
îÁ��ÏÎÁÌØÎÁ ÁËÁÄÅÍ�Ñ ÎÁÕË õËÒÁ§ÎÉ

���������	
� ¶îó�é�õ�æ¶úéëéëïîäåîóï÷áîéèóéó�åí

'
&

$
%

ð. ð. ëÏÓÔÒÏÂ�Ê�, â. í. íÁÒËÏ×ÉÞ�ó�á�éó�éþîá �åïò¶ñ ðòïó�ïòï÷ï-ïâíåöåîéèóéó�åí úáòñäöåîéè æåòí¶-þáó�éîïë: I. íå�ïäæõîëã¶ïîáìøîïçï ¶î�åçòõ÷áîîñ �á åæåë�é÷î¶ðï�åîã¶áìé

�îÁ�iÏÎÁÌØÎÉÊ ÕÎi×ÅÒÓÉÔÅÔ \ìØ×i×ÓØËÁ �ÏÌiÔÅÈÎiËÁ"÷ÕÌ. ó. âÁÎÄÅÒÉ, 12, ìØ×i× 79013
ICMP{02{02U

ìø÷¶÷

õäë: 530.145PACS: 71.45.GmóÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ�Ñ �ÒÏÓÔÏÒÏ×Ï-ÏÂÍÅÖÅÎÉÈ ÓÉÓÔÅÍ ÚÁÒÑÄÖÅ-ÎÉÈ ÆÅÒÍ�-ÞÁÓÔÉÎÏË: I. íÅÔÏÄ ÆÕÎË��ÏÎÁÌØÎÏÇÏ �ÎÔÅÇÒÕ×ÁÎ-ÎÑ ÔÁ ÅÆÅËÔÉ×Î� �ÏÔÅÎ��ÁÌÉð. ð. ëÏÓÔÒÏÂ�Ê, â. í. íÁÒËÏ×ÉÞáÎÏÔÁ��Ñ. ðÒÅÄÓÔÁ×ÌÅÎÏ ÓÔÁÔÉÓÔÉÞÎÕ ÔÅÏÒ�À ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈÆÅÒÍ�-ÞÁÓÔÉÎÏË Ú �ÌÏÓËÏÀ �Ï×ÅÒÈÎÅÀ ÒÏÚÄ�ÌÕ. �ÅÏÒ�Ñ �ÏÂÕÄÏ×ÁÎÁ ÎÁÍÅÔÏÄ� ÆÕÎË��ÏÎÁÌØÎÏÇÏ �ÎÔÅÇÒÕ×ÁÎÎÑ. ïÔÒÉÍÁÎÏ ×ÉÒÁÚ ÄÌÑ ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÔÁËÏ§ ÓÉÓÔÅÍÉ, ÑËÉÊ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÅÆÅËÔÉ×-ÎÏÍÕ �ÏÔÅÎ��ÁÌ� ×ÚÁ¤ÍÏÄ�§ Í�Ö ÅÌÅËÔÒÏÎÁÍÉ ÔÁ �Ï×ÅÒÈÎÅÀ ÒÏÚÄ�ÌÕ.úÎÁÊÄÅÎÏ ÁÎÁÌ�ÔÉÞÎ� ×ÉÒÁÚÉ ÅÆÅËÔÉ×ÎÉÈ �ÏÔÅÎ��ÁÌ�× ×ÚÁ¤ÍÏÄ�§ ÄÌÑÒ�ÚÎÉÈ ÍÏÄÅÌÅÊ �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ.Statisti
al theory of the spa
ebounded systems of 
hargedfermi-parti
les: I. The fun
tional integration method and ef-fe
tive potentialsP. P. Kostrobii, B. M. Markovy
hAbstra
t. A statisti
al theory of system of 
harged fermi-parti
lesbounded with plane surfa
e is presented. The theory is based on thefun
tional integration method. The expressions for the system thermo-dynami
al potential based on the e�e
tive potential of intera
tion be-tween ele
trons and the separable surfa
e. Analyti
al expressions for thee�e
tive intera
tion potentials for di�erent surfa
e potential are found.

ðÏÄÁ¤ÔØÓÑ × öÕÒÎÁÌ Æ�ÚÉÞÎÉÈ ÄÏÓÌ�ÄÖÅÎØSubmitted to Journal of Physi
al Studies



 ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2002Institute for Condensed Matter Physi
s 2002



1 ðÒÅ�ÒÉÎÔ÷ÓÔÕ�ðÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎ� ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË ÑË ÂÁÚÏ×� ÍÏ-ÄÅÌ� ÁËÔÉ×ÎÏ ÚÁÓÔÏÓÏ×ÕÀÔØÓÑ ÄÌÑ Ï�ÉÓÕ ÔÏÎËÏ�Ì�×ËÏ×ÉÈ ÓÔÒÕËÔÕÒ,ÏÓÔÒ�×�Å×ÉÈ ÌÁÎ�ÀÖËÏ×ÉÈ ÓÔÒÕËÔÕÒ, ÎÁÄÇÒÁÔÏË, ÓÁÍÏÏÒÇÁÎ�ÚÕÀÞÉÈÁÄÓÏÒÂÁÔ�× [1{3℄. õ Ú×'ÑÚËÕ �Ú ÒÏÚ×ÉÔËÏÍ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÍÅÔÏ-Ä�× ÄÏÓÌiÄÖÅÎÎÑ ÔÁËÉÈ ÓÉÓÔÅÍ (ÓËÁÎÕÀÞ� ÔÕÎÅÌØÎÁ Ó�ÅËÔÒÏÓËÏ�iÑ ÔÁÍiËÒÏÓËÏ�iÑ, �ÏÌØÏ×Á iÏÎÎÁ ÍiËÒÏÓËÏ�iÑ ÔÁ §È ÍÏÄÉÆiËÁ�i§), ÑË� ÄÁÀÔØÕÓÅ ÂiÌØÛ ÄÅÔÁÌØÎÕ iÎÆÏÒÍÁ�iÀ �ÒÏ ÅÌÅËÔÒÏÎÎÕ ÂÕÄÏ×Õ, ÓÔÒÕËÔÕÒÎi�ÅÒÅÔ×ÏÒÅÎÎÑ, ÄÉÆÕÚ�ÊÎ�, ÁÄÓÏÒÂ��ÊÎ�, ÄÅÓÏÒÂ��ÊÎ� �ÒÏ�ÅÓÉ ÎÁ �Ï×ÅÒ-ÈÎi ÍÅÔÁÌi×, ÄiÅÌÅËÔÒÉËi×, ÎÁ�i×�ÒÏ×iÄÎÉËi× [4℄, ÚÎÁÞÎÕ Õ×ÁÇÕ �ÒÉÄ�-ÌÑÀÔØ ÔÅÏÒÅÔÉÞÎÉÍ ÄÏÓÌ�ÄÖÅÎÎÑÍ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÒÕËÔÕÒÎÉÈ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÉÈ ÓÉÓÔÅÍ.ïÓÎÏ×ÎÏÀ ÚÁÄÁÞÅÀ Ò�×ÎÏ×ÁÖÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÔÅÏÒ�§ ÔÁËÉÈ ÓÉÓÔÅÍ¤ ÒÏÚÒÁÈÕÎÏË ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÕÎË��Ê ÔÁ ÓÔÁÔÉÓÔÉÞÎÉÈ ÆÕÎË��ÊÒÏÚ�ÏÄ�ÌÕ [5℄. ÷ÉËÏÒÉÓÔÁÎÎÑ ÄÌÑ ÔÁËÉÈ ÒÏÚÒÁÈÕÎË�× ÍÅÔÏÄÕ ÆÕÎË��-ÏÎÁÌØÎÏÇÏ �ÎÔÅÇÒÕ×ÁÎÎÑ [6, 7℄ ÄÏÚ×ÏÌÑ¤ ÏÔÒÉÍÁÔÉ ÄÌÑ �ÉÈ ×ÅÌÉÞÉÎÇÒÕ�Ï×� ÒÏÚËÌÁÄÉ [5℄, ÏÓÎÏ×ÏÀ ÄÌÑ �ÏÂÕÄÏ×É ÑËÉÈ ¤ ÅËÒÁÎÏ×ÁÎÉÊ �Ï-ÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ g(r1; r1). ò�×ÎÑÎÎÑ ÄÌÑ g(r1; r1) ¤ �ÎÔÅÇÒÁÌØÎÉÍ Ò�×-ÎÑÎÎÑÍ ÔÉ�Õ ÚÇÏÒÔËÉ, ÁÎÁÌ�ÔÉÞÎÉÊ ÒÏÚ×'ÑÚÏË ÑËÏÇÏ ¤ ÎÅÔÒÉ×�ÁÌØÎÏÀÚÁÄÁÞÅÀ.õ ×É�ÁÄËÕ ËÌÁÓÉÞÎÉÈ �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎÉÈ ÓÉÓÔÅÍ ÚÁÒÑÄÖÅ-ÎÉÈ ÞÁÓÔÉÎÏË Ú ÏÄÎ�¤À �Ï×ÅÒÈÎÅÀ ÒÏÚÄ�ÌÕ ÔÁË� Ò�×ÎÑÎÎÑ ÄÌÑ ÅËÒÁÎÏ-×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÒÏÚÇÌÑÄÁÌÉÓÑ Õ �ÒÁ�ÑÈ [8{11℄. äÌÑ �ØÏÇÏ ×É�ÁÄËÕ× [8{10℄ ÒÏÚÒÏÂÌÅÎÏ Ò�ÚÎ� ÍÅÔÏÄÉ, ÑË� ÄÏÚ×ÏÌÑÀÔØ ÏÔÒÉÍÁÔÉ ÁÎÁÌ�-ÔÉÞÎÉÊ ÒÏÚ×'ÑÚÏË Ò�×ÎÑÎÎÑ ÄÌÑ g(rjj; z1; z2) (z1, z2 | ÎÏÒÍÁÌØÎ� ÄÏ�Ï×ÅÒÈÎ� ÒÏÚÄ�ÌÕ ËÏÏÒÄÉÎÁÔÉ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË, rjj = jrjjj | ×�Ä-ÓÔÁÎØ Í�Ö ÞÁÓÔÉÎËÁÍÉ × �ÌÏÝÉÎ� �ÁÒÁÌÅÌØÎ�Ê ÄÏ �Ï×ÅÒÈÎ� ÒÏÚÄ�ÌÕ).õ �ÒÁ�ÑÈ [12{14, 16℄ ÄÏÓÌ�ÄÖÕ×ÁÌÁÓØ ÚÁÄÁÞÁ ×ÉÚÎÁÞÅÎÎÑ ÅËÒÁÎÏ-×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ×ÚÁ¤ÍÏÄ�§ ÄÌÑ ÓÉÓÔÅÍ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË ÔÉ�ÕÔÏÎËÉÈ �Ì�×ÏË. á×ÔÏÒÁÍ �ÒÁ�Ø [12,13,16℄ ×ÄÁÌÏÓÑ ÒÏÚ×'ÑÚÁÔÉ �À ÚÁÄÁ-ÞÕ Õ ×É�ÁÄËÕ, ËÏÌÉ ÎÅÈÔÕÀÔØ ÞÁÓÔÏÔÎÏÀ [12,16℄ ÁÂÏ �ÒÏÓÔÏÒÏ×ÏÀ [13℄ÄÉÓ�ÅÒÓ�¤À ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ. õ [14℄ ÚÎÁÊÄÅÎÏ ÁÎÁÌ�ÔÉÞÎÉÊ×ÉÒÁÚ ÄÌÑ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ËÌÁÓÉÞÎÉÈ ÓÉÓÔÅÍ ÔÉ�Õ ÔÏÎËÉÈ�Ì�×ÏË Õ ÎÁÂÌÉÖÅÎÎ� \�ÏÓÔ�ÊÎÏ§ ÇÕÓÔÉÎÉ".õ �ÒÅÄÓÔÁ×ÌÅÎ�Ê ÒÏÂÏÔ� ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÚÁÄÁÞÁ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�É-ÓÕ ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈ ÆÅÒÍ�-ÞÁÓÔÉÎÏË �Ú �Ï×ÅÒÈÎÅÀ ÒÏÚÄ�ÌÕ ÍÅÔÏ-ÄÏÍ ÆÕÎË��ÏÎÁÌØÎÏÇÏ �ÎÔÅÇÒÕ×ÁÎÎÑ. ïÔÒÉÍÁÎÏ ×ÉÒÁÚ ÄÌÑ ÔÅÒÍÏÄÉ-ÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÔÁËÏ§ ÓÉÓÔÅÍÉ, × ÏÓÎÏ×Õ ÑËÏÇÏ �ÏËÌÁÄÅÎÏ ÅÆÅË-ÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ ÆÅÒÍ�-ÞÁÓÔÉÎÏË Í�Ö ÓÏÂÏÀ ÔÁ �Ï×ÅÒÈÎÅÀÒÏÚÄ�ÌÕ. îÁÍÉ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ ��ÄÈ�Ä, ÑËÉÊ ÄÏÚ×ÏÌÑ¤ ËÏÒÅËÔÎÏ ×ÒÁÈÕ-
ICMP{02{02U 2×ÁÔÉ ÏÂÍ�ÎÎÏ-ËÏÒÅÌÑ��ÊÎ� ÅÆÅËÔÉ × ÒÁÍËÁÈ ÎÁÂÌÉÖÅÎØ, ÑË� ÚÁ�ÒÏ�Ï-ÎÏ×ÁÎÏ × �ÒÁ�� [15℄. úÎÁÊÄÅÎÏ ÁÎÁÌ�ÔÉÞÎ� ×ÉÒÁÚÉ ÄÌÑ ÅËÒÁÎÏ×ÁÎÏÇÏ�ÏÔÅÎ��ÁÌÕ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ Í�Ö ÓÏÂÏÀ ÔÁ �Ï×ÅÒÈÎÅÀ ÅÌÅËÔÒÏÎ�× ÄÌÑÒ�ÚÎÉÈ ÍÏÄÅÌÅÊ �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ.1. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞ�òÏÚÇÌÑÄÁ¤ÍÏ ÓÉÓÔÅÍÕ N ÅÌÅËÔÒÏÎ�× × ÏÂ'¤Í� V = SL Õ �ÏÌ� ÄÏÄÁÔÎØÏ-ÇÏ ÎÅÏÄÎÏÒ�ÄÎÏ ÒÏÚ�ÏÄ�ÌÅÎÏÇÏ ÚÁÒÑÄÕ %(R) = %(Rjj; Z), Rjj = (X;Y ),ÄÅ X;Y 2 [�pS=2;+pS=2℄, Z 2 [�L=2;+L=2℄, �ÒÉÞÏÍÕ ÍÁ¤ Í�Ó�ÅÕÍÏ×Á ÅÌÅËÔÒÏÎÅÊÔÒÁÌØÎÏÓÔ�ZS dRjj+L=2Z�L=2dZ %(Rjj; Z) = eN; e > 0: (1.1)çÁÍ�ÌØÔÏÎ�ÁÎ ÔÁËÏ§ ÓÉÓÔÅÍÉ ÍÁ¤ ×ÉÇÌÑÄ:H = T + Vee + Vei + Vii; (1.2)ÄÅ T = � ~22m NXi=1�i (1.3)| Ï�ÅÒÁÔÏÒ Ë�ÎÅÔÉÞÎÏ§ ÅÎÅÒÇ�§ ÅÌÅËÔÒÏÎ�× (m | ÍÁÓÁ ÅÌÅËÔÒÏÎÁ),Vee = 12 NXi 6=j=1 e2jri � rj j (1.4)| �ÏÔÅÎ��ÁÌØÎÁ ÅÎÅÒÇ�Ñ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÅÌÅËÔÒÏÎÁÍÉ,Vii = 12 ZV dR1ZV dR2 %(R1)%(R2)jR1 �R2j (1.5)| �ÏÔÅÎ��ÁÌØÎÁ ÅÎÅÒÇ�Ñ ÄÏÄÁÔÎØÏÇÏ ÚÁÒÑÄÕ,Vei = �e NXj=1 '(rj) (1.6)| ÅÎÅÒÇ�Ñ ×ÚÁ¤ÍÏÄ�§ ÅÌÅËÔÒÏÎ�× �Ú ÄÏÄÁÔÎÉÍ ÚÁÒÑÄÏÍ, '(rj) | �Ï-ÔÅÎ��ÁÌ, ÑËÉÊ ÓÔ×ÏÒÀ¤ÔØÓÑ ÄÏÄÁÔÎÉÍ ÚÁÒÑÄÏÍ. ðÒÉ�ÕÓÔÉÍÏ, ÝÏ �ÅÊÚÁÒÑÄ ÒÏÚ�ÏÄ�ÌÅÎÉÊ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:%(R) = %0�(�Z) + �%(R); (1.7)



3 ðÒÅ�ÒÉÎÔÄÅ %0 = 2NSLe, �(�Z) | ÆÕÎË��Ñ èÅ×�ÓÁÊÄÁ, �%(R) | ×�ÄÈÉÌÅÎÎÑÇÕÓÔÉÎÉ ÄÏÄÁÔÎØÏÇÏ ÚÁÒÑÄÕ ×�Ä ÏÄÎÏÒ�ÄÎÏ§. úÒÏÚÕÍ�ÌÏ, ÝÏ ÔÁËÅ ×�Ä-ÈÉÌÅÎÎÑ ÚÏÓÅÒÅÄÖÅÎÅ �ÏÂÌÉÚÕ �ÌÏÝÉÎÉ Z = 0 � ÆÁËÔÉÞÎÏ ÆÏÒÍÕ¤ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ �ÏÔÅÎ��ÁÌ ÄÌÑ ÅÌÅËÔÒÏÎ�×, ÑËÉÊ ÂÕÄÅÍÏ ÎÁÚÉ×ÁÔÉ�Ï×ÅÒÈÎÅ×ÉÍ � ÍÏÄÅÌÀ×ÁÔÉ ÊÏÇÏ �ÏÔÅÎ��ÁÌØÎÉÍ ÂÁÒ'¤ÒÏÍ. ÷ÒÁÈÏ×ÕÀ-ÞÉ �Å, ÏÔÒÉÍÕ¤ÍÏ:'(r) = ZV dR %(R)jR� rj = 1eV (r) + %0 ZV dR �(�Z)jR� rj ; (1.8)ÄÅ V (r) = e ZV dR �%(R)jR� rj | �Ï×ÅÒÈÎÅ×ÉÊ �ÏÔÅÎ��ÁÌ.äÌÑ ÒÏÚÒÁÈÕÎËÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÒÏÚÇÌÑÄÕ×ÁÎÏ§ ÓÉÓ-ÔÅÍÉ ÇÁÍ�ÌØÔÏÎ�ÁÎ (1.2) ÚÒÕÞÎÏ �ÏÄÁÔÉ Õ �ÒÅÄÓÔÁ×ÌÅÎÎ� ×ÔÏÒÉÎÎÏÇÏË×ÁÎÔÕ×ÁÎÎÑ.2. ðÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ÷×ÅÄÅÍÏ Õ ÒÏÚÇÌÑÄ ÏÄÎÏÞÁÓÔÉÎËÏ×� È×ÉÌØÏ×� ÆÕÎË��§ 	a(r) ÔÁ ×�Ä�Ï-×�ÄÎ� ÅÎÅÒÇ�§ Ea ÅÌÅËÔÒÏÎÁ Õ �ÏÌ� �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ V (r):�� ~22m�i + V (ri)�	a(ri) = Ea	a(ri); (2.1)ÑË� ×ÉËÏÒÉÓÔÁ¤ÍÏ ÄÌÑ �ÏÂÕÄÏ×É �ÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ-×ÁÎÎÑ. ÷ ÓÉÌÕ ÓÉÍÅÔÒ�§ ÎÁÛÏ§ ÚÁÄÁÞ� ÍÏÖÎÁ ××ÁÖÁÔÉ, ÝÏ V (r) =V (z), ÄÅ z | ÎÏÒÍÁÌØÎÁ ÄÏ �ÌÏÝÉÎÉ XOY ËÏÏÒÄÉÎÁÔÁ ÅÌÅËÔÒÏÎÁ,r = (rjj; z), rjj | Ä×Ï×ÉÍ�ÒÎÉÊ ÒÁÄ�ÕÓ-×ÅËÔÏÒ ÅÌÅËÔÒÏÎÁ × �ÁÒÁÌÅÌØ-Î�Ê ÄÏ XOY �ÌÏÝÉÎ�. õ �ØÏÍÕ ×É�ÁÄËÕ ÅÎÅÒÇ�À ÅÌÅËÔÒÏÎÁ ÍÏÖÎÁ�ÒÅÄÓÔÁ×ÉÔÉ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:Ea = ~2p22m + "�; a = (p; �); (2.2)ÄÅ ~p | �Í�ÕÌØÓ ÅÌÅËÔÒÏÎÁ × �ÁÒÁÌÅÌØÎ�Ê ÄÏ XOY �ÌÏÝÉÎ�, � |ÄÅÑËÅ Ë×ÁÎÔÏ×Å ÞÉÓÌÏ, ÑËÅ ÚÁÌÅÖÉÔØ ×�Ä ËÏÎËÒÅÔÎÏÇÏ ×ÉÂÏÒÕ �ÏÔÅÎ-��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ ÄÌÑ �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ. è×ÉÌØÏ×� ÆÕÎË��§ÍÁÀÔØ ×ÉÇÌÑÄ: 	a(r) = 1pS eiprjj'�(z): (2.3)
ICMP{02{02U 4òÏÚËÌÁÄÁÀÞÉ �ÏÔÅÎ��ÁÌØÎÕ ÅÎÅÒÇ�À ×ÚÁ¤ÍÏÄ�§ Í�Ö Ä×ÏÍÁ ÚÁÒÑ-ÄÖÅÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ Õ ÒÑÄ æÕÒ'¤e2q(rjj � r0jj)2 + (z � z0)2 = 1SXq � (qjz � z0) eiq(rjj�r0jj); (2.4)ÄÅ � (qjz � z0) = 2�e2q e�qjz�z0j | Ä×Ï×ÉÍ�ÒÎÉÊ ÆÕÒ'¤-ÏÂÒÁÚ ËÕÌÏÎ�×-ÓØËÏ§ ×ÚÁ¤ÍÏÄ�§, q = (qx; qy), qx;y = 2�pSmx;y, mx;y = 0;�1;�2; : : :,ÇÁÍ�ÌØÔÏÎ�ÁÎ ÓÉÓÔÅÍÉ (1.2) ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ ÔÁË:H =Xp;� E�(p)ay�(p)a�(p) � 12SNXq 0�(qj0)+ 12SXq 0 Xp1;�1;�01 Xp2;�2;�02 Z dzZ dz0 �(qjz � z0)'��1(z)'�01(z)�'��2(z0)'�02(z0)ay�1(p1)a�01(p1 � q)ay�2(p2)a�02(p2 + q); (2.5)ÄÅ ay�(p), a�(p) | ×�Ä�Ï×�ÄÎÏ Ï�ÅÒÁÔÏÒÉ ÎÁÒÏÄÖÅÎÎÑ ÔÁ ÚÎÉÝÅÎÎÑÅÌÅËÔÒÏÎÁ × ÓÔÁÎ� (p; �), �ÒÉÞÏÍÕ ÍÁÀÔØ Í�Ó�Å ÓÔÁÎÄÁÒÔÎ� ËÏÍÕÔÁ-��ÊÎ� Ó��××�ÄÎÏÛÅÎÎÑ:�a�1(p1); ay�2(p2)	 = Æp1;p2Æ�1;�2 ; (2.6)N = Pp;� ay�(p)a�(p) | Ï�ÅÒÁÔÏÒ Ë�ÌØËÏÓÔ� ÞÁÓÔÉÎÏË; ÛÔÒÉÈ Â�ÌÑ ÓÕÍÉÕ ÆÏÒÍÕÌ� (2.5) ÏÚÎÁÞÁ¤ ×�ÄÓÕÔÎ�ÓÔØ ÄÏÄÁÎË�× �ÒÉ q = 0, ÝÏ ÚÕÍÏ×-ÌÅÎÏ ÕÍÏ×ÏÀ ÅÌÅËÔÒÏÎÅÊÔÒÁÌØÎÏÓÔ� (1.1).òÏÚËÌÁÄÁÀÞÉ �(qjz � z0) Õ ÒÑÄ æÕÒ'¤�(qjz � z0) = 1LXk �k(q)e�ik(z�z0); (2.7)ÄÅ �k(q) = 4�e2=(q2 + k2) | ÆÕÒ'¤-ÏÂÒÁÚ ËÕÌÏÎ�×ÓØËÏ§ ×ÚÁ¤ÍÏÄ�§,k = 2�L n, n = 0;�1;�2; : : :, ÔÁ ××�×ÛÉ ÚÍ�ÛÁÎÅ ÆÕÒ'¤-�ÒÅÄÓÔÁ×ÌÅÎÎÑÌÏËÁÌØÎÏ§ ÇÕÓÔÉÎÉ ÅÌÅËÔÒÏÎ�×�k(q) = Xp;�;�0h�je�ikz j�0iay�(p)a�0(p� q); (2.8)ÄÅ h�j � � � j�0i = +L=2Z�L=2dz '��(z) � � �'�0(z); (2.9)



5 ðÒÅ�ÒÉÎÔÄÌÑ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ (2.5) ÏÔÒÉÍÕ¤ÍÏ:H =Xp;� E�(p)ay�(p)a�(p) � 12SNXq 0�(qj0)+ 12SLXq 0 Xk �k(q)�k(q)��k(�q): (2.10)�ÁËÅ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ ¤ ÚÒÕÞÎÉÍ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÔÅÒ-ÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÍÅÔÏÄÏÍ ÆÕÎË��ÏÎÁÌØÎÏÇÏ �ÎÔÅÇÒÕ×ÁÎÎÑ.3. æÕÎË��ÏÎÁÌØÎÅ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÅÌÉËÏ§ ÓÔÁÔÉÓ-ÔÉÞÎÏ§ ÓÕÍÉ÷ÅÌÉËÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ� = Sp exp [��(H � �N)℄ ; (3.1)ÑËÁ ×ÉÚÎÁÞÁ¤ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÓÉÓÔÅÍÉ: 
 = � ln�=� ÔÁ�ÎÛ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§, Õ �ÒÅÄÓÔÁ×ÌÅÎÎ� ×ÚÁ¤ÍÏÄ�§ ÍÁ¤ ×ÉÇÌÑÄ:� = �0 exp �2SNXq 0�(qj0)!�int; (3.2)ÄÅ �0 = Sp exp(��H 00), H 00 = H0 � �N , H0 = Pp;�E�(p)ay�(p)a�(p) |ÇÁÍ�ÌØÔÏÎ�ÁÎ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÏ§ ÓÉÓÔÅÍÉ, � | È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ,�int = hS(�)i0; h: : :i0 = 1�0 Sp� exp(��H 00) : : :�; (3.3)S(�) = T exp24� 12SL �Z0 d�0Xq 0 Xk �k(q)�k(qj�0)��k(�qj�0)35 ; (3.4)�k(qj�0) = e�0H00�k(q)e��0H00 ; (3.5)ÄÅ T | ÓÉÍ×ÏÌ ÈÒÏÎÏÌÏÇ�ÞÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ \ÞÁÓ�×" � = 1=�, � |ÔÅÒÍÏÄÉÎÁÍ�ÞÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ.äÌÑ �ÏÄÁÌØÛÉÈ ×ÉËÌÁÄÏË ÚÒÕÞÎÏ �ÅÒÅÊÔÉ ÄÏ ÞÁÓÔÏÔÎÏÇÏ �ÒÅÄ-ÓÔÁ×ÌÅÎÎÑ: �k(qj�) = 1� �Z0 d�0ei��0�k(qj�0); (3.6)
ICMP{02{02U 6�k(qj�0) =X� e�i��0�k(qj�); (3.7)ÄÅ � = 2�� n (n = 0;�1;�2; : : :) | ÂÏÚ�×ÓØË� ÞÁÓÔÏÔÉ. �ÏÄ� (3.4) ÎÁÂÕÄÅ×ÉÇÌÑÄÕ:S(�) = T exp"� 12SLXq 0 Xk X� �k(q)�k(qj�)��k(�qj � �)# : (3.8)ú ÍÅÔÏÀ Ó�ÒÏÝÅÎÎÑ ÕÓÅÒÅÄÎÅÎÎÑ S(�) ÚÇ�ÄÎÏ (3.3) �ÅÒÅÊÄÅÍÏ ÄÏÆÕÎË��ÏÎÁÌØÎÏÇÏ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ÄÌÑ S(�) [6, 7℄, ÓËÏÒÉÓÔÁ×ÛÉÓØ ÔÏ-ÔÏÖÎ�ÓÔÀ óÔÒÁÔÁÎÏ×ÉÞÁ-èÁÂÂÁÒÄÁ [21℄exp"�12 NXn;m=1An;mynym#= det(A )�1=2 +1Z�1 NYn=1 dxnp2� exp"�12 NXn;m=1xn(A �1 )n;mxm + i NXn=1xnyn# ;(3.9)ÄÅ i| ÕÑ×ÎÁ ÏÄÉÎÉ�Ñ, A = jjAn;mjj| ÓÉÍÅÔÒÉÞÎÁ ÍÁÔÒÉ�Ñ, ÔÏÄ� ÄÌÑ(3.8) ÏÔÒÉÍÕ¤ÍÏ: S(�) =Yq 0 Yk � �SL�k(q)��1=2� Z (d!) exp"�12Xq 0 X� Xk � �SL�k(q)��1 !k(qj�)!�k(�qj � �)#�T exp"iXq 0 Xk X� !k(qj�)�k(qj�)# ; (3.10)ÄÅ (d!) | ÅÌÅÍÅÎÔ ÆÁÚÏ×ÏÇÏ �ÒÏÓÔÏÒÕ(d!) = Yq>0Yk>0Y�>0 d!
k(qj�)p� d!sk(qj�)p� ; (3.11)!k(qj�) = !
k(qj�) + i!sk(qj�); (3.12)!
k(qj�) = !
�k(�qj � �); (3.13)!sk(qj�) = �!s�k(�qj � �): (3.14)



7 ðÒÅ�ÒÉÎÔúÁÕ×ÁÖÉÍÏ, ÝÏ Õ Ú×'ÑÚËÕ Ú ÔÉÍ, ÝÏ Ï�ÅÒÁÔÏÒÎ� ÚÍ�ÎÎ� �k(qj�)ÚÎÁÈÏÄÑÔØÓÑ × (3.10) ��Ä ÚÎÁËÏÍ T -×�ÏÒÑÄËÕ×ÁÎÎÑ, �ÎÔÅÇÒÕ×ÁÔÉ �Ï�0 × (3.6) ÎÅ ÍÏÖÎÁ.÷×ÅÄÅÍÏ ÄÌÑ ÚÒÕÞÎÏÓÔ� ÎÁÓÔÕ�ÎÅ �ÏÚÎÁÞÅÎÎÑ: x = (q; �), ÔÏÄ� ÕÓÅ-ÒÅÄÎÀÀÞÉ S(�) ÚÇ�ÄÎÏ (3.3), ÏÔÒÉÍÕ¤ÍÏ:hS(�)i0 =Yq 0 Yk � �SL�k(q)��1=2� Z (d!) exp"�12Xq 0 Xk � �SL�k(q)��1 !k(qj�)!�k(�qj � �)#� exp24Xn>1 1n! Xx1;:::;xn0 Xk1;:::;knMk1;:::;kn(x1; : : : ; xn)!k1(x1) : : : !kn(xn)35 ;(3.15)ÄÅ Mk1;:::;kn(x1; : : : ; xn) = inhT�k1(x1) : : : �kn(xn)i0;
 | ÔÁË Ú×ÁÎ� ÎÅ-Ú×�ÄÎ� ÓÅÒÅÄÎ� (ËÕÍÕÌÑÎÔÉ); ÛÔÒÉÈ Â�ÌÑ ÓÕÍÉ � ÎÁÄÁÌ� ÏÚÎÁÞÁ¤, ÝÏq 6= 0. òÏÚÒÁÈÕÎÏË ÔÁ Ñ×Î� ×ÉÒÁÚÉ ÄÌÑ Mk1;:::;kn(x1; : : : ; xn) �ÏÄÁÎÏ ×ÄÏÄÁÔËÕ A.òÏÚÒÁÈÕÎÏË �ÎÔÅÇÒÁÌÕ (3.15) ¤ ÓËÌÁÄÎÏÀ �ÒÏÂÌÅÍÏÀ [5℄. õ �ÒÁ-�� [22℄ ÂÕÌÏ �ÏËÁÚÁÎÏ, ÝÏ ÄÌÑ ÄÕÖÅ ÔÏÞÎÏÇÏ Ï�ÉÓÕ ÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÕÄÏÓÔÁÔÎØÏ ÒÏÚÇÌÑÄÁÔÉ ÎÅÚ×�ÄÎ� ÓÅÒÅÄÎ� ÄÏ ÞÅÔ×ÅÒÔÏÇÏ �ÏÒÑÄËÕ ×ËÌÀÞ-ÎÏ, Á ÒÅÛÔÏÀ | ÚÎÅÈÔÕ×ÁÔÉ, ÔÏÂÔÏ ÂÕÄÅÍÏ ××ÁÖÁÔÉ, ÝÏMk1;:::;kn(x1; : : : ; xn) = 0; n > 5: (3.16)äÌÑ ÔÏÇÏ, ÝÏÂ ÏÂ�ÊÔÉ ÚÁÇÁÌØÎÏ×�ÄÏÍ� ÔÒÕÄÎÏÝ� ÒÏÚÒÁÈÕÎËÕ �ÎÔÅÇ-ÒÁÌÕ (3.15) � ×ÒÁÈÕ×ÁÔÉ ÑËÏÍÏÇÁ ËÒÁÝÅ ÏÂÍ�ÎÎÏ-ËÏÒÅÌÑ��ÊÎ� ÅÆÅË-ÔÉ ×ÉÝÉÈ �ÏÒÑÄË�× ÚÒÏÂÉÍÏ ÎÁÓÔÕ�ÎÅ: ÚÁÍ�ÎÉÍÏ Mk1;k2(x1; x2) ÎÁ�Mk1;k2(x1; x2) = i2hT�k1(x1)�k2(x2)i
, ÄÅ ÕÓÅÒÅÄÎÅÎÎÑ ×�ÄÂÕ×Á¤ÔØÓÑ�Ï ×Ó�Ê ÓÉÓÔÅÍ�, ÔÁ ÏÂÍÅÖÉÍÏÓØ ÇÁÕÓ�×ÓØËÉÍ ÎÁÂÌÉÖÅÎÎÑÍ Õ ×ÉÒÁÚ�(3.15). �ÏÂÔÏ �ÒÅÄÓÔÁ×ÉÍÏ (3.15) Õ ÔÁËÏÍÕ ×ÉÇÌÑÄ�:hS(�)i0 =Yq 0 Yk � �SL�k(q)��1=2� Z (d!) exp24�12 Xx;k1;k2 0 ��S �g(x)��1k1;k2 !k1(x)!k2(�x)35 ; (3.17)
ICMP{02{02U 8ÄÅ ××ÅÄÅÎÏ ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ �g(x) ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:��S �g(x)��1k1;k2 = � �SL�k1(q)��1 Æk1+k2;0 � �Mk1;k2(x;�x): (3.18)ãÅ Ò�×ÎÑÎÎÑ Õ ÍÁÔÒÉÞÎÏÍÕ ×ÉÇÌÑÄ� ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ ÔÁË:��S ^�g(x)��1 = � �SL ^�(q)��1 � ^�M(x;�x): (3.19)äÏÍÎÏÖÕÀÞÉ �Å Ò�×ÎÑÎÎÑ Ó�ÒÁ×Á ÎÁ ÍÁÔÒÉ�À �S ^�g(x), Á �ÏÔ�Í| ÚÌ�×ÁÎÁ ÍÁÔÒÉ�À �SL ^�(q), ÏÔÒÉÍÕ¤ÍÏ Ò�×ÎÑÎÎÑ:�S ^�g(x) = �SL ^�(q) + �SL ^�(q) ^�M(x;�x)�S ^�g(x);ÁÂÏ ^�g(x) = 1L ^�(q) + �SL ^�(q) ^�M(x;�x)^�g(x): (3.20)ðÏËÏÍ�ÏÎÅÎÔÎÏ �Å Ò�×ÎÑÎÎÑ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:�gk1;k2(x) = 1L�k1(q)Æk1+k2;0 + �SLXk �k1(q) �M�k1 ;k(x;�x)�gk;k2 (x):(3.21)õ �ÒÁ�� [23℄ �ÏÄ�ÂÎÉÍ ÞÉÎÏÍ ÄÏÓÌ�ÄÖÕ×Á×ÓÑ ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��-ÁÌ, ÁÌÅ �ÒÉ �ØÏÍÕ × ËÕÍÕÌÑÎÔ� ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ ÒÏÚÇÌÑÄÁÌÉÓÑ ÌÉÛÅÄ�ÁÇÏÎÁÌØÎ� ÞÌÅÎÉ. ãÅ �ÒÉÚ×ÏÄÉÌÏ ÄÏ ×�ÄÓÕÔÎÏÓÔ� ÓÉÌ ÚÏÂÒÁÖÅÎÎÑ; ÕÎÁÛÏÍÕ ��ÄÈÏÄ� ÓÉÌÉ ÚÏÂÒÁÖÅÎÎÑ, ÑË ÂÕÄÅ �ÏËÁÚÁÎÏ ÎÉÖÞÅ, ×ÒÁÈÏ-×ÁÎÏ.÷ÉËÏÎÁ×ÛÉ �ÎÔÅÇÒÕ×ÁÎÎÑ Õ ×ÉÒÁÚ� (3.17), ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ×ÉÒÁÚ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ 
:
 = 
0 � N2SXq 0�(qj0)� 1� ln Qx 0det��S ^�g(x)�1=2Qq 0 Qk � �SL�k(q)�1=2 ; (3.22)ÄÅ 
0 = � ln �0=� | ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÏ§ÓÉÓÔÅÍÉ.



9 ðÒÅ�ÒÉÎÔ4. äÏÓÌ�ÄÖÅÎÎÑ Ò�×ÎÑÎÎÑ ÄÌÑ ÅÆÅËÔÉ×ÎÏÇÏ �ÏÔÅÎ-��ÁÌÕäÌÑ �ÏÄÁÌØÛÏÇÏ ×ÉËÌÁÄÕ ÚÒÕÞÎÏ �ÅÒÅÊÔÉ × (q; z)-�ÒÅÄÓÔÁ×ÌÅÎÎÑ,××�×ÛÉ ÄÌÑ ÅÆÅËÔÉ×ÎÏÇÏ �ÏÔÅÎ��ÁÌÕ �gk1;k2(x) ÊÏÇÏ ÆÕÒ'¤-ÏÂÒÁÚ�g(xjz1; z2) ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:�g(xjz1; z2) = Xk1;k2 e�ik1z1�ik2z2�gk1;k2(x); (4.1)�gk1;k2(x) = 1L2 +L=2Z�L=2dz1+L=2Z�L=2dz2 eik1z1+ik2z2�g(xjz1; z2); (4.2)ÔÏÄ� Ò�×ÎÑÎÎÑ (3.21) ÎÁÂÕÄÅ ×ÉÇÌÑÄÕ:�g(xjz1; z2) = �(qjz1 � z2)+ �SL2 +L=2Z�L=2dz+L=2Z�L=2dz0 �(qjz1 � z0) �M(xjz0; z)�g(xjz; z2); (4.3)ÄÅ �M(xjz0; z) | ÆÕÒ'¤-ÏÂÒÁÚ ÎÅÚ×�ÄÎÏÇÏ ÓÅÒÅÄÎØÏÇÏ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ:�M(xjz0; z) =Xk0;k eik0z0+ikz �Mk0;k(x;�x): (4.4)õ ÄÅÑËÉÈ ×É�ÁÄËÁÈ ÚÒÕÞÎ�ÛÅ �ÒÁ�À×ÁÔÉ ÎÅ Ú �ÎÔÅÇÒÁÌØÎÉÍ Ò�×-ÎÑÎÎÑÍ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ (4.3), Á Ú �ÎÔÅÇÒÏ-ÄÉÆÅÒÅÎ��ÁÌØÎÉÍ, ÑËÅÍÏÖÎÁ ÏÔÒÉÍÁÔÉ Ú (4.3) ÛÌÑÈÏÍ Ä×ÏËÒÁÔÎÏÇÏ ÄÉÆÅÒÅÎ��À×ÁÎÎÑ �Ïz1: � d2dz21 � q2� �g(xjz1; z2)+4��SL2 e2+1Z�1dz �M(xjz1; z)�g(xjz; z2) = �4�e2Æ(z1 � z2); (4.5)ÄÅ × ÍÅÖÁÈ �ÎÔÅÇÒÁÌÕ ÚÒÏÂÌÅÎÏ ÇÒÁÎÉÞÎÉÊ �ÅÒÅÈ�Ä L ! 1. äÌÑÚÎÁÈÏÄÖÅÎÎÑ ÊÏÇÏ ÒÏÚ×'ÑÚË�× ÒÏÚÇÌÑÎÅÍÏ �Å×Î� ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ�Mk1;k2(x;�x).

ICMP{02{02U 104.1. îÁÂÌÉÖÅÎÎÑ �ÄÅÁÌØÎÏÇÏ ÏÂÍ�ÎÕðÏËÌÁÄÅÍÏ × (4.5) Mk1;k2(x;�x) ÚÁÍ�ÓÔØ �Mk1;k2(x;�x):� d2dz21 � q2� g(xjz1; z2)+4��SL2 e2+1Z�1dzM(xjz1; z)g(xjz; z2) = �4�e2Æ(z1 � z2); (4.6)ÄÅ g(xjz1; z2) | ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ Õ �ØÏÍÕ ÎÁÂÌÉÖÅÎÎ�.ò�×ÎÑÎÎÑ ÔÁËÏÇÏ ÔÉ�Õ ÒÏÚÇÌÑÄÁÌÉÓÑ × [12, 18{20℄ ÄÌÑ ÛÁÒÕ×ÁÔÉÈÓÉÓÔÅÍ. �ÁÍ ×ÅÌÉÞÉÎÕ �M(xjz1; z2) �ÒÅÄÓÔÁ×ÌÑÌÉ Õ ×ÉÇÌÑÄ� ÓÕÍÉ Ä×ÏÈËÕÍÕÌÑÎÔ�× ÏÄÎÏÒ�ÄÎÏ§ ÓÉÓÔÅÍÉ, ÏÄÉÎ Ú ÎÉÈ ×�Ä�Ï×�ÄÁ× �ÒÏÈÏÄÖÅÎ-ÎÀ ÞÁÓÔÉÎËÉ ËÒ�ÚØ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò, Á �ÎÛÉÊ | ×�ÄÂÉ×ÁÎÎÀ ×�ÄÎØÏÇÏ.õ ÎÁÓÔÕ�ÎÉÈ Ä×ÏÈ ��ÄÒÏÚÄ�ÌÁÈ ÒÏÚÇÌÑÎÅÍÏ Ò�ÚÎ� ÍÏÄÅÌ� �Ï×ÅÒÈ-ÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ, ÑË� ÄÏ�ÕÓËÁÀÔØ ÁÎÁÌ�ÔÉÞÎ� ÒÏÚ×'ÑÚËÉ Ò�×ÎÑÎÎÑ(4.6).4.1.1. íÏÄÅÌØ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏ§ �ÏÔÅÎ��ÁÌØÎÏ§ ÓÔ�ÎËÉ÷ ÑËÏÓÔ� �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÒÏÚÇÌÑÄÁ¤ÍÏ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÕ�ÏÔÅÎ��ÁÌØÎÕ ÓÔ�ÎËÕ (ÎÅ�ÒÏÎÉËÎÕ), ÑËÁ ÒÏÚÔÁÛÏ×ÁÎÁ × z = 0. �ÏÂÔÏ××ÁÖÁ¤ÍÏ, ÝÏ ÅÌÅËÔÒÏÎÉ ÚÎÁÈÏÄÑÔØÓÑ × ÏÂÌÁÓÔ� z < 0 � ÎÅ ÍÏÖÕÔØ�ÒÏÎÉËÎÕÔÉ × ÏÂÌÁÓÔØ z > 0.è×ÉÌØÏ×� ÆÕÎË��§ ÄÌÑ ÄÁÎÏ§ ÍÏÄÅÌ� ¤ ÎÁÓÔÕ�ÎÉÍÉ:'�(z) = 2pL sin(�z)�(�z); � = 2�nL ; n = 1; 2; : : : ; (4.7)×�Ä�Ï×�ÄÎ� ÅÎÅÒÇÅÔÉÞÎ� Ò�×Î�: "� = ~2�22m : (4.8)òÏÚÒÁÈÕ¤ÍÏ ÆÕÒ'¤-ÏÂÒÁÚ ÎÅÚ×�ÄÎÏÇÏ ÓÅÒÅÄÎØÏÇÏ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕÕ �ØÏÍÕ ×É�ÁÄËÕ:M(xjz1; z) =Xk1;k eik1z1+ikzMk1;k(x)= �i2Xk1;k Xp;�1;�2X�0 eik1z1+ikzh�1je�ik1z j�2ih�2je�ikz j�1i



11 ðÒÅ�ÒÉÎÔ� 1�2G�1(pj�0)G�2(p� qj�0 � �)= L2�2 Xp;�1;�2X�0 '��1(z1)'�2 (z1)'��2(z)'�1(z)G�1(pj�0)G�2(p�qj�0��);(4.9)ÄÅ G�(pj�1 � �2) = �hTa�(pj�1)ay�(pj�2)i0 | ÏÄÎÏÞÁÓÔÉÎËÏ×Á ÆÕÎË-��Ñ çÒ�ÎÁ ÔÁ ×ÒÁÈÏ×ÁÎÏ, ÝÏ Pk eik(z1�z) = LÆ(z1 � z).÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ1�X�0 G�1(pj�0)G�2(p� qj�0 � �)= n�1(p)� n�2(p� q)�i� +E�1(p)�E�2(p� q) = ��1;�2(x;p) (4.10)| �ÏÌÑÒÉÚÁ��ÊÎÉÊ Ï�ÅÒÁÔÏÒ ÓÉÓÔÅÍÉ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÅÌÅËÔÒÏÎ�×,n�(p) = (exp[�(E�(p) � �)℄ + 1)�1 | ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ æÅÒÍ�-ä�ÒÁËÁ.õ ×É�ÁÄËÕ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ (� !1) � ! 0, ÔÁ �ÒÉ�ÕÓËÁÀÞÉ,ÝÏ Ä×Á ÅÌÅËÔÒÏÎÉ �ÅÒÅÂÕ×ÁÀÔØ ÎÁ ÏÄÎÏÍÕ Ò�×Î� �1 = �2, ÏÔÒÉÍÕ¤ÍÏÄÌÑ �ÏÌÑÒÉÚÁ��ÊÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÎÁÓÔÕ�ÎÉÊ ×ÉÒÁÚ:��1;�1(q; 0;p) = n�1(p)� n�1(p� q)E�1(p)�E�1(p� q) : (4.11)õ ×É�ÁÄËÕ ÍÁÌÉÈ ÚÎÁÞÅÎØ �Í�ÕÌØÓÕ �ÅÒÅÄÁÞ� q, ÑË� ÂÕÄÕÔØ ÄÁ×ÁÔÉÏÓÎÏ×ÎÉÊ ×ËÌÁÄ �ÒÉ ÓÕÍÕ×ÁÎÎ� × (4.9), ÏÔÒÉÍÕ¤ÍÏ:��1;�1(q; 0;p) �= �n�1(p)�E�1(p) �= ��(��E�1(p))�E�1(p) = �Æ(��E�1(p)):(4.12)óËÏÒÉÓÔÁ×ÛÉÓØ ÄÁÌ� ÕÍÏ×ÏÀ �Ï×ÎÏÔÉ ÄÌÑ ×ÌÁÓÎÉÈ ÆÕÎË��Ê (4.7)X� '��(z)'�(z0) = Æ(z � z0); (4.13)ÄÌÑ M(xjz1; z) ÏÔÒÉÍÕ¤ÍÏ:M(xjz1; z) �= �L2� Xp;�1 Æ(��E�1(p))j'�1 (z)j2Æ(z1 � z); (4.14)ÏÓÔÁÎÎ�Ê ×ÉÒÁÚ ÍÏÖÎÁ ÝÅ Â�ÌØÛ Ó�ÒÏÓÔÉÔÉ, ÑËÝÏ �ÒÉ�ÕÓÔÉÔÉ, ÝÏj'�(z)j2 �= 2L�(�z); (4.15)
ICMP{02{02U 12�Å ×�Ä�Ï×�ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ \�ÏÓÔ�ÊÎÏ§ ÇÕÓÔÉÎÉ" [14℄.õ �ØÏÍÕ ×É�ÁÄËÕÎÅÚ×�ÄÎÅ ÓÅÒÅÄÎ¤ M(xjz1; z) ÍÁ¤ ×ÉÇÌÑÄ:M(xjz1; z) �= �L2S� �(�)�(�z1)Æ(z1 � z); (4.16)ÄÅ �(�) = 2=(SL)Pp;� Æ(� � E�(p)) |ÇÕÓÔÉÎÁ ÓÔÁÎ�× ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÏÇÏÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÕ ÎÁ Ò�×Î� æÅÒÍ�.ð�ÄÓÔÁ×ÌÑÀÞÉ ÏÓÔÁÎÎ�Ê ×ÉÒÁÚ ÄÌÑ M(xjz1; z) × �ÎÔÅÇÒÏ-ÄÉÆÅÒÅÎ-��ÁÌØÎÅ Ò�×ÎÑÎÎÑ (4.5), ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�ÎÅ ×ÖÅ Ú×ÉÞÁÊÎÅ ÄÉÆÅÒÅÎ-��ÁÌØÎÅ Ò�×ÎÑÎÎÑ:� d2dz21 � q2 � {2TF �(�z1)� g(q; � = 0jz1; z2) = �4�e2Æ(z1 � z2); (4.17)ÄÅ {2TF = 4�e2�(�), {TF | ÏÂÅÒÎÅÎÉÊ ÒÁÄ�ÕÓ ÅËÒÁÎÕ×ÁÎÎÑ �ÏÍÁÓÁ-æÅÒÍ�.õ ×É�ÁÄËÕ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒ (� ! 1), ÚÒÏÂÉ×ÛÉ ÁÎÁÌÏÇ�ÞÎ�ÎÁÂÌÉÖÅÎÎÑ, ÏÔÒÉÍÕ¤ÍÏ Ò�×ÎÑÎÎÑ (4.17), × ÑËÏÍÕ ÚÁÍ�ÓÔØ ÏÂÅÒÎÅÎÏ-ÇÏ ÒÁÄ�ÕÓÕ ÅËÒÁÎÕ×ÁÎÎÑ �ÏÍÁÓÁ-æÅÒÍ� {TF ÓÔÏ§ÔØ ÏÂÅÒÎÅÎÉÊ ÒÁÄ�ÕÓÅËÒÁÎÕ×ÁÎÎÑ äÅÂÁÑ {D , {2D = 4��e2n, n = 2N=(SL) | ËÏÎ�ÅÎÔÒÁ��ÑÅÌÅËÔÒÏÎ�× (N;S; L!1, ÔÁË ÝÏ n = 
onst).÷ ÏÂÌÁÓÔ� z1 < 0 (ÔÁÍ ÄÅ ¤ ÅÌÅËÔÒÏÎÉ):� d2dz21 � q2 � {2TF � g(q; � = 0jz1; z2) = �4�e2Æ(z1 � z2); z2 < 0; (4.18)� d2dz21 � q2 � {2TF � g(q; � = 0jz1; z2) = 0; z2 > 0; (4.19)× ÏÂÌÁÓÔ� z1 > 0:� d2dz21 � q2� g(q; � = 0jz1; z2) = �4�e2Æ(z1 � z2); z2 > 0; (4.20)� d2dz21 � q2� g(q; � = 0jz1; z2) = 0; z2 < 0: (4.21)æ�ÚÉÞÎÏ ËÏÒÅËÔÎÉÊ ÒÏÚ×'ÑÚÏË Ò�×ÎÑÎÎÑ (4.18) ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×É-ÇÌÑÄ:g1(q; � = 0jz1; z2) = 2�e2Q heQ(z1+z2) +A1e�Qjz1+z2ji ; z1; z2 < 0;(4.22)



13 ðÒÅ�ÒÉÎÔÄÅ A1 = 
onst,Q =pq2 + {2TF ; ÁÎÁÌÏÇ�ÞÎÏ ÒÏÚ×'ÑÚÏË Ò�×ÎÑÎÎÑ (4.20):g3(q; � = 0jz1; z2) = 2�e2q he�qjz1+z2j +A3e�q(z1+z2)i ; z1; z2 > 0;(4.23)ÄÅ A3 = 
onst.òÏÚ×'ÑÚËÉ Ò�×ÎÑÎØ (4.19) ÔÁ (4.21) �Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÓÉÍÅÔÒ�§ ×�ÄÎÏÓ-ÎÏ �ÅÒÅÓÔÁÎÏ×ÏË Ä×ÏÈ ÞÁÓÔÉÎÏË ÍÁÀÔØ ×ÉÇÌÑÄ:g2(q; � = 0jz1; z2) = A2eQz1�qz2 ; z1 < 0; z2 > 0; (4.24)g4(q; � = 0jz1; z2) = A2eQz2�qz1 ; z1 > 0; z2 < 0: (4.25)ëÏÎÓÔÁÎÔÉ A1 ÔÁ A3 ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ Ú ÕÍÏ×É ÎÅ�ÅÒÅÒ×ÎÏÓÔ� ÅË-ÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÔÁ §È �ÅÒÛÉÈ �ÏÈ�ÄÎÉÈ:g1(q; � = 0jz1 = 0; z2 = 0) = g3(q; � = 0jz1 = 0; z2 = 0); (4.26)dg1(q; � = 0jz1; z2)dz1 ����z1=z2=0 = dg3(q; � = 0jz1; z2)dz1 ����z1=z2=0 : (4.27)ëÏÎÓÔÁÎÔÕ A2 ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ �Ú ÏÄÎ�¤§ Ú Ä×ÏÈ ÎÁÓÔÕ�ÎÉÈ ÕÍÏ×:g2(q; � = 0jz1 < 0; z2 = 0) = g1(q; � = 0jz1 < 0; z2 = 0); (4.28)g4(q; � = 0jz1 > 0; z2 = 0) = g3(q; � = 0jz1 > 0; z2 = 0): (4.29)ïÔÖÅ, ×ÒÁÈÏ×ÕÀÞÉ (4.26)-(4.29), ÏÔÒÉÍÕ¤ÍÏ ÅËÒÁÎÏ×ÁÎÉÊ �ÏÔÅÎ-��ÁÌ ÄÌÑ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ:g(q; � = 0jz1 6 0; z2 6 0) = 2�e2Q �e�Qjz1�z2j + Q� qQ+ q eQ(z1+z2)� ;(4.30)g(q; � = 0jz1 > 0; z2 > 0) = 2�e2q �e�qjz1�z2j � Q� qQ+ q e�q(z1+z2)� ;(4.31)g(q; � = 0jz1 6 0; z2 > 0) = 4�e2Q+ q eQz1�qz2 ; (4.32)g(q; � = 0jz1 > 0; z2 6 0) = 4�e2Q+ q eQz2�qz1 : (4.33)÷ÉÒÁÚÉ (4.30) ÔÁ (4.31) Ó��×�ÁÄÁÀÔØ �Ú ÏÔÒÉÍÁÎÉÍÉ × ÒÏÂÏÔ� [16,18℄ÅËÒÁÎÏ×ÁÎÉÍÉ �ÏÔÅÎ��ÁÌÁÍÉ ÄÌÑ �Ì�×ÏË, ÑËÝÏ ÒÏÚÇÌÑÄÁÔÉ ÄÏÓÔÁÔÎØÏÔÏ×ÓÔ� �Ì�×ËÉ ({L� 1, { | ÏÂÅÒÎÅÎÉÊ ÒÁÄ�ÕÓ ÅËÒÁÎÕ×ÁÎÎÑ �ÏÍÁÓÁ-æÅÒÍ� ÁÂÏ äÅÂÁÑ, L | ÔÏ×ÝÉÎÁ �Ì�×ËÉ).

ICMP{02{02U 144.1.2. 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): (4.34)÷ÌÁÓÎ� ÆÕÎË��§ ÔÁ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ �ØÏÇÏ �ÏÔÅÎ��ÁÌÕ ¤ ÎÁÓÔÕ�ÎÉ-ÍÉ:'�(z) = C� h� sin(�z � 
�)�(�z) + �s exp(�{�z)�(z)i ; "� = ~2�22m ;(4.35)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; : : : ; (4.36)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=2dz j'�(z)j2 = 1; (4.37)� ×ÏÎÁ ¤ ÔÁËÏÀ: C� = 2qL+ 2{� ; (4.38)õ ×Ó�È ÒÅÁÌØÎÉÈ ÚÁÄÁÞÁÈ ×ÉÓÏÔÁ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ ¤ Â�ÌØ-ÛÏÀ ÚÁ Ò�×ÅÎØ æÅÒÍ�, ÔÏÂÔÏ W > �.äÌÑ ÔÏÇÏ, ÝÏÂ ÏÔÒÉÍÁÔÉ ÁÎÁÌ�ÔÉÞÎ� ×ÉÒÁÚÉ ÄÌÑ ÅËÒÁÎÏ×ÁÎÏÇÏ �Ï-ÔÅÎ��ÁÌÕ, ÒÏÚÇÌÑÎÅÍÏ ÎÁÂÌÉÖÅÎÎÑ �ÏÓÔ�ÊÎÏ§ ÇÕÓÔÉÎÉ ÄÌÑ ��¤§ ÍÏÄÅÌ�.ïÓË�ÌØËÉ sin2 �z �= 1=2, ÔÏj'�(z)j2 = C2� �sin2(�z � 
�)�(�z) + �2s2 exp(�2{�z)�(z)��= C2� ��12 � sin 
� 
os 
�� �(�z) + sin 
� 
os� �(z)� ; (4.39)ÄÅ ×ÖÅ ×ÒÁÈÏ×ÁÎÏ, ÝÏ L!1.



15 ðÒÅ�ÒÉÎÔ÷�Ä ÓÕÍÕ×ÁÎÎÑ �Ï � ÚÒÕÞÎÏ �ÅÒÅÊÔÉ ÄÏ �ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ÎÁÓÔÕ�-ÎÏÀ ÆÏÒÍÕÌÏÀ [24℄:nmaxXn=1 f(�n) �= 12[f(s)� f(0)℄ + 12� sZ0 d� 4C2� f(�): (4.40)�ÏÄ� ÎÅÚ×�ÄÎÅ ÓÅÒÅÄÎ¤ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ �ÒÉ ×ÉËÏÒÉÓÔÁÎÎ� ÎÁÂÌÉ-ÖÅÎØ, ÑË� ÚÁÓÔÏÓÏ×Õ×ÁÌÉÓÑ �ÒÉ ÒÏÚÇÌÑÄ� ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ �ÏÔÅÎ-��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ, ÎÁÂÕÄÅ ×ÉÇÌÑÄÕ:M(xjz1; z) �= �L2� Xp;� Æ(��E�(p))j'�(z)j2Æ(z1 � z)�= 4� S(2�)2 +1Z�1dp sZ0 d� [f1(�)�(�z) + f2(�)�(z)℄ Æ(��E�(p))Æ(z1 � z);(4.41)ÄÅ f1(�) = 12 � sin 
� 
os 
�; (4.42)f2(�) = sin 
� 
os 
� (4.43)� �ÒÉ �ÅÒÅÈÏÄ� ÄÏ �ÎÔÅÇÒÕ×ÁÎÎÑ ×ÒÁÈÏ×ÁÎÏ Ä×� ÍÏÖÌÉ×� ÏÒ�¤ÎÔÁ��§ Ó��-ÎÕ ÅÌÅËÔÒÏÎÁ.ò�×ÎÑÎÎÑ ÄÌÑ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ Õ �ØÏÍÕ ×É�ÁÄËÕ ¤ ÎÁ-ÓÔÕ�ÎÉÍÉ:� d2dz21 � �q2 + k21�� g(q; � = 0jz1; z2) = �4�e2Æ(z1 � z2); z1 < 0; z2 < 0;(4.44)� d2dz21 � �q2 + k22�� g(q; � = 0jz1; z2) = �4�e2Æ(z1 � z2); z1 > 0; z2 > 0;(4.45)� d2dz21 � �q2 + k21�� g(q; � = 0jz1; z2) = 0; z1 < 0; z2 > 0; (4.46)� d2dz21 � �q2 + k22�� g(q; � = 0jz1; z2) = 0; z1 > 0; z2 < 0; (4.47)ÄÅ ××ÅÄÅÎÏ ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:k21 = 4�2 +1Z�1dp sZ0 d� f1(�) �n�(p)�E�(p) ; (4.48)
ICMP{02{02U 16k22 = 4�2 +1Z�1dp sZ0 d� f2(�) �n�(p)�E�(p) : (4.49)òÏÚ×'ÑÚÕÀÞÉ �� Ò�×ÎÑÎÎÑ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÕÍÏ× ÎÅ�ÅÒÅÒ×ÎÏÓÔ� ÅË-ÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÔÁ ÊÏÇÏ �ÅÒÛÏ§ �ÏÈ�ÄÎÏ§, ÏÔÒÉÍÕ¤ÍÏ:g(q; � = 0jz1 6 0; z2 6 0) = 2�e2Q1 �e�Q1jz1�z2j + Q1 �Q2Q1 +Q2 eQ1(z1+z2)� ;(4.50)g(q; � = 0jz1 > 0; z2 > 0) = 2�e2Q2 �e�Q2jz1�z2j � Q1 �Q2Q1 +Q2 e�Q2(z1+z2)� ;(4.51)g(q; � = 0jz1 6 0; z2 > 0) = 4�e2Q1 +Q2 eQ1z1�Q2z2 ; (4.52)g(q; � = 0jz1 > 0; z2 6 0) = 4�e2Q1 +Q2 eQ1z2�Q2z1 ; (4.53)ÄÅ Q1 = pq2 + k21 , Q2 = pq2 + k22 . ðÒÉ ÚÂ�ÌØÛÅÎÎ� ×ÉÓÏÔÉ �ÏÔÅÎ��-ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ (s ! 1) ×ÉÒÁÚÉ (4.50){(4.53) �ÅÒÅÈÏÄÑÔØ Õ (4.30){(4.33).4.2. ÷ÒÁÈÕ×ÁÎÎÑ ×ÉÝÉÈ �Ï�ÒÁ×ÏË ÄÌÑ �Mk1;k2(x;�x)äÌÑ ÒÏÚÒÁÈÕÎËÕ �Mk1;k2(x;�x) ÓËÏÒÉÓÔÁ¤ÍÏÓØ ÍÅÔÏÄÏÍ, ÑËÉÊ ÂÕ× ÚÁ-�ÒÏ�ÏÎÏ×ÁÎÉÊ Õ [17℄. úÇ�ÄÎÏ ÏÚÎÁÞÅÎÎÑ �Mk1;k2(x;�x) ÍÁ¤ÍÏ:�Mk1;k2(x;�x) = i2hT�k1(x)�k2 (�x)i
 = i2hT�k1(x)�k2 (�x)i=Yq 0 Yk � �SL�k(q)��1=2Z (d!) exp"� 12Xx;k 0 � �SL�k(q)��1�!k(x)!�k(�x)# dd!k1(x) dd!k2(�x) *T exp"iXx;k 0!k(x)�k(x)#+(4.54)= � �SL�k1(q)��1 "� �SL�k2(q)��1 !�k1(�x)!�k2(x)� Æk1+k2;0# ;ÄÅ ��Ä �ÏÚÎÁÞÅÎÎÑÍ : : : ÓÌ�Ä ÒÏÚÕÍ�ÔÉ ÎÁÓÔÕ�ÎÅ:: : : =Yq 0 Yk � �SL�k(q)��1=2



17 ðÒÅ�ÒÉÎÔ� Z (d!) exp24�12Xx;k 0 � �SL�k(q)��1 !k(x)!�k(�x)35 : : :�*T exp"iXx;k 0!k(x)�k(x)#+ : (4.55)äÌÑ Ó�ÒÏÝÅÎÎÑ ÚÁ�ÉÓ�× ××ÅÄÅÍÏ ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:1 = (x1; k1); 2 = (x2; k2); : : : ; Æ1+2;0 = Æk1+k2;0; : : : ;V �11 = � �SL�k1(q1)��1 ; : : : : (4.56)ÔÏÄ� ÆÕÎË��ÏÎÁÌØÎÉÊ �ÎÔÅÇÒÁÌ (3.15), ÏÂÍÅÖÉ×ÛÉÓØ ËÕÍÕÌÑÎÔÁÍÉ ÄÏÞÅÔ×ÅÒÔÏÇÏ �ÏÒÑÄËÕ ×ËÌÀÞÎÏ, ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ ÔÁË:I = Z (d!) exp[F (!)℄; (4.57)ÄÅF (!) = 12X1;2 0 �M1;2 � V �11 Æ1+2;0�!1!2+ 4Xn=3 1n! X1;:::;n 0M1;:::;n!1 : : : !n:(4.58)äÌÑ ×ÅÌÉÞÉÎ !k1(x1) � � �!kn(xn), n = 2; 3; 4 Õ �ÒÁ�� [17℄ ÂÕÌÏ ÚÁ-�ÒÏ�ÏÎÏ×ÁÎÏ ÌÁÎ�ÀÖÏË Ò�×ÎÑÎØ, �ÒÉÞÏÍÕ Õ ×ÉÂÏÒ� ËÏÎËÒÅÔÎÏÇÏ ×É-ÇÌÑÄÕ �ÉÈ Ò�×ÎÑÎØ ¤ ÄÅÑËÁ ÄÏ×�ÌØÎ�ÓÔØ. ÷ÉÂÅÒÅÍÏ ÎÁÓÔÕ�Î� Ò�×ÎÑÎÎÑ:lYj=1� dd!j + dF (!)d!j � = 0; l = 1; 2; 3; 4: (4.59)õ ×É�ÁÄËÕ l = 1 ÍÁ¤ÍÏ ÔÁËÅ Ò�×ÎÑÎÎÑ:12X2;3 M1;2;3!2!3 + 13! X2;3;4M1;2;3;4!2!3!4 = 0; (4.60)ÄÌÑ l = 2: M1;2 � V �11 Æ1+2;0+X10;20 �12M1;2;10;20 + �M1;20 � V �11 Æ1+20;0� �M10;2 � V �12 Æ10+2;0��!10!20
ICMP{02{02U 18+12 X10;20;30"M10;2;30 �M1;20 � V �11 Æ1+20;0�+M1;20;30 �M10;2 � V �12 Æ10+2;0� #�!10!20!30 + X10;20;30;40 " 13!M10;2;30;40 �M1;20 � V �11 Æ1+20;0�+ 13!M1;20;30;40� �M10;2 � V �12 Æ10+2;0�+ 14M1;20;30M10;2;30#!10!20!30!40 = 0; (4.61)ÄÌÑ l = 3: M1;2;3 + 12X10;20 " �M1;2 � V �11 Æ1+2;0�M10;20;3+ �M2;3 � V �12 Æ2+3;0�M10;20;1 + �M3;1 � V �11 Æ1+3;0�M10;20;2#!10!20+X20;30 " �M3;20 � V �13 Æ3+20;0�M1;2;30+ �M1;20 � V �11 Æ1+20;0�M2;3;30 + �M2;20 � V �12 Æ2+20;0�M3;1;30#!20!30+ X10;20;30 �M1;10 � V �11 Æ1+10;0� �M2;20 � V �12 Æ2+20;0�� �M3;30 � V �13 Æ3+30;0�!10!20!30+P (1; 2j3) X10;20;30 " 13! �M1;2 � V �11 Æ1+2;0�M10;20;3;30 + 12M1;2;30M10;20;3+12M1;2;30;10 �M3;20 � V �13 Æ3+20;0� #!10!20!30+P (1; 2j3) X10;20;30;40 " 13!M1;2;30M10;20;3;40 + 14M1;2;30;40M10;20;3+ �M1;30 � V �11 Æ1+30;0� �M2;40 � V �12 Æ2+40;0�M10;20;3#!10!20!30!40 = 0;(4.62)



19 ðÒÅ�ÒÉÎÔÄÅ P (1; 2j3) | Ï�ÅÒÁÔÏÒ, ÑËÉÊ �ÅÒÅÓÔÁ×ÌÑ¤ �ÎÄÅËÓÉ: P (1; 2j3)M1;2;3 =M1;2;3 +M1;3;2 +M3;2;1; ÄÌÑ l = 4 ÍÁ¤ÍÏ:M1;2;3;4 + P (1; 2j3; 4) �M1;2 � V �11 Æ1+2;0� �M3;4 � V �13 Æ3+4;0�+P (1; 2; 3j4)X10;20 "12M1;2;3M10;20;4 +M1;2;3;10 �M4;20 � V �14 Æ4+20;0� #�!10!20 + P (1; 2j3; 4)X10;20 "12��M1;2 � V �11 Æ1+2;0�M10;20;3;4+ �M3;4 � V �13 Æ3+4;0�M1;2;10;20�+M1;2;20M10;3;4#!10!20+P (1; 2j3j4)X10;20 �M1;2 � V �11 Æ1+2;0� �M3;10 � V �13 Æ3+10;0�� �M4;20 � V �14 Æ4+20;0�!10!20+P (1; 2; 3j4) X10;20;30 � 13!M1;2;3M10;20;30;4 + 12M1;2;3;30M10;20;4�!10!20!30+12P (1; 2j3; 4) X10;20;30 "M1;2;30M10;20;3;4 +M1;2;20;30M10;3;4#!10!20!30+P (1; 2j3j4) X10;20;30 "12 �M1;2 � V �11 Æ1+2;0� �M3;30 � V �13 Æ3+30;0��M10;20;4 + 12 �M1;2 � V �11 Æ1+2;0� �M4;30 � V �14 Æ4+30;0��M10;20;3+�M3;20 � V �13 Æ3+20;0� �M4;30 � V �14 Æ4+30;0�M1;2;10#!10!20!30+ X10;20;30;40 �M1;10 � V �11 Æ1+10;0� �M2;20 � V �12 Æ2+20;0�� �M3;30 � V �13 Æ3+30;0� �M4;40 � V �14 Æ4+40;0�!10!20!30!40+ X10;20;30;40 � 13!P (1; 2; 3j4)M1;2;3;40M10;20;30;4+ 14P (1; 2j3; 4)M1;2;30;40M10;20;3;4�!10!20!30!40
ICMP{02{02U 20+P (1; 2j3j4) X10;20;30;40 � 13! �M1;2 � V �11 Æ1+2;0�� ��M3;40 � V �13 Æ3+40;0�M10;20;30;4 + �M4;40 � V �14 Æ4+40;0�M10;20;3;30�+12 �12 �M1;2 � V �11 Æ1+2;0�M10;20;3M30;40;4+ �M3;10 � V �13 Æ3+10;0�M1;2;30M20;40;4�+M1;2;30;40� �M3;10 � V �13 Æ3+10;0� �M4;20 � V �14 Æ4+20;0� �!10!20!30!40 = 0;(4.63)ÄÅ Ï�ÅÒÁÔÏÒ P (1; 2j3j4) Ä�¤ ÔÁË:P (1; 2j3j4)M1;2;3;4 =M1;2;3;4 +M1;3;2;4+M2;3;1;4 +M1;2;4;3 +M1;4;2;3 +M2;4;1;3; (4.64)Á Ï�ÅÒÁÔÏÒ P (1; 2j3; 4) | ÔÁË:P (1; 2j3; 4)M1;2;3;4 =M1;2;3;4 +M1;3;2;4 +M2;3;1;4: (4.65)óÉÓÔÅÍÕ Ò�×ÎÑÎØ (4.60)-(4.65) ÂÕÄÅÍÏ ÒÏÚ×'ÑÚÕ×ÁÔÉ, ÛÕËÁÀÞÉ ÒÏÚ-×'ÑÚËÉ !1!2, !1!2!3 ÔÁ !1!2!3!4 Õ ×ÉÇÌÑÄ�:!1!2 = !1!20 + !1!21 + : : : ; (4.66)!1!2!3 = !1!2!30 + !1!2!31 + : : : ; (4.67)!1!2!3!4 = !1!2!3!40 + !1!2!3!41 + : : : ; (4.68)ÄÅ �ÏÚÎÁÞÅÎÎÑ : : : 0 ÏÚÎÁÞÁ¤ ÒÏÚ×'ÑÚÏË Õ ÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ïx = (q; �), �ÒÉÞÏÍÕ × ÎØÏÍÕ ×ÒÁÈÏ×ÁÎÏ ÕÓ� ÓÕÍÉ �Ï k (ÏÂÍÅÖÕ×ÁÔÉÓÑÑËÏÀÓØ ÓË�ÎÞÅÎÏÀ Ë�ÌØË�ÓÔÀ ÓÕÍ �Ï k ÎÅÍÏÖÎÁ, ÏÓË�ÌØËÉ �ÎÄÅËÓ k×�Ä�Ï×�ÄÁ¤ ÚÁ ÎÅÏÄÎÏÒ�ÄÎ�ÓÔØ ÓÉÓÔÅÍÉ � × ÏÂÌÁÓÔ� Û×ÉÄËÏ§ ÚÍ�ÎÉ ÅÌÅË-ÔÒÏÎÎÏ§ ÇÕÓÔÉÎÉ ÒÑÄÉ ÎÅ ÂÕÄÕÔØ ÚÂ�ÇÁÔÉÓÑ). îÁ ×�ÄÍ�ÎÕ ×�Ä �ØÏÇÏ,×ÅËÔÏÒ q ×�Ä�Ï×�ÄÁ¤ ÚÁ ÏÄÎÏÒ�ÄÎ�ÓÔØ ÓÉÓÔÅÍÉ (q | ×ÅËÔÏÒ, ÑËÉÊ �Á-ÒÁÌÅÌØÎÉÊ ÄÏ �ÌÏÝÉÎÉ ÒÏÚÄ�ÌÕ) � ÒÏÚËÌÁÄÉ ÂÕÄÕÔØ �ÒÏ×ÏÄÉÔÉÓÑ �Ï�ÌÁÚÍÏ×ÏÍÕ �ÁÒÁÍÅÔÒÕ � = h�i=�TF , ÑËÉÊ Ò�×ÎÉÊ ×�ÄÎÏÛÅÎÎÀ ÓÅÒÅÄ-ÎØÏ§ ×�ÄÄÁÌ� Í�Ö ÞÁÓÔÉÎËÁÍÉ ÄÏ ÒÁÄ�ÕÓÕ ÅËÒÁÎÕ×ÁÎÎÑ �ÏÍÁÓÁ-æÅÒÍ�(ÓÅÒÅÄÎÑ ×�ÄÄÁÌØ h�i = � 34�n�1=3, ÒÁÄ�ÕÓ ÅËÒÁÎÕ×ÁÎÎÑ �ÏÍÁÓÁ-æÅÒÍ��TF = 1={TF , n | ËÏÎ�ÅÎÔÒÁ��Ñ ÅÌÅËÔÒÏÎ�×).



21 ðÒÅ�ÒÉÎÔäÌÑ �ÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ ÚÒÕÞÎÏ ××ÅÓÔÉ ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ: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; : : : : (4.69)õ ÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ï x Ò�×ÎÑÎÎÑ (4.61) ×ÖÅ × ÎÏ×ÉÈ �ÏÚÎÁ-ÞÅÎÎÑÈ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:M1;2(1;�1)Æ(1 + 2)� V �11 (1)Æ(1 + 2)Æ1+2+V �11 (1)V �12 (2)!�1(�1)!�2(�2)0�V �11 (1)X10 M10;2(�2; 2)!10(�2)!�1(�1)0�V �12 (2)X20 M1;20(1;�1)!�2(�2)!20(�1)0+X10;20M1;20(1;�1)M10;2(�2; 2)!10(�2)!20(�1)0 = 0; (4.70)�Å Ò�×ÎÑÎÎÑ ÒÏÚ×'ÑÚÕ¤ÍÏ �ÔÅÒÁ��ÑÍÉ, ××ÁÖÁÀÞÉ ÝÏ!�1(�1)!�2(�2)0 = !�1(�1)!�2(�2)0;1 + !�1(�1)!�2(�2)0;2 + : : : ;(4.71)ÄÅ �ÏÚÎÁÞÅÎÎÑ : : :0;1 ÏÚÎÁÞÁ¤ ÎÁÓÔÕ�ÎÅ: ÎÁÂÌÉÖÅÎÎÑ ÎÕÌØ ÓÕÍ �Ï xÔÁ ÏÄÎÁ ÓÕÍÁ �Ï k. ð�ÄÓÔÁ×É×ÛÉ (4.71) × (4.70) ÔÁ Ú�ÂÒÁ×ÛÉ Õ×ÅÓØÎÅÓË�ÎÞÅÎÎÉÊ ÒÑÄ, ÏÔÒÉÍÕ¤ÍÏ:!�1(�1)!�2(�2)0 = V1(1)V2(1)Æ(1 + 2)R1;2(1;�1); (4.72)ÄÅ ×ÅÌÉÞÉÎÁ R1;2(1;�1) ÚÁÄÏ×ÏÌØÎÑ¤ ÎÁÓÔÕ�ÎÅ �ÎÔÅÇÒÁÌØÎÅ Ò�×ÎÑÎÎÑ:R1;2(1;�1) = V �11 (1)Æ1+2+X10 M1;10(1;�1)V10(1)R�10;2(1;�1); (4.73)ÔÏÄ� ÎÅÚ×�ÄÎÅ ÓÅÒÅÄÎ¤ �M1;2(1;�1) Õ ÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ï x ÚÇ�ÄÎÏ(3.18) ÍÁ¤ ×ÉÇÌÑÄ:�M1;2(1;�1) = R1;2(1;�1)� V �11 (1)Æ1+2=X10 M1;10(1;�1)V10 (1)R�10;2(1;�1); (4.74)
ICMP{02{02U 22×ÒÁÈÕ×Á×ÛÉ, ÝÏ R1;2(1;�1) = �M1;2(1;�1) + V �11 (1)Æ1+2, ÏÔÒÉÍÕ¤ÍÏÄÌÑ �M1;2(1;�1) Õ ÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ï x ÎÁÓÔÕ�ÎÅ �ÎÔÅÇÒÁÌØÎÅÒ�×ÎÑÎÎÑ:�M1;2(1;�1) =M1;2(1;�1) +X10 M1;10(1;�1)V10(1) �M�10;2(1;�1):(4.75)úÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×É�ÁÄËÕ ÏÄÎÏÒ�ÄÎÏ§ ÓÉÓÔÅÍÉ (ÔÏÂÔÏ ËÏÌÉ�M1;2(1;�1), M1;2(1;�1) / Æ1+2) �ÎÔÅÇÒÁÌØÎÅ Ò�×ÎÑÎÎÑ (4.75) �ÅÒÅ-Ô×ÏÒÀ¤ÔØÓÑ Õ Ú×ÉÞÁÊÎÅ ÁÌÇÅÂÒÁ§ÞÎÅ, ÒÏÚ×'ÑÚÏË ÑËÏÇÏ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ×ÉÇÌÑÄ: �M1;�1(1;�1) = M1;�1(1;�1)1� V1(1)M1;�1(1;�1) ; (4.76)ÝÏ Ó��×�ÁÄÁ¤ Ú ×ÉÒÁÚÏÍ ÄÌÑ ËÕÍÕÌÑÎÔÎÏ§ ËÏÒÅÌÑ��ÊÎÏ§ ÆÕÎË��§ ×ÚÁ-¤ÍÏÄ�ÀÞÏ§ ÓÉÓÔÅÍÉ [15℄.äÌÑ ÔÏÇÏ, ÝÏÂ ÚÎÁÊÔÉ ÎÁÓÔÕ�ÎÉÊ ÞÌÅÎ ÒÏÚËÌÁÄÕ !1!2 (4.66) ÒÏÚ-ÇÌÑÄÁ¤ÍÏ Ò�×ÎÑÎÎÑ (4.61), ÚÁÌÉÛÁÀÞÉ × ÎØÏÍÕ ÄÏÄÁÎËÉ, ÑË� �ÒÏ�ÏÒ-��ÊÎ� ÏÄÎ�Ê ÓÕÍ� �Ï x:C1;2(1;�1) + V �11 (1)V �12 (1)!�1(�1)!�2(1)1�V �11 (1)X10 M10;2(1;�1)!10(1)!�1(�1)1�V �12 (1)X20 M1;20(1;�1)!�2(1)!20(�1)1+X10;20M1;20(1;�1)M10;2(1;�1)!10(1)!20(�1)1 = 0; (4.77)ÄÅ ××ÅÄÅÎÏ ÎÁÓÔÕ�ÎÅ �ÏÚÎÁÞÅÎÎÑ:C1;2(1;�1) = 12 X10;10;20M1;2;10;20(1;�1; 10;�10)!10(10)!20(�10)0+12 X10;20;30 24X10 M10;2;30(10;�1; 1� 10)M1;20(1;�1)�!10(10)!20(�1)!30(1� 10)0+X20 M1;20;30(1; 20;�1� 20)M10;2(1;�1) !10(1)!20(20)!30(�1� 20)035



23 ðÒÅ�ÒÉÎÔ�12 24 X10;10;30M10;2;30(10;�1; 1� 10) V �11 (1)!10(10)!�1(�1)!30(1� 10)0+ X20;20;30M1;20;30(1; 20;�1� 20)V �12 (1) !�2(1)!20(20)!30(�1� 20)035 :(4.78)òÏÚ×'ÑÚÕÀÞÉ Ò�×ÎÑÎÎÑ (4.77) �ÔÅÒÁ��ÑÍÉ (ÁÎÁÌÏÇ�ÞÎÏ ÑË ÂÕÌÏÚÎÁÊÄÅÎÏ !�1(�1)!�2(1)0), ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ÒÏÚ×'ÑÚÏË:!�1(�1)!�2(�2)1 = �V1(1)V2(1)Æ(1 + 2)�X10;20 R1;10(1;�1)V10 (1)C�10;�20(1;�1)V20 (1)R20;2(1;�1): (4.79)õ ×ÉÒÁÚ ÄÌÑ !�1(�1)!�2(�2)1 (4.79) ×ÈÏÄÉÔØ ÓÅÒÅÄÎ¤ ×�Ä ÔÒØÏÈ�ÏÌØÏ×ÉÈ ÚÍ�ÎÎÉÈ ! Õ ÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ï x. äÌÑ ÔÏÇÏ ÝÏÂ ÚÎÁÊ-ÔÉ �Å ÓÅÒÅÄÎ¤ ÒÏÚÇÌÑÎÅÍÏ Ò�×ÎÑÎÎÑ (4.62) Õ �ØÏÍÕ ÎÁÂÌÉÖÅÎÎ�:~C1;2;3(1; 2;�1� 2)�V �11 (1)V �12 (2)V �13 (�1� 2)!�1(�1)!�2(�2)!�3(1 + 2)0+V �12 (2)V �13 (�1� 2)X10 M1;10(1;�1)!10(�1)!�2(�2)!�3(1 + 2)0+V �11 (1)V �13 (�1� 2)X20 M2;20(2;�2)!�1(�1)!20(�2)!�3(1 + 2)0+V �11 (1)V �12 (2)X30 M3;30(�1� 2; 1 + 2)!�1(�1)!�2(�2)!30(1 + 2)0(4.80)�V �13 (1 + 2)X10;20M1;10(1;�1)M2;20(2;�2)!10(�1)!20(�2)!�3(1 + 2)0�V �11 (1)X20;30M2;20(2;�2)M3;30(�1�2; 1+2)!�1(�1)!20(�2)!30(1 + 2)0�V �12 (1)X10;30M1;10(1;�1)M3;30(�1�2; 1+2)!10(�1)!�2(�2)!30(1 + 2)0+ X10;20;30M1;10(1;�1)M2;20(2;�2)M3;30(�1� 2; 1 + 2)
ICMP{02{02U 24�!10(�1)!20(�2)!30(1 + 2)0 = 0;ÄÅ ××ÅÄÅÎÏ ÎÁÓÔÕ�ÎÅ �ÏÚÎÁÞÅÎÎÑ:~C1;2;3(1; 2;�1� 2) =M1;2;3(1; 2;�1� 2)�V �11 (1)X10 M10;2;3(1; 2;�1� 2)!�1(�1)!10(1)0�V �12 (2)X20 M1;20;3(1; 2;�1� 2)!�2(�2)!20(2)0�V �13 (1 + 2)X30 M1;2;30(1; 2;�1� 2)!�3(1 + 2)!30(�1� 2)0 (4.81)+X10;20M10;2;3(1; 2;�1� 2)M1;20(1;�1)!20(�1)!10(1)0+X10;30M1;2;30(1; 2;�1� 2)M3;10(�1� 2; 1 + 2)!10(1 + 2)!30(�1� 2)0+X20;30M1;20;3(1; 2;�1� 2)M2;30(2;�2)!20(�2)!30(2)0:òÏÚ×'ÑÚÕÀÞÉ Ò�×ÎÑÎÎÑ (4.80) �ÔÅÒÁ��ÑÍÉ, ÚÎÁÈÏÄÉÍÏ ×ÉÒÁÚ ÄÌÑ!�1(�1)!�2(�2)!�3(�3) Õ ÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ï x:!�1(�1)!�2(�2)!�3(�3)0 = V1(1)V2(2)V3(3)Æ(1 + 2 + 3)� X10;20;30 R1;10(1;�1)V10(1)R2;20(2;�2)V20(2)�R3;30(3;�3)V30(3) ~C�10;�20;�30(1; 2; 3): (4.82)áÎÁÌÏÇ�ÞÎÏ ÍÏÖÎÁ ÚÎÁÊÔÉ !�1(�1)!�2(�2)2, ÄÌÑ �ØÏÇÏ ÔÒÅÂÁÒÏÚÇÌÑÄÁÔÉ Ò�×ÎÑÎÎÑ (4.61) Õ ÎÁÂÌÉÖÅÎÎ� Ä×ÏÈ ÓÕÍ �Ï x, ÚÎÁÊÔÉ!�1(�1)!�2(�2)!�3(�3)1 �Ú Ò�×ÎÑÎÎÑ (4.62) ÔÁ!�1(�1)!�2(�2)!�3(�3)!�4(�4)0 | Ú Ò�×ÎÑÎÎÑ (4.63), � ÔÁË ÄÁÌ�.



25 ðÒÅ�ÒÉÎÔ4.2.1. òÏÚÒÁÈÕÎÏË �ÅÒÅÎÏÒÍÏ×ÁÎÏÇÏ ËÕÍÕÌÑÎÔÁ ÄÒÕÇÏÇÏ �Ï-ÒÑÄËÕ Õ ÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ï xñË ÂÕÌÏ ×ÉÝÅ �ÏËÁÚÁÎÏ (ÄÉ×.(4.75)) �ÅÒÅÎÏÒÍÏ×ÁÎÉÊ ËÕÍÕÌÑÎÔ ÄÒÕ-ÇÏÇÏ �ÏÒÑÄËÕ �Mk1;k2(x;�x) Õ ÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ï x ÚÁÄÏ×ÏÌØÎÑ¤ÎÁÓÔÕ�ÎÅ �ÎÔÅÇÒÁÌØÎÅ Ò�×ÎÑÎÎÑ:�Mk1;k2(x;�x) =Mk1;k2(x;�x)+ �SLXk Mk1;k(x;�x)�k(q) �M�k;k2 (x;�x): (4.83)ðÅÒÅÊÛÏ×ÛÉ ÄÏ (q; z)-�ÒÅÄÓÔÁ×ÌÅÎÎÑ ÚÇ�ÄÎÏ (4.4), ÏÔÒÉÍÕ¤ÍÏ:�M(xjz1; z2) =M(xjz1; z2)+ �SL2 +L=2Z�L=2dz+L=2Z�L=2dz0M(xjz1; z)�(qjz � z0) �M(xjz0; z2); (4.84)ÄÅ ××ÅÄÅÎÏ ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:�M(xjz1; z2) = Xk1;k2 exp (ik1z1 + ik2z2) �Mk1;k2(x;�x); (4.85)�Mk1;k2(x;�x) = 1L2 +L=2Z�L=2dz1+L=2Z�L=2dz2 exp (�ik1z1 � ik2z2) �M(xjz1; z2):(4.86)õ ×É�ÁÄËÕ ÍÏÄÅÌÀ×ÁÎÎÑ �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÎÅÓË�ÎÞÅÎÎÏ×ÉÓÏËÏÀ �ÏÔÅÎ��ÁÌØÎÏÀ ÓÔ�ÎËÏÀ ÔÁ �ÒÉ � !1 �ÎÔÅÇÒÁÌØÎÅ Ò�×ÎÑÎÎÑÄÒÕÇÏÇÏ �ÏÒÑÄËÕ (4.84) �ÅÒÅÔ×ÏÒÀ¤ÔØÓÑ × ÎÁÓÔÕ�ÎÅ �ÎÔÅÇÒÁÌØÎÅ Ò�×-ÎÑÎÎÑ ×ÖÅ �ÅÒÛÏÇÏ �ÏÒÑÄËÕ (× ÍÅÖÁÈ �ÎÔÅÇÒÁÌÕ ÚÒÏÂÌÅÎÏ ÇÒÁÎÉÞÎÉÊ�ÅÒÅÈ�Ä L!1):�M(q; � = 0jz1; z2) = �L2S� �(�)�(�z1)Æ(z1 � z2)�{2TF2q �(�z1) +1Z�1dz exp(�qjz1 � zj) �M(q; � = 0jz; z2); (4.87)ÄÅ ×ÉËÏÒÉÓÔÁÎÏ Ó��××�ÄÎÏÛÅÎÎÑ (4.16) ÔÁ ÎÁÂÌÉÖÅÎÎÑ, ÑË� ÄÏ ÎØÏÇÏ�ÒÉÚ×ÅÌÉ.

ICMP{02{02U 26äÌÑ ÔÏÇÏ,ÝÏÂ ÒÏÚ×'ÑÚÁÔÉ Ò�×ÎÑÎÎÑ (4.87) ÚÒÕÞÎÏ ××ÅÓÔÉ Õ ÒÏÚÇÌÑÄÎÏ×Õ ÎÅ×�ÄÏÍÕ ÆÕÎË��À �M1(q; � = 0jz1; z2) ÔÁËÕ, ÝÏ�M(q; � = 0jz1; z2) = �L2S� �(�)�(�z1)Æ(z1 � z2)+ �M1(q; � = 0jz1; z2)�(�z1)�(�z2); (4.88)ÔÏÄ� Ò�×ÎÑÎÎÑ (4.87) ÎÁÂÕÄÅ ×ÉÇÌÑÄÕ (�ÒÉ z1; z2 < 0):�M1(q; � = 0jz1; z2) = L2S� �(�){2TF2q exp(�qjz1 � z2j)�{2TF2q 0Z�1dz exp(�qjz1 � zj) �M1(q; � = 0jz; z2): (4.89)ðÒÏÄÉÆÅÒÅÎ��À×Á×ÛÉ �Å Ò�×ÎÑÎÎÑ Ä×Á ÒÁÚÉ �Ï z1, ÏÔÒÉÍÕ¤ÍÏ ÎÁ-ÓÔÕ�ÎÅ ÄÉÆÅÒÅÎ��ÁÌØÎÅ Ò�×ÎÑÎÎÑ:� d2dz21 �Q2� �M1(q; � = 0jz1; z2) = �L2S� �(�){2TF Æ(z1 � z2); (4.90)ÒÏÚ×'ÑÚÏË ÑËÏÇÏ ÛÕËÁ¤ÍÏ Õ ÔÁËÏÍÕ ×ÉÇÌÑÄ�:�M1(q; � = 0jz1; z2) = L2S� �(�){2TF2Q�� exp (�Qjz1 � z2j) + C exp (Q(z1 + z2)) �; (4.91)ÄÅ C | ÎÅ×�ÄÏÍÁ ËÏÎÓÔÁÎÔÁ, ÑËÕ ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ ÛÌÑÈÏÍ ��ÄÓÔÁ-ÎÏ×ËÉ (4.91) Õ Ò�×ÎÑÎÎÑ (4.89):C = Q� qQ+ q : (4.92)�ÏÄ� ×ÒÁÈÕ×Á×ÛÉ (4.92), (4.91), (4.88) ÔÁ (4.87), ÏÔÒÉÍÕ¤ÍÏ ÎÁ-ÓÔÕ�ÎÉÊ ×ÉÒÁÚ ÄÌÑ �ÅÒÅÎÏÒÍÏ×ÁÎÏÇÏ ËÕÍÕÌÑÎÔÁ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ ÕÎÁÂÌÉÖÅÎÎ� ÎÕÌØ ÓÕÍ �Ï x:�M(q; � = 0jz1; z2) =M(q; � = 0jz1; z2)+{2TF4� L2S� �(�)g(q; � = 0jz1; z2)�(�z1)�(�z2); (4.93)



27 ðÒÅ�ÒÉÎÔÄÅ g(q; � = 0jz1; z2) | ÅËÒÁÎÏ×ÁÎÉÊ �ÏÔÅÎ��ÁÌ Õ ×É�ÁÄËÕ ÎÉÚØËÉÈÔÅÍ�ÅÒÁÔÕÒ.ðÒÏ×�×ÛÉ ÁÎÁÌÏÇ�ÞÎ� ÒÏÚÒÁÈÕÎËÉ Õ ×É�ÁÄËÕ � ! 0, ÏÔÒÉÍÕ¤ÍÏ�M(q; � = 0jz1; z2) =M(q; � = 0jz1; z2)+{2D2� LNg(q; � = 0jz1; z2)�(�z1)�(�z2); (4.94)ÄÅ g(q; � = 0jz1; z2) | ÅËÒÁÎÏ×ÁÎÉÊ �ÏÔÅÎ��ÁÌ Õ ×É�ÁÄËÕ ×ÉÓÏËÉÈÔÅÍ�ÅÒÁÔÕÒ.4.2.2. òÏÚÒÁÈÕÎÏË ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ, �ÏÂÕÄÏ×ÁÎÏÇÏÎÁ �ÅÒÅÎÏÒÍÏ×ÁÎÏÍÕ ËÕÍÕÌÑÎÔ� ÄÒÕÇÏÇÏ �ÏÒÑÄËÕõ ×É�ÁÄËÕ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏ§ �ÏÔÅÎ��ÁÌØÎÏ§ ÓÔ�ÎËÉ ÄÌÑ �Ï×ÅÒÈÎÅ-×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÔÁ �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ Ò�×ÎÑÎÎÑ (4.5) ÍÏÖÎÁ,×ÉËÏÒÉÓÔÏ×ÕÀÞÉ (4.93) ÔÁ (4.16), ÚÁ�ÉÓÁÔÉ ÔÁË:� d2dz21 � q2 � {2TF �(�z1)� �g(q; � = 0jz1; z2) + {4TF4� e2�(�z1)� 0Z�1dz g(q; � = 0jz1; z)�g(q; � = 0jz; z2) = �4�e2Æ(z1 � z2): (4.95)ñËÝÏ z1; z2 > 0, ÔÏ ÒÏÚ×'ÑÚÏË Ò�×ÎÑÎÎÑ (4.95) ¤ ÎÁÓÔÕ�ÎÉÍ:�g(q; � = 0jz1; z2) = 2�e2q he�qjz1�z2j + C1e�q(z1+z2)i ; (4.96)ÄÅ C1 | ËÏÎÓÔÁÎÔÁ, ÑËÕ ÔÒÅÂÁ ×ÉÚÎÁÞÉÔÉ Ú ÕÍÏ×É ÎÅ�ÅÒÅÒ×ÎÏÓÔ� ÅË-ÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ.õ ×É�ÁÄËÕ z1 > 0, z2 < 0 ÍÁ¤ÍÏ ÔÁËÉÊ ÒÏÚ×'ÑÚÏË:�g(q; � = 0jz1; z2) = f1(z2)e�qz1 ; (4.97)ÄÅ f1(z2) | ÎÅ×�ÄÏÍÁ ÆÕÎË��Ñ, ÑËÕ ×ÉÚÎÁÞÉÍÏ ��ÚÎ�ÛÅ.õ ×É�ÁÄËÕ z1; z2 < 0 Ò�×ÎÑÎÎÑ (4.95) ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ:� d2dz21 �Q2� �g(q; � = 0jz1; z2)+{4TF4� e2 0Z�1dz g(q; � = 0jz1; z)�g(q; � = 0jz; z2) = �4�e2Æ(z1 � z2);(4.98)
ICMP{02{02U 28�ÏÄ�Ñ×ÛÉ ÎÁ �Å �ÎÔÅÇÒÏ-ÄÉÆÅÒÅÎ��ÁÌØÎÅ Ò�×ÎÑÎÎÑ ÚÌ�×Á Ï�ÅÒÁÔÏÒÏÍ� d2dz21 �Q2�, ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�ÎÅ ÄÉÆÅÒÅÎ��ÁÌØÎÅ Ò�×ÎÑÎÎÑ:"� d2dz21 �Q2�2 � {4TF# �g(q; � = 0jz1; z2)= �4�e2� d2dz21 �Q2� Æ(z1 � z2); (4.99)ÄÅ ÂÕÌÏ ×ÉËÏÒÉÓÔÁÎÏ Ò�×ÎÑÎÎÑ (4.17). ÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ ÚÇ�ÄÎÏ (4.17)ÍÁ¤ Í�Ó�Å ÎÁÓÔÕ�ÎÅ Ó��××�ÄÎÏÛÅÎÎÑ�4�e2� d2dz21 �Q2� Æ(z1 � z2) = � d2dz21 �Q2�2 g(q; � = 0jz1; z2);(4.100)ÔÏ Ò�×ÎÑÎÎÑ (4.99) ÎÁÂÕÄÅ ×ÉÇÌÑÄÕ:� d2dz21 �Q2�2 h�g(q; � = 0jz1; z2)� g(q; � = 0jz1; z2)i= {4TF �g(q; � = 0jz1; z2): (4.101)äÌÑ �ÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ ÚÒÕÞÎÏ ××ÅÓÔÉ ÔÁËÅ �ÏÚÎÁÞÅÎÎÑ:�g(q; � = 0jz1; z2) = �g(q; � = 0jz1; z2)� g(q; � = 0jz1; z2); (4.102)ÔÏÄ� Ò�×ÎÑÎÎÑ (4.101) ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ ÔÁË:� d2dz21 � q2 � 2{2TF��� d2dz21 � q2��g(q; � = 0jz1; z2) = {4TF g(q; � = 0jz1; z2): (4.103)òÏÚ×'ÑÚÏË �ØÏÇÏ Ò�×ÎÑÎÎÑ ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ� Ä×ÏËÒÁÔ-ÎÏ§ ÚÇÏÒÔËÉ:�g(q; � = 0jz1; z2) = {4TF 0Z�1dz 0Z�1dz0K2(z1; z)K1(z; z0)g(q; � = 0jz0; z2);(4.104)ÄÅ K1(z; z0) ÔÁK2(z1; z) | ÆÕÎË��§ çÒ�ÎÁ, ÑË� ÚÁÄÏ×ÏÌØÎÑÀÔØ ÎÁÓÔÕ�-ÎÕ �ÁÒÕ Ò�×ÎÑÎØ:� d2dz21 � q2 � 2{2TF�K1(z1; z2) = Æ(z1 � z2); (4.105)



29 ðÒÅ�ÒÉÎÔ� d2dz21 � q2�K2(z1; z2) = Æ(z1 � z2): (4.106)ýÏÂ ÏÔÒÉÍÁÔÉ Ñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ �g(q; � = 0jz1; z2) ÎÅÏÂÈ�ÄÎÏ ÚÎÁÊ-ÔÉ ÆÕÎË��§ çÒ�ÎÁ K1 ÔÁ K2 Ú Ò�×ÎÑÎØ (4.105) ÔÁ (4.106), ��ÓÌÑ ÔÏÇÏ��ÄÓÔÁ×ÉÔÉ §È × (4.104). ðÒÏÔÅ �Ú ÓÔÒÕËÔÕÒÉ Ò�×ÎÑÎØ (4.105), (4.106)ÔÁ (4.104) ÚÒÏÚÕÍ�ÌÏ, ÝÏ ÒÏÚ×'ÑÚÏË ÍÁ¤ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:�g(q; � = 0jz1; z2) = B1e�qjz1�z2j +B2eq(z1+z2)+B3e� �Qjz1�z2j +B4e �Q(z1+z2); (4.107)ÄÅ �Q = pq2 + 2{2TF . ¶ ÔÏÍÕ �ÒÏÓÔ�ÛÅ ��ÄÓÔÁ×ÉÔÉ (4.107) × (4.99) �Ú×�ÄÔÉ ×ÉÚÎÁÞÉÔÉ ËÏÎÓÔÁÎÔÉ B1 ÔÁ B3, ×ÏÎÉ ¤ ÔÁËÉÍÉ:B1 = �e2q ; B3 = �e2�Q : (4.108)ú ÕÍÏ×É ÎÅ�ÅÒÅÒ×ÎÏÓÔ� ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ�g(q; � = 0jz1 > 0; z2 < 0)���z2=0 = �g(q; � = 0jz1 > 0; z2 > 0)���z2=0(4.109)×É�ÌÉ×Á¤, ÝÏ C1 = � �Q� q�Q+ q : (4.110)áÎÁÌÏÇ�ÞÎÏ Ú ÕÍÏ×É ÎÅ�ÅÒÅÒ×ÎÏÓÔ� ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÔÁÊÏÇÏ �ÅÒÛÏ§ �ÏÈ�ÄÎÏ§�g(q; � = 0jz1 > 0; z2 < 0)���z1=0 = �g(q; � = 0jz1 < 0; z2 < 0)���z1=0;(4.111)d�g(q; � = 0jz1 > 0; z2 < 0)dz1 ����z1=0 = d�g(q; � = 0jz1 < 0; z2 < 0)dz1 ����z1=0 ;(4.112)ÏÔÒÉÍÕ¤ÍÏ ËÏÎÓÔÁÎÔÉ B2 ÔÁ B4:B2 = ��e2q ; B4 = �e2�Q �1 + 2 �Q� q�Q+ q� : (4.113)õ ×É�ÁÄËÕ z1 < 0, z2 > 0 ÚÇ�ÄÎÏ (4.95) ÍÁ¤ÍÏ ÔÁËÅ Ò�×ÎÑÎÎÑ:� d2dz21 �Q2� �g(q; � = 0jz1; z2)

ICMP{02{02U 30+{4TF4� e2 0Z�1dz g(q; � = 0jz1; z)�g(q; � = 0jz; z2) = 0; (4.114)ÑËÅ, �ÏÄ�Ñ×ÛÉ ÚÌ�×Á Ï�ÅÒÁÔÏÒÏÍ � d2dz21 �Q2�, Ú×ÏÄÉÍÏ ÄÏ ÎÁÓÔÕ�ÎÏÇÏ×ÉÇÌÑÄÕ:� d2dz21 � q2 � 2{2TF�� d2dz21 � q2� �g(q; � = 0jz1; z2) = 0; (4.115)ÒÏÚ×'ÑÚÏË ÑËÏÇÏ:�g(q; � = 0jz1; z2) = f2(z2)�C2eqz1 + epq2+2{2TF z1� ; (4.116)ÄÅ C2 | ËÏÎÓÔÁÎÔÁ, f2(z2) | ÎÅ×�ÄÏÍÁ ÆÕÎË��Ñ, ÑËÕ ×ÉÚÎÁÞÅÎÏ ÎÉÖ-ÞÅ. ÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ ×ÉÒÁÚÉ (4.97) ÔÁ (4.116) �Ï×ÉÎÎ� ÂÕÔÉ ÓÉÍÅÔÒÉÞ-ÎÉÍÉ ×�ÄÎÏÓÎÏ �ÅÒÅÓÔÁÎÏ×ËÉ ÞÁÓÔÉÎÏË, �ÒÉÈÏÄÉÍÏ ÄÏ ×ÉÓÎÏ×ËÕ, ÝÏ:C2 = 0, f1(z2) = Ce �Qz2 , f2(z2) = Ce�qz2 , �, ÏÔÖÅ,�g(q; � = 0jz1; z2) = Ce�qz1+ �Qz2 ; z1 > 0; z2 < 0; (4.117)�g(q; � = 0jz1; z2) = Ce�qz2+ �Qz1 ; z1 < 0; z2 > 0; (4.118)ËÏÎÓÔÁÎÔÕ C ×ÉÚÎÁÞÁ¤ÍÏ Ú ÕÍÏ×É, ÝÏ�d�g(q; � = 0jz1 > 0; z2 < 0)dz1 � d�g(q; � = 0jz1 < 0; z2 > 0)dz2 �����z1=z2=0= �4�e2 (4.119)� ×ÏÎÁ ¤ ÔÁËÏÀ: C = 4�e2�Q+ q : (4.120)ïÔÖÅ, ÄÌÑ ÎÅÓË�ÎÞÅÎÎÏ ×ÉÓÏËÏÇÏ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ × ÑËÏÓ-Ô� �Ï×ÅÒÈÎÅ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÅËÒÁÎÏ×ÁÎÉÊ�ÏÔÅÎ��ÁÌ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:�g(q; � = 0jz1 > 0; z2 > 0) = 2�e2q �e�qjz1�z2j � �Q� q�Q+ q e�q(z1+z2)� ;(4.121)�g(q; � = 0jz1 > 0; z2 6 0) = 4�e2�Q+ q e�qz1+ �Qz2 ; (4.122)�g(q; � = 0jz1 6 0; z2 > 0) = 4�e2�Q+ q e�qz2+ �Qz1 ; (4.123)



31 ðÒÅ�ÒÉÎÔ�g(q; � = 0jz1 6 0; z2 6 0) = �e2q he�qjz1�z2j � eq(z1+z2)i+�e2�Q he� �Qjz1�z2j + e �Q(z1+z2)i+ 2�e2�Q �Q� q�Q+ q e �Q(z1+z2): (4.124)ú �ÏÒ�×ÎÑÎÎÑ (4.121), (4.122) ÔÁ (4.123) �Ú (4.31), (4.33) ÔÁ (4.32)×ÉÄÎÏ, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ ËÕÌÏÎ�×ÓØËÏ§ ×ÚÁ¤ÍÏÄ�§ × ËÕÍÕÌÑÎÔ� ÄÒÕÇÏÇÏ�ÏÒÑÄËÕ (4.93) ÎÅ ÚÍ�ÎÀ¤ ÓÔÒÕËÔÕÒÉ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ × ÏÂ-ÌÁÓÔÑÈ (z1 > 0, z2 > 0), (z1 > 0, z2 6 0) ÔÁ (z1 6 0, z2 > 0), Á�ÒÉÚ×ÏÄÉÔØ ÄÏ ÚÁÍ�ÎÉ Q = pq2 + {2TF ÎÁ �Q = pq2 + 2{2TF , ÔÏÂÔÏÄÏ Â�ÌØÛ Û×ÉÄËÏÇÏ ÚÁÇÁÓÁÎÎÑ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÎÁ ×ÅÌÉËÉÈ×�ÄÄÁÌÑÈ ×ÇÌÉÂ ÍÅÔÁÌÕ (×ÉÒÁÚÉ (4.122) ÔÁ (4.123)).úÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×É�ÁÄËÕ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒ Õ ×ÉÒÁÚÁÈ (4.121){(4.124) ÓÌ�Ä ÚÁÍ�ÎÉÔÉ ÏÂÅÒÎÅÎÉÊ ÒÁÄ�ÕÓ ÅËÒÁÎÕ×ÁÎÎÑ �ÏÍÁÓÁ-æÅÒÍ�{TF ÎÁ {D ({D | ÏÂÅÒÎÅÎÉÊ ÒÁÄ�ÕÓ ÅËÒÁÎÕ×ÁÎÎÑ äÅÂÁÑ).5. ÷ÚÁ¤ÍÏÄ�Ñ Ä×ÏÈ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË Â�ÌÑ �Ï-×ÅÒÈÎ� ÍÅÔÁÌÕäÌÑ ÔÏÇÏ, ÝÏÂ �ÏÒ�×ÎÑÔÉ ÒÅÚÕÌØÔÁÔÉ ÎÁÛÉÈ ÒÏÚÒÁÈÕÎË�× �Ú ÒÅÚÕÌØÔÁ-ÔÁÍÉ, ÑË� ÂÕÌÉ ÏÔÒÉÍÁÎ� × �ÒÁ�� [18℄, ÒÏÚÇÌÑÎÅÍÏ �ÏÔÅÎ��ÁÌØÎÕ ÅÎÅÒ-Ç�À ×ÚÁ¤ÍÏÄ�§ Ä×ÏÈ ÚÁÒÑÄ�× e1 ÔÁ e2, ÑË� ÚÎÁÈÏÄÑÔØÓÑ Õ ×ÁËÕÕÍ� ÎÁÏÄÎÁËÏ×�Ê ×�ÄÄÁÌ� z1 = z2 = z ×�Ä �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÚÇ�ÄÎÏ (4.121) ¤ÔÁËÏÀ: �W12(rjj; z) = e1e2(2�)2 Z dq eiqrjj�g(q; � = 0jz; z)=e2; (5.1)ÄÅ rjj = jrjjj | ×�ÄÓÔÁÎØ Í�Ö ÚÁÒÑÄÁÍÉ Õ �ÁÒÁÌÅÌØÎ�Ê ÄÏ �Ï×ÅÒÈÎ��ÌÏÝÉÎ�. õ ×É�ÁÄËÕ ÍÁÌÉÈ �Í�ÕÌØÓ�× �ÅÒÅÄÁÞ� (q2 � {2TF ) ÅËÒÁÎÏ-×ÁÎÉÊ �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ �g(q; � = 0jz; z) (4.121) ÎÁÂÕ×Á¤ ÎÁÓÔÕ�ÎÏÇÏ×ÉÇÌÑÄÕ:1e2 �g(q; � = 0jz; z) �= 2�q �1� e�2qz + 2qp2{TF e�2qz� ; (5.2)ÔÏÄ� �ÏÔÅÎ��ÁÌØÎÁ ÅÎÅÒÇ�Ñ ×ÚÁ¤ÍÏÄ�§ �W12(rjj; z) (5.1)�W12(rjj; z) = e1e2 +1Z0 dq�1� e�2qz + 2qp2{TF e�2qz� J0(qrjj); (5.3)
ICMP{02{02U 32ÄÅ J0(qrjj) | ÆÕÎË��Ñ âÅÓÓÅÌÑ ÎÕÌØÏ×ÏÇÏ �ÏÒÑÄËÕ. ïÓË�ÌØËÉ ÚÇ�ÄÎÏ[25℄ ÍÁ¤ Í�Ó�Å Ó��××�ÄÎÏÛÅÎÎÑ:+1Z0 dq e�2qzJ0(qrjj) = 1qr2jj + 4z2 ; (5.4)ÔÏ�W12(rjj; z) = e1e20� 1rjj � 1qr2jj + 4z2 + 4p2{TF z(r2jj + 4z2)3=21A ; (5.5)ÄÅ �ÅÒÛ� Ä×Á ÄÏÄÁÎËÉ Ï�ÉÓÕÀÔØ ËÌÁÓÉÞÎÕ ×ÚÁ¤ÍÏÄ�À Ä×ÏÈ ÚÁÒÑÄ�×Â�ÌÑ �Ï×ÅÒÈÎ�, ×ÒÁÈÏ×ÕÀÞÉ ÓÉÌÉ ÚÏÂÒÁÖÅÎÎÑ; ÏÓÔÁÎÎ�Ê ÄÏÄÁÎÏË ×ÒÁ-ÈÏ×Õ¤ ÏÂÍ�ÎÎÏ-ËÏÒÅÌÑ��ÊÎ� ÅÆÅËÔÉ.õ ×É�ÁÄËÕ rjj � z ÚÎÁÈÏÄÉÍÏ ÁÓÉÍ�ÔÏÔÉËÕ:�W12(rjj; z) �= 2e1e2r3jj z2; (5.6)ÑËÁ Ó��×�ÁÄÁ¤ Ú ÒÅÚÕÌØÔÁÔÏÍ ÒÏÂÏÔÉ ëÏÎÁ ÔÁ ìÁÕ [26℄ ÔÁ ×�ÄÒ�ÚÎÑ¤-ÔØÓÑ Õ Ä×Á ÒÁÚÉ ×�Ä ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§ Ä×ÏÈ ÄÉ�ÏÌ�×.òÏÚÇÌÑÎÅÍÏ ÅÎÅÒÇ�À �ÒÉÔÑÇÁÎÎÑ ÚÁÒÑÄÕ ÄÏ ÍÅÔÁÌÕ ÚÁ ÒÁÈÕÎÏË ÓÉÌÚÏÂÒÁÖÅÎÎÑ Ú ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÉÎ ÚÁÒÑÄ:�W1(z) = �12 �W11(rjj; z)� e22rjj�����rjj!0= �e22 +1Z0 dq e�2qzpq2 + 2{2TF � qpq2 + 2{2TF + q= � e24z �1 + 12{2TF z2 � � �H0(2p2{TF z)�N0(2p2{TF z)�+ �p2{TF z �H1(2p2{TF z)�N1(2p2{TF z)�� ; (5.7)ÄÅ H0 ÔÁ H1 | ÆÕÎË��§ óÔÒÕ×Å, N0 ÔÁ N1 | ÆÕÎË��§ îÅÊÍÁÎÁ ×�Ä-�Ï×�ÄÎÏ ÎÕÌØÏ×ÏÇÏ ÔÁ �ÅÒÛÏÇÏ �ÏÒÑÄË�× [25℄.îÁ ÄÏÓÔÁÔÎØÏ ×ÅÌÉË�Ê ×�ÄÄÁÌ� ×�Ä �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ, ËÏÌÉ {TF z �1, ÏÔÒÉÍÕ¤ÍÏ: �W1(z) �= � e24z �1� 1p2{TF z� ; (5.8)ÄÅ �ÅÒÛÉÊ ÄÏÄÁÎÏË ×�Ä�Ï×�ÄÁ¤ ËÌÁÓÉÞÎÉÍ ÓÉÌÁÍ ÚÏÂÒÁÖÅÎÎÑ.



33 ðÒÅ�ÒÉÎÔú �ÎÛÏ§ ÓÔÏÒÏÎÉ, �ÒÉ {TF z � 1 ÏÔÒÉÍÕ¤ÍÏ, ÝÏ�W1(z) �= �e22 p2{TF �1�p2{TF z�43 � 12
 � 12 ln�p2{TF z��� ;(5.9)ÄÅ 
 = 0:577215 | �ÏÓÔ�ÊÎÁ åÊÌÅÒÁ.÷ÅÌÉÞÉÎÁ �W1(0) = e22 p2{TF ÓË�ÎÞÅÎÁ � ×�Ä�Ï×�ÄÁ¤ ÏÂÍ�ÎÎÏ-ËÏÒÅÌÑ��ÊÎ�Ê ÞÁÓÔÉÎ� ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§ ÚÁÒÑÄÕ e �Ú ÎÁ��×ÏÂÍÅÖÅÎÉÍÍÅÔÁÌÏÍ [27℄. �ÁËÉÍ ÞÉÎÏÍ, ×ÉÒÁÚ (5.7) Í�ÓÔÉÔØ �ÎÆÏÒÍÁ��À ÑË �ÒÏÓÉÌÉ ÚÏÂÒÁÖÅÎÎÑ ÎÁ ×ÅÌÉËÉÈ ×�ÄÄÁÌÑÈ ×�Ä �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ, ÔÁË � �ÒÏÂÁÇÁÔÏÞÁÓÔÉÎËÏ×� ÏÂÍ�ÎÎÏ-ËÏÒÅÌÑ��ÊÎ� ÅÆÅËÔÉ ×ÓÅÒÅÄÉÎ� ÍÅÔÁÌÕ.áÎÁÌÏÇ�ÞÎÏ ÍÏÖÎÁ ÒÏÚÒÁÈÕ×ÁÔÉ ×ÅÌÉÞÉÎÉ W12(r; z), W1(z) ÎÁ ÏÓ-ÎÏ×� ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ g(q; � = 0jz1; z2) (4.31) [18℄. ÷�ÄÍ�Î-Î�ÓÔØ �ÏÌÑÇÁ¤ Õ ÚÁÍ�Î� ×ÅÌÉÞÉÎÉ p2{TF ÔÁ {TF . ïÂÍ�ÎÎÏ-ËÏÒÅÌÑ��Ê-ÎÁ ÞÁÓÔÉÎÁ ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§ ÚÁÒÑÄÕ e �Ú ÎÁ��×ÏÂÍÅÖÅÎÉÍ ÍÅÔÁÌÏÍ,ÑËÁ ÂÕÌÁ ÒÏÚÒÁÈÏ×ÁÎÁ Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÅÒÅÎÏÒÍÕ×ÁÎÎÑ ËÕÍÕÌÑÎÔÁÄÒÕÇÏÇÏ �ÏÒÑÄËÕ, ×ÉÑ×ÌÑ¤ÔØÓÑ Õ p2 ÒÁÚÉ Â�ÌØÛÏÀ ÚÁ ÁÎÁÌÏÇ�ÞÎÕ ×Å-ÌÉÞÉÎÕ ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ �ÅÒÅÎÏÒÍÕ×ÁÎÎÑ:�W1(0)W1(0) = p2: (5.10)ïÔÖÅ, ×ÒÁÈÕ×ÁÎÎÑ �ÅÒÅÎÏÒÍÕ×ÁÎÎÑ ËÕÍÕÌÑÎÔÁ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕÚÂÅÒ�ÇÁ¤ Æ�ÚÉÞÎÏ �ÒÁ×ÉÌØÎÕ �Ï×ÅÄ�ÎËÕ �ÏÔÅÎ��ÁÌØÎÏ§ ÅÎÅÒÇ�§ ×ÚÁ¤-ÍÏÄ�§ ÚÁÒÑÄ�× Â�ÌÑ �Ï×ÅÒÈÎ� ÔÁ �ÒÉÚ×ÏÄÉÔØ ÄÏ ÚÂ�ÌØÛÅÎÎÑ ÏÂÍ�ÎÎÏ-ËÏÒÅÌÑ��ÊÎÏ§ ÞÁÓÔÉÎÉ ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÚÁÒÑÄÁÍÉ.äÏÄÁÔÏË á�ÕÔ �ÏÄÁÎÏ ÒÏÚÒÁÈÕÎËÉ ÎÅÚ×�ÄÎÉÈ ÓÅÒÅÄÎ�È n-ÇÏ �ÏÒÑÄËÕ.òÏÚÇÌÑÎÅÍÏ ÎÅÚ×�ÄÎÅ ÓÅÒÅÄÎ¤ �ÅÒÛÏÇÏ �ÏÒÑÄËÕ:Mk1(x1) = ihT�k1(x1)i0;
; (A1)ÄÌÑ ÑËÏÇÏ ÚÇ�ÄÎÏ ÏÚÎÁÞÅÎÎÑ ÕÓÅÒÅÄÎÅÎÎÑ (3.3) ÍÁ¤ÍÏMk1(x1) = i 1�0 Sp �e��H00T�k1(x1)�= i 1�0 Sp0�e��H00T 1� �Z0 d�0 ei�1�0�k1(q1j�0)1A
ICMP{02{02U 34= i 1�0 Sp0�e��H00T 1� �Z0 d�0 ei�1�0 Xp;�;�0h�je�ik1zj�0i� ay�(pj�0)a�0(p� q1j�0)1A= i 1� �Z0 d�0 Xp;�;�0h�je�ik1zj�0iei�1�0 lim�0!+0G�(pj�0)Æq1;0Æ�;�0 ; (A2)ÄÅ G�(pj�1 � �2) = �hTa�(pj�1)ay�(pj�2)i0 | ÏÄÎÏÞÁÓÔÉÎËÏ×Á ÆÕÎ-Ë��Ñ çÒ�ÎÁ. ïÓË�ÌØËÉ ÓËÒ�ÚØ, ÄÅ ×�ÄÂÕ×Á¤ÔØÓÑ ÓÕÍÕ×ÁÎÎÑ �Ï q ÍÁ¤Í�Ó�Å ÕÍÏ×Á q 6= 0, ÔÏ ËÕÍÕÌÑÎÔ �ÅÒÛÏÇÏ �ÏÒÑÄËÕ ÔÏÔÏÖÎÏ Ò�×ÎÉÊÎÕÌÅ×�: Mk1(x1) = 0.òÏÚÇÌÑÎÅÍÏ ÎÅÚ×�ÄÎÅ ÓÅÒÅÄÎ¤ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ:Mk1;k2(x1; x2) = i2hT�k1(x1)�k2(x2)i0;
= i2hT�k1(x1)�k2(x2)i0 � i2hT�k1(x1)i0hT�k2(x2)i0;
= i2 1�2 Xp1;�1;�01 Xp2;�2;�02h�1je�ik1z j�01ih�2je�ik2zj�02i*T �Z0 d�0 �Z0 d�00ei�1�0�ei�2�00ay�1(p1j�0)a�01(p1 � q1j�0)ay�2(p2j�00)a�02(p2 � q2j�00)+0= i2 1�2 Xp1;�1;�01 Xp2;�2;�02h�1je�ik1zj�01ih�2je�ik2zj�02iÆ�1;�02Æ�01;�2� �Z0 d�0 �Z0 d�00ei�1�0+i�2�00G�1(p1j�00 � �0)G�2(p2j�0 � �00)Æp1;p2�q2�Æp1�q1;p2 = i2 1�2 Xp1;�1;�2h�1je�ik1z j�01ih�2je�ik2zj�02iÆq1+q2;0� �Z0 d�0 �Z0 d�00 ei�1�0+i�2�00G�1(p1j�00 � �0)G�2(p1 � q1j�0 � �00); (A3)



35 ðÒÅ�ÒÉÎÔ�ÅÒÅÊÛÏ×ÛÉ ÄÏ ÞÁÓÔÏÔÎÏÇÏ �ÒÅÄÓÔÁ×ÌÅÎÎÑ:G�1(p1j�00 � �0) = 1� X� G�1(p1j�)ei�(�00��0); (A4)ÄÅ G�1(p1j�) = (i� + ��E�1(p1))�1 | ÆÕÒ'¤-ÏÂÒÁÚ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ÆÕÎË��§ çÒ�ÎÁ, � = �� (2n+ 1), n = 0;�1;�2; : : :,Mk1;k2(x1; x2) = �i2 1�2 Xp1;�1;�2X� h�1je�ik1zj�01ih�2je�ik2zj�02i�G�1(p1j�)G�2 (p1 � q1j� � �1)Æq1+q2;0Æ�1+�2;0: (A5)áÎÁÌÏÇ�ÞÎÏ ÍÏÖÎÁ ÒÏÚÒÁÈÕ×ÁÔÉ ÎÅÚ×�ÄÎÅ ÓÅÒÅÄÎ¤ n-ÇÏ �ÏÒÑÄËÕ(n > 3), ÄÌÑ ÑËÏÇÏ ÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ×ÉÒÁÚ:Mk1;:::;kn(x1; : : : ; xn) = (�1)n�1in 1� Xp;�1;:::;�nX� h�1je�ik1zj�2i�h�2je�ik2z j�3i � � � h�nje�iknzj�1iG�1(pj�)G�2 (p� q1j� � �1) � � ��G�n(p� q1 � q2 � : : :� qn�1j� � �1 � �1 � �2 � : : :� �n�1)�Æx1+x2+���+xn;0; (A6)ÄÅ �1; : : : ; �2 | ÂÏÚ�×ÓØË� ÞÁÓÔÏÔÉ, � | ÆÅÒÍ�¤×ÓØËÁ.ì�ÔÅÒÁÔÕÒÁ1. ó. á. ëÕËÕÛËÉÎ, á. ÷. ïÓÉ�Ï×, õÓ�. ÆÉÚ. ÎÁÕË 168, 1083 (1998).2. ð. ç. âÏÒÚÑË, ï. å. ëÉÑ¤×, á. ç. îÁÕÍÏ×Å�Ø, ò. ä. æÅÄÏÒÏ×ÉÞ,õËÒ. Æ�Ú. ÖÕÒÎ. 43, 1487 (1998).3. ÷. ç. ìÉÔÏ×ÞÅÎËÏ, ä. ÷. ëÏÒÂÕÔÑË, ó. ç. ëÒÉÌÀË, à. ÷. ëÒÀ-ÞÅÎËÏ, õËÒ. Æ�Ú. ÖÕÒÎ. 43, 1493 (1998).4. F. Besenba
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