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õäë: 530.1; 538.0;PACS: 05.60.+w, 05.70.Ln, 05.20-yîÁÂÌÉÖÅÎÉÊ pÏÚpÁÈÕÎÏË ÆÕÎËÃiÊ ÐÁÍ'ÑÔi ÔÁ ÐpÏÂÌÅÍÁ \ÐÌÅ-ÞÁ" ÄÌÑ ÕÚÁÇÁÌØÎÅÎÏ§ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔiI.í.ípÉÇÌÏÄ, á.í.çÁÞËÅ×ÉÞáÎÏÔÁÃ¦Ñ. úÁÐÒÏÐÏÎÏ×ÁÎÁ ÐÒÏÓÔÁ ¦ÔÅÒÁÃ¦ÊÎÁ ÓÈÅÍÁ ÎÁÂÌÉÖÅÎÏÇÏÒÏÚÒÁÈÕÎËÕ ÆÕÎËÃ¦Ê ÐÁÍ'ÑÔ¦, ÝÏ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÐÒÏÃÅÄÕÒ¦ ÐÏÛÕËÕÒÏÚ×'ÑÚËÕ ÒÅËÕÒÅÎÔÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ ÄÌÑ ÆÕÎËÃ¦Ê ÐÁÍ'ÑÔ¦ ×ÉÝÏ-ÇÏ ÐÏÒÑÄËÕ. ãÑ ÓÈÅÍÁ ÄÏÚ×ÏÌÑ¤ ÏÐÉÓÁÔÉ ÕÚÁÇÁÌØÎÅÎÕ ÇiÄpÏÄÉÎÁÍiËÕÐpÏÓÔÉÈ piÄÉÎ × ÛÉÒÏËÏÍÕ ¦ÎÔÅÒ×ÁÌ¦ ÚÍ¦ÎÉ È×ÉÌØÏ×ÉÈ ×ÅËÔÏÒ¦× ÔÁÞÁÓÔÏÔ, ×ÉËÏpÉÓÔÏ×ÕÀÞÉ ÌÉÛÅ ÓÔÁÔÉÞÎi ËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§. ÷ÉËÏ-ÎÁÎ¦ ÒÏÚÒÁÈÕÎËÉ ÄÌÑ ×ÉÐÁÄËÕ ÐÏÐÅpÅÞÎÉÈ ÆÌÀËÔÕÁÃiÊ Õ ÌÅÎÎÁÒÄ-ÄÖÏÎÓ¦×ÓØË¦Ê Ò¦ÄÉÎ¦ ÐÏËÁÚÕÀÔØ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ¦× Ú ÄÁ-ÎÉÍÉ ÍÏÌÅËÕÌÑÒÎÏ§ ÄÉÎÁÍ¦ËÉ. ðÒÏÐÏÎÏ×ÁÎÉÊ Ð¦ÄÈ¦Ä ÍÏÖÅ ÂÕÔÉ ×É-ËÏÒÉÓÔÁÎÉÊ ÐÒÉ ×É×ÞÅÎÎ¦ ÄÉÎÁÍ¦ËÉ ¦ÎÛÉÈ Æ¦ÚÉÞÎÉÈ ÏÂ'¤ËÔ¦×.Approximate calculation of the memory functions and \shoul-der" problem for the generalized shear viscosity.I.M.Mryglod, A.M.HachkevychAbstract. For approximated calculations of memory functions a simpleiteration scheme based on recurrent relations for higher order memoryfunctions is proposed. This scheme allows to describe the generalizedhydrodynamics of a simple 
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1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐîÁ ÄÁÎÉÊ ÍÏÍÅÎÔ ×iÄÏÍÏ ÃiÌÉÊ pÑÄ ÐiÄÈÏÄi×, ÝÏ ÄÏÚ×ÏÌÑÀÔØ ÏÐÉ-ÓÁÔÉ ÄÉÎÁÍiÞÎi ×ÌÁÓÔÉ×ÏÓÔi piÄÉÎ × ÏÂÌÁÓÔi ÓËiÎÞÅÎÉÈ (ÐpÏÍiÖÎÉÈ)ÚÎÁÞÅÎØ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏpÁ k ÔÁ ÞÁÓÔÏÔÉ !, ÔÏÂÔÏ ÔÁÍ, ÄÅ ¤ ÎÅÍÏÖÌÉ-×ÉÍ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÍÅÔÏÄi× Ú×ÉÞÁÊÎÏ§ ÇiÄpÏÄÉÎÁÍiËÉ ÁÂÏ Ö ÔpÁÄÉÃiÊ-ÎÏ§ ÓÈÅÍÉ ËiÎÅÔÉÞÎÏ§ ÔÅÏpi§. ïÄÎÉÍ Ú ÔÁËÉÈ ÍÅÔÏÄi× ÄÌÑ ÏÐÉÓÕ ÕÚÁ-ÇÁÌØÎÅÎÏ§ ÇiÄpÏÄÉÎÁÍiËÉ ÐpÏÓÔÉÈ piÄÉÎ ¤ ÎÁÂÌÉÖÅÎÎÑ ÕÚÁÇÁÌØÎÅÎÉÈËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ, ¦ÄÅÑ ÑËÏÇÏ ÂÕÌÁ ÚÁÐpÏÐÏÎÏ×ÁÎÁ × pÏÂÏÔÁÈëÏÅÎÁ, ÄÅûÅÐÐÅpÁ ÔÁ ÓÐi×Á×ÔÏpi× [1,2]. ÷ ÃØÏÍÕ ÎÁÂÌÉÖÅÎÎi ÞÁÓÏ×i ËÏpÅÌÑÃiÊÎiÆÕÎËÃi§ (þëæ) ×ÉpÁÖÁÀÔØÓÑ ÞÅpÅÚ ×ÌÁÓÎi ÚÎÁÞÅÎÎÑ ÔÁ ×ÌÁÓÎi ×ÅË-ÔÏpÉ ÕÚÁÇÁÌØÎÅÎÏÇÏ ÇiÄpÏÄÉÎÁÍiÞÎÏÇÏ ÏÐÅpÁÔÏpÁ (ÁÂÏ ÏÐÅpÁÔÏpÁ ÔÉÐÕåÎÓËÏÇÁ). ãÅÊ ÍÅÔÏÄ ÎÁÂÕ× ÐÏÄÁÌØÛÏÇÏ pÏÚ×ÉÔËÕ Õ pÏÂÏÔÁÈ [3,7{9].úÏËpÅÍÁ, Õ ÃÉÈ ÒÏÂÏÔÁÈ ÄÌÑ ÌÅÎÎÁpÄ-ÄÖÏÎÓi×ÓØËÏ§ piÄÉÎÉ ×ÐÅÒÛÅ ÐÏ-ÓÌ¦ÄÏ×ÎÏ pÏÚpÁÈÏ×ÁÎÏ ÓÐÅËÔp ÕÚÁÇÁÌØÎÅÎÉÈ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ Õ ×ÉÓÏ-ËÉÈ ÎÁÂÌÉÖÅÎÎÑÈ, ÚÎÁÊÄÅÎ¦ ÞÁÓÏ×i ËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§ × ÛÉÒÏËÏÍÕ¦ÎÔÅÒ×ÁÌ¦ ÚÍ¦ÎÉ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ k ¦ ÞÁÓÔÏÔÉ ! ÔÁ ×ÉËÏÎÁÎ¦ ÒÏÚÒÁ-ÈÕÎËÉ ÕÚÁÇÁÌØÎÅÎÉÈ ËÏÅÆiÃi¤ÎÔ¦× ÐÅpÅÎÏÓÕ. ïÐÉÓ ÕÚÁÇÁÌØÎÅÎÏ§ ÇiÄpÏ-ÄÉÎÁÍiËÉ ÂÁÚÕ×Á×ÓÑ ÎÁ ×ÉËÏpÉÓÔÁÎÎi pÏÚÛÉpÅÎÏÇÏ ÎÁÂÏpÕ ÄÉÎÁÍiÞ-ÎÉÈ ÚÍiÎÎÉÈ, × ÑËÉÊ, ÏËpiÍ ËÏÎÓÅp×ÁÔÉ×ÎÉÈ ×ÅÌÉÞÉÎ, ×ÈÏÄÑÔØ ÔÁËÏÖ§È ÞÁÓÏ×i ÐÏÈiÄÎi ×ÉÝÏÇÏ ÐÏpÑÄËÕ. ÷ÉËÏpÉÓÔÁÎÎÑ ÔÁËÏÇÏ ÎÁÂÏpÕ ÄÉ-ÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÄÏÚ×ÏÌÑ¤, ÏÂÍÅÖÉ×ÛÉÓØ ÍÁpËi×ÓØËÉÍ ÎÁÂÌÉÖÅÎ-ÎÑÍ ÄÌÑ ×ÉÝÉÈ ÆÕÎËÃiÊ ÐÁÍ'ÑÔi, ×pÁÈÕ×ÁÔÉ ÓÕÔÔ¤×Ï ÎÅÍÁpËi×ÓØËiÅÆÅËÔÉ. õ ÚÁÐpÏÐÏÎÏ×ÁÎiÊ ÓÈÅÍi ÄÌÑ pÏÚpÁÈÕÎËÕ þëæ ÔÁ ÕÚÁÇÁÌØ-ÎÅÎÉÈ ËÏÅÆiÃi¤ÎÔi× ÐÅpÅÎÏÓÕ ×ÉËÏpÉÓÔÏ×ÕÀÔØÓÑ ÌÉÛÅ ÓÔÁÔÉÞÎi ËÏpÅ-ÌÑÃiÊÎi ÆÕÎËÃi§, Á ÔÁËÏÖ ÔÁË Ú×ÁÎi ÇiÄpÏÄÉÎÁÍiÞÎi ËÏpÅÌÑÃiÊÎi ÞÁÓÉ.îÁ ×iÄÍiÎÕ ×iÄ ÓÔÁÔÉÞÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ, ËÏpÅÌÑÃiÊÎi ÞÁ-ÓÉ ¤ ÄÉÎÁÍiÞÎÉÍÉ ÈÁpÁËÔÅpÉÓÔÉËÁÍÉ ÓÉÓÔÅÍÉ i ÔÏÍÕ §È ÐÏÓÌiÄÏ×ÎÉÊpÏÚpÁÈÕÎÏË ÍÏÖÌÉ×ÉÊ ÌÉÛÅ × pÁÍËÁÈ ÓÁÍÏÕÚÇÏÄÖÅÎÏ§ ÓÈÅÍÉ. ÷ pÏ-ÂÏÔÁÈ [3{9], ÝÏÂ ÕÎÉËÎÕÔÉ ÍÏÖÌÉ×ÉÈ ÎÅÔÏÞÎÏÓÔÅÊ, ÝÏ ÍÏÖÕÔØ ÂÕÔÉÐpÉ×ÎÅÓÅÎi ÐpÉ ×ÉËÏpÉÓÔÁÎÎi ÎÁÂÌÉÖÅÎÉÈ ÍÅÔÏÄi×, ËÏpÅÌÑÃiÊÎi ÞÁÓÉÒÏÚÒÁÈÏ×Õ×ÁÌÉÓÑ ÂÅÚÐÏÓÅpÅÄÎØÏ Õ ËÏÍÐ'ÀÔÅpÎÏÍÕ ÅËÓÐÅÒÉÍÅÎÔ¦.íÅÔÁ ÄÁÎÏ§ pÏÂÏÔÉ ÐÏÌÑÇÁ¤ × ÔÏÍÕ, ÝÏÂ ÚÁÐpÏÐÏÎÕ×ÁÔÉ ÎÁÂÌÉ-ÖÅÎÕ ÐpÏÃÅÄÕpÕ pÏÚpÁÈÕÎËÕ ËÏpÅÌÑÃiÊÎÉÈ ÞÁÓi×, ÑËÁ ÂÁÚÕ×ÁÌÁÓÑ Â×ÉËÌÀÞÎÏ ÎÁ ÚÎÁÎÎi ÓÔÁÔÉÞÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ. ãÅ ÄÏÚ×ÏÌÉ-ÌÏ Â ÏÔpÉÍÁÔÉ ÚÁÍËÎÕÔÕ ÓÈÅÍÕ pÏÚpÁÈÕÎËÕ ÓÐÅËÔpÕ ÕÚÁÇÁÌØÎÅÎÉÈËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ, ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ ÔÁ ÕÚÁÇÁÌØÎÅÎÉÈËÏÅÆiÃi¤ÎÔi× ÐÅpÅÎÏÓÕ, ÝÏ: Á) ¤ ÐpÉÄÁÔÎÏÀ × ÛÉpÏËiÊ ÏÂÌÁÓÔi ÚÍiÎÉk ÔÁ !; Â) ÂÁÚÕ¤ÔØÓÑ ÔiÌØËÉ ÎÁ ÓÔÁÔÉÞÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÑÈ,pÏÚpÁÈÕÎÏË ÑËÉÈ { ×iÄÏÍÁ ÐpÏÂÌÅÍÁ pi×ÎÏ×ÁÖÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÆiÚÉ-ËÉ.

ICMP-98-02U 2÷ ÃiÊ pÏÂÏÔi × ÑËÏÓÔi iÌÀÓÔpÁÃi§ ÍÉ ÚÏÓÅpÅÄÉÍÏ Ó×ÏÀ Õ×ÁÇÕ ÎÁ ×É-ÞÅÎÎi ÄÉÎÁÍiÞÎÏ§ ÐÏ×ÅÄiÎËÉ ÐÏÐÅpÅÞÎÉÈ ÆÌÀËÔÕÁÃiÊ Õ ÐpÏÓÔÉÈ piÄÉ-ÎÁÈ, ÚÏËpÅÍÁ ÕÚÁÇÁÌØÎÅÎÏ§ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔi. ãÅ ÚÕÍÏ×ÌÅÎÅ ÔÉÍ, ÝÏ, ÚÏÄÎÏÇÏ ÂÏËÕ, pi×ÎÑÎÎÑ ÕÚÁÇÁÌØÎÅÎÏ§ ÇiÄpÏÄÉÎÁÍiËÉ Õ ÃØÏÍÕ ×ÉÐÁÄËÕ¤ ÄÏ×ÏÌi ÐpÏÓÔi i ÔÏÍÕ ÍÏÖÎÁ ÐpÏÓÕÎÕÔÉÓÑ ÄÁÌ¦ ÐpÉ ÁÎÁÌiÚi ÎÁÂÌÉ-ÖÅÎÉÈ ×ÉpÁÚi×. ú iÎÛÏÇÏ ÂÏËÕ, ÎÁ×iÔØ Õ ÃØÏÍÕ ÐpÏÓÔÏÍÕ ×ÉÐÁÄËÕ ×É-ËÏpÉÓÔÁÎÎÑ ÔpÁÄÉÃiÊÎÉÈ ÎÁÂÌÉÖÅÎØ ÄÌÑ ÆÕÎËÃiÊ ÐÁÍ'ÑÔi (ÞÉ ËÏpÅ-ÌÑÃiÊÎÏÇÏ ÞÁÓÕ) ÎÅ ÄÏÚ×ÏÌÉÌÏ ÏÔpÉÍÁÔÉ ÚÁÄÏ×iÌØÎi pÅÚÕÌØÔÁÔÉ ÄÌÑÕÚÁÇÁÌØÎÅÎÏ§ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔi. úÏËpÅÍÁ, ÔÕÔ ÍÏÖÎÁ ×ËÁÚÁÔÉ ÎÁ ×iÄÏ-ÍÕ × ÌiÔÅpÁÔÕpi ÐpÏÂÌÅÍÕ \ÐÌÅÞÁ" [12,13], ÝÏ ÐÏÌÑÇÁ¤ × ÏÓÏÂÌÉ×iÊÐÏ×ÅÄiÎÃi k-ÚÁÌÅÖÎÏ§ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔi × ÐpÏÍiÖÎiÊ ÏÂÌÁÓÔi È×ÉÌØÏ-×ÉÈ ×ÅËÔÏpi×.PÏÂÏÔÁ ÐÏÂÕÄÏ×ÁÎÁ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ. õ pÏÚÄiÌi 2 ÐÏÄÁÎÏ ÚÁÇÁÌØ-ÎÅ ÆÏpÍÕÌÀ×ÁÎÎÑ ÐpÏÂÌÅÍÉ ÔÁ ÔÅÏpÅÔÉÞÎÅ ÏÂ­pÕÎÔÕ×ÁÎÎÑ ÎÁÂÌÉ-ÖÅÎÎÑ ÄÌÑ ÇiÄpÏÄÉÎÁÍiÞÎÏÇÏ ËÏpÅÌÑÃiÊÎÏÇÏ ÞÁÓÕ Õ ×ÉÐÁÄËÕ ÐÏÐÅpÅÞ-ÎÉÈ ÆÌÕËÔÕÁÃiÊ. õ pÏÚÄiÌi 3 ÐpÉ×ÅÄÅÎi ÔÁ ÁÎÁÌiÚÕÀÔØÓÑ pÅÚÕÌØÔÁÔÉÞÉÓÌÏ×ÉÈ pÏÚpÁÈÕÎËi×. ÷ÉÓÎÏ×ËÉ ÔÁ ÏÂÇÏ×ÏpÅÎÎÑ pÅÚÕÌØÔÁÔi× ÄÁÎi ×pÏÚÄiÌi 4.2. úÁÇÁÌØÎi ÓÐ¦××¦ÄÎÏÛÅÎÎÑ2.1. æÏÒÍÁÌ¦ÚÍ ÆÕÎËÃ¦Ê ÐÁÍ'ÑÔ¦òi×ÎÑÎÎÑ ÕÚÁÇÁÌØÎÅÎÏ§ ÇiÄpÏÄÉÎÁÍiËÉ ÄÌÑ ÐÏÐÅpÅÞÎÉÈ ÆÌÀËÔÕ-ÁÃiÊ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ×¦ÄÏÍÉÍ ÞÉÎÏÍ [6,8,10]i!h ^J tki! + ~'(t)JJ (k; i! + �)h ^J tki! = 0; �! 0; (1)ÄÅ ^J tk = NXi=1 pti expfikzig (2){ ÐÏÐÅpÅÞÎÁ ËÏÍÐÏÎÅÎÔÁ ÐÏÔÏËÕ. õ pi×ÎÑÎÎÑÈ (1) i (2) ××ÁÖÁ¤ÔØÓÑ,ÝÏ È×ÉÌØÏ×ÉÊ ×ÅËÔÏp k (k 6= 0) ÓÐpÑÍÏ×ÁÎÉÊ ×ÚÄÏ×Ö ÏÓi 0z i pti ¤ ÐÏ-ÐÅpÅÞÎÏÀ ÓËÌÁÄÏ×ÏÀ ¦ÍÐÕÌØÓÕ i-§ ÞÁÓÔÉÎËÉ. ~'(t)JJ (k; z){ìÁÐÌÁÓ-ÏÂpÁÚÇiÄpÏÄÉÎÁÍiÞÎÏ§ ÆÕÎËÃi§ ÐÁÍ'ÑÔi '(t)JJ(k; t),'(t)JJ (k; t) = hiLNJ tk expf�(1�Ph)iLNgiLNJ t�kihJ tkJ t�ki�1; (3)ÄÅ iLN - ÏÐÅpÁÔÏp ìiÕ×iÌÌÑ, ÁPh : : : = h: : : ^J t�kih ^J tk ^J t�ki�1 ^J tk (4)



3 ðÒÅÐÒÉÎÔ{ ÐpÏÅËÃiÊÎÉÊ ÏÐÅpÁÔÏp ÔÉÐÕ íÏpi.õÚÁÇÁÌØÎÅÎÁ ÚÓÕ×ÎÁ ×'ÑÚËiÓÔØ �(k; z) ÐÏ×'ÑÚÁÎÁ ÐpÏÓÔÉÍ ÓÐi××iÄ-ÎÏÛÅÎÎÑÍ iÚ ÆÕÎËÃi¤À ÐÁÍ'ÑÔi ~'(t)JJ (k; z)�(k; z) = mnk2 ~'(t)JJ (k; z): (5)ðÒÉ ÃØÏÍÕ lim!!0 limk!0 Re �(k; i! + �) = �; (6)ÄÅ n = N=V , Á � - ÚÓÕ×ÎÁ ×'ÑÚËiÓÔØ ÏÚÎÁÞÅÎÁ ÆÏpÍÕÌÏÀ ½piÎÁ-ëÕÂÏ[10,11].÷×ÅÄÅÍÏ pÏÚÛÉpÅÎÉÊ ÎÁÂip ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ^Ak = f ^A(0)k ; ^A(1)k ; : : : ; ^A(s)k g;ÄÅ ^A(l)k = iLlN ^J tk, l = 0; 1; : : : ; s. ïpÔÏÇÏÎÁÌiÚÏ×ÁÎi ÚÍiÎÎi ^Yk = f ^Y (l)k g,ÝÏ ÚÁÄÏ×iÌØÎÑÀÔØ ÓÐi××iÄÎÏÛÅÎÎÑh ^Y (l)k1 ^Y (l0)k2 i = �k1+k2�ll0 h ^Y (l)k1 ^Y (l)�k1i (7)ÍÏÖÕÔØ ÂÕÔÉ ÏÚÎÁÞÅÎi ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ^Y (0)k = ^A(0)k ; ^Y (1)k = (1�P0)iLN ^A(0)k ;^Y (2)k = (1�P1)iLN ^A(1)k ; : : : ; ^Y (s)k = (1�Ps�1)iLN ^A(s�1)k ; (8)ÄÅ Pl = lXj=0 �Pj ; �Pj = h: : : ^Y (j)�k ih ^Y (j)k ^Y (j)�k i�1 ^Y (j)k ;�P0 = P0 = Ph: (9)Pi×ÎÑÎÎÑ ÐÅpÅÎÏÓÕ ÄÌÑ ÓÅÒÅÄÎ¦È h ^Y (l)k i! ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄ [5]i!h ^Y (0)k i! � h ^Y (1)k i! = 0;�0(k)h ^Y (0)k i! + i!h ^Y (1)k i! � h ^Y (2)k i! = 0;::::::::::::::::::::: (10)�s�2(k)h ^Y (s�2)k i! + i!h ^Y (s�1)k i! � h ^Y (s)k i! = 0;�s�1(k)h ^Y (s�1)k i! + �i! + ~'s(k; z)�h ^Y (s)k i! = 0;
ICMP-98-02U 4ÄÅ i
ll0(k) = hiLN ^Y (l)k ^Y (l0)�k ih ^Yk(l0) ^Y (l0)�k i�1 (11)ÞÁÓÔÏÔÎÁ ÍÁÔpÉÃÑ, ÎÅÎÕÌØÏ×ÉÍÉ ÅÌÅÍÅÎÔÁÍÉ ÑËÏ§ ¤�l(k) = i
l+1;l(k) = hi^LN ^Y (l+1)k ^Y (l)�kih ^Y (l)k ^Y (l)�ki�1= �h ^Y (l+1)k ^Y (l+1)�k ih ^Y (l)k ^Y (l)�ki�1; (12)i
l�1;l(k) = hi^LN ^Y (l�1)k ^Y (l)�kih ^Y (l)k ^Y (l)�ki�1= h ^Y (l)k ^Y (l)�kih ^Y (l)k ^Y (l)�ki�1 = 1: (13)íÁÔpÉÃÑ ìÁÐÌÁÓ-ÚÏÂÒÁÖÅÎØ ÆÕÎËÃiÊ ÐÁÍ'ÑÔi ~'(k; z) ÍÁ¤ ÔiÌØËÉ ÏÄÉÎÎÅÎÕÌØÏ×ÉÊ ÅÌÅÍÅÎÔ ~'s(z) = ~'ss(k; z), ÐÒÉÞÏÍÕ~'ss(k; z) = h ^Y (s+1)k 1z + (1�Ps)i^LN ^Y (s+1)�k ih ^Y (s)k ^Y (s)�k i�1: (14)íÏÖÎÁ ÔÁËÏÖ ÐÏËÁÚÁÔÉ, ÝÏ pi×ÎÑÎÎÑ ÄÌÑ ìÁÐÌÁÓ ÏÂpÁÚi× ~F (k; z)ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ F (k; t) = h ^Yk expf�iLNtg ^Y +k i ÍÁÀÔØÐÏÄiÂÎÕ ÓÔpÕËÔÕpÕ. ÷ ÍÁÔpÉÞÎiÊ ÆÏpÍi ÏÔÒÉÍÕ¤ÍÏ[zI � i
(k) + ~'(k; z)] ~F (k; z) = F (k); (15)ÄÅ F (k) = F (k; t = 0) = h ^Yk ^Y +k i { ÍÁÔpÉÃÑ ÓÔÁÔÉÞÎÉÈ ËÏpÅÌÑÃiÊÎÉÈÆÕÎËÃ¦Ê, Á I - ÏÄÉÎÉÞÎÁ ÍÁÔpÉÃÑ.÷ÉËÏpÉÓÔÏ×ÕÀÞÉ pi×ÎÑÎÎÑ (15) ÔÁ ×ÉpÁÚÉ (11)-(14) pÅËÕpÅÎÔÎiÓÐi××iÄÎÏÛÅÎÎÑ ÍiÖ ÆÕÎËÃiÑÍÉ ÐÁÍ'ÑÔi ×ÉÝÏÇÏ i ÎÉÝÏÇÏ ÐÏpÑÄËi×ÍÏÖÕÔØ ÂÕÔÉ ÚÎÁÊÄÅÎi Õ ×ÉÇÌÑÄi [5,6]~'s�1(k; z) = �s�1(k)z + ~'s(k; z) : (16)ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ Ú ×ÉpÁÚÕ (16) ÄÌÑ ÞÁÓÏ×Ï§ ËÏpÅÌÑÃiÊÎÏ§ ÆÕÎËÃi§ÂÅÚÐÏÓÅÒÅÄÎØÏ ÓÌ¦ÄÕ¤ ÐpÅÄÓÔÁ×ÌÅÎÎÑíÏpi Õ ×ÉÇÌÑÄi ÂÅÚÍÅÖÎÏÇÏ ÌÁÎ-ÃÀÇÏ×ÏÇÏ ÄpÏÂÕ. îÅÏÂÈiÄÎÏ ÚÁÕ×ÁÖÉÔÉ Ä×Á ×ÁÖÌÉ×ÉÈ ÍÏÍÅÎÔÉ, ÑËiÐÏ×'ÑÚÁÎi iÚ ÚÁÓÔÏÓÕ×ÁÎÎÑÍ pi×ÎÑÎØ (10), (15) ÔÁ (16). ðÏ-ÐÅpÛÅ, ÌÅÇ-ËÏ ÐÏËÁÚÁÔÉ,ÝÏ pÅËÕpÅÎÔÎÅ ÓÐi××iÄÎÏÛÅÎÎÑ (16) ¤ ÔÏÞÎÉÍ. ðÏ-ÄpÕÇÅ,pi×ÎÑÎÎÑ (15) ÄÌÑ ÆÕÎËÃ¦Ê ~F (k; z) ¤ ÔÁËÏÖ ÔÏÞÎÉÍÉ ÄÌÑ ÄÏ×iÌØÎÏ-ÇÏ ÎÁÂÏpÕ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÁÂÏ, iÎÛÉÍÉ ÓÌÏ×ÁÍÉ, ÄÌÑ ÄÏ×iÌØÎÏÇÏs, ÑËÝÏ ÄÌÑ ÆÕÎËÃiÊ ÐÁÍ'ÑÔi ×ÉËÏpÉÓÔÏ×ÕÀÔØÓÑ ÔÏÞÎi ×ÉpÁÚÉ (14).÷ÉÂip ÁÐpÏËÓÉÍÁÃi§ ÄÌÑ ÆÕÎËÃi§ ÐÁÍ'ÑÔi ÂÅÚÐÏÓÅpÅÄÎØÏ ÐÒÉ×ÏÄÉÔØ



5 ðÒÅÐÒÉÎÔÄÏ ×iÄÐÏ×iÄÎÏÇÏ ÎÁÂÌÉÖÅÎÏÇÏ pÅÚÕÌØÔÁÔÕ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈÆÕÎËÃiÊ. îÁ ×iÄÍiÎÕ ×iÄ ÆÏpÍÁÌiÚÍÕ íÏpi ËÏÎÃÅÐÃiÑ pÏÚÛÉpÅÎÏÇÏÎÁÂÏpÕ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÄÏÚ×ÏÌÑ¤ ÏÄÎÏÞÁÓÎÏ ×É×ÞÁÔÉ ÐpÉÎÁÊÍi(s+ 1)� (s + 1) ÞÁÓÏ×¦ ËÏpÅÌÑÃiÊÎ¦ ÆÕÎËÃi§. ñË ÓÌiÄÕ¤ iÚ (5) ÔÁ (16)ÕÚÁÇÁÌØÎÅÎÁ ÚÓÕ×ÎÁ ×'ÑÚËiÓÔØ �(k; z) ÔÁËÏÖ ÍÏÖÅ ÂÕÔÉ ÐpÅÄÓÔÁ×ÌÅÎÁÕ ×ÉÇÌÑÄi ÌÁÎÃÀÇÏ×ÏÇÏ ÄpÏÂÕ. ôÁËÉÍ ÞÉÎÏÍ, ×ÉËÏpÉÓÔÏ×ÕÀÞÉ ÐÅ×-ÎÕ ÁÐpÏËÓÉÍÁÃiÀ ÄÌÑ ÆÕÎËÃi§ ÐÁÍ'ÑÔi ~'s(k; z) ÚÎÁÈÏÄÉÍÏ ÏÄÎÏÞÁÓÎÏÎÁÂÌÉÖÅÎÉÊ ×ÉÒÁÚ ÄÌÑ �(k; z) ÔÁ ÎÁÂÌÉÖÅÎ¦ ÒÏÚ×'ÑÚËÉ ÄÌÑ ÆÕÎËÃ¦Ê~F (k; z). ïËÒ¦Í ÔÏÇÏ, ÑË ÂÕÄÅ ×ÉÄÎÏ ÄÁÌ¦, ÔÁËÉÊ Ð¦ÄÈ¦Ä ÄÏÚ×ÏÌÑ¤ ÏÔ-ÒÉÍÁÔÉ ÓÐÅËÔÒÉ ËÏÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎØ, ÝÏ ËÏÒÉÓÎÏ ÄÌÑ Æ¦ÚÉÞÎÏ§¦ÎÔÅÒÐÒÅÔÁÃ¦§ ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ¦×.2.2. íÁÒË¦×ÓØËÅ ÎÁÂÌÉÖÅÎÎÑõ ÍÁpËi×ÓØËÏÍÕ ÎÁÂÌÉÖÅÎÎi ÄÌÑ ÆÕÎËÃi§ ÐÁÍ'ÑÔi ~'s(k; z), ÔÏÂÔÏËÏÌÉ ~'s(k; z) � ~'s(k; 0), ÍÁÔpÉÞÎÅ pi×ÎÑÎÎÑ (15) ÍÏÖÎÁ ÐÅpÅÐÉÓÁÔÉÕ ×ÉÇÌÑÄi [zI + T (k)] ~F (m)(k; z) = F (k); (17)ÄÅ T (k) = �i
(k) + ~'(k; 0) (18)ÔÁË Ú×ÁÎÁ ÕÚÁÇÁÌØÎÅÎÁ ÇiÄpÏÄÉÎÁÍiÞÎÁ ÍÁÔpÉÃÑ. IÎÄÅËÓ "m" Õ (17)ÏÚÎÁÞÁ¤, ÝÏ ÆÕÎËÃ¦§ ~F (k; z), ÑË¦ ÚÁÄÏ×iÌØÎÑÀÔØ pi×ÎÑÎÎÑ (17) ÁÐ-ÒÏËÓÉÍÕÀÔØ ÔÏÞÎ¦ ÆÕÎËÃ¦§ ~F (k; z) Õ ÍÁpËi×ÓØËÏÍÕ ÎÁÂÌÉÖÅÎÎi ÎÁÒÏÚÛÉÒÅÎÏÍÕ ÂÁÚÉÓ¦ ÄÉÎÁÍ¦ÞÎÉÈ ÚÍ¦ÎÎÉÈ ^Yk.÷ ÒÏÂÏÔÁÈ [3,5] ÄÌÑ ÌÅÎÎÁÒÄ-ÄÖÏÎÓ¦×ÓØËÏ§ Ò¦ÄÉÎÉ ÐÏËÁÚÁÎÏ, ÝÏÍÁÒË¦×ÓØËÅ ÎÁÂÌÉÖÅÎÎÑ ÎÁ ÒÏÚÛÉÒÅÎÏÍÕ ÂÁÚÉÓ¦ ÄÉÎÁÍ¦ÞÎÉÈ ÚÍ¦ÎÎÉÈÄÏÚ×ÏÌÑ¤ ÏÔÒÉÍÁÔÉ ÎÁÄ¦ÊÎ¦ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈÆÕÎËÃ¦Ê ÔÁ ÕÚÁÇÁÌØÎÅÎÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÐÅÒÅÎÏÓÕ × ÛÉÒÏË¦Ê ÏÂÌÁÓÔ¦ÚÍ¦ÎÉ k ÔÁ !. äÌÑ ÐÒÁËÔÉÞÎÉÈ ÒÏÚÒÁÈÕÎË¦× ÚÒÕÞÎ¦ÛÅ ÐÒÁÃÀ×ÁÔÉ ÎÁ×ÉÈ¦ÄÎÏÍÕ (ÎÅÏÒÔÏÇÏÎÁÌØÎÏÍÕ) ÂÁÚÉÓ¦ ÄÉÎÁÍ¦ÞÎÉÈ ÚÍ¦ÎÎÉÈ ^Ak. ÷ ÔÁ-ËÏÍÕ ×ÉÐÁÄËÕ ÕÚÁÇÁÌØÎÅÎÁ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÁ ÍÁÔÒÉÃÑ ÍÏÖÅ ÂÕÔÉ ÚÁ-ÐÉÓÁÎÁ Õ ×ÉÇÌÑÄ¦ T (k) = f(k)= ~f(k); (19)ÄÅ f(k) = h ^Ak ^A+k i - ÍÁÔpÉÃÑ ÓÔÁÔÉÞÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ, Á~f(k) = ~f(k; z = 0), ÄÅ~f(k; z) = 1Z0 dte�ztf(k; t) = 1Z0 dte�zth ^Ake�iLN t ^A+k i:
ICMP-98-02U 6íÁÔpÉÃi f(k) ÔÁ ~f(k) ÄÌÑ ÐÏÐÅÒÅÞÎÉÈ ÆÌÀËÔÕÁÃ¦Ê ÍÁÀÔØ ÎÁÓÔÕÐÎÕÓÔpÕËÔÕpÕ [8]

f(k) = 0BBBBBBBBB@
f (t)JJ (k) 0 �f (t)_J _J (k) : : :0 f (t)_J _J (k) 0 : : :�f (t)_J _J (k) 0 f (t)�J �J (k) : : :: : : : : : : : : : : :
1CCCCCCCCCA ; (20)

~f(k) = 0BBBBBBBBB@
� (t)JJ (k)f (t)JJ (k) f (t)JJ (k) 0 : : :�f (t)JJ (k) 0 f (t)_J _J (k) : : :0 �f (t)_J _J (k) 0 : : :: : : : : : : : : : : :

1CCCCCCCCCA : (21)ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ f(k) - ÄiÊÓÎÁ ÓÉÍÅÔpÉÞÎÁ ÍÁÔpÉÃÑ, Á ~f(k) - ÄiÊÓ-ÎÁÁÎÔÉÓÉÍÅÔpÉÞÎÁ ÍÁÔpÉÃÑ. ðÏÚÎÁÞÅÎÎÑ f��(k; t) ×ÉËÏpÉÓÔÏ×ÕÀÔØÓÑÄÌÑ ÚÁÐÉÓÕ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ, ÄÅ �; � = fJ; _J; �J; : : :g.ðpÁËÔÉÞÎÏ ×Ói ÍÁÔpÉÞÎi ÅÌÅÍÅÎÔÉ Õ (20) i (21) ¤ ÓÔÁÔÉÞÎÉÍÉ ËÏpÅ-ÌÑÃiÊÎÉÍÉ ÆÕÎËÃiÑÍÉ, ÚÁ ×ÉÎÑÔËÏÍ ×ÅÌÉÞÉÎÉ � (t)JJ (k), ÑËÁ ÍÁ¤ ÞÉÓÔÏÄÉÎÁÍiÞÎÅ ÐÏÈÏÄÖÅÎÎÑ i ×iÄÏÍÁ × ÌiÔÅpÁÔÕpi ÑË ÐÏÐÅpÅÞÎÉÊ ËÏÒÅ-ÌÑÃ¦ÊÎÉÊ ÞÁÓ (ÁÂÏ pÅÌÁËÓÁÃiÊÎÉÊ ÞÁÓ íÁËÓ×ÅÌÌÁ)� (t)JJ (k) = 1f (t)JJ (k) 1Z0 dtf (t)JJ (k; t): (22)úÁÕ×ÁÖÉÍÏ, ÝÏ ÓÔÒÕËÔÕÒÁ ÍÁÔÒÉÃØ (20) ÔÁ (21) ÚÁÌÉÛÁ¤ÔØÓÑ ÎÅÚÍ¦Î-ÎÏÀ ÄÌÑ ÂÕÄØ-ÑËÏÇÏ s. òÏÚÛÉÒÅÎÎÑ ÎÁÂÏÒÕ ÄÉÎÁÍ¦ÞÎÉÈ ÚÍ¦ÎÎÉÈ ÚÁÒÁÈÕÎÏË ×ËÌÀÞÅÎÎÑ ÐÏÈ¦ÄÎÉÈ ×ÉÝÏÇÏ ÐÏÒÑÄËÕ ÐÒÉ×ÏÄÉÔØ ÌÉÛÅ ÄÏÚÂ¦ÌØÛÅÎÎÑ ÒÏÚÍ¦ÒÕ ÍÁÔÒÉÃØ f(k) ÔÁ ~f(k). ú ¦ÎÛÏÇÏ ÂÏËÕ ÓÕÔÔ¤×ÉÍ¤ ÔÅ, ÝÏ ÍÁÒË¦×ÓØËÅ ÎÁÂÌÉÖÅÎÎÑ ÎÁ ÒÏÚÛÉÒÅÎÏÍÕ ÂÁÚÉÓ¦ ÄÏÚ×ÏÌÑ¤ÏÐÉÓÕ×ÁÔÉ ÓÕÔÔ¤×Ï ÎÅÍÁÒË¦×ÓØË¦ ÐÒÏÃÅÓÉ Ú ÔÏÞËÉ ÚÏÒÕ Ò¦×ÎÑÎÎÑ (1).´ÄÉÎÏÀ ÄÉÎÁÍ¦ÞÎÏÀ ×ÅÌÉÞÉÎÏÀ, ÝÏ ×ÈÏÄÉÔØ Õ ÍÁÔÒÉÃ¦ (20) ÔÁ(21) ÄÌÑ ÂÕÄØ-ÑËÏÇÏ s ¤ ËÏÒÅÌÑÃ¦ÊÎÉÊ ÞÁÓ � (t)JJ (k). ãÀ ×ÅÌÉÞÉÎÕ ÍÏÖ-ÎÁ pÁÈÕ×ÁÔÉ ÂÅÚÐÏÓÅpÅÄÎØÏ, ×ÉËÏpÉÓÔÏ×ÕÀÞÉ ËÏÍÐ'ÀÔÅpÎi ÓÉÍÕÌÑÃi§ÍÅÔÏÄÏÍ ÍÏÌÅËÕÌÑpÎÏ§ ÄÉÎÁÍiËÉ [3]. ïÄÎÁË ÍÉ ÓÔÁ×ÉÍÏ ÐÅpÅÄ ÓÏÂÏÀ



7 ðÒÅÐÒÉÎÔÚÁ×ÄÁÎÎÑ ÚÁÐpÏÐÏÎÕ×ÁÔÉ ÄÅÑËe ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ � (t)JJ (k), ÑËÅ Â ÄÏÚ×Ï-ÌÉÌÏ ×ÉpÁÚÉÔÉ ÃÀ ×ÅÌÉÞÉÎÕ ÞÅpÅÚ ÓÔÁÔÉÞÎi ËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§.2.3. îÁÂÌÉÖÅÎÎÑ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÞÁÓÕúÎÁÀÞÉ ÁÓÉÍÐÔÏÔÉÞÎÕ ÐÏ×ÅÄiÎËÕ � (t)JJ (k) ÐpÉ ÍÁÌÉÈ ÔÁ ×ÅÌÉËÉÈk, ÍÏÖÎÁ ÐÏÂÕÄÕ×ÁÔÉ ÁÐpÏËÓÉÍÁÃiÊÎÉÊ ×ÉpÁÚ ÄÌÑ ÎØÏÇÏ. ðÒÉËÌÁÄÏÍÔÁËÏÇÏ Ð¦ÄÈÏÄÕ ÍÏÖÅ ÓÌÕÖÉÔÉ ×ÉpÁÚ, ÝÏ ÂÕ× ÚÁÐpÏÐÏÎÏ×ÁÎÉÊ áËÓÁÓÕi äÁÎiÅÌÓÏÍ [14] ÄÌÑ ÄÏÓÌiÄÖÅÎÎÑ ÐÏÐÅpÅÞÎÏ§ ËÏpÅÌÑÃiÊÎÏ§ ÆÕÎËÃi§ÐÏÔiË-ÐÏÔiË. õ pÏÂÏÔÁÈ âÁÌÕËÁÎ¦ ÔÁ iÎ [12] ÃÅÊ ×ÉpÁÚ ÂÕ× ×ÉËÏpÉ-ÓÔÁÎÉÊ ÄÌÑ pÏÚpÁÈÕÎËÕ ÕÚÁÇÁÌØÎÅÎÏÇÏ ËÏÅÆiÃi¤ÎÔÁ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔi�(k) ÄÌÑ ÌÅÎÁpÄ-ÄÖÏÎÓi×ÓØËÏ§ piÄÉÎÉ ÔÁ piÄËÏÇÏ pÕÂiÄiÀ. á×ÔÏÒÁÍÉÂÕÌÏ ÐpÏ×ÅÄÅÎÅ ÐÏpi×ÎÑÎÎÑ iÚ pÅÚÕÌØÔÁÔÁÍÉ ÍÏÌÅËÕÌÑpÎÏ§ ÄÉÎÁÍiËÉÔÁ ÐÏËÁÚÁÎÅ ÄÏÂpÅ ÕÚÇÏÄÖÅÎÎÑ ÎÁÂÌÉÖÅÎÉÈ ÒÅÚÕÌØÔÁÔ¦× ¦Ú ÒÅÚÕÌØÔÁ-ÔÁÍÉ ËÏÍÐ'ÀÔÅpÎÏÇÏ ÅËÓÐÅpÉÍÅÎÔÕ × ÏÂÌÁÓÔi ×ÅÌÉËÉÈ ÔÁ ÍÁÌÉÈ k. ïÄ-ÎÁË ÐÒÏ×ÅÄÅÎÅ ÄÏÓÌ¦ÄÖÅÎÎÑ ×ÉÑ×ÉÌÏ ÔÁËÏÖ ÎÁÑ×Î¦ÓÔØ ÓÉÓÔÅÍÁÔÉÞÎÏ§pÏÚÂiÖÎÏÓÔ¦ pÅÚÕÌØÔÁÔi× × ÏÂÌÁÓÔi ÐpÏÍiÖÎÉÈ ÚÎÁÞÅÎØ k, ÑËÁ ¤ ÏÓÏ-ÂÌÉ×Ï Ã¦ËÁ×ÏÀ ÄÌÑ ×É×ÞÅÎÎÑ. õ Ú×'ÑÚËÕ Ú ÃÉÍ × Ì¦ÔÅÒÁÔÕÒ¦ (ÄÉ× ÎÁ-ÐÒ.[13]) ×ÉÎÉË ÏÓÏÂÌÉ×ÉÊ ÔÅÒÍ¦Î { ÔÁË Ú×ÁÎÁ ÐpÏÂÌÅÍÁ "ÐÌÅÞÁ" { ÄÌÑ×¦ÄÏÂÒÁÖÅÎÎÑ ÏÓÏÂÌÉ×ÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÉÓÔÅÍÉ × ÏÂÌÁÓÔ¦ ÐÒÏÍ¦Ö-ÎÉÈ ÚÎÁÞÅÎØ k, ÄÅ ×¦ÄÂÕ×Á¤ÔØÓÑ ÐÅÒÅÈ¦Ä ×¦Ä ÞÉÓÔÏ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÏ§ÐÏ×ÅÄ¦ÎËÉ ÄÏ ÐÏ×ÅÄ¦ÎËÉ, ÝÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ × ÏÓÎÏ×ÎÏÍÕ Ë¦ÎÅÔÉÞÎÉÍÉÐÒÏÃÅÓÁÍÉ. ñË ÓÐÏÓ¦Â ÆÅÎÏÍÅÎÏÌÏÇ¦ÞÎÏÇÏ ÒÏÚ×'ÑÚÁÎÎÑ Ã¦¤§ ÐÒÏÂÌÅÍÉ× ÒÏÂÏÔ¦ [12] ÂÕÌÏ ÚÁÐÒÏÐÏÎÏ×ÁÎÏ ÏÐÉÓÕ×ÁÔÉ ÐÒÏÍ¦ÖÎÕ ÏÂÌÁÓÔØ ÄÌÑ�(k) ÎÁ ÏÓÎÏ×¦ ÞÉÓÔÏ ÅÍÐ¦ÒÉÞÎÏÇÏ ×ÉÒÁÚÕ Õ ÆÏÒÍ¦A� kk1�n e�n(k=k1�1);ÄÅ A, n, k1 ÄÅÑËi ÐiÄÇÏÎÏÞÎi ÐÁpÁÍÅÔpÉ. ðpÏÔÅ ÆiÚÉÞÎÉÊ ÚÍiÓÔ ÃØÏÇÏÄÏÄÁÎËÕ ÚÁÌÉÛÁ¤ÔØÓÑ ÎÅÚpÏÚÕÍiÌÉÍ. ïÞÅ×ÉÄÎÏ ÌÉÛÅ ÔÅ, ÝÏ ÚÁ Ó×Ï¤ÀËÏÎÓÔÒÕËÃ¦¤À ÃÅÊ ×ÉÒÁÚ ÚÁÐÉÓÁÎÉÊ ÔÁË, ÝÏÂ × ÏÂÌÁÓÔ¦ ÍÁÌÉÈ ÔÁ ×ÅÌÉ-ËÉÈ k ×ËÌÁÄ ×¦Ä ÎØÏÇÏ ÐÒÑÍÕ×Á× ÄÏ ÎÕÌÑ. äÌÑ ÔÏÇÏ, ÝÏÂ ÐÒÏ¦ÌÀÓÔÒÕ-×ÁÔÉ ÅÆÅËÔ "ÐÌÅÞÁ" ÄÌÑ ÆÕÎËÃ¦§ � (t)JJ (k) ÎÁ ÒÉÓ.1 ÐÒÉ×ÅÄÅÎ¦ ÒÅÚÕÌØÔÁ-ÔÉ ËÏÍÐ'ÀÔÅÒÎÉÈ ÓÉÍÕÌÑÃ¦Ê (ÐÕÎËÔÉÒÎÁ ËÒÉ×Á) ÔÁ ÎÁÂÌÉÖÅÎÉÈ ÒÏÚ-ÒÁÈÕÎË¦× (ÓÕÃ¦ÌØÎÁ ËÒÉ×Á) ÄÌÑ ÌÅÎÎÁÒÄ-ÄÖÏÎÓ¦×ÓØËÏ§ Ò¦ÄÉÎÉ. ïÓÔÁÎ-Î¦ ÂÁÚÕ×ÁÌÉÓÑ ÎÁ ×¦ÄÏÍÉÈ ÁÓÉÍÐÔÏÔÉËÁÈ ÆÕÎËÃ¦§ � (t)JJ (k) × ÇÒÁÎÉÃ¦×ÅÌÉËÉÈ ÔÁ ÍÁÌÉÈ ÚÎÁÞÅÎØ ÁÒÇÕÍÅÎÔÕ k. ðÒÉ ÃØÏÍÕ ÄÏ Õ×ÁÇÉ ÂÒÁ×ÓÑÏÄÉÎ ÄÏÄÁÎÏË ¦Ú ×¦ÄÏÍÏÀ ÁÓÉÍÐÔÏÔÉËÏÀ ÐÒÉ k � 1 ÔÁ Ä×Á ÄÏÄÁÎËÉ× ÇÒÁÎÉÃ¦ k � 1 ¦ ÂÕÄÕ×ÁÌÁÓÑ ¦ÎÔÅÒÐÏÌÑÃ¦ÊÎÁ ÆÏÒÍÕÌÁ Õ ×ÉÇÌÑÄ¦ÒÁÃ¦ÏÎÁÌØÎÏÇÏ ÄÒÏÂÕ. ¶Ú ÒÉÓ.1 ×ÉÄÎÏ, ÝÏ ÔÁËÉÊ Ð¦ÄÈ¦Ä ÎÅ ÄÏÚ×ÏÌÑ¤ÈÏÞÁ Â ÑË¦ÓÎÏ ×¦ÄÔ×ÏÒÉÔÉ È¦Ä ÆÕÎËÃ¦§ � (t)JJ (k) × ÏÂÌÁÓÔ¦ ÐÒÏÍ¦ÖÎÉÈ k.
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òÉÓ. 1. çiÄpÏÄÉÎÁÍiÞÎÉÊ ËÏpÅÌÑÃiÊÎÉÊ ÞÁÓ.úÁÕ×ÁÖÉÍÏ, ÝÏ ÔÁËÉÊ ×ÉÓÎÏ×ÏË ÚÁÌÉÛÁ¤ÔØÓÑ × ÓÉÌ¦ ÐÒÉ ×ÒÁÈÕ×ÁÎÎ¦×ÉÝÉÈ ÞÌÅÎ¦× ÁÓÉÍÐÔÏÔÉÞÎÉÈ ÒÏÚËÌÁÄ¦×.íÉ ÓÐÒÏÂÕ¤ÍÏ ÏÔÒÉÍÁÔÉ ÎÁÂÌÉÖÅÎÉÊ ×ÉÒÁÚ ÄÌÑ � (t)JJ (k) Õ ÄÅÝÏ ¦Î-ÛÉÊ ÓÐÏÓ¦Â, Á ÓÁÍÅ ×ÉËÏpÉÓÔÏ×ÕÀÞÉ pÅËÕpÅÎÔÎÅ ÓÐi××iÄÎÏÛÅÎÎÑ ÍiÖÆÕÎËÃiÑÍÉ ÐÁÍ'ÑÔi ×ÉÝÏÇÏ ÔÁ ÎÉÝÏÇÏ ÐÏpÑÄËi× (16). ÷ÉÈÏÄÑÞÉ iÚ pÅ-ÚÕÌØÔÁÔi× pÏÂÏÔÉ [7], ÄÅ ÐÏËÁÚÁÎÏ, ÝÏ ÓÐÅËÔp ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ iÚÚÂiÌØÛÅÎÎÑÍ ÞÉÓÌÁ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ×ÉÈÏÄÉÔØ ÎÁ ÎÁÓÉÞÅÎÎÑ, ÁÔÁËÏÖ ÓËÏpÉÓÔÁ×ÛÉÓØ iÄÅ¤À àÌØÍ¤ÔØ¤×Á ÐpÏ \ÓÐÅËÔp" ÐÁpÁÍÅÔpÁÎÅÍÁpËÏ×ÏÓÔi [27,28] ÍÏÖÎÁ ÐpÉÐÕÓÔÉÔÉ, ÝÏ ÐÏÞÉÎÁÀÞÉ Ú ÄÅÑËÏÇÏ sÍÁ¤ Í¦ÓÃÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ~'s+1(k; z) = �2 ~'s(k; z): (23)ÄÅ � - ÄÅÑËÉÊ ÐÁpÁÍÅÔp, ÑËÉÊ ÍÏÖÅ ÂÕÔÉ ×ÉËÏpÉÓÔÁÎÉÊ ÑË ÐiÄÇÏÎÏÞ-ÎÉÊ. ýÏÂ ÚÒÏÚÕÍ¦ÔÉ Æ¦ÚÉÞÎÉÊ ÓÅÎÓ ÆÏÒÍÕÌÉ (23), ÚÁÕ×ÁÖÉÍÏ, ÝÏÄÌÑ z = 0 ×ÅÌÉÞÉÎÉ ~'s(k; z = 0) ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ [27] ÑË ÄÅÑË¦ ÞÁ-ÓÉ ÒÅÌÁËÓÁÃ¦§ ×ÉÝÏÇÏ ÐÏÒÑÄËÕ. ôÏÄ¦ ×ÉÒÁÚ (23) ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÑËÍÁÔÅÍÁÔÉÞÎÉÊ ÚÁÐÉÓ Ô×ÅÒÄÖÅÎÎÑ, ÝÏ ÒÅÌÁËÓÁÃ¦ÊÎ¦ ÞÁÓÉ Õ ×ÉÓÏËÉÈÐÏÒÑÄËÁÈ ÓÔÁÀÔØ ÓÐ¦×Í¦ÒÎÉÍÉ ¦ ×ÉÈÏÄÑÔØ ÎÁ ÄÅÑËÕ ÐÏÓÔ¦ÊÎÕ ×ÅÌÉÞÉ-ÎÕ, ÝÏ ÍÁ¤ Ë¦ÎÅÔÉÞÎÕ ÐÒÉÒÏÄÕ (ÞÁÓ ×¦ÌØÎÏÇÏ ÐÒÏÂ¦ÇÕ, ÔÏÝÏ). ú ¦ÎÛÏÇÏÂÏËÕ, ×ÉÒÁÚ (23) ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÑË ÎÁÂÌÉÖÅÎÉÊ ÍÅÔÏÄ Ð¦ÄÓÕÍÏ-×Õ×ÁÎÎÑ ÂÅÚÍÅÖÎÏÇÏ ÌÁÎÃÀÇÏ×ÏÇÏ ÄÒÏÂÕ (16). îÅÏÂÈiÄÎÏ ÔÁËÏÖ ÚÇÁ-ÄÁÔÉ, ÝÏ ÍÅÔÏÄ ÐiÄÓÕÍÏ×Õ×ÁÎÎÑ ÂÅÚÍÅÖÎÏÇÏ ÌÁÎÃÀÇÏ×ÏÇÏ ÄpÏÂÕ ÎÁÏÓÎÏ×¦ ÎÁÂÌÉÖÅÎÎÑ ÔÉÐÕ (23) ×ÐÅpÛÅ ÂÕÌÏ ×ÉËÏpÉÓÔÁÎÏ × ÒÏÂÏÔ¦ [29]ÄÌÑ ÇpÁÔËÏ×ÉÈ ÓÐiÎÏ×ÉÈ ÓÉÓÔÅÍ.ðÒÏÁÎÁÌ¦ÚÕ¤ÍÏ ×ÉÒÁÚ (23) ÐÒÉ ÕÍÏ×¦ � = 1. ñË ×ËÁÚÕ×ÁÌÏÓÑ ×ÉÝÅ,Ú ÆiÚÉÞÎÏ§ ÔÏÞËÉ ÚÏpÕ ÐÒÉ z = 0 Ò¦×Î¦ÓÔØ (23) ÏÚÎÁÞÁÔÉÍÅ ÐpÉÂÌÉÚÎÕpi×ÎiÓÔØ ÞÁÓÏ×ÉÈ ÍÁÓÛÔÁÂi×, ÎÁ ÑËÉÈ ×iÄÂÕ×Á¤ÔØÓÑ pÅÌÁËÓÁÃiÑ ÆÕÎË-ÃiÊ ÐÁÍ'ÑÔi (s� 1)-ÇÏ ÔÁ s-ÇÏ ÐÏpÑÄËi×. ÷ÉÈÏÄÑÞÉ iÚ ÐpÅÄÓÔÁ×ÌÅÎÎÑ Õ



9 ðÒÅÐÒÉÎÔ×ÉÇÌÑÄi ÌÁÎÃÀÇÏ×ÏÇÏ ÄpÏÂÕ (16) ÔÁ ×ÉpÁÚÕ (23) ÐpÉ � = 1 ÄÌÑ ÆÕÎË-ÃiÊ ÐÁÍ'ÑÔi, × ÍÁpËi×ÓØËÏÍÕ ÎÁÂÌÉÖÅÎÎi ÏÔpÉÍÁ¤ÍÏ~'s(k; z = 0) =p�s(k): (24)âÅpÕÞÉ ÄÏ Õ×ÁÇÉ, ÝÏ ÄÌÑ ÇiÄpÏÄÉÎÁÍiÞÎÏ§ ÆÕÎËÃi§ ÐÁÍ'ÑÔi (3) ÐÒÉz = 0 ×ÉËÏÎÕ¤ÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ~'0(k; z = 0) = 1� (t)JJ (k) ; (25)ÍÏÖÎÁ ÚÁÐpÏÐÏÎÕ×ÁÔÉ ÐÏÓÌiÄÏ×ÎiÓÔØ ÎÁÂÌÉÖÅÎØ � (t)l (k), ÄÅ l � 0 ÄÌÑ� (t)JJ (k) i ÚÁÐÉÓÁÔÉ §È Õ ×ÉÇÌÑÄi1� (t)0 (k) = �0(k)p�1(k) (26)1� (t)2n+1(k) = 1� (t)2n (k)s�2n+2(k)�2n+1(k) ; n = 0; 1; 2; : : : (27)1� (t)2n (k) = 1� (t)2n�1(k)s �2n(k)�2n+1(k) ; n = 1; 2; : : : (28)IÚ ×ÉpÁÚi× (26)-(28) ×ÉÄÎÏ, ÝÏ ÚÁÌÅÖÎÏ ×iÄ ÔÏÇÏ ÎÁ ÑËÏÍÕ ËpÏÃi ÏÂpÉ-×Á¤ÔØÓÑ ÌÁÎÃÀÇÏ×ÉÊ ÄpiÂ (16) ¤ ÄÅÑËÁ ×iÄÍiÎÎiÓÔØ Õ ×ÉpÁÚÁÈ ÄÌÑÐÁpÎÉÈ ÔÁ ÎÅÐÁpÎÉÈ ÎÁÂÌÉÖÅÎØ.äÌÑ ÐÅpÅ×ipËÉ ÐÒÏÐÏÎÏ×ÁÎÏÇÏ ÎÁÂÌÉÖÅÎÏÇÏ Ð¦ÄÈÏÄÕ ÐÏpi×ÎÑ¤ÍÏÐÏ×ÅÄiÎËÕ ÔÏÞÎÏÇÏ � (t)JJ (k) ÔÁ ÁÐpÏËÓÉÍÏ×ÁÎÉÈ ÚÎÁÞÅÎØ � (t)l (k) ÐpÉ k �1. äÌÑ ×ÅÌÉËÉÈ k ÓÐpÁ×ÅÄÌÉ×ÉÊ ÎÁÓÔÕÐÎÉÊ pÏÚËÌÁÄf (t)JJ (k; t) = f (t)JJ (k)� 1=2f (t)_J _J (k)t2 + 14!f (t)�J �J (k)t4 + : : : (29)îÅ×ÁÖËÏ ÐÏËÁÚÁÔÉ, ÝÏ ÄÌÑ k � 1 ÍÁ¤ÍÏf (t)J(n)J(n)(k � 1) = O(k2) + (2n+ 1)!! k2nmn�1�n+1 ; (30)ÄÅ J (n) = (iL)nJ (t). ú×ÉÄÓÉ, ÐiÄÓÔÁ×ÌÑÀÞÉ (30) Õ (29) ¦ Ð¦ÄÓÕÍÏ×Õ-ÀÞÉ ×¦ÄÐÏ×¦ÄÎ¦ ÏÓÎÏ×Î¦ ÞÌÅÎÉ ÒÑÄÕ, ÏÔpÉÍÁ¤Í pÅÚÕÌØÔÁÔ ×iÄÏÍÉÊ ÚËiÎÅÔÉÞÎÏ§ ÔÅÏpi§ f (t)JJ (k � 1; t) = m� exp (� k2t22m� ): (31)
ICMP-98-02U 10÷ÉÈÏÄÑÞÉ iÚ ÏÚÎÁÞÅÎÎÑ (22) Ú ×ÉpÁÚÕ (31) ÏÔpÉÍÕ¤ÍÏ × ÇpÁÎÉÃi k !11� (t)JJ (k) = 2kp2�m� � 0:7972 kpm� : (32)ú ¦ÎÛÏÇÏ ÂÏËÕ, ×ÉËÏpÉÓÔÏ×ÕÀÞÉ ÏÚÎÁÞÅÎÎÑ (8) ÄÌÑ ÏpÔÏÇÏÎÁÌiÚÏ×Á-ÎÉÈ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ, ÓÔÁÔÉÞÎi ËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§ h ^Y (s)k ^Y (s)�k i,ÑËi ×ÈÏÄÑÔØ Õ ×ÉpÁÚÉ (26)-(28), ÍÏÖÕÔØ ÂÕÔÉ ÚÁÐÉÓÁÎ¦ ÞÅpÅÚ ÓÔÁÔÉÞÎiËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§ f (t)J(s)J(s)(k). ôÁËÉÍ ÞÉÎÏÍ, ÂÅpÕÞÉ ÄÏ Õ×ÁÇÉ ×ÉpÁÚ(30), ÍÏÖÎÁ ÚÎÁÊÔÉ ÐÏ×ÅÄiÎËÕ ÁÐpÏËÓÉÍÏ×ÁÎÏÇÏ � (t)l (k) ÐpÉ ×ÅÌÉËÉÈÚÎÁÞÅÎÎÑÈ k. ðÅpÛi ÞÌÅÎÉ ÐÏÓÌiÄÏ×ÎÏÓÔi ÎÁÂÌÉÖÅÎØ ÄÌÑ � (t)JJ (k) ÍÁ-ÔÉÍÕÔØ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄ1� (t)0 (k) = �0(k)p�1(k) jk�1 = 0:7071 kpm� ;1� (t)1 (k) = �0(k)p�2(k)�1(k) jk�1 = 0:9718 kpm� ;1� (t)2 (k) = �0(k)�2(k)�1(k)p�3(k) jk�1 = 0:7500 kpm� ;1� (t)3 (k) = �0(k)�2(k)p�4(k)�1(k)�3(k) jk�1 = 0:8385 kpm� ;1� (t)4 (k) = �0(k)�2(k)�4(k)�1(k)�3(k)p�5(k) jk�1 = 0:7654 kpm� ;1� (t)5 (k) = �0(k)�2(k)�4(k)p�6(k)�1(k)�3(k)�5(k) jk�1 = 0:8267 kpm� ;1� (t)6 (k) = �0(k)�2(k)�4(k)�6(k)�1(k)�3(k)�5(k)p�7(k) jk�1 = 0:7733 kpm� :ú ÏÔÒÉÍÁÎÉÈ ÚÎÁÞÅÎØ ÄÌÑ � (t)l (k) × ÇÒÁÎÉÃ¦ k � 1 ÍÏÖÅÍÏ ÚpÏÂÉ-ÔÉ ×ÉÓÎÏ×ÏË, ÝÏ ÄÁÎÁ ÐÏÓÌiÄÏ×ÎiÓÔØ ÍÁ¤ ÔÅÎÄÅÎÃiÀ ÄÏ ÚÂiÖÎÏÓÔi. ãÅÏÚÎÁÞÁ¤, ÝÏ iÚ ÚÂiÌØÛÅÎÎÑÍ ËpÏËÕ, ÎÁ ÑËÏÍÕ ÏÂpÉ×Á¤ÔØÓÑ ÌÁÎÃÀÇÏ-×ÉÊ ÄpiÂ ÁÐpÏËÓÉÍÏ×ÁÎÅ � (t)n (k) ÐpÑÍÕ¤ ÄÏ ÔÏÞÎÏÇÏ ÚÎÁÞÅÎÎÑ � (t)JJ (k).ëpiÍ ÔÏÇÏ, ×ÉÄÎÏ, ÝÏ ÎÅÐÁpÎi ÎÁÂÌÉÖÅÎÎÑ ÐÒÑÍÕÀÔØ ÄÏ ÔÏÞÎÏÇÏ ÚÎÁ-ÞÅÎÎÑ (32) Ú×ÅpÈÕ, Á ÐÁpÎi { ÚÎÉÚÕ.áÎÁÌÏÇ¦ÞÎÉÍ ÞÉÎÏÍ ÍÏÖÎÁ ÐÒÏÁÎÁÌ¦ÚÕ×ÁÔÉ ¦ ¦ÎÛÕ ÇÒÁÎÉÃÀ, Á ÓÁ-ÍÅ k � 1. ïÄÎÁË, × ÄÁÎÏÍÕ ×ÉÐÁÄËÕ ×ÁÖËÏ ÏÔÒÉÍÁÔÉ ÞÉÓÌÏ×¦ ÚÎÁÞÅÎ-ÎÑ ÁÎÁÌ¦ÔÉÞÎÏ. ÷ËÁÖÅÍÏ ÌÉÛÅ ÎÁ ÔÅ, ÝÏ ÏÓË¦ÌØËÉ J (l)k = (iL)lJ (t)k � k



11 ðÒÅÐÒÉÎÔÄÌÑ l � 1, ÔÏ ÑË ×ÉÄÎÏ ¦Ú ×ÉÒÁÚ¦× ÄÌÑ � (t)l (k) ÐÒÁ×ÉÌØÎÁ ÁÓÉÍÐÔÏÔÉËÁ� (t)l (k) � 1=k2 ÏÔÒÉÍÕ¤ÔØÓÑ ÄÌÑ ×Ó¦È � (t)l (k) Ú l � 0.úÁÐpÏÐÏÎÏ×ÁÎ¦ ÎÁÍÉ ÎÁÂÌÉÖÅÎÎÑ ÄÏÚ×ÏÌÑÀÔØ ÔÁËÏÖ ÏÔpÉÍÁÔÉÎÁÂÌÉÖÅÎ¦ ×ÉpÁÚÉ ÄÌÑ ÆÕÎËÃi§ ÐÁÍ'ÑÔi s-ÇÏ ÐÏpÑÄËÕ ¦Ú ×ÒÁÈÕ×ÁÎÎÑÍÚÁÌÅÖÎÏÓÔ¦ ×¦Ä z. ä¦ÊÓÎÏ, ÐiÄÓÔÁ×É×ÛÉ (23) Õ pÅËÕpÅÎÔÎÅ ÓÐi××iÄÎÏ-ÛÅÎÎÑ (16), ÏÔpÉÍÁ¤ÍÏ:~'s(k; z) = pz2 + 4�2�s(k)� z2�2 (33)÷ÉËÏpÉÓÔÏ×ÕÀÞÉ ÄÁÎÉÊ ×ÉpÁÚ, ÐiÄÓÕÍÕ¤ÍÏ ÌÁÎÃÀÇÏ×ÉÊ ÄpiÂ ÐpÉs = 2, ××ÁÖÁÀÞÉ � = 1. ÷ pÅÚÕÌØÔÁÔi, ×ÉÈÏÄÑÞÉ iÚ ÓÐi××iÄÎÏÛÅÎÎÑ (5),ÏÔpÉÍÁ¤Í ÎÁÂÌÉÖÅÎÉÊ ×ÉÒÁÚ ÄÌÑ ÕÚÁÇÁÌØÎÅÎÏÇÏ ËÏÅÆiÃi¤ÎÔÁ ÚÓÕ×ÎÏ§×'ÑÚËÏÓÔi �(k; z) Õ ÆÏÒÍ¦�(k; z) = mnk2 �0(k)(z +pz2 + 4�2(k))z2 + zpz2 + 4�2(k) + 2�1(k) : (34)úÎÁÀÞÉ �(k; z), ÍÏÖÅÍÏ ÔÁËÏÖ ÐÏpÁÈÕ×ÁÔÉ ÞÁÓÏ×Õ ËÏpÅÌÑÃiÊÎÕ ÆÕÎ-ËÃiÀ f (t)JJ (k; z), ×ÉpÁÚ ÄÌÑ ÑËÏ§ ÏÔpÉÍÕ¤ÔØÓÑ iÚ ÓÉÓÔÅÍÉ pi×ÎÑÎØ (15):f (t)JJ (k; z) = f (t)JJ (k)z + k2=(nm)�(k; z) (35)ôÁËÉÍ ÞÉÎÏÍ, ÍÉ ÏÔpÉÍÁÌÉ ×Ói ÎÅÏÂÈiÄÎi ÓÐi××iÄÎÏÛÅÎÎÑ ÄÌÑ ÔÏ-ÇÏ, ÝÏÂ ÐÅpÅÊÔÉ ÄÏ ËÏÎËpÅÔÎÉÈ ÞÉÓÌÏ×ÉÈ pÏÚpÁÈÕÎËi×.3. PÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎØïÂ'¤ËÔÏÍ ÎÁÛÉÈ ÞÉÓÌÏ×ÉÈ ÄÏÓÌiÄÖÅÎØ ¤ ÐpÏÓÔÁ piÄÉÎÁ iÚ ÐÏ-ÔÅÎÃiÁÌÏÍ ÍiÖÁÔÏÍÎÏ§ ×ÚÁ¤ÍÏÄi§ ìÅÎÁpÄÁ-äÖÏÎÓÁ.÷ÉÐÁÄÏË ÐÏÐÅpÅÞ-ÎÉÈ ÆÌÕËÔÕÁÃiÊ ÄÌÑ ÄÁÎÏ§ ÓÉÓÔÅÍÉ ÄÏÓÌiÄÖÕ×Á×ÓÑ Õ pÏÂÏÔÁÈ [7,8].PÏÚpÁÈÕÎËÉ ÐpÏ×ÏÄÉÌÉÓØ ÄÌÑ ÓÉÓÔÅÍÉ iÚ ÂÅÚpÏÚÍipÎÏÀ ÇÕÓÔÉÎÏÀn? = n�3LJ = 0:845 ÔÁ ÂÅÚpÏÚÍipÎÏÀ ÔÅÍÐÅpÁÔÕpÏÀ T ? = kBT=�LJ =1:706. ÷ ÃÉÈ pÏÂÏÔÁÈ ÂÕÌÉ ÔÁËÏÖ ÐÏpÁÈÏ×ÁÎi ÓÔÁÔÉÞÎi ËÏpÅÌÑÃiÊ-Îi ÆÕÎËÃi§, ÑË¦ ÂÕÄÕÔØ ×ÉËÏÒÉÓÔÁÎ¦ ÎÁÍÉ ÄÌÑ pÏÚpÁÈÕÎËÕ � (t)0 (k) i� (t)1 (k). PÏÚpÁÈÕÎÏË ×ÉÝÉÈ ÎÁÂÌÉÖÅÎØ ×ÉÍÁÇÁ¤ ÚÎÁÎÎÑ ÓÔÁÔÉÞÎÉÈËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ ×ÉÝÉÈ ÐÏpÑÄËi×.îÁ pÉÓ.2 ÐÕÎËÔÉpÎÏÀ ËpÉ×ÏÀ ÚÏÂpÁÖÅÎÏ ÆÕÎËÃ¦À ��=� (t)JJ (k),ÝÏ ÒÏÚpÁÈÏ×ÁÎÁ ÍÅÔÏÄÏÍ ÍÏÌÅËÕÌÑpÎÏ§ ÄÉÎÁÍiËÉ (íä) [3]. îÉÖ-ÎÑ ËpÉ×Á ÏÐÉÓÕ¤ ÐÏ×ÅÄiÎËÕ ��=� (t)0 (k), Á ×ÅpÈÎÑ - ��=� (t)1 (k), ÄÅ �� =
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k�LJ
��=� (t)JJ (k)

0 4 8 12 16 20 24510152025
3035

òÉÓ. 2. çiÄpÏÄÉÎÁÍiÞÎÉÊ ËÏpÅÌÑÃiÊÎÉÊ ÞÁÓ (� = 1): ÎÁÂÌÉÖÅÎÉÊ ÒÏ-ÚÒÁÈÕÎÏË - ÓÕÃ¦ÌØÎ¦ ËÒÉ×¦; ÒÅÚÕÌØÔÁÔÉ íä - ÐÕÎËÔÉÒÎÁ ËÒÉ×Á.�LJ(m=�LJ)1=2; m - ÍÁÓÁ ÞÁÓÔÉÎËÉ. ñË ÂÁÞÉÍÏ ÏÂÉÄ×i ËpÉ×i ÄÏÓÉÔØÎÅÐÏÇÁÎÏ ËÏÒÅÌÀÀÔØ Ú pÅÚÕÌØÔÁÔÁÍÉ ËÏÍÐ'ÀÔÅpÎÏÇÏ ÅËÓÐÅpÉÍÅÎÔÕ iÎÁ ×iÄÍiÎÕ ×iÄ pÏÂiÔ [12]ÆÏpÍÁ ËpÉ×Ï§ ÄÏÂpÅ ×iÄÔ×ÏpÀ¤ÔØÓÑ Õ ÐpÏÍiÖ-ÎiÊ ÏÂÌÁÓÔi ÚÎÁÞÅÎØ k. ñË ÐÏËÁÚÕÀÔØ ÒÅÚÕÌØÔÁÔÉ ÄÏÓÌ¦ÄÖÅÎØ Õ ËÏ-ÒÏÔËÏÈ×ÉÌØÏ×¦Ê ÇÒÁÎÉÃ¦, ÝÏ ÏÔÒÉÍÁÎ¦ Õ ÐÏÐÅÒÅÄÎØÏÍÕ ÒÏÚÄ¦Ì¦, ¤ ÕÓ¦Ð¦ÄÓÔÁ×É ××ÁÖÁÔÉ, ÝÏ ÎÁÓÔÕÐÎ¦ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ��=� (t)l (k) ÐÒÉ l > 1ÌÅÖÁÔÉÍÕÔØ Õ ÐÒÏÍ¦ÖËÕ Í¦Ö ×ÅÒÈÎØÏÀ ¦ ÎÉÖÎØÏÀ ËÒÉ×ÉÍÉ ¦ ÂÕÄÕÔØÐÒÑÍÕ×ÁÔÉ ÄÏ ÒÅÚÕÌØÔÁÔ¦× ÍÏÌÅËÕÌÑÒÎÏ§ ÄÉÎÁÍ¦ËÉ ÐÒÉ ÚÂ¦ÌØÛÅÎÎ¦ l.ðÒÉÞÏÍÕ ÄÌÑ ÎÅÐÁÒÎÉÈ l ÎÁÂÌÉÖÅÎ¦ ÒÅÚÕÌØÔÁÔÉ ÎÁÂÌÉÖÁÔÉÍÕÔØÓÑÄÏ ÄÁÎÉÈ íä Ú×ÅÒÈÕ, Á ÄÌÑ ÐÁÒÎÉÈ ÚÎÉÚÕ.
k�LJ

�(k)
0 4 8 12 16 20 240.60.81.01.21.41.61.8 ��������������������������������������������������

òÉÓ. 3. ðÁpÁÍÅÔp � ÚÁÌÅÖÎÉÊ ×iÄ k.úÇÁÄÁ¤ÍÏ, ÝÏ ×ÉËÏÒÉÓÔÁÎÉÊ ÎÁÍÉ ÐÒÉ � = 1 ×ÉÒÁÚ (23) ÄÏÐÕÓËÁ¤×ÉËÏÒÉÓÔÁÎÎÑ ÄÅÑËÏÇÏ ÐÁÒÁÍÅÔÒÁ � (× Â¦ÌØÛ ÚÁÇÁÌØÎÏÍÕ ×ÉÐÁÄËÕÆÕÎËÃ¦§ �(k)), ÑËÉÊ ÍÏÖÅ ÒÏÚÇÌÑÄÁÔÉÓÑ ÑË Ð¦ÄÇÏÎÏÞÎÉÊ. ÷ ÂÁÇÁÔØÏÈÚÁÄÁÞÁÈ ÔÅÏÒ¦§ ÃÅ ¤ ×ÁÖÌÉ×Ï, ÏÓË¦ÌØËÉ ÒÏÚÒÁÈÕÎÏË � (t)l (k) Õ ×ÉÝÉÈ ÎÁ-ÂÌÉÖÅÎÎÑÈ ×ÉÍÁÇÁ¤ ÚÎÁÎÎÑ ÓÔÁÔÉÞÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ×ÉÓÏ-



13 ðÒÅÐÒÉÎÔËÉÈ ÐÏÒÑÄË¦×. ú ¦ÎÛÏÇÏ ÂÏËÕ, §È ÒÏÚÒÁÈÕÎÏË ÍÅÔÏÄÁÍÉ Ò¦×ÎÏ×ÁÖÎÏ§ ÔÅ-ÏÒ¦§ ÓËÌÁÄÎÁ ÚÁÄÁÞÁ, ÝÏ ×ÉÍÁÇÁ¤ × Ó×ÏÀ ÞÅÒÇÕ ÚÎÁÎÎÑ ×ÉÝÉÈ ÆÕÎËÃ¦ÊÒÏÚÐÏÄ¦ÌÕ. äÌÑ ÔÏÇÏ, ÝÏÂ Ú'ÑÓÕ×ÁÔÉ ÍÅÖ¦, × ÑËÉÈ ÍÏÖÅ ÚÍ¦ÎÀ×ÁÔÉÓØÐÁÒÁÍÅÔÒ � (ÁÂÏ Ö ÆÕÎËÃ¦Ñ �(k)) ÂÕÌÉ ×ÉËÏÎÁÎ¦ ÒÏÚÒÁÈÕÎËÉ �l(k) ÚÕÍÏ×É, ÝÏ ��=� (t)l (k) = ��=� (t)JJ (k). òÅÚÕÌØÔÁÔÉ ÐÒÉ×ÅÄÅÎ¦ ÎÁ ÒÉÓ.3, ÄÅÐÕÎËÔÉÒÎÏÀ ËÒÉ×ÏÀ ÚÏÂÒÁÖÅÎÏ ÆÕÎËÃ¦À �0(k), Á ÓÕÃ¦ÌØÎÏÀ ËÒÉ×ÏÀ{ �1(k). ðÒÉ ÃØÏÍÕ ×ÉÄÎÏ, ÝÏ: (i) ÐÒÁËÔÉÞÎÏ × ÕÓ¦Ê ÏÂÌÁÓÔ¦ ÚÎÁÞÅÎØ kÐÁÒÁÍÅÔÒ � ÌÅÖÉÔØ × ÏÂÍÅÖÅÎÏÍÕ ¦ÎÔÅÒ×ÁÌ¦ 1:0 < � < 1:7 ÄÌÑ l = 0 ¦×¦ÄÐÏ×¦ÄÎÏ 1:0 < � < 1:2 ÄÌÑ l = 1; (ii) ÆÕÎËÃ¦§ �l(k) ÐÒÏÑ×ÌÑÀÔØ ÔÅÎ-ÄÅÎÃ¦À ÎÁÂÌÉÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ¦× ÄÏ ÏÄÉÎÉÃ¦. ôÁËÉÍ ÞÉÎÏÍ, ×ÅÌÉÞÉÎÕ� Ä¦ÊÓÎÏ ÚÒÕÞÎÏ ×ÉÂÉÒÁÔÉ × ÑËÏÓÔ¦ Ð¦ÄÇÏÎÏÞÎÏÇÏ ÐÁÒÁÍÅÔÒÁ ÔÅÏÒ¦§.äÌÑ ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎË¦× ÍÉ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ�, ÑËÅ ÓÌ¦ÄÕ¤ ¦Ú ÕÍÏ×É Ò¦×ÎÏÓÔ¦ íä ÚÎÁÞÅÎÎÑ � (t)JJ (k) ÔÁ ÚÎÁÞÅÎÎÑ, ÝÏÏÔÒÉÍÕ¤ÔØÓÑ Ú ÎÁÂÌÉÖÅÎÉÈ ×ÉÒÁÚ¦× � (t)l (k) ÐÒÉ k�LJ = 25kmin, ÄÅkmin = 0:936. ñË ×ÉÄÎÏ Ú ÒÉÓ.3 ÐÒÉ l = 0; 1, ÐÁÒÁÍÅÔÒÉ �0(k) ¦ �1(k)ÐÒÉ ÃØÏÍÕ ÐÒÁËÔÉÞÎÏ ÓÐ¦×ÐÁÄÁÀÔØ. æÕÎËÃ¦§ � (t)l (k), ÝÏ ÒÏÚÒÁÈÏ×ÁÎ¦¦Ú ÐÁÒÁÍÅÔÒÏÍ �, ÝÏ ×ÉÂÉÒÁ¤ÔØÓÑ ÑË ÏÐÉÓÁÎÏ ×ÉÝÅ, ÂÕÄÅÍÏ ÎÁÚÉ×ÁÔÉ×¦ÄËÏÒÅÇÏ×ÁÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ.ñË ÓÌiÄÕ¤ iÚ pi×ÎÏÓÔi (5) ÕÚÁÇÁÌØÎÅÎÉÊ ËÏÅÆiÃi¤ÎÔ ÚÓÕ×ÎÏ§ ×'ÑÚ-ËÏÓÔi �(k), ÐÒÑÍÏ ÐÏ×'ÑÚÁÎÉÊ Ú ÆÕÎËÃ¦¤À � (t)JJ (k)�(k) = mnk2� (t)JJ (k) : (36)îÁ pÉÓ.4 ÐÏËÁÚÁÎi pÅÚÕÌØÔÁÔÉ pÏÚpÁÈÕÎËi× ÄÌÑ ÂÅÚpÏÚÍipÎÏ§ ×ÅÌÉÞÉ-ÎÉ ��(k) = ���LJ=m�(k). ðÕÎËÔÉpÎÏÀ ËpÉ×ÏÀ ÐÏËÁÚÁÎÏ pÅÚÕÌØÔÁÔÉ

k�LJ
�(k)

0 4 8 12 16 20 240.51.01.52.02.5
òÉÓ. 4. õÚÁÇÁÌØÎÅÎÉÊ ËÏÅÆiÃi¤ÎÔ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔi: ÎÁÂÌÉÖÅÎÉÊ ÒÏÚ-ÒÁÈÕÎÏË - ÓÕÃ¦ÌØÎ¦ ËÒÉ×¦; ÒÅÚÕÌØÔÁÔÉ íä - ÐÕÎËÔÉÒÎÁ ËÒÉ×Á.ÍÏÌÅËÕÌÑpÎÏ§ ÄÉÎÁÍiËÉ [9], ÎÉÖÎÑ ÓÕÃiÌØÎÁ ËpÉ×Á ×iÄÐÏ×iÄÁ¤ ×¦Ä-ËÏpÅÇÏ×ÁÎÏÍÕ � (t)0 (k), Á ×ÅpÈÎÑ ÓÕÃiÌØÎÁ ËpÉ×Á ×iÄÐÏ×iÄÎÏ ×iÄÐÏ×iÄÁ¤

ICMP-98-02U 14×¦ÄËÏpÅÇÏ×ÁÎÏÍÕ � (t)1 (k). ¶Ú ÒÉÓ.4 ×ÉÄÎÏ, ÝÏ × ÎÁÂÌÉÖÅÎÎ¦ � (t)1 (k), ÒÅ-ÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË¦× ÐÒÁËÔÉÞÎÏ ÎÅ ×¦ÄÒ¦ÚÎÑÀÔÔØÓÑ ×¦Ä ÄÁÎÉÈ íä.ïÓÏÂÌÉ×Ï ×¦ÄÍ¦ÔÉÍÏ ÐÒÏÍ¦ÖÎÕ ÏÂÌÁÓÔØ k, ÄÅ, ÈÏÞÁ ¦ ÓÐÏÓÔÅÒ¦ÇÁÀÔØÓÑÎÅÚÎÁÞÎ¦ ×¦ÄÈÉÌÅÎÎÑ , ÍÏÖÎÁ ÇÏ×ÏÒÉÔÉ ÐÒÏ ÚÁÄÏ×¦ÌØÎÉÊ ÏÐÉÓ. ôÁËÉÍÞÉÎÏÍ, ÚÁÐÒÏÐÏÎÏ×ÁÎÁ ÓÈÅÍÁ ÄÏÚ×ÏÌÑ¤ ÁÄÅË×ÁÔÎÏ ÏÐÉÓÁÔÉ ÕÚÁÇÁÌØ-ÎÅÎÕ ÚÓÕ×ÎÕ ×'ÑÚË¦ÓÔØ × ÛÉÒÏËÏÍÕ ¦ÎÔÅÒ×ÁÌ¦ ÚÍ¦ÎÉ k, ×ËÌÀÞÁÀÞÉ ¦ÏÂÌÁÓÔØ \ÐÌÅÞÁ".
!��

�(k; !)
12kmin0.0 20 40 60 80 1000.51.01.52.02.5
�������������������������������������������������������������������� !��

�(k; !)
1210kmin0.0 20 40 60 80 1000.050.100.150.200.25
��������������������������������������������������������������������

!��
�(k; !)

123kmin0.0 20 40 60 80 1000.51.01.52.0

!��
�(k; !) 1215kmin0.0 20 40 60 80 1000.020.040.060.080.100.12

òÉÓ. 5. ëÏÅÆiÃi¤ÎÔ ÕÚÁÇÁÌØÎÅÎÏ§ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔi ÐpÉ k =(1; 3; 10; 15)kmin.îÁ ÒÉÓ.5 ÐÒÉ×ÅÄÅÎ¦ pÅÚÕÌØÔÁÔÉ pÏÚpÁÈÕÎËi× ÄÌÑ ÕÚÁÇÁÌØÎÅÎÏÇÏËÏÅÆiÃi¤ÎÔÁ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔi ÐpÉ k = (1; 3; 10; 15)kmin. PÏÚpÁÈÕÎËÉÐpÏ×ÅÄÅÎi ÄÌÑ ÂÅÚpÏÚÍipÎÏ§ ×ÅÌÉÞÉÎÉ �(k; !)���=m. ðÕÎËÔÉÒÎ¦ ËÒÉ×¦×¦ÄÐÏ×¦ÄÁÀÔØ ÒÅÚÕÌØÔÁÔÁÍ Ä×ÏÍÏÄÏ×ÏÇÏ ÎÁÂÌÉÖÅÎÑ [7,8] ¦Ú ×ÉËÏÒÉ-ÓÔÁÎÎÑÍ ÄÁÎÉÈ íä ÄÌÑ � (t)JJ (k). óÕÃ¦ÌØÎ¦ ËÒÉ×¦ ÏÔÒÉÍÁÎ¦, ×ÉÈÏÄÑÞÉ¦Ú ÎÁÂÌÉÖÅÎÏÇÏ ×ÉÒÁÚÕ (33) Ú s = 1. í¦ÔËÁ "1" ÐÏÚÎÁÞÁ¤ ËÒÉ×¦, ÝÏ ÚÏ-ÂÒÁÖÁÀÔØ ÐÏ×ÅÄ¦ÎËÕ Ä¦ÊÓÎÏ§ ÞÁÓÔÉÎÉ ÕÚÁÇÁÌØÎÅÎÏ§ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔ¦,Á ËÒÉ×¦ ¦Ú Í¦ÔËÏÀ "2" { ÕÑ×ÎÏ§. ðÏÒ¦×ÎÀÀÞÉ ÏÔÒÉÍÁÎ¦ ÒÅÚÕÌØÔÁÔÉ,ÍÏÖÎÁ ÚÒÏÂÉÔÉ ×ÉÓÎÏ×ÏË, ÝÏ ÎÁÂÌÉÖÅÎÉÊ Ð¦ÄÈ¦Ä × Ã¦ÌÏÍÕ ÄÏÂÒÅ ×¦Ä-Ô×ÏÒÀ¤ ÄÁÎ¦ íä. ðÏËÒÁÝÉÔÉ Ë¦ÌØË¦ÓÎÅ ÓÐ¦×ÐÁÄ¦ÎÎÑ ÍÏÖÎÁ ËÏÌÉ ÒÏÚ-ÇÌÑÎÕÔÉÉ ×ÉÝ¦ ÎÁÂÌÉÖÅÎÎÑ Õ ÆÏÒÍÕÌ¦ (33), Á ÓÁÍÅ s > 1. ëÒÁÐËÁÍÉ



15 ðÒÅÐÒÉÎÔÐÏËÁÚÁÎ¦ ÄÁÎ¦, ÝÏ ÏÔÒÉÍÁÎ¦ Õ Ð¦ÄÈÏÄ¦ ÕÚÁÇÁÌØÎÅÎÉÈ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ(Ä×ÏÍÏÄÏ×Å ÎÁÂÌÉÖÅÎÎÑ) ¦Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ � (t)1 (k).
!��

fTJJ(k; !) kmin0.0 5 10 15 20 25 30 35 40 450.20.40.60.8

!��
fTJJ(k; !) 10kmin0.0 20 40 60 80 1000.020.040.060.080.10

!��
fTJJ(k; !) 3kmin0.0 20 40 60 80 1000.040.080.120.16

!��
fTJJ(k; !) 15kmin0.0 20 40 60 80 1000.020.040.060.08

òÉÓ. 6. äiÊÓÎÁ ÞÁÓÔÉÎÁ ÆÕÒ'Ü-ÚÏÂÒÁÖÅÎÎÑ ÐÏÐÅpÅÞÎÏ§ ÞÁÓÏ×Ï§ ËÏpÅ-ÌÑÃiÊÎÏ§ ÆÕÎËÃi§ \¦ÍÐÕÌØÓ-¦ÍÐÕÌØÓ" ÐpÉ k = (1; 3; 10; 15)kmin.äÌÑ ÔÉÈ ÓÁÍÉÈ ÚÎÁÞÅÎØ k, ÝÏ Ê ÎÁ pÉÓ.5, ÎÁ pÉÓ.6 ÐÒÉ×ÅÄÅÎi pÅ-ÚÕÌØÔÁÔÉ ÄÌÑ ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑ f (t)JJ (k; !)=("m��) ÞÁÓÏ×Ï§ ËÏpÅÌÑÃiÊ-ÎÏ§ ÆÕÎËÃi§ \¦ÍÐÕÌØÓ-¦ÍÐÕÌØÓ" ñË i ÎÁ ÐÏÐÅpÅÄÎØÏÍÕ pÉÓÕÎËÕ ÐÕÎË-ÔÉpÎ¦ ËpÉ×¦ ×iÄÐÏ×iÄÁÀÔØ pÅÚÕÌØÔÁÔÁÍ ÍÏÌÅËÕÌÑÒÎÏ§ ÄÉÎÁÍ¦ËÉ, ÁÓÕÃiÌØÎÁ { ÁÐpÏËÓÉÍÁÃi§ (33) ÄÌÑ s = 1. ú ÐpÅÄÓÔÁ×ÌÅÎÉÈ pÅÚÕÌØÔÁÔi×ÍÏÖÎÁ ÚpÏÂÉÔÉ ×ÉÓÎÏ×ÏË,ÝÏ ÄÁÎÅ ÎÁÂÌÉÖÅÎÎÑ × Ã¦ÌÏÍÕ ÕÚÇÏÄÖÕ¤ÔØ-ÓÑ iÚ ÄÁÎÉÍÉ ËÏÍÐ'ÀÔÅpÎÏÇÏ ÅËÓÐÅpÉÍÅÎÔÕ × ÛÉÒÏË¦Ê ÏÂÌÁÓÔ¦ ÚÍ¦ÎÉk ÔÁ !.4. ÷ÉÓÎÏ×ËÉ÷ ÄÁÎ¦Ê pÏÂÏÔi ÎÁ ÐÒÉËÌÁÄ¦ ×É×ÞÅÎÎÑ ÐÏÅÒÅÞÎÉÈ ÆÌÀËÔÕÁÃ¦ÊÕ ÐÒÏÓÔ¦Ê ÌÅÎÎÁÒÄ-ÄÖÏÎÓ¦×ÓØË¦Ê Ò¦ÄÉÎ¦ ÚÁÐpÏÐÏÎÏ×ÁÎÏ ¦ ÐÒÏÁÎÁÌ¦ÚÏ-×ÁÎÏ ÎÁÂÌÉÖÅÎÎÑ, ÝÏ ÄÏÚ×ÏÌÑ¤ ×ÉËÏÎÁÔÉ ÎÁÂÌÉÖÅÎÉÊ pÏÚpÁÈÕÎÏËÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ ÔÁ ÕÚÁÇÁÌØÎÅÎÉÈ ËÏÅÆiÃi¤ÎÔi× ÐÅpÅ-
ICMP-98-02U 16ÎÏÓÕ, ×ÉËÏpÉÓÔÏ×ÕÀÞÉ ÐÒÉ ÃØÏÍÕ ÌÉÛÅ ÓÔÁÔÉÞÎi ËÏpÅÌÑÃiÊÎiÆÕÎËÃi§.óÕÔÔ¤×ÉÍ ¤ ÔÅ, ÝÏ: (i) ÐÒÉ ×ÉËÏÒÉÓÔÁÎÎ¦ ÃØÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ×ÄÁ¤ÔØÓÑÕÎÉËÎÕÔÉ ÔÒÕÄÎÏÝ¦×, ÝÏ Ú×ÉÞÁÊÎÏ ÍÁÀÔØ Í¦ÓÃÅ × ÏÂÌÁÓÔ¦ ÐÒÏÍ¦Ö-ÎÉÈ ÚÎÁÞÅÎÎÑÈ k ÐÒÉ ×ÉËÏÒÉÓÔÁÎÎ¦ ¦ÎÛÉÈ ÎÁÂÌÉÖÅÎÉÈ Ð¦ÄÈÏÄ¦×, ¦ ÚÁ-ÄÏ×¦ÌØÎÏ ÏÐÉÓÁÔÉ ÓÉÓÔÅÍÕ × ÏÂÌÁÓÔ¦ \ÐÌÅÞÁ"; (ii) ÐÏËÁÚÁÎÏ, ÝÏ ÚÁ-ÐÒÏÐÏÎÏ×ÁÎÁ ÎÁÂÌÉÖÅÎÁ ÐÒÏÃÅÄÕÒÁ ¤ ÚÂ¦ÖÎÏÀ. îÁ Ã¦Ê ÏÓÎÏ×¦ ×ÉËÏ-ÎÁÎ¦ ÞÉÓÌÏ×¦ ÒÏÚÒÁÈÕÎËÉ �(k; !) ÔÁ f (t)JJ (k; !), ÑË¦ ¦ÌÀÓÔÒÕÀÔØ ÄÏÂÒÕÕÚÇÏÄÖÅÎ¦ÓÔØ ÞÉÓÌÏ×ÉÈ ÒÅÚÕÌØÔÁÔ¦× Ú ÄÁÎÉÍÉ íä × ÕÓ¦Ê ÄÏÓÌ¦ÄÖÕ-×ÁÎ¦Ê ÏÂÌÁÓÔ¦ ÚÍ¦ÎÉ È×ÉÌØÏ×ÏÇÏ ÞÉÓÌÁ k (×¦Ä Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÏ§ ÇÒÁÎÉÃ¦ÄÏ ÇÒÁÎÉÃ¦ ÇÁÕÓÏ×Ï§ ÐÏ×ÅÄ¦ÎËÉ ).PÅÚÕÌØÔÁÔÉ ÍÏÖÎÁ ÚÎÁÞÎÏ ÐÏËpÁÝÉÔÉ ÑËÝÏ ÚÂiÌØÛÉÔÉ ËpÏË, ÎÁÑËÏÍÕ ÏÂpÉ×Á¤ÔØÓÑ ÌÁÎÃÀÇÏ×ÉÊ ÄpiÂ (16). ïÄÎÁË pÏÚpÁÈÕÎÏË ×ÉÝÉÈÎÁÂÌÉÖÅÎØ ×ÉÍÁÇÁ¤ ÚÎÁÎÎÑ ×ÉÝÉÈ ÓÔÁÔÉÞÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎË-ÃiÊ. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÚÁÐÒÏÐÏÎÏ×ÁÎÁ ÐÒÏÃÅÄÕÒÁ ÍÏÖÅ ÍÁÔÉ ÛÉ-ÒÏËÕ ÏÂÌÁÓÔØ ÚÁÓÔÏÓÕ×ÁÎÎÑ, ¦ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÁ ÐÒÉ ×É×ÞÅÎÎ¦ÄÉÎÁÍ¦ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ¦ÎÛÉÈ Æ¦ÚÉÞÎÉÈ ÏÂ'¤ËÔ¦×. úÏËÒÅÍÁ Á×ÔÏÒÉÐÌÁÎÕÀÔØ ÒÏÚÇÌÑÎÕÔÉ ×ÉÐÁÄÏË ÐÏÚÄÏ×ÖÎ¦È ÆÌÀËÔÕÁÃ¦Ê, ÄÅ Õ ×'ÑÚËÏ-ÅÌÁÓÔÉÞÎÏÍÕ Ð¦ÄÈÏÄ¦, ÚÁÄÁÞÁ ÒÏÚÒÁÈÕÎËÕ ÄÉÎÁÍ¦ÞÎÏÇÏ ÓÔÒÕËÔÕÒÎÏÇÏÚ×ÏÄÉÔØÓÑ ÄÏ ÎÅÏÂÈ¦ÄÎÏÓÔ¦ ÚÎÁÎÎÑ ÌÉÛÅ ÌÉÛÅ ÏÄÎ¦¤§ ÆÕÎËÃ¦§, ÝÏ ÍÁ¤ÄÉÎÁÍ¦ÞÎÅ ÐÏÈÏÄÖÅÎÎÑ, Á ÓÁÍÅ { ÐÏÚÄÏ×ÖÎØÏÇÏ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÞÁÓÕ\ÇÕÓÔÉÎÁ-ÇÕÓÔÉÎÁ".ì¦ÔÅÒÁÔÕÒÁ1. Kamgar-Parsi B., Cohen E.G.D., and de Schepper I.M., Dynamicalprocesses in hard-sphere 
uids.// 1987, Phys. Rev. A, v.35, p.4781.2. de Schepper I.M., Cohen E.G.D., Bruin C., van Rijs J.C., Mont-frooij W., and de Graaf L.A., Hydrodynamic time correlation func-tions for a Lennard-Jones 
uid.// 1988, Phys. Rev. A, v.38, p.271.3. Mryglod I.M., Omelyan I.P. and Tokarchuk M.V., Genaralized col-lective mode for the Lennard-Jones 
uid.// 1995, Mol.Phys.4. Mryglod I.M., and Omelyan I.P., 1995, Phys.Lett.A5. Mryglod I.M., and Hachkevych A., On non-equilibrium statisticaltheory of 
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