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1 ðÒÅÐÒÉÎÔ÷ÓÔÕÐæÁÚÏ×Á ÐÏ×ÅÄ¦ÎËÁ Â¦ÎÁÒÎÉÈ ÆÌÀ§ÄÎÉÈ ÓÕÍ¦ÛÅÊ,ÎÁ ×¦ÄÍ¦ÎÕ ×¦Ä ÏÄÎÏ-ËÏÍÐÏÎÅÎÔÎÉÈ,¤ ÚÎÁÞÎÏ Ò¦ÚÎÏÍÁÎ¦ÔÎ¦ÛÏÀ ¦ Ã¦ËÁ×¦ÛÏÀ.÷ ÚÁÌÅÖÎÏÓÔ¦×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÏÍÐÏÎÅÎÔ ¦ ÚÏ×Î¦ÛÎ¦È ÕÍÏ×, × ÑËÉÈÚÎÁÈÏÄÉÔØÓÑ ÓÉÓÔÅÍÁ, ÔÕÔ ÍÏÖÕÔØ ×¦ÄÂÕ×ÁÔÉÓØ ÑË ÆÁÚÏ×¦ ÐÅÒÅÈÏÄÉÇÁÚ-Ò¦ÄÉÎÁ ÔÁË ¦ ÒÏÚÛÁÒÕ×ÁÎÎÑ × Ò¦ÄË¦Ê ¦ ÇÁÚÏ×¦Ê ÆÁÚÁÈ. ïÓÔÁÎÎ¦ÍÉÒÏËÁÍÉ ÐÒÏÂÌÅÍ¦ ÏÐÉÓÕ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× ¦ ËÒÉÔÉÞÎÉÈ Ñ×ÉÝ × Â¦ÎÁÒ-ÎÉÈ ÆÌÀ§ÄÁÈ ÐÒÉÓ×ÑÞÅÎÏ ÂÁÇÁÔÏ ÔÅÏÒÅÔÉÞÎÉÈ ÄÏÓÌ¦ÄÖÅÎØ [1-10], ÔÁÎÅÚ×ÁÖÁÀÞÉ ÎÁ ÃÅ, ÚÁÄÁÞÁ ÐÏ×ÎÏÇÏ ×É×ÞÅÎÎÑ ÆÁÚÏ×Ï§ ÐÏ×ÅÄ¦ÎËÉ ÐÒÏ-ÓÔÏÒÏ×Ï - ÏÄÎÏÒ¦ÄÎÉÈ ÓÉÓÔÅÍ, ÐÏÞÉÎÁÀÞÉ ×¦Ä ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ¦ ÚÁË¦Î-ÞÕÀÞÉ ×ÉÒÁÚÁÍÉ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ, ÚÁÌÉÛÁ¤ÔØÓÑ ÎÁ ÓØÏÇÏÄÎ¦ ÁËÔÕÁÌØÎÏÀ.íÅÔÏÀ ÎÁÛÉÈ ÄÏÓÌ¦ÄÖÅÎØ ¤ ÏÐÉÓ, ×ÉÈÏÄÑÞÉ Ú ÐÅÒÛÉÈ ÐÒÉÎÃÉÐ¦×,ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ Â¦ÎÁÒÎÏ§ ÓÕÍ¦Û¦.äÁÎÁ ÒÏÂÏÔÁ ÐÒÉÓ×ÑÞÅÎÁÐÏÂÕÄÏ×¦ ÂÁÚÉÓÎÏ§ ÇÕÓÔÉÎÉ Í¦ÒÉ (ÎÁÂÌÉÖÅÎÎÑ ÍÏÄÅÌ¦ �4) Ä×ÏËÏÍÐÏ-ÎÅÎÔÎÏ§ "ÓÉÍÅÔÒÉÞÎÏ§" ÓÕÍ¦Û¦ × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ.÷ ÒÏÂÏÔ¦ ×ÉËÏÒÉÓÔÁÎÏ ÍÅÔÏÄ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ Ú ×ÉÄ¦ÌÅÎÏÀ ÓÉ-ÓÔÅÍÏÀ ×¦ÄÌ¦ËÕ [11], ÕÚÁÇÁÌØÎÅÎÉÊ ÎÁ ×ÉÐÁÄÏË ×ÅÌÉËÏÇÏ ËÁÎÏÎ¦ÞÎÏÇÏÁÎÓÁÍÂÌÀ ÄÌÑ ÂÁÇÁÔÏËÏÍÐÏÎÅÎÔÎÉÈ ÓÉÓÔÅÍ, ÑËÉÊ ÄÏÚ×ÏÌÑ¤ ÐÒÉÒÏÄ-Î¦Í ÞÉÎÏÍ ××ÅÓÔÉ ÐÁÒÁÍÅÔÒ ÐÏÒÑÄËÕ ÓÉÓÔÅÍÉ ¦ ÐÒÏÓÌ¦ÄËÕ×ÁÔÉ ×ÐÌÉ×Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ×ÚÁ¤ÍÏÄ¦§ ÎÁ ÆÁÚÏ×Õ ÐÏ×ÅÄ¦ÎËÕ.ðÒÉ ÏÐÉÓ¦ Â¦ÎÁÒÎÏ§ "ÓÉÍÅÔÒÉÞÎÏ§" ÓÕÍ¦Û¦ ÍÉ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ Ä×ÁÔÉÐÉ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ: �k, ÑË¦ ÏÐÉÓÕÀÔØ ÍÏÄÉ ËÏÌÉ×ÁÎØ ÚÁÇÁÌØ-ÎÏ§ ÇÕÓÔÉÎÉ ÓÉÓÔÅÍÉ ¦ ck, ÑË¦ ÏÐÉÓÕÀÔØ ÍÏÄÉ ËÏÌÉ×ÁÎØ ËÏÎÃÅÎÔÒÁÃ¦§ÓÉÓÔÅÍÉ. áÎÁÌ¦Ú ÇÁÕÓ¦×ÓØËÉÈ ÆÏÒÍ ÆÕÎËÃ¦ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞ-ÎÏ§ ÓÕÍÉ Â¦ÎÁÒÎÏ§ "ÓÉÍÅÔÒÉÞÎÏ§" ÓÕÍ¦Û¦ [11] ×ËÁÚÕ¤ ÎÁ ÔÅ, ÝÏ Õ ×ÉÐÁÄ-ËÕ ÄÏÓÌ¦ÄÖÅÎØ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ ÏÓÎÏ×ÎÉÍÉ ËÏÌÅËÔÉ×ÎÉÍÉÚÍ¦ÎÎÉÍÉ ¤ ÚÍ¦ÎÎ¦ �k. ÷ÏÎÉ ÐÏ×'ÑÚÁÎ¦ Ú ÐÁÒÁÍÅÔÒÏÍ ÐÏÒÑÄËÕ ÓÉÓÔÅÍÉ¦ ÐÏ ÎÉÈ ÐÒÉ ¦ÎÔÅÇÒÕ×ÁÎÎ¦ ÆÕÎËÃ¦ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉÂÕÄÕ¤ÔØÓÑ ÂÁÚÉÓÎÁ ÇÕÓÔÉÎÁ Í¦ÒÉ. ëÏÌÅËÔÉ×Î¦ ÚÍ¦ÎÎ¦ ck ¤ ÄÒÕÇÏÒÑÄ-ÎÉÍÉ, ¦ ÐÏ ÎÉÈ ÍÉ ¦ÎÔÅÇÒÕ¤Í Ú ÇÁÕÓÏ×ÏÀ ÇÕÓÔÉÎÏÀ Í¦ÒÉ.÷ ÒÏÂÏÔ¦ ÐÏÄÁÎ¦ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ ÐÏÐÒÁ×ÏË �Mn ÄÏ ÏÓÎÏ×ÎÉÈËÕÍÕÌÑÎÔ¦× × ÑËÏÂ¦ÁÎ¦ ÐÅÒÅÈÏÄÕ, ÑË¦ ×ÉÎÉËÁÀÔØ ×ÎÁÓÌ¦ÄÏË ¦ÎÔÅÇÒÕ-×ÁÎÎÑ ÚÁ ÎÅÓÕÔÔ¤×ÉÍÉ ËÏÌÅËÔÉ×ÎÉÍÉ ÚÍ¦ÎÎÉÍÉ,Á ÔÁËÏÖ ÐÏËÁÚÁÎÏ,ÝÏ ×ÉÒÁÚ ÄÌÑ ÆÕÎËÃ¦ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Â¦ÎÁÒÎÏ§ "ÓÉ-ÍÅÔÒÉÞÎÏ§" ÓÕÍ¦Û¦ Ú×ÏÄÉÔØÓÑ ÄÏ ×¦ÄÐÏ×¦ÄÎÏÇÏ ×ÉÒÁÚÕ ÄÌÑ ÏÄÎÏËÏÍ-ÐÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉ × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ (Ô¦ÌØËÉ ËÕÍÕ-ÌÑÎÔÉMn(0; :::; 0) ÚÁÌÅÖÁÔØ ×¦Ä ÐÒÉ×ÅÄÅÎÏ§ ÇÕÓÔÉÎÉ �).äÁÎÁ ÒÏÂÏÔÁ ¤ ÐÅÒÛÉÍ ÅÔÁÐÏÍ × ÎÁÛÉÈ ÄÏÓÌ¦ÄÖÅÎÎÑÈ: ¦ÎÔÅÇÒÕ-×ÁÎÎ¦ ÆÕÎËÃ¦ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ¦ ÏÐÉÓ¦ ÔÅÒÍÏÄÉÎÁÍ¦ËÉ
ICMP{97{30U 2ÓÉÓÔÅÍÉ × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ.òÅÚÕÌØÔÁÔÉ ÃÉÈ ÄÏ-ÓÌ¦ÄÖÅÎØ ÐÌÁÎÕ¤ÔØÓÑ ÐÒÅÄÓÔÁ×ÉÔÉ × ÎÁÓÔÕÐÎÉÈ ÐÕÂÌ¦ËÁÃ¦ÑÈ.1. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞ¦òÏÚÇÌÑÄÁ¤ÔØÓÑ Ä×ÏËÏÍÐÏÎÅÎÔÎÁ ÐÒÏÓÔÏÒÏ×Ï-ÏÄÎÏÒ¦ÄÎÁ ÓÉÓÔÅÍÁ ÎÅÊ-ÔÒÁÌØÎÉÈ ÞÁÓÔÉÎÏË, ÑËÁ Í¦ÓÔÉÔØ Na ÞÁÓÔÉÎÏË ÓÏÒÔÕ "Á" ¦ Nb ÞÁÓÔÉ-ÎÏË ÓÏÒÔÕ "b". óÉÓÔÅÍÁ ÚÎÁÈÏÄÉÔØÓÑ × ÏÂ'¤Í¦ V ÐÒÉ ÔÅÍÐÅÒÁÔÕÒ¦ T .÷×ÁÖÁÔÉÍÅÍ, ÝÏ ×ÚÁ¤ÍÏÄ¦Ñ ÍÁ¤ ÐÏÐÁÒÎÏ-ÁÄÉÔÉ×ÎÉÊ ÈÁÒÁËÔÅÒ.ðÏÔÅÎÃ¦ÁÌØÎÕ ÅÎÅÒÇ¦À ÓÉÓÔÅÍÉ UNaNb ÍÏÖÎÁ ÐÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ¦ÓÕÍÉ Ä×ÏÈ ÄÏÄÁÎË¦×:UNaNb = 12 X;�=a;bXij U�(jri � rjj) == 12 X;�=a;bXij f	�(jri � rjj) + ��(jri � rjj)g :	�(jri�rj j)-ÐÏÔÅÎÃ¦ÁÌ ÐÏÐÁÒÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÎÁ ÍÁÌÉÈ ×¦ÄÄÁÌÑÈ. ÷¦Î×ÉÂÒÁÎÉÊ Õ ÆÏÒÍ¦ ÐÏÔÅÎÃ¦ÁÌÕ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö ÁÄÉÔÉ×ÎÉÍÉ Ô×ÅÒÄÉÍÉÓÆÅÒÁÍÉ:	�(r) = � 1; r � ��0; r > �� ; �� = 12(� + ���);�-Ä¦ÁÍÅÔÒ Ô×ÅÒÄÏ§ ÓÆÅÒÉ ÓÏÒÔÕ "". ��(r)- ÐÏÔÅÎÃ¦ÁÌ ÐÒÉÔÑÇÁÎÎÑÍ¦Ö ÞÁÓÔÉÎËÁÍÉ ÓÏÒÔÕ "" i ÓÏÒÔÕ "�". ÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ×¦Î ×ÉÂÒÁÎÉÊÕ ×ÉÇÌÑÄ¦ ÐÏÔÅÎÃ¦ÁÌÕ íÏÒÚÅ:��(r) = � 0; r � ��;"� fexp [�2(r �R�)=��] ��2exp [�(r � R�)=��]g ; r > ��:ôÕÔ "� - ÇÌÉÂÉÎÁ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÑÍÉ, R�; ��-ÐÁÒÁÍÅÔÒÉ ÐÏÔÅÎÃ¦ÁÌÕ.æÕÒ'¤-ÏÂÒÁÚ ÐÏÔÅÎÃ¦ÁÌÕ íÏÒÚÅ ÍÁ¤ ×ÉÇÌÑÄ:~��(k) = 4�"�(��)2k eR������ 8<: eR������4 + k2(��)2�



3 ðÒÅÐÒÉÎÔ� ��2���� + 4� k2(��)24 + k2(��)2� sin k��++ �k�� + 4k��4 + k2(��)2� cos k���� 21 + k2(��)2 �� ������ + 1� k2(��)21 + k2(��)2� sin k��++ �k�� + 2k��1 + k2(��)2� cos k���� : (1.1)íÅÔÏÀ ÎÁÛÏ§ ÒÏÂÏÔÉ ¤ ÏÂÒÁÈÕÎÏË ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÔÁËÏ§Ä×ÏËÏÍÐÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉ × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ.æÕÎËÃ¦ÏÎÁÌ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Ä×ÏËÏÍÐÏÎÅÎÔÎÏ§ ÐÒÏÓÔÏ-ÒÏ×Ï-ÏÄÎÏÒ¦ÄÎÏ§ ÓÉÓÔÅÍÉ × ÍÅÔÏÄ¦ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ Ú ×ÉÄ¦ÌÅÎÏÀÓÉÓÔÅÍÏÀ ×¦ÄÌ¦ËÕ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦ ÄÏÂÕÔËÕ Ä×ÏÈ ÍÎÏÖÎÉË¦×[11]: � = �0�1; (1.2)ÄÅ �0 - ÆÕÎËÃ¦ÏÎÁÌ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ. ÷×Á-ÖÁ¤ÔØÓÑ, ÝÏ ÔÅÒÍÏÄÉÎÁÍ¦ËÁ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ ×¦ÄÏÍÁ. úÁ ÓÉÓÔÅÍÕ×¦ÄÌ¦ËÕ Õ ÎÁÛÏÍÕ ×ÉÐÁÄËÕ ÂÅÒÅÔØÓÑ ÓÉÓÔÅÍÁ Ô×ÅÒÄÉÈ ÓÆÅÒ. �1-ÃÅÞÁÓÔÉÎÁ ÆÕÎËÃ¦ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ, ÑËÁ ÚÁÄÁ¤ÔØÓÑ ×ÐÒÏÓÔÏÒ¦ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ:�1 = Z (d�)(dc)exp���+1 �0 + ���1 c0� �2 Xk h~V (k)�k��k ++ 2~U(k)�kck + ~W (k)ckc�kio J(�; c): (1.3)ôÕÔ � = 1kBT ; kB-ÐÏÓÔ¦ÊÎÁ âÏÌØÃÍÁÎÁ,T-ÔÅÍÐÅÒÁÔÕÒÁ, ÎÁ È¦Í¦ÞÎ¦ ÐÏ-ÔÅÎÃ¦ÁÌÉ �+1 = 1p2(�a1 + �b1) ¦ ��1 = 1p2(�a1 � �b1)ÎÁËÌÁÄÁÀÔØÓÑ ÕÍÏ×É:dln�1d��+1 = < Na > + < Nb >=< N >; (a)dln�1d���1 = < Na > � < Nb > : (b) (1.4)�1 ; < N > ( = a; b) - ÄÏÄÁÔËÏ×ÉÊ È¦Í¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ ¦ ÓÅÒÅÄÎ¤ÞÉÓÌÏ ÞÁÓÔÉÎÏË ÓÏÒÔÕ "", < N > - ÓÅÒÅÄÎÑ Ë¦ÌØË¦ÓÔØ ÕÓ¦È ÞÁÓÔÉÎÏË.
ICMP{97{30U 4�1 = � � �0 + 12�Xk �(k);� - ÐÏ×ÎÉÊ È¦Í¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ "", �0 - È¦Í¦ÞÎÉÊÐÏÔÅÎÃ¦ÁÌ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ "" × ÓÉÓÔÅÍ¦ ×¦ÄÌ¦ËÕ; ��(k) = �V ~��(k).ëÏÌÅËÔÉ×Î¦ ÚÍ¦ÎÎ¦ �k = �ck � i�sk; ck = cck � icsk ÐÏ×'ÑÚÁÎ¦ Ú ÍÏÄÁ-ÍÉ ËÏÌÉ×ÁÎØ ÚÁÇÁÌØÎÏ§ ÇÕÓÔÉÎÉ ¦ ËÏÎÃÅÎÔÒÁÃ¦§ ÞÁÓÔÉÎÏË ×¦ÄÐÏ×¦ÄÎÏ.�ck; �sk; cck; csk ÎÁÂÕ×ÁÀÔØ ×Ó¦È ÍÏÖÌÉ×ÉÈ ÚÎÁÞÅÎØ ×¦Ä �1 ÄÏ 1.(d�) = d�0 Yk6=0 0 d�ckd�sk;(dc) = dc0Yk6=0 0 dcckdcsk:ûÔÒÉÈ Â¦ÌÑ ÚÎÁËÕ ÄÏÂÕÔËÕ ×ËÁÚÕ¤ ÎÁ ÔÅ, ÝÏ k ÐÒÉÊÍÁ¤ Ô¦ÌØËÉ ÄÏ-ÄÁÔÎ¦ ÚÎÁÞÅÎÎÑ (�ck = �c�k; �sk = ��s�k; cck = cc�k; csk = �cs�k).÷ÅÌÉÞÉÎÉ ~V (k); ~W (k); ~U (k) ¤ ËÏÍÂ¦ÎÁÃ¦ÑÍÉ ÆÕÒ'¤-ÏÂÒÁÚ¦× ×ÉÈ¦Ä-ÎÉÈ ÐÏÔÅÎÃ¦ÁÌ¦× ×ÚÁ¤ÍÏÄ¦§ ~��(k):~V (k) = (��12 ) [�aa(k) + �bb(k) + 2�ab(k)] ;~U (k) = (��12 ) [�aa(k)� �bb(k)] ; (1.5)~W (k) = (��12 ) [�aa(k) + �bb(k)� 2�ab(k)] :J(�; c) = Z (d�)(d!)exp(i2�Xk (!k�k + �kck)++ Xn�1 Xin�0D(in)n (!; �)9=; (1.6)- ÑËÏÂ¦ÁÎ ÐÅÒÅÈÏÄÕ ÄÏ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ �k; ck, ÕÓÅÒÅÄÎÅÎÉÊ ÐÏÓÉÓÔÅÍ¦ ×¦ÄÌ¦ËÕ, ÚÍ¦ÎÎ¦ !k; �k - ÆÕÒ'¤-ÓÐÒÑÖÅÎ¦ ÄÏ ÚÍ¦ÎÎÉÈ �k; ck, ×¦Ä-ÐÏ×¦ÄÎÏ.D(in)n (!; �) = �(�i2�)nn! ��12�n=2 Xk1:::knM(in)n (0; :::; 0)�� �k1 : : : �kin!kin+1 : : :!kn�k1+:::+kn : (1.7)



5 ðÒÅÐÒÉÎÔ¶ÎÄÅËÓ in ×ËÁÚÕ¤ ÎÁ Ë¦ÌØË¦ÓÔØ ÚÍ¦ÎÎÉÈ �k × ËÕÍÕÌÑÎÔÎÏÍÕ ÒÏÚËÌÁÄ¦(1.6). ëÕÍÕÌÑÎÔÉ M(in)n (0; :::; 0) - ÃÅ Ì¦Î¦ÊÎÁ ËÏÍÂ¦ÎÁÃ¦Ñ ËÕÍÕÌÑÎÔ¦×M1:::n(0; :::; 0)(i = a; b) (ÄÉ×. ÄÏÄÁÔÏË ÷ × [11]), ÑË¦ × Ó×ÏÀ ÞÅÒÇÕ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ Ì¦Î¦ÊÎ¦ ËÏÍÂ¦ÎÁÃ¦§ ÆÕÒ'¤-ÏÂÒÁÚ¦× n-ÞÁÓÔÉÎËÏ×ÉÈÐÁÒÃ¦ÁÌØÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ [11].äÌÑ ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎË¦× ××ÁÖÁÔÉÍÅÍ ÏÄÎÁËÏ×ÉÍÉ ÒÏÚÍ¦ÒÉÕÓ¦È ÞÁÓÔÉÎÏË (�aa = �bb = �, ÏÄÎÏËÏÍÐÏÎÅÎÔÎÁ ÓÉÓÔÅÍÁ ×¦ÄÌ¦ËÕ)¦ ÐÏÔÅÎÃ¦ÁÌÉ, ÝÏ ÏÐÉÓÕÀÔØ ÐÒÉÔÑÇÁÎÎÑ Í¦Ö ÞÁÓÔÉÎËÁÍÉ ÔÏÇÏ ÓÁÍÏÇÏÓÏÒÔÕ (�aa(r) = �bb(r) = �(r);�ab(r) 6= �(r)). ãÅ, ÔÁË Ú×ÁÎÁ, ÍÏÄÅÌØ"ÓÉÍÅÔÒÉÞÎÏ§" ÓÕÍ¦Û¦. ÷ ÃØÏÍÕ ×ÉÐÁÄËÕ ~U (k) = 0, Á × ËÕÍÕÌÑÎÔÎÏ-ÍÕ ÒÏÚËÌÁÄ¦ (1.7) ÍÁÔÉÍÅÍ ÌÉÛÅ ËÕÍÕÌÑÎÔÉ Ú ÐÁÒÎÉÍÉ ¦ÎÄÅËÓÁÍÉ in[11].
òÉÓ. 1. �(k)-ÆÕÒ`¤-ÏÂÒÁÚ ÐÏÔÅÎÃ¦ÁÌÕ íÏÒÚÅ ~��(k)=j~��(0)j.îÁ ÒÉÓ.1 ÚÏÂÒÁÖÅÎÉÊ ÇÒÁÆ¦Ë ÆÕÎËÃ¦§ ~��(k)=j~��(0)j. ÷ Ó×Ï§È ÐÏ-ÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ ××ÁÖÁÔÉÍÅÍ ~��(k) = 0 ÄÌÑ jkj > k�. ôÏÄ¦¦ÎÔÅÇÒÕ×ÁÎÎÑ × (1.3) ÚÁ �k; ck Ú jkj > k� ÐÒÉ×ÏÄÉÔØ ÄÏ � - ÆÕÎËÃ¦Ê.æÏÒÍÁ ÑËÏÂ¦ÁÎÕ ÐÅÒÅÈÏÄÕ (1.6)-(1.7) ÚÁÌÉÛÁ¤ÔØÓÑ ÔÁËÏÀ Ö, ¤ÄÉÎÁ×¦ÄÍ¦ÎÎ¦ÓÔØ × ÔÏÍÕ, ÝÏ ÓÕÍÉ ÐÏ k × ÎÏ×ÏÍÕ ÑËÏÂ¦ÁÎ¦ ÐÅÒÅÈÏÄÕ ÏÂÍÅ-ÖÅÎ¦ Ú×ÅÒÈÕ È×ÉÌØÏ×ÉÍÉ ×ÅËÔÏÒÁÍÉ k�.

ICMP{97{30U 6îÁÄÁÌ¦ ××ÁÖÁÔÉÍÅÍ ÞÉÓÌÏ 2k� ÐÅÒ¦ÏÄÏÍ ÐÏÔÅÎÃ¦ÁÌÕ ~��(k):~��(k) =Xn �0�(k + 2k�n):ôÁËÉÍ ÞÉÎÏÍ, ÍÉ ÓÔÁ×ÉÍ Õ ×¦ÄÐÏ×¦ÄÎ¦ÓÔØ ×ÉÈ¦ÄÎ¦Ê ÐÒÏÓÔÏÒÏ×Ï-ÏÄÎÏÒ¦ÄÎ¦Ê ÓÉÓÔÅÍ¦ ÅË×¦×ÁÌÅÎÔÎÕ ÇÒÁÔËÏ×Õ ÓÉÓÔÅÍÕ Ú ÐÅÒÛÏÀ ÚÏÎÏÀâÒ¦ÌÀÅÎÁ, Ò¦×ÎÏÀ 2k� ¦ ÐÅÒ¦ÏÄÏÍ ÇÒÁÔËÉC = � �k�� :þÉÓÌÏ ÚÍ¦ÎÎÉÈ �k; ck ÓÔÁÎÅ N�, ÄÅ N� - ÃÅ Ë¦ÌØË¦ÓÔØ ×ÕÚÌ¦× ×ÏÂÅÒÎÅÎ¦Ê ÇÒÁÔÃ¦:N� = VC3 = V(�=k�)3 = (k��)3 < N >6�2� ; (1.8)� = �6��3 - ÐÒÉ×ÅÄÅÎÁ ÇÕÔÉÎÁ.÷¦ÄÐÏ×¦ÄÎÏ ÄÏ ×ÉÝÅÎÁ×ÅÄÅÎÉÈ Í¦ÒËÕ×ÁÎØ ÆÕÎËÃ¦ÏÎÁÌ ×ÅÌÉËÏ§ ÓÔÁ-ÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (1.2)-(1.3) ÍÁÔÉÍÅ ×ÉÇÌÑÄ:� = �0 Z (d�)N� (dc)N�exp����1 c0 + ��+1 �0�� �2 Xk<k� h~V �(k)�k��k + ~W �(k)ckc�ki) J(�; c): (1.9)2. âÁÚÉÓÎÁ ÇÕÓÔÉÎÁ Í¦ÒÉ × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉäÏÓÌ¦ÄÖÅÎÎÑ ÇÁÕÓ¦×ÓØËÉÈ ÆÏÒÍ ÆÕÎËÃ¦ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ÓÕÍÉ Â¦ÎÁÒÎÏ§ "ÓÉÍÅÔÒÉÞÎÏ§" ÓÕÍ¦Û¦ ÐÏËÁÚÕÀÔØ, ÝÏ × ÔÁË¦Ê ÓÉÓÔÅÍ¦ÐÒÉ r < 1 (r = ~�ab(0)=~�(0)) ¦ÓÎÕÀÔØ Ä×¦ Ç¦ÌËÉ ËÒÉÔÉÞÎÉÈ ÔÅÍÐÅÒÁÔÕÒ:ÏÄÎÁ (�g�lc ) ÐÏ×'ÑÚÁÎÁ Ú¦ ÚÍ¦ÎÎÏÀ �0, ¦ÎÛÁ (�sepc ) Ú¦ ÚÍ¦ÎÎÏÀ c0 [11].÷ÓÉÓÔÅÍ¦ ÍÏÖÕÔØ ×¦ÄÂÕ×ÁÔÉÓØ ÑË ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÇÁÚ-Ò¦ÄÉÎÁ Ú ËÒÉ-ÔÉÞÎÏÀ ÔÅÍÐÅÒÁÔÕÒÏÀ (�g�lc ),ÔÁË ¦ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÒÏÚÛÁÒÕ×ÁÎÎÑÚ ËÒÉÔÉÞÎÏÀ ÔÅÍÐÅÒÁÔÕÒÏÀ (�sepc ) (ÄÉ×.ÆÁÚÏ×Õ Ä¦ÁÇÒÁÍÕ,ÚÏÂÒÁÖÅÎÕÎÁ ÒÉÓ.3 × ÒÏÂÏÔ¦ [11]).ðÒÉ r > 1 × ÓÉÓÔÅÍ¦ ×¦ÄÂÕ×Á¤ÔØÓÑ ÌÉÛÅ ÆÁ-ÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÇÁÚ-Ò¦ÄÉÎÁ (ÏÂÌÁÓÔØ 3 ÎÁ ÆÁÚ. Ä¦ÁÇÒÁÍ¦). ðÒÉ r < 1,× ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ÓÐ¦××¦ÄÎÏÛÅÎÎÑ Í¦Ö Í¦ËÒÏÓËÏÐ¦ÞÎÉÍÉ ÐÁÒÁÍÅÔÒÁ-ÍÉ, ÐÒÉ ÐÏÎÉÖÅÎÎ¦ ÔÅÍÐÅÒÁÔÕÒÉ × ÓÉÓÔÅÍ¦ ×¦ÄÂÕ×Á¤ÔØÓÑ ÓÐÏÞÁÔËÕÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÒÏÚÛÁÒÕ×ÁÎÎÑ, Á ÐÏÔ¦Í ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÇÁÚ-Ò¦ÄÉÎÁ(ÏÂÌÁÓÔØ 1), ÁÂÏ ÎÁ×ÐÁËÉ: ÓÐÏÞÁÔËÕ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÇÁÚ-Ò¦ÄÉÎÁ, Á



7 ðÒÅÐÒÉÎÔÐÏÔ¦Í - ÒÏÚÛÁÒÕ×ÁÎÎÑ (ÏÂÌÁÓÔØ 2). ó×Ï§ ÒÏÚÒÁÈÕÎËÉ ÍÉ ÂÕÄÅÍÏ ÐÒÏ-×ÏÄÉÔÉ ÄÌÑ ÓÉÓÔÅÍÉ,ÑËÁ ÚÎÁÈÏÄÉÔØÓÑ ÁÂÏ × ÏÂÌÁÓÔ¦ 2,ÁÂÏ × ÏÂÌÁÓÔ¦ 3ÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ.õ ×ÉÐÁÄËÕ Â¦ÎÁÒÎÏ§ "ÓÉÍÅÔÒÉÞÎÏ§" ÓÉÓÔÅÍÉ ÚÍ¦ÎÎ¦ �0 ¦ c0 ÐÏ×'ÑÚÁÎ¦Ú ÐÁÒÁÍÅÔÒÏÍ ÐÏÒÑÄËÕ ÄÌÑ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× ÇÁÚ-Ò¦ÄÉÎÁ ¦ ÒÏÚÛÁÒÕ-×ÁÎÎÑ ×¦ÄÐÏ×¦ÄÎÏ. ïÓË¦ÌØËÉ ÍÅÔÏÀ ÎÁÛÉÈ ÄÏÓÌ¦ÄÖÅÎØ ¤ ÏÐÉÓ ËÒÉ-ÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ,ÔÏ × ÃØÏÍÕ ×ÉÐÁÄËÕ ËÏÌÅËÔÉ×Î¦ ÚÍ¦ÎÎ¦ ck ¤ÄÒÕÇÏÒÑÄÎÉÍÉ, ×ÏÎÉ ÎÅ Í¦ÓÔÑÔØ ÚÍ¦ÎÎÏ§, ÐÏ×'ÑÚÁÎÏ§ Ú ÐÁÒÁÍÅÔÒÏÍ ÐÏ-ÒÑÄËÕ ¦ ÚÁ ÎÉÍÉ ÍÏÖÎÁ ÐÒÏ¦ÎÔÅÇÒÕ×ÁÔÉ Ú ÇÁÕÓ¦×ÓØËÏÀ ÇÕÓÔÉÎÏÀ Í¦ÒÉ.÷¦ÄÎÏÓÎÏ �k, ÑË ÏÓÎÏ×ÎÉÈ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ, ÐÏÔÒ¦ÂÎÏ ÂÕÄÕ×ÁÔÉÂÁÚÉÓÎÉÊ ÒÏÚÐÏÄ¦Ì,ÑËÉÊ ×ÒÁÈÏ×Õ¤ ×ÉÝ¦ ÓÔÅÐÅÎ¦ �k (ÍÉ ÒÏÚÇÌÑÄÁÔÉÍÅ-ÍÏ ÎÁÂÌÉÖÅÎÎÑ ÍÏÄÅÌ¦ �4)[12].ðÒÅÄÓÔÁ×ÉÍÏ D(in)n (�; !) × (1.6) ÑË ÓÕÍÕ Ä×ÏÈ ÄÏÄÁÎË¦×:D(in)n (�; !) = D(in)0n +D(in)00n ;ÄÅ D(in)0n = D(n)n (�) +D(in)n (�; !);D(in)00n = D(in)n (!):D(n)n (�) Í¦ÓÔÉÔØ × ÓÏÂ¦ ÄÏÄÁÎËÉ ÌÉÛÅ Ú¦ ÚÍ¦ÎÎÉÍÉ �k, D(in)n (�; !)Í¦ÓÔÉÔØ × ÓÏÂ¦ ÄÏÄÁÎËÉ Ú ÄÏÂÕÔËÁÍÉ !k ¦ �k, Á D(in)n (!) - ÌÉÛÅ ÄÏ-ÄÁÎËÉ Ú¦ ÚÍ¦ÎÎÉÍÉ !k.æÕÎËÃ¦ÏÎÁÌ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÚÁÐÉÛÅÔØÓÑ Õ ×ÉÇÌÑÄ¦:� = �0 Z (dc)N�exp ���1 c0 � �2 Xk<k� ~W �(k)ckc�k!�� Z (d�)N�exp(�2�2 Xk<k�M(2)02 (0)�k��k + i2� Xk<k� �kck) �� �1 + A2 + A222! + : : :� I�! ; (2.1)ÄÅ I�! = Z (d�)N� (d!)N�exp(���1 �0 � �2 Xk<k� ~V �(k)�k��k++ i2� Xk<k� !k�k +Xn�1 Xin�0D(in)n (!)9=; ;
ICMP{97{30U 8A2 =Xn�3 n�1Xin�1D(in)n (!; �);M(2)02 (0) = M(2)2 (0)2 : (2.2)ñËÝÏ ÚÁÍ¦ÎÉÔÉ × A2 (i2��k) ÎÁ � @@ck�, ÐÅÒÅÈÏÄÑÞÉ ÔÉÍ ÓÁÍÉÍ ÄÏÏÐÅÒÁÔÏÒ¦× ^A2, ÝÏ Ä¦ÀÔØ ÎÁ exp�i2�Pk<k� �kck	 ¦ ÐÒÏ¦ÎÔÅÇÒÕ×ÁÔÉ(2.1) ÚÁ ÚÍ¦ÎÎÉÍÉ �k, ÔÏ ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕÐÎÉÊ ×ÉÒÁÚ ÄÌÑ ÆÕÎËÃ¦ÏÎÁ-ÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ: � = �0�cGI 0�! ; (2.3)ÄÅ �cG = Yk<k� 1q1 + � ~W �(k)M(2)02 (0)exp� (���1 )22W11(0)� ; (2.4)W11(k) = � ~W �(k) + 1M(2)02 (0) ; (2.5)I 0�! = Z (d�)N� (d!)N�  1+ < ^A2 > +< ^A22 >2! + � � �!��exp(���1 �0 � �2 Xk<k� ~V �(k)�k��k + i2� Xk<k� !k�k++Xn�1 Xin�0D(in)n (!)9=; ;< ^A2 >= 1�cG 1p2 Z (dc)N� Yk<k� 1q�M(2)02 (0)exp����1 c0�� �2 Xk<k� ~W �(k)ckc�k) ^A2exp(�12 Xk<k� ckc�kM(2)02 (0)) ; (2.6)÷ ÆÏÒÍÕÌ¦ ÄÌÑ A2 × (2.2) ÏÂÍÅÖÉÍÏÓØ n = 4. ÷ ÃØÏÍÕ ÎÁÂÌÉÖÅÎ-Î¦ ÍÉ ÛÕËÁ¤ÍÏ Ñ×Î¦ ×ÉÒÁÚÉ ÄÌÑ ×Ó¦È ÄÏÄÁÎË¦× ÒÑÄÕ �1+ < ^A2 > ++< ^A22>2! + : : :�. ðÏÞÎÅÍÏ Ú < ^A2 >:



9 ðÒÅÐÒÉÎÔ^A2 = (�i2�)3! Xk1;k2;k3M(2)03 (0)� @2@ck1@ck2�!k3�k3 ++(�i2�)24! Xk1;k2;k3;k4M(2)04 (0)� @2@ck1@ck2�!k3!k4�k3+k4 : (2.7)ôÕÔ M(2)03 (0) = M(2)3 (0)2p2 ; M(2)04 (0) = M(2)4 (0)4 :÷¦ÄÍ¦ÎÎÉÍÉ ×¦Ä ÎÕÌÑ ÂÕÄÕÔØ ÌÉÛÅ ÄÏÄÁÎËÉ Ú¦ ÓÐÁÒÅÎÉÍÉ ÐÏÈ¦ÄÎÉÍÉ� @2@ck@c�k�, ÏÓË¦ÌØËÉ ÕÍÏ×Á ÎÁ È¦Í¦ÞÎ¦ ÐÏÔÅÎÃ¦ÁÌÉ (1.4b) ÐÒÉ×ÏÄÉÔØ ÄÏÓÐ¦××¦ÄÎÏÛÅÎÎÑ ��1 = 0. ÷ÒÁÈÏ×ÕÀÞÉ ÃÅ, ÐÒÏ¦ÎÔÅÇÒÕ¤Í ÚÁ ÚÍ¦ÎÎÉÍÉck. ïÔÒÉÍÁ¤Í < ^A2 >:< ^A2 >= (�i2�)3! Xk1;k3M(2)03 (0)!k3�k3  � 1M(2)02 (0) � 1�� < ck1c�k1 >M(2)02 (0) !! + (�i2�)24! Xk1;k3;k4M(2)04 (0)!k3!k4�k3+k4 ��  � 1M(2)02 (0)  1� < ck1c�k1 >M(2)02 (0) !! ; (2.8)ÄÅ < ck; c�k >= ( W�111 (k); k 6= 0W�111 (0) + � ���1W11(0)�2 ; k = 0;W11(k) = � ~W �(k) + 1M(2)02 (0) : (2.9)÷ÉÒÁÚ (2.8) ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ:< ^A2 >= (�i2�)3! Xk3 M(2)03 (0)!k3�k3 1N�Xk1 ~g(k1) ++(�i2�)24! Xk3;k4M(2)04 (0)!k3!k4�k3+k4 1N�Xk1 ~g(k1); (2.10)
ICMP{97{30U 10ÄÅ 1N�Xk ~g(k) = Xk  � 1M(2)02 (0)  1� < ckc�k >M(2)02 (0) !! : (2.11)÷ ÔÁËÉÊ ÓÐÏÓ¦Â ÍÉ ÛÕËÁ¤ÍÏ ×ÉÒÁÚÉ ÄÌÑ ÒÅÛÔÉ ÞÌÅÎ¦× ÒÑÄÕ�1+ < ^A2 > +< ^A22>2! + : : :�,ÄÏ Õ×ÁÇÉ ÂÅÒÅÍÏ ÌÉÛÅ Ô¦ ÄÏÄÁÎËÉ, ÓÔÅÐ¦ÎØÐÏ !k ÑËÉÈ ÎÅ ÐÅÒÅ×ÉÝÕ¤ 4(ÃÅ ×¦ÄÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ,× ÑËÏÍÕ ÍÉÐÒÁÃÀ¤Í). ð¦ÓÌÑ ÎÅÓËÌÁÄÎÉÈ ÐÅÒÅÔ×ÏÒÅÎØ ÄÌÑ ×ÉÝÅÚÇÁÄÁÎÏÇÏ ÒÑÄÕÍÉ ÏÔÒÉÍÁ¤Í ÎÁÓÔÕÐÎÉÊ ×ÉÒÁÚ: 1+ < ^A2 > +< ^A22 >2! + : : :! = (2.12)= exp( (�i2�)3! Xk3 M(2)03 (0)!k3�k3 1N�Xk1 ~g(k1)++ (�i2�)24! Xk3;k4M(2)04 (0)!k3!k4�k3+k4 1N�Xk1 ~g(k1) ++ (�i2�)23!3! Xk1;k2(M(2)03 (0))2!k1!k2�k1+k2 1(N�)2 Xk3 ~g(k3)~g(k2 � k3)+ 2(�i2�)23!4! Xk1;k2;k3M(2)03 (0)M(2)04 (0)!k1!k2!k3�k1+k2+k3 �� 1(N�)2 Xk4 ~g(k4)~g(k3 � k4) + 43 (�i2�)33! Xk1;k2;k3(M(2)03 (0))3 �� !k1!k2!k3�k1+k2+k3 1(N�)3 Xk4 ~g(k4)~g(k2 + k4)~g(k3 � k4) ++ (�i2�)44!4! Xk1;k2;k3;k4(M(2)04 (0))2!k1!k2!k3!k4�k1+k2+k3+k4 �� 1(N�)2 Xk5 ~g(k5)~g(k3 + k4 � k5) ++ 23 � (�i2�)3! �4 Xk1;k2;k3;k4(M(2)03 (0))4!k1!k2!k3!k4�k1+k2+k3+k4 �� 1(N�)4 Xk5 ~g(k5)~g(k3 + k5)~g(k4 � k5)~g(k2 + k3 + k5)) :



11 ðÒÅÐÒÉÎÔïÃ¦ÎÉÍÏ ×ËÌÁÄ ÄÏÄÁÎËÕPk <ckc�k>M(2)02 (0) Õ ×ÉÒÁÚ¦ (2.11).íÏÖÎÁ ÚÁÐÉÓÁÔÉ:Xk < ckc�k >M(2)02 (0) =Xk 11 +�(k) ; (2.13)ÄÅ �(k) = � ~W �(k)M(2)02 (0):÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ×ÉÒÁÚ (1.5) ÄÌÑ ~W �(k) ¦ ÏÂÍÅÖÕÀÞÉÓØ ÐÁÒÁÂÏÌ¦Þ-ÎÏÀ ÁÐÒÏËÓÉÍÁÃ¦¤À ÄÌÑ ~�(k) i ~�ab(k) [13]:~�(k) = ~�(0)(1� 2b2k2);~�ab(k) = ~�ab(0)(1� 2b2k2);×ÉÒÁÚ ÄÌÑ �(k) ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦:�(k) = �M(2)02 (0)V (1� 2b2k2)(1 � r): (2.14)îÁÇÁÄÁ¤ÍÏ, ÝÏ ÐÒÉ r < 1 × ÓÉÓÔÅÍ¦ ÍÏÖÕÔØ ×¦ÄÂÕ×ÁÔÉÓØ ÆÁ-ÚÏ×¦ ÐÅÒÅÈÏÄÉ ÇÁÚ-Ò¦ÄÉÎÁ ¦ ÒÏÚÛÁÒÕ×ÁÎÎÑ, × ÃØÏÍÕ ×ÉÐÁÄËÕ �(0) <0; j�(0)j< 1. ðÒÉ r > 1 × ÓÉÓÔÅÍ¦ ×¦ÄÂÕ×Á¤ÔØÓÑ ÌÉÛÅ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦ÄÇÁÚ-Ò¦ÄÉÎÁ,ÐÒÉ ÃØÏÍÕ �(0) > 0.áÎÁÌ¦Ú ÏÂÉÄ×ÏÈ ×ÉÐÁÄË¦× ÐÏËÁÚÕ¤, ÝÏ ÄÌÑ r > 1, Á ÄÌÑ r < 1 ÐÒÉj�(0)j << 1 ×ÅÌÉÞÉÎÁ Pk <ckc�k>M(2)02 (0) � 0. õÍÏ×Á j�(0)j << 1 ÏÚÎÁÞÁ¤,ÝÏ (�g�lc ) >> (�sepc ).ð¦ÓÌÑ ×ÒÁÈÕ×ÁÎÎÑ ×ÉÝÅÎÁ×ÅÄÅÎÉÈ Í¦ÒËÕ×ÁÎØ,ÆÕÎËÃ¦ÏÎÁÌ ×ÅÌÉËÏ§ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÎÁÂÕÄÅ ×ÉÇÌÑÄÕ:� = �0�cG Z (d�)N�exp(��+1 �0 � �2 Xk<k� ~V �(k)�k��k) J(�); (2.15)ÄÅJ(�) = Z (d!)N�exp8<:i2� Xk<k� !k�k + 4Xn�1 (�i2�)nn! �12�n=2�� Xk1:::kn<k�Mn(0)!k1 : : :!kn�k1+:::+kn) : (2.16)
ICMP{97{30U 12Mn(0) =M(0)n (0) + �Mn, �Mn - ÐÏÐÒÁ×ËÉ, ÏÔÒÉÍÁÎ¦ × ÒÅÚÕÌØÔÁÔ¦¦ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ÚÍ¦ÎÎÉÍÉ ck:�M1 = �N�3! M(2)3 (0)M(2)2 (0) ;�M2 = �N�12 M(2)4 (0)M(2)2 (0) + N�18  M(2)3 (0)M(2)2 (0)!2 ;�M3 = N�12 M(2)3 (0)M(2)4 (0)(M(2)2 (0))2 � N�27  M(2)3 (0)M(2)2 (0)!3 ;�M4 = �N�4!  M(2)4 (0)M(2)2 (0)!2 + N�81  M(2)3 (0)M(2)2 (0)!4 : (2.17)÷ [11] ÐÏÄÁÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ, ÑË¦ ÄÏÚ×ÏÌÑÀÔØ ×ÉÒÁÖÁÔÉ ËÕÍÕÌÑÎ-ÔÉ ×ÉÝÏÇÏ ÐÏÒÑÄËÕ ÞÅÒÅÚ ËÕÍÕÌÑÎÔÉ ÎÉÖÞÏÇÏ ÐÏÒÑÄËÕ. óËÏÒÉÓÔÁ×-ÛÉÓØ ÎÉÍÉ, ÏÔÒÉÍÁ¤Í:M(2)4 (0) = 6M(0)3 (0); M(2)3 (0) = 3M(0)2 (0);M(2)2 (0) =M(0)1 (0) = N: (2.18)ëÏÖÅÎ ËÕÍÕÌÑÎÔM(0)n (0),× Ó×ÏÀ ÞÅÒÇÕ,×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ ÓÔÒÕË-ÔÕÒÎ¦ ÆÁËÔÏÒÉ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ Sn(0):M(0)n (0) = NSn(0) (2.19)óÔÒÕËÔÕÒÎ¦ ÆÁËÔÏÒÉ ×ÉÝÉÈ ÐÏÒÑÄË¦× ËÏÌÉ ki = 0 ×ÉÒÁÖÁÀÔØÓÑÞÅÒÅÚ S2(0) ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ [14]:S3(0) = (S2(0))2 + �S2(0)@S2(0)@� ;S4(0) = S32(0) + 4�S22 (0)@S2(0)@� ++ �2S2(0)�@S2(0)@� �2 + �2S22(0)@2S2(0)@�2 : (2.20)óËÏÒÉÓÔÁ×ÛÉÓØ Ò¦×ÎÑÎÎÑÍ ÓÔÁÎÕ ÄÌÑ ÓÉÓÔÅÍÉ Ô×ÅÒÄÉÈ ÓÆÅÒ × ÎÁ-ÂÌÉÖÅÎÎ¦ ðÅÒËÕÓÁ-ê¤×¦ËÁ,ÄÌÑ S2(0) ÍÁÔÉÍÅÍÏ [14]:



13 ðÒÅÐÒÉÎÔôÁÂÌ. 1. þÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ Sn(0) ¦ �S0n(0) ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈÐÒÉ×ÅÄÅÎÏ§ ÇÕÓÔÉÎÉ � (0.1286 - ËÒÉÔÉÞÎÁ ÇÕÓÔÉÎÁ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ÓÉÓÔÅÍÉ,S1(0) = 1 ÐÒÉ ×Ó¦È ÚÎÁÞÅÎÎÑÈ �).� �S01(0) S2(0) �S02(0) S3(0) �S03(0) S4(0) �S04(0)0.01 -0.4616 0.9232 0.0339 0.7846 0.2995 0.5466 1.65010.05 -0.3366 0.6731 0.0889 0.2753 -0.0270 -0.0781 0.3190.1 -0.2278 0.4556 0.0808 0.0461 -0.0630 -0.0846 0.04620.15 -0.1544 0.3088 0.0556 -0.0159 -0.0368 -0.0283 0.00940.2 -0.1044 0.2089 0.0342 -0.0249 -0.0169 -0.0039 0.00280.25 -0.0703 0.1406 0.0196 -0.0197 -0.0068 0.0021 0.00090.3 -0.0469 0.0937 0.0107 -0.0128 -0.0026 0.0023 0.00020.35 -0.0308 0.0617 0.0056 -0.0075 -0.008 0.0014 0.000090.1286 -0.1823 0.3646 0.0664 0 0.0484 -0.0486 0.0176S2(0) = (1� �)4(1 + 2�)2 : (2.21)ðÏÐÒÁ×ËÉ (2.17) Ú ×ÒÁÈÕ×ÁÎÎÑÍ (2.18)-(2.21) ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄ:�M1 = �N2 (1� �)4(1 + 2�)2 �N�N � ;�M2 = �N2 � (1� �)8(1 + 2�)4 (1� 7� � 6�2)(1� �)(1 + 2�) � (1� �)8(1 + 2�)4��N�N � ;�M3 = N �32 (1� �)12(1 + 2�)6 (1� 7� � 6�2)(1� �)(1 + 2�) � (1 � �)12(1 + 2�)6��N�N � ;�M4 = �N �32 (1� �)16(1 + 2�)8 (1 � 7� � 6�2)2((1 � �)(1 + 2�))2 � (1� �)16(1 + 2�)8��N�N � :(2.22)÷ÉÒÁÚÉ (2.22) ÄÁÀÔØ ÚÍÏÇÕ ÏÃ¦ÎÉÔÉ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ ÐÏÐÒÁ×ÏË�Mn. ðÒÅÄÓÔÁ×ÉÍÏ �Mn × ÆÏÒÍ¦ �Mn = N�Sn(0), ÄÅ �Sn(0) =�S0n(0)N�N .ýÏÂ ÐÏÚÂÕÔÉÓÑ ËÕÂ¦ÞÎÏÇÏ ¦ Ì¦Î¦ÊÎÏÇÏ ÞÌÅÎ¦× × ÑËÏÂ¦ÁÎ¦ ÐÅÒÅÈÏÄÕ,ÚÍ¦ÓÔÉÍÏ ÐÏÞÁÔÏË ×¦ÄÌ¦ËÕ ÚÍ¦ÎÎÏ§ !0 ÎÁ ×ÅÌÉÞÉÎÕ � = � i2� �M3(0)�M4(0) ,� �Mn(0) = Mn(0)(p2)n ; n = 1:::4�, Á ÚÍ¦ÎÎÕ �0 ÚÁÍ¦ÎÉÍÏ ÚÍ¦ÎÎÏÀ �00:�0 = �00 + ~M1;
ICMP{97{30U 14ÄÅ ~M1 = �M1(0)� �M2(0) �M3(0)�M4(0) + �M33(0)3 �M24(0) :÷ ÒÅÚÕÌØÔÁÔ¦ ÏÔÒÉÍÕ¤ÍÏ ÄÌÑ ÆÕÎËÃ¦ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ÓÕÍÉ ÎÁÓÔÕÐÎÉÊ ×ÉÒÁÚ:� = �0�(1)G Z exp(���0 � �2 Xk<k� ~V �(k)�k��k++ i2� Xk<k� !k�k � (2�)22 ~M2(0) Xk<k� !k!�k � (2�)44!N� j ~M4(0)j �� Xk1:::k4<k� !k1!k2!k3!k4�k1+:::+k4) (d!)N� (d�)N� ; (2.23)ÄÅ �(1)G = �cGexp(�� ~M1 + � ~V �(0)2 ~M21�� �M1(0) �M3(0)�M4(0) � �M2(0) �M23(0)2 �M24(0) � �M43(0)8 �M34(0)� ;�� = h� a1; a1 = �M3(0)j �M4(0)j + � ~V �(0) ~M1; h = ��+1 ;~M2(0) = �M2(0)� �M23(0)2 �M4(0) ;~M4(0) = N� �M4(0): (2.24)÷ÉÒÁÚ (2.23) ÄÌÑ � ÍÁ¤ ÔÁËÉÊ Ö ×ÉÇÌÑÄ, ÑË ×ÉÒÁÚ ÄÌÑ ÓÔÁÔÉÓÔÉÞ-ÎÏ§ ÓÕÍÉ ÔÒÉ×ÉÍ¦ÒÎÏ§ ÍÏÄÅÌ¦ ¶Ú¦ÎÇÁ ÄÌÑ ÓÉÓÔÅÍÉ × ÐÏÓÔ¦ÊÎÏÍÕ ÚÏ×-Î¦ÛÎØÏÍÕ ÐÏÌ¦ (a1 � ��+1 ),×¦ÄÍ¦ÎÎ¦ÓÔØ ÐÏÌÑÇÁ¤ ÌÉÛÅ × ÔÏÍÕ,ÝÏ ÎÁÛ¦ËÕÍÕÌÑÎÔÉ ~M2(0); ~M4(0) ¤ ÆÕÎËÃ¦ÑÍÉ �.ð¦ÓÌÑ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ÚÍ¦ÎÎÉÍÉ !k ×ÉÒÁÚ (2.23) ÍÁÔÉÍÅ ×ÉÇÌÑÄ:� = �0�(1)G ZN� ( ~M2; ~M4)(p2)N��1 �� Z exp(���0 � 12 Xk<k� d2(k)�k��k�� a44!N� Xk1:::k4<k� �k1 : : : �k4�k1+:::+k4 + : : :) (d�)N� : (2.25)



15 ðÒÅÐÒÉÎÔôÕÔ Z( ~M2; ~M4) = � 12��1=2 4s 3j ~M4(0)jex2=4U (0; x);x = s 3j ~M4(0)j ~M2(0): (2.26)U (0; x) - ÆÕÎËÃ¦Ñ ÐÁÒÁÂÏÌ¦ÞÎÏÇÏ ÃÉÌ¦ÎÄÒÁ ÷ÅÂÅÒÁ ÎÕÌØÏ×ÏÇÏ ÐÏÒÑÄËÕ.ëÏÅÆ¦Ã¦¤ÎÔÉ d2(k) ¦ a4 ÚÎÁÈÏÄÉÍÏ ÚÁ ÆÏÒÍÕÌÁÍÉ:d2(k) = a2 + � ~V �(k); a2 =s 3j ~M4(0)jK(x);a4 = 3j ~M4(0)jL(x); (2.27)ÄÅ K(x) = U (1; x)=U (0; x);L(x) = 3K2(x) + 2xK(x)� 2: (2.28)÷ÉÒÁÚÉ (2.25)-(2.28) ÁÎÁÌÏÇ¦ÞÎ¦ ÚÁ ÆÏÒÍÏÀ ÄÏ ×ÉÒÁÚ¦×, ÏÔÒÉÍÁ-ÎÉÈ × ÒÏÂÏÔÁÈ [13,15], ÄÅ ÄÏÓÌ¦ÄÖÕ×ÁÌÁÓØ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÁ ÓÉÓÔÅÍÁ ×ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ.ôÁËÅ ÓÐ¦×ÐÁÄ¦ÎÎÑ ÄÏÓÑÇÁ¤ÔØÓÑ ÚÁ×-ÄÑËÉ "ÓÉÍÅÔÒÉÞÎÏÓÔ¦" ÍÏÄÅÌ¦. ÷ ÔÁÂÌÉÃ¦ 2, ÄÌÑ ÐÏÒ¦×ÎÑÎÎÑ, ÐÏÄÁÎ¦ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× a2; a4 ÐÒÉ ÒiÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÒÉ×ÅÄÅ-ÎÏ§ ÇÕÓÔÉÎÉ � ÄÌÑ ×ÉÐÁÄË¦×,ËÏÌÉ �Mn ×ÒÁÈÏ×ÁÎ¦ ¦ ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ�Mn.ëÏÅÆ¦Ã¦¤ÎÔÉ a2; a4 ÒÏÚÒÁÈÏ×ÁÎ¦ ÐÒÉ (k��) = 2:3189. ãÑ ×ÅÌÉ-ÞÉÎÁ ÏÔÒÉÍÁÎÁ Ú ÕÍÏ×É ~��(k��) = 0, ÄÌÑ ÒÏÚÒÁÈÕÎË¦× ×ÉËÏÒÉÓÔÁÎ¦ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒ¦× ÐÏÔÅÎÃ¦ÁÌÕ íÏÒÚÅ ÄÌÑ Ar [16].îÁÊÂ¦ÌØÛ ×ÁÖÌÉ×ÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ ÄÁÎÏ§ ÒÏÂÏÔÉ ¤ ×ÉÒÁÚÉ (2.22)ÄÌÑ ÐÏÐÒÁ×ÏË �Mn ÄÏ ÏÓÎÏ×ÎÉÈ ËÕÍÕÌÑÎÔ¦× i � - ÐÒÅÄÓÔÁ×ÌÅÎÎÑÆÕÎËÃ¦ÏÎÁÌÕ ×ÅÌÉËÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (2.25)-(2.28), ÑËÅ ÒÁÚÏÍ ÚÒ¦×ÎÑÎÎÑÍ ÎÁ È¦Í¦ÞÎ¦ ÐÏÔÅÎÃ¦ÁÌÉ (1.4a) ÂÕÄÅ ×ÉÈ¦ÄÎÉÍ ÐÒÉ ¦ÎÔÅÇÒÕ-×ÁÎÎ¦ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÇÁÚ-Ò¦ÄÉÎÁ. ¶ÎÔÅ-ÇÒÕ×ÁÎÎÑ ¦ ÄÏÓÌ¦ÄÖÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ¦ËÉ ÓÉÓÔÅÍÉ ÓÔÁÎÕÔØ ÐÒÅÄÍÅÔÏÍÎÁÓÔÕÐÎÉÈ ÒÏÂ¦Ô.ì¦ÔÅÒÁÔÕÒÁ1. Van Konynenburg P.H., Scott R.L. Critical lines and phase equilib-ria in binary van-der-Waals mixtures //Phyl.Trans.Ray.Soc.-1980.-V.298A.-N1442.-p.495-540.
ICMP{97{30U 16ôÁÂÌ. 2. þÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× a2; a4 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈÐÒÉ×ÅÄÅÎÏ§ ÇÕÓÔÉÎÉ �.�Mn ÎÅ ×ÒÁÈÏ×ÁÎ¦ �Mn ×ÒÁÈÏ×ÁÎ¦� a2 a4 a2 a40.1 3.3277 3.4666 0.3063 0.0000030.1286 4.4829 5.4340 3.0421 0.62540.15 5.4936 6.5910 3.6415 0.91910.2 6.7895 2.0821 3.5708 0.12372. Abramo Maria C., Caceamo C., Giurta G. Phase stability of uidhard sphere mixtures interacting through an attractive Yukava tail//Phys.Rev.-1986.-V.A34, N4.-p.3279-3287.3. Malescio G. Demixing and mixing of binary hard-core Yukawa mix-tures //J.Chem.Phys.96(1),19924. Chen X.S.,Forstmann F. Demixing and gas-liquid instability of bi-nary Yukawa uid // J.Chem.Phys.97(5),19925. Parola A., Reatto L., Microscopic approach to critical phenomenain binary uids //Phys.Rev.A,1991,V.4,N10,p.6600-66146. Parola A., Reatto L. Liquid-state theory and the renormal-ization group reconciled:a theory of phase transitions in uids//J.Phys.:Condens.Matter 8(1996) 9221-9231.7. Parola A., Reatto L. The order parameter and crossovers at thecritical points of binary mixtures // J.Phys.:Condens.Matter 5(1993)B165-B172.8. Parola A., Pini D., Reatto L. The theory of phase transitions inbinary mixtures // J.Phys.:Condens.Matter 6(1994) A167-A170.9. Meijer P.H.E. Generalized Korteweg equations for phase sepa-ration near the critical point in binary gas-liquid mixtures //J.Chem.Phys.101(6).10. Anisimov M.A., Gorodetskii E.E., Kulikov V.D., Povodyrev A.A.,Sengers J.V. A general isomorphism approach to thermodynamicand transport properties of binary uid mixtures near critical points//Physica A 220(1995) 277-324.11. Yukhnovskii I.R., Patsagan O.V. Journal of Stat. Phys., Vol.81, Nos.3/4, (1995).12. àÈÎÏ×ÓËÉÊ é.ò. æÁÚÏ×ÙÅ ÐÅÒÅÈÏÄÙ ×ÔÏÒÏÇÏ ÒÏÄÁ.íÅÔÏÄ ËÏÌÌÅË-ÔÉ×ÎÙÈ ÐÅÒÅÍÅÎÎÙÈ. ëÉ§×,: îÁÕËÏ×Á ÄÕÍËÁ.1985.-223Ó.13. àÈÎÏ×ÓËÉÊ é.ò., éÄÚÉË é.í., ëÏÌÏÍÉÅÃ ÷.á. ó×ÏÂÏÄÎÁÑ ÜÎÅÒ-



17 ðÒÅÐÒÉÎÔÇÉÑ ÓÉÓÔÅÍÙÖÉÄËÏÓÔØ-ÇÁÚ × ÍÅÔÏÄÅ ËÏÌÌÅËÔÉ×ÎÙÈ ÐÅÒÅÍÅÎÎÙÈ. -ëÉÅ×, 1987. - 32Ó.(ðÒÅÐÒÉÎÔ áî õóóò, éÎ-Ô ÔÅÏÒ. ÆÉÚÉËÉ, éôæ-87-15ò).14. àÈÎÏ×ÓËÉÊ é.ò., éÄÚÉË é.í. ôÅÒÍÏÄÉÎÁÍÉÞÅÓËÉÊ ÐÒÅÄÅÌ×ÂÌÉÚÉ ËÒÉÔÉÞÅÓËÏÊ ÔÏÞËÉ ÖÉÄËÏÓÔØ-ÐÁÒ. -ëÉÅ×, 1985.-25Ó.-(ðÒÅÐÒÉÎÔ áî õóóò, éÎ-Ô ÔÅÏÒ. ÆÉÚÉËÉ, éôæ-85-97ò).15. Yukhnovskii I.R., Kolomiets V.O., Idzyk I.M. A description of thecritical point of simple uids in the collective variables method//Cond.Matt.Phys.(1995),N6,p.137-15416. Matsumoto A. Parameters of the Morse Potential from Second VirialCoe�cients of Gases //Z.Naturfosch,1987, V.42a, p.447-450.
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