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õäë: 530.1; 538.0;PACS: 05.60.+w, 05.70.Ln, 05.20-yäÏ ÓÔÁÔÉÓÔÉÞÎÏ§ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏ§ ÍÏÄÅÌ¦ ÆÅ-ÒÏÆÌÀ§ÄÕI.í.ípÉÇÌÏÄ, à.ë.òÕÄÁ×ÓØËÉÊ, ó.ï.äÕÂÉË, í.÷.ôÏËÁÒÞÕËáÎÏÔÁÃ¦Ñ. ÷ ÍÅÖÁÈ ÔÏÞÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÐiÄÈÏÄÕ pÏÚÇÌÑÄÁ¤ÔØÓÑÄÉÎÁÍ¦ËÁ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏ§ ÍÏÄÅÌ¦ ÆÅÒÏÆÌÀ§ÄÕ × Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎ¦ÊÇÒÁÎÉÃ¦. ïÔÒÉÍÁÎ¦ ÁÎÁÌ¦ÔÉÞÎ¦ ×ÉÒÁÚÉ ÄÌÑ ÕÓ¦È ÇiÄÒÏÄÉÎÁÍiÞÎÉÈ ÞÁ-ÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃiÊ, ÐÏÂÕÄÏ×ÁÎÉÈ ÎÁ ËÏÎÓÅÒ×ÁÔÉ×ÎÉÈ ÚÍiÎ-ÎÉÈ. ðÒÏÁÎÁÌiÚÏ×ÁÎ¦ ×ÉÒÁÚÉ ÄÌÑ ÄÉÎÁÍiÞÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ ÆÁËÔÏÒ¦×\ÇÕÓÔÉÎÁ-ÇÕÓÔÉÎÁ" i \ÓÐ¦ÎÏ×Á ÇÕÓÔÉÎÁ-ÓÐ¦ÎÏ×Á ÇÕÓÔÉÎÁ". ðÏËÁÚÁÎÏ,ÝÏ ÄÌÑ ×ÉÐÁÄËÕ ÎÅÎÕÌØÏ×ÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ Ú×ÕËÏ×¦ ÚÂÕÄÖÅÎÎÑÐÒÏÑ×ÌÑÀÔØÓÑ Õ ÍÁÇÎ¦ÔÎÏÍÕ ÄÉÎÁÍ¦ÞÎÏÍÕ ÓÔÒÕËÔÕÒÎÏÍÕ ÆÁËÔÏÒ¦ ÑËÂÒ¦ÌÀÅÎ¦×ÓØË¦ Ð¦ËÉ. äÌÑ ÎÕÌØÏ×ÏÇÏ ÚÏ×ÎiÛÎØÏÇÏ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ ÏÔ-ÒÉÍÁÎ¦ pÅÚÕÌØÔÁÔÉ ÐÏpi×ÎÀÀÔØÓÑ Ú ×ÉÐÁÄËÏÍ ÐpÏÓÔÏ§ piÄÉÎÉ.On the statistical hydrodynamics of a Heisenberg model fer-rouidI.M.Mryglod, Yu.K.Rudavskii, S.O.Dubyk, M.V.TokarchykAbstract. Within rigorous statistical approach the dynamics of Heisen-berg model ferrouid in the hydrodynamic limit is considered. Explicitexpressions for the hydrodynamic time correlation functions, constructedon the conserved variables, are derived. The results for dynamic struc-ture factors of \density-density" and \spin density-spin density" are ana-lyzed. It is shown that for the case of nonzero external magnetic �eld thesound excitations are observed in the magnetic dynamic structure factoras Brillouin-like peaks. For zero value of an external magnetic �eld theobtained results are compared with the results known for simple liquids.ðÏÄÁ¤ÔØÓÑ × Physica ASubmitted to Physica Ac ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1998Institute for Condensed Matter Physics 1998



1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐíÏÄÅÌi ÍÁÇÎiÔÎÏ§ ÒiÄÉÎÉ, ÄÅ ÐÏÒÑÄ iÚ ÔÒÁÎÓÌÑÃiÊÎÉÍÉ ÓÔÕÐÅÎÑ-ÍÉ ×iÌØÎÏÓÔi (ÒiÄÉÎÎÁ ÐiÄÓÉÓÔÅÍÁ) ÐÒÉÊÍÁÀÔØÓÑ ÄÏ ÒÏÚÇÌÑÄÕ ÔÁËÏÖÓÐiÎÏ×i ÁÂÏ Ö ÏÒi¤ÎÔÁÃiÊÎi ÓÔÕÐÅÎi ×iÌØÎÏÓÔi (ÍÁÇÎiÔÎÁ ÐiÄÓÉÓÔÅÍÁ),×ÉËÌÉËÁÀÔØ ÑË ÞÉÓÔÏ ÔÅÏÒÅÔÉÞÎÉÊ ÔÁË i ÐÒÉËÌÁÄÎÉÊ iÎÔÅÒÅÓ. ú ÔÅ-ÏÒÅÔÉÞÎÏ§ ÔÏÞËÉ ÚÏÒÕ Ãi ÍÏÄÅÌi ÃiËÁ×i ÄÏ ×É×ÞÅÎÎÑ ÑË ÐÒÉËÌÁÄ ÂÁ-ÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈ ÓÉÓÔÅÍ Õ ÑËÉÈ × ÓÉÌÕ ×ÚÁ¤ÍÏÄi§ ÐiÄÓÉÓÔÅÍ ×ÉÎÉËÁ¤ÃiÌÉÊ ÒÑÄ ÎÏ×ÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ, ÝÏ ×iÄÓÕÔÎi Õ ÐÒÏÓÔÉÈ ÒiÄÉÎÁÈ ÁÂÏÖ Ô×ÅÒÄÏÔ¦ÌØÎÉÈ ÍÁÇÎÅÔÉËÁÈ ¦ ÑË¦ ÚÎÁÈÏÄÑÔØ Ó×iÊ ÐÒÏÑ× ÑË Õ Òi×-ÎÏ×ÁÖÎiÊ ÔÅÏÒi§, ÔÁË i ÐÒÉ ÄÏÓÌ¦ÄÖÅÎÎ¦ ÄÉÎÁÍiËÉ. ðÒÉËÌÁÄÁÍÉ ÔÁ-ËÉÈ ×ÌÁÓÔÉ×ÏÓÅÊ ¤: ÍÏÖÌÉ×iÓÔØ iÓÎÕ×ÁÎÎÑ ÆÁÚÏ×ÏÇÏ ÆÅÒÏÍÁÇÎiÔÎÏÇÏÐÅÒÅÈÏÄÕ Õ ÒiÄËÏÍÕ ÓÔÁÎi [1,2]; ÍÏÖÌÉ×iÓÔØ ×ÐÌÉ×Õ ÎÁ ÆÁÚÏ×Õ ÄiÁ-ÇÒÁÍÕ ÒiÄÉÎÉ ÔÁ §§ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÞÅÒÅÚ ÚÏ×ÎiÛÎ¤ ÍÁÇ-ÎiÔÎÅ ÐÏÌÅ [3{6]; ÐÒÏÑ× × ÏËÒÅÍÉÈ ×ÉÐÁÄËÁÈ ÁÎiÚÏÔÒÏÐÎÉÈ ×ÌÁÓÔÉ-×ÏÓÔÅÊ Õ ÔÅÒÍÏÄÉÎÁÍiÃi [7]; ÏÓÏÂÌÉ×ÏÓÔi ÇiÄÒÏÄÉÎÁÍiÞÎÏ§ ÐÏ×ÅÄiÎËÉ,ÚÎÁÊÄÅÎi Õ ÆÅÎÏÍÅÎÏÌÏÇiÞÎÉÈ ÐiÄÈÏÄÁÈ [8{10]. ðÒÉËÌÁÄÎÉÊ iÎÔÅÒÅÓÄÏ ×É×ÞÅÎÎÑ ÍÁÇÎiÔÎÉÈ ÒiÄÉÎ ÓÔÉÍÕÌÀ×ÁÌÉ ÎÁ ÐÏÞÁÔËÕ 80-È ÒÏË¦× ÐÏ-×iÄÏÍÌÅÎÎÑ ÐÒÏ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÕ ÍÏÖÌÉ×iÓÔØ ÐÅÒÅÈÏÄÕ Õ ÍÁÇÎiÔÏ-×ÐÏÒÑÄËÏ×ÁÎÉÊ ÓÔÁÎ Õ ÍÅÔÁÌiÞÎÉÈ ÒÏÚÐÌÁ×ÁÈ [11{14]. îÅÄÁ×Îi ÅËÓÐÅ-ÒÉÍÅÎÔÉ ÐiÄÔ×ÅÒÄÉÌÉ Ãi ÒÁÎÎ¦ ÐÏ×iÄÏÍÌÅÎÎÑ [15] ÄÌÑ Ò¦ÄËÏÇÏ ÓÐÌÁ×ÕCo80Pd20. ÷ËÁÖÅÍÏ ÔÁËÏÖ ÎÁ ÔÅ, ÝÏ ×É×ÞÅÎÎÑ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÐÒÏÓÔÉÈÍÏÄÅÌÅÊ ÍÁÇÎiÔÎÉÈ ÒiÄÉÎ ÍÁ¤ ×ÁÖÌÉ×Å ÚÎÁÞÅÎÎÑ i ÄÌÑ ÒÏÚ×ÉÔËÕ ÔÅ-ÏÒi§ ÆÅÒÏËÏÌÏ§ÄÎÉÈ ÓÉÓÔÅÍ [16,17], ÛÉÒÏËÏÇÏ ËÌÁÓÕ ÆiÚÉÞÎÉÈ ÏÂ'¤ËÔi×× Ò¦ÄËÏÍÕ ÓÔÁÎ¦, ÄÌÑ ÑËÉÈ ÓÕÔÔ¤×ÉÍ ¤ ×ÒÁÈÕ×ÁÎÎÑ Ñ×ÉÝÁ ÍÁÇÎ¦ÔÎÏ§ÒÅÌÁËÓÁÃ¦§ [18].äÏÓÌ¦ÄÖÅÎÎÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÆÌÀËÔÕÁÃ¦Ê ÍÁÓÉ,¦ÍÐÕÌØÓÕ, ÅÎÅÒÇ¦§, ÕÚÁÇÁÌØÎÅÎÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦× ×'ÑÚËÏÓÔ¦, ÔÅÐÌÏÐÒÏ×¦Ä-ÎÏÓÔ¦, ÍÁÇÎ¦ÔÎÏ§ ÄÉÆÕÚ¦§ Õ Ò¦ÄËÉÈ ÍÁÇÎÅÔÉËÁÈ ¤ ÎÁÄÚ×ÉÞÁÊÎÏ Ã¦ËÁ×É-ÍÉ ¦ ×ÁÖÌÉ×ÉÍÉ. ïÓÏÂÌÉ×ÉÊ ¦ÎÔÅÒÅÓ ÓÔÁÎÏ×ÉÔØ ×É×ÞÅÎÎÑ ÓÐÅËÔÒ¦× ËÏ-ÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎÎØ ÔÁ ÒÏÚÒÁÈÕÎÏË ÄÉÎÁÍ¦ÞÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ ÆÁË-ÔÏÒ¦×, ÝÏ ÏÐÉÓÕÀÔØ ÆÌÀËÔÕÁÃ¦§ ÇÕÓÔÉÎÉ ÞÉÓÌÁ ÞÁÓÔÉÎÏË ÔÁ ÓÐ¦ÎÏ-×ÏÇÏ ÍÏÍÅÎÔÕ. ã¦ ×ÅÌÉÞÉÎÉ ×¦ÄÏÂÒÁÖÁÀÔØ ÐÒÏÃÅÓÉ ÐÅÒÅÎÏÓÕ ÔÅÐÌÁ,ÐÏÛÉÒÅÎÎÑ Ú×ÕËÕ, ÚÍ¦ÎÕ ÆÌÀËÔÕÁÃ¦Ê ÍÁÓÉ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÍÁÇÎ¦ÔÏ-ÓÔÒÉËÃ¦ÊÎÉÈ, ÄÉÆÕÚ¦ÊÎÉÈ ÐÒÏÃÅÓ¦× Á ÔÁËÏÖ ÐÅÒÅÈÒÅÓÎÉÈ ËÏÒÅÌÑÃ¦ÊÍ¦Ö ÔÅÐÌÏ×ÉÍÉ ÔÁ ×'ÑÚËÉÍÉ ÐÒÏÃÅÓÁÍÉ.ãÑ pÏÂÏÔÁ ÐpÏÄÏ×ÖÕ¤ ÃÉËÌ ÄÏÓÌiÄÖÅÎØ, ÝÏ ÚÁÐÏÞÁÔËÏ×ÁÎÉÊ × pÏ-ÂÏÔÁÈ [19,20] i ÍÁ¤ ÎÁ ÍÅÔi ÐÏÓÌiÄÏ×ÎÉÊ pÏÚpÁÈÕÎÏË ÇiÄpÏÄÉÎÁÍiÞ-ÎÉÈ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ ÇÁÊÚÅÎÂÅpÇÉ×ÓØËÏ§ ÍÏÄÅÌi ÆÅpÏ-ÆÌÀ§ÄÕ Õ ÄÏ×ÇÏÈ×ÉÌØÏ×iÊ ÇpÁÎÉÃi. íÉ ÐÒÉ×ÏÄÉÍÏ ÁÓÉÍÐÔÏÔÉÞÎÏÔÏÞÎi ÁÎÁÌiÔÉÞÎi ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ
ICMP{98{31U 2\ÇÕÓÔÉÎÁ{ÇÕÓÔÉÎÁ", \¦ÍÐÕÌØÓ{¦ÍÐÕÌØÓ", \ÅÎÅÒÇ¦Ñ{ÅÎÅÒÇ¦Ñ", \ÓÐ¦ÎÏ×ÁÇÕÓÔÉÎÁ{ÓÐ¦ÎÏ×Á ÇÕÓÔÉÎÁ", Á ÔÁËÏÖ §È ÎÅÄ¦ÁÇÏÎÁÌØÎÉÈ ËÏÍÂ¦ÎÁÃ¦Ê, ÝÏÏÔÒÉÍÁÎi Õ ÇiÄÒÏÄÉÎÁÍiÞÎiÊ ÇÒÁÎÉÃ¦.2. úÁÇÁÌØÎi ÓÐ¦××¦ÄÎÏÛÅÎÎÑâÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ ÇÁÊÚÅÎÂÅÒÇ¦×ÓËÕ ÍÏÄÅÌØ ÆÅÒÏÆÌÀ§ÄÕ ÑË ÓÉ-ÓÔÅÍÕ Ú N ÍÁÇÎiÔÎÉÈ ÁÔÏÍi× Úi ÓÐiÎÏÍ Si Õ ÐÏÓÔ¦ÊÎÏÍÕ ÎÅÏÄÎÏpiÄÎÏÍÕÍÁÇÎiÔÎÏÍÕ ÐÏÌi h. ãÑ ÓÉÓÔÅÍÁ ÏÐÉÓÕ¤ÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ [3,19,20]^H = HL + ^HS ; (1)ÄÅ HL = NXi=1 p2i2m + 12 NXi 6=j V (jrij j); (2)^HS = �12 NXi 6=k J(jrik j) SiSk � h NXi=1 Szi : (3)ðÅÒÛÉÊ ÄÏÄÁÎÏË × ÇÁÍiÌØÔÏÎiÁÎi (1) ÏÐÉÓÕ¤ \ÒiÄÉÎÎÕ ÐiÄÓÉÓÔÅÍÕ" ÑËÐÒÏÓÔÕ ËÌÁÓÉÞÎÕ ÒiÄÉÎÕ, ÔÏÂÔÏ ÏÐÉÓÕ¤ ËÌÁÓÉÞÎi ÔpÁÎÓÌÑÃiÊÎi ÓÔÕÐÅÎi×iÌØÎÏÓÔi ÞÁÓÔÉÎÏË. äÌÑ ÐÏÄÁÌØÛÉÈ pÏÚpÁÈÕÎËi× ÐÏÔÅÎÃiÁÌ ÐÁpÎÏ§×ÚÁ¤ÍÏÄi§ V (jrij j) ÍÏÖÎÁ ×ÉÂpÁÔÉ ÑË ÐÏÔÅÎÃiÁÌ ìÅÎÁpÄÁ-äÖÏÎÓÁ, ÐÏ-ÔÅÎÃiÁÌ Í'ÑËÉÈ ÞÉ Ô×ÅpÄÉÈ ÓÆÅp, ÔÏÝÏ. äÒÕÇÉÊ ÄÏÄÁÎÏË - ÞÁÓÔÉÎÁÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ (ËÌÁÓÉÞÎÁ ÞÉ Ë×ÁÎÔÏ×Á),ÝÏ ×iÄÐÏ×iÄÁ¤ \ÍÁÇÎ¦ÔÎiÊ ÐiÄ-ÓÉÓÔÅÍi" i ÏÐÉÓÕ¤ ÓÐiÎÏ×i ÓÔÕÐÅÎi ×iÌØÎÏÓÔi (ÁÂÏ Ö Ïpi¤ÎÔÁÃiÊÎi pÕÈÉ)i ÓËÌÁÄÁ¤ÔØÓÑ Ú ÇÁÍiÌØÔÏÎiÁÎÕ ÏÂÍiÎÎÏ§ ×ÚÁ¤ÍÏÄi§ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×ÔÁ ÇÁÍiÌØÔÏÎiÁÎÕ ÓÐiÎÏ×Ï§ ×ÚÁ¤ÍÏÄi§ Ú ÚÏ×ÎiÛÎiÍ ÍÁÇÎiÔÎÉÍ ÐÏÌÅÍ.÷ÅÌÉÞÉÎÁ J(jrik j) - ÃÅ ÐÏÔÅÎÃ¦ÁÌ ÏÂÍiÎÎÏ§ ×ÚÁ¤ÍÏÄi§. õ ÚÁÇÁÌØÎÏÍÕ×ÉÐÁÄËÕ ÓÐiÎÏ×Á ×ÚÁ¤ÍÏÄiÑ ÍÏÖÅ ÂÕÔÉ ×ÉÂpÁÎÁ (ÚÁÌÅÖÎÏ ×iÄ ÓÉÓÔÅ-ÍÉ, ÝÏ ÄÏÓÌiÄÖÕ¤ÔØÓÑ) ÑË iÚÏÔpÏÐÎÁ ÁÂÏ Ö ÄÉÐÏÌØÎÁ.ïÐÅÒÁÔÏÒ ì¦Õ×¦ÌÌÑ ÓÉÓÔÅÍÉ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ÑË ÓÕÍÕ ÎÁÓÔÕÐÎÉÈÄÏÄÁÎËi×: ^LN = ^LL + ^LS + ^LLS; (4)ÄÅ ^LL - ËÌÁÓÉÞÎÉÊ ÏÐÅÒÁÔÏÒ ìiÕ×iÌÌÑ \ÒiÄÉÎÎÏ§" ÐiÄÓÉÓÔÅÍÉi^LL = NXi=1 pim @@ri � 12 NXi 6=j @@ri V (jrij j)� @@ri � @@rj� ;



3 ðÒÅÐÒÉÎÔÁ ÏÐÅÒÁÔÏÒ ^LS Õ ×ÉÐÁÄËÕ Ë×ÁÎÔÏ×ÏÇÏ ÏÐÉÓÕ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ ÍÏ-ÖÅ ÂÕÔÉ ÏÚÎÁÞÅÎÉÊ ÞÅÒÅÚ ËÏÍÕÔÁÔÏÒ ÓÐiÎÏ×ÉÈ ÚÍiÎÎÉÈi^LSF = i�h h ^HSF �F ^HSi :ïÓÔÁÎÎiÊ ÄÏÄÁÎÏË ^LLS × (4) ÏÐÉÓÕ¤ ×ÚÁ¤ÍÏÄiÀ ÍiÖ \ÒiÄÉÎÎÏÀ" i \ÍÁÇ-ÎiÔÎÏÀ" ÐiÄÓÉÓÔÅÍÁÍÉ i ÍÁ¤ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄi^LLS = 12 NXi 6=j @@ri J(jrij j) SiSj � @@pi � @@pj� :îÅÒ¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÎ ÓÉÓÔÅÍÉ ÏÐÉÓÕ¤ÔØÓÑ ÎÅÒ¦×ÎÏ×ÁÖÎÉÍ ÓÔÁÔÉ-ÓÔÉÞÎÉÍ ÏÐÅÒÁÔÏÒÏÍ %(xN ; t). äÌÑ ÊÏÇÏ ÚÎÁÈÏÄÖÅÎÎÑ ×ÉËÏpÉÓÔÁ¤ÍÏÍÅÔÏÄ ÎÅÒi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁ úÕÂÁÒ¤×Á [21,22]. õÃØÏÍÕ ÍÅÔÏÄ¦ %(xN ; t) ÏÔÒÉÍÕ¤ÔØÓÑ ÑË ÒÏÚ×'ÑÚÏË Í¦ËÒÏÓËÏÐ¦ÞÎÏÇÏ Òi×-ÎÑÎÎÑ ì¦Õ×¦ÌÌÑ Ú ÇÒÁÎÉÞÎÏÀ ÕÍÏ×ÏÀ@@t%(xN ; t) + i^LN%(xN ; t) = �" (%(xN ; t)� %q(xN ; t)); (5)ÄÅ ÇÒÁÎÉÃÑ "! +0 ÏÂÞÉÓÌÀ¤ÔØÓÑ Ð¦ÓÌÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏÇÏ ÐÅÒÅÈÏÄÕ.ë×ÁÚ¦Òi×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁÔÏÒ %q(xN ; t) ÚÎÁÈÏÄÉÍÏ ÓÔÁÎ-ÄÁÒÔÎÉÍ ÞÉÎÏÍ Ú ÕÍÏ×É ÅËÓÔÒÅÍÕÍÕ iÎÆÏÒÍÁÃiÊÎÏ§ ÅÎÔÒÏÐ¦§ ÐÒÉ ÄÏ-ÄÁÔËÏ×ÉÈ ÕÍÏ×ÁÈ, ÝÏ ÚÎÁÞÅÎÎÑ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ Æ¦ËÓÏ×ÁÎi ÔÁ ×É-ËÏÎÕ¤ÔØÓÑ ÕÍÏ×Á ÎÏÒÍÕ×ÁÎÎÎÑSp %(xN ; t) = 1:äÌÑ ËÏpÅËÔÎÏÇÏ ÏÐÉÓÕ ÇiÄpÏÄÉÎÁÍiÞÎÏ§ ÇpÁÎÉÃi ÎÁÂip ÄÉÎÁÍiÞÎÉÈÚÍiÎÎÉÈ ^P ÐÏ×ÉÎÅÎ ×ËÌÀÞÁÔÉ ÕÓi ËÏÎÓÅp×ÁÔÉ×Îi ×ÅÌÉÞÉÎÉ [19,20],ÔÏÂÔÏ Õ ÎÁÛÏÍÕ ×ÉÐÁÄËÕ^P (r) = f^n(r); ^p�(r); ^"(r); ^m(r)g:äÌÑ ÎÁÓÔÕÐÎÏÇÏ pÏÚÇÌÑÄÕ ÚÒÕÞÎÏ ÐÅÒÅÊÔÉ × k-ÐÒÏÓÔiÒ, ÚÁÓÔÏÓÕ×Á×ÛÉÐÅÒÅÔ×ÏÒÅÎÎÑ æÕÒ'¤ F(k) = Z eikrF(r)dr:ôÏÄi ÏÔpÉÍÁ¤ÍÏ ^P (k) = f^nk; ^p�k ; ^"k; ^mkg, ÄÅ^nk = NXi=1 eikri (6)
ICMP{98{31U 4- ÇÕÓÔÉÎÁ ÞÉÓÌÁ ÞÁÓÔÉÎÏË,^p�k = NXi=1 p�i eikri (7)- ÇÕÓÔÉÎÁ iÍÐÕÌØÓÕ,^"k = NXi=1 p2i2m � 12Xi 6=j J(jrij j) SiSj eikri + 12Xi 6=j V (jrij j) eikri (8)- ÇÕÓÔÉÎÁ ÅÎÅÒÇi§, ^mk = NXi=1 Si eikri (9)- ÇÕÓÔÉÎÁ ÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎÔÕ.æÏÒÍÁÌØÎÉÊ ÒÏÚ×'ÑÚÏË Òi×ÎÑÎÎÑ (5) ÄÌÑ ÎÅÒi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉ-ÓÔÉÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁ �(xN ; t) ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÉÊ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ%(t) = %q(t) +X� Z t�1 e�"(t�t0)F�(t0)dt0 Z 10 %�q (t0)T (t; t0)^I�(t0)%1��q d�;ÄÅ � = fn; p; ";mg; F�(t) - ÍÎÏÖÎÉËÉ ìÁÇÒÁÎÖÁ, ÝÏ ÏÔÒÉÍÕÀÔØÓÑ ÚÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ h ^P�it = h ^P�itq ;^I�(t) = (1�P(t)) i^LN ^P�- ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ;T (t; t0) = exp�� Z tt0 (1�P(�)) i^LN (�)d��-ÏÐÅÒÁÔÏÒ Å×ÏÌÀÃi§ Ú ÐÒÏÅËÃiÊÎÉÍ ÏÐÅÒÁÔÏÒÏÍ íÏÒi, ÄiÑ ÑËÏÇÏ ÏÚÎÁ-ÞÅÎÁ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍP(t) F = hFitq +X� �hFitq�h ^P�it f ^P� � h ^P�itg:÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ pÏÚ×'ÑÚÏË Òi×ÎÑÎÎÑ (5) ÄÌÑ ×ÉÐÁÄËÕ ÍÁÌÉÈ ×iÄÈÉ-ÌÅÎØ ×iÄ pi×ÎÏ×ÁÇÉ × ÒÏÂÏÔ¦ [19] ÏÔÒÉÍÁÎ¦ Ì¦ÎÅÁÒÉÚÏ×ÁÎ¦ Òi×ÎÑÎÎÑ ÐÅ-ÒÅÎÏÓÕ i Òi×ÎÑÎÎÑ ÄÌÑ pi×ÎÏ×ÁÖÎÉÈ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ(þëæ). úÏËÒÅÍÁ, Òi×ÎÑÎÎÑ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ ÐiÓÌÑÐÅÒÅÔ×ÏÒÅÎÎÑ ìÁÐÌÁÓÁ ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄ:fzI � i
0(k) + ~�(k; z)g ~F (k; z) = F (k); (10)



5 ðÒÅÐÒÉÎÔÄÅ ~F (k; z) = � ^P (k); ^P (�k)�z = � ^P (k); 1z + i^LN ^P (�k)� (11)- ÍÁÔÒÉÃÑ ÌÁÐÌÁÓ-ÚÏÂÒÁÖÅÎØ þëæ F (k; t);F (k; t) = 1Z0 d�h� ^P (k) e�i^LNt ��0 � ^P+(k) ���0 i �� � ^P (k); e�i^LN t ^P+(k)� ; (12)- ÍÁÔÒÉÃÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ;F (k) = F (k; t = 0) = � ^P (k); ^P (�k)� (13)- ÍÁÔÒÉÃÑ ÓÔÁÔÉÞÎÉÈ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ;i
0(k) = (i^LN ^P (k); ^P (�k)) ( ^P (k); ^P (�k))�1 (14)- ÞÁÓÔÏÔÎÁ ÍÁÔÒÉÃÑ, Á~�(k; z) =  (1�PH) i^LN ^P ; 1z + (1�PH) i^LN (1�PH) i^LN ^P!�� ^P (k); ^P (�k)��1 (15)- ÍÁÔÒÉÃÑ ÆÕÎËÃiÊ ÐÁÍ'ÑÔi1. úÁÕ×ÁÖÉÍÏ, ÝÏ ÍÁÔÒÉÞÎÅ pi×ÎÑÎÎÑ (10)¤ ÆÏÒÍÁÌØÎÏ ÔÏÞÎÉÍ. ïÐÅÒÁÔÏÒ PH - ÃÅ Ì¦ÎÅÁÒÉÚÏ×ÁÎÉÊ ÐÒÏÅËÃ¦ÊÎÉÊÏÐÅÒÁÔÏÒ íÏÒ¦, ÑËÉÊ Äi¤ ÚÁ ÐpÁ×ÉÌÏÍ [19]PH F = �F ; ^P (�k)� � ^P (k); ^P (�k)��1 ^P (k):äÌÑ ×ÉËÏÎÁÎÎÑ ËÏÎËÒÅÔÎÉÈ ÒÏÚÒÁÈÕÎË¦× ÚÒÕÞÎ¦ÛÅ ÐpÁÃÀ×ÁÔÉ Ú ÏÒ-ÔÏÇÏÎÁÌ¦ÚÏ×ÁÎÉÍ ÎÁÂÏpÏÍ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ^Yk ÏÚÎÁÞÅÎÉÍ ÎÁÓÔÕÐ-ÎÉÍ ÞÉÎÏÍ [20] ^Yk = f^nk; ^p�k ; ^hk; ^skg;ÄÅ ^sk = (1 � Pn) ^mk ÔÁ ^hk = (1 � Ps � Pn) ^"k - ÏÐÅÒÁÔÏÒÉ ÇÕÓÔÉÎÉÕÚÁÇÁÌØÎÅÎÏÇÏ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ ÔÁ ÅÎÔÁÌØÐ¦§, a Pn ¦ Ps - ÐÒÏÅËÃ¦ÊÎ¦ÏÐÅÒÁÔÏÒÉ íÏÒ¦, ÐÏÂÕÄÏ×ÁÎ¦ ÎÁ ÚÍ¦ÎÎÉÈ ^nk ¦ ^sk, ×¦ÄÐÏ×¦ÄÎÏ.1õ ×ÉÒÁÚÁÈ (10)-(15) ×ÒÁÈÏ×ÁÎÏ ÔÅ, ÝÏ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÐÒÏÓÔÏÒÏ×Ï ¦ÚÏ-ÔÒÏÐÎÏ§ ÓÉÓÔÅÍÉ ÚÁÌÅÖÁÔØ ÌÉÛÅ ×¦Ä ÍÏÄÕÌÑ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ k.
ICMP{98{31U 63. çiÄpÏÄÉÎÁÍiÞÎÁ ÏÂÌÁÓÔØ÷ pÏÂÏÔi [20] ÐÏËÁÚÁÎÏ, ÝÏ ÄÌÑ ÚÍiÎÎÉÈ ^Yk ÍÁÔÒÉÃÑ F (k) ¤ ÄiÁ-ÇÏÎÁÌØÎÏÀ Ú ÅÌÅÍÅÎÔÁÍÉ, ÑË¦ × ÇiÄÒÏÄÉÎÁÍiÞÎiÊ ÇÒÁÎÉÃ¦ ÍÁÔÉÍÕÔØÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄFnn(k) = NS(k)jk!0 � NTkBn�T;h; (16)F��pp (k) = ���NTkBm; (17)Fhh(k) = kBT 2Cn;m(k)jk!0 � NkBT 2cn;m; (18)Fss(k) = kBT�T;n(k)jk!0 � NkBT ��T;n; (19)ÄÅ �T;h = � 1V �@V@P �T;h- ¦ÚÏÔÅÒÍ¦ÞÎÁ ÓÔÉÓÌÉ×¦ÓÔØ ÐÒÉ ÐÏÓÔiÊÎÏÍÕ h × ÁÎÓÁÍÂÌi (N; V; T; h),��T;n = 1nV �@M@h �T;N- ÍÁÇÎiÔÎÁ ÓÐÒÉÊÎÑÔÌÉ×iÓÔØ ÓÉÓÔÅÍÉ, ¦Cn;m = T �@S@T �m;N- ÐÉÔÏÍÁ ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ÓÉÓÔÅÍÉ ÐÒÉ ÐÏÓÔiÊÎÏÍÕ ÏÂ'¤Í¦ × ÁÎÓÁÍÂÌi(N; V; T;M). æÏÒÍÕÌÉ (16)-(19) ¤ ÓÔÁÎÄÁÒÔÎÉÍÉ ÆÌÀËÔÕÁÃiÊÎÉÍÉÆÏÒÍÕÌÁÍÉ, ÑË¦ × ÇÒÁÎÉÃ¦ k ! 0 ÐÏ×'ÑÚÕÀÔØ Í¦Ö ÓÏÂÏÀ ÆÌÀËÔÕÁÃ¦§Æ¦ÚÉÞÎÉÈ ×ÅÌÉÞÉÎ Ú ÔÅÒÍÏÄÉÎÁÍiÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ.åÌÅÍÅÎÔÉ ÞÁÓÔÏÔÎÏ§ ÍÁÔÒÉÃii
0(k) = �i^LN ^Y (k); ^Y +(k)��^Y (k); ^Y +(k)��1Õ Ç¦ÄÒÏÄÉÎÁÍiÞÎ¦Ê ÇÒÁÎÉÃ¦ ÍÏÖÕÔØ ÂÕÔÉ ÔÁËÏÖ ÚÁÐÉÓÁÎi [20] ÞÅÒÅÚÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ×ÅÌÉÞÉÎÉ, Á ÓÁÍÅi
H0 = ik0BBBBBBBBB@ 0 1m 0 01n�T ;h 0 1cn;m �P ;mn�T;m 1��T ;n �T ;Pn�T;h0 Tm �P ;mn�T;m 0 00 1m �T ;Pn�T ;h 0 0

1CCCCCCCCCA ; (20)



7 ðÒÅÐÒÉÎÔÄÅ P - ÔÉÓË ÓÉÓÔÅÍÉ, Á ÓÉÍ×ÏÌÉ�P ;m = 1V �@V@T �P;m ; �T ;P = 1V �@V@h �T;P ;ÐÏÚÎÁÞÁÀÔØ ×iÄÐÏ×iÄÎÏ ËÏÅÆiÃi¤ÎÔÉ ÏÂ'¤ÍÎÏÇÏ pÏÚÛÉpÅÎÎÑ i ÍÁÇÎiÔÏ-ÓÔpÉËÃi§.åÌÅÍÅÎÔÉ ÍÁÔÒÉÃi ÆÕÎËÃiÊ ÐÁÍ'ÑÔi ÂÅÚÐÏÓÅÒÅÄÎØÏ Ú×'ÑÚÁÎi Ú ËÏ-ÅÆiÃi¤ÎÔÁÍÉ ÐÅÒÅÎÏÓÕ ÇÁÊÚÅÎÂÅÒÇi×ÓØËÏ§ ÍÁÇÎiÔÎÏ§ ÒiÄÉÎÉ. õ ÇiÄÒÏÄÉ-ÎÁÍiÞÎ¦Ê ÇÒÁÎÉÃ¦ ÍÏÖÅÍÏ ÓËÏÒÉÓÔÁÔÉÓÑ Ú ÍÁÒË¦×ÓØËÏÇÏ ÎÁÂÌÉÖÅÎÎÑÄÌÑ ÆÕÎËÃ¦Ê ÐÁÍ'ÑÔ¦ ~�(k; z) � ~�(k; 0) = �H(k) , ÑËÅ ¤ ÁÓÉÍÐÔÏÔÉÞÎÏÔÏÞÎÉÍ ÐÒÉ k ! 0. ðÒÉ ÃØÏÍÕ ÏÔÒÉÍÁ¤ÍÏ�H(k) = k20BBBBBB@ 0 0 0 00 �lnm 0 00 0 �ncn;m Lshn��T ;n0 0 Lshncn;mT Lssn��T ;n
1CCCCCCA ; (21)ÄÅ ËÏÅÆiÃi¤ÎÔÉ ÐÅÒÅÎÏÓÕ L��0 Õ ×ÉpÁÚi (21) ÍÁÀÔØ ÎÁÓÔÕÐÎÉÊ ÚÍiÓÔ:(i) Lpp = �l = 43� + � - ÐÏ×ÚÄÏ×ÖÎÑ ×'ÑÚË¦ÓÔØ, ÄÅ Ì¦ÔÅÒÉ � i �ÐÏÚÎÁÞÁÀÔØ ÏÂ'¤ÍÎÕ i ÚÓÕ×ÎÕ ×'ÑÚËÏÓÔi, ×iÄÐÏ×iÄÎÏ;(ii) Lhh = T� ÏÐÉÓÕ¤ ÐÒÏÃÅÓÉ ÐÅÒÅÎÏÓÕ ÔÅÐÌÁ, ÄÅ � - ËÏÅÆ¦Ã¦¤ÎÔÔÅÐÌÏÐÒÏ×iÄÎÏÓÔ¦;(iii) Lsh i Lhs - ÐÅÒÅÈÒÅÓÎ¦ ËÏÅÆiÃi¤ÎÔÉ ÔÅÒÍÏÍÁÇÎ¦ÔÎÏ§ ÄÉÆÕÚ¦§2;(iv) Lss - ËÏÅÆiÃi¤ÎÔ ÓÐ¦ÎÏ×Ï§ ÄÉÆÕÚ¦§.õ ÒÏÂÏÔ¦ [20] ÄÌÑ ÃÉÈ ËÏÅÆiÃi¤ÎÔi× ×É×ÅÄÅÎ¦ ×¦ÄÐÏ×¦ÄÎ¦ Í¦ËÒÏÓËÏÐ¦Þ-Î¦ ÆÏpÍÕÌÉ ÔÉÐÕ ½Ò¦ÎÁ-ëÕÂÏ. ÷iÄÍiÔÉÍÏ, ÝÏ ËÏÅÆiÃi¤ÎÔÉ ÐÅÒÅÎÏÓÕÚÁÌÅÖÁÔØ ×iÄ ×ÅÌÉÞÉÎÉ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ h i ×ÏÌÏÄiÀÔØ ÔÁËÉÍÉ ×ÌÁ-ÓÔÉ×ÏÓÔÑÍÉ ÓÉÍÅÔÒi§Lii(h) = Lii(�h) i Lsh(h) = �Lhs(�h):ñË ÓÌ¦ÄÕ¤ Ú (10) cÐÅËÔÒ ÇiÄÒÏÄÉÎÁÍiÞÎÉÈ ËÏÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎØÚÎÁÈÏÄÉÔØÓÑ ÑË ÒÏÚ×'ÑÚÏË ÓÅËÕÌÑÒÎÏ§ ÚÁÄÁÞ¦ (ÁÂÏ Ö ÚÁÄÁÞ¦ ÎÁ ×ÌÁÓÎ¦ÚÎÁÞÅÎÎÑ) ÄÌÑ ÕÚÁÇÁÌØÎÅÎÏÇÏ ÇiÄÒÏÄÉÎÁÍiÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁTH(k) = kTij(k)k = �i
H0 (k) + �H(k):2ðÒÉ ÃØÏÍÕ Lhs = Lsh.

ICMP{98{31U 8ðÏÄiÂÎÉÍ ÞÉÎÏÍ ÒÏÚ×'ÑÚÏË ÄÌÑ ÇiÄÒÏÄÉÎÁÍiÞÎÉÈ ÞÁÓÏ×ÉÈ ËÏÒÅ-ÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÉÊ Õ ÆÏÒÍi [26]Fij(k; t) =X� G�ij(k) e�z�(k)t; (22)ÄÅ G�ij(k) - ×ÁÇÏ×i ËÏÅÆiÃi¤ÎÔÉ, ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ×ËÌÁÄ Õ ÆÕÎËÃ¦ÀFij(k; t) ÇiÄÒÏÄÉÎÁÍiÞÎÏÇÏ ÚÂÕÄÖÅÎÎÑ Ú ÄÉÓÐÅÒÓ¦¤À z�(k). ëÏÅÆiÃi¤Î-ÔÉ G�ij(k) ÍÏÖÎÁ ×ÉpÁÚÉÔÉ ÞÅpÅÚ ÅÌÅÍÅÎÔÉ ÍÁÔpÉÃi ×ÌÁÓÎÉÈ ×ÅËÔÏpi×^X = k ^Xi;�(k)k Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁ TH(k), Á ÓÁÍÅ ÄÌÑ ×ÉÐÁÄ-ËÕ ÏÒÔÏÇÏÎÁÌØÎÏÇÏ ÎÁÂÏÒÕ ÄÉÎÁÍ¦ÞÎÉÈ ÚÍ¦ÎÎÉÈ ÏÔÒÉÍÁ¤ÍÏG�ij(k) = ^Xi;� ^X�1�;j Fjj(k): (23)íÁÔpÉÃÑ ^X�1 ¤ ÏÂÅpÎÅÎÏÀ ÄÏ ^X = k ^X�k. äÌÑ ÁÎÁÌiÔÉÞÎÉÈ pÏÚpÁ-ÈÕÎËi× ËÏÅÆiÃi¤ÎÔi× G�ij(k) ÍÏÖÎÁ ÔÁËÏÖ ×ÉËÏpÉÓÔÁÔÉ ÅË×¦×ÁÌÅÎÔÎ¦ÄÏ (23) ×ÉÒÁÚÉ Õ ÆÏÒÍ¦G�ij(k) = � @z�@T jiH Fjj(k);ÁÂÏ Ö G�(k) = Qf 6=� (TH(k)� zf (k))Qf 6=� (z�(k)� zf (k)) F (k);ÏÓÔÁÎÎ¦Ê Ú ÑËÉÈ ÓÌ¦ÄÕ¤ Ú ÔÅÏpÅÍÉ óiÌØ×ÅÓÔpÁ. õ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎ¦Ê ÇÒÁ-ÎÉÃ¦ ×ÁÇÏ×i ËÏÅÆiÃi¤ÎÔÉ ÔÁ ÓÐÅËÔp ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ ÍÏÖÎÁ ÛÕËÁÔÉ Õ×ÉÇÌÑÄi pÏÚ×ÉÎÅÎØ ÚÁ ÍÁÌÉÍ ÐÁÒÁÍÅÔÒÏÍ, ÑËÉÍ ¤ ÍÏÄÕÌØ È×ÉÌØÏ×ÏÇÏ×ÅËÔÏÒÁ k.4. óÐÅËÔÒ ËÏÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎØ ÔÁ ÄÉÎÁÍ¦ÞÎ¦ÓÔÒÕËÔÕÒÎ¦ ÆÁËÔÏÒÉ÷ÌÁÓÎi ÚÎÁÞÅÎÎÑ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÏ§ ÍÁÔÒÉÃi TH(k) ÄÁÀÔØ ÓÐÅËÔÒÇiÄÒÏÄÉÎÁÍiÞÎÉÈ ËÏÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎØ [20]. ðÒÉ ÃØÏÍÕ ÏÔÒÉÍÕ¤ÍÏ:(i) Ä×¦ ËÏÍÐÌÅËÓÎÏ-ÓÐÒÑÖÅÎ¦ Ú×ÕËÏ×¦ ÍÏÄÉzs� = �ikvs +Dsk2;(ii) ÇiÄÒÏÄÉÎÁÍiÞÎÕ ÔÅÐÌÏ×Õ ÍÏÄÕzh = Dhk2;



9 ðÒÅÐÒÉÎÔ(iii) ÇiÄÒÏÄÉÎÁÍiÞÎÕ ÓÐ¦Î-ÄÉÆÕÚ¦ÊÎÕ ÍÏÄÕzm = Dmk2;ÄÅ vs = m��T ;m = �@P@� �S;m- ÁÄ¦ÁÂÁÔÉÞÎÁ Û×ÉÄËiÓÔØ Ú×ÕËÕ ÐÒÉ ÐÏÓÔiÊÎÏÍÕ ÍÁÇÎ¦ÔÎÏÍÕ ÍÏÍÅÎÔ¦m, Á ËÏÅÆiÃi¤ÎÔÉ ÚÇÁÓÁÎÎÑ ÍÁÀÔØ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄDs = 12 �lnm + 12 (m � 1)�ncP ;m + 12 (1� �T )Lssnm ��T ;n + �P ;m�T ;PLshn2�T;h ��T ;ncP ;m ;Dm = � �p�2 + �;Dh = � +p�2 + �:ðÁÒÁÍÅÔÒÉ � ¦ � ÏÚÎÁÞÅÎ¦ ×ÉÒÁÚÁÍÉ� = 12 �ncP ;m + 12 Lssnm ��T;n (m + �T � 1) + �P ;m�T ;PLshn2�T;h ��T ;ncP ;m ;� = �LssT � L2shn2cP ;mT ��T;h �T :ÄÅ �T = �T ;m=�T;h ÔÁ m = CP ;m=Cn;m - ×iÄÎÏÛÅÎÎÑ iÚÏÔÅpÍiÞÎÉÈÓÔÉÓÌÉ×ÏÓÔÅÊ i ÐÉÔÏÍÉÈ ÔÅÐÌÏ¤ÍÎÏÓÔÅÊ, ×iÄÐÏ×iÄÎÏ.÷ ÐÁpÁÍÁÇÎiÔÎÏÍÕ ×ÉÐÁÄËÕ, ËÏÌÉ ÚÏ×ÎiÛÎ¤ ÍÁÇÎiÔÎÅ ÐÏÌÅ h = 0,¦Ú ×ÉÒÁÚ¦× ÐÒÉ×ÅÄÅÎÉÈ ×ÉÝÅ ÏÔpÉÍÕ¤ÍÏ ÒÅÚÕÌØÔÁÔÉ, ×¦ÄÏÍ¦ × ÔÅÏÒ¦§ÐÒÏÓÔÉÈ Ò¦ÄÉÎ ÔÁ Ô×ÅÒÄÏÔ¦ÌØÎÉÈ ÍÁÇÎÅÔÉË¦×:z0s = �ikr ��T + �k2;z0h = k2 �ncP ; z0s = k2 Lssn��T ;n ;ÄÅ � = 12 �� � 1ncP + �l� � :îÁÊÂiÌØÛ ÃiËÁ×ÉÍÉ Ú ÇiÄÒÏÄÉÎÁÍiÞÎÉÈ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈÆÕÎËÃ¦Ê ¤ ÆÕÎËÃ¦§ \ÇÕÓÔÉÎÁ - ÇÕÓÔÉÎÁ" ÔÁ \ÓÐ¦ÎÏ×Á ÇÕÓÔÉÎÁ - ÓÐ¦ÎÏ×ÁÇÕÓÔÉÎÁ", ÑË¦ ÍÏÖÕÔØ ÂÕÔÉ ÏÔÒÉÍÁÎ¦ Ú ÅËÓÐÅÒÉÍÅÎÔi× ÐÏ ÒÏÚÓiÀ×ÁÎÎ¦.·ÈÎ¦ ÆÕÒ'¤-ÏÂÒÁÚÉ ÄÁÀÔØ ×iÄÐÏ×iÄÎÏ ÄÉÎÁÍiÞÎÉÊ ÓÔÒÕËÔÕÒÎÉÊ ÆÁË-ÔÏÒ S(k; !) i ÍÁÇÎiÔÎÉÊ ÄÉÎÁÍiÞÎÉÊ ÓÔÒÕËÔÕÒÎÉÊ ÆÁËÔÏÒ Sm(k; !).
ICMP{98{31U 10÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÆÏÒÍÕÌÕ (22), ÐiÓÌÑ ÐÅ×ÎÉÈ ÒÏÚÒÁÈÕÎËi× Ãi ÆÕÎË-Ãi§ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍS(k; !)S(k) = �T2�m X�=+;� Dsk2 � �k (!=vs + �k) bn(! + �kvs)2 + (Dsk2)2+1� X�=h;m Gn�D�k2!2 + (D�k2)2 ; (24)Sm(k; !)Sm(k) = 1� �T2�m X�=+;� Dsk2 � �k (!=vs + �k) bm(! + �kvs)2 + (Dsk2)2+1� X�=h;m Gm� D�k2!2 + (D�k2)2 ; (25)ÄÅ bn = �lnm � 3Ds; bm = bn + 2 Lssn��T ;n + 2 Lsh�P ;m�T ;P�Tncn;m ;Gnh = �Tm(Dm �Dh) � �lmn � 2Ds � (1� m�T )Dm� ;Gnm = �Tm(Dh �Dm) � �lmn � 2Ds � (1� m�T )Dh� ;Gmh = 1m(Dm �Dh) � ��Tncn;m � (�T + m � 1)Dh� ;Gmm = 1m(Dh �Dm) � ��Tncn;m � (�T + m � 1)Dm� :õ ×ÉÐÁÄËÕ h = 0 ×ÉÒÁÚ ÄÌÑ ÄÉÎÁÍ¦ÞÎÏÇÏ ÓÔpÕËÔÕpÎÏÇÏ ÆÁËÔÏpÁS(k; !) Ú×ÏÄÉÔØÓÑ ÄÏ ×iÄÏÍÏ§ Õ Ì¦ÔÅÒÁÔÕÒ¦ ÆÏpÍÕÌÉ ìÁÎÄÁÕ-ðÌÁÞÅËÁ[23,24]S(k; !)S(k) = 12� X�=+;� �k2 � � k(!=vs + �k) (�l=�� 3�)(! + �vsk)2 + (�k2)2+1�  � 1 k2�=ncP!2 + (k2�=ncP )2 : (26)íÁÇÎiÔÎÉÊ ÄÉÎÁÍ¦ÞÎÉÊ ÓÔpÕËÔÕpÎÉÊ ÆÁËÔÏp Sm(k; !) Õ ÃØÏÍÕ ×ÉÐÁÄ-ËÕ ÍiÓÔÉÔÉÍÅ ÌÉÛÅ ×ËÌÁÄ ×¦Ä ÄÉÆÕÚ¦ÊÎÏ§ ÓÐ¦ÎÏ×Ï§ ÍÏÄÉ [25]Sm(k; !)Sm(k) = 1� k2Lss=n��T;n!2 + (k2Lss=n��T;n)2 : (27)



11 ðÒÅÐÒÉÎÔóÕÔÔ¤×Ï ×¦ÄÍ¦ÔÉÔÉ ÐÒÉ ÃØÏÍÕ, ÝÏ ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÍÁÇ-Î¦ÔÎÏÇÏ ÐÏÌÑ, ÄÉÎÁÍ¦ÞÎÉÊ ÓÔpÕËÔÕpÎÉÊ ÆÁËÔÏp Sm(k; !) Í¦ÓÔÉÔÅÍÅ×ËÌÁÄ ×¦Ä Ú×ÕËÏ×ÉÈ ÚÂÕÄÖÅÎØ (ÂÒ¦ÌÌÀÅÎ¦×ÓØË¦ Ð¦ËÉ).5. þÁÓÏ×i ËÏÒÅÌÑÃiÊÎi ÆÕÎËÃi§úÁ ÓÈÅÍÏÀ ÏÐÉÓÁÎÏÀ ×ÉÝÅ (ÄÉ×. (23)) ÂÕÌÉ ×ÉËÏÎÁÎ¦ ÔÁËÏÖ ÒÏ-ÚÒÁÈÕÎËÉ ÕÓ¦È ¦ÎÛÉÈ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ, ÑË¦ ÆÏÒÍÕÀÔØÍÁÔpÉÃÀ F (k; t), ¦ ÚÎÁÊÄÅÎi ÄÌÑ ÎÉÈ ÁÎÁÌ¦ÔÉÞÎ¦ ×ÉÒÁÚÉ × ÇiÄpÏÄÉ-ÎÁÍiÞÎiÊ ÇpÁÎÉÃi.åÌÅÍÅÎÔÉ ÍÁÔpÉÃ¦ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê F (k; t), ÑË¦ ÐÏ-ÂÕÄÏ×ÁÎ¦ ÎÁ ÚÍ¦ÎÎÉÈ f^n; ^h; ^sg, ÚÁÌÉÛÁÀÔØÓÑ ÎÅÚÍ¦ÎÎÉÍÉ ÐÒÉ ÐÅÒÅÓÔÁ-ÎÏ×Ã¦ ¦ÎÄÅËÓ¦×, ÔÏÂÔÏ ÄÌÑ ÎÉÈ ÍÁ¤ÍÏFij(k; !) = Fji(k; !):÷¦ÄÐÏ×¦ÄÎÏ ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ (ÁÂÏÖ ÓÐÅËÔÒÁÌØÎ¦ ÆÕÎËÃ¦§) Ú iÎÄÅËÓÁÍÉ ij = fnh;ns ; sn; hn; hh; sh; hsgÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ÔÁËÏÍÕ ÚÁÇÁÌØÎÏÍÕ ×ÉÇÌÑÄiFij(k; !)Fjj(k) = 12�m X�=+;� DsGsijk2 � �k (!=vs + �k) bij(! + �kvs)2 + (Dsk2)2+ 1�m X�=h;m D�G�ijk2!2 + (D�k2)2 (28)äÌÑ ÆÕÎËÃ¦§ Fhh(k; !) ËÏÅÆiÃi¤ÎÔÉ bhh, Gshh, G�hh ÍÁÀÔØ ÎÁÓÔÕÐÎÉÊ×ÉÇÌÑÄ Gshh � Gsh = m � 1;bhh � bh = Gsh �bn + 2 �ncn;m + 2 �T�T ;PLshnT�P;m ��T ;n � ;Ghhh � Ghh = Ghh (Dh; Dm) = 1(Dm �Dh) ��Dh + �TLssn��T;n� ;Gmhh � Gmh = Ghh (Dm; Dh) = 1(Dh �Dm) ��Dm + �TLssn��T;n� :äÌÑ ËÏÅÆiÃi¤ÎÔ¦× bnh, Gsnh, G�nh ÞÁÓÏ×Ï§ ËÏÒÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§Fnh(k; !) ÚÎÁÈÏÄÉÍÏGsnh = Gshn = �P ;mcn;m ; bnh = Gsnh �bn + �ncn;m + �T�T ;PLshnT�P ;m ��T ;n � ;
ICMP{98{31U 12Ghnh = Ghnh(Dm; Dh) = Gsnh(Dm �Dh) �Dh � Lssn��T;n + �T�T ;PLshnT�P;m ��T ;n � ;Gmnh = Ghnh(Dh; Dm) = Gsnh(Dh �Dm) �Dm � Lssn��T;n + �T�T ;PLshnT�P;m ��T ;n � :ëÏÅÆiÃi¤ÎÔÉ bns, Gsns, G�ns ÄÌÑ ÆÕÎËÃ¦§ Fns(k; !) ÔÁËiGsns = Gssn = �T�T ;P��T ;n ; bns = Gsns �bn + Lssn��T ;n + �P ;mLsh�Tncn;m�T ;P � ;Ghns = Ghns(Dm; Dh) = Gsns(Dm �Dh) �Dh � �ncn;m + �P ;mLsh�T�T ;Pncn;m� ;Gmns = Ghns(Dh; Dm) = Gsns(Dh �Dm) �Dm � �ncn;m + �P ;mLsh�T�T ;Pncn;m� :äÌÑ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ Fsh(k; !) ËÏÅÆiÃi¤ÎÔÉ bsh, Gssh, G�sh ÍÁÀÔØÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄ Gssh = Gshs = �P ;m�T ;P�T ;hncn;m ;bsh = Gssh �bn + �ncn;m + Lssn��T ;n � �T ;hLshT�P ;m�T ;P (�T � m)� ;Ghsh == Ghsh(Dm; Dh) = Gssh(Dm �Dh) �Dh � �T�T ;hLshT�P ;m�T ;P � ;Gmsh == Ghsh(Dh; Dm) = Gssh(Dh �Dm) �Dm � �T�T ;hLshT�P ;m�T ;P � :þÁÓÏ×Á ËÏÒÅÌÑÃiÊÎÁ ÆÕÎËÃiÑ \iÍÐÕÌØÓ-iÍÐÕÌØÓ" ÍiÓÔÉÔØ ÌÉÛÅ ×ËÌÁ-ÄÉ ×¦Ä Ú×ÕËÏ×ÉÈ ÍÏÄFpp(k; !)Fpp(k) = 12� X�=+;� Dsk2 � �k (!=vs + �k) (�l=nm�Ds)(! + �k)2 + (Dsk2)2 : (29)þÁÓÏ×i ËÏÒÅÌÑÃiÊÎi ÆÕÎËÃi§ Ú iÎÄÅËÓÁÍÉ ij = fpn; ph; psg × ÚÁÇÁÌØÎÏ-ÍÕ ×ÉÇÌÑÄi ÚÁÐÉÓÕÀÔØÓÑ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍFij(k; t)Fjj(k) = X�=+;�;h;m G�ij expf�z�tg: (30)äÌÑ Ä¦ÊÓÎÉÈ ÔÁ ÕÑ×ÎÉÈ ÞÁÓÔÉÎ ×ÁÇÏ×ÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦× G�ij ÆÕÎËÃ¦§Fpn(k; t) ÍÁ¤ÍÏRe Ghpn = Re Gmpn = 0; Re G+pn = �Re G�pn = � 12nvs�T;h ;



13 ðÒÅÐÒÉÎÔIm Ghpn = Im Ghpn(Dm; Dh)= k �Tmm DhDm �Dh �(m�T � 1)Dm � 2Ds + �lnm� ;Im Gmpn = Im Ghpn(Dh; Dm); Im G+pn = Im G�pn = k �Tm2m h �lnm � 2Dsi :÷ÁÇÏ×¦ ËÏÅÆ¦Ã¦¤ÎÔÉ ÆÕÎËÃ¦§ Fph(k; t) ÍÁÀÔØ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄRe Ghph = Re Gmph = 0; Re G+ph = �Re G�ph = � �P ;m2nvs�T;h�T cn;m ;Im Ghph = Im Ghph(Dm; Dh)= k �P ;mmmcn;m DhDm �Dh �Dh � Lssn��T;n + �T�T ;PLshTn�P;m ��T ;n� ;Im Gmph = Im Ghph(Dh; Dm); Im G+ph = Im G�ph= k �P ;mm2mcn;m � �lnm � 2Ds + �ncn;m + �T�T ;PLshTn�P ;m ��T ;n � :¶ ÎÁË¦ÎÅÃØ ÄÌÑ ÞÁÓÏ×Ï§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ Fps(k; t) ÚÎÁÈÏÄÉÍÏRe Ghps = Re Gmps = 0; Re G+ps = �Re G�ps = � �T ;P2nvs�T;h ��T ;n ;Im Ghps = Im Ghps(Dm; Dh)= k �T�T ;Pmm ��T;n DhDm �Dh �Dh � �ncn;m + �P ;mLshncn;m�T�T ;P � ;Im Gmps = Im Ghps(Dh; Dm); Im G+ps = Im G�ps= k �T ;P�Tm2m ��T;m � �lnm � 2Ds + Lssn��T ;n + �P ;mLshncn;m�T�T ;P � :úÁÕ×ÁÖÉÍÏ, ÝÏ ÑË ÎÅ×ÁÖËÏ ÐÅÒÅËÏÎÁÔÉÓÑ, ÄÌÑ ÕÓiÈ ÞÁÓÏ×ÉÈ ËÏpÅ-ÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ Õ ÆÏÒÍ¦ ÐÒÉ×ÅÄÅÎ¦Ê ×ÉÝÅ ×ÉËÏÎÕ¤ÔØÓÑ ÎÕÌØÏ×ÅÐpÁ×ÉÌÏ ÍÏÍÅÎÔi×. ÷ ÇÒÁÎÉÞÎÏÍÕ ×ÉÐÁÄËÕ h = 0 ÏÔÒÉÍÁÎ¦ ÒÅÚÕÌØÔÁ-ÔÉ ÄÌÑ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÈ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÆÏÒÍÁÌØÎÏÓÐ¦×ÐÁÄÁÀÔØ Ú ×ÉÒÁÚÁÍÉ ×¦ÄÏÍÉÍÉ ÄÌÑ ÐÒÏÓÔÉÈ Ò¦ÄÉÎ [23,24].
ICMP{98{31U 146. ÷ÉÓÎÏ×ËÉîÁ Ð¦ÄÓÔÁ×¦ ÐÒÏ×ÅÄÅÎÏÇÏ ÄÏÓÌ¦ÄÖÅÎÎÑ ÍÏÖÎÁ ÚÒÏÂÉÔÉ ÎÁÓÔÕÐÎ¦×ÉÓÎÏ×ËÉ:(i) Û×ÉÄËiÓÔØ Ú×ÕËÕ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏ§ ÍÏÄÅÌi ÆÅÒÏÆÌÀ§ÄÕ ¤ ¦ÚÏ-ÔÒÏÐÎÏÀ i ×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ ÁÄ¦ÁÂÁÔÉÞÎÕ ÓÔÉÓÌÉ×¦ÓÔØ ÓÉÓÔÅÍÉ ÐÒÉÐÏÓÔiÊÎÏÍÕ ÍÁÇÎ¦ÔÎÏÍÕ ÍÏÍÅÎÔ¦;(ii) ÕÓi ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ×ÅÌÉÞÉÎÉ ÔÁ ËÏÅÆ¦Ã¦¤ÎÔÉ ÐÅÒÅÎÏÓÕ Õ ×ÉÒÁ-ÚÁÈ, ÐÏÄÁÎÉÈ ×ÉÝÅ, ÚÁÌÅÖÁÔØ ×¦Ä ×ÅÌÉÞÉÎÉ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ h. äÌÑ×ÉÐÁÄËÕ, ËÏÌÉ ÚÏ×ÎiÛÎ¤ ÍÁÇÎiÔÎÅ ÐÏÌÅ ×iÄÓÕÔÎ¤ (h! 0) ¦ ÓÉÓÔÅÍÁ ÐÅ-ÒÅÂÕ×Á¤ Õ ÐÁÒÁÍÁÇÎ¦ÔÎÏÍÕ ÓÔÁÎ¦ ÄÉÎÁÍiÞÎ¦ ÓÔÒÕËÔÕÒÎ¦ ÆÁËÔÏÒÉ (24)i (25) ÍÁÀÔØ ÎÁÊÂiÌØÛ ÐÒÏÓÔÕ ÓÔÒÕËÔÕÒÕ. îÁÐÒÉËÌÁÄ, Õ ÃØÏÍÕ ×É-ÐÁÄËÕ ÌÉÛÅ ÓÐ¦Î-ÄÉÆÕÚ¦ÊÎÁ ÍÏÄÁ ÂÕÄÅ ÄÁ×ÁÔÉ ÎÅÎÕÌØÏ×ÉÊ ×ËÌÁÄ ÄÏÍÁÇÎiÔÎÏÇÏ ÓÔÒÕËÔÕÒÎÏÇÏ ÆÁËÔÏÒÁ Sm(k; !). ú ¦ÎÛÏÇÏ ÂÏËÕ ×ËÌÁÄ ×¦ÄÃ¦¤§ ÍÏÄÉ ÂÕÄÅ ×iÄÓÕÔÎ¦Ê Õ ×ÉÒÁÚi ÄÌÑ ÓÔÒÕËÔÕÒÎÏÇÏ ÆÁËÔÏÒÁ Sn(k; !);(iii) × ÓÉÌÕ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö \Ò¦ÄÉÎÎÏÀ" ÔÁ \ÍÁÇÎ¦ÔÎÏÀ" Ð¦ÄÓÉÓÔÅÍÁ-ÍÉ ÄÌÑ ×ÉÐÁÄËÕ ÎÅÎÕÌØÏ×ÏÇÏ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ h ÍÁÇÎiÔÎÉÊ ÓÔÒÕËÔÕÒ-ÎÉÊ ÆÁËÔÏÒ Sm(k; !) ÍÁÔÉÍÅ ÄÏÄÁÔËÏ×¦ ÂÏËÏ×¦ Ð¦ËÉ ÎÁ Ú×ÕËÏ×¦Ê ÞÁ-ÓÔÏÔ¦. äÌÑ ÓÌÁÂÉÈ ÐÏÌ¦× ×ËÌÁÄ ×¦Ä Ú×ÕËÏ×ÉÈ ÍÏÄ ÐÒÏÐÏÒÃ¦ÊÎÉÊ h2. ãÅÐÅÒÅÄÂÁÞÅÎÎÑ ÍÏÖÎÁ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ ÐÅÒÅ×¦ÒÉÔÉ × ÅËÓÐÅÒÉÍÅÎÔÁÈÐÏ ÒÏÚÓ¦ÑÎÎÀ;(iv) ËÏÅÆiÃi¤ÎÔÉ ìÁÎÄÁÕ-ðÌÁÞÅËÁ [23,24],ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ×¦Ä-ÎÏÛÅÎÎÑ¦ÎÔÅÇÒÁÌØÎÉÈ ¦ÎÔÅÎÓÉ×ÎÏÓÔÅÊ ÎÁ ÎÕÌØÏ×¦Ê ÞÁÓÔÏÔ¦ ÔÁ ÞÁÓÔÏÔ¦Ú×ÕËÏ×ÉÈ ÚÂÕÄÖÅÎØ, ÏÔÒÉÍÕÀÔØÓÑ ¦Ú ×ÉÒÁÚ¦× ÏÔÒÉÍÁÎÉÈ × ÒÏÂÏÔ¦ ÄÌÑÆÕÎËÃiÊ Fnn(k; !) = S(k; !), Fhh(k; !) ÔÁ Fmm(k; !) = Sm(k; !). ÷ÏÎÉpi×Îi, ×iÄÐÏ×iÄÎÏ, (m � �T )=�T , 1=(m � 1) i (m � 1 + �T )=(1 � �T ).ïÔÒÉÍÁÎi ÒÅÚÕÌØÔÁÔÉ ÍÏÖÕÔØ ÂÕÔÉ ËÏÒÉÓÎÉÍÉ ÐÒÉ iÎÔÅÒÐÒÅÔÁÃi§ ÅËÓ-ÐÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÁÂÏ Ö ÒÅÚÕÌØÔÁÔ¦× ËÏÍÐÀÔÅÒÎÉÈ ÓÉÍÕÌÑÃ¦Ê.ì¦ÔÅÒÁÔÕÒÁ1. Lomba E., Weis J.J., Stell G. Phase transition in a continuum modelof the classical Heisenberg magnet: The ferromagnetic system. //Phys. Rev. E- 1994.- V.49, No 6.- P.5159-5178.2. Nijmeijer M.J.P., Weis J.J. Monte Carlo simulation of the ferromag-netic order-disorder transition in a Heisenberg uid. // Phys. Rev.Lett.- 1995.- V.75, No 15.- P.2887-2890.3. Vakarchuk I.A., Ponedilok G.V., Rudavskii Yu.K. Theory of liquidmagnets. // Teor. Mat. Fiz., 1984, vol. 58, p. 291{302 (in Russian).
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