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1 ÛÊê
ü��õÀÖõ Ý�û�Ôõ ø Óþ¤�ã�

�õÀÖõ 1-1¢¤ø�Â� ø �ó�Æõ °¨��õ ýÀ��ñÀõ ,�Úó� ���¤� ö���üõ �¤ �ãó�Îõ ¢¤�õ á�®�õ ×þ ü¨¤Â� ý¤�õ� ¢ÂØþø ¤ý�ûâþ¥�� ©¥�Â� ,ñ�·õ ý�Â� .´Æ÷�¢ ¢���õ ý�ûù¢�¢ ø ��Àû�Èõ §�¨�Â� �Úó� ý�û�Ê¿Èõ ø �ûÂµõ�¤��Û��Æõ ýÀ���Úó� ø ß��±� ¤¢ Â�õ ø ïÂõ  Â÷ ý�Â� ÓÜµ¿õ ü®�þ¤ ý�ûñÀõ ø ü÷��¨Âð¤ ý�ûñÀõ ,ý¤�õ�ø ÛØª ,¢���õ ý�ûù¢�¢ üðÄþø ø Û��Æõ ´ã�±Ï ø á��� �î ´¨� üúþÀ� .À÷� ùÀª �µêÂð ¤�î �� ö�ð�÷�ð���� �� 2�Ö� Û�Ü½� ø 1¢�Þµä� ´�Ü��ì ý�þÂÑ÷ ¤¢ �ûñÀõ ßþ� .´¨� ùÀ�È¿� �ûñÀõ ßþ� �� ü¬�¡ ü÷�ð�÷�ðñÀõ .À÷�ù¢Âî �À�� ýÂ��ø�Ôµõ ÛØª ù�ð ø á��� ,(4©Â� ø 3¤�Æ÷�¨) �ûö� ý�ûù¢�¢ á�÷ ø ù¢ÂµÆð ¢Â�¤�î ��ýÀ��ñÀõ ý�Â� ø ù¢�� ö�ÂÚÈûøÄ� ���� ¢¤�õ Â�¡� ý�û¢ �¨ ¤¢ �î ´¨� üþ�ûñÀõ �ÜÞ� ¥� 5´õø�Öõ � Ç��üÜ¬� ù��Ú÷� ñÀõ ßþ� ýù¢ÂµÆð ý�û¢Â�¤�î ø ´�Þû� .´¨� ùÀª ù¢�Ôµ¨� ÓÜµ¿õ Û��Æõ ¤¢ ¢�Þµä� ´�Ü��ìý�û¢Â�¤�î �� ø üêÂãõ ´õø�Öõ � Ç�� ñÀõ ÛÊê ßþ� ¤¢ .´¨� ù¢�� �õ�÷ ö�þ�� ßþ� ¤¢ �µêÂð �¤�¬ �ãó�Îõ�ó�¨¤ ßþ� ¤¢ �î 6üê¢�Ê� ý�û°��Â� ø ¢�Þµä� ´�Ü��ì ý�þÂÑ÷ ¥� üÔþ¤�ã� ø Ý�û�Ôõ .¢�ªüõ ù¤�ª� ö� ÝúõñÀõ ¤��Þû ýÂµõ�¤���÷ ¢¤ø�Â� ø ý¤�õ� ¯�±�µ¨� �� �ó�¨¤ ßþ� ¥� üÈ¿� .À÷�ªüõ ý¤ø�¢�þ ;À÷�ùÀª �ó�ÎõÛÊê ßþ� ÂÚþ¢ Ç¿� ,â���� ¢¤ø�Â� ýÂµõ�¤���÷ ©ø¤ ßþ� üÜ¬� Ý�û�Ôõ ø �ûùÀþ� üêÂãõ .¢¥�¢Â� üõ ùÀª ���¤�Reliability1Survival Analysis2
en
oring3Trun
ation4Stress - Strength5Sto
hasti
 Orders61



2 ü��õÀÖõ Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊêÂÊµ¿õ üêÂãõ .´¨� ùÀª ù¢�Ôµ¨� 7U ýù¤�õ� ý�þÂÑ÷ ¥� ,ýÂµõ�¤���÷ ¢¤ø�Â� ¶½�¤¢ .Àû¢üõ Û�ØÈ� �¤ý¤ø�¢�þ �¤ �ó�¨¤ ¤¢ ùÀª ù¢�Ôµ¨� ýÀ� ý�þ�Ìì ,ß��»Þû .¢�ªüõ ��¹÷� ÛÊê ßþ� ¤¢ ��÷ �þÂÑ÷ ßþ�.´¨� ùÀª ù¢�¢ «�Êµ¡� �ûÝµÆ�¨ ¢�Þµä� ´�Ü��ì â��� ø Ý¹Æ�õ ÝµÆ�¨ Óþ¤�ã� �� ÛÊê ßþ� ö�þ�� .¢�ªüõ´õø�Öõ � Ç�� ñÀõ 2-1´õø�Öõ á�®�õ ö� ¤¢ �î ý¢Â�¤�î ¤�õ� ý�ó�Æõ �� ö���üõ �¤ ñÀõ ßþ� ý�ã¨�� ø �ãó�Îõ üÜ¬� ýù��Ú÷�´�Ü��ì ü��þ¥ ¤� ,éÀû ,�ó�Æõ ßþ� ¤¢ ù¢�¨ �¤�±ä �� .¢�¢ ´±Æ÷ ;´¨� �ÂÎõ ö� Â� ù¢¤�øÇ�� ø À��ø ×þ´õø�Öõ ö���ä �� X ø �Ôó�õ �� ùÀª ¢¤�ø Ç�� ö���ä �� Y üê¢�Ê� ý�ûÂ�çµõ §�¨�Â� ,�Ôó�õ ×þ ¢�Þµä�Àû��¡ ¤�î ¥� �Ôó�õ ;(Y > X) Àª�� ´õø�Öõ ¥� Ç�� Ç�� Âð� ,§�¨� ßþ� Â� .´¨� Ç�� Â� �±Üè ý�Â� �Ôó�õ�ó�Æõ ßþ� ¤¢ ,ßþ�Â���� .¢Âî Àû��¡ ¤�î ö��»Þû �Ôó�õ Àª�� Ç�� ¥� ÂµÈ�� ´õø�Öõ Âð� ,ÅØä Â� .¢�µê�Û¬� .P (X > Y ) :¢�ª üõ ÓþÂã� (ü��Â¡ �þ) ´ÆØª �Àä ñ�Þµ�� �¤�¬ �� ,´Ö�Ö� ¤¢ ,¢�Þµä� ´�Ü��ì.Àª ù¢�¢ �ã¨�� (1958)9ü�¤�î×õ ø ��÷Â�� Í¨�� ø ���¤� (1956)8��÷Â�� Í¨�� ùÀþ� ßþ�éÀû ø ù¢�� �Ü�¨ø ø¢ ÂÞä ñ�Ï ýùÀ�û¢ ö�È÷ Y ø X ö� ¤¢ �î ¢�ªüõ üª�÷ üµ�ãì�õ ¥� ÂÚþ¢ �ó�Æõ(1984)10ñ�û ,�ûÝµÆ�¨ ¢�Þµä� ´�Ü��ì ¶½� ¤¢ .´¨� ýÂÚþ¢ ¥� Û±ì üØþ ö¢�µê� ¤�î ¥� ñ�Þµ�� ¢¤ø�Â�,ùÀ�û¢ñ�Öµ÷� ×þ ü�øÂ¡ ��µóø ¥� Ç�� üµÆþ�� ,X ,ö¥�¡ ×þ ��Ü¿� ��µóø ö� ¤¢ �î ´¨� ù¢Âî ���¤� �¤ üó�·õýÂµõ�¤���÷ ¤�õ� ¤¢ P (X > Y ) ñ�Þµ�� �î ´¨� ý¤ø�¢�þ �� �¥� .À�î ¤�î üµ¨¤¢ �� �Ôó�õ ×þ �� Àª�� ,Y.´¨� ù¢�� �ÂÎõ ù¤��Þû ��÷ (1947)13ü�µþø � 12ßõ ,(1945)11ö�Æî�ØÜþø ©ø¤ �� ¯�±�¤� ¤¢ øÝ¹� �õ� ;´¨� ùÀª �ãó�Îõ ´õø�Öõ � Ç�� ñÀõ ¥� ýÂµÈ�� ý�û¢Â�¤�î ø Ý�Þã� ö�õ¥ ´ªÁð �� �� Âð�R = P (X > Y ) Âµõ�¤� � ý�þ� � ø �¤�î ¢¤ø�Â� ø ü�� þ¥ ¤� Ë½õ üó�Þµ�� ý�ó�Æõ �� ,���Öõ ¥� ý¢�þ¥(... ø Û±þ�ø ,ñ�õÂ÷Ùó ,üþ�Þ÷ ,ñ�õÂ÷ À�÷�õ) Y ø X ý�Â� ÓÜµ¿õ ý�ûâþ¥�� ­Âê �� ø �÷�Þ÷ Âþ¢�Öõ §�¨�Â�ü�ãþ ö�õ¥ ´ªÁð �� Y ø X Â��ç� ý�ó�Æõ �ûÇûøÄ� ¥� üÞî Ç¿� �î üó�� ¤¢ .´¨� ùÀª ù¢�¢ «�Êµ¡�U-Statisti
7Birnbaum8M
Carty9Hall10Wil
oxon11Mann12Whitney13



3 ü��õÀÖõ Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊê(1985)15 ��Ø�Ü�� ø (1983) üÞ�û�Â�� ø 14�¨�� .À÷� �µêÂð ÂÑ÷ ¤¢ �¤ ö�õ¥ �� �µÆ��ø ´õø�Öõ � Ç�� ñÀõüÞ�û�Â�� .À÷� �µÆ��ø ö�õ¥ �� �2(t) ø �1(t) ý�ûÂµõ�¤�� ÕþÂÏ ¥� �î À÷Â�ðüõ ÂÑ÷ ¤¢ �¤ üµõø�Öõ � Ç�� ñÀõÛÖµÆõ ü÷ø�Â� ´îÂ� ø¢ Y = Y (t) ø X = X(t) �î À÷Â�ðüõ ÂÑ÷ ¤¢ �¤ üµó�� (1993)16��Ú��Üõ�¤ ø.´¨� ù¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ �¤ ü÷�õ¥ ý�úþÂ¨ ¤�µ¡�¨ �� ´õø�Öõ � Ç�� ñÀõ (1999)ù¢�¥ß�õ� .À�µÆûö�¤�ØÞû ø 17���î â�Âõ �� �¤ ùÀ�÷��¡ ´õø�Öõ � Ç�� ñÀõ ý�ûÝ�Þã� ø ¸þ�µ÷ ¤øÂõ ø ÂµÈ�� ������ ý�Â�.Ý�û¢üõ á��¤� (2003)¢�Þµä� ´�Ü��ì ¤¢ ý��þ�� Ý�û�Ôõ 3-1¤¢ ,�¡�ª ßþ� .¢¥�¢Â�üõ 18ÂÞä ñ�Ï ý�ûù¢�¢ ø �ûÂ�çµõ Û�Ü½� ø �ãó�Îõ �� ¤�õ� ÝÜä ¥� üÞúõ ý�¡�ªø �ûÝµÆ�¨ ÂÞä ñ�Ï ü¨À�úõ ø �ãó�Îõ ¤¢ ø �Ö� Û�Ü½� ��÷ �� ö�Æ÷� ý�Ö� ø ùÀ÷¥ ý�ûÀ��ø ÂÞä ñ�Ï ¶½�ø �ûù¢�¢ á�÷ °±¨ �� Ýû ,¤�õ� ÝÜä ¥� �¡�ª ßþ� .´¨� ¤�úÈõ ¢�Þµä� ´�Ü��ì ��÷ �� ,üµã�¬ ý�ûÀ��øø Ý�û�Ôõ ,�ãó�Îõ ¢¤�õ ( ö�õ¥ ø ÂÞä ñ�Ï ) ý�ûÂ�çµõ á�÷ Û�ó¢ �� Ýû ø (ùÀª ¤�Æ÷�¨ ø Ûõ�î�÷ ) ��Àû�Èõüó�Þµ�� ¤�µê¤ ü®�þ¤ ö��� ý�Â� ,ñ�·õ ¤�Ï �� .´¨� ù¢Âî �À�� ¢�¡ �� «�Ê¿õ ø �ø�Ôµõ �fµ±Æ÷ ý�û©ø¤ý�ûÂ�çµõ ý�ãó�Îõ ¤¢ �î üó�� ¤¢ ;À÷�ªüõ �µêÂð ¤�î �� âþ¥�� ø üó�Ú� â���� �fõ�Þä ,üê¢�Ê� Â�çµõ ×þñ�Ï ß�Ú÷��õ â��� ø ´ÆØª  Â÷ â��� À�÷�õ ýÂÚþ¢ â���� ,ö�õ¥ ¤Áð Â���� ýÂ�ðù¥�À÷� ´�Þû� Û�ó¢ �� ÂÞäñ�Ï�¤ �ûÂ�çµõ üó�Þµ�� âþ¥�� �î ñ�� ß�ä ¤¢ ¢�Þµä� ´�Ü��ì ý�û¤��ãõ .À��îüõ �Ôþ� ý¤�½õ ÇÖ÷ ùÀ÷�Þ�ì��ÂÞäý�û Â÷ ñÀõ À�÷�õ) ÓÜµ¿õ ý�ûñÀõ ©¥�Â� ø ÂÞä ñ�Ï ý�ûâþ¥�� ýÀ���µ¨¢ ý�Â� ;À��îüõÉ¿ÈõüêÂãõ ;À÷�ùÀª ù¢�Ôµ¨� �ó�¨¤ ¤¢ �î Ý�û�Ôõ ßþ� ¥� ü¡Â� ,Ç¿� ßþ� ¤¢ .À÷ø ¤üõ ¤�î �� ��÷ (°¨��µõ ´ÆØª.À��î �Ñ��õ �¤ (2002)21´�Þ¨� ø (1975 )20ö�ªøÂ� ø 19�ó¤�� ,ÂµÈ�� ������ ý�Â� .¢¢ÂðüõBasu14Bilikam15Ramallingam16Kotz17Lifetime Data18Barlow19Pros
han20Smith21



4 ü��õÀÖõ Ý�û�Ôõ ø Óþ¤�ã� 1 ÛÊê¢�Þµä� ´�Ü��ì ý�û¤��ãõ ø â���� 1-3-1×þ X À��î ­Âê .¢Â�ðüõ ¤�Âì [0;1) �Ü¬�ê ¤¢ ;À�îüõ ¤��µ¡� ÂÞä ñ�Ï üê¢�Ê� Â�çµõ×þ �î ýÂþ¢�Öõ¢�Þµä� ´�Ü��ì �þ �Ö� â��� ù�Ú÷� .Àª�� f ñ�Þµ�� üó�Ú� â��� ø F ý�µ¨��� �fÖÜÎõ âþ¥�� â��� �� ÂÞä ñ�Ï Â�çµõ�¤�¬ �� X�F (t) = P (X > t) = 1� F (t). �F (1) = 0 ø �F (0) = 1 �î ´¨� ¼®�ø .¢�ªüõ ÓþÂã�ü¨¤Â� ý�Â� .À�îüõ ö��� ùÀª ù¢�¢ ö�õ¥ ¥� Àã� ü÷�õ¥ ¤¢ �¤ üð¢�µê� ¤�î ¥� �þ ü��Â¡ Å÷�ª �Ö� â�����ãó�Îõ ¤¢ ü¨�¨� ÇÖ÷ ¤��ãõ ßþ� .¢�ªüõ ù¢�Ôµ¨� 22ÂÎ¡  Â÷ â��� ,ö�õ¥ ¥� �Ñ½ó Âû ¤¢ üð¢¤�¿ó�¨.À�îüõ �Ôþ� �Ö� Û�Ü½� ø ¢�Þµä� ´�Ü��ì�¤�¬ �� ; �F (t) > 0 �î t Âû ý�Â� ,h(t) ,ÂÎ¡  Â÷ â��� 1.1ÓþÂã�h(t) = limÆ!0 P (t < X � t+ ÆjX > t)Æ = f(t)�F (t) .¢�ªüõ ÓþÂã��õ�÷ö�þ�� ßþ� ñ�Ï ¤¢ ø �õ�¢� ¤¢ .À�þ�ðüõ ��÷ 25�Àª  Â÷ ø 24ïÂõ ýøÂ�÷ ,23´ÆØª  Â÷ ,h(t) â��� ��.¢Â� Ý�û��¡ ¤�î �� h(t) â��� ý�Â� �¤ ´ÆØª  Â÷ ��÷ü�ãþ (0; t℄ ýù¥�� ýø¤ ´ÆØª  Â÷ â��� ñ�ÂÚµ÷� 2.1ÓþÂã��(t) = Z t0 h(x)dx; .À�õ�÷üõ 26üãÞ¹� ´ÆØª  Â÷ â��� �¤â��� ßþ� .´¨� ,r(t) ,27§�Øãõ ´ÆØª  Â÷ â��� ,¢ø ¤üõ ¤�î �� ÂÞä ñ�Ï ��ãó�Îõ ¤¢ �î ýÂÚþ¢ ¤��ãõ.¢�ªüõ Âû�Ò ÂÞä ñ�Ï ý�ûö�õ¥� ¤¢ ø �Ôó�õ ×þ ´ÆØª ¥� ùÀª ýÂ³¨ ö�õ¥ ý�ãó�Îõ ¤¢ �f �ÞãõHazard rate fun
tion22Failure rate23For
e of mortality24Intensity rate25Cumulative failure rate fun
tion26Reversed failure rate fun
tion27


