üÀÜ´åÈ§¸ �ÏÇ¡¿­¼ �»¸Ü´ÌÀ �í°¤ÁÈµ � �í°ÐºÚÀ �ç»½½ÇÀ �¯ºüÇ¡¿ �ü°ÑÇ �¬¿¸±


�


�è±¤±Ô±,� �÷Â¹±åÇ


�­¼ï¿ë´ÐÇ³± �­ÈÐÇø°ÐÇú°


�


�A� �S�t�u�d�y� �o�n� �t�h�e� �D�e�f�o�r�m�a�t�i�o�n� �o�f� �E�n�d�-�a�n�c�h�o�r�e�d� �P�o�l�y�m�e�r� �C�h�a�i�n�s� �u�n�d�e�r�


� �S�h�e�a�r� �F�l�o�w�


�


�G�w�a�n�g� �G�y�u� �K�i�m�,� �K�o�o�k�h�e�o�n� �C�h�a�r�


�D�e�p�a�r�t�m�e�n�t� �o�f� �C�h�e�m�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g� �


�S�e�o�u�l� �N�a�t�i�o�n�a�l� �U�n�i�v�e�r�s�i�t�y�


�


�­¼Ð·


�í°ÐºÚÀ �ç»½½ÇÀ �ÑÇÊÂ �¡³ÌÀ �¥Çé¸ �Ç¶Â´ �è°é¸¡¿ �í°¤ÁÇµí°,� �í°¤ÁÈµ �í°ÐºÚÀ �ç»½½£°ÇÀ �Å°®¸¡° �òÆÕ±»¸Ü´£° �Å°®¸¸ºÙ´ �ÛÀ»À �æ°ì¿ �í°ÐºÚÀ �ç»½½éµºÀ �¢ÁöÁé¸¡¿ �ö¼÷ÁÎÀ �æ¹âÇ¸ÀÎ· �Å½åÀ(�e�l�o�n�g�a�t�i�o�n�)�Çµî¾ �í°ÐºÚÀ �êº¯·¬½(�p�o�l�y�m�e�r� �b�r�u�s�h�)�¦¸ �üÇº¼ÏÇÔ° �ÈµÙ´[�1�,�2�]�.� �í°ÐºÚÀ �êº¯·¬½Â´ �ÝÄÎ·ÌÀåµ �ÔÀÚÀÇÀ �ÀÀýÁ(�f�l�o�c�c�u�l�a�t�i�o�n�)�»À �æ¹öÁÏÇÂ´ �s�t�e�r�i�c�þÃ»À �üÇº¼ÏÇÅ°ª³,� �w�e�t�t�i�n�g�ÌÀ �ßÀ �ÇµöÁ �Ê¾Â´ �¥Çé¸»À �³Ã®¸ÏÇÂ´ �ë¿µµÎ· �ç»ë¿ÌÀ �¡°É´ÏÇÙ´.� �í°ÐºÚÀ �êº¯·¬½ÇÀ �òÆüÇ �°¹º¼ºÀ �A�l�e�x�a�n�d�e�r�[�3�]�Í¿ �d�e� �G�e�n�n�e�s�[�4�]�¡¿ �ÇÀØÇ �¬¿¸±Çµâ± �Ã½ÛÀÏÇ´¿Â´¥µ �ÌÀéµÇÀ �¬¿¸±¡¿­¼Â´ �í°ÐºÚÀ �êº¯·¬½ÇÀ �e�l�a�s�t�i�c� �e�n�e�r�g�y�Í¿ �o�s�m�o�t�i�c� �e�n�e�r�g�y�¸¸»À �í°Á·ÏÇ©¿ �Ç½èÇ¡¿ �ÎºÕÇÇµÂ´ �á°ú°éµ»À �ò¾ºÀ �Ù¹ �ÖÀí°,� �ÌÀÄÈ �©¿¯· �¡°öÁ �ÌÀÐ·»À �Ù¹ÁÅ¸ÀÎ· �ÑÇ �¬¿¸± �á°ú°¡° �ß¹¥ÇÇµú¾Ù´.� �ÖÃÙ±¡¿Â´ �üÀÜ´ �åÈ§¸ÌÀ �ÖÀ»À �æ°ì¿ �í°ÐºÚÀ �êº¯·¬½ÇÀ �¯ºüÇ¡¿ �ü°ÑÇ �¬¿¸±¡° �ÖÀú¾Â´¥µ,� �ÌÀ �æ°ì¿ �í°ÐºÚÀ �êº¯·¬½Â´ �±À°ÈþÃ¸ÀÎ·­¼ÇÀ �ª¿ÒÇ»À �ÒÇ �ö¼µµ �ÖÀ¸Àç¸,� �üÀÜ´ �åÈ§¸¡¿ �ÇÀÑÇ �ç»½½éµÇÀ �¯ºüÇºÀ �c�o�i�l�-�g�l�o�b�u�l�e�¯ºÌÀÇÀ �¬¿¸±Í¿µµ �ü°Ã·ÌÀ �ÖÀÙ´.� �ÌÀø¹ �¬¿¸±¡¿­¼Â´ �üÀÜ´ �åÈ§¸ÌÀ �¸ÁçÀÏÇÂ´ �æ°ì¿¡¿ �ë´ÑÇ �â±¸ÁÇÀ �¬¿¸±[�5�,�6�]�¦¸ �ÏÀÝ¹­È �ÏÇ©¿ �ÌÀ÷Âø¿ûÀÎÀ �í°ÐºÚÀ �êº¯·¬½ÇÀ �¯ºüÇ»À �ì»ìÆ¸ºí°ÚÀ �ÑÇÙ´.�


�


�ÌÀÐ·


�A�.� �ÐºÒÇ �ÔÇö¼ �(�p�a�r�t�i�t�i�o�n� �f�u�n�c�t�i�o�n�)�


�üÀÜ´ �åÈ§¸ÌÀ �ÖÁî¾øÁ �ÄÈ �¤Áó»ó»ÂÅ¡¿ �µµÞ´ßÇ»À �æ°ì¿ �í°ÐºÚÀ �ç»½½ÇÀ �ÐºÒÇ �ÔÇö¼Â´ �Ù´½Àú° �°°ÌÀ �ÖÁî¾øÁÙ´.�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�	�	�	�	�(�1�)�


�©¿â±¡¿­¼ �H�Â´ �E�d�w�a�r�d�s�ÇÀ �H�a�m�i�l�t�o�n�i�a�n�¸ÀÎ· �Ù´½Àú° �°°Ù´.�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�	�	�(�2�)�


�§ÀÇÀ �ÐºÒÇÔÇö¼¡¿­¼ �ò¾î¾øÁ �ÚÀ¯À¡¿Ê³öÁ¦¸ �ÖÃÒ¼­È �ÏÇé¸ �s�e�l�f�-�c�o�n�s�i�s�t�e�n�t� �f�i�e�l�d� �æ¹¤ÁÄ½[�7�]�»À �ò¾»À �ö¼ �ÖÀÙ´.� �×±¯·ª³ �í°ÐºÚÀ �êº¯·¬½¡¿­¼Â´ �í°ÐºÚÀ �ç»½½ÇÀ �ä¿¿µ �(�f�l�u�c�t�u�a�t�i�o�n�)�»À �«¹Ã½ÒÇ �ö¼ �ÖÀ¸ÀÇ¹Î· �H�a�m�i�l�t�o�n�i�a�n�¡¿ �ë´ÏÇ©¿ �ü¹ÔÇö¼ �Ì¹Ðº(�f�u�n�c�t�i�o�n�a�l� �d�e�r�i�v�a�t�i�v�e�)�»À �ëÃÏÇé¸ �î¿¿µ �æ¹¤ÁÄ½ú° �æ°è°¶ÁÇ°ºÀ �Ù´½Àú° �°°Ô°ÈµÙ´.�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������,� � ���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�(�3�)�


�§ÀÇÀ �æ¹¤ÁÄ½»À �®Çî¾ �í°üÀË±µµ(�c�l�a�s�s�i�c�a�l� �t�r�a�j�e�c�t�o�r�y�)�¦¸ �¸±ÏÇé¸ �Ù´½Àú° �°°Ù´.�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�(�4�)�


�üÀÜ´ �åÈ§¸ÌÀ �ø¾»À �æ°ì¿,� �òÆüÇ �êº¯·¬½¡¿ �ë´ÑÇ �M�i�l�n�e�r�[�9�]�ÇÀ �e�q�u�a�l� �t�i�m�e� �p�o�t�e�n�t�i�a�l�»À �ç»ë¿ÏÇé¸ �í°üÀË±µµÂ´ �Æ¾¡·Í¿ �°°Ô° �Çµî¾ �p�a�r�a�b�o�l�i�c� �ÔÇö¼üÇÂÅÇÀ �d�e�n�s�i�t�y� �p�r�o�f�i�l�e�»À �ò¾»À �ö¼ �ÖÀÔ° �ÈµÙ´.�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�	�	�	�	�	�(�5�)�


�B�.� �Ù±ç»ØÇ


�üÀÜ´ �åÈ§¸ÌÀ �ÖÀ»À �æ°ì¿ÇÀ �í°ÐºÚÀ �êº¯·¬½ÇÀ �ÌÀ÷Âø¿ �Ë±µµÂ´ �F�i�g�.� �1�ú° �°°ÌÀ �x�æ¹âÇÇÀ �Å½åÀºÀ �üÀÜ´ �åÈ§¸¡¿ �ÇÀÏÇí°,� �z� �æ¹âÇÇÀ �Å½åÀºÀ �ï»õÅ �¿Èú°¡¿ �ÇÀØÇ �ÖÁÎ· �á°¤ÁÈµÙ´í° �¸ºé¸ �Ù´½Àú° �°°Ù´.�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�	�	�(�6�)�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�	�	�(�7�)�


�ûµó¶­¼ �ÌÀ÷Âø¿ �Ë±µµÂ´ �Ù´½Àú° �°°Ù´.�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������,� � ���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�	�	�	�	�	�	�(�9�)�


�á°ú° �×¹ �äÅÐ·


�í°ÐºÚÀ �êº¯·¬½»³ÇÀ �¯À¿µåÀú° �êº¯·¬½»³¡¿ �¸ÁçÀÏÇÂ´ �ûÈºÀ �F�i�g� �1�.�¡¿ �ª³¸Å½³ �Ù¹Í¿ �°°Ù´.� �êº¯·¬½»³ÇÀ �¯À¿µåÀ»À �¦¹ç»ÏÇâ± �§ÀØÇ �B�r�i�n�k�m�a�n�æ¹¤ÁÄ½»À �ç»ë¿ÏÇé¸ �s�t�e�p� �f�u�n�c�t�i�o�n� �d�e�n�s�i�t�y� �p�r�o�f�i�l�e�»À �¡°¤ÁÒÇ �æ°ì¿ �Ó¼µµåÀºÀ �Ù´½Àú° �°°Ù´.�


���E�M�B�E�D� �E�q�u�a�t�i�o�n� �������	�	�	�	�	�	�(�1�0�)�


�©¿â±¡¿­¼ �H�Â´ �êº¯·¬½ÇÀ �ô³ÌÀÌÀí°,� ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������Â´ �êº¯·¬½ÇÀ �ó³µµ¡¿ �Ý¹ñºÊ·ÏÇÂ´ �Å¸³°¯ºö¼ÌÀÙ´.� �ûµó¶­¼ �åÈ§¸æ¹âÇ(�x� �æ¹âÇ)�ú° �×±Í°¡¿ �ö¼÷ÁÎÀ �æ¹âÇ(�z� �æ¹âÇ)�¡¿ �ë´ÏÇ©¿ �æ¹¤ÁÄ½»À �¼¼ì¿é¸ �Ù´½Àú° �°°Ô° �ÈµÙ´.�


��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������,� ��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������


�	�	�	�	�	�	�	�	�(�1�1�)�


�Ç¶ÑÇ �ó³µµ �Ðº÷ÆÂ´ �Ù´½ÀÄ½ �(�1�2�)�Í¿ �°°ÌÀ �ÇµÂ´¥µ �ÌÀ¦¸ �³°«·ûÀ¸ÀÎ· �µµÃ½ÏÇé¸ �F�i�g�.�2�Í¿ �°°Ù´.�


��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������	�	�	�	�	�(�1�2�)�


�í°ÐºÚÀ �êº¯·¬½ÇÀ �e�n�d� �s�e�g�m�e�n�t�ÇÀ �Ðº÷ÆÍ¿ �ó³µµÍ¿ÇÀ �ü°è°Â´ �Ù´½Àú° �°°Ù´.�


��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������	�	�	�	�	�`�	�(�1�3�)�


�ûµó¶­¼ �e�n�d� �s�e�g�m�e�n�t�ÇÀ �Ðº÷ÆÂ´ �(�1�4�)�Ä½ú° �°°Ô° �Çµç¸ �ÌÀ¦¸ �³°«·ûÀ¸ÀÎ· �µµÃ½ÏÇé¸ �F�i�g�.�3�ú° �°°Ù´.� �§À¡¿­¼ �¸±ÑÇ �¯À¿µåÀºÀ �s�t�e�p� �f�u�n�c�t�i�o�n� �d�e�n�s�i�t�y� �p�r�o�f�i�l�e�»À �¡°¤ÁÏÇí° �ÖÀ¸ÀÇ¹Î· �¯À¿µ¡¿ �ÇÀÏÇ©¿ �¯ºüÇÈµ �ó³µµ �Ðº÷Æ¦¸ �ÌÀë¿ÏÇ©¿ �s�e�l�f�-�c�o�n�s�i�s�t�e�n�t�ÏÇÔ° �¯À¿µåÀú° �ó³µµ �Ðº÷Æ¦¸ �è°ê»ÏÇÔ° �ÈµÙ´.�


��� �E�M�B�E�D� �E�q�u�a�t�i�o�n�.�2� � �������	�	�	�	�	�(�1�4�)�


�


�üÂí°®¹åÇ


�1�.� �H�a�l�p�e�r�i�n�,� �A�.�,� �T�i�r�r�e�l�,� �M�.� �a�n�d� �L�o�d�g�e�,� �T�.� �P�.�:� �A�d�v�.� �P�o�l�y�m�.� �S�c�i�.�,� �1�0�0�,� �3�1�(�1�9�9�1�)�.�


�2�.� �M�i�l�n�e�r�,� �S�.� �T�.�:� �S�c�i�e�n�c�e�,� �2�5�1�,� �9�0�5�(�1�9�9�1�)�.�


�3�.� �A�l�e�x�a�n�d�e�r�,� �S�.�:� �J�.� �P�h�y�s�.� �(�L�e�s� �U�l�i�s�,� �F�r�.�)�,� �3�8�,� �9�8�3�(�1�9�7�7�)�.�


�4�.� �d�e� �G�e�n�n�e�s�,� �P�.� �G�.�:� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�3�,� �1�6�0�9�(�1�9�8�0�)�.�


�5�.� �B�a�r�r�a�t�,� �J�.� �L�.�:� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �2�5�,� �8�3�2�(�1�9�9�2�)�.�


�6�.� �S�e�v�i�c�k�,� �E�.� �M�.�:� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �2�9�,� �6�9�5�2�(�1�9�9�6�)�.�


�7�.� �E�d�w�a�r�d�s�,� �S�.� �F�.�:�P�r�o�c�.� �P�h�y�s�.� �S�o�c�.�,� �8�5�,� �6�1�3�(�1�9�6�5�)�.� �


�


�


���


