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1393 ö�µÆ��� ø ¤�ú� ,ý¤�õ� ��Üä �Ü¹õ127-111 « ,1 ù¤�Þª ,8 ÀÜ�
ü½Î¨ø¢ ý�þ�ø¥ ý�Â� ý¤�õ� âþ¥�� ý�ûüðÄþøù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷�§¤Àõ ´��Â� ù�ÚÈ÷�¢ ,¤�õ� ùøÂð1393*4*25 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1392*8*19 :´ê�þ¤¢ ¾þ¤�����Èõ ý¤�µê¤ ý¢øÀ� �� �î ,ùÂ�çµõ ø¢ �Æ�õ öø âþ¥�� ü¨���Æî ñÀõ : ùÀ�Ø�ü½Î¨ø¢ ý�þ�ø¥ ���� ü���Þµ�� ��Â��ç� Çþ�Þ÷ ý�Â� ,¢¤�¢ ùÂ�çµõø¢ ñ�õÂ÷ âþ¥���Æ�õ öø üÏÂª üó�Ú� ßµª�¢ âþ¥�� ßþ� ¥¤�� ý�ûüðÄþø ¥� .´¨� ùÀª ¢�ú�È��� Ü ÿ Æ õ Â � ð¤¢ ý� ûÂ µ õ�¤� � � � � µ Æ � ö� ý�� � ª�� â þ¥� � � õ� .´¨� ùÂ � ç µ õ × þá�®�õ ßþ� .¢¤�À÷ ý��µÆ� ÛØª üÜî ¤�Ï�� ø ¢Â�ðüõ ¢�¡ �� ü�ø�Ôµõ ý�û�¤�¬¤¢ .À�îüõ ù�ÂÞû ü¬�¡ ��ØÈõ �� �¤ âþ¥�� ý�ûÂµõ�¤�� �� â��¤ ý¤�õ� ¯�±�µ¨�ù�½ ÷ Å³¨ ø � ã ó� Î õ ö� ý¤� õ� ý� ûüðÄ þø ø ù¤�ª� ¢¤� õ â þ¥� � Â®�� �b ó� Ö õ´þ¢øÀ½õ Û� ó¢� � .¢�ªüõ ¼þÂÈ� ©ÂþÁ� ø ¢¤ Ýµ þ¤�Ú ó� � � ö� ¥� ýÂ�ð� ÷�Þ ÷ÀþÀ÷�î ý�ûâþ¥�� ��¿µ÷� �� ¯��Âõ ��ØÈõ ,ü½Î¨ø¢ ý�þ�ø¥ ���� ö¢�� ý�ù¤ø¢�µêÂð ùÂú� ÛÌãõ ßþ� âê¤ ý�Â� ö� üÏÂª üó�Ú� ý�ûüðÄþø ¥� ø �ÂÎõ °¨��õ.¢�ªüõÝ µ þ¤�Ú ó� ,ùÂ ± �� ,ü½Î¨ø¢ ý� þ�ø¥ ,�Æ � õ öø â þ¥� � ,ý�ùÂ þ�¢ ¤� õ� : ýÀ� Ü î ý�ûù��ø©ÂþÁ�-¢¤0 . golalizadeh�modares.a
.ir ,ù¢�¥üÜäÛð ü¨�õ :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62P10 ,62H11 :(2010) ü®�þ¤ ýÀ��á�®�õ Àî
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ü½Î¨ø¢ ý�þ�ø¥ ý�Â� ý¤�õ� âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 112�õÀÖõ 1ø ýÀ��ñÀõ ý�Â� ¢���õ â���õ ø ��ä�Ï� ¥� ù¢�Ôµ¨� ,��Üä Âþ�¨ ¤¢ ¤�õ� ý�û¢Â�¤�î �ÜÞ� ¥�ø �ûù¢�¢ ýÀ��ñÀõ ý�Â� �î ý¤�õ� ý�û©ø¤ ¥� ý¤��Æ� ü¨�¨� ­Âê .´¨� ¸þ�µ÷ Û�Ü½��ãó�Îõ ¢¤�õ ý�ûù¢�¢ �î ´¨� ßþ� ¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ö� ¥� Û¬�� ¸þ�µ÷ ü���Ç��ù¢Âî üþ�ûù¢�¢ Á¡� �� ¤¢�ì �¤ ø� ÀþÀ� ÂÊä ¤¢ ÂÈ� üþ�÷��� .À÷�ü¨À�Üì�e ý�Ìê �� ÕÜãµõ�ä�Þ¹õ ×þ .À�µÆû ü¨À�Üì�e�÷ ý�ûù¢�¢ ¥� üó�·õ �û´ú� .À÷¤�¢ ü¨À�Üì�e�÷ üµ�û�õ �î ´¨�1üþ�¨ ý�ûù¢�¢ �¤ À÷�ªüõÉ¿Èõ ö�ª´ú� ö¢�Þ÷ à�½ó � � �î ü��Àû�Èõ ß��� ¥�ßþ� ¥� �î ü��Àû�Èõ .´¨� «�¡ ´ú� �þ ¤ø¢ ßµª�¢ �ûù¢�¢ �÷�ðßþ� üÜ¬� üðÄþø .À�õ�÷üõ¤�êø �� ... ø ��ê�Âç� ,ü¨��ªß�õ¥ ,ü¨��ª´Æþ¥ À�÷�õ üõ�Üä ¤¢ À÷�ªüõ üª�÷ �ûÂ�çµõ á�÷ý�Ìê ¤¢ ¢���õ Ý�û�Ôõ ¸þ�µ ÷ ýÂ�ð¤�î�� À¨¤üõ ÂÑ÷�� .(1975 ,�þ¢¤�õ) À÷�ªüõ ùÀþ¢.Àª�� �µª�À÷ ù�ÂÞû�� ü½�½¬ ¸þ�µ÷ �ûù¢�¢ ßþ� ý�Â� ü¨À�Üì�eø ÍÆ� Â�¡� �b û¢ À�� ¤¢ �î ´¨� 2ý�ùÂþ�¢ ¤�õ� üþ�¨ ¤�õ� Ýúõ ý�û�¡�ª Âþ¥ ¥� üØþ×þ ý�û´ú� �� ¯��Âõ Û��Æõ ��Âð� .(2000,��� ø �þ¢¤�õ) ´¨� �µê�þ ü÷�ø�Âê ©ÂµÆðý�û´ú� �� â��¤ ý¤�õ� ��ä�®�õ � õ� ,À � µÆû ´¨�¤Â¨ ø ö�¨� ý¢� þ¥ À� � � ýÀã �eýÀã�eø¢ ý�û´ú� ¥� Û¬�� ýÂ�ðù¥�À÷� .´¨� ¤�¢¤�¡Â� ü¬�¡ ý�ûüðùÀ�»�� ¥� ýÀã�eø¢§�¨� Â � � û´ú� ýÂ�ðù¥�À ÷� ,ü Ü î ¤�Ï� � .À ÷�ªüõ ù¢�¢ ö�È ÷ � þ�ø¥ �¤�¬� � �f �Þã õý�û��ÂÖä ´îÂ� ´ú� Óó�¿õ �þ Õê��õ) 4ö�¤ø¢ ´ó�� ø (áøÂª ý�ÎÖ÷) 3ÂÔ¬ ´ú�Ûõ�ª ý¤�õ� ý�ûÛ�Ü½� ¸þ�µ÷ �î ´ª�¢ ���� Àþ�� ,ñ�� ßþ� �� .¢�ªüõÉ¿Èõ (´ä�¨ö��¥ �� .À�ª�� ö�¤ø¢ ´ó�� ø �À±õ ù��¿ó¢ Âþ¢�Öõ �� �µÆ��ø Àþ�±÷ ¯�±�µ¨� ø ý¥�¨�¬�¡�ûù¢�¢ �÷�ðßþ� Ý���õ ý�ûÂµõ�¤�� ¥� Â��µõ �� À÷�ª ÛþÀã� ý¤�Ï ý¤�õ� ��±¨�½õ Àþ�� ,ù¢�¨ý�û�±�� ø �µØ÷ ßþ� .Àª�±÷ �þ�ø¥ ý�ù¤ø¢ ý�ûüðÄþø ø ö�¤ø¢ ´�ã®ø ,�À±õ ý�ÎÖ÷ Ûõ�ª��� ø �þ¢¤�õ ,(1972) �þ¢¤�õ Û·õ ¢¤�À÷�µ¨� â���õ ¤¢ �û´ú� �� ¯��Âõ ÂÚþ¢ ý¤�õ� �ø�Ôµõ.´¨� �µêÂð ¤�Âì �ãó�Îõ ¢¤�õ (2001) �µ��ð ß¨ ø �î�¢�õ��õ�� ø (2000)ý�ûù¢�¢ �î ¢¤�¢ ¢��ø ý�ùÂþ�¢ ¤�õ� �� ¯��Âõ üê¢�Ê� ý�ûÀþÀ� ¥� �ø�Ôµõ üþ�û´�ã®øø¢ ý�þ�ø¥ ´Ô� �ãó�Îõ ¤¢ üµó�� ß��� ,ñ�·õ ö���ä�� .À�µÆû ùÂ�çµõ À�� �þ ø¢ Û¬��1 Dire
tional Data2 Cir
ular data3 Zero dire
tion4 Rotation
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113 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷�¤�õ� ¥� Û¬�� ¸þ�µ÷ Ý�Þã� �î ¢¥ §À� ö���üõ .Àµê�üõ ë�Ô�� ß�ÿ�øÂ� À�� ý�Â� 5ü½Î¨À÷Â�ðüõ ¤�Âì �¹÷� ¤¢ �þ�ø¥ ´Ô� �î üØþ��ó���� ý�Ìê à�½ó ß���Ýû ø ùÂ�çµõ ×� ý�ùÂþ�¢ü½Î¨ ø¢ ý�þ�ø¥ À÷¢�¢ ö�È÷ (2007) ö�¤�ØÞû ø �þ¢¤�õ ,ùÄþø�� .´¨� ü¬�¡ ���� À�õ¥��÷¤¢ üµÆþ¥ ý�ûñ�Øó�õ ¢Âî¤�î ø üØ�õ��þ¢ ¤�µ¡�¨ ß��ã� �fÂ�¡� .À÷¤�¢ ¤�Âì ùÂ±�� ×þ ýø¤ Â��� À�õ�ì�ä ý¤�õ� ß�ÖÖ½õ ý�Â� ýÀþÀ� ü��Ö�Ö½� �b ��õ¥ ö¢�Èð ¶ä�� ü��Ø¨øÂØ�õ ý�Ìêßþ� üÜ¬� éÀû �î ý¤�Ï ´¨� ùÀª ü¨À�û ���Þµ�� ¢ÂØþø¤ �� �f ·õ ü¨À�û ý�ûüðÄþøßþ� ¤¢ Ûõ�b� Û��ì �µØ÷ .(2005 ,ö�¤�ØÞû ø öÀþ�¤¢) ´¨� ß�ÿ�øÂ� ¤�µ¡�¨ ß��ã� �û´�ó�ãêßµª�¢ ¤��µ¡�¤¢ �� ö���üõ �î ´¨� ßþ� À�îüõ Â�Ù÷¤Â� �¤ ý¤�õ� ��ãó�Îõ ÇÖ÷ �î ù¥��¤�Ï� � �¤ ö� ü¨À � û ¤� µ¡�¨ ß � ÿ �øÂ � ×þ ü ó�� µ õ ý� ûÝ �� �ø¥ ß � � ü½Î¨ø¢ ý� þ�ø¥ü���Þµ�� âþ¥�� ÂµÈ�� ´¡��ª ßþ�Â���� .(1999 , ýÂ�
 ø ü¨�Þó�
) ¢¤ø� ´¨¢�� ¢ÂÔ�ÂÊ½�õ¤¢ ¢���õ ��ØÈõ ¥� ý�ù¤�� Û� �� Û�÷ ý�Â� À÷���üõ ö� ¥� ýÂ�ð�÷�Þ÷ ùb�½÷ ø �þ�ø¥ ßþ�.¢Â�ð ¤�Âì ÂÑ÷ Àõ �ûß�ÿ�øÂ� ¤�µ¡�¨ ß��ã� «�Ê¡�� ×���õ¤�Ô÷����(1975) �þ¢¤�õ Í¨�� ùÂ�çµõø¢ ý�ùÂþ�¢ âþ¥�� �ãó�Îõ ø üêÂãõ ý�Â� üÞÜä ý�û´�ó�ãêâþ¥�� ��±ª ¤��Æ� üãþ¥�� ß��� �î ´ª�¢ ö��� ø� .À�õ�÷ ùÂ�çµõ ø¢ �Æ�õ öø �Â÷� �î Àª áøÂªâþ¥�� ö� ¢¤�õ ¤¢ �ûü÷�ÂÚ÷ ¥� üØþ .¢Â�ðüõ ¤�Âì ùÂ±�� ýø¤ Â� �î ´¨� ý�ùÂ�çµõø¢ ñ�õÂ÷ñ�õÂ÷ âþ¥�� ´�û�õ �� �� �) Âµõ�¤� � 5 �ú�� ´ê¤üõ ¤�Ñµ÷� �îüó�� ¤¢ ¢�� Âµõ�¤� � 8 ¢��ø�¤ âþ¥�� ö�Þû (1988) ´¨�þ¤ ,ÛØÈõ ßþ� âê¤ ý�Â� .Àª�� ¥�� ÷ Âõ� ßþ� ý�Â� (ùÂ�çµõø¢6 âþ¥�� ßþ� ¥� ù¢�Ôµ¨� ý�Â� .´ê�þ Çû�î 6 �� ñÀõ ý�ûÂµõ�¤�� ¢�Àã� �î ¢�Þ÷ ÛþÀã� ý¤�ÏñÀõ Âþ¥ �¨ (2002) ö�¤�ØÞû ø Ù��¨ ,�ûß�ÿ�øÂ� �� ¯��Âõ ý¢Â�¤�î ý�ûñ�·õ ¤¢ ýÂµõ�¤��ÂµÈ�� ������ �õ� .À÷¢Âî üêÂãõ �¤ üÔ�õ ø ´±·õ Û��Öµõ ��Â�� �� §���Æî ,§���¨ ý�û��÷ ��ö�¤�ØÞû ø ´�î ø (2007) ö�¤�ØÞû ø � þ¢¤� õ Í¨� � °� �Â µ � Â¡� ñÀõ Â þ¥ ø¢ ¢¤�õ ¤¢¥� ü ê¢�Ê � ý�û� ÷�Þ ÷ Á¡� ù�½ ÷ � � �¤Áð ¤�Î � ´� ó� ã ê ø¢ Âû ¤¢ .Àª ¼ þÂÈ � (2008)ÂÑ÷Àõ ö� �� �µ±õ ��ØÈõ ø °¨��õ Ýµþ¤�Úó� ������ üóø Àª ù¤�ª� �Ï��Âõ ý�ûâþ¥��öø âþ¥�� ý��� ¢ÂØþø¤ �� (2010) �þ¢¤�õ ,�Â�¡� �î ´¨� ý¤øÂ® �µØ÷ ßþ� ö��� .´êÂÚ÷ ¤�Âì.¢�¢ ¤�Âì �ãó�Îõ ¢¤�õ �¤ ùÂ�çµõ ø¢ �Æ�õùÄþø�� ø ü½Î¨ø¢ ý�þø�¥ ´Ô� ýÀ��ñÀõ ¤¢ ùÂ�çµõ ø¢ �Æ�õ öø âþ¥�� ´�Þû� Û�ó¢ ��üµÆþ¥ ��Üä ´�Þû� Â� Û��Æõ ¥� �î ,�ûß�ÿ�øÂ� üÜ¬� ùÂ�¹÷¥ �ø�Ôµõ ý�û¤�µ¡�¨ ß��ã�ý�û�÷�Þ÷ Á¡� ù�½÷ ,Â�Õ�ì¢ ¤�Ï�� .´¨� ùÀª âþ¥�� ßþ� �� é�Îãõ �ó�Öõ ßþ� ���� ,´¨�5 Dihedral angles
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ü½Î¨ø¢ ý�þ�ø¥ ý�Â� ý¤�õ� âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 114ý�ûâþ¥�� ¤�Ñ�õ ßþ� ý�Â� .¢�ªüõ ¼þÂÈ� (¥��÷ ¢¤�õ ������ �� ù�ÂÞû) �ûö� ¥� üê¢�Ê�¤�Âì ù¢�Ôµ¨� ¢¤�õ ©ÂþÁ� ø ¢¤ Ýµþ¤�Úó� ¤¢ ø �±¨�½õ ¥�� ÷ ¢¤�õ ý�ûüÏÂª ø ý���ª��´�Þû� ���� �µØ÷ .Àª Àû��¡ ù¢�¢ Çþ�Þ÷ �µêÂð �¤�¬ ý�ûý¥�¨��±ª ¥� ü¹þ�µ÷ .¢Â�ðüõùÄþø�� ø ùÂ�çµõ ø¢ �Æ�õ öø âþ¥�� �� Í±�Âõ ü���Þµ�� ý�ûâþ¥�� ´¡��ª �� �î ´¨� ßþ�.´¡�¢Â� âþ¥�� ý�ûÂµõ�¤�� �� â��¤ ý¤�õ� ¯�±�µ¨� �� ö���üõ ö� ¥� ü��Àû�Èõ Á¡�,Å ³ ¨ .¢� ªü õ ¼ þÂ È � � Æ � õ öø â þ¥� � ø ý�ùÂ þ�¢ ¤� õ� ¥� ý�� ¬�¡ 2 Ç¿ � ¤¢���¤� 3 Ç¿� ¤¢ �ûö� Ýúõ ý¤�õ� ý�ûüðÄþø ø ùÂ± �� ýø¤ Â� °¨��õ ý¤�õ� ý�ûâþ¥��ø ùÂ�çµõ ø¢ �Æ�õ öø âþ¥�� ü¨���Æî ñÀõ ¥� ý¥�¨��±ª ù�½÷ ùÀ÷Â�ðÂ�¤¢ 4 Ç¿� .¢�ªüõ.À��þüõ �Þ��¡ üÜî ýÂ�ð�¹�µ÷ ø ¶½� �� �ó�Öõ .´¨� ùÀª À�ó�� ý�û�÷�Þ÷ ü¨À�û Çþ�Þ÷ö� ýø¤ ý�ûâþ¥�� ø ý�ùÂþ�¢ ¤�õ� 2ù¢�¢ Çþ�Þ÷ À��ø ýùÂþ�¢ Í�½õ ýø¤ Â� ¯�Ö÷ � þ � þ�ø¥ �¤�¬�� ý��þø�¥ ý�ûù¢�¢ �f �ÞãõýÀã�eø¢ ��Êµ¿õ ÕþÂÏ ¥� �µØþ �¤�¬�� ö���üõ �¤ �û´ú� ´�ãì�õ ,üÜî ¤�Ï�� .À÷�ªüõÂû ,°��Â� ßþ� �� �î ¢�Þ÷ ù¢�Ôµ¨� ü�¤�î¢ ��Êµ¿õ ¥� ö���üõ ¤�Ñ�õ ßþ� ý�Â� .¢Âî ß��ã�¯�Ö÷ �Ü¬�ê r ö� ¤¢ �î (r; �) �¤�¬�� ü±Îì ��Êµ¿õ ¤¢ �î (x; y) �¤�¬�� p À�÷�õ �ÎÖ÷ù¢�Ôµ¨� �� ü�¤�î¢ ø ü±Îì ��Êµ¿õ .¢�ªüõ ù¢�¢ Çþ�Þ÷ ,´¨�ûö� ´ú� �ø o �îÂõ �bÎÖ÷ ��� � ÛþÀ±� Û��ì x = r 
os� ø y = r sin� �¤�¬�� §���Æî ø §���¨ ü��·Ü·õ â���� ¥�ý���� �û´ú� ü¨¤Â� �� À�õ�ì�ä ÕÖ½õ ý��þø�¥ Û�Ü½� ¤¢ �îüþ�¹÷� ¥� .À�µÆû ÂÚþÀØþÂÒ��µõ ´ú�Âû Å� À�µÆû À��ø ùb¥�À÷� ý�¤�¢ �û¤�¢Â� ßþ� ¢�¢¤�Âì Õ±Ï ø ´¨� �û¤�¢Â� Âþ¢�Öõ:´ª�÷ ö���üõ ü®�þ¤ ö��¥ �� .´¨� À��ø ùÂþ�¢ Í�½õ ýø¤ Â� �ÎÖ÷ ×þ ��(1; �), (x = 
os�; y = sin�):Â� (x; y) ü�ãþ ©ÂÒ��µõ ¤�¢Â� §�¨�Â� � �þø�¥ Â� ü�µ±õ ý�ùÂþ�¢ ¤�õ� ¤¢ üÜî ù�ðÀþ¢ âì�ø ¤¢ø üÎ¡ ý�Ìê ¤¢ (x; y) ý�û¤�¢Â � ,� ¤¢ ý�ù¤ø¢ �b � õ�¢ é�¡Â � .´¨� À��ø ùbÂ þ�¢ ýø¤�û¤�¢Â� ¥� ù¢�Ôµ¨� ,ùø�ä�� .À÷�ªüõ ÓþÂã� ü¨À�Üì�e ý�Ìê À�÷�Þû �û�Ü¬�ê ø ß�Ú÷��õ6üÎ¡ ¤�õ� ý�û¤���� ¥� ý¤��Æ� ýÂ�ð¤�î�� ö� ü� ¤¢ ø ¢�ªüõ ��±¨�½õ üð¢�¨ ¶ä��.¢¢Âðüõ ÂÆ�õ6 Linear statisti
s
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115 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷�«��¡ Â� ùø�ä FX(x) âþ¥�� â��� ,S �÷�Þ÷ ý�Ìê �� ,X ý�ùÂþ�¢ üê¢�Ê� Â�çµõ ý�Â�:Àª�� Âþ¥ ý�ûüðÄþø ý�¤�¢ üµÆþ�� ��¨ÂõFX(x) = Pr(0 < � � x); 0 � x � 2�;FX(x+ 2�)� FX(x) = 1; �1 < x < +1Â�çµõ âþ¥�� â��� Âû ý�Â� .´¨� ×þ Â��Â� 2� ö�Þî ñ�Ï ñ�Þµ�� �î À�îüõ ö��� Â¡� �bÎ��¤�µ¨��� ´ó�� ¤¢ .Àþ�üõ ´¨¢�� üÎ¡ ¤�õ� Í��ø¤ ×Þî �� ö� �� ÂÒ��µõ üó�Ú� â��� ,ý�ùÂþ�¢À�îüõ ëÀ¬ f(�) = f(� + 2k�) ýø�Æ� ¤¢ k ¼�½¬ ¢Àä Âû ý�¥��� ñ�Þµ�� üó�Ú� â���.(2001,�µ��ð ß¨ ø �î�¢�õ��õ��)ü¨À�Üì�e ý�Ìê ¤¢ ñ�õÂ÷ âþ¥�� ���Èõ üÈÖ÷ �î ´¨� ý�ùÂþ�¢ âþ¥�� ×þ �Æ�õ öø âþ¥��Â¬��ä üÞ�� ö¥ø �î Àªüõ ¤�Ê� Ý�� ¤¢ �û���ø�þ� ÓÈî ¥� Û±ì �� .(1975 ,�þ¢¤�õ) ¢¤�¢�Æ�õ öø ¢¤�»þ¤ ×±¨ ÂÊ�ä 24 ö¥ø ý¤�Èä� Ç¿� ßµêÂð ÂÑ÷ ¤¢ �� .´¨� ¼�½¬ ý¢ÀäùÂþ�¢ ýø¤ Â� üê¢�Ê� Â�çµõ ö���ä�� À÷���üõ �Ï��Âõ ýÂÆî ´ÞÆì �î ¢�¢ ö�È÷ (1918)×þ��ê ¤¢ üêÂÚª ñ�½� ¢�¹þ� °±¨ ö� üÞÜä ü¨¤Â� ø ü¨À�û Çþ�Þ÷ �� ö�Èþ� .¢�ª üÖÜ�éøÂãõ �Æ�õ öø âþ¥�� �� ýø ¤�¿µê� �� ö�Èþ� ý¢�ú�È�� âþ¥�� Û�ó¢ ß�Þû �� .´Èð üÞ��(1905) ßþ�¹÷� Û� �Æ�õ öø ¥� Û±ì (2001) �µ��ð ß¨ ø �î�¢�õ��õ�� ¢�Öµä� �� ��� ,�µ±ó� .Àª��ß�Þû �� âþ¥�� ßþ� ü¿þ¤�� ¤Áð .¢�� ù¢Âî ù¢�Ôµ¨� üØþ��ê ¶��±õ ü¡Â� ¤¢ âþ¥�� ßþ� ¥�¥� Ç�� ö� ´�Þû� Â���� ý�ûÀã� ¤¢ ö� ÍÆ� �� ý¢�Þµõ ö��ó�¨ ü� ¤¢ �ØÜ� .¢�ªüÞ÷ Ýµ¡.(2000 ,��� ø �þ¢¤�õ) Àª É¿Èõ Ç��Çþ�Þ÷ � � VM(�; �) ¢�Þ÷ �� �î Àª�� � ø � ý�ûÂµõ�¤�� �� �Æ�õ öø âþ¥�� ý�¤�¢ � Âð��¤�¬�� ö� ñ�Þµ�� üó�Ú� â��� ù�Ú÷� ,¢�ªüõ ù¢�¢f(�) = 12�I0(�)e� 
os(���) ; �� � � � �; (1)¥� ÛÆ
 �
 â��� I0(�) ø 7�îÂÞ� Âµõ�¤�� � ,âþ¥�� ß�Ú÷��õ �Âµõ�¤�� ö� ¤¢ �î ,¢�ªüõ �µª�÷�¤�¬�� ÂÔ¬ �b±�ÂõI0(k) = 12� Z 2�0 e� 
os(�)d� = 1Xr=0(�2)2r(1r! )2� ß�Ú÷��õ �bÎÖ÷ ¤¢ ýÀõ ×� ø ö¤�Öµõ ,�Æ�õ öø âþ¥�� .(1965 , ö�Úµ¨�
 ø ºþø�õ�Â�� ) ´¨�� Âð� �õ� .Àª Àû��¡ ÛþÀ±� ´¡���Øþ âþ¥�� �� �Æ�õ öø âþ¥�� � = 0 �î üõ�Ú�û .´¨�7 Con
entration parameter
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�îÂÞ� Âµõ�¤�� �ø�Ôµõ Âþ¢�Öõ ý�¥��� �Æ�õ öø âþ¥�� ¤�µê¤ :1 ÛØª�îÂÞ� Âµõ�¤�� � �� Û�ó¢ ß�Þû �� ø ùÀª Ýî�Âµõ � üó��� �Æ�õ öø âþ¥�� �Â� ,À��þ Çþ��ê�.Àû¢üõ ö�È÷ �îÂÞ� Âµõ�¤�� �ø�Ôµõ Âþ¢�Öõ ý�¥��� �¤ âþ¥�� ßþ� ¤�µê¤ 1 ÛØª .¢�ªüõ �µÔðö� ýø¤ Â� ý¤�õ� ý�ûâþ¥�� ø ùÂ±�� 3ý�Ìê ¤¢ ùÂ þ�¢ ×þ öÀ ÷�¡Â� ¥� � î ´¨� ýÀã �e �¨ ñ�Øª� ¥� üØ þ ùÂ ± �� ,�¨À � û ¤¢ÂÑ÷�ÎÖ÷ ¥� .Àþ�üõ ¢��ø �� ùÂþ�¢ ö� �� §�ÞõÂ�è üóø �½Ô¬Ýû ý¤�½õ ñ�� ýÀã�e�¨Àþ�üõ ´¨¢�� ùÂþ�¢ ø¢ �Â® ¥� �î ´¨� ü�¤�î¢ ��Êµ¿õ ù�Úµ¨¢ À�÷�Þû ùÂ±�� ,ý��ó����ùÂ±�� ,ùø�ä�� .T 2 = S1 � S1 ù�Ú÷� Àª�� ùÂ±�� ÂÚ÷�þ�Þ÷ T 2 ø ùÂþ�¢ ÂÚ÷�þ�Þ÷ S1 Âð� ü�ãþÍ��ø¤ Í¨�� ýÂµõ�¤�� �¤�¬�� ö���üõ �¤X = (R + r 
os �1) 
os �2; Y = (R+ r 
os �1) sin �2; Z = r sin �1:ùÀõ� ´¨¢�� ùÂþ�¢ ø¢ �Â® ¥� ùÂ±�� �Ø�þ� �� ������ ø (�1; �2) 2 [��; �℄ ö� ¤¢ �î ,´ª�÷.(2002 ,Â�
 �û) ´¨� ùÂ±�� ¤¢ ÂµØ��î ùbÂþ�¢ á�ãª r ø Âµð¤�� ùbÂþ�¢ á�ãª R ,´¨�
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117 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷��¤�¬�� ùÂ±�� �b ó¢�ãõ ü�¤�î¢ ��Êµ¿õ ù�Úµ¨¢ ¤¢(pX2 + Y 2 �R)2 + Z2 = r2:�¤�¬�� ¥¤�Ýû ¤�Ï�� ö���üõ �¤ ö� �î ´¨�(X2 + Y 2 + Z2 +R2 � r2)2 = 4R2(X2 + Y 2)ýÂ�ð¤�Âì üØþ��ó���� ý�Ìê ü¨À�Üì�e� ÷ ý�ûù¢�¢ Û�Ü½� ¤¢ �î ´¨� Âî£�� �¥� .´ª�÷ýø¤ Â� ü½Î¨ ø¢ ý�þ�ø¥ �îüþ�¹÷� ¥� ø ´¨� ý¤�õ� ýÀ��ñÀõ ø ¯�±�µ¨� ý��±õ �ûù¢�¢ø �ûÛ�Ü½� ��Þ� ,(2007 ,ö�¤�ØÞû ø �þ¢¤�õ) À÷¤�¢ ¤�Âì (R = 2; r = 1) ¢¤�À÷�µ¨� ùÂ±��.´¨� �µêÂð ��¹÷� ùÂ±�� ¥� «�¡ ´ó�� ßþ� ýø¤ Â� �þ�ø¥ ßþ� ý¤�õ� ¯�±�µ¨�.À�µÆû �ûö� ùbÀª ùÀû�Èõ Âþ¢�Öõ �2 ø �1 ø ý��þø�¥ üê¢�Ê� Â�çµõ ø¢ #1; #2 À��î ­Âê�þ¢¤�õ .´¨� [��; �℄ ý��þø�¥ ý�ûÂ�çµõ ß��� ù�ð��Ø� Ç¿� ßþ� Â¨�Â¨ ¤¢ �î À��î �����¤�¬�� �¤ �ûö� ���� ñ�Þµ�� üó�Ú� â��� (1975)f(�1; �2) = exp�[
os(�1 � �1); sin(�1 � �1)℄A[
os(�2 � �2); sin(�2 � �2)℄T+ �1 
os(�1 � �1) + �2 
os(�2 � �2)	fC(�)g�1; (2)ý�ûÂµõ�¤�� ,âþ¥�� �îÂÞ� ¥� üþ�û¤��ãõ ø ´��� ýÂþ¢�Öõ ,�1; �2 � 0 ö� ¤¢ �î ¢�¢ ¢�ú�È��ÅþÂ��õ ø ¥�¨ ñ�õÂ÷ ´��� C(�) = C(�1; �2; A) ,âþ¥�� ß�Ú÷��õ éÂãõ ,�1; �2 2 [��; �℄�bÎ��¤ ¥� �î �÷�ðö�Þû .À�µÆû âþ¥�� üðÀ�î�Â� ¥� ý¤��ãõ ø 2� 2ÅþÂ��õ ×þ A = [aij ℄âþ¥�� ßþ� ¥� üóÀõ Âþ¥ (1988) ´¨�þ¤ .¢¤�¢ Âµõ�¤�� 8 Û¬�� üó�Ú� ¢�ªüõ �Ñ��õ (2)�¤�¬�� �¤f(�1; �2) = expf� 
os(�1 � �1) 
os(�2 � �2) + � sin(�1 � �1) sin(�2 � �2)+ �1 
os(�1 � �1) + �2 
os(�2 � �2)gfC(�)g�1; (3)¥� ý¤�¢Â��Úó� �� (2002) ö�¤�ØÞû ø Ù��¨ ,Àã� ö��ó�¨ .´¨� Âµõ�¤�� 6 ý�¤�¢ �î ¢Âî üêÂãõ�¤ �ûö� ø À÷¢�¢ ¤�Âì �ãó�Îõ ¢¤�õ �¤ ñÀõÂþ¥ ßþ� ¥� ü¬�¡ ý�û´ó�� ùÂ�çµõø¢ ñ�õÂ÷ âþ¥��ñÀõ ý�û�� ÷� � � ûö� Í¨� � ý¢�ú �È � � ñÀõ Â þ¥ �¨ .À ÷¢Â � ¤� î� � ý¢Â �¤� î ñ� · õ À �� ¤¢éøÂãõ üÔ�õ Û��Öµõ ��Â�� �� ü¨���Æî ñÀõ ø ´±·õ Û��Öµõ ��Â�� �� ü¨���Æî ,ü¨���¨.´¨�
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ü½Î¨ø¢ ý�þ�ø¥ ý�Â� ý¤�õ� âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 118ø a11 = a12 = a21 = 0 Â þ¢� Ö õ � � (2) � ó¢� ã õ ¤¢ A = [aij ℄ ÅþÂ�� õ ý�û�Ô ó� õ Âð��¤�¬�� üó�Ú� â��� ý�¤�¢ ü¨���¨ ñÀõ ù�Ú÷� ,¢�ª ßþ�Úþ�� a22 = �f(�1; �2) = e�1 
os(�1��1)+�2 
os(�2��2)+� sin(�1��1) sin(�2��2)C(�1; �2; �) (4)ßþ� ¤¢ .´¨� #2 ø #1 ß� � üÚµÆ ��ø ¥� ý¤� � ã õ �1 < � < +1 ö� ¤¢ �î ,¢� � Àû��¡ùÂ�çµõ ×� �Æ�õ öø âþ¥�� ý�¤�¢ ��ÀîÂû ø ù¢�� ÛÖµÆõ #2 ø #1 ù�Ú÷� � = 0 Âð� ´ó��(4) ü¨���¨ ñÀõ ��÷ (3) �bÎ��¤ ¤¢ � = 0; � = � ö¢�¢ ¤�Âì �� �î À��î ���� .¢�� À�û��¡�¤ §���¨ ñÀõ ¤¢ ¥�¨ ñ�õÂ÷ ´��� ¤�ÀÖõ (2002) ö�¤�ØÞû ø Ù��¨ .Àõ� Àû��¡ ´¨¢���¤�¬��C(�1; �2; �) = f4�2 1Xm=0�2mm �( �2 )2m��m1 Im(�1)��m2 Im(�2)g�1À÷¢�¢ ö�È÷ ß��»Þû �ú÷� .´¨� r �b ±�Âõ ¥� ñø� á�÷ ÛÆ� â��� Ir(�) ö� ¤¢ �î ,À÷¢¤ø� ´¨¢��ß�Ú÷��õ ¤¢ ö¤�Öµõ ,ý���ª�� ý�ûâþ¥�� ø �Æ�õ öød ,(4) âþ¥�� ¥� üÏÂª ý�ûâþ¥�� �î¢�¹þ� �� ø À�ª�� ýÀõ ø¢ Ýû ø ýÀõ ×� À�÷���üõ Ýû ý���ª�� ý�ûâþ¥�� .À�µÆû ý�ùÂþ�¢üõ�Ú�û ,ýÀõ ×� ý�ûâþ¥�� ¤¢ .¢Â�ðüõ ¢�¡ �� ü¬�¡ ÛØª âþ¥�� �ûÂµõ�¤�� ¤¢ üÎþ�Âª.¢Âî À�û��¡ ýøÂ�� �Æ�õ öø âþ¥�� ¥� �f±þÂÖ� �û��ª�� ,À�ª�� ×��î �îÂÞ� ý�ûÂµõ�¤�� �î� � §���Æî ñÀõ (3) �b Î��¤ ¤¢ � = � = ��3 ö¢�¢ ¤�Âì � � (2007) ö�¤�ØÞû ø � þ¢¤�õ�¤�¬�� üó�Ú� â��� �� ´±·õ Û��Öµõ ��Â��f
os PI(�1; �2) / e�1 
os(�1��1)+�2 
os(�2��2)��3 
os(�1��1��2+�2):ü¨���Æî ñÀõ �î À÷¢Âî ¢�ú�È�� ýÂÚþ¢ üó�Ú� â��� (2008) ö�¤�ØÞû ø ´�î .À÷¢Âî üêÂãõ�¤�¬�� üó�Ú� â��� ö� .¢¤�Áðüõ Çþ�Þ÷ �� �¤ üÔ�õ Û��Öµõ ��Â�� ��f
osNI(�1; �2) / e�1 
os(�1��1)+�2 
os(�2��2)��3 
os(�1��1+�2��2)Â�çµõ ¤¢ ��÷�¨�÷ �î üõ�Ú�û âþ¥�� ßþ� .�2 > �3 > 0 ø �1 > �3 > 0 ö� ¤¢ �î ,´¨�§���Æî ñÀõ üó�Ú� â��� �î À��î ���� .´¨� ùÂ�çµõø¢ ñ�õÂ÷ �f±þÂÖ� ,Àª�� ×��î ý�ùÂþ�¢� þ¢¤� õ .À þ�üõ ´¨¢� � (3) �b Î ��¤ ¤¢ � = �� = ��3 ö¢�¢ ¤�Â ì � � üÔ � õ Û �� Ö µ õ ��Â �� � ��¤�¬�� �¤ ñÀõ ßþ� ¤¢ ¥�¨ ñ�õÂ÷ ´��� ¤�ÀÖõ (2009)C(�1; �2; �3) = f4�2[I0(�1)I0(�2)I0(�3) + 2 1Xp=0 Ip(�1)Ip(�2)Ip(�3)℄g�1:
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119 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷�:¥� À��¤�±ä ü¨���Æî ø ü¨���¨ ý�ûñÀõ ý�ûüðÄþø ¥� ü¡Â� .¢Âî ¢�ú�È��.f(�1; �2) = f(��1;��2) ü�ãþ ,À÷�ö¤�Öµõ ü¨���Æî ø ü¨���¨ ñÀõ ø¢ Âû (Óó�.¢¤�¢ ¢��ø ü¨�� �Æî ø ü¨�� �¨ ý�ûñÀõ ß� �� õ üîÀ ÷� é�µ¡� ,â ì�� õ Â µÈ � � ¤¢ (�ùÂ�çµõø¢ ñ�õÂ÷ âþ¥�� ©¥�Â� ñ¢�ãõ ñÀõ ø¢ Âû ,Àª�� ¢�þ¥ �îÂÞ� Âµõ�¤�� �îüõ�Ú�û ,ùø�ä��.´¨� (�1; �2) ß�Ú÷��õ �bÎÖ÷ ¤¢ ü¨�Þõ �b½Ô¬ ¤¢�î üó�� ¤¢ Àª Àû��¡ ýÀõ ø¢ ö� üó�Ú� ,À��þ Çþ��ê� ü¨���¨ ñÀõ ¤¢ j�j �î üõ�Ú�û (�.(2ÛØª) ¢�µê� Àû��¡ ë�Ô�� ßþ� �3 ´±·õ Âþ¢�Öõ Çþ��ê� �� ü¨���Æî ñÀõ ¤¢ü¨�¨� üÈÖ÷ ý���ª�� ø üÏÂª üó�Ú� â���� ,�Æ�õ öø ùbÂ�çµõø¢ âþ¥�� ¥� ý¥�¨��±ª ¤¢â���� ,�1 = �2 = 0 �Ø�þ� ­Âê �� ø (2007) ö�¤�ØÞû ø �þ¢¤�õ ¥� ýøÂ�� �� .À��îüõ �Ôþ��Âê �� ,°��Â��� ,üÔ�õ ø ´±·õ Û��Öµõ ��Â�� �� ü¨���Æî ø ü¨���¨ ñÀõ ñ�Þµ�� üó�Ú�fsin(�1; �2)=C(�1; �2; �) expf�1 
os �1+�2 
os �2+� sin �1 sin �2gf
os PI(�1; �2)=C(�1; �2; �3) expf�1 
os �1+�2 
os �2��3 
os(�1��2)g (5)f
osNI(�1; �2)=C(�1; �2; �3) expf�1 
os �1+�2 
os �2 � �3 
os(�1+�2)g�(�1) ø �(�1) ÀþÀ� ý�ûÂµ õ�¤� � ,üÏÂª ø ý�� �ª�� ý�ûâþ¥� � �b ±¨�½õ ý�Â � .À � µÆûø �2 = � 
os � Í��ø¤ ¤¢ �î ¢�ªüõ ÓþÂã� ý¤�Ï ù¢�¢ Çþ�Þ÷ � ø � � � ¤�Êµ¡� � � �îßþ�Â���� .À��î ëÀ¬ � sin �1 = � sin �� = (�22 + �2 sin2 �1) 12 ; � = ar
tan( ��2 sin �1)::Ýþ¤�¢ ü¨���¨ ñÀõ ¤¢ #1 ý���ª�� ñ�Þµ�� üó�Ú� â��� �b±¨�½õ ý�Â� ñ��fsin(�1) = Z ��� fsin(�1; �2)d�2= C(�1; �2; �)�12�I0(�(�1)) exp��1 
os �1	;�� üµû�±ª üó�Ú� â��� ßþ� ¢�ªüõ �Ñ��õ .´¨� ÂÔ¬ �b ±�Âõ ¥� ÛÆ
 �
 â��� I0(�) ö� ¤¢ �î.(2000 ,��� ø �þ¢¤�õ) ¢¤�À÷ ùÂþ�¢ ýø¤ Â� ñ�Þãõ ý�ûâþ¥��üÏÂª ý�ûâþ¥�� �±¨�½õ ,���Þµ�� ý¤�ÿ� ø ý���ª�� ý�ûâþ¥�� �±¨�½õ �� ���� ��Â��Â� #1 = �1 ¯Âª �� #2 üÏÂª üó�Ú� â��� ,Â�Õ�ì¢ ü÷��¥ �� .¢�� Àû��¡ ù¢�¨fsin(�2j�1) = fsin(�1; �2)fsin(�1)= 12�I0(�(�1)) expf�(�1) 
os(�2 � �(�1))g;
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(�) .(Óó�)

(¢). .(�):(Óó�) Âµõ�¤� � Âþ¢�Öõ � � §���¨ ñÀõ üó�Ú� â��� Ýµþ¤�Úó ¥�Â� ¤�¢�Þ÷ :2 ÛØª�� §���Æî ñÀõ üó�Ú� â��� Ýµþ¤�Úó ¥�Â� ¤�¢�Þ÷ .(3;3;10) :(�) ø (3;3;1).(3;3;10) :(¢) ø (3;3;1) :(�) Âµõ�¤�� Âþ¢�Öõ
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121 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷�âþ¥�� ý�¤�¢ #1 = �1 ¯Âª �� #2 üÏÂª üó�Ú� â��� �î ¢Âî �Ñ��õ ö���üõ .Àª Àû��¡.´¨� �(�1) ý��þø�¥ ß�Ú÷��õ ø �(�1) �îÂÞ� Âµõ�¤�� �� �Æ�õ öødø �(�2) ÀþÀ� ý�ûÂµõ�¤�� ü¨���Æî ñÀõ üÏÂª ø ý���ª�� üó�Ú� â���� �b ±¨�½õ ý�Â��¤�¬�� �(�2)�(�2) = q(�21 + �23 � 2�1�3 
os �2);�(�2) = ar
tan( ��3 sin �2�1 � �3 
os �2 )´±·õ Û��Öµõ ��Â�� �� ü¨���Æî ñÀõ üÏÂª ø ý���ª�� â���� ü¨¤Â� �� .¢�ªüõ ÓþÂã�:Ýþ¤�¢f
os(�2) = Z ��� f
os(�1; �2)d�1= C(�1; �2; �3)�12�I0(�(�2)) expf�2 
os �2g: (6)üó�Ú� âþ¥�� (6) ¤¢ Û¬�� ý���ª�� âþ¥�� ø ü¨���Æî ñÀõ ���� âþ¥�� �� ���� �� ö��î��¤�¬�� ü÷�¨� �� ü¨���Æî ñÀõ üÏÂªf
os(�1j�2) = f
os(�1; �2)f
os(�2)= 12�I0(�(�2)) expf�(�2) 
os(�1 � �(�2))gø �(�2) �îÂÞ� Âµõ�¤�� �� �Æ�õ öød âþ¥�� ¢�ªüõ �Ñ��õ �î ¤�Ï ö�Þû .´¨� �±¨�½õ Û��ì.¢�� Àû��¡ �(�2) ý��þø�¥ ß�Ú÷��õùÂ�çµõø¢ �Æ�õ öø âþ¥�� ü¨���Æî ñÀõ ¥� ý¥�¨��±ª 4¤��Æ� �ø�Ôµõ ý�ûüðÄþø �� �ûß�ÿ�øÂ� À�ó�� ×���õ¤�Ô÷���� ¤¢ ùÄþø�� ø üµÆþ¥ ��Üä ¤¢ý�ûù¢�¢ ¥� üÞ¹� Âû �� ü¨Âµ¨¢ âì��õ ¥� üÜ�¡ ¤¢ ��÷ ý¤�õ� ÂÑ÷�ÎÖ÷ ¥� .´¨� ��þ�ûÂ��ûñÀõ ¥� ý¥�¨��±ª ��¹÷� ­�ä ¤¢ .(1970 ,¤�Ü�� ø ´�Þª�
) À¨¤üõ ÂÑ�� ßØÞõÂ�è üãì�øý¥�¨��±ª �� ��Þãõ ,ùø�ä�� .À�îüõ á�®�õ ßþ� ¤¢ ü÷�þ�ª ×Þî üê¢�Ê� ý�û¤�µ¡�¨ �þ´þ�ú÷ ¤¢ .´ê�þ ´¨¢ �ûù¢�¢ ¥� üú��� Û��ì Ý¹� �� Ýî ��þ�û éÂ¬ �� ø üµ��¤ �� ö���üõ�ûù¢�¢ Ý¹� ��Â��ç� �÷�Ú� �Ø�þ� ü���Ç�� �þ ø ýÀ��ñÀõ ý�Â� ö���üõ �ûù¢�¢ ý¥�¨��±ª ¥�Ç¿� ßþ� ¤¢ ,�Á ó .¢Âî ù¢� Ô µ¨� ,¢¤�Áðüõ Â � ��b � ý¤� õ� ¯� ± � µ¨� ¥� Û¬�� ¸þ� µ ÷ ýø¤ Â �.¢�ªüõ À�ó�� ,À��îüõ ý¥�� �¤ ùÂ±�� ýø¤ Â� ý��þø�¥ ��Àû�Èõ ÇÖ÷ �î üê¢�Ê� ý�û�÷�Þ÷
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ü½Î¨ø¢ ý�þ�ø¥ ý�Â� ý¤�õ� âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 122¢�ªüõ �Ñ��õ 3Ç¿� ¤¢ ùÀª üêÂãõ ´±·õ Û��Öµõ ��Â�� �� ü¨���Æî âþ¥�� �� ù�Ú÷ ��� � .¢�� Àû��¿÷ ö�¨� ö� ¥� Ý�ÖµÆõ ý¥�¨��±ª �Áó ø ¢¤�À÷ ý��µÆ� �Âê �Ï��Âõ üó�Ú� �îö� ¥� ý¥�¨��±ª �î ´¨� �Æ�õ öø âþ¥�� #2 = �2 ¯Âª�� #1 üÏÂª üó�Ú� ö�� ñ��ßþ�ßþ� ¥� ý¥�¨��±ª ö���üõ ,¢�� Àû��¡ ÂÆ�õ R ý¤�õ� ¤��ê��Â÷ ¤¢ Cir
ular �÷�¿��µî �b Ü�¨ø��ý�û� ÷�Þ ÷ �ø¥ ø ´¿�õ� Ýû¤¢ #2 ý�� �ª�� âþ¥� � ¥� ý¥�¨� � ±ª � � �¤ üÏÂª ü ó�Ú�.¢¤ø� ´¨¢�� �¤ (#1; #2)Ý���þüõ¤¢ ü¨���Æî ñÀõ ùÂ�çµõ ø¢ �Æ�õ öød âþ¥�� ¤¢ #2 ý���ª�� âþ¥�� ¤¢ ´ì¢ ���ÜÞ� ¥� üÔÜµ¿õ ý�ûÝµþ¤�Úó� ¥� ö���üõ �õ� .´Æ�÷ ÂÆ�õ �� ÷ ö� ¥� Ý�ÖµÆõ ý¥�¨��±ªý�Â� .¢�Þ÷ ù¢�Ôµ¨� ý���ª�� âþ¥�� ßþ� ¥� üê¢�Ê� �÷�Þ÷ À�ó�� ý�Â� ,©ÂþÁ� ø ¢¤ Ýµþ¤�Úó�ý�¤�¢ ø ¤�µê¤Ýû �î ´êÂð ÂÑ÷¤¢ ý¤�Ï Àþ�� �¤ ÀþÀ÷�î âþ¥�� �î ¢�ª ���� Àþ�� ¤�Ñ�õ ßþ��� ¢�õ�÷ âþ¥�� ß��ã� ý�Â� .(2004,�Æî ø �Â��¤) Àª�� ÂÑ÷¢¤�õ âþ¥�� �� ö�ÆØþ ù�ð��Ø��� ö� �bÆþ�Öõ ø ü¨���Æî ñÀõ ùÂ�çµõ ø¢ �Æ�õ öød âþ¥�� ¤¢ #2 ý���ª�� âþ¥�� �Âê ¤¢ ´ì¢ß�Ú÷��õ ßþ�Â���� ù¢�� ��±ª Ýû �� ¤��Æ� �ûö� üþ�Þ÷ ´ÞÆì �î ¢�ªüõ �Ñ��õ (1) �b Î��¤ý���ª�� âþ¥�� ,¢�õ�÷ âþ¥�� �î �µêÂð ÂÑ÷ ¤¢ ý¤�Ï �¤ (�2) �îÂÞ� Âµõ�¤�� ø ÂÔ¬ �¤ âþ¥��.Àû¢ 8Çª�� �2 ��Â��ç� ��õ�¢ Â¨�Â¨ ¤¢ �¤��Â�� �� ü¨���Æî âþ¥�� ¥� �÷�Þ÷ À�ó�� ý�Â� ý¢�ú�È� ©ÂþÁ� ø ¢¤ Ýµþ¤�Úó� ý�û��ð:´¨� Âþ¥ �¤�¬�� ´±·õ Û��Öµõ.À��î À�ó�� ù¢�¢ h(�2) = VM(0;0=5) ÀþÀ÷�î âþ¥�� ¥� : 1 ��ðÍ þ�Â ª ¤¢ �2 Â û ý�¥�� � � î ¢� ª � µ êÂ ð Â Ñ ÷ ¤¢ ý¤� Ï L ´ �� � : 2 �� ð.À�î ëÀ¬ L = max� f(�2)h(�2) ;1	 ; f(�2) < L� h(�2).À��î À�ó�� ù¢�¢ U(0;1) âþ¥�� ¥� : 3 ��ðâþ¥�� ¥� üê¢�Ê� ¤�ÀÖõ ö���ä�� �2 ¤�ÀÖõ ,Àª�� ¤�ÂìÂ� U < f(�2)L�h(�2) ¯Âª Âð� : 4 ��ð.Àþ¢ÂðÂ� 1 ��ð �� �¤�¬ ßþ� Â�è ¤¢ ø ¢�ª �µêÂþÁ� f(�2) ÂÑ÷¢¤�õâþ¥�� ý�¤�¢ �î f(�1j�2) üÏÂª âþ¥�� ¥� ,#1 = �1 üê¢�Ê� Â�çµõ À�ó�� ý�Â� ,�2 ßµª�¢ ��Cir
ular ý¤�õ� �b µÆ� ¥� ù¢�Ôµ¨� �� ,´¨� f� = �(�2); � = �(�2)g ý�ûÂµõ�¤�� �� �Æ�õ öø.´¨� ÂÆ�õ (R ¤��ê��Â÷ ¤¢)8 Dominate
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123 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷�
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�Æ � õ öø â þ¥� � ¥� ü¨� � �Æ î ñÀ õ ùÀª ý¥�¨� � ± ª ý� ûù¢�¢ ¤�¢�Þ ÷ :3 ÛØªùÂ±�� ýø¤ Â� ùÂ�çµõø¢�¤� ¬� � â þ¥� � ý� ûÂ µ õ�¤� � ´ ± · õ Û �� Ö µ õ ��Â �� � � ü ¨� � � Æ î ñÀ õ ý�Â �ß þ� ¥� 1000 Ý¹� � � ý�� ÷�Þ ÷ ø Àª � µ êÂð ÂÑ ÷¤¢ �3 = 1=3 ø �2 = 1=7; �1 = 1=5.´¨� ùÀª ù¢�¢ ö�È÷ 3 ÛØª ¤¢ ö� ü¨À�û �Âê ø ùÀª À�ó�� âþ¥��ßþ� �� ´¨�ûö� ��Â��ç� �b �õ�¢ ü¨¤Â� ùÀª À�ó�� ý�û�÷�Þ÷ ���� ¢¤�õ ý�û�±�� ¥� üØþ�ûö� ��Â��ç� À÷ø¤ ü¨¤Â� ,ßþ� Â� ùø�ä .Â�¡ �þ À÷¤�¢ ¤�Ì� ö�ª¢�¡ ùb¥�� ¤¢ �þ� �î ��úÔõ.´¡�¨ Àû��¡ ö�þ�Þ÷ �¤ ùÀª À�ó�� ý�û�÷�Þ÷ 9ßµ¿�õ� À÷ø¤ ý¥�¨��±ª ý�û��ð üÏ ¤¢ý���ª�� üó�Ú� â��� ¥� ùÀª À�ó�� ý�û�÷�Þ÷ Â�� ¤�¢�Þ÷ Óó� - 4 ÛØª ¤¢ ,¤�Ñ�õ ßþ� ý�Â�Ý¨¤ 1 ��ð ¤¢ ùÀª Âî£ ÀþÀ÷�î âþ¥�� �� ©ÂþÁ� ø ¢¤ Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� �� §���Æî ñÀõ.¢�� À¬¤¢ 49 ý¥�¨�� ±ª Ûî ¤¢ �û� ÷�Þ÷ ©ÂþÁ� À¬¤¢ �î ´¨� Âî£ Û�� ì .´¨� ùÀªý�ûÂµõ�¤�� �� �2 ¯Âª �� �1 üÏÂª âþ¥�� ¥� ùÀª À�ó�� ý�û�÷�Þ÷ � - 4 ÛØª ¤¢ ,ß��»ÞûùÀª ý¥�¨� � ±ª ý�û� ÷�Þ ÷ ß þ� ¥� ù¢� Ô µ¨� ¢¤�� õ ¥� üØ þ .´¨� ùÀª ù¢�¢ Çþ�Þ ÷ (�; �)¶��±õ ¥� âþ¥�� ßþ� ý�ûÂµõ�¤�� ¢¤ø�Â� á�®�õ .´¨� ý¤�õ� ¯�±�µ¨� ¶½±õ ¤¢ ö�ª¢Â�¤�î9 Mixing
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ü½Î¨ø¢ ý�þ�ø¥ ý�Â� ý¤�õ� âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 124ù¤�ª� ö� ¥� üÈ¿� �� (2012) ö�¤�ØÞû ø ×þÂÜõ
�û �î ´¨� ý�ùÂþ�¢ ¤�õ� ¤¢ Õ�Ö½� ßþ�÷Û� ��ÜµÆõ üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ý�û¢¤ø�Â� �±¨�½õ �î À÷¢Âî À�î�� �ûö� ,ùÄþø�� .À÷¢ÂîÂ�ù¢�¨ ý¤�µ¡�¨ ý¤ø�µÈð ý�ûÂð¢¤ø�Â� �î üó�� ¤¢ ´¨� üÎ¡Â�è Í��ø¤ ý¢�þ¥ ¢�Àã�� ±¨�½õ .¢�¢ Àû��¡ üõø¢ ¥� ýÂ �Õ � ì¢ ý�û���� üóø� � î ´ª�¢ ��� � À þ� � � õ� .À ÷¤�¢�� �ó�Öõ ßþ� ¤¢ Àª ù¢�¢ ¼��Â� �î ù¢�� ¤��ª¢ ¤��Æ� ýÂõ� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ý�ûÂð¢¤ø�Â�ý¤ø� µÈð ü�Â¹� ý�û¢¤ø�Â � ,ý¥�¨�� ±ª À� þ�Â ê ¤�ÂØ � ¤� � 100 � � � õ� .¢�È÷ � µ¡�¢Â � ö��¤�¬�� �ú÷� ¢¤ø�Â� ý�Î¡ �� ù�ÂÞû �ûÂµõ�¤��b�1 = 1=204(0=084); b�2 = 1=627(0=064); b�3 = 1=44(0=104)ü± þÂ Ö � ö� � � ÞÏ� ý� ûù¥� � � ±¨�½ õ ¢�ªüõ �Ñ��õ � î ¤�Ïö�Þû .´¨� ùÀ õ� ´¨¢� �ýÀ�þ�� üä�÷ �� á�®�õ ßþ� .´Æ�÷ �ûÂµõ�¤�� ý�Â� ùÀª �µêÂðÂÑ÷¤¢ ��óø� Âþ¢�Öõ ùÀ÷Â�ðÂ�¤¢ù¤�ª� (2012) ö�¤�ØÞû ø ×þÂÜõ
�û �î ý¤�Ïö�Þû ,ý¤ø�µÈð ý�û¢¤ø�Â � ¤� ± µä� �Àä Â�.´¨� ,À÷¢Âî
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Trace Plot

(�) .(Óó�)¥� ù¢� Ô µ ¨� � � f
os(�2) ü ó� Ú� :Ó ó� ¥� ùÀ ª À � ó� � ý� û� ÷� Þ ÷ ¤�¢� Þ ÷ :4 ÛØª.(�(�2); �(�2)) �Æ�õ öø âþ¥�� :� ø ©ÂþÁ� ø ¢¤ Ýµþ¤�Úó�
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125 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷�ýÂ�ð�¹�µ÷ ø ¶½�¤¢ ü÷�ø�Âê ¢Â�¤�î ø �µª�¢ ü¨À�Üì�e�÷ ´�û�õ �î ý��þø�¥ ý�ûù¢�¢ üêÂãõ ßÞ® �ó�Öõ ßþ� ¤¢¼�®�� �ûù¢�¢ �÷�ð ßþ� ¥� ý¥�¨��±ª ©ø¤ ø �µ¡�¢Â� �ûö� Û�Ü½� �� ,À÷¤�¢ ý¢Â�¤�î Û��ÆõüÎ¡ ¤�õ� ý�û©ø¤ ñ�Þä� ø üþ�ûÂ�çµõ ß��� ö¢�� ý��þø�¥ ´�¬�¡ ßµêÂð ùÀþ¢�÷ .Àª ù¢�¢ü¨À�Üì�e�÷ ý�Ìê ö¢�¢ ¤�Âì ÂÑ÷Àõ �� ßþ�Â���� .¢¢Âðüõ ´¨¤¢�÷ ¸þ�µ÷ �� Â¹�õ �ûö� ýø¤ Â��� üþ�Ú¿¨�� ¤¢ üã¨ ,�Ìê ßþ� ¤¢ üÎ¡ ¤�õ� ý�û©ø¤ ø �ûâþ¥�� Ý�Þã� ø �ûù¢�¢ ßþ�.´¨� ùÀª üÎ¡Â�è ¤�õ� ù¥�� ¤¢ «�Ê¡�� ñø�Àµõ ����¨�¤�¬ ùÂ±�� ýø¤ ¤�õ� ø ý�ùÂþ�¢ ¤�õ� ùb¥�� ¤¢ ü��¡ ý�û´êÂÈ�� ,ý¤�ÿ� ÂÑ÷�ÎÖ÷¥�Matlab ¤��ê� �Â÷ ¤¢ .´¨� ¢���õ ���õ¥ ßþ� ¤¢ ýÂµÞî ý¤��ê��Â÷ ý�û�µÆ� üóø ´¨� �µêÂðø ¢¤�¢ ¢��ø ùÂ�çµõ ×� ´ó��¤¢ ø ùÂþ�¢ ýø¤ ý¤�õ� ý�ûâþ¥�� ¥� ý¥�¨��±ª ý�Â� ý��µÆ�Â®�� ñ��¤¢ üóø .À÷¢���õ ¤�Ñ�õ ßþ� ý�Â� Cir
Stat ø Cir
ular ý�û�µÆ� R ¤��ê��Â÷ ¤¢�þ ø¢ ´ó�� ¤¢ �î Àª �Ñ��õ �ó�Öõ ßþ� ö�ðÀ�Æþ�÷ Í¨�� �µêÂð �¤�¬ ý�ûü¨¤Â� �� ø.´Æ�÷ ¢���õ ü¬�¡ ý¤�õ� �bµÆ� ùÂ�çµõÀ��ß��ã� «�Ê¿� ×���õ¤�Ô÷��� � ùb¥�� ¤¢ �þ�ø¥ ßþ� ¥� ö���üõ ,ý¢Â�¤�î ÂÑ÷ �ÎÖ÷ ¥�¤�µ¡�¨ ¢Âê�� ÂÊ½�õ ý�ûüðÀ�»�� �î ´ª�¢ ���� Àþ�� �õ� .¢�Þ÷ ù¢�Ôµ¨� �ûß�ÿ�øÂ� ¤�µ¡�¨¤¢ .À�µÆ�÷ Û� Û��ì ö� â���õ ø �ó�Öõ ßþ� ¤¢ ù¤�ª� ¢¤�õ ý�ûâþ¥�� ×Þî �� �ú�� �ûß�ÿ�øÂ�À÷���üõ À�µÆû ý¤�õ� ø ýÂ���³õ�î ,üØþ��ê ,üµÆþ¥ ��Üä Ûõ�ª �î üãõ�� ýÀ��ñÀõ ,­�äö�¤�ØÞû ø �Æõ�� .À�þ�Þ÷ ¤��Þû ù¤�ª� ¢¤�õ ��ØÈõ ¥� üÈ¿� �� ¾¨�� ý�Â� �¤ ýÂ�Æõù¤�ª� �ûß�ÿ�øÂ� ¤�µ¡�¨ ß��ã� ü¨¤Â� ¤¢ Û��Æõ ßþ� ¥� ý��ª�ð �� (2010) �þ¢¤�õ ø (2008)�� ø �µ¡�¢Â� �Æ�õ öø âþ¥�� ùÂ�çµõ À�� ´ó�� ü¨¤Â� �� (2008) ö�¤�ØÞû ø �þ¢¤�õ .À÷�ù¢Âî¤��Æ� ÂÚþ¢ ��Üä ¤¢ ÝÜä ¥� ù¥�� ßþ� ,�Â�¡� .À÷��µ¡�¢Â� ×���õ¤�Ô÷��� � ¤¢ �¤ ö� ¢Â�¤�îÀ�õ� .¢¤�¡üõ ÝÈ��� ý¤�õ� üÞÜä â���õ ¤¢ ÂµÞî á�®�õ ßþ� �� ßµ¡�¢Â� �õ� .Àª �ÂÎõø ý��þø�¥ ý�ûù¢�¢ �bãó�Îõ �� Ûþ�õ �î üÎ¡Â�è ¤�õ� ß�ÖÖ½õ ý�Â� ý�ù��Ú÷� Â®�� �ó�Öõ ´¨�.Àª�� ù¢Âî Ýû�Âê ,À÷�ùÂ�çµõø¢ ´ó��¤¢ �ûö� ý¤�õ� ¯�±�µ¨�ÂØÈ� ø ÂþÀÖ�ý�Â � üÞÜä ´î¤�Èõ � � � õ¥ ö¢Âî Ýû�Â ê ¤¢ ý¤� õ� �� Üä � Ü¹õ ö�� ÿÆõ ¥� ö�ðÀ �Æ þ� ÷ßþ� ¢�±ú� ¤¢ À�Ôõ ��¢�ú�È�� ���¤� ý�Â� �Âµ½õ ö�¤ø�¢ ¥� ø ÂþÀÖ� ý¤�õ� ÀþÀ� ��ä�®�õ.À�þ�Þ÷üõ ý¤��Ú¨�³¨ �ó�Öõ
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ü½Î¨ø¢ ý�þ�ø¥ ý�Â� ý¤�õ� âþ¥�� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 126â��Âõ.Abramowitz, M. and Stegun, I. A. (1965), Handbook of Mathemati
al Fun
tions,Dover Publi
ations, New York.Boomsma, W., Mardia, K. V., Taylor, C. C., Ferkingho�-Borg, J., Krogh, A. andHamelry
k, T. (2008), A Generative, Probabilisti
 Model of Lo
al ProteinStru
ture, Pro
eedings of the National A
ademy of S
ien
es of USA, 105,8932-8937.Dryden, I. L., Mian, S., Browne, W. J., Handley, K., di Nisio, R. and Rees, R.(2005), Statisti
al Analysis of SELDI Protein Chip Data from Breast Can
erCell Lines Exposed to Chemotherapeuti
 Agents, In S. Barber, P.D. Bax-ter, K.V. Mardia and R.E.Walls (Ed.), LASR 2005 - Quantitative Biology,Shape Analysis, and Wavelets, University of Leeds, UK.Elma
i, N. and Berry, R. S. (1999), Prin
ipal Coordinate Analysis on a ProteinModel, Journal of Chemistry-Physi
s, 110, 10606-10622.Hamelry
k, T., Mardia, K. V. and Ferkingho�-Borg, J. (2012), Bayesian Methodsin Stru
tural Bioinformati
s, Springer, Berlin.Hat
her, A. (2002), Algebrai
 Topology, Cambridge University Press, Cambridge.Jammalamadaka, S. R. and Sengupta, A. (2001), Topi
s in Cir
ular Statisti
s,World S
ienti�
 Publishing Co., In
, Singapore.Kent, J. T., Mardia, K. V. and Taylor, C. C. (2008), Modelling Strategies forBivariate Cir
ular Data, In Gusnanto A., Barber, S., Baxter, P. D. andMardia, K. V. editors, The Art and S
ien
e of Statisti
al Bioinformati
s,University of Leeds Press, UK.Langevin, P. (1905), Magnetisme et Theorie des Ele
trons, Annual of ChemistryPhysi
s, 5, 71-127.Mardia, K. V. (1972), Statisti
s of Dire
tional Data, A
ademi
 Press, London.
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127 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ù¢�¥üÜäÛð ü¨�õ ,üû¢�÷ �µ�û�÷�Mardia, K. V. (1975), Statisti
s of Dire
tional Data (with dis
ussion), Journalof Royal Statisti
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s, John Wiley, Chi
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s and Mixture of Bivariate Von Mises Distributions for Angular Data,Biometri
s, 63, 505-512.Mardia, K. V., Hughes, G., Taylor, C. C. and Singh, H. (2008), A Multivari-ate Von Mises Distribution with Appli
ations to Bioinformati
s, CanadianJournal of Statististi
s, 36, 99-109.Mardia, K. V. (2009), Statisti
al Complexity in Protein Bioinformati
s, In Mar-dia, K. V., Gusnanto, A. and Fallaize, C. J. Editors, Statisti
al Tools forChallenges in Bioinformati
s, University of Leeds Press, UK.Mardia, K. V. (2010), Bayesian Analysis for Bivariate Von Mises Distributions,Journal of Applied Statisti
s, 37, 515-528.Robert, C. P., and Casella, G. (2004), Monte Carlo Statisti
al Methods, Springer,New York.Rivest, L. P. (1988), A Distribution for Dependent Unit Ve
tors, Communi
a-tions in Statisti
s, 17, 461-483.S
hmidt, J. W. and R. E. Taylor, (1970), Simulation and Analysis of IndustrialSystems, Ri
hard D. Irwin, Homewood, Illinois.Singh, H., Hnizdo, V. and Dem
huk, E. (2002), Probabilisti
 Model for TwoDependent Cir
ular Variables, Biometrika, 89, 719-723.Von Mises, R. (1918), Uber die "Ganzzahligkeit" der Atomgewi
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