌶㐨タィࡓࡗ⾜ࢆ(ᅗ1)ࠋ

᥈ᰝᶵࡢ㉁㔞(ᡴୖࡆ᫬)ࡣ⣙3 tࠊࡓࡲࠋࡓࡋ࡜እᝨᫍ㡿

ᇦ࡛ࡢ㟁ຊ☜ಖ1ࠊࡵࡓࡢ㎶40 mⷧࡢ⭷ኴ㝧㟁ụ࢖ࣞ࢔

ࡘ࡟㌶㐨ࡢ࡬ኳ⋤ᫍࠊ࣒ࢸࢫࢩ௚᥈ᰝᶵࡢࡑࠋࡿ࠸⏝ࢆ

ࠋࡿࡍ๭ឡࠊࡀࡓࡗ⾜ࢆウ᳨ࡶ࡚࠸

2.2. ኳ⋤ᫍᆺᝨᫍࡢ኱Ẽᵓ㐀࣭⤌ᡂࡢほ ᡭἲ

ᮏ⠇࡛ࢆ(2)ࠊࡣ㐩ᡂࠊ࡟ࡵࡓࡿࡍኳ⋤ᫍᆺᝨᫍࡢᇶᮏ

ⓗᛶ㉁ࡿ࠶ࡘ1ࡢ኱Ẽᵓ㐀࣭⤌ᡂࡢほ ᪉ἲ᳨ࢆウࡓࡋ

⤖ᯝࠋࡍ♧ࢆ

㖄┤᪉ྥ࡜Ỉᖹ᪉ྥࡢࢀࡒࢀࡑ ᗘࡸ⤌ᡂࡢศᕸࢆほ

ᮌᫍ᥈ࠋࡿࡍゎ᫂ࢆ኱Ẽᵓ㐀ࡢḟඖ࡛୕ࠊ࡛࡜ࡇࡿࡍ 

ᰝᶵ࡟࢜ࣞࣜ࢞ᦚ㍕ࡓࢀࡉ኱Ẽᢞୗྠ࡜[6]ࣈ࣮ࣟࣉᵝࡢ

ᶵჾ࡛ࠊ⤌ᡂ࡜ ᗘࡢ㖄┤ศᕸࢆㄪࠊࡓࡲࠋࡿ࡭ᮌᫍ᥈

ᰝᶵ࡟࣮ࣀࣗࢪᦚ㍕ࡓࢀࡉᨺᑕィ[7]ྠ࡜ᵝࡢᶵჾ࡛ࠊ኱

Ẽᒙࡢ࡜ࡈ ᗘࡢỈᖹศᕸࢆほ ࠋࡿࡍ㸦ᅗ2㸧 

3. ⤖ㄽ࡜௒ᚋࡢᒎᮃ

ᮏ✏࡛ࠊࡣኳ⋤ᫍᆺᝨᫍ࿘ᅇ᥈ᰝࣥࣙࢩࢵ࣑UNITE

ࡿࡍ㐩฿࡬ኳ⋤ᫍᆺᝨᫍࠊ࡟≉ࠋࡓࡋሗ࿌ࢆウ≧ἣ᳨ࡢ

ᇶࡢኳ⋤ᫍᆺᝨᫍࠊࢆ㌶㐨タィ౛࡚ࡋ࡜⾡ᢏ⾜⯟ࡢࡵࡓ

ᮏⓗᛶ㉁ࢆゎ᫂ࡢࡵࡓࡿࡍ᪉ἲࠊ࡚ࡋ࡜኱Ẽᵓ㐀࣭⤌ᡂ

ࠋࡃ࠸࡚ࡋウ᳨ࢆ┠㡯ࡢ௨ୗࡣ௒ᚋࠋࡓࡋ♧ࢆほ ౛ࡢ

᥈ᰝᡭἲ࡜タィࡢࣈ࣮ࣟࣉ࣭

࣭ᨺᑕィࡿࡼ࡟ほ ࡢヲ⣽ཬࡧᶵჾタィ

࣭ෆ㒊ᾏ᥈ᰝࡢලయⓗ࡞ᡭἲ

࣭ᝨᫍ㌶㐨ᢞධᚋࢫࣥࢣ࣮ࢩࣥࣙࢩࢵ࣑ࡢ
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ᐶᨻᨵᬺࡢほ ࡓࢀࡽ࠸⏝࡟Ỉ‽ჾࡢࡑ࡜౑⏝ἲ

⛉Ꮫ㒊ኳᩥ⌜㸸 

ⓒ℩ ೺ኴ㑻ࠊᒸᮧ ⤖ဢࠊΎỈ ⍛㈗㸦୰2㸧࠙ሷᑼᕷ❧ୣ୰Ꮫᰯࠚ 

1㸬せ᪨
Ụᡞ᫬௦ࡢᐶᨻᨵᬺࡓࢀࡽ࠸⏝࡟Ỉ‽ჾࡢ෌⌧〇సࠊ࠸⾜ࢆ⣽㒊ࡢᵓ㐀ࡸ౑⏝ἲ࡚࠸ࡘ࡟⪃ᐹࠋࡓࡋ

2㸬࡟ࡵࡌࡣ 

ᐶᨻᨵᬺ࡛ࠊࡣ㧗3ࡉ୔㸦9m㸧ࡢ኱ᆺᆂ⾲൤ࡿࡼ࡟ኴ㝧ࡢ༡୰㧗ᗘࡢほ ࠋࡓ࠸࡚ࢀࢃ⾜ࡀᰕࡢඛࡓࡅࡘ࡟୸Წ

㸦ᶓᱱ㸧ࡀᙳࢆⴠࠕࡍ࡜ᆂ┙ࠖࡣỈᖹ㠃࡛ࠊࡀ࠸࡞ࡽ࡞ࡤࢀࡅ࡞㛗16ࡉmࡢᆂ┙ࡢ⾲㠃ࢆ᏶඲࡟ᖹ㠃ࡣ࡜ࡇࡿࡍ࡟ᅔ

㞴ࠊ࡛ࡢ࡞ᆂ┙ྛࡢሙᡤࡢỈ‽ࠊࡾ ࢆᇶ‽఩⨨ࡢࡽ࠿㧗పࡢᕪࢆᶓᱱࡢ㧗࡟ࡉຍࡾࡓ࠼ῶ࡛࡜ࡇࡿࡍࡾࡓࡌ⿵ṇࡋ

ᐶᨻᬺ᭩ࠊ࡚࠸ࡘ࡟ჾලࡓ࠸࡚ࢀࢃ౑࡟ࡵࡓࡢࡑࠋࡓ࠸࡚ࢀࡉᕤኵ࡟࠺ࡼࡿࡁ࡛ࡀ ほ࡞☜ṇࠊ࡚
*1
௦ㄒ⌧ࢆグ㏙ࡢ

ヂࠊ࡟ࡶ࡜࡜ࡿࡍᅗࡸグ㍕ࡓࢀࡉᑍἲࢆඖ࡟෌⌧〇సࠊ࠸⾜ࢆᐇ㝿࡟౑⏝ࠊ࡛࡜ࡇࡿࡍჾලࡢᵓ㐀ࡸ౑⏝ἲ࡚࠸ࡘ࡟

᫂࡜࠺ࡼࡋ࡟࠿ࡽヨࡢࡑࠋࡓࡳ୰࡛࡚᫂࠸ࡘ࡟ࡽࡀ࡜ࡇࡓࡗ࡞࡟࠿ࡽሗ࿌ࠋࡿࡍ 

3㸬ᶵჾ࡜ ᐃἲࠕࡢ᚟ඖࠖ 

ᐶᨻᬺ᭩ࢆ⌧௦ㄒヂࠊ࡚ࡋグ㏙ࢆඖࠕ࡟෌⌧〇సࠖࠋࡓࡗ⾜ࢆ⾲㸯ᬺ࡟᭩ࡢグ㍕࡜෌⌧〇సࡓࡋᶵჾࠋࡍ♧ࢆ 

(1) Ỉ‽㖡┙ࡢ〇స

ᮦᩱࡢไ⣙ࡽ࠿㛗90ࡉcmࠋࡓࡋ࡜ᒎ㛤ᅗࢆᥥ࡟ࢀࡑࠊࡁἢ࡚ࡗゅᮦࡢゅࢆ౑࡚ࡗᢡࡾ

᭤༙ࠊࡆ⏣௜࡚ࡋࢆࡅ㖡ᯈࡢ㝽㛫ࢆᇙࢆࠖࢁࡋࡾࡢࠕࠋࡓࡵእഃࠊࡋ࡟㖡┙ෆഃ༙ࡢ⏣

௜ࡅಶᡤࡅࡔࡿࡁ࡛ࢆᑠࠊ࡛࡜ࡇࡿࡍࡃࡉỈ₃࡟࠺ࡼ࠸࡞ࡋࢀᕤኵࡓࡋ(ᅗ1)ࠋ

(2) Ỉ‽൤ࡢ〇స

ᯈᮦࢆษࠊࡾ㛓(ࡳࡢ)࡛ࢆ✰ࡒ࡯㛤࡚ࡅᰕࠋࡓ࡚❧ࢆ㔥ࡢ఩⨨ᬺࡶ࡚࠸ࡘ࡟᭩ࡢᅗ࡜

ࠋࡓࡋ〇స࡟࠺ࡼࡿ࡞࡟ࡌྠ

(3) Ỉ‽⯪ࡢ෌⌧〇స

ゅᮦࢆ๐࡚ࡗ⯪యࢆసࠊࡾ୰ኸ࡟㛓࡛ࢆ✰ࡒ࡯㛤ࠊࡅᰕࠋࡓ࡚❧ࢆỈ࡟ᾋࡳ࡚࡭࠿

⪏ࠊ࡟᭦ࠋࡓࡋㄪᩚ࡚ࡋ㏉ࡾ⧞ࢆ࡜ࡇࡿ๐ࢆഃ㠃ࡢ⯪࡟࠺ࡼࡿ࡞࡟┤ᆶ࡟Ỉ㠃ࡀᰕࠊ࡚

Ỉᛶࢆ㧗ࡵࡓࡿࡵ⁽ሬࠋࡓࡋࢆࡾ⁽ሬࡣࡾᆅඖᅾఫࡢ⁽⫋ேࡢ᪉࡟౫㢗ࠋࡓࡋ

(4) Ỉ‽ἲ㸦ᆂ㠃ࡢ㧗పࢆㄪࡿ࡭᪉ἲ㸧

ᐶᨻᬺ᭩࡟᭩ࡿ࠸࡚ࢀ࠿ᡭ㡰ࠊࡣ௨ୗࠋࡿ࠶࡛࠺ࡼࡢ

౑࡟ࡏࢃྜ‽Ỉࡢᆂ⾲൤ࡢᑠᆺࠊࡓࡲࠋ㸦ᅗ2㸧ࡓࡗ⾜ࢆᐃ ࡟ヨ㦂ⓗࠊ࡚ࡗᚑ࡟ࢀࡇ

 ࠋࡓࡳ࡚ࡵ࠿☜࠿ࡿ࠼

4㸬Ỉ‽ჾࡢヨ⏝ࡽ࠿᫂࡜࡜ࡇࡓࡗ࡞࡟࠿ࡽ௒ᚋࡢㄢ㢟 

Ỉ‽⯪ࡢᰕࡀᕥྑ࡟ᦂ࡜࠺ࢁࡔ࠸ࡃ࡟ࡾ ࡚ࢀண᝿ࠊࡀࡓ࠸࡚ࡋᐇ㝿࡟౑⏝ࡣࡁື࡞࠺ࡼࡢࡑ࡜ࡿࡳ࡚ࡋᑡࠊࡃ࡞

ᐇ⏝ⓗ࡟౑ࠋࡓࡁ࡛ࡀ࡜ࡇ࠺㢼ࡀᙉ࠸᪥ࡣỈ㠃ࡀᦂࠊࡀ࠺ࡲࡋ࡚ࢀỈ‽⯪ࡢᰕ࡟࠺ࡼ࠸࡞࠿ືࡀᯈࢆᙜ࡚࡚ᨭࡓ࠼

ࠊࡽ࠿࡜ࡇࡿ࠸࡚ࢀࡉ⨨タ࡟୰ࡢᑠᒇࡣᆂ⾲൤ࡢᐶᨻᨵᬺࠋࡓࡋゎỴ࡛࡜ࡇࡿࡍࡾࡓࡗᯈ࡛そࢆ㠃⾲ࡢ┙Ỉ‽㖡ࠊࡾ

㢼ࡢᙳ㡪ࡣ኱ࠊࡀࡿࢀࡽ࠼⪄࡜ࡓࡗ࠿࡞ࡃࡁᙜ᫬࡞࠺ࡼࡢࡇࡶᕤኵྍࡓ࠸࡚ࢀࡉ࡞ࡀ⬟ᛶࠊࡿ࠶ࡀᑠᆺᆂ⾲൤ࡢỈᖹ

௒ᚋࠋࡿࡁゎỴ࡛࡛࡜ࡇ࠺⾜ࡽ࠿࡚ࡗࡲ཰ࡀࢀࡑࠊ࡛ࡢࡿࡍ⏕Ⓨࡀࢀࡺ࡟ࡁ࡜ࡿࡍㄪ⠇࡛ࡌࡡࢆᆂ㠃ࠊࡣࡁ࡜ࡍฟࢆ

 ࠋ࠸ࡓࡁ࠸࡚࡭ㄪࡶ࡚࠸ࡘ࡟ࢱ࣮ࢹᐃ ࡿ࠸࡚ࢀࡉグ㍕࡟ᆂ⾲൤Ỉ‽ 㔞ࠖࠕࡢᐶᨻᨵᬺ᫬ࠊࡣ

࠙ཧ⪃ᩥ⊩1 ࠚ㸬ᐶᨻᬺ᭩35ᕳ࠙19ࠚ22࠙ࠚ㸪῰ᕝᬒభ㸪1844ᖺ㸪ᅜ❧ᅗ᭩㤋ࣥࣙࢩࢡࣞࢥࣝࢱࢪࢹ 

ᆂ⾲൤࡟ୖࡢỈ‽㖡┙ࠊࡁ⨨ࢆỈࢆᙇࠋࡿ㖡┙࡜ᯖᮌࡢ㛫࡟Ỉ‽൤ࠊࡁ⨨ࢆỈ‽⯪

ࠋࡿ ᐃつ࡛ࡢỈ‽൤ࠊࢆ⨨఩ࡢ༳㸦┤⥺㸧ࡓࢀࡽࡅࡘ࡟ᰕࡢ⯪‽Ỉࠋࡿࡏࡤ࠿ᾋࢆ

ㅮ₇䚷䠑䠏㼀

䠒䠎



ᫍ㣗⌧㇟ࡢ⊂⮬ほ ࣭ゎᯒࡢ࣒ࢸࢫࢩᵓ⠏

㹼MATLABࡿࡼ࡟ᫍ㣗⌧㇟⮬ືゎᯒ࣒ࣛࢢࣟࣉ㹼 

ᐑᓮ┴❧ᐑᓮ໭㧗➼Ꮫᰯ ⛉Ꮫ㒊 ᆅᏛ⌜㸸⳥ụ ៞♸㸦㧗3㸧ࠊ᳃ᒸ ᛭⏕㸦㧗3㸧ࠊ 
ᮌ⏣ ┿ኴ㑻㸦㧗3㸧ࠊ℈ᕝ ဏ➗㸦㧗3㸧࠙ᐑᓮ┴❧ᐑᓮ໭㧗➼Ꮫᰯࠚ

せ ᪨

ᫍ㣗ほ ࡢᬑཬࢆ┠ⓗࠊ࡚ࡋ࡜⊂⮬ほ ࣭ゎᯒࡢ࣒ࢸࢫࢩᵓ⠏ࠋࡿ࠸࡛ࢇ⤌ࡾྲྀ࡟௒ᅇࡣ

ࠋࡓࡋ〇సࢆ࣒ࣛࢢࣟࣉゎᯒື⮬ࡢMATLAB࡛ᫍ㣗ࢺࣇࢯࢢ࣑ࣥࣛࢢࣟࣉ

㸯㸬 ᬒ⫼ࡢ✲◊

ᫍ㣗ࡣ࡜ᜏᫍࡀ᭶࡚ࡗࡼ࡟㞃ࠋࡿ࠶࡛㇟⌧ࡿࢀࡉほ ࡚ࡗࡼ࡟᭶⦕ᆅᙧࡢ࡝࡞ヲ⣽࡞᝟ሗ

ᫍ㣗ほ࡟⏕㧗ᰯࡢ඲ᅜࠊࡵࡓ࡞ᚲせࡀほ ᆅⅬࡢᩘ「ࡣ࡟ࡿᚓࢆࢱ࣮ࢹ࡞ヲ⣽ࠋࡿࢀࡽᚓࢆ

ࠋࡿ࠸࡚ࡋᣦ┠ࢆᵓ⠏ࡢ࣒ࢸࢫࢩ ほࠊࡃ࡭ࡍᬑཬࢆ 

㸰㸬┠ⓗ

୍⯡ⓗ࡟౑⏝ࡿࢀࡉᫍ㣗 ග⏝ࠕࢺࣇࢯLimovie࡛ࠖࡣᡭື࡛ᜏᫍࢆᣦᐃࠋࡿࡍᡃࡣࠎ⏬

㠃ୖ࡛どㄆ࡛࡝࡯࠸࡞ࡁᬯ࠸ᫍࡢᫍ㣗ࢆᤊࠊ࡟ࡵࡓࡿ࠼ほ ື⏬ࢆ㇟⌧ࡢᩘ「ࡽ࠿⮬ື࡛ 

ගࡿࡍᫍ㣗⌧㇟ࡢ⮬ືゎᯒࢆ࣒ࣛࢢࣟࣉ〇సࠋࡿࡍ

㸱㸬᪉ἲ

ື⏬ෆࡽ࠿ᜏᫍࢆ⮬ື᳨࡛ฟ࣭㏣ᑿ࡚ࡋ ගࡿࡍ⮬ືゎᯒࢯࢢ࣑ࣥࣛࢢࣟࣉࢆ࣒ࣛࢢࣟࣉ

.GSC6842࡜GSC6842.1740ࡓࡋ ほ࡟2020ᖺ7᭶31᪥ࡣ࡟ゎᯒࠋࡿࡍMATLAB࡛㛤Ⓨࢺࣇ
ᒇୖ㸦⦋ᗘ31°58’14.5” ⤒ᗘ131hࡢᐑᓮ໭㧗ᰯࡣほ ሙᡤࠋࡿࡍ⏝౑ࢆ⏬ືࡢᫍ㣗ࡢ1723
26m 6.2s ᶆ㧗51m㸧࡛ࡣࡽࢀࡇࠋࡿ࠶ᬯ⦕㒊ࡢ࡬₯ධ࡛ືࡢࡘ1ࠊࡾ࠶⏬ෆ࡛Ⓨ⏕ࠋࡿࡍ

㸲㸬⤖ᯝ

ᜏᫍࢆ⮬ື᳨ฟࠊࡋಶู࡟ᜏᫍࢆᣦᐃࡇࡿࡍ

ࡓࢀࡽᚓࡀ⥺ගᗘ᭤ࡢࡘ2ࡽ࠿⏬ືࡢࡘ1ࡃ࡞࡜

(Fig.1&2)ࠋ⌧㇟᫬้ࡣᤊࡢᩘࢺࣥ࢘࢝ࡀࡓ࠼

ቑῶࠋࡓࡗ࠿ࡋ⃭ࡀ

㸳㸬⪃ᐹ

⮬ືゎᯒࡿࡼ࡟࣒ࣛࢢࣟࣉGSC6842.1740ࡢ
₯ධ᫬้2020ࡣᖺ7᭶31᪥13᫬37ศ18.863⛊(U
T)࡛ࠋࡓࡗ࠶Limovie࡛ゎᯒࡓࡋ₯ධ᫬้202ࡣ
0ᖺ7᭶31᪥13᫬37ศ18.863⛊࡛ࠋࡓࡗ࠶㛤Ⓨࡋ

Limovie࡛ゎᯒ࡜ධ᫬้₯ࡿࡼ࡟࣒ࣛࢢࣟࣉࡓ

ື⮬ࠊ࡚ࡗࡼࠋࡓࡗ࠿࡞ࡣᕪࡢ࡜ධ᫬้₯ࡓࡋ

ゎᯒࡿࡼ࡟࣒ࣛࢢࣟࣉᫍ㣗⌧㇟ࡢ ග࡟ᡂຌࡋ

ࡍᬯࡣLimovie࡛ࡣGSC6842.1723ࠊࡓࡲࠋࡓ

࣒ࣛࢢࣟࣉゎᯒື⮬ࠊࡀࡓࡗ࠿࡞ࡁග࡛ ࡚ࡂ

ࠊࡣࡢ࠸࡞ࡋᏳᐃࡀගᗘࠋࡓࡋᡂຌ࡟ග ࡣ࡛

 ග⠊ᅖࡽ࠿ᜏᫍྍࡿ࠸࡚ࢀࡎࡀ⬟ᛶࠋࡿ࠶ࡀ

ࡢෆ⏬ືࡿࡍ⏕Ⓨ࡚ࡗࡼ࡟ࡂࡽᦂࡢ኱Ẽࡣࢀࡇ

ᫍീ఩⨨ࡀࢀࡎࡢཎᅉ࡛ࠋࡿ࠼⪄࡜ࡿ࠶

㸴㸬⤖ㄽ

ᫍ㣗⌧㇟ࡢ⮬ືゎᯒࢆ࣒ࣛࢢࣟࣉMATLAB
࡛㛤ⓎࠋࡓࡋLimovie࡛ࡣ ග࡛࡝࡯࠸࡞ࡁᬯ

ࠋࡓࡋᡂຌ࡟ග ࡢᜏᫍࡢᩘ「ࡽ࠿⏬ືࡢࡘ㸯ࠊࡓࡲࠋࡓࡋᡂຌ࡟ග ࡢᫍ㣗ࡢᜏᫍ࠸

㸵㸬ཧ⪃ᩥ⊩

1)ᫍ㣗2020ࢡࢵࣈࢻࣥࣁ ᫍ㣗ほ ᪥ᮏᆅᇦ࣮ࢱ࣮ࢿ࢕ࢹ࣮ࢥ㸦JCLO㸧

ᛂ⏝ ⴭ⪅ ᐑୗ࿴ஂࡢ࡬ ᫍ㣗ほ࡜㛤ⓎࡢLimovie࢔࢙࢘ࢺࣇࢯീ⏝ග㔞 ᐃ⏬࢜ࢹࣅ(2

᪩Ỉຮ ┦㤿඘

ㅮ₇䚷䠑䠐㼀

䠒䠏



ศᯒࣝࢺࢡ࣌ࢫࡿࡼ࡟࣒ࣛࢢࣟࣉPythonࡢᫎീ࣓ࣛ࢝ࣈ࢙࢘

኱㇂ ⏤㈗⳯㸦㧗2㸧ࠊὈᵹ ⩧࿴ࠊᯇᮏ ࠊࢁࡇࡇᖹ἟ ᱈Ꮚࠊᅧ஭ ᰟᕼ୍ࠊᲄ ⿱⣖ࠊ㔝ཱྀ 㞙భ

㸦㧗1㸧࠙㥴ྎᏛᅬ㧗➼Ꮫᰯࠚ 

せ ᪨ 
ᮃ㐲㙾ࡳ⤌࡟ࢫ࣮ࣆ࢖࢔ࡢ㎸࣒ࢬࣜࣉࡓࢀࡲศගჾࠊ࡚࠸⏝ࢆᜏᫍࢆࣝࢺࢡ࣌ࢫࡢほ ࡿࡍ᪉ἲ᳨ࢆウࣜࢫࠋࡓࡋ

࢝ࣈ࢙࢘ࢆࢀࡇࠊࡀࡿ࡞ࡃࡁ኱ࡀᙳ㡪ࡢ࡝࡞ࡂࡽࡺࡢᫍീࠊሙྜࡿࡍ ほࢆࣝࢺࢡ࣌ࢫࡢ᥋ᫍീ┤࡟ࡎࡏ⏝౑ࢆࢺࢵ

ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿࢀࡽᚓࡀᯝ⤖࠸ẚ㍑ⓗⰋ࡚ࡗࡼ࡟࡜ࡇࡿࡍᖹᆒࢆ࣐ࢥࡢ࠿ࡘࡃ࠸ࠊࡋ᧜ᙳ࡚ࡋ࡜⏬ື࡛࣓ࣛ

㸯㸬࡟ࡵࡌࡣ
ᜏᫍࡢࢀࡒࢀࡑࠊࡣࣝࢺࢡ࣌ࢫࡢᫍࡢ࡚࠸ࡘ࡟ከࡢࡃ᝟ሗ㔞ࢆ᭷ࢆࢀࡇࠊࡀࡿ࠶࡛ࢱ࣮ࢹࡿࡍヲࡃࡋほ ࡟ࡿࡍ

࠸ࠊࢆ᪉ἲࡿࡍ ほࢆࣝࢺࢡ࣌ࢫ᪉ἲ࡛࡞ᡭ㍍ࠊ࡛ࡇࡑࠋࡿ࠶ᅔ㞴࡛ࡣ⾜ᐇࡣ㏻ᖖ࡛ࠊࡾ࠶ᚲせ࡛ࡀ⨨⿦࡞ู≉ࡣ

 ࠋࡓࡋ࡟࡜ࡇࡿࡍウ᳨࠿ࡘࡃ

㸰㸬ほ ᪉ἲࡢࡑࠊ࡜␃ពⅬ 
ほ ࠊࡣᮏᏛᅬ20ࡢcmᒅᢡᮃ㐲㙾㸦᪥ᮏගᏛ〇㸧࣒ࢬࣜࣉࠊ࡟ศගჾࡳ⤌ࡢ㎸ࢆࢫ࣮ࣆ࢖࢔ࡓࢀࡲ⿦╔࡟ࡽࡉࠊࡋ

࡜ኳయ࠸ᙉࡢࣝࢺࢡ࣌ࢫ⥺࣮࣐ࣝࣂࡎࡲࠊࡣ᧜ᙳኳయࠋࡓࡋ᧜ᙳࢆ⏬ືࠊ࡚ࡋᅛᐃࢆ࣓ࣛ࢝ࣈ࢙࢘࡟ࢫ࣮ࣆ࢖࢔ࡢࡑ

 ࠋࡔࢇ㑅ࢆ࢙ࣦ࢞ࡢAᆺᫍࠊ࡚ࡋ

࢘ࡣ௒ᅇࠋࡿ࠶ࡀ࡜ࡇ࠺࠸࡜ࡿࡍᅛᐃࢆ࡝࡞ࢫࣥࣛࣂࢺ࢖࣡࣍ࡸ㟢ฟࠊ࡚ࡋ࡜ពⅬ␃ࡢ㝿ࡢ᧜ᙳࡢ࡛࣓ࣛ࢝ࣈ࢙࢘

 ࠋࡓࡋᡭືタᐃ࡚ࡋ࡜୰ኸ್࡚࡭ࡍࠊ࡚࠸⏝ࢆࢺࣇࢯ࣮࣮ࣛࣟࢺࣥࢥࡢ࣓ࣛ࢝ࣈ࢙

㸱㸬ほ ᫬ࡢ≧ἣ 
௳᮲ࡢ࡝࡞ࢻ࢖࢞ࡸࢢࣥ࢖࣮ࢩࠊࡏࢃྜࢆࢫ࣮࢛࢝ࣇࡽࡀ࡞ぢࢆീ⏬࣮ࢱࢽࣔࠊࡋ⥆᥋࡟ࣥࢥࢯࣃࢆ࣓ࣛ࢝ࣈ࢙࢘

ࢀᦂࡢᫍീࡿࡼ࡟ࢻ࢖࢞ࡸࢢࣥ࢖࣮ࢩࠊࡵࡓࡢ᧜ᙳࡢᮃ㐲㙾࡛ࡢ㛗↔Ⅼࠋࡓࡋ᧜ᙳ࡛⏬ື࠿ఱᅇ࡛ࢇ㑅ࢆ㛫▐࠸Ⰻࡢ

 ࠋࡓࡗ࠿ࢃࡀ࡜ࡇࡿ࠶ᅔ㞴࡛ࡣ᧜ᙳࡢ࡛⏬㟼Ṇࠊࡃࡁ኱ࡾ࡞࠿ࡀ

㸲㸬⏬ീゎᯒࡢ᪉ἲ 
௒ᅇࡢ᪉ἲ࡛ࡢࣝࢺࢡ࣌ࢫ࡛ୖ࣓ࣛ࢝ࣈ࢙࢘ࠊࡣ෗ࡿ࠸࡚ࡗ㒊ศࢆࣝࢭࢡࣆ140×20ࠊษ࡚ࡗྲྀࡾ⏬ീࡋ࡜ࢱ࣮ࢹ

ࠊ࡚ࡋኚ᥮࡟pnm ⏬ീ. ࡢᙧᘧ࣮࢟ࢫ࢔ࠊࡾྲྀࡾษ࡛ࡉࡁ኱ࡢࡇ࡛ࢇ㑅ࢆീ⏬࠸Ⰻࡢἣ≦ࡽ࠿୰ࡢ⏬ື࡛ࡇࡑࠋࡓ

python ࡚ࡗࡼ࡟࣒ࣛࢢࣟࣉゎᯒࠋࡓࡋ 

㸳㸬ゎᯒ⤖ᯝ 
ࢱ࣮ࢹࡢ3Ⰽࡓࢀࡉ໬ࣝࢱࢪࢹ࡛ࣉࢵࢸࢫ256ࡾࡓ࠶ࣝࢭࢡࣆ1

ࢡࣆࡢ140ಶࠊࡋ⟭✚࡚࠸ࡘ࡟ࣝࢭࢡࣆ20࡞┤ᆶ࡟ศᩓ᪉ྥࠊࢆ

኱್᭱ࠊ࠾࡞ࠋࡿ࠶ᅗ1ẚ࡛ࡀࡢࡶࡓࡋ⾲࡚ࡋ࡜ᶓ㍈ࢆྕ␒ࣝࢭ

ࡢᩘࣝࢭࢡࣆࡢ128௨ୖࡢ್༙ࠊࡣᩘࡢࣝࢭࢡࣆࡓ࠼㉸ࢆ255ࡢ

10㸣௨ୗ࡛ࡣ࡛ࡇࡇࠊ࡛ࡢࡓࡗ࠶ᙳ㡪ࢆ⪃៖ࠋࡓࡗ࠿࡞ࡋ

ᅗ1ࠊࡣ≧ἣࡢⰋ࠸⏬ീ࡛ࠊ㐃⥆ࣇࣛࢢࢆࢱ࣮ࢹࡢ࣐ࢥ10ࡿࡍ

ࠋࡓࡋ♧⾲࡚ࡡ㔜ࠊࡋ࡜

ᅗࡾ࡞࠿ࡣࡁࡘࡽࡤࡿࡼ࡟࡝࡞ࢢࣥ࢖࣮ࢩࠊࡽ࠿኱ࠊࡀ࠸ࡁ

࡚ࢀࡽ࠼ᤊࡣഴྥ࡞ᚩⓗ≉ࡿࢀࡽぢ࡟ࣝࢺࢡ࣌ࢫ

ࠋࡿ࠿ࢃࡀ࡜ࡇࡿ࠸

㸴㸬ཧ↷ࡢ࡜ࢱ࣮ࢹẚ㍑
ᅗ1ࡢࢱ࣮ࢹࡢ࣐ࢥ10ࡢᖹᆒ್ࠊࢆ⢭ᐦ࣒ࢬࣜࣉ࡞ศගࢱ࣮ࢹ

ࠊࢶ࣮࢔ࣟࢺࢫ࢔ࠊࡣࢱ࣮ࢹ↷ཧࠋࡿ࠶ᅗ2࡛ࡀࡢࡶࡓࡋẚ㍑࡜

-㸦https://www.astroarts.co.jp/photoࢪ࣮࣮࣌ࣜࣛࣕࢠ

gallery/photo/35302㸧ᡤ㍕ࠊࡓࡲࠋࡓ࠸⏝ࢆࡢࡶࡢᶓ㍈ࢡࣆࡢ

ࢱ࣮ࢹ↷ཧࡀഴྥࡢࢱ࣮ࢹᖹᆒ್ࠊࡋㄪᩚࢆ࣮ࣝࢣࢫࡣᩘࣝࢭ

ࠋࡓࡋ࡟࠺ࡼࡿࡍ⮴ྜ࡜

㸵㸬ࡵ࡜ࡲ 
௒ᅇࡢ᪉ἲ࡛ࡢࣝࢺࢡ࣌ࢫ⥺ࠊࡣ㐨⛬ࡣ࡝࡞ᅔ㞴࡛ࡿ࠶ࡣ

ࢡ࣌ࢫࡿࡼ࡟᪉ἲ࡞⢭ᐦࡣ࡚࠸ࡘ࡟ศᕸࡢࣝࢺࢡ࣌ࢫ⥆㐃ࠊࡀ

ࠋࡿࢀࡽ࠼⪄࡜ࡓࢀࡽᚓࡀᯝ⤖ࡿࡍ⮴୍ࡃࡼ࡜ࣝࢺ

ㅮ₇䚷䠑䠑㻼

䠒䠐



VLBI͹຿ؔԿΝ໪ࡠࣙͪ͢ࢨుഀ๮ԗںͶΓΖ
஦੓ਭોηϘέφϩ͹؏଎ 

༙Ҭ ७ɼࢃ౨ ิໂɼྵ໨ ୉ٍɼۯ ༐Խɼྜྷ ৽Ҳ࿢ɼྜྷ ༠धɼ኏ీ ݃ࢢʤ߶2ʥ 
ʴ࿪Ր޴ཱིݟࢃཇ߶౵ָߏʵ 

せ ᪨ 

Ηɼ͠͵͗ڂݜΝ຿ؔͶ΍֨୉ͤΖ͞ͳͲɼΓΕଡ͚͹ںͺɼVLBI͹ٗढ़Ν༽͏Ζ͞ͳ͗Ͳ͘Ζుഀ๮ԗͬͪࢴ
ుഀళชָ͹൅ఴͶ߫ݛͲ͘Ζͳ͓ߡͱ͏ΖɽຌڂݜͲͺɼVLBI ͹຿ؔԿΝ໪͢ࢨͱɼఁαηφ͖ͯঘܗ͵ుഀ๮
ԗںΝ੣͢ࡠɼ஦੓ਭોηϘέφϩ͹؏଎ΝࢾΊͪɽ 

࡟ࡵึ.1

VLBIͳͺ௔ௗخતుഀױম๑ʤVery Long Baseli
ne Interferometryʥ͹ྲྀɽೖຌΉͪͺ੊ֆ֦ஏͶଚ
মͤΖٗढ़ױͲखಚͪ͢υʖνΝںΖుഀ๮ԗͤࡑ
͹͞ͳͲɼཆ͖൶๏Ͷ͍Ζళର͹Ғ஖ؖܐΏߑ੔ݫ
ોΝݗड़ͤΖ͞ͳ͗Ͳ͘Ζɽ 

2.⫼ᬒ࡜┠ⓗ

VLBIͳ͢ͱ͹ؽ೵͍͗Ζుഀ๮ԗں͹ୈ਼͗ঙ͵
͏͞ͳΏɼӣӨαηφ͗߶͏͞ͳͶΓΕɼ͗ࠅӣӨ
͢ͱ͏Ζɽ͞ΗΔ͹ཀྵ༟ͶΓΕɼࡀ୔͠Ηͪ͢ڂݜ
͖ཤ༽ͤΖ͞ͳ͗Ͳ͘͵͏ͳ͏͑ݳয়͍͗Ζɽ 
Ν຿ؔͶ΍֨୉ںͺɼఁαηφ͵ుഀ๮ԗͬͪࢴ

ͤΖ͞ͳͲɼ਼ڂݜΝଁΏ͢ɼుഀళชָ͹൅ఴͶ
ͱ͏Ζɽ຿ؔͶ΍અ஖͢ͱ΍Δ͓͑ߡͲ͘Ζͳݛ߫
ͳ͵Ηͻɼ୉ܗͲͺ৖ॶ͗͵͚؇ཀྵ΍୉รͶ͵Ζɽ 
͞ΗΔΓΕɼຌڂݜͲͺɼΉͥɼఁαηφ͖ͯঘ

 ɼుഀΝखಚͤΖɽ͢ࡠΝ੣ںుഀ๮ԗ͵ܗ

3.༢୍㟁Ἴᮃ㐲㙾࡛ࡢほ ᪉ἲ

ళର͖Δ͹ుഀΝɼ੣ͪ͢ࡠ(ਦ1)ں໚੠ౕ༁1ᶴ
ҐԾ͹ϏϧϚϧ໚Ͳ঱఼๏޴Ͷൕࣻ͢ɼξ΢ϛʖϩ
ΠϱτψͲखಚͤΖɽखಚͪ͢ుഀͺඉ৙ͶඏओͲ
͍ΖͪΌɼͤ͛ͶڳҮଵఁό΢θଁ෱ح(LNA)Ͳଁ
෱ͤΖɽଁ෱ͪ͢ుഀΝɼλϓφΤΥΠໃત(RTL-S
DR) ͲA/Dร͢׷ɼϏλαϱ಼͹λϓφΤΥΠΝ༽

͏ͱഀܙΝ؏଎ͪ͢ɽ
ຌڂݜͲͺɼΠϱτψ
͹Ғ஖Νݽఈ͢ɼؔ࣎
͹ౕکգͶΓΖుഀܨ
รԿΝ؏଎ͪ͢ɽΉ
ͪɼ1420.405 MHz͹
஦੓ਭોηϘέφϩΝ
؏଎ଲেͳͪ͢ɽ 

4.ほ ⤖ᯝ

2021೧12݆11ೖͶָߏԲ৏Ͷͱ؏଎Ν͏ߨɼυʖ
νΝखಚͤΖ͞ͳ͗Ͳͪ͘ɽ

ˠਦ͹ԥ࣢͗बഀ਼(MHz)ɼॐ࣢͗ుഀౕک(dB)
5.⪃ᐹ

ਦ2ͳਦ3ΝർֳͤΖͳɼܨ͗ؔ࣎գͤΖͶ͍ͪΕ
સରదͶుഀౕ͗ک༁1 ݰঙͪ͢ɽ؏଎࣎ళ͹ઔ۞
Ց͗ଢཇͳΆ·ಋ๏޴Ͷ͍Εɼಋ༹Ͷݰঙ͢ͱ͏Ζ
ͪΌɼΠϱτψͺࡠಊ͢ͱ͏Ζͳ͓ߡΔΗΖɽΉͪS
DR಼͹TCXO(ਭধ൅৾ح)ͶΓΕɼ௪৙ͥΗ͗ड़ͱ
͢Ή͑ͪΌɼͥΗΝͪྂ͢ߡ৖߻Ͳ΍1420.423MHz
͹ଵҮͶ͍ΖഀܙͺఈഀࡑͲ͵͚ɼ஦੓ਭોηϘέ
φϩͫͳ͓ߡΔΗΖɽ

6.௒ᚋࡢᒎᮃ

੔ͦ͠Ζ͞ͳ͗Ͳ͘׮յɼඇ༽༁20ຬԃͲ1ୈΝࠕ
ͪɽޛࠕɼΓΕఁαηφ͖ͯ߶੓೵Ͷրવͪ͢2ؽ໪
Ν੣͢ࡠɼױমΝͦ͠Ζɽױমͺɼܯ࣎ࢢݬΏࣕـτ
ʖϕ͹ૹ஖͗੖ͮͱ͕ΔͥɼͨΗΔΝ༽͏ͪ؏଎͗ߨ
͓͵͏ͪΌɼࠕյͺ௜ં૮ؖॴཀྵΝ͑ߨɽ 
எͤΖͪΌͶSGݗম๏๑ͳ͢ͱͺɼ෕௪Ғ૮Νױ

Ν೘ྙ͢କ͜Ζ͗ɼຌڂݜͲͺΠϱτψଈ͹ಋ࣢ίʖ
ϔϩͳͺ෼ཀྵదͶ઀Ε཯͢ɼ؏଎ͤΖࡏ͹Ίંକͤ
ΖɽRTL-SDRࣙରͺ؏଎֋࢟͹߻ਦΝ೘ྙͤΖͪ;
ͶҒ૮͗ॵغԿ͠ΗΖͪΌɼًಊয়ସΝң࣍͢ɼॵΌ
ͳޛ࠹͹ΊҒ૮Ν଎ఈͤΖɽΉͪɼ༩ඍࣰݩͳ͢ͱ
RTL-SDR͹Ғ૮͗ుഀ؏଎Νͮߨͱ͏ΖؔɼҲఈͲ
͍Ζ͖Ν଎ఈͤΖɽͨ͹ଠ΍ɼ؏଎ͪ͢͏ళରΝࣙಊ
Ͳ௧ඎͤΖεητϞ͹ϕϫήϧϝϱήΝૌΞͫͪΌɼ
ͨΗΝࣰࡏͶ౧͢ࡎ؏଎Ν͑ߨ༩ఈͲ͍Ζɽ 
7.ཧ⪃ᩥ⊩

[1]੼Ӎ ࢚ݣɼք෨ ઑ஋ɼీݬ ദਕ(2012)
ʰӋநుഀళชָʱ ཱིڠड़൝
[2]஦Ҭ௜ਜ਼ɼෳҬ߃༦ɼ௸Ҭথਕ(2009)
ʰӋந͹؏଎ᶚ ుഀళชָʤεϨʖθݳେ͹ళช
ָʥʱೖຌ඲࿨ऀ
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໬ࢬࣥࣞࣝࢿࣞࣇࡢࢬ㔜ຊࣞࣥࣝࣜࢡ࢔

㔝⏣ ࠿ࡾࡲ㸦㧗2㸧࠙㔠ἑ኱Ꮫே㛫♫఍ᏛᇦᏛᰯᩍ⫱Ꮫ㢮㝃ᒓ㧗➼Ꮫᰯࠚ 

せ᪨
ࢀࡉ໬ࢬࣥࣞࣝࢿࣞࣇ࡚࠸⏝ࢆࢺࣇࢯ3DCADࡧཬࢺࣇࢯ⟭ィ⾲ࠊ࡟ࡵࡓࡢᆺ໬ⷧࡧ㍍㔞໬ཬࡢࢬ㔜ຊࣞࣥࣝࣜࢡ࢔

⏘㔞࡚࠸⏝ࢆࣥࢪࣞ࡜࣒ࢦ࣮ࣥࢥࣜࢩࠊᚋࡓࡋసᡂࢆ≀⌧࡚ࡗࡼ࡟࣮ࢱࣥࣜࣉ3Dࠊ௒ᚋࠋࡓࡋタィࢆࢬ㔜ຊࣞࣥࡓ

ࠋ࠸ࡓ࡚❧ᙺ࡟ᬑཬࠊ࠸⾜ࢆ

1㸬࡟ࡵࡌࡣ
ᮏᰯࡢ⌮≀ࡢඛ⏕࡟㔜ຊࣞࣥ࠾ࡢࢬヰࢆఛࡓࡗ㝿࡟⯆࿡ࢆចࠊࢀ࠿ᮏᩥࡸ⊩࡛ㄪ(3)(2)(1)ࢁࡇ࡜ࡓࡳ࡚࡭㐣ཤ࢔࡟

ࢬࣥࣞࠊࡀࡓ࠼⪄࡜࠸ࡓ࠸ࡽࡶ࡚ࡗᣢࢆ࿡⯆࡟ேࡢࡃከࡾࡼࠋࡓࡗ▱ࢆ࡜ࡇࡿ࠸ࡀேࡓࡋసᡂࢆࢬ㔜ຊࣞࣥࣝࣜࢡ

࡟ㄽ⤖࠺࠸࡜ࡿ࠶ᅔ㞴࡛࡚ࡗ࡞࡜ㄢ㢟ࡀⅬ࠸࡞ࡁ࡛⏘㔞࡜ࡿస࡛ࡋฟࡾ๐ࡢࣝࣜࢡ࢔ࠊⅬ࠸㎞࠸ᢅ࡚ࡗ࠶ࡀࡳཌ࡟

ࡣ࡛ࡢࡿࡁゎỴ࡛ࢆၥ㢟Ⅼࡢࡽࢀࡇ࡛࡜ࡇࡿࡍ〇「ࡋసᡂࢆࢬ㔜ຊࣞࣥࡓࢀࡉ໬ࢬࣥࣞࣝࢿࣞࣇࠊ࡛ࡇࡑࠋࡓࡗ⮳

⏕ࢆᛶ≉ࡢࡑࠊࡀࡿࢀࡽࡆᣲࡀ࡜ࡇࡿ࠶㍍㔞࡛࡜࡜ࡇࡿ࠶ᆺ࡛ⷧࡣ࡚ࡋ࡜฼Ⅼࡢࢬࣥࣞࣝࢿࣞࣇࠋࡓ࠼⪄࡜࠿࠸࡞

ࡇࡿࡍᐇឤࢆຠᯝࢬ㔜ຊࣞࣥ࡟⡆༢࡛➼࣓ࣛ࢝ࡢ࣐࣍ࢫࠊ࡛࡜ࡇࡿࡍ࡟≦ᙧ࠸ࡍࡸࡧ㐠ࡕᣢࡾࡼ(4)ࡢࡶࡢᚑ᮶ࡋ࠿

ࠋࡿࡁ࡛ࡀ࡜

㔜ຊࣞࣥࢬ㛵㐃ࡢඛ⾜◊✲ࡣ࡚ࡋ࡜኱㜰ᕤᴗ኱Ꮫࠕࡢ㔜ຊࣞࣥࢬຠᯝࡿࡼ࡟⏬ീኚᙧ(5)ࠖࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ

ࡢࡶࡓࡋࣥࣙࢩ࣮࣑ࣞࣗࢩ࡚ࡗࡼ࡟⟭ィࡣࡃࡋࡶീ⏬ࡣࡽࢀࡇࠊࡋ࠿ࡋࠋࡿ࠶ࡀ➼ドࠖ(6)᳨ࡢಟṇᶍᆺࠕࡢᗈᓥ኱Ꮫࡸ

 ࠋࡓࡋ㑅ᢥࢆ࡜ࡇࡿࡍ〇సࢆᮏయࢬࣥࣞࠊ࠼⪄࡜࠸࡞ࡃࡋᛂ┦ࡣ࡟ࡿ▱࡚࠸ࡘ࡟ࢬ㔜ຊࣞࣥ࡟ᡭ㍍ࠊࡾ࠶࡛

2㸬 ◊✲᪉ἲ 
(1) ᡭ㍍࡟ᣢ࡚࡚ࡋ࡜ࢬ࢖ࢧࡿ㔜ຊ༙ࣞࣥࡢࢬᚄࡣ⣙3੉࡛タィࠊ࡟ࡽࡉࠋࡓࡋ௒ᅇ3ࡣDࡢ࣮ࢱࣥࣜࣉ≉ᛶୖࠊ

㧗0.3ࡀࡉ੉࣭0.5੉ࠊᖜ0.1ࡀ੉௨ୖࢆࡢࡶࡢసᡂࠊࡓࡲࠋࡓࡋ㹶㸻0௜㏆ࡣ㠀ᖖ࡟⣽ࡃ࠿෌⌧ࡀᅔ㞴ุ࡜ࡔ

ࠋࡿ࠶࡚ࡋ␎┬ࠊࡵࡓࡓࡋ᩿

(2) Excel➼ࡢ⾲ィ⟬࡚࠸⏝ࢆࢺࣇࢯᣦᩘ㛵ᩘ᭤⥺ࡾࡼ㏻ᖖࣝࣜࢡ࢔ࡢ㔜ຊࣞࣥࡢࢬᙧ≧ࢆసᡂࡓࡋᚋࢿࣞࣇࠊ

ࠊࡵࡓࡿࡍࡃ࡞ᑡࡾ㝈ࡿࡁ࡛ࢆพฝࡢ㠃⾲ࠋࡿࡍయ໬❧ࢆࢬ㔜ຊ࡚ࣞࣥ࠸⏝ࢆࢺࣇࢯ3DCADࠊࡋ໬ࢬࣥࣞࣝ

PNGࢆࣝ࢖࢓ࣇDXF࡟ࣝ࢖࢓ࣇኚ᥮࡚ࡋᤄධ3ࠊࡋD໬ࡓࢀࡉ㔜ຊࣞࣥࢆࢬసᡂࡓࡋ(ᅗ1ཧ↷)ࠋ

(3) (2)࡛సᡂ3ࡓࡋDࣔ3࡟࡜ࡶࢆࣝࢹD࡚࠸⏝ࢆ࣮ࢱࣥࣜࣉ

㔜ຊࣞࣥࢆ≀⌧ࡢࢬసᡂࠋࡿࡍ

(4)సᡂࡓࡋ㔜ຊ࡚ࣞࣥࡗࡼ࡟࣒ࢦ࣮ࣥࢥࣜࢩࢆࢬᆺྲྀࠊࡾ

୰ࢆࣝࣜࢡ࢔࡟ὶࡋ㎸ࡢࡑࠋࡴᚋ◊☻ࠋࡿࡍ

ࢬ㔜ຊࣞࣥࡓࢀࡉ໬ࣝࢿࣞࣇ࡟㒊ศࢬࣥࣞࡢ࣓࣐ࣛ࢝࣍ࢫ(5)

ࠋࡿࡍㄆ☜࠿ࡿ࠸࡚ࡁ࡛⌧෌ࢆຠᯝࢬ㔜ຊࣞࣥࠊ࠸ࡀ࡚࠶ࢆ

ͤὀ ࡟ࢬࣥࣞࣝࢿࣞࣇⓎ⏕ࡿࡍⰍ཰ᕪࡣ௒ᅇ⪃៖ࠋ࠸࡞ࡋⰍ཰ᕪ

ࠊࡀࡿ࠶ࡀ➼▼⺯ࡸࢫࣛ࢞ᖖศᩓ␗࡚ࡋ࡜⣲ᮦࡢࡵࡓࡿࡍṇ⿵ࢆ

ࡓࡋุ᩿࡜࠸࡞ࡃࡋᛂ┦ࡣ࡟࣐࣮ࢸ࠺࠸࡜ࢬ㔜ຊࣞࣥࣝࣜࢡ࢔

ࠋࡿ࠶࡛ࡵࡓ

⌧ᅾࡀ࡛ࡲ(2)ࡣ⤊஢ࡓࡋẁ㝵࡛ࠋࡿ࠶ 

3. ᒎᮃࡢ௒ᚋࡧཬࡵ࡜ࡲ
◊✲᪉ἲ(2)࡛ࡲ⤊஢ࠊࡀࡓࡋ⌧ẁ㝵࡛ࢬࣥࣞࣝࢿࣞࣇ໬ࡓࢀࡉ㔜ຊࣞࣥࡣࢬ┠ⓗ㐩ᡂ࡟┦ᛂࠋࡿ࠼⪄࡜࠸ࡋ௒

ᚋ(3)㹼(5)ࠊࡳ⤌ࡾྲྀ࡟┠ⓗ㐩ᡂࡅྥ࡟⛉Ꮫ㤋➼࡛ᒎ♧࡚ࡋከࡢࡃே࡟౑⏝ࠋࡿ࠸࡚࠼⪄࡜࠸ࡓ࠸ࡽࡶ࡚ࡋ 

4㸬ㅰ㎡ཬࡧཧ⪃ᩥ⊩ 
➨ḟࡿࡍឤㅰ࡟ඹ࡜ࡿࡆୖࡋ⏦♩࠾ࡃཌࠋࡓࡋࡲࡁࡔࡓ࠸ࢆᣦᑟࡈ࡟⏕Ώ᭳වஓඛࠊࡾࡓ࠶࡟ࡿࡵ㐍ࢆ✲◊ࡢࡇ

 ࠋࡍ࡛

(1)Ώ᭳වஓ,ᕝ⏣᫂ᐶ,⏣୰ㅬ୍,すᒣ᫴ྐ,⛅᭶༓㭯,᳜㔝೺୍,ᯇᮏ᱇,⚟Ụ⣧ (2007) Ᏹᐂࡢ⻐Ẽᴥࠕ㔜ຊࣞࣥ

 άືሗ࿌,ኳᩥ᭶ሗ,➨100ᕳ,P543㸫549ࣝࣂࢽ࣮࣭࢝࢜ࢪࡢࡵࡓࡢࡶ࡝ࡇୡ⏺ࠖ:➨7ᅇࡿぢ࡛ࢬ

(2)Ώ᭳වஓ,ᶔ⏣㇦฼,⡿ཎཌ᠇ࠕ㔜ຊࣞࣥࢬຠᯝࢆᩍࡢࡵࡓࡿ࠼ගᏛࣞࣥࡢࢬ〇సࠖ,2011,≀⌮ᩍ⫱,➨59

ᕳ,P171㸫174

(3)⚟Ụ⣧,ᒣ⏣❳ஓ,1997,ࠕ㔜ຊ࡛ࣞࣥࢬ᥈ࡿᏱᐂࠖᒾἼ⛉Ꮫ࣮ࣛࣜࣛࣈ࢖,ᒾἼ᭩ᗑ

(4)ᶓᑿṊኵ,ຍ⸨ዲ༤,⻏㇂ṇ㞝,⚟Ụ⣧ࠕᡭసࡾ㔜ຊࣞࣥ1998,ࠖࡵࡍࡍࡢࢬ,ኳᩥ᭶ሗ,➨91ᕳ,P543㸫549

(5)https://www.oit.ac.jp/is/shinkai/seminar/thesis/2016nishida/2016_Bthesis_nishida.pdf(2021ᖺ12᭶10᪥
㜀ぴ)
(6)http://astro-wakate.sakura.ne.jp/ss2013/web/syuroku/grcosmo_40c.pdf(2021ᖺ12᭶10᪥㜀ぴ)
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ȝͼ⢏Ꮚࡿࡼ࡟≀㉁ࡢᵓᡂඖ⣲㆑ูࡢ࣒ࢸࢫࢩ☜❧ 

ᒾ஭ ᯻㤿ࠊᑠᕝ ┿⤖㸦㧗2㸧࠙ᐑᇛ┴௝ྎ➨஧㧗➼Ꮫᰯࠚ 

1 ཎ⌮࡜◊✲┠ⓗ

ࢩࡢࡇࠋࡓࡋ࡜ᶆ┠⤊᭱ࡢ✲◊ࢆ࡜ࡇࡿࡍ❧☜ࡢ࣒ࢸࢫࢩࡿࡍ㆑ูࢆᡂศࡢ㉁≀ࠊࡾࡼ࡟ᖹᆒᑑ࿨ࡢȝͼࠊࡣࡕࡓ⚾

࠿Ᏹᐂ✵㛫ࠊࡣ⥺Ᏹᐂࠋࡿࡍ࡟⬟ྍࢆ㆑ูࡢᡂศࡢ㉁≀ࡢሙᡤ࠸࡞ࡁ࡛ ほࡣ࡟⡆༢ࠊࡋ࠿⏕ࢆ㏱㐣ᛶࡢȝͼࡣ࣒ࢸࢫ

࡞୙Ᏻᐃࡣȝ⢏Ꮚࠋࡿ࠶࡛࡝ࢇ࡜࡯ࡀȝ⢏Ꮚࠊࡣࡢࡿࡁ࡛ ᆅ⾲࡛ほࠋࡿ࠶࡛⥺ᨺᑕࡢ࣮ࢠࣝࢿ࢚㧗ࡄὀࡾ㝆ࡎ࠼⤯ࡽ

⣲⢏Ꮚ࡛࡟ࡵࡓࡿ࠶⣙2.2ȝV࡛ᔂቯࠋࡿࡍ ⣲⢏Ꮚࡢᖹᆒᑑ࿨ࠊࡣ⢏Ꮚ1ࡀᩘ⥲ࡢ/eಸࡓࡗ࠿࠿࡟࡛ࡲࡿ࡞࡜᫬㛫࡜ᐃ⩏

ࡉ⦡᮰࡟ཎᏊࠊࡕᣢࢆ㈇㟁Ⲵࡢࡉࡁ኱ࡌྠ࡜㟁Ꮚࡣȝͼࠋࡿ࠶ࡀȝͻࡘࡶࢆṇ㟁Ⲵࠊȝͼࡘࡶࢆ㈇㟁Ⲵࡣ࡟ȝ⢏Ꮚࠋࡿࢀࡉ

ࠊ࡟ࡽࡉࠋࡿ࡞ࡃ▷࡚࡭ẚ࡟ȝͼࡓࡗ࠿࡞ࢀࡉ⦡᮰ࠊࡣᑑ࿨ࡢȝͼࡓࢀࡉ⦡᮰ࠊࡓࡲࠋཎᏊᤕ⋓㸧ࡢ㸦ȝͼࡿ࠶ࡀ࡜ࡇࡿࢀ

ȝͼࢆᤕ⋓ࡿࡍཎᏊࡢཎᏊ␒ྕࡀ኱ࠊ࡝࡯࠸ࡁȝͼࡢᖹᆒᑑ࿨ࠋࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿ࡞ࡃ▷ࡣᮏ᮶ȝ⢏Ꮚࡢほ ࡣ࡟኱

つᶍ࡞ほ ⿦⨨ࡀᚲせ࡛᭱ࡢ✲◊ࠊࡀࡿ࠶⤊┠ᶆ㐩ᡂࡣ࡟ほ ᶵᮦࡀ኱ࡣ࡜ࡇ࠸ࡁㄢ㢟࡛ࠋࡿ࠶ᮏ◊✲࡛ࠊࡣᑠつᶍ

 ࠋࡓࡗ⾜ࢆᐇ㦂࡟ᶆ┠ࢆ࡜ࡇࡿࡍᑟฟࢆᖹᆒᑑ࿨ࡢᶵᮦ࡛ȝͼ࡞

2 ᐇ㦂᪉ἲ

௒ᅇ࡜࣮ࢱ࣮ࣞࢳࣥࢩࡣග㟁Ꮚቑಸ⟶ࡀෆⶶ᳨ࣥࣙࢩ࣮ࣞࢳࣥࢩࡿ࠸࡚ࢀࡉฟჾ࡚࠸⏝4ྎࢆほ ࣥࢩࠋࡓࡗ⾜ࢆ

ࠋኚ᥮࡟㟁Ẽಙྕࡣ⟶ග㟁ᏊቑಸࢆගࡢࡑࠋࡿࡍⓎࢆග࡞ᚤᙅࠊ᫬ࡿࡍෆ㒊࡛ᔂቯࡣࡓࡲࠊ㏻㐣ࡀȝ⢏Ꮚࡣ࣮ࢱ࣮ࣞࢳ

ほ ࡓࢀࡉಙྕ࡟ࣥࢥࢯࣃࢆグ㘓ࠊࡋPython࡛ゎᯒࠋ࠺⾜ࢆ

ȝ⢏Ꮚࢆᕪࡢほ ᫬㛫ࡢಙྕࠋࡿࡍ࡜ᔂቯࠖࠕࢆ┠2ᗘࠊධᑕࠖࠕࢆ┠1ᗘࠊࢆಙྕࡓࢀࡉ 2ᅇほ࡛ࣝࢿࣥࣕࢳࡌྠ

ࡗ࠿࠿࡟ᔂቯࠕࢆᶓ㍈ࠊಶᩘࠖࡢȝ⢏Ꮚࡓࡋᔂቯࠕࢆ㍈⦪ࠊࡵ㞟ࢆࢱ࣮ࢹࡢࡽࢀࡇࠋࡍ࡞ࡳ࡜᫬㛫ࡓࡗ࠿࠿࡟ᔂቯࡢ

ࠋࡿࡍᑟฟࢆᖹᆒᑑ࿨࡛࡜ࡇ࠺⾜ࢆࢢࣥ࢕ࢸࢵ࢕ࣇ࡟ࣇࣛࢢ࡚ࡋ࡜᫬㛫ࠖࡓ

ᐇ㦂1᳨࡛ࡣฟჾ࡚࠸⏝ࢆȝ⢏Ꮚࡢṇ㈇ࢆ༊ูࡎࡏᖹᆒᑑ࿨ࢆᑟฟࠋࡓࡋ 
ᐇ㦂2࡛ࡣȝ⢏Ꮚࡢṇ㈇࡚࠸⏝ࢆ▼☢ࢆ༊ูࡢࢀࡒࢀࡑࠊࡋほ ࡿࢀࡉ๭ྜࢆㄪࡢࡑࠋࡿ࡭ᚋᚓ࡚࠸⏝ࢆ್ࡓࢀࡽᐇ

㦂1ࡢ⤖ᯝࢆ⿵ṇࡋȝͼࡢᑑ࿨ࢆᑟฟࠋࡿࡍ

ᐇ㦂3࡛3࡟࣮ࢱ࣮ࣞࢳࣥࢩࡣ✀㢮ࡢ㔠ᒓᯈ㸦Al,Fe,Cu㸧ࢆᣳ࡟ࢀࡒࢀࡑࠊࡳᙳ㡪ࡓࡅཷࢆȝͼࡢᖹᆒᑑ࿨ࢆᑟฟࠋࡿࡍ 

3 ⤖ᯝ 
ᐇ㦂3ࡢ⤖ᯝ࡜ࡍ⾲࡟ࣇࣛࢢࢆ್ࡢ1⾲ࠋࡓࡗ࡞࡟࠺ࡼࡢ1⾲ࡣᅗ1ࠋࡿ࡞࡟࠺ࡼࡢ 

4 ⪃ᐹ 
ȝͼࡢᖹᆒᑑ࿨ࠊࡣAlᯈࠊFeᯈࠊCuᯈࢆᣳࠊࡁ࡜ࡔࢇ㔠ᒓᯈࢆᣳ࡟ࡁ࡜ࡓࡗ࠿࡞ࡲẚࡽ࠿࡜ࡇࡢࡇࠋࡓࡗ࡞ࡃ▷࡚࡭

࡜ࡿࡼ࡟ඛ⾜◊✲[3]ࠊࡋ࠿ࡋࠋࡿࢀࡽ࠼⪄࡜ࡓࡁ࡛ ほࢆȝͼࡓࡅཷࢆᙳ㡪ࡢ㔠ᒓᯈࡢࢀࡒࢀࡑࠊ࡛⨨ほ ⿦ࡢࡕࡓ⚾

ȝͼࡢᖹᆒᑑ࿨ࠊࡣAlࡢᙳ㡪ࡓࡅཷࢆሙྜ⣙0.880ȝVࠊFeࡢᙳ㡪ࡓࡅཷࢆሙྜ⣙0.201ȝVࠊCuࡢᙳ㡪ࡓࡅཷࢆሙྜ⣙

0.160ȝV࡛ࡢࡕࡓ⚾ࠋࡿ࠶◊✲⤖ᯝ࡟ࢀࡇࡣẚ࡭㐶࡟࠿㛗ࠊࡽ࠿࡜ࡇ࠸௒ᅇࡢࡕࡓ⚾ࡢᐇ㦂࡛ࠊ㔠ᒓᯈࡢᙳ㡪ࡓࡅཷࢆ

ȝͼࡀᩘࡢᑡࠋࡿࢀࡽ࠼⪄࡜ࡓࡗ࠿࡞ 

5 ᒎᮃ 
௒ᅇࠊ࡛✲◊ࡢ㔠ᒓᯈ࡚࠸⏝ࢆȝͼࡢᖹᆒᑑ࿨ࢆồࠊࢁࡇ࡜ࡓࡵ㔠ᒓᯈࡢᙳ㡪ࡓࡅཷࢆȝͼࡀᩘࡢᑡࡽ࠼⪄࡜ࡓࡗ࠿࡞

௒ࠊ࡟ࡵࡓࡿࡍ❧☜ࢆ࣒ࢸࢫࢩᵓᡂඖ⣲㆑ูࡢ㉁≀ࡿࡼ࡟ȝͼࠊࡿ࠶ᶆ࡛┠⤊᭱ࡢ✲◊ࡢࡕࡓ⚾ ࠋࡓࡗ࡞࡜ᯝ⤖ࡿࢀ

ᚋࠊࡣ≀㉁ࡢཎᏊ࡟ȝͼࡀᤕ⋓ࡿࢀࡉ๭ྜࡢ❧ᘧࠊࡸȝͼࢆࡳࡢほ ࢆ࡜ࡇࡿࡍ┠ᶆࠋ࠸ࡓࡁ࠸࡚ࡗ⾜ࢆ✲◊࡟ 

6 ཧ⪃ᩥ⊩

[1] 7��<DPD]DNL�HW�DO���3K\V��6FU����������������
[2] Zyla et al. �3DUWLFOH�'DWD�*URXS���3URJ��7KHRU��([S�3K\V�����������&����������DQG������XSGDWH
[3] 7��6X]XNL�HW�DO���3K\V��5HY��&����������������

ㅮ₇䚷䠑䠔㼀

䠒䠓



ኳయࢆぢࡀ࡜ࡇࡿேࡢᚰ࡟୚ࡿ࠼ᙳ㡪 㸫ᫍ✵࡛⒵ࡢ࡜ࡇࡿࢀࡉ᥈✲㸫

Ἑ㉺ ඃⰼ㸦㧗2㸧࠙すṊᏛᅬᩥ⌮㧗➼Ꮫᰯࠚ 

せ ᪨ 
ᫍ✵ࢆぢࡣ࡟࡜ࡇࡿ⒵ࡢࡋຠᯝࡣ࡟࣒࢘ࣜࢱࢿࣛࣉࠋࡿ࠶ࡀ⒵ࡋຠᯝ࡜ࡿ࠶ࡀሗ࿌ࠊࡀࡿ࠸࡚ࢀࡉ㧗ᰯ⏕࡟ᑐࡿࡍ

ᐇ㝿ࡢᫍ✵࡟ᑐࡿࡍຠᯝࡣ᫂ࡢࡇࠋ࠸࡞࠸࡚ࡗ࡞࡟࠿ࡽ᥈✲࡛ࠊࡣ㧗ᰯ⏕ࡢ࡬ᫍ✵ࡿࡼ࡟⒵ࡢࡋຠᯝࢆㄪࢆ࡜ࡇࡿ࡭

┠ⓗࠊࡎࡲࠋࡓࡋ࡜ᇸ⋢┴す㒊ࡢᫍ✵ࢆ᧜ᙳ࡚ࡋᫍ✵࡟⒵ࡋຠᯝࠋࡓࡵ࠿☜࡜ࡿ࠶ࡀḟ࣑ࢥཱྀࡢ࣒࢘ࣜࢱࢿࣛࣉࠊ࡟

ࡍᐃ ࢆኚ໬࡞ࠎᵝࡢ๓ᚋ࡛ࡿぢࠊ࠸ࡽࡶぢ࡚ࢆ✵ᫍ࡟⏕㧗ᰯࠊࡣ௒ᚋࠋࡓࡗ࠿ศࡀゝⴥ࠺౑ࡀேࡓࡌឤࢆࡋ⒵ࡽ࠿

 ࠋࡿࡍ࡟࠿ࡽ᫂ࢆຠᯝࡢࡋ⒵ࡿࡼ࡟✵ᫍࠊࡾࡼ࡟ࢀࡇࠋࡿ

㸯㸬࡟ࡵࡌࡣ
ࡉ࠾ࡀ࡝࡞ⱞᝎࡸയࡢᚰࠗࡢࠖࡋ⒵ࠕࡣ᪥ᮏᅜㄒ኱㎡඾࡛ࠋࡿ࠼⪄࡜ࡿ࠶ࡀຠᯝࡢࡋ⒵ࡣ࡟࡜ࡇࡿぢࢆ✵ᫍࡣ⚾

ࠋ࠘࡜ࡇࡿ࡞࡟࠿ࡽᏳࡀẼศࡾࡲ ࠋࡿࢀࡽࡆ࠶ࡀ࡜ࡇࡢ௨ୗ࡜ࡃᇶ࡙࡟㦂⤒ࡢศ⮬ࡣࡋ⒵ࡿࡼ࡟✵ᫍࠋࡿࢀࡉ⩏ᐃ࡜

ࠋࡿ࡞࡟ᴦ࡚ࢀࡽࢀᛀ࡟᫬ⓗ୍ࢆ࡜ࡇࡓ࠸࡚ࡗ࡞࡟୰࡛Ẽࡢᚰ࡛ࡲࢀࡑ࡜ࡿぢࢆ✵ᫍࠊࡁ࡜ࡔࢇỿࡀࡕẼᣢࠊࡎࡲ

ࡢࡋ⒵ࡿࡼ࡟✵࡜ᫍࠊ࡛ࡲࢀࡇࠋࡿ࡞ࡃ㍍ࡀᚰࡶ࡚࠼⪄ࢆ (࡜ࡇࡓ࠸࡛ࢇᝎ) ࡜ࡇࡌྠ࡛࡜࠶ࡓぢࢆࢀࡑࠊ࡟ࡽࡉ

ຠᯝࠊࡣ࡚࠸ࡘ࡟౛ࠊࡤ࠼Ụᑼࡿࡼ࡟ (2019) ୖ▼࡜ሗ࿌ࢆ࣒࢘ࣜࢱࢿࣛࣉ࡜ࡿࡼ࡟ࢀࡇࠋࡿ࠸࡚ࢀࡽ▱ࡀぢࡿ๓

ᚋ࡛ࣜࣛࢫࢡࢵຠᯝࡀㄆࠊࡋ࠿ࡋࠋࡓࢀࡽࡵᐇ㝿ࡢᫍ✵ࢆ⏕࡛ぢࡓ᫬ࡢ⒵ࡢࡋຠᯝࡢ⛬ᗘࡣ᫂ࠋ࠸࡞࠸࡚ࡗ࡞࡟࠿ࡽ 

 㸸(1)ࡿ࡞ࡽ࠿Ⅼ 3 ࡢḟࡣド᳨ࡢࡇࠋࡓࡋド᳨࡚࠸ࡘ࡟ຠᯝࡋ⒵ࡢ✵ᫍࡿࡍ࡜㇟ᑐࢆ⏕㧗ᰯࡣ࡛✲◊ᮏࠊ࡛ࡇࡑ 

ᇸ⋢┴す㒊ࡿࡅ࠾࡟ᫍ✵ࡢ⒵ࡋຠᯝࡢ᭷↓࡛࣒࢘ࣜࢱࢿࣛࣉ (2) ࡓࡋุ᩿ࢆ⒵ࡓࢀࡉேࡀ౑࠺⒵ࡿࡍ⌧⾲ࢆࡋゝ

ⴥࢆㄪ(3) ࡓ࡭ 㧗ᰯ⏕ࡀᫍ✵ࡽ࠿ឤࡿࡌ⒵ࡋຠᯝࢆホ౯ࠋࡿࡍ 

㸰㸬᳨ド 

(1) ᇸ⋢┴す㒊ࡢᫍ✵ (෤) ࡢㄪᰝ

࠿ࡿࢀࡽࡌឤࡣࡋᫍ✵࡛⒵ࡢᆅᇦࡢࡇ̿
2020ᖺ12᭶2021ࠊᖺ1᭶2021࡟ࡧࡽ࡞ᖺ12᭶2022ࠊᖺ2᭶ࣜ࢜࡟

༑ศぢࡀ✵ᫍࡣ᫬ᮇࡢࡇࠋ(ᅗ1) ࡓࡋ᧜ᙳࢆ✵ᫍࡢᗙ࿘㎶ࣥ࢜

ࢀࡉண᝿࡜ࡿ࠶ࡀຠᯝࡋ⒵ࡿࡼ࡟✵ᫍࡢᆅᇦ࡛ࡢࡇࠊࡵࡓࡿ࠼

ࠋࡿ

(2) ᪑⾜఍♫ࡢ࣑ࢥཱྀࡢࢺ࢖ࢧࣈ࢙࢘ศᯒ
୍⯡ேࡀᫍ࡜✵࡜⒵ࡿࡆ⧄ࢆࡋ㝿ࡿ࠸࡚࠸⏝࡟ゝⴥࢆㄪ࡭

ࢥཱྀࠕࡢ࣒࢘ࣜࢱࢿࣛࣉࡿ࠶࡟ࢺ࢖ࢧࣈ࢙࢘ࡢ♫኱ᡭ᪑⾜఍ࠋࡓ

ゝⴥࡿࢀࢃ౑࡛ࡇࡑ࡜๭ྜࡢேࡓࡌឤࢆࡋ⒵ࡽ࠿᪥ᮏㄒࡢ࣑ࠖ

࣭ࡓࢀࡉ㸸⒵ࡿ࠶࡛ࡢࡶࡢࡂࡘࡣࡢࡶ࡞௦⾲ⓗࡢࡑࠋࡓࡋᢳฟࢆ

ᮏࢆ୰ࡢ✵࣭ᫍࡓࡗ࠿ࡼࡕẼᣢ࣭ࡓࡁ࡛ࢫࢡࢵ࣭ࣛࣜࡓࡗ࡞ࡃ╀

ᙜ࡟᪑ࡓࡁ࡚ࡋẼศ࡛ࠊࡓࡲࠋࡓࡗ࠶AI ࢆࢢࣥࢽ࢖࣐ࢺࢫ࢟ࢸ

౑ࠊ࠸༢ㄒฟ⌧㢖ᗘࢆㄪࡢ࡝࡞ࢻ࢘ࣛࢡࢻ࣮࣡ࠊ࡭ゎᯒࠋࡓࡗ⾜ࢆ⏝ㄒࡢឤ᝟ (ࣈ࢕ࢸ࢞ࢿ࣭ࣈ࢕ࢸࢪ࣏) ࢆぢࠊ࡜ࡿ

႐ࡸࡧዲࡀࡁ㧗࡞࠺ࡼࡢࡇࠋࡓࡗ࠿ゝⴥࡀᫍ✵ࢆぢࡿ๓ᚋ࡛ᢳฟ࡛ࠊࡤࢀࡁ⒵ࡋຠᯝࠋࡓ࠼⪄࡜ࡿࡁุ࡛᩿࡜ࡿ࠶ࡀ

㸱㸬࡜ࡵ࡜ࡲᒎᮃ 
ࠊࡋ᧜ᙳࢆ✵ᫍࠊ࡚࠸࠾࡟ᇸ⋢┴す㒊ࡣ⚾ࠊࡎࡲࠋࡓࡋ࡜ⓗ┠ࢆ࡜ࡇࡿ࡭ㄪࢆຠᯝࡢࡋ⒵ࡿࡼ࡟✵ᫍࠊࡣ࡛✲᥈ࡢࡇ

ゝⴥ࠺౑ࡀேࡓࡌឤ࡜ࡓࢀࡉ⒵ࠊࡋㄪᰝࢆ࣑ࢥཱྀࡢ♫᪑⾜఍ࡣ⚾ࠊ࡟ḟࠋࡓࡋุ᩿࡜ࡿ࠶ࡀຠᯝࡋ⒵࡟✵ᫍࡢᆅᇦࡢࡇ

ࠋࡿࡍࢆᐃ ࡢయ⾲ ᗘࠊᚰᢿᩘࠊ๓ᚋ࡛ゝⴥࡿぢࠊ࠸ࡽࡶぢ࡚ࢆ✵ᫍ࡟⏕㧗ᰯࡣ⚾௒ᚋࠊ࠼ࡲ㋃ࢆࢀࡇࠋࡓࡗ࠿ศࡀ

࡟㛵ᚰᗘࡢ࡬✵ᫍࡢ⪅㦂⿕ࡣ࠿ࡿࢀࡉ⒵࠸ࡽࡃࢀ࡝࡟✵ᫍࠊ࠾࡞ࠋࡿࡍ࡟࠿ࡽ᫂ࢆຠᯝࡢࡋ⒵ࡿࡼ࡟✵ᫍࠊࡾࡼ࡟ࢀࡇ

ࠋ࠸ࡓࡁ࠸࡚࠼⪄ࡶ࡚࠸ࡘ࡟㛵ಀࡢኚ໬ࡢ㛵ᚰᗘࡢ࡬✵ᫍࡿ࠶࡟ᬒ⫼ࡢࡑ࡜ຠᯝࡋ⒵ࠊࡵࡓࡢࡑࠋࡿࢀࡽ࠼⪄࡜ࡿࡼ

㸲㸬ཧ⪃ᩥ⊩ 
Ụᑼ⥤⨾, & ▼ୖᬡ㡢. (2019). ⒵ࢆࡋ୚ࡳ⤌ࡾྲྀࡢࢶࣥࢸࣥࢥ࣒࢘ࣜࢱࢿࣛࣉࡿ࠼. Konica Minolta technology 
report, 16, 147-151. 
 ,School, https://school.japanknowledge.comࢪࢵࣞࢼࣥࣃࣕࢪ ,᪥ᮏᅜㄒ኱㎡඾㸦ᑠᏛ㤋㸧 ,”ࠚ⒵࠙ࡋࡸ࠸“

㸦ཧ↷᪥㸸2022/1/26㸧 
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࠿ࡿ࡞࡟Ᏹᐂ࡞ࢇ࡝ࠊࡽࡓࡗ࠿࡞ࡀ࣮ࢱ࣐ࢡ࣮ࢲࡶࡋࡶ
ᶓ㡲㈡㧗ᰯPrincipia-IIࣉ࣮ࣝࢢ✲◊࣮ࢱ࣐ࢡ࣮ࢲ㸸 

Ώ㎶ ᱈ຍࠊ၈ᮌ ி⨾ࠊ㯮἟ 㣁ኴࠊ᳃⏣ ᬕ㈗ࠊ⣽ᕝ ᛭ኴ㑻㸦㧗2㸧࠙⚄ዉᕝ┴❧ᶓ㡲㈡㧗➼Ꮫᰯࠚ 

䛆ᗎㄽ/┠ⓗ䛇 

ࠋࡓࡁ࡛ࢇᏛࢆ2ᖺ㛫Ᏹᐂ≀⌮Ꮫࡽ࠿1ᖺࡣࡕࡓ⚾

1ᖺḟ࡟ᢪࡢ࣮ࢱ࣐ࢡ࣮ࢲࡓ࠸ཬࡍࡰ㔜ຊࣞࣥࢬຠᯝࡸ

㖟Ἑᅇ㌿ࡢ࡬స⏝ࡢ୙ᛮ㆟2ࠊࢆࡉᖺḟࡣ㏫ㄝⓗࡶࠕ࡟

ࡇࡿࡍ㏣ồࢆࠖ...ࡽࡓࡗ࠿࡞ࡋᏑᅾࡀ࣮ࢱ࣐ࢡ࣮ࢲࠊࡋ

ࠋࡓ࠼⪄࡜࠺ࡼࡋಙ☜ࢆᏑᅾࡢࡑ࡛࡜

ᅗ1 Ᏹᐂࡢ⤌ᡂ[1] 
䛆◊✲䛇ࡢ࣮ࢱ࣐ࢡ࣮ࢲᏑᅾྰࢆᐃࠋࡿࡍ

䠍䠊䝎䞊䜽䝬䝍䞊䛻௦䜟䜛≀⌮㔞䛾᳨ウ

 ࡛ࢫ࣮ࢣࡢࡘ2ࡿ࡞࡜᰿ᣐࡢᏑᅾࡢ࣮ࢱ࣐ࢡ࣮ࢲ
(1) 㔜ຊࣞࣥࢬຠᯝ㸸ගࡢ⤒㊰ࢆ᭤ࡿࡆస⏝⣲࡚ࡋ࡜

ࠋᥦ᱌ࢆ⏝ຊᏛసࡢ࡬᫬✵㛫ࡿࡼ࡟ᗘࠖ✵┿ࠕ

(2) ኱つᶍ㖟Ἑࡢ࿘⦕㒊ࡢᅇ㌿㏿ᗘࡢ⥔ᣢ㸸

ࠋᥦ᱌ࢆ⏝ຊᏛసࡢ࡬࿘⦕≀㉁ࡿࡼ࡟ᗘࠖ✵┿ࠕ

௬᝿᥋ᆅࠖࠕࡢ㟁☢ẼᏛࠊࡃ࡞ࡣ࡛ࠖ↓ࠕࡣࠖ✵┿ࠕ

ࠋ࠿࠸࡞ࡣ࡛⏝୰Ⅼⓗసࡢຊࡢṇ㈇ࡿࡍ⾮ᖹࡕࢃ࡞ࡍ

ࠊ[2]ࡋ࡜ᅽຊࡢ㈇ࡢ✵┿ࢆᏱᐂ㡯ࡀࣥ࢖ࢱࣗࢩࣥ࢖࢔

࡜㸱ḟඖࡀ࣮ࢠࣝࢿ࢚ࡢᏱᐂㄌ⏕௨๓ࡢࢢ࣮ࣥ࢟࣍

ࡢ㟁Ẽ࡜ㄝࡢ࡜ࡓ࠸࡚ࢀࡽ࠼⵳࡟ḟඖࡿࡍ஺ࠖ┤ࠕ

ࠋࡃᇶ࡙࡟࡜ࡇࡿࡍ஺┤ࡀࠖ⾮୙ᖹࠕ࣭ࠖ⾮ᖹࠕ

ᅗ2 㟁Ẽಙྕࡿࡅ࠾࡟୙ᖹ⾮࣭ᖹ⾮࡜௬᝿᥋ᆅ 
䠎䠊Ᏹᐂ๰⏕᫬䛻䝎䞊䜽䝬䝍䞊䜢䝊䝻䛻䛩䜛 

ࡍᐃྰࢆࢀࡇࠊ࡚ࡋ࡜ࡢࡶࡿࡍᏑᅾࡣ࣮ࢱ࣐ࢡ࣮ࢲ

ᇶᮏἲࡍ⾲ࢆᏱᐂࠋࡿࡍ࡜Ᏹᐂ๰⏕᫬ࢆ᫬ᮇࡢࡑࠋࡿ

Ᏹᐂ๰ࡢࡑࠊ࠼ࡽ࡜࡜᪉⛬ᘧ(1)ࣥ࢖ࢱࣗࢩࣥ࢖࢔ࡣ๎

⏕᫬㏆ࡍ⾲ࢆࡃኚᙧ࣐ࣥࢻ࣮ࣜࣇࡀ᪉⛬ᘧ(2)࡛࡜ࡿ࠶

⌮ゎࠋࡓࡋ

࡚ࡋ࡟ࣟࢮࢆせ⣲࣮ࢱ࣐ࢡ࣮ࢲࡿࢀࡲྵ࡟ᘧࡢࡽࢀࡇ

Ᏹᐂࡢኚ໬ࢆồࠋࡿࡵ

㸺ࣥ࢖ࢱࣗࢩࣥ࢖࢔᪉⛬ᘧ㸼[1], [2]

---  (1) 
 ࠋࡿ࠶Ᏹᐂ㡯࡛ࡢࣥ࢖ࢱࣗࢩࣥ࢖࢔ࡣȁ࡛ࡇࡇ
㸺࣐ࣥࢻ࣮ࣜࣇ᪉⛬ᘧ㸼[1], [2] 

--- (2)
aࡣ✵㛫ࡢᏱᐂ୰ᚰ㸦⭾ᙇ๓ࡢ୰ᚰ㸧ࡢࡽ࠿㊥㞳 

Ᏹᐂ๰⏕᫬ࡓࡋ࡜ࡳࡢ࣮ࢠࣝࢿ࢚ࡀ࡚࡭ࡍࡣሙྜ࡟ᘧ

࡞࡜ᘧ(3)࡚ࡋ࡜ࣟࢮࢆ㉁㔞ᐦᗘȡ࡜᭤⋡Ȁ࡚࠸࠾࡟(2)

ࠋࡍ⾲ࢆ⋠ᙇ⭾ࡣH࡛ࡇࡇࠋࡿ࠼⪄࡜ࡿ

ࢲࡣࡎࡲࠊࡽ࠿せ⣲࣮ࢠࣝࢿ࢚ࡿࡍᵓᡂࢆȁࠊ࡛ࡇࡇ

ࠋࡿࡍ࡜ࣟࢮࢆ⏝సࡢ᮶⏤࣮ࢱ࣐ࢡ࣮

--- (3) 
ࡢࡓࡗࡲ཰ࡀᙇ⭾࡞ᛴ⃭ࡢᏱᐂࠊࡣ࣮ࢠࣝࢿ࢚ࢡ࣮ࢲ

ࠋࡿ࠸࡚ࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡗྖࢆᙇ⭾ࡢ෌ᗘࡢࡕ

ࡢᙇ⭾ࡽ࠿Ᏹᐂ๰⏕᫬ࡣ࣮ࢠࣝࢿ࢚ࢡ࣮ࢲࠊࡣࡕࡓ⚾

୍ᙺࢆᢸ୍ࠊ࠼⪄࡜ࡣ࡛ࡢࡓ࠸࡚ࡗ᪦⭾ᙇࡀ཰ࡓࡗࡲ

㸦ᅗ3㸧ࠋࡓ࠼⪄࡜ࡢࡶࡓࡋ㢧ᅾ໬ࡀ⏝స࡟ࡕࡢ

ᅗ3 ࡿࡼ࡟࣮ࢠࣝࢿ࢚ࢡ࣮ࢲᏱᐂ⭾ᙇࡢゎ㔘 
࣮ࢠࣝࢿ࢚ࢡ࣮ࢲࡀ※ࡓࡋᡂ⏕ࢆ࣮ࢱ࣐ࢡ࣮ࢲࠊࡓࡲ

࡚ࡋ࡟ࣟࢮࢆᏑᅾࡢ࣮ࢱ࣐ࢡ࣮ࢲࡾ࠶ࡶㄝࡢ࡜ࡿ࠶࡛

ࡉᡂ⏕ࡀ࣮ࢱ࣐ࢡ࣮ࢲ࡞ࡓ᪂ࡽ࠿࣮ࢠࣝࢿ࢚ࢡ࣮ࢲࡶ

ࢲࠊH=0.57735ࡣ⋠ᙇ⭾ࡢ㏻ᖖࡽ࠿௨ୖࠋ᝿ᐃ࡜ࡿࢀ

ࢮࡶ࣮ࢠࣝࢿ࢚ࢡ࣮ࢲࠊH=0.49396ࡣ0࡛=࣮ࢱ࣐ࢡ࣮

࠸ᙇᗘྜ⭾ࡢ⪅3ࠊ࡚ࡋ࡜H=0.12780ࡣሙྜࡓࡋ࡜ࣟ

ࠋࡍ♧࡟ᅗ4ࢆࡢࡶࡓࡋ⟭ィ࡛ࡲ⛊᫬㛫���ȝࢆ

ᅗ4 ࣮ࢱ࣐ࢡ࣮ࢲ㸭ࡢ࣮ࢠࣝࢿ࢚ࢡ࣮ࢲ᭷↓࡜⭾ᙇ 
ሙྜ㸦◚⥺㸧ࡿ࠶ࡀ࣮ࢠࣝࢿ࢚ࢡ࣮ࢲ㸭࣮ࢱ࣐ࢡ࣮ࢲ

ࢃࡣሙྜ㸦ᐇ⥺㸧࠸↓ࠊࡀࡿ࡞࡜���ȝ⛊࡛⣙1037ಸࡣ

♧ࡀㄽ⌮ࣥࣙࢩ࣮ࣞࣇࣥ࢖ࡋ࠿ࡋࠋࡿ࡞࡜108ಸ࠿ࡎ

ࡗ࡞ࡣ࡟ᅗࡓࡋ1033ಸ⭾ᙇ࡟㛫ࡢ⛊10-34ࡽ࠿⛊10-36ࡍ

ࠋ࠸࡞࠸࡚

࠙⤖ㄽ࣮ࢱ࣐ࢡ࣮ࢲࠚ㸭ྰࢆ࣮ࢠࣝࢿ࢚ࢡ࣮ࢲᐃࡿࡍ

ࡍ஺┤࡟✵᫬ࠊ࠼ࡽ࡜ࢆᗘࠖ✵┿ࠕ࡟௦᭰ຊ.1ࠊ࡛ୖ

Ᏹᐂ๰.2ࠋࡓࡋ௬ᐃࢆᏑᅾࡢ㔞⌮≀ࡿࡍ཯⫼࡜ḟඖࡿ

⏕᫬࡛ࡋ࡜ࣟࢮࢆ࣮ࢱ࣐ࢡ࣮ࢲ⭾ᙇࢆヨ⟬ࡋ⭾ᙇࡀⴭ

ࣙࢩ࣮ࣞࣇࣥ࢖ࡋ࠿ࡋࠋࡓࡋㄆ☜ࢆ࡜ࡇࡿࡍపୗࡃࡋ

ࣥ⌮ㄽࡢ᫬㛫ᑻᗘ࡛ࡣ್ᩘࡢᚓࠋ࠸࡞࠸࡚ࢀࡽ

䛆⪃ᐹ䞉ㄢ㢟䛇௨ୗࠊ௒ᚋ᳨ࡢウㄢ㢟ࠋࡍ♧ࢆ

࣭Ᏹᐂึᮇ10-36⛊ࡢ⛊10-34ࡽ࠿㛫࡛ࡢ⭾ᙇࡢ⌮ㄽᘧ

࣭Ᏹᐂ┿✵㒊࣮ࢱ࣐ࢡ࣮ࢲࡿࡅ࠾࡟௨እࡢᘬຊせ⣲

㛵ಀᛶࡢ࣮ࢠࣝࢿ࢚ࢡ࣮ࢲ࡜࣮ࢱ࣐ࢡ࣮ࢲ࣭

㒊⛉Ꮫ┬Super Science Highschool஦ᩥࡣ✲◊ᮏ࠾࡞
ᴗࠋࡓࢀࢃ⾜࡚ࡋ࡜⎔୍ࡢᣦᑟࡢओYRP࡟ឤㅰࠋࡿࡍ

㸺ཧ⪃㈨ᩱ㸼

[1] ᑠ⋢ⱥ㞝࠿࡯,“Ᏹᐂ≀⌮Ꮫ,” ඹ❧ฟ∧, 2014
[2] 㧗ཎᩥ㑻,“Ᏹᐂ≀⌮Ꮫ,”᪂∧ ᮅ಴᭩ᗑ, 2015
[3] ᑠᯇⱥ୍㑻ヂ,“࣡ࡢࢢ࣮ࣂࣥ࢖Ᏹᐂㄽ,ୖ࣭ୗ”᪥ᮏ
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