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ìø÷¶÷
õäë: 548:537.611.44PACS: 75.10.HäÏÓÌ¦ÄÖÅÎÎÑ ¶Ú¦ÎÇ¦×ÓØËÉÈ ÍÏÄÅÌÅÊ Ú ÄÏ×¦ÌØÎÉÍ ÚÎÁÞÅÎÎÑÍÓÐ¦ÎÁ × ÎÁÂÌÉÖÅÎÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ. ëÏÒÅÌÑÃ¦ÊÎ¦ÆÕÎËÃ¦§ ÍÏÄÅÌ¦ âÌÀÍÁ-åÍÅÒ¦-çÒ¦Æ¦ÔÓÁò.ò.ìÅ×ÉÃØËÉÊ, ï.ò.âÁÒÁÎ, ó.¶.óÏÒÏËÏ×áÎÏÔÁÃ¦Ñ. ÷ ÎÁÂÌÉÖÅÎÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÄÏÓÌ¦ÄÖÕ¤ÔØÓÑ ¶Ú¦Î-Ç¦×ÓØËÁ ÍÏÄÅÌØ Ú ÄÏ×¦ÌØÎÉÍ ÚÎÁÞÅÎÎÑÍ ÓÐ¦ÎÁ. ïÔÒÉÍÁÎ¦ ×ÉÒÁÚÉ ÄÌÑ ÐÁÒÎÉÈËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê × ~q-ÐÒÏÓÔÏÒ¦ (Õ ×ÉÐÁÄËÕ Ç¦ÐÅÒËÕÂ¦ÞÎÉÈ ÇÒÁÔÏË). äÌÑÍÏÄÅÌ¦ âÌÀÍÁ-åÍÅÒ¦-çÒ¦Æ¦ÔÓÁ Õ ×ÉÐÁÄËÁÈ K 0 = 0, D = 0 (K 0� Â¦Ë×ÁÄÒÁ-ÔÉÞÎÁ ×ÚÁ¤ÍÏÄ¦Ñ, D� ÏÄÎÏ¦ÏÎÎÁ ÁÎ¦ÚÏÔÒÏÐ¦Ñ) ÔÁ Õ ×ÉÐÁÄËÕ D = � 83zK 0(Ë×ÁÄÒÕÐÏÌØÎÁ ÍÏÄÅÌØ) ÐÏÂÕÄÏ×ÁÎ¦ ÆÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ ¦ ÏÔÒÉÍÁÎ¦ ÔÅÍÐÅÒÁ-ÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÔÁ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦Ê-ÎÉÈ ÆÕÎËÃ¦Ê ÐÒÉ ~q = 0. õ ×ÉÐÁÄËÕ ÐÒÏÓÔÏ§ ËÕÂ¦ÞÎÏ§ ÇÒÁÔËÉ ÄÌÑ Ã¦¤§ ÍÏÄÅÌ¦ÐÏÂÕÄÏ×ÁÎÁ ÐÒÏÅËÃ¦Ñ ÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ ÎÁ ÐÌÏÝÉÎÕ (D�K 0). ðÒÉ Ò¦ÚÎÏÍÕÎÁÂÏÒ¦ ÐÁÒÁÍÅÔÒ¦× D ÔÁ K 0 ÏÔÒÉÍÁÎ¦ ÔÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÕÎÁÒÎÉÈ ÔÁÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê (ÐÒÉ ~q = 0).Investigation of Ising type model with arbitrary value of spinwithin two-particle cluster approximation. Correlation func-tions of Blume-Emery-Gri�ths modelR.R.Levitskii, O.R.Baran, S.I.SorokovAbstract. The Ising model with an arbitrary value of spin is investigatedwithin the two-particle cluster approximation. For this model on hypercubiclattices the expressions for the pair correlation functions in ~q-space are ob-tained. For the Blume-Emery-Gri�ths model in the cases K 0 = 0, D = 0 (K 0 -biquadratic interaction, D - single-ion anisotropy) and in the case D = � 83zK 0(quadrupolar model) the phase diagrams are constracted and the temperaturedependences of thermodinamical characteristics and pair correlation functionsat ~q = 0 are calculated. For this model on a simple cubic lattice a projectionof the phase diagram on (D �K 0) plane is constructed. The temperature de-pendences of single-site and pair correlation functions at ~q = 0 are calculatedat various values of parameters D and K 0.ðÏÄÁ¤ÔØÓÑ × Condensed Matter PhysicsSubmitted to Condensed Matter Physicsc ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1997Institute for Condensed Matter Physics 1997



1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐðÒÉ ÔÅÏÒÅÔÉÞÎÏÍÕ ÄÏÓÌ¦ÄÖÅÎÎ¦ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÓÉÓÔÅÍ ×ÅÌÉËÁ Õ×ÁÇÁÐÒÉÄ¦ÌÑ¤ÔØÓÑ ¦Ú¦ÎÇ¦×ÓØËÉÍ ÍÏÄÅÌÑÍ (¶í), ÔÏÂÔÏ ÓÉÓÔÅÍÁÍ, × ÇÁÍ¦ÌØ-ÔÏÎ¦ÁÎ ÑËÉÈ ×ÈÏÄÉÔØ ÌÉÛÅ Sz-ËÏÍÐÏÎÅÎÔÁ ÏÐÅÒÁÔÏÒÁ ÐÓÅ×ÄÏÓÐ¦ÎÁ. ãÅÐÏ×'ÑÚÁÎÏ ÑË Ú ×¦ÄÎÏÓÎÏÀ ÐÒÏÓÔÏÔÏÀ ÐÒÏ×ÅÄÅÎÎÑ ÎÁ §È ÏÓÎÏ×¦ ÎÁ-ÂÌÉÖÅÎÉÈ ÒÏÚÒÁÈÕÎË¦× ÔÁ ÔÅÓÔÕ×ÁÎÎÑ ÎÁÂÌÉÖÅÎÉÈ ÍÅÔÏÄ¦×, ÔÁË ¦ ÚÍÏÖÌÉ×¦ÓÔÀ ÍÏÄÅÌÀ×ÁÎÎÑ ÎÉÍÉ ÛÉÒÏËÏÇÏ ËÌÁÓÕ ÒÅÁÌØÎÉÈ ÏÂ'¤ËÔ¦×.ôÁË ÍÏÄÅÌØ âÌÀÍÁ-åÍÅÒ¦-çÒ¦Æ¦ÔÓÁ (âåç), ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ¶í Ú � = 2(ÔÕÔ ¦ ÄÁÌ¦ Sz = ��;��+2; : : : ; ��2; �), ÂÕÌÁ ÚÁÐÒÏÐÏÎÏ×ÁÎÁ ÄÌÑ ÄÏ-ÓÌ¦ÄÖÅÎÎÑ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× (æð) × ÓÕÍ¦Û¦ He3�He4 [1]. ÷ ÚÁÇÁÌØ-ÎÏÍÕ ×ÉÇÌÑÄ¦ ¶í Ú � = 2 Í¦ÓÔÉÔØ × ÐÏÒ¦×ÎÑÎÎ¦ Ú ÍÏÄÅÌÌÀ âåç ÔÁËÏÖÄÏÄÁÎËÉ ÔÉÐÕ Szi (Szj )2 ¦ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÄÌÑ ÏÐÉÓÕ ×ÐÌÉ×Õ ÚÏ×Î¦Û-ÎØÏÇÏ ÔÉÓËÕ ÎÁ ÆÅÒÏÍÁÇÎÅÔÉËÉ Õ ×ÉÐÁÄËÕ � = 1, ÄÌÑ ÄÏÓÌ¦ÄÖÅÎÎÑËÒÉÓÔÁÌ¦× Ú ÆÅÒÏÍÁÇÎ¦ÔÎÉÍÉ (Ú � = 1) ÄÏÍ¦ÛËÁÍÉ, ÔÒÉËÏÍÐÏÎÅÎÔÎÉÈÎÅÍÁÇÎ¦ÔÎÉÈ ÓÐÌÁ×¦×, Ä×ÏËÏÍÐÏÎÅÎÔÎÉÈ ÇÒÁÔËÏ×ÉÈ Ò¦ÄÉÎ [2,3]. úÇÁÄÁ-ÎÁ ¶í ×ÉÑ×ÌÑ¤ÔØÓÑ ÅÆÅËÔÉ×ÎÏÀ ÐÒÉ ÄÏÓÌ¦ÄÖÅÎÎ¦ ÔÒÉËÒÉÔÉÞÎÏ§ ÐÏ-×ÅÄ¦ÎËÉ ÁÎ¦ÚÏÔÒÏÐÎÉÈ ÆÅÒÏÍÁÇÎÅÔÉË¦× FeCl2 ÔÁ DAG, ÓÔÒÕËÔÕÒÎÏÇÏæð × NH4Cl ¦ KH2PO4 Ð¦Ä Ä¦¤À ÔÉÓËÕ [2,4].äÌÑ ÍÁÔÅÒ¦ÁÌ¦×, ÑË¦ ÏÐÉÓÕÀÔØÓÑ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÍÉ ÍÏÄÅÌÑÍÉ ÚÓÕÔÔ¤×ÉÍÉ ËÏÒÏÔËÏÓÑÖÎÉÍÉ ËÏÒÅÌÑÃ¦ÑÍÉ, ÎÁÊÂ¦ÌØÛ ÐÒÉÒÏÄÎ¦Í ÂÁ-ÇÁÔÏÞÁÓÔÉÎËÏ×ÉÍ ÕÚÁÇÁÌØÎÅÎÎÑÍ ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ(îíð) ¦ ÚÎÁÞÎÏ ÔÏÞÎ¦ÛÉÍ × ÐÏÚÁËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦ ¤ ËÌÁÓÔÅÒÎÅ ÎÁ-ÂÌÉÖÅÎÎÑ (ëî) (ÄÉ×. [5{7]). ÷ ëî ÂÅÚÍÅÖÎÕ ÇÒÁÔËÕ ÚÁÍ¦ÎÀÀÔØ ËÌÁ-ÓÔÅÒÏÍ Ú Æ¦ËÓÏ×ÁÎÉÍ ÞÉÓÌÏÍ ÐÓÅ×ÄÏÓÐ¦Î¦×, Á ×ÐÌÉ× ×¦ÄËÉÎÕÔÉÈ ×ÕÚÌ¦××ÒÁÈÏ×Õ¤ÔØÓÑ Ä¦¤À ÎÁ ÇÒÁÎÉÞÎ¦ ×ÕÚÌÉ ËÌÁÓÔÅÒÁ ¤ÄÉÎÏÇÏ ÚÏ×Î¦ÛÎØÏ-ÇÏ ×ÁÒ¦ÁÃ¦ÊÎÏÇÏ ÐÏÌÑ '(S). ÷ÐÅÒÛÅ ÑË ÍÅÔÏÄ ËÌÁÓÔÅÒÎÉÈ ÒÏÚ×ÉÎÅÎØ(íëò), ÑËÉÊ ÄÏÚ×ÏÌÑ¤ ÓÉÓÔÅÍÁÔÉÞÎÏ ÚÎÁÈÏÄÉÔÉ ÐÏÐÒÁ×ËÉ ÄÏ ×¦ÌØÎÏ§ÅÎÅÒÇ¦§, ÐÏ×'ÑÚÁÎ¦ ¦Ú ×ÚÁ¤ÍÏÄ¦¤À ËÌÁÓÔÅÒ¦×, ÂÕ× ÐÏÓÌ¦ÄÏ×ÎÏ ÓÆÏÒÍÕ-ÌØÏ×ÁÎÉÊ × ÒÏÂÏÔ¦ [8].îÅÚ×ÁÖÁÀÞÉ ÎÁ ÚÎÁÞÎÕ Ë¦ÌØË¦ÓÔØ ÒÏÂ¦Ô, × ÑËÉÈ íëò ×ÉËÏÒÉÓÔÏ-×Õ¤ÔØÓÑ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ Æ¦ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË Ò¦ÚÎÏÍÁÎ¦ÔÎÉÈ ÍÁ-ÔÅÒ¦ÁÌ¦×, ÎÁÍ ×¦ÄÏÍÏ ÌÉÛÅ ÄÅË¦ÌØËÁ, × ÑËÉÈ ÒÏÚÇÌÑÄÁÀÔØÓÑ ÐÓÅ×ÄÏ-ÓÐ¦ÎÏ×¦ ÍÏÄÅÌ¦ ¦Ú ÓÐ¦ÎÏÍ � > 1. ôÁË × ÒÏÂÏÔ¦ [9] ëî ÂÕÌÏ ÚÁÓÔÏÓÏ×ÁÎÏÄÏ ÍÏÄÅÌ¦ çÅÊÚÅÎÂÅÒÇÁ ¦Ú ÓÐ¦ÎÏÍ � > 1, ÁÌÅ × Î¦Ê ÎÅ ×ÒÁÈÏ×Õ×ÁÌÁÓØ ÚÁ-ÌÅÖÎ¦ÓÔØ ×ÁÒ¦ÁÃ¦ÊÎÏÇÏ ÐÏÌÑ ' ×¦Ä ×ÅÌÉÞÉÎÉ ÐÓÅ×ÄÏÓÐ¦ÎÁ, ÝÏ ÎÁ×¦ÔØ Õ×ÉÐÁÄËÕ ¶í Ú � = 2 ÐÒÉ×ÏÄÉÔØ ÄÌÑ ÎÉÚØËÏÒÏÚÍ¦ÒÎÉÈ ÓÉÓÔÅÍ ÄÏ ÑË¦ÓÎÏÎÅ×¦ÒÎÉÈ ÒÅÚÕÌØÔÁÔ¦× [3]. ÷ ÒÏÂÏÔ¦ [10], × ÑË¦Ê ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÍÏÄÅÌØâåç, ÈÏÞÁ ¦ ×ÒÁÈÏ×ÁÎÏ ÚÁÌÅÖÎ¦ÓÔØ '(S), ÁÌÅ ËÏÅÆ¦Ã¦¤ÎÔÉ ÒÏÚËÌÁÄÕ×ÁÒ¦ÁÃ¦ÊÎÏÇÏ ÐÏÌÑ ' ÐÏ ÓÔÅÐÅÎÑÈ ÐÓÅ×ÄÏÓÐ¦ÎÁ ('(S) = '(1) + '(2)S)ÐÏËÌÁÄÁÀÔØÓÑ Ò¦×ÎÉÍÉ Ú ÔÏÞÎ¦ÓÔÀ ÄÏ ËÏÎÓÔÁÎÔ ×ÅÌÉÞÉÎÁÍ hSi, hS2i,
ICMP{97{22U 2ÝÏ ÄÁ¤ ÂÌÉÚØË¦ ÄÏ îíð ÒÅÚÕÌØÔÁÔÉ.äÌÑ ÄÏÓÌ¦ÄÖÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÍÏÄÅÌ¦ âåçÛÉÒÏËÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉÓØ ¦ ¦ÎÛ¦ ÎÁÂÌÉÖÅÎ¦ ÍÅÔÏÄÉ. úÏËÒÅÍÁ, ¤Ã¦ÌÉÊ ÒÑÄ ÒÏÂ¦Ô, × ÑËÉÈ, ÏÔÒÉÍÁÎ¦ ÎÁ ÏÓÎÏ×¦ ÔÏÔÏÖÎÏÓÔÅÊ ëÁÌÌÅÎÁ,ÌÁÎÃÀÖËÉ Ò¦×ÎÑÎØ ÚÁÍÉËÁÀÔØ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÎÁÊÐÒÏÓÔ¦ÛÅ ÒÏÚÝÅ-ÐÌÅÎÎÑ hS1S2: : :Ski � hS1ihS2i : : : hSki [11{15]. ÷¦ÄÏÍÏ [16], ÝÏ Õ ×É-ÐÁÄËÕ � = 1 ÏÔÒÉÍÁÎÁ × ÐÏÄ¦ÂÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÔÅÍÐÅÒÁÔÕÒÁ æð(Tc) Â¦ÌØÛÅ ×¦ÄÒ¦ÚÎÑÀ¤ÔØÓÑ ×¦Ä ÒÅÚÕÌØÔÁÔ¦× ÞÉÓÌÏ×ÉÈ ÍÅÔÏÄ¦×, Î¦ÖTc, ÑËÕ ÄÁ¤ ÐÅÒÛÉÊ ÐÏÒÑÄÏË ëî ÐÒÉ ÒÏÚ×ÉÎÅÎÎ¦ ÐÏ Ä×ÏÞÁÓÔÉÎËÏ×ÏÍÕËÌÁÓÔÅÒÕ. ïÓÔÁÎÎ¤ ÎÁÂÌÉÖÅÎÎÑ ×¦ÄÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ Ä×ÏÞÁÓÔÉÎ-ËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ (îäë). ÷ ÒÏÂÏÔ¦ [17] ÄÌÑ ÄÏÓÌ¦ÄÖÅÎÎÑ ÍÏÄÅÌ¦ âåçÚ ÄÏ×¦ÌØÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ ÏÄÎÏ¦ÏÎÎÏ§ ÁÎ¦ÚÏÔÒÏÐ¦§ ÔÁ Â¦Ë×ÁÄÒÁÔÉÞÎÏ§×ÚÁ¤ÍÏÄ¦§ ×ÉËÏÒÉÓÔÏ×ÕÀÔØ ÎÁÂÌÉÖÅÎÎÑ ËÏÎÓÔÁÎÔÉ Ú×'ÑÚËÕ (ÒÅÚÕÌØ-ÔÁÔÉ ÄÁÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ×¦ÄÐÏ×¦ÄÁÀÔØ ÒÅÚÕÌØÔÁÔÁÍ îäë). ðÏÂÕÄÏ-×ÁÎÁ ÔÒÉ×ÉÍ¦ÒÎÁ ÆÁÚÏ×Á Ä¦ÁÇÒÁÍÁ ¦ ÏÔÒÉÍÁÎ¦ ÔÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖ-ÎÏÓÔ¦ ÄÉÐÏÌØÎÏÇÏ ÔÁ Ë×ÁÄÒÕÐÏÌØÎÏÇÏ ÍÏÍÅÎÔ¦× ÄÌÑ ÐÅ×ÎÉÈ ÚÎÁÞÅÎØÐÁÒÁÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ. ÷ ÒÏÂÏÔ¦ [18] ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÎÁÂÌÉÖÅÎ-ÎÑ âÅÔÅ (ÒÅÚÕÌØÔÁÔÉ ÄÁÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÔÁËÏÖ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÒÅ-ÚÕÌØÔÁÔÁÍÉ îäë) ÄÏÓÌ¦ÄÖÕÀÔØ ÍÏÄÅÌØ âåç Ú ÄÏ×¦ÌØÎÉÍÉ ÚÎÁÞÅÎÎÑ-ÍÉ ÏÄÎÏ¦ÏÎÎÏ§ ÁÎ¦ÚÏÔÒÏÐ¦§ ÔÁ Â¦Ë×ÁÄÒÁÔÉÞÎÏ§ ×ÚÁ¤ÍÏÄ¦§.ïÓÏÂÌÉ×Á Õ×Á-ÇÁ ÐÒÉÄ¦ÌÑ¤ÔØÓÑ ×ÉÐÁÄËÕ ÁÎÔÉÆÅÒÏÍÁÇÎ¦ÔÎÏÇÏ ×ÐÏÒÑÄËÕ×ÁÎÎÑ. ïÔÒÉ-ÎÁÎ¦ ÒÅÚÕÌØÔÁÔÉ ÐÏÒ¦×ÎÀÀÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÍÏÄÅÌÀ×ÁÎÎÑ íÏÎÔÅëÁÒÌÏ. ÷ÁÖÌÉ×ÉÍÉ ¤ ÔÁËÏÖ ÒÅÚÕÌØÔÁÔÉ ÄÏÓÌ¦ÄÖÅÎÎÑ ÍÏÄÅÌ¦ âåç ×ÒÁÍËÁÈ ÍÅÔÏÄÕ ×ÉÓÏËÏÔÅÍÐÅÒÁÔÕÒÎÉÈ ÒÏÚ×ÉÎÅÎØ [19] ¦ ÍÅÔÏÄÏÍ íÏÎ-ÔÅ ëÁÒÌÏ [20,21]. úÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×Ó¦È ×¦ÄÏÍÉÈ ÎÁÍ ÒÏÂÏÔÁÈ ÐÏ ¶íÚ � > 1 ×É×ÞÁÀÔØÓÑ ÌÉÛÅ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦.íÅÔÏÀ ÄÁÎÏ§ ÒÏÂÏÔÉ ¤ ÄÏÓÌ¦ÄÖÅÎÎÑ × ÎÁÂÌÉÖÅÎÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×Ï-ÇÏ ËÌÁÓÔÅÒÁ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ¦ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈÆÕÎËÃ¦Ê (ëæ) ÍÏÄÅÌ¦ âåç.2. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞ¦âÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ ÐÓÅ×ÄÏÓÐ¦ÎÏ×¦ ÓÉÓÔÅÍÉ Ú S = Sz = (��;�� + 2; : : : ; � � 2; �), ÑË¦ ÏÐÉÓÕÀÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍH�fh(�)g� = ��H = �Xn=1 NXi=1 h(n)i Sni ++12 �Xn=1 �Xm=124Xi;� K(nm)Sni Smi+� +Xi;j J (nm)ij Sni Smj 35 : (2.1)



3 ðÒÅÐÒÉÎÔôÕÔ K(nm) { ËÏÒÏÔËÏÓÑÖÎÁ, J (nm)ij { ÄÁÌÅËÏÓÑÖÎÁ ×ÚÁ¤ÍÏÄ¦§,H�fh(�)g� ÏÚÎÁÞÁ¤, ÝÏ H ¤ ÆÕÎËÃ¦¤À ×¦Ä (h(1)1 ; : : : ; h(1)N ; : : : ; h(�)1 ; : : : ;h(�)N ). úÁÕ×ÁÖÉÍÏ, ÝÏ ÍÎÏÖÎÉË � = (kBT )�1 ÂÕÄÅÍÏ ×ÉÄ¦ÌÑÔÉ Ñ×-ÎÏ (ÊÏÇÏ Í¦ÓÔÑÔØ h(n)i , K(nm), J (nm)ij ) ÌÉÛÅ × ÒÑÄ¦ Ë¦ÎÃÅ×ÉÈ ÓÐ¦××¦Ä-ÎÏÛÅÎØ. ñË ÞÁÓÔÉÎÎÉÊ ×ÉÐÁÄÏË ÂÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ ÍÏÄÅÌØ âÌÀÍÁ-åÍÅÒ¦-çÒ¦Æ¦ÔÓÁ (� = 2) Ú ÄÁÌÅËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ.H = NXi=1 ��iSi +DiS2i � + 12Xi;� �KSiSi+� +K0S2i S2i+�� + (2.2)12Xi;j �JijSiSj + J 0ijS2i S2j �ôÕÔ �i - ÚÏ×Î¦ÛÎ¤ ÐÏÌÅ, Di - ÏÄÎÏ¦ÏÎÎÁ ÁÎ¦ÚÏÔÒÏÐ¦Ñ,K - Â¦Ì¦Î¦ÊÎÁ, K 0- Â¦Ë×ÁÄÒÁÔÉÞÎÁ ËÏÒÏÔËÏÓÑÖÎ¦ ×ÚÁ¤ÍÏÄ¦§, Jij - Â¦Ì¦Î¦ÊÎÁ, J 0ij - Â¦Ë×Á-ÄÒÁÔÉÞÎÁ ÄÁÌÅËÏÓÑÖÎ¦ ×ÚÁ¤ÍÏÄ¦§.÷ ÒÁÍËÁÈ îíð ÐÏ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦ÑÈ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ (2.1)ÐÒÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄ¦H�fh(�)g� = kH�f�(�)g�� 12 �Xn=1 �Xm=1Xi;j J (nm)ij hSni ihSmj i : (2.3)ôÕÔ ×ÉËÏÒÉÓÔÁÎÏ ÐÏÚÎÁÞÅÎÎÑ ÄÌÑ ÂÁÚÉÓÎÏÇÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕkH�f�(�)g� = �Xn=1 NXi=1 �(n)i Sni + 12 �Xn=1 �Xm=1Xi;� K(nm)Sni Smi+� ; (2.4)�(n)i = h(n)i + �Xm=1 NXj=1 J (nm)ij hSmj i : (2.5)äÌÑ F�fh(�)g� -ÆÕÎËÃ¦§ (ÌÏÇÁÒÉÆÍÁ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ) × îíðÐÏ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦ÑÈ ÎÁ ÏÓÎÏ×¦ (2.3) ÏÔÒÉÍÁ¤ÍÏ:F�fh(�)g� = ln SpfSgeH = (2.6)kF�f�(�)g�� 12 �Xn=1 �Xm=1Xi;j J (nm)ij hSni ihSmj i ;ÄÅ kF�f�(�)g� -ÆÕÎËÃ¦Ñ - ÌÏÇÁÒÉÆÍ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÂÁÚÉÓÎÏ§ ÓÉ-ÓÔÅÍÉ (2.4).

ICMP{97{22U 4ëÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ (ËÕÍÕÌÑÎÔÎ¦ ÓÅÒÅÄÎ¦ ×¦Ä ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÏÐÅ-ÒÁÔÏÒ¦× ÐÏ ÒÏÚÐÏÄ¦ÌÕ ç¦ÂÂÓÁ Ú H ) ÍÏÄÅÌ¦, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ, ÛÕËÁ-ÔÉÍÅÍÏ ÔÁËÉÍ ÞÉÎÏÍ:h(Sn1i1 )�1 : : : (Snkik )�kic = ��1�(h(n1)i1 )�1 : : : ��k�(h(nk)ik )�k F�fh(�)g� : (2.7)á ëæ ÂÁÚÉÓÎÏ§ ÍÏÄÅÌ¦ -kh(Sn1i1 )�1 : : : (Snkik )�kic = ��1�(�(n1)i1 )�1 : : : ��k�(�(nk)ik )�k kF�f�(�)g� : (2.8)÷ÉÈÏÄÑÞÉ Ú ×ÉÇÌÑÄÕ F -ÆÕÎËÃ¦§ (2.6), ÌÅÇËÏ ÏÔÒÉÍÁÔÉ ÓÐ¦××¦ÄÎÏÛÅÎ-ÎÑ Í¦Ö ÕÎÁÒÎÉÍÉ ëæ ÂÁÚÉÓÎÏ§ ÍÏÄÅÌ¦ (2.4) ÔÁ ÐÏ×ÎÏ§ ÍÏÄÅÌ¦ × îíðÐÏ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦ÑÈ (2.3)hSni i = ��(h(n)i )F�fh(�)g� = ��(�(n)i ) kF�f�(�)g� = khSni i : (2.9)óÐ¦××¦ÄÎÏÛÅÎÎÑ Í¦Ö ÐÁÒÎÉÍÉ ëæ ÄÌÑ ÐÒÏÓÔÏÔÉ ÐÒÉ×ÅÄÅÍÏ ÌÉÛÅ ÄÌÑÍÏÄÅÌ¦ âåç (2.2). ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (2.9), (n = 1; 2 ; J =J (11); J 0 = J (22); J (12) = J (21) = 0), ÏÔÒÉÍÕÀÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ¦Ö ëæ hSni Smj ic ÔÁ khSn0i Sm0j ic [3]. ðÅÒÅÊÛÏ×ÛÉ × ÃÉÈ ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑÈ ÄÏ ÍÁÔÒÉÞÎÏ§ ÆÏÒÍÉ ÐÏ ¦ÎÄÅËÓÁÈ i; j, ÔÁ ÚÄ¦ÊÓÎÉ×ÛÉ æÕÒ'¤-ÐÅÒÅÈ¦Ä, ÏÔÒÉÍÁ¤ÍÏ ÓÉÓÔÅÍÕ ÞÏÔÉÒØÏÈ Ò¦×ÎÑÎØ, ÑËÁ ÐÏ×'ÑÚÕ¤ hSnSmic~qÔÁ khSn0Sm0 ic~q . ãÀ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÚÒÕÞÎÏ ÚÁÐÉÓÁÔÉ Õ ÍÁÔÒÉÞÎ¦ÊÆÏÒÍ¦ bb(~q) = kbb(~q) + kbb(~q)� J~q 00 J 0~q �bb(~q) ; (2.10)bb(~q)= hSSic~q hSS2ic~qhS2Sic~q hS2S2ic~q ! ; kbb(~q)= khSSic~q khSS2ic~qkhS2Sic~q khS2S2ic~q ! : (2.11)ú ÍÁÔÒÉÞÎÏÇÏ Ò¦×ÎÑÎÎÑ (2.10) ÌÅÇËÏ ÏÔÒÉÍÕÀÔØÓÑ ×ÉÒÁÚÉ ÄÌÑ ÐÁÒ-ÎÉÈ ëæ ÍÏÄÅÌ¦ âåç ÞÅÒÅÚ ÐÁÒÎ¦ ëæ ÂÁÚÉÓÎÏ§ ÍÏÄÅÌ¦ ÐÒÉ ×ÒÁÈÕ×ÁÎÎ¦ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê × îíð [3].3. îÁÂÌÉÖÅÎÎÑ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÐÏËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦ÑÈ÷ ÄÁÎÏÍÕ ÒÏÚÄ¦Ì¦ ÍÉ ÒÏÚÇÌÑÎÅÍÏ ÐÓÅ×ÄÏÓÐ¦ÎÏ×¦ ÓÉÓÔÅÍÉ, ÑË¦ ÏÐÉ-ÓÕÀÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ (2.4) (ÂÁÚÉÓÎÁ ÚÁÄÁÞÁ). ðÒÏ×ÅÄÅÍÏ ËÌÁÓÔÅÒ-ÎÅ ÒÏÚ×ÉÎÅÎÎÑ ÐÒÉ ÒÏÚÂÉÔÔ¦ ÇÒÁÔËÉ ÎÁ Ä×ÏÞÁÓÔÉÎËÏ×¦ ËÌÁÓÔÅÒÉ [22].



5 ðÒÅÐÒÉÎÔðÏÚÎÁÞÉÍÏ ÞÅÒÅÚP�n=1 r'(n)i Sni ÏÐÅÒÁÔÏÒ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ, ÑËÅ Ä¦¤ÎÁ ×ÕÚÏÌ i Ú ÂÏËÕ ×ÕÚÌÁ r, ÝÏ ÎÁÌÅÖÉÔØ ÄÏ ÎÁÊÂÌÉÖÞÏÇÏ ÏÔÏÞÅÎÎÑi (r 2 �i). ïÞÅ×ÉÄÎÏ, ÝÏ ÎÁ ÄÏ×¦ÌØÎÉÊ ×ÕÚÏÌ i ÐÒÉ ÒÏÚÂÉÔÔ¦ ÇÒÁÔËÉ ÎÁÄ×ÏÞÁÓÔÉÎËÏ×¦ ËÌÁÓÔÅÒÉ Ä¦¤ z ÐÏÌ¦× (z - ÞÉÓÌÏ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×) ÚÂÏËÕ ËÌÁÓÔÅÒ¦×, ÝÏ Í¦ÓÔÑÔØ ÄÁÎÉÊ ×ÕÚÏÌ. ðÅÒÅÊÄÅÍÏ ×¦Ä ×ÕÚÏÌØÎÏÇÏÄÏ ËÌÁÓÔÅÒÎÏÇÏ ÓÕÍÕ×ÁÎÎÑ [22].12Xi;� K(nm)Sni Smi+�=X(1;2)K(nm)Sn1 Sm2 ; (3.1)Xi Xr2�i r'(n)i Sni =X(1;2)�2'(n)1 Sn1 + 1'(n)2 Sn2 �ð¦ÓÌÑ ÔÏÔÏÖÎØÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ Ú ×ÒÁÈÕ×ÁÎÎÑÍ (3.1) ÂÁÚÉÓÎÉÊ ÇÁ-Í¦ÌØÔÏÎ¦ÁÎ (2.4) ÍÁÔÉÍÅ ×ÉÇÌÑÄ:kH�f�(�)g; f'(�)g� =X1 H1�f~�(�)1 g�+ X(1;2)U12 ; (3.2)ÐÒÉÞÏÍÕH1�f~�(�)1 g� = �Xn=1 ~�(n)1 Sn1 ; ~�(n)1 = �(n)1 + Xr2�1 r'(n)1 ; (3.3)U12 = �Xn=1 �2'(n)1 Sn1 � 1'(n)2 Sn2 + �Xm=1K(nm)Sn1 Sm2 ! : (3.4)H1�f~�(�)1 g� ÏÚÎÁÞÁ¤, ÝÏ H1 ¤ ÆÕÎËÃ¦¤À (~�(1)1 ; : : : ; ~�(�)1 ).äÌÑ kF�f�(�)g; f'(�)g�-ÆÕÎËÃ¦§ ÂÕÄÅÍÏ ÍÁÔÉkF�f�(�)g; f'(�)g� = ln SpfSg exp hkH�f�(�)g; f'(�)g�i = (3.5)=X1 F1�f~�(�)1 g�+ lnhexp�X(1;2)U12�i�0 ;hAi�0 = SpfSg��0(fSg) �A� ; (3.6)�0(fSg) =Y1 �1(S1) =Y1 exp(H1)Z1 :ôÕÔ ×ÉËÏÒÉÓÔÁÎ¦ ÐÏÚÎÁÞÅÎÎÑ ÄÌÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ F1-ÆÕÎËÃ¦§:F1�f~�(�)1 g� = lnZ1�f~�(�)1 g� ; (3.7)Z1�f~�(�)1 g� = SpS1 exp hH1�f~�(�)1 g�i :
ICMP{97{22U 6ïÂÍÅÖÉÍÏÓÑ ÐÅÒÛÉÍ ÐÏÒÑÄËÏÍ ËÌÁÓÔÅÒÎÏÇÏ ÒÏÚ×ÉÎÅÎÎÑ [22],ÝÏ ×¦Ä-ÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ. ôÏÄ¦ kF-ÆÕÎËÃ¦ÑÚÁÐÉÛÅÔØÓÑ Õ ×ÉÇÌÑÄ¦ ÓÕÍÉ ÏÄÎÏ- ÔÁ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ×ÎÕÔÒ¦ÛÎØÏ-ËÌÁÓÔÅÒÎÉÈ F -ÆÕÎËÃ¦Ê:kF�f�(�)g; f'(�)g� =X1 F1�f~�(�)1 g�+ X(1;2) ln hexp(U12)i�0 = (3.8)= (1� z)X1 F1�f~�(�)1 g�+ 12X1;2 F12�f2~�(�)1 g; f1~�(�)2 g� ;ÐÒÉÞÏÍÕ Ä×ÏÞÁÓÔÉÎËÏ×Á F12-ÆÕÎËÃ¦Ñ ÍÁ¤ ×ÉÇÌÑÄ:F12�f2~�(�)1 g; f1~�(�)2 g� = (3.9)lnZ12�f2~�(�)1 g; f1~�(�)2 g� = ln SpS1 ;S2 exp(H12) ;H12�f2~�(�)1 g; f1~�(�)2 g� = H1�f~�(�)1 g�+H2�f~�(�)2 g�+ U12 = (3.10)= �Xn=1 2~�(n)1 Sn1 + 1~�(n)2 Sn2 + �Xm=1K(nm)Sn1 Sm2 ! ;1~�(n)2 = ~�(n)2 � 1'(n)2 = �(n)2 + Xr2�2r 6=1 r'(n)2 : (3.11)úÕÐÉÎÉÍÏÓÑ ÔÅÐÅÒ ÎÁ ÄÏÓÌ¦ÄÖÅÎÎ¦ kF-ÆÕÎËÃ¦§. úÎÁÊÄÅÍÏ ÓÐÏÞÁÔ-ËÕ Ò¦×ÎÑÎÎÑ ÄÌÑ hSn1 i = khSn1 i ÔÁ ÄÌÑ ËÌÁÓÔÅÒÎÉÈ ÐÏÌ¦× r'(n)1 , ×É-ËÏÒÉÓÔÏ×ÕÀÞÉ ÍÅÔÏÄÉËÕ ÚÁÐÒÏÐÏÎÏ×ÁÎÕ ÄÌÑ ×ÉÐÁÄËÕ � = 1 [23]. îÁÏÓÎÏ×¦ (2.8) ÔÁ (2.9) ÏÔÒÉÍÁ¤ÍÏhSn1 i = @ kF@ �(n)1 +Xi Xr2�iXm @ kF@ r'(m)i � � r'(m)i� �(n)1 : (3.12)÷ÉÈÏÄÑÞÉ Ú ÔÏÇÏ, ÝÏ kF-ÆÕÎËÃ¦Ñ (3.8) ¤ ÓÕÍÏÀ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈ ÔÁÄ×ÏÞÁÓÔÉÎËÏ×ÉÈF -ÆÕÎËÃ¦Ê, ÔÁ ÐÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ ÐÏÚÎÁÞÅÎÎÑ (3.3)ÔÁ (3.11), ÏÔÒÉÍÁ¤ÍÏ ÄÌÑ ÞÁÓÔÉÎÎÉÈ ÐÏÈ¦ÄÎÉÈ ×¦Ä kF-ÆÕÎËÃ¦§:@ kF@ �(n)1 = (1�z) �F1 � 1n���+ Xr2�1 F1r � 1n��� ; (3.13)@ kF@ r1'(n)i =(1�z)�Fi � 1n���+Xr2�i Fir � 1n����Fir1 � 1n��� ; (r12�i): (3.14)



7 ðÒÅÐÒÉÎÔôÕÔ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ ÄÌÑ ÞÁÓÔÉÎÎÉÈ ÐÏÈ¦ÄÎÉÈ ×¦Ä ÏÄÎÏ- ÔÁ Ä×ÏÞÁ-ÓÔÉÎËÏ×ÉÈ F -ÆÕÎËÃ¦Ê:Fi� �1n1�� �2n2�� ��� �knk�� f~�(�)i g�= @�1@(~�(n1)i )�1 ��� @�k@(~�(nk)i )�k Fi�f~�(�)i g�; (3.15)Fir� �1n1�� �2n2�� ��� �knk�� �1m1 �2m2 ��� �lml fr ~�(�)i g; fi~�(�)r g� = (3.16)= @�1@(r ~�(n1)i )�1 ��� @�k@(r ~�(nk)i )�k �� @�1@(i~�(m1)r )�1 ��� @�l@(i ~�(ml)r )�l Fir�fr ~�(�)i g; fi~�(�)r g� ;ÑË¦ ÂÕÄÅÍÏ ÎÁÚÉ×ÁÔÉ ×¦ÄÐÏ×¦ÄÎÏ ÏÄÎÏ- ÔÁ Ä×ÏÞÁÓÔÉÎËÏ×ÉÍÉ ×ÎÕÔ-Ò¦ÛÎØÏËÌÁÓÔÅÒÎÉÍÉ ëæ. îÁ ÏÓÎÏ×¦ ÓÐ¦××¦ÄÎÏÛÅÎØ (3.12) ÔÁ (3.13),(3.14), ÐÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ ÕÍÏ×Õ ÅËÓÔÒÅÍÕÍÕ kF-ÆÕÎËÃ¦§ ÐÏ r'(n)i@ kF@ r'(n)i = 0 ; (3.17)ÌÅÇËÏ ÏÔÒÉÍÁÔÉ ÓÉÓÔÅÍÕ (z + 1)�N Ò¦×ÎÑÎØ ÄÌÑ r'(n)i ÔÁ hSni i (n =1; : : : ; � ; i = 1; : : : ; N ) , ×ÒÁÈÕ×Á×ÛÉ ÐÒÉ ÃØÏÍÕ ÝÅ ¦ (2.9), (3.3),(3.11). hSn1 i = F1 � 1n�� f~�(�)1 g� (3.18)F1 � 1n�� f~�(�)1 g� = F1r � 1n�� fr ~�(�)1 g; f1~�(�)r g� (3.19)ú ¦ÎÛÏÇÏ ÂÏËÕ, ×ÒÁÈÏ×ÕÀÞÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (3.7), (3.9), Á ÔÁ-ËÏÖ ÏÚÎÁÞÅÎÎÑ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÔÁ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ×ÎÕÔÒ¦ÛÎØÏ-ËÌÁÓÔÅÒÎÉÈ ÓÅÒÅÄÎ¦ÈhAi�1 = SpS1 [�1(S1) �A] ; hAi�1r = SpS1 ;Sr [�1r(S1; Sr) �A] ; (3.20)ÌÅÇËÏ ÏÔÒÉÍÁÔÉ ÄÌÑ ÕÎÁÒÎÉÈ ×ÎÕÔÒ¦ÛÎØÏËÌÁÓÔÅÒÎÉÈ ëæ ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑ F1 � 1n��� = hSn1 i�1 ; F1r � 1n��� = hSn1 i�1r ; (3.21)ÄÅ ÕÓÅÒÅÄÎÅÎÎÑ ÐÒÏ×ÏÄÉÔØÓÑ ÐÏ ×ÎÕÔÒ¦ÛÎØÏËÌÁÓÔÅÒÎÉÈ ÏÄÎÏÞÁÓÔÉÎ-ËÏ×¦Ê ÔÁ Ä×ÏÞÁÓÔÉÎËÏ×¦Ê ÍÁÔÒÉÃÑÈ ÇÕÓÔÉÎÉ�1(S1) = exp hH1�f~�(�)1 g�iZ1�f~�(�)1 g� ; (3.22)
ICMP{97{22U 8�1r(S1; Sr) = exp hH1r�fr ~�(�)1 g; f1~�(�)r g�iZ1r�fr ~�(�)1 g; f1~�(�)r g� :ôÏÂÔÏ Ú ÕÍÏ×É ÅËÓÔÒÅÍÕÍÕ kF-ÆÕÎËÃ¦§ (3.17) ÍÉ ÏÔÒÉÍÁÌÉ (ÄÉ×. ÓÉ-ÓÔÅÍÕ Ò¦×ÎÑÎØ (3.18), (3.19)) z�N Ò¦×ÎÑÎØhSn1 i�1 = hSn1 i�1r ; (n=1;:::;�) : (3.23)óÉÓÔÅÍÁ z�N Ò¦×ÎÑÎØ (3.23), ÑË ×ÉÄÎÏ Ú ÏÚÎÁÞÅÎÎÑ ÓÅÒÅÄÎØÏÇÏ (3.20),ÅË×¦×ÁÌÅÎÔÎÁ z�N ÎÅÚÁÌÅÖÎÉÍ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ Í¦Ö ÍÁÔÒÉÃÑÍÉ ÇÕ-ÓÔÉÎÉ�1(S1) = SpSr [�1r(S1; Sr)] ; S = (��;�� + 2; : : : ; � � 2; �) (3.24)(¦Ú z(� + 1)N ÓÐ¦××¦ÄÎÏÛÅÎØ (3.24) ÎÅÚÁÌÅÖÎÉÍÉ ¤ z�N , ÏÓË¦ÌØËÉÚ Ñ×ÎÏÇÏ ×ÉÇÌÑÄÕ �1(S1), �1r(S1; Sr) ×ÉÐÌÉ×Á¤ ÔÏÔÏÖÎ¤ ×ÉËÏÎÁÎ-ÎÑ zN ÕÍÏ× SpS1 [�1(S1)] = SpS1 ;Sr [�1r(S1; Sr)] = 1). ïÔÖÅ, × îäëÕÍÏ×Á ÅËÓÔÒÅÍÕÍÕ kF-ÆÕÎËÃ¦§ (3.17) ÄÁ¤ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (3.24) Í¦Ö×ÎÕÔÒ¦ÛÎØÏËÌÁÓÔÅÒÎÉÍÉ ÍÁÔÒÉÃÑÍÉ ÇÕÓÔÉÎÉ.úÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×ÉÐÁÄËÕ ÏÄÎÏÒ¦ÄÎÉÈ ÐÏÌ¦× h(n)i ( h(n)i = h(n),hSni i = hSni, �(n)i = �(n) ), ÔÏÂÔÏ ËÏÌÉr ~�(n)1 = ~~�(n)= �(n)+ (z�1)'(n) ; ~�(n)1 = ~�(n)= �(n)+ z'(n) ; (3.25)�(n) = h(n) + �Xm=1 J (nm)0 hSmi ; J (nm)0 = J (nm)(~q = 0) ;(3.18), (3.19) Ñ×ÌÑÀÔØ ÓÏÂÏÀ ÓÉÓÔÅÍÕ 2� Ò¦×ÎÑÎØ ÄÌÑ '(n) ÔÁ hSni.ðÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê (J (nm)0 = 0) Õ ×ÉÐÁÄËÕ ÏÄ-ÎÏÒ¦ÄÎÏÇÏ ÐÏÌÑ ÍÁÔÉÍÅÍÏ ÓÉÓÔÅÍÕ � Ò¦×ÎÑÎØ (3.19) ÄÌÑ ËÌÁÓÔÅÒÎÉÈÐÏÌ¦× '(n) ÔÁ � ×ÉÒÁÚ¦× (3.18) ÄÌÑ ÕÎÁÒÎÉÈ ëæ hSni.úÕÐÉÎÉÍÏÓÑ ÔÅÐÅÒ ËÏÒÏÔËÏ ÎÁ ÚÁÐÒÏÐÏÎÏ×ÁÎÏÍÕ ÎÁÍÉ [3] ÍÅÔÏÄ¦ÒÏÚÒÁÈÕÎËÕ ÐÁÒÎÉÈ ëæ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ Ú ÄÏ×¦ÌØÎÉÍ �, ÑËÉÊ ÇÒÕÎ-ÔÕ¤ÔØÓÑ ÎÁ ÍÅÔÏÄÉÃ¦, ÒÏÚÒÏÂÌÅÎ¦Ê × ÒÏÂÏÔ¦ [23] ÄÌÑ ×ÉÐÁÄËÕ � = 1.÷ÉÈÏÄÑÞÉ Ú (2.8) ÔÁ (3.18), ÌÅÇËÏ ÏÔÒÉÍÁÔÉ ×ÉÒÁÚ ÄÌÑ ÐÁÒÎÉÈ ëæÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ.kb(nm)12 = khSn1 Sm2 ic = �Xk=1F1 � 1n�� 1k��� � � ~�(k)1� �(m)2 (3.26)ïÓË¦ÌØËÉ ×ÅÌÉÞÉÎÉ F1 � 1n�� 1k��� ÄÌÑ ËÏÎËÒÅÔÎÉÈ ÓÉÓÔÅÍ ÏÂÞÉÓÌÀÀÔØÓÑÂÅÚÐÏÓÅÒÅÄÎØÏ, ÔÏ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÐÁÒÎÉÈ ëæ (3.26) ÎÁÍ ÎÅÏÂÈ¦ÄÎÏÏÔÒÉÍÁÔÉ Ò¦×ÎÑÎÎÑ ÄÌÑ � ~�(k)1 =� �(m)2 .



9 ðÒÅÐÒÉÎÔ÷×ÅÄÅÍÏ ÐÏÚÎÁÞÅÎÎÑ:� ~�(k)1� �(m)2 = ~�12(kjm) ; � r ~�(k)1� �(m)2 = r ~�12(kjm) ; (3.27)� r'(k)1� �(m)2 = r'12(kjm) :÷ÚÑ×ÛÉ ÐÏÈ¦ÄÎÕ � =� �(m)2 ×¦Ä ÏÂÏÈ ÓÔÏÒ¦Î Ò¦×ÎÑÎÎÑ (3.19) ¦ ×ÒÁÈÏ×Õ-ÀÞÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ r ~�12(kjm) = ~�12(kjm)� r'12(kjm) (3.28)(ÄÉ×. (3.11)), ÏÔÒÉÍÁ¤ÍÏ Ò¦×ÎÑÎÎÑ�Xk=1F1 � 1n�� 1k��� � ~�12(kjm) = �Xk=1F1r � 1n�� 1k�� � h~�12(kjm)� r'12(kjm)i++ �Xk=1F1r � 1n�� 1k� �~�r2(kjm)� 1'r2(kjm)� : (3.29)ðÅÒÅÊÛÏ×ÛÉ × (3.29) ÄÏ ÍÁÔÒÉÞÎÏ§ ÆÏÒÍÉ ÔÁ ÚÄ¦ÊÓÎÉ×ÛÉ ÒÑÄ ÐÅÒÅ-Ô×ÏÒÅÎØ, ÏÔÒÉÍÁ¤ÍÏh bF (20)1r + bF (2)1 i � b~�12 + bF (11)1r � b~�r2 = bF (20)1r � r b'12 + bF (11)1r � 1 b'r2 : (3.30)ôÕÔ ×ÉËÏÒÉÓÔÁÎ¦ ÐÏÚÎÁÞÅÎÎÑbF (2)i = 0B@ Fi� 21��� Fi� 11�� 12��� : : : Fi� 11�� 1����...Fi� 1��� 11��� Fi� 1��� 12��� : : : Fi� 2���� 1CA ; (3.31)bF (20)ir = 0B@ Fir� 21��� Fir� 11�� 12��� : : : Fir� 11�� 1����...Fir� 1��� 11��� Fir� 1��� 12��� : : : Fir� 2���� 1CA ;bF (11)ir = 0B@ Fir� 11�� 11����� : : : Fir� 11�� 1������...Fir� 1��� 11����� : : : Fir� 1��� 1������ 1CA ;b~�ir = 0B@ ~�ir(1j1) : : : ~�ir(1j�)...~�ir(�j1) : : : ~�ir(�j�) 1CA :
ICMP{97{22U 10úÁÕ×ÁÖÉÍÏ,ÝÏ ÍÉ ÏÔÒÉÍÁÌÉ Ò¦×ÎÑÎÎÑ (3.30) Ú ÎÅ×¦ÄÏÍÉÍÉ r b'12, 1 b'r2.îÅÏÂÈ¦ÄÎÏ ÄÏÐÉÓÁÔÉ ÄÌÑ ÎØÏÇÏ ÝÅ Ì¦Î¦ÊÎÏ ÎÅÚÁÌÅÖÎÅ Ò¦×ÎÑÎÎÑ. ÷É-ËÏÒÉÓÔÏ×ÕÀÞÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑF1 � 2n��� = F1r � 2n��� ; F1 � 1n�� 1m��� = F1r � 1n�� 1m��� ; (3.32)ÑË¦ ¤ ÎÁÓÌ¦ÄËÏÍ ÓÐ¦××¦ÄÎÏÛÅÎØ (3.24) Í¦Ö ÍÁÔÒÉÃÑÍÉ ÇÕÓÔÉÎÉ, ÔÁ××¦×ÛÉ ÐÏÚÎÁÞÅÎÎÑ bf1r = h bF (20)1r i�1 � bF (11)1r ; (3.33)ÐÅÒÅÐÉÛÅÍÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (3.30) Õ ÆÏÒÍ¦:r b'12 + bf1r � 1 b'r2 = bf1r � b~�r2 : (3.34)úÄ¦ÊÓÎÉ×ÛÉ ÚÁÍ¦ÎÕ ¦ÎÄÅËÓ¦× r *) 1, ÏÔÒÉÍÁ¤ÍÏbfr1 � r b'12 + 1 b'r2 = bfr1 � b~�12 : (3.35)ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ (3.34), (3.35) Ñ×ÌÑÀÔØ ÓÏÂÏÀ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑr b'12, 1 b'r2. óÕÍÕÀÞÉ × (3.34) ÐÏ r 2 �1 ÔÁ ÐÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉXr2�1 r b'12 = b~�12 � b�12 = b~�12 � �12 � b1 ; (3.36)Ú ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (3.34), (3.35) ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÚÁÍËÎÅÎÅ Ò¦×ÎÑÎÎÑÄÌÑ b~�12. bQ11 � b~�12 = �12 � b1 + Xr2�1 bf1r � bd�1r1r � b~�r2 � �1r (3.37)ôÕÔ ×ÉËÏÒÉÓÔÁÎ¦ ÐÏÚÎÁÞÅÎÎÑ:bQ11 = b1 + Xr2�1 bf1r � bd�1r1r � bfr1 ; (3.38)bdr1r = b1� bfr1 � bf1r ; �1r = � 1; r2�10; r =2�1 :úÕÐÉÎÉÍÏÓÑ ÔÅÐÅÒ ÎÁ ÒÏÚ×'ÑÚÕ×ÁÎÎ¦ ÏÔÒÉÍÁÎÏÇÏ Ò¦×ÎÑÎÎÑ (3.37).õ ×ÉÐÁÄËÕ ÏÄÎÏÒ¦ÄÎÏÇÏ ÐÏÌÑ ÍÁÀÔØ Í¦ÓÃÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ:b~�12 = b~�(1�2) ; bf1r = bf (1�r) = bf ; (3.39)bdr1r = bd(1�r) = bd = b1� bf2 :



11 ðÒÅÐÒÉÎÔðÅÒÅÈÏÄÑÞÉ × (3.37) Õ ×ÉÐÁÄËÕ ÏÄÎÏÒ¦ÄÎÏÇÏ ÐÏÌÑ ÄÏ æÕÒ'¤-ÐÒÅÄ-ÓÔÁ×ÌÅÎÎÑ ¦ ÒÏÚ×'ÑÚÕÀÞÉ ÏÔÒÉÍÁÎÅ Ò¦×ÎÑÎÎÑ, ÏÔÒÉÍÁ¤ÍÏ ÄÌÑ b~�(~q)b~�(~q) =�z �b1� (z�1)�b1 + bf�+ z�b1� bf��1 � bf ��(~q)��1 ��b1 + bf�; (3.40)ÄÅ Õ ×ÉÐÁÄËÕ ÇÒÁÔËÉ Ú Ç¦ÐÅÒËÕÂ¦ÞÎÏÀ ÓÉÍÅÔÒ¦¤À�(~q) = 1� �(~q)z = 2d dXi=1 sin2 �qi � a2 � : (3.41)ôÕÔ d = z=2 - ÒÏÚÍ¦ÒÎ¦ÓÔØ ÇÒÁÔËÉ, �(~q) - æÕÒ'¤ ÏÂÒÁÚ �1r.ðÅÒÅÊÛÏ×ÛÉ × (3.26) ÄÏ ÍÁÔÒÉÞÎÏÇÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ¦ ÚÄ¦ÊÓÎÉ×ÛÉÐÅÒÅÈ¦Ä ÄÏ ~q-ÐÒÏÓÔÏÒÕ, ×ÒÁÈÏ×ÕÀÞÉ (3.40), ÏÔÒÉÍÁ¤ÍÏ ÄÌÑ ÐÁÒÎÉÈ ëæÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉkbb(~q) = bF (2)1 � b~�(~q) = 1z �� bF (+)��1 + (1z � 1)� bF (2)��1+ (3.42)� bF (+)��1n bF (2) � � bF (�)��1 � b1o�(~q)��1 ;ÄÅ bF (+) = bF (2) + bF (11), bF (�) = bF (2) � bF (11).4. íÏÄÅÌØ âÌÀÍÁ-åÍÅÒ¦-çÒ¦Æ¦ÔÓÁúÕÐÉÎÉÍÏÓÑ ÔÅÐÅÒ ÎÁ ÂÁÚÉÓÎ¦Ê ÍÏÄÅÌ¦ âåç (� = 2), ÑËÁ ÏÐÉÓÕ¤ÔØ-ÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍkH�f�g; f�0g� = � NXi=1 ��iSi + �0iS2i �+ (4.1)12 �Xi;� �KSiSi+� +K0S2i S2i+�� :ôÕÔ �i = �i +PNj=1 JijhSji ; �0i = Di +PNj=1 J 0ijhS2j i, �i � ÚÏ×-Î¦ÛÎ¤ ÐÏÌÅ, Di � ÏÄÎÏ¦ÏÎÎÁ ÁÎ¦ÚÏÔÒÏÐ¦Ñ. úÁÕ×ÁÖÉÍÏ, ÝÏ ÔÕÔ ¦ ÄÁÌ¦ÍÎÏÖÎÉË � = (kBT )�1 ×ÉÄ¦ÌÑ¤ÍÏ Ñ×ÎÏ.îÁ ÏÓÎÏ×¦ (3.3), (3.7) ÔÁ (3.9), (3.10) ÏÔÒÉÍÁ¤ÍÏ ÏÄÎÏ- ÔÁ Ä×ÏÞÁ-ÓÔÉÎËÏ×¦ F -ÆÕÎËÃ¦§.F1(T; ~�1; ~�01) = ln�2 exp(4� ~�01) � ch(2� ~�1) + 1� (4.2)
ICMP{97{22U 12F12(T; 2 ~�1; 2~�01; 1~�2; 1~�02) = (4.3)lnn2 exp[4�(2~�01 + 1~�02 + 4K0)]� exp(4�K)�ch[2�(2~�1 + 1~�2)] +exp(�4�K) � ch[2�(2 ~�1 � 1 ~�2)]�+ 2 exp(4� 2~�01)�ch(2� 2~�1) +2 exp(4� 1~�02)�ch(2� 1~�2) + 1oõ ×ÉÐÁÄËÕ ÏÄÎÏÒ¦ÄÎÏÇÏ ÐÏÌÑ, ËÏÌÉ ÍÁÀÔØ Í¦ÓÃÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ~�1 = ~� = �+ z � ' ; r ~�1 = ~~� = �+ (z � 1)' ; (4.4)~�01 = ~�0 = �0 + z �'0 ; r ~�01 = ~~�0 = �0 + (z � 1)'0 ;ÄÌÑ kF-ÆÕÎËÃ¦§ ÂÕÄÅÍÏ ÍÁÔÉ1N kF(T;�; D; '; '0; hSi; hS2i) = (4.5)(1�z)F1(T; ~�; ~�0) + z2F12(T; ~~�; ~~�0) ;F1(T; ~�; ~�0) = lnZ1(T; ~�; ~�0) ; F12(T; ~~�; ~~�0) = lnZ12(T; ~~�; ~~�0) ;Z1(T; ~�; ~�0) = 2e4�~�0 � ch(2� ~�) + 1 ; (4.6)Z12(T; ~~�; ~~�0) = 2e8�(~~�0+2K0) �e4�K � ch(4� ~~�) + e�4�K�+4e4�~~�0 � ch(2� ~~�) + 1 :úÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×ÉÐÁÄËÕ J = J 0 = 0 ÍÁ¤ÍÏ ÆÕÎËÃ¦ÏÎÁÌØÎÕ ÚÁ-ÌÅÖÎ¦ÓÔØ kF(T;�; D; '; '0). äÌÑ ÔÏÇÏ, ÝÏÂ Õ ×ÉÐÁÄËÕ ÏÄÎÏÒ¦ÄÎÏÇÏÐÏÌÑ ÚÁÐÉÓÁÔÉ Õ Ñ×ÎÏÍÕ ×ÉÇÌÑÄ¦ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ËÌÁÓÔÅÒÎÉÈÐÏÌ¦× ', '0, ÕÎÁÒÎÉÈ ëæ hSi, hS2i ÔÁ ×ÉÒÁÚÉ ÄÌÑ ÐÁÒÎÉÈ ëæ, ÎÅÏÂÈ¦Ä-ÎÏ ÐÏÒÁÈÕ×ÁÔÉ ×ÎÕÔÒ¦ÛÎØÏËÌÁÓÔÅÒÎ¦ ëæ F1 � 1n���, F1 � 2n���, F1 � 1n�� 1m���,F1r � 1n���, F1r � 2n���, F1r � 1n�� 1m�. âÅÒÕÞÉ ×¦ÄÐÏ×¦ÄÎ¦ ÞÁÓÔÉÎÎ¦ ÐÏÈ¦ÄÎ¦ ×¦ÄF -ÆÕÎËÃ¦Ê (4.2), (4.3) (n; m = 1 ÔÁ n; m = 2 ×¦ÄÐÏ×¦ÄÁÀÔØ ÕÐÏÈ¦Ä-ÎÅÎÎÑÍ ÐÏ ~�1 ÔÁ ~�01 ÄÌÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ F1-ÆÕÎËÃ¦§ (ÄÉ×. (3.15)),¦ ÕÐÏÈ¦ÄÎÅÎÎÑÍ ÐÏ 2~�1 ÔÁ 2~�01 ÁÂÏ 1~�2 ÔÁ 1~�02 ÄÌÑ Ä×ÏÞÁÓÔÉÎËÏ×Ï§F12-ÆÕÎËÃ¦§ (ÄÉ×. (3.16)), ×¦ÄÐÏ×¦ÄÎÏ) ¦ ÐÅÒÅÊÛÏ×ÛÉ ÄÏ ×ÉÐÁÄËÕ ÏÄ-ÎÏÒ¦ÄÎÏÇÏ ÐÏÌÑ, ÏÔÒÉÍÁ¤ÍÏF1( 11j) = 4e4�~�0 � sh(2� ~�) � Z�11 ; (4.7)F1( 12j) = 8e4�~�0 � ch(2� ~�) � Z�11 ;F1( 21j) = 8e4�~�0h2e4�~�0 + ch(2� ~�)iZ�21 ;F1( 22j) = 32e4�~�0 � ch(2� ~�) � Z�21 ;F1( 11j 12j) = F1( 12j 11j) = 16e4�~�0 � sh(2� ~�) � Z�21 ;



13 ðÒÅÐÒÉÎÔF12( 11j) = 4�e4�(2~~�0+4K0+K) � sh(4� ~~�) + e4�~~�0 � sh(2� ~~�)� � Z�112 ; (4.8)F12( 12j) = 8ne8�(~~�0+2K0) �e4�K � ch(4� ~~�) + e�4�K�+e4�~~�0 � ch(2� ~~�)o � Z�112 ;F12( 11j 11k) = 8e8�~~�0 ne16�K0 h4e8�(~~�0+2K0) � sh(8�K)+8e4�~~�0 � sh(4�K) � ch(2� ~~�) +e4�K � ch(4� ~~�) � e�4�K� � 2sh2(2� ~~�)	 � Z�212 ;F12( 12j 12k) = 32e8�~~�0 ne16�K0 �e4�K � ch(4� ~~�) + e�4�K��2ch2(2� ~~�)	 � Z�212 ;F12( 11j 12k)=F12( 12j 11k) =16e8�~~�0 n4e4�(~~�0+4K0) �sh(2� ~~�)�sh(4�K)+e4�(4K0+K) � sh(4� ~~�)� 2sh(2� ~~�) � ch(2� ~~�)o � Z�212 :îÁ ÏÓÎÏ×¦ (3.18), (3.19) ÔÁ (4.7), (4.8) ÚÁÐÉÛÅÍÏ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ', '0, hSi, hS2i Õ ×ÉÐÁÄËÕ ÏÄÎÏÒ¦ÄÎÏÇÏ ÐÏÌÑ Õ Ñ×ÎÏÍÕ ×ÉÇÌÑÄ¦.hSi = 4e4�~�0 � sh(2� ~�)Z1(T; ~�; ~�0) ; hS2i = 8e4�~�0 � ch(2� ~�)Z1(T; ~�; ~�0) ; (4.9)e4�~�0 � sh(2� ~�)Z1(T; ~�; ~�0) = e4�(2~~�0+4K0+K) � sh(4� ~~�) + e4�~~�0 � sh(2� ~~�)Z12(T; ~~�; ~~�0) ; (4.10)e4�~�0 � ch(2� ~�)Z1(T; ~�; ~�0) =e8�(~~�0+2K0) �e4�K � ch(4� ~~�) + e�4�K� + e4�~~�0 � ch(2� ~~�)Z12(T; ~~�; ~~�0) :úÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×ÉÐÁÄËÕ, ËÏÌÉ ÄÁÌÅËÏÓÑÖÎ¦ ×ÚÁ¤ÍÏÄ¦§ ×¦ÄÓÕÔÎ¦(J = J 0 = 0), ÍÁ¤ÍÏ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ (4.10) ÄÌÑ ËÌÁÓÔÅÒÎÉÈ ÐÏÌ¦×', '0 ÔÁ ×ÉÒÁÚÉ (4.9) ÄÌÑ hSi, hS2i (×ÉÒÁÚÉ (4.9) ÔÁ ÓÉÓÔÅÍÁ Ò¦×ÎÑÎØ(4.10) ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÎÁÂÌÉÖÅÎÎÑ ËÏÎÓÔÁÎÔÉ Ú×'ÑÚËÕ[18]).îÁ ÏÓÎÏ×¦ (3.42) (� = 2), ×ÒÁÈÏ×ÕÀÞÉ F1( 11j 12j) = F1( 12j 11j),F12( 11j 12k) = F12( 12j 11k), ÚÁÐÉÛÅÍÏ ×ÉÒÁÚÉ ÄÌÑ ÐÁÒÎÉÈ ëæ ÂÁÚÉÓ-ÎÏ§ ÍÏÄÅÌ¦ âåç.kbb(~q)= khSSic~q khSS2ic~qkhS2Sic~q khS2S2ic~q != d+d�d(2)z�~b1~b3 � (~b2)2� �� ~b1 ~b2~b2 ~b3 � ; (4.11)
ICMP{97{22U 14ÐÒÉÞÏÍÕ~b�= d(�)�d(2)F (+)� +�1z �1�d(+)F (2)� �� (4.12)d(2)nF (+)� �d(�)+F (�)2 F (2)2 ��B�o�(~q) ; (�=1;2;3) ;bF (�)= F (�)1 F (�)2F (�)2 F (�)3 ! ; (�=+;�;2) ; bF (�) = bF (2) � bF (11) ; (4.13)d(�) = det��� bF (�)��� ; d(+) = det��� bF (+)��� ; d(2) = det��� bF (2)��� ;bF (2) =  F1( 21j) F1( 11j 12j)F1( 11j 12j) F1( 22j) ! ; (4.14)bF (11) =  F12( 11j 11k) F12( 11j 12k)F12( 11j 12k) F12( 12j 12k) ! ;B1 = F (+)1 F (�)1 F (2)3 + F (+)2 F (�)2 F (2)1 � F (+)2 F (�)1 F (2)2 ; (4.15)B2 = F (+)2 F (�)1 F (2)3 + F (+)3 F (�)2 F (2)1 � F (+)3 F (�)1 F (2)2 ;B3 = F (+)3 F (�)3 F (2)1 + F (+)2 F (�)2 F (2)3 � F (+)2 F (�)3 F (2)2 :5. òÅÚÕÌØÔÁÔÉ ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎË¦×÷ ÄÁÎÏÍÕ ÒÏÚÄ¦Ì¦ ÚÕÐÉÎÉÍÏÓÑ ÎÁ ÒÅÚÕÌØÔÁÔÁÈ ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎ-Ë¦× (ÐÒÉ � = 0) ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ¦ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦Ê-ÎÉÈ ÆÕÎËÃ¦Ê (ÐÒÉ ~q = 0) ÍÏÄÅÌ¦ âåç.úÁÕ×ÁÖÉÍÏ, ÝÏ × ÃØÏÍÕ ÒÏÚÄ¦Ì¦ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÐÏÚÎÁÞÅÎÎÑÄÌÑ ×¦ÄÎÏÓÎÉÈ ×ÅÌÉÞÉÎ:t = 38 kBTzK ; d = DK ; k0 = 4K 0K ; m = 12 hSi ; q = 14 hS2i ;G11 = 14hSSic~q=0 ; G12 = 18hSS2ic~q=0 ; G11 = 116hS2S2ic~q=0 ;ÔÁ ÔÅÒÍ¦ÎÏÌÏÇ¦Ñ ÒÏÂÏÔÉ [17]F { ÆÅÒÏÍÁÇÎ¦ÔÎÁ ÆÁÚÁ (m 6= 0, q 6= 23 ),P { ÐÁÒÁÍÁÇÎ¦ÔÎÁ ÆÁÚÁ (m = 0, q 6= 23 , q(t =1) = 23 ),Q { Ë×ÁÄÒÕÐÏÌØÎÁ ÆÁÚÁ (m = 0, q 6= 23).úÁÕ×ÁÖÉÍÏ,ÝÏ × îäë ÓÉÓÔÅÍÁ Ò¦×ÎÑÎØ ÄÌÑ ', '0 (4.10) ÍÁ¤ ÄÅË¦ÌØËÁ



15 ðÒÅÐÒÉÎÔÐÁÒ ÒÏÚ×'ÑÚË¦× (§È ÞÉÓÌÏ ÚÁÌÅÖÉÔØ ×¦Ä ÐÁÒÁÍÅÔÒ¦× d, k0 ÔÁ ÔÅÍÐÅÒÁÔÕ-ÒÉ) '� ÔÁ '0� , ÑË¦ ÏÄÎÏÚÎÁÞÎÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ÐÁÒÁÍ m� ÔÁ q� [24]. ðÁÒÁÒÏÚ×'ÑÚË¦×, ÑËÁ ×¦ÄÐÏ×¦ÄÁ¤ P - ÆÁÚ¦ ¦ÓÎÕ¤ ÐÒÉ t 2 [tP1 ;1] (tP1 � 0, §§ÚÎÁÞÅÎÎÑ ÚÁÌÅÖÉÔØ ×¦Ä d, k0). ðÁÒÉ ÒÏÚ×'ÑÚË¦×, ÑË¦ ×¦ÄÐÏ×¦ÄÁÀÔØ F -ÆÁÚ¦ ÔÁ Q - ÆÁÚ¦ ¦ÓÎÕÀÔØ ÐÒÉ t 2 [tF1 ; tF2 ] ÔÁ t 2 [tQ1 ; tQ2 ] ×¦ÄÐÏ×¦Ä-ÎÏ (ÚÎÁÞÅÎÎÑ tF1 , tF2 ÔÁ tQ1 , tQ2 ÚÁÌÅÖÁÔØ ×¦Ä d, k0 ¦ ¤ ÓË¦ÎÞÅÎÉÍÉ×ÅÌÉÞÉÎÁÍÉ).îÁÇÁÄÁ¤ÍÏ ÔÁËÏÖ [3], ÝÏ ÐÁÒÉ ÒÏÚ×'ÑÚË¦× '; '0 ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ(4.10) ×¦ÄÐÏ×¦ÄÁÀÔØ ÅËÓÔÒÅÍÕÍÁÍ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§F = �kBT kF(t; d; '; '0) (5.1)(ÐÒÉ ÃØÏÍÕ kF ÒÏÚÒÁÈÏ×Õ¤ÔØÓÑ ÎÁ ÏÓÎÏ×¦ (4.5)), Á ÐÏ×ÅÄ¦ÎËÕ Æ¦ÚÉÞÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË ÄÏÓÌ¦ÄÖÕ×ÁÎÏ§ ÍÏÄÅÌ¦ ×ÉÚÎÁÞÁ¤ ÐÁÒÁ ÒÏÚ×'ÑÚË¦× '; '0,ÑËÁ ×¦ÄÐÏ×¦ÄÁ¤ ÁÂÓÏÌÀÔÎÏÍÕ Í¦Î¦ÍÕÍÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ (5.1).ôÅÍÐÅÒÁÔÕÒÕ æð F$ P 2-ÇÏ ÒÏÄÕ (FP2) ÔÁ PF2 (ÔÕÔ ¦ ÄÁÌ¦ ÂÕÄÅ-ÍÏ ×ÓÅ ÒÏÚÇÌÑÄÁÔÉ × ÎÁÐÒÑÍËÕ ÚÒÏÓÔÁÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ), ÛÕËÁÔÉÍÅÍÏÚ ÕÍÏ×É �khSSic0��1 = 0 (ÄÉ×. (4.11)). ïÓË¦ÌØËÉ × ÐÁÒÁÆÁÚ¦ ¤ ÌÉÛÅÏÄÎÁ ÐÁÒÁ ÒÏÚ×'ÑÚË¦× (' = 0; '0 6= 0) ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ ÄÌÑ ËÌÁÓÔÅÒ-ÎÉÈ ÐÏÌ¦× (4.10), ÎÁÍ ÄÏÓÔÁÔÎØÏ ÚÎÁÊÔÉ ÒÏÚ×'ÑÚËÉ t� Ò¦×ÎÑÎÎÑY (t�) = 0 ; Y (t) = �khSSic0 (t; ' = 0; '0(t))��1 ; (5.2)¦ ÄÏÓÌ¦ÄÖÕÀÞÉ ×¦ÌØÎÕ ÅÎÅÒÇ¦À, ×¦Ä¦ÂÒÁÔÉ Ô¦ t�, ÑË¦ ¤ ÎÁÓÐÒÁ×Ä¦ ÔÅÍ-ÐÅÒÁÔÕÒÁÍÉ æð 2-ÇÏ ÒÏÄÕ [3,24]. úÁÕ×ÁÖÉÍÏ, ÝÏ × (5.2) '0(t) ÚÎÁÈÏ-ÄÉÔØÓÑ Ú ÄÒÕÇÏÇÏ Ò¦×ÎÑÎÎÑ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (4.10) ÐÒÉ ' = 0, ÔÁË ÑËÐÅÒÛÅ Ò¦×ÎÑÎÎÑ ÐÒÉ ' = 0 ÐÅÒÅÔ×ÏÒÀ¤ÔØÓÑ × ÔÏÔÏÖÎ¦ÓÔØ.ôÅÍÐÅÒÁÔÕÒÉ ¦ÎÛÉÈ æð ÂÕÄÅÍÏ ÛÕËÁÔÉ ÄÏÓÌ¦ÄÖÕÀÞÉ ×¦ÌØÎÕÅÎÅÒÇ¦À (5.1) ÑË ÆÕÎËÃ¦À ' ÔÁ '0 [3,24].óÐÏÞÁÔËÕ ÐÒÉ×ÅÄÅÍÏ ÆÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ ÔÁ ÔÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÔÁ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦ÊÐÒÉ ~q = 0, ÏÔÒÉÍÁÎ¦ × îäë ÔÁ × îíð, Õ ÎÁÓÔÕÐÎÉÈ ÔÒØÏÈ ×ÉÐÁÄËÁÈ:ÍÏÄÅÌØ Ú ÏÄÎÏ¦ÏÎÎÏÀ ÁÎ¦ÚÏÔÒÏÐ¦¤À (K0 = 0), ÍÏÄÅÌØ Ú Â¦Ë×ÁÄÒÁÔÉÞ-ÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À (D = 0), Ë×ÁÄÒÕÐÏÌØÎÁ ÍÏÄÅÌØ (D = �83zK 0).úÕÐÉÎÉÍÏÓÑ ËÏÒÏÔËÏ ÎÁ ×É×ÞÅÎÎ¦ ×ÐÌÉ×Õ ÎÁ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÈÁ-ÒÁËÔÅÒÉÓÔÉËÉ ÐÁÒÁÍÅÔÒÁ ÏÄÎÏ¦ÏÎÎÏ§ ÁÎ¦ÚÏÔÒÏÐ¦§ d ÐÒÉ k0 = 0. îÁ ÒÉÓ.1 ÐÒÉ×ÅÄÅÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ æð FP2 ÔÁ FP1 ×¦Ä ×ÅÌÉÞÉÎÉ dÄÌÑ ÇÒÁÔÏË Ú z = 3; 4; 6 (ÒÅÚÕÌØÔÁÔÉ îäë). ðÒÉ d > dk(z) (dk(z =6) � �2:82) × ÓÉÓÔÅÍ¦ ×¦ÄÂÕ×Á¤ÔØÓÑ æð FP2, ÐÒÉ ~dk(z) < d < dk(z)( ~dk(z = 6) � �3:0) { æð FP1, Á ÐÒÉ d < ~dk(z) × ÓÉÓÔÅÍ¦ æð ×¦ÄÓÕÔ-Î¦Ê. îÁ ÃØÏÍÕ ÒÉÓÕÎËÕ ÐÒÉ×ÅÄÅÎ¦ ÔÁËÏÖ ÆÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ, ÏÔÒÉÍÁÎ¦
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1òÉÓ. 1: æÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ ÎÁ (t � d) ÐÒÏÝÉÎ¦ ÐÒÉ k0 = 0:0ÏÔÒÉÍÁÎ¦ × îäë ÄÌÑ Ò¦ÚÎÉÈ ÔÉÐ¦× ÇÒÁÔÏË: 1 { z = 6; 2{ z = 4; 3 { z = 3, ÔÁ × îíð: 1' { z = 6; 2' { z = 4; 3'{ z = 3.× îíð. îÁ ÒÉÓ. 2 - 7 ÐÒÉ×ÅÄÅÎ¦ ÔÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÄÉÐÏÌØÎÏ-ÇÏ m, Ë×ÁÄÒÕÐÏÌØÎÏÇÏ q ÍÏÍÅÎÔ¦×, ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÔÁÔÅÐÌÏ¤ÍÎÏÓÔ¦, ÏÔÒÉÍÁÎ¦ × îäë ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ d ÄÌÑ ËÕÂ¦Þ-ÎÏ§ ÇÒÁÔËÉ (× P ÆÁÚ¦ ÏÂÅÒÎÅÎÁ ëæ G�112 ¤ ÎÅÓË¦ÎÞÅÎÏ ×ÅÌÉËÏÀ, ÔÏÂÔÏ× ÔÏÞÃ¦ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ G�112 ÔÅÒÐÉÔØ ÎÅÓË¦ÎÞÅÎÉÊ ÓËÁÞÏË Ú ÎÕÌÑÐÒÉ æð 2-ÇÏ ÒÏÄÕ ÔÁ Ú ÐÅ×ÎÏÇÏ ÓË¦ÎÞÅÎÏÇÏ ÚÎÁÞÅÎÎÑ ÐÒÉ æð 1-ÇÏ ÒÏÄÕÎÁ ÎÅÓË¦ÎÞÅÎ¦ÓÔØ). äÌÑ ÇÒÁÔÏË Ú z = 3; 4 ÒÅÚÕÌØÔÁÔÉ ÑË¦ÓÎÏ ÐÏÄ¦ÂÎ¦.úÁÕ×ÁÖÉÍÏ, ÝÏ îäë ÎÅ ÄÁ¤ ÑË¦ÓÎÏ ÎÏ×ÉÈ ÒÅÚÕÌØÔÁÔ¦× × ÐÏÒ¦×ÎÑÎÎ¦ Úîíð, ÐÒÏÔÅ ÒÅÚÕÌØÔÁÔÉ îäë ÚÎÁÞÎÏ ÂÌÉÖÞ¦ ÄÏ ÒÅÚÕÌØÔÁÔ¦× ÞÉÓÌÏ-×ÉÈ ÍÅÔÏÄ¦× [1,3,14,21].õ ×ÉÐÁÄËÕ ÍÏÄÅÌ¦ Ú Â¦Ë×ÁÄÒÁÔÉÞÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À (d = 0) îäë ¦îíð ÄÁÀÔØ ÑË¦ÓÎÏ ×¦ÄÍ¦ÎÎ¦ ÒÅÚÕÌØÔÁÔÉ (ÄÉ×. ÒÉÓ. 8 - 12), ÐÒÉÞÏÍÕÒÅÚÕÌØÔÁÔÉ îäë ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÍÏÄÅÌÀ×ÁÎÎÑ íÏÎ-ÔÅ ëÁÒÌÏ [20]. ðÒÉ k0 > �1:0 ÄÌÑ z = 3; 4; 6 îäë ÐÅÒÅÄÂÁÞÁ¤ æðFP2, ÐÒÉ �1:12 < k0 < �1:0 ÄÌÑ z = 6 { æð PF2 ÔÁ FP2, Á ÐÒÉk0 < �1:12 ÄÌÑ z = 6 ¦ k0 < �1:0 ÄÌÑ z = 3; 4 { ÖÏÄÎÏÇÏ. îíð ÖÐÅÒÅÄÂÁÞÁ¤ æð FP2 (z - ÄÏ×¦ÌØÎÅ) ÐÒÉ ÂÕÄØ-ÑËÉÈ ÚÎÁÞÅÎÎÑÈ k0. óÌ¦ÄÐÒÏÔÅ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÍÉ ÔÁ Á×ÔÏÒÉ ÒÏÂÏÔÉ [20] ÏÂÍÅÖÉÌÉÓÑ ÒÏÚÇÌÑ-ÄÏÍ ÏÄÎÏÐ¦ÄÇÒÁÔËÏ×Ï§ ÚÁÄÁÞ¦, ÝÏ ¤ ÎÅËÏÒÅËÔÎÉÍ ÐÒÉ k0 < �1:0 ÄÅ ÍÁ¤



17 ðÒÅÐÒÉÎÔÍ¦ÓÃÅ ÔÁË Ú×ÁÎÁ "staggered" Ë×ÁÄÒÕÐÏÌØÎÁ ÆÁÚÁ (S) [18,21]. úÏËÒÅÍÁ(ÄÉ×. [18]) ÄÌÑ z = 6 ÔÅÍÐÅÒÁÔÕÒÁ æð S $ P ¤ ÍÅÎÛÏÀ Î¦Ö ÔÅÍÐÅ-ÒÁÔÕÒÁ æð PF2, ÑËÕ ÍÉ ÔÕÔ ÏÔÒÉÍÕ×ÁÌÉ. îÁ ÒÉÓ. 13 - 16 ÐÒÉ×ÅÄÅÎ¦ÔÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÐÒÉ ~q = 0ÔÁ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÏÔÒÉÍÁÎ¦ × îäë ÄÌÑ Ò¦ÚÎÉÈ ÚÎÁÞÅÎØ ÐÁÒÁÍÅÔÒÁ k0.äÌÑ Ë×ÁÄÒÕÐÏÌØÎÏ§ ÍÏÄÅÌ¦, ÝÏ ÏÐÉÓÕ¤ÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍH = 2K�Xi;� h14SiSi+� + k0�14S2i � 23��14S2i+� � 23�i ; (5.3)ÑËÉÊ ¤ ÞÁÓÔËÏ×ÉÍ ×ÉÐÁÄËÏÍ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ÍÏÄÅÌ¦ âåç (4.1) ÐÒÉd = �23zk0; � = 0; J = J 0 = 0, ÒÅÚÕÌØÔÁÔÉ îäë ¦ îíð [25] ÔÅÖÑË¦ÓÎÏ ×¦ÄÍ¦ÎÎ¦ (ÄÉ×. ÒÉÓ. 17 - 21). ïÓË¦ÌØËÉ ÄÌÑ Ò¦ÚÎÉÈ z ÒÅÚÕÌØÔÁÔÉÑË¦ÓÎÏ ÐÏÄ¦ÂÎ¦, ÚÕÐÉÎÉÍÏÓØ ÎÁ ×ÉÐÁÄËÕ z = 6. ÷ îäë ¦ÎÔÅÒ×ÁÌ ÚÍ¦ÎÉÐÁÒÁÍÅÔÒÁ k0 ÍÏÖÎÁ ÒÏÚÂÉÔÉ ÎÁ ÞÏÔÉÒÉ ÏÂÌÁÓÔ¦: k0 2 [�3:0; 2:28],k0 2]2:28; 3:0], k0 2 ]3:0; 3:2], k0 2 ]3:2; 1] (ÍÉ ÏÂÍÅÖÉÌÉÓÑ ÒÏÚÇÌÑ-ÄÏÍ ÍÏÄÅÌ¦ ÎÁ ¦ÎÔÅÒ×ÁÌ¦ k0 2 [�3:0; 1], ÏÓË¦ÌØËÉ ÐÒÉ k0 < �3:0 ÓÌ¦ÄÒÏÚÇÌÑÄÁÔÉ Ä×ÏÐ¦ÄÇÒÁÔËÏ×Õ ÚÁÄÁÞÕ [18]). ðÒÉ k0 2]�3:0; 2:28] ÔÁ ÐÒÉk0 2]2:28; 3:0] × îäë, Á × îíð ÐÒÉ k0 2]�3:0; 1:5] ÔÁ ÐÒÉ k0 2]1:5; 3:0]ÍÁ¤ Í¦ÓÃÅ æð FP2 ÔÁ æð FP1, ×¦ÄÐÏ×¦ÄÎÏ, ÐÒÉÞÏÍÕ îäë ÎÁ ×¦ÄÍ¦ÎÕ×¦Ä îíð ÎÅ ÐÅÒÅÄÂÁÞÁ¤ ÚÁÎÕÌÅÎÎÑ ÐÁÒÁÍÅÔÅÒÁ 3(q � 23) ÒÁÚÏÍ Ú ÚÁ-ÎÕÌÅÎÎÑÍ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ ÐÒÉ t = tc+0. ÷ ÏÂÌÁÓÔ¦ k0 2]3:0; 3:2]× îäë ÔÁ ÐÒÉ k0 > 3:0 × îíð ÍÁ¤ Í¦ÓÃÅ æð QP1, ÐÒÉÞÏÍÕ, ÚÎÏ×Õ Ö× îäë Ë×ÁÄÒÕÐÏÌØÎÉÊ ÍÏÍÅÎÔ q 6= 23 , Á × îíð q = 23 ÐÒÉ t = tc + 0.îÁ ÒÉÓ. 22 - 30 ÐÒÉ×ÅÄÅÎ¦ ÔÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÐÁÒÎÉÈ ËÏÒÅ-ÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÐÒÉ ~q = 0 ÔÁ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÏÔÒÉÍÁÎ¦ × îäë ÄÌÑÒ¦ÚÎÉÈ ÚÎÁÞÅÎØ ÐÁÒÁÍÅÔÒÁ k0.ôÅÐÅÒ ËÏÒÏÔËÏ ÚÕÐÉÎÉÍÏÓÑ ÎÁ ÄÏÓÌ¦ÄÖÅÎÎ¦ ÕÎÁÒÎÉÈ ÔÁ ÐÁÒÎÉÈËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê (ÐÒÉ ~q = 0) ÍÏÄÅÌ¦ âåç ÎÁ ËÕÂ¦ÞÎ¦Ê ÇÒÁÔÃ¦ ÐÒÉÒ¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ×ÅÌÉÞÉÎ ÏÄÎÏ¦ÏÎÎÏ§ ÁÎ¦ÚÏÔÒÏÐ¦§ ÔÁ Â¦Ë×ÁÄÒÁÔÉÞÎÏ§×ÚÁ¤ÍÏÄ¦§. ðÒÏÅËÃ¦Ñ ÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ ÎÁ (d; k0) ÐÌÏÝÉÎÕ ÐÒÉ d < 0,k0 > �0:1 [17] ¦ d > 0, k0 > �1� 16d (ÄÉ×. ÒÉÓ. 31) ÓËÌÁÄÁ¤ÔØÓÑ Ú ÓÅÍÉÒÅÇ¦ÏÎ¦×:I { æð QP1,II { æð FP2,III { æð FP1,IV { æð ×¦ÄÓÕÔÎ¦Ê,V { æð QF1 ÔÁ FP2,VI { æð QF1 ÔÁ FP1,VII { æð FQ1 ÔÁ QP1.÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÍÉ ÏÂÍÅÖÉÍÏÓÑ ÏÂÌÁÓÔÑÍÉ d < 0, k0 > �0:1 ÔÁd > 0, k0 > �1 � 16d, ÏÓË¦ÌØËÉ ÄÌÑ ÏÂÌÁÓÔÅÊ d > 0, k0 < �1 � 16d ÔÁ
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òÉÓ. 2: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ m ÄÌÑz = 6, k0 = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d Õîäë: 1 { d = �2:95; 2 { d = �2:9; 3 { d = �2:85;4 { d = �2:8; 5 { d = �2:6; 6 { d = �2:3; 7 { d = �2:0;8 { d = 0:0; 9 { d = 2:0.
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òÉÓ. 3: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ Ë×ÁÄÒÕÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ qÄÌÑ z = 6, k0 = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d Õîäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 2).
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tòÉÓ. 4: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�111 ÄÌÑ z = 6, k0 = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎ-ÎÑÈ ÐÁÒÁÍÅÔÒÁ d Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁÒÉÓ. 2).
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tòÉÓ. 5: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�112 ÄÌÑ z = 6, k0 = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎ-ÎÑÈ ÐÁÒÁÍÅÔÒÁ d Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁÒÉÓ. 2).
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tòÉÓ. 6: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�122 ÄÌÑ z = 6, k0 = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎ-ÎÑÈ ÐÁÒÁÍÅÔÒÁ d Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁÒÉÓ. 2).
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tòÉÓ. 7: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ c ÄÌÑ z = 6,k0 = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d Õ îäë (ÐÏ-ÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 2).
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k'òÉÓ. 8: æÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ ÎÁ (t � k0) ÐÒÏÝÉÎ¦ ÐÒÉ d = 0:0ÏÔÒÉÍÁÎ¦ × îäë ÄÌÑ Ò¦ÚÎÉÈ ÔÉÐ¦× ÇÒÁÔÏË: 1 { z = 6; 2{ z = 4; 3 { z = 3, ÔÁ × îíð (4 { z� ÄÏ×¦ÌØÎÅ).d < 0, k0 < �1 ÓÌ¦Ä ÒÏÚÇÌÑÄÁÔÉ Ä×ÏÐ¦ÄÇÒÁÔËÏ×Õ ÍÏÄÅÌØ [18]. óÌ¦ÄÚÁÕ×ÁÖÉÔÉ, ÝÏ × ÏÂÌÁÓÔ¦ d < 0, �0:1 > k0 > �1 ÐÏÂÌÉÚÕ Ì¦Î¦§k0 = �1 � 13d ÚÎÁÈÏÄÑÔØÓÑ ÒÅÇ¦ÏÎÉ Ú Ò¦ÚÎÉÍ ÞÉÓÌÏÍ Ò¦ÚÎÏÍÁÎ¦ÔÎÉÈæð, ¦ ÐÏÂÕÄÏ×Á ÐÒÏÅËÃ¦§ ÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ ÎÁ (d; k0) ÐÌÏÝÉÎÕ ÔÁ ÄÏ-ÓÌ¦ÄÖÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ × ÃÉÈ ÒÅÇ¦ÏÎÁÈ ¤ ÔÅÍÏÀÏËÒÅÍÏ§ ÒÏÂÏÔÉ.îÁ ÒÉÓ. 32, 33 ÐÒÉ×ÅÄÅÎ¦ ÆÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ ÎÁ (t; d) ÐÌÏÝÉÎ¦ (ÏËÒÅÍ¦ÆÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ Ú ÒÉÓ. 32(a) × ¦ÎÛÏÍÕ ÍÁÛÔÁÂ¦ ÐÒÉ×ÅÄÅÎ¦ ÎÁ ÒÉÓ.32(b)-(e)) ÄÌÑ k0 =-0.1, 0.0, 1.0, 2.0, 2.6 (ÒÅÇ¦ÏÎÉ II, III, IV), k0 = 2:88(ÒÅÇ¦ÏÎÉ II, III, VII, III, IV), k0 = 2:95 (ÒÅÇ¦ÏÎÉ II, III, VII, I, IV),k0 = 3:2 (ÒÅÇ¦ÏÎÉ II, III, VI, I, IV), k0 = 3:44 (ÒÅÇ¦ÏÎÉ II, V, VI, I,IV), k0 =4.0, 8.0, 20.0 (ÒÅÇ¦ÏÎÉ II,V,I,IV). úÁÕ×ÁÖÉÍÏ, ÝÏ ÔÕÔ ¦ ÄÁÌ¦×ÓÅ ÂÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ × ÎÁÐÒÑÍËÕ ÓÐÁÄÁÎÎÑ ×ÅÌÉÞÉÎÉ ÏÄÎÏ¦ÏÎÎÏ§ÁÎ¦ÚÏÔÒÏÐ¦§.ôÅÐÅÒ ËÏÒÏÔËÏ ÚÕÐÉÎÉÍÏÓÑ ÎÁ ÄÏÓÌ¦ÄÖÅÎÎ¦ ÕÎÁÒÎÉÈ ÔÁ ÐÁÒÎÉÈëæ.ðÒÉ æð FP2 (ÒÅÇ¦ÏÎ II ¦ V) ÏÂÅÒÎÅÎÁ ëæ G�112 ÍÁ¤ ÎÅÓË¦ÎÞÅÎÉÊÒÏÚÒÉ× (G�112 (tc�0) = 0, G�112 (tc+0) =1), Á ÏÂÅÒÎÅÎÁ ëæ G�111 (tc) = 0(ÄÉ×. ÒÉÓ. 34, 35, 36, 38, 46, 49). ïÂÅÒÎÅÎÁ ëæ G�122 ÍÁ¤ ÓË¦ÎÞÅÎÉÊ
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òÉÓ. 9: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ m ÄÌÑz = 6, d = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õîäë: 1 { k0 = �1:08; 2 { k0 = �1:04; 3 { k0 = �1:0;4 { k0 = �0:9; 5 { k0 = �0:8; 6 { k0 = �0:6;7 { k0 = �0:4; 8 { k0 = 0:0.
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òÉÓ. 10: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ Ë×ÁÄÒÕÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ qÄÌÑ z = 6, d = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õîäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 9).
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òÉÓ. 11: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ m ÄÌÑz = 6, d = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õîíð: 1 { k0 = �2:0; 2 { k0 = �1:2; 3 { k0 = �1:0;4 { k0 = �0:9; 5 { k0 = �0:4; 6 { k0 = 0:0.
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òÉÓ. 12: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ Ë×ÁÄÒÕÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ qÄÌÑ z = 6, d = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õîíð (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 11).
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tòÉÓ. 13: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§G�111 ÄÌÑ z = 6, d = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 9).
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tòÉÓ. 14: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§G�112 ÄÌÑ z = 6, d = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 9).
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tòÉÓ. 15: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§G�122 ÄÌÑ z = 6, d = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 9).
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tòÉÓ. 16: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ c ÄÌÑ z = 6,d = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁ-ÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 9).
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òÉÓ. 17: æÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ ÎÁ (t� k0) ÐÒÏÝÉÎ¦ ÐÒÉ d = � 23zk0ÏÔÒÉÍÁÎ¦ × îäë ÄÌÑ Ò¦ÚÎÉÈ ÔÉÐ¦× ÇÒÁÔÏË: 1 { z = 6; 2{ z = 4, ÔÁ × îíð (3 { z� ÄÏ×¦ÌØÎÅ).ÒÏÚÒÉ× (G�122 (tc � 0) < G�122 (tc + 0)), ÐÒÉÞÏÍÕ × ÆÁÚ¦ P G�122 ÚÁ×ÖÄÉÓÐÁÄÁ¤.úÁÕ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏ ÂÌÉÚØË¦ÓÔØ ÄÏ ÏÂÌÁÓÔ¦ d > 0, k0 < �1 � 16dÐÒÉ×ÏÄÉÔØ ÄÏ ÔÏÇÏ, ÝÏ ÐÒÉ t = 0 q 6= 1, m 6= 1, G�111 , G�112 , G�122 ¤ÓË¦ÎÞÅÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ (ÄÉ×. ÒÉÓ. 34(c), 35). ñËÝÏ ÔÒÏÈÉ ×¦Ä¦ÊÔÉ ×¦ÄÏÂÌÁÓÔ¦ d > 0, k0 < �1 � 16d (ÚÂ¦ÌØÛÕÀÞÉ d ÁÂÏ k0), ÔÏ ×ÅÌÉÞÉÎÉ q,m, G�111 , G�112 , G�122 ÍÁÀÔØ ÐÅÒÅÇÉÎÉ ÐÒÉ ÎÉÚØËÉÈ ÔÅÍÐÅÒÁÔÕÒÁÈ (ÄÉ×.ÒÉÓ. 34(b)). îÁ Â¦ÌØÛ¦Ê ×¦ÄÄÁÌ¦ ×¦Ä ÏÂÌÁÓÔ¦ d > 0, k0 < �1 � 16d Ã¦ÏÓÏÂÌÉ×ÏÓÔ¦ × F ÆÁÚ¦ ÚÎÉËÁÀÔØ.ðÒÏÁÎÁÌ¦ÚÕ¤ÍÏ ÔÅÍÐÅÒÁÔÕÒÎÕ ÐÏ×ÅÄ¦ÎËÕ G�122 (t > tc) × ÎÁÐÒÑÍ-ËÕ ÚÒÏÓÔÁÎÎÑ k0 ÐÒÉ ÓÐÁÄÁÎÎ¦ d (ÎÁÂÌÉÖÅÎÎÑ ÄÏ ÏÂÌÁÓÔ¦ d < 0,k0 > �1 � 16d; ÎÁÂÌÉÖÅÎÎÑ ÄÏ ÏÂÌÁÓÔ¦ III, ÎÁÂÌÉÖÅÎÎÑ ÄÏ ÏÂÌÁÓÔ¦V). ñËÝÏ ÍÉ ÚÎÁÈÏÄÉÍÏÓÑ ÄÁÌÅËÏ ×¦Ä ÒÅÇ¦ÏÎ¦× III, V (ÄÉ×. ÒÉÓ. 34,35), ÔÏ G�122 (t > tc) ÓÐÁÄÁ¤, ÐÒÉÞÏÍÕ ÓÐÁÄÁÎÎÑ G�122 ÎÅ ÚÁ×ÖÄÉ ÐÏ×'Ñ-ÚÁÎÅ ¦Ú ÓÐÁÄÁÎÎÑÍ q(t). ôÁË ÄÌÑ ÎÅ×ÅÌÉËÉÈ ×¦Ä'¤ÍÎÉÈ k0 ÂÌÉÚË¦ÓÔØ ÄÏÏÂÌÁÓÔ¦ d > 0, k0 < �1 � 16d ÐÒÉ×ÏÄÉÔØ ÄÏ ÔÏÇÏ, ÝÏ q(t) ÚÒÏÓÔÁ¤, ÁG�122 (t) ÓÐÁÄÁ¤ (ÄÉ×. ÒÉÓ. 35). ðÒÉ ÎÅ×ÅÌÉËÉÈ ÄÏÄÁÔÎ¦È k0 ¦Ú ÓÐÁÄÁÎ-ÎÑÍ d (ÎÁÂÌÉÖÅÎÎÑÄÏ ÒÅÇ¦ÏÎÕ III) G�122 (t > tc) ÔÁ q(t > tc) ÐÏÞÉÎÁ-ÀÔØ ÚÒÏÓÔÁÔÉ Ú ÔÅÍÐÅÒÁÔÕÒÏÀ (ÄÉ×. ÒÉÓ. 36), ÈÏÞÁ ¦ ÍÏÖÌÉ×¦ ÏÂÌÁÓÔ¦
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òÉÓ. 18: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ m ÄÌÑz = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0Õ îäë: 1 { k0 = �2:4; 2 { k0 = 0:0; 3 { k0 = 2:0;4 { k0 = 2:4; 5 { k0 = 2:8; 6 { k0 = 2:996.
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òÉÓ. 19: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ Ë×ÁÄÒÕÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ qÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁk0 Õ îäë (ÄÉ×. ÐÏÚÎÁÞÅÎÎÑ ÒÉÓ. 18; 7 { k0 = 3:02;8 { k0 = 3:12; 9 { k0 = 3:2; 10 { k0 = 3:3; 11 { k0 = 3:6).
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òÉÓ. 20: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ m ÄÌÑz = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0Õ îíð: 1 { k0 = �2:0; 2 { k0 = 0:0; 3 { k0 = 1:2;4 { k0 = 2:0; 5 { d = 2:96.
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òÉÓ. 21: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ Ë×ÁÄÒÕÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ qÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁk0 Õ îíð ( ÄÉ×. ÐÏÚÎÁÞÅÎÎÑ ÒÉÓ. 20; 6 { k0 = 3:02;7 { k0 = 4:0).
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tòÉÓ. 22: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�111 ÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑËÎÁ ÒÉÓ. 18).
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tòÉÓ. 23: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�111 ÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑËÎÁ ÒÉÓ. 18).
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tòÉÓ. 24: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�111 ÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑËÎÁ ÒÉÓ. 18, 19).
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tòÉÓ. 25: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�112 ÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑËÎÁ ÒÉÓ. 18).
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tòÉÓ. 26: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�112 ÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑËÎÁ ÒÉÓ. 18).
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tòÉÓ. 27: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�122 ÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑËÎÁ ÒÉÓ. 18).
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tòÉÓ. 28: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�122 ÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑËÎÁ ÒÉÓ. 18).
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tòÉÓ. 29: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÏÂÅÒÎÅÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§ G�122 ÄÌÑ z = 6, d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë (ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑËÎÁ ÒÉÓ. 18, 19).
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tòÉÓ. 30: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ c ÄÌÑ z = 6,d = � 23zk0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ k0 Õ îäë(ÐÏÚÎÁÞÅÎÎÑ ÔÁË¦ Ö, ÑË ÎÁ ÒÉÓ. 18 19).
ICMP{97{22U 34ÐÁÒÁÍÅÔÒ¦× ËÏÌÉ q ÓÐÁÄÁ¤, Á G�122 ÚÒÏÓÔÁ¤ (ÄÉ×. ÒÉÓ. 38). ñËÝÏ ÝÅÚÂ¦ÌØÛÉÔÉ k0, ÔÏ ÚÍÅÎÛÅÎÎÑ d (ÎÁÂÌÉÖÅÎÎÑ ÄÏ ÒÅÇ¦ÏÎ¦× III, V, Á ÔÁ-ËÏÖ × ÓÁÍÏÍÕ ÒÅÇ¦ÏÎ¦ V) ÐÒÉ×ÏÄÉÔØ ÄÏ ÔÏÇÏ, ÝÏ G�122 × ÐÁÒÁÆÁÚ¦ ÍÁ¤Í¦Î¦ÍÕÍ (ÄÉ×. ÒÉÓ. 46, 49).
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òÉÓ. 31: ðÒÏÅËÃ¦Ñ ÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ ÎÁ (d�k0) ÐÌÏÝÉÎÕ (z = 6,ÒÅÚÕÌØÔÁÔ îäë).
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tòÉÓ. 32: æÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ k0 ÎÁ (d � t)ÐÌÏÝÉÎ¦ (z = 6, ÒÅÚÕÌØÔÁÔÉ îäë). 1 - k0 = �0:1; 2 -k0 = 0:0; 3 - k0 = 1:0; 4 - k0 = 2:0; 5 - k0 = 2:6; 6- k0 = 2:88; 7 - k0 = 2:95; 8 - k0 = 3:2; 9 - k0 = 3:44;10 - k0 = 4:0:
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òÉÓ. 33: æÁÚÏ×¦ Ä¦ÁÇÒÁÍÉ ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ k0 ÎÁ (d � t)ÐÌÏÝÉÎ¦ (z = 6, ÒÅÚÕÌØÔÁÔÉ îäë). 10 - k0 = 4:0;11 - k0 = 8:0; 12 - k0 = 20:0:ðÒÉ FP1 ÏÂÅÒÎÅÎÁ ëæ G�112 (t) ÍÁ¤ ÎÅÓË¦ÎÞÅÎÉÊ ÒÏÚÒÉ× (G�112 (tc �0) > 0, G�112 (tc + 0) =1), Á ÏÂÅÒÎÅÎ¦ ëæ G�111 (t), G�122 (t) ÍÁÀÔØ ÓË¦Î-ÞÅÎÉÊ ÒÏÚÒÉ×, ÐÒÉÞÏÍÕ × F ÆÁÚ¦ G�111 (t) ÔÁ G�122 (t) ÓÐÁÄÁÀÔØ. ðÒÏ-ÁÎÁÌ¦ÚÕ¤ÍÏ ÐÏ×ÅÄ¦ÎËÕ G�111 (t) ÔÁ G�122 (t) ÐÏÂÌÉÚÕ ÔÏÞËÉ æð FP1 ¦ ×ÐÁÒÁÆÁÚ¦ × ÒÅÇ¦ÏÎ¦ III (ÄÌÑ k0 =0.0, 1.0, 2.0, 2.6, 2.88, 2.95, 3.2) ×ÎÁÐÒÑÍËÕ ÓÐÁÄÁÎÎÑ ×ÅÌÉÞÉÎÉ ÏÄÎÏ¦ÏÎÎÏ§ ÁÎ¦ÚÏÔÒÏÐ¦§ d (×¦ÄÄÁÌÅÎÎÑ×¦Ä ÒÅÇ¦ÏÎÕ II ¦ ÎÁÂÌÉÖÅÎÎÑ ÄÏ ÒÅÇ¦ÏÎÕ IV ÄÌÑ k0 =0.0, 1.0, 2.0, 2.6,×¦ÄÄÁÌÅÎÎÑ ×¦Ä ÒÅÇ¦ÏÎÕ II ¦ ÎÁÂÌÉÖÅÎÎÑ ÄÏ ÒÅÇ¦ÏÎÕ VII ÄÌÑ k0 =2.88,2.95, Í¦Ö ÒÅÇ¦ÏÎÁÍÉ VII ¦ IV ÄÌÑ k0 =2.88, Á ÔÁËÏÖ Õ ÒÅÇ¦ÏÎÁÈ III ÔÁVI ÄÌÑ k0 =3.2 (×¦ÄÄÁÌÅÎÎÑ ×¦Ä II ¦ ÎÁÂÌÉÖÅÎÎÑ ÄÏ ÒÅÇ¦ÏÎÕ I), ÔÁ ÕÒÅÇ¦ÏÎ¦ VI ÄÌÑ k0 =3.44 (×¦ÄÄÁÌÅÎÎÑ ×¦Ä ÒÅÇ¦ÏÎÕ V ¦ ÎÁÂÌÉÖÅÎÎÑ ÄÏI). ëÏÌÉ ÍÉ ÚÎÁÈÏÄÉÍÏÓÑ × ÒÅÇ¦ÏÎ¦ III ÂÌÉÚØËÏ ×¦Ä ÒÅÇ¦ÏÎÕ II (ÄÉ×.ÒÉÓ. 37(a), 39(a), 40(a), 41(a), 44(a), 47), ÔÏ G�111 (tc� 0) > G�111 (tc+0),G�122 (tc � 0) < G�122 (tc + 0), G�111 (t > tc), G�122 (t > tc) ÚÒÏÓÔÁÀÔØ (ÚÁ ×É-ËÌÀÞÅÎÎÑÍ k0 =3.2 (ÄÉ×. ÒÉÓ. 47) ÄÅ × ÐÁÒÁÆÁÚ¦ G�122 (t) ÍÁ¤ Í¦Î¦ÍÕÍ).äÌÑ k0 = 0 ÐÒÉ ÚÍÅÎÛÅÎÎ¦ d ÓÐÏÞÁÔËÕ Õ G�111 (t) × ÐÁÒÁÆÁÚ¦ (ÄÉ×. ÒÉÓ.37(b)), Á ÐÏÔ¦Í ¦ Õ G�122 (t > tc) (ÄÉ×. ÒÉÓ. 37(c)) ÐÏÑ×ÌÑÀÔØÓÑ Í¦Î¦ÍÕ-ÍÉ. ñËÝÏ ÝÅ ÚÍÅÎÛÉÔÉ d, ÔÏ G�122 (t) ÔÅÒÐÉÔØ ÓËÁÞÏË Ú Â¦ÌØÛÏÇÏ ÚÎÁ-ÞÅÎÎÑ ÎÁ ÍÅÎÛÅ (ÄÉ×. ÒÉÓ. 37(d)). äÌÑ k0 = 2:0 ÐÒÉ ÚÍÅÎÛÅÎÎ¦ dÓËÁÞÏË G�122 (t) ×¦ÄÂÕ×Á¤ÔØÓÑ Ú Â¦ÌØÛÏÇÏ ÚÎÁÞÅÎÎÑ ÎÁ ÍÅÎÛÅ (ÄÉ×. ÒÉÓ.39(b)). äÁÌ¦ ÄÌÑ G�111 (t), Á ÐÏÔ¦Í ¦ ÄÌÑ G�122 (t) × ÐÁÒÁÆÁÚ¦ Ú'Ñ×ÌÑÀÔØÓÑÍ¦Î¦ÍÕÍÉ (ÄÉ×. ÒÉÓ. 39(c), 39(d)). ñËÝÏ ÝÅ ÚÍÅÎÛÕ×ÁÔÉ d, ÔÏ G�111 (t)ÔÅÒÐÉÔØ ÓËÁÞÏË Ú ÍÅÎÛÏÇÏ ÚÎÁÞÅÎÎÑ ÎÁ Â¦ÌØÛÅ (ÄÉ×. ÒÉÓ. 39(e)), ÁÐÏÔ¦Í ÚÎÏ×Õ G�111 (tc� 0) > G�111 (tc+0) (ÄÉ×. ÒÉÓ. 39(f)). ôÏÂÔÏ, Â¦ÌÑ
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òÉÓ. 34: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = �4:0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d: (a) { d = 30:0;(b) { d = 18:5; (c) { d = 18:0:



39 ðÒÅÐÒÉÎÔm, q G�111 G�122
òÉÓ. 35: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = �1:0 ÐÒÉ d = 0:0.m, q G�111 G�122

òÉÓ. 36: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 0:0 ÐÒÉ d = �2:0:ÒÅÇ¦ÏÎÕ IV ÄÌÑ k0=2.0, 0.0 ÏÂÅÒÎÅÎ¦ ëæ G�111 (t), G�122 (t) ÐÏ×ÏÄÑÔØ ÓÅ-ÂÅ ÑË¦ÓÎÏ ÏÄÉÎÁËÏ×Ï (ÄÉ×. ÒÉÓ. 37(d), 39(f)). äÌÑ k0=2.6 ÔÁ k0 = 2:88ÐÒÉ ÚÍÅÎÛÅÎÎ¦ d ×ÓÅ ÓÐÏÞÁÔËÕ ×¦ÄÂÕ×Á¤ÔØÓÑ ÔÁË ÓÁÍÏ, ÑË ¦ ÄÌÑ k0 =2.0(ÄÉ×. ÒÉÓ. 39(b), 40(b), 41(b), 39(c), 40(c), 41(c)). ðÒÏÔÅ Â¦ÌÑ ÒÅÇ¦ÏÎÕIV ÄÌÑ k0 =2.6 G�111 (t) ÔÅÒÐÉÔØ ÓËÁÞÏË Ú ÍÅÎÛÏÇÏ ÚÎÁÞÅÎÎÑ ÎÁ Â¦ÌØÛÅ(ÄÉ×. ÒÉÓ. 40(d)). äÌÑ k0 =2.88 Â¦ÌÑ ÒÅÇ¦ÏÎÕ VII G�111 (t) ÐÏ×ÏÄÉÔØ ÓÅÂÅÑË¦ÓÎÏ ÔÁË ÓÁÍÏ ÑË ÄÌÑ k0 =2.6, Â¦ÌÑ ÒÅÇ¦ÏÎÕ IV, ÁÌÅ G�122 (t) × ÐÁÒÁ-ÆÁÚ¦ ÎÅ ÍÁ¤ Í¦Î¦ÍÕÍÕ (ÄÉ×. ÒÉÓ. 40(d), 41(d)). í¦Ö ÒÅÇ¦ÏÎÁÍÉ VII ¦IV Õ G�122 (t > tc) Ú'Ñ×ÌÑ¤ÔØÓÑ Í¦Î¦ÍÕÍ (ÐÏ×ÅÄ¦ÎËÁ G�111 (t) ¦ G�122 (t) ÔÕÔÔÁËÁ ÓÁÍÁ ÑË ÄÌÑ k0 =2.6 Â¦ÌÑ ÒÅÇ¦ÏÎÕ IV (ÄÉ×. ÒÉÓ. 40(d), 43)). äÌÑk0 =2.95 ÒÅÇ¦ÏÎ III ¤ ÄÏÓÉÔØ ×ÕÚØËÉÍ, ÔÏÍÕ ÐÒÉ ×¦ÄÈÏÄ¦ ×¦Ä ÒÅÇ¦ÏÎÕII ¦ ÎÁÂÌÉÖÅÎÎÑ ÄÏ ÒÅÇ¦ÏÎÕ VII ÚÍ¦ÎÀ¤ÔØÓÑ Ô¦ÌØËÉ ÐÏ×ÅÄ¦ÎËÁ G�122 (t)
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òÉÓ. 37: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d: (a) { d = �2:825;(b) { d = �2:85; (c) { d = �2:95; (d) { d = �2:99:



41 ðÒÅÐÒÉÎÔm, q G�111 G�122
òÉÓ. 38: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 2:0 ÐÒÉ d = �8:0:(ÄÉ×. ÒÉÓ. 44(b)) ÔÁË ÓÁÍÏ, ÑË ÄÌÑ k0=2.0, 2.6, 2.88 (ÄÉ×. ÒÉÓ. 39(b),40(b), 41(b)) ËÏÌÉ ÔÒÏÈÉ ×¦Ä¦ÊÔÉ ×¦Ä ÒÅÇ¦ÏÎÕ II. äÌÑ k0 =3.2 × ÒÅÇ¦ÏÎ¦VI (Í¦Ö ÒÅÇ¦ÏÎÁÍÉ V ÔÁ I) ÐÏ×ÅÄ¦ÎËÁ G�111 (t) ÔÁ G�122 (t) ÑË¦ÓÎÏ ¦ÎÁËÛÁÎ¦Ö ÄÌÑ k0=0.0, 2.0, 2.6, 2.88, 2.95 Â¦ÌÑ ÒÅÇ¦ÏÎÕ II (ÄÉ×. ÒÉÓ. 37(a),39(a), 40(a), 41(a),44(a)). ôÕÔ G�122 (t > tc) (ÄÉ×. ÒÉÓ. 47) ÍÁ¤ Í¦Î¦ÍÕÍ(ÔÁËÁ ÐÏ×ÅÄ¦ÎËÁ G�122 (t) × ÐÁÒÁÆÁÚ¦ ÚÂÅÒÅÇÌÁÓÑ ÝÅ Ú ÒÅÇ¦ÏÎÕ II (ÄÉ×.ÒÉÓ. 46)).äÌÑ k0 =3.2 ÑËÝÏ ÔÒÏÈÉ ×¦Ä¦ÊÔÉ ×¦Ä ÒÅÇ¦ÏÎÕ II (× ÒÅÇ¦ÏÎÁÈ IIIÔÁ VI) Í¦Î¦ÍÕÍ G�122 (t > tc) ÚÎÉËÁ¤ (ÄÉ×. ÒÉÓ. 48) ¦ ÐÏ×ÅÄ¦ÎËÁ G�111 (t)ÔÁ G�122 (t) ÓÔÁ¤ ÑË¦ÓÎÏ ÔÁËÏÀ ÓÁÍÏÀ ÑË ¦ ÄÌÑ k0 = 0.0, 2.0, 2.6, 2.88,2.95 Â¦ÌÑ ÒÅÇ¦ÏÎÕ II (ÄÉ×. ÒÉÓ. 37(a), 39(a), 40(a), 41(a), 44(a)).ôÅÐÅÒ ÒÏÚÇÌÑÎÅÍÏ ÐÏ×ÅÄ¦ÎËÕ ÏÂÅÒÎÅÎÉÈ ëæ G�111 (t),G�112 (t),G�122 (t)ÐÒÉ æð QP1 × ÒÅÇ¦ÏÎÁÈ I ÔÁ VII (ÄÉ×. ÒÉÓ. 42, 45, 51). ôÕÔ ÏÂÅÒÎÅÎÁëæ G�112 (t) ÑË Õ ÆÁÚ¦ Q ÔÁË ¦ Õ ÆÁÚ¦ P ¤ ÎÅÓË¦ÎÞÅÎÏ ×ÅÌÉËÏÀ ×Å-ÌÉÞÉÎÏÀ. ïÂÅÒÎÅÎÁ ëæ G�111 (t) ÍÁ¤ ÒÏÚÒÉ×, ÐÒÉÞÏÍÕ G�111 (tc � 0) >G�111 (tc + 0), G�111 (t < tc) ÓÐÁÄÁ¤, Á G�111 (t > tc) ÍÏÖÅ ÚÒÏÓÔÁÔÉ, ÁÂÏÓÐÁÄÁÔÉ Ú ÎÁÓÔÕÐÎÉÍ ÚÒÏÓÔÁÎÎÑÍ. ïÂÅÒÎÅÎÁ ëæ G�122 (t) × ÔÏÞÃ¦ æðÍÁ¤ ÚÌÁÍ. äÌÑ k0 =2.88 Õ ×ÓØÏÍÕ ÒÅÇ¦ÏÎ¦ VII ÏÂÅÒÎÅÎÁ ëæ G�111 (t)× ÐÁÒÁÆÁÚ¦ ÍÁ¤ Í¦Î¦ÍÕÍ (ÄÉ×. ÒÉÓ. 42). äÌÑ k0 =2.95, 4.0 ÓÐÏÞÁÔËÕG�111 (t > tc) ÚÒÏÓÔÁ¤ (ÄÉ×. ÒÉÓ. 45(a), 51(a)), Á ÑËÝÏ ÚÍÅÎÛÕ×ÁÔÉ d,ÔÏ Õ G�111 (t > tc) ÐÏÑ×ÌÑ¤ÔØÓÑ Í¦Î¦ÍÕÍ (ÄÉ×. ÒÉÓ. 45(b), 51(b)). úÁ-Õ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏ ÐÅÒÅ×ÁÖÎÏ, ÑËÝÏ × ÐÁÒÁÆÁÚ¦ q(t) ÚÒÏÓÔÁ¤, ÔÏ ¦G�111 (t > tc) ÍÁ¤ Í¦Î¦ÍÕÍ (ÄÉ×. ÒÉÓ. 42, 45(b), 51(b)), Á ÑËÝÏ q(t > tc)ÓÐÁÄÁ¤, ÔÏ G�111 (t > tc) ÚÒÏÓÔÁ¤ (ÄÉ×. ÒÉÓ. 51(a)). áÌÅ ÂÕ×Á¤ ¦ ÔÁË, ÝÏq(t) × ÆÁÚ¦ P ÚÒÏÓÔÁ¤, ÐÒÏÔÅ G�111 (t > tc) ÚÒÏÓÔÁ¤ ÎÅ ÍÁÀÞÉ Í¦Î¦ÍÕÍÁ(ÄÉ×. ÒÉÓ. 45(a)). óÌ¦Ä ÝÅ ÔÁËÏÖ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÏÂÅÒÅÎÎÁ ëæ G�122 (t)

ICMP{97{22U 42m, q G�111 G�122



43 ðÒÅÐÒÉÎÔm, q G�111 G�122
òÉÓ. 39: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 2:0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d: (a) { d = �8:5;(b) { d = �8:6; (c) { d = �8:7; (d) { d = �8:8;(e) { d = �8:9; (f) { d = �8:99: (þÁÓÔÉÎÉ (a), (b), (c), (d)ÒÉÓ. ¤ ÎÁ ÐÏÐÅÒÅÄÎ¦Ê ÓÔÏÒ¦ÎÃ¦.)ÄÌÑ ÍÁÌÉÈ k0 × ÐÁÒÁÆÁÚ¦ ÚÒÏÓÔÁ¤ (ÄÉ×. ÒÉÓ. 42, 45), ÐÒÏÔÅ ÄÌÑ ×ÅÌÉ-ËÉÈ k0, ËÏÌÉ ÍÉ ÚÎÁÈÏÄÉÍÏÓÑ ÄÕÖÅ ÂÌÉÚØËÏ ÄÏ ÒÅÇ¦ÏÎÕ V, ÔÏ G�122 (t)ÑË ÐÅÒÅÄ ÚÌÏÍÏÍ × ÔÏÞÃ¦ æð ÔÁË ¦ Ð¦ÓÌÑ ÎØÏÇÏ ÓÐÁÄÁ¤, ¦ Ô¦ÌØËÉ ÐÒÉ×ÉÝÉÈ ÔÅÍÐÅÒÁÔÕÒÁÈ ÐÏÞÉÎÁ¤ ÚÒÏÓÔÁÔÉ (ÄÉ×. ÒÉÓ. 51(a)).ðÒÉ FQ1 (ÒÅÇ¦ÏÎ VII) ÏÂÅÒÎÅÎÁ ëæ G�112 (t) ÍÁ¤ ÎÅÓË¦ÎÞÅÎÉÊ ÓËÁ-ÞÏË (G�112 (tc�0) > 0, G�112 (tc+0) =1, G�112 (t < tc) ÓÐÁÄÁ¤), Á ÏÂÅÒÎÅÎ¦ëæ G�111 (t) ¦ G�122 (t) ÍÁÀÔØ ÓË¦ÎÞÅÎÉÊ ÒÏÚÒÉ×. ñË × F ÆÁÚ¦ ÔÁË ¦ × QÆÁÚ¦ G�111 (t) ¦ G�122 (t) ÓÐÁÄÁÀÔØ, ÐÒÉÞÏÍÕ G�111 (tc � 0) < G�111 (tc + 0),G�122 (tc � 0) > G�122 (tc + 0) (ÄÉ×. ÒÉÓ. 42, 45).
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òÉÓ. 40: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 2:6 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d: (a) { d = �10:4;(b) { d = �10:6; (c) { d = �10:625; (d) { d = �10:79:



45 ðÒÅÐÒÉÎÔm, q G�111 G�122
òÉÓ. 41: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0=2:88 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d: (a) { d=�11:5;(b) { d = �11:55; (c) { d = �11:59; (d) { d = �11:595:
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òÉÓ. 42: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 2:88 ÄÌÑ d = �11:61:ðÒÉ QF1 (ÒÅÇ¦ÏÎÉ V, VI) ÏÂÅÒÎÅÎÁ ëæ G�112 (t) ÍÁ¤ ÎÅÓË¦ÎÞÅÎÉÊÓËÁÞÏË (G�112 (tc � 0) = 1, G�112 (tc + 0) > 0, G�112 (t) × F ÆÁÚ¦ ÓÐÁÄÁ¤),Á ÏÂÅÒÎÅÎ¦ ëæ G�111 (t) ¦ G�122 (t) ÍÁÀÔØ ÓË¦ÎÞÅÎÉÊ ÒÏÚÒÉ×, ÐÒÉÞÏÍÕG�111 (tc� 0) > G�111 (tc+0). ñË × Q ÆÁÚ¦ ÔÁË ¦ × F ÆÁÚ¦ G�111 (t) ¦ G�122 (t)ÓÐÁÄÁÀÔØ (ÄÉ×. ÒÉÓ. 48, 49, 50). ðÒÉ ÄÏÓÔÁÔÎØÏ ÍÁÌÉÈ k0 ÄÌÑ ÄÏ×¦ÌØ-ÎÉÈ d (ÄÉ×. ÒÉÓ. 48), Á ÔÁËÏÖ ÐÒÉ Â¦ÌØÛÉÈ k0 ¦ ÄÏÓÔÁÔÎØÏ ×ÅÌÉËÉÈd (ÄÉ×. ÒÉÓ. 49, 50(a)) G�122 (tc � 0) < G�122 (tc + 0). äÌÑ ×ÅÌÉËÉÈ k0 ¦ÍÁÌÉÈ d (ÄÉ×. ÒÉÓ. 50(b)) G�122 (tc � 0) > G�122 (tc + 0).



47 ðÒÅÐÒÉÎÔm, q G�111 G�122
òÉÓ. 43: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 2:88 ÄÌÑ d = �11:63:m, q G�111 G�122

òÉÓ. 44: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 2:95 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d:(a) { d = �11:7; (b) { d = �11:8:
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òÉÓ. 45: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 2:95 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d:(a) { d = �11:84; (b) { d = �11:849:m, q G�111 G�122
òÉÓ. 46: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 3:2 ÐÒÉ d = �12:0.



49 ðÒÅÐÒÉÎÔm, q G�111 G�122
òÉÓ. 47: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 3:2 ÐÒÉ d = �12:47:m, q G�111 G�122

òÉÓ. 48: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 3:2 ÐÒÉ d = �12:63:m, q G�111 G�122
òÉÓ. 49: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 3:44 ÐÒÉ d = �13:34:
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òÉÓ. 50: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 3:44 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d:(a) { d = �13:42; (b) { d = �13:475:ì¦ÔÅÒÁÔÕÒÁ[1] Blume M., Emery V.J., Gri�ths R.B. Ising model for the �-transitionand phase separation in He3 �He4 mixtures. // Phys. Rev. A., 1971, vol.4, No 3, p. 1071-1077.[2] Sivardiere J. Critical and multicritical points in uids and magnets //Lecture' Notes in physics. Static critical phenomena in inhomogeneoussystems. Proceedings, Karpacz. 1984, p. 247-289.[3] óÏÒÏËÏ× ó.¶., ìÅ×ÉÃØËÉÊ ò.ò., âÁÒÁÎ ï.ò. îÁÂÌÉÖÅÎÎÑ Ä×Ï-ÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÄÌÑ ¦Ú¦ÎÇ¦×ÓØËÉÈ ÍÏÄÅÌÅÊ Ú ÄÏ×¦ÌØÎÉÍ ÚÎÁÞÅÎ-ÎÑÍ ÓÐ¦ÎÁ. 1. íÏÄÅÌØ âÌÀÍÁ-ëÁÐÅÌÑ-çÒ¦Æ¦ÔÓÁ.// ìØ×¦×, 1993. (ðÒÅ-ÐÒÉÎÔ./áî õËÒÁ§ÎÉ. ¶Î-Ô Æ¦Ú.ËÏÎÄÅÎÓ.ÓÉÓÔÅÍ; ¶æëó-93-1õ).[4] Wang Y., Lee F. Linked-cluster series analysis of the Blume-Capel model.// The American Physical Society, 1984, vol. 29, No 9, p. 5156-5164.[5] óÍÁÒÔ äÖ. üÆÆÅËÔÉ×ÎÏÅ ÐÏÌÅ × ÔÅÏÒÉÉ ÍÁÇÎÅÔÉÚÍÁ.- í.: îÁÕËÁ,1968, 271Ó.[6] ÷ÁËÓ ÷.ç. ÷×ÅÄÅÎÉÅ × ÍÉËÒÏÓËÏÐÉÞÅÓËÕÀ ÔÅÏÒÉÀ ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÏ×.-í.: îÁÕËÁ, 1973, 327Ó.



51 ðÒÅÐÒÉÎÔm, q G�111 G�122
òÉÓ. 51: ôÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ m, q ÔÁ ÐÁÒÎÉÈ ëæ G�111 , G�122 ÄÌÑk0 = 4:0 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁ d: (a) { d = �15:4;(b) { d = �15:79:[7] ÷ÁËÓ ÷.ç., úÉÎÅÎËÏ ÷.é., ûÎÅÊÄÅÒ ÷.å. íÉËÒÏÓËÏÐÉÞÅÓËÉÅ ÔÅÏÒÉÉÓÔÒÕËÔÕÒÎÙÈ ÆÁÚÏ×ÙÈ ÐÅÒÅÈÏÄÏ× ÔÉÐÁ ÐÏÒÑÄÏË-ÂÅÓÐÏÒÑÄÏË × ËÒÉ-ÓÔÁÌÌÁÈ. // õÓÐ. ÆÉÚ. ÎÁÕË, 1983, vol. 29, No 4, Ó.629-673.[8] Kubo P. Generalized cumulant expansion method. // J. Phys. Soc. Japan,1962, vol. 17, No 7, p. 1100-1120.[9] Strieb B., Callen H.B. Cluster expansion for the Heisenberg ferromagnet.// Phys. Rev., 1963, vol. 130, No 5, p. 1798-1808.[10] Iwashita T., Urybu N. Ising Ferromagnet with biquadratic exchange inter-action and uniaxial anisotropy. // Phys. Stat. Sol. (b), 1986, vol. 137, p.65-72.[11] Kaneyoshi T., Sarmento E.F. The application of the di�erential operatormethod to the Blume-Emery-Gri�ths model. // Phys. A, 1988, vol. 152,p. 343-358.[12] Tucker J.W. Two-site cluster theory for the spin-one Ising model. // J.Magn. Magn. Mat., 1990, vol. 87, p. 16-22.[13] Chakraborty K.G. E�ective-�eld model for a spin-1 Ising system withdipolar and quadrupolar interactions. // Phys. Rev. B, 1984, vol. 29, No3, p. 1454-1457.[14] Siqueira A.F., Fittipaldi I.P. On the phase transition in the Blume-Capel
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