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Title 
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––Study of Photographic Expression with Time Axis––– 

 In this paper, the author considers the system of superimposing and combining multiple 
photographs, as well as other activity surrounding this system as an artwork. He uses this 
system to produce photography and other image-based works of art. 
 The objective of this research is to establish a form of artwork called "Photographic 
Expression with Time Axis" - a form championed by the author's graduate project, 
Solidifying - and to consider its potential for use in other creative expressions. The basis of 
this method of expression is closely related to the system of superimposing multiple 
photographs and the actions involved with it. The visual representation of this artwork is 
due to the digital superimposition of photographs. It is the result of the calculation of the 
different pixel values of the overlapping picture (the upper layer) and the overlapped picture 
(the lower layer) and the derivation of a single new pixel value. By providing a time axis to 
the structure of the layers that influence the of the processing and its result, it endows still 
photography - originally disconnected from the concept of time - with a time axis. In this 
study, the author follows the path to the establishment of a method of art production using 
such a system along with an examination of past work, all while conducting an investigation 
into the potential editability of Solidifying's structure. 
 In chapter 1, the author considers the viewing experiences brought on by the appearance of 
high resolution displays, the viewing experience brought by a smartphone equipped with 
such display, and an image by the user as an image experience in a contemporary media 
environment. Consider the viewing experience on the Internet from the spread of GIF 
animation in Tumblr and refer to some examples of GIF animation as artwork. In addition, 
we will consider how display is handled in the domain of contemporary art / photography. 
 In chapter 2, the author describes the process and structure of his work. Also, He examines 
the works that he has produced / presented so far, focusing on the parts that led to his work 
"Solidifying”; such as processes the superimposition of pictures and the animation produced 
by manipulation of layer structure. 
 In chapter 3, the author describes his works and his exhibition based on the concept of 
"Photographic Expression with Time Axis" and discuss them. 
 In chapter 4, the author summarizes what has been discussed above, we will consider the 
possibility of "Photographic Expression with Time Axis" and concludes. 
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�uËÑ¿É§ȵ°Ǝyで¯�¬ȓサ�µôÉÕ°×ȓ��q�vじɁŵ� f_n_l
���¦ȓガ°³Ñãø_Ö��q�れɹ�vuMkcXbh �� #B? ³Øì_Ç
òú°³Ñãø_Ö��q�vれɹ�µôÉÕ÷_Çòú�{���yuÛ_Õ
�Ƨ�ɷu­�µôÉÕく° #B? ³Øì_Çòú���ȊǮʼ��v�}��
ßÑÕéÑã�åµúÕÌáÕぞЈ�Èî¾_vpuª�¢�ɩ�q�v}�
ɋş�ぎɁ�|µúÎ_ÚÑÕşfvǥw����ǒrれɹvuIAejeiAef �ļ
˨͒°З����ネ˵�¬�qrǳĊ°Ʃ«ナ��ƻĴ�v/x}��yしy：
ɹ�µôÉÕ���Èî¾_�ɋş�¦uÎúâô_�ÏÑÇðç_Ö�ʒ�
П­�uȫ¢«¦ɟ¯«¦�y���しw˴{�q¬ #B? ³Øì_Çòú�ぞ
＝�¦u���れȶ�ヴエʘ�ËÑ¿É°�˴{¬ɹ�ȭ�qr̈Ȓ�¦u��
�vMkcXbh ���yȾǺ��vぎɁ�れɹ�Îúâô_wâøÀc¼ÉÕ�¦
øµæ�¦ôâæ�¦qq©d�̇ +1 ĽŔˀ<#ÃúÓÉÕ�ȋɟÛêÚ_Õ
�ȣ«н̈��¬v��ǚ�êð_ÈÑ¿ßÔº�×ȓ§OC �q��řし�ジ
°ǩ”uǑȑ�µôÉÕ÷_Î_���だНu,*+1 ͷ��ǔ͆|ÞöÃ�¦ø
µæ�¦ôâæ�¦qq©f°ńȉ��v�
������������������������������������������������
/� ̆お̞ȭµúÎßð_gµôÉÕ÷_Çòúh� ,*+1 ͷ - Ƽǹ� ̸ś ,+- ǹuǐǟɐu1* ッ�



�

� ++�

�

�
� ˷�¦ MkcXbh � #B? ���ˁ«ʒv«°Ǉ����í_ÇòúÀôá´Ñ
¿É�p¬vŷɀ��©qしw°�y¬}�ϼ̀���í_ÇòúÀôá´Ñ
¿É�uö_ãȊˀ�ĭ͒�¦Ǉ¬}�vɩЕ¬ #B? ³Øì_Çòú�ˤ＝v
Цu��v˙Ư��g#B?� ;HHDh�µúÎßð_ŹȽ0vʍĺ�­�q¬
|Fej_ed�:�=Wof� 1ʭ�¿õ¸µÎ_�©��ュとǭʣ�­¬#B? ³Øì_
ÇòúâøÀ�p¬v}�µúÎßð_ŹȽ�ぞイ��w�uMkcXbh � #B? ³
Øì_ÇòúかǯГƽ�p¬aぎɁʼɥĦ /**fnuЍЧ +*,.a; �qr̹ЍЧ�
̤�uqu�〜ʶ§á÷_ëʶ°̲ʽ��vªしw�϶ぽ�°Ǉ�¬u�qr
}��Щ°̧q�q¬�qr͊�p¬vMkcXbh �³Ñãø_Ï_��}�ʧƳ
ɋ�ゴκvp«up¬ぞ̺�〜Đvū¢­¬ #B? ³Øì_Çòú°̗y}�v
p��va��ǌē�q¢¦ϵªu����q�qʼ���¥uĭ͒¦ЍЧ°�
ª��«u〜̲°ハʾ��«�¬����ȼǳȗǝ°Ʃ«ナ��vªMkcXbh �
������������������������������������������������
0� µúÎßð_|ě˨¿õ¸µÎ_̆Ĺш˹vǜ¬ě˨�гɠ�ʕ����#B? ³ØìfǕĩ� ˪ʭ�
�ト#u� q�q� }r�� �ト#g#B?�;HHD�
ÃúÓúÒ×ȓɑ��¥�#B? ¼µÖhuきƋ4ß_w¸Ùw
¸Ùʣɐu,*+- ͷu30 ッ`+*/ ッ�

「� ,�4� ̆お̞ȭc̝ʬźw��wuβ­¬Ã_ôǇ��d,*+,�

/**�-01fnu#B? ³Øì_Çòúa1á÷_ëʼ�



�

� +,�

かǯ°ǳ��q¬Џȭv}�µúÎßð_��ɷu­�q¬vMkcXbh �‒{¬
#B? ³Øì_Çòúȓガ�×Ǔ�̤�qu�エǑ���ʼН��¬uu�qr
ゴκvΛʗ�̆wyu�­°řu��×ȓ�¬}�vィГ�p��}�vȥs
¬v}�ゴκ�ǚɫ�¬イɑ� MkcXbh ʒ�͆ń�­¬ȓガ�¦̆wyũ¯¬v�

�
� �

「� -�4�MW_oe�RWcWcejeuMHAKN�F_MLNA:LA_uckh:jW�Rkp_uF_K:ue]Weeeeeu½îÇ_u

иレě˨×ȓƠŕゴcFej_ed�:�=Wod,*+,
uÎúâô_wâøÀu#B? ³Øì_Çòú�



�

� +-�

 ��� nKNam$a:>@l¸�

�
� メˑ��uɕ�Ǒ̄�ÔÈÎöɎʦvįǧ°˙̽���¦����ʼ«Н�
�q¬}�u¢�uɎʦĲ���qʭ^vÉé_Õá¹ú³ãõ�ЙБ�©��
Ɏʦ°トɡwŀテ�¬ǳĊ�ƛ¥�ʨϮ����q¬}���q�ǲȚ�¬v�
�
 ��� � iy$oYfc:I/@j¥¹��
�
� Éé_Õá¹ú�Ƿļ˨͒Ô´Éã÷µ��¦�ǷŶば»ìôu���ãø
ËÑÅ_vđ��¢�¢��q¬�¥�u̐ ˻�țĚuªハʾwトɡ¢�ǳs¬
Λʗ�Ї­�»ìô�˯s¬}�¦ɩЕ¬v���ȓʼ��ĸ a˨Ɏʦ �̵̓z
�µúÎ_ÚÑÕʒ�³Ñãø_ÖvɩЕ¬͊¦̆wqv,*+* ͷ�いʕ��
|BdijW]hWcf�þ͔̀�ʭŷ��¦�uțĚ��»ìôĸ˨�á´öÎ_°u
{¬�qrǳĊvđよĬ��v}�á´öÎ_�u³×øÀ»ìô�á´öë�
ぞ̭°ȊǑ��¦��p«uɣЕ�}rq��ǢĴwɋş°ɩ��¥�á´öë
»ìô°Ȧquá´öë°˗̺��țĚ�Ǒ˨°ǳ��w�v�­vq¢§uá
´öë�ぞ̭��̜ª�qʭ�p��¦uş��Ц�up¬q�ǥ£�qrɓ͒
�£�á´öÎ_°˗�uĭ͒�¦§«̵�°��vªuÞôì_Î_°q�¬
}��©��Цqş��Ɏʦuşŏ̀�ǥ£�Ɏʦ°ȓ«ɩ���vΛʗ�Ƿ͒
�Ɏʦハʾ°ȱđメ�ǳ��q¬vup¢«�ɘƷ��¦�§˸y�ʭv}­
°Ɏʦ�|ŀテf���̆”��Ȱr}���q�®rv�
� BdijW]hWc �á´öÎ_°ä_É���κu«§�qɎʦハʾŶば�Ɏʦ°
かǯ�¬ LGLvËÑÕ����q¬vđブ�uɎʦ�țĚ�ハʾ�ぞĬ��³
ãõÁ_Çòú¦ʶ˸y˵ȑ�¬v|:ZeX[� IAejeiAef� E_]Ajheec�ceX_b[f
aǑ4:ZeX[�E_]Ajheec�<<ʼv ,*+0 ͷ 3 Ƽ�³ÑãÔ_Õ1�‒q� :ZeX[ ɐ
vȕ̺�¬K:PÔ_Îĸ˨ƮɆ|=G#f��țĚ�Ǒ˨v _HL ÔÝµÉ�İ
ば��¬��uK:PǑ˨�s¦Éé_Õá¹ú�̤�ÿs¬©r����v¢
��ȱđメ�u}­¢� I< ʒ�ǳ��q�ハʾȓƘ���±�vŝТ���
¢r��v�
������������������������������������������������
1� _Mkd[i�:ff�Ljeh[|:ZeX[�E_]Ajheec�<<fuÝ_Èòúʘϐ ,(/(*�
aAjjfi4))_jkd[i(Wffb[(Yec)Cf)Wff)WZeX[
fAejeiAef
b_]Ajheec)_Z21212-/2,9cj72� ğИと4,*+2 ͷ + Ƽ
+2 とʼ�



�

� +.�

�
�
� ¢�uɄț«Б�¸á·¿Õ°˸ʶがȎ��|Ldemf�いʕ¦»ìô�Ɏʦ
�Ňね°̆wyʬ¯�¬¦���イɑ�ǲs¬v¦�§�}��Ɏʦ�ʦʾ＝
§uŹк＝�qr¦���yuŀテ�­�|ĭuf�£vȣ��q¬v����
�|ĭuf�ÃêðØÁ_Çòú�ɘ̙���Ȧ¯­¬vMkcXbh § BdijW]hWcu
���ぎɵ�Ó½ÉÕä_É�ÉÎ_Õ�� Mm_jj[h ��s¦q¢�ĸ˨°ƌ
̸�ǒǜ���ÃêðØÁ_Çòúv͆ń�­�q¬v�}�³Ñãø_Ö�
­�ĸ˨�ʦʾ＝�¦�§�­�¦Ύ̘v�u�y���w�v�­¦vÉé
_Õá¹új»ìô°ɀ�u�­¦vɎʦ°įǧ�uµúÎ_ÚÑÕʒ�³Ñã
ø_Ö�¬}�uƌЈ�¬}�}�vϼ̀����Ǒ̄�‒q�uÔÈÎöįǧ
�­�Ɏʦȓガv��©r�ɚЍ�­¬�u�qrϽ̈°uȓĲ�ǲs¬ィГ
vp¬�®rv�
�

「� .�4� |BdijW]hWcfá´öÎ_ãõËÑÕ�



�

� +/�

� �「� /�4� |Ldemf�©¬ŭなɇŶば°Бq�ĸ˨įǧ�



�

� +0�

 ��� ~©<²�#��:I/@nbi[bF�

�
 ��� � ²�:I/@nbi[bF�
�
� Ƿļ˨͒Ĭ�uĀĮ����ʩƞ�¦�����Ô´Éã÷µ�ァɪШĐ�
‒q�¦ȓガ�Ȳɀ˻aìÔ´¶ëʼ���Ȧ¯­¬}���¬v�­� ,**2
ͷ�ǳ¯­�|Ĝ？Ńĸ
ij_bb�cej_ed
f͆�©r�uŃĸ�ШĐ�Ô´Éã÷µ
°Ĕwǿ¤u����ȦБ§up¬q�uÔ´Éã÷µ��¦�vǑ˙Ĭ�­u
メЕ�Б͐uªņ­�Ȧqブ°�­¬©r�ȓガvエ­�w�vCkb_Wd�Hf_[ �
+33- ͷuªĜ？Ô´Éã÷µ°Ȳɀ˻���ȓガ°Ǒȑ�ȹ¬¢�×ȓ��q
¬vʭセ�ノǳ�¬Џȭ§uŭ�ȍu�エʘ�テĬup¬q�サƱ�んϯ�¨ª
x°オɎ�uÃúàð_Î_w³Øì_Çòú���Ĝ？Ô´Éã÷µ§ E>=
Ô´Éã÷µ°Бq�̽Ƀ��q¬v�­ª�ȓガ�ァɪŪ�ツ�ツŖ{�­
¬¦�¦p­�uǠƌƦŨ�ː̟�­¬}�¦p¬v�
�

�
�
�
� �

「� 0�4�Ckb_Wd�Hf_[cPA[Wj?_[bZid,*+1u�

<edj_dkeki�Yecfkj[h�Wd_cWj_edu.0t�E<=�iYh[[d�



�

� +1�

 ����� ��:I/@nbi[bF�
�
� Ɏʦ�κЀ�‒{¬Ĝ？Ô´Éã÷µu���ÔÈÎö»ìô�いʕ�Ɏʦ
�ŧʐƮ̀°̆wyテĬ���vɎʦĲ�・Ъ�«‒�µúÎ_ÚÑÕщϵŵ
�p¬ +331 ͷ�ÔÈÎö»ìô�µúÎ_ÚÑÕ°Ȧq���Ɂu��˞£Ǻ
¯��̆w�ɿЕ＝°ş���qrv���u��� -/ ラĸ a̋,*+1 ͷむぼ�
_IAed[�Q � +,** ラĸ˝�»ìô°て�をs¬ �̓»ìô°Ȧ�� +333 ͷuª
|=_]_jWb�D_jYA[dfÇõ_Ê�țĚ�Ʉʩ� m[X ÅµÕ��³Ñãø_Ö°ȫ
¥�v}�ȓガ�̮ʝ̤�Ʉ̊½ÑÐú�Ɏʦ°țĚ�u-* κăっ�÷ÎÑÐ
��ÅµÕ�³Ñãø_Ö��q¬v}�˓Ƥ̀�ɖ«˞£�u˸ y�ʭvÉé
_Õá¹ú�qrÔ´Éã÷µ°ɀ�u�}�÷ÎÑÐ°ǳquLGL ��かǯ
�¬Ǒʙ°ЊǇ��q�u�©r�v}}�ぞイ��‒w�q��u|=_]_jWb�
D_jYA[df�©r� m[X ʒ�ğИ�¬}�°˙̽���ȓガvʼН�¬�¥�
�uŧʐɑvµúÎ_ÚÑÕ�ˎ˴�w¬šƍ°ɀ��q¬}��įs�u�}
�ĸ˨°エɃ��¬�¥�Ô´Éã÷µvィГ�p¬�qr}��v�

�「� 1�4� ・Ъ�«‒c=_]_jWb�D_jYA[dd+333
um[X ÅµÕuÔÈÎöµì_È�



�

� +2�

� Ô´Éã÷µ�Ȋˀ˦̟a�­°ƿ�をs�ôÑãÕÑã I< §Éé_Õá
¹ú °̓˸y�ǔʭvɶЈ�¬Ǒȑ�‒q�u˓ ɫ��©r�ȓガ�ʼН�§�
y���vɎʦƌЈÅµÕ� ?b_Yah ��ȓガむエ�¦�§̶�y��qv
BdijW]hWc § MkcXbh ���ĸ˨°ɕ˻��� LGL ¦�­Ʉ˻vè_Õá¹õ
º���up¬q� + ��ȓガ���Ŷば�¬©r����q¬vµúÎ_Ú
ÑÕ�˵ȑ°ぎ�«˙�¦���¬ ,*+* ͷ˙ǚu|èÉÕwµúÎ_ÚÑÕf
�‒{¬ʏ̭̀�ȓガvu:hj_[�O_[haWdj �©¬|BcW][�HXC[Yjf�v}�ȓガ
�u»ôáö�ÀôÔ_ÇòúvãõúÕ�­�³öêØ¶ë°ɦ��Ǯʼ�
�ダ϶ȓガ§u³öêØ¶ëゆ°ƚ”�ȓª­�Н˻ȓガ�q��Џ^�û²
_Èòúv˵ȑ�¬vȓガv¾îôõ_�͆Ƀ�­�q�Џȭ�Ƿļ˨͒�Ź
кɎʦ�ȓɑ�¶·âÅµÕuªǇ¬}�v�w¬vu�­ªv˛�IAejeiAef
�Ò_ö°Бq�̆wyįǧvȳ�­�q¬�vぞ̭�p¬vɎʦ�©���
�įǧƥǺ�Џ^�vu�­¦ハɞâôÇÒ_ö�©r�uĸ˨�Г˝°̟Š�
¬©r�ǢĴv˸yǇª­¬vaツ§ʂ�ȓガ�ƍϼvキɄ˚�p��«uȓガ
�đゴvƹ{�q�«uスʶ�Ⱥ͊vǺʼ�­�q¬©r�¦Ǉs¬ v̓ȓĲ�
¶·âÅµÕ°��¥���u��˷ɩΒセ���Пク�¬ȓガ�µì_È�
���įǧ�­�ʙ̀�¦��p¬vɎʦuª�¾îôõ_�ƦŨ＝vɊ¯­u
ŹкɎʦ��¦�vダ϶ȓガ���ɄН��q¬v�

�
�

「� 2�4� � :hj_[�O_[haWdjcBdijWbbWj_ed�l_[muBcW][�HXC[Yji�Wj�Ndj_jb[ZuG[m�Rehad� � � � � �

,*+/u³öêスǺゆ�NOãõúÕuįǧ�­�Źкµì_È�



�

� +3�

�� ��C�;�B2@VG+0V"dS<y� �

� メʌ��イɑ�ȓガ×ȓ�ãøËÉ��yɦГ�Ɏʦ�˼�¬ÔÈÎöįǧ
��q�Źɫ�¬v¢�uイɑvȓガ×ȓ��¦�˴{�w�OC �‒{¬エǑ
�u��ũƫ＝��q�スʶ�Ⱥ͊uªǲȚ°ǳrvȋǚ�uイɑ�ķƈȓガ°
ɁƲа�©��ŇŦ�¬}��uɞȪȓガ|Leb_Z_?o_d]f��ǲȚ°Ƶ”�qyv�

�� � ��³~V1T<nKNah��
� メǅƆ�‒{¬ɞȪȓガ|Leb_Z_?o_d]f�Ɏʦ�˼��ÔÈÎöÒ_ö°Бq
�įǧvǳ¯­�q¬vÔÈÎöįǧup¬q�トɡ�q��Бǜ�ǜª­¬}
­ª�ȓƘ��Џ^�Îµãv˵ȑ�¬vЭs�uɎʦĲ�・Ъƾ˹vǳrįǧ
�ãøËÉ��̆wy¯{�てəЬp¬v|ˎʜƲf�|ƻ？Ʋf�p¬v2�

������������������������������������������������
2� ・Ѐƾ˹µúÎßð_|Ϭŝʼ�Ɏʦ�ǤuruÔÈÎöµì_È�ˀʼĘしfȠビɯϿ� ゾwɘgァ
ɪɘ̪haぞɡ4�fAeje]hWfA u̓ァɪɩΒɐu,*+0 ͷ 3 Ƽǹu0, ッ`0/ ッ�

「� 3�4� |ˎʜƲf�ȓガ�

・Ъƾ˹cHhWd][� ;b_dZ� �ickZ][d

,*+/uÔÈÎöµì_È�



�

� ,*�

� |ˎʜƲf� IAejeiAef �‒{¬|ȱ˓Ò_öf§|¨v£Ò_öf°Бq
�q¬v�­ª�Ò_ö�é¶É»_Ìö�しw�Ǻ¯��Ɏʦ�đゴvȱ˓
����ª­¬©r�up¬q�¨v±�qyテĬ°�¬v�­ªvイˌ�©r
�̵ˎĸ˨�ǻ£ǿ¢­¬}�vĸ˨��|ˎʜf°Ĉɇ��¬v�
� ˼��|ƻ？Ʋf�ȓガ�� IAejeiAef �| u�fá´öÎ_§u|Çî_
ãÚÉfá´öÎ_°ķʔ�u{¬}��©��uƎв�Èî¾_°ȏН��ĸ
϶�くǷ˕�©r�ϷЏ°ȓ«ɩ�v�

�
� ・Ъ�て��ȓガơκuªuĸ˨°įǧ�¬Ʋ��|Ò_ö°Бq�̵ˎ̀�
→ȓ°�¬Ʋfu|á´öÎ_°ȦБ��ĸ϶˛˻�ĚƓ°Ќs¬Ʋfvp¬��
©rv}}�¦rđ��įǧ�Ʋ°Ќs¬�ª�|ĸ˨Ǻʼ°�¬Ʋfvǲsª
­¬v}­�đヤ�Ɏʦ��{���yuスʶ�Ɏʦ°đ��µì_È���ƻ

「� +*�4|ƻ？Ʋf�ȓガ�

・Ъƾ˹cI_da� WdZ� ;bk[&� �Xbkh� �iAWhfd[iid

,*+0uÔÈÎöµì_È�

�



�

� ,+�

Ǻ��¬įǧ��¬vIAejeiAef �‒q��÷µï_°ȓʼ�uキさϵ͒�→ȓ
§uĸ˨Ǻʼ�Ŷば�p¬â÷úÖí_Ö°Бq¬vイɑv×ȓ��q¬ȓガ�
˛�}�įǧ�©��×ȓ�­�q¬v�
� Ɏʦ�Ǻʼ�˸ɦзǟ�©¬µì_È�ɦ�Ǻ¯��©r�uÔÈÎöă˙
uª˵ȑ�¬¦��v¢�uÃô_Èð�©r�uđゴ°％«ɖ��¦�°ʒu
ªɦ��qy}��ʣ��µì_È°ȓ«ɩ�}�¦ǳ¯­�w�v}­ª� +
��µì_ÈvテЍ�¬Џȭ�̧Ⱥ�¬・Ъ�Э��˼ʈ̀�uスʶ�µì_
ÈvじɁ�˵ȑ�¬}��Į̛°Ǉɩ��q¬vµì_ÈじȪvɦ�¬}��
©¬ǢĴ�ě˨�κЀ�‒q�¦˸Б�­�w�vÓ÷ß�‒q�³×¶úÅ
_vɁˏǣ��¬|ȿユÉ_Þ_°ǛИī�qf�qr̅Ȼ�‒{¬É_Þ_�
�É_Þ_µúè_Ê�О�p«uȿユ�Ǔª�qЏ^�Г˝°ě˨�Ǻʼ�
¬ɘプ�}�°ǩyȱ�v¢�u»ÑÕuª»ÑÕ°��zá·_Öµúw³¶
Õ§Ô´Íöâ�q��ɘプ�uě˨トɡÌáÕ�̤�̆Ч�ãõËÑÕ��
�ͅƭĬ�­ウɮがȎ�­�q¬vǺʼ�‒q�ɦГ���µì_È�ˤǙȓ
Бuũƫ＝�p¬v��Ŧ͊uªɄȓガ�ÿ¯­�q¬ÔÈÎöįǧãøËÉ°
κˈ��qyv�
� �



�

� ,,�

���� ��C�;�B2@VG+0V�

�
� イɑ�Ʉʩ�țĚ��Ɏʦ° IAejeiAef ʒ�‒q�ȩヤ�÷µï_���ɦ
�Ǻ¯�¬}��©��ĸ°�y«u#B? ³Øì_Çòúǔ ȴĸuě˨�q�
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�țĚ��¦��p¬�qr}�°Ǝ̲�¬Ĉ「vp¬v}}�ȋ¦ɦГ��
¬��u|»ìôa˦̟ʼ°Бq�f�qrゴκ�p¬v�¢«u}�ȓガ�Ô
ÈÎöÀôá´Ñ¿Ò_ö°Бq�uʦ�ぽ�½îúÝÉ�˕°Ĕq�オu­
�うȮ�サƱ°ɦ��q¬����q�qr}��v�¢«u}�ǅƆ��Ɏʦ
�ĸ˨�ơσ�u»ìô°̸��țĚ�­�Ɏʦu�r���qu�qrơκ
�p¬v}�ơκvuŲκ�Эņ°̟u�{­�ʼН��q}�°ハ˱�¬vЭ
s�u̵ ˎá´öëく�şǟȐ�→ȓ°įs�u˨ °ȓ«ɩ�á¹ÕÀôë�©
r�u|»ìô���ȓª­¬Ɏʦf�qr¦��˵ȑ�p¬v}�ǅƆ�‒q
��|»ìôa˦̟ʼ°Бq�f�qrǓ̺°ǳr�¥�}­ª�エǑ�ȱ�Ƀ
��qv�
� ãøËÉ�qrŦ͊uªuȷv��q¬}��̆w�Ĉロ��Ǒ˨�˯s¬
}�¦�w¬�®rvțĚ��ϬǑ˨�Ɏʦ°ɎʦトɡÌáÕ�ɀ��qwuハ
ʾ°ȳ�uCI>#��Ǒ˨�¬vソȿ�ź}��̸ʗ�ÔÈÎöǑ˨ãøËÉ�
ĭªテ¯«v�qv�}¢�vǑ˨�u�}uªvŀテ��u�uá´öëɎʦ
�‒{¬Ǒ˨ãøËÉ��ȟʈ��ơσ�¬}�v�w�qvセɋ̀�ĬŔテ
Ĭ�©��ǳ¯­¬³×øÀ�Ǒ˨�uÔÈÎöɎʦ�Ǒ˨��̆w�ΜЅv
˵ȑ�¬v}�ȓガ�ɖ«ÿrɎʦ�ぞ̭�uスʶヤ�Ɏʦ°÷µï_���ɦ
�Ǻ¯��q¬ゴκ�vɷwɩ���­� CI># �p«u�­�˷�ÔÈÎö
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á¹Õ�ƮɆ���ĭªĎq��qv�u�uǑ˨̤͐�̙Ņ�‒q�}�Ɏʦ
�÷µï_Ǯ˫°ɀ��q¬v�­¦ハʾ��¥�éÉ¿§̲ʽ÷µï_��
yuĸ˨����÷µï_°ɀ��q¬v}�͊�‒q�uɄκ�ÿ��q¬ȓ
ガ�÷µï_°っパ��|Ɏʦf�ǖ�}�v�w¬v���u��÷µï_�
İƁトɡvİば�Ŷば�¬÷µï_�¦p¬vǑ˨�ÿrらć°ŋ̆�u
IAejeiAef °̸�� CI># ���ˇȴĸƮɆ�ɷwɩ�}��{���yu
IAejeiAef °̸�u:?j[h>??[Yji °̸¬}��ɁŨɈ°ɀ��FHO § FI. �
qrしĸƮɆ�ɷwɩ�­¬}�¦ǩyǑ˨�˯s¬vİƁ̀�Ǒ˨uŇね̀�
÷µï_�‒{¬ÔÈÎöãøËÉ�ª���uá²µöá¹_éÑÕ°̳s
�Ǒ˨°}�エǑ��Ɍ˖��q¬văʒ�}��©«u}�ǅƆ�ɖ«ÿrエ
Ǒ�|ɎʦエǑf�p¬v�
� �
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� Leb_Z_?o_d] �÷µï_ʒ�ɦ���ʙ̀�p¬Ɏʦvu�­�­�÷µï_
キさϵ͒°テĬ��¬}��ĸvテĬ��qy}�°Űメ���エǑ�p¬v
ȓガvっパ�¬Ǯʼ����uŰメ̀��˙ʌ�ǲȚ��ˇȴĸȓガ�÷µï
_Ǯ˫�ミ�じ��p«uɎʦv÷µï_�â÷úÖí_Ö°Бq�ɦ�ª­
�q¬v�}�u�­�­�÷µï_キさϵ͒vテĬ�¬}��£�©��ĸ˨
vテĬ�¬}�v}�ȓガ�ȋ̆�ぞ̭�p¬vĸ˨°テĬ��¬}�uしw°
ȓ«ɩ�}���¥�ǳr→ȓ�Űメ̀�キさϵ͒�Þôì_Î_°ː̺�¬
}��£�p«uºâÈ·¿Õ°テƮ���«uą̟°テĬ���«�¬���
q��}��ǳ��q�qv�
� Ɍȏ�×ȓ��u¢�|Wij_]cWj_icf§|V,f��� MkcXbh �³Ñãø_
Ö��q¬ˇȴĸȓガ�ǋ����á¹ÕÇòÑãwá²µö�IL=#°qy�
uБĈ�¬vIL= á²µö��÷µï_Ǯ˫�ʘϐvū¢­�q¬v}­°
:ZeX[�:?j[h>??[Yji �µúè_Õ�¬}��u.ヤ�÷µï_Ǯ˫a�­�­�
ɦ�«ɳuâ÷úÖí_Ö§キさϵ͒�ʘϐ °̓ネ��¢¢uøÉ÷É�˝Ȓ�
��ÃúèÈÇòú�ɀ�ǿ¥¬©r�ʼ¬v}­�©«uキさϵ͒�→ȓ�q
rǳĊ�ɄκɄʩ�ɁŨɈ°Ќs�ĸ϶�テĬ°Ќs¬}�vİば��¬v,`
- ��ˇȴĸȓガ°˝Ȓ���ち£ǿ£uƶ +-`1 ヤ̾͒�÷µï_Ǯ˫°ȓ
ʼ�¬v}­ªスʶ�ĸ˨�÷µï_キさϵ͒°Þô÷ö�テĬ��¬v�
� ö_ãȊˀ°��¬�¥�uテĬ�Ű͊��¬ゴκ°qy�uƺ¥u�}�é
_»_°˺�v��é_»_~��uˇȴĸȓガ°�y¬©r�ĸ°ȓ«ʒ”
¬v�¬� +メ�ɁŨɈʒ� -`.͊���é_»_��­�˼Ĥ�¬ˇȴĸ˨
vɩЕ�q¬vɂ�u��é_»_Ũ°Ƶq�qyv�¢«:u;u<�n��
ĸvɩЕʒv��q����ªu:l;l<l: �qr©r�キさϵ͒°テĬ�
�½_á÷_ë�ǖ�­¬テĬ�Ű͊°̟q�qyv}�ʙ̀�¦ö_ã�̂
«�yu�­�­�ĸuªĸ�¦˘Č�¬vu�r��¦キさϵ͒�テĬv��
÷µï_¦じ�˲͒�ÎµêúÀ�p¬�ぽ{�ĸ��«§�qvЭs�ų ˻
��� .** �キさϵ͒u�¢« +ヤ�÷µï_�ȋ̆キさϵ͒v +** ���
a.** ʼ7a+** i. ヤ�qrˇȴĸȓガ6Wi_j]cWj_icuV,8�Ǯʼʼvp­
�Кл����ĸvʼН�¬v�u� +, ヤ�÷µï_°�­�­ -- ��ɦ



�

� /+�

���w��ÃúÕôÉÕvɔyuĭvɎ��q¬�uΎσ��yqぽ�¡q
ĸ��¬v�­�ȦБ��q¬â÷úÖí_Ö|àúôµÕfvɀ�＝ɋu|à
¿Ëơ̈v /*kÀ÷_©«¦ϵ¬quāquf°Űɮ���ʕǺκ{vũƫ�
�q¬v��Űɮ�©��uàúôµÕ�|わőaā f̓p¬q�|わőaϵ f̓
�qrて��â÷úÖí_Ö°％«́s¬v�­°ǲС�¬�u+, ヤ�っ ,`-
ヤ� +** �up�� +*`3ヤ� ,** °ŗ«ギ{�qyブvĸ˨�­�­�â
÷úÖí_Ö�©¬ˤǙȓБvǉ̨�エ­ぞ̭̀��¬v}­�uイɑvĭ͒¦
}�ȓガ°ȓ��qy̤�ˀ¢­�ƳǊ˭�p«uɄしĬp¬q�̺ˉ�©r
�¦�°ȕ̺��×ȓ�¬}�vȂづ�ゴκ�¦p¬v�

�
�
� ½_á÷_ë°˺��ǚ¦u½_á÷_ëじȪ�ハŨ°̵˕uªuäÈ·ƚ˕
���テĬ�˲͒°ん̲ʽ��qyv}}��ĭ͒¦Ç_¿Ý_°しu��v
ªuĸ�び̕v�qu�ru°Ǉƛ¥�qyv}}¦ȓɑ�ƳǊ˭��uǒq©
rv�qvuĈɇ�¬����ゴκ�‒q�¦ˇȴĸȓガ���％«ɩ�¬u
�ru�qrŰɮ�p¬v}}����Į̛Ύ̘°qu�Çß³�ɩ�¬uv
ȓガ����¿ºõÓ´°ȅė�¬văī�Ƀ�て��「��uじ�ÎµêúÀ
�‒{¬u½_á÷_ë�̲ʽ˙�̲ʽǚ°エ��q¬vじđ�÷µï_Ǯ˫�
p��¦u½_á÷_ë�̲ʽ�©��エ­¬ĸvċ�¬}�vκu¬v�
� �

「� ,1�4� â÷úÖí_Ö|àúôµÕf�
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� ½_á÷_ë�̲ʽvɟ¯��p��u˛˻����〜ロ°ハʾ�¬���
�ʽs¬vIL=á²µö°µúè_Õ�¬ȏ� IAejeiAef �ȳ��Õ_ú»_
â���ハʾ¦÷µï_���ɀ��qy}�v�w¬vu˷�ȓガ�Ǻ¯�

「� ,2�4� ̲ʽ˙�½_á÷_ë�

「� ,3�4� ̲ʽǚ�½_á÷_ë�
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¬Ɂ�ķʔ�p��«�¬ʕǺv˸qv��ʕǺ� IL=á²µö�ū¢­�q
�ハʾ�˛�Ȕɻ�u:?j[h>??[Yji ʒ�¸á·¿Õ�ハʾ°ǳ��qyv}�ȓ
Ƙ�½_á÷_ë°˺�ȓƘ°��q¬�w�¦じɁチǳ�ǳ¯­¬�up¬
q�˛˻�¸á·¿Õ°u{�uª½_á÷_ë°テǭ�¬}�¦p¬v��
��̲ʽvɟ¯��ªɷwɩ�°ǳquđメ�しĸ��¬v�
� -2.*i,+0* �ļ˨͒�ɷwɩ�u͆Ƀ�� .D á¹_éÑÕa-2.*i,+0*ʼ
�˼Ĥ��Ĝ？Ô´Éã÷µ°Бq�vÇõ_Êc�,d°ɻq�u˛� // µú
Ð�Ĝ？Ó÷ßwÔ´Éã÷µ°ツŖ{��¦��Ȋˀu͆Ƀ°ǳ��v�
� �
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� ͆Ƀ°��ȏ�ʙƑ¦ご¢s�vªuȓガ��q�κˈ°ǳrvc�.d��u
ċ�¬ - əЬ�ě˨�©���­�­�ĸ϶�ǟƱvテĬ�¬Џˤ° - ĸ϶�
đ˻��¬¦����エ��vċ�¬ɁŨşŏ�Ȋˀ�­¬ - ĸ϶�uɁˏɃ
�Ǻ¯��©r� , ϶§ - ϶vюrɬŨvϖ­¬vuǍϮ��}­ª�ĸ϶�
ȍゴvċ���q¬v}�Ďq�u�­�­�ĸ϶�‒q�uっパ�¬÷µï_
�ɦ�ɳv}��¬}��źē��q¬v�

�
�
� юrɬŨup¬q�ю¯�qɬŨ��¦�u�­�­�んȍ�Ȇċ§テĬ°ˤ
Ǚ�Ǉ¬}��u}�|ɁŨɈ°ɀ��ɎʦエǑf�qrエǑ°ϵŎ�Ƀ�r�
��q�v�­�Эs�ȅĸ϶v / κ�ö_ã�¬}��©��˛ボv�z�
κu¬}�§ṳ ģ� -* κ�ö_ã�©��ťリ�ĸ϶�テĬ�qrˇȴĸ�
しĸ�̤Ũ�©r�ɁŨşŏ�マど��¦ªr}�°˜q���q�v�u�u
͆ɃƮɆ� - ϶�チ�ブvp¢«�¦Ϯˎ��‒«u- ϶� + ��ȓガ�p¬
�qr}��£vȏН���¢��v���¥uƞű��Ô´Ó´_ö°Ǉ¬}
�§uМ­�˛˻°Ǉ¬�q��ŧʐ�чɲvp¢«Ǉª­�qƻĴ����v
ĸ϶ÅµÊ�˼���ƦŨ�Ȧqブ�©��uŧʐ˻Ǌvˡ̺��q�¦��

「� -*�4�- ĸ϶�‒{¬÷µï_Ǯ˫�
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�ª�u��}�vϽ̈�p��v¢�u/κu+/ κu-* κ�qrɁŨ�ː̺
v�­¢��Çõ_Ê��ː̺©«¦ˣ�x¬aべăʒuȋ̆ +, べʼ}��©
«uぎɵϼȱ��q�ɁŨşŏ��u{М­��¢��}��ɨС��y��
�ª�qv|ɁŨɈ°ɀ��ɎʦエǑf°©«͋s©r��¬p¢«u˒ϵ̀�
����¢��}�u���ぎɵ�ÃúËãÕ��­vˀ���¢��ˬ϶�
ΐʉ��w�}®�®rv�
� ��uぎɵɀ��q�ɁŨşŏ���rq��¦��p��uvÇõ_Ê̇đ
ȓ�cLeb_Z_?o_d]��+daăīc�+d̓ °ǲȚ�¬v,*+1 ͷ 0 Ƽ ,3 と B:F:L ¾î
ôõ_+ �‒q�uc�+d�ツŖ{�­� // µúÐ . Ô´Éã÷µv + ̅�©
��͆Ƀ�­�v�

�
�
3 ヤ�Ɏʦ÷µï_�©��Ǯʼ�­�|�+f�ö_ãȊˀ�­¬しĸá²µö
� + ɁŨ�qrɓ°ɀ��q�v}­�đэ���{��ĸ϶�テĬvκuª
�q˲͒�ĸ϶vテĬ��q¬v�­�uƖȺ�� / κ̾͒�しq�q¬u¦
�­�q�qrżね°ɀ�u+* κ�©r§yテĬ��q¬}��ŷギy̾͒�
テĬЧ�ɁŨşŏ�p¬vȓɑ�p¬イɑ�p��¦u/κ˙��ϵŎ�テĬ�
Ȇ°ぐs¬}��づ�qvǋЕu��©r�ɁŨşŏ°ä_É�}�ȓガÇõ_
Ê�ɀ��q�v}­�}�ǚ�˴ycLeb_Z_?o_d]��,daăīc�,d̓ucLeb_Z_?o_d]�
�-daăīc�-d̓ �¦ƴ˴�­�vぞ�uc�-d�×ȓɁ����©r�ĸ϶�

「� -+�4� cLeb_Z_?o_d]��+d�
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テĬ�˲͒v}�エǑ�ɁŨşŏ���́％��u°ǂʎ��‒«u��͆Ƀ
�� +ɁŨ�ɓ�ȓª­�しĸ°Űメ���u�� 0べ˲� +)0 べ˲�しĸa/
κめ』ʼ°て��Ô´Éã÷µ�じŵȊˀ�uわő°ǳ��v�
�

�
}�わő�そª­���u0べ˲¦u+)0 べ˲¦�­�­ˣ�x¬�̠�x¬�
qrƻĴ�p��v͆ ɃБ�め』�� 0べ˲u+)0 べ˲Ĉņ�¦˲͒�ũ���
ȼǳ°ǳ��q¬vuƻĴ̀�˛˻� +ɁŨ̾͒�ɓu+* ヤ̾͒�÷µï_�
©��ȓª­¬テĬvɁŨşŏ���́％�p¬�Ȱ¯­¬v}­�ũ���
スʶ�ŧʐ��ʭ^uª¦ȱ̿�­�q¬ゴκ�p¬v��c�.d��� , べ
uª +, べ¦�˲͒�ː̺���uv�­�ÃúËãÕ°Ǝy͋s¬�¥�p�
�vu}}��ÃúËãÕ�˼��イɑɄʩ�̤��­vp��©r�Ȱ¯­
¬v�
� c�.d��u|ɁŨɈ°ɀ��ɎʦエǑf�‒{¬u|÷µï_Ǯ˫f��q�
ƎyƬ͔��q�v͆ɃɁ�へク��ÜúÖ³¶Õ°pª�¥�ȟʈ��¦u
|Ʋ7ÇÉÓëf��q�ɕ̫v��­�‒«u�­�|Leb_Z_?o_d]f�Ǔª�
qイɑ�ȓガ˛�v|÷µï_Ǯ˫�©��Ɏʦvɦ���q¬f�qrƲ°̸
��q¬}�vȓガ＝�p«ȓĲ＝�p¬�qrл�Ƶv¬v��}��˙ʌ
uª¦ǲȚ°��q¬�‒«�p¬��vu|Leb_Z_?o_d]f�̍ʼ�©r���
q¬��|ɁŨɈ°ɀ��ɎʦエǑ�p¬fv�vuc�.d��÷µï_Ǯ˫vɀ
�ぞ＝u�­�ũƫ�¬â÷úÖí_Ö�＝ɋ��u³ãõÁ_ÇòúŨ��í

「� -,�4� cLeb_Z_?o_d]��-d͆ɃサƱ�
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Èð_ö＝ac�.d�p­� - ��ˇȴĸȓガv˝Ȓ7íÈð_ö���へ̟�
­u-��σ^�しĸ���ɷwɩ�­¬�� �̓�q�ʇ͊vq���¢��v
Ŏu�u��ˬ϶°Ǝyɩ�r��­�uȓガǮ˫°��w«�Ƀ�ィГvp
¬v�­vp�ƛ̔� /κu+/ κu-* κ�˲͒�しĸ° -϶�チ��わő�¬
}��p��v�u�u}�ȓガvウу�¬|ɁŨɈ°ɀ��ɎʦエǑf��u
�rq��÷µï_Ǯ˫°īグw���u�­°→ȓ�¬}��©��uɁŨɈ
°Ќs¬}�vȋ¦̆w�ぞ̭�p¬}�°}}�ȊŎな�¬ィГvp¬�®
rvc�+duc�,duc�-d�×ȓ��ɁŨɈ°Ќsuťリ�ɁŨşŏ�©��ˇȴ
ĸ˨�¦�{­�ě˨�¦�qエǑ°ŎН�¬}�v�w�v��エǑ�İば
＝°ǩ”¬�¥� - ϶Ǯʼ§ɝŵ�ċ�¬ö_ãě˨�p��vuȋ¦ɦГ�
p�����ɁŨşŏ°ľ���¢��}��ȁǚ�}�ȓガ�͆ń�‒q�
ʗ�ȟʈ�­¬�wȽĂ�p¬v�
�
� �
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� ȓガ|Leb_Z_?o_d]fvエǑ�©r���|ɁŨɈ°ɀ��ɎʦエǑf��q�u
ăī�Ŧ͊uªǲȚ��qyv�
�
�� � � �qo“�
�
� }­�Ʉϵ�}��©r�Ȱs¬ȽɌ�vuˇȴĸ˨�p¬Ɏʦvしwɩ�
}��Űメ̀���qv�­�á´öë°Бq�Ɏʦ�‒q�¦uĒșセ�‒q
�¦uÔÈÎöɎʦ�‒q�¦�r�p¬v�u�uŲ�u�Эņv˵ȑ�¬v
¢�u#B? á¹_éÑÕ�‒{¬³Øì_ÇòúŶば�p¬v#B? �ǋЕˇȴ
ĸ˨�á¹_éÑÕ���ˀ¢­uǚ�³Øì_Çòú���スʶ�ˇȴĸ°
Ç_ÁúÉ���ɳɂエɃ��¬ŶばvがȎ�­�vm[X âô¶Æʒ��Ȋˀ
°˙̽���‒«uŸŌ�˼Ĥ����˷ȊˀÌáÕ�©��¦Ȋˀvİば�v
Ǉu{�ě˨�p¬vuƮɆ����py¢�¦スʶ�ˇȴĸ�p«uȊˀ�˼
Ĥ��q�qÌáÕ¶·³�á²µö°ńq�¦д˴�¬ĸ˨�đИ°Ǉ¬}
��u�w�qaFWY�HL �がȎ�­�q¬³ãõÁ_Çòú|ã÷ßð_f�
� v̓˷�Э��:ffb[ v _IAed[ �»ìôŶば�Ɍ˦��|E_l[�IAejeifvp
¬v}­�»ìô�Ɏʦ°țĚ�¬ȏ�ÇîÑÎ_°％��˙ǚ�� +(/� カ��
�ě˨vɄし̀�Źк�­¬}��©��u#B? ³Øì_Çòú�¦Ⱦ�̓q
ö_ã�¬しĸ°ȓʼ�¬}�v�w¬v}�á¹_éÑÕ�ぞ̭����uĪ
˃¦じɁ�кĪ�­¬}�§uネ˵�­� E_l[�IAejei �Ǉu{vˇȴĸ�テ¯
ª�q}�u���ÎÑÐÞÚöĸ϶°Ǝyĥ�ǿ¤}��©��Ȋˀvȫ¢
¬�qr͊vp¬v̌ ȴĸ�しĸ°ƿ�をs�ƮɆ�p¬�¥uÅ_ÖÞ_Ó´
˄�³ãõÁ_Çòú�©�� #B? ³Øì_Çòúaˇȴĸʼ§ FI.aしĸʼ
�ˤǙ�テŠ�¬}�v�w¬v�
� ăʒ�ʒ”�て��Э�u��ª¦ˇȴĸ°Ű͊���uá²µöá¹_éÑ
Õ�ŸŌ§ȊˀÌáÕ¶·³�ńむ�©��³Øì_Çòú°ɌǑ��q¬}
��p¬v�¢«uĸ϶�しĸ�©r�テĬ��q¬¦��á²µöá¹_éÑ
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Õ̀��しĸ���q��p¬v�­�˼��u|Leb_Z_?o_d]f�á²µöá¹
_éÑÕ����FHO§FI.���しĸƮɆ�ɷwɩ�­�q¬vuǇu{
ʒ��Ǔ«�yˇȴĸ�p¬©r�ʢ¬コ��q¬v���u�­�ťリ�し
wuɁŨşŏ�©��テĬ�˴{�qyvĜ？Ô´Éã÷µ°Бq�ě˨wɎʦ
ȓガv͆Ƀ�­�|Ĝ？Ńĸ
ij_bb�cej_ed
f͆a,**2 ͷʼ�͆ИĻ»ÎøÀ�
‒q�ǁみт�u}­ª�Îâø_�©r�ʢ¬コq°Ǉ�¬ダ϶Ô´Éã÷
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