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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�ðÏ�ÒÁ×ËÁ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ¤ ÏÄÎ�¤À Ú ÆÕÎÄÁÍÅÎÔÁÌØÎÉÈ ÈÁÒÁËÔÅ-ÒÉÓÔÉË ÓÉÓÔÅÍ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÞÁÓÔÉÎÏË. õ ÔÒÁÄÉ��ÊÎÏÍÕ ×ÁÒ�ÁÎÔ� ×Ï-ÎÁ �ÒÉÓÔÏÓÏ×ÁÎÁ ÄÏ ÒÏÚÒÁÈÕÎËÕ �ÎÔÅÇÒÁÌØÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË. ÷ÉËÏ-ÒÉÓÔÁÎÎÑ ÎÅÌÏËÁÌØÎÉÈ ÆÕÎË��Ê, ÂÌÉÚØËÉÈ ÄÏ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ�ÏÌÅ, Á ÓÁÍÅ §§ ×ÁÒ�Á��ÊÎÉÈ �ÏÈ�ÄÎÉÈ, ÄÏÚ×ÏÌÑ¤ ÒÏÚÛÉÒÉÔÉ ËÏÎ�Å���ÀÌÏËÁÌØÎÏÇÏ �ÏÌÑ � ÚÁÓÔÏÓÏ×Õ×ÁÔÉ §§ ÄÏ ÒÏÚÒÁÈÕÎË�× ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈÈÁÒÁËÔÅÒÉÓÔÉË [1℄. HÁÊ�Ï×Î�ÛÅ �Ï�ÒÁ×ËÁ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ×É×ÞÅÎÁÕ ×É�ÁÄËÕ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ,ÝÏ ÚÕÍÏ×ÌÅÎÏ§§ ×ÉËÏÒÉÓÔÁÎÎÑÍ × ÔÅÏÒ�§ ÍÅÔÁÌ�× [1{3℄. õ ÒÏÂÏÔÁÈ [1,4℄ �ÏËÁÚÁÎÏ, ÝÏÆÏÒÍÁ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÓÕÔÔ¤×Ï ÚÁÌÅÖÉÔØ ×�Ä ÄÏ×ÇÏÈ×É-ÌØÏ×Ï§ ÁÓÉÍ�ÔÏÔÉËÉ �ÏÔÅÎ��ÁÌÁ Ä×ÏÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§, Á ÔÁËÏÖ×�Ä ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒÁ ÎÅ�ÄÅÁÌØÎÏÓÔ�.ïÄÎ�¤À Ú ÎÅ×ÉÒ�ÛÅÎÉÈ ÚÁÄÁÞ, ÝÏ ÓÔÁÎÏ×ÉÔØ ÑË Å×Ò�ÓÔÉÞÎÉÊ, ÔÁË ��ÒÁËÔÉÞÎÉÊ �ÎÔÅÒÅÓ, ¤ ×É×ÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� �Ï�ÒÁ×-ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ×ÉÒÏÄÖÅÎÉÈ ÆÅÒÍ�-ÓÉÓÔÅÍ. íÉ ÄÏÓÌ�ÄÉÌÉ �ÀÚÁÌÅÖÎ�ÓÔØ Õ ÒÁÍËÁÈ ÂÁÚÉÓÎÏÇÏ ��ÄÈÏÄÕ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÎÁÂÌÉÖÅÎ��ÎÔÅÇÒÁÌØÎ� Ò�×ÎÑÎÎÑ ÄÌÑ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ [1℄, ×É×ÅÄÅÎ� ÎÁÏÓÎÏ×� Ó�ÅËÔÒÁÌØÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈ ËÏÒÅÌÑ��ÊÎÉÈÆÕÎË��Ê �ÄÅÁÌØÎÏ§ (ÂÁÚÉÓÎÏ§) ÓÉÓÔÅÍÉ (ÒÏÚÄ�Ì 3).õ ÞÅÔ×ÅÒÔÏÍÕ ÒÏÚÄ�-Ì� ÁÎÁÌ�ÔÉÞÎÏ ÄÏÓÌ�ÄÖÅÎÁ ÔÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÄÏ×ÇÏÈ×ÉÌØÏ×Ï§ÇÒÁÎÉ�� ÄÉÎÁÍ�ÞÎÏ§ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÓÌÁÂÏ ÎÅ�ÄÅÁÌØÎÉÈÓÉÓÔÅÍ ÔÁ §§ ÚÍ�ÎÉ, ÚÕÍÏ×ÌÅÎ� ÆÏÒÍÏÀ �ÏÔÅÎ��ÁÌÁ ×ÚÁ¤ÍÏÄ�§ ÁÂÏ ÚÎÁ-ÞÅÎÎÑÍ �ÁÒÁÍÅÔÒÁ ÎÅ�ÄÅÁÌØÎÏÓÔ�. òÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÉÈ ÒÏÚÒÁÈÕÎË�×�Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ �ÒÉ ×�ÄÍ�ÎÎÉÈ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈ �ÏÄÁÎ� Õ �'ÑÔÏÍÕ ÒÏÚÄ�Ì�.2. ò�×ÎÑÎÎÑ ÄÌÑ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅõ ÎÁÂÌÉÖÅÎÎ� ÏÄÎÏ- ÔÁ Ä×ÏË�ÌØ�Å×ÉÈ "ÄÒÁÂÉÎÞÁÔÉÈ" Ä�ÁÇÒÁÍ ÄÌÑ�ÏÌÑÒÉÚÁ��ÊÎÏÇÏ Ï�ÅÒÁÔÏÒÁ Õ ÒÏÂÏÔ� [1℄ ÏÔÒÉÍÁÎÏ �ÎÔÅÇÒÁÌØÎ� Ò�×-ÎÑÎÎÑ ÄÌÑ ÄÉÎÁÍ�ÞÎÏ§ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÆÅÒÍ�-ÓÉÓÔÅÍÉÚ ÄÏ×�ÌØÎÉÍ ÌÏËÁÌØÎÉÍ �ÏÔÅÎ��ÁÌÏÍ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ Í�Ö ÞÁÓÔÉÎ-ËÁÍÉ. õ ×�Ä�Ï×�ÄÎÏÓÔ� Ú ×ÒÁÈÕ×ÁÎÎÑÍ Ä×ÏÈ ÔÉ��× Ä�ÁÇÒÁÍ �Ï�ÒÁ×ËÁÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ �ÒÅÄÓÔÁ×ÌÑ¤ÔØÓÑ Õ ×ÉÇÌÑÄ� ÓÕÍÉ Ä×ÏÈ ÄÏÄÁÎË�×(G(x) = G1(x) + G2(x)), ÝÏ ÚÁÄÏ×�ÌØÎÑÀÔØ ÔÁË�Ê ÓÉÓÔÅÍ� Ò�×ÎÑÎØ:Gi(x) +Xx1 �i(x; x1)G2(x1) = GRPAi (x); i = 1; 2: (1)
ICMP{99{18U 2�ÕÔ x = (q; �), ÄÅ q { È×ÉÌØÏ×ÉÊ ×ÅËÔÏÒ, �n = 2�nT { �ÁÒÎÁ íÁ-�ÕÂÁÒ�×ÓØËÁ ÞÁÓÔÏÔÁ [5℄, T { ÔÅÍ�ÅÒÁÔÕÒÁ ÓÉÓÔÅÍÉ. ñÄÒÁ Ò�×ÎÑÎØ (1)×ÉÚÎÁÞÁÀÔØÓÑ ËÕÍÕÌÑÎÔÎÉÍÉ ËÏÒÅÌÑ��ÊÎÉÍÉ ÆÕÎË��ÑÍÉ �ÄÅÁÌØÎÏ§ÓÉÓÔÅÍÉ �0n(x1; : : : ; xn) ÔÁ ÆÕÒ'¤-ÏÂÒÁÚÏÍ �ÏÔÅÎ��ÁÌÁ ×ÚÁ¤ÍÏÄ�§ Vq:�1(x; x1)=�Vq1�04(x;�x; x1;�x1)2�Vq [�02(x;�x)℄2 ; (2)�2(x; x1)=Vq1V0(x+x1)[~�03(x; x1;�x�x1)℄22V Vq�[~�02(x;�x)℄2 ;ÄÅ V { ÏÂ'¤Í ÓÉÓÔÅÍÉ, V0(x) { �ÏÔÅÎ��ÁÌ, ÄÉÎÁÍ�ÞÎÏ ÅËÒÁÎÏ×ÁÎÉÊ ÕÎÁÂÌÉÖÅÎÎ� ÈÁÏÔÉÞÎÉÈ ÆÁÚ,V0(x) = Vqf1 + L(x)g�1; L(x) = V �1 Vq �02(x;�x); (3)Gi(x)RPA { ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ÄÌÑ ×�Ä�Ï×�ÄÎÉÈ ÄÏÄÁÎË�×:GRPAi (x) =Xx1 �i(x; x1) f1 + L(x1)g�1: (4)äÏÄÁÎÏË G1(x) ×�Ä�Ï×�ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ ÓÌÁÂÏ ÎÅ�ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍ.HÅÈÔÕÀÞÉ G2(x) � ÅËÒÁÎÕ×ÁÎÎÑÍ × G1(x), ÚÎÁÈÏÄÉÍÏ �Ï�ÒÁ×ËÕ ÎÁÌÏËÁÌØÎÅ �ÏÌÅ × ÇÒÁÎÉ�� ÓÌÁÂÏ ÎÅ�ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉGid(x) =Xx1 �1(x; x1); (5)ÑËÁ ÎÅ ÚÁÌÅÖÉÔØ ×�Ä ËÏÎÓÔÁÎÔÉ ×ÚÁ¤ÍÏÄ�§, ÁÌÅ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÔÉ�ÏÍ�ÏÔÅÎ��ÁÌÁ Vq. õ ×É�ÁÄËÕ ËÕÌÏÎ�×ÓØËÏÇÏ �ÏÔÅÎ��ÁÌÁ �ÒÉ T = 0KGid(x) ¤ ÕÎ�×ÅÒÓÁÌØÎÏÀ ÆÕÎË��¤À, ÎÅÚÁÌÅÖÎÏÀ ×�Ä ÂÕÄØ-ÑËÉÈ �ÁÒÁ-ÍÅÔÒ�×. ò�×ÎÑÎÎÑ ÄÌÑ G2(x) { ÚÁÍËÎÕÔÅ, Õ ×É�ÁÄËÕ ÏÄÎÏÒ�ÄÎÏ§ ÍÏÄÅÌ��ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ×ÏÎÏ Ú×ÏÄÉÔØÓÑ ÄÏ Ä×Ï×ÉÍ�ÒÎÏÇÏ Ì�Î�ÊÎÏÇÏ�ÎÔÅÇÒÁÌØÎÏÇÏ Ò�×ÎÑÎÎÑ æÒÅÄÇÏÌØÍÁ II ÒÏÄÕ Ú ÓÉÍÅÔÒÉÞÎÉÍ ÄÏÄÁÔ-Î�Í ÑÄÒÏÍ [1℄, ÝÏ ÚÁÂÅÚ�ÅÞÕ¤ �ÓÎÕ×ÁÎÎÑ � ¤ÄÉÎ�ÓÔØ ÊÏÇÏ ÄÏÄÁÔÎØÏÇÏÎÅÔÒÉ×�ÁÌØÎÏÇÏ ÒÏÚ×'ÑÚËÕ.3. ëÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ�ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ Gid(x) ×ÉÚÎÁÞÁ¤ÔØÓÑ ËÏÒÅÌÑ��ÊÎÉÍÉ ÆÕÎ-Ë��ÑÍÉ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ [6℄�0n(x1; : : : ; xn) = (�1)n+1T n�1 Æ�1+�2+:::+�n;0 Æq1+q2+:::+qn;0 �� Xk;s;�� nXi1 6=i2 6=:::6=in=1 nYj=1G0k�pj ;s(���!j); (6)



3 ðÒÅ�ÒÉÎÔÄÅ G0k;s(��)= 1i���"k+� (7){ Ó�ÅËÔÒÁÌØÎÅ ÚÏÂÒÁÖÅÎÎÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ çÒ�ÎÁ �ÄÅÁÌØ-ÎÏ§ ÓÉÓÔÅÍÉ ("k=�h2k2=2m, ��=(2n + 1)�T ), pj=qi1+qi2+ : : :+qij ,!j=�i1+�i2+ : : :+�ij . ëÕÍÕÌÑÎÔÉ �0n(x1; : : : ; xn) { Ä�ÊÓÎ� ÓÉÍÅÔÒÉÞ-Î� ÆÕÎË��§ Ó×Ï§È ÁÒÇÕÍÅÎÔ�×, ÚÁÌÅÖÎ� ÔÁËÏÖ ×�Ä ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ�ÁÒÁÍÅÔÒ�× { ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË. úÁÚÎÁÞÉÍÏ, ÝÏ�02(x;�x) { �ÏÌÑÒÉÚÁ��ÊÎÉÊ Ï�ÅÒÁÔÏÒ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ{ Õ ×ÉÇÌÑÄ� (6) ××ÅÄÅÎÉÊ Õ ÒÏÂÏÔ� [7℄. õ ×É�ÁÄËÕ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕ-ÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ×�Î ÒÏÚÒÁÈÏ×ÁÎÉÊ × [8℄ (Õ ÚÍ�ÎÎÉÈ ËÁÎÏÎ�ÞÎÏÇÏ ÁÎ-ÓÁÍÂÌÀ). ÷ ÒÏÂÏÔÁÈ [9,10℄ ÄÏÓÌ�ÄÖÅÎ� � ÒÏÚÒÁÈÏ×ÁÎ� ÓÔÁÔÉÞÎ� ËÕ-ÍÕÌÑÎÔÉ �03(q1;q2;�q1�q2; 0; 0; 0) � �04(q1;�q1;q2;�q2; 0; : : : ; 0). äÉ-ÎÁÍ�ÞÎ� ËÕÍÕÌÑÎÔÉ ×ÉÝÏÇÏ �ÏÒÑÄËÕ (n � 3) ÄÏÓÌ�ÄÖÅÎ� × [6,11℄,Á �03(x1; x2;�x1�x2), �04(x1;�x1; x2;�x2) ÒÏÚÒÁÈÏ×ÁÎ� ÄÌÑ ×É�ÁÄËÕT = 0K � �ÒÅÄÓÔÁ×ÌÅÎ� × ÅÌÅÍÅÎÔÁÒÎÉÈ ÆÕÎË��ÑÈ. ðÒÉ ×�ÄÍ�ÎÎÉÈ ×�ÄÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÒÏÚÒÁÈÕÎÏË ËÕÍÕÌÑÎÔ�× ÎÁÂÁÇÁÔÏ ÓËÌÁÄÎ�ÛÉÊ.ýÏÂ ÓËÌÁÓÔÉ ÕÑ×ÌÅÎÎÑ �ÒÏ ÔÅÍ�ÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ�ÓÔØ�0n(x1; : : : ; xn), ÒÏÚÇÌÑÎÅÍÏ §È ÓÔÁÔÉÞÎÕ ÄÏ×ÇÏÈ×ÉÌØÏ×Õ ÇÒÁÎÉ�À, �Ï-ËÌÁÄÁÀÞÉ pj=0, !j=0 Õ ÆÏÒÍÕÌ� (6):~�0n(0; : : : ; 0)= limx1;:::;xn!0 ~�0n(x1; : : : ; xn)=2 �n�1��n�1 Xk nk; (8)ÄÅ nk = f1 + exp[T�1("k � �)℄g�1 { ÒÏÚ�ÏÄ�Ì æÅÒÍ� (ÄÌÑ ÞÁÓÔÉÎÏË ÚÆ�ËÓÏ×ÁÎÏÀ �ÒÏÅË��¤À Ó��ÎÁ) × ÂÁÚÉÓÎ�Ê ÓÉÓÔÅÍ�, � { §§ È�Í�ÏÔÅÎ��ÁÌ.úÁÓÔÏÓÏ×ÕÀÞÉ ×�ÄÏÍÉÊ ÍÅÔÏÄ úÏÍÍÅÒÆÅÌØÄÁ (ÄÉ×. [12℄) ÔÁ ×ÒÁÈÏ×Õ-ÀÞÉ ÚÁÌÅÖÎ�ÓÔØ È�Í�ÏÔÅÎ��ÁÌÁ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ, ÚÎÁÈÏÄÉÍÏ, ÝÏ�0n(0; :::; 0) = 3N (2"F )1�nCn�1+(�T �)26 (n�1)�n�52�+ (9)+(�T �)4288 �n�52�hn+2110+(2n�1)(2n�3)�1+75n�+ 710)i+ : : :� ;ÄÅ C2=C3=1, Cn=(�1)n�1(2n�7)!! �ÒÉ n � 4; T � � kâT"F = TTF ,"F= �h2k2F2m { ÅÎÅÒÇ�Ñ æÅÒÍ�,N { ÞÉÓÌÏ ÞÁÓÔÉÎÏË Õ ÓÉÓÔÅÍ�.ð�ÄÓÕÍÏ×ÕÀÞÉ ÚÁ ÚÍ�ÎÎÏÀ �� Õ ÆÏÒÍÕÌ� (6), �ÅÒÅÈÏÄÑÞÉ ×�Ä ÓÕÍÉÚÁ ×ÅËÔÏÒÏÍ k ÄÏ �ÎÔÅÇÒÁÌÁ ÔÁ �ÎÇÅÇÒÕÀÞÉ ��ÓÌÑ �ØÏÇÏ ÚÁ ËÕÔÏ×ÉÍÉÚÍ�ÎÎÉÍÉ ×ÅËÔÏÒÁ k, ÚÏÂÒÁÚÉÍÏ ËÕÍÕÌÑÎÔÉ Õ ×ÉÇÌÑÄ� ÏÄÎÏËÒÁÔÎÉÈ�ÎÔÅÇÒÁÌ�× æÅÒÍ�:�02(x;�x)= 3N2"F I2(q;u);
ICMP{99{18U 4�03(x1; x2; x3)= 3N(2"F )2 Æq1+q2+q3;0 Æ�1+�2+�3;0 I3(q1; q2;u1; u2; t);I2(q;u)= 1Z0 dk k nk �2(kjq; u); (10)I3(q1; q2;u1; u2; t12) = 1Z0 dk k nkf�3(kjq1; q2;u1; u2; t12)++�3(kjq2; q3;u2; u3; t23)+�3(kjq3; q1;u3; u1; t31)g:�ÕÔ ×ÉËÏÒÉÓÔÁÎÏ ÂÅÚÒÏÚÍ�ÒÎ� ÚÍ�ÎÎ� k � jkjk�1F , qi � jqijk�1F , u1 =�i(2"F qi)�1, tij � (qiqj)q�1i q�1j { ËÏÓÉÎÕÓÉ ËÕÔ�× Í�Ö ×�Ä�Ï×�ÄÎÉÍÉ×ÅËÔÏÒÁÍÉ. ÷ �ÉÈ ÚÍ�ÎÎÉÈ nk=f1+exp[(k2���)=T �℄g�1,ÄÅ ��=�"�1F ;�2(kjq; u)= 12q ln u2 + (k + q=2)2u2 + (k � q=2)2 ;�3(kjq1; q2;u1; u2; t12)=(q1q2)�1Re���1(k) ln �Æ(k)+�(k)kÆ(k)��(k)k�� ;Æ(k)=k2t12��1�2; �j=iuj�12 qj; j=1; 2; (11)�(k)=fk2(t212�1)+�21+�22�2t12�1�2g1=2:æÏÒÍÕÌÉ (10)-(11) ÚÒÕÞÎ� ÄÌÑ ÞÉÓÅÌØÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ËÕÍÕÌÑÎÔ�×�ÒÉ ÄÏ×�ÌØÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ. HÁÂÌÉÖÅÎÉÊ ÁÎÁÌ�ÔÉÞÎÉÊ ÒÏÚÒÁÈÕÎÏË§È ÍÏÖÎÁ ×ÉËÏÎÁÔÉ ÍÅÔÏÄÏÍ úÏÍÍÅÒÆÅÌØÄÁ. ïÄÎÁË Õ ÓÔÁÔÉÞÎÏÍÕ ×É-�ÁÄËÕ ÁÂÏ Ö Õ ×É�ÁÄËÕ ÄÕÖÅ ÍÁÌÉÈ ÞÁÓÔÏÔ ÊÏÇÏ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÍÁ¤ÄÅÑË� ÎÅÚÒÕÞÎÏÓÔ� Õ Ú×'ÑÚËÕ Ú ÔÉÍ, ÝÏ × ÏËÏÌ� ÔÏÞÏË jqij = 2kF ÆÕÎ-Ë��§ �0n(:::) ÍÁÀÔØ �Å×Î� ÏÓÏÂÌÉ×ÏÓÔ�. èÏÞÁ � × �ÉÈ ÏËÒÅÍÉÈ ×É�ÁÄ-ËÁÈ ÍÅÔÏÄ úÏÍÍÅÒÆÅÌØÄÁ ÄÏÚ×ÏÌÑ¤ ÁÎÁÌ�ÔÉÞÎÏ ÄÏÓÌ�ÄÉÔÉ ÆÕÎË��§In(q1; :::;u1; :::).ñË �ÒÉËÌÁÄ ÒÏÚÇÌÑÎÅÍÏ Ä×ÏÞÁÓÔÉÎËÏ×Õ ËÏÒÅÌÑ��ÊÎÕ ÆÕÎË��À,ÑËÁ ÒÁÚÏÍ Ú �Ï�ÒÁ×ËÏÀ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ×ÉÚÎÁÞÁ¤ ÕÓ� ÈÁÒÁËÔÅÒÉÓ-ÔÉËÉ ÓÉÓÔÅÍÉ.íÅÔÏÄ úÏÍÍÅÒÆÅÌØÄÁ �ÒÉÚ×ÏÄÉÔØ ÄÏ ÔÁËÏÇÏ ÒÏÚËÌÁÄÕ:I2(q;u)=I(0)2 (q;u)� 112 (�T �)2I(2)2 (q;u)� 11360(�T �)4I(4)2 (q;u)+ : : : ;I(0)2 (q;u)=12 (1+1+u2�q24 �2(1jq;u)�u X�=�1 ar
tg[(1+� q2)u�1℄) ;



5 ðÒÅ�ÒÉÎÔI(2)2 (q;u) = 12 (�2(1jq;u)� 1q X�=�1� (1 + � q2)#�(q;u)) ; (12)I(4)2 (q;u)= 944�2(1jq;u)� 31176 X�=�1#�(q;u) �12+(1+� q2)#�(q;u)��� 544q X�=�1� #�(q;u) �18+(1+� q2)#�(q;u)+145 (1+� q2)3#2�(q;u)� ;#�(q;u) = [u2 + (1 + � q2)2℄�1:ðÏÒ�×ÎÀÀÞÉ ÆÏÒÍÕÌÉ (12) � (9) (�ÒÉ n = 2) ÂÁÞÉÍÏ, ÝÏ ÆÕÎË��§I(m)2 (q;u) (m = 0; 2; 4; :::) Õ ÓÔÁÔÉÞÎÏÍÕ ×É�ÁÄËÕ ÎÁÂÌÉÖÁÀÔØÓÑ ÄÏÏÄÉÎÉ�� × ÇÒÁÎÉ�� q ! 0. ðÒÉ �ØÏÍÕ I(0)2 (q;u) ¤ ÄÏÄÁÔÎØÏ×ÉÚÎÁÞÅÎÏÀÆÕÎË��¤À Ú ÔÁËÏÀ ÁÓÉÍ�ÔÏÔÉËÏÀ:I(0)2 (q;u)!8><>: 1� q212+ : : : �ÒÉ q� 1; � = 0;13h ~�2q2+ q24 i�1+ : : : �ÒÉ q� 1; ~� � q;ÁÂÏ q� 1; ~�=0; ~� 6= 0; (13)ÄÅ ~� � �(2"F )�1. æÕÎË��Ñ I(2)2 (q;u) { ÚÎÁËÏÚÍ�ÎÎÁ, ÄÏÄÁÔÎÑ �ÒÉ ÎÅ×Å-ÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ È×ÉÌØÏ×ÉÈ ÞÉÓÅÌ (q � 2) � ×�Ä'¤ÍÎÁ × ÏÂÌÁÓÔ� q > 2:I(2)2 (q;u)!8><>: 1 + 16q2 + ::: �ÒÉ q � 1; � = 0;[( ~�q )2� 112 q2℄[( ~�q )2+ 14 q2 ℄3 + ::: �ÒÉ q � 1; ~� � q;ÁÂÏ q� 1; ~� = 0; ~� 6= 0: (14)áÓÉÍ�ÔÏÔÉËÁ I(4)2 (q;u) ÎÁÇÁÄÕ¤ ÁÓÉÍ�ÔÏÔÉËÕ I(0)2 (q;u):I(4)2 (q;u)!8><>: 1+379704q2+ : : : �ÒÉ q � 1; �=0;5176h( ~�q )2+14q2i�1+ : : : �ÒÉ q � 1; ~� � q;ÁÂÏ q � 1; ~�=0; ~� 6= 0; (15)HÁ ÍÁÌ. 1 �ÏÄÁÎÏ I(m)2 (q;u) ÑË ÆÕÎË��§ È×ÉÌØÏ×ÏÇÏ ÞÉÓÌÁ �ÒÉ Æ�Ë-ÓÏ×ÁÎÏÍÕ ÚÎÁÞÅÎÎ� ÞÁÓÔÏÔÉ ~�. ñË ×ÖÅ ÚÁÚÎÁÞÁÌÏÓØ ×ÉÝÅ, ÒÏÚËÌÁÄÉ(12) ÎÅÚÁÓÔÏÓÏ×Î� × ÏËÏÌ� ÔÏÞËÉ q = 2 Õ ÓÔÁÔÉÞÎÏÍÕ ×É�ÁÄËÕ, ÁÂÏÖ �ÒÉ ÍÁÌÉÈ ÞÁÓÔÏÔÁÈ. òÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÆÕÎË��§I2(q;u) ÚÁ ÆÏÒÍÕÌÁÍÉ (9)-(10) ÎÁ×ÅÄÅÎ� ÎÁ ÍÁÌ. 2 (ÓÔÁÔÉÞÎÉÊ ×É�Á-ÄÏË), 3 (ÄÉÎÁÍ�ÞÎÉÊ). ÷�ÌÉ× ÔÅÍ�ÅÒÁÔÕÒÉ Ú×ÏÄÉÔØÓÑ × ÏÓÎÏ×ÎÏÍÕ ÄÏÚÇÌÁÄÖÕ×ÁÎÎÑ ÅËÓÔÒÅÍÕÍ�× � ÏÓÏÂÌÉ×ÏÓÔÅÊ ÆÕÎË��Ê �0n(x1; :::; xn). ãÅ
ICMP{99{18U 6ÄÏÂÒÅ �ÏÍ�ÔÎÏ × ÓÔÁÔÉÞÎÏÍÕ ×É�ÁÄËÕ � �ÒÉ ÍÁÌÉÈ ÞÁÓÔÏÔÁÈ. ñË ×�ÄÏ-ÍÏ, �ÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ� ÔÅÍ�ÅÒÁÔÕÒÉ ÓÔÁÔÉÞÎ� ËÕÍÕÌÑÎÔÉ ÈÁÒÁË-ÔÅÒÉÚÕÀÔØÓÑ ÏÓÏÂÌÉ×ÏÓÔÑÍÉ × ÏËÏÌ� ÔÏÞÏË jqij = 2kF , ÚÕÍÏ×ÌÅÎÉÍÉÒÏÚÒÉ×ÎÉÍ ÈÁÒÁËÔÅÒÏÍ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× ÚÁ �Í�ÕÌØÓÁ-ÍÉ: �02(x;�x) ÍÁ¤ "ÓÌÁÂÕ" ÌÏÇÁÒÉÆÍ�ÞÎÕ ÏÓÏÂÌÉ×�ÓÔØ, �03(x1; x2; x3){ ÌÏÇÁÒÉÆÍ�ÞÎÕ, �0n(x1; :::; xn) �ÒÉ n � 4 { ÓÔÅ�ÅÎÅ×� ÏÓÏÂÌÉ×ÏÓÔ�.ðÒÉ ×�ÄÍ�ÎÎÉÈ ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈ �� ÏÓÏÂÌÉ×ÏÓÔ� ÚÇÌÁÄÖÕÀÔØÓÑ� ÒÏÚÒÉ×É ×�ÄÓÕÔÎ�. ñË �ÒÉËÌÁÄ ÎÁ ÍÁÌ. 4, 5 ÎÁ×ÅÄÅÎÏ Ó�Í'À ËÒÉ×ÉÈÆÕÎË��§ �03(x;�x; 0) = ��� �02(x;�x) = 3N (2"F )�2I3(q;u). õ ÓÔÁÔÉÞÎÏ-ÍÕ ×É�ÁÄËÕ �ÒÉ T = 0K �Ñ ÆÕÎË��Ñ ÍÁ¤ ÌÏÇÁÒÉÆÍ�ÞÎÉÊ ÒÏÚÒÉ×, ÚÑËÏÇÏ �ÒÉ ÓË�ÎÞÅÎÉÈ, ÁÌÅ ÄÏÓÔÁÔÎØÏ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÆÏÒÍÕ¤-ÔØÓÑ ÍÁËÓÉÍÕÍ, ÑËÉÊ ÚÎÉËÁ¤ �ÒÉ T � � 1. úÎÉËÎÅÎÎÑ ÒÏÚÒÉ×Õ ÍÏÖÎÁ�ÏËÁÚÁÔÉ ÁÎÁÌ�ÔÉÞÎÏ, ÒÏÚÒÁÈÕ×Á×ÛÉ ÆÕÎË��ÀI3(q;u)= 2T � 1Z0 dkk�2(kjq; u) exp[(k2���)=T �℄(1+exp[(k2���)=T �℄)2 (16)Õ ÓÔÁÔÉÞÎÏÍÕ ×É�ÁÄËÕ × ÔÏÞ�� q0 = 2(��)1=2 ÍÅÔÏÄÏÍ úÏÍÍÅÒÆÅÌØÄÁ:�ÒÉ T � � 1I3(q; 0)= 12(��)1=2 �ln���T ��+C+ ln( 8� )��232(T ��� )2+ : : :� ; (17)ÄÅ C = 0; 577216 { �ÏÓÔ�ÊÎÁ åÊÌÅÒÁ [13℄.4. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÁÓÉÍ�ÔÏÔÉËÉ �Ï�ÒÁ×-ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÓÌÁÂÏ ÎÅ�ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍ�ÅÍ�ÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ�ÓÔØ ÁÓÉÍ�ÔÏÔÉËÉ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅÕ ×É�ÁÄËÕ ÓÌÁÂÏ ÎÅ�ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍ ×ÄÁ¤ÔØÓÑ ÒÏÚÒÁÈÕ×ÁÔÉ ÁÎÁÌ�ÔÉÞ-ÎÏ.ñË � × ÒÏÂÏÔ� [1℄, ÒÏÚÇÌÑÎÅÍÏ ÍÏÄÅÌØ ÆÅÒÍ�-ÓÉÓÔÅÍÉ Ú �ÏÔÅÎ��ÁÌÏÍ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ àËÁ×É Vq= 4�Ae2q2 + (�=a0)2 ; (18)ÄÅ e { ÚÁÒÑÄ ÅÌÅËÔÒÏÎÁ, A > 0 { ËÏÎÓÔÁÎÔÁ ×ÚÁ¤ÍÏÄ�§, ��1a0 { ÒÁÄ�ÕÓÄ�§ �ÏÔÅÎ��ÁÌÁ (a0 { ÒÁÄ�ÕÓ âÏÒÁ). ãÅ ÄÏÚ×ÏÌÉÔØ ÎÁÍ ÄÏÓÌ�ÄÉÔÉ ÚÁ-ÌÅÖÎ�ÓÔØ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ×�Ä ÒÁÄ�ÕÓÁ �ÏÔÅÎ��ÁÌÁ. ëÒ�ÍÔÏÇÏ, ÄÏÓÌ�ÄÉ×ÛÉ ÁÓÉÍ�ÔÏÔÉËÕ Gid(x), ÍÉ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÏÔÒÉÍÁÎ� ÒÅ-ÚÕÌØÔÁÔÉ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� G1(x).



7 ðÒÅ�ÒÉÎÔõ ÄÁÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� ×ÉËÏÒÉÓÔÁ¤ÍÏ ×ÉÒÁÚ (6) ÄÌÑ ÆÕÎË��§�04(x;�x; x1;�x1). ÷ÉËÏÎÕÀÞÉ ��ÄÓÕÍÏ×Õ×ÁÎÎÑ ÚÁ ÞÁÓÔÏÔÁÍÉ íÁ�Õ-ÂÁÒÉ, ÏÔÒÉÍÕ¤ÍÏGid(x) = 2�h2[mVq℄�1[�02(x;�x)℄�2 Xk1;k2 V(k1�k2)(k1 � k2;q)�� (nk1 � nk1�q)(nk2 � nk2�q) � (19)� Re f(i� + "k1 � "k1�q)�2(i� + "k2 � "k2�q)�1g:áÓÉÍ�ÔÏÔÉËÁ ��¤§ ÆÕÎË��§ ÄÌÑ �ÏÔÅÎ��ÁÌÁ (18) �ÒÉ T = 0K ÒÏÚÒÁÈÏ-×ÁÎÁ × [1℄. òÏÚÇÌÑÎÅÍÏ ÔÕÔ §§ ÁÓÉÍ�ÔÏÔÉËÕ �ÒÉ T 6= 0K. ëÏÒÏÔËÏÈ×É-ÌØÏ×Á ÁÓÉÍ�ÔÏÔÉËÁ Gid(x) ÎÅ ÚÁÌÅÖÉÔØ ×�Ä ÞÁÓÔÏÔÉ � ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÏÒÍÏÀ �ÏÔÅÎ��ÁÌÁ �ÒÉ q� 1Gid(x)! 12f1�D(�1) + :::g;D(�1) = 13 � 34z + 18z2 + z3=2 ar
tg(2z�1=2) � (20)� 38z2�1 + z12� ln[1 + 4=z℄;ÄÅ z = �21, �1 � �rs=�, � = (9�4 )1=3, rs { �ÁÒÁÍÅÔÒ âÒÁËÎÅÒÁ. õ ÇÒÁÎÉ��� = 0,ÝÏ ×�Ä�Ï×�ÄÁ¤ Ú×ÉÞÁÊÎ�Ê ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ,D(�1) = 13 ,Á �ÒÉ � !1 D(�1) �ÅÒÅÔ×ÏÒÀ¤ÔØÓÑ × ÎÕÌØ.ýÏÂ ÚÎÁÊÔÉ ÄÏ×ÇÏÈ×ÉÌØÏ×Õ ÁÓÉÍ�ÔÏÔÉËÕ, ×ÉËÏÒÉÓÔÁ¤ÍÏ ÒÏÚËÌÁÄnk+q = nk + ("k+q � "k) dnkd"k + ::: (21)� ÁÓÉÍ�ÔÏÔÉËÕ ÆÕÎË��§ �02(x;�x). ðÅÒÅÈÏÄÑÞÉ ÄÏ ÂÅÚÒÏÚÍ�ÒÎÉÈ ÚÍ�Î-ÎÉÈ ÔÁ �ÎÔÅÇÒÕÀÞÉ × ÓÆÅÒÉÞÎ�Ê ÓÉÓÔÅÍ� ËÏÏÒÄÉÎÁÔ, × ÓÔÁÔÉÞÎ�Ê ÇÒÁ-ÎÉ�� ÚÎÁÈÏÄÉÍÏ:Gid(x) �!q�1;�=0 14[q2 + �21 ℄f�1(T �); (22)f�1 (T �) = 8<: 1Z0 dk k2 dnkd(k2)9=;�2Z0 1Z dk1 dk2 k21 k22 dnk1d(k21) � dnk2d(k22) �+1Z�1 dt (1� k2t=k1) [k21 + k22 � 2k1k2t + �21 ℄�1:
ICMP{99{18U 8õ ÇÒÁÎÉ�� ×ÅÌÉËÉÈ ÞÁÓÔÏÔGid(x) �!q�1;~��q 320 [q2 + �21℄'�1 (T �);'�1(T �) = 4 Z0 1Z dk1 dk2 (k1k2)4 dnk1d(k21) � dnk2d(k22) � (23)+1Z�1 dt [1 + 2t2 � 3tk1=k2℄ [k21 + k22 � 2k1k2t + �21 ℄�1:ïÓË�ÌØËÉ dnk=d(k2)!�Æ(k2���) �ÒÉ T � ! 0, ÔÏ f�1(T �), '�1(T �)!1 × ÇÒÁÎÉ�� ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ Õ ×É�ÁÄËÕ ÍÏÄÅÌ� ÅÌÅËÔ-ÒÏÎÎÏÇÏ ÇÁÚÕ (�1 = 0). õ ×É�ÁÄËÕ ÍÏÄÅÌ� Ú �ÏÔÅÎ��ÁÌÏÍ (18)f�1(T �)=1+14z ln" z+ (�T�)26z + 4 #++(�T �)12 (1+74z) ln"z+ (�T�)26z + 4 #+ (�T �)224(4+z)2 (4+3z)+ : : : ;'�1(T �)=1�z�z(1+z)4 ln�z+(�T �)2=6z+4 �+ (24)+(�T �)212 (1+z4) ln �z+(�T �)2=6z+4 �++(�T �)26 z�1+ 1�3z4(4+z)+2 1+z(4+z)2�+ : : : :÷ ÇÒÁÎÉ�� T � ! 0 �� ×ÉÒÁÚÉ ×ÉÚÎÁÞÁÀÔØ ÄÏ×ÇÏÈ×ÉÌØÏ×Õ ÁÓÉÍ�ÔÏÔÉËÕGid(x) ÕÚÁÇÁÌØÎÅÎÏ§ ÍÏÄÅÌ� (18) [1℄. õ ×É�ÁÄËÕ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏÇÏÇÁÚÕ (× ÇÒÁÎÉ�� �1 ! 0) ×ÉÎÉËÁ¤ ÏÓÏÂÌÉ×�ÓÔØ ÔÉ�Õ (T �)2 lnT �. HÁÑ×-Î�ÓÔØ ÔÁËÏ§ ÏÓÏÂÌÉ×ÏÓÔ� × �Ï�ÒÁ×�� ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ×ÅÄÅ ÄÏ ÁÎÁÌÏ-Ç�ÞÎÏ§ ÏÓÏÂÌÉ×ÏÓÔ� ×�ÌØÎÏ§ ÅÎÅÒÇ�§, Á ÏÔÖÅ, Ê �ÎÛÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË.ïÓË�ÌØËÉ ÏÓÔÁÎÎ� ÍÏÖÕÔØ ÂÕÔÉ �ÒÅÄÓÔÁ×ÌÅÎ� Õ ×ÉÇÌÑÄ� ÒÏÚËÌÁÄ�× ÚÁÓÔÅ�ÅÎÑÍÉ (T �)2, ÔÏ ÚÁÚÎÁÞÅÎÁ ÏÓÏÂÌÉ×�ÓÔØ ÎÅÆ�ÚÉÞÎÁ. ãÅ Ó×�ÄÞÉÔØ�ÒÏ ÔÅ, ÝÏ Gid(x) ¤ ÎÅÄÏÓÔÁÔÎØÏ ËÏÒÅËÔÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ ÄÌÑ ËÕÌÏ-Î�×ÓØËÉÈ ÓÉÓÔÅÍ. õ ×É�ÁÄËÕ ÓÌÁÂÏ ÎÅ�ÄÅÁÌØÎÏÇÏ ÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÕÓÌ�Ä ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ G1(x). ÷ÒÁÈÏ×ÕÀÞÉ ÅËÒÁÎÏ×ÁÎÉÊ �ÏÔÅÎ��ÁÌ ÕÎÁÂÌÉÖÅÎÎ� �ÏÍÁÓÁ-æÅÒÍ�, ÔÏÂÔÏ ÚÁÍ�ÎÀÀÞÉ L(x) ÎÁ 3NVq(2V "F )�1,ÚÎÁÈÏÄÉÍÏ ÇÒÁÎÉ�À G1(x) �ÒÉ q� 1:G1(x)�!q�1� 14q2 f�1 (T �) �ÒÉ � = 0;320q2 '�1(T �) �ÒÉ ~� � 1; (25)



9 ðÒÅ�ÒÉÎÔÄÅ �21 = 4rs(��)�1. ÷ ÏÂÌÁÓÔ� T � � �1 ÆÕÎË��§ (24) ¤ ÒÏÚËÌÁÄÁÍÉ ÚÁÓÔÅ�ÅÎÑÍÉ (T �)2. òÏÚËÌÁÄÉ (24) ÏÔÒÉÍÁÎ� ÍÅÔÏÄÏÍ úÏÍÍÅÒÆÅÌØÄÁ �×�Ä�Ï×�ÄÁÀÔØ ÏÂÌÁÓÔ� ÔÅÍ�ÅÒÁÔÕÒ T � � 0; 25. òÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÏÇÏÒÏÚÒÁÈÕÎËÕ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� ÄÏ×ÇÏÈ×ÉÌØÏ×Ï§ ÇÒÁÎÉ�� ÆÕÎ-Ë��Ê Gid(x) � G1(x) ÄÌÑ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÕ �ÏËÁÚÁÎ� ÎÁ ÍÁÌ. 6É 7 (rs = 1). ðÒÉ ÏÂÞÉÓÌÅÎÎ� f�(x), '�(x) ÄÌÑ ÆÕÎË��§ G1(x) ×ÉËÏÒÉÓ-ÔÁÎÏ ÎÁÂÌÉÖÅÎÎÑ �ÏÍÁÓÁ-æÅÒÍ�. òÅÚÕÌØÔÁÔÉ ÁÎÁÌ�ÚÕ Ó×�ÄÞÁÔØ �ÒÏÎÁÑ×Î�ÓÔØ ÓÕÔÔ¤×Ï§ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ�ÏÌÅ.5. þÉÓÅÌØÎÉÊ ÒÏÚÒÁÈÕÎÏË �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ�ÏÌÅ÷ �ØÏÍÕ ÒÏÚÄ�Ì� ÎÁ×ÅÄÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÆÕÎË-��Ê Gid(x) É G1(x) �ÒÉ ×�ÄÍ�ÎÎÉÈ ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈ. ú ÍÅÔÏÀÓ�ÒÏÝÅÎÎÑ ÒÏÚÒÁÈÕÎË�× ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÎÁÂÌÉÖÅÎÎÑ �ÏÍÁÓÁ-æÅÒÍ�, ÝÏ ÄÏÚ×ÏÌÑ¤ ÏÂÍÅÖÉÔÉÓÑ ÆÏÒÍÕÌÏÀ (19), ÚÁÍ�ÎÀÀÞÉ × Î�ÊV (k1�k2) ÆÕÒ'¤-ÏÂÒÁÚÏÍ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÁ 4�e2f(k1�k2)2+�2=a20g�1 �ÒÉ �21 = 4�(�rs)�1. äÌÑ ×ÅËÔÏÒ�× k1 É k2 ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ�ÉÌ�ÎÄÒÉÞÎÁ ÓÉÓÔÅÍÁ ËÏÏÒÄÉÎÁÔ, ×�ÓØ OZ ÑËÏ§ �ÁÒÁÌÌÅÌØÎÁ ÄÏ ×ÅË-ÔÏÒÁ q. ð�ÓÌÑ �ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ËÕÔÏ×ÉÍÉ ÚÍ�ÎÎÉÍÉ G1(x) Ú×ÏÄÉÔØÓÑÄÏ ÔÁËÏÇÏ �ÎÔÅÇÒÁÌÁ:G1(x) = 18I�22;0(q;u) Z +1Z�1 dz1 dz2 X�1 ;�2=�1�1�2 �� Fu�z1 + �1 q2 ; z2 + �2 q2�T��z1 + �1 q2 ; z2 + �2 q2�: (26)�ÕÔ ×ÉËÏÒÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ:Fu(z1; z2)=(z1�z2)fz21z2�u2(2z1+z2)g[z21+u2℄�2[z22+u2℄�1;T�(z1; z2) = Z 1Z0 d�1 d�2 �1�2 n(z1; �1)n(z2; �2) � (27)� f[�21 + �22 + �21 + (z1 � z2)2℄2 � 4�21�22g�1=2;n(z; �) = f1 + exp[(z2 + �2 � ��(T �))=T �℄g�1:õ ×É�ÁÄËÕ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ T�(z1; z2) ÚÏÂÒÁÖÁ¤ÔØÓÑ× ÅÌÅÍÅÎÔÁÒÎÉÈ ÆÕÎË��ÑÈ [1℄. õ ×É�ÁÄËÕ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÊÏÇÏ
ICMP{99{18U 10ÍÏÖÎÁ Ú×ÅÓÔÉ ÄÏ ÏÄÎÏËÒÁÔÎÏÇÏ �ÎÔÅÇÒÁÌÁ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÔÏÔÏÖ-Î�ÓÔØ n(z; �) = n0(z; �) + fn(z; �) � n0(z; �)g; (28)× ÑË�Ê n0(z; �) = � 1 �ÒÉ z2 + �2 � ��(T �);0 �ÒÉ z2 + �2 > ��(T �); (29)� ÎÅÈÔÕÀÞÉ ÄÏÄÁÎËÏÍ, Ë×ÁÄÒÁÔÉÞÎÉÍ ×�ÄÎÏÓÎÏ n(z; �)�n0(z; �). �ÁËÅÎÁÂÌÉÖÅÎÎÑ ÚÁÂÅÚ�ÅÞÕ¤ ×ÒÁÈÕ×ÁÎÎÑ ÞÌÅÎ�× �ÏÒÑÄËÕ (T �)2 ÂÅÚ ×ÉËÏ-ÒÉÓÔÁÎÎÑ ÒÏÚËÌÁÄ�× úÏÍÍÅÒÆÅÌØÄÁ, Á ÆÕÎË��Ñ G1(x) Ú×ÏÄÉÔØÓÑ ÄÏÄ×ÏËÒÁÔÎÉÈ � ÔÒÉËÒÁÔÎÉÈ �ÎÔÅÇÒÁÌ�×:G1(x) = 18 I�22;0(q;u) X�1;�2=�1 �1 �28><>:14 p��Z�p�� dz1 p��Z�p�� dz2 ��Fu�z1 + �1 q2 ; z2 + �2 q2�A�1 ;�2(s2;�� � z21 ;�� � z22) ++ +1Z�1 dz2 1Z0 �2 d�2[n(z2; �2)� n0(z2; �2)℄ p��Z�p�� dz1 ��Fu�z1 + �1 q2 ; z2 + �2 q2� B�1;�2 (s2;�� � z21 ; �22) + (30)+ +1Z�1 dz1 1Z0 �1 d�1[n(z1; �1)� n0(z1; �1)℄ p��Z�p�� dz2 ��Fu �z1 + �1 q2 ; z2 + �2 q2�� B�1 ;�2(s2;�� � z22; �21)o :�ÕÔ ×ÉËÏÒÉÓÔÁÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑ:A�1;�2 (s2; a; b) = 12fW (s2; a; b)� s2 � a� bg ++ a lnf(2s2)�1[W (s2; a; b) + s2 + b� a℄g ++ b lnf(2s2)�1[W (s2; a; b) + s2 + a� b℄g; (31)B�1 ;�2 = 12 lnf(2s2)�1[W (s2; a; b) + s2 + a� b℄g;W (s2; a; b) = [s4 + 2s2(a + b) + (a� b)2℄1=2;s2 � s2�1;�2 = �21 + h�z1 + �1 q2�� �z2 + �2 q2�i2:



11 ðÒÅ�ÒÉÎÔðÅÒÅÈÏÄÕ ÄÏ ÇÒÁÎÉ�� ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ×�Ä�Ï×�ÄÁ¤ ÚÁ-Í�ÎÁ n(z; �)! n0(z; �), �� ! 1.þÉÓÅÌØÎÉÊ ÒÏÚÒÁÈÕÎÏË �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÚÁ ÆÏÒÍÕ-ÌÁÍÉ (26) � (30) ÄÁ¤ ÂÌÉÚØË� ÒÅÚÕÌØÔÁÔÉ. ÷ÉÝÅ ÂÕÌÏ �ÏËÁÚÁÎÏ, ÝÏGid(x) ÎÅ ¤ ÄÏÓÉÔØ ËÏÒÅËÔÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ. ïÄÎÁË §§ ÔÅÍ�ÅÒÁÔÕÒÎÁÚÁÌÅÖÎ�ÓÔØ �ÒÅÄÓÔÁ×ÌÑ¤ �Å×ÎÉÊ �ÎÔÅÒÅÓ, ÏÓË�ÌØËÉ Õ ×É�ÁÄËÕ ÍÏÄÅÌ�ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ Gid(x) ¤ ÕÎ�×ÅÒÓÁÌØÎÏÀ ÆÕÎË��¤À � ×�ÄÏÂÒÁÖÁ¤,Õ ÚÁÇÁÌØÎÉÈ ÒÉÓÁÈ, ×ÌÁÓÔÉ×ÏÓÔ� �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÓÌÁÂÏÎÅ�ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍ. ñË ÂÁÞÉÍÏ Ú ÍÁÌ. 8 � 9, ×�ÌÉ× ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ-Ú×ÏÄÉÔØ ÄÏ ÓÕÔÔ¤×Ï§ ÚÍ�ÎÉ Gid(x) ÑË Õ ÓÔÁÔÉÞÎÏÍÕ, ÔÁË � ÄÉÎÁÍ�ÞÎÏÍÕ×É�ÁÄËÕ, ×ÉÒÁÖÁÀÞÉÓØ Õ ÚÍ�Î� ×ÉÓÏÔÉ � ÆÏÒÍÉ ÅËÓÔÒÅÍÕÍÁ × ÏËÏÌ�ÔÏÞËÉ q = 2kF .�ÅÍ�ÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ�ÓÔØ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÏÅ �ÏÌÅ ÍÏÄÅÌ�ÓÌÁÂÏ ÎÅÉÄÅÁÌØÎÏ§ ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ �ÌÀÓÔÒÕÀÔØ ÍÁÌ. 10, 11, ÎÁÑËÉÈ �ÒÅÄÓÔÁ×ÌÅÎÁ G1(x) �ÒÉ rs = 1. ñË � Õ ×É�ÁÄËÕ Gid(x), ÔÅÍ�ÅÒÁ-ÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ × ÛÉÒÏË�Ê ÏÂÌÁÓÔ� ÚÍ�Î È×ÉÌØÏ×ÏÇÏ×ÅËÔÏÒÁ, Á ÚÒÏÓÔÁÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ ×�Ä ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÄÏ T � = 0; 1�ÒÉÚ×ÏÄÉÔØ ÄÏ ÚÍ�ÎÉ G1(x) × ÓÅÒÅÄÎØÏÍÕ ÎÁ ×ÅÌÉÞÉÎÕ �ÏÒÑÄËÕ 10 %.6. ÷ÉÓÎÏ×ËÉûÉÒÏËÅ ÚÁÓÔÏÓÕ×ÁÎÎÑ �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ × ÔÅÏÒ�§ ÅÌÅËÔÒÏÎ-ÎÏ§ Ò�ÄÉÎÉ ÔÁ × ÔÅÏÒ�§ ÍÅÔÁÌ�× ×ÉÚÎÁÞÁ¤ ÁËÔÕÁÌØÎ�ÓÔØ ÚÁÄÁÞ� §§ Í�Ë-ÒÏÓËÏ��ÞÎÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ. ÷ÌÁÓÔÉ×ÏÓÔ� �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ �ÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ� ÔÅÍ�ÅÒÁÔÕÒÉ × ÄÏ-ÓÔÁÔÎ�Ê Í�Ò� ×É×ÞÅÎ�. õ ÚÁÇÁÌØÎÉÈ ÒÉÓÁÈ ×�ÄÏÍ� ×ÌÁÓÔÉ×ÏÓÔ� �Ï�ÒÁ×ËÉÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ � ÄÌÑ �ÎÛÉÈ ÍÏÄÅÌÅÊ ÆÅÒÍ�-ÓÉÓÔÅÍ ÑË Ú ËÕÌÏÎ�×ÓØ-ËÏÀ, ÔÁË � Ú ËÏÒÏÔËÏÄ�ÀÞÏÀ ×ÚÁ¤ÍÏÄ�¤À �ÒÉ T = 0K. äÏÓÌ�ÄÖÅÎÎÀÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� �Ï�ÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ ÎÅ ÎÁÄÁ×ÁÌÏÓØÄÏÓÔÁÔÎØÏ§ Õ×ÁÇÉ, ÈÏÞ �Ñ ÚÁÄÁÞÁ ¤ ×ÁÖÌÉ×ÏÀ ÑË Ú Å×ÒÉÓÔÉÞÎÏ§, ÔÁË� �ÒÁËÔÉÞÎÏ§ ÔÏÞÏË ÚÏÒÕ. HÁÍÉ �ÏËÁÚÁÎÏ, ÝÏ �Ï�ÒÁ×ËÁ ÎÁ ÌÏËÁÌØÎÅ�ÏÌÅ ÓÕÔÔ¤×Ï ÚÁÌÅÖÉÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ, Á §§ ÒÏÚÒÁÈÕÎÏË �ÒÉ ÓË�Î-ÞÅÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÎÅ ÓËÌÁÄÁ¤ �ÒÉÎ�É�Ï×ÉÈ ÔÒÕÄÎÏÝ�×: ×�Î ÌÉÛÅÎÅÎÁÂÁÇÁÔÏ ÓËÌÁÄÎ�ÛÉÊ ×�Ä ÁÎÁÌÏÇ�ÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ �ÒÉ T = 0K. ÷��Ê ÒÁÂÏÔ� ÎÁÍÉ ÄÏÓÌ�ÄÖÅÎÁ �Ï�ÒÁ×ËÁ ÎÁ ÌÏËÁÌØÎÅ �ÏÌÅ Õ ×É�ÁÄËÕÓÌÁÂÏ ÎÅ�ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍ. òÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÏÇÏ ÒÏÚ×'ÑÚÁÎÎÑ Ò�×-ÎÑÎÎÑ ÄÌÑ ÄÏÄÁÎËÁ G2(x) �ÒÉ ×�ÄÍ�ÎÎÉÈ ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÁÈ �ÔÏÞÎ�ÛÏÇÏ ÒÏÚÒÁÈÕÎËÕ G1(x) ÄÌÑ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ × ÏÂ-ÌÁÓÔ� �ÒÏÍ�ÖÎÏ§ ÔÁ ÓÉÌØÎÏ§ ÎÅ�ÄÅÁÌØÎÏÓÔ� ÂÕÄÕÔØ �ÏÄÁÎ� × ÏËÒÅÍ�ÊÒÏÂÏÔ�.

ICMP{99{18U 12ì�ÔÅÒÁÔÕÒÁ1. í.÷.÷Á×ÒÕÈ. ïÂÏÂÝÅÎÉÅ ËÏÎ�Å��ÉÉ ÌÏËÁÌØÎÏÇÏ �ÏÌÑ × ÔÅÏÒÉÉÆÅÒÍÉ-ÖÉÄËÏÓÔÅÊ // æH�. - 1996. 22. - ó. 1005-1017.2. äÏÓÔÉÖÅÎÉÑ ÜÌÅËÔÒÏÎÎÏÊ ÔÅÏÒÉÉ ÍÅÔÁÌÌÏ×. - ð.ãÉÛÅ, ç.ìÅÍÁÎÎ(ÒÅÄ.). - íÏÓË×Á, íÉÒ, 1984, Ô. 1.3. S.I
himaru. Strongly 
oupled plasmas: high-density 
lassi
al plasmasand degenerated ele
tron liquids // Rev. Mod. Phys. - 1982. - 54. -P. 1017-1059.4. M.Vavrukh, V.Paslavs'kiy. Referen
e System Approa
h in the Ele
-tron Liquid Theory. VI. Generalized Fermi System Model. Lo
al-Field Corre
tion Fun
tion // Phys. stat. sol. (b). - 1998 . - 208. - P.91-104.5. á.á.áÂÒÉËÏÓÏ×,ì.ð.çÏÒØËÏ×,é.å.äÚÑÌÏÛÉÎÓËÉÊ.íÅÔÏÄÙ Ë×ÁÎ-ÔÏ×ÏÊ ÔÅÏÒÉÉ �ÏÌÑ × ÓÔÁÔÉÓÔÉÞÅÓËÏÊ ÆÉÚÉËÅ. - íÏÓË×Á, æÉÚÍÁÔ-ÇÉÚ, 1962.6. ÷Á×ÒÕÈ í.÷. ëÒÏÈÍÁÌØÓËÉÊ �.å. ðÒÏÓÔÅÊÛÉÅ ÄÉÎÁÍÉÞÅÓËÉÅ ËÕ-ÍÕÌÑÎÔÙ ÉÄÅÁÌØÎÏÇÏ ÜÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÁ // õæö. - 1987. - 32, N4. - ó. 621-625.7. å.íÏÎÔÒÏÌÌ, äÖ.õÏÒÄ. ë×ÁÎÔÏ×ÁÑ ÓÔÁÔÉÓÔÉËÁ ÓÉÓÔÅÍ ×ÚÁÉÍÏ-ÄÅÊÓÔ×ÕÀÝÉÈ ÞÁÓÔÉ�. ÷ ÓÂ.: ÷Ï�ÒÏÓÙ Ë×ÁÎÔÏ×ÏÊ ÔÅÏÒÉÉ ÎÅÏÂÒÁ-ÔÉÍÙÈ �ÒÏ�ÅÓÓÏ×. - íÏÓË×Á, éì, 1961. - ó. 298-361.8. M.Gell-Mann, K.A.Brue
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13 ðÒÅ�ÒÉÎÔ

òÉÓ. 1. ëÏÍ�ÏÎÅÎÔÉ I(m)2 (q; �=q) ÑË ÆÕÎË��§ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ �ÒÉÆ�ËÓÏ×ÁÎÏÍÕ ÚÎÁÞÅÎÎ� ÞÁÓÔÏÔÉ ~�
òÉÓ. 2. æÕÎË��Ñ I2(q; 0) ÒÏÚÒÁÈÏ×ÁÎÁ ÎÁ ÏÓÎÏ×� ÆÏÒÍÕÌ (9) - (10) ÄÌÑ×É�ÁÄËÕ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ
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òÉÓ. 3. æÕÎË��Ñ I2(q; �=q) ÒÏÚÒÁÈÏ×ÁÎÁ ÎÁ ÏÓÎÏ×� ÆÏÒÍÕÌ (9) - (10)ÄÌÑ ×É�ÁÄËÕ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ
òÉÓ. 4. ó�Í'Ñ ËÒÉ×ÉÈ ÆÕÎË��§ �03(x;�x; 0) ÒÏÚÒÁÈÏ×ÁÎÉÈ �ÒÉ Ò�ÚÎÉÈÔÅÍ�ÅÒÁÔÕÒÁÈ ÄÌÑ ÓÔÁÔÉÞÎÏÇÏ ×É�ÁÄËÕ



15 ðÒÅ�ÒÉÎÔ
òÉÓ. 5. ó�Í'Ñ ËÒÉ×ÉÈ ÆÕÎË��§ �03(x;�x; 0) ÄÌÑ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ

òÉÓ. 6. òÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓ-Ô� ÄÏ×ÇÏÈ×ÉÌØÏ×Ï§ ÇÒÁÎÉ�� ÆÕÎË��§ Gid(x) ÄÌÑ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏÇÏÇÁÚÕ.(æÕÎË��§ f� ÔÁ '� ×�Ä�Ï×�ÄÎÏ)
ICMP{99{18U 16

òÉÓ. 7. òÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓ-Ô� ÄÏ×ÇÏÈ×ÉÌØÏ×Ï§ ÇÒÁÎÉ�� ÆÕÎË��§ G1(x) ÄÌÑ ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏÇÏÇÁÚÕ �ÒÉ (rs = 1) (æÕÎË��§ f� ÔÁ '� ×�Ä�Ï×�ÄÎÏ)
òÉÓ. 8. Gid(q; 0) ÒÏÚÒÁÈÏ×ÁÎÁ �ÒÉ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ 0:05, 0:1, 0:2,0:3
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òÉÓ. 9. Gid(x) ÒÏÚÒÁÈÏ×ÁÎÁ �ÒÉ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ 0:05, 0:1, 0:2, 0:3ÄÌÑ � = 0:1
òÉÓ. 10. æÕÎË��Ñ G1(q; 0) �ÒÉ rs = 1 ÄÌÑ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ 0:05, 0:1,0:2, 0:3
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òÉÓ. 11.æÕÎË��Ñ G1(x) �ÒÉ rs = 1 ÔÁ � = 0:1 �ÒÉ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ0:05, 0:1, 0:2, 0:3
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