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ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õùÂ�çµõ À�� ø ×þ ñ�õÂ÷ý¤�þ¥�� ¤£���Âúª�� §¤�ê ¸�Ü¡ ù�ÚÈ÷�¢ ,¤�õ� ùøÂð1394*7*4 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1392*9*5 :´ê�þ¤¢ ¾þ¤��Û��Öõ ¤¢ ùÂ�çµõ ×þ ñ�õÂ÷ �ãõ�� k ý�ûß�Ú÷��õ ýø�Æ� ��®Âê ö�õ¥� : ùÀ�Ø�ÂÑ÷ ¤¢ Â��Â� ø ñ�ú¹õ ý�ûÅ÷�þ¤�ø �� ùÀª °�Âõ ý�ûß�Ú÷��õ �êÂÏ×þ ��®Âê¤�Ï�� ö�õ¥� ßþÂ�ö���Â� ßµê� þ ý�Â � ÀþÀ� �f õ�î ©ø¤ ×þ .´¨� ùÀª �µêÂð�ó�Æõ ßþ� ý�Â� ùÂ�çµõ À�� t âþ¥�� °Æ� Â� � ý¤�¢ü�ãõ ¼Î¨ ¤¢ ´¡���ØþÂÔ¬ ��®Âê ´½� ö�õ¥� ù¤�õ� âþ¥�� ß��ã� �Ø�þ� �� ���� �� .´¨� ùÀª ���¤� ö�õ¥�ü÷�Â½� Âþ¢�Öõ Å³¨ ø �±¨�½õ ö�õ¥� ö��� â��� ,´Æ�÷ ù¢�¨ �ãõ�� ø¢ ¥� Ç�� ý�Â�ý�ûñ�·õ ý�Â� ö�õ¥� ©ø¤ ßþ� .À÷�ùÀõ� ´¨¢�� ÓÜµ¿õ ý¤�¢ü�ãõ ��Î¨ ý�Â� ö�ý�ûß�Ú÷��õ ýø�Æ� ��®Âê ö�õ¥� ß��»Þû .´¨� ùÀª ù¢Â� ¤�î�� üãì�ø ý�ûù¢�¢ ��ß�Ú÷��õ ý�û¤�¢Â� �êÂÏ ø¢ ùÀª °�Âõ ��®Âê Û��Öõ ¤¢ ùÂ�çµõ À�� ñ�õÂ÷ �ãõ�� kö� õ¥� ö�� � Â þ¢� Ö õ � ó¤� î´ ÷� õ ý¥�¨� � ± ª ©ø¤ � � .´¨� ùÀª � µ êÂ ð ÂÑ ÷ ¤¢ÓÜµ¿õ ý¤�¢ü�ãõ ��Î¨ ¤¢ ùÂ�çµõ �¨ ø ùÂ�çµõ ø¢ ñ�õÂ÷ �ãõ�� ø¢ ý�Â� ×�¨�î.´¨� ùÀª �Æþ�Öõ ýÂÚþ¢ ö�õ¥� �� ø �±¨�½õ0 . ab bazyari�yahoo.
om ,ý¤�þ¥�� ¤£��� :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62E03 ,62B30 :(2010) ü®�þ¤ ýÀ��á�®�õ Àî
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 22¤�Ï� � ö�õ¥� ß þÂ �ö�� �Â � ,ùÀª °�Âõ ý�ûß�Ú ÷� � õ � �®Â ê ö�õ¥ � : ýÀ� Üî ý�ûù��ø.�ó¤�î´÷�õ ý¥�¨��±ª ,ùÂ�çµõÀ�� ý���Þû ö��¨Âð¤ ,´¡���Øþ�õÀÖõ 1©ø¤ �� �f �Þãõ ùÂ�çµõ À�� ø ùÂ�çµõ ×þ ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ý¤�õ� ý�ûö�õ¥�ý�¤�¢ ö�õ¥� ´½� ý�ûÂµõ�¤� � �î üµ ó�� ¤¢ .¢Â�ðüõ ��¹÷� üþ�Þ� µ¨¤¢ ´±Æ÷.À�û¢üõ ���¤� �¤ °¨��õ ý�ûö�õ¥� üð¢�¨�� ×�¨�î ý�û©ø¤ ,À�ª�±÷ ´þ¢øÀ½õ� � ÷ �¤ ü ± þ¤�� ÷ ø ö¢� � ö�� �Â � À � ÷� õ üÚ � � ú � ´�¬�¡ �ûö� õ¥� ß þ� ¥� ý¤� �Æ ��� ´¨� ßØÞõ ÛÞä ¤¢ �õ� .(2007 ,öÂ»þø ø ö�Æ÷�� ø 1984 ,ö�¨¤À÷�) À÷¤�¢.À�ª�� ´þ¢øÀ½õ üä�÷ ý�¤�¢ ö�õ¥� ´½� ý�ûÂµõ�¤�� �î Ýþ�ª ����õ üþ�ûö�õ¥�.Àª�� Û��Öõ ��®Âê ¤¢ �þ ÂÔ¬ ��®Âê ¤¢ À÷���üõ ´þ¢øÀ½õ ßþ�×þ ñ�õÂ÷ âþ¥�� ý�¤�¢ ÛÖµÆõ ø üê¢�Ê� ý�ûÂ�çµõ X1; : : : ; Xk À��î ­Âê�2 ñ�ú¹õ ø íÂµÈõ Å÷�þ¤�ø ø �1; : : : ; �k ñ�ú¹õ ý�ûß�Ú÷��õ �� °��Â��� ùÂ�çµõ�¤�¬ßþ� ¤¢ .À�ª��X = (X1; : : : ; Xk)0 � Nk(�; �2Ik);k � k ýÂÎ ì ø ö¤� Ö µ õ ü ÷� Þ û Å þÂ �� õ × þ Ik ø � = (�1; : : : ; �k)0 ö� ¤¢ � îø : : : ,x02 = (x21; : : : ; x2n2)0 ,x01 = (x11; : : : ; x1n1 )0 À � � î ­Âê .´¨� ýÀã �´ó�� ¤¢ .À�ª�� nk �� n1 ý�ûù¥�À÷� �� üþ�û�÷�Þ÷ °��Â��� x0k = (xk1; : : : ; xknk )0ù¢�� ´�ãÞ� ß�õ� i ¥� ni ù¥�À÷� �� ý��÷�Þ÷ x0i = (xk1; : : : ; xini)0 À��î ­Âê üÜî.Àª�� N(�i; �2) ñ�õÂ÷ âþ¥�� ý�¤�¢ Xi üê¢�Ê� Â�çµõ Âû øö�õ¥� Û��Öõ ¤¢ ùÂ�çµõ ×þ ñ�õÂ÷ �ãõ�� k ý�ûß�Ú÷��õ ýø�Æ� ��®Âê ö�õ¥��¤�¬�� ùÀª °�Âõ ý�ûß�Ú÷��õ �êÂÏ×þ ��®ÂêH0 : �1 = � � � = �k Û��Öõ ¤¢ H1 : �1 � � � � � �k; (1)ý�Â � .´¨� ùÀª � µ êÂ ð ÂÑ ÷ ¤¢ (H1 � �®Â ê ¤¢ À � î� ýø�Æ õ� ÷ × þ Û ì�À� � �)ö�� � ,ùÀõ� ´¨¢� � � ý¤�¢ü�ãõ ¼Î¨ ¤¢ ö�õ¥� ßþÂ �ö�� �Â � (1) � �®Âê ö�õ¥�
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23 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£���ÓÜµ¿õ ý¤�¢ü�ãõ ��Î¨ ¤¢ ö�õ¥� ù¤�õ� ü÷�Â½� Âþ¢�Öõ Å³¨ ø �±¨�½õ ö�õ¥�ý�û¤�¢Â� Xi1; : : : ;Xini �î ùÀª­Âê ,�ó�Öõ �õ�¢� ¤¢ ß��»Þû .´¨� ùÀª �±¨�½õ��®Âê ö�õ¥� .À�ª�� ,i = 1; : : : ; k ,Np(�i;�i) ùÂ�çµõ�p ñ�õÂ÷ �ãõ�� ¥� üê¢�Ê��êÂÏ ø¢ ùÀª °�Âõ ��®Âê Û��Öõ ¤¢ H 000 : �1 = � � � = �kH 001 : �1 � � � � � �k �þ �1 � � � � � �kýø�Æõ�÷ .´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ (H 001 ��®Âê ¤¢ À�î� ýø�Æõ�÷ ×þ Ûì�À� ��)ß��»Þû .À÷�üÔ�õ Â�è �j � �i ¤�¢Â� Âþ¢�Öõ ��Þ� �î ´¨� ü�ãõ ßþ� �� �i � �jß�Ú÷��õ ¤�¢Â� Àã� p ��Þ� �î ´¨� ßþ� ÂÚ÷��� H 001 ��®Âê ¤¢ ùÀª Û�Þ½� ´þ¢øÀ½õ¤¢ üþ�ûö�õ¥� ß��� .À���þüõÇû�î �þ Çþ��ê� ö�õ�Þû ¤�Ï�� i ¤�ÀÖõ Çþ��ê� �� �iý�Â� ×�¨�î ©ø¤ �� ö�õ¥� ö��� Âþ¢�Öõ .À÷ø¤üõ ¤�î�� üÞÜä ÓÜµ¿õ ý�ûù¥��ßþÂÆ� ø ý¤�þ¥�� ö�õ¥� �� ø �±¨�½õ ùÂ�çµõ �¨ ø ùÂ�çµõ ø¢ ñ�õÂ÷ �ãõ�� �¨ ø ø¢°Æ� Â� H 001 ��®Âê ´½� ö�õ¥� ö��� Âþ¢�Öõ ß��»Þû .´¨� ùÀª �Æþ�Öõ ,(2013)ý¤�¢ü�ãõ ¼Î¨ ø¢ ¤¢ �ó¤�î ´÷�õ ý¥�¨��±ª ©ø¤ �� ý�îÂõ Â�è ø¢üî âþ¥��.À÷�ùÀõ� ´¨¢��¯� ± � µ¨� ¢¤�õ ¤¢ ü¨¤Â � ø ¶½� � � �î ¢� � üÆî ß� óø� (1959a) �õ� ó� �¤� ��õ�ó��¤� � .´¡�¢Â� ùÀª °�Âõ ý�û´þ¢øÀ½õ ´½� �ãõ�� ý�ûÂµõ�¤� � ý¤�õ���®Âê Û��Öõ ¤¢ �¤ ùÂ�çµõ ×þ ñ�õÂ÷ �ãõ�� k ý�ûß�Ú÷��õ ýø�Æ� ö�õ¥� (1959a)ù¤�õ� �û��®Âê ßþ� ý�Â� ýø .´êÂð ÂÑ÷ ¤¢ 1ùÀª °�Âõ ý�ûß�Ú÷��õ �êÂÏ×þ.¢¤ø� ´¨¢�� �ûÅ÷�þ¤�ø ö¢�� ��Üãõ ­Âê �� �¤ ,��2k ,üþ�Þ�µ¨¤¢ ´±Æ÷ ö�õ¥�ö¢� � Â ��Â �� ÷ ø ñ� ú¹ õ­Âê �¤ , �F ,ü þ� Þ � µ ¨¤¢ ´±Æ ÷ ö� õ¥� ù¤� õ� ß � �»Þûý�ûÂµõ�¤�� ¢¤ø�Â� ý�Â� ù¢�Ôµ¨� ¢¤�õ ©ø¤ ´Ö�Ö� ¤¢ .¢Âî �±¨�½õ �ûÅ÷�þ¤�ø�ó�Æõ ßþ� (1959b) �õ�ó��¤�� ¢�� 2Å÷�¹µõ ý�û¤ø�¹õ ��è¢� Ýµþ¤�Úó� ,ùÀª °�Âõø ¢�ú�È� � �¤ ü÷�õ¥� ù¤�õ� ,¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ �êÂÏ ø¢ ´ó�� ý�Â � �¤ ö�õ¥�(1972) ö�¤�ØÞû ø �ó¤�� .¢¤ø� ´¨¢�� k = 2´ó�� ¤¢ ù¤�õ� âþ¥�� ý�Â� ü±þÂÖ�1 Ordered means2 Pool adja
ent violators algorithm
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 24ø À�µ¡�¢Â� ùÀª °�Âõ ý�ûÀ�ì �� ��®Âê ö�õ¥� ¢¤�õ ¤¢ ÂµÈ�� ü¨¤Â� ø ¶½� ��ö�õ¥� ¥� ÓÜµ¿õ ´ó�� ßþÀ�� ý�Â� �¤ ö� ÂÔ¬ ��®Âê ´½� âþ¥�� ø ö�õ¥� ù¤�õ�.À÷¢Âî �±¨�½õ ùÀª °�Âõ ý�û��®Âê�êÂÏ×þ ùÀª °�Âõ ý�ûÂµõ�¤� � � �®Âê ö�õ¥� (1978) ßÞÚþø ø ö�Æ�Â ��¤ýø¤ üµþ¢øÀ½õ º�û �î ��®Âê ßþ� Û��Öõ ¤¢ ùÂ�çµõ ×þ ñ�õÂ÷ �ãõ�� k ß�Ú÷��õüþ�Þ�µ¨¤¢ ´±Æ÷ ©ø¤ �� �¤ ö�õ¥� ù¤�õ� ,ù¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ �¤ ,Àª�±÷ �ûÂµõ�¤��.À÷¢¤ø� ´¨¢�� �ó¤�î ´÷�õ ý¥�¨��±ª ¥� ù¢�Ôµ¨� �� �¤ ö� ö��� Å³¨ ø �±¨�½õ�ãó�Îõ ¢¤�õ ùÂ�çµõ ×þ üþ�Þ÷ ý�ûâþ¥�� ù¢��÷�¡ ý�Â� �¤ ��®Âê ßþ� �ú÷� ß��»Þûø ö�Æ �Â ��¤ Í¨� � °�Â õ ý�û� �®Â ê ö� õ¥� ¢¤� õ ¤¢ Â µÈ � � ¸ þ� µ ÷ .À ÷¢�¢ ¤�Â ìö�õ¥� ßµêÂð ÂÑ÷ ¤¢ �� (1998) Ù÷��� ø üª .´¨� ùÀª ���¤� (1988) ö�¤�ØÞûñ�ú¹õ ¯Âª �� ùÂ�çµõ ×þ ñ�õÂ÷ �ãõ�� k ý�ûß�Ú÷��õ ýø¤ ùÀª °�Âõ ��®ÂêÂ µ õ�¤� � ÝÞ�Æî� õ ý�û¢¤ø�Â � ý�ûüðÄþø ü¨¤Â � ø �ã ó�Îõ � � ,�ûÅ÷� þ¤�ø ö¢� �´½� �ûÂð¢¤ø�Â� ü±þ¤� ¤�ÀÖõ �� (2003) ö�¤�ØÞû ø ö�Æ³õ�¨ .À�µ¡�¢Â� ß�Ú÷��õ�û¢¤ø�Â� ßþ� ü±þ¤� ¤�ÀÖõ ý�Â� �¤ üþ�ûñ�õÂê ø À÷¢Âî ���� ùÀª °�Âõ ý�û��®Âê(2005) ß¨ ø ñ���øÛ�¨ .À÷¢¤ø� ´¨¢�� Â��Â� ý�ûÅ÷�þ¤�ø �� ñ�õÂ÷ �ãõ�� ø¢ ¤¢üÜÞä ý�ûñ�·õ �� ø À�µ¡�¢Â� °�Âõ ý�û��®Âê ö�õ¥� ���õ¥ ¤¢ ù¢ÂµÆð ��Ö�Ö½� ��.À��î üêÂãõ ü��¡�� �¤ �ûö�õ¥� á�÷ ßþ� ¢Â�¤�î À�µÆ÷����� �¤ ùÂ�çµõ�p ñ�õÂ÷ �ãõ�� ×þ (1963) ø¢�î ,ùÂ�çµõ À�� ¤¢ ¤�î ©ÂµÆð ¤¢¤¢ � ��Üãõ Å÷�þ¤��î Å÷�þ¤�ø ÅþÂ��õ ø �= (�1; : : : ; �p)0 ñ�ú¹õ ß�Ú÷��õ ¤�¢Â���®Âê ö�õ¥� ý�Â� üþ�Þ�µ¨¤¢ ´±Æ÷ ©ø¤ §�¨� Â� ö�õ¥� ù¤�õ� ø ´êÂð ÂÑ÷Ha : �i = 0 i = 1; : : : ; p ��®Âê Û��Öõ ¤¢Hb : �i � 0 i = 1; : : : ; p; max1�i�p �i > 0Å÷�þ¤��î Å÷�þ¤�ø ÅþÂ��õ �� �¤ ö�õ¥� �ó�Æõ ßþ� (1969) ßÞóÂ� .¢¤ø� ´¨¢��Õ�ì¢ âþ¥�� ø ¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ üþ�Þ�µ¨¤¢ ´±Æ÷ ©ø¤ §�¨� Â� ñ�ú¹õ �f õ�î
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25 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£���ö�õ¥� ù¤�õ� (1989) ö�¤�ØÞû ø Ù÷� � .¢Âî �±¨�½õ ÂÔ¬ ��®Âê ´½� �¤ ù¤�õ�ø ¢�ú�È�� ��Üãõ Å÷�þ¤��î Å÷�þ¤�ø ÅþÂ��õ �� (1963) ø¢�î �ó�Æõ ý�Â� �¤ ýÀþÀ�.À÷¢Âî �±¨�½õ ÂÔ¬ ��®Âê ´½� �¤ ö� âþ¥��ùÀª ��¹÷� ÂÚþ¢ ö�ðÀ�Æþ�÷ Í¨�� ùÂ�çµõ À�� ¤¢ (1959a) �õ�ó��¤�� ¤�î �ã¨��ý�ûÅþÂ��õ ö¢�� ��Üãõ­Âê �� (1983) ö�¤�ØÞû ø ü����¨�¨ ¤�� ß�óø� .´¨�ý�û¤�¢Â � ýø�Æ� ��®Âê ö�õ¥� ù¤�õ� ö¢¤ø� ´¨¢�� ßÞ® ,Å÷� þ¤��î Å÷� þ¤�ø©ø¤ �� ùÂ�çµõ À�� ñ�õÂ÷ âþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ¤�¢Â� Û��Öõ ¤¢ ß�Ú÷��õø¢ ý���Þû ö��¨Âð¤ ý�û¢¤ø�Â� �±¨�½õ ý�Â� �¤ üÞµþ¤�Úó� ,üþ�Þ�µ¨¤¢ ´±Æ÷ù¤�õ� âþ¥�� ö�õ¥� ßþ� ý�Â� (1984) ü����¨�¨ ø �Ú÷����î .À÷¢Âî ¢�ú�È�� ùÂ�çµõø ��Üãõ Å÷�þ¤��î Å÷�þ¤�ø ý�ûÅþÂ��õ �î üµìø ý�Â� ÂÔ¬ ��®Âê ´½� �¤ ö�õ¥�üþ�û��®Âê ß��� ý�Â� (1988) üª ø ü��î�õ�÷ .À÷¢Âî �±¨�½õ ,À�ª�� ýÂÎì.Àª�� Â�ö�¨� ö� ÂÔ¬ ��®Âê ´½� âþ¥�� �±¨�½õ �� ¢�¢ ���¤� �¤ ýÀþÀ� ö�õ¥�ö�È÷ �ó¤�î ´÷�õ ý¥�¨��±ª ©ø¤ ¥� ù¢�Ôµ¨� �� (1998) ö�¤�ØÞû ø ü����¨�¨ö�¤�ØÞû ø ü����¨�¨ Í¨�� ùÀõ� ´¨¢�� ö�õ¥� ö��� ùÂ�çµõ ø¢ ´ó�� ¤¢ �î À÷¢�¢ý�Â� (1990) ö�¤�ØÞû ø �Ú÷����î .´¨� Âµú� �2 ×�¨�î ö�õ¥� ö��� ¥� (1983)�� ø ¢�ú�È�� �¤ üþ�ûö�õ¥� ,Å÷�þ¤��î Å÷�þ¤�ø ý�ûÅþÂ��õ ö¢�� ýÂÎì Â�è ´ó��k ýø�Æ� ö�õ¥� (1984) ö�¨¤À÷� .À÷¢�¢ ¤�Âì �ãó�Îõ ¢¤�õ �¤ �ú÷� ý¥�¨��±ª ©ø¤üµ þ¢øÀ½õ º�û �î � �®Âê ßþ� Û �� Ö õ ¤¢ �¤ ùÂ �ç µ õÀ �� ñ�õÂ ÷ �ãõ�� ß�Ú ÷� � õ� � (2003) ö�¤�ØÞû ø ü����¨�¨ .¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ ,Àª�±÷ �ûß�Ú÷��õ ýø¤�¤ ü ÷� õ¥� ù¤� õ� ,Å÷� þ¤��î Å÷� þ¤�ø ý�ûÅþÂ �� õ ö¢� � Â ��Â � � õ� ñ�ú¹õ ­Âê� ±¨�½õ ö� ü ÷�Â½ � Â þ¢� Ö õ � � ù�ÂÞû �¤ ù¤� õ� Â Ô¬ � �®Â ê ´½� â þ¥� � ø � ��¤�¥� �î ¢�¢ ���¤� �¤ �ûö�õ¥� ¥� ý��ó�±÷¢ �û��®Âê ßþ� ý�Â� (2007) ü����¨�¨ .À÷¢Âî� � �î ´¨� Âî£ �� �¥� .À�µÆû Â�ö���Â� (2003) ö�¤�ØÞû ø ü����¨�¨ ö�õ¥�¢¤�õ ¤¢ Ç¨Â� ¥��û (2007) ü����¨�¨ Í¨�� ö���Â� ý�ûö�õ¥� ßµê�þ ¢��ø.´¨� üì�� �ú÷� ßþÂ�ö���Â�ñ�õÂ÷ �ãõ�� k ý�ûß�Ú÷��õ ýø�Æ� ��®Âê ö�õ¥� (1390) ö�¤�ØÞû ø ý¤�þ¥��ý�ûÅþÂ��õ �î ü���� ý�Â� ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê Û��Öõ ¤¢ ùÂ�çµõÀ��
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 26ø ��Üãõ ´ó�� ý�Â� .À�µêÂð ÂÑ÷ ¤¢ �¤ À�ª�� ñ�ú¹õ ø ��Üãõ Å÷�þ¤��î Å÷�þ¤�ø´½� âþ¥�� ø �±¨�½õ �¤ ö�õ¥� ù¤�õ� Å÷�þ¤��î Å÷�þ¤�ø ý�ûÅþÂ��õ ö¢�� ýÂÎìÅ÷�þ¤��î Å÷�þ¤�ø ý�ûÅþÂ��õ �î üµó�� ý�Â� .À÷¢¤ø� ´¨¢�� �¤ ö� ÂÔ¬ ��®Âê¥� ù¢�Ôµ¨� � � (2003) ö�¤�ØÞû ø ü����¨�¨ ¤�î �õ�¢� ¤¢ ,À�ª�� Â��Â � ø ñ�ú¹õ´ú� �¤ �ûö�õ¥� ¥� ý�� ó� ± ÷¢ �À½õ ý�û¯øÂ¿õ ýø¤ �û¤�¢Â � Àõ�ã µõ Âþø�Ê�.À÷¢�¢ ���¤� ñ�Þµ�� Âþ¢�Öõ ßµê�þk ý�ûß�Ú ÷� � õ ýø�Æ� � �®Âê ö�õ¥� ßµ êÂð ÂÑ ÷ ¤¢ ßÞ® (2012) ý¤� þ¥� ��î üµìø ý�Â� ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê Û��Öõ ¤¢ ùÂ�çµõÀ�� ñ�õÂ÷ �ãõ��ø ü����¨�¨ ¤�î �õ�¢� ¤¢ ,À�ª�� Â��Â��÷ ø ñ�ú¹õ Å÷�þ¤��î Å÷�þ¤�ø ý�ûÅþÂ��õø ���¤� �¤ üþ�µØþ ö�õ¥� ù¤�õ� (1984) ü����¨�¨ ø �Ú÷����î ø (1983) ö�¤�ØÞûø ý¤�þ¥�� .¢¤�À÷ ¢��ø ü¨��Öõ Ûõ�ä Âð¢¤ø�Â� ß�ãõ üÎþ�Âª ´½� �î ¢�¢ ö�È÷ñ�õÂ÷ ý�û�ãõ�� ß�Ú÷��õ ý�û¤�¢Â� ùÀª °�Âõ ��®Âê ö�õ¥� (2012) ¥�¢Â�ü���ý�Â� ,Àª�±÷ ß�Ú÷��õ ý�û¤�¢Â� ýø¤ üµþ¢øÀ½õ �î ��®Âê ßþ� Û��Öõ ¤¢ ùÂ�çµõ À���ãó�Îõ ¢¤�õ À�ª�� Â��Â� �õ� ñ�ú¹õ �f õ�î Å÷�þ¤��î Å÷�þ¤�ø ý�ûÅþÂ��õ �î üµìø�� .Àª��üõ (1978) ßÞÚþø ø ö�Æ�Â��¤ ¤�î ÍÆ� ´Ö�Ö� ¤¢ �ú÷� ¤�î .À÷¢�¢ ¤�Âìý�û¯øÂ¿õ ýø¤ Àõ�ãµõ Âþø�Ê� §�¨� Â� �¤ ö�õ¥� ù¤�õ� üþ�Þ�µ¨¤¢ ´±Æ÷ ©ø¤ý¥�¨��±ª ©ø¤ �� ��÷ ø ß��ã� �¤ ù¤�õ� ÂÔ¬ ��®Âê ´½� âþ¥�� ,�±¨�½õ �À½õßÞ® (2013) ¥�¢Â�ü��� ø ý¤�þ¥�� .À÷¢Âî ¢¤ø�Â� �¤ ö� ü÷�Â½� Âþ¢�Öõ �ó¤�î´÷�õÂþ¢�Öõ Õ�ì¢ �±¨�½õ ö¢�� ÛØÈõ �� ���� � � � �®Âê ö�õ¥� ßþ� ßµêÂð ÂÑ÷ ¤¢.À÷¤ø� ´¨¢�� ñ�Þµ�� Âþ¢�Öõ ý�Â� ��� ö�Âî À�µÆ÷��� ,ö�õ¥� ù¤�õ� ý�Â� ñ�Þµ��ñ�õÂ÷ �ãõ�� k ý�ûß�Ú÷��õ ýø�Æ� ��®Âê ö�õ¥� (2013) ßþÂÆ� ø ý¤�þ¥����Üãõ ´ó�� ø¢ ý�Â� ùÀª °�Âõ ý�ûß�Ú÷��õ �êÂÏ ø¢ ��®Âê Û��Öõ ¤¢ ùÂ�çµõÀ��Å÷� þ¤�ø ý� ûÅþÂ �� õ � î ü µ ó� � � � ÷ ø Å÷� þ¤�� î Å÷� þ¤�ø ý� ûÅþÂ �� õ ö¢� �¤� î ÍÆ � � ú ÷� ¤� î .À � µ êÂ ð ÂÑ ÷ ¤¢ �¤ À �ª� � Â ��Â � � õ� ñ�ú¹õ �f õ� î Å÷� þ¤�� î� î ü µ ìø ý�Â � .´ ¨� (1983) ö�¤� Ø Þ û ø ü �� �� ¨� ¨ ø (1959b) � õ� ó� �¤� �´½� âþ¥�� ø �±¨�½õ �¤ ö�õ¥� ù¤�õ� ,À�ª�� ��Üãõ Å÷�þ¤��î Å÷�þ¤�ø ý�ûÅþÂ��õý�ûÅþÂ��õ ö¢�� ýÂÎì ´ó�� ý�Â� ü÷�Â½� Âþ¢�Öõ � � ù�ÂÞû �¤ ö� ÂÔ¬ ��®Âê
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27 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£����ó¤�î´÷�õ ý¥�¨��±ª ©ø¤ �� �¤ ö�õ¥� ö��� .À÷¢¤ø� ´¨¢�� Å÷�þ¤��î Å÷�þ¤�øÅ÷� þ¤�ø ý�ûÅþÂ �� õ � î ü µ ó�� ý�Â � �¤ ö� õ¥� ù¤� õ� ß � �»Þû .À ÷¢Â î ß � � ã ���®Âê ö�õ¥� ö�ª¤�î �õ�¢� ¤¢ .À÷¢�¢ ���¤� ,À�ª�� Â��Â� �õ� ñ�ú¹õ �f õ�î Å÷�þ¤��îý�ûö�õ¥� ©ø¤ �� ýÂµõ�¤���÷ ´ó�� ¤¢ �¤ ß�Ú÷��õ ý�û¤�¢Â� �êÂÏ ø¢ ùÀª °�Âõ¤¢ �¤ ö�õ¥� ßþ� ¢Â�¤�î üãì�ø ñ�·õ ×þ �� ø À÷¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ 3üµÈÚþ���� üµÈÚþ�� ý�ûö�õ¥� ¢¤�õ ¤¢ ÂµÈ�� ������ ý�Â�) À÷¢�¢ ö�È÷ ýÂµõ�¤���÷ ´ó��.(¢�ª á��¤ 2010 ,�¨�Þó�¨ ø ßþÂÆ�.´¨� ùÀª � µ êÂ ð ÂÑ ÷ ¤¢ (1) �Î ��¤ ¤¢ ùÀª ù¢�¢ � �®Â ê ö� õ¥� 2 Ç¿ � ¤¢¤�Ï� � ö� õ¥� ß þÂ �ö�� �Â �) � � � ú � ö� õ¥� ,À þÀ� �f õ� î ©ø¤ ×þ ö¢Â � ¤� î� � � ��±¨�½õ ö�õ¥� ö��� â��� ß��»Þû .´¨� ùÀª ���¤� � ý¤�¢ü�ãõ ¼Î¨ ¤¢ (´¡���Øþ¤¢ .À÷�ùÀõ� ´¨¢�� ÓÜµ¿õ ý¤�¢ü�ãõ ��Î¨ ¤¢ ù¤�õ� ü÷�Â½� Âþ¢�Öõ Å³¨ øÀþÀ� ©ø¤ ø ùÀª ù¢�¢ ö�È÷ ü��¡�� ö�õ¥� ßþ� ¢Â�¤�î üãì�ø ý�ûñ�·õ �� 3 Ç¿�ý�û¤�¢Â� ýø�Æ� ��®Âê ö�õ¥� 4 Ç¿� ¤¢ .¢�ªüõ ù¢Â� ¤�î�� �ûñ�·õ ßþ� ýø¤ø¢ ý�Â� ß�Ú÷��õ ý�û¤�¢Â� �êÂÏ ø¢ ùÀª °�Âõ ��®Âê ö�õ¥� Û��Öõ ¤¢ ß�Ú÷��õÂþ¢�Öõ �ó¤�î ´÷�õ ý¥�¨��±ª ©ø¤ �� ø �µêÂð ÂÑ÷ ¤¢ ùÂ�çµõ À�� ñ�õÂ÷ âþ¥��¶½� .´¨� ùÀª �Æþ�Öõ ×�¨�î ö�õ¥� �� ,(2013) ßþÂÆ� ø ý¤�þ¥�� ö�õ¥� ö���.¢�ªüõ ���¤� 5 Ç¿� ¤¢ ýÂ�ð�¹�µ÷ øùÀª °�Âõ ý�ûß�Ú÷��õ �êÂÏ×þ ��®Âê ö�õ¥� 2À��î ­Âêmi = ( nini+1ni + ni+1 ) 12 ; �i = mi(�i+1 � �i); 1 � i � k � 1,i Â û ý�Â � Â ð� Í Ö ê ø Â ð� ´¨� ¤�Â ìÂ � �1 = : : : = �k ýø�Æ � �¤�¬ß þ� ¤¢×þ Ûì�À� �� �1 � : : : � �k ýø�Æõ� ÷ ß��»Þû .Àª�� �i = 0 ,1 � i � k � 1À�î� ýø�Æõ� ÷ ×þ Ûì�À� � � �i � 0 Âð� ÍÖê ø Âð� ´¨� ¤�ÂìÂ � À�î� ýø�Æõ� ÷.Àª�� ¤�ÂìÂ�3 Permutation tests
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 28�êÂÏ×þ ��®Âê Û��Öõ ¤¢ H 00 : � = 0 ��®Âê ö�õ¥� �� (1) ö�õ¥� �ó�Æõ ßþ�Â������®Âê ¤¢ �= (�1; : : : ; �k�1)0 ¤�¢Â� Â¬��ä ¥� üØþ Ûì�À� �îý¤�Ï�� ,H 01 : � � 0üê¢�Ê� ¤�¢Â� �î ¢�ªüõ ùÀþ¢ üµ��¤�� ß��»Þû .Àª Àû��¡ ÛþÀ±� ,Àª�±÷ ÂÔ¬ H 01Y = (m1( �X2 � �X1); � � � ;mk�1( �Xk � �Xk�1))0;Â¬��ä �� üÆþÂ��õ � ��÷ ø Nk�1(�; �2�) ñ�õÂ÷ âþ¥�� ý�¤�¢�ij = 8><>:1 i = j�q nini+1ni+2(ni+ni+1)(ni+1ni+2) jj � ij = 10 ÂÚþ¢ ý�û���ãõ�� k ý�Â� �µ¿�õ� ý��÷�Þ÷ ¢¤�À÷�µ¨� é�Â½÷� ù�Ú÷� ,N =Pki=1 ni Âð� .´¨�:¥� ´¨� �¤�±äs = ( 1N � k kXi=1 niXj=1(xij � �xi)2) 12s = ( 1N�kPki=1(ni � 1)s2i ) 12 ý�� ÷�Þ ÷ ¢¤�À ÷� µ¨� é�Â½÷� �î ´¨� Âî£ � � �¥�Âð� .Àª� �üõ �ãõ�� ß�õ� i ý�Â � ý�� ÷�Þ ÷ ¢¤�À ÷� µ¨� é�Â½÷� si ö� ¤¢ �î ,´¨��¤�¬�� �¤ T ù¤�õ� ö���üõ ù�Ú÷� T = (T1; : : : ; Tk�1)0 = YS ¢�ª ­ÂêT = [m1( �X2 � �X1)S ; m2( �X3 � �X2)S ; : : : ; mk�1( �Xk � �Xk�1)S ℄0; (2),�2� ý� ûÂ µ õ�¤� � � � ý� îÂ õ� ÷ ùÂ � ç µ õ À � � t â þ¥� � ý�¤�¢ � î ´ ª� ÷üó�Ú� â��� �� N � k ø �= (�1; : : : ; �k�1)fT (t1; : : : ; tk�1) = 
j�j� 12 [1+ 1N � k (t� �)0��1(t� �)℄�N�12ý�¤�¢ H 00 ��®Âê ´½� üó�Ú� â��� ßþ� .´¨� ´��� ý¤�ÀÖõ 
 ö� ¤¢ �î ¢�� Àû��¡.´¨� Âþ¥ üó�Ú� â��� �� ý�îÂõ ùÂ�çµõ À�� t âþ¥��fT (t1; : : : ; tk�1) = 
j�j� 12 [1+ 1N � k t0��1t℄�N�12
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29 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£���Âð� À�þ�ð X 2 Rm ¤¢ 4üÈû�î ���Øþ ¤�Ï�� �¤ f : Rm ! Rn â��� : 1 ÓþÂã�.Àª�� ¤�ÂìÂ� f(X) > f(Y) ýø�Æõ�÷ ,X > Y �î X;Y 2 Rm Âû ý�Â�Â � è ü ã �� � ,1 Ó þÂ ã � Õ ± Ï G = g(T ) = min(T1; : : : ; Tk�1) = T(1) â �� �¤¢ H0 ��®Âê ö�õ¥� ý�Â� .´¨� S2 ¥� ÛÖµÆõ ö� âþ¥�� ø ù¢�� T ù¤�õ� ¥� üÈû�îö�õ¥� â��� t0 ´��� ¤�ÀÖõ Âû ý�Â� ,H1 ��®Âê Û��Öõ�(T ) = 8<:1 min1�i�k�1 Ti > t00 min1�i�k�1 Ti < t0 ; (3)� 2 (0;1) ý�Â� �î ¢�ªüõ ��¿µ÷� ý¤�Ï t0 ¤�ÀÖõ ö� ¤¢ �î ,¢�ªüõ ¢�ú�È��(3) �Î ��¤ ö� õ¥� � î ¢�ªüõ ù¢�¢ ö�È ÷ � õ�¢� ¤¢ .Àª� � EH0 [�(T)℄ = � ù¤��ÞûÛ��Öõ ¤¢ H 00 ��®Âê ö�õ¥� ý�Â� � ¼Î¨ ¤¢ 5´¡���Øþ ¤�Ï�� ö�õ¥� ßþÂ�ö���Â�.´¨� H 01 ��®ÂêùÀª °�Âõ ý�ûß�Ú÷��õ �êÂÏ×þ ��®Âê ý�Â� ö�õ¥� ßþÂ�ö���Â� 1.2ý�Â� ,(2) �Î��¤ ¤¢ T ù¤�õ� §�¨� Â� ùÀª �µ¡�¨ ý�ûö�õ¥� ��Þ� ß�� ¤¢ : 1 ��Ììö�õ¥� ßþÂ�ö���Â� ,(3) ö�õ¥� â��� ,H 01 ��®Âê Û��Öõ ¤¢ H 00 ��®Âê ö¢Âî ö�õ¥�.´¨� � ¼Î¨ ¤¢ ´¡���Øþ ¤�Ï��7���Øþ üþ�Þ�µ¨¤¢ ´±Æ÷ ´�¬�¡ ¥� 6ß��ø¤-ß�ó¤�î ��Ìì Õ±Ï ��±�� ý�Â� : ö�ûÂ�,H 01 : � � �0 ��®Âê Û��Öõ ¤¢ H 00 : � = 0 ��®Âê ö�õ¥� ý�Â� .¢�ªüõ ù¢�Ôµ¨�ýø�Æõ�÷ ù�ðÂû Àª Àû��¡ ¢¤ ÂÔ¬ ��®Âê ,�0 > 0 ö� ¤¢ �î�(t) = fH00(t)fH01(t) < 
�4 Monotoni
ally de
reasing5 Uniformly most powerful test6 Karlin-Rubin theorem7 Monotone likelihood ratio
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 30ßþ� ¥� .Àª�� � �� Â��Â� ö�õ¥� ù¥�À÷� �î ¢�ªüõ ß��ã� ý¤�Ï 
� ¤�ÀÖõ .Àª�� ¤�ÂìÂ�:´ª�¢ Ý�û��¡ �Î��¤[�(t)℄ 2N�1 = 1+ �00��1�0 � 2�0��1tt0��1t (4)��1 ö�� üêÂÏ ¥� ø À÷�´±·õ ��1 ÅþÂ��õ Â¬��ä ��Þ� �î ´¨� üúþÀ� �f õ�î(4) ýø�Æ� ´¨�¤ éÂÏ Å� t0��1t > 0 ßþ�Â�� � � ,ù¢�� 8 ´±·õ ß�ãõ ÅþÂ��õ.´¨� t(1) = min(t1; : : : ; tk�1) ù¤�õ� ¥� üóø�÷ üã��� �¹�µ÷ ¤¢ ø t ¥� üóø�÷ üã���ö�õ¥� ßþÂ�ö���Â� � ö�õ¥� ,H 01 ��®Âê Û��Öõ ¤¢ H 00 ��®Âê ö�õ¥� ý�Â� ßþ�Â����T ù¤�õ� §�¨� Â� ùÀª �µ¡�¨ ý�ûö�õ¥� ��Þ� ß�� ¤¢ � ¼Î¨ ¤¢ ´¡���Øþ ¤�Ï��T(1) ù¤�õ� ¤¢ üþ�Þ�µ¨¤¢ ´±Æ÷ ´�¬�¡ ý�¤�¢ fT (t) üó�Ú� â��� ßþ�Â���� .´¨�¼Î¨ ¤¢ H 01 ��®Âê Û��Öõ ¤¢ H 00 ��®Âê ö¢Âî ö�õ¥� ý�Â� ÂÚþ¢ �¤�±ä �� .´¨�ýø�Æõ�÷ t0 ´��� ¤�ÀÖõ Âû ý�Â� ù�ðÂû ¢�ªüõ ¢¤ ÂÔ¬ ��®Âê ,� ý¤�¢ü�ãõmin1�i�k�1mi (�xi+1 � �xi)s > t0 (5)ö�õ¥� ÛÖµÆõ ø üê¢�Ê� ý�û�÷�Þ÷ �� �ãõ�� ø¢ ý�Â� k = 2 ý�¥��� .Àª�� ¤�ÂìÂ�¤�Â ìÂ � H 0b : �1 < �2 �êÂÏ ×þ ��®Âê Û�� Ö õ ¤¢ H 0a : �1 = �2 ýø�Æ� � �®Âêö�õ¥� ßþÂ �ö�� �Â � �î ´¨� ý�� ÷�Þ ÷ ø¢ ý�îÂõ t âþ¥�� ý�¤�¢ (5) ù¤� õ� .´¨�ß��ã � ,Àª� � k > 2 Âð� �õ� .(2005 ,� ÷� õø¤ ø ßÞúó) Àª� �üõ ´¡���Øþ ¤�Ï��ù¤�õ� ü÷�Â½� Âþ¢�Öõ ßµê�þ ý�Â� ßþ�Â���� .¢�� Àû��¿÷ ý�ù¢�¨ ¤�î (5) ù¤�õ� âþ¥��.´¨� ùÀª �±¨�½õ Âþ¥ ��Ìì ¤¢ ö�õ¥� ßþ� ö��� â��� ,ö�õ¥�,i Â û ý�Â � Â ð� .À ª� � (5) � Î ��¤ ö�� � â �� � �� À � � î ­Â ê : 2 ��Ìì:¥� ´¨� �¤�±ä ö��� â��� ù�Ú÷� ,Àª�� Li = �i+1��i�2 ,i = 1; : : : ; k � 1�� = k�1Yi=1 [1��( t0q QN�k �miLiqmi�2 )℄;.´¨� �2(N�k) ø¢ý�î âþ¥�� ý�¤�¢ ø Q = (N�k)S2�2 ö� ¤¢ �î8 Positive de�nite matrix
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31 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£���.Àª�� L = (L1; : : : ; Lk�1) ø Ui = mi( �Xi+1� �Xi)�2 ,i Âû ý�Â� À��î ­Âê : ö�ûÂ�:´ª�¢ Ý�û��¡ ö��� â��� ÓþÂã� Õ±Ï ù�Ú÷��� = PL( min1�i�k�1mi ( �Xi+1 � �Xi)s > t0)= PL(m1 ( �X2 � �X1)s > t0; : : : ;mk�1 ( �Xk � �Xk�1)s > t0)= PL(U1 > t0 s� ; : : : ; Uk�1 > t0 s� )= PL(U1�m1L1>t0 s� �m1L1; : : : ; Uk�1 �mk�1Lk�1>t0s��mk�1Lk�1)= PL(Z1 > t0q QN�k �m1L1qm1�2 ) : : : PL(Zk�1 > t0q QN�k �mk�1Lk�1qmk�1�2 )= k�1Yi=1 [1��( t0q QN�k �miLiqmi�2 )℄ö�õ¥� ,n1 = : : : = nk = n ü�ãþ Â��Â� ý�û�÷�Þ÷ ù¥�À÷� ý�Â� �î ´¨� üúþÀ� �f õ�îÂû ý�Â� ù�ðÂû ¢�ªüõ ¢¤ ,� ý¤�¢ü�ãõ ¼Î¨ ¤¢ H1 ��®Âê Û��Öõ ¤¢ H0 ��®Âêýø�Æõ�÷ ,t0 ´��� ¤�ÀÖõmin1�i�k�1rn2 (�xi+1 � �xi)s > t0;üµ¨¤¢ ´½� Â��Â � � ÷�Þ÷ ý�ûù¥�À÷� ø � ´��� ¤�ÀÖõ ý�Â� ßþ�Â�� � � .Àª�� ¤�ÂìÂ�ýø�Æ� ÂÔ¬ ��®Âê� = k�1Yi=1 [1��( t0q QN�kp n2�2 )℄;×þ ñ�õÂ÷ �ãõ�� ¤�ú� ø �¨ ý�Â� ,t� ,ö�õ¥� ù¤�õ� ü÷�Â½� Âþ¢�Öõ .Àª��üõ ¤�ÂìÂ���Î¨ ¤¢ n = 2;3;4; : : : ;20;100 ý�û�÷�Þ÷ ù¥�À÷� � � k = 3;4 ü�ãþ ùÂ�çµõ¤¢ ø � ± ¨� ½ õ SPLUS ¤�� ê� �Â ÷ � = 0=01;0=025;0=05;0=1 ý¤�¢ü � ã õ.À÷�ùÀª ���¤� 1 ñøÀ�
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 32� ý¤�¢ü�ãõ ÓÜµ¿õ ��Î¨ ¤¢ ,t� ,ö�õ¥� ù¤�õ� ü÷�Â½� Âþ¢�Öõ :1 ñøÀ�k4 30=1 0=05 0=025 0=01 0=1 0=05 0=025 0=01 n0/0789 0/3052 0/5227 0/8231 0/5722 0/9869 1/4404 2/1557 20/0761 0/2876 0/4773 0/7135 0/5282 0/8688 1/1955 1/6319 30/0752 0/2820 0/4637 0/6827 0/5148 0/8352 1/1304 1/5048 40/0748 0/2794 0/4572 0/6684 0/5083 0/8192 1/1002 1/4475 50/0745 0/2777 0/4534 0/6601 0/5045 0/8099 1/0829 1/4152 60/0742 0/2768 0/4509 0/6547 0/5020 0/8038 1/0716 1/3945 70/0741 0/2759 0/4491 0/5609 0/5002 0/7996 1/0637 1/3799 80/0741 0/2754 0/4477 0/6480 0/4988 0/7964 1/0579 1/3892 90/0739 0/2750 0/4468 0/6458 0/4970 0/7940 1/0534 1/3611 100/0739 0/2746 0/4460 0/6440 0/4970 0/7920 1/0498 1/3547 110/0738 0/2743 0/4460 0/6426 0/4964 0/7904 1/0469 1/3493 120/0738 0/2742 0/4447 0/6414 0/4958 0/7891 1/0444 1/3451 130/0738 0/2739 0/4442 0/6404 0/4954 0/7880 1/0424 1/3413 140/0738 0/2738 0/4438 0/6396 0/4950 0/7871 1/0407 1/3382 150/0737 0/2736 0/4435 0/6389 0/4946 0/7863 1/0392 1/3356 160/0736 0/2731 0/4423 0/6363 4934 0/7834 1/0340 1/3262 200/0734 0/2715 0/4387 0/6288 0/4894 0/7749 1/0187 1/2990 100ý¢Àä ý�ûñ�·õ 3¤¢ üÚ÷Âê ���ð ø Ýþ¢ �À�ð ´ª�î �� ¯��Âõ Ç¿� ßþ� ¤¢ �ãó�Îõ ¢¤�õ ý�ûù¢�¢.´¨� 1392 ñ�¨ �� 1383 ñ�¨ ¥� üó��µõ ñ�¨ 10 üÏ ¤¢ öø¤¥�î ö�µ¨Âúª�î ´¨� öø¤¥�î ö�µ¨Âúª ý�µ¨ø¤ ¤�ú� �� ¯��Âõ Ýþ¢ �À�ð ý�ûù¢�¢ : 1 ñ�·õÂû ý�Â� ø ùÀª �µêÂð ÂÑ÷ ¤¢ Â��Â� ý�û´��Æõ �� ß�õ¥ �ãÎì ¤�ú� �µ¨ø¤ Âû ¤¢ñøÀ� ¤¢ ¤�µØû À��ø ¤¢ ß� °Æ� Â� ñ�Ê½õ ¤�ÀÖõ üó��µõ ñ�¨ 10 üÏ ¤¢ �ÖÎ�õö��� öø¤¥�î ö�µ¨Âúª ý¥¤ø�Èî ¢�ú� ù¤�¢� �»÷� �� ��� .´¨� ùÀª ù¢�¢ ©¤��ð 2¤�ú� ßþ� ¤¢ �À�ð ´ª�¢Â� ö���õ �î À÷¢�� ¤ø�� ßþ� Â� ö�¥¤ø�Èî �µªÁð ¤¢ ,À�îüõ�� Íþ�Âª Â��ç� ø ü÷�¤�� Ýî ø üó�ÆØÈ¡ ÂÏ�¡�� �fÂ�¡� �õ� ´¨� Â��Â� Ýû �� �µ¨ø¤üþ��û ø �� Íþ�Âª ´Ö�Ö� ¤¢ .À÷¤�À÷ ñ�±ì �¤ ¤ø�� ßþ� ÂÚþ¢ ö�¥¤ø�Èî ,üþ��û øÝû �� é�ÂÏ� ý�û�µ¨ø¤ ¤¢ üðÀ÷¤� � ö���õ �î ´¨� ý��÷�ð�� öø¤¥�î ö�µ¨Âúª����÷ ¤�ú� �� í�¡ á�÷ à�½ó ¥� �ãó�Îõ ¢¤�õ ý¥¤ø�Èî ý�ûß�õ¥ .À�µÆ�÷ ö�ÆØþßþÂ���¡Û¬�� �î À÷¤�¢ ùÀ�Öä ö�¥¤ø�Èî .´¨� ùÀª ýÀ��Ý�ÆÖ� D ø C ,B ,AC ß�õ¥ Å³¨ ,A ß�õ¥ Å³¨ ,D ß�õ¥ �Àµ�� ,ÂµÈ�� ñ�Ê½õ ´ª�¢Â� à�½ó ¥� ß�õ¥
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33 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£���ßþÂ µÈ � � D ß�õ¥ ¥� � î ¢¤�¢ ¤�Ñ µ ÷� � � ÷ ÂðÇþ� õ¥� .´¨� B ß�õ¥ ´þ�ú ÷ ¤¢ øß�Ú÷��õ ùÀ�û¢ö�È÷ �i Âð� .À�î ´ª�¢Â� �¤ ñ�Ê½õ ßþÂµÞî B ß�õ¥ ¥� ø ñ�Ê½õÂðÇþ�õ¥� ¤�Ñµ÷� �¤�¬ßþ� ¤¢ ,Àª�� ����÷ ß�õ�i ¤¢ Ýþ¢ �À�ð ñ�Ê½õ ´ª�¢Â�.Àª�� ¤�ÂìÂ� �D > �A > �C > �B ýø�Æõ�÷ �î ´¨� ßþ�ÓÜµ¿õ ü���÷ ¤¢ ¤�µØû ¤¢ ß� °Æ� Â� Ýþ¢ �À�ð ´ª�¢Â� ý�ûù¢�¢ :2 ñøÀ�D C B A ñ�¨ ��Àû�Èõ2/8 2/2 2/5 2/8 1383 12/8 2 2/3 2/7 1384 22/8 1/8 2 2/4 1385 32/5 1/7 1/9 2/6 1386 42/3 1/5 1/7 1/9 1387 52/2 1/4 1/6 2/1 1388 62/1 1/3 1/7 2/1 1389 72 2/6 2/1 2/7 1390 82/3 2/3 1/2 1/9 1391 92/5 1/7 1/9 2/4 1392 10ß�õ�i ý�Â� ¤�µØû ¤¢ ß� °Æ� Â� Ýþ¢ �À�ð ñ�Ê½õ ¤�ÀÖõ Xij À��î ­Âê.À ª� � j = 1383;1384; : : : ;1392 ø i = A;B;C;D ,ñ� ¨ ß � õ�j ¤¢ � � �� ÷�ûù¢�¢ �î À�µÆû ö� ÂÚ÷��� ×Üþø-øÂ���ª ö�õ¥� ø Q�Q ,��Âð�µÆ�û ý�û¤�¢�Þ÷¢Àä ñ�Þµ�� ¤�ÀÖõ A ����÷ ý�Â� ö�õ¥� ßþ� ¤¢ .À��îüõ ýøÂ�� ñ�õÂ÷ âþ¥�� ¥�D ����÷ ý�Â� ø 0=773 ¢Àä ,C ����÷ ý�Â� ,0=976 ¢Àä B ����÷ ý�Â� ,0=221¤�ú� Âû ¤¢ �ûù¢�¢ ö¢� � ñ� õÂ ÷ ùÀ �û¢ö�È÷ � µ ± ó� �î ,ùÀõ� ´¨¢� � 0=236 ¢Àäø �i ß�Ú ÷� � õ � � ñ� õÂ ÷ â þ¥� � ý�¤�¢ ü ê¢�Ê � ý�ûÂ � ç µ õ Xij Å� .´¨� � ��� ÷ö�õ¥� ý�Â� ,Xij üê¢�Ê� ý�ûÂ�çµõ ñ�Öµ¨� ­Âê �� .À�µÆû �2 ñ�ú¹õ Å÷�þ¤�øý�û��®ÂêH0 : �A = �B = �C = �D Û��Öõ ¤¢ H1 : �B < �C < �A < �D
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 34ý¤�¢ü�ãõ ¼Î¨ ¤¢ 9ö�ó ö�õ¥� Í¨�� �ãõ�� ¤�ú� ý�ûÅ÷�þ¤�ø ýÂ��Â� ö�õ¥�ø ý��÷�Þ÷ ý�ûÅ÷�þ¤�ø ,ý��÷�Þ÷ ý�ûß�Ú÷��õ Âþ¢�Öõ .Àª��üÞ÷ ¤�¢ü�ãõ 0=05.´¨� ùÀª ù¢¤ø� 3 ñøÀ� ¤¢ �÷�Þ÷ Âû ù¥�À÷�üó��µõ ñ�¨ 10 üÏ ¤¢ Ýþ¢ �À�ð ý�ûù¢�¢ üÔ�¬�� ý�ûù¤�õ� :3 ñøÀ��÷�Þ÷ ù¥�À÷� Å÷�þ¤�ø ß�Ú÷��õ ����÷10 0/166 2/36 A10 0/137 1/89 B10 0/176 1/85 C10 0/089 2/43 D¢À ä �f ± þÂ Ö � Û î ý�� ÷� Þ ÷ Å ÷� þ¤�ø ¤�À Ö õ ¢� ªü õ � Ñ �� õ � î ¤� Ïö� Þ ûü÷�Â½� ¤�ÀÖõ �î �¹÷� ¥� .´¨� t̂ = 1=144 ö�õ¥� ù¤�õ� ¤�ÀÖõ ø s2 = 0=1317ñ�Ê½õ ´ª�¢Â � ö�� � õ ø ¢�ªüõ ¢¤ ÂÔ¬ ��®Âê .´¨� t4;10;0=05 = 0=275.À�µÆ�÷ Â��Â� Ýû �� ����÷ ¤�ú� Âû ¤¢ Ýþ¢ �À�ð¤¢ ¤� µØû ¤¢ ß� °Æ� Â� üÚ÷Âê ���ð ´ª�¢Â � � � ¯��Âõ ý�ûù¢�¢ : 2 ñ�·õ10 üÏ ¤¢ Â��Â� ý�ûß�õ¥ ´��Æõ �� ý�µ¨ø¤ �¨ ý�Â� öø¤¥�î ö�µ¨Âúª �õ��.´¨� ùÀª ù¢�¢ ©¤��ð 4 ñøÀ� ¤¢ 1392 �� 1383 ñ�¨ ¥� üó��µõ ñ�¨ýÀ��Ý�ÆÖ� �µ¨¢ �¨ �� ,í�¡ á�÷ à�½ó ¥� �ãó�Îõ ¢¤�õ ý¥¤ø�Èî ý�ûß�õ¥,3 ß�õ¥ �Àµ �� ,Â µÈ� � ñ�Ê½õ ´ª�¢Â � à�½ó ¥� ß�õ¥ ßþÂ���¡Û¬�� .À÷�ùÀª3 ß�õ¥ ¥� �î ¢¤�¢ ¤�Ñµ÷� ��÷ ÂðÇþ�õ¥� .´¨� 1 ß�õ¥ ´þ�ú÷ ¤¢ ø 2 ß�õ¥ Å³¨Xij À��î ­Âê .À�î ´ª�¢Â� �¤ ñ�Ê½õ ßþÂµÞî 1 ß�õ¥ ¥� ø ñ�Ê½õ ßþÂµÈ��¤¢ ����÷ ß�õ�i ý�Â� ¤�µØû ¤¢ ß� °Æ� Â� üÚ÷Âê ���ð ñ�Ê½õ ¤�ÀÖõ ùÀ�û¢ö�È÷ý�û¤�¢�Þ ÷ .Àª� � j = 1383;1384; : : : ;1392 ø i = A;B;C;D ,ñ�¨ ß�õ�jñ�õÂ÷ âþ¥�� ¥� �ûù¢�¢ �î ´¨� ö� ÂÚ÷��� ×Üþø-øÂ���ª ö�õ¥� ø Q�Q ,��Âð�µÆ�ûø �i ß�Ú÷��õ � � ñ�õÂ÷ âþ¥�� ý�¤�¢ üê¢�Ê� ý�ûÂ�çµõ Xij Å� .À��îüõ ýøÂ��,�i Âð� Xij üê¢�Ê� ý�ûÂ�ç µ õ ñ�Öµ¨� ­Âê � � .À � µÆû �2 ñ�ú¹õ Å÷� þ¤�ø9 Levene's test
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35 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£���¤�µØû ¤¢ ß� °Æ� Â� üÚ÷Âê ���ð ´ª�¢Â� ý�ûù¢�¢ :4 ñøÀ�ß�õ¥3 2 1 ñ�¨ ��Àû�Èõ47 51 44 1383 143 47 43 1384 252 53 40 1385 337 38 37 1386 435 36 38 1387 533 34 37 1388 631 33 35 1389 750 49 33 1390 851 42 48 1391 962 67 62 1392 10ß�õ¥ ß�õ�i ¤¢ üÚ÷Âê ���ð ñ�Ê½õ ´ª�¢Â� ß�Ú÷��õ ùÀ�û¢ö�È÷ ,i = 1;2;3ý�Â� .Àª�� ¤�ÂìÂ� �3 > �2 > �1 ýø�Æõ�÷ �î ´¨� ßþ� ÂðÇþ�õ¥� ¤�Ñµ÷� ,Àª��ý�û��®Âê ö�õ¥�H0 : �1 = �1 = �3 Û��Öõ ¤¢ H1 : �1 < �2 < �3¼Î¨ ¤¢ ñ� Þ µ �� ¤�À Ö õ ø ùÀ ª �� ¹ ÷� � ã õ� � � ¨ ý� ûÅ ÷� þ¤�ø ýÂ ��Â � ö� õ¥�ý�ûß�Ú÷��õ Âþ¢�Öõ .´¨� �ûÅ÷�þ¤�ø ýÂ��Â� ùÀ�û¢ö�È÷ � = 0=05 ý¤�¢ü�ãõ.´¨� ùÀª ù¢¤ø� 5 ñøÀ� ¤¢ �÷�Þ÷ Âû ù¥�À÷� ø ý��÷�Þ÷ ý�ûÅ÷�þ¤�ø ,ý��÷�Þ÷ö�õ¥� ù¤�õ� ¤�ÀÖõ ø s2 = 95=184 ¢Àä Ûî ý�� ÷�Þ÷ Å÷� þ¤�ø ¤�ÀÖõ ß��»Þû¢¤ ÂÔ¬ ��®Âê ,´¨� t3;10;0=05 = 0=794 �î �¹ ÷� ¥� .Àª� �üõ t̂ = 0=1375.À�µÆû Â��Â� Ýû �� ����÷ �¨ Âû ¤¢ üÚ÷Âê ���ð ñ�Ê½õ ´ª�¢Â� ö���õ ø ¢�ªüÞ÷ß�Ú÷��õ ý�û¤�¢Â� �êÂÏ ø¢ ùÀª °�Âõ ��®Âê ö�õ¥� 4ýÀ ã � p ü ê¢� Ê � ý� û¤�¢Â � (1983 ,ö�¤� Ø Þ û ø ü �� �� ¨� ¨) : 2 ÓþÂã�.À þÂ �Ú � ÂÑ ÷ ¤¢ �¤ �1; : : : ;�k ,p � p ´±· õ ß � ã õ ý�ûÅþÂ �� õ ø X1; : : : ;Xk
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 36üó��µõ ñ�¨ 10 üÏ ¤¢ üÚ÷Âê ���ð ý�ûù¢�¢ üÔ�¬�� ý�ûù¤�õ� :5 ñøÀ��÷�Þ÷ ù¥�À÷� Å÷�þ¤�ø ß�Ú÷��õ ß�õ¥10 71/122 41/6 110 112/00 45/0 210 100/322 44/1 3� � X1; : : : ;Xk 10ùÂ � ç µ õ p ý�� �Þû ö� �¨Âð¤ �¤ [�̂1; : : : ; �̂k℄ ,p � k ÅþÂ �� õ��÷ �̂1; : : : ; �̂k ý�û¤�¢Â� ø �̂1 � � � � � �̂k Âð� À�þ�ð ��11 ; : : : ;��1k ý�ûö¥øýø�Æ� ¤¢min�1������k kXi=1(Xi � �i)0��1i (Xi � �i) = kXi=1(Xi � �̂i)0��1i (Xi � �̂i)°�Âõ ��®Âê ´½� ß�Ú÷��õ ý�ûÂµõ�¤�� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ý�û¢¤ø�Â� .À�î ëÀ¬Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� �� ,À�µÆû ���Þû ö��¨Âð¤ ý�û¢¤ø�Â� ö�Þû âì�ø ¤¢ �î ùÀªÛ�¨ ø 1988 ,ö�¤�ØÞû ø ö�Æ�Â��¤) À�þ�üõ ´¨¢�� Å÷�¹µõ ý�û¤ø�¹õ ��è¢�ý�Â� üÞµþ¤�Úó� ,(1983) ö�¤�ØÞû ø ü����¨�¨ ß��»Þû .(2005 ,ß¨ ø ñ���ø�¤ Ýµþ¤�Úó� ö� üþ�ÂÚÞû ø ���¤� ùÂ�çµõ À�� ý���Þû ö��¨Âð¤ ý�û¢¤ø�Â� �±¨�½õ.À÷¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ ùÂ�çµõ ø¢ ñ�õÂ÷ �ãõ�� ý�Â�� �®Âê Û �� Ö õ ¤¢ H 000 � �®Âê ö�õ¥� ý�Â � (2013 ,ßþÂÆ � ø ý¤� þ¥� �) : 3 ��ÌìÂ ��Â � ø �� Ü ã õ Å ÷� þ¤�� î Å ÷� þ¤�ø ý� ûÅ þÂ �� õ � � H 001 � êÂ Ï ø¢ ùÀ ª ° �Â õüþ�Þ�µ¨¤¢ ´±Æ÷ ö�õ¥� ü÷�Â½� ����÷ t ´��� ¤�ÀÖõ Âû ý�Â� ,�1 = : : : = �k = �:¥� ´¨� �¤�±ämax(��20k;p; ��200k;p);Û��Öõ ¤¢ H 000 ��®Âê ö�õ¥� ù¤�õ� ��20k;p =Pki=1(�̂i � �X)0��1i (�̂i � �X) ö� ¤¢ �î��200k;p =Pki=1(�̂�i � �X)0��1i (�̂�i � �X) ø H�1 :�1 � � � � � �k ùÀª °�Âõ ��®ÂêH��1 :�1 � � � � � �k ùÀ ª ° �Â õ � � ®Â ê Û �� Ö õ ¤¢ H 000 � � ®Â ê ö� õ¥� ù¤� õ�10 P-variate isotoni
 regression
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37 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£����� Â��Â� �Xi ø �ãõ�� Ûî ß�Ú÷��õ �X = (Pki=1 ni)�1Pki=1 ni �Xi ö� ¤¢ �î ,´¨�t ¤�ÀÖõ ,ùÀª ù¢�¢ � ¤�ÀÖõ Âû ý�Â� ß��»Þû .i = 1; : : : ; k ,�Xi = 1ni Pnij=1Xij.Àª�� PH000 (��20k;p � t) = �2 �î ¢�ªüõ ß��ã� ý¤�Ï×�¨�î �êÂÏ ø¢ ùÀª °�Âõ ��®Âê ö�õ¥� ö��� 1.4Hd :�1 6= �2 �êÂÏø¢ ��®Âê Û��Öõ ¤¢ H
 :�1 = �2 ��®Âê ö�õ¥� ,k = 2 ý�¥���ø �X1 °��Â��� ×�¨�î ©ø¤ �� ÂÔ¬ ��®Âê ´½� �2 ø �1 ý�ûÂµõ�¤�� ¢¤ø�Â� �îüþ�Þ�µ¨¤¢ ´±Æ÷ ö�õ¥� ù¤�õ� ï¤�� Âþ¢�Öõ ,À�µÆû �X2� 2 ln� = n1( �X1 � n1 �X1 + n2 �X2n1 + n2 )0��1( �X1 � n1 �X1 + n2 �X2n1 + n2 )+ n2( �X2 � n1 �X1 + n2 �X2n1 + n2 )0��1( �X2 � n1 �X1 + n2 �X2n1 + n2 )= ( n1n2n1 + n2 )( �X1 � �X2)0��1( �X1 � �X2); (6)ø �X1 üê¢�Ê� ý�ûÂ�çµõ �Ø�þ� � � ���� � � .¢�ªüõ H
 ��®Âê öÀª ¢¤ °��õNp(�2; �n2 ) ø Np(�1; �n1 ) ùÂ � ç µ õ �p ñ� õÂ ÷ ý� ûâ þ¥� � ý�¤�¢ ° � �Â �� � �X2ùÂ�çµõ �p ñ�õÂ÷ âþ¥�� ý�¤�¢ ÂÔ¬ ��®Âê ´½� �X1 � �X2 üê¢�Ê� Â�çµõ,.À�µÆû( n1n2n1+n2 )(�X1 � �X2)0��1(�X1 � �X2) ù¤�õ� �î ßþ�Â���� .´¨� Np(0; ( 1n1 + 1n2 )�)ùÀª ���¤� p = 2;3 ý�Â� ö�õ¥� ü÷�Â½� Âþ¢�Öõ 6 ñøÀ� ¤¢ .´¨� �2p âþ¥�� ý�¤�¢.´¨�ý¤�¢ü�ãõ ÓÜµ¿õ ��Î¨ ¤¢ �2p âþ¥�� ý�Â� ù¤�õ� ü÷�Â½� Âþ¢�Öõ :6 ñøÀ�� p0/05 0/01 0/025 0/05 0/110/6 9/21 7/38 5/99 4/61 212/8 11/3 9/35 7/81 6/25 3ø¢ ñ� õÂ ÷ ý� ûâ þ¥� � ¥� ü þ� �� ¨ ø ü þ� �ø¢ � ÷� Þ ÷ × þ ý�Â � ö� õ¥� ö�� �� ó¤� î ´ ÷� õ ý¥� ¨� � ± ª ¤�Â Ø � ¤� � 1000 §� ¨� Â � ùÂ � ç µ õ � ¨ ø ùÂ � ç µ õ
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 38� µ êÂ ð Â Ñ ÷ ¤¢ � = 0=05;0=025 ý¤�¢ü � ã õ �� Î ¨ .´ ¨� ùÀ ª � ± ¨� ½ õ� î 30Ip � � Â ��Â � Å ÷� þ¤�� î Å ÷� þ¤�ø ý� ûÅ þÂ �� õ À � � î ­Â ê .´ ¨� ùÀ ªÀ � � î ­Â ê ß � � » Þ û .´ ¨� ýÀ ã � p � p ü ÷� Þ û Å þÂ �� õ × þ Ip ö� ¤¢ø �i= (�i; �i + 1) ,� = 3;2; 32 ;1; 12 ; 13 ; : : : ; 110 ; 120 ; : : : ; 170 ;0 Â þ¢� Ö õ ý�Â �.À�ª�� p = 2;3 �� ¯��Âõ °��Â��� ,i = 1;2 ,�i= (�i; �i+ 1; �i+ 2)ùÂ�çµõ ø¢ ñ�õÂ÷ ý�û�ãõ�� ý�Â� �f ø� ¢�ªüõ �Ñ��õ 7 ñøÀ� ¤¢ �î ¤�Ïö�ÞûÂû ¤¢ �f� ÷� � .À��þüõ Çþ��ê� ö�õ¥� ö��� ý¤�¢ü�ãõ ¼Î¨ Çþ��ê� � � ùÂ�çµõ �¨ �þö��� ,ÂÔ¬ ��®Âê �� Û��Öõ ��®Âê üØþ¢�÷ ,� ¤�ÀÖõ Çû�î � � ý¤�¢ü�ãõ ¼Î¨ø¢ Âû ¤¢ ùÂ�çµõ �¨ ø ùÂ�çµõ ø¢ ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ß��»Þû .À��þüõ Çû�î ö�õ¥��êÂÏ ø¢ ��®Âê ö�õ¥� ö��� ¸þ�µ÷ ¥� ö�õ¥� ö��� 0=05 ø 0=025 ý¤�¢ü�ãõ ¼Î¨.´¨� ÂµÞî (2013) ßþÂÆ� ø ý¤�þ¥�� Í¨�� ùÀõ� ´¨¢��âþ¥�� ý�¤�¢ Hd ��®Âê ´½� (6) �Î��¤ ¤¢ ùÀª ù¢�¢ ù¤�õ� �Ø� þ� � � ���� � �n2 = 20 ø n1 = 15 ý�û�÷�Þ÷ ù¥�À÷� �� ù¤�õ� ßþ� ö��� ,´¨� ý�îÂõ Â�è ø¢üî0=1 ø 0=05 ý¤�¢ü�ã õ ��Î¨ ¤¢ ùÂ � ç µ õ �¨ ø ùÂ � ç µ õ ø¢ ñ� õÂ ÷ â õ��� ý�Â ��2 âþ¥�� °Æ� Â� ö��� �±¨�½õ ��±ª ö��� �±¨�½õ ©ø¤ .´¨� ùÀª �±¨�½õßþ� ¤¢ .´¨� � µ êÂð �¤�¬ � ó¤� î ´÷�õ ý¥�¨� � ±ª ¤�ÂØ � ¤� � 1000 §�¨� Â �Å÷�þ¤�ø�î Å÷�þ¤�ø ý�ûÅþÂ��õ ùÂ�çµõ �¨ ø ø¢ ñ�õÂ÷ ý�û�ãõ�� ý�Â� ý¥�¨��±ªß � �»Þû .À ÷�ùÀª � µ êÂ ð ÂÑ ÷ ¤¢ 0�5 2 22 10 �32 �3 5 1A ø �10 00 10�°� �Â �� �ø �i= (�i; �i + 1) ,� = 3;2; 32 ;1; 12 ; 13 ; : : : ; 110 ; 120 ; : : : ; 170 ;0 Â þ¢� Ö õ ý�Â ��� .À�µÆû p = 3 ø p = 2 �� ¯��Âõ °��Â��� ,i = 1;2 ,�i= (�i; �i+ 1; �i+ 2)ý¤�¢ü�ãõ ¼Î¨ Çþ��ê� �� �î ´¨� ¼®�ø �f õ�î ,8 ñøÀ� ¤¢ �¤À�õ ¸þ�µ÷ �� ����.´¨� Çþ��ê� ñ�� ¤¢ ö�õ¥� ö��� ,ùÂ�çµõ �¨ �þ ùÂ�çµõ ø¢ ñ�õÂ÷ âþ¥�� ý�Â�ýÂ�ð�¹�µ÷ ø ¶½� 5t âþ¥�� °Æ� Â� � ¼Î¨ ¤¢ ö�õ¥� ßþÂ�ö���Â� ÀþÀ� üªø¤ �� �Àµ�� ,�ó�Öõ ßþ� ¤¢¤¢ ùÂ�çµõ ×þ ñ�õÂ÷ �ãõ�� k ý�ûß�Ú÷��õ ýø�Æ� ��®Âê ö�õ¥� ý�Â� ùÂ�çµõÀ��
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39 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£�����Î¨ ¤¢ ùÂ�çµõ �¨ ø ùÂ�çµõ ø¢ ñ�õÂ÷ ý�ûâþ¥�� ý�Â� ö�õ¥� ù¤�õ� ö��� :7 ñøÀ�� = 0=05;0=025 ý¤�¢ü�ãõùÂ�çµõ �¨ ùÂ�çµõø¢0=05 0=025 0=05 0=025 �0/673 0/641 0/614 0/525 30/640 0/612 0/534 0/506 20/596 0/533 0/517 0/443 320/528 0/492 0/441 0/418 10/470 0/425 0/412 0/387 120/436 0/413 0/395 0/325 130/418 0/392 0/381 0/317 140/370 0/346 0/325 0/258 150/334 0/311 0/306 0/219 180/307 0/283 0/272 0/211 1100/280 0/226 0/228 0/203 1200/249 0/201 0/204 0/160 1300/227 0/166 0/185 0/142 1400/148 0/138 0/139 0/122 1500/094 0/105 0/110 0/083 1600/072 0/072 0/084 0/057 1700/048 0/034 0/035 0/027 0Â��Â� ø ñ�ú¹õ �ûÅ÷�þ¤�ø �îüµìø �êÂÏ ×þ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê Û��ÖõÂÔ¬ ��®Âê ´½� ö�õ¥� ù¤�õ� âþ¥�� ß��ã� �Ø�þ� �� ���� �� .Àõ� ´¨¢�� ,À�ª��ü÷�Â½� Âþ¢�Öõ Å³¨ ø �±¨�½õ ö�õ¥� ö��� â��� ,¢�±÷ ù¢�¨ �ãõ�� ø¢ ¥� Ç�� ý�Â���Î¨ ¤¢ Â ��Â � ý�û� ÷�Þ ÷ ù¥�À ÷� � � ñ� õÂ ÷ �ãõ�� ¤�ú� ø �¨ ý�Â � ö�õ¥� ù¤� õ�ö�õ¥� ¥� �ú�� �÷ �ó�Öõ ßþ� ¤¢ ùÀª ¢�ú�È�� ö�õ¥� .Àª �±¨�½õ ÓÜµ¿õ ý¤�¢ü�ãõ�� âÏ�ì ���� ×þ �ØÜ� ,´¨� Â�ö���Â� (1959a) �õ�ó��¤� � Í¨�� ùÀª �ÂÎõ×þ ´ó�� ¤¢ � ¼Î¨ ¤¢ ö�õ¥� ßþÂ�ö���Â� ßµê�þ ý�Â� (2007) ü����¨�¨Ç¨Â�ý�ûö�õ¥� ¥� Â®�� �ó�Öõ ¤¢ ùÀª �À�� ö�õ¥� ÂÚþ¢ ü�¤�±ä �� .Àû¢üõ ùÂ�çµõ ���¤�.´¨� Â �ö�� �Â � � � ÷ ùÂ � ç µ õ ×þ ´ó�� ¤¢ (2007) ü�� ��¨�¨ Í¨�� ùÀª � ��¤�ø¢ ý�Â � (2013) ßþÂÆ� ø ý¤�þ¥� � �êÂÏ ø¢ ùÀª °�Âõ ��®Âê ö�õ¥� ß��»Þû
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ñ�õÂ÷ ý�ûâþ¥�� ¤¢ ùÀª °�Âõ ý�ûß�Ú÷��õ ��®Âê ö�õ¥� ¥� üþ�ûÂÑ�õ : : : : : : : : : : : : : : 40ý¤�¢ü�ãõ ��Î¨ ¤¢ ý�îÂõ Â�è ø¢üî âþ¥�� °Æ� Â� ö�õ¥� ù¤�õ� ö��� :8 ñøÀ�� = 0=1;0=05ùÂ�çµõ �¨ ùÂ�çµõø¢0=1 0=05 0=1 0=05 �0/723 0/716 0/701 0/693 30/711 0/682 0/684 0/677 20/692 0/670 0/627 0/619 320/671 0/653 0/573 0/524 10/644 0/596 0/546 0/480 120/621 0/563 0/533 0/441 130/509 0/482 0/486 0/447 140/477 0/422 0/475 0/400 150/439 0/383 0/468 0/362 180/416 0/351 0/443 0/325 1100/381 0/316 0/386 0/291 1200/362 0/274 0/360 0/260 1300/357 0/249 0/326 0/227 1400/325 0/238 0/270 0/174 1500/269 0/171 0/235 0/129 1600/220 0/125 0/187 0/081 1700/164 0/073 0/141 0/046 0
ø ø¢ ñ�õÂ÷ ý�û�ãõ�� ý�Â� ö�õ¥� ö��� .Àª �µêÂð ÂÑ÷ ¤¢ ùÂ�çµõ�p ñ�õÂ÷ �ãõ��ö�È÷ ø �±¨�½õ ×�¨�î ´ó�� ý�Â� �ó¤�î ´÷�õ ý¥�¨��±ª ©ø¤ �� ùÂ�çµõ �¨¥� ù¢�Ôµ¨� �� (2013) ßþÂÆ� ø ý¤�þ¥�� Í¨�� ùÀª �±¨�½õ ö�õ¥� ö��� �î Àª ù¢�¢×�¨�î ´ó�� ¤¢ ö�õ¥� ö��� ¥� ÂµÈ�� ,Å÷�¹µõ ý�û¤ø�¹õ ��è¢� Ýµþ¤�Úó� ©ø¤ö�¤�ØÞû ø ü����¨�¨ �î ´¨� ý��¹�µ ÷ ö�Þû ���Èõ âì�ø ¤¢ �¹�µ ÷ ßþ� .´¨��êÂÏ×þ ��®Âê Û��Öõ ¤¢ ß�Ú÷��õ ý�û¤�¢Â� ýø�Æ� ��®Âê ö�õ¥� ý�Â� (1998)�Æþ�Öõ ¤¢ ùÂ�çµõø¢ ´ó�� ¤¢ �ó¤�î ´÷�õ ý¥�¨��±ª ©ø¤ �� ß�Ú÷��õ ý�û¤�¢Â�.À÷¢¤ø� ´¨¢�� �2 ×�¨�î ö�õ¥� �� (1983) ö�¤�ØÞû ø ü����¨�¨ ö�õ¥�
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41 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ý¤�þ¥�� ¤£���ÂØÈ� ø ÂþÀÖ�ÂÏ�¡� � �Â µ½ õ ö�¤ø�¢ ø ý¤� õ� �� Ü ä � Ü¹ õ �Â µ½ õ Â � �¢ Â¨ ¥� � ó� Ö õ ùÀ �Æ þ� ÷öÀª Âµú� �� Âû ý�µ¨�¤ ¤¢ ü¨�¨� ��Â��ç� °��õ �î �ú÷� À�Þª¥¤� ��¢�ú�È��öø¤¥�î ö�µ¨Âúª ý¥¤ø�Èî ¢�ú� ù¤�¢� ¥� ß��»Þû .¢¤�¢ �¤ ÂØÈ� ´þ�ú÷ ,Àª �ó�Öõ.¢�ªüõ ü÷�¢¤Àì ø ÂØÈ� �ó�Öõ ¤¢ ùÀª ù¢�Ôµ¨� ý�ûù¢�¢ ßµª�Áð ¤��µ¡� ¤¢ Û�ó¢��â��Âõýø� Æ � ­Â ê ö� õ¥� ,(1390) .� .á ,ü ¿ ¨�¤ ø .¤ ,¥�¢Â �ü � � � ,.� ,ý¤� þ¥� ��Ü¹õ ,ùÂ�çµõ À�� ñ�õÂ÷ âþ¥�� ¤¢ ùÀª °�Âõ ­Âê Û��Öõ ¤¢ �ûß�Ú÷��õ.99-119 ,1 ,ü®�þ¤ �µêÂÈ�� ý¥�¨ñÀõAnderson, T. W. (1984), An Introdu
tion to Multivariate Statisti
al Anal-ysis, 2nd Ed., New York, John Wiley.Bartholomew, D. J. (1959a), A Test of Homogeneity for Ordered Alterna-tives, Biometrika, 46, 36-48.Bartholomew, D. J. (1959b), A Test of Homogeneity for Ordered Alterna-tives II, Biometrika, 6, 328-335.Barlow, R. E., Bartholomew, D. J., Bremner, J. M. and Brunk, H. D.(1972), Statisti
al Inferen
e under Order Restri
tions: The Theoryand Appli
ations of Isotoni
 Regression, John Wiley, New York.Bazyari, A. (2012), On the Computation of Some Properties of TestingHomogeneity of Multivariate Normal Mean Ve
tors against an OrderRestri
tion, METRON, 1, 71-88.
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tionof Several Multiavarite Normal Mean Ve
tors against all Alternatieswhen the Covarian
e Matri
es are Unknown but Common, Journal ofStatisti
al Theory and Appli
ations, 11, 23-45.Bazyari, A. and Chinipardaz, R. (2013), Upper Bound for p-Value of theTest of Multivariate Normal Ordered Mean Ve
tors against all Al-ternatives, Communi
ations in Statisti
s, Theory and Methods, 42,1748-1758.Bazyari, A. and Pesarin, F. (2013), Parametri
 and Permutation Testingfor Multivariate Monotoni
 Alternatives, Statisti
s and Computing,23, 639-652.Johnson, R. A. andWi
hern, D. W. (2007), Applied Multivariate Statisti
alAnalysis, 6th Ed., Pearson, New Jersey.Kudo, A. (1963), A Multivariate Analogue of the One-Sided Test, Biometrika,50, 403-418.Kulatunga, D. D. S., and Sasabu
hi, S. (1984), A Test of Homogeneity ofMean Ve
tors against Multivariate Isotoni
 Alternatives. Memoirs ofthe Fa
ulty of S
ien
e, Kyushu University. Series A. Mathemati
s,38, 151-161.Kulatunga, D. D. S., Inutsika, M. and Sasabu
hi, S. (1990), A SimulationStudy of Some Test Pro
edures, for Testing Homogeneity of Mean Ve
-tors against Multivariate Isotoni
 Alternatives. Te
hni
al Report, No.273, Kyushu University.Lehmann, E. L. and Romano, J. P. (2005), Testing Statisti
al Hypotheses,3rd Ed., Springer, New York.
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hi, K. and Shi, N. Z. (1988), A Test of a Multiple Isotoni
 Re-gression Problem, Biometrika, 75, 181-184.Perlman, M. D. (1969), One-Sided Testing Problems in Multivariate Anal-ysis, The Annals of Mathemati
al Statisti
s, 40, 549-567.Pesarin, F. and Salmaso, L. (2010), Permutation Tests for Camplex Data:Theory, Appli
ations and Software, John Wiley, Chi
hester.Robertson, T. and Wegman, E. T. (1978), Likelihood Ratio Tests for OrderRestri
tions in Exponential Families, The Annals of Statisti
s. 6, 485-505.Robertson, T., Wright, F. T. and Dykstra, R. L. (1988), Order Restri
tedStatisti
al Inferen
e, John Wiley, New York.Sampson, A. R., Singh, H. and Whitaker, L. R. (2003), Order Restri
tedEstimators: Some Bias Results. Statisti
s and Probability Letters, 61,299-308.Sasabu
hi, S. (2007), More Powerfull Tests for Homogeneity of MultivariateNormal Mean Ve
tors under an Order Restri
tion, Sankhya, 69, 700-716.Sasabu
hi, S., Inutsuka, M. and Kulatunga, D. D. S. (1983), A MultivariateVersion of Isotoni
 Regression, Biometrika, 70, 465-472.Sasabu
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