
ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 66¤�Àþ�� üê¢�Ê� ý�û¤�¢Â� üÔ�Ï ù¥�À÷� ¢¤ø�Â�2�÷�µÆÜð �ÞÏ�ê ø 1ý¢�Þ½õ ��Ô¬ùÀ�Ø�âþ¥�� ö���ä ´½� ýÀ� âþ¥�� ×þ ý�¤�¢ °¨��õ §��Öõ ø ö�Øõ Â��ç� ¥� Àã� âþ¥��Ýû ø ÛÖµÆõ üê¢�Ê� ý�ûÂ�çµõ á�Þ¹õ´ÔÜî ý�û�¢ ø üû��µõ�÷ Å÷�þ ¤�ø ý�¤�¢ ü¨�ðÂ�è ´ó�� ¤¢ ø ¢Â�ðüõ Â�¤¢ ��÷ �¤ ü¨�ð âþ¥�� ,âþ¥�� ù¢��÷�¡ ßþ� .¢�ªüõ ¤�Àþ��ÂÑ÷ ¥� .´¨� �µ¡�¨ °¨��õ �ûùÀþÀ� ¥� ý¤��Æ� ý¤�õ� ýÀ��ñÀõ ý�Â� �¤ âþ¥�� ßþ� �ûÂµõ�¤�� á��� ß���Ýû ø üðÄþø ßþ� .Àª��üõùÂ�çµõÀ�� ¤�Àþ�� ý�ûâþ¥�� ¢¤�õ ¤¢ �õ� ,´¨� �µêÂð �¤�¬ ùÂ�çµõ×þ ¤�Àþ�� ý�ûÂµõ�¤�� ¢¤ø�Â� ¢¤�õ ¤¢ ý¢�þ¥ ý�ûü¨¤Â� ý¤�ÿ��ó�Öõ ßþ� ¤¢ .Àª��üõ üÔ�Ï ù¥�À÷� ø ö�Øõ ,ý¤�Àþ�� É¡�ª Ûõ�ª ´ó�� ßþ� ¤¢ �ûÂµõ�¤�� .¢¤�¢ ¢��ø ýÂµÈ�� ý�ûü¨¤Â� �� ¥��÷�Æþ�Öõ �¤ �ûö� ý¢�úª ¤�Ï �� üãì�ø ý�ûù¢�¢ ¥� ù¢�Ôµ¨� ø ý¥�¨��±ª �� ø üêÂãõ ÂÊµ¿õ ¤�Ï�� �¤ �ûÂµõ�¤�� ßþ� ý�ûÂð¢¤ø�Â�.¢Âî Ý�û��¡.ý¥�¨��±ª ,Âþ�Ê� ,�Ê¿Èõ â��� ,üÔ�Ï ù¥�À÷� ,¤�Àþ�� ùÂ�çµõÀ�� ý�ûâþ¥�� :ýÀ�Üî ý�ûù��ø60G52, 62M15 :(MSC2000) üä�®�õ ýÀ��ù¢¤´±Æ÷ ù¤��Þû ü¨�ð ý�ûâþ¥�� ß���Ýû .À÷¤�¢ ¥��÷ É�¿È�¤�Àþ�� ü¨�ðÂ�è ý�ûâþ¥�� �õ� ,À�µÆû ö¤�Öµõ ¢�¡ ß�Ú÷��õ ��.À��î ¤��µ¡� �¤ üÚó�� ¥� ù��¿ó¢ ý���¤¢ À�÷���üõ�µ¨��� ø ¢���õ ¤�Àþ�� �� üê¢�Ê� ý�ûÂ�çµõ ñ�Þµ�� üó�Ú�ý�� µ Æ � É¿È õ �Â ê � � Ö � ¢¤� õ À � � ¤¢ � �� � � õ� ,´¨�â��� �Âê �ûâþ¥�� ßþ� ¢¤�õ ¤¢ ¢���õ ý�µÆ� �Âê �ú�� .À÷¤�À÷�� ÓÜµ¿õ ö�÷�¢¤�õ� Í¨�� �µ± ó� �î ´¨� �ûö� ý�Ê¿ÈõüõÂê ñ�·õ ö���ä�� .´¨� ùÀª ýÀ��Âµõ�¤�� ü�ø�Ôµõ ý�ûù��ª�¤�¬�� ùÂ�çµõ×þ ´ó�� ¤¢ ℄10[ ¢�ªüõ ù¢�Ôµ¨� °Üè� �î
��(t) = 8>>>><>>>>: expf���jtj�(1� i�sign(t) tan ��2 ) + i�tg� 6= 1;expf��jtj(1+ i� 2� sign(t)jtj) + i�tg� = 1; (1)
� 2 (�1;1) ø � 2 [�1;1℄ , � 2 [0;1) , � 2 (0;2℄ �î

�õÀÖõ 1Â�¤¢ �¤ �ûâþ¥�� ¥� üã�¨ø ¤��Æ� §�î ¤�Àþ�� �� ý�ûâþ¥��ùøÂð ßþ� ,üó�Ú� â��� �¢ ¤¢ ¢���õ �Â� ´Üä�� ø À÷Â�ðüõñ�Þµ�� �Â� .À÷�éøÂãõ ß�Ú�¨�¢ ý�ûâþ¥�� �� ,�ûâþ¥�� ¥�ý¤�ÀÖõ ,� ¢Àä �� âþ¥�� ü�� þ� � ø üþ��� ý�û�¢ ¤¢ ¢���õÀª�� ÂµÞî � ¤ÀÖ�Âû �îý¤�Ï�� ´¨� �µÆ��ø ,ø¢ ø ÂÔ¬ ß��.´¨� ÂµÈ�� �û�¢ ¤¢ ñ�Þµ�� �Â�,ý¢�Êµì� ÓÜµ¿õ ý�û���õ¥ ¤¢ ß�Ú�¨ ý�û�¢ �� üþ�ûù¢�¢ý�ûâþ¥�� ¥� ù¢�Ôµ¨� �î À÷�¢���õ ùÂ�è ø ×þ��ê ,��Ï�±�¤�¢�ú�È�� �ûö� ý�Â� ßØÞõ ý�ûñÀõ ö���ä�� ü¨�ðÂ�è ¤�Àþ��ýÂµÈ�� ýÂþÁ�Â��ç� ø ýÂþÁ�é�Îã÷� üþ�ûñÀõ ß��� .¢�ªüõ¤�Ï�� ü¨�ð ý�ûâþ¥� � .À ÷¤�¢ ü¨�ð ý�ûâþ¥� � � � ´±Æ÷À÷�ªüõ É¿Èõ ö�ªÅ÷�þ¤�ø�î ø ß�Ú÷��õ �Ü�¨ø�� Ûõ�îý�Â� ýÂµÈ�� ý�ûÂµõ�¤� � �� ü¨�ðÂ�è ¤�Àþ� � ý�ûâþ¥�� �õ�mahmoodi�
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67 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ¤�Àþ�� üê¢�Ê� ý�û¤�¢Â� üÔ�Ï ù¥�À÷� ¢¤ø�Â�ý� ûÂ µ õ�¤� � ý� ûÂ ð¢¤ø�Â � ü êÂ ã õ 2¤�Àþ�� üê¢�Ê� ý�û¤�¢Â�§Â� Âð¢¤ø�Â� 1.2üêÂãõ �¤ ö¤�Öµõ ¤�Àþ�� ý�ûâþ¥�� ¥� ü¬�¡ ýù¢��÷�¡ §Â�.¢�¢ �þ�¤� ö� ý�ûÂµõ�¤�� ¢¤ø�Â� ý�Â� �¤ üþ�ûÂð¢¤ø�Â� ø ¢ÂîÀ�îüõ ëÀ¬ Âþ¥ �Î��¤ ¤¢ ù¢��÷�¡ ßþ� �Ê¿Èõ â���ln�X (t) = �12 mXj=1ht;
jti�2 + iht; ~�i: (3)ß�ãõ �Þ�÷ ÅþÂ��õ 
j �î Ý�þ�ð m �±�Âõ ¥� �¤ ù¢�� ÷�¡ ßþ�Âð� .Àª��üõ p � 1 ¤�¢Â� ×þ ~� ø � 2 (0;2℄ ,p� p ´±·õý�ûÂµõ�¤�� �� ùÂ�çµõ �p ñ�õÂ÷ �Ê¿Èõ â��� ù�ðö� ,� = 2ß�ãõPmj=1 
j > 0 Âð� .Àþ�üõ ´¨¢�� ~� ø � =Pmj=1 
jâ þ¥� � ×þ �Ê¿Èõ â �� � Ý µ þ¤�Ú ó (3) ù� ðö� ,Àª� � ´± · õÀû��¡ � ý¤�Àþ�� É¡�ª �� ¢ÂÔ�õ�÷ ö¤�Öµõ ¤�Àþ�� ùÂ�çµõÀ��.¢Â�ðüõ ¤�Âì ýÀã� �p ý�Ìê ¤¢ üó�Ú� �î ��úÔõ ßþ� �� ,¢��ö¢¤ø� ´¨¢�� ý�Â� .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ ×þ �±�Âõ ¥� (3) �ÂêÝþ¤ø�üõ ´¨¢�� �¤ ü�Â¹� �Ê¿Èõ â��� �Àµ�� ,� Âð¢¤ø�Â��̂X (t) = 1n nXj=1 exp(iht; xji): (4)�� ¿ µ ÷� tj � sje �¤� ¬� � t ý�Â � �� ¹ õ ¤�¢Â � ø¢ Å ³ ¨� ûsj ø (1;0; :::;0)0 ýÀ ã � �p � Ø þ ¤�¢Â � e � î ,Ý � � îü õö�� .À�ª��üõ Âó�Ø¨� (j = 1;2)ln j�X (t)j = �12 ht;
ti�2 ; (5)jsj j�(w11)�=2 = Ý þ¤�¢ 
 � [wij ℄pi;j=1 ø t2 ,t1 ý�Â �ø¢ ´±Æ÷ ö¢¤ø� ´¨¢�� �� Å� .(j = 1;2) �2 ln j�X(tj)j´¨¢�� � ý¤ø�µÈð Âð¢¤ø�Â � �̂X(tj) ý¤�ÁÚþ�� ø � ó¢�ãõ.Àþ�üõ

Àª��üõ Âþ¥ �Âê �� ùÂ�çµõÀ�� ´ó�� ¤¢ ø ,Àª��üõ
��(t) =8>>>><>>>>: expf� RSd jht; sij�(1� isign(ht; si)tan ��2 )�(ds) + iht; ~�ig � 6= 1;expf� RSd jht; sij(1+ i2� sign(ht; si)ln jht; sij)�(ds) + iht; ~�ig � = 1; (2)
´±·õ ù¥�À÷� ×þ � ,Rd ¤¢ À��ø ùÂî Sd = f s : jjsjj = 1g �î´��� ¤�¢Â� ×þ ~�, X üê¢�Ê� ¤�¢Â� üÔ�Ï ù¥�À÷� �� éøÂãõ.Àª� �üõ ü¨À� Ü ì� ý�Ìê ¤¢ üÜ¡�¢ �Â® ht; si ø rRd ¤¢¤¢ ���� (�; ~�) �î À�ª��üõ � ø � , ~� ñÀõ ßþ� ý�ûÂµõ�¤� �.À�ª��üõ �µØþ � = 2´ó��ÂÑ÷ �� �õ� ´¨� ùÀª ��¹÷� ü��Ö�Ö½� ��Âð ùÂ�çµõÀ��´ó�� ¤¢üþ�û¤�î ���õ¥ ßþ� ¤¢ .´¨� ¥��÷ ýÂµÈ�� ü¨¤Â� �� À¨¤üõ,℄8[§Â� Í¨�� ¤�Àþ�� ùÂ�çµõÀ�� Û�Ü½� ø ¢¤ø�Â� ©ø¤ À�÷�õùÂ�çµõÀ�� ¤�Àþ� � âþ¥�� ×þ ¥� üþ�û�÷�Þ÷ ý¥�¨��±ª ©ø¤¤¢ ý� û¤�¢Â � ý� ûÂ µ õ�¤� � ¢¤ø�Â � ,℄4[ ö�� ÷ ø §¤À õ Í¨� �´ó�� ¤¢ ℄9[ ßþ¥ ø ���¤ Í¨�� ¤�Àþ�� ý�ûâþ¥�� �Á� ��õ�¢©ø¤ ,℄2[ ���¤ ø Ù�� Í¨�� ùÂ�çµõÀ��´ó�� ¤¢ ø ùÂ�çµõø¢Í¨�� ùÂ�çµõÀ�� ¤�Àþ�� ý�ûüó�Ú� ý¢Àä ��±¨�½õ ø °þÂÖ�©ø¤ ø ℄7[ �� ³��¤ ø ö�� ÷ ø ℄1[ ö�¤� ØÞû ø üØ¨ø� î� þ� �ø ü�Â¹� �Ê¿Èõ â��� Â� ü�µ±õ ¤�Àþ�� üÔ�Ï ù¥�À÷� ¢¤ø�Â�ø ℄6[ ö�¤�ØÞû ø ö��÷ Í¨�� �ûù¢�¢ ýÀã�×þ Âþ�Ê� ß���Ýû.´¨� �µêÂð �¤�¬ ℄3[ ��î×õÇ¿� ¤¢ .´¨� ùÀª ßþøÀ� Âþ¥ �¤�¬�� �õ�¢� ¤¢ �ó�Öõ ßþ��� ��¨ Ç¿� ¤¢ .Ý��îüõ üêÂãõ �¤ ÓÜµ¿õ ý�ûÂð¢¤ø�Â� �ø¢�Æþ�Öõ �¤ �ûÂð¢¤ø�Â� üãì�ø ý�ûù¢�¢ ¥� ù¢�Ôµ¨� ø ý¥�¨��±ªÂÑ÷ ¤¢ �¤ �µ¨��� ø �µÆÆð üÔ�Ï ù¥�À÷� �Æþ�Öõ ý�Â� .Ý��îüõÝ�û��¡ �þ�¤� �¤ ùÀõ� ´¨¢�� ¸þ�µ÷ �¤�ú� Ç¿� ¤¢ .ÝþÂ�ðüõ.¢�¢



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 68ø an > 0 Â þ¢� Ö õ Â ð� ,´ ¨� X �Á � � � õ�¢ ¤¢ Z Ý � þ� ðÛÖµÆõ ý�û Zi ý�Â� �îý¤�Ï�� À�ª�� �µª�¢ ¢��ø bn 2 RdÝ�ª�� �µª�¢ Z �� âþ¥��Ýû ø1an nXi=1 Zi � bn d�! X:Âû ý�¥� �� Z Â�Ñ÷ ýøÂî ��Êµ¿õ � = �(Z) ø � = jZj Âð�¢�¢ ö�È÷ ö���üõ À�ª�� üÖ�Ö� rlimx!1 P (� > rx;�1 < �1; :::;�d�1 < �d�1)P (� > rx;�1 < ~�1; :::;�d�1 < ~�d�1)= r���(�1; :::; �d�1)�(~�1; :::; ~�d�1) ; (7)�� ´¨� ñ¢�ãõ � 2 (0;2) ý�Â� �îlimn!1 nP (� > ran;� � ~�) = r���(~�): (8)ø Ù�� (.Àª��üõ ü±Îì ��Êµ¿õ ¤¢ � Â�Ñ÷ âþ¥�� â��� �)r = 1 ßµêÂð ÂÑ÷ ¤¢ �� ø (8) ø (7) Í��ø ¤ ¥� ù¢�Ôµ¨� �� ���¤�¤ �ûö� ü±÷�¹õ «��¡ ø ,üêÂãõ � ø � ý�Â� �¤ üþ�ûÂð¢¤ø�Â�.À÷¢Âî ü¨¤Â�1 � k � n=2 �� ¼�½¬ ¢�Àä� ¥� ý��ó�±÷¢ k = kn À��î­Âê­Âê .n! 1 üµìø k=n! 0 ø k ! 1 ø ,Àª�� n 2 N ø�þ�¤� Âð¢¤ø�Â� .Àª�� Zi Â�Ñ÷ ü±Îì ��Êµ¿õ (�i;�i) À��îý¤�Àþ�� É¡�ª ý�Â� ùÀª�n = �n;k = ln2ln �n�k+1: n � ln �n�2k+1: n ;.Àª��üõ (�1; :::; �n) ¤�¢Â� ¥� ü±��Â� ù¤�õ� ß�õ� k ,�k: n �îùÀªñ� õÂ ÷ üÔ �Ï ù¥�À ÷� ý�Â � ùÀª � þ�¤� Â ð¢¤ø�Â � ß � ��ÝûÂ þ¥ �¤�¬� � r = 1 ´ó� � ¤¢ '(~�) = �(~�)=�(�; :::;2�)Àª��üõ'1n(~�) = 1k nXi=1 1(�i�~� ; �i��n�k+1:n)~� = (�1; :::; �d�1);

¥� �î À��î ���� �Àµ�� ,
 � [wij ℄ ö¤�Öµõ ÅþÂ��õ ¢¤ø�Â� ý�Â�Ýþ¤�¢ ht;
ti üã�Âõ �Âê ø (5) �Î��¤[�2 ln j�X(t)j℄ 2� = ht;
ti = pXi=1 pXj=1 titjwij :� � Å � .Ý þ¤�¢ �� ¹ õ ýwij ,p(p + 1)=2 ü êÂ Ï ¥�¥��÷ t üÎ¡ ÛÖµÆõ ø ÂÔ¬Â�è ý��¹õ ¤�¢Â�M = p(p+1)=2°��Â�ßþ� �� .Ý�û¢üõ Çþ�Þ÷ h1; :::;hM �� �¤ �ûö� �î Ýþ¤�¢¢��ø � � ñ�ú¹õ M ø � ó¢� ã õ M ¥� ù�Ú µ¨¢ ×þ Â þ¥ �Î ��¤¢Âî ¢¤ø�Â� �µØþ ¤�Ï�� �¤ 
 ö���üõ �î ¢¤ø�üõ[�2 ln j�̂X(hk)j℄ 2̂� = hhk; 
̂hki; k = 1; :::;M: (6)�̂X(t) = �¤�¬�� �¤ (4) �Î��¤ ö�Øõ Âµõ�¤� � ¢¤ø�Â � ý�Â �.Ý � Æ þ� ÷ü õ (1nPnj=1 
osht;xji) + i(1nPnj=1 sinht;xji)�Â ê ý�¤�¢ ü ± Î ì �� Ê µ ¿ õ ¤¢ � Î ��¤ ß þ��îý¤�Ï�� ,�̂X(t) � �(t) exp[i�(t)℄�2(t) = (1n nXj=1 
osht; xji)2 + (1n nXj=1 sinht; xji)2;tan �(t) = Pnj=1 sinht; xjiPnj=1 
osht; xji :üõ� û� õ ´ÞÆ ì ¤¢ u(t) � h~�; ti � î ß þ� � � � �� � � � Å �Â þ¢� Ö õ h�1; :::;h�p Â ð� ß � � �Ý û .û(t) = �(t) Ý þ¤�¢ ´ ¨�Ý þ¤�¢ j = 1; :::; p ý�Â � À � ª� � t ¤�¢Â � ¥� Û Ö µ Æ õ ø �� ¹ õ× þ H = (h�1; :::;h�p)0 Â ð� ß þ�Â �� � � .h~̂�;h�j i = û(h�j )¤�¢Â � ü Î ¡ Û Ö µ Æ õ ø �� ¹ õ Â þ¢� Ö õ ¥� p � p Å þÂ �� õö�� �ü õ �¤ ~� ¢¤ø�Â � ,À ª� � U ¤�¢Â � ��j � Ô ó� õ û(h�j ) ø t.¢¤ø� ´¨¢�� ~̂� = H�1U; jHj 6= 0Î¨��RXC Âð¢¤ø�Â� 2.2ý�Â� ø ,âþ¥�� �¢ §�¨� Â� ©ø¤ ßþ� ¤¢ �ûÂµõ�¤�� ý�ûÂð¢¤ø�Â�ùÀª �þ�¤� À�µÆû ¤�Àþ�� âþ¥�� ×þ �Á� ��õ�¢ ¤¢ �î üþ�û¤�¢Â�.´¨�



69 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ¤�Àþ�� üê¢�Ê� ý�û¤�¢Â� üÔ�Ï ù¥�À÷� ¢¤ø�Â�ü�ãþ ,I ø � ü�Â¹� ý�ûñ¢�ãõ ü�Â¹� �Ê¿Èõ â��� ©ø¤ ¤¢Îk(t) = � ln �̂k(t) ø �̂k(t) = (1=k)Pki=1 exp(iht;Xii),t1; :::; tn 2 Sd Âþ¢�Öõ �Ø±ª ý�Â� Å³¨ .Ýþ¤ø�üõ ´¨¢�� �¤â �� � ¢¤ø�Â � ö�� � ä� � �¤ ~IECF;k = [Îk(t1); :::; Îk(tn)℄0� î À � � î ��� �) Ý þÂ � ðüõ ÂÑ ÷ ¤¢ IX(:) ü�Â¹ � �Ê¿Èõ.(.�ECF = ��ÂÑ ÷ ¤¢ �¤ t 2 Sd ¤�¢Â � ø X üê¢�Ê � ¤�¢Â � Â þ�Ê � ©ø¤ ¤¢� � ¤�À þ� � �� ,ht;Xi ýÀã �×þ üê¢�Ê� Â � ç µ õ .Ý þÂ � ðüõ´¨� Âþ¥ ý�ûÂµõ�¤����(t) = <IX (t) = ZSd jht; sij��(ds);�(t) = ���(t) ZSd ig(ht; si) jht; sij��(ds)= ( �=IX(t)=(��(t) tan(��2 )) � 6= 1;= [IX(2t)�2IX (t)℄4��(t) ln2 � = 1;�(t) = 8>><>>: 0 � 6= 1;�2� R ht; si ln jht; sij�(ds) = �=IX (t)�(t)� = 1: (10)� Ø ± ª � � Õ Ü ã µ õ tj Â û ø X1; :::;Xn � ÷� Þ ÷ ý�Â � ø ¤ß þ�¥�ýÀ ã �× þ ý� ûù¢�¢ � ä� Þ ¹ õ t1; :::; tn 2 Sd Â þ¢� Ö õ� � ¢¤� õ Â û ¤¢ ø Ý þ¤ø�üõ ´¨¢� � �¤ htj ;X1i; :::; htj ;Xki¤�À þ� � ý� ûÂ µ õ�¤� � ¢¤ø�Â � ý� û©ø¤ ¥� ü Ø þ ¥� ù¢� Ô µ ¨�ö�Øõ ø) �̂(tj) üÚó�� ø �̂(tj) §��Öõ ý�ûÂµõ�¤�� ,ùÂ�çµõ×þÂ þ¢�Öõ Å³¨ .Ý��îüõ ¢¤ø�Â � �¤ (´¨� � = 1 üµìø �̂(tj)�Î��¤ ¤¢ �¤ �ûÂµõ�¤�� ýùÀª¢¤ø�Â�Îk(tj) = � �̂�(tj)(1 � i�̂(tj) tan ��2 ) � 6= 1;�̂(tj)(1� i�̂(tj)) � = 1: (11)¤�¢Â � Í ¨� � IX(:) Â þ� Ê � ¢¤ø�Â � .Ý � � îü õ ý¤�Á Ú þ� �À��î ���� .Àþ�üõ ´¨¢�� ,~IPROJ;k = [Îk(t1); :::; Îk(tn)℄0

ö�� �üõ �(�; :::;2�) = kn (�n�k: n)�n ßµêÂð ÂÑ÷ ¤¢ � � �î.¢Âî ¢¤ø�Â� �¤ �(~�)ÓÜµ¿õ ý�û r ý�¥� �� �¤ '(~�) �î ´¨� �¥� �µØ÷ ßþ� �� ����ü�ãþ ,¢Âî ¢¤ø�Â� ö���üõ'rn(~�) = r�k nXi=1 1(�i�~� ; �i�r�n�k+1:n); ~� = (�1; :::; �d�1):ßþ� �î ¢�ªüõ ùÀû�Èõ �µêÂð �¤�¬ ý�ûý¥�¨��±ª � � �õ�.¢¤�À÷ ¢¤ø�Â� ¸þ�µ÷ ¤¢ ü÷�À�� Â��ç�ø ü�Â¹� �Ê¿Èõ â�� � §�¨� Â � ¢¤ø�Â � 3.2�ûù¢�¢ Âþ�Ê�üêÂãõ � ö¢�� ��Üãõ ø ~� ö¢�� ÂÔ¬­Âê �� �ûÂð¢¤ø�Â� ßþ�Â þ¢� Ö õ ,� ø ~� ö¢Â î ¢¤ø�Â � ý�Â � ö�� �üõ � µ ± ó� .´¨� ùÀªø ´êÂ ð ÂÑ ÷ ¤¢ �¤ ýÀã � �d ý�û¤�¢Â � � ó� ± ÷¢ ¥� � Ô ó� õ Â û¢¤ø�Â� �¤ ,j = 1; :::; d ,�̂j ø �̂j ,�̂j ,�̂j ýÀã�×þ ý�ûÂµõ�¤��°��Â��� �¤ ~̂� = (�̂1; :::; �̂d) ø �� = (Pdj=1 �̂j)=dÅ³¨ ,¢Âî.´êÂð ÂÑ÷ ¤¢ ~� ö�Øõ ¤�¢Â� ø ý¤�Àþ�� É¡�ª ¢¤ø�Â� ö���ä���Âê �� ¤�Àþ�� �� ý�ûâþ¥�� ý�Â� ùÀª üêÂãõ �Ê¿Èõ â���ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ Âþ¥�X (t) = E expfihX; tig = exp(�IX (t)); (9)�îý¤�Ï��IX (t) = ZSd �(ht; si)�(ds) � iht; ~�i; �(u) = ( juj�(1� iig(u) tan ��2 ) � 6= 1;juj (1+ i2� ig(u) ln juj) � = 1:ö���üõ ©ø¤ ø¢ �� .¢�ªüõ ¢¤ø�Â� IX(t) �Àµ�� ©ø¤ ßþ� ¤¢Âþ�Ê� ø (ECF) ü�Â¹� �Ê¿Èõ â��� ,¢Âî ¢¤ø�Â� �¤ IX(t)ßþ� §�¨� Â� üÔ�Ï ù¥�À÷� Å³¨ .(PROJ) �ûù¢�¢ ýÀã�×þ.Àþ�üõ ´¨¢�� �û¢¤ø�Â�



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 70ÂÑ÷ ¤¢ �¤ ýÂ�ï¤�� Âþ¢�Öõ �Ø±ª Àþ�� üÔ�Ï ù¥�À÷� ý�Â� ��¡.Ý��î ¢¤ø�Â� �¤ ýÂ�Ç�� ý�ûÂµõ�¤�� �¹�µ÷ ¤¢ ø ,ÝþÂ�Ú�ö�� ,Àª��üõ ÍÜµ¿õ ¢�Àä� Ûõ�ª �f �Þãõ ~
 �î À��î ����ý¤�ÀÖõ ~IPROJ ø ~IECF ý�û¤�¢Â� ø ´¨� ÍÜµ¿õ 	ÅþÂ��õ¯�Ö÷ ¢�Àã� Âð� ß���Ýû .¢Âî À�û��¡ ¢�¹þ� �ûö� ¤¢ ñ�µ¡�ýø¤ ´¡�� �Ø þ ¤�Ï� � ø Àª� � �ø¥ t1; :::; tn Â þ¢� Ö õ �Ø ±ª,m ø j Â þ¢� Ö õ üÌã � ý�Â � ù� ðö� ,À �ª� � ùÀª ùÀ � î�Â � Sd,IX(�t) = IX(t) ø  (�u) =  (u) �¹�µ÷ ¤¢ ø ,tj = �tm´¨� üð¤�� ÛØÈõ ßþ� .Àª Àû��¡ ¢ÂÔ�õ üÎ¡ ù�Úµ¨¢ Å�¤¢ ,ñ�·õ ¤�Ï�� .Àª�� 2d ¥� ü�ÂÌõ n Ý�û��¡üõ �f �Þãõ ö��,(0;1) ,(1;0) �ÎÖ÷ Âû é�ÂÏ� �Â� Ý�û��¡üõ d = 2 ¢¤�õý�û�Ô ó�õ � � ÂÒ� � µõ �î Ý��î ¢¤ø�Â � �¤ (0;�1) ø (�1;0).À�ª��üõ ÛÖµÆõ¥� ö�� �ü õ Í Ü µ ¿ õ ¢�À ä� öøÀ � � ó� Æ õ ö� � � ý�Â �Â Ñ ÷¢¤� õ Â þ¢� Ö õ ¥� ö¤� Ö µ õ � Ø ± ª × þ ø IX ø  «�� ¡ü õ� û� õ ´ Þ Æ ì Û Ø È õ ü µ ��¤ � � ß þ� .¢Â î ù¢� Ô µ ¨��Â ª R2 ¢¤� õ ¤¢ �¤ ©ø¤ .À � îü õ Û � �¤ 
j ý� ûö¥ø�¤�¬� � Â þ¢� Ö õ �Ø ± ª ø n = 2m À � � î ­Â ê .Ý � û¢üõ.À�ª�� tj = sj = (
os(2�(j � 1))=n; sin(2�(j � 1))=n)ý�û�þ�¤¢ ø Ij = �Ij+m �¤�¬�� ~I ý�û�Ôó�õ �¤�¬ßþ� ¤¢Â û ý�Â � Å � .¢� � À � û�� ¡  i;j =  i+m;j �¤� ¬� � 	¤� Ï� � ø <Ij = Pnk=1 < j;k
k Ý þ¤�¢ ,j = 1; :::;m ,j(üÖ�Ö�) ¤�¢Â � Âð� ø ¤ßþ�¥� .=Ij = Pnk=1 = j;k
k � ��Èõ(ü Ö � Ö �) Å þÂ �� õ ø ~
 = (<I1; :::;<Im;=I1; :::;=Im)0�¤�¬�� �¤ A = [ai;j ℄n�nai;j = � < i;j i = 1; :::;m= i;j i = 1; :::;m j = 1; :::; nÝþ¤�¢ ,Ý��î ÓþÂã�~
 = A~
: (14)

¢¤ø�Â � �¤ Â þ�Ê � ý� ûÂ µ õ�¤� � Ó Ü µ ¿ õ �� ú � ¤¢ ö� � � îÀþ�üõ ´¨¢�� �̂(tj) ý�Â� ¢¤ø�Â� ×þ ´ú� Âû ¤¢ ,Ý��îüõÂþ�Ê� ©ø¤ ¤¢ � ¢¤ø�Â� ý�Â� ö���üõ �ûö� ß�Ú÷��õ ¥� �î.¢Âî ù¢�Ôµ¨�,Àª�� �µÆÆð üÔ�Ï ù¥�À÷� ý�¤�¢ � �î ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ üµó��ü�ãþ�(:) = nXj=1 
jÆsj (:); (12)ý�¤�¢ ¯�Ö÷ ø �ûö¥ø °��Â� �� sj 2 Sd ø 
j � 0 �îý¤�Ï��.IX(t) = Pnj=1  �(ht; sji)
j ´ó� � ß þ� ¤¢ .À � ª� � �Â �ÅþÂ��õ ÓþÂã� �� Rd ¤¢ t1; :::; tn Âþ¢�Öõ �Ø±ª ý�Â� ßþ�Â����Âþ¥ �¤�¬�� 		 = 	(t1; :::; tn; s1; :::; sn)= 264  �(ht1; s1i) : : :  �(ht1; sni)... . . . ... �(htn; s1i) : : :  �(htn; sni) 375 ;Ýþ¤�¢ ~I = [IX(t1); :::; IX(tn)℄0 ø ~
 = [
1; :::; 
n℄0 ý�Â�~I = 	~
: (13),Àª�� ¢���õ 	�1 �î ¢�ª ��¿µ÷� ý¤�Ï t1; :::; tn 2 Rd Âð�ö���üõ ,~
 = 	�1~I ü�ãþ ,�Î��¤ ßþ� ö¢Âî §�Øãõ �� ù�ðö�.¢Âî ¢¤ø�Â� �¤ �ûö¥ø�f õø�ó �î üµó�� ü�ãþ üÜî ´ó�� ¤¢ üÔ�Ï ù¥�À÷� ×þ ý�Â�°þÂÖ� ¥� ,´Æ�÷ ��Üãõ �û�Â� ßµêÂð¤�Âì ö�Øõ �þ ´Æ�÷ �µÆÆðùÂî ´ó�� ßþ� ¤¢ .Ý��îüõ ù¢�Ôµ¨� �� =Pnj=1 
jÆsj �µÆÆð¥� ×þ Âû �î ¢�ªüõ ¥�Âê� sj �î�Âõ ý¢�Àã� �� �ûAj Í¨�� Sdý��Ø� �Â� ý�Â� °þÂÖ� ×þ ~
 = [
1; :::; 
n℄0 ¤�¢Â� ý�û�Ôó�õý�ûö¥ø ¥� ù¢�Ôµ¨� �� Å³¨ .Àª��üõ ,j = 1; :::; n ,sj Ûõ�ª´¨¢� � ö�� �ü õ (12) �Î ��¤ ¥� �¤ �̂ ,s1; :::; sn Â þ¢� Ö õ ø ~
�� ä� Ï� ö¢¤ø� ´¨¢� � ý�Â � � î ´¨� Â î£ � � �¥� .¢¤ø�



71 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ¤�Àþ�� üê¢�Ê� ý�û¤�¢Â� üÔ�Ï ù¥�À÷� ¢¤ø�Â�´îÂ�×þ ¥� ö���üõ �¤ X ùÂ�çµõø¢ ¤�Àþ�� �� üê¢�Ê� ¤�¢Â�ø (� = 1) ´¨�¤ � � � ó� � �f õ� î � î Z(�) ¤�À þ� � �� ý� óø ÂÔ¬ ö�Øõ Âµõ�¤�� �� dZ(�) âþ¥��Ýû ø ÛÖµÆõ ý�û�Þ÷ ý�¤�¢ü�ãþ ,´¡�¨ ´Æû (d�) 1� §��ÖõX d= Z 2�0 s� (d�(�)) 1� dZ(�)(d�) 1� ; (15)��±�� Û��ì üµ��¤ �� ��� �Î��¤ X �Ê¿Èõ â��� ¥� ù¢�Ôµ¨� ��)�¤�±ä ù�ðö� ,Àª�� �µ¨��� �fÖÜÎõ �(�) Âð� �Î��¤ ßþ� ¤¢ (.´¨�� Âð� �¤�¬ßþ� Â�è ¤¢ üóø s�(d�(�)d� ) 1� dZ(�) ñ�ÂÚµ÷� Û¡�¢¤¢ �¤ s�(��) 1�Z� �Â� � ,Àª�� �µª�¢ ©Â� � ¤¢ �� ù¥�À÷� ��âþ¥�� ý�¤�¢ Z� = (d�)�1� dZ(�) �î Àû¢üõ ´îÂª ñ�ÂÚµ÷�¥� ÛÖµÆõ ø Z� � S�(1;1;0) �¤�¬�� ùÂ�çµõ×þ ¤�Àþ�� ��.Àª��üõ �0 6= � Âû ý�Â� dZ(�0)üÔ�Ï ù¥�À ÷� � � ùÂ � ç µ õø¢ ¤�À þ� � â þ¥� � ý�¤�¢ X À� �î ­ÂêÂ Ô ¬Â � è ö� Ø õ Â µ õ�¤� � �f � Þ µ �� ø (15) �Â ê � � ,�(�)¤¢ �¤ Â þ¥ Â þ�Ê� w 2 [0; �) Âû ý�Â � .Àª� � ~� = (�1; �2)0ÀþÂ�Ú� ÂÑ÷Y (w) = hsw; Xi (16)= Z 2�0 
os(� � w)d�(�) 1� dZ(�)(d�) 1� + hsw; ~�i;ß þ� .¢� � À û�� ¡ Sd ¤¢ ý�� Î Ö ÷ sw = (
osw; sinw)0 � îÂ þ¥ §��Öõ Â µ õ�¤� � � � ùÂ � ç µ õ×þ ¤�À þ� � â þ¥� � ý�¤�¢ Â þ�Ê�Àª��üõ
(w)� = Z 2�0 j 
os(� � w)j�d�(�):ø¢ â Þ� �¤�¬� � ö�� �ü õ �¤ (16) �Î ��¤ ¤¢ ñ�Â Ú µ ÷� ñ� �¤¢ .´ª� ÷ w + �=2 � � w � �=2 � Ü¬� ê ¤¢ ��¹ õ ñ�Â Ú µ ÷�Â�çµõ ø¢ ý�ê�®� �� Ç÷�Øõ Âµõ�¤�� âÞ� �� Y (w) �¤�¬ßþ�.¢�ªüõ �þ�¹� ÂÔ¬ ö�Øõ �� ùÀª�ó�� �f õ�î ¤�Àþ�� üê¢�Ê�

Ý�÷���üõ Å� ´¨� ÂþÁ�§�Øãõ ßþ�Â���� ø ¢ÂÔ�õ�÷ AÅþÂ��õ.Ýþ¤ø� ´¨¢�� �¤ ~
 ¢¤ø�Â� A�1~
PROJ ø A�1~
ECF Í¨��´¨� ßØÞõ (14) ý�Î��¤ ö¢Âî §�Øãõ � � �î À��î ����Âðö�È÷ ßþ� �î Ýþ¤ø� ´¨¢�� �ûö¥ø üÌã� ý�Â� üÔ�õ Âþ¢�Öõâê¤ ý�Â� ℄3[ ��î×õ .´¨� üÔ�Ï ù¥�À÷� ¢¤ø�Â� ö¢�� Â±µãõ�÷¢øÀ½õ üã�Âõ ©ø¤ �¤�¬�� ÝµÆ�¨ ¢Âî ¢�ú�È�� ÛØÈõ ßþ�,¢�ª Û� ~
 � 0 ¯Âª �� ùÀªMin~
 � 0 fjj~
�A~
jj2 = (~
�A~
)0(~
�A~
)g:ü �Â¹ � �Ê¿È õ â �� � ©ø¤ ¢¤� õ ¤¢ � î ýÂ Ú þ¢ ÛØÈ õý�û¤�¢Â� ¥� ×þÂû ñ�Ï üµìø ,�î ´¨� ßþ� ¢�ªüõ ùÀû�ÈõÛØÈõ ÂÏ�¡ �� Àª� � ×��î üÜ�¡ � þ ï¤�� üÜ�¡ �ûù¢�¢exp(ihX; ti) = 
oshX; ti + i sinhX; ti ��Þ� � � ý¢À äÀª�� ï¤�� üÜ�¡ jXj üµìø .Àª��üõ üÔ�ã® ý�Â�� ý�¤�¢jXj üµìø Û �� Ö õ ¤¢ ø À � � îüõ ö�¨� ÷ â þÂ¨ üÜ �¡ ��Þ��¹�µ÷ ¤¢ ø À��îüÞ÷ ö�¨�÷ �f ¬� �f ± þÂÖ� Àª�� ×��î üÜ�¡���õ¥ ßþ� ¤¢ �î ý¢�ú�È�� .Àª��üÞ÷ ñÂµ�î ´½� IX(t) ¤�µê¤Âþ¢�Öõ ý�÷��õ �� Ý�ÆÖ� �� �¤ �ûù¢�¢ �î ´¨� ßþ� ¢¤�¢ ¢��ø.Ý��î ñ¢�ãµõ jX1j; :::; jXk jùÂ�çµõø¢ ´ó�� ¤¢ ��î×õ Âð¢¤ø�Â� 4.2� � ¤�À þ� � ùÂ �ç µõø¢ âþ¥� � ý�¤�¢ X = (X1; X2)0 À��î­Âê�Ê¿Èõ â��� �Âê ö���üõ ´ó��ßþ� ¤¢ .Àª�� � 6= 1ln(�X (t)) = ZSd  �(ht; si)�(ds) + iht; ~�i;Â�ù¢�¨ �Âê �� �¤ln(�X(t)) = Z 2�0  �(ht; s�i)d�(�) + iht; ~�i;À��ø ùÂþ�¢ ýø¤ ý��ÎÖ÷ s� = (
os �; sin �)0 ö� ¤¢ �î ´ª�÷.Àª��üõ � �þø�¥ ¤¢



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 72íÂ½µõ ß�Ú÷��õ ×þ C�(w) �î Àû¢üõ ö�È÷ (17) �¤�±ä�Î��¤ Í¨�� À÷���üõ íÂ½µõ ß�Ú÷��õ ßþ� .´¨� d�(�) ¥��j = C�(wj) � j+m4Xj�m4 j 
os(wj � �h)j�
h; (19)�îý¤�Ï�� ,¢�ª ù¢¥ °þÂÖ� ý¢Àä ¤�Ï��
h = �(�h + �=m)� �(�h � �=m): (20)�Â ê � � ñ�ú¹õ m ø � ó¢� ã õ m ¥� ù� Ú µ¨¢ ×þ (19) �Î ��¤�Î ��¤ ¥� À ª� � ¢Â Ô � õ� ÷ A ø � < 2 üµ ìø � î ´¨� ��A~
ÓþÂã � ùÂ þ�¢ ýø¤ d� ö�� .Àª� �üõ Û� Û�� ì ~
�A�1�Í��ø¤ ßþ� ¥� �î Àª��üõ 
h = 
m+h ø �h = �m+h ,¢�ªüõö���üõ À�µÆûm ¥� Â�ï¤�� �þ üÔ�õ h ý�ûÅþÀ÷� �î ü÷�õ¥�� �¤ �(�j + �=m) ö���üõ� ¥� ùÀª¢¤ø�Â� ~
 �� .¢Âî ù¢�Ôµ¨�ßþ� ¤¢ �î À��î ���� .¢Âî ¢¤ø�Â� j �� ÂÔ¬ ¥� 
h ö¢Âî âÞ��î Àþ� ´¨¢�� 
h ý�Â� üÔ�õ ýÂþ¢�Öõ ´¨� ßØÞõ ��÷ ©ø¤´ÞÆì ¤¢ ùÀª�ÂÎõ ýùÀª¢øÀ½õ üã�Âõ ©ø¤ ¥� ù¢�Ôµ¨� ��.¢Âî Û� �¤ ÛØÈõ ßþ� ö���üõ Û±ì�ûÂð¢¤ø�Â� �Æþ�Öõ ø ý¥�¨��±ª 3�µÆÆð üÔ�Ï ù¥�À÷� ÕþÂÏ ¥� �Æþ�Öõ 1.3ùÀª �þ�¤� ùÂ �ç µõø¢ ¤�À þ� � â þ¥� � ¥� üþ�ûñ�·õ ´ÞÆì ßþ� ¤¢ö�Øõ Â µ õ�¤� � ø ý¥�¨� � ±ª ù¢�¢ 10000 ¢¤� õ Âû ¤¢ .´¨�.´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ ~� = (0;0)�1(:) = ü Ô � Ï ù¥�À ÷� � � ü þ� ûù¢�¢ 1 ñ�·õj = ý�Â � sj = (
os �j ; sin �j) 2 Sd ,P3j=1(1=3)Æsj (:)� � ø �3 = 3�=2 ø �2 = � ,�1 = �=3 ý� þ�ø¥ ¤¢ ,1;2;3.À÷Àª ý¥�¨��±ª � = 1=25

Y1(w) �î Y (w) = Y1(w)+Y2(w)+ hsw; ~�i �¤�¬�� ü�ãþÂµõ�¤�� ý�¤�¢ Y2(w) ø ,� = 1 ø C(w) §��Öõ Âµõ�¤�� ý�¤�¢�îý¤�Ï�� ,´¨� � = �1 ø C(w + �) §��ÖõC�(w) = Z w+�=2w��=2 
os(� � w)�d�(�); w 2 [0;2�):(17)Ýþ¤�¢ ����÷ ø¢ ßþ� �� ýÂ�ðñ�ÂÚµ÷� ����÷ ßµÆØª ��
�(w) = C�(w) + C�(w + �);�(w) = C�(w) � C�(w)
�(w) �¹�µ÷ ¤¢ øC(w) = 
(w)(1 + �(w)2 ) 1� ;C(w + �) = 
(w)(1 � �(w)2 ) 1� : (18)� ä� Þ¹ õ × þ ,i = 1; :::; n ,xi = (x1i; x2i)0 À � � î ­Â ê¤�¢Â � ¥� X2 ø X1 ý� û� Ô ó� õ .À ª� � X ¤�¢Â � ¥� ��À û� È õö�� �ü õ � î À � µ Æ û íÂ µ È õ � � � ùÂ � ç µ õ× þ ¤�À þ� � ,X,"� ø �2 ,�2 ,�2' ø "� ø �1 ,�1 ,�1' ,� ûö� ý� ûÂ µ õ�¤� �,ùÂ � ç µ õ × þ ý� ûÂ µ õ�¤� � ¢¤ø�Â � ý� û©ø¤ ¥� ü Ø þ � � �¤¢¤ø�Â � ý�Â � .¢Â î ¢¤ø�Â � ,ÝÞ þ� î� õ ü þ� Þ � µ ¨¤¢ ©ø¤ �f · õ�ûö� ¥� ~� ¢¤ø�Â � Û®�Ô � � � �¤ xi Â þ¢�Öõ �Àµ �� ,üÔ�Ï ù¥�À ÷�ï¤� � ¼ � ½¬ ¤�À Ö õ × þ ý�Â � Å ³ ¨ .Ý � � îü õ ý� îÂ õ¤�Â ì j = 0;1; :::;m � 1 ø ´ ¨� 4 Â � Â þÁ �Ý � Æ Ö � � î m�¤ yi(wj) ,(16) �Î��¤ À�÷�Þû .�j = wj = 2�j=m Ý�û¢üõ´¨¢�� ,j = 0;1; :::; m2 � 1 ,j Âû ý�Â� ùÀª ý�îÂõ xi ¥�¤¢ � � ,
(wj) ø �(wj ) ¢¤ø�Â� ý�Â� �¤ Â þ¢�Öõ ßþ� ø Ýþ¤ø�üõ.ÝþÂ�üõ ¤�î�� ,~� ý�Â� ÂÔ¬ ¤�¢Â� ø ùÀª¢¤ø�Â� � ßµêÂð ÂÑ÷(18) ¥� ù¢� Ô µ ¨� � � �¤ ,j = 0;1; :::;m � 1 ,C(wj) ù� ðö��(wj) ý�Â� ùÀõ� ´¨¢�� ¢¤ø�Â� Âû ý�¥��� �î Ý��îüõ ¢¤ø�Â�.Àþ�üõ ´¨¢�� C(wj + �) ø C(wj) ¤�ÀÖõ ø¢ 
(wj) ø



73 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ¤�Àþ�� üê¢�Ê� ý�û¤�¢Â� üÔ�Ï ù¥�À÷� ¢¤ø�Â�Â Ú þ¢ Â ð¢¤ø�Â � ø¢ ø À ª� �ü õ � ý�Â � Ó � ã® ýÂ ð¢¤ø�Â �.À�û¢üõ �þ�¤� �¤ üÜ¬� ¤�ÀÖõ �� ×þ¢�÷ üþ�û¢¤ø�Â��Ê¿Èõ â��� ø (ö��÷) Âþ�Ê� Âð¢¤ø�Â� ,1 ÛØª �� ���� ��üÔ �Ï ýù¥�À ÷� ý�Â � �¤ ü ÷�ÆØ þ ý�û¢¤ø�Â � �f ± þÂ Ö � ü �Â¹ �ùÀõ� ´¨¢�� (3) ´ÞÆì ¤¢ ¢¤ø�Â� ßþÂµú� .À�û¢üõ ´¨¢��(4) ´ÞÆì ¤¢ ö� ßþÂ�À� ø Ýþ¤�¢ �¤ ñ�Öµ¨� ¢¤�õ �î ´¨�� � �Î ��¤ ¤¢ .´¨� ùÀª ¢¤ø�Â � À � ¤� �Æ � � � ÷ ö� ~� � î ´¨�Âð¢¤ø�Â� ¢¤��õ üõ�Þ� ¤¢ �î ¢�ªüõ ùÀû�Èõ RXC Âð¢¤ø�Â�.Àª��üõ üÔ�Ï ù¥�À÷� Ó�ã®¤¢ �¤ ��î×õ Í¨�� ùÀª �ÂÎõ üÔ�Ï ù¥�À÷� Âð¢¤ø�Â� ñ��´ú� 32 ¤¢ �ûù¢�¢ ,©ø¤ ßþ� �� ¢¤ø�Â� ý�Â� .ÀþÂ�Ú� ÂÑ÷� � ,ùÀ õ� ´¨¢� � ýÀã �×þ ý�ûù¢�¢ Å³¨ .À ÷Àª Â þ�Ê �.À÷Àª ¢¤ø�Â� �ûíÀ�� ø ÝÞþ�î�õ üþ�Þ�µ¨¤¢ ©ø¤ ¥� ù¢�Ôµ¨�,ÝÞþ�î�õ üþ�Þ�µ¨¤¢ ©ø¤ Í¨�� ,�û � ¢¤ø�Â� ,1 ñøÀ� ¤¢¢¤� õ ¤¢ � û� ¢¤ø�Â � .´ ¨� ùÀ õ�,PROJ(M) ö�� � ä ´½ �2 ÛØª .À�µÆû ECF©ø¤ ¤¢ �û¢¤ø�Â� ö�Þû �ûíÀ��©ø¤.Àû¢üõ ö�È÷ �¤ ©ø¤ ø¢ ßþ� Í¨�� ùÀõ� ´¨¢�� ý�û¢¤ø�Â�ý��Ö� ¤¢ (4) ´ÞÆì ¤¢ �� �� ¢�ªüõ ùÀû�Èõ �î ¤�Ïö�ÞûÂð¢¤ø�Â � ßþ� ¸þ� µ ÷ .À�û¢üõ ´¨¢�� ü÷�ÆØþ ¸þ� µ ÷ ¢¤��õ.Àª��üõ ü�Â¹� �Ê¿Èõ â��� ø Âþ�Ê� ©ø¤ �� ���Èõ´îÂª �� ú¨  Â ÷ ¥� ü þ� ûù¢�¢ (üã ì�ø ý� ûù¢�¢) 5 ñ�·õ2008 �þ� ÷�� 17 ¥� � ó�¨×þ ù¤ø¢ ×þ ¤¢ �ø¤� ��õ ø � � î� ÷� ûù¢�¢ .(n = 252) À ÷À õ� ´ ¨¢� � 2009 � þ� ÷�� 14 � �â þ¥� � ×þ � � ø ÛþÀ± � yt = ln(xt+1=xt) �Î��¤ ý�Ü �¨ø� �ý� û©ø¤ ¥� � ûÂ µ õ�¤� � .À ÷À ª ù¢�¢ ©¥�Â � ùÂ � ç µ õø¢ ¤�À þ� �Â þ� Ê � ø ü �Â ¹ � � Ê¿ È õ â �� � ,(ö�� ÷) Â þ� Ê � ,RXC¥� � Â µ õ�¤� � ø ,(0;0) ,~� Â µ õ�¤� � .À ÷Àª ¢¤ø�Â � (��î×õ)ø ü �Â¹ � �Ê¿Èõ â �� � ,(ö�� ÷) Â þ�Ê � ,RXC ý�û©ø¤

� � ö¤� Ö µ õ ´ ó� � ý�Â � ü þ� ûù¢�¢ 2 ñ�·õý�Â � sj = (
os �j ; sin �j) 2 Sd ,�2(:) = P4j=1 
jÆsj (:)�3 = ,�2 = 3�=4 ,�1 = �=4 ý� þ�ø¥ ¤¢ ,j = 1; :::;4�Â� .À÷Àª ý¥�¨��±ª � = 1=5 �� ø �4 = 7�=4 ø 5�=4��¿µ ÷� 0/35 ø 0/15 ,0/35 ,0/15 °��Â �� � � þ�ø¥ ßþ�.Àªü Ô � Ï ù¥�À ÷� � � ¯� �Â õ ü þ� ûù¢�¢ 3 ñ�·õÀ ÷À ª ý¥� ¨� � ± ª � = 0=75 ø �3(:) = P4j=1 Æsj (:),sj = (
os((j � 1)�=2); sin((j � 1)�=2)) 2 Sd � î.À�ª��üõ ÛÖµÆõ ý�û�Ôó�õ �� Õ��Îõ ,j = 1; :::;4Õ��Îõ Â�¤��Þû ý�ù¥�À÷� ¥� ø � = 0=75 ¥� üþ�ûù¢�¢ 4 ñ�·õsj = (
os( �j40 ); sin( �j40 )) 2 ,�4(:) = P19j=0 0=2Æsj (:) � �.À÷Àª ý¥�¨��±ª j = 0; :::;19 ý�Â� SdüÔ�Ï ù¥�À÷� �� ¯��Âõ üãÞ¹� üÔ�Ï ù¥�À÷� ¢¤ø�Â� 1 ÛØª(ö��÷) Âþ�Ê� ©ø¤ ¤¢ .Àû¢üõ ö�È÷ �¤ ,i = 1;2;3;4 ,�iÂ þ� Ê � ý� û´ ú � .À ÷�ùÀ ª Â þ� Ê � ´ ú � 20 ¤¢ � ûù¢�¢ß���Ýû .À÷�ùÀõ� ´¨¢�� i = 0; :::;19 ,2�i20 ý�Î��¤ Í¨��ùÀª Û þÀ ã � ý�ûù¢�¢ ¥� ü �Â¹ � �Ê¿Èõ â �� � ý�û¢¤ø�Â ���÷ RXC Âð¢¤ø�Â� ¢¤�õ ¤¢ .À÷�ùÀõ� ´¨¢�� �÷��õ ý�Ü�¨ø��¢¤ø�Â� � Âþ¢�Öõ .´¨� ùÀª ù¢�Ôµ¨� üþ�úµ÷� ýù¢�¢ 2000 ¥�©ø¤ ¤¢ �î À��î ���� .´¨� ùÀû�Èõ Û��ì 1 ñøÀ� ¤¢ ùÀª¥� ,´ú� Âû ¤¢ �ûù¢�¢ Âþ�Ê� ¥� Å� ,�ûù¢�¢ ýÀã�×þ Âþ�Ê�ý�ûâþ¥�� ÂÚþ¢ ý�ûÂµõ�¤�� ø � ¢¤ø�Â� ý�Â� �ûíÀ�� ©ø¤.´¨� ùÀª ù¢�Ôµ¨� ýÀã�×þ¥� ùÀª ¢¤ø�Â� ~� = (�1; �2)0 ¤�ÀÖõ Û®�Ô� ¥� Àã� �û¢¤ø�Â�´ÞÆ ì ¤¢ ~� � î ¢� ªüõ ùÀ û�È õ .À ÷�ùÀ õ� ´¨¢� � � ûù¢�¢ùÀª ¢¤ø�Â� À� ¤��Æ� ¢¤�¢ ¢��ø ñø� â�¤ ¤¢ ÍÖê �Â� �î (4)RXC Âð¢¤ø�Â� �î ¢�ªüõ ùÀû�Èõ �û� ¢¤ø�Â� ¢¤�õ ¤¢ .´¨�



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 74�¤ ÓÜµ¿õ ý�û´ú� ¤¢ Âþ�Ê� ¥� ùÀõ� ´¨¢�� ý� ¤�¢�Þ÷.Àû¢üõ ö�È÷ ø 1/491 ,1/521 ,1/520 °� �Â �� � (��î×õ) Â þ�Ê�ø ùÀ ª ¢¤ø�Â � ü Ô � Ï ù¥�À ÷� ,3 ÛØª .À ª ¢¤ø�Â � 1/521.ÓÜµ¿õ ý�ûÂð¢¤ø�Â� Í¨�� ùÀõ� ´¨¢�� � ¢¤ø�Â� .1 ñøÀ�(1) (2) (3) (4)(Exa
t)üÜ¬� Âþ¢�Öõ 1=25 1=5 0=75 0=75RXC¢¤ø�Â� 1=404 1=563 0=657 1=206PROJ(N)¢¤ø�Â� 1=261 1=508 0=766 0=765ECF¢¤ø�Â� 1=261 1=505 0=761 0=766PROJ(M)¢¤ø�Â� 1=265 1=514 0=759 0=700�1 �0=039 0=009 �0=050 �13=855�2 �0=056 0=010 �0=261 �12=128ùÀª ù¢�Ôµ¨� §��Öõ °þÂ® 0=981 0=698 7=157 36=650

.ÓÜµ¿õ ý�ûÂð¢¤ø�Â� ý�û¢¤ø�Â� ø ùÀª ý¥�¨��±ª ý�ûù¢�¢ üãÞ¹� üÔ�Ï ù¥�À÷� .1 ÛØª



75 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ¤�Àþ�� üê¢�Ê� ý�û¤�¢Â� üÔ�Ï ù¥�À÷� ¢¤ø�Â�

üþ�Þ�µ¨¤¢ ©ø¤ Í¨�� ýÀã�×þ ý�ûù¢�¢ ¢¤ø�Â� �� ��î×õ Âð¢¤ø�Â� ý�û¢¤ø�Â� ø ùÀª ý¥�¨��±ª ý�ûù¢�¢ üãÞ¹� üÔ�Ï ù¥�À÷� .2 ÛØª.�ûíÀ�� ©ø¤ ø ÝÞþ�î�õ

.�ø¤���õ ø ��î�÷ ´îÂª ��ú¨  Â÷ ý�ûù¢�¢ ý�Â� ÓÜµ¿õ ý�û´ú� ¤¢ Âþ�Ê� ¥� ùÀõ� ´¨¢�� ý�û� ø ùÀª ¢¤ø�Â� üÔ�Ï ù¥�À÷� .3 ÛØª



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 76�µ¨��� üÔ�Ï ù¥�À÷� ÕþÂÏ ¥� �Æþ�Öõ 3.3��� � Û ± ì ý�û´ÞÆì ¤¢ ùÀ õ� ´¨¢� � ý�û¢¤ø�Â � � � Â ð�PROJ(M) ø PROJ(N) ý� ûÂ ð¢¤ø�Â � � î Ý � � � �ü õ Ý � � î¤�Âì Ýû ýø¤ ECF Âð¢¤ø�Â� �� ¢¤��õ ÂµÈ�� ¤¢ ø ö�ÆØþ �f±þÂÖ��î ü÷�õ¥ ©ø¤ �¨ ßþ� �� ùÀõ� ´¨¢�� ý�û¢¤ø�Â� .À÷Â�ðüõýø¤ �Â� üðÀ�î�Â� �� Âû ø ��¡ ¤��Æ� ¢¤�¢ ¢��ø ñ�Öµ¨�´�Þû� � � ��� � � � .À �û¢üõ ���� Âµú � Àª� � Â µÈ� � ùÂ þ�¢ý�û¤�¢Â� ��±¨�½õ Â·î� ö¢�� �µÆ��ø ø üÔ�Ï ù¥�À÷� ¢¤ø�Â��ûÂð¢¤ø�Â� ßþ� ß�� ´¨� �¥� Âµõ�¤�� ßþ� �� ¤�Àþ�� üê¢�Ê�� Æ þ� Ö õ ý�Â � ø ¤ ß þ� ¥� ,¢Â � ð �¤�¬ ýÂ µ È � � ý�Æ þ� Ö õüÔ�Ï ù¥�À÷� �î Ý�µêÂð ÂÑ÷ ¤¢ �¤ üµó�� ,�ûÂð¢¤ø�Â� ¢ÂîÛÞäý�¤�¢ � üÔ�Ï ù¥�À÷� Ýþ¢Âî ­Âê ü�ãþ Àª�±÷ �µÆÆð üãì�øÀª�� �µ� üó�Ú�d�(�)d� = 1B(�0; �0) 12� ( �2� )(�0�1)(1� �2� )(�0�1);0 < � < 2�:� � ø ýÀ� �Ý�ÆÖ� �¤ üÔ�Ï üó�Ú� �Àµ �� �Æþ�Öõ ��¹÷� ý�Â ��¤ ¯� Ö ÷ �Â� ùÀ õ� ´¨¢� � ý�û´ÞÆì ýø¤ ýÂ � ðñ�ÂÚ µ ÷��û�Â� ö�Øõ ö���ä�� �¤ �ûýÀ��Ý�ÆÖ� �÷��õ ø Ýþ¢¤ø� ´¨¢��üãì�ø üÔ�Ï ù¥�À ÷� ý�µÆÆð °þÂÖ � ü�ã þ ,Ý� µ êÂð ÂÑ÷ ¤¢� � � ¤�À þ� � ý�ûù¢�¢ Â þ¢�Öõ ßþ� � � Å³¨ .Ýþ¢Âî �±¨�½õ �¤¢¤ø�Â� ý�Â� �¤ ÓÜµ¿õ ý�ûÂð¢¤ø�Â� ø Ýþ¢Âî À�ó�� �¤ ù��¿ó¢.Ýþ¢Âî ù¢�Ôµ¨� âþ¥�� ý�ûÂµõ�¤��� = 1=25 �� beta(0=5;0=3) âþ¥�� ñ�·õ ßþ� ¤¢ 6 ñ�·õ,1000 ø Ýþ¢Âî ´ÞÆì 500 �¤ � = 0=75 �� beta(1;8) ø�� �¤ ùÀõ� ´¨¢�� Âþ¢�Öõ ¥� üê¢�Ê� ýù¢�¢ 10000 ø 5000�¤ �ûù¢�¢ ,¢¤ø�Â� ý�Â� .Ýþ¢Âî À�ó�� ÂÔ¬ ö�Øõ ßµêÂð ÂÑ÷ ¤¢ý�û¢¤ø�Â� 3 ñøÀ� ø 4ÛØª .Ýþ¢Âî Âþ�Ê� ´ú� 200 ¤¢

Âµ÷�î Âþ�Ê� °þÂ® �±¨�½õ ÕþÂÏ ¥� �Æþ�Öõ 2.3ýø¤ X2 ö��¨Âð¤ ,(�(:) � 0) Àª�� ö¤�Öµõ üÔ�Ï üó�Ú� Âð��îý¤�Ï�� E(X2jX1) = k2;1X1 ü�ãþ .¢�ªüõ üÎ¡ X1k2;1 = [X2; X1℄�
�(X1) (21)= 1
�(X1) Z 2�0 sin �(
os �)<��1>d�(�);Âþ�Ê� °þÂ® �¤ k2;1 �î 
�(X1) = Z 2�0 j 
os �j�d�(�) øüÎ¡Â�è â��� E(X2jX1) ,Àª�±÷ ö¤�Öµõ Âð� �õ� .Ý�þ�ð Âµ÷�î¢�ªüõ ´¨� d� ¥� ýÂÚþ¢ â���� ø k2;1 Ûõ�ª ¥��û �î ,X1 ¥�¤�À þ� � â þ¥� � ý� ûÂ µ õ�¤� � ¢¤ø�Â � ý� û©ø¤ ü þ� ÷�� � .℄10[ýÂþ�Ê� °þÂ® ß��� ö¢Âî ¢¤ø�Â� ´¨¤¢ ý�Â� ùÂ�çµõÀ��.Àª�� �ûö� üÚµÆþ�ª ü��þ¥ ¤� ý�Â� Ýúõ ¤��ãõ ×þ À÷���üõk̂2;1 ø 
̂(X1) ,2 ñøÀ � .À þÂ � Ú � Â Ñ ÷ ¤¢ �¤ 3 ø 2 ñ� · õý� û©ø¤ � � ùÀ ª ¢¤ø�Â � ý� ûÂ µ õ�¤� � Í ¨� � ùÀ õ� ´¨¢� �,� < 1 �î üµó�� ¤¢ �î À��î���� .Àû¢üõ ö�È÷ �¤ ÓÜµ¿õ�¤ k2;1 ö���üÞ÷ ßþ�Â���� ,¢�ªüÞ÷ ÓþÂã� ÂÔ¬ �þø�¥ ¤¢ k2;1.¢Âî �±¨�½õ¢¤ø�Â� �î Â¡� ¢¤�õ ¤¢ �� �� ¢�ªüõ ùÀû�Èõ �î ¤�Ïö�Þûý¢�þ¥ �Ü¬�ê ¢¤��õ ��Ö� ¤¢ ,¢¤�¢ ¢��ø üÔ�Ï ù¥�À÷� ¥� ü±¨��õ¢¤�õ ¤¢ ùÄþø�� .´¨� ¢���õ k2;1 ø 
(X1) üÜ¬� Âþ¢�Öõ � �.¢¤�¢ ¢��ø �Ü¬�ê ßþÂµÈ�� RXC Âð¢¤ø�Â� ý�û¢¤ø�Â�ý�ûÂµõ�¤�� Í¨�� ùÀõ� ´¨¢�� k̂2;1 ø 
̂(X1) Âþ¢�Öõ .2 ñøÀ�.ÓÜµ¿õ ý�û©ø¤ �� ùÀª ¢¤ø�Â�2 ñ�·õ 3 ñ�·õ
̂(X1) k̂2;1 
̂(X1)(Exa
t) 0=707 �0=400 2=000RXC 0=347 �0=172 1=007PROJ(N) 0=459 �0=298 2=075ECF 0=459 �0=303 2=036PROJ(M) 0=459 �0=291 2=047



77 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ¤�Àþ�� üê¢�Ê� ý�û¤�¢Â� üÔ�Ï ù¥�À÷� ¢¤ø�Â�.´¨� ùÀª ù¢�¢ Çþ�Þ÷ ÛØª ´¨�¤ ø ²� éÂÏ ¤¢ °��Â��� Çþ�Þ ÷ ß� þ� � � � �� � ¥� n Çþ�� ê� °� �Â �� � �¤ ùÀõ� ´¨¢� �beta(1;8) ø beta(0=5;0=3) � � ¯� �Â õ ¤�¢� Þ ÷ .À û¢ü õ

.ÓÜµ¿õ ý�ûÂð¢¤ø�Â� ý�û¢¤ø�Â� ø ùÀª ý¥�¨��±ª ý�ûù¢�¢ üãÞ¹� üÔ�Ï ù¥�À÷� .4 ÛØª



ý¤�õ� �ÈþÀ÷� (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ � 78.ùÀª ù¢�Ôµ¨� �µ� ý�ûâþ¥�� ý�Â� ÓÜµ¿õ ý�û©ø¤ ¥� ùÀõ� ´¨¢�� ~� ø � ý�û¢¤ø�Â� .3 ñøÀ�beta(0=5;0=3) beta(1;8)� = 1=25 �̂ = (0;0) (1) (3) (5) (2) (4) (6)RXC¢¤ø�Â� 1=167 1=139 1=195 1=163 1=133 1=202PROJ(N)¢¤ø�Â� 1=204 1=200 1=248 1=275 1=249 1=255ECF¢¤ø�Â� 1=210 1=234 1=249 1=257 1=239 1=260�1 1=299 1=298 1=298 2=263 2=220 1=286�2 �0=293 �0=269 �0=272 2=287 2=353 �0=274ùÀª ù¢�Ôµ¨� §��Öõ °þÂ® 1=220 1=226 1=188 1=269 1=275 1=192ü�Â¹ � �Ê¿Èõ â �� � ©ø¤ ¤¢ ß� ��Ýû ,Ý þ¢Â î Ýî �ûù¢�¢�¤�¬ ý�ûý¥�¨�� ±ª � � ��� � � � .Ý þ¢Âî ÛþÀã � �¤ �ûù¢�¢ù¥�À ÷� ø � ¢¤ø�Â � ¤¢ RXC Â ð¢¤ø�Â � � î Àª ùÀû�Èõ � µ êÂ ðüÈ¿�´þ�®¤ ¸þ�µ÷ ø ¢�� ýÂµÈ�� ýÂþÁ�Â��ç� ý�¤�¢ üÔ�Ï�÷�Þ÷ ü�ãþ Íþ�Âª ßþÂµú� ¤¢ ö��÷ Âþ�Ê� Âð¢¤ø�Â� .´ª�À÷¢¤ø�Â� ý�Â� �¤ �¹�µ÷ ßþÂµú� ¢�þ¥ Âþ�Ê� ��ú� ¢�Àã� ø ¢�þ¥�µ¨��� üÔ�Ï ù¥�À÷� �î ü÷�õ¥ «�Ê¡�� ,üÔ�Ï ù¥�À÷� ø ��îßþ� � � ü �Â¹� �Ê¿Èõ â�� � Â ð¢¤ø�Â � .¢�¢üõ � þ�¤� ,¢� �üõ�Þ � ¤¢ �f ± þÂ Ö � � õ� ¢� ± ÷ À �Þ �¤Àì Â þ�Ê� ©ø¤ ýù¥�À ÷� � ��î ü÷�õ¥ .¢Âîüõ ÛÞä Âµú� RXC Âð¢¤ø�Â� �� ´±Æ÷ ¢¤��õÂð¢¤ø�Â� ø ,��î×õ Âþ�Ê� Âð¢¤ø�Â� ¢�� �µÆÆð üÔ�Ï ù¥�À÷��¤ üú��Èõ �f±þÂÖ� ¸þ�µ÷ ö��÷ ü�Â¹� �Ê¿Èõ â��� ø Âþ�Ê�ø �µÆÆð üÔ�Ï ù¤�À÷� ´ó�� ø¢ ¤¢ üÜî ¤�Ï�� .À÷¢�¢üõ �þ�¤�ùÀª ùÀ�î�Â� Â�´¡���Øþ ¤�Ï�� �Â� �� Âû �µ¨��� üÔ�Ï ù¥�À÷�.À÷¢�¢üõ �þ�¤� �¤ ýÂµú� �¹�µ÷ �ûÂð¢¤ø�Â� ¢��

Âþ�Ê� Âð¢¤ø�Â� beta(0=5;0=3) ¢¤�õ ¤¢ �î ¢�ªüõ ùÀû�Èõ¤¢ �õ� ,À�îüõ ÛÞä Âµú� ÂÚþ¢ Âð¢¤ø�Â� ø¢ �� ´±Æ÷ (ö��÷)�þ�¤� �¤ ü��ÜÎõ�÷ ¸þ�µ÷ �f±þÂÖ� Âð¢¤ø�Â� �¨ Âû beta(1;8) ¢¤�õ�µÆÆð ´ó�� ¤¢ 4 ñ�·õ À�÷�õ ´ó�� ßþ� âì�ø ¤¢ .À�û¢üõ.´ª�¢ ¢��ø ��Êµ¿õ ¤�½õ ñø� â�¤ ¤¢ ÍÖê �Â� �î ´¨�ýÂ�ð�¹�µ÷ 4üÔ�Ï ù¥�À ÷� ùÄ þø� � �ûÂµõ�¤� � ý�ûÂð¢¤ø�Â � üêÂãõ � � �Àµ ���� üãì�ø ý�ûù¢�¢ ¥� ù¢�Ôµ¨� ø ý¥�¨��±ª �� Å³¨ .Ý�µ¡�¢Â�üþ� ÷�� � ß� ��Ýû .Ý� µ¡�¢Â � ùÀª üêÂãõ ý�û©ø¤ ü¨¤Â �ü¨¤Â� ¢¤�õ �µ¨��� üÔ�Ï ù¥�À÷� ¥� ù¢�Ôµ¨� �� �¤ �û©ø¤ ßþ�Â þ�Ê� ,RXC Ûõ�ª ü¨¤Â � ¢¤�õ ý�ûÂð¢¤ø�Â � .Ý þ¢�¢ ¤�Â ìü¨¤Â� ¤¢ .À÷¢�� ü�Â¹� �Ê¿Èõ â��� ø Âþ�Ê� ,��î×õ.Ýþ¢Âî ù¢�Ôµ¨� RXC ©ø¤ ý�Â� �ûù¢�¢ À¬¤¢ ß�õ¢�µÈû ¥�¥� �¤ Âµõ�¤�� ¢¤ø�Â� ¤�ÀÖõ ùÀª Âî£ ¢¤��õ ���� ü¨¤Â� ¥� Û±ìâ��Âõ[1℄ By

zkowski, T., Nolan, J.P. and Rajput, B. (1993), Approximation of multidimensional stable densities,J. of Multivariate Analysis, 46, 13-31.[2℄ Cheng, B.N. and Ra
hev, S.T. (1995), Multivariate stable future pri
es, Mathemati
al Finan
e, 5, 133-153.



79 � (28 ü���� ù¤�Þª) �ø¢ ù¤�Þª ,Ýû¢¤�ú� ñ�¨ ¤�Àþ�� üê¢�Ê� ý�û¤�¢Â� üÔ�Ï ù¥�À÷� ¢¤ø�Â�[3℄ M
Cullo
h, J.H. (2000), Estimation of the bivariate stable spe
tral representation by the proje
tionmethod, Computational E
onomi
s, 16, 47-62.[4℄ Modarres, R. and Nolan, J.P. (1994), A method for simulating stable random ve
tors, ComputationalStatisti
s, 9, 11-19.[5℄ Nolan, J.P. and Panorska, A.K. (1997), Data analysis for heavy tailed multivariate samples, Sto
hasti
Models, 13, 687-702.[6℄ Nolan, J.P., Panorska, A. and M
Cullo
h, J. H. (2001), Estimation of stable spe
tral measures, Mathe-mati
al and Computer Modelling, 34, 1113-1122.[7℄ Nolan, J.P. and Rajput, B. (1995), Cal
ulation of multidimensional stable densities, Communi
ationsin Statisti
s - Simulation and Computation, 24, 551-566.[8℄ Press, S.J. (1972), Estimation in univariate and multivariate stable distributions, J. of the Ameri
anStatisti
al Asso
iation, 67, 842-846.[9℄ Ra
hev, S.T. and Xin, H. (1993), Test for asso
iation of random variables in the domain of attra
tionof multivariate stable law, Probability and Mathemati
al Statisti
s, 14, 125-141.[10℄ Samorodnitsky, G. and Taqqu, M. (1994), Stable Non-Goussian Random Pro
esses, Chapman and Hall,New York.


