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1 ðÒÅ�ÒÉÎÔ÷ÓÔÕ��ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÔÁ ÓÔÒÕËÔÕÒÎ� ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÞÁÓÔÉÎÏË ¤ ËÌÀÞÏ-×ÉÍÉ �ÒÉ ÄÏÓÌ�ÄÖÅÎÎ� �ÒÏÓÔÏÒÏ×Ï-ÏÂÍÅÖÅÎÉÈ ÓÉÓÔÅÍ, ÄÏ ÑËÉÈ ÎÁÌÅ-ÖÉÔØ �Ï×ÅÒÈÎÑ ÍÅÔÁÌÕ �ÒÉ ×ÚÁ¤ÍÏÄ�§ Ú ÇÁÚÁÍÉ, ÅÌÅËÔÒÏÌ�ÔÁÍÉ. õ �Ï-×ÅÒÈÎÅ×ÉÈ Ñ×ÉÝÁÈ ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§, ÄÉÆÕÚ�§ ÔÁËÉÈ ÓÉÓÔÅÍ ÏÄÎÕ �ÚÇÏÌÏ×ÎÉÈ ÒÏÌÅÊ ×�Ä�ÇÒÁ¤ ÅÌÅËÔÒÏÎÎÁ ÓÔÒÕËÔÕÒÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ, ÑËÁÍÏÖÅ ÄÏÓÌ�ÄÖÕ×ÁÔÉÓØ ÑË ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÍÅÔÏÄÁÍÉ (ÓËÁÎÕÀÞ�ÔÕÎÅÌØÎÁ Ó�ÅËÔÒÏÓËÏ��Ñ ÔÁ Í�ËÒÏÓËÏ��Ñ, �ÏÌØÏ×Á �ÏÎÎÁ Í�ËÒÏÓËÏ��ÑÔÁ §È ÍÏÄÉÆ�ËÁ��§ [1{4℄), ÔÁË � ÍÅÔÏÄÁÍÉ ËÏÍ�'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎ-ÎÑ íÏÎÔÅ-ëÁÒÌÏ [5℄. äÌÑ ×ÉÑÓÎÅÎÎÑ ÍÅÈÁÎ�ÚÍ�× ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§,ÄÉÆÕÚ�§ ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÔÁ �ÎÛÉÈ �Ï×ÅÒÈÎÅ×ÉÈ Ñ×ÉÝ ×ÁÖÌÉ×� ÔÅÏÒÅ-ÔÉÞÎ� ÄÏÓÌ�ÄÖÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÕÎË��Ê, ÓÔÒÕËÔÕÒÎÉÈ ÆÕÎË��ÊÒÏÚ�ÏÄ�ÌÕ ÞÁÓÔÉÎÏË Ú ×ÒÁÈÕ×ÁÎÎÑÍ Ó�Å�ÉÆ�ËÉ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎ-ËÁÍÉ ÓÉÓÔÅÍÉ.õ �ÒÅÄÓÔÁ×ÌÅÎ�Ê ÒÏÂÏÔ�, ÝÏ ¤ �ÒÏÄÏ×ÖÅÎÎÑÍ [6℄, ÎÁ ÏÓÎÏ×� ÍÅÔÏ-ÄÕ ÆÕÎË��ÏÎÁÌØÎÏÇÏ �ÎÔÅÇÒÕ×ÁÎÎÑ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÚÁÄÁÞÁ ÒÏÚÒÁÈÕÎ-ËÕ ÆÕÎË��Ê ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× ÄÌÑ ÓÉÓÔÅÍÉ, ÑËÁ ÓËÌÁÄÁ¤ÔØÓÑ �ÚÅÌÅËÔÒÏÎ�× ÔÁ ÏÄÎÏÒ�ÄÎÏÇÏ ÄÏÄÁÔÎØÏÇÏ ÆÏÎÕ Ú �ÌÏÓËÏÀ �Ï×ÅÒÈÎÅÀÒÏÚÄ�ÌÕ. äÌÑ �ÒÏÓÔÏÒÏ×Ï-ÏÂÍÅÖÅÎÉÈ ÓÉÓÔÅÍ ÏÔÒÉÍÁÎÏ ÚÁÇÁÌØÎÉÊ ×É-ÒÁÚ ÄÌÑ s-ÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ. ðÒÏ×ÅÄÅÎÏ ÞÉÓÅÌØÎ� ÒÏÚÒÁ-ÈÕÎËÉ ÕÎÁÒÎÏ§ ÔÁ Â�ÎÁÒÎÏ§ ÆÕÎË��Ê ÒÏÚ�ÏÄ�ÌÕ Õ ×É�ÁÄËÕ ÍÏÄÅÌÀ×ÁÎ-ÎÑ �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ �ÏÔÅÎ��ÁÌØÎÉÍÉ ÂÁÒ'¤ÒÁÍÉ; ÒÅÚÕÌØÔÁÔÉÒÏÚÒÁÈÕÎË�× �ÏÒ�×ÎÑÎÏ �Ú ÒÅÚÕÌØÔÁÔÁÍÉ, ÑË� ÂÕÌÉ ÏÔÒÉÍÁÎ� ÚÁ ÄÏ�Ï-ÍÏÇÏÀ ÍÅÔÏÄ�× ÆÕÎË��ÏÎÁÌÕ ÇÕÓÔÉÎÉ (Õ ÎÁÂÌÉÖÅÎÎ� ÌÏËÁÌØÎÏ§ ÇÕÓÔÉ-ÎÉ) [11, 13℄ ÔÁ íÏÎÔÅ-ëÁÒÌÏ [12℄. äÏÓÌ�ÄÖÅÎÏ ×�ÌÉ× �ÏÔÅÎ��ÁÌØÎÏÇÏÂÁÒ'¤ÒÕ ÎÁ ÆÏÒÍÕ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�×.1. úÁÇÁÌØÎÉÊ ×ÉÒÁÚ ÄÌÑ s-ÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ ÒÏÚ-�ÏÄ�ÌÕ÷ÉÚÎÁÞÉÍÏ s-ÞÁÓÔÉÎËÏ×Õ ÆÕÎË��À ÒÏÚ�ÏÄ�ÌÕ Fs(r1; : : : ; rn) ÚÇ�ÄÎÏÏÚÎÁÞÅÎÎÑ �Ï âÏÇÏÌÀÂÏ×Õ [7℄:Fs(r1; : : : ; rs)V s = Sp1;:::;s exp [��(H � �N)℄Sp exp [��(H � �N)℄ (1.1)ÄÅ V | ÏÂ'¤Í ÒÏÚÇÌÑÄÕ×ÁÎÏ§ ÓÉÓÔÅÍÉ, ri | ÒÁÄ�ÕÓ-×ÅËÔÏÒ i-Ï§ ÞÁÓÔÉÎ-ËÉ, H | ÇÁÍ�ÌØÔÏÎ�ÁÎ ÓÉÓÔÅÍÉ, N | Ï�ÅÒÁÔÏÒ Ë�ÌØËÏÓÔ� ÞÁÓÔÉÎÏË, �| È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ.ï�ÅÒÁ��Ñ Sp1;:::;s ÄÌÑ ÄÏ×�ÌØÎÏÇÏ Ï�ÅÒÁÔÏÒÁ A(r1; : : : ; rN ) ÏÚÎÁÞÁ¤
ICMP{02{03U 2ÎÁÓÔÕ�ÎÅ: Sp1;:::;sfAg = Z drs+1 : : :Z drN Xf ��f (r1; : : : ; rN )�A(r1; : : : ; rN )�(r1; : : : ; rN ); (1.2)ÄÅ f�(r1; : : : ; rN )g | ÆÕÎË��§ ÄÏ×�ÌØÎÏÇÏ �Ï×ÎÏÇÏ ÎÁÂÏÒÕ.óÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ exp [��(H � �N)℄ ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉÔÁË:exp [��(H � �N)℄ = exp [��H 00℄S(�) exp� �2SNXq 0�(qj0)�; (1.3)ÄÅ ×ÉËÏÒÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ, ÑË� ÂÕÌÉ ××ÅÄÅÎ� × �ÒÁ�� [6℄:H 00 = H0 � �N; H0 =Xp;� E�(p)ay�(p)a�(p)| ÇÁÍ�ÌØÔÏÎ�ÁÎ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÏ§ ÓÉÓÔÅÍÉ, ~p | �Í�ÕÌØÓ ÞÁÓÔÉÎËÉ Õ�ÁÒÁÌÅÌØÎ�Ê ÄÏ �Ï×ÅÒÈÎ� ÒÏÚÄ�ÌÕ �ÌÏÝÉÎ�, � | Ë×ÁÎÔÏ×Å ÞÉÓÌÏ, ÑËÅ×�Ä�Ï×�ÄÁ¤ ÚÁ ÎÏÒÍÁÌØÎÉÊ ÄÏ �ÌÏÝÉÎÉ ÒÏÚÄ�ÌÕ ÒÕÈ ÞÁÓÔÉÎËÉ;S(�) = T exp24� 12SL �Z0 d�0Xq 0 Xk �k(q)�k(qj�0)��k(�qj�0)35 ; (1.4)�k(qj�0) = e�0H00�k(q)e��0H00 ; (1.5)ÚÍ�ÛÁÎÅ ÆÕÒ'¤-�ÒÅÄÓÔÁ×ÌÅÎÎÑ ÌÏËÁÌØÎÏ§ ÇÕÓÔÉÎÉ ÅÌÅËÔÒÏÎ�×:�k(q) = Xp;�;�0h�je�ikz j�0iay�(p)a�0(p� q); (1.6)ÄÅ h�j � � � j�0i = +L=2Z�L=2dz '��(z) � � �'�0(z); (1.7)q = (qx; qy), qx;y = 2�pSmx;y, mx;y = 0;�1;�2; : : :, k = 2�L n, n =0;�1;�2; : : :.�ÏÄ� ÍÏÖÎÁ ÚÒÏÂÉÔÉ ÎÁÓÔÕ�ÎÉÊ ÌÁÎ�ÀÖÏË ÔÏÔÏÖÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ×ÉÒÁÚÕ (1.1) Fs(r1; : : : ; rs)V s = Sp1;:::;s� exp [��H 00℄S(�)�Sp� exp [��H 00℄S(�)�



3 ðÒÅ�ÒÉÎÔ= Sp1;:::;s exp [��H 00℄Sp exp [��H 00℄ Sp exp [��H 00℄Sp� exp [��H 00℄S(�)��Sp1;:::;s� exp [��H 00℄S(�)�Sp1;:::;s exp [��H 00℄ = F 0s (r1; : : : ; rs)V s hS(�)i(s)0hS(�)i0 ; (1.8)ÄÅ ××ÅÄÅÎÏ ÎÁÓÔÕ�ÎÅ �ÏÚÎÁÞÅÎÎÑ:F 0s (r1; : : : ; rs)V s = Sp1;:::;s exp [��H 00℄Sp exp [��H 00℄ ; (1.9)F 0s (r1; : : : ; rs) | s-ÞÁÓÔÉÎËÏ×Á ÅÌÅËÔÒÏÎÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ �ÄÅÁÌØ-ÎÏ§ ÓÉÓÔÅÍÉ (ÔÏÂÔÏ ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ËÕÌÏÎ�×ÓØËÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÆÅÒÍ�-ÞÁÓÔÉÎËÁÍÉ), hS(�)i(s)0 = Sp1;:::;s� exp [��H 00℄S(�)�Sp1;:::;s exp [��H 00℄ ; (1.10)hS(�)i0 = Sp� exp [��H 00℄S(�)�Sp exp [��H 00℄ : (1.11)úÇ�ÄÎÏ �ÒÁ�� [6℄ ÍÁ¤ÍÏ:hS(�)i0 =Yq 0 Yk � �SL�k(q)��1=2� Z (d!) exp24�12Xx;k 0 � �SL�k(q)��1 !k(x)!�k(�x)35� exp24Xn>1 1n! Xx1;:::;xn0 Xk1;:::;knMk1;:::;kn(x1; : : : ; xn)!k1(x1) : : : !kn(xn)35 ;(1.12)ÄÅMk1;:::;kn(x1; : : : ; xn) | ÎÅÚ×�ÄÎÅ ÓÅÒÅÄÎ¤, ÝÔÒÉÈ Â�ÌÑ ÓÕÍÉ ÏÚÎÁÞÁ¤×�ÄÓÕÔÎ�ÓÔØ ÄÏÄÁÎË�× �Ú q = 0.áÎÁÌÏÇ�ÞÎÏ ÄÌÑ hS(�)i(s)0 (1.10) ÚÎÁÈÏÄÉÍÏ, ÝÏhS(�)i(s)0 =Yq 0 Yk � �SL�k(q)��1=2
ICMP{02{03U 4� Z (d!) exp24�12Xx;k 0 � �SL�k(q)��1 !k(x)!�k(�x)35� exp24Xn>1 1n! Xx1;:::;xn0 Xk1;:::;knM(s)k1;:::;kn(x1; : : : ; xn)!k1(x1) : : : !kn(xn)35 ;(1.13)ÄÅ M(s)k1;:::;kn(x1; : : : ; xn) = inhT�k1(x1) : : : �kn(xn)i(s)0;
 | ÎÅÚ×�ÄÎÅ ÓÅ-ÒÅÄÎ¤ × ÓÅÎÓ� ÕÓÅÒÅÄÎÅÎÎÑ ÚÇ�ÄÎÏ (1.10).äÌÑ ÒÏÚÒÁÈÕÎËÕ �ÎÔÅÇÒÁÌ�× Õ ×ÉÒÁÚÁÈ (1.12) ÔÁ (1.13) ÏÂÍÅÖÉÍÏÓØÇÁÕÓ�×ÓØËÉÍ ÎÁÂÌÉÖÅÎÎÑÍ, ÚÁÍ�ÎÉ×ÛÉ, ÑË � Õ ÒÏÂÏÔ� [6℄, ×ÅÌÉÞÉÎÕMk1;k2(x;�x) ÎÁ �Mk1;k2(x;�x) = i2 hT�k1(x)�k2 (�x)i
, Á ×ÅÌÉÞÉÎÉM(s)k (x) ÔÁ M(s)k1;k2(x;�x) | ÎÁ�M(s)k (x) = i hT�k(x)i(s) (1.14)ÔÁ �M(s)k1;k2(x;�x) = i2 hT�k1(x)�k2(�x)i(s)
 ; (1.15)×�Ä�Ï×�ÄÎÏ. ÷�ÄÍ�ÎÎ�ÓÔØ Í�Ö ×ÅÌÉÞÉÎÁÍÉ M ÔÁ �M �ÏÌÑÇÁ¤ Õ Ó�ÏÓÏ-Â� ÕÓÅÒÅÄÎÅÎÎÑ: ÕÓÅÒÅÄÎÅÎÎÑ × (1.14) ÔÁ (1.15) ×�ÄÂÕ×Á¤ÔØÓÑ �Ï ÕÓ�ÊÓÉÓÔÅÍ�, Á ÎÅ �Ï �ÄÅÁÌØÎ�Ê ÑË, ÎÁ�ÒÉËÌÁÄ, × (1.11).äÌÑ �ÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ ÚÒÕÞÎÏ ××ÅÓÔÉ ÔÁËÕ ×ÅÌÉÞÉÎÕ:�M(s)k1;k2(x;�x) = i2hT�k1(x)�k2 (�x)i(s)� i2hT�k1(x)�k2 (�x)i; (1.16)ÔÏÄ� (1.15) ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ ÔÁË:�M(s)k1;k2(x;�x) = �Mk1;k2(x;�x) + �M(s)k1;k2(x;�x)� �M(s)k1 (x) �M(s)k2 (�x);(1.17)ÔÏÄ� ÏÔÒÉÍÕ¤ÍÏ ÄÌÑ s-ÞÁÓÔÉÎËÏ×Ï§ ÅÌÅËÔÒÏÎÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÎÁ-ÓÔÕ�ÎÉÊ ×ÉÒÁÚ: Fs(r1; : : : ; rs) = CF 0s (r1; : : : ; rs)� Z (d!) exp24�12 Xx;k1;k20 ��S g(x)��1k1;k2 !k1(x)!k2(�x)+12 Xx;k1;k20 ��M(s)k1;k2(x;�x) � �M(s)k1 (x) �M(s)k2 (�x)�!k1(x)!k2 (�x)(1.18)



5 ðÒÅ�ÒÉÎÔ+Xx;k 0 �M(s)k (x)!k(x)35,Z (d!)� exp24�12 Xx;k1;k20 ��S g(x)��1k1;k2 !k1(x)!k2(�x)35 ;ÄÅ ××ÅÄÅÎÏ ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ g(x) ÚÇ�ÄÎÏ �ÒÁ�� [6℄, C | ËÏÎÓ-ÔÁÎÔÁ, ÑËÕ ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ Ú ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ1V s ZV dr1 : : :ZV drsFs(r1; : : : ; rs) = 1: (1.19)úÇ�ÄÎÏ (1.18) �ÒÅÄÓÔÁ×ÉÍÏ s-ÞÁÓÔÉÎËÏ×Õ ÆÕÎË��À ÒÏÚ�ÏÄ�ÌÕ ÔÁË:Fs(r1; : : : ; rs) = CF 0s (r1; : : : ; rs)�*exp2412 Xx;k1;k20��M(s)k1;k2(x;�x) � �M(s)k1 (x) �M(s)k2 (�x)�!k1(x)!k2 (�x)+ Xx;k 0 �M(s)k (x)!k(x)35+g ; (1.20)ÄÅ ××ÅÄÅÎÏ ÔÁËÅ �ÏÚÎÁÞÅÎÎÑ:h: : :ig = Z (d!) exp24�12 Xx;k1;k20 ��S g(x)��1k1;k2 !k1(x)!k2 (�x)35 : : :Z (d!) exp24�12 Xx;k1;k20 ��S g(x)��1k1;k2 !k1(x)!k2(�x)35 :(1.21)äÌÑ �ÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ ÚÒÕÞÎÏ ××ÅÓÔÉ ÎÁÓÔÕ�Î� ÓËÏÒÏÞÅÎ� �Ï-ÚÎÁÞÅÎÎÑ: 1 = k1; 2 = k2; : : : ; 1 = x1; 2 = x2; : : : ;�M1;2(1; 2) = �Mk1;k2(x1; x2); : : : ;Æ(1 + 2) = Æx1+x2;0; : : : ; Æ1+2 = Æk1+k2;0; : : : ; (1.22)G1;2(1;�1) = �S gk1;k2(x):

ICMP{02{03U 6òÏÚËÌÁÄÁÀÞÉ exp × ÆÏÒÍÕÌ� (1.20) Õ ÒÑÄ, ÏÔÒÉÍÕ¤ÍÏ:Fs(r1; : : : ; rs) = CF 0s (r1; : : : ; rs)"1+12X1 0�M(s)1;2(1;�1) h!1(1)!2(�1)ig�12X1 0 X1;2 �M(s)1 (1) �M(s)2 (�1) h!1(1)!2(�1)ig+ 12!X1;2 0 X1;2 �M(s)1 (1) �M(s)2 (2) h!1(1)!2(2)ig+ 12! 14X1;3 0X1;2;3;4�M(s)1;2(1;�1)�M(s)3;4(3;�3) h!1(1)!2(�1)!3(3)!4(�3)ig+ 12! 14X1;3 0 X1;2;3;4 �M(s)1 (1) �M(s)2 (�1) �M(s)3 (3) �M(s)4 (�3)�h!1(1)!2(�1)!3(3)!4(�3)ig� 12! 12X1;3 0 X1;2;3;4�M(s)1;2(1;�1) �M(s)3 (3) �M(s)4 (�3)�h!1(1)!2(�1)!3(3)!4(�3)ig+ 13! 32 X1;3;4 0 X1;2;3;4�M(s)1;2(1;�1) �M(s)3 (3) �M(s)4 (4)�h!1(1)!2(�1)!3(3)!4(4)ig� 13! 32 X1;3;4 0 X1;2;3;4 �M(s)1 (1) �M(s)2 (�1) �M(s)3 (3) �M(s)4 (4)�h!1(1)!2(�1)!3(3)!4(4)ig+ 14! X1;2;3;40 X1;2;3;4 �M(s)1 (1) �M(s)2 (2) �M(s)3 (3) �M(s)4 (4)� h!1(1)!2(2)!3(3)!4(4)ig + : : :# ; (1.23)



7 ðÒÅ�ÒÉÎÔÏÓË�ÌØËÉ ÚÇ�ÄÎÏ (1.21)h!1(1)!2(2)ig = G1;2(1;�1)Æ(1 + 2); (1.24)h!1(1)!2(�1)!3(3)!4(�3)ig = G1;2(1;�1)G3;4(3;�3)+G1;3(1;�1)G2;4(�1; 1)Æ(1+3)+G1;4(1;�1)G2;3(�1; 1)Æ(1�3); (1.25)ÔÏ ÄÒÕÇÉÊ ÔÁ ÔÒÅÔ�Ê ÄÏÄÁÎËÉ ÎÅ ÂÕÄÕÔØ ÄÁ×ÁÔÉ ×ËÌÁÄÕ × Fs(r1; : : : ; rs)(1.23), ÔÁË ÑËX1;3 0�M(s)1;2(1;�1)�M(s)3;4(3;�3) h!1(1)!2(�1)!3(3)!4(�3)ig/ Z dq1 Z dq3�M(s)1;2(1;�1)�M(s)3;4(3;�3)g1;2(1)g3;4(3)+ 1S Z dq1�M(s)1;2(1;�1)�M(s)3;4(�1; 1)g1;3(1)g2;4(1)+ 1S Z dq1�M(s)1;4(1;�1)�M(s)2;3(�1; 1)g1;4(1)g2;3(1) (1.26)� ��ÓÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÅÒÅÈÏÄÕ ÄÒÕÇÉÊ ÔÁ ÔÒÅÔ�Ê ÄÏÄÁÎËÉ �ÒÏ�Á-ÄÁÀÔØ. áÎÁÌÏÇ�ÞÎÉÊ ÒÏÚÇÌÑÄ ÄÌÑ ×ÉÒÁÚÕh!1(1)!2(�1)!3(3)!4(4)ig = G1;2(1;�1)G3;4(3;�3)Æ(3 + 4)+G1;3(1;�1)Æ(1 + 3)G2;4(�1; 1)Æ(1� 4)+G1;4(1;�1)Æ(1 + 4)G2;3(�1; 1)Æ(1� 3); (1.27)�ÏËÁÚÕ¤, ÝÏ ÄÒÕÇÉÊ ÔÁ ÔÒÅÔ�Ê ÄÏÄÁÎËÉ ÎÅ ÄÁÀÔØ ×ËÌÁÄÕ ×Fs(r1; : : : ; rs). õÓ� ÄÏÄÁÎËÉ, ÝÏ �ÏÈÏÄÑÔØ �Ú ÓÅÒÅÄÎØÏÇÏ ×�Ä ÞÏÔÉÒØÏÈÎÅÚÁÌÅÖÎÉÈ �ÏÌØÏ×ÉÈ ÚÍ�ÎÎÉÈ, ÄÁÀÔØ ×ËÌÁÄ Õ s-ÞÁÓÔÉÎËÏ×Õ ÆÕÎË-��À ÒÏÚ�ÏÄ�ÌÕ:h!1(1)!2(2)!3(3)!4(4)ig = G1;2(1;�1)Æ(1 + 2)G3;4(3;�3)Æ(3 + 4)+G1;3(1;�1)Æ(1 + 3)G2;4(2;�2)Æ(2 + 4)+G1;4(1;�1)Æ(1 + 4)G2;3(2;�2)Æ(2 + 3): (1.28)ð�ÄÓÔÁ×ÌÑÀÞÉ ×ÉÒÁÚÉ (1.24)-(1.28) × (1.23), ÏÔÒÉÍÕ¤ÍÏ:Fs(r1; : : : ; rs) = CF 0s (r1; : : : ; rs)"1
ICMP{02{03U 8+12X1 0�M(s)1;2(1;�1)G1;2(1;�1) + 18X1;3 0 X1;2;3;4�M(s)1;2(1;�1)��M(s)3;4(3;�3)G1;2(1;�1)G3;4(3;�3) + : : :i ; (1.29)ÔÏÄ� ÚÂÉÒÁÀÞÉ ×ÅÓØ ÒÑÄ (1.29), ÏÔÒÉÍÁ¤ÍÏ ÚÁÇÁÌØÎÉÊ ×ÉÒÁÚ ÄÌÑ s-ÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ:Fs(r1; : : : ; rs) = CF 0s (r1; : : : ; rs)� exp2412X1 0 X1;2 �M(s)1;2(1;�1)G1;2(1;�1)35 : (1.30)úÁÕ×ÁÖÉÍÏ, ÝÏ �ÅÊ ×ÉÒÁÚ ¤ ÔÏÞÎÉÍ, ÔÏÂÔÏ ×ÅÓØ ÎÅÓË�ÎÞÅÎÎÉÊ ÒÑÄ(1.23) ��ÓÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÅÒÅÈÏÄÕ ÚÇÏÒÔÁ¤ÔØÓÑ Õ ×ÉÒÁÚ ÄÌÑ s-ÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ (1.30).2. òÏÚÒÁÈÕÎÏË ÕÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕäÌÑ ÕÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ (s = 1) �Ú (1.30) ÏÔÒÉÍÕ¤ÍÏ:F1(r1) = CF 01 (r1) exp24 �2S Xx 0 Xk1;k2 �M(1)k1;k2(x;�x)gk1;k2(x)35 : (2.1)äÌÑ �ÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ ÎÅÏÂÈ�ÄÎÏ ÒÏÚÒÁÈÕ×ÁÔÉ ÕÎÁÒÎÕ ÆÕÎË-��À ÒÏÚ�ÏÄ�ÌÕ �ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ F 01 (r1) ÔÁ ×ÅÌÉÞÉÎÕ �M(1)k1;k2(x;�x);ÒÏÚÇÌÑÄÕ ÅÆÅËÔÉ×ÎÉÈ �ÏÔÅÎ��ÁÌ�× ÂÕÌÁ �ÒÉÓ×ÑÞÅÎÁ �ÒÁ�Ñ [6℄.2.1. òÏÚÒÁÈÕÎÏË ÕÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× ÂÅÚ×ÒÁÈÕ×ÁÎÎÑ ËÕÌÏÎ�×ÓØËÏ§ ×ÚÁ¤ÍÏÄ�§úÇ�ÄÎÏ (1.9) Õ ×É�ÁÄËÕ s = 1 ÍÁ¤ÍÏ:F 01 (r1)V = Sp1 exp[��H 00℄Sp exp[��H 00℄= 1Sp exp[��H 00℄ Z dr2 : : : Z drN Xf ��f (r1; : : : ; rN )� exp[��H 00℄�f (r1; : : : ; rN )



9 ðÒÅ�ÒÉÎÔ= 1N 1Sp exp[��H 00℄ Z dr01 : : : Z dr0N Xf ��f (r1; r02; : : : ; r0N ) exp[��H 00℄� NXi=1 Æ(r1 � r0i)�f (r1; r02; : : : ; r0N ): (2.2)ðÅÒÅÊÛÏ×ÛÉ Õ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ, ÏÔÒÉÍÕ-¤ÍÏ: NXi=1 Æ(r1 � r0i) = Xa1;a2	�a2(r1)	a1(r1)aya2aa1 ; (2.3)ÔÏÄ� F 01 (r1)V = 1N Xa1;a2	�a2(r1)	a1(r1)Sp �exp[��H 00℄aya2aa1�Sp exp[��H 00℄= 1N Xa j	a(r1)j2 na; (2.4)ÄÅ na = 1exp[�(Ea � �)℄ + 1 (2.5)| ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ æÅÒÍ�-ä�ÒÁËÁ.2.1.1. íÏÄÅÌØ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ÷ ÑËÏÓÔ� �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÒÏÚÇÌÑÄÁ¤ÍÏ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÕ�ÏÔÅÎ��ÁÌØÎÕ ÓÔ�ÎËÕ (ÎÅ�ÒÏÎÉËÎÕ), ÑËÁ ÒÏÚÔÁÛÏ×ÁÎÁ × ÔÏÞ�� z = 0.�ÏÂÔÏ ××ÁÖÁ¤ÍÏ, ÝÏ ÅÌÅËÔÒÏÎÉ ÚÎÁÈÏÄÑÔØÓÑ × ÏÂÌÁÓÔ� z < 0 � ÎÅÍÏÖÕÔØ �ÒÏÎÉËÎÕÔÉ × ÏÂÌÁÓÔØ z > 0.è×ÉÌØÏ×� ÆÕÎË��§ ÄÌÑ ÄÁÎÏ§ ÍÏÄÅÌ� ¤ ÔÁËÉÍÉ:'�(z) = 2pL sin(�z)�(�z); � = 2�nL ; n = 1; 2; : : : ; (2.6)Á ×�Ä�Ï×�ÄÎ� ÅÎÅÒÇÅÔÉÞÎ� Ò�×Î�:"� = ~2�22m : (2.7)õ ×É�ÁÄËÕ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÄÌÑ ÕÎÁÒÎÏ§ ÆÕÎË��§ �ÄÅÁÌØÎÏ§ÓÉÓÔÅÍÉ ÏÔÒÉÍÕ¤ÍÏ:F 01 (z) = VSN Xp;� j'�(z)j2��2m�~2 � p2 � �2�
ICMP{02{03U 10= 1(2�)3 8n Z dpZ d� sin2(�z) ��2m�~2 � p2 � �2� �(�z); (2.8)ÄÅ n| ËÏÎ�ÅÎÔÒÁ��Ñ ÅÌÅËÔÒÏÎ�×, ÚÄ�ÊÓÎÅÎÏ �ÅÒÅÈ�Ä ×�Ä ÓÕÍÕ×ÁÎÎÑ ÄÏ�ÎÔÅÇÒÕ×ÁÎÎÑ ÔÁ ×ÒÁÈÏ×ÁÎÏ Ä×� ÍÏÖÌÉ×� ÏÒ�¤ÎÔÁ��§ Ó��ÎÕ ÅÌÅËÔÒÏÎÁ.÷ÉËÏÎÁ×ÛÉ �ÎÔÅÇÒÕ×ÁÎÎÑ Õ ×ÉÒÁÚ� (2.8), ÏÔÒÉÍÕ¤ÍÏ (ÄÉ×., ÎÁ�ÒÉ-ËÌÁÄ, [8℄):F 01 (z) = �1� 38 �z0z �3 sin 2zz0 + 34 �z0z �2 
os 2zz0 � �(�z); (2.9)ÄÅ z0 = � 49��1=3 aBrs, aB | ÒÁÄ�ÕÓ âÏÒÁ, rs | �ÁÒÁÍÅÔÒ âÒÁËÎÅÒÁ.2.1.2. ðÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò ÓË�ÎÞÅÎÏ§ ×ÉÓÏÔÉíÏÄÅÌÀ¤ÍÏ �Ï×ÅÒÈÎÅ×ÉÊ �ÏÔÅÎ��ÁÌ �ÏÔÅÎ��ÁÌØÎÏÀ ÓÈÏÄÉÎËÏÀ ×ÉÓÏ-ÔÉ W , ÔÏÂÔÏ ××ÁÖÁ¤ÍÏ, ÝÏV (z) =W�(�z): (2.10)÷ÌÁÓÎ� ÆÕÎË��§ �ØÏÇÏ �ÏÔÅÎ��ÁÌÕ ¤ ÔÁËÉÍÉ:'�(z) = C� h� sin(�z � 
�)�(�z) + �s exp(�{�z)�(z)i ; (2.11)ÄÅ ÏÂÌÁÓÔÀ ÚÎÁÞÅÎØ ÎÏÒÍÁÌØÎÏ§ ÄÏ �ÌÏÝÉÎÉ XOY ËÏÏÒÄÉÎÁÔÉ ¤ ÎÁ-��×�ÎÔÅÒ×ÁÌ [�L=2;+1); � | Ë×ÁÎÔÏ×Å ÞÉÓÌÏ, ×ÏÎÏ �ÒÉÊÍÁ¤ ÚÎÁÞÅÎ-ÎÑ, ÑË� ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ Ú ÎÁÓÔÕ�ÎÏÇÏ Ò�×ÎÑÎÎÑ:�L2 + ar
sin �s = n�; n = 1; 2; : : : ; (2.12)ÑË� ¤ ÎÁÓÌ�ÄËÏÍ ÕÍÏ×É, ÝÏ '�(�L=2) = 0; ×ÅÌÉÞÉÎÁ s �Ï×'ÑÚÁÎÁ Ú×ÉÓÏÔÏÀ ÂÁÒ'¤ÒÕ W : W = ~2s22m ; 
� = ar
sin �s , {� = ps2 � �2. ëÏÎÓ-ÔÁÎÔÕ C� ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ Ú ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ+1Z�L=2dzj'�(z)j2 = 1; (2.13)� ×ÏÎÁ ¤ ÔÁËÏÀ: C� = 2qL+ 2{� ; (2.14)



11 ðÒÅ�ÒÉÎÔõ ×Ó�È ÒÅÁÌØÎÉÈ ÚÁÄÁÞÁÈ ×ÉÓÏÔÁ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ ¤ Â�ÌØ-ÛÏÀ ÚÁ Ò�×ÅÎØ æÅÒÍ�, ÔÏÂÔÏ W > �. �ÏÄ� ÄÌÑ ÕÎÁÒÎÏ§ ÆÕÎË��§ �ÄÅ-ÁÌØÎÏ§ ÓÉÓÔÅÍÉ ÏÔÒÉÍÕ¤ÍÏ:F 01 (z) = 1(2�)2 8n p2m�=~Z0 d� �sin2(�z � 
�)�(�z) + �2s2 exp (�2{�z) �(z)���2m�~2 � �2� ; (2.15)ÄÅ n | ËÏÎ�ÅÎÔÒÁ��Ñ ÅÌÅËÔÒÏÎ�×. ðÏÄÁÌØÛÉÊ ÒÏÚÒÁÈÕÎÏË ÎÅÏÂÈ�ÄÎÏ×ÉËÏÎÕ×ÁÔÉ ÞÉÓÅÌØÎÏ.2.2. òÏÚÒÁÈÕÎÏË �M(1)k1;k2(x;�x)�ÕÔ � ÎÁÄÁÌ� ÂÕÄÅÍÏ ÒÏÚÒÁÈÏ×Õ×ÁÔÉ ×ÅÌÉÞÉÎÕ �M(1)k1;k2(x;�x) �Ï ÔÁ-Ë�Ê ÆÏÒÍÕÌ�:�M(s)k1;k2(x;�x) = i2hT�k1(x)�k2(�x)i(s)0 � i2hT�k1(x)�k2 (�x)i0;(2.16)ÔÏÂÔÏ ÎÁ ×�ÄÍ�ÎÕ ×�Ä (1.16), ÒÏÚÇÌÑÄÁ¤ÍÏ ÕÓÅÒÅÄÎÅÎÎÑ �Ï �ÄÅÁÌØÎ�ÊÓÉÓÔÅÍ�.úÇ�ÄÎÏ ÏÚÎÁÞÅÎÎÑ ÕÓÅÒÅÄÎÅÎÎÑ (1.10) ÄÌÑ ÄÏ×�ÌØÎÏÇÏ Ï�ÅÒÁÔÏÒÁA:hAi(1)0 = Sp1� exp[��H 00℄A�Sp1 exp[��H 00℄ = Sp exp[��H 00℄Sp1 exp[��H 00℄ Sp1� exp[��H 00℄A�Sp exp[��H 00℄ ;(2.17)ÓËÏÒÉÓÔÁ×ÛÉÓØ ÏÚÎÁÞÅÎÎÑÍ ÕÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ �ÄÅÁÌØÎÏ§ ÓÉÓ-ÔÅÍÉ (2.2), ÏÔÒÉÍÕ¤ÍÏ:hAi(1)0 = VF 01 (z1) 1Sp exp[��H 00℄ Z dr2 : : :Z drN Xf ��f (r1; : : : ; rN )� exp[��H 00℄A�f (r1; : : : ; rN )= VN 1F 01 (z1) Xa1;a2	�a1(r1)	a2(r1)hAaya1aa2i0: (2.18)õ ×É�ÁÄËÕ ÎÅÏÄÎÏÒ�ÄÎÏÓÔ� ÓÉÓÔÅÍÉ ×ÚÄÏ×Ö ÏÓ� z, ×ÉÒÁÚ (2.18) ÍÏÖ-ÎÁ ÚÁ�ÉÓÁÔÉ ÔÁË:hAi(1)0 = VSN 1F 01 (z1) Xp1;p2 X�1;�2 exp �i(p2 � p1)rjj1�
ICMP{02{03U 12�'��1(z1)'�2 (z1) 
Aay�1(p1)a�2(p2)�0 : (2.19)ñËÝÏ × ÑËÏÓÔ� Ï�ÅÒÁÔÏÒÁ A ×ÚÑÔÉ T�k1(x)�k2 (�x), ÔÏ ÚÇ�ÄÎÏ (2.16)ÍÁ¤ÍÏ:�M(1)k1;k2(x;�x) = i2 hT�k1(x)�k2 (�x)i(1)0 � i2 hT�k1(x)�k2 (�x)i0= i2VSN 1F 01 (z1) 1�2 �Z0 d�1 �Z0 d�2 exp[i�(�1 � �2)℄X�;�0 Xp;p0 exp(�iprjj1)�'��0(z1)'�(z1)DT�k1(qj�1)�k2(�qj�2)ay�0(p+ p0)a�(p)E0�i2 hT�k1(x)�k2 (�x)i0 ; (2.20)ÄÅ × �ÅÒÛÏÍÕ ÄÏÄÁÎËÕ ÚÄ�ÊÓÎÅÎÏ �ÅÒÅÈ�Ä ×�Ä ÞÁÓÔÏÔÎÏÇÏ �ÒÅÄÓÔÁ×-ÌÅÎÎÑ ÄÌÑ ×ÅÌÉÞÉÎ �k(x) ÄÏ ÔÅÍ�ÅÒÁÔÕÒÎÏÇÏ. ÷ÉËÏÒÉÓÔÁ×ÛÉ Ñ×ÎÉÊ×ÉÒÁÚ ÄÌÑ ÚÍ�ÛÁÎÏÇÏ ÆÕÒ'¤-�ÒÅÄÓÔÁ×ÌÅÎÎÑ ÌÏËÁÌØÎÏ§ ÇÕÓÔÉÎÉ, ÏÔÒÉ-ÍÕ¤ÍÏ:�M(1)k1;k2(x;�x) = i2VSN 1F 01 (z1) 1�2 �Z0 d�1 �Z0 d�2 exp[i�(�1 � �2)℄X�;�0 Xp;p0� exp(�iprjj1) Xp01;�01;�001 Xp02;�02;�002 h�1j exp(�k1z)j�01ih�2j exp(�k2z)j�02i�'��0(z1)'�(z1)DTay�1(p1j�1)a�01(p1 � qj�1)ay�2(p2j�2)� a�02(p2 + qj�2)ay�0(p+ p0)a�(p0)E0 ; (2.21)ÄÅ × ÓÅÒÅÄÎØÏÍÕ h: : :i0 ÍÏÖÌÉ×� ÔÁË� Ó�ÁÒÀ×ÁÎÎÑ (×ÒÁÈÏ×ÕÀÞÉ, ÝÏq 6= 0):1) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 4-ÉÊ, 2-ÉÊ ÔÁ 5-ÉÊ, 3-�Ê ÔÁ 6-ÉÊ;2) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 6-ÉÊ, 2-ÉÊ ÔÁ 3-�Ê, 4-ÉÊ ÔÁ 5-ÉÊ.÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ � 
Ta�(pj�1)ay�(pj�2)�0 = G�(pj�1 � �2) | ÏÄ-ÎÏÞÁÓÔÉÎËÏ×Á ÆÕÎË��Ñ çÒ�ÎÁ, ÏÔÒÉÍÕ¤ÍÏ:�M(1)k1;k2(x;�x) = i2VSN 1F 01 (z1)Xp X�;�0;�1h�1j exp(�k1z)j�0i�h�j exp(�k2z)j�1i'��0 (z1)'�(z1)� 2�3 X�1 G�1(pj�1)G�0 (p� qj�1 � �)G�(p� qj�1 � �): (2.22)



13 ðÒÅ�ÒÉÎÔ2.3. òÏÚÒÁÈÕÎÏË ÕÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× ÕÇÒÁÎÉÞÎÉÈ ×É�ÁÄËÁÈ ÎÉÚØËÉÈ (� !1) ÔÁ ×ÉÓÏËÉÈ (� ! 0)ÔÅÍ�ÅÒÁÔÕÒ÷ÉÒÁÚ (2.22) ÎÅÏÂÈ�ÄÎÏ ��ÄÓÔÁ×ÉÔÉ Õ ÆÏÒÍÕÌÕ (2.1) ÔÁ ×ÉËÏÎÁÔÉ ÓÕÍÕ-×ÁÎÎÑ �Ï ÂÏÚ�×ÓØË�Ê ÞÁÓÔÏÔ� �. ïÓË�ÌØËÉ Ñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ gk1;k2(q; �)¤ ÎÅ×�ÄÏÍÉÍ, ÔÏ Ú ÍÅÔÏÀ ÏÔÒÉÍÁÎÎÑ ÁÎÁÌ�ÔÉÞÎÏÇÏ ×ÉÒÁÚÕ ÄÌÑ F1(r1)×�ÚØÍÅÍÏ ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ Õ ×É�ÁÄËÕ � = 0, ÁÎÁÌ�ÔÉÞÎ� ×ÉÒÁÚÉÄÌÑ ÑËÏÇÏ ÂÕÌÉ ÚÎÁÊÄÅÎ� Õ �ÒÁ�� [6℄. �ÏÄ� Õ ÆÏÒÍÕÌ� (2.1) ÓÕÍÕ×ÁÎÎÑ�Ï ÂÏÚ�×ÓØË�Ê ÞÁÓÔÏÔ� � ÓÔÏÓÕ¤ÔØÓÑ ÌÉÛÅ ×ÅÌÉÞÉÎÉ �M(1)k1;k2(x;�x).ðÒÉ ��ÄÓÔÁÎÏ×�� (2.22) Õ ÆÏÒÍÕÌÕ (2.1) ×ÉÎÉËÁ¤ ×ÉÒÁÚ, ÑËÉÊ ÍÉ ÒÏÚ-ÇÌÑÎÅÍÏ ÏËÒÅÍÏ:1�2 X�;�1G�1(pj�1)G�0(p� qj�1 � �)G�(p� qj�1 � �)= 1�2 X�;�1 1i�1 + ��E�1(p)� 1i(�1 � �) + ��E�0(p� q) 1i(�1 � �) + ��E�(p� q)= 11 + exp[�(E�1(p)� �)℄ 1E�0(p� q)�E�(p� q)� � 11 + exp[�(� �E�0(p� q))℄ � 11 + exp[�(��E�(p� q))℄� ; (2.23)ÄÅ ÂÕÌÏ ×ÉËÏÒÉÓÔÁÎÏ �ÅÒÅÈ�Ä ×�Ä ÓÕÍÕ×ÁÎÎÑ �Ï ÂÏÚ�×ÓØË�Ê � ÔÁ ÆÅÒÍ�-¤×ÓØË�Ê �1 ÞÁÓÔÏÔÁÈ ÄÏ ËÏÎÔÕÒÎÏÇÏ �ÎÔÅÇÒÁÌÕ ÚÇ�ÄÎÏ [9℄; ÔÁ ×ÒÁÈÏ×ÁÎÏ,ÝÏ G�1(pj�1) = (i�1+��E�1(p))�1 | ÆÕÒ'¤-ÏÂÒÁÚ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ÆÕÎË��§ çÒ�ÎÁ. ÷ÉÒÁÚ (2.23) ÂÕÄÅ ÍÁÔÉ Ò�ÚËÉÊ ÍÁËÓÉÍÕÍ Õ ×É�ÁÄËÕ� � �0: 11 + exp[�(E�1(p)� �)℄ ��E�(p� q) 11 + exp[�(��E�(p� q))℄= 11 + exp[�(E�1 (p)� �)℄ � exp[�(��E�(p� q))℄(1 + exp[�(��E�(p� q))℄)2 : (2.24)Ú ÍÅÔÏÀ ÏÔÒÉÍÁÎÎÑ �ÒÏÓÔ�ÛÏÇÏ ×ÉÒÁÚÕ ÄÌÑ �M �ÏËÌÁÄÅÍÏ Õ ÆÏÒ-ÍÕÌ� (2.24) � Ò�×ÎÉÍ �1 ÔÁ ÒÏÚÇÌÑÎÅÍÏ ÍÁÌ� ÚÎÁÞÅÎÎÑ ×ÅËÔÏÒÁ q, ÔÏÄ�×ÉÒÁÚ (2.24) ÎÁÂÕÄÅ ÔÁËÏÇÏ ×ÉÇÌÑÄÕ (Õ ×É�ÁÄËÕ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ):lim�!1 � exp[�(E�1(p� q)� �)℄(1 + exp[�(E�1(p� q)� �)℄)3 = Æ (��E�1(p)) : (2.25)
ICMP{02{03U 14�ÏÄ� �ÏËÁÚÎÉË exp Õ ×ÉÒÁÚ� ÄÌÑ ÕÎÁÒÎÏ§ ÆÕÎË��§ (2.1) ÎÁÂÕ×Á¤×ÉÇÌÑÄÕ: �2S Xx;k1;k20�M(1)k1;k2(x;�x)gk1;k2(x) (2.26)= i2VS2N 1F 01 (z1) Xq;p;�0 j'�(z1)j2Æ (��E�(p))� Xk1;k2 exp[�i(k1 + k2)z1℄gk1;k2(qj� = 0);ÄÅ ÂÕÌÏ ×ÉËÏÒÉÓÔÁÎÏ ÕÍÏ×Õ �Ï×ÎÏÔÉ ÄÌÑ ×ÌÁÓÎÉÈ ÆÕÎË��Ê '�(z), �,ÏÔÖÅ, ÕÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× ÍÁ¤ ÔÁËÉÊ ×ÉÇÌÑÄ:F1(z1) = CF 01 (z1) exp"� f01 (z1)F 01 (z1) 1S Xq 0g(q; � = 0jz1; z1)# ; (2.27)ÄÅ ××ÅÄÅÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑ:f01 (z1) = 1SnXp;� j'�(z1)j2Æ (��E�(p)) � ���F 01 (z1); (2.28)g(q; � = 0jz1; z2) = Xk1;k2 exp[�i(k1 + k2)z1℄gk1;k2(qj� = 0): (2.29)ïÓË�ÌØËÉ ÅËÒÁÎÏ×ÁÎÉÊ �ÏÔÅÎ��ÁÌ ÄÌÑ ÍÏÄÅÌ� �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁ-Ò'¤ÒÕ × ÑËÏÓÔ� �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÚÁÌÅÖÉÔØ ×�Ä ÍÏÄÕÌÑ ×ÅËÔÏÒÁq, ÔÏF1(z1) = CF 01 (z1) exp24� f01 (z1)F 01 (z1) 12� 1Z0 dq q g(q; � = 0jz1; z1)35 ; (2.30)ÄÅ ×ÉËÏÎÁÎÏ �ÅÒÅÈ�Ä ×�Ä ÓÕÍÕ×ÁÎÎÑ �Ï q ÄÏ �ÎÔÅÇÒÕ×ÁÎÎÑ Õ �ÏÌÑÒÎ�ÊÓÉÓÔÅÍ� ËÏÏÒÄÉÎÁÔ.áÎÁÌÏÇ�ÞÎÏ ÒÏÚÒÁÈÏ×ÕÀÞÉ ÕÎÁÒÎÕ ÆÕÎË��À ÒÏÚ�ÏÄ�ÌÕ F1(z1) Õ ×É-�ÁÄËÕ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒ (� ! 0), ÏÔÒÉÍÕ¤ÍÏ:F1(z1) = CF 01 (z1) exp"��S Xq 0g(q; � = 0jz1; z1)# ; (2.31)ÝÏ Ó��×�ÁÄÁ¤ Ú ×�ÄÏÍÉÍÉ ×ÉÒÁÚÁÍÉ, ÄÉ×. ÎÁ�ÒÉËÌÁÄ [10℄.



15 ðÒÅ�ÒÉÎÔ2.3.1. òÏÚÒÁÈÕÎÏË f01 (z) ÄÌÑ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ �ÏÔÅÎ��-ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕòÏÚÒÁÈÏ×ÕÀÞÉ f01 (z) ÄÌÑ ÍÏÄÅÌ� ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ �ÏÔÅÎ��ÁÌØÎÏ-ÇÏ ÂÁÒ'¤ÒÕ × ÑËÏÓÔ� �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ, ÏÔÒÉÍÕ¤ÍÏ:f01 (z) = 1SnXp;� j'�(z)j2Æ��� ~22m (p2 + �2)�= 1(2�)3 8n Z dpZ d� sin2(�z)Æ��� ~22m(p2 + �2)�= 3z20 m~2 �1� z02z sin�2zz0�� �(�z); (2.32)2.3.2. òÏÚÒÁÈÕÎÏË f01 (z) ÄÌÑ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ ÓË�ÎÞÅ-ÎÏ§ ×ÉÓÏÔÉòÏÚÒÁÈÏ×ÕÀÞÉ f01 (z) ÄÌÑ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ ÓË�ÎÞÅÎÏ§ ×ÉÓÏÔÉ,ÏÔÒÉÍÕ¤ÍÏ: f01 (z) = 1SnXp;� j'�(z)j2Æ��� ~22m (p2 + �2)�= 1(2�)2 8n 2m~2 p2m�=~Z0 d� �sin2(�z � 
�)�(�z) + ��s �2 exp(�2{�z)�(z)� ;�ÏÄÁÌØÛÉÊ ÒÏÚÒÁÈÕÎÏË ÎÅÏÂÈ�ÄÎÏ ×ÉËÏÎÕ×ÁÔÉ ÞÉÓÅÌØÎÏ.2.4. äÁÎ� ÞÉÓÅÌØÎÉÈ ÒÏÚÒÁÈÕÎË�× ÕÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕÅÌÅËÔÒÏÎ�×îÁÍÉ �ÒÏ×ÅÄÅÎÏ ÞÉÓÅÌØÎ� ÒÏÚÒÁÈÕÎËÉ ÕÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ �ÒÉÈÁÒÁËÔÅÒÎÉÈ ÄÌÑ ÍÅÔÁÌ�× ËÏÎ�ÅÎÔÒÁ��ÑÈ (rs = 2�6) Õ ×É�ÁÄËÕ ÍÏÄÅ-ÌÀ×ÁÎÎÑ �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ Ò�ÚÎÉÍÉ �ÏÔÅÎ��ÁÌØÎÉÍÉ ÂÁÒ'¤ÒÁ-ÍÉ. �ÁË, ÎÁ ÒÉÓ. 1 �ÒÉ×ÅÄÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÎÁÛÉÈ ÒÏÚÒÁÈÕÎË�× Õ �ÏÒ�×-ÎÑÎÎ� �Ú ÒÅÚÕÌØÔÁÔÁÍÉ, ÑË� ÏÔÒÉÍÁÎ� ÚÁ ÄÏ�ÏÍÏÇÏÀ ÍÅÔÏÄÕ ÆÕÎË��Ï-ÎÁÌÕ ÇÕÓÔÉÎÉ Õ ÎÁÂÌÉÖÅÎÎ� ÌÏËÁÌØÎÏ§ ÇÕÓÔÉÎÉ [11℄ ÔÁ ÍÅÔÏÄÕ íÏÎÔÅ-ëÁÒÌÏ [12℄ ÄÌÑ rs = 2:66. ñË ÂÁÞÉÍÏ �Ú �ÏÒ�×ÎÑÎÎÑ, ÎÁÛ� ÒÏÚÒÁÈÕÎËÉ× ÏÂÌÁÓÔ� Â�ÌÑ �Ï×ÅÒÈÎ� ËÒÁÝÅ ÕÚÇÏÄÖÕÀÔØÓÑ �Ú ÒÏÚÒÁÈÕÎËÁÍÉ, ÑË�ÏÔÒÉÍÁÎ� ÍÅÔÏÄÏÍ íÏÎÔÅ-ëÁÒÌÏ.

ICMP{02{03U 16îÁ ÒÉÓ. 2 ÎÁ×ÅÄÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÎÁÛÉÈ ÒÏÚÒÁÈÕÎË�× ÄÌÑ ÍÏÄÅÌ�ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ ÔÁ ÓË�ÎÞÅÎÏÇÏ �ÏÔÅÎ��ÁÌØÎÉÈ ÂÁÒ'¤Ò�× Õ �ÏÒ�×-ÎÑÎÎ� �Ú ÒÅÚÕÌØÔÁÔÁÍÉ ìÅÎÇÁ [13℄ ÄÌÑ rs = 5. õ ×É�ÁÄËÕ ÎÅÓË�ÎÞÅÎÎÏ×ÉÓÏËÏÇÏ ÂÁÒ'¤ÒÕ ÅÌÅËÔÒÏÎÎÁ ÇÕÓÔÉÎÁ Û×ÉÄÛÅ ÚÁÇÁÓÁ¤.rs = 2:66

z; aB

F1(z)
òÉÓ. 1. åÌÅËÔÒÏÎÎÁ ÕÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ Õ ×É�ÁÄËÕ rs = 2:66.óÕ��ÌØÎÁ Ì�Î�Ñ | ÎÁÛ� ÒÏÚÒÁÈÕÎËÉ, ÛÔÒÉÈÏ×Á | íÏÎÔÅ-ëÁÒÌÏ,ÛÔÒÉÈ�ÕÎËÔÉÒÎÁ | ÍÅÔÏÄ ÆÕÎË��ÏÎÁÌÕ ÇÕÓÔÉÎÉ.3. òÏÚÒÁÈÕÎÏË Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕäÌÑ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ (s = 2) �Ú (1.30) ÏÔÒÉÍÕ¤ÍÏ:F2(r1; r2) = CF 02 (r1; r2) exp24 �2S Xx;k1;k20�M(2)k1;k2(x;�x)gk1;k2(x)35 ;(3.1)ÄÌÑ �ÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ ÎÅÏÂÈ�ÄÎÏ ÒÏÚÒÁÈÕ×ÁÔÉ Â�ÎÁÒÎÕ ÆÕÎË-��À ÒÏÚ�ÏÄ�ÌÕ �ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ ÅÌÅËÔÒÏÎ�× F 02 (r1; r2) ÔÁ ×ÅÌÉÞÉÎÕ�M(2)k1;k2(x;�x).



17 ðÒÅ�ÒÉÎÔrs = 5
z; aB

F1(z)
òÉÓ. 2. åÌÅËÔÒÏÎÎÁ ÕÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ Õ ×É�ÁÄËÕ rs = 5.óÕ��ÌØÎÁ Ì�Î�Ñ | ÒÏÚÒÁÈÕÎËÉ ÄÌÑ ÓË�ÎÞÅÎÏÇÏ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤-ÒÕ, ÛÔÒÉÈÏ×Á | ÄÌÑ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ,ÛÔÒÉÈ�ÕÎËÔÉÒÎÁ | ÒÏÚÒÁÈÕÎËÉ ìÅÎÇÁ.3.1. òÏÚÒÁÈÕÎÏË Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ �ÄÅÁÌØÎÏ§ ÓÉÓÔÅ-ÍÉúÇ�ÄÎÏ (1.9) Õ ×É�ÁÄËÕ s = 2 ÏÔÒÉÍÕ¤ÍÏ:F 02 (r1; r2)V 2 = Sp1;2 exp[��H 00℄Sp exp[��H 00℄ = 1Sp exp[��H 00℄� Z dr3 : : :Z drN Xf ��f (r1; : : : ; rN ) exp[��H 00℄�f (r1; : : : ; rN )= 1N(N � 1) 1Sp exp[��H 00℄ Z dr01 : : :Z dr0N Xf ��f (r01; : : : ; r0N ) exp[��H 00℄� NXi 6=j=1 Æ(r1 � r0i)Æ(r2 � r0j)�f (r01; : : : ; r0N ); (3.2)�ÅÒÅÊÛÏ×ÛÉ Õ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ, ÏÔÒÉÍÕ¤ÍÏ:NXi 6=j=1 Æ(r1 � r0i)Æ(r2 � r0j)

ICMP{02{03U 18= Xa1;:::;a4	�a1(r1)	a3(r1)	�a2(r2)	a4(r2)aya1aya2aa4aa3 ; (3.3)ÔÏÄ� F 02 (r1; r2)V 2 = 1N(N � 1) Xa1;:::;a4	�a1(r1)	a3(r1)	�a2(r2)	a4(r2)�Sp �exp[��H 00℄aya1aya2aa4aa3�Sp exp[��H 00℄= 1N(N � 1) Xa1;:::;a4	�a1(r1)	a3(r1)	�a2(r2)	a4(r2)� (na1na2Æa1;a3Æa2;a4 � na1na3Æa1;a4Æa2;a3)= 1N(N � 1)Xa1 j	a1(r1)j2na1 Xa2 j	a2(r2)j2na2� 1N(N � 1) Xa1;a2	�a1(r1)	a2(r1)	�a2(r2)	a1(r2)na1na2 ; (3.4)×ÒÁÈÏ×ÕÀÞÉ, ÝÏ ÄÌÑ ×ÅÌÉËÉÈ N : N(N � 1) � N2, ÔÁ ×ÉËÏÒÉÓÔÁ×ÛÉ×ÉÒÁÚ ÄÌÑ ÕÎÁÒÎÏ§ ÆÕÎË��§ (2.4), ÏÔÒÉÍÕ¤ÍÏ:F 02 (r1; r2)V 2 = F 01 (r1)F 01 (r2)V 2� 1N2 Xa1;a2	�a1(r1)	a2(r1)	�a2(r2)	a1(r2)na1na2 : (3.5)äÌÑ ÒÏÚÇÌÑÄÕ×ÁÎÏ§ ÎÁÍÉ ÚÁÄÁÞ� ÄÌÑ Â�ÎÁÒÎÏ§ ÆÕÎË��§ F 02 (r1; r2)ÏÔÒÉÍÕ¤ÍÏ:F 02 (rjj; z1; z2) = F 01 (z1)F 01 (z2)�� VSN�2 X�1;�2Xp;p0 '��1 (z1)'�2(z1)�'��2(z2)'�1(z2) exp �iprjj�n�1(p0)n�2(p0 � p); (3.6)ÄÅ rjj = rjj1 � rjj2.õ ×É�ÁÄËÕ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ (� !1) ÓÕÍÕ×ÁÎÎÑ �Ï p0 Õ ÆÏÒ-ÍÕÌ� (3.6) ÍÏÖÎÁ ×ÉËÏÎÁÔÉ ÁÎÁÌ�ÔÉÞÎÏ:I (p; �1; �2) � 12Xp0 �(
21 � p02)�(
22 � (p0 � p)2)



19 ðÒÅ�ÒÉÎÔ= S(2�)2 Z dp0�(
21 � p02)�(
22 � (p0 � p)2); (3.7)ÄÅ ××ÅÄÅÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑ:
21 = 2m�~2 � �21; (
21 > 0); (3.8)
22 = 2m�~2 � �22; (
22 > 0): (3.9)¶Ú (3.7) ÌÅÇËÏ ÂÁÞÉÔÉ, ÝÏ Õ ×É�ÁÄËÕ p 6 j
1 � 
2j:I (p; �1; �2) = S(2�)2 ��
21�(
22 � 
21) + �
22�(
21 � 
22)� ; (3.10)Á Õ ×É�ÁÄËÕ p > 
1 + 
2: I (p; �1; �2) = 0: (3.11)÷ÉËÏÎÁ×ÛÉ �ÎÔÅÇÒÕ×ÁÎÎÑ Õ ×ÉÒÁÚ� (3.7) Õ ×É�ÁÄËÕ, ËÏÌÉ p < 
1+
2ÔÁ p > j
1 � 
2j, ÏÔÒÉÍÕ¤ÍÏ:I (p; �1; �2) = S(2�)2 [f (p; �1; �2) + f (p; �2; �1)℄ ; (3.12)ÄÅ ××ÅÄÅÎÏ ÔÁËÅ �ÏÚÎÁÞÅÎÎÑ:f (p; �1; �2) = 
21��2 + ar
sin �21 � �22 � p22p
1 �+�21 � �22 � p22p s
21 � (�21 � �22 � p2)24p2 : (3.13)�ÏÄ� ÄÌÑ Â�ÎÁÒÎÏ§ ÆÕÎË��§ F 02 (rjj; z1; z2) (3.6) ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�-ÎÉÊ ×ÉÒÁÚ:F 02 (rjj; z1; z2) = F 01 (z1)F 01 (z2)�� VSN�2 S(2�)2 2� X�1;�2 '��1(z1)'�2 (z1)�'��2(z2)'�1 (z2) 1Z0 dp p J0 �p rjj� I(p; �1; �2); (3.14)ÄÅ J0 �p rjj� | ÆÕÎË��Ñ âÅÓÓÅÌÑ ÎÕÌØÏ×ÏÇÏ �ÏÒÑÄËÕ. ðÏÄÁÌØÛÉÊ ÒÏÚ-ÒÁÈÕÎÏË F 02 (rjj; z1; z2) ÄÌÑ �Å×ÎÉÈ ÍÏÄÅÌÅÊ �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕÎÅÏÂÈ�ÄÎÏ �ÒÏ×ÏÄÉÔÉ ÞÉÓÅÌØÎÏ.

ICMP{02{03U 203.2. òÏÚÒÁÈÕÎÏË �M(2)k1;k2(x;�x)úÇ�ÄÎÏ ÏÚÎÁÞÅÎÎÑ ÕÓÅÒÅÄÎÅÎÎÑ (1.10) ÄÌÑ ÄÏ×�ÌØÎÏÇÏ Ï�ÅÒÁÔÏÒÁA ÍÁ-¤ÍÏ: hAi(2)0 = Sp1;2 (exp [��H 00℄A)Sp1;2 exp [��H 00℄= Sp exp [��H 00℄Sp1;2 exp [��H 00℄ Sp1;2 (exp [��H 00℄A)Sp exp [��H 00℄ ; (3.15)ÓËÏÒÉÓÔÁ×ÛÉÓØ ÏÚÎÁÞÅÎÎÑÍ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ �ÄÅÁÌØÎÏ§ ÓÉÓ-ÔÅÍÉ (3.2), ÏÔÒÉÍÕ¤ÍÏ:hAi(2)0 = V 2F 02 (r1; r2) 1Sp exp [��H 00℄ Z dr3 : : :Z drN Xf ��f (r1; : : : ; rN )� exp [��H 00℄A�f (r1; : : : ; rN )= V 2N(N � 1) 1F 02 (r1; r2) Xa1;:::;a4	�a1(r1)	a3(r1)	�a2(r2)	a4(r2)� 
Aaya1aya2aa4aa3�0 = V 2=S2N(N � 1) 1F 02 (r1; r2)� X�1;:::;�4 Xp1;:::;p4 exp(ip3rjj1 + ip4rjj2)'��1(z1)'�3(z1)�'��2(z2)'�4 (z2) 
Aay�1(p1)ay�2(p2)a�4(p2 + p4)a�3(p1 + p3)�0 :(3.16)ñËÝÏ × ÑËÏÓÔ� Ï�ÅÒÁÔÏÒÁ A ×ÚÑÔÉ T�k1(x)�k2 (�x), ÔÏ ÚÇ�ÄÎÏ (2.16)ÏÔÒÉÍÕ¤ÍÏ (×ÒÁÈÕ×Á×ÛÉ, ÝÏ ÄÌÑ ×ÅÌÉËÉÈ N : N(N � 1) � N2):�M(2)k1;k2(x;�x) = i2 hT�k1(x)�k2 (�x)i(2)0 � i2 hT�k1(x)�k2 (�x)i0= i2� VSN �2 1F 02 (r1; r2) 1�2 �Z0 d�1 �Z0 d�2 exp [i�(�1 � �2)℄� X�1;:::;�4 Xp1;:::;p4 exp �ip3rjj1 + ip4rjj2�'��1(z1)'�3(z1)'��2 (z2)'�4(z2)� 
T�k1(qj�1)�k2(�qj�2)ay�1(p1)ay�2(p2)a�4(p2 + p4)a�3(p1 + p3)�0�i2 hT�k1(x)�k2 (�x)i0 ; (3.17)



21 ðÒÅ�ÒÉÎÔÄÅ × �ÅÒÛÏÍÕ ÄÏÄÁÎËÕ ÚÄ�ÊÓÎÅÎÏ �ÅÒÅÈ�Ä ×�Ä ÞÁÓÔÏÔÎÏÇÏ �ÒÅÄÓÔÁ×-ÌÅÎÎÑ ÄÌÑ ×ÅÌÉÞÉÎ �k(x) ÄÏ ÔÅÍ�ÅÒÁÔÕÒÎÏÇÏ. ÷ÉËÏÒÉÓÔÁ×ÛÉ Ñ×ÎÉÊ×ÉÒÁÚ ÄÌÑ ÚÍ�ÛÁÎÏÇÏ ÆÕÒ'¤-�ÒÅÄÓÔÁ×ÌÅÎÎÑ ÌÏËÁÌØÎÏ§ ÇÕÓÔÉÎÉ, ÏÔÒÉ-ÍÕ¤ÍÏ:�M(2)k1;k2(x;�x) = i2� VSN �2 1F 02 (r1; r2) 1�2 �Z0 d�1 �Z0 d�2 exp [i�(�1 � �2)℄�X�1;:::;�4 Xp1;:::;p4 Xp01;�01;�001 Xp02;�02;�002exp �ip3rjj1 + ip4rjj2� h�01j exp(�ik1z)j�001 i� h�02j exp(�ik2z)j�002i'��1 (z1)'�3(z1)'��2(z2)'�4(z2)�DTay�01(p01j�1)a�001 (p01 � qj�1)ay�02(p02j�2)a�002 (p02 + qj�2)� ay�1(p1)ay�2(p2)a�4(p2 + p4)a�3(p1 + p3)E0 (3.18)ÄÅ × ÓÅÒÅÄÎØÏÍÕ h: : :i0 ÍÏÖÌÉ×� ÔÁË� Ó�ÁÒÀ×ÁÎÎÑ (×ÒÁÈÏ×ÕÀÞÉ, ÝÏq 6= 0):1) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 4-ÉÊ, 2-ÉÊ ÔÁ 5-ÉÊ, 3-�Ê ÔÁ 7-ÉÊ, 6-ÉÊ ÔÁ 8-ÉÊ;2) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 4-ÉÊ, 2-ÉÊ ÔÁ 5-ÉÊ, 3-�Ê ÔÁ 8-ÉÊ, 6-ÉÊ ÔÁ 7-ÉÊ;3) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 4-ÉÊ, 2-ÉÊ ÔÁ 6-ÉÊ, 3-�Ê ÔÁ 7-ÉÊ, 5-ÉÊ ÔÁ 8-ÉÊ;4) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 4-ÉÊ, 2-ÉÊ ÔÁ 6-ÉÊ, 3-�Ê ÔÁ 8-ÉÊ, 5-ÉÊ ÔÁ 7-ÉÊ;5) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 7-ÉÊ, 2-ÉÊ ÔÁ 5-ÉÊ, 3-�Ê ÔÁ 8-ÉÊ, 4-ÉÊ ÔÁ 6-ÉÊ;6) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 7-ÉÊ, 2-ÉÊ ÔÁ 6-ÉÊ, 3-�Ê ÔÁ 8-ÉÊ, 4-ÉÊ ÔÁ 5-ÉÊ;7) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 7-ÉÊ, 2-ÉÊ ÔÁ 3-�Ê, 4-ÉÊ ÔÁ 5-ÉÊ, 6-ÉÊ ÔÁ 8-ÉÊ;8) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 7-ÉÊ, 2-ÉÊ ÔÁ 3-�Ê, 4-ÉÊ ÔÁ 6-ÉÊ, 5-ÉÊ ÔÁ 8-ÉÊ;9) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 8-ÉÊ, 2-ÉÊ ÔÁ 3-�Ê, 4-ÉÊ ÔÁ 5-ÉÊ, 6-ÉÊ ÔÁ 7-ÉÊ;10) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 8-ÉÊ, 2-ÉÊ ÔÁ 3-�Ê, 4-ÉÊ ÔÁ 6-ÉÊ, 5-ÉÊ ÔÁ 7-ÉÊ;11) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 8-ÉÊ, 2-ÉÊ ÔÁ 5-ÉÊ, 3-�Ê ÔÁ 7-ÉÊ, 4-ÉÊ ÔÁ 6-ÉÊ;12) 1-ÉÊ Ï�ÅÒÁÔÏÒ ÔÁ 8-ÉÊ, 2-ÉÊ ÔÁ 6-ÉÊ, 3-�Ê ÔÁ 7-ÉÊ, 4-ÉÊ ÔÁ 5-ÉÊ.
ICMP{02{03U 22÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ 
ay�(p)a�(p)�0 = n�(p) ÔÁ Ú�ÂÒÁ×ÛÉ �ÏÄ�ÂÎ� ÄÏ-ÄÁÎËÉ × (3.18), ÏÔÒÉÍÕ¤ÍÏ:�M(2)k1;k2(x;�x) = � VSN�2 i2F 02 (r1; r2) Xp1;p2 X�1;�2;�01;�02h�01j exp(�ik1z)j�1i� h�02j exp(�ik2z)j�01i 2�3 X�1 G�01(p1 + qj�1)G�1 (p1j�1 � �)�G�02(p1j�1 � �)n�2(p2) h'��1(z1)'�02(z1)j'�2(z2)j2� exp �i(p1 � p2)(rjj2 � rjj1)�'��1(z1)'�2(z1)'��2(z2)'�02 (z2)i+� VSN �2 i2F 02 (r1; r2) Xp1;p2 X�1;�2;�01;�02 h�01j exp(�ik1z)j�1i� h�02j exp(�ik2z)j�2i 1�4 X�1;�3 '�02(z1)'�01 (z2)�exp �iq(rjj2 � rjj1)��'��2(z1)'��2(z2)G�01(p2 + qj�1)G�1 (p2j�1 � �)G�02(p1 � qj�3)� exp �ip2(rjj1 � rjj2)�'��1(z1)'��2(z2)G�01 (p1 + qj�1)� G�1(p1j�1 � �)G�02 (p1 + p2j�3)	G�2(p1j�3 + �)+ÔÁË� Ö ÄÏÄÁÎËÉ, × ÑËÉÈ ÚÒÏÂÌÅÎÏ ÚÁÍ�ÎÕ: z1 $ z2: (3.19)3.3. òÏÚÒÁÈÕÎÏË Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× ÕÇÒÁÎÉÞÎÉÈ ×É�ÁÄËÁÈ ÎÉÚØËÉÈ (� ! 1) ÔÁ ×ÉÓÏËÉÈ (� !0) ÔÅÍ�ÅÒÁÔÕÒ÷ÉÒÁÚ (3.19) ÎÅÏÂÈ�ÄÎÏ ��ÄÓÔÁ×ÉÔÉ Õ ÆÏÒÍÕÌÕ (3.1) ÔÁ ×ÉËÏÎÁÔÉ ÓÕÍÕ-×ÁÎÎÑ �Ï ÂÏÚ�×ÓØË�Ê ÞÁÓÔÏÔ� �. ïÓË�ÌØËÉ Ñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ gk1;k2(q; �) ¤ÎÅ×�ÄÏÍÉÍ, ÔÏ Ú ÍÅÔÏÀ ÏÔÒÉÍÁÎÎÑ ÁÎÁÌ�ÔÉÞÎÏÇÏ ×ÉÒÁÚÕ ÄÌÑ F2(r1; r2)×�ÚØÍÅÍÏ ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ Õ ×É�ÁÄËÕ � = 0, ÁÎÁÌ�ÔÉÞÎ� ×ÉÒÁÚÉÄÌÑ ÑËÏÇÏ ÂÕÌÉ ÚÎÁÊÄÅÎ� Õ �ÒÁ�� [6℄. �ÏÄ� Õ ÆÏÒÍÕÌ� (3.1) ÓÕÍÕ×ÁÎÎÑ�Ï ÂÏÚ�×ÓØË�Ê ÞÁÓÔÏÔ� � ÓÔÏÓÕ¤ÔØÓÑ ÌÉÛÅ ×ÅÌÉÞÉÎÉ �M(2)k1;k2(x;�x).ðÒÉ ��ÄÓÔÁÎÏ×�� (3.19) Õ ÆÏÒÍÕÌ� (3.1) ×ÉÎÉËÁÀÔØ ×ÉÒÁÚÉ, ÑË� ÍÉÒÏÚÇÌÑÎÅÍÏ ÏËÒÅÍÏ:1�2 X�;�1G�01(p1 + qj�1)G�1(p1j�1 � �)G�02 (p1j�1 � �)



23 ðÒÅ�ÒÉÎÔ�= Æ (��E�1(p1)) ; (3.20)ÄÅ ÄÌÑ ÓÕÍÕ×ÁÎÎÑ �Ï ÂÏÚ�×ÓØË�Ê � ÔÁ ÆÅÒÍ�¤×ÓØË�Ê �1 ÞÁÓÔÏÔÁÈ ÂÕÌÏ×ÉËÏÎÁÎÏ ÁÎÁÌÏÇ�ÞÎÏ ÑË Õ ÆÏÒÍÕÌ� (2.23) ÔÁ ÚÒÏÂÌÅÎÏ ÔÁË� Ö �ÒÉ-�ÕÝÅÎÎÑ ÑË � �ÒÉ ÏÔÒÉÍÁÎÎ� ×ÉÒÁÚÕ (2.25); ÁÎÁÌÏÇ�ÞÎÏ ÒÏÚÇÌÑÄÁ¤ÍÏÔÁËÉÊ ×ÉÒÁÚ:1�3 X�;�1;�3G�01(p2 + qj�1)G�2 (p2j�1 � �)G�02 (p1 � qj�3)G�1 (p1j�3 + �)= 1�3 X�;�1;�3 1i�1 + ��E�01(p2 + q) 1i(�1 � �) + ��E�2(p2)� 1i�3 + ��E�02(p1 � q) 1i(�3 + �) + ��E�1(p1)= 11�exp[�(E�01(p2+q)�E�2 (p2))℄ + 11�exp[�(E�1 (p1)�E�02 (p1�q))℄E�02(p1 � q)�E�1(p1) +E�01(p2 + q)�E�2(p2)� � 11 + exp[�(E�01 (p2 + q)� �)℄ � 11 + exp[�(E�2 (p2)� �)℄�� � 11 + exp[�(E�02 (p2 � q)� �)℄ � 11 + exp[�(E�1 (p1)� �)℄� : (3.21)õ ×É�ÁÄËÕ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÍÁÀÔØ Í�Ó�Å Ó��××�ÄÎÏÛÅÎÎÑ:E�02(p1 � q) � E�1(p1); E�01(p2 + q) � E�2(p2) (3.22)� ÔÏÄ� ×ÉÒÁÚ (3.21) ÎÁÂÕ×Á¤ ÔÁËÏÇÏ ×ÉÇÌÑÄÕ:� 1� ��E�01(p2) 11 + exp[�(E�01 (p2)� �)℄� ��E�02(p1) 11 + exp[�(E�02 (p1)� �)℄= � 1� � exp[�(E�01 (p2)� �)℄(1 + exp[�(E�01 (p2)� �)℄)2 � exp[�(E�02(p1)� �)℄(1 + exp[�(E�02 (p1)� �)℄)2 ; (3.23)Õ ÇÒÁÎÉ�� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ �ÅÊ ×ÉÒÁÚ Ï��ÎÉÍÏ ÔÁË:�� ���E�01(p2)� Æ ���E�02(p1)� : (3.24)
ICMP{02{03U 24�ÏÄ� �ÏËÁÚÎÉË exp Õ ×ÉÒÁÚ� ÄÌÑ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ (3.1)ÎÁÂÕ×Á¤ ÔÁËÏÇÏ ×ÉÇÌÑÄÕ:�2S Xx;k1;k20�M(2)k1;k2(x;�x)gk1;k2(qj� = 0)= �F 01 (z1)f01 (z2) + f01 (z1)F 01 (z2)2F 02 (r1; r2)� 1S Xq 0 exp �iq(rjj2 � rjj1)� g(q; � = 0jz1; z2)�f02;1(r1; r2)F 02 (r1; r2) 1S Xq 0g(q; � = 0jz1; z1)�f02;2(r1; r2)F 02 (r1; r2) 1S Xq 0g(q; � = 0jz2; z2); (3.25)ÄÅ ×ÉËÏÒÉÓÔÁÎÏ ÕÍÏ×Õ �Ï×ÎÏÔÉ ÄÌÑ ×ÌÁÓÎÉÈ ÆÕÎË��Ê ÔÁ ××ÅÄÅÎÏ ÎÁ-ÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:f02;1(r1; r2) = f01 (z1)F 01 (z2)� 1n2S2 X�1;�2 Xp1;p2 exp �i(p1 � p2)(rjj2 � rjj1)��'��1(z1)'�2(z1)'��2 (z2)'�1(z2)Æ (��E�1(p1)) � (��E�2(p2)) ;(3.26)f02;2(r1; r2) = F 01 (z1)f01 (z2)� 1n2S2 X�1;�2 Xp1;p2 exp �i(p1 � p2)(rjj2 � rjj1)��'��1(z2)'�2(z2)'��2 (z1)'�1(z1)Æ (��E�1(p1)) � (��E�2(p2)) :(3.27)÷ÉÒÁÚ (3.25) ÍÏÖÎÁ ÝÅ Â�ÌØÛ Ó�ÒÏÓÔÉÔÉ, ÚÁÍ�ÎÉ×ÛÉ × ÔÒÅÔØÏÍÕÔÁ ÞÅÔ×ÅÒÔÏÍÕ ÄÏÄÁÎËÁÈ ÆÕÎË��§ F 02 (r1; r2), f02;1(r1; r2) ÔÁ f02;2(r1; r2)§ÈÎ�ÍÉ ÇÒÁÎÉÞÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ �ÒÉ jrjj1 � rjj2j ! 1:f02;1(r1; r2) = f01 (z1)F 01 (z2); f02;2(r1; r2) = F 01 (z1)f01 (z2); (3.28)F 02 (r1; r2) = F 01 (z1)F 01 (z2); (3.29)��ÓÌÑ �ÉÈ ÎÁÂÌÉÖÅÎØ ÏÔÒÉÍÕ¤ÍÏ ×ÉÒÁÚ ÄÌÑ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�Ï-Ä�ÌÕ ÅÌÅËÔÒÏÎ�×:F2(rjj; z1; z2) = CF1(z1)F1(z2) F 02 (rjj; z1; z2)F 01 (z1)F 01 (z2) (3.30)



25 ðÒÅ�ÒÉÎÔ� exp"� F 01 (z1)f01 (z2) + f01 (z1)F 01 (z2)2F 02 (rjj; z1; z2)� 1S Xq 0 exp �iqrjj� g(q; � = 0jz1; z2)#;ÄÅ ÂÕÌÏ ×ÒÁÈÏ×ÁÎÏ ×ÉÒÁÚ ÄÌÑ ÕÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ (2.27).ïÓË�ÌØËÉ ÅËÒÁÎÏ×ÁÎÉÊ �ÏÔÅÎ��ÁÌ ÄÌÑ ÍÏÄÅÌ� �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁ-Ò'¤ÒÕ × ÑËÏÓÔ� �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÚÁÌÅÖÉÔØ ×�Ä ÍÏÄÕÌÑ ×ÅËÔÏÒÁq, ÔÏ (3.30) ÎÁÂÕ×Á¤ ÔÁËÏÇÏ ×ÉÇÌÑÄÕ:F2(rjj; z1; z2) = CF1(z1)F1(z2) F 02 (rjj; z1; z2)F 01 (z1)F 01 (z2) (3.31)� exp"� F 01 (z1)f01 (z2) + f01 (z1)F 01 (z2)2F 02 (rjj; z1; z2)� 12� 1Z0 dq qJ0(qrjj)g(q; � = 0jz1; z2)#;ÄÅ J0(qrjj) | ÆÕÎË��Ñ âÅÓÓÅÌÑ ÎÕÌØÏ×ÏÇÏ �ÏÒÑÄËÕ.áÎÁÌÏÇ�ÞÎÏ �ÒÏ×�×ÛÉ ÒÏÚÒÁÈÕÎËÉ Õ ×É�ÁÄËÕ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒ(� ! 0), ÏÔÒÉÍÕ¤ÍÏ:F2(rjj; z1; z2) = CF1(z1)F1(z2) F 02 (rjj; z1; z2)F 01 (z1)F 01 (z2) (3.32)� exp"�F 01 (z1)F 01 (z2)F 02 (rjj; z1; z2) �S Xq 0 exp �iqrjj� g(q; � = 0jz1; z2)# :¶Ú ×ÉÒÁÚÕ (3.31) ×ÉÄÎÏ, ÝÏ �ÒÉ ÚÒÏÓÔÁÎÎ� ×�ÄÄÁÌ� Í�Ö Ä×ÏÍÁ ÅÌÅË-ÔÒÏÎÁÍÉ Õ �ÌÏÝÉÎ�, ÑËÁ �ÁÒÁÌÅÌØÎÁ ÄÏ �Ï×ÅÒÈÎ� ÒÏÚÄ�ÌÕ, Â�ÎÁÒ-ÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ¤ ÄÏÂÕÔËÏÍ Ä×ÏÈ ÕÎÁÒÎÉÈ ÆÕÎË��Ê (ÏÓË�ÌØËÉJ0(x)! 0 �ÒÉ jxj ! 1):limrjj!1F 02 (rjj; z1; z2) = F 01 (z1)F 01 (z2); (3.33)limrjj!1 g(rjj; z1; z2) = limrjj!1 1S Xq 0 exp(iqrjj)g(q; � = 0jz1; z2) = 0;(3.34)�, ÏÔÖÅ, F2(rjj !1; z1; z2) = F1(z1)F1(z2); (3.35)ÔÏÂÔÏ �ÒÉ ÄÏÓÔÁÔÎØÏ ×ÅÌÉËÉÈ rjj ËÏÒÅÌÑ��§ Í�Ö ÞÁÓÔÉÎËÁÍÉ ÚÎÉËÁ-ÀÔØ, ÝÏ ×�Ä�Ï×�ÄÁ¤ �ÒÉÎ�É�Õ ÏÓÌÁÂÌÅÎÎÑ ËÏÒÅÌÑ��Ê [7℄.
ICMP{02{03U 263.4. äÁÎ� ÞÉÓÅÌØÎÉÈ ÒÏÚÒÁÈÕÎË�× Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕÅÌÅËÔÒÏÎ�×�ÕÔ �ÒÅÄÓÔÁ×ÌÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÎÁÛÉÈ ÒÏÚÒÁÈÕÎË�× Â�ÎÁÒÎÏ§ ÆÕÎË��§ÒÏÚ�ÏÄ�ÌÕ ÄÌÑ ÍÏÄÅÌÅÊ ÓË�ÎÞÅÎÏÇÏ ÔÁ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ �ÏÔÅÎ��-ÁÌØÎÉÈ ÂÁÒ'¤Ò�×.îÁ ÒÉÓ. 3 ÔÁ ÒÉÓ. 5 �ÏÄÁÎÏ Â�ÎÁÒÎÕ ÆÕÎË��À ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔ-ÒÏÎ�× Õ ×É�ÁÄËÕ ËÏÌÉ ÏÄÉÎ ÅÌÅËÔÒÏÎ ÚÎÁÈÏÄÉÔØÓÑ × ÔÏÞ�� (rjj = 0,z2 = �6 aB) ÔÁ (rjj = 0, z2 = �4 aB) ×�Ä�Ï×�ÄÎÏ, Á �ÎÛÉÊ | × ÏÂÌÁÓÔ�(jrjjj > 0,�1 < z1 6 0); �� ÒÏÚÒÁÈÕÎËÉ �ÒÏ×ÅÄÅÎ� ÄÌÑ ÎÅÓË�ÎÞÅÎÎÏ ×É-ÓÏËÏÇÏ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ × ÑËÏÓÔ� �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ �ÒÉrs = 2. ú ÒÉÓ. 3 ÔÁ ÒÉÓ. 5 ×ÉÄÎÏ, ÝÏ Â�ÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔ-ÒÏÎ�× ÍÁ¤ Í�Î�ÍÕÍ �ÒÉ rjj ! 0, z1 ! z2, ÝÏ ¤ ÎÁÓÌ�ÄËÏÍ ËÕÌÏÎ�×ÓØËÏ-ÇÏ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ Í�Ö ÅÌÅËÔÒÏÎÁÍÉ ÔÁ ÎÅÍÏÖÌÉ×ÏÓÔ� �ÅÒÅÂÕ×ÁÎÎÑÄ×ÏÈ ÅÌÅËÔÒÏÎ�× × ÏÄÎ�Ê ÔÏÞ��. ó�ÁÄÁÎÎÑ ÆÕÎË��§ F2(rjj; z1; z2) Õ ��ÊÏÂÌÁÓÔ� ¤ Â�ÌØÛ Ò�ÚËÉÍ, Î�Ö Õ ×É�ÁÄËÕ ×ÒÁÈÕ×ÁÎÎÑ ÌÉÛÅ ÏÂÍ�ÎÎÉÈÅÆÅËÔ�× [14℄.ú ÒÉÓ. 4 ÔÁ ÒÉÓ. 6 ×ÉÄÎÏ, ÝÏ �ÒÉ ÎÁÂÌÉÖÅÎÎ� ÏÄÎÏÇÏ �Ú ÅÌÅËÔÒÏÎ�×ÄÏ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ (�ÌÏÝÉÎÁ z1 = 0) Â�ÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ-�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× × ÏÂÌÁÓÔ� (rjj ! 0, z1; z2 ! 0) ÄÅÆÏÒÍÕ¤ÔØÓÑ, ×ÏÂÌÁÓÔ� (rjj ! 0, z1; z2 ! �1) ×ÏÎÁ ¤ ÁËÓ�ÁÌØÎÏ ÓÉÍÅÔÒÉÞÎÏÀ, ÏÓ-Ë�ÌØËÉ �Å ×�Ä�Ï×�ÄÁ¤ ÏÄÎÏÒ�ÄÎ�Ê ÓÉÓÔÅÍ� (Ä×Á ÅÌÅËÔÒÏÎÉ ÚÎÁÈÏÄÑÔØÓÑ× ÇÌÉÂÉÎ� ÍÅÔÁÌÕ). �ÏÂÔÏ, ÅÌÅËÔÒÏÎ �ÒÉ ��ÄÈÏÄ� ÄÏ �Ï×ÅÒÈÎ� ÒÏÚÄ�ÌÕ×�ÄÞÕ×Á¤ ÎÅ ÌÉÛÅ ÅÆÅËÔÉ×ÎÅ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ Ú ÂÏËÕ �ÎÛÉÈ ÅÌÅËÔÒÏ-Î�×, Á Ê �ÏÞÉÎÁ¤ ×�ÄÞÕ×ÁÔÉ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò.æ�ÚÉÞÎÏ �Å ÏÚÎÁÞÁ¤,ÝÏ ÅÌÅËÔÒÏÎÕ ÅÎÅÒÇÅÔÉÞÎÏ ÎÅ×ÉÇ�ÄÎÏ �ÏËÉÄÁÔÉ ÍÅÔÁÌ.áÎÁÌÏÇ�ÞÎ� ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�× �ÒÉ×ÅÄÅÎÏ ÎÁ ÒÉÓ. 7 { ÒÉÓ. 10ÄÌÑ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ ÓË�ÎÞÅÎÏ§ ×ÉÓÏÔÉ × ÑËÏÓÔ� �Ï×ÅÒÈÎÅ×ÏÇÏ�ÏÔÅÎ��ÁÌÕ. óË�ÎÞÅÎ�ÓÔØ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ �ÒÉÚ×ÏÄÉÔØ ÄÏ Â�ÌØÛ�ÌÁ×ÎÏÇÏ ÚÁÇÁÓÁÎÎÑ ÅÌÅËÔÒÏÎÎÏ§ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ Â�ÌÑ �Ï-×ÅÒÈÎ� ÒÏÚÄ�ÌÕ.
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òÉÓ. 3. â�ÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× F2(rjj; z1; z2 = �6 aB)�ÒÉ rs = 2 (ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÉÊ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò).
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rjj; aBòÉÓ. 4. ðÒÏÅË��Ñ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�×F2(rjj; z1; z2 = �6 aB) ÎÁ (rjj; z1)-�ÌÏÝÉÎÕ �ÒÉ rs = 2 (ÎÅÓË�Î-ÞÅÎÎÏ ×ÉÓÏËÉÊ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò).
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òÉÓ. 5. â�ÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× F2(rjj; z1; z2 = �4 aB)�ÒÉ rs = 2 (ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÉÊ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò).

-4 -2 0 2 4

-7

-6

-5

-4

-3

-2

-1

0 rs = 2z2 = �4 aB

z 1;a B
rjj; aBòÉÓ. 6. ðÒÏÅË��Ñ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�×F2(rjj; z1; z2 = �4 aB) ÎÁ (rjj; z1)-�ÌÏÝÉÎÕ �ÒÉ rs = 2 (ÎÅÓË�Î-ÞÅÎÎÏ ×ÉÓÏËÉÊ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò).
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òÉÓ. 7. â�ÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× F2(rjj; z1; z2 = �15 aB)�ÒÉ rs = 5 (ÓË�ÎÞÅÎÉÊ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò).
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rjj; aBòÉÓ. 8. ðÒÏÅË��Ñ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�×F2(rjj; z1; z2 = �15 aB) ÎÁ (rjj; z1)-�ÌÏÝÉÎÕ �ÒÉ rs = 5 (ÓË�Î-ÞÅÎÉÊ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò).

ICMP{02{03U 30
0

2

4

6

8

10

-20

-10

0

0.0

0.5

1.0

0

2

4

6

8

10

0.0

rs = 5z2 = �4 aB
z1; aB

rjj ; aB F 2(r jj; z 1; z 2
)

òÉÓ. 9. â�ÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�× F2(rjj; z1; z2 = �4 aB)�ÒÉ rs = 5 (ÓË�ÎÞÅÎÉÊ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò).
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rjj; aBòÉÓ. 10. ðÒÏÅË��Ñ Â�ÎÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�×F2(rjj; z1; z2 = �4 aB) ÎÁ (rjj; z1)-�ÌÏÝÉÎÕ �ÒÉ rs = 5 (ÓË�Î-ÞÅÎÉÊ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò).
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