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õäë: 548:537.611, 537.621, 539.124PACS: 75.10.Dg, 75.40.CxôÅÒÍÏÄÉÎÁÍ¦ËÁ ÍÏÄÅÌ¦ ¶Ú¦ÎÇÁ S = 1 ÎÁ ÓÐ¦ÎÏ×¦Ê Ó¦ÔÃ¦÷.ó.ñÎ¦ÛÅ×ÓØËÉÊáÎÏÔÁÃ¦Ñ. òÏÚÇÌÑÄÁÀÔØÓÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§: ÍÁÇÎ¦ÔÎÁ ÓÐÒÉ-ÊÎÑÔÌÉ×¦ÓÔØ, ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ¦ ÅÎÔÒÏÐ¦Ñ ÒÅÇÕÌÑÒÎÏ§ ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ × ÍÏ-ÄÅÌ¦ ¶ÚÉÎÇÁ S = 1 × ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ÄÌÑ ×ÕÚÌÏ×Ï§ Ð¦ÄÓÉ-ÓÔÅÍÉ. äÅÔÁÌØÎÏ ×É×ÞÁ¤ÔØÓÑ §È ÐÏ×ÅÄ¦ÎËÁ × ÏËÏÌ¦ ÎÉÚØËÏ§ ¦ ËÒÉÔÉÞ-ÎÏ§ ÔÅÍÐÅÒÁÔÕÒ. ú'ÑÓÏ×Õ¤ÔØÓÑ ÚÁÌÅÖÎ¦ÓÔØ Ò¦ÚÎÉÈ ÓËÌÁÄÏ×ÉÈ ÔÅÒÍÏ-ÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ×¦Ä ÚÁÇÁÌØÎÏÇÏ ÞÉÓÌÁ ÞÁÓÔÉÎÏË. òÏÚÇÌÑÄÁ¤ÔØÓÑÚÁÌÅÖÎ¦ÓÔØ ÒÑÄÕ ×ÁÖÌÉ×ÉÈ ÐÁÒÁÍÅÔÒ¦× × ËÒÉÔÉÞÎ¦Ê ÔÏÞÃ¦ ×¦Ä ÞÉÓÌÁÓÐ¦Î¦× × ÌÁÎÃ¦, ÐÒÏ×ÏÄÉÔØÓÑ ÐÏÒ¦×ÎÑÎÎÑ ¦Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÄÌÑ ÇÒÁÔËÉ.Thermodynamics of spin net in Ising model S = 1V.S.YanishevskyAbstract. The thermodynamic function such as magnetic susceptibili-ty, heat capacity and entropy of regular spin net in Ising model S = 1 forknot subsystem in mean �eld approximation are investigated. Their be-haviour in the low and higt temperatures vicinity has been studied. Thedependence of various components of thermodynamic functions upon thetotal number of particles in the systems is examined. The dependence ofsome important parametres in the criticel point on the number of spinsin the link is examined and the in comparison with results for the latticeis conducted.
ðÏÄÁ¤ÔØÓÑ ÄÏ õËÒÁ§ÎÓØËÏÇÏ Æ¦ÚÉÞÎÏÇÏ ÖÕÒÎÁÌÕSubmitted to Ukrainian Journal of Physics

c
 ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1997Institute for Condensed Matter Physics 1997



1 ðÒÅÐÒÉÎÔ1. úÁÇÁÌØÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ÷ ÒÏÂÏÔ¦ [1] ÄÏÓÌ¦ÄÖÕ×ÁÌÉÓØ ÍÁÇÎ¦ÔÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÒÅÇÕÌÑÒÎÏ§ ÓÐ¦ÎÏ-×Ï§ Ó¦ÔËÉ × ÍÏÄÅÌ¦ ¶ÚÉÎÇÁ S = 1, ×É×ÞÁÌÉÓØ ÆÁÚÏ×¦ ÐÅÒÅÈÏÄÉ × ÎÁ-ÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ. óÔÒÕËÔÕÒÉ ÔÁËÏÇÏ ÔÉÐÕ ÒÏÚÇÌÑÄÁÀÔØÓÑÑË × ÍÏÄÅÌÑÈ ÍÁÇÎ¦ÔÎÉÈ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦×, ÔÁË ¦ × ÄÅÑËÉÈ ¦ÎÛÉÈ ÚÁ-ÄÁÞÁÈ ÓÔÁÔÉÓÔÉÞÎÏ§ Æ¦ÚÉËÉ, ÐÅÒÅÌ¦Ë ÑËÉÈ ÐÒÉ×ÅÄÅÎÉÊ × [1]. ÷ ÄÁÎ¦ÊÒÏÂÏÔ¦ ÒÏÚÇÌÑÄÁÀÔØÓÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÓÉÓÔÅÍÉ. ïÓÎÏ×-ÎÁ Õ×ÁÇÁ ÚÏÓÅÒÅÄÖÅÎÁ ÎÁ ×É×ÞÅÎÎ¦ ÐÏ×ÅÄ¦ÎËÉ ÍÁÇÎ¦ÔÎÏ§ ÓÐÒÉÊÎÑÔÌÉ-×ÏÓÔ¦, ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ¦ ÅÎÔÒÏÐ¦§ × ÎÕÌØÏ×ÏÍÕ ÐÏÌ¦ Ú ÍÅÔÏÀ Ú'ÑÓÕ×ÁÎÎÑÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏ§ ÕÚÇÏÄÖÅÎÏÓÔ¦ ÍÏÄÅÌ¦.óÔÁÔÓÕÍÕ ÒÅÇÕÌÑÒÎÏ§ ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ × ÍÏÄÅÌ¦ ¶ÚÉÎÇÁ S = 1 ÍÏÖÎÁÐÏÄÁÔÉ Õ ×ÉÇÌÑÄ¦ [1]Z = (Z1(0; 0))Nz=2 Spf�g exp(��H): (1.1)ðÅÒÛÉÊ ÓÐ¦×ÍÎÏÖÎÉË × (1.1) ×ÉÚÎÁÞÁ¤ ÆÁËÔÏÒÉÚÏ×ÁÎÉÊ ×ÎÅÓÏË ×ÓÔÁÔÓÕÍÕ ÓÐ¦ÎÏ×ÉÈ ÌÁÎÏË Ó¦ÔËÉ, ÄÒÕÇÉÊ { ÏÐÉÓÕ¤ ×ÕÚÌÏ×Õ Ð¦ÄÓÉÓÔÅÍÕÚ ÅÆÅËÔÉ×ÎÉÍ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ. åÆÅËÔÉ×ÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÍÁ¤ ÓÔÒÕË-ÔÕÒÕ ÕÚÁÇÁÌØÎÅÎÏ§ ÍÏÄÅÌ¦ ¶ÚÉÎÇÁ (õí¶) ÄÌÑ S = 1.H =Xi (zB � h)�i +Xi zD�2i + X<ij> I�i�j +X<ij>K�2i �2j + X<ij>L�i�2j ; (1.2)ÄÅ ÅÆÅËÔÉ×Î¦ ÐÁÒÁÍÅÔÒÉ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ×ÉÚÎÁÞÁÀÔØÓÑ × ÒÅÚÕÌØÔÁÔ¦ÒÏÚ×'ÑÚËÕ ÏÄÎÏ×ÉÍ¦ÒÎÏ§ ÚÁÄÁÞ¦ ¦ ÚÁÄÁÀÔØÓÑ ÆÏÒÍÕÌÁÍÉB = 12� ln�Z1(�1; 0)Z1(1; 0) � ;D = � 12� ln�Z1(�1; 0) � Z1(1; 0)Z21 (0; 0) � ;I = � 14� ln�Z1(1; 1) � Z1(�1;�1)Z21 (�1; 1) � ; (1.3)K = I � 2D � 1� ln�Z1(1;�1)Z1(0; 0) � ;L = �2B + 12� ln�Z1(�1;�1)Z1(1; 1) � ;Z1(s; s0) - ÓÔÁÔÓÕÍÁ ÏÄÎÏ×ÉÍ¦ÒÎÏÇÏ ÓÐ¦ÎÏ×ÏÇÏ ÌÁÎÃÀÖËÁ, × ÑËÏÍÕËÒÁÊÎ¦ ÓÐ¦ÎÉ Æ¦ËÓÏ×ÁÎ¦ × ÓÔÁÎÁÈ s ¦ s0 (s ÎÁÂÕ×Á¤ ÚÎÁÞÅÎØ 1; 0;�1).
ICMP{97{05U 22. íÁÇÎ¦ÔÎÁ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØíÁÇÎ¦ÔÎÕ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ × ÎÕÌØÏ×ÏÍÕ ÐÏÌ¦ ×ÉÚÎÁÞÉ-ÍÏ Ú×ÉÞÁÊÎÉÍ ÞÉÎÏÍ� = �@2 lnZ=@�2j�=0; (2.1)ÄÅ � = �h.÷ÉÈÏÄÑÞÉ ¦Ú ÓÔÒÕËÔÕÒÉ ÓÔÁÔÓÕÍÉ Ó¦ÔËÉ (1.1) ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÐÏ-ÄÁÍÏ Õ ×ÉÇÌÑÄ¦� = �o + �1; (2.2)ÄÅ �o - ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÓÉÓÔÅÍÉ ÎÅ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖ-Ë¦×, �1 = �@2 lnZ=@�2j�=0 - ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ×ÕÚÌÏ×Ï§ ÇÒÁÔËÉ. ñË×ÖÅ ×ËÁÚÕ×ÁÌÏÓØ, �o ÚÎÁÈÏÄÉÔØÓÑ ×ÎÁÓÌ¦ÄÏË ÔÏÞÎÏÇÏ ÒÏÚ×'ÑÚËÕ ÏÄÎÏ-×ÉÍ¦ÒÎÏ§ ÚÁÄÁÞ¦, ÄÌÑ �1 Ð¦ÄÓÉÓÔÅÍÁ ×ÕÚÌÏ×ÉÈ ÓÐ¦Î¦× ÒÏÚÒÁÈÏ×Õ¤ÔØÓÑ× ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ. ð¦ÓÌÑ ÏÂÞÉÓÌÅÎÎÑ ÐÏÈ¦ÄÎÉÈ ÚÁ ÐÏÌÅÍÏÔÒÉÍÁ¤ÍÏ�o = �Nz2 @2 lnZ1(0; 0)=@�2j�=0; (2.3)�1 = ��3 
@2H=@�2�H+ �3 
(@H=@�)2�H� �3 h(@H=@�)i2H ;ÄÅ × (2.3) ××ÅÄÅÎÏ ÐÏÚÎÁÞÅÎÎÑ ÓÅÒÅÄÎØÏÇÏ Ú ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ (1.2)h(: : :)iH = 1~Z Spf�g exp(�� H )(: : :); ~Z = Spf�g exp(��H): (2.4)÷ÒÁÈÏ×ÕÀÞÉ ÓÉÍÅÔÒ¦ÊÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ×ÅÌÉÞÉÎ B, D, I , K, L ÑËÆÕÎËÃ¦Ê ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ [1] ÄÌÑ ÐÏÈ¦ÄÎÉÈ ×¦Ä ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ × ÎÕ-ÌØÏ×ÏÍÕ ÐÏÌ¦ ÏÔÒÉÍÁ¤ÍÏ@H=@� =Pi �zB(1) � 1=���i + P<ij>L(1) � �i�2j ; (2.5)@2H=@�2 =Pi zD(2)�2i + P<ij> I(2)�i�j + P<ij>K(2) � �2i �2j ;ÄÅ ×ÅÒÈÎ¦ ¦ÎÄÅËÓÉ × ÐÏÚÎÁÞÅÎÎÑÈ B(1),: : : ×ËÁÚÕÀÔØ ÎÁ ×¦ÄÐÏ×¦ÄÎÉÊÐÏÒÑÄÏË ÐÏÈ¦ÄÎÏ§ × ÎÕÌØÏ×ÏÍÕ ÐÏÌ¦. ÷ ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑÅÆÅËÔÉ×ÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ × ÍÏÄÅÌ¦ ÏÄÎ¦¤§ ÇÒÁÔËÉ (ÍÏÄÅÌØ ÆÅÒÏÍÁÇÎÅ-ÔÉËÁ) ÐÒÉ h = 0 ÍÁÔÉÍÅ ×ÉÇÌÑÄ [2]Ho = NzD^qo + NzI2 (^�o)2 + NzK2 (^qo)2; (2.6)ÄÅ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ ^�o = 1N Pi �i, ^qo = 1N Pi �2i .



3 ðÒÅÐÒÉÎÔ÷¦ÄÐÏ×¦ÄÎÏ ÐÏÈ¦ÄÎ¦ ÚÁ ÐÏÌÅÍ (2.5) × ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑÍÁÔÉÍÕÔØ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄ@Ho=@� = �zB(1) � 1=�� ^�o + NzL(1)2 ^�o^qo; (2.7)@2Ho=@�2 = NzD(2)^qo + NzI(2)2 (^�o)2 + NzK(2)2 (^qo)2;ôÁËÉÍ ÞÉÎÏÍ, ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ × ÎÁÂÌÉÖÅÎÎ¦ ÓÅ-ÒÅÄÎØÏÇÏ ÐÏÌÑ × ÆÏÒÍÕÌÁÈ (2.3) ¦ (2.4) ÎÅÏÂÈ¦ÄÎÏ ×ÉËÏÒÉÓÔÁÔÉ ×ÉÒÁÚÉ(2.6) ¦ (2.7).ðÒÉ ÒÏÚÒÁÈÕÎËÕ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ÚÒÕÞÎÏ ×¦Ä ÒÏÚÒÁÈÕÎ-ËÕ ÓÅÒÅÄÎ¦È ÚÁ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ (2.6), ÝÏ ¤ ÏÐÅÒÁÔÏÒÏÍ ×¦Ä ÓÐ¦ÎÏ×ÉÈÚÍ¦ÎÎÉÈ, ÐÅÒÅÊÔÉ ÄÏ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ ÆÕÎËÃ¦ÏÎÁÌÏÍ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§,×ÉÒÁÚ ÑËÏÇÏ × ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ÏÔÒÉÍÁÎÉÊ × [1]�F = ~I2�2 � ~K2 q2 � ln(2 ch(~I�)e� ~Kq��zD + 1); (2.8)ÄÅ ~I = �z jI j, ~K = �zK, � - ÍÁ¤ ÚÍ¦ÓÔ ÐÁÒÁÍÅÔÒÁ ÆÅÒÏÍÁÇÎ¦ÔÎÏÇÏÐÏÒÑÄËÕ, q - ×ÉÚÎÁÞÁ¤ Ë×ÁÄÒÁÔ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ ×ÕÚÌÏ×Ï§ ÇÒÁÔËÉ.ïÞÅ×ÉÄÎÏ, (2.8) ¤ ÎÁÊÐÒÏÓÔ¦ÛÏÀ ÚÁ ÓÔÒÕËÔÕÒÏÀ ×¦ÌØÎÏÀ ÅÎÅÒÇ¦¤À ×ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ÄÌÑ ÓÐ¦ÎÏ×Ï§ ÓÉÓÔÅÍÉ Ú S = 1, ¦ ÕÚ-ÇÏÄÖÕ¤ÔØÓÑ ¦Ú ËÏÎÃÅÐÃ¦¤À ÏÐÉÓÕ ÔÅÒÍÏÄÉÎÁÍ¦ËÉ ÔÁËÉÈ ÓÉÓÔÅÍ [3].óÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÂÕÄØ-ÑËÏ§ ÆÕÎËÃ¦§ ÓÐ¦ÎÏ×ÉÈ ÚÍ¦ÎÎÉÈ ^�o, ^qo ÍÏÖÎÁ×ÉÚÎÁÞÉÔÉ ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÆÕÎËÃ¦ÏÎÁÌØÎÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (ä1.1),ÝÏ ÐÒÉ×ÅÄÅÎÅ × ÄÏÄÁÔËÕ 1. ðÒÏ×¦×ÛÉ ÎÅÏÂÈ¦ÄÎ¦ ÏÂÞÉÓÌÅÎÎÑ, ÓÐÒÉÊ-ÎÑÔÌÉ×¦ÓÔØ Ó¦ÔËÉ × ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÉÎ ÓÐ¦Î ÐÒÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄ¦~� = �N(1 + zn=2) = ~�o + ~�1; (2.9)ÄÅ ~�o = �z2(1+zn=2)@2 lnZ1(0; 0)=@�2j�=0;~�1 = � �2(1+zn=2) � ~D(2)�q � ~I(2)2 ��2 + ~K(2)2 �q2�+ (2.10)+�N(1 + zn=2)�
m2(�; q)�F � hm(�; q)i2F�++�(1 + zn=2)� 1~K D(@=@qm(�; q))2EF� 1~I D(@=@�m(�; q))2EF� ;ÄÅ m(�; q) = � � �1� ~B(1) � 12 ~L(1)q� =(1 + zn=2) (2.11)
ICMP{97{05U 4- ÍÁ¤ ÚÍ¦ÓÔ ÆÕÎËÃ¦ÏÎÁÌÕ ÓÐÏÎÔÁÎÎÏÇÏ ÍÏÍÅÎÔÕ ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ × ÒÏÚ-ÒÁÈÕÎËÕ ÎÁ ÏÄÉÎ ÓÐ¦Î [1]; ~B(1) = z�B(1); ~L(1) = z�L(1). ôÕÔ ××ÅÄÅÎÏÔÁËÏÖ ÐÏÚÎÁÞÅÎÎÑ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ ÆÕÎËÃ¦ÏÎÁÌÏÍ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ (2.8)h(: : :)iF = 1~Z Z d�dq exp(��NF )(: : :): (2.12)÷ÅÌÉÞÉÎÉ ��, �q ×ÉÚÎÁÞÁÀÔØ Ò¦×ÎÏ×ÁÖÎ¦ ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ¦ Ë×ÁÄÒÁÔÁ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ ¦ ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×É ÅËÓÔÒÅÍÕÍÕ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§�� = 2 sh(~I ��)2 ch(~I ��) + e ~K�q+ ~D ; �q = 2 ch(~I ��)2 ch(~I ��) + e ~K�q+ ~D : (2.13)¶Ú ÓÔÒÕËÔÕÒÉ ÆÏÒÍÕÌÉ (2.10) ×ÉÄÎÏ, ÝÏ ÐÏÑ×Á ÐÅÒÛ¦ ÔÒÉ ÄÏÄÁÎËÉ× ~�1 ÚÕÍÏ×ÌÅÎ¦ ÚÁÌÅÖÎ¦ÓÔÀ ÅÆÅËÔÉ×ÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ×¦ÄÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ, ÎÁÓÔÕÐÎ¦ - ÍÁÀÔØ ÓÔÁÎÄÁÒÔÎÉÊ ×ÉÇÌÑÄ, ÝÏ ×ÉÒÁÖÁ¤Ú×'ÑÚÏË Í¦Ö ÆÌÕËÔÕÁÃ¦ÑÍÉ ÓÐÏÎÔÁÎÎÏÇÏ ÍÏÍÅÎÔÕ ¦ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔÀÍÁÇÎ¦ÔÎÏ§ ÓÉÓÔÅÍÉ [4].æÏÒÍÕÌÉ (2.10) ×ÉÚÎÁÞÁÀÔØ ÛÕËÁÎ¦ ÚÁÌÅÖÎÏÓÔ¦¦ ÂÕÄÕÔØ ×ÉËÏÒÉÓÔÁÎ¦ ÎÉÖÞÅ ÄÌÑ ËÏÎËÒÅÔÎÉÈ ÒÏÚÒÁÈÕÎË¦×. ÷ÉËÏÒÉ-ÓÔÏ×ÕÀÞÉ ÍÅÔÏÄÉËÕ ÇÁÕÓÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê ÐÁÒÁÍÅÔÒ¦× �, q ÎÁ×ËÏÌÏ §ÈÓÅÒÅÄÎ¦È ÚÎÁÞÅÎØ ��, �q [5], ÓËÌÁÄÏ×Õ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ~�1 ÍÏÖÎÁ ÚÁÐÉ-ÓÁÔÉ ÔÁËÏÖ × ÅË×¦×ÁÌÅÎÔÎÏÍÕ ×ÉÇÌÑÄ¦~�1 = � �2(1+zn=2) � ~D(2)�q � ~I(2)2 ��2 + ~K(2)2 �q2�++�(1 + zn=2) � �@=@�m(�; q)�2 �N 
(��)2�G � 1~I�+ (2.14)+�(1 + zn=2) � �@=@qm(�; q)�2 �N 
(�q)2�G + 1~K�++2� � (1 + zn=2)�@=@qm(�; q)��@=@�m(�; q)�N h���qiG :òÉÓËÁ Ú×ÅÒÈÕ ÎÁÄ ×ÅÌÉÞÉÎÁÍÉ × (2.14) ×ËÁÚÕ¤,ÝÏ §È ÚÎÁÞÅÎÎÑ ÂÅÒÕÔØ-ÓÑ ÄÌÑ Ò¦×ÎÏ×ÁÖÎ¦È ��, �q. úÁÇÁÌØÎ¦ ÆÏÒÍÕÌÉ ÏÂÞÉÓÌÅÎÎÑ ÆÌÕËÔÕÁÃ¦Ê×ÅÌÉÞÉÎ �, q ÚÁ ÇÁÕÓÏ×ÉÍ ÒÏÚÐÏÄ¦ÌÏÍ ÐÒÉ×ÅÄÅÎ¦ × ÄÏÄÁÔËÕ 2.3. ôÅÐÌÏ¤ÍÎ¦ÓÔØôÅÐÌÏ¤ÍÎ¦ÓÔØ ×ÉÚÎÁÞÉÍÏ ÑË ÐÏÈ¦ÄÎÕ ÚÁ ÔÅÍÐÅÒÁÔÕÒÏÀ ×¦Ä ÓÅÒÅÄÎØÏ§ÅÎÅÒÇ¦§ C = @U=@T; U = kBT 2@ lnZ=@T;C = kB@=@TT 2@ lnZ=@T: (3.1)



5 ðÒÅÐÒÉÎÔáÎÁÌÏÇ¦ÞÎÏ, ÑË ¦ × ÐÏÐÅÒÅÄÎØÏÍÕ ×ÉÐÁÄËÕ ÐÒÅÄÓÔÁ×ÉÍÏ ÑË ÓÕÍÕ Ä×ÏÈÓËÌÁÄÏ×ÉÈC = Co + C1; (3.2)ÄÅ Co - ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ÓÉÓÔÅÍÉ ÎÅ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖË¦×,C1 - ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ×ÕÚÌÏ×Ï§ Ð¦ÄÓÉÓÔÅÍÉ. ð¦ÓÌÑ ÏÂÞÉÓÌÅÎÎÑ ÐÏÈ¦ÄÎÉÈÚÁ ÔÅÍÐÅÒÁÔÕÒÏÀ ÏÄÅÒÖÉÍÏC1 = D ^�T (��H)EH + T 2 
(@=@T (��H))2�H�T 2 h@=@T (��H)i2H ; (3.3)ÄÅ ××ÅÄÅÎÏ ÐÏÚÎÁÞÅÎÎÑ ^�T = @=@T � T 2 � @=@T , ÕÓÅÒÅÄÎÅÎÎÑ × (3.3)×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÇ¦ÄÎÏ ÆÏÒÍÕÌÉ (2.4). ïÞÅ×ÉÄÎÏ, ÝÏ ÐÏÑ×Á ÐÅÒÛÏÇÏ ÄÏ-ÄÁÎËÕ × (3.3) ÚÕÍÏ×ÌÅÎÁ ÚÁÌÅÖÎ¦ÓÔÀ ÅÆÅËÔÉ×ÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ×¦Ä ÔÅÍ-ÐÅÒÁÔÕÒÉ, ÎÁÓÔÕÐÎ¦ ÍÁÀÔØ ÔÉÐÏ×Õ ÓÔÒÕËÔÕÒÕ, ÝÏ ×ÉÒÁÖÁ¤ Ú×'ÑÚÏËÔÅÐÌÏ¤ÍÎÏÓÔ¦ ¦Ú ÆÌÕËÔÕÁÃ¦¤À ÅÎÅÒÇ¦§ [4]. ð¦ÓÌÑ ÁÎÁÌÏÇ¦ÞÎÉÈ ÐÅÒÅÔ×Ï-ÒÅÎØ, ÏÐÉÓÁÎÉÈ × Ð.2 ÄÌÑ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ Ó¦ÔËÉ × ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÉÎÓÐ¦Î ÎÁÓÔÕÐÎ¦ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÎÁÓÔÕÐÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑc = CN(1 + zn=2) = co + c1; (3.4)ÄÅ co=kB = z=2(1 + zn=2) ^�T � lnZ1(0; 0); (3.5)c1=kB = �@=@T � T 2 ~H(��; �q)(1 + zn=2) ++ T 2(1 + zn=2) �@=@� ~H(�; q)�2�N 
(��)2�G � 1~I�++ T 2(1 + zn=2) �@=@q ~H(�; q)�2�N 
(�q)2�G + 1~K�+ (3.6)+ 2T 2(1 + zn=2) �@=@� ~H(�; q)��@=@q ~H(�; q)�N h���qiG :ôÕÔ ××ÅÄÅÎÏ ÎÁÓÔÕÐÎÅ ÐÏÚÎÁÞÅÎÎÑ~H(��; �q) = ~D0�q � ~I 02 ��2 + ~K 02 �q2: (3.7)ûÔÒÉÈÉ × (3.7) ÏÚÎÁÞÁÀÔØ ÐÏÈ¦ÄÎÕ ÚÁ ÔÅÍÐÅÒÁÔÕÒÏÀ.
ICMP{97{05U 64. åÎÔÒÏÐ¦ÑåÎÔÒÏÐ¦À ×ÉÚÎÁÞÉÍÏ ÑË ÐÏÈ¦ÄÎÕ ×¦Ä ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÚÁ ÔÅÍÐÅÒÁÔÕÒÏÀ¦ ÔÁËÏÖ ÚÁÐÉÛÅÍÏ Õ ×ÉÇÌÑÄ¦ ÓÕÍÉ Ä×ÏÈ ÄÏÄÁÎË¦×S = So + S1; (4.1)ÄÅ So=NkB = z2@=@T (T lnZ1(0; 0)); (4.2)S1=NkB = �~I ��2 + ~K�q2 + ~D�q + ln(2 ch(~I ��)e� ~K�q� ~D + 1) ++(�zD0�q)=kB + zjIj02kB ��2 � zK02kB �q2; (4.3)ÄÅ So - ÅÎÔÒÏÐ¦Ñ ÓÉÓÔÅÍÉ ÎÅÚ×'ÑÚÁÎÉÈ ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖË¦×, S1 - ÅÎ-ÔÒÏÐ¦Ñ ×ÕÚÌÏ×Ï§ Ð¦ÄÓÉÓÔÅÍÉ. æÏÒÍÕÌÉ (4.2) ¦ (4.3) ×ÉÚÎÁÞÁÀÔØ ÓËÌÁ-ÄÏ×¦ ÅÎÔÒÏÐ¦Ê × ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÉÎ ×ÕÚÏÌ Ó¦ÔËÉ. ðÅÒÛ¦ ÞÏÔÉÒÉ ÄÏ-ÄÁÎËÉ × (4.3) ÍÁÀÔØ ÓÔÁÎÄÁÒÔÎÉÊ ×ÉÇÌÑÄ ÄÌÑ ÔÅÏÒ¦§ ÓÅÒÅÄÎØÏÇÏ ÐÏ-ÌÑ, ÐÏÑ×Á ÏÓÔÁÎÎ¦È ÐÏ×'ÑÚÁÎÁ ¦Ú ÚÁÌÅÖÎ¦ÓÔÀ ÅÆÅËÔÉ×ÎÉÈ ÐÁÒÁÍÅÔÒ¦×ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ.5. ïÂÇÏ×ÏÒÅÎÎÑ ÒÅÚÕÌØÔÁÔ¦×ïÔÒÉÍÁÎ¦ ×ÉÝÅ × Ð.2-4 ÚÁÇÁÌØÎ¦ ×ÉÒÁÚÉ ÏÐÉÓÕÀÔØ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔØ,ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ¦ ÅÎÔÒÏÐ¦À ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ × ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏ-ÌÑ. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÅÆÅËÔÉ×Î¦ ×ÚÁ¤ÍÏÄ¦§ ÍÏÄÅÌ¦, ÑË¦ ÒÏÚÒÁÈÏ×ÁÎ¦ ×[1], Á ÔÁËÏÖ ÒÏÚ×'ÑÚËÉ Ò¦×ÎÑÎØ (2.13), ÍÏÖÎÁ ÄÏÓÌ¦ÄÉÔÉ §È ÚÁÌÅÖÎÏÓÔØ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ¦ ÄÏ×ÖÉÎÉ ÌÁÎËÉ ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ. ïÞÅ×ÉÄÎÏ, ÝÏ ÐÒÏ-×ÅÓÔÉ ÔÁËÉÊ ÁÎÁÌ¦Ú × ÛÉÒÏËÉÈ ÍÅÖÁÈ ÚÍ¦ÎÉ ÐÁÒÁÍÅÔÒ¦× ÍÏÖÎÁ ÌÉÛÅÞÉÓÅÌØÎÉÍÉ ÍÅÔÏÄÁÍÉ. íÉ ÏÓÎÏ×ÎÕ Õ×ÁÇÕ ÚÏÓÅÒÅÄÉÍÏ ÎÁ ×É×ÞÅÎÎ¦ÐÏ×ÅÄ¦ÎËÉ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê × ÏÂÌÁÓÔ¦ ÎÉÚØËÏ§ ¦ ËÒÉÔÉÞÎÏ§ÔÅÍÐÅÒÁÔÕÒ.5.1. ïÂÌÁÓÔØ ÎÉÚØËÉÈ ÔÅÍÐÅÒÁÔÕÒúÁ ÍÅÔÏÄÏÍ ÒÏÂÏÔÉ [1] ÍÏÖÎÁ ÐÏËÁÚÁÔÉ, ÝÏ ÐÒÉ T ! 0 Ú ÔÏÞÎ¦ÓÔÀ ÄÏÞÌÅÎ¦× Ë×ÁÄÒÁÔÉÞÎÉÈ ÚÁ ÐÏÌÅÍ � �2 ÍÁ¤ Í¦ÓÃÅ ÎÁÂÌÉÖÅÎÁ Ò¦×Î¦ÓÔØZ1(0; 0) � (2 + n2�2)an�1: (5.1)îÁ ÏÓÎÏ×¦ (5.1) ÏÔÒÉÍÕ¤ÍÏ, ÁÓÉÍÐÔÏÔÉËÕ ÓËÌÁÄÏ×Ï§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦~�o ÐÒÉ T ! 0~�o � � zn2=21 + zn=2 : (5.2)



7 ðÒÅÐÒÉÎÔúÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ � 1=T ¤ ÈÁÒÁËÔÅÒÎÏÀ ÄÌÑ ÏÄÎÏ×ÉÍ¦Ò-ÎÉÈ ¦ÚÉÎÇ¦×ÓØËÉÈ ÆÅÒÏÍÁÇÎÅÔÉË¦×, ÐÏÑ×Á Ö Ë×ÁÄÒÁÔÉÞÎÏ§ ÚÁÌÅÖÎÏÓÔ¦×¦Ä ×¦Ä ÞÉÓÌÁ ÓÐ¦Î¦× × ÌÁÎÃÀÖËÕ, ÝÏ ÎÅ ÕÚÇÏÄÖÕ¤ÔØÓÑ ¦Ú ÔÅÒÍÏÄÉ-ÎÁÍ¦ÞÎÉÍ ÇÒÁÎÉÞÎÉÍ ÐÅÒÅÈÏÄÏÍ n ! 1 (ÄÌÑ ÎÅÓË¦ÎÞÅÎÎÏ ÄÏ×ÇÉÈÌÁÎÃÀÖË¦×) ¤ ÎÁÓÐÒÁ×Ä¦ ÔÕÔ ÔÉÍÞÁÓÏ×ÉÍ Ñ×ÉÝÅÍ, ÏÓË¦ÌØËÉ, ÑË ÂÕÄÅÐÏËÁÚÁÎÏ ÄÁÌ¦, ÃÅÊ ÄÏÄÁÎÏË ËÏÍÐÅÎÓÕ¤ÔØÓÑ ×¦ÄÐÏ×¦ÄÎÉÍÉ ÞÌÅÎÁÍÉ ×~�1. òÏÚÇÌÑÎÅÍÏ Ú Ã¦¤À ÍÅÔÏÀ ×ÎÅÓÏË ÐÅÒÛÉÈ ÔÒØÏÈ ÄÏÄÁÎË¦× × (2.14)× ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÐÒÉ T ! 0. ðÏ×ÅÄ¦ÎËÕ ÐÏÈ¦ÄÎÉÈ ÄÒÕÇÏÇÏ ÐÏÒÑÄ-ËÕ ×¦Ä ÅÆÅËÔÉ×ÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê × ÎÕÌØÏ×ÏÍÕ ÐÏÌ¦ × ÏÂÌÁÓÔ¦ ÎÉÚØËÉÈÔÅÍÐÅÒÁÔÕÒ ÍÏÖÎÁ ÏÃ¦ÎÉÔÉ ÚÁ ÍÅÔÏÄÏÍ [1], ¦ ×ÏÎÉ ÍÁÀÔØ ÎÁÓÔÕÐÎÉÊ×ÉÇÌÑÄ �D(2) � (n2 � a); �I(2) � n(n+1)6 � na28 ;�K(2) � �n(n+1)6 � n2 + 2a� na28 : (5.3)÷ÒÁÈÏ×ÕÀÞÉ ÆÏÒÍÕÌÉ (5.3) ÎÅ×ÁÖËÏ ÐÏËÁÚÁÔÉ, ÝÏ × ÓÕÍ¦ Ú ~�o ×ÎÅÓÏËÚÇÁÄÁÎÉÈ ÄÏÄÁÎË¦× ÐÒÉ T ! 0 ÂÕÄÅ ÎÁÓÔÕÐÎÉÍ� znzn+ 2 �2a24 ; (5.4)ÄÅ a = exp(�"=kBT ), " - ÏÂÍ¦ÎÎÁ ×ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁ-ÍÉ × ÓÐ¦ÎÏ×ÏÍÕ ÌÁÎÃÀÖËÕ. ïÔÖÅ, ÍÉ ÏÔÒÉÍÕ¤ÍÏ ÐÒÁ×ÉÌØÎÕ ÔÅÒÍÏ-ÄÉÎÁÍ¦ÞÎÕ ÐÏ×ÅÄ¦ÎËÕ × ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÉÎ ÓÐ¦Î ÓÉÓÔÅÍÉ ¦ ×ÅÌÉÞÉÎÁ(5.4) ÐÒÉ ×ÅÌÉËÉÈ n ×¦Ä n ÐÒÁËÔÉÞÎÏ ÎÅ ÚÁÌÅÖÉÔØ. ôÁËÉÍ ÞÉÎÏÍ, ÎÅ-Ú×ÁÖÁÀÞÉ, ÎÁ ÐÅÒÛÉÊ ÐÏÇÌÑÄ, ÎÁ ÓÔÒÕËÔÕÒÕ ÓÔÁÔÓÕÍÉ Ó¦ÔËÉ (1.1) ÈÁ-ÒÁËÔÅÒÎÉÊ ×ÎÅÓÏË ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖË¦× × ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ � 1=T ×¦Ä-ÓÕÔÎ¦Ê. ïÞÅ×ÉÄÎÏ, ÃÅ ÐÏ×'ÑÚÁÎÅ Ú ÔÉÍ, ÝÏ ÓÐ¦ÎÏ×¦ ÌÁÎÃÀÖËÉ Ú×'ÑÚÁÎ¦× Ó¦ÔËÕ.òÏÚÇÑÎÅÍÏ ÐÏ×ÅÄ¦ÎËÕ ÆÌÕËÔÕÁÃ¦ÊÎÏ§ ÞÁÓÔÉÎÉ ÍÁÇÎ¦ÔÎÏ§ ÓÐÒÉÊ-ÎÑÔÌÉ×ÏÓÔ¦ ÐÒÉ T ! 0. úÏËÒÅÍÁ, ÍÁ¤ÍÏ@=@�m(�; q) � 1 + zn=21+zn=2 (1� ��);@=@qm(�; q) � � zn=21+zn=2 : (5.5)äÌÑ ×ÉÚÎÁÞÅÎÎÑ ÁÓÉÍÐÔÏÔÉËÉ Ë×ÁÄÒÁÔÉÞÎÉÈ ÆÌÕËÔÕÁÃ¦Ê ÐÁÒÁÍÅÔÒ¦×�; q (2.14), ÓËÏÒÉÓÔÁÔ¤ÍÏÓØ ÁÓÉÍÐÔÏÔÉËÏÀ ÍÁÔÒÉÃ¦ Ë×ÁÄÒÁÔÉÞÎÏ§ ÆÏÒ-ÍÉ, ÝÏ ÐÒÉ×ÅÄÅÎÁ × ÄÏÄÁÔËÕ 3. îÁ ÏÓÎÏ×¦ ÆÏÒÍÕÌ (5.5), (ä2.1), (ä3.2)ÍÏÖÎÁ ÐÏËÁÚÁÔÉ, ÝÏ ÆÌÕËÔÕÁÃ¦ÊÎÁ ÓËÌÁÄÏ×Á ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ × ~�1ÐÒÉ T ! 0 ÍÁÔÉÍÅ × ÇÏÌÏ×ÎÏÍÕ ÐÏÒÑÄËÕ ×ÉÚÎÁÞÁ¤ÔØÓÑ ×ÉÒÁÚÏÍ� �1 + zn=2(1� ��); (5.6)
ICMP{97{05U 8ÝÏ ÚÇ¦ÄÎÏ ÐÒÉÊÎÑÔÏ§ ÔÅÒÍ¦ÎÏÌÏÇ¦§ [4], ÏÚÎÁÞÁ¤ ÐÏÄÁ×ÌÅÎ¦ÓÔØ ÆÌÕË-ÔÕÁÃ¦Ê. ¶Ú ÒÏÚ×'ÑÚËÕ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (2.13) ÍÏÖÎÁ ×ÓÔÁÎÏ×ÉÔÉ, ÝÏÁÓÉÍÐÔÏÔÉËÁ �� ÐÒÉ T ! 0 ÍÁ¤ ×ÉÇÌÑÄ�� � 1� 12 exp( ~K � ~I + ~D) � 1� az=2: (5.7)ú×ÅÒÎÅÍÏ Õ×ÁÇÕ ÎÁ ×¦ÄÍ¦ÎÎ¦ÓÔØ Í¦Ö ÆÏÒÍÕÌÁÍÉ (5.4) ¦ (5.6) ÐÏ×'ÑÚÁÎÕ¦Ú ÚÁÌÅÖÎ¦ÓÔÀ ×¦Ä ÞÉÓÌÁ ÓÐ¦Î¦× × ÌÁÎÃ¦ n. ¶Ú (5.6) ×ÉÐÌÉ×Á¤, ÝÏ ÃÑÓËÌÁÄÏ×Á ÐÒÏÐÏÒÃ¦ÊÎÁ ÌÉÛÅ ÄÏ ÞÉÓÌÁ ×ÕÚÌÏ×ÉÈ ÓÐ¦Î¦×, ¦ ÐÒÉ ×ÅÌÉ-ËÉÈ n §§ ×ËÌÁÄ ÐÏÒ¦×ÎÑÎÏ Ú (5.4) ÎÅÚÎÁÞÎÉÊ. äÒÕÇÉÊ ÆÁËÔÏÒ, ÑËÉÊÐÏÓÌÁÂÌÀ¤ ×ËÌÁÄ ÆÌÕËÔÕÁÃ¦ÊÎÏÇÏ ÞÌÅÎÁ ÐÒÉ ÎÉÚØËÉÈ ÔÅÍÐÅÒÁÔÕÒÁÈÐÏÒ¦×ÎÑÎÏ Ú (5.4) -ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä a Õ ×ÉÝ¦Ê ÓÔÅÐÅÎ¦ (z > 2).òÏÚÇÌÑÎÅÍÏ ÐÏ×ÅÄ¦ÎËÕ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÐÒÉ ÎÉÚØËÉÈ ÔÅÍÐÅÒÁÔÕÒÁÈ.÷ËÌÁÄ ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖË¦× ÍÏÖÎÁ ÏÃ¦ÎÉÔÉ ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÁÓÉÍ-ÐÔÏÔÉËÕ ÔÒÁÎÓÆÅÒÍÁÔÒÉÃ¦ × ÎÕÌØÏ×ÏÍÕ ÐÏÌ¦, ÚÏËÒÅÍÁ ¦Ú (5.1) ÏÔÒÉ-ÍÕ¤ÍÏ (n � 2)Z1(0; 0) � 2=an�1: (5.8)îÁ ÏÓÎÏ×¦ (5.8) ÎÅ×ÁÖËÏ ÐÏËÁÚÁÔÉ, ÝÏ co ! 0 ÐÒÉ T ! 0. äÌÑ ×ÉÚÎÁ-ÞÅÎÎÑ ÇÏÌÏ×ÎÏÇÏ ÞÌÅÎÁ ÁÓÉÍÐÔÏÔÉËÉ co, ÎÅÏÂÈ¦ÄÎÏ ÚÎÁÊÔÉ ÎÁÓÔÕÐÎÉÊÄÏ (5.8) ÞÌÅÎ ÒÏÚËÌÁÄÕ Z1(0; 0) × ÏÂÌÁÓÔ¦ ÎÉÚØËÉÈ ÔÅÍÐÅÒÁÔÕÒ. ð¦-ÓÌÑ ÎÅÓËÌÁÄÎÉÈ Ð¦ÄÒÁÈÕÎË¦×, ÑË¦ ÍÉ ÏÐÕÓËÁ¤ÍÏ, ÏÔÒÉÍÁ¤ÍÏ, ÝÏ ÐÒÉT ! 0 ÔÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ Ã¦¤§ ÓËÌÁÄÏ×Ï§ ÎÁÂÌÉÖÅÎÏ ×ÉÚÎÁ-ÞÁ¤ÔØÓÑ ×ÉÒÁÚÏÍco=kB � zn=2(1 + zn=2)( z"kBT )2 exp(�"=kBT ): (5.9)ôÏÂÔÏ, ÍÉ ÏÔÒÉÍÁÌÉ ÐÒÁ×ÉÌØÎÕ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ÚÁ ÞÉÓÌÏÍÓÐ¦Ð¦× × ÌÁÎÃ¦ n, ÐÒÏ ÝÏ ×ÖÅ ÚÇÁÄÕ×ÁÌÏÓØ ×ÉÝÅ. äÌÑ ÁÓÉÍÐÔÏÔÉËÉ c1(3.6), ×ÉÈÏÄÑÞÉ Ú ÔÏÇÏ, ÝÏ~D0 � z"kBT 2 ; ~I 0 � � z"kBT 2 ; ~K 0 � � z"kBT 2 ;@=@� ~H(�; q) = �~I 0�� � z"kBT 2 ; (5.10)@=@q ~H(�; q) = ~D0 + ~K 0�q � z"kBT 2 (1� ��);ÍÏÖÎÁ ÏÔÒÉÍÁÔÉc1=kB � 32(1 + zn=2)( z"kBT )2 exp(�z"=kBT ): (5.11)ðÏÑ×Á ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä n × ÚÎÁÍÅÎÎÉËÕ (5.11) ÏÚÎÁÞÁ¤, ÑË ¦ × ÐÏÐÅÒÅÄ-ÎØÏÍÕ ×ÉÐÁÄËÕ, ÝÏ ÃÑ ÓËÌÁÄÏ×Á ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ ÐÒÏÐÏÒ-Ã¦ÊÎÁ ÞÉÓÌÕ ×ÕÚÌÏ×ÉÈ ÓÐ¦Î¦×N .ðÅÒÅ×ÁÖÁÀÞÉÊ ×ËÌÁÄ × ÔÅÐÌÏ¤ÍÎ¦ÓÔØÐÒÉ T ! 0, ÑË ×ÉÄÎÏ ¦Ú ÐÏÒ¦×ÎÑÎÎÑ (5.9) ¦ (5.11) ×ÎÏÓÉÔØ ÓËÌÁÄÏ×Á co.



9 ðÒÅÐÒÉÎÔäÌÑ ÅÎÔÒÏÐ¦§, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÚÎÁÞÅÎÎÑ ÁÓÉÍÐÔÏÔÉË ×ÅÌÉÞÉÎD; I;K ÐÒÉ T ! 0 [1], ÎÅ×ÁÖËÏ ÐÏËÁÚÁÔÉ, ÝÏ ÓÕÍÁ ÔÒØÏÈ ÏÓÔÁÎÎ¦ÈÄÏÄÁÎË¦× × (3.3) ÐÒÑÍÕ¤ ÄÏ ÎÕÌÑ ¦ × Ã¦ÌÏÍÕ S1 ! 0 ÐÒÉ T ! 0. çÏ-ÌÏ×ÎÉÊ ÞÌÅÎ ÁÓÉÍÐÔÏÔÉËÉ ÐÒÉ ÃØÏÍÕ ÍÁ¤ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄS1=NkB � �z"(1� ��) � z"2kBT exp(�z"=kBT ): (5.12)ôÏÂÔÏ, ÍÉ ÏÔÒÉÍÁÌÉ ÐÒÁ×ÉÌØÎÕ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ¦ Ú (5.12)×ÉÐÌÉ×Á¤ ÔÁËÏÖ, ÝÏ ÃÑ ÓËÌÁÄÏ×Á ÁÓÉÍÔÏÔÉËÉ ÐÒÏÐÏÒÃ¦ÊÎÁ ÞÉÓÌÕ ×Õ-ÚÌÏ×ÉÈ ÓÐ¦Î¦× × ÓÉÓÔÅÍ¦. ú'ÑÓÕ¤ÍÏ ÐÏ×ÅÄ¦ÎËÕ So (3.4), ÝÏ ÐÏ×'ÑÚÁÎÁ ¦Ú×ËÌÁÄÏÍ ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖË¦× ÐÒÉ T ! 0. úÎÏ×Õ Ö ÔÁËÉ ×ÉËÏÒÉÓÔÏ-×ÕÀÞÉ ÁÓÉÍÐÔÏÔÉËÕ ÔÒÁÎÓÆÅÒ ÍÁÔÒÉÃ¦ [1] ÏÔÒÉÍÁ¤ÍÏ ÄÌÑ n � 2So=kBN � z2@=@T � T (ln 2 + (n� 1)"=kBT ) = z2 ln 2: (5.13)äÌÑ n = 1 ×¦ÄÐÏ×¦ÄÎÏ ÍÁÔÉÍÅÍÏ So=kBN = z2 ln 3 (ÄÅÔÁÌØÎ¦ÛÅ ÐÒÏÃÅ [1]). ¶ÓÎÕ×ÁÎÎÑ ÚÁÌÉÛËÏ×Ï§ ÅÎÔÒÏÐ¦§ ÐÏ×'ÑÚÁÎÅ ¦Ú ×ÉÒÏÄÖÅÎÎÑÍ ¦×¦ÄÏÍÅ ÔÁËÏÖ × ÔÅÏÒ¦§ ÄÅËÏÒÏ×ÁÎÉÈ ÇÒÁÔÏË [6]. ä¦ÊÓÎÏ, ÔÁËÅ ×ÉÒÏ-ÄÖÅÎÎÑ ÚÁ×ÖÄÉ ÐÒÉÓÕÔÎ¤ ÐÒÉ ÔÏÞÎÏÍÕ ÒÏÚ×'ÑÚËÕ ÏÄÎÏ×ÉÍ¦ÒÎÏ§ ÚÁ-ÄÁÞ¦ (ÄÏ ÚÄ¦ÊÓÎÅÎÎÑ ÇÒÁÎÉÞÎÏÇÏ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏÇÏ ÐÅÒÅÈÏÄÕ). ÷ ÔÅÒ-Í¦ÎÁÈ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÔÒÁÎÓÆÅÒÍÁÔÒÉÃ¦, ÃÅ ÏÚÎÁÞÁ¤, ÝÏ ÍÁËÓÉÍÁÌØ-ÎÅ ×ÌÁÓÎÅ ÚÎÁÞÅÎÎÑ ¤ ×ÉÒÏÄÖÅÎÉÍ ÐÒÉ T ! 0 [7]. ðÒÉ ÒÏÚÇÌÑÄ¦ ÎÅ-ÓË¦ÎÞÅÎÏ ÄÏ×ÇÉÈ ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖË¦× ÃÉÍ ×ÉÒÏÄÖÅÎÎÑÍ Ú×ÉÞÁÊÎÏÎÅÈÔÕÀÔØ, ÏÓË¦ÌØËÉ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÌÉÛÅ ÍÁËÓÉÍÁÌØÎÅ ×ÌÁÓÎÅ ÚÎÁ-ÞÅÎÎÑ [7]. ¶Ú (5.13) ×ÉÄÎÏ ÔÁËÏÖ, ÝÏ × ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÉÎ ÓÐ¦Î Ó¦ÔËÉSo ! 0 ÐÒÉ n!1. ôÁËÉÍ ÞÉÎÏÍ × ÓÅÎÓ¦ ÐÒÁ×ÉÌØÎÏ§ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏ§ÐÏ×ÅÄ¦ÎËÉ ÅÎÔÒÏÐ¦§ ÍÏÄÅÌØ ¤ Æ¦ÚÉÞÎÏ ËÏÎÓÔÒÕËÔÉ×ÎÏÀ. ôÕÔ ×¦ÄÓÕÔÎ¦¦ÎÛ¦ Æ¦ÚÉÞÎ¦ ÎÅÄÏÌ¦ËÉ, ÝÏ ÐÒÉÔÁÍÁÎÎ¦ ÄÅÑËÉÍ ÍÏÄÅÌÑÍ ÎÁ ÄÅËÏÒÏ×Á-ÎÉÈ ÇÒÁÔËÁÈ [6].ð¦ÄÓÕÍÏ×ÕÀÞÉ, ×¦ÄÚÎÁÞÉÍÏ, ÝÏ ÓËÌÁÄÏ×¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎË-Ã¦Ê (5.6), (5.11), (5.12), ÝÏ ÐÏ×'ÑÚÁÎ¦ ¦Ú ËÏÏÐÅÒÁÔÉ×ÎÉÍÉ ×ÌÁÓÔÉ×Ï-ÓÔÑÍÉ ÓÉÓÔÅÍÉ, ÐÒÏÐÏÒÃ¦ÊÎ¦ ÞÉÓÌÕ ×ÕÚÌÏ×ÉÈ ÓÐ¦Î¦× N Ó¦ÔËÉ. îÁ ÃÀÏÓÏÂÌÉ×¦ÓÔØ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ × ÓÐ¦ÎÏ×¦Ê Ó¦ÔÃ¦, ÎÁ ÎÁÛ ÐÏÇÌÑÄ, ÎÅÂÕÌÏ Ú×ÅÒÎÕÔÏ ÄÏÓÔÁÔÎØÏ§ Õ×ÁÇÉ ÑË [6], ÄÅ ÒÏÚÇÌÑÄÁÌÁÓØ ÍÏÄÅÌØ ÄÉÓ-ÌÏËÁÃ¦ÊÎÏÇÏ ÆÅÒÏÍÁÇÎÅÔÉËÁ, ÔÁË ¦ × ÔÅÏÒ¦§ ÄÅËÏÒÏ×ÁÎÉÈ ÒÅÛ¦ÔÏË [9].5.2. ëÒÉÔÉÞÎÁ ÏÂÌÁÓÔØ÷ÉÈÏÄÑÞÉ ¦Ú ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (2.13) ÐÒÏÁÎÁÌ¦ÚÕ¤ÍÏ ÐÏ×ÅÄ¦ÎËÕ ÐÁÒÁ-ÍÅÔÒ¦× ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ��; �q × ËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦. îÅÏÂÈ¦ÄÎ¦ ÒÅÚÕÌØ-ÔÁÔÉ ÐÒÉ×ÅÄÅÎ¦ × ÄÏÄÁÔËÕ 4 ¦ ¤ ÈÁÒÁËÔÅÒÎÉÍÉ ÄÌÑ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ.úÁÕ×ÁÖÉÍÏ, ÝÏ ÄÌÑ ÍÏÄÅÌ¦ ¶ÚÉÎÇÁ ÄÌÑ ÇÒÁÔËÉ ÚÎÁÊÄÅÎ¦ ÁÍÐÌ¦ÔÕÄÉ
ICMP{97{05U 10ÐÁÒÁÍÅÔÒ¦× ÐÅÒÅÈÏÄÑÔØ Õ ÎÁÓÔÕÐÎ¦ Ac ! 8=3, q(�)1 ! 2=3, q(+)1 ! 0.ôÏÂÔÏ ÍÏÖÎÁ ÓËÁÚÁÔÉ, ÝÏ Õ ×ÉÐÁÄËÕ Ó¦ÔËÉ ÍÁ¤ Í¦ÓÃÅ ÚÇÌÁÄÖÅÎÎÑÚÌÁÍÕ × ÔÅÍÐÅÒÁÔÕÒÎ¦Ê ÚÁÌÅÖÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ �q × ËÒÉÔÉÞÎ¦Ê ÔÏÞÃ¦.îÁ ÏÓÎÏ×¦ ÏÔÒÉÍÁÎÉÈ ×ÉÒÁÚ¦× (ä4.1), (ä4.3) ÍÏÖÎÁ ÄÏÓÌ¦ÄÉÔÉ ÆÌÕË-ÔÕÁÃ¦§ ÐÁÒÁÍÅÔÒ¦× ��; �q × ËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦, ÒÅÚÕÌØÔÁÔÉ ÐÒÉ×ÅÄÅÎ¦ ×ÄÏÄÁÔËÕ 5.îÁ ÏÓÎÏ×¦ ×ÉÒÁÚ¦× ÄÏÄÁÔË¦× 2 ¦ 5 ÌÅÇËÏ ×ÓÔÁÎÏ×ÉÔÉ, ÝÏ ÐÒÉ Ð¦ÄÈÏÄ¦ÄÏ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ (� ! 0) ÑË × ÏÂÌÁÓÔ¦ ÆÅÒÏÍÁÇÎ¦ÔÎÏ§, ÔÁË ¦ ÐÁÒÁ-ÍÁÇÎ¦ÔÎÏ§ ÆÁÚ, ÏÓÎÏ×ÎÉÊ ×ÎÅÓÏË × ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÄÁ¤ ÓËÌÁÄÏ×Á, ÝÏÐÏ×'ÑÚÁÎÁ ¦Ú ÆÌÕËÔÕÁÃ¦¤À ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ��~�1 � �(1 + zn=2)�@=@�m(�; q)�2N 
(��)2�G ; (5.14)ÑËÁ ÒÏÚÂ¦ÇÁÀÔØÓÑ ÑË ��1, ÝÏ ¤ ÔÉÐÏ×ÉÍ ÄÌÑ ÔÅÏÒ¦§ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ.÷Ó¦ ¦ÎÛ¦ ÓËÌÁÄÏ×¦ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ (2.14), ÝÏ ÔÁËÏÖ ÌÅÇËÏ ×ÓÔÁÎÏ-×ÉÔÉ ¦Ú ×¦ÄÐÏ×¦ÄÎÉÈ ÆÏÒÍÕÌ ä.4 ¦ ä.5 ¤ ÓË¦ÎÞÅÎÎÉÍÉ × ËÒÉÔÉÞÎ¦ÊÔÏÞÃ¦. äÌÑ ×¦ÄÎÏÛÅÎÎÑ ÁÍÐÌ¦ÔÕÄ ÓËÌÁÄÏ×Ï§ (5.14) ×ÉÝÅ ¦ ÎÉÝÅ ÔÏÞËÉÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×¦ÄÐÏ×¦ÄÎÏ ÏÔÒÉÍÕ¤ÍÏ~�(+)1 =~�(�)1 � det(�)ac22 � 1a(+)11 ; (5.15)ÄÅ ÚÍ¦ÓÔ ×Ó¦È ÐÏÚÎÁÞÅÎØ ×ÉÚÎÁÞÅÎÉÊ × ä.5.ú ÆÏÒÍÕÌ (5.15), ÚÄ¦ÊÓÎÉ×ÛÉ ÇÒÁÎÉÞÎÉÊ ÐÅÒÅÈ¦Ä ÄÏ ÇÒÁÔËÉ (n !0), ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ, ÝÏ ÃÅ ×¦ÄÎÏÛÅÎÎÑ ÄÏÒ¦×ÎÀ¤ 2 [7]. õ ×ÉÐÁÄËÕÓ¦ÔËÉ ÔÁËÅ ×¦ÄÎÏÛÅÎÎÑ ÁÍÐÌ¦ÔÕÄ ¤ ÓËÌÁÄÎÏÀ ÆÕÎËÃ¦¤À ÐÁÒÁÍÅÔÒ¦×ÍÏÄÅÌ¦. úÁÌÅÖÎ¦ÓÔØ ×¦Ä ÄÏ×ÖÉÎÉ ÓÐ¦ÎÏ×Ï§ ÌÁÎËÉ n ÚÎÁÊÄÅÎÁ ÞÉÓÅÌØ-ÎÉÍÉ ÒÏÚÒÁÈÕÎËÁÍÉ ÐÒÉ×ÅÄÅÎÁ ÎÁ ÒÉÓ.1. ýÏÄÏ ÐÏ×ÅÄ¦ÎËÉ ÔÅÐÌÏ¤Í-ÎÏÓÔ¦, ÔÏ ÑË ×¦ÄÏÍÏ [7] × ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ×ÏÎÁ × ËÒÉÔÉÞ-Î¦Ê ÔÏÞÃ¦ ÔÅÒÐÉÔØ ÓË¦ÎÞÅÎÎÉÊ ÒÏÚÒÉ×. ÷¦ÄÐÏ×¦ÄÎÏ ¦Ú ÆÏÒÍÕÌÉ (3.6)ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ ÓÔÒÉÂÏË ÔÅÐÌÏ¤ÍÎÏÓÔ¦ × ËÒÉÔÉÞÎ¦Ê ÔÏÞÃ¦, ÝÏ ÚÕÍÏ-×ÌÅÎÉÊ ÆÌÕËÔÕÁÃ¦ÑÍÉ ÐÁÒÁÍÅÔÒ¦× ÍÏÄÅÌ¦ ¦ ×¦Î ×ÉÚÎÁÞÁ¤ÔØÓÑ ×ÉÒÁÚÏÍ�c1=kB = T 2c(1 + zn=2)�(~I 0c)2Ac ac22det(�) + 2~I 0c( ~D0c + (5.16)~K 0c=~Ic)pAc a(�)12det(�) + ( ~D0c + ~K 0c=~Ic)2� a(�)11det(�) � 1ac22��: (5.17)æÏÒÍÕÌÁ ÚÁ ÓÔÒÕËÔÕÒÏÀ ¤ ÄÏÓÉÔØ ÓËÌÁÄÎÏÀ ¦ ÍÏÖÌÉ×ÉÍ ¤ ÌÉÛÅ §§ÞÉÓÅÌØÎÉÊ ÁÎÁÌ¦Ú. úÄ¦ÊÓÎÉ×ÛÉ ÇÒÁÎÉÞÎÉÊ ÐÅÒÅÈ¦Ä ÄÏ ÇÒÁÔËÉ (n !0) ÍÉ ÏÔÒÉÍÁ¤ÍÏ ÓÔÒÉÂÏË ÔÅÐÌÏ¤ÍÎÏÓÔ¦ �c1=kB = 2 [7]. îÁ ÒÉÓ.2.ÐÒÉ×ÅÄÅÎÁ ÚÁÌÅÖÎ¦ÓÔØ ×ÅÌÉÞÉÎÉ �~c = (1 + zn=2)�c1=kB ×¦Ä ÞÉÓÌÁÓÐ¦Î¦× × ÌÁÎÃ¦ n.



11 ðÒÅÐÒÉÎÔ

0 10 20 30 40 501.8

1.9

2.0

n

χ(
+) /

χ(
-)

òÉÓ. 1: ÷¦ÄÎÏÛÅÎÎÑ ÁÍÐÌ¦ÔÕÄ ÆÌÕËÔÕÁÃ¦ÊÎÏ§ ÓËÌÁÄÏ×Ï§ ÓÐÒÉÊÎÑÔÌÉ-×ÏÓÔ¦ ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ ×ÉÝÅ ¦ ÎÉÖÞÅ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÑË ÆÕÎËÃ¦Ñ ÞÉÓÌÁÓÐ¦Î¦× × ÌÁÎÃ¦ n.åÎÔÒÏÐ¦Ñ, Ú×ÉÞÁÊÎÏ, ¤ ÎÅÐÅÒÅÒ×ÎÏÀ ×ÅÌÉÞÉÎÏÀ ÐÒÉ ÐÅÒÅÈÏÄ¦ ÞÅ-ÒÅÚ ËÒÉÔÉÞÎÕ ÔÏÞËÕ. ðÒÉ ×ÉÓÏËÉÈ ÔÅÍÐÅÒÁÔÕÒÁÈ ÅÎÔÒÏÐ¦Ñ ÐÒÑÍÕ¤ÄÏ ÍÁËÓÉÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ Smax = N(1 + zn=2)kB ln 3, ÐÒÉÞÏÍÕÄÌÑ ÓËÌÁÄÏ×ÉÈ × ÆÏÒÍÕÌÁÈ (4.2) ¦ (4.3), ÚÏËÒÅÍÁ, ÍÁ¤ÍÏ So !Nzn=2 � kB ln 3; S1 ! NkB ln 3. ÷ Ú×'ÑÚËÕ Ú ÃÉÍ ÒÏÚÇÌÑÎÅÍÏ ×¦ÄÈÉ-ÌÅÎÎÑ ÍÁËÓÉÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ S1 ×¦Ä ÚÎÁÞÅÎÎÑ × ËÒÉÔÉÞÎ¦Ê ÔÏÞÃ¦.ð¦ÓÌÑ ÎÅÓËÌÁÄÎÉÈ ÐÅÒÅÔ×ÏÒÅÎØ ÏÔÒÉÍÕ¤ÍÏ�S1=kBN = (1� 1=~Ic) ln(2~Ic � 2)� ln(2=3~Ic)�� z~Ic (D0 +K 0=2~Ic): (5.18)õ ×ÉÐÁÄËÕ ÇÒÁÔËÉ ~Ic ! 3=2 ¦ ×¦ÄÐÏ×¦ÄÎÏ �S1 = 0, ÝÏ ÍÁ¤ Í¦ÓÃÅÄÌÑ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ [10]. úÁÌÅÖÎ¦ÓÔØ ×ÅÌÉÞÉÎÉ (5.17) ×¦Ä ÄÏ×ÖÉÎÉÓÐ¦ÎÏ×Ï§ ÌÁÎËÉ n ÐÒÉ×ÅÄÅÎÁ ÎÁ ÒÉÓ.3. úÁ Æ¦ÚÉÞÎÉÍ ÚÍ¦ÓÔÏÍ, ÏÞÅ×ÉÄ-ÎÏ, ×¦ÄÍ¦ÎÎ¦ÓÔØ ×¦Ä ÎÕÌÑ ×ÅÌÉÞÉÎÉ (5.17) ÐÏ×'ÑÚÁÎÁ ¦Ú \ÚÁÌÉÛËÏ×ÉÍ"ÐÏÒÑÄËÏÍ × ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖËÁÈ. ¶Ú ÒÉÓ.1-3 ×ÉÄÎÏ ÔÁËÏÖ, ÝÏ ÄÌÑn � 20 ÒÏÚÇÌÑÎÕÔ¦ ×ÅÌÉÞÉÎÉ ÐÒÁËÔÉÞÎÏ ×¦Ä n ÎÅ ÚÁÌÅÖÁÔØ, Á ÐÒÉn = 0 ÏÔÒÉÍÕÀÔØÓÑ ×¦ÄÐÏ×¦ÄÎ¦ ÚÎÁÞÅÎÎÑ ÄÌÑ ÇÒÁÔËÉ.
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nòÉÓ. 2: óÔÒÉÂÏË ÔÅÐÌÏ¤ÍÎÏÓÔ¦ × ËÒÉÔÉÞÎ¦Ê ÔÏÞÃ¦ ÄÌÑ ÓÐ¦ÎÏ×ÉÈ Ó¦ÔÏËÚ Ò¦ÚÎÉÍ ÞÉÓÌÏÍ ÓÐ¦Î¦× × ÌÁÎÃ¦ n.6. ÷ÉÓÎÏ×ËÉð¦ÄÓÕÍÏ×ÕÀÞÉ, ×¦ÄÚÎÁÞÉÍÏ, ÝÏ ËÒÉÔÉÞÎÁ ÐÏ×ÅÄ¦ÎËÁ ÔÅÒÍÏÄÉÎÁÍ¦Þ-ÎÉÈ ÆÕÎËÃ¦Ê ÓÐ¦ÎÏ×Ï§ Ó¦ÔËÉ × ÏÓÎÏ×ÎÏÍÕ ÍÁ¤ ÈÁÒÁËÔÅÒÎÉÊ ×ÉÇÌÑÄÄÌÑ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ. úÏËÒÅÍÁ, ÏÔÒÉÍÕÀÔØÓÑ ×¦ÄÏÍ¦ ËÒÉÔÉÞÎ¦ ¦ÎÄÅË-ÓÉ ÄÌÑ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ (×¦ÄÐÏ×¦ÄÎÏ ÓÐÏÎÔÁÎÎÏÇÏ ÍÏÍÅÎÔÕ (2.11))¦ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦, ÍÁ¤ Í¦ÓÃÅ ÓË¦ÎÞÅÎÉÊ ÓÔÒÉÂÏË ÔÅÐÌÏ¤ÍÎÏÓÔ¦. óËÌÁ-ÄÏ×¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê, ÝÏ ÐÏ×'ÑÚÁÎ¦ ¦Ú ×ÐÏÒÑÄËÕ×ÁÎÎÑÍ ×ÓÉÓÔÅÍ¦ ÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ ÞÉÓÌÁ ×ÕÚÌÏ×ÉÈ ÓÐ¦Î¦×, Á ÞÉÓÌÏ ÓÐ¦Î¦× × ÌÁÎÃ¦×¦Ä¦ÇÒÁ¤ ÒÏÌØ ×ÎÕÔÒ¦ÛÎØÏÇÏ ÐÁÒÁÍÅÔÒÁ (ÓÐÏÎÔÁÎÎÉÊ ÍÏÍÅÎÔ, Ú×ÉÞÁÊ-ÎÏ, ÐÒÏÐÏÒÃ¦ÊÎÉÊ ÞÉÓÌÕ ×Ó¦È ÓÐ¦Î¦× Ó¦ÔËÉ). ÷ ÎÉÚØËÏÔÅÍÐÅÒÁÔÕÒÎ¦ÊÏÂÌÁÓÔ¦ ÐÅÒÅ×ÁÖÁÀÞÉÊ ×ÎÅÓÏË × ÒÏÚÇÌÑÎÕÔ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎË-Ã¦§ ×ÎÏÓÑÔØ ÓÐ¦ÎÉ ÌÁÎÏË, ÑË¦ ÅÆÅËÔÉ×ÎÏ ×ÈÏÄÑÔØ × ÓÔÁÔÓÕÍÕ (1.1) ÑËÓÉÓÔÅÍÁ ÎÅÚ×'ÑÚÁÎÉÈ ÓÐ¦ÎÏ×ÉÈ ÌÁÎÃÀÖË¦×. ú×ÉÞÁÊÎÏ, ÒÑÄ ÎÁ×ÅÄÅÎÉÈÒÅÚÕÌØÔÁÔ¦× ÓÔÏÓÕ¤ÔØÓÑ ÌÉÛÅ ÒÅÇÕÌÑÒÎÏ§ Ó¦ÔËÉ ¦ ÎÁÂÌÉÖÅÎÎÑ ÓÅÒÅÄ-ÎØÏÇÏ ÐÏÌÑ. â¦ÌØÛ ÔÏÞÎÉÊ ÒÏÚÇÌÑÄ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ, Á ÔÁËÏÖÄÅÑË¦ ÍÏÄÅÌ¦ ÂÅÚÐÏÒÑÄËÕ ÂÕÄÕÔØ ÒÏÚÇÌÑÎÕÔ¦ × ÎÁÓÔÕÐÎÉÈ ÒÏÂÏÔÁÈ.á×ÔÏÒ ×ÉÒÁÖÁ¤ ÐÏÄÑËÕ ¶.÷.óÔÁÓÀËÕ ÚÁ ÐÏÓÔÁÎÏ×ËÕ ÚÁÄÁÞ¦, ËÏÒÉÓÎ¦ÚÁÕ×ÁÖÅÎÎÑ ÔÁ ÐÏÒÁÄÉ.òÏÂÏÔÁ ×ÉËÏÎÁÎÁ ÔÁËÏÖ ÚÁ×ÄÑËÉ Æ¦ÎÁÎÓÏ×¦Ê Ð¦ÄÔÒÉÍÃ¦ - ÓÔÉÐÅÎÄ¦§ëÁÂ¦ÎÅÔÕ í¦Î¦ÓÔÒ¦× õËÒÁ§ÎÉ.
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òÉÓ. 3: ÷¦ÄÈÉÌÅÎÎÑ ÅÎÔÒÏÐ¦§ ×ÐÏÒÑÄËÕ×ÁÎÎÑ × ËÒÉÔÉÞÎ¦Ê ÔÏÞÃ¦ ×¦ÄÍÁËÓÉÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ ÑË ÆÕÎËÃ¦Ñ n.äÏÄÁÔÏË 1.h'(^�o; ^qo)iHo = (ä1.1)1~Z Z d�dq exp(��N�F )'(� 1N ~I @=@�; 1N ~K@=@q) exp(��NFo);ÄÅ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ: �Fo = ~I2�2 � ~K2 q2 ,��F = � ln(2 ch(~I�)e� ~Kq��zD + 1), ~Z = R d�dq exp(��NF ).äÏÄÁÔÏË 2.h(: : :)iG = R d(��)d(�q) exp(� 12N�2F )(: : :)R d(��)d(�q) exp(� 12N�2F ) ;ÄÅ �2F = � �� �q � � � a11 a12a21 a22 � �� ���q � (ä2.1)Ë×ÁÄÒÁÔÉÞÎÁ ÆÏÒÍÁ Ú ÍÁÔÒÉÞÎÉÍÉ ÅÌÅÍÅÎÔÁÍÉa11 = ~I(1 + ~I(��2 � �q)); a12 = ~I ~K ��(1� �q); a22 = � ~K(1 + ~K�q(1� �q)):
ICMP{97{05U 14ôÏÄ¦ ÍÁ¤ÍÏ [4], ÝÏ
(��)2�G = (A�1)11; 
(�q)2�G = (A�1)22;h���qiG = (A�1)12; (ä2.2)ÄÅ ××ÅÄÅÎÏ ÐÏÚÎÁÞÅÎÎÑ A�1 { ÍÁÔÒÉÃ¦ ÏÂÅÒÎÅÎÏ§ ÄÏ ÍÁÔÒÉÃ¦ Ë×ÁÄÒÁ-ÔÉÞÎÏ§ ÆÏÒÍÉ (ä2.1).äÏÄÁÔÏË 3.íÁÔÒÉÞÎ¦ ÅÌÅÍÅÎÔÉ ÍÁÔÒÉÃ¦ Ë×ÁÄÒÁÔÉÞÎÏ§ ÆÏÒÍÉ ÐÒÉ T ! 0 ÍÏÖÎÁÚÁÐÉÓÁÔÉ ÎÁÂÌÉÖÅÎÏ Õ ×ÉÇÌÑÄ¦a11 � ~I� ~I2(1� ��); a12 � ~I ~K(1� ��); a22 � � ~K� ~K2(1� ��):(ä3.1)äÌÑ ÏÂÅÒÎÅÎÏ¦ ÍÁÔÒÉÃ¦ × ÃØÏÍÕ Ö ÎÁÂÌÉÖÅÎÎ¦ ÍÁÔÉÍÅÍÏ ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑA�1 � � 1=~I 00 �1= ~K �+ (1� ��)� 1 11 1 � : (ä3.2)äÏÄÁÔÏË 4.ðÒÉ ÐÒÑÍÕ×ÁÎÎ¦ ÄÏ ËÒÉÔÉÞÎÏ§ ÔÅÍÐÅÒÁÔÕÒÉ × ÆÅÒÏÍÁÇÎ¦ÔÎ¦Ê ÏÂÌÁÓÔ¦ÐÁÒÁÍÅÔÒ ÐÏÒÑÄËÕ ÐÒÑÍÕ¤ ÄÏ ÎÕÌÑ ÚÁ ÚÁËÏÎÏÍ�� � Acj� j; (ä4.1)ÄÅ Ac = Tc 3 h(~I2c )0 � (~Ic � 1)( ~D0c + ( ~K=~I)0c)i~I2c (~I2c � 3~Ic � 2(~Ic � 1) ~Kc) ; � = T � TcTc : (ä4.2)ôÕÔ ÛÔÒÉÈÉ Â¦ÌÑ ×ÅÌÉÞÉÎ ÐÏÚÎÁÞÁÀÔØ ÐÏÈ¦ÄÎÕ ÚÁ ÔÅÍÐÅÒÁÔÕÒÏÀ, ÁÎÉÖÎ¦Ê ¦ÎÄÅËÓ ×ËÁÚÕ¤, ÝÏ ÚÎÁÞÅÎÎÑ ×Ó¦È ×ÅÌÉÞÉÎ ÂÅÒÕÔØÓÑ × ËÒÉÔÉÞ-Î¦Ê ÔÏÞÃ¦.ðÁÒÁÍÅÔÒ q × ËÒÉÔÉÞÎ¦Ê ÔÏÞÃ¦ ×ÉÑ×ÌÑ¤ ÎÁÓÔÕÐÎÕ ÐÏ×ÅÄ¦ÎËÕ.�q � ( qo + q(�)1 j� j; T < Tcqo + q(+)1 �; T > Tc ; (ä4.3)



15 ðÒÅÐÒÉÎÔÄÅ qo = 1=~Ic; q(�)1 = Tc ~I 0c~I2c + ~IcAc3 ;q(+)1 = Tc(1� ~Ic) h ~K 0c=~Ic + ~D0ci~I2c � (1� ~Ic) ~Kc : (ä4.4)äÏÄÁÔÏË 5.îÁ ÏÓÎÏ×¦ ÆÏÒÍÕÌ ä.2 ¦ ä.4 ÍÏÖÎÁ ×ÓÔÁÎÏ×ÉÔÉ, ÝÏ × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ÔÏÞËÉ ÍÁÀÔØ Í¦ÓÃÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ
(��)2�(�)G = 1N ac22det(�) (j� j)�1; 
(�q)2�(�)G = 1N a(�)11det(�) ;h���qi(�)G = � 1N a(�)12det(�) (pj� j)�1; (ä5.1)
(��)2�(+)G = 1N 1a(+)11 ��1; 
(�q)2�(+)G = 1N 1ac22 ; h���qi(+)G = 0:ÄÅ ×ÅÒÈÎ¦ ¦ÎÄÅËÓÉ (�); (+) ×ËÁÚÕÀÔØ ÎÁ ÏÂÌÁÓÔ¦ ÎÉÖÞÅ ¦ ×ÉÝÅ ËÒÉ-ÔÉÞÎÏ§ ÔÏÞËÉ ×¦ÄÐÏ×¦ÄÎÏ, ¦ ××ÅÄÅÎ¦ ÎÁÓÔÕÐÎ¦ ÐÏÚÎÁÞÅÎÎÑac22 = � ~Kc �1 + ~Kc~Ic � ~Kc~I2c � ;a(�)11 = ~I2c (Ac � q(�)1 ) + Tc ~I 0c; (ä5.2)a(�)12 = ~KcpAc(~Ic � 1); a(+)11 = �(Tc ~I 0c + ~I2c q(+)1 );det(�) = a(�)11 ac22 � (a(�)12 )2:æÏÒÍÕÌÉ (ä.5.2) ×ÉÚÎÁÞÁÀÔØ ÐÏ×ÅÄ¦ÎËÕ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦× ÍÁ-ÔÒÉÃ¦ Ë×ÁÄÒÁÔÉÞÎÏ§ ÆÏÒÍÉ (ä.2.1) × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ.ì¦ÔÅÒÁÔÕÒÁ[1] ÷.í.ãÍÏÃØ, ÷.ó.ñÎ¦ÛÅ×ÓØËÉÊ, ñ.ì.úÁÑÃØ. // õæö. { 1996. {41, ° 7-8, { ó.727-736.[2] à.í.çÕÆÁÎ. óÔÒÕËÔÕÒÎÙÅ ÆÁÚÏ×ÙÅ ÐÅÒÅÈÏÄÙ. { í.:\îÁÕËÁ",1982. Ó.304[3] ëÁÌÉÔÁ ÷.í., ìÏËÔ¤× ÷.í. // õæö. { 1995. { 40, ° 3, { ó.235-240.[4] ò. âÒÁÕÔ. æÁÚÏ×ÙÅ ÐÅÒÅÈÏÄÙ. { í.:\íÉÒ", 1967, Ó.288.[5] æ.í. ëÕÎÉ. óÔÁÔÉÓÔÉÞÅÓËÁÑ ÆÉÚÉËÁ É ÔÅÒÍÏÄÉÎÁÍÉËÁ. { í.:\îÁÕËÁ",1981, Ó.352.
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