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ñÀõ ý�Â� �µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ªý��� ×�ÞÆþ�¨ §�ØãõüÞþÂî À�õ� ,üä�¹ª üÈ¿� �õ�Êãõö��Þ¨ ù�ÚÈ÷�¢ ,¤�õ� ùøÂð1394*2*24 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1393*4*20 :´ê�þ¤¢ ¾þ¤���ó�� üê¢�Ê� ö�À�õ ¥� ù¢�Ôµ¨� �� °Üè� �ó�� üþ�Ìê ý�ûù¢�¢ ýÀ��ñÀõ : ùÀ�Ø�ö�À � õ ß þ� ¥� ý¥�¨� � ±ª � î ´¨� ß þ� ü Ü¬� � ó�Æ õ .¢Â þÁ �üõ �¤�¬ ü¨ø�ðü¡Â� ¤¢ üµ� ø Â�ö�õ¥ üÜ�¡ ��� ý�ûÀã� ø �ûÂµõ�¤�� Âþ¢�Öõ üÌã� ý�Â� üê¢�Ê�ý�û�¡�ª ¥� üØþ .´¨� ü±þÂÖ� ý�û©ø¤ ¥� ù¢�Ôµ¨� À�õ¥��÷ ø ßØÞõ�÷ �û´ó��ù¢�Ôµ¨� ¢¤�õ ¥�ð ø ´Ô÷ ö��Ýû ü��õ¥Âþ¥ Â��¡£ ß��ã� ¤¢ °Üè� �î üþ�Ìê ¤�õ�§�Øãõ ñÀõ .´¨� §�Øãõ ñÀõ Í¨�� ×�ÞÆþ�¨ ý�ûù¢�¢ Û�Ü½� ,¢Â�ðüõ ¤�Âìà�½ó ¥� �î ¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ×�ÞÆþ�¨ §�Øãõ ¤¢ ��Þãõ ý��� ü¨ø�ð�� ÛÞä ¤¢ �õ� .´¨� ��¹÷� Û��ì ��� ý�ûÀã� ý�Â� üµ��¤ �� ü��±¨�½õ ø üÜ�Ü½��� �ûù¢�¢ á�÷ ßþ� ýÀ��ñÀõ ,À�µÆû �ó�� ø ö¤�Öµõ�÷ �î Ýþ�ªüõ ����õ üþ�ûÂ�çµõ�ó�� §�Øãõ ñÀõ ý��� Û�Ü½� ¤¢ .¢Â�ðüõ �¤�¬ �ó�� ý�ûâþ¥�� ¥� ù¢�Ôµ¨�.´¨� �µÆ� ñ�õÂ÷�ó�� âþ¥�� ¥� �÷�Þ÷ À�ó�� Ýúõ ��ØÈõ ¥� üØþ ��÷ �µÆ� ü¨ø�ðÀã� �� �µÆ� ñ�õÂ÷�ó�� âþ¥�� ¥� �÷�Þ÷ À�ó�� ý�Â� Àõ�¤�î Ýµþ¤�Úó� ×þ �ó�Öõ ßþ� ¤¢ý�û�¢ Ûõ�ª �î ¢�ªüõ üêÂãõ �µÆ� ü��ó�� âþ¥�� ß��»Þû .¢�ªüõ ���¤� ���0 . omid.karimi�semnan.a
.ir ,üÞþÂî À�õ� :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62H11, 62F15, 68U20 :(2010) ü®�þ¤ ýÀ��á�®�õ Àî



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 46ßþ� ¥� �÷�Þ÷ À�ó�� ý�Â� ý¥�¨��±ª Ýµþ¤�Úó� ×þ ø ´¨� üó�Ú� â��� ¤¢ ß�Ú�¨.¢�ªüõ ���¤� ýÂ�ð�¹�µ÷ ø ¶½� ´þ�ú÷ ¤¢ .¢¢Âðüõ ö��� ��÷ âþ¥��,ý�� � §�Øãõ ñÀõ ,�µÆ� ü�� ó�� âþ¥�� ,�µÆ� ñ�õÂ ÷� ó�� âþ¥� � : ýÀ�Üî ý�ûù��ø.×�ÞÆþ�¨ ý�ûù¢�¢�õÀÖõ 1ýÀ � �ñÀ õ ý�Â � (SN) 1ñ� õÂ ÷ � ó�� â þ¥� � ¥� ü þ�Ì ê ¤� õ� ý� û� þÂÑ ÷ ¤¢ �Â �¡�ùÂ�çµõ À�� ñ�õÂ÷ �ó�� âþ¥�� .¢�ªüõ ù¢�Ôµ¨� ö¤�Öµõ�÷ üãþ¥�� �� üÔ�õ�÷ ý�ûù¢�¢´½� �ûâþ¥�� ¥� ýÀþÀ� §�î .Àþ¢Âð üêÂãõ (1996) �ó�ø�¢ ø ü�� ó�¥� Í¨��Àª üêÂãõ ( 2003) ö�¤�ØÞû ø §�Ú��õ�¢ Í¨�� (CSN)2�µÆ� ñ�õÂ÷ �ó�� ö���ä(2005) �þø�÷ ø ¢¤�� .¢Â�ðüõ Â� ¤¢ �¤ ùÀª üêÂãõ ñ�õÂ÷ �ó�� ý�ûâþ¥�� Â·î� �îý�ûù¢�¢ ý�Â� �¤ (CSG)3�µÆ� ü¨ø�ð �ó�� üê¢�Ê� ö�À�õ ×þ ý¥�¨��±ª ù�½÷üÞþÂî ø 2005 ,�þø�÷ ø ¢¤�� :ñ�·õ ö���ä��) ���Öõ ü¡Â� ¤¢ .À÷¢Âî ���¤� üþ�Ìê¤�î�� üê¢�Ê� ö�À�õ �� ù�ÂÞû ñ�õÂ÷ ý���� �¤ ü¨ø�ð �¤�±ä (2011 ,ù¢�¥ÀÞ½õ øCSN âþ¥�� ý�¤�¢ ö�À�õ ßþ� ¥� üû��µõ ÕÖ½� Âû ü�ãþ CSG üê¢�Ê� ö�À�õ .À÷�ù¢Â�ö�À�õ ×þ ¥� ù¢�Ôµ¨� �� ,(2012) ø (2011) ù¢�¥ÀÞ½õ ø üÞþÂî .Àª�� ùÂ�çµõÀ��ö�¤�ØÞû ø üõ�è .À ÷�� µ¡�¢Â � � ó�� üþ�Ìê ý�ûù¢�¢ Û� Ü½� � � CSG üê¢�Ê��� .À÷¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ �¤ ñ�õÂ÷ �ó�� âþ¥�� ý�ûÂµõ�¤�� ý��� ¢¤ø�Â� (1391)ö¢�� �µÆ� «��¡ ý�¤�¢ ø Â�üÜî ñ�õÂ÷ �ó�� âþ¥�� ¥� CSN âþ¥�� �Ø�þ� �� ����CSG üê¢�Ê � ö�À � õ ×þ �ã ó�Î õ ,´¨� ö¢Âî üÏÂª ø üÎ¡ ��þÀ ± � ´½�¥� üØþ .Àþ�Þ÷ Ýû�Âê �¤ ýÂ�Õ�ì¢ üþ�Ìê üþ�ÚÈ�� ý�Â� ýÂ�ù¢�¨ Íþ�Âª À÷���üõ�î ´¨� ��� ý�ûÀã� ý�Â� �÷�Þ÷ À�ó�� �ûâþ¥�� ¥� ù¢��÷�¡ ßþ� ¤¢ Ýúõ ��ØÈõù¢�Ô µ¨� üÚþ�ÆÞû °þÂÖ� ¥� ø À÷�ù¢Âî ù¤�ª� ö� � � (2010) ö�¤�ØÞû ø üÞþÂî1 Skew Normal2 Closed Skew Normal3 Closed Skew Gaussian



47 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üÞþÂî À�õ� ,üä�¹ª üÈ¿� �õ�Êãõ.À÷¢�Þ÷CSN âþ¥�� ý¤�µ¡�¨ �¤�¬ §�¨�Â� �î ý¥�¨��±ª Ýµþ¤�Úó� �¨ ,�ó�Öõ ßþ� ¤¢ø ß¨¤ø� Í¨� � � î ©ø¤ ß þÂ µ ú � ø À ÷Â � ðü õ ¤�Â ì �Æ þ� Ö õ ¢¤� õ ø ö� � � ´¨�ýø¤ ý��� §�Øãõ ñÀõ ý�Â� ùÀª ���¤� ý¤�ÂØ� ©ø¤ ×þ §�¨�Â� (2010) ùÂõ�ñÀõ (2010) ö�¤�ØÞû ø üÞþÂî .¢�ªüõ �µêÂð ¤�î�� ×�ÞÆþ�¨ üþ�Ìê ý�ûù¢�¢��õ ´äÂ¨ �Ôó�õ �¨ Í¨�� �î 4üØ�µ¨�� ¢��õ ý�û´�¬�¡ ý�Â� �¤ §�Øãõ¢¤� õ ,À ÷�ªüõ ¼ þÂÈ � ö� (�)7ü ó�Ú� ø (vs)6� þ� ÷� � �� õ ´äÂ¨ ,(vp)5� � óø�âþ¥�� ¥� ýÂ�ß�Ú�¨ �¢ ý�¤�¢ âþ¥�� �î Àû¢üõ ö�È÷ ¸þ�µ ÷ .À÷¢�¢ ¤�Âì ü¨¤Â��î Àª�� À�Ôõ À÷���üõ ,´¨� (CST) 8�µÆ� ü� �ó�� âþ¥�� ø¤ ßþ� ¥� .´¨� CSN.´¨� �µÆ� ��÷ ö¢Âî üÏÂª ø üÎ¡ ��þÀ±� ´½�Å³¨ .¢�ªüõ ö��� ý��� §�Øãõ ñÀõ ¤¢ ö� ý�û¢Â�¤�î ø CSN ,2 Ç¿� ¤¢ñÀõ ,4 Ç¿� ¤¢ ø ¢¢Âðüõ ���¤� 3 Ç¿� ¤¢ âþ¥�� ßþ� ¥� ý¥�¨��±ª Ýµþ¤�Úó� �¨�ó�� ý�ûâþ¥�� ýø¤ �ûö� ¢Â�¤�î ø ö��� ×�ÞÆþ�¨ ý�ûù¢�¢ ý�Â� ý��� §�Øãõø 6 Ç¿� ¤¢ CSG §�Øãõ ñÀõ ýø¤ ý¥�¨��±ª �ãó�Îõ .¢�ªüõ ���¤� 5 Ç¿� ¤¢§�Øãõ ñÀõ 8 Ç¿� ¤¢ .¢�ªüõ ö��� 7 Ç¿� ¤¢ ö� ý�û¢Â�¤�î ø CST âþ¥���ûâþ¥�� ø ö��� 9 Ç¿� ¤¢ ö� ¥� ý¥�¨��±ª ø ¢Â�ðüõ ¤�Âì �ãó�Îõ ¢¤�õ ý��� CST���¤� 10 Ç¿� ¤¢ ýÂ�ð�¹�µ ÷ ø ¶½� ´þ�ú ÷ ¤¢ ø À÷Â�ðüõ ¤�Âì �Æþ�Öõ ¢¤�õ.¢¢Âðüõ�µÆ� ñ�õÂ÷ �ó�� âþ¥�� 2�Ôó�õ �î ´¨� üó�õÂ÷ âþ¥�� ùÀª ù¢�¢ ÍÆ� üÜî ´ó�� ,ùÂ�çµõ À�� CSN âþ¥��(t;v) ���� ñ�Þµ�� üó�Ú� â��� À��î ­Âê .´¨� ùÀª �ê�®� ö� �� Ýû üÚó��4 Elasti
 material properties5 P-Wave velo
ity6 S-Wave velo
ity7 Density8 Closed Skew T



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 48:�¤�¬�� ùÂ�çµõÀ�� ñ�õÂ÷ âþ¥��" tv # � Nn+q  " �t�v # ;" �t �tv�vt �v #! (1)ö� ñ�Þµ�� üó�Ú� â��� ø CSN âþ¥�� ý�¤�¢ x = [tjv � 0℄ üê¢�Ê� Â�çµõ .Àª��:Àþ�üõ ´¨¢�� Âþ¥ �¤�¬��f(x) = p(tjv � 0) = p(v � 0jt)f(t)p(v � 0)= [1��q(0;�v;�v)℄�1 h1��q(0;�vjt;�vjt)i �n(t;�t;�t),�n (0;�;�) ø �vjt = �v��vt��1t �tv ,�vjt = �v+�vt��1t (t��t) ö� ¤¢ �îÅþÂ��õ ø � ß�Ú÷��õ � � ñ�õÂ÷ üó�Ú� â��� ø âþ¥�� â��� °��Â� �� �n (0;�;�)�¤�¬�� ö� üó�Ú� ø CSN âþ¥�� �¤�¬ �µþ�ú÷ .´¨� � Å÷�þ¤�ø�îÅ÷�þ¤�øx � CSNn;q(�;�;�;�;�);f(x) = [�q(0;�;�+ ���0)℄�1�q(�(x� �); �;�)�n(x;�;�);,� = ��v ,� = �vt��1t ,� = �t ,� = �t ö� ¤¢ � î ,¢� ªü õ ö� � �Âµõ�¤�� � ø À�ª�� ´±·õ ß�ãõ ý�ûÅþÂ��õ Àþ�� �;� ø � = �v � �vt��1t �tvÛ þÀ ± � (�;�) ý� ûÂ µ õ�¤� � � � ñ� õÂ ÷ â þ¥� � � � CSN ,� = 0 Â ð� .´¨� üÚ ó���¤ ý��� §�Øãõ ñÀõ �� ¯��Âõ CSN âþ¥�� ��ÜÎõ ý�ûüðÄþø ü¡Â� .¢�ªüõ:À÷�ù¢Âî ö��� (2003) ö�¤�ØÞû ø §�Ú��õ�¢ý�¤�¢ � � ÷ ,CSN â þ¥� � ¥� Û Ö µ Æ õ ü ê¢�Ê � ý� ûÂ � ç µ õ ýø¤ üÎ¡ ° � îÂ � .1`� n 9üãÎì ÅþÂ��õ A ø x � CSNn;q(�;�;�;�;�) Â�çµõ :´¨� CSN âþ¥��ßþ�Â���� .´¨� ��Üãõ ýÀã� ` ý¤�¢Â� 
 ø (` � n)[y = Ax+ 
℄ � CSN`;q(�y;�y;�y;�;�y)�y = A�+ 
; �y = A�A0; �y = ��A0��1y ;�y = �; �y = �+ ���0 � ��A0��1y A��0:9 Deterministi




49 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üÞþÂî À�õ� ,üä�¹ª üÈ¿� �õ�Êãõ.´¨� �µÆ� üÎ¡ ��þÀ±� ´½� CSN âþ¥�� �¹�µ÷ ¤¢ø¢ x2 ø x1 Âð� .´¨� CSN âþ¥�� ,CSN ¥� ÛÖµÆõ üê¢�Ê� Â�çµõ ø¢ °�îÂ� .2�¤�¬�� CSN âþ¥�� ¥� üê¢�Ê� Â�çµõx1 � CSNnx1 ;qx1 (�x1 ;�x1 ;�x1 ;�x1 ;�x1)x2 � CSNnx2 ;qx2 (�x2 ;�x2 ;�x2 ;�x2 ;�x2) ù�ðö� .À�ª��y = � x1x2 � � CSNn;q(�y;�y;�y; �y;�y)n = nx1 + nx2 ; q = qx1 + qx2 ;�y = � �x1�x2 � ; �y = � �x1 00 �x2 � ; �y = [0;�x2 ℄;�y = � �x1�x2 � ; �y = � �x1 00 �x2 � :.À�µÆû CSN ��÷ ,CSN âþ¥�� ¥� üê¢�Ê� ý�ûÂ�çµõ ý�û�Ôó�õ üÏÂª âþ¥�� .3¥� üþ�û¤�¢Â�Âþ¥ x2 2 Rn�k ø x1 2 Rk ,x � CSNn;q(�;�;�;�;�) À��î ­Âê:Ýþ¤�¢ �û¥�Âê� ßþ� �� °¨��µõ .À�ª�� x = �x01;x02�0� = " �1�2 # ; � = " �11 �12�21 �22 # ; � = [�1;�2℄: ù�ðö�[x1jx2℄ � CSNk;q(�1j2;�1j2;�1j2;�1j2;�1j2) ö� ¤¢ �î�1j2 = �1 +�12��122 (x2 � �2); �1j2 = �11 ��12��122�22�1j2 = �1; �1j2 = � � (�2 + �1�12��122�21)(x2 � �2); �1j2 = �:CSN âþ¥�� ¥� ý¥�¨��±ª ý�ûÝµþ¤�Úó� 3¢¤�õ ø ö��� CSN âþ¥�� ¤�µ¡�¨ §�¨�Â� ý¥�¨��±ª Ýµþ¤�Úó� �¨ Ç¿� ßþ� ¤¢. À÷Â�ðüõ ¤�Âì �Æþ�Öõ



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 50CSN âþ¥�� ¥� ý¥�¨��±ª ù�¤ ßþÂ�ù¢�¨ :(A) üõ�ð×þ ý¥�¨��±ª Ýµþ¤�Úó� -Óó��î ü÷�õ¥ �� ,¢�ªüõ À�ó�� (1) �Î��¤ (t;v) ùÂ�çµõÀ�� ñ�õÂ÷ âþ¥�� ¥� x .Àª��üõÝµþ¤�Úó� ßþ� .´¨� CSN âþ¥�� ¥� üê¢�Ê� �÷�Þ÷ ×þ xÅ³¨ .¢�ª ¤�ÂìÂ� v � 0�Âþ¥ ,¢�ªüõ ¢�¹þ� ý¢�þ¥ üÔ�õ üÚµÆ±Þû v Â¬��ä ß�� ø ´Æ�÷ �¤�î �v � 0 ý�Â�¤�¢Â� Àã� �îü÷�õ¥ .´¨� ÛÞµ½õ�÷ ¤��Æ� ö�õ¥Ýû ¤�Ï�� i = 1; : : : ; q; vi � 0 À�ó��.¢�� Àû��¡ ßØÞõÂ�è ö�õ¥Ýû ¤�Ï�� i = 1; : : : ; q; vi � 0 À�ó�� ,´¨� ï¤�� v¥� ´¨� v � 0 �îü÷�õ¥ �� �¤ v ´Æ¿÷ :(B) üõ�ðø¢ ý¥�¨��±ª Ýµþ¤�Úó� -�ö� âþ¥�� �î Ý��îüõ À�ó�� v ¯Âª�� �¤ tÅ³¨ ø ¢�ªüõ À�ó�� p(vjv � 0) âþ¥��:´¨� Âþ¥ Å÷�þ¤�ø ø ß�Ú÷��õ �� ùÂ�çµõÀ�� ñ�õÂ÷E(tjv) = �+ �tv��1v (v + �); V (tjv) = �t � �tv��1v �0tv ::(C) ý¤�ÂØ� ý¥�¨��±ª Ýµþ¤�Úó� -�,�Â��¤) ©ÂþÁ� ø ¢¤ Ýµþ¤�Úó� �Ü�¨ø�� �î ´¨� üªø¤ ßþÂ��¤�î Ýµþ¤�Úó� ßþ�ß�È�� ý�ûÝµþ¤�Úó� À�÷�Þû .À�îüõ À�ó�� �÷�Þ÷ �±�ð ýÂ�ð�÷�Þ÷ ©ø¤ ø (1995¤�Ï�� i = 1; : : : ; q ,vi � 0 �îßþ� ý���� �õ� .¢�ª À�ó�� t Å³¨ ,v � 0´Æ¿÷.¢�ªüõ À� ó�� ý¤�ÂØ� ©ø¤ �Ü�¨ø�� üó��µõ ¤�Ï�� vi Âû Àª�� ¤�ÂìÂ� ö�õ¥ÝûùÀª¢øÀ½õ ñ�õÂ÷ âþ¥�� ¥� ©ÂþÁ� ø ¢¤ ýÂ�ð�÷�Þ÷ Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� �� vi � 0�î h(w)��±ª g(w) ý¢�ú�È�� âþ¥�� ×þ �Àµ�� ,h(w) ¥� w À�ó�� ý�Â� .¢�ªüõ À�ó��¥� uø g(w) ¥� w ×þ Å³¨ ,¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ,´¨� Â�ö�¨� ö� ¥� ý¥�¨��±ª�Î��¤ ¤¢ w; u �î ý¤�Ï�� ,À��þ ÕÖ½� h(w) ¥� w �î ¢�ªüõ À�ó�� ý¤�Ï U(0;1)¤¢ w Âû ý�¥� �� �î ´¨� üµ�� � ´±·õ ¤�ÀÖõ 
 ö� ¤¢ �î ,À��î ëÀ¬ u � h(w)
�g(w).À�îüõ ëÀ¬ 
 � g(w) > h(w) �Î��¤êÂ­ î��À h(�;�+; �2+; v0) ��¥þâ ÷Âõ�ñ õ½Àø¢ ªÀù �� ÷ÖÎ� �Âªü v0 ��ªÀî� �� ªØÛ N+1 (�+; �2+; v0) ÷Þ�þÇ ¢�¢ù õüª�¢ ø ���â �Ú�óü �ö ��¬�¤�h(�;�+; �2+; v0) = 8<: expf�(v��+)2=2�2+gp2��+(1��((v0��+)=�+)) v � v00 v < v0



51 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üÞþÂî À�õ� ,üä�¹ª üÈ¿� �õ�Êãõ� � Û þÀ ± � ë� ê ùÀª ¢øÀ½õ ñ� õÂ ÷ â þ¥� �,À � îüõ Û � õ v0 ! �1 üµ ìø .´¨��î ¢�¢ ö�È÷ (1995) �Â��¤ .Àª Àû��¡ �2+ Å÷�þ¤�ø ø �+ ß�Ú÷��õ �� ñ�õÂ÷ âþ¥��üó�Ú� �� �µê�þ ÛþÀ±� üþ�Þ÷ âþ¥�� g(�) ý¢�ú�È�� âþ¥�� ý�Â� °¨��õ ��¿µ÷�g(v;�; v0) = ( �expf��(v � v0)g v � v00 v < v0éÀû üó�Ú� � � ö� Âþ¢�Öõ ù¥�� ø üó�Ú� �¤�¬ ö¢�� � ��Èõ ö� Û� ó¢ ø ´¨�v = � 1� � ln(u) + v0 �Î��¤ ¥� ö� ¥� �÷�Þ÷ À�ó�� ý�Â� .´¨� (ùÀª¢øÀ½õ ñ�õÂ÷)�Â��¤ .¢�ªüõ À� ó�� U(0;1) ´¡���Øþ âþ¥�� ¥� u ö� ¤¢ �î ,¢�ªüõ ù¢�Ô µ¨�
 ´��� ¤�ÀÖõ (�+ = 0; �2+ = 1) ¢¤�À÷�µ¨� ùÀª ¢øÀ½õ ñ�õÂ÷ âþ¥�� ý�Â� (1995)�¤�¬�� h(v)g(v) ö¢Âî ÝÞ�Æî�õ �� �¤
 =8<: 1�p2�(1��(v0))e�2=2�v0� � � v01�p2�(1��(v0))e�(v0)2=2 o:w�¤�¬�� ö���üõ �¤ h(v)=
:g(v) ´±Æ÷ �¤�¬ ö� ¤¢ ´¨� ù¢Âî ���¤�h(v)
 � g(v) = ( e�v2=2+�(v�v0)��2=2+�v0 � � v0e�v2=2+�(v�v0)+(v0)2=2 o:w�µê� þ ÛþÀ±� üþ�Þ÷ âþ¥�� ¤¢ � = v0+pv20+42 ö¢�¢ ¤�Âì � � ´ó�� ßþ� ¤¢ .´ª�÷À �� þüõ Çþ�� ê� ý¢� þ¥ À� � � ©ÂþÁ � ø ¢¤ Ý µ þ¤�Ú ó� ¤¢ � ÷�Þ ÷ ©ÂþÁ � ñ�Þ µ��×� ñ�õÂ÷ âþ¥�� ¥� üê¢�Ê� �÷�Þ÷ �î Ýþ¤�¢ üÞµþ¤�Úó� �¹�µ÷ ¤¢ .(1995 ,�Â��¤)¢øÀ½õ ùÂ�çµõÀ�� ñ�õÂ÷ âþ¥�� ¥� Ý�û��¡üõ �õ� ,À�îüõ À�ó�� �¤ ùÀª ¢øÀ½õ ùÂ�çµõ�±�ð ýÂ�ð�÷�Þ÷ Ýµþ¤�Úó� �Ü�¨ø�� ö���üõ �¤ �ó�Æõ ßþ� ø Ý��î ý¥�¨��±ª ùÀª:�¤�¬�� v(j) ßþ�Â���� ,¢�¢ ��¹÷�v(j)1 �N+1 (E(v1jv(j�1)2 ; v(j�1)3 ;: : : ; v(j�1)q );V (v1jv(j�1)2 ; v(j�1)3 ;: : : ; v(j�1)q ); v0;1)v(j)2 � N+1 (E(v2jv(j)1 ; v(j�1)3 ; : : : ; v(j�1)q ); V (v2jv(j)1 ; v(j�1)3 ; : : : ; v(j�1)q ); v0;2)...v(j)q � N+1 (E(vq jv(j)1 ; v(j)2 ; : : : ; v(j�1)q ); V (vq jv(j)1 ; v(j)2 ; : : : ; v(j�1)q ); v0;q)



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 52ßþ�Â���� .´¨� vi Â¬��ä ý�Â� üªÂ� �ÎÖ÷ v0;i �î ý¤�Ï�� ,À÷�ªüõ ü÷�¨¤¥ø¤ ��:¢�Þ÷ �Â�� Âþ¥ �¤�¬�� ö���üõ �¤ C Ýµþ¤�Úó�ý¤�ÂØ� ý¥�¨��±ª :C Ýµþ¤�Úó�v = maxf��;v0g ø V  ��1v .1i = 1; ::; q ý�Â� Àû¢  ¤ üþ�ÂÚÞû �îü÷�õ¥ �� .2��1v;:i:i  V:i:i � Vi:iV 0i:i=vii .�+  ��i +�0v;i:i��1v;:i:i(v:i + �:i) .�2+  �2v;ii ��0v;i:i��1v;:i:i�v;i:i .v0 : v0  (v0;i � �+)=�+ .� v0 + (qv20 + 4�=2 .Àª�� ¤�ÂìÂ� Âþ¥ Íþ�Âª �îü÷�õ¥ �� �¤ v,u :u � U(0;1) ø v � exp(1=�) + v0 .:À��î À�ó��( u � exp(�(v � �)2=2) v0 < �u � exp(�(v � �)2=2)exp(�(v0 � �)2=2) o:wvi  �+ + v�+ .x tjv � Nn(�+ �tv��1v (v + �);�t � �tv��1v �0tv) .3ñ�·õ ö���ä� � .¢¢Âð éÁ� ��i ö�µ¨ � þ ÂÎ¨ �îßþ� ü�ãþ i ÅþÀ÷� ö� ¤¢ �î.¢¢Âð éÁ� ��i ö�µ¨ ø ÂÎ¨ V ÅþÂ��õ ¤¢ ü�ãþ Vv;i:iý�ûÀã� ø � Âµõ�¤�� §�¨�Â� Ýµþ¤�Úó� ý�Â�� ö�õ¥ �Æþ�Öõ :(ý¥�¨��±ª) 1 ñ�·õ�µêÂð �¤�¬ P4 CPU 2.5 GHz �÷�þ�¤ ×þ �� MATLAB ¤��ê� �Â÷ �� ö� �ø�Ôµõ:´¨� ùÀª ù¢�¢ Çþ�Þ÷ 1 ÛØª ¤¢ (2) ý�ûÂµõ�¤�� �� 2 ¢�ã�� �� CSN âþ¥�� .´¨�� = "57#;� = " 1 0=20=2 4 #;� = "4 00 5#;� = "55#;� = "1 00 1# (2)�¤ CSN â þ¥� � ñ� Þ µ�� ü ó� Ú� C Ý µ þ¤�Ú ó� � � ùÀª ý¥�¨� � ± ª ý� û� ÷� Þ ÷ � î,3 ø 2 ¢�ã�� �� CSN âþ¥�� ý�Â� A,B,C Ýµþ¤�Úó� �¨ ý�Â�� ö�õ¥ �Àõ .À÷�ª��üõ�÷�Þ÷ 5000 ý�Â� ,�ø�Ôµõ ´±·õ ý�û� ø (3) ø (2) ¤¢ ùÀªÉ¿Èõ ý�ûÂµõ�¤�� ��
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ùÀª À� ó�� ý�û�÷�Þ÷ ù�ÂÞû �� CSN âþ¥�� Âþ�Ê� ø ¥�Â� ý�û¤�¢�Þ÷ :1 ÛØª(2) �Î��¤ ¤¢ Âµõ�¤�� Âþ¢�Öõ ý�Â�ø ùÀª À�ó��� = 264579375 ;� = 2641 0 00 1 00 0 1375 ;� = 2644 0 00 5 00 0 6375 ;� = 2641 0 00 1 00 0 1375 (3)´±·õ ¤�ÀÖõ � Âµõ�¤�� �îüõ�Ú�û À�û¢üõ ö�È÷ ¸þ�µ÷ .À÷�ùÀª �¬�¡ 1 ñøÀ� ¤¢��÷�� °Æ� Â� �ûÝµþ¤�Úó� ý�Â�� ö�õ¥ �Àõ :1 ñøÀ�� A B C[5;5℄ 4/9 4/5 1/1℄10,15[ 266 259 1/4 Àã�e ø¢℄12,12[ 582 538 1/3℄2,2,2[ 4/9 4/7 1/1℄4,4,4[ 21 20 1/1 Àã�e �¨℄8,8,8[ 1434 1298 1/2©ÂþÁ� ø ¢¤ Ýµþ¤�Úó� ø ý¤�ÂØ� ©ø¤ ×þ §�¨�Â� �î C Ýµþ¤�Úó� ,¢¤�¢ ï¤��¤�¢¤�¡Â� üþ��� ´äÂ¨ ¥� ÂÚþ¢ Ýµþ¤�Úó� ø¢ �� ´±Æ÷ ü��±¨�½õ ö�õ¥ ÂÑ÷ ¥� ´¨�´±·õ ï¤�� ý�û� ý�Â� ��±¨�½õ ö�õ¥ 3 �� 2 ¥� Àã �e Â� �ç � � � ß� �»Þû .´¨�



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 54Ýµþ¤�Úó� ý�Â� �îüó��¤¢ À��þüõ Çþ��ê� B ø A ý�ûÝµþ¤�Úó� ý�Â� üþ�Þ÷ �¤�¬��Àõ�¤�î�÷ �õ�î Â���� ý�ûÀã�e ý�Â� B ø A ý�ûÝµþ¤�Úó� .À�îüÞ÷ ü÷�À�� �ø�Ô� C.À�µÆûý��� §�Øãõ ñÀõ 4ø ´Ô÷ ö�»Þû ü��õ¥Âþ¥ Âþ�¡£ ß��ã� ¤¢ °Üè� �î üþ�Ìê ¤�õ� ý�û�¡�ª ¥� üØþ§�Øãõ ñÀõ Í¨�� ×�ÞÆþ�¨ ý�ûù¢�¢ Û�Ü½� ,¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ¥�ðü¨��ªÙ�¨ À�÷�õ ü��õ¥Âþ¥ Â��¡£ ý�ûÉ¡�ª Û�Ü½� ¤¢ üþ��Æ� ÇÖ÷ �î ,´¨�.¢¤�¢ ü��õ¥Âþ¥ ¥�ð ø ´Ô÷ ×�ØÔ� ý�Â� 11ýÂþÁ�£�Ô÷- Û¿Ü¿� °þÂ® ø 10ñ��¨-ü� � õ¥Â þ¥ Â ��¡£ ü �� þ¥¤� À � þ�Â ê ¤¢ ü �� �� ø ü ÷� � õ � Ü�Â õ ×þ ñÀõ ß þ� ö��� þ ×�ÞÆ þ�¨ ý�ûù¢�¢ .¢¤�¢ À � þ�Â ê ¢� ± ú � ¤¢ ü þ��¨� � Â � �� � ö� ´� Ô � î ,´¨�À�÷�õ â±�õ ×þ ¥� ×�ÞÆþ�¨ ��õ ×þ ö� ¤¢ �î À�µÆû ýÀ�þ�Âê Û¬�� ý�ù¥Âó�µê�þ §�Øã÷� ���õ� Å³¨ ,¢�ªüõ Çã�Âõ ���Èõ ùÀþÀ� Âû �þ ¤�¹Ô÷� ,ù¥Âóß�õ¥ñ� · õ ö�� � ä� � .À ÷¢Â ðü õ ´± � � ûùÀ ÷Â � ð ¥� ý�� ä�Þ¹ õ Í¨� � Û �� Ö õ ¼Î¨ ¥�ø À � ó� � ý¢� � ý�ûÙ�Ô � ¥� ý�� þ�¤� Í¨�� ��Þãõ üþ� þ¤¢ ×�ÞÆþ�¨ ý�ûù¢�¢ý¤ø�âÞ� ÇîíÀþ �¤�¬�� ü��Â þ¥ ý�ûßêøÂØ�õ ¤�� ÷ À �� � þ ×þ ÕþÂÏ ¥�r 13ü¨�Øã÷� °þ�Â® ø d×�ÞÆþ�¨ ý�ûù¢�¢ ß�� 12üÈ»�� üÎ¡ �Î��¤ .À÷�ªüõù¥Âó ùÀû�Èõ ý�Î¡ ,×��õ ÅþÂ��õ W ö� ¤¢ �î ,´¨� d = Wr + e �¤�¬���� ÛÖµÆõ ü¨ø�ð âþ¥�� ý�¤�¢ e2 ø e1 ö� ¤¢ �î ,´¨� e = We1 + e2 �¤�¬��ø ÂÔ¬ ß�Ú÷��õ �� üÚ÷¤ ×��õ e ßþ�Â���� .À�µÆû �2e Å÷�þ¤�ø ø ÂÔ¬ ß�Ú÷��õâþ¥�� ¥� üÞ�Þã� CSN âþ¥�� �î ��ö� ¥� .´¨� �e = �2e (WW 0 + I) Å÷�þ¤�øö� ¤¢ �î ,´¨� CSN(0;�e; �; �; �) �¤�¬�� CSN âþ¥�� ý�¤�¢ ��÷ e ,´¨� ü¨ø�ð.´¨� q = 0 ö�� ,À�µÆû É¿Èõ�÷ ýÀã� Âµõ�¤�� �¨10 Lithology-
uid11 Porosity-permeability12 Convolution13 Re
e
tion 
oeÆ
ient
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ùÀª ùÀû�Èõ Å÷�À³õ� ø üó�Ú� ,��õ ´äÂ¨ :2 ÛØª.À�µÆû �ø�Ôµõ �ûö� §�Øã÷� °þ�Â® �î À�µÆû üþ�û�þ� , j + 1 ø j �þ�ö� ¤¢ �î ¢Âî üÆþ�÷¥�� rj = arjaij �¤�¬�� ö���üõ �¤ j �þ� ý�Â� §�Øã÷� °þÂ®´äÂ¨ vj , j + 1 ø j ß�� ��¢�� ��õ ��õ�¢ aij ø ���õ� ¥� ùÀªÅØã�õ ��õ�¢ arj.´¨� vjpj , j �þ� ¤¢ zj 14 Å÷�À³õ� Å³¨ .´¨� j �þ� ¤¢ üó�Ú� �j ø p ��õÅ÷�À³õ� �±¨�½õ ý�Â� �î ´¨� 15Â�³þ�¨� ´¨ø� ö�À�õ ¤¢ ù�� ¥� v; p ý�ûÂµõ�¤��.¢�ªüõ ù¢�¢ ö�È ÷ 2 ÛØª ¤¢ �¹� µ ÷ ¤¢ �ûù¢�¢ ø ¢Â �ðüõ ¤�Â ì ù¢� Ô µ¨� ¢¤�õ zjüÜ�õ ø¢ ý¤�¢Â� �÷�Þ÷ �Ü¬�ê �� ��÷�� üÜ�õ [2050;2378℄ ùÀª ù¢�Ôµ¨� ÕÞä �Ü¬�ê×�ÞÆþ�¨ §�Øãõ ñÀõ �õ�¢� ¤¢ .´¨� ���¥�� ý�ûù¢�¢ ¢�Àã� T = 165 ø ��÷��.´¨� ý��� ü¨ø�ð §�Øãõ ¥� üÞ�Þã� �î ¢Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õ ý��� ü¨ø�ð.¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ×�ÞÆþ�¨ §�Øãõ ¤¢ ��Þãõ ý��� §�Øãõ14 Impedan
e15 Sleipner Ost



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 56ý��� ü¨ø�ð �ó�� ×�ÞÆþ�¨ §�Øãõ ñÀõ 5.´¨� ¤�¢¤�¡Â� ý¢�þ¥ ý¤��ª¢ ¥� ý¢Â�¤�î Û��Æõ ¤¢ ù¢�Ôµ¨� ý�Â� ñÀõ ü��þ¥¤��î À÷¢Âî ���¤� ý��� ü¨ø�ð ×�ÞÆþ�¨ §�Øãõ ñÀõ ×þ (2003) ùÂõ� ø À÷���¤�¢¤�¡Â� ý�ù¢�ãó�ë�ê ü��±¨�½õ üþ�¤�î ¥� ø ´¨� ü��þ¥¤� Û��ì üÜ�Ü½� ¤�Ï��ñÀõ �¤ ö� ,´¨� ùÀª­Âê ü¨ø�ð ,ñÀõ ßþ� ¤¢ ×�ÞÆþ�¨ ý�ûù¢�¢ ö�� .´¨�[djx℄ = Hx + e �¤�¬�� ñÀõ ø À ÷�ùÀ � õ� ÷ ý�� � ü¨ø�ð ×�ÞÆþ�¨ §�ØãõH , e 2 Rnd ý�Î¡ �� ùÀª ýÂ�ðù¥�À÷� ×�ÞÆþ�¨ ù¢�¢ d 2 Rnd ö� ¤¢ �î ,´¨�x ß�ã � éÀû .´¨� ��õ ñ�Ï Ý µ þ¤�Ú ó x 2 Rnx ø ��� õ� ¥� ÛØÈ µ õ ÅþÂ �� õ�¤�¬�� ß�Æ� ñÀõ .Àª��üõ ý��� §�Øãõ Í¨�� d ¯Âª��x � CSNnx;qx(�x;�x;�x;�x;�x)e � CSNnd;qd(0;�e;�e;0; I)[djx℄ � CSNnd;qd(Hx;�e;�e;0; I)[xjd℄ � CSNnx;qx+qd(�xjd;�xjd;�xjd;�xjd;�xjd)(2009) ö�¤� Ø Þ û ø üÞ þÂ î Í¨� � � ûÂ µ õ�¤� � ¤�À Ö õ ö� ¤¢ � î ,À þ�ü õ ´¨¢� �:´¨� ùÀª ���¤� Âþ¥ �¤�¬���xjd = �x +�xH 0[H�xH 0 +�e℄�1(d�H�x)�xjd = �x � �xH 0[H�xH 0 +�e℄�1H�x�xjd = " " �x�x0 #� " �x�xH 0�e�e # [H�xH 0 +�e℄�1H�x #��1xjd�xjd = " �x0 #� " �x�xH 0�e�e # [H�xH 0 +�e℄�1(d�H�x)�xjd = " �x + �x�x�0x 00 I + �e�e�0e #�" �x�xH 0�e�e # [H�xH 0 +�e℄�1� " �x�xH 0�e�e #0 � �xjd�xjd�0xjd:



57 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üÞþÂî À�õ� ,üä�¹ª üÈ¿� �õ�Êãõ(2003) ùÂ õ� ø À ÷�� � ü¨ø� ð ý� � � §�Øã õ ñÀ õ ¥� ýÂ �ü Ü î ´ ó�� ñÀ õ ß þ��¹�µ÷ ß�È�� ñÀõ ¤¢ �x = 0ø üþ�Þ�µ¨¤¢ ¤¢ �e = 0 ßµêÂð ÂÑ÷ ¤¢ �� �î .´¨��¨ Âû ¥� .´¨� d ù¢�¢ §�¨�Â � x üþ�ðÇ�� ý�Â � p(xjd) ß�Æ� ñÀõ .¢�ªüõù¢�Ô µ¨� ö�� �üõ d ¯Âª�� x üþ�ðÇ�� ý�Â � Àõ ø � ÷� � õ ,ß�Ú ÷� � õ ü ÷�Øõ ù¤� õ�ùÀ � � î ü þ�ðÇ� � ß þ�Â �� � � .Àª ��¿ µ ÷� ù¢� Ô µ¨� ý�Â � � ÷� � õ � ó� Ö õ ß þ� ¤¢ ,¢Â î¶½ � ¢¤� õ � ÷� � õ .¢� ªü õ ù¢�¢ hdxjdi = Med fxjdg = Q0:5 fxjdg �¤�¬� ��Î��¤ ö�� ´¨� ü��¡ ��¿µ÷� �î ,´êÂð ¤�Âì (2009) ö�¤�ØÞû ø üÞþÂî Í¨��[Q�2 fxjdg ; Q1��2 fxjdg℄ �¤�¬�� (1� �) üþ�ðÇ�� �Ü¬�ê ÓþÂã� �� üÖÎ�õ´¨� h(�) �� � Ø þ â �� � Â û � � ´ ±Æ ÷ üÎ¡ ÂÚ Ü Þ ä × þ � ÷� � õ ß � � » Þ û .¢¤�¢üþ�ðÇ�� ö���ä� � °Üè� � ÷� � õ �î À� �î ���� Q0:5fh(xjd)g = h(Q0:5fxjdg)Â�Ó�ã® ß�Ú÷��õ ö�� ,¢�ªüõ ù¢�Ôµ¨� ß�Ú÷��õ ý���� �ó�� ý�ûâþ¥�� ý�Â� ùÀ��î.À�îüõ ÛÞä À�Ü� ý�û�ó�±÷¢ �� üþ�ûâþ¥�� ¤¢ �÷��õ ¥�CSG ×�ÞÆþ�¨ §�Øãõ ñÀõ ýø¤ ý¥�¨��±ª �ãó�Îõ 6ý�ûÂ µ õ�¤� � � � CSG ×�ÞÆ þ�¨ §�Øã õ ñÀ õ ýø¤ � ûÝ µ þ¤�Ú ó� Ç¿ � ß þ� ¤¢x � CSN3;3(�x; �x; 
x; �x; Æx) À��î ­Âê .¢Â�ðüõ ¤�Âì ü��þ¥¤� ¢¤�õ É¿ÈõÂ µ õ�¤� � �ø� Ô µ õ Â þ¢� Ö õ ø Æx = 1 ,�x = 1 ,�x = 0=3 ,�x = 2 ý�ûÂ µ õ�¤� � � �ý�Â� ß��»Þû .´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ 
x = f�1=5;�1;0;1;1=5g üÚó��I ö� ¤¢ �î ´¨� ùÀª ÓþÂã � �e = 0 ,�e = 10�2(HH 0 + I) ,� û�Î¡ �Ô ó� õø ùÀª �µêÂð ÂÑ÷ ¤¢ 
(h) = expf�h5g üþ�Þ÷ üÚµÆ±Þû â��� .´¨� ü÷�Þû ÅþÂ��õ:�¤�¬�� üþ�Þ÷´¨¤¢ ñÀõ ¤¢ H ÅþÂ��õH = 24 0=75 0=25 00=2 0=6 0=20 0=25 0=75 35d ¤�ÀÖõ Å³¨ ø À�ó�� ß�È�� âþ¥�� ¥� x â�Âõ ¤�ÀÖõ �Àµ�� .´¨� ùÀª ��¿µ÷�ý�Â� A;B;C Ýµþ¤�Úó� �¨ ¥� ù¢�Ôµ¨� �� .¢�ªüõ À�ó�� [djx℄ = Hx+ e �¤�¬��50 ¥� �ûÝµþ¤�Úó� �Æþ�Öõ ý�Â� Í¨�µõ ¤�Ï�� �î Àª À�ó�� �÷�Þ÷ 50000 ß�Æ� ñÀõÂ��ç� ÝÞ�Æî�õ ,1/5 �� -1/5 ¥� 
x Â��ç� �� .´¨� ùÀª ù¢�Ôµ¨� â�Âõ ù¢�¢ �ä�Þ¹õ



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 58�� B ø A ý�ûÝµþ¤�Úó� ý�Â� �õ� ,´¨� ��÷�� 0/1 ÍÖê C Ýµþ¤�Úó� ý�Â�� ö�õ¥ ¤¢ö�õ¥ .´¨� C Ýµþ¤�Úó� ö¢�� °¨��õ ¥� üî�� ßþ� �î ´¨� ��÷�� 464 ø 637 °��Â�ßþ�Â�� � � T = nx À��î ­Âê .À�� þüõ Çþ��ê� Àã� Çþ��ê� � � C Ýµþ¤�Úó� ý�Â��� � �¤ üÜ ± ì ý�ûÂµ õ�¤� � ý�Þû .´¨� 3T üÜî Àã � �¹� µ ÷ ¤¢ q = qx + qd = 2T:ÝþÂ�ðüõ ÂÑ÷ ¤¢ Âþ¥ ùÀª ù¢�¢ ÍÆ� ÅþÂ��õ ø 
x0 = 3
H = 266666666664

0=75 0=25 0 � � � � � � 00=20 0=60 0=20 0 . . . 00 0=20 0=60 0=20 . . . 0... . . . . . . . . . . . . ...0 . . . 0 0=20 0=60 0=200 � � � � � � 0 0=25 0=75
377777777775 2 RT�T

ý�Â� Ýµþ¤�Úó� ý�Â�� ö�õ¥ Â��ç� .Àª�� T ¥� ýÀã� Âû À÷���üõ ß�Æ� ñÀõ ßþ�Â����ý�Â� â�Âõ ù¢�¢ �ä�Þ¹õ ´Æ�� ¥� ÕÖ½� 1000 À�ó�� ý�Â� �î T ÓÜµ¿õ Âþ¢�Öõ.Ý �û¢üõ ¤�Â ì ü¨¤Â � ¢¤�õ �¤ ´¨� ùÀª ù¢�Ô µ¨� T 2 f20;40;60; � � � ;420gÂÑ÷ ¤¢ T â��� ö���ä�� �î ´¨� üÎ¡ ¥� Â�âþÂ¨ �Â�� ö�õ¥ �î ´¨� ùÀª ùÀû�Èõ.Àª�� ýÀã� �¨ ý�û�ä�Þ¹õ ¤¢ Ýúõ ÛØÈõ ×þ À÷���üõ ßþ� .´¨� ùÀª �µêÂð���µ�� ý�Â� ø Àª Àû��¡ ,O(T logT ) �¤�¬�� �v ö¢Âî §�Øãõ ý�Â�� ö�õ¥.Ý��î ù¢�Ôµ¨� �v Ûõ�î §�Øãõ ý�Â� °þÂÖ� ¥� Àþ�� ,ï¤�� T ý�Â� ��ØÈõ ¥�ö� ý�û¢Â�¤�î ø CST âþ¥�� 7�î üØ�µ¨�� ¢��õ ý�û´�¬�¡ ý�Â� �¤ §�Øãõ ñÀõ (2010) ö�¤�ØÞû ø üÞþÂî(�) üó�Ú� ø (vs) �þ�÷� � ��õ ´äÂ¨ ,(vp) �� óø� ��õ ´äÂ¨ �Ôó�õ �¨ Í¨����õ ´äÂ¨ âþ¥�� �î Àû¢üõ ö�È÷ ¸þ�µ÷ .À÷¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ ,À÷�ªüõ ¼þÂÈ�À÷���üõ CST âþ¥�� ø¤ ßþ� ¥� .´¨� CSN âþ¥�� ¥� Â�ß�Ú�¨ �¢ üÞî vp �� óø�¥��÷ üãþ¥�� ß��� �� ü���µ¨¢ ý�Â� .Àª�� À�Ôõ ß�Ú�¨ �¢ �� üÚó�� ýÀ��ñÀõ ý�Â��� üÚó�� �î ´¨� üãþ¥�� CST âþ¥�� .¢�ª ÓþÂã� ü� ùÂ�çµõÀ�� âþ¥�� �� ´¨�âþ¥�� ���� ñ�Þµ�� üó�Ú� â��� À��î ­Âê .´¨� ùÀª �ê�®� ´÷¢��µ¨� ü� âþ¥��



59 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üÞþÂî À�õ� ,üä�¹ª üÈ¿� �õ�Êãõ:�¤�¬�� ùÂ�çµõÀ�� ü� (t;v)" tv # � T  " �t�v # ;" 
t �tv�vt 
v # ; �!�¤�¬�� âþ¥�� üó�Ú� .Àª���n(y;�;
; �) = � ��+n2 �( �2 )(�; �)n=2 j
j� 12 �1+ 1� (y � �)0
�1(y � �)���+n2
 2 Rn�n ,´¨� ý� îÂ õ ¤�¢Â � � 2 Rn ,´¨� � õ� ð â �� � �(�) ö� ¤¢ � î ,´¨�x = [tjv � 0℄ üê¢�Ê� Â�çµõ .´¨� ý¢�¥� ��¤¢ � 2 R+ ø ´±·õ ß�ãõ üÆþÂ��õ�¤�¬�� ö� ñ�Þµ�� üó�Ú� â��� ø Àª��üõ CST âþ¥�� ý�¤�¢f(x) = p(tjv � 0)= p(v � 0jt)p(t)p(v � 0)= [1� Tq(0;�v ;
v)℄�1 h1� Tq(0;�vjt;
vjt; � + n)i �(t;�t;
t; �),�vjt = �v + � + vt
�1t (t � �t) ¢�ªüõ �Ñ��õ �î ¤�Ïö�Þû ,Àþ�üõ ´¨¢��T (0;�;
; �) ø 
vjt = 11+ �n �1+ 1� (t� �t)0
�1(t� �t)� (
v � �vt
�1t �tv)¢� Þ ÷ � � CST â þ¥� � .´ ¨� ´ ÷¢� � µ ¨� ü � ýÀ ã �-q ü ã Þ ¹ � â þ¥� ��¤�¬�� ö� üó�Ú� ø ¢�ªüõ ù¢�¢ ö�È÷ CSTn;q(�;
;�;�;�; �)f(x) = [Tq(0;�;�+ �
�0; �)℄�1 Tq(�(x� �);�;�; � + n)�(x;�;
; �)¥� ü¡Â � .� = 
vjt;� = ��v ;� = �vt
�1t ;
 = 
t;� = �t ö� ¤¢ � î ,´¨�§�Øãõ Û��Æõ �� ¯��Âõ �î CSN âþ¥�� À�÷�Þû CST âþ¥�� ��ÜÎõ ý�ûüðÄþø:Ý��îüõ ö��� (2010) ùÂõ� ø ß¨¤�þ� Í¨�� �¤ ´¨�âþ¥�� �� üê¢�Ê� ý�ûÂ�çµõ ,CST âþ¥�� üê¢�Ê� ý�ûÂ�çµõ ýø¤ üÎ¡ °�îÂ� .1�� l � n üãÎì ×þ ÅþÂ��õ A ø x � CSTn;q(�;
;�;�;�; �) Âð� .À�µÆû CSTù�ðö� .Àª�� (l � n)[y = Ax℄ � CST l;q(�y;
y;�y;�y;�y; �y)



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 60ø �y = �, �y = �, �y = �
A0
�1y ,
y = A
A0 ,�y = A� ö� ¤¢ � îüÎ¡ ��þÀ±� ´½� CST âþ¥�� ßþ�Â�� � � �y = � + �
�0 � �
A0��1y A
�0.´¨� �µÆ�.¢�� Àû��¡ CST âþ¥�� ù¢��÷�¡ ¥� ��÷ ý���ª�� ñ�Þµ�� üó�Ú� â��� �î ¢�ª ����,i ÂÊ�ä �� �� ÂÔ¬ ý�ûÂÊ�ä �� n� 1 ¤�¢Â� b(i) ö� ¤¢ �î A = b0(i) ��¿µ÷� ��.´¨� xi = b0(i)x ý¤�Ï��ý�û�Ôó�õ �î Ý�÷�¢üõ .À�µÆû ÛÖµÆõ�÷ üê¢�Ê� ý�ûÂ�çµõ CST âþ¥�� ý�û�Ôó�õ .2�� üê¢�Ê� Â�çµõ ×þ ´¡�¨ ø¤ ßþ� ¥� ,À�µÆû ÛÖµÆõ�÷ üê¢�Ê� ý�ûÂ�çµõ ü� âþ¥��.´Æ�÷ ÂþÁ�ö�Øõ� ,Àª�� ÛÖµÆõ ý���� Ûõ�ª �î CST âþ¥��Â¹�õ CST üê¢�Ê� ý�ûÂ�çµõ �� ,CST ý�û�Ôó�õ üÏÂª üê¢�Ê� ý�ûÂ�çµõ .3x2 2 Rn�K ø x1 2 RK �î x � CSTn;q(�;
;�;�;�; �) À��î ­Âê .¢�ªüõ�¤�¬�� �ûÂµõ�¤�� �î ,À�µÆû x = �x01;x02�0 ¥� üþ�û¤�¢Â�Âþ¥� = " �1�2 # ; � = " 
11 
12
21 
22 # ; � = [�1;�2℄:ßþ�Â���� .À÷�ùÀª ×�ØÔ�[x1jx2℄ � CST k;q(�1j2;
1j2;�1j2;�1j2;�1j2; �1j2): ö� ¤¢ �î�(�) = 11+ n�k� �1+ 1� (x2 � �2)0
�111 (x2 � �2)� :;�1j2 = �1;
1j2 = �(�)(
11�
12
�122
21);�1j2 = �1+
12
�122 (x2��2)ß þ�Â �� � � :�1j2 = �;�1j2 = �(�)�;�1j2 = � � (�2 + �1
12
�122 )(x2 � �2).´¨� �µÆ� üÏÂª ø üÎ¡ ��þÀ±� ´½� CSTCST âþ¥�� �� CSN âþ¥�� �Æþ�Öõ 1.7â �� � ø �ø� Ô µ õ ý¢�¥� ��¤¢ ý�Â � CST â þ¥� � ñ�Þ µ�� ü ó�Ú� â �� � 3 ÛØª ¤¢ø � = 0;� = 9; � = 5 üµìø ,�ø�Ôµõ üÚó�� Âµõ�¤� � � � CSN ñ�Þµ�� üó�Ú�
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â �� � ø �ø� Ô µ õ ý¢�¥� � �¤¢ � � CST â þ¥� � ñ� Þ µ �� ü ó� Ú � â �� � :3 ÛØªÂ µ õ�¤� � Â þ¢� Ö õ � � ,�ø� Ô µ õ ü Ú ó� � Â µ õ�¤� � � � CSN ñ� Þ µ �� ü ó� Ú �� = 5;� = 9; � = 0;� = 0=05ýÂ�ß�Ú�¨ �ó� ± ÷¢ CST âþ¥�� �î À��îüõ ùÀû�Èõ .Àû¢üõ Çþ�Þ÷ � = 0=05ö���üõ �¤ CSN âþ¥�� á�÷ Âû ö�� � =1 ý�Â� .¢¥�¨üõ CSN âþ¥�� �� ´±Æ÷ö�� .´¨� CST âþ¥�� ¥� ý�ù¢¤ Âþ¥ CSN âþ¥�� Å� ,´¡�¨ CST âþ¥�� � �Â �Â þÁ�é�Îã÷� Å� ,¢¤�¢ Â�Ç�� CSN âþ¥�� � � ´±Æ÷ �¤ � Âµõ�¤� � CST âþ¥���� ´±Æ÷ CST âþ¥�� ��ØÈõ ¥� üØþ ,´¨� ÛØÈõ � Âµõ�¤�� ¢¤ø�Â� �õ� .´¨�.´¡�¨ �¤ âþ¥�� ¥� ÛÖµÆõ�÷ ý�û�Ôó�õ ö���üÞ÷ �î ´¨� ßþ� CSN âþ¥��ý��� CST §�Øãõ 8�î ,´¨� d = Hx üÎ¡ ñÀõ Ûõ�ª ø ü¨¤Â� ¢¤�õ Â�çµõ x 2 Rnx �î À��î ­Âêüµ ìø e ,�Î¡ �Ô ó� õ �î À � � î��� � .´¨� ùÀª ýÂ�ðù¥�À ÷� ù¢�¢ d 2 Rnd ö� ¤¢ý�û¤�¢Â� ß��ã� �î Ý�÷�¢üõ CST «��¡ ¥� .Àª�� �µª�¢ ¢��ø À÷���üÞ÷ nd < nxñÀõ .´Æ�÷ ñÀõ ¥� ÛÖµÆõ ý�Î¡ ö�Øõ� ßþ�Â���� .´Æ�÷ ÂþÁ�ö�Øõ� e ø Hx ÛÖµÆõ



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 62�¤�¬�� x ý�Â� ß�È��x � CSTnx;qx(�x;
x;�x;�x;�x; �):�¤�¬�� t ¤�¢Â� âþ¥�� �î À��î ­Âê .¢�ªüõ ÓþÂã�24 tr = Htv 35 � Tnx+nd+qx0�24 �xH�x��x 35 ;24 
x 
xH 0 
x�xH
x H
xH 0 H
x�0x�x
x �x
xH 0 �x + �x
x�0x 35 ; �1A�¤�¬�� r 2 Rnx ýø¤ �ûö� üÏÂª âþ¥�� ø ´¨� t 2 Rnx ; v 2 Rqx ö� ¤¢ �î Àª��� tjrvjr � � Tnx+qx �� �tjr�vjr � ;� 
tjr �tvjr�vtjr 
tjr � ; � + nd����¤� Âþ¥ �¤�¬�� (2010) ùÂõ� ø ß¨¤�þ� Í¨�� �ûÂµõ�¤�� ¤�ÀÖõ ö� ¤¢ �î ,Àþ�üõ ´¨¢��:´¨� ùÀª�tjr = �x +
xH 0(H
xH 0)�1(r �H�x)�vjr = �x + �x
xH 0(H
xH 0)�1(r �H�x)
tjr = �(� + nd)(
x � 
xH 0(H
xH 0)�1H
x)
vjr = �(� + nd)(�x +�x
x�0x � �x
xH(H
xH 0)�1(�x
xH 0)0)�vjr = �(� + nd)(�x
x � �x
xH 0(H
xH 0)�1)::Ýþ¤�¢ x = [tjv � 0℄ ; d = [rjv � 0℄ ; ö¢�¢ ¤�Âì ø CST âþ¥�� ÓþÂã� ¥� ßþ�Â����[xjd℄ = [tjr; v � 0℄ � CSTnx;qx(�xjd;
xjd;�xjd; �xjd;�xjd; � + nd + qx):ö� ¤¢ �î�xjd = �x +
xH 0(H
xH 0)�1(r �H�x)
xjd = �(� + nd + qx)(
x �
xH 0(H
xH 0)�1H
x)�xjd = �(� + nd + qx)(�x
x � �x
xH 0(H
xH 0)�1)
�1xjd�xjd = �x � �x
xH 0(H
xH 0)�1(r �H�x)�xjd = �(� + nd + qx)(�x + �x
x�0x � �x
xH(H
xH 0)�1)(�x
xH 0)0��xjd
xjd
0xjd:



63 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : üÞþÂî À�õ� ,üä�¹ª üÈ¿� �õ�Êãõ�� CST ñÀõ ý�ûÂµõ�¤�� ßþ�Â���� . �(�)! 1 ¢�¢ ö�È÷ ö���üõ ,À�îüõ Û�õ � !1 üµìø,¢¤�¢ ¢��ø ý¢�¥� ��¤¢ ý�Â � Â µ õ�¤� � ×þ �ú � � .À ÷�ªüõ ö�ÆØþ CSG ñÀõ ý�ûÂµ õ�¤� �.Àª��üÞ÷ ÂþÁ�ö�Øõ� ÓÜµ¿õ ý�û��ª�� ý�Â� ÓÜµ¿õ ý¢�¥� ���¤¢ �îßþ� ÂÏ�¡��CST âþ¥�� ¥� ý¥�¨��±ª 9CST âþ¥�� ¥� üõ�ðø¢ ý¥�¨��±ª 1 Ýµþ¤�Úó�À��î ¤�ÂØ� ,¢�ª ¤�ÂìÂ� v � 0�îü÷�õ¥ �� .1v � Tq(��;�+ �
�) âþ¥�� ¥� �÷�Þ÷ À�ó��x tjv � Tn(�+ �tv
�1v (t+ �);
t � �tv
�1v �0tv).2ý�ûÂµõ�¤�� �� CST âþ¥�� ø CSN âþ¥�� ø¢ ý�Â� üõ�ðø¢ Ýµþ¤�Úó� ý�Â�� ö�õ¥ �Àõ.À÷�ùÀª �¬�¡ 2 ñøÀ� ¤¢ ÓÜµ¿õ ý�û� ø ý¢�¥� ��¤¢ �� � = 0=05 ø � = 9 ,� = 5ö�õ¥ � = 0 �� ÓÜµ¿õ ý�ûý¢�¥� ��¤¢ ý�Â� ,¢�ªüõ �Ñ��õ 2 ñøÀ� ¤¢ �î ¤�Ïö�Þû��÷�� °Æ� Â� üõ�ðø¢ ý�ûÝµþ¤�Úó� ý�Â�� ö�õ¥ �Àõ :2 ñøÀ�CST CSN � �0=090 0=05 1 00=093 0=069 3 00=090 0=040 106 00=297 0=278 1 50=106 23=732 1 100=089 337=670 1 120=077 1533=636 1 130=093 0=282 3 50=094 25=153 3 100=105 347=613 3 120=098 1556=491 3 130=105 0=278 106 50=099 24=348 106 100=125 336=313 106 120=118 1547=194 106 13Ýµþ¤�Úó� ý�Â�� ö�õ¥ Â��ç� ÝÞ�Æî�õ �õ� ,´¨� ´��� CST âþ¥�� üõ�ðø¢ Ýµþ¤�Úó� ý�Â��âþ¥�� üõ�ðø¢ Ýµþ¤�Úó� ý�Â�� ö�õ¥ � = 1 ý�Â� .´¨� 0=03 ¢øÀ� CSN âþ¥�� üõ�ðø¢Ýµþ¤�Úó� ý�Â�� ö�õ¥ Â��ç� ÝÞ�Æî�õ �îüó�� ¤¢ ,À��þüõÇû�î � ¤�ÀÖõ Çþ��ê� � � CST



�µÆ� ü��ó�� ø �µÆ� ñ�õÂ÷�ó�� ý�ûâþ¥�� ý¥�¨��±ª : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 64ý�Â�� Â��ç� ö�õ¥ ÝÞ�Æî�õ ÓÜµ¿õ ý�û� ý�Â� .´¨� 1533 ¢øÀ� CSN âþ¥�� üõ�ðø¢¤¢ ,´¨� � � ÷� � 0=01;0=5°� �Â � � � � = 3; � = 1 � � CSN â þ¥� � ü õ� ðø¢ Ý µ þ¤�Ú ó�.´¨� ��÷�� 1556;1547 ¢øÀ� °��Â� �� CSN âþ¥�� üõ�ðø¢ Ýµþ¤�Úó� ý�Â� �îüó��ýÂ�ð�¹�µ÷ ø ¶½� 10�� ���� � � ø Àþ¢Âð ö�� � ö� ý�û¢Â�¤�î ø �µÆ� ñ�õÂ ÷ � ó�� âþ¥�� ¤� µ¡�¨ � ó�Öõ ßþ� ¤¢,´ª�¢ ¢��ø âþ¥�� ßþ� ¤¢ ¥��÷ ¢¤�õ ý�û´�Þî �±¨�½õ ý�Â� �÷�Þ÷ À�ó�� ¤¢ �î ü��ØÈõø ö��� ý¥�¨��±ª Ýµþ¤�Úó� �¨ .¢Â�ðüõ ï¤�� ´±·õ ¤�ÀÖõ � Âµõ�¤�� �îü÷�õ¥ �¬�Ê¿õ�ãó�Îõ ¢¤�õ ,´¨� ©ÂþÁ� ø ¢¤ Ýµþ¤�Úó� ø ý¤�ÂØ� ©ø¤ ×þ §�¨�Â� �î Ýµþ¤�Úó� ßþÂµú�ý¤�ÂØ� Ýµþ¤�Úó� .´¨� ¤�¢¤�¡Â� üþ��� ´äÂ¨ ¥� ü��±¨�½õ ö�õ¥ ÂÑ÷ ¥� �î .´êÂð ¤�Âìø Àþ¢Âð Û¬�� ��±¨�½õ ö�õ¥ ÂÑ÷ ¥� ü��ÜÎõ ¸þ�µ÷ ø �Â�� ý��� CSG §�Øãõ ñÀõ ýø¤�õ� .´Æ�÷ ñÀõ ßþ� ¤¢ ��� �µ±Æ÷ ý�ûÀã� ¤¢ �÷��õ �±¨�½õ ý�Â� ü±þÂÖ� ý�û©ø¤ �� ¥��÷ ÂÚþ¢.¢�ªüõ ¢�þ¥ Àã� ¥� ý�üÎ¡ â��� ¥� Â�âþÂ¨ �Â�� ö�õ¥ �î ´¨� ùÀª ùÀû�Èõ Àã� Çþ��ê� ���v §�Øãõ ý�Â � °þÂÖ � ¥� À þ� � ,ï¤� � üÜ �¡ ý�ûÀã � ý�Â � ��ØÈõ ¥� ��� µ�� ý�Â �ý�ûù¢�¢ ý�Â� ýÀ��ñÀõ ù�½÷ ø ö��� CST âþ¥�� «��¡ ø ¤�µ¡�¨ ß��»Þû .Ý��î ù¢�Ôµ¨�CSN âþ¥�� �� ´±Æ÷ âþ¥�� ßþ� ´þ�õ �� ���� � � .´êÂð ¤�Âì �ãó�Îõ ¢¤�õ ×�ÞÆþ�¨ý�Â � ÛÖ µÆõ ¤� µ¡�¨ ×þ ¢��ø �Àä üÜ¬� ��ØÈõ ¥� üØþ ,(Â �´ÔÜî ý�û�¢ ¢��ø).´¨� âþ¥�� ßþ� ý�û�Ôó�õÂØÈ� ø ÂþÀÖ�.À÷¤�¢ �¤ ÂØÈ� ñ�Þî �Âµ½õ ö�¤ø�¢ ùÀ÷¥¤� ý�û¢�ú�È�� ¥� ö�ðÀ�Æþ�÷â��Âõ�ó�� âþ¥�� ý�ûÂµõ�¤�� ý��� ¢¤ø�Â� ,(1391) .é ,ýÂþ�¥ ø .� ,¢�Ä÷ÝÒ�î ,.� ,üî¤�Èê üõ�è.83-98 ,6 ,ý¤�õ� ��Üä �Ü¹õ ,ñ�õÂ÷Allard, D. and Naveau P. (2005), Modeling Skewness in Spatial Data Analyiswithout Data Transformation, Quantitative Geology and Geostatisti
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