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õäë: 532: 537.226; 541.135PACS: 05.20.Gg, 61.25.-f, 78.55.MbåËÒÁÎÏ×ÁÎ� �ÏÔÅÎ��ÁÌÉ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÏ§ ÓÉÓÔÅÍÉ:�ÏÎ-ÄÉ�ÏÌØÎÁ ÓÕÍ�Û - �ÏÒÉÓÔÅ ÓÅÒÅÄÏ×ÉÝÅí.æ. çÏÌÏ×ËÏ, ´.í. óÏ×'ÑËáÎÏÔÁ��Ñ. òÏÚÇÌÑÎÕÔÏ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÕ Ä×ÏÆÁÚÎÕ ÓÉÓÔÅÍÕÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË �ÏÎ-ÄÉ�ÏÌØÎÏ§ ÓÕÍ�Û� × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ� ÚÒ�ÚËÏÀ �ÌÏÓËÏÀ ÍÅÖÅÀ �ÏÄ�ÌÕ ÆÁÚ. äÌÑ Ï�ÉÓÕ ÅÆÅËÔ�× ÅËÒÁÎÕ×ÁÎÎÑÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ×ÉËÏÒÉÓÔÁÎÏ ÒÅ�Ì�ÞÎ� �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄ-ÎÏÒ�ÄÎ� Ò�×ÎÑÎÎÑ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ�ËÅ. ïÔÒÉÍÁÎÏ ×ÉÒÁÚÉ ÄÌÑ Ä×Ï- ÔÁÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÔÁ ÄÏÓÌ�ÄÖÅÎÏ §È ÁÓÉÍ�-ÔÏÔÉÞÎÕ �Ï×ÅÄ�ÎËÕ.S
reened potentials of spatially inhomogeneous system: ion-dypole mixture { porous mediaM.F. Holovko, E.M. SovyakAbstra
t. A two-phase spatially inhomogeneous system of point-likeparti
les of ion-dypole mixture in porous media with a sharp interfa-
ial plain is 
onsidered. Repli
a nonuniform Ornstein-Zernike equationis used for the dis
ription of s
reening e�e
ts of ele
trostati
 intera
tions.The expressions for two- and one-parti
le s
reened potentials have beenobtained and their asymptoti
s have been studied as well.
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�ïÓÔÁÎÎ�Í ÞÁÓÏÍ ÚÎÁÞÎÁ Õ×ÁÇÁ �ÒÉÄ�ÌÑ¤ÔØÓÑ ÄÏÓÌ�ÄÖÅÎÎÑÍ ÓÔÒÕËÔÕÒ-ÎÉÈ ÔÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÒÏÚÞÉÎ�× ÅÌÅËÔÒÏÌ�Ô�× Õ �Ï-ÒÉÓÔÉÈ ÍÁÔÅÒ�ÁÌÁÈ (�ÏÌ�ÍÅÒÎÉÈ ÍÅÂÒÁÎÁÈ, ÓËÌÁÈ, Ò�ÚÎÏÍÁÎ�ÔÎÉÈ ËÏÍ-�ÏÚÉ��ÊÎÉÈ ÍÁÔÅÒ�ÁÌÁÈ, ËÏÌÏ§ÄÎÉÈ ÇÅÌÑÈ ÔÁ �Î.). èÁÒÁËÔÅÒÎÉÍ ÄÌÑÔÁËÉÈ ÓÉÓÔÅÍ ¤ Æ�ËÓÏ×ÁÎÁ ËÏÎÆ�ÇÕÒÁ��Ñ ÞÁÓÔÉÎÏË, ÝÏ ÄÏÚ×ÏÌÑ¤ ÒÏÚ-ÇÌÑÄÁÔÉ �ÏÒÉÓÔÅ ÓÅÒÅÄÏ×ÉÝÅ ÑË ÓÉÓÔÅÍÕ Ú ÚÁÍÏÒÏÖÅÎÏÀ Ò�×ÎÏ×ÁÖ-ÎÏÀ ËÏÎÆ�ÇÕÒÁ��¤À ÞÁÓÔÉÎÏË. äÌÑ ÄÏÓÌ�ÄÖÅÎÎÑ ×ÌÁÓÔÉ×ÏÓÔÅÊ Â�ÎÁÒ-ÎÏ§ ÓÉÓÔÅÍÉ Ò�ÄÉÎÁ - �ÏÒÉÓÔÁ ÍÁÔÒÉ�Ñ ÛÉÒÏËÏ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÍÅ-ÔÏÄ ÒÅ�Ì�Ë [1℄. îÅÄÁ×ÎÏ ç�×ÅÎ � óÔÅÌ [2℄ ÚÁ�ÒÏ�ÏÎÕ×ÁÌÉ ÄÌÑ ×É×ÞÅÎ-ÎÑ ÓÔÒÕËÔÕÒÉ ÔÁËÏ§ ÓÕÍ�Û� ÓÉÓÔÅÍÕ ÔÁË Ú×ÁÎÉÈ ÒÅ�Ì�ÞÎÉÈ Ò�×ÎÑÎØïÒÎÛÔÅÊÎÁ-ãÅÒÎ�ËÅ. úÁ ÄÏ�ÏÍÏÇÏÀ �ÉÈ Ò�×ÎÑÎØ × [3℄ ÄÌÑ ÓÉÓÔÅÍÉ�ÏÎ�× × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ�, Á × [4℄ ÄÌÑ ÓÉÓÔÅÍÉ �ÏÎ-ÄÉ�ÏÌØÎÁ ÓÕ-Í�Û - �ÏÒÉÓÔÁ ÍÁÔÒÉ�Ñ ÂÕÌÏ ÄÏÓÌ�ÄÖÅÎÏ ×�ÌÉ× �ÏÒÉÓÔÏÓÔ� ÎÁ ÅÆÅËÔÉÅËÒÁÎÕ×ÁÎÎÑ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË. â�ÌØÛÄÅÔÁÌØÎÏ ÏÇÌÑÄ �ÒÏÂÌÅÍ, ÑË� ×ÉÎÉËÁÀÔØ �ÒÉ ÄÏÓÌ�ÄÖÅÎÎ� ÔÅÒÍÏÄÉÎÁ-Í�ËÉ ÔÁ ÓÔÒÕËÔÕÒÉ ÚÁÍÏÒÏÖÅÎÏ-×�Ä�ÁÌÅÎÉÈ Ò�ÄËÉÈ ÓÉÓÔÅÍ �ÒÉ×ÅÄÅÎÏ× [5℄.÷ ÄÁÎ�Ê �ÒÁ�� ÂÕÄÅ ÒÏÚÇÌÑÎÕÔÏ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÕ Ä×ÏÆÁÚÎÕÓÉÓÔÅÍÕ �ÏÎ-ÄÉ�ÏÌØÎÏ§ ÓÕÍ�Û� × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ� Ú �ÌÏÓËÏÀ Ò�Ú-ËÏÀ �Ï×ÅÒÈÎÅÀ �ÏÄ�ÌÕ ÆÁÚ. úÁÓÔÏÓÏ×ÕÀÞÉ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÕÓÉÓÔÅÍÕ ÒÅ�Ì�ÞÎÉÈ Ò�×ÎÑÎØ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ�ËÅ, ÄÏÓÌ�ÄÖÅÎÏ ×�ÌÉ×�ÏÒÉÓÔÏÓÔ� ÎÁ ÅÆÅËÔÉ ÅËÒÁÎÕ×ÁÎÎÑ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÔÏÞ-ËÏ×ÉÈ ÞÁÓÔÉÎÏË.2. ðÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÁ ÓÉÓÔÅÍÁ ÒÅ�Ì�ÞÎÉÈ Ò�×-ÎÑÎØ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ�ËÅäÌÑ ÄÏÓÌ�ÄÖÅÎÎÑ ÓÔÒÕËÔÕÒÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ Ä×ÏÆÁÚÎÏ§ ÓÉÓÔÅÍÉ ÒÏÚ-ÞÉÎÕ ÅÌÅËÔÒÏÌ�ÔÕ ×ÉËÏÒÉÓÔÁ¤ÍÏ ��ÄÈ�Ä, ÝÏ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÒÅ�Ì�ÞÎÉÈÒ�×ÎÑÎÎÑÈ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ�ËÅ [2,3℄. ðÏÄ�ÂÎÏ, ÑË Ú×ÉÞÁÊÎÅ Ò�×ÎÑÎÎÑïÒÎÛÔÅÊÎÁ-ãÅÒÎ�ËÅ, §È ÍÏÖÎÁ ÕÚÁÇÁÌØÎÉÔÉ ÎÁ ×É�ÁÄÏË �ÒÏÓÔÏÒÏ×Ï§ÎÅÏÄÎÏÒ�ÄÎÏÓÔ�. äÌÑ �ØÏÇÏ ÓÌ�Ä ×ÒÁÈÕ×ÁÔÉ, ÝÏ ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË ¤ÆÕÎË��ÑÍÉ ËÏÏÒÄÉÎÁÔ, Á �ÒÑÍÁ ÔÁ �ÁÒÎÁ ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ ÚÁÌÅ-ÖÁÔØ ×�Ä ÒÏÚÔÁÛÕ×ÁÎÎÑ ËÏÖÎÏ§ Ú Ä×ÏÈ ÞÁÓÔÉÎÏË × �ÒÏÓÔÏÒ�. úÁ�ÉÛÅ-ÍÏ �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎ� ÒÅ�Ì�ÞÎ� Ò�×ÎÑÎÎÑ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ�ËÅ Õ×ÉÇÌÑÄ�hmm = 
mm + 
mm�m 
 hmmhff(
) = 
ff(
) + 
ff(
)�f 
 hff(
)

ICMP{99{11U 2hmf = 
mf + 
mm�m 
 hmf + 
mf�f 
 hff(
)hfm = 
fm + 
ff(
)�f 
fm +
fm�m 
 hmm (1)hff 0 = 
ff 0 + 
ff(
)�f 
 hff 0 + 
fm�m 
 hmf + 
ff 0�f 
 hff(
)hf 0f = 
f 0f + 
f 0f�f 
 hff(
) + 
f 0m�m 
 hmf + hf 0f 
 �f 
ff(
)÷ (1) �ÎÄÅËÓ \m" �ÏÚÎÁÞÁ¤ �ÒÉÎÁÌÅÖÎ�ÓÔØ ÞÁÓÔÉÎËÉ ÄÏ ��ÄÓÉÓÔÅÍÉÍÁÔÒÉ�� �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ, Á �ÎÄÅËÓ \f" ÄÏ ��ÄÓÉÓÔÅÍÉ Ò�ÄÉÎÎÏ-ÇÏ ÓÅÒÅÄÏ×ÉÝÁ. æÕÎË��§ 
 � h ×�Ä�Ï×�ÄÎÏ �ÒÑÍ� ÔÁ �ÁÒÎ� ËÏÒÅÌÑ��ÊÎ�ÆÕÎË��§, Á � - ÇÕÓÔÉÎÁ ÞÁÓÔÉÎÏË. óÉÍ×ÏÌ 
 ÏÚÎÁÞÁ¤ ÎÁÓÔÕ�ÎÕ Ï�ÅÒÁ-��À: 
 =X
 Z d~R
d

 (2)ÄÅ ~R
 - ÒÁÄ�ÕÓ-×ÅËÔÏÒ ËÏÏÒÄÉÎÁÔ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ 
, 

 - ÏÒ�¤ÎÔÁ��ÊÎ�ËÏÏÒÄÉÎÁÔÉ ÞÁÓÔÉÎËÉ, � -�ÒÏÆ�Ìi ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË. P
 ÏÚÎÁÞÁ¤ ÓÕ-ÍÕ×ÁÎÎÑ �Ï ×Ó�È ÓÏÒÔÁÈ ÞÁÓÔÉÎÏË. 
ff 0 � hff 0 - ÔÁË Ú×ÁÎ� ÚÁÍÏÒÏÖÅÎ�ÞÁÓÔÉÎÉ ×�Ä�Ï×�ÄÎÏ �ÒÑÍÉÈ � �ÁÒÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ÞÁÓÔÉÎÏËÒ�ÄÉÎÎÉÈ ��ÄÓÉÓÔÅÍ Ä×ÏÈ Ò�ÚÎÉÈ ËÏ��Ê
ff(
) = 
ff � 
ff 0hff(
) = hff � hff 0 (3)- Ú×'ÑÚÎ� ÞÁÓÔÉÎÉ ×�Ä�Ï×�ÄÎÏ ÄÌÑ �ÒÑÍÏ§ ÔÁ �ÁÒÎÏ§ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎ-Ë��Ê.äÁÌ� ÒÏÚÇÌÑÄÁÔÉÍÅÍÏ Ä×ÏÆÁÚÎÕ ÓÉÓÔÅÍÕ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌ�ÔÕ ×�ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ� Ú Ò�ÚËÏÀ �ÌÏÓËÏÀ ÍÅÖÅÀ �ÏÄ�ÌÕ ÆÁÚ. äÌÑÚÒÕÞÎÏÓÔ� ×ÉÂÅÒÅÍÏ ÄÅËÁÒÔÏ×Õ ÓÉÓÔÅÍÕ ËÏÏÒÄÉÎÁÔ ÔÁË, ÝÏÂ ÍÅÖÁ �Ï-Ä�ÌÕ Ó��×�ÁÄÁÌÁ Ú �ÌÏÝÉÎÏÀ XOY. ÷Ó� ×ÅÌÉÞÉÎÉ, �Ï×'ÑÚÁÎ� Ú ÞÁÓÔÉÎ-ËÁÍÉ ×ÅÒÈÎØÏÇÏ ÎÁ��×�ÒÏÓÔÏÒÕ (z > 0), �ÏÚÎÁÞÁÔÉÍÅÍÏ �ÎÄÅËÓÏÍ "+",Á ÎÉÖÎØÏÇÏ (z < 0) �ÎÄÅËÓÏÍ "�". ðÒÏÆ�ÌØ ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË ÓÏÒÔÕ"Ó" Ò�ÄÉÎÎÏ§ ÞÉ �ÏÒÉÓÔÏ§ ��ÄÓÉÓÔÅÍ ÍÁ¤ ×ÉÇÌÑÄ��
 (~R
;

) = ( ��(+)
 (~R
;

); z
 > 0;rho�(�)
 (~R
;

); z
 < 0; (� = f ÁÂÏ m): (4)òÏÚÞÉÎÉ ÅÌÅËÔÒÏÌ�ÔÕ, ÑË� ÚÎÁÈÏÄÑÔØÓÑ Õ ×ÅÒÈÎØÏÍÕ � ÎÉÖÎØÏÍÕÎÁ��×�ÒÏÓÔÏÒÁÈ, ÍÏÄÅÌÀ×ÁÔÉÍÅÍÏ ÓÕÍ�ÛÛÀ ÔÏÞËÏ×ÉÈ �ÏÎ�× � ÄÉ�ÏÌ�×.ðÏÄ�ÂÎÉÍ ÞÉÎÏÍ ÚÍÏÄÅÌÀ¤ÍÏ �ÏÒÉÓÔ� ÍÁÔÒÉ�� ×ÅÒÈÎØÏÇÏ ÔÁ ÎÉÖÎØÏÇÏÎÁ��×�ÒÏÓÔÏÒ�×.



3 ðÒÅ�ÒÉÎÔó��×ÓÔÁ×ÉÍÏ ÔÅ�ÅÒ �ÒÑÍ� ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ Ú ×�Ä�Ï×�ÄÎÉÍÉ �Ï-ÔÅÎ��ÁÌÁÍÉ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§ ×ÚÁ¤ÍÏÄ�§
��ab (~Ra; ~Rb) = � 1T ^Q�a (
a) ^Q�b (
b) 1j ~Ra � ~Rb j ;
ff 0ab (~Ra; ~Rb) = 0; (�; � = m ÁÂÏ f): (5)ïÓÔÁÎÎÑ Ò�×Î�ÓÔØ ×iÄ�Ï×iÄÁ¤ ÎÅ×ÚÁ¤ÍÏÄi§ ÞÁÓÔÉÎÏË ÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ-×ÉÝÁ Ä×ÏÈ ÒiÚÎÉÈ ÒÅ�ÌiË.^Q�a (
a) - Ï�ÅÒÁÔÏÒ ÕÚÁÇÁÌØÎÅÎÏÇÏ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÇÏ ÚÁÒÑÄÕ^Q�a (
a) = eZ�a + ~m�a � ~5a; (6)ÄÅ × (6) e - ÅÌÅÍÅÎÔÒÁÎÉÊ ÚÁÒÑÄ, Z�a - ×ÁÌÅÎÔÎiÓÔØ, Á ~m�a - ÄÉ�ÏÌØÎÉÊÍÏÍÅÎÔ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ a, ~5a - Ï�ÅÒÁÔÏÒ ÇÒÁÄi¤ÎÔÁ �Ï ËÏÏÒÄÉÎÁÔÁÈÞÁÓÔÉÎËÉ ÓÏÒÔÕ a, T - ÁÂÓÏÌÀÔÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ, ×ÉÍiÒÀ×ÁÎÁ × ÅÎÅÒ-ÇÅÔÉÞÎÉÈ ÏÄÉÎÉ�ÑÈ.ðÁÒÎÁ ËÏÒÅÌÑ�iÊÎÁ ÆÕÎË�iÑ × �ØÏÍÕ ×É�ÁÄËÕ ÍÁÔÉÍÅ ÚÎÁÞÅÎÎÑÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ�iÁÌÕ. ðÏÄiÂÎÏ, ÑË �ÒÑÍÕ ËÏÒÅÌÑ�iÊÎÕ ÆÕÎË�iÀ,�ÒÅÄÓÔÁ×ÉÍÏ §§ Õ ×ÉÇÌÑÄi:h��ab (~Ra; ~Rb) = ^Q�a (
a) ^Q�b (
b)G��(~Ra; ~Rb); (�; � = m ÁÂÏ f) (7)÷×ÅÄÅÍÏ ÔÅ�ÅÒ ÏÄÎÏÓÔÏÒÏÎÎi ÆÕÎË�i§ �ÏÄiÂÎÏ ÑË �Å ÚÒÏÂÌÅÎÏ ×[6,7℄: G��+ (~Ra; ~Rb) = � G��(~Ra; ~Rb); ~Ra 2 V +;0; ~Ra 2 V �;G��� (~Ra; ~Rb) = � 0; ~Ra 2 V +;�G��(~Ra; ~Rb); ~Ra 2 V �: (8)V + i V � �ÏÚÎÁÞÁÀÔØ ×iÄ�Ï×iÄÎÏ ×ÅÒÈÎiÊ ÔÁ ÎÉÖÎiÊ ÎÁ�i×�ÒÏÓÔÏÒÉ.÷iÄÍiÔÉÍÏ, ÝÏ × �ØÏÍÕ ×É�ÁÄËÕ ÆÕÒ'¤-ÏÂÒÁÚÉ ÏÄÎÏÓÔÏÒÏÎÎiÈ ÆÕÎ-Ë�iÊ ~G��+ (p; q1; q2) ÔÁ ~G��� (p; q1; q2) ¤ ×iÄ�Ï×iÄÎÏ ÁÎÁÌiÔÉÞÎÉÍÉ �Ï ÚÍiÎ-ÎiÊ q1 Õ ×ÅÒÈÎiÊ ÔÁ ÎÉÖÎiÊ ËÏÍ�ÌÅËÓÎÉÈ ÎÁ�i×�ÌÏÝÉÎÁÈ. q1 ÔÁ q2 -�ÒÏÅË�i§ ÔÒÉ×ÉÍiÒÎÉÈ ×ÅËÔÏÒi× ÆÕÒ'¤-�ÅÒÅÔ×ÏÒÅÎÎÑ ~k1 i ~k2 ÎÁ ×iÓØOZ, p - ÍÏÄÕÌØ �ÒÏÅË�i§ ×ÅËÔÏÒÁ (~k1 � ~k2) ÎÁ �ÌÏÝÉÎÕ XOY.ðiÄÓÔÁ×ÉÍÏ (4)-(8) Õ ÓÉÓÔÅÍÕ Òi×ÎÑÎØ (1) i ÚÄiÊÓÎÉÍÏ × ÎÉÈ ÆÕÒ'¤-�ÅÒÅÔ×ÏÒÅÎÎÑ. õÓÅÒÅÄÎÅÎÎÑ �Ï ÏÒi¤ÎÔÁ�iÊÎÉÈ ÓÔÅ�ÅÎÑÈ ×iÌØÎÏÓÔi ÄÁ¤:X
 4�T Z d

Q�
 (q1) ^Q�
 (

) == (��)2 + ("� � 1)p2 + iq1("� � 1) ddz
 (9)
ICMP{99{11U 4ÄÅ: (��)2 =X
 4�T ��
 e2(Z�
 )2 (10)- ÏÂÅÒÎÅÎÉÊ Ë×ÁÄÒÁÔ ÒÁÄiÕÓÁ ÄÅÂÁ§×ÓØËÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ,"� � 1 = 13X
 4�T ��
 (m�
 )2 (11)- ÓÁÍÏÕÚÇÏÄÖÅÎÁ ÞÁÓÔÉÎÁ ÄiÅÌÅËÔÒÉÞÎÏ§ ÓÔÁÌÏ§.÷iÄ�Ï×iÄÎi ÆiÚÉÞÎi �ÁÒÁÍÅÔÒÉ, ÒÏÚÒÁÈÏ×ÁÎi ÄÌÑ ×ÅÒÈÎØÏ§ ÞÉ ÎÉÖ-ÎØÏ§ ÆÁÚ ×iÄÒiÚÎÑÔÉÍÕÔØÓÑ iÎÄÅËÓÁÍÉ "+" ÞÉ "�".ðiÓÌÑ ÆÕÒ'¤-�ÅÒÅÔ×ÏÒÅÎÎÑ × (11) ÚÁÍiÓÔØ ÒÅ�ÌiÞÎÉÈ Òi×ÎÑÎØïÒÎÛÔÅÊÎÁ-ãÅÒÎiËÅ ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÕ ÓÉÓÔÅÍÕ ÚÁÄÁÞ òiÍÁÎÁ ÄÌÑÆÕÒ'¤-ÏÂÒÁÚi× ÏÄÎÏÓÔÏÒÏÎÎiÈ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ�iÁÌi×P�+(q1) ~G��+ (q1; q2)� P��(q1) ~G��� (q2) = D��(q1; q2);(�; � = m; f ÁÂÏ f 0); (12)ÄÅ ËÏÅÆi�i¤ÎÔÉ �ÒÉ ÎÅ×iÄÏÍÉÈ ÆÕÎË�iÑÈ Òi×Îi:P 
�(q1) = "
� �q21 + (�
�(p))2� ; (13)(�
�(p))2 = p2 + (�
�)2"
� ; (
 = m ÁÂÏ f): (14)÷iÄÍiÔÉÍÏ, ÝÏ × ËÏÅÆi�i¤ÎÔÁÈ P 
�(q1) ÆÕÒ'¤-ÏÂÒÁÚÁÈ ÏÄÎÏÓÔÏÒÏÎ-ÎiÈ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ�iÁÌi×, ×iÌØÎÉÈ ÞÌÅÎÁÈ ÍÉ Ï�ÕÓÔÉÍÏ ÚÁÌÅÖ-ÎiÓÔØ ×iÄ p, ÒÏÚÕÍiÀÞÉ, ÝÏ ×Ói �i ×ÅÌÉÞÉÎÉ ÚÁÌÅÖÁÔØ ×iÄ �ÌÏÓËÏÇÏ×ÅËÔÏÒÁ, ÑË ×iÄ �ÁÒÁÍÅÔÒÁ. æÕÎË�i§ D��(q1; q2), ÑËi ×iÄiÇÒÁÀÔØ ÒÏÌØ×iÌØÎÉÈ ÞÌÅÎi× × Òi×ÎÑÎÎÑÈ (12), Òi×Îi:Dmm(q1; q2) = �4�T Æ(q1 + q2) + iq1("m+ � "m� ) ~Gmm(q2)Dff(
)(q1; q2) = �4�T Æ(q1 + q2) + iq1("f+ � "f�) ~Gff(
)(q2)Dmf (q1; q2) = (q21 + p2) h ~Gff(
)+ (q1; q2)� ~Gff(
)� (q1; q2)i++ iq1("m+ � "m� )Gmf (q2)Dfm(q1; q2) = (q21 + p2) h ~Gmm+ (q1; q2)� ~Gmm� (q1; q2)i++ iq1("f+ � "f�)Gfm(q2)Dff 0(q1; q2) = (q21 + p2) h ~Gmf+ (q1; q2)� ~Gmf� (q1; q2)i�



5 ðÒÅ�ÒÉÎÔ� (q21 + p2) h ~Gff(
)+ (q1; q2)� ~Gff(
)� (q1; q2)i++ iq1("f+ � "f�)Gff 0(q2)Df 0f (q1; q2) = (q21 + p2) h ~Gmf+ (q1; q2)� ~Gmf� (q1; q2)i�� (q21 + p2) h ~Gff(
)+ (q1; q2)� ~Gff(
)� (q1; q2)i++ iq1("f+ � "f�)Gff 0(q2) (15)Æ(q1 + q2) - ÄÅÌØÔÁ-ÆÕÎË��Ñ ä�ÒÁËÁ, Gmm(q2); : : : ; Gff 0(q2) - ×�Ä�Ï×�-ÄÁÀÔØ ÆÕÒ'¤-ÏÂÒÁÚÁÍ ×�Ä ÚÎÁÞÅÎÎÑ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×, ËÏÌÉ�ÅÒÛÁ ÞÁÓÔÉÎËÁ ÚÎÁÈÏÄÉÔØÓÑ ÎÁ ÍÅÖ� �ÏÄ�ÌÕ ÆÁÚ. ãÅÊ ÄÏÄÁÎÏË ×É-ÎÉËÁ¤ ×�Ä Ï�ÅÒÁÔÏÒÁ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ, ÎÁÑ×ÎÏÓÔ� Ï�ÅÒÁÔÏÒÁ ÄÉ-ÆÅÒÅÎ��À×ÁÎÎÑ Õ ×ÉÒÁÚ� (9). ó�Å�ÉÆ�ËÁ ÒÏÚ×'ÑÚËÕ ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ(12) �ÏÌÑÇÁ¤ × ÔÏÍÕ, ÝÏ §È ÎÅÏÂÈ�ÄÎÏ ÒÏÚ×'ÑÚÕ×ÁÔÉ �ÏÓÌ�ÄÏ×ÎÏ. �ÏÂÔÏÓ�ÏÞÁÔËÕ ÎÅÏÂÈ�ÄÎÏ ×ÉÚÎÁÞÉÔÉ ÆÕÎË��§ ~Gmm� (q1; q2) ÔÁ ~Gff(
)� (q1; q2),�ÏÔ�Í ÆÕÎË��§ ~Gmf� (q1; q2) ÔÁ ~Gfm� (q1; q2) � ÎÁË�ÎÅ�Ø ÚÁÍÏÒÏÖÅÎÕ ÞÁÓ-ÔÉÎÕ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ Gff 0� (q1; q2).3. òÏÚ×'ÑÚÏË ÓÉÓÔÅÍÉ ÚÁÄÁÞ ò�ÍÁÎÁòÏÚÇÌÑÎÅÍÏ ÏÄÎÅ Ú Ò�×ÎÑÎØ (12). äÏ�ÕÓÔÉÍÏ, ÝÏ ×�ÌØÎÉÊ ÞÌÅÎ �ØÏÇÏÒ�×ÎÑÎÎÑ ×�ÄÏÍÉÊP�+(q1 ~G��+ (q1; q2)� P��(q1) ~G��� (q1; q2) = D��(q1; q2): (16)îÁÇÁÄÁ¤ÍÏ, ÝÏ ÆÕÒ'¤-ÏÂÒÁÚÉ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ¤ ÁÎÁÌ�ÔÉÞÎÉ-ÍÉ �Ï ÚÍ�ÎÎ�Ê q1 ÆÕÎË��ÑÍÉ ×�Ä�Ï×�ÄÎÏ Õ ×ÅÒÈÎ�Ê ÔÁ ÎÉÖÎ�Ê ËÏÍ�ÌÅË-ÓÎ�Ê ÎÁ��×�ÌÏÝÉÎÁÈ. úÇ�ÄÎÏ [8,6℄ ÆÁËÔÏÒÉÚÕ¤ÍÏ Ò�×ÎÑÎÎÑ (16). äÌÑ�ØÏÇÏ �ÒÅÄÓÔÁ×ÉÍÏ ×�ÄÎÏÛÅÎÎÑ ËÏÅÆ���¤ÎÔ�× �ÒÉ ÎÅ×�ÄÏÍÉÈ ÆÕÎË��ÑÈÕ ×ÉÇÌÑÄ� P��(q1)P�+(q1) = X�+(q1)X��(q1) ; (17)ÄÅ: X�+(q1) ÔÁ X��(q1) - ÁÎÁÌ�ÔÉÞÎ� ×�Ä�Ï×�ÄÎÏ Õ ×ÅÒÈÎ�Ê ÔÁ ÎÉÖÎ�ÊËÏÍ�ÌÅËÓÎÉÈ ÎÁ��×�ÌÏÝÉÎÁÈ ÆÕÎË��§ � ÔÁË�, ÝÏ ÎÅ ÍÁÀÔØ × �ÉÈ ÏÂ-ÌÁÓÔÑÈ ÎÕÌ�×, ×ËÌÀÞÁÀÞÉ � Ä�ÊÓÎÕ ×�ÓØ. ïÓË�ÌØËÉ P��(q1) - �ÏÌ�ÎÏÍÉÄÒÕÇÏÇÏ ÓÔÅ�ÅÎÑ �Ï ÚÍ�ÎÎ�Ê q1, ÆÁËÔÏÒÉÚÕÀÞ� ÆÕÎË��§ ÌÅÇËÏ ÚÎÁÊÔÉ.X�+(q1) = p"��(q1 + i���)p"�+(q1 + i��+) ;

ICMP{99{11U 6X��(q1) = p"�+(q1 � i��+)p"��(q1 � i���) : (18)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ (17) ÔÁ (18), Ò�×ÎÑÎÎÑ (16) �ÅÒÅ�ÉÛÅÍÏ Õ ×ÉÇÌÑÄ�~G��+ (q01q2)X�+(q1) � ~G��� (q01q2)X��(q1) = D��(q01q2)X�+(q1)P�+(q1) : (19)æÕÎË��§ ~G��+ (q1; q2)=X�+(q1) ÔÁ ~G��� (q1q2)=X��(q1) - ÁÎÁÌ�ÔÉÞÎ� ×�Ä�Ï-×�ÄÎÏ Õ ×ÅÒÈÎ�Ê ÔÁ ÎÉÖÎ�Ê ËÏÍ�ÌÅËÓÎÉÈ ÎÁ��×�ÌÏÝÉÎÁÈ. ÷�ÌØÎÉÊÞÌÅÎ Ò�×ÎÑÎÎÑ (19) �ÒÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄ� Ò�ÚÎÉ�� Ä×ÏÈ ÆÕÎË��ÊÁÎÁÌ�ÔÉÞÎÉÈ �Ï ÚÍ�ÎÎ�Ê q1 ÔÁËÏÖ Õ ×ÅÒÈÎ�Ê ÔÁ ÎÉÖÎ�Ê ÎÁ��×�ÌÏÝÉ-ÎÁÈËÏÍ�ÌÅËÓÎÏ§ �ÌÏÝÉÎÉ, Á ÓÁÍÅ:D��(q01q2)X�+(q1)P�+(q1) = 	��+ (q1; q2)�	��� (q1; q2): (20)æÕÎË��§ 	��(q1; q2) ÍÏÖÎÁ ÚÎÁÊÔÉ, ÑËÝÏ ÓËÏÒÉÓÔÁÔÉÓÑ Ï�ÅÒÁÔÏÒÏÍ�ÒÏÅËÔÕ×ÁÎÎÑ ÆÕÎË��§ ÎÁ ÏÂÌÁÓÔØ ÁÎÁÌ�ÔÉÞÎÏÓÔ� [8℄. �ÏÄ�	��� (q1; q2) = 1� Z +1�1 dq D��(q; q2)P�+(q)X�+(q)Æ�(q1 � q): (21)Æ�(q) - ÏÄÎÏÓÔÏÒÏÎÎ� ÄÅÌØÔÁ ÆÕÎË��§ [8℄.ïÓË�ÌØËÉ �ÎÄÅËÓ ÎÁÛÏ§ ÚÁÄÁÞ� ò�ÍÁÎÁ, ÔÏÂÔÏ Ò�ÚÎÉ�Ñ Í�Ö Ë�ÌØ-Ë�ÓÔÀ ÎÕÌ�× � �ÏÌÀÓ�× ÆÕÎË��§ P��(q1=P�+(q1) Õ ×ÅÒÈÎ�Ê ÞÉ ÎÉÖÎ�ÊËÏÍ�ÌÅËÓÎ�Ê ÎÁ��×�ÌÏÝÉÎÁÈ, Ò�×ÎÉÊ ÎÕÌÅ×�, ÔÏ ÒÏÚ×'ÑÚÏË ÚÁÄÁÞ� (19)�ÒÉ ×ÉÚÎÁÞÅÎÉÈ ÆÕÎË��ÑÈ 	��(q1) ÚÁ�ÉÛÅÔØÓÑ Õ ×ÉÇÌÑÄ�:~G��� (q1; q2) = X��(q1)	��� (q1; q2): (22)÷ÉÚÎÁÞÉÍÏ ÆÕÎË��§ 	��� (q1; q2). úÇ�ÄÎÏ (13) ÔÁ (18) ÍÁ¤ÍÏP�+(q1)X�+(q1) =p"�+"��(q1 � i��+)(q1 + i���): (23)äÌÑ ÏÄÎÏÓÔÏÒÏÎÎ�È Æ�(x)-ÆÕÎË��Ê ×ÉËÏÒÉÓÔÁ¤ÍÏ �ÒÅÄÓÔÁ×ÌÅÎÎÑ[8℄ Æ�(x) = � 12i limÆ!0 1x� iÆ ; (Æ > 0): (24)÷ÒÁÈÏ×ÕÀÞÉ (23) � (24), ÚÁÍ�ÓÔØ (21) ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ×ÉÒÁÚ:	��� (q1; q2) = 12�ip"�+"�� �� limÆ!0 Z +1�1 dq D��(q01q2)(q � i��+)(q + i���) 1(q � q1 � iÆ) : (25)



7 ðÒÅ�ÒÉÎÔ÷ (25) ÍÉ �ÏÍ�ÎÑÌÉ ÚÎÁË ÁÒÇÕÍÅÎÔÁ × ÏÄÎÏÓÔÏÒÏÎÎ�Ê ÄÅÌØÔÁ-ÆÕÎË��§. ð�ÄÓÔÁ×ÉÍÏ × (25) ×ÉÒÁÚ ÄÌÑ Dmm(q1; q2) Ú (15). íÁÔÉÍÅÍÏ	mm� (q1; q2) = 12�ip"m+ "m� limÆ!0 Z +1�1 dq �� 1(q � i��+)(q + i���)(q � q1 � iÆ) �� ��4�T Æ(q + q2) + iq("m+ � "m� )Gmm(q2)� == �4�T 1p"m+ "m� Æ � (q1 + q2)(q2 + i�m+ )(q2 � i�m� ) �� i �m� ("m+ � "m� )p"m+"m� (�m+ + �m� ) 1q1 � i�m� Gmm(q2) (26)áÎÁÌÏÇ�ÞÎÉÊ ×ÉÒÁÚ ÏÔÒÉÍÁ¤ÍÏ ÄÌÑ ÆÕÎË��Ê 	ff� (q1; q2), ÄÌÑ �ØÏÇÏ× (26) �ÎÄÅËÓ "m" ÓÌ�Ä �ÏÍ�ÎÑÔÉ ÎÁ "f".	ff(
)� (q1; q2) = �4�T 1q"f+"f� Æ�(q1 + q2)(q2 + i�f+)(q2 � i�f�) �� i �f�("f+ � "f�)q"f+"f�(�f+ + �f�) 1q1 � i�f�Gff(
)(q2): (27)áÎÁÌÏÇ�ÞÎÉÍ ÞÉÎÏÍ ÚÎÁÊÄÅÍÏ ×ÉÒÁÚÉ ÄÌÑ �ÎÛÉÈ ÆÕÎË��Ê 	��� (q1; q2):	mf� (q1; q2) = 1p"m+ "m� q21 + p2(q1 � i�m+ )(q1 + i�m� ) ~Gff(
)� (q1; q2)�� ip"m+ "m� 1�m+ + �m� � (�m+ )2 � p2q1 � i�m+ ~Gff(
)+ (i�m+ )�� (�m� )2 � p2q1 + i�m� ~Gff(
)� (�i�m� )�++ ip"m+ "m� �m� ("m+ � "m� )�m+ + �m� 1q1 � i�m� Gmf (q2): (28)÷ÉÒÁÚ ÄÌÑ ÆÕÎË��§ 	fm(q1; q2) ÏÔÒÉÍÕ¤ÔØÓÑ ÛÌÑÈÏÍ ÚÁÍ�ÎÉ Õ ×É-ÒÁÚ� (28) �ÎÄÅËÓ�× "m" ÎÁ "f" � ÎÁ×�ÁËÉ. �ÏÄ�

ICMP{99{11U 8	fm� (q1; q2) = 1q"f+"f� q21 + p2(q1 � i�f+)(q1 + i�f�) ~Gmm� (q1; q2)�� iq"f+"f� 1�f+ + �f� " (�f+)2 � p2q1 � i�f+ ~Gmm+ (i�f+)�� (�f�)2 � p2q1 + i�f� ~Gmm� (�i�f�)#++ iq"f+"f� �f�("f+ � "f�)�f+ + �f� 1q1 � i�f�Gfm(q2) (29)îÁË�ÎÅ�Ø ÄÌÑ 	ff 0� (q1; q2) ÍÁ¤ÍÏ:	ff 0� (q1; q2) == 1q"f+"f� q21 + p2(q1 � i�f+)(q1 + i�f� �� h ~Gmf+ (q1)� ~Gff(
)+ (q1; q2)i�� iq"f+"f� (�f+)2 � p2(�f+ + �f�)(q1 � i�f+) h ~Gmf+ (i�f+)� ~Gff(
)+ (i�f+)i++ iq"f+"f� (�f�)2 � p2(�f+ + �f�)(q1 + i�f�) h ~Gmf� (�i�f�)� ~Gff(
)� (�i�f�)i�� iq"f+"f� �f�("f+ � "f�)(�f+ + �f�)(q � i�f�)Gff 0(q2) (30)çÒÁÎÉÞÎ� ÚÎÁÞÅÎÎÑ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÚÎÁÈÏÄÑÔØÓÑ Ú ÕÍÏ×É[8℄ limjq1j!1niq1 ~G��� (q1; q2) +G��(q2)o = 0: (31)ïÓÔÁÎÎÑ ÕÍÏ×Á ¤ ÕÍÏ×ÏÀ �ÓÎÕ×ÁÎÎÑ �ÒÑÍÏÇÏ � ÏÂÅÒÎÅÎÏÇÏ ÆÕÒ'¤-�ÅÒÅÔ×ÏÒÅÎÎÑ ÄÌÑ ÏÄÎÏÓÔÏÒÏÎÎ�È ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×.



9 ðÒÅ�ÒÉÎÔ4. æÕÒ'¤-ÏÂÒÁÚÉ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×ó��××�ÄÎÏÛÅÎÎÑ (26) - (30) ÚÇ�ÄÎÏ (22) ÄÏÚ×ÏÌÑÀÔØ ×ÉÚÎÁÞÉÔÉ ÆÕÒ'¤-ÏÂÒÁÚÉ ÏÄÎÏÓÔÏÒÏÎÎ�È ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× Ú ÔÏÞÎ�ÓÔÀ ÄÏ ÆÕÎË-��Ê G��(q2). òÏÚÇÌÑÎÅÍÏ Ó�ÏÞÁÔËÕ Ò�×ÎÑÎÎÑ, ÑËÅ Ï�ÉÓÕ¤ ÅËÒÁÎÕ×ÁÎÎÑ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÔÉÎËÁÍÉ ÍÁÔÒÉ�� �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ. ÷ÉËÏÒÉÓ-ÔÁ×ÛÉ (31) ÔÁ (26) ÄÌÑ ÆÕÎË��­ ~Gmm+ (q1; q2) ÍÁ¤ÍÏ:2�"m+T 1(q2 + i�m+ )(q2 � i�m� ) � �m� ("m+ � "m� )"m+ (�m+ + �m� )Gmm(q2) +Gmm(q2) = 0:(32)ú×�ÄÓÉ:Gmm(q2) = �2�T �m+ + �m�"m+�m+ + "m��m� 1(q2 + i�m+ )(q2 � i�m� ) : (33)ìÅÇËÏ �ÅÒÅËÏÎÁÔÉÓÑ, ÝÏ ��ÄÓÔÁÎÏ×ËÁ Gmm� (q1; q2) × (31) �ÒÉ×Ï-ÄÉÔØ ÄÏ ÔÏÇÏ Ö ÒÅÚÕÌØÔÁÔÕ.ðÏÄ�ÂÎÉÍ ÞÉÎÏÍ ÄÌÑ Ú×'ÑÚÎÏ§ ÞÁÓÔÉÎÉ ÅËÒÁÎÕ×ÁÎÎÑ ×ÚÁ¤ÍÏÄ�§ Í�ÖÞÁÓÔÉÎËÁÍÉ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÏÔÒÉÍÁ¤ÍÏ:Gff(
)(q2) = �2�T �f+ + �f�"f+�f+ + "f��f� 1(q2 + i�f+)(q2 � i�f�) : (34)äÌÑ �ÎÛÉÈ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÍÁ¤ÍÏ:Gmf (q2) = �m+ + �m�"m+�m+ + "m��m� Gff(
)(q2)� (35)� [(�m+ )2�p2℄ ~Gff(
)+ (i�m+ ; q2)�[(�m� )2�p2℄ ~Gff(
)� (�i�m� ; q2)"m+�m++"m��m�Gfm(q2) = �f+ + �f�"f+�f+ + "f��f�Gmm(q2)� (36)� [(�f+)2�p2℄ ~Gmm+ (i�f+; q2)�[(�f�)2�p2℄ ~Gmm� (�i�f�; q2)"f+�f+ + "f��f�Gff 0(q2) = �f+ + �f�"f+�f+ + "f��f� hGmf (q2)�Gff(
)(q2)i� (37)
ICMP{99{11U 10� (�f+)2 � p2"f+�f+ + "f��f� h ~Gmf (i�f+; q2)� ~Gff(
)+ (i�f+; q2)i++ (�m� )2 � p2"f+�f+ + "f��f� h ~Gmf� (�i�f�; q2)� ~Gff(
)� (�i�f�; q2)iäÌÑ ÔÏÇÏ, ÝÏÂ ÎÅ ÎÁÇÒÏÍÁÄÖÕ×ÁÔÉ ×ÉËÌÁÄËÉ, ÍÉ ÎÅ ÒÏÚ�ÉÓÕ×Á-ÔÉÍÅÍÏ ×ÉÒÁÚÉ ÄÌÑ ÆÕÎË��Ê G��(q2) (35) - (37). ÷ ÒÅÚÕÌØÔÁÔ� ×Ó��� ÆÕÎË��§ ÍÏÖÎÁ �ÒÉ×ÅÓÔÉ ÄÏ ÔÁËÏÇÏ ×ÉÇÌÑÄÕ, ÄÅ ×ÏÎÉ ×ÉÒÁÖÁÀÔØ-ÓÑ ÞÅÒÅÚ Gmm(q2), Gff (q2) ÔÁ ÆÕÒ'¤-ÏÂÒÁÚÉ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×~Gmm� (q1; q2) � ~Gff(
)� (q1; q2) �ÒÉ �Å×ÎÉÈ ÚÎÁÞÅÎÎÑÈ ÚÍ�ÎÎÏ§ q1 × ÔÏÞËÁÈ�i�m� , �i�f�.ó��××�ÄÎÏÛÅÎÎÑ (33) - (37) ÄÁÀÔØ ÍÏÖÌÉ×�ÓÔØ ÏÔÒÉÍÁÔÉ ×ÉÇÌÑÄÆÕÒ'¤-ÏÂÒÁÚ�× ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×. ð�ÄÓÔÁ×ÌÑÀÞÉ (18), (26) -(30) ÔÁ (33) - (37) Õ ÏÔÒÉÍÁÎÉÊ ÒÏÚ×'ÑÚÏË ÚÁÄÁÞ� ò�ÍÁÎÁ (22), ÚÎÁÊÄÅ-ÍÏ ÆÕÒ'¤-ÏÂÒÁÚÉ ÏÄÎÏÓÔÏÒÏÎÎ�È ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×~Gmm� (q1; q2) = � 4�"m�T 1q1 � i�m� 1(q2 + i�m+ )(q2 � i�m� ) � (38)� �(q1 � i�m� )Æ�(q1 + q2)� i2 �m� ("m+ � "m� )"m+�m+ + "m��m� � :äÌÑ Ú×'ÑÚÎÏ§ ÞÁÓÔÉÎÉ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÞÁÓÔÉÎÏË Ò�ÄÉÎ-ÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÍÁ¤ÍÏ:~Gff(
)� (q1; q2) = � 4�"f�T 1q1 � i�f� 1(q2 + i�f+)(q2 � i�f�) � (39)� ((q1 � i�f�)Æ�(q1 + q2)� i2 �f�("f+ � "f�)"f+�f+ + "f��f�) :äÌÑ ÆÕÒ'¤-ÏÂÒÁÚ�× ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ ÍÁÔ-ÒÉ�Ø �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ � Ò�ÄÉÎÉ ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�Î� ×ÉÒÁÚÉ:~Gmf� (q1; q2) = 1"m� 1q21 + (�m� )2 h(q21 + p2) ~Gff(
)� (q1; q2)�� (p2 � (�m� )2) ~Gff(
)� (�i�m� ; q2)i++ 1"m+�m+ + "m��m� iq1 � i�m� �� h(p2 � (�m+ )2) ~Gff(
)+ (i�m+ ; q2)�



11 ðÒÅ�ÒÉÎÔ� (p2 � (�m� )2) ~Gff(
)� (�i�m� ; q2)i�� 1"m� i�m� ("m+ � "m� )"m+�m+ + "m��m� Gff(
)(q2); (40)~Gfm� (q1; q2) = 1"f� 1q21 + (�f�)2 h(q21 + p2) ~Gmm� (q1; q2)�� (p2 � (�f�)2) ~Gmm� (�i�f�; q2)i++ 1"f+�f+ + "f��f� iq1 � i�f� �� h(p2 � (�f+)2) ~Gmm+ (i�f+; q2)�� (p2 � (�f�)2) ~Gmm� (�i�f�; q2)i�� 1"f� i�f�("f+ � "f�)"f+�f+ + "f��f�Gmm(q2): (41)äÌÑ ÚÁÍÏÒÏÖÅÎÏ§ ÞÁÓÔÉÎÉ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉÒ�ÄÉÎÎÏ§ ÆÁÚÉ Ò�ÚÎÉÈ ÒÅ�Ì�Ë ÍÁ¤ÍÏ:~Gff 0� (q1; q2) == 1"f� 1q21 + (�f�)2 n(q21 + p2) h ~Gmf� (q1; q2)� ~Gff(
)� (q1; q2)i �� (p2 � (�f�)2) h ~Gmf� (i�f+; q2)� ~Gff(
)� (i�f+; q2)io++ 1"f� p2 � (�f+)2q1 � i�f� i�f�("f+ � "f�)"f+�f+ + "f��f� h ~Gmf+ (i�f+; q2)� ~Gff(
)+ (i�f+; q2)i�� 1"f� p2 � (�f�)2q1 � i�f� i�f�("f+ � "f�)"f+�f+ + "f��f� �� h ~Gmf� (�i�f+; q2)� ~Gff(
)� (�i�f�; q2)i++ 1"f� i�f�("f+ � "f�)"f+�f+ + "f��f� 1q1 � i�f� hGmf (q2)�Gff(
)(q2)i ; (42)ÄÅ × (40)-(42) Gff(
)(q2), Gmm(q2) ÔÁ Gmf (q2) ×ÉÚÎÁÞÁÀÔØÓÑ Ó��××�Ä-ÎÏÛÅÎÎÑÍÉ (32)-(34) ×�Ä�Ï×�ÄÎÏ.äÌÑ ÓËÏÒÏÞÅÎÎÑ ×ÉËÌÁÄÏË ÍÉ ÓËÏÒÉÓÔÁÌÉÓÑ ÚÇÁÄÁÎÏÀ ×ÉÝÅ ÕÍÏ-×ÏÀ �ÏÓÌ�ÄÏ×ÎÏÓÔ� �ÏÔÅÎ��ÁÌÕ. úÎÁÊÄÅÎ� ÆÕÒ'¤-ÏÂÒÁÚÉ ÅËÒÁÎÏ×ÁÎÉÈ
ICMP{99{11U 12�ÏÔÅÎ��ÁÌ�× ÄÏÚ×ÏÌÑÀÔØ ÛÌÑÈÏÍ ÏÂÅÒÎÅÎÏÇÏ �ÅÒÅÔ×ÏÒÅÎÎÑ æÕÒ'¤ÚÎÁÊÔÉ ÏÒÉÇ�ÎÁÌÉ �ÉÈ ÆÕÎË��Ê.5. ïÒÉÇ�ÎÁÌÉ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ÏÒÉÇ�ÎÁÌ�× ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÚÄ�ÊÓÎÉÍÏ ×(37) - (41) Ú×ÏÒÏÔÎ¤ ÆÕÒ'¤-�ÅÒÅÔ×ÏÒÅÎÎÑ �Ï ÚÍ�ÎÎÉÈ q1, q2 ÔÁ �ÒÏÅË��§×ÅËÔÏÒÁ ~k1 � ~k2 ÎÁ �ÌÏÝÉÎÕ èïY - ×ÅËÔÏÒÕ ~pG��(s12; z1; z2) = 1(2�)4 Z d~p Z 1�1 dq1 Z 1�1 dq2 � (43)� e�i~p~s12�iq1z1�iq2z2 h ~G��+ (q1; q2)� ~G��� (q1; q2)iîÁÇÁÄÁ¤ÍÏ, ÝÏ ÆÕÒ'¤-ÏÂÒÁÚÉ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÚÁÌÅÖÁÔØ×�Ä ÍÏÄÕÌÑ ×ÅËÔÏÒÁ ~p, ÑË ×�Ä �ÁÒÁÍÅÔÒÁ. ïËÒ�Í �ØÏÇÏ, ÆÕÎË��§~G��+ (q1:q2) ÔÁ G��� (q1; q2) - ÁÎÁÌ�ÔÉÞÎ� ×�Ä�Ï×�ÄÎÏ Õ ×ÅÒÈÎ�Ê ÔÁ ÎÉÖÎ�ÊËÏÍ�ÌÅËÓÎÉÈ ÎÁ��×�ÌÏÝÉÎÁÈ, ÝÏ ÄÁ¤:1Z�1 dq1e�iq1z1 ~G��� (q1; q2) = 0; z1 > 0� 1Z�1 dq1e�iq1z1 ~G��+ (q1; q2) = 0; z1 < 0:òÏÚÒÁÈÕÎÏË �ÎÔÅÇÒÁÌ�× �Ï ÚÍ�ÎÎÉÈ q1 ÔÁ q2 ÌÅÇËÏ ×ÉËÏÎÕÀÔØÓÑ ÚÁÄÏ�ÏÍÏÇÏÀ ÔÅÏÒ�§ ÌÉÛË�×. ðÒÉ ÒÏÚÒÁÈÕÎËÕ Ä×ÏËÒÁÔÎÏÇÏ �ÎÔÅÇÒÁÌÁ �ÏÚÍ�ÎÎÉÈ ~p ÓÌ�Ä �ÅÒÅÊÔÉ ÄÏ �ÏÌÑÒÎÉÈ ËÏÏÒÄÉÎÁÔ ÔÁ ×ÒÁÈÕ×ÁÔÉ [9℄J0(ps12) = 12� Z 2�0 d'e�ips12 
os'; (44)ÄÅ J0(x) - ÆÕÎË��Ñ âÅÓÓÅÌÑ I-ÇÏ ÒÏÄÕ.òÅÚÕÌØÔÁÔ Ú×ÏÒÏÔÎØÏÇÏ �ÅÒÅÔ×ÏÒÅÎÎÑ æÕÒ'¤ ÄÌÑ (37) � (38) ÍÁ¤×ÉÇÌÑÄ:Gmm++ (s12; z1; z2) = Gmm(bulk)++ (s12; jz1 � z2j)�� 1T Z 10 pdpJ0(ps12)e��m+ (p)jz1+z2j �� � 2"m+�m+ (p) + "m��m� (p) � 1"m+�m+ (p)� ;



13 ðÒÅ�ÒÉÎÔ(z1; z2 � 0);Gmm+� (s12; z1; z2) = � 1T Z 10 pdpJ0(ps12)e��m+ (p)jz1j��m� (p)jz2j �� 2"m+�m+ (p) + "m��m� (p) ; (z1 > 0; z2 < 0);Gmm�+ (s12; z1; z2 = Gmm+� (s12; z2; z1); (z1 � 0; z2 � 0);Gmm�� (s12; z1; z2) = Gmm(bulk)�� (s12; jz1 � z2j)� 1T Z 10 pdpJ0(ps12)e��m� (p)jz1+z2j � (45)� � 2"m+�m+ (p) + "m��m� (p) � 1"m��m� (p)� ;(z1; z2 < 0):îÉÖÎ� �ÎÄÅËÓÎÉ × (45) ×ËÁÚÕÀÔØ ÎÁ ÏÂÌÁÓÔ� �ÒÏÓÔÏÒÕ, × ÑËÉÈ ÚÎÁ-ÈÏÄÑÔØÓÑ ÞÁÓÔÉÎËÉ, "+" ×�Ä�Ï×�ÄÁ¤ ×ÅÒÈÎ�Ê, "{" - ÎÉÖÎ�Ê ÞÁÓÔÉÎ��ÒÏÓÔÏÒÕ.Gmm(bulk)++ (s12; jz1 � z2j) ÔÁ Gmm(bulk)�� (s12; jz1 � z2j) - ÏÂ'¤ÍÎ�ÚÎÁÞÅÎÎÑ �ÏÔÅÎ��ÁÌÕ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏ ÓÅ-ÒÅÄÏ×ÉÝÁ ×�Ä�Ï×�ÄÎÏ Õ ×ÅÒÈÎØÏÍÕ ÔÁ ÎÉÖÎØÏÍÕ ÎÁ��×�ÒÏÓÔÏÒÁÈGmm(bulk)

 (s12; jz1 � z2j) = � 1T"m
 e� �m
p"m
 R12R12 : (46)�ÕÔ 
 �ÏÚÎÁÞÁ¤ �ÎÄÅËÓ "+" ÁÂÏ "�", Á R12 = ps212 + (z1 � z2)2 -×�ÄÓÔÁÎØ Í�Ö ÞÁÓÔÉÎËÁÍÉ.�ÁËÉÍ ÞÉÎÏÍ, ÚÁÌÅÖÎÏ ×�Ä ÔÏÇÏ, × ÑËÉÈ ÞÁÓÔÉÎÁÈ �ÒÏÓÔÏÒÕ ÚÎÁÈÏ-ÄÑÔØÓÑ ÞÁÓÔÉÎËÉ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ, �ÏÔÅÎ��ÁÌ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ-¤ÍÏÄ�§ �ÒÉÊÍÅ ÏÄÎÅ Ú ÞÏÔÉÒØÏÈÚÎÁÞÅÎØ:Gmm(s12; z1; z2)=8>><>>: Gmm++ (s12; z1; z2); z1; z2 � 0;Gmm+� (s12; z1; z2); z1 � 0; z2 � 0;Gmm�+ (s12; z1; z2); z1 � 0; z2 � 0;Gmm�� (s12; z1; z2); z1; z2 � 0: (47)ó��××�ÄÎÏÛÅÎÎÑ (47) Ó�ÒÁ×ÅÄÌÉ×Å ÄÌÑ ×Ó�È ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��-ÁÌ�× ÓÉÓÔÅÍÉ, ÔÏÍÕ ÄÁÌ� ×ÉÚÎÁÞÁÔÉÍÅÍÏ ÌÉÛÅ ×ÉÇÌÑÄ ÅËÒÁÎÏ×ÁÎÉÈ�ÏÔÅÎ��ÁÌ�×, ÄÌÑ ËÏÎËÒÅÔÎÉÈ �ÏÌÏÖÅÎØ ÞÁÓÔÉÎÏË.áÎÁÌÏÇ�ÞÎ� ×ÉÒÁÚÉ Ú ÔÏÞÎ�ÓÔÀ ÄÏ ÚÁÍ�ÎÉ �ÎÄÅËÓÁ m ÎÁ f ÏÔÒÉÍÁÎÏÄÌÑ Ú×'ÑÚÎÏ§ ÞÁÓÔÉÎÉ �ÏÔÅÎ��ÁÌÕ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎ-
ICMP{99{11U 14ËÁÍÉ Ò�ÄÉÎÎÉÈ ÓÅÒÅÄÏ×ÉÝGff(
)++ (s12; z1; z2) = Gff(
)(bulk)++ (s12; jz1 � z2j)�� 1T Z 10 pdpJ0(ps12)e��f+(p)jz1+z2j �� " 2"f+�f+(p) + "f��f�(p) � 1"f+�f+(p)# ;(z1; z2 � 0);Gff(
)+� (s12; z1; z2) = � 1T Z 10 pdpJ0(ps12)e��f+(p)jz1j+�f�(p)jz2j �� 2"f+�f+(p) + "f��f�(p) ; (z1 � 0; z2 � 0);Gff(
)�+ (s12; z1; z2) = Gff(
)+� (s12; z2; z1); (z1 � 0; z2 � 0); (48)Gff(
)�� (s12; z1; z2) = Gff(
)(bulk)�� (s12; jz1 � z2j)�� 1T Z 10 pdpJ0(ps12)e��f�(p)jz1+z2j �� " 2"f+�f+(p) + "f��f�(p) � 1"f��f�(p)# ;(z1; z2 � 0);ÄÅ ÏÂ'¤ÍÎ� ÞÁÓÔÉÎÉ �ÏÔÅÎ��ÁÌÕ Ò�×Î�:Gff(
)(bulk)

 (s12; jz1 � z2j) = � 1T"f
 e��f
R12q"f
R12 (49)÷�ÄÍ�ÔÉÍÏ, ÝÏ ÒÅÚÕÌØÔÁÔÉ (45) - (48) �Ï×Î�ÓÔÀ Ó��×�ÁÄÁÀÔØ Ú ÏÔ-ÒÉÍÁÎÉÍÉ ÒÁÎ�ÛÅ × ÒÏÂÏÔÁÈ [10,11,6℄ ÅËÒÁÎÏ×ÁÎÉÍÉ �ÏÔÅÎ��ÁÌÁÍÉÄ×ÏÆÁÚÎÏ§ �ÏÎ-ÄÉ�ÏÌØÎÏ§ ÓÉÓÔÅÍÉ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË. ïÓË�ÌØËÉ [9℄e��R12p""R12 = Z 10 pdpJ0(ps12)e�pp2+�2="�jz1�z2j � 1"pp2 + �2="; (50)ÔÁ ��Ä�ÎÔÅÇÒÁÌØÎ� ÍÎÏÖÎÉËÉ × ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌÁÈ Gmm+� , Gmm�+ÔÁ Gff(
)+� , Gff(
)�+ , ÑË� ÍÁÀÔØ ÚÇiÄÎÏ (45),(48) ×ÉÇÌÑÄ 2=("+�+(p) +



15 ðÒÅ�ÒÉÎÔ"���(p)), ÓÌ�Ä ÒÏÚÇÌÑÄÁÔÉ, ÑË ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒÁ �ÏÎ-ÄÉ�ÏÌØÎÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ �ÏÒÉÓÔÏÇÏ ÔÁ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝ ×�Ä�Ï-×�ÄÎÏ. ú×�ÄÓÉ ×ÉÄÎÏ, ÝÏ ÅÆÅËÔÉ ÅËÒÁÎÕ×ÁÎÎÑ ÓÉÌ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÇÏ×�ÄÏÂÒÁÖÅÎÎÑ, ÑË� ÍÁÀÔØ Í�Ó�Å × ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌÁÈ Gmm

 ÔÁGff(
)

 (
="+" ÁÂÏ "�"), ÚÕÍÏ×ÌÅÎ� ×�ÄÈÉÌÅÎÎÑÍ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ�ÁÒÁÍÅÔÒÁ �ÏÎ-ÄÉ�ÏÌØÎÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ ×�Ä ÊÏÇÏ ÏÂ'¤ÍÎÏÇÏ ÚÎÁÞÅÎÎÑ× ÄÁÎ�Ê ÞÁÓÔÉÎ� �ÒÏÓÔÏÒÕ.ñË � × ÏÂ'¤ÍÎÏÍÕ ×É�ÁÄËÕ ÅËÒÁÎÏ×ÁÎÁ ×ÚÁ¤ÍÏÄ�Ñ Í�Ö ÞÁÓÔÉÎËÁ-ÍÉ ÍÁÔÒÉ�Ø �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ¤ �ÚÏÌØÏ×ÁÎÏÀ ×�Ä Ò�ÄÉÎÎÏÇÏ ÓÅ-ÒÅÄÏ×ÉÝÁ. �ÁËÏÀ Ö �ÚÏÌØÏ×ÁÎÏÀ ×�Ä ÞÁÓÔÉÎÏË �ÏÒÉÓÔÉÈ ÍÁÔÒÉ�Ø ¤Ú×'ÑÚÎÁ ÞÁÓÔÉÎÁ �ÏÔÅÎ��ÁÌÕ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉÒ�ÄÉÎÎÉÈ ÓÅÒÅÄÏ×ÉÝ.åËÒÁÎÏ×ÁÎ� �ÏÔÅÎ��ÁÌÉ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ �ÏÒÉÓÔÏÇÏ ÔÁÒ�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝ, Á ÔÁËÏÖ ÚÁÍÏÒÏÖÅÎÁ ÞÁÓÔÉÎÁ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ-¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ Ò�ÄÉÎÉ ÍÁÀÔØ ÓËÌÁÄÎ�ÛÕ ÆÕÎË��ÏÎÁÌØÎÕ ÚÁ-ÌÅÖÎ�ÓÔØ ×�Ä ËÏÏÒÄÉÎÁÔ. �ÁË �ÏÔÅÎ��ÁÌ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�ÖÞÁÓÔÉÎËÁÍÉ �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�� ÔÁ Ò�ÄÉÎÉ ÄÌÑ ÓËÏÒÏÞÅÎÎÑ ÚÁ�ÉÓÕ �ÒÅÄ-ÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄ�Gmf

 (s12; z1; z2) = Gmf(bulk)++ (s12; jz1 � z2j) + 1T Z 10 pdpJ0(ps12)�� nKmf

 (�m
 ; �m
 )e��m
 (p)jz1+z2j++ Kmf

 (�m
 ; �f
)e��m
 (p)jz1j��f
(p)jz2j ++ Kmf

 (�f
 ; �m
 )e��f
(p)jz1j��m
 (p)jz2j ++ Kmf

 (�f
 ; �f
)e��f
(p)jz1+z2jo ;� 
 = " + "; z1; z2 � 0
 = "� "; z1; z2 � 0 ;�Gmf�
 (s12; z1; z2) = 1T Z 10 pdpJ0(ps12)�� nKmf�
 (�m� ; �m
 )e��m� (p)jz1j��m
 (p)jz2j++ Kmf�
 (�m� ; �f
)e��m� (p)jz1j��f
(p)jz1j ++ Kmf�
 (�f� ; �m
 )e��f�(p)jz1j��m
 (p)jz2j ++ Kmf�
 (�f� ; �f
)e��f�(p)jz1j��f
(p)jz2jo ;� � = " + "; 
 = "� "; z1 � 0; z2 � 0� = "� "; 
 = " + "; z1 � 0; z2 � 0 � : (51)
ICMP{99{11U 16ñ×ÎÉÊ ×ÉÇÌÑÄ ÄÌÑ ÆÕÎË��Ê Gmf(bulk)++ ,Gmf(bulk)�� ÔÁ ËÏÅÆ���¤ÎÔ�×�ÒÉ ÅËÓ�ÏÎÅÎÔÁÈ�ÒÉ×ÅÄÅÎÏ × äÏÄÁÔËÕ. �ÁÍ ÖÅ �ÒÉ×ÅÄÅÎÏ ×ÉÇÌÑÄ ÄÌÑÆÕÎË��ÊGfm(bulk)++ ,Gfm(bulk)�� ÔÁ ËÏÅÆ���¤ÎÔ�× �ÒÉ ÅËÓ�ÏÎÅÎÔÁÈ,ÑË� ×É-ÚÎÁÞÁÀÔØ ÅËÒÁÎÏ×ÁÎÕ ×ÚÁ¤ÍÏÄ�À Í�Ö ÞÁÓÔÉÎËÁÍÉ Ò�ÄÉÎÎÏÇÏ � �ÏÒÉÓ-ÔÏÇÏÓÅÒÅÄÏ×ÉÝ.ãÅÊ ÅËÒÁÎÏ×ÁÎÉÊ �ÏÔÅÎ��ÁÌ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú (51)ÛÌÑ-ÈÏÍÚÁÍ�ÎÉ �ÎÄÅËÓ�× m ÎÁ f � ÎÁ×�ÁËÉ.áÎÁÌÏÇ�ÞÎÏ ÄÏ (51) �ÒÉ×ÅÄÅÎÏ ×ÉÇÌÑÄ ÄÌÑ ÚÁÍÏÒÏÖÅÎÏ§ ÞÁÓÔÉÎÉ�ÏÔÅÎ��ÁÌÕ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ Ò�ÄÉÎÎÉÈ ÓÅÒÅÄÏ-×ÉÝ.Gff 0

 (s12; z1; z2) = Gff 0(bulk)

 (s12; jz1 � z2j) + 1T Z 10 pdpJ0(ps12)�� nKff 0

 (�m
 ; �m
 )e��m
 (p)jz1+z2j++ Kff 0

 (�m
 ; �f
)e��m
 (p)jz1j��f
(p)jz2j ++ Kff 0

 (�f
 ; �m
 )e��f
(p)jz1j��m
 (p)jz2j ++ Kff 0

 (�f
 ; �f
)e��f
(p)jz1j��f
(p)jz2jo ;� 
 = " + "; z1; z2 � 0
 = "� "; z1; z2 � 0 � ;Gff 0�
 (s12; z1; z2) = 1T Z 10 pdpJ0(ps12)�� nKff 0�
 (�m� ; �m
 )e��m� (p)jz1j��m
 (p)jz2j++ Kff 0�
 (�m� ; �f
)e��m� (p)jz1j��f
(p)jz2j ++ Kff 0�
 (�f� ; �m
 )e��f�(p)jz1j��m
 (p)jz2j ++ Kff 0�
 (�f� ; �f 0
 )e��f�(p)jz1j��f
(p)jz2jo ;� � = " + "; 
 = "� "; z1 � 0; z2 � 0� = "� "; 
 = " + "; z1 � 0; z2 � 0 � ; (52)ÄÅ Ñ×ÎÉÊ ×ÉÇÌÑÄ ÎÅÏÂÈ�ÄÎÉÈ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÆÕÎË��Ê �ÒÉ×ÅÄÅÎÏ× äÏÄÁÔËÕ.ðÏ×ÎÉÊ ÅËÒÁÎÏ×ÁÎÉÊ �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ ÞÁÓÔÉÎÏË Ò�ÄÉÎÎÉÈ ÓÅ-ÒÅÄÏ×ÉÝ ÓËÌÁÄÁ¤ÔØÓÑ ÚÇ�ÄÎÏ Ú (3) �Ú ÓÕÍÉ Ú×'ÑÚÎÏ§ ÔÁ ÚÁÍÏÒÏÖÅÎÏ§ÞÁÓÔÉÎ. �ÏÍÕGff (s12; z1; z2) = Gff(
)(s12; z1; z2) +Gff 0(s12; z1; z2): (53)÷ÉÒÁÚÉ (48) ÔÁ (52) ÄÏÚ×ÏÌÑÀÔØ ×ÉÚÎÁÞÉÔÉ �Ï×ÎÉÊ ÅËÒÁÎÏ×ÁÎÉÊ



17 ðÒÅ�ÒÉÎÔ�ÏÔÅÎ��ÁÌ ÞÁÓÔÉÎÏË Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ, ËÏÌÉ ×ÏÎÉ ÚÎÁÈÏÄÑÔØÓÑ ×ÄÏ×�ÌØÎÉÈ ÞÁÓÔÉÎÁÈ �ÒÏÓÔÏÒÕ.6. ïÄÎÏÞÁÓÔÉÎËÏ×� ÅËÒÁÎÏ×ÁÎ� �ÏÔÅÎ��ÁÌÉäÌÑ �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎÏ§ ÓÉÓÔÅÍÉ ÏËÒ�Í Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ÅËÒÁ-ÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÈÁÒÁËÔÅÒÎÉÍÉ ¤ ÔÁËÏÖ ÏÄÎÏÞÁÓÔÉÎËÏ×� �ÏÔÅÎ��-ÁÌÉ. ÷ÏÎÉ ÒÁÚÏÍ Ú Ä×ÏÞÁÓÔÉÎËÏ×ÉÍÉ ÄÏÚ×ÏÌÑÀÔØ ×ÉÚÎÁÞÉÔÉ ÓÔÒÕË-ÔÕÒÎ� ÔÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÉÓÔÅÍÉ, ÏÄÎÏÞÁÓÔÉÎËÏ×� ÅËÒÁ-ÎÏ×ÁÎ� �ÏÔÅÎ��ÁÌÉ Ï�ÉÓÕÀÔØ ×ÚÁ¤ÍÏÄ�À ÞÁÓÔÉÎÏË ËÏÖÎÏ§ Ú ÆÁÚ Ú �Ï-×ÅÒÈÎÅÀ �ÏÄ�ÌÕ � ÚÁÌÅÖÁÔØ ×�Ä ÒÏÚÔÁÛÕ×ÁÎÎÑ ÞÁÓÔÉÎÏË �Ï ×�ÄÎÏÛÅÎ-ÎÀ ÄÏ ÎÅ§. úÎÁÎÎÑ �ÉÈ �ÏÔÅÎ��ÁÌ�× ÄÏÚ×ÏÌÑ¤ Ï��ÎÉÔÉ ÈÁÒÁËÔÅÒ ÓÉÌÉ,ÑËÁ Ä�¤ ÎÁ ÞÁÓÔÉÎËÕ Ú ÂÏËÕ �Ï×ÅÒÈÎ� �ÏÄ�ÌÕ, ÚÁÌÅÖÎ�ÓÔØ §§ ×�Ä Æ�-ÚÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÏÎÔÁËÔÕÀÞÉÈ ÓÅÒÅÄÏ×ÉÝ. ãÅ ÄÁ¤ ÍÏÖÌÉ×iÓÔØÄÏÓÌ�ÄÉÔÉ ÎÁÑ×ÎiÓÔØ �ÏÚÉÔÉ×ÎÏ§ ÞÉ ÎÅÇÁÔÉ×ÎÏ§ ÁÄÓÏÒÂ��§ ÚÕÍÏ×ÌÅÎÏ§ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ.æÕÒ'¤-ÏÂÒÁÚ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÓËÌÁÄÁ¤ÔØÓÑ Ú ÎÅÄ�ÁÇÏ-ÎÁÌØÎÉÈ ÅÌÅÍÅÎÔ�× ÍÁÔÒÉ�� ÕÔ×ÏÒÅÎÏ§ Ú ÆÕÒ'¤-ÏÂÒÁÚÕ Ä×ÏÞÁÓÔÉÎËÏ-×ÏÇÏ ÅËÒÁÎÏ×ÏÎÏÇÏ �ÏÔÅÎ��ÁÌÕ [12℄~Gs(q1; q2) = [1� Æ(q1 + q2)℄ ~G(q1; q2); (54)ÄÅ ~Gs(q1; q2) - ÆÕÒ'¤-ÏÂÒÁÚ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ, Á ~G(q1; q2) - Ä×ÏÞÁÓÔÉÎ-ËÏ×ÏÇÏ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×.ñË �ÏËÁÚÁÎÏ × �ÒÁ�� [7℄, ÏÄÎÏÞÁÓÔÉÎËÏ×� �ÏÔÅÎ��ÁÌÉ ÍÏÖÕÔØ ÂÕ-ÔÉ ÏÔÒÉÍÁÎ� Ú �ÁÒÎÉÈ ÛÌÑÈÏÍ ÆÏÒÍÁÌØÎÏÇÏ ÒÏÚÇÌÑÄÕ ÅËÒÁÎÏ×ÁÎÏ§×ÚÁ¤ÍÏÄ�§ ÞÁÓÔÉÎËÉ Ú ÓÏÂÏÀ, ËÏÌÉ Ú ��¤§ ×ÚÁ¤ÍÏÄ�§ ×ÉËÌÀÞÉÔÉ ×ÌÁÓ-ÎÏÅÎÅÒÇÅÔÉÞÎ� ÞÌÅÎÉ, ÑË� Í�ÓÔÑÔØÓÑ × ÏÄÎÏÒ�ÄÎÉÈ ÞÁÓÔÉÎÁÈ ÅËÒÁÎÏ-×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�×. äÌÑ ÎÁÛÏ§ ÓÉÓÔÅÍÉ ¤ Ä×Á ÔÉ�É ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈ�ÏÔÅÎ��ÁÌ�×: ÏÄÎÏÞÁÓÔÉÎËÏ×� �ÏÔÅÎ��ÁÌÉ ÄÌÑ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏ§ ÍÁÔ-ÒÉ�� ÔÁ ÞÁÓÔÉÎÏË Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ. ÷ÒÁÈÏ×ÕÀÞÉ (54) ÔÁ (37)ÄÌÑ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏÓÅÒÅÄÏ×ÉÝÁ ÍÁ¤ÍÏ:Gm
 (z1) = � 1T Z 10 pdpe�2�m
 (p)jz1j� � 2"m+�m+ (p) + "m��m� (p) � 1"m
 �m
 (p)�� 
 = " + "; z1 � 0
 = "� "; z1 � 0 � (55)
ICMP{99{11U 18äÌÑ ÞÁÓÔÉÎÏË Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ �ÏÄ�ÂÎÏ, ÑË ÄÌÑ Ä×ÏÞÁÓÔÉÎ-ËÏ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ Ú×'ÑÚÎÕ ÔÁ ÚÁÍÏÒÏÖÅÎÕ ÞÁÓÔÉ-ÎÉ. ú×'ÑÚÎÕ ÞÁÓÔÉÎÕ �ÏÄ�ÂÎÏ ÄÏ(48) ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ Ú (55) ÛÌÑÈÏÍÚÁÍ�ÎÉ �ÎÄÅËÓÁ "m" ÎÁ"f".Gf(
)
 (z1) = � 1T Z 10 pdpe�2�f
(p)jz1j ��" 2"f+�f+(p) + "f��f�(p) � 1"f
�f
(p)# ;� 
 = " + "; z1 � 0
 = "� "; z1 � 0 � : (56)úÁÍÏÒÏÖÅÎÁ ÓËÌÁÄÏ×Á ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ ÏÔÒÉÍÕ¤ÔØÓÑ Ú�ÅÒÛÏ§ Ò�×ÎÏÓÔ� (52), �ÏËÌÁÄÁÀÞÉ × Î�Ê s12 = 0, z1 = z2 ÔÁ ÎÅÈÔÕÀÞÉÏÂ'¤ÍÎÏÀ ÞÁÓÔÉÎÏÀ �ÏÔÅÎ��ÁÌÕ. �ÏÄ�Gf(b)
 (z1) = 1T Z 10 pdpnKff 0

 (�m
 ; �m
 )e�2�m
 jz1j++ hKff 0

 (�m
 ; �f
) +Kff 0

 (�f
 ; �m
 )i e�[�m
 (p)+�f
(p)℄jz1j ++ Kff 0

 (�f
 ; �f
)e�2�f
(p)jz1jo ;� 
 = " + "; z1 � 0
 = "� "; z1 � 0 � : (57)�ÏÄ� �Ï×ÎÉÊ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ �ÏÔÅÎ��ÁÌ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁÍÁ¤ ×ÉÇÌÑÄGf
(z1) = Gf(
)
 (z1) +Gf(b)
 (z1) == 1T Z 10 pdpnKff 0(�m
 ; �m
 )e�2�m
 jz1j++ hKff 0
 (�m
 ; �f
) +Kff 0
 (�f
 ; �m
 )i e�[�m
 (p)+�f
 (p)℄jz1j ++ "Kff 0

 (�f
 ; �f
) + 1"f
�f
(p) � 2"f+�f+(p) + "f��f�(p)# e�2�f
(p)jz1j) ;� 
 = " + "; z1 � 0
 = "� "; z1 � 0 � : (58)èÁÒÁËÔÅÒÎÏÀ ÏÓÏÂÌÉ×�ÓÔÀ Ò�ÄÉÎÎÏÇÏ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ �ÏÔÅÎ��Á-ÌÕ ¤ ÔÅ, ÝÏ �ÏÄ�ÂÎÏ ÑË � ÄÌÑ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ, ×ËÌÁÄ × ÎØÏÇÏ ×ÎÏÓÑÔØÑË �ÏÒÉÓÔÁ, ÔÁË � Ò�ÄÉÎÎÁ ��ÄÓÉÓÔÅÍÉ.



19 ðÒÅ�ÒÉÎÔ÷�ÄÍ�ÔÉÍÏ, ÝÏ ÄÌÑ Gmf (s12; z1; z2) ÎÅ �ÓÎÕ¤ ×�Ä�Ï×�ÄÎÏÇÏ ÏÄÎÏÞÁÓ-ÔÉÎËÏ×ÏÇÏ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ, ÏÓË�ÌØËÉ �ÅÊ �ÁÒÎÉÊ �ÏÔÅÎ��ÁÌÏ�ÉÓÕ¤ ×ÚÁ¤ÍÏÄ�À Í�Ö Ä×ÏÍÁ ÞÁÓÔÉÎËÁÍÉ, ÑË� ÎÁÌÅÖÁÔØ ÄÏ Ä×ÏÈ Ò�Ú-ÎÉÈ ��ÄÓÉÓÔÅÍ � ÎÅ ÍÏÖÕÔØ ÂÕÔÉ ÏÔÏÔÏÖÎÅÎÉÍÉ.7. áÓÉÍ�ÔÏÔÉÞÎÁ �Ï×ÅÄ�ÎËÁ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��Á-Ì�× ÎÁ ×ÅÌÉËÉÈ ×�ÄÄÁÌÑÈ ÔÁ ÄÅÑË� ÞÁÓÔËÏ×� ×É�ÁÄ-ËÉ ÅËÒÁÎÕ×ÁÎÎÑ × �ÏÒÉÓÔÉÈ ÓÅÒÅÄÏ×ÉÝÁÈïÔÒÉÍÁÎ� × �Ï�ÅÒÅÄÎØÏÍÕ �ÁÒÁÇÒÁÆ� ÚÁÇÁÌØÎ� ×ÉÒÁÚÉ ÄÌÑ ÅËÒÁÎÏ×Á-ÎÉÈ �ÏÔÅÎ��ÁÌ�× ÄÏÚ×ÏÌÑÔØ ÄÏÓÌ�ÄÉÔÉ ÒÑÄ ÞÁÓÔËÏ×ÉÈ ×É�ÁÄË�×. ðÒÉÇÒÁÎÉÞÎÏÍÕ ÒÏÚ×ÅÄÅÎÎ� ËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× × Ò�ÄÉÎÎÏÍÕ ÔÁ �ÏÒÉÓÔÏÍÕÓÅÒÅÄÏ×ÉÝÁÈ ÎÅÓË�ÎÞÅÎÎÏ ÍÁÌÁ. úÁ ×�ÄÓÕÔÎÏÓÔ� �ÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ ×ÚÁ-¤ÍÏÄ�Ñ Í�Ö Ä×ÏÍÁ ÞÁÓÔÉÎËÁÍÉ ÅËÒÁÎÕ¤ÔØÓÑ ÌÉÛÅ ÄÉ�ÏÌØÎÉÍÉ ��ÄÓÉÓ-ÔÅÍÁÍÉ. ÷ÉÒÁÚÉ ÄÌÑ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÚÎÁÞÎÏ Ó�ÒÏÝÕÀÔØÓÑ.äÌÑ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁÍÁ¤ ×ÉÇÌÑÄ ÁÎÁÌÏÇ�ÞÎÉÊ, ÑË � Õ ËÌÁÓÉÞÎÏÍÕ ×É�ÁÄËÕ ×ÚÁ¤ÍÏÄ�§ Ä×ÏÈÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË Õ ÓÉÓÔÅÍ� ËÏÎÔÁËÔÕÀÞÉÈ Ä×ÏÈ Ä�ÅÌÅËÔÒÉÞÎÉÈÓÅÒÅÄÏ×ÉÝGmm++ (s12; z1; z2) = � 1"m+ 1R12 �� 2"m+ + "m� � 1"m+ � 1Rim12 ;Gmm+� (s12; z1; z2) = � 2"m+ + "m� 1R12 ;Gmm�+ (s12; z1; z2) = � 2"m+ + "m� 1R12 ;Gmm�� (s12; z1; z2) = � 1"m� 1R12 �� 2"m+ + "m� � 1"m� � 1Rim12 : (59)äÌÑ Ú×'ÑÚÎÏ§ ÞÁÓÔÉÎÉ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓ-ÔÉÎËÁÍÉ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÏÔÒÉÍÁ¤ÍÏ �ÏÄ�ÂÎÉÊ ×ÉÒÁÚ, ÑËÉÊ ×�Ä-Ò�ÚÎÑ¤ÔØÓÑ ×�Ä (59) ÚÁÍ�ÎÏÀ �ÎÄÅËÓÁ m ÎÁ f .Gff(
)++ (s12; z1; z2) = � 1"f+ 1R12 � 2"f+ + "f� � 1"f+! 1Rim12 ;Gff(
)+� (s12; z1; z2) = � 2"f+ + "f� 1R12 ;Gff(
)�+ (s12; z1; z2) = � 2"f+ + "f� 1R12 ;

ICMP{99{11U 20Gff(
)�� (s12; z1; z2) = � 1"f� 1R12 � 2"f+ + "f� � 1"f�! 1Rim12 ; (60)ÄÅ × (59) ÔÁ (60) Rim =ps212 + (z1 + z2)2 �ÏÚÎÁÞÁ¤ ×�ÄÓÔÁÎØ Í�Ö ÞÁÓ-ÔÉÎËÏÀ ÔÁ §§ ×�ÄÏÂÒÁÖÅÎÎÑÍ ×�ÄÎÏÓÎÏ �ÌÏÝÉÎÉ �ÏÄ�ÌÕ Ä�ÅÌÅËÔÒÉÞÎÉÈÓÅÒÅÄÏ×ÉÝ.åÆÅËÔÉ ×�ÄÏÂÒÁÖÅÎØ �ÒÉÓÕÔÎ� � Õ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ �Ï-ÒÉÓÔÏÇÏ ÔÁ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝ. ÷ �ØÏÍÕ ×É�ÁÄËÕ ÅËÒÁÎÏ×ÁÎ� �ÏÔÅÎ-��ÁÌÉ ÍÁÀÔØ ×ÉÇÌÑÄ:Gmf++(s12; z1; z2) = � 1"m+"f+ 1R12 ��  4("m+ + "m� )("f+ + "f�) � 1"m+ "f+! 1Rim12 ;Gmf+�(s12; z1; z2) = � 4("m+ + "m� )("f+ + "f�) 1R12 ;Gmf�+(s12; z1; z2) = � 4("m+ + "m� )("f+ + "f�) 1R12 ;Gmf��(s12; z1; z2) = � 1"m�"f� 1R12 ��  4("m+ + "m� )("f+ + "f�) � 1"m�"f�! 1Rim12 : (61)äÌÑ �Ï×ÎÏ§ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ Ò�ÄÉÎÎÏÇÏ ÓÅ-ÒÅÄÏ×ÉÝÁ Õ ×É�ÁÄËÕ ÂÅÚÍÅÖÎÏÇÏ ÒÏÚ×ÅÄÅÎÎÑ ÏÔÒÉÍÁ¤ÍÏ:Gff++(s12; z1; z2) = � 1"eff+ 1R12 � 1"eff � 1"eff+ ! 1Rim12 ;Gff+�(s12; z1; z2) = � 1"effR12 ;Gff�+(s12; z1; z2) = � 1"effR12 ;Gff��(s12; z1; z2) = � 1"eff� 1R12 � 1"eff � 1"eff� ! 1Rim ; (62)ÄÅ ÅÆÅËÔÉ×Î� Ä�ÅÌÅËÔÒÉÞÎ� ÓÔÁÌ� Ò�×Î�1"eff� = 1"f� ��1� 1"m� � � 1("f�)2 ;



21 ðÒÅ�ÒÉÎÔ1"eff = 2"f+ + "f� ��1� 2"m+ + "m� � � 2"f+ + "f�!2 : (63)úÎÁÞÅÎÎÑ "eff� Ó��×�ÁÄÁÀÔØ Ú ×ÉÒÁÚÏÍ ÄÌÑ ÅÆÅËÔÉ×ÎÏ§ Ä�ÅÌÅËÔÒÉÞ-ÎÏ§ ÓÔÁÌÏ§, ÏÔÒÉÍÁÎÉÍ × [4℄ Õ ×É�ÁÄËÕ �ÒÏÓÔÏÒÏ×Ï ÏÄÎÏÒ�ÄÎÏ§ ÓÉÓÔÅÍÉ.÷ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎ�Ê ÓÉÓÔÅÍ� ËÒ�Í �ÉÈ Ä×ÏÈ ÅÆÅËÔÉ×ÎÉÈ Ä�ÅÌÅË-ÔÒÉÞÎÉÈ ÓÔÁÌÉÈ, ÑË� ×�Ä�Ï×�ÄÁÀÔØ ÏÂ'¤ÍÎÉÍ ÚÎÁÞÅÎÎÑÍ ÅÆÅËÔÉ×ÎÉÈÄ�ÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ ×ÅÒÈÎØÏÇÏ ÔÁ ÎÉÖÎØÏÇÏ ÓÅÒÅÄÏ×ÉÝ, ×ÉÎÉËÁ¤ÄÏÄÁÔËÏ×Ï �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÁ ÅÆÅËÔÉ×ÎÁ Ä�ÅÌÅËÔÒÉÞÎÁ ÓÔÁÌÁ"eff . ÷ÏÎÁ ÆÏÒÍÁÌØÎÏ Ó��×�ÁÄÁ¤ Ú ×ÉÒÁÚÏÍ ÄÌÑ ÏÂ'¤ÍÎÏÇÏ ÓÔÁÞÅÎÎÑÅÆÅËÔÉ×ÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ ÓÔÁÌÏ§, ÑËÝÏ × ÎØÏÇÏ ��ÄÓÔÁ×ÉÔÉ ÓÅÒÅÄÎ�ÚÎÁÞÅÎÎÑ �ÏÒÉÓÔÏÇÏ ÔÁ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝ (×�Ä�Ï×�ÄÎÏ 12 ("m+ + "m� )ÔÁ 12 ("f+ + "f�)). ÷�ÄÍ�ÔÉÍÏ, ÝÏ Õ ×É�ÁÄËÕ 1="eff+ > 0 ÍÁ¤ÍÏ �ÏÚÉ-ÔÉ×ÎÕ, Á × �ÒÏÔÉÌÅÖÎÏÍÕ ×É�ÁÄËÕ ÎÅÇÁÔÉ×ÎÕ ÁÄÓÏÒÂ��À. áÎÁÌÏÇ�ÞÎÅÔ×ÅÒÄÖÅÎÎÑ Ó�ÒÁ×ÅÄÌÉ×Å ÄÌÑ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÞÁÓÔÉÎÏË ÎÉÖÎØÏÇÏ ÓÅ-ÒÅÄÏ×ÉÝÁ. ðÒÉ ÏÄÎÁËÏ×ÉÈ ÅÆÅËÔÉ×ÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ"eff+ = "eff� (64)×ÚÁ¤ÍÏÄ�ÀÞÁ �ÁÒÁ ÞÁÓÔÉÎÏË ×ÅÒÈÎØÏÇÏ ÞÉ ÎÉÖÎØÏÇÏ ÓÅÒÅÄÏ×ÉÝ ×�Ä-ÞÕ×ÁÀÔØ ÚÂÏËÕ �Ï×ÅÒÈÎ� ÏÄÎÁËÏ×ÏÇÏ ÈÁÒÁËÔÅÒÕ ÁÄÓÏÒÂ�À (ÁÂÏ �ÏÚÉ-ÔÉ×ÎÕ, ÁÂÏ ÎÅÇÁÔÉ×ÎÕ), ÏÓË�ÌØËÉ1"eff � 1"eff+ = 1"eff � 1"eff� : (65)�ÁËÁ ÓÉÔÕÁ��Ñ ¤ ÎÅÍÏÖÌÉ×ÏÀ ÄÌÑ �ÏÎ-ÄÉ�ÏÌØÎÉÈ ÓÉÓÔÅÍ �ÒÉ ×�ÄÓÕÔ-ÎÏÓÔ� �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ [6,7℄. ò�×Î�ÓÔØ (64) �Ï×'ÑÚÕ¤ Í�Ö ÓÏÂÏÀÄ�ÅÌÅËÔÒÉÞÎ� �ÒÏÎÉËÌÉ×ÏÓÔ� � ÄÏÚ×ÏÌÑ¤ ×ÉÚÎÁÞÉÔÉ ÏÄÎÕ Ú ÎÉÈ ÞÅÒÅÚÔÒÉ �ÎÛ�. ó��××�ÄÎÏÛÅÎÎÑ (64) ÍÏÖÎÁ �ÅÒÅ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄ�1("f�)2 1"m� = 1("f+)2 1"m+ + 1"f+  1� 1"f+!� 1"f�  1� 1"f�! : (66)ðÒÉ Ó��×�ÁÄ�ÎÎ� ÅÆÅËÔÉ×ÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ ×ÅÒÈÎØÏÇÏ ÔÁÎÉÖÎØÏÇÏ ÎÁ��×�ÒÏÓÔÏÒ�× Ú �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÏÀ ÅÆÅËÔÉ×ÎÏÀ Ä�-ÅÌÅËÔÒÉÞÎÏÀ ÓÔÁÌÏÀ 1"eff+ = 1"eff� = 1"eff (67)×ÚÁ¤ÍÏÄ�ÀÞ� ÞÁÓÔÉÎËÉ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÎÅÓË�ÎÞÅÎÎÏ ÒÏÚ×ÅÄÅ-ÎÏ§ ÓÉÓÔÅÍÉ �ÅÒÅÓÔÁÀÔØ ×�ÄÞÕ×ÁÔÉ ×�ÌÉ× �ÒÏÓÔÏÒÏ×Ï§ ÎÅÏÄÎÏÒ�ÄÎÏÓÔ�
ICMP{99{11U 22� ×ÚÁ¤ÍÏÄ�ÀÔØ Í�Ö ÓÏÂÏÀ ÚÁ ÄÏ�ÏÍÏÇÏÀ ËÕÌÏÎ�×ÓØËÉÈ �ÏÔÅÎ��ÁÌ�×.óÌ�Ä ×�ÄÍ�ÔÉÔÉ, ÝÏ Ò�×ÎÏÓÔ� (67) ÔÁ (65) �Ï×ÉÎÎ� ÚÁÄÏ×�ÌØÎÑÔÉÓÑ ×ÏÂÌÁÓÔ� Æ�ÚÉÞÎÏ ÄÏ�ÕÓÔÉÍÉÈ ÚÎÁÞÅÎØ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ, ÔÏÂÔÏ:"m� � 1; "f� � 1: (68)ðÒÉ×ÅÄÅÎ� ×ÉÝÅ ÚÁÕ×ÁÖÅÎÎÑ ÓÔÏÓÕÀÔØÓÑ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎ-ËÁÍÉ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÎÅÓË�ÎÞÅÎÎÏ ÒÏÚ×ÅÄÅÎÏ§ ÓÉÓÔÅÍÉ. ðÏÄ�Â-Î� ×ÉÓÎÏ×ËÉ ÍÏÖÎÁ ÚÒÏÂÉÔÉ � ÄÌÑ ×ÚÁ¤ÍÏÄ�§ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏ ÔÁÒ�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝ. ðÒÉ �ØÏÍÕ Ò�×ÎiÓÔØ (66) ÚÇ�ÄÎÏ (61) ÍÁÔÉÍÅ×ÉÇÌÑÄ: "m�"f� = "m+"f+; (69)Á Ò�×ÎÏÓÔ� (67) ×ÉËÏÎÕ×ÁÔÉÍÕÔØÓÑ ÌÉÛÅ ËÏÌÉ"f+ = "f�; (70)ÝÏ ×�Ä�Ï×�ÄÁ¤ �ÒÏÓÔÏÒÏ×Ï ÏÄÎÏÒ�ÄÎÏÍÕ ×É�ÁÄËÕ.ïÔÖÅ ÄÌÑ ×ÚÁ¤ÍÏÄ�§ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏ � Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁÒÏÚ×ÅÄÅÎÏ§ ÓÉÓÔÅÍÉ ÅÆÅËÔ ÏÄÎÁËÏ×Ï§ ÁÄÓÏÒÂ��§ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ �ÒÉÕÍÏ×� 67),Á ÅÆÅËÔ ÚÎÉËÎÅÎÎÑ ×�ÌÉ×Õ �ÒÏÓÔÏÒÏ×Ï§ ÎÅÏÄÎÏÒ�ÄÎÏÓÔ� ÎÁ×ÚÁ¤ÍÏÄ�À ÍÏÖÌÉ×ÉÊ ÌÉÛÅ ÄÌÑ �ÒÏÓÔÏÒÏ×Ï ÏÄÎÏÒ�ÄÎÏ§ ÓÉÓÔÅÍÉ, ËÏÌÉ"f+ = "f� ÔÁ "m+ = "m� .÷ÁÖÌÉ×ÉÍ ¤ ÄÏÓÌ�ÄÖÅÎÎÑ ÁÓÉÍ�ÔÏÔÉÞÎÏ§ �Ï×ÅÄ�ÎËÉ �ÁÒÎÉÈ Í�Ö-ÞÁÓÔÉÎËÏ×ÉÈ ËÏÒÅÌÑ��Ê �ÏÂÌÉÚÕ �Ï×ÅÒÈÎ� �ÏÄ�ÌÕ ÆÁÚ.÷ [13,14,7℄ ÂÕÌÏ �ÏËÁÚÁÎÏ, ÝÏ ÄÌÑ Ä×ÏÆÁÚÎÏ§ �ÏÎ-ÄÉ�ÏÌØÎÏ§ ÓÉÓ-ÔÅÍÉ Ú �ÌÏÓËÏÀ �Ï×ÅÒÈÎÅÀ �ÏÄ�ÌÕ ÆÁÚ �ÏÚÄÏ×ÖÎ� �ÁÒÎ� ËÏÒÅÌÑ��§Ó�ÁÄÁÀÔØ �Ú ÚÒÏÓÔÁÎÎÑÍ ×�ÄÄÁÌ� Í�Ö ÞÁÓÔÉÎËÁÍÉ ÚÁ ÓÔÅ�ÅÎÅ×ÉÍ ÚÁ-ËÏÎÏÍ. �ÁË Í�Ö�ÏÎÎ� ËÏÒÅÌÑ��§ ÚÁÇÁÓÁÀÔØ, ÑË (1=R12)3. �ÁËÁ �Ï×ÅÄ�Î-ËÁ Í�ÖÞÁÓÔÉÎËÏ×ÉÈ ËÏÒÅÌÑ��Ê ÍÏÖÌÉ×Á ÌÉÛÅ ÔÏÄ�, ËÏÌÉ × ÏÄÎÏÍÕ ÚÎÁ��×�ÒÏÓÔÏÒ�× ×�ÄÓÕÔÎÑ �ÏÎÎÁ ��ÄÓÉÓÔÅÍÁ. ðÏ×�ÌØÎÅ Ó�ÁÄÁÎÎÑ ËÏÒÅ-ÌÑ��Ê ×�Ä�Ï×�ÄÁ¤ �ÒÁ×ÉÌÁÍ ÓÕÍ ÄÌÑ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÏ§ ÓÉÓÔÅÍÉ� ¤ ÔÅÓÔÏÍ ÎÁ ËÏÒÅËÔÎ�ÓÔØ ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ�× [14℄. ú ÍÁÔÅÍÁÔÉÞ-ÎÏ§ ÔÏÞËÉ ÚÏÒÕ �ÏÑ×Á ÔÁËÉÈ ËÏÒÅÌÑ��Ê Ú×'ÑÚÁÎÁ Ú ×ÉÎÉËÎÅÎÎÑÍ �ÁÒ-ÎÉÈ ÓÔÅ�ÅÎ�× Õ ÒÏÚËÌÁÄÁÈ × ÒÑÄ �ÅÊÌÏÒÁ �Ï ÚÍ�ÎÎ�Ê p × ÏËÏÌ� ÔÏÞËÉp0 = 0 ��Ä�ÎÔÅÇÒÁÌØÎÉÈ ×ÉÒÁÚ�× ÔÉ�Õ (45), (48) ÂÅÚ ÆÕÎË��Ê âÅÓÓÅ-ÌÑ [14℄. �ÁË� ÓÔÅ�ÅÎ� Ú'Ñ×ÌÑÀÔØÓÑ, ËÏÌÉ ËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× × ÏÄÎÏÍÕÚ ÎÁ��×�ÒÏÓÔÏÒ�× ÓÔÁ¤ Ò�×ÎÏÀ ÎÕÌÅ×�. ïÔÖÅ, ÑËÝÏ × ÎÁÛ�Ê ÓÉÓÔÅÍ�× ÏÄÎÏÍÕ Ú ÎÁ��×�ÒÏÓÔÏÒ�×, ÎÁ�ÒÉËÌÁÄ ÎÉÖÎØÏÍÕ, × �ÏÒÉÓÔÏÍÕ (ÁÂÏÒ�ÄÉÎÎÏÍÕ) ÓÅÒÅÄÏ×ÉÝ� ËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× Ò�×ÎÁ ÎÕÌÅ×�, ÔÏ �ÁÒÎ� Í�-Ö�ÏÎÎ� ËÏÒÅÌÑ��§ × �ÌÏÝÉÎÁÈ �ÁÒÁÌÅÌØÎÉÈ ÍÅÖ� �ÏÄ�ÌÕ ÂÕÄÕÔØ Ó�Á-ÄÁÔÉ Ú ×�ÄÄÁÌÌÀ, ÑË (1=R12)3. �ÁËÅ ÚÁÇÁÓÁÎÎÑ ÍÁ¤ Í�Ó�Å Õ ×É�ÁÄËÕ,ËÏÌÉ ËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× Õ Ò�ÄÉÎÎÏÍÕ ÓÅÒÅÄÏ×ÉÝ� ×�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ



23 ðÒÅ�ÒÉÎÔÑË × ÎÉÖÎ�Ê, ÔÁË � ×ÅÒÈÎ�Ê ÆÁÚÁÈ, ÁÌÅ ÄÌÑ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× × ÎÉÖÎØÏÍÕ ÎÁ��×�ÒÏÓÔÏÒ� Ò�×ÎÁ ÎÕÌÅ×�.äÌÑ �ÒÉËÌÁÄÕ × ÄÁÎ�Ê ÒÏÂÏÔ� ÄÏÓÌ�ÄÖÅÎÏ ÁÓÉÍ�ÔÏÔÉÞÎÕ �Ï×ÅÄ�Î-ËÕ ÓÉÓÔÅÍÉ, × ÑË�ÊËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× ×�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ Ô�ÌØËÉ ÄÌÑ×ÅÒÈÎØÏ§ ÆÁÚÉ ÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ. îÁ ×ÅÌÉËÉÈ ×�ÄÄÁÌÑÈ �ÁÒÁÌÅ-ÌØÎÏ ÍÅÖ� �ÏÄ�ÌÕ ËÏÒÅÌÑ��§ ÚÁÇÁÓÁÀÔØ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:Gmm(s12; z1; z2) �����!s12 !1 � 2"m+ + "m� 1s12Gmf�� (s12; z1; z2) �����!s12 !1 Amf�� 1s312Gff��(s12; z1; z2) �����!s12 !1 Aff�� 1s312 ; (71)ÄÅ: � = " + " ÁÂÏ "� "; � = " + " ÁÂÏ "� ".÷ÉÇÌÑÄ ËÏÅÆ���¤ÎÔ�× × ÁÓÉÍ�ÔÏÔÉËÁÈ (69) �ÒÉ×ÅÄÅÎÏ × äÏÄÁÔËÕ.ïÓË�ÌØËÉ ËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× Õ �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ� Ò�×ÎÁ ÎÕÌÅ-×� Õ ×ÓØÏÍÕ �ÒÏÓÔÏÒ�, ÔÏ ÁÉÍ�ÔÏÔÉÞÎÁ �Ï×ÅÄ�ÎËÁ Í�Ö�ÏÎÎÉÈ ËÏÒÅÌÑ-��Ê ÎÁ ×ÅÌÉËÉÈ ×�ÄÄÁÌÑÈ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú (59) � ÏÂÅÒÎÅÎÏ �ÒÏ�ÏÒ��ÊÎÁ×�ÄÄÁÌ� Í�Ö ÞÁÓÔÉÎËÁÍÉ. ä×Á ÏÓÔÁÎÎ� ×ÉÒÁÚÉ × (69) ÈÁÒÁËÔÅÒÎ� � ÄÌÑ�ÎÛÉÈ ÓÉÓÔÅÍ �Ú ÓÔÅ�ÅÎÅ×ÉÍ ÚÁÔÕÈÁÎÎÑÍ Í�ÖÞÁÓÔÉÎËÏ×ÉÈ ËÏÒÅÌÑ��Ê.õ ×É�ÁÄËÕ �ÏÎ-ÄÉ�ÏÌØÎÉÈ ÞÉ ÄÉ�ÏÌØ-ÄÉ�ÏÌØÎÉÈ ËÏÒÅÌÑ��Ê ÁÓÉÍ�ÔÏ-ÔÉËÉ Ó�ÁÄÁÔÉÍÕÔØ Ú ×�ÄÄÁÌÌÀ, ÑË 1=R412 ÔÁ 1=R512 ×�Ä�Ï×�ÄÎÏ.ïÄÎÏÞÁÓÔÉÎËÏ×� ËÏÒÅÌÑ��§ �ÏÄ�ÂÎÏ, ÑË Õ ÄÌÑ Ä×ÏÈÆÁÚÎÏ§ �ÏÎ-ÄÉ�ÏÌØÎÏ§ ÓÉÓÔÅÍÉ ÅËÓ�ÏÎÅÎÔÎÏ Ó�ÁÄÁÀÔØ Ú ×�ÄÄÁÌÌÀ ÄÏ �Ï×ÅÒÈÎ��ÏÄ�ÌÕ, ÑËÝÏ × ÄÁÎ�Ê ÞÁÓÔÉÎ� �ÒÏÓÔÏÒÕ ËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× ÄÌÑ ÄÁ-ÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ (�ÏÒÉÓÔÏÇÏ ÞÉ Ò�ÄÉÎÎÏÇÏ) ×�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ. ëÏÌÉ�ÏÎÎÁ ËÏÎ�ÅÎÔÒÁ��Ñ Ò�×ÎÁ ÎÕÌÅ×�, ÁÓÉÍ�ÔÏÔÉËÉ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈ ÅË-ÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× ÓÔÁÀÔØ ÏÂÅÒÎÅÎÏ �ÒÏ�ÏÒ��ÊÎ� ÄÏ ×�ÄÄÁÌ�.�ÁË ÄÌÑ ÄÏÓÌ�ÄÖÕ×ÁÎÏ§ ÓÉÓÔÅÍÉ Ú ×�ÄÍ�ÎÎÏÀ ×�Ä ÎÕÌÑ �ÏÎÎÏÀ ËÏÎ-�ÅÎÔÒÁ��¤À Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ Õ ×ÅÒÈÎØÏÍÕ ÎÁ��×�ÒÏÓÔÏÒ� ÁÓÉÍ-�ÔÏÔÉËÁ �ÏÎÎÏÇÏ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ �ÏÒÉÓ-ÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ×�Ä�Ï×�ÄÎÏ ÄÏ (59) ÍÁ¤ ×ÉÇÌÑÄ:Gm+ (z1) �����!z1 !1 � 1"m+ "m+ � "m�"m+ + "m� 12z1Gm� (z1) �������!s12 ! �1 1"m� "m+ � "m�"m+ + "m� 12jz1j (72)äÌÑ ÁÓÉÍ�ÔÏÔÉË ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ Ò�-
ICMP{99{11U 24ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕ�Î� ×ÉÒÁÚÉ:Gf+(z1) �����!z1 !1 � 241 + 1"f+ "m+ � 1"m+ 0� �f+q"f+ z1 � 11A35��e�2 �f+p"f+ z12"f+z1 ;Gf�(z1) ������!z1 ! �1 � 1� 1"f� "m� � 1"m� ! 12"f�jz1j : (73)èÁÒÁËÔÅÒ ÁÓÉÍ�ÔÏÔÉË (73) ÚÁÌÉÛÁ¤ÔØÓÑ ÔÁËÉÍ, ÑË Õ ×É�ÁÄËÕ �ÏÎ-ÄÉ�ÏÌØÎÏ§ ÓÉÓÔÅÍÉ �ÒÉ ×�ÄÓÕÔÎÏÓÔ� �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ [7,14℄, ÔÏÂ-ÔÏ ÎÅÚÁÌÅÖÎÏ ×�Ä Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÏÎÔÁËÔÕÀÞÉÈ ÓÅÒÅÄÏ-×ÉÝ ÄÁÌÅËÏ ×�Ä �Ï×ÅÒÈÎ� �ÏÄ�ÌÕ ÞÁÓÔÉÎËÉ ×�ÄÞÕ×ÁÀÔØ �ÒÉÔÑÇÕ×ÁÌØÎÕÄ�À.8. ÷ÉÓÎÏ×ËÉ.äÏÓÌ�ÄÖÅÎÎÑ ÅÆÅËÔ�× ÅËÒÁÎÕ×ÁÎÎÑ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄ�Ê Õ�ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎ�Ê ÓÉÓÔÅÍ� �ÏÎ-ÄÉ�ÏÌØÎÏ§ ÓÕÍ�Û� � �ÏÒÉÓÔÏÇÏÓÅÒÅÄÏ×ÉÝÁ �ÏËÁÚÁÌÏ, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ ÔÏÇÏ, ÝÏ Ò�ÄÉÎÁ � �ÏÒÉÓÔÅ ÓÅÒÅ-ÄÏ×ÉÝÅ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ ÎÅÚÒ�×ÎÏ×ÁÖÅÎ�, �ÒÉ×ÏÄÉÔØ ÄÏ ÑË�ÓÎÉÈ ÚÍ�Î× ÅËÒÁÎÕ×ÁÎÎ�. ðÏ-�ÅÒÛÅ, ÔÕÔ ÚÂÅÒ�ÇÁÀÔØÓÑ Ô� ×�ÄÍ�ÎÎÏÓÔ� ×�Ä ËÌÁÓÉÞ-ÎÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ, ÑË� ÍÁÀÔØ Í�Ó�Å �ÒÉ ÚÁÓÔÏÓÕ×ÁÎÎ� ÍÅÔÏÄÕ ÒÅ�Ì�ËÄÏ ÏÂ'¤ÍÎÏ§ ÓÉÓÔÅÍÉ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌ�ÔÕ × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ�[3,4℄. ÷ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÏÍÕ ×É�ÁÄËÕ ÅËÒÁÎÕ×ÁÎÎÑ ÅÌÅËÔÒÏ-ÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄ�Ê × ÒÏÚÇÌÑÎÕÔ�Ê ÓÉÓÔÅÍ� ÚÎÁÞÎÏ ÕÓËÌÁÄÎÀ¤ÔØÓÑ× �ÏÒi×ÎÑÎÎi Ú Ä×ÏÆÁÚÎÏÀ iÏÎ-ÄÉ�ÏÌØÎÏÀ ÓÉÓÔÅÍÏÀ [6,7℄. åËÒÁÎÏ-×ÁÎi �ÏÔÅÎ�iÁÌÉ ÆÕÎË�iÏÎÁÌØÎÏ ÎÁÇÁÄÕÀÔØ ÅËÒÁÎÏ×ÁÎi �ÏÔÅÎ�iÁÌÉ�ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒiÄÎÏ§ iÏÎ-ÍÏÌÅËÕÌÑÒÎÏ§ ÓÉÓÔÅÍÉ Ú ×ÒÁÈÕ×ÁÎÎÑÍË×ÁÄÒÕ�ÏÌØÎÉÈ ×ÚÁ¤ÍÏÄiÊ [7℄, ÏÄÎÁË §È ÆÕÒ'¤-ÏÂÒÁÚÉ ÍÁÀÔØ ÓËÌÁÄ-ÎiÛÉÊ ÈÁÒÁËÔÅÒ. èÁÒÁËÔÅÒÎÉÍ ¤ ÒÏÚÂÉÔÔÑ ÅËÒÁÎÕ×ÁÎÎÑ ÍiÖÞÁÓÔÉÎ-ËÏ×Ï§ ×ÚÁ¤ÍÏÄi§ ÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÎÁ Ä×i ÞÁÓÔÉÎÉ: Ú×'ÑÚÎÕ, ÑËÁÏ�ÉÓÕ¤ �ÒÑÍÕ ÅËÒÁÎÏ×ÁÎÕ ×ÚÁ¤ÍÏÄiÀ ÍiÖ ÞÁÓÔÉÎËÁÍÉ ÒiÄÉÎÉ, ÔÁ ÚÁ-ÍÏÒÏÖÅÎÕ, ÑËÁ ÂÅÚ�ÏÓÅÒÅÄÎØÏ Ú×'ÑÚÁÎÁ Ú ×�ÌÉ×ÏÍ ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§ÎÅÚÒi×ÎÏ×ÁÖÅÎÏÓÔi ÒiÄÉÎÎÏÇÏ ÔÁ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝ. ñË �ÏËÁÚÁ-ÎÏ ×ÉÝÅ, ×�ÌÉ× ÚÁÍÏÒÏÖÅÎÏÇÏ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÎÁ ×ÚÁ¤ÍÏÄiÀiÏÎi× ÅÌÅËÔÒÏÌiÔÕ ÍÏÖÅ ÓÕÔÔ¤×Ï ÚÍiÎÀ×ÁÔÉ ÁÄÓÏÒÂ�iÊÎi ×ÌÁÓÔÉ×ÏÓÔi



25 ðÒÅ�ÒÉÎÔ�Ï×ÅÒÈÎi �ÏÄiÌÕ. äÌÑ ÇÒÁÎÉÞÎÏ ÒÏÚ×ÅÄÅÎÉÈ ÅÌÅÔÒÏÌiÔi× ÍÏÖÅ ×ÉÎÉË-ÎÕÔÉ (�ÒÉ �Å×ÎÏÍÕ �iÄÂÏÒi ÄiÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÅÒÅÄÏ×ÉÝ)ÓÉÔÕÁ�iÑ, ËÏÌÉ iÏÎÉ Ú ÎÉÖÎØÏÇÏ i ×ÅÒÈÎØÏÇÏ ÎÁ�i×�ÒÏÓÔÏÒi× ÂÕÄÕÔØ�ÒÉÔÑÇÕ×ÁÔÉÓÑ ÄÏ ÍÅÖi �ÏÄiÌÕ ÆÁÚ. äÏÓÌiÄÖÅÎÎÑ ×�ÌÉ×Õ �ÏÒÉÓÔÏÓÔiÎÁ ÁÄÓÏÒÂ�iÊÎi �Ï×ÅÒÈÎÅ×i ×ÌÁÓÔÉ×ÏÓÔi ×ÉÍÁÇÁ¤ ÏËÒÅÍÏÇÏ ÄÏÓÌiÄÖÅÎ-ÎÑ.åËÒÁÎÏ×ÁÎi �ÏÔÅÎ�iÁÌÉ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒiÄÎÏ§ ÓÉÓÔÅÍÉ ¤ ÎÅ�Å-ÒÅÒ×ÎÉÍÉ ÆÕÎË�iÑÍÉ ËÏÏÒÄÉÎÁÔ, Á ÔÏÍÕ ÎÁ ÍÅÖi �ÏÄiÌÕ �Ï×ÉÎÎi ÚÁ-ÄÏ×iÌØÎÑÔÉ ÇÒÁÎÉÞÎÉÍ ÕÍÏ×ÁÍ ÎÅ�ÅÒÅÒ×ÎÏÓÔiGmf++(p; z1; 0) = Gmf+�(p; z1; 0);Gmf++(p; z2; 0) = Gmf�+(p; 0; z2);Gmf��(p; z1; 0) = Gmf�+(p; z1; 0);Gmf��(p; 0; z2) = Gmf+�(p; 0; z2)ÔÁ ÁÎÁÌÏÇiÞÎÉÍ ÕÍÏ×ÁÍ ÄÌÑ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄi§ ÞÁÓÔÉÎÏË ÒiÄÉ-ÎÉ, Á ÔÁËÏÖ ÄÌÑ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ�ÒÉ×ÅÄÅÎi × äÏÄÁÔËÕ ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆi�i¤ÎÔi× �ÒÉ ÅËÓ�ÏÎÅÎÔÁÈ × ÅË-ÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ�iÁÌÁÈ, Á ÔÁËÏÖ (45) �ÅÒÅËÏÎÕ¤ÍÏÓÑ, ÝÏ ÏÔÒÉÍÁÎiÎÁÍÉ ×ÉÒÁÚÉ ÄÌÑ �ÏÔÅÎ�iÁÌi× ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄi§ ÚÁÄÏ×iÌØÎÑÀÔØÇÒÁÎÉÞÎÉÍ ÕÍÏ×ÁÍ.îÁËiÎÅ�Ø ÚÁÕ×ÁÖÉÍÏ, ÝÏ �ÒÉ×ÅÄÅÎi ÎÁÍÉ ÆÕÎË�i§ Gmm,Gmf ÔÁGff ¤ ÌÉÛÅÔ×iÒÎÉÍÉ ÄÌÑ ÏÔÒÉÍÁÎÎÑ ÓÁÍÉÈ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ�iÁÌi×.äÌÑ �ØÏÇÏ ÎÅÏÂÈiÄÎÏÚÇiÄÎÏ (7) �ÏÄiÑÔÉ ÎÁ ÎÉÈ Ï�ÅÒÁÔÏÒÁÍÉ ÕÚÁÇÁÌØ-ÎÅÎÏÇÏÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÇÏ ÚÁÒÑÄÕ (6).äÏÄÁÔÏËäÌÑ ÓËÏÒÏÞÅÎÎÑ ÚÁ�ÉÓÕ ××ÅÄÅÍÏ �ÏÚÎÁÞÅÎÎÑCm� = (�m� (p))2 � p2(�f�(p))2 � (�m� (p))2 ;Cf� = (�f�(p))2 � p2(�f�(p))2 � (�m� (p))2 ;ÄÅ ×ÉÂÉÒÁ¤ÍÏ ×iÄ�Ï×iÄÎi ÚÎÁËÉ "+" ÞÉ "{". ïÓËiÌØËÉ(�m� (p))2 � p2 = (�m� )="m� ;(�f�(p))2 � p2 = (�f�)="f�;ÔÏ Cm� ÔÁ Cf� ¤ ÓÔÁÌÉÍÉ � ÎÅ ÚÁÌÅÖÁÔØ ×�Ä ÚÍ�ÎÎÏ§ pCm� = (�m� )2="m�(�f�)2="f� � (�m� )2="m� ;
ICMP{99{11U 26Cf� = (�f�)2="f�(�f�)2="f� � (�m� )2="m� : (74)ëÒ�Í �ØÏÇÏ �ÏÚÎÁÞÉÍÏ�m(p) = "m+�m+ (p) + "m��m� (p)2 ;�f (p) = "f+�f+(p) + "f��f�(p)2 ; (75)�+(p) = �m+ (p)�f+(p) + p2�m+ (p) + �f+(p) ;��(p) = �m� (p)�f�(p) + p2�m� (p) + �f�(p) : (76)�ÏÄ� ËÏÅÆ���¤ÎÔÉ �ÒÉ ÅËÓ�ÏÎÅÎÔÁÈ ÔÁ ÏÂ'¤ÍÎ� ÚÎÁÞÅÎÎÑ ÅËÒÁÎÏ×Á-ÎÉÈ �ÏÔÅÎ��ÁÌ�× Gmf ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄ:1. z1 � 0; z2 � 0;Gmf(bulk)+ (s12; jz1 � z2j == 1"m+ "f+  Cm+ e��m+ =p"m+R12R12 � Cf+ e��f+=p"f+R12R12 ! ;Kmf (�m+ ; �m+ ) = 12Cm+ 1"f+ � 1�m(p) � 1"m+�m+ (p)� ;Kmf (�m+ ; �f+) = 12 Cf+"m+ 1�f (p) � 12 Cm+"f+ 1�m(p) � �+(p) + ��(p)4�m(p)�f (p) ;Kmf (�f+; �m+ ) = 0;Kmf (�f+; �f+) = �12 Cf+"m+  1�f (p) � 1"f+�f+(p)! : (77)

2. z1 � 0; z2 � 0;Kmf (�m+ ; �m� ) = 12 Cm�"f� 1�m(p) ;Kmf (�m+ ; �f�) = 12 Cf+"m+ 1�f (p) � 12 Cm�"f� 1�m(p) � �+(p) + ��(p)4�m(p)�f (p) ;Kmf (�f+; �m� ) = 0;Kmf (�f+; �f�) = �12 Cf+"m+ 1�f (p) : (78)



27 ðÒÅ�ÒÉÎÔ3. z1 � 0; z2 � 0;Kmf (�m� ; �m+ ) = 12 Cm+"f+ 1�m(p) ;Kmf (�m� ; �f+) = 12 Cf�"m� 1�f (p) � 12 Cm+"f+ 1�m(p) � �+(p) + ��(p)4�m(p)�f (p) ;Kmf (�f�; �m+ ) = 0;Kmf (�f�; �f+) = �12 Cf�"m� 1�f (p) : (79)4. z1 � 0; z2 � 0;Gmf(bulk)� (s12; jz1 � z2j) == 1"m�"f�  Cm� e��m�=p"m�R12R12 � Cf� e��f�=p"f�R12R12 ! ;Kmf (�m� ; �m� ) = 12 Cm�"f� � 1�m(p) � 1"m��m� (p) ; �Kmf (�m� ; �f�) = 12 Cf�"m� 1�f (p) � 12 Cm�"f� 1�m(p)���+(p) + ��(p)4�m(p)�f (p) ;Kmf (�f�; �m� ) = 0Kmf (�f�; �f�) = �12 Cf�"m�  1�f (p) � 1"f��f�(p) :!
(80)

äÌÑ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× Gfm ÎÅÏÂÈ�ÄÎ� ÄÌÑ §È ÒÏÚÒÁÈÕÎËÕ×ÅÌÉÞÉÎÉ ÏÔÒÉÍÕÀÔØÓÑ Ú (77-80) ÛÌÑÈÏÍ ÚÁÍ�ÎÉ �ÎÄÅËÓ�× m ÎÁ f �ÎÁ×�ÁËÉ. ðÒÉ ÔÁË�Ê ÚÁÍ�Î� ÚÎÁËÉ ËÏÅÆ���¤ÎÔ�× Cm� ÔÁ Cf� ÚÇ�ÄÎÏ (74)ÚÍ�ÎÀÀÔØÓÑ ÎÁ �ÒÏÔÉÌÅÖÎ�.õ ×É�ÁÄËÕ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ Ò�ÚÎÉÈ ÒÅ�Ì�Ë Ò�ÄÉÎÎÏÇÏ ÓÅ-ÒÅÄÏ×ÉÝÁ ÏÂ'¤ÍÎ� ÅËÒÁÎÏ×ÁÎ� �ÏÔÅÎ��ÁÌÉ ÔÁ ËÏÅÆ���¤ÎÔÉ �ÒÉ ÅËÓ�Ï-ÎÅÎÔÁÈ Ò�×Î�:

ICMP{99{11U 281. z1 � 0; z2 � 0Gff 0(bulk)+ (s12; jz1 � z2j) =1("f+)2  1� Cf+"m+ !0�1� 12 �f+q"f+R121A e� �f+p"f+R12R12 ++ Cm+"m+ ("f+)2 2664Cf+ e� �f+p"f+R12R12 � Cm+ e� �m+p"m+ R12R12 3775 ;Kff 0(�m+ ; �m+ ) =�12  Cm+"f+ !2� 1�m(p) � 1"m+�m+ (p)� ;
(81)

Kff 0(�m+ ; �f+) = �12 Cm+"f+ Cf+"m+ 1�f (p) + 12  Cm+"f+ !2 1�m(p)+14 Cm+"f+ �+(p) + ��(p)�m(p)�f (p)Kf 0f (�f+; �m+ ) = Kff 0(�m+ ; �f+) (82)Kff 0(�f+; �f+) =�18(Cf+)2 (�f+(p)� �m+ (p))2"m+�f+(p)�2f (p) � 18(Cf�)2 (�f�(p)� �m+ (p))2"m��f�(p)�2f (p) ++18 (�f+(p) + �f�(p))(�f+(p)�f�(p) + p2)�f+(p)�f�(p)�2f (p) � 18 (�+(p) + ��(p))2�m(p)�2f (p) +12 Cf+"m+ Cm+"f+  1�f (p) � 1"f+�f+(p)!+ 12 Cm+"f+  Cf+"m+ 1�f (p) � Cm+"f+ 1�m(p)!��12 Cm+"f+ �+(p) + ��(p)�m(p)�f (p) � 14  1� Cf+"m+ ! (�f+(p))2 + p2(�f+(p))3("f+)2��14  1� Cf+"m+ ! 1�f (p) � 1"f+�f+(p)!  �f+"f+!2 � (z1 + z2)�f+(p) (83)



29 ðÒÅ�ÒÉÎÔ2. z1 � 0; z2 � 0;Kff 0(�m+ ; �m� ) =�12Cm+ Cm� 1"f+"f� 1�m(p)Kff 0(�m+ ; �f�) =�12 Cm+"f+ Cf+"m+ 1�f (p) + 12 Cm+"f+ Cm�"f� 1�m(p)++14 Cm+"f+ �+(p) + ��(p)�m(p)�f (p)Kff 0(�f+; �m� ) = �12 Cm�"f� Cf�"m� 1�f (p) + 12 Cm+"f+ Cm�"f� 1�m(p)++14 Cm�"f� �+(p) + ��(p)�m(p)�f (p)

(84)

Kff 0(�f+; �f�) == �18(Cf+)2 (�f+(p)� �m+ (p))2"m+�f+(p)�2f (p) � 18(Cf�)2 (�f�(p)� �m� (p))2"m��f�(p)�2f (p) ++18 (�f+(p) + �f�(p))(�f+(p)�f�(p) + p2)�f+(p)�f�(p)�2f (p) � 18 (�+(p) + ��(p))2�m(p)�2f (p) +12  Cm+"f+ Cf+"m+ + Cm�"f+ Cf�"m� ! 1�f (p) � 14  Cm+"f+ + Cm�"f� ! �+(p) + ��(p)�m(p)�f (p)�12 Cm+"f+ Cm�"f� 1�m(p)++12 24 1� Cf+"m+ ! �f+"f+!2 � z1�f+ � 1� Cf�"m� ! �f�"f�!2 � z2�f�35 1�f (p) :(85)3. z1 � 0; z2 � 0Kff 0(�m� ; �m+ ) = Kff 0(�m+ ; �m� );Kff 0(�m� ; �f+) = Kff 0(�f+; �m� );Kff 0(�f�; �m+ ) = Kff 0(�m+ ; �f�);Kff 0(�f�; �f+) = Kff 0(�f+; �f�): (86)
ICMP{99{11U 304. z1 � 0; z2 � 0Cff 0(bulk)� (s12; jz1 � z2j) == 1("f�)2  1� Cf�"m� !0�1� �f�q"f�R121A e� �f�p"f�R12R12 ++ Cm�"m� ("f�)2 2664Cf� e� �f�p"f�R12R12 � Cm� e� �m�p"m� R12R12 3775Kff 0(�m� ; �m� ) = �12  Cm�"f� !2� 1�m(p) � 1"m��m� (p)�Kff 0(�m� ; �f�) = �12 Cm�"f� Cf�"m� 1�f (p) + 12  Cm�"f� !2 1�m(p)++12 Cm�"f� �+(p) + ��(p)�m(p)�f (p)Kff 0(�f�; �m� ) = Kff 0(�m� ; �f�)

(87)

Kff 0(�f�; �f�) == �18(Cf+)2�f+(p)� �m+ (p))2"m+�f+(p)�2p(p) � 18(Cf�)2 (�f�(p)� �m�"m��f�(p)�2f (p)++18 (�f+(p) + �f�(p))(�f+(p)�f�(p) + p2)�f+(p)�f�(p)�2p(p) � 18 (�+(p) + ��(p))2�m(p)�2f (p) ++12 Cm�"f� Cf�"m�  1�f (p) � 1"f��f�(p)!++12 Cm�"f�  Cf�"m� 1�f (p) � Cm�"f� 1�m(p)!� 12 Cm�"f� �+(p) + ��(p)�m(p)�f (p)�14  1� Cf�"m� ! �f�(p) + p2("f�)2(�f�(p))3++14  1� Cf�"m� ! 1�f (p) � 1"f��f�(p)! (�f�)2"f� (z1 + z2)�f+(p) (88)ïÂ'¤ÍÎ� ÞÁÓÔÉÎÉ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕGmf(bulk)� �ÏÄ�ÂÎÏ, ÑË�ÒÏÓÔÏÒÏ×ÏÎÅÏÄÎÏÒ�ÄÎÕ ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ�Gmf(bulk)� (s12; jz1 � z2j) =



31 ðÒÅ�ÒÉÎÔ1T Z 10 pdpJ0(ps12)nKmf(bulk)(�m� ; �m� )e��m� (p)jz1�z2j+Kmf(bulk)(�f�; �f�)e��f�(p)jz1�z2jo (89)ëÏÅÆ���¤ÎÔÉ �ÒÉ ÅËÓ�ÏÎÅÎÔÁÈ × (89) ÍÁÀÔØ ×ÉÇÌÑÄKmf(bulk)(�m+ ; �m+ ) = 12 Cm+"f+ 1"m+�m+ (p) ;Kmf(bulk)(�f+; �f+) = �12 Cf+"m+ 1"f+�f+(p) ;Kmf(bulk)(�m� ; �m� ) = 12 Cm�"f� 1"m��m� (p) ;Kmf(bulk)(�f�; �f�) = �12 Cf�"m� 1"f��f�(p) : (90)áÎÁÌÏÇ�ÞÎÏ (89) ÄÌÑ ÏÂ'¤ÍÎÉÈ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× Gff 0(bulk)� ÍÁ-¤ÍÏ Gff 0(bulk)� (s12; jz1 � z2j) =1T Z 10 pdpJ0(ps12)nKff 0(bulk)(�m� ; �m� )e��m� (p)jz1�z2j+Kff 0(bulk)(�f�; �f�)e��f�(p)jz1�z2jo ; (91)ÄÅ: Kff 0(bulk)(�m+ ; �m+ ) = �12  Cm+"f+ !2 1"m+�m+ (p) ;Kff 0(bulk)(�f+; �f+) == 14  1� Cf+"m+ ! 1("f+�f+(p))2 " (�f+(p))2 + p2�f+(p) � (�f+)2"f+ jz1 � z2j#+12 Cm+"f+ Cf+"m+ 1"f+�f+(p) ; (92)
ICMP{99{11U 32Kff 0(bulk)(�m+ ; �m+ ) = �12  Cm+"f+ !2 1"m+�m+ (p) ;Kff 0(bulk)(�m� ; �m� ) = �12  Cm�"f� !2 1"m��m� (p) ;Kff 0(bulk)(�f�; �f�) == 14  1� Cf�"f� ! 1"f��f�(p))2 " (�f�(p))2 + p2�f�(p) � (�f�)2"f� jz1 � z2j#+12 Cm�"f� Cf�"m� 1"f��f�(p) :

(93)

áÓÉÍ�ÔÏÔÉÞÎÁ �Ï×ÅÄ�ÎËÁ Í�ÖÞÁÓÔÉÎËÏ×ÉÈ ËÏÒÅÌÑ��Ê �ÒÉ×ÅÄÅÎÁÄÌÑ ÓÉÓÔÅÍÉ, × ÑË�Ê ËÏÎ�ÅÎÔÒÁ��Ñ �ÏÎ�× Õ �ÏÒÉÓÔ�Ê ��ÄÓÉÓÔÅÍ� ÔÁ ÎÉÖ-Î�Ê ÞÁÓÔÉÎ� Ò�ÄÉÎÎÏ§ ��ÄÓÉÓÔÅÍÉ Ò�×ÎÁ ÎÕÌÅ×�.ëÏÅÆ���¤ÎÔÉ �ÏÚÄÏ×ÖÎ�È ÁÓÉÍ�ÔÏÔÉË �ÁÒÎÉÈ ËÏÒÅÌÑ��Ê Í�Ö �ÏÎÁ-ÍÉ �ÏÒÉÓÔÏÇÏ ÔÁ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝ Ò�×Î�:Amf++ = 2"m+ (�f+)2 e� �f+p"f+ z2 �� 264"f�"f+ e� �f+p"f+ z1 + "m+ � "m�"m+ + "m� 0�"f�"f+ + �f+q"f+ z11A375 ;(z1 � 0; z2 � 0);Amf+� = 2"m+ (�f+)2 8><>:0�"f�"f+ + �f+q"f+ jz2j1A e� �f+p"f+ z1+(z1 � 0; z2 � 0);+ "m+ � "m�"m+ + "m� 24"f�"f+ + �f+q"f+ (z1 + jz2j)359=; ;(z1 � 0; z2 � 0);Amf�+ = 4("m+ + "m� )(�f+)2 0�"f�"f+ + �f+q"f+ jz1j1A e� �f+p"f+ z2 ;(z1 � 0; z2 � 0);



33 ðÒÅ�ÒÉÎÔAmf�� = 4("m+ + "m� )(�f+)2 ��0�"f�"f+ + �f+q"f+ jz1 + z2j+ (�f+)2 � (z1 + z2)2"m�"f� 1A ;(z1; z2 � 0): (94)õ ×É�ÁÄËÕ ×ÚÁ¤ÍÏÄ�§ Ä×ÏÈ �ÏÎ�× Ò�ÄÉÎÎÉÈ ÓÅÒÅÄÏ×ÉÝ ËÏÅÆ���¤ÎÔÉÁÓÉÍ�ÔÏÔÉË ÍÁÀÔØ ×ÉÇÌÑÄAff++ = 24Aff + 1("f+�f+)2 "m+ � 1"m+ �f+"m+ �f+q"f+ (z1 + z2)35 e� �f+p"f+ (z1+z2);(z1; z2 � 0);Aff+� = (Aff + 1("f+�f+)2 �(�f+)2 "m+ � 1"m+ z1 � jz2j�� �f+q"f+ "m+ � 1"m+ ("f+jz2j � "f� � z1) + 2("f+)2 �f+q"f+ jz2j359=;�� e� �f+p"f+ z1 ;(z1 � 0; z2 � 0);Aff�+ = (Aff + 1("f+�f+)2 �(�f+)2 "m+ � 1"m+ jz1j � z2�� �f+q"f+ "m+ � 1"�m ("f+jz1j � "f�z2) + 2("f+)2jz1j359=; e� �f+p"f+ z2 ;(z1 � 0; z2 � 0);Aff�� = Aff + 1"f+(�f+)2 �2"f+ � "m+ � 1"m+ � �f+q"f+ jz1 + z2j;(z1; z2 � 0); (95)ÄÅ

ICMP{99{11U 34Aff = 2"f+(�f+)2  "f+ + "f�"m+"f+ + "f+"f� + "f+ � "f�"f+ � 4"m+ + "m� ! :ì�ÔÅÒÁÔÕÒÁ1. M. Mezard, G. Parisi, M.A. Virasoro. Spin Class Theory and Beyond.// World S
ienti�
, Singapore, 1987.2. I.A. Given, G. Stell. Physi
a A 209, p. 495, 1994.3. B. Hribar, O. Pizio, A. Trokhym
huk, V. Vla
hy. J. Chem. Phys.,1998, vol. 109, p. 2480.4. M.F. Holovko, Z.V. Polish
huk. Cond. Matt. Phys., 1999, vol. 2,No 2, p. 1-6.5. O. Pizio, S.Sokolowski. J. Phys. Studies, 1998, vol. 2, No 3, p. 283.6. àÈÎÏ×ÓØËÉÊ é.ò., çÏÌÏ×ËÏ í.æ., óÏ×ØÑË å.î. ðÒÅ�ÒÉÎÔ é�æ-82-159ò, 18 Ó., 1982.7. ´.í. óÏ×'ÑË. Cond. Matt. Phys., 1993, vol. 2, p. 84.8. çÁÈÏ× æ.ä., þÅÒÓËÉÊ à.é. õÒÁ×ÎÅÎÉÑ ÔÉ�Á Ó×ÅÒÔËÉ. í. îÁÕËÁ,295 Ó., 1978.9. á.ð. ðÒÕÄÎÉËÏ×, à.á. âÒÙÞËÏ×, ï.é. íÁÒÉÞÅ×. éÎÔÅÇÒÁÌÙ ÉÒÑÄÙ. í. îÁÕËÁ, 797 Ó., 1981.10. Ni
hols A.L., Pratt L.R. J. Chem. Phys., 1982, vol. 76, p. 3782.11. úÁÇÏÒÏÄÎÉÊ á.ç., õÓÅÎËÏ á.ó., ñËÉÍÅÎËÏ é.ð. ðÒÅ�ÒÉÎÔ é�æ-82-75ò, 40 Ó., 1982.12. ´.í. óÏ×'ÑË. õËÒ. Æ�Ú. ÖÕÒÎ., 1990, Ô. 35, N 2, Ó. 300.13. Jan
ovi
i B. J. Stat. Phys., 1982, vol. 28, p. 43.14. Ni
holls A.L., Pratt L.P. J. Chem. Phys., 1982, vol. 77, p. 1070.
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