
47 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ý¤�Ì� ý�±��Êõ ýù��ª �� �ûýÂ�ð¤�õ� ¤¢ üµ¨¤¢ ö���õ ß��ã� ¤¢ Õê��� ý�û¤��ãõ ýÂ�ð¤�î���ûýÂ�ð¤�õ� ¤¢ üµ¨¤¢ ö���õ ß��ã� ¤¢ Õê��� ý�û¤��ãõ ýÂ�ð¤�î��ý¤�Ì� ý�±��Êõ ýù��ª ��1ýÀÞa½õüÜä ×�ªø¤ùÀ�Ø�.¢ø ¤üõ ¤�î� � �ûù¢�¢ ¥� �ä�Þ¹õ À�� � þ ø¢ ü÷��¡Ýû ¤�ÀÖõ ü¨¤Â � ¤�Ñ�õ� � ,Õê�� � ö�� �õ ¢¤ø�Â � ý�Â � ý¤��ãõ ß��ã �¢ÂîÛÞä ü¨¤Â� ¤¢ �ÜÞ� ¥� �û���õ¥ ¥� ý¤��Æ� ¤¢ (¤ÂØõ ý)�ûýÂ�ðù¥�À÷� ¥� �ä�Þ¹õ À�� �þ ø¢ ß�� Õê��� ö���õ ý�±¨�½õÕê��� ý�û¤��ãõ ü¨¤Â� �� �ó�Öõ ßþ� ¤¢ .¢¤�¢ ¢Â�¤�î ý¤�õ� À�þ�Âê ñÂµ�î ø ©¥�Â� üþ�Ø�÷ ,(¤���� �þ) Çþ�õ¥� ¤�±µä� ,üû�ðÇþ�õ¥�ý�ûù¢�¢ üµ¨¤¢ ö���õ ß��ã� ¤¢ �ûö� ýÂ�ð¤�î�� ýù�½÷ ß���Ýû ø ¢�ªüõ �µ¡�¢Â� ý¤�Ì� ý�±��Êõ ýù��ª �� �ûýÂ�ð¤�õ� ¤¢Âê ß���Ýû ø �ûù¢�¢ ö¢�� �µ¨��� ´ó�� ¤¢ �ûü¨¤Â� ßþ� �î ´¨� Âî£�� �¥� .¢�ªüõ �þ�¤� ý¤�Ì� ý�ûýÂ�ð¤�õ� ¥� Û¬��¤¢ ÂÑ÷ ¢¤�õ Âµõ�¤�� üãì�ø Âþ¢�Öõ �� ýÂ�ð¤�õ� ¥� Û¬�� ý�û¢¤ø�Â� ß�� Õê��� ß��ã� ¤¢ .¢�ªüõ ��¹÷� üãì�ø Âþ¢�Öõ ö¢�� ´���Â� ø ùÀª Õ�Ö½� ýÂ�ðù¥�À÷� ý�Î¡ ñÀõ §�¨� Â� ýÂ�ðù¥�À÷� ý�Î¡ �� Õê��� ��úÔõ ß�� ý�Î��¤ ¤�Ñ�õ ßþÀ� .¢Âî ù¢�Ôµ¨� �ãõ��°þÂ® ,��ê�Â½÷� �ø¢ ý�ûö��� ß�Ú÷��õ �ÜÞ� ¥� �ûýÂ�ð¤�õ� ¤¢ Õê��� ý�Â� ¤��ãõ À�� ,ÂÑ÷ ¢¤�õ ýÂ�ð�÷�Þ÷ �ÂÏ ø ñÀõ §�¨�.¢Âî ù¢�Ôµ¨� �ûù¢�¢ üµ¨¤¢ ö���õ ß��ã� ¤¢ ö���üõ ùÀª �þ�¤� ý�û¤��ãõ ¥� .¢�ªüõ �þ�¤� Çª�� ñ�Þµ�� ø üÖ�±Î� üÚµÆ±Þû.ýÂ�ð�÷�Þ÷Â�è ý�Î¡ ,ýÂ�ð¤�õ� Ûî ý�Î¡ ,üÖ�±Î� üÚµÆ±Þû °þÂ® ,ýÂ�ðù¥�À÷� ý�Î¡ ñÀõ ,üµ¨¤¢ ,Õê��� :ýÀ�Üî ý�ûù��ø62D05, 62G99 :(MSC2000) üä�®�õ ýÀ��ù¢¤ý�Î¡ ei ø üãì�ø ¤�ÀÖõ �i ,ùÀªùÀû�Èõ ¤�ÀÖõ yi ö� ¤¢ �î.℄6[ ´¨� ��i À��ø ýÂ�ðù¥�À÷�¤¢ ýÂ � ðù¥�À ÷� ý� Î ¡ ý�Â � �¤ ü óÀ õ (2003) ö� ú þ��þ�¤� ¢À¹õ ý�±��Êõ ø �±��Êõ ý�Ü�Âõ ø¢ �� ý�ûýÂ�ð¤�õ�.℄3[ ¢Âî�¤ ýÂ�ðù¥�À÷� ý�Î¡ ñÀõ (1387) ¤�����÷ ø ýÀÞ½õüÜäÀ÷¢Âî ¢�ú�È�� Âþ¥ �¤�¬��yijkls = �ijkls +Ai +Bij + Cijk +Dijkl +Rijkls (1)ýùÀª ùÀû�Èõ ¤�ÀÖ õ yijkls ,üã ì�ø ¤�ÀÖ õ �ijkls ö� ¤¢ �î��j ñø�Æõ §� �ª¤� î � � ¯� �Â õ ��i ö� µ¨� ¤¢) À��ø ß � õ�s,��i ö� µ¨� Â �� Ai ,(��l ÂðÇ¨Â� ø ��k (¤�ÁðÀî ø) ß� �¥� � ø

�û¥��÷Ç�� ø �õÀÖõ 1¥� ö� ¢Àãµõ ý�û¢Â�¤�î Û�ó¢�� ýÂ�ðù¥�À÷� ý�Î¡ ý¥�¨ñÀõý�Î¡ ñÀõ ý�û¢Â�¤�î ¥� üØþ .´¨� ¤�¢¤�¡Â� ý�ùÄþø ´�Þû��ûýÂ�ð¤�õ� ¥� Û¬�� ¸þ�µ÷ ´ì¢ ö���õ ß��ã� ¤¢ ýÂ�ðù¥�À÷�Å÷�þ¤�ø ,´¨� ù¢Âî ü¨¤Â� (1962) Ç�î �î üóÀõ ¤¢ .´¨�Â ðÇ¨Â � Å÷� þ¤�ø ý�Ô ó� õ ø¢ á�Þ¹õ �¤�¬� � (s2) Ûîü � ã þ ,ùÀ ª ö� � � (s2b ) Â ðÇ¨Â � Â �� öøÀ � Å ÷� þ¤�ø ø (s2a)ñÀõ ×þ (1997) ßþøÂ� ø Âõü� .℄8[ ´¨� s2 = s2a + s2b�µ¨��� ý�ûù¢�¢ �� ¯�±�¤� ¤¢ �¤ ýÂ�ðù¥�À÷� ý�Î¡ ý�Â� üÜî´¨� Âþ¥ �¤�¬�� ñÀõ ßþ� �î À÷¢Âî ¢�ú�È��yi = �i + eir � alimohammadi�alzahra:a:ir ,(§) �Âû�ó� ù�ÚÈ÷�¢ ,�þ�� ��Üä ùÀØÈ÷�¢ ,ü®�þ¤ ùøÂð1



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 48ö�� � õ ý� ± ¨� ½ õ ø ü µ ¨¤¢ ¢¤ø�Â � 2�ûýÂ�ð¤�õ� ¥� Û¬�� ¸þ�µ÷ Õê����û�Î¡ üÜî ¤�Ï�� �ûýÂ�ð¤�õ� ¥� Û¬�� ý�ûù¢�¢ ü¨¤Â� ¤¢ø ýÂ�ð�÷�Þ÷ ý�Î¡ Ûõ�ª �î À÷�ªüõ Ý�ÆÖ� üÜ¬� á�÷ ø¢ ��ý�Î¡ �� ÅØä ý�Î��¤ üµ¨¤¢ .´¨� ýÂ�ð�÷�Þ÷Â�è ý�Î¡´¨� �¥� üµ¨¤¢ ö���õ ß��ã� ý�Â� �Áó .¢¤�¢ ýÂ�ð¤�õ� Ûî.À÷Â�ð ¤�Âì ü¨¤Â� ¢¤�õ ýÂ�ð�÷�Þ÷Â�è ø ýÂ�ð�÷�Þ÷ ý�û�Î¡ý�ûýÂ�ð¤�õ� ¤¢ ýÂ�ð�÷�Þ÷ ý�Î¡ ü¨¤Â� �� (2007) Âµóøù¤�õ� Âû Å÷�þ¤�ø �î À�îüõ ö�� � ø� .´¨� �µ¡�¢Â� ùÀ�»���î ¤�Ê� ßþ� ø ´¨� ýÂ�ð� ÷�Þ ÷ �ÂÏ ø ù¤�õ� �Âê ¥� üã�� �¥� ù¢� Ô µ ¨� � � ,Â ð¢¤ø�Â � � þ ýÂ � ð� ÷� Þ ÷ �ÂÏ � � ��� � öøÀ �,¢�Þ ÷ ¢¤ø�Â � �¤ Å÷� þ¤�ø ö�� �üõ ù¢�¨ üê¢�Ê� ýÂ�ð� ÷�Þ ÷,ùÀ � » � � ý� ûýÂ � ð¤� õ� ¥� ¤� Ñ � õ .´¨� ù� ± µ ª� ý¤�Ê �üÎ¡Â�è ý�ûÂð¢¤ø�Â � � þ ø ù¢�¨Â�è ýÂ�ð� ÷�Þ ÷ ý�û�ÂÏ.´¨��Â Ï ýÂ � ð� ÷� Þ ÷ ý� Î ¡ ý� ± ¨� ½ õ ¤¢ � î ´ ¨� ü ú þÀ �¤�� ê��Â ÷ .¢Â � ð ¤�Â ì ��� � ¢¤� õ À þ� � Â ð¢¤ø�Â � ø ýÂ � ð� ÷�Þ ÷ý�ûýÂ�ð¤�õ� ¤¢ ýÂ�ð�÷�Þ÷ ý�Î¡ ¢¤ø�Â� ¤�Ñ�õ�� ö�¢�¨.℄10[ ´¨� ùÀª ü��ÂÏ ùÀ�»���î üþ�ûüµ¨�î ø �ûù�±µª� ¥� ´¨� �¤�±ä ýÂ�ð�÷�Þ÷Â�è ý�Î¡ÂÚþ¢ �¤�±ä�� .Àû¢üõ ýø¤ ýÂ�ð¤�õ� ¢Â�Ç�� ø �Â�� üÏ ¤¢¤¢ ýÂ�ð¤�õ� ×þ ¤¢ �î üþ�Î¡ Âû �� ýÂ�ð�÷�Þ÷Â�è ý�Î¡¤�ÀÖõ ýÂ�ðù¥�À÷� ¥� â÷�õ ø ù¢Âî ¥øÂ� ��Ô¬ ýÂ�ðù¥�À÷� À�þ�Âê.¢�ªüõ �µÔð ¢�ª ��Ô¬ üãì�ø,Çª�� ý�Î¡ ,ü¿¨��ü� ý�Î¡ Ûõ�ª ýÂ�ð�÷�Þ÷Â�è ý�Î¡ü¡Â� ¤¢ .´¨� �ûù¢�¢ ©¥�¢Â� ý�Î¡ ø ýÂ�ðù¥�À÷� ý�Î¡ïÂ±þ� ø Âõü� ø (1995) �ÆØê ø Âõü� �ÜÞ� ¥� ö�Úµª�÷,ýÂ�ð�÷�Þ÷Â�è ý�Î¡ ý�Â� ë�ê ý�ûÛõ�ä Â� ùø�ä (2003)

ß� �¥� � Â �� Cijk ,��i ö� µ¨� ¤¢ ��j ñø�Æõ §� �ª¤� î Â �� Bijß�õ� s Â �� Rijkls ø ��l Â ðÇ¨Â � Â �� Dijkl ,��k (¤�ÁðÀî ø).´¨� �ð¾¨��Å þÀ ÷� ,� ûö� µ ¨� ý�Â � i = 1; :::; I(= 30) Å þÀ ÷�Å þÀ ÷� ,ñø� Æ õ §� � ª¤� î � � ¯� �Â õ j = 1; :::; JiÅ þÀ ÷� ,(¤�Á ðÀ î ø) ß � �¥� � � � ¯� �Â õ k = 1; :::;Kijs = 1;2; :::; Sijkl ÅþÀ÷� ø ÂðÇ¨Â� ý�Â � l = 1; :::; Lijk.´¨� �ð¾¨�� �� ¯��Âõ§��ª¤�î Â�� ,ñÀõ ¤¢ Ûõ��ä Âþ�¨ ý�Â� ö�µ¨� Â�� ,ñÀõ ßþ� ¤¢ý�Â � ß � �¥� � Â �� ,(� û¤�Á ðÀ î ø) � ûß � �¥� � ý�Â � ñø� Æ õ¤¢ ü÷��ª� �¤�¬�� �û�ð¾¨�� ý�Â� ÂðÇ¨Â� Â�� ø �ûÂðÇ¨Â�ß��¥�� ø ñø�Æõ §��ª¤�î ,ö�µ¨� ý�ûÂ�� .´¨� ùÀª �µêÂð ÂÑ÷�Áó ,À�µÆû üê¢�Ê� ý�ûÂ�� �ð¾¨�� ø ÂðÇ¨Â� ø ´��� üþ�ûÂ��.℄2[ ´¨� ü÷��ª� ý�µ¿�õ� Å÷�þ¤�ø Û�Ü½� ñÀõ Û¬�� ñÀõ©ø¤� � (1) ñÀõ ý�ûÂ �� ý�Â � üþ�ûÂð¢¤ø�Â � ℄1[ â�Âõ ¤¢.´¨� ùÀª �þ�¤� À�Öõ üþ�Þ�µ¨¤¢ ÝÞ�Æî�õü��ÂÏ �µ¨��� ý�ûù¢�¢ ¤¢ ýÂ�ðù¥�À÷� ý�Î¡ ý�Â� (1) ñÀõß��ã� ý�Â� ¤��ãõ À�� ý�þ�¤� ßÞ® �ó�Öõ ßþ� ¤¢ .´¨� ùÀª�� ,(1) ñÀõ §�¨� Â� �ûýÂ�ð¤�õ� ¥� Û¬�� ¸þ�µ÷ Õê��� ö���õø üµ¨¤¢ ß��ã� ý�Â� ��úÔõ ßþ� ýÂ�ð¤�î�� ýù�½÷ ü¨¤Â�´¨� Âî£�� �¥� .Ýþ¥�¢Â�üõ �ûýÂ�ð¤�õ� ¥� Û¬�� ¸þ�µ÷ ´ì¢üãì�ø Âþ¢�Öõ ö¢�� ´��� ´ó�� ¤¢ Õê��� ý�û¤��ãõ ý�þ�¤� �îùÀª �þ�¤� ý�û¤� �ãõ ýÂ�ð¤�î� � � � .¢�ªüõ �ã ó�Îõ �µ¨�� ��¤ üãì�ø Âþ¢�Öõ ø ùÀª ùÀû�Èõ Âþ¢�Öõ ß�� Õê��� ö���õ ö���üõ¢¤�õ ýÂ�ðù¥�À÷� ý�Î¡ ñÀõ ¥� ¤�Ñ�õ ßþ� ý�Â� .¢Âî ß��ã�ßþ� ¤¢ ùÀª �þ�¤� ¸þ�µ÷ �Áó .´¨� ùÀª ù¢�Ôµ¨� ((1) ñÀõ) ÂÑ÷¤�î�� �ûýÂ�ð¤�õ� ¤¢ Õê��� ö���õ ß��ã� ¤¢ ö���üõ �¤ �ó�Öõ.´êÂð



49 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ý¤�Ì� ý�±��Êõ ýù��ª �� �ûýÂ�ð¤�õ� ¤¢ üµ¨¤¢ ö���õ ß��ã� ¤¢ Õê��� ý�û¤��ãõ ýÂ�ð¤�î��ý�ûÀ��ø � � ýÂ � ð¤� õ� ���¤�� ý�ûÀ��ø ý� Ü �� Ö õ ÂÚ þ¢.´¨� ÂÚþ¢ üµ¨ÂúêýÂ�ðù¥�À÷� ý�Î¡¾¨�� ¤�ÀÖõ ß�� �ø�Ô� ö���ä�� ö���üõ �¤ ýÂ�ðù¥�À÷� ý�Î¡ö��� (��Üãõ�÷) üãì�ø ¤�ÀÖõ ø (ùÀª ùÀû�Èõ ¤�ÀÖõ) �ð¾¨��ö�Þû �fÖ�ì¢ ¢�ªüõ ùÀû�Èõ �f Þä ��ö� âì��õ °Üè� ¤¢ .¢�Þ÷�Î¡ ßþ� ýÂ�ðù¥�À÷� ¤¢ �Î¡ Û�ó¢ �� ø ´Æ�÷ üãì�ø ¤�ÀÖõ¤�ÀÖõ y ,y = �+ e ý�Î��¤ ¤¢ ÂÚþ¢ �¤�±ä�� .Àþ�üõ Ç��ý�Î¡ e ø üãì�ø ¤�ÀÖõ � ,ÂÑ÷ ¢¤�õ ´Ô¬ ýùÀªùÀû�ÈõÂê � � �Î¡ á�÷ ßþ� �î ¢Âî ���� Àþ� � .´¨� ýÂ�ðù¥�À ÷�¤¢ ÂÑ÷ ¢¤�õ ´Ô¬ ùÀª ùÀû�Èõ ¤�ÀÖõ ø üãì�ø ¤�ÀÖõ �îßþ�.¢�ªüõ ÓþÂã� ´¨� §Âµ¨¢�ûù¢�¢ ©¥�¢Â� ý�Î¡¤¢ ø ýÂ�ð¤�õ� ý�Â�� ý�Ü�Âõ ¥� Å� �ûù¢�¢ ©¥�¢Â� ý�Î¡ ¤ À÷�� �üõ üþ�ú ÷ ý�ûñøÀ� ¤�Èµ ÷� � � ,ù¢�¢ ÛþÀ± � Û��Âõßþ� °¨��õ ©¤��ð ø ý¥�¨À�µÆõ �� üÜ þ�Þ � �f �Þãõ .Àû¢ý�û�Ôó�õ .¢�ªüõ �µ¡�¢Â� ö� �� ÂµÞî ø ¢¤�À÷ ¢��ø �Ü�Âõ,ý¤�Á ðÀ î ý�Î¡ ,��ä�Ï� ¢ø¤ø ý�Î¡ Ûõ� ª �Î¡ ß þ�ý�Î¡ ñ�Þª ´Üä .´¨� üú÷�� ý�Î¡ ø Çþ�Âþø ý�Î¡¢¤�� õ � ûö� õ¥�¨ Â · î� � î ´¨� ß þ� �ä�Þ¹õ ßþ� ¤¢ üú ÷��,üþ�û���÷�Øõ �� ø À÷ÂþÁ�üõ Çþ�Âþø ¤¢ �¤ ��Ô¬ ü¿¨��ü�.À��îüõ ßþ�ðý�� ø ß��ã� �ûö� ý�Â� �¤ ýÂþ¢�Öõý¥�¨É¿Èõ ý�Î¡ý��ãõ � � �Î¡ ßþ� (ü¹�¨¢�Êµì� �f · õ) �û� µª¤ ü¡Â � ¤¢¢¤�ø �þ ø ü÷��¨Âð¤ ñÀõ À�÷�õ üóÀõ ¤¢ ù�±µª� ý�ûÂ�çµõ ¢��ø¤¢ ý¥�¨É¿Èõ ý�Î¡ .´¨� ñÀõ �� Ýúõ ý�ûÂ�çµõ ö¢ÂØ÷�õ�÷Ç¨Â� ý�ûñ��¨ �� ø ¢¤�À÷ ñÀõ �� üÏ�±�¤� �ûýÂ�ð¤�õ�ñ�� ¨ �� ú Ô õ � î À þ�ü õ Ç� � ü ÷� õ¥ � Î¡ ß þ� .¢¢Â ðü õÂ �¤¢ .À�ª�� �ø�Ôµõ ,¢�ª ýÂ�ðù¥�À÷� Àþ�� �î ��ö� ø ýÂ�ð¤�õ�

ü��½�®�� �õ�¢� ¤¢ .´¨� ùÀª Âî£ ��÷ ý¥�¨É¿Èõ ý�Î¡.℄5[ ø ℄4[ Àª Àû��¡ �þ�¤� �û�Î¡ ßþ� ¥� ×þ Âû ýù¤��¤¢ü¿¨��ü� ý�Î¡ý� û� Î ¡ ¥� ý�ùÀ ª� µ ¡� � ª Ç ¿ � ü ¿ ¨� �ü � ý� Î ¡¤¢ � î ´¨� ý¢¤�� õ ýùÀ � û¢ö� È ÷ ø ´¨� ýÂ � ð� ÷� Þ ÷Â � èùÀÈ÷ ´ê�þ¤¢ �ûÀ��ø ü¡Â� ¥� ÂÑ÷ ¢¤�õ á�Ï� ,�ûýÂ�ð¤�õ�À÷���üõ ñø� á�÷ .´¨� üÜ¬� á�÷ ø¢ ý�¤�¢ ü¿¨��ü� .´¨��µÔð À��ø ü¿¨��ü� ö� �� �î Àª�� �õ�÷Ç¨Â� Ûî �� ¯��Âõ¥� ü¡Â� �î Àû¢üõ ýø¤ üµìø ü¿¨��ü� �ø¢ á�÷ .¢�ªüõÇ¨Â� ü¿¨��ü� ø À�÷�Þ� ¾¨�� öøÀ� �õ�÷Ç¨Â� ý�ûñ��¨ö�Øõ� �Àä �f ·õ ,ÓÜµ¿õ ÛÜä �� �Î¡ ßþ� .¢�ªüõ ùÀ�õ� ÷¤¢ ýÂ�ð�÷�Þ÷ À��ø ö¢�±÷ Â®�� ,ý¤�õ� ý�ûÀ��ø �� �ã��Âõ�ûñ��¨ ü¡Â� �� �fÀÞä ,ö¢�¢ ¾¨�� ¤¢ ü÷����÷ ,�ã��Âõ ��Ú�ûö¢�À ÷ �¢� ä ,���� ¨ ü¡Â � � � ö¢ÂØ ÷ ��� � ,ö¢�À ÷ ¾¨� �¢�¹þ� ¶ä�� �ûü¿¨��ü� .Àû¢  ¤ À÷���üõ ùÂ�è ø �õ�÷Ç¨Â�.¢�ªüõ �ûýÂ�ð¤�õ� ¥� Û¬�� ý�ûù¢�¢ ¤¢ ùÀªÝð ý�ûù¢�¢ù¢�Ô µ¨� ü¿¨� �ü�  Â÷ ßµª�¢�Ú÷ ß� þ� � ý�Â � ©ø¤ À�� ¥�ýÂ�ðü� ø ýÀã� ý�ã��Âõ �û©ø¤ ßþ� ý�ÜÞ� ¥� .¢�ªüõ.´¨�Çª�� ý�Î¡¤¢ �ãõ�� ý�ûÀ��ø ¥� ü¡Â� ö�ÀÖê �� ¯��Âõ Çª�� ý�Î¡ý¤�ÂØ� ¢��ø ¥� üª�÷ �þ ø (üÈª��Ýî) ýÂ�ð�÷�Þ÷ ���¤��ý�ãõ�� ¥� �¤�¡ üþ�ûÀ��ø �þ ���¤�� ¤¢ �ãõ�� ý�ûÀ��ø�Î¡ ßþ� ¥øÂ� Û½õ .´¨� (üÈª�� Ç��) ���¤�� ¤¢ éÀû���¤�� ´�Ô�î ´¨� �¥� ßþ�Â���� ,´¨� ýÂ�ð�÷�Þ÷ ���¤��.¢�ª É¿Èõ éÀû ý�ãõ�� Çª�� ý�Â� ö� ö¢�� Ûõ�î øü��ä�Ï� Â� üØµõ �fõ�Þä Çª�� ý�Î¡ ýÂ�ðù¥�À÷� ý�û©ø¤ý�û¢¤ø�Â � ý�Æþ�Öõ ,©ø¤ ×þ .´¨� ýÂ�ð¤�õ� ¥� �¤�¡©ø¤ ø ¢�Þµä� Û��ì ÛÖµÆõ ý�ûâ±�õ �� ýÂ�ð¤�õ� ¥� Û¬��



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 50ýÂ�ðù¥�À÷� Å÷�þ¤�ø �� ¯��Âõ �ø¢ ý�ÜÞ� ø ýÂ�ðù¥�À÷� ü±þ¤�.´¨�ø¢ �� ¢Âê ×þ ýÂ�ðù¥�À÷� ¤�ÂØ� ¥� Û¬�� Âþ¢�Öõ Y ø X Âð�¸þ� µ ÷ ß� � ü÷��¡Ýû ö�� � õ (2) �Î��¤ ,Àª� � ÓÜµ¿õ ©ø¤.Àû¢üõ ö�È÷ �¤ ýÂ�ðù¥�À÷� ýù��ª ø¢ ¥� Û¬��öÀ�ê¢�Ê� ý�Ü�Âõ ø¢ ý�Â� ¤ ÂØõ ü®�þ¤ À�õ� ý�Î��¤ Â� ����ÂÏ ø ((1) ñÀõ) ýÂ � ðù¥�À ÷� ý�Î¡ ñÀõ ��¿ µ ÷� ü � ã þÂ þ¥ �¤�¬� � ö�� �üõ �¤ (2) �Î ��¤ ,ÂÑ ÷ ¢¤� õ ýÂ � ð� ÷� Þ ÷´ª�÷MSD = E(X � Y )2 = ES(EM (X � Y )2) (3),S ÅþÀ ÷� ø ýÂ � ðù¥�À ÷� ý�Î¡ ñÀõ ,M ÅþÀ ÷� ö� ¤¢ � î¤¢ �Î��¤ ßþ� ¥� �õ�¢� ¤¢ .Àû¢üõ ö�È÷ �¤ ýÂ�ð� ÷�Þ ÷ �ÂÏù¢�Ôµ¨� �ûýÂ�ð¤�õ� ¥� Û¬�� ¸þ�µ÷ ´ì¢ ø üµ¨¤¢ ö���õ ß��ã�.¢�ªüõ´ì¢ ,üµ¨¤¢ ,´�Ô�î À�÷�õ üÞ�û�Ôõ �ûýÂ�ð¤�õ� ¤¢ �f �Þãõ¤�Ñ � õ� �) ýÂ � ð¤� õ� ¥� Û¬�� ý�ûù¤� õ� � � �Î ��¤ ¤¢ ... ø�Áó .¢�ªüõ �ÂÎõ (�ãõ�� ¤¢ ÂÑ÷ ¢¤�õ ý�ûÂµõ�¤� � ¢¤ø�Â�üÎ¡ ý�ûù¤�õ� ÂÚþ¢ ø á�Þ¹õ) ß�Ú÷��õ ý�Â� �¤ Õê��� ��úÔõ.Ý��îüõ ü¨¤Â� (��Àû�Èõ �� ´±Æ÷ö¢� � ñ¢� ã µ õ � Ü Þ� ¥� ,(1) ñÀ õ Â � ü �� �®Â ê ö¢�¢ ¤�Â ì � �Lijk = L ,Kij = K ,Ji = J ü�ãþ) ��Î¨ üõ�Þ� ¤¢ �ûù¢�¢ø Rijkls � N(0; �2R) ,Dijkl � N(0; �2D) ø (Sijkl = S ø¢�ªüõ Âê C ø B ,A´��� ý�ûÂ�� ý�Â�IXi=1Ai = 0; Xj=1Bij = 0; i = 1; :::; I;Xk Cijk = 0; i = 1; :::; I; j = 1; :::; Jý�Â � (1) ñÀ õ ¤¢ ��À û�È õ � î ´¨� ¼®�ø �¤�¬ß þ� ¤¢�� Â��Â� ü±þ¤� ö���õ ø À�µÆû °þ¤� ,¯��Âõ üãì�ø Âþ¢�Öõ ¢¤ø�Â�

ü�µ±õ ý�û¯�±�µ¨� �¹�µ÷ ¤¢ ø Âµõ�¤�� ¢¤ø�Â� ¤¢ �¤�¬ßþ�ý¥�¨É¿Èõ ý�Î¡ .¢�ªüõ ¢�¹þ� ñ�Øª� �û¢¤ø�Â� ßþ� Â�ø �ûù¢�¢ ÂðÛ�Ü½� ,ÕÖ½õ ß�� Ó�ã® ¯�±�¤� Â�� ¤¢ À÷���üõ.¢�ª ¢�¹þ� �õ�÷Ç¨Â� ��ÂÏÓþÂã � ù� ± µª� ¤�Ï�� Ý�û�Ôõ �î Àû¢üõ  ¤ üµìø �Î¡ ßþ��f õ�î ýÂ�ð¤�õ� é�Àû� ,À�ª�� ýÂ�ðù¥�À÷� Û��ì Â�è �þ À÷�ªø Ý�û�Ôõ �� Õ±Î�õ ùÀª ý¤ø�¢Âð ý�ûù¢�¢ �þ ,À�ª�±÷É¿Èõ.À�ª�±÷ éÀû ý�ûÂ�çµõ¤¢ ýÂ � ð� ÷� Þ ÷Â � è ý� û� Î ¡ ü ¨¤Â � � � (2004) ¥ø�Â ð.℄7[ ´¨� �µ¡�¢Â� �ûýÂ�ð¤�õ�ý� � � õ¥ ¤¢ Õ ê�� � ö� ð� ÷� ð ý� û¤� � ã õ ü ¨¤Â � � � ñ� �ý� Î ¡ ñÀ õ §� ¨� Â � � û¤� � ã õ ß þ� ý� þ�¤� ø � ûýÂ � ð¤� õ�ý�±¨�½õ ýù�½÷ ß���Ýû .¢�ªüõ �µ¡�¢Â� (1) ýÂ�ðù¥�À÷��þ�¤� ÛÞä ¤¢ �ûýÂ�ð¤�õ� ¤¢ Õê��� ý�û¤��ãõ ¢¤ø�Â� ø Õê���.¢�ªüõ��ê�Â½÷� �ø¢ ý�ûö��� ß�Ú÷��õ 1.2¥� �ä�Þ¹õ ø¢ ß�� Õê��� ö���õ ß��ã� ý�Â� ý¤��ãõ ö���ä����ê�Â½÷� �ø¢ ý�ûö��� ß�Ú÷��õ ¥� ö�� �üõ Y ø X ý�ûù¢�¢¢�ªüõ ÓþÂã� Âþ¥ �¤�¬�� �î ¢Âî ù¢�Ôµ¨�MSD = E(X � Y )2 (2)= (�Y � �X)2 + �2X + �2Y � 2�XYýùÀ�û¢ö�È÷ ,Àª�� ÂµØ��îMSD ¤�ÀÖõ ¤Àì Âû ´¨� üúþÀ�.´¨� Y ø X ý�ûù¢�¢ �ä�Þ¹õ ß�� ÂµÈ�� Õê���,X � � ((1) ñÀõ ¤¢ �) üãì�ø Âþ¢�Öõ ý�ä�Þ¹õ Çþ�Þ÷ � �,Y � � (� ã õ�� ¤¢) ¢Â ê ö�Þû � � ¯� �Â õ ��Àû�Èõ Â þ¢� Ö õ øýÂ�ðù¥�À÷� ý�Î¡ �ø¢ ý�ûö��� ß�Ú÷��õ ö���üõ �¤ (2) �Î��¤¤øÁ¹õ ,(2) �Î ��¤ ñø� ý�ÜÞ� ´¨� üú þÀ � .¢Â î ÓþÂã �



51 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ý¤�Ì� ý�±��Êõ ýù��ª �� �ûýÂ�ð¤�õ� ¤¢ üµ¨¤¢ ö���õ ß��ã� ¤¢ Õê��� ý�û¤��ãõ ýÂ�ð¤�î��ß�� Õê��� ��úÔõ ´ó�� ßþ� ¤¢ .¢�ª ¢¤ø�Â� ü±þ¤� ø ýÂ�ð¤�õ�ö���õ ß��ã� � � üãì�ø Âþ¢�Öõ ß�Ú÷��õ ø ��Àû�Èõ ß�Ú÷��õ§�¨� Â� ø �Î¡ �ø¢ ý�ûö��� ß�Ú÷��õ ö�þ¥ â��� ´½� üµ¨¤¢.´¨� ñ¢�ãõ ÂÑ÷ ¢¤�õ ýÂ�ðù¥�À÷� ý�Î¡ ñÀõÂþ¢�Öõ ö¢�±÷ §Âµ¨¢ ¤¢ Û�ó¢�� ü±þ¤� ö���õ ß��ã� üÜî ¤�Ï���ûýÂ�ðù¥�À ÷� ö¢� � °þ¤�� ÷ �¤�¬ ¤¢ .´¨� ÛØÈõ üãì�øÛî Å÷�þ¤�ø üêÂÏ ¥� .¢�ª �±¨�½õ Ûî Å÷�þ¤�ø ´¨� üê�îü¨¤Â� �Áó .¢¤�¢ �ûýÂ�ð¤�õ� ¤¢ ´ì¢ ö���õ �� ÅØä ý�Î��¤�ó�Öõ ßþ� ¤¢ .¢¤�¢ ¤�Âì ü¬�¡ ���� ¢¤�õ �ûýÂ�ð¤�õ� ¤¢ ´ì¢ø ù¢�¢ ¤�Âì ���� ¢¤�õ �¤ ýÂ�ð¤�õ� ¸þ�µ÷ üµ¨¤¢ ø ´ì¢ ß��ã�¤¢ Õê��� ö���õ ß��ã� ý�Â� üþ�ûí�õ ,Ý�û�Ôõ ßþ� §�¨� Â�.´¨� ùÀª �þ�¤� �ûýÂ�ð¤�õ�üÖ�±Î� üÚµÆ±Þû °þÂ® 2.2(MSD) ��ê�Â½÷� �ø¢ ý�ûö��� ßþÂµÞî ¤��ãõ ´¨� üúþÀ�´± · õ Â þ¢� Ö õ ß� � ¤¢ üµ þ¢øÀ½õ � õ� ,´¨� üÔ � õ� ÷ ù¤��ÞûÕ ê�� � ö�� � õ ýùÀ � û¢ö�È ÷ À ÷�� �üÞ ÷ ö� ¤�À Ö õ �Á ó .¢¤�À ÷Õê�� � ý�Â� ÂÚþ¢ ¤��ãõ .Àª�� ��Àû�Èõ ¥� �ä�Þ¹õ ø¢ ß��Â þ¥ �¤�¬� � ø ´¨� üÖ � ±Î � üÚµÆ ±Þû °þÂ® §�¨� Â �℄9[ ¢�ªüõ ÓþÂã��C = 1� MSDMSDj� = 0 = 2�XY(�Y � �X)2 + �2X + �2Y (4)� Ü¬� ê ¤¢ ö� ßØÞ õ Â þ¢� Ö õ ß µ êÂ ð ¤�Â ì ¤� � ã õ ß þ� ßÆ�ø Û õ� î Õ ê�� � ýùÀ � û¢ ö� È ÷ 1 ¤�À Ö õ � î ´¨� 1 � � -1é�¡ ¤¢ � õ� Û õ� î Õ ê�� � -1 ¤�À Ö õ ,(Y = X) ´ú�Ýû.´¨� Õê��� �Àä Âðö��� ö� ÂÔ¬ ¤�ÀÖõ ø (Y = �X) ´ú�ý��÷�Þ÷ ý�û¢¤ø�Â� ö¢�¢ ¤�Âì �� (4) ý�Î��¤ ¤¢ �C ¢¤ø�Â�.¢�ªüõ �±¨�½õ Å÷�þ¤�ø�î ø Å÷�þ¤�øý�Â � �¤ö� � ûýÂ � ð¤� õ� ¤¢ ¤� � ã õ ß þ� ýÂ � ð¤� î� � ¤�Ñ � õ� �ø �X �î ¢�ªüõÂê �¤�¬ßþ� ¤¢ .Ý��îüõ �±¨�½õ ß�Ú÷��õ

(bias = A + B + C ü�ãþ) ´¨� ñÀõ ´��� ý�ûÂ�� á�Þ¹õÂþ¥ �¤�¬�� ß�Ú÷��õ Âð¢¤ø�Â� ý�Â� �¤ (2) �Î��¤ ö���üõ ø´ª�÷EM (�e)2 = �A2 + �B2 + �C2 + �A �B + �B �C + �A �C+(1=S + (IJK � 1)(S � 1))N �2D + �2RN= ( �bias)2+(1=S + (IJK � 1)(S � 1))�2D + �2RNÅ÷�þ¤�ø ö�Þû ë�ê �Î��¤ ´¨�¤ ´Þ¨ �¤�±ä �ø¢ ý�ÜÞ�ß���Ýû .´¨� (1) ñÀõ ´½� ß�Ú÷��õ Âð¢¤ø�Â�V ar(�y) = ES(V arM (�y)) + V arS(EM (�y))= (1=S + (IJK � 1)(S � 1))N �2D+�2RN + V arS(��)ý�Î��¤ ´¨�¤ ´Þ¨ ñø� ý�ÜÞ� ,¢�ªüõ �Ñ��õ �îö���Å ÷� þ¤�ø � þ ýÂ � ðù¥�À ÷� ý�Î¡ ñÀ õ ´½ � �e Å÷� þ¤�ø �� �.´¨� �y ýÂ�ð�÷�Þ÷ Å÷�þ¤�ø ,�ø¢ ý�ÜÞ� ø ýÂ�ðù¥�À÷�¤�ÀÖõ ø ùÀª ùÀû�Èõ ¤�ÀÖõ ß� � �ø�Ô � ýÂ�ðù¥�À ÷� ý�Î¡ý�Î¡ �ú�� �¤ö� ö���üõ Û�ó¢ ß�Þû�� ,¢�ªüõ ÓþÂã� üãì�ø�Âþ¥ .´Æ÷�¢ ýÂ�ð�÷�Þ÷Â�è ý�û�Î¡ ß�� ¤¢ ���µ�� Û��ìÂ�è�Þè� Û��ì ,°¨��õ ���¤�� ßµª�¢ ü�ãþ ü���®Âê ´½�,ü�þ�Úþ�� ý�û©ø¤ ýÂ�ð¤�î�� �� ü¿¨��ü� ¤�ÀÖõ ö¢�Þ÷�ûù¢�¢ ©¥�¢Â� ý�Î¡ éÁ� ß���Ýû ø ,... ø ¤ÂØõ ý�ã��Âõßþ� � � �Á ó .´¨� Â þÁ �ö�Øõ� (ý¤ø� � ê ´êÂÈ� � � � ��� � � �)ýÂ�ð¤�õ� Ûî Å÷�þ¤�ø �î À�îüõ ö��� ��� ý�Î��¤ ,���®Âêø ýÂ�ð�÷�Þ÷ ý�ûÅ÷�þ¤�ø á�Þ¹õ �� Â��Â� ß�Ú÷��õ Âð¢¤ø�Â��î �¤) ýÂ�ð¤�õ� Ûî ý�Î¡ Âð� ßþ�Â���� .´¨� ýÂ�ð�÷�Þ÷Â�èý�ûö��� ßþÂ�Ýî ¤��ãõ �� (¢¤�¢ üµ¨¤¢ ö���õ �� ÅØä ý�Î��¤Ûî Å÷�þ¤�ø ´¨� �¥� (3) �Î��¤ Â� ��� ,Ý��î ÓþÂã� �Î¡ �ø¢



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 52Çª�� ñ�Þµ�� 3.2Çª�� ñ�Þ µ�� ý� � ± õ Â � ö�� �üõ �¤ Õê�� � ý�Â � ÂÚ þ¢ ¤� � ã õ�� ,Y ø X ý�ûù¢�¢ �ä�Þ¹õ ý�Â� ñ�Þµ�� ßþ� .¢Âî ÓþÂã�¢�ªüõ ÓþÂã� Âþ¥ �¤�¬�� d = Y �X Âê�K = P (d < K) (7)¤¢ Õ ê�� � ü �� þ¥ ¤� ý�Â � Ç ª� � ñ� Þ µ �� � îü �¤� ¬ ¤¢ö���õ ß��ã� ´ú� ö���üõ �¤ ö� ,¢�ª ù¢�Ôµ¨� �ûýÂ�ð¤�õ��� ��Àû�Èõ ¥� Û¬�� Âð¢¤ø�Â� �ø�Ô� ßµêÂð ¤�Âì �� ö���ÞÏ�.¢Â� ¤�î�� ÂÑ÷ ¢¤�õ ýù¥�� ¤¢ üãì�ø Âþ¢�Öõ ¥� Û¬�� ¤�ÀÖõÕê��� ,Àª�� Â�×þ¢�÷ ×þ �� ñ�Þµ�� ßþ� ¤Àì Âû ´¨� üúþÀ�.À�îüõ ö��� �¤ (ÂµÞî ýÂ�ðù¥�À÷� ý�Î¡ �þ) ©ø¤ ø¢ ÂµÈ���Ñ��õ ß�Ú÷��õ Âð¢¤ø�Â� ý�Â� Çª�� ñ�Þµ�� ýÂ�ð¤�î�� ��Û�Ü½� ñÀõ ¤¢ üê¢�Ê� ý�ûÂ�� ö¢�� ñ�õÂ÷ Âê �� �î ¢�ªüõ¥� .´¨� ñ�õÂ÷ ý��÷�Þ÷ ß�Ú÷��õ Âð¢¤ø�Â� âþ¥�� ,(1) Å÷�þ¤�ø�îö� ���� �� ��÷ ���®Âê ßþ� ßµêÂð ÂÑ÷ ¤¢ öøÀ� ÂÚþ¢ éÂÏÂÑ÷ ¤¢ ï¤�� üê�î ¤Àì�� �ûýÂ�ð¤�õ� ¤¢ �÷�Þ÷ ýù¥�À÷� �f �Þãõß�Ú÷��õ ý�Â� (ü±÷�¹õ ¤�Ï��) ñ�õÂ÷ âþ¥�� ,¢�ªüõ �µêÂðù¢�Ô µ¨� Çª�� ñ�Þµ�� ý�±¨�½õ ý�Â � ö� ¥� ø ´¨� ¤�Â ìÂ ��¤�¬ßþ� ¤¢ .Ý��îüõ�K = P (jd = �X � �Y j < K)= P (jd�E(d)�d j < K �E(d)�d )= P (Z < K �E(d)�d )� P (Z < �K �E(d)�d )ùÀª �µêÂð¤�î�� ýÂ�ð�÷�Þ÷ �ÂÏ ø (1) ñÀõ ßµêÂð ÂÑ÷ ¤¢ ���ä�Þ¹õ ø¢ ß�� Õê��� ü��þ¥ ¤� ý�Â� Çª�� ñ�Þµ�� ¥� ö���üõ.¢Âî ù¢�Ôµ¨� �ûýÂ�ð¤�õ� ¤¢ �ûù¢�¢ ¥��¤ ÂÑ÷ ¢¤�õ ´Ô¬ üãì�ø Â þ¢�Öõ X �ä�Þ¹õ �îü�¤�¬ ¤¢ø À�õ� ø ´¨� ýÂ�ðù¥�À÷� ý�Î¡ ýùÀ�û¢ö�È÷ d ,Àû¢ ö�È÷¥� À÷��¤�±ä ö� Å÷�þ¤�øE(d) = 0;

�C ø Àª�� ©ø¤ ø¢ ¥� Û¬�� ��Àû�Èõ ý��÷�Þ÷ ß�Ú÷��õ �Y¥� ´¨� �¤�±ä�C = 2� �X �Y( ��Y � ��X )2 + �2�X + �2�Y (5).´¨� (4) �Î��¤ À�÷�õ (5) �Î��¤ ¤¢ Âþ¢�Öõ Â�±ã�¸þ� µ ÷ ý�Â � üÖ�±Î� üÚµÆ±Þû °þÂ® ¤��ãõ ý�±¨�½õ � �(1) ýÂ�ðù¥�À÷� ý�Î¡ ñÀõ §�¨� Â� ø �ûýÂ�ð¤�õ� ¥� Û¬��¢�ªüõ Û¬�� Âþ¥ ý�Î��¤�C = 1� V arM (�y)V arM (�y) + 2V arS(�y) (6)Å ÷� þ¤�ø V arS ø ýÂ � ðù¥�À ÷� Å ÷� þ¤�ø V arM ö� ¤¢ � îÅ÷�þ¤�ø ,Àª Âî£ Û±ì Ç¿� ¤¢ �îö��� .´¨� ýÂ�ð�÷�Þ÷Û �� ì ýÂ � ð� ÷� Þ ÷ �ÂÏ ø Â ð¢¤ø�Â � � � ��� � � � ýÂ � ð� ÷� Þ ÷¥� ö�� �üõ ýÂ�ðù¥�À÷� Å÷�þ¤�ø ¢¤ø�Â� ý�Â� .´¨� �±¨�½õý�û�Ôó�õ ü��þ¢¤ø�Â� �� ℄1[ â�Âõ ¤¢ .¢Âî ù¢�Ôµ¨� (1) ñÀõ.´¨� ùÀª �µ¡�¢Â� (1) ñÀõü�ãþ Ûõ�î Õê��� ý��ãõ �� Àª�� �C = 1 ,(6) �Î��¤ ¤¢ Âð��C = 0 �î ü�¤�¬ ¤¢ .´¨� ýÂ�ðù¥�À÷� ý�Î¡ ¢��ø �Àäü�ãþ ,üãì�ø Âþ¢�Öõ �� ��Àû�Èõ Õê��� �Àä ý��ãõ �� Àª��(ýÂ�ð� ÷�Þ ÷ ý�Î¡ � � �Æþ�Öõ ¤¢) ¢� þ¥ ýÂ�ðù¥�À ÷� ý�Î¡�C ¤�À Ö õ (1) ñÀ õ ß µ êÂ ð ÂÑ ÷ ¤¢ � � ´¨� üú þÀ �) .´¨�(.´¨� ×þ ø ÂÔ¬ ß�� ù¤��Þû¤¢ �ûýÂ�ð¤�õ� ¸þ�µ÷ ü��þ¥ ¤� ý�Â� À÷���üõ (6) ø (5) Í��ø ¤ø À�ª� � ¢���õ ÛÖµÆõ üã± � õ ¥� üãì�ø Â þ¢� Öõ �î üãì�� õß��ã� ß���Ýû ø �ûýÂ�ð¤�õ� ý�Â�� ´�Ô�î ü¨¤Â� ¤�Ñ�õ��Õê��� ö���õ ¢¤ø�Â� ø �ûýÂ�ð¤�õ� ý�Â�� ý�ûù��ª ¢ÂîÛÞä.¢ø¤ ¤�î�� �ûù��ª ßþ� ß��



53 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ý¤�Ì� ý�±��Êõ ýù��ª �� �ûýÂ�ð¤�õ� ¤¢ üµ¨¤¢ ö���õ ß��ã� ¤¢ Õê��� ý�û¤��ãõ ýÂ�ð¤�î��Û±ì ý�ûÇ¿� ø Ç¿� ßþ� ¤¢ Û¬�� ¸þ�µ ÷ ¥� üÜî ¤�Ï��.¢Âî ù¢�Ôµ¨� �ûýÂ�ð¤�õ� ¤¢ Õê�� � ¢¤ø�Â� ¤¢ ö���üõ �ó�ÖõÕê��� ö���õ ö���üõ ë�ê Í��ø ¤ ýÂ�ð¤�î�� �� ,ÂÚþ¢ �¤�±ä���Á ó ø üã ì�ø Â þ¢� Ö õ ø � ûýÂ � ð¤� õ� ¥� Û¬�� ý�ûù¢�¢ ß � �.¢Âî ß��ã� �¤ ýÂ�ð¤�õ� ý�ûù¢�¢ üµ¨¤¢ýÂ�ð�¹�µ÷ 3¤�¢¤�¡Â� ü¬�¡ ´�Þû� ¥� �ûýÂ�ð¤�õ� ¤¢ �ûù¢�¢ ´�Ô�î ß��ã�´�Ô�î �� ¯�±�¤� ¤¢ �û�Ôó�õ ßþÂ�Ýúõ ¥� üØþ üµ¨¤¢ .´¨�ý�û�Î¡ ¥� ü¨�¨� üÈ¿� ýÂ�ðù¥�À÷� ý�Î¡ .´¨� �ûù¢�¢ø üµ¨¤¢ ¢¤ø�Â � ý�Â � ö� ý¥�¨ñÀõ ø ´¨� ýÂ�ð� ÷�Þ ÷Â �è¤¢ .¢ø¤üõ ¤�î�� �ûýÂ�ð¤�õ� ¥� Û¬�� ý�ûÂð¢¤ø�Â� ´ì¢ü¨¤Â� ¢¤�õ �ûýÂ�ð¤�õ� ý���õ¥ ¤¢ Õê��� ��úÔõ �ó�Öõ ßþ�¤� î� � �û� � � õ¥ Â þ�¨ ¤¢ �f õ�Þä ��úÔõ ßþ� .´¨� � µ êÂð ¤�Â ìý�ûù¢�¢ üµ¨¤¢ ü�� þ¥ ¤� ý�Â� üþ�û¤��ãõ ß���Ýû .¢ø¤üõ�þ�¤� ý¤�Ì� ý�±��Êõ ýù��ª �� �ûýÂ�ð¤�õ� ¥� Û¬���ø¢ ý� ûö�� � ß þÂ µ Þ î §� ¨� Â � � û¤� � ã õ ß þ� .´ ¨� ùÀ ª�±¨�½õÇª�� ñ�Þµ�� ø üÖ�±Î� üÚµÆ±Þû °þÂ® ,��ê�Â½÷�.À÷�ùÀªü��þ¥ ¤� ¤¢ ö���üõ �ó�Öõ ßþ� ¤¢ ùÀª �þ�¤� ý�û¤��ãõ ø ¸þ�µ÷ ¥�¤�Ñ�õ�� ¸þ�µ÷ ßþ� ýÂ�ð¤�î�� .¢Âî ù¢�Ôµ¨� �ûýÂ�ð¤�õ� ¸þ�µ÷üµ¨¤¢ ü�¤�±ä�� �þ üãì�ø Âþ¢�Öõ �� ��Àû�Èõ ß�� Õê��� ß��ã�.¢�ªüõ ¢�ú�È�� ýÂ�ð¤�õ� ý�ûù¢�¢

V ar(d) = V arM ( �Y )= (1=S + (IJK � 1)(S � 1))N �2D + �2RNý�û�Ôó�õ °Æ� Â� �î ´¨� ýÂ�ðù¥�À÷� Å÷�þ¤�ø ö�Þû �2d �Áó�û�Ôó�õ ßþ� ¢¤ø�Â� ý�Â� .´¨� ¢¤ø�Â� Û��ì (1) ñÀõ Å÷�þ¤�øù¢�Ôµ¨� ℄1[ â�Âõ ¥� ö���üõ Çª�� ñ�Þµ�� ¢¤ø�Â� �¹�µ÷ ¤¢ øù¤��Þû (�̂K) Çª�� ñ�Þµ�� ¢¤ø�Â� ¤�ÀÖõ ´¨� üúþÀ�℄ ¢Âîö� ´���ó â��� ¥� ö���üõ ßþ�Â���� ,¢¤�¢ ¤�Âì ×þ ø ÂÔ¬ ß��L = �̂K1��̂K ÓþÂã� �� .¢Âî ù¢�Ôµ¨� ö� ¢¤�õ ¤¢ ¯�±�µ¨� ý�Â�Û¬�� �K1��K Â ��Â � ö� ü ± ÷�¹ õ À � õ� � î ¢�¢ ö�È ÷ ö�� �üõ.[.¢�ªüõ¤�ÀÖõ ö���üõ (7) �Î��¤ ¤¢ �K ñ�Þµ�� ßµª�¢ �� ÂÚþ¢ éÂÏ ¥�¢¤ø� ´¨¢�� Âþ¥ �¤�¬�� �¤ K�K = P (d < K) = P (d2 < K2)ý�¤�¢ d2 ,��À û� È õ â þ¥� � ö¢� � ñ� õÂ ÷ Â ê � � � �� � � �Â µõ�¤� � ø ý¢�¥� ��¤¢ ×þ � � ý�îÂõÂ�è ýø¢ -ý�î âþ¥� �Û¬�� Âþ¥ �¤�¬�� K ¤�ÀÖõ ßþ�Â���� ,´¨� �2d�2d ý�îÂõÂ�è¢�ªüõK =s�2(�1)[�;1; �2d�2d ℄ (8)ý�Ü¬�ê ×þ ,K ß��ã� �� ö���üõ �K ö¢�� ��Üãõ Âê ���Áó .¢¤ø� ´¨¢�� d ý�Î¡ ¤�ÀÖõ ý�Â� ýÀ¬¤¢ �K ö���ÞÏ�°Æ�Â� ,�¤�¬ ø¢ Âû �� ö�� �üõ Çª�� ñ�Þµ�� ��úÔõ ¥�.¢Âî ù¢�Ôµ¨� ¢¤�õâ��Âõý�ûýÂ�ð¤�õ� ¤¢ ¾¨�� ý�Î¡ ñÀõ Å÷�þ¤�ø ý�û�Ôó�õ ¢¤ø�Â� ø ö�õ¥� ý�ûù¤�õ� ,(1386) .¤ ,ýÀÞ½õüÜä ℄1[.35-45 ,18 ù¤�Þª ,ö�ÂÞ� À�úª ù�ÚÈ÷�¢ ��Üä �Ü¹õ ,ý¤�Ì�,ý¤�Ì� ý�±��Êõ ýù��ª �� �ûýÂ�ð¤�õ� ¤¢ ¾¨�� ý�Î¡ ý¥�¨ñÀõ ,(1387) .¤.� ,¤�����÷ ø .¤ ,ýÀÞ½õüÜä ℄2[.14-1 :4 ,33 ,ö�úÔ¬� ù�ÚÈ÷�¢ �þ�� ��Üä üÈûøÄ� �Ü¹õ
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