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õäë: 548; 537.611.44PACS: 05.60.+w, 05.70.Ln, 05.20.Dd, 52.25.Dg, 52.25.FiðÒÏ ÍÁËÓÉÍÁÌØÎÅ ÚÎÁÞÅÎÎÑ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ × Ë×ÁÎÔÏ×�ÊËÌÁÓÔÅÒÎ�Ê ÍÏÄÅÌ�í.á.ëÏÒÉÎÅ×ÓØËÉÊáÎÏÔÁ��Ñ. úÎÁÊÄÅÎÏ ÚÁÇÁÌØÎÉÊ ×ÉÒÁÚ ÄÌÑ ËÏÅÆ���¤ÎÔ�× �Ï×ÎÏÇÏÆÕÎË��ÏÎÁÌÁ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ËÌÁÓÔÅÒÎÏ§ ÍÏÄÅÌ� ÄÅ-öÅÎÁ Õ ×ÉÇÌÑÄ�ËÕÍÕÌÑÎÔÎÉÈ ÓÅÒÅÄÎ�È ÄÏ×�ÌØÎÏÇÏ �ÏÒÑÄËÕ ×�Ä ÄÏÂÕÔËÕ ÕÚÁÇÁÌØÎÅ-ÎÉÈ Ï�ÅÒÁÔÏÒ�× �ÅÒÅÈÏÄÕ. ðÏËÁÚÁÎÏ, ÝÏ ÚÒÏÓÔÁÎÎÑ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ�ÒÉÚ×ÏÄÉÔØ ÄÏ ÚÍ�ÎÉ ÚÎÁËÁ ÕÓ�È ËÏÅÆ���¤ÎÔ�× ×ÉÝÉÈ ×�Ä ÇÁÕÓÏ×ÏÇÏ�ÏÒÑÄË�×. ïÔÒÉÍÁÎÏ Ò�×ÎÑÎÎÑ, ÑËÅ �Ï×'ÑÚÕ¤ ÍÁËÓÉÍÁÌØÎÅ ÚÎÁÞÅÎÎÑ�Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ, ×ÅÌÉÞÉÎÕ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê � ÔÅÍ�ÅÒÁÔÕ-ÒÕ, �ÒÉ ÑËÉÈ ÆÕÎË��ÏÎÁÌ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ¤ ÎÅÒÏÚÂ�ÖÎÉÍ.On the Maximum Transverse Field Magnitude in the QuantumCluster ModelM.A.KorynevskiiAbstra
t. The general expression for 
oeÆ
ients of the total fun
tionalof the 
luster de-Jennes model free energy is found. They are expressedby an arbitrary order 
umulant averages of the generalized transitionoperators produ
ts. It is shown that the transverse �eld in
rease leadsto the sign 
hange of all higher Gaussian order 
oe�
ients. An equationfor maximum transverse �eld magnitude, short-range intera
tion andtemperature providing the �nite expression for the free energy fun
tionalis found.
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1 ðÒÅ�ÒÉÎÔ÷ÓÔÕ�õ ÓÔÁÔÉÓÔÉÞÎ�Ê Æ�ÚÉ�� ÏÓÔÁÎÎ�È ÄÅÓÑÔÉÌ�ÔØ ÚÎÁÞÎÁ Õ×ÁÇÁ ÄÏÓÌ�ÄÎÉË�×Ú×ÅÒÎÅÎÁ ÎÁ ÒÏÚÒÏÂËÕ ÍÅÔÏÄ�× ÁÄÅË×ÁÔÎÏÇÏ Ï�ÉÓÕ ÓÉÓÔÅÍ ÂÁÇÁÔØÏÈ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÞÁÓÔÉÎÏË, ÑË� ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ Ë�ÌØËÏÍÁ �ÏÔÅÎ��Á-ÌÁÍÉ ×ÚÁ¤ÍÏÄ�§. ãÅ ÚÕÍÏ×ÌÅÎÏ ÎÅ Ô�ÌØËÉ ÚÁÇÁÌØÎÏÔÅÏÒÅÔÉÞÎÉÍ �ÎÔÅ-ÒÅÓÏÍ, ÁÌÅ Ê ÔÉÍ ÆÁËÔÏÍ, ÝÏ ÒÅÁÌØÎ� Æ�ÚÉÞÎ� ÓÉÓÔÅÍÉ: ÇÕÓÔ� ÇÁÚÉ,Ò�ÄÉÎÉ, �ÌÁÚÍÁ, Ô×ÅÒÄ� Ô�ÌÁ ÔÏÝÏ, ÑË �ÒÁ×ÉÌÏ, ÎÅ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉÎÁ ÏÓÎÏ×� �ÒÏÓÔÉÈ ÏÄÎÏ�ÁÒÁÍÅÔÒÉÞÎÉÈ ÍÏÄÅÌÅÊ.÷ ËÌÁÓÉÞÎÏÍÕ ��ÄÈÏÄ� �ÒÉ ÄÏÓÌ�ÄÖÅÎÎ� ÇÕÓÔÉÈ ÇÁÚ�×, Ò�ÄÉÎ ÔÁÒÏÚÞÉÎ�× ÅÌÅËÔÒÏÌ�Ô�× ÕÓ��ÛÎÉÍ ¤ �ÒÉÊÏÍ ÒÏÚÂÉÔÔÑ �Ï×ÎÏÇÏ �ÏÔÅÎ-��ÁÌÕ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§ ÎÁ Ë�ÌØËÁ Ä�ÌÑÎÏË, ËÏÖÎÁ Ú ÑËÉÈ×�Ä�Ï×�ÄÁ¤ ÚÁ ÆÏÒÍÕ×ÁÎÎÑ �Å×ÎÉÈ Æ�ÚÉÞÎÉÈ ÅÆÅËÔ�×. �ÁËÉÊ Ó�ÏÓ�ÂÒÏÚÒÁÈÕÎËÕ ÄÏÚ×ÏÌÑ¤ ÑË�ÓÎÏ � Ë�ÌØË�ÓÎÏ Ï�ÉÓÁÔÉ Ñ×ÉÝÁ ÄÉÓÏ��Á��§,ÓÏÌØ×ÁÔÁ��§, ÕÔ×ÏÒÅÎÎÑ ÄÉÍÅÒ�×, Í�ËÒÏËÏÌÏ§Ä�×, Á ÔÁËÏÖ ×ÒÁÈÕ×ÁÔÉÓË�ÎÞÅÎ� ÒÏÚÍ�ÒÉ ÞÁÓÔÉÎÏË [1-3℄.÷ Ë×ÁÎÔÏ×�Ê ÓÔÁÔÉÓÔÉÞÎ�Ê Æ�ÚÉ�� ÒÏÚÇÌÑÄ Ò�ÚÎÉÈ ÔÉ��× ×ÚÁ¤ÍÏÄ�ÊÍ�Ö ÞÁÓÔÉÎËÁÍÉ �ÅÒÅÄÂÁÞÁ¤ ×ÒÁÈÕ×ÁÎÎÑ ÎÅ Ô�ÌØËÉ Ò�ÚÎÏ§ ÁÓÉÍ�ÔÏ-ÔÉÞÎÏ§ �Ï×ÅÄ�ÎËÉ ×�Ä�Ï×�ÄÎÉÈ ÄÏÄÁÎË�× ÎÁ ÍÁÌÉÈ ÔÁ ×ÅÌÉËÉÈ ×�Ä-ÓÔÁÎÑÈ, ÁÌÅ Ê §È ÓÉÍÅÔÒ�ÊÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ. ðÒÉÎ�É�Ï×ÉÍÉ × �ØÏÍÕ�ÌÁÎ� � ÔÁËÉÍÉ, ÝÏ ÍÁÌÉ ÓÕÔÔ¤×ÉÊ ×�ÌÉ× ÎÁ ÒÏÚ×ÉÔÏË ÔÅÏÒ�§ Ô×ÅÒ-ÄÏÇÏ Ô�ÌÁ, ÍÏÖÎÁ ××ÁÖÁÔÉ ÒÏÂÏÔÉ [4,5℄. ëÏÒÏÔËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ ×�ÎÔÅÒ�ÒÅÔÁ��§ óÌÅÔÅÒÁ - �Å ÑË�ÓÎÏ � Ë�ÌØË�ÓÎÏ �ÎÛ� ÄÏÄÁÔËÏ×� �ÁÒÁÍÅ-ÔÒÉ ÓÉÓÔÅÍÉ, �ÏÒ�×ÎÑÎÏ �Ú Ú×ÉÞÁÊÎÉÍÉ ÄÁÌÅËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉÍ�Ö ÞÁÓÔÉÎËÁÍÉ. ðÏ�ÅÒÅÞÎÅ �ÏÌÅ ÄÅ-öÅÎÁ ÄÁÌÏ ÍÏÖÌÉ×�ÓÔØ ÑË�ÓÎÏ�ÒÁ×ÉÌØÎÏ Ï�ÉÓÁÔÉ ÒÑÄ Æ�ÚÉÞÎÉÈ Ñ×ÉÝ, ÚÏËÒÅÍÁ ÅÆÅËÔ �ÚÏÔÏ��ÞÎÏ-ÇÏ ÚÁÍ�ÝÅÎÎÑ ×ÏÄÎÀ ÎÁ ÄÅÊÔÅÒ�Ê × ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÈ Ú ×ÏÄÎÅ×ÉÍÉÚ×'ÑÚËÁÍÉ [6-8℄. ðÏÄÁÌØÛÉÊ ÒÏÚ×ÉÔÏË �ØÏÇÏ ÎÁ�ÒÑÍËÕ [9-12℄ �Ï×'Ñ-ÚÁÎÉÊ �Ú ÚÁÓÔÏÓÕ×ÁÎÎÑÍ ÍÏÄÅÌ� ÄÅ-öÅÎÁ ÄÏ Ï�ÉÓÕ ÓÉÓÔÅÍ �Ú ÓÉÌØÎÉ-ÍÉ ËÏÒÏÔËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ × ÏËÏÌ� ÔÏÞËÉ ÓÅÇÎÅÔÏÅÌËÔÒÉÞÎÏÇÏÆÁÚÏ×ÏÇÏ �ÅÒÅÔ×ÏÒÅÎÎÑ T
. ÷ ÒÅÚÕÌØÔÁÔ�, ÂÕÌÏ ×ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ �Ï�Å-ÒÅÞÎÅ �ÏÌÅ (ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ × ËÒÉÓÔÁÌÁÈÇÒÕ�É KDP ) Ó�ÒÉÞÉÎÑ¤ ÚÎÁÞÎÉÊ ×�ÌÉ× ÎÁ ÔÅÒÍÏÄÉÎÁÍ�ËÕ ÓÉÓÔÅÍÉ �,ÎÁ×�ÔØ, �ÒÉ×ÏÄÉÔØ ÄÏ ÚÎÉËÎÅÎÎÑ ×�ÏÒÑÄËÏ×ÁÎÏÇÏ ÓÔÁÎÕ, ÚÍ�ÎÀÀÞÉ T
.óÕÔÔ¤×� �ÒÏÂÌÅÍÉ ×ÉÎÉËÁÀÔØ �ÒÉ ×ÒÁÈÕ×ÁÎÎ� �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ× ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� [6,7℄, ÑËÅ, �Ï-ÓÕÔ�, ¤ �ÏÇÌÉÂÌÅÎÎÑÍ ÍÏ-ÄÅÌ� óÌÅÔÅÒÁ. çÏÌÏ×ÎÁ �Ú ÎÉÈ - �ÏÑ×Á Ô.Ú×. ÁÎÔÉ-ëÀÒ� ÔÏÞÏË, ÔÏÂÔÏÏÂÅÒÔÁÎÎÑ × ÎÕÌØ �ÏÌÑÒÉÚÁ��§ ÓÉÓÔÅÍÉ �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ Õ×�ÏÒÑÄËÏ×ÁÎ�Ê ÆÁÚ� [8,9,13℄. óÌ�Ä ×�ÄÚÎÁÞÉÔÉ, ÝÏ ×É×ÞÅÎÎÑ Ú×ÉÞÁÊ-ÎÏ§, ÁÂÏ ËÌÁÓÔÅÒÎÏ§ ÍÏÄÅÌÅÊ ÄÅ-öÅÎÁ ÍÁÌÉ Í�Ó�Å ÌÉÛÅ × ÎÅ×ÉÓÏËÉÈÎÁÂÌÉÖÅÎÎÑÈ ÔÅÏÒ�§ ÚÂÕÒÅÎØ. �ÏÍÕ �ÒÉÎ�É�Ï×Ï ×ÁÖÌÉ×ÉÍ ¤ Ú'ÑÓÕ-
ICMP{99{09U 2×ÁÎÎÑ ÍÏÖÌÉ×ÏÓÔ� §§ ÓÔÒÏÇÏÇÏ Ë×ÁÎÔÏ×ÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ �Ú ÚÁÓÔÏÓÕ×ÁÎ-ÎÑÍ ÓÕÞÁÓÎÉÈ ÆÕÎË��ÏÎÁÌØÎÉÈ ÍÅÔÏÄ�×. ÷ ÒÏÂÏÔÁÈ [14, 15℄ ÎÁ ÏÓÎÏ×�ÏÒÉÇ�ÎÁÌØÎÏ§ ÍÅÔÏÄÉËÉ ÕÚÁÇÁÌØÎÅÎÉÈ Ï�ÅÒÁÔÏÒ�× �ÅÒÅÈÏÄÕ (ÔÉ�Õ Ï�Å-ÒÁÔÏÒ�× èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ) ÄÏ×ÅÄÅÎÏ �ÒÉÎ�É�Ï×Õ ÍÏÖÌÉ×�ÓÔØ ÆÕÎË-��ÏÎÁÌØÎÏÇÏ ÒÏÚÇÌÑÄÕ ËÌÁÓÔÅÒÎÏ§ ÍÏÄÅÌ� ÄÅ-öÅÎÁ (ËÏÒÏÔËÏ-, ÄÁÌÅËÏ-ÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ ÔÁ �Ï�ÅÒÅÞÎÅ �ÏÌÅ) ÎÁ ÏÓÎÏ×� �ÅÒÅÔ×ÏÒÅÎÎÑ óÔÒÁÔÏ-ÎÏ×ÉÞÁ, ÁÂÏ ÍÅÔÏÄÕ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ�ÎÎÉÈ. ðÒÉ �ØÏÍÕ ÕÖÅ ÞÅÔ×ÅÒÔÉÊËÕÍÕÌÑÎÔ (ËÏÅÆ���¤ÎÔ �ÒÉ ÞÅÔ×ÅÒÔ�Ê ÓÔÅ�ÅÎ� ÒÏÚ�ÏÄ�ÌÕ ËÏÌÅËÔÉ×ÎÉÈÚÍ�ÎÎÉÈ) �ÒÉ �Å×ÎÉÈ ÚÎÁÞÅÎÎÑÈ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ ÚÍ�ÎÀ¤ Ó×�Ê ÚÎÁË,ÝÏ, × ÒÅÚÕÌØÔÁÔ�, ×ÅÄÅ ÄÏ ÒÏÚÂ�ÖÎÏÓÔ� ÆÕÎË��ÏÎÁÌÁ ×�ÌØÎÏ§ ÅÎÅÒÇ�§.ðÒÉÒÏÄÎÏ ×ÉÎÉËÁ¤ �ÉÔÁÎÎÑ �ÒÏ ÚÁÇÁÌØÎ� ÚÁËÏÎÏÍ�ÒÎÏÓÔ� × �Ï×ÅÄ�Î��ËÕÍÕÌÑÎÔ�× ×ÉÝÉÈ �ÏÒÑÄË�×, ÔÏÂÔÏ �ÒÏ ÍÏÖÌÉ×ÏÓÔ� ÆÕÎË��ÏÎÁÌØÎÏÇÏÚÏÂÒÁÖÅÎÎÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ËÌÁÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ. äÌÑ �ØÏÇÏ ÎÅÏÂÈ�Ä-ÎÏ ÍÁÔÉ ×ÉÒÁÚÉ ÄÌÑ ËÕÍÕÌÑÎÔ�× ÄÏ×�ÌØÎÉÈ �ÏÒÑÄË�×, ÝÏ Õ ×É�ÁÄ-ËÕ ÇÁÍ�ÌØÔÏÎ�ÁÎ�× Ú ËÏÒÏÔËÏÓÑÖÎÉÍÉ � ÄÁÌÅËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉÓËÌÁÄÁ¤ ÓÁÍÏÓÔ�ÊÎÕ �ÒÏÂÌÅÍÕ. òÏÚ×'ÑÚÁÎÎÑ §§, Á ÔÁËÏÖ Ú'ÑÓÕ×ÁÎÎÑ�ÉÔÁÎÎÑ �ÒÏ ÄÏ�ÕÓÔÉÍ� ÚÎÁÞÅÎÎÑ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ Õ Ë×ÁÎÔÏ×�Ê ËÌÁ-ÓÔÅÒÎ�Ê ÍÏÄÅÌ� ÄÅ-öÅÎÁ ÓËÌÁÄÁ¤ ÚÍ�ÓÔ ÄÁÎÏ§ ÒÏÂÏÔÉ. ëÏÎËÒÅÔÎ� ÒÏÚ-ÒÁÈÕÎËÉ ÂÕÄÕÔØ ×ÉËÏÎÁÎ� ÄÌÑ ËÌÁÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ �Ú ÞÉÓÌÏÍ ÞÁÓÔÉÎÏË× ËÏÖÎÏÍÕ ËÌÁÓÔÅÒ� f0 = 2.1. ëÕÍÕÌÑÎÔÉ ÓÉÓÔÅÍÉ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ËÌÁÓÔÅÒ�×òÏÚÇÌÑÎÅÍÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ ËÌÁÓÔÅÒÎÏ§ ÍÏÄÅÌ� ÄÅ-öÅÎÁ:H = �Xq;f Sxf (~Rg) + hXq;f Szf (~Rq) + V Xq;f;f 0 Szf (~Rq)Szf 0(~Rq)++ Xq;q0;f;f 0 Jff 0(~Rq ; ~Rq0)Szf (~Rq)Szf 0(~Rq0): (1.1)�ÕÔ �; h - �Ï�ÅÒÅÞÎÅ ÔÁ �ÏÚÄÏ×ÖÎ¤ �ÏÌÑ, V - ÅÎÅÒÇ�Ñ ×ÎÕÔÒ�ËÌÁÓÔÅÒ-ÎÏ§ ×ÚÁ¤ÍÏÄ�§ �ÁÒÉ ÞÁÓÔÉÎÏË, Jff 0(~Rq ; ~Rq0) - �ÏÔÅÎ��ÁÌ ÄÁÌÅËÏÓÑÖÎÏ§×ÚÁ¤ÍÏÄ�§, S� - ÍÁÔÒÉ�� ðÁÕÌ�, 1 � q � N - ÎÏÍÅÒ ×ÕÚÌÁ-ËÌÁÓÔÅÒÁ,1 � f � f0 - ÎÏÍÅÒ ÞÁÓÔÉÎËÉ Õ ËÌÁÓÔÅÒ�.÷ ÚÏÂÒÁÖÅÎÎ� ÕÚÁÇÁÌØÎÅÎÉÈ Ï�ÅÒÁÔÏÒ�× �ÅÒÅÈÏÄÕY�(~Rq) =Xm U�mXm(~Rq); (1.2)ÄÅ Xm(~Rq) - Ï�ÅÒÁÔÏÒÉ èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ, U�m - ×ÌÁÓÎ� ÆÕÎË��§ ÍÁ-ÔÒÉ�� �Ï×ÎÏ§ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§, ÇÁÍ�ÌØÔÏÎ�ÁÎ (1.1) ÎÁÂÉÒÁ¤



3 ðÒÅ�ÒÉÎÔ×ÉÇÌÑÄÕ:H = 22f0X�=18<:��Xq Y�(~Rq)� 12Xq;q0 ��(~Rq ; ~Rq0)Y�(~Rq)Y�(~Rq0)9=; : (1.3)�ÕÔ �� - ÅÎÅÒÇÅÔÉÞÎ� �ÁÒÁÍÅÔÒÉ ËÌÁÓÔÅÒÁ, ��(~Rq ; ~Rq0) - ×ÌÁÓÎ� ÚÎÁ-ÞÅÎÎÑ ÍÁÔÒÉ�� ÄÁÌÅËÏÓÑÖÎÏÇÏ �ÏÔÅÎ��ÁÌÕ Jff 0(~Rq; ~Rq0 ). îÁ�ÒÉËÌÁÄ,ÄÌÑ ÓÉÓÔÅÍÉ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ËÌÁÓÔÅÒ�× (f0 = 2) [14℄:�1 = �2h; �1(~Rq; ~Rq0 ) = J11(~Rq ; ~Rq0) + J12(~Rq ; ~Rq0);�9 = E1 =pV 2 + 4�2;�12 = E2 = �pV 2 + 4�2; �5(~Rq ; ~Rq0) = J11(~Rq ; ~Rq0)� J12(~Rq ; ~Rq0);�15 = E3 = �V;�16 = E4 = V; (1.4)ÕÓ� �ÎÛ� ËÏÅÆ���¤ÎÔÉ �� ÔÁ ��(~Rq ; ~Rq0) × �ØÏÍÕ ×É�ÁÄËÕ ÄÏÒ�×ÎÀÀÔØÎÕÌÅ×�.÷ÉÄ�ÌÉÍÏ × (1.3) Ä�ÁÇÏÎÁÌØÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ ÎÕÌØÏ×ÏÇÏ ÎÁÂÌÉÖÅÎ-ÎÑ (ÇÁÍ�ÌØÔÏÎ�ÁÎ ÓÉÓÔÅÍÉ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ËÌÁÓÔÅÒ�×):H0 =X� 6=1Xq ��Y�(~Rq): (1.5)÷ÚÑ×ÛÉ H0 ÚÁ ÓÉÓÔÅÍÕ ×�ÄÌ�ËÕ, ÄÌÑ ÆÕÎË��ÏÎÁÌÁ ÓÔÁÔÉÓÔÉÞÎÏ§ÓÕÍÉ × ÚÏÂÒÁÖÅÎÎ� ËÏÌÅËÔÉ×ÎÉÈ ÚÍ�ÎÎÉÈ ÏÔÒÉÍÕ¤ÍÏ ×ÉÒÁÚ [15℄:Z = ZN0 Z (d��(~k; �))N exp8<:22f0X�=1 Xk�B 1X�=0"�2��(~k)��(~k; �)��(�~k;��)��2�pN h��(~k; �)Æ�1Æ(~k)Æ(�)#)�� Z (d!�(~k; �))N exp8<:i2� 22f0X�=1Xk;� !�(~k; �)��(~k; �)9=;�� exp8<: 1Xn=1 (�i2�)nn! 22f0X�1:::�n=1 Xk1;:::;kn�B 1X�1;:::�n=0M�1:::�n(~k1; �1; :::~kn; �n)��!�1(~k1; �1):::!�n(~kn; �n)): (1.6)
ICMP{99{09U 4ëÕÍÕÌÑÎÔÉM�1:::�n(~k1; �1; :::~kn; �n) ÒÏÚÒÁÈÏ×ÕÀÔØÓÑ ÚÁ ÆÏÒÍÕÌÏÀ:M�1:::�n(~k1; �1; :::~kn; �n) = �n�!�1(~k1; �1):::�!�n(~kn; �n) �� ln*R exp8<:22f0X�=1 Xk�B 1X�=0!�(~k; �)Y�(~k; �)9=;+0 �����!=0; (1.7)ÄÅ Y�(~k; �) = 1� Z �0 d�0e�i�0� NXq=1 e��H0Y�(~Rq)e�H0ei~k ~Rq : (1.8)÷ (1.6) ��(~k; �) - ËÏÌÅËÔÉ×Î� ÚÍ�ÎÎ� ÄÌÑ Ï�ÅÒÁÔÏÒ�× Y�(~k; �) ×ÞÁÓÔÏÔÎÏ-�Í�ÕÌØÓÎÏÍÕ ÚÏÂÒÁÖÅÎÎ�, !�(~k; �) - ×ÅÌÉÞÉÎÉ Ó�ÒÑÖÅÎ� ÄÏ��(~k; �), � = 2�� n(n = 0;�1;�2; :::) - ÍÁ�ÕÂÁÒ�×ÓØËÁ ÞÁÓÔÏÔÁ, � = 1kT ,T - ÁÂÓÏÌÀÔÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ, k - ÓÔÁÌÁ âÏÌØ�ÍÁÎÁ, B - ÇÒÁÎÉ�Ñ ÚÏÎÉâÒ�ÌÌÀÅÎÁ, R - ÓÉÍ×ÏÌ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÚÁ Ú×ÏÒÏÔÎÏÀ ÔÅÍ�ÅÒÁÔÕÒÏÀ�, Z0 = Sp�e��H0	 ; (1.9)< ::: >0= Sp�:::e��H0	 �Sp�e��H0	��1 : (1.10)ðÒÅÄÍÅÔÏÍ ÎÁÛÉÈ ÄÏÓÌ�ÄÖÅÎØ ¤ ÚÎÁÈÏÄÖÅÎÎÑ Ñ×ÎÉÈ ×ÉÒÁÚ�× ÄÌÑËÕÍÕÌÑÎÔ�× M�1:::�n(~k1; �1; :::~kn; �n) ÔÁ ×ÓÔÁÎÏ×ÌÅÎÎÑ §È ÚÁÌÅÖÎÏÓÔ�×�Ä ×ÅÌÉÞÉÎÉ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ �. ã� ÒÏÚÒÁÈÕÎËÉ ×ÉËÏÎÁ¤ÍÏ ÎÁ �ÒÉ-ËÌÁÄ� ÓÉÓÔÅÍÉ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ËÌÁÓÔÅÒ�× �Ú �ÁÒÁÍÅ-ÔÒÁÍÉ (1.4).ïÓË�ÌØËÉ ËÏÌÅËÔÉ×Î� ÚÍ�ÎÎ� Ï�ÉÓÕÀÔØ Ô�ÌØËÉ ÄÁÌÅËÏÓÑÖÎÕ ÞÁ-ÓÔÉÎÕ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ (ËÏÒÏÔËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ ×ÒÁÈÏ×ÁÎÏ × Z0 ÔÏÞÎÏ,ÄÉ×. (1.6)), ÔÏ ÓÅÒÅÄ ×ÓÅÍÏÖÌÉ×ÉÈ ËÕÍÕÌÑÎÔ�× × (1.6) ÎÁÍ �ÏÔÒ�ÂÎ�ÌÉÛÅ ÔÁË�, × ÑËÉÈ � = 1, ÁÂÏ � = 5. ãÅ ÏÚÎÁÞÁ¤, ÝÏ �ÒÉ ÒÏÚÒÁÈÕÎËÕÚÁ ÆÏÒÍÕÌÏÀ (1.7) ��Ä ÚÎÁËÏÍ R- ÄÏÂÕÔËÕ ÓÌ�Ä ÂÒÁÔÉ ÌÉÛÅ Ï�ÅÒÁÔÏÒÉY1(~k; �) ÔÁ Y5(~k; �). ð�ÄÓÔÁ×É×ÛÉ × (1.2) Ñ×Î� ×ÉÒÁÚÉ ÄÌÑ ÍÁÔÒÉÞÎÉÈÅÌÅÍÅÎÔ�× U�m [14,16℄, ÏÔÒÉÍÕ¤ÍÏ ÄÌÑ Ï�ÅÒÁÔÏÒ�× Y1(~Rq) ÔÁ Y5(~Rq) ×ÚÏÂÒÁÖÅÎÎ� ×ÚÁ¤ÍÏÄ�§ ÔÁË� ÍÁÔÒÉ��:Y1(~Rq ; �) = 0BB� 0 0 be�E13 00 0 ae�E23 0be��E13 ae��E23 0 00 0 0 0 1CCA ;



5 ðÒÅ�ÒÉÎÔY5(~Rq ; �) = 0BB� 0 0 0 �ae�E140 0 0 be�E240 0 0 0�ae��E14 be��E24 0 0 1CCA ; (1.11)ÄÅa2 = 14 �1 + VpV 2 + 4�2� ; b2 = 14 �1� VpV 2 + 4�2� ;Eij = Ei �Ej : (1.12)ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ÄÏÂÕÔËÉ ÄÏ×�ÌØÎÏÇÏ ÞÉÓÌÁ Ï�ÅÒÁÔÏÒ�× Y1(~Rq ; �),Y5(~Rq ; �) ÍÏÖÎÁ ÚÎÁÈÏÄÉÔÉ ÑË ÄÏÂÕÔËÉ ×�Ä�Ï×�ÄÎÉÈ ÍÁÔÒÉ�Ø. óÕÔ-Ô¤×ÉÍ ÍÏÍÅÎÔÏÍ �ÒÉ �ØÏÍÕ ¤ ÔÅ, ÝÏ ËÏÖÎÉÊ �Ú Ó��×ÍÎÏÖÎÉË�× ÂÅ-ÒÅÔØÓÑ �ÒÉ ÏÄÎÏÍÕ � ÔÏÍÕ Ö ~Rq , ÁÄÖÅ �ÒÉ Ò�ÚÎÉÈ ~Rq ×ÏÎÉ ËÕÍÕÔÕ-ÀÔØ: [Y�(~Rq); Y�0 (~Rq0)℄ =X� W���0Y�(~Rq)Æ(~Rq � ~Rq0); (1.13)W���0 =Xr;s;t (Urs�Ust�0 � Ust�Urs�0)Urt�;r; s; t - Ú×ÉÞÁÊÎ�, Á �; �0; � - �ÏÄ×�ÊÎ� �ÎÄÅËÓÉ.óÔÒÕËÔÕÒÁ ÍÁÔÒÉ�Ø (1.11) ¤ ÔÁËÏÀ, ÝÏ ÂÕÄØ-ÑË� §È ÚÍ�ÛÁÎ� ÄÏÂÕÔ-ËÉ ÍÁÀÔØ ÎÕÌØÏ×� Ä�ÁÇÏÎÁÌØÎ� ÅÌÅÍÅÎÔÉ. á �Å �ÒÉÚ×ÏÄÉÔØ ÄÏ ÔÏÇÏ,ÝÏ×�Ä�Ï×�ÄÎ� ÓÅÒÅÄÎ� (ÓÕÍÁ Ä�ÁÇÏÎÁÌØÎÉÈ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ�×) ÄÏÒ�×-ÎÀÀÔØ ÎÕÌÅ×�. ÷�ÄÍ�ÎÎÉÍÉ ×�Ä ÎÕÌÑ ÍÏÖÕÔØ ÂÕÔÉ ÌÉÛÅ ÓÅÒÅÄÎ�, ×ÑËÉÈ �ÎÄÅËÓÉ ÕÓ�È Ï�ÅÒÁÔÏÒ�× Ó��×�ÁÄÁÀÔØ. ÷ ÒÅÚÕÌØÔÁÔ�, ÆÕÎË��Ï-ÎÁÌ (1.6) ÆÁËÔÏÒÉÚÕ¤ÔØÓÑ ÚÁ �ÎÄÅËÓÏÍ � (� = 1 i � = 5). ãÅ ÈÁÒÁË-ÔÅÒÎÁ ÏÓÏÂÌÉ×�ÓÔØ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ (1.3) ÄÌÑ ÓÉÓÔÅÍÉ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ËÌÁÓÔÅÒ�×. ÷ÏÎÁ ÓÕÔÔ¤×Ï Ú×ÕÖÕ¤ Ë�ÌØË�ÓÔØ ×ÓÅÍÏÖÌÉ-×ÉÈ ËÕÍÕÌÑÎÔÎÉÈ ÓÅÒÅÄÎ�È, ÑË� ×ÉÚÎÁÞÁÀÔØ ÆÕÎË��ÏÎÁÌ ÓÔÁÔÉÓÔÉÞÎÏ§ÓÕÍÉ (ÁÂÏ ×�ÌØÎÏ§ ÅÎÅÒÇ�§). ïÔÖÅ, ÎÁÍ ÄÏÓÔÁÔÎØÏ ÒÏÚÒÁÈÕ×ÁÔÉ ÓÅÒÅÄÎ�ÕÓ�È �ÏÒÑÄË�× ÔÉ�Õ< RY�(~Rq1 ; �1)Y�(~Rq2 ; �2):::Y�(~Rqm ; �m)::: >
0; � = 1 i � = 5:(1.14)îÅ×ÁÖËÏ �ÅÒÅËÏÎÁÔÉÓØ, ÝÏ × (1.14) ×�ÄÍ�ÎÎÉÍÉ ×�Ä ÎÕÌÑ ¤ ÌÉÛÅÓÅÒÅÄÎ� ×�Ä ÄÏÂÕÔËÕ �ÁÒÎÏ§ Ë�ÌØËÏÓÔ� Ï�ÅÒÁÔÏÒ�× Y�(~Rq ; �).òÏÚÇÌÑÎÅÍÏ ËÕÍÕÌÑÎÔ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕM(1)2 (~k1; �1; ~k2; �2) =< RY1(~k1; �1)Y1(~k2; �2) >
0=
ICMP{99{09U 6= 1N Xq1;q2 e�i(~k1Rq1+~k2 ~Rq2 )����2 Z �0 d�1 Z �0 d�2e�i(�1�1+�2�2) < RY1(~Rq1 ; �1)Y1(~Rq2 ; �2) >
0 :(1.15)ð�ÄÓÔÁ×É×ÛÉ ÓÀÄÉ ÄÏÂÕÔÏË ÍÁÔÒÉ�Ø Y1(~Rq ; �1), Y1(~Rq ; �2), �ÒÏ�Î-ÔÅÇÒÕ×Á×ÛÉ �Ï d�1 � d�2 ÔÁ ×ÚÑ×ÛÉ ÓÕÍÕ Ä�ÁÇÏÎÁÌØÎÉÈ ÅÌÅÍÅÎÔ�×,ÏÄÅÒÖÕ¤ÍÏ:M(1)2 (~k1; �1; ~k2; �2) = Æ(~k1 + ~k2)Æ(�1 + �2)�e�(E13+i�2) � 1�(E13 + i�2) b2 < x9 >0 ++e�(E23+i�2) � 1�(E23 + i�2) a2 < x12 >0 �e��(E13�i�2) � 1�(E13 � i�2) b2 < x15 >0 ��e��(E23�i�2) � 1�(E23 � i�2) a2 < x15 >0� : (1.16)÷ÒÁÈÕ×Á×ÛÉ, ÝÏei��=ei� 2�� n = 1;< x� >0= e��E�Z0 ; Z0 =X� e��E� = 2
h�V + 2
h�pV 2 + 4�2;(1.17)Á ÔÁËÏÖ ÔÅ, ÝÏ ×ÉÒÁÚ ÄÌÑ ËÕÍÕÌÑÎÔÁM(5)2 Ó��×�ÁÄÁ¤ �Ú ×ÉÒÁÚÏÍ ÄÌÑM(1)2 , × ÑËÏÍÕ �ÎÄÅËÓ 3! 4, ÝÏ ×�Ä�Ï×�ÄÁ¤ ÚÁÍ�Î� V ! �V , ÏÓÔÁÔÏÞÎÏÍÁ¤ÍÏ:M(�)2 (~k1; �1; ~k2; �2) = E21 �E232�Z0E1 � e��E3 � e��E1(E1 �E3)2 + �2 + e��E2 � e��E3(E2 �E3)2 + �2���Æ(~k1 + ~k2)Æ(�1 + �2); (1.18)ÄÅ ×ÅÒÈÎ�Ê ÚÎÁË ×�Ä�Ï×�ÄÁ¤ ËÕÍÕÌÑÎÔÏ×� M(1)2 (� = 1), Á ÎÉÖÎ�Ê -ËÕÍÕÌÑÎÔÏ×�M(5)2 (� = 5).âÅÒÕÞÉ ÄÏÂÕÔÏË ÞÏÔÉÒØÏÈ Ï�ÅÒÁÔÏÒ�× Y1(~Rq ; �i) (ÁÂÏ Y5(~Rq ; �i)),�ÎÔÅÇÒÕÀÞÉ �Ï d�1; :::; d�n ÔÁ ÓÕÍÕÀÞÉ Ä�ÁÇÏÎÁÌØÎ� ÅÌÅÍÅÎÔÉ, ÚÎÁÈÏ-ÄÉÍÏ ×ÉÒÁÚ ÄÌÑM(�)4 (~k1; �1; :::; ~k4; �4):M(�)4 (~k1; �1; :::; ~k4; �4) = E21 �E234�3Z0E21 � e��E3 � e��E1(E1 �E3)2 + �2 + e��E2 � e��E3(E2 �E3)2 + �2��



7 ðÒÅ�ÒÉÎÔ�� (E1 �E3)(
h�(E2 �E3)� 1)(E2 �E3)2 + �2 � (E2 �E3)(
h�(E1 �E3)� 1)(E1 �E3)2 + �2 ���Æ(~k1 + :::+ ~k4)Æ(�1 + :::+ �4)� 3(M(�)2 )2; (1.19)ÄÅ, ÔÁË ÓÁÍÏ ÑË � × (1.18), ×ÅÒÈÎ�Ê ÚÎÁË ×�Ä�Ï×�ÄÁ¤ M(1)4 (� = 1), ÁÎÉÖÎ�Ê -M(5)4 (� = 5).ä�ÀÞÉ ÁÎÁÌÏÇ�ÞÎÉÍ ÞÉÎÏÍ, ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÕÓ� ËÕÍÕÌÑÎÔÉ ×É-ÝÉÈ �ÏÒÑÄË�×. ðÒÉ �ØÏÍÕ ÄÌÑ �Ï×ÎÉÈ ÓÅÒÅÄÎ�È (Ú×�ÄÎÉÈ ËÕÍÕÌÑÎÔ�×)~M(�)2m(~k1; �1; :::~k2m; �2m) =< RY�(~k1; �1)Y�(~k2; �2):::Y�(~k2m; �2m) >0�ÒÉ � = 1 ÁÂÏ � = 5 ÍÁ¤ Í�Ó�Å ÆÏÒÍÕÌÁ:M(�)2m(~k1; �1; :::; ~k2m; �2m) = A(�)(B(�))n�1(E21 �E23 )�2n�1Z0(2E1)n Æ(~k1 + :::+ ~k2n)��Æ(�1 + :::+ �2n): (1.20)�ÕÔA(�) = e��E2 � e��E3(E2 �E3)2 + �2 + e��E3 � e��E1(E1 �E3)2 + �2 ;B(�) = (E1 �E3)(
h�(E2 �E3)� 1)(E2 �E3)2 + �2 � (E2 �E3)(
h�(E1 �E3)� 1)(E1 �E3)2 + �2 :(1.21)ëÕÍÕÌÑÎÔÉM2m(~k1; �1; :::~k2m; �2m) ¤ ×�ÄÏÍÉÍÉ ËÏÍÂ�ÎÁ��ÑÍÉ ×ÉÒÁÚ�×(1.20):M(�)2 = ~M(�)2 ; M(�)4 = ~M(�)4 � 3( ~M(�)2 )2;M(�)6 = ~M(�)6 � 15 ~M(�)4 ~M(�)2 + 30( ~M(�)2 )3;M(�)8 = ~M(�)8 � 28 ~M(�)6 ~M(�)2 � 35( ~M(�)4 )2 + 420 ~M(�)4 ( ~M(�)2 )2��630( ~M(�)2 )4;M(�)10 = ~M(�)10 � 45 ~M(�)8 ~M(�)2 � 210 ~M(�)6 ~M(�)4 + 1260 ~M(�)6 ( ~M(�)2 )2++3150( ~M(�)4 )2 ~M(�)2 � 18900 ~M(�)4 ( ~M(�)2 )3 + 22680( ~M(�)2 )5;M(�)12 = ~M(�)12 � 66 ~M(�)10 ~M(�)2 � 495 ~M(�)8 ~M(�)4 � 462( ~M(�)6 )2++2970 ~M(�)8 ( ~M(�)2 )2++27720 ~M(�)6 ~M(�)4 ~M(�)2 + 11550( ~M(�)4 )3 � 83160 ~M(�)6 ( ~M(�)2 )3��311850( ~M(�)4 )2( ~M(�)2 )2 + 1247400 ~M(�)4 ( ~M(�)2 )4 � 1247400( ~M(�)2 )6;
ICMP{99{09U 8M(�)14 = ~M(�)14 � 91 ~M(�)12 ~M(�)2 � 1001 ~M(�)10 ~M(�)4 � 3003 ~M(�)8 ~M(�)6 ++6006 ~M(�)10 ( ~M(�)2 )2 + 90090 ~M(�)8 ~M(�)4 ~M(�)2 + 210210 ~M(�)6 ( ~M(�)4 )2++84084( ~M(�)6 )2 ~M(�)2 ��270270 ~M(�)8 ( ~M(�)2 )3 � 3783780 ~M(�)6 ~M(�)4 ( ~M(�)2 )2��3153153( ~M(�)4 )3 ~M(�)2 ++7567560 ~M(�)6 ( ~M(�)2 )4 + 37837800( ~M(�)4 )2( ~M(�)2 )3��113513400 ~M(�)4 ( ~M(�)2 )5 + 97297200( ~M(�)2 )7;M(�)16 = ~M(�)16 � 120 ~M(�)14 ~M(�)2 � 1820 ~M(�)12 ~M(�)4 � 8008 ~M(�)10 ~M(�)6 ��6435( ~M(�)8 )2++10920 ~M(�)12 ( ~M(�)2 )2 + 240240 ~M(�)10 ~M(�)4 ~M(�)2 + 900900 ~M(�)8 ( ~M(�)4 )2++720720 ~M(�)8 ~M(�)6 ~M(�)2 + 1681680( ~M(�)6 )2 ~M(�)4 ��720720 ~M(�)10 ( ~M(�)2 )3 � 16216200 ~M(�)8 ~M(�)4 ( ~M(�)2 )2��15135120( ~M(�)6 )2( ~M(�)2 )2��75675600 ~M(�)6 ( ~M(�)4 )2 ~M(�)2 � 15765750( ~M(�)4 )4++32432400 ~M(�)8 ( ~M(�)2 )4 + 605404800 ~M(�)6 ~M(�)4 ( ~M(�)2 )3++756756000( ~M(�)4 )3( ~M(�)2 )2��908107200 ~M(�)6 ( ~M(�)2 )5 � 567567000( ~M(�)4 )2( ~M(�)2 )4++13621608000 ~M(�)4 ( ~M(�)2 )6 � 10216206000( ~M(�)2 )8 (1.22)� Ô.Ä.úÁÇÁÌØÎÁ ÓÔÒÕËÔÕÒÁ ËÕÍÕÌÑÎÔÁ (2m)-ÇÏ �ÏÒÑÄËÕ ÍÁ¤ ×ÉÇÌÑÄ:M2m = ~M2m � � (2m)!2!(2m� 2)! ~M2 ~M2m�2 + (2m)!4!(2m� 4)! ~M4 ~M2m�4++ (2m)!6!(2m� 6)! ~M6 ~M2m�6 + :::+ (2m)!(2p)!(2m� 2p)!�� �1� Æm�2p2 �2p�m ~M2p ~M2m�2p#++2! � (2m)!2!(2!)2(2m� 4)! ~M22 ~M2m�4 + (2m)!2!4!(2m� 6)! ~M2 ~M4 ~M2m�6++ (2m)!2!(4!)2(2m� 8)! ~M24 ~M2m�8 + (2m)!2!6!(2m� 8)! ~M2 ~M6 ~M2m�8+



9 ðÒÅ�ÒÉÎÔ+ (2m)!4!6!(2m� 10)! ~M4 ~M6 ~M2m�10 + (2m)!2!8!(2m� 10)! ~M2 ~M8 ~M2m�10++ (2m)!2!(6!)2(2m� 12)! ~M26 ~M2m�12 + (2m)!4!8!(2m� 12)! ~M4 ~M8 ~M2m�12++ (2m)!2!10!(2m� 12)! ~M2 ~M10 ~M2m�12 + :::���3! � (2m)!3!(2!)3(2m� 6)! ~M32 ~M2m�6 + (2m)!2!(2!)24!(2m� 8)! ~M22 ~M4 ~M2m�8++ (2m)!2!(2!)26!(2m� 10)! ~M22 ~M6 ~M2m�10++ (2m)!2!2!(4!)2(2m� 10)! ~M2 ~M24 ~M2m�10++ (2m)!2!(2!)28!(2m� 12)! ~M22 ~M8 ~M2m�12++ (2m)!2!4!6!(2m� 12)! ~M2 ~M4 ~M6 ~M2m�12++ (2m)!3!(4!)3(2m� 12)! ~M34 ~M2m�12 + :::�++4! � (2m)!4!(2!)4(2m� 8)! ~M42 ~M2m�8++ (2m)!3!(2!)34!(2m� 10)! ~M32 ~M4 ~M2m�10 + :::�++:::+ (�1)m�1(m� 1)! (2m)!(2!)mm! ~Mm2 : (1.23)ð�ÄÓÔÁ×ÌÑÀÞÉ × (1.23) ÚÎÁÞÅÎÎÑ �Ï×ÎÉÈ ÓÅÒÅÄÎ�È~M(�)2m (~k1; �1; :::~k2m; �2m) (1.20), (1.21), ÏÔÒÉÍÕ¤ÍÏ ÚÁÇÁÌØÎÕ ÆÏÒÍÕÌÕÄÌÑ ËÕÍÕÌÑÎÔ�× (2m)-ÇÏ �ÏÒÑÄËÕ:M(�)2m(~k1; �1; :::~k2m; �2m) = �A(�)(E21 �E23 )2�E1Z0 �m Cm�1(x�)��Æ(~k1 + :::+ ~k2m)Æ(�1 + :::+ �2m): (1.24)�ÕÔ �ÏÌ�ÎÏÍ (m� 1)-ÇÏ �ÏÒÑÄËÕ �Ï x� Cm�1(x�) ÍÁ¤ ×ÉÇÌÑÄ:Cm�1(x�) = mXp=1(�1)p�1apxm�p� =a1xm�1� � a2xm�2� + :::+ (�1)p�1apxm�p� + :::+ (�1)m�1am; (1.25)
ICMP{99{09U 10x� = B(�)Z0�A(�)(E21 �E23 ) ; x� > 0; (1.26)ËÏÅÆ���¤ÎÔÉ ap ÄÏÒ�×ÎÀÀÔØ ÓÕÍÁÍ ×�Ä�Ï×�ÄÎÉÈ ËÏÅÆ���¤ÎÔ�× �ÒÉ ÏÄ-ÎÁËÏ×ÉÈ ÒÏÚÂÉÔÔÑÈ p-ÇÏ Ò�×ÎÑ × (1.23). îÁ�ÒÉËÌÁÄ:m = 1 
0 = 1;m = 2 
1 = x� 3;m = 3 
2 = x2 � 15x+ 30;m = 4 
3 = x3 � 63x2 + 420x� 630;m = 5 
4 = x4 � 255x3 + 4410x2 � 18900x+ 22680;m = 6 
5 = x5 � 1023x4 + 42240x3 � 395010x2 + 1247400x� 1247400;m = 7 
6 = x6 � 4095x5 + 390390x4 � 7207200x3 + 45405360x2��113513400x� 97297200;m = 8 
7 = x7 � 16383x6 + 3554460x5� 123513390x4+ 1394593200x3��6583777200x2+ 13621608000x� 10216206000: (1.27)2. ÷�ÌÉ× �ÁÒÁÍÅÔÒ�× V � � ÎÁ �Ï×ÅÄ�ÎËÕ ËÌÁÓÔÅÒÎÉÈËÕÍÕÌÑÎÔ�×áÓÉÍ�ÔÏÔÉÞÎÁ �Ï×ÅÄ�ÎËÁ ËÕÍÕÌÑÎÔ�×M2n(~k1; �1; :::~k2n; �2n) �ÒÉ Ò�Ú-ÎÉÈ ÚÎÁÞÅÎÎÑÈ ×ÎÕÔÒ�ËÌÁÓÔÅÒÎÏ§ ×ÚÁ¤ÍÏÄ�§ V ÔÁ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ �¤ ÎÅÏÄÎÁËÏ×ÏÀ. òÏÚÇÌÑÎÅÍÏ ×É�ÁÄÏË � = 1.V = 0M2m = (��)mshm2���2m(4�2 + �2)m(
h2�� + 1)mCm�1(x);x = sh2���� � 2: (2.1)� = 0M2m = � e�V4
h�V �m Cm�1(y);y = 2
h�Ve�V � 2: (2.2)íÏÖÎÁ ÂÁÞÉÔÉ, ÝÏ �ÒÉ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ � ËÕÍÕÌÑÎÔÉ M2mÒÏÚÂ�ÇÁÀÔØÓÑ, × ÔÏÊ ÞÁÓ, ÑË �ÒÉ V ! 1 ×ÏÎÉ ÚÁÌÉÛÁÀÔØÓÑ ÓË�ÎÞÅ-ÎÉÍÉ. ãÅ Ó×�ÄÞÉÔØ �ÒÏ Ò�ÚÎÕ ÒÏÌØ �ÉÈ Ä×ÏÈ ÔÉ��× ×ÚÁ¤ÍÏÄ�§ × ÆÏÒÍÕ-×ÁÎÎ� ÓÔ�ÊËÏÓÔ� ÓÉÓÔÅÍÉ, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ.



11 ðÒÅ�ÒÉÎÔ÷ÒÁÈÏ×ÕÀÞÉ ÍÎÏÖÎÉËÉ, �Ï×'ÑÚÁÎ� Ú ÎÏÒÍÕ×ÁÎÎÑÍ Ï�ÅÒÁÔÏÒ�×Y�(~Rq) ÔÁ �Ú ËÌÁÓÔÅÒÎÏÀ ÓÔÒÕËÔÕÒÏÀ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ (ÄÉ×. [17℄), �Ú(2.1) (ÁÂÏ (2.2)) �ÒÉ V = 0, � = 0 ÏÔÒÉÍÕÀÔØÓÑ ÚÎÁÞÅÎÎÑ ËÌÁÓÉÞ-ÎÉÈ ËÕÍÕÌÑÎÔ�× ÄÌÑ ÍÏÄÅÌ� ¶Ú�ÎÇÁ [18℄:M2 = 1; M10 = 7936;M4 = �2; M12 = �353792;M6 = 16; M14 = 22368256; (2.3)M8 = �272; M16 = �1903757312 � Ô.Ä.÷ ÎÁÛÏÍÕ ×É�ÁÄËÕ �ÒÉ V = 0, � = 0 ÍÁ¤ÍÏ:M2 = 14 = 0; 25; M10 = 3164 � 0; 4844;M4 = � 116 = �0; 0625; M12 = �691256 � �2; 6992;M6 = 116 = 0; 0625; M14 = 873754096 � 21; 3318;M8 = � 17128 � �0; 1328; M16 = �7985694096 � �194; 9631 � Ô.Ä.(2.4)ñË ÂÁÞÉÍÏ, �ÒÉ V = 0 ÔÁ � = 0 ËÕÍÕÌÑÎÔÉ M2m ÍÁÀÔØ �ÒÁ-×ÉÌØÎ� ÚÎÁËÉ � ÆÕÎË��ÏÎÁÌ (1.6) ÄÏÂÒÅ ×ÉÚÎÁÞÅÎÉÊ. úÒÏÓÔÁÎÎÑM2m�ÒÉ �!1 ÎÅ ¤ ¤ÄÉÎÏÀ ÎÅÂÅÚ�ÅËÏÀ �ÒÉ ÒÏÚÇÌÑÄ� ÆÕÎË��ÏÎÁÌÁ (1.6).ïÓË�ÌØËÉ Cm�1(x) ¤ �ÏÌ�ÎÏÍÏÍ ÓÔÅ�ÅÎ� (m � 1), ÔÏ �ÒÉ ×�ÄÍ�ÎÎÉÈ×�Ä ÎÕÌÑ ÚÎÁÞÅÎÎÑÈ V ÔÁ � ËÕÍÕÌÑÎÔÉ M2m ÓÔÁÀÔØ ÎÅÍÏÎÏÔÏÎÎÉ-ÍÉ ÆÕÎË��ÑÍÉ �ÁÒÁÍÅÔÒÁ x (1.26) �, ÏÔÖÅ, ÍÏÖÌÉ×ÏÀ ¤ ÚÍ�ÎÁ ÚÎÁË�×M2m, Á × ÒÅÚÕÌØÔÁÔ�, ÒÏÚÂ�ÖÎ�ÓÔØ ÆÕÎË��ÏÎÁÌÁ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ�ÒÉ �Å×ÎÉÈ ÚÎÁÞÅÎÎÑÈ �ÁÒÁÍÅÔÒ�× ËÌÁÓÔÅÒÁ � ÔÅÍ�ÅÒÁÔÕÒÉ. ïÞÅ×ÉÄ-ÎÏ, �ÏÑ×Á �ÅÒÛÉÈ Ä�ÊÓÎÉÈ ËÏÒÅÎ�× Cm�1(x) ×ÉÚÎÁÞÁ¤ ÇÒÁÎÉÞÎ� ÄÏ�Õ-ÓÔÉÍ� ÚÎÁÞÅÎÎÑ �ÉÈ �ÁÒÁÍÅÔÒ�×.ð�ÄÓÔÁ×ÌÑÀÞÉ × (1.26) ÚÎÁÞÅÎÎÑ A � B �Ú (1.21), ÍÏÖÎÁ �ÅÒÅÓ-×�ÄÞÉÔÉÓØ, ÝÏ ÚÁÌÅÖÎ�ÓÔØ x ×�Ä ÍÁ�ÕÂÁÒ�×ÓØËÏ§ ÞÁÓÔÏÔÉ � ¤ ÄÏÓÔÁÔ-ÎØÏ ÓÌÁÂËÏÀ. ðÒÉ ÁÎÁÌ�ÔÉÞÎÏÍÕ ÒÏÚÇÌÑÄ� Ë�ÌØËÏÈ �ÅÒÛÉÈ �ÏÌ�ÎÏÍ�×Cm�1(x) ×�ÚØÍÅÍÏ � = 0. �ÏÄ�:x = 
h �V + 
h�pV 2 + 4�2��2 �� hpV 2 + 4�2(V 2 + �2)(
h�V � 
h�pV 2 + 4�2 � 1)�� V (V 2 + 3�2)sh�V sh�pV 2 + 4�2i�

ICMP{99{09U 12� h(V 2 + 2�2)sh�pV 2 + 4�2 + VpV 2 + 4�2(
h�pV 2 + 4�2 � e�V )i�1 :(2.5)ûÕËÁÔÉÍÅÍÏ �ÅÒÛ� Ä�ÊÓÎ� (x > 0) ËÏÒÅÎ� �ÏÌ�ÎÏÍ�× (1.27). ÷ �Á-ÂÌÉ�� I �ÏÄÁÎ� §È ÚÎÁÞÅÎÎÑ ÄÏ m = 8 ×ËÌÀÞÎÏ: �ÁÂÌÉ�Ñ Im 1 2 3 4 5 6 7 8x - 3,0 2,3765 2,2017 2,1264 2,0868 2,0634 2,0482íÏÖÎÁ ÄÕÍÁÔÉ, ÝÏ �ÅÒÛ� Ä�ÊÓÎ� ËÏÒÅÎ� ×ÉÝÉÈ �ÏÌ�ÎÏÍ�× Cm�1(x)ÍÁÀÔØ ÔÁËÕ Ö ÔÅÎÄÅÎ��À, ÔÏÂÔÏ:limm!1Cm�1(x) = 0; �ÒÉ x = 2: (2.6)ú×ÅÒÔÁÀÞÉÓØ ÄÏ ÆÏÒÍÕÌ (2.1), (2.2) ÂÁÞÉÍÏ, ÝÏ �ÒÉ � = 0 �ÏÌ�ÎÏÍCm�1(x) ÎÅ ÍÁ¤ ÖÏÄÎÏÇÏ ËÏÒÅÎÑ × ÏÂÌÁÓÔ� 0 < V < 1, ÔÏÂÔÏ �ÏÚÉ-ÔÉ×Î� ËÏÒÏÔËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ ÚÁÂÅÚ�ÅÞÕÀÔØ �ÒÁ×ÉÌØÎ�ÓÔØ ÚÎÁË�× ÕÓ�ÈËÕÍÕÌÑÎÔ�× M2m �, ÏÔÖÅ, ÓÔ�ÊË�ÓÔØ ËÌÁÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ �ÒÉ ÄÏ×�ÌØ-ÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ.¶ÎÛÏÀ ¤ ÓÉÔÕÁ��Ñ, ËÏÌÉ V = 0, � 6= 0. ÷ �ØÏÍÕ ×É�ÁÄËÕ ËÕÍÕÌÑÎ-ÔÉM2m ÚÍ�ÎÀÀÔØ Ó×Ï§ ÚÎÁËÉ �ÒÉ ÓË�ÎÞÅÎÉÈ ÚÎÁÞÅÎÎÑÈ �Ï�ÅÒÅÞÎÏÇÏ�ÏÌÑ � (×ÉÝÉÈ, ÞÉÍ ×ÉÝÏÀ ¤ ÔÅÍ�ÅÒÁÔÕÒÁ ÓÉÓÔÅÍÉ). ã� ÇÒÁÎÉÞÎ� ÚÎÁ-ÞÅÎÎÑ ��ÇÒ �ÏÄÁÎ� × �ÁÂÌÉ�� II. �ÁÂÌÉ�Ñ IIm 1 2 3 4 5 6 7 8��ÇÒ 1 0; 8111 0; 5175 0; 3833 0; 3049 0; 2534 0; 2171 0; 1895ðÒÉ ×ÅÌÉËÉÈm ��ÇÒ ! 0. á �Å ÏÚÎÁÞÁ¤,ÝÏ Õ ×�ÄÓÕÔÎÏÓÔ� ËÏÒÏÔËÏ-ÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê �Ï×ÎÉÊ ÆÕÎË��ÏÎÁÌ (1.6) ÍÁ¤ ÓÅÎÓ ÌÉÛÅ �ÒÉ � = 0.÷�ÄÍ�ÎÎ� ×�Ä ÎÕÌÑ ÚÎÁÞÅÎÎÑ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ ×ÅÄÕÔØ ÄÏ ÒÕÊÎÕ×ÁÎ-ÎÑ ÓÔ�ÊËÏÓÔ� ÓÉÓÔÅÍÉ. ñË ÌÅÇËÏ ÂÁÞÉÔÉ, �ÏÄ�ÂÎÕ Ä�À Ó�ÒÉÞÉÎÑÀÔØ �×�Ä'¤ÍÎ� ËÏÒÏÔËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ V .úÎÁÞÎÏ ÓËÌÁÄÎ�ÛÉÍ ¤ ×É�ÁÄÏË, ËÏÌÉ ÏÂÉÄ×Á �ÁÒÁÍÅÔÒÉ V � � ×�Ä-Í�ÎÎ� ×�Ä ÎÕÌÑ. òÅÚÕÌØÔÁÔÉ ÞÉÓÌÏ×ÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÚÁÌÅÖÎÏÓÔ� ÇÒÁ-ÎÉÞÎÉÈ ÚÎÁÞÅÎØ �ÇÒ ×�Ä ×ÅÌÉÞÉÎÉ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê �ÒÉ Ò�Ú-ÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ �ÏÄÁÎ� ÎÁ òÉÓ.1, Á ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ - ÎÁòÉÓ.2.âÁÞÉÍÏ, ÝÏ ÄÌÑ ËÏÖÎÏÇÏ ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ �ÎÔÅÎÓÉ×ÎÏÓÔ�ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê �ÓÎÕ¤ �ÇÒ, ÑËÅ ÒÏÚÄ�ÌÑ¤ Ä�ÁÇÒÁÍÕ �, V (ÁÂÏ�, T ) ÎÁ Ä×� ÏÂÌÁÓÔ�. õ �ÅÒÛ�Ê (� < �ÇÒ) ÆÕÎË��ÏÎÁÌ (1.6) ¤ �ÒÁ-×ÉÌØÎÏ ×ÉÚÎÁÞÅÎÉÊ, � ÓÉÓÔÅÍÁ �ÅÒÅÂÕ×Á¤ × ÓÔ�ÊËÏÍÕ ÓÔÁÎ�. ëÏÌÉ Ö



13 ðÒÅ�ÒÉÎÔ� > �ÇÒ, ÆÕÎË��ÏÎÁÌ (1.6) ÓÔÁ¤ ÒÏÚÂ�ÖÎÉÍ, ÝÏ ÓÉÇÎÁÌ�ÚÕ¤ �ÒÏ ÍÁ-ÔÅÍÁÔÉÞÎÕ ÎÅÓÔ�ÊË�ÓÔØ ÓÉÓÔÅÍÉ �ÒÉ ×�Ä�Ï×�ÄÎÏÍÕ ÚÎÁÞÅÎÎ� §§ �ÁÒÁ-ÍÅÔÒ�×. �ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§, ÒÏÚÒÁÈÏ×ÁÎ� ÎÁ ÏÓÎÏ×� ÆÕÎË��ÏÎÁÌÁ(1.6), �ÒÏÑ×ÌÑÔÉÍÕÔØ ÎÅÚ×ÉÞÎÕ �Ï×ÅÄ�ÎËÕ, ÑËÕ, �ÒÏÔÅ, ÎÅ ÍÏÖÎÁ ××Á-ÖÁÔÉ ÏÂÕÍÏ×ÌÅÎÏÀ Æ�ÚÉÞÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ÓÉÓÔÅÍÉ. áÄÖÅ × ÄÁÎÏ-ÍÕ ×É�ÁÄËÕ ÍÁ¤ÍÏ "×É�ÁÄËÏ×ÉÊ" ÚÂ�Ç �ÁÒÁÍÅÔÒ�× ÓÉÓÔÅÍÉ, �ÒÉÞÏÍÕÎÅÏÄÎÁËÏ×ÉÊ �ÒÉ ×ÉËÏÒÉÓÔÁÎÎ� Ò�ÚÎÉÈ ÎÁÂÌÉÖÅÎØ × (1.6). �ÁË, ÇÁÕ-ÓÏ×Å ÎÁÂÌÉÖÅÎÎÑ ÎÅ �ÒÉÚ×ÏÄÉÔØ ÄÏ ×ÉÎÉËÎÅÎÎÑ ÎÅÆ�ÚÉÞÎÉÈ ÅÆÅËÔ�×,�ÒÉ ÞÅÔ×ÅÒÎÏÍÕ - ×ÏÎÉ ÍÁÀÔØ Í�Ó�Å �ÒÉ ÄÏÓÔÁÔÎØÏ ×ÅÌÉËÉÈ ÚÎÁÞÅÎ-ÎÑ �, ÄÌÑ ÛÅÓÔÅÒÎÏÇÏ - �ÇÒ ÚÍÅÎÛÕ¤ÔØÓÑ � Ô.Ä., ÄÏÓÑÇÁÀÞÉ �ÇÒ = 0ÄÌÑ �Ï×ÎÏÇÏ ÒÏÚ�ÏÄ�ÌÕ (1.6) (�ÒÉ ÕÍÏ×�, ÝÏ V = 0). ëÏÌÉ Ö V 6= 0,ÔÏ ÚÎÁÞÅÎÎÑ �ÇÒ ÚÒÏÓÔÁ¤ �Ú ÚÒÏÓÔÁÎÎÑÍ V Õ ÂÕÄØ-ÑËÏÍÕ ÎÁÂÌÉÖÅÎÎ�(1.6).ðÒÉ �ÒÁËÔÉÞÎÉÈ ÒÏÚÒÁÈÕÎËÁÈ ÚÁ×ÖÄÉ ÄÏ×ÏÄÉÔØÓÑ ÏÂÍÅÖÕ×ÁÔÉÓØ�Å×ÎÏÀ (ÑË �ÒÁ×ÉÌÏ, ÎÅ×ÉÓÏËÏÀ) ÓÔÅ��ÎÎÀ × ÒÏÚ�ÏÄ�Ì� (1.6), ÔÏÍÕ ×ÖÅ�ÒÉ ×ÉÈÏÄ� ÚÁ ÒÁÍËÉ ÇÁÕÓÏ×ÏÇÏ ÎÁÂÌÉÖÅÎÎÑ �ÒÉ ÄÏÓÌ�ÄÖÅÎÎ� ÍÏÄÅÌ�ÄÅ-öÅÎÁ �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ×ÉÎÉËÁÀÔØ �Å×Î� ÎÅÆ�ÚÉÞÎÏÓÔ�,ÑË� ÎÁÚÉ×ÁÀÔØ ÁÎÔÉ-ëÀÒ� ÔÏÞËÁÍÉ, ÏÓË�ÌØËÉ × �ÉÈ ÔÏÞËÁÈ, ÎÁ�ÒÉ-ËÌÁÄ, �ÁÒÁÍÅÔÒ �ÏÒÑÄËÕ ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ. ðÏÑÓÎÉÍÏ ÍÅÈÁÎ�ÚÍ�ÏÑ×É ÁÎÔÉ-ëÀÒ� ÔÏÞÏË ÎÁ �ÒÉËÌÁÄ� ÍÏÄÅÌ� �Ú ÞÅÔ×ÅÒÎÉÍ ÂÁÚÉÓÎÉÍÒÏÚ�ÏÄ�ÌÏÍ. ðÒÉ �ÏÎÉÖÅÎÎ� ÔÅÍ�ÅÒÁÔÕÒÉ × ÓÉÓÔÅÍ� ÍÏÖÅ ÓÔÁÔÉÓÑ ÓÉ-ÔÕÁ��Ñ, ËÏÌÉ ×ÉÂÒÁÎÅ ÚÎÁÞÅÎÎÑ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ � ÓÔÁ¤ Ò�×ÎÉÍ ÇÒÁ-ÎÉÞÎÏÍÕ ÄÌÑ �ÉÈ ÕÍÏ×. ãÅ ÏÚÎÁÞÁ¤, ÝÏ ÎÅÚ×�ÄÎÉÊ ËÕÍÕÌÑÎÔ ÞÅÔ×ÅÒ-ÔÏÇÏ �ÏÒÑÄËÕ M4 = 0. ÷�Ä�Ï×�ÄÎÉÊ, Ó�ÒÑÖÅÎÉÊ ÄÏ M4, ËÏÅÆ���¤ÎÔa4 ÔÁËÏÖ ÓÔÁ¤ Ò�×ÎÉÍ ÎÕÌÅ×�, ÁÄÖÅ × ÇÁÕÓÏ×ÏÍÕ ÒÏÚ�ÏÄ�Ì�, ÑËÉÊ ×�Ä-�Ï×�ÄÁ¤ ÓÉÔÕÁ��§ M4 = 0, ÕÓ� ËÏÅÆ���¤ÎÔÉ a2m = 0 (m � 2), ËÒ�Ía2 = 1 (ÄÏËÌÁÄÎÏ ÄÉ×. [15, 18℄). ÷ ÍÅÔÏÄ� ËÏÌÅËÔÉ×ÎÉÈ ÚÍ�ÎÎÉÈ �ÁÒÁ-ÍÅÔÒ �ÏÒÑÄËÕ ÓÉÓÔÅÍÉ ÚÎÁÈÏÄÉÔØÓÑ �Ú ÎÅÄÏ�ÎÔÅÇÒÏ×ÁÎÏÇÏ ÚÁ ÏÄÎ�¤ÀÚÍ�ÎÎÏÀ ��0 (~k = 0; � = 0) [18, 19℄ ÆÕÎË��ÎÁÌÁ (1.6).F = � 1� lnZ = 
onst(V;�; �)�� 1� ln Z exp��N(D�4�0 �B�2�0 �A��0)	 d��0 ; (2.7)ÄÅ D � a4; B � a2 � ��(0); A � h: (2.8)ïÔÖÅ, ÝÏÂ F ÍÁÌÁ ÓÅÎÓ �ÒÉ a4 = 0, ÎÅÏÂÈ�ÄÎÏ ×ÉËÏÎÁÔÉ ÕÍÏ×Õ:��0(~k = 0; � = 0) = 0: (2.9)ðÁÒÁÍÅÔÒ �ÏÒÑÄËÕ �ÒÉ �ØÏÍÕ ÚÎÁÞÅÎÎ� ÅÎÅÒÇÅÔÉÞÎÉÈ ÈÁÒÁËÔÅÒÉ-ÓÔÉË ËÌÁÓÔÅÒÁ � ÔÅÍ�ÅÒÁÔÕÒÉ "×É�ÁÄËÏ×Ï" �ÅÒÅÔ×ÏÒÀ¤ÔØÓÑ × ÎÕÌØ
ICMP{99{09U 14- Ú'Ñ×ÌÑ¤ÔØÓÑ ÁÎÔÉ-ëÀÒ� ÔÏÞËÁ. �ÁË� ÔÏÞËÉ ÚÁ×ÖÄÉ ÍÁÀÔØ Í�Ó�Å �ÒÉÄÏÓÌ�ÄÖÅÎÎ� ËÌÁÓÔÅÒÎÏ§ ÍÏÄÅÌ� ÄÅ-öÅÎÁ (ÄÉ×. [9,13,20℄). ÷ÉÓÌÏ×ÌÅ-ÎÅ, ÎÁ�ÒÉËÌÁÄ × [9℄, Í�ÒËÕ×ÁÎÎÑ ÝÏÄÏ ÍÅÈÁÎ�ÚÍÕ �ÏÑ×É ÁÎÔÉ-ëÀÒ�ÔÏÞÏË, ÎÅÚ×ÁÖÁÀÞÉ ÎÁ �ÒÁ×ÉÌØÎ�ÓÔØ Ô×ÅÒÄÖÅÎÎÑ �ÒÏ §È Ë×ÁÎÔÏ×Õ�ÒÉÒÏÄÕ, ÎÅ Í�ÓÔÉÔØ ÏÂÇÒÕÎÔÏ×ÁÎÏÇÏ �ÏÑÓÎÅÎÎÑ Í�ËÒÏÓËÏ��ÞÎÏ§ ÓÕÔ�Ñ×ÉÝÁ. ã�ËÁ×Ï ×�ÄÚÎÁÞÉÔÉ, ÝÏ ÚÁÓÔÏÓÕ×ÁÎÎÑ Í�Î�Í�ÚÁ��ÊÎÏ§ �ÒÏ�ÅÄÕ-ÒÉ, ÑËÁ ¤ ÎÅÏÄÍ�ÎÎÉÍ ÅÌÅÍÅÎÔÏÍ ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ, × �Å×Î�ÊÍ�Ò� ÂÌÉÚØËÅ ÄÏ ×ÒÁÈÕ×ÁÎÎÑ ×ÉÝÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÅÆÅËÔ�×, ÚÏËÒÅÍÁÞÅÔ×ÅÒÎÏÇÏ �ÏÒÑÄËÕ, ÁÄÖÅ ÂÅÚ ��¤§ �ÒÏ�ÅÄÕÒÉ ÁÎÔÉ-ëÀÒ� ÔÏÞËÉ ÎÅ×ÉÎÉËÁÀÔØ, ÑË ÎÅ ×ÉÎÉËÁÀÔØ ×ÏÎÉ � �ÒÉ ÏÂÍÅÖÅÎÎ� × (1.6) ÌÉÛÅ ÇÁÕ-ÓÏ×ÉÍ ÎÁÂÌÉÖÅÎÎÑÍ.óÌ�Ä ��ÄËÒÅÓÌÉÔÉ, ÝÏ �ÒÏÂÌÅÍÉ ÍÁÔÅÍÁÔÉÞÎÏ§ ÓÔ�ÊËÏÓÔ� ÓÉÓÔÅÍÉ,ÑËÁ Ï�ÉÓÕ¤ÔØÓÑ ÆÕÎË��ÏÎÁÌÏÍ (1.6), ÍÁÀÔØ Í�Ó�Å ÌÉÛÅ �ÒÉ ÎÉÚØËÉÈÔÅÍ�ÅÒÁÔÕÒÁÈ. áÄÖÅ ÓÁÍÅ × ��Ê ÏÂÌÁÓÔ� ÓÕÔÔ¤×ÏÀ ¤ Ë×ÁÎÔÏ×�ÓÔØ ÓÉ-ÓÔÅÍÉ, Á §§ Ë�ÌØË�ÓÎÉÍ �ÁÒÁÍÅÔÒÏÍ ¤ ×ÅÌÉÞÉÎÁ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ �.ðÒÉ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ËÕÍÕÌÑÎÔÉ (1.24) �ÅÒÅÈÏÄÑÔØ Õ Ó×Ï§ËÌÁÓÉÞÎ� ×�Ä�Ï×�ÄÎÉËÉM2m(~k1; �1; :::; ~k2m; �2m) = �14�m Cm�1(2)��Æ(~k1 + :::+ ~k2m)Æ(�1 + :::+ �2m): (2.10)îÅ×ÁÖËÏ �ÅÒÅËÏÎÁÔÉÓØ, ÝÏ �Ú (2.10) ÏÔÒÉÍÕÀÔØÓÑ ×ÉÒÁÚÉ (2.4), ÔÏÂÔÏ�ÒÉ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ËÏÒÏÔËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ � �Ï�ÅÒÅÞÎÅ �ÏÌÅÎÅ ¤ ×ÉÚÎÁÞÁÌØÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ ÓÉÓÔÅÍÉ.÷×ÁÖÁÀÞÉ �Ï�ÅÒÅÞÎÅ �ÏÌÅ ÎÁÂÁÇÁÔÏ ÍÅÎÛÉÍ ×�Ä ×ÅÌÉÞÉÎÉ ËÏÒÏÔ-ËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê � 2�V << 1� ÚÎÁÊÄÅÍÏ ÚÎÁÞÅÎÎÑ �ÇÒ �ÒÉ ×ÉÓÏËÉÈ� �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ. òÏÚËÌÁ×ÛÉ ×ÉÒÁÚÉ (1.4), (1.21) ÔÁ (1.26)�Ï 2�V Ú ÔÏÞÎ�ÓÔÀ ÄÏ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ �Ï �ÁÒÁÍÅÔÒÕ ÒÏÚËÌÁÄÕ, ÏÄÅÒ-ÖÉÍÏ:x = �2
h�V + 2��2V sh�V ����2 ��V + � �2 �2 �V �1� �sh�V�V �2 � sh2�V�V ��+ � �2 �2 sh2�V�V�2 h�V e�V + � �2 �2 2�2 
h�V�V i+ � �2 �2 sh�V : (2.11)ðÒÉ � = 0 ÚÎÁÞÅÎÎÑ �, ÄÌÑ ÑËÉÈ �Ï×ÎÉÊ ÆÕÎË��ÏÎÁÌ (1.6) ¤ ÚÂ�ÖÎÉÍ(x � 2), ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÎÅÒ�×ÎÏÓÔ�:�2 � V� : (2.12)



15 ðÒÅ�ÒÉÎÔ(2.12) ¤ ËÌÁÓÉÞÎÏÀ ÁÓÉÍ�ÔÏÔÉËÏÀ �ÇÒ ÑË �ÒÉ ×ÉÓÏËÉÈ, ÔÁË � �ÒÉ ÎÉÚØ-ËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ. âÁÞÉÍÏ, ÝÏ ÚÍÅÎÛÕÀÞÉÓØ �Ú �ÁÄ�ÎÎÑÍ ÔÅÍ�ÅÒÁ-ÔÕÒÉ, �ÇÒ �ÒÏ�ÏÒ��ÊÎÅ ÄÏ pV , ÝÏ ��ÄÔ×ÅÒÄÖÕ¤ ×ÉÓÎÏ×ÏË �ÒÏ ÓÔÁÂ�Ì�-ÚÕÀÞÕ ÒÏÌØ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê × ÄÏÓÑÇÎÅÎÎ� ÓÔ�ÊËÏÇÏ ÓÔÁÎÕÓÉÓÔÅÍÉ.÷ÒÁÈÕ×ÁÎÎÑ ÍÁ�ÕÂÁÒ�×ÓØËÏ§ ÞÁÓÔÏÔÉ × (2.11) ÄÁ¤ Í�Î�ÍÁÌØÎÅ ÚÎÁ-ÞÅÎÎÑ �, ËÏÌÉ �ÒÉ V 6= 0 ÆÕÎË��ÏÎÁÌ (1.6) ÎÅ ×ÔÒÁÞÁ¤ ÓÅÎÓÕ:�2 = V 21 + �V : (2.13)îÁÇÁÄÁ¤ÍÏ,ÝÏ × ËÌÁÓÉÞÎÏÍÕ ×É�ÁÄËÕ (� = 0) �ÒÉ V 6= 0 ÄÏ�ÕÓÔÉ-ÍÉÍ ¤ ÚÎÁÞÅÎÎÑ � = 0 (ÄÉ×. (2.12)), ÁÌÅ �Å �ÒÏÔÉÒ�ÞÉÔØ ÎÅÒ�×ÎÏÓÔ�,ÑËÁ ÓÌ�ÄÕ¤ Ú (2.11) �ÒÉ � = 0:sh2�V�V � 2 (2.14)� ×ÉËÏÎÕ¤ÔØÓÑ ÑË Ò�×Î�ÓÔØ ÌÉÛÅ �ÒÉ V = 0. ïÔÖÅ, ×ÒÁÈÕ×ÁÎÎÑ Ë×ÁÎ-ÔÏ×ÉÈ ÅÆÅËÔ�× ÓÕÔÔ¤×ÉÍ ÞÉÎÏÍ ÕÔÏÞÎÉÌÏ ÄÏ�ÕÓÔÉÍ� ÚÎÁÞÅÎÎÑ �ÇÒ �ÒÉV ! 0.îÁ òÉÓ.3 �ÏÄÁÎÏ ÚÁÌÅÖÎÏÓÔ� �ÇÒ ÄÌÑ ËÌÁÓÉÞÎÏÇÏ (n = 0) ÔÁ Ë×ÁÎ-ÔÏ×ÏÇÏ ×É�ÁÄË�× Õ (2.11). ÷ÉÄÎÏ, ÝÏ × ÏÂÌÁÓÔ� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ�ÓÎÕ¤ �ÒÏ�ÏÒ��ÊÎÅ ÄÏ V ÏÂÍÅÖÅÎÎÑ ÎÁ Í�Î�ÍÁÌØÎÅ ÚÎÁÞÅÎÎÑ �ÇÒ.3. �ÅÒÍÏÄÉÎÁÍ�ÞÎÁ ÓÔ�ÊË�ÓÔØ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉú×ÁÖÁÀÞÉ ÎÁ Ò�ÚÎÕ ÒÏÌØ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê V � �Ï�ÅÒÅÞÎÏ-ÇÏ �ÏÌÑ � Õ ÆÏÒÍÕ×ÁÎÎ� �Ï×ÅÄ�ÎËÉ ËÌÁÓÔÅÒÎÉÈ ËÕÍÕÌÑÎÔ�× �, ÏÔÖÅ,ÚÁÂÅÚ�ÅÞÅÎÎÑ ÍÁÔÅÍÁÔÉÞÎÏ§ ÓÔ�ÊËÏÓÔ� ÓÉÓÔÅÍÉ, ×ÁÖÌÉ×ÉÍ ¤ ×ÉÚÎÁÞÅÎ-ÎÑ ÕÍÏ× ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ§ Ò�×ÎÏ×ÁÇÉ, Á ÓÁÍÅ, ÚÎÁÈÏÄÖÅÎÎÑ ÏÓÎÏ×ÎÏÇÏÓÔÁÎÕ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ. äÌÑ �ØÏÇÏ ÒÏÚÇÌÑÎÅÍÏ ÔÏÞËÉ ÅËÓÔÒÅÍÕÍÁÓÉÓÔÅÍÉ Ú ÇÁÍ�ÌØÔÏÎ�ÁÎÏÍ H0 (1.5), Í�Î�Í�ÚÕÀÞÉ ×�Ä�Ï×�ÄÎÕ ×�ÌØÎÕÅÎÅÒÇ�À ÚÁ �ÁÒÁÍÅÔÒÁÍÉ V ÔÁ �. úÍ�ÓÔÉ×ÛÉ ÎÉÖÎ�Ê Ò�×ÅÎØ ÅÎÅÒÇ�§Ó�ÅËÔÒÕ (1.4) E2 = �pV 2 + 4�2 ÔÁË ÝÏÂ E2 = 0, ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§F ÍÁ¤ÍÏ ×ÉÒÁÚ:F = � 1� �1 + e�2�pV 2+4�2 + 2e��pV 2+4�2
h�V � : (3.1)í�Î�Í�ÚÕÀÞÉ (3.1) ÚÁ V ÔÁ �, ÏÔÒÉÍÕ¤ÍÏ:�F�V = 2V �e�2�pV 2+4�2+e��pV 2+4�2
h�V �pV 2+4�2V e��pV 2+4�2sh�V �pV 2+4�2 �1+e�2�pV 2+4�2+2e��pV 2+4�2
h�V � =0;(3.2)
ICMP{99{09U 16�F�� = 8��e�2�pV 2+4�2 + e��pV 2+4�2
h�V �pV 2 + 4�2 �1 + e�2�pV 2+4�2 + 2e��pV 2+4�2
h�V � = 0: (3.3)åËÓÔÒÅÍÕÍ F ÚÁ �ÁÒÁÍÅÔÒÏÍ V ×ÉÚÎÁÞÁ¤ÔØÓÑ Ä×ÏÍÁ Ò�×ÎÏÓÔÑÍÉ:V = 0; (3.4)ÁÂÏ e��pV 2+4�2 + 
h�V � pV 2 + 4�2V sh�V = 0; (3.5)Á ÚÁ �ÁÒÁÍÅÔÒÏÍ � ÏÄÎ�¤À:� = 0: (3.6)�ÏÂÔÏ, ÔÏÞËÁ V = 0, � = 0 ÚÁÄÏ×�ÌØÎÑ¤ ÎÅÏÂÈ�ÄÎ� ÕÍÏ×É ÅËÓÔÒÅÍÁÌØ-ÎÏÓÔ� ÆÕÎË��§ F .äÏÓÌ�ÄÉÍÏ ÕÍÏ×Õ (3.5). îÅ×ÁÖËÏ �ÅÒÅËÏÎÁÔÉÓØ, ÝÏ ¤ÄÉÎÏÀ ÔÏÞ-ËÏÀ, ÄÅ ×ÏÎÁ ÚÁÄÏ×ÏÌØÎÑ¤ÔØÓÑ, ¤ V = 1 (�ÒÉ ÄÏ×�ÌØÎÉÈ �). ð�ÄÓÔÁ-×É×ÛÉ (3.5) × (3.3), ÂÁÞÉÍÏ, ÝÏ × Ô�Ê ÖÅ ÔÏÞ�� (V = 1) �F�� = 0.ïÔÖÅ, ÄÒÕÇÏÀ ÎÅÏÂÈ�ÄÎÏÀ ÕÍÏ×ÏÀ ÅËÓÔÒÅÍÁÌØÎÏÓÔ� F ¤ ÚÎÁÞÅÎÎÑ(V � = 1;�� - ÄÏ×�ÌØÎÅ). äÌÑ ×ÓÔÁÎÏ×ÌÅÎÎÑ ÄÏÓÔÁÔÎ�È ÕÍÏ× ÅËÓÔÒÅ-ÍÕÍÁ F ÚÎÁÊÄÅÍÏ ÚÍ�ÛÁÎÕ �ÏÈ�ÄÎÕ:�2F�V �� ����� V = 0� = 0 = 0 (3.7)� × ÔÏÞ��, ÝÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ò�×Î�ÓÔÀ (3.5):�2F�V �� = � 8�V �e��pV 2+4�2 �e��pV 2+4�2 + sh�V�V �(V 2 + 4�2)�1 + e�2�pV 2+4�2 + 2e��pV 2+4�2
h�V � : (3.8)îÅ×ÁÖËÏ ÂÁÞÉÔÉ, ÝÏ �ÒÉ V = V �, � = ��, ÚÍ�ÛÁÎÁ �ÏÈ�ÄÎÁ (3.8)ÄÏÒ�×ÎÀ¤ ÎÕÌÅ×�. �ÁËÉÍ ÞÉÎÏÍ, ×�ÌØÎÁ ÅÎÅÒÇ�Ñ (3.1) × ÕÓ�Ê ÏÂÌÁÓÔ�ÚÍ�ÎÉ �ÁÒÁÍÅÔÒ�× V ÔÁ � ÎÅ ÍÁ¤ ÖÏÄÎÏÇÏ ÍÁËÓÉÍÕÍÕ ÞÉ Í�Î�ÍÕ-ÍÕ, ÄÏÓÑÇÁÀÞÉ ÔÏÞÏË �ÅÒÅÇÉÎÕ �ÒÉ V = 0, � = 0 � �ÒÉ V = 1, �- ÄÏ×�ÌØÎÅ. óÉÓÔÅÍÁ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ËÌÁÓÔÅÒ�× ÎÅ ¤ ÔÅÒÍÏÄÉÎÁÍ�Þ-ÎÏ ÓÔ�ÊËÏÀ. ÷�Ä�Ï×�ÄÎÁ ÓÔ�ÊË�ÓÔØ ÄÏÓÑÇÁ¤ÔØÓÑ ÌÉÛÅ �ÒÉ ×ÒÁÈÕ×ÁÎÎ�



17 ðÒÅ�ÒÉÎÔÍ�ÖËÌÁÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ�Ê, Á ÔÁËÏÖ ÚÏ×Î�ÛÎØÏÇÏ (ÁÂÏ ×ÎÕÔÒ�ÛÎØÏÇÏÓÁÍÏÕÚÇÏÄÖÅÎÏÇÏ) �ÏÌÑ (ÄÉ×., ÎÁ�Ò. [21℄).¶ÎÛÉÊ ×ÁÖÌÉ×ÉÊ ×ÉÓÎÏ×ÏË: ÎÁÑ×Î�ÓÔØ ÈÏÞÁ Â ÎÅ×ÅÌÉËÏÇÏ ÚÏ×Î�Û-ÎØÏÇÏ �ÏÌÑ � ÚÍ�ÝÕ¤ ÕÍÏ×Õ ×�ÄÎÏÓÎÏ§ ÓÔ�ÊËÏÓÔ� ÓÉÓÔÅÍÉ × ÏÂÌÁÓÔØ ×Å-ÌÉËÉÈ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒÁ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê. ÷ ÔÁËÉÊ Ó�ÏÓ�ÂËÏÒÏÔËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ "ÎÁÍÁÇÁÀÔØÓÑ" ÓÔÁÂ�Ì�ÚÕ×ÁÔÉ ÔÅÒÍÏÄÉÎÁÍ�Þ-ÎÕ Ò�×ÎÏ×ÁÇÕ. ñË�ÓÎÏ �Å ×�Ä�Ï×�ÄÁ¤ ×ÉÓÎÏ×ËÕ ÚÒÏÂÌÅÎÏÍÕ ×ÉÝÅ �ÒÉÄÏÓÌ�ÄÖÅÎÎ� ÍÁÔÅÍÁÔÉÞÎÏ§ ÓÔ�ÊËÏÓÔ� ËÌÁÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ ÎÁ ÏÓÎÏ×�ÆÕÎË��ÏÎÁÌÁ ×�ÌØÎÏ§ ÅÎÅÒÇ�§. ïÓË�ÌØËÉ × ÓÁÍ�Ê ÂÁÚÉÓÎ�Ê ÓÉÓÔÅÍ� ÎÅ×ÉÑ×ÌÅÎÏ ÂÕÄØ-ÑËÉÈ ÍÏÖÌÉ×ÏÓÔÅÊ ÝÏÄÏ ÚÍ�ÎÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ ÓÔÁ-ÎÕ, ÔÏ ÏÔÒÉÍÁÎ� ÎÁÍÉ ÏÓÏÂÌÉ×ÏÓÔ� × �Ï×ÅÄ�Î�� ËÌÁÓÔÅÒÎÉÈ ËÕÍÕÌÑÎÔ�×�ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ V ÔÁ � ¤ ÞÉÓÔÏ ÍÁÔÅÍÁÔÉÞÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑ-ÍÉ ÄÏÓÌ�ÄÖÕ×ÁÎÏ§ ËÌÁÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ � ÎÅ �Ï×'ÑÚÁÎ� Ú ÁÎÏÍÁÌ�ÑÍÉ §§Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË. ðÒÏÑ×É �ÉÈ ÏÓÏÂÌÉ×ÏÓÔÅÊ Õ ×ÉÇÌÑÄ� ÁÎÔÉ-ëÀÒ� ÔÏÞÏË Ó×�ÄÞÁÔØ �ÒÏ ÎÅ�ÒÏÓÔÕ �ÒÉÒÏÄÕ ÍÏÄÅÌÅÊ, × ÏÓÎÏ×� ÑËÏ§ÌÅÖÉÔØ ÇÁÍ�ÌØÔÏÎ�ÁÎ ÄÅ-öÅÎÁ, �, ÍÏÖÌÉ×Ï, ÎÅ �Ï×ÎÕ ×�Ä�Ï×�ÄÎ�ÓÔØ§È ÔÉÍ Æ�ÚÉÞÎÉÍ ÏÂ'¤ËÔÁÍ, ÄÏ Ï�ÉÓÕ ÑËÉÈ ×ÏÎÉ ÚÁÓÔÏÓÏ×ÕÀÔØÓÑ.4. ÷ÉÓÎÏ×ËÉ1. æÕÎË��ÏÎÁÌØÎÅ ÚÏÂÒÁÖÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (ÁÂÏ ×�ÌØÎÏ§ÅÎÅÒÇ�§) ÍÏÄÅÌ� ÄÅÑËÏ§ Æ�ÚÉÞÎÏ§ ÓÉÓÔÅÍÉ ÍÁ¤ Í�Ó�Å ÚÁ ÕÍÏ×É ÚÁ-ÂÅÚ�ÅÞÅÎÎÑ §§ Æ�Î�ÔÎÏÓÔ� × ÕÓ�Ê ÏÂÌÁÓÔ� ÚÍ�ÎÉ ×ÎÕÔÒ�ÛÎ�È � ÚÏ×-Î�ÛÎ�È �ÁÒÁÍÅÔÒ�×. ãÅ ÍÏÖÅ ÎÁËÌÁÄÁÔÉ �Å×Î� ÕÍÏ×É ÎÁ ÚÎÁÞÅÎ-ÎÑ �ÉÈ �ÁÒÁÍÅÔÒ�×, ÑË� ÓÕÔÔ¤×ÉÍ ÞÉÎÏÍ ×ÉÚÎÁÞÁÀÔØÓÑ ×ÉÂÏÒÏÍÓÁÍÏ§ ÍÏÄÅÌ�.2. ÷ ËÌÁÓÔÅÒÎ�Ê ÍÏÄÅÌ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁ, ÑËÁ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁË×ÁÎÔÏ×�Ê ÍÏÄÅÌ� ÄÅ-öÅÎÁ, ËÏÒÏÔËÏÓÑÖÎ� ×ÎÕÔÒ�ËÌÁÓÔÅÒÎ�×ÚÁ¤ÍÏÄ�§ � �Ï�ÅÒÅÞÎÅ �ÏÌÅ ×ÉÑ×ÌÑÀÔØ �ÒÏÔÉÌÅÖÎ� ÔÅÎÄÅÎ��§ÝÏÄÏ ÚÁÂÅÚ�ÅÞÅÎÎÑ ÚÂ�ÖÎÏÓÔ� ÆÕÎË��ÏÎÁÌÁ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ.ðÅÒÛ� - Ó�ÒÉÑÀÔØ �ÒÁ×ÉÌØÎ�Ê ×ÉÚÎÁÞÅÎÏÓÔ� ÕÓ�È ËÏÅÆ���¤ÎÔ�×ÆÕÎË��ÏÎÁÌÁ, ÄÒÕÇ� - ÎÁ×�ÁËÉ, �ÒÏÔÉÄ�ÀÔØ �ØÏÍÕ. ¶ÓÎÕ¤ Ú×'Ñ-ÚÏË Í�Ö ÇÒÁÎÉÞÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ �ÉÈ �ÁÒÁÍÅÔÒ�× (ÚÁÌÅÖÎÉÊ ×�ÄÔÅÍ�ÅÒÁÔÕÒÉ), �ÒÉ ÑËÉÈ ÆÕÎË��ÏÎÁÌ ×ÔÒÁÞÁ¤ Æ�Î�ÔÎ�ÓÔØ.ëÏÒÏÔ-ËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ �ÒÏÔÉÄ�ÀÔØ ÄÅÓÔÁÂ�Ì�ÚÕÀÞÏÍÕ ×�ÌÉ×Õ �Ï�Å-ÒÅÞÎÏÇÏ �ÏÌÑ, �ÒÉÞÏÍÕ §È ÒÏÌØ ÚÒÏÓÔÁ¤ Ú �ÏÎÉÖÅÎÎÑÍ ÔÅÍ�Å-ÒÁÔÕÒÉ.3. ã� ÅÆÅËÔÉ ¤ ×ÉËÌÀÞÎÏ ÍÁÔÅÍÁÔÉÞÎÉÍÉ ÏÓÏÂÌÉ×ÏÓÔÑÍÉ ËÌÁ-ÓÔÅÒÎÏ§ ÍÏÄÅÌ� ÄÅ-öÅÎÁ � ÎÅ �Ï×'ÑÚÁÎ� ÂÅÚ�ÏÓÅÒÅÄÎØÏ Ú ÕÍÏ×Á-ÍÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ§ ÓÔ�ÊËÏÓÔ� Æ�ÚÉÞÎÏ§ ÓÉÓÔÅÍÉ. ðÒÏÔÅ, ÔÅÒÍÏ-
ICMP{99{09U 18ÄÉÎÁÍ�ÞÎÁ ÓÔ�ÊË�ÓÔØ ÔÁËÏÖ ÚÒÏÓÔÁ¤ �Ú ÚÂ�ÌØÛÅÎÎÑÍ ×�ÄÎÏÓÎÏ-ÇÏ (�ÏÒ�×ÎÑÎÏ Ú �Ï�ÅÒÅÞÎÉÍ �ÏÌÅÍ) ×ËÌÁÄÕ ËÏÒÏÔËÏÓÑÖÎÉÈ×ÚÁ¤ÍÏÄ�Ê.4. íÁÔÅÍÁÔÉÞÎÁ ÎÅÓÔ�ÊË�ÓÔØ ËÌÁÓÔÅÒÎÏ§ ÍÏÄÅÌ� ÄÅ-öÅÎÁ, ÑËÁ ÚÒÏ-ÓÔÁ¤ �Ú �ÏÎÉÖÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ, ÍÏÖÅ ÂÕÔÉ �Ï×'ÑÚÁÎÁ �Ú ×É-ÎÉËÎÅÎÎÑÍ Æ�ÚÉÞÎÏ ÎÅ ×ÍÏÔÉ×Ï×ÁÎÉÈ Ñ×ÉÝ ÁÎÏÍÁÌØÎÏ§ �Ï×ÅÄ�Î-ËÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÕÎË��Ê ËÌÁÓÔÅÒÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�×,ÑË� �ÅÒÅÄÂÁÞÁ¤ ÔÅÏÒ�Ñ �ÒÉ ÎÅÎÕÌØÏ×ÉÈ �Ï�ÅÒÅÞÎÉÈ �ÏÌÑÈ, Ô.Ú×.ÁÎÔÉ-ëÀÒ� ÔÏÞÏË.á×ÔÏÒ ×ÉÓÌÏ×ÌÀ¤ ÝÉÒÕ �ÏÄÑËÕ ï.´.ëÏÂÒÉÎÕ ÚÁ ÄÏ�ÏÍÏÇÕ �ÒÉ ×É-ËÏÎÁÎÎ� ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎË�× � ÏÆÏÒÍÌÅÎÎ� ÇÒÁÆ�ÞÎÏÇÏ ÍÁÔÅÒ�ÁÌÕ.ì�ÔÅÒÁÔÕÒÁ1. àÈÎÏ×ÓËÉÊ é.ò., çÏÌÏ×ËÏ í.æ. óÔÁÔÉÓÔÉÞÅÓËÁÑ ÔÅÏÒÉÑ ËÌÁÓÓÉ-ÞÅÓËÉÈ ÒÁ×ÎÏ×ÅÓÎÙÈ ÓÉÓÔÅÍ. - ë.: îÁÕË. ÄÕÍËÁ, 1980.2. Wertheim M.S. // J. Stat. Phys. - 1984. - V.35, p.19-35.3. Holovko M.F., Kapko V. // Cond. Matt. Phys. (Ukr.). - 1998. - V.1,p.239-255.4. Slater J.C. // J. Chem. Phys. - 1941. - V.9. - p.16-33.5. De-Gennes P.G. // Sol. St. Com. - 1963. - V.1. - p.132-137.6. Blin
 R., Svetina S. // Phys. Rev. - 1966. - V.147. - p.423-429.7. Blin
 R., Svetina S. // Phys. Rev. - 1966. - V.147. - p.430-438.8. ÷ÁËÓ ÷.ç. ÷×ÅÄÅÎÉÅ × ÍÉËÒÏÓËÏ�ÉÞÅÓËÕÀ ÔÅÏÒÉÀ ÓÅÇÎÅÔÏÜÌÅËÔÒÉ-ËÏ×. - í.: îÁÕËÁ, 1973.9. ÷ÁËÓ ÷.ç., úÉÎÅÎËÏ ÷.é. // öü�æ. - 1973. - V.64. - p.650-664.10. ÷ÁËÓ ÷.ç., úÅÊÎ î.å. // æ��. - 1975. - V.17. - p.1617-1626.11. Levitsky R.R., Stasyuk I.V., Korynevsky N.A. // Ferroele
tri
s. -1978. - V.21. - p.481-483.12. Stasyuk I.V., Levitsky R.R., Korynevsky N.A. // Phys. Stat. Sol(b).- 1979. - V.91. - p.541-550.13. ìÅ×É�ØËÉÊ ò.ò., âÁÒÁÎ ï. (�ÒÉ×ÁÔÎÅ �Ï×�ÄÏÍÌÅÎÎÑ).14. ëÏÒÉÎÅ×ÓËÉÊ î.á. // �íæ. - 1983. - �.55. - Ó.291-304.15. Yukhnovskii I.R., Korynevskii N.A. // Phys. Stat. Sol.(b). - 1989. -V.153. - p.583-593.16. ëÏÒÉÎÅ×ÓËÉÊ î.á. æÕÎË�ÉÏÎÁÌ Ó×ÏÂÏÄÎÏÊ ÜÎÅÒÇÉÉ ÓÉÓÔÅÍÙÄ×ÕÈÞÁÓÔÉÞÎÙÈ ËÌÁÓÔÅÒÏ× / ðÒÅ�ÒÉÎÔ é�æ-82-4ò, ëÉÅ×, 1982,36Ó.
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