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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥��ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�ä¢�þ ù�ÚÈ÷�¢ ,¤�õ� ùøÂð1394*9*29 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1393*8*18 :´ê�þ¤¢ ¾þ¤��âþ¥�� ¥� üÞ�Þã� ö���ä �� ÀþÀ� ýÂµõ�¤� � ø¢ âþ¥�� ×þ �ó�Öõ ßþ� ¤¢ : ùÀ�Ø�ü÷�ø ø ý¢�ã¬ ´ÆØª  Â÷ â��� �� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ö���ä ´½� ,üóÀ��óüÞµþ¤�Úó âþ¥�� ø üóÀ�� ó âþ¥�� °�îÂ� ¥� ÀþÀ� âþ¥�� .¢�ªüõ üêÂãõ ÛØª Â÷ â�� � ,üó�Ú� â�� � �ÜÞ� ¥� ÀþÀ� âþ¥�� ¥� üðÄþø ßþÀ�� .Àþ�üõ ´¨¢���� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ¢¤ø�Â� .¢�ªüõ �±¨�½õ �û¤ø�µÈð ø �ûíÀ�� ,´ÆØªâþ¥�� �� ´±Æ÷ âþ¥�� ßþ� ýÂ�Â� ´þ�ú÷ ¤¢ .Àþ�üõ ´¨¢�� EM Ýµþ¤�Úó� ¥� ù¢�Ôµ¨�.¢�ªüõ ù¢�¢ ö�È÷ üãì�ø ù¢�¢ ýÂ¨ ø¢ ¥� ù¢�Ôµ¨� �� ,üóÀ��ó Â ÷ â �� � ,� Ö � â �� � ,ü þ�Þ � µ¨¤¢ ÝÞ �Æî� õ Âð¢¤ø�Â � ,EM Ýµ þ¤�Ú ó � : ýÀ� Üî ý�ûù��ø.�ó¤�î-´÷�õ ý¥�¨��±ª ,üóÀ��ó âþ¥�� ,üÞµþ¤�Úó âþ¥�� ,´ÆØª�õÀÖõ 1,¢Âî üêÂãõ ��� ¤�õ� ¤¢ ö� ýÂ�ð¤�î�� ý�Â� �¤ üóÀ��ó âþ¥�� ¤�� ß�óø� ý�Â� (1958) üóÀ��óÍ¨�� ¢�Þµä� ´�Ü��ì ø �Ö� Û�Ü½� ���õ¥ ¤¢ âþ¥�� ßþ� ¥� üþ�û¢Â�¤�î ø �ûÝ�Þã� ,«��¡ Å³¨¤��Æ� ý�ûÝ�Þã� Â�¡� ö��ó�¨ ñ�Ï ¤¢ .´êÂð ¤�Âì ü¨¤Â� ¢¤�õ (2008) ö�¤�ØÞû ø ü÷�Î�ì0 . emahmoudi�yazd.a
.ir ,ý¢�Þ½õ üÆ�ä :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62P99 ,60E05 ,62F10 :(2010) ü®�þ¤ ýÀ��á�®�õ Àî

Archive of SID

www.SID.ir

http://www.sid.ir


�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 140ø ü÷�Î�ì) ü÷��� üóÀ��ó :¥� À��¤�±ä �ûö� ßþÂµÞúõ �î ´¨� ùÀª üêÂãõ âþ¥�� ßþ� ¥� ý¢�þ¥,ö�¤�ØÞû ø ù¢�¥Âç¬� ,2011 ,ö�¤�ØÞû ø ���¤�¢� ÷) �µê� þÝ�Þã� üóÀ�� ó ,(2013 ,ö�¤�ØÞûüóÀ��ó ø (2015 ,ö�¤�ØÞû ø �õ���� ø 2009 ,üµóø¢ ø ù¢�¥Âî�£ ,2014 ,Ù÷�þ ø ùÀþ�ó� ,2013�ÜÞ� ¥� .(2015 ,ö�¤�ØÞû ø ý�¤�¤�� ,2014 ,ý�¤�¤�� ø Ù�÷�� ó-��û¤�ø) �µê� þÝ�Þã� ü÷����Àõ ø ö�þÂµÈõ �� ´õÀ¡ ���¤� ö�õ¥ �Àõ âþ¥�� �� ö���üõ âþ¥�� ßþ� ý�û¢Â�¤�î ßþÂµÞúõ¥� üØþ üÞµþ¤�Úó âþ¥�� .¢Âî ù¤�ª� üû¢ ÅþøÂ¨ ö�õ¥ �� Ó¬ ÝµÆ�¨ ×þ ¤¢ ¤�Ñµ÷� ö�õ¥¥� âþ¥�� ßþ� .´¨� ü÷�ø�Âê ý�û¢Â�¤�î ý�¤�¢ �î ´¨� ý¤�õ� �µÆÆð ý�ûâþ¥�� ßþÂµÞúõ�Âê �� ñ�Þµ�� �Â� â��� ý�¤�¢ ø Àþ�üõ ´¨¢�� � log(1� �) â��� ö¤�ó ×õ ÍÆ�p(x; �) = � 1log(1� �) �xx ; x = 1; : : : ; 0 < � < 1;ùÀª ý¤�ÀþÂ¡ ��ì� ¢�Àã� ,�Þ�� ý�û���õ¥ ¤¢ ý¢Àãµõ ý�û¢Â�¤�î ý�¤�¢ âþ¥�� ßþ� .´¨�¢�Àã� ,�ÖÎ�õ ×þ ¤¢ ö�û��ð �þ ö�ðÀ÷Â� ¢�Àã� ,«�¡ ù¤ø¢ ×þ ¤¢ ùÀ��î éÂÊõ ×þ Í¨��¢�Àã� ý¥�¨ñÀõ ¤�Ñ�õ �� À÷���üõ ý��ó���øÂØ�õ ¤¢ ß��»Þû ø ´¨� ö����õ Âû ¤¢ �ûÛÚ÷��î ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ �Ôó�õ N �� ÝµÆ�¨×þ .¢�ª �µêÂð ¤�î�� ´Èî ×þ ¤¢ ùÀ÷¥ ��¢���õÂÞä ñ�Ï .´¨� f1;2; : : :g ù�ð��Ø� �� �µÆÆð üê¢�Ê� Â�çµõ ×þ (N) �û�Ôó�õ ¢�Àã� ö� ¤¢üØþ �� ÕÜãµõ ö� âþ¥�� �î ´¨� Xi �µ¨��� üê¢�Ê� Â�çµõ ,i = 1; : : : ; N ,�Ô ó�õ ß�õ�iÂ � ç µ õ .´¨� ... ø ü óÀ � � ó ,� �¤� � ,ñ� ± þ�ø ,ü þ� Þ ÷ :À � ÷� õ ñ�Ï ý�ûâ þ¥� � ý�ûù¢�� ÷�¡ ¥�ùÀþÂ�) ü¨À�û :ö�»Þû �ûâþ¥�� ü¡Â� ý�¤�¢ À÷���üõ üÜî ´ó�� ¤¢ N �µÆÆð üê¢�Ê�,(ÂÔ¬ ¤¢ ùÀª ùÀþÂ�) ý��ÜÞ�ø¢ ,üÞµþ¤�Úó ,(ÂÔ¬ ¤¢ ùÀª ùÀþÂ�) ß¨��� ,(ÂÔ¬ ¤¢ ùÀªÝµÆ�¨ ¤¢ �û�Ôó�õ Âð� .Àª�� ü÷��� ýÂ¨ ý�ûâþ¥�� §�î üÜî ¤�Ï �� ø üÔ�õ ý��ÜÞ�ø¢Y = maxfX1; : : : ; XNg Â ��Â � Ý µÆ�¨ ßþ� ÂÞä ñ�Ï ,À�ª� � � µ êÂð ¤�Â ì ý¥��õ ¤�Ï � �Ý µ Æ � ¨ Â Þ ä ñ� Ï À � ª� � � µ êÂ ð ¤�Â ì Ý µ Æ � ¨ ¤¢ ýÂ ¨ �¤� ¬ � � � î ü �¤� ¬ ¤¢ ø.´¨� Y = minfX1; : : : ; XNgÂ��Â�ÂÑ ÷ ¤¢ � � ÂÞä ñ�Ï ý�ûù¢�¢ ý¥�¨ñÀõ ý�Â � ü ÷�ø�Â ê ý�ûâ þ¥� � Â �¡� ý�ûñ�¨ ¤¢ý�ûâþ¥�� �� ö���üõ �ÜÞ� ö� ¥� ,À÷�ùÀª üêÂãõ ýÂ¨ ý�û�Ôó�õ � � ÝµÆ�¨ ×þ ßµêÂðø ü¨À�û-ñ�±þ�ø ,ü÷��� ýÂ¨-üþ�Þ÷ ,üÞµþ¤�Úó-üþ�Þ÷ ,ß¨���-üþ�Þ÷ ,ü¨À�û-üþ�Þ÷,(2007) §�î ,(1998) §�î�ó ø ÅþÀ�õ�¢� �Ü �¨ø �� °��Â� � � �î ,ü÷��� ýÂ¨-ñ�±þ�ø(2011) ö�¤�ØÞû ø �¥�¨-��¤�� ,(2009) üÜã¹�ð ø ýÀ�Øú� ,(2008) üþ�®¤ ø ü±¨�ÞúÏ.¢Âî ù¤�ª� ,À÷�ùÀª üêÂãõ (2011) �¥�¨-��¤�� ø Åþ�¤�õ ø
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141 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�äüþ�Þ÷ ,ü÷��� ß¨��� üþ�Þ÷ Ûõ�ª ü±�îÂ� ÂÞä ñ�Ï ý�ûâþ¥�� ¥� ýÀþÀ� Ó�Ï üð¥�� ���� ü÷��� ýÂ¨-üþ�Þ÷ ´ÆØª  Â÷ ø ß¨���-ùÀª üþ�Þ÷ ñ�±þ�ø ,ü÷��� ýÂ¨-�µê�þÝ�Þã�ø ý¢�Þ½õ ,(2012) ýÂÔã� ø ý¢�Þ½õ ,(1390) ö�¤�ØÞû ø ×÷À�ä ýÂ¹�¡ Í¨�� °��Â�¤�Âì Û�Ü½� ø �þ�¹� ¢¤�õ ø ùÀª üêÂãõ (2015) ýÂÔã� ø ý¢�Þ½õ ø (2013) ¤�Àú³¨.´¨� �µêÂðø üÞµþ¤�Úó âþ¥�� ý�¤�¢ N üê¢�Ê� Â�çµõ �î ýÂ¨ ý�û�Ôó�õ �� ÝµÆ�¨ ×þ ßµêÂð ÂÑ÷ ¤¢ ��ö�� � ä ´½� � ûâ þ¥� � ¥� ù¢�� ÷�¡ ×þ � õ ,´¨� ü óÀ � � ó â þ¥� � ý�¤�¢ Xi üê¢�Ê � Â � ç µ õ�� ö���üõ ü±�îÂ� âþ¥�� ßþ� ý�û¢Â�¤�î ßþÂµÞúõ ¥� .Ý��îüõ üêÂãõ �¤ üÞµþ¤�Úó-üóÀ��ó:¢�Þ÷ ù¤�ª� Âþ¥ ¢¤��õ�ã��Âõ ¥ø¤ ×þ ¤¢ ù�ÚªøÂê ×þ � � üþ�Áè ¢��õ ÀþÂ¡ ý�Â � �î ü÷� þÂ µÈõ ¢�Àã � �ü÷�õ¥ �Àõ .Àª��üõ üÞµþ¤�Úó âþ¥�� ý�¤�¢ ø ù¢�� �µÆÆð üê¢�Ê� Â�çµõ ×þ À��îüõüóÀ��ó âþ¥�� ¥� À÷�õüõ ÂÑµ�õ ýø �� ´��÷ öÀ�¨¤ �� ëøÀ�¬Ó¬ ¤¢ ýÂµÈõ Âû �îßþ� ´þÂþÀõ ø ù¢�� ùÀ�û¢ ÅþøÂ¨ ×þ ý�¤�¢ ù�ÚªøÂê ßþ� �»÷��� .´¨� ¤�¢¤�¡Â�ö�õ¥ �� ÝµÆ�¨ ¤¢ ¢Âê ×þ ¤�Ñµ÷� ö�õ¥ �Àõ Ûì�À� ü¨¤Â� �� À�Þì�ä ù�ÚªøÂêY = minfX1; : : : ; XNg üê¢�Ê� Â�çµõ üµÆþ�� Àª�� (��Æ� �þ�Æ�) üû¢ ÅþøÂ¨.Àû¢ ¤�Âì ���� ¢¤�õ �¤ö����õ ×þ öÀ� ¤¢ «�¡ ü÷�õ¥ ù¤ø¢ ×þ ¤¢ �î üþ�ûÛÚ÷� ¢�Àã� üµÆþ¥ ��Üä ¤¢ �ñ�Ï �î ü÷�õ¥ �Àõ ,ø¤�¢ éÂÊõ ö�õ¥ ¥� .´¨� üÞµþ¤�Úó âþ¥�� ý�¤�¢ ¢�ªüõ ¢�¹þ�Âð� .À�îüõ ýøÂ�� üóÀ�� ó âþ¥�� ¥� ¢øÂ� ß�� ¥� Ûõ�î ¤ø¯ �� ÛÚ÷� Âû �� ÀÈîüõÝ�ª�� ö����õ ¢Âê ßþ� ý�ûÛÚ÷� ßµê¤ ß�� ¥� ý�Â� �¥� ö�õ¥ Ûì�À� ü¨¤Â� �� À�Þì�ä.¢�ª âì�ø À�Ôõ À÷���üõ üÞµþ¤�Úó-üóÀ��ó âþ¥�� ¥� ù¢�Ôµ¨��Âª �� üóÀ��ó âþ¥�� ¥� üÞ�Þã� ö���ä �� üÞµþ¤�Úó-üóÀ��ó âþ¥�� üêÂãõ ý�Â� üÜ¬� Ûþ�¢:´¨� Âþ¥�î ´ú� ßþ� ¥� ,´¨� ¤�¢¤�¡Â� ýÂµÈ�� é�Îã÷� ¥� üóÀ��ó âþ¥�� �� ´±Æ÷ âþ¥�� ßþ� �,ö� Â� ùø�ä ÀþÀ� âþ¥�� �õ� ´¨� ý¢�ã¬ ÍÖê üóÀ�� ó âþ¥�� ´ÆØª  Â÷ â�� �´ÆØª  Â÷ â��� �î üþ�ûù¢�¢ �� Âð� ßþ�Â���� .¢�ªüõ Ûõ�ª ��÷ �¤ ÛØª ü÷�ø ´ó���� üóÀ��ó âþ¥�� �� ´±Æ÷ ùÀª üêÂãõ âþ¥�� Ýþ�ª ø¤ �� ø¤ Àª�� ÛØª ü÷�ø �ûö�.¢�ªüõ ù¢�¢ ©¥�Â� Âµú� �ûù¢�¢
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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 142�î üþ�ûù¢�¢ ý�Â� ßþ�Â���� ¢�ªüõ Ûõ�ª �¤ üóÀ��ó âþ¥�� «�¡ ´ó�� ¤¢ âþ¥�� ßþ� �¤�Âì ù¢�Ôµ¨� ¢¤�õ À÷���üõ ��÷ ÀþÀ� âþ¥�� ßþ� ,´¨� °¨��õ �ûö� ý�Â� üóÀ��ó âþ¥��.¢Â�ð��ãó�Îõ ,ý¤�õ� ��Üä ,üõ�Þä ´ª�Àú� :�ÜÞ� ¥� �û���õ¥ ¥� ý¤��Æ� ¤¢ âþ¥�� ßþ� �üµã�¬ ö���ÞÏ� ´�Ü��ì ,ü¨��ª ´�ãÞ� ,üó�õ ý�ûù¢�¢ ø �Þ�� ,ý��ó���øÂØ�õ ,üµÆþ¥.¢¤�¢ ¢Â�¤�î ùÂ�è øÅ³¨ .¢¥�¢Â�üõ ü÷��� ýÂ¨-üóÀ��ó ý�ûâþ¥�� ù¢��÷�¡ üêÂãõ �� ÂÊµ¿õ �¤�¬ �� 2 Ç¿�¤�µê¤ ø ���¤� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ´ÆØª  Â÷ ø �Ö� ,âþ¥�� ,üó�Ú� â���� 3 Ç¿� ¤¢ßþ� ý�û¤ø�µÈð ø �ûíÀ�� 4 Ç¿� ¤¢ .´¨� ùÀª ü¨¤Â� ´ÆØª  Â÷ ø üó�Ú� â����§�Øãõ ´ÆØª  Â÷ ø ùÀ÷�Þ�ì�� ÂÞä â���� �±¨�½õ �� 5 Ç¿� �õ�¢� ¤¢ .¢�ªüõ ö��� âþ¥��üÞ µ þ¤�Ú ó-ü óÀ � � ó â þ¥� � ö�õ�Â � � �� µ � µ¨� ø ¢¤ø�Â � � � 6 Ç¿� .´¨� � µ ê� þ «�Êµ¡�ý�Â� 8 Ç¿� ¤¢ ,´þ�ú÷ ¤¢ .´¨� ùÀª ö��� ý¥�¨��±ª ��ãó�Îõ ¸þ�µ÷ 7 Ç¿� ¤¢ .¢¥�¢Â�üõ©¥�Â� ý�Â� üãì�ø ù¢�¢ ýÂ¨ ø¢ ¥� ,ÀþÀ� âþ¥�� ýÀ�Þ÷��� ø ýÂþÁ�é�Îã÷� ö���õ ö¢�¢ ö�È÷.¢�ªüõ ù¢�Ôµ¨�ü÷��� ýÂ¨-üóÀ��ó ý�ûâþ¥�� ù¢��÷�¡ 2ø âþ¥�� â���� �� °��Â� �� üóÀ��ó âþ¥�� ¥� üê¢�Ê� �÷�Þ÷ ×þ X1; : : : ; XN À��î ­Âêüó�Ú�F (x;
) = 1� (1+ 
x
 + 1)e�
x; x > 0;f(x; 
) = 
2
 + 1 (1+ x)e�
x; x > 0; 
 > 0;ñ�Þµ�� �Â� â��� �� �µÆÆð üê¢�Ê� Â�çµõ ×þ N øP (N = n) = an�nC(�) ; n = 1; : : : ;C(�) =P1n=1 an�n ß���Ýû ;¢¤�¢ üÚµÆ� n �� ÍÖê an � 0 �î ´¨� Âî£ �� �¥� ,Àª��,C0(:) �� ø ùÀª ÓþÂã� ö� ��¨ ø �ø¢ ,ñø� ÕµÈõ ø ù¢�� üû��µõ C(�) .´¨� � 2 (0; s) ø.À÷�ªüõ ù¢�¢ ö�È÷ C000(:) ø C00(:)�¤�¬ ßþ� ¤¢ ,ÀþÂ�Ú� ÂÑ÷ ¤¢ Y = minfX1; : : : ; XNg�¤�¬ �� �¤ Y üê¢�Ê� Â�çµõ
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143 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�ä�¤�¬�� Y jN = n üÏÂª üãÞ¹� âþ¥�� â���FY jN=n(y; 
) = 1� [(1+ 
y
 + 1)e�
y℄n:ø ¢�ªüõ ù¢�¢ ö�È÷ LPS(�; 
) ¢�Þ÷ �� ü÷��� ýÂ¨-üóÀ��ó ý�ûâþ¥�� §�î .Àþ�üõ ´¨¢���¤�¬�� ö� üãÞ¹� âþ¥�� â���FY (y; �; 
) = 1� C(�(1+ 
y
+1 )e�
y)C(�) ; y > 0: (1)�Âê �� ö� ñ�Þµ�� üó�Ú� â��� øfY (y; �; 
) = � 
2
 + 1 (1+ y)e�
yC0(�(1+ 
y
+1 )e�
y)C(�) ; y > 0: (2)�¤ üÔÜµ¿õ ý�ûâþ¥�� C(�) ÓÜµ¿õ Âþ¢�Öõ °Æ�Â� �ûâþ¥�� ¥� ù¢��÷�¡ ßþ� .¢�ªüõ Û¬��,ö�¤�ØÞû ø ý�ð) ß¨���-üóÀ��ó ,ü¨À�û-üóÀ��ó :¥� À��¤�±ä �ûâþ¥�� ßþ� .¢�ªüõ Ûõ�ª�� üÞµþ¤�Úó-üóÀ��ó âþ¥�� �ó�Öõ ßþ� ¤¢ .üÞµþ¤�Úó-üóÀ��ó ø ý��ÜÞ�ø¢-üóÀ��ó ,(2014ö� ������ ��Þ� �� Õ�ì¢ ¤�Ï �� ü÷��� ýÂ¨-üóÀ��ó ý�ûâþ¥�� ù¢��÷�¡ ý�Ìä� ¥� üØþ ö���ä.¢Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õüÞµþ¤�Úó-üóÀ��ó ñ�Þµ�� üó�Ú� â��� ø üãÞ¹� âþ¥�� â��� 3üÞµþ¤�Úó-üóÀ��ó âþ¥�� ,(2) ø (1) Í��ø¤ ¤¢ C(�) = � log(1��) ø an = 1n ý¤�ÁÚþ�� ��âþ¥�� â��� .Àþ� üõ ´¨¢�� ,´¨� ü÷��� ýÂ¨-üóÀ��ó ý�ûâþ¥�� §�î ¥� «�¡ ´ó�� �î�¤�¬�� âþ¥�� ßþ� ñ�Þµ�� üó�Ú� â��� ø üãÞ¹�F (y; �; 
) = 1� log(1� �(1+ 
y
+1 )e�
y)log(1� �) ;f(y; �; 
) = � 
2
+1e�
y(1+ y)(�(1+ 
y
+1 )e�
y � 1) log(1� �) ; (3)üÞµþ¤�Úó-üóÀ��ó âþ¥�� ´ÆØª  Â÷ ø �Ö� â���� .´¨� 0 < � < 1; 
 > 0 ö� ¤¢ �î ,À�µÆû:¥� À��¤�±ä °��Â� ��S(y; �; 
) = log(1� �(1+ 
y
+1 )e�
y)log(1� �) ;
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LL Density
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γ =0.2,θ = 0.01
γ =2,θ = 0.01


 ø � ÓÜµ¿õ Âþ¢�Öõ ý�Â� üÞµþ¤�Úó-üóÀ��ó âþ¥�� â��� ø üó�Ú� â��� :1 ÛØª
h(y; �; 
) = � 
2
+1e�
y(1+ y)(�(1+ 
y
+1 )e�
y � 1) log(1� �(1+ 
y
+1 )e�
y) :Âþ¢�Öõ ý�¥� �� üÞµþ¤�Úó-üóÀ��ó âþ¥�� â���� ø üó�Ú� â���� ý�û¤�¢�Þ÷ ùÀ�û¢ö�È÷ 1 ÛØª.´¨� âþ¥�� ý�ûÂµõ�¤�� ÓÜµ¿õ:´¨� Âþ¥ ý�ûüðÄþø ý�¤�¢ üÞµþ¤�Úó-üóÀ��ó âþ¥�� : 1 ��Ìì.À�îüõ Û�õ 
 Âµõ�¤�� �� üóÀ��ó âþ¥�� �� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ù�Ú÷� ,�! 0 Âð� (Óó�.´¨� üóø�÷ y ¤¢ f(y; �; 
) ù�Ú÷� ,
 � p1� � Âð� (�y0 Â ��Â � ýÀõ � � ýÀõ ×� ü ó�Ú� â �� � ×þ f(y; �; 
) ù�Ú ÷� 0 < 
 < p1� � Âð� (�ß µ êÂ ð Â Ñ ÷ ¤¢ � � ,
(y + 1) + (A� 1)� A 
(y+1)
(y+1)+1 = 0 ý� ó¢� ã õ Û � ¥� � î ´ ¨�.¢�ªüõ Û¬�� A = �(1+ 
y
+1 )e�
y:Ýþ¤�¢ ,À�î Û�õ ÂÔ¬ �� � Âð� (Óó� ö�ûÂ�lim�!0 f(y; �; 
) = 
2
 + 1e�
y(1+ y);.´¨� üóÀ��ó âþ¥�� üó�Ú� â��� �î
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145 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�äö�� .f(1) = 0 ø f(0) = � 
2
+1(��1) log(1��) ,(3) �Î��¤ �� ���� �� (�d log f(y; �; 
)dy = 
(y + 1) + (A� 1)�A 
(y+1)
(y+1)+1(1+ y)(�(1+ 
y
+1 )e�
y � 1) :ù�Ú÷� ,s(y) = 
(y + 1) + (A� 1)�A 
(y+1)
(y+1)+1 À��î ­Âê.´¨� s0(y) > 0 ø s(1) =1 ,s(0) = (
+��1)(
+1)��

+1.´¨� üóø�÷ y ¤¢ f(y; �; 
) ü�ãþ , d log f(y;�;
)dy � 0 ø s(y) � 0 ù�Ú÷� ,
 � p1� � Âð�, µ ¨� y0 Â ��Â � ýÀ õ � � ýÀ õ × � â �� � × þ f(y; �; 
) ù� Ú ÷� ,0 < 
 < p1� � Â ð� (�ß µ êÂ ð Â Ñ ÷ ¤¢ � � ,
(y + 1) + (A � 1) � A 
(y+1)
(y+1)+1 = 0 ý� ó¢� ã õ Û � ¥� y0� î.Àþ�üõ ´¨¢�� A = �(1+ 
y
+1 )e�
y:´¨� Âþ¥ ý�ûüðÄþø ý�¤�¢ üÞµþ¤�Úó-üóÀ��ó âþ¥�� ´ÆØª  Â÷ â��� : 2 ��Ìì.´¨� ý¢�ã¬ ´ÆØª  Â÷ â��� ù�Ú÷� ,(�� 1)(
 � 1) > ( �
2
+1 ) Âð� (Óó�.´¨� ÛØª ü÷�ø ´ÆØª  Â÷ â��� ù�Ú÷� ,(� � 1)(
 � 1) < ( �
2
+1 ) Âð� (�ù¢�Ôµ¨� (1980) Â¨�ð ¤�úÈõ ý��Ìì ¥� ´ÆØª  Â÷ â��� ¤�µê¤ ü¨¤Â� ¤�Ñ�õ�� ö�ûÂ�Âþ¥ ý�û´ÞÆì ��Þ � ¤¢ .¢�ªüõ ü¨¤Â � � �Ìì ßþ� �À µ �� ,� õ�¢� ¤¢ ø¤ ßþ� ¥� .´¨� ùÀª� � � �� � � � .À ª� �ü õ ´Æ Ø ª  Â ÷ â �� � h(t) � î ,´ ¨� g(t) = 1h(t) ø �(t) = � f 0 (t)f(t):¢�ªüõ ö��� Âþ¥ �¤�¬ �� Â¨�ð ��Ìì ,ë�ê ��½�®��:(Â¨�ð ��Ìì) 3 ��Ììý¢�ã¬ üã��� ´ÆØª  Â÷ â��� ù�Ú÷� ,�0(t) > 0 ,t > 0 Âþ¢�Öõ ý�Þû ý�¥��� Âð� (Óó�.´¨�.´¨� üóø�÷ üã��� ´ÆØª  Â÷ â��� ù�Ú÷� ,�0(t) < 0 ,t < 0 Âþ¢�Öõ ý�Þû ý�¥� �� Âð� (�,t 2 (0; t0) Âþ¢�Öõ ý�Þû ý�¥� �� �î ý¤�Ï �� ,¢¤�¢ ¢��ø t0 > 0 ¤�ÀÖõ ×þ À��î ­Âê (� Â ÷ â �� � ù� Ú ÷� , �0(t) > 0 ,t > t0 Â þ¢� Ö õ ý� Þ û ý�¥� � � ø �0(t0) = 0 ø �0(t) < 0 Â÷ â��� �¤�¬ ßþ� Â�è ¤¢ ø Àª�� g0(y0) = 0 �î ý¤�Ï �� ,´¨� ÛØª ü÷�ø ´ÆØª.´¨� ý¢�ã¬ ´ÆØª,t 2 (0; t0) Âþ¢�Öõ ý�Þû ý�¥� �� �îý¤�Ï�� ,¢¤�¢ ¢��ø t0 > 0 ¤�ÀÖõ ×þ À��î ­Âê (¢´ÆØª  Â÷ â��� ù�Ú÷� ,�0(t) < 0 ,t > t0 Âþ¢�Öõ ý�Þû ý�¥� �� ø �0(t0) = 0 ,�0(t) > 0ßþ� Â�è ¤¢ ø Àª�� g0(y0) = 0 �îý¤�Ï�� ,Àª�� �µª�¢ ¢��ø y0 > 0 Âð� ,´¨� ýÀõ ×�.´¨� üóø�÷ ´ÆØª  Â÷ â��� �¤�¬
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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 146:Ýþ¤�¢ üÞµþ¤�Úó-üóÀ��ó ´ÆØª  Â÷ â��� �Âê �� ���� �� :(2 ��Ìì ��±��)h(0) = � 
2
+1(� � 1) log(1� �) ::´ª�¢ Ý�û��¡ ,Ý��îüõ ÓþÂã� �¤ �(y) = � ddy log f(y) = � f 0(y)f(y) â��� ¤�Ñ�õ ßþÀ��(y) = � (1� 
(1+ y))(�(1+ 
y
+1 )e�
y � 1)(�(1+ 
y
+1 )e�
y � 1)(1+ y)� � 
2
+1e�
y(1+ y)2(�(1+ 
y
+1 )e�
y � 1)(1+ y) ;:´¨� Âþ¥ �¤�¬ �� ö� ñø� ÕµÈõ ø�0(y) = [
(A� 1) + � 
2
+1e�
y(1+ y)(1� 
(1+ y))℄((A� 1)(1+ y))2� (A� 1)(1+ y)((A� 1)(1+ y))2+[(A� 1)� � 
2
+1e�
y(1+ y)2℄(1� 
(1+ y))(A� 1)((A� 1)(1+ y))2+� 
2
+1e�
y(1+ y)2[(
(1+ y)� 2)(A� 1)
 + 1e�
y(1+ y)2℄((A� 1)(1+ y))2+(A� 1)� � 
2
+1e�
y(1+ y)2℄((A� 1)(1+ y))2 ::Ýþ¤�¢ ßþ�Â���� ,Ý�û¢üõ ¤�Âì t(y) Â��Â� �¤ �0(y)�¤�¬t(y) = [
(A� 1) + � 
2
 + 1e�
y(1+ y)(1� 
(1+ y))℄(A� 1)(1+ y)+[(A� 1)� � 
2
 + 1e�
y(1+ y)2℄(1� 
(1+ y))(A� 1)+� 
2
 + 1e�
y(1+ y)2[(
(1+ y)� 2)(A� 1)+(A� 1)� � 
2
 + 1e�
y(1+ y)2℄; �¤�¬ ßþ� ¤¢,´¨� t(1) =1 ø t(0) = (� � 1)2 + � 
2
+1 (� � 1)(
 � 1)� (� 
2
+1 )2.´¨� t(y)´õ�ä ö�Þû �0(y)´õ�äÅ� ´¨� ´±·õ ý¤�ÀÖõ �0(y) �Â¿õ ö��
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147 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�ä
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 ø � ÓÜµ¿õ Âþ¢�Öõ ý�Â� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ´ÆØª  Â÷ â��� :2 ÛØªÂ¨�ð � �Ìì ¥� ùÀª ö�� �ä ý�ûüðÄ þø .´¨� �0(y) = 0 �¤�¬ ßþ� ¤¢ ,t(y) = 0 Âð�.À�îüõ ýøÂ��.´¨� Âµõ�¤�� ÓÜµ¿õ Âþ¢�Öõ ý�¥� �� ´ÆØª  Â÷ â��� ùÀ�û¢ö�È÷ ,2 ÛØªüÞµþ¤�Úó-üóÀ��ó âþ¥�� ý�û¤ø�µÈð ø �ûíÀ�� 4�ó¢�ãõ Û� ¥� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ��� íÀ��(1� �) log(1� �) = 1Xj=1 (��(1+ 
x�
+1 )e�
x�)jj ;.¢¤�¢ ¢Â�¤�î üÞµþ¤�Úó-üóÀ��ó âþ¥�� ¥� üê¢�Ê� �÷�Þ÷ ×þ À�ó�� ý�Â� �î ,Àþ�üõ ´¨¢��:¥� À��¤�±ä °��Â��� âþ¥�� ßþ� ý�Â� ÂÔ¬ ñ�� ��k ¤ø�µÈð ø ¤ø�µÈð Àó�õ â���MY (t)= ��nlog(1� �) 1Xn=1 n�1Xi=0�n� 1i � 
n�i+2(
 + 1)n�i+1 [ �(n� i)(n
 � t)n�i + �(n� i+ 1)(n
 � t)n�i+1 ℄; øE[Y k℄ = 1Xn=1 n�1Xi=0 �n� 1i � ��n
i+2(
 + 1)i+1 log(1� �) (4)
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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 148�[�(k + i+ 2)(n
)k+i+2 + �(k + i+ 1)(n
)k+i+1 ℄:�¤�¬ �� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ß�Ú÷��õ ,(5) ¥� ù¢�Ôµ¨� ��E[Y ℄ = 1Xn=1 n�1Xi=0 �n� 1i � ��n
i+2(
 + 1)i+1 log(1� �) [�(i+ 3)(n
)i+3 + �(i+ 2)(n
)i+2 ℄:×þ Àì�ê üÞµþ¤�Úó-üóÀ��ó âþ¥�� Å÷�þ¤�ø ø ü®�þ¤ À�õ� ¢�ªüõ �Ñ��õ �î ,¢�ªüõ Û¬��Û��ì âþ¥�� ßþ� ý�Â� Å÷�þ¤�ø ø ü®�þ¤ À�õ� Âþ¢�Öõ À¨¤üõ ÂÑ÷ �� ßþ�Â���� ,´¨� �µÆ� �Âê�� ö���üõ ,�ûýÂ¨ ö¢�� üû��µõ�÷ Ýè¤üÜä ¢�ªüõ ù¢�¢ ö�È÷ 1 ñøÀ� ¤¢ �õ� ,À�µÆ�÷ ü���µ¨¢ø üÚó�� ,Å÷�þ¤�ø ,ü®�þ¤ À�õ� ,� ø 
 ÓÜµ¿õ Âþ¢�Öõ ý�¥� �� ý¢Àä ý�û©ø¤ ¥� ù¢�Ôµ¨�.¢�Þ÷ �±¨�½õ âþ¥�� ßþ� ý�Â� �¤ üðÀ�ÈîüÞµþ¤�Úó-üóÀ��ó âþ¥�� üðÀ�Èî ø üÚó�� ,Å÷�þ¤�ø ,ü®�þ¤ À�õ� Âþ¢�Öõ :1 ñøÀ�
 ø � ÓÜµ¿õ Âþ¢�Öõ ý�Â�üðÀ�Èî üÚó�� Å÷�þ¤�ø ü®�þ¤ À�õ� (�; 
)6=1461 1=4508 195=2721 18=70042 (0=1;0=1)6=8638 1=6107 175=5321 16=6430 (0=5;0=1)9=1201 2=0474 135=7039 12=0809 (0=9;0=1)6=7740 1=6131 2=7551 1=8988 (0=1;0=8)7=6905 1=7999 2=44434 1=6603 (0=5;0=8)7=6580 1=7926 0=3796 0=6500 (0=1;2)12=6018 2=5877 0=2399 0=3831 (0=9;2)8=0929 1=8689 0=1558 0=4061 (0=1;3)13=4500 2=6909 0=0971 0=2377 (0=9;3)öø¤�ø ´ÆØª  Â÷ ø ùÀ÷�õ ÂÞä â��� 5�¤�¬�� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ùÀ÷�õ ÂÞä â��� ��r �±�Âõ ¤ø�µÈðmr(t)=E[(Y � t)rjY > t℄ = 1S(t) Z 1t (y � t)rf(y)dy
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149 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�ä= 1S(t) 1log(1� �) rXi=0 1Xj=0 jXk=0�ri��jk�(�1)r�i�1tr�i�j+1� 
k+2(
 + 1)k+1 �(j + 1)j! [( 1
(j + 1))i+k+1�(i+ k + 1;
(j + 1)t)+( 1
(j + 1))i+k+2�(i+ k + 2; 
(j + 1)t)℄; (5)¤¢ r = 1 ö¢�¢ ¤�Âì � � üÞµ þ¤�Ú ó-üóÀ� � ó âþ¥�� (MRL) ùÀ÷�õ ÂÞä â�� � .Àþ�üõ ´¨¢���¤�¬�� (5) ý�Î��¤m1(t)= 1S(t) 1log(1� �) 1Xj=0 jXk=0�jk��j+1 
k+2(
 + 1)k+1 �(j + 1)j!�[(t� 1)( 1
(j + 1))k+2�(k + 2; 
(j + 1)t)+t( 1
(j + 1))k+1�(k + 1;
(j + 1)t)�( 1
(j + 1) )k+3�(k + 3; 
(j + 1)t)℄::Ýþ¤�¢ r = 2 ý�¥��� ß��»Þû .¢�ªüõ �±¨�½õm2(t) = 1S(t)f 1log(1� � [ 1Xj=0 jXk=0�jk�t�j+1 
k+2(
 + 1)k+1 �(j + 1)j!� (( 1
(j + 1) )k+1�(k + 1; 
(j + 1)t)( 1
(j + 1) )k+2�(k + 2;
(j + 1)t)�2 1Xj=0 jXk=0�jk��j+1 
k+2(
 + 1)k+1 �(j + 1)j! (( 1
(j + 1))k+2��(k + 2; 
(j + 1)t)( 1
(j + 1) )k+3�(k + 3; 
(j + 1)t)+ 1Xj=0 jXk=0�jk�t�1�j+1 
k+2(
 + 1)k+1 �(j + 1)j! (( 1
(j + 1))k+3��(k + 3; 
(j + 1)t)( 1
(j + 1) )k+4�(k + 4; 
(j + 1)t)℄g:�±¨�½õ üµ��¤ �� m2(t) ø m1(t) ¥� ù¢�Ôµ¨� � � âþ¥�� ßþ� ý�Â� ùÀ÷�õ ÂÞä â��� Å÷�þ¤�ø�¤�¬�� üÞµþ¤�Úó-üóÀ��ó âþ¥�� öø¤�ø ùÀ÷�õ ÂÞä â��� .¢¢Âðüõr(y; �; 
) = f(y; �; 
)F (y; �; 
)
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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 150= � 
2
+1e�
y(1+ y)(�(1+ 
y
+1 )e�
y � 1)(log(1� �)� log(1� �(1+ 
y
+1 )e�
y) :�¤�¬�� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ý�Â� öø¤�ø ùÀ÷�õ ÂÞä â��� ��r ¤ø�µÈð .¢�ªüõ Û¬���r(t) = E[(t� Y )rjY � t℄ = 1F (t) Z t0 (t� y)rf(y)dy= 1F (t) 1log(1� �) rXi=0 1Xj=0 jXk=0(�1)r�i�1�ri��jk�ti� 
j+2(
 + 1)j+1 �(j + 1)j! �j+1[( 1
(1+ j) )r+j�i+1� 
(r + j � i+ 1;
(j + 1)t) + ( 1
(1+ j) )r+j�i+2� 
(r + j � i+ 2;
(j + 1)t)℄;�Âê �� üþ��� Éì�÷ ý�õ�ð â��� 
(s; t) ö� ¤¢ �î ,Àþ�üõ ´¨¢��
(s; t) = Z t0 xs�1e�xdx;¤�Âì �� °��Â� �� üÞµþ¤�Úó-üóÀ��ó âþ¥�� öø¤�ø ùÀ÷�õ ÂÞä â��� �ø¢ ¤ø�µÈð ø ß�Ú÷��õ .´¨�ö���üõ �2(t) ø �1(t) ×Þî �� ß��� Ýû .À÷�ªüõ Û¬�� �r(t) ¤¢ r = 2 ø r = 1 ö¢�¢.´ê�þ ´¨¢ âþ¥�� öø¤�ø ùÀ÷�õ ÂÞä â��� Å÷�þ¤�ø ���ûÂµõ�¤�� ¢¤ø�Â� 6­Âê .¢�ªüõ ¶½� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ý�ûÂµõ�¤�� ¢¤ø�Â� �� �Î��¤ ¤¢ Ç¿� ßþ� ¤¢âþ¥�� ¥� y1; y2; : : : ; yn ùÀª ùÀû�Èõ Âþ¢�Öõ �� üê¢�Ê� ý�÷�Þ÷ ×þ Y1; Y2; : : : ; Yn À��îâ��� .Àª�� �ûÂµõ�¤�� ¤�¢Â� � = (�; 
)T ß���Ýû ,ù¢�� 
 ø � ý�ûÂµõ�¤�� �� üÞµþ¤�Úó-üóÀ��ó:¥� ´¨� �¤�±ä âþ¥�� ßþ� ý�Â� üþ�Þ�µ¨¤¢ Ýµþ¤�Úó` � `(y;�) = n log � + n log( 
2
 + 1 )� 
 nXi=1 yi + nXi=1 log(1+ yi)� nXi=1 log(�(1+ 
yi
 + 1 )e�
yi � 1)� n log(log(1� �)):ö� ý�û�Ôó�õ �î ,Àþ�üõ ´¨¢�� U
(y;�) = (�`=��; �`=�
)T �¤�±ä ¥� Í±�Âõ ¥��µõ� â���
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151 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�ä:¥� À��¤�±ä�`�� = n� � nXi=1 (1+ 
yi
+1 )e�
yi(�(1+ 
yi
+1 )e�
yi � 1) + n(1� �)(log(1� �)) ;�`�
 = n (
 + 2)
(
 + 1) � nXi=1 yi+ nXi=1 
�y(
 + 
y + y + 2)(
 + 1)(�+ 
�(y + 1) + (
 + 1)(�e
y)) : (6)ü Î ¡Â � è ��¢� ã õ ù� Ú µ ¨¢ Û � ¥� ,
 ø � ý� ûÂ µ õ�¤� � ü þ� Þ � µ ¨¤¢ Ý Þ � Æ î� õ ¢¤ø�Â �ø ´Æ�÷ �µÆ� �Âê ý�¤�¢ ��¢�ãõ ý�Â� üÎ¡Â�è ù�Úµ¨¢ ßþ� .Àþ�üõ ´¨¢�� U
(y;�) = 0Â¬��ä ¤�Ñ�õ ßþ� ý�Â� .¢�ª Û� ö�Æê�¤-ß���÷ Ýµþ¤�Úó� Â�Ñ÷ ý¢Àä ý�û©ø¤ �� Àþ��:¥� À��¤�±ä ��Àû�Èõ á�Ï� ÅþÂ��õI11 = n�2 � nXi=1 (
 + 
y + 1)2((
 + 1)(�e
y) + � + 
�(y + 1))2 � n log(1� �) + n((1� �)(log(1� �)))2 ;I12 = nXi=1 
ye
y(
 + 
y + y + 2)((
 + 1)e
y � �(
 + 
y + 1))2 ;I22 = 2n( 1(
 + 1)2 � 1
2 )� nXi=1 �y(�(2
(y+ 1) + y + 2))(
 + 1)2(� + 
�(y + 1) + (
 + 1)(�e
y))2+ nXi=1 (
 + 1)e
y((
 + 1)y(
(
 + 
y + y + 2)� 1)� 2)(
 + 1)2(� + 
�(y + 1) + (
 + 1) (�e
y))2 :
EM Ýµþ¤�Úó� 1.6Ûþ�Æõ ¤¢ üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ¢¤ø�Â� ¤�Ñ�õ �� ( ý¥�¨ÝÞ�Æî�õ-ü®�þ¤ À�õ�) EM Ýµþ¤�Úó��Ü�Âõ � þ E ��ð :¢¤�¢ ¢��ø ��ð ø¢ EM Ýµþ¤�Úó� ¤�ÂØ� Âû ¤¢ .¢ø¤üõ ¤�Ø� Éì� ÷ ù¢�¢Ûþ�Æõ ¤¢ ö���üõ ß��»Þû �¤ EM Ýµþ¤�Úó� .ý¥�¨ÝÞ�Æî�õ �Ü�Âõ �þ M ��ð ø ýÂ�ðÀ�õ�üØþ .´êÂð ¤�Ø� ùÀª ¤�Æ÷�¨ ��Àû�Èõ ø ùÀª ùÀþÂ� ý�ûâþ¥�� ,ùÀÈÞð ý�ûù¢�¢ �� ¯��Âõüþ�ÂÚÞû ß�ÞÌ� �Àä Ý�ÖµÆõ ©ø¤ �� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ý�û¢¤ø�Â� ��ØÈõ ßþÂµÞúõ ¥�EM Ýµ þ¤�Ú ó� �î ü�¤�¬ ¤¢ ´¨� (... ø ÂÈ� ê ¥� � µ õ� ,ö�Æê�¤-ß��� ÷) ý¢Àä ý�û©ø¤
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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 152.¢¤�¢ ù�ÂÞû �� �¤ �ø�Ôµõ ��óø� Âþ¢�Öõ ¥� áøÂª �� üµ� ©ø¤ üþ�ÂÚÞû ý�Â� üê�î ß�ÞÌ��¤�¬�� �î ´¨� ¥��÷ Ûõ�î ý�ûù¢�¢ ñ�Þµ�� üó�Ú� â��� �� �Àµ�� EM Ýµþ¤�Úó� ù¢�Ôµ¨� ý�Â�g(y; z; �) = f(yjz)f(z) = � 
2
 + 1 (1+ y)e�z
y� (1+ 
y
 + 1 )z�1 �zlog(1� �) ;�Ü�Âõ ¤¢ �î üþ�� ö� ¥� .´¨� z 2 N ø 
 > 0 ;0 < � < 1 �îý¤�Ï�� ,¢�ªüõ ÓþÂã��� Z ñ�Þµ�� üó�Ú� â��� ,´Æû ¥��÷ (ZjY ; �(r)) ü®�þ¤ À�õ� �±¨�½õ �� EM Ýµþ¤�Úó� ñø��¤�¬�� Y = y ¯ÂªgZjY=y(zjy) = (1� �(1+ 
y
 + 1 )e�
y)(�e�
y(1+ 
y
 + 1))z�1:�� ´¨� Â��Â� ZjY = y ü®�þ¤ À�õ� ¤�ÀÖõ ß���Ýû .¢�ªüõ �±¨�½õE[ZjY = y℄ = 11� �e�
y(1+ 
y
+1 ) :�Ü�Âõ Ûõ�î üþ�Þ� µ¨¤¢ Ýµ þ¤�Ú ó â�� � ¤¢�ûZ ý�� �� ü®�þ¤À�õ� ßþ� ý¤�ÁÚþ�� ¥� Å�â �� � Ý µ þ¤�Ú ó .¢Â � ðüõ �¤�¬ ý¢Àä ý�û©ø¤ ¥� ù¢� Ô µ¨� � � â �� � ß þ� ý¥�¨ÝÞ �Æî� õ�¤�¬�� Ûõ�î ý�ûù¢�¢ ý�Â� üþ�Þ�µ¨¤¢`�(y1; : : : ; yn; z1; : : : ; z; �) / n log( 
2
 + 1 )� nXi=1 zi
yi+ nXi=1(zi � 1) log(1+ 
yi
 + 1 ) + nXi=1 zi log(�)� n log(� log(1� �));¥� � µ õ� â �� � ý� û� Ô ó� õ ,
 ø � � � ´ ± Æ ÷ �¤� ± ä ß þ� ¥� ýÂ � ðÕ µ È õ � � .´ ¨�¥� À��¤�±ä U�
 (y;�) = (�`�=��; �`�=�
)0�`��� = Pni=1 zi� + n(1� �) log(1� �) ;�`��
 = n 
 + 2
(
 + 1) � nXi=1 ziyi + nXi=1(zi � 1)( yi(
 + 1)(1+ 
(1+ yi)) ):´¨¢�� EM Ýµþ¤�Úó� ¤�ÂØ� � � ©ø¤ ,U�
 (y;�) = 0��¢�ãõ üÎ¡Â�è ù�Úµ¨¢ Û� ¥��Ø÷��� ,Àþ�üõPni=1 ẑ(t)i�̂(t+1) + n(1� �̂(t+1)) log(1� �̂(t+1)) = 0;
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153 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�än (
̂(t+1) + 2)
̂(t+1)(
̂(t+1) + 1) � nXi=1 ẑ(t)i yi + nXi=1(ẑ(t)i � 1)� yi(
̂(t+1) + 1)(
̂(t+1)(yi + 1)) = 0;:Ýþ¤�¢ i = 1; : : : ; n ý�Â� ,�¹�þ� ¤¢ .À÷�ªüõ �±¨�½õ ý¢Àä ý�û©ø¤ �� �̂(t+1) ø 
̂(t+1) øẑ(t)i = 11� �̂(t)e�
̂(t)yi(1+ 
̂(t)yi
̂(t)+1 ) :ý¥�¨��±ª ��ãó�Îõ 7ý¤� ð¥� ¨ ü¨¤Â � ¤� Ñ � õ � � � ó¤� î ´ ÷� õ ý¥� ¨� � ± ª ¥� Û¬� � ¸ þ� µ ÷ ,Ç¿ � ß þ� ¤¢©ø¤) Ý � Ö µÆõ üþ�Þ � µ¨¤¢ ÝÞ �Æî� õ ©ø¤ ø¢ � � ü þ�Þ � µ¨¤¢ ÝÞ �Æî� õ ý�ûÂð¢¤ø�Â �ùÀþ¢Âð �Â�� R ¤��ê� �Â÷ �� ��±¨�½õ ��Þ� .´¨� ùÀª ���¤� EM Ýµþ¤�Úó� ø (ö�Æê�¤-ß���÷ÝÞ�Æî�õ ¢¤ø�Â� EM Ýµþ¤�Úó� ßµêÂð ¤�î �� �� Å³¨ ø MLE ©ø¤ ×Þî �� �Àµ�� .´¨�.Àþ�üõ ´¨¢�� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ý�ûÂµõ�¤�� üþ�Þ�µ¨¤¢â þ¥� � ý�Â � pMSE ø � ûÂ µ õ�¤� � ¢¤ø�Â � ùÀ ª ý¥� ¨� � ± ª Â þ¢� Ö õ � � ¯� �Â õ ¸ þ� µ ÷ý�¥� �� 
 = 0=2;1;2;3 ø � = 0=1;0=5 Âþ¢�Öõ ý�Â� ë�ê ©ø¤ ø¢ �� üÞµþ¤�Úó-üóÀ��ó¥� Û¬�� ¸þ�µ ÷ ý�Â� .´¨� ùÀª ù¢¤ø� 2 ñøÀ� ¤¢ 10000 ¤�ÂØ� � � ø n ÓÜµ¿õ Âþ¢�Öõ¥� Û¬�� ÕÜÎõ ý�Î¡ Â·î�À� �î ùÀª �µêÂð ÂÑ÷ ¤¢ ý��÷�ð �� üþ�ÂÚÞû EM Ýµþ¤�Úó�:¢�ªüõ �Ñ��õ 2 ñøÀ� ¤¢ �î ¤�Î÷�Þû .Àª�� 10�4 ¥� ÂµÞî ñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â�.À��þüõ Çû�î pMSE ø ü±þ¤� ø ÂµØþ¢�÷ üãì�ø ¤�ÀÖõ �� �ûÂµõ�¤�� ¢¤ø�Â� n Çþ��ê� �� (Óó�áøÂª �� ü�ãþ ,¢¤�¢ Ý�ÖµÆõ ©ø¤ �� �Æþ�Öõ ¤¢ ýÂ�¢�Þµä� Û��ì üþ�ÂÚÞû EM Ýµþ¤�Úó� (�.¢Â�ðüõ ��¹÷� �È�Þû üþ�ÂÚÞû Âµõ�¤�� ý�Ìê ¤¢ 
 ø � ù��¿ó¢ ¤�ÀÖõ Âû ¥�.À�îüõ �À�� Çû�î ,À��þüõ Çþ��ê� �÷�Þ÷ ù¥�À÷� üµìø ¢¤�À÷�µ¨� é�Â½÷�(�.´¨� ÂµÈ�� °��Âõ �� Ý�ÖµÆõ ©ø¤ �� �Æþ�Öõ ¤¢ EM Ýµþ¤�Úó� �� ¯��Âõ ý�û¤�ÂØ� ¢�Àã� (¢.´¨� ¤�¢¤�¡Â� �Â�� �Ü�Âõ ¤¢ ýÂµÈ�� üð¢�¨ ¥� Ý�ÖµÆõ ©ø¤ �� ´±Æ÷ EM Ýµþ¤�Úó� (ùüãì�ø ý�ûù¢�¢ Û�Ü½� 8�� ´±Æ÷ ÀþÀ� âþ¥�� ýÀ�Þ÷��� ø ýÂþÁ�é�Îã÷� ö���õ ö¢�¢ ö�È÷ ¤�Ñ�õ �� ,Ç¿� ßþ� ¤¢ß�� ý��Æþ�Öõ ´þ�ú÷ ¤¢ .´¨� ùÀª ù¢�Ôµ¨� ©¥�Â� ý�Â� üãì�ø ù¢�¢ ýÂ¨ ø¢ ¥� üóÀ��ó âþ¥��
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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 154ý�ûÂð¢¤ø�Â� Å÷�þ¤��î ø �Î¡ �ø¢ ö��� ß�Ú÷��õ ¤Á� ,�û¢¤ø�Â� ß�Ú÷��õ :2 ñøÀ�(
; �)ø nÓÜµ¿õ Âþ¢�Öõ ý�Â� 
̂ ø �̂Cov(�̂; 
̂) pMSE(�̂) pMSE(
̂) AE(�̂) AE(
̂) ©ø¤ (
; �) n�0=120 0=386 0=043 0=365 0=205 MLE (0=2;0=5)0=004 0=134 0=005 0=365 0=205 EM�0=576 0=382 0=231 0=349 1=036 MLE (1; 0=5)0=012 0=150 0=037 0=349 1=036 EM 30�0=886 0=356 0=396 0=252 1=936 MLE (2; 0=1)0=012 0=146 0=061 0=246 1=939 EM�1=338 0=348 0=587 0=256 2=906 MLE (3; 0=1)0=011 0=150 0=088 0=250 2=912 EM0=097 0=318 0=028 0=413 0=201 MLE (0=2;0=5)0=004 0=082 8e�4 0=417 0=201 EM�0=496 0=295 0=143 0=425 1=017 MLE (1; 0=5)0=006 0=072 0=016 0=428 1=016 EM 100�0=565 0=277 0=228 0=219 1=938 MLE (2; 0=1)0=007 0=116 0=070 0=216 1=930 EM�0=805 0=270 0=357 0=202 2=915 MLE (3; 0=1)0=008 0=097 0=082 0=197 2=918 EM0=093 0=242 0=019 0=434 0=202 MLE (0=2;0=5)0=003 0=061 0=002 0=439 0=202 EM�0=948 0=208 0=196 0=449 2=022 MLE (1; 0=5)0=005 0=068 0=014 0=432 1=014 EM 300�0=385 0=202 0=147 0=168 1=962 MLE (2; 0=1)0=004 0=067 0=037 0=167 1=963 EM�0=576 0=198 0=220 0=168 2=941 MLE (3; 0=1)0=005 0=068 0=058 0=168 2=941 EM
,(AIC = �2 logL(�) + 2k) ×���î� ¤��ãõ Âþ¢�Öõ �� ���� �� ,üóÀ��ó âþ¥�� �� âþ¥�� ßþ�é�÷Â�Þ¨�-éøÂð�Þó�î ù¤�õ� ø (AICC = AIC + 2k(k+1)n�k�1 ) ùÀª ��¬� ×���î� ¤��ãõ�� �µê¤ ¤�î �� ý�ûù¢�¢ .´¨� ñÀõ ý�ûÂµõ�¤�� ¢�Àã� ùÀ�û¢ ö�È÷ k ö� ¤¢ �î ¢Â�ðüõ �¤�¬ø �ó¤�� Í¨�� ¤�� ß�óø� �î üÚµ¿�Æð ¤�Èê éÂãõ �ûù¢�¢ �ä�Þ¹õ :¥� À��¤�±ä ©¥�Â� ¤�Ñ�õý�Â� üþ�Þ¨�� ´ÑÜè �� ¯��Âõ �ø¢ ý�ûù¢�¢ �ä�Þ¹õ .´¨� ùÀª ü¨¤Â� (1984) ö�¤�ØÞû�ä�Þ¹õ ßþ� .´¨� ¢���õ R 3.0.2 ¤��ê� �Â÷ ¤¢ datasets �µÆ� ¤¢ �î ´¨� ß�¨�µõøÀ�þ�3 ñøÀ� ¤¢ ùÀõ� ´¨¢�� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ý�û¢¤ø�Â� .Àª��üõ ù¢�¢ 66 Ûõ�ª �ûù¢�¢ý�û¤��ãõ �� ���� � � �î ¢�ªüõ ¯�±�µ¨� ¤�Ïßþ� �ûù¢�¢ ýÂ¨ ø¢ ý�Â� .´¨� ùÀª ù¢¤ø�©¥�Â� üóÀ��ó âþ¥�� ¥� Âµú� �ûù¢�¢ ¥� ýÂ¨ ø¢ Âû �� üÞµþ¤�Úó-üóÀ��ó âþ¥�� ùÀª �±¨�½õüóÀ��ó âþ¥�� ý�Â� ýÀ� ¤��Æ� ü±�ì¤ üÞµþ¤�Úó-üóÀ��ó âþ¥�� 2 á�÷ ý�û ù¢�¢ ý�Â� ø ¢�ªüõ.´¨�
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155 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�äÂ þ¢� Ö õ ø ¤�À Ö õ-p ,é� ÷Â � Þ¨�-éøÂð�Þ ó�î ù¤� õ� ,� ûÂ µ õ�¤� � ¢¤ø�Â � :3 ñøÀ�üÞµþ¤�Úó-üóÀ��ó ø üóÀ��ó âþ¥�� ø¢ ý�Â� ×���î�AICC AIC P-value K-S �̂(std) 
̂(std) ñÀõ ù¢�¢211/4 211/3 0/204 0/106 - 1/38 L(0/107) 1211/3 211/2 0/485 0/083 0/696 1/09 LL(0/24) (0/205)116/1 114/6 0/588 0/133 - 0/824 L(0/105) 2117/7 114/7 0/974 0/083 0/796 0/603 LL(0/223) (0/168) ýÂ�ð�¹�µ÷ ø ¶½�üðÄþø ßþÀ�� .Àª üêÂãõ üÞµþ¤�Úó-üóÀ��ó âþ¥�� ö���ä ´½� ,ýÀþÀ� âþ¥�� �ó�Öõ ßþ� ¤¢Àó�õ â��� ,´ÆØª  Â÷ â��� ,üãÞ¹� âþ¥�� â��� ,ñ�Þµ�� üó�Ú� â��� À�÷�õ ÀþÀ� âþ¥�� ¥�ø ýÂþÁ�é�Îã÷� ö���õ ö¢�¢ ö�È÷ ý�Â� .Àª �±¨�½õ ÂÔ¬ ñ�� ��r �±�Âõ ¤ø�µÈð ø ¤ø�µÈðñÀõ ©¥�Â� ý�Â� üãì�ø ý�ûù¢�¢ ýÂ¨ ø¢ ¥� ,üóÀ��ó âþ¥�� �� ´±Æ÷ âþ¥�� ßþ� ýÀ�Þ÷���âþ¥�� ´êÂð �¹�µ÷ ö���üõ �û¢Â�¤�î Ç¿� ¤¢ �Æþ�Öõ ¥� �Ü¬�� ¸þ�µ÷ �� ���� �� .Àª ù¢�Ôµ¨�ßþ�Úþ�� À÷���üõ Å� .´¨� üóÀ��ó âþ¥�� ¥� Â�À�Þ÷��� �ûù¢�¢ �ä�Þ¹õ ßþ� ý�Â� ÀþÀ�©¥�Â � ��¡ �ûö� � � ü óÀ� � ó â þ¥� � �î üþ�ûñÀõ ¤¢ ,Àª� � ü óÀ� � ó â þ¥� � ý�Â � ü±¨� � õ.¢�ªüÞ÷ü÷�¢¤Àì ø ÂØÈ�� � � î ,� þÂÈ ÷ �Â µ½ õ Â � �¢Â¨ ø ö�¤ø�¢ ¥� �¤ ü ÷�¢¤À ì ø ÂØÈ � ´þ� ú ÷ � ó� Ö õ ö� ðÀ �Æ þ� ÷¥� ö�ðÀ�Æþ�÷ ß��»Þû .À÷¤�¢ ,À÷�ùÀþ¢Âð �ó�Öõ öÀª Âµú� ¶ä�� ¢�¡ ùÀ÷¥¤� ý�û¢�Þ�û¤.À�þ�Þ÷üõ ÂØÈ� ø ÂþÀÖ� üó�õ ý�û´þ�Þ� ÂÏ�¡ �� ¢�þ ù�ÚÈ÷�¢
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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 156â��Âõß¨��� üþ�Þ÷ ÀþÀ� âþ¥�� ,(1390) .á ,ù��¿È÷�¢ ø .¤ .� ,üõÂî¢�¥ ,.á ,×÷À�ä ýÂ¹�¡.149-160 ,5 ,ý¤�õ� ��Üä �Ü¹õ ,ÂÞä ñ�Ï ñÀõ ý�Â� ü÷���Abouammoh, A. M., Alshangiti, A. M. and Ragab, I. E. (2015), A New Gener-alized Lindley Distribution, Journal of Statisti
al Computation and Simu-lation, 85, 3665-3678.Adamidis, K. and Loukas, S. (1998), A Lifetime Distribution with De
reasingFailure Rate, Statisti
s and Probability Letters, 39, 35-42.Asgharzedah, A., Bakou
h, H. S. and Esmaeli, H. (2013), Pareto Poisson-LindleyDistribution with Appli
ations, Journal of Applied Statisti
s, 40, 1717-1734.Barreto-Souza, W., Morais, A. L. and Cordeiro, G. M. (2011), The Weibull-Geometri
 Distribution, Journal of Statisti
al Computation and Simulation,81, 645-657.Bhaumik, D. K., Kapur, K. and Gibbons, R. D. (2009), Testing Parameters ofA Gamma Distribution for Small Samples, Te
hnometri
s, 51, 326-334.Barlow, R., Toland, R. and Freeman, T. (1984), A Bayesian Analysis of TheStress-Rupture Life of Kevlar-Epoxy Spheri
al Pressure Vessels, In: Pro-
eeding of the Canadian Conferen
e in Applied Statisti
s, 1981, Mar
elDekker, New York.Chahkandi, M. and Ganjali, M. (2009), On Some Lifetime Distributions withDe
reasing Failure Rate, Computational Statisti
s and Data Analysis, 53,4433-4440.Ghitany, M. E., Atieh, B., and Nadarajah, S., (2008), Lindley Distribution andIts Appli
ations, Mathemati
s and Computers in Simulation, 78, 493-506.Ghitany, M. E., Al-Mutairi, D. K., Balakrishnan, N. and Al-Enezi, L. J. (2013),Power Lindley Distribution and Asso
iated Inferen
e, Computational Statis-ti
s and Data Analysis, 64, 20-33.
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157 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü��Æ½ó���� ��Þ¨ ,ý¢�Þ½õ üÆ�äGlaser, R. E. (1980), Bathtub and Related Failure Rate Chara
terizations, Jour-nal of the Ameri
an Statisti
al Asso
iation, 75, 667-672.Gui, W., Zhang, S. and Lu, X. (2014), The Lindley-Poisson Distribution inLifetime Analysis and Its Properties, Mathemati
s and Statisti
s, 43, 1063-1077.Kus, C. (2007), A New Lifetime Distribution, Computational Statisti
s and DataAnalysis, 51, 4497-4509.Lindley, D. V. (1958), Fidu
ial Distributions and Bayes Theorem, Journal of theRoyal Statisti
al So
iety, Series B, 20, 102-107.Mahmoudi, E. and Jafari, A. A. (2012), Generalized Exponential-Power SeriesDistributions, Computational Statisti
s and Data Analysis, 56, 4047-4066.Mahmoudi, E. and Jafari, A. A. (2015), The Compound Class of Linear FailureRate-Power Series Distributions: Model, Properties and Appli
ations, Com-muni
ation in Statisti
s-Simulation and Computation, A

epted for Publi-
ation.Mahmoudi, E. and Sepahdar, A. (2013), Exponentiated Weibull-Poisson Distri-bution: Model, Properties and Appli
ations, Mathemati
s and Computersin Simulation, 92, 76-97.Morais, A. L. and Barreto-Souza, W. (2011), A Compound Class of Weibull andPower series Distributions, Computational Statisti
s and Data Analysis, 55,1410-1425.Nadarajah, S., Bakou
h, H.S. and Tahmasbi, R. (2011), A Generalized LindleyDistribution, Sankhya B, 73, 331-359.Oluyede, B. O. and Yang, T. (2014), A New Class of Generalized Lindley Dis-tributions with Appli
ations, Journal of Statisti
al Computations and Sim-ulation, 85, 2072-2100.
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�ûüðÄþø ø ñÀõ :üÞµþ¤�Úó-üóÀ��ó âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 158Pararai, M., Warahena-Liyanage, G. and Oluyede, B.O. (2015). A New Classof Generalized Power Lindley Distribution with Appli
ations to LifetimeData, Theoreti
al Mathemati
s and Appli
ations, 5, 53-96.Tahmasbi, R. and Rezaei, S. (2008), A Two-Parameter Lifetime Distributionwith De
reasing Failure Rate, Computational Statisti
s and Data Analysis,52, 3889-3901.Warahena-Liyanage, G. and Pararai, M. (2014). A Generalized Power LindleyDistribution with Appli
ations, Asian Journal of Mathmati
s and Appli
a-tions, 23, 2307-7743.Zakerzadeh, H. and Dolati, A. (2009), Generalized Lindley Distribution, Journalof Mathemati
al Extension, 3, 13-25.
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