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1 ðÒÅÐÒÉÎÔ1. ïÓÎÏ×Î¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ.äÁÎÁ ÒÏÂÏÔÁ ¤ ÐÒÏÄÏ×ÖÅÎÎÑÍ ÄÏÓÌ¦ÄÖÅÎØ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ n-ËÏÍÐÏÎÅÎÔÎÏ§ 3D ÍÏÄÅÌ¦ ÍÁÇÎÅÔÉËÁ, ÒÏÚÐÏÞÁÔÉÈ × ÒÏÂÏÔÁÈ [1,2]. ãÑÍÏÄÅÌØ ÛÉÒÏËÏ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÐÒÉ ÏÐÉÓ¦ ËÒÉÔÉÞÎÉÈ ×ÌÁÓÔÉ×Ï-ÓÔÅÊ ÍÁÇÎÅÔÉË¦× ¦ ×¦ÄÏÍÁ ÑË ÍÏÄÅÌØ óÔÅÎÌ¦ [3,4]. ÷ ÏÓÎÏ×¦ ÄÏÓÌ¦ÄÖÅÎØÌÅÖÉÔØ ÏÒÉÇ¦ÎÁÌØÎÉÊ ÍÅÔÏÄ ÒÏÚÒÁÈÕÎËÕ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ, ÔÅÒÍÏ-ÄÉÎÁÍ¦ÞÎÉÈ ÔÁ ÓÔÒÕËÔÕÒÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË 3D ×ÉÍ¦ÒÎÉÈ ÍÏÄÅÌØÎÉÈÓÉÓÔÅÍ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ, ÚÁÐÒÏÐÏÎÏ×ÁÎÉÊ × ÒÏÂÏÔÁÈ[5,6] ¦ ×¦ÄÏÍÉÊ ÑË ÍÅÔÏÄ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ (ëú).íÅÔÏÀ ÄÁÎÉÈ ÄÏ-ÓÌ¦ÄÖÅÎØ ¤ ÏÔÒÉÍÁÎÎÑ Ñ×ÎÉÈ ÁÎÁÌ¦ÔÉÞÎÉÈ ×ÉÒÁÚ¦× ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ¦Þ-ÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÉÓÔÅÍÉ, ÑË ÆÕÎËÃ¦Ê ÔÅÍÐÅÒÁÔÕÒÉ, ÚÏ×Î¦ÛÎØÏÇÏÐÏÌÑ, ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ n. úÁÐÒÏÐÏÎÏ×ÁÎÉÊ ÍÅÔÏÄÄÏÚ×ÏÌÑ¤ ÚÄ¦ÊÓÎÉÔÉ ÄÏÓÌ¦ÄÖÅÎÎÑ §È ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ. ðÏÒÑÄ Ú ÕÎ¦×ÅÒÓÁÌØÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ ÓÉ-ÓÔÅÍÉ, ÔÁËÉÍÉ ÑË ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒT > Tc ¦ T < Tc, ÒÏÚÒÁÈÏ×ÁÎ¦ ÎÅÕÎ¦×ÅÒÓÁÌØÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÍÏ-ÄÅÌ¦. ÷ ÐÏÐÅÒÅÄÎ¦È ÒÏÂÏÔÁÈ [1,2] ÄÁÎÏÇÏ ÃÉËÌÕ ÄÏÓÌ¦ÄÖÅÎØ ËÒÉÔÉÞÎÏ§ÐÏ×ÅÄ¦ÎËÉ n-ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏÄÅÌ¦ ÍÁÇÎÅÔÉËÁ, ÂÕÌÏ ÐÒÏ×ÅÄÅÎÏ ÓÉÓÔÅ-ÍÁÔÉÞÎÅ ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ, ÄÏÓÌ¦ÄÖÅÎ¦ ÚÁÇÁÌØÎ¦ ÒÅËÕ-ÒÅÎÔÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ Í¦Ö ËÏÅÆ¦Ã¦¤ÎÔÁÍÉ "ÅÆÅËÔÉ×ÎÉÈ ÆÏÒÍ" ÔÉÐÕìÁÎÄÁÕ - ç¦ÎÚÂÕÒÇÁ - ÷¦ÌØÓÏÎÁ. ôÁËÏÖ ÂÕÌÏ ÚÄ¦ÊÓÎÅÎÏ ÒÏÚÒÁÈÕÎÏË×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÔÁ ¦ÎÛÉÈ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ÐÒÉ ÔÅÍÐÅÒÁÔÕ-ÒÁÈ T > Tc. íÅÔÏÀ ÄÁÎÏ§ ÒÏÂÏÔÉ ¤ ÏÐÉÓ ÐÏ×ÅÄ¦ÎËÉ ÓÉÓÔÅÍÉ ÐÒÉÔÅÍÐÅÒÁÔÕÒÁÈ T < Tc. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÔÕÔ ÓÌ¦Ä ×ÒÁÈÏ×Õ×ÁÔÉÎÁÑ×Î¦ÓÔØ Ä×ÏÈ ÇÏÌÏ×ÎÉÈ ÆÌÕËÔÕÁÃ¦ÊÎÉÈ ÐÒÏÃÅÓ¦×, ÑË¦ ÍÁÀÔØ Í¦ÓÃÅÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. ðÅÒÛÉÊ Ú ÎÉÈ ×¦ÄÐÏ×¦ÄÁ¤ ÏÂÌÁÓÔ¦ËÒÉÔÉÞÎÏÇÏ ÒÅÖÉÍÕ (ëò) ¦ ÏÐÉÓÕ¤ ÒÅÎÏÒÍÇÒÕÐÏ×Õ ÓÉÍÅÔÒ¦À, ÑËÁ ÍÁ¤Í¦ÓÃÅ ÌÉÛÅ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. äÒÕÇÉÊ ÆÌÕËÔÕÁÃ¦Ê-ÎÉÊ ÐÒÏÃÅÓ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ÎÅÇÁÕÓÏ×ÉÍ ÒÏÚÐÏÄ¦ÌÏÍ, × ÑËÏÍÕ ÇÁÕÓÏ-×Á ÞÁÓÔÉÎÁ ÍÁ¤ ×¦Ä'¤ÍÎÕ ÄÉÓÐÅÒÓ¦À. ïÓÔÁÎÎÑ ÆÏÒÍÕ¤ÔØÓÑ ÚÁ ÒÁÈÕÎÏË×ËÌÁÄ¦× ×¦Ä ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê ÇÕÓÔÉÎÉ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎ-ÔÕ ÐÒÉ T < Tc. ãÅ, ÔÁË Ú×ÁÎÁ, ÏÂÌÁÓÔØ ¦Î×ÅÒÓÎÏÇÏ ÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ(¶çò). ôÁËÁ ÐÏ×ÅÄ¦ÎËÁ ÓÉÓÔÅÍÉ ÚÏÂÕÍÏ×ÌÅÎÁ ÎÁÑ×Î¦ÓÔÀ ×¦ÄÍ¦ÎÎÏÇÏ ×¦ÄÎÕÌÑ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ. ðÒÉÞÏÍÕ, × ÍÅÔÏÄ¦ ëú ×¦Î ÎÅ ××ÏÄÉÔØÓÑ ÑËÎÅÚÁÌÅÖÎÁ ×ÅÌÉÞÉÎÁ. óÅÒÅÄ ÍÎÏÖÉÎÉ ëú ~�k = (�(1)k ; :::�(n)k ) ¤ ÚÍ¦ÎÎÁ~�0 = (�(1)0 ; :::; �(n)0 ), ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÑËÏ§ ÐÏ×'ÑÚÁÎÅ Ú ÐÁÒÁÍÅÔÒÏÍ ÐÏ-ÒÑÄËÕ. ð¦ÓÌÑ ×ÉÄ¦ÌÅÎÎÑ Õ ×¦ÌØÎ¦Ê ÅÎÅÒÇ¦§ Ô¦¤§ ÞÁÓÔÉÎÉ,ÑËÁ ×¦ÄÐÏ×¦ÄÁ¤×ÐÏÒÑÄËÕ×ÁÎÎÀ, ÒÏÚÐÏÄ¦Ì ÓÔÁ¤ ÇÁÕÓÏ×ÉÍ Ú ÄÏÄÁÔÎØÏÀ ÄÉÓÐÅÒÓ¦¤À,ÑËÃÅ ÍÁ¤ Í¦ÓÃÅ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ ×ÉÝÉÈ ×¦Ä Tc.÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÓÉÓÔÅÍÉ ÐÏÂÌÉÚÕ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÐÒÉ
ICMP{97{12U 2T < Tc ÚÁÐÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦F = F0 + FËÒ + F¦ÇÒ; (1.1)ÄÅ F0- ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÎÅ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÓÐ¦Î¦×F0 = �kTNln � (2�)n=2mn�1�(n=2) � ; (1.2)FËÒ - ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ëòFËÒ = �kT �rXl=0 Fl; (1.3)ÄÅ Fl = Nlfl;fl = n4 ln� n+ 2'n(yl � 1)�+ lnU �n� 12 ; xl�++lnU �n� 12 ; yl�1�+ x2l4 + y2l�14 ; (1.4)ôÕÔ Nl = N 0s�dl. ðÒÉ l = 0 ÄÌÑ fl ÍÁ¤ Í¦ÓÃÅ Ò¦×Î¦ÓÔØf0 = n4 ln� 3u04�+ u00 + 34 (u02)2u04 + lnU �n� 12 ; z0�++n4 ln 3u(n)0 !+ x204 + lnU �n� 12 ; x0� ; (1.5)áÒÇÕÍÅÎÔÉ z0; xl ÔÁ yl�1 ×ÉÚÎÁÞÁÀÔØÓÑ Ò¦×ÎÏÓÔÑÍÉ [1,2]z0 =s 3u04u02; xl =s 3u(n)l (r(n)l + q);yl�1 = sd=2Un(xl�1)� n+ 2'n(xl�1)�1=2 ; (1.6)ÄÅ ÆÕÎËÃ¦§ Un(t) ÔÁ 'n(t) ¤ ËÏÍÂ¦ÎÁÃ¦ÑÍÉ ÆÕÎËÃ¦Ê ÐÁÒÁÂÏÌ¦ÞÎÏÇÏÃÉÌ¦ÎÄÒÁ Un(t) = U �n+12 ; t�U �n�12 ; t� ;'n(t) = (n+ 2)U2n(t) + 2tUn(t)� 2: (1.7)÷ÅÌÉÞÉÎÉ u02l(l = 0; 1; 2; ::); ÑË¦ Æ¦ÇÕÒÕÀÔØ × (1.5) ¤ ÐÅÒÅÎÏÒÍÏ×ÁÎÉÍÉÚÎÁÞÅÎÎÑÍÉ ×ÉÈ¦ÄÎÉÈ ËÕÍÕÌÑÎÔ¦× u2l(l = 0; 1; 2; ::), ÑË¦ ×ÉÎÉËÁÀÔØ ×



3 ðÒÅÐÒÉÎÔÑËÏÂ¦ÁÎ¦ ÐÅÒÅÈÏÄÕ ×¦Ä ÓÐ¦ÎÏ×ÉÈ ÚÍ¦ÎÎÉÈ ^~SR, ÄÅ ^~SR = (^~S(1)R ; :::^~S(n)R )- n-Í¦ÒÎÉÊ ËÌÁÓÉÞÎÉÊ ÓÐ¦Î ÄÏ×ÖÉÎÉ m �Pn�=1 j S�R j2= m2� ; ÄÏ ëú~�k = (�(1)k ; :::�(n)k )u2 = m2n ; u4 = � 6m4n2(n+ 2) ;u6 = 15m6 � 1n(n + 2)(n+ 4) � 3n2(n+ 2) + 2n3 � : (1.8)÷ÏÎÉ ÐÒÅÄÓÔÁ×ÌÑÀÔØÓÑ Õ ×ÉÇÌÑÄ¦u00 = sd0 u2n2N Xk2� ��(k);u02 = u2 � ju4jn2N Xk2���(k);u04 = "ju4j � u6n2N Xk2� ��(k)# s�d0 ;� = 1=kT:ðÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÚÄ¦ÊÓÎÀ¤ÔØÓÑ ÚÁ ÒÁÈÕÎÏË ×ÒÁÈÕ×ÁÎÎÑ ×ËÌÁÄÕ ÄÏÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ×¦Ä ëú ~�k Ú ×ÅÌÉËÉÍÉ ÚÎÁÞÅÎÎÑÍÉ È×ÉÌØÏ×ÏÇÏ×ÅËÔÏÒÁ. æÕÒ'¤-ÏÂÒÁÚ ÅËÓÐÏÎÅÎÃ¦ÊÎÏ ÓÐÁÄÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ ×ÚÁ¤ÍÏÄ¦§�(k) ÐÒÉ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ k 2 �(� � (B0; B]) [1,2] ÚÁÍ¦ÎÀ¤ÔØÓÑÐÏÓÔ¦ÊÎÏÀ ×ÅÌÉÞÉÎÏÀ. ðÒÉ ÃØÏÍÕ ÄÌÑ �(k) ÐÒÉÊÍÁ¤ÔØÓÑ ÎÁÓÔÕÐÎÁÁÐÒÏËÓÉÍÁÃ¦Ñ�(k) = � �(0)(1� 2b2k2); k � B0;�� = const; B0 < k � B; (1.9)ÄÅ B0 ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÕÍÏ×É ÚÁÓÔÏÓÏ×ÎÏÓÔ¦ ÐÁÒÁÂÏÌ¦ÞÎÏ§ ÁÐÒÏËÓÉÍÁÃ¦§ÄÌÑ �(k) ¦ Ò¦×ÎÁ B0 = 1bp2 . ÷ÅÌÉÞÉÎÁ ¦ÎÔÅÒ×ÁÌÕ (B0; B] ÈÁÒÁËÔÅÒÉ-ÚÕ¤ÔØÓÑ ÐÁÒÁÍÅÔÒÏÍ s0 = B=B0; ÄÌÑ ÑËÏÇÏ ÍÁ¤ÍÏ s0 = �p2 bc (ÄÅ b-ÒÁÄ¦ÕÓ ÅÆÅËÔÉ×ÎÏ§ Ä¦§ ÐÏÔÅÎÃ¦ÁÌÕ, Á c - ÐÏÓÔ¦ÊÎÁ ÇÒÁÔËÉ). äÌÑ ËÏ-ÅÆ¦Ã¦¤ÎÔ¦× r(n)l Ê u(n)l , ÑË¦ ×ÈÏÄÑÔØ Õ ×ÉÒÁÚÉ ÄÌÑ ÁÒÇÕÍÅÎÔ¦× (1.6) ÍÁ-ÀÔØ Í¦ÓÃÅ ÒÅËÕÒÅÎÔÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (òó) [1]r(n)l+1 = s2 h�q + (r(n)l + q)Nn(xl)i ; (1.10)u(n)l+1 = s4�du(n)l En(xl);
ICMP{97{12U 4ÄÅ q = �q��(0), Á �q ×¦ÄÐÏ×¦ÄÁ¤ ÓÅÒÅÄÎØÏÍÕ ÇÅÏÍÅÔÒÉÞÎÏÍÕ ÚÎÁÞÅÎÎÀk2 ÎÁ ¦ÎÔÅÒ×ÁÌ¦ (1s ; 1] (ÄÉ×.[1]), ÄÅ s(s > 1) ¤ ÐÁÒÁÍÅÔÒÏÍ ÒÅÎÏÒÍÁÌ¦-ÚÁÃ¦ÊÎÏ§ ÇÒÕÐÉ (òç). äÌÑ En(xl) ¦ Nn(xl) ÍÁ¤ÍÏEn(xl) = s2d 'n(yl)'n(xl) ; Nn(xl) = ylUn(yn)xlUn(xl) : (1.11)÷ ÑËÏÓÔ¦ ÞÁÓÔËÏ×ÏÇÏ ÒÏÚ×'ÑÚËÕ òó (1.10) ÍÁÀÔØ Ó¦ÄÌÏ×Õ ÎÅÒÕÈÏÍÕÔÏÞËÕ (r�n; u�n), ËÏÏÒÄÉÎÁÔÉ ÑËÏ§ ÐÒÅÄÓÔÁ×ÌÑÀÔØÓÑ Õ ×ÉÇÌÑÄ¦r�n = �fn��(0); u�n = 'n[��(0)]2: (1.12)ðÏÓÔ¦ÊÎ¦ fn ÔÁ 'n ÚÁÌÅÖÁÔØ ×¦Ä ÒÏÚÍ¦ÒÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ÔÁÕÎ¦×ÅÒÓÁÌØÎÏ§ ×ÅÌÉÞÉÎÉ x�n, ÑËÁ ¤ ÒÏÚ×'ÑÚËÏÍ Ò¦×ÎÑÎÎÑs4+d'n(y(x�)) = 'n(x�): (1.13)úÁÌÅÖÎ¦ÓÔØ fn ¦ 'n ×¦Ä n ÂÕÌÁ ÄÏÓÌ¦ÄÖÅÎÁ × ÒÏÂÏÔ¦ [1]. ÷ ÏËÏÌ¦ ÎÅÒÕ-ÈÏÍÏ§ ÔÏÞËÉ ÒÏÚ×'ÑÚËÉ òó (1.10) ÍÏÖÎÁ ÐÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÄ¦r(n)l = r�n + c1El1 + c2REl2; (1.14)u(n)l = u�n + c1R1El1 + c2El2;ÄÅ E1 ¦ E2 ¤ ×ÌÁÓÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ ÍÁÔÒÉÃ¦ R Ì¦Î¦ÊÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑòç  r(n)l+1 � r�nu(n)l+1 � u�n ! = R r(n)l � r�nu(n)l � u�n ! ; (1.15)Á R;R1 ¤ ËÏÍÂ¦ÎÁÃ¦ÑÍÉ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦× Rij(i; j = 1; 2) ÃØÏÇÏÐÅÒÅÔ×ÏÒÅÎÎÑ, ÑË¦ ÂÕÌÉ ÏÂÞÉÓÌÅÎ¦ ÎÁÍÉ × [1]. äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× c1 ÔÁc2 × ÏËÏÌ¦ Tc ÍÁ¤ Í¦ÓÃÅ ÎÁÓÔÕÐÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ [2]c1(T ) = c1T���(0); c2(T ) = c2T [��(0)]2: (1.16)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÄÁÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÍÉ ÍÏÖÅÍÏ ×ÉÚÎÁÞÉÔÉ ËÒÉ-ÔÉÞÎÕ ÏÂÌÁÓÔØ ÔÅÍÐÅÒÁÔÕÒ � < ��, × ÑË¦Ê ÓÐÒÁ×ÅÄÌÉ×¦ ÒÏÚ×'ÑÚËÉ òó(1.14).äÌÑ ÔÏÇÏ,ÝÏÂ ¦ÓÎÕ×Á× ËÒÉÔÉÞÎÉÊ ÒÅÖÉÍ, ÎÅÏÂÈ¦ÄÎÏ,ÝÏÂ "×ÉÈ-¦Ä" Ú ÎØÏÇÏ ÐÒÉ l ! 1 ÎÅ ÐÅÒÅ×ÉÝÕ×Á× "×ÈÏÄÕ". ïÔÖÅ, ×ÅÌÉÞÉÎÁ ��Ò¦×ÎÁ ÍÅÎØÛÏÍÕ Ú ËÏÒÅÎ¦× Ä×ÏÈ Ò¦×ÎÑÎØc2RE2 = c1E1; c1R1E1 = c2E2: (1.17)õ ×¦ÄÐÏ×¦ÄÎÏÓÔ¦ ÄÏ ÃØÏÇÏ ÄÌÑ ��1;2, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ(1.16), ÏÔÒÉÍÕ¤ÍÏ��1 = jc2TRE2�æ(0)c1TE1 j; ��2 = jc2TE2�æ(0)c1TE1R1 j: (1.18)



5 ðÒÅÐÒÉÎÔòÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË¦× ÄÌÑ ��1;2 Õ ×ÉÐÁÄËÕ s = 4 ÐÒÉ×ÅÄÅÎ¦ × ÔÁÂ.1.ôÁËÅ ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ òç s ÂÕÌÏ ×ÉÂÒÁÎÅ ¦ ÐÒÉ ÐÒÏ×ÅÄÅÎÎ¦ ×Ó¦ÈÐÏÄÁÌØÛÉÈ ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎË¦×. ïÓË¦ÌØËÉ c1(T ) � � , ÔÏ ÄÌÑ c1TôÁÂÌ. 1: úÁÌÅÖÎ¦ÓÔØ ËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ ��1;2 ×¦Ä ËÏÍÐÏ-ÎÅÎÔÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ n.n ��1 ��21 0.0286 0.34492 0.0371 0.34483 0.0424 0.3270ÍÏÖÎÁ ×ÉËÏÒÉÓÔÁÔÉ ÒÏÚËÌÁÄ ÚÁ ÓÔÅÐÅÎÑÍÉ � ¦ ÏÂÍÅÖÉÔÉÓØ ÎÁÓÔÕÐÎÉÍÎÁÂÌÉÖÅÎÎÑÍ [2]c1T = c1k + c1k1� +O(�2);c1k = �c11 + c12[�c�(0)]2�D�1; (1.19)c1k1 = c12[�c�(0)]2D�1;ÐÒÉÞÏÍÕ,c11 = 1� fn � R�'1=2n ; c12 = �u(n)0 R�'�1=2n : (1.20)äÌÑ ×ÅÌÉÞÉÎÉ c2T ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÒÏÚËÌÁÄ, ÑËÉÊ ×ËÌÀÞÁ¤ÄÏÄÁÎËÉ ÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ �2c2T = c2k + �c2k1 + �2c2k2+ O(�3): (1.21)ôÕÔ ××ÅÄÅÎ¦ ÎÁÓÔÕÐÎ¦ ÐÏÚÎÁÞÅÎÎÑc2k = �c23 + c22�c�(0) + c21[�c�(0)]2 �D�1c2k1 = � c22�c�(0) + 2c21[�c�(0)]2�D�1;c2k2 = c21[�c�(0)]2D�1; (1.22)ÐÒÉÞÏÍÕ, ËÏÅÆ¦Ã¦¤ÎÔÉ Ó21; Ó22; Ó23 ¤ ÆÕÎËÃ¦ÑÍÉ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁ-ÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ¦ ÚÁÌÅÖÁÔØ ×¦Ä ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ n.÷ËÌÁÄ Õ ×¦ÌØÎÕ ÅÎÅÒÇ¦À ÓÉÓÔÅÍÉ ×¦Ä ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦ÊÇÕÓÔÉÎÉ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ ÈÁÒÁËÔÅÒÉÚÕ¤ ×ÅÌÉÞÉÎÁ F¦ÇÒ. ÷ÏÎÁ ×¦Ä-ÐÏ×¦ÄÁ¤ ¦Î×ÅÒÓÎÏÍÕ ÇÁÕÓÏ×ÏÍÕ ÒÅÖÉÍÕ ¦ ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÁ Õ ×É-ÇÌÑÄ¦F¦ÇÒ = �kTN 0s�d(��+1)ln�2n=2Q(P�� )�� kT lnZ��+1; (1.23)
ICMP{97{12U 6ÄÅ Z��+1 = Z exp24�12 Xk�B��+1 d(n;��+1)(k)~�k~��k�a(n;��+1)44!N��+1 Xk1;:::k4ki�B��+1 ~�k1 : : : ~�k4�k1+:::+k4;0375 (d~�)N��+1 ;Q(P�� ) = (2�)�n=2(n+ 23 sd a(n;���1)4'n(x���1))n=4 �U (n� 12 ; y���1) exp(y2���14 ): (1.24)óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏN��+1 = N 0s�d(��+1); B��+1 = B0s����1;Á ×ÅÌÉÞÉÎÉ d(n;��+1)(k) ¦ a(n;��+1)4 ×ÉÚÎÁÞÁÀÔØÓÑ ÚÇ¦ÄÎÏ ÄÏ ÚÁÇÁÌØÎÉÈÒÅËÕÒÅÎÔÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ (1.10), ÏÓË¦ÌØËÉd(n;��+1)(k) = s�2(��+1)r(n)��+1 + ~qk2; (1.25)a(n;��+1)4 (k) = s�4(��+1)u(n)��+1;~q = 2b2��(0):ïÄÎ¦¤À Ú ÏÓÏÂÌÉ×ÏÓÔÅÊ ÒÏÚÒÁÈÕÎËÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÐÒÉ T < Tc ¤ ×ÉÂ¦ÒÔÏÞËÉ ×ÉÈÏÄÕ ÓÉÓÔÅÍÉ Ú ëò. ñË ÂÕÌÏ ÐÏËÁÚÁÎÏ × ÒÏÂÏÔÁÈ [2,7,8],ÏÂÌÁÓÔØ ÚÁÓÔÏÓÏ×ÎÏÓÔ¦ ÎÁÂÌÉÖÅÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ (1.14) ÚÁÌÅÖÉÔØ×¦Ä ×ÅÌÉÞÉÎÉ ÎÏÍÅÒÁ ÛÁÒÕ l. úÎÁÊÄÅÍÏ ÎÏÍÅÒ ÛÁÒÕ ÆÁÚÏ×ÏÇÏ ÐÒÏ-ÓÔÏÒÕ ëú �� , ÐÒÉ ÑËÏÍÕ ×ÓÅ ÝÅ ÓÐÒÁ×ÅÄÌÉ×¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (1.14).ãÑ ÕÍÏ×Á ÐÏ×'ÑÚÁÎÁ Ú ×¦ÄÎÏÓÎÉÍÉ ×¦ÄÈÉÌÅÎÎÑÍÉ ×ÅÌÉÞÉÎ r��+1; u��+1×¦Ä r�n ÔÁ u�n ×¦ÄÐÏ×¦ÄÎÏ. ðÒÉ l < �� × ÓÉÓÔÅÍ¦ ÍÁ¤ Í¦ÓÃÅ òç ÓÉÍÅÔÒ¦Ñ.ãÑ ÏÂÌÁÓÔØ ÚÎÁÞÅÎØ l ×¦ÄÐÏ×¦ÄÁ¤ ÏÂÌÁÓÔ¦ ëò, ÄÅ ÏÓÎÏ×ÎÁ ÒÏÌØ ÎÁÌÅ-ÖÉÔØ ËÏÒÏÔËÏÈ×ÉÌØÏ×ÉÍ ÆÌÕËÔÕÁÃ¦ÑÍ ÇÕÓÔÉÎÉ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ.ðÒÉ l > �� ÓÉÓÔÅÍÁ ÏÐÉÓÕ¤ÔØÓÑ ÇÁÕÓÏ×ÉÍ ÒÏÚÐÏÄ¦ÌÏÍ ÐÒÉ T > Tc ¦ÎÅÇÁÕÓÏ×ÉÍ ÒÏÚÐÏÄ¦ÌÏÍ ÐÒÉ T < Tc, × ÑËÏÍÕ ÇÁÕÓÏ×Á ÞÁÓÔÉÎÁ ÐÅÒÅ×Á-ÖÁ¤, ÁÌÅ ÍÁ¤ ×¦Ä'¤ÍÎÕ ÄÉÓÐÅÒÓ¦À. ãÅ, ÔÁË Ú×ÁÎ¦, ÏÂÌÁÓÔ¦ ÇÒÁÎÉÞÎÏÇÏÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ (ççò) ÐÒÉ T > Tc ¦ ¦Î×ÅÒÓÎÏÇÏ ÇÁÕÓÏ×ÏÇÏ ÒÅÖÉÍÕ(¶çò) ÐÒÉ T < Tc. õ ×¦ÄÐÏ×¦ÄÎÏÓÔ¦ ÄÏ ×ÉÝÅ ÓËÁÚÁÎÏÇÏ, ÕÍÏ×Á ×ÉÈÏÄÕÓÉÓÔÅÍÉ Ú ëò ÚÁÐÉÓÕ¤ÔØÓÑÕ ×ÉÇÌÑÄ¦ [2,7,8]r��+1 � r�n = �r�n; (1.26)



7 ðÒÅÐÒÉÎÔÄÅ � � 1. ïÓË¦ÌØËÉ, ÎÁÄÁÌ¦ ÍÉ ÂÕÄÅÍÏ ÐÏÒ¦×ÎÀ×ÁÔÉ ÒÅÚÕÌØÔÁÔÉ, ÏÔ-ÒÉÍÁÎ¦ ÐÒÉ T < Tc Ú ×ÉÐÁÄËÏÍ T > Tc, ÔÏ ÐÒÉÊÍÅÍÏ, ÝÏ � = 1 (ÐÒÉT < Tc) ¦ � = �1(ÐÒÉ T > Tc). ïÔÖÅ, Ò¦×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ��ÚÇ¦ÄÎÏ ÄÏ (1.14) ÍÁÔÉÍÅ ×ÉÇÌÑÄ�c1TE��+11 = �fn h� + c2T�0E��+12 i ; (1.27)ÄÅ �0 = R�f�1n '�1=2n . õ ÐÅÒÛÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÐÏ (E2=E1)�� ÄÌÑ ��ÍÁÔÉÍÅÍÏ�� = � ln j � jlnE1 + �0 � 1; (1.28)ÄÅ �0 = �c + �1�:äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× �c ¦ �1 ÍÁÀÔØ Í¦ÓÃÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ�c = ln(fn�=c1k)lnE1 ; �1 = � c1k1c1klnE1 ;ÑË¦ ÁÎÁÌÏÇ¦ÞÎ¦ ÄÏ ÏÔÒÉÍÁÎÉÈ ×ÉÒÁÚ¦× ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× mc ¦ m1 Õ×ÉÐÁÄËÕ T > Tc (ÄÉ×. [2]). ïÔÒÉÍÁÎÅ ÚÎÁÞÅÎÎÑ �� ×ÉÚÎÁÞÁ¤ ÔÏÞËÕ×ÉÈÏÄÕ ÓÉÓÔÅÍÉ Ú ëò B�� = B0s���¦ ÒÏÚÄ¦ÌÑ¤ ×ËÌÁÄÉ Õ ×¦ÌØÎÕ ÅÎÅÒÇ¦À ×¦Ä ÏÂÌÁÓÔÅÊ ËÏÒÏÔËÏ- ÔÁ ÄÏ×ÇÏ-È×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê ÇÕÓÔÉÎÉ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ.2. ÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ëò ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ T < Tc.íÅÔÏÄ ÒÏÚÒÁÈÕÎËÕ ×ËÌÁÄÕ Õ ×¦ÌØÎÕ ÅÎÅÒÇ¦À ×¦Ä ÕÞÁÓÔËÕ ëò Õ ×ÉÐÁÄ-ËÕ T < Tc ÁÎÁÌÏÇ¦ÞÎÉÊ ÄÏ ÍÅÔÏÄÕ ÚÁÐÒÏÐÏÎÏ×ÁÎÏÇÏ Õ ÒÏÂÏÔ¦ [2] ÄÌÑ×ÉÐÁÄËÕ T > Tc. êÏÇÏ ÏÓÎÏ×ÎÁ ¦ÄÅÑ ÐÏÌÑÇÁ¤ × ÓÕÍÕ×ÁÎÎ¦ ×ËÌÁÄ¦× ×¦ÄÐÁÒÃ¦ÁÌØÎÉÈ ×¦ÌØÎÉÈ ÅÎÅÒÇ¦Ê ÄÏ �� - ÔÏÞËÉ ×ÉÈÏÄÕ ÓÉÓÔÅÍÉ Ú ëò.÷ÉËÏÒÉÓÔÁÎÎÑ ÒÏÚ×'ÑÚË¦× (1.14) Ò¦×ÎÑÎÎØ (1.10) ÄÏÚ×ÏÌÑ¤ ×ÉÄ¦ÌÉ-ÔÉ × (1.4) Ñ×ÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä l - ÎÏÍÅÒÁ ÆÁÚÏ×ÏÇÏ ÛÁÒÕ. úÄ¦ÊÓÎÉ×ÛÉÄÁÎÅ ÓÕÍÕ×ÁÎÎÑ ÄÏ ÛÁÒÕ �� Ê ×ÉÄ¦ÌÉ×ÛÉ Ñ×ÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÅÍ-ÐÅÒÁÔÕÒÉ, ×¦ÌØÎÕ ÅÎÅÒÇ¦À ëò ÍÏÖÎÁ ÐÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ¦FËÒ = �kTN 0 �001 � 1 j � j +2 j � j2 ��10 j � jd�� : (2.1)ëÏÅÆ¦Ã¦¤ÎÔÉ 001; 1; 2; �10 ÎÅ ÚÁÌÅÖÁÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ¦ ¤ ÐÏÓÔ¦Ê-ÎÉÍÉ. áÎÁÌ¦ÔÉÞÎÁ ÞÁÓÔÉÎÁ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ëò ÐÏ×'ÑÚÁÎÁ Ú ËÏÅÆ¦Ã¦-¤ÎÔÁÍÉ 001; 1; 2. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ×ÉÒÁÚÉÄÌÑ ÃÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦×
ICMP{97{12U 8ÓÐ¦×ÐÁÄÁÀÔØ Ú ×¦ÄÐÏ×¦ÄÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ ÐÒÉ T > Tc(ÄÉ×. [2,9]). äÌÑÓÐÒÏÝÅÎÎÑ ×ÉËÌÁÄÕ, Ñ×Î¦ ÁÎÁÌ¦ÔÉÞÎ¦ ×ÉÒÁÚÉ ÄÌÑ ÃÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÎÅÐÒÉ×ÏÄÑÔØÓÑ. úÁÌÅÖÎ¦ÓÔØ l ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÇÁÍ¦ÌØ-ÔÏÎ¦ÁÎÕ ¦ ×¦Ä ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ n ÐÒÉ×ÅÄÅÎÁ × ÔÁÂ.2.îÅÁÎÁÌ¦ÔÉÞÎÁ ÞÁÓÔÉÎÁ, ÑËÁ ÎÅÓÅ ÇÏÌÏ×ÎÕ ¦ÎÆÏÒÍÁÃ¦À ÐÒÏ ÔÅÍÐÅÒÁ-ÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ × ÏËÏÌ¦ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ,ÐÏ×'ÑÚÁÎÁ Ú ÞÌÅÎÏÍ �10�d� , ÄÅ�10 = �0s�d�0 ; (2.2)�0 = f�ËÒ1� s�d � fn�d11� s�dE1 + f2n�2d31� s�dE21 : (2.3)úÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎ f�ËÒ ¦ dm ÐÒÉ×ÅÄÅÎ¦ × [2,9]. úÁÌÅÖÎ¦ÓÔØ �10 ×¦Ä ËÏÍ-ÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ n ÄÌÑ Ò¦ÚÎÉÈ b=c ÐÒÉ×ÅÄÅÎÁ × ÔÁÂ.2. ÷ÉÒÁÚ (2.1)ÏÐÉÓÕ¤ ×ËÌÁÄ Õ ×¦ÌØÎÕ ÅÎÅÒÇ¦À ÓÉÓÔÅÍÉ, ÑËÉÊ ×¦ÄÐÏ×¦ÄÁ¤ ÏÂÌÁÓÔ¦ òçÓÉÍÅÔÒ¦§. ÷¦Î ÄÏÚ×ÏÌÑ¤ ÏÔÒÉÍÁÔÉ ×¦ÄÐÏ×¦ÄÎ¦ ×ËÌÁÄÉ × ÔÅÐÌÏ¤ÍÎ¦ÓÔØÓÉÓÔÅÍÉ ÐÒÉ T < TcCËÒ = kN 0 hc(0) � c(1)ËÒ j � j��i ; (2.4)ÄÅ � = 2� d�;c(0) = 2(1 + 2); (2.5)c(1)ËÒ = (1� �)uËÒ;uËÒ = d��10:ëÒÉ×Á 2 ÎÁ ÒÉÓ.1 ×¦ÄÐÏ×¦ÄÁ¤ ×ËÌÁÄÕ × ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ×¦Ä ÏÂÌÁÓÔ¦ ëòÐÒÉ T < Tc. ÷¦Ä'¤ÍÎÅ ÚÎÁÞÅÎÎÑ ÁÍÐÌ¦ÔÕÄÉ ÔÅÐÌÏ¤ÍÎÏÓÔ¦, ÝÏ ×¦Ä-ÐÏ×¦ÄÁ¤ ×ËÌÁÄÕ ×¦Ä ÕÞÁÓÔËÕ ëò, Ó×¦ÄÞÉÔØ ÐÒÏ ÎÅÓÔ¦ÊË¦ÓÔØ ×ËÌÁÄÕËÏÒÏÔËÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê. õ Ú×'ÑÚËÕ Ú ÃÉÍ ÐÏÓÔÁ¤ ÎÅÏÂÈ¦ÄÎ¦ÓÔØ×ÒÁÈÕ×ÁÎÎÑ × ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÁÈ ÓÉÓÔÅÍÉ ×ËÌÁÄÕ ×¦ÄÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê.3. òÏÚÒÁÈÕÎÏË ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ × ÏÂÌÁÓÔ¦ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê ÎÉÖÞÅ ÔÏÞËÉ ÆÁ-ÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.ðÏÄÁÌØÛ¦ ÒÏÚÒÁÈÕÎËÉ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ ÐÏ×'ÑÚÁÎ¦ Ú ×ÒÁÈÕ×ÁÎ-ÎÑÍ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê ÇÕÓÔÉÎÉ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ. ãÅ ×¦Ä-ÐÏ×¦ÄÁ¤ ÏÂÌÁÓÔ¦ ¶çò. ûÁÒ ÆÁÚÏ×ÏÇÏ ÐÒÏÓÔÏÒÕ ëú �� ¤ ÏÓÏÂÌÉ×ÉÍ,



9 ðÒÅÐÒÉÎÔÏÓË¦ÌØËÉ ÓÁÍÅ ×¦Î ×ÉÚÎÁÞÁ¤ ÐÏ×ÅÄ¦ÎËÕ ÄÏ×ÇÏÈ×ÉÌØÏ×Ï§ ÞÁÓÔÉÎÉ ×¦ÌØ-ÎÏ§ ÅÎÅÒÇ¦§ ÐÏÂÌÉÚÕ Tc. äÌÑ ×ÉÄ¦ÌÅÎÎÑ Ñ×ÎÏ§ ÔÅÍÐÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖ-ÎÏÓÔ¦ ÐÅÒÛÏÇÏ ÄÏÄÁÎËÕ × (1.23) ÓËÏÒÉÓÔÁ¤ÍÏÓÑ ÒÏÚ×'ÑÚËÁÍÉ (1.14).ïÔÒÉÍÕ¤ÍÏr(n)�� = ���(0)�r�� ; u(n)�� = [��(0)]2�u�� ; (3.1)ÄÅ �r�� = fn(1 + �E�11 ); �u�� = 'n � fn'1=2n R�1�E�11 : (3.2)çÏÌÏ×ÎÁ ¦ ÐÒÏÍ¦ÖÎÁ ÚÍ¦ÎÎ¦ ÐÒÉ l = �� ÐÒÅÄÓÔÁ×ÌÑÀÔØÓÑ Õ ×ÉÇÌÑÄ¦x�� = p3(�q � �r�� )p�u�� ; (3.3)y�� = sd=2Un(x�� )� n+ 2'n(x�� )�1=2 :õ ×¦ÄÐÏ×¦ÄÎÏÓÔ¦ ÄÏ (3.1) - (3.3), ÐÅÒÛÉÊ ÄÏÄÁÎÏË × (1.23) ÚÁÐÉÓÕ¤ÔØÓÑÕ ×ÉÇÌÑÄ¦�kTN 0s�d(��+1)ln�2n=2Q(P�� )� = �kTN 0 �j � jd� g+ (3.4)+s�d(��+1)ln� ��(0)s2(��+1)�n=2# :äÌÑ ËÏÅÆ¦Ã¦¤ÎÔÁ g ÏÔÒÉÍÕ¤ÍÏg = cd� ln"�sd+4(n+ 2)�u��3�2'n(x�� ) �n=4 e y2��4 U �n� 12 ; y���# ; (3.5)ÄÅ c� = � c1Tfn��� (3.6)ÎÅÕÎ¦×ÅÒÓÁÌØÎÁ ×ÅÌÉÞÉÎÁ, ÑËÁ ÐÏ×'ÑÚÁÎÁ Ú Í¦ËÒÏÓËÏÐ¦ÞÎÉÍÉ ÐÁÒÁÍÅ-ÔÒÁÍÉ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ. äÒÕÇÉÊ ÄÏÄÁÎÏË × (1.23) ÐÏ×'ÑÚÁÎÉÊ Ú ÒÏÚÒÁ-ÈÕÎËÏÍ Z��+1 (1.24). ëÏÅÆ¦Ã¦¤ÎÔÉ d(n;��+1) ¦ a(n;��+1)4 ÚÁÄÁÎ¦ × (1.25).äÌÑ ×ÅÌÉÞÉÎ r(n)��+1 ¦ u(n)��+1, ÑË¦ Æ¦ÇÕÒÕÀÔØ × (1.23), Õ ×¦ÄÐÏ×¦ÄÎÏÓÔ¦ÄÏ (1.14) ÚÎÁÈÏÄÉÍÏr(n)��+1 = ���(0)�r��+1; u(n)��+1 = [��(0)]2�u��+1; (3.7)ÄÅ �r��+1 = fn(1 + �); �u��+1 = 'n � fn'1=2n R�1�: (3.8)
ICMP{97{12U 10÷ÉÄ¦ÌÉ×ÛÉ × Z��+1 ×¦ÌØÎÕ ÅÎÅÒÇ¦À ×ÐÏÒÑÄËÕ×ÁÎÎÑ ¦ ×ËÌÀÞÉ×ÛÉ ÕÒÏÚÇÌÑÄ ÚÏ×Î¦ÛÎ¤ ÍÁÇÎ¦ÔÎÅ ÐÏÌÅ ~H, ÏÔÒÉÍÕ¤ÍÏZ��+1 = exp (��F� + �Fh) Z d~�0exp h��âpN ~H~�0��12 �d2(0)~�20 � b(n;��+1)3!N1=2��+1 ~j~�30 � a(n;��+1)44!N��+1 ~�40#�� Z (d~�)N��+1�1exp8<:�12 0Xk�B��+1 �d2(k)~�k~��k9=;��exp(p0 + ~p1~�0 + p2~�20); (3.9)ÄÅ �â { ÍÁÇÎÅÔÏÎ âÏÒÁ,��F� = 32N��+1 j d(n;��+1)(0) j2a(n;��+1)4 ;�Fh = ��âpN ~H~jpN��+1 b(n;��+1)a(n;��+1)4 ; (3.10)�d2(0) = 2 j d(n;��+1)(0) j;�d2(k) = 2 j d(n;��+1)(0) j +~qk2;b(n;��+1) =q3! j d(n;��+1(0) j a(n;��+1)4 ;Á ~j { ÏÄÉÎÉÞÎÉÊ ×ÅËÔÏÒ × ÎÁÐÒÑÍËÕ ÐÒÏ×ÅÄÅÎÏÇÏ ÚÍ¦ÝÅÎÎÑ ~� =j ~� j ~jÄÌÑ ×ÅËÔÏÒÁ ~�~k. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÄÌÑ p0; ~p1; p2 ××ÅÄÅÎ¦ ÎÁÓÔÕÐÎ¦ÐÏÚÎÁÞÅÎÎÑp0 = �a(n;��+1)43!N��+1 ~� 0Xk1;:::;k3ki�B��+1 ~�k1 : : : ~�k3�k1+:::+k3;0 � (3.11)�a(n;��+1)44!N��+1 0Xk1;:::;k4ki�B��+1 ~�k1 : : : ~�k4�k1+:::+k4;0;~p1 = �a(n;��+1)42N��+1 ~� 0Xk�B��+1 ~�k~��k ��a(n;��+1)43!N��+1 0Xk1;:::;k3ki�B��+1 ~�k1 : : : ~�k3�k1+:::+k3;0;



11 ðÒÅÐÒÉÎÔp2 = �a(n;��+1)44N��+1 0Xk�B��+1 ~�k~��k:òÏÚËÌÁ×ÛÉ exp(p0+ ~p1~�0 + p2~�20) × ÒÑÄ ¦ ÏÂÍÅÖÉ×ÛÉÓØ ÞÌÅÎÁÍÉ ÄÒÕ-ÇÏÇÏ ÐÏÒÑÄËÕ ÍÁÌÏÓÔ¦, ÍÏÖÅÍÏ ×ÉËÏÎÁÔÉ ¦ÎÔÅÇÒÕ×ÁÎÎÑ × Z��+1 ÐÏÚÍ¦ÎÎÉÈ~�0k Ú k 6= 0. ÷ ÑËÏÓÔ¦ ÂÁÚÏ×Ï§ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ ÇÁÕÓÏ×Õ ÇÕ-ÓÔÉÎÕ Í¦ÒÉ, ÏÓË¦ÌØËÉ ËÏÅÆ¦Ã¦¤ÎÔ ÐÒÉ Ë×ÁÄÒÁÔÉÞÎÏÍÕ ÄÏÄÁÎËÕ Ð¦ÓÌÑ×ÉÄ¦ÌÅÎÎÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ×ÐÏÒÑÄËÕ×ÁÎÎÑ ÓÔÁ¤ ÄÏÄÁÔÎ¦Í. ÷ÓÅ ÃÅ ÄÁ¤ÍÏÖÌÉ×¦ÓÔØ ÐÒÅÄÓÔÁ×ÉÔÉ Z��+1 Õ ×ÉÇÌÑÄ¦Z��+1 = e��F�+�Fh��FRFA���F� � (3.12)� Z exp� ~A1~�0 +A2~�20 + ~A3~�30 +A4~�40i d~�0;ÄÅ ××ÅÄÅÎ¦ ÎÁÓÔÕÐÎ¦ ÐÏÚÎÁÞÅÎÎÑ��FRFA = �n2 Xk�B��+1 ln� d2(k)� � ;���F� = 14N��+1 "�a(n;��+1)4 I212 + b2(n;��+1)2 I33 ++a2(n;��+1)4 12 (I4 + 3I21I2)# :äÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× Ai(i = 1; :::; 4) ÏÔÒÉÍÕ¤ÍÏ~A1 = �pN�â ~H + pN��+12 ~j h�b(n;��+1)I1++(I3 + 32I1I2)a(n;��+1)4 b(n;��+1)3 # ;A2 = � j d(n;��+1)(0) j �a(n;��+1)4 I14 + a2(n;��+1)4 I1I28 ++14  b2(n;��+1)I2 + a2(n;��+1)4 I33 ! ; (3.13)~A3 = �b(n;��+1)3!N1=2��+1 ~j�1� 32a(n;��+1)4 I2� ;A4 = �a(n;��+1)44!N��+1 �1� 32I2a(n;��+1)4 � :
ICMP{97{12U 12÷ÅÌÉÞÉÎÉ Ii(i = 1; :::; 4) ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ ÆÕÎËÃ¦À L(x)L(x) = 3�x� arctgxx3 � ; (3.14)ÄÅ × ÑËÏÓÔ¦ ÁÒÇÕÍÅÎÔÁ x Æ¦ÇÕÒÕ¤x = 1p2�r��+1 : (3.15)äÌÑ Ii(i = 1; :::; 4) ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕÐÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑI1 = n��1 s2(��+1)��(0) ; ��1 = L(x)2�r��+1 ;I2 = n2��2 �s2(��+1)��(0) �2 ; ��2 = (��21 + 6e21(1 + e22)); (3.16)I3 = n3��3 �s2(��+1)��(0) �3 ; ��3 = ��31 + 6e31�1 + e32p2� ;I4 = n4��4 �s2(��+1)��(0) �4 ; ��4 = ��41 + 6e41�1 + e42p2� :óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏe1 = 15�2[3 + 10�r��+1] ; (3.17)e2 = 12� nsin(�p2) � �p2cos(�p2)o :úÒÏÂÉ×ÛÉ ÚÁÍ¦ÎÕ ÚÍ¦ÎÎÏ§ ~�0 ÔÁË, ÝÏÂ ÚÎÉË ËÕÂ¦ÞÎÉÊ ÞÌÅÎ Õ Ð¦Ä¦ÎÔÅ-ÇÒÁÌØÎÏÍÕ ×ÉÒÁÚ¦ (3.12), ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÏÔÒÉÍÕ¤ÍÏZ��+1 = e��F��+1 Z exp��pN�â ~H~�0 +B~�20 � GN ~�40� d~�0:(3.18)÷ÅÌÉÞÉÎÁ F��+1 ×¦ÄÐÏ×¦ÄÁ¤ ×ËÌÁÄÕ Õ ×¦ÌØÎÕ ÅÎÅÒÇ¦À ÓÉÓÔÅÍÉ ×¦Ä ÄÏ×-ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê ÇÕÓÔÉÎÉ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ, ÔÏÂÔÏ ×¦Ä ÚÍ¦Î-ÎÉÈ ~�k Ú k! 0,ÁÌÅ k 6= 0��F��+1 = N��+1�32 j d(n;��+1)(0) j I1��n2 1N��+1 0Xk�B��+1 ln� d2(k)� �� (3.19)



13 ðÒÅÐÒÉÎÔ�a(n;��+1)4 I218 + a2(n;��+1)4 48 (I4 + 3I21I2) ++ 94 j d(n;��+1)(0) j2 I2 � b2(n;��+1)8 I1I2� :úÍ¦ÎÎÁ ~�0, ÑËÁ Æ¦ÇÕÒÕ¤ Õ (3.18), ÐÏ×'ÑÚÁÎÁ Ú ÐÁÒÁÍÅÔÒÏÍ ÐÏÒÑÄËÕ. ·§ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÐÒÏÐÏÒÃ¦ÊÎÅ ÇÕÓÔÉÎ¦ ÓÐ¦ÎÕ ÓÉÓÔÅÍÉ. äÌÑ ×ÅÌÉÞÉÎB ¦ G ÏÔÒÉÍÕ¤ÍÏB =j � j2� B0; B0 = ��(0)B(0); (3.20)B(0) = c2�fn 1 + �2 B(0)1 ;B(0)1 = 1� �11�u��+1 + �22 �u2��+12�r��+1 ;G =j � j� G0; G0 = [��(0)]2G(0); (3.21)G(0) = c� s3024 �u��+1g(0); g(0) = 1� 32n2��2�u��+1;ÄÅ �11 = n2 ��1�r��+1 + 32n2��2; �22 = n3n ��1��22 + ��33 o : (3.22)ñË ×ÉÄÎÏ Ú ÆÏÒÍÕÌ (3.20) - (3.21), ËÏÅÆ¦Ã¦¤ÎÔ ÐÒÉ ÄÒÕÇ¦Ê ÓÔÅÐÅÎ¦ ~�0ÐÒÏÐÏÒÃ¦ÊÎÉÊ j � j2�, Á ÐÒÉ ÞÅÔ×ÅÒÔ¦Ê ÓÔÅÐÅÎ¦ ~�0 { ÄÏ j � j� , ÄÅ � {ËÒÉÔÉÞÎÉÊ ÐÏËÁÚÎÉË ËÏÒÅÌÑÃ¦ÊÎÏ§ ÄÏ×ÖÉÎÉ, Á � = T�TcTc . úÍ¦ÎÎÁ ~�0¤ ÍÁËÒÏÓËÏÐ¦ÞÎÏÀ ×ÅÌÉÞÉÎÏÀ, ÔÏÍÕ ÍÏÖÎÁ ÐÏËÌÁÓÔÉ, ÝÏ~�0 = pN~�: (3.23)ãÅ ÄÁ¤ ÍÏÖÌÉ×¦ÓÔØ ÄÌÑ ÏÂÞÉÓÌÅÎÎÑ Z��+1 × (3.18) ×ÉËÏÒÉÓÔÁÔÉ ÍÅÔÏÄÐÅÒÅ×ÁÌÕ. ÷ ÒÅÚÕÌØÔÁÔ¦ ÄÌÑ Z��+1 ÚÎÁÈÏÄÉÍÏZ��+1 =s 2�E000 (< ~� >)exp f��F��+1 � NE0(< ~� >)g ; (3.24)ÄÅ < ~� > { ÔÏÞËÁ ÅËÓÔÒÅÍÕÍÕ ×ÉÒÁÚÕE0(~�) = G~�4 �B~�2 � ��â ~H~�; (3.25)ÑËÉÊ ×ÉÎÉËÁ¤ × (3.18) ÐÒÉ ÚÁÍ¦Î¦ (3.23). óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÚÍ¦Î-ÎÁ ~�0 ×¦ÄÐÏ×¦ÄÁ¤ ÏÐÅÒÁÔÏÒÕ ^~�0 = 1pN Pl ^~�l, ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÑËÏÇÏ
ICMP{97{12U 14ÐÏ×'ÑÚÁÎÅ Ú Ò¦×ÎÏ×ÁÖÎÉÍ ÚÎÁÞÅÎÎÑÍ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ < � >. ðÒÉ~H = 0 ÄÌÑ < ~� > ÚÎÁÈÏÄÉÍÏ< ~�1;2 >= �r B2G; < ~�3 >= 0: (3.26)òÏÚ×'ÑÚËÉ < ~�1;2 > ÔÁ < ~�3 > ×¦ÄÐÏ×¦ÄÁÀÔØ ÅËÓÔÒÅÍÕÍÕ ÆÕÎËÃ¦ÏÎÁÌÕE0(~�) (3.25).îÁÑ×Î¦ÓÔØ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ T < Tc ×¦ÄÍ¦ÎÎÏÇÏ ×¦Ä ÎÕÌÑÓÅÒÅÄÎØÏÇÏ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ Ó×¦ÄÞÉÔØ ÐÒÏ ×ÉÎÉËÎÅÎÎÑ × ÓÉÓÔÅÍ¦ Õ×ÉÐÁÄËÕ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ ( ~H = 0) ÓÐÏÎÔÁÎ-ÎÏ§ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦. îÁ ÒÉÓ.2 ÐÒÅÄÓÔÁ×ÌÅÎÏ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ < � >, × ÑËÏÓÔ¦ ÑËÏÇÏ ×ÉÓÔÕÐÁ¤ ÓÅÒÅÄÎ¦Ê ÓÐ¦ÎÏ-×ÉÊ ÍÏÍÅÎÔ, ÄÌÑ Ò¦ÚÎÉÈ ÚÎÁÞÅÎØ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ Õ ×ÉÐÁÄËÕ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ.õ ×¦ÄÐÏ×¦ÄÎÏÓÔ¦ ÄÏ ×ÉÝÅ ÓËÁÚÁÎÏÇÏ ÄÌÑ E0(< ~� >) Õ ×ÉÐÁÄËÕ ×¦Ä-ÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ ( ~H = 0) ÏÔÒÉÍÕ¤ÍÏE0(< ~� >) = �B24G = E00 j � jd�; (3.27)ÄÅ E00 = �32 �r2��+1�u��+1 (B(0)1 )2s30g(0) : (3.28)÷ÓÅ ÃÅ ÄÁ¤ ÍÏÖÌÉ×¦ÓÔØ ÏÔÒÉÍÁÔÉ Ñ×ÎÉÊ ÁÎÁÌ¦ÔÉÞÎÉÊ ×ÉÒÁÚ ÄÌÑ ×¦ÌØ-ÎÏ§ ÅÎÅÒÇ¦§ ¶çò. ðÒÏ×¦×ÛÉ ÓÕÍÕ×ÁÎÎÑ ÐÏ k � B��+1 (k 6= 0) × (3.19) ÔÁ×ÒÁÈÕ×Á×ÛÉ ×ËÌÁÄ ×¦Ä ~�0 Õ ×¦ÄÐÏ×¦ÄÎÏÓÔ¦ ÄÏ (3.24) - (3.28), ÄÌÑ F¦ÇÒÏÔÒÉÍÕ¤ÍÏF¦ÇÒ = �kTN 0j� jd��¦ÇÒ; (3.29)ÄÅ �¦ÇÒ = (�� )3 + <~�>3 ; (3.30)(�� )3 = g + �; <~�>3 = cd��<~�>3 ; �<~�>3 = sd0E00:÷ÅÌÉÞÉÎÁ <~�>3 ×¦ÄÐÏ×¦ÄÁ¤ ×ËÌÁÄÕ ×¦Ä ×ÐÏÒÑÄËÕ×ÁÎÎÑ × ÓÉÓÔÅÍ¦. ëÏ-ÅÆ¦Ã¦¤ÎÔÉ g ¦ � ÚÁÐÉÓÕÀÔØÓÑ × ×ÉÇÌÑÄ¦g = �gcd� ; (3.31)�g = ln"�sd+4(n+ 2)�u��3�2'n(x�� ) �n=4 e y2��4 U �n� 12 ; y���#



15 ðÒÅÐÒÉÎÔ� = ��cd� ; (3.32)�� = 512nL(x)� n2 ln�1 + 2�r��+1� �+ n3 �� �u��+18 ���21n2 + 3n3L(x)��2�++ �u2��+148 n4 ���4 + 3��21��2�+ 94n2��2�r2��+1:õ ×¦ÄÐÏ×¦ÄÎÏÓÔ¦ ÄÏ (1.1), (2.1), (3.29) ÐÏ×ÎÁ ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ n- ËÏÍ-ÐÏÎÅÎÔÎÏÇÏ ÍÁÇÎÅÔÉËÁ × ÏÂÌÁÓÔ¦ ÔÅÍÐÅÒÁÔÕÒ T < Tc ÐÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ÚÏ×Î¦ÛÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ Õ ×ÉÐÁÄËÕ d = 3 ÚÁÐÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ¦F = �kTN 0 h0 � 1j� j+ 2j� j2 + (�)3 j� j3�i ; (3.33)ÄÅ 0 = 001 + s30ln � (2�)n=2mn�1�(n=2) � ; (3.34)(�)3 = �¦ÇÒ � �10: (3.35)ëÏÅÆ¦Ã¦¤ÎÔ (�)3 ×ÒÁÈÏ×Õ¤ ×ËÌÁÄ ×¦Ä ÏÂÌÁÓÔÅÊ ëò ¦ ¶çò ÔÁ ÈÁÒÁËÔÅ-ÒÉÚÕ¤ ÓÉÎÇÕÌÑÒÎÕ ÐÏ×ÅÄ¦ÎËÕ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ × ÏËÏÌ¦ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏÐÅÒÅÈÏÄÕ. úÁÌÅÖÎ¦ÓÔØ ËÏÅÆ¦Ã¦¤ÎÔ¦× 0; (�)3 ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁ-ÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ÔÁ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ ÐÒÉ×ÅÄÅÎÁ × ÔÁÂ.2.4. ðÁÒÁÍÅÔÒ ÐÏÒÑÄËÕ.èÁÒÁËÔÅÒÎÏÀ ÏÓÏÂÌÉ×¦ÓÔÀ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÄÒÕÇÏÇÏ ÒÏÄÕ ¤ ×ÉÎÉË-ÎÅÎÎÑ ÎÉÖÞÅ ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×¦ÄÍ¦ÎÎÏÇÏ ×¦Ä ÎÕÌÑ ÐÁÒÁÍÅ-ÔÒÁ ÐÏÒÑÄËÕ. ÷ ÑËÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ×ÉÓÔÕÐÁ¤ ÓÅÒÅÄÎ¦Ê ÓÐ¦ÎÏ-×ÉÊ ÍÏÍÅÎÔ.÷¦Î ÐÏ×'ÑÚÁÎÉÊ Ú ¦ÓÎÕ×ÁÎÎÑÍ ×¦ÄÍ¦ÎÎÏÇÏ ×¦Ä ÎÕÌÑ ÚÎÁÞÅÎ-ÎÑ ëú ~�0 ÄÌÑ T < Tc, ÐÒÉ ÑËÏÍÕ ÍÁ¤ Í¦ÓÃÅ ÅËÓÔÒÅÍÕÍ Ð¦Ä¦ÎÔÅÇÒÁÌØ-ÎÏÇÏ ÆÕÎËÃ¦ÏÎÁÌÕ (3.18). äÌÑ ÐÏ×ÎÏÔÉ ÏÐÉÓÕ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉÓÉÓÔÅÍÉ, ××ÅÄÅÍÏ Õ ÒÏÚÇÌÑÄ ÍÁÌÅ ÐÒÏÂÎÅ ÚÏ×Î¦ÛÎ¤ ÐÏÌÅ ~H. ãÅ ÄÁÓÔØÎÁÍ ÍÏÖÌÉ×¦ÓÔØ ÏÔÒÉÍÁÔÉ Ò¦×ÎÑÎÎÑ ÓÔÁÎÕ ÔÁ ÄÏÓÌ¦ÄÉÔÉ ÎÅ ÌÉÛÅ ÔÅÍ-ÐÅÒÁÔÕÒÎÕ, ÁÌÅ Ê ÐÏÌØÏ×Õ ÚÁÌÅÖÎ¦ÓÔØ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ, ÒÏÚÒÁÈÕ-×ÁÔÉ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÓÉÓÔÅÍÉ. õ ×ÉÐÁÄËÕ n > 1 ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ÚÏ×-Î¦ÛÎØÏÇÏ ÐÏÌÑ ×ÉÎÉËÁ¤ ÔÅÎÚÏÒ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦, ËÏÍÐÏÎÅÎÔÉ ÑËÏÇÏÍÏÖÎÁ ÒÏÚÒÁÈÕ×ÁÔÉ ×ÉÈÏÄÑÞÉ Ú ÚÁÇÁÌØÎÏÇÏ ÏÚÎÁÞÅÎÎÑ��� = 1N @2F (h)@h(�)@h(�) :
ICMP{97{12U 16ôÏÂÔÏ, × ÚÁÇÁÌØÎÏÍÕ, ËÏÍÐÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ÐÒÅÄÓÔÁ-×ÌÑÀÔØÓÑ Õ ×ÉÇÌÑÄ¦��� = ��(< �(�)�(�) > � < �(�) >< �(�) >): (4.1)ñËÝÏ ×ÉÂÒÁÔÉ ÎÁÐÒÑÍÏË ÐÏÌÑ ÔÁËÉÍ, ÝÏ ×¦ÄÍ¦ÎÎÏÀ ×¦Ä ÎÕÌÑ ¤ÌÉÛÅ ÐÅÒÛÁ ËÏÍÐÏÎÅÎÔÁ, ÔÏ × ÓÉÓÔÅÍ¦ ×ÉÎÉËÎÅ ÐÏÚÄÏ×ÖÎÑ ÓÐÒÉÊ-ÎÑÔÌÉ×¦ÓÔØ, ÔÁ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÐÅÒÐÅÎÄÉËÕÌÑÒÎÁ ÄÏ ÎÁÐÒÑÍËÕ ÐÏ-ÌÑ, ÔÁË Ú×ÁÎÁ ÐÏÐÅÒÅÞÎÁ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ. äÌÑ ÐÏÚÄÏ×ÖÎØÏ§ ÓÐÒÉÊ-ÎÑÔÌÉ×ÏÓÔ¦ ÍÉ ÍÁÔÉÍÅÍÏ�11 = ��N (< (�(1))2 > � < �(1) >2): (4.2)ðÏÐÅÒÅÞÎ¦Ê ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ×¦ÄÐÏ×¦ÄÁÔÉÍÕÔØ ¦ÎÛ¦ Ä¦ÁÇÏÎÁÌØÎ¦ ËÏÍ-ÐÏÎÅÎÔÉ ÔÅÎÚÏÒÁ. õ ÐÏÄÁÌØÛÉÈ ÄÏÓÌ¦ÄÖÅÎÎÑÈ ×ÉÂÅÒÅÍÏ ×ÅËÔÏÒ ÐÏÌÑ~H ÔÁË, ÝÏÂ ×¦ÄÍ¦ÎÎÏÀ ×¦Ä ÎÕÌÑ ÂÕÌÁ ÌÉÛÅ ÐÅÒÛÁ ËÏÍÐÏÎÅÎÔÁ, ÔÏÂÔÏ,~H = (H(1); 0; 0; :::0):÷ÉÄ¦ÌÅÎÎÑ ÐÅ×ÎÏÇÏ ÎÁÐÒÑÍËÕ ÐÏÌÑ ÐÒÉ×ÏÄÉÔØ ÄÏ ×ÉÎÉËÎÅÎÎÑ ËÏÌÉ-×ÁÎØ ÓÐ¦ÎÏ×Ï§ ÇÕÓÔÉÎÉ × ÎÁÐÒÑÍËÕ ×ÚÄÏ×Ö ÐÏÌÑ ¦ ÐÅÒÐÅÎÄÉËÕÌÑÒÎÏÍÕÄÏ ÎØÏÇÏ. ÷ÓÅ ÃÅ ÚÏÂÕÍÏ×ÌÀ¤ ÏÓÏÂÌÉ×Õ ÒÏÌØ ÐÅÒÛÏ§ ËÏÍÐÏÎÅÎÔÉ �(1),ÑËÁ, ÆÁËÔÉÞÎÏ ×¦Ä¦ÇÒÁ¤ ÒÏÌØ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ × ÄÁÎ¦Ê ÓÉÓÔÅÍ¦. ÷É-ËÏÎÁ×ÛÉ ÚÁÍ¦ÎÕ�(1)0 = pN�(1); �(2)0 = �(2); :::; �(n)0 = �(n); (4.3)¦ ×ÒÁÈÕ×Á×ÛÉ ÎÁÐÒÑÍÏË ÐÏÌÑ ÄÌÑ Z��+1 (3.18) ÏÔÒÉÍÕ¤ÍÏZ��+1 = e��F��+1pN Z eN(�h(1)�(1)+B�2(1)�G�4(1))�exp[B nXa=2 �2(a) � 2G�2(1) nXa=2 �2(a) � (4.4)GN nXa=2 �2(a) nXa=2 �2(a)]d�(1) nYa=2 d�(a);ÄÅ ××ÅÄÅÎÏ ÐÏÚÎÁÞÅÎÎÑ h(1) = �âH(1) ¦ ÒÏÚÄ¦ÌÅÎÏ ×ËÌÁÄÉ ×¦Ä Ò¦ÚÎÉÈËÏÍÐÏÎÅÎÔ ~�0. ðÅÒÅÊÛÏ×ÛÉ × R- ÐÒÏÓÔ¦Ò ÄÏ n� 1 - ×ÉÍ¦ÒÎÉÈ ÐÏÌÑÒ-ÎÉÈ ËÏÏÒÄÉÎÁÔ ¦ ÐÒÏ¦ÎÔÅÇÒÕ×Á×ÛÉ ÚÁ ÚÍ¦ÎÎÉÍÉ �(a) Ú a = 2; :::n, ÄÌÑÓÔÁÔÓÕÍÉ ÏÔÒÉÍÕ¤ÍÏZ��+1 = e��F��+1� (n�1)N�� +12 pN � (4.5)�(2s�30 j� j3�s�3�0G)�(n�1)N��+14 eB2N8G Z e�NE(�(1))d�(1);



17 ðÒÅÐÒÉÎÔÄÅ E(�(1)) = G2 �4(1) � B2 �2(1) � �h(1)�(1) ��N��+1N lnU (n2 � 1; d(�(1) )p2s�30 j�j3�s�3�0G ) (4.6)¶ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ÚÍ¦ÎÎÏÀ �(1) ÍÏÖÎÁ ÐÒÏ×ÅÓÔÉ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÍÅ-ÔÏÄ ÐÅÒÅ×ÁÌÕ.ïÓË¦ÌØËÉN ¤ ÍÁËÒÏÓËÏÐ¦ÞÎÅ ÞÉÓÌÏ, ÔÏ Ð¦Ä¦ÎÔÅÇÒÁÌØÎÉÊ×ÉÒÁÚ (4.3) ÍÁ¤ Ò¦ÚËÉÊ ÍÁËÓÉÍÕÍ × ÔÏÞÃ¦ < �(1) >, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ Ò¦×-ÎÏ×ÁÖÎÏÍÕ ÚÎÁÞÅÎÎÀ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ < � >. ÷ÉÈÏÄÑÞÉ Ú ÕÍÏ×ÉÅËÓÔÒÅÍÕÍÕ ÆÕÎËÃ¦ÏÎÁÌÕ E(�(1)), ÏÔÒÉÍÕ¤ÍÏ Ò¦×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁ-ÞÅÎÎÑ < �(1) >4G�3(1) � 2B�(1) � �h(1) + (n � 1) U(n2 ; d(�(1) )� )U(n2�1;d(�(1) )� )�(1)� = 0;� =q2Gs�30 j� j3�s�3�0 ; (4.7)ÄÅ d(�(1)) = 2G�2(1) � B, Á ËÏÅÆ¦Ã¦¤ÎÔÉ G ÔÁ B ¤ ÓËÌÁÄÎÉÍÉ ÎÅ-Ì¦Î¦ÊÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ÔÅÍÐÅÒÁÔÕÒÉ, ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ n ¦ Í¦ËÒÏ-ÓËÏÐ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÉÓÔÅÍÉ (ÄÉ×.(3.20),(3.21)). ò¦×ÎÑÎÎÑ (4.5)¤ ÓËÌÁÄÎÅ ÎÅÌ¦Î¦ÊÎÅ Ò¦×ÎÑÎÎÑ. êÏÇÏ ÒÏÚ×'ÑÚÏË ¤ ÆÕÎËÃ¦¤À ÔÅÍÐÅÒÁ-ÔÕÒÉ, ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ ¦ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ< �(1) >!< � >= �(�; x; b=c)ÄÅ x = ��âH(1) - ÕÚÁÇÁÌØÎÅÎÅ ÐÏÌÅ. òÏÚ×'ÑÚÏË ÄÁÎÏÇÏ Ò¦×ÎÑÎÎÑ ÐÒÏ-×ÏÄÉ×ÓÑ ÞÉÓÅÌØÎÉÍÉ ÍÅÔÏÄÁÍÉ. òÅÚÕÌØÔÁÔÉ ÞÉÓÅÌØÎÉÈ ÒÏÚÒÁÈÕÎË¦×ÄÌÑ ×ÉÐÁÄË¦× n = 1 ¦ n = 2 ÐÒÅÄÓÔÁ×ÌÅÎ¦ ÎÁ ÒÉÓ.3, ÄÅ ÐÏÄÁÎÏ ÚÁÌÅÖ-Î¦ÓÔØ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ×¦Ä ÐÏÌÑ ÄÌÑ � = �0:003. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ,ÝÏ � ÔÕÔ ×ÉÂÒÁÎÏ ÔÁË, ÝÏÂ ×ÏÎÏ ÎÅ ÐÅÒÅ×ÉÝÕ×ÁÌÏ ��1 (ÄÉ×. ÔÁÂ.1).ïÔÒÉÍÁÎÏ ÔÁËÏÖ ÎÁÂÌÉÖÅÎÉÊ ÁÎÁÌ¦ÔÉÞÎÉÊ ÒÏÚ×'ÑÚÏË Ò¦×ÎÑÎÎÑ (4.5)Ú ÄÏÐÏÍÏÇÏÀ ÒÏÚËÌÁÄ¦× ÆÕÎËÃ¦Ê ÐÁÒÁÂÏÌ¦ÞÎÏÇÏ ÃÉÌ¦ÎÄÒÁ. ÷ÉÄ¦ÌÉ×ÛÉ× ÚÍ¦ÎÎ¦Ê �(1) ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ, ÔÏÂÔÏ�(1) = ��j� j �2 ;ÔÁ ÓËÏÒÉÓÔÁ×ÛÉÓØ Ñ×ÎÉÍÉ ×ÉÒÁÚÁÍÉ ÄÌÑ ËÏÅÆ¦Ã¦¤ÎÔ¦× G ¦ B (3.20)-(3.21), ÍÉ ÍÏÖÅÍÏ ÐÅÒÅÐÉÓÁÔÉ ÁÒÇÕÍÅÎÔ ÆÕÎËÃ¦Ê ÐÁÒÁÂÏÌ¦ÞÎÏÇÏÃÉÌ¦ÎÄÒÁ × (4.5) Õ ÎÁÓÔÕÐÎ¦Ê ÆÏÒÍ¦�x = 2G0��2 �B0�0
ICMP{97{12U 18ÄÅ �0 =q2G0s�30 s�3�0 :óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ �x ×ÖÅ ÎÅ Í¦ÓÔÉÔØ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä � . ðÒÏÁÎÁÌ¦ÚÕ-×Á×ÛÉ ÚÁÌÅÖÎ¦ÓÔØ �x ×¦Ä �� ÔÁ ÚÁÌÅÖÎ¦ÓÔØ �� ×¦Ä ��h(�h = h(1)j� j�5�2 ) ÍÉÐÒÉÈÏÄÉÍÏ ÄÏ ×ÉÓÎÏ×ËÕ, ÝÏ ÓÌ¦Ä ÐÒÏ×ÏÄÉÔÉ ÒÏÚËÌÁÄÉ ÆÕÎËÃ¦Ê ÐÁÒÁ-ÂÏÌ¦ÞÎÏÇÏ ÃÉÌ¦ÎÄÒÁ U (n2 ; �x) ÔÁ U (n�12 ; �x) × ÏËÏÌ¦ ÔÏÞÏË �x = 1:45(n =2) ÔÁ �x = 1:25(n = 3). óËÏÒÉÓÔÁ×ÛÉÓØ ÒÏÚËÌÁÄÁÍÉ ÆÕÎËÃ¦Ê ÐÁÒÁ-ÂÏÌ¦ÞÎÏÇÏ ÃÉÌ¦ÎÄÒÁ × ÏËÏÌ¦ ×ÉÝÅ ×ËÁÚÁÎÉÈ ÔÏÞÏË ÍÉ ÍÏÖÅÍÏ ÐÅÒÅ-ÐÉÓÁÔÉ Ò¦×ÎÑÎÎÑ ÓÔÁÎÕ (4.5) ÄÌÑ �� Õ ÎÁÓÔÕÐÎÏÍÕ ×ÉÇÌÑÄ¦��3 + v�� + w = 0; (4.8)ÄÅ v = � ~B02 ~G0 ; w = � ��h2 ~G0 : (4.9)óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÔÕÔ ××ÅÄÅÎ¦ ÐÅ×Î¦ ÐÏÚÎÁÞÅÎÎÑ~G0 = (a1 + a2B0�0 )G02 ; ~B0 = a3B0 + a4B20�0 + a5�0:ñ×ÎÉÊ ×ÉÇÌÑÄ ËÏÅÆ¦Ã¦¤ÎÔ¦× ai, ÄÅ i = 1; :::; 5 ÐÒÉ×ÅÄÅÎÉÊ × ÄÏÄÁÔ-ËÕ. ðÒÉ ÁÎÁÌ¦Ú¦ ÒÏÚ×'ÑÚË¦× Ò¦×ÎÑÎÎÑ (4.6) ÓÌ¦Ä ÒÏÚÇÌÑÎÕÔÉ ÄÅË¦ÌØËÁÍÏÖÌÉ×ÉÈ ×ÉÐÁÄË¦×. õ ×ÉÐÁÄËÕ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏÐÏÌÑ (H(1) = 0) ÍÉ ÏÔÒÉÍÕ¤ÍÏ w = 0;Á ÏÔÖÅ, ÄÉÓËÒÉÍ¦ÎÁÎÔ Ò¦×ÎÑÎÎÑ (4.6)D = �v3�3 + �w2 �2 (4.10)ÓÔÁ¤ ×¦Ä'¤ÍÎÉÍ.ãÅ Ó×¦ÄÞÉÔØ ÐÒÏ ÎÁÑ×Î¦ÓÔØ ÔÒØÏÈ Ä¦ÊÓÎÉÈ ËÏÒÅÎ¦× Ò¦×-ÎÑÎÎÑ (4.6), ÏÄÉÎ Ú ÑËÉÈ ¤ ÎÕÌØ< ��1;2 >= �s ~B2 ~G; (4.11)< ��3 >= 0:òÏÚ×'ÑÚËÉ ��1;2 ×¦ÄÐÏ×¦ÄÁÀÔØ ÍÁËÓÉÍÕÍÕ ÆÕÎËÃ¦ÏÎÁÌÕ E(�(1)) (ÄÉ×.(4.4)). ôÏÞËÁ ��3 ×¦ÄÐÏ×¦ÄÁ¤ Í¦Î¦ÍÁÌØÎÏÍÕ ÚÎÁÞÅÎÎÀ E(�(1)). îÁÑ×-Î¦ÓÔØ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ T < Tc ×¦ÄÍ¦ÎÎÏÇÏ ×¦Ä ÎÕÌÑ ÓÅÒÅÄÎØÏÇÏ ÓÐ¦ÎÏ-×ÏÇÏ ÍÏÍÅÎÔÕ Ó×¦ÄÞÉÔØ ÐÒÏ ×ÉÎÉËÎÅÎÎÑ × ÓÉÓÔÅÍ¦ Õ ×ÉÐÁÄËÕ ×¦ÄÓÕÔ-ÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ (H(1) = 0) ÓÐÏÎÔÁÎÎÏ§ ÎÁÍÁÇÎ¦ÞÅ-ÎÏÓÔ¦.



19 ðÒÅÐÒÉÎÔõ ×ÉÐÁÄËÕ ¦ÓÎÕ×ÁÎÎÑ ÂÅÚÍÅÖÎÏ ÍÁÌÏÇÏ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ (H(1) 6=0, ÁÌÅ H(1) ! 0) ÍÉ ÏÔÒÉÍÕ¤ÍÏ ÔÒÉ Ò¦ÚÎÉÈ Ä¦ÊÓÎÉÈ ËÏÒÅÎ¦ Ò¦×ÎÑÎÎÑ(4.6). ��1 = 2r�v3 cos('3 ); (4.12)��2 = 2r�v3 cos(' + 2�3 );��3 = 2r�v3 cos(' + 4�3):óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÔÕÔ ××ÅÄÅÎ¦ ÎÁÓÔÕÐÎ¦ ÐÏÚÎÁÞÅÎÎÑ' = arccos(�t); t = w2s��3v�3:ïÄÎÁË, Æ¦ÚÉÞÎÏ ÒÅÁÌØÎÉÍ ÂÕÄÅ ÌÉÛÅ ÔÏÊ ËÏÒ¦ÎØ, ÑËÉÊ ÚÍÅÎÛÕ¤ÔØ-ÓÑ ÐÏ ÍÏÄÕÌÀ ÐÒÉ ÎÁÂÌÉÖÅÎÎ¦ ÄÏ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.ôÏÂÔÏ, Õ ×ÉÐÁÄËÕ H(1) ! 0 ÍÉ ÏÔÒÉÍÕ¤ÍÏ< �� >= p�v�1� t3p3 � t218 � : : :� : (4.13)äÌÑ Ñ×ÉÐÁÄËÕ n = 1 t ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦t = � 3�h2kT " �u��+1g(0)s30s5(��+1)2��(0)(�r��+1)3(B(0)1 )3#1=2 :ðÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ ÒÏÚ×'ÑÚÏË (4.11) ÐÅÒÅ-ÈÏÄÉÔØ × (4.9). òÉÓ.4 ¦ÌÀÓÔÒÕ¤ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ÐÁÒÁÍÅÔÒÁÐÏÒÑÄËÕ Õ ×ÉÐÁÄËÕ ×¦ÄÓÕÔÎÏÓÔ¦ ÔÁ ÎÁÑ×ÎÏÓÔ¦ ÂÅÚÍÅÖÎÏ ÍÁÌÏÇÏ ÚÏ×-Î¦ÛÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ ÄÌÑ Ò¦ÚÎÉÈ ÚÎÁÞÅÎØ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ÐÒÉ b = c. ðÏÄÁÌØÛ¦ ÄÏÓÌ¦ÄÖÅÎÎÑ Ò¦×ÎÑÎÎÑ ÓÔÁÎÕ ÓÌ¦Ä ÐÒÏ×ÏÄÉÔÉÒÏÚÄ¦ÌÉ×ÛÉ ÏËÒÅÍÏ ×ÉÐÁÄËÉ n = 1 ¦ n > 1, ÑË ÃÅ ÓÌ¦ÄÕ¤ Ú Ò¦×ÎÑÎÎÑ(4.5). õ ×ÉÐÁÄËÕ n = 1 Ò¦×ÎÑÎÎÑ ÓÐÒÏÝÕ¤ÔØÓÑ ¦ ÐÒÉÊÍÁ¤ ÚÎÁÞÎÏ ËÏÍ-ÐÁËÔÎ¦ÛÕ ÆÏÒÍÕ. úÇ¦ÄÎÏ ÄÏ (4.11) ÍÏÖÎÁ ÏÂÞÉÓÌÉÔÉ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØÓÉÓÔÅÍÉ ÎÁ ÏÄÎÕ ÞÁÓÔÉÎËÕ � = �â @<�>@H� = ��0 �2â�(0) j� j�; (4.14)ÄÅ  = 2�; ��0 = c�2�2�r��+1B(0)1 :
ICMP{97{12U 20ñË ×ÖÅ ÂÕÌÏ ÚÁÚÎÁÞÅÎÏ ×ÉÝÅ, Õ ×ÉÐÁÄËÕ n > 1 ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ÐÅ×-ÎÏÇÏ ÎÁÐÒÑÍËÕ ÐÏÌÑ ×ÉÎÉËÁ¤ ÐÏÚÄÏ×ÖÎÑ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÓÉÓÔÅÍÉ,ÔÁ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÐÅÒÐÅÎÄÉËÕÌÑÒÎÁ ÄÏ ÎÁÐÒÑÍËÕ ÐÏÌÑ, ÔÁË Ú×Á-ÎÁ ÐÏÐÅÒÅÞÎÁ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ. ÷ÉÈÏÄÑÞÉ Ú Ò¦×ÎÑÎÎÑ ÓÔÁÎÕ (4.5) ÄÌÑÐÏÚÄÏ×ÖÎØÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ÏÔÒÉÍÕ¤ÍÏ�jj = �2â�(0) ��jjj� j�; (4.15)ÄÅ ��jj = �[4G0(3 + (n � 1)U 0n(�x))��2 � 2B0 + (4.16)(n � 1)�0 U (n2 ; �x)U (n2 � 1; �x) ]�1;U 0n(�x) = (n� 1)2 [ U (n2 ; �x)U (n2 � 1; �x) ]2 + �x U (n2 ; �x)U (n2 � 1; �x) � 1:òÉÓ.5 ¦ÌÀÓÔÒÕ¤ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ÐÏÚÄÏ×ÖÎØÏ§ ÓÐÒÉÊÎÑÔÌÉ-×ÏÓÔ¦ ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ nÄÌÑ ×ÉÐÁÄËÕ b = c.õ ×ÉÐÁÄËÕ D = 0 ¦ÓÎÕ¤ ÔÒÉ Ä¦ÊÓÎÉÈ ËÏÒÅÎ¦ ËÕÂ¦ÞÎÏÇÏ Ò¦×ÎÑÎÎÑ(4.6), Ä×Á Ú ÑËÉÈ Ò¦×Î¦ Í¦Ö ÓÏÂÏÀ. ðÒÉÞÏÍÕ,��1 = 2r�v3 ; ��2 = ��3 = �r�v3 ; ÐÒÉ H(1) > 0; (4.17)��1 = �2r�v3 ; ��2 = ��3 =r�v3 ; ÐÒÉ H(1) < 0;ðÏ×ÅÒÈÎÑD = 0 (4.18)ÒÏÚÄ¦ÌÑ¤ Ä×¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÏÂÌÁÓÔ¦: ÏÄÎÏ-ÆÁÚÎÕ, ÄÅ D > 0 ¦ Ä×ÏÈ-ÆÁÚÎÕ, ÄÅ D < 0, ÑËÁ ¤ ÏÂÌÁÓÔÀ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ. ðÏ×ÅÒÈÎÑ D = 0×¦ÄÐÏ×¦ÄÁ¤ ÇÒÁÎÉÃ¦ ÓÐ¦×¦ÓÎÕ×ÁÎÎÑ ÆÁÚ. õÍÏ×Á (4.19) ÄÁ¤ Ò¦×ÎÑÎÎÑ ÄÌÑËÒÉÔÉÞÎÏ§ ÏÂÌÁÓÔ¦ ÐÏ ÐÏÌÀxËÒ = �x0ËÒj� j 5�2 ; (4.19)ÄÅ x0ËÒ = �s 2 ~B3027 ~G0 :



21 ðÒÅÐÒÉÎÔõ ×ÉÐÁÄËÕ ÐÏÌ¦× x > xËÒ, ÄÉÓËÒÉÍ¦ÎÁÎÔ D ËÕÂ¦ÞÎÏÇÏ Ò¦×ÎÑÎÎÑ (4.6)ÓÔÁ¤ ÄÏÄÁÔÎ¦Í. õ ÃØÏÍÕ ×ÉÐÁÄËÕ ÍÁ¤ Í¦ÓÃÅ ÏÄÉÎ Ä¦ÊÓÎÉÊ ¦ Ä×Á ËÏÍ-ÐÌÅËÓÎÏ ÓÐÒÑÖÅÎÉÈ ËÏÒÅÎ¦. æ¦ÚÉÞÎÏ ÒÅÁÌØÎÉÍ, Õ ÕÄÁÎÏÍÕ ×ÉÐÁÄËÕ,¤ ËÏÒ¦ÎØ��1 = 2r�v3 ch'3 ; (4.20)ÄÅ ' = arch(�t); ÑËÉÊ ×¦ÄÔ×ÏÒÀ¤ ÐÏÌØÏ×Õ ÚÁÌÅÖÎ¦ÓÔØ ÎÁÍÁÇÎ¦ÞÅ-ÎÏÓÔ¦ ÐÒÉ ×¦ÄÎÏÓÎÏ ×ÅÌÉËÉÈ ÚÏ×Î¦ÛÎ¦È ÍÁÇÎ¦ÔÎÉÈ ÐÏÌÑÈ. ÷¦ÄÐÏ×¦Ä-ÎÏ ÄÏ (4.10), (4.18), (4.20)-(4.21) ÎÁ ÒÉÓ.6 ÛÔÒÉÈÏ×ÏÀ Ì¦Î¦¤À ÐÏÄÁ-ÎÏ ÚÁÌÅÖÎ¦ÓÔØ �� (ÞÁÓÔÉÎÉ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ, ÎÅÚÁÌÅÖÎÏ§ ×¦Ä ÔÅÍ-ÐÅÒÁÔÕÒÉ) ×¦Ä ÐÅÒÅÎÏÒÍÏ×ÁÎÏÇÏ ÐÏÌÑ ��h ÄÌÑ ×ÉÐÁÄËÕ n = 2. ôÁÍÖÅ ÐÒÉ×ÅÄÅÎÏ ÒÏÚ×'ÑÚËÉ, ÏÔÒÉÍÁÎ¦ ÎÁÍÉ Ú ÄÏÐÏÍÏÇÏÀ ÞÉÓÅÌØÎÉÈ ÍÅ-ÔÏÄ¦× (ÓÕÃ¦ÌØÎÁ Ì¦Î¦Ñ). âÌÉÚØË¦ÓÔØ ÏÔÒÉÍÁÎÉÈ ËÒÉ×ÉÈ (ÛÔÒÉÈÏ×Ï§ ÔÁÓÕÃ¦ÌØÎÏ§) Ó×¦ÄÞÉÔØ ÐÒÏ ËÏÒÅËÔÎ¦ÓÔØ ÐÒÏ×ÅÄÅÎÉÈ ÎÁÍÉ ÁÎÁÌ¦ÔÉÞÎÉÈÒÏÚÒÁÈÕÎË¦× Ú ÄÏÐÏÍÏÇÏÀ ÒÏÚËÌÁÄ¦× ÆÕÎËÃ¦Ê ÐÁÒÁÂÏÌ¦ÞÎÏÇÏ ÃÉÌ¦Î-ÄÒÁ. ñË ×ÉÄÎÏ Ú ÎÁ×ÅÄÅÎÉÈ ÒÉÓÕÎË¦× (ÄÉ×.ÒÉÓ.3 ÔÁ ÒÉÓ.6), ÐÒÉ ÚÒÏ-ÓÔÁÎÎ¦ ÐÏÒÑÄËÕ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ n ÓÐÏÓÔÅÒ¦ÇÁ¤ÔØÓÑ Ú×ÕÖÅÎÎÑÏÂÌÁÓÔ¦ ÎÅÓÔ¦ÊËÏÓÔ¦ ÐÏ ÐÏÌÀ, ÄÌÑ ÑËÏ§ ÄÒÕÇÁ ÐÏÈ¦ÄÎÁ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ÐÒÉÊÍÁ¤ ×¦Ä'¤ÍÎ¦ ÚÎÁÞÅÎÎÑ. ïÔÒÉÍÁÎ¦ ÒÅÚÕÌØÔÁÔÉ ÑË¦ÓÎÏ ÄÏÂÒÅ ÕÚ-ÇÏÄÖÕÀÔØÓÑ Ú ÓÐÏÓÔÅÒÅÖÕ×ÁÎÉÍÉ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ.õ ×ÉÐÁÄËÕ � = 0 ÍÉ ÏÔÒÉÍÕ¤ÍÏ< � >= x1=��ËÒ; (4.21)ÄÅ � = 5; �ËÒ =  ~B04 ~G20!1=5: (4.22)äÌÑ ÔÅÍÐÅÒÁÔÕÒ T > Tc ÍÁ¤ Í¦ÓÃÅ ÇÒÁÎÉÞÎÉÊ ÇÁÕÓÏ×ÉÊ ÒÅÖÉÍ. ôÅÍ-ÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ¦ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÐÏÌÑ ÄÌÑÔÅÍÐÅÒÁÔÕÒ T > Tc ÄÌÑ ÐÅ×ÎÉÈ ÚÎÁÞÅÎØ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ ÐÒÅÄ-ÓÔÁ×ÌÅÎÁ ÛÔÒÉÈÏ×ÉÍÉ Ì¦Î¦ÑÍÉ ÎÁ ÒÉÓ.4 (� > 0) ¦ ÒÉÓ.3 (� = 0:003)×¦ÄÐÏ×¦ÄÎÏ. ôÁËÉÍ ÞÉÎÏÍ, ÍÉ ÄÏÓÌ¦ÄÉÌÉ Ò¦×ÎÑÎÎÑ ÓÔÁÎÕ (4.5), ×ÉÚÎÁ-ÞÉ×ÛÉ ÆÕÎËÃ¦ÏÎÁÌØÎÕ ÚÁÌÅÖÎ¦ÓÔØ Í¦Ö ÎÁÍÁÇÎ¦ÞÅÎ¦ÓÔÀ, ÚÏ×Î¦ÛÎ¦ÍÐÏÌÅÍ ÔÁ ÔÅÍÐÅÒÁÔÕÒÏÀ. ïÔÒÉÍÁÎ¦ ÎÁÍÉ ÒÅÚÕÌØÔÁÔÉ ÕÚÇÏÄÖÕÀÔØÓÑÚ ÒÅÚÕÌØÔÁÔÁÍÉ ÏÔÒÉÍÁÎÉÍÉ ¦ÎÛÉÍÉ ÍÅÔÏÄÁÍÉ, ÔÁËÉÍÉ ÑË ÂÅÚÍÁÓÏ-×Á ÔÅÏÒ¦Ñ ÐÏÌÑ, ×ÉÓÏËÏÔÅÍÐÅÒÁÔÕÒÎ¦ ÒÏÚËÌÁÄÉ, ÅËÓÐÅÒÉÍÅÎÔ. ôÁË ×1972 Ò. ÂÕÌÏ ÏÔÒÉÍÁÎÏ ×ÉÒÁÚ ÄÌÑ Ò¦×ÎÑÎÎÑ ÓÔÁÎÕ ¶Ú¦ÎÇ¦×ÓØËÏ§ ÓÉÓÔÅ-ÍÉ Ú ÔÏÞÎ¦ÓÔÀ ÄÏ �2 (á×Ä¤¤×Á, í¦ÇÄÁÌ [10], âÒÅÚ¦Î ÔÁ ¦Î. [11]). ðÏÔ¦ÍÄÁÎ¦ ÒÅÚÕÌØÔÁÔÉ ÂÕÌÉ ÕÚÁÇÁÌØÎÅÎ¦ ÎÁ ×ÉÐÁÄÏË n-ËÏÍÐÏÎÅÎÔÎÏ§ ÓÉÓÔÅ-ÍÉ [12]. ÷ ÒÁÍËÁÈ ÍÅÔÏÄÕ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ Ò¦×ÎÑÎÎÑ ÓÔÁÎÕ ÄÌÑ
ICMP{97{12U 22¶Ú¦ÎÇÏÐÏÄ¦ÂÎÉÈ ÓÉÓÔÅÍ ÄÏÓÌ¦ÄÖÕ×ÁÌÏÓØ × ÒÏÂÏÔÁÈ [13,14]. äÌÑ ×ÉÐÁÄ-ËÕ n-ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏÄÅÌ¦ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÎÅÇÁÕÓÏ×Ï§ ÂÁÚÉÓÎÏ§ ÇÕ-ÓÔÉÎÉ Í¦ÒÉ ÔÁË¦ ÄÏÓÌ¦ÄÖÅÎÎÑ ÐÒÏ×ÅÄÅÎÏ ×ÐÅÒÛÅ.5. ôÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§ n-ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏ-ÄÅÌ¦ ÍÁÇÎÅÔÉËÁ × ÎÁÂÌÉÖÅÎÎ¦ ÞÅÔ×¦ÒÎÏ§ ÇÕÓÔÉÎÉÍ¦ÒÉ.ïÔÒÉÍÁÎÉÊ ÐÏ×ÎÉÊ ×ÉÒÁÚ ÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ n-ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏÄÅÌ¦ÍÁÇÎÅÔÉËÁ (3.33) × ÎÁÂÌÉÖÅÎÎ¦ ÍÏÄÅÌ¦ �4 ÄÏÚ×ÏÌÑ¤ ÏÂÞÉÓÌÉÔÉ × ÏËÏÌ¦ÔÏÞËÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ¦ÎÛ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§. ôÁË, ÛÌÑÈÏÍÐÒÑÍÏÇÏ ÄÉÆÅÒÅÎÃ¦À×ÁÎÎÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÐÏ ÔÅÍÐÅÒÁÔÕÒ¦ ÚÎÁÈÏÄÉÍÏ×ÉÒÁÚ ÄÌÑ ÅÎÔÒÏÐ¦§S = kN �S0 + S1� + u�3 j� j3��1� ; (5.1)ÄÅ S0 = 0 + 1; S1 = 2(1 + 2); u�3 = �3��3 ; �3 = �ÇÒ � �10:úÎÁÞÅÎÎÑ ËÏÅÆ¦Ã¦¤ÎÔ¦×S0; S1; u�3 ÄÌÑ Ò¦ÚÎÉÈ n ÐÒÉ×ÅÄÅÎ¦ × ÔÁÂ.3.óÌ¦ÄÚÁÕ×ÁÖÉÔÉ, ÝÏ ¦ÓÔÉÎÉÊ ÔÅÍÐÅÒÁÔÕÒÎÉÊ È¦Ä ËÒÉ×ÉÈ ÄÌÑ ÅÎÔÒÏÐ¦§ ÚÁ-ÂÅÚÐÅÞÕ¤ÔØÓÑ ÚÁ ÒÁÈÕÎÏË ×ÒÁÈÕ×ÁÎÎÑ ÏÂÌÁÓÔÅÊ ççò (T > Tc) ÔÁ ¶çò(T < Tc). ÷ÁÖÌÉ×ÏÀ ÈÁÒÁËÔÅÒÉÓÔÉËÏÀ ÓÉÓÔÅÍÉ ¤ ÔÅÐÌÏ¤ÍÎ¦ÓÔØ. ·§ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦C = kN 0 hC(0) +C�1 j� j��i ; (5.2)ÄÅ � = 2� 3�; C(0) = 2(1 + 2); C�1 = 3�(1� �)�3 :äÒÕÇÉÊ ÄÏÄÁÎÏË × (5.2) ÈÁÒÁËÔÅÒÉÚÕ¤ ÇÏÌÏ×ÎÕ ÏÓÏÂÌÉ×¦ÓÔØ ÔÅÐÌÏ¤Í-ÎÏÓÔ¦ × ÏËÏÌ¦ Tc. ñË ×ÉÄÎÏ Ú (5.1)-(5.2), ËÏÅÆ¦Ã¦¤ÎÔ C�1 ×ÒÁÈÏ×Õ¤ ×ËÌÁ-ÄÉ ×¦Ä ÏÂÌÁÓÔÅÊ ëò ÔÁ ÏÂÌÁÓÔÅÊ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê ÓÐ¦ÎÏ×Ï§ÇÕÓÔÉÎÉ (ççò ÄÌÑ (T > Tc) ÔÁ ¶çò (T < Tc). ñË ×ÉÄÎÏ Ú ÍÁÌ.1, ×ÒÁÈÕ-×ÁÎÎÑ ×ÐÌÉ×Õ ÏÂÌÁÓÔÅÊ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÌÕËÔÕÁÃ¦Ê (ËÒÉ×Á 2) ÚÁÂÅÚ-ÐÅÞÕ¤ ÄÏÄÁÔÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ¦, ×¦ÄÐÏ×¦ÄÎÏ, ÓÔÁÂ¦ÌØÎ¦ÓÔØ ÓÉÓÔÅÍÉ. ÷ÔÁÂ.4 ÎÁ×ÅÄÅÎÏ ÚÁÌÅÖÎ¦ÓÔØ ËÏÅÆ¦Ã¦¤ÎÔ¦× C(0); C�1 ×¦Ä Í¦ËÒÏÓËÏÐ¦ÞÎÉÈÐÁÒÁÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ, ÔÏÂÔÏ ×¦Ä ×¦ÄÎÏÛÅÎÎÑ b=c ÄÌÑ Ò¦ÚÎÉÈ n.îÁ ÒÉÓ.7 ÐÒÅÄÓÔÁ×ÌÅÎÏ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÄÌÑÒ¦ÚÎÉÈ n. ñË ×ÉÄÎÏ Ú ÔÁÂ.5, ÄÅ ÎÁ×ÅÄÅÎÏ ÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÐÏËÁÚ-ÎÉË¦×, Õ ×ÉÐÁÄËÕ n = 3 ËÒÉÔÉÞÎÉÊ ÐÏËÁÚÎÉË �, ÑËÉÊ ÈÁÒÁËÔÅÒÉÚÕ¤



23 ðÒÅÐÒÉÎÔÒÏÚÂ¦ÖÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÓÔÁ¤ ×¦Ä'¤ÍÎÉÍ. áÎÁÌ¦Ú ×ÉÒÁÚÕ (5.2) ÔÁ ÏÔ-ÒÉÍÁÎÉÈ ÚÎÁÞÅÎØ ÄÌÑ ÁÍÐÌ¦ÔÕÄ ÔÅÐÌÏ¤ÍÎÏÓÔ¦, ÐÒÉ×ÅÄÅÎÉÈ × ÔÁÂ.4,ÐÏËÁÚÕ¤, ÝÏ ÔÅÐÌÏ¤ÍÎ¦ÓÔØ Õ ×ÉÐÁÄËÕ n = 3 ÎÅ ÒÏÚÂ¦ÇÁ¤ÔØÓÑ ¦ ÐÒÉÊÍÁ¤ÐÅ×ÎÅ ÓË¦ÎÞÅÎÅ ÚÎÁÞÅÎÎÑ (ÄÉ×. ÒÉÓ.7). èÁÒÁËÔÅÒ ÚÍ¦ÎÉ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ÐÒÉ T = Tc Õ ×ÉÐÁÄËÕ n = 3 ÐÒÉ ÚÍ¦Î¦ ÒÁÄ¦ÕÓÕ ×ÚÁ¤ÍÏÄ¦§ ÐÒÉ×Å-ÄÅÎÏ ÎÁ ÍÁÌ.8. ñË ×ÉÄÎÏ Ú ÄÁÎÏÇÏ ÍÁÌÀÎËÕ, ÐÒÉ ÚÒÏÓÔÁÎÎ¦ ÒÁÄ¦ÕÓÕ×ÚÁ¤ÍÏÄ¦§ ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ÚÍÅÎÛÕ¤ÔØÓÑ ¦ ×ÉÈÏÄÉÔØ ÎÁ ÎÁÓÉÞÅÎÎÑ, ÝÏÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ. õ ×¦ÄÐÏ×¦ÄÎÏÓÔ¦ ÄÏ(5.2) ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ×ÅÄÕÞÉÈ ÓÉÎÇÕÌÑÒÎÉÈ ÞÌÅÎ¦×ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÐÒÉ T > Tc ¦ T < Tc ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÅ Õ ×ÉÇÌÑÄ¦A = +3�3 : (5.3)ðÏÒ¦×ÎÑÎÎÑ ÏÔÒÉÍÁÎÉÈ ÚÎÁÞÅÎØ ÄÌÑ ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄÚ ÒÅÚÕÌØÔÁÔÁÍÉ ÏÔÒÉÍÁÎÉÍÉ ¦ÎÛÉÍÉ ÍÅÔÏÄÁÍÉ ÎÁ×ÅÄÅÎÏ × ÔÁÂ.6.õÚÁÇÁÌØÎÀÀÞÉ ÏÔÒÉÍÁÎ¦ ÒÅÚÕÌØÔÁÔÉ, ÓÌ¦Ä ÚÁÕ×ÁÖÉÔÉ,ÝÏ ÒÏÚÄ¦ÌØ-ÎÅ ×ÒÁÈÕ×ÁÎÎÑ ×ËÌÁÄ¦× ×¦Ä ËÏÒÏÔËÏ- ÔÁ ÄÏ×ÇÏÈ×ÉÌØÏ×ÉÈ ÆÁÚ ÆÌÕËÔÕ-ÁÃ¦Ê ÇÕÓÔÉÎÉ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ Õ ×ÉÒÁÚ¦ ÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅ-ÍÉ × ÏËÏÌ¦ Tc ÄÁ¤ ÍÏÖÌÉ×¦ÓÔØ ÚÎÁÊÔÉ Ñ×Î¦ ÁÎÁÌ¦ÔÉÞÎ¦ ×ÉÒÁÚÉ ÄÌÑÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê, ÑË ÆÕÎËÃ¦Ê ÔÅÍÐÅÒÁÔÕÒÉ ¦ ÚÏ×Î¦ÛÎØÏÇÏÐÏÌÑ. äÁÎÉÊ ÍÅÔÏÄ ÄÏÚ×ÏÌÉ× ÄÏÓÌ¦ÄÉÔÉ ÚÁÌÅÖÎ¦ÓÔØ ËÒÉÔÉÞÎÉÈ ÁÍ-ÐÌ¦ÔÕÄ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ×¦Ä ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏ-ÒÑÄËÕ n, Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÐÏÔÅÎÃ¦ÁÌÕ ×ÚÁ¤ÍÏÄ¦§ ÔÁ ÈÁÒÁË-ÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ¦ÞÎÏ§ ÇÒÁÔËÉ. ïÔÒÉÍÁÎ¦ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ËÒÉÔÉÞÎÉÈÐÏËÁÚÎÉË¦× ¦ ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÒÅ-ÚÕÌØÔÁÔÁÍÉ ÒÏÂ¦Ô ¦ÎÛÉÈ Á×ÔÏÒ¦×. îÅÚÎÁÞÎÅ ×¦ÄÈÉÌÅÎÎÑ ÏÔÒÉÍÁÎÉÈÒÅÚÕÌØÔÁÔ¦× ×¦Ä ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÔÁ ÒÅÚÕÌØÔÁÔ¦× ÞÉÓÌÏ×ÉÈÒÏÚÒÁÈÕÎË¦× ÐÏ×'ÑÚÁÎÅ Ú ÏÂÍÅÖÅÎÎÑÍ ÐÒÉ ÏÂÞÉÓÌÅÎÎÑÈ Í¦ÒÏÀ �4. ÷É-ËÏÒÉÓÔÁÎÎÑ Í¦ÒÉ �6 ÄÌÑ ÏÐÉÓÕ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× Õ ×ÉÐÁÄËÕ n = 1ÐÒÉ×ÏÄÉÔØ ÄÏ ÕÔÏÞÎÅÎÎÑ ÒÅÚÕÌØÔÁÔ¦× ÒÏÚÒÁÈÕÎË¦× ÕÎ¦×ÅÒÓÁÌØÎÉÈ ÔÁÎÅÕÎ¦×ÅÒÓÁÌØÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÉÓÔÅÍÉ [7,14].õÚÁÇÁÌØÎÅÎÎÑ ÚÁÐÒÏ-ÐÏÎÏ×ÁÎÏÇÏ ×ÉÝÅ ÍÅÔÏÄÕ ÄÌÑ ÄÏÓÌ¦ÄÖÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉ n-ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏÄÅÌ¦ ÍÁÇÎÅÔÉËÁ ÎÁ ×ÉÐÁÄÏË ÍÏÄÅÌ¦ �6 ÎÅ ÐÏÔÒÅÂÕ¤ÐÒÉÎÃÉÐÏ×ÉÈ ÚÍ¦Î.äÏÄÁÔÏË.äÌÑ n = 2:a1 = �3:60874; a2 = 3:05604; a3 = �1:80437;a4 = 0:76401; a5 = 1:49822:
ICMP{97{12U 24äÌÑ n = 3: a1 = 2:63048; a2 = �1:15376; a3 = 1:31524;a4 = �0:28844; a5 = �1:60191:ôÁÂÌ. 2: úÁÌÅÖÎ¦ÓÔØ ËÏÅÆ¦Ã¦¤ÎÔ¦× ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ×¦Ä ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ n ¦ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ×ÚÁ¤ÍÏÄ¦§.b=c n 001 1 2 �10 0 �30:2887 1 0:349 -0.500 -0.459 2.737 1:811 2.7262 0:727 -0.976 -4.427 0.368 5:335 6.2943 1:099 -1.435 24.497 30.049 9:488 -22.530b = c 1 0:297 -0.521 -0.122 2.276 61:085 2.2662 0:620 -1.011 -3.200 0.303 192:194 5.1703 0:938 -1.470 21.176 25.358 349:648 -19.013ôÁÂÌ. 3: úÁÌÅÖÎ¦ÓÔØ ÁÍÐÌ¦ÔÕÄ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ×¦Ä ËÏÍ-ÐÏÎÅÎÔÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ n ¦ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦××ÚÁ¤ÍÏÄ¦§.b=c n S0 S1 u+3 u�30.2887 1 1.311 -1.917 2.355 -5.0072 4.359 -10.805 11.226 -12.1963 8.053 46.124 -45.677 45.530b=c 1 60.564 -1.286 1.958 -4.1632 191.183 -8.421 9.220 -10.0173 348.178 39.412 -38.540 38.422



25 ðÒÅÐÒÉÎÔôÁÂÌ. 4: úÁÌÅÖÎ¦ÓÔØ ÁÍÐÌ¦ÔÕÄ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ×¦Ä ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÐÁ-ÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ n ¦ Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ×ÚÁ¤ÍÏÄ¦§.b=c n C(0) C+1 C�10.2887 1 -1.917 1.972 4.1902 -10.805 10.529 11.4363 46.124 -46.629 -46.478b=c 1 -1.286 1.639 3.4842 -8.421 8.646 9.3933 39.412 -39.344 -39.223ôÁÂÌ. 5: úÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÐÏËÁÚÎÉË¦× ÐÒÉ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÐÁÒÁ-ÍÅÔÒÁ ÐÏÒÑÄËÕ n = 3.This g� 1s� HTE MCCstudy exp[15] exp[16] [17] [18]� 0.674 0.647 0.684 0.703 0.704 1.347 1.294 1.369 1.375 1.390� -0.021 0.059 -0.053 -0.108 -0.111ì¦ÔÅÒÁÔÕÒÁ[1] ëÏÚÌÏ×ÓØËÉÊ í.ð., õÓÁÔÅÎËÏ ú.´. äÏÓÌ¦ÄÖÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÐÏ-×ÅÄ¦ÎËÉ n-ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏÄÅÌ¦ ÍÁÇÎÅÔÉËÁ. ¶. òÅËÕÒÅÎÔÎ¦ ÓÐ¦××¦Ä-ÎÏÛÅÎÎÑ. - ìØ×¦×, 1996. (ðÒÅÐÒÉÎÔ / áî õËÒÁ§ÎÉ, ¶óíò-96-03U,http://alpha.icmp.lviv.ua).[2] ëÏÚÌÏ×ÓØËÉÊ í.ð., õÓÁÔÅÎËÏ ú.´. äÏÓÌ¦ÄÖÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÐÏ-×ÅÄ¦ÎËÉ n-ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏÄÅÌ¦ ÍÁÇÎÅÔÉËÁ. ¶¶. òÏÚÒÁÈÕÎÏË ×¦ÌØ-ÎÏ§ ÅÎÅÒÇ¦§ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ T > Tc. - ìØ×¦×, 1996. (ðÒÅÐÒÉÎÔ/ áî õËÒÁ§ÎÉ, ¶óíò-96-16U, http://alpha.icmp.lviv.ua).[3] óÔÅÎÌÉ ç.å. æÁÚÏ×ÙÅ ÐÅÒÅÈÏÄÙ É ËÒÉÔÉÞÅÓËÉÅ Ñ×ÌÅÎÉÑ. -í.:íÉÒ, 1973.[4] Stanley H.E. // Phys.Rev.Lett., 1968, 20, 150.[5] Yukhnovskii I.R. Phase Transitions of the Second order. The Col-lective Variables Method. - Singapore: World Scienti�c. 1987.[6] Yukhnovsky I.R. // ôíæ. 1978. ô.36 N3, C.373-399.
ICMP{97{12U 26ôÁÂÌ. 6: úÁÌÅÖÎ¦ÓÔØ ×¦ÄÎÏÛÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÁÍÐÌ¦ÔÕÄ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ÐÒÉ T > Tc ¦ T < Tc ×¦Ä ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ n = 3.n A(This �� exp Pade� 1s � exp ÅËÓÐÅÒÉ�study) [19] apr[20] [16] ÍÅÎÔ[21]1 0.470 0.55 0.438 0.519 0.532 0.921 0.99 0.880 0.888 1.053 1.003 1.36 1.326 1.152 1.36[7] ëÏÚÌÏ×ÓËÉÊ í.ð., ðÙÌÀË é.÷., àÈÎÏ×ÓËÉÊ é.ò. // ôíæ. -1991.-87, N3.-C.434-455.[8] ëÏÚÌÏ×ÓËÉÊ í.ð. ðÒÉÂÌÉÖÅÎÎÙÅ ÒÅËÕÒÅÎÔÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑÔÒÅÈÍÅÒÎÏÊ ÍÏÄÅÌÉ éÚÉÎÇÁ × ÍÅÔÏÄÅ ËÏÌÌÅËÔÉ×ÎÙÈ ÐÅÒÅÍÅÎÎÙÈ.- ëÉÅ×, 1981. (ðÒÅÐÒÉÎÔ / áî õóóò, éôæ-81-82P).[9] í.ð. ëÏÚÌÏ×ÓØËÉÊ, ú.´. õÓÁÔÅÎËÏ. äÏÓÌ¦ÄÖÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÐÏ-×ÅÄ¦ÎËÉ n - ËÏÍÐÏÎÅÎÔÎÏ§ ÍÏÄÅÌ¦ ÍÁÇÎÅÔÉËÁ. ll. òÏÚÒÁÈÕÎÏË ×¦ÌØ-ÎÏ§ ÅÎÅÒÇ¦§ ÐÒÉ ÔÅÍÐÅÒÁÔÕÒÁÈ T > Tc. // õËÒ.Æ¦Ú.ÖÕÒÎ., - 1997.-ô.42, N3. - c. 368-380.[10] á×ÄÅÅ×Á ç.í., íÉÇÄÁÌ á.á.//öüôæ.- 1972.- 16, ×ÙÐ.4.- C.253-255.[11] Brezin E., Wallace D.J., Wilson K.G.//Phys.Rev.Lett.- 1972.- 29,N9.-P.591-594.[12] Brezin E., Wallace D.J., Wilson K.G.//Phys.Rev.B.- 1973.- 7, N1.-P.232-239.[13] Yukhnovskii I.R., Kolomiets V.O., Idzyk I.M. //Cond.Matt.Phys.-1995.- N6.- P.137-154.[14] äÕÈÏ×ÙÊ ÷.÷., ëÏÚÌÏ×ÓËÉÊ í.ð., ðÙÌÀË é.÷. //ôíæ.- 107,N2.- C.288-306.[15] ÷ÁËÁÒÞÕË é.á., òÕÄÁ×ÓËÉÊ à.ë., çÏÌÏ×ÁÞ à.÷. //æÉÚÉËÁ ÍÎÏ-ÇÏÞÁÓÔÉÞÎÙÈ ÓÉÓÔÅÍ.- 1983, N4.- C.44-59.[16] àÈÎÏ×ÓËÉÊ é.ò.,íÒÙÇÌÏÄ é.í.éÓÓÌÅÄÏ×ÁÎÉÅ ËÒÉÔÉÞÅÓËÏÇÏ ÐÏ-×ÅÄÅÎÉÑ n-ËÏÍÐÏÎÅÎÔÎÏÊÍÏÄÅÌÉ ÓÔÒÕËÔÕÒÎÏÇÏ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏ-ÄÁ: ËÒÉÔÉÞÅÓËÉÅ ÁÍÐÌÉÔÕÄÙ.- ËÉÅ×, 1988.(ðÒÅÐÒÉÎÔ áî õóóò,éôæ;éôæ-88-6P).[17] Bowers R.G., Woolf M.E. //Phys.Rev.B.- 1969.- 177, N2.-P.917-932.[18] Chen K., Ferrenberg A.M., Landau D.P. //Phys.Rev.B.-1993.- 48,N5.-P.3249-3256.
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òÉÓ. 1: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦. ðÏÒ¦×ÎÑÎÎÑ ×ËÌÁÄ¦××¦Ä ÏÂÌÁÓÔÅÊ ëò, ¶çò, ççò.1-ÏÂÌÁÓÔØ ëò, 2-ÏÂÌÁÓÔ¦ ççò (� > 0) ÔÁ¶çò (� < 0), 3-×ËÌÁÄ ×¦Ä ×ÐÏÒÑÄËÕ×ÁÎÎÑ × ÓÉÓÔÅÍ¦.[19] Brezin E., Le Guillou J.C., Zinn-Justin J. //Phys.Lett.- 1974.- 47A,N4.- P.285-286.[20] Bervillier C. //Phys.Rev.B.- 1986.- 34, N11.- P.8141-8143.[21] Ahlers G. //Phys.Rev.A.- 1973.- bf 8, N1.- P.530.
ICMP{97{12U 28

òÉÓ. 2: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ Õ ×ÉÐÁÄËÕ ~H = 0 (ÐÒÉ b = c).
òÉÓ. 3: úÁÌÅÖÎ¦ÓÔØ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ËÏÍÐÏ-ÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ ×¦Ä ÐÅÒÅÎÏÒÍÏ×ÁÎÏÇÏ ÐÏÌÑ (x = ��âH(1)).



29 ðÒÅÐÒÉÎÔ

òÉÓ. 4: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ ÄÌÑ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎØ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦ ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ H(1)(x = ��âH(1)).
òÉÓ. 5: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦.

ICMP{97{12U 30

òÉÓ. 6: úÁÌÅÖÎ¦ÓÔØ �� ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦×¦Ä ÐÅÒÅÎÏÒÍÏ×ÁÎÏÇÏ ÐÏÌÑ x = ��h.
òÉÓ. 7: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈËÏÍÐÏÎÅÎÔÎÏÓÔ¦ ÍÏÄÅÌ¦.òÉÓ. 8: úÁÌÅÖÎ¦ÓÔØ ÍÁËÓÉÍÕÍÕ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ ÄÌÑ ×ÉÐÁÄËÕ n = 3 ÐÒÉT = Tc ×¦Ä ×¦ÄÎÏÛÅÎÎÑ ÒÁÄ¦ÕÓÕ Ä¦§ ÐÏÔÅÎÃ¦ÁÌÕ b ÄÏ ÐÏÓÔ¦ÊÎÏ§ ÇÒÁÔËÉc.
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