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ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� �µÆÆð ø �Ö� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ¾¨�¤ ßÞ�Âó�À±ä ,À÷�¡� �®¤ÀÞ½õ ,ý¥�Àð ���õ¥��û� ö�ÂÞ� À�úª ù�ÚÈ÷�¢ ,¤�õ� ùøÂð1394*6*20 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1393*6*29 :´ê�þ¤¢ ¾þ¤��ý�Â� �¤ ö�ÖÖ½õ ¥� ý¤��Æ� ���� Â�¡� ý�ûñ�¨ ¤¢ �î üþ�û©ø¤ �ÜÞ� ¥� : ùÀ�Ø�â��� ¥� ù¢�Ôµ¨� ,´¨� ù¢Âî °Ü� ¢�¡ �� �µ¿�õ� ùÂ�çµõÀ�� ý�ûù¢�¢ ý¥�¨ñÀõ�µÆÆð ø �Ö� �µ¿�õ� ý�û¾¨�� ý�Â� ü÷��¨Âð¤ üóÀõ �ó�Öõ ßþ� ¤¢ .Àª��üõ ÛÊÔõö�Øõ� ø ù¢�� ö�õ¥ á�÷ ¥� �µ¨��� Â�çµõ ö� ¤¢ �î ¢�ªüõ ���¤� ÛÊÔõ â��� §�¨� Â��î Àª Âê ¤�î ßþ� ��¹÷� ý�Â� .¢¤�¢ ¢��ø ö� ¤¢ ùÀª ¤�Æ÷�¨ ùÀû�Èõ á�ìø�� �µÆÆð ��ª�� ÛþÀ±� ý�Â� ö�ú�� ýÂ�çµõ ø À�µÆû É¿Èõ ý���ª�� ý�ûâþ¥������ âþ¥�� â��� ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� Å³¨ .´êÂð ¤�Âì ù¢�Ôµ¨� ¢¤�õ �µ¨���ß�� �Ü¬�ê ý�ûù¢�¢ ýø¤ Â� ùÀõ� ´¨¢ �� ñÀõ ö�þ�� ¤¢ ø Û�ØÈ� Â�çµõ ø¢ ý�Â�.´êÂð ¤�Âì ù¢�Ôµ¨� ¢¤�õ ¥��û� Âúª ¤¢ �ûÀó���Ü¬�ê ,ö�ú�� Â�çµõ ,�µ¿�õ� ý�ûù¢�¢ ,ùÀª ¤�Æ÷�¨ ùÀû�Èõ ,ÛÊÔõ â�� � : ýÀ�Üî ý�ûù��ø.�ûÀó�� ß��0 . Mr.Akhoond�Su.a.ir ,À÷�¡� �®¤ÀÞ½õ :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62J12 ø 62N01:(2010) ü®�þ¤ ýÀ��á�®�õ Àî



ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� �µÆÆð ø �Ö� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ : : : : : : : : : : : : : : : : : : 114�õÀÖõ 1ý�û©ø¤ Ûõ�ª �î ´¨�ûÂ�çµõ ß�� Í��ø¤ ¢¤ø�Â� ý�Â� ©ø¤ ×þ ü÷��¨Âð¤ Û�Ü½� ¤�õ� ¤¢Â�çµõ ×þ ¥� Ç�� �î üÎþ�Âª ¤¢ .¢�ªüõ ¢Àãµõ ý�ûÂ�çµõ Û�Ü½� ø ýÀ��ñÀõ ý�Â� ý¤��Æ�ý�û©ø¤ ¥� À�ª�� üÔ�î ø¢ Âû �þ üÞî ¾¨�� Â�çµõ ø¢ Âû Âð� ,Àª�� �µª�¢ ¢��ø ¾¨��ýÀ��ñÀõ ý�Â� ùÂ�çµõ ø¢ ×�µ¨��ó ö��¨Âð¤ �þ ùÂ�çµõø¢ ö��¨Âð¤ Â�Ñ÷ ¢¤�À÷�µ¨� ý¤�õ��¤�¬ �� �ûÂ�çµõ �î üµó�� ¤¢ �õ� .¢�Þ÷ ù¢�Ôµ¨� ö���üõ üØÞî ø ¾¨�� ý�ûÂ�çµõ ß�� Í��ø¤,À�ª�� üÔ�î ÂÚþ¢ ý¢�Àã� ø üÞî ¾¨�� ý�ûÂ�çµõ ¥� ý¢�Àã� �î ü�ãõ ßþÀ� À�µÆû �µ¿�õ�ùÂ�çµõ ×þ ���¤�� ×þ ¤¢ ��¹õ �¤�¬ �� ¾¨�� Âû ü¨¤Â� ,ýÀ��ñÀõ ù��ª ßþÂ�ù¢�¨�¥� ü þ�¤� î ¥� ,¢Â � ðüõ ùÀ þ¢� ÷ �¤ � û¾¨� � ß � � üÚ µÆ ±Þû ©ø¤ ß þ� � î �� ö� ¥� .´¨�� � ��� � � � ,Ý þ¤�¢ ¤� î ø Â¨ � µ¿ � õ� ý� û¾¨� � � � � î ü ÷� õ¥ ü êÂÏ ¥� .´Æ� ÷ ¤�¢¤�¡Â �¢¤��õ �÷�ðßþ� ¤¢ ¾¨�� ¤�¢Â� ý�Â� °¨��õ ñ�Þµ�� âþ¥�� ßµêÂð ÂÑ÷ ¤¢ ý�Â� �î üµþ¢øÀ½õ¤¢ .(1389 ,ö�¤�ØÞû ø üûÀ¨) À÷¤�À÷�¤ �¥� üþ�¤�î ñ�Þãõ ùÂ�çµõø¢ ý�û©ø¤ ,¢¤�¢ ¢��ø×�¨�î ¤�õ� ¤¢ ü��Ö�Ö½� ,�µ¿�õ� ý�û¾¨�� ü���Ç�� ø ý¥�¨ñÀõ ý�Â� Â�¡� ý�ûñ�¨�µÆÆð ý�µ¿�õ� ý�û¾¨�� ý�Â� ùÂ�çµõÀ�� ü÷��¨Âð¤ ñÀõ ß��ã� ý�Â� .´¨� �µêÂð �¤�¬�¤ ���� âþ¥�� ©ø¤ ßþ� .´¨� 1ýÂ�ð¤�µî�ê ©ø¤ �û¢�ú�È�� ßþÂ�üþ�Àµ�� ¥� üØþ ,�µ¨��� ø¥� ý���ª�� âþ¥�� ×þ ø �û¾¨�� ¥� �ä�Þ¹õ ×þ ¥� üÏÂª âþ¥�� ×þ �� ö� �þ�¹� �Ü�¨ø ��¤¢ �ûñÀõ ßþ� �î ´¨� ßþ� ýÂ�ð¤�µî�ê ©ø¤ ñ�Øª� ×þ .À�îüõ ß�ã� ÂÚþ¢ �ä�Þ¹õ ×þÂÚþ¢ ñ�Øª� .À���þüÞ÷ ©ÂµÆð ü÷�¨� �� ,À�µÆû ùÂ�çµõÀ�� �µ¿�õ� ý�û¾¨�� �î üÎþ�Âªý�ûñÀõ ,À÷¤�¢ ü�ø�Ôµõ ý�ûÂ�ÆÔ� ù¢�Ôµ¨� ¢¤�õ �þ�¹� �� �µÆ� �ûÂµõ�¤�� ö�� �î ´¨� ßþ�ý�û¢¤ø�Â� ,ÓÜµ¿õ ý�û�þ�¹� ´½� ´¨� ßØÞõ üµ� ø À�µÆ�÷ �Æþ�Öõ Û��ì ùÀõ� ´¨¢ ��ß� � üÚµÆ±Þû ý�Â � ý�ù¢�¨ �¤�±ä üµ� �þ ø Àþ� ´¨¢ �� üÚµÆ±Þû ¥� ü�ø�Ô µõ �õ�î.(1386 ,ö�¤�ØÞû ø Û¬� ü��ì� ùÂì ;2010 ,��î ÂþÂî ø ö�ÿó¢) ¢�È÷ �±¨�½õ �û¾¨��,(1992) ö�þ¤ ø �÷����î Í¨�� ��÷ ö�ú�� ý�ûÂ�çµõ ù�ðÀþ¢ �� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ�ðÂ±�ó�õ .´¨� �µêÂð ¤�Âì �ãó�Îõ ¢¤�õ (2007) ö�¤�ØÞû ø Ù÷�þ ø (2002) �÷����î ø ö�ð¤âþ¥�� ¥� ö�ú�� Â�çµõ ý�Â� ùÂ�çµõÀ�� ñ�õÂ÷ âþ¥�� ¥� ù¢�Ôµ¨� ý�� �� ��÷ (2001) ö�¤�ØÞû ø3üê¢�Ê� ��Â�� �� ñÀõ ,ù¢�Ôµ¨� ¢¤�õ ý�û©ø¤ ¥� ÂÚþ¢ üØþ .À÷�ù¢Âî ù¢�Ôµ¨� 2Ûþ¢ -´î��1 Fatorization2 Plakett- Dale3 Random E�ets



115 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö�¤�ØÞû ø ý¥�Àð ���õý�û¾¨�� ß�� üÚµÆ±Þû �� À�îüõ ñÀõ ¢¤�ø �¤ 5íÂµÈõ �þ 4�µÆ±Þû üê¢�Ê� ��Â�� �î ´¨�¤�î �� üØª�� ¤¢ �¤ ©ø¤ ßþ� (1999) ý¢�þÂ� ø ß�Ø÷�õ .Àû¢ ö�È÷ �¤ ���� ñÀõ ¤¢ �µ¿�õ�ø Å�ê Í¨�� �� ÷ ¢�þ¥ ¢�ã�� � � �µ¿�õ� ý�ûù¢�¢ Û�Ü½� ý�Â� ©ø¤ ßþ� ý�û¢Â�¤�î .À÷¢Â�.´¨� ùÀª ���¤� (2008) ö�¤�ØÞûý¥�¨ñÀõ ý�Â� �¤ ö�ÖÖ½õ ¥� ý¤��Æ� ���� Â�¡� ý�ûñ�¨ ¤¢ �î üþ�û©ø¤ �ÜÞ� ¥�ÛÊÔõ â��� ¥� ù¢�Ôµ¨� � � �ûù¢�¢ ý¥�¨ñÀõ ,´¨� ù¢Âî °Ü� ¢�¡ �� ùÂ�çµõÀ�� ý�ûù¢�¢¤¢ ø ´¨� ÀþÀ� �µ ±Æ÷ ùÀþÀ� ×þ ¤�õ� ¤¢ ö� ý�û¢Â�¤�î ø ÛÊÔõ â�� � �ã ó�Îõ .Àª� �üõùÀª �µª�÷ ���õ¥ ßþ� ¤¢ üþ�û��µî ÛÊÔõ â���� ¥� ù¢�Ôµ¨� �� ���� Çþ��ê� �� Â�¡� ý�ûñ�¨.¢Â� ��÷ �¤ (2006) ßÆÜ÷ ø (1997) �� ö���üõ �ûö� ßþÂ�Ýúõ ¥� �î ´¨�ß��»Þû ø �µ¨��� ,�µÆÆð �û¾¨�� �î ü÷�õ¥ �ûù¢�¢ ý¥�¨ñÀõ ý�Â� ÛÊÔõ â���� ¥�ö�¤�ØÞû ø Ù÷�¨ .¢Âî ù¢�Ô µ¨� ö���üõ ,À� µÆû �µ¿�õ� �¤�¬ �� �û¾¨�� �î üõ�Ú�ûý�Â � �¤ ÛÊ Ô õ â ��� � (2004) ö�¤� Ø Þ û ø öøÂ õ� î ø (2006) Â Þ þ¥ ø ý¢� þÂ � ,(2009)øø ø ö� ÿ ó¢ ß � �»Þû .À ÷¢�¢ ¤�Â ì ù¢� Ô µ¨� ¢¤� õ ùÂ � ç µ õÀ �� � µÆÆð ý�ûù¢�¢ ý¥�¨ñÀõý¥�¨ñÀõ ý�Â � �¤ â ��� � ßþ� (2013) ö�¤�ØÞû ø Âõ�Âî ø (2012) üµ �� � ø � þ�Âî ,(2011)�ó�Öõ ¤¢ (2011) øø ø ö�ÿó¢ .À�µêÂð ¤�î �� �µ¨��� ø �µÆÆð ý�µ¿�õ� ùÂ�çµõÀ�� ý�ûù¢�¢ø üþø¢ø¢ ýÂ�çµõ ,�µÆÆð Â�çµõ ñø� ´ó�� ¤¢ .À÷¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ �¤ ´ó�� ø¢ ¢�¡ø ý��±�¤ �¤�¬ �� �¤ �µÆÆð Â�çµõ �ø¢ ´ó�� ¤¢ ø ¢�� ñ�õÂ÷ âþ¥�� ý�¤�¢ �µ¨��� Â�çµõ�µ¨��� Â�çµõ �ûñÀõ ßþ� ¤¢ .À�µêÂð ¤�î �� �µ¨��� Â�çµõ ý�Â� �¤ üþ�Þ÷ âþ¥�� ø ù¢¤ �¨ ý�¤�¢á�÷ ¥� ÂÑ÷ ¢¤�õ ¾¨�� Â�çµõ �û¢Â�¤�î ¥� ý¤��Æ� ¤¢ �õ� .´¨� ùÀª ¤�Æ÷�¨ ��Àû�Èõ Àì�ê,��Àû�Èõ ß�� ¤¢ Âð� .Àû¢üõ ö�È÷ �¤ ��ª� �þ ¢�Âê� ÂÞä ñ�Ï ñ�·õ ö���ä �� ø Àª��üõ ö�õ¥¢��ø Û� ó¢ � � ñ�Þãõ ü÷��¨Âð¤ ý�û©ø¤ ù¢�Ô µ¨� ,Ý�ª� � � µª�¢ ùÀª ¤�Æ÷�¨ ý�ûù¢�¢¢¤ø�Â � ý�Â � üÎ þ�Âª ß � �� ¤¢ .´ª�¢ Àû��¿ ÷ �¤ �¥� ü þ�¤� î ùÀª ¤�Æ ÷�¨ ��Àû�È õ�µêÂð ÂÑ÷ ¤¢ ��÷ ùÀª ¤�Æ÷�¨ ��Àû�Èõ üþ�Þ�µ¨¤¢ â��� Û�ØÈ� ¤¢ �� ´¨� �¥� �ûÂµõ�¤��ö�Øõ� À�ª�� ö�õ¥ á�÷ ¥� ø �µ¨��� �¤�¬ �� �ûù¢�¢ �î üõ�Ú�û �î ßþ� �� ���� �� .À÷�ªøø ø ö� ÿ ó¢ �ã ó�Î õ ,Õ � Ö½ � ßþ� ¤¢ ,¢¤�¢ ¢��ø �ûù¢�¢ ¤¢ ùÀª ¤�Æ ÷�¨ ��Àû�Èõ á� ìøÂ�çµõ �î ¢�ªüõ ù¢�¢ ©ÂµÆð üµó�� �� �µ¨��� -�µÆÆð �µ¿�õ� ý�û¾¨�� ý�Â� (2011)¤¢ .Àª�� �µª�¢ ¢��ø ùÀª ¤�Æ÷�¨ ��Àû�Èõ á�ìø ö�Øõ� ö� ¤¢ ø ù¢�� ö�õ¥ á�÷ ¥� �µ¨���4 Correlated5 Shared



ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� �µÆÆð ø �Ö� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ : : : : : : : : : : : : : : : : : : 116,¢�ªüõ É¿Èõ ÛÊÔõ â �� � ø ý�� �ª�� ý�ûâ þ¥� � Í¨� � Ûõ� î ¤�Ï � � � î ñÀõ ßþ�´¨¢ �� ß��»Þû .À÷¤�¢ ý���ª�� ý�ûÂ�ÆÔ� �� ���Èõ üþ�ûÂ�ÆÔ� � ø � ý���ª�� ý�ûÂµõ�¤��üÏÂª ¤�µ ê¤ �î ´¨� üþ�û´�ãì�õ ý�Â � Ýúõ ¥� � ÷ ×þ �î �û¾¨�� üÏÂª âþ¥�� ö¢¤ø�ÛÊÔõ â��� ¥� ù¢�Ôµ¨� Â� ùø�ä �ó�Öõ ßþ� ¤¢ .¢�ªüõ ÂþÁ�ö�Øõ� ,´¨� ���� ¢¤�õ �û¾¨��×÷�Âê ÛÊÔõ â��� ¥� ´¨� �µêÂð ¤�Âì ù¢�Ôµ¨� ¢¤�õ (2011) øø ø ö�ÿó¢ �ãó�Îõ ¤¢ �î ñ�õÂ÷ÛÊÔõ �� ùÀõ� ´¨¢ �� ¸þ�µ÷ ß��»Þû .Àª Àû��¡ ù¢�Ôµ¨� �ûù¢�¢ ���� ý¥�¨ñÀõ ý�Â� ��÷.´êÂð Àû��¡ ¤�Âì �Æþ�Öõ ¢¤�õ ´¨� �ûÂ�çµõ ö��õ ñ�Öµ¨� ùÀ�û¢ ö�È÷ �î �Â®Û¬��ý�Â� üþ�Þ�µ¨¤¢ â��� Å³¨ .¢�ªüõ �µ¡�¢Â� ÛÊÔõ â��� ÓþÂã� �� 2 Ç¿� ¤¢ ¤�Ñ�õ ßþÀ�ø Àª�� �µ¨��� ýÂÚþ¢ ø �µÆÆð �ûÂ�çµõ ¥� üØþ �î üµó�� ¤¢ �µÆ±Þû �µ¿�õ� ý�ûù¢�¢ Û�Ü½�â���� ¥� ù¢�Ôµ¨� �� Àª�� �µª�¢ ¢��ø �µ¨��� Â�çµõ ý�Â� ùÀª ¤�Æ÷�¨ ùÀû�Èõ á�ìø ö�Øõ�ö��õ üÔ�õ üÚµÆ��ø ¢��ø Û�ó¢ �� .¢�ªüõ ù¢�¢ Û�ØÈ� ,�Â®Û¬�� ø ×÷�Âê ,ñ�õÂ÷ ÛÊÔõÛÊÔõ â���� ¥� ¤¢�õ ù�ðÀþ¢ ¥� ö�À÷¥Âê ��ÜÎõ ¢�Àã� ø ñø� À÷¥Âê Àó�� �Ü¬�ê ý�ûÂ�çµõ�ûÂµõ�¤�� ¢¤ø�Â� 3 Ç¿� ¤¢ .Àª Àû��¡ ù¢�Ôµ¨� �ûù¢�¢ ý¥�¨ñÀõ ý�Â� ×÷�Âê ø ñ�õÂ÷ âõ��,ùÀª ¢�ú�È�� ©ø¤ 4 Ç¿� ¤¢ .Àþ�üõ ´¨¢ �� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ©ø¤ ¥� ù¢�Ôµ¨� ��Ç¿� ¤¢ ø ¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ¥��û� Âúª ¤¢ �ûÀó�� ß�� �Ü¬�ê ý�ûù¢�¢ Û�Ü½� ý�Â�.Àª Àû��¡ �µ¡�¢Â� ñÀõ ¢¤�õ ¤¢ ýÂ�ð�¹�µ÷ ø ùÀõ� ´¨¢ �� ¸þ�µ÷ ¢¤�õ ¤¢ ¶½� �� 5ÛÊÔõ â��� §�¨� Â� ü÷��¨Âð¤ ý¥�¨ñÀõ 2üê¢�Ê� Â�çµõ ´Ô� ×þ ¥� FX;Y (�; �) ���� âþ¥�� â�� � Âû ý�Â � ¤�Ø¨� ��Ìì §�¨�Â �� � ,¢¤�¢ ¢��ø C ùÂ �ç µ õø¢ ÛÊÔõ â �� � ,FY (�)ø FX(�) ý���ª�� âþ¥� � â ��� � � � (X;Y )�Î��¤ y ø x üÖ�Ö� ¢Àä ø¢ Âû ý�Â� �î ý¤�ÏFX;Y (x; y) = C(FX(x); FY (y))C ÛÊÔõ â��� ù�ð ö� ,À�ª�� �µ¨��� üê¢�Ê� ý�ûÂ�çµõ Y ø X Âð� ßþ� Â� ùø�ä .´¨� ¤�ÂìÂ�ø FY (�)ø FX(�) ùÂ�çµõ ×þ âþ¥�� ø¢ Âû ý�Â� ü�ãþ ,´¨� ¤�ÂìÂ� ��÷ ö� ÅØäÂ� ø ´¨�µØþø FX(�) ý���ª�� ý�ûâþ¥�� �� ùÂ�çµõø¢ âþ¥�� â��� ×þ FX;Y (�; �) â��� ,C ÛÊÔõ â��� Âû.´¨� FY (�)ø¢ �î À÷Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ �ûÛ�Ü½� ¤¢ ÛÊÔõ â���� ¥� üÔÜµ¿õ ý�ûù¢��÷�¡.À�µÆû ý�Ì�� ÛÊÔõ â���� ø ü¨À�Þª¤� ÛÊÔõ â���� ,�ûö� Ýúõ ù¢��÷�¡



117 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö�¤�ØÞû ø ý¥�Àð ���õ¤¢ �¤ Yi ø Xi �µÆ±Þû �µ¿�õ� ¾¨�� ý�ûÂ�çµõ :�µ¿�õ� ý�ûù¢�¢ ý�Â� üþ�Þ�µ¨¤¢ â���ø Yi � FYi ø Xi � FXi À� �îÂê .À� µÆû �µÆÆð Xi ø �µ¨�� � Yi �î ,À þÂ �Ú � ÂÑ ÷�î s0; : : : ; sE �·õ ¢¤�¢ �ø�Ôµõ ¤�ÀÖõ E+1 ,Xi À��î Âê ùø�ä �� .Àª�� i = 1; : : : ; NÂê ,Yi ø Xi ¥� FXi;Yi ���� âþ¥�� ýÀ��ñÀõ ý�Â� .À�û¢ ö�È÷ �¤ ¢�Àä� ý�û�±�¤ À�÷���üõXi ß�� ¯�±�¤� �î ý¤�Ï �� ,Àª�� Xi ý�Â� ùÀÈ÷ ùÀû�Èõ �µ¨��� ö�ú�� Â�çµõ Y �i � FY �i À��î�Î��¤ ¥� ù¢�Ôµ¨� �� Y �i øXi =8>>>>>><>>>>>>: s0 Y �i 2 (�1; 1)... ...sk Y �i 2 [k; k+1)... ...sE Y �i 2 [E;1) (1)E+1 = +1 ø 0 = �1 �� ��Üãõ�÷ ý�û�÷�µ¨� 1 < : : : < E ö� ¤¢ �î ,¢�ªüõÉ¿Èõ.À�ª��üõ¤�Æ÷�¨ ��Àû�Èõ á�ìø ö�Øõ� ø ù¢�� ö�õ¥ �µ¨��� Â�çµõ �î ü÷�õ¥ ùÂ�çµõø¢ ´ó�� ¤¢�� � = (�1; �2;�) Âµõ�¤�� ¤�¢Â� ý�Â� üþ�Þ�µ¨¤¢ â��� ,Àª�� �µª�¢ ¢��ø ö� ¤¢ ´¨�¤ ¥� ùÀª�¤�¬`(�) = NYi=1 f(xi; yi; �1; �2)if1(xi; yi; �1; �2)(1�i) (2)��Àû�Èõ �� ¢�Âê� ý�Â� ,´¨� öÀª ¤�Æ÷�¨ ´�ã®ø ùÀ�û¢ ö�È÷ i ö� ¤¢ �î ,Àþ�üõ ´¨¢ ��ß � �»Þû .¢�ªü õ � µ êÂ ð ÂÑ ÷ ¤¢ i = 0�¤�¬ ß þ� Â � è ¤¢ ø i = 1 ùÀÈ ÷ ¤�Æ ÷� ¨f(xi; yi; �1; �2) = �P (Xi = x; Yi � y)=�y ø f1(xi; yi; �1; �2) = P (Xi = x; Yi > y),uk1 = FY �i (k;Z2i; �; �1) ¢� ªü õ Â ê Â þ¥ ý� û´ ó� � �� Þ � ¤¢ .À ª� � ü õý� ûù¢�¢ ùÀ � û¢ ö� È ÷ i = 1; : : : ; N ý�Â � (xi; yi;Z1i;Z2i) ø u2 = FYi(yi;Z1i; �; �2)¤�¢Â� ö���ä �� � ß��»Þû .À�µÆû Z2i ø Z1i üØÞî ý�ûÂ�çµõ ý�û¤�¢Â� �� ùÀª ùÀû�Èõ�1 ý���ª�� ý�ûÂµõ�¤�� ø � üÚµÆ��ø Âµõ�¤�� ø � ø � ü÷��¨Âð¤ ý�ûÂµõ�¤�� Ûõ�ª �ûÂµõ�¤��.¢�ªüõ �µêÂð ÂÑ÷ ¤¢ FYi ø FY �i ¥� °��Â� �� �2 øâ���� ù¢��÷�¡ ¥� ý�Ìä ,ñ�õÂ÷ ÛÊÔõ â��� :ñ�õÂ÷ ÛÊÔõ ¥� ù¢�Ôµ¨� � � üþ�Þ�µ¨¤¢ â������Èõ ���¬�Ê¡ ý¤��Æ� �î À�îüõ À�ó�� �¤ ý�ùÂ�çµõÀ�� ý�ûñÀõ ø ´¨� ý�Ì�� ÛÊÔõ



ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� �µÆÆð ø �Ö� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ : : : : : : : : : : : : : : : : : : 118�¤�¬�� ñ�õÂ÷ ÛÊÔõ .À�µÆû �¤�¢ �¤ ùÂ�çµõÀ�� ñ�õÂ÷ âþ¥�� ��C(u1; u2; �) = �2(��1(u1);��1(u2); �) (3)= Z ��1(u1)�1 Z ��1(u2)�1 12�(1��2) 12 expf�(s2�2�st+t2)2(1� �2) gdsdt¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥�� â�� � �2 ,¢¤�À÷�µ¨� ñ�õÂ÷ âþ¥�� â�� � � ö� ¤¢ �î ,¢�ªüõ ÓþÂã�ñ�õÂ ÷ ý�ûùÂÞ÷ ß� � ö�¨Â� � üÚµÆ±Þû °þÂ® �î ´¨� üÚµÆ��ø Âµõ�¤� � � ø ùÂ�çµõø¢.¢¤�¢ ¤�Âì ℄-1ø1[ �Ü¬�ê ¤¢ ø Àû¢üõ ö�È÷ �¤ ��1(u2) ø ��1(u1)�¤�¬�� ñ�õÂ÷ ÛÊÔõ ¥� ù¢�Ôµ¨� �� FY �i ;Yi(�; �) ���� âþ¥�� â��� (3) �ó¢�ãõ �� ���� ��FY �i ;Yi(k; yi) = �2(��1fFY �i (k)g;��1fFYi(yi)g; �)ý�ûù¢�¢ ý�Â � ,Ç¿� ø¢ Ûõ�ª üþ�Þ � µ¨¤¢ â �� � (2) � ó¢� ã õ � � ��� � � � .À þ�üõ ´¨¢� ���� � ü ó� Ú � ù¢�À ÷  ¤ ¤�Æ ÷� ¨ � î ý¢�Â ê� ý�Â � .´¨� ùÀ ª ¤�Æ ÷� ¨ ø ùÀÈ ÷ ¤�Æ ÷� ¨:Àþ�üõ ´¨¢�� Âþ¥ �ó¢�ãõ ¥� ù¢�Ôµ¨� �� fXi;Yi(x; y) = �P (Xi = x; Yi � y)=�y
fXi;Yi(x; y) =8>>>>>><>>>>>>: �FY �i ;Yi(1; y)=�y x = s0... ...�FY �i ;Yi(k+1; y)=�y � �FY �i ;Yi(k; y)=�y x = sk... ...fYi(y)� �FY �i ;Yi(E; y)=�y x = sE :�¹�µ÷ ¤¢

fXi;Yi(x; y) =8>>>>>>>>>><>>>>>>>>>>:
�( q11��q2p1��2 )fYi(y) x = s0... ...f�( qk+11 ��q2p1��2 )��( qk1��q2p1��2 )gfYi(y) x = sk... ...f1� �( qE1 ��q2p1��2 )gfYi(y) x = sE (4)

ù¢�¢  ¤ ¤�Æ÷�¨ �î ý¢�Âê� ý�Â� ß��»Þû .q2i = ��1(u2i) ø qk1i = ��1(uk1i) ö� ¤¢ �î



119 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö�¤�ØÞû ø ý¥�Àð ���õ:Àþ�üõ ´¨¢�� Âþ¥ �ó¢�ãõ ¥� ù¢�Ôµ¨� �� üó�Ú� â��� ´¨�P (Xi = x; Yi > y) =8>>>>>>>>><>>>>>>>>>:
FY �i (1)� FY �i ;Yi(1; y) x = s0... ...FY �i (k+1)� FY �i (k) + FY �i ;Yi(k; y)�FY �i ;Yi(k+1; y) x = sk... ...1� FY �i (E) + FY �i ;Yi(E; y)� FYi(y) x = sE (5)§�¨�Â� (ùÀÈ÷ ¤�Æ÷�¨ Ýû ø ùÀª ¤�Æ÷�¨ Ýû) Ûõ�î ý�ûù¢�¢ ý�Â� üþ�Þ�µ¨¤¢ â��� �¹�µ÷ ¤¢�¤�¬�� (5) ø (4) ��¢�ãõ ¥� ù¢�Ôµ¨� �� ø (2) �ó¢�ãõl(�) = EYk=0 Y8xi=sk([(�fqk+11i (Z2i; �; �1)� �q2i(Z1i; �; �2)p1� �2 g� �fqk1i(Z2i; �; �1)� �q2i(Z1i; �; �2)p1� �2 g)fYi(yi)℄(i)� [uk+11i � uk1i + FY �i ;Yi(k; yi)� FY �i ;Yi(k+1; yi)℄(1�i)),uE+11i = 1 ,FY �i ;Yi(0; yi) = 0 ,FY �i ;Yi(E+1; yi) = FYi(yi) ö� ¤¢ �î ,Àþ�üõ ´¨¢��.´¨� Yi ý���ª�� üó�Ú� â��� fYi(�) ø �( qE+11i ��q2ip1��2 ) = 1 ,�( q01i��q2ip1��2 ) = 0 ,u01i = 0:¥� ´Æ�¤�±ä üþ�Þ�µ¨¤¢ â��� Ýµþ¤�Úó �¹�µ÷ ¤¢`(�) = EXk=0 X8xi=sk[(i)[log(�fqk+11i (Z2i; �; �1)� �q2i(Z1i; �; �2)p1� �2 g� �fqk1i(Z2i; �; �1)� �q2i(Z1i; �; �2)p1� �2 g) + log ffYi(yi)g℄+ (1� i)[log fuk+11i � uk1i + FY �i ;Yi(k; yi)� FY �i ;Yi(k+1; yi)g℄℄ÛÊÔõ ¥� ù¢�Ôµ¨� �� FY �i ;Yi(�; �) ���� âþ¥�� â��� :×÷�Âê ÛÊÔõ ¥� ù¢�Ôµ¨� �� üþ�Þ�µ¨¤¢ â����¤�¬�� ×÷�ÂêFY �i ;Yi(k; yi) = C(uk1; u2; �) = �1� log f1+ (e��uk1 � 1)(e��u2 � 1)e�� � 1 g¤¢ ù¢�Ôµ¨� ¢¤�õ ©ø¤ §�¨� Â� ø �ûù¢�¢ Ûî ý�Â� üþ�Þ�µ¨¤¢ â��� Ýµþ¤�Úó �¹�µ÷ ¤¢ .´¨��¤�¬�� ×÷�Âê ÛÊÔõ ¥� ù¢�Ôµ¨� �� Û±ì Ç¿�`(�) = EXk=0 X8xi=sk[(i)[log[ fYi(yi)e��u2i [e��uk+11i � 1℄(e�� � 1) + (e��uk+11i � 1)(e��u2i � 1)



ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� �µÆÆð ø �Ö� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ : : : : : : : : : : : : : : : : : : 120� fYi(yi)e��u2i [e��uk1i � 1℄(e�� � 1) + (e��uk1i � 1)(e��u2i � 1) ℄+ (1� i)[log fuk+11i � uk1i + FY �i ;Yi(k; yi)� FY �i ;Yi(k+1; yi)g℄℄,FY �i ;Yi(0; yi) = 0 ,FY �i ;Yi(E+1; yi) = FYi(yi) ö� ¤¢ � î ,´ ¨� � ± ¨� ½ õ Û �� ì.u01i = 0 ø uE+11i = 1ñ¢�ãõ �Ø�þ� Û�ó¢ �� �Â®Û¬�� ÛÊÔõ :�Â®Û¬�� ÛÊÔõ ¥� ù¢�Ôµ¨� �� üþ�Þ�µ¨¤¢ â���.¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ �Æþ�Öõ °¨��õ ¤��ãõ ×þ ö���ä�� ´¨� Â�çµõ ø¢ ö��õ ñ�Öµ¨��¤�¬�� �Â®Û¬�� ÛÊÔõ ¥� ù¢�Ôµ¨� �� FY �i ;Yi ���� âþ¥�� â���FY �i ;Yi(k; yi) = C(uk1; u2; �) = uk1u2¢¤�õ ©ø¤ §�¨� Â� ø �ûù¢�¢ Ûî ý�Â� üþ�Þ�µ¨¤¢ â��� Ýµþ¤�Úó �¹�µ÷ ¤¢ .Àþ�üõ ´¨¢���¤�¬�� �Â®Û¬�� ÛÊÔõ ¥� ù¢�Ôµ¨� �� Û±ì Ç¿� ¤¢ ù¢�Ôµ¨�`(�) = EXk=0 X8xi=sk[(i)[log fuk+11i � uk1ig+ log ffYi(yi)g℄+ (1� i)[log fuk+11i � uk1i + FY �i ;Yi(k; yi)� FY �i ;Yi(k+1; yi)g℄℄uE+11i = 1 ,FY �i ;Yi(0; yi) = 0 ,FY �i ;Yi(E+1; yi) = FYi(yi) ö� ¤¢ �î ,Àþ�üõ ´¨¢��.u01i = 0 ø¢¤ø�Â�ý�ûÂµõ�¤�� �� ñ�±þ�ø âþ¥�� ý�¤�¢ �µ¨��� Â�çµõ ö� ¤¢ �î ¢�ªüõ ü¨¤Â� üµó�� �ãó�Îõ ßþ� ¤¢�î ´¨� Xi ý�Â� �µ¨��� ö�ú�� Â�çµõ ,Y �i � N(�2i; �2) ø ´¨� (Yi �W (�1i; Æ)) Æ ø �1ifY �i (y�) ø fYi(y) ý���ª�� üó�Ú� â��� ßþ�Â�� � � .¢�ªüõ Í±�Âõ Xi � � (1) �Î��¤ Í¨���¤�¬�� Y �i ø Yi ý�ûÂ�çµõ ý�Â�fYi(y) = Æ�1i ( y�1i )Æ�1expf�( y�1i )ÆgfY �i (y�) = 1p2��2 expf� (y� � �2i)22�2 g¥� �̂ üþ�Þ � µ¨¤¢ ÝÞ�Æî� õ ¢¤ø�Â � .�1i = exp(ZT1i�) ø �2i = ZT2i��ûö� ¤¢ �î ,À� µÆû¢¤ø�Â� «��¡ �� ���� �� .Àþ�üõ ´¨¢�� ö�Æê�¤-ß���÷ ©ø¤ �� `0(�) = 0 �ó¢�ãõ Û�ùÂ � ç µ õÀ �� ñ� õÂ ÷ â þ¥� � ý�¤�¢ ü± ÷�¹õ ¤�Ï� � ø ´¨� ¤�ð¥�¨ �̂ üþ�Þ � µ¨¤¢ ÝÞ �Æî� õ



121 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö�¤�ØÞû ø ý¥�Àð ���õÂ È � ê á� Ï� Å þÂ �� õ §� Ø ã õ Í ¨� � � î ´¨� üÆ þÂ �� õ Å ÷� þ¤�� î ø � ß � Ú ÷� � õ � �ÂÎì ýø¤ Â¬��ä ¥� ù¢�Ôµ¨� �� �̂ ¤��ãõ é�Â½÷� ß��»Þû .Àþ�üõ ´¨¢�� I(�) = Ef�`00(�)g.Àþ�üõ ´¨¢�� f�`00�1(�̂)g �þ f`0(�̂)`0T (�̂)g�1ý¢Â�¤�î ñ�·õ 3�î ´¨� üÜÜÞó�ß�� ø üÜõ ,ý��ÖÎ�õ ¼Î¨ ¤¢ ´�ãÞ� ��÷�¨�÷ Ýúõ Ûõ��ä ¥� üØþ ý¤ø¤��É¡�ª ø ¤��ãõ ×þ ,�ûÀó�� ß�� �Ü¬�ê .À�îüõ ß��ã� �¤ ¤�Èî ×þ ´�ãÞ� ¤�µ¡�¨ ø ¢�Àã�ø üÚ�ûÂê ,ý¢�Êµì� Ûõ��ä ¥� ,ß��ø¥ Ý�ÞÊ� Â� ùø�ä �î ´¨� ý¤ø¤�� á�®�õ ¤¢ Ýúõø ´¨� ùÀª ��¹÷� �ûÀó�� ß�� �Ü¬�ê �� �Î��¤ ¤¢ ý¤��Æ� ��ãó�Îõ .¢ÂþÁ�üõ Â���� ��÷ ü¨��¨¥� ù¢�Ôµ¨� ¤�Ñ�õ�� .À÷�ùÀª ©¤��ð �ûÀó�� ß�� �Ü¬�ê Â� Â��õ Ûõ��ä ö���ä�� ü�ø�Ôµõ Ûõ��ä¤¢ �ûÀó�� ß�� �Ü¬�ê �ãó�Îõ ý�ûù¢�¢ ¥� üãì�ø ý�ûù¢�¢ ýø¤ Â� Û±ì Ç¿� ¤¢ ùÀª ���¤� ñÀõùÀ÷¥ À÷¥Âê ß�óø� Àó�� �� ��ø¢¥� ö��õ �Ü¬�ê �ûù¢�¢ ßþ� ¤¢ .´¨� ùÀª ù¢�Ôµ¨� ¥��û� Âúª¾¨�� Â�çµõ ö���ä�� (�Ü¬�ê ßþ� ¤¢ ù¢Âõ ý�û�»� ø �ûüþ�¥ù¢Âõ ,�ûùÀª ÍÖ¨ �� ���� öøÀ�)¤¢�õ ù�ðÀþ¢ ¥� ö�À÷¥Âê ��ÜÎõ ¢�Àã� ø ¢¤�¢ ¢��ø ö� ¤¢ ¤�Æ÷�¨ á�ìø ö�Øõ� �î �µ¨���¥��û üóø À÷�ù¢Âî ��ø¢¥� �î ü÷� ÷¥ ý�Â� .Àª �µêÂð ÂÑ÷ ¤¢ �µÆÆð ¾¨�� Â�çµõ ö���ä��ö���ä �� �¤ ýÂ�ð�÷�Þ÷ ö�õ¥ ö�þ�� �� ��ø¢¥� ß�� �Ü¬�ê À÷�ù¢¤ø��÷ ��÷¢ �� �¤ ý�ùÀ÷¥ í¢�î.Àª �µêÂð ÂÑ÷ ¤¢ ùÀª ¤�Æ÷�¨ �Ü¬�ê ßþ� ø ù¢Âî ÓþÂã� Àó�� �Ü¬�ê�Â÷ ×Þî �� �ûù¢�¢ ø ´¨� �µêÂð �¤�¬ Ûû�µõ ö�÷¥ �� �õ��È¨Â� ö¢�¢ ÕþÂÏ ¥� ÇûøÄ�ý�Â� .À÷��µêÂð ¤�Âì Û�Ü½� ¢¤�õ ,ÕÖ½õ Í¨�� ùÀª �µª�÷ �õ�÷Â� ¥� ù¢�Ôµ¨� �� ø R ¤��ê��µêÂð ÂÑ÷¤¢ ¾¨�� Â�çµõ ý�Â� °¨��õ âþ¥�� ´¨� �¥� �Àµ�� ÓÜµ¿õ ý�û¤�µî�ê Â�� ü¨¤Â�Â�çµõ ý�Â� ñ�õÂ÷ ü÷��¨Âð¤ ñÀõ ×þ ø Àó�� �Ü¬�ê ý�Â� ñ�±þ�ø ü÷��¨Âð¤ ñÀõ ×þ .¢�ªñ�±þ�ø âþ¥�� ©¥�Â� üþ�Ø�÷ ü¨¤Â� ¤�Ñ�õ�� .Àª �µêÂð ÂÑ÷ ¤¢ ö�À÷¥Âê ��ÜÎõ ¢�Àã� ö�ú��Â ��Â � 6¤�ÀÖõ-p ø Àª ù¢�Ô µ¨� é�÷Â�Þ¨� -éøÂð�ÞÜî ö�õ¥� ¥� À ó�� �Ü¬�ê ý�ûù¢�¢ � �ß��»Þû .Àû¢üõ ö�È÷ �¤ �ûù¢�¢ �� ñ�±þ�ø âþ¥�� °¨��õ ©¥�Â� �î Àõ� ´¨¢�� 0/1861ùÀª �µêÂð ÂÑ÷ ¤¢ ×þ ,ñÀõ ö¢�� ÂþÁ�üþ�¨��ª �Àä ö�Øõ� Û�ó¢ �� ö�ú�� âþ¥�� Å÷�þ¤�øùÀª �µêÂð ÂÑ÷ ¤¢ â�Âõ ¼Î¨ ö���ä�� �ûù¢¤ ¥� üØþ üÞ¨� üØÞî ý�ûÂ�çµõ ¢¤�õ ¤¢ .´¨�.À÷��µêÂð ¤�Âì �Æþ�Öõ ¢¤�õ ö� �� �ûù¢¤ Âþ�¨ ø ´¨�6 P-value



ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� �µÆÆð ø �Ö� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ : : : : : : : : : : : : : : : : : : 122¤��ãõ ¥� ù¢�Ôµ¨� �� 7øÂÈ�� ©ø¤ ¥� ù¢�Ôµ¨� ,ñÀõ ßþÂ�°¨��õ ��¿µ÷� ý�û©ø¤ ¥� üØþñÀõ ßþÂ�°¨��õ ö���ä �� ×���î� ßþÂµÞî ý�¤�¢ ñÀõ ©ø¤ ßþ� ¤¢ .´¨� 8×���î� á�Ï�ý�ûÂ�çµõ ,�ûÂ�çµõ ö��õ ¥� øÂÈ�� ©ø¤ ¥� ù¢�Ôµ¨� �� �Àµ�� Õ�Ö½� ßþ� ¤¢ .¢�ªüõ ��¿µ÷���¿µ÷� ñø� Àó�� �Ü¬�ê �� ¯��Âõ ý���ª�� ü÷��¨Âð¤ ñÀõ ý�Â� 0/1 ¥� ÂµÞî ¤�ÀÖõ-p ý�¤�¢¤¢ ø ù¢Âî ¢¤�ø ÛÊÔõ ¥� ùÀª �µ¡�¨ ���� ñÀõ ¤¢ �¤ ¤�¢ü�ãõ ý�ûÂ�çµõ ßþ� Å³¨ .À÷Àª¥� ö�À÷¥Âê ��ÜÎõ ¢�Àã� ý�Â � ¤�¢ü�ãõ ý�ûÂ�çµõ øÂÈ� � ©ø¤ ¥� ù¢�Ô µ¨� � � ��� � ´ó��.À÷Àõ� ´¨¢�� ¤¢�õ ù�ðÀþ¢�ûñÀõ �Æþ�Öõ10ý��÷��ª�Â�è ý�ûÂê ý�Â� 9Ù÷øø üþ�Þ�µ¨¤¢ ´±Æ÷ ö�õ¥� ,ÛÊÔõ â��� ø¢ �Æþ�Öõ ý�Â�ñÀõ ü�ãþ ,À�ª�� ý��÷��ª�Â�è �ûñÀõ �î ´¨� °¨��õ üµìø ö�õ¥� ßþ� .¢�ªüõ ù¢�Ôµ¨�ü÷��¨Âð¤ ñÀõ ¥� ,´þ¢øÀ½õ ×þ Í¨�� À÷��µ÷ ÛÊÔõ â��� ×þ ¥� ùÀõ� ´¨¢�� ü÷��¨Âð¤ý�û¤�¢Â� ùÀ�û¢ ö�È÷ °��Â� �� `(1) ø `(2) À��î Âê .Àþ� ´¨¢�� ÂÚþ¢ ÛÊÔõ â��� ý�Â�Âê �¹�þ� ¤¢ .À�ª�� 1 ø 2 ÛÊÔõ â��� �� ñÀõ ×þ ý�Â� 11ý��ÎÖ÷ üþ�Þ�µ¨¤¢ Ýµþ¤�Úó.´¨� ö�ÆØþ �ûö� ý�ûÂµõ�¤�� ¢�Àã� ,ü�ãþ À÷¤�¢ ���Èõ ý�ûý¢�¥� ��¤¢ ñÀõ ø¢ Âû ¢�ªüõ�¤�¬ �� ý��ÎÖ÷ üþ�Þ�µ¨¤¢ Ýµþ¤�Úó �ø�Ô� ñ��mi = `(1)i � `(2)i ; i = 1; : : : ; n�¤�¬�� ö�õ¥� ù¤�õ� �ûmi ß�Ú÷��õ ¥� ù¢�Ôµ¨� �� ´ó�� ßþ� ¤¢ .¢�ªüõ �±¨�½õTV = pn �mpPni=1(mi � �m)2´¨� ×þ Å÷�þ¤�ø ø ÂÔ¬ ß�Ú÷��õ �� ñ�õÂ÷ âþ¥�� ý�¤�¢ ü±÷�¹õ ¤�Ï �� �î Àþ�üõ ´¨¢��Ý µ þ¤�Ú ó ý�û¤�¢Â � °� �Â � � � `(2) ø `(1) ¢���õ ý�ûù¢�¢ ¤¢ .(2013 ,ö�¤�ØÞû ø Âõ�Â î)ý�¥��� .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ×÷�Âê ø ñ�õÂ÷ ÛÊÔõ â��� �� ñÀõ ý�Â� ý��ÎÖ÷ üþ�Þ�µ¨¤¢¼Î¨ Âð� .Àõ� ´¨¢�� TV = 0=065 �¹�µ÷ ¤¢ ø �m = 0=0033 ¢���õ ù¢�¢ n = 915Â��Â� ¤�ÀÖõ-p ö�� ,Àª�� ÛÊÔõ â��� ø¢ Âû ýÂ��Â� ÂÔ¬ Âê ø � = 0=05 ý¤�¢ü�ãõ7 Forward8 Akaike Information Criterion9 Vuong10 Non-nested11 Pointwise Loglikelihood



123 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ö�¤�ØÞû ø ý¥�Àð ���õ�µêÂþÁ� ÛÊÔõ â��� ø¢ Âû ýø�Æ� Â� ü�±õ ÂÔ¬ Âê �¹�µ÷ ¤¢ ,Àþ�üõ ´¨¢�� 0/9482.´¨� ùÀª ù¢�Ôµ¨� (AIC) ×���î� á�Ï� ¤��ãõ ¥� ÛÊÔõ â��� ßþÂµú� ��¿µ÷� ý�Â� .¢�ªüõÓÜµ¿õ ý�ûÛÊÔõ §�¨� Â� ���� ü÷��¨Âð¤ ñÀõ ý�Â� ×���î� Âþ¢�Öõ :1 ñøÀ�AIC ÛÊÔõ â���9230/842 ñ�õÂ÷9230/000 ×÷�Âê9236/392 �Â®Û¬���Â®Û¬�� ÛÊÔõ â��� �� ¯��Âõ ×���î� ö���õ ßþÂ�Ç�� 1 ñøÀ� ¸þ�µ ÷ §�¨� Â�¥� Â�°¨��õ �ûÂ�çµõ ö��õ üÚµÆ��ø ¤�µ¡�¨ ßµêÂð ÂÑ÷ ¤¢ � � ý¥�¨ñÀõ �¹�µ ÷ ¤¢ ,´¨�ßþÂµÞî ý�¤�¢ ×÷�Âê ÛÊÔõ â��� �Ø�þ� �� ���� �� .´¨� ñ�Öµ¨� Âê §�¨� Â� ý¥�¨ñÀõ.¢�ªüõ ���¤� â��� ßþ� ý�ûÂµõ�¤�� ¢¤ø�Â� �õ�¢� ¤¢ ,¢�� ×���î� á�Ï� ¤��ãõ ö���õý�Â � (ñ�À � î -ø� � � ø ß õÂ � ³ ¨� �s) ýÂ µ õ�¤� �� ÷ ü Ú µ Æ ± Þ û ° þ�Â ® 2 ñøÀ � ¤¢× ÷�Â ê ÛÊ Ô õ â �� � ý�Â � ° þ�Â® ß þ� .´¨� ùÀ ª ù¢¤ø� ñ� õÂ ÷ ø × ÷�Â ê ÛÊ Ô õ â ��� �� ûö� ¤¢ � î ,´¨� �s = 1� 12� [D1(�)� D2(�)℄ ø � = 1� 4� [1 � D1(�)℄ �¤�¬ � �ýÂµõ�¤���÷ üÚµÆ±Þû °þ�Â® ñ�õÂ÷ ÛÊÔõ â��� ý�Â� ß��»Þû .Dk(x) = kxk R x0 tk(et�1)dt�±¨�½õ �s = 6sin�1(�=2)=� ø � = 2sin�1(�)=� �¤�¬�� ñ�À�î -ø�� � ø ßõÂ�³¨�´¨¢� � � µ ó¢ ©ø¤ ¥� ù¢� Ô µ¨� � � � � ÷ üÚµÆ±Þû °þ�Â® ßþ� ¢¤�À ÷� µ¨� é�Â½÷� .À ÷�ªüõ.À÷�ùÀõ�üÚµÆ±Þû ,À�û¢üõ ö�È÷ ñøÀ� ßþ� ¤¢ ùÀª ���¤� üÚµÆ±Þû °þ�Â® Âþ¢�Öõ �î ¤�Ïö�Þû.¢¤�¢ ¢��ø ¤¢�õ ù�ðÀþ¢ ¥� ö�À÷¥Âê ��ÜÎõ ¢�Àã� ø ñø� Àó�� �Ü¬�ê ß�� üÔ�õ��ø¢¥� ö�õ¥ ¤¢ ¤¢�õ ß¨ Çþ��ê� .¢�ªüõ �Ñ��õ 4 ø 3 ý�ûñøÀ� ¤¢ �î ¤�Ïö�ÞûP0/008) �ûÀó�� �Ü¬�ê Âþ�¨ Çþ��ê� ¢¤�õ ¤¢ ßþÀó�ø ù�ðÀþ¢ ,(HR=1/075 ø P <0/001)(¤¢�õ) ´�õ�ì ß��»Þû ,(HR=1/323 ø P <0/034) ¤¢�õ ö¢�±÷ Ûè�ª ,(HR=1/047 ø <ñ��õ ,§¤�ê �� ´±Æ÷ (HR=1/383 ø P <0/002) Âó ø (HR=1/259 ø P <0/027) �Âä�µ¨��¡�÷ Àó�� ´�ã®ø ø (HR=1/279 ø P <0/009) üÊ¿ª �� ´±Æ÷ Âþ�¨ ü÷�ØÆõÀ ó� � á� ìø Â Î¡ Çþ�� ê� °�� õ ¤¢� õ ´¨��¡ � � ´ ±Æ ÷ ,(HR=1/455 ø P <0/028)â ÷� õ � î ü þ�¥� ÷ À � ÷� õ ü þ� ûý¤� Þ � �) ¤¢� õ ß µ ª�¢ ý¤� Þ � � ø (À ó� � � Ü ¬� ê Çû� î) ñø�ø P <0=001) ü þ�¥ù¢Â õ ø ÍÖ¨ ¢��ø ,(HR=0/332 ø P <0/001) (À ÷�ªü õ ý¤�¢¤� �



ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� �µÆÆð ø �Ö� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ : : : : : : : : : : : : : : : : : : 124���� ñÀõ ¤¢ üÚµÆ±Þû ý�ûÂµõ�¤�� ¢¤�À÷�µ¨� é�Â½÷� ø ¢¤ø�Â� :2 ñøÀ�(SE) ¢¤�À÷�µ¨� é�Â½÷� ¢¤ø�Â� Âµõ�¤�� ÛÊÔõ â���0/331 -0/839 �0/054 -0/139 (�s) ßõÂ�³¨� ýø¤ ×÷�Âê0/036 -0/093 (�) ñ�À�î ø��0/054 -0/177 (�) ö�¨Â�� üÚµÆ±Þû0/035 -0/113 (�s) ßõÂ�³¨� ýø¤ ñ�õÂ÷0/052 -0/169 (� ) ñ�À�î ø��(HR=0/706 ø P <0/009) ¢��¨ü� � � ´±Æ÷ ¤¢�õ üû�ÚÈ÷�¢ ���Ê½� ø (HR=0/426¤¢ ¤¢�õ ù�ðÀþ¢ ß��»Þû .¢�ªüõ (Àó�� �Ü¬�ê Çþ��ê�) ñø� Àó�� á�ìø ÂÎ¡ Çû�î °��õÂÆ� �� ´±Æ÷Âµ¡¢) ¤¢�õ ù�ðÀþ¢ ¥� À÷¥Âê ��ÜÎõ ´�Æ�� ,�ûÀó�� �Ü¬�ê Âþ�¨ Çþ��ê� ¢¤�õ¤¢ ¤¢�õ ß¨ Çþ��ê� ø (ÂÆ� �� ´±Æ÷ À�îüÞ÷ üìÂê �ûö� ý�Â� ´�Æ�� �î ý¢�Âê� ß��»Þû ø.À÷�ªüõ ö�À÷¥Âê ��ÜÎõ ¢�Àã� Çû�î °��õ ��ø¢¥� ö�õ¥ýÂ�ð�¹�µ÷ ø ¶½� 4¥� üØþ �î üµó�� ¤¢ �µÆ±Þû �µ¿�õ� ý�ûù¢�¢ Û�Ü½� ý�Â� ü÷��¨Âð¤ ñÀõ �ãó�Îõ ßþ� ¤¢�µ¨��� Â�çµõ ý�Â� ùÀª¤�Æ÷�¨ ùÀû�Èõ á�ìø ö�Øõ� ø Àª�� �µ¨��� ýÂÚþ¢ ø �µÆÆð �ûÂ�çµõ�� ¸þ�µ÷ ø ù¢�Ôµ¨� ×÷�Âê ø ñ�õÂ÷ ÛÊÔõ â���� ¥� ¤�î ßþ� ý�Â� .Àª ���¤� ,Àª�� �µª�¢ ¢��ø§�¨� Â� �î .´êÂð ¤�Âì �Æþ�Öõ ¢¤�õ ×���î� ¤��ãõ ÂÑ÷ ¥� �Â®Û¬�� ÛÊÔõ �� ùÀõ� ´¨¢×���î� ¤�ÀÖõ ý�¤�¢ ×÷�Âê ÛÊÔõ ¥� ù¢�Ôµ¨� �� ùÀª ©¥�Â� ñÀõ ùÀõ� ´¨¢ �� ×���î� ¤��ãõ�ÜÞ� ¥� .¢�� �ûù¢�¢ �� �Â®Û¬�� ÛÊÔõ �� ´±Æ÷ ýÂµú� ©¥�Â� �¹�µ ÷ ¤¢ ø Â�ß�þ� ��� ���� �� �î ´¨� ßþ� �ûù¢�¢ ���� ý¥�¨ñÀõ ý�Â� ÛÊÔõ â��� ¥� ù¢�Ôµ¨� ý�û´þ¢øÀ½õßþ� ¤¢ ùÀª üêÂãõ ©ø¤ ,¢¤�À÷ ¢��ø üÞ¨� ý�ûÂ�çµõ ý�Â� ö�ú�� Â�çµõ ÓþÂã� ö�Øõ� �Ø�þ�.¢�¢ ¤�Âì ù¢�Ôµ¨� ¢¤�õ Àª�� üÞ¨� á�÷ ¥� �µÆÆð Â�çµõ �î ü÷�õ¥ ý�Â� ö���üÞ÷ �¤ �ó�ÖõÂþÁ�üþ�¨��ª �Àä Û�ó¢ �� ö�ú�� âþ¥�� Å÷�þ¤�ø (2011) øø ø ö�ÿó¢ �ó�Öõ §�¨� Â� ß��»Þû� � ö� ©ÂµÆð ö�Øõ� ùÀª � ��¤� ñÀõ ý� þ�� õ ¥� .¢�ª � µ êÂð ÂÑ ÷ ¤¢ ×þ À þ� � ñÀõ ö¢� ���ãó�Îõ �� ñÀõ ©ÂµÆð �� �÷�Þ÷ ö���ä �� ö���üõ �î Àª��üõ ý¤��Æ� ÓÜµ¿õ ý�û´ó��ý��ó�±÷¢ ý�Ö� ý�ûù¢�¢ �þ ø ´¨� ùÀª ýÂ�ðù¥�À÷� ¤�±Øþ ¥� Ç�� �µÆÆð Â�çµõ ö� ¤¢ �î üó�Ï.¢�Þ÷ ù¤�ª� ,¢¢Âðüõ ùÀû�Èõ �Ö� ý�ûö�õ¥ ¥� ý��ó�±÷¢ ¢Âê Âû ý�Â� �î
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¤¢ ÂÎ¡ ´±Æ÷ ø Àó�� �Ü¬�ê ñÀõ ý�ûÂµõ�¤�� ¢¤�À÷�µ¨� é�Â½÷� ø ¢¤ø�Â� :3 ñøÀ����� ñÀõ(SE)¢¤�À÷�µ¨� é�Â½÷� (HR)ÂÎ¡ ´±Æ÷ ¢¤ø�Â� �ûÂ�çµõ0/184 - 4/533 ´��� ¤�ÀÖõ0/005 1/075 �0=041�� ��ø¢¥� ö�õ¥ ¤¢ ¤¢�õ ß¨â�Âõ ¼Î¨ ¢��¨ü�0/025 1/079 -0/043 üþ�Àµ��0/074 1/274 -0/137 üþ�Þ�û�¤ ¤¢�õ ���Ê½�0/066 1/093 -0/050 ö�µ¨Â��¢0/076 0/706 0=97� üû�ÚÈ÷�¢â�Âõ ¼Î¨ §¤�ê0/059 1/259 �0=130� �Âä ¤¢�õ ´�õ�ì0/061 1/383 �0=183� Âó0/099 1/351 -0/170 Âþ�¨â�Âõ ¼Î¨ Â�¡ üþ�¥ù¢Âõ ø ÍÖ¨ ¢��ø0/058 0/426 0=482�� �Ü�â�Âõ ¼Î¨ Â�¡ ¤¢�õ ßµª�¢ ý¤�Þ��0/082 0/332 0=623�� �Ü�â�Âõ ¼Î¨ üÊ¿ª0/050 0/856 0/088 ý�ù¤��� ü÷�ØÆõ ñ��õ á�÷0/054 1/279 �0=139� Âþ�¨0/154 1/085 -0/046 ü÷�õ¥�¨ ¢¤�õ ¤¢ ¤¢�õ ù�ðÀþ¢0/010 1/047 �0=026� �ûÀó�� �Ü¬�ê Âþ�¨â�Âõ ¼Î¨ Ûè�ª ¤¢�õ ñ�çµª� ´�ã®ø0/074 1/323 �0=158� ¤�¢�÷�¡â�Âõ ¼Î¨ ¤¢�õ ´¨��¡0/136 1/378 -0/181 ¤À� ´¨��¡ À÷¥Âê Àó�� ´�ã®ø0/099 1/455 �0=212� �µ¨��¡�÷0/082 1/021 -0/011 ø¢ Âû ´¨��¡0/044 - 1/770 Æ



ÛÊÔõ â��� ¥� ù¢�Ôµ¨� �� �µÆÆð ø �Ö� �µ¿�õ� ý�ûù¢�¢ ý¥�¨ñÀõ : : : : : : : : : : : : : : : : : : : 126¤¢ ö�À÷¥Âê ��ÜÎõ ¢�Àã� ñÀõ ý�ûÂµõ�¤�� ¢¤�À÷�µ¨� é�Â½÷� ø ¢¤ø�Â� :4 ñøÀ����� ñÀõé�Â½÷� ¢¤ø�Â� �ûÂ�çµõ(SE) ¢¤�À÷�µ¨�0/214 3/509 ´��� ¤�ÀÖõ0/009 �0=023�� ��ø¢¥� ö�õ¥ ¤¢ ¤¢�õ ß¨â�Âõ ¼Î¨ ÂÆ�0/092 �0=245� Âµ¡¢ (¤¢�õ) À÷¥Âê ��ÜÎõ ´�Æ��0/083 �0=227� À�îüÞ÷ üìÂê Âþ�¨ ¢¤�õ ¤¢ ¤¢�õ ù�ðÀþ¢0/017 �0=040� �ûÀó�� �Ü¬�êÂØÈ� ø ÂþÀÖ�Â��¢Â¨ ¥� ß��»Þû ø �ó�Öõ ´�Ô�î ¢�±ú� ¤¢ �Âµ½õ ö�¤ø�¢ À�Þª¥¤� ��ÂÑ÷ ¥� �ó�Öõ ö�ðÀ�Æþ�÷.À÷¤ø� üõ ÛÞä �� ÂØÈ� ø ÂþÀÖ� �ó�Öõ ü�¢� Çþ�Âþø ø Õ�ì¢ �ãó�Îõ ÂÏ�¡ �� �þÂþÂ½� ���û ø.¢�ª üõ ÂØÈ� ¥��û� ö�ÂÞ� À�úª ù�ÚÈ÷�¢ ý��ãõ ´þ�Þ� ¥� ùø�ä ��â��Âõ�Ø±ª ü��ÂÏ ,(1389) .é ,Õ��À� ,.ø ,À¹õ ýÂû�� ,.� ,¢�Ä÷ÝÒ�î ,.ý ,ü��Â½õ ,.� ,üûÀ¨ý�ûù¢�¢ ¤¢ ö� ¢Â�¤�î ø �µ¿�õ� ùÂ�çµõø¢ ý�û¾¨�� ýÀ��ñÀõ ý�Â� üä��Êõ ü±Êä.28-39 ,6 ,ö�Âþ� ý��ó��õÀ��� üÊÊ¿� �Ü¹õ ,üØª��.é ,ýÂ þ�¥ ,.å ,ü þ� �� � ,.� ,¢�Ä ÷Ý Ò� î ,.§ ,ù¢�¥� � Ö ê ,.� ,ü ÷� Ø È õ ,.¤ ,Û¬� ü�� ì� ùÂ ì,1 ,ý¤�õ� ��Üä �Ü¹õ ,ö�ú�� Â�çµõ �þ�� Â� ü±��Â� ùÂ�çµõø¢ ñÀõ ý��� Û�Ü½� ,(1386).39-155Cameron, A. C., Li, T., Trivedi, P. K. and Zimmer, D. M. (2004), Modellingthe Di�erenes in Counted Outomes Using Bivariate Copula Models withAppliation to Mismeasured Counts, The Eonometris Journal, 7, 566-587.
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