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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�÷ ÒÏÂÏÔ� [1℄ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ ÍÅÔÏÄ ÄÏÓÌ�ÄÖÅÎÎÑ ÓÉÌØÎÏ ÎÅ�ÄÅÁÌØÎÉÈÏÄÎÏÒ�ÄÎÉÈ ÆÅÒÍ�-ÓÉÓÔÅÍ, ÝÏ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ �ÉËÌ�ÞÎÏÍÕ �ÅÒÅÔ×Ï-ÒÅÎÎ� ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Õ ×ÅÌÉËÏÍÕ ËÁÎÏÎ�ÞÎÏÍÕ ÁÎÓÁÍÂÌ�Z(�) = Spfexp[��( ^H � � ^N )℄g : (1)�ÕÔ � { ÏÂÅÒÎÅÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ, � - ÚÍ�ÎÎÁ È�Í�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ, ^H =^H0+ ^V , ÄÅ ^H0 { Ï�ÅÒÁÔÏÒ Ë�ÎÅÔÉÞÎÏ§ ÅÎÅÒÇ�§, ^V { Ï�ÅÒÁÔÏÒ ÌÏËÁÌØÎÏ§Ä×ÏÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§. úÁ ÄÏ�ÏÍÏÇÏÀ ÅÒÍ�ÔÏ×ÏÇÏ Ï�ÅÒÁÔÏÒÁ ^W ,ÑËÉÊ ËÏÍÕÔÕ¤ Ú Ï�ÅÒÁÔÏÒÁÍÉ ÞÉÓÌÁ ÞÁÓÔÉÎÏË ^N ÔÁ ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§^V , ×ÉËÏÎÕ¤ÔØÓÑ �ÉËÌ�ÞÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ Û�ÕÒÁ [1, 2℄Z(�) = Spfexp(� ^W ) exp[��( ^H � � ^N )℄ exp( ^W )g == Spnexp[��� ^H � � ^N + ^K(w) + ^L(w)�℄o ; (2)^K(w) = [ ^H0; ^W ℄� ; ^L(w) = 12h[ ^H0; ^W ℄�; ^Wi� :ñËÝÏ ��Ä�ÂÒÁÔÉ ^W ÔÁËÉÍ ÞÉÎÏÍ, ÝÏÂ Ï�ÅÒÁÔÏÒ^V + ^L(w) (3)ËÏÍÕÔÕ×Á× �Ú Ï�ÅÒÁÔÏÒÁÍÉ ^H0 ÔÁ ^K(w), ÔÏÄ� ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ ÍÏÖÅ-ÍÏ ÚÁ�ÉÓÁÔÉ Õ ÔÁËÏÍÕ ×ÉÇÌÑÄ�:Z(�) = Spfexp[��( ^V + ^L(w))℄ � (4)� exp[��( ^H0 � � ^N + ^K(w))℄g :÷ ÒÏÂÏÔ� [1℄ �ÏËÁÚÁÎÏ, ÝÏ Õ ×É�ÁÄËÕ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ Ï�Å-ÒÁÔÏÒ ^W ÍÁ¤ ÔÁËÕ ÓÔÒÕËÔÕÒÕ:^W = Xn�2 ^Wn(�) ;^Wn(�) = (n!)�1V 1�n Xq1;:::;qn �n(q1; : : : ;qn) � (5)� Æq1+���+qn ;0 ^In(q1; : : : ;qn);ÄÅ ËÏÅÆ���¤ÎÔÉ �n(q1; : : : ;qn) ÚÁÄÏ×�ÌØÎÑÀÔØ ÓÉÓÔÅÍ� ÎÅÌ�Î�ÊÎÉÈ �Î-ÔÅÇÒÁÌØÎÉÈ Ò�×ÎÑÎØ,^In(q1; :::;qn) = Xk1 ;:::;kn Xs1;:::;sn a+k1+q1 ;s1 ::: a+kn+qn ;sn akn ;sn ::: ak1;s1 :(6)
ICMP{99{06U 2ñË ×É�ÌÉ×Á¤ Ú Ñ×ÎÏÇÏ ×ÉÇÌÑÄÕ Ï�ÅÒÁÔÏÒÁ ^L(w)��[ ^V + ^L(w)℄ = ^N2�1N�1(�) = ^N2��0V �1 ; (7)�0 = V �1Xq6=0 �q�22(q;�q):íÏÄÅÌØÎÕ ÓÉÓÔÅÍÕ, ÑËÁ Ï�ÉÓÕ¤ÔØÓÑ ÓÔÁÔÉÓÔÉÞÎÉÍ Ï�ÅÒÁÔÏÒÏÍ^Pâ = expf� ^N2V �1�0 � �[ ^H0 � � ^N ℄g ; (8)ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÑË ÂÁÚÉÓÎÕ �ÒÉ ÒÏÚÒÁÈÕÎËÕ Z(�). ÷ÉËÏÒÉ-ÓÔÁ×ÛÉ ÚÏÂÒÁÖÅÎÎÑ ×ÚÁ¤ÍÏÄ�§ Õ (4), ÏÄÅÒÖÉÍÏ ÔÁËÉÊ ×ÉÒÁÚ ÄÌÑ ÓÔÁ-ÔÉÓÔÉÞÎÏ§ ÓÕÍÉ:Z(�) = Zâ(�)h ^Siâ ; (9)^S = T expf� �Z0 d�0 e�0 ( ^H0�� ^N ) ^K(w) e��0 ( ^H0�� ^N )g :�ÕÔ Zâ(�) = Sp ^Pâ = exp(��
â(�)) � (10)ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ, Á 
â(�) { §§ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ�ÏÔÅÎ��ÁÌ; ÓÉÍ×ÏÌ h: : : iâ ÏÚÎÁÞÁ¤ ÓÔÁÔÉÓÔÉÞÎÅ ÚÁÓÅÒÅÄÎÅÎÎÑ ÚÁ ÓÔÁ-ÎÁÍÉ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ, ÑËÅ ÆÁËÔÉÞÎÏ ×ÉËÏÎÕ¤ÔØÓÑ ÔÁË ÓÁÍÏ, ÑË � ÚÁÓÔÁÎÁÍÉ �ÄÅÁÌØÎÏ§ (ÂÅÚ ×ÚÁ¤ÍÏÄ�§).÷ ÒÏÂÏÔÁÈ [1,2℄ �ÏËÁÚÁÎÏ, ÝÏ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ �ÒÉÒÏÚÒÁÈÕÎËÕ < ^S >â × ��Ê ÓÈÅÍ� ÄÁ¤ ÔÁË� Ö ÒÅÚÕÌØÔÁÔÉ ÄÌÑ Â�ÎÁÒ-ÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ, ËÏÒÅÌÑ��ÊÎÏ§ ÅÎÅÒÇ�§, ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× ÚÁ�Í�ÕÌØÓÁÍÉ ÄÌÑ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ, ÑË � ÎÁ-ÂÌÉÖÅÎÎÑ ÌÏËÁÌØÎÏÇÏ �ÏÌÑ [3℄ Õ Ú×ÉÞÁÊÎ�Ê ÔÅÏÒ�§ ÚÂÕÒÅÎØ. åÆÅËÔÉ×-ÎÏÀ �Ï�ÒÁ×ËÏÀ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÔÕÔ ¤G0q = 1� 2�q�22(q;�q) N (V Vq)�1 ; (11)ÄÅ Vq { ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑ �ÏÔÅÎ��ÁÌÕ ëÕÌÏÎÁ. æÕÎË��Ñ (11) ÍÁ¤ ÚÁ-ÇÁÌØÎ� ×ÌÁÓÔÉ×ÏÓÔ� �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ��¤§ ÍÏÄÅÌ� � ÚÍ�ÎÀ¤ÔØ-ÓÑ × ÇÒÁÎÉ�ÑÈ ×�Ä ÎÕÌÑ ÄÏ ÏÄÉÎÉ��, Ë×ÁÄÒÁÔÉÞÎÁ ×�ÄÎÏÓÎÏ q × ÏÂÌÁÓÔ�ÍÁÌÉÈ �Í�ÕÌØÓ�× G0q ' (q=kF )2 + � � � ; (12)ÓÌÁÂÏ ÚÁÌÅÖÉÔØ ×�Ä È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ �ÒÉ ×ÅÌÉËÉÈ jqj. ãÉËÌ�ÞÎÅ�ÅÒÅÔ×ÏÒÅÎÎÑ ÒÏÚÛÉÒÀ¤ ÏÂÌÁÓÔØ �ÁÒÁÍÅÔÒÁ ÎÅ�ÄÅÁÌØÎÏÓÔ� rs, Õ ÑË�Ê



3 ðÒÅ�ÒÉÎÔÚÁÓÔÏÓÏ×ÎÅ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ, �ÒÉÂÌÉÚÎÏ Õ 10 ÒÁÚ�× (0 �rs � 10; 0).÷ ��Ê ÒÏÂÏÔ� �ÉËÌ�ÞÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ×ÉËÏÒÉÓÔÁÎÏ ÄÌÑ Ï�ÉÓÕ Â�ÌØÛÒÅÁÌ�ÓÔÉÞÎÉÈ ÍÏÄÅÌÅÊ, Á ÓÁÍÅ ÅÌÅËÔÒÏÎ-�ÏÎÎÉÈ ÍÏÄÅÌÅÊ ÍÅÔÁÌÕ ÑË ÚÌÏËÁÌØÎÉÍÉ, ÔÁË � Ú ÎÅÌÏËÁÌØÎÉÍÉ �ÏÔÅÎ��ÁÌÁÍÉ ×ÚÁ¤ÍÏÄ�§. òÏÚÇÌÑ-ÎÕÔÏ Ä×Á ×ÁÒ�ÁÎÔÉ: × �ÅÒÛÏÍÕ Ú ÎÉÈ �ÉËÌ�ÞÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ÚÁÓÔÏÓÏ-×ÁÎÏ ÄÌÑ Ï�ÉÓÕ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ, Õ ÄÒÕÇÏÍÕ { ��ÄÓÉÓÔÅÍÉËÏÌÅËÔÉ×�ÚÏ×ÁÎÉÈ ÅÌÅËÔÒÏÎ�× Õ �ÏÌ� �ÏÎ�×. ëÏÖÎÏÍÕ Ú �ÉÈ ×ÁÒ�ÁÎÔ�××�Ä�Ï×�ÄÁ¤ Ó×ÏÑ ÆÏÒÍÁ �ÅÒÅÎÏÒÍÏ×ÁÎÏ§ ÔÅÏÒ�§ ÚÂÕÒÅÎØ ÚÁ ÅÆÅËÔÉ×ÎÉ-ÍÉ �ÏÔÅÎ��ÁÌÁÍÉ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§.2. åÌÅËÔÒÏÎ-�ÏÎÎÁ ÍÏÄÅÌØ ÍÅÔÁÌÕ Ú ÌÏËÁÌØÎÉÍÉ ×ÚÁ-¤ÍÏÄ�ÑÍÉ (ÂÁÚÉÓÎÉÊ ��ÄÈ�Ä ÎÁ ÏÓÎÏ×� �ÉËÌ�ÞÎÏÇÏ�ÅÒÅÔ×ÏÒÅÎÎÑ)òÏÚÇÌÑÎÅÍÏ ÔÒÁÄÉ��ÊÎÕ ÍÏÄÅÌØ ÍÅÔÁÌÕ, ÝÏ ÓËÌÁÄÁ¤ÔØÓÑ Ú N ÅÌÅËÔ-ÒÏÎ�× � Ni = N=z �ÏÎ�× ×ÁÌÅÎÔÎÏÓÔ� z × ÏÂ'¤Í� V (N; V ! 1;N=V =onst) Ú ÇÁÍ�ÌØÔÏÎ�ÁÎÏÍ^Hei = ^H + ^Vei + ^Hi(R); (13)ÄÅ ^H = ^H0 + ^V { ÇÁÍ�ÌØÔÏÎ�ÁÎ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ × ÂÁÚÉÓ��ÌÏÓËÉÈ È×ÉÌØ,^Vei = 1V Xq Vei(q)S�qXk;s a+k+q;s ak;s � (14)Ï�ÅÒÁÔÏÒ Ä×ÏÞÁÓÔÉÎËÏ×Ï§ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§, × ÑËÏÍÕ Vei(q) {ÆÕÒ'¤-ÏÂÒÁÚ ÌÏËÁÌØÎÏÇÏ �ÏÔÅÎ��ÁÌÁ,Sq = NiXj=1 exp (iqRj) � (15)ÓÔÒÕËÔÕÒÎÉÊ ÆÁËÔÏÒ �ÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ,Rj { ÒÁÄ�ÕÓ-×ÅËÔÏÒ j-ÇÏ �ÏÎÁ.âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ ÕÍÏ×Õ ÅÌÅËÔÒÏÎÅÊÔÒÁÌØÎÏÓÔ�, ÂÕÄÅÍÏ ××ÁÖÁÔÉ, ÝÏVei(q) �ÒÉ q = 0 ÎÅ Í�ÓÔÉÔØ ËÕÌÏÎ�×ÓØËÏ§ ÓËÌÁÄÏ×Ï§, ÔÏÂÔÏVei(0) = limq!0fVei(q) + 4�ze2=q2g: (16)õ ÆÏÒÍÕÌ� (13) ^Hi(R) { ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ Ú ÅÆÅË-ÔÉ×ÎÉÍÉ �ÏÔÅÎ��ÁÌÁÍÉ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ, ÚÁ�ÉÓÁÎÉÊ × ËÏ-ÏÒÄÉÎÁÔÎÏÍÕ ÚÏÂÒÁÖÅÎÎ�.
ICMP{99{06U 4òÏÚÇÌÑÎÅÍÏ ÅÌÅËÔÒÏÎÎÕ ÚÁÄÁÞÕ ÄÌÑ ÍÏÄÅÌ� (13) × ÁÄ�ÁÂÁÔÉÞÎÏÍÕÎÁÂÌÉÖÅÎÎ�. ÷ÉËÏÎÁ¤ÍÏ �ÉËÌ�ÞÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÚÏ�ÅÒÁÔÏÒÏÍ ^W Õ ÆÏÒÍ� (5):Zei(�) = Sp fexp (� ^W ) exp [��( ^Hei � ^Hi(R) � �N )℄ exp ^Wg == Sp fexp[��( ^Hei � ^Hi(R)� � ^N + ^K(w) + ^L(w))℄g; (17)^K(w) � [ ^H0; ^W ℄�; ^L(w) � 12 h[ ^H0; ^W ℄�; ^Wi� :ð�ÄËÒÅÓÌÉÍÏ, ÝÏ ^W ×�Ä�Ï×�ÄÁ¤ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ, ×�Î ËÏÍÕ-ÔÕ¤ Ú ^N ÔÁ ^V , Á ÏÔÖÅ � Ú ^Vei. îÅÈÁÊ Ï�ÅÒÁÔÏÒ ^V + ^L(w) ËÏÍÕÔÕ¤ Ú ^H0ÔÁ ^K(w), Á ÔÁËÏÖ Ú ^Vei(q). þÅÒÅÚ �ÅZei(�) = Sp fexp [��( ^V + ^L(w))℄ � (18)exp [��( ^H0 � � ^N + ^K(w) + ^Vei)℄g:âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ Ò�×Î�ÓÔØ (7), ÍÁ¤ÍÏ ÔÁËÉÊ ÏÓÔÁÔÏÞÎÉÊ ×ÉÒÁÚ ÄÌÑÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ:Zei(�) = Zâ(�)hTf ^S ^Seigiâ = Z(�)h ^Seiie � Z(�) hTfSSeigiâhTSiâ ; (19)ÄÅ T { Ï�ÅÒÁÔÏÒ ÈÒÏÎÏÌÏÇ�ÞÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ, Á ÓÉÍ×ÏÌ h: : :iâ ÏÚÎÁ-ÞÁ¤ ÓÔÁÔÉÓÔÉÞÎÅ ÚÁÓÅÒÅÄÎÅÎÎÑ ÚÁ ÓÔÁÎÁÍÉ ÂÁÚÉÓÎÏ§ ÍÏÄÅÌ� �Ú ÓÔÁÔÉ-ÓÔÉÞÎÉÍ Ï�ÅÒÁÔÏÒÏÍ (8).ðÅÒÅÊÄÅÍÏ ÄÏ ÞÁÓÔÏÔÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ × S-ÍÁÔÒÉ�ÑÈ [1℄, ÚÁ�ÉÓÕ-ÀÞÉ §È Õ ×ÉÇÌÑÄ�^S = exp 8<:�Xn�2 �h2m (�V )1�n[(n� 1)!℄�1 �� Xx1;:::;xn Æx1+:::+xn;0�n(q1; :::;qn) ^fx1 ^�x2 � � � ^�xn) ; (20)^Sei = exp (� 1V Xq Vei(q)S�q ^�q;0) ;ÄÅ ^�x = ^�q;� = Xk;s;�� a+k+q;s(�� + �)ak;s(��) � (21)Ó�ÅËÔÒÁÌØÎÅ ÚÏÂÒÁÖÅÎÎÑ Ï�ÅÒÁÔÏÒÁ ÅÌÅËÔÒÏÎÎÏ§ ÇÕÓÔÉÎÉ,^fx = ^fq;� = Xk;s;���k + q2 ;q�a+k+q;s(�� + �)ak;s(��) ; (22)



5 ðÒÅ�ÒÉÎÔx � (q; �), ÄÅ � = 2n���1 { ÞÁÓÔÏÔÉ âÏÚÅ-íÁ�ÕÂÁÒÉ [4℄. ï�ÅÒÁÔÏÒÉak;s(��) = ��1=2 �Z0 ak;s(�0 ) exp(i���0 )d�0 ; (23)ÄÅ �� = (2n+1)���1 { ÞÁÓÔÏÔÉ æÅÒÍ�-íÁ�ÕÂÁÒÉ [4℄, ¤ ÓÕ�ÅÒ�ÏÚÉ��¤ÀÆÅÒÍ�-Ï�ÅÒÁÔÏÒ�× Õ ÚÏÂÒÁÖÅÎÎ� ×ÚÁ¤ÍÏÄ�§.òÏÚËÌÁÄÁÀÞÉ Ï�ÅÒÁÔÏÒ ^Sei × ÓÔÅ�ÅÎÅ×ÉÊ ÒÑÄ, ÚÁÓÅÒÅÄÎÀÀÞÉ �Ï-ÞÌÅÎÎÏ ÚÁ ÓÔÁÎÁÍÉ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ � �ÒÉ×ÏÄÑÞÉ ÒÅÚÕÌØÔÁÔÄÏ ÅËÓ�ÏÎÅÎÔÎÏ§ ÆÏÒÍÉ, ÏÄÅÒÖÕ¤ÍÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÍÏ-ÄÅÌ� (13):
ei(�) = ���1 lnZei(�) = 
(�) +N (�)NiV �1Vei(0) +Xn�2
n(�);
n(�) = (�1)n�1V �n(n!)�1 Xq1;:::qn Æq1+:::+qn;0Vei(q1) � � �Vei(qn) �� S�q1 :::S�qn ~�n(q1; :::;qn; 0; :::;0): (24)�ÕÔ ~�n(q1; :::qn; 0; :::0) = ��1h^�q1;0 � � � ^�qn ;0iÚ×e � (25)� ��1hTf ^S^�q1;0 � � � ^�qn;0giÚ×â fT ^Sg�1â �ÓÔÁÔÉÞÎÁ ÇÒÁÎÉ�Ñ n-ÞÁÓÔÉÎËÏ×Ï§ ËÕÍÕÌÑÎÔÎÏ§ ÄÉÎÁÍ�ÞÎÏ§ ËÏÒÅÌÑ��Ê-ÎÏ§ ÆÕÎË��§ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ { Ú×'ÑÚÎÅ ÓÅÒÅÄÎ¤ ×�Ä ÄÏÂÕÔËÕn Ï�ÅÒÁÔÏÒ�× ^�q;0.ä×ÏÞÁÓÔÉÎËÏ×Á ÄÉÎÁÍ�ÞÎÁ ËÏÒÅÌÑ��ÊÎÁ ÆÕÎË��Ñ ~�2(x;�x) ÒÏÚÒÁ-ÈÏ×ÁÎÁ × ÒÏÂÏÔ� [1℄:�2(x;�x) = ~�02(x;�x)�1 + VqV ~�02(x;�x)[1� Gx℄��1 ; (26)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ÄÌÑ Ï�ÅÒÁÔÏÒÁ ^K(w),ÌÅÇËÏ ÏÄÅÒÖÁÔÉ ×ÉÒÁÚÉ ÄÌÑ ×ÉÝÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê:~�3(x1; x2; x3) = ~�03(x1; x2; x3) 3Yi=1[1 + L(xi)℄�1; (27)~�4(x1;�x1; x2;�x2) = ~�03(x1;�x1; x2;�x2) 2Yi=1[1 + L(xi)℄�2; ::: :
ICMP{99{06U 6�ÕÔ ~�0n(x1; :::; xn) { n-ÞÁÓÔÉÎËÏ×� ÄÉÎÁÍ�ÞÎ� ËÕÍÕÌÑÎÔÎ� ËÏÒÅÌÑ��ÊÎ�ÆÕÎË��§ �ÄÅÁÌØÎÏÇÏ ×ÉÒÏÄÖÅÎÏÇÏ ÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÕ [5, 6℄,L(x) = VqV ~�02(x;�x)[1�Gx℄: (28)òÏÚËÌÁÄ (24) ¤ ÏÄÎÏÞÁÓÎÏ ÒÏÚËÌÁÄÏÍ ÚÁ �ÏÔÅÎ��ÁÌÁÍÉ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§×ÚÁ¤ÍÏÄ�§ � ÚÁ n-ÞÁÓÔÉÎËÏ×ÉÍÉ ËÏÒÅÌÑ��ÊÎÉÍÉÆÕÎË��ÑÍÉ ÍÏÄÅÌ� ÅÌÅË-ÔÒÏÎÎÏ§ Ò�ÄÉÎÉ. ñËÝÏ ×�ÄÎÏÓÎÏ �ÏÔÅÎ��ÁÌ�× Vei(q) (24) ÍÁ¤ ÓÔÁÎÄÁÒÔ-ÎÕ ÓÔÒÕËÔÕÒÕ, ÔÏ ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ ~�n(q1; :::;qn; 0; :::;0) ×�Ä�Ï×�ÄÁ-ÀÔØ ÎÁÂÌÉÖÅÎÎÀ ÌÏËÁÌØÎÏÇÏ �ÏÌÑ ÄÌÑ ÍÏÄÅÌ� ÓÉÌØÎÏ ÎÅ�ÄÅÁÌØÎÏ§ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ.ðÅÒÅÊÄÅÍÏ ÄÏ ×�ÌØÎÏ§ ÅÎÅÒÇ�§. ú ÕÍÏ×É dd�
ei(�) = �N ÚÎÁÈÏÄÉÍÏ,ÝÏ È�Í�ÏÔÅÎ��ÁÌ Ò�×ÎÉÊ� = �e + Æ�; (29)Æ� ' � �d2
d�2e (�e)��1 dd�e f
ei(�e) �
(�e)g+ � � � ;ÄÅ �e { È�Í�ÏÔÅÎ��ÁÌ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ.÷ÒÁÈÏ×ÕÀÞÉ (29), ÚÁ�ÉÛÅÍÏ ×�ÌØÎÕ ÅÎÅÒÇ�À ÍÏÄÅÌ� (13) × ÔÁË�Ê ÆÏÒ-Í�: Fei = F + f
ei(�e) �
(�e)g � (30)� 12! � d2d�2e
(�e)��1 � dd�e [
ei(�e) �
(�e)℄�2 + � � � ;ÄÅ F � 
(�e)+�eN { ×�ÌØÎÁ ÅÎÅÒÇ�Ñ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ { ÍÏÄÅÌ� ÅÌÅË-ÔÒÏÎÎÏ§ Ò�ÄÉÎÉ, ÑËÁ ÎÅ ÚÁÌÅÖÉÔØ ×�Ä ÓÔÒÕËÔÕÒÉ �ÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÔÏÔÏÖÎÏÓÔ�SqS�q = Ni + NiXi 6=j=1 eiq(Ri�Rj); (31)S�q1S�q2Sq1+q2 = Ni +Xk 6=i eiq2(Rk�Ri) +Xk 6=j ei(q1+q2)(Rk�Rj) ++Xk 6=i eiq1(Rk�Ri) + Xi 6=j 6=k e�iq1Ri�iq2Rj+i(q1+q2)Rk ; :::;×ÉÄ�ÌÉÍÏ × Fei ÂÅÚÓÔÒÕËÔÕÒÎÕ ÓËÌÁÄÏ×Õ � ÅÎÅÒÇ�À ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈÅÆÅËÔÉ×ÎÉÈ ×ÚÁ¤ÍÏÄ�Ê �ÏÎ�×:Fei = F +Ni! + 12! NiXi 6=j=1�2(Ri;Rj) + 13! NiXi 6=j 6=k=1�3(Ri;Rj;Rk) + ::: :(32)



7 ðÒÅ�ÒÉÎÔ�ÕÔ ! { ÅÎÅÒÇ�Ñ �ÏÎÁ × ÓÅÒÅÄÏ×ÉÝ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ! = NV �1Vei(0) � 12!V 2 Xq ~�2(q;�q; 0)V 2ei(q) ++ 13!V 3 Xq1;q2 ~�3(q1;q2;�q1 � q2; 0; 0; 0) � (33)� Vei(q1)Vei(q2)Vei(q1 + q2) + :::;Á �n(R1; :::;Rn) { ÎÅ�ÒÑÍ� ÓËÌÁÄÏ×� �ÏÔÅÎ��ÁÌ�× ÅÆÅËÔÉ×ÎÉÈ n-ÞÁÓ-ÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ�Ê Í�Ö �ÏÎÁÍÉ:�2(Ri; Rj) = 1V Xq eiq(Ri�Rj ) �2(q);�2(q) = � 1V V 2ei(q)~�2(q;�q; 0; 0) + 1V 2Vei(q)Xq2 Vei(q2) �� Vei(q + q2)~�3(q;q2;�q� q2; 0; :::; 0)+ ::: : (34)�3(Ri; Rj; Rk) = 1V 2 Xq1 ;q2�3(q1;q2;�q1 � q2) �� eiq1R1+iq2R2�i(q1+q2)R3 ;�3(q1;q2;�q1 � q2) � 1V Vei(q1)Vei(q2)Vei(�q1 � q2)�� ~�3(q1;q2;�q1 � q2; 0; :::;0)+ ::: :Fei ¤ ×�ÌØÎÏÀ ÅÎÅÒÇ�¤À ��ÄÓÉÓÔÅÍÉ ÅÌÅËÔÒÏÎ�× �ÒÏ×�ÄÎÏÓÔ� × �ÏÌ��ÏÎ�×, ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ �ÒÑÍÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö �ÏÎÁÍÉ, ÑËÁ ÎÁ ×ÅÌÉËÉÈ×�ÄÓÔÁÎÑÈ Ï�ÉÓÕ¤ÔØÓÑ ÚÁËÏÎÏÍëÕÌÏÎÁ. åÆÅËÔÉ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÏÎ-ÎÏ§ ÍÏÄÅÌ� ÍÅÔÁÌÕ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÓÕÍÏÀ Fei � Ï�ÅÒÁÔÏÒÁ ^Hi(R):Fei + ^Hi(R) = F +Ni! + ^Hef (R); (35)^Hef (R) = � �h22M NiXj=1r2j + 12! NiXi 6=j=1 ~�2(Ri;Rj) ++ 13! NiXi 6=j 6=k=1�3(Ri;Rj;Rk) + � � � ;ÄÅ ~�2(Ri; Rj) � Z2e2=Rij + �2(Ri; Rj).
ICMP{99{06U 83. îÅÌÏËÁÌØÎÁ ÅÌÅËÔÒÏÎ-�ÏÎÎÁ ÍÏÄÅÌØ ÍÅÔÁÌÕíÏÄÅÌØ (13) Ó�ÒÏÝÅÎÏ Ï�ÉÓÕ¤ ÅÆÅËÔÉ×ÎÕ ÅÌÅËÔÒÏÎ-�ÏÎÎÕ ×ÚÁ¤ÍÏÄ�À× ÍÅÔÁÌ�. ñË ×�ÄÏÍÏ, ×ÚÁ¤ÍÏÄ�Ñ ÅÌÅËÔÒÏÎ�× �ÒÏ×�ÄÎÏÓÔ� Ú �ÏÎÁÍÉ Ï�É-ÓÕ¤ÔØÓÑ Ï�ÅÒÁÔÏÒÏÍ^Vei = 1V Xq;k S�qVei(k + q;k)a+k+q;sak;s (36)Ú ÎÅÌÏËÁÌØÎÉÍÉ ÍÁÔÒÉÞÎÉÍÉ ÅÌÅÍÅÎÔÁÍÉ Vei(k+ q;k), ÑË� ÚÁÌÅÖÁÔØÎÅ Ô�ÌØËÉ ×�Ä �Í�ÕÌØÓÁ �ÅÒÅÄÁÞ�, ÁÌÅ ÔÁËÏÖ � ×�Ä �Í�ÕÌØÓÁ ÅÌÅËÔÒÏ-ÎÁ �ÒÏ×�ÄÎÏÓÔ� p = �hk. ÷ ÍÅÔÏÄ� ÍÏÄÅÌØÎÉÈ �ÏÔÅÎ��ÁÌ�× ÆÕÎË��ÑVei(k + q;k) ÍÏÄÅÌÀ¤ÔØÓÑ (ÄÉ×. ÎÁ�Ò. [7℄), × Í�ËÒÏÓËÏ��ÞÎÏÍÕ ��Ä-ÈÏÄ� ×ÏÎÁ ÍÏÖÅ ÂÕÔÉ ÒÏÚÒÁÈÏ×ÁÎÁ, ÑË × ÒÏÂÏÔ� [8℄, ÄÅ ÅÆÅËÔÉ×ÎÉÊÇÁÍ�ÌØÔÏÎ�ÁÎ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ÍÏÄÅÌ� ÍÅÔÁÌÕ ÏÄÅÒÖÁÎÏ ÛÌÑÈÏÍ ÚÁÓÅ-ÒÅÄÎÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÔÏÞÎÏ§ ÅÌÅËÔÒÏÎ-ÑÄÅÒÎÏ§ ÍÏÄÅÌ�ÚÁ ÓÔÁÎÁÍÉ ÅÌÅËÔÒÏÎ�× ×ÎÕÔÒ�ÛÎ�È ÏÂÏÌÏÎÏË �ÏÎ�×. ðÒÉ �ØÏÍÕ ×ÉÎÉ-ËÁÀÔØ ÔÁËÏÖ ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×� (ÑË ÚÁ ÅÌÅËÔÒÏÎÁÍÉ, ÔÁË � ÚÁ �ÏÎÁÍÉ)×ÚÁ¤ÍÏÄ�§, ÁÌÅ ÍÉ ÂÕÄÅÍÏ ÎÅÈÔÕ×ÁÔÉ ÔÁËÉÍÉ ÅÆÅËÔÁÍÉ, ÒÏÚÇÌÑÄÁÀÞÉÍÏÄÅÌØ (13) Ú Ï�ÅÒÁÔÏÒÏÍ Ä×ÏÞÁÓÔÉÎËÏ×Ï§ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§Õ ÆÏÒÍ� (36).ðÒÉ Ï�ÉÓ� ÎÅÌÏËÁÌØÎÏ§ ÍÏÄÅÌ� ÚÁ ÂÁÚÉÓÎÕ ÓÉÓÔÅÍÕ ÔÁËÏÖ ×ÉÂÅÒÅ-ÍÏ ×ÚÁ¤ÍÏÄ�ÀÞÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÇÁÚ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ �ÉËÌ�ÞÎÅ �ÅÒÅ-Ô×ÏÒÅÎÎÑ ÔÉ�Õ (2)-(5) Ú Ï�ÅÒÁÔÏÒÏÍ ^W :Zei(�) = Sp fexp (� ^W ) exp [��( ^Hei � ^Hi(R) � � ^N )℄ exp ^Wg == Sp fexp [��( ^H � � ^N + ^K(w) + ^L(w) + e� ^W ^Veie ^W )℄g; (37)ìÏËÁÌØÎÉÊ Ï�ÅÒÁÔÏÒ ^W ÎÅ ËÏÍÕÔÕ¤ Ú ÎÅÌÏËÁÌØÎÉÍ Ï�ÅÒÁÔÏÒÏÍ ×ÚÁ-¤ÍÏÄ�§ (36), ÞÅÒÅÚ ÔÅe� ^W ^Veie ^W = ^Vei +Xn�1 ^Vn(w); (38)^Vn(w) = 1n!hh:::[ ^Vei; ^W ℄�; ^Wi�; :::; ^W| {z }n i�:ðÒÉ×ÅÄÅÍÏ ÔÕÔ ÄÌÑ �ÒÉËÌÁÄÕ Ä×Á �ÅÒÛÉÈ ËÏÍÕÔÁÔÏÒÉ:^V1(w) = 1V 2 Xq Xq0 S�q�2(q0 ;�q0)Xk;s a+k+q0 ;s ^R2(q;q0)aq;s ;



9 ðÒÅ�ÒÉÎÔ^V2(w) = 12V 3 Xq S�qXq0 �2(q0 ;�q0 ) � (39)�Xq00 �2(q00 ;�q00)Xk;s a+k+q0+q00 ;s R3(q;q0 ;q00)ak;s + 12V 3 ��Xq S�qXq0 �2(q0 ;�q0)Xq00 �2(q00 ;�q00 )�� Xk1;k2s1;s2 a+k1+q0 ;s1 a+k2+q00 ;s2 ^R3(q;q0 ;q00)ak2;s2 ak1;s1 :�ÕÔ ××ÅÄÅÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑ:^R2(q;q0 ) =Xk;s [Vei(k+ q� q0 ;k� q0 )� Vei(k+ q;k)℄��a+k+q�q0 ;sak;s;^R3(q;q0 ;q00) =Xk;s [Vei(k+ q� q0 � q00 ;k� q0 � q00 ) + (40)+Vei(k + q;k)� Vei(k+ q� q0 ;k� q0 )��Vei(k + q� q00 ;k� q00 )℄ a+k+q�q0�q00 ;s ak;s :õ ÆÏÒÍÕÌÁÈ (39) ×ÅËÔÏÒÉ q0 6= 0;q00 6= 0, Á q �ÒÉÊÍÁ¤ ×Ó� ÚÎÁÞÅÎ-ÎÑ, ×ËÌÀÞÁÀÞÉ ÎÕÌØÏ×Å. ëÏÍÕÔÁÔÏÒÉ ^Vn(w) ×�ÄÍ�ÎÎ� ×�Ä ÎÕÌÑ ÞÅÒÅÚÎÅÌÏËÁÌØÎ�ÓÔØ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ�× Vei(k+q;k). ïÓË�ÌØËÉ ÎÅÌÏËÁÌØ-Î�ÓÔØ × ��ÌÏÍÕ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÑË �Ï�ÒÁ×ËÕ ÄÏ ÌÏËÁÌØÎÉÈ ÚÎÁÞÅÎØVei(q; 0), ÔÏ Ï�ÅÒÁÔÏÒÉ ^Vn(w) ×�Ä�ÇÒÁÀÔØ ÒÏÌØ �Ï�ÒÁ×ÏË � ÍÏÖÕÔØÂÕÔÉ ×ÒÁÈÏ×ÁÎ� ÍÅÔÏÄÁÍÉ ÔÅÏÒ�§ ÚÂÕÒÅÎØ. ìÅÇËÏ �ÅÒÅËÏÎÁÔÉÓÑ, ÝÏÓÔÁÔÉÓÔÉÞÎ� ÓÅÒÅÄÎ� Ï�ÅÒÁÔÏÒ�× ^V1(w); ^V2(w) ÚÁ ÂÁÚÉÓÎÉÍ ÒÏÚ�ÏÄ�ÌÏÍ(ÁÂÏ ÚÁ ÓÔÁÎÁÍÉ �ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ) Ò�×Î� ÎÕÌÅ×�, ÎÁ ×�ÄÍ�ÎÕ ×�Ä Ï�Å-ÒÁÔÏÒÁ ^L(w).ðÒÉ ÎÁÛÏÍÕ ×ÉÂÏÒ� Ï�ÅÒÁÔÏÒÁ ^W ÓÕÍÁ Ï�ÅÒÁÔÏÒ�× ^V + ^L(w) ËÏÍÕ-ÔÕ¤ Ú ^K(w), Ú ^H0, Á ÔÁËÏÖ Ú Ï�ÅÒÁÔÏÒÏÍ exp(� ^w) ^Vei exp( ^w). õ �ØÏÍÕ×É�ÁÄËÕ ��( ^V + ^L(w)) = ^N2�V �1�0; (41)�0 = 1V Xq "q�22(q;�q):úÁÓÔÏÓÏ×ÕÀÞÉ ÚÏÂÒÁÖÅÎÎÑ ×ÚÁ¤ÍÏÄ�§, ÚÁ ÁÎÁÌÏÇ�¤À Ú ÆÏÒÍÕÌÏÀ (19)ÏÄÅÒÖÕ¤ÍÏ ÔÁËÉÊ ×ÉÒÁÚ ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ:
ICMP{99{06U 10Zei(�) = Zâ(�)hT ^S ^Seiiâ;^S = exp 8<:� �Z0 d�0 � ^K(wj�0 )9=; ; (42)^Sei = exp8<:� �Z0 d�0 [ ^Vei(�0 ) +Xn�1 ^Vn(wj�0 )℄9=; ;Á ^K(wj�0); ^Vei(�0 ); ^Vn(wj�0) { ×�Ä�Ï×�ÄÎ� Ï�ÅÒÁÔÏÒÉ Õ ÚÏÂÒÁÖÅÎÎ� ×ÚÁ-¤ÍÏÄ�§. õ ÞÁÓÔÏÔÎÏÍÕ ÚÏÂÒÁÖÅÎÎ� ÄÌÑ ÍÁÔÒÉ�� ^Sei ÍÁ¤ÍÏ:^Sei = exp 8><>:� 1V Xq S�qXk;s�� Vei(k+ q;k)a+k+q;s(��) ak;s(��) �� 1V 2 Xq S�qXq0� �2(q0 ;�q0) � (43)�Xk;s��1 a+k+q0 ;s(��1 + �) ^R2(q;q0 j�) ak;s(�1) + � � �9>>=>>; ;ÄÅ ^R2(q;q0 j�) =Xk;s��2 [Vei(k + q� q0 ;k� q0) � Vei(k + q;k)℄ �� a+k+q�q0 ;s(��2 � �) ak;s(��2 ) : (44)4. ãÉËÌ�ÞÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ÄÌÑ ��ÄÓÉÓÔÅÍÉ ÅÌÅËÔÒÏ-Î�× Õ �ÏÌ� �ÏÎ�×ðÏÂÕÄÕ¤ÍÏ ÔÕÔ �ÉËÌ�ÞÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ÄÌÑ ÌÏËÁÌØÎÏ§ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ÍÏÄÅÌ� ÍÅÔÁÌÕ (13), ÕÚÁÇÁÌØÎÀÀÞÉ ÍÅÔÏÄÉËÕ ÒÏÂÏÔÉ [1℄. îÅ ÂÕÄÅÍÏÚÁÓÔÏÓÏ×Õ×ÁÔÉ �ÉËÌ�ÞÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ÄÏ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ, Á ×ÉËÏ-ÎÁ¤ÍÏ ×�Ä�Ï×�ÄÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ÎÁ ÏÓÎÏ×� Ò�×ÎÏ�ÒÁ×ÎÏÇÏ ×ÒÁÈÕ×ÁÎ-ÎÑ ÑË Í�ÖÅÌÅËÔÒÏÎÎÉÈ, ÔÁË � ÅÌÅËÔÒÏÎ-�ÏÎÎÉÈ ×ÚÁ¤ÍÏÄ�Ê. úÁ�ÉÛÅÍÏÇÁÍ�ÌØÔÏÎ�ÁÎ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ × �ÏÌ� ÎÅÒÕÈÏÍÉÈ �ÏÎ�× (Ú ×ÒÁ-



11 ðÒÅ�ÒÉÎÔÈÕ×ÁÎÎÑÍ �ÁÒÎÉÈ ÅÆÅËÔÉ×ÎÉÈ Í�Ö�ÏÎÎÉÈ ×ÚÁ¤ÍÏÄ�Ê) ÎÁ ÂÁÚÉÓ� �ÌÏÓ-ËÉÈ È×ÉÌØ Õ ÔÁËÏÍÕ ×ÉÇÌÑÄ�:^Hei = ^H0 + ^V ; (45)^V = (2V )�1Xq fVq ^I2(q;�q) + 2Vei(q)^I1(q)S1(�q) +Vii(q)S2(q;�q)g:�ÕÔ ÆÕÎË��§ Sn(q1; :::;qn) ¤ n-ÞÁÓÔÉÎËÏ×ÉÍÉ ÓÔÒÕËÔÕÒÎÉÍÉ ÆÁËÔÏÒÁ-ÍÉ �ÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ, ÑËÕ ÍÉ Ï�ÉÓÕ¤ÍÏ × ËÏÏÒÄÉÎÁÔÎÏÍÕ ÚÏÂÒÁÖÅÎÎ�,Sn(q1; :::;qn) = NiXl1 6=l2 6=:::6=ln=1 exp fi[q1Rl1+q2Rl2+:::+qnRln ℄g; (46)Á Vii(q) { ÆÕÒ'¤-ÏÂÒÁÚ �ÏÔÅÎ��ÁÌÁ �ÅÒ×�ÓÎÏ§ Í�Ö�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§.óÔÒÕËÔÕÒÁ Ï�ÅÒÁÔÏÒÁ ×ÚÁ¤ÍÏÄ�§ ^V ��ÄËÁÚÕ¤ ×ÉÂ�Ò ÅÒÍ�ÔÏ×ÏÇÏ Ï�Å-ÒÁÔÏÒÁ ^W , ÑËÉÊ ËÏÍÕÔÕ¤ Ú Ï�ÅÒÁÔÏÒÁÍÉ ^V ÔÁ ^N . ÷ÉÂÅÒÅÍÏ ÊÏÇÏ Õ×ÉÇÌÑÄ� ÓÕÍÉ ÅÆÅËÔÉ×ÎÉÈ ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈ (ÚÁ ÅÌÅËÔÒÏÎÁÍÉ ÔÁ �Ï-ÎÁÍÉ) ×ÚÁ¤ÍÏÄ�Ê:^Wei = Xn�2 ^Wn; (47)^Wn = V 1�n nXl=0 [l!(n� l)!℄�1 Xq1;:::;qn 6=0 �l;n�l(q1; :::;qn) �� ^Il(q1; :::;ql)Sn�l(ql+1; :::;qn) Æq1+:::+qn;0:æ�ÚÉÞÎÉÊ ÚÍ�ÓÔ ËÏÅÆ���¤ÎÔÎÉÈ ÆÕÎË��Ê �l;n�l(q1; :::;qn) ÔÁËÉÊ ÓÁ-ÍÉÊ, ÑË � Õ ×É�ÁÄËÕ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ: �n;0(q1; :::;qn) Ï�É-ÓÕ¤ ÅÆÅËÔÉ×ÎÕ n-ÅÌÅËÔÒÏÎÎÕ ×ÚÁ¤ÍÏÄ�À, �0;n(q1; :::;qn) { ÅÆÅËÔÉ×-ÎÕ ×ÚÁ¤ÍÏÄ�À Í�Ö n �ÏÎÁÍÉ, Á �l;n�l(q1; :::qn) Ï�ÉÓÕ¤ ÅÆÅËÔÉ×ÎÕ n-ÞÁÓÔÉÎËÏ×Õ ×ÚÁ¤ÍÏÄ�À (ÝÏ ÎÅ Ú×ÏÄÉÔØÓÑ ÄÏ ÎÉÖÞÏÇÏ �ÏÒÑÄËÕ) × ËÏÍ-�ÌÅËÓ� n ÞÁÓÔÉÎÏË, ÓÅÒÅÄ ÑËÉÈ ¤ l ÅÌÅËÔÒÏÎ�× � n� l �ÏÎ�×.äÌÑ ËÏÅÆ���¤ÎÔÎÉÈÆÕÎË��Ê ÏÄÅÒÖÕ¤ÍÏ ÓÉÓÔÅÍÕ �ÎÔÅÇÒÁÌØÎÉÈ Ò�×-ÎÑÎØ ÔÉ�Õ ÚÇÏÒÔËÉ, ÑËÁ ÕÚÁÇÁÌØÎÀ¤ ÁÎÁÌÏÇ�ÞÎ� Ò�×ÎÑÎÎÑ ÄÌÑ ÍÏÄÅÌ�ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ [1℄:^V + ^Lw = ^V0 + ^N2V �2Xq6=0 "q�22;0(q;�q) + (48)+ ^NNiV �2Xq6=0 "q�21;1(q;�q);
ICMP{99{06U 12�Vn;0(q1; :::;qn) + Xm�2	(m)n;0 (q1; :::;qn) + 2NV �1�22(q1;�q1)��"q1 Æn;2 + (1� Æn;2)�n(q1; :::;qn) �n;0(q1; :::;qn) = 0;�Vei(q) + 2NV �1"q�2;0(q;�q)�1;1(q;�q) ++Xm�2	(m)1;1 (q;�q) = 0;�0;2(q;�q) = �f�Vii(q) + 2NV �1"q�21;1(q;�q) ++Xm�3	(m)0;2 (q;�q)g; :::�ÁËÉÍ ÞÉÎÏÍ, Ò�×ÎÑÎÎÑ ÄÌÑ �n;0(q1; :::;qn) ÚÂ�ÇÁÀÔØÓÑ Ú Ò�×ÎÑÎÎÑ-ÍÉ ÄÌÑ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ, ÝÏ ÚÕÍÏ×ÌÅÎÏ ÁÄ�ÁÂÁÔÉÞÎ�ÓÔÀ ÚÁ-ÄÁÞ�. ò�×ÎÑÎÎÑ ÄÌÑ �1;1(q;�q) ×�ÄÚÎÁÞÁ¤ÔØÓÑ ÓÌÁÂÛÏÀ ÎÅÌ�Î�ÊÎ�ÓÔÀ,Á �0;2(q;�q) ×ÉÚÎÁÞÁ¤ÔØÓÑ ÞÅÒÅÚ �2;0(q;�q), �1;1(q;�q) ÔÁ ÅÌÅËÔÒÏÎ-�ÏÎÎ� ÆÕÎË��§ ×ÉÝÏÇÏ �ÏÒÑÄËÕ. îÁ×ÅÄÅÍÏ Ó�ÉÓÏË �ÏÚÎÁÞÅÎØ, ÝÏ ×É-ËÏÒÉÓÔÁÎ� �ÒÉ ÚÁ�ÉÓ� ÓÉÓÔÅÍÉ (48):^V0 = (2V )�1f ^N2Vq + 2 ^NNiVei(q) +N2i Vii(q)gjq=0 ;V2;0(q;�q) = Vq ;V3;0(q1;q2;q3) = h2(2m)�1Æq1+q2+q3;0 �� 3Xi 6=j=1(qi;qj)�2(qi;�qi)�2(qj ;�qj) ; (49)V4;0(q1;�q1;q2;�q2) = �4h2m�1�3(�q1;q2;q1 � q2) �� f(q1;q1 � q2)�2(q1;�q1) + (q2;q2 � q1)�2(q2;�q2g ; :::	(2)2;0(q;�q) = h2m�1V �1Xq1 (q1;q1 � q)�2(q1;�q1) �� �2(q� q1;q1 � q) ;	(3)2;0(q;�qj�) = 2h2m�1N (�)V �2Xq1 fq21 + (q1;q1 � q)g �� �2(q1;�q1)�3(�q1;q;q1 � q) ;	(4)2;0(q;�q) = h2N2m�1V �3Xq1 q21�2(q1;�q1) ��4(q1;�q1;q;�q) ;�n;0(q1; :::;qn) = h2m�1N (�)V �1 nXi=1 q2i �2(qi;�qi) :



13 ðÒÅ�ÒÉÎÔ	(2)1;1(q;�q) = ��h2(2mV )�1Xq1 (q1;q� q1)�1;1(q;�q1)���1;1(q1 � q;q� q1);	(3)1;1(q;�q) = �h2Ni(2mV 2)�1Xq1 (q1;q1 � q)�1;1(q1;�q1) ���1;2(q � q1;q1;�q) +N�h2(mV 2)�1Xq1 fq21�1;1(q1;�q1) ���2;0(q1;�q1)[(q;q1) + (q;q1 � q)℄g �� �2;1(q1;�q;q� q1);	(3)0;2(q;�q) = ��h2N (2mV 2)�1Xq1 q21�1;1(q1;�q1) ���1;2(q1;q;�q� q1);ðÅÒÅÈÏÄÑÞÉ ÄÏ ÞÁÓÔÏÔÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ, ÄÌÑ S-ÍÁÔÒÉ�� ÏÄÅÒÖÕ¤ÍÏ× �ØÏÍÕ ×ÁÒ�ÁÎÔ�:^S = ~T exp 8<:��h2m Xn�2V 1�n nXl=1 [l!(n� l)!℄�1�� Xq1;:::;qn �l;n�l(q1; :::;qn) Æq1+:::+qn;0 � (50)� X�1;:::;�l �1�lÆ�1+:::+�l;0 ^fx1 ^�x2 � � � ^�xlSn�l(ql+1; :::;qn)) :ò�×ÎÑÎÎÑ ÄÌÑ ×Ó�È ÆÕÎË��Ê �l;n�l(q1; :::;qn) �ÒÉ l 6= 0 ÍÁÀÔØ ÏÄÎÁ-ËÏ×Õ ÓÔÒÕËÔÕÒÕ, �ÏÄ�ÂÎÕ ÄÏ ÓÔÒÕËÔÕÒÉ Ò�×ÎÑÎØ ÄÌÑ ÆÕÎË��Ê �n(q1; :::;qn)Õ ×É�ÁÄËÕ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ.òÏÚÇÌÑÎÅÍÏ Â�ÌØÛ ÄÅÔÁÌØÎÏ Ò�×ÎÑÎÎÑ ÄÌÑ ÆÕÎË��§ �1;1(q;�q). ÷ÎÁÊ�ÒÏÓÔ�ÛÏÍÕ ÎÁÂÌÉÖÅÎÎ� ×ÒÁÈÕ¤ÍÏ ÌÉÛÅ 	(2)1;1(q;�q), �ÏËÌÁÄÁÀÞÉÒ�×ÎÉÍÉ ÎÕÌÅ×� 	(m)1;1 (q;�q) �ÒÉ m � 3. ÷×ÅÄÅÍÏ ÂÅÚÒÏÚÍ�ÒÎÕ ÚÍ�ÎÎÕx = qa0n�1=3, ÄÅ n = NV 4�a30, ÔÁ ÂÅÚÒÏÚÍ�ÒÎÕ ÆÕÎË��Ày1;1(x) = �1;1(q;�q) � n7=6(4�a30)�1; (51)Á ÔÁËÏÖ �ÒÅÄÓÔÁ×ÉÍÏ �ÅÒ×�ÓÎÉÊ �ÏÔÅÎ��ÁÌ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§× ÂÅÚÒÏÚÍ�ÒÎ�Ê ÆÏÒÍ�:Vei(q) = 4�e2a20 n�2=3vei(x): (52)
ICMP{99{06U 14÷ �ÒÉÊÎÑÔÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÏÄÅÒÖÕ¤ÍÏ ÔÁËÅ Ò�×ÎÑÎÎÑ ÄÌÑ y1;1(x):x2y2(x)y1;1(x)� vei(x)� (4�2)�1 � (53)� Z dx1(x1;x� x1)y1;1(x1)y1;1(jx� x1j) = 0:æÕÎË��Ñ y2(x) = (4�a30)�1n7=6�2;0(q;�q) ÄÏÓÌ�ÄÖÅÎÁ × ÒÏÂÏÔ� [1℄. ÷Ï-ÎÁ ¤ ÕÎ�×ÅÒÓÁÌØÎÏÀ ÆÕÎË��¤À, ÎÅÚÁÌÅÖÎÏÀ ×�Ä ÂÕÄØ-ÑËÉÈ Æ�ÚÉÞÎÉÈ�ÁÒÁÍÅÔÒ�× ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ. ñË ×ÉÄÎÏ Ú Ò�×ÎÑÎÎÑ (53),ÔÁËÕ Ö ÕÎ�×ÅÒÓÁÌØÎ�ÓÔØ ÍÁ¤ y1;1(x), ÏÄÎÁË ×ÏÎÁ ÚÁÌÅÖÉÔØ ×�Ä �ÁÒÁ-ÍÅÔÒ�× �ÏÔÅÎ��ÁÌÕ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§.äÌÑ ÍÏÄÅÌØÎÏÇÏ �ÏÔÅÎ-��ÁÌÕ ÔÉ�Õ ëÒÁÓËÁ-çÕÒÓØËÏÇÏ [9℄Vei(r) = �Ze2a0� f1� e���[1 + �℄g; � � j�j =a0; (54)ÍÁ¤ÍÏ ÔÁËÉÊ ÆÕÒ'¤-ÏÂÒÁÚ Õ ÂÅÚÒÏÚÍ�ÒÎÉÈ ÚÍ�ÎÎÉÈvei(x) = � zx2 � a�4 + x2a�(a� � 2�)(x2 + a�2)2 ; (55)ÄÅ �� � �n�1=3; � � n�1=3.âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ ÁÓÉÍ�ÔÏÔÉËÕ ÆÕÎË��§ y2(x), Á ÔÁËÏÖ ÔÅ, ÝÏ �ÎÔÅ-ÇÒÁÌØÎÉÊ ÞÌÅÎ Õ Ò�×ÎÑÎÎ� (53) �ÒÑÍÕ¤ ÄÏ �ÏÓÔ�ÊÎÏ§ �ÒÉ x ! 0, ÚÎÁ-ÈÏÄÉÍÏ ÄÏ×ÇÏÈ×ÉÌØÏ×Õ ÁÓÉÍ�ÔÏÔÉËÕ y1;1(x):y1;1(x)�!x!0�vei(x): (56)HÁ ÒÉÓ. 1 ÚÏÂÒÁÖÅÎÏ ÆÕÎË��À Z1;1(x) = y1;1(x)x2 Õ ×É�ÁÄËÕ ÍÅÔÁÌ�Þ-ÎÏÇÏ ×ÏÄÎÀ (�� = 1; Z = 1), Á ÎÁ ÒÉÓ. 2 { ÄÌÑ Ì�Ô�À. ñË ÂÁÞÉÍÏ,ÒÏÚ×'ÑÚÏË Ò�×ÎÑÎÎÑ (53) Õ ×É�ÁÄËÕ ×ÏÄÎÀ ¤ ÄÏÄÁÔÎØÏÀ ÆÕÎË��¤À, Á Õ×É�ÁÄËÕ Ì�Ô�À { ÚÎÁËÏÚÍ�ÎÎÏÀ ÆÕÎË��¤À, ÑËÁ ÎÁÂÕ×Á¤ ×�Ä'¤ÍÎÉÈ ÚÎÁ-ÞÅÎØ �ÒÉ ×ÅÌÉËÉÈ x. ïÄÎÁË ÚÁ ÁÂÓÏÌÀÔÎÏÀ ×ÅÌÉÞÉÎÏÀ × ��Ê ÏÂÌÁÓÔ�×�Î ¤ ÎÁÂÁÇÁÔÏ ÍÅÎÛÉÊ ÚÁ ÚÎÁÞÅÎÎÑ �ÏÔÅÎ��ÁÌÕ Vei(x). �ÏÂÔÏ ÆÕÎË-��Ñ y1;1(x) ¤ ÍÁÌÏ ÞÕÔÌÉ×ÏÀ ÄÏ ÈÁÒÁËÔÅÒÕ �ÏÔÅÎ��ÁÌÕ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§×ÚÁ¤ÍÏÄ�§ ÎÁ ÍÁÌÉÈ ×�ÄÓÔÁÎÑÈ (× ËÏÒÏÔËÏÈ×ÉÌØÏ×�Ê ÏÂÌÁÓÔ�).òÏÚÒÁÈÕÎÏË ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÓÅÒÅÄÎØÏÇÏ S-ÍÁÔÒÉ�� (50) × �ØÏÍÕ ×Á-Ò�ÁÎÔ� ÚÏÂÒÁÖÅÎÎÑ ÚÍ�ÝÅÎØ �ÒÏ×ÏÄÉÔØÓÑ ÔÁË ÓÁÍÏ, ÑË � × ÒÏÂÏÔ� [1℄.÷�ÌØÎÁ ÅÎÅÒÇ�Ñ ÍÏÄÅÌ� ÚÏÂÒÁÖÁ¤ÔØÓÑ Õ ×ÉÇÌÑÄ� (32), ÏÄÎÁË × ÅÎÅÒÇ�§�ÏÎÁ × ÓÅÒÅÄÏ×ÉÝ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ ! � ÅÆÅËÔÉ×ÎÉÈ �ÏÔÅÎ��ÁÌÁÈÍ�Ö�ÏÎÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ÚÁÍ�ÓÔØ Vei(q) ÔÅ�ÅÒ Æ�ÇÕÒÕ¤ ÆÕÎË��ÑY2(q) = 2NV �1;1(q;�q)�2;0(q;�q)"q : (57)



15 ðÒÅ�ÒÉÎÔãÅ ÓÌÁÂËÉÊ �ÅÒÅÎÏÒÍÏ×ÁÎÉÊ �ÏÔÅÎ��ÁÌ, ÑËÉÊ ÍÁÌÏ ÞÕÔÌÉ×ÉÊ ÄÏ ËÏ-ÒÏÔËÏÓÑÖÎÏ§ ÞÁÓÔÉÎÉ �ÅÒ×�ÓÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ×ÚÁ¤ÍÏ-Ä�§, ×�Î ÚÁÂÅÚ�ÅÞÕ¤ Û×ÉÄËÕ ÚÂ�ÖÎ�ÓÔØ ÒÑÄ�× ÔÅÏÒ�§ ÚÂÕÒÅÎØ.÷ ÎÁÂÌÉÖÅÎÎ� �ÁÒÎÉÈ ÅÆÅËÔÉ×ÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ÍÁ¤ÍÏ:! = NV �1Vei(0)� 12!V 2 Xq Y 22 (q)~�2(q;�q; 0; 0) ++ 13! Xq1;q2 ~�3(q1;q2;�q1 � q2; 0; :::; 0)� (58)�Y2(q1)Y2(q2)Y2(q1 + q2) + ::: ;�2(q) = Vii(q)� ~�2(q;�q; 0; 0)Y 22 (q)V �1 + V �2Y2(q)Xq2 �� Y2(q2)Y2(q + q2)~�2(q;q2;�q� q2; 0; :::;0)::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::�ÕÔ ~�n(q1; :::;qn; 0; :::; 0) { ÓÔÁÔÉÞÎ� ÇÒÁÎÉ�� n-ÞÁÓÔÉÎËÏ×ÉÈ ËÏÒÅÌÑ��Ê-ÎÉÈ ÆÕÎË��Ê.5. ðÏÔÅÎ��ÁÌÉ ÅÆÅËÔÉ×ÎÉÈ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏ-Ä�Ê × �ÏÎÎ�Ê ÍÏÄÅÌ� ÍÅÔÁÌÕ. åÎÅÒÇ�Ñ Ú×'ÑÚËÕ �ÒÏ-ÓÔÉÈ ÍÅÔÁÌ�×HÁ×ÅÄÅÍÏ × �ØÏÍÕ ÒÏÚÄ�Ì� �ÏÔÅÎ��ÁÌÉ ÅÆÅËÔÉ×ÎÏ§ Ä×Ï�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§(�Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÒÑÍÏÇÏ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ �ÏÎ�× ÚÁ ÚÁËÏÎÏÍ ëÕÌÏÎÁ)ÄÌÑ ÍÅÔÁÌ�ÞÎÏÇÏ ×ÏÄÎÀ (ÒÉÓ. 3) ÔÁ Ì�Ô�À (ÒÉÓ. 4)~�2(Ri �Rj) = Ze2jRi �Rjj + 1V Xq eiq(Ri�Rj)�2(q) (59)× Ò�ÚÎÉÈ ÎÁÂÌÉÖÅÎÎÑÈ: ËÒÉ×Á 1 ×�Ä�Ï×�ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ ÈÁÏÔÉÞÎÉÈÆÁÚ Ú×ÉÞÁÊÎÏ§ ÔÅÏÒ�§ ÚÂÕÒÅÎØ, ËÒÉ×Á 2 { �ÅÒÅÎÏÒÍÏ×ÁÎ�Ê ÔÅÏÒ�§ ÚÂÕ-ÒÅÎØ ×�ÄÎÏÓÎÏ Í�ÖÅÌÅËÔÒÏÎÎÉÈ ÔÁ ÅÌÅËÔÒÏÎ-�ÏÎÎÉÈ ×ÚÁ¤ÍÏÄ�Ê.ñË ÂÁÞÉÍÏ Ú ÒÉÓÕÎË�×, ËÏÒÅËÔÎ� ÒÅÚÕÌØÔÁÔÉ ÏÄÅÒÖÕÀÔØÓÑ ÌÉÛÅ�ÒÉ �ÅÒÅÎÏÒÍÕ×ÁÎÎ� Í�ÖÅÌÅËÔÒÏÎÎÉÈ ÔÁ ÅÌÅËÔÒÏÎ-�ÏÎÎÉÈ ×ÚÁ¤ÍÏÄ�Ê.ðÅÒÅÎÏÒÍÏ×ÁÎÁ ÔÅÏÒ�Ñ ÚÂÕÒÅÎØ ÚÁ ÓÔÅ�ÅÎÑÍÉ ÅÆÅËÔÉ×ÎÏÇÏ �ÏÔÅÎ��Á-ÌÕ Yei(q) �ÒÉ×ÏÄÉÔØ ÄÏ ÔÏÇÏ, ÝÏ ÂÁÇÁÔÏ�ÏÎÎ� ×ÚÁ¤ÍÏÄ�§ �n(R1; :::; Rn)�ÒÉ n � 3 ×�Ä�ÇÒÁÀÔØ ÒÏÌØ �Ï�ÒÁ×ÏË, Á ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚÄÁ¤ ÔÁË� Ö ÒÅÚÕÌØÔÁÔÉ, ÑË �ÒÉ ×ÒÁÈÕ×ÁÎÎ� �Ï�ÒÁ×ÏË ÎÁ ÌÏËÁÌØÎÅ �Ï-ÌÅ × ÒÁÍËÁÈ Ú×ÉÞÁÊÎÏ§ ÔÅÏÒ�§ ÚÂÕÒÅÎØ.
ICMP{99{06U 16ðÏÔÅÎ��ÁÌÉ ÅÆÅËÔÉ×ÎÉÈ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ�Ê ¤ Í�ËÒÏÓËÏ-��ÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ, Á §È �ÒÑÍÁ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÁ �ÎÔÅÒ�ÒÅ-ÔÁ��Ñ ÓËÌÁÄÁ¤ ×ÁÖËÕ � ÎÅÏÄÎÏÚÎÁÞÎÕ ÚÁÄÁÞÕ. ìÉÛÅ ÒÏÚÒÁÈÕÎÏË ÍÁ-ËÒÏÓËÏ��ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË � §È �ÏÒ�×ÎÑÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉ-ÍÉ ÄÁÎÉÍÉ ÄÏÚ×ÏÌÑ¤ ×ÓÔÁÎÏ×ÉÔÉ ÄÏÓÔÏ×�ÒÎ�ÓÔØ ÒÅÚÕÌØÔÁÔ�× � ÄÏ�Õ-ÓÔÉÍ�ÓÔØ �ÒÉÊÎÑÔÉÈ ÎÁÂÌÉÖÅÎØ. �ÁËÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ ¤ �ÒÕÖ-Î� ÓÔÁÌ� � ÅÎÅÒÇ�Ñ Ú×'ÑÚËÕ ÍÅÔÁÌÕ.úÇ�ÄÎÏ Ú ÆÏÒÍÕÌÁÍÉ (32), (35) Õ ÎÁÂÌÉÖÅÎÎ� ÓÔÁÔÉÞÎÉÈ �ÏÎ�× (ÝÏÄÏ�ÕÓÔÉÍÏ × ÏÂÌÁÓÔ� ÔÅÍ�ÅÒÁÔÕÒ, ÎÁÂÁÇÁÔÏ ÎÉÖÞÉÈ ÚÁ ÔÅÍ�ÅÒÁÔÕÒÕäÅÂÁÑ) ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÅÎÅÒÇ�§ ÍÅÔÁÌÕ ×ÉÚÎÁÞÁ¤ÔØÓÑ ×ÉÒÁÚÏÍEM = Ee:p:+Ni!+ 12!Xi+j ~�2(Ri�Rj) + 13! Xi 6=j 6=k�3(Ri;RjRk)+ ::: ;(60)× ÑËÏÍÕ Ee:p: { ÅÎÅÒÇ�Ñ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ.ýÏÂ ÚÎÁÊÔÉ ÅÎÅÒ-Ç�À Ú×'ÑÚËÕ ÍÅÔÁÌÕ, ÓÌ�Ä ×�ÄÎÑÔÉ ×�Ä EM ÓÕÍÁÒÎÕ ÅÎÅÒÇ�À Ni �ÚÏÌØÏ-×ÁÎÉÈ ÁÔÏÍ�× Õ ×ÁËÕÕÍ�. ÷ ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÉÎ �ÏÎ �Å ÄÁ¤ ÔÁËÉÊ ×ÉÒÁÚÄÌÑ ÅÎÅÒÇ�§ Ú×'ÑÚËÕ ÍÅÔÁÌÕ"Ú× = N�1i [EM � NiEam℄ = ! + Z e22a0 "(rs) + Ez�ÏÎ + (61)+ 12!Xn�1 ~�2(Rn)An + 1Ni3! Xi 6=j 6=k�3(Ri;Rj;Rk) + ::: :�ÕÔ Z { ×ÁÌÅÎÔÎ�ÓÔØ �ÏÎÁ, "(rs) { ÂÅÚÒÏÚÍ�ÒÎÁ (× Ò�ÄÂÅÒÇÁÈ ÎÁ ÅÌÅË-ÔÒÏÎ) ÅÎÅÒÇ�Ñ ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ, Rn { ÒÁÄ�ÕÓ n-Ï§ ËÏÏÒÄÉÎÁ��ÊÎÏ§ÓÆÅÒÉ, ÎÁ ÑË�Ê ÒÏÚÍ�ÝÅÎÏ An ÓÕÓ�Ä�× �ÏÎÁ, ÝÏ ÚÎÁÈÏÄÉÔØÓÑ × �ÏÞÁÔËÕËÏÏÒÄÉÎÁÔ, � Ô.Ä.; Ez�ÏÎ { ÓÕÍÁ ÅÎÅÒÇ�Ê Z �ÏÓÌ�ÄÏ×ÎÉÈ �ÏÎ�ÚÁ��Ê ÁÔÏÍÁ(Ez�ÏÎ > 0). òÏÚÒÁÈÏ×ÁÎ� ÎÁÍÉ ÅÎÅÒÇ�§ Ú×'ÑÚËÕ �ÒÏÓÔÉÈ ÍÅÔÁÌ�× ÎÁ×Å-ÄÅÎ� × ÔÁÂÌÉ�� 1. �ÁÂÌÉ�Ñ 1.åÎÅÒÇ�Ñ Ú×'ÑÚËÕ ÎÅ�ÅÒÅÈ�ÄÎÉÈ ÍÅÔÁÌ�×, RyíÅÔÁÌ Li Na K Mg Zn Al Pb�"Ú×; (61) 0.482 0.445 0.374 1.655 1.86 3.82 6.97�"ÅËÓ�Ú× ; [10℄ 0.51 0.46 0.39 1.78 2.1 4.14 7.24÷ÒÁÈÏ×Õ×ÁÌÉÓØ ÌÉÛÅ �ÁÒÎ� ÅÆÅËÔÉ×Î� ×ÚÁ¤ÍÏÄ�§ �ÏÎ�× ~�2(Ri�Rj),ÔÒÉÞÁÓÔÉÎËÏ×� ×ÚÁ¤ÍÏÄ�§ ÎÅ �ÒÉÊÍÁÌÉÓØ ÄÏ Õ×ÁÇÉ. ñË ÂÁÞÉÍÏ Ú ÔÁ-ÂÌÉ��, ×�ÄÎÏÓÎÅ ×�ÄÈÉÌÅÎÎÑ ×�Ä ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÚÎÁÞÅÎØ "ÅËÓ�Ú× [10℄ÓËÌÁÄÁ¤ ÍÅÎÛÅ 8%.
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òÉÓ. 1. æÕÎË��Ñ Z1;1(x) Õ ×É�ÁÄËÕ ÍÅÔÁÌ�ÞÎÏÇÏ ×ÏÄÎÀ
òÉÓ. 2. æÕÎË��Ñ Z1;1(x) Õ ×É�ÁÄËÕ Ì�Ô�À
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òÉÓ. 3. ëÒÉ×� �ÏÔÅÎ��ÁÌ�× Ä×Ï�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÄÌÑ ÍÅÔÁÌ�ÞÎÏÇÏ ×ÏÄÎÀ
òÉÓ. 4. ëÒÉ×� �ÏÔÅÎ��ÁÌ�× Ä×Ï�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÄÌÑ Ì�Ô�À
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