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�Þ¸ºÅÃ¿ºÀ �ì¿®¸ÇÀ �ÏÀó»ý»°È¡¿­¼ �Î³®¸ �ç»ë¿ÇµÂ´ �ü¹ë¿­ÈÐÇ°¹úÁÎ·­¼,� � �f�o�r�m�a�l�d�e�h�y�d�e�,� �m�e�t�h�y�l� �t�e�r�t�i�a�r�y� �b�u�t�y�l� �e�t�h�e�r�(�M�T�B�E�)�,� �m�e�t�h�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�(�M�M�A�)�,� �d�i�m�e�t�h�y�l� �t�e�r�e�p�h�t�h�a�l�a�t�e�(�D�M�T�)�,� �Æ¾¼¼®Æê» �îµÇÀ �ý»ê» �Ç¶Â´ �ë¿¦ÁÎ·­¼ �ç»ë¿Çµí° �ÖÀÙ´.� �¯Æ÷È,� �M�T�B�E�Â´ �¡°Ö¼°¸ÇÀ �Á¿ºÅ¡° �âÇó»¦ÁÎ· �ç»ë¿ÇµÂ´¥µ �×± �ç»ë¿®·ÌÀ �¡Á÷Â �õÁ¡°ÏÇÂ´ �ßÃ¼¼©¿­¼ �Þ¸ºÅÃ¿ÇÀ �ö¼ä¿Â´ �è°Ó¼ �õÁ¡°ÒÇ �Í°¸ÀÎ· �¹¿øÃÈµÙ´.� �


�Þ¸ºÅÃ¿ �ÕÇº¼¡¿ �ë´ÑÇ �¬¿¸±Â´ �1�9�2�4�â³¡¿ �Ã½ÛÀÈµ �ÄÈ �öÇçÀî±öÁ �üÀ¼¼è°ûÀ¸ÀÎ· �Ù²ØÁ÷È �¬¿¸±¡° �ö¼àÇÇµí° �ÖÀÙ´.� �C�u�/�Z�n�O� �è°ÇÀ �ËÃÅ¸Â´ �ô³ºÀ �°Èº¼Ó»¸¸ �Æ¾Ï´ó¶ �±¼ÃÅº¼ÌÀ �ä¿¸±ÇµÂ´ �Þ¸ºÅÃ¿ �ÕÇº¼ËÃÅ¸Î·­¼ �¿Èú°ûÀÌÀç¸,� �¦Á �3�ÇÀ �Ý±Ó¼ê»­È°¹»À �·Ã¡°ÏÇ©¿ �õ´í¿ �âÇó»Èµ �°Èº¼ú° �±¼ÃÅº¼»À �ò¾ú¾Ù´.� �¯Æ÷È,� �Z�r�O�2�Â´ �Þ¸ºÅÃ¿ �ÕÇº¼Ý¹ÀÀ¡¿­¼ �Ý¹ÀÀ°¹ÇÀ �¸±º¼º¼Ðº(�C�O�/�H�2� �Ç¶Â´ �C�O�2�/�H�2�)�¡¿ �«¹ü°ÏÇÔ° �¸±®¸º¼ÐºÇÀ �°Èº¼»À �âÇó»Ã½°ÅÂ´ �Í°¸ÀÎ· �ª³¸Åª³ �ó»ç´ÑÇ �ÖÁñ¸»À �Þ¹í° �ÖÀÙ´[�1�]�.� �


�H�e�r�m�a�n� �îµ[�2�]�ºÀ �Þ¸ºÅÃ¿ �ÕÇº¼Ý¹ÀÀÇÀ �°Èº¼¡ÁºÀ �Z�n�O� �Ý°ÚÀ¡¿ �¡Ä¯ÈÈµ �C�u�+� �ÌÀÂ¿ÌÀç¸,� �C�O�¡° �ÌÀ �°Èº¼¡Á¡¿ �­°ÏÇÔ° �íÈøÂÏÇ©¿ �Z�n�O�Î·ÎºÍÅ �ÌÀ¿µÑÇ �ö¼Ò¼ø¿ÚÀÍ¿ �Ý¹ÀÀÏÇ©¿ �Þ¸ºÅÃ¿»À �ÕÇº¼ÑÇÙ´í° �ÖÁåÀÏÇ´¿Ù´.� �S�h�e�f�f�e�r� �îµ[�3�]�ºÀ �¸±®¸ �ËÃÅ¸¡¿ �N�a�+�,� �K�+�Í¿ �°°ºÀ �Ë¾®Ä®¸ �ÌÀÂ¿ÇÀ �µ¿âÇ¡¿ �ë´ÏÇ©¿ �¶Áç»ÏÇ©¿ �ËÃÅ¸ÇÀ �°Èº¼ÌÀ �¥Çé¸¡¿ �¸ÁçÀÏÇÂ´ �C�u�+�ÇÀ �ç¾¡¿ �ûµó¶ �õÁ¡°ÑÇÙ´í° �¸ºí°ÏÇ´¿Ù´.� �K�a�n�a�i� �îµ[�4�]�ºÀ �T�E�M�-�E�D�X�Í¿ �C�O�-�T�P�D�¡¿ �ÇÀÏÇ©¿ �¸±®¸ �¥Çé¸ÇÀ �Z�n�O�x�Ù±³Ã¡¿­¼ �ý»º¼Èµ �C�u�+�ÇÀ �¸ÁçÀ¦¸ �à¹ûÇí° �ÌÀ �C�u�+�¦¸ � �Þ¸ºÅÃ¿ �ÕÇº¼Ý¹ÀÀÇÀ �°Èº¼¡Á¸ÀÎ· �£°ÖÁÏÇ´¿Ù´.� �»º �¬¿¸±¡¿­¼Â´ �C�u�/�Z�n�O�/�Z�r�O�2� �ËÃÅ¸¡¿ �ë´ÏÇ©¿ �X�-�r�a�y� �p�h�o�t�o�e�l�e�c�t�r�o�n� �s�p�e�c�t�r�o�s�c�o�p�y�(�X�P�S�)� �Ðº®¼»À �ö¼àÇÏÇ©¿ �Þ¸ºÅÃ¿ �ÕÇº¼Ý¹ÀÀÇÀ �°Èº¼¡Á»À �¸±í¸ÏÇí° �ÌÀ¦¸ �Ý¹ÀÀ°Èº¼ú° �¬¿ü°Ã½ÑÄ �ØÇ®¼ÏÇ´¿Ù´.�


� �


�Ç½èÇ �æ¹ý¹


�


�(�1�)� �C�u�/�Z�n�O�/�Z�r�O�2� �ËÃÅ¸ �¦Á¶Á


�ð¸çµ �ËÃÅ¸éµºÀ �H�e�r�m�a�n� �îµ[�2�]�ÌÀ �¦ÁÈ¾ÑÇ �ø°§Äý¹¸ÀÎ· �¦Á¶ÁÏÇ´¿Ù´.� �¢° �Ý±Ó¼ÇÀ �úÁê»°¿éµ»À �ø¿ÏÇÂ´ �¶Áº¼ñº(�C�u�:�Z�n�O�=�3�:�7� �b�y� �m�o�l�a�r� �r�a�t�i�o�)�Î· �¥ÈÕÇÏÇ©¿ �¸¸éµî¾øÁ �ë¿×¾(�ÑÃ �Ý±Ó¼ó³µµ �1�m�o�l�/�L�)�»À �6�5�É¡¡¿­¼ �§ÄüÀ¦ÁÎÀ �N�a�H�C�O�3� �ë¿×¾(�1�m�o�l�/�L�)�¡¿ �­¼­¼÷È �³¶î¾ß¶®¸é¸­¼ �§ÄüÀÃ½×ÄÙ´.� �ÌÀ¸·Ô° �ò¾î¾øÁ �§ÄüÀ°¹¡¿ �ë´ÏÇ©¿ �¼¼´Ã,� �©¿ú° �ú°¤Á»À �æÃÐº÷È �Ç½àÇÏÇ©¿ �N�a�+� �ÌÀÂ¿»À �¦ÁÅ°ÏÇ´¿Ù´.� �×±®¸í°,� �1�2�0�É¡¡¿­¼ �1�2�Ã½£°¿µÈ¾ �Ç°¶ÁÏÇ©¿ �ö¼Ðº»À �Ï¿üÀ÷È �¦ÁÅ°ÑÇ �Ù´½À,� �3�5�0�É¡ÇÀ �ø°â± �Ðº§Àâ±ÏÇ¡¿­¼ �3�Ã½£°¿µÈ¾ �Ò¼º¼ÏÇ´¿Ù´.� �


�


�(�2�)� �Ý¹ÀÀ �Ç½èÇ �×¹ �Ðº®¼æ¹ý¹ �


�¦Á¶ÁÈµ �C�u�/�Z�n�O�/�Z�r�O�2� �ËÃÅ¸¦¸ �C�O� �ö¼Ò¼­ÈÝ¹ÀÀ¡¿ �ûÀë¿ÏÇ©¿ �Z�r�O�2�ÇÀ �ÔÇ®·¡¿ �ûµ¥¸ �ËÃÅ¸ÇÀ �°Èº¼¯º­È¦¸ �¶Áç»ÏÇ´¿Ù´.� �Ì¹ÐºüÇ �í°¤ÁþÃ �åÈ§¸Ý¹ÀÀâ±¡¿ �0�.�5�g�ÇÀ �ËÃÅ¸¦¸ �æÃüÀÏÇí° �2�5�0�É¡ÇÀ �ø¼ö¼ÑÇ �ö¼Ò¼Ðº§Àâ±¡¿­¼ �3�Ã½£°¿µÈ¾ �¯Èø¿Ã½×ÄÙ´.� �ÌÀî¾­¼ �ö¼Ò¼Í¿ �ÏÀê»­ÈºÅÒ¼¦¸ �4�:�1�ÇÀ �ñº²ÀÎ· �¸º»³é¸­¼ �2�5�0�É¡,� �5�0�0�p�s�i�g�ÇÀ �¶ÁÇ°ÏÇ¡¿­¼ �Þ¸ºÅÃ¿ �ÕÇº¼Ý¹ÀÀÇ½èÇ»À �ö¼àÇÏÇ´¿Ù´.� �Ý¹ÀÀÌÀ �¤Áó»ó»ÂÅ¡¿ �µµÞ´ÑÇ �ÄÈ¡¿ �Ã½á·¦¸ �ëÃÏÇ´¿¸Àç¸ �P�o�r�a�p�a�k� �Q� �ÃÄ³·»À �ç»ë¿ÏÇÂ´ �¡°º½©ÅÎ·¶¸äÅ×±¡·ÇÇ(�S�h�i�m�a�d�z�u� �G�C�-�3�B�T�)�Î· �Ã½á·¦¸ �Ðº®¼ÏÇ´¿Ù´.� �ý»º¼°¹ÇÀ �ç¾ºÀ �ô¸ö¼¦¸ �â±ØÁ¸ÀÎ· �è°ê»ÏÇ´¿Ù´.� �


�


�(�3�)� �ËÃÅ¸ÇÀ �¯Æº¼Ðº®¼


�Ò¼º¼ÄÈ �×¹ �¯Èø¿ÄÈÇÀ �ËÃÅ¸ �¢°¢°¡¿ �ë´ÏÇ©¿ �X�P�S� �Ðº®¼»À �ëÅÏÇ©¿ �ËÃÅ¸ÇÀ �°Èº¼¡Á»À �¶Áç»ÏÇ´¿Ù´.� �X�P�S� �Ðº®¼â±â±Â´ �P�e�r�k�i�n�-�E�l�m�e�r� �P�H�I� �5�5�8�»À �ÌÀë¿ÏÇ´¿¸Àç¸ �¤±ø¿¸ÀÎ·Â´ �M�g�-�K�á¥¦¸ �ç»ë¿ÏÇ´¿Ù´.� �Ðº®¼ÑÇ �¢° �º¼ÐººÀ �¸±®¸,� �Æ¾¬¿,� �öÁ£¸ÚÄ½´,� �ê»Ò¼ �îµÌÀú¾í°,� �p�e�a�k� �s�h�i�f�t� �¸º¤Á»À �§ÀÑÇ �i�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d� �r�e�f�e�r�e�n�c�e�Î·Â´ �Æ¾¬¿ �Z�n� �2�p�ÇÀ �á°ÕÇ¡¿Ê³öÁ(�1�0�2�1�.�7�e�V�)�¦¸ �ç»ë¿ÏÇ´¿Ù´.� �ÌÀÜ¿¡¿µµ �T�P�R�,� �T�P�O� �îµÇÀ �¯Æº¼Ðº®¼»À �ö¼àÇÏÇ´¿Ù´.� �


�


�á°ú° �×¹ �äÅÐ·


�C�u�Í¿ �Z�n�O�ÇÀ �ñº¡° �3�:�7�ÎÀ �C�u�/�Z�n�O�/�Z�r�O�2� �ËÃÅ¸¡¿ �Þ¸ºÅÃ¿ �ÕÇº¼Ý¹ÀÀ»À �ö¼àÇÑÇ �á°ú° �Z�r�O�2�ÇÀ �ÔÇ®·ÌÀ �1�5� �w�t�%�ÏÀ �§¶ �ÖÃí°ÇÀ �°Èº¼»À �¸º´¿Ù´.� �¸±®¸¦¸ �ÔÇ¯ÀÑÇ �Þ¸ºÅÃ¿ �ÕÇº¼ËÃÅ¸ÇÀ �°Èº¼º¼Ðº¡¿ �ë´ÏÇ©¿ �¹¸ºÀ �í³õ¶ÌÀ �¦Áâ±Çµí° �ÖÀÙ´.� �×±¡·­¼,� �X�P�S� �Ðº®¼â±ý¹»À �µµÔÀÏÇ©¿ �C�u�/�Z�n�O�/�Z�r�O�2� �ËÃÅ¸ÇÀ �°Èº¼º¼Ðº»À �¸±í¸ÏÇí°ÚÀ �ÏÇ´¿Ù´.�


�Ò¼º¼ �ÄÈÇÀ �ËÃÅ¸éµ¡¿ �ë´ÏÇ©¿ �Z�r�ÇÀ �b�i�n�d�i�n�g� �¡¿Ê³öÁ¦¸ �øÃ¤ÁÑÇ �á°ú°¦¸ �F�i�g�.� �1�¡¿ �ª³¸Å»³ú¾Ù´.� �×±²¸¡¿­¼ �¸ºÂ´ �Ù¹Í¿ �°°ÌÀ �Z�r�ÇÀ �·Ã¡°¡¿ �ûµó¶­¼ �Z�r�ÇÀ �º½åÆ®Æ³·¡¿­¼ �s�a�t�e�l�l�i�t�e� �s�t�r�u�c�t�u�r�e�ª³ �Ù´¥¸ �¸±¶ÁûÀÎÀ �¯º­È¡° �ü°ûÂÇµöÁ �Ê¾Ò¾¸Àª³,� �C�u�ÇÀ �º½åÆ®Æ³·¡¿­¼ �§ÀÇÀ �¯º­È¡° �ü°ûÂÇµú¾Ù´.� �×±¯·Ç¹Î·,� �Z�r�ÇÀ �·Ã¡°¡¿ �ÇÀØÇ �Z�r�ÇÀ �üÀÚÀûÀÎÀ �¯Èæ°ÌÀ �Æ¾Ñ´ �C�u�ÇÀ �üÀÚÀûÀÎÀ �¯Èæ°¡¿ �¯º­È¦¸ �ÖÁú¾Ù´í° �ÇÆÜ´ÈµÙ´.�


���E�M�B�E�D� �U�n�k�n�o�w�n�������


�Ò¼º¼ �ÄÈÇÀ �ËÃÅ¸¡¿ �ë´ÏÇ©¿ �C�u�ÇÀ �b�i�n�d�i�n�g� �¡¿Ê³öÁ¦¸ �øÃ¤ÁÏÇ©¿ �F�i�g�.� �2�¡¿ �ª³¸Å»³ú¾Ù´.� �F�i�g�.� �2�¡¿­¼Â´ �9�3�3�.�0�e�V�¡¿­¼ �C�u�(�2�p�3�/�2�)�ÇÀ �p�a�r�e�n�t� �ÇÇ©Å¡° �ü°ûÂÇµú¾í°,� �Ç¶ÑÇ �s�a�t�e�l�l�i�t�e� �¸±¶Áµµ �ü°ûÂÇµú¾Ù´.� �ÌÀ �¸±¶ÁÂ´ �Îµ �¡°öÁ �ü°¡Á¡¿­¼ �³¼í¸ÒÇ �ö¼ �ÖÀÙ´.� �¹Ã°ÂÂ´ �p�a�r�e�n�t� �ÇÇ©Å¡¿­¼ �ßÀ �Ðº®¸Èµ �s�a�t�e�l�l�i�t�e� �ÇÇ©ÅÎ·­¼ �à¾ �9�4�3�e�V�¡¿­¼ �ü°ûÂÇµÂ´¥µ �ÌÀÂ´ �e�l�e�c�t�r�o�n� �s�h�a�k�e�-�u�p� �p�r�o�c�e�s�s�¡¿ �ÇÀØÇ �ý»â±Ô° �ÈµÙ´.� �ïÁ,� �¤Ãö¿®Á �ÖÀöÁ �Ê¾ºÀ �3�d� �o�r�b�i�t�a�l�ÌÀ �¸ÁçÀÏÇÂ´ �æ°ì¿ �l�i�g�a�n�d� �üÀÚÀÇÀ �üÀÏÇÌÀ¿µ¡¿ �ÇÀØÇ �ý»º¼ÇµÂ´ �Í°¸ÀÎ·­¼,� �öÁÝ±ÇÀ �ËÃÅ¸¡¿­¼Â´ �C�u�2�+�(�1�s�2�2�s�2�2�p�6�3�s�2�3�p�6�3�d�9�)�¡¿ �ë´ÑÇ �á°ÕÇº¼úÁ»À �Ë¾ �ö¼ �ÖÀÙ´.� �Ñµ°ÂÂ´ �C�u�(�2�p�3�/�2�)� �º½åÆ®Æ³·¡¿­¼ �p�a�r�e�n�t� �ÇÇ©ÅÇÀ �f�w�h�m� �ª°ÇÀ �¯º­ÈÎ· �C�u�2�+� �ÌÀÂ¿ÇÀ �á°ÕÇº¼úÁ»À �Ë¾ �ö¼ �ÖÀÙ´.� �ÌÀ �¯º­ÈÂ´ �m�u�l�t�i�p�l�e�t� �s�p�l�i�t�t�i�n�g� �¿Èú°¡¿ �ÇÀØÇ �ÏÀî¾ª³Â´ �öÇó»ÌÀÙ´.� �ïÁ,� �Z�r�O�2�ÇÀ �·Ã¡°¡¿ �ÇÀØÇ �C�u�O� �¸±¶ÁÇÀ �¯ºüÇÌÀ �ÏÀî¾ª³ �ø¿¡·ÇÀ �s�q�u�a�r�e� �p�l�a�n�e� �ë´ªÄ¸±¶Á¡¿­¼ �ÖÁ§ÀÇÀ �O�2�-� �ÌÀÂ¿ú° �à¾ÑÇ �á°ÕÇ»À �üÇº¼ÏÇ©¿ �o�c�t�a�h�e�d�r�a�l� �ë´ªÄ¸±¶ÁÎ· �¯ºüÇÇµî¾ �ª³¸Åª³Â´ �öÇó»ÌÀÙ´.� �ÌÀ±· �¯ºüÇ¡¿ �ÇÀØÇ �f�w�h�m�ÇÀ �¯º­È¡° �ÏÀî¾ª³í°,� �Z�r�O�2�ÇÀ �ÔÇ®·ÌÀ �1�5� �w�t�%�ÏÀ �§¶ �×± �¯º­È¡° �¡°åÀ �©ÅÔ° �ª³¸Åµ³Ù´.� �ÌÀ¦¸ �¾ÁÕÇØÇ¸ºé¸ �Z�r�O�2�¡° �1�5� �w�t�%� �·Ã¡°Èµ �æ°ì¿¡¿ �â±¸ÁÇÀ �ø¼ö¼ÑÇ �C�u�O�Ü¿¡¿ �¯ºüÇÇµî¾ �ý»º¼Èµ �õ»Î·î¿ �üÇÂÅÇÀ �C�u�O�¡° �¡°åÀ �¹¸ÌÀ �ý»º¼Çµú¾½À»À �Ë¾ �ö¼ �ÖÀÙ´.� �


���E�M�B�E�D� �U�n�k�n�o�w�n�������
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