Ë¾ç·Ì¹½´ÇÀ �üÀâ±­ÈÐÇûÀ �¡¿ªÄ¡¿ �Ì¹¡ÄÂ´ �²Èê»ÌÀÂ¿ÇÀ �µ¿âÇ
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� � � � �Ë¾ç·Ì¹½´ºÀ �¥Çé¸¡¿ �¸ÁçÀÏÇÂ´ �ÚÀ¬¿ê»­ÈÇÇ·¸ÌÀ �Ü¿Îº¯Èæ°ä¿ÎÀ¡¿ �ÇÀÏÇ©¿ �ø°Ý°»À �Þ¹»À �§¶ �¥Çé¸¡¿ �ÄÆ«±¡° �ÏÀî¾ª³Ô° �Çµî¾ �ÍÇ®Æ¡° �¹±ÎºûÀ¸ÀÎ· �ý»º¼ÇµÂ´ �ë´¥ÇûÀÎÀ �Îº¿µÂÅÝ±Ó¼ÌÀÙ´.� � �ÌÀ¯·ÑÇ �¹±ÎºÎºÄ½ �¯Æº¼ú° �ÇÇ·¸ÇÀ �ñº³±ûÀ �ô³ºÀ �¯ÀüÀ²À �§¶®¹¡¿ �Ë¾ç·Ì¹½´ºÀ �üÀØÇ¿ÄÐÆÃ½ÍÅÇÀ �üÀØ±çÀá·Î·á½ �ç»ë¿Çµí° �ÖÀ¸Àç¸,� �ÇÇ·¸ÇÀ �Ù´ç¾ÑÇ �º¼úÁ»À �ÌÀë¿ÏÇ©¿ �©¿¯·Ðºß¾¡¿ �ÀÀë¿Çµí° �ÖÀÙ´.�


� � � � �Ë¾ç·Ì¹½´»À �üÀâ±­ÈÐÇûÀ¸ÀÎ· �¡¿ªÄÃ½³Å �§¶ �¡¿ªÄ¶ÁÇ°»À �¶ÁýÀÔÇ¸ÀÎ·á½ �Ë¾ç·Ì¹½´ÇÀ �¹±ÎºûÀÎÀ �ÎºÄ½üÇó»ú° �ÎºÄ½Ó¼µµ �îµ»À �¶ÁýÀÒÇ �ö¼ �ÖÀÂ´¥µ,� �©¿â±¡¿Â´ �¯Æ÷È �üÀØÇ×¾ �»³¡¿ �÷ÆÔÇÇµî¾ �ÖÀÂ´ �©¿¯· �¡°öÁ �½ÀÌÀÂ¿éµÌÀ �ßÁä¿ÑÇ �µ¿âÇ»À �Ì¹¡Äí° �ÖÀÙ´.� � �ÌÀ �ßÁ �°¿Ò¼ÌÀÂ¿ú° �ú°°¿Ò¼ê» �ÌÀÂ¿ �îµºÀ �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½»À �ËÃøÁÃ½°Åí° �²Èê»ÌÀÂ¿,� �úÁê»ÌÀÂ¿,� �ÎÀê»ÌÀÂ¿îµºÀ �ÎºÄ½ï¾¦ÁÛÀë¿»À �ÏÇÂ´ �Í°¸ÀÎ· �Ë¾Á·®Á �ÖÀÙ´.� � �Ë¾ç·Ì¹½´ÌÀ �°¿Ò¼ÌÀÂ¿ú° �¢ÁËÃÏÇÂ´ �æ°ì¿ �¥Çé¸¡¿ �ÛÀºÀ �ÍÇ®Æ¡° �¹±ÎºûÀ¸ÀÎ· �ý»º¼Çµí° �ÌÀ¯·ÑÇ �ÍÇ®ÆÇÀ �©Åâ±Í¿ �Ð¹µµÂ´ �üÀØÇ×¾ÇÀ �¶Áº¼ú° �ó³µµ,� �Â¿µµ,� �üÀ³Ã®¸¶ÁÇ° �îµú° �°°ºÀ �­ÈÐÇûÀÎÀ �ä¿ÎÀú° �ÎÀ¡°üÀ§À,� �üÀù·Ð¹µµÍ¿ �°°ºÀ �üÀâ±ûÀÎÀ �¶ÁÇ°¡¿ �ûµó¶ �¯º­ÈÏÇÔ° �ÈµÙ´.� � �ÌÀ±· �°¿Ò¼ÌÀÂ¿ÇÀ �ÛÀë¿¡¿ �ë´ØÇ �T�a�n�1�)�ºÀ �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½ �öÇó»¡¿ �ÖÀî¾ �°¿Ò¼ÌÀÂ¿ÌÀ �ç¾Ø±ê»­È �üÀù·Ð¹µµ¦¸ �ô³ÌÀí° �ó³µµ �õÁ¡°¡¿ �ûµó¶ �ÍÇ®ÆÇÀ �©Åâ± �×¹ �Ð¹µµ¦¸ �õÁ¡°Ã½°ÅÂ´ �ÛÀë¿»À �ÑÇÙ´í° �ÖÁåÀÏÇ´¿Ù´.� � �ÌÀ³Ã³· �³°°ºûÀÎÀ �½ÀÌÀÂ¿éµÇÀ �¿Èú°¡¿ �ë´ØÇ­¼Â´ �öÁÝ±î±öÁ �°Èß¹ÑÇ �¬¿¸±¡° �øÁàÇÇµî¾ �Ô¿¸Àª³,� �©¿¯· �ÌÀÂ¿éµÌÀ �¥ÈçÀØÇ �ÖÀÂ´ �æ°ì¿¡¿ �ë´ÑÇ �¬¿¸±Â´ �¹¸ÌÀ �øÁàÇÇµöÁ �Ê¾Ò¾Ù´.�


� � � � �»º �¬¿¸±¡¿­¼Â´ �©¿¯· �ÌÀÂ¿éµÌÀ �¥ÈÕÇÇµî¾ �ÖÀÂ´ �æ°ì¿¡¿ �ë´ÑÇ �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½öÇó»¡¿ �ü°ØÇ �Ë¾Æ¾¸ºí°ÚÀ �ÏÇ´¿¸Àç¸,� �ÏÀ÷ÂûÀ¸ÀÎ· �üÀØÇ×¾¡¿ �°¿ê»ú° �²Èê»»À �·Ã¡°ÏÇ©¿ �ÌÀßÁ �°¿ê»ÌÀÂ¿ÇÀ �ó³µµÂ´ �í°¤ÁÃ½°Åí° �²Èê»ÌÀÂ¿ÇÀ �·Ã¡°®·»À �¶ÁýÀÔÇ¸ÀÎ·á½ �ÌÀ �Îµ �°¹úÁÇÀ �ó³µµ¯º­È¡° �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½ �ÊÃâ± �×¹ �ÍÇ®Æº¼åÀ¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ¡¿ �ë´ØÇ �¤ÁüÀù· �×¹ �¤ÁüÀ§À �æ¹Ä½¡¿ �ÇÀÑÇ �üÀù·,� �üÀ§À �Å°¿µ»À �ßÁÉ½¸ÀÎ· �¬¿¸±ÏÇ´¿í° �©¿â±¡¿ �ûµ¥¸ �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½üÇó»»À �Æ¾ï¿¯· �¶Áç»ÏÇ´¿Ù´.�
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�


�Ç½èÇ


� � � � �3�N�ÌÀó»ÇÀ �í°ø¼µµ �Ë¾ç·Ì¹½´ �Ú¹(�T�o�y�o�,� �íì)�»À �çÀá·Î· �ç»ë¿ÏÇ´¿Ù´.� � � �Ã½íÆ»À �ó»Â¿¡¿­¼ �3�M� �H�C�l� �ë¿×¾¡¿ �3�Ðº£° �üÀ³Ã®¸ �ÑÇ �Ù´½À �ø¼ö¼Î· �¼¼´ÃÏÇí° �Ã½íÆÇÀ �ÑÇÊÂé¸(�1�²§)�¸¸ �¡¿ªÄÏÇ´¿Ù´.� � �üÀØÇ×¾ÇÀ �¶Áº¼ºÀ �1�M� �H�C�l�ë¿×¾¡¿ �²Èê»»À �·Ã¡°,� �ó³µµ¦¸ �¯º­ÈÃ½ÑÄ �Ç½èÇÏÇ´¿¸Àç¸,� �üÀØÇ×¾ÇÀ �Â¿µµÂ´ �Â¿µµ¶ÁýÀâ±¦¸ �ç»ë¿ÏÇ©¿ �üÀ �Ç½èÇ¡¿ �É°ÄÃ �4�0�É¡Î· �¯ÀöÁÏÇ´¿Ù´.�


� � � � �3�-�e�l�e�c�t�r�o�d�e�s� �s�y�s�t�e�m�¸ÀÎ· �Ç½èÇ»À �øÁàÇÏÇ´¿í° �ó»ë´üÀØ±¸ÀÎ·Â´ �é¹Ý±»À,� �â±ØÁüÀØ±¸ÀÎ·Â´ �S�C�E�¦¸ �ç»ë¿ÏÇ´¿Ù´.� � �P�A�R� �2�7�3� �P�o�t�e�n�t�i�o�s�t�a�t�/�G�a�l�v�a�n�o�s�t�a�t�»À �ÌÀë¿ÏÇ©¿ �ÄÆüÇ»À �ÎÀ¡°ÏÇ´¿¸Àç¸,� �ÎÀ¡°ÄÆüÇºÀ �M�2�7�0� �e�x�p�e�r�i�m�e�n�t�a�l� �s�o�f�t�w�a�r�e�Í¿ �H�e�a�d�s�t�a�r�t� �s�o�f�t�w�a�r�e�Î·á½ �ÁÇÎ·×±¥·ÏÇ´¿Ù´.� � �üÀ§À¯º­ÈÂ´ �P�A�R� �2�7�3�¸ÀÎ·ÎºÍÅ �O�s�c�i�l�l�o�s�c�o�p�e� �(�T�D�S� �3�5�0�)�»À �ÌÀë¿ÏÇ©¿ �øÃ¤ÁÏÇ´¿Ù´.� �


�


�


�á°ú° �×¹ �äÅÐ·


� � � � �üÀ³Ã®¸¦¸ �Å°£Ä �í°ø¼µµÇÀ �Ë¾ç·Ì¹½´»À �ÖÁç»Ó¼µµ �2�0�m�V�/�s�e�c�,� �-�0�.�8�æ¡0�.�0�V�ÇÀ �ü¹§À¡¿ �É°ÄÃ �L�S�V�¦¸ �àÇÏÇ©¿ �üÀØÇ×¾ �»³ÇÀ �²Èê»ó³µµ �¯º­È¡° �üÀù· �Å°¿µ¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ»À �¶Áç»ÏÇ´¿¸Àç¸,� �×± �á°ú°Â´ �F�i�g�.�1�ú° �°°Ù´.� � �²Èê»ÇÀ �ó³µµ¡° �õÁ¡°ÔÇ¡¿ �ûµó¶ �p�i�t�t�i�n�g� �p�o�t�e�n�t�i�a�l�(�E�p�)�ÌÀ �p�o�s�i�t�i�v�e�æ¹âÇ¸ÀÎ· �ÌÀ¿µÏÇÂ´ �á°ú°¦¸ �ª³¸Å»³ú¾Ù´.� � �ÌÀ¯·ÑÇ �ç»Ç½ºÀ �²Èê»ÌÀ �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½»À �ï¾¦ÁÃ½°ÅÂ´ �ª¿ÒÇ»À �ÏÇç¸ �ó³µµ �õÁ¡°¡¿ �ûµó¶ �×± �¿Èú°¡° �õÁë´ÈµÙ´Â´ �Í°»À �¸º©¿ØÁÙ´.� � �²Èê»·Ã¡°¡¿ �ûµ¥¸ �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½ï¾¦Á¿Èú°ÇÀ �õÁÅ°Â´ �F�i�g�.�2�¡¿­¼µµ �Ë¾ �ö¼ �ÖÀíµÌÀ,� �ô³ºÀ �ÖÁç»Ó¼µµ(�1�V�/�s�e�c�)�ÇÀ �C�V�(�-�1�.�0�V�æ¡0�.�5�V�æ¡-�2�.�5�V�æ¡-�1�.�0�)�»À �ëÅØÇ­¼µµ �ò¾»À �ö¼ �ÖÀú¾Â´¥µ �²Èê»ÇÀ �ó³µµ¡° �õÁ¡°ÔÇ¡¿ �ûµó¶ �a�n�o�d�i�c� �p�e�a�k� �c�u�r�r�e�n�t�Í¿ �¯Èø¿üÀù· �ð¸Îµ¡° �¨°Ò¼ÑÇ �Í°»À �¸º©¿ØÁÙ´.� � �×±®¸í° �°°ºÀ �¯Èø¿üÀ§À¡¿­¼ �ÊÃâ± �¯Èø¿üÀù·®·ÌÀ �ÄÈâ± �üÀù·®·¸ºÙ´ �ô³ºÀ �ª°»À �ª³¸Å»³Â´¥µ �ÌÀÂ´ �ÊÃâ±¯Èø¿Ý¹ÀÀÇÀ �á°ú°Î· �ÎÀÑÇ �¥Çé¸ÇÀ �¸º£ÈÛÀë¿ÌÀ �¸ÁçÀÏÇÂ´ �Í°¸ÀÎ· �¸ºÎÀÙ´.�


� � � � �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½¡¿ �ÖÀî¾ �A�l�t�e�r�n�a�t�i�n�g� �v�o�l�t�a�g�e�(�A�V�)�¦¸ �ÎÀ¡°ÏÇé¸ �D�i�r�e�c�t� �v�o�l�t�a�g�e�(�D�V�)�¦¸ �ÎÀ¡°ÏÇÂ´ �æ°ì¿¡¿ �ñºØÇ �p�i�t�s�ÇÀ �Ð¹µµ¡° �õÁ¡°ÏÇÂ´ �¥µ �ÌÀ �öÇó»»À �L�i�n�2�)�ºÀ �¯Èø¿Ü´è°¡° �º¼åÀÏÇÂ´ �ÍÇ®ÆÇÀ �Îº¿µÂÅ­ÈÍ¿ �ÙÇý»º¼ �Ó¼µµ¦¸ �ô³ÌÀâ± �§¶®¹ÌÀó¶í° �ØÇ®¼ÏÇ´¿Ù´.� � �A�V�ÇÀ �¯Èø¿µ¿ª¿ÇÀ �Ý¹ÀÀÌÀ �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½¡¿ �Ì¹¡ÄÂ´ �µ¿âÇ»À �Ë¾Æ¾¸ºâ± �§ÀÏÇ©¿ �ÊÃâ±¡¿ �ÏÀ¤ÁÑÇ �¯Èø¿üÀ§À(�E�C�)�¦¸ �ÎÀ¡°ÏÇí° �ÏÀ¤ÁÃ½£° �ÄÈ �ø¼£°ûÀ¸ÀÎ· �üÀÐ¾»À �0�V�î±öÁ �ó»Â½Ã½ÑÄ �×± �§¶ÇÀ �ê»­ÈüÀù·¦¸ �øÃ¤ÁÏÇ´¿Ù´.� � � �F�i�g�.�3�.�a�¡¿­¼ �¸ºíµÌÀ �ÎÀ¡°üÀ§À¡° �n�e�g�a�t�i�v�e�ÒÇö¼Ï· �üÀù·¡° �ó»Â½ÏÇ´¿Â´¥µ �ÌÀ¯·ÑÇ �á°ú°Â´ �Ë¾ç·Ì¹½´ÇÀ �ÎºÄ½ÌÀ �¯Èø¿µ¿ª¿¡¿­¼ÇÀ �Ý¹ÀÀ¾Áù·¸ºÙ´Â´ �¯Èø¿Ý¹ÀÀ®·(�ö¼Ò¼ß¹ý»®·)�¡¿ �ÇÀØÇ �µ¿âÇ»À �Þ¹Â´Ù´Â´ �ç»Ç½»À �¸º©¿ØÁÙ´.� � �×±®¸í° �¯Èø¿üÀ§À �ÎÀ¡°Ã½£°(�t�c�)�¡¿ �ûµó¶­¼µµ �ê»­ÈüÀù·¡° �õÁ¡°ÏÇÂ´ �æ°âÇ»À �ª³¸Å»³ú¾Ù´.� � �×±¯·ª³ �F�i�g�.�3�.�b�¡¿­¼³Ã³· �¿µÏÀÑÇ �¶ÁÇ°¡¿­¼ �²Èê»ÇÀ �ó³µµ¡° �õÁ¡°ÔÇ¡¿ �ûµó¶ �ê»­ÈüÀù·®·ºÀ �ÙÁî¾éµú¾Â´¥µ,� �ÌÀÍ°ºÀ �²Èê»ÌÀÂ¿ÇÀ �ÎºÄ½ï¾¦Á¿Èú°¦¸ �¸º©¿ØÁÙ´.�


� � � � �S�q�u�a�r�e� �ÄÆüÇ»À �ÌÀë¿ÏÇ©¿ �Ë¾ç·Ì¹½´¡¿ �ÏÀ¤Á®·ÇÀ �ê»­ÈüÀù·(�+�4�0�Ì§/�²§,� �1�s�e�c�)�,� �¯Èø¿üÀù·(�-�4�0�Ì§/�²§)�¦¸ �¬¿Ó¼ûÀ¸ÀÎ· �ÎÀ¡°ÏÇ©¿ �¹Ã �ø¹°Â �ÎÀ¡°ÑÇ �ê»­ÈüÀù·Î· �ÎÀØÇ �ý»º¼Èµ �ÍÇ®ÆÇÀ �»³Îº¡¿­¼ �ÏÀ¤Á®·ÇÀ �¯Èø¿Ý¹ÀÀ»À �ÏÀ¸À°Åí°,� �¡°ØÇØÁ �¯Èø¿üÀÏÇ®·»À �¯º­ÈÃ½ÑÄ �ÎÀ¡°¯Èø¿üÀÏÇ®·ÇÀ �¯º­È¡¿ �ûµ¥¸ �ê»­Èµ¿ª¿¡¿­¼ÇÀ �üÀ§ÀÅ°¿µ¯º­È¦¸ �¶Áç»ÏÇ´¿Ù´.� � �ÌÀ �á°ú° �¯Èø¿üÀÏÇ®·ÌÀ �õÁ¡°ÏÇé¸ �²Èê»ÇÀ �ó³µµÍ¿ �ü°è°ø¾ÌÀ �a�n�o�d�i�c� �p�e�a�k� �p�o�t�e�n�t�i�a�l�ÇÀ �õÁ¡°¡¿ �ûµ¥¸ �üÀ§ÀõÁ¡°øÆ(�Ä¥E�)�ú° �s�t�e�a�d�y�ÑÇ �ê»­ÈüÀ§À¡¿ �µµÞ´ÏÇÂ´¥µ �É°®¸Â´ �Ã½£°(�d�u�r�a�t�i�o�n� �t�i�m�e�,� �t�d�)�ÌÀ �ð¸Îµ �õÁ¡°ÏÇÙ´¡° �ÏÀ¤Á®· �ÌÀó»ÌÀ �ÎÀ¡°Çµé¸ �Ù´Ã½ �¨°Ò¼ÏÇÂ´ �æ°âÇ»À �ª³¸Å»³ú¾Ù´.� � � �ÎÀ¡°Èµ �¯Èø¿üÀÏÇ®·¡¿ �ûµ¥¸ �Ä¥E�Í¿ �t�d� �¯º­ÈÂ´ �T�a�b�l�e� �1�ú° �°°Ù´.�


�


�T�a�b�l�e� �1�.� �¯Èø¿üÀù·®·ú° �²Èê»ó³µµ¡¿ �ûµ¥¸ �Ä¥E�Í¿ �t�d�¯º­È.� � �


� � � � � � � � � �ó³µµ�
�w�/�o� �H�2�S�O�4��
�0�.�0�5�M� �H�2�S�O�4��
�0�.�1�M� �H�2�S�O�4��
��
�üÀÏÇâÇ(�m�C�)��
�Ä¥E�(�V�)��
�t�d�(�m�s�)��
�Ä¥E�(�V�)��
�t�d�(�m�s�)��
�Ä¥E�(�V�)��
�t�d�(�m�s�)��
��
�0�.�1� ��
�1�.�4�6�0��
� � � �6�.�3�6��
�1�.�6�4�2��
�8�.�3�1��
�1�.�6�5�4��
� � � �7�.�8��
��
�0�.�2� ��
�1�.�7�8�9��
� � � �9�.�5�1��
�2�.�0�1�6��
�1�2�.�0��
�2�.�1�1�1��
� � � �1�2�.�4��
��
�0�.�4� ��
�2�.�0�5�8��
� � � �1�5�.�2��
�2�.�3�1�6��
�1�8�.�6��
�2�.�3�6�1��
� � � �2�2�.�5��
��
�0�.�8��
�2�.�1�6�3��
� � � �2�0�.�1��
�2�.�4�8�4��
� �2�3�.�4��
�2�.�5�5�1��
� � � �2�5�.�3��
��
�1�.�6��
�1�.�9�6�5��
� � � �1�0�.�4��
�2�.�2�0�9��
� �1�5�.�5��
�2�.�4�3�1��
� � � �2�1�.�5��
��
�3�.�2��
�1�.�9�1�9��
� � � �9�.�4�9��
�2�.�2�6�7��
� �1�4�.�5��
�2�.�5�1�3��
� � � �1�8�.�7��
��
�


�
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