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�÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤ �� ý¥�ê ý�ûù¢�¢ ýÀ��ñÀõ2ö��õ�Æ� �®Âõ�è ,1ü��� ñ��ö��Þ¨ ù�ÚÈ÷�¢ ,¤�õ� ùøÂð1¤�÷���� ù�ÚÈ÷�¢ ,¤�õ� ùøÂð21393*3*18 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1392*7*30 :´ê�þ¤¢ ¾þ¤���µ¡�¢Â� ý¥�ê ü�øÂ¡-Õ�ì¢ ý¢ø¤ø ý�ûù¢�¢ ýÀ��ñÀõ �� �ó�Öõ ßþ� ¤¢ : ùÀ�Ø�ý¥�ê ý�Î¡ ��Þ� ø Õ�ì¢ ý�ûÂµõ�¤�� �� ý¥�ê §¤�õ ö��¨Âð¤ ¢ÂØþø¤ ø ¢�ªüõ¥� ù¢�Ôµ¨� �� ñø� �Ü�Âõ ¤¢ :´¨� �Ü�Âõ ø¢ Ûõ�ª ý¢�ú�È�� ©ø¤ .¢¢Âðüõ üêÂãõø ,À÷�ªüõ ¢¤ø�Â� �µÆ��ø Â�çµõ �î�Âõ (§¤�õ) �÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤Â�è ý¥�¨���ú� �ó�bÆõ ×þ §�¨� Â� ý¥�ê ý�û�Î¡ Âþ¢�Öõ ßþÂµÞî �ø¢ �Ü�Âõ ¤¢ý�ûù¢�¢ ýÀ��ñÀõ ¤¢ ùÀª ¢�ú�È�� ñÀõ ¢Â�¤�î �úµ ÷� ¤¢ .À�þ�üõ ´¨¢�� üÎ¡©ø¤ ýÂ�Â � ñ� · õ ßþ� ü �Â¹� ¸þ� µ ÷ .¢�ªüõ ù¢�¢ ö�È ÷ �� ü¨À�úõ ¤¢ üãì�øßþÂ µÞî ý¥� ê ö��¨Âð¤ ñ ø�À µ õ ý�û©ø¤ ¥� ü¡Â� � � �Æþ� Ö õ ¤¢ �¤ ý¢�ú �È� �.Àû¢üõ ö�È÷ �Î¡ �ø¢ ý�ûö����b ÷�õ�¨ ,ý¥�ê ý�ûù¢�¢ ,(§¤�õ) �÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð ¤ : ýÀ�Üî ý�ûù��ø.�÷�¡¢ø¤ ü�¢ ,ý¥�ê ��µ�µ¨�0 . jhahi�profs.semnan.a.ir ,ü��� ñ�� :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 94D05 ,62G08 ,62J86 :(2010) ü®�þ¤ ýÀ��á�®�õ Àî



�÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤ �� ý¥�ê ý�ûù¢�¢ ýÀ��ñÀõ : : : : : : : : : : : : : : : : : : : : : : : 2�õÀÖõ 1�þ�� Â� ö���üõ �î À÷¤ø�üõ Ýû�Âê üþ�û�Úó� (ý¥�ê ø ý¤�õ�) ü÷��¨Âð¤ ý�ûñÀõé�¡ Â� .¢Âî ü¨¤Â� �¤ ¾¨�� ø ü���±� ý�ûÂ�çµõ ¥� ý��ä�Þ¹õ ß�� ¯�±�¤� �ú÷�:¢Â� ¤�î�� Âþ¥ ¢¤��õ ¤¢ ö���üõ �¤ ý¥�ê ö��¨Âð¤ ,ý¤�õ� ö��¨Âð¤;À�ª�� Õ�ì¢�÷ �ûù¢�¢ �;Àª�� (üó�Þµ�� �÷ ø) ü÷�Øõ� á�÷ ¥� �ûÂ�çµõ ß�� �Î��¤ �.À�ª�� Àþ¢Â� ¢¤�õ ý¤�õ� ö��¨Âð¤ ý�ûñÀõ ¤¢ üþ���Âþ¥ ���®Âê �ý�ûÂ�çµõ ��Àû�Èõ ß�� üã��� �Âê ×þ ,ý¤�õ� ö��¨Âð¤ À�÷�Þû ,ý¥�ê ö��¨Âð¤ ¤¢�µêÂð ÂÑ÷ ¤¢ ¾¨�� Â�çµõ Âþ¢�Öõ ü�� �Ç�� ø ñÂµ�î ¤�Ñ�õ �� ø ¾¨�� ø ü��� ± �¤�ÀÖõ �� ö��Ü¬�ê �þ ü���Ç�� ¤�ÀÖõ ��ú�� ñÂµ�î ¤�Ñ�õ �� ø §�¨� ßþ� Â� .¢�ªüõá�÷ ø¢ �� ¢ÂØþø¤ à�½ó ¥� ö���üõ �¤ ý¥�ê ö��¨Âð¤ ý�ûù��ª ,¾¨�� Â�çµõ üãì�ø:¢Âî ýÀ���Ö±Ï üÜîñÀõ ý�Î¡ ü÷�Øõ� ö��¨Âð¤ ¤¢ :ü÷�Øõ� ö��¨Âð¤ �� ��¨�õ ý�û¢ÂØþø¤ (1ý�Î¡ �ûñÀõ ßþ� ¤¢ .¢�ªüõ ¤�Ñ�õ ñÀõ °þ�Â® ü÷�Øõ� ý�ûâþ¥�� °ó�ì ¤¢�þ�� Â� �î üõ�Ú�û ÂÚþ¢ ß¿¨ �� .¢¤�¢ ü÷�Øõ� Â�±ã� �µÆ��ø Â�çµõ ü���Ç���¤ ¾¨� � Â �ç µ õ ¤�ÀÖõ ü� � � ± � ý�ûÂ �ç µ õ Â þ¢� Ö õ ý�¥�� � ø ü÷� �¨Âð¤ ñÀõßµê�þ .üó�Þµ�� Â�±ã� �÷ ø ¢¤�¢ ü÷�Øõ� Â�±ã� ü���Ç�� Âþ¢�Öõ ,Ý��îüõ ü���Ç��üÎ¡ ý�þ¤�õ�÷Â� ý�û©ø¤ ¥� ù¢�Ôµ¨� ��ÜµÆõ °Üè� �ûñÀõ �÷�ð ßþ� °þ�Â®ý�û��ú� á�Þ¹õ �� Â��Â� �î ñÀõ Ûî ��ú�� �û¢ÂØþø¤ ßþ� ¤¢ .´¨� üÎ¡Â�è �þ.¢�ªüõ ���Þî ý¢��ì ø Íþ�Âª ´½� ,´¨� ¾¨�� Â�çµõ ùbÀª ¢¤ø�Â� Âþ¢�Öõ�þ�� Â� �û¢ÂØþø¤ ßþ� ¤¢ :�ø¢ ý�ûö��� ßþÂµÞî ©ø¤ Â� ü�µ±õ ý�ûù��ª (2�ø¢ ý� ûö�� � ß þÂ µ Þ î ©ø¤ ý¥� ê ¢�À ä� ß � � � Ü¬� ê ý�Â � ü þ� ûÓ þÂ ã �¢¤ø�Â� ý¥�ê ö��¨Âð¤ ñÀõ °þ�Â® ö� §�¨� Â� ø À��þüõ Ý�Þã� ×�¨�î¾¨�� Â�çµõ Âþ¢�Öõ ß�� �û�Ü¬�ê á�Þ¹õ ,ù��ª ßþ� ¤¢ ü�¤�±ä�� .À÷�ªüõ



3 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö��õ�Æ� �®Âõ�è ,ü��� ñ���Ü¬�ê ×þ ÓþÂã� §�¨� Â� ,ùÀª ¢¤ø�Â� ¾¨�� Â�çµõ Âþ¢�Öõ ø ùÀª ùÀû�Èõßþ� .À÷¤�¢ ý¤��Æ� á��� ��÷ �û¢ÂØþø¤ ßþ� .¢�ªüõ ���Þî ,ý¥�ê ¢�Àä� ß��,�ûÂ�çµõ ��Àû�Èõ ö¢�� Õ�ì¢�÷ �þ Õ�ì¢ :�ÜÞ� ¥� ,¢¤�¢ üÔÜµ¿õ Ûõ��ä á���,¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ý¥�ê ý�û�ä�Þ¹õ ß�� �Ü¬�ê ý�Â� �î üÔþÂã� ¤¢ á���.´¨� ÂÚþ¢ Ûõ��ä ü¡Â� ø �À±õ ¥� Âä ö¢�Þ÷ ¤�Ñ�õ Õ�ì¢�÷ �þ Õ�ì¢�ãó�Îõ ø ���� ¢¤�õ ¤��Æ� �î ´¨� ü��ä�®�õ �b ÜÞ� ¥� ý¥�ê ö��¨Âð¤ �î �¹÷� ¥�ùÀª üêÂãõ ý�û¢ÂØþø¤ ø �û©ø¤ ¤¢ ý�ù¢ÂµÆð á��� ø ´¨� �µêÂð ¤�Âì ö�ÖÖ½õ� � � õ¥ ß þ� ¤¢ ùÀª ü êÂ ã õ ý� û©ø¤ ¤øÂ õ ø � ã ó� Î õ ý�Â � ö�� �ü õ ,¢¤�¢ ¢��øø �¨¤ø¢ ø (1391) ü��� ,(1386) üõ�ì¤� ø üþ�¥Â�õ ,(1381) üõ�ì¤� �� ö���üõÓÜµ¿õ ��ú� ¥� �û¢ÂØþø¤ ßþ� ¥� ü¡Â� .¢�Þ÷ �ã��Âõ (2011 ,2010) ö�¤�ØÞûý¤��Æ� ��Ö�Ö½� ��� ��ØÈõ âê¤ ´ú� ¤¢ .À÷��µêÂð ¤�Âì ÀÖ÷ ø ü¨¤Â� ¢¤�õ.¢Âî á��¤ (2009) Ù÷ø ø �ó ø (2008) Ù÷¢ ø ß� �� ö���üõ �î �µêÂð �¤�¬ßþ�³¨� ö��¨Âð¤ ©ø¤ ¥� ,ùÀª �ÂÎõ ��¢�Öµ ÷� ¥� ü¡Â� âê¤ ý�Â� �õ�¢� ¤¢¤¢ �ø¢ ý�ûö��� ßþÂµÞî ©ø¤ ý�Â� ü�þ�Úþ�� ö���ä �� (1§¤�õ) �÷�ðÀ�� üÖ�±Î�ý��ãÎì ö��¨Âð¤ ýÀ��ñÀõ ù��ª ×þ §¤�õ ©ø¤ .¢�ªüõ ù¢�Ôµ¨� ý¥�ê Í�½õø ü���±� ý�ûÂ�çµõ ß�� üã��� �Î��¤ ù¤��¤¢ üþ���Âþ¥ �b �®Âê º�û �î ´¨� ýÂµõ�¤���÷,À÷¤�¢ üã�¨ø ��õ�¢ �î üþ�ûù¢�¢ ö¢Âî ñÀõ ý�Â� ©ø¤ ßþ� .¢Â�ðüÞ÷ ÂÑ÷¤¢ ¾¨��ø üµÆû ;1991 ,ßõÀþÂê) ´¨� °¨��õ ¤��Æ� ,Àª��üÞ÷ üÎ¡ �ûÂ�çµõ ß�� �Î��¤ �þý�û©ø¤ ¥� ý¤� �Æ � � � §¤� õ ©ø¤ Â �¡� �b û¢ À �� ñ�Ï ¤¢ .(2009 ,ö�¤�ØÞûà�½ó ¥� (�Î¡ �ø¢ ý�ûö��� ßþÂµÞî ©ø¤ �ÜÞ� ¥�) ñø�Àµõ ýÂµõ�¤���÷ ø ýÂµõ�¤��´¨� �µêÂð ¤�Âì �Æþ�Öõ ¢¤�õ ��±¨�½õ üð¢�¨ ø ,ý¤��µ¨� ,üþ�¤�î ,©¥�Â� ´ì¢,ö�¤�ØÞû ø üó ;2005 ,ß� ø üó ;2007 ,Â�þÂî ;2011 ,ö�¤�ØÞû ø §¤À÷�-ý¢).(2006ý¢�ú�È�� ©ø¤ ø À÷�ªüõ ýÀ��ñÀõ ý¥�ê ý�ûù¢�¢ §¤�õ ©ø¤ �� �ó�Öõ ßþ� ¤¢�Æþ�Öõ ¢¤�õ �ø¢ ý�ûö��� ßþÂµÞî ¢ÂØþø¤ �� ý¥�ê ö��¨Âð¤ ¤¢ ���Èõ ý�û©ø¤ ��1 Multivariate Adaptive Regression Splines (MARS)



�÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤ �� ý¥�ê ý�ûù¢�¢ ýÀ��ñÀõ : : : : : : : : : : : : : : : : : : : : : : : 4�ø¢ ý�ûö��� ßþÂµÞî ©ø¤ �� �Æþ�Öõ ¤¢ §¤�õ ©ø¤ �î �¹÷� ¥� .¢Â�ðüõ ¤�ÂìÛ��ì ýÂ�Â� ý¢�ú�È�� ©ø¤ �î À¨¤üõ ÂÑ÷ �� ,´¨� ¤��µ¨� �Â� ý�ûù¢�¢ �� ´±Æ÷��Àû�Èõ �ú÷� ¤¢ �î üþ�ûù¢�¢ ýÀ��ñÀõ ¤¢ �ø¢ ý�ûö��� ßþÂµÞî ©ø¤ �� üú���¤¢ .´¨� ý��Ü�Âõ ø¢ ©ø¤ ×þ ý¢�ú�È�� ©ø¤ .¢¤�¢ ,Àª�� �µª�¢ ¢��ø �Â��Ü�Âõ ¤¢ Å³¨ .À÷�ªüõ ¢¤ø�Â� ¾¨�� Â�çµõ �î�Âõ §¤�õ ¥� ù¢�Ôµ¨� �� ,ñø� �Ü�Âõ�ûù¢�¢ � � ÂÒ�� µõ ý¥�ê ý�Î¡ ��Þ� ,ý¥�¨���ú � ý�û©ø¤ ¥� ù¢�Ôµ¨� � � ø �ø¢ý¥�ê ý�Î¡ ��Þ� ø À�µÆû Õ�ì¢ ñÀõ °þ�Â® ©ø¤ ßþ� ¤¢ .À�þ�üõ ´¨¢��.À÷�ªüõ ù¢ø�ê� ñÀõ �� ��ú�� ßµêÂð ÂÑ÷ ¤¢ ý�Â�ñÀõ ,3 Ç¿� ¤¢ .¢�ªüõ ö��� ÀþÀ� ñÀõ �b ��¤� é�Àû� ø �ûù��Ú÷� ,2 Ç¿� ¤¢×þ ü���Ç�� ù�½÷ .¢�ªüõ ¼þÂÈ� ø ö��� Â�çµõ ý�û��ú� �� ý¥�ê §¤�õ ö��¨Âð¤ø¢ .¢�ªüõ ¼þÂÈ� ø ö��� 4 Ç¿� ¤¢ ý¥�ê ��µ�µ¨� �b ÷�õ�¨ ¥� ù¢�Ôµ¨� �� ÀþÀ� ¤�ÀÖõ¤¢ .À÷�ªüõ Âî£ 5 Ç¿� ¤¢ ý¥�ê ö��¨Âð¤ ý�ûñÀõ ý�Â� ©¥�Â� üþ�Ø�÷ í�õß�� ý��Æþ�Öõ �ãó�Îõ ×þ �� ü¨À�úõ ¤¢ üãì�ø ý�ûù¢�¢ ¥� ù¢�Ôµ¨� �� ,6 Ç¿��� �úµ÷� ¤¢ .¢�ªüõ ��¹÷� ý¥�ê ö��¨Âð¤ ¤¢ �ÂÎõ ©ø¤ À�� ø ý¢�ú�È�� ©ø¤.¢�ªüõ �µ¡�¢Â� ýÂ�ð�¹�µ÷ ø ¶½�é�Àû� 2.´¨� ùÀª �þ�¤� ý¥�ê ö��¨Âð¤ ���õ¥ ¤¢ üä��µõ ø ÓÜµ¿õ ý�û¢ÂØþø¤ ö��î ��À ÷�� µ êÂð ¤�Â ì ÀÖ ÷ ø ü¨¤Â � ¢¤�õ ÓÜ µ¿õ ��ú� ¥� � û¢ÂØ þø¤ ßþ� ¥� ý¤� �Æ �:¥� À��¤�±ä ¢���õ ý�û©ø¤ ¥� ý¤��Æ� ü¨�¨� ÛØÈõ .(1391 ,ü���)ý¥�ê �ø¢ ý�ûö��� ßþÂµÞî Â� ü�µ±õ ý�ûñÀõ ø ü÷�Øõ� ö��¨Âð¤ ý�ûñÀõ �;À�µÆû §�Æ� �Â� (ý�û)ù¢�¢ �� ´±Æ÷¢¤ø�Â� ý��ú� ÛÖµÆõ Â�çµõ ¤�ÀÖõ Çþ��ê� �� ¢���õ ý�û©ø¤ ¥� ü¡Â� ¤¢ �;¢�ªüõ �µÔð �û��ú� Çþ��ê� ÛØÈõ ö� �� �î ,À��þüõ Çþ��ê� ¾¨�� Â�çµõ ùbÀªý�û��ú� �î ü¿¨�� Â�çµõ ý¥�ê ��Àû�Èõ ýÀ��ñÀõ ý�û©ø¤ ¥� ü¡Â� ¤¢ �üþ�û¢¤ø�Â� ´¨� ßØÞõ ,À÷¤�¢ Â�çµõ �þ üóø�÷ ,ý¢�ã¬ À÷ø¤ ö� ùÀª ùÀû�Èõ



5 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö��õ�Æ� �®Âõ�è ,ü��� ñ��.À÷�ª Û¬�� ¢�þ¥ ý�Î¡ ��,´¨� ùÀª ���¤� ý¥�ê ö��¨Âð¤ ¤¢ �û©ø¤ ü¡Â� ë�ê ��¢�Öµ÷� Û� ý�Â� ��Âð����¤� ,À�î éÂÏÂ� �¤ ��ØÈõ ßþ� Ûõ�î ¤�Ï�� �î üªø¤ ¥��û ßþ� ¢��ø �� �õ��� ´±Æ÷ ñÀõ ´�¨�Æ� ö¢�Þ÷ éÂÏÂ� ¤¢ Âþ¥ ý�û©ø¤ ,ñ�·õ ý�Â� .´¨� ùÀÈ÷:À÷Àª üêÂãõ �Â� ù¢�¢,ü���) �Î¡ ÕÜÎõ¤Àì ßþÂµÞî ©ø¤ Â� ü�µ±õ ý¥�ê ö��¨Âð¤ ý�û¢ÂØþø¤ �;(2012 ,ýÂû�Ï ø �Þ÷ß�ØÜî ;1391� Ü Þ� ¥� ,¤�� µ ¨� ý¤� õ� ö� � ¨Â ð¤ ý� û©ø¤ ¥� � ú ÷� ¤¢ � î ü þ� û¢ÂØ þø¤ �,ö�¤�ØÞû ø �¨¤ø¢) ¢�ªüõ ù¢�Ôµ¨� ,ùÂ�è ø �ûÂð¢¤ø�Â�-S ,�ûÂð¢¤ø�Â�-M.(2011ý�¨ ¥� .´¨� ùÀÈ÷ Û� ö��»Þû �û��ú� Çþ��ê� �b ó�bÆõ ��� ý�û¢ÂØþø¤ ¤¢ �õ�Âþ¥ ý�û©ø¤ �� ö���üõ ��÷ �û��ú� Çþ��ê� �b ó�bÆõ ö¢Âî éÂÏÂ� ���õ¥ ¤¢ ,ÂÚþ¢:¢Âî ù¤�ª��þ ,À�µÆû Õ�ì¢ ñÀõ °þ�Â® °Üè� �ú÷� ¤¢ �î üþ�û©ø¤ �¢�ªüõ ù¢ø�ê� ñÀõ �� ý¥�ê ��ú�� ßµêÂð ÂÑ÷ ¤¢ ¤�Ñ�õ�� ý¥�ê �ÜÞ� ×þ �.(2009 ,Ù÷ø ø �ó ;2008 ,Ù÷¢ ø ß�)¥� ø À÷¤�¢ ¤�Âì ý¥�ê �ø¢ ý�ûö��� ßþÂµÞî ö��¨Âð¤ ���¤�� ¤¢ ��÷ �û©ø¤ ßþ�Àþ�� ë�ê ý�û©ø¤ ö��õ ¤¢ .À�µÆû ¢�Öµ÷� ¢¤�õ �Â� ù¢�¢ �� ´±Æ÷ ´�¨�Æ� ´ú�ý�û��ú� �� ý¥�ê ö��¨Âð¤ ©ø¤ ×þ �î ¢�Þ÷ ù¤�ª� (2008) Ù÷¢ ø ß� ©ø¤ ��,ß � �»Þû ©ø¤ ßþ� .À � îüõ éÂÏÂ � �¤ � û� � ú � Çþ�� ê� �b ó�bÆ õ � î ´¨� Â � ç µ õÀ ÷ø¤ ö� ý�û� � ú � � î ü¿¨� � Â � ç µ õ ý¥� ê ��Àû�Èõ ý�Â � �¤ ü ��¡ ý�û¢¤ø�Â �,Àª �µÔð �î ö��»Þû �õ� .Àû¢üõ ���¤� À÷¤�¢ Â�çµõ üµ� ø ´��� ,üóø�÷ ,ý¢�ã¬.´¨� ����õ �Â� ùb¢�¢ �� ´±Æ÷ ¢�þ¥ ýÂþÁ�Â���b� ÛØÈõ �� ��÷ ©ø¤ ßþ�



�÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤ �� ý¥�ê ý�ûù¢�¢ ýÀ��ñÀõ : : : : : : : : : : : : : : : : : : : : : : : 6�Â� (ý�û)ù¢�¢ � � ´±Æ÷ �î ¢�ªüõ ���¤� ý¥�ê ö��¨Âð¤ ñÀõ ×þ �õ�¢� ¤¢Â�çµõ Âþ¢�Öõ Çþ��ê� °Æ�Â� �¤ �û��ú� Çþ��ê� �b ó�bÆõ �î ßþ� ÂÚþ¢ ø ´¨� ¤��µ¨�.À�îüõ éÂÏÂ� ö�õ�Þû ¾¨�� Â�çµõ ý�û��ú� ø ü���±�ñÀõ ¼þÂÈ� ø ö��� 3Â�çµõ ×þ ø ü���±� Â�çµõ À�� �þ ×þ �� ¯��Âõ � �Àû�Èõ ¥� ý��ä�Þ¹õ À��î Âê��Àû�Èõ üóø À�µÆû Õ�ì¢ ü���±� (ý�û)Â�çµõ ��Àû�Èõ �î Ýþ¤�¢ ¤��µ¡� ¤¢ ¾¨��ñÀ õ ×þ ü þ� ûù¢�¢ ß � �� ýÀ � �ñÀ õ ý�Â � .À � µÆû (ý¥� ê) Õ � ì¢� ÷ ¾¨� � Â � ç µ õ�¤�¬�� �Ï��Âõ ñÀõ .¢�ªüõ ���¤� Â�çµõ ý�û��ú� �� ý¥�ê ö��¨Âð¤~yi = �0 + MXm=1 �mBm(xi)� ~"i; i = 1; : : : ; nÂ�ç µ õ ý¥� ê ùÀû�Èõ ß�õ�i ,~yi = (yi; yì ; yri )LR ö� ¤¢ �î ,¢�ªüõ �µ êÂð ÂÑ ÷¤¢ß � õ�i ,(i = 1; : : : ; n; k < n;x0i = 1) ,xi = [x0i; x1i; : : : ; xki℄ 2 Rk+1 ,¾¨� �Õ�ì¢ °þ�Â® ,m = 0;1; : : : ;M ,�m ,ü��� ± � ý�ûÂ�çµõ ¤�ÀÖõ üÖ�Ö� ùÀû�Èõý�Â� ñÀõ ý¥�ê ý�Î¡ ~"i = (0; `i; ri)LR ø Bm(xi) 2�b þ�� â���� ý�Â� §¤�õ ñÀõ.´¨� ��i ùÀû�ÈõñÀõ ý¥�ê ý�Î¡ ��Þ� ø (�m; m = 0;1; : : : ;M) �ûÂµõ�¤�� ¢¤ø�Â� ý�Â�¤¢ .¢� ªü õ ü êÂ ã õ ý�� Ü �Â õø¢ ©ø¤ × þ (~"i = (0; `i; ri)LR ; i = 1; : : : ; n)�ø¢ �Ü�Âõ ¤¢ ø ,À÷�ªüõ ¢¤ø�Â� � = [�0; �1; : : : ; �M ℄t Õ�ì¢ °þ�Â® ñø� �Ü�Âõ.À�þ�üõ ´¨¢�� ý¥�¨���ú� �b ó�bÆõ ×þ §�¨� Â� ý¥�ê ý�Î¡ ��Þ�Â�çµõ �î�Âõ ýÀ��ñÀõ �� � = [�0; �1; : : : ; �M ℄t ö��¨Âð¤ °þ�Â® .1 �Ü�Âõ§¤�õ ñÀõ ÕþÂÏ ¥� ,ü���±� Â�çµõ Âþ¢�Öõ ýø¤ Â� ý¥�ê ¾¨��yi = �0 + MXm=1 �mBm(xi) + "i; i = 1; : : : ; n2 Basis funtions



7 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö��õ�Æ� �®Âõ�è ,ü��� ñ���þ earth ý�û�õ�÷Â� ý�Â�� �� §¤�õ ©ø¤ ¤¢ ñÀõ °þ�Â® .¢�ªüõ ù¢¤ø� ´¨¢��Â�çµõ �î�Âõ Å³¨ .(2011 ,ïÂ��þø ø Åî�ê) À÷�ªüõ ¢¤ø�Â� R ¤��ê��Â÷ ¤¢ mars.À�þ�üõ ´¨¢�� Âþ¥ �¤�¬�� ý¥�ê ¾¨��byi = b�0 + MXm=1 b�mBm(xi); i = 1; : : : ; ný��÷�ð�� ,i = 1; : : : ; n ý�¥��� ~"i = (0; `i; ri)LR ý¥�ê ý�Î¡ �¤�±ä .2 �Ü�Âõ:�î ¢�ªüõ ¢¤ø�Â�ü�ãþ ,~yi ùÀª ùÀû�Èõ ý��ú� ýø�Æõ ,`i + ri ü�ãþ ,~"i Âû ùÀª ¢¤ø�Â� ý��ú� -Óó�,Àª�� ,yì + yri.Àª�� �µª�¢ �¤ ¢¤ø�Â� ý�Î¡ ßþÂµÞî ,b~yi ü�ãþ ,~yi ùÀû�Èõ ¢¤ø�Â� -�üÎ¡Â�è ý�þ¤�õ�÷Â� �b ó�bÆõ ×þ Û� ÕþÂÏ ¥� �¤ ý¥�ê ý�û�Î¡ ¤�Ñ�õ ßþ� ý�Â�ö� éÀû â��� ö���ä �� �ø¢ ¯Âª ø ö� ¢��ì ö���ä �� ñø� ¯Âª ßµêÂð ÂÑ÷ ¤¢ �� øâ ��� � ß� � � ��È� ý�ûù¥�À ÷� á�Þ¹õ éÀû â�� � ö� ¤¢ �î ¢�ªüõ ù¢¤ø� ´¨¢� �(2009 ,Ù÷ø ø �ó) �¤�¬�� ¾¨�� Â�çµõ ùbÀª ¢¤ø�Â� ø ùÀª ùÀû�Èõ ´þ�ÌänXi=1 Rminf~yi(x);b~yi(x)g dxRmaxf~yi(x);b~yi(x)g dx¾¨�� Â�çµõ ùÀª ¢¤ø�Â� ý��ú� ß�õ�i �î À÷�ªüõ ¤��µ¡� ý��÷�ð�� ¢��ì ø ´¨�Âû ý�Â� `i + ri = yì + yri ¯Âª ü�ãþ .Àª�� ö� ùÀª ùÀû�Èõ ý��ú� ß�õ�i ýø�Æõý�û��ú� �î ¢�ªüõ �µêÂð ÂÑ÷ ¤¢ Û�ó¢ ßþ� �� À�ì ßþ� .Àª�� ¤�ÂìÂ� ,i = 1; : : : ; n ,iý�Â� ¢�þ¥ üÜ�¡ �þ Ýî üÜ�¡ ý�û��ú� Âþ¢�Öõ ü�¤�±ä�� �þ ,¢�ª ñÂµ�î ùÀª ¢¤ø�Â�Âê ¢��ì ßþ� ßµêÂð ÂÑ÷ ¤¢ ý�Â� .(2008 ,Ù÷¢ ø ß�) ¢�È÷ ¢¤ø�Â� ¾¨�� Â�çµõÂ�çµõ ��Àû�Èõ ´¨�¤ ø ²� ý�û��ú� ¤�ÀÖõ ßþÂµÞî °��Â��� yrm ø ym̀ ¢�ªüõü�ãþ ,À�ª�� �µÆ��øym̀ = minfy1̀; : : : ; yǹg; yrm = minfyr1; : : : ; yrng:



�÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤ �� ý¥�ê ý�ûù¢�¢ ýÀ��ñÀõ : : : : : : : : : : : : : : : : : : : : : : : 8.¢�ªüõ ¤��µ¡� ym̀ + yrm ´��� ¤�ÀÖõ ¾¨�� Â�çµõ ùbÀª ¢¤ø�Â� ý��ú� ¥� üµÞÆì�î ´¨� üúþÀ�Di = (yì + yri )� (ym̀ + yrm) � 0; i = 1; : : : ; n:ý��ú� ß�õ�i �� ýø�Æõ ´þ�ú÷ ¤¢ �� À��þ ©ÂµÆð éÂÏ ø¢ ¥� Àþ�� ´��� ¤�ÀÖõ ßþ� �õ�ø di ´ÞÆì ø¢ �� Di ¤�ÀÖõ ,¤�Ñ�õ ßþ� ý�Â � .¢�ª �µÆ��ø Â�ç µõ ùbÀª ùÀû�Èõý¥�¨���ú� �b ó�bÆõ ¢��ì ,ßþ�Â���� .0 � di � Di ö� ¤¢ �î ,¢�ªüõ Ý�ÆÖ� Di � di�¤�¬�� üÎ¡Â�è~"i = (0; ym̀ + di; yrm +Di � di)LR; 0 � di � Di; i = 1; : : : ; n;�b ó�bÆõ ùÀª ö�� � ¢�� ì ø éÀû â�� � � � ���� � � ,��¹÷�Â¨ .¢�ªüõ �µêÂð ÂÑ÷ ¤¢�¤�¬�� À÷�ªüõ ¢¤ø�Â� d1; : : : ; dn Âþ¢�Öõ ö� ÕþÂÏ ¥� �î üÎ¡Â�è ý¥�¨���ú�maxd1;:::;dn nXi=1 Rminf~yi(x);b~yi(x)gdxRmaxf~yi(x);b~yi(x)gdx ; b~yi = b�0 + MXm=1 b�mBm(xi)� ~"i;~"i = (0; ym̀ + di; yrm +Di � di)LR; 0 � di � Di; i = 1; : : : ; n:ý¥�ê §¤�õ ö��¨Âð¤ ñÀõ ,bd1; : : : ; bdn Âþ¢�Öõ ß��ã� ¥� Å� .¢�ªüõ �µêÂð ÂÑ÷ ¤¢¢�ªüõ Û¬�� Âþ¥ �¤�¬��b~yi = b�0 + MXm=1 b�mBm(xi)� b~"i= b�0 + MXm=1 b�mBm(xi)� (0; ym̀ + bdi; yrm +Di � bdi)LR; i = 1; : : : ; n:
ý¥�ê ��µ�µ¨� �b ÷�õ�¨ �� ¾¨�� Â�çµõ ü���Ç�� 4�� ý¥�ê §¤�õ ö��¨Âð¤ ñÀõ bd1; : : : ; bdn ø ,b�0; b�1; : : : ; b�M Âþ¢�Öõ ß��ã� ¥� Å��¤�¬�� Â�çµõ ý�û��ú�b~yi = b�0 + MXm=1 b�mBm(xi)� (0; ym̀ + bdi; yrm +Di � bdi)LR; i = 1; : : : ; n
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ý¥�ê ù�Ú÷�-Âð� ö�÷�ì ø¢ ø Õ�ì¢ ý¢ø¤ø Â�çµõ ø¢ �� ý¥�ê ��µ�µ¨� �b ÷�õ�¨ :1 ÛØªÂ� ¾¨�� Â�çµõ Âþ¢�Öõ ü���Ç�� �� ö���üõ ñÀõ ßþ� ¥� ù¢�Ôµ¨� �� ö��î� .¢�ªüõ �¹�µ÷Ù÷¢ ø ß� ,ü���Ç�� ý�Â� .´¡�¢Â� ü���±� Â�çµõ ¥� ýÀþÀ� ��Àû�Èõ §�¨�ø ¢�ªüõ ù¢�¢ ¼�®�� �õ�¢� ¤¢ �î À÷¢Âî ù¢�Ôµ¨� ý¥�ê ��µ�µ¨� �b ÷�õ�¨ ¥� (2008)ù��ª ßþ� ¥� �ó�Öõ ßþ� ¤¢ ùÀª ¢�ú�È�� ñÀõ §�¨� Â� ¾¨�� Â�çµõ ü���Ç�� ý�Â�Û�ØÈ� üÜ¬� Ç¿� �¨ ¥� ý¥�ê ��µ�µ¨� �b ÷�õ�¨ ×þ üÜ¬� ¤�µ¡�¨ .¢�ªüõ ù¢�Ôµ¨�:(2001 ,ßõÂÞþ¥) ¢�ªüõ;´¨� ý¥�ê ù�Ú÷�-Âð� ß�÷��ì ¥� ý��ä�Þ¹õ Ûõ�ª :ß�÷��ì Ç¿� -Óó�ý�ûù¢�¢ ´þ�Ìä â���� Ûõ�ª :�ûù¢�¢ ý¥�ê ��ä�Ï� �þ �ûù¢�¢ �ä�Þ¹õ Ç¿� -�;´¨� ý¥�ê ù�Ú÷�-Âð� ß�÷��ì ¤¢ �µê¤ ¤�î�� ý¥�êø ùÀõ� ´¨¢�� ��ä�Ï� §�¨� Â� ýÂ�ðÝ�ÞÊ� Àä��ì Ûõ�ª :��µ�µ¨� À�þ�Âê -�.´¨� ý¥�ê ù�Ú÷�-Âð� ß�÷��ì ¥� �Ü¬�� ¸þ�µ÷ ë�½ó� ©ø¤ö�÷�ì ø¢ ø Õ�ì¢ ý¢ø¤ø Â�çµõ ø¢ �� ü÷�ÀÞõ ý¥�ê ��µ�µ¨� �b ÷�õ�¨ 1 ÛØª ¤¢.´¨� ùÀª ù¢�¢ ö�È÷ ý¥�ê ù�Ú÷�-Âð�ø ü � � � ± � Â � ç µ õ À þÀ � ¤�À Ö õ x� = [1; x�1; : : : ; x�k℄ À � � î Â ê§¤�õ ñÀõ §�¨� Â� ¾¨�� Â�çµõ �îÂõ ü�� �Ç�� Y = b�0 +PMm=1 b�mBm(x�i )



�÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤ �� ý¥�ê ý�ûù¢�¢ ýÀ��ñÀõ : : : : : : : : : : : : : : : : : : : : : : 10ñÀõ ý�Â� ùÀû�Èõ ßþ� �� ÂÒ��µõ ý¥�ê ý�Î¡ �ÜÞ� b~� ö��î� .Àª��~Y = b�0 + MXm=1 b�mBm(x�i )�b~�;´¨¢�� ü�øÂ¡-ý¢ø¤ø Â�çµõ ×þ �� ü÷�ÀÞõ ý¥�ê ��µ�µ¨� �÷�õ�¨ ×þ ÕþÂÏ ¥�À��î Âê .¢�ªüõ ù¢¤ø�(~ya;b~"a) a 2 A = fi : ~yi(Y ) > 0; i = 1; : : : ; ng;�î À�ª�� �ú÷� � � ÂÒ��µõ ý¥�ê ý�Î¡ ��Þ� ù�ÂÞû �� ¾¨�� Â�çµõ ¥� ü��Àû�Èõ�¤�¬�� ý¥�ê ù�Ú÷�-Âð� ö�÷�ì ß�õ�a ñ�� .À÷�ªüõ ñ�ãê x� ÀþÀ� ¤�ÀÖõ Í¨��,´¨� b~"a �¤�¬�� b~� ù�Ú÷� ,Àª�� ~ya �¤�¬�� Y Âð� :Ra�ÀÖõ ý¥�ê ��µ�µ¨� �÷�õ�¨ ¤¢ .´¨� ��a ö�÷�ì Ra ø a 2 A ö� ¤¢ �î ,¢�ªüõ �µª�÷Â� ,ùø�ä�� .À�µÆû ý¥�ê ý�ûù¤��ð �¤�¬�� ý¥�ê ù�Ú÷�-Âð� ö�÷�ì Âû üó�� ø�ä�Þ¹õ ×þ �¤�¬�� ��÷ �÷�õ�¨ ßþ� ü�øÂ¡ ùÀª �µêÂð ÂÑ÷ ¤¢ ß�÷��ì §�¨���¤¢ ö���õ �� ü�øÂ¡ ¤¢ ~ya ´þ�Ìä â��� Âû ,Y ¤�ÀÖõ ý�Â� ö��î� .´¨� ý¥�êý¥� ê ý�Î¡ � Ü Þ� ö¢¤ø� ´¨¢� � ¤¢ ö� ¥� � î ,¢�ªüõ ñ� ã ê ~ya(Y ) ´þ�Ìä,À÷�ùÀª ñ�ãê �î ü��÷��ì ��Þ� ý�ûü�øÂ¡ ë�½ó� �� ,´þ�ú÷ ¤¢ .¢�ªüõ ù¢�Ôµ¨�.Àþ�üõ ´¨¢�� ý¥�ê ý�Î¡ �ÜÞ�â��� ,À�ª�� LR ý¥�ê ¢�Àä� ¾¨�� Â�çµõ ��Àû�Èõ ��Þ� Âð� üµ� �î ¢�ª ����Àª�� �µª�¢ À÷���üõ üÞÑ�õ�÷ ÛØª Âû ý¥�ê ý�Î¡ ý�Â� ùÀõ� ´¨¢�� ´þ�ÌäLR ý¥�ê ¢Àä ×þ �¤�¬�� ��÷ ùÀª ¢¤ø�Â� ý�Î¡ �î ´¨� °¨��õ �õ� .(1 ÛØª)×þ �¤�¬�� ��÷ ü���Ç�� ¤�ÀÖõ �î ¢�ªüõ ù¢�¢ ¼��Â� ��Þãõ �Âþ¥ ,Àþ� ´¨¢��LR ý¥�ê ¢Àä ×þ �� ÛþÀ±� ý¥�ê ý�Î¡ ,¤�Ñ�õ ßþ� ý�Â� .Àª�� LR ý¥�ê ¢Àäý�Î¡ ,ßþ�Â �� � � .¢�ª LR ý¥�ê ¢Àä ×þ �� ÷ ¾¨�� Â�ç µõ ü�� �Ç�� � � ¢�ªüõ¤�ÀÖõ b� ö� ¤¢ �î ¢�ªüõ �µêÂð ÂÑ÷ ¤¢ b~� = (b�; b̀; br)LR ý¥�ê ¢Àä �¤�¬�� ý¥�êßþÂµÞî br ø b̀ø ´¨� ÛÖ� �îÂõ ©ø¤ §�¨� Â� ý¥�ê ý�Î¡ �¤�±ä ùÀª ý¥�êÂ�è.À�µÆû ý¥�ê ý�Î¡ �¤�±ä ´¨�¤ ø ²� ý�û��ú� ý�Â� ßØÞõ Âþ¢�Öõ ßþÂµÈ�� ø



11 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö��õ�Æ� �®Âõ�è ,ü��� ñ���¤�¬�� ¾¨�� Â�çµõ ü���Ç�� ¤�ÀÖõ x� ÀþÀ� ¤�ÀÖõ ý�Â� ,��¹÷�Â¨b~Y x� = Y �b~� = (Y + b�; b̀; br)LR; .Àþ�üõ ´¨¢��ñÀõ ü��þ¥¤� ý�ûí�õ 5ù¢�Ôµ¨� ¢¤�õ ö�Ôó�õ Í¨�� í�õ ßþÀ�� ý¥�ê ö��¨Âð¤ ý�ûñÀõ ü��þ¥¤� ý�Â�,ýÂû�Ï ø �Þ ÷ß �Ø Ü î ;2009 ,Ù÷ø ø � ó ;2008 ,Ù÷¢ ø ß�) ´¨� � µ êÂ ð ¤�Â ìö��¨Âð¤ ý�ûñÀõ ©¥�Â� üþ�Ø�÷ ü¨¤Â� ý�Â� ñø�Àµõ í�õ ø¢ �õ�¢� ¤¢ .(2012ùÀª ¢�ú�È�� ü÷��¨Âð¤ ñÀõ �Æþ�Öõ ý�Â� í�õ ø¢ ßþ� ¥� .À÷�ªüõ ý¤ø�¢�þ ý¥�êø¢ ßþ� .¢�ªüõ ù¢�Ôµ¨� ý¥�ê ö��¨Âð¤ ���õ¥ ¤¢ ÂÚþ¢ ¢ÂØþø¤ À�� ø �ó�Öõ ßþ� ¤¢�� �î À�µÆû ¢¤ø�Â� 4ý�û�Î¡ ÕÜÎõ¤Àì ß�Ú÷��õ ø 3���È� ý�ûù¥�À÷� ß�Ú÷��õ í�õÀ÷�ªüõ ÓþÂã� Âþ¥ �¤�¬�� °��Â�MSM = 1n nXi=1 Rminf~yi(x);b~yi(x)g dxRmaxf~yi(x);b~yi(x)g dx ;MAE = 1n nXi=1 Z j~yi(x) � b~yi(x)j dx:¥� Âµð¤�� ¤�ÀÖõ Âû À÷���üõMAE ý¥�ê ö��¨Âð¤ ñÀõ ×þ ¤¢ �î ´¨� Âî£ ö�þ�ª�þ MAE = 0 Âð� .´¨� ×þ ø ÂÔ¬ ß�� ý¢Àä ù¤��Þû MSM üóø ,Àª�� ÂÔ¬� � Ûõ� î ©¥�Â � �Ï� �Â õ ý¥� ê ö� �¨Âð¤ ñÀõ �¤�¬ßþ� ¤¢ ,Àª� �MSM = 1¤�ÀÖõ �î üóÀõ Âû ý¥�ê ö��¨Âð¤ ñÀõ ø¢ ß�� �Æþ�Öõ ¤¢ ßþ�Â�� � � .¢¤�¢ �ûù¢�¢ýÂ µ ð¤� � MSM ¤�À Ö õ � þ ,Àª� � � µª�¢ (Â Ô¬ � � Â �×þ¢� ÷) ýÂ µØ��î MAE.¢¤�¢ �ûù¢�¢ �� ýÂµú� ©¥�Â� ñÀõ ö� ,Àª�� �µª�¢ (×þ �� Â�×þ¢�÷)3 Mean of similarity measures4 Mean of absolute errors



�÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤ �� ý¥�ê ý�ûù¢�¢ ýÀ��ñÀõ : : : : : : : : : : : : : : : : : : : : : : 12ý¢Â�¤�î ñ�·õ 66 �� ´äÂ¨ ø 5ÕÜãõ ¤�� �þ ü�¢ ýÂ�ðù¥�À÷� �� ü¨À�úõ ¤¢ Ýúõ Ûþ�Æõ ¥� üØþ�� ´äÂ¨ §�¨� Â� ü�¢ ¢¤ø�Â� ý¢Â�¤�î ��ãó�Îõ ¤¢ .´¨� �þÂ�� ý�ûù¥�� ¤¢ù¢�Ôµ¨� �� üó�Þª ö�¨�Â¡ ¤¢ âì�ø À��¤¢ ¤¢ ý��ãó�Îõ §�¨� Â� .¢¤�¢ ý¢�þ¥ ´�Þû�´±� �ÖÎ�õ �þÂ�� ý�ûù¥�� ü¨��ª�� ���¬�Ê¡ ü¡Â� ,¢¤�À÷�µ¨� ý�û¤���� ¥��� ¯��Âõ ùÀû�Èõ ´Ô� 184 ¢�Àã� ÓÜµ¿õ ý�û�ÚµÆþ� ¥� «�Ê¡ ßþ� ¤¢ .Àþ¢Âðý� û´þ¢øÀ½ õ � � � � � .À õ� ´¨¢� � � ÖÎ � õ � þÂ �� ý� ûù¥�� �� ´äÂ¨ ø ü �¢�¤�¬�� ��Àû�Èõ ßþ� ,¾¨�� Â�çµõ ´�û�õ ø ýÂ�ðù¥�À÷� ý�û¤���� ø üû�ÚÈþ�õ¥�Â� ¾¨�� Â�çµõ �î�Âõ Ç�î�Â� ¤�¢�Þ÷ .À÷�ùÀª ©¤��ð 1 ñøÀ� ¤¢ ü·Ü·õ ý¥�ê ¢�Àä��� .´¨� ùÀª ù¢�¢ ö�È÷ 2 ÛØª ¤¢ �ú÷� §¤�õ ¢¤ø�Â� ù�ÂÞû �� ÛÖµÆõ Â�çµõ °Æ�ßþ� ýÀ��ñÀõ ý�Â� üê�î ´ì¢ ´¨�¤ Í¡ ×þ �î ´¨� ¼®�ø ¤�¢�Þ÷ ßþ� �� ����ý¥� ê ¾¨� � Â � ç µ õ ¢¤ø�Â � � � ý¥� ê §¤� õ ö� �¨Âð¤ � � � õ�¢� ¤¢ .¢¤�À ÷ �¤ � ûù¢�¢é�¡ Â� �õ� .¢�ªüõ �µ¡�¢Â� (x) ü�� � ± � Â �ç µõ Âþ¢�Öõ §�¨� Â � (~y = (y; s)T )��õ�¢ ��Þ� ý�Â� ñÀõ °þ�Â® §¤�õ ©ø¤ ¤¢ ,ñø�Àµõ ýÂµõ�¤�� ý¥�¨ñÀõ ý�ûù��ª7ý��µÆØª ¯�Î¡ ¥� ö� ý���� ø ¢�ªüÞ÷ �µêÂð ÂÑ÷ ¤¢ ö�ÆØþ �ûÂ�çµõ ��Àû�Èõßþ� .¢�ªüõ ù¢�Ôµ¨� �ûù¢�¢ �� ���ú� ý��Î��® À�� �µ¨��� â��� ×þ ©¥�Â� ¤�Ñ�õ ��Ý¹� �� �þ ´¨� ¢�þ¥ ¤��Æ� �ûÂ�çµõ ¢�Àã� �ú÷� ¤¢ �î üÜ��Æõ ýÀ��ñÀõ ý�Â� ¢ÂØþø¤.´¨� À�Ôõ Ý�µÆû øÂ�ø¤ �ûù¢�¢ ¥� üã�¨øñÀõ ,�ó�Öõ ßþ� ¤¢ ùÀª ¢�ú�È�� ©ø¤ ö¢Â� ¤�î�� ��b~yi = 2=82+ 2=27 maxf0; xi + 0=24g � 0=76 maxf0;�0=24� xig�11=98 maxf0; xi � 2=17g+ 15=98 maxf0; xi � 2=32g� (0;0=03+ bdi;0=03+Di � bdi)T ; i = 1; : : : ;184;5 Suspended load6 Disharge7 Splines



13 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö��õ�Æ� �®Âõ�è ,ü��� ñ���� ü¨À�úõ ý�ûù¢�¢ :1 ñøÀ�bdi ~yi = (yi; si)T xi i0=33 (2=75;0=55)T �0=51 10=40 (2=43;0=23)T �0=21 20=50 (3=25;1=13)T �0=24 30=38 (3=53;1=49)T �0=33 41=39 (3=65;1=69)T 0=04 5... ... ... ...2=26 (6=90;4=38)T 0=90 1800=48 (7=66;5=00)T 0=46 1813=18 (4=90;2=78)T 0=81 1823=83 (6=91;4=25)T 1=44 1834=53 (7=88;5=76)T 2=30 184ù¢¤ø� 1 ñøÀ� ¤¢ i = 1; : : : ;184 ,bdi ý�û¢¤ø�Â� .Àþ�üõ ´¨¢�� �ûù¢�¢ ßþ� ý�Â�.À÷�ùÀª,(XL) (2001) üó ø ø� ý�û¢ÂØþø¤ �� �ó�Öõ ßþ� ¤¢ ùÀª ¢�ú�È�� ©ø¤ �õ�¢� ¤¢ý¥� ê ö��¨Âð¤ ¤¢ (F ) (2010) ö�¤�ØÞû ø ø¤�Â ê ø ,(CD) (2008) Ù÷¢ ø ß�üÔ�õ�÷ ü���±� Â�çµõ Âþ¢�Öõ (2001) üó ø ø� ©ø¤ ¤¢ �î ¢�ª ���� .¢�ªüõ �Æþ�Öõý�ûù¢�¢ ,¢�ª �µ¨�î �ó�Æõ ´�Üî ¥� �Ø�þ� öøÀ� �¹�þ� ¤¢ ø À÷�ªüõ �µêÂð ÂÑ÷ ¤¢�¨ ßþ� .¢�ªüõ ÛþÀ±� x0i = xi �minifxig = xi � (�3=22) � 0 �� ü���±� Â�çµõ�¤�¬�� ñÀõb~yXLi = (�1=53+ 1=64x0i;maxf0;�2=20+ 1=22x0ig)T ;b~yCDi = 3=76+ 1=64xi � b~"i;b~yFi = (3=76+ 1=64xi; expf0=10+ 0=74xig)T ;§¤�õ ö��¨Âð¤ ñÀõ ù�ÂÞû �� ��� ñÀõ �¨ ©¥�Â� üþ�Ø�÷ ¸þ�µ÷ .À�þ�üõ ´¨¢��.´¨� ÂÚþ¢ ©ø¤ �¨ Â� ý¥�ê §¤�õ ö��¨Âð¤ ñÀõ ýÂ�Â� ÂÚ÷��� 2 ñøÀ� ¤¢ ý¥�ê
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ù�ÂÞû �� ü���±� Â�çµõ Âþ¢�Öõ °Æ� Â� ¾¨�� Â�çµõ �î�Âõ Ç�î�Â� ¤�¢�Þ÷ :2 ÛØª�ú÷� §¤�õ ¢¤ø�Â�ý¥�ê ö��¨Âð¤ ý�ûñÀõ ©¥�Â� üþ�Ø�÷ Âþ¢�Öõ :2 ñøÀ�MAE MSM Í¨�� ùÀª ¢�ú�È�� ý�ûñÀõ1=3055 0=4382 (2001) üó ø ø�0=5431 0=6229 (2008) Ù÷¢ ø ß�1=3345 0=3927 (2010) ö�¤�ØÞû ø ø¤�Âê0=4683 0=6746 ý¥�ê §¤�õ ö��¨Âð¤ý¥�ê §¤�õ ö��¨Âð¤ ñÀõ §�¨� Â� ¾¨�� Â�çµõ ý¥�ê ¤�ÀÖõ ü���Ç�� ý�Â��¤�¬�� ¾¨�� Â�çµõ �îÂõ �Àµ�� x = 3=40 ý�¥���Y = 2=82+ 2=27 maxf0;3=40+ 0=24g�0=76 maxf0;�0=24� 3=40g � 11=98 maxf0;3=40� 2=17g+15=98 maxf0;3=40� 2=32g= 13=60;ö¢¤ø� Ýû�Âê ¤�Ñ�õ �� ,4 Ç¿� ¤¢ ùÀª üêÂãõ ©ø¤ Õ±Ï Å³¨ .¢�ªüõ ¢¤ø�Â�Ýþ¤�¢ ,ý¥�ê ��µ�µ¨� �÷�õ�¨ ×þA = fi j ~yi(13=60) � 0; i = 1; : : : ;184g



15 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö��õ�Æ� �®Âõ�è ,ü��� ñ��= f82;97;98;141;146;184g: ý¥�ê ý�û�Î¡ �Áób~"i = (0;0=03+ bdi;0=03+Di � bdi)T ; i 2 A;ý¥�ê ý�Î¡ b~� ø ùÀª ¢¤ø�Â� �îÂõ Y À��î Âê ñ�� .À�µÆû ñ�ãê �÷�õ�¨ ßþ� ¤¢Âþ¥ ù�Ú÷�-Âð� ß�÷��ì ý¥�ê ��µ�µ¨� �÷�õ�¨ ¤¢ ßþ�Â���� .Àª�� ö� �� ÂÒ��µõ ùbÀª ¢¤ø�Â�:Ýþ¤�¢ �¤(0;1=31;9=63)T �¤�¬�� b~� ù�Ú÷� ,Àª�� (8=47;5=47)T �¤�¬�� Y Âð� (1;´¨�(0;4=99;6=27)T �¤�¬�� b~� ù�Ú÷� ,Àª�� (8=29;5=63)T �¤�¬�� Y Âð� (2;´¨�(0;4=50;6=40)T �¤�¬�� b~� ù�Ú÷� ,Àª�� (8=96;5=45)T �¤�¬�� Y Âð� (3;´¨�(0;2=74;7=30)T �¤�¬�� b~� ù�Ú÷� ,Àª�� (9=62;5=02)T �¤�¬�� Y Âð� (4;´¨��¤� ¬� � b~� ù� Ú ÷� ,À ª� � (11=25;6=65)T �¤� ¬� � Y Â ð� (5;´¨� (0;6=70;6=60)T(0;4=56;6=96)T �¤�¬�� b~� ù�Ú÷� ,Àª�� (7=88;5=76)T �¤�¬�� Y Âð� (6.´¨�¤��ê��Â÷ ¤¢ ý¥�ê ��µ�µ¨� �b ÷�õ�¨ ´ÞÆì ¤¢ ��� ß�÷��ì ý�Â�� �� ,Y = 13=60 ö��´¨¢� � b~� = (0=29;6=99;9=34)T ý¥� ê ý�Î¡ ,(2007 ,°ÜÎ õ) MATLAB§¤�õ ö��¨Âð¤ ñÀõ ¤¢ ùÀõ� ´¨¢�� ý¥�ê ý�Î¡ ö¢Âî ßþ�Úþ�� �� ö��î� .Àþ�üõÝþ¤�¢ ý¥�êb~Y = 13=60� (0=29;6=99;9=34)T = (13=89;6=99;9=34)T :



�÷�ðÀ�� üÖ�±Î� ßþ�³¨� ö��¨Âð¤ �� ý¥�ê ý�ûù¢�¢ ýÀ��ñÀõ : : : : : : : : : : : : : : : : : : : : : : 16ýÂ�ð�¹�µ÷ ø ¶½�Â�çµõ ý�û��ú� �� ý¥�ê ö��¨Âð¤ ñÀõ üêÂãõ ý�Â� ý��Ü�Âõ ø¢ üªø¤ �ó�Öõ ßþ� ¤¢Çû�î �þ Çþ��ê� Â� ýÂ���� ü���±� Â�çµõ Âþ¢�Öõ Çþ��ê� ¢ÂØþø¤ ßþ� ¤¢ .Àª ö�����Àû�Èõ À÷���üõ ©ø¤ ßþ� ß��»Þû .¢¤�À÷ ¾¨�� Â�çµõ ý�Â� ùÀª ¢¤ø�Â� ý�û��ú�,À÷¤�¢ Â�çµõ �þ ´��� ,ý¢�ã¬ ,üóø�÷ À÷ø¤ ,¾¨�� Â�çµõ ý�û��ú� �ú÷� ¤¢ �î �¤ ý¥�ê.À�î ýÀ��ñÀõ ü��¡ ��×þ �î §¤�õ ©ø¤ §�¨� Â� ý¥�ê ¾¨�� Â�çµõ �î�Âõ ,ý¢�ú�È�� ©ø¤ ¤¢ ö��°¨��õ� ÷ ø üÔ�õ ��Â �� ,Àª ¢¤ø�Â � ,´¨� �Â� ý�ûù¢�¢ � � ´±Æ÷ ¤��µ¨� ©ø¤¤¢ ,ÂÚ þ¢ éÂÏ ¥� .À ÷�ªüÞ ÷ ¢¤�ø ¾¨� � Â � ç µ õ � î�Â õ ¢¤ø�Â � ¤¢ �Â � ý�ûù¢�¢ßþ� ßþ�Â �� � � ,¢�ªüõ ù¢�Ô µ¨� ùÀª ¢¤ø�Â � �î�Âõ ¥� ý¥�ê ý�Î¡ ��Þ� ¢¤ø�Â �.Àª À�û��¿÷ âì�ø �Â� (ý�û)ù¢�¢ üÔ�õ ��Â�� Â���� ´½� ��÷ �û¢¤ø�Â�ùÀª ßþøÀ� (2008) Ù÷¢ ø ß� ¢ÂØþø¤ ¥� ��úó� � � ý¢�ú�È�� ¢ÂØþø¤ ��Âð�¤¢ �µê¤ ¤�î�� ¢��ì ,ü÷��¨Âð¤ °þ�Â® ¢¤ø�Â� ùb��ª ¤¢ ¢ÂØþø¤ ø¢ ßþ� �õ� ,´¨�¢¤ø�Â� ý�ûÂµõ�¤� � ¢�Àã� ø �Î¡ ��Þ� ö¢¤ø� ´¨¢�� ý�Â� ý¥�¨���ú � � ó�bÆõ©ø¤ �� �Æþ�Öõ ¤¢ ý¢�ú�È�� ñÀõ �î ´Ôð ö���üõ üêÂÏ ¥� .À�µÆû �ø�Ôµõ ,ùÀªá�®�õ ßþ� �î ,¢Â�ðüõ ¤�Âì �Â� (ý�ûù¢�¢ �þ) ù¢�¢ Â���� ´½� ÂµÞî Ù÷¢ ø ß�Ù÷¢ ø ß� ©ø¤ .´¨� �ú÷� ©ø¤ Â� �ó�Öõ ßþ� ¤¢ ùÀª ¢�ú�È�� ©ø¤ ýÂ�Â� Û�ó¢¤¢ �î ´¨� Â �ç µ õ ý�û� �ú � � � ý¥� ê �ø¢ ý�ûö�� � ßþÂ µÞî ö��¨Âð¤ ©ø¤ ×þ.¢¤�¢ ý¥�ê ö��¨Âð¤ ý�û©ø¤ ¥� ý¤��Æ� Â� üú��� Û��ì ýÂ�Â� ,©¥�Â�ÂØÈ� ø ÂþÀÖ�´��� �¤ ü÷�¢¤Àì ø ÂØÈ� ñ�Þî À÷Ä� üþ�®¤ §À�úõ ý�ì� ���� ¥� �ó�Öõ ö�ðÀ�Æþ�÷ß��»Þû .À÷¤�¢ �¤ �ó�Öõ ßþ� ¤¢ �µê¤ ¤�î�� üãì�ø ý�ûù¢�¢ ö¢¤�Áð ¤��µ¡� ¤¢ ø ¤�Èµ÷�ßþ� ¤¢ ùÀª ���¤� °ó�Îõ ¢�±ú� ¶ä�� ö�Èþ� À�Þª¥¤� ��ÂÑ÷ �î �Âµ½õ ö�¤ø�¢ ¥�.Ýþ¤�¢ �¤ ü÷�¢¤Àì ø ÂØÈ� ñ�Þî ,Àþ¢Âð �ó�Öõ



17 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö��õ�Æ� �®Âõ�è ,ü��� ñ��â��Âõ¤� � �Þ¨ ß� µÆ¿ ÷ ©¤��ð ,ý¥� ê ö� �¨Âð¤ Â � ý¤øÂõ ,(1381) .¤ .ö ,üõ� ì¤�.18-1 ,ö�õÂî Â�û�� À�úª ù�ÚÈ÷�¢ ,ö� ý�û¢Â�¤�î ø ×ØÈõ ý�û�ä�Þ¹õý�Âµî¢ �ó�¨¤ ,Õ�ì¢�÷ ��ä�Ï� §�¨� Â� ý¤�õ� ý�û©ø¤ ,(1391) .� ,ü���.ü®�þ¤ ��Üä ùÀØÈ÷�¢ ,ö�úÔ¬� üµã�¬ ù�ÚÈ÷�¢ ,¤�õ�À �� Â � ý¤øÂ õ :ý¥� ê ö� �¨Âð¤ ,(1386) .¤ .ö ,üõ� ì¤� ,.© ,� ÷�Ú þ ü þ�¥Â � õ.47-35 ,12 ,ý¤�õ� �bÈþÀ÷� ,¢ÂØþø¤De Andr�es, J., Lora, P., De Cos Juez, F. J. and S�anhez-Lasheras, F.(2011), Bankrupty Foreasting: A Hybrid Approah Using FuzzyC-Means Clustering and Multivariate Adaptive Regression Splines(Mars), Expert Systems with Appliations, 38, 1866-1875.Chen, S. P. and Dang, J. F. (2008), A Variable Spread Fuzzy Linear Regres-sion Model with Higher Explanatory Power and Foreasting Auray,Information Sienes, 178, 3973-3988.D'Urso, P., Massari, R. and Santoro, A. (2010), A Class of Fuzzy Cluster-wise Regression Models, Information Sienes, 180, 4737-4762.D'Urso, P., Massari, R. and Santoro, A. (2011), Robust Fuzzy RegressionAnalysis, Information Sienes, 181, 4154-4174.Ferraro, M. B., Coppi, R., Gonz�alez-Rodr��guez, G. and Colubi, A. (2010),A Linear RegressionModel for Impreise Response, International Jour-nal of Approximate Reasoning, 51, 759-770.Fox, J. and Weisberg, S. (2011), An R Companion to Applied Regression,2nd Edt., Sage Publiations, Thousand Oaks, CA.
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