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õäë: 532; 533; 536.7PACS: 05.70.Fh, 05.70.Jk, 64.60.FräÏ ÔÅÏÒ�§ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× Õ ÆÌÀ§ÄÁÈ × �ÏÒÉÓÔÉÈ ÓÅÒÅÄÏ-×ÉÝÁÈï.÷.ðÁ�ÁÇÁÎ, í.æ. çÏÌÏ×ËÏáÎÏÔÁ��Ñ. ÷É×ÞÁ¤ÔØÓÑ ÆÁÚÏ×Á �Ï×ÅÄ�ÎËÁ ÆÌÀ§Ä�× × �ÏÒÉÓÔÏÍÕ ÓÅ-ÒÅÄÏ×ÉÝ�. óÉÓÔÅÍÁ Ï�ÉÓÕ¤ÔØÓÑ Ú ÄÏ�ÏÍÏÇÏÀ ÞÁÓÔËÏ×Ï ÚÁÍÏÒÏÖÅÎÏ§ÍÏÄÅÌ� � ÄÌÑ ÔÏÇÏ ÝÏÂ ÏÔÒÉÍÁÔÉ ×ÅÌÉËÕ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ ×�Ä�Ï×�Ä-ÎÏ§ �Ï×Î�ÓÔÀ Ò�×ÎÏ×ÁÖÎÏ§ ÓÉÓÔÅÍÉ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÍÅÔÏÄ ÒÅ�Ì�Ë.äÌÑ Ò�×ÎÏ×ÁÖÎÏ§ ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÏ§ ÎÅ�ÅÒÅÒ×ÎÏ§ ÓÉÓÔÅÍÉ ÏÔÒÉÍÁ-ÎÏ ÆÕÎË��ÏÎÁÌ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ, ÚÁÄÁÎÉÊ × �ÒÏÓÔÏÒ� "�Ï-ÌØÏ×ÉÈ" ÚÍ�ÎÎÉÈ, Ó�ÒÑÖÅÎÉÈ ÄÏ "ÇÕÓÔÉÎÎÉÈ" ÚÍ�ÎÎÉÈ. ÷ ­ÁÕÓÏ×ÏÍÕÎÁÂÌÉÖÅÎÎ� ÏÔÒÉÍÁÎÏ ËÒÉÔÉÞÎÕ ÔÏÞËÕ ÇÁÚ-Ò�ÄÉÎÁ (�ÒÉ ×�ÄÓÕÔÎÏÓÔ��ÒÉÔÑÇÁÎÎÑ Í�Ö ÞÁÓÔÉÎËÁÍÉ ÍÁÔÒÉ��), Á ÔÁËÏÖ ×ÉÒÁÚÉ ÄÌÑ ×ÅÌÉËÏ-ÇÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ � È�Í�ÞÎÉÈ �ÏÔÅÎ��ÁÌ�×. áÎÁÌ�Ú ×É-ÝÉÈ ÎÁÂÌÉÖÅÎØ ÎÁ×ÏÄÉÔØ ÎÁ ÄÕÍËÕ �ÒÏ ÍÏÖÌÉ×�ÓÔØ �ÓÎÕ×ÁÎÎÑ Ä×ÏÈÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× Õ ÆÌÀ§Ä� × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ�. ïÄÎÁË, ÄÁÎÉÊÒÅÚÕÌØÔÁÔ ÎÅ ¤ ÏÓÔÁÔÏÞÎÉÊ � �ÏÔÒÅÂÕ¤ �ÏÄÁÌØÛÏ§ �ÅÒÅ×�ÒËÉ.On the theory of phase transitions of 
uids in porous mediaO.V.Patsahan, M.F.HolovkoAbstra
t. The phase behaviour of 
uids in porous media is studied.The system is des
ribed by means of the party quen
hed model andthe repli
a method is used in order to obtain a grand partition fun
tionof a 
orresponding fully equilibrium system. For an equilibrium multi-
omponent 
ontinuous system a fun
tional of the grand partition fun
-tion given in the phase spa
e of "�eld" variables 
onjugated to "density"variables is obtained. In the Gaussian approximation the expressions fora grand thermodynami
 potential and 
hemi
al potentials as well as thegas-liquid 
riti
al point are found. The analysis of the higher approx-imation implies the possibility of the two phase transitions in a 
uidabsorbed in porous media. However, this result is not a �nal one andneeds further 
onsideration.ðÏÄÁ¤ÔØÓÑ × õËÒÁ§ÎÓØËÉÊ Æ�ÚÉÞÎÉÊ ÖÕÒÎÁÌSubmitted to Ukrainskii �zy
hnyi zhurnal
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�îÁ �ÒÏÔÑÚ� ÏÓÔÁÎÎØÏÇÏ ÄÅÓÑÔÉÒ�ÞÞÑ ÂÁÇÁÔÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ � ÔÅ-ÏÒÅÔÉÞÎÉÈ ÒÏÂ�Ô ÂÕÌÏ �ÒÉÓ×ÑÞÅÎÏ ×É×ÞÅÎÎÀ ×�ÌÉ×Õ ÎÅ×�ÏÒÑÄËÏ×Á-ÎÏÇÏ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÎÁ ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ ÆÌÀ§Ä�× � ÆÌÀ§ÄÎÉÈÓÕÍ�ÛÅÊ. åËÓ�ÅÒÉÍÅÎÔÉ �ÏËÁÚÁÌÉ, ÝÏ ÆÁÚÏ×Á �Ï×ÅÄ�ÎËÁ ÔÁËÉÈ ÓÉÓ-ÔÅÍ × �ÏÒÉÓÔÏÍÕ ÍÁÔÅÒ�ÁÌ� � �ÒÉ ÊÏÇÏ ×�ÄÓÕÔÎÏÓÔ� (ÄÁÌ� { × ÏÂ'¤ÍÎÏ-ÍÕ ÆÌÀ§Ä�) ÚÎÁÞÎÏ ×�ÄÒ�ÚÎÑ¤ÔØÓÑ [1℄-[7℄. úÏËÒÅÍÁ, �ÏËÁÚÁÎÏ [2,3℄, ÝÏ× ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÉÈ ÆÌÀ§ÄÁÈ ÔÁËÉÈ ÑË He4, N2 Õ ×ÉÓÏËÏ�ÏÒÉÓÔÏ-ÍÕ ÁÅÒÏÇÅÌ� Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ ÓÉÌØÎÅ Ú×ÕÖÅÎÎÑ ËÒÉ×Ï§ Ó��×�ÓÎÕ×ÁÎÎÑÇÁÚ-Ò�ÄÉÎÁ � ÚÓÕ× §§ ×ÎÉÚ �Ï ×�ÄÎÏÛÅÎÎÀ ÄÏ ÏÂ'¤ÍÎÏ§ ÓÉÓÔÅÍÉ.æÁÚÏ×Á Ò�×ÎÏ×ÁÇÁ ÆÌÀ§Ä�× � ÆÌÀ§ÄÎÉÈ ÓÕÍ�ÛÅÊ ÔÁËÏÖ ×É×ÞÁÌÁÓØÍÅÔÏÄÁÍÉ ÍÏÄÅÌÀ×ÁÎÎÑ íÏÎÔÅ ëÁÒÌÏ (ÎÁ�ÒÉËÌÁÄ, ÄÉ×. [8℄-[11℄). ïÔ-ÒÉÍÁÎ� ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ �ÏËÁÚÁÌÉ �ÏÎÉÖÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÔÅÍ�ÅÒÁ-ÔÕÒÉ ÇÁÚ-Ò�ÄÉÎÁ �ÏÒ�×ÎÑÎÏ Ú ÏÂ'¤ÍÎÉÍ ×É�ÁÄËÏÍ, Ú×ÕÖÅÎÎÑ ËÒÉ×Ï§Ó��×�ÓÎÕ×ÁÎÎÑ, Á ÔÁËÏÖ ÄÌÑ ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÏÇÏ ÆÌÀ§ÄÕ × �ÏÒÉÓÔÏÍÕÓÅÒÅÄÏ×ÉÝ� �ÅÒÅÄÂÁÞÉÌÉ ÎÁÑ×Î�ÓÔØ ÄÒÕÇÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÔÉ�ÕÆÌÀ§Ä-ÆÌÀ§Ä.ýÏÂ ÚÒÏÚÕÍ�ÔÉ ÍÅÈÁÎ�ÚÍ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× × ÎÅ×�ÏÒÑÄËÏ×ÁÎÉÈ�ÏÒÉÓÔÉÈ ÓÅÒÅÄÏ×ÉÝÁÈ ÎÅÏÂÈ�ÄÎÏ ÏÄÎÏÞÁÓÎÏ ÒÏÚÇÌÑÄÁÔÉ ÔÁË� ÅÆÅË-ÔÉ ÑË �ÒÏÓÔÏÒÏ×Å ÏÂÍÅÖÅÎÎÑ (ÆÌÀ§Ä), ÎÅ×�ÏÒÑÄËÏ×ÁÎ�ÓÔØ ÓÔÒÕËÔÕÒÉ(�ÏÒÉÓÔÅ ÓÅÒÅÄÏ×ÉÝÅ) � Ñ×ÉÝÅ ÚÍÏÞÕ×ÁÎÎÑ. îÁÑ×Î� ÔÅÏÒÅÔÉÞÎ� ��ÄÈÏ-ÄÉ ÒÏÂÌÑÔØ, ÑË �ÒÁ×ÉÌÏ, ÁË�ÅÎÔ ÎÁ ÏÄÎÏÍÕ Ú �ÉÈ ÁÓ�ÅËÔ�×, Á ÓÁÍÅ,ÍÏÄÅÌØ ¶Ú�ÎÇÁ Õ ×É�ÁÄËÏ×ÏÍÕ �ÏÌ� [12℄, ÍÏÄÅÌØ ÏÄÎÏ§ �ÏÒÉ [13,14℄.´ ÎÅÏÂÈ�ÄÎ�ÓÔØ × ÔÁËÉÈ ��ÄÈÏÄÁÈ, ÑË� Â ÏÂ'¤ÄÎÕ×ÁÌÉ ×É�ÁÄËÏ×�ÓÔØ,ÏÂÍÅÖÅÎ�ÓÔØ � Ú×'ÑÚÕ×ÁÎÎÑ Í�Ö �ÏÒÁÍÉ. ð�ÄÈ�Ä, ÑËÉÊ × �ÒÉÎ�É�� ÍÏ-ÖÅ ×ËÌÀÞÁÔÉ ×Ó� ÏÓÏÂÌÉ×� Æ�ÚÉÞÎ� ÅÆÅËÔÉ ÎÅ×�ÏÒÑÄËÏ×ÁÎÉÈ ÓÅÒÅÄÏ-×ÉÝ, ÂÕ× ÚÁ�ÒÏ�ÏÎÏ×ÁÎÉÊ íÁÄÄÅÎÏÍ � çÌÁÎÄÔÏÍ [15,16℄ � ÂÁÚÕ¤ÔØ-ÓÑ ÎÁ ÞÁÓÔËÏ×Ï-ÚÁÍÏÒÏÖÅÎ�Ê ÍÏÄÅÌ�. ÷ ��Ê ÍÏÄÅÌ� ÞÁÓÔÉÎËÉ ÆÌÀ§ÄÕÒÕÈÁÀÔØÓÑ × ÎÅ×�ÏÒÑÄËÏ×ÁÎ�Ê ÍÁÔÒÉ��, ÑËÁ ÕÔ×ÏÒÉÌÁÓÑ × ÒÅÚÕÌØÔÁ-Ô� ÚÁÍÏÒÏÖÅÎÎÑ Ò�×ÎÏ×ÁÖÎÏ§ ËÏÎÆ�ÇÕÒÁ��§ ÍÁÔÒÉÞÎÉÈ ÞÁÓÔÉÎÏË, ÑËÁÂÕÌÁ ÚÇÅÎÅÒÏ×ÁÎÁ ÂÅÚ �ÒÉÓÕÔÎÏÓÔ� ÆÌÀ§ÄÎÉÈ ÞÁÓÔÉÎÏË. ãÅÊ ��ÄÈ�Ä×ÉËÏÒÉÓÔÏ×Õ¤ ÍÅÔÏÄÉ ÓÔÁÔÉÓÔÉÞÎÏ§ ÍÅÈÁÎ�ËÉ Ò�ÄÉÎ ÄÌÑ ÔÏÇÏ ÝÏÂ ÏÔ-ÒÉÍÁÔÉ ÓÔÒÏÇ� ËÌÁÓÔÅÒÎ� ÒÏÚËÌÁÄÉ ÄÌÑ ÓÔÒÕËÔÕÒÎÉÈ � ÔÅÒÍÏÄÉÎÁÍ�Þ-ÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÒÕÈÏÍÏÇÏ ÆÌÀ§ÄÕ, ÑËÉÊ ÚÎÁÈÏÄÉÔØÓÑ Õ Ò�×ÎÏ×ÁÚ�Ú ÖÏÒÓÔËÏÀ ÍÁÔÒÉ�ÅÀ (ÚÁÍÏÒÏÖÅÎ� ÞÁÓÔÉÎËÉ). úÁÓÔÏÓÕ×ÁÎÎÑ ÍÅÔÏ-ÄÕ ÒÅ�Ì�Ë [17,18℄ ÄÏÚ×ÏÌÉÌÏ ÚÎÁÞÎÏ Ó�ÒÏÓÔÉÔÉ �À ÔÅÏÒ�À (ÒÅ�Ì�ËÏ-×ÁÎÅ Ò�×ÎÑÎÎÑ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ�ËÅ (òïã)). ¶ÄÅ§ �ØÏÇÏ ��ÄÈÏÄÕ ÂÕ-ÌÉ ×ÉËÏÒÉÓÔÁÎ� × [19℄ ÄÌÑ �ÅÒÅÄÂÁÞÅÎÎÑ ÆÁÚÏ×Ï§ Ò�×ÎÏ×ÁÇÉ ÆÌÀ§Ä�×× ÎÅ×�ÏÒÑÄËÏ×ÁÎÉÈ �ÏÒÉÓÔÉÈ ÍÁÔÅÒ�ÁÌÁÈ. á×ÔÏÒÁÍÉ ÂÕÌÏ ÏÔÒÉÍÁÎÏËÒÉ×� Ó��×�ÓÎÕ×ÁÎÎÑ, ÑË� ÚÁ×ÖÄÉ ÚÎÁÈÏÄÑÔØÓÑ ×ÓÅÒÅÄÉÎ� ËÒÉ×ÉÈ Ó��×-
ICMP{01{08U 2�ÓÎÕ×ÁÎÎÑ ÏÂ'¤ÍÎÉÈ ÆÌÀ§Ä�×, Á ÄÌÑ �Å×ÎÉÈ ÚÎÁÞÅÎØ ÇÕÓÔÉÎÉ ÍÁÔÒÉ��� �ÁÒÁÍÅÔÒ�× ×ÚÁ¤ÍÏÄ�§ × ÎÁÂÌÉÖÅÎÎ� Ï�ÔÉÍ�ÚÏ×ÁÎÉÈ ÈÁÏÔÉÞÎÉÈ ÆÁÚ� ÄÒÕÇÏÇÏ ×�Ò�ÁÌØÎÏÇÏ ËÏÅÆ���¤ÎÔÁ (ïèæ+B2) �ÅÒÅÄÂÁÞÅÎÏ �ÓÎÕ×ÁÎÎÑÄÒÕÇÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. ïÄÎÁË, ÎÁ ×�ÄÍ�ÎÕ ×�Ä ×É�ÁÄËÕ ÏÂ'¤ÍÎÏÇÏÆÌÀ§ÄÕ, ÏÔÒÉÍÁÎ� ÒÅÚÕÌØÔÁÔÉ ¤ ÞÕÔÌÉ×ÉÍÉ ÄÏ ×ÉÂÒÁÎÏÇÏ ÎÁÂÌÉÖÅÎ-ÎÑ: Î� ÓÅÒÅÄÎØÏÓÆÅÒÉÞÎÅ ÎÁÂÌÉÖÅÎÎÑ, Î� ÎÁÂÌÉÖÅÎÎÑ ïèæ+B2+B3ÎÅ �ÅÒÅÄÂÁÞÁÀÔØ ÄÒÕÇÏ§ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ �ÒÉ ×ÉÂÒÁÎÉÈ ÎÁÂÏÒÁÈ �Á-ÒÁÍÅÔÒ�×.äÁÎÁ ÒÏÂÏÔÁ ¤ �Î���ÊÏ×ÁÎÁ ÒÏÚÂ�ÖÎ�ÓÔÀ × ÒÅÚÕÌØÔÁÔÁÈ, ÑË� ÄÁÀÔØÒ�ÚÎ� ÎÁÂÌÉÖÅÎÎÑ. îÁÛÏÀ ÍÅÔÏÀ ¤ ÔÅÏÒÅÔÉÞÎÏ ÄÏÓÌ�ÄÉÔÉ ×�ÌÉ× �Ï-ÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÎÁ ÆÁÚÏ×Õ �Ï×ÅÄ�ÎËÕ �ÒÏÓÔÏÇÏ ÆÌÀ§ÄÕ. íÉ ÒÏÚ-ÇÌÑÄÁ¤ÍÏ ÞÁÓÔËÏ×Ï ÚÁÍÏÒÏÖÅÎÕ ÍÏÄÅÌØ � ÒÏÚ×É×Á¤ÍÏ ��ÄÈ�Ä, ÑËÉÊÂÁÚÕ¤ÔØÓÑ ÎÁ �ÄÅÑÈ ÍÅÔÏÄÕ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ�ÎÎÉÈ (ëú) Ú ×ÉÄ�ÌÅÎÏÀÓÉÓÔÅÍÏÀ ×�ÄÌ�ËÕ [20,21℄, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ �ÒÉ �ØÏÍÕ ÍÅÔÏÄ ÒÅ�Ì�Ë.2. íÅÔÏÄòÏÚÇÌÑÎÅÍÏ Ä×ÏÓÏÒÔÎÕ ÓÉÓÔÅÍÕ ÞÁÓÔÉÎÏË × ÏÂ'¤Í� V , × ÑË�Ê N0 ÞÁÓ-ÔÉÎÏË ÓÏÒÔÕ "0" (ÍÁÔÒÉ�Ñ) ¤ ÚÁÍÏÒÏÖÅÎ�, Á N1 ÞÁÓÔÉÎÏË ÓÏÒÔÕ "1"(ÆÌÀ§Ä) �ÅÒÅÂÕ×ÁÀÔØ × Ò�×ÎÏ×ÁÚ� �ÒÉ ÔÅÍ�ÅÒÁÔÕÒ� T (ÍÉ �ÒÉ�ÕÓËÁ-¤ÍÏ, ÝÏ T0 = T1 = T ). èÏÞÁ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ "0" ¤ ÚÁÍÏÒÏÖÅÎ�, ÍÉ××ÁÖÁ¤ÍÏ,ÝÏ ×ÏÎÉ ¤ × Ò�×ÎÏ×ÁÖÎ�Ê ËÏÎÆ�ÇÕÒÁ��§, ÑËÁ ×�Ä�Ï×�ÄÁ¤ ÒÏÚ-�ÏÄ�ÌÕ ç�ÂÂÓÁ Ú �ÁÒÎÉÍ �ÏÔÅÎ��ÁÌÏÍ ×ÚÁ¤ÍÏÄ�§. �ÏÄ� ×ÅÌÉËÉÊ ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÔÁËÏ§ ÓÉÓÔÅÍÉ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÑË [22℄:�� �
1 = 1�0 XN0�0(zN00 =N0!) Z d~qN0 exp[��H00(~qN0)℄ ln �1(~qN0); (2.1)ÄÅ �0 = XN0�0(zN00 =N0!) Z d~qN0 exp[��H00(~qN0)℄; (2.2)¤ ×ÅÌÉËÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÍÁÔÒÉ��, ~qN0 = ~q1; ~q2; : : : ; ~qN0 �ÏÚÎÁÞÁ¤�ÏÌÏÖÅÎÎÑ ÞÁÓÔÉÎÏË ÍÁÔÒÉ��, H00 ¤ �ÏÔÅÎ��ÁÌØÎÁ ÅÎÅÒÇ�Ñ N0 ÞÁÓÔÉ-ÎÏË; �1(~qN0) = XN�0(zN11 =N1!) Z d~rN1 exp[��[H01(~rN1 ; ~qN0)+H11(~rN1)℄℄¤ ÍÁÔÒÉÞÎÏ ÚÁÌÅÖÎÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ; ~rN1 = ~r1; ~r2; : : : ; ~rN1 �ÏÚÎÁ-ÞÁ¤ �ÏÌÏÖÅÎÎÑ N1 ÞÁÓÔÉÎÏË, H01 + H11 ¤ �ÏÔÅÎ��ÁÌØÎÁ ÅÎÅÒÇ�Ñ N1ÞÁÓÔÉÎÏË ÆÌÀ§ÄÕ × �ÒÉÓÕÔÎÏÓÔ� N0 ÞÁÓÔÉÎÏË ÍÁÔÒÉ��.



3 ðÒÅ�ÒÉÎÔúÁÓÔÏÓÕ×ÁÎÎÑ ÍÅÔÏÄ�× ÓÔÁÔÉÓÔÉÞÎÏ§ ÍÅÈÁÎ�ËÉ ÄÏ ÔÁËÉÈ ÓÉÓÔÅÍ ¤Â�ÌØÛ ÓËÌÁÄÎÏÀ ÚÁÄÁÞÏÀ, Î�Ö §È ÚÁÓÔÏÓÕ×ÁÎÎÑ ÄÏ Ò�×ÎÏ×ÁÖÎÉÈ ÓÉÓ-ÔÅÍ ÏÓË�ÌØËÉ ÓÅÒÅÄÎ� �Ï ÁÎÓÁÍÂÌÀ ÓÔÁÀÔØ �ÏÄ×�ÊÎÉÍÉ ÓÅÒÅÄÎ�ÍÉ:Ó�ÏÞÁÔËÕ ÚÄ�ÊÓÎÀ¤ÔØÓÑ ÕÓÅÒÅÄÎÅÎÎÑ ÝÏÄÏ ×Ó�È ÓÔÕ�ÅÎ�× ×�ÌØÎÏÓÔ�ÞÁÓÔÉÎÏË ÆÌÀ§ÄÕ �ÒÉ ÚÂÅÒÅÖÅÎÎ� Æ�ËÓÏ×ÁÎÉÍÉ ÞÁÓÔÉÎËÉ ÍÁÔÒÉ��,ÔÏÄ� ÚÄ�ÊÓÎÀ¤ÔØÓÑ ÍÁÔÒÉÞÎÅ ÓÅÒÅÄÎ¤ ÝÏÄÏ ×Ó�È ÓÔÕ�ÅÎ�× ×�ÌØÎÏÓÔ��Ï×'ÑÚÁÎÉÈ Ú ÍÁÔÒÉ�ÅÀ. �ÏÍÕ ÚÁÓÔÏÓÏ×Õ¤ÍÏ ÄÏ (2.1) ÍÅÔÏÄ ÒÅ�Ì�Ë[18℄,ÑËÉÊ �ÏÌÑÇÁ¤ × ÚÁÍ�Î� ÌÏÇÁÒÉÆÍÁ ��Ä �ÎÔÅÇÒÁÌÏÍ × (2.1) ÅËÓ�Ï-ÎÅÎÔÏÀ. ïÔÒÉÍÁ¤ÍÏ [22℄�� �
1 = 1�0 lims!0 dds�rep(s) = lims!0 dds ln �rep(s); (2.3)ÄÅ �rep(s) = XN0�0 XN1�0 XN2�0 : : : XNs�0 zN00N0! zN1+N2+:::+Ns1N1!N2! : : :Ns!� Z d~qN0d~rN1 : : : d~rNs expf��[H00(~qN0)+ sXm=1(H0m(~rNm ; ~qN0) +Hmm(~rNm))℄g: (2.4)�ÕÔ ÍÉ ××ÅÌÉ s ÒÅ�Ì�Ë (ËÏ��Ê) ÆÌÀ§ÄÕ Ú ÔÏÀ Ö ÓÁÍÏÀ ÁËÔÉ×Î�ÓÔÀ z1.ïÔÖÅ, ÍÉ ÔÅ�ÅÒ ÍÁ¤ÍÏ Ó�ÒÁ×Õ Ú Ò�×ÎÏ×ÁÖÎÏÀ ÓÔÁÔÉÓÔÉÞÎÏÀ ÓÕÍÏÀÓÕÍ�Û� s+ 1 ÓÏÒÔ�×, × ÑË�Ê ÞÁÓÔÉÎËÉ ÓÏÒÔ�× i � j ÎÅ ×ÚÁ¤ÍÏÄ�ÀÔØ Í�ÖÓÏÂÏÀ.òÏÚ�Â'¤ÍÏ �ÏÔÅÎ��ÁÌØÎÕ ÅÎÅÒÇ�À s + 1 ËÏÍ�ÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉ ÎÁËÏÒÏÔËÏÄ�ÀÞÕ (×�ÄÛÔÏ×ÈÕÀÞÕ) ÞÁÓÔÉÎÕ � ÞÁÓÔÉÎÕ, �Ï×'ÑÚÁÎÕ Ú �ÒÉ-ÔÑÇÁÎÎÑÍ Í�Ö ÞÁÓÔÉÎËÁÍÉ:H00(~qN0) = 12 N0Xij ;[ 00(qij) + �00(qij)℄H0m(~rNm ; ~qN0) = 12N0NmXij ;[ 0m(j~ri � ~qj j) + �0m(j~ri � ~qj j)℄Hmm(~rNm) = 12 NmXij ;[ mm(rij ) + �mm(rij)℄; m = 1; : : : ; s:÷×ÅÄÅÍÏ Ï�ÅÒÁÔÏÒÉ ^�(m)~k;1 � ^�~k;0, ÑË� ¤ ÆÕÒ'¤ �ÅÒÅÔ×ÏÒÅÎÎÑÍÉ ÌÏËÁÌØÎÏ§ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË ÓÏÒÔÕ m � ÌÏËÁÌØÎÏ§ ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË ÓÏÒÔÕ 0,
ICMP{01{08U 4×�Ä�Ï×�ÄÎÏ:^�(m)~k;1 = N1Xj=1 exp(�i~k~r(m)j ); ^�~k;0 = N0Xj=1 exp(�i~k~qj)� �ÒÅÄÓÔÁ×ÉÍÏ (2.4), ×ÉÄ�ÌÑÀÞÉ ÓÉÓÔÅÍÕ ×�ÄÌ�ËÕ [20,21℄, Õ ×ÉÇÌÑÄ��rep(s) = �RShexpf� sXm=1�(1)1;m^�(m)0;1 + ��(1)0 ^�0;0 � �2V X~k ~�00(k)�^�~k;0^��~k;0 � �2V Xm X~k [2~�0m(k)^�~k;0^�(m)�~k;1+~�mm(k)^�(m)~k;1 ^�(m)�~k;1℄gi; (2.5)ÄÅ ××ÅÄÅÎ� ÔÁË� �ÏÚÎÁÞÅÎÎÑ:�RS = XN0�0 XN1�0 XN2�0 : : : XNs�0 sYm=1 z(0)0 N0z(0)1;mNmN0!Nm! Z (d�) exp(��	R);- ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÓÉÓÔÅÍÉ ×�ÄÌ�ËÕ;h: : :i = 1�RS XN0�0 XN1�0 XN2�0 : : : XNs�0 sYm=1 z(0)0 N0z(0)1;mNmN0!Nm!� Z (d�) : : : exp(��	R);(d�) = d~qN0d~rN1 : : : d~rNs ;	R = 12 N0Xij ; 00(qij) + 12 sXm=1 NmXij ; mm(rij )+ sXm=1N0NmXij ; 0m(j~ri � ~qj j);�(1)1;m = �1;m � �(0)1;m + 12V X~k ~�mm(k);�(1)0 = �0 � �(0)0 + 12V X~k ~�00(k):



5 ðÒÅ�ÒÉÎÔ÷ (2.5) ÍÉ ××ÅÌÉ ÄÌÑ È�Í�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÁ �1 �ÏÚÎÁÞÅÎÎÑ �1;m,�ÁÍ'ÑÔÁÀÞÉ, ÝÏ �1;1 = �1;2 = : : : = �1;s; z(0)0 - ÁËÔÉ×Î�ÓÔØ ÞÁÓÔÉÎËÉÍÁÔÒÉ�� × ÓÉÓÔÅÍ� ×�ÄÌ�ËÕ: z(0)0 = exp(��(0)0 ) � z(0)1;m - ÁËÔÉ×Î�ÓÔØ ÞÁÓ-ÔÉÎËÉ ÓÏÒÔÕ m (m = 1; 2; : : : ; s) × ÓÉÓÔÅÍ� ×�ÄÌ�ËÕ: z(0)1;m = exp(��(0)1;m).æÕÎË��§ �(1)0 � �(1)1;m ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×:� ln �rep(s)���(1)1;m = hN1(s)i; � ln �rep(s)���(1)0 = hN0(s)i: (2.6)÷ÉÒÁÚ (2.5) ÍÉ ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ Õ ËÏÍ�ÁËÔÎ�Ê ÆÏÒÍ�, ×ÉËÏÒÉÓ-ÔÏ×ÕÀÞÉ ÍÁÔÒÉÞÎ� �ÏÚÎÁÞÅÎÎÑ�rep(s) = �RShexpf12X~k ^�(k)^�~k ^��~k + �^�(1)^�0gi; (2.7)ÄÅ ^�~k - ÍÁÔÒÉ�Ñ-ÓÔÏ×ÂÅ�Ø: ^�~k = 0BBBBBBB� ^�~k;0^�(1)~k;1^�(2)~k;1...^�(s)~k;1
1CCCCCCCA ;^�(1) - ÍÁÔÒÉ�Ñ-ÒÑÄÏË:^�(1) = ��(1)0 ; �(1)1;1; �(1)1;2; : : : ; �(1)1;s�� ^�(k) - ÍÁÔÒÉ�Ñ ÒÏÚÍ�ÒÎÏÓÔ� (s + 1) � (s + 1) Ú ÅÌÅÍÅÎÔÁÍÉ �ij(k),�ÒÉÞÏÍÕ, �ij(k)ji 6=j 6=0 � 0;�00(k) = � �V ~�00(k) = 
(k);�0m(k) = �m0(k) = � �V ~�0m(k) = b(k);�11(k) = �22(k) = : : : = �ss(k) = � �V ~�mm(k) = a(k)� det ~�(k) = �sa(k)s�1b(k)2 + a(k)s
(k).

ICMP{01{08U 6ñËÝÏ �ÏËÌÁÓÔÉ �00(k) � 0 (×�ÄÓÕÔÎ¤ �ÒÉÔÑÇÁÎÎÑ Í�Ö ÞÁÓÔÉÎËÁÍÉÍÁÔÒÉ��), ÔÏ det ~�(k) = �sa(k)s�1b(k)2.úÄ�ÊÓÎÉ×ÛÉ × (2.7) �ÅÒÅÔ×ÏÒÅÎÎÑ èÁÂÂÁÒÄÁ-óÔÒÁÔÏÎÏ×ÉÞÁ, �ÅÒÅÊ-ÄÅÍÏ ÄÏ "�ÏÌØÏ×ÉÈ" ÚÍ�ÎÎÉÈ ^�~k:�rep(s) = �RShY~k (2�)�1=2(det ^B(k))1=2 1Z�1 : : : 1Z�1 sYm=1Y~k�d�~k;0d�(m)~k;1 expf�12X~k ^B(k)^�~k ^��~k+X~k ^�~k(^�~k + Æ~k�^�(1))gi; (2.8)ÄÅ ^�~k = ��~k;0; �(1)~k;1; �(2)~k;1; : : : ; �(s)~k;1�� ÅÌÅÍÅÎÔ bij ÍÁÔÒÉ�� ^B(k) Ò�×ÎÉÊbij = jAjjidet ^�(k) ;ÄÅ jAjji - ÁÌÇÅÂÒÁ§ÞÎÅ ÄÏ�Ï×ÎÅÎÎÑ ÅÌÅÍÅÎÔÁ ij ÍÁÔÒÉ�� ^�(k).ð�ÓÌÑ ÚÁÍ�ÎÉ ÚÍ�ÎÎÉÈ ^�`~k = ^�~k + Æ~k�^�(1) × (2.8) ÏÔÒÉÍÁ¤ÍÏ�rep(s) = �RSY~k (2�)�1=2(det ^B(k))1=2 1Z�1 : : : 1Z�1 sYm=1Y~k�d�`~k;0d�(m)~k;1 ` expf�12X~k ^B(k)^�`~k ^�`�~k+�^�(1) ^B(0)^�`0 � 12 ^B(0)(�^�(1))2g�hexpX~k ^�~k ^�`~ki: (2.9)÷ÉÒÁÚ hexpP~k ^�~k ^�`~ki ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ� ËÕÍÕÌÑÎÔÎÏÇÏÒÏÚËÌÁÄÕ [24,25℄: hexpX~k ^�~k ^�`~ki = expXn�1 ^Dn(^�`); (2.10)



7 ðÒÅ�ÒÉÎÔÄÅ ^Dn(^�`) = 1n! X~k1;:::;~kn ^Mn(~k1; : : : ; ~kn)^�`~k1 ^�`~k2 : : : ^�`~kn ; (2.11)^Mn(~k1; : : : ; ~kn) - ÍÁÔÒÉ�Ñ ÒÏÚÍ�ÒÎÏÓÔ� (s+ 1)� (s+ 1)� : : :� (s+ 1)| {z }n(ÄÉ×ÉÓØ äÏÄÁÔÏË á).æÏÒÍÕÌÉ (2.9)-(2.11) ÍÁÀÔØ ÚÁÇÁÌØÎÉÊ ÈÁÒÁËÔÅÒ � ¤ ÆÕÎË��ÏÎÁÌØ-ÎÉÍ �ÒÅÄÓÔÁ×ÌÅÎÎÑÍ ÄÌÑ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉm-ËÏÍ�ÏÎÅÎÔÎÏ§ÎÅ�ÅÒÅÒ×ÎÏ§ ÓÉÓÔÅÍÉ.3. ½ÁÕÓÏ×Å ÎÁÂÌÉÖÅÎÎÑó�ÅÒÛÕ ÒÏÚÇÌÑÎÅÍÏ ­ÁÕÓÏ×Å ÎÁÂÌÉÖÅÎÎÑ �rep(s). äÌÑ �ØÏÇÏ × (2.10)-(2.11) ÏÂÍÅÖÉÍÏÓØ ÄÏÄÁÎËÁÍÉ Ú n � 2. ÷ ÒÅÚÕÌØÔÁÔ� ÏÔÒÉÍÁ¤ÍÏ (äÏ-ÄÁÔÏË á):�rep(s) = �RSY~k (2�)�1=2(det ^B(k))1=2 1Z�1 : : : 1Z�1 sYm=1Y~k�d�~k;0d�(m)~k;1 expf�12X~k ( ^B(k)� ^M2(k))^�~k ^��~k+(�^�(1) ^B(0) + h ^Ni)^�~k=0 � 12 ^B(0)(�^�(1))2g: (3.1)(ÔÕÔ � ÄÁÌ� ÛÔÒÉÈ Â�ÌÑ ^�~k Õ�ÕÝÅÎÏ). ^M2(k) { Ë×ÁÄÒÁÔÎÁ ÍÁÔÒÉ�Ñ(s+ 1)� (s+ 1):^M2 = 0BBBBB� M20 M01 M01 : : : M01M01 M11 M12 : : : M12M01 M12 M11 : : : M12... ... ... . . . ...M01 M12 M12 : : : M11
1CCCCCA� ÍÉ �ÏËÌÁÌÉM2;0 =M20,M(1)2(01) =M01,M(1;2)2;1 =M12,M(1;1)2;1 =M11.äÌÑ h ^Ni ÍÁ¤ÍÏ h ^Ni = 0BBBBB� hN0ihN1ihN1i...hN1i

1CCCCCA :

ICMP{01{08U 8òÏÚÇÌÑÎÅÍÏ Ë×ÁÄÒÁÔÉÞÎÕ ÆÏÒÍÕ�12X~k ^A(k)^�~k ^��~k; (3.2)ÄÅ ^A(k) = ^B(k)� ^M2(k) :^A = 0BBBBB� A00 A01 A01 : : : A01A01 A11 A12 : : : A12A01 A12 A11 : : : A12... ... ... . . . ...A01 A12 A12 : : : A11
1CCCCCA� ××ÅÄÅÎ� �ÏÚÎÁÞÅÎÎÑA00 = � asb2 � a
 �M20A11 = (s� 1)b2 � a
a(sb2 � a
) �M11A12 = � b2a(sb2 � a
) �M12A01 = bsb2 � a
 �M01: (3.3)ýÏÂ ×ÉÄ�ÌÉÔÉ ÎÅÚÁÌÅÖÎ� ËÏÌÅËÔÉ×Î� ÚÂÕÄÖÅÎÎÑ (ÚÍ�ÎÎ�, �Ï×'ÑÚÁÎ� Ú�ÁÒÁÍÅÔÒÏÍ �ÏÒÑÄËÕ) Ä�ÁÇÏÎÁÌ�ÚÕ¤ÍÏ Ë×ÁÄÒÁÔÉÞÎÕ ÆÏÒÍÕ × (3.2)[23℄.ïÔÒÉÍÁ¤ÍÏ�12X~k [�1(k)�~k;1��~k;1 + �2(k)�~k;2��~k;2 + s+1Xm=3�m(k)�~k;m��~k;m℄;ÄÅ (s+ 1) ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÍÁÀÔØ ×ÉÇÌÑÄ:�1;2 = 12fA00 +A11 + (s� 1)A12 � [[(A00 �A11)�(s� 1)A12℄2 + 4sA201℄1=2g (3.4)� �m = � = A11 �A12; m = 3; : : : ; s+ 1: (3.5)÷�Ä�Ï×�ÄÎ� ×ÌÁÓÎ� ×ÅËÔÏÒÉ ×ÉÚÎÁÞÁÀÔØÓÑ Ó��××�ÄÎÏÛÅÎÎÑÍÉ�~k;0 = �1�~k;1 + �2�~k;2;



9 ðÒÅ�ÒÉÎÔ�(m)~k;1 = �~k;1 + �~k;2 +�m; m = 1; : : : ; s�1 = � s+1Xm=3 �~k;m; �m�2 = �~k;m+1; (3.6)ÄÅ �1 � �2 ÍÁÀÔØ ×ÉÇÌÑÄ:�1;2 = 12A01 fA00 �A11 � (s� 1)A12 � [[(A00 �A11)�(s� 1)A12℄2 + 4sA201℄1=2g: (3.7)÷ ­ÁÕÓÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ� ËÒÉÔÉÞÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ ÂÕÄÅ ×ÉÚÎÁÞÁÔÉÓØ ÚÒ�×ÎÑÎØ �i(k = 0) = 0 i = 1; : : : ; s+ 1:ò�×ÎÑÎÎÑ �(k = 0) = 0 (ÄÉ×.(3.5)) ÄÌÑ ×Ó�È s (m � 3) ÄÁ¤1a � (M11 �M12) = 0; (3.8)ÁÂÏ kBT
 = � 1V ~�mm(0)(M11 �M12): (3.9)ä×Á �ÎÛ� Ò�×ÎÑÎÎÑ ��ÓÌÑ ��ÄÓÔÁÎÏ×ËÉ (3.3) × (3.4) ÄÁÀÔØ~�
1;2 = 12fM(s) + qM20 + 2srM01 � [(M(s)� qM20)2+4s(M01 + rM20)(qM01 + rM(s))℄1=2g; (3.10)ÄÅ ××ÅÄÅÎ� ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑM(s) =M11 + (s� 1)M12; (3.11)~�
1;2 = kBT 
1;2Vj~�mm(0)j ; (3.12)q = � ~�00(0)j~�mm(0)j ; r = � ~�0m(0)j~�mm(0)j : (3.13)÷ ÇÒÁÎÉ�� s! 0 Ú (3.10) ÏÔÒÉÍÁ¤ÍÏ, ËÏÌÉK =M(s = 0) + qM20(s = 0) > 0 :~�
1 =M11(s = 0)�M12(s = 0); (3.14)
ICMP{01{08U 10ÝÏ Ó��×�ÁÄÁ¤ Ú (2.9) � ~�
2 = qM20(s = 0): (3.15)ñËÝÏ K < 0, ÔÏ �ÎÄÅËÓÉ 1 � 2 Â�ÌÑ ~�
 Í�ÎÑÀÔØÓÑ Í�Ó�ÑÍÉ.ñËÝÏ q = 0, ÝÏ ×�Ä�Ï×�ÄÁ¤ ×�ÄÓÕÔÎÏÓÔ� �ÒÉÔÑÇÁÎÎÑ Í�Ö ÞÁÓÔÉÎ-ËÁÍÉ ÍÁÔÒÉ�� (~�00(0) = 0), Õ ×É�ÁÄËÕ K > 0 ÏÔÒÉÍÁ¤ÍÏ~�
1 =M(s = 0); ~�
2 � 0: (3.16)ñËÝÏ q = 0 � r = 0 (K > 0), ÔÏ ÚÎÏ×Õ ÏÔÒÉÍÁ¤ÍÏ ÒÅÚÕÌØÔÁÔ (3.16).ïÔÖÅ, × ­ÁÕÓÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ� ×ÚÁ¤ÍÏÄ�Ñ ÍÁÔÒÉ�Ñ-ÆÌÀ§Ä ÍÁ¤ Ï�ÏÓÅ-ÒÅÄËÏ×ÁÎÉÊ ×�ÌÉ× (ÞÅÒÅÚM12(0)) ÎÁ ËÒÉÔÉÞÎÕ ÔÅÍ�ÅÒÁÔÕÒÕ ÆÌÀ§ÄÕ.ïÂÞÉÓÌÉÍÏ ÔÅ�ÅÒ �ÎÔÅÇÒÁÌ (3.1). ïÔÒÉÍÁ¤ÍÏ�repG (s) = �RS expf�12X~k ln det(1� ^� ^M2)� 12(�^�(1)) ^B(0)�(�^�(1))T + 12( ^B(0)�^�(1) + h ^Ni) ^C(0)( ^B(0)�^�(1)+h ^Ni)T g;ÄÅ ^� = [ ^B(k; s)℄�1; ^C(0) = [ ^B(k = 0; s)� ^M2(k = 0; s)℄�1:÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ (2.6), ×ÉÚÎÁÞÉÍÏ È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ^�(1), Á ÓÁÍÅ,�^�(1) = � h ^Ni^B(0) = �h ^Ni^�(0) (3.17)ÁÂÏ�(�1;m � �(0)1;m) = � hN0iV ~�0m(0) + � hN1iV ~�mm(0)� �2V X~k ~�mm(k);(3.18)��(1)0 = � hN0iV ~�00(0) + s� hN1iV ~�0m(0)� �2V X~k ~�00(k): (3.19)æÏÒÍÕÌÁ (3.18) ÍÁ¤ ÔÁËÉÊ ÓÁÍÉÊ ×ÉÇÌÑÄ ÑË � ×�Ä�Ï×�ÄÎÁ ÆÏÒÍÕÌÁ× [19℄. ð�ÓÌÑ ��ÄÓÔÁÎÏ×ËÉ (3.17) Õ �repG (s) ÍÁÔÉÍÅÍÏ�repG (s) = �RS expf�12X~k ln det(1� ^� ^M2)� 12 h ^Ni^�(0)h ^N iT g; (3.20)



11 ðÒÅ�ÒÉÎÔÄÅ h ^Ni^�(0)h ^NiT = �hN0i2V � ~�00(0)� 2s hN0ihN1iV � ~�0m(0)�s hN1i2V � ~�mm(0):�ÏÄ� Õ ×�Ä�Ï×�ÄÎÏÓÔ� Ú (2.3) ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÆÌÀ-§ÄÕ ×ÓÅÒÅÄÉÎ� ÍÁÔÒÉ�� ÍÁ¤ÍÏ��(�
1 � �
RS) = � �2V X~k ~�00(k) ddsM20(k; s)js=01 + �2V ~�00(k)M20(k; s = 0)� �2V X~k f[~�mm(k)M12(k; s = 0) + 2~�0m(k)�M01(k; s = 0)� �V ~�20m(k)M20(k; s = 0)�(M11(k; s = 0)�M12(k; s = 0))℄=[(1 + �V ~�mm(k)(M11(k; s = 0)�M12(k; s = 0))(1 + �2V ~�00(k)�M20(k; s = 0))℄g+ hN0(s = 0)iV dhN0ids js=0�� ~�00(0) + hN0(s = 0)ihN1(s = 0)iV�� ~�0m(0) + hN1(s = 0)i22V � ~�mm(0): (3.21)ðÒÉ ~�00(k) = 0 (3.21) Ú×ÏÄÉÔØÓÑ ÄÏ ×ÉÇÌÑÄÕ��(�
1 � �
RS) = hN0(s = 0)ihN1(s = 0)iV � ~�0m(0)+ hN1(s = 0)i22V � ~�mm(0)� �2V X~k f[~�mm(k)M12(k; s = 0) + 2~�0m(k)�M01(k; s = 0)� �V ~�20m(k)M20(k; s = 0)�(M11(k; s = 0)�M12(k; s = 0))℄=[1 + �V ~�mm(k)(M11(k; s = 0)
ICMP{01{08U 12�M12(k; s = 0))℄g: (3.22)ìÅÇËÏ �ÏÂÁÞÉÔÉ, ÝÏ ×ÉÒÁÚÉ ÄÌÑ ËÒÉÔÉÞÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ, ÑË� ÍÏÖÎÁÏÔÒÉÍÁÔÉ Ú (3.21) � (3.22) Ó��×�ÁÄÁÀÔØ, ×Á�Ä�Ï×�ÄÎÏ, Ú (3.14) � (3.15).4. îÅ­ÁÕÓÏ×Å ÎÁÂÌÉÖÅÎÎÑ (ÍÏÄÅÌØ �4i )òÏÚÇÌÑÎÅÍÏ ÆÏÒÍÕÌÉ ÄÌÑ ÆÕÎË��ÏÎÁÌÕ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (2.9)-(2.11). ðÅÒÅÊÄÅÍÏ ×�Ä ÚÍ�ÎÎÉÈ ~�~k ÄÏ ÚÍ�ÎÎÉÈ ~�~k ×�Ä�Ï×�ÄÎÏ ÄÏ �ÅÒÅ-Ô×ÏÒÅÎØ (3.6) (ÏÂÍÅÖÕÀÞÉÓØ n = 4 × ËÕÍÕÌÑÎÔÎÏÍÕ ÒÏÚËÌÁÄ� (2.11)).ïÔÒÉÍÁ¤ÍÏ�rep = �RSC 1Z�1 : : : 1Z�1 s+1Ym=1 d�~k;m exp[�H(�~k;m)℄; (4.1)ÄÅ H ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄH(�~k;m) = a1;1�0;1 + a1;2�0;2 + 12!X~k (a2;1�~k;1� ~�k;1+a2;2�~k;2� ~�k;2 + s+1Xm=3 a2;m�~k;m� ~�k;m)+D3(�~k;m) +D4(�~k;m): (4.2)�ÕÔ ××ÅÄÅÎ� ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:a1;1 = �f��(1)0 (�1b00 + sb01) + ��(1)1 s(�1b01+b11 + (s� 1)b12) + �1hN0i+ shN1ig; (4.3)a1;2 = �f��(1)0 (�2b00 + sb01) + ��(1)1 s(�2b01+b11 + (s� 1)b12) + �2hN0i+ shN1ig; (4.4)a2;1 = �1; a2;2 = �2; (4.5)a2;m = �m = 1a � (M11 �M12): (4.6)D3(�~k;m) = 13! X~k1~k2~k3 Æ~k1+~k2+~k3 �N(1)3 �~k1;1�~k2;1�~k3;1



13 ðÒÅ�ÒÉÎÔ+N(2)3 �~k1;2�~k2;2�~k3;2 +N(21;2)3 �~k1;1�~k2;1�~k3;2+N(1;22)3 �~k1;1�~k2;2�~k3;2 + Xm�3N(1;2m)3 �~k1;1�~k2;m�~k3;m+Xm�3N(2;2m)3 �~k1;2�~k2;m�~k3;m + Xi;j�3 0N(1;i;j)3 �~k1;1�~k2;i�~k3;j+ Xi;j�3 0N(2;i;j)3 �~k1;2�~k2;i�~k3;j + Xi;j�3 0N(i;2j)3 �~k1;i�~k2;j�~k3;j+ Xi;j;l�3 0N(i;j;l)3 �~k1;i�~k2;j�~k3;l1A ; (4.7)D4(�~k;m) = 14! X~k1~k2~k3~k4 Æ~k1+~k2+~k3+~k4 �N(1)4 �~k1;1�~k2;1�~k3;1�~k4;1+N(2)4 �~k1;2�~k2;2�~k3;2�~k4;2 +N(1;32)4 �~k1;1�~k2;2�~k3;2�~k4;2+N(31;2)4 �~k1;1�~k2;1�~k3;1�~k4;2 +N(21;22)4 �~k1;1�~k2;1�~k3;2�~k4;2+Xm�3N(21;2m)4 �~k1;1�~k2;1�~k3;m�~k4;m + Xm�3N(22;2m)4��~k1;2�~k2;2�~k3;m�~k4;m + Xm�3N(1;2;2m)4 �~k1;1�~k2;2��~k3;m�~k4;m + Xi;j�3 0N(21;i;j)4 �~k1;1�~k2;1�~k3;i�~k4;j+ Xi;j�3 0N(22;i;j)4 �~k1;2�~k2;2�~k3;i�~k4 ;j + Xi;j�3 0N(1;2;i;j)4��~k1;1�~k2;2�~k3;i�~k4;j + Xi;j�3 0N(1;i;2j)4 �~k1;1�~k2;i�~k3;j�~k4;j+ Xi;j�3 0N(2;i;2j)4 �~k1;2�~k2;i�~k3;j�~k4;j + Xm�3N(m)4 �~k1;m�~k2;m��~k3;m�~k4;m + Xi;j�3 0N(i;3j)4 �~k1;i�~k2;j�~k3;j�~k4;j+ Xi;j�3 0N(2i;2j)4 �~k1;i�~k2;i�~k3;j�~k4;j + Xi;j;l�3 0N(i;j;2l)4��~k1;i�~k2;j�~k3;l�~k4;l + Xi;j;l;m�3 0N(i;j;l;m)4 �~k1;i�~k2;j��~k3;l�~k4;m� : (4.8)
ICMP{01{08U 14úÎÁÞÏË " ' " × (4.7) � (4.8) ÏÚÎÁÞÁ¤, ÝÏ i 6= j � i 6= j 6= l � Ô.Ä. ÷ÉÒÁÚÉÄÌÑ ËÏÅÆ���¤ÎÔ�× N(:::)n ÄÁÀÔØÓÑ × äÏÄÁÔËÕ â.÷ ÇÒÁÎÉ�� s ! 0 ÏÔÒÉÍÕÀÔØÓÑ ÎÁÓÔÕ�Î� ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ���¤ÎÔ�×ÇÁÍ�ÌØÔÏÎ�ÁÎÕ (4.2):a1;1(s = 0) = 0; a1;2(s = 0) = lims!0 a1;2;a2;1(s = 0) = �1(s = 0) = 1a � (M11 �M12);a2;2(s = 0) = �2(s = 0) = 1
 �M20;a2;m = �m = 1a � (M11 �M12);Á ÔÁËÏÖ D3(�0;m) � D4(�0;m) ÍÁÀÔØ ×ÉÇÌÑÄD3 = � 13!fM3;0(s = 0)�32(s = 0)�30;2 + 6(M111(s = 0)� 3M112(s = 0)�M123(s = 0))�0;1 Xm�3 �20;m + 6� [�2(s = 0)(M001(s = 0)�M012(s = 0))+M111(s = 0)� 3M112(s = 0)�M123(s = 0)℄� �0;2 Xm�3 �20;m + 3[�2(s = 0)(M001(s = 0)�M012(s = 0)) +M111(s = 0)� 3M112(s = 0)�M123(s = 0)℄�0;2 Xi;j�3 0�0;i�0;j � 3(M111(s = 0)� 3M112(s = 0)�M123(s = 0)) Xi;j�3 0�0;i�20;j + 3� (M111(s = 0)� 3M112(s = 0)�M123(s = 0))� �0;1 Xi;j�3 0�0;i�0;j � 6(M111(s = 0)� 3M112(s = 0)�M123(s = 0)) Xi;j;l�3 0�0;i�0;j�0;lg (4.9)D4 = � 14!fM4;0(s = 0)�42(s = 0)�40;2 + 12(M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)



15 ðÒÅ�ÒÉÎÔ�M1234(s = 0))�20;1 Xm�3 �20;m + 12[�22(s = 0)� (M0011(s = 0)�M0012(s = 0)) + 2�2(s = 0)� (M0111(s = 0)� 3M0112(s = 0)�M0123(s = 0))+M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)�M1234(s = 0)℄�20;2 Xm�3 �20;m + 6� [�22(s = 0)(M0011(s = 0)�M0012(s = 0)) + 2�2(s = 0)� (M0111(s = 0)� 3M0112(s = 0)�M0123(s = 0))+M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)�M1234(s = 0)℄�20;2 Xi;j�3 0�0;i�0;j� 12[�2(s = 0)(M0111(s = 0)� 3M0112(s = 0)�M0123(s = 0)) +M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)�M1234(s = 0)℄� �0;2 Xi;j�3 0�0;i�20;j + 2(M1111(s = 0)� 4M1112(s = 0)+ 6M1122(s = 0)� 36M1123(s = 0)� 13M1234(s = 0))�Xm�3 �40;m + 24[�2(s = 0)(M0111(s = 0)� 3M0112(s = 0)�M0123(s = 0)) +M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)�M1234(s = 0)℄� �0;1�0;2 Xm�3 �20;m + 6(M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)�M1234(s = 0)℄� �20;1 Xi;j�3 0�0;i�0;j + 12[�2(s = 0)(M0111(s = 0)� 3M0112(s = 0)�M0123(s = 0)) +M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)�M1234(s = 0)℄�0;1�0;2 Xi;j�3 0�0;i�0;j � 12(M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)�M1234(s = 0))�0;1 Xi;j�3 0�0;i�20;j + 4(M1111(s = 0)
ICMP{01{08U 16� 4M1112(s = 0) + 6M1122(s = 0)� 36M1123(s = 0)� 13M1234(s = 0)) Xi;j�3 0�0;i�30;j + 6(M1111(s = 0)� 4M1112(s = 0) + 6M1122(s = 0)� 36M1123(s = 0)� 13M1234(s = 0)) Xi;j�3 0�20;i�20;j + 18(M1111(s = 0)� 4M1112(s = 0)� 6M1122(s = 0)� 12M1123(s = 0)�M1234(s = 0)) Xi;j;l�3 0�0;i�0;j�20;l + 12(M1111(s = 0)� 4M1112(s = 0) + 6M1122(s = 0)� 36M1123(s = 0)� 13M1234(s = 0)) Xi;j;l;m�3 0�0;i�0;j�0;l�0;mg: (4.10)ðÒÉÞÏÍÕ, lims!0�1 � 0; (4.11)lims!0�2 = 
� a+ a
(M20(s = 0)�M11(s = 0) +M12(s = 0))b� a
M01(s = 0) : (4.12)ñË ×ÉÄÎÏ Ú (4.2)-(4.10), Õ ×ÉÒÁÚ� ÄÌÑ H ÎÅÍÁ¤ ÞÌÅÎ�× �0;1 Ú ÓÔÅ�Å-ÎÑÍÉ, ×ÉÝÉÍÉ Î�Ö 2. ú �ÎÛÏÇÏ ÂÏËÕ, ÍÉ ÎÅ ÒÏÚÇÌÑÄÁ¤ÍÏ ÏÂÌÁÓÔØ, ×ÑË�Ê ÍÁ¤ Í�Ó�Å ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × ÍÁÔÒÉ�� (�Å ÏÚÎÁÞÁ¤, ÝÏ a2;2 > 0).ðÏËÌÁÄÅÍÏ ÔÁËÏÖ ÆÏÒÍÁÌØÎÏ, ÝÏ a2;1 > 0. ÷�ÄÍ�ÔÉÍÏ ÔÁËÏÖ, ÝÏ ×ÇÒÁÎÉ�� s! 0 ÚÎÉËÁ¤ ÄÏÄÁÎÏË a1;1. òÏÚÇÌÑÎÅÍÏ ×ÉÒÁÚI = Z 1�1 d�0;1d�0;2 exp�~a1;2�0;2 � 12a2;1�20;1 � 12a2;2�20;2��0�1 +m1�0;2 Xm�3 �20;m +m2�0;2 Xi;j�3 0�0;i�0;j+ m3�20;1 Xm�3 �20;m +m4�20;1 Xi;j�3 0�0;i�0;j+ m5�20;2 Xm�3 �20;m +m6�20;2 Xi;j�3 0�0;i�0;j1A ; (4.13)ÄÅ m1 = �[�2(M001 �M012) +M111 � 3M112 �M123℄m3 = �12(M1111 � 4M1112 � 6M1122 � 12M1123 �M1234)



17 ðÒÅ�ÒÉÎÔm5 = �12[�22(M0011 �M0012) + �2(M0111 � 3M0112 �M0123)+M1111 � 4M1112 � 6M1122 � 12M1123 �M1234℄m2 = m12 ; m4 = m32 ; m6 = m52 ; ~a1;2 = �a1;2:ð�ÓÌÑ �ÎÔÅÇÒÕ×ÁÎÎÑ × (4.10) H ÍÁÔÉÍÅ ×ÉÇÌÑÄ (×ÒÁÈÏ×ÕÀÞÉ Ô�ÌØËÉË×ÁÄÒÁÔÉÞÎ� ÞÌÅÎÉ �Ï �0;m ÄÌÑ m � 3)�H(�0;m) =  �a2;m2 +m1 ~a1;2a2;2 + m5a2;2  1 + ~a21;2a2;2!+ m3a2;1!�Xm�3 �20;m + 12  m1 ~a1;2a2;2 + m5a2;2  1 + ~a21;2a2;2!+m3a2;1� Xi;j�3 0�0;i�0;j (4.14)ð�ÓÌÑ Ä�ÁÇÏÎÁÌ�ÚÁ��§ Ë×ÁÄÒÁÔÉÞÎÏ§ ÆÏÒÍÉ (4.14) ÏÔÒÉÍÁ¤ÍÏH(~�0;m) = �12~�3 ~�20;3 � 12 s�1Xm�4 ~�m ~�20;m;ÄÅ ~�3 = a2;m;~�m = a2;m �m1 ~a1;2a2;2 � m5a2;2  1 + ~a21;2a2;2!� m3a2;1 :ïÔÖÅ, �ÒÉ ÕÍÏ×� a2;m > 0 ÏÔÒÉÍÕ¤ÍÏ s � 2 ÏÄÎÁËÏ×ÉÈ Ò�×ÎÑÎØ ÄÌÑ×ÉÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ:~�m = 0; m = 4; : : : ; s� 1;ÑË� Õ ×É�ÁÄËÕ 
 = 0 (~�00(r) � 0) ÄÁÀÔØ Ä×� ÔÅÍ�ÅÒÁÔÕÒÉ:T 
1;2 = � 1V ~�mm(0)(M11 �M12 �pm3):ð�ÄÓÕÍÏ×ÕÀÞÉ ÏÔÒÉÍÁÎ� ×ÉÝÅ ÒÅÚÕÌØÔÁÔÉ, ÍÏÖÎÁ ÓËÁÚÁÔÉ ÎÁÓÔÕ�-ÎÅ. ÷ ­ÁÕÓÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÆÕÎË��ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕ-ÍÉ ÄÌÑ ÞÁÓÔËÏ×Ï ÚÁÍÏÒÏÖÅÎÏ§ ÍÏÄÅÌ� ÏÔÒÉÍÁÎÏ Ô�ÌØËÉ ÆÁÚÏ×ÉÊ �ÅÒÅ-È�Ä ÇÁÚ-Ò�ÄÉÎÁ. ãÅ Ó��×�ÁÄÁ¤ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÏÔÒÉÍÁÎÉÍÉ Õ ÓÅÒÅÄÎØÏ-ÓÆÅÒÉÞÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� [19℄. ÷ �ØÏÍÕ ×É�ÁÄËÕ ÏÔÒÉÍÁÎÁ ËÒÉÔÉÞÎÁ
ICMP{01{08U 18ÔÅÍ�ÅÒÁÔÕÒÁ ÇÁÚ-Ò�ÄÉÎÁ ¤ ÎÉÖÞÏÀ ×�Ä ×�Ä�Ï×�ÄÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ ÄÌÑÏÂ'¤ÍÎÏÇÏ ÆÌÀ§ÄÕ � ×ÚÁ¤ÍÏÄ�Ñ ÍÁÔÒÉ�Ñ-ÆÌÀ§Ä ÍÁ¤ Ï�ÏÓÅÒÅÄËÏ×ÁÎÉÊ×�ÌÉ× ÎÁ ÎÅ§ (ÞÅÒÅÚM12(0)). �ÁËÏÖ ÍÉ ÚÒÏÂÉÌÉ Ó�ÒÏÂÕ ×ÉÊÔÉ ÚÁ ÍÅ-Ö� ­ÁÕÓÏ×ÏÇÏ ÎÁÂÌÉÖÅÎÎÑ � ÏÔÒÉÍÁÌÉ Ä×� ËÒÉÔÉÞÎ� ÔÅÍ�ÅÒÁÔÕÒÉ: ÏÄÎÕ×ÉÝÕ � ÄÒÕÇÕ ÎÉÝÕ. ïÄÎÁË, �ÅÊ ÒÅÚÕÌØÔÁÔ ÝÅ ÎÅ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉÑË ÏÓÔÁÔÏÞÎÉÊ, ÏÓË�ÌØËÉ ×�Î ÏÔÒÉÍÁÎÉÊ ËÏÌÉ ÇÒÁÎÉ�Ñ s ! 0 ÂÒÁÌÁ-ÓÑ ÂÅÚ�ÏÓÅÒÅÄÎØÏ × ÆÏÒÍÕÌÁÈ (4.2)-(4.8) (Á ÎÅ ×�Ä�Ï×�ÄÎÏ ÄÏ ÆÒÍÕÌÉ(2.3)).÷ ��Ê ÒÏÂÏÔ� ÏÔÒÉÍÁÎÏ ÝÅ ÏÄÉÎ ×ÁÖÌÉ×ÉÊ ÒÅÚÕÌØÔÁÔ, Á ÓÁÍÅ, ÆÕÎ-Ë��ÏÎÁÌ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ m-ËÏÍ�ÏÎÅÎÔÎÏ§ ÎÅ�ÅÒÅÒ×ÎÏ§ ÓÉÓ-ÔÅÍÉ (2.9)-(2.11). çÁÍ�ÌØÔÏÎ�ÁÎ ÔÁËÏ§ ÓÉÓÔÅÍÉ �ÒÅÄÓÔÁ×ÌÑ¤ÔØÓÑ ÑËÆÕÎË��ÏÎÁÌ ÚÁ ÓÔÅ�ÅÎÑÍÉ "�ÏÌØÏ×ÉÈ" ÓÏÒÔÏ×ÉÈ Ï�ÅÒÁÔÏÒ�× ^'~k;i, ÑË�¤ Ó�ÒÑÖÅÎÉÍÉ ÄÏ ÆÕÒ'¤ �ÅÒÅÔ×ÏÒÅÎØ Ï�ÅÒÁÔÏÒ�× ÌÏËÁÌØÎÏ§ ÇÕÓÔÉÎÉÞÁÓÔÉÎÏË (ÓÏÒÔÕ i) ^�~k;i. �ÁËÅ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ÓÕÍÉ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÅ × �ÏÄÁÌØÛÏÍÕ �ÒÉ ×É×ÞÅÎÎ� ÆÁÚÏ×ÉÈ�ÅÒÅÈÏÄ�× × ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÉÈ ÓÉÓÔÅÍÁÈ × ÒÁÍËÁÈ ÔÅÏÒÅÔÉËÏ �Ï-ÌØÏ×ÏÇÏ ��ÄÈÏÄÕ.äÏÄÁÔÏË á^D1(^�) =X~k  M1;0�~k;0 + sXm1=1Mm11;1�m1~k;1! ;^D2(^�) = 12! X~k1~k2 M2;0(k1; k2)�~k1;0�~k2;0 + 2 sXm1=1Mm12;(0;1)(k1; k2)��~k1;0�m1~k2;1 + sXm1;m2=1Mm1;m22;1 (k1; k2)�m1~k1 ;1�m2~k2;1! ;^D3(^�) = 13! X~k1~k2~k3 �M3;0(k1; k2; k3)�~k1;0�~k2;0�~k3;0 + 3� sXm1=1Mm13;(20;1)(k1; k2; k3)�~k1 ;0�~k2;0�m1~k3;1+3 sXm1;m2=1Mm1;m23;(0;21)(k1; k2; k3)�~k1;0�m1~k2;1�m2~k3 ;1



19 ðÒÅ�ÒÉÎÔ+ sXm1;m2;m3=1Mm1;m2;m33;1 (k1; k2; k3)�m1~k1;1�m2~k2 ;1�m3~k3;1! ;^D4(^�) = 14! X~k1~k2~k3~k4 �M4;0(k1; k2; k3; k4)�~k1 ;0�~k2;0�~k3;0�~k4;0+4 sXm1=1Mm14;(30;1)(k1; : : : ; k4)�~k1 ;0�~k2;0�~k3;0�m1~k4;1+6 sXm1;m2=1Mm1;m24;(20;21)(k1; : : : ; k4)�~k1 ;0�~k2;0�m1~k3;1�m2~k4;1+4 Xm1;m2;m3Mm1;m2;m34;(0;31) (k1; : : : ; k4)�~k1;0�m1~k2;1�m2~k3;1��m3~k4;1 + Xm1;m2;m3;m4Mm1;m2;m3;m44;1 (k1; : : : ; k4)��m1~k1;1�m2~k2;1�m3~k3;1�m4~k4 ;1� :äÏÄÁÔÏË âN(1)3 =M3;0�31 + 3sM001�21 + 3s(M011 + (s� 1)M012)�1 + s(M111�3M112 �M123) + 3s2(M112 �M123) + s3M123;N(2)3 =M3;0�32 + 3sM001�22 + 3s(M011 + (s� 1)M012)�2 + s(M111�3M112 �M123) + 3s2(M112 �M123) + s3M123;N(21;2)3 =3M3;0�21�2 + 3sM001�1(�1 + 2�2) + 3s(M011 + (s� 1)M012)�(2�1 + �2) + 3s(M111 � 3M112 �M123) + 9s2(M112 �M123)+3s3M123;N(1;22)3 =3M3;0�22�1 + 3sM001�2(�2 + 2�1) + 3s(M011 + (s� 1)M012)�(2�2 + �1) + 3s(M111 � 3M112 �M123) + 9s2(M112 �M123)+3s3M123;

ICMP{01{08U 20N(1;2m)3 =6�1(M011 �M012) + 6(M111 � 3M112 �M123)+6s(M112 �M123);N(2;2m)3 =6�2(M011 �M012) + 6(M111 � 3M112 �M123)+6s(M112 �M123);N(1;i;j)3 =3�1(M011 �M012) + 3(M111 � 3M112 �M123)+3s(M112 �M123);N(2;i;j)3 =3�2(M011 �M012) + 3(M111 � 3M112 �M123)+3s(M112 �M123);N(i;2j)3 =�3(M111 � 3M112 �M123);N(i;j;l)3 =�6(M111 � 3M112 �M123);N(1)4 =M4;0�41 + 4sM0001�31 + 6s(M0011 + (s� 1)M0012)�21+4s(M0111 � 3M0112 �M0123)�1 + 12s2(M0112�M0123)�1 + 4s3M0123�1 + s(M1111 � 4M1112�6M1122 � 12M1123 �M1234) + 6s2(M1122�2M1123 �M1234) + 4s2(M1112 � 6M1123 �M1234)+12s3(M1123 �M1234) + s4M1234;N(2)4 =M4;0�42 + 4sM0001�32 + 6s(M0011 + (s� 1)M0012)�22+4s(M0111 � 3M0112 �M0123)�2 + 12s2(M0112�M0123)�2 + 4s3M0123�2 + s(M1111 � 4M1112�6M1122 � 12M1123 �M1234) + 6s2(M1122�2M1123 �M1234) + 4s2(M1112 � 6M1123 �M1234)+12s3(M1123 �M1234) + s4M1234;N(1;32)4 =4�1�32M4;0 + 4sM0001�22(�2 + 3�1) + 12s(M0011+(s� 1)M0012)�2(�2 + �1) + 12s(M0111 � 3M0112



21 ðÒÅ�ÒÉÎÔ�M0123)(�1 + �2) + 12s2(M0112 �M0123)(�1 + 3�2)+4s3M0123(�1 + 3�2) + 4s(M1111 � 4M1112 � 6M1122�12M1123 �M1234) + 24s2(M1122 � 2M1123 �M1234)+16s2(M1112 � 6M1123 �M1234) + 48s3(M1123 �M1234)+4s4M1234;N(31;2)4 =4�2�31M4;0 + 4sM0001�21(�1 + 3�2) + 12s(M0011+(s� 1)M0012)�1(�1 + �2) + 12s(M0111 � 3M0112�M0123)(�1 + �2) + 12s2(M0112 �M0123)(�2 + 3�1)+4s3M0123(�2 + 3�1) + 4s(M1111 � 4M1112 � 6M1122�12M1123 �M1234) + 24s2(M1122 � 2M1123 �M1234)+16s2(M1112 � 6M1123 �M1234) + 48s3(M1123 �M1234)+4s4M1234;N(21;22)4 = 6�22�21M4;0 + 12sM0001�1�2(�1 + 3�2) + 6s(M0011+(s� 1)M0012)((�1 + �2)2 + 2�1�2) + 12s(M0111�3M0112 �M0123)(�1 + �2) + 36s2(M0112 �M0123)(�2 + �1) + 12s3M0123(�2 + �1) + 6s(M1111 � 4M1112�6M1122 � 12M1123 �M1234) + 36s2(M1122 � 2M1123�M1234) + 24s2(M1112 � 6M1123 �M1234) + 72s3�(M1123 �M1234) + 6s4M1234;N(21;2m)4 = 12�21(M0011 �M0012) + 12(M1111 � 4M1112 � 6M1122�12M1123 �M1234) + 24s(M1122 � 2M1123 �M1234)+24s(M1112 � 6M1123 �M1234) + 24s2(M1123 �M1234)+24�1(M0111 � 3M0112 �M0123) + 24s�1(M0112 �M0123);N(22;2m)4 = 12�22(M0011 �M0012) + 12(M1111 � 4M1112 � 6M1122�12M1123 �M1234) + 24s(M1122 � 2M1123 �M1234)+24s(M1112 � 6M1123 �M1234) + 24s2(M1123 �M1234)+24�2(M0111 � 3M0112 �M0123) + 24s�2(M0112 �M0123);N(1;2;2m)4 =24�1�2(M0011 �M0012) + 24(M1111 � 4M1112 � 6M1122
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