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1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐäÁÌØÛÁ ÒÏÚÒÏÂËÁ ÍÅÔÏÄÕ ÄÏÓÌ¦ÄÖÅÎÎÑ ÓÉÌØÎÏ ÎÅ¦ÄÅÁÌØÎÉÈ ÆÅÒÍ¦-ÓÉÓÔÅÍ, ÚÁÐÒÏÐÏÎÏ×ÁÎÏÇÏ × ÒÏÂÏÔÁÈ Á×ÔÏÒ¦× [1, 2], ¤ ÍÅÔÏÀ Ã¦¤§ ÐÕ-ÂÌ¦ËÁÃ¦§. ôÕÔ ÐÏËÁÚÁÎÏ, ÝÏ ÚÏÂÒÁÖÅÎÎÑ ÚÍ¦ÝÅÎØ ÎÅ ¤ ÑËÉÍÓØ ÓÐÅ-ÃÉÆ¦ÞÎÉÍ ÐÒÉÊÏÍÏÍ, Á ÎÁÌÅÖÉÔØ ÄÏ ÐÅ×ÎÏÇÏ ËÌÁÓÕ ÐÅÒÅÔ×ÏÒÅÎØ ÓÔÁ-ÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÆÅÒÍ¦-ÓÉÓÔÅÍ, Á ÓÁÍÅ ÃÉËÌ¦ÞÎÉÈ ÐÅÒÅÔ×ÏÒÅÎØ, ÄÏÂÒÅ×¦ÄÏÍÉÈ Õ ÓÔÁÔÉÓÔÉÞÎ¦Ê Æ¦ÚÉÃ¦. ôÁË¦ ÐÅÒÅÔ×ÏÒÅÎÎÑ ¤ ÏÓÎÏ×ÏÀ ÍÅÔÏÄ¦×ÐÅÒÅÎÏÒÍÕ×ÁÎØ Õ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ. îÁÍÉ ÄÏ×ÅÄÅÎÏ, ÝÏ ÐÅÒÅÔ×ÏÒÅÎÎÑÚÍ¦ÝÅÎØ (ÁÂÏ ÃÉËÌ¦ÞÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ) ÄÏÚ×ÏÌÑ¤ ÓÆÏÒÍÕÌÀ×ÁÔÉ ÐÅ-ÒÅÎÏÒÍÏ×ÁÎÕ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÕ ÔÅÏÒ¦À ÚÂÕÒÅÎØ, ÚÁÓÔÏÓÏ×ÎÕ × ÛÉÒÏË¦ÊÏÂÌÁÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÎÅ¦ÄÅÁÌØÎÏÓÔ¦, ÏÓË¦ÌØËÉ × Î¦Ê ÐÒÉÒÏÄÎÉÍ ÞÉÎÏÍ×ÒÁÈÏ×ÕÀÔØÓÑ ÅÆÅËÔÉ ÅËÒÁÎÕ×ÁÎÎÑ ÔÁ ÌÏËÁÌØÎÏÇÏ ÐÏÌÑ. ðÒÉ×ÅÄÅÎÏÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÅÎÅÒÇ¦§ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§Ò¦ÄÉÎÉ, Â¦ÎÁÒÎÏ§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÔÁ ÒÏÚÐÏÄ¦ÌÕ ÞÁÓÔÉÎÏË ÚÁ ¦ÍÐÕÌØ-ÓÁÍÉ Õ ÐÁÒÁÍÁÇÎ¦ÔÎ¦Ê ÆÁÚ¦.2. ãÉËÌ¦ÞÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉðÏËÁÖÅÍÏ,ÝÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÚÍ¦ÝÅÎØ Ô¦ÓÎÏ ÐÏ×'ÑÚÁÎÅ ¦Ú ÐÅÒÅÔ×ÏÒÅÎ-ÎÑÍ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ, ÑËÅ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ×ÌÁÓÔÉ×ÏÓÔ¦ ÃÉËÌ¦ÞÎÏÓÔ¦ÛÐÕÒÁ. òÏÚÇÌÑÎÅÍÏ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ Õ×ÅÌÉËÏÍÕ ËÁÎÏÎ¦ÞÎÏÍÕ ÁÎÓÁÍÂÌ¦Z(�) = Spfexp[��( ^H � � ^N)]g ; (2.1)^H = ^H0 + ^V ;ÄÅ ^H0 { ÏÐÅÒÁÔÏÒ Ë¦ÎÅÔÉÞÎÏ§ ÅÎÅÒÇ¦§, ^V { ÏÐÅÒÁÔÏÒ ËÕÌÏÎ¦×ÓØËÏ§×ÚÁ¤ÍÏÄ¦§ Í¦Ö ÅÌÅËÔÒÏÎÁÍÉ, ^N { ÏÐÅÒÁÔÏÒ ÞÉÓÌÁ ÞÁÓÔÉÎÏË, � { ÚÍ¦ÎÎÁÈ¦Í¦ÞÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ, � { ÏÂÅÒÎÅÎÁ ÔÅÍÐÅÒÁÔÕÒÁ.÷ÉËÏÒÉÓÔÁ¤ÍÏ ÅÒÍ¦Ô¦× ÏÐÅÒÁÔÏÒ ^W , ÑËÉÊ ËÏÍÕÔÕ¤ Ú ÏÐÅÒÁÔÏÒÏÍÞÉÓÌÁ ÞÁÓÔÉÎÏË ^N ÔÁ ÅÎÅÒÇ¦¤À ×ÚÁ¤ÍÏÄ¦§ ^V . ÷ÉËÏÎÁ¤ÍÏ ÔÁËÅ ÃÉËÌ¦ÞÎÅÐÅÒÅÔ×ÏÒÅÎÎÑZ(�) = Spfexp(� ^W ) exp[��( ^H � � ^N)] exp( ^W )g == Spn��� ^H � � ^N + ^K(w) + ^L(w)�]o ; (2.2)^K(w) = [ ^H0; ^W ]� ; ^L(w) = 12h[ ^H0; ^W ]�; ^W i� :ð¦ÄÂÅÒÅÍÏ ^W ÔÁËÉÍ ÞÉÎÏÍ, ÝÏÂ ÏÐÅÒÁÔÏÒ^V + ^L(w) (2.3)
ICMP{98{15U 2ËÏÍÕÔÕ×Á× ¦Ú ÏÐÅÒÁÔÏÒÁÍÉ ^H0 ÔÁ ^K(w). ôÏÄ¦Z(�) = Spfexp[��( ^V + ^L(w))] � (2.4)� exp[��( ^H0 � � ^N + ^K(w))]g :÷ÉÂÅÒÅÍÏ ^W ÐÏÄ¦ÂÎÉÍ ÄÏ ÏÐÅÒÁÔÏÒÁ ÚÍ¦ÝÅÎØ [2]^W =Xn�2 ^Wn(�) ;^Wn(�) = (n!)�1V 1�n Xq1;:::;qn �n(q1; : : : ;qn) � (2.5)� �q1+���+qn;0 ^In(q1; : : : ;qn) ;^In(q1; :::;qn) = Xk1;kn Xs1;sn a+k1+q1;s1 a+k2+q2;s2 � � � �� a+kn+qn;snakn;sn � � � ak1;s1 ;ÄÅ �n(q1; : : : ;qn) { ÒÏÚ×'ÑÚËÉ Ò¦×ÎÑÎØ, ÑËÉÍÉ ×ÉÚÎÁÞÁÀÔØÓÑ ËÏÅÆ¦Ã¦-¤ÎÔÎ¦ ÆÕÎËÃ¦§ ÏÐÅÒÁÔÏÒÁ ÚÍ¦ÝÅÎØ × ÇÒÁÎÉÃ¦ ÎÉÚØËÉÈ ÔÅÍÐÅÒÁÔÕÒ�Vn(q1; :::;qn) + Xm�2	(m)n (q1; :::;qn) ++ 2N(�)V �1�22 (q1;�q1)�q1�n;2 ++ (1� �n;2)�n(q1; :::;qn)�n(q1; :::;qn) = 0 (2.6)ÐÒÉ n � 2. ôÕÔ ×ÉËÏÒÉÓÔÁÎÏ ÔÁË¦ ÐÏÚÎÁÞÅÎÎÑ :V2(q;�q) = Vq = 4�e2 q�2;V3(q1;q2;q3) = h2(2m)�1�q1+q2+q3;0 �� 3Xi 6=j=1(qi;qj)�2(qi;�qi)�2(qj ;�qj) ; (2.7)V4(q1;�q1;q2;�q2) = �4h2m�1�3(�q1;q2;q1 � q2) �� f(q1;q1 � q2)�2(q1;�q1) + (q2;q2 � q1)�2(q2;�q2)g; :::	(2)2 (q;�q) = h2m�1V �1Xq1 (q1;q1 � q)�2(q1;�q1) �� �2(q� q1;q1 � q) ;	(3)2 (q;�q) = 2h2m�1N(�)V �2Xq1 fq21 + (q1;q1 � q)g �� �2(q1;�q1)�3(�q1;q;q1 � q) ;



3 ðÒÅÐÒÉÎÔ	(4)2 (q;�q) = h2N2m�1V �3Xq1 q21�2(q1;�q1) �� �4(q1;�q1;q;�q) ;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::�n(q1; :::;qn) = h2m�1N(�)V �1 nXi=1 q2i �2(qi;�qi) :âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ Ñ×ÎÉÊ ×ÉÇÌÑÄ ËÏÍÕÔÁÔÏÒÁ ^L(w) ¦ Ò¦×ÎÑÎÎÑ (2.6),ÚÎÁÈÏÄÉÍÏ, ÝÏ ��[ ^V + ^L(w)] = ^N2��0V �1 ; (2.8)�0 = V �1Xq6=0 �q�22(q;�q):íÏÄÅÌØÎÕ ÓÉÓÔÅÍÕ, ÑËÁ ÏÐÉÓÕ¤ÔØÓÑ ÓÔÁÔÉÓÔÉÞÎÉÍ ÏÐÅÒÁÔÏÒÏÍ^Pâ = expf� ^N2V �1�0 � �[ ^H0 � � ^N ]g ; (2.9)ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÑË ÂÁÚÉÓÎÕ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ Z(�). ð¦ÓÌÑÐÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÚÁ¤ÍÏÄ¦§ (2.4) ÎÁÂÕ×Á¤ ÔÁËÏ§ ÆÏÒÍÉ:Z(�) = Zâ(�)h ^Siâ ; (2.10)^S = T expf� �Z0 d�0 e�0 ( ^H0�� ^N) ^K(w) e��0 ( ^H0�� ^N)g ;ôÕÔ Zâ(�) = Sp ^Pâ = exp(��
â(�)) � (2.11)ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ, Á 
â(�) { §§ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÊÐÏÔÅÎÃ¦ÁÌ; ÓÉÍ×ÏÌ h: : : iâ ÏÚÎÁÞÁ¤ ÓÔÁÔÉÓÔÉÞÎÅ ÓÅÒÅÄÎ¤ ÚÁ ÓÔÁÎÁÍÉÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ. Zâ(�) ÒÏÚÒÁÈÕ¤ÍÏ ÚÁ ÄÏÐÏÍÏÇÏÀ ÍÅÔÏÄÕ ËÏÌÅËÔÉ×-ÎÉÈ ÚÍ¦ÎÎÉÈ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÏÐÅÒÁÔÏÒ ÐÅÒÅÈÏÄÕ [3]^J(N � ^N) = +1Z�1 d! exp[2�i!(N � ^N)] : (2.12)ôÁËÉÍ ÞÉÎÏÍ ÏÄÅÒÖÕ¤ÍÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ :Zâ(�) = Z0(�) +1Z�1 dN +1Z�1 d! expf�V �1N2�0) + 2�i!N ++ Xn�1(�1)n(n!)�1(2�i!)nS0n(�)g ; (2.13)
ICMP{98{15U 4ÄÅ S0n(�) = h ^NniÚ×0 = ��1�n dnd�n
0(�) ; (2.14)Z0(�) { ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ, Á 
0(�) { §§ ÔÅÒÍÏÄÉ-ÎÁÍ¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ; ÓÉÍ×ÏÌ h: : : iÚ×0 ÏÚÎÁÞÁ¤ Ú×'ÑÚÎÅ ÓÅÒÅÄÎ¤ ÚÁ ÓÔÁ-ÎÁÍÉ Ã¦¤§ ÓÉÓÔÅÍÉ.ýÏÂ ÐÒÏ¦ÎÔÅÇÒÕ×ÁÔÉ ÚÁ ÚÍ¦ÎÎÏÀ !, ÓËÏÒÉÓÔÁ¤ÍÏÓØÔÏÔÏÖÎ¦ÓÔÀ:expXn�1(�1)n(2�i!)n(n!)�1S0n(�) = fexpXn�2 ^Dng �� expf�2�i!S01g; (2.15)^Dn � (n!)�1S0n(�) dnd(S01 )n :¶ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ÚÍ¦ÎÎÉÍÉ ! ÔÁ N ×ÉËÏÎÕ¤ÔØÓÑ ÅÌÅÍÅÎÔÁÒÎÏ ¦ Zâ(�)ÐÒÅÄÓÔÁ×ÌÑ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦ ÔÁËÏ§ ÄÉÆÅÒÅÎÃ¦ÁÌØÎÏ§ ÆÏÒÍÉ :Zâ(�) = Z0(�)fexpXn�2 ^Dng expf�V �1[S01(�)]2�0g : (2.16)âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ, ÝÏ S01(�) � N , Á^Dn expf�V �1�0[S01(�)]2g = expf�V �1�0[S01(�)]2g ��f[2��0V �1S01(�)]n + ��0V �1n(n� 1) � (2.17)� [2��0V �1S01(�)]n�2 + � � �g;ÂÁÞÉÍÏ, ÝÏ × ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦Ê ÇÒÁÎÉÃ¦ N; V !1, N=V = const
â(�) = �V �1�0[S01 ]2(��) + 
0(�) � (2.18)� ��1Xn�2(n!)�1S0n(��)[2V �1��0S01(��)]n + � � � :÷ÒÁÈÏ×ÕÀÞÉ ÓÐ¦××¦ÄÎÏÛÅÎÑ (2.14), ÚÎÁÈÏÄÉÍÏ
â(�) = 
0(��) + V �1[S01(��)]2�0 ; (2.19)�� � �+ 2�0V �1S01(��) :ãÅÊ ÁÓÉÍÐÔÏÔÉÞÎÏ ÔÏÞÎÉÊ ×ÉÒÁÚ ÄÌÑ 
â(�) ÌÅÇËÏ ÏÄÅÒÖÁÔÉ ÚÁ ÄÏ-ÐÏÍÏÇÏÀ ÓÁÍÏÕÚÇÏÄÖÅÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ, ÓËÏÒÉÓÔÁ×ÛÉÓØ ÔÏÔÏÖÎ¦ÓÔÀ^N2 = 2 ^NS01 � (S01)2 + [ ^N � S01 ]2 : (2.20)



5 ðÒÅÐÒÉÎÔîÅÈÔÕÀÞÉ ÏÓÔÁÎÎ¦Í ÞÌÅÎÏÍ Õ ÐÒÁ×¦Ê ÓÔÏÒÏÎ¦ (2.20), ÏÄÅÒÖÕ¤ÍÏ (2.19).÷ÒÁÈÕ×ÁÎÎÑ ÍÏÍÅÎÔ¦× ÄÏÄÁÎËÁ [ ^N � S01 ]2 ÚÁ ÒÏÚÐÏÄ¦ÌÏÍexp[��( ^H0��� ^N)] ÐÒÉ×ÏÄÉÔØ ÄÏ ÐÏÐÒÁ×ÏË, ÝÏ ÍÁÀÔØ \ÚÁÊ×¦" ÓÔÅÐÅÎ¦ÍÎÏÖÎÉËÁ V �1 ¦ ¤ ÎÅÓÕÔÔ¤×ÉÍÉ × ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦Ê ÇÒÁÎÉÃ¦. ðÒÏ×Å-ÄÅÎÉÊ ÒÏÚÒÁÈÕÎÏË Zâ(�) ÏÂÇÒÕÎÔÏ×Õ¤ ÔÁËÏÖ ÎÁÂÌÉÖÅÎÎÑ, ÑË¦ ÂÕÌÉÚÒÏÂÌÅÎ¦ ÐÒÉ ÚÁÐÉÓ¦ Ò¦×ÎÑÎØ (2.6) - (2.7) [2].ïÓË¦ÌØËÉ S01(�) = � @@�
0(�), ÔÏ ÕÍÏ×Á N = � @@�
â(�), ÑËÁ ×É-ÚÎÁÞÁ¤ È¦Í¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ, Ú×ÏÄÉÔØÓÑ ÄÏ Ò¦×ÎÑÎÎÑ� @@��
0(��) = N : (2.21)ïÔÖÅ, �� = �id � �id��; NV � ; (2.22)Á È¦ÍÐÏÔÅÎÃ¦ÁÌ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ Ò¦×ÎÉÊ�â = �â��; NV � = �id � 2NV �0 ; (2.23)ÄÅ �id { È¦Í¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ ÅÌÅËÔÒÏÎ¦×. ú×¦ÄÓÉ×ÉÐÌÉ×Á¤ ÔÁËÉÊ ×ÉÒÁÚ ÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ :Fâ = 
â(�â) +N�â = Fid � N2V �0 : (2.24)ðÒÉ ÃØÏÍÕ Fid { ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ, Á �0 ÎÅ ÚÁÌÅÖÉÔØ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ. ôÁËÉÍ ÞÉÎÏÍ, ÃÉËÌ¦ÞÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ (2.2), (2.5)ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÅË×¦×ÁÌÅÎÔÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÀ ÚÍ¦ÝÅÎØ ÐÒÉ ÁÂÓÏ-ÌÀÔÎÏÍÕ ÎÕÌ¦ ÔÅÍÐÅÒÁÔÕÒÉ.÷ÒÁÈÕ×ÁÎÎÑ ÍÎÏÖÎÉËÁ Zâ(�) ÐÒÉ×ÏÄÉÔØ ÄÏ ×ÉÒÁÚÕ ÄÌÑ ×¦ÌØÎÏ§ÅÎÅÒÇ¦§, ÑËÉÊ ÏÂÍÅÖÕ¤ ÚÎÉÚÕ ÅÎÅÒÇ¦À ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ ÍÏÄÅÌ¦ ÅÌÅË-ÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ ÐÒÉ ×Ó¦È rs. ÷ ÒÏÂÏÔ¦ [2] ÐÏËÁÚÁÎÏ, ÝÏ ÃÅÊ ×ÉÒÁÚ ¤ÁÓÉÍÐÔÏÔÉÞÎÏ ÔÏÞÎÉÍ × ÇÒÁÎÉÃ¦ ÎÉÚØËÉÈ ÇÕÓÔÉÎ (rs � 1). íÉ ÐÏ-ËÁÖÅÍÏ ÔÕÔ, ÝÏ ÒÏÚÒÁÈÕÎÏË ÓÅÒÅÄÎØÏÇÏ Õ ÆÏÒÍÕÌ¦ (2.10) ÚÁ ÔÅÏÒ¦¤ÀÚÂÕÒÅÎØ ÐÒÉ×ÏÄÉÔØ ÄÏ ÒÅÚÕÌØÔÁÔ¦×, ÓÐÒÁ×ÅÄÌÉ×ÉÈ × ÛÉÒÏË¦Ê ÏÂÌÁÓÔ¦ÐÁÒÁÍÅÔÒÁ ÎÅ¦ÄÅÁÌØÎÏÓÔ¦. òÏÚÒÁÈÕÎÏË ÓÅÒÅÄÎØÏÇÏ h ^Siâ ×ÉËÏÎÕ¤ÔØÓÑÔÁË ÓÁÍÏ, ÑË ¦ ÚÁÓÅÒÅÄÎÅÎÎÑ ÚÁ ÓÔÁÎÁÍÉ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ.ðÒÉ×ÅÄÅÍÏ ÔÕÔ Ñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ ËÏÍÕÔÁÔÏÒÁ ^K(w) :[ ^H0; ^W ]� = h2m Xn�2(n!)�1V 1�n Xq1;:::;qn � (2.25)� �q1+���+qn;0 �n(q1; : : : ;qn) �� Xk1;:::;kn nXm=1�km + qm2 ;qm� ^Jn(q1; : : : ;qnj k1; : : : ;kn):
ICMP{98{15U 6ôÕÔ ××ÅÄÅÎÏ k-ËÏÍÐÏÎÅÎÔÉ ÏÐÅÒÁÔÏÒ¦× ^In(q1; : : : ;qn), ÑË¦ ×ÉÚÎÁÞÁ-ÀÔØÓÑ ÔÁËÉÍ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ:^Jn(q1; : : : ;qnj k1; : : : ;kn) = Xs1;:::;sn a+k1+q1;s1 : : : a+kn+qn;sn �� akn;sn : : : ak1;s1 : (2.26)^S-ÍÁÔÒÉÃÑ ÚÁÐÉÓÕ¤ÔØÓÑ × ÔÁË¦Ê ÆÏÒÍ¦:^S = ~T expf� �Z0 Xn�2 h2mV 1�n[(n� 1)!]�1 Xq1;:::;qn �� �q1+���+qn;0 �n(q1; : : : ;qn) � (2.27)� ^fq1(�0 )^�q2(�0) � � � ^�qn(�0)d�0g :ôÕÔ ^�q(�0) =Xk;s a+k+q;s(�0 )ak;s(�0) ; (2.28)^fq(�0) =Xk;s �k+ q2 ;q�a+k+q;s(�0)ak;s(�0) ;Á ~T { ÓÉÍ×ÏÌ ÕÚÁÇÁÌØÎÅÎÏÇÏ ÈÒÏÎÏÌÏÇ¦ÞÎÏÇÏ ×ÐÏÒÑÄËÕ×ÁÎÎÑ [4], ÑËÉÊ,ËÒ¦Í Ú×ÉÞÁÊÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ, ÍÁ¤ ÝÅ ×ÌÁÓÔÉ×¦ÓÔØ ÐÒÉ×ÏÄÉÔÉ ÄÏÂÕ-ÔÏË ÏÐÅÒÁÔÏÒ¦× ÄÏ ÎÏÒÍÁÌØÎÏ§ ÆÏÒÍÉ ÐÒÉ ÓÐ¦×ÐÁÄÁÀÞÉÈ ÚÎÁÞÅÎÎÑÈÚÍ¦ÎÎÏ§ �0 , Á ÓÁÍÅ~Tfak1;s1(�0)a+k2;s2(�0)g = �a+k2;s2(�0)ak1;s1(�0) : (2.29)÷¦Ä ÐÒÅÄÓÔÁ×ÌÅÎÎÑ (2.27) ÌÅÇËÏ ÐÅÒÅÊÔÉ ÄÏ ÞÁÓÔÏÔÎÏÇÏ ÐÒÅÄÓÔÁ-×ÌÅÎÎÑ [4], ××ÏÄÑÞÉ ÓÕÐÅÒÐÏÚÉÃ¦À ÆÅÒÍ¦-ÏÐÅÒÁÔÏÒ¦× Õ ÚÏÂÒÁÖÅÎÎ¦×ÚÁ¤ÍÏÄ¦§ ak;s(��) = ��1=2 �Z0 ak;s(�0) exp(i���0)d�0 ; (2.30)ÄÅ �� = (2n+1)���1 { ÞÁÓÔÏÔÉ æÅÒÍ¦-íÁÃÕÂÁÒÉ [5]. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉÍÅÔÏÄÉËÕ ÒÏÂÏÔÉ [3], ÏÄÅÒÖÕ¤ÍÏ ÔÁËÅ ÞÁÓÔÏÔÎÅ ÚÏÂÒÁÖÅÎÎÑ :^S = ~T expf�Xn�2 h2m (�V )1�n[(n� 1)!]�1 Xx1;:::;xn �x1+���+xn;0 �� �x1+���+xn;0�n(q1; : : : ;qn) ^fx1 ^�x2 � � � ^�xng : (2.31)



7 ðÒÅÐÒÉÎÔðÒÉ ÃØÏÍÕ ^�x = ^�q;� = Xk;s;�� a+k+q;s(�� + �)ak;s(��) � (2.32)ÓÐÅËÔÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÏÐÅÒÁÔÏÒÁ ÅÌÅËÔÒÏÎÎÏ§ ÇÕÓÔÉÎÉ,^fx = ^fq;� = Xk;s;���k+ q2 ;q�a+k+q;s(�� + �)ak;s(��) ; (2.33)x � (q; �), ÄÅ � = 2n���1 { ÞÁÓÔÏÔÉ âÏÚÅ-íÁÃÕÂÁÒÉ [5]. ðÒÅÄÓÔÁ-×ÌÅÎÎÑ (2.31) ÕÚÁÇÁÌØÎÀ¤ ×ÉÒÁÚ ÄÌÑ S-ÍÁÔÒÉÃ¦ × ÔÅÏÒ¦§ ÆÅÒÍ¦-ÓÉÓÔÅÍ,ÚÁÐÒÏÐÏÎÏ×ÁÎÉÊ × ÒÏÂÏÔ¦ [4]. ïÐÅÒÁÔÏÒÉ ak;s(��) ÎÅ ÍÁÀÔØ ÓÁÍÏÓÔ¦Ê-ÎÏÇÏ ÚÍ¦ÓÔÕ, ×ÏÎÉ ¤ ÌÉÛÅ ÚÒÕÞÎÉÍÉ ÐÏÚÎÁÞÅÎÎÑÍÉ. ïÄÎÁË §Í ÍÏÖÎÁÎÁÄÁÔÉ ÔÁËÏÇÏ ÚÍ¦ÓÔÕ, ÑËÝÏ ×ÉÚÎÁÞÉÔÉ ÐÒÁ×ÉÌÏ ÒÏÚÒÁÈÕÎËÕ ÓÅÒÅÄÎ¦È×¦Ä ÄÏÂÕÔËÕ ÃÉÈ ÏÐÅÒÁÔÏÒ¦×. ñË ÄÏ×ÅÄÅÎÏ × ÒÏÂÏÔ¦ [6],� h ~Tfak1;s1(��1 )a+k2;s2(��2 )gi0 = Gk1;s1(��1 )�k1;k2�s1;s2���1 ;��2 ; (2.34)ÄÅ G0k;s(��) = [i�� � �k + �]�1 ei��� { ÓÐÅËÔÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎËÃ¦§ çÒ¦ÎÁ ÂÁÚÉÓÎÏ§ (¦ÄÅÁÌØÎÏ§) ÓÉÓÔÅÍÉ (� !+0).äÌÑ ÒÏÚÒÁÈÕÎËÕ ÓÅÒÅÄÎØÏÇÏ × (2.10) ×ÉËÏÒÉÓÔÁ¤ÍÏ ÔÅÏÒ¦À ÚÂÕ-ÒÅÎØ. ÷ ÓÉÌÕ ÁÎÔÉÅÒÍ¦ÔÏ×ÏÓÔ¦ ÏÐÅÒÁÔÏÒÁ ^K(w) ×ÎÅÓËÉ ×Ó¦È ÎÅÐÁÒÎÉÈÐÏÒÑÄË¦× ÔÅÏÒ¦§ ÚÂÕÒÅÎØ Ò¦×Î¦ ÎÕÌÅ×¦. ú Ã¦¤§ Ö ÐÒÉÞÉÎÉ Ò¦×Î¦ ÎÕÌÅ×¦ÔÁËÏÖ ×Ó¦ ×ÌÁÓÎÏÅÎÅÒÇÅÔÉÞÎ¦ Ä¦ÁÇÒÁÍÉ, ÁÂÏ Ä¦ÁÇÒÁÍÉ Ú ÔÁËÉÍÉ ÅÌÅ-ÍÅÎÔÁÍÉ. õ Ú×'ÑÚËÕÚ ÃÉÍ ÐÅÒÅÔ×ÏÒÅÎÎÑ (2.2) ¦Î×ÁÒ¦ÁÎÔÎÅ ×¦ÄÎÏÓÎÏÚÁÍ¦ÎÉ ^W ! � ^W . òÏÚÇÌÑÎÅÍÏ ÓÐÏÞÁÔËÕ Ä¦ÁÇÒÁÍÉ ÄÒÕÇÏÇÏ ÐÏÒÑÄ-ËÕ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ, ÐÏÂÕÄÏ×ÁÎ¦ ÎÁ ÐÁÒÎÏÍÕ ÅÆÅËÔÉ×ÎÏÍÕ ÐÏÔÅÎÃ¦ÁÌ¦�2(q;�q). ÷ÎÅÓÏË ÐÏÌÑÒÉÚÁÃ¦ÊÎÉÈ Ä¦ÁÇÒÁÍ Õ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÊ ÐÏ-ÔÅÎÃ¦ÁÌ ÄÏÒ¦×ÎÀ¤�(2�)�1(�V )�2Xx �22(q;�q)fh^�x ^f�xi20 + (2.35)+� h ^fx ^f�xi0h^�x^��xi0g :óÅÒÅÄÎ¦, ÝÏ ÔÕÔ Æ¦ÇÕÒÕÀÔØ, ×ÉÚÎÁÞÁÀÔØÓÑ ÞÅÒÅÚ ÓÐÅËÔÒÁÌØÎ¦ ÚÏÂÒÁ-ÖÅÎÎÑ ÆÕÎËÃ¦Ê çÒ¦ÎÁ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ:h^�x^��xi0 = �Xk;s X�� G0k;s(��)G0k+q;s(�� + �) = �~�02(x;�x);h ^fx ^f�xi0 =Xk;s X�� G0k+q;s(�� + �)G0k;s(��)�k+ q2 ;q�2;h^�x ^f�xi0 =Xk;s X�� G0k+q;s(�� + �)G0k;s(��)�k+ q2 ;q�: (2.36)
ICMP{98{15U 8ïÂÞÉÓÌÅÎÎÑ ÓÕÍ ÚÁ ÎÅÐÁÒÎÉÍÉ ÞÁÓÔÏÔÁÍÉ ÚÄ¦ÊÓÎÀ¤ÔØÓÑ ÚÁ ÐÒÁ×ÉÌÏÍ��1X�� G0k;s(��) = nFk;s = fexp[�(�k � �)] + 1g�1 : (2.37)óÕÍÉ ÚÁ ÐÁÒÎÉÍÉ ÞÁÓÔÏÔÁÍÉ ÏÂÞÉÓÌÀÀÔØÓÑ ÔÁËÉÍ ÞÉÎÏÍ [6]:lim�!0 ��1X� (i� +E)�1 e�i�� = � 1 + nBE ;nBE ; (2.38)nBE = fexp(�E)� 1g�1 :ð¦ÓÌÑ ÎÅÓËÌÁÄÎÉÈ, ÁÌÅ ÇÒÏÍ¦ÚÄËÉÈ ÐÅÒÅÔ×ÏÒÅÎØ ÐÒÉ×ÏÄÉÍÏ ×ÎÅÓÏË(2.35) ÄÏ ÔÁËÏ§ ÆÏÒÍÉ :�NV �2Xq �q�22(q;�q) + 12V Xq ~�02(q;�q)2NV �q�22(q;�q) : (2.39)ôÕÔ ~�02(q;�q) = ��1X� ~�02(x;�x) = �Xk;s nFk;snFk+q;s = (2.40)= � �Nf1� 3q=4kF + (q=kF )3=16g ÐÒÉ q � 2kF ;0 ÐÒÉ q > 2kF :÷ÒÁÈÕ×ÁÎÎÑ ÏÂÍ¦ÎÎÏ§ Ä¦ÁÇÒÁÍÉ ÄÒÕÇÏÇÏ ÐÏÒÑÄËÕ ÐÒÉ×ÏÄÉÔØ ÄÏ ÔÁËÏÇÏ×ÎÅÓËÕ Õ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ :��h2m �2��3V �2 Xx1;x2 �2(q1;�q1)�2(q2;�q2)Xk;s X�� �� G0k;s(��)G0k+q1;s(�� + �1)G0k+q2;s(�� + �2)� (2.41)� G0k+q1+q2;s(�� + �1 + �2)�k+ q12 ;q1� �k+ q22 ;q2� :ð¦ÓÌÑ ÏÂÞÉÓÌÅÎÎÑ ÓÕÍ ÚÁ ÞÁÓÔÏÔÁÍÉ ¦ ÅÌÅÍÅÎÔÁÒÎÉÈ ÐÅÒÅÔ×ÏÒÅÎØ(2.41) ÎÁÂÕ×Á¤ ÔÁËÏÇÏ ×ÉÇÌÑÄÕ:(2!V )�1Xq 	(2)2 (q;�q)~�02(q;�q) + (2.42)+ (3!)�1V �2 Xq1;q2;q3 V3(q1;q2;q3)~�03(q1;q2;q3) ;ÄÅ V3(: : :) ×ÉÚÎÁÞÅÎÏ Õ (2.7), Á~�03(q1;q2;q3) = 2Xk;s nFk+q1;s nFk+q1+q2;s nFk+q1+q2+q3;s �� �q1+q2+q3;0 � (2.43)



9 ðÒÅÐÒÉÎÔÆÕÒ'¤-ÏÂÒÁÚ ÔÒÉÞÁÓÔÉÎËÏ×Ï§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ.ñË ×ÉÄÎÏ Ú (2.42), ÐÅÒÛÉÊ ÄÏÄÁÎÏË ¤ ÐÏÐÒÁ×ËÏÀ ÄÏ ÄÒÕÇÏÇÏ ÄÏÄÁÎ-ËÕ (2.39) ¦ Ú×ÏÄÉÔØÓÑ ÄÏ ÚÁÍ¦ÎÉ × ÎØÏÍÕ ÍÎÏÖÎÉËÁ 2NV �q�22(: : :) ÎÁ2NV �q�22(: : :)+	(2)2 (: : :). ÷ÒÁÈÕ×ÁÎÎÑ ×ÎÅÓË¦×, ÐÒÏÐÏÒÃ¦ÊÎÉÈ ÄÏ �n(: : :)ÐÒÉ n � 3, Ú×ÏÄÉÔØÓÑ ÄÏ ÚÁÍ¦ÎÉ ÃØÏÇÏ ×ÉÒÁÚÕ ÎÁ2NV �q�22(: : :) + Xm�2	(m)2 (: : :) = Vq ; (2.44)ÑË ÃÅ ×ÉÐÌÉ×Á¤ Ú Ò¦×ÎÑÎØ (2.6) ÐÒÉ T = 0K. ðÅÒÛÉÊ ÄÏÄÁÎÏË(2.39) Ã¦ÌËÏÍ ËÏÍÐÅÎÓÕ¤ ×ÎÅÓÏË ÆÕÎËÃ¦§ �1, Á ÄÒÕÇÉÊ (ÐÒÉ ×ÒÁÈÕ×ÁÎÎ¦	(m)2 (: : :)) ÄÁ¤ ÏÂÍ¦ÎÎÕ ÅÎÅÒÇ¦À �HF (rs) = � 3�2� r�1s , ÄÅ � = (9�=4)1=3,Á rs { ÐÁÒÁÍÅÔÒ ÷¦ÇÎÅÒÁ-âÒÁËÎÅÒÁ.óÕÍÁ ÒÑÄÕ ÐÏÌÑÒÉÚÁÃ¦ÊÎÉÈ Ä¦ÁÇÒÁÍ, ÝÏ ×ÉÎÉËÁÀÔØ Õ ÞÅÔ×ÅÒÔÏÍÕ¦ ×ÉÝÉÈ ÐÏÒÑÄËÁÈ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ ¦ ÐÏÂÕÄÏ×ÁÎ¦ ÎÁ �2(q;�q), ÐÒÉ×Ï-ÄÉÔØ ÄÏ ÔÁËÏÇÏ ÁÎÁÌÏÇÕ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ÄÌÑ ËÏÒÅÌÑÃ¦Ê-ÎÏ§ ÅÎÅÒÇ¦§ :Ec = (2�)�1Xx fln[1 + Lx]� Lxg; (2.45)Lx = ��h2m �2�22 (q;�q)(�V )�2 hh^�x^��xi0h ^fx ^f�xi0++ h^�x ^f�xi20i :óÅÒÅÄÎ¦ h ^fx ^f�xi0 ÔÁ h^�x ^f�xi0 ÌÅÇËÏ ×ÉÒÁÚÉÔÉ ÞÅÒÅÚ ÐÁÒÎÕ ËÏÒÅÌÑÃ¦Ê-ÎÕ ÆÕÎËÃ¦À ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ~�02(x;�x) :h^�x ^f�xi0 = ��i��h2m ��1~�02(x;�x) ; (2.46)h ^fx ^f�xi0 = �2�N�q�h2m ��2 + �2��h2m ��2~�02(x;�x) :ú×¦ÄÓÉ ×ÉÐÌÉ×Á¤, ÝÏLx = vef (q)V �1~�02(x;�x); vef (q) = 2NV �1"q�22 (q;�q): (2.47)÷ ÇÒÁÎÉÃ¦ ÍÁÌÉÈ È×ÉÌØÏ×ÉÈ ×ÅËÔÏÒ¦× ÆÕÎËÃ¦Ñ Lx ÂÌÉÚØËÁ ÄÏVqV �1~�02(x;�x), Á ÞÅÒÅÚ ÃÅ Ec ÂÌÉÚØËÁ ÄÏ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÅÎÅÒÇ¦§ ÅÌÅË-ÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ × ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈ ÆÁÚ, ÝÏ ÓÐÒÁ×ÅÄÌÉ×Ï ÄÌÑ×ÉÓÏËÉÈ ÇÕÓÔÉÎ (rs � 1). ïÓË¦ÌØËÉ Vef (q) ÍÁ¤ ÈÁÒÁËÔÅÒ ÆÕÒ'¤-ÏÂÒÁÚÕÐÏÔÅÎÃ¦ÁÌÁ Ë×ÁÎÔÏ×ÏÇÏ ÐÁËÅÔÁ, ÔÏ ËÏÒÅÌÑÃ¦ÊÎÁ ÅÎÅÒÇ¦Ñ Ec ÍÏÄÅÌ¦ ÐÒÉ
ICMP{98{15U 10ÐÒÏÍ¦ÖÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ ÎÅ¦ÄÅÁÌØÎÏÓÔ¦ ÐÒÉÊÍÁ¤ ×ÉÝ¦ ÚÎÁ-ÞÅÎÎÑ, Î¦Ö Õ Ú×ÉÞÁÊÎ¦Ê ÔÅÏÒ¦§ ÚÂÕÒÅÎØ ÎÁ ËÕÌÏÎ¦×ÓØËÏÍÕ ÐÏÔÅÎÃ¦ÁÌ¦.ôÁËÉÍ ÞÉÎÏÍ, ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÚÍ¦ÝÅÎØ ÁÂÏ ÃÉËÌ¦ÞÎÅ ÐÅÒÅÔ×ÏÒÅÎ-ÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÑË ÅÆÅËÔÉ×ÎÉÊ ÓÐÏÓ¦Â ×ÒÁ-ÈÕ×ÁÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÅÆÅËÔ¦×, ÚÏËÒÅÍÁ ÅÆÅËÔ¦× ÌÏËÁÌØÎÏÇÏ ÐÏÌÑÕ ÆÅÒÍ¦-ÓÉÓÔÅÍÁÈ. ä¦ÊÓÎÏ, ÓÐÅËÔÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÐÁÒÎÏ§ ËÏÒÅ-ÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ [4]�2(x;�x) = Z�1(��)Sp f ~T [^�x^��xe��( ^H���N)]g (2.48)× ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ÄÌÑ ÏÐÅÒÁÔÏÒÁ ^K ÄÏÒ¦×ÎÀ¤�2(x;�x) = ~�02(x;�x)f1 + Lxg�1 : (2.49)ïÓË¦ÌØËÉ × ÎÁÂÌÉÖÅÎÎ¦ ÌÏËÁÌØÎÏÇÏ ÐÏÌÑ [7]�2(x;�x) = ~�02(x;�x)�1 + VqV ~�02(x;�x)[1�Gx]��1 ; (2.50)ÔÏ ÓÔÁÔÉÞÎÁ ÐÏÐÒÁ×ËÁ ÎÁ ÌÏËÁÌØÎÅ ÐÏÌÅ Õ ÎÁÛÏÍÕ Ð¦ÄÈÏÄ¦ ×ÉÚÎÁ-ÞÁ¤ÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ :G0q = 1� 2�q�22(q;�q) N(V Vq)�1 = 1� Vef (q)V �1q : (2.51)ñËÝÏ �2(q;�q) ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú Ò¦×ÎÑÎØ (2.6), ÔÏ G0q Õ ÚÍ¦ÎÎÉÈ x =q a0 n�1=3 ¤ ÂÅÚÒÏÚÍ¦ÒÎÏÀ ÕÎ¦×ÅÒÓÁÌØÎÏÀ ÆÕÎËÃ¦¤À, ÑËÁ ÎÅ ÚÁÌÅÖÉÔØ×¦Ä Æ¦ÚÉÞÎÉÈ ÐÁÒÁÍÅÔÒ¦×.ôÁËÁ ÆÕÎËÃ¦Ñ ÍÁ¤ ÚÁÇÁÌØÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÐÏÐÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅÐÏÌÅ Ã¦¤§ ÍÏÄÅÌ¦ ¦ ÚÍ¦ÎÀ¤ÔØÓÑ × ÇÒÁÎÉÃÑÈ ×¦Ä ÎÕÌÑ ÄÏ ÏÄÉÎÉÃ¦, Ë×Á-ÄÒÁÔÉÞÎÁ ×¦ÄÎÏÓÎÏ q × ÏÂÌÁÓÔ¦ ÍÁÌÉÈ ¦ÍÐÕÌØÓ¦×G0q ' (q=kF )2 + � � � ;  ' 0; 32:::; (2.52)ÓÌÁÂÏ ÚÁÌÅÖÉÔØ ×¦Ä È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ ÐÒÉ ×ÅÌÉËÉÈ jqj. ñË ×¦ÄÏÍÏ[7], ÐÏÐÒÁ×ËÁ ÎÁ ÌÏËÁÌØÎÅ ÐÏÌÅ ÚÁÌÅÖÉÔØ ×¦Ä ÐÁÒÁÍÅÔÒÁ ÎÅ¦ÄÅÁÌØ-ÎÏÓÔ¦ rs. þÅÒÅÚ ÃÅ G0q ÎÅ ÍÏÖÎÁ Ã¦ÌËÏÍ ÏÔÏÔÏÖÎÀ×ÁÔÉ Ú ÐÏÐÒÁ×ËÏÀÎÁ ÌÏËÁÌØÎÅ ÐÏÌÅ, §§ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÑË ÐÅ×ÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑÃ¦¤§ ÆÕÎËÃ¦§ ÄÌÑ ÓÉÌØÎÏ ÎÅ¦ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍ, ÄÅ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä rs ¤ÓÌÁÂÏÀ, ËÏÒÏÔËÏÈ×ÉÌØÏ×Á ÁÓÉÍÐÔÏÔÉËÁ ÂÌÉÚØËÁ ÄÏ ÏÄÉÎÉÃ¦, Á ÓÁÍÁÐÏÐÒÁ×ËÁ ¤ ÍÏÎÏÔÏÎÎÏÀ ÆÕÎËÃ¦¤À jqj.



11 ðÒÅÐÒÉÎÔ3. òÏÚÒÁÈÕÎËÉ Ê ÏÂÇÏ×ÏÒÅÎÎÑ ÒÅÚÕÌØÔÁÔ¦×÷ ÒÁÍËÁÈ ÍÅÔÏÄÕ ÃÉËÌ¦ÞÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ (ÁÂÏ ÚÏÂÒÁÖÅÎÎÑ ÚÍ¦ÝÅÎØÐÒÉ T = 0K) ÒÏÚÒÁÈÕ¤ÍÏ ÔÕÔ ¦ÎÔÅÇÒÁÌØÎ¦ ÔÁ ÏÄÎÏÞÁÓÔÉÎËÏ×¦ ÈÁÒÁËÔÅ-ÒÉÓÔÉËÉ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ { ËÏÒÅÌÑÃ¦ÊÎÕ ÅÎÅÒÇ¦À, Â¦ÎÁÒÎÕÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ ÔÁ ÒÏÚÐÏÄ¦Ì ÞÁÓÔÉÎÏË ÚÁ ¦ÍÐÕÌØÓÁÍÉ.ðÅÒÅÈÏÄÑÞÉ × (2.45) ÄÏ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍÐÅÒÁÔÕÒÉ ¦ ×ÉÄ¦ÌÑ-ÀÞÉ ×ÎÅÓÏË ¦ÄÅÁÌØÎÉÈ ËÏÒÅÌÑÃ¦Ê, ÝÏ ÏÐÉÓÕÀÔØÓÑ ÆÕÎËÃ¦¤À�02(x;�x), ÚÏÂÒÁÚÉÍÏ ÅÎÅÒÇ¦À ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ ÍÏÄÅÌ¦ × ÔÒÁÄÉÃ¦ÊÎ¦ÊÆÏÒÍ¦E = Eid +EHF +Ec = Nf"0(rs) + "HF (rs) + "c(rs)gRy ; (3.1)ÄÅ Eid { ÅÎÅÒÇ¦Ñ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ, EHF { ×ÎÅÓÏË, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ÎÁÂÌÉÖÅÎÎÀ èÁÒÔÒ¦-æÏËÁ, Á Ec { ÔÁË Ú×ÁÎÁ ËÏÒÅÌÑÃ¦ÊÎÁ ÅÎÅÒÇ¦Ñ {×ÎÅÓÏË ËÏÒÅÌÑÃ¦Ê, ÚÕÍÏ×ÌÅÎÉÈ ×ÚÁ¤ÍÏÄ¦¤À ("0(rs); "HF (rs) ¦ "c(rs) {ÂÅÚÒÏÚÍ¦ÒÎÁ ÆÏÒÍÁ ÎÁÚ×ÁÎÉÈ ×ÉÝÅ ÔÒØÏÈ ÓËÌÁÄÏ×ÉÈ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ;ÐÒÉ ÃØÏÍÕ "0(rs) = 35 (�=rs)2; "HF (rs) = � 32� �=rs).ðÅÒÅÈÏÄÑÞÉ Õ ÆÏÒÍÕÌÁÈ (2.45)-(2.47) ÄÏ ÂÅÚÒÏÚÍ¦ÒÎÉÈ ÚÍ¦ÎÎÉÈx = qa0n�1=3 (ÄÅ n = 4�a30NV �1; a0 { ÒÁÄ¦ÕÓ âÏÒÁ) ÔÁ ÚÁÍ¦ÎÀÀÞÉÓÕÍÉ ÚÁ ÞÁÓÔÏÔÏÀ � ¦ È×ÉÌØÏ×ÉÍ ×ÅËÔÏÒÏÍ q ¦ÎÔÅÇÒÁÌÁÍÉ, ÏÄÅÒÖÕ¤ÍÏÔÁËÉÊ ×ÉÒÁÚ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÅÎÅÒÇ¦§:"c(rs) = 32�� 4��2=3 1r2s 1Z0 du 1Z0 dx x3fln[1 + Lx]� Lxg; (3.2)Lx = � 4��2=3 � rsx2 Z22 (x)I2;0�xh 43� i1=3; u�:ôÕÔ u = �(2"F q)�1kF , aZ2(x) = x2y2(x); y2(x) = ��2(q;�q)(4�a30)�1n7=6: (3.3)úÇ¦ÄÎÏ Ú ÁÎÁÌ¦ÔÉÞÎÉÍÉ ¦ ÞÉÓÌÏ×ÉÍÉ ÒÏÚÒÁÈÕÎËÁÍÉ ÒÏÂ¦Ô [1, 2] ÆÕÎË-Ã¦Ñ y2(x) ÍÏÖÅ ÂÕÔÉ ÁÐÒÏËÓÉÍÏ×ÁÎÁ ÔÁËÉÍ ×ÉÒÁÚÏÍ:y2(x) ' x�2f1 + ax2 � bx4[1 + ax2]�1g�3=4 �� f1 + dx2[1 + cx2 + lx4]�1g; (3.4)a = 4(9�2)�2=3[1� �]�1; b = a2�; � = 0; 2929:úÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× d; c ÔÁ l ÚÁÌÅÖÁÔØ ×¦Ä ÎÁÂÌÉÖÅÎØ, ÝÏ ×ÉËÏÒÉ-ÓÔÏ×Õ×ÁÌÉÓØ ÐÒÉ ÒÏÚ×'ÑÚÁÎÎ¦ Ò¦×ÎÑÎÎÑ ÄÌÑ �2(q;�q). áÓÉÍÐÔÏÔÉÞ-ÎÉÊ ÒÏÚ×'ÑÚÏË ×¦ÄÐÏ×¦ÄÁ¤ d = 0; ÐÒÉ ×ÒÁÈÕ×ÁÎÎ¦ 	(2)2 (q;�q) ÍÁ¤ÍÏ
ICMP{98{15U 12d = 0; 0587; c = �0; 886; l = 0; 201; ÐÒÉ ×ÒÁÈÕ×ÁÎÎ¦ ÝÅ Ê 	(3)2 (q;�q)ÔÁ 	(4)2 (q;�q) ÏÄÅÒÖÕ¤ÍÏ d = 0; 2521; c = 0; 0998; l = 0; 1396. îÁÒÉÓ. 1 ÐÒÉ×ÅÄÅÎÁ ÆÕÎËÃ¦Ñ G0q : ËÒÉ×Á 1 ×¦ÄÐÏ×¦ÄÁ¤ d = 0, ËÒÉ×Á 2 {×ÒÁÈÕ×ÁÎÎÀ 	(2)2 (q;�q), ËÒÉ×Á 3 { ÔÁËÏÖ 	(3)2 (q;�q) ÔÁ 	(4)2 (q;�q).

òÉÓ. 1. â¦ÎÁÒÎÁ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ ×ÏÂÌÁÓÔ¦ 0 � rs � 10:0 × ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈ ÆÁÚ Õ ÒÏÚ×ÉÎÕÔÏÍÕÐ¦ÄÈÏÄ¦.îÁÂÌÉÖÅÎÎÀ ÈÁÏÔÉÞÎÉÈ ÆÁÚ Ú×ÉÞÁÊÎÏ§ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ ÎÁ ËÕÌÏÎ¦×-ÓØËÏÍÕ ÐÏÔÅÎÃ¦ÁÌ¦ ×¦ÄÐÏ×¦ÄÁ¤ Z2(x) = 1. æÕÎËÃ¦Ñ I2;0(q; u) { ÂÅÚÒÏÚ-Í¦ÒÎÉÊ ÍÎÏÖÎÉË ËÕÍÕÌÑÎÔÁ ~�02(x;�x):I2;0(q; u) = 2"F (3N)�1~�20(x;�x) = (3.5)= 12 �1 + (2q)�1[1 + u2 � q2=4] ln u2 + (1 + q=2)2u2 + (1� q=2)2 �� uh arctg 1 + q=2u + arctg 1� q=2u i� :òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÅÎÅÒÇ¦§ Õ ÎÁÂÌÉÖÅÎÎ¦ (3.2)-(3.4)ÎÁ×ÅÄÅÎ¦ × ÔÁÂÌÉÃ¦ 1. ôÕÔ ÄÌÑ ÐÏÒ¦×ÎÑÎÎÑ ÐÏÄÁÎÁ ÔÁËÏÖ ËÏÒÅÌÑÃ¦Ê-ÎÁ ÅÎÅÒÇ¦Ñ × ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈ ÆÁÚ Ú×ÉÞÁÊÎÏ§ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ"RPAc (rs) ÎÁ ËÕÌÏÎ¦×ÓØËÏÍÕ ÐÏÔÅÎÃ¦ÁÌ¦, Á ÔÁËÏÖ ÒÏÚÒÁÈÏ×ÁÎÁ ÍÅÔÏ-ÄÏÍ íÏÎÔÅ-ëÁÒÌÏ [8] "MCc (rs) ÔÁ ÒÅÚÕÌØÔÁÔÉ ÄÅÑËÉÈ ¦ÎÛÉÈ ÒÏÂ¦Ô. ñË



13 ðÒÅÐÒÉÎÔ×ÉÄÎÏ Ú ÔÁÂÌÉÃ¦, ËÏÒÅÌÑÃ¦ÊÎÁ ÅÎÅÒÇ¦Ñ, ÏÂÞÉÓÌÅÎÁ ÚÁ ÆÏÒÍÕÌÏÀ (3.2),ÄÕÖÅ ÂÌÉÚØËÁ ÄÏ ÒÅÚÕÌØÔÁÔÕ ÒÏÂÏÔÉ [8], ÏÓÏÂÌÉ×Ï × ÏÂÌÁÓÔ¦ ÓÌÁÂÏ§ ÔÁÐÒÏÍ¦ÖÎÏ§ ÎÅ¦ÄÅÁÌØÎÏÓÔ¦. áÌÅ ¦ ÐÒÉ rs = 10; 0 ×¦ÄÎÏÓÎÅ ×¦ÄÈÉÌÅÎÎÑÓËÌÁÄÁ¤ ÌÉÛÅ 6 %. ëÏÒÅÌÑÃ¦ÊÎÁ ÅÎÅÒÇ¦Ñ ÂÌÉÚØËÁ ÔÁËÏÖ ÄÏ ÒÅÚÕÌØ-ÔÁÔ¦× ÒÏÂÏÔÉ [9], ÝÏ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ×ÉËÏÒÉÓÔÁÎÎ¦ ÐÏÌÑÒÉÚÁÃ¦ÊÎÏÇÏÏÐÅÒÁÔÏÒÁ, ÒÏÚÒÁÈÏ×ÁÎÏÇÏ × ÒÁÍËÁÈ Ú×ÉÞÁÊÎÏ§ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ ÐÒÉ×ÒÁÈÕ×ÁÎÎ¦ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ ~�03(x1; x2; x3) ÔÁ~�04(x1;�x1; x2;�x2)("PRPAc ), Á ÔÁËÏÖ ÄÏ ÒÅÚÕÌØÔÁÔ¦× ÒÏÚÒÁÈÕÎËÕ ËÏ-ÒÅÌÑÃ¦ÊÎÏ§ ÅÎÅÒÇ¦§ ÎÁ ÏÓÎÏ×¦ ÄÉÎÁÍ¦ÞÎÏ§ ÐÏÐÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ ÐÏÌÅ[10]. úÇ¦ÄÎÏ Ú ÆÏÒÍÕÌÏÀ (2.49) ÄÌÑ Â¦ÎÁÒÎÏ§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÅÌÅË-ÔÒÏÎ¦× ÍÁ¤ÍÏ ÔÁËÅ ÚÏÂÒÁÖÅÎÎÑ:F2(r) = 1 + [N(N � 1)�]�1Xq;� ~�02(x;�x) exp (iqr) � (3.6)� f1 + ~�02(x;�x)V �1vef (q)g�1:ôÁÂÌ. 1. ëÏÒÅÌÑÃ¦ÊÎÁ ÅÎÅÒÇ¦Ñ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ (�103�c(rs))rs 0.01 0.1 1 2 3 4 5 6 8 10RPA 428.9 288.0 157.6 123.6 105.5 93.6 84.95 78.2 - 61.3[8] - - 120.0 90.2 - - 56.3 - - 37.2[9] - - 119.7 89.3 72.9 62.1 54.2 48.0 - 32.6[11] 380.6 242.6 120.0 89.6 73.8 63.6 56.3 50.7 - 37.1[12] - - 117.4 86.9 71.1 61.0 53.8 48.3 - 35.0[13] - - 112.0 89.0 75.0 65.0 58.0 52.0 - 35.0[14] - - 122.0 90.4 73.8 63.4 56.0 50.5 - 23.6(3.2) 398.4 253.7 120.0 87.5 71.2 60.8 53.6 48.1 40.3 35.0îÁ ÒÉÓ. 2 ÎÁ×ÅÄÅÎÏ Ó¦Í'À ËÒÉ×ÉÈ ÄÌÑ ÆÕÎËÃ¦§ F2(r) × ÃØÏÍÕ ÎÁ-ÂÌÉÖÅÎÎ¦ (0 � rs � 10; 0). ñË ÂÁÞÉÍÏ Ú ÒÉÓÕÎËÁ, × ÏÂÌÁÓÔ¦ rs � 7; 0Â¦ÎÁÒÎÁ ÆÕÎËÃ¦Ñ ÍÁ¤ Ã¦ÌËÏÍ ËÏÒÅËÔÎÕ ÐÏ×ÅÄ¦ÎËÕ, ¦ Ô¦ÌØËÉ ÐÒÉ Â¦ÌØ-ÛÉÈ ÚÎÁÞÅÎÎÑÈ rs ÐÒÉÊÍÁ¤ ÎÅ×ÅÌÉË¦ ×¦Ä'¤ÍÎ¦ ÚÎÁÞÅÎÎÑ × ÏËÏÌ¦ ÔÏÞ-ËÉ r = 0. ñË ×¦ÄÏÍÏ, Õ Ú×ÉÞÁÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ÎÁÐÏÔÅÎÃ¦ÁÌ¦ ëÕÌÏÎÁ Â¦ÎÁÒÎÁ ÆÕÎËÃ¦Ñ ÐÒÉÊÍÁ¤ ×¦Ä'¤ÍÎ¦ ÚÎÁÞÅÎÎÑ ÐÒÉÍÁÌÉÈ r ×ÖÅ × ÏÂÌÁÓÔ¦ rs � 0; 88:::. ïÔÖÅ ÃÉËÌ¦ÞÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑÐÒÉÚ×ÏÄÉÔØ ÄÏ ÄÕÖÅ ×ÅÌÉËÏÇÏ ÒÏÚÛÉÒÅÎÎÑ ÏÂÌÁÓÔ¦ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÎÁ-ÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ. ÷ ÔÁÂÌÉÃ¦ 2 ÎÁ×ÅÄÅÎÏ ÚÎÁÞÅÎÎÑ Â¦ÎÁÒÎÏ§ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÐÒÉ r = 0 × ÃØÏÍÕ ÎÁÂÌÉÖÅÎÎ¦.ñË ×ÉÐÌÉ×Á¤ Ú ÄÁÎÉÈ ÒÉÓ. 2 ¦ ÔÁÂÌÉÃ¦ 2, ÒÏÚÒÁÈÏ×ÁÎÁ × ÃØÏÍÕÎÁÂÌÉÖÅÎÎ¦ Â¦ÎÁÒÎÁ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÄÕÖÅ ÂÌÉÚØËÁ ÄÏ ÒÅÚÕÌØÔÁÔ¦×
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òÉÓ. 2. â¦ÎÁÒÎÁ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ ×ÏÂÌÁÓÔ¦ 0 � rs � 10:0 × ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈ ÆÁÚ Õ ÒÏÚ×ÉÎÕÔÏÍÕÐ¦ÄÈÏÄ¦.
ôÁÂÌ. 2. â¦ÎÁÒÎÁ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÐÒÉ r = 0rs 1 2 3 4 5 6 7 10RPA -0.125 -0.657 -1.141 -1.594 -2.022 -2.431 -2.826 -3.936[12] 0.279 0.181 0.128 0.094 0.070 0.052 0.036 0.011(3.6) 0.391 0.308 0.236 0.172 0.112 0.056 0.005 -0.136



15 ðÒÅÐÒÉÎÔÒÏÚÒÁÈÕÎËÕ × ÎÁÂÌÉÖÅÎÎ¦ ÌÏËÁÌØÎÏÇÏ ÐÏÌÑ [10].òÏÚÐÏÄ¦Ì ÅÌÅËÔÒÏÎ¦× ÚÁ ¦ÍÐÕÌØÓÁÍÉ ¤ ×ÁÖÌÉ×ÏÀ ¦ ÝÅ ÎÅÄÏÓÔÁÔÎØÏ×É×ÞÅÎÏÀ ÈÁÒÁËÔÅÒÉÓÔÉËÏÀ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ. íÉ ÒÏÚÒÁ-ÈÕ¤ÍÏ §§ Õ ÚÍ¦ÎÎÉÈ ËÁÎÏÎ¦ÞÎÏÇÏ ÁÎÓÁÍÂÌÀ ÎÁ ÏÓÎÏ×¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑnk;s = ha+k;sak;siH���N = Z�1(��) �� Sp fa+k;sak;s e��( ^H��� ^N)g = (3.7)= � 12� � ��"k lnZ(��)j�� = 12 � ��"k
(��)j�� :ôÕÔ �� { ÚÎÁÞÅÎÎÑ È¦Í¦ÞÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ ÍÏÄÅÌ¦, ÑËÉÊ ¤ ÆÕÎËÃ¦ÏÎÁ-ÌÏÍ "k = �h2k2=2m. ÷ÉËÏÒÉÓÔÁ¤ÍÏ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏ-ÇÏ ÐÏÔÅÎÃ¦ÁÌÕ, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ (3.1) ÄÌÑ ÅÎÅÒÇ¦§ ÏÓÎÏ×ÎÏÇÏÓÔÁÎÕ 
(��) = 
0(��) + 
HF (��) + 
c(��): (3.8)ôÕÔ 
0(��) { ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ,
HF (��) { ÎÁÂÌÉÖÅÎÎÑ èÁÒÔÒ¦-æÏËÁ, 
c(��) { ËÏÒÅÌÑÃ¦ÊÎÉÊ ×ÎÅÓÏËÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ. úÇ¦ÄÎÏ Ú ÆÏÒÍÕÌÏÀ (3.7)nk;s = nFk;s � 14�Xx Lx[1 + Lx]�1 �Lx�"k ; (3.9)ÄÅ nFk;s { ÒÏÚÐÏÄ¦Ì ÅÌÅËÔÒÏÎ¦× ÚÁ ¦ÍÐÕÌØÓÁÍÉ × ¦ÄÅÁÌØÎ¦Ê ÓÉÓÔÅÍ¦.ïÓË¦ÌØËÉ�Lx�"k = V �1vef (q) ��"k ~�02(x;�x); (3.10)��"k ~�02(x;�x) = 2 X�=�1(nFk;s � nFk+q;�;s)(i�� + "k � "k+q�)�2;ÔÏ ÄÌÑ ÒÏÚÐÏÄ¦ÌÕ ÅÌÅËÔÒÏÎ¦× ÚÁ ¦ÍÐÕÌØÓÁÍÉ ÏÄÅÒÖÕ¤ÍÏ ÔÁËÅ ÕÚÁÇÁÌØ-ÎÅÎÎÑ ×¦ÄÏÍÏÇÏ ÎÁÂÌÉÖÅÎÎÑ × ÒÁÍËÁÈ ÈÁÏÔÉÞÎÉÈ ÆÁÚ Ú×ÉÞÁÊÎÏ§ ÔÅ-ÏÒ¦§ ÚÂÕÒÅÎØ: nk;s = nFk;s � 1�V 2 Xx v2ef (q)~�02(x;�x) �� [1 + V �1vef (q)~�02(x;�x)]�1 � (3.11)� (nFk;s � nFk+q;s) Re[i� + "k � "k+q]�2:õ ÇÒÁÎÉÃ¦ ÓÌÁÂÏ ÎÅ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ, ËÏÌÉ ×ÁÖÌÉ×¦ ÍÁÌ¦ ÚÎÁÞÅÎÎÑÈ×ÉÌØÏ×ÉÈ ×ÅËÔÏÒ¦× Õ ÓÕÍ¦ ÚÁ ÚÍ¦ÎÎÏÀ x ¦ vef (q) = 2NV �22(q;�q)"q
ICMP{98{15U 16ÍÏÖÎÁ ÚÁÍ¦ÎÉÔÉ ËÕÌÏÎ¦×ÓØËÉÍ ÐÏÔÅÎÃ¦ÁÌÏÍ, (3.11) ÚÂ¦ÇÁ¤ÔØÓÑ ¦Ú ÒÅ-ÚÕÌØÔÁÔÏÍ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ Ú×ÉÞÁÊÎÏ§ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ. ïÄ-ÎÁË Õ ×ÉÐÁÄËÕ ÐÒÏÍ¦ÖÎÏ§ ÞÉ ÓÉÌØÎÏ§ ÎÅ¦ÄÅÁÌØÎÏÓÔ¦ (3.11) ÐÒÉ×ÏÄÉÔØÄÏ ÚÎÁÞÎÏ ÍÅÎÛÉÈ ×¦ÄÈÉÌÅÎØ nk;s ×¦Ä nFk;s, Î¦Ö Õ Ú×ÉÞÁÊÎ¦Ê ÔÅÏÒ¦§ÚÂÕÒÅÎØ [15].ñË ×¦ÄÏÍÏ, ÏÓÏÂÌÉ×¦ÓÔÀ nk;s Õ ×ÉÒÏÄÖÅÎÉÈ ÓÉÓÔÅÍÁÈ ¤ ÎÁÑ×Î¦ÓÔØÚÁÌÉÛËÏ×Ï§ ÐÏ×ÅÒÈÎ¦ æÅÒÍ¦. ðÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÎÕÌ¦ ÔÅÍÐÅÒÁÔÕÒÉ ÕÐÁÒÁÍÁÇÎ¦ÔÎ¦Ê ÆÁÚ¦ [16]� = nkF��;s � nkF+�;s � 0; � > 0; � ! 0: (3.12)ãÑ ÎÅÒ¦×Î¦ÓÔØ Ð¦ÄÔ×ÅÒÄÖÅÎÁ ÍÅÔÏÄÁÍÉ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ Õ ×ÉÐÁÄËÕ ÓÌÁ-ÂÏ ÎÅ¦ÄÅÁÌØÎÉÈ ÓÉÓÔÅÍ. úÏËÒÅÍÁ × ÒÏÂÏÔ¦ [17] ÔÁËÉÊ ÒÏÚÒÁÈÕÎÏË ×É-ËÏÎÁÎÏ ÄÌÑ ÍÏÄÅÌØÎÏ§ ÆÅÒÍ¦-ÓÉÓÔÅÍÉ Ú ËÏÒÏÔËÏÄ¦ÀÞÉÍ ÐÏÔÅÎÃ¦ÁÌÏÍ×ÚÁ¤ÍÏÄ¦§ (Õ ÄÒÕÇÏÍÕ ÐÏÒÑÄËÕ ÔÅÏÒ¦§ ÚÂÕÒÅÎØ). õ ÒÏÂÏÔ¦ [15] ×ÐÅÒ-ÛÅ ÄÏÓÌ¦ÄÖÅÎÏ nk;s Õ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ × ÎÁÂÌÉÖÅÎÎ¦ ÈÁ-ÏÔÉÞÎÉÈ ÆÁÚ. õ ×ÉÐÁÄËÕ ÓÉÌØÎÏ ÎÅ¦ÄÅÁÌØÎÏ§ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉÎÉ ×ÃØÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÕÍÏ×Á (3.12) ÐÏÒÕÛÕ¤ÔØÓÑ ¦ � � �(rs) ÐÒÉÊÍÁ¤×¦Ä'¤ÍÎ¦ ÚÎÁÞÅÎÎÑ ÐÒÉ rs � 5; 7:::. ÷¦ÄÚÎÁÞÉÍÏ, ÝÏ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ ¦Î-ÛÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ Ú×ÉÞÁÊÎÏ§ ÔÅÏÒ¦§ ÚÂÕ-ÒÅÎØ ÎÅÚÁÓÔÏÓÏ×ÎÅ ×ÖÅ ÐÒÉ ÎÁÂÁÇÁÔÏ ÎÉÖÞÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁÈÎÅ¦ÄÅÁÌØÎÏÓÔ¦. îÁÍÉ ÒÏÚÒÁÈÏ×ÁÎÏ nk;s ÄÌÑ ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉ-ÎÉ Õ ÎÁÂÌÉÖÅÎÎ¦ (3.11) ÄÌÑ ×ÉÐÁÄËÕ ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍÐÅÒÁÔÕÒÉ,ËÏÌÉ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ËÕÔÏ×ÉÍÉ ÚÍ¦ÎÎÉÍÉ ×ÅËÔÏÒÁ q ×ÉËÏÎÕ¤ÔØÓÑ ×ÁÎÁÌ¦ÔÉÞÎ¦Ê ÆÏÒÍ¦. ðÅÒÅÈÏÄÑÞÉ ×¦Ä ÚÍ¦ÎÎÉÈ jqj ÔÁ � ÄÏ ÂÅÚÒÏÚÍ¦ÒÎÉÈq� = jqjk�1F , u = �=2"F q�, Á ÐÏÔ¦Í ×¦Ä q� ÄÏ ÚÍ¦ÎÎÏ§ x = jqja0n�1=3,ÐÒÅÄÓÔÁ×ÉÍÏ nk;s Õ ×ÉÇÌÑÄ¦ Ä×ÏËÒÁÔÎÉÈ ¦ÎÔÅÇÒÁÌ¦× (k = jkjk�1F ):ÐÒÉ 0 � k � 1nk;s = 1 + a24�k 1Z0 du8><>: (1+k)=aZ(1�k)=a dxx 	(x;u)h k2�12xa(k2�12xa )2 + u2+k + x2a(k + x2a)2 + u2 i+ 1Z(1+k)=a dxx 	(x;u) X�=�1 k + x2a�(k + x2a�)2 + u29>=>; ;ÐÒÉ k > 1nk;s = a24�k 1Z0 du (k+1)=aZ(k�1)=a dxx 	(x;u)( k2�12xa(k2�12xa )2 + u2 �



17 ðÒÅÐÒÉÎÔ� k � x2a(k � x2a)2 + u2� ; (3.13)	(x;u) = I2;0(xa;u)h� 4��2=3rsZ22 (x)i2hx2 + � 4��2=3 �� rsZ22 (x)I2;0(xa;u)i�1;Z2(x) � x2y2(x); a = � 43��1=3:

òÉÓ. 3. òÏÚÐÏÄ¦Ì ÅÌÅËÔÒÏÎ¦× ÚÁ ¦ÍÐÕÌØÓÁÍÉ × ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉ-ÎÉ × ÔÏÍÕ Ö ÎÁÂÌÉÖÅÎÎ¦.òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ¦ÌÀÓÔÒÕ¤ ÒÉÓ. 3, ÎÁ ÑËÏÍÕ ÎÁ×ÅÄÅÎÏ Ó¦Í'ÀËÒÉ×ÉÈ nk;s ÐÒÉ ÚÁÄÁÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ ÎÅ¦ÄÅÁÌØÎÏÓÔ¦ rs. õÍÏ-×Á (3.12) ÐÏÒÕÛÕ¤ÔØÓÑ ÌÉÛÅ × ÏÂÌÁÓÔ¦ rs � 9; 7:::. ÷¦ÄÚÎÁÞÉÍÏ, ÝÏ ÐÒÉ×ÉËÏÒÉÓÔÁÎÎ¦ ÓÔÁÔÉÞÎÏ§ ÐÏÐÒÁ×ËÉ ÎÁ ÌÏËÁÌØÎÅ ÐÏÌÅ ÒÏÂÏÔÉ [10] ÃÑÕÍÏ×Á ÐÏÒÕÛÕ¤ÔØÓÑ ÐÒÉ rs � 8; 0:::. ïÔÖÅ (3.13) ÝÅ Â¦ÌØÛÅ ÒÏÚÛÉÒÀ¤ÏÂÌÁÓÔØ ÐÁÒÁÍÅÔÒÁ ÎÅ¦ÄÅÁÌØÎÏÓÔ¦, × ÑË¦Ê ÓÐÒÁ×ÅÄÌÉ×Å ÎÁÂÌÉÖÅÎÎÑÈÁÏÔÉÞÎÉÈ ÆÁÚ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ ÒÏÚÐÏÄ¦ÌÕ ÅÌÅËÔÒÏÎ¦× ÚÁ ¦ÍÐÕÌØÓÁ-ÍÉ. * * *ðÒÏ×ÅÄÅÎ¦ ÒÏÚÒÁÈÕÎËÉ ÈÁÒÁËÔÅÒÉÓÔÉË ÍÏÄÅÌ¦ ÅÌÅËÔÒÏÎÎÏ§ Ò¦ÄÉ-ÎÉ Ó×¦ÄÞÁÔØ, ÝÏ ÃÉËÌ¦ÞÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (ÁÂÏ ÍÏ-
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