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õäë: 532; 533; 533.9:530.182; 536.75; 536-12.01.PACS: 05.60.+w, 05.70.Ln, 05.20.Dd, 52.25.Dg, 52.25.FiíÅÔÏÄ ÓÁÍÏÕÚÇÏÄÖÅÎÏÇÏ ÏÐÉÓÕ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ÔÒÉ-×ÉÍ¦ÒÎÉÈ ¦Ú¦ÎÇÏÐÏÄ¦ÂÎÉÈ ÓÉÓÔÅÍ ÎÁ Í¦ËÒÏÓËÏÐ¦ÞÎÏÍÕ Ò¦×Î¦.í.ð.ëÏÚÌÏ×ÓØËÉÊ, ¶.ò.àÈÎÏ×ÓØËÉÊáÎÏÔÁÃ¦Ñ. úÁÐÒÏÐÏÎÏ×ÁÎÉÊ ÁÎÁÌ¦ÔÉÞÎÉÊ ÍÅÔÏÄ ÏÐÉÓÕ ÆÁÚÏ×ÏÇÏ ÐÅ-ÒÅÈÏÄÕ × ÔÒÉ×ÉÍ¦ÒÎÉÈ ÓÐ¦ÎÏ×ÉÈ ÓÉÓÔÅÍÁÈ. íÅÔÏÄ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ×É-ËÏÒÉÓÔÁÎÎ¦ ÎÅÇÁÕÓÏ×ÏÇÏ ÒÏÚÐÏÄ¦ÌÕ ÆÌÕËÔÕÁÃ¦Ê ÍÏÄ ÆÌÕËÔÕÁÃ¦Ê ÓÐ¦ÎÏ-×ÏÇÏ ÍÏÍÅÎÔÕ ¦ ÄÏÚ×ÏÌÑ¤ ÏÐÉÓÁÔÉ ËÒÉÔÉÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ÓÉÓÔÅÍÉ ÐÏ-ÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. ïÄÅÒÖÁÎ¦ Ñ×Î¦ ×ÉÒÁÚÉ ÄÌÑ ÏÓÎÏ×-ÎÉÈ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ¦Ú¦ÎÇÏÐÏÄ¦ÂÎÏ§ ÓÉÓÔÅÍÉ Ú ÅËÓÐÏÎÅÎÔÎÏÓÐÁÄÎÉÍ ÐÏÔÅÎÃ¦ÁÌÏÍ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö ÞÁÓÔÉÎËÁÍÉ. úÎÁÊÄÅÎÁ §È ÚÁÌÅÖ-Î¦ÓÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ÔÁ ÄÏÓÌ¦ÄÖÅÎÁ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈÐÁÒÁÍÅÔÒ¦× ÍÏÄÅÌ¦ (ÓÔÁÌÏ§ ÇÒÁÔËÉ, ÐÁÒÁÍÅÔÒ¦× ÐÏÔÅÎÃ¦ÁÌÕ ×Ú¤ÍÏÄ¦§).Method for the self-consistent description of the critical be-haviour of the three-dimensional ising-like system at a micro-scopic levelM.P.Kozlovskii, I.R.YukhnovskiiAbstract. Analytical method for the description at a phase transitionin a three- dimensional spin system is suggesred. The method is basedon the use of non-Gaussian distribution for uctuations of spin momentdensities and enables to represent the critical behaviour near a phasetransition point. Explicit expressions for fundamental thermodynamicalfunctions of an Ising-like system with exponentially dropping interpar-ticle potential are obtained. Their dependence on the temperature isresearched as well as that on microscopic parameters of a model (latticeconstant, parameters of an interaction potential).c ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1997Institute for Condensed Matter Physics 1997



1 ðÒÅÐÒÉÎÔðÏ×ÅÄ¦ÎËÁ ÓÉÓÔÅÍÉ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ (ôæð) ÓÕÔ-Ô¤×ÉÍ ÞÉÎÏÍ ×¦ÄÒ¦ÚÎÑ¤ÔØÓÑ ×¦Ä §§ ÐÏ×ÅÄ¦ÎËÉ ÐÏÚÁ ÃÉÍ ÏËÏÌÏÍ. ôÏÞËÕÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×ÉÚÎÁÞÉÍÏ ÑË ÔÁËÕ, ËÏÌÉ ÔÅÍÐÅÒÁÔÕÒÁ ÓÉÓÔÅÍÉÒ¦×ÎÁ ÔÅÍÐÅÒÁÔÕÒ¦ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ Tc, Á ÚÏ×Î¦ÛÎ¤ ÐÏÌÅ h ×¦ÄÓÕÔÎ¤.ñËÝÏ ÄÁÌÅËÏ ×¦Ä ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÏËÒÅÍÉÍÉÞÁÓÔÉÎËÁÍÉ ¤, ÑË ÐÒÁ×ÉÌÏ, ËÏÒÏÔËÏÓÑÖÎÏÀ, ÔÏ ÐÒÉ ÎÁÂÌÉÖÅÎÎ¦ ÄÏ ÎÅ§ÍÁ¤ Í¦ÓÃÅ ÚÒÏÓÔÁÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÒÁÄ¦ÕÓÁ ×ÚÁ¤ÍÏÄ¦§ ÃÅ ¤ ÐÒÑÍÉÍ ÎÁ-ÓÌ¦ÄËÏÍ ÎÁÑ×ÎÏÓÔ¦ ÐÏÂÌÉÚÕ ôæð ×ÅÌÉËÏÍÁÓÛÔÁÂÎÉÈ ÆÌÕËÔÕÁÃ¦Ê ÐÁ-ÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ. ðÒÉ ÎÁÂÌÉÖÅÎÎ¦ ÄÏ ôæð ×¦ÄÂÕ×Á¤ÔØÓÑ ÚÂ¦ÌØÛÅÎÎÑËÏÒÅÌÑÃ¦ÊÎÏ§ ÄÏ×ÖÉÎÉ,ÝÏ ÓÐÒÉÑ¤ ÔÅÎÄÅÎÃ¦§ ÄÏ ×ÐÏÒÑÄËÕ×ÁÎÎÑ ÓÉÓÔÅ-ÍÉ. ÷ÐÏÒÑÄËÕ×ÁÎÎÑ ÍÁ¤ ÍÁËÒÏÓËÏÐ¦ÞÎÕ ÐÒÉÒÏÄÕ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈÎÉÖÞÉÈ ÚÁ Tc ¦ ×ÉÎÉËÁ¤ × ÄÅÑËÉÈ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÏÂÌÁÓÔÑÈ ÓÉÓÔÅ-ÍÉ ÐÏÂÌÉÚÕ Tc ÐÒÉ T > Tc. ðÏ Í¦Ò¦ ÎÁÂÌÉÖÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ ÄÏ TcÚ×ÅÒÈÕ, ×ÅÌÉÞÉÎÁ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ×ÐÏÒÑÄËÏ×ÁÎÉÈ ÏÂÌÁÓÔÅÊ ÚÒÏÓÔÁ¤.ãÅ ÓÕÔÔ¤×ÉÍ ÞÉÎÏÍ ×¦ÄÏÂÒÁÖÁ¤ÔØÓÑ ÎÁ ÐÏ×ÅÄ¦ÎÃ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈÆÕÎËÃ¦Ê ÓÉÓÔÅÍÉ. úÏËÒÅÍÁ, ÔÅÎÄÅÎÃ¦Ñ ÄÏ ×ÐÏÒÑÄËÕ×ÁÎÎÑ ÓÉÓÔÅÍÉ ÐÒÉÎÁÂÌÉÖÅÎÎ¦ ÄÏ ôæð ÐÒÉ×ÏÄÉÔØ ÄÏ ×ÉÎÉËÎÅÎÎÑ ×¦Ä'¤ÍÎÏÇÏ ×ËÌÁÄÕ ÄÏÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÓÉÓÔÅÍÉ. ñËÝÏ ÃÅÊ ×ËÌÁÄ ÓÔÁ¤ ÄÏÍ¦ÎÕÀÞÉÍ, ÔÏ ÎÅÍÉ-ÎÕÞÉÍ ÊÏÇÏ ÎÁÓÌ¦ÄËÏÍ ¤ ÐÅÒÅÂÕÄÏ×Á ÓÉÓÔÅÍÉ, ÑËÁ ¦ ÓÕÐÒÏ×ÏÄÖÕ¤ÔØÓÑÆÁÚÏ×ÉÍ ÐÅÒÅÈÏÄÏÍ.÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÒÏÚÇÌÑÎÕÔÉÊ ÍÅÈÁÎ¦ÚÍ ×ÉÎÉËÎÅÎÎÑ ×¦Ä'¤ÍÎÉÈ ×ËÌÁ-Ä¦× ÄÏ ÅÎÔÒÏÐ¦§ ÔÒÉ×ÉÍ¦ÒÎÏ§ ÓÐ¦ÎÏ×Ï§ ÓÉÓÔÅÍÉ. ôÁË¦ ×ËÌÁÄÉ ÎÅÍÉÎÕÞÅ×ÉÎÉËÁÀÔØ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. ðÒÉÒÏÄÁ ÃÉÈ ×ËÌÁÄ¦×ÄÏ ÅÎÔÒÏÐ¦§ Ô¦ÓÎÏ ÐÏ×'ÑÚÁÎÁ Ú ×ÉÎÉËÎÅÎÎÑÍ ÐÏÂÌÉÚÕ ôæð ÎÏ×ÏÇÏ ÔÉÐÕÓÉÍÅÔÒ¦§. ãÑ ÓÉÍÅÔÒ¦Ñ ÍÁ¤ × ÐÅÒÛÕ ÞÅÒÇÕ ÍÁÔÅÍÁÔÉÞÎÕ ÐÒÉÒÏÄÕ. ÷Ï-ÎÁ ÐÏÌÑÇÁ¤ × ÎÁÑ×ÎÏÓÔ¦ ÓÐÅÃÉÆ¦ÞÎÉÈ ÍÁÔÅÍÁÔÉÞÎÉÈ ÐÅÒÅÔ×ÏÒÅÎØ, ÑË¦ÐÅÒÅ×ÏÄÑÔØ ÓÉÓÔÅÍÕ ÓÁÍÕ × ÓÅÂÅ ×ÎÁÓÌ¦ÄÏË "×ÉËÌÀÞÅÎÎÑ" Ú ÒÏÚÇÌÑÄÕÐÅ×ÎÏ§ ÍÎÏÖÉÎÉ ÚÍ¦ÎÎÉÈ. ðÅÒÅÔ×ÏÒÅÎÎÑ ÎÏÓÑÔØ ÎÁÚ×Õ ÐÅÒÅÔ×ÏÒÅÎØÒÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎÏ§ ÇÒÕÐÉ, Á ÓÉÍÅÔÒ¦Ñ { ÒÅÎÏÒÍÇÒÕÐÏ×ÏÀ.÷ ÑËÏÓÔ¦ ÏÂ'¤ËÔÕ ÄÏÓÌ¦ÄÖÅÎÎÑ ×ÉÂÉÒÁ¤ÔØÓÑ ÔÒÉ×ÉÍ¦ÒÎÁ ÍÏÄÅÌØ¶Ú¦ÎÇÁ, ÑËÁ ÏÐÉÓÕ¤ ÎÁÊÂ¦ÌØÛ ÈÁÒÁËÔÅÒÎ¦ ÒÉÓÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ(æð). ÷ÏÎÁ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÁ Ú ÐÅ×ÎÉÍÉ ÎÅÓÕÔÔ¤×ÉÍÉ ÍÏ-ÄÉÆ¦ËÁÃ¦ÑÍÉ ÄÌÑ ÏÐÉÓÕ ×Ó¦È ÏÓÎÏ×ÎÉÈ Ñ×ÉÝ ÐÒÉ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏ-ÄÁÈ ÄÒÕÇÏÇÏ ÒÏÄÕ. óÅÒÅÄ ÎÉÈ ÓÉÌØÎÏ ÁÎ¦ÚÏÔÒÏÐÎ¦ ÍÁÇÎÅÔÉËÉ, ÐÒÏÓÔ¦ÆÌÀ§ÄÉ, Â¦ÎÁÒÎ¦ ÓÐÌÁ×É ÔÁ ÒÑÄ ¦ÎÛÉÈ ÓÉÓÔÅÍ.íÏÄÅÌÌÀ ¶Ú¦ÎÇÁ ÎÁÚÉ×Á¤ÍÏ ÓÉÓÔÅÍÕ N ÞÁÓÔÉÎÏË Ú ÐÏÐÁÒÎÏÀ×ÚÁ¤ÍÏÄ¦¤À. þÁÓÔÉÎËÉ ÒÏÚÍ¦ÝÅÎ¦ × ×ÕÚÌÁÈ ÐÒÏÓÔÏ§ ËÕÂ¦ÞÎÏ§ ÇÒÁÔËÉÚ ÐÅÒ¦ÏÄÏÍ c ¦ ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ Ä×ÏÍÁ ×ÌÁÓÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ +1ÔÁ -1. ðÏÔÅÎÃ¦ÁÌ ×ÚÁ¤ÍÏÄ¦§ ÍÁ¤ ×ÉÇÌÑÄ ÅËÓÐÏÎÅÎÔÎÏ ÓÐÁÄÎÏ§ ÆÕÎËÃ¦§×¦ÄÄÁÌ¦ Í¦Ö ÞÁÓÔÉÎËÁÍÉ. çÁÍ¦ÌØÔÏÎ¦ÁÎ ÔÁËÏ§ ÓÉÓÔÅÍÉ ÚÁÐÉÓÕ¤ÔØÓÑ ÕÓÔÁÎÄÁÒÔÎÏÍÕ ×ÉÇÌÑÄ¦
ICMP{97{25U 2H = �12Xij �(rij)sisj � hXi si: (1)ôÕÔ h - ÚÏ×Î¦ÛÎ¤ ÐÏÌÅ, rij - ×¦ÄÓÔÁÎØ Í¦Ö ÞÁÓÔÉÎËÁÍÉ, ÑË¦ ÒÏÚÍ¦ÝÅÎ¦× ×ÕÚÌÁÈ i ÔÁ j, �(rij) = A exp(�rij=b); (2)ÄÅ b - ÒÁÄ¦ÕÓ ÅÆÅËÔÉ×ÎÏ§ Ä¦§ ÐÏÔÅÎÃ¦ÁÌÕ. ÷ÅÌÉÞÉÎÉ A ÔÁ b ¤ ÐÏÓÔ¦Ê-ÎÉÍÉ.íÅÔÏÀ ÒÏÂÏÔÉ ¤ ÒÏÚÒÁÈÕÎÏË ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ÍÏÄÅÌ¦ÐÏÂÌÉÚÕ ÔÏÞËÉ æð, ÑË ÆÕÎËÃ¦Ê ÔÅÍÐÅÒÁÔÕÒÉ, ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ ÔÁÍ¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ c, b, A.ïÓÏÂÌÉ×¦ÓÔÀ ÄÁÎÏÇÏ Ð¦ÄÈÏÄÕ ÄÏ ÏÐÉÓÕ æð ¤ ×ÉËÏÒÉÓÔÁÎÎÑ ÎÅÇÁÕ-ÓÏ×ÉÈ ÇÕÓÔÉÎ Í¦ÒÉ, ÏÓË¦ÌØËÉ ÐÏÂÌÉÚÕ ôæð ÄÉÓÐÅÒÓ¦Ñ ÇÁÕÓÏ×ÏÇÏ ÒÏÚ-ÐÏÄ¦ÌÕ ÐÒÑÍÕ¤ ÄÏ ÂÅÚÍÅÖÎÏÓÔ¦ ¦ ÔÁËÉÊ ÒÏÚÐÏÄ¦Ì ÎÅ ÍÏÖÅ ÂÕÔÉ ×ÉËÏ-ÒÉÓÔÁÎÉÊ ÄÌÑ ÏÐÉÓÕ ÓÉÓÔÅÍÉ.íÁÔÅÍÁÔÉÞÎÏ ÓÔÒÏÇÁ ÐÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞ¦ÐÒÏ ÏÐÉÓ ËÒÉÔÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÉÓÔÅÍÉ Ú ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ (1) ÂÕÌÁÓÆÏÒÍÕÌØÏ×ÁÎÁ ¶. ò. àÈÎÏ×ÓØËÉÍ × [1]. ãÅ ÓÔÁÌÏ ÍÏÖÌÉ×ÉÍ ÚÁ×ÄÑ-ËÉ ÕÚÁÇÁÌØÎÅÎÎÀ ÍÅÔÏÄÕ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ (ëú) [2,3] ÎÁ ×ÉÐÁÄÏËÓÐ¦ÎÏ×ÉÈ ÓÉÓÔÅÍ [4]. ÷ÁÖÌÉ×ÉÍ ÍÏÍÅÎÔÏÍ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÍÅÔÏÄÕ ëúÄÏ ÄÏÓÌ¦ÄÖÅÎÎÑ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× ÓÔÁÌÉ ÒÏÂÏÔÉ [4,5], ÐÏ×'ÑÚÁÎ¦ Ú ÏÂ-ÇÒÕÎÔÕ×ÁÎÎÑÍ ÆÏÒÍÉ ÂÁÚÉÓÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ ÆÌÕËÔÕÁÃ¦Ê ÐÏÂÌÉÚÕ ÔÏÞ-ËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. ÷ ÐÒÅÄÓÔÁ×ÌÅÎÎ¦ ëú ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÍÏÄÅÌ¦(1) ÚÁÐÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦ ÆÕÎËÃ¦ÏÎÁÌØÎÏÇÏ ¦ÎÔÅÇÒÁÌÕ [4,6]Z = 2N2(N 0�1)=2 e ~M0N Z W (�)(d�)N 0 : (3)ôÕÔ N 0 = Ns�30 (N - ÚÁÇÁÌØÎÅ ÞÉÓÌÏ ÞÁÓÔÉÎÏË, s0 > 1). ÷ÅÌÉÞÉÎÁ~M0 ÂÕÄÅ ÐÒÉ×ÅÄÅÎÁ × (16). ðÁÒÁÍÅÔÅÒ s0 ××ÏÄÉÔØÓÑ ÄÌÑ ÚÒÕÞÎÏÓÔ¦ÒÏÚÒÁÈÕÎË¦× ¦ ÐÏ×'ÑÚÁÎÉÊ Ú ÁÐÒÏËÓÉÍÁÃ¦¤À ÆÕÒ'¤-ÏÂÒÁÚÕ ÐÏÔÅÎÃ¦ÁÌÕ×ÚÁ¤ÍÏÄ¦§ ~�(k).÷ÉÂ¦Ò ÐÏÔÅÎÃ¦ÁÌÕ. ÷ ÚÁÇÁÌØÎÏÍÕ ×ÉÇÌÑÄ¦ ÆÕÒ'¤-ÏÂÒÁÚ ×ÉÒÁÚÕ (2)ÍÁ¤ ×ÉÇÌÑÄ ~�(k) = ~�(0)(1 + b2k2)2 ; �(0) = A08�(b=c)3: (4)÷ ÏÂÌÁÓÔ¦ ÍÁÌÉÈ ÚÎÁÞÅÎØ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ ~k ÄÌÑ ~�(k) ÍÏÖÎÁÏÂÍÅÖÉÔÉÓØ ÐÁÒÁÂÏÌ¦ÞÎÏÀ ÁÐÒÏËÓÉÍÁÃ¦¤À ~�(k) = �(0)(1 � 2b2k2),ÑËÁ ÓÐÒÁ×ÅÄÌÉ×Á, ÏÄÎÁË, ÐÒÉ k < B0 ÄÅ B0 = (�0bp2)�1. ÷ÅÌÉÞÉÎÁ �0¤ ÐÏÓÔ¦ÊÎÉÍ ËÏÅÆ¦Ã¦¤ÎÔÏÍ (�0 � 1). äÌÑ ÏÂÌÁÓÔ¦ ÚÎÁÞÅÎØ È×ÉÌØÏ×ÉÈ×ÅËÔÏÒ¦× ÂÌÉÚØËÉÈ ÄÏ ÇÒÁÎÉÃ¦ ÐÅÒÛÏ§ Ð¦×ÚÏÎÉ âÒ¦ÌÌÀÅÎÁ B = �=c,



3 ðÒÅÐÒÉÎÔÆÕÒ'¤-ÏÂÒÁÚ ÐÏÔÅÎÃ¦ÁÌÕ �(k) ¦Ú (4) ÚÁÍ¦ÎÉÍÏ ÄÅÑËÉÍ ÊÏÇÏ ÓÅÒÅÄ-Î¦Í ÚÎÁÞÅÎÎÑÍ ��. ÷ ÒÅÚÕÌØÔÁÔ¦, ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÎÁÓÔÕÐÎÕÁÐÒÏËÓÉÍÁÃ¦À ÄÌÑ ÆÕÒ'¤-ÏÂÒÁÚÕ ÐÏÔÅÎÃ¦ÁÌÕ [7]�(k) = � ~�(0) (1 � 2b2k2) ÐÒÉ k � B0�� ÐÒÉ B0 < k � B (5)ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (5), ÄÌÑ ÐÁÒÁÍÅÔÒÁ s0 ÚÎÁÈÏÄÉÍÏs0 = B=B0 = �0�p2b=c: (6)õ ×ÉÐÁÄËÕ �0 = 1 ÍÁ¤ÍÏ, ÝÏ �(0)(1� 2b2k2) = 0ÐÒÉ k = B0. ðÒÉ �0 > 1 ×ÅÌÉÞÉÎÁ �(0)(1� 2b2k2) > 0ÄÌÑ ×Ó¦È k 2 [0; B0].íÎÏÖÎÉË �0 � 1 ××ÅÄÅÎÉÊ ×ÉËÌÀÞÎÏ Ú ÔÅÈÎ¦ÞÎÉÈÐÒÉÞÉÎ. ÷ ÐÏÐÅÒÅÄÎ¦È ÒÏÂÏÔÁÈ Á×ÔÏÒ¦× [6,7] ××ÁÖÁÌÏÓÑ, ÝÏ �0 = 1.îÁÑ×Î¦ÓÔØ ÏÂÌÁÓÔ¦ ÚÎÁÞÅÎØ �0 > 1 ÐÒÉ×ÏÄÉÔØ ÄÏ ÚÍÅÎÛÅÎÎÑ ÏÂÌÁÓÔ¦ÚÁÓÔÏÓÕ×ÁÎÎÑ ÐÁÒÁÂÏÌ¦ÞÎÏ§ ÁÐÒÏËÓÉÍÁÃ¦§ ÐÏÔÅÎÃ¦ÁÌÕ. ïÐÔÉÍÁÌØÎÉÊ×ÉÂ¦Ò ×ÅÌÉÞÉÎÉ �0 ÂÕÄÅÚÄ¦ÊÓÎÅÎÉÊ ÎÉÖÞÅ (ÄÉ×.(2.44)), Á ÚÁÌÅÖÎ¦ÓÔØÒÅÚÕÌØÔÁÔ¦× ÒÏÚÒÁÈÕÎËÕ ×¦Ä ÚÎÁÞÅÎÎÑ �0 ÐÒÉ×ÅÄÅÎÁ × äÏÄÁÔËÕ 1.óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ s0 � 1. ôÏÍÕ Í¦Î¦ÍÁÌØÎÅ ÚÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎÉb Ò¦×ÎÅ bmin = c=��0p2. ðÒÉ b = bmin ÚÎÁÈÏÄÉÍÏ, ÝÏ B0 = B, Á ÏÔÖÅs0 = 1. ïÂÌÁÓÔØ ÐÁÒÁÂÏÌ¦ÞÎÏ§ ÁÐÒÏËÓÉÍÁÃ¦§ ÐÏÔÅÎÃ¦ÁÌÕ ÐÒÉ b = bminÒÏÚÐÏ×ÓÀÄÖÕ¤ÔØÓÑ ÎÁ ×Ó¦ ÚÎÁÞÅÎÎÑ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ Ú ÐÅÒÛÏ§ ÚÏÎÉâÒ¦ÌÌÀÅÎÁ.íÏÖÎÁ ÚÒÏÂÉÔÉ ÏÃ¦ÎËÕ ×ÅÌÉÞÉÎÉ ÐÁÒÁÍÅÔÒÁ s0 ÄÌÑ ×ÉÐÁÄËÕ, ÑËÉÊ×¦ÄÐÏ×¦ÄÁ¤ ×ÚÁ¤ÍÏÄ¦§ ÔÉÐÕ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×. ðÏÒ¦×ÎÑ¤ÍÏ ×ÉÒÁÚ (4)Ú ÆÕÒ'¤- ÏÂÒÁÚÏÍ ÐÏÔÅÎÃ¦ÁÌÕ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×. õ ×ÉÐÁÄËÕ ÍÁÌÉÈÚÎÁÞÅÎØ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ ÚÎÁÈÏÄÉÍÏ~�(0) = 2dJ; b = bI = c2pd: (7)ôÕÔ J - ÐÏÓÔ¦ÊÎÁ ×ÚÁ¤ÍÏÄ¦§ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×, d - ×ÉÍ¦ÒÎ¦ÓÔØ ÐÒÏ-ÓÔÏÒÕ. ÷ ÃØÏÍÕ ×ÉÐÁÄËÕs0 = ��0=p6 � 1:28255 � �0 (8)÷ÅÌÉÞÉÎÁ �� ×¦ÄÐÏ×¦ÄÁ¤ ÕÓÅÒÅÄÎÅÎÏÍÕ ÚÎÁÞÅÎÎÀ ÐÏÔÅÎÃ¦ÁÌÕ ~�(k)¦Ú (4) ÎÁ ¦ÎÔÅÒ×ÁÌ¦ k 2 (B0; B]: ÷ ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ ÂÕÄÅÍÏ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÎÁÓÔÕÐÎÅ ÕÓÅÒÅÄÎÅÎÎÑ< � >= Z BB0 �(k)d~k= Z BB0 �(0)d~k:
ICMP{97{25U 4ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (4) ÚÎÁÈÏÄÉÍÏ< � >= �1=�0; (9)ÄÅ �1 = b�3 24��2 bc  1 + �2�bc�2!�1 + �0p2(1 + 2�02)++ 12arctg�� bc�� 12arctg 1�0p2��0 = b�3=3"�3�bc�3 � 12�03p2# ; (10)ú ÒÏÓÔÏÍ ×¦ÄÎÏÛÅÎÎÑ b=c ×ÅÌÉÞÉÎÁ < � > ÐÒÑÍÕ¤ ÄÏ ÎÕÌÑ (Í¦Î¦ÍÁÌØ-ÎÅ ÚÎÁÞÅÎÎÑ b=c = 1=��0p2). úÎÁÞÅÎÎÑ < � > ÐÒÉ×ÅÄÅÎ¦ × ÔÁÂÌ.1(ÄÉ×.ÓÔÏÒ.7).÷ ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ × ÑËÏÓÔ¦ �� ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ×ÉÒÁÚ �� =< � > +�1: (11)ôÕÔ �1 ¤ ÐÏÐÒÁ×ËÁ, ÑËÁ ÚÁÂÅÚÐÅÞÕ¤ ÐÒÁ×ÉÌØÎÕ ÁÓÉÍÐÔÏÔÉÞÎÕ ÐÏ-×ÅÄ¦ÎËÕ ÍÏÄÅÌ¦ × ÇÒÁÎÉÃ¦ b=c ! 1 ¦ ÏÂÞÉÓÌÅÎÁ × (3.13). úÁÚÎÁÞÉÍÏÌÉÛÅ, ÝÏ �1 < 0 ¦ ÚÁ ÐÏÒÑÄËÏÍ ×ÅÌÉÞÉÎÉ ¤ �0; 1.ð¦ÄÓÕÍÏ×ÕÀÞÉ ÓËÁ-ÚÁÎÅ ×ÉÝÅ, × ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ ÂÕÄÅÍÏ ××ÁÖÁÔÉ, ÝÏ ×ÅÌÉÞÉÎÁ�� ¤ ÍÁÌÏÀ.äÌÑ ÇÕÓÔÉÎÉ Í¦ÒÉ W(�) ¦Ú (3), ÚÇ¦ÄÎÏ ÄÏ ÒÅÚÕÌØÔÁÔ¦× ÒÏÂ¦Ô [4,5],ÍÁ¤ÍÏ W(�) = exp24N 0a00 � 12 Xk�B0 d(k)�k��k�� lXn�2 a02n(2n)! (N 0)1�n Xk1;���;k2nki�B0 ���~k1 : : : �~k2n�~k1+:::+~k2n +pN�h�0i (12)ôÕÔ



5 ðÒÅÐÒÉÎÔd(k) = a02 � ��(k) (13)÷¦ÄÐÏ×¦ÄÎ¦ ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× a02l ÏÄÅÒÖÁÎ¦ × [6,7] ÛÌÑÈÏÍ ¦Î-ÔÅÇÒÕ×ÁÎÎÑ ÐÏ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ �k, ¦ÎÄÅËÓÉ ~k ÑËÉÈ ÎÁÌÅÖÁÔØ ÄÏ¦ÎÔÅÒ×ÁÌÕ k 2 (B0; B]: óÔÒÕËÔÕÒÁ ×ÉÒÁÚ¦× ÄÌÑ a02l ÚÁÌÅÖÉÔØ ×¦Ä ÆÏÒ-ÍÉ ÂÁÚÉÓÎÏ§ ÇÕÓÔÉÎÉ Í¦ÒÉ, ÑËÁ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÐÒÉ ÒÏÚÒÁÈÕÎËÁÈ. ÷ÏËÏÌ¦ ôæð × ÑËÏÓÔ¦ ÂÁÚÉÓÎÏ§ ÓÌ¦Ä ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÎÅÇÁÕÓÏ×Õ ÇÕÓÔÉ-ÎÕ Í¦ÒÉ [4]. îÁÊÐÒÏÓÔ¦ÛÏÀ ÔÁËÏÀ Í¦ÒÏÀ ¤ ÞÅÔ×¦ÒÎÁ ÇÕÓÔÉÎÁ Í¦ÒÉ [1].ñË ÂÕÌÏ ÐÏËÁÚÁÎÏ × ÎÁÛÉÈ ÐÏÐÅÒÅÄÎ¦È ÒÏÂÏÔÁÈ [6-8] ×ÏÎÁ ÄÏÚ×ÏÌÑ¤×¦ÄÔ×ÏÒÉÔÉ ÏÓÎÏ×Î¦ ÒÉÓÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ¦ ÚÎÁÊÔÉ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÓÉÓÔÅÍÉ × ËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦.ðÒÏ×ÅÄÅÎÎÑ ÒÏÚÒÁÈÕÎ-Ë¦× Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÞÅÔ×¦ÒÎÏ§ ÇÕÓÔÉÎÉ Í¦ÒÉ ×¦ÄÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀÍÏÄÅÌ¦ �4 × ÔÅÒÍ¦ÎÏÌÏÇ¦§ ÔÅÏÒÅÔÉËÏ-ÐÏÌØÏ×ÏÇÏ Ð¦ÄÈÏÄÕ. îÁÓÔÕÐÎÏÀ,Â¦ÌØÛ ÔÏÞÎÏÀ, ¤ ÛÅÓÔ¦ÒÎÁ ÇÕÓÔÉÎÁ Í¦ÒÉ (ÍÏÄÅÌØ �6) ¦ Ô.Ä.äÌÑ ÔÏÞÎÏÇÏÒÏÚ×'ÑÚËÕ ÚÁÄÁÞ¦ ÐÒÏ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä × ÍÏÄÅÌ¦ (1) ÐÒÉ d < 4 ÓÌ¦Ä ×É-ËÏÒÉÓÔÏ×Õ×ÁÔÉ ÇÕÓÔÉÎÕ Í¦ÒÉ, ÑËÁ ×¦ÄÐÏ×¦ÄÁ¤ ÍÏÄÅÌ¦ �2l, ÄÅ l !1 [9].äÌÑ ÓËÏÒÏÞÅÎÎÑ ×ÉËÌÁÄÏË ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ × ÄÁÎ¦Ê ÒÏÂÏÔ¦ÎÁÂÌÉÖÅÎÎÑ ÍÏÄÅÌ¦ �4. ïÔÒÉÍÁÎ¦ × ÔÁËÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÒÅÚÕÌØÔÁÔÉÍÏÖÕÔØ ÂÕÔÉ ÌÅÇËÏ ÕÚÁÇÁÌØÎÅÎ¦ ÎÁ ×ÉÐÁÄÏË ×ÉËÏÒÉÓÔÁÎÎÑ ×ÉÝÉÈ ÍÏ-ÄÅÌÅÊ ÔÉÐÕ �6 ¦ Ô.Ä.÷ ÎÁÂÌÉÖÅÎÎ¦ ÍÏÄÅÌ¦ �4 ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× a02l ÍÁÀÔØ ×É-ÇÌÑÄ [8] a00 = ln"(2�)�1=2� 3~M4�1=4 exp� ~y24 �U (0; ~y)#a02 = � 3~M4�1=2U (~y); a04 = � 3~M4�U (~y); (14)ÄÅ ~y = p3 ~M2( ~M4)�1=2 (15)äÌÑ ×ÅÌÉÞÉÎ ~M2n ÍÁ¤ÍÏ ×ÉÒÁÚÉ~M0 = 12�; ~M2 = 1� �; ~M4 = 2s�30 (1 � 4�) (16)ôÕÔ ××ÅÄÅÎÅ ÐÏÚÎÁÞÅÎÎÑ� = � ~�(0)��(1� s�30 )
ICMP{97{25U 6óÐÅÃ¦ÁÌØÎ¦ ÆÕÎËÃ¦§ U (0; ~y) ÔÁ U (~y); '(~y) ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚÆÕÎËÃ¦§ ÐÁÒÁÂÏÌ¦ÞÎÏÇÏ ÃÉÌ¦ÎÄÒÁ ÷ÅÂÅÒÁ U (a; x) [10]. äÌÑ ÏÓÔÁÎÎØÏ§ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÎÁÓÔÕÐÎÅ ¦ÎÔÅÇÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑU (a; x) = 2�(a+ 12)e�x2=4 Z 10 t2aexp(�xt2 � 12 t4)dt (17)äÌÑ U (~y) ÔÁ '(~y) ÍÁ¤ÍÏU (~y) = U (1; ~y)U (0; ~y) ; '(~y) = 3U2(~y) + 2~yU (~y) � 2 (18)÷ ÇÒÁÎÉÃ¦ ×ÅÌÉËÉÈ ÚÎÁÞÅÎØ b=c ÁÒÇÕÍÅÎÔ ~y ÐÒÉÊÍÁ¤ ×ÅÌÉË¦ ÚÎÁÞÅÎÎÑ~y �p3=2s3=20 � ��0� bc�3 (19)÷ ÃØÏÍÕ ×ÉÐÁÄËÕ, ÄÌÑ ÓÐÅÃ¦ÁÌØÎÉÈ ÆÕÎËÃ¦Ê (18) ÍÏÖÎÁ ×ÉËÏÒÉÓÔÁÔÉÎÁÂÌÉÖÅÎ¦ ×ÉÒÁÚÉU (0; ~y) = (~y)�1=2exp[�~y2=4]�1� 38(~y)�2 + 105108(~y)�4 + : : :�U (~y) = (~y)�1�1� 32(~y)�2 + 6(~y)�4 + : : :�'(~y) = 3(~y)�4�1� 212 (~y)�2 + 4474 (~y)�4 + : : :� (20)äÌÑ ÐÒÏÍ¦ÖÎÉÈ ¦ ÍÁÌÉÈ ÚÎÁÞÅÎØ b=c ÒÏÚËÌÁÄÉ (20) ÎÅ ÍÁÀÔØ Í¦ÓÃÑ¦ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ ËÏÅÆ¦Ã¦¤ÎÔ¦× a02n ÐÏ×ÉÎÎ¦ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉÓÑ ×É-ÒÁÚÉ (16)-(18). ÷ ÚÁÇÁÌØÎÏÍÕ ×ÉÐÁÄËÕ ËÏÅÆ¦Ã¦¤ÎÔÉ a02n ¤ ÆÕÎËÃ¦ÑÍÉÔÅÍÐÅÒÁÔÕÒÉ, ×ÅÌÉÞÉÎÉ �� ÔÁ ÚÁÌÅÖÁÔØ ×¦Ä ×¦ÄÎÏÛÅÎÎÑ b=c.õ ×ÉÐÁÄËÕ �� = 0 ÒÏÚÒÁÈÕÎËÉ ÓÕÔÔ¤×Ï ÓÐÒÏÝÕÀÔØÓÑ. äÌÑ ×ÅÌÉÞÉÎ~M2l ÍÁ¤ÍÏ ~M = 0; ~M2 = 1; ~M4 = 2s�30 (21)¦ ËÏÅÆ¦Ã¦¤ÎÔÉ a02n ÓÔÁÀÔØ ÎÅÚÁÌÅÖÎÉÍÉ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ÐÏÓÔ¦ÊÎÉÍÉ×ÅÌÉÞÉÎÁÍÉ. ÷ÏÎÉ ¤ ÆÕÎËÃ¦ÑÍÉ ÌÉÛÅ ×¦ÄÎÏÛÅÎÎÑ b=c.÷ ÔÁÂÌÉÃ¦ 1. ÐÒÉ×ÅÄÅÎ¦ ÚÎÁÞÅÎÎÑ a02l ÐÒÉ �� = 0 × ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä×ÅÌÉÞÉÎÉ ÐÁÒÁÍÅÔÒÁ b=c. ÷ÏÎÉ ¤ ÍÏÎÏÔÏÎÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ×¦Ä b=c, ÚÁ×ÉÎÑÔËÏÍ ËÏÅÆ¦Ã¦¤ÎÔÁ a04, ÑËÉÊ ÍÁ¤ ÌÏËÁÌØÎÉÊ ÍÁËÓÉÍÕÍ ÐÒÉ b=c =0:2735.



7 ðÒÅÐÒÉÎÔôÁÂÌ. 1. úÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× a02n ÐÒÉ �� = 0. ÷ÅÌÉÞÉÎÁ bmin =c�0�p2 ×¦ÄÐÏ×¦ÄÁ¤ ×ÉÐÁÄËÕ s0 = 1(B0 = B); bI = c2pd { ×ÚÁ¤ÍÏÄ¦§ ÔÉÐÕÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦× Ú ËÏÎÓÔÁÎÔÏÀ ×ÚÁ¤ÍÏÄ¦§ J = �(0)=2d.b a00 a02 a04 ~y < � >bmin -1.05569 0.64493 0.18259 1.22475bI=0.2887 -1.00021 0.75804 0.19239 1.77897 0.37170.3000 -0.99346 0.77391 0.19071 1.88462 0.3576bII=0.3379 -0.97536 0.81934 0.180247 2.25281 0.31320.3500 -0.97076 0.83164 0.17576 2.37490 0.3001bIII=0.3584 -0.96783 0.83962 0.17242 2.46091 0.29120.4000 -0.95605 0.87329 0.15427 2.90157 0.25100.4500 -0.94623 0.90337 0.13163 3.46228 0.21020.5000 -0.93949 0.92527 0.11062 4.05507 0.17650.6000 -0.93132 0.95337 0.07697 5.33052 0.12630.8000 -0.92431 0.97905 0.03870 8.20688 0.06911.0000 -0.92174 0.98894 0.02113 11.4695 0.04112.0000 -0.91929 0.99858 0.00282 32.4405 0.00683.0000 -0.91904 0.99958 0.00084 59.5971 0.00225.0000 -0.91896 0.99991 0.00018 128.232 0.000510.0000 -0.91894 0.99999 0.00002 362.696 0.0001...1 -0.91894 1 0 1 01. ðÒÏÃÅÄÕÒÁ ÎÁÂÌÉÖÅÎÏÇÏ ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞ-ÎÏ§ ÓÕÍÉ.úÁÐÒÏÐÏÎÏ×ÁÎÉÊ ÓÐÏÓ¦Â ÎÁÂÌÉÖÅÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕ-ÍÉ ÔÒÉ×ÉÍ¦ÒÎÏ§ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ ÓÐ¦ÎÏ×Ï§ ÓÉÓÔÅÍÉ. ÷¦Î ÇÒÕÎÔÕ¤ÔØÓÑÎÁ ×ÉËÏÒÉÓÔÁÎÎ¦ ÎÅÇÁÕÓÏ×ÉÈ ÂÁÚÉÓÎÉÈ ÒÏÚÐÏÄ¦Ì¦× ÆÌÕËÔÕÁÃ¦Ê ÇÕÓÔÉÎÉÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ ¦ ¤ ÅÆÅËÔÉ×ÎÉÍ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.óÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÐÒÅÄÓÔÁ×ÌÅÎÁ × ×ÉÄ¦ ÄÏÂÕÔËÕ ÐÁÒÃ¦ÁÌØÎÉÈ ÓÔÁÔÉ-ÓÔÉÞÎÉÈ ÓÕÍ, ÄÌÑ ÑËÉÈ ÚÎÁÊÄÅÎ¦ Ñ×Î¦ ×ÉÒÁÚÉ. úÁÐÉÓÁÎ¦ ÚÁÇÁÌØÎ¦ ÒÅ-ËÕÒÅÎÔÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦×, ÑË¦ ×ÉÚÎÁÞÁÀÔØ ÒÏÚÐÏÄ¦ÌÆÌÕËÔÕÁÃ¦Ê × ÓÕÍ¦ÖÎÉÈ ÂÌÏÞÎÉÈ ÓÔÒÕËÔÕÒÁÈ.æÕÎËÃ¦ÏÎÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÍÏÄÅÌ¦ (1) × ÎÁ-
ICMP{97{25U 8ÂÌÉÖÅÎÎ¦ ÞÅÔ×¦ÒÎÏ§ ÇÕÓÔÉÎÉ Í¦ÒÉ ÐÒÉ h = 0 ÍÁ¤ ×ÉÇÌÑÄ [1,6]Z = C0ea00N 0 Z exp0@�12 Xk�B0 d(k)�k��k � 14! a04N 0 �� Xk1;:::;k2nki�B0 �~k1 : : : �~k4�~k1+:::+~k41CA (d�)N 0 (1.1)ÄÅ C0 = 2N2(N 0�1)=2e ~M0N (1.2)÷ÉÒÁÚ ÄÌÑ ×ÅÌÉÞÉÎÉ d(k) ÐÒÉ×ÅÄÅÎÉÊ × (13), Á ËÏÅÆ¦Ã¦¤ÎÔÉ a02l ÚÁ-ÄÁÎ¦ ÆÏÒÍÕÌÁÍÉ (14). òÏÚÇÌÑÎÅÍÏ ÓÈÅÍÕ ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ÓÕÍÉ (1.1) ÐÏÂÌÉÚÕ ôæð. ÷ÏÎÁ ÍÁ¤ Ó×ÏÀ ÓÐÅÃÉÆ¦ËÕ × Ú×'ÑÚËÕ Ú ÎÅ-ÏÂÈ¦ÄÎ¦ÓÔÀ ×ÉËÏÒÉÓÔÁÎÎÑ × ÐÒÏÃÅÓ¦ ÒÏÚÒÁÈÕÎË¦× ÎÅÇÁÕÓÏ×Ï§ ÇÕÓÔÉÎÉÍ¦ÒÉ. úÁÇÁÌØÎÁ ¦ÄÅÑ ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (1.1) ¤ ÐÏÄ¦ÂÎÁ ÄÏÍÅÔÏÄÉËÉ, ÚÁÐÒÏÐÏÎÏ×ÁÎÏ§ × ÒÏÂÏÔÁÈ ë.÷¦ÌØÓÏÎÁ [11,12]. ïÄÎÁË, ÒÅ-ÁÌ¦ÚÁÃ¦Ñ Ã¦¤§ ¦ÄÅ§ × ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÚÄ¦ÊÓÎÀ¤ÔØÓÑ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ¦ÎÛÏÇÏÍÁÔÅÍÁÔÉÞÎÏÇÏ ÁÐÁÒÁÔÕ, ÑËÉÊ ÄÏÚ×ÏÌÑ¤ ÎÁ Æ¦ÚÉÞÎÏÍÕ Ò¦×Î¦ ÓÔÒÏÇÏÓÔ¦ÒÏÚ×'ÑÚÁÔÉ ÚÁÄÁÞÕ ÐÒÏ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä Ú ÐÏÚÉÃ¦Ê Í¦ËÒÏÓËÏÐ¦ÞÎÏÇÏÏÐÉÓÕ.ïÓÎÏ×ÎÁ ÒÏÌØ ÐÏÂÌÉÚÕ ôæð ÎÁÌÅÖÉÔØ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÍ ÆÌÕËÔÕ-ÁÃ¦ÑÍ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ. ÷ÏÎÉ ÏÐÉÓÕÀÔØÓÑ ëú �k Ú ÍÁÌÉÍÉ ÚÎÁ-ÞÅÎÎÑÍÉ È×ÉÌØÏ×ÉÈ ×ÅËÔÏÒ¦× ~k. ïÄÎÁË × ×ÉÒÁÚ¦ (1.1) ÎÅ ×ÄÁ¤ÔØÓÑ×ÉÄ¦ÌÉÔÉ ÏËÒÅÍÏ ÊÏÇÏ ËÏÒÏÔËÏ- ÔÁ ÄÏ×ÇÏÈ×ÉÌØÏ×Õ ÞÁÓÔÉÎÉ. úÍ¦ÎÎ¦�k, ×ÎÁÓÌ¦ÄÏË ÎÁÑ×ÎÏÓÔ¦ ÓÉÍ×ÏÌÕ ëÒÏÎÅËÅÒÁ �k1+:::+k4 × (1.1), ÎÅ ÒÏÚ-Ä¦ÌÑÀÔØÓÑ. ôÏÍÕ, × ÄÁÎ¦Ê ÒÏÂÏÔ¦ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ¦ÄÅÑ ÐÒÏ ÐÏÅÔÁÐÎÅ×¦Ä¦ÎÔÅÇÒÏ×Õ×ÁÎÎÑ "ÎÅÓÕÔÔ¤×ÉÈ" ÚÍ¦ÎÎÉÈ �k, Ú ×ÅÌÉËÉÍÉ ÚÎÁÞÅÎÎÑÍÉÈ×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ ~k ¦ ÏÐÉÓÕ ÓÉÓÔÅÍÉ ÐÒÉ ×ÉËÏÒÉÓÔÁÎÎ¦ ÐÅÒÅÎÏÒÍÏ-×ÁÎÉÈ ÔÁËÉÍ ÞÉÎÏÍ ÚÍ¦ÎÎÉÈ �k Ú k ! 0. òÅÁÌ¦ÚÁÃ¦Ñ ÔÁËÏ§ ÓÈÅÍÉ ÒÏÚ-ÒÁÈÕÎËÕ ÂÕÌÁ ÚÄ¦ÊÓÎÅÎÁ × ÒÏÂÏÔÁÈ ¶.àÈÎÏ×ÓØËÏÇÏ [1,4] ¦ ÐÅÒÅÄÂÁÞÁ¤Ä×Á ÅÔÁÐÉ.îÁ ÐÅÒÛÏÍÕ Ú ÎÉÈ ÚÏÎÁ âÒ¦ÌÀÅÎÁ ÒÏÚÂÉ×Á¤ÔØÓÑ ÎÁ ¦ÎÔÅÒ×ÁÌÉ,ÑË¦ ×ÉÚÎÁÞÁÀÔØ ÛÁÒÉ ÆÁÚÏ×ÏÇÏ ÐÒÏÓÔÏÒÕ ëú. äÏ ÎÕÌØÏ×ÏÇÏ ÛÁÒÕëú (n = 0) ÎÁÌÅÖÉÔØ ÍÎÏÖÉÎÁ ÚÍ¦ÎÎÉÈ �k, ÄÌÑ ÑËÉÈ k 2 (B1; B0],ÄÅ B1 = B0=s. äÏ n-ÔÏÇÏ ÛÁÒÕ ëú { ÍÎÏÖÉÎÁ ëú �k, ÄÌÑ ÑËÉÈk 2 (Bn+1; Bn], ÐÒÉÞÏÍÕ Bn+1 = Bn=s. ÷ÅÌÉÞÉÎÁ s ÎÁÚÉ×Á¤ÔØÓÑ ÐÁ-ÒÁÍÅÔÒÏÍ ÐÏÄ¦ÌÕ ÆÁÚÏ×ÏÇÏ ÐÒÏÓÔÏÒÕ ëú ÎÁ ÛÁÒÉ ¦ ×¦ÄÐÏ×¦ÄÁ¤ ÐÁÒÁ-ÍÅÔÒÕ ÒÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎÏ§ ÇÒÕÐÉ (òç). ÷ ÐÒÉÎÃÉÐ¦, ÐÁÒÁÍÅÔÒ s ÍÏÖÅ



9 ðÒÅÐÒÉÎÔÐÒÉÊÍÁÔÉ ÄÏ×¦ÌØÎ¦ ÚÎÁÞÅÎÎÑ (s > 1). ÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÚÁÐÒÏÐÏÎÏ×ÁÎÅÏÐÔÉÍ¦Î¦ÚÁÃ¦ÊÎÅ Ò¦×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ ÐÏÄ¦ÌÕ s = s�.äÏÓÌ¦ÄÖÅÎÎÑ ¦ ÁÎÁÌ¦Ú ÒÏÚ×'ÑÚË¦× ÃØÏÇÏ Ò¦×ÎÑÎÎÑ ÄÏÚ×ÏÌÑÀÔØ ÚÁÐÒÏ-ÐÏÎÕ×ÁÔÉ ×¦ÄÎÏÓÎÏ ÐÒÏÓÔÕ ¦ ÒÁÚÏÍ Ú ÔÉÍ ÚÁÇÁÌØÎÕ ÓÈÅÍÕ ÏÂÞÉÓÌÅÎ-ÎÑ ÏÓÎÏ×ÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÔÒÉ×ÉÍ¦ÒÎÉÈ ÍÏÄÅÌØÎÉÈ ÓÉÓÔÅÍ ÐÏÂÌÉÚÕÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. ÷ÏÎÁ ÚÁÓÔÏÓÏ×ÎÁ ÑË Õ ×ÉÐÁÄËÕ ×ÉËÏÒÉÓÔÁÎ-ÎÑ ÍÏÄÅÌ¦ �4 ÔÁË ¦ ÄÌÑ ×ÉÝÉÈ ÎÁÂÌÉÖÅÎØ (ÍÏÄÅÌØ �6 ¦ Ô.Ä.). ·§ ÏÓÏ-ÂÌÉ×¦ÓÔÀ, × ÐÏÒ¦×ÎÑÎÎ¦ Ú¦ ÓÈÅÍÁÍÉ ÒÏÚÒÁÈÕÎËÕ ËÒÉÔÉÞÎÉÈ ×ÌÁÓÔÉ×Ï-ÓÔÅÊ ÔÒÉ×ÉÍ¦ÒÎÉÈ ÓÉÓÔÅÍ, ÝÏ ÒÏÚ×ÉÎÕÔ¦ × ÒÏÂÏÔÁÈ [1,6,13], ÐÏÌÑÇÁ¤ ×ÎÁÓÔÕÐÎÏÍÕ. ðÏ-ÐÅÒÛÅ, ÚÎÁÞÅÎÎÑ s = s� ÎÅ ÚÍ¦ÎÀ¤ÔØÓÑ ÐÒÉ ÕÓËÌÁÄ-ÎÅÎÎ¦ ÂÁÚÉÓÎÏ§ ÇÕÓÔÉÎÉ Í¦ÒÉ (ÍÏÄÅÌÅÊ �2l ÐÒÉ l � 2). ðÏ-ÄÒÕÇÅ, ÒÅ-ÚÕÌØÔÁÔÉ, ÏÔÒÉÍÁÎ¦ ÄÌÑ ÍÏÄÅÌ¦ �4 ¤ ÂÁÚÏ×ÉÍÉ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ ÍÏÄÅÌ¦�6, ÔÁ ×ÉÝÉÈ ÍÏÄÅÌÅÊ �2l.äÒÕÇÉÊ ÅÔÁÐ ÒÏÚÒÁÈÕÎËÕ ÐÅÒÅÄÂÁÞÁ¤ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÐÏ ÛÁÒÁÈ ÆÁ-ÚÏ×ÏÇÏ ÐÒÏÓÔÏÒÕ ëú. êÏÇÏ ÒÅÁÌ¦ÚÁÃ¦Ñ ÐÅÒÅÄÂÁÞÁ¤ ×ÉËÏÒÉÓÔÁÎÎÑ ÎÅ-ÇÁÕÓÏ×ÉÈ ÇÕÓÔÉÎ Í¦ÒÉ ¦ ÐÏÔÒÅÂÕ¤ (ÚÇ¦ÄÎÏ ÄÏ ÒÅÚÕÌØÔÁÔ¦× ÒÏÂ¦Ô [1,6])ÚÁÍ¦ÎÉ ÆÕÒ'¤-ÏÂÒÁÚÕ ÐÏÔÅÎÃ¦ÁÌÕ �(k) ÎÁ ×¦ÄÐÏ×¦ÄÎÅ ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎ-ÎÑ × n-ÔÏÍÕ ÛÁÒ¦ ëú. ðÒÏÃÅÄÕÒÁ ÕÓÅÒÅÄÎÅÎÎÑ �(k) ÐÒÉ×ÏÄÉÔØ ÄÏÏÇÒÕÂÌÅÎÎÑ ÍÏÄÅÌ¦ ¦ ×ÔÒÁÔÉ ÐÒÉ ÒÏÚÒÁÈÕÎËÁÈ ÔÁË Ú×ÁÎÏÇÏ ÍÁÌÏÇÏËÒÉÔÉÞÎÏÇÏ ÐÏËÁÚÎÉËÁ �. ú ¦ÎÛÏÇÏ ÂÏËÕ ×ÏÎÁ ÄÏÚ×ÏÌÑ¤ ÚÄ¦ÊÓÎÉÔÉÏÐÉÓ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ÍÏÄÅÌ¦ ÎÁ Í¦ËÒÏÓËÏÐ¦ÞÎÏÍÕ Ò¦×Î¦. ïÓÔÁÎ-Î¤ ¤ ÐÒÉÎÃÉÐÏ×Ï ×ÁÖÌÉ×ÉÍ, ËÏÌÉ ÊÄÅÔØÓÑ ÐÒÏ ÏÐÉÓ ÓÉÓÔÅÍÉ ÐÏÂÌÉÚÕÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.÷ÉËÏÎÁ¤ÍÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ Õ ÓÔÁÔÉÓÔÉÞÎ¦Ê ÓÕÍ¦ (1.1) ÐÏ ÎÕÌØÏ×ÏÍÕÛÁÒ¦ ëú f�kg0, ÄÅ k 2 (B1; B]. ð¦ÚÎ¦ÛÅ ÚÁÐÉÛÅÍÏ ÒÅÚÕÌØÔÁÔ ¦ÎÔÅÇÒÕ-×ÁÎÎÑ × n ÐÏÓÌ¦ÄÏ×ÎÏ ÒÏÚÔÁÛÏ×ÁÎÉÈ ÛÁÒÁÈ ëú ¦ ×¦ÄÐÏ×¦ÄÎÅ ÐÒÅÄÓÔÁ-×ÌÅÎÎÑ ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ. óÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔÁ d(k) ×(1.1) ÎÁ ¦ÎÔÅÒ×ÁÌ¦ k 2 (B1; B0) ÚÁÐÉÛÅÍÏ Õ ×ÉÇÌÑÄ¦< d(k) >= a2 � ��(0) + 2��(0)b2 < k2 >B1 ;B0÷ ÑËÏÓÔ¦ ÓÅÒÅÄÎØÏÇÏ ×ÉÂÅÒÅÍÏ ÓÅÒÅÄÎØÏ ÁÒÉÆÍÅÔÉÞÎÅ ÕÓÅÒÅÄÎÅÎÎÑ.ôÏÄ¦ < d(k) >� d(B1; B0) = a2 � ��(0) + q (1.3)ÄÅ q = ��(0)�q; �q = 12(1 + s�2) 1�02 (1.4)úÁÐÉÛÅÍÏ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ (1.1) Õ ×ÉÇÌÑÄ¦ [4]
ICMP{97{25U 10Z = C0ea00N 0 Z exp24�12 Xk�B0[d(k)� d(B1; B0)]�k��k�� 2�i Xk�B1 �~k�k35N 0Yl=1 �Z 1�1 exp��12d(B1; B0)�2l � 14!a04�4l ++2�i�l�lg d�l] (d�)N1 (d�)N1 (1.5)ôÕÔ ÚÍ¦ÎÎÁ �l ¤ ×ÕÚÌÏ×ÉÍ ÚÏÂÒÁÖÅÎÎÑÍ ëú �k, Á ÚÍ¦ÎÎ¦ �~k Ñ×ÌÑÀÔØÓÏÂÏÀ ÍÎÏÖÉÎÕ N 0 ÚÍ¦ÎÎÉÈ, ÓÐÒÑÖÅÎÉÈ ÄÏ ëú �k. äÌÑ �l ÍÁ¤ÍÏ×ÉÒÁÚ �l = 1pN 0 Xk�B1 �kexp(i~k~l); (1.6)ÑËÉÊ ÓÌ¦Ä ÔÒÁËÔÕ×ÁÔÉ ÑË ÐÏÚÎÁÞÅÎÎÑ. ÷ÉËÏÎÁ¤ÍÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ × (1.5)ÐÏ ÚÍ¦ÎÎÉÈ �l. ïÔÒÉÍÕ¤ÍÏZ = C0ea00N 0 [Q(d)]N 0 Z exp8<:�12 Xk�B0��(d(k) � d(B1; B0))�k��k � 2�i Xk�B1 �~k�k�Xm�1(2�)2m P2m(2m)! N1Xl=1 �2ml 9=; (d�)N1 (d�)N1 ; (1.7)ÄÅ [Q(d)]N 0 ¤ ÒÅÚÕÌØÔÁÔÏÍ ¦ÎÔÅÇÒÕ×ÁÎÎÑ × (1.5) ÐÏ ÚÍ¦ÎÎÉÈ �lQ(d) = Z 1�1 f(�)d�; (1.8)ÐÒÉÞÏÍÕ f(�) = exp(�12d(B1; B)�2 � m0Xm=2 a2m(2m)!�2m) (1.9)



11 ðÒÅÐÒÉÎÔ÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÍÉ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ ÎÁÂÌÉÖÅÎÎÑ ÞÅÔ×¦ÒÎÏ§ ÂÁÚÉÓÎÏ§ÇÕÓÔÉÎÉ Í¦ÒÉ ¦ ×¦ÄÐÏ×¦ÄÎÏ ÄÏ ÃØÏÇÏ m0 = 2. ðÒÏÔÅ, ÎÅ ×ÉÎÉËÁ¤ ÐÒÉÎ-ÃÉÐÏ×ÉÈ ÔÒÕÄÎÏÝ¦× ÐÒÉ ×ÉËÏÒÉÓÔÁÎÎ¦ ×ÉÝÉÈ ÎÁÂÌÉÖÅÎØ. ôÁË ÍÏÄÅÌ¦�6 ×¦ÄÐÏ×¦ÄÁÔÉÍÅ m0 = 3, ÍÏÄÅÌ¦ �8 - ÚÎÁÞÅÎÎÑ m0 = 4 ¦ Ô.Ä.ëÏÅÆ¦Ã¦¤ÎÔÉ P2m ÒÏÚÒÁÈÏ×ÕÀÔØÓÑ ÚÇ¦ÄÎÏ ÄÏ ÎÁÓÔÕÐÎÉÈ ÓÐ¦××¦ÄÎÏ-ÛÅÎØ P2 = I2; P4 = s�d[�I4 + 3I22 ];P6 = s�2d[I6 � 15I4I2 + 30I22 ];P8 = s�3d[�I8 + 28I6I2 + 35I24 � 420I4I22 + 630I42 ] (1.10)¦ Ô.Ä., ÐÒÉÞÏÍÕ I2l = Z 1�1 �2lf(�)d�= Z 1�1 f(�)d� (1.11)ñË ×ÉÄÎÏ ¦Ú (1.9) ÚÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× P2m ÚÁÌÅÖÁÔØ ×¦Ä ÚÎÁÞÅÎÎÑm0. ÷ ÐÏÄÁÌØÛÉÈ ÏÂÞÉÓÌÅÎÎÑÈ ÂÕÄÅÍÏ ××ÁÖÁÔÉ, ÝÏ m0 = 2. ôÁËÅÎÁÂÌÉÖÅÎÎÑ ÂÕÄÅÍÏ ÎÁÚÉ×ÁÔÉ ÎÁÂÌÉÖÅÎÎÑÍ ÍÏÄÅÌ¦ �4.÷ÉËÏÎÁ¤ÍÏ × (1.7) ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÐÏ N1 ÚÍ¦ÎÎÉÈ �~k. ÷ ÒÅÚÕÌØÔÁÔ¦ÏÔÒÉÍÕ¤ÍÏ [4]Z = C1ea00N 0 [Q(d)]N 0 [Q(P )]N1 Z exp24�12 Xk�B0 d1(k)�k��k�� m0Xm=2 a(1)2m(2m)!N1�m1 Xk1;:::;k2mk1�B1 �~k1 : : : �~k2m�~k1+:::+~k2m375 (d�)N1 (1.12)ôÕÔ C1 = 2N2(N1�1)=2exp( ~M0N ),Q(P ) = Z 1�1 exp0@�Xm�1(2�)2m P2m(2m)!�2m1A d� (1.13)÷ÅÌÉÞÉÎÁ d1(k) = a(1)2 � ��(k) × (1.12) ¤ ÐÏÄ¦ÂÎÏÀ ÚÁ Ó×Ï§Í ÚÍ¦ÓÔÏÍÄÏ ×ÅÌÉÞÉÎÉ d(k) ¦Ú (1.1), ÏÄÎÁË ÐÒÉÊÍÁ¤ ÚÎÁÞÅÎÎÑ ÎÁ ¦ÎÔÅÒ×ÁÌ¦ ÚÎÁ-ÞÅÎØ k 2 [0; B1]. ëÏÅÆ¦Ã¦¤ÎÔÉ a(1)2m ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ §È ÐÏÞÁÔËÏ×¦ÚÎÁÞÅÎÎÑ a02m (ÄÉ×. (14)) Ú ÄÏÐÏÍÏÇÏÀ ÒÅËÕÒÅÎÔÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ(òó).

ICMP{97{25U 12a(1)2 = (2�)2T2 + ��(B1; B0)a(1)4 = (2�)4[�T4 + 3T 22 ]; (1.14)ÄÅ �(B1; B0) - ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ~�(k) ÎÁ ¦ÎÔÅÒ×ÁÌ¦ (B1; B0),T2l = Z 1�1 �2lf(�)d�= Z 1�1 f(�)d�; (1.15)ÐÒÉÞÏÍÕ f(�) = exp8<:�Xm�1(2�)2m P2m(2m)!�2m9=; (1.16)íÉ ÎÅ ÂÕÄÅÍÏ ÏÂÍÅÖÕ×ÁÔÉ ÓÕÍÕ ÐÏ m × (1.16) Ú×ÅÒÈÕ, ÑË ÃÅ ÂÕÌÏÚÒÏÂÌÅÎÏ × (1.12). ïÂÍÅÖÅÎÎÑ × ÓÕÍ¦ ÐÏ m ×¦ÄÂÕ×Á¤ÔØÓÑ, ËÏÌÉ ÍÏ×ÁÊÄÅ ÐÒÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ × �k ÐÒÏÓÔÏÒ¦ (ÄÉ×. (1.1), (1.12)). ãÅ ÏÂÍÅÖÅÎ-ÎÑ ×ÉÚÎÁÞÁ¤ ÔÉÐ ÎÁÂÌÉÖÅÎÎÑ (ÍÏÄÅÌØ �4 ÄÌÑ m0 = 2, ÍÏÄÅÌØ �6 ÄÌÑm0 = 3 ¦ Ô.Ä.). ðÒÉ ¦ÎÔÅÇÒÕ×ÁÎÎ¦ × �~k ÐÒÏÓÔÏÒ¦ ÐÏÄ¦ÂÎÅ ÏÂÍÅÖÅÎÎÑÎÅ ÐÏÔÒ¦ÂÎÅ, ÏÓË¦ÌØËÉ ×ÒÁÈÕ×ÁÎÎÑ ÎÅÏÂÈ¦ÄÎÏÇÏ ÞÉÓÌÁ ÄÏÄÁÎË¦× ÒÅÇÕ-ÌÀ¤ÔØÓÑ ÍÁÌÉÍ ÐÁÒÁÍÅÔÒÏÍ (s�)�d. ïÓË¦ÌØËÉ s� > 3 (ÑË ÃÅ ÂÕÄÅÚ'ÑÓÏ×ÁÎÏ ÎÉÖÞÅ), ÔÏ ×ÅÌÉÞÉÎÁ (s�)�d ¤ ÄÏÓÔÁÔÎØÏ ÍÁÌÏÀ, ¦ ÚÇ¦ÄÎÏ ÄÏ(1.10) ÂÕÄÅ ×ÉÚÎÁÞÁÔÉ ÐÏÒÑÄÏË ×ÅÌÉÞÉÎÉ ËÏÅÆ¦Ã¦¤ÎÔ¦× P2m.ôÁËÉÍ ÞÉÎÏÍ, ÚÄ¦ÊÓÎÅÎÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ Õ ÓÔÁÔÉÓÔÉÞÎ¦Ê ÓÕÍ¦ (1.1)ÐÏ (N 0 � N1) ÚÍ¦ÎÎÉÈ �k (ÄÌÑ ÑËÉÈ k 2 (B1; B0)). ÷ ÒÅÚÕÌØÔÁÔ¦ ÏÄÅÒ-ÖÕ¤ÔØÓÑ ×ÉÒÁÚ (1.12). úÁ Ó×Ï¤À ÓÔÒÕËÔÕÒÏÀ ×¦Î ÐÏÄ¦ÂÎÉÊ ÄÏ (1.1).ò¦ÚÎÉÃÑ Í¦Ö ÎÉÍÉ ÐÏÌÑÇÁ¤ × ÎÁÑ×ÎÏÓÔ¦ ×ÉÝÉÈ, ÑË ÞÅÔ×ÅÒÔÁ, ÓÔÅÐÅÎ¦×ÚÍ¦ÎÎÏ§ �k × (1.12). ïÂÍÅÖÉÍÏÓÑ × (1.12) ÌÉÛÅ Ä×ÏÍÁ ÄÏÄÁÎËÁÍÉ ×ÓÕÍ¦ ÐÏ m, ÔÏÂÔÏ ÐÏËÌÁÄÅÍÏ m0 = 2. ãÅ ×¦ÄÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀÍÏÄÅÌ¦ �4. ôÅÐÅÒ ÍÏÖÎÁ ÇÏ×ÏÒÉÔÉ ÌÉÛÅ ÐÒÏ ÆÏÒÍÁÌØÎÕ ×¦ÄÍ¦ÎÎ¦ÓÔØ(1.1) ÔÁ (1.12). ðÒÏÃÅÄÕÒÁ ÐÏÅÔÁÐÎÏÇÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÍÏÖÅ ÂÕÔÉ ÚÎÏ×ÕÚÁÓÔÏÓÏ×ÁÎÁ ÄÏ (1.12), ÐÏÄ¦ÂÎÏ ÄÏ ÔÏÇÏ, ÑË ÃÅ ÍÁÌÏ Í¦ÓÃÅ ÄÌÑ (1.1).ðÒÏÂÌÅÍÁ ÕÚÇÏÄÖÅÎÎÑ ÞÉÓÌÁ ÄÏÄÁÎË¦× (× ÓÕÍ¦ ÐÏ m) ÐÒÉ ÏÂÞÉ-ÓÌÅÎÎ¦ ¦ÎÔÅÇÒÁÌ¦× × �k ÔÁ �~k ÚÍ¦ÎÎÉÈ ÛÉÒÏËÏ ÏÂÇÏ×ÏÒÀ×ÁÌÁÓØ × Ì¦ÔÅ-ÒÁÔÕÒ¦. úÏËÒÅÍÁ, × ÒÏÂÏÔÁÈ [13,14] ×ÉËÏÒÉÓÔÏ×Õ×Á×ÓÑ g - ÒÏÚËÌÁÄ,ÑËÉÊ ÄÏÚ×ÏÌÑ¤ ×ÉÒ¦ÛÕ×ÁÔÉ ÃÀ ÐÒÏÂÌÅÍÕ ÓÁÍÏÕÚÇÏÄÖÅÎÏ. äÌÑ ×ÉÈ¦Ä-ÎÏ§ ÍÏÄÅÌ¦ �2l, × ÒÁÍËÁÈ g-ÒÏÚËÌÁÄÕ ×ÄÁ¤ÔØÓÑ ÓÆÏÒÍÕÌÀ×ÁÔÉ ÕÍÏ×É×ÉÂÏÒÕ ÐÅ×ÎÏÇÏ ÞÉÓÌÁ ÄÏÄÁÎË¦× ÐÒÉ ¦ÎÔÅÇÒÕ×ÁÎÎ¦ × �~k - ÐÒÏÓÔÏÒ¦ ëú.íÅÔÏÄ g-ÒÏÚËÌÁÄÕ ×ÉÑ×ÉÓÑ ÅÆÅËÔÉ×ÎÉÍ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ ËÒÉÔÉÞÎÉÈÐÏËÁÚÎÉË¦× ÔÒÉ×ÉÍ¦ÒÎÉÈ ÇÒÁÔËÏ×ÉÈ ÓÉÓÔÅÍ. ïÄÎÁË, ÒÏÚÒÁÈÕÎÏË ÔÅÒ-ÍÏÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË × ÃØÏÍÕ Ð¦ÄÈÏÄ¦ ÐÏ×'ÑÚÁÎÉÊ Ú ÔÒÕÄÎÏ-



13 ðÒÅÐÒÉÎÔÝÁÍÉ. ¶ÎÛÉÊ Ð¦ÄÈ¦Ä, ÝÏ ÒÏÚ×É×Á¤ÔØÓÑ × [6,15] ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ Ô×ÅÒ-ÄÖÅÎÎ¦, ÝÏ ÍÏÄÅÌ¦ �2l ×¦ÄÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÑ �2l × �~k-ÐÒÏÓÔÏÒ¦. ôÁË,ÄÌÑ ÍÏÄÅÌ¦ �4 × ÓÕÍ¦ ÐÏ m × (1.7) ÓÌ¦Ä ÏÂÍÅÖÕ×ÁÔÉÓÑ ×ÒÁÈÕ×ÁÎÎÑÍÄ×ÏÈ ÄÏÄÁÎË¦×; ÄÌÑ ÍÏÄÅÌ¦ �6 { ÔÒØÏÈ ÄÏÄÁÎË¦× ¦ Ô.Ä. ïÞÅ×ÉÄÎÏ, ÝÏ× ÇÒÁÎÉÃ¦ n ! 1 ×Ó¦ Ã¦ Ð¦ÄÈÏÄÉ ÅË×¦×ÁÌÅÎÔÎ¦. ïÄÎÁË, ÄÌÑ ËÏÖÎÏÇÏËÏÎËÒÅÔÎÏÇÏ ×ÉÐÁÄËÕ (ÐÒÉ n = 2 ÞÉ n = 3) ÂÕÄÅ ÍÁÔÉ Í¦ÓÃÅ ÐÅ×ÎÁ×¦ÄÍ¦ÎÎ¦ÓÔØ × ÒÅÚÕÌØÔÁÔÁÈ ÒÏÚÒÁÈÕÎË¦× ÏÄÅÒÖÁÎÉÈ × Ò¦ÚÎÉÈ Ð¦ÄÈÏÄÁÈ.óÌ¦Ä Ð¦ÄËÒÅÓÌÉÔÉ, ÝÏ ÎÁÑ×Î¦ÓÔØ ÐÒÏÍ¦ÖÎÏÇÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ Õ ÓÔÁ-ÔÉÓÔÉÞÎ¦Ê ÓÕÍ¦ ÐÏ×'ÑÚÁÎÅ ¦Ú ÐÒÏÃÅÄÕÒÏÀ "ÒÏÚÛÉÒÅÎÎÑ"ÆÁÚÏ×ÏÇÏ ÐÒÏ-ÓÔÏÒÕ ëú �~k, ÑËÁ ÂÕÌÁ ÚÁÐÒÏÐÏÎÏ×ÁÎÁ × ÒÏÂÏÔÁÈ ¶.ò.àÈÎÏ×ÓØËÏÇÏ[1,4]. õ Ú×'ÑÚËÕ ¦Ú ÃÉÍ ÓÌ¦Ä ÎÁÍÁÇÁÔÉÓÑ ×ÉËÏÎÁÔÉ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÐÏÚÍ¦ÎÎÉÈ �~k ÑËÎÁÊÔÏÞÎ¦ÛÅ, ÎÁ×¦ÔØ ÐÒÉ ÏÂÍÅÖÅÎÎ¦ Ë¦ÌØËÏÓÔ¦ ÄÏÄÁÎË¦×× �k-ÐÒÏÓÔÏÒ¦. ÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÚÁÐÒÏÐÏÎÏ×ÁÎÉÊ ÎÏ×ÉÊ Ð¦ÄÈ¦Ä ÄÏ ×ÒÁÈÕ-×ÁÎÎÑ ×ËÌÁÄ¦× Õ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ ×¦Ä ÚÍ¦ÎÎÉÈ �k (ÔÁË Ú×ÁÎÅ ÐÒÑÍÅ¦ÎÔÕÇÒÕ×ÁÎÎÑ) ÔÁ ÚÍ¦ÎÎÉÈ �~k (ÐÒÏÍ¦ÖÎÅ ¦ÎÔÅÇÒÕ×ÁÎÎÑ). ÷¦Î ÐÏÌÑÇÁ¤× ÔÏÍÕ, ÝÏ ÎÅÚÁÌÅÖÎÏ ×¦Ä ÆÏÒÍÉ ×ÉÈ¦ÄÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ × �k ÐÒÏ-ÓÔÏÒ¦ (ÍÏÄÅÌØ �2l) ÄÌÑ ¦ÎÔÅÇÒÁÌ¦× × �~k ÐÒÏÓÔÏÒ¦ ×ÒÁÈÏ×Õ¤ÔØÓÑ "×ÅÓØÒÑÄ". ïÓÔÁÎÎ¤ Ô×ÅÒÄÖÅÎÎÑ ×ÉÍÁÇÁ¤ ÐÏÑÓÎÅÎÎÑ. ÷ÉÑ×ÌÑ¤ÔØÓÑ, ÝÏ ÄÌÑÄÏÓÔÁÔÎØÏ ×ÅÌÉËÉÈ ÚÎÁÞÅÎØ ÐÁÒÁÍÅÔÒÁ s(s > 3:0) ×ËÌÁÄ ÄÏÄÁÎË¦× ×É-ÝÉÈ ÐÏÒÑÄË¦× × ÓÕÍ¦ ÐÏ m × (1.7) ¤ ÐÒÏÐÏÒÃ¦ÊÎÉÊ ÄÏ s�(n�1)3. ôÏÍÕ,ÐÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ ÄÏÓÔÁÔÎ¤ ÞÉÓÌÏ ÄÏÄÁÎË¦× × ÓÕÍ¦ ÐÏ m × (1.7) ÍÉÍÏÖÅÍÏ ÚÁ×ÖÄÉ ÄÏÓÑÇÔÉ ÐÒÉ ÒÏÚÒÁÈÕÎËÁÈ ÄÏÓÔÁÔÎØÏ§ ÓÔÅÐÅÎ¦ ÔÏÞ-ÎÏÓÔ¦. ôÁËÉÍ ÞÉÎÏÍ, ÒÏÚÒÁÈÕÎÏË ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ×ÉÈ¦ÄÎÏ§ÍÏÄÅÌ¦ (1) Õ ×ÉÝÉÈ ÎÁÂÌÉÖÅÎÎÑÈ Ú×ÏÄÉÔØÓÑ ÌÉÛÅ ÄÏ ÕÓËÌÁÄÎÅÎÎÑÐÏÒÑÄËÕ ÎÁÂÌÉÖÅÎÎÑ ÐÒÉ ÏÂÞÉÓÌÅÎÎ¦ ¦ÎÔÅÇÒÁÌ¦× × �k-ÐÒÏÓÔÏÒ¦.÷ÐÅÒÛÅ, ¦ÄÅÑ ×ÉËÏÒÉÓÔÁÎÎÑ ÐÒÉ ÐÒÏÍ¦ÖÎÏÍÕ ¦ÎÔÅÇÒÕ×ÁÎÎ¦ ÇÁÕÓÏ-×Ï§ ÇÕÓÔÉÎÉ Í¦ÒÉ × ÑËÏÓÔ¦ ÂÁÚÉÓÎÏ§ ÂÕÌÁ ×ÉËÏÒÉÓÔÁÎÁ × [16]. úÁÐÒÏ-ÐÏÎÏ×ÁÎ¦ × Î¦Ê ÒÅËÕÒÅÎÔÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (òó) ÍÁÌÉ ×ÉÇÌÑÄ ÒÑÄ¦×ÚÁ ÓÔÅÐÅÎÑÍÉ ×ÅÌÉÞÉÎÉ s�3. ÷ ÒÏÂÏÔÁÈ [17,18] ÂÕÌÉ ÏÔÒÉÍÁÎ¦ òó ÄÌÑËÏÍÐÏÎÅÎÔÎÏ§ ¦Ú¦ÎÇÏÐÏÄ¦ÂÎÏ§ ÍÏÄÅÌ¦ Õ ×ÉÇÌÑÄ¦ ÒÏÚËÌÁÄ¦× ÚÁ ÐÁÒÁÍÅ-ÔÒÏÍ s�3. ð¦ÚÎ¦ÛÅ ÃÅÊ Ð¦ÄÈ¦Ä ÚÁÓÔÏÓÏ×Õ×Á×ÓÑ × ÒÏÂÏÔÁÈ [19,20] ÄÌÑÄÏÓÌ¦ÄÖÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ n- ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏÄÅÌ¦ ÍÁÇÎÅÔÉ-ËÁ ÔÁ ÓÉÓÔÅÍÉ Ò¦ÄÉÎÁ-ÇÁÚ. ÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÍÉ ÒÏÚÇÌÑÎÅÍÏ ×ÉÐÁÄÏË ¦Ú¦Î-ÇÏÐÏÄ¦ÂÎÏ§ ÍÏÄÅÌ¦ �4, ÑËÁ ×¦ÄÐÏ×¦ÄÁ¤×ÉËÏÒÉÓÔÁÎÎÀ ÞÅÔ×¦ÒÎÏ§ ÇÕÓÔÉÎÉÍ¦ÒÉ × ÑËÏÓÔ¦ ÂÁÚÉÓÎÏ§. ðÒÉ ÃØÏÍÕ × ÐÒÏÍ¦ÖÎÏÍÕ ¦ÎÔÅÇÒÕ×ÁÎÎ¦ ×ÒÁ-ÈÏ×Õ¤ÔØÓÑ ×ÅÓØ ÒÑÄ ÚÁ ÓÔÅÐÅÎÑÍÉ ÚÍ¦ÎÎÏ§ �~k. äÌÑ ÃØÏÇÏ ÄÏÓÔÁÔÎØÏ ÏÂ-ÍÅÖÉÔÉÓØ ÐÒÁËÔÉÞÎÏ ÄÅË¦ÌØËÏÍÁ ÐÅÒÛÉÍÉ ÄÏÄÁÎËÁÍÉ, ÑË¦ ×¦ÄÐÏ×¦ÄÁ-ÀÔØ ×ÉÐÁÄËÕ m0 = 4, ÔÏÂÔÏ ÍÏÄÅÌ¦ �8. ãØÏÇÏ ×ÉÑ×ÌÑ¤ÔØÓÑ ÄÏÓÔÁÔÎØÏ,ÝÏÂ ×ËÌÁÄ ÎÅ×ÒÁÈÏ×ÁÎÉÈ ÄÏÄÁÎË¦× ÂÕ× ÍÁÌÉÊ.÷ÉËÏÎÁ¤ÍÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (1.1) × n ÛÁÒÁÈ ÆÁ-ÚÏ×ÏÇÏ ÐÒÏÓÔÏÒÕ ëú. ÷¦ÄÐÏ×¦ÄÎÏ ÄÏ [16] ÍÁ¤ÍÏ:
ICMP{97{25U 14Z = Cn ea00N 0 [Q(d0)]N 0 Q1 : : :Qn [Q(Pn)]Nn+1 �� Z Wn+1(�)(d�)Nn+1 : (1.17)ôÕÔ Nn = N 0s�3n; Cn = 2N2(Nn�1)=2exp( ~M0N ). ÷ÅÌÉÞÉÎÁ Q(d) ÏÚÎÁ-ÞÅÎÁ × (1.8), ×ÉÒÁÚ ÄÌÑ a00 ÐÒÉ×ÅÄÅÎÉÊ × (14). ðÁÒÃ¦ÁÌØÎ¦ ÓÔÁÔÉÓÔÉÞÎ¦ÓÕÍÉ Qn ÍÁÀÔØ ×ÉÇÌÑÄ(Qn)1=Nn = Q(Pn�1)Q(dn): (1.18)÷ÏÎÉ ÏÐÉÓÕÀÔØ ×ËÌÁÄ ÄÏ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÓÉÓÔÅÍÉ ×¦Ä n-ÔÏÇÏ ÆÁÚÏ-×ÏÇÏ ÛÁÒÕ, ÔÏÂÔÏ ×¦Ä ÍÎÏÖÉÎÉ ÚÍ¦ÎÎÉÈ �k, ¦ÎÄÅËÓÉ ÑËÉÈ ÚÎÁÈÏÄÑÔØÓÑ× ¦ÎÔÅÒ×ÁÌ¦ (Bn+1; Bn]. ðÏÄ¦ÂÎÏ ÄÏ (1.13) ÄÌÑ Q(Pn) ÍÁ¤ÍÏQ(Pn) = Z 1�1 exp24�Xm�1(2�)2m P (n)2m(2m)!�2m35 d�: (1.19)äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× P (n)2m ÓÐÒÁ×ÅÄÌÉ×¦ ÆÏÒÍÕÌÉ (1.10), × ÑËÉÈ ×ÅÌÉÞÉÎÉI2l ÐÏ×ÉÎÎ¦ ÂÕÔÉ ÚÁÍ¦ÎÅÎ¦ ÎÁ I(n)2l , ÄÌÑ ÑËÉÈ ÍÁ¤ÍÏI(n)2l = L(n)2l =L(n)0 ; (1.20)ÄÅ L(n)2l = Z 1�1 �2lfn(�)d� (1.21)õ ×ÉÐÁÄËÕ ×ÉËÏÒÉÓÔÁÎÎÑ ÍÏÄÅÌ¦ �4 ÆÕÎËÃ¦Ñ fn(�) ÍÁ¤ ×ÉÇÌÑÄfn(�) = exp ��12dn(Bn+1; Bn)�2 � 14!a(n)4 �4� (1.22)äÌÑ Q(dn) ÚÎÁÈÏÄÉÍÏ Q(dn) = Z 1�1 fn(�)d� (1.23)ãÅÊ ×ÉÒÁÚ ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÉÊ × ÄÅÝÏ ¦ÎÛ¦Ê ÆÏÒÍ¦, ÞÅÒÅÚ ÆÕÎËÃ¦§ÐÁÒÁÂÏÌ¦ÞÎÏÇÏ ÃÉÌ¦ÎÄÒÁ ÷ÅÂÅÒÁ U (a; xn)Q(dn) = (2�)1=2 3a(n)4 !1=4 exp�x2n4 �U (0; xn);



15 ðÒÅÐÒÉÎÔÄÅ xn = dn(Bn+1; Bn) 3a(n)4 !1=2 (1.24)çÕÓÔÉÎÁ Í¦ÒÉ (n + 1)-Ï§ ÂÌÏÞÎÏ§ ÓÔÒÕËÔÕÒÉ Wn+1(�) ¦Ú (1.17) ÚÁ-ÐÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦Wn+1(�) = exp0@�12 Xk�Bn+1 dn+1(k)�k��k��a(n+1)44! N�1n+1 Xk1;���;k4ki�Bn+1 �~k1 : : : �~k4�~k1+:::+~k41CA (1.25)ôÕÔ Bn+1 = B0s�(n+1),dn+1(k) = dn+1(0) + 2��(0)b2k2 (1.26)äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× dn+1(0) ÔÁ a(n)4 ÍÁÀÔØ Í¦ÓÃÅ ÒÅËÕÒÅÎÔÎ¦ ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑ (òó) dn+1(0) = �qs�2n + (2�)2T (n)2a(n+1)4 = (2�)4 h�T (n)4 + 3(T (n)2 )2i : (1.27)ðÏÓÔ¦ÊÎÁ q ÏÚÎÁÞÅÎÁ × (1.4), Á ×ÉÒÁÚÉ ÄÌÑ ÍÏÍÅÎÔ¦× T (n)2l ÓÐ¦×ÐÁÄÁÀÔØÚ ×ÉÒÁÚÁÍÉ (1.15) ÄÌÑ T2l, ÑËÝÏ ÆÕÎËÃ¦À f(�) ÚÁÍ¦ÎÉÔÉ ÎÁ fn(�), ÄÌÑÑËÏ§ ÍÁ¤ÍÏ fn(�) = exp24�Xm�1(2�)2m P (n)2m(2m)!�2m35 : (1.28)äÏÓÌ¦ÄÖÅÎÎÑ ×ÉÒÁÚÕ ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (1.17) ÐÏ×'ÑÚÁÎÅ Ú ×É×-ÞÅÎÎÑÍ òó (1.27). ëÒ¦Í ÔÏÇÏ, òó ÄÏÚ×ÏÌÑÀÔØ ÏÔÒÉÍÁÔÉ ÄÏÄÁÔËÏ×Õ¦ÎÆÏÒÍÁÃ¦À ÐÒÏ ËÒÉÔÉÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ÍÏÄÅÌ¦ ÎÁ×¦ÔØ ÂÅÚ ÒÏÚÒÁÈÕÎËÕ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§. òÏÚÇÌÑÎÅÍÏ §È Â¦ÌØÛ ÄÅÔÁÌØÎÏ.
ICMP{97{25U 162. äÏÓÌ¦ÄÖÅÎÎÑ ÒÅËÕÒÅÎÔÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ.ïÄÅÒÖÁÎÏ Ñ×ÎÉÊ ×ÉÇÌÑÄ ÒÅËÕÒÅÎÔÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ × ËÒÉÔÉÞÎ¦ÊÏÂÌÁÓÔ¦. úÎÁÊÄÅÎ¦ ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ ¦ ×ÌÁÓÎ¦ ×ÅËÔÏÒÉ Ì¦ÎÅÁÒÉÚÏ×ÁÎÏ§ÐÏÂÌÉÚÕ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ ÍÁÔÒÉÃ¦ òç ÐÅÒÅÔ×ÏÒÅÎÎÑ. úÁÐÒÏÐÏÎÏ×Á-ÎÁ ÐÒÏÃÅÄÕÒÁ ÏÂÞÉÓÌÅÎÎÑ ÏÐÔÉÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ òç s.úÎÁÊÄÅÎÅ ÎÁÍÉ ÚÎÁÞÅÎÎÑ s = 3:4252 ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ × ÐÏÄÁÌØÛÉÈÏÂÞÉÓÌÅÎÎÑÈ.ðÅÒÅÐÉÛÅÍÏ òó (1.27) Õ Â¦ÌØÛ ÚÒÕÞÎ¦Ê ÆÏÒÍ¦. äÌÑ ÃØÏÇÏ ××ÅÄÅÍÏ×ÅÌÉÞÉÎÉ rn ÔÁ un, ÑË¦ ÐÏ×'ÑÚÁÎ¦ Ú dn(0) ÔÁ un Ú ÄÏÐÏÍÏÇÏÀ ÓÐ¦××¦Ä-ÎÏÛÅÎØ rn = s2ndn(0); un = s4na(n)4 : (2.1)÷ ÒÅÚÕÌØÔÁÔ¦ ÚÁÍ¦ÎÉ (2.1) ÒÅËÕÒÅÎÔÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (1.27) ÚÁÐÉÓÕ-ÀÔØÓÑ Õ ×ÉÇÌÑÄ¦ rn+1 = s2 h�q + (2�)2s2nT (n)2 i ;un+1 = s4 h(4�)2s4n(�T (n)4 + 3(T (n)2 )2)i : (2.2)äÌÑ ×ÅÌÉÞÉÎ T (n)2l ÍÁ¤ÍÏ T (n)2l = Y (n)2l =Y (n)0 ; (2.3)ÄÅ Y (n)2l = Z 1�1 �2lfn(�)d�:÷ ÑËÏÓÔ¦ fn(�) ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ×ÉÒÁÚ 1 ÔÉÐÕ (1.16) ÐÒÉ m0 = 4.ð¦ÓÌÑ ×¦ÄÐÏ×¦ÄÎÏ§ ÚÁÍ¦ÎÉ ÚÍ¦ÎÎÉÈ ÚÎÁÈÏÄÉÍÏY (n)2l =  2(2�)2P (n)2 !l+ 12 Z 1�1 x2le�x2 ��exp ��gnx4 � fnx6 � knx8� dx; (2.4)1úÎÁÞÅÎÎÑ m0 = 4 ×¦ÄÐÏ×¦ÄÁ¤ ÔÒÅÔØÏÍÕ ÎÁÂÌÉÖÅÎÎÀ ÚÁ ×ÅÌÉÞÉÎÏÀ s�d0 . ôÁËÅ×ÉÓÏËÅ ÎÁÂÌÉÖÅÎÎÑ ÄÏÃ¦ÌØÎÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÐÒÉ ÍÁÌÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁb=c, ÄÅ ×ÅÌÉÞÉÎÁ s0 ÎÅ ¤ ×ÅÌÉËÉÍ ÞÉÓÌÏÍ. ïÄÎÁË, ÐÒÉ b � c ×ÖÅ ÐÅÒÛÅ ÎÁÂÌÉ-ÖÅÎÎÑ (m0 = 2) ÄÁ¤ ÄÏÂÒ¦ ÒÅÚÕÌØÔÁÔÉ, ÏÓË¦ÌØËÉ s�d0 � 1.



17 ðÒÅÐÒÉÎÔÄÅ gn = P (n)46(P (n)2 )2 ; fn = P (n)690(P (n)2 )3 ; kn = P (n)82520(P (n)2 )4 : (2.5)÷ÉÑ×ÌÑ¤ÔØÓÑ, ÝÏ ×ÅÌÉÞÉÎÉ gn; fn ÔÁ kn ÍÁÀÔØ Ò¦ÚÎÉÊ ÐÏÒÑÄÏËÍÁÌÏÓÔ¦.ýÏÂ ÃÅ ÐÏËÁÚÁÔÉ ÒÏÚÇÌÑÎÅÍÏ ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× P (n)2l .äÌÑ ÎÉÈ ÓÐÒÁ×ÅÄÌÉ×¦ ÆÏÒÍÕÌÉ (1.10), ÄÅ × ÑËÏÓÔ¦ ×ÅÌÉÞÉÎ I2l ÓÌ¦Ä×ÉËÏÒÉÓÔÁÔÉ I(n)2l ¦Ú (1.20). úÎÁÊÄÅÍÏ Ñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ ×ÅÌÉÞÉÎÉL(n)2l = Z 1�1 �2lfn(�)d�: (2.6)ðÒÉÊÍÅÍÏ ÄÏ Õ×ÁÇÉ (1.22). ôÏÄ¦, Ð¦ÓÌÑ ×¦ÄÐÏ×¦ÄÎÏ§ ÚÁÍ¦ÎÉ ÚÍ¦ÎÎÉÈÏÔÒÉÍÁ¤ÍÏ L(n)2l = � 24un� l2+ 14 s(2l+1)n Z 1�1 x2l ��exp��hnp6x2 � x4�dx: (2.7)ðÒÉ ÒÏÚÒÁÈÕÎËÕ ¦ÎÔÅÇÒÁÌÕ × (2.7) ÐÒÉÐÕÓÔÉÍÏ, ÝÏ ×ÅÌÉÞÉÎÁhn = rn + qpun (2.8)¤ ÍÁÌÏÀ. ÷ ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ ÂÕÄÕÔØ ÏÄÅÒÖÁÎ¦ ÕÍÏ×É, ÐÒÉÑËÉÈ hn ÐÒÉÊÍÁÀÔØÓÑ ÍÁÌ¦ ÚÎÁÞÅÎÎÑ. óÁÍÅ ÔÁËÁ ÓÉÔÕÁÃ¦Ñ ÍÁ¤ Í¦ÓÃÅÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. ÷ ÒÅÚÕÌØÔÁÔ¦, ÄÌÑ L(n)2l ÚÎÁÈÏÄÉÍÏL(n)2l = sn(2l+1) 12 � 24un� l2+ 14 ���2l + 14 ���hnp6��2l + 34 �+ 3h2n��2l + 54 �+ : : :� : (2.9)ôÕÔ �(a) - çÁÍÍÁ ÆÕÎËÃ¦Ñ. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ (1.20), ÚÎÁÈÏÄÉÍÏI(n)2l = s2ln� 24un� l2 el0 (1 + el1hn + el2h2n): (2.10)
ICMP{97{25U 18äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× e2m ÍÁ¤ÍÏ ×ÉÒÁÚÉe20 = ; e21 = p6� p64 ; e22 = 62;e40 = 14 ; e41 = �2p6; e42 = 3� 122;e60 = 34; e61 = p6� 5p612 ; e62 = 2 + 62;e80 = 516 ; e81 = �165 p6; e82 = 6� 965 2; (2.11)ôÕÔ ××ÅÄÅÎÅ ÐÏÚÎÁÞÅÎÎÑ = �(3=4)�(1=4) � 0:33798912 : : :ð¦ÄÓÔÁ×É×ÛÉ ÚÁÍ¦ÓÔØ  ÊÏÇÏ ÚÎÁÞÅÎÎÑ, ÏÔÒÉÍÕ¤ÍÏ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× elme20 = 0:33799; e21 = �0:98391; e22 = 0:68542;e40 = 0:25000; e41 = �1:65580; e42 = 1:62916;e60 = 0:25349; e61 = �2:19178; e62 = 2:68542;e80 = 0:31250; e81 = �2:64928; e82 = 3:80666: (2.12)æÏÒÍÕÌÁ (2.10) ÄÏÚ×ÏÌÑ¤ ÐÒÅÄÓÔÁ×ÉÔÉ ËÏÅÆ¦Ã¦¤ÎÔÉ P (n)2l × ×ÉÄ¦ÒÏÚËÌÁÄ¦× ÚÁ ÓÔÅÐÅÎÑÍÉ ×ÅÌÉÞÉÎÉ hn. úÇ¦ÄÎÏ ÄÏ (1.10), ÄÅ I2l ÚÁÍ¦ÎÅÎ¦ÎÁ I(n)2l , ÚÎÁÈÏÄÉÍÏP (n)2 = s2n� 24un� 12 e0(1 + e1hn + e2h2n): (2.13)îÁÄÁÌ¦ ÄÌÑ ÓËÏÒÏÞÅÎÎÑ ÚÁÐÉÓ¦× ××ÅÄÅÍÏ ÐÏÚÎÁÞÅÎÎÑ e0 = e20; e1 =e21; e2 = e22, P (n)4 = s4n�d 24unm0(1 +m1hn +m2h2n): (2.14)ôÕÔ m0 = 0:0927;m1 = �2:8092;m2 = 4:2528. ðÏÄ¦ÂÎÏ ÚÁÐÉÓÕ¤ÔØÓÑP (n)6 = s6n�2d� 24un�3=2 b0(1 + b1hn + b2h2n); (2.15)



19 ðÒÅÐÒÉÎÔÄÅ b0 = 0:14435; b1 = �4:3568; b2 = 9:8927,P (n)8 = s8n�3d� 24un�2 y0(1 + y1hn + y2h2n); (2.16)ôÕÔ y0 = 0:5006; y1 = �5:8461; y2 = 17:5998.úÎÁÊÄÅÍÏ ÔÅÐÅÒ ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× gn; fn ÔÁ kn. úÇ¦ÄÎÏ ÄÏ(2.5) ÍÁ¤ÍÏ gn = g0s�d(1 + g1hn + g2h2n); (2.17)ÄÅ g0 = 0:1353; g1 = �0:8414; g2 = 0:2582,fn = f0s�2d(1 + f1hn + f2h2n); (2.18)ÔÕÔ f0 = 0:4154 � 10�1; f1 = �1:4051; f2 = 0:7848,kn = k0s�3d(1 + k1hn + k2h2n); (2.19)ÄÅ k0 = 0:1522 � 10�1; k1 = �1:9105; k2 = 1:5308.ñË ÌÅÇËÏ ÂÁÞÉÔÉ, ×ÅÌÉÞÉÎÉ g0; f0 ÔÁ k0 ¤ Ò¦ÚÎÉÍÉ ÚÁ ÐÏÒÑÄËÏÍ×ÅÌÉÞÉÎÉ. ðÏËÌÁÄÁÀÞÉ hn = 0, ÏÄÅÒÖÕ¤ÍÏ ÌÁÎÃÀÖÏË ÎÅÒ¦×ÎÏÓÔÅÊ0 � g3n � gnfn � kn << g2n � fn << gn << 1: (2.20)äÁÎÁ ÏÂÓÔÁ×ÉÎÁ ÄÏÚ×ÏÌÑ¤ ÏÔÒÉÍÁÔÉ ×ÉÒÁÚ ÄÌÑ ×ÅÌÉÞÉÎÉ Y (n)2l ¦Ú(2.4).Y (n)2l =  2(2�)2P (n)2 !l+ 12 ���2l + 12 �� gn��2l + 52 �++12g2n��2l + 92 �� 16g3n��2l + 132 �� fn��2l + 72 ���kn��2l + 92 �+ gnfn��2l + 112 �� : (2.21)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.21) ¦Ú (2.3) ÚÎÁÈÏÄÉÍÏT (n)2 = �(2�)1P (n)2 ��1 �1� 3gn + 24g2n � 454 fn��297g3n + 11254 gnfn � 1052 kn� ;
ICMP{97{25U 20T (n)4 = 3�(2�)1P (n)2 ��2 �1� 8gn + 99g2n � 754 fn��1632g3n + 1335gnfn � 210kn� : (2.22)ôÅÐÅÒ ÍÏÖÎÁ ÐÒÉÓÔÕÐÉÔÉ ÄÏ ÚÎÁÈÏÄÖÅÎÎÑ Ñ×ÎÏÇÏ ×ÉÄÕ ÒÅËÕÒÅÎÔ-ÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ (2.2). äÌÑ ÐÅÒÛÏÇÏ Ú Ò¦×ÎÑÎØ (2.2) ÍÁ¤ÍÏrn+1 = s2 h�q + u 12n�0(1 + ��1hn + 0(h2n)i (2.23)ÄÅ �0 = ~�01=(e0p24); ��1 = ~�02=~�01 � e1: (2.24)ëÏÅÆ¦Ã¦¤ÎÔÉ ~�0l ÐÒÅÄÓÔÁ×ÌÑÀÔØÓÑ × ×ÉÄ¦ ÒÑÄ¦× ÚÁ ÓÔÅÐÅÎÑÍÉ ÐÁÒÁÍÅ-ÔÒÁ s�d. ~�01 = 1 + �01s�d + �02s�2d + �03s�3d~�02 = �11s�d + �12s�2d + �13s�3d (2.25)ëÏÅÆ¦Ã¦¤ÎÔÉ ÒÏÚËÌÁÄ¦× (2.25) ¤ ÐÏÓÔ¦ÊÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ�01 = �0:4058; �02 = �0:0283; �03 = 0:0461�11 = 0:3414; �12 = �0:0822; �13 = �0:1681 (2.26)÷ ÔÅÒÍ¦ÎÁÈ ÐÏÓÔ¦ÊÎÉÈ gl; fl; kl ÍÁ¤ÍÏ�01 = �3g0; �02 = 24g20 � 454 f0;�03 = �297g30 + 11254 g0f0 � 1052 k0;�11 = �3g0g1 �12 = 48g20g1 � 454 f0f1�13 = �891g30g1 + 11254 g0f0(g1 + f1)� 1052 k0k1 (2.27)äÌÑ ÄÒÕÇÏÇÏ Ò¦×ÎÑÎÎÑ (2.2) ÚÎÁÈÏÄÉÍÏun+1 = s4�dun �!0 + !1hn + !2h2n� ; (2.28)ÄÅ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ



21 ðÒÅÐÒÉÎÔ!0 = ~!008e20 ; !1 = ~!108e20 � e1 ~!004e20 ;!2 = ~!208e20 � e1 ~!104e20 + �32e21 � 2e2� ~!008e20 : (2.29)äÌÑ ×ÅÌÉÞÉÎ ~!l0 ÍÁ¤ÍÏ ÎÁÓÔÕÐÎ¦ ×ÉÒÁÚÉ~!00 = !00 + !01s�d + !02s�2d;~!10 = !10 + !11s�d + !12s�2d;~!20 = !20 + !21s�d + !22s�2d; (2.30)ÄÅ ËÏÅÆ¦Ã¦¤ÎÔÉ !2m ÍÁÀÔØ ×ÉÇÌÑÄ!00 = 2g0; !01 = 15f0 � 42g20;!02 = 894g30 � 705g0f0 + 105k0;!10 = 2g0g1; !11 = 15f0f1 � 84g20g1;!12 = 894 � 3g30g1 � 705f0g0(f1 + g1) + 105k0k1;!20 = 2g0g2; !21 = 15f0f2 � 42g20(g21 + 2g2);!22 = 894 � 3g30(g21 + g2)�705f0g0(g2 + g1f1 + f2) + 105k0k2: (2.31)÷ÏÎÉ ÐÒÉÊÍÁÀÔØ ÎÁÓÔÕÐÎ¦ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ!00 = 0:2705; !01 = �0:1453; !02 = �0:1506!10 = �0:2276; !11 = 0:4175; !12 = 0:2610!20 = 0:0699; !21 = �0:4518; !22 = 0:0444: (2.32)ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (2.23) ÔÁ (2.28), ÏÄÅÒÖÕ¤ÍÏ Ñ×ÎÉÊ ×ÉÄ òó(2.2) × Ì¦Î¦ÊÎÏÍÕ ÐÏ hn ÐÏÒÑÄËÕrn+1 = s2 [�q + �0pun + �1(rn + q)]un+1 = s4�d [!0un + !1(rn + q)pun] (2.33)ôÕÔ �1 = �0��1. ïÔÒÉÍÁÎ¦ òó ÈÁÒÁËÔÅÒÉÚÕÀÔØ Å×ÏÌÀÃ¦À ×ÅÌÉÞÉÎrn ÔÁ un, ÑË ÆÕÎËÃ¦Ê ÎÏÍÅÒÁ ÛÁÒÕ n. ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (2.1),
ICMP{97{25U 22ÄÏÓÌ¦ÄÉÍÏ ÐÏ×ÅÄ¦ÎËÕ ËÏÅÆ¦Ã¦¤ÎÔ¦× dn(0) ÔÁ a(n)4 , ÑË ÆÕÎËÃ¦Ê ÎÏÍÅÒÁn. úÎÁÊÄÅÍÏ Æ¦ËÓÏ×ÁÎÕ ÔÏÞËÕ òó (2.33) ¦Ú ÕÍÏ×rn+1 = rn = r� un+1 = un = u� (2.34)÷ ÒÅÚÕÌØÔÁÔ¦, ¦Ú ÄÒÕÇÏÇÏ Ò¦×ÎÑÎÎÑ (2.33) ÏÔÒÉÍÕ¤ÍÏs�1 = !0 + !1h� + 0(h�)2 (2.35)ÄÅ h� ×¦ÄÐÏ×¦ÄÁ¤ ÚÎÁÞÅÎÎÀ hn Õ Æ¦ËÓÏ×ÁÎ¦Ê ÔÏÞÃ¦h� = r� + qpu� (2.36)÷ÅÌÉÞÉÎÁ h� ÚÁÌÅÖÉÔØ ×¦Ä ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ s. ðÁÒÁÍÅÔÒ s ÐÒÉÒÏÚÒÁÈÕÎËÁÈ ÍÏÖÅ ÂÕÔÉ ÄÏ×¦ÌØÎÉÍ (s � 1). ÷ÉÂÅÒÅÍÏ × ÑËÏÓÔ¦ s ÔÁËÅÚÎÁÞÅÎÎÑ s = s�, ÐÒÑ ÑËÏÍÕ ×ÉËÏÎÕ¤ÔØÓÑ ÕÍÏ×Áh�(s�) = 0 (2.37)ôÏÄ¦ Ò¦×Î¦ÓÔØ (2.35) ÐÅÒÅÐÉÛÅÔØÓÑ ÑË Ò¦×ÎÑÎÎÑ ÄÌÑ ÃØÏÇÏ ÐÁÒÁÍÅÔÒÁ(s�)�1 = !0(s�) (2.38)ëÏÅÆ¦Ã¦¤ÎÔ !0, ÚÇ¦ÄÎÏ ÄÏ (2.29), (2.30), ¤ ×¦ÄÏÍÏÀ ÆÕÎËÃ¦¤À s�. ÷ÒÅÚÕÌØÔÁÔ¦, ¦Ú (2.38) ÏÔÒÉÍÕ¤ÍÏ Ñ×ÎÉÊ ×ÉÇÌÑÄ Ò¦×ÎÑÎÎÑ ÄÌÑ s�(s�)�1 = (8e20)�1 �!00 + !01(s�)�d + !02(s�)�2d� (2.39)ïÓË¦ÌØËÉ (s�)�d ¤ ÍÁÌÏÀ ×ÅÌÉÞÉÎÏÀ, ÔÏ × ÎÕÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ÍÁ¤ÍÏ s�0 = 8e20!00 (2.40)ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (2.12), (2.32), ÚÎÁÈÏÄÉÍÏs�0 = 3:38� 0:05 (2.41)õ Â¦ÌØÛ ×ÉÓÏËÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÏÔÒÉÍÕ¤ÍÏs� = 3:4252 (2.42)ðÒÉ ÃØÏÍÕ ÐÏÈÉÂËÁ ÏÂÞÉÓÌÅÎØ ¤ ÐÏÒÑÄËÕ (s�)�3d � 1:5 � 10�5.



23 ðÒÅÐÒÉÎÔîÁÄÁÌ¦, × ÑËÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ s ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÚÎÁÞÅÎ-ÎÑ s� ¦Ú (2.42). ðÒÉ s = s� ÓÕÔÔ¤×Ï ÓÐÒÏÝÕ¤ÔØÓÑ ÐÒÏÃÅÄÕÒÁ ÏÂÞÉ-ÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ. íÁ¤ Í¦ÓÃÅ Ä×Á ÐÏÚÉÔÉ×ÎÉÈ ÆÁËÔÏÒÉ. ðÅÒ-ÛÉÊ Ú ÎÉÈ ÐÏÌÑÇÁ¤ × ÔÏÍÕ, ÝÏ × ÏËÏÌ¦ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ ×ÅÌÉÞÉÎÁhn ¤ ÍÁÌÏÀ, ÑË ÃÅ ¦ ÐÒÉÐÕÓËÁÌÏÓÑ ÐÒÉ ÏÔÒÉÍÁÎÎ¦ ÎÁÂÌÉÖÅÎÉÈ òó(2.33). äÒÕÇÉÊ ÆÁËÔÏÒ ÐÏ×'ÑÚÁÎÉÊ Ú ×ÉÎÉËÎÅÎÎÑÍ ÍÁÌÏÇÏ ÐÁÒÁÍÅÔÒÁ(s�)�d � 2:5 � 10�2. ãÅ ÓÕÔÔ¤×Ï ÓÐÒÏÝÕ¤ ÐÒÏÃÅÄÕÒÕ ÒÏÚÒÁÈÕÎËÕ ¦Î-ÔÅÇÒÁÌ¦× ÚÁ ÚÍ¦ÎÎÉÍÉ �~k, ÏÓË¦ÌØËÉ ÌÁÎÃÀÖÏË ÎÅÒ¦×ÎÏÓÔÅÊ (2.20) ÍÁ¤Í¦ÓÃÅ ÑË × ÓÁÍ¦Ê Æ¦ËÓÏ×ÁÎ¦Ê ÔÏÞÃ¦, ÔÁË ¦ §§ ÏËÏÌ¦.úÎÁÊÄÅÍÏ ËÏÏÒÄÉÎÁÔÉ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ òó (2.33). ÷ÉÄ¦ÌÉÍÏ ÔÅÍ-ÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×ÅÌÉÞÉÎ r�; u� ¦Ú (2.34).r� = �f0��(0); u� = '0(��(0))2: (2.43)äÌÑ f0 ÔÁ '0, ÑË¦ ÎÁÄÁÌ¦ ÂÕÄÅÍÏ ÎÁÚÉ×ÁÔÉ ÐÒÉ×ÅÄÅÎÉÍÉ ËÏÏÒÄÉÎÁÔÁ-ÍÉ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ, ÍÁ¤ÍÏ 2f0 = �q = 1 + (s�)�22 � (�0)2 ;('0)1=2 = �q�1� (s�)�2�0 � (2.44)äÌÑ ÓËÏÒÏÞÅÎÎÑ ÚÁÐÉÓ¦× ÎÁÄÁÌ¦ ××ÅÄÅÍÏ ÐÏÚÎÁÞÅÎÎÑ s� = s.ïÂÞÉÓÌÉÍÏ ÚÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× �l ÔÁ !l òó (2.33). ÷ÉËÏÒÉÓÔÏ-×ÕÀÞÉ ÚÎÁÊÄÅÎÅ ÎÁÍÉ ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ ÐÏÄ¦ÌÕ ÆÁÚÏ×ÏÇÏ ÐÒÏÓÔÏÒÕëú ÎÁ ÛÁÒÉ (2.42), ÍÁ¤ÍÏ�0 = 0:5978; �1 = 0:5933!0 = 0:2920; !1 = 0:3370 (2.45)÷¦ÄÐÏ×¦ÄÎÏ ÄÏ ÃØÏÇÏ ÚÎÁÈÏÄÉÍÏf0 = 0:5000; '0 = 0:5853 (2.46)÷ÉËÏÎÁ¤ÍÏ Ì¦ÎÅÁÒÉÚÁÃ¦À òó (2.33) × ÏËÏÌ¦ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ� rn+1 � r�un+1 � u� � = R� rn � r�un � u� � (2.47)2ðÁÒÁÍÅÔÒ �0 � 1: õ ×ÉÐÁÄËÕ, ËÏÌÉ �0 = 1:041746; ÚÎÁÈÏÄÉÍÏ, ÝÏ �q = 12 : îÁ-ÄÁÌ¦ ÂÕÄÅÍÏ ÐÒÏ×ÏÄÉÔÉ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ ÓÁÍÅ ÄÌÑ ÃØÏÇÏ ÚÎÁÞÅÎÎÑ �0. ÷ äÏÄÁÔËÕ1 ÏÐÉÓÁÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÒÅÚÕÌØÔÁÔ¦× ÒÏÚÒÁÈÕÎËÕ ×¦Ä ×ÉÂÏÒÕ �0:
ICMP{97{25U 24äÌÑ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦× Rij ÍÁ¤ÍÏR11 = s2�1; R22 = s!0R12 = R(0)12 (u�)�1=2; R(0)12 = 12s2�0R21 = R(0)21 (u�)1=2; R(0)21 = s!1: (2.48)óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÑËÝÏ × òó (2.33) ÐÒÉÊÍÁÔÉ ÄÏ Õ×ÁÇÉ ÄÏÄÁÎËÉÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ h2n (ÞÉ ×ÉÝÉÍ ÓÔÅÐÅÎÑÍ hn), ÔÏ ×¦ÄÐÏ×¦ÄÎ¦ ×ËÌÁÄÉ ÄÏÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦× Rij ÂÕÄÕÔØ ÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ h�, Á ÏÔÖÅ, Ò¦×Î¦ÎÕÌÀ. ôÏÍÕ, ÏÂÍÅÖÅÎÎÑ Ì¦Î¦ÊÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ ÐÏ hn ÐÒÉ ÚÁÐÉÓ¦(2.33) Î¦ÑË ÎÅ ×ÐÌÉ×Á¤ ÔÏÞÎ¦ÓÔØ ÏÂÞÉÓÌÅÎÎÑ Rij. ÷ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ ElÍÁÔÒÉÃ¦ ÐÅÒÅÔ×ÏÒÅÎÎÑ (2.47) ÚÎÁÈÏÄÉÍÏ Ú ÆÏÒÍÕÌÉE1;2 = 12 nR11 +R22 � �(R11 �R22)2 + 4R12R21�1=2o (2.49)ð¦ÄËÒÅÓÌÉÍÏ, ÝÏ ×ÅÌÉÞÉÎÉ E1; E2 ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ¦ ÎÅ ÚÁÌÅÖÁÔØ×¦Ä ËÏÏÒÄÉÎÁÔ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ. óÐÒÁ×Ä¦, ÎÅÕÎ¦×ÅÒÓÁÌØÎ¦ ÍÁÔÒÉÞÎ¦ÅÌÅÍÅÎÔÉ R12 ÔÁ R21 ×ÈÏÄÑÔØ ÄÏ (2.49) × ×ÉÄ¦ ÄÏÂÕÔËÕ R12R21, ÑËÉÊÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ËÏÏÒÄÉÎÁÔ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ. ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ(2.45), (2.48) ÍÁ¤ÍÏ E1 = 7:5764; E2 = 0:3845 (2.50)æ¦ËÓÏ×ÁÎÁ ÔÏÞËÁ ÍÁ¤ Ó¦ÄÌÏ×ÉÊ ÔÉÐ (E1 > 1; E2 < 1). úÎÁÊÄÅÍÏ×ÌÁÓÎ¦ ×ÅËÔÏÒÉ ÍÁÔÒÉÃ¦R. ÷ÅÌÉÞÉÎÉ rn ÔÁ un ÒÏÚËÌÁÄÅÍÏ ÐÏ ×ÌÁÓÎÉÈ×ÅËÔÏÒÁÈ. ÷ ÒÅÚÕÌØÔÁÔ¦ n-ËÒÁÔÎÏ§ ¦ÔÅÒÁÃ¦§ ÚÎÁÈÏÄÉÍÏrn = r� + c1En1 + c2REn2un = u� + c1R1En1 + c2En2 (2.51)ÄÅ R = R(0)(u�)�1=2; R(0) = R(0)12 (E2 � R11)�1R1 = R(0)1 (u�)1=2; R(0)1 = (E1 �R11)=R(0)12 (2.52)(ÁÂÏ R(0) = �0:5333; R(0)1 = 0:1755): ëÏÅÆ¦Ã¦¤ÎÔÉ cl ÚÎÁÈÏÄÉÍÏ Ú ÐÏ-ÞÁÔËÏ×ÉÈ ÕÍÏ× ÐÒÉ n = 0



25 ðÒÅÐÒÉÎÔr0 = a02 � ��(0); u0 = a04÷ ÒÅÚÕÌØÔÁÔ¦ ÍÁ¤ÍÏc1 = D�1 [a02 � ��(0) � r� � R(a04 � u�)]c2 = D�1 [a04 � u� � R1(a02 � ��(0) � r�)] (2.53)ÄÅ D = (E1 �E2)=(R11 �E2);(ÁÂÏ D = 1:0936).ñË ÌÅÇËÏ ÂÁÞÉÔÉ Ú (2.51) Ú ÒÏÓÔÏÍ n ×ÅÌÉÞÉÎÉ rn ÔÁ un ÐÒÑÍÕÀÔØÄÏ Ó×Ï§È Æ¦ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎØ (r� ÔÁ u� ×¦ÄÐÏ×¦ÄÎÏ) ÌÉÛÅ Õ ×ÉÐÁÄËÕ,ËÏÌÉ ×ÉËÏÎÕ¤ÔØÓÑ ÕÍÏ×Á c1 = 0 (2.54)ïÓË¦ÌØËÉ c1 ÚÁÌÅÖÉÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ, ÔÏ ×ÁÖÌÉ×Ï ÄÏÓÌ¦ÄÉÔÉ, ÑË¦ÊÓÁÍÅ ÔÅÍÐÅÒÁÔÕÒ¦ ×¦ÄÐÏ×¦ÄÁ¤ ÕÍÏ×Á (2.54). ñË ÂÕÄÅ ÐÏËÁÚÁÎÏ × ÎÁ-ÓÔÕÐÎÏÍÕ ÐÁÒÁÇÒÁÆ¦, ¦ÓÎÕ¤ ÌÉÛÅ ÏÄÎÁ ÄÏÄÁÔÎÑ ÔÅÍÐÅÒÁÔÕÒÁ T = Tc,ÐÒÉ ÑË¦Ê ÍÁ¤ Í¦ÓÃÅ (2.54). óÁÍÅ ÃÑ ÔÅÍÐÅÒÁÔÕÒÁ ¦ ÂÕÄÅ ÐÒÉÊÎÑÔÁ ×ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ ÚÁ ÔÅÍÐÅÒÁÔÕÒÕ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.3. òÏÚÒÁÈÕÎÏË ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.úÁÐÉÓÁÎÅ Ò¦×ÎÑÎÎÑ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ¦ ÚÎÁÊÄÅÎ¦ÊÏÇÏ ÒÏÚ×'ÑÚËÉ. äÏÓÌ¦ÄÖÅÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÍÐÅÒÁÔÕÒÉ æð ×¦Ä ÐÁÒÁ-ÍÅÔÒ¦× ÐÏÔÅÎÃ¦ÁÌÕ ×ÚÁ¤ÍÏÄ¦§ ÐÏÞÁÔËÏ×Ï§ ÍÏÄÅÌ¦ ÔÁ ×¦ÄÎÏÛÅÎÎÑ ÒÁÄ¦Õ-ÓÁ ÅÆÅËÔÉ×ÎÏ§ Ä¦§ ÐÏÔÅÎÃ¦ÁÌÕ ÄÏ ÐÏÓÔ¦ÊÎÏ§ ÇÒÁÔËÉ.îÁ ÄÁÎÉÊ ÞÁÓ ¦ÓÎÕ¤ ÄÅË¦ÌØËÁ Ð¦ÄÈÏÄ¦× ÄÏ ÏÂÞÉÓÌÅÎÎÑ ÔÅÍÐÅÒÁÔÕ-ÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. îÁÊÂ¦ÌØÛ ÔÏÞÎ¦ ÒÅÚÕÌØÔÁÔÉ ÄÁÀÔØ Ð¦ÄÈÏÄÉ,ÝÏ ÇÒÕÎÔÕÀÔØÓÑ ÎÁ ÞÉÓÌÏ×ÉÈ ÍÅÔÏÄÁÈ ÔÉÐÕ íÏÎÔÅ-ëÁÒÌÏ ÞÉ ÐÏÄ¦ÂÎ¦§Í. ã¦ ÒÅÚÕÌØÔÁÔÉ ÓÔÏÓÕÀÔØÓÑ ÍÏÄÅÌÅÊ ¦Ú ÎÁÐÅÒÅÄ ÚÁÄÁÎÉÍÉ ÔÉÐÁ-ÍÉ ×ÚÁ¤ÍÏÄ¦§ (ÎÁÐÒÉËÌÁÄ, ×ÚÁ¤ÍÏÄ¦§ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×). úÍ¦ÎÁ ÐÁ-ÒÁÍÅÔÒ¦× ×ÚÁ¤ÍÏÄ¦§ ÐÏÔÒÅÂÕ¤ ÎÏ×ÏÇÏ ÒÏÚÒÁÈÕÎËÕ. óÅÒÅÄ ÁÎÁÌ¦ÔÉÞÎÉÈÍÅÔÏÄ¦× ¤ ÍÁÌÏ ÒÏÂ¦Ô, ÑË¦ Â ÄÏÚ×ÏÌÑÌÉ ×ÅÓÔÉ ÒÏÚÒÁÈÕÎÏË ÔÅÍÐÅÒÁ-ÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÎÁ Í¦ËÒÏÓËÏÐ¦ÞÎÏÍÕ Ò¦×Î¦. îÅÚ×ÁÖÁÀÞÉ ÎÁÍÅÎÛÕ ÔÏÞÎ¦ÓÔØ ÏÄÅÒÖÁÎÎÑ ÚÎÁÞÅÎØ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ,×ÏÎÉ ÄÏÚ×ÏÌÑÀÔØ ÄÏÓÌ¦ÄÉÔÉ §§ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÐÁÒÁÍÅÔÒ¦× ÐÏÔÅÎÃ¦ÁÌÕ
ICMP{97{25U 26×ÚÁ¤ÍÏÄ¦§. úÁÐÒÏÐÏÎÏ×ÁÎÉÊ × ÄÁÎ¦Ê ÒÏÂÏÔ¦ Ð¦ÄÈ¦Ä ÄÏ ÏÐÉÓÕ ÆÁÚÏ×ÏÇÏÐÅÒÅÈÏÄÕ ÄÏÚ×ÏÌÑ¤ ÄÁÔÉ ×ÉÚÎÁÞÅÎÎÑ Tc Ú ÔÏÞËÉ ÚÏÒÕ ÄÏÓÌ¦ÄÖÅÎÎÑÏÓÏÂÌÉ×ÏÓÔÅÊ ÐÏ×ÅÄ¦ÎËÉ ÓÉÓÔÅÍÉ ÂÅÚÐÏÓÅÒÅÄÎØÏ × ËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦.÷ ÊÏÇÏ ÏÓÎÏ×¦ ÚÎÁÈÏÄÉÔØÓÑ Ô×ÅÒÄÖÅÎÎÑ ÐÒÏ ÎÁÑ×Î¦ÓÔØ × ÓÉÓÔÅÍ¦ ÐÏ-ÂÌÉÚÕ ôæð Ä×ÏÈ ÏÓÎÏ×ÎÉÈ ÆÌÕËÔÕÁÃ¦ÊÎÉÈ ÐÒÏÃÅÓ¦×. ðÅÒÛÉÊ Ú ÎÉÈÎÁÚÉ×Á¤ÔØÓÑ ËÒÉÔÉÞÎÉÍ ÒÅÖÉÍÏÍ (ëò) ÆÌÕËÔÕÁÃ¦Ê; ÄÒÕÇÉÊ - ÇÒÁ-ÎÉÞÎÉÊ ÇÁÕÓÏ×ÉÊ ÒÅÖÉÍ (ççò). ÷ÐÅÒÛÅ ÔÁË¦ ÐÏÎÑÔÔÑ ÂÕÌÉ ××ÅÄÅÎ¦ ×[1, 4]. ïÓÏÂÌÉ×ÏÓÔ¦ ÐÏ×ÅÄ¦ÎËÉ ÓÉÓÔÅÍÉ × ÃÉÈ ÒÅÖÉÍÁÈ ÄÏÓÌ¦ÄÖÅÎ¦ ×ÒÏÂÏÔÁÈ [6,15].îÉÖÞÅ ÍÉ ÏÂÇÏ×ÏÒÉÍÏ ÐÒÉÒÏÄÕ ÏÓÎÏ×ÎÉÈ ÆÌÕËÔÕÁÃ¦Ê-ÎÉÈ ÐÒÏÃÅÓ¦× ÄÌÑ ÍÏÄÅÌ¦ (1.1). âÕÄÅ ÐÏËÁÚÁÎÏ, ÝÏ ÔÅÍÐÅÒÁÔÕÒÁ, ÐÒÉÑË¦Ê ×ÉËÏÎÕ¤ÔØÓÑ ÕÍÏ×Á (2.54) ¦ ¤ ÔÅÍÐÅÒÁÔÕÒÏÀ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.÷ÉËÏÒÉÓÔÁ¤ÍÏ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔÁ c1(T ) ×ÉÒÁÚ, ÐÒÉ×ÅÄÅÎÉÊ × (2.53).÷ ÒÅÚÕÌØÔÁÔ¦ ÏÄÅÒÖÕ¤ÍÏ Ò¦×ÎÑÎÎÑa02(Tc)� �c�(0)� r�(Tc)��R(Tc)(a04(Tc)� u�(Tc)) = 0: (3.1)÷ÅÌÉÞÉÎÉ, ÑË¦ ×ÈÏÄÑÔØ ÄÏ ÓËÌÁÄÕ (3.1) ÏÂÞÉÓÌÀÀÔØÓÑ ÐÒÉ ÔÅÍÐÅÒÁ-ÔÕÒ¦ T = Tc. úÏËÒÅÍÁ ×¦ÄÏÍÏ, ÝÏr�(Tc) = �f0�c�(0); u�(Tc) = '0(�c�(0))2 (3.2)äÌÑ ×ÅÌÉÞÉÎÉ R(Tc) ÚÎÁÈÏÄÉÍÏR(Tc) = R(0)('0)�1=2(�c�(0))�1 (3.3)ëÏÅÆ¦Ã¦¤ÎÔÉ a02n(Tc) ÍÁÀÔØ ×ÉÇÌÑÄ (ÄÉ×.(14))a00(Tc) = �12 ln(2�) + 14 ln3 �14 ln ~M4(Tc) + ~y2c4 + lnU (0; ~yc);a02(Tc) = � 3~M4(Tc)�U (~yc);a04(Tc) = 3~M4(Tc)'(~yc); (3.4)ÄÅ ~M0(Tc) = 12�0; ~M2(Tc) = 1� �0;~M4(Tc) = 2s�30 (1� 4�0) (3.5)



27 ðÒÅÐÒÉÎÔäÌÑ ×ÅÌÉÞÉÎÉ �0 ÍÁ¤ÍÏ ×ÉÒÁÚ�0 = �c�(0)��(1 � s�30 ); (3.6)ÐÒÉÞÏÍÕ, �� ¤ ÍÁÌÏÀ ×ÅÌÉÞÉÎÏÀ.~yc = y0 = s3=20 r32(1� �0)(1� 4�0)�1=2÷ ÒÅÚÕÌØÔÁÔ¦, ËÏÅÆ¦Ã¦¤ÎÔÉ a0n(Tc) ÍÁÀÔØ ×ÉÇÌÑÄa00(Tc) = a00 = �12 ln2� + 14 ln(3s30=2)��14 ln(1� 4�0) + y204 + lnU (0; y0)a02(Tc) = a20 = y0U (y0)=(1� �0)a04(Tc) = a40 = y20'(y0)=(1� �0)2 (3.7)÷ ÇÒÁÎÉÃ¦ b=c ! 1, ÑËÁ ×¦ÄÐÏ×¦ÄÁ¤ ÍÏÄÅÌ¦ Ú "ÄÁÌÅËÏÄ¦ÀÞÉÍ ÐÏ-ÔÅÎÃ¦ÁÌÏÍ" ×ÚÁ¤ÍÏÄ¦§, ÚÎÁÈÏÄÉÍÏlim a00(Tc) = �12 ln2� + �0=2lim a02(Tc) = (1� �0)�1lim a04(Tc) � s�30 ! 0 (3.8)ýÏÂ ÏÄÅÒÖÁÔÉ Ò¦×ÎÑÎÎÑ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ Ð¦Ä-ÓÔÁ×ÌÑ¤ÍÏ ×ÉÒÁÚÉ (3.2), (3.3) ÔÁ (3.7) × Ò¦×Î¦ÓÔØ (3.1). ÷ ÒÅÚÕÌØÔÁÔ¦ÐÒÉÈÏÄÉÍÏ ÄÏ Ò¦×ÎÑÎÎÑA0c(�c�(0))2 + B0c�c�(0) +D0c = 0; (3.9)ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÑËÏÇÏ ÚÎÁÈÏÄÉÍÏA0c = 1� f0 � R(0)p'0B0c = �a20D0c = a40R(0)'�1=20 (3.10)ò¦×ÎÑÎÎÑ (3.9) ÚÁÐÉÓÁÎÅ × ÆÏÒÍ¦ Ë×ÁÄÒÁÔÎÏÇÏ Ò¦×ÎÑÎÎÑ ×¦ÄÎÏÓÎÏ�c�(0). ïÄÎÁË, ÊÏÇÏ ËÏÅÆ¦Ã¦¤ÎÔÉ B0c ÔÁ D0c ¤ × Ó×ÏÀ ÞÅÒÇÕ ÆÕÎËÃ¦Ñ-ÍÉ ÔÅÍÐÅÒÁÔÕÒÉ. ÷ÏÎÉ ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ ×ÅÌÉÞÉÎÕ �0, ÑËÁ ÚÇ¦ÄÎÏ
ICMP{97{25U 28ÄÏ (3.6) ÚÁÌÅÖÉÔØ ×¦Ä �c�(0). ðÅÒÛ Î¦Ö ÎÁ×ÅÓÔÉ ÊÏÇÏ ÒÏÚ×'ÑÚÏË 3 ,ÐÏ×ÅÒÎÅÍÏÓÑ ÄÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (11) ¦ ×ÉÚÎÁÞÉÍÏ ÎÅ×¦ÄÏÍÕ ×ÅÌÉÞÉÎÕ�1. ñË ÂÕÌÏ ×¦ÄÚÎÁÞÅÎÏ ×ÉÝÅ, ÃÑ ×ÅÌÉÞÉÎÁ ÐÏ×ÉÎÎÁ ÚÁÂÅÚÐÅÞÕ×ÁÔÉÐÒÁ×ÉÌØÎÕ ÁÓÉÍÐÔÏÔÉÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ÍÏÄÅÌ¦ × ÇÒÁÎÉÃ¦ b=c ! 1. ãÅÓÔÏÓÕ¤ÔØÓÑ ×ÉÚÎÁÞÅÎÎÑ ÔÏÞËÉ ×¦ÄÌ¦ËÕ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅ-ÒÅÈÏÄÕ. ÷ Ã¦Ê ÇÒÁÎÉÃ¦ �� = �1 (ÏÓË¦ÌØËÉ < � > ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØÐÒÉ b=c!1) ¦ ÐÏ×ÉÎÎÏ ×ÉËÏÎÕ×ÁÔÉÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑlim �c�(0) = 1 (3.11)ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (3.11), ÚÎÁÈÏÄÉÍÏ, ÝÏ × ÇÒÁÎÉÃ¦ b=c!1 ×ÉËÏ-ÎÕ¤ÔØÓÑ Ò¦×Î¦ÓÔØ �0 = �1. ôÏÄ¦ Ò¦×ÎÑÎÎÑ (3.9) Ú ×ÒÁÈÕ×ÁÎÎÑÍ (3.8)ÐÒÉÊÍÁ¤ ×ÉÇÌÑÄ A0c = 11��1 ; (3.12)ÝÏ ÄÏÚ×ÏÌÑ¤ ÚÎÁÊÔÉ ×ÅÌÉÞÉÎÕ�1 = 1� 11� f0 �R(0)p'0 (3.13)ð¦ÄÓÔÁ×ÌÑÀÞÉ × (3.13) ËÏÏÒÄÉÎÁÔÉ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ ÏÔÒÉÍÕ¤ÍÏ ÞÉ-ÓÌÏ×Å ÚÎÁÞÅÎÎÑ �1 = �0:10134.úÁÇÁÌØÎÉÊ ÒÏÚ×'ÑÚÏË Ò¦×ÎÑÎÎÑ (3.9) ÄÌÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏÐÅÒÅÈÏÄÕ ÚÎÁÈÏÄÉÔØÓÑ × ÒÅÚÕÌØÔÁÔ¦ ÓÁÍÏÕÚÇÏÄÖÅÎÏ§ ÐÒÏÃÅÄÕÒÉ Ú ×ÒÁ-ÈÕ×ÁÎÎÑÍ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä �c�(0) × ËÏÅÆ¦Ã¦¤ÎÔÁÈ a0c ÔÁ ËÏÅÆ¦Ã¦¤ÎÔÁ �0¦Ú (3.6). òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË¦× ÐÏÄÁÎ¦ ÎÁ ÒÉÓ.1.äÌÑ ÐÏÒ¦×ÎÑÎÎÑ ÏÄÅÒÖÁÎÉÈ ÎÁÍÉ ÒÅÚÕÌØÔÁÔ¦× Ú ÒÏÂÏÔÁÍÉ ¦ÎÛÉÈÁ×ÔÏÒ¦×, ÚÏËÒÅÍÁÄÁÎÉÍÉ ÞÉÓÌÏ×ÉÈ ÍÅÔÏÄ¦× [21], ÒÏÚÇÌÑÎÅÍÏ ×ÉÐÁÄÏËb = bI . ãÅ ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ b ×¦ÄÐÏ×¦ÄÁ¤ ÔÁË¦Ê ×ÉÈ¦ÄÎ¦Ê ×ÚÁ¤ÍÏÄ¦§Í¦Ö ÞÁÓÔÉÎËÁÍÉ, ÑËÁ ÂÌÉÚØËÁ ÄÏ ×ÚÁ¤ÍÏÄ¦§ ÔÉÐÕ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×.äÌÑ ÎØÏÇÏ ÚÎÁÈÏÄÉÍÏ �c�(0) = 1:221; (3.14)ÁÂÏ × ÏÄÉÎÉÃÑÈ J �c = 0:203J (3.15)3óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ËÏÌÉ A0c = 1, ÔÏ ÃÅ ÏÚÎÁÞÁ¤, ÝÏ �1 = 0. úÁÄÏ×¦ÌØÎÉÔÉÒ¦×Î¦ÓÔØ A0c = 1 ÍÏÖÎÁ ÚÁ ÒÁÈÕÎÏË ×ÉÂÏÒÕ ×ÅÌÉÞÉÎÉ �0. úÇ¦ÄÎÏ ÄÏ (3.10) ÍÁ¤ÍÏA0c = 1�f0 �1 + (1� s�2)R(0)=�0� 1�02 . ôÏÍÕ ¦Ú ÒÏÓÔÏÍ �0 ÚÎÁÈÏÄÉÍÏ,ÝÏ A0c ! 1:ú ¦ÎÛÏ§ ÓÔÏÒÏÎÉ ×ÅÌÉÞÉÎÁ �0 ×ÉÚÎÁÞÁ¤ ÓÏÂÏÀ ÏÂÌÁÓÔØ ÐÁÒÁÂÏÌ¦ÞÎÏ§ ÁÐÒÏËÓÉÍÁÃ¦§ÐÏÔÅÎÃ¦ÁÌÕ (5). îÁÄÍ¦ÒÎÅ ÚÂ¦ÌØÛÅÎÎÑ �0 ×ÅÄÅ ÄÏ ÎÅÆ¦ÚÉÞÎÏÇÏ ÓÐÒÏÝÅÎÎÑ ÍÏÄÅÌ¦.ôÏÍÕ ÏÞÅ×ÉÄÎÏ, ÝÏ A0c < 1, Á ÏÔÖÅ �1 < 0.



29 ðÒÅÐÒÉÎÔ

òÉÓ. 1. ôÅÍÐÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ 3d ÍÏÄÅÌ¦ ¶Ú¦ÎÇÁ × ÎÁ-ÂÌÉÖÅÎÎ¦ ÍÏÄÅÌ¦�4 (Ú ÅËÓÐÏÎÅÎÔÎÏ-ÓÐÁÄÎÉÍ ÐÏÔÅÎÃ¦ÁÌÏÍ ÐÏÐÁÒÎÏ§×ÚÁ¤ÍÏÄ¦§).ïÔÒÉÍÁÎÅ ×ÉÝÅ ÚÎÁÞÅÎÎÑ ÄÌÑ �c ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÄÁÎÉÍÉ ÞÉÓÌÏ-×ÉÈ ÒÏÚÒÁÈÕÎË¦× [22,23]. ÷ÉÒÁÚÉÍÏ ÔÅÍÐÅÒÁÔÕÒÕ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ�c × ÏÄÉÎÉÃÑÈ ×ÉÍ¦ÒÕ ËÏÎÓÔÁÎÔÉ A (ÄÉ×. Æ-ÌÕ (2)). íÁ¤ÍÏ�cA = �c�(0)"8��bc�3#�1 (3.16)ëÒÉ×Á ÚÁÌÅÖÎÏÓÔ¦ ×ÅÌÉÞÉÎÉ �cA ×¦Ä ÐÁÒÁÍÅÔÒÁ b=c ÐÒÉ×ÅÄÅÎÁ ÎÁÒÉÓ.2.îÅÏÂÈ¦ÄÎÏ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÏÔÒÉÍÁÎÁ ÎÁÍÉ ËÒÉ×Á ÚÁÌÅÖÎÏÓÔ¦ ÔÅÍ-ÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×¦Ä ÒÁÄ¦ÕÓÁ Ä¦§ ÐÏÔÅÎÃ¦ÁÌÕ Ð¦ÄÔ×ÅÒ-ÄÖÕ¤ ÒÅÚÕÌØÔÁÔÉ ÒÏÂÏÔÉ [23], ÄÅ ÐÏÄ¦ÂÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÄÏÓÌ¦ÄÖÕ×ÁÌÁ-ÓÑ ÑË ÆÕÎËÃ¦Ñ ÞÉÓÌÁ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×, ÎÁ ÑË¦ ÒÏÚÐÏ×ÓÀÄÖÕ¤ÔØÓÑ×ÚÁ¤ÍÏÄ¦Ñ ÍÏÄÅÌØÎÏ§ ÓÉÓÔÅÍÉ.
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A�c
òÉÓ. 2. ëÒÉÔÉÞÎÁ ÔÅÍÐÅÒÁÔÕÒÁ, ÑË ÆÕÎËÃ¦Ñ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁ-ÍÅÔÒ¦× ÚÁÄÁÞ¦(�(rij) = Aexp(�rij=b)).4. ðÒÏ ×ÅÌÉÞÉÎÕ ËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ¦ ÔÁ ÔÅÍÐÅÒÁÔÕÒ-ÎÕ ÐÏ×ÅÄ¦ÎËÕ ËÏÅÆ¦Ã¦¤ÎÔ¦× a0n × Ã¦Ê ÏÂÌÁÓÔ¦.úÁÐÒÏÐÏÎÏ×ÁÎÉÊ ËÒÉÔÅÒ¦Ê ÏÃ¦ÎËÉ ×ÅÌÉÞÉÎÉ ËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ¦. ÷¦ÎÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ××ÅÄÅÎÏÍÕ ÎÁÍÉ ÐÏÎÑÔÔ¦ Ô.Ú. ËÒÉÔÉÞÎÏÇÏ ÒÅÖÉÍÕ(ëò), ×ÉÚÎÁÞÅÎÏÍÕ × ÔÅÏÒÅÍÁÈ 1,2. îÁÑ×Î¦ÓÔØ × ÓÉÓÔÅÍ¦ ëò Ó×¦ÄÞÉÔØ,ÝÏ ÓÉÓÔÅÍÁ ÚÎÁÈÏÄÉÔØÓÑ × ËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ, Á ÊÏÇÏ ×¦Ä-ÓÕÔÎ¦ÓÔØ { ÐÒÏ ÐÏÚÁËÒÉÔÉÞÎÉÊ ÈÁÒÁËÔÅÒ ÐÏ×ÅÄ¦ÎËÉ ÓÉÓÔÅÍÉ. úÎÁÊÄÅÎÁÔÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÔÏÞËÉ ×ÉÈÏÄÕ ÓÉÓÔÅÍÉ Ú ëò.÷ ÐÏÐÅÒÅÄÎØÏÍÕ ÐÁÒÁÇÒÁÆ¦ ÂÕÌÁ ÏÂÞÉÓÌÅÎÁ ÔÅÍÐÅÒÁÔÕÒÁ ÆÁÚÏ×Ï-ÇÏ ÐÅÒÅÈÏÄÕ. ÷ÏÎÁ ÈÁÒÁËÔÅÒÉÚÕ¤ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä × ÓÉÓÔÅÍ¦ ¦Ú¦ÎÇ¦×-ÓØËÉÈ ÓÐ¦Î¦× ÄÌÑ ÑËÏ§ ×ÉËÏÎÁÎ¦ ÎÁÓÔÕÐÎ¦ ÎÁÂÌÉÖÅÎÎÑ. ðÅÒÛÅ Ú ÎÉÈ×¦ÄÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ ÍÏÄÅÌ¦ �4 ¦ ÐÏÌÑÇÁ¤ × ×ÉËÏÒÉÓÔÁÎÎ¦ ÞÅÔ×¦Ò-ÎÏ§ ÂÁÚÉÓÎÏ§ ÇÕÓÔÉÎÉ Í¦ÒÉ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ. ÷Ï-ÎÏ ÎÅ ¤ ÐÒÉÎÃÉÐÏ×ÉÍ, ÏÓË¦ÌØËÉ, ÐÏÄ¦ÂÎ¦ ÒÏÚÒÁÈÕÎËÉ ÍÏÖÕÔØ ÂÕÔÉÐÒÉ×ÅÄÅÎ¦ (Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÐÒÉ×ÅÄÅÎÏ§ ×ÉÝÅ ÓÈÅÍÉ ÒÏÚÒÁÈÕÎËÕ )ÄÌÑ ×ÉÝÉÈ ÇÕÓÔÉÎ Í¦ÒÉ (ÍÏÄÅÌØ �6 ¦ Ô.Ä.). äÒÕÇÅ ÎÁÂÌÉÖÅÎÎÑ ÐÏ×'Ñ-ÚÁÎÅ Ú ÁÐÒÏËÓÉÍÁÃ¦¤À ÐÏÔÅÎÃ¦ÁÌÕ ×ÚÁ¤ÍÏÄ¦§. ÷ÉÈ¦ÄÎÁ ×ÚÁ¤ÍÏÄ¦Ñ ÞÁ-ÓÔÉÎÏË, ÝÏ ÚÎÁÈÏÄÑÔØÓÑ × ×ÕÚÌÁÈ ÐÒÏÓÔÏ§ ËÕÂ¦ÞÎÏ§ ÇÒÁÔËÉ ÏÐÉÓÕ¤ÔØ-



31 ðÒÅÐÒÉÎÔÓÑ ÅËÓÐÏÎÅÎÔÎÏ-ÓÐÁÄÎÏÀ ÆÕÎËÃ¦¤À ×¦ÄÄÁÌ¦ �(rij) (ÄÉ×.(2)) Ú ÆÕÒ'¤-ÏÂÒÁÚÏÍ ~�(k), ÐÒÉ×ÅÄÅÎÉÍ × (4). ðÒÉ ÐÒÏ×ÅÄÅÎÎ¦ ÒÏÚÒÁÈÕÎË¦× ~�(k)ÚÍ¦ÎÀ¤ÔØÓÑ ÊÏÇÏ ÐÁÒÁÂÏÌ¦ÞÎÏÀ ÁÐÒËÓÉÍÁÃ¦¤À × ÏÂÌÁÓÔ¦ ÍÁÌÉÈ ÚÎÁ-ÞÅÎØ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ ~k, ÔÁ ÐÏÓÔ¦ÊÎÏÀ ×ÅÌÉÞÉÎÏÀ (ÄÉ×.(9)) ÐÒÉÚÎÁÞÅÎÎÑÈ ~k ÂÌÉÚØËÉÈ ÄÏ ÇÒÁÎÉÃ¦ ÚÏÎÉ âÒ¦ÌÌÀÅÎÁ (Æ-ÌÁ(5)). äÒÕÇÅÎÁÂÌÉÖÅÎÎÑ ¤ ÄÏÂÒÉÍ ÐÒÉ ×¦ÄÎÏÓÎÏ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒÁb=c (b > 0:35c), ¦ ÐÏÔÒÅÂÕ¤ ÕÔÏÞÎÅÎÎÑ ÄÌÑ ÍÁÌÉÈ ÚÎÁÞÅÎØ ÃØÏÇÏ ÐÁÒÁ-ÍÅÔÒÁ (bmin < b < 0:35c; bmin = c=��0p2).ïÄÎÁË, ÎÅÚ×ÁÖÁÀÞÉ ÎÁ ×ÉËÏÒÉÓÔÁÎ¦ ×ÉÝÅ ÎÁÂÌÉÖÅÎÎÑ ÚÁÐÒÏÐÏ-ÎÏ×ÁÎÁ ÓÈÅÍÁ ÏÐÉÓÕ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ÄÏÚ×ÏÌÑ¤ × ÒÁÍËÁÈ ¤ÄÉÎÏÇÏÐ¦ÄÈÏÄÕ ×ÉÚÎÁÞÉÔÉ ÑË ÚÎÁÞÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ (¦§§ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ÐÁÒÁÍÅÔÒ¦× ×ÉÈ¦ÄÎÏ§ ×ÚÁ¤ÍÏÄ¦§), ÔÁË ¦ ÚÎÁÊÔÉ Ñ×Î¦×ÉÒÁÚÉ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÉÓÔÅÍÉ ÐÏÂÌÉÚÕ ÔÏÞËÉÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.òÏÚÇÌÑÎÅÍÏ ÏÂÌÁÓÔØ ÔÅÍÐÅÒÁÔÕÒ ÂÌÉÚØËÉÈ ÄÏ Tc. ÷×ÅÄÅÍÏ ×ÅÌÉ-ÞÉÎÕ � = T � TcTc ; (4.1)ÑËÁ ÏÐÉÓÕ¤ ×¦ÄÈÉÌÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅ-ÈÏÄÕ Tc. ôÏÄ¦ ×ÉÒÁÚÉ ÄÌÑ ×ÅÌÉÞÉÎ ~M2n ¦Ú (16) ÍÏÖÎÁ ÐÒÅÄÓÔÁ×ÉÔÉ Õ×ÉÇÌÑÄ¦ ~M0 = 12�0 � 12�0 �1 + � ;~M2 = (1� �0)�1� �01� �0 �1 + � � ;~M4 = 2s�30 (1� 4�0)�1 + 4�01� 4�0 �1 + � � ; (4.2)ÄÅ ×ÅÌÉÞÉÎÁ �0 ÏÚÎÁÞÅÎÁ × (3.6). ðÒÉ ÏÔÒÉÍÁÎÎ¦ ÃÉÈ ×ÉÒÁÚ¦× ÍÉ ÓËÏ-ÒÉÓÔÁÌÉÓÑ ¦Ú ÔÏÔÏÖÎ¦È ÐÅÒÅÔ×ÏÒÅÎØ� = �c1 + � ; 11 + � = 1� �1 + � :÷ÉËÏÒÉÓÔÁ¤ÍÏ (4.2) ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ¦ ËÏ-ÅÆ¦Ã¦¤ÎÔ¦× a02n ¦Ú (14). úÁÐÉÛÅÍÏ ×ÅÌÉÞÉÎÕ ~y ¦Ú (15) Õ ×ÉÇÌÑÄ¦~y = y0�1 + y1 �1 + � � ; (4.3)
ICMP{97{25U 32ÄÅ ËÏÅÆ¦Ã¦¤ÎÔÉy0 =r32s3=20 1� �0p1� 4�0 ; y1 = �0� 11� �0 � 21� 4�0� (4.4)ÎÅ ÚÁÌÅÖÁÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ¦ ¤ ÆÕÎËÃ¦ÑÍÉ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁ-ÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ÚÁÄÁÞ¦.úÁÐÉÛÅÍÏ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ËÏÅÆ¦Ã¦¤ÎÔ¦× a02n × ËÒÉÔÉÞÎ¦ÊÏÂÌÁÓÔ¦. ¶Ú (14) ÚÎÁÈÏÄÉÍÏa00 = a00 + a01 �1 + � (4.5)÷ÉÒÁÚ ÄÌÑ a00 ÐÒÉ×ÅÄÅÎÉÊ × (3.7) , Á ÄÌÑ a01 ÍÁ¤ÍÏa01 = � �01� 4�0 � 12y0y1U (y0) (4.6)úÏËÒÅÍÁ, ÐÒÉ b = bI , ÍÁ¤ÍÏ a00 = �0:8929; a01 = �0:1193.äÌÑ a02 ÔÁ a04 ÍÁ¤ÍÏ ×ÉÒÁÚÉ, ÐÏÄ¦ÂÎ¦ ÄÏ (4.5)a0l = al0 + al1 �1 + � ; (4.7)ÄÅ ÚÎÁÞÅÎÎÑ a20,a40 ÐÒÉ×ÅÄÅÎ¦ × (3.7), Á ÄÌÑ ÒÅÛÔÉ ×ÅÌÉÞÉÎ ÚÎÁÈÏÄÉ-ÍÏ a21 = a20�� 2�01� 4�0 + y0y1U 0(y0)=U (y0)� ;a41 = a40�� 4�01� 4�0 + y0y1'0(y0)='(y1)� (4.8)(ÁÂÏ ÐÒÉ b = bI ; a20 = 0:9750; a21 = �0:2800; a40 = 0:2336; a41 =�0:0145). ôÕÔ U 0(y0) ÐÏÈ¦ÄÎÁ ÆÕÎËÃ¦§ U (y0) = U (1; y0)=U (0; y0), Á'0(y0)- ÐÏÈ¦ÄÎÁ ÆÕÎËÃ¦§ '(y0). ëÏÅÆ¦Ã¦¤ÎÔÉ a0l ÍÏÖÕÔØ ÂÕÔÉ ÐÒÅÄÓÔÁ-×ÌÅÎ¦ Õ ×ÉÇÌÑÄ¦ ÒÏÚËÌÁÄÕ ÚÁ ÓÔÅÐÅÎÑÍÉ �a0l = al0 + al1� + al2�2; (4.9)ÄÅ al2 = �al1: (4.10)úÁÐÉÓÁÎ¦ ×ÉÝÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× a0l ÄÏÚ×ÏÌÑÀÔØÚÎÁÊÔÉ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×ÅÌÉÞÉÎ cl, ÑË¦ ÏÐÉÓÕÀÔØ Å×ÏÌÀÃ¦À



33 ðÒÅÐÒÉÎÔ×ÅÌÉÞÉÎ rn ÔÁ un ¦Ú (2.51). óËÏÒÉÓÔÁ¤ÍÏÓÑ ×ÉÒÁÚÁÍÉ ÄÌÑ cl, ÑË¦ ÐÒÉ-×ÅÄÅÎ¦ × (2.53). úÁÐÉÛÅÍÏ c1 Õ ×ÉÇÌÑÄ¦c1 = � � ~c11 (4.11)ÄÅ ~c11 = c10 + c111 + � (4.12)ôÕÔ ××ÅÄÅÎ¦ ÎÁÓÔÕÐÎ¦ ÐÏÚÎÁÞÅÎÎÑc10 = �R(0)(a41 + a40)(�c�(0)p'0D)�1;c11 = ha21 + �c�(0)(1� f0 �R(0)p'0)i =D: (4.13)äÌÑ ËÏÅÆ¦Ã¦¤ÎÔÁ c2 ÚÎÁÈÏÄÉÍÏc2 = c20 + c211 + � + c22(1 + � )2 (4.14)ÄÅ c20 = (a40 + a41)=Dc21 = (�a41 �R(0)1 p'0�c�(0)(a20 + a21))=Dc22 = h�'0(�c�(0))2 +R(0)1 p'0�c�(0)a21++ R(0)1 p'0(1� f0)(�c�(0))2i =D (4.15)õ ×ÉÐÁÄËÕ b = bI ÚÎÁÈÏÄÉÍÏ: c10 = 0:1144; c11 = 0:7575; c20 = 0:2003;c21 = �0:0909; c22 = �0:7480: ðÒÉ � = 0 ÍÁ¤ÍÏ ~c11 = 0:8719; c2 =�0:8386:ïÓÏÂÌÉ×¦ÓÔÀ ÔÅÍÐÅÒÁÔÕÒÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ËÏÅÆ¦Ã¦¤ÎÔÁ c1 ¤ ÊÏÇÏÐÒÏÐÏÒÃ¦ÊÎ¦ÓÔØ ÄÏ � . ëÏÅÆ¦Ã¦¤ÎÔ c2 ÐÒÉÊÍÁ¤ ×¦Ä'¤ÍÎ¦ ÚÎÁÞÅÎÎÑ ÐÒÉ×Ó¦È ÚÎÁÞÅÎÎÑÈ � , ×ËÌÀÞÁÀÞÉ � = 0, ÄÌÑ ×Ó¦È ÚÎÁÞÅÎØ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈÐÁÒÁÍÅÔÒ¦×.äÏÓÌ¦ÄÉÍÏ ÐÏ×ÅÄ¦ÎËÕ ×ÅÌÉÞÉÎ rn, un Ú ÒÏÓÔÏÍ n × ËÒÉÔÉÞÎ¦ÊÏÂÌÁÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ. úÁÕ×ÁÖÉÍÏ, ÝÏ ÚÁÇÁÌØÎ¦ ÒÅËÕÒÅÎÔÎ¦ ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑ (2.2) ÓÐÒÁ×ÅÄÌÉ×¦ ÄÌÑ ÂÕÄØ-ÑËÉÈ ÔÅÍÐÅÒÁÔÕÒ ¦ ÐÒÉ ÄÏ×¦ÌØÎÏÍÕÚÎÁÞÅÎÎ¦ ¦ÎÄÅËÓÁ n. ÷ ÑËÏÓÔ¦ ÞÁÓÔËÏ×ÏÇÏ ÒÏÚ×'ÑÚËÕ òó (2.2) ÍÁÀÔØÆ¦ËÓÏ×ÁÎÕ ÔÏÞËÕ (2.34). ·§ ËÏÏÒÄÉÎÁÔÉ ×ÉÚÎÁÞÁÀÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎ-ÎÑÍÉ (2.43), (2.44). ðÏÂÌÉÚÕ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ ÄÌÑ ×ÅÌÉÞÉÎ rn ÔÁ unÏÔÒÉÍÁÎ¦ ÒÏÚ×'ÑÚËÉ (2.51). ÷ÉÚÎÁÞÉÍÏ ÄÌÑ ÑËÏÇÏ ¦ÎÔÅÒ×ÁÌÕ ¦ÎÄÅËÓ¦×n ×ÏÎÉ ÍÁÀÔØ Í¦ÓÃÅ ¦ ÑË ÚÁÌÅÖÉÔØ ×ÅÌÉÞÉÎÁ ÃØÏÇÏ ¦ÎÔÅÒ×ÁÌÕ ×¦Ä � .
ICMP{97{25U 34ðÒÉ T = Tc ÄÌÑ ×ÅÌÉÞÉÎ rn ÔÁ un ÍÁ¤ÍÏrn = r� + c2REn2un = u� + c2En2 (4.16)ú ÒÏÓÔÏÍ n ×ÅÌÉÞÉÎÉ rn ÔÁ un ÂÕÄÕÔØ ÐÒÑÍÕ×ÁÔÉ ÄÏ ÚÎÁÞÅÎØ r� ÔÁ u�×¦ÄÐÏ×¦ÄÎÏ. óÆÏÒÍÕÌÀ¤ÍÏ ÎÁÓÔÕÐÎÕ ÔÅÏÒÅÍÕ.ôÅÏÒÅÍÁ 1. ðÒÉ T = Tc ÄÌÑ ÂÕÄØ-ÑËÏÇÏ, ÎÁÐÅÒÅÄ ÚÁÇÁÄÁÎÏÇÏ ÞÉ-ÓÌÁ � > 0, ÚÎÁÊÄÅÔØÓÑ ÔÁËÉÊ ÎÏÍÅÒ n�, ÝÏ ÐÒÉ n > n� ÂÕÄÕÔØ ×ÉËÏ-ÎÕ×ÁÔÉÓÑ ÎÅÒ¦×ÎÏÓÔ¦j rn(Tc)� r�r� j� �; j un(Tc) � u�u� j� � (4.17)ðÒÉ ÃØÏÍÕ, ÚÎÁÞÅÎÎÑ n� ÈÁÒÁËÔÅÒÉÚÕ¤ ×È¦Ä 4 ÓÉÓÔÅÍÉ × ËÒÉÔÉÞÎÉÊÒÅÖÉÍ (ëú). ð¦Ä ëò ÂÕÄÅÍÏ ÒÏÚÕÍ¦ÔÉ ÓÐÅÃÉÆ¦ÞÎÕ ÚÁÌÅÖÎ¦ÓÔØ ËÏ-ÅÆ¦Ã¦¤ÎÔ¦× rn, un ×¦Ä n, ÐÒÉ ÑËÏÍÕ (× ÏÂÌÁÓÔ¦ n > n�) ÍÁÀÔØ Í¦ÓÃÅÎÅÒ¦×ÎÏÓÔ¦ (4.17).äÏ×ÅÄÅÎÎÑ ÃØÏÇÏ Ô×ÅÒÄÖÅÎÎÑ ÏÞÅ×ÉÄÎÅ Ú ÏÇÌÑÄÕ ÎÁ (4.16) ÔÁ ÕÍÏ-×Õ E2 < 1.õ ×ÉÐÁÄËÕ � > 0, ÒÏÚ×'ÑÚËÉ ÎÁÂÌÉÖÅÎÉÈ òó ÍÁÀÔØ ×ÉÇÌÑÄ (2.51)rn = r� + c1En1 + c2REn2un = u� + c1R1En1 + c2En2 (4.18)úÇ¦ÄÎÏ ÄÏ (4.11) ËÏÅÆ¦Ã¦¤ÎÔ c1 � � > 0: ôÏÍÕ ÚÁ×ÖÄÉ ÚÎÁÊÄÅÔØÓÑÔÁËÉÊ ÎÏÍÅÒ n� , ÝÏ ÐÒÉ n > n� ×ÅÌÉÞÉÎÉ rn ÔÁ un ÂÕÄÕÔØ ÓÕÔÔ¤×Ï×¦ÄÒ¦ÚÎÑÔÉÓÑ ×¦Ä r� ÔÁ u� ×¦ÄÐÏ×¦ÄÎÏ.ôÅÏÒÅÍÁ 2. ðÒÉ � > 0 ÄÌÑ ÂÕÄØ-ÑËÏÇÏ, ÎÁÐÅÒÅÄ ÚÁÄÁÎÏÇÏ ÞÉÓÌÁ� > 0; ÚÎÁÊÄÅÔØÓÑ ÔÁËÉÊ ÎÏÍÅÒ m� > 0, ÚÁÌÅÖÎÉÊ ×¦Ä � , ÝÏ ÐÒÉn > m� ÂÕÄÕÔØ ÍÁÔÉ Í¦ÓÃÅ ÎÅÒ¦×ÎÏÓÔ¦4÷ÓÔÁÎÏ×ÉÍÏ ÎÉÖÎÀ ÇÒÁÎÉÃÀ ÏÂÌÁÓÔ¦ëò, ÔÏÂÔÏ ¦ÎÔÅÒ×ÁÌ n 2 [0; n�],ÝÏ ÏÐÉÓÕ¤×È¦Ä ÓÉÓÔÅÍÉ ÄÏ ëò. õ ×ÉÐÁÄËÕ ×ÉËÏÎÁÎÎÑ Ò¦×ÎÏÓÔ¦ × (4.17), ¦Ú ÐÅÒÛÏÇÏ Ò¦×ÎÑÎÎÑÚÎÁÈÏÄÉÍÏ n� = ln(�) + lnN�lnE2 ;ÄÅ ××ÅÄÅÎÅ ÐÏÚÎÁÞÅÎÎÑ N� = f0p'0~c22R(0) �c�(0) � 1úÎÁÈÏÄÉÍÏ, ÝÏ n� = 1 ÐÒÉ � = E2. ÷ÅÌÉÞÉÎÁ n� ×ÉÚÎÁÞÁ¤ ×ÅÒÈÎÀ ÇÒÁÎÉÃÀÏÂÌÁÓÔ¦ ¦ÎÄÅËÓ¦× n, ÑË¦ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ÏÂÌÁÓÔØ ×ÈÏÄÕ ÓÉÓÔÅÍÉ × ëò.



35 ðÒÅÐÒÉÎÔj rn � r�r� j> �; j un � u�u� j> �úÎÁÞÅÎÎÑ m� ÈÁÒÁËÔÅÒÉÚÕ¤ ×ÉÈ¦Ä Ú ëò (ÑËÝÏ ëò, ÑË ÔÁËÉÊ, ÍÁ×Í¦ÓÃÅ ÚÇ¦ÄÎÏ ÄÏ ÔÅÏÒÅÍÉ 1, ÔÏÂÔÏ ÑËÝÏ m� > n�).ú ÏÇÌÑÄÕ ÎÁ (4.18) ÔÁ ÕÍÏ×Õ E1 > 1 ÄÏ×ÅÄÅÎÎÑ ÏÞÅ×ÉÄÎÅ. ÷ÅÌÉÞÉÎÁ� ÎÅ ÍÏÖÅ ÂÕÔÉ ÑË ÚÁ×ÇÏÄÎÏ ×ÅÌÉËÏÀ, ÏÓË¦ÌØËÉ ÒÏÚ×'ÑÚËÉ (4.18) ÓÐÒÁ-×ÅÄÌÉ×¦ ÌÉÛÅ ÐÏÂÌÉÚÕ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ òó (2.33). äÌÑ ÏÂÞÉÓÌÅÎÎÑ×ÅÌÉÞÉÎÉ m� ÓËÏÒÉÓÔÁ¤ÍÏÓÑ Ú Ò¦×ÎÏÓÔ¦rm�+� � r�r� = �� (4.19)ðÒÉ � = 1 ×ÏÎÁ ¤ ÎÁÓÌ¦ÄËÏÍ ×¦ÄÏÍÏ§ Æ¦ÚÉÞÎÏ§ ÕÍÏ×Édm�+1(0) = 0; (4.20)ÑËÁ ÂÕÌÁ ÚÁÐÒÏÐÏÎÏ×ÁÎÁ × [1] ÄÌÑ ÏÚÎÁÞÅÎÎÑ ÔÏÞËÉ ×ÉÈÏÄÕ ÓÉÓÔÅÍÉÚ ëò. ñË ÂÕÌÏ ÄÏ×ÅÄÅÎÏ × [4], Ú ÒÏÓÔÏÍ n ×ÅÌÉÞÉÎÁ dn(0) ÎÅ ÚÍÅÎ-ÛÕ¤ÔØÓÑ. ôÏÍÕ ÕÍÏ×Á (4.20) ÄÏÚ×ÏÌÑ¤ ÓÔ×ÅÒÄÖÕ×ÁÔÉ, ÝÏ ÐÒÉ n < m�ÚÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔÁ dn(0) ¤ ×¦Ä'¤ÍÎÉÍÉ, Á ÐÒÉ n � m�+1 ÍÁ¤ÍÏ, ÝÏdn(0) � 0. úÎÁË ËÏÅÆ¦Ã¦¤ÎÔÁ dn(0) ¤ ÐÒÉÎÃÉÐÏ×Ï ×ÁÖÌÉ×ÉÍ ÐÒÉ ÐÒÏ-×ÅÄÅÎÎ¦ ÒÏÚÒÁÈÕÎË¦× ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê. ÷¦Î ×ÉÚÎÁÞÁ¤ ÆÏÒÍÕÂÁÚÉÓÎÏ§ ÇÕÓÔÉÎÉ Í¦ÒÉ. ïÓË¦ÌØËÉ dn(k) = dn(0) + 2��(0)b2k2; ÔÏ ÐÒÉdn(0) > 0 ÍÏÖÎÁ ÓÔÁ×ÉÔÉ ÐÉÔÁÎÎÑ ÐÒÏ ×ÉËÏÒÉÓÔÁÎÎÎÑ ÇÁÕÓÏ×Ï§ ÇÕ-ÓÔÉÎÉ Í¦ÒÉ × ÑËÏÓÔ¦ ÂÁÚÉÓÎÏ§. ðÒÉ dn(0) < 0 ×ÉËÏÒÉÓÔÁÎÎÑ ÇÁÕÓÏ×Ï§ÇÕÓÔÉÎÉ Í¦ÒÉ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÍÏÄÅÌ¦ ¤ ÐÒÉÎÃÉ-ÐÏ×Ï ÎÅÍÏÖÌÉ×ÉÍ.÷ ÃØÏÍÕ ×ÉÐÁÄËÕ, ÏÂÞÉÓÌÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË ÓÉÓÔÅÍÉ ÐÏ×ÉÎÎo ÚÄ¦ÊÓÎÀ×ÁÔÉÓØ ÎÁ ÏÓÎÏ×¦ ÎÅÇÁÕÓÏ×ÉÈÇÕÓÔÉÎ Í¦ÒÉ.úÎÁÊÄÅÍÏ Ñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ ×ÅÌÉÞÉÎ m� . ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ(4.18), (4.19) ÏÔÒÉÍÕ¤ÍÏc1Em�+�1 = ��(0)f0� � c2REm�+�2 (4.21)òÏÚ×'ÑÚËÉ ÃØÏÇÏ ÎÅÌ¦Î¦ÊÎÏÇÏ Ò¦×ÎÑÎÎÑ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅ-ÈÏÄÕ ÂÕÄÅÍÏ ÛÕËÁÔÉ ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÍÅÔÏÄ ÐÏÓÌ¦ÄÏ×ÎÉÈ ÎÁÂÌÉÖÅÎØ.ðÒÉÊÍÅÍÏ ÄÏ Õ×ÁÇÉ, ÝÏ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒ ÂÌÉÚØËÉÈ ÄÏ ËÒÉÔÉÞÎÏ§ m�×ÅÌÉËÅ ÞÉÓÌÏ, Á E2 � 0:385. ÷ ÎÕÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÍÏÖÎÁ ÚÎÅÈÔÕ-×ÁÔÉ ÏÓÔÁÎÎ¦Í ÄÏÄÁÎËÏÍ × (4.21). ôÏÄ¦ ÍÁ¤ÍÏm(0)� = � ln�lnE1 +m0 � � (4.22)ÄÅ

ICMP{97{25U 36m0 = ln�f0��(0)�~c11 � =lnE1 (4.23)ñË ×ÉÄÎÏ ¦Ú (4.22), ÐÒÉ � ! 0 ×ÅÌÉÞÉÎÁ m(0)� ! 1 ¦ ÄÌÑ ×Ó¦È ÚÎÁ-ÞÅÎØ n > n� ÚÁÇÁÌØÎ¦ òó (2.2) ÍÏÖÕÔØ ÂÕÔÉ ÚÁÍ¦ÎÅÎ¦ ÎÁÂÌÉÖÅÎÉÍÉòó (2.33), ÑË¦ ÍÁÀÔØ ÒÏÚ×'ÑÚËÉ (4.18). ôÁËÉÊ ×ÉÓÎÏ×ÏË ÓÐÒÁ×ÅÄÌÉ×ÉÊÌÉÛÅ ÄÌÑ n 2 [n�;m� ]. òÏÚ×'ÑÚÏË Ò¦×ÎÑÎÎÑ (4.21) × ÐÅÒÛÏÍÕ ÎÁÂÌÉ-ÖÅÎÎ¦ ÐÅÒÅÄÂÁÞÁ¤ ÚÁÍ¦ÎÕ Em�+�2 ÎÁ Em(0)� +�2 ¦ ÍÁ¤ ×ÉÇÌÑÄm� = � ln�lnE1 +m0 +m��� � �; (4.24)ÄÅ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑm� = m2=lnE1; m2 = �c��0; �0 = R(0)f0p'0 ;c� = c�� c2(��(0))2 1� ; c� = ~c11� � f0��(0) ; (4.25)õ ×ÉÐÁÄËÕ b = bI ÍÁ¤ÍÏ: m0 = �0:1615;m� = �0:3343; c� =1:3869; c� = �0:4856. úÎÁÞÅÎÎÑ ÃÉÈ ×ÅÌÉÞÉÎ ÐÒÉ ¦ÎÛÉÈ ÐÁÒÁÍÅÔÒÁÈb ÐÒÉ×ÅÄÅÎ¦ × ÔÁÂÌÉÃ¦ 3. ÷ÅÌÉÞÉÎÉ � ÔÁ � ×ÉÚÎÁÞÁÀÔØÓÑ ÆÏÒÍÕÌÁÍÉ� = lnslnE1 ;� = � lnE2lnE1 (4.26)õ ×ÉÐÁÄËÕ ÍÏÄÅÌ¦ �4 ×ÏÎÉ ÐÒÉÊÍÁÀÔØ ÚÎÁÞÅÎÎÑ � = 0:608;�= 0:472.îÁÄÁÌ¦, × ÑËÏÓÔ¦ ÔÏÞËÉ ×ÉÈÏÄÕ Ú ëò ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ×ÅÌÉÞÉ-ÎÕ m� ¦Ú (4.24). îÁ ÒÉÓ. 3 ÐÏËÁÚÁÎÁ ÓÈÅÍÁÔÉÞÎÁ ÚÁÌÅÖÎ¦ÓÔØ ×ÅÌÉÞÉÎÉhn = (rn + q)(un)�1=2, ÑË ÆÕÎËÃ¦§ n. ðÏÄ¦ÂÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÍÁ¤ Í¦ÓÃÅ ¦ÄÌÑ ×ÅÌÉÞÉÎ rn ÔÁ un.÷ ÏÂÌÁÓÔ¦ ¦ÎÄÅËÓ¦× n < m� ÄÌÑ ×Ó¦È ÔÅÍÐÅÒÁÔÕÒ � � 1 × ÓÉÓÔÅÍ¦ ÎÅ-ÍÉÎÕÞÅ ×ÉÎÉËÁ¤ ÒÅÎÏÒÍÇÒÕÐÏ×Á ÓÉÍÅÔÒ¦Ñ. ÷ÏÎÁ Ó×¦ÄÞÉÔØ ÐÒÏ ÚÍ¦ÎÕÔÅÍÐÅÒÁÔÕÒÎÏ§ ÐÏ×ÅÄ¦ÎËÉ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ÓÉÓÔÅÍÉ, ËÏÌÉÔÅÍÐÅÒÁÔÕÒÁ ÎÁÂÌÉÖÁ¤ÔØÓÑ ÄÏ Tc. ÷¦ÄÓÕÔÎ¦ÓÔØ ÏÂÌÁÓÔ¦ ËÒÉÔÉÞÎÏÇÏÒÅÖÉÍÕ (ÄÉ×. ÒÉÓ.3) ÏÚÎÁÞÁ¤, ÝÏ ÓÉÓÔÅÍÁ ÂÕÄÅ ÏÐÉÓÕ×ÁÔÉÓÑ ÇÁÕÓÏ-×ÉÍ ÒÅÖÉÍÏÍ ÆÌÕËÔÕÁÃ¦Ê, ÑËÉÊ ÐÒÉ×ÏÄÉÔØ ÄÏ ËÌÁÓÉÞÎÉÈ ÚÎÁÞÅÎØËÒÉÔÉÞÎÉÈ ÐÏËÁÚÎÉË¦×. ú ÔÏÞËÉ ÚÏÒÕ ÔÅÏÒÅÔÉÞÎÏÇÏ ÏÐÉÓÕ ÆÁÚÏ×Ï-ÇÏ ÐÅÒÅÈÏÄÕ ÎÁ Í¦ËÒÏÓËÏÐ¦ÞÎÏÍÕ Ò¦×Î¦ ËÒÉÔÉÞÎ¦ ÐÏËÁÚÎÉËÉ ÐÏ×Î¦ÓÔÀ×ÉÚÎÁÞÁÀÔØÓÑ ÕÞÁÓÔËÏÍ ëò. ðÅÒÅÈ¦Ä ËÌÁÓÉÞÎÉÈ ËÒÉÔÉÞÎÉÈ ÐÏËÁÚ-ÎÉË¦× (ÏÂÌÁÓÔØ ÇÁÕÓÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê) ÄÏ ÎÅËÌÁÓÉÞÎÉÈ ÐÏ×Î¦ÓÔÀ ×É-ÚÎÁÞÁ¤ÔØÓÑ ×ÅÌÉÞÉÎÏÀ ��.



37 ðÒÅÐÒÉÎÔ
-

6 òç� ÓÉÍÅÔp¦Ñ � > 0� = � �
n

hnh�0 n0 ��� < 0ëò ççòIçò6 6h0òÉÓ. 3. úÁÌÅÖÎ¦ÓÔØ ÚÍ¦ÎÎÏ§ hn (2.8) ×¦Ä ÎÏÍÅÒÁ ÂÌÏÞÎÏ§ ÓÔÒÕËÔÕÒÉ nÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ (� < ��):ïÃ¦ÎÉÍÏ ÐÏÒÑÄÏË ×ÅÌÉÞÉÎ ��. äÌÑ ÃØÏÇÏ ÐÏÒ¦×ÎÑ¤ÍÏ ×ÅÌÉÞÉÎÉ,ÑË¦ ×ÉÚÎÁÞÁÀÔØ ×È¦Ä ÔÁ ×ÉÈ¦Ä Ú ÕÞÁÓÔËÕ ëò. úÁÐÉÛÅÍÏ ×ÉÒÁÚ ÄÌÑ×ÅÌÉÞÉÎÉ rn ÐÒÉ ÄÅÑËÏÍÕ n = n0. úÇ¦ÄÎÏ ÄÏ (4.18) ÍÁ¤ÍÏrn0 = r� + c1En01 + c2REn02 (4.27)¶Ú ÕÍÏ×É c1En01 � c2REn02 (4.28)ÚÎÁÈÏÄÉÍÏ Ò¦×ÎÑÎÎÑ �� = A�E2E1�n0 (4.29)ÄÅ A = ~c22R(0)~c11p'0�2�(0) (4.30)ò¦×ÎÑÎÎÑ (4.29) ÄÏÚ×ÏÌÑ¤ ÚÎÁÊÔÉ ÚÎÁÞÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ ��, ÐÒÉ ÑËÏ-ÍÕ ËÏÏÒÄÉÎÁÔÁ ÔÏÞËÉ ×ÈÏÄÕ ÄÏ ëò ÓÐ¦×ÐÁÄÁ¤ Ú ËÏÏÒÄÉÎÁÔÏÀ ÔÏÞËÉ×ÉÈÏÄÕ Ú ÎØÏÇÏ. ãÅ ÏÚÎÁÞÁ¤, ÝÏ ÄÌÑ ÏÂÌÁÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ � > �� ÕÞÁ-ÓÔÏË ëò ×¦ÄÓÕÔÎ¦Ê, Á ÐÒÉ � < �� ÔÁËÉÊ ÕÞÁÓÔÏË ÍÁ¤ Í¦ÓÃÅ. ðÒÉÊÍÁÀ-ÞÉ ÄÏ Õ×ÁÇÉ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×ÅÌÉÞÉÎ c1; c2 ÔÁ R (ÄÉ×.(4.11),
ICMP{97{25U 38(4.14) ÔÁ (2.52)) ÚÎÁÈÏÄÉÍÏ ÐÏÓÔ¦ÊÎÕA.äÌÑ ÏÃ¦ÎËÉ ×ÅÌÉÞÉÎÉ �� ÐÒÉÊ-ÍÅÍÏ,ÝÏ n0 = n� (ÄÉ×. ÚÎÏÓËÕ 5 ÎÁ ÓÔ. 35) ¦ ÚÇ¦ÄÎÏ ÄÏ (4.29) ÚÎÁÈÏÄÉÍÏ�� � 0:01� 0:02 (4.31)÷ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ×ÅÌÉÞÉÎÉ ÐÁÒÁÍÅÔÒÁ b=c ÄÌÑ �� ÏÔÒÉÍÕ¤ÍÏ ÄÁÎ¦,ÐÒÉ×ÅÄÅÎ¦ × ÔÁÂÌÉÃ¦ 2. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÐÒÉ b=c ÚÎÁÞÅÎÎÑ �� ÓÔÁ¤ÎÅ ÚÁÌÅÖÎÏÀ ×¦Ä b=c ×ÅÌÉÞÉÎÏÀ ¦ Ò¦×ÎÅ�� = 0:023 (4.32)ôÁÂÌ. 2. ÷ÅÌÉÞÉÎÁ ËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ ÑË ÆÕÎËÃ¦Ñ Í¦ËÒÏ-ÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦×.b=c bmin 0:22 0:30 0:35 0:40 0:50 1:00�� 0.012 0.011 0.023 0.025 0.024 0.022 0.023÷ÉÚÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎÉ ËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ¦ ¤ ×ÁÖÌÉ×ÉÍ ÅÌÅÍÅÎÔÏÍËÏÖÎÏ§ ÔÅÏÒÅÔÉÞÎÏ§ ÓÈÅÍÉ ÏÐÉÓÕ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.äÏÂÒÅ ×¦ÄÏÍÉÍ ¤ËÒÉÔÅÒ¦Ê ç¦ÎÚÂÕÒÇÁ [24], ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎÉ ËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ¦ÔÅÍÐÅÒÁÔÕÒ, ÄÅÔÁÌØÎÅ ×É×ÞÅÎÎÑ ÃØÏÇÏ ÐÉÔÁÎÎÑ ÐÒÏ×ÏÄÉÌÏÓÑ ÔÁËÏÖ ×[25].ôÁËÉÍ ÞÉÎÏÍ, ÚÎÁÊÄÅÎÁ ×ÅÌÉÞÉÎÁ ÏÂÌÁÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ j � j< ��, ×ÑË¦Ê ÐÏ×ÅÄ¦ÎËÁ ÓÉÓÔÅÍÉ ÐÏ×ÉÎÎÁ ÏÐÉÓÕ×ÁÔÉÓØ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÐÒÉÎ-ÃÉÐÏ×Ï ÎÏ×ÏÇÏ ÍÁÔÅÍÁÔÉÞÎÏÇÏ ÁÐÁÒÁÔÕ. âÕÄÅÍÏ ÎÁÚÉ×ÁÔÉ ÃÀ ÏÂÌÁÓÔØËÒÉÔÉÞÎÏÀ ÏÂÌÁÓÔÀ ÔÅÍÐÅÒÁÔÕÒ.5. òÏÚÒÁÈÕÎÏË ×ËÌÁÄ¦× ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÏÄÎÏËÏÍ-ÐÏÎÅÎÔÎÏ§ ÓÐ¦ÎÏ×Ï§ ÓÉÓÔÅÍÉ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ-×ÏÇÏ ÐÅÒÅÈÏÄÕ. (ïÂÌÁÓÔØ ëò).÷ÉËÌÁÄÅÎÁ ÓÈÅÍÁ ÒÏÚÒÁÈÕÎËÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÔÒÉ×ÉÍ¦ÒÎÏ§ ÓÐ¦ÎÏ×Ï§ÓÉÓÔÅÍÉ ÐÏÂÌÉÚÕ ÔÏÞËÉ æð. úÁÇÁÌØÎÁ ¦ÄÅÑ ÒÏÚÒÁÈÕÎËÕ ÐÏÌÑÇÁ¤ ×ÒÏÚÄ¦ÌØÎÏÍÕ ×ÒÁÈÕ×ÁÎÎ¦ ×ËÌÁÄ¦× ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ×¦Ä ËÏÒÏÔËÏÈ×É-ÌØÏ×ÉÈ ÔÁ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê ÇÕÓÔÉÎÉ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄ-ËÕ. ïÔÒÉÍÁÎÉÊ Ñ×ÎÉÊ ×ÉÇÌÑÄ ÄÌÑ ÞÁÓÔÉÎÉ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ (5.40),ÑËÁ ÆÏÒÍÕ¤ÔØÓÑ ×ËÌÁÄÏÍ ËÏÒÏÔËÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê. äÏÓÌ¦ÄÖÅ-ÎÁ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÍÏÄÅÌ¦. úÎÁÊÄÅÎ¦ ÚÎÁ-ÞÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÐÏËÁÚÎÉË¦×.



39 ðÒÅÐÒÉÎÔ÷¦ÄÏÍÏ, ÝÏ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×ÉÒÁÚÉ ÄÌÑ ÔÅÒÍÏ-ÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ÎÁÂÕ×ÁÀÔØ ÎÅÁÎÁÌ¦ÔÉÞÎÏ§ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ÔÅÍÐÅ-ÒÁÔÕÒÉ. ÷ÉËÌÁÄÅÎÁ ÎÉÖÞÅ ÓÈÅÍÁ ÒÏÚÒÁÈÕÎËÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÐÏÑÓÎÀ¤ÚÍ¦ÎÕ ÈÁÒÁËÔÅÒÕ §§ ÔÅÍÐÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ¦ ÐÒÉ ÎÁÂÌÉÖÅÎÎ¦ ÔÅÍÐÅ-ÒÁÔÕÒÉ ÄÏ ËÒÉÔÉÞÎÏ§.ñËÝÏ ÄÁÌÅËÏ ×¦Ä ÔÏÞËÉ æð ÓÉÓÔÅÍÁ ÏÐÉÓÕ¤ÔØÓÑÇÁÕÓÏ×ÉÍ ÒÏÚÐÏÄ¦ÌÏÍ ÆÌÕËÔÕÁÃ¦Ê, ÔÏ ÐÏÂÌÉÚÕ §§ ÎÅÏÂÈ¦ÄÎÏ ×ÉËÏÒÉÓÔÏ-×Õ×ÁÔÉ ÎÅÇÁÕÓÏ×¦ ÂÁÚÉÓÎ¦ ÒÏÚÐÏÄ¦ÌÉ. ÷ Ú×'ÑÚËÕ Ú ÃÉÍ ×¦ÌØÎÕ ÅÎÅÒÇ¦ÀÓÉÓÔÅÍÉ ÚÒÕÞÎÏ ÚÏÂÒÁÚÉÔÉ Õ ×ÉÄ¦ ÓÕÍÉ (Ò¦ÚÎÉÈ ÚÁ Ó×Ï¤À ÐÒÉÒÏÄÏÀ)ÄÏÄÁÎË¦× [22]. F = F0 + FËÒ + FÇÇÒ: (5.1)ïÓÎÏ×ÎÉÊ ×ËÌÁÄ ÄÏ ×ÅÌÉÞÉÎÉ F0 ÐÏÈÏÄÉÔØ ×¦Ä ÓÉÓÔÅÍÉ ÎÅ×ÚÁ¤ÍÏÄ¦À-ÞÉÈ ÞÁÓÔÉÎÏË F0 = �kTN (ln2 + ~M0);ÄÅ ×ÅÌÉÞÉÎÁ ~M0 ÏÚÎÁÞÅÎÁ × (16).÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ëò FËÒ ×¦ÄÐÏ×¦ÄÁ¤ ×ËÌÁÄÕ ËÏÒÏÔËÏÈ×ÉÌØÏ×ÉÈÆÌÕËÔÕÁÃ¦Ê ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§. ãÅ ÔÁË¦ ÆÌÕËÔÕÁÃ¦§, ÄÏ×ÖÉÎÁ È×ÉÌ¦ÑËÉÈ ÎÅ ÐÅÒÅ×ÉÝÕ¤ ×ÅÌÉÞÉÎÕ sm� . ïÓÔÁÎÎÑ, ÚÁ ÐÏÒÑÄËÏÍ ×ÅÌÉÞÉÎÉ,ÓÐ¦×ÐÁÄÁ¤ Ú ËÏÒÅÌÑÃ¦ÊÎÏÀ ÄÏ×ÖÉÎÏÀ ¦ ÚÁÌÅÖÉÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ.FËÒ ÚÁÐÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦FËÒ = �kT m�Xn=0Fn (5.2)÷ÅÌÉÞÉÎÁ m� ÏÚÎÁÞÅÎÁ × (4.19). äÌÑ ÐÁÒÃ¦ÁÌØÎÏ§ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ n-ÔÏÇÏ ÆÁÚÏ×ÏÇÏ ÛÁÒÕ Fn ÍÁ¤ÍÏ ×ÉÒÁÚFn = �kT lnQn (5.3)ðÁÒÃ¦ÁÌØÎÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ Qn ÏÂÞÉÓÌÀ¤ÔØÓÑ ÚÇ¦ÄÎÏ ÄÏ (1.18).÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ççò ÐÏÚÎÁÞÁ¤ÔØÓÑ ÑË FÇÇÒ ¦ ÏÐÉÓÕ¤ ×ËÌÁÄ ÄÏ ÚÁ-ÇÁÌØÎÏ§ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ×¦Ä ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÁÚ ÆÌÕËÔÕÁÃ¦Ê ÐÁÒÁÍÅ-ÔÒÁ ÐÏÒÑÄËÕ (ÄÉ×. òÉÓ.3). ðÒÉ §§ ÒÏÚÒÁÈÕÎËÕ ÓËÏÒÉÓÔÁ¤ÍÏÓÑ Ú ÆÏÒ-ÍÕÌÉ FÇÇÒ = �kT lnZÇÇÒ; (5.4)ÄÅ × ÑËÏÓÔ¦ ZÇÇÒ ÍÁ¤ÍÏ ×ÉÒÁÚZÇÇÒ = [Q(Pm� )]Nm�+1 2(Nm�+1�1)=2 Z Wm�+1(�)(d�)Nm�+1 (5.5)
ICMP{97{25U 40ôÕÔ Q(Pm� ) ÏÂÞÉÓÌÀ¤ÔØÓÑ ÚÇ¦ÄÎÏ ÄÏ ÚÁÇÁÌØÎÏÇÏ ×ÉÒÁÚÕ (1.19), ÁÂÏÊÏÇÏ ÎÁÂÌÉÖÅÎÏ§ ÆÏÒÍÕÌÉ (2.21) ÐÒÉ l = 0 (ÔÏÂÔÏ ×ÅÌÉÞÉÎÏÀ Y (n)0 ,ÄÅ × ÑËÏÓÔ¦ n ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÚÎÁÞÅÎÎÑ m� ). äÌÑ Wm�+1(�) ÍÁ¤ÍÏWm�+1(�) = exp8<:�12 Xk�Bm�+1 dm�+1(k)�k��k��am�+14! N�1m�+1 Xk1;:::;k4 �~k1 : : : �~k4�~k1+:::+~k49=; (5.6)ëÏÅÆ¦Ã¦¤ÎÔÉ dm�+1(0) ÔÁ am�+1 ÚÎÁÈÏÄÑÔØÓÑ Ú òó (2.33).úÎÁÊÄÅÍÏ Ñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ ×ÅÌÉÞÉÎÉ FËÒ. úÁÐÉÛÅÍÏ ÆÏÒÍÕÌÕ(5.2) Õ ×ÉÇÌÑÄ¦ Ä×ÏÈ ÄÏÄÁÎË¦×FËÒ = F1 � kT m�Xn=1 lnQ; (5.7)ÄÅ F1-×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÎÕÌØÏ×ÏÇÏ ÛÁÒÕF1 = �kTN 0(a00 + lnQ(d0)); (5.8)ëÏÅÆ¦Ã¦¤ÎÔ a00 ÏÂÞÉÓÌÅÎÉÊ ÎÁÍÉ × (4.5)-(4.9), Á ×ÉÒÁÚ ÄÌÑ Q(d0) ÐÒÉ-×ÅÄÅÎÉÊ × (1.23). ðÅÒÛÉÊ ÄÏÄÁÎÏË × (5.7) ÏÐÉÓÕ¤ ÚÁ ×È¦Ä ÓÉÓÔÅÍÉ ×ËÒÉÔÉÞÎÉÊ ÒÅÖÉÍ ¦ ÒÏÚÒÁÈÏ×Õ¤ÔØÓÑ ÏËÒÅÍÏ. äÒÕÇÉÊ ÄÏÄÁÎÏË ÏÐÉÓÕ¤×¦ÌØÎÕ ÅÎÅÒÇ¦À ×ÌÁÓÎÅ ËÒÉÔÉÞÎÏÇÏ ÒÅÖÉÍÕ. ÷¦Î ×ËÌÀÞÁ¤ × ÓÅÂÅ m�ÛÁÒ¦× ÆÁÚÏ×ÏÇÏ ÐÒÏÓÔÏÒÕ ëú. ÷ÅÌÉÞÉÎÁ Qn ÐÒÉ n 2 [1;m� ] ÍÏÖÅÂÕÔÉ ÐÒÅÄÓÔÁ×ÌÅÎÁ ÑË Ñ×ÎÁ ÆÕÎËÃ¦Ñ ÎÏÍÅÒÁ ÛÁÒÕ n, ÏÓË¦ÌØËÉ ×ÅÌÉ-ÞÉÎÉ rn ÔÁ un × Ã¦Ê ÏÂÌÁÓÔ¦ ÂÌÉÚØË¦ ÄÏ §È Æ¦ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎØ r� ÔÁu� ×¦ÄÐÏ×¦ÄÎÏ. ãÅ ÄÏÚ×ÏÌÑ¤ ÐÒÏ×ÅÓÔÉ ÏÐÅÒÁÃ¦À ÓÕÍÕ×ÁÎÎÑ ÐÏ n.ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÄÏÄÁÎËÕ F1 ¦Ú (5.7) ÒÏÚÒÁÈÏ×ÁÎÁ × äÏ-ÄÁÔËÕ 2 ¦ ÍÁ¤ ×ÉÇÌÑÄ ÒÏÚËÌÁÄÕ ÚÁ ÓÔÅÐÅÎÑÍÉ � . ïÂÍÅÖÕÀÞÉÓØ ÞÌÅ-ÎÁÍÉ ÐÒÏÐÏÒÃ¦ÊÎÉÍÉ ÄÏ ÄÒÕÇÏ§ ÓÔÅÐÅÎ¦ � , ÍÁ¤ÍÏF1 = �kTN 0[f0 + f1� + f2�2] (5.9)ÄÅ fl = a0l + q0l (5.10)úÎÁÞÅÎÎÑ ×ÉÒÁÚÕ (5.9) ×ÉÐÁÄËÕ � ! 0 ×ÉÚÎÁÞÁ¤ÔØÓÑ ËÏÅÆ¦Ã¦¤ÎÔÏÍf0. ðÒÉ ÚÂ¦ÌØÛÅÎÎ¦ ÒÁÄ¦ÕÓÁ Ä¦§ ÐÏÔÅÎÃ¦ÁÌÕ ×ÅÌÉÞÉÎÁ f0 ÄÏÓÑÇÁ¤ Ó×Ï-ÇÏ Í¦Î¦ÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ ÐÒÉ b = 0:57c. ëÏÅÆ¦Ã¦¤ÎÔÉ f1 ÔÁ f2 ¤



41 ðÒÅÐÒÉÎÔÍ¦Î¦ÍÁÌØÎÉÍÉ ÐÒÉ b = 0:29c. úÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× g0l ÔÁ fl ÐÒÉ-×ÅÄÅÎ¦ × ÔÁÂÌÉÃ¦ 3.ôÁÂÌ. 3. úÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ "×È¦ÄÎÏÇÏ ÒÅÖÉÍÕ"(Æ-ÌÁ (5.9)) ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÁÐÁÒÍÅÔÒ¦× ÚÁÄÁÞ¦.b=Ó q00 q01 q02 f0 f1 f2bI 1.2977 -0.2963 0.3636 0.4049 -0.4156 0.48290.30 1.2781 -0.2689 0.3290 0.4023 -0.4035 0.4636bII 1.2501 -0.2670 0.3383 0.3984 -0.4107 0.48200.35 1.2494 -0.2828 0.3620 0.3978 -0.4201 0.4993bIII 1.2503 -0.2956 0.3805 0.3978 -0.4272 0.51220.40 1.2616 -0.3632 0.4814 0.3972 -0.4630 0.58130.45 1.2785 -0.4332 0.5959 0.3968 -0.5001 0.66280.50 1.2933 -0.4865 0.6918 0.3965 -0.5290 0.73440.60 1.3150 -0.5581 0.8351 0.3964 -0.5695 0.84660.80 1.3389 -0.6317 1.0037 0.3972 -0.6142 0.98611.00 1.3504 -0.6662 1.0914 0.3982 -0.6364 1.06162.00 1.3644 -0.7074 1.2045 0.3997 -0.6639 1.16103.00 1.3663 -0.7127 1.2196 0.3999 -0.6675 1.17445.00 1.3670 -0.7146 1.2250 0.4000 -0.6688 1.179210.00 1.3672 -0.7151 1.2264 0.4000 -0.6691 1.18041úÎÁÊÄÅÍÏ ×ÉÒÁÚ ÄÌÑ ÄÒÕÇÏÇÏ ÄÏÄÁÎËÕ ¦Ú (5.7). äÏ ÓËÌÁÄÕ Qn ×ÈÏ-ÄÉÔØ ÄÏÂÕÔÏË Ä×ÏÈ ×ÅÌÉÞÉÎ Q(Pn�1) ÔÁ Q(dn). äÌÑ §È ÒÏÚÒÁÈÕÎËÕ,ÚÇ¦ÄÎÏ ÄÏ (2.10), (2.21), ÓËÏÒÉÓÔÁ¤ÍÏÓÑ Ú ÎÁÓÔÕÐÎÉÈ ×ÉÒÁÚ¦×Q(dn) = sn� 24un�14 12��14��1� p6hn + 34h2n + 0(h3n)�Q(Pn) = �(2�)P (n)2 �1=2 �1� 34gn +�10532 g2n � 158 fn� ++�94532 gnfn � 33 � 10532 � 4 g3n � 10516 kn�� (5.11)äÌÑ ×ÅÌÉÞÉÎ gn; fn ÔÁ kn ÍÁ¤ÍÏ ×ÉÒÁÚÉ (2.17)-(2.19), Á ÄÌÑ P (n)2 ×É-ÒÁÚ (2.13). ÷ÏÎÉ ÄÏÚ×ÏÌÑÀÔØ ÐÒÅÄÓÔÁ×ÉÔÉ Q(Pn) × ×ÉÇÌÑÄ¦ ÒÏÚËÌÁÄÕÚÁ ÓÔÅÐÅÎÑÍÉ ÁÒÇÕÍÅÎÔÁ hn (ÄÉ×. ÆÏÒÍÕÌÕ (2.8)). ÷ ÒÅÚÕÌØÔÁÔ¦ ÚÎÁ-ÈÏÄÉÍÏ

ICMP{97{25U 42Q(Pn) = z0p2� 1p �un24�1=4 s�n �1 + p11hn + p12h2n� (5.12)ôÕÔ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑz0 = 1� 34g0s�d +�10532 g20 � 158 f0� s�2d ++�94532 g0f0 � 33 � 10532 � 4 g30 � 10516 k0� s�3d + : : : ;p11 = z1z0 � e12 ; p12 = z2z0 � z1e12z0 + 38e21 � e22 ; (5.13)ÐÒÉÞÏÍÕ z1 = g0g134s�d + 158 s�2d�72g20g1 � f0f1�++10516 s�3d �92f0g0(f1 + g1)� 998 g30g1 � k0k1�z2 = �34s�dg0g2 + 158 s�2d�74g20(g21 + 2g2) � f0f2�++10516 s�3d �92f0g0(g2 + g1f1 + f2)�� 998 g30(g2 + g21)� k0k2� + : : : (5.14)íÉ ÍÁ¤ÍÏ, ÝÏ s = s�, ÔÏÍÕz0 = 0:9975; z1 = 0:2129 � 10�2; z2 = �0:6439 � 10�3;p11 = 0:4941; p12 = 0:2072 � 10�1 (5.15)äÌÑ ÐÁÒÃ¦ÁÌØÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ n-ÔÏÇÏ ÛÁÒÕ ÚÎÁÈÏÄÉÍÏQ1=Nnn = q0s�un�1un �1=4 h1 + p11hn�1 � p6hn��p6p11hnhn�1 + p12h2n�1 + 34h2n� ; (5.16)



43 ðÒÅÐÒÉÎÔÄÅ ÕÎ¦×ÅÒÓÁÌØÎÁ ÐÏÓÔ¦ÊÎÁ q0 Ò¦×ÎÁq0 = z02 (2�)�1=2��14� = 1:2408 (5.17)äÌÑ ÏÂÞÉÓÌÅÎÎÑ (5.16) ÓËÏÒÉÓÔÁ¤ÍÏÓØ Ú Ò¦×ÎÏÓÔ¦�un�1un �1=4 = 1� !14!0hn�1 +  � !24!0 + 532 �!1!0�2!h2n�1; (5.18)ÑËÁ ÓÌ¦ÄÕ¤ Ú Ò¦×ÎÑÎÎÑ (2.28). ÷ ÒÅÚÕÌØÔÁÔ¦, ×ÉÒÁÚ (5.16) ÐÅÒÅÐÉÛÅÔØÓÑ× ×ÉÄ¦ (Qn)1=Nn = q0s h1 + ~p11hn�1 � p6hn++ ~p12h2n�1 + 34h2n + ~p22hnhn�1� (5.19)ÄÅ ~p11 = p11 � !14!0 ; ~p12 = p12 � !24!0 + 532 �!1!0�2 ;~p22 = p6� !14!0 � p11� (5.20)(ÐÒÉÞÏÍÕ ~p11 = 0:2055; ~p12 = 0:5945; ~p22 = �0:1701).ðÒÅÄÓÔÁ×ÉÍÏ hn ÑË ÆÕÎËÃ¦À ÎÏÍÅÒÁ ÛÁÒÕ n. äÌÑ ÃØÏÇÏ ÒÏÚÇÌÑ-ÎÅÍÏ ÐÏ×ÅÄ¦ÎËÕ ×ÅÌÉÞÉÎÉhn = (rn + q)(un)�1=2 (5.21)Ú ÒÏÓÔÏÍ n. óËÏÒÉÓÔÁ¤ÍÏÓÑ Ú Ñ×ÎÉÈ ÒÏÚ×'ÑÚË¦× òó, ÝÏ ÏÔÒÉÍÁÎ¦ ×(2.51). ïÓË¦ÌØËÉ, n � m� , ÔÏ ËÏÖÎÁ Ú ×ÅÌÉÞÉÎ rn ÔÁ un ÂÌÉÚØË¦ ÄÏÓ×Ï§È Æ¦ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎØ r� ÔÁ u� ×¦ÄÐÏ×¦ÄÎÏ. ãÅ ÏÚÎÁÞÁ¤, ÝÏ ÐÒÁ×¦ÞÁÓÔÉÎÉ Ò¦×ÎÏÓÔÅÊ rn � r� = c1En1 + c2REn2un � u� = c1R1En1 + c2En2 (5.22)¤ ÍÁÌÉÍÉ ×ÅÌÉÞÉÎÁÍÉ. úÁÐÉÛÅÍÏ ×ÉÒÁÚ ÄÌÑ hn
ICMP{97{25U 44hn = c1En1 + c2REn2(u� + c1R1En1 + c2En2 )1=2 (5.23)÷ÅÌÉÞÉÎÉ c1En1 ÔÁ c2En2 ¤ ÍÁÌÉÍÉ × ÐÏÒ¦×ÎÑÎÎ¦ Ú u�. ôÏÍÕ, ÒÏÚËÌÁÄÁ-ÀÞÉ × ÒÑÄ ÚÎÁÍÅÎÎÉË ×ÉÒÁÚÕ (5.23) ¦ ÏÂÍÅÖÕÀÞÉÓØ ÞÌÅÎÁÍÉ ÄÒÕÇÏÇÏÐÏÒÑÄËÕ, ÏÄÅÒÖÕ¤ÍÏ ×ÉÒÁÚhn = B1En2 + B2E2n2 + B3c1En1 + B4c1En1En2 +B6c21E2n1 ; (5.24)ÄÅ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× Bl ÍÁ¤ÍÏB1 = R(0)c2(u�)�1; B2 = �12R(0)(c2=u�)2; B3 = (u�)�1=2B4 = �12(1 + R(0)1 R(0))c2(u�)�3=2; B6 = �12R(0)1 (u�)�1 (5.25)ð¦ÄÓÔÁ×ÉÍÏ (5.24) × (5.19). ÷ ÒÅÚÕÌØÔÁÔ¦ ÏÔÒÉÍÕ¤ÍÏFn = �kTNnlnQn = �kTN 0s�3n fln(q0s)++f11c1(u�)�1=2En1 + f12c2(u�)�1En2 + f13(u�)�1c21E2n1 +f14c22(u�)�2E2n2 + f15c2(u�)�3=2c1En1En2o (5.26)ÄÅ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑf11 = f110; f12 = f120; f13 = f130 � 12f2110;f14 = f140 � 12f2120; f15 = f150 � f110f120; (5.27)ÐÒÉÞÏÍÕf110 = ~p11=E1 � p6; f120 = R(0)(~p11=E2 � p6);f130 = �12R(0)1 (~p11=E21 � p6) ++(~p12=E21 + 34 + ~p22=E1);f140 = �12R(0)(~p11=E22 � p6) +



45 ðÒÅÐÒÉÎÔ+(R(0))2� ~p12E22 + 34 + ~p22E2 � ;f150 = �12(1 + R(0)R(0)1 )� ~p11E1E2 � p6�++R(0) �2 ~p12E1E2 + 32 + ~p22E1 + E2E1E2 � (5.28)÷ÅÌÉÞÉÎÉ f1l ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ¦ ÐÒÉÊÍÁÀÔØ ÎÁÓÔÕÐÎ¦ ÞÉÓÌÏ×¦ ÚÎÁ-ÞÅÎÎÑ f11 = �0:8008; f12 = 0:1564; f13 = 0:4896f14 = 1:3689; f15 = �0:3011 (5.29)÷ ÒÅÚÕÌØÔÁÔ¦ ×ÉËÏÎÁÎÎÑ ÏÐÅÒÁÃ¦§ ÓÕÍÕ×ÁÎÎÑ ÐÏ n ×ÉÒÁÚÕ (5.26)ÚÎÁÈÏÄÉÍÏ � kTN 0 m�Xn=1 s�3nlnQn = �kTN 0[Q0 +Qm� ] (5.30)ÄÅ Q0 = s�3 ht00 + t01(u�)�1=2c1E1 + t02(u�)�1c2E2++t03(u�)�1(c1E1)2 + t04(u�)�2(c2E2)2 ++ t05(u�)�3=2c1E1c2E2iQm� = �s�3(m�+1) �t00 + t01 �f0p'0E1��1 (1� �0c���)++t02'�10 c����E1��2 + t03f20'�10 �2E2(1��)1 ��(1 � 2�0c���) + + t05f0'�3=20 �2(E1E2)1��c���i (5.31)ôÕÔ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑt00 = ln(q0s)=(1� s�3); t01 = f11=(1� E1s�3);t02 = f12=(1�E2s�3); t03 = f13=(1�E21s�3);t04 = f14=(1� E22s�3); t05 = f15=(1� E1E2s�3); (5.32)äÁÎ¦ ×ÅÌÉÞÉÎÉ ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ¦ ÐÒÉÊÍÁÀÔØ ÚÎÁÞÅÎÎÑ
ICMP{97{25U 46t00 = 1:4839; t01 = �0:9868; t02 = 0:1579;t03 = �1:1429; t04 = 1:3740; t05 = �0:3246:÷ÉÄ¦ÌÉÍÏ Õ Q0 Ñ×ÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ. ðÒÉÊÍÁÀÞÉ ÄÏÕ×ÁÇÉ (2.43), (4.11) ÔÁ (4.14) ÚÎÁÈÏÄÉÍÏQ0 = f (00)ËÒ + f (01)ËÒ � + f (02)ËÒ �2; (5.33)ÄÅ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× f (0l)ËÒ ÍÁ¤ÍÏ ×ÉÒÁÚÉf (00)ËÒ = t00s�3 + d(2)~c22 + d(4)~c222;f (01)ËÒ = d(1)(c10 + c11) + d(2)(2c20 + c21) +d(4)2~c22(2c20 + c21) + d(5)~c22(c10 + c11);f (02)ËÒ = d(1)c10 + d(2)c20 + d(3)(c10 + c11)2 ++d(4)(2~c22c20 + (2c20 + c21)2) +d(5)(~c22c10 + (2c20 + c21)(c10 + c11)) (5.34)ôÕÔ ××ÅÄÅÎÅ ÐÏÚÎÁÞÅÎÎÑ ~c22 = c20 + c21 + c22, Á ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦×c1l; c2l ÍÁ¤ÍÏ ×ÉÒÁÚÉ, ÐÒÉ×ÅÄÅÎ¦ × (4.13), (4.15). äÌÑ ÕÎ¦×ÅÒÓÁÌØÎÉÈÐÏÓÔ¦ÊÎÉÈ d(0) ÚÎÁÈÏÄÉÍÏd(1) = t01E1(s3�c�(0)p'0)�1;d(2) = t02E2(s3'0(�c�(0))2)�1;d(3) = t03E21(s3'0(�c�(0))2)�1;d(4) = t04E22(s3'20(�c�(0))4)�1;d(5) = t05E1E2(s3'3=20 (�c�(0))3)�1; (5.35)÷ÉÒÁÚ ÄÌÑ Qm� ¦Ú (5.3) ÍÁ¤ ÎÅÁÎÁÌ¦ÔÉÞÎÕ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ.íÁ¤ÍÏ Qm� = �s�3(m�+1) hf (1)ËÒ + f (2)ËÒ c���i (5.36)ÄÅ



47 ðÒÅÐÒÉÎÔf (1)ËÒ = t00 + t01�E1��1 f0('0)�1=2 + t03�2E2(1��)1 f20 ('0)�1;f (2)ËÒ = �R(0)('0)�1t01�E1��1 + t02�E1��2 ('0)�1 �2R(0)f0'�3=20 t03�2E2(1��)1 + t05f0'�3=20 �2(E1E2)1�� (5.37)óÌ¦Ä Ð¦ÄËÒÅÓÌÉÔÉ, ÝÏ ËÏÅÆ¦Ã¦¤ÎÔÉ f (l)ËÒ ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ×ÅÌÉÞÉ-ÎÁÍÉ. ÷ÏÎÉ ×ÉÚÎÁÞÁÀÔØÓÑ ×ÉËÌÀÞÎÏ ËÏÏÒÄÉÎÁÔÁÍÉ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉòó ÔÁ §È ×ÌÁÓÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ. äÌÑ ×ÉÐÁÄËÕ ÍÏÄÅÌ¦ �4 ×ÏÎÉ Ò¦×Î¦ 5f (1)ËÒ = 0:4001 f (2)ËÒ = �2:2364 (5.38)ðÒÉ ÒÏÚÒÁÈÕÎËÕ ×ÅÌÉÞÉÎÉ Qm� ÎÁÍÉ ÂÕÌÉ ×ÉËÏÒÉÓÔÁÎ¦ Ò¦×ÎÏÓÔ¦s�3(m�+1) = (c�)3��3�(1 + 3��0c���)s3(��1)c1Em�+11 = f0��(0)(1 � �0c���)E1��1Em�+12 = c�� ��E1��2 ; (5.39)ÑË¦ ÓÌ¦ÄÕÀÔØ Ú ÏÚÎÁÞÅÎÎÑ ÔÏÞËÉ ×ÉÈÏÄÕ Ú ËÒÉÔÉÞÎÏÇÏ ÒÅÖÉÍÕ. ÷É-ËÏÒÉÓÔÏ×ÕÀÞÉ ÐÅÒÛÕ Ú ÃÉÈ Ò¦×ÎÏÓÔÅÊ, ÚÎÁÈÏÄÉÍÏ ÏÓÔÁÔÏÞÎÉÊ ×ÉÒÁÚÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ËÒÉÔÉÞÎÏÇÏ ÒÅÖÉÍÕFËÒ = �kTN 0 �00 + 1� + 2�2++03c3�� �3� + 04c3�� c��3�+�� (5.40)ëÏÅÆ¦Ã¦¤ÎÔÉ, ÝÏ ×ÉÚÎÁÞÁÀÔØ ÁÎÁÌ¦ÔÉÞÎÕ ÞÁÓÔÉÎÕ FËÒ (ÄÉ×. Æ-ÌÉ(5.9), (5.33)) ÍÁÀÔØ ×ÉÇÌÑÄ00 = f0 + f (00)ËÒ1 = f1 + f (01)ËÒ2 = f2 + f (02)ËÒ (5.41)÷ÏÎÉ ¤ ÍÏÎÏÔÏÎÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ×ÅÌÉÞÉÎÉ b=c ¦ ÐÒÉÊÍÁÀÔØ ÚÎÁ-ÞÅÎÎÑ, ÐÒÉ×ÅÄÅÎ¦ × ÔÁÂÌÉÃ¦ 4. ó×ÏÇÏ Í¦Î¦ÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ ËÏ-ÅÆ¦Ã¦¤ÎÔ 00 ÄÏÓÑÇÁ¤ ÐÒÉ b = 0:5c: ëÏÅÆ¦Ã¦¤ÎÔÉ 1 ÔÁ 2 ÍÁÀÔØ ÍÁËÓÉ-ÍÕÍÉ ÐÒÉ b = 0:29c ÔÁ b = 0:34c ×¦ÄÐÏ×¦ÄÎÏ.5ðÒÉ ÏÂÞÉÓÌÅÎÎÑÈ ×ÉËÏÒÉÓÔÁÎÅ ÚÎÁÞÅÎÎÑ � = 1:0300; ÑËÅ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÕÍÏ-×É ÕÚÇÏÄÖÅÎÎÑ ÔÏÞÏË ×ÉÈÏÄÕ Ú ëò ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ ×ÉÝÉÈ ¦ ÎÉÖÞÉÈ ÚÁ ËÒÉÔÉÞ-ÎÕ.

ICMP{97{25U 48äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÎÅÁÎÁÌ¦ÔÉÞÎÏ§ ÞÁÓÔÉÎÉ ÚÎÁÈÏÄÉÍÏ03 = �f (1)ËÒ s3(��1); 04 = �f (3)ËÒ s3(��1); (5.42)ÄÅ f (3)ËÒ = f (2)ËÒ + 3��0f (1)ËÒ (5.43)÷ÅÌÉÞÉÎÁ f (3)ËÒ ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ¦ Ò¦×ÎÁ f (3)ËÒ = �3:2538.ðÒÉ×ÅÄÅÎ¦ ×ÉÝÅ ÒÏÚÒÁÈÕÎËÉ ÄÏÚ×ÏÌÑÀÔØ ÚÒÏÂÉÔÉ ×ÁÖÌÉ×ÉÊ ×ÉÓ-ÎÏ×ÏË ÐÒÏ ÐÏÑ×Õ ÎÅÁÎÁÌ¦ÔÉÞÎÉÈ ÐÏ ÔÅÍÐÅÒÁÔÕÒ¦ ÄÏÄÁÎË¦× Õ ×¦ÌØÎ¦ÊÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ. ÷ÏÎÉ ×ÉÎÉËÁÀÔØ ×ÎÁÓÌ¦ÄÏË ÓÕÍÕ×ÁÎÎÑ ÐÏ ÛÁÒÁÈ ÆÁ-ÚÏ×ÏÇÏ ÐÒÏÓÔÏÒÕ ëú (ÚÇ¦ÄÎÏ ÄÏ (5.7)) ÎÁ ÕÞÁÓÔËÕ ëò. úÇ¦ÄÎÏ ÄÏ ÔÅÏ-ÒÅÍÉ 2, ÕÞÁÓÔÏË ëò ×¦ÄÐÏ×¦ÄÁ¤ ÔÁË¦Ê ÏÂÌÁÓÔ¦ ÚÎÁ ÞÅÎØ n � m� , ÄÅ×¦ÄÈÉÌÅÎÎÑ ×ÅÌÉÞÉÎ rn ÔÁ un ×¦Ä §È Æ¦ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎØ ÍÁÌÉÊ, ÁÏÔÖÅ ÓÐÒÁ×ÅÄÌÉ×¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÒÅÎÏÒÍÁÌ¦ÚÁÃ¦Ê ÎÏ§ ÇÒÕÐÉ. óÁÍÅòç ÓÉÍÅÔÒ¦Ñ, ÑËÁ ÍÁ¤ Í¦ÓÃÅ × ëò (ÄÉ×.ÒÉÓ.3), ÐÒÉ×ÏÄÉÔØ ÄÏ ÐÏÑ×É ×(5.40) ÄÏÄÁÎË¦×, ÐÒÏÐÏÒÃ¦ÊÎÉÈ ÄÏ �3� �3�+�. ëÒÉÔÉÞÎ¦ ÐÏËÁÚÎÉËÉ �ÔÁ � ÄÌÑ ÍÏÄÅÌ¦ �4 ÐÒÉÊÍÁÀÔØ ÚÎÁÞÅÎÎÑ� = 0:608; � = 0:472 (5.44)ðÒÉ ×ÉËÏÒÉÓÔÁÎÎ¦ ×ÉÝÉÈ ÍÏÄÅÌÅÊ ÔÉÐÕ �6 ¦ Ô.Ä. ÚÎÁÞÅÎÎÑ � ÚÒÏÓÔÁ¤[8].òÏÚÇÌÑÎÅÍÏ Â¦ÌØÛ ÄÅÔÁÌØÎÏ ÓÔÒÕËÔÕÒÕ ËÏÅÆ¦Ã¦¤ÎÔ¦× l ×ÉÒÁÚÕ(5.40). ëÏÅÆ¦Ã¦¤ÎÔÉ 0; 1 ÔÁ 2 ÓËÌÁÄÁÀÔØÓÑ Ú Ä×ÏÈ ÄÏÄÁÎË¦×. ðÅÒ-ÛÉÊ Ú ÎÉÈ (f0; f1 ÔÁ f2) ÈÁÒÁËÔÅÒÉÚÕ¤ ÏÂÌÁÓÔØ ÒÅÖÉÍÕ ×ÈÏÄÕ × ëò,Á ÏÓÔÁÎÎ¦ { ×ËÌÁÄ ×¦Ä ÕÞÁÓÔËÕ ëò. ëÏÖÅÎ Ú ÎÉÈ ÚÁÌÅÖÉÔØ ×¦Ä ×¦Ä-ÎÏÛÅÎÎÑ b=c ÔÁ ÎÏÒÍÏ×ÁÎÏ§ ÎÁ ~�(0) ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ�c�(0). ÷ ÔÁÂÌÉÃÑÈ 3, 4 ÐÒÉ×ÅÄÅÎ¦ §È ÚÎÁÞÅÎÎÑ ÄÌÑ ÄÅÑËÉÈ ×¦ÄÎÏÛÅÎØb=c.ðÒÏ×ÅÄÅÎ¦ ×ÉÝÅ ÒÏÚÒÁÈÕÎËÉ ÄÏÚ×ÏÌÑÀÔØ ÏÃ¦ÎÉÔÉ ×ÅÌÉÞÉÎÕ ÏËÒÅ-ÍÉÈ ×ËÌÁÄ¦× ÄÏ ËÏÅÆ¦Ã¦¤ÎÔ¦× 00; 1 ÔÁ . ôÁË ÄÌÑ 00 ÐÒÉ b = bI ÍÁ¤ÍÏ(ÄÉ×.(5.10) ÔÁ ÔÁÂÌ.3)00 = q00 + a00 + f (00)ËÒ = 1:2978� 0:8929 + 0:0385÷ËÌÁÄ ×ÅÌÉÞÉÎÉ f (00)ËÒ ÄÏ ËÏÅÆ¦Ã¦¤ÎÔÁ 00 ÎÅ ÐÅÒÅ×ÉÝÕ¤ 10%. ðÏÄ¦ÂÎÁÓÉÔÕÁÃ¦Ñ ÍÁ¤ Í¦ÓÃÅ ¦ ÄÌÑ 1.



49 ðÒÅÐÒÉÎÔôÁÂÌ. 4. úÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× l, ÝÏ ×ÉÚÎÁÞÁÀÔØ ÁÎÁÌ¦ÔÉÞÎÕ ÞÁÓÔÉ-ÎÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÐÒÉ T > Tc.b=s 00 1 2 c� c� ��bI 0.4434 -0.5753 -0.9690 1.3869 -0.48560.3000 0.4410 -0.5563 -0.8756 1.3306 -0.4929bII 0.4374 -0.5584 -0.7904 1.2960 -0.52280.35 0.4370 -0.5694 -0.8038 1.3126 -0.5314bIII 0.4369 -0.5779 -0.8185 1.3274 -0.53700.40 0.4365 -0.6225 -0.9162 1.4126 -0.56210.45 0.4361 -0.6688 -1.0238 1.5026 -0.58920.50 0.4359 -0.7042 -1.0957 1.5673 -0.61290.60 0.4361 -0.7518 -1.1606 1.6439 -0.65020.80 0.4373 -0.8014 1.1692 1.7062 -0.69381.00 0.4384 -0.8252 -1.1502 1.7297 -0.71472.00 0.4401 -0.8544 -1.1128 1.7553 -0.73823.00 0.4404 -0.8582 -1.1080 1.7588 -0.74105.00 0.4404 -0.8596 -1.1065 1.7601 -0.741910.00 0.4405 -0.8599 -1.1061 1.7605 -0.7422äÌÑ ËÏÅÆ¦Ã¦¤ÎÔÁ 2 ÐÒÉ b = b1 ÚÎÁÈÏÄÉÍÏ2 = q02 + a02 + f (02)ËÒ = 0:3637+ 0:1193� 1:4520ïÓÎÏ×ÎÉÊ ×ËÌÁÄ ÐÏÈÏÄÉÔØ ×¦Ä ÕÞÁÓÔËÕ ëò.ëÏÅÆ¦Ã¦¤ÎÔÉ 03 ÔÁ 04 ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ¦ ÐÒÉÊÍÁÀÔØ ÚÎÁÞÅÎÎÑ03 = �0:4470; 04 = 3:6351 (5.45)îÅÕÎ¦×ÅÒÓÁÌØÎ¦ ÐÏÓÔ¦ÊÎ¦ c� ÔÁ c� ÍÁÀÔØ ×ÉÇÌÑÄc� = (c10 + c11)=(f0�c�(0)�);c� = c�� 1� (c20 + c21 + c22)=(�c�(0))2; (5.46)ÄÅ ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× c2m ÐÒÉ×ÅÄÅÎ¦ × (4.12), (4.14). ôÕÔ ÎÅÐÒÉÊÍÁÀÔØÓÑ ÄÏ Õ×ÁÇÉ ÄÏÄÁÎËÉ, ÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ � , ÏÓË¦ÌØËÉ ×ÅÌÉÞÉÎÉ
ICMP{97{25U 50c� ÔÁ c� ¤ ÍÎÏÖÎÉËÁÍÉ Â¦ÌÑ �3� ÔÁ �3�+� ×¦ÄÐÏ×¦ÄÎÏ.÷ÒÁÈÕ×ÁÎÎÑ ÃÉÈÞÌÅÎ¦× ÐÒÉ×ÅÌÏ Â ÄÏ ×ÉÎÉËÎÅÎÎÑ ÄÏÄÁÎË¦× ×ÉÝÏÇÏ ÐÏÒÑÄËÕ ÍÁÌÏÓÔ¦ ÐÏ� (�3�+1; �3�+�+1; : : :). úÁÌÅÖÎ¦ÓÔØ ×ÅÌÉÞÉÎ c� ÔÁ c� ×¦Ä ×¦ÄÎÏÛÅÎÎÑb=c ÐÒÉ×ÅÄÅÎÁ × ÔÁÂÌÉÃ¦ 4. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ×ÅÌÉÞÉÎÁ c� ÄÏÓÑÇÁ¤Í¦Î¦ÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ ÐÒÉ b = 0; 34c × ÔÏÊ ÞÁÓ, ËÏÌÉ c� ¤ ÍÏÎÏÔÏÎÎÏÓÐÁÄÎÏÀ ÆÕÎËÃ¦¤À b.6. òÏÚÒÁÈÕÎÏË ×ËÌÁÄ¦× ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ×¦Ä ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê.äÌÑ ÔÅÍÐÅÒÁÔÕÒ ×ÉÝÉÈ ×¦Ä ËÒÉÔÉÞÎÏ§, ÁÌÅ ÂÌÉÚØËÉÈ ÄÏ ÎÅ§, ÏÔÒÉÍÁ-ÎÉÊ Ñ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ ÞÁÓÔÉÎÉ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ×ËÌÁÄÕÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÍÏÄ ÆÌÕËÔÕÁÃ¦Ê ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ. ÷ÏÎÉ ÐÒÉ×ÏÄÑÔØÄÏ ÐÏÑ×É ÄÏÄÁÎË¦×, ÑË¦ ÍÁÀÔØ ×ÉËÌÀÞÎÏ ÎÅÁÎÁÌ¦ÔÉÞÎÕ ÚÁÌÅÖÎ¦ÓÔØ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ. ïÓÔÁÎÎ¤ Ô×ÅÒÄÖÅÎÎÑ, ÏÄÎÁË, ÓÐÒÁ×ÅÄÌÉ×Å ÌÉÛÅ ÚÁÕÍÏ×É ÎÁÑ×ÎÏÓÔ¦ ÕÞÁÓÔËÕ ëò. òÅÚÕÌØÔÁÔÏÍ ÐÒÏ×ÅÄÅÎÉÈ ÒÏÚÒÁÈÕÎË¦× ¤×ÓÔÁÎÏ×ÌÅÎÎÑ ÎÁÑ×ÎÏÓÔ¦ Ä×ÏÈ Ò¦ÚÎÉÈ ÚÁ Ó×Ï§Í ÈÁÒÁËÔÅÒÏÍ ÏÂÌÁÓÔÅÊ.ïÄÎÁ Ú ÎÉÈ ×¦ÄÐÏ×¦ÄÁ¤ ×ÌÁÓÎÅ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÍ ×ËÌÁÄÁÍ F (3)ÇÇÒ : ÷ÏÎÁÏÐÉÓÕ¤ÔØÓÑ ÐÅÒÅÎÏÒÍÏ×ÁÎÉÍ ÇÁÕÓÏ×ÉÍ ÒÏÚÐÏÄ¦ÌÏÍ ÆÌÕËÔÕÁÃ¦Ê. ¶ÎÛÁÞÁÓÔÉÎÁ (×ËÌÁÄÉ F (1)ÇÇÒ ÔÁ F (2)ÇÇÒ) ×¦ÄÐÏ×¦ÄÁ¤ ÐÅÒÅÈ¦ÄÎ¦Ê ÏÂÌÁÓÔ¦ ×¦Ä ëòÄÏ ççò. äÏÓÌ¦ÄÖÅÎ¦ ×¦ÄÎÏÓÎ¦ ×ËÌÁÄÉ ÄÏÄÁÎË¦× ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§.òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË¦× ÐÏÐÅÒÅÄÎØÏÇÏ ÐÁÒÁÇÒÁÆÕ Ó×¦ÄÞÁÔØ ÐÒÏÎÁÑ×Î¦ÓÔØ Ä×ÏÈ ÔÉÐ¦× ×ËÌÁÄ¦× ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ, ÝÏ ×ÉÎÉ-ËÁÀÔØ ×¦Ä ×ÒÁÈÕ×ÁÎÎÑ ËÏÒÏÔËÏÈ×ÉÌØÏ×ÉÈ ÍÏÄ ÆÌÕËÔÕÁÃ¦Ê ÐÁÒÁÍÅ-ÔÒÁ ÐÏÒÑÄËÕ. ðÅÒÛ¦ Ú ÎÉÈ ÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ Ã¦ÌÉÈ ÓÔÅÐÅÎ¦× ×ÅÌÉÞÉÎÉ� , ÄÒÕÇ¦ { ÍÁÀÔØ ÎÅÁÎÁÌ¦ÔÉÞÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä � (ÄÏÄÁÎËÉ ÔÉÐÕ �3��3�+�).òÏÚÇÌÑÎÅÍÏ Â¦ÌØÛ ÄÅÔÁÌØÎÏ ×ÉÒÁÚ ÄÌÑ FÇÇÒ ¦Ú (5.4), (5.5). êÏÇÏÚÒÕÞÎÏ ÐÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ¦ ÄÅË¦ÌØËÏÈ ÞÁÓÔÉÎ.FÇÇÒ = F (1)ÇÇÒ + F (2)ÇÇÒ + F (3)ÇÇÒ (6.1)ÄÅ F (1)ÇÇÒ = �kTNm�+1lnQ(Pm� )F (2)ÇÇÒ = �12kTNm�+1ln2F (3)ÇÇÒ = �kT lnIm� (6.2)



51 ðÒÅÐÒÉÎÔ÷ÅÌÉÞÉÎÁ Im� ÍÁ¤ ×ÉÇÌÑÄIm� = Z Wm�+1(�)(d�)Nm� +1 (6.3)ÄÅ ×ÉÒÁÚ ÄÌÑ Wm�+1(�) ÐÒÉ×ÅÄÅÎÉÊ × (5.6).äÌÑ ÒÏÚÒÁÈÕÎËÕ Q(Pm� ) ×ÉËÏÒÉÓÔÁ¤ÍÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ (5.12), ÄÅÐÏËÌÁÄÁ¤ÍÏ n = m� . ÷ ÒÅÚÕÌØÔÁÔ¦ ÚÎÁÈÏÄÉÍÏQ(Pm� ) = z0p2��1=2 �um�24 �1=4 s�m� �1 + p11hm� + p12h2m� � (6.4)÷ÉÒÁÚÉ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× z0; p12 ÐÒÉ×ÅÄÅÎ¦ × (5.13). úÎÁÊÄÅÍÏ ÚÎÁÞÅÎ-ÎÑ ×ÅÌÉÞÉÎ um� ÔÁ hm� . ÷ÉËÏÒÉÓÔÁ¤ÍÏ ÄÌÑ ÃØÏÇÏ ÆÏÒÍÕÌÉ (2.51),(4.24) ÔÁ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (5.39). íÁ¤ÍÏ ÆÏÒÍÕÌÉ, ÄÅ ×ÉÄ¦ÌÅÎÁ Ñ×ÎÁÔÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØrm�+l = r(0)l ��(0)(1 + r(1)l c���)um�+l = (��(0))2u(0)l (1 + u(1)l c���) (6.5)÷ÅÌÉÞÉÎÉ r(0)l = f0(El��1 � � 1);r(1)l = f0�0�(El��2 �El��1 )=r(0)l ;u(0)l = '0 + f0p'0R(0)1 �El��1 ;u(1)l = �(El��2 �R(0)R(0)1 El��1 )=u(0)l (6.6)ÎÅ ÚÁÌÅÖÁÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ.äÌÑ ×ÅÌÉÞÉÎÉ hm�+l, ÑËÁ Ò¦×ÎÁhm�+l = (rm�+l + q)(um� )�1=2; (6.7)ÚÎÁÈÏÄÉÍÏ hm�+l = h(0)l (1 + h(1)l c���); (6.8)ÄÅ ÎÅ ÚÁÌÅÖÎ¦ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ËÏÅÆ¦Ã¦¤ÎÔÉ ÍÁÀÔØ ×ÉÇÌÑÄ
ICMP{97{25U 52h(0)l = f0El��1 �(u(0)l )�1=2;h(1)l = �0 "�E2E1�l�� � 1#� 12u(1)l (6.9)õ ×ÉÐÁÄËÕ l = 0, ÑËÉÊ ÍÁ¤ Í¦ÓÃÅ ÄÌÑ (6.4), ÍÁ¤ÍÏr(0)0 = �0:4360 r(1)0 = 4:2026u(0)0 = 0:5939 u(1)0 = 4:6622h(0)0 = 0:0830 h(1)0 = �30:9781 (6.10)ð¦ÄÓÔÁ×ÉÍÏ (6.5) ÔÁ (6.8) ÐÒÉ l = 0 Õ (6.4). ÷ ÒÅÚÕÌØÔÁÔ¦ ÚÎÁÈÏÄÉÍÏF (1)ÇÇÒ = �kTNm�+1 �f60 + f61c����+ F 0ÇÇÒ (6.11)äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× f6l ÍÁ¤ÍÏ ×ÉÒÁÚÉf60 = lnz0 � 12 ln(4�p6) + 14 lnu(0)0 ++p11h(0)0 + (p12 � 12p211)(h(0)0 )2;f61 = 14u(1)0 + p11h(0)0 h(1)0 + 2(p12 � 12p211)(h(0)0 )2h(1)0 (6.12)úÁÐÒÏÐÏÎÏ×ÁÎÉÊ ÍÅÔÏÄ ÒÏÚÒÁÈÕÎËÕ ÄÏÚ×ÏÌÑ¤ ÏÔÒÉÍÁÔÉ ÞÉÓÌÏ×¦ÚÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦×, ÝÏ ×ÈÏÄÑÔØ Õ ×ÉÒÁÚ ÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§. ðÏ-ÒÑÄ Ú ÁÎÁÌ¦ÔÉÞÎÉÍÉ ×ÉÒÁÚÁÍÉ ÂÕÄÅÍÏ ÎÁ×ÏÄÉÔÉ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ ËÏ-ÅÆ¦Ã¦¤ÎÔ¦×. äÌÑ ÃØÏÇÏ, ÑË ¦ ÒÁÎ¦ÛÅ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÎÁÓÔÕÐÎ¦ ÚÎÁ-ÞÅÎÎÑ ÐÁÒÁÍÅÔÒ¦×:�0 = 1:04175; �1 = �0:10134� = 1:0300 (6.13)úÏËÒÅÍÁ, ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× Ú (6.12) ÍÁ¤ÍÏf60 = �1:264; f61 = �0:062äÏÄÁÎÏË F 0ÇÇÒ ¤ ÁÎÏÍÁÌØÎÏ ×ÅÌÉËÉÍ



53 ðÒÅÐÒÉÎÔF 0ÇÇÒ = �kTNm�+1�12 ln(��(0)) �m� lns� (6.14)÷¦Î ÐÒÉ×ÏÄÉÔØ ÄÏ ×ËÌÁÄ¦× Õ ×¦ÌØÎÕ ÅÎÅÒÇ¦À ÓÉÓÔÅÍÉ, ÑË¦ ÐÒÏÐÏÒÃ¦Ê-Î¦ ÄÏ �3�ln� . ÷¦ÄÐÏ×¦ÄÎ¦ ÄÏÄÁÎËÉ ÄÏ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÓÉÓÔÅÍÉ ¤ ÔÉÐÕ���ln� , ÄÅ � = 2� 3�. ïÄÎÁË, ×ÉÑ×ÌÑ¤ÔØÓÑ, ÝÏ ×ËÌÁÄ F 0ÇÇÒ ÐÏ×Î¦ÓÔÀËÏÍÐÅÎÓÕ¤ÔØÓÑ ÄÏÄÁÎËÁÍÉ, ÑË¦ ×ÉÎÉËÁÀÔØ ÐÒÉ ÒÏÚÒÁÈÕÎËÕ F (3)ÇÇÒ (ÄÉ×.(6.20)).÷ÉÒÁÚ ÄÌÑ F (2)ÇÇÒ ÍÁ¤ ×ÉÇÌÑÄF (2)ÇÇÒ = �kTNm�+1f 02 (6.15)ÄÅ f 02 = 12 ln2ðÏ×ÅÒÎÅÍÏÓÑ ÄÏ ÒÏÚÒÁÈÕÎËÕ F (3)ÇÇÒ . äÌÑ ÃØÏÇÏ ×ÉËÏÎÁ¤ÍÏ × ×ÉÒÁÚ¦ÄÌÑ Im� ¦Ú (6.3) ÚÁÍ¦ÎÕ ÚÍ¦ÎÎÉÈ�k = �0~ksm�+1(��(0))�1=2 (6.16)÷ ÒÅÚÕÌØÔÁÔ¦ ÚÎÁÈÏÄÉÍÏIm� = s(m�+1)Nm�+1 (��(0))�Nm�+1=2 Z W (�)(d�)Nm�+1 (6.17)ÄÅ ÄÌÑ W (�) ÏÄÅÒÖÕ¤ÍÏW (�) = exp8<:�12 Xk�Bm�+1(�rm�+1 + 2b2k2s2(m�+1))�k��k�� 14! �um�+1Nm�+1 Xk1;:::;k4ki�Bm�+1 �~k1 : : : �~k4�~k1+:::+~k49>=>; (6.18)ôÕÔ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ�rm�+1 = rm�+1=��(0); �um�+1 = um�+1=(��(0))2; (6.19)äÌÑ F (3)ÇÇÒ ÍÁ¤ÍÏ
ICMP{97{25U 54F (3)ÇÇÒ = �kT lnI � kTNm�+1lns � F 0ÇÇÒ (6.20)ÄÅ F 0ÇÇÒ ÓÐ¦×ÐÁÄÁ¤ Ú (6.13) ¦ ÍÁ¤ ÐÒÏÔÉÌÅÖÎÉÊ ÚÎÁË, Á ÄÌÑ I ÍÁ¤ Í¦ÓÃÅÒ¦×Î¦ÓÔØ I = Z W (�)(d�)Nm�+1 (6.21)òÏÚÒÁÈÕÎÏË I ÍÏÖÅ ÐÒÉ×ÏÄÉÔÉÓØ × Ò¦ÚÎÉÈ ÎÁÂÌÉÖÅÎÎÑÈ. îÁÊ-Â¦ÌØÛ ÐÒÏÓÔÅ ÐÏ×'ÑÚÁÎÅ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ × ÑËÏÓÔ¦ ÂÁÚÉÓÎÏ§ ÇÁÕÓÏ×Ï§ÇÕÓÔÉÎÉ Í¦ÒÉ. ãÅ ÓÔÁ¤ ÍÏÖÌÉ×ÉÍ ÚÁ×ÄÑËÉ ÚÍ¦Î¦ ÚÎÁËÕ ËÏÅÆ¦Ã¦¤ÎÔÁ�rm�+1 Ú ÎÅÇÁÔÉ×ÎÏÇÏ ÎÁ ÐÏÚÉÔÉ×ÎÉÊ. ¶Ú Ò¦×ÎÏÓÔ¦ (6.6) ×ÉÄÎÏ, ÝÏ r(0)lÚ ÒÏÓÔÏÍ l ÓÔÁ¤ ÄÏÄÁÔÎ¦Í, Á ÚÎÁÞÅÎÎÑ l, ÐÒÉ ÑËÏÍÕ r(0)l > 0, ÚÁÌÅ-ÖÉÔØ ×¦Ä ×ÅÌÉÞÉÎÉ �. ðÒÉ � = 1 ÍÁ¤ÍÏ, ÝÏ rm�+1 = 0, Á ×Ó¦ rl ÐÒÉl > m� + 1 ¤ ÄÏÄÁÔÎ¦. õ ×ÉÐÁÄËÕ, ËÏÌÉ l ¤ Â¦ÌØÛÅ ÚÁ ÏÄÉÎÉÃÀ (ÁÌÅ ÎÅÚÎÁÞÎÏ ×¦ÄÒ¦ÚÎÑ¤ÔØÓÑ ×¦Ä ÎÅ§) ×ÖÅ ×ÅÌÉÞÉÎÁ rm�+1 (ÞÉ r(0)l ) ÐÒÉÊÍÁ¤ÄÏÄÁÔÎ¤ ÚÎÁÞÅÎÎÑ. ðÒÉ ÃØÏÍÕ ×Ó¦ rm+l ÄÌÑ l > 1 ÔÁËÏÖ ¤ ÄÏÄÁÔÎ¦ÍÉ.óËÏÒÉÓÔÁ¤ÍÏÓÑ Ú (6.5) ¦ ÚÎÁÊÄÅÍÏ ×ÉÒÁÚÉ ÄÌÑ �rm�+1; �um�+1�rm�+1 = r(0)1 (1 + r(1)1 c���)�um�+1 = u(0)1 (1 + u(1)1 c���) (6.22)ÄÅ ÄÌÑ ÕÎ¦×ÅÒÓÁÌØÎÉÈ ×ÅÌÉÞÉÎ r(l)1 ; u(l)1 ÍÁ¤ÍÏr(0)1 = f0(�E1��1 � 1)r(1)1 = f0�0�(E1��2 � E1��1 )=r(0)1u(0)1 = '0 + f0p'0R(0)1 �E1��1u(1)1 = �(E1��2 �R(0)R(0)1 E1��1 )=u(0)1 (6.23)õ ×ÉÐÁÄËÕ ×ÉËÏÎÁÎÎÑ Ò¦×ÎÏÓÔÅÊ (6.13) ÚÎÁÈÏÄÉÍÏr(0)1 = �0:0154 r(1)1 = 4:1159u(0)1 = 0:6504 u(1)1 = 1:7692÷ÉËÏÒÉÓÔÁ¤ÍÏ ÎÁÂÌÉÖÅÎÎÑ



55 ðÒÅÐÒÉÎÔXk1;:::;k4 �~k1 : : : �~k4�~k1+:::+~k4 � 3Xk1 < �~k1��~k1 >Xk �k��k÷ ÒÅÚÕÌØÔÁÔ¦ ÄÌÑ (6.21) ÏÔÒÉÍÕ¤ÍÏ ×ÉÒÁÚI = Z exp24�12 Xk�Bm�+1 g(k)�k��k35 (d�)Nm�+1 (6.24)ÄÅ g(k) = g(0) + q�k2; g(0) = A + �rm�+1 (6.25)ÔÕÔ q� = 2b2s2(m�+1), Á ×ÅÌÉÞÉÎÁ A Ò¦×ÎÁA = �um�+14 1Nm�+1 Xk�Bm�+1 < �k��k > (6.26)õÓÅÒÅÄÎÅÎÎÑ < ::: > × (6.26) ÚÄ¦ÊÓÎÀ¤ÔØÓÑ ×¦ÄÎÏÓÎÏ ÇÕÓÔÉÎÉ Í¦ÒÉÔÉÐÕ (6.24). ò¦×ÎÑÎÎÑ ÄÌÑ d(0) ÍÁ¤ ×ÉÇÌÑÄd(0) = �rm�+1 + 34(�0)2�um�+1 1� �0pd(0)arctg 1�0pd(0)! (6.27)÷ÏÎÏ ÏÔÒÉÍÕ¤ÔØÓÑ ¦Ú ÓÐ¦××¦ÄÎÏÛÅÎÎÑ< �k��k >= �2 @I@d(k) (6.28)òÏÚ×'ÑÚÏË (6.28) ÛÕËÁ¤ÔØÓÑ Õ ×ÉÄ¦d(0) = D0(1 +D1c���) (6.29)÷ ÒÅÚÕÌØÔÁÔ¦ ÚÎÁÈÏÄÉÍÏ Ò¦×ÎÑÎÎÑ ÄÌÑ D0D0 = r(0)1 + 34(�0)2u(0)1 D30 (6.30)ÄÅ ××ÅÄÅÎÅ ÐÏÚÎÁÞÅÎÎÑD30 = 1� �0pD0arctg 1�0pD0 (6.31)÷ÅÌÉÞÉÎÁ D1 ×ÉÚÎÁÞÁ¤ÔØÓÑ ¦Ú Ò¦×ÎÏÓÔ¦
ICMP{97{25U 56D1 = �r(1)1 r(0)1 + 34(�0)2u(0)1 D30u(1)1 � :�D0 � 38(�0)2u(0)1 D30D12��1 (6.32)ôÕÔ D12 = 1� 1D30 11 + (�0)2D0 (6.33)ã¦ ×ÅÌÉÞÉÎÉ ÐÒÉÊÍÁÀÔØ ÎÁÓÔÕÐÎ¦ ÚÎÁÞÅÎÎÑ (ÄÉ×. ÓÐ¦××¦ÄÎÏÛÅÎÎÑ(6.13)) D0 = 0:2237; D30 = 0:4516; D1 = 1:1343ãÅ ÄÏÚ×ÏÌÑ¤ ×ÉËÏÒÉÓÔÁÔÉ ÐÒÉ ÏÂÞÉÓÌÅÎÎ¦ (6.21) ÇÁÕÓÏ×Å ÎÁÂÌÉ-ÖÅÎÎÑ × ÑËÏÓÔ¦ ÂÁÚÉÓÎÏÇÏ. ÷ ÒÅÚÕÌØÔÁÔ¦ ÚÎÁÈÏÄÉÍÏ ÚÁÇÁÌØÎÉÊ ×ÉÒÁÚÄÌÑ F (3)ÇÇÒF (3)ÇÇÒ = �F 0ÇÇÒ � kTNm�+1lns� 12kT Bm�+1Xk�0 ln (�=d(k)) (6.34)äÏÄÁÎÏË F 0ÇÇÒ × ÃØÏÍÕ ×ÉÒÁÚ¦ ÍÁ¤ ×ÉÇÌÑÄ (6.14) ¦ ËÏÍÐÅÎÓÕ¤ÔØÓÑ Ú×¦ÄÐÏ×¦ÄÎÉÍ ÄÏÄÁÎËÏÍ × (6.11). äÌÑ ÏÂÞÉÓÌÅÎÎÑ ÓÕÍÉ × ÏÓÔÁÎÎØÏÍÕÄÏÄÁÎËÕ (6.34), ÑË ¦ × [4], ÐÅÒÅÊÄÅÍÏ ÄÏ ¦ÎÔÅÇÒÁÌÕ ÚÇ¦ÄÎÏ ÄÏ ÐÒÁ×ÉÌÁ1Nm�+1 Bm�+1Xk�0 : : : = 1Nm�+1 V(2�)3 6� Z Bm�+10 : : :4�k2dk (6.35)÷ ÒÅÚÕÌØÔÁÔ¦ ÏÂÞÉÓÌÅÎØ ÚÎÁÈÏÄÉÍÏF (3)ÇÇÒ = �kTNm�+1 �I00 + I01c���� (6.36)ÄÅ I00 = ln(sp�) � 12 ln(D0 + (�0)�2) + 13 � (�0)2D0D30I01 = �32D0D1D30(�0)2 (6.37)



57 ðÒÅÐÒÉÎÔôÁËÉÍ ÞÉÎÏÍ, ×ËÌÁÄ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÁÚ ÆÌÕËÔÕÁÃ¦Ê ÐÁÒÁÍÅÔÒÁ ÐÏ-ÒÑÄËÕ ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÉÔÅÍÉ ÐÒÉ h = 0 ÍÁ¤ ×ÉÇÌÑÄFÇÇÒ = �kTN 0 �003 c3�� �3� + 004 c3�� c��3�+�� (6.38)ÄÅ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ 003 = fGGs3(��1)004 = f (1)GGs3(��1) (6.39)ðÒÉÞÏÍÕ fGG = f60 + f 02 + I00f (1)GG = f61 + I01 + 3��0fGG (6.40)ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ×ÉÒÁÚ (6.38) Í¦ÓÔÉÔØ ÄÏÄÁÎËÉ ÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ�3�ÔÁ�3�+�. ÷ËÌÁÄÉ ×ÉÝÏÇÏ ÐÏÒÑÄËÕ ÍÁÌÏÓÔ¦ �3�+l ÔÁ �3�+�+l (ÄÅl � 1) ÄÏ Õ×ÁÇÉ ÎÅ ÐÒÉÊÍÁÀÔØÓÑ.äÌÑ ÐÏÒ¦×ÎÑÌØÎÏ§ ÏÃ¦ÎËÉ ×ËÌÁÄ¦× × (6.39), ÎÁ×ÅÄÅÍÏ ÞÉÓÌÏ×¦ ÚÎÁ-ÞÅÎÎÑ: f60 = �1:264; f 02 = 0:347; I00 = 1:959;Á ÔÁËÏÖ f61 = �0:061; I01 = �0:187÷ÅÌÉÞÉÎÉ fGG ÔÁ f (1)GG ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ¦ ÐÒÉÊÍÁÀÔØ ÚÎÁÞÅÎÎÑfGG = 1:042 f (1)GG = �2:899ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (6.13) ÍÁ¤ÍÏ003 = 1:165 004 = �3:238:7. ÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÔÁ ¦ÎÛ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§ ×ËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦ ÐÒÉ T > Tc.ïÔÒÉÍÁÎ¦ Ñ×Î¦ ×ÉÒÁÚÉ ÄÌÑ ×ËÌÁÄ¦× × ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§ ×¦Ä ËÒÉ-ÔÉÞÎÏ§ ÏÂÌÁÓÔ¦.ðÏÂÕÄÏ×ÁÎ¦ ËÒÉ×¦ §È ÔÅÍÐÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ¦. äÏ-ÓÌ¦ÄÖÅÎÁ ÚÁÌÅÖÎ¦ÓÔØ ×¦ÄÍ¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÍÏÄÅÌ¦.
ICMP{97{25U 58ð¦ÄÓÕÍÕ¤ÍÏ ÐÒÏ×ÅÄÅÎ¦ ×ÉÝÅ ÏÂÞÉÓÌÅÎÎÑ. úÁÐÉÛÅÍÏ ÚÁÇÁÌØÎÉÊ ×É-ÒÁÚ ÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§. ÷¦Î ÓËÌÁÄÁ¤ÔØÓÑ, ÚÇ¦ÄÎÏ ÄÏ (5.1), ¦Ú ÔÒØÏÈÄÏÄÁÎË¦×. ðÅÒÛÉÊ Ú ÎÉÈ F0 ÚÁÐÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦F0 = �kTNln2� 12kTN��(0)��(1� s�30 ) (7.1)äÒÕÇÉÊ ÄÏÄÁÎÏË × (7.1) ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ¦ ÎÅ ×ÐÌÉ×Á¤ÎÁ ËÒÉÔÉÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ÍÏÄÅÌ¦.îÁÓÔÕÐÎÉÍ ÄÏÄÁÎËÏÍ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ¤FËÒ. ÷¦Î ÏÂÞÉÓÌÀ¤ÔØÓÑ ×¦ÄÐÏ×¦ÄÎÏ ÄÏ ÆÏÒÍÕÌÉ (5.2) ¦ ÍÁ¤ ×ÉÇÌÑÄ ÐÒÉ-×ÅÄÅÎÉÊ × (5.40)-(5.43). ôÒÅÔØÏÀ ÓËÌÁÄÏ×ÏÀ ÞÁÓÔÉÎÏÀ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§¤ FÇÇÒ ¦Ú (5.4). äÏÄÁÎÏË FÇÇÒ ÏÐÉÓÕ¤ ×ËÌÁÄ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÁÚ ÆÌÕË-ÔÕÁÃ¦Ê ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ¦ ÊÏÇÏ ÒÏÚÒÁÈÕÎÏË ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ×ÉËÏ-ÒÉÓÔÁÎÎ¦ ÇÁÕÓÏ×ÏÇÏ ÒÏÚÐÏÄ¦ÌÕ ÆÌÕËÔÕÁÃ¦Ê × ÑËÏÓÔ¦ ÂÁÚÉÓÎÏÇÏ. ñ×ÎÉÊ×ÉÇÌÑÄ ÄÌÑ FÇÇÒ ÐÒÉ ÕÍÏ×¦ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ ÚÎÁÊÄÅÎÉÊ× (6.38) . ïÄÎÁË, ÍÏÖÎÁ ÕÚÁÇÁÌØÎÉÔÉ ÏÔÒÉÍÁÎÉÊ ÒÅÚÕÌØÔÁÔ ÎÁ ×É-ÐÁÄÏË ÎÁÑ×ÎÏÓÔ¦ ÍÁÌÏÇÏ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ h. úÇ¦ÄÎÏ ÄÏ (12), ×ÐÌÉ×ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ ÎÁ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË¦× ÐÏ×'ÑÚÁÎÉÊ ÌÉÛÅ Ú ¦Î-ÔÅÇÒÕ×ÁÎÎÑÍ ÐÏ ÚÍ¦ÎÎ¦Ê �0. ôÏÍÕ ÊÏÇÏ ÎÁÑ×Î¦ÓÔØ ÐÒÉ×ÏÄÉÔØ ÄÏ ÚÍ¦ÎÉ×ÉÒÁÚÕ ÄÌÑ I ¦Ú (6.24). íÁ¤ÍÏI0 = Z exp24�12 0Xk�Bm�+1(d(0) + q�k2)�k��k��12d(0)�20 + �pNh sm�+1(��(0))1=2 �0� (d�)N��+1 (7.2)ôÕÔ ÛÔÒÉÈ Â¦ÌÑ ÓÕÍÉ ÐÏ k ÏÚÎÁÞÁ¤, ÝÏ k 6= 0. ÷ ÒÅÚÕÌØÔÁÔ¦ ÏÂÞÉ-ÓÌÅÎÎÑ (7.2) ÏÔÒÉÍÕ¤ÍÏ ÄÌÑ FI = �kTNlnI 0 ×ÉÒÁÚFI = �12kT Bm�+1Xk�0 ln� �d(0) + q�k2���kTN�2h2 12d(0)(��(0))�1s2(m�+1) (7.3)ôÏÍÕ ×ÉÒÁÚ ÄÌÑ FÇÇÒ (6.38) ÎÅ ÚÍ¦ÎÉÔØÓÑ; ÄÏ ÎØÏÇÏ ÄÏÄÁ¤ÔØÓÑ ÄÏ-ÄÁÎÏË, ÐÏ×'ÑÚÁÎÉÊ ¦Ú ×ÐÌÉ×ÏÍ ÐÏÌÑFh = �kTNf (0)h h2��2�(1 + c�f (1)n ��) (7.4)



59 ðÒÅÐÒÉÎÔÄÅ f (0)h = �2(��(0)) 12D0 (c�)�2�s2(1��);f (1)h = �(D1 + 2��0) (7.5)÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÓÉÓÔÅÍÉ × ËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦ ÐÒÉ T > Tc ÚÏÂÒÁ-ÖÁ¤ÔØÓÑ × ÎÁÓÔÕÐÎÏÍÕ ×ÉÇÌÑÄ¦ (h! 0)F = �kTNln2 + F 00 � kTN 0(00 + 1� + 2�2)��kTN 0c3�� 3�3� � kTN 0c3�� c�4�3�+� ��kTNf (0)n h2��2�(1 + f (1)n c���) (7.6)ôÕÔ ××ÅÄÅÎÅ ÐÏÚÎÁÞÅÎÎÑF 00 = �12kTcN�c�(0)��(1� s�30 ) (7.7)äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× 00; 1 ÔÁ 2 (ÚÇ¦ÄÎÏ ÄÏ (5.41) ÔÁ (5.10)) ÍÁ¤ÍÏ00 = a00 + q00 + f (00)ËÒ ;1 = a01 + q01 + f (01)ËÒ ;2 = a02 + q02 + f (02)ËÒ (7.8)·È ÚÎÁÞÅÎÎÑ ÐÒÉ×ÅÄÅÎ¦ × ÔÁÂÌÉÃ¦ 3.ëÏÅÆ¦Ã¦¤ÎÔÉ 3 ÔÁ 4 ÚÁÐÉÓÕÀÔØÓÑ Õ ×ÉÄ¦3 = 03 + 003 ; (7.9)(ÄÉ×. (5.42), (5.37) ÄÌÑ 03; (6.39) ÄÌÑ fGG), Á ÔÁËÏÖ, ÁÎÁÌÏÇ¦ÞÎÉÍÞÉÎÏÍ ÚÎÁÈÏÄÉÍÏ 4 = 04 + 004 ; (7.10)äÌÑ ×ÅÌÉÞÉÎ f (0)h ÔÁ f (1)h ÍÁ¤ÍÏ ×ÉÒÁÚÉ, ÐÒÉ×ÅÄÅÎ¦ × (7.5). ëÏ-ÅÆ¦Ã¦¤ÎÔÉ 3; 4 ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ ¦ ÐÒÉÊÍÁÀÔØ ÚÎÁÞÅÎ-ÎÑ 3 = 0:718; 4 = 0:397 (7.11)úÎÁÊÄÅÍÏ ÄÅÑË¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÓÉÓÔÅÍÉ ÐÏÂÌÉÚÕÔÏÞËÉ æð. óËÏÒÉÓÔÁ¤ÍÏÓÑ ¦Ú ÓÐ¦××¦ÄÎÏÛÅÎÎÑ
ICMP{97{25U 60S = ��@F@T �V (7.12)¦ ÒÏÚÒÁÈÕ¤ÍÏ, ÚÇ¦ÄÎÏ ÄÏ (7.6) ÅÎÔÒÏÐ¦À ÓÉÓÔÅÍÉS = kN �S0 + S1� + S3�1�� + S4�1+����++0(�2��; �2+���) (7.13)ôÕÔ S0 = ln2 + s�30 (00 + 1); S1 = 2s�30 (1 + 2);S3 = s�30 3�c3�� 3; S4 = s�30 (3� +�)c3�� c�4 (7.14)÷ ÇÒÁÎÉÃ¦ � ! 0 ÍÁ¤ÍÏ 6 S = S0ëÏÅÆ¦Ã¦¤ÎÔÉ S3; S4 ×ÉÒÁÚÕ ÄÌÑ ÅÎÔÒÏÐ¦§ (7.13) Í¦ÓÔÑÔØ ×ËÌÁÄÉ ÑË×¦Ä ÕÞÁÓÔËÕ ëò, ÔÁË ¦ ×¦Ä ççò.ãÅ ÌÅÇËÏ ÂÁÞÉÔÉ ÎÁ ÐÒÉËÌÁÄ¦ ÏÂÞÉÓÌÅÎ-ÎÑ ×ÅÌÉÞÉÎ 3 ÔÁ 4 (ÆÏÒÍÕÌÉ (7.9) ÔÁ (7.10) ×¦ÄÐÏ×¦ÄÎÏ). úÏËÒÅÍÁ,ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔÁ 3 ÍÁ¤ÍÏ ×ÉÒÁÚ3 = s3(��1) ��f (1)ËÒ + f60 + f 02 + I00� ; (7.15)ÄÅ f (1)ËÒ = 0:4001; f60 = �1:264, f 02 = 0:347; I00 = 1:959. ïÓÎÏ×ÎÉÊ×ËÌÁÄ ÄÏ ËÏÅÆ¦Ã¦¤ÎÔÁ 3 (3 = 0:718) ÐÏ×'ÑÚÁÎÉÊ Ú ×ÅÌÉÞÉÎÏÀ I00,ÑËÁ ÈÁÒÁËÔÅÒÉÚÕ¤ ×ÉÒÁÚ (6.3). ðÏÄ¦Ì ×ËÌÁÄ¦× ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ (ÑË6ïÓË¦ÌØËÉ s0 = �0�p2b=c, ÄÅ �0 � 1, ÔÏ ÏÞÅ×ÉÄÎÏ, ÝÏ Ú ÒÏÓÔÏÍ ÒÁÄ¦ÕÓÁ ÅÆÅË-ÔÉ×ÎÏ§ Ä¦§ ÐÏÔÅÎÃ¦ÁÌÕ (�(r) = Ae�r=b) ÅÎÔÒÏÐ¦Ñ ÓÉÓÔÅÍÉ (7.15) ÐÅÒÅÈÏÄÉÔØ Õ ×É-ÒÁÚ ÄÌÑ ÅÎÔÒÏÐ¦§ ÎÅ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÓÐ¦Î¦×. úÏËÒÅÍÁ, ÐÒÉ b = b¶ = c=2pd ÍÁ¤ÍÏs(I)0 = ���0p2d = 1:2825 � �0; �0 = 1:041746 ÍÁ¤ÍÏS0 = 0:638ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ, ÝÏ ln2 = 0:693; ÚÎÁÈÏÄÉÍÏS = kN(0:693� 0:055) = 0:kN � 0:638ñË ÂÁÞÉÍÏ, ÎÁ×¦ÔØ ÐÒÉ ×¦ÄÎÏÓÎÏ ÍÁÌÉÈ ÚÎÁÞÅÎÎÑÈ b = bI ×ËÌÁÄ ÄÏ ÎÅ×ÚÁ¤ÍÏÄ¦À-ÞÏ§ ÞÁÓÔÉÎÉ ÅÎÔÒÏÐ¦§ ÐÒÉ T = Tc ¤ ÍÁÌÉÊ. äÌÑ ×ÉÐÁÄËÕ b = c ×¦Î ÓÔÁÎÏ×ÉÔØs�30 (00 + 1) � 4 � 10�3¦ ¤ ÚÎÉËÁÀÞÅ ÍÁÌÉÍ × ÐÏÒ¦×ÎÑÎÎ¦ Ú ln2.



61 ðÒÅÐÒÉÎÔ¦ ¦ÎÛÉÈ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê) ÎÁ ÕÞÁÓÔÏË ËÒÉÔÉÞÎÏÇÏ ÒÅÖÉ-ÍÕ ÆÌÕËÔÕÁÃ¦Ê ¦ ÕÞÁÓÔÏË ççò ¤, ×ÚÁÇÁÌ¦ ËÁÖÕÞÉ, ÕÍÏ×ÎÉÍ. ðÒÏÔÅ,×ÌÁÓÎÅ ÇÒÁÎÉÞÎÏÍÕ ÇÁÕÓÏ×ÏÍÕ ÒÅÖÉÍÕ ×¦ÄÐÏ×¦ÄÁ¤ ÌÉÛÅ ×ËÌÁÄ F (3)ÇÇÒ ××ÉÒÁÚ¦ (6.1). ÷Ó¦ ÒÅÛÔÁ ×ËÌÁÄ¦× ÓÌ¦Ä ×¦ÄÎÏÓÉÔÉ ÄÏ ÕÞÁÓÔËÕ ëò. ôÏÍÕ,ÚÒÕÞÎÏ ÚÏÂÒÁÚÉÔÉ ËÏÅÆ¦Ã¦¤ÎÔ 3 Õ ×ÉÇÌÑÄ¦3 = ËÒ3 + (ÇÇÒ)3 (7.16)ÄÅ (ËÒ)3 = s3(��1)(�f (1)ËÒ + f60 + f 02)(ÇÇÒ)3 = s3(��1)I00 (7.17)ð¦ÄÓÔÁ×ÌÑÀÞÉ ×¦ÄÐÏ×¦ÄÎ¦ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ ÍÁ¤ÍÏ(ËÒ)3 = �1:471; (ÇÇÒ)3 = 2:189; (7.18)÷ ÒÅÚÕÌØÔÁÔ¦ ÅÎÔÒÏÐ¦Ñ ÓÉÓÔÅÍÉ ÚÏÂÒÁÖÁ¤ÔØÓÑ × ×ÉÇÌÑÄ¦ Ä×ÏÈ ÄÏ-ÄÁÎË¦× S = SËÒ + SÇÇÒäÌÑ ÐÅÒÛÏÇÏ Ú ÎÉÈ ÍÁ¤ÍÏSËÒ = kN hS0 + S1� + S(ËÒ)3 �1�� + S(ËÒ)4 �1+���i (7.19)ÄÅ S(ËÒ)3 = s�30 3�c3�� (ËÒ)3 ; S(ËÒ)3 = s�30 (3� +�)c3�� c�(ËÒ)4 (7.20)äÌÑ ÄÒÕÇÏÇÏSÇÇÒ = kN hS(ÇÇÒ)3 �1�� + S(ËÒ)4 �1+���i (7.21)ÄÅ S(ÇÇÒ)3 = s�30 3�c3�� (ÇÇÒ)3 ; S(ÇÇÒ)4 = s�30 (3� +�)c3�� c�(ÇÇÒ)4 (7.22)ÐÒÉÞÏÍÕ (ËÒ)4 = s3(��1) ��f (3)ËÒ + f61 + 3��0(f60 + f 02)�(ÇÇÒ)4 = s3(��1) (I01 + 3��0I00) (7.23)ëÏÅÆ¦Ã¦¤ÎÔÉ (ËÒ)4 ÔÁ (ÇÇÒ)4 ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ(ËÒ)4 = 6:170; (ÇÇÒ)4 = �5:773 (7.24)
ICMP{97{25U 62îÁ ÒÉÓ.4 ÐÒÉ×ÅÄÅÎÁ ÔÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÅÎÔÒÏÐ¦§ (7.13) (ËÒÉ×Á1), ÐÒÉ b = bI . ôÕÔ Ö ÐÒÉ×ÅÄÅÎ¦ ÚÁÌÅÖÎÏÓÔ¦ §§ ×ËÌÁÄ¦× SËÒ (ËÒÉ×Á 2).óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÔÅÍÐÅÒÁÔÕÒÎÉÊ È¦Ä ÅÎÔÒÏÐ¦§ (§§ ÓÐÁÄÁÎÎÑ ÐÒÉÐÏÎÉÖÅÎÎ¦ ÔÅÍÐÅÒÁÔÕÒÉ) ÚÁÂÅÚÐÅÞÕ¤ÔØÓÑ ×ËÌÁÄÏÍ ×¦Ä ÕÞÁÓÔËÕ ÇÒÁ-ÎÉÞÎÏÇÏ ÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ. ÷ÉËÏÎÁÎÎÑ ÒÏÚÒÁÈÕÎËÕ ÅÎÔÒÏÐ¦§ × ÒÁÍ-ËÁÈ ÒÅÎÏÒÍÇÒÕÐÏ×ÏÇÏ Ð¦ÄÈÏÄÕ ÐÒÉ×ÏÄÉÔØ ÄÏ ×ÉÒÁÚÕ (7.19). äÌÑ ×Ó¦È� < �� ×¦Î ÍÁ¤ ÎÅÐÒÁ×ÉÌØÎÕ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ, ÏÓË¦ÌØËÉ ÐÒÉ-×ÏÄÉÔØ ÄÏ ÚÒÏÓÔÁÎÎÑ ÅÎÔÒÏÐ¦§ ¦Ú ÚÍÅÎÛÅÎÎÑÍ ÔÅÍÐÅÒÁÔÕÒÉ. ðÏÑÓÎÅÎ-ÎÑÍ ÃØÏÇÏ Ñ×ÉÝÁ ¤ ×ÉÎÉËÎÅÎÎÑ × ÓÉÓÔÅÍ¦ ÎÏ×ÏÇÏ ÔÉÐÕ ÓÉÍÅÔÒ¦§ - ÓÉ-ÍÅÔÒ¦§ ÒÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎÏ§ ÇÒÕÐÉ.

òÉÓ. 4. ðÏ×ÅÄ¦ÎËÁ ÅÎÔÒÏÐ¦§ ÓÉÓÔÅÍÉ (ËÒÉ×Á 1) ÐÒÉ b = bI . ëÒÉ×¦ 2 -×ËÌÁÄÉ ×¦Ä ÕÞÁÓÔËÕ ëò.ôÅÐÌÏ¤ÍÎ¦ÓÔØ ÓÉÓÔÅÍÉ × ÏËÏÌ¦ ÔÏÞËÉ æð ÒÏÚÒÁÈÏ×Õ¤ÔØÓÑ ÚÁ ÆÏÒ-ÍÕÌÏÀ C = �T �@2F@T 2�V¦ ÚÁÐÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦C = kN hC0 + C(+)3 ��� + C(+)4 ���+� + 0(�1��; �1+���)i (7.25)



63 ðÒÅÐÒÉÎÔÄÅ C0 = 2s�30 (1 + 2)C(+)3 = 3�(3� � 1)s�30 c3�� 3C(+)4 = (3� +�)(3� +�� 1)s�30 c3�� c�4 (7.26)ïÓË¦ÌØËÉ � = 2�3� ¤ ÄÏÄÁÔÎ¦Í, ÔÏ ÏÓÎÏ×ÎÉÊ ×ËÌÁÄ × ÔÅÐÌÏ¤ÍÎ¦ÓÔØÓÉÓÔÅÍÉ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÄÏÄÁÎËÏÍC(+)s = kNC(+)3 ���ëÏÅÆ¦Ã¦¤ÎÔ C(+)3 ÓËÌÁÄÁ¤ÔØÓÑ Ú Ä×ÏÈ ÍÎÏÖÎÉË¦×C(+)3 = C(+)30 �CbðÅÒÛÉÊ Ú ÎÉÈ ¤ ÕÎ¦×ÅÒÓÁÌØÎÏÀ ×ÅÌÉÞÉÎÏÀC(+)30 = (3�)(3� � 1)3;¦ Õ ×ÉÐÁÄËÕ ×ÉËÏÎÁÎÎÑ (6.13) Ò¦×ÎÉÊ C+30 = 1:079 äÒÕÇÉÊ ÍÎÏÖÎÉËÚÁÌÅÖÉÔØ ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉCb = s�30 c3��îÅÚÁÌÅÖÎÉÊ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ×ËÌÁÄ ÄÏ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÏÐÉÓÕ¤ÔØÓÑËÏÅÆ¦Ã¦¤ÎÔÏÍ C0 ¦ ¤ ×¦Ä'¤ÍÎÉÍ. ôÁË, ÐÒÉ b = c1 + 2 = �1:975ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÐÒÉ×ÅÄÅÎÁ ÎÁ ÒÉÓ.5. (ËÒÉ×Á1).ôÕÔ ÖÅ ÐÏËÁÚÁÎ¦ ×ËÌÁÄÉ ÄÌÑ CËÒ ¦Ú (7.18) (ËÒÉ×Á 2) ÔÁCÇÇÒ ¦Ú (7.30)(ËÒÉ×Á 3). ô¦ÌØËÉ ÚÁ×ÄÑËÉ ÎÁÑ×ÎÏÓÔ¦ ÄÏÄÁÎËÕ CÇÇÒ ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ÓÉ-ÓÔÅÍÉ ÓÔÁ¤ ÄÏÄÁÔÎØÏÀ ¦ ÍÁ¤ ÐÒÁ×ÉÌØÎÕ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ.ðÒÉ b > c ÃÅ ÚÎÁÞÅÎÎÑ ÐÒÁËÔÉÞÎÏ ÎÅ ÚÍ¦ÎÀ¤ÔØÓÑ, Á ÐÒÉ b < c ×ÏÎÏÄÅÝÏ ÚÍÅÎÛÕ¤ÔØÓÑ (ÐÏ ÁÂÓÏÌÀÔÎ¦Ê ×ÅÌÉÞÉÎ¦) (ÄÉ×. ÔÁÂÌ.3). ôÁË ÐÒÉb = 0:3c ÍÁ¤ÍÏ 1 + 2 = �1:432õÍÏ×ÏÀ ÓÔÁÂ¦ÌØÎÏÓÔ¦ ÓÉÓÔÅÍÉ ¤ ÎÅÒ¦×Î¦ÓÔØC0 + C+3 ��� +C(+)4 ���� > 0 (7.27)ñËÝÏ ÎÅ ÐÒÉÊÍÁÔÉ ÄÏ Õ×ÁÇÉ ÏÓÔÁÎÎ¦Ê ÄÏÄÁÎÏË × (7.27), ÍÁ¤ÍÏC+3 ��� > �C0
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òÉÓ. 5. ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ (ËÒÉ×Á 1) × ËÒÉÔÉÞÎ¦ÊÏÂÌÁÓÔ¦ ÐÒÉ b = bI. ëÒÉ×¦ 2 ×¦ÄÐÏ×¦ÄÁÀÔØ ×ËÌÁÄÁÍ ëò, ËÒÉ×¦ 3 -×ËÌÁÄÁÍ ×¦Ä ÕÞÁÓÔË¦× ççò ÔÁ ¶çò ÐÒÉ � > 0 ÔÁ � < 0 ×¦ÄÐÏ×¦ÄÎÏ.áÂÏ �� < � C+3�C0��1=3� � �3�(3� � 1)c3�� 3�2(1 + 2) ��1=�ðÒÉ b = 0:3 ÚÎÁÈÏÄÉÍÏ� < �1:824 � 0:824 � (2:3256)1:824 � 0:7182 � 1:432 ��1=�! 0:04ôÅÍÐÅÒÁÔÕÒÎÁ ÏÂÌÁÓÔØ � < 0:04 ×ËÌÀÞÁ¤ × ÓÅÂÅ ËÒÉÔÉÞÎÕ ÏÂÌÁÓÔØ,ÄÌÑ ÑËÏ§ ×ÉËÏÎÁÎ¦ ÒÏÚÒÁÈÕÎËÉ.ôÅÐÌÏ¤ÍÎ¦ÓÔØ (7.25) ¤ ÄÏÄÁÔÎØÏ ×ÉÚÎÁ-ÞÅÎÏÀ ×ÅÌÉÞÉÎÏÀ ÄÌÑ ×Ó¦È � < ��, ÄÅ �� � 10�2.÷ÉÄ¦ÌÉÍÏ × ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ×ËÌÁÄÉ ×¦Ä ÇÒÁÎÉÞÎÏÇÏ ÇÁÕÓÏ×ÏÇÏ ÒÅÖÉ-ÍÕ ÐÏÄ¦ÂÎÏ ÄÏ ÔÏÇÏ, ÑË ÃÅ ÂÕÌÏ ÚÒÏÂÌÅÎÏ ÄÌÑ ×ÉÒÁÚÕ ÄÌÑ ÅÎÔÒÏÐ¦§



65 ðÒÅÐÒÉÎÔ(7.19), (7.21). íÁ¤ÍÏCËÒ = kN hC0 +C(ËÒ)3 ��� + C(ËÒ)4 ����i ; (7.28)ÄÅ C(ËÒ)3 = 3�(3� � 1)s�30 c3�� (ËÒ)3C(ËÒ)4 = (3� +�)(3� +�� 1)s�30 c3�� c�(ËÒ)3 (7.29)ïÓË¦ÌØËÉ (ËÒ)3 < 0, ÔÏ ¦ C(ËÒ)3 ¤ ×¦Ä'¤ÍÎÏÀ ×ÅÌÉÞÉÎÏÀ ÐÒÉ � << 1.CÇÇÒ = kN hC(ÇÇÒ)3 ��� +C(ÇÇÒ)4 ����i ; (7.30)ÄÅ C(ÇÇÒ)3 = 3�(3� � 1)s�30 c3�� (ÇÇÒ)3C(ÇÇÒ)4 = (3� +�)(3� +�� 1)s�30 c3�� c�(ÇÇÒ)3 (7.31)ðÒÉÞÏÍÕ C = CËÒ + óÇÇÒ÷ÉÚÎÁÞÉÍÏ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÓÉÓÔÅÍÉ. óËÏÒÉÓÔÁ¤ÍÏÓÑ Ú ÆÏÒÍÕÌÉ� = �@2F@h2ÐÒÉ h! 0. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ × ÑËÏÓÔ¦F ×ÉÒÁÚ (7.6) ÚÎÁÈÏÄÉÍÏ ÐÉÔÏÍÕÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ � = �(+)0 ��(1 + �(+)1 c���) (7.32)ÄÅ  = 2�, �(+)0 = 2kTf (0)h = 1~�(0) c��D0 s2(1��0)�(+)1 = f (1)h = �2��0 �D1 (7.33)8. òÏÚÒÁÈÕÎÏË ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÐÒÉ ÔÅÍÐÅÒÁÔÕ-ÒÁÈ ÎÉÖÞÉÈ ÚÁ ËÒÉÔÉÞÎÕ.ðÒÉ×ÅÄÅÎ¦ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÎÉÖÞÅ ÔÏÞËÉ ÆÁÚÏ-×ÏÇÏ ÐÅÒÅÈÏÄÕ. ÷ÉËÏÎÁÎÅ ÐÏÒ¦×ÎÑÎÎÑ ×ËÌÁÄ¦× ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅ-ÍÉ ×¦Ä ÕÞÁÓÔËÕ ëò ÔÁ ×ËÌÁÄ¦× ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê. ÷ÉÄ¦ÌÅÎÁ
ICMP{97{25U 66ÞÁÓÔÉÎÁ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ÚÁ ×ÐÏÒÑÄËÕ×ÁÎÎÑ × ÓÉÓÔÅÍ¦.ïÔÒÉÍÁÎÉÊ Í¦ËÒÏÓËÏÐ¦ÞÎÉÊ ÁÎÁÌÏÇ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ìÁÎÄÁÕ.úÁÇÁÌØÎÁ ÓÈÅÍÁ ÒÏÚÒÁÈÕÎËÕ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê × ËÒÉÔÉÞ-Î¦Ê ÏÂÌÁÓÔ¦ ÐÒÉ T < Tc ÎÅ ×¦ÄÒ¦ÚÎÑ¤ÔØÓÑ ×¦Ä ÍÅÔÏÄÉËÉ §§ ÒÏÚÒÁÈÕÎËÕ,ÑËÁ ÂÕÌÁ ÚÁÓÔÏÓÏ×ÁÎÁ ×ÉÝÅ ÄÌÑ ×ÉÐÁÄËÕ T > Tc. óÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ ÎÉÖÞÉÈ ÚÁ Tc ÚÏÂÒÁÖÁ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦Z = 2N e ~M0NQ0Q1:::Q��2(N��+1�1)=2 �� �Q(P�� )�N��+1 Z W��+1(�)(d�)N��+1 (8.1)ôÁËÉÊ ÚÁÐÉÓ ×¦ÄÐÏ×¦ÄÁ¤ ¦ÎÔÅÇÒÕ×ÁÎÎÀ ÐÏ n = �� ÛÁÒÁÈ ÆÁÚÏ×ÏÇÏÐÒÏÓÔÏÒÕ ëú ¦ ÏÂÇÒÕÎÔÏ×ÁÎÉÊ × (1.17)-(1.28). äÌÑ W��+1(�) ÍÁ¤ÍÏ×ÉÒÁÚ W��+1(�) = exp24�12 Xk�B��+1 d��+1(k)�k��k�� 14! a��+1N��+1 Xk1;:::k4ki�B��+1 �~k1 : : : �~k4�~k1+:::+~k4375 (8.2)ÄÅ d��+1(k) = a(��+1)2 � ��(k):ëÏÅÆ¦Ã¦¤ÎÔÉ a(��+1)2 ; a��+1 ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ §È ÐÏÞÁÔËÏ×¦ ÚÎÁ-ÞÅÎÎÑ a02; a04 ÔÁ ×ÅÌÉÞÉÎÕ � ~�(0) Ú ÄÏÐÏÍÏÇÏÀ òó. ´ÄÉÎÏÀ, ÏÄÎÁË, ÓÕÔ-Ô¤×ÏÀ ×¦ÄÍ¦ÎÎ¦ÓÔÀ (8.1) ×¦Ä ×¦ÄÐÏ×¦ÄÎÏÇÏ ×ÉÒÁÚÕ ÄÌÑ ×ÉÐÁÄËÕ T > Tc¤ ÚÁÍ¦ÎÁ ÔÏÞËÉ ×ÉÈÏÄÕ ÓÉÓÔÅÍÉ Ú ëò ¦Ú m� ÎÁ �� . ÷ÉÒÁÚ ÄÌÑ m� ÚÁ-ÄÁ¤ÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍÉ (4.24)-(4.26).õÍÏ×Á ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ m�Ô¦ÓÎÏ ÐÏ×'ÑÚÁÎÁ Ú Ò¦×Î¦ÓÔÀ (4.20). ïÓË¦ÌØËÉ ×ÉËÏÎÕ¤ÔØÓÑ ÎÅÒ¦×Î¦ÓÔØdn+1(k) � dn(k) (ÄÉ×.[4]), ÔÏ Ú (4.20) ÓÌ¦ÄÕ¤, ÝÏ ÄÌÑ ×Ó¦È n � m� + 1×ÉËÏÎÕ¤ÔØÓÑ ÎÅÒ¦×Î¦ÓÔØ dn(k) � 0. ú ÔÏÞËÉ ÚÏÒÕ Æ¦ÚÉËÉ ÆÁÚÏ×ÏÇÏ ÐÅ-ÒÅÈÏÄÕ ÃÑ ÎÅÒ¦×Î¦ÓÔØ ÏÚÎÁÞÁ¤, ÝÏ ÚÁ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ ×ÓÉÓÔÅÍ¦ ÎÅ ÍÏÖÅ ÂÕÔÉ ×¦ÄÍ¦ÎÎÏÇÏ ×¦Ä ÎÕÌÑ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ. õ ×É-ÐÁÄËÕ T < Tc ÕÍÏ×Á (4.20) ÎÅ ÂÕÄÅ ÍÁÔÉ Í¦ÓÃÑ, ÏÓË¦ÌØËÉ dn(0) ÐÒÉÊÍ-Á¤ ×¦Ä'¤ÍÎ¦ ÚÎÁÞÅÎÎÑ ÐÒÉ ×Ó¦È ÚÎÁÞÅÎÎÑÈ n. â¦ÌØÛÅ ÔÏÇÏ, ×ÉÑ×ÌÑ¤ÔØÓÑ,ÝÏ ÍÏÖÎÁ ÚÎÁÊÔÉ ÔÁËÅ n = �� , ÐÒÉ ÑËÏÍÕ ÎÅ ÌÉÛÅ d��+1(0) < 0, ÁÌÅÊ d��+1(k) � 0 ÐÒÉ ×Ó¦È k 2 [0; B��+1); B��+1 = B0s�(��+1). å×ÏÌÀÃ¦ÑËÒÉ×ÉÈ dn(k) Ú ÒÏÓÔÏÍ n ÐÒÉ T > Tc ÔÁ T < Tc ÐÒÉ×ÅÄÅÎÁ ÎÁ òÉÓ.6.



67 ðÒÅÐÒÉÎÔúÒÏÚÕÍ¦ÌÏ, ÝÏ ×¦Ä'¤ÍÎ¦ÓÔØ ËÏÅÆ¦Ã¦¤ÎÔÁ d��+1(0) ÐÒÉ ÄÒÕÇ¦Ê ÓÔÅ-ÐÅÎ¦ ÚÍ¦ÎÎÏ§ �k × (8.2) (ÐÒÉ ÐÏÚÉÔÉ×ÎÏÓÔ¦ a��+1) ¤ Ó×¦ÄÞÅÎÎÑÍ ÐÒÏÎÁÑ×Î¦ÓÔØ × ÓÉÓÔÅÍ¦ Ò¦×ÎÑÎØ åÊÌÅÒÁ�d��+1(k)�k � a��+13! 1N��+1 Xk1;k2;k3 �k1�k2�k3�k1+k2+k3 = 0ÔÏÞËÉ Â¦ÆÕÒËÁÃ¦§ [4]. ïÄÎÁË Ô×ÅÒÄÖÅÎÎÑ ÐÒÏ ÎÁ×Î¦ÓÔØ ÓÐÏÎÔÁÎÎÏÇÏÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ÍÏÖÅ ÂÕÔÉ ÐÅÒÅÄÞÁÓÎÉÍ, ÏÓË¦ÌØËÉ d��+1+m(k)� d��+1(k). òÏÚÇÌÑÎÅÍÏ ÄÅÔÁÌØÎ¦ÛÅ ÈÁÒÁËÔÅÒ ÚÍ¦ÎÉ ËÏÅÆ¦Ã¦¤ÎÔ¦×d��+m(0) ÔÁ a��+m Ú ÒÏÓÔÏÍ m ¦ ÐÏËÁÖÅÍÏ, ÝÏ ÐÒÉ T < Tc × ÓÉÓÔÅÍ¦×ÉÎÉËÁ¤ ×¦ÄÍ¦ÎÎÉÊ ×¦Ä ÎÕÌÑ ÐÁÒÁÍÅÔÒ ÐÏÒÑÄËÕ. ïÚÎÁÞÉÍÏ ÔÏÞËÕ ×ÉÈ-ÏÄÕ ÓÉÓÔÅÍÉ Ú ëò ÐÒÉ T < Tc. óËÏÒÉÓÔÁ¤ÍÏÓÑ ÄÌÑ ÃØÏÇÏ Ú Ò¦×ÎÏÓÔ¦r��+� � r�r� = � (8.3)ðÒÉ � = �� ×ÏÎÁ ÅË×¦×ÁÌÅÎÔÎÁ Æ¦ÚÉÞÎ¦Ê ÕÍÏ×¦d��+�(B��+�) = 0ä¦ÊÓÎÏ, ÏÓÔÁÎÎÑ ÕÍÏ×Á ÍÏÖÅ ÂÕÔÉ ÐÅÒÅÐÉÓÁÎÁ × ×ÉÇÌÑÄ¦r��+� = ���(0)(�0)�2;Á ÄÌÑ (8.3) ÍÁ¤ÍÏr��+� = r�(� + 1) = ���(0)f0(� + 1)÷ÏÎÉ ÓÐ¦×ÐÁÄÁÀÔØ, ËÏÌÉ�� = (�0)�2f0 � 1 � 0:842ðÏÒ¦×ÎÑ¤ÍÏ ÏÔÒÉÍÁÎÅ ÚÎÁÞÅÎÎÑ �� ¦Ú ÚÎÁÞÅÎÎÑÍ � = 1, ÑËÅ ÓÌ¦ÄÕ¤Ú ÕÍÏ×É (4.20). ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ ×ÉÝÉÈ ¦ ÎÉÖÞÉÈÚÁ ËÒÉÔÉÞÎÕ ×ÅÌÉÞÉÎÁ ëò ×ÉÚÎÁÞÁ¤ÔØÓÑ ÏÄÎÁËÏ×ÉÍ ÞÉÎÏÍ ÐÒÉ ÕÍÏ×¦� � 1. ÷ ÃØÏÍÕ ×ÉÐÁÄËÕ ËÏÅÆ¦Ã¦¤ÎÔ dn(0) ÐÒÉÊÍÁ¤ ÄÏÄÁÔÎ¦ ÚÎÁÞÅÎÎÑÐÒÉ n > m� + � (T > Tc), Á ×ÅÌÉÞÉÎÁ dn(Bn) ¤ ×¦Ä'¤ÍÎÏÀ ÐÒÉ n >��+� (T < Tc). ÷ ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ ×ÅÌÉÞÉÎÁ � ÂÕÄÅ ×ÉÓÔÕÐÁÔÉ× ÑËÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ. õ ×ÉÐÁÄËÕ � = 1 ÍÁ¤ÍÏ ÓÉÔÕÁÃ¦À, ÚÏÂÒÁÖÅÎÕ ÎÁòÉÓ.6. ðÒÉ � � 1 ÐÏ×ÅÄ¦ÎËÁ dn(k) ÂÕÄÅ ÂÌÉÚØËÏÀ ÄÏ ÎÅ§ 7.7óÌ¦Ä, ÏÄÎÁË, ÚÁÕ×ÁÖÉÔÉ, ÝÏ � ÎÅ ÍÏÖÅ ÚÎÁÞÎÏ ÐÅÒÅ×ÉÝÕ×ÁÔÉ ÏÄÉÎÉÃÀ. ãÅÐÏ×'ÑÚÁÎÏ Ú ÔÉÍ, ÝÏ ÐÏÂÌÉÚÕ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ ×ÅÌÉÞÉÎÉ rn = s2ndn(0) ÔÁ un =s4na(n)4 ÍÁÀÔØ ÂÕÔÉ ÂÌÉÚØËÉÍÉ ÄÏ r� ÔÁ u� ×¦ÄÐÏ×¦ÄÎÏ (n = �� + �).
ICMP{97{25U 68dn(k)0 B��+16 - kd��+1(0)dn(k)

0 Bm�+1
6

- kòÉÓ. 6. ïÚÎÁÞÅÎÎÑ ÔÏÞËÉ ×ÉÈÏÄÕ ÓÉÓÔÅÍÉ Ú ëò. ôÏÞËÁ Bm�+1 (×ÉÐÁ-ÄÏË Á) ×¦ÄÐÏ×¦ÄÁ¤ ÔÅÍÐÅÒÁÔÕÒÁÍ T > Tc. ôÏÞËÁ B��+1 (×ÉÐÁÄÏË b) {ÔÅÍÐÅÒÁÔÕÒÁÍ T < Tc.



69 ðÒÅÐÒÉÎÔ÷ÉËÏÒÉÓÔÁ¤ÍÏ ÕÍÏ×Õ (8.3) ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ×ÅÌÉÞÉÎÉ �� . ðÒÉÊ-ÍÁÀÞÉ ÄÏ Õ×ÁÇÉ ÒÏÚ×'ÑÚËÉ òó (2.51), ÚÎÁÈÏÄÉÍÏ�� = � ln(�� )lnE1 + �0 + ��(�� )� � �; (8.4)ÄÅ E1 { Â¦ÌØÛÅ ×ÌÁÓÎÅ ÚÎÁÞÅÎÎÑ ÍÁÔÒÉÃ¦ òç ÐÅÒÅÔ×ÏÒÅÎÎÑ (2.47),�0 = ln�f0��(0)�~c11 �=lnE1�� = �2=lnE1; �2 = c0��0c0� = (c0�)� c2(�c�(0))2 1� ; c0� = ~c11f0��(0)� ;�0 = R(0)f0p'0 (8.5)÷ÉÒÁÚÉ ÄÌÑ �0 ÔÁ m0 ¦Ú (4.23) ¤ ÏÄÎÁËÏ×ÉÍÉ (�0 = m0). ëÒ¦Í ÔÏÇÏ,×ÉËÏÎÕÀÔØÓÑ Ò¦×ÎÏÓÔ¦ c� = c0� ÔÁ c� = c0�. ò¦ÚÎ¦ ÚÎÁÞÅÎÎÑ ÐÒÉÊÍÁÀÔØÌÉÛÅ ËÏÅÆ¦Ã¦¤ÎÔÉ �2 ÔÁ m2 ¦Ú (4.25), ÏÄÎÁË �2 = �m2.òÏÚÒÁÈÕÎÏË ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÐÒÉ T < Tc ÚÄ¦ÊÓÎÀ¤ÔØÓÑ ÎÁ ÏÓÎÏ×¦(8.1) ×¦ÄÐÏ×¦ÄÎÏ ÄÏ ÍÅÔÏÄÉËÉ, ÚÁÐÒÏÐÏÎÏ×ÁÎÏ§ ×ÉÝÅ, ÄÌÑ ×ÉÐÁÄËÕ T >Tc. ÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÚÏÂÒÁÖÁ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦ ÄÅË¦ÌØËÏÈ ÄÏÄÁÎË¦×F = F0 + F1 + F 0ËÒ + F¦ÇÒ (8.6)÷ÉÒÁÚ ÄÌÑ F0 ÓÐ¦×ÐÁÄÁ¤ Ú ×¦ÄÐÏ×¦ÄÎÉÍ ÄÏÄÁÎËÏÍ ¦Ú (5.1), Á ÄÌÑ F1¦Ú (5.8)-(5.10).÷ÏÎÉ ¤ ÏÄÎÁËÏ×ÉÍÉ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒ ×ÉÝÉÈ ¦ ÎÉÖÞÉÈ ÚÁTc. ÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ×¦Ä ÕÞÁÓÔËÕ ëò ÐÒÉ T < Tc ÏÂÞÉÓÌÀ¤ÔØÓÑ ÚÇ¦ÄÎÏÄÏ ÆÏÒÍÕÌÉ F 0ËÒ = ��Xn=1Fn; (8.7)ÄÅ ÄÌÑ Fn ÓÐÒÁ×ÅÄÌÉ×ÉÊ ×ÉÒÁÚ (5.26). äÌÑ ×ÉËÏÎÁÎÎÑ ÏÐÅÒÁÃ¦§ ÓÕÍÕ-×ÁÎÎÑ ÐÏ n × (8.7) ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑc1E��+11 = ���(0)f0�E1��1 (1 + �0c0�(�� )�);E��+12 = (c0�)�(�� )�E1��2 ;s�3(��+1) = s3(��1)c03�� (�� )3�(1� 3��0c0�(�� )�); (8.8)ÑË¦ ÐÏÄ¦ÂÎ¦ ÄÏ (5.39). ð¦ÓÌÑ ÏÂÞÉÓÌÅÎÎÑ (8.7) ÚÎÁÈÏÄÉÍÏF 0ËÒ = �kTN 0f (0)ËÒ � kTN 0 h05c03�� (�� )3�++06c03�� c0�(�� )3�+�i (8.9)
ICMP{97{25U 70äÌÑ f (0)ËÒ ÍÁ¤ÍÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑf (0)ËÒ = f (00)ËÒ + f (01)ËÒ � + f (02)ËÒ �2: (8.10)ëÏÅÆ¦Ã¦¤ÎÔÉ f (0l)ËÒ ÐÒÉÊÍÁÀÔØ Ô¦ ÓÁÍ¦ ÚÎÁÞÅÎÎÑ, ÝÏ ¦ Õ ×ÉÐÁÄËÕT > Tc ¦ ÐÒÉ×ÅÄÅÎ¦ × (5.34). äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× 05 ÔÁ 06 ÍÁ¤ÍÏ05 = �s3(��1)f1LËÒ06 = �s3(��1)f3LËÒ (8.11)ôÕÔ 05 = 1:844; 06 = 5:878:äÌÑ ×ÅÌÉÞÉÎ lLËÒ ÍÁ¤ÍÏf (1L)ËÒ = �t00 � t01�E1��1 f0('0)�1=2++t03�2E2(1��)1 f20 ('0)�1� ;f (3L)ËÒ = f (2L)ËÒ � 3��0f (1L)ËÒ ;ÐÒÉÞÏÍÕ f (2L)ËÒ = h�R(0)'�10 t01�E1��1 + t02�'�10 E1��2 ++2R(0)f0'�3=20 t03�2E2(1��)1 � t05f0'�3=20 �2(E1E2)1��i (8.12)óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ×ÅÌÉÞÉÎÉ f (lL)ËÒ ¤ ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ¦ ÎÅ ÚÁ-ÌÅÖÁÔØ ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ. äÌÑ ÚÎÁÞÅÎØ ÐÁÒÁ-ÍÅÔÒ¦×, ÐÒÉ×ÅÄÅÎÉÈ × (6.13) ÚÎÁÈÏÄÉÍÏf1LËÒ = 1:650; f2LËÒ = 1:066; f3LËÒ = 5:262ðÒÉÓÔÕÐÉÍÏ ÄÏ ÒÏÚÒÁÈÕÎËÕ ×ËÌÁÄÕ ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ ×¦ÄÏÂÌÁÓÔ¦ ¦Î×ÅÒÓÎÏÇÏ ÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ F¦ÇÒ ¦Ú (8.6)F¦ÇÒ = �kTNlnZ¦ÇÒ (8.13)ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (8.1), ÚÎÁÈÏÄÉÍÏZ¦ÇÒ = 2(N��+1�1)=2Q(P�� )N��+1 Z W��+1(�)(d�)N��+1 (8.14)äÌÑ ÒÏÚÒÁÈÕÎËÕ ×ËÌÁÄÕ ×¦Ä Q(P�� ) ×ÉËÏÒÉÓÔÁ¤ÍÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ(5.12)



71 ðÒÅÐÒÉÎÔQ(P�� ) = z0(4�p6)�1=2(u�� )1=4s��� ��(1 + p11h�� + p12h2�� ) (8.15)ïÂÞÉÓÌÉÍÏ ×ÉÒÁÚ ÄÌÑ h�� = (r�� + q)(u�� )�1=2. íÁ¤ÍÏr�� = ���(0) hr(0)�� + r(1)�� c0�(�� )�i (8.16)ÄÅ r(0)�� = f0(1 + �)E��1 ; r(1)�� = �f0��0[E��2 �E��1 ]ÄÌÑ (6.13) ÍÁ¤ÍÏ (r(0)�� = 0:5640; r(1)�� = 1:8325) (8.17)ðÏÄ¦ÂÎÉÍ ÞÉÎÏÍ ÚÁÐÉÛÅÍÏu�� = (��(0))2 hu(0)�� + u(1)�� c0�(�� )�i (8.18)ôÕÔ u(0)�� = '0 �p'0f0�R(0)1 E��1 );u(1)�� = �(E��2 �R(0)1 R(0)E��1 ):ÄÌÑ (6.13) ÍÁ¤ÍÏ u(0)�� = 0:5767; u(1)�� = 0:3831 (8.19)÷ ÒÅÚÕÌØÔÁÔ¦ ÄÌÑ ×ÅÌÉÞÉÎÉ h�� ÚÎÁÈÏÄÉÍÏh�� = h(0)�� (1 + h(1)�� c0�(�� )�) (8.20)ÄÅ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ h(0)�� = �f0�E��1qu(0)�� ;h(1)�� = r(1)��f0� E�1 � 12 u(1)��u(0)�� (8.21)ð¦ÄÓÔÁ×ÌÑÀÞÉ (8.21), (8.18) × (8.15) ÚÎÁÈÏÄÉÍÏ ×ËÌÁÄ ÄÏ ×¦ÌØÎÏ§ÅÎÅÒÇ¦§ ×¦Ä Q(P�� )
ICMP{97{25U 72F6L = �kTN��+1lnQ(P�� ) = �kTN 0s3(��1) �� hf60Lc03�� (��3�) + f61Lc03�� c0�(�� )3�+�i+ F 06L (8.22)ÄÅ f60L = �lnz0 � 12 ln(4�p6)++14 lnu(0)�� + p11h(0)�� + (p12 � 12p211)(h(0)�� )2� ;f61L = �14u(1)�� (u(0)�� )�1 + p11h(0)�� h(1)�� ++2(p12 � 12p211)h(1)�� (h(0)�� )2�� 3��0f60L (8.23)(ÁÂÏ f60L = �1:354; f61L = �4:495 ÐÒÉ (6.13)). óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏÄÏ ÓËÌÁÄÕ (8.22) ×ÈÏÄÉÔØ ÄÏÄÁÔËÏ×ÉÊ ÞÌÅÎF 06L = �kTN��+1(��� lns + 12 ln��(0)); (8.24)ÑË ÃÅ ÍÁÌÏ Í¦ÓÃÅ ¦ Õ ×ÉÐÁÄËÕ T > Tc (×ÉÒÁÚ (6.14)).íÉ ÎÅ ÂÕÄÅÍÏ Ú×ÅÒÔÁÔÉ ÎÁ ÎØÏÇÏ ÏÓÏÂÌÉ×Ï§ Õ×ÁÇÉ, ÏÓË¦ÌØËÉ ÔÏÞ-ÎÏ ÔÁËÉÊ ÓÁÍÉÊ ÄÏÄÁÎÏË (Ú ÐÒÏÔÉÌÅÖÎÉÍ ÚÎÁËÏÍ) ÂÕÄÅ ÐÒÉÓÕÔÎ¦Í ×ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ (ÄÉ×.(9.5)). ÷ ÒÅÚÕÌØÔÁÔ¦ ×ÏÎÉ ËÏÍÐÅÎÓÕÀÔØÏÄÉÎ ÏÄÎÏÇÏ.÷ËÌÁÄ ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ×¦Ä ÍÎÏÖÎÉËÁ 2(N��+1�1)=2 ¦Ú (8.14) ÍÁ¤×ÉÇÌÑÄF 0 = �kTN 0s3(��1) �f 00(c0�)3�(�� )3� + f 01(c0�)3�c0�(�� )3�+�� ; (8.25)ÄÅ f 00 = 12 ln2; f 01 = f 003��0 (8.26)õ ×ÉÐÁÄËÕ (6.13) ÚÎÁÈÏÄÉÍÏ f 00 = 0:347; f 01 = �0:881.ðÏ×ÎÉÊ ×ËÌÁÄ ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ ×¦Ä ÕÞÁÓÔËÕ ¦Î×ÅÒÓÎÏÇÏÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ (×ÉÒÁÚ ÄÌÑ ×¦ÄÐÏ×¦ÄÎÏ§ ÊÏÍÕ ÐÁÒÃ¦ÁÌØÎÏ§ ÓÔÁÔÉÓ-ÔÉÞÎÏ§ ÓÕÍÉ ÐÒÉ×ÅÄÅÎÉÊ × (8.15)) ×ËÌÀÞÁ¤ ÔÒÉ ÄÏÄÁÎËÉ. ðÅÒÛ¦ Ä×Á ÚÎÉÈ ÏÂÞÉÓÌÅÎ¦ × (8.22) ÔÁ (8.25). ôÒÅÔ¦Ê ÄÏÄÁÎÏË ÍÁ¤ ×ÉÇÌÑÄ



73 ðÒÅÐÒÉÎÔF��+1 = �kT lnZ��+1 (8.27)äÌÑ Z��+1 ÍÁ¤ÍÏ Z��+1 = Z W��+1(�)(d�)N��+1 ; (8.28)ÄÅ ×ÉÒÁÚ ÄÌÑW��+1(�) ÐÒÉ×ÅÄÅÎÉÊ × (8.2). úÁÐÉÛÅÍÏ ÊÏÇÏ ËÏÅÆ¦Ã¦¤Î-ÔÉ d��+1(0) ÔÁ a��+1 Õ ×ÉÇÌÑÄ¦d��+1(0) = s�2(��+1)r��+1; a��+1 = s�4(��+1)u��+1 (8.29)ôÏÄ¦ ÄÌÑ r��+1 ÚÎÁÈÏÄÉÍÏr��+1 = ���(0)(r10 + r11c0�(�� )�); (8.30)ÄÅ r10 = f0(1 + �E1��1 );r11 = f0�0�(E1��1 �E1��2 ) (8.31)(ÄÌÑ ÚÎÁÞÅÎØ ÐÁÒÁÍÅÔÒ¦× ¦Ú (6.13) ÍÁ¤ÍÏ r10 = 0:9846; r11 = 0:0632).óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÑË r�� ÔÁË ¦ r��+1 (ÐÒÉ � ! 0) ¤ ×¦Ä'¤ÍÎÉÍÉ×ÅÌÉÞÉÎÁÍÉ, ÐÒÉÞÏÍÕ j r��+1 j>j r�� j : ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ, ÝÏr��+l = s2(��+l)(a(��+l)2 � ��(0))ÂÁÞÉÍÏ, ÝÏ ÚÒÏÓÔÁÎÎÑ l ÐÒÉ×ÏÄÉÔØ ÄÏ ÒÏÓÔÕ (ÚÁ ÁÂÓÏÌÀÔÎÏÀ ×ÅÌÉÞÉ-ÎÏÀ) r��+l. äÌÑ u��+1 ÍÁ¤ÍÏu��+1 = (��(0))2 �u10 + u11c0�(�� )�� (8.32)ôÕÔ u10 = '0 � R(0)1 p'0f0�E1��1 ;u11 = � �E1��2 �R(0)1 R(0)E1��1 � (8.33)(u10 = 0:5203; u11 = 1:1507).ïÔÒÉÍÁÎ¦ ×ÉÝÅ ÆÏÒÍÕÌÉ (8.30), (8.32) ÄÏÚ×ÏÌÑÀÔØ ÓÆÏÒÍÕÌÀ×ÁÔÉÄ×Á Ô×ÅÒÄÖÅÎÎÑ. ðÅÒÛÅ Ú ÎÉÈ ÐÏ×'ÑÚÁÎÅ Ú ÎÅÇÁÔÉ×Î¦ÓÔÀ ¦ ÒÏÓÔÏÍ ÚÁÍÏÄÕÌÅÍ ×ÅÌÉÞÉÎÉ r��+l Ú¦ ÚÒÏÓÔÁÎÎÑÍ l.
ICMP{97{25U 74ô×ÅÒÄÖÅÎÎÑ 1. ðÒÉ T > Tc ×ÅÌÉÞÉÎÁ rm�+l ¤ ÄÏÄÁÔÎØÏÀ ¦ ÚÒÏÓÔÁ¤ÐÒÉ ÚÂ¦ÌØÛÅÎÎ¦ l. îÁÓÌ¦ÄËÏÍ ÔÁËÏÇÏ ÒÏÓÔÕ ¤ ×ÓÔÁÎÏ×ÌÅÎÎÑ ÇÒÁÎÉÞ-ÎÏÇÏ ÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ. õ ×ÉÐÁÄËÕ T < Tc ×ÅÌÉÞÉÎÁ r��+1 ÔÁËÏÖÚÒÏÓÔÁ¤ ÚÁ ÁÂÓÏÌÀÔÎÏÀ ×ÅÌÉÞÉÎÏÀ, ÚÁÌÉÛÁÀÞÉÓØ ×¦Ä'¤ÍÎÏÀ. óÉÔÕ-ÁÃ¦Ñ, ËÏÌÉ ×ÅÌÉÞÉÎÁ h��+l ÚÒÏÓÔÁ¤ ÐÏ ÁÂÓÏÌÀÔÎ¦Ê ×ÅÌÉÞÉÎ¦, ÁÌÅ ¤×¦Ä'¤ÍÎÏÀ, ÐÒÉ×ÏÄÉÔØ ÄÏ ×ÓÔÁÎÏ×ÌÅÎÎÑ ¦Î×ÅÒÓÎÏÇÏ ÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ(¶çò) ÆÌÕËÔÕÁÃ¦Ê. 8 ÷ÏÎÁ ÏÂÕÍÏ×ÌÅÎÁ ÎÁÑ×Î¦ÓÔÀ × ÓÉÓÔÅÍ¦ ×¦ÄÍ¦ÎÎÏÇÏ×¦Ä ÎÕÌÑ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ.ðÏÄÁÌØÛ¦ ÏÂÞÉÓÌÅÎÎÑ (8.28) ÄÏÃ¦ÌØÎÏ ÐÒÏ×ÏÄÉÔÉ × ÔÅÒÍ¦ÎÁÈ ÚÍ¦-ÝÅÎÉÈ ÚÍ¦ÎÎÉÈ. ÷ÉËÏÎÁ¤ÍÏ ÚÁÍ¦ÎÕ ÚÍ¦ÎÎÉÈ�k = �0~k + ��~k10 (8.34)÷ ÒÅÚÕÌØÔÁÔ¦ ÚÎÁÈÏÄÉÍÏ [15]Z��+1 = exp[E(�) +E(h)] Z exp24�12 Xk�B��+1 �d(k)�k��k�� 13! b��+1pN��+1 Xk1;:::k3ki�B��+1 �~k1 : : : �~k3�~k1+:::+~k3 �� 14! a��+1pN��+1 Xk1;:::k4ki�B��+1 �~k1 : : : �~k4�~k1+:::+~k4++�pNh�0i (d�)N��+1 (8.35)ôÕÔ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑE(�) = �12d��+1(0)�2 � 124 a��+1N��+1�4;E(h) = �pNhpN��+1b��+1=a��+1 (8.36)8úÁÕ×ÁÖÉÍÏ,ÝÏ ×ÅÌÉÞÉÎÁ u��+l ¤ ÚÁ×ÖÄÉ ÐÏÚÉÔÉ×ÎÏÀ.ãÅ ÓÌ¦ÄÕ¤ Ú ÚÁÇÁÌØÎÉÈÒÅËÕÒÅÎÔÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ. ÷ ÄÁÎÉÈ ÒÏÚÒÁÈÕÎËÁÈ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÎÁÂÌÉÖÅÎÁÆÏÒÍÕÌÁ u��+l = (��(0))2[ul0 + ul1c0�(��)�];ÑËÁ ÍÁ¤ Í¦ÓÃÅ ÐÏÂÌÉÚÕ Æ¦ËÓÏ×ÁÎÏ§ ÔÏÞËÉ. ðÒÉ � ! 0 ÚÎÁË u��+l ×ÉÚÎÁÞÁ¤ÔØÓÑ×ÅÌÉÞÉÎÏÀ ul0 = '0 �R(0)1 p'0f0�E1��1 ;ÑËÁ ÐÏ×ÉÎÎÁ ÂÕÔÉ ÄÏÄÁÔÎØÏÀ.



75 ðÒÅÐÒÉÎÔÄÅ h{ ÍÁÌÅ ÚÏ×Î¦ÛÎ¤ ÐÏÌÅ,b��+1 = �a��+1(N��+1)�1=2 (8.37)÷ÅÌÉÞÉÎÁ ÚÍ¦ÝÅÎÎÑ � ÚÎÁÈÏÄÉÔØÓÑ Ú ÕÍÏ×É@E(�)@� = 0¦ Ò¦×ÎÁ � = � ��6d��+1(0)N��+1(a��+1)�1�1=2 (8.38)ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ, ÝÏ�d(0) = �2d��+1(0) > 0 (8.39)ÂÁÞÉÍÏ, ÝÏ � ÐÒÉÊÍÁ¤ Ä¦ÊÓÎ¦ ÚÎÁÞÅÎÎÑ� = � �3 �d(0)N 0(u��+1)�1s��+1�1=2 (8.40)÷ÅÌÉÞÉÎÁ � ¤ ÐÒÏÐÏÒÃ¦ÊÎÏÀ ÄÏ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ. ýÏÂ ÚÎÁÊÔÉ¦ÓÔÉÎÎÉÊ ÐÁÒÁÍÅÔÒ ÐÏÒÑÄËÕ ÓÌ¦Ä ×ÒÁÈÕ×ÁÔÉ ×ËÌÁÄÉ ×¦Ä ÚÍ¦ÎÎÉÈ �k ¦Ú(8.35).÷ÉËÏÒÉÓÔÁ¤ÍÏ ÄÌÑ ÃØÏÇÏ ÍÅÔÏÄÉËÕ ÒÏÚÒÁÈÕÎËÕ ÚÁÐÒÏÐÏÎÏ×ÁÎÕ× [4,15]. ÷ÉÄ¦ÌÉÍÏ × (8.35) ×ËÌÁÄÉ ×¦Ä �0 ÏËÒÅÍÏ. íÁ¤ÍÏZ��+1 = exp[E(�) + E(h)] Z d�0expn�pNh�0�� 12 �d(0)�20 � b��+16pN��+1 �30 � a��+124N��+1 �40) �� Z (d�)N��+1�1exp24�12Xk 6=0 �d(k)�k��k35��exp(p0 + p1�0 + p2�20) (8.41)÷ÅÌÉÞÉÎÉ pl ÍÁÀÔØ ×ÉÇÌÑÄp0 = � b��+16pN��+1 0Xki �~k1 : : : �~k3�~k1+:::+~k3� a��+124N��+1 0Xki �~k1 : : : �~k4�~k1+:::+~k4 ;
ICMP{97{25U 76p1 = � b��+12pN��+1 0Xk �k��k� a��+16N��+1 0Xki �~k1 : : : �~k3�~k1+:::+~k3 ;p2 = � a��+14N��+1 0Xk �k��k (8.42)óÕÍÁ ÚÄ¦ÊÓÎÀ¤ÔØÓÑ ÐÏ ×Ó¦È j ~ki j� B��+1, Á ÛÔÒÉÈ Â¦ÌÑ ÓÕÍ ÐÏ ki×ËÁÚÕ¤ ÎÁ ×¦ÄÓÕÔÎ¦ÓÔØ ÄÏÄÁÎË¦× Ú k = 0. ÷ÉËÏÎÁ¤ÍÏ × (8.41) ¦ÎÔÅÇÒÕ-×ÁÎÎÑ ÐÏ ×Ó¦È �k Ú k 6= 0.Z��+1 = exp[E(�) +E(h) � �Fm]B��+1Yk 6=0 ��= �d(k)�1=2 �� Z exp 4Xn=1An�n0!d�0 (8.43)äÌÑ Fm ÍÁ¤ÍÏ ×ÉÒÁÚ��Fm = 14N��+1 ��12a��+1I21 + 13b2��+1I3++ a2��+112 I4 + 14a2��+1I21I2# ; (8.44)Á ËÏÅÆ¦Ã¦¤ÎÔÉ An ×ÉÒÁÖÁÀÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍÉA1 = �pNh+ 12(N��+1)1=2 [�b��+1I1++ 13a��+1b��+1(I3 + 32I1I2)� ;A2 = d��+1(0)� 14a��+1I1 + 18a2��+1I1I2 ++14b2��+1I2 + 13a2��+1I3;A3 = �16b��+1(N��+1)�1=2(1� 32a��+1I2);A4 = � 124a��+1(N��+1)�1(1� 32a��+1I2) (8.45)



77 ðÒÅÐÒÉÎÔúÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎ Im ÐÒÉ×ÅÄÅÎ¦ × [15] ¦ Ò¦×Î¦ 9Im = �m(��(0))�ms2m(��+1) (8.46)ëÏÅÆ¦Ã¦¤ÎÔÉ �m ÚÏÂÒÁÖÁÀÔØÓÑ Õ ×ÉÇÌÑÄ¦�m = �(0)m (1 + �(1)m c0�(�� )�) (8.47)ðÒÉ m = 1 ÚÎÁÈÏÄÉÍÏ�(0)1 = 12L(0)=r10; �(1)1 = r11r10 + L(1)L(0) (8.48)ÄÅ L(0) = 3(x(0)r )3 (x(0)r � arctgx(0)r );L(1) = 3x(1)r " 11 + (x(0)r )2 � L(0)# ; (8.49)Á x(l)r ¤ ËÏÅÆ¦Ã¦¤ÎÔÁÍÉ ÒÏÚËÌÁÄÕ ×ÅÌÉÞÉÎÉxr = ( �d(0))�1=2 (8.50)× ÆÏÒÍ¦ xr = x(0)r (1 + x(1)r c0�(�� )�) (8.51)ÄÅ x(0)r = (2r10)�1=2; x(1)r = r11=(2r10) (8.52)9óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ × ÚÁÇÁÌØÎÏÍÕ ×ÉÇÌÑÄ¦ ×ÅÌÉÞÉÎÉ Im ÍÁÀÔØ ÎÁÓÔÕÐÎÉÊ×ÉÇÌÑÄ I1 = 1N��+1 k 6=0XB��+1( �d(k))�1; I2 =Xr g2(r);ÄÅ g(r) = 1N��+1 k 6=0XB��+1( �d(k))�1ei~k~r ; I3 =Xr g3(r); I4 =Xr g4(r)
ICMP{97{25U 78äÌÑ �(l)2 ÚÎÁÈÏÄÉÍÏ �(0)2 = (�(0)1 )2 + 6e21(1 + e22);�(1)2 = (�(0)2 )�1 h2(�(0)1 )2�(1)1 + 12e21g(1)(1 + e22)i (8.53)ôÕÔ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑg(1) = 4r11=(1 + 4r10); e1 = 6[�2(4r10 + 1)]�1;e2 = 12� hsin(�p2) � �p2cos(�p2)i � 3:4861 � 10�2: (8.54)äÌÑ �(l)3 ÔÁ �(l)4 ÍÁ¤ÍÏ �(0)3 = (�(0)1 )3 + 6e31(1 + e32=p2);�(0)4 = (�(0)1 )4 + 6e41(1 + e42=2);�(1)3 = (�(0)3 )�1 h3(�(0)1 )3�(1)1 + 18e31g(1)(1 + e32=p2)i�(1)4 = (�(0)4 )�1 h4(�(0)1 )4�(1)1 + 24e41g(1)(1 + e42=2)iþÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ ÃÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÄÌÑ (6.13) ÎÁÓÔÕÐÎ¦�(0)1 = 0:3935 �(1)1 = 0:0503�(0)2 = 0:2458 �(1)2 = 0:1013�(0)3 = 0:0721 �(1)3 = 0:1513�(0)4 = 0:0254 �(1)4 = 0:2014 (8.55)÷ÉËÏÎÁ¤ÍÏ ÔÅÐÅÒ × ¦ÎÔÅÇÒÁÌ¦ (8.43) Ú×ÏÒÏÔÎÕ ÚÁÍ¦ÎÕ ÚÍ¦ÎÎÉÈ ÄÏ Ô¦¤§,ÑËÁ ÂÕÌÁ ×ÉËÏÎÁÎÁ × (8.34). �0 = �00 � � (8.56)ãÅ ÄÏÚ×ÏÌÑ¤ ÐÏ×ÅÒÎÕÔÉÓÑ ÄÏ ¦ÓÔÉÎÎÉÈ ÚÍ¦ÎÎÉÈ, ÐÏ×'ÑÚÁÎÉÈ Ú ÇÕÓÔÉ-ÎÏÀ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ. ÷ ÒÅÚÕÌØÔÁÔ¦ ÔÁËÏ§ ÚÍ¦ÎÉ, ÄÌÑ Z��+1 ÏÄÅÒ-ÖÉÍÏZ��+1 = exp(��F 0��+1) Z exp ��pN�0h+B�20 � GN �40� d�0 (8.57)



79 ðÒÅÐÒÉÎÔÄÅ ��F 0��+1 = N��+1 �34 �d(0)I1 + 916( �d(0))2I2 � 18a��+1I21++ 148a2��+1(I4 + 3I21I2)� 18b2��+1I1I2 �� 12 1N��+1 0Xk�B��+1 ln( �d��+1(k)=�)35 (8.58)ðÏËÁÚÎÉË ÅËÓÐÏÎÅÎÔÉ Ð¦Ä¦ÎÔÅÇÒÁÌØÎÏ§ ÆÕÎËÃ¦§ × (8.58) Ñ×ÌÑ¤ ÓÏ-ÂÏÀ Í¦ËÒÏÓËÏÐ¦ÞÎÉÊ ÁÎÁÌÏÇ ÒÏÚËÌÁÄÕ ìÁÎÄÁÕ (ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ×¦ÌØ-ÎÏ§ ÅÎÅÒÇ¦§ ÚÁ ÓÔÅÐÅÎÑÍÉ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ). ëÏÅÆ¦Ã¦¤ÎÔÉ ÃØÏÇÏ ÒÏÚ-ËÌÁÄÕ B ÔÁ G ÚÁÐÉÓÕÀÔØÓÑ Õ ×ÉÇÌÑÄ¦B = �12B1r��+1s�2(��+1); G = 124G1s30u��+1s�(��+1) (8.59)äÌÑ ×ÅÌÉÞÉÎ B1 ÔÁ G1 ÚÎÁÈÏÄÉÍÏB1 = 1 + 12 u��+1r��+1 �1��(0) � 32u��+1 �2(��(0))2 �� 112 (u��+1)2r��+1 �1�2 + 2�3(��(0))3 ;G1 = 1� 32u��+1 �2(��(0))2 (8.60)÷ÉÄ¦ÌÉÍÏ Ñ×ÎÕ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ × (8.60). ðÒÅÄÓÔÁ×ÉÍÏ ËÏ-ÅÆ¦Ã¦¤ÎÔ B1 × ×ÉÄ¦ B1 = B(0)1 +B(1)1 c0�(�� )� (8.61)ÄÅ B(0)1 = 1� 12 u10r10�(0)1 � 32u10�(0)2 ++14 (u10)2r10 (�(0)1 �(0)2 + 23�(0)3 );B(1)1 = �12 u10r10�(0)1 �u11u10+
ICMP{97{25U 80+r11r10 + �(1)1 �� 32u10�(0)2 �u11u10 + �(1)1 �++16 (u10)2r10 �(0)3 �2u11u10 + r11r10 + �(1)2 �++14 (u10)2r10 �(0)1 �(0)2 �2u11u10 + r11r10 + �(1)1 + �(1)2 � (8.62)(ÁÂÏ ÐÒÉ ×ÉËÏÎÁÎÎ¦ (6.13) B(0)1 = 0:7141; B(1)1 = �0:6399).äÌÑ G1 ÚÎÁÈÏÄÉÍÏ G1 = G(0)1 + G(1)1 c0�(�� )� (8.63)ôÕÔ G(0)1 = 1� 32u10�(0)2 ;G(1)1 = �32�(0)2 (u11 + u10�(1)2 ) (8.64)(ÄÅ G(0)1 = 0:8081; G(1)1 = �0:4438, ÐÒÉ ÕÍÏ×ÁÈ (6.13)).÷ÉËÏÒÉÓÔÁ¤ÍÏ ×ÉÒÁÚÉ (8.61) ÔÁ (8.63) ÄÌÑ ÏÂÞÉÓÌÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÎÏ§ÚÁÌÅÖÎÏÓÔ¦ ËÏÅÆ¦Ã¦¤ÎÔ¦× B ÔÁ G ¦Ú (8.57). íÁ¤ÍÏB = ~b0s2(��1)(c0�)2�(�� )2�(1 + ~b1c0�(�� )�)G = ~g0s��1s30(c0�)�(�� )�(1 + ~g1c0�(�� )�) (8.65)ÄÅ ××ÅÄÅÎ¦ ÎÁÓÔÕÐÎ¦ ÐÏÚÎÁÞÅÎÎÑ~b0 = 12r10B(0)1 ��(0);~b1 = r11r10 + B(1)1B(0)1 � 2��0;~g0 = 124u10G(0)1 (��(0))2;~g1 = u11u10 + G(1)1G(0)1 � ��0 (8.66)



81 ðÒÅÐÒÉÎÔòÏÚÒÁÈÕÎËÏÍ ÔÅÍÐÅÒÕÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ¦ ËÏÅÆ¦Ã¦¤ÎÔ¦× B ÔÁ GÚÁË¦ÎÞÕ¤ÔØÓÑ ÐÒÏÃÅÓ ÒÏÚÒÁÈÕÎËÕ Z��+1, Á ÃÉÍ ÓÁÍÉÍ ¦ ÓÔÁÔÉÓÔÉÞ-ÎÏ§ ÓÕÍÉ ÍÏÄÅÌ¦ × ËÒÉÔÉÞÎ¦Ê ÏÂÌÁÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ ÐÒÉ T < Tc. ÷ÉÒÁÚ(8.57) ¤ Ë¦ÎÃÅ×ÉÍ ÒÅÚÕÌØÔÁÔÏÍ ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ.9. ÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÔÁ ¦ÎÛ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ 3D ÍÏÄÅÌ¦ �4 × ÎÉÚØËÏÔÅÍÐÅ-ÒÁÔÕÒÎÏÍÕ ÏËÏÌ¦ Tc.òÏÚÒÁÈÏ×ÁÎÁ ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÍÏÄÅÌ¦ × ÎÉÚØËÏÔÅÍÐÅÒÁÔÕÒÎ¦Ê ÏÂÌÁÓÔ¦(9.22). úÎÁÊÄÅÎ¦ ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ÔÅÐÌÏ¤ÍÎÏÓÔ¦,ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦, ¦ÎÛÉÈ ×ÅÌÉÞÉÎ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ ×ÉÝÉÈ ÔÁ ÎÉÖ-ÞÉÈ Tc. ðÒÏ×ÅÄÅÎ¦ ÐÏÒ¦×ÎÑÎÎÑ Ú ×¦ÄÏÍÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ.úÁÐÉÛÅÍÏ ÚÁÇÁÌØÎÉÊ ×ÉÒÁÚ ÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ × ËÒÉÔÉÞ-Î¦Ê ÏÂÌÁÓÔ¦ ÐÒÉ T < Tc. úÇ¦ÄÎÏ ÄÏ (8.6) ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÓËÌÁÄÁ¤ÔØÓÑ ÚÞÏÔÉÒØÏÈ ÄÏÄÁÎË¦× F = F0 + F1 + F 0ËÒ + F¦ÇÒ (9.1)ðÅÒÛ¦ Ä×Á ÐÒÉ×ÅÄÅÎ¦ × (7.1) ÔÁ (5.9). äÌÑ F 0ËÒ ÍÁ¤ÍÏ ×ÉÒÁÚ (8.9)F 0ËÒ = �kTN 0f (0)ËÒ � kTN 0 h05c03�� (�� )3�++06c03�� c0�(�� )03�+�i ; (9.2)ÄÅ ÆÏÒÍÕÌÁ ÄÌÑ f (0)ËÒ ÐÒÉ×ÅÄÅÎÁ × (8.10). äÌÑ 05 ÔÁ 06 ÍÁ¤ÍÏ ×ÉÒÁÚÉ(8.11).ðÒÉ ÒÏÚÒÁÈÕÎËÕ F¦ÇÒ ÂÕÌÏ ×ÉÄ¦ÌÅÎÏ ÔÒÉ ÔÉÐÉ ÄÏÄÁÎË¦×F¦ÇÒ = F6L + F 0 + F��+1 (9.3)äÌÑ Ä×ÏÈ ÐÅÒÛÉÈ Ú ÎÉÈ ÍÁ¤ÍÏ ×ÉÒÁÚÉ (8.22) ÔÁ (8.25). äÌÑ F��+1,ÚÇ¦ÄÎÏ ÄÏ (8.57), ÚÁÐÉÓÕ¤ÍÏF��+1 = F 0��+1 + F 00��+1 (9.4)ôÕÔ F 0��+1 = �kTN��+1 � �F0 + �F1c0�(�� )�� � F 06L (9.5)
ICMP{97{25U 82÷ÉÒÁÚ ÄÌÑ F 06L ÓÐ¦×ÐÁÄÁ¤ Ú (8.24) ¦ ×ÈÏÄÉÔØ Ú ÐÒÏÔÉÌÅÖÎÉÍ ÚÎÁ-ËÏÍ. ÷¦Î ËÏÍÐÅÎÓÕ¤ ×ËÌÁÄÉ ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ × ÆÏÒÍÕÌ¦(8.22), ÑË¦ ÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ (�� )3� ln(�� ).äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× �Fl ÏÔÒÉÍÕ¤ÍÏ�F0 = 32r10�(0)1 + 94r210�(0)2 � 18u10(�(0)1 )2 + 148u210(�(0)4 ++3(�(0)1 )2�(0)2 ) � 34r10u10�(0)1 �(0)2 + 12 ln(�s2) ��12 ln(1 + 2r10) + 13 � 2r10�1� (p2r10)arctg 1p2r10� ;�F1 = 32�(0)1 (r11 + r10�(1)1 ) + 94�(0)2 r10(2r11 + r10�(1)2 ) ��18(�(0)1 )2(u11 + 2u10(�(1)1 ) ++ 148u210 ��(0)4 �(1)4 + 3(�(0)1 )2�(0)2 (2�(1)1 + �(1)2 ) + 2u11u10 (�(0)4 ++3(�(0)1 )2�(0)2 )i� 34�(0)1 �(0)2 (r10u11 + u10r11 ++r10u10(�(1)1 + �(1)2 )) � 3r11�1� (p2r10)arctg 1p2r10� (9.6)ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ ÏÓÔÁÎÎÀ Ò¦×Î¦ÓÔØ ¦Ú (8.8) ¦Ú (9.5) ÚÎÁÈÏÄÉÍÏF 0��+1 = �kTN 0s3(��1) �f70L(c0�)3�(�� )3�++ f71L(c0�)3�c0�(�� )3�+�� (9.7)ÄÅ f70L = �F0; f71L = �F1 � 3��0f70L (9.8)(ÁÂÏ f70L = 2:405; f71L = 6:171)÷ËÌÁÄ ÄÏ F��+1 ×¦Ä ÄÒÕÇÏÇÏ ÄÏÄÁÎËÕ Ò¦×ÎÏÓÔ¦ (9.4) ÍÁ¤ ×ÉÇÌÑÄF 00��+1 = �kT lnZ�0 (9.9)÷ÉÒÁÚ ÄÌÑ Z�0 ×ÉÐÌÉ×Á¤ ¦Ú ÆÏÒÍÕÌÉ (8.57)Z�0 = Z exp ��pN�0h+B�20 � GN �40�d�0 (9.10)



83 ðÒÅÐÒÉÎÔú×ÁÖÁÀÞÉ ÎÁ ÍÁËÒÏÓËÏÐ¦ÞÎÉÊ ÈÁÒÁËÔÅÒ ÚÍ¦ÎÎÏ§ �0, ×ÉËÏÎÁ¤ÍÏ ×(9.10) ÚÁÍ¦ÎÕ ÚÍ¦ÎÎÉÈ �0 = �00pN (9.11)ôÏÄ¦ × ÔÅÒÍ¦ÎÁÈ ÚÍ¦ÎÎÏ§ �00, ÑËÁ ÎÅ ¤ ÍÁËÒÏÓËÏÐ¦ÞÎÏÀ ×ÅÌÉÞÉÎÏÀ,ÍÁ¤ÍÏZ�0 = (N )1=2 Z exp �N�h�00 +NB(�00)2 � GN (�00)4� d�00 (9.12)òÏÚÒÁÈÕÎÏË ÄÁÎÏÇÏ ¦ÎÔÅÇÒÁÌÕ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÎÁÎÉÊ ÚÁ ÍÅÔÏÄÏÍÐÅÒÅ×ÁÌÕ, ÏÓË¦ÌØËÉ Ð¦Ä¦ÎÔÅÇÒÁÌØÎÁ ÆÕÎËÃ¦Ñ ÍÁ¤ Ò¦ÚËÉÊ ÍÁËÓÉÍÕÍ ×ÔÏÞÃ¦ ��. ðÏËÌÁÄÅÍÏ h = 0 ¦ ÚÎÁÊÄÅÍÏ ÔÏÞËÕ ÅËÓÔÒÅÍÕÍÕ ÅËÓÐÏÎÅÎÔÉ× (9.12). ��2 = B=2G (9.13)÷ÉÒÁÚ ÄÌÑ �� ¦Ú ×ÒÁÈÕ×ÁÎÎÑÍ (8.65)ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÉÊ Õ ×ÉÇÌÑÄ¦�� = ��0(s0)�3=2s(��1)=2(c0�)�(�� )�(1 + ��1c0�(�� )�) (9.14)ÄÅ � = �=2, Á ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× ��l ÍÁ¤ÍÏ��0 = �~b0=2~g0�1=2 ; ��1 = 12 �~b1 � ~g1� (9.15)÷ËÌÁÄ ÄÏ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ×¦Ä (9.12), ÑËÉÊ ÎÅ ÚÎÉËÁ¤ × ÔÅÒÍÏÄÉ-ÎÁÍ¦ÞÎ¦Ê ÇÒÁÎÉÃ¦, ÂÕÄÅF 00��+1 = �kTN ��h�� + B��2 �G��4� (9.16)ôÕÔ ÐÒÉÓÕÔÎ¦ Ä×Á Ò¦ÚÎÉÈ ÚÁ Ó×Ï¤À ÐÒÉÒÏÄÏÀ ÄÏÄÁÎËÉ.F 00��+1 = F 0h + F� (9.17)ðÏÌØÏ×Á ÞÁÓÔÉÎÁ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§F 0h = �Nh��; (9.18)ÔÁ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÁ ÞÁÓÔÉÎÁF� = �kTN (B��2 � G��4) = �kTN B24G (9.19)
ICMP{97{25U 84ïÓÔÁÎÎÑ ÐÏ×'ÑÚÁÎÁ Ú ÎÁÑ×Î¦ÓÔÀ ÐÒÉ T < Tc ×¦ÄÍ¦ÎÎÏÇÏ ×¦Ä ÎÕÌÑÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ. ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (8.65) ÔÁ (9.14), ÍÁ¤ÍÏF� = �kTN 0s3(��1) hf (0)� (c0�)3�(�� )3�(1 + f (1)� c0�(�� )�)i (9.20)ÄÅ f (0)� = (~b0)2=4~g0; f (1)� = 2~b1 � ~g1 (9.21)(ÐÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ (6.13) ÍÁ¤ÍÏ f (0)sigma = 1:764; f (1)sigma = �0:784).úÁÐÉÛÅÍÏ ÐÏ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ × ËÒÉÔÉÞÎ¦ÊÏÂÌÁÓÔ¦ ÐÒÉ T < Tc. âÕÄÅÍÏ ×ÉÈÏÄÉÔÉ Ú ÆÏÒÍÕÌÉ (9.1). ôÏÄ¦, Ð¦ÄÓÕ-ÍÏ×ÕÀÞÉ ×Ó¦ ×ËÌÁÄÉ, ÚÎÁÈÏÄÉÍÏF = �kTN (ln2 + ~M0)� kTN 0[00 + 1� + 2�2]��kTN 0[30(c0�)3�(�� )3� + 31(c0�)3�c0�(�� )3�+�]�Nh�� (9.22)äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× l ÓÐÒÁ×ÅÄÌÉ×¦ ÆÏÒÍÕÌÉ (5.41). ÷ÏÎÉ ÐÒÉÊÍ-ÁÀÔØ ÏÄÎ¦ ¦ Ô¦ Ö ÚÎÁÞÅÎÎÑ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ ×ÉÝÉÈ ¦ ÎÉÖÞÉÈ ÚÁËÒÉÔÉÞÎÕ. äÌÑ l0 ÍÁ¤ÍÏ ×ÉÒÁÚÉ30 = 030s3(��1); 31 = 031s3(��1); (9.23)ÄÅ 030 = �f1LËÒ + f60L + f 00 + f70L + f (0)�031 = �f3LËÒ + f61L + f 01 + f71L + f (0)� f (1)� (9.24)õ ×ÉÐÁÄËÕ ×ÉËÏÎÁÎÎÑ (6.13) ÚÎÁÈÏÄÉÍÏ030 = 1:512; 031 = �5:84930 = 1:689; 31 = �6:534:ðÏÄ¦ÂÎÏ ÄÏ ×ÉÐÁÄËÕ T > Tc (ÄÉ×. (7.16) ÔÁ (7.23)) ×ÉÄ¦ÌÉÍÏ ×ËÏÅÆ¦Ã¦¤ÎÔÁÈ 30, 31 ÄÏÄÁÎËÉ, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ëò ÔÁ ¶çò. íÁ¤ÍÏ30 = (ËÒ)30 + (¦ÇÒ)30 (9.25)ÄÅ



85 ðÒÅÐÒÉÎÔ(ËÒ)30 = s3(��1(�f (1L)ËÒ + f60L + f 00)(¦ÇÒ)30 = s3(��1(f70L + f�) (9.26)ð¦ÄÓÔÁ×ÌÑÀÞÉ ×¦ÄÐÏ×¦ÄÎ¦ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎÎÑ, ÚÎÁÈÏÄÉÍÏ(ËÒ)30 = �2:968; (¦ÇÒ)30 = 4:657äÌÑ 31 ÚÎÁÈÏÄÉÍÏ 31 = (ËÒ)31 + (¦ÇÒ)31 (9.27)ôÕÔ (ËÒ)31 = s3(��1(�f (3L)ËÒ + f61L + f 01)(¦ÇÒ)31 = s3(��1(f71L + f (0)� f (1)� ); (9.28)ÐÒÉÞÏÍÕ (ËÒ)31 = �11:884; (¦ÇÒ)31 = 5:350åÎÔÒÏÐ¦Ñ ÓÉÓÔÅÍÉ ÐÒÉ T < Tc ÍÁ¤ ×ÉÇÌÑÄS� = kN �S0 + S1� + S3� (�� )�� + S4� (�� )���� ; (9.29)ÄÅ ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× Sl ÐÒÉ×ÅÄÅÎ¦ × (7.14), ÄÅ 3 ÓÌ¦Ä ÚÁÍ¦ÎÉÔÉÎÁ 30, Á 4 ÎÁ 31.úÎÁÊÄÅÍÏ ÅÎÔÒÏÐ¦À ÓÉÓÔÅÍÉ ÐÒÉ T < Tc. óËÏÒÉÓÔÁ¤ÍÏÓÑ ÄÌÑ ÃØÏ-ÇÏ Ú ×ÉÒÁÚÕ (9.22). ôÏÄ¦, ÚÇ¦ÄÎÏ ÄÏ (7.12) ÍÁ¤ÍÏSL = kN �S0 + S1� + S30 � � (�� )�� + S40� (�� )���� ; (9.30)ÄÅ S0 ÔÁ S1 ÓÐ¦×ÐÁÄÁÀÔØ Ú ×ÉÒÁÚÁÍÉ (7.14),S30 = s�30 � 3�(c0�)3�30S31 = s�30 (3� +�)(c0�)3�c0�31 (9.31)úÏÂÒÁÚÉÍÏ ÅÎÔÒÏÐ¦À Õ ×ÉÇÌÑÄ¦ Ä×ÏÈ ÄÏÄÁÎË¦×
ICMP{97{25U 86SL = S(L)ËÒ + S¦ÇÒ ; (9.32)ÄÅ S(L)ËÒ ×¦ÄÐÏ×¦ÄÁ¤ ×ËÌÁÄÕ ×¦Ä ÕÞÁÓÔËÕ ËÒÉÔÉÞÎÏÇÏ ÒÅÖÉÍÕ ¦ ÍÁ¤ ×É-ÇÌÑÄ (ÄÉ×.(7.19))S(L)ËÒ = kN hS0 + S1� + S30 � � (�� )�� + S(ËÒ)40 � (�� )���i ; (9.33)ôÕÔ S(ËÒ)30 = s�30 � 3�(c0�)3�(ËÒ)30S(ËÒ)31 = s�30 (3� +�)(c0�)3�c0�(ËÒ)31 (9.34)äÌÑ ×ËÌÁÄÕ ×¦Ä ÕÞÁÓÔËÕ ¦Î×ÅÒÓÎÏÇÏ ÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ S¦ÇÒ ÚÎÁÈÏÄÉÍÏ(ÄÉ×.(7.21)) S¦ÇÒ = kN hS(¦ÇÒ)30 � (�� )�� + S(¦ÇÒ)40 � (�� )���i ; (9.35)ÄÅ S(¦ÇÒ)30 = s�30 3�(c0�)3�(¦ÇÒ)30S(¦ÇÒ)31 = s�30 (3� +�)(c0�)3�c0�(¦ÇÒ)31 (9.36)ôÅÍÐÅÒÁÔÕÒÎÁ ÐÏ×ÅÄ¦ÎËÁ ÅÎÔÒÏÐ¦§ (9.31) ÐÒÉ � < 0 ÐÒÉ×ÅÄÅÎÁ ÎÁÒÉÓ.4 (ËÒÉ×Á 1). ôÕÔ ÖÅ ÐÏËÁÚÁÎÉÊ ×ËÌÁÄ ×¦Ä ÕÞÁÓÔËÕ ËÒÉÔÉÞÎÏÇÏÒÅÖÉÍÕ (ËÒÉ×Á 2). ñË ¦ Õ ×ÉÐÁÄËÕ � > 0, ×ËÌÁÄ ×¦Ä ÕÞÁÓÔËÕ ëòÐÒÉ×ÏÄÉÔØ ÄÏ ÚÒÏÓÔÁÎÎÑ ÅÎÔÒÏÐ¦§ ÐÒÉ ÐÏÎÉÖÅÎÎ¦ ÔÅÍÐÅÒÁÔÕÒÉ.ôÅÐÌÏ¤ÍÎ¦ÓÔØ ÓÉÓÔÅÍÉ ÐÒÉ � < 0 ÍÁ¤ ×ÉÇÌÑÄCL = kN hC0 + C(�)3 (�� )�� + C(�)4 (�� )���i ; (9.37)ÄÅ ËÏÅÆ¦Ã¦¤ÎÔ C0 ÐÒÉÊÍÁ¤ ÏÄÎÁËÏ×Å ÚÎÁÞÅÎÎÑ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ Â¦ÌØ-ÛÉÈ ¦ ÍÅÎÛÉÈ ÚÁ ËÒÉÔÉÞÎÕ (ÄÉ×.(7.26)),C(�)3 = 3�(3� � 1)s�30 (c0�)3�30C(�)4 = (3� +�)(3� +�� 1)s�30 (c0�)3�c0�31 (9.38)ðÒÅÄÓÔÁ×ÉÍÏ C1 × ×ÉÄ¦ ×ËÌÁÄ¦× ×¦Ä ÕÞÁÓÔË¦× ëò ÔÁ ¶çò. íÁ¤ÍÏ



87 ðÒÅÐÒÉÎÔCL = C(ËÒ)L + ó¦ÇÒ (9.39)ôÕÔ C(ËÒ)L = kN hC0 +C(ËÒ)30 (�� )�� +C(ËÒ)40 (�� )���i ; (9.40)ÄÅ C(ËÒ)30 = 3�(3� � 1)s�30 (c0�)3�(ËÒ)30C(ËÒ)40 = (3� +�)(3� +�� 1)s�30 (c0�)3�c0�(ËÒ)31 (9.41)äÌÑ C¦ÇÒ ÍÁ¤ÍÏC(¦ÇÒ) = kN hC(¦ÇÒ)3 (�� )�� + C(¦ÇÒ)4 (�� )���i ; (9.42)ôÕÔ C(¦ÇÒ)3 = 3�(3� � 1)s�30 (c0�)3�(¦ÇÒ)30C(¦ÇÒ)4 = (3� +�)(3� +�� 1)s�30 (c0�)3�c0�(¦ÇÒ)31 (9.43)îÁ ÒÉÓ.5 ÐÒÉ×ÅÄÅÎÁ ÔÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÔÁ×ËÌÁÄÉ ÄÏ ÎÅ§ ×¦Ä ÕÞÁÓÔË¦× ëò ÔÁ ççò. óÌ¦Ä ÎÁÇÏÌÏÓÉÔÉ, ÝÏ ×ËÌÁÄ ÄÏÔÅÐÌÏ¤ÍÎÏÓÔ¦ ×¦Ä ëò ¤ ×¦Ä'¤ÍÎÉÍ, ÈÏÞÁ ÍÁ¤ ÐÒÁ×ÉÌØÎÕ ÔÅÍÐÅÒÁÔÕÒÎÕÁÓÉÍÐÔÏÔÉËÕ.ðÏÌØÏ×Á ÞÁÓÔÉÎÁ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÚÁÐÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦F 0h = �Nh��s�3=20 s(��1)=2(c0�)�(�� )�(1 + ��1c0�(�� )�) (9.44)ðÅÒÛ Î¦Ö ÐÒÉÓÔÕÐÉÔÉ ÄÏ ÏÂÞÉÓÌÅÎÎÑ ¦ÎÛÉÈ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈÆÕÎËÃ¦Ê, ÑË ÅÎÔÒÏÐ¦Ñ, ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ¦ Ô.Ä., ÚÎÁÊÄÅÍÏ ÓÐÒÉÊÎÑÔÄÉ×¦ÓÔØÓÉÓÔÅÍÉ.äÌÑ ÃØÏÇÏ ÐÏ×ÅÒÎÅÍÏÓÑ ÄÏ ÒÏÚÒÁÈÕÎËÕ ¦ÎÔÅÇÒÁÌÕ (9.12). âÕ-ÄÅÍÏ ××ÁÖÁÔÉ, ÝÏ h! 0, ÏÄÎÁË h 6= 0. ôÏÄ¦ ÔÏÞËÁ ÅËÓÔÒÅÍÕÍÕ Ð¦Ä¦Î-ÔÅÇÒÁÌØÎÏÇÏ ×ÉÒÁÚÕ ÚÎÁÈÏÄÉÔØÓÑ Ú Ò¦×ÎÑÎÎÑ�h + 2B�h � 4G�3h = 0 (9.45)ëÏÅÆ¦Ã¦¤ÎÔÉ ÏÔÒÉÍÁÎÏÇÏ ËÕÂ¦ÞÎÏÇÏ Ò¦×ÎÑÎÎÑ ×¦ÄÏÍ¦ ¦ ÍÏÖÎÁ ÚÎÁÊ-ÔÉ ÊÏÇÏ ÒÏÚ×'ÑÚËÉ. ïÓË¦ÌØËÉ ÄÉÓËÒÉÍ¦ÎÁÎÔ ×¦ÄÐÏ×¦ÄÎÏÇÏ Ë×ÁÄÒÁÔÎÏÇÏÒ¦×ÎÑÎÎÑ ×¦Ä'¤ÍÎÉÊ, ÔÏ Ò¦×ÎÑÎÎÑ (9.45) ÍÁ¤ ÔÒÉ Ò¦ÚÎ¦ Ä¦ÊÓÎ¦ ËÏÒÅÎ¦.
ICMP{97{25U 88÷¦ÚØÍÅÍÏ ÐÏÈ¦ÄÎÕ ÐÏ h. ôÏÄ¦, ÓËÏÒÉÓÔÁ×ÛÉÓØ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ ÄÌÑÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦, � = @�h@hÏÔÒÉÍÕ¤ÍÏ Ò¦×ÎÑÎÎÑ � + 2B� � 12G�2h� = 0 (9.46)÷ ÇÒÁÎÉÃ¦ h ! 0 ÚÎÁÈÏÄÉÍÏ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÓÉÓÔÅÍÉ. ÷ ÃØÏÍÕ ×É-ÐÁÄËÕ �h = �� (ÄÉ×.(9.19)) ¦ ÍÁ¤ÍÏ� = � ~�(0)4~�(0) (B)�1 (9.47)áÂÏ Ú ×ÒÁÈÕ×ÁÎÎÑÍ (8.65) ÚÎÁÈÏÄÉÍÏ� = �(�)0 (�� )� (1 + �1c0�(�� )�); (9.48)ÄÅ  = 2�, �(�)0 = s2(1��)(2�(0)r10B(0)1 (c0�))�1�(�)1 = �~b1 = 2��0 � r11r10 � B(1)1B(0)1 (9.49)ðÏÒ¦×ÎÑ¤ÍÏ (9.48) ¦Ú ÁÎÁÌÏÇ¦ÞÎÉÍ ×ÉÒÁÚÏÍ(7.32) ÄÌÑ ×ÉÐÁÄËÕ T >Tc. ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ �(+)l ÔÁ �(�)lÍÁ¤ ÈÁÒÁËÔÅÒ ÕÎ¦×ÅÒÓÁÌØÎÉÈ ×ÅÌÉÞÉÎ�(+)0�(�)0 = �c0�c�� 2r10B(0)1D0�(+)1�(�)1 = �2��0 �D12��0 � r11r10 � B(1)1B(0)1 c�c0� �c0�c�� (9.50)ÏÓË¦ÌØËÉ ÐÒÉ � ! 0 ÍÁ¤ÍÏ, ÝÏc� = c0�; c� = c0� (9.51)¦ ×ÉÒÁÚ (9.50) ÓÔÁ¤ ÕÎ¦×ÅÒÓÁÌØÎÏÀ ×ÅÌÉÞÉÎÏÀ. ðÒÉ ÃØÏÍÕ



89 ðÒÅÐÒÉÎÔ�(+)1�(�)1 = 6:14; �(+)1�(�)1 = �0:65ðÒÉ � 6= 0 ×ÉÒÁÚÉ (9.50) ÂÕÄÕÔØ ÍÁÔÉ Ðe×ÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä � , ÑËÁÐÏ×Î¦ÓÔÀ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÔÅÍÐÅÒÁÔÕÒÎÏÀ ÐÏ×ÅÄ¦ÎËÏÀ ×ÅÌÉÞÉÎ c�; c0� ÔÁc�; c0�.òÏÚÒÁÈÕÎÏË ÅÎÔÒÏÐ¦§, ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÔÁ ¦ÎÛÉÈ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈÆÕÎËÃ¦Ê ÐÒÉ T < Tc ÚÄ¦ÊÓÎÀ¤ÔØÓÑ ÚÁ ×¦ÄÏÍÉÍÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍÉ.÷ÉÒÁÚÉ ÄÌÑ ÎÉÈ ÆÏÒÍÁÌØÎÏ ÎÅ ×¦ÄÒ¦ÚÎÑÀÔØÓÑ ×¦Ä (7.13) ÔÁ (7.25).îÅÏÂÈ¦ÄÎÏ ÌÉÛÅ ÚÁÍ¦ÎÉÔÉ ËÏÅÆ¦Ã¦¤ÎÔ 3 × (7.14) ÔÁ (7.26) ÎÁ 30,Á 4 ! 31. ëÒ¦Í ÔÏÇÏ, ×ÅÌÉÞÉÎÉ c� ÔÁ c� ÐÅÒÅÈÏÄÑÔØ × c0� ÔÁ c0�×¦ÄÐÏ×¦ÄÎÏ. ãÅ ÄÏÚ×ÏÌÑ¤ ÚÎÁÊÔÉ ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ÔÅ-ÐÌÏ¤ÍÎÏÓÔ¦ ÐÒÉ T > Tc ÔÁ T < Tc. äÌÑ ÏÓÎÏ×ÎÉÈ ÁÍÐÌ¦ÔÕÄ ÚÎÁÈÏÄÉÍÏc(+)3c(�)3 = �c�c0��3� 330 (9.52)äÌÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ, ÝÏ ×ÉÚÎÁÞÁÀÔØ ÐÏÐÒÁ×ËÕ ÄÏ ÓËÅÊÌ¦ÎÇÕ,ÚÎÁÈÏÄÉÍÏ c(+)4c(�)4 = �c�c0�� c�c0� 3� 431 (9.53)óÌ¦Ä Ð¦ÄËÒÅÓÌÉÔÉ, ÝÏ ×ÉÒÁÚÉ (9.50), (9.52) ÔÁ (9.53) ÎÅ ÚÁÌÅÖÁÔØ ×¦ÄÍ¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ. ÷ÏÎÉ Í¦ÓÔÑÔØ ÌÉÛÅ ÓÌÁÂËÕ ÚÁ-ÌÅÖÎ¦ÓÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ. ðÒÉ � ! 0 ÍÁ¤ÍÏc(+)3c(�)3 = 0:42; c(+)4c(�)4 = �0:06 (9.54)úÎÁÊÄÅÍÏ ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÐÒÉ T >Tc ÔÁ T < Tc ÄÌÑ ×ÉÒÁÚ¦×, ÑË¦ ×¦ÄÐÏ×¦ÄÁÀÔØ ÌÉÛÅ ÕÞÁÓÔËÕ ëò, ÔÏÂÔÏÏÂÌÁÓÔ¦ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÒÅÎÏÒÍÁÌ¦ÚÁÃ¦ÊÎÏ§ ÇÒÕÐÉ. íÁ¤ÍÏ ×ÉÒÁÚ (7.28)ÐÒÉ � > 0, ÔÁ ×ÉÒÁÚ (9.40) ÄÌÑ ×ÉÐÁÄËÕ � < 0. ñË ÂÕÌÏ ×ÓÔÁÎÏ×ÌÅ-ÎÏ ×ÉÝÅ, Ã¦ ×ÉÒÁÚÉ ¤ ÎÅÐÏ×ÎÉÍÉ ¦ ÎÅ ÏÐÉÓÕÀÔØ ¦ÓÔÉÎÎÏ§ ÐÏ×ÅÄ¦ÎËÉ.ïÄÎÁË, ÆÏÒÍÁÌØÎÏ ×ÏÎÉ ÐÏÄ¦ÂÎ¦ ÄÏ ÐÏ×ÎÉÈ ×ÉÒÁÚ¦× (7.25) ÔÁ (9.37).íÁ¤ÍÏ C(ËÒ)3C(ËÒ)30 = �c�c0��3� (ËÒ)3(ËÒ)30ïÓË¦ÌØËÉ c� = c0� ÐÒÉ � ! 0, ÔÏ
ICMP{97{25U 90C(ËÒ)3C(ËÒ)30 = �1:471�2:968 = 0:50 (9.55)äÌÑ ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ÔÅÐÌÏ¤ÍÎÏÓÔ¦, ÝÏ ×ÉÚÎÁÞÁÀÔØÐÏÐÒÁ×ËÉ ÄÏ ÓËÅÊÌ¦ÎÇÕ ÚÎÁÈÏÄÉÍÏC(ËÒ)4C(ËÒ)40 = (ËÒ)4(ËÒ)34 = 6:170�11:884 = �0:52 (9.56)ðÏÒ¦×ÎÀÀÞÉ (9.55) ÔÁ (9.56) Ú (9.54) ÂÁÞÉÍÏ,ÝÏ ×¦ÄÎÏÛÅÎÎÑ ÏÓÎÏ×ÎÉÈÁÍÐÌ¦ÔÕÄ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÚÍ¦ÎÀ¤ÔØÓÑ ÎÅÓÕÔÔ¤×Ï. äÌÑ ÁÍÐÌ¦ÔÕÄ ÐÏÐÒÁ-×ÏË × ÏÂÏÈ ×ÉÐÁÄËÁÈ ÍÁ¤ÍÏ ×¦Ä'¤ÍÎÕ ×ÅÌÉÞÉÎÕ.úÁÐÒÏÐÏÎÏ×ÁÎÁ ×ÉÝÅ ÓÈÅÍÁ ÒÏÚÒÁÈÕÎËÕ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁË-ÔÅÒÉÓÔÉË ÓÉÓÔÅÍÉ ¤ ÎÁÂÌÉÖÅÎÏÀ. ÷ÏÎÁ ÒÅÁÌ¦ÚÏ×ÁÎÁ ÎÁ Æ¦ÚÉÞÎÏÍÕÒ¦×Î¦ ÓÔÒÏÇÏÓÔ¦. ð¦Ä×ÉÝÅÎÎÑ ÔÏÞÎÏÓÔ¦ ÒÏÚÒÁÈÕÎË¦× ÐÏ×'ÑÚÁÎÅ, ÚÏËÒÅ-ÍÁ, Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ×ÉÝÉÈ ÎÅÇÁÕÓÏ×ÉÈ ÇÕÓÔÉÎ Í¦ÒÉ. ãÅ ÎÅ ÐÒÉ×Ï-ÄÉÔØ ÄÏ ÔÒÕÄÎÏÝ¦× ÐÒÉÎÃÉÐÏ×ÏÇÏ ÈÁÒÁËÔÅÒÕ. äÏ ÐÏÚÉÔÉ×ÎÉÈ ÓÔÏÒ¦ÎÚÄ¦ÊÓÎÅÎÏÇÏ ×ÉÝÅ ÒÏÚÒÁÈÕÎËÕ ×¦ÄÎÏÓÉÔØÓÑ ÓÉÓÔÅÍÁÔÉÞÎ¦ÓÔØ ÏÄÅÒÖÁÎ-ÎÑ ÏÓÎÏ×ÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÔÒÉ×ÉÍ¦ÒÎÉÈ ÓÉÓÔÅÍ.÷ ÄÁÎ¦Ê ÓÈÅÍ¦ ÒÏÚÒÁÈÕÎËÕ ÍÏÖÎÁ ÐÒÏÓÌ¦ÄËÕ×ÁÔÉ ÑË ÚÁ ÐÏ×ÅÄ¦ÎËÏÀ ÎÅ-ÕÎ¦×ÅÒÓÁÌØÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÍÏÄÅÌ¦ ¦ §È ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä Í¦ËÒÏÓËÏÐ¦Þ-ÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÍÏÄÅÌ¦, ÔÁË ¦ ÏÂÞÉÓÌÉÔÉ ÕÎ¦×ÅÒÓÁÌØÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉ-ËÉ. ÷ÁÖÌÉ×ÉÍ ÍÏÍÅÎÔÏÍ ¤ ÒÏÚÒÁÈÕÎÏË ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅ-ÈÏÄÕ ÎÁ Í¦ËÒÏÓËÏÐ¦ÞÎÏÍÕ Ò¦×Î¦ ÔÁ ÄÏÓÌ¦ÄÖÅÎÎÑ §§ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ÓÐ¦×-×¦ÄÎÏÛÅÎÎÑ ÒÁÄ¦ÕÓÁ ÅÆÅËÔÉ×ÎÏ§ Ä¦§ ÐÏÔÅÎÃ¦ÁÌÕ ÔÁ ÐÁÒÁÍÅÔÒ¦× ËÒÉ-ÓÔÁÌ¦ÞÎÏ§ ÇÒÁÔËÉ, ÎÁ ÑË¦Ê ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÍÏÄÅÌØ. óÁÍÅ ÍÏÖÌÉ×¦ÓÔØÄÏÓÌ¦ÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ×ÉÈ¦ÄÎÏ§ ÓÉ-ÓÔÅÍÉ Ò¦ÚÎÏÍÁÎ¦ÔÎÉÈ Æ¦ÚÉÞÎÉÈ ×ÅÌÉÞÉÎ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅ-ÒÅÈÏÄÕ ÓÔ×ÏÒÀ¤ ÐÅÒÅÄÕÍÏ×É ÚÁÓÔÏÓÕ×ÁÎÎÑ ÃØÏÇÏ ÍÅÔÏÄÕ ÒÏÚÒÁÈÕÎËÕÄÏ ÏÐÉÓÕ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× ÛÉÒÏËÏÇÏ ËÌÁÓÕ ÔÒÉ×ÉÍ¦ÒÎÉÈ ÓÉÓÔÅÍ.äÏÄÁÔÏË 1.äÏÓÌ¦ÄÖÅÎÎÑ ×ÐÌÉ×Õ ×ÅÌÉÞÉÎÉ ÏÂÌÁÓÔ¦ ÐÁÒÁÂÏÌ¦ÞÎÏ§ ÁÐÒÏËÓÉÍÁÃ¦§ÐÏÔÅÎÃ¦ÁÌÕ (×ÅÌÉÞÉÎÉ �0 × (6)) ÎÁ ËÒÉÔÉÞÎÕ ÐÏ×ÅÄ¦ÎËÕ ÍÏÄÅÌ¦.úÁÐÒÏÐÏÎÏ×ÁÎÉÊ ×ÉÝÅ ÍÅÔÏÄ ÏÐÉÓÕ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÇÒÕÎÔÕ¤ÔØ-ÓÑ ÎÁ ÍÏÄÅÌØÎÏÍÕ Ð¦ÄÈÏÄ¦. ðÒÉ ÃØÏÍÕ ÒÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎØ ÚÁÌÅ-ÖÁÔØ ×¦Ä ÐÁÒÁÍÅÔÒ¦×, ÑË¦ ÚÁÄÁÀÔØ ÍÏÄÅÌØ. óÅÒÅÄ ÎÉÈ ÒÁÄ¦ÕÓ Ä¦§ ÐÏ-ÔÅÎÃ¦ÁÌÕ b (ÁÂÏ ÂÅÚÒÏÚÍ¦ÒÎÉÊ ÐÁÒÁÍÅÔÒ b=c, ÄÅ c{ ÓÔÁÌÁ ÇÒÁÔËÉ), ~�(0){ ÚÎÁÞÅÎÎÑ ÆÕÒ'¤-ÏÂÒÁÚÕ ÐÏÔÅÎÃ¦ÁÌÕ ÐÒÉ k = 0. ëÒ¦Í ÔÏÇÏ, × ÐÒÏÃÅÓ¦



91 ðÒÅÐÒÉÎÔÒÏÚÒÁÈÕÎË¦× ÎÁÍÉ ××ÅÄÅÎÁ ×ÅÌÉÞÉÎÁ �0(�0 > 1). ñË ÂÕÌÏ ×¦ÄÚÎÁÞÅ-ÎÏ ×ÉÝÅ (ÄÉ×. ÆÏÒÍÕÌÉ (5)-(7)), ÚÒÏÓÔÁÎÎÑ �0 ÚÍÅÎÛÕ¤ ÏÂÌÁÓÔØ ÐÁ-ÒÁÂÏÌ¦ÞÎÏ§ ÁÐÒÏËÓÉÍÁÃ¦§ (5) ÔÁ ÏÄÎÏÞÁÓÎÏ ÄÅÝÏ ÚÂ¦ÌØÛÕ¤ ÚÎÁÞÅÎÎÑ×ÅÌÉÞÉÎÉ ��. úÏËÒÅÍÁ, ÐÒÉ b = bI ÍÁ¤ÍÏ:�� = 8<: 0:152 ÐÒÉ �0 = 1:000:197 ÐÒÉ �0 = 1:040:243 ÐÒÉ �0 = 1:10îÅ ÚÍ¦ÎÀÀÞÉ ÚÁÇÁÌØÎÏ§ ËÁÒÔÉÎÉ æð, ×ÅÌÉÞÉÎÁ ÐÁÒÁÍÅÔÒÁ �0ÚÍ¦ÎÀ¤ ÆÁËÔÉÞÎÏ ÐÁÒÁÍÅÔÒÉ ×ÉÈ¦ÄÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ ×ÚÁ¤ÍÏÄ¦§. ðÒÉÃØÏÍÕ ËÒÉÔÉÞÎ¦ ÐÏËÁÚÎÉËÉ ÍÏÄÅÌ¦ ÎÅ ÚÍ¦ÎÀÀÔØÓÑ. úÎÁÞÅÎÎÑ ×¦ÄÎÏ-ÛÅÎØ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ¦ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ÄÌÑ ÔÅÍ-ÐÅÒÁÔÕÒ ×ÉÝÉÈ ¦ ÎÉÖÞÉÈ ÚÁ ËÒÉÔÉÞÎÕ ÚÎÁÈÏÄÑÔØÓÑ × ÍÅÖÁÈC+=C� = 0:425� 0:005�+=�� = 6:20� 0:10óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ,ÝÏ Ú ÒÏÓÔÏÍ�0 Ã¦ ×¦ÄÎÏÛÅÎÎÑ ÂÌÉÖÞ¦ ÄÏ ×ÅÒÈÎØÏ§ÇÒÁÎÉÃ¦, Á ÐÒÉ �0! 1 ÍÁ¤ÍÏ Í¦Î¦ÍÁÌØÎ¦ ÚÎÁÞÅÎÎÑ.¶ÎÛÁ ÓÉÔÕÁÃ¦Ñ ÍÁ¤ Í¦ÓÃÅ ÐÒÉ ÏÂÞÉÓÌÅÎÎ¦ ÎÅÕÎ¦×ÅÒÓÁÌØÎÉÈ ×ÅÌÉ-ÞÉÎ. úÍ¦ÎÁ �0 ×ÐÌÉ×Á¤ ÎÁ ÚÎÁÞÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ,ÏÓË¦ÌØËÉ ÐÏ-ÓÕÔ¦ ÍÉ ÍÁ¤ÍÏ ÓÐÒÁ×Õ Ú ÎÏ×ÏÀ ÍÏÄÅÌÌÀ, ÑËÁ ÍÁ¤ ¦ÎÛ¦ÐÁÒÁÍÅÔÒÉ. îÁ ÒÉÓ.ä1 ÐÒÉ×ÅÄÅÎÁ ÚÁÌÅÖÎ¦ÓÔØ ×ÅÌÉÞÉÎÉ �c�(0) ÄÌÑÄÅÑËÉÈ ÚÎÁÞÅÎØ ÐÁÒÁÍÅÔÒÁ �. ëÒÉ×Á 3 ×¦ÄÐÏ×¦ÄÁ¤ ÚÎÁÞÅÎÎÀ �0 = 1:04(ÄÉ×. ÒÉÓ.ä1). äÏÄÁÔÏË 2.ïÂÞÉÓÌÉÍÏ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×ÉÒÁÚÕ lnQ(d0), ÑËÉÊ ×ÈÏ-ÄÉÔØ ÄÏ ÓËÌÁÄÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§F 0 = �kTN 0lnQ(d0)÷ ÚÁÇÁÌØÎÏÍÕ ×ÉÇÌÑÄ¦ ÄÌÑ Q(d0) ÍÁ¤ÍÏ ÆÏÒÍÕÌÕ (1.23). ÷ ÎÁÂÌÉÖÅÎ-Î¦ ÍÏÄÅÌ¦ �4 ÚÎÁÈÏÄÉÍÏlnQ(d0) = 12 ln2� + 14 ln(3=a04) + 14(x0)2 + lnU (0; x0)ëÏÅÆ¦Ã¦¤ÎÔ a04 ×ÉÚÎÁÞÅÎÉÊ × (14) ¦ ÚÁÌÅÖÉÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ. úÇ¦ÄÎÏÄÏ (3.7) ÔÁ (4.7) ×¦Î ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÉÊ × ×ÉÇÌÑÄ¦
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0.20 0.40 0.60 0.80 1.00 1.20b/c1.001.101.201.301.401.50
�~�(0) 12345

6 6) �=1.105) �=1.084) �=1.063) �=1.042) �=1.021) �=1.00
òÉÓ. 7. èÁÒÁËÔÅÒ ÚÁÌÅÖÎÏÓÔ¦ �c�(0) ×¦Ä b=c ÄÌÑ Ò¦ÚÎÉÈ ÚÎÁÞÅÎØ �0(ËÒÉ×¦Ê 1 ×¦ÄÐÏ×¦ÄÁ¤ �0 = 1:00, ËÒÉ×¦Ê 2 { �0 = 1:02, ËÒÉ×¦Ê 3 { �0 =1:04 ¦ Ô.Ä.). ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ÐÒÉ ÚÂ¦ÌØÛÅÎÎ¦ b=c ËÒÉ×¦ ÄÌÑ �c�(0)ÐÅÒÅÓÔÁÀÔØ ÚÁÌÅÖÁÔÉ ×¦Ä ÐÁÒÁÍÅÔÒÁ �0. ¶Ú ÚÂ¦ÌØÛÅÎÎÑÍ ÐÁÒÁÍÅÔÒÁ�0 ×ÅÌÉÞÉÎÁ �c�(0) ÚÒÏÓÔÁ¤.



93 ðÒÅÐÒÉÎÔa04 = a40 + a41� + a42�2;ÄÅ ËÏÅÆ¦Ã¦¤ÎÔÉ a4l ÐÒÉ×ÅÄÅÎ¦× (4.8).ðÒÉ ÍÁÌÉÈ ÚÎÁÞÅÎÎÑÈ � ÚÎÁÈÏÄÉÍÏ�14 lna04 = �14 lna40 + a4c1� + a4c2�2ÄÅ a4c1 = �14 a41a40 ; a4c2 = �14  a42a40 � 12 �a41a40�2! :úÎÁÊÄÅÍÏ ×ÉÒÁÚ ÄÌÑ x0. ÷¦ÄÐÏ×¦ÄÎÏ ÄÏ (1.24), ÍÁ¤ÍÏx0 = [a02 � ��(B1;B0)](3=a04)1=2úÁÐÉÛÅÍÏ ×ÅÌÉÞÉÎÕ d02 = a02 � ��(B1; B0)Õ ×ÉÇÌÑÄ¦ ÒÏÚËÌÁÄÕ ÚÁ ÓÔÅÐÅÎÑÍÉ �d02 = d2c0+ d2c1� + d2c2�2ÔÕÔ d2c0 = a20 � (1� �q)�c�(0);d2c1 = a21 + �c�(0)(1� �q);d2c2 = a22 � �c�(0)(1� �q)äÌÑ x0 ÚÎÁÈÏÄÉÍÏ x0 = x0 + x1� + x2�2;ÄÅ x0 = d2c0(3=a40)1=2x1 = �d2c1d2c0 + 2a4c1�x0x2 = �d2c2d2c0 + 2d2c1d2c0a4c1 + a4c3�x0ÐÒÉÞÏÍÕ

ICMP{97{25U 94a4c3 =  38 �a41a40�2 � 12 a42a40!úÁÐÉÛÅÍÏ lnU (0; x0) × ×ÉÇÌÑÄ¦ ÒÏÚËÌÁÄÕ ÚÁ ÓÔÅÐÅÎÑÍÉ �lnU (0; x0) = ul0 + ul1� + ul2�2ÄÅ ul0 = lnU (0; x0)ul1 = �12x1(x0 + U (x0))ul2 = �12 �x2(x0 + U (x0)) + 12x21(1 + U 0(x0))�÷ ÒÅÚÕÌØÔÁÔ¦ lnQ(d0) = q00 + q01� + q02�2ÄÅ q00 = 12 ln2� + 14 ln(3=a40) + 14x20 + ul0;q01 = a4c1 + 12x0x1 + ul1;q02 = a4c2 + 14(x21 + 2x0x2) + ul2:õ ×ÉÐÁÄËÕ, ËÏÌÉ x00 ÐÒÉÊÍÁ¤ ×ÅÌÉË¦ ÚÎÁÞÅÎÎÑ, ÄÌÑ q0l ÍÁÀÔØÍ¦ÓÃÅ ÎÁÂÌÉÖÅÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑq00 = 12 ln2� � 12 lnd2c0 � 38 1x20 + : : :q01 = a4c1 � x12x0 �1� 32 1x20 + 6x40�q02 = a4c2 � 12 x2x0 �1� 32 1x20 + 6x40�+ x214x20 �1� 92 1x20 + 30 1x40� :
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