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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�õ Ú×'ÑÚËÕ iÚ ÁËÔÉ×ÎÉÍ ×É×ÞÅÎÎÑÍ ÍÁÇÎiÔÎÉÈ ÒiÄÉÎ [1,2℄, ÔÅÏÒÅÔÉÞÎiÄÏÓÌiÄÖÅÎÎÑ Ó�ÅËÔÒi× ËÏÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎØ, ËÏÅÆi�i¤ÎÔi× �ÅÒÅÎÏÓÕÔÁ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ÄÌÑ ÓÔÁÔÉÞÎÉÈ ÍÏÄÅÌÅÊ ÓÕÍ�ÛÅÊÍÁÇÎ�ÔÎÉÈ ÔÁ ÎÅÍÁÇÎ�ÔÎÉÈ ÞÁÓÔÉÎÏË, ÓÔÁÎÏ×ÌÑÔØ ÚÎÁÞÎÉÊ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÉÊ ÔÁ �ÒÉËÌÁÄÎÉÊ iÎÔÅÒÅÓ. ïÓÏÂÌÉ×Å ÚÎÁÞÅÎÎÑ �ÒÉ �ØÏÍÕÍÁÀÔØ ÒÏÚÒÁÈÕÎËÉ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ, ÄÉÎÁÍ�ÞÎÉÈ ÓÔÒÕËÔÕÒÎÉÈÆÁËÔÏÒ�× (�ÁÒ��ÁÌØÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ ÆÁËÔÏÒ�× \ÇÕÓÔÉÎÁ-ÇÕÓÔÉÎÁ" �ÍÁÇÎ�ÔÎÏÇÏ ÄÉÎÁÍ�ÞÎÏÇÏ ÓÔÒÕËÔÕÒÎÏÇÏ ÆÁËÔÏÒÁ) ÔÁ ×É×ÞÅÎÎÑ ×�ÌÉ-×Õ ÎÁ �� ×ÅÌÉÞÉÎÉ ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ. ÷É×ÞÅÎÎÑ Ó�ÅËÔÒÕËÏÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎØ ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ÁÎÁÌ�ÚÕ ÏÓÏÂÌÉ×ÏÓÔÅÊ �ÏÛÉ-ÒÅÎÎÑ Ú×ÕËÏ×ÉÈ, ÔÅ�ÌÏ×ÉÈ, ×ÚÁ¤ÍÏÄÉÆÕÚ�ÊÎÉÈ, Ó��ÎÏ×ÉÈ ËÏÌÉ×ÁÎØ, iÄÏÚ×ÏÌÑ¤ ÚÒÏÚÕÍiÔÉ ÍÅÈÁÎiÚÍ �ÏÑ×É ÎÏ×ÉÈ ËÏÌÅËÔÉ×ÎÉÈ �ÒÏ�ÅÓ�× Ë�-ÎÅÔÉÞÎÏ§ �ÒÉÒÏÄÉ. ú ÔÏÞËÉ ÚÏÒÕ ÅËÓ�ÅÒÉÍÅÎÔi× Ú ÒÏÚÓiÑÎÎÑ ¤ ÁËÔÕ-ÁÌØÎÉÍ ÄÏÓÌiÄÖÅÎÎÑ ÇiÄÒÏÄÉÎÁÍiÞÎÏ§ ÇÒÁÎÉ�i (k ! 0, ! ! 0, ÄÅ k ÔÁ! { È×ÉÌØÏ×ÉÊ ×ÅËÔÏÒ ÔÁ ÞÁÓÔÏÔÁ), ÔÁ ÒÏÚÒÁÈÕÎÏË ×iÄ�Ï×iÄÎÉÈ ÞÁÓÏ-×ÉÈ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ.õ ÒÏÂÏÔÁÈ [3,4℄ ÂÕÌÁ �ÒÅÄÓÔÁ×ÌÅÎÁ ÓÔÁÔÉÓÔÉÞÎÁ Ç�ÄÒÏÄÉÎÁÍ�ËÁ ÓÕ-Í�Û� ÍÁÇÎ�ÔÎÉÈ ÔÁ ÎÅÍÁÇÎ�ÔÎÉÈ ÞÁÓÔÉÎÏË Õ ÚÏ×Î�ÛÎØÏÍÕ ÎÅÏÄÎÏÒ�Ä-ÎÏÍÕ ÍÁÇÎ�ÔÎÏÍÕ �ÏÌ�. íÅÔÏÄÏÍ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�Å-ÒÁÔÏÒÁ [8,9℄ ÂÕÌÉ ÏÔÒÉÍÁÎ� ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ Ç�ÄÒÏÄÉÎÁÍ�ËÉ, �ÒÉ-ÄÁÔÎ� ÄÌÑ Ï�ÉÓÕ ÑË ÓÉÌØÎÏ, ÔÁË � ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ ÓÔÁÎ�×. úÏËÒÅ-ÍÁ, ÄÌÑ Ï�ÉÓÕ ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�× ÚÎÁÊÄÅÎ� Ì�ÎÅÁÒÉÚÏ×Á-Î� Ò�×ÎÑÎÎÑ ÍÏÌÅËÕÌÑÒÎÏ§ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÔÁ Ò�×ÎÑÎÎÑ ÄÌÑ ÞÁÓÏ×ÉÈËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ÔÁ �ÒÏÁÎÁÌ�ÚÏ×ÁÎ� ×iÄ�Ï×iÄÎi ÆÕÎË�i§ �ÁÍ'Ñ-Ôi, ÑËi �Ï×ÑÚÁÎ� �Ú ÕÚÁÇÁÌØÎÅÎÉÍÉ ËÏÅÆ���¤ÎÔÁÍÉ �ÅÒÅÎÏÓÕ ×'ÑÚËÏÓÔ�,ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ�, ÔÅÒÍÏ×'ÑÚËÏÓÔ�, Ó��ÎÏ×Ï§ ÄÉÆÕÚ�§ ÔÏÝÏ.íÅÔÏÀ ÄÁÎÏ§ ÒÏÂÏÔÉ ¤ ×ÉËÏÒÉÓÔÁÎÎÑ ÏÔÒÉÍÁÎÉÈ ÒÁÎiÛÅ ÒÅÚÕÌØÔÁ-Ôi× [3{5℄ ÄÌÑ ×É×ÞÅÎÎÑ ÇiÄÒÏÄÉÎÁÍiÞÎÏ§ ÏÂÌÁÓÔi È×ÉÌØÏ×ÉÈ ×ÅËÔÏÒi×k ÔÁ ÞÁÓÔÏÔ !. úÏËÒÅÍÁ, ÍÉ ÚÎÁÊÄÅÍÏ Ó�ÅËÔÒ ÇiÄÒÏÄÉÎÁÍiÞÎÉÈ ÚÂÕ-ÄÖÅÎØ ÔÁ ÚÁ�ÒÏ�ÏÎÕ¤ÍÏ ÏÄÉÎ �Ú ÍÅÔÏÄ�× ×�ÄÛÕËÁÎÎÑ ×ÁÇÏ×ÉÈ ËÏÅÆ���-¤ÎÔ�× ÄÌÑ ÏÔÒÉÍÁÎÎÑ ÁÎÁÌ�ÔÉÞÎÉÈ ×ÉÒÁÚ�× ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑ��ÊÎÉÈÆÕÎË��Ê. ïÓÏÂÌÉ×iÓÔØ �ÒÏ�ÏÎÏ×ÁÎÏÇÏ �iÄÈÏÄÕ �ÏÌÑÇÁ¤ × ÔÏÍÕ, ÝÏ ÕÓi×ÉËÌÁÄËÉ ÂÕÄÕÔØ �ÒÏ×ÏÄÉÔÉÓØ ÄÌÑ ÂiÌØÛ ÚÁÇÁÌØÎÏÇÏ ×É�ÁÄËÕ ÂÁÇÁ-ÔÏËÏÍ�ÏÎÅÎÔÎÏ§ ÓÕÍiÛi. �ÁËÉÍ ÞÉÎÏÍ, ÏÔÒÉÍÁÎi ÒÅÚÕÌØÔÁÔÉ ÍÁÀÔØÂiÌØÛ ÛÉÒÏËÕ ÏÂÌÁÓÔØ ÚÁÓÔÏÓÕ×ÁÎÎÑ.

ICMP{99{14U 22. ò�×ÎÑÎÎÑ ÍÏÌÅËÕÌÑÒÎÏ§ Ç�ÄÒÏÄÉÎÁÍ�ËÉðÒÏÄÏ×ÖÕÀÞÉ �ÉËÌ ÒÏÂ�Ô [6,7,5℄, ÄÅ ÄÏÓÌ�ÄÖÕ×ÁÌÉÓØ Ç�ÄÒÏÄÉÎÁÍ�ÞÎi�ÒÏ�ÅÓÉ ÓÌÁÂÏÎÅÒ�×ÎÏ×ÁÖÎÉÈ ÍÁÇÎ�ÔÎÉÈ Ò�ÄÉÎ i ÓÕÍ�ÛÅÊ ÍÁÇÎ�ÔÎÉÈÔÁ ÎÅÍÁÇÎ�ÔÎÉÈ ÞÁÓÔÉÎÏË, ÍÉ ÂÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ Ò�ÄËÕ ÓÕÍ�Û ÍÁÇ-Î�ÔÎÉÈ ÔÁ ÎÅÍÁÇÎ�ÔÎÉÈ ÞÁÓÔÉÎÏË Õ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÍÕ ÓÔÁÎ�. óÉÓÔÅÍÁÏ�ÉÓÕ¤ÔØÓÑ ÇÁÍ�ÌØÔÏÎ�ÁÎÏÍ ÔÉ�Õ [5℄ iÚ ×ÚÁ¤ÍÏÄi¤À ÍiÖ Ó�iÎÁÍÉ, ÔÉ�ÕçÁÊÚÅÎÂÅÒÇÁ. äÌÑ ÄÏÓÌiÄÖÅÎÎÑ ÔÁËÏ§ ÓÉÓÔÅÍÉ, ÍÏÖÎÁ, ×ÉËÏÒÉÓÔÏ×Õ-ÀÞÉ ÍÅÔÏÄ ÎÅÒi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÓÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ úÕÂÁÒ¤×Á [8,9℄,ÏÔÒÉÍÁÔÉ Òi×ÎÑÎÎÑ ÍÏÌÅËÕÌÑÒÎÏ§ ÇiÄÒÏÄÉÎÁÍiËÉ ÔÁ Òi×ÎÑÎÎÑ ÄÌÑ ÞÁ-ÓÏ×ÉÈ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ [6,7℄. äÌÑ ÍÁÌÉÈ ×iÄÈÉÌÅÎØ ÓÉÓÔÅÍÉ ×iÄ�ÏÌÏÖÅÎÎÑ Òi×ÎÏ×ÁÇÉ, �iÓÌÑ �ÅÒÅÔ×ÏÒÅÎÎÑ ìÁ�ÌÁÓÁ, ÍÏÖÅÍÏ ÚÁ�ÉÓÁ-ÔÉ Ò�×ÎÑÎÎÑ ÕÚÁÇÁÌØÎÅÎÏ§ Ç�ÄÒÏÄÉÎÁÍ�ËÉ Õ ÍÁÔÒÉÞÎÏÍÕ ×ÉÇÌÑÄ� [6℄:ni!�~1� i~
(k) + ~�(k; !)o h�^Yi(k)i! = 0: (2.1)ìÁ�ÌÁÓ-ÚÏÂÒÁÖÅÎÎÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ^F (k; z) ÚÁÄÏ-×iÌØÎÑÀÔØ Ò�×ÎÑÎÎÑnz�~1� i~
(k) + ~�(k; z)o ~F (k; z) = ~F0(k); (2.2)ÔÕÔ i~
(k) { ÞÁÓÔÏÔÎÁ ÍÁÔpÉ�Ñ, ~�(k; z) { ÍÁÔpÉ�Ñ ÆÕÎË�iÊ �ÁÍ'ÑÔi,×ÉÚÎÁÞÅÎi ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:i~
(k) = (i^L� ^Y (k); ^Y (�k)) ( ^Y (k); ^Y +(�k))�1; (2.3)~�(k; z) =  (1� P) i^L�^Y ; 1z + (1�P) i^L (1�P) i^L� ^Y +!� �^Y (k); ^Y +(�k)��1 ; (2.4)ÄÅ i ^L { Ï�ÅÒÁÔÏÒ ìiÕ×iÌÑ ÓÉÓÔÅÍÉ, P - �ÒÏÅË��ÊÎÉÊ Ï�ÅÒÁÔÏÒ íÏÒ�,ÝÏ Ä�¤ ÚÁ �ÒÁ×ÉÌÏÍ:P � ~A = � ~A; ^Y (�k)��^Y (k); ^Y +(�k)��1 ^Y (k); (2.5)( ^A; ^B) ÏÚÎÁÞÁ¤ ËÏpÅÌÑ�iÊÎÕ ÆÕÎË�iÀ( ^A; ^B) = Z 10 h ^A��0 ^B���0 i d�; (2.6)ÄÅ h: : :i �ÏÚÎÁÞÁ¤ ÚÁÓÅÒÅÄÎÅÎÎÑ ÚÁ Òi×ÎÏ×ÁÖÎÉÍ ÒÏÚ�ÏÄiÌÏÍ ½iÂÂÓÁ�0, Á ^Y (k) { ×ÅËÔÏÒ-ÓÔÏ×�Å�Ø �ÁÒÁÍÅÔÒi× ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ ÓÉÓÔÅÍÉ.



3 ðÒÅ�ÒÉÎÔ÷ ÑËÏÓÔi �ÁÒÁÍÅÔÒi× ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ ÂÅÒÕÔØ æÕÒ'¤ ËÏÍ�ÏÎÅÎÔÉÇÕÓÔÉÎ ËÏÎÓÅÒ×ÁÔÉ×ÎÉÈ ÚÍiÎÎÉÈ. äÌÑ Ä×ÏËÏÍ�ÏÎÅÎÔÎÏ§ ÓÕÍiÛi ÍÁÇ-ÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÞÁÓÔÉÎÏË [5℄, �iÓÌÑ �ÒÏ×ÅÄÅÎÎÑ �ÒÏ�ÅÄÕÒÉ ÏÒ-ÔÏÇÏÎÁÌiÚÁ�i§, ×ÏÎÉ ÚÁ�ÉÓÕÀÔØÓÑ Õ ×ÉÇÌÑÄi:^Y (k) = f^n1(k); ^n2(k); ^p(k); ^s(k); ^h(k)g; (2.7)i ¤ ×iÄ�Ï×iÄÎÏ æÕÒ'¤ ËÏÍ�ÏÎÅÎÔÁÍÉ �ÁÒ��ÁÌØÎÉÈ ÇÕÓÔÉÎ ÞÉÓÌÁ ÎÅÍÁÇ-Î�ÔÎÉÈ ÞÁÓÔÉÎÏË (ÓÏÒÔ 1) ÔÁ ÍÁÇÎ�ÔÎÉÈ ÞÁÓÔÉÎÏË (ÓÏÒÔ 2), �Ï×ÎÏÇÏiÍ�ÕÌØÓÕ, ×iÄ�pÏÅËÔÏ×ÁÎÏÇÏ ÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎÔÕ ÔÁ �Ï×ÎÏ§ ÅÎÔÁÌØ�i§,i ÚÁÌÅÖÁÔØ ×iÄ ÍÏÄÕÌÑ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ k. íÁÔÒÉ�Ñ ÓÔÁÔÉÞÎÉÈËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ~F0(k) = �^Yi(k); ^Y +i (k)�, ÝÏ ×ÈÏÄÉÔØ Õ �ÒÁ×ÕÓÔÏÒÏÎÕ (2.2), ÄÌÑ ÏÒÔÏÇÏÎÁÌiÚÏ×ÁÎÉÈ �ÁÒÁÍÅÔÒi× ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ(2.7), ÍÁ¤ ÂÌÏËÄ�ÁÇÏÎÁÌØÎÕ ÓÔÒÕËÔÕÒÕ [5℄.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ×ÌÁÓÔÉ×ÏÓÔi ÓÉÍÅÔÒi§ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ ×iÄ-ÎÏÓÎÏ iÎ×ÅÒÓi§ ÞÁÓÕ ÔÁ ×iÄÎÏÓÎÏ Ï�ÅÒÁ�iÊ �ÒÏÓÔÏÒÏ×Ï§ ÓÉÍÅÔÒi§, ÍÏÖ-ÎÁ �ÏËÁÚÁÔÉ [7℄, ÝÏ × ÓÉÓÔÅÍ�, ÑËÁ Ï�ÉÓÕ¤ÔØÓÑ �'ÑÔØÍÁ �ÁpÁÍÅÔpÁ-ÍÉ ÓËÏpÏÞÅÎÏÇÏ Ï�ÉÓÕ (2.7) i �ÅÒÅÂÕ×Á¤ × ÏÄÎÏÒ�ÄÎÏÍÕ ÚÏ×Î�ÛÎØÏÍÕÍÁÇÎ�ÔÎÏÍÕ �ÏÌi, ÍÁÔÒÉ�Ñ i~
 ÂÕÄÅ ÍÁÔÉ \ÈÒÅÓÔÏ�ÏÄ�ÂÎÕ" ÓÔÒÕËÔÕÒÕ:ÎÅÎÕÌØÏ×ÉÍÉ ÅÌÅÍÅÎÔÁÍÉ ÂÕÄÕÔØ ÌÉÛÅ Ô�, ÑË� Í�ÓÔÑÔØ �ÎÄÅËÓ, ÝÏ ×�Ä-�Ï×�ÄÁ¤ �Í�ÕÌØÓÕ. ìÅÇËÏ �ÏËÁÚÁÔÉ, ÝÏ ÔÁËÁ Ö ÓÔÒÕËÔÕÒÁ ÍÁÔÒÉ�i i~
ÂÕÄÅ i × ÚÁÇÁÌØÎiÛÏÍÕ ×É�ÁÄËÕ ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÉÈ ÓÕÍiÛÅÊ.âÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ ÚÁÇÁÌØÎiÛÉÊ ×É�ÁÄÏË m + 2 �ÁÒÁÍÅÔÒi× ÓËÏ-ÒÏÞÅÎÏÇÏ Ï�ÉÓÕ, ÄÅ m = m1 + m2. �ÕÔ m1 ¤ ËiÌØËiÓÔÀ ËÏÍ�Ï-ÎÅÎÔ ÒiÄÉÎÎÏ§ �iÄÓÉÓÔÅÍÉ (ËiÌØËiÓÔØ ÓÏÒÔi× ÞÁÓÔÉÎÏË), ÑËiÊ ×iÄ�Ï×i-ÄÁÀÔØ �ÁÒÁÍÅÔÒÉ f^n1(k); : : : ; ^nm1(k)g; m2 ¤ ËiÌØËiÓÔÀ ËÏÎÓÅÒ×ÁÔÉ×-ÎÉÈ ÚÍiÎÎÉÈ, ÝÏ ×iÄÎÏÓÑÔØÓÑ ÄÏ Ó�iÎÏ×Ï§ �iÄÓÉÓÔÅÍÉ (ÎÉÍÉ ÍÏÖÕÔØÂÕÔÉ �ÁÒ�iÁÌØÎi ÍÁÇÎiÔÎi ÍÏÍÅÎÔÉ ÒiÚÎÉÈ ÓÏÒÔi× ÍÁÇÎiÔÎÉÈ ÞÁÓÔÉ-ÎÏË f^s1(k); : : : ; ^sm2(k)g Õ ×É�ÁÄËÕ, ÑËÝÏ ÏÓÔÁÎÎi ËÏÍÕÔÕÀÔØ Ú ÇÁÍiÌØ-ÔÏÎiÁÎÏÍ); ÝÅ Ä×ÏÍÁ �ÁÒÁÍÅÔÒÁÍÉ ¤ ÇÕÓÔÉÎÁ �Ï×ÎÏÇÏ iÍ�ÕÌØÓÕ ^p(k)ÔÁ ÅÎÔÁÌØ�i§ ^h(k).ìÅÇËÏ �ÅÒÅËÏÎÁÔÉÓØ, ÝÏ ÚÁ×ÄÑËÉ ËÏÎÓÅÒ×ÁÔÉ×ÎÏÓÔi �ÁÒÁÍÅÔÒi×ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ, ÞÁÓÔÏÔÎÁ ÍÁÔÒÉ�Ñ (2.3) Õ ÇiÄÒÏÄÉÎÁÍiÞÎÏÍÕ ÎÁ-ÂÌÉÖÅÎÎ� ¤ Ì�Î�ÊÎÏÀ �Ï k:i~
 = ik�vs�~� = Æ�vs�~�; (2.8)ÔÏÄi ÑË ÍÁÔÒÉ�Ñ ÆÕÎË��Ê �ÁÍ'ÑÔ� ¤ Ë×ÁÄÒÁÔÉÞÎÏÀ:~� = �k2�vs� ~' = Æ2�vs� ~'; (2.9)�ÕÔ i ÎÁÄÁÌi ÂÕÄÅÍÏ ËÏÒÉÓÔÕ×ÁÔÉÓØ �ÏÚÎÁÞÅÎÎÑÍ Æ � ik i ××ÁÖÁÔÉÆ ÍÁÌÉÍ �ÁÒÁÍÅÔÒÏÍ. ë×ÁÄÒÁÔÉÞÎÉÊ ×ËÌÁÄ �Ï Æ × ÞÁÓÔÏÔÎÕ ÍÁÔÒÉ-�À Ò�×ÎÉÊ ÎÕÌÀ. ëÏÅÆi�i¤ÎÔ �ÒÏ�ÏÒ�iÊÎÏÓÔi vs × (2.8, 2.9) ×ÉÂÒÁÎÉÊ
ICMP{99{14U 4ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ: v2s = 12 Sp24 i~
Æ !235 ; (2.10)Ú×iÄÓÉ ×É�ÌÉ×Á¤, ÝÏ Û�ÕÒ Ë×ÁÄÒÁÔÕ ÍÁÔÒÉ�i ~� Òi×ÎÉÊ 2:Sp ~�2 = 2: (2.11)÷ÉÂÒÁÎÉÊ ÔÁËÉÍ ÞÉÎÏÍ, ËÏÅÆi�i¤ÎÔ vs, ÑË ÂÕÄÅ �ÏËÁÚÁÎÏ ÄÁÌi, ÄÁ¤ÎÁÍ Û×ÉÄËiÓÔØ �ÏÛÉÒÅÎÎÑ Ú×ÕËÏ×ÉÈ È×ÉÌØ × ÓÉÓÔÅÍi i ÊÏÇÏ ××ÅÄÅÎÎÑÄÏÚ×ÏÌÑ¤ �ÒÁ�À×ÁÔÉ Ú ÏÂÅÚÒÏÚÍiÒÅÎÉÍÉ ÍÁÔÒÉ�ÑÍÉ ~� ÔÁ ~', ÝÏ ÚÎÁÞÎÏÓ�ÒÏÝÕ¤ ×ÉËÌÁÄËÉ.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÍÁÒËi×ÓØËÅ ÎÁÂÌÉÖÅÎÎÑ, ÑËÅ ¤ ÁÓÉÍ�ÔÏÔÉÞÎÏÔÏÞÎÅ × ÇiÄÒÏÄÉÎÁÍiÞÎiÊ ÏÂÌÁÓÔi, ÂÁÞÉÍÏ, ÝÏ ÚÁÌÅÖÎiÓÔØ �Ï×ÎÏ§ Ç�Ä-ÒÏÄÉÎÁÍ�ÞÎÏ§ ÍÁÔÒÉ�i ~TH � i~
� ~� ×�Ä z ÚÎÉËÁ¤. �ÏÍÕ, ÒÏÚÇÌÑÄÁÀÞÉÒ�×ÎÑÎÎÑ (2.1), (2.2) × Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�, ÄÌÑ ÍÁÌÉÈ k iz, ÍÉ ÍÏÖÅÍÏ ÏÂÍÅÖÉÔÉÓÑ Õ Òi×ÎÑÎÎÑÈ (2.1), (2.2) ÒÏÚÇÌÑÄÏÍ Ç�ÄÒÏ-ÄÉÎÁÍ�ÞÎÏ§ ÍÁÔÒÉ�i ~TÆ: ~TÆ(z) = ~� + Æ� ~'; (2.12)×ÒÁÈÏ×ÕÀÞÉ, ÝÏ: ~TH = i~
� ~� = Æ�vs� ~TÆ: (2.13)îÅÈÁÊ × ÎÁÂÏÒ� m+2 �ÁÒÁÍÅÔÒ�× ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ �Í�ÕÌØÓ ÍÁ¤ÎÏÍÅÒ � ( ^Y�(k) = ^p(k)), ÔÏÄ�, ×ÒÁÈÏ×ÕÀÞÉ Ú×'ÑÚÏË (2.8) ÔÁ ×ÉÝÅÚÇÁÄÁÎi×ÌÁÓÔÉ×ÏÓÔi ÓÉÍÅÔÒi§, ~� ÄÌÑ ÔÁËÏ§ ÓÉÓÔÅÍÉ ÚÁ�ÉÛÅÔØÓÑ [5℄:

~� = 0BBBBBBBBBB�
0 : : : 0 �1;� 0 : : : 0... ... ... ... ...0 : : : 0 ���1;� 0 : : : 0��;1 : : : ��;��1 0 ��;�+1 : : : ��;m+20 : : : 0 ��+1;� 0 : : : 0... ... ... ... ...0 : : : 0 �m+2;� 0 : : : 0
1CCCCCCCCCCA ; (2.14)

Ú ÔÉÈ ÓÁÍÉÈ ÍiÒËÕ×ÁÎØ ÍÁÔÒÉ�Ñ ~' ÂÕÄÅ ÍÁÔÉ �ÒÏÔÉÌÅÖÎÕ ÄÏ ~� ÓÔÒÕË-



5 ðÒÅ�ÒÉÎÔÔÕÒÕ:
~' = 0BBBBBBBBBB�

'1;1 : : : '1;��1 0 '1;�+1 : : : '1;m+2... ... ... ... ...'��1;1 : : : '��1;��1 0 '��1;�+1 : : : '��1;m+20 : : : 0 '�;� 0 : : : 0'�+1;1 : : : '�+1;��1 0 '�+1;�+1 : : : '�+1;m+2... ... ... ... ...'m+2;1 : : : 'm+2;��1 0 'm+2;�+1 : : : 'm+2;m+2
1CCCCCCCCCCA : (2.15)

ìÅÇËÏ �ÅÒÅËÏÎÁÔÉÓØ, ÝÏ ÄÌÑ ÍÁÔÒÉ�i ~� iÚ ÓÔÒÕËÔÕÒÏÀ (2.14) ×ÉËÏÎÕ-¤ÔØÓÑ ×ÌÁÓÔÉ×iÓÔØ: ~�3 = ~�; (2.16)3. ó�ÅËÔÒ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏ§ ÍÁÔÒÉ��ðÏÛÕË ÒÏÚ×'ÑÚËi× Ò�×ÎÑÎØ (2.1) ÔÁ (2.2) Ú×ÏÄÉÔØÓÑ ÄÏ ÚÎÁÈÏÄÖÅÎÎÑÓÉÓÔÅÍÉ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ fzig Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ~TÆ (2.12),ÑËi ¤ �ÒÏ�ÏÒ�iÊÎÉÍÉ ×ÌÁÓÎÉÍ ÚÎÁÞÅÎÎÑÍ fZig �Ï×ÎÏÇÏ Ç�ÄÒÏÄÉÎÁÍ�Þ-ÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ~TH Òi×ÎÑÎÎÑ (2.1) ( ÄÉ×. (2.13)):Zi = Æ vs�zi: (3.1)÷ÌÁÓÎ� ÚÎÁÞÅÎÎÑ zi ÍÏÖÎÁ ÛÕËÁÔÉ Õ ×ÉÇÌÑÄ� ÒÑÄÕ �Ï Æ:zi = �i + Æ�Di + Æ2�
i + : : : ; (3.2)ÄÅ Ë×ÁÄÒÁÔÉÞÎÁ �Ï�ÒÁ×ËÁ Æ2�
i Õ (3.2) ÍÏÖÅ ÂÕÔÉ ÚÎÁÊÄÅÎÁ ÌÉÛÅ �ÒÉ×ÒÁÈÕ×ÁÎÎi × Ç�ÄÒÏÄÉÎÁÍ�ÞÎiÊ ÍÁÔÒÉ�i ~TÆ Ë×ÁÄÒÁÔÉÞÎÉÈ �Ï Æ i ×ÉÝÉÈ�Ï�ÒÁ×ÏË, ÔÏÍÕ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ×ÉÒÁÚÉ (2.8) i (2.9), × ÏÓÔÁÔÏÞÎÉÈÒÅÚÕÌØÔÁÔÁÈ ÍÉ ÍÕÓÉÍÏ ÏÂÍÅÖÉÔÉÓØ ÌÉÛÅ ÎÕÌØÏ×ÉÍ i ÌiÎiÊÎÉÍ ÎÁ-ÂÌÉÖÅÎÎÑÍ zi �Ï Æ.äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ �i ÔÁ Di ÍÁ¤ÍÏ Òi×ÎÑÎÎÑ:det ~B(�;D) = 0; (3.3)~B(�;D) � ~� � �+ Æ�( ~'�D); (3.4)ÄÅ � ÔÁ D { ×iÄ�Ï×iÄÎi ÄiÁÇÏÎÁÌØÎi ÍÁÔÒÉ�i. îÕÌi ÈÁÒÁËÔÅÒÉÓÔÉÞÎÏÇÏ�ÏÌiÎÏÍÁ det(~� � �) = (�2 � 12 Sp ~�2)(��)m ÍÁÔÒÉ�i ~� ÄÁÀÔØ ÎÁÍ ÔÒÉÒiÚÎi ÒÏÚ×'ÑÚËÉ ÄÌÑ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ (3.2) Õ ÎÕÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎi:�+ � �m+1 = +1; �� � �m+2 = �1; �0 � �1 = : : : = �m = 0;(3.5)
ICMP{99{14U 6�ÒÉÞÏÍÕ �+, �� { �ÒÏÓÔi, Á �0 { m-ËÒÁÔÎÏ ×ÉÒÏÄÖÅÎi ËÏÒÅÎi. ÷ÌÁÓ-Îi ÚÎÁÞÅÎÎÑ �+, �� ×iÄ�Ï×iÄÁÀÔØ ×ÌÁÓÎÉÍ ÚÎÁÞÅÎÎÑÍ �Æ vs �Ï×ÎÏÇÏÇiÄÒÏÄÉÎÁÍiÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ~TH ( ÄÉ× (3.1)), ÔÏÍÕ �+, �� Ï�ÉÓÕÀÔØ�ÒÏ�ÁÇÁÔÏÒÎ� ÍÏÄÉ � ×�Ä�Ï×�ÄÁÀÔØ ÚÁ �ÏÛÉÒÅÎÎÑ Ú×ÕËÕ × ÓÉÓÔÅÍ� [7℄;�0 Ï�ÉÓÕÀÔØ ÄÏ ÄÉÓÉ�ÁÔÉ×Îi ÍÏÄÉ,ÝÏ ×�Ä�Ï×�ÄÁÀÔØ ÚÁ ÄÉÆÕÚ�ÊÎi �ÒÏ-�ÅÓÉ.äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ Di, ÒÏÚËÌÁÄÅÍÏ ÄÅÔÅÒÍiÎÁÎÔ ÍÁÔÒÉ�i ~B(�;D)(3.4) × ÒÑÄ �Ï Æ Ú ÔÏÞÎiÓÔÀ ÄÏ ÌiÎiÊÎÉÈ ÄÏÄÁÎËi×:det ~B(�;D) = det(~� � �) + Æ �Xi;j ('ij �DÆij) � det ~B(�;D)�(Æ�'ij) ����Æ=0=(3.6)= det(~� � �) + Æ �Xi;j ('ij �DÆij)Aij(�) = 0;ÄÅ Æij { ÓÉÍ×ÏÌ ëÒÏÎÅËÅÒÁ, Aij(�) = Adij� ~B(�;D)����Æ=0 { ÁÌÇÅÂÒÁ§Þ-ÎÅ ÄÏ�Ï×ÎÅÎÎÑ ÄÏ ÅÌÅÍÅÎÔÁ Bij ÍÁÔÒÉ�i ~B �ÒÉ Æ = 0. ìÅÇËÏ ÂÁÞÉÔÉ,ÝÏ ~B(�;D)���Æ=0 = ~� � �, i, ÑË ×iÄÏÍÏ iÚ ÚÁÇÁÌØÎÏ§ ÔÅÏÒi§ ÍÁÔÒÉ�Ø [10℄:Aij(�) = (~� � �)�1ji � det(~� � �): (3.7)äÌÑ ÍÁÔÒÉ�i (~� � �) ÎÅÓËÌÁÄÎÏ ÚÎÁÊÔÉ ÏÂÅÒÎÅÎÕ ÍÁÔÒÉ�À, i ÍÉ ÏÔ-ÒÉÍÁ¤ÍÏ: Aij(�) = (��)m�1���2 � 1 + �~� + �~�2�ji: (3.8)òi×ÎÑÎÎÑ (3.6) ÔÅ�ÅÒ ÚÁ�ÉÛÅÔØÓÑ Õ ×ÉÇÌÑÄi:det ~B(�;D) = det(~� � �) + (��)m�1Æ � Sp �( ~'�D)(�2 � 1 + �~� + ~�2)� :(3.9)ðiÄÓÔÁ×ÌÑÀÞÉ ×ÌÁÓÎÅ ÚÎÁÞÅÎÎÑ � = ��, iÚ (3.9) ÏÔÒÉÍÁ¤ÍÏ Òi×-ÎÑÎÎÑ ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ D�:Sp �( ~' �D�)(�2� � 1 + ��~� + ~�2)� = 0: (3.10)ú×iÄÓÉ D� = �Sp( ~'~�2)� Sp( ~'~�)�=�Sp(~�2)� Sp(~�)�, ÁÂÏ Ö, ×ÒÁÈÏ×ÕÀ-ÞÉ, ÝÏ Sp( ~'~�) = Sp(~�) = 0, ÏÓÔÁÔÏÞÎÏ ÍÁ¤ÍÏ:D� � D+ = D� = Sp( ~'~�2)Sp(~�2) ; (3.11)òÏÚ×'ÑÚËÉ ÄÌÑ ÄÉÓÉ�ÁÔÉ×ÎÉÈ ÍÏÄ fDi, i = 1; : : : ;mg ÌÅÇÛÅ ÏÔÒÉ-ÍÁÔÉ ÂÅÚ�ÏÓÅÒÅÄÎØÏ iÚ Òi×ÎÑÎÎÑ (3.3). ðÒÉ � = �0 = 0 ÏÔÒÉÍÕ¤ÍÏ:det ~B(0; D) = det (~� + Æ�( ~'�D)) = 0: (3.12)



7 ðÒÅ�ÒÉÎÔòÏÚËÌÁÄÅÍÏ det ~B(0; D) �Ï ÅÌÅÍÅÎÔÁÈ �-ÏÇÏ ÒÑÄËÁ:det ~B(0; D) = Xi(6=�) ��i�A�i + Æ�('�� �D)�A��: (3.13)íÎÏÖÎÉË A�i = Ad�i ~B(0; D) ¤ ÁÌÇÅÂÒÁ§ÞÎÉÍ ÄÏ�Ï×ÎÅÎÎÑÍ ÅÌÅÍÅÎÔÁB�i (ÑËÉÊ Òi×ÎÉÊ ��i) ÍÁÔÒÉ�i ~B(0; D), i ¤ ÄÅÔÅÒÍiÎÁÎÔÏÍ ÍÁÔÒÉ�i~B0, ÒÏÚÍiÒÎÏÓÔi (m+1)�(m+1), ÝÏ ÕÔ×ÏÒÀ¤ÔØÓÑ Ú ÍÁÔÒÉ�i ~B(0; D),ÒÏÚÍiÒÎÏÓÔi (m+ 2)�(m+ 2), ÛÌÑÈÏÍ ×ÉËÒÅÓÌÀ×ÁÎÎÑ �-ÇÏ ÒÑÄËÁ ÔÁi-ÇÏ ÓÔÏ×��Ñ. ÷ ÍÁÔÒÉ�i ~B0 ×Ói ÓÔÏ×��i, ËÒiÍ �-ÇÏ, �ÒÏ�ÏÒ�iÊÎi ÄÏ Æ,ÔÏÍÕ Æm ÍÏÖÎÁ ×ÉÎÅÓÔÉ ÚÁ ÍÅÖi ÄÅÔÅÒÍiÎÁÎÔÁ:A�i = Ad�i(~� + Æ � ( ~'�D)) = Æm � Ad�i(~� + ~'�D); i 6= �;ËÒiÍ ÔÏÇÏ, ÌÅÇËÏ ÂÁÞÉÔÉ, ÝÏ A�� = Æm+1 �Ad��( ~'�D), i ÍÉ ÍÏÖÅÍÏÏÓÔÁÔÏÞÎÏ ÚÁ�ÉÓÁÔÉ (3.13) Õ ×ÉÇÌÑÄi:det ~B(0; D) = Æm � Xi(6=�) ��i�Ad�i(~� + ~'�D)+ Æm+2�('�� �D)�Ad��( ~'�D) : (3.14)ëÏÅÆi�i¤ÎÔ �ÒÉ Æm ÄÁ¤ ÎÁÍ ÁÌÇÅÂÒÁ§ÞÎÅ Òi×ÎÑÎÎÑ m-ÇÏ �ÏÒÑÄËÕÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑm ÄÉÆÕÚ�ÊÎÉÈ ËÏÅÆ���¤ÎÔi× ÄÉÓÉ�ÁÔÉ×ÎÉÈ ÍÏÄ, ÑËÅÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ ËÏÍ�ÁËÔÎiÊ ÆÏÒÍi ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:det(~�(D)) = 0; (3.15)ÄÅ ~�(D) = (~� + ~'�D�~1)����;�(D)�0 : (3.16)úÏËÒÅÍÁ ÄÌÑ ÂiÎÁÒÎÏ§ ÓÉÓÔÅÍÉ iÚ �ÁÒÁÍÅÔÒÁÍÉ ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ(2.7) ÍÁ¤ÍÏ:~�(D) = 0BBBB�'n1;n1 �D 'n1;n2 �n1;p 'n1;s 'n1;h'n2;n1 'n2;n2 �D �n2;p 'n2;s 'n2;h�p;n1 �p;n2 0 �p;s �p;h's;n1 's;n2 �s;p 's;s �D 's;h'h;n1 'h;n2 �h;p 'h;s 'h;h �D1CCCCA : (3.17)ò�×ÎÑÎÎÀ (3.15) ÍÏÖÎÁ ÎÁÄÁÔÉ �Å×ÎÕ ÇÅÏÍÅÔÒÉÞÎÕ �ÎÔÅÒ�ÒÅÔÁ��À.äÌÑ �ØÏÇÏ ××ÅÄÅÍÏ ÍÁÔÒÉ�À ~� ÒÏÚÍ�ÒÎÏÓÔ� (m+1)�(m+1), ÍÁÔÒÉ�� ~�.÷×ÅÄÅÍÏ x - ÚÁÌÅÖÎÉÊ \ÍÅÔÒÉÞÎÉÊ ÔÅÎÚÏÒ": ~g(x) = (~� � x�~1)�1, ÔÏÄ�,
ICMP{99{14U 8ÒÏÚËÌÁÄÁÀÞÉ det(~�(D)) �Ï ÅÌÅÍÅÎÔÁÈ �- ÇÏ ÓÔÏ×��Ñ � �-ÇÏ ÒÑÄËÁ,ÍÏÖÎÁ ÄÏ×ÅÓÔÉ, ÝÏ ÆÏÒÍÕÌÁ (3.15) ÅË×�×ÁÌÅÎÔÎÁ ÎÁÓÔÕ�Î�Ê:~�0�~g(D)�~� = 0: (3.18)ïÔÖÅ, ÚÁÄÁÞÁ Ú×ÏÄÉÔØÓÑ ÄÏ ×�ÄÛÕËÁÎÎÑ ÔÁËÉÈ ÞÉÓÅÌ fDig, �ÒÉÑËÉÈ, ×ÅËÔÏÒÉ ~� � ~�0 ¤ ÏÒÔÏÇÏÎÁÌØÎ� ×�ÄÎÏÓÎÏ ÍÅÔÒÉËÉ, ÚÁÄÁÎÏ§ \ÔÅÎ-ÚÏÒÏÍ" ~g(Di).�Å�ÅÒ ÍÉ ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ ×ÌÁÓÎi ÚÎÁÞÅÎÎÑ (3.2) Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏ§ÍÁÔÒÉ�i ~TÆ Õ ×ÉÇÌÑÄi:zi = 0 + Æ�Di + Æ2�
i; i = 1; : : : ;m; (3.19)z+ � zm+1 = 1 + Æ�D� + Æ2�
+; (3.20)z� � zm+2 = �1 + Æ�D� + Æ2�
�; (3.21)ÄÅ ÚÎÁÞÅÎÎÑ �ÎÄÅËÓÁ i = f1; : : : ;mg ×�Ä�Ï×�ÄÁ¤ ÄÉÓÉ�ÁÔÉ×ÎÉÍ ÍÏÄÁÍ,i = m+ 1, m+ 2 { Ú×ÕËÏ×ÉÍ ÍÏÄÁÍ, D� ÚÁÄÁ¤ÔØÓÑ Òi×ÎÑÎÎÑÍ (3.11),Á Di { Òi×ÎÑÎÎÑÍ (3.15).4. ëÏÒÅÌÑ��ÊÎ� ÆÕÎË��§úÎÁÈÏÄÖÅÎÎÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ~F (k; z) (2.2) Ú×ÏÄÉÔØÓÑÄÏ ×�ÄÛÕËÁÎÎÑ ÍÁÔÒÉ�� ~M(z) = (z�~1 � ~TH(k))�1, ÝÏ ¤ ÆÕÎË��¤À ×�ÄÇ�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ, Ä�ÊÓÎÏ,~F (k; z) = (z � ~TH(k))�1 ~F0(k) = ~M(z)� ~F0(k): (4.1)÷ ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ ÆÕÎË��Ñ ×�Ä ÍÁÔÒÉ�� ~A, ÝÏ ÍÁ¤ ×ÌÁÓÎi ÚÎÁ-ÞÅÎÎÑ fzig, ÍÏÖÅ ÂÕÔÉ ÚÁ�ÉÓÁÎÁ (ÄÉ× [10℄):f( ~A) = nXi=1 f(zi) ~Gi; (4.2)ËÏÌÉ ÍÁÔÒÉ�Ñ ~A ¤ ÍÁÔÒÉ�ÅÀ �ÒÏÓÔÏ§ ÓÔÒÕËÔÕÒÉ. ÷ÅÌÉÞÉÎÉ ~Gi Õ (4.2){ �Å ÔÁË Ú×ÁÎ� ×ÁÇÏ×� ËÏÅÆ���¤ÎÔÉ ÍÁÔÒÉ�� ~A. íÁÔÒÉ�Ñ ~TÆ ÄÌÑ ÄÏ×�-ÌØÎÏÇÏ Æ ¤ ÍÁÔÒÉ�ÅÀ �ÒÏÓÔÏ§ ÓÔÒÕËÔÕÒÉ, ÁÄÖÅ �ÒÉ Æ 6= 0 ×Ó� ×ÌÁÓÎ�ÚÎÁÞÅÎÎÑ ¤ Ò�ÚÎÉÍÉ (3.19) - (3.21), Á �ÒÉ Æ = 0 Í�Î�ÍÁÌØÎÉÊ ÁÎÕÌÀÀ-ÞÉÊ ÍÎÏÇÏÞÌÅÎ �(x) = x(x�1)(x+1) ÍÁÔÒÉ�� ~� (= limÆ!0 ~TÆ) ÎÅ Í�ÓÔÉÔØËÒÁÔÎÉÈ ËÏÒÅÎ�×, ÝÏ ¤ ÎÅÏÂÈ�ÄÎÏÀ � ÄÏÓÔÁÔÎØÏÀ ÕÍÏ×ÏÀ �ÒÏÓÔÏÔÉ.�Å, ÝÏ �(x) ¤ Í�Î�ÍÁÌØÎÉÍ ÁÎÕÌÀÀÞÉÍ ÍÎÏÇÏÞÌÅÎÏÍ ÍÁÔÒÉ�� ~� (ÔÏÂ-ÔÏ �(~�) = 0), ×É�ÌÉ×Á¤ Ú ×ÌÁÓÔÉ×ÏÓÔ� (2.16).



9 ðÒÅ�ÒÉÎÔ�ÁËÉÍ ÞÉÎÏÍ, ÄÌÑ ~� � ~TÆ ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ:f(~�) = f(1) ~G+� + f(�1) ~G�� + f(0) ~G0� ; (4.3)f( ~TÆ) = m+2Xi=1 f(zi) ~GiÆ : (4.4)÷ ÇÒÁÎÉ�i Æ ! 0 ×ÁÇÏ×i ËÏÅÆi�i¤ÎÔÉ ~GiÆ ÄÁÀÔØ ÎÁÍ, ÑË ÂÕÄÅ ×ÉÄÎÏÄÁÌi, m + 2 ÒiÚÎÉÈ ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi× f~gi0, i = 1; : : : ;mg, ÔÏÍÕ ÎÁ-ÄÁÌ� ÍÉ ÂÕÄÅÍÏ ÆÏÒÍÁÌØÎÏ ÒÏÚÒ�ÚÎÑÔÉ ÍÁÔÒÉ�� ~� � ~T0 = limÆ!0 ~TÆ, ÁÄÖÅ§È ÓÉÓÔÅÍÉ ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi× f ~G�� , ~G0�g ÔÁ f~gi0, i = 1; : : : ;mg, ×iÄ-�Ï×iÄÎÏ, ÎÅ Ó��×�ÁÄÁÀÔØ.ò�×Î�ÓÔØ (4.2) ÄÌÑ ÍÁÔÒÉ�� ~TÆ ÄÏ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ �Ï �ÁÒÁÍÅÔÒÕÍÁÌÏÓÔ� Æ ÂÕÄÅ ÍÁÔÉ ×ÉÇÌÑÄf(~� + Æ ~') = m+2Xi=1 f(�i + Æ�Di + Æ2�
i)(~gi0 + Æ�~gi1 + Æ2�~gi2); (4.5)ÄÅ ~gi0, ~gi1, ~gi2 { ×�Ä�Ï×�ÄÎÏ ÎÕÌØÏ×Å, �ÅÒÛÅ � ÄÒÕÇÅ ÎÁÂÌÉÖÅÎÎÑ �Ï Æ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi× ~GiÆ (4.4):~GiÆ = ~gi0 + Æ�~gi1 + Æ2�~gi2 + : : : : (4.6)÷ÁÇÏ×i ËÏÅÆi�i¤ÎÔÉ ~GiÆ , ÑË ÌÅÇËÏ �ÏËÁÚÁÔÉ, ×ÏÌÏÄ�ÀÔØ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ:~GiÆ � ~GjÆ = ~GiÆ �Æij ; (4.7)ÄÅ Æij { ÓÉÍ×ÏÌ ë×ÏÎÅËËÅÒÁ. ðiÄÓÔÁ×É×ÛÉ (4.6) × (4.7), ÏÔÒÉÍÁ¤ÍÏÄÌÑ ÎÁÂÌÉÖÅÎÎØ ~gi0, ~gi1, : : : ÌÁÎ�ÀÖÏË ÔÏÔÏÖÎÏÓÔÅÊ:~gi0�~gj0 = ~gi0�Æij ; (4.8)~gi0�~gj1 + ~gi1�~gj0 = ~gi1�Æij : (4.9): : : : : : : : :òÏÚËÌÁÄ Ì�×Ï§ ÞÁÓÔÉÎÉ (4.5) × ÒÑÄ �Ï Æ ÄÁÓÔØ:f(~� + Æ ~') =Xk�0 f (k)(0)k! ~�k + Æ�Xk�1 f (k)(0)k! f~�k�1; ~'g+ Æ2�Xk�2 f (k)(0)k! f~�k�2; ~'2g; (4.10)
ICMP{99{14U 10ÄÅ f~�s; ~'g � sXk=0 ~�k ~'~�s�k = ~�s ~'+ ~�s�1 ~'~� + : : :+ ~'~�s; (4.11)f~�s; ~'2g � sXk=0 s�kXl=0 ~�k ~'~�l ~'~�s�k�l: (4.12)ðÅÒÛÉÊ ÄÏÄÁÎÏË Õ �ÒÁ×�Ê ÞÁÓÔÉÎ� (4.10) ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ ÑË f(~�).òÏÚËÌÁ×ÛÉ �Ï Æ ÏÂÉÄ×� ÞÁÓÔÉÎÉ (4.5), � �ÒÉÒ�×ÎÑ×ÛÉ ÄÏ 0 ËÏÅÆ���¤ÎÔÉ�ÒÉ ÏÄÎÁËÏ×ÉÈ ÓÔÅ�ÅÎÑÈ Æ, ÏÔÒÉÍÁ¤ÍÏ 3 ÔÏÔÏÖÎÏÓÔ�:f(~�) = m+2Xi=1 f(�i)�~gi0; (4.13)Xk�1 f (k)(0)k! f~�k�1; ~'g = m+2Xi=1 �f(�i)�~gi1 + f 0(�i)Di�~gi0� ; (4.14)Xk�2 f (k)(0)k! f~�k�2; ~'2g = m+2Xi=1 �f(�i)�~gi2 + f 0(�i)Di�~gi1 + (4.15)+�f 0(�i)
i + f 00(�i)2! D2i� �~gi0�:ú ÕÓØÏÇÏ �Ï�ÅÒÅÄÎØÏÇÏ ×ÉÄÎÏ, ÝÏ ÏÂÞÉÓÌÅÎÎÑ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎ-Ë�iÊ Ú×ÏÄÉÔØÓÑ ÄÏ ÚÎÁÈÏÄÖÅÎÎÑ ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi× (4.6). ðÏÄÁÌØ-ÛÅ ×iÄÛÕËÁÎÎÑ ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi× ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ÁÎÁÌiÚi Òi×ÎÑÎØ(4.13){(4.16).ðÒÏÁÎÁÌ�ÚÕ¤ÍÏ (4.13). ïÓËiÌØËÉ �i, �ÒÉÊÍÁ¤ ÔÒÉ ÚÎÁÞÅÎÎÑ �� =�1, �0 = 0, ÔÏ Òi×ÎÑÎÎÑ (4.13) ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄ�:f(~�) = f(1) ~g+0 + f(�1) ~g�0 + f(0) ~P; (4.16)ÄÅ ~P = mXi=1 ~gi0: (4.17)òÏÚÇÌÑÎÅÍÏ �ÏÓÌ�ÄÏ×ÎÏ ÔÒÉ ÆÕÎË��§ f+(x) = x(x + 1), f�(x) =x(x � 1), f0(x) = (x � 1)(x+ 1), ËÏÖÎÁ Ú ÑËÉÈ ÚÁÎÕÌÀ¤ Ä×Á ÄÏÄÁÎËÉ× �ÒÁ×�Ê ÞÁÓÔÉÎ� (4.16). ãÏ ÄÁ¤ ÎÁÍ ÍÏÖÌÉ×�ÓÔØ �ÏÓÌ�ÄÏ×ÎÏ ÚÎÁÊÔÉ×ÉÒÁÚÉ ÄÌÑ ~g+0 , ~g�0 , ~P :~g+0 = ~�(~� + 1)2 ; ~g�0 = ~�(~� � 1)2 ; (4.18)~P = 1� ~�2: (4.19)



11 ðÒÅ�ÒÉÎÔðÏÒ�×ÎÀÀÞÉ (4.16) � (4.3) ÂÁÞÉÍÏ, ÝÏ ~g+0 , ~g�0 , ~P Ó��×�ÁÄÁÀÔØ Ú~G+� , ~G�� , ~G0� ×�Ä�Ï×�ÄÎÏ. æÏÒÍÕÌÉ (4.19), (4.17) ÄÁÀÔØ ÎÁÍ ÎÕÌØÏ×Å�ÒÁ×ÉÌÏ ÓÕÍ ÄÌÑ ÄÉÓÉ�ÁÔÉ×ÎÉÈ ÍÏÄ:mXi=1 ~gi0 = 1� ~�2: (4.20)�ÁËÉÍ ÞÉÎÏÍ, ÂÁÞÉÍÏ, ÝÏ ×ÁÇÏ×ÉÊ ËÏÅÆi�i¤ÎÔ ¤ÄÉÎÏ§ m-ËpÁÔÎÏ ×ÉpÏ-ÄÖÅÎÏ§ ÄÉÓÉ�ÁÔÉ×ÎÏ§ ÍÏÄÉ ÍÁÔÒÉ�� ~� Òi×ÎÉÊ ÓÕÍi ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤Î-Ôi× m ÒiÚÎÉÈ ÄÉÓÉ�ÁÔÉ×ÎÉÈ ÍÏÄ ÍÁÔÒÉ�� ~T0.úÁÕ×ÁÖÉÍÏ, ÝÏ Ï�ÅÒÁÔÏÒ ~P ÍÁ¤ ×ÌÁÓÔÉ×ÏÓÔ� �ÒÏÅË��ÊÎÏÇÏ Ï�ÅÒÁ-ÔÏÒÁ: ~P 2 = ~P ; (4.21)ÝÏ ×É�ÌÉ×Á¤ Ú ×ÌÁÓÔÉ×ÏÓÔ� (2.16) ÍÁÔÒÉ�� ~�.�Å�ÅÒ ÒÏÚÇÌÑÎÅÍÏ Ò�×Î�ÓÔØ (4.14). ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ×ÌÁÓÔÉ×�ÓÔØ(2.16), ÌÅÇËÏ Ó�ÒÏÓÔÉÔÉ ÆÕÎË��§ f~�k; ~'g. ÷�Ä�Ï×�ÄÎÏ ÄÌÑ �ÁÒÎÉÈ � ÎÅ-�ÁÒÎÉÈ �ÏËÁÚÎÉË�× k ÚÎÁÈÏÄÉÍÏ:f~�2s; ~'g = f~�2; ~'g+ (s� 1)�~�2f~�; ~'g~�; (4.22)f~�2s�1; ~'g = f~�; ~'g+ (s� 1)�~�f~�; ~'g~�;ðÅÒÅ�ÉÛÅÍÏ (4.14), ×�ÄÄ�ÌÉ×ÛÉ \Ú×ÕËÏ×�" ÄÏÄÁÎËÉ ×�Ä \ÄÉÓÉ�ÁÔÉ×-ÎÉÈ": Xk�1 f (k)(0)k! f~�k�1; ~'g = f(0) mXi=1 ~gi1 +X+;� f(�1)~g�1 (4.23)+ f 0(0) mXi=1 Di~gi0 +D�X+;� f 0(�1)~g�0 :ðÒÉ ×ÉÂÏÒi f(x) = 1 ×iÄÒÁÚÕ ÏÔÒÉÍÕ¤ÍÏ:m+2Xi=1 ~gi1 = 0 ÁÂÏ mXi=1 ~gi1 = �(~g+1 + ~g�1 ): (4.24)ð�ÄÓÔÁ×É×ÛÉ × (4.24) ÆÕÎË�iÀ f(x) = x2p+1 � x2s+1, ÄÅ p; s > 1,ÚÎÁÈÏÄÉÍÏ:~� ~'~� + ~�2 ~'~�2 = 2D��~�2; ÁÂÏ ~�2 ~'~� + ~� ~'~�2 = 2D��~�; (4.25)ÝÏ ¤ �Å×ÎÏÀ ÄÏÄÁÔËÏ×ÏÀ ÔÏÔÏÖÎiÓÔÀ, ÑËiÊ ÚÁÄÏ×iÌØÎÑÀÔØ ÍÁÔpÉ�i ~'ÔÁ ~�.

ICMP{99{14U 12òÏÚÇÌÑÎÕ×ÛÉ �ÏÓÌ�ÄÏ×ÎÏ ÆÕÎË��§ f1(x) = x2p2p � x2s2s ÔÁ f2(x) =x2p+12p+1 � x2s+12s+1 , iÚ Òi×ÎÑÎÎÑ (4.24) ÏÔÒÉÍÕ¤ÍÏ:~g+1 � ~g�1 = f~�2; ~'g � 3D��~�2; ~g+1 + ~g�1 = f~�; ~'g � 2D��~�; (4.26)ÄÅ ×ÒÁÈÏ×ÁÎÏ ÔÏÔÏÖÎÏÓÔ� (4.25). ú ×ÉÒÁÚi× (4.26) ÓÌiÄÕ¤, ÝÏ:~g�1 = 12 �f~�; ~'g � 2D��~� � f~�2; ~'g � 3D��~�2� : (4.27)÷ÉÂÒÁ×ÛÉ f(x) = x, ��ÓÌÑ ÎÅÓËÌÁÄÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ, ÏÔÒÉÍÕ¤ÍÏ:mXi=1 Di~gi0 = ~P ~' ~P : (4.28)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÔÅ�ÅÒ ×ÌÁÓÔÉ×�ÓÔØ (4.8), ÍÏÖÅÍÏ �ÏËÁÚÁÔÉ, ÝÏ( ~P ~' ~P )n = mPi=1Dni ~gi0, ÁÂÏ ÄÌÑ ÂiÌØÛ ÚÁÇÁÌØÎÏÇÏ ×É�ÁÄËÕ ÄÏ×�ÌØÎÏ§ÆÕÎË��§ F (x) ÔÁËÏ§, ÝÏ F (0) = 0, ÍÁ¤ÍÏ:F ( ~P ~' ~P ) = mXi=1 F (Di)~gi0: (4.29)õÚÁÇÁÌØÎÅÎÎÑ (4.29) ÎÁ ×É�ÁÄÏË ÆÕÎË��§ F (0) 6= 0 ÄÁ¤ ÆÏÒÍÕÌÁ:~P �F ( ~P ~' ~P )� ~P = mXi=1 F (Di)~gi0: (4.30)ñËÝÏ Õ ×ÉÒÁÚ (4.30) ��ÄÓÔÁ×ÉÔÉ ÆÕÎË��À Fk(x) = mQi=1(6=k)(Di � x),ÏÔÒÉÍÁ¤ÍÏ: ~gk0 = mYi=1(6=k) ~P Di � ~'Di �Dk ~P : (4.31)âÁÞÉÍÏ, ÝÏ pÏÚÇÌÑÄ Ò�×ÎÏÓÔ� (4.13) ÄÁ× ÎÁÍ ÍÏÖÌÉ×�ÓÔØ ÚÎÁÊÔÉ~g�0 , Ú Òi×ÎÑÎÎÑ (4.14) ÏÔÒÉÍÁÎi ×ÁÇÏ×i ËÏÅÆi�i¤ÎÔÉ ÄÌÑ ÄÉÓÉ�ÁÔÉ×ÎÉÈÍÏÄ ~gi0, i = 1; : : : ;m, ÔÁ ~g�1 . �ÏÍÕ ÍÏÖÎÁ Ó�ÏÄ�×ÁÔÉÓØ, ÝÏ Ò�×Î�ÓÔØ(4.16) ÄÁÓÔØ ÎÁÍ ÍÏÖÌÉ×�ÓÔØ ÚÎÁÊÔÉ ~gi1, i = 1; : : : ;m.ðÒÏÁÎÁÌiÚÕ¤ÍÏ Òi×ÎiÓÔØ (4.16). áÎÁÌÏÇ�ÞÎÏ ÄÏ (4.23) Ó�ÒÏÓÔÉÍÏÆÕÎË��§ f~�k; ~'2g:f~�2s; ~'2g = f~�2; ~'2g+ (s� 1) �2D�f~�2; ~'g+ ~�2f~� ~'2g~��+2D2�(s� 1)(s� 2)~�2; (4.32)f~�2s�1; ~'2g = f~�; ~'2g+ (s� 1) �2D�f~�; ~'g+ ~�f~� ~'2g~��+2D2�(s� 1)(s� 2)~�: (4.33)



13 ðÒÅ�ÒÉÎÔð�ÄÓÔÁ×ÌÑÀÞÉ ÆÕÎË��§ f1(x) = x2m2m � x2p2p ÔÁ f2(x) = x2m+12m+1 � x2p+12p+1 Õ×ÉÒÁÚ (4.23), ��ÓÌÑ ÎÅÓËÌÁÄÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ ÏÔÒÉÍÁ¤ÍÏ:~g+2 + ~g�2 = f~�2; ~'2g � 2 �2D�f~�2; ~'g+ ~�2f~�; ~'2g~��+ 12D2�~�2; (4.34)~C � ~g+2 � ~g�2 = f~�; ~'2g � 32 �2D�f~�; ~'g+ ~�f~�; ~'2g~��+ 152 D2�~�: (4.35)äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ~gi1, ÎÁÍ �ÏÔÒ�ÂÎ� ÂÕÄÕÔØ ÎÁÓÔÕ�Î� Ò�×ÎÏÓÔ�, ÑË�ÎÅÓËÌÁÄÎÏ ÄÏ×ÅÓÔÉ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ (4.25):~g+0 � ~'�~g+0 = D+�~g+0 ; ~g�0 � ~'�~g�0 = D��~g�0 ; (4.36)~gj0� ~'� ~P = ^P � ~'�~gj0 = Dj �~gj0; (4.37)ÄÅ ÍÉ ÒÏÚÒ�ÚÎÑ¤ÍÏ ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ ÄÌÑ `+' � `�' Ú×ÕËÏ×ÉÈ ÍÏÄ(ÄÉ×. (3.11)), ÝÏ ¤ ÎÅÏÂÈ�ÄÎÉÍ ÄÌÑ �ÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ.ð�ÄÓÔÁ×ÌÑÀÞÉ f(x) = x × ÆÏÒÍÕÌÕ (4.16), ÏÔÒÉÍÁ¤Í:m+2Xi=1 (Di~gi1 + 
i~gi0) = � ~C; (4.38)ÄÅ ~C ×ÉÚÎÁÞÅÎÅ × (4.35)÷×ÅÄÅÍÏ Ï�ÅÒÁÔÏÒÉ bQi, ÝÏ Ä�ÀÔØ ÚÁ �ÒÁ×ÉÌÏÍbQi� ~A = m+2Xj=1(6=i) 1Di �Dj �~gi0� ~A�~gj0 + ~gj0� ~A�~gi0� ; i = 1; : : : ;m+ 2:(4.39)ðÏÄ�Ñ×ÛÉ Ï�ÅÒÁÔÏÒÏÍ bQi ÎÁ Ò�×Î�ÓÔØ (4.38), ÂÁÞÉÍÏ,ÝÏ ÚÁ×ÄÑËÉ (4.8),ÄÒÕÇÉÊ ÄÏÄÁÎÏË × Ì�×�Ê ÞÁÓÔÉÎ� ��Ä ÓÉÍ×ÏÌÏÍ ÓÕÍÕ×ÁÎÎÑ ÚÎÉËÎÅ. �Ï-Äi, ×ÉËÏÒÉÓÔÁ×ÛÉ Ò�×Î�ÓÔØ (4.9), ÍÉ ÏÔÒÉÍÁ¤ÍÏ:bQi�(� ~C) = bQi�m+2Xj=1 Dj �~gj1 = ~gi1: (4.40)�ÁËÉÍ ÞÉÎÏÍ, ÄÌÑ ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi× ~gi1 ÍÁ¤ÍÏ:~gi1 = m+2Xj(6=i) 1Dj �Di �~gi0� ~C �~gj0 + ~gj0� ~C �~gi0� ; i = 1; : : : ;m+ 2: (4.41)âÁÞÉÍÏ, ÝÏ ÒÏÚÒ�ÚÎÑÔÉ ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ D+, D� ¤ ÎÅÏÂÈ�ÄÎÏ ÄÌÑÕÎÉËÎÅÎÎÑ ÎÅ×ÉÚÎÁÞÅÎÏÓÔÅÊ ÔÉ�Õ 0=0 �ÒÉ ÚÎÁÈÏÄÖÅÎÎ� ÍÁÔÒÉ�Ø ~g�1 .
ICMP{99{14U 14÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ Ò�×ÎÏÓÔ� (4.36), (4.37), ÌÅÇËÏ �ÏËÁÚÁÔÉ, ÝÏ:~g+0 � ~B~g�0 =12(D� �D+) ~g+0 ~'g�0 ; ~g�0 � ~B~g+0 =12(D� �D+) ~g�0 ~'g+0 ; (4.42)~g+0 � ~B~gj0=(Dj �D+) ~g+0 ~'gj0; ~gj0� ~B~g+0 =(Dj �D+) ~gj0 ~'g+0 ; (4.43)~g�0 � ~B~gj0=(D� �Dj) ~g�0 ~'gj0; ~gj0� ~B~g�0 =(D� �Dj) ~gj0 ~'g�0 ; (4.44)~gj0� ~B~gk0=~gj0 ~'~� ~'~gk0 ; (4.45)ÄÅ j; k = 1; : : : ;m. îÁ ÏÓÎÏ×� �ÉÈ Ó��××�ÄÎÏÛÅÎØ ÔÁ ÆÏÒÍÕÌÉ (4.41)ÏÔÒÉÍÁ¤ÍÏ: ~g�1 = �~g�0 ~'( ~P + 12~g�0 )� ( ~P + 12~g�0 ) ~'~g�0 ; (4.46)~gj1 = ( ~Rj � ~'� 1)~� ~'~gj0 + ~gj0 ~'~�( ~'� ~Rj � 1); (4.47)ÄÅ ~Rj = mXk=1(6=j) ~gk0Dk �Dj ; j = 1; : : : ;m: (4.48)÷ÉÒÁÚ (4.46) Õ ÒÏÚÇÏÒÎÕÔÏÍÕ ×ÉÇÌÑÄ� Ó��×�ÁÄÁ¤ Ú ÏÔÒÉÍÁÎÉÍ ÒÁÎ�ÛÅ×ÉÒÁÚÏÍ (4.27)�ÁËÉÍ ÞÉÎÏÍ, ÎÁÍÉ ÏÔÒÉÍÁÎ� ÎÕÌØÏ×� ÔÁ �ÅÒÛ� ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ×ÁÇÏ×ÉÈ ËÏÅÆ���¤ÎÔ�× ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÏ§ ÓÕÍiÛi × ÁÎÁÌ�ÔÉÞÎÏÍÕ ×É-ÇÌÑÄ�. ú ÔÏÞÎ�ÓÔÀ ÄÏ �ÅÒÛÏÇÏ �ÏÒÑÄËÕ �Ï Æ ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ:f(~� + Æ� ~') =X+;� f(�1 + Æ�D�) � (~g�0 + Æ�~g�1 ) + mXi=1 f(Æ�Di) � (~gi0 + Æ�~gi1);(4.49)ÄÅ ×Ó� ×ÅÌÉÞÉÎÉ, ÝÏ ×ÈÏÄÑÔØ Õ �ÒÁ×Õ ÓÔÏÒÏÎÕ (4.49), ÚÁÄÁÀÔØÓÑ ÆÏÒ-ÍÕÌÁÍÉ (3.11), (3.16), (4.18), (4.31), (4.46) - (4.48). ÷ÉÒÁÚ (4.49) ÓÌiÄpÏÚÇÌÑÄÁÔÉ ÑË iÎÔÅp�ÏÌÑ�iÊÎÉÊ, pÏÚÕÍiÀÞÉ �iÄ ÍÎÏÖÎÉËÁÍÉ ÔÉ�Õf(�1 + Æ�D�) pÑÄÉ, ÑËi ×ÏÎÉ �ÏpÏÄÖÕÀÔØ.÷ÒÁÈÏ×ÕÀÞÉ Ú×'ÑÚÏË (2.13), ÒÏÚ×'ÑËÉ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑ��ÊÎÉÈÆÕÎË��Ê (4.1) × ÇiÄÒÏÄÉÎÁÍiÞÎiÊ ÇÒÁÎÉ�i ÍÏÖÕÔØ ÂÕÔÉ ÚÁ�ÉÓÁÎ� Õ ×É-ÇÌÑÄi:~F (k; z) = (X+;� ~g�0 + ik�~g�1z � ikvs + k2vsD� + mXi=1 ~gi0 + ik�~gi1z + k2vsDi) � ~F0: (4.50)



15 ðÒÅ�ÒÉÎÔ5. óÕÍiÛ ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÞÁÓÔÉÎÏË Õ �Á-ÒÁÍÁÇÎiÔÎÏÍÕ ÓÔÁÎiòÏÚÇÌÑÎÅÍÏ ÔÅ�ÅÒ ËÏÎËÒÅÔÎÉÊ �ÒÉËÌÁÄ ÓÕÍiÛi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇ-ÎiÔÎÉÈ ÞÁÓÔÉÎÏË (2.7) Õ �ÁÒÁÍÁÇÎiÔÎÏÍÕ ÓÔÁÎi �ÒÉ ×iÄÓÕÔÎÏÓÔi ÚÏ×-ÎiÛÎØÏÇÏ ÍÁÇÎiÔÎÏÇÏ �ÏÌÑ. õ �ØÏÍÕ ×É�ÁÄËÕ�p;s = �s;p = 0; 's; ^Y = ' ^Y ;s = 0; (5.1)ÄÌÑ ×ÓiÈ ^Y 6= s. úÁ×ÄÑËÉ �ØÏÍÕ ÇiÄÒÏÄÉÎÁÍiÞÎÁ ÍÁÔÒÉ�Ñ (2.12) ÒÏÚ�Á-ÄÁ¤ÔØÓÑ ÎÁ 2 ÂÌÏËÉ: ÍÁÔÒÉ�À ~�1+Æ� ~'1, ÒÏÚÍiÒÎÏÓÔi 4�4 ÔÁ ÄiÁÇÏÎÁÌØ-ÎÉÊ ÅÌÅÍÅÎÔ Æ�'ss, ÄÅ ~�1 ÔÁ ~'1 ¤ ÍÁÔÒÉ�ÑÍÉ ~� ÔÁ ~' Ú ×ÉËÒÅÓÌÉÎÉÍÉ4-Í ÒÑÄËÏÍ ÔÁ 4-Í ÓÔÏ×��ÅÍ, ÑËi ×iÄ�Ï×iÄÁÀÔØ ÚÍiÎÎiÊ s.äÌÑ Ó�ÒÏÝÅÎÎÑ ÚÁ�ÉÓÕ ××ÅÄÅÍÏ ×ÅËÔÏÒ-ÓÔÏ×�Å�Ø ~! ÔÁ ×ÅËÔÏÒ-ÒÑÄÏË ~!0~! = (�n1;p; �n2;p; 0; 0; �h;p)Ô; ~!0 = (�p;n1 ; �p;n2 ; 0; 0; �p;h); (5.2)ÝÏ ¤ ×iÄ�Ï×iÄÎÏ 3-Í ÓÔÏ×��ÅÍ ÔÁ 3-Í ÒÑÄËÏÍ ÍÁÔÒÉ�i ~�. ÷×ÅÄÅÍÏÔÁËÏÖ ×ÅËÔÏÒÉ:~� = ~'�~!; ~�0 = ~!0� ~'; ÁÂÏ �i =Xj 'i;j!j ; �0i =Xj !0j'j;i; (5.3)ÄÅ iÎÄÅËÓÉ ÂÅÚ ÛÔÒÉÈi× (i; j; : : :) ÔÕÔ i ÎÁÄÁÌi �ÒÏÂiÇÁÀÔØ fn1; n2; hg, ÁiÎÄÅËÓÉ Úi ÛÔÒÉÈÁÍÉ (i0; j0; : : :) �ÒÏÂiÇÁÀÔØ fp; sg. IÎÄÅËÓÉ, ÝÏ �ÏÚÎÁ-ÞÁÀÔØÓÑ ×ÅÌÉËÉÍÉ ÌÁÔÉÎÓØËÉÍÉ ÌiÔÅÒÁÍÉ (I; J; : : :) �ÒÏÂiÇÁÀÔØ ×ÓiÚÎÁÞÅÎÎÑ fn1; n2; p; s; hg.IÚ ×ÉÒÁÚÕ (2.10) ÚÎÁÈÏÄÉÍÏ (ÄÉ× ÔÁËÏÖ [5℄), ÝÏ Ë×ÁÄÒÁÔ Û×ÉÄ-ËÏÓÔi Ú×ÕËÕ × ÔÁËiÊ ÓÉÓÔÅÍi ¤ ÏÂÅÒÎÅÎÏÀ ÁÄiÁÂÁÔÉÞÎÏÀ ÓÔÉÓÌÉ×iÓÔÀ,×ÉÚÎÁÞÅÎÏÀ × ÁÎÓÁÍÂÌi Ú �ÏÓÔiÊÎÉÍÉ ÎÁÍÁÇÎiÞÅÎiÓÔÀ ÔÁ ËiÌØËÏÓÔÑÍÉÞÁÓÔÉÎÏË ÏÂÏÈ ÓÏÒÔi×:v2s = �V 2�m ��P�V �NSM = ��P�� �NSM ; (5.4)ÄÅ �m = 
1m1+ 
2m2 { ÍÁÓÁ, V { ÏÂ'¤Í, � { ÍÁÓÏ×Á ÇÕÓÔÉÎÁ, P { ÔÉÓË,
1 ÔÁ 
2 { ×iÄ�Ï×iÄÎi ËÏÎ�ÅÎÔÒÁ�i§ ÞÁÓÔÉÎÏË.ëÏÅÆi�i¤ÎÔ ÚÁÔÕÈÁÎÎÑ Ú×ÕËÕ (3.11):D� = 12  Xi !0i�i + 'p;p! : (5.5)
ICMP{99{14U 16òi×ÎÑÎÎÑ (3.15) ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ËÏÅÆi�i¤ÎÔi× ÄÉÆÕÚi§ ÄÉÓÉ�É-ÔÉ×ÎÉÈ ÍÏÄ ÆÁËÔÏÒÉÚÕ¤ÔØÓÑ, i ÍÉ ÏÔÒÉÍÕ¤ÍÏ:D1 = 's;s; (5.6)D2 = �12b+ 12pb2 � 4
; (5.7)D3 = �12b� 12pb2 � 4
; (5.8)ÄÅ D1 { ËÏÅÆi�i¤ÎÔ Ó�iÎÄÉÆÕÚi§, D2, D3 { ËÏÅÆi�i¤ÎÔÉ ×ÚÁ¤ÍÏ- ÔÁÔÅÒÍÏÄÉÆÕÚi§. �ÕÔb = 2D� � Sp ~'1; 
 = det (~�1 + ~'1): (5.9)õ ÎÕÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎi �Ï Æ ÄÌÑ ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi× iÚ ×ÉÒÁÚÕ(4.18) ÍÁ¤ÍÏ ×iÄ�Ï×iÄÎÏ:(~g�0 )i;j = 12!i!0j ; (~g�0 )s;J = (~g�0 )J;s = 0; (5.10)(~g�0 )p;i = �12!0i; (~g�0 )i;p = �12!i; (~g�0 )p;p = 12 (5.11){ ÄÌÑ Ú×ÕËÏ×ÉÈ ÍÏÄ; ~g10 = diag(0; 0; 0; 1; 0) (5.12){ÄÌÑ Ó�iÎÄÉÆÕÚiÊÎÏ§ ÍÏÄÉ; ÎÅÎÕÌØÏ×ÉÍÉ ËÏÅÆi�i¤ÎÔÁÍÉ ÄÌÑ ÔÅÒÍÏ-ÔÁ ×ÚÁ¤ÍÏÄÉÆÕÚiÊÎÉÈ ÍÏÄ ¤:(~g20)i;j = (D3 �D2)�1�D3Æij + !i!0j('p;p � 2D� �D3)+!i�0j + �i!0j � 'i;j�; (5.13)(~g30)i;j = (D2 �D3)�1�D2Æij + !i!0j('p;p � 2D� �D2)+!i�0j + �i!0j � 'i;j�: (5.14)IÚ ×ÉÒÁÚi× (4.46), (4.18), (4.19) �iÓÌÑ ÄÅÑËÉÈ Ó�ÒÏÝÅÎØ, ÎÅÎÕÌØÏ×iÌiÎiÊÎi �Ï�ÒÁ×ËÉ ÄÏ ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi× ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄi:(~g�1 )i;j = �12�!i�0j + �i!0j + !i!0j('p;p � 3D�)�; (5.15)(~g�1 )p;j = 12��0j + !0j('p;p � 2D�)�; (5.16)(~g�1 )i;p = 12��i + !i('p;p � 2D�)�; (5.17)(~g�1 )p;p = �12('p;p � 2D�); (~g�1 )s;J = (~g�1 )I;s = 0 (5.18)



17 ðÒÅ�ÒÉÎÔ{ ÄÌÑ Ú×ÕËÏ×ÉÈ ÍÏÄ,(~g21)i;p = (D3 �D2)�1�D2[!i(D2 � Sp ~'1 + 'p;p + 'i;i)+�i � 'i;i!i℄ + �i�; (5.19)(~g21)p;j = (D3 �D2)�1�D2[!0j(D2 � Sp ~'1 + 'p;p + 'j;j)+�0j � !0j'i;i℄ + �0i�; (5.20)(~g31)i;p = (D2 �D3)�1�D3[!i(D3 � Sp ~'1 + 'p;p + 'i;i)+�i � 'i;i!i℄ + �i�; (5.21)(~g31)p;j = (D2 �D3)�1�D3[!0j(D3 � Sp ~'1 + 'p;p + 'j;j)+�0j � !0j'i;i℄ + �0i�; (5.22)ÄÌÑ ÔÅÒÍÏ- ÔÁ ×ÚÁ¤ÍÏÄÉÆÕÚiÊÎÉÈ ÍÏÄ. äÌÑ Ó�iÎÄÉÆÕÚiÊÎÏ§ ÍÏÄÉ ~g11 =~0. ÷ÅËÔÏÒÉ ~� ÔÁ ~�0 Õ ×ÉÒÁÚÁÈ (5.19{5.22) ÏÚÎÁÞÅÎi ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:~� = ~'�1~!� det ~''s;s'p;p ; ~�0 = ~!0 ~'�1� det ~''s;s'p;p ; (5.23)ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ, ÎÁ�ÒÉËÌÁÄ:�n2 = �'n2;n1!n1'h;h + 'h;n1!n1'n2;h � !n2'h;n1'n1;h+!n2'n1;n1'h;h + 'n2;n1!h'n1;h � !h'n2;h'n1;n1 :äiÊÓÎi ÞÁÓÔÉÎÉ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ (4.50) ÍÏÖÕÔØ ÂÕÔÉ ÚÁ�É-ÓÁÎiRe ~F (k; !)i;j =X+;� k2vsD� � (~g�0 ~F0)i;j + k(! � kvs)(~g�1 ~F0)i;j(! � kvs)2 + (vsD�k2)2 ++ 3X�=1 k2vsD� � (~g�0 ~F0)i;j + k!(~g�1 ~F0)i;j!2 + (vsD�k2)2 ; (5.24)ÄÅ ÍÁÔÒÉ�Ñ ~F0 Õ ÎÁÛÏÍÕ ×É�ÁÄËÕ ÍÁ¤ ×ÉÇÌÑÄ [5℄:~F0 = 0BBBB�Sn1;n1 Sn1;n2 0 0 0Sn2;n1 Sn2;n2 0 0 00 0 Fp;p 0 00 0 0 Fs;s 00 0 0 0 Fh;h1CCCCA (5.25)
ICMP{99{14U 18äÌÑ ÔÏÇÏ, ÝÏÂ ÏÔÒÉÍÁÔÉ, ÄÌÑ ÎÁ�ÒÉËÌÁÄÕ, �ÁÒ�iÁÌØÎÉÊ ÄÉÎÁÍiÞ-ÎÉÊ ÓÔÒÕËÔÕÒÎÉÊ ÆÁËÔÏÒ ÇÕÓÔÉÎÁ-ÇÕÓÔÉÎÁ Sn1;n1(k; !), ÍÉ �Ï×ÉÎÎi,ÚÇiÄÎÏ Ú ÆÏÒÍÕÌÏÀ (5.24), �ÏÒÁÈÕ×ÁÔÉ ÄÏÂÕÔËÉ (~g�0;1 ~F0)n1;n1 . ìÅÇËÏÂÁÞÉÔÉ, ÝÏ ÎÅÎÕÌØÏ×i ×ËÌÁÄÉ ÍÁÀÔØ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:(~g�0 ~F0)n1;n1 = 12�n1;p�p;n1 �Sn1;n1 + 12�n1;p�p;n2 �Sn2;n1 ; (5.26)(~g20 ~F0)n1;n1 = (D3 �D2)�1�D3 + �n1;p�p;n1('p;p � 2D� �D3)+�n1;p�0n1 + �n1�p;n1 � 'n1;n1� �Sn1;n1 (5.27)+(D3 �D2)�1�D3 + �n1;p�p;n2('p;p � 2D� �D3)+�n1;p�0n2 + �n1�p;n2 � 'n1;n2� �Sn2;n1 ;(~g�1 ~F0)1n;n1 = �12 ��n1;p�0n1 + �n1!0n1 + �n1;p�p;n1('p;p � 3D�)� �Sn1;n1� 12 ��n1;p�0n2 + �n1!0n2 + �n1;p�p;n2('p;p � 3D�)� �Sn2;n1 ; (5.28)(~g30 ~F0)n1;n1 ÏÔÒÉÍÕ¤ÔØÓÑ Ú (~g20 ~F0)n1;n1 ÚÁÍiÎÏÀ D2 $ D3, ÷ÉÄÎÏ, Ó�i-ÎÏ×ÉÊ ×ËÌÁÄ Õ Sn1;n1(k; !) ÂÕÄÅ Òi×ÎÉÊ ÎÕÌÀ, ÑË i ÓÌiÄ ÂÕÌÏ ÏÞiËÕ×ÁÔÉ.áÎÁÌiÚÕÀÞÉ ×ËÌÁÄ �ÅÒÛÉÈ ÎÁÂÌÉÖÅÎØ ×ÁÇÏ×ÉÈ ËÏÅÆi�i¤ÎÔi×(5.15)-(5.22) Õ ËÏÒÅÌÑ�iÊÎi ÆÕÎË�i§, ÍÏÖÎÁ �ÏÍiÔÉÔÉ, ÝÏ �ÅÒÛi ÎÁ-ÂÌÉÖÅÎÎÑ ÄÌÑ ÎÅÚ×ÕËÏ×ÉÈ ÍÏÄ (5.19)-(5.22) ÂÕÄÕÔØ ÄÁ×ÁÔÉ ÎÅÎÕÌØÏ-×ÉÊ ×ËÌÁÄ ÌÉÛÅ ÄÌÑ ÓÔÒÕËÔÕÒÎÉÈ ÆÁËÔÏÒi×, Õ ÑËÉÈ ÏÄÎÏÀ iÚ ÚÍiÎÎÉÈ¤ iÍ�ÕÌØÓ. �ÏÍÕ ÄÌÑ �ÒÉËÌÁÄÕ �ÒÉ×ÅÄÅÍÏ æÕÒ'¤-ËÏÍ�ÏÎÅÎÔÉ ÞÁÓÏ×ÉÈËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ Fp;p(k; !) ÔÁ Fp;h(k; !):Fp;p(k; !)Fp;p(k) = 12X+;� k2vsD� � k(! � kvs)('p;p � 2D�)(! � kvs)2 + (vsD�k2)2 ; (5.29)Fp;h(k; !)Fh;h(k) = 12X+;� �k2vsD� � �p;h + k(! � kvs)��0h + �p;h('p;p � 2D�)�(! � kvs)2 + (vsD�k2)2+ 3X�=2 k!(~g�1 )p;h!2 + (vsD�k2)2 ; (5.30)ÄÅ (~g�1 )p;h ÚÁÄÁÀÔØÓÑ ÆÏÒÍÕÌÁÍÉ (5.21), (5.22), �ÒÉ � = 2; 3.úÁ×ÄÑËÉ ×ÉÄiÌÅÎÏÓÔi Ó�iÎÏ×Ï§ �iÄÓÉÓÔÅÍÉ, ÄÉÎÁÍiÞÎÉÊ ÓÔÒÕËÔÕÒ-ÎÉÊ ÆÁËÔÏÒ Ó�iÎ-Ó�iÎ ÂÕÄÅ ÍÁÔÉ �ÒÏÓÔÉÊ ×ÉÇÌÑÄ:Fs;s(k; !)=Fs;s = k2vsD1!2 + (vsD1k2)2 : (5.31)úÁÕ×ÁÖÉÍÏ, ÝÏ ÕÓi iÎÛi ËÏÒÅÌÑ�iÊÎi ÆÕÎË�i§, �ÏÂÕÄÏ×ÁÎi ÎÁ ÚÍiÎ-ÎÉÈ fn1; n2; p; hg ÍÁÀÔØ ÓÔÒÕËÔÕÒÕ ÆÏÒÍÁÌØÎÏ ÓÈÏÖÕ ÎÁ ÒÅÚÕÌØÔÁÔÉ,



19 ðÒÅ�ÒÉÎÔÏÔÒÉÍÁÎi ÄÌÑ ÂiÎÁÒÎÏ§ ÓÕÍiÛi �ÒÏÓÔÉÈ ÒiÄÉÎ [11,12℄.ìÅÇËÏ �ÅÒÅËÏÎÁ-ÔÉÓÑ, ÝÏ ÕÓi ÞÁÓÏ×i ËÏÒÅÌÑ�iÊÎi ÆÕÎË�i§ ÂÕÄÕÔØ ÍÁÔÉ ×ÉÇÌÑÄ ÓÈÏÖÉÊÄÏ ÏÄÎi¤§ Ú ÔÒØÏÈ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ, ÚÁÄÁÎÉÈ ×ÉÒÁÚÁÍÉ (5.26)-(5.31), i ÔÏÍÕ Õ �Ï×ÎÏÍÕ ÏÂÓÑÚi ÎÅ ÎÁ×ÏÄÑÔØÓÑ ÞÅÒÅÚ §È ÇÒÏÍiÚÄËiÓÔØ.ïÔÖÅ, ÎÁ ÏÓÎÏ×i ÁÎÁÌiÚÕ Òi×ÎÑÎØ ÇiÄÒÏÄÉÎÁÍiËÉ ÄÌÑ ÂÁÇÁÔÏËÏÍ-�ÏÎÅÎÔÎÏ§ ÓÕÍiÛi, ÍÉ ÏÔÒÉÍÁÌÉ Ó�ÅËÔÒ ÇiÄÒÏÄÉÎÁÍiÞÎÉÈ ÚÂÕÄÖÅÎØ,ÝÏ ×ËÌÀÞÁ¤ Ä×i �ÒÏ�ÁÇÁÔÏÒÎi ÍÏÄÉ, ÑËi Ï�ÉÓÕÀÔØ �ÒÏ�ÅÓÉ �ÏÛÉÒÅÎ-ÎÑ ÔÁ ÚÁÔÕÈÁÎÎÑ Ú×ÕËÕ ÔÁ m ÄÉÆÕÚiÊÎÉÈ ÍÏÄ, ÝÏ ×iÄ�Ï×iÄÁÀÔØ ÚÁ×ÚÁ¤ÍÏÄÉÆÕÚiÀ ÞÁÓÔÉÎÏË, Ó�iÎÏ×Õ ÄÉÆÕÚiÀ ÔÁ ÔÅÒÍÏÄÉÆÕÚiÀ. õ ÍÅ-ÖÁÈ ÇiÄÒÏÄÉÎÁÍiÞÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÂÕÌÉ ÔÁËÏÖ ÏÔÒÉÍÁÎi ÔÏÞÎi ÁÎÁ-ÌiÔÉÞÎi ×ÉÒÁÚÉ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ, ÑËi �ÏÂÕÄÏ×ÁÎiÎÁ ÇiÄÒÏÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ, �ÒÏÁÎÁÌiÚÏ×ÁÎÏ ×É�ÁÄÏË Ä×ÏËÏÍ�ÏÎÅÎ-ÔÎÏ§ ÓÕÍiÛi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÞÁÓÔÉÎÏË i ÏÔÒÉÍÁÎi ×ÉÒÁÚÉÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ ÄÁÎÏ§ ÓÉÓÔÅÍÉ Õ �ÁÒÁÍÁÇÎiÔÎÏÍÕÓÔÁÎi, ÝÏ ¤ �iËÁ×ÉÍ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ§ ÔÏÞËÉ ÚÏÒÕ, ÂÏ ÄÁ¤ Õ Ñ×ÎiÊÆÏÒÍi ÚÁÌÅÖÎiÓÔØ ÄÉÎÁÍiÞÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ ÆÁËÔÏÒi× ×iÄ ÔÅÒÍÏÄÉÎÁ-ÍiÞÎÉÈ ×ÅÌÉÞÉÎ.ì�ÔÅÒÁÔÕÒÁ1. Handri
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