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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�þÂ±� Âúª ý��û ø �� ßþÂê Âþ¢�Öõ ý�û ù¢�¢ ýÀ�±óÀõý¤À�� Â±î� üÜä�þÂ±� ù�ÚÈ÷�¢ ,¤�õ� ùøÂð¤¢ ùÄþ�� ,ù¢�¢ �ä�Þ¹õ ×þ (ßþÂê Âþ¢�Öõ ü�ãþ) Âþ¢�Öõ ßþÂµÞî �þ ßþÂµÈ�� ¤�µê¤ üÚ÷�Ú�üðÀ÷¤�� ö���õ ø �¤�Â� ��¤¢ ,¢�� ´äÂ¨ ,�÷�¡¢ø¤ ü�¢ ,�þ ¤¢ ���õ� Û·õ üã�±Ï üþ�ûùÀþÀ��û ù¢�¢ �÷�Ú�þ� ¤�µê¤ Ý�÷��µ� Âð� ßþ�Â���� .Àª��üõ �ì�ä ¢¤�õ ý¢Â�¤�î Û��Æõ ¥� ý¤��Æ� ¤¢ü��� Ç�� ùÀ�þ� ¤¢ �¤ �ú÷� ¤�µê¤ üÚ÷�Ú� Ý�÷��� üõ Ý��î ö��� ü®�þ¤ ý�úó�õÂê �Ü�¨�� �¤�ÖÎ�õ ×þ ¤¢ ¤�±Øþ ñ�¨ À�� Âû Í¨�µõ ¤�Ï �� �î Ý��î ü��� Ç�� Ý�÷��� üõ �·õ .Ý�þ�Þ÷.´¨� ¤ÀÖ� ¢�À¡¤ Âû ¤¢ üó�ÆØÈ¡ �Àõ ñ�Ï Í¨�µõ ø Àû¢üõ  ¤ üó�ÆØÈ¡°��Â�õ ý��ûù¤��õ� ü�±�÷��¹�õ ��b��� â�þ¥��� §��¨� Â�� ß�þ Â�ê Â�þ¢��Ö�õ Û���Ü�½�� ý��ú�ªø¤ ¥� ü�Ø�þ(1975) ¥À���Ø���� Í�¨��� ��î ��ú���÷ø��ê ©ø¤ ¤¢ .À�ª���ü�õ ��µ�ê��þ Ý���Þ�ã�� ß�þ Â�ê Â�þ¢��Ö�õ â�þ¥��� ø�µê�þ Ý�Þã� ý��¤�� âþ¥�� ¥� ù¢�Ôµ¨� �� ,ï¤�� À�Â¨ ×þ ý��� ý�ú�÷ø�ê üõ�Þ� ,Àª ���¤�.´¨� ¤�¢¤�¡Â� ýÂµÈ�� ´ì¢ ¥� üÜ±ì ©ø¤ �� �Æþ�Öõ ¤¢ �î À÷�ªüõ ýÀ�±óÀõý�úãþ¥�� ý�úîÀ�� ø �ûÂµõ�¤�� ¢¤ø�Â� ,ùÀª ù¤�ª� ý�úªø¤ üêÂãõ ßÞ® �ó�Öõ ßþ� ¤¢�ÜÞ� ¥�) �þÂ±� Âúª üÞ�Üì� Ýúõ ý�û¤�µî�ê ßþÂê Âþ¢�Öõ ý�Â� Å³¨ �µêÂð �¤�¬ �Ï��Âõ©¥�Â� üþ�Ø�÷ ,ùÀª ��¤� ý¤�õ� °¨��õ ñÀõ (... ø üðÀ÷¤�þ ö���õ ,¢�� ´äÂ¨ ,�¤�Â� ��¤¢.´¨� �µêÂð �¤�¬ �¥� ý�ûü��� Ç�� ü¡Â� ´þ�ú÷ ¤¢ ø ùÀª ü¨¤Â� �ú÷�,¢¤ø�Â�� ,��µ�ê��þ Ý���Þ�ã�� ý���¤��� á¥��� ,��µ�ê��þ Ý���Þ�ã�� ß�þ Â�ê Â�þ¢��Ö�õ â�þ¥��� :ýÀ���Ü�î ý��ûù��ø.üÞ�Üì� ý�ûù¢�¢ ,©¥�Â� üþ�Ø�÷�õÀÖõ 1¥� ü�¡Â�� â�þ¥��� �¢ ¤¢ â�ì�ø Â�þ¢��Ö�õ ü���ã�þ 1ß�þÂ�ê Â�þ¢��Ö�õ ��ã�ó��Î�õ ü�û��ð ,ý¢Â��¤��î Û����Æ�õ ¤¢´ÑÜè ,�Þ�� ý�úµõ�Âè ,Û�¨ ,ù¥Âó ß�õ¥ ,�¤�Â� �b �¤¢ ,¢�� ´äÂ¨ ,���õ� À�÷�õ ,�ûùÀþÀ�.À�ª��üõ �ì�ä ¢¤�õ. . . ø ¢��õ ��Ø½µ¨� ,ý�� ý�ûùÀ�þ��
1Extreme Values 150
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢¤¢ ßþÂê Âþ¢�Öõ ýÀ�±óÀõ âþÂ¨ �bã¨�� °��õ ùÀª Âî£ ¢¤��õ ���Èõ üÜ��Æõ �� öÀª ����õ:À÷�ª üõ ö��� ü¨�¨� ÓþÂã� À�� ,��� Âû ¥� Û±ì .´¨� ùÀª Â�¡� ý�úó�¨�î ý�xi Âû ,u ùbÀª ß��ã� Ç�� ¥� 2À�Â¨ ×þ ø x1, . . . , xn ��Àû�Èõ ý�Â� : 1 ÓþÂã�.¢�ªüõ ùÀ�õ�÷ 3ü÷ø�ê ×þ ,Àª��ÂµÈ�� u ¥�.¢�ªüõ ùÀ�õ�÷ u ý��� 4ü÷ø�ê¤�ÀÖõ yj − u ùb¥�À÷� ,yj ü÷ø�ê Âû ý�Â� :2 ÓþÂã��¤�Ê� m ùb¥�À÷� �� üó��µõ ùb¤ø¢ n ¤¢ �ûù¢�¢ ýÂ¨ À��î Âê :3 ÓþÂã�
x1,1, x1,2, . . . , x1,m, . . . , xi,1, . . . , xi,m, xn,1, . . . , xn,mùÀ�õ�÷ ��i ù¤ø¢ 5ý�Þþ�î�õ zi = Max{xi,1, . . . , xi,m} �¤�¬ ßþ� ¤¢ .À�ª�� ùÀª ùÀû�Èõ.¢�ªüõ��ú�ªø¤ ß�þ� ¥� ü�Ø�þ .¢��ªü�õ ù¢Â�� ¤��Ø�� ,ß�þÂ�ê Â�þ¢��Ö�õ ýÀ���±�óÀ�õ ý�Â�� ©ø¤ ø¢ f���Þ�ã�õ¢�È�õ ù¢�¢ ©¥�Â� �ûù¢�¢ �� üõ�Ú�û ø ´¨� üþ��� ü±��Â� ùb¤�õ� ü±÷�¹õ ��b�� âþ¥�� §�¨�Â��b ÷�¥ø ¤ ¢�� ´äÂ¨ ÝÞþ�î�õ Âð� f�·õ .À�ª�� �û�Þþ�î�õ ¥� ý��ä�Þ¹õ Â� ÛÞµÈõ �ûù¢�¢ �î,ñ�¨ Âû ¢�� ´äÂ¨ ÝÞþ�î�õ ©ø¤ ßþ� ¤¢ ,À�ª�� §Âµ¨¢ ¤¢ ñ�¨ 50 ñ�Ï ¤¢ ,�ÎÖ÷ ×þ¢�ªüõ �µêÂð ÂÑ÷ ¤¢ �ûù¢�¢ �bä�Þ¹õ ¥� ¤�ÀÖõ 50 ßþ�Â���� .¢�ªüõ ùÀ�õ�÷ ñ�¨ ö� ý�Þþ�î�õ6�µê�þ Ý�Þã� ßþÂê Âþ¢�Öõ âþ¥�� ö���ä �� ýÂµõ�¤�� âþ¥�� ×þ ,ýÀ� ý�þ�Ìì ¥� ù¢�Ôµ¨� �� ø��µ�ª�¢ ¢���ø ù¤ø¢ ×�þ ¤¢ ý¢À�ã�µ�õ ï¤��� Â�þ¢��Ö�õ ��Ø���õ��Ú���û .¢��ªü�õ ù¢�¢ ©¥�Â�� ��ûù¢�¢ ���¢¢Âð ý¢�þ¥ ��ä�Ï� ö¢�¢ ´¨¢ ¥� °��õ ´¨� ßØÞõ ù¤ø¢ Âû ý�Þþ�î�õ ¥� ù¢�Ôµ¨� ,Àª��À�Â¨ ×þ ¥� �î üþ�ûù¢�¢ ��Þ� ö� ¤¢ �î ¢�ªüõ ù¢�Ôµ¨� ýÂÚþ¢ ©ø¤ ¥� ý¢¤��õ ß��� ¤¢�� ©ø¤ ßþ� .À÷�ªüõ �µêÂð ¤�Ø� ,âþ¥�� ©¥�Â� ø Û�Ü½� ø �þ�¹� ý�Â� À�µÆû Âµð¤�� ß�ãõ×þ ¥� Âµð¤�� ý�ûù¢�¢ üõ�Þ� ö� ¤¢ ø ´¨� éøÂãõ 7À�Â¨ ×þ ¥� ÂµÈ�� ý�ú�÷ø�ê ©ø¤ñÀ�õ ×�þ ��ú�÷� ��� ø ùÀ�ª ��Â�¿�µ�̈ � ��ûù¢�¢ ¥� ( �́̈ � ùÀ�ª ß�����ã�� Ç���� ¥� f���Þ�ã�õ ��î) À��Â�̈¤¢ ñ�·õ ¤�Î� °��Â� ßþ� �� .¢�ªüõ ù¢�¢ ©¥�Â� 8�µê�þ Ý�Þã� ý��¤�� âþ¥�� ö���ä �� ýÂµõ�¤��¥� �î Àª�� �µª�¢ ¢��ø ù¢�¢ À�� ñ�¨ ×þ ¥� ´¨� ßØÞõ ,�÷�¥ø ¤ ¢�� ´äÂ¨ ÝÞþ�î�õ ñ�·õ

2Threshold

3Exceedance

4Excesses

5Maxima

6Generalized Extreme Value Distribution

7Peak Over Threshold

8Generalized Pareto Distribution 151
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�µª�À÷ ¢��ø ý�ù¢�¢ ß��� f�¬� ´¨� ßØÞõ �úó�¨ üÌã� ¤¢ ø À�ª�� Âµð¤�� ùÀª ù¢�¢ À�Â¨.Àª��Í�̈ ��� ¤��� ß���óø� , �́êÂ�ð À�û���¡ ¤�Â�ì ��ã�ó��Î�õ ¢¤��õ ��ó��Ö�õ ß�þ� ¤¢ ��î ýÀ���±�óÀ�õ ©ø¤ ß�þ�ý�úÜ�¨ ýÀ�±óÀõ ý�Â� �Â÷� (1987) Å�ó�ø ø Ù��Ø¨�û ø . Àª üêÂãõ (1975)¥À�Ø��´�õø��Ö�õ ý��ûù¢�¢ ýÀ���±�óÀ�õ ý�Â�� (1993)ø��È�Þ�þÂ�ð ø ,ö��µ�Æ�Ü�Ú�÷� Nidd �b �÷��¡¢ø¤ �b �÷����ó��¨ýÀ�±óÀõ ßþ� ¥� ýÂÚþ¢ ý�û�÷�Þ÷ .À÷¢Â� ¤�Ø� ,üó�ì ý�û�µª¤ ¥� üê¢�Ê� �÷�Þ÷ ×þ üÈÈî(1997) ýÀ�þ��¹�� ø ö���ø ¤ ø (1994)ß�Æ�þ��þ¢ ,(1994) ��Ü���µ�̈ ��î ����Ö�õ ¤¢ ö����ü�õ �¤.¢Âî ùÀû�Èõ:�µê�þ Ý�Þã� ßþÂê Âþ¢�Öõ âþ¥�� 1�1. �́̈ � ý���÷��Þ�÷ ý��Þ�þ��î��õ ýÀ�� ý��ú�ã�þ¥��� Â�� ü���µ�±�õ ,ß�þÂ�ê Â�þ¢��Ö�õ Û���Ü�½�� ×���̈ ��î ©ø¤ø á�®�õ ´�Þû� ´Üã� üóø ´Æ�÷ Õ�Ö½� ßþ� ¤�î ¤�µ¨¢ ¤¢ ©ø¤ ßþ� Ûõ�î ü¨¤Â� ��Âð��Âª ÂÊµ¿õ ¤�Î� �¹�þ� ¤¢ ¢¤�¢ À�Â¨ ×þ ¥� ÂµÈ�� ý�ú�÷ø�ê ©ø¤ �� �î üîÂµÈõ «��¡.¢�È�õ ù¢�¢â����� ��� Û�Ö�µ�Æ�õ ø¢ ��� ø¢ ü�ê¢��Ê�� ý��ûÂ���ç�µ�õ ¥� ý���ó��±�÷¢ X1, X2, . . . , Xn À�����î Â�êÀ��î Âê Mn = Max(X1, X2, . . . , Xn) , n ∈ N ý�Â� ø À�ª�� F (x) íÂµÈõ âþ¥���î ý��÷�Ú� À÷¤�¢ ¢��ø bn ø an À�÷�õ üÖ�Ö� ¢�Àä� ¥� üþ�û�ó�±÷¢
lim
n→∞

P (
Mn − bn

an
≤ x) = lim

n→∞
Fn(anx+ bn) = G(x)10�Á� �b �õ�¢ ¤¢ F (x) Ý���ð �¤�¬ ßþ� ¤¢ .´¨� 9ùÀ�û�±��÷ âþ¥�� ×þ G(x) ö� ¤¢ �îÂþ¢�Öõ �b �Ìì ¥� üÜ¬� �b¹�µ÷ ×þ .¢�ªüõ ù¢�¢ Çþ�Þ÷ F ∈ D(G) ¢�Þ÷ �� ø ¢¤�¢ ¤�Âì G(x).Àª�� �µê�þ Ý�Þã� ßþÂê Âþ¢�Öõ âþ¥�� â��� ×þ üµÆþ�� G(x) �î ´¨� ö� ÂÚ÷��� ×�¨�î ßþÂêö���µ���õ �¤ ß�þÂ�ê Â�þ¢��Ö�õ ý��ú�ã�þ¥��� ü���ã�þ ,(1) �b �Î���¤ ¤¢ ß�Ø�Þ�õ ýÀ�� ý��ú�ã�þ¥��� ���Þ��ýÂµõ�¤�� ùb¢��÷�¡ �¤�Ê�





Gγ,µ,σ = exp(−(1+ γ( (x−µ)σ ))−1/γ) 1+ γx > 0 , γ 6= 0
G0,µ,σ = exp(−e−(x−µ)

σ ) x Âþ¢�Öõ �bÞû ý�Â�
9Nondegenerate

10Domain of Attraction 152
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢11ÛØª Âµõ�¤�� γ ø À�µÆû §��Öõ ø ü÷�Øõ ý�ûÂµõ�¤�� °��Â� �� σ ø µ �ú÷� ¤¢ �î ,´ª�÷�Ø�þ� �� ���� �� .¢�È�õ ùÀ�õ�÷
lim
γ→0(1+ γx)1/γ = exp(x).limγ→0Gγ(x) = G0(x) ¢�ªüõ �Ñ��õ�µê�þ Ý�Þã� ý��¤�� âþ¥�� 2�1ý�Â� ü±¨��õ ýÂµõ�¤�� âþ¥�� â���� (GPD) �µê�þ Ý�Þã� ý��¤�� âþ¥�� â���� , �Ø�þ� �� ���� ���Âê .´¨� ý¤øÂ® ø Ýúõ ¤��Æ� ,Õ�Ö½� ßþ� ý�Â� �ú÷� «��¡ ø �Âê ´¡��ª ,À�µÆû �ú�÷ø�ê�¤�Ê� �µê�þ Ý�Þã� ý��¤�� âþ¥�� â���� üÜî

Wk,σ(x) =





1− exp(− x
σ ) ý�Â� k = 0, σ > 01− (1− kx
σ )

1
k ý�Â� k 6= 0, σ > 0,k ≤ 0 ý�Â�� ��î ¢��ª ������ .´�̈ � Û�Ø�ª Â�µ�õ�¤��� k ø §����Ö�õ Â�µ�õ�¤��� σ ö� ¤¢ ��î ,À�ª���ü�õ����÷ ��¹���þ� ¤¢ .À�ª���ü�õ 0 < x < σ/k �¤��Ê�� x ùb¢øÀ�½�õ ,k > 0 ý�Â�� ø ´�¨� x > 0:�µê�þ Ý�Þã� ý��¤�� âþ¥�� â���� ¤¢ .´¨� limk→0Wk,σ(x) =W0,σ(x)ÛþÀ±� EXP (σ) âþ¥�� â��� �� �µê�þ Ý�Þã� ý��¤�� âþ¥�� â��� ,´¨� k = 0 �Ø�õ�Ú�û •.¢�ªüõ

UNIF (0, σ) âþ¥�� â��� �� �µê�þ Ý�Þã� ý��¤�� âþ¥�� â��� ,´¨� k = 1 �Ø�õ�Ú�û •.¢�ªüõ ÛþÀ±�
Pareto(k, σ) âþ¥�� â��� �� �µê�þ Ý�Þã� ý��¤�� âþ¥�� â��� ,´¨� k < 0 �Ø�õ�Ú�û •.¢�ªüõ ÛþÀ±�.Àû¢üõ ö�È÷ ÓÜµ¿õ ý�ûk ý�Â� �¤ �µê�þ Ý�Þã� ý��¤�� üó�Ú� â���� ¤�¢�Þ÷ 1 ÛØª
11Shape Parameter 153
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢

ý��ûÂ�µ�õ�¤��� ý�Â�� ��µ�ê��þ Ý���Þ�ã�� ý���¤��� ý��ú���ó��Ú�� ø (À�µ�Þ�õ Í�¡) ü�þ��Þ�÷ ü�ó��Ú�� :1 Û �Ø�ª(ß�� �ÎÖ÷) k = 0/25 ø (ß�� Í¡)k = −0/5ÛØª�µê�þ Ý�Þã� ý��¤�� âþ¥�� ý�ûÂµõ�¤�� ¢¤ø�Â� 2¼þÂÈ� �µê�þ Ý�Þã� ý��¤�� âþ¥�� ý�ûÂµõ�¤�� ¢¤ø�Â� ý�Â� �ø�Ôµõ ©ø¤ ¤�ú� ,Ç¿� ßþ� ¤¢.À÷�ªüõüþ�Þ�µ¨¤¢ ÝÞþ�î�õ ý�ûÂð¢¤ø�Â� 1�2ßþÂµð�� X(n) ø GP (k, σ) âþ¥�� ¥� üê¢�Ê� �b ÷�Þ÷ ×þ X = {X1, . . . , Xn} �î À��î Âê�¤�Ê� üþ�Þ�µ¨¤¢ â��� Ýµþ¤�Úó .Àª�� ö� ü±��Â� ùb¤�õ�
L(k, σ;x) =





−n logσ + (1/k − 1)∑n
i=1 log(1− kxi

σ ), k 6= 0
n log σ − 1/σ∑n

i=1 xi, k = 0.Àª�±�õ σ > kx(n) Â��Â� k > 0 ý�Â� ø σ > 0 Â��Â� k ≤ 0 ý�Â� σ ùb¢øÀ½õ ö� ¤¢ �î ,´¨��¤�Ê� GPD üþ�Þ�µ¨¤¢ â��� Ýµþ¤�Úó ÕµÈõ ¤�¢Â� ý�û�þ�¤¢,k 6= 0 ý�Â�
∂L(k, σ;x)

∂k
= n/k(1/k − 1)− 1

k2 n∑

i=1 ln(1− kxi/σ)

− 1/k(1/k − 1) n∑

i=1(1− kxi/σ)
−1154
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ø
∂L(k, σ;x)

∂σ
= − n

kσ
+ 1/σ(1/k − 1) n∑

i=1(1− kxi
σ

)−1.Âû ý�Â� �Âþ¥ ,¢¤�À÷ ¢��ø üþ�Þ�µ¨¤¢ ÝÞþ�î�õ ¢¤ø�Â� �÷�Ú»�û ,Àª�� k > 1 Âð� .À�µÆû:Ýþ¤�¢ k > 1
lim

σ/k→x+
(n)

L(k, σ;x) = ∞

GPDüþ�Þ�µ¨¤¢ Ýµþ¤�Úó ý�Â� üû��µõ ÝÞþ�î�õ ×þ ö¢¤ø� ´¨À� ý�Â� k ≤ 1 ¯Âª ßþ�Â����Ýþ¤�¢ üþ�Þ�µ¨¤¢ Ýµþ¤�Úó ÕµÈõ ¤�¢ Â� ¤¢ ,k = 0 ý�Â� .´¨� ý¤øÂ®
lim
k→0 ∂L(k, σ;x)∂k

=

n∑

i=1 x2i2σ2 −
n∑

i=1 xiσ
lim
k→0 ∂L(k, σ;x)∂σ

= 1/σ( n∑

i=1 xiσ − n)¤�ÂìÂ� ¯Âª ßþ� Âð� ßþ�Â���� .Àª�� 1
n

∑n
i=1 x2i = 2x̄2 Âð� ÍÖê ø Âð� À�µÆû ÂÔ¬ Â��Â� �îÂÑ÷ ¤¢ �¤ üþ�Þ�µ¨¤¢ Ýµþ¤�Úó ÕµÈõ ¤�¢Â� .¢�ª �µ¨�î ���®Âê ¥� À÷��µ�õ k = 0 ´ó�� ,Àª�±÷��¢�ãõ ���� .ÀþÂ�Ú�





∂L(k,σ;x)
∂k = 0

∂L(k,σ;x)
∂σ = 0 �¤�Ê� ö���üõ �¤





n(k̂ − 1) =∑n
i=1 ln(1− k̂xi

σ̂ ) + (k̂ − 1)∑n
i=1(1− k̂xi

σ̂ )−1
n = (k̂ − 1)∑n

i=1(1− k̂xi

σ̂ )−1 �þ




(1+ 1
n

∑n
i=1 ln(1− k̂xi

σ̂ ))(1n∑n
i=1(1+ k̂xi

σ̂ )−1) = 1
k̂ = −1

n

∑n
i=1 ln(1− k̂xi

σ̂ )155

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý�ûù¤�õ� �Âþ¥ ;À÷�ª �±¨�½õ ý¢Àä �¤�Ê� üµÆþ�� üþ�Þ�µ¨¤¢ ÝÞþ�î�õ ý�û¢¤ø�Â� .´ª�÷üÎ¡ Â�è üþ�Þ�µ¨¤¢ ��¢�ãõ ø À�µÆû 13ü±��Â� ý�ûù¤�õ� ,GPD ý�Â� 12ñ�õü��õ ùbÀ�Æ�ÝÞþ�î�õ ¢¤ø�Â� ö¢Âî �À�� ý�Â� (1978) Å�ó�ø ø Ù��Ø¨�û .À÷�È�Þ÷ Â�ù¢�¨ ��ø º�û ��ß�����»�Þ�û.À���µ�Æ�� ¤��Ø�� �¤ ö��Æ�ê�¤�ß������÷ Ý�µ�þ ¤��Ú�ó� ¥� 14ý�ùÀ�ª Û�þÀ�ã�� ´�ó��� ü�þ��Þ���µ�¨¤¢ù¢�¢ ���¤� üþ�Þ�µ¨¤¢ ÝÞþ�î�õ ¢¤ø�Â� ö¢Âî �À�� ý�Â� �¤ üÜõ�î Ýµþ¤�Úó� (1993) ø�ÈÞþÂð.´¨�ý¤ø�µÈð ý�ûÂð¢¤ø�Â� 2�2,k ø σ ý��ûÂ�µ�õ�¤��� ��� ��µ�ê��þ Ý���Þ�ã�� ý���¤��� â�þ¥��� â����� ¤ø��µ�È�ð ß���õ�r ,À�ª��� k > −1/r Â�ð�,Àª�� 1+ rk > 0 �� �µê�þ Ý�Þã� ý��¤�� âþ¥�� ý�¤�¢ X üê¢�Ê� Â�çµõ Âð� �Áó .´¨� ¢���õù�Ú÷�
E(1+ kX/σ)r = 1/(1+ rk)¥� À��¤�±ä °��Âµ� ¢��ø ¯ÂÈ� ö� Å÷�þ¤�ø ø ß�Ú÷��õ ßþ�Â���� .´¨�

E(X) = σ/(1+ k)

V ar(X) = σ2/(1+ k)2(1+ 2k)�¤�Ê� k ø σ ý¤ø�µÈð ý�û¢¤ø�Â� ßþ�Â����
σ̂ =

12 x̄(x̄2/s2 + 1) ø k̂ =
12 (x̄2/s2 − 1).À�ª��üõ �÷�Þ÷ Å÷�þ¤�ø ø ß�Ú÷��õ ,s2 ø x̄ �ú÷� ¤¢ �î ,¢�� À�û��¡üó�Þµ���ü÷¥ø ¤ø�µÈð ©ø¤ 3�2ý�úµ�Þî F âþ¥�� â��� �� X üê¢�Ê� Â�çµõ üó�Þµ���ü÷¥ø ý�û¤ø�µÈð

Mp,r,s = E(Xp(F (X))r(1− F (X))s)

12Minimal Sufficient Statistics

13Order Statistics

14Modified 156
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.À�µÆû üÖ�Ö� ý¢�Àä� r ø p ,s ö� ¤¢ �î ,À�µÆûý�û¤ø�µÈð ¥� ù¢�Ôµ¨� GP âþ¥�� ý�Â�
αs =M1,0,s = E(X(1− F (X))s) =

σ

(s+ 1)(s+ 1+ k)

−1/2 < k < 1/2 ý�Â� (1987)Å�ó�ø ø Ù��Ø¨�û Í¨�� ø À÷¤�¢ ¢��ø k > −1 ý�Â� �î�¤�Ê� GP âþ¥�� ý�ûÂµõ�¤�� �¤�¬ ßþ� ¤¢ .À�µÆû °¨��õ ,À÷�ùÀª ���¤�
σ =

2α0α1
α0 − 2α1 ø k =

α0
α0 − 2α1 − 2ý�ûÂð¢¤ø�Â� ö¢Âî ßþ�Úþ�� �� k̂ ø σ̂ üó�Þµ���ü÷¥ø ý�û¤ø�µÈð Âð¢¤ø�Â� .À÷�ªüõ ù¢�¢.À�þ�üõ ´¨À� (1) �bÎ��¤ ¤¢ α0, α1 ý�� �� ,n ùb¥�À÷� �� ùÀª ùÀû�Èõ �÷�Þ÷ ×þ ¥� Û¬��¥� ´Æ�¤�±ä αr ý�Â� ¢¤ø�Â� ×þ

as = n−1 n∑

j=1 (n− j)(n− j − 1) . . . (n− j − s+ 1)
(n− 1)(n− 2) . . . (n− s)

xj:n×þ . ´¨� pj:n = (j)/(n+1) ø À�µÆû ùÀª °�Âõ ý�û�÷�Þ÷ x1:n ≤ . . . ≤ xn:n ö� ¤¢ �îý��÷�Þ÷ Âþ¢�Öõ �� ¢¤�¢ ö�Øõ� �î ´¨� ßþ� PWM ø MOM ý�û¢¤ø�Â� ý�Â� ýÀ� �b ÜÿÆõùb¢øÀ½õ ¥� �¤�¡ ý��÷�Þ÷ Âþ¢�Öõ ¥� üÌã� ´¨� ßØÞõ ü�ãþ ;À�ª�±÷ ¤�ð¥�¨ ùÀª ùÀû�Èõ�î Àû¢üõ  ¤ üµìø ´�ã®ø ßþ� .À÷Â�ð ¤�Âì ùÀª ¢¤ø�Â� Âµõ�¤�� Âþ¢�Öõ �b Ü�¨�� ùÀª ¢�ú�È��.´¨� n ùb¥�À÷� �� ý��÷�Þ÷ °�Âõ ùb¤�õ� ßþÂµð¤�� xn:n ö� ¤¢ �î ,Àª�� σ̂/k̂ < xn:n

üÜ¬� ý�úîÀ¬ ©ø¤ 4�2üþ�û¢¤ø�Â� ñø� �b Ü�Âõ ¤¢ ,´¨� ùÀª ���¤� (1997) ý¢�û ø �Ü�µ¨�î Í¨�� �î ©ø¤ ßþ� ¤¢ý�Â� üþ�ûÂð¢¤ø�Â� �ø¢ �b Ü�Âõ ¤¢ �ú÷� °�îÂ� �� ø À÷�ªüõ �±¨�½õ �ûÂµõ�¤�� ý�Â� ü��õÀÖõßþ� ý�ûÂð¢¤ø�Â� �±¨�½õ ù�½÷ ø �úÞµþ¤�Úó� ßþ� ùÀû�Èõ ý�Â� .Àþ�üõ ´¨À� �ûÂµõ�¤�� �bÞû.À�þ�õÂê �ã��Âõ (1997) ý¢�û ø �Ü�µ¨�î �� ,©ø¤157
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�þÂ±� Âúª üÞ�Üì� Ýúõ ý�û¤�µî�ê ßþÂê Âþ¢�Öõ ýÀ�±óÀõ 3´äÂ¨ ÝÞþ�î�õ' Ûõ��ä Ûõ�ª �þÂ±� Âúª ý��û ø �� ßþÂê Âþ¢�Öõ ý�û ù¢�¢ Ç¿� ßþ� ¤¢.À÷� �µêÂð ¤�Âì Û�Ü½� ø �þ�¹� ¢¤�õ " üðÀ÷¤�� ö���õ' ø " �¤�Â� ��¤¢ ÝÞþ�î�õ' ,"¢��ñÀõ ý�ûÂµõ�¤�� ,ùÀª ù¢�¢ ©¥�Â� °¨��õ ñÀõ �úÜõ�ä ¥� ��Àî Âû �� �Àµ�� �î °��Â� ßþ� �����¹�÷� ��ú�������� Ç���� ü�¡Â�� �́þ��ú�÷ ¤¢ ø ��µ�êÂ�ð ¤�Â�ì ü����þ¥ ¤� ¢¤��õ ©¥�Â�� ü�þ��Ø���÷ ùÀ�ª ¢¤ø�Â��ý�úªø¤ �� ¤��ê� �Â÷ ßþ� .´¨� ùÀª ��¹÷� Xtremes¤��ê� �Â÷ Í¨�� ��±¨�½õ .´¨� ùÀªý�úµÞÆì ¤¢ ùÀª ö���ä ��Ø÷ �� ���� �� �õ �î Àû¢ üõ ��¹÷� �¤ �ûÂµõ�¤�� ¢¤ø�Â� ,ÓÜµ¿õâ��¤ �ú���� Ç�� ü¡Â� ��¹÷�Â¨ .Ýþ� ù¢�¢ ���¤� �¤ ¸þ�µ÷ ø ù¢�Þ÷ ��¿µ÷� �¤ �ú÷� ßþÂµú� üÜ±ìý�Â� ö� ¤�¢�Þ÷ Ý¨¤ ø ñ�¨�T À�Â¨ �±¨�½õ �� Ûõ�ä Âû ý�Â� �¤ ´Èð¥�� ù¤ø¢ ß�Ú÷��õ ��¤¢ �î �¤ u À�÷�õ ýÀ�Â¨ .Ýþ� ùÀ÷�¨¤ ��¹÷� �� ñ�¨ 10,20,30,40,50,75,100,200âþ¥�� ý�Â� ø ¢�ª üõ ùÀ�õ�÷ ñ�¨�T À�Â¨ ´¨� T Â��Â� u ¥� ü÷ø�ê ö�õ¥ ß�óø� ß�Ú÷��õ ö���Ø÷ ¥� üØþ �ú�÷ø�ê ©ø¤ ¤¢ .´¨� F âþ¥�� â��� �� (1− 1
T ) íÀ�� �µê�þ Ý�Þã� ý��¤���Þþ�î�õ ©ø¤ �� �Àµ�� �î ´¨� ßþ� ñ�Þãõ ý�úªø¤ ¥� üØþ .´¨� À�Â¨ ��¿µ÷� Ýúõ ¤��Æ�©ø¤ ý�Â� À�Â¨ ö���ä �� �Â÷� ß�Ú÷��õ Âµõ�¤�� Å³¨ ù¢�¢ ©¥�Â� �û ù¢�¢ �� �¤ GEV âþ¥��üõ�Þ� ý�Â� �ûÀ�Â¨ ��¿��� ¤¢ ��÷ �õ ßþ�Â���� .((1984) ´�Þ¨�) .À�û¢ üõ ¤�Âì �ú�÷ø�ê.Ýþ�ù¢Âî ù¢�Ôµ¨� ©ø¤ ßþ�¥��û¤�µî�ê�þÂ±� Âúª ÕÜÎõ �¤�Â� ��¤¢ ÝÞþ�î�õ 1�3¥� ¢�Â�Ú���µ�÷��¨ °�Æ�� Â�� ��þÂ�±�� Â�ú�ª ��÷����û��õ Õ�Ü�Î�õ �¤�Â�� ���¤¢ Ý�Þ�þ��î��õ ,Û�õ��ä ß�þ� ý�Â��ý�Þþ�î�õ ßµêÂð ÂÑ÷ ¤¢ �� .Ý�µª�¢ ¤��µ¡� ¤¢ �¤ 1386 ñ�¨ À�Ô¨� �� 1380 ñ�¨ ßþ¢¤øÂê©¥�Â�� ��û ù¢�¢ ��� γ = 0.23, µ = 37.99, σ = 1.26 ��� ß�þÂ�ê Â�þ¢��Ö�õ â�þ¥��� ��÷����ó��¨Â�ú�ª ��÷����û��õ �¤�Â�� ���¤¢ Ý�Þ�þ��î��õ ý��û ù¢�¢ ý�Â�� 38 À��Â�¨ ���¿�µ�÷� ��� ß�þ�Â������� .À�ª��� GP â�þ¥��� ��ú�÷� ��� ø ùÀ�ª ���¿�µ�÷� À�÷¢��� À��Â�¨ ß�þ� ¥� Ç���� ��î ù¢�¢ 55 ¢�À�ã�� ,��þÂ�±��âþ¥�� ¥� ýøÂ�� Âê) H0 : k = 0 ö�õ¥� ��¹÷� �� .Àõ� ´¨À� k = −0.22, σ = 0.68,Âê ßþ� �� �ûÂµõ�¤�� ¢À¹õ �±¨�½õ �� ßþ�Â���� .Àõ� ´¨À� P − V alue = 0.57 ( üþ�Þ÷¤��Æ� ©¥�Â� üþ�Ø�÷ �î Àª ©¥�Â� �ú�÷ø�ê ¤�ÀÖõ �� σ = 0.85 �� üþ�Þ÷ âþ¥�� ´þ�ú÷ ¤¢.¢�¢ ö�È÷ �¤ ü��¡©¥�Â� �µê�þ Ý�Þã� ý��¤�� ñÀõ �� ���� �� �¤ ñ�¨ T À�Â¨ Âþ¢�Öõ �ú���� Ç�� ��¹÷� ý�Â�158
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��¤¢ ÝÞþ�î�õ ñ�¨ T À�Â¨ Âþ¢�Öõ ùÀ�û¢ ö�È÷ 2 ÛØª .Ýþ� ù¢¤ø� �û ù¢�¢ �� ùÀª ù¢�¢¤�� ×þ ñ�¨ 30 Âû Í¨�µõ ¤�Î� �·õ ÛØª ßþ� �� ���� �� .´¨� �þÂ±� Âúª ÕÜÎõ �¤�Â�¥� �õ¢ ÝÞþ�î�õ �Ø�þ� ý�Â� ñ�·õ ¤�Î� ß��»Þû .¢�ª üõ ÂµÈ�� ��¤¢ 40.9 ¥� ÝÞþ�î�õ ý�õ¢.´¨� �¥� ö�õ¥ ñ�¨ 100 Í¨�µõ ¤�Î� ¢�ª ÂµÈ�� ��¤¢ 42�þÂ±� Âúª ¢�� ´äÂ¨ ÝÞþ�î�õ 2�3ßþ¢¤øÂê ¥� �¤ ��÷�� Â� Âµõ °Æ� Â� �þÂ±� Âúª �÷��û�õ ¢�� ´äÂ¨ ÝÞþ�î�õ Ûõ�ä ßþ� ý�Â�
GEV âþ¥�� �÷��ó�¨ ý�Þþ�î�õ ßµêÂð �� .Ý�µª�¢ ¤��µ¡� ¤¢ 1386 ñ�¨ À�Ô¨� �� 1361 ñ�¨Â�� Â�µ�õ 21 À��Â�̈ ���¿�µ�÷� ��� .À�ª ©¥�Â�� ��û ù¢�¢ ��� γ = 0.1, µ = 20.48, σ = 2.16 ���À÷¢�� À�Â¨ ßþ� ¥� Ç�� ¢�� ´äÂ¨ ÝÞþ�î�õ �ú÷� ¤¢ �î ù�õ 19 ¢�Àã� �û ù¢�¢ ßþ� ý�Â� ��÷��¥� �́��ã�±�� ö��õ¥� .À�õ� �́̈ À�� k = 0.28, σ = 3.83 ��� GP â�þ¥��� ��ú�÷� ��� ø ùÀ�ª ���¿�µ�÷��ûÂµõ�¤�� ¢À¹õ ¢¤ø�Â� ø Âê ßþ� ñ�±ì �� ø Àª P − V alue = 0.55 �� Â¹�õ üþ�Þ÷ âþ¥��.Àû¢ üõ ö�È÷ �¤ ü��¡ ©¥�Â� �î Ý�µêÂþÁ� üþ�ú÷ ñÀõ ö���ä �� �¤ σ = 2.94 �� üþ�Þ÷ âþ¥���� ���� �� .´¨� �þÂ±� Âúª ¢�� ´äÂ¨ ÝÞþ�î�õ ñ�¨ T À�Â¨ Âþ¢�Öõ ùÀ�û¢ ö�È÷ 3 ÛØª��÷�� Â� Âµõ 32.52 ¥� ÝÞþ�î�õ ¢�� ´äÂ¨ ¤�±Øþ ñ�¨ 50 Âû Í¨�µõ ¤�Î� �·õ ÛØª ßþ�159
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¢�ª ÂµÈ�� ��÷�� Â� Âµõ 27.78 ¥� ¢�� ´äÂ¨ �Ø�þ� ý�Â� ñ�·õ ¤�Î� ß��»Þû .¢�ª üõ ÂµÈ��.´¨� �¥� ö�õ¥ ñ�¨ 10 Í¨�µõ ¤�Î��þÂ±� Âúª üðÀ÷¤�� ö���õ 3�3ñ�¨ ßþ¢¤øÂê ¥� ÂµÞ�Ü�õ °Æ� Â� �þÂ±� Âúª �÷��û�õ üðÀ÷¤�� ö���õ ß�Ú÷��õ Ûõ�ä ßþ� ý�Â�ý�Â� üØþ �¤ À�Â¨ ¤�ÀÖõ ø¢ Ûõ�ä ßþ� ý�Â� �õ .Ý�µª�¢ ¤��µ¡� ¤¢ �¤ 1386 À�Ô¨� �� 1330.Ýþ¢�Þ÷ ��¿µ÷� ©¤�� Ýî Âþ¢�Öõ ý�Â� ýÂÚþ¢ ø ¢�þ¥ Âþ¢�ÖõüðÀ÷¤�� ö���õ �÷��ó�¨ ß�Ú÷��õ �ú÷� ¤¢ �î ñ�¨ 10 ¢�Àã� ,ÂµÞÜ�Ü�õ 30 À�Â¨ ��¿µ÷� ��©¥�Â� k = 0.17, σ = 5.49 �� GP âþ¥�� �ú÷� �� ø ùÀª ��¿µ÷� À÷¢�� À�Â¨ ßþ� ¥� Ç��â�þ¥��� , Â�ê ñ��±�ì ��� ø À�ª P − V alue = 0.51 ��� Â�¹���õ H0 : k = 0 ö��õ¥� .Ý�þ� ù¢�¢.Ý�µêÂþÁ� üþ�ú÷ ñÀõ ö���ä �� �¤ σ = 6.54 �� üþ�Þ÷���� �� �î ´¨� �þÂ±� Âúª üðÀ÷¤�� ¢�þ¥ Âþ¢�Öõ ñ�¨ T À�Â¨ Âþ¢�Öõ ùÀ�û¢ ö�È÷ 4 ÛØªÂµÈ�� ÂµÞ�Ü�õ 55.79 ¥� �÷��ó�¨ üðÀ÷¤�� ß�Ú÷��õ ¤�±Øþ ñ�¨ 50 Âû Í¨�µõ ¤�Î� �·õ ö� ��¤�Î� ¢�ª ÂµÈ�� 60.33 ¥� �÷��ó�¨ üðÀ÷¤�� ß�Ú÷��õ �Ø�þ� ý�Â� ñ�·õ ¤�Î� ß��»Þû .¢�ª üõ.´¨� �¥� ö�õ¥ ñ�¨ 100 Í¨�µõö���õ �÷��ó�¨ ß�Ú÷��õ �ú÷� ¤¢ �î ñ�¨ 19 ¢�Àã� , ÂµÞÜ�Ü�õ 20 ß�þ�� À�Â¨ ��¿µ÷� ��160
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k = 0.48, σ = 4.5 �� GP âþ¥�� �ú÷� �� ø ùÀª ��¿µ÷� À÷¢�� À�Â¨ ßþ� ¥� ÂµÞî üðÀ÷¤��Ý�î ��� ������ ��� ��î À�ª P − V alue = 0.11 ��� Â�¹���õ H0 : k = 0 ö��õ¥� .Ý�þ� ù¢�¢ ©¥�Â��. Ýþ¢Âî à�½ó �¤ üÜ±ì ñÀõ ö�Þû ø �µêÂþÁ³÷ �¤ üþ�Þ÷ âþ¥�� ¥� ýøÂ�� Âê ö� ö¢������ �� �î ´¨� �þÂ±� Âúª üðÀ÷¤�� Ýî Âþ¢�Öõ ñ�¨ T À�Â¨ Âþ¢�Öõ ùÀ�û¢ ö�È÷ 5 ÛØªÂµÞî ÂµÞ�Ü�õ 12.41 ¥� �÷��ó�¨ üðÀ÷¤�� ß�Ú÷��õ ¤�±Øþ ñ�¨ 30 Âû Í¨�µõ ¤�Î� �·õ ö� ��¤�Î� ¢�ª ÂµÞî 11.77 ¥� �÷��ó�¨ üðÀ÷¤�� ß�Ú÷��õ �Ø�þ� ý�Â� ñ�·õ ¤�Î� ß��»Þû .¢�ª üõ.´¨� �¥� ö�õ¥ ñ�¨ 75 Í¨�µõ
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