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õäë: 548:537.611.44, 536.75PACS: 75.50.MóÔÁÔÉÓÔÉÞÎÁ ÇiÄpÏÄÉÎÁÍiËÁ ÓÕÍiÛi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈÁÔÏÍi×.I.í.ípÉÇÌÏÄ, à.ë.PÕÄÁ×ÓØËÉÊ, í.÷.ôÏËÁpÞÕËáÎÏÔÁÃ¦Ñ. PÏÚÇÌÑÄÁ¤ÔØÓÑ ÓÔÁÔÉÓÔÉÞÎÁ ÇiÄpÏÄÉÎÁÍiËÁ ÓÕÍiÛi ÍÁÇÎiÔ-ÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi× Õ ÚÏ×ÎiÛÎØÏÍÕ ÎÅÏÄÎÏpiÄÎÏÍÕ ÍÁÇÎiÔÎÏÍÕÐÏÌi B(r; t). æÏpÍÕÌÀ¤ÔØÓÑ ÚÁÄÁÞÁ ÏÔpÉÍÁÎÎÑ ÕÚÁÇÁÌØÎÅÎÉÈ pi×ÎÑÎØÇiÄpÏÄÉÎÁÍiËÉ ÄÌÑ ÍÁÇÎiÔÎÏ§ ÔÁ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍ ÁÔÏÍi× ÓÕÍiÛiÚÁ ÄÏÐÏÍÏÇÏÀ ÍÅÔÏÄÕ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ ÄÌÑÏÐÉÓÕ ÑË ÓÉÌØÎÏ, ÔÁË i ÓÌÁÂÏ ÎÅpi×ÎÏ×ÁÖÎÉÈ ÓÔÁÎi×. ôÁËÉÊ ÏÐÉÓ ÄÏ-ÐÕÓËÁ¤ pÏÚÇÌÑÄ ×ÚÁ¤ÍÏÄiÀÞÉÈ ÐiÄÓÉÓÔÅÍ, ÝÏ ÐÅpÅÂÕ×ÁÀÔØ × piÚÎÉÈÎÅpi×ÎÏ×ÁÖÎÉÈ ÓÔÁÎÁÈ. ðpÉ ÃØÏÍÕ ÍÁÇÎiÔÎÁ ÔÁ ÎÅÍÁÇÎiÔÎÁ ÐiÄÓÉÓÔÅ-ÍÉ ÈÁpÁËÔÅpÉÚÕÀÔØÓÑ Ó×Ï§ÍÉ ÐÁpÁÍÅÔpÁÍÉ ÎÅpi×ÎÏ×ÁÖÎÏ§ ÔÅpÍÏÄÉ-ÎÁÍiËÉ. ÷ pÅÚÕÌØÔÁÔi ÚÁÐÉÓÁÎÏ ÎÅpi×ÎÏ×ÁÖÎi ÔÅpÍÏÄÉÎÁÍiÞÎi ÓÐi××iÄ-ÎÏÛÅÎÎÑ, ÕÚÁÇÁÌØÎÅÎi pi×ÎÑÎÎÑ ÇiÄpÏÄÉÎÁÍiËÉ.Statistical hydrodynamics of magnetic and nonmagneticatomsI.M.Mryglod, Yu.K.Rudavskii, M.V.TokarchukAbstract. Statistical hydrodynamics for a mixture of magnetic and non-magnetic atoms in an external nonhomogeneous magnetic �eld B(r; t) isconsidered. The problem of derivation of generalized equations of hy-drodynamics for magnetic and nonmagnetic atomic subsystems withthe help of nonequilibrium statistical operator method to describeboth strongly and slightly nonequilibrium states is formulated. Thedescription enables treatment of interacting subsystems to be in dif-ferent nonequilibrium states. In so doing magnetic and nonmagneticsubsystems are characterized by their nonequilibrium thermodynamicsparamiters. As a result nonequilibrium thermodynamical relations andgeneralized equations of hydrodynamics are given.ðÏÄÁ¤ÔØÓÑ × õËpÁ§ÎÓØËÉÊ ÆiÚÉÞÎÉÊ ÖÕpÎÁÌSubmitted to Ukrainian Journal of Physicsc
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1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐíÁÇÎiÔÎi piÄÉÎÉ, ÓÕÍiÛi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi× × ÚÏ×ÎiÛ-ÎiÈ ÐÏÌÑÈ ÍÅÈÁÎiÞÎÏÇÏ, ÞÉ ÅÌÅËÔpÏÍÁÇÎiÔÎÏÇÏ ÐÏÈÏÄÖÅÎÎÑ Ó×Ï§ÍÉÕÎiËÁÌØÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ×ÖÅ ÚÎÁÊÛÌÉ ×ÁÖÌÉ×Å ÚÁÓÔÏÓÕ×ÁÎÎÑ ×ÈiÍiÞÎiÊ, ÅÌÅËÔpÏÎÎiÊ ÔÁ iÎÛÉÈ ÓÕÞÁÓÎÉÈ ÔÅÈÎÏÌÏÇiÑÈ [1]. õ Ú×'ÑÚËÕ ÚÃÉÍ ÁËÔÕÁÌØÎÉÍ ¤ ÔÅÏpÅÔÉÞÎÅ ÄÏÓÌiÄÖÅÎÎÑ ÔÅpÍÏÄÉÎÁÍiÞÎÉÈ, ÓÔpÕË-ÔÕpÎÉÈ ÔÁ ÄÉÎÁÍiÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÍÁÇÎiÔÎÉÈ piÄÉÎ ÔÁ ÓÕÍiÛÅÊ ÚÍÅÔÏÀ ÂiÌØÛ ÇÌÉÂÛÏÇÏ pÏÚÕÍiÎÎÑ ÐpÉpÏÄÉ ÈÁpÁËÔÅpÎÉÈ ÐpÏÃÅÓi× ÕÎÉÈ ÔÁ §È ÐpÏÇÎÏÚÕ×ÁÎÎÑ. ãÅ { ÏÄÉÎ Ú ×ÁÖÌÉ×ÉÈ ÎÁÐpÑÍËi× × ÓÕÞÁÓ-ÎiÊ ÍÁÇÎiÔÏÇiÄpÏÄÉÎÁÍiÃi piÄÉÎ. ëÌÁÓ ÍÁÇÎiÔÎÉÈ piÄÉÎ ÛÉpÏËÉÊ: ×iÄÓËÌÁÄÎÉÈ ËÌÁÓÉÞÎÉÈ ÆÅpÏÆÌÀ§Äi× [2-4] ÄÏ Ë×ÁÎÔÏ×ÉÈ piÄËÉÈ ÍÁÇÎÅ-ÔÉËi× [5-9].úÎÁÞÎÏÇÏ ÕÓÐiÈÕ ÄÏÓÑÇÎÕÔÏ × ÄÏÓÌiÄÖÅÎÎÑÈ ÔÅpÍÏÄÉÎÁÍiÞÎÉÈ,ÓÔpÕËÔÕpÎÉÈ ÔÁ ÄÉÎÁÍiÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ piÄËÉÈ ÍÁÇÎÅÔÉËi× [7-17].úÏËpÅÍÁ, ÍiËpÏÓËÏÐiÞÎÁ ÔÅÏpiÑ piÄËÉÈ ÆÅpÏÍÁÇÎÅÔÉËi× ÂÕÌÁ ÚÁÐpÏ-ÐÏÎÏ×ÁÎÁ × pÏÂÏÔÁÈ [7-9]. îÁ ÏÓÎÏ×i Ãi¤§ ÔÅÏpi§ ÄÌÑ piÄËÉÈ ÍÁÇÎÅÔÉËi×ÐpÏ×ÅÄÅÎi pÏÚpÁÈÕÎËÉ ×iÌØÎÏ§ ÅÎÅpÇi§, ÚÎÁÊÄÅÎi ÎÁÍÁÇÎiÞÕ×ÁÎiÓÔØ,piÄÉÎÎÅ pi×ÎÑÎÎÑ ÓÔÁÎÕ, ÓÐÅËÔp ÓÐiÎÏ×ÉÈ ËÏÌÉ×ÁÎØ i ÊÏÇÏ ÚÁÔÕÈÁÎÎÑ.ãÑ ÍiËpÏÓËÏÐiÞÎÁ ÔÅÏpiÑ ÂÕÌÁ ÕÚÁÇÁÌØÎÅÎÁ ÎÁ ×ÉÐÁÄÏË Ä×ÏËÏÍÐÏ-ÎÅÎÔÎÉÈ piÄËÉÈ ÍÁÇÎÅÔÉËi× [12]. ÷ pÏÂÏÔÁÈ [13-15] ÄÏÓÌiÄÖÕ×ÁÌÉÓØÄÉÎÁÍiÞÎi ×ÌÁÓÔÉ×ÏÓÔi (ÓÐÅËÔp ËÏÌÉ×ÁÎØ, ×ÉÓÏËÏÞÁÓÔÏÔÎi ×ÌÁÓÔÉ-×ÏÓÔi) piÄËÉÈ ÆÅpÏÍÁÇÎÅÔÉËi× ÎÁ ÏÓÎÏ×i ÆÅÎÏÍÅÎÏÌÏÇiÞÎÉÈ pi×ÎÑÎØpÕÈÕ. ÷ ÎÅÄÁ×ÎiÈ pÏÂÏÔÁÈ [16-19] ÚÁÐpÏÐÏÎÏ×ÁÎÏ ÐÏÓÌiÄÏ×ÎÉÊ ÍiËpÏ-ÓËÏÐiÞÎÉÊ ÏÐÉÓ ÎÅpi×ÎÏ×ÁÖÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ piÄËÉÈ ÍÁÇÎÅÔÉËi×. îÁÏÓÎÏ×i ÍÏÄÅÌi, ÝÏ ÂÕÌÁ ÚÁÐpÏÐÏÎÏ×ÁÎÁ × [7-9], Ú ÄÏÐÏÍÏÇÏÀ ÍÅÔÏÄÕÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ [20,21] ÏÔpÉÍÁÎipi×ÎÑÎÎÑÕÚÁÇÁÌØÎÅÎÏ§ ÇiÄpÏÄÉÎÁÍiËÉ piÄËÏÇÏ ÍÁÇÎÅÔÉËÁ Õ ÚÏ×ÎiÛÎØÏÍÕ ÎÅÏÄ-ÎÏpiÄÎÏÍÕ ÍÁÇÎiÔÎÏÍÕ ÐÏÌi. äÌÑ ×ÉÐÁÄËÕ ÍÁÌÉÈ ×iÄÈÉÌÅÎØ ×iÄ pi×ÎÏ-×ÁÇÉ ÂÕÌÉ ÏÔpÉÍÁÎi ÌiÎÅÁpÉÚÏ×ÁÎi pi×ÎÑÎÎÑ ÇiÄpÏÄÉÎÁÍiËÉ, ÎÁ ÏÓÎÏ×iÑËÉÈ ÄÏÓÌiÄÖÕ×ÁÌÉÓØ ÞÁÓÏ×i ËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§ ÔÁ ËÏÌÅËÔÉ×Îi ÍÏÄÉÄÌÑ piÄËÏÇÏ ÍÁÇÎÅÔÉËÁ [22].õ ÄÁÎiÊ pÏÂÏÔi pÏÚÇÌÑÄÁ¤ÔØÓÑ ÓÔÁÔÉÓÔÉÞÎÁ ÇiÄpÏÄÉÎÁÍiËÁ ÓÕÍi-Ûi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi× × ÚÏ×ÎiÛÎØÏÍÕ ÎÅÏÄÎÏpiÄÎÏÍÕÍÁÇÎiÔÎÏÍÕ ÐÏÌi B(r; t). úÁ ÄÏÐÏÍÏÇÏÀ ÍÅÔÏÄÕ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁ-ÔÉÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ ÆÏpÍÕÌÀ¤ÔØÓÑ ÚÁÄÁÞÁ ÏÔpÉÍÁÎÎÑ ÕÚÁÇÁÌØÎÅ-ÎÉÈ pi×ÎÑÎØ ÇiÄpÏÄÉÎÁÍiËÉ ÄÌÑ ÍÁÇÎiÔÎÏ§ ÔÁ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÁÔÏÍi× ÓÕÍiÛi ÐpÉÄÁÔÎÁ ÄÌÑ ÏÐÉÓÕ ÑË ÓÉÌØÎÏ, ÔÁË i ÓÌÁÂÏ ÎÅpi×ÎÏ×ÁÖ-ÎÉÈ ÓÔÁÎi×. ôÁËÉÊ ÐiÄÈiÄ ÄÏÐÕÓËÁ¤ pÏÚÇÌÑÄ ×ÚÁ¤ÍÏÄiÀÞÉÈ ÐiÄÓÉÓÔÅÍ,ÝÏ ÐÅpÅÂÕ×ÁÀÔØ × piÚÎÉÈ ÎÅpi×ÎÏ×ÁÖÎÉÈ ÓÔÁÎÁÈ. ðpÉ ÃØÏÍÕ ÍÁÇÎiÔ-ÎÁ ÔÁ ÎÅÍÁÇÎiÔÎÁ ÐiÄÓÉÓÔÅÍÉ ÈÁpÁËÔÅpÉÚÕÀÔØÓÑ Ó×Ï§ÍÉ ÐÁpÁÍÅÔpÁÍÉ
ICMP{97{18U 2ÎÅpi×ÎÏ×ÁÖÎÏ§ ÔÅpÍÏÄÉÎÁÍiËÉ. ÷ pÅÚÕÌØÔÁÔi ÚÁÐÉÓÁÎÏ ÎÅpi×ÎÏ×ÁÖ-Îi ÔÅpÍÏÄÉÎÁÍiÞÎi ÓÐi××iÄÎÏÛÅÎÎÑ, ÕÚÁÇÁÌØÎÅÎi pi×ÎÑÎÎÑ ÇiÄpÏÄÉ-ÎÁÍiËÉ . äÌÑ ×ÉÐÁÄËÕ, ËÏÌÉ ÓÕÍiÛ ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×ÚÎÁÈÏÄÉÔØÓÑ × ÓÌÁÂÏ ÎÅpi×ÎÏ×ÁÖÎÏÍÕ ÓÔÁÎi, ÏÔpÉÍÁÎi pi×ÎÑÎÎÑ ÄÌÑÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ Ú ×ÉÄiÌÅÎÎÑÍ ×ÚÁ¤ÍÏÄi§ ÐiÄÓÉÓÔÅÍ.ïÂÇÏ×ÏpÀ¤ÔØÓÑ ×ÁÖÌÉ×iÓÔØ ÄÏÓÌiÄÖÅÎØ ÓÐÅËÔpÕ ËÏÌÅËÔÉ×ÎÉÈ ÚÂÕ-ÄÖÅÎØ ÄÌÑ ×ÚÁ¤ÍÏÄiÀÞÉÈ ÐiÄÓÉÓÔÅÍ ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×.2. îÅpi×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅpÁÔÏp ÄÌÑÓÉÓÔÅÍÉ ÎÅÍÁÇÎiÔÎÉÈ ÔÁ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×PÏÚÇÌÑÄÁÔÉÍÅÍÏ ÓÉÓÔÅÍÕ,ÝÏ ¤ piÄËÉÍ pÏÚÞÉÎÏÍNn ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏ-Íi× i Nm ÍÁÇÎiÔÎÉÈ ÁÔÏÍi× Ú ÓÐiÎÏÍ S × ÚÏ×ÎiÛÎØÏÍÕ ÍÁÇÎiÔÎÏÍÕ ÐÏÌiB(r; t) i ÏÂ'¤Íi V . çÁÍiÌØÔÏÎiÁÎ ÓÉÓÔÅÍÉ ÐpÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄi:H(t) = Hm(t) +Hn +Hint; (2.1)ÄÅ Hn = NnXl=1 p2i2Mn + 12 NnXl6=j �(jrlj j) (2.2)- ËÌÁÓÉÞÎÁ ÞÁÓÔÉÎÁ ÇÁÍiÌØÔÏÎiÁÎÁ, ÝÏ ÏÐÉÓÕ¤ \piÄÉÎÎÕ" ÐiÄÓÉÓÔÅÍÕÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi× ÑË ÐpÏÓÔÕ ËÌÁÓÉÞÎÕ piÄÉÎÕ; pl i Mn - iÍÐÕÌØÓ iÍÁÓÁ ÎÅÍÁÇÎiÔÎÏÇÏ ÁÔÏÍÁ, �(jrlj j) - ÐÏÔÅÎÃiÁÌ ×ÚÁ¤ÍÏÄi§ ÎÅÍÁÇÎiÔÎÉÈÁÔÏÍi×. Hint = NnXl=1 NmXf=1�nm(rl; rf ) (2.3)- ÞÁÓÔÉÎÁ ÇÁÍiÌØÔÏÎiÁÎÕ, ÝÏ ÏÐÉÓÕ¤ ×ÚÁ¤ÍÏÄiÀ ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇ-ÎiÔÎÉÈ ÁÔÏÍi×; �nm(rl; rf ) - ÐÁpÎÉÊ ÐÏÔÅÎÃiÁÌ §È ×ÚÁ¤ÍÏÄi§;Hm(t) = HL + ^HS(t); (2.4)HL = NmXf=1 p2f2ím + 12 NmXf;k �mm(jrfkj) (2.5)- ËÌÁÓÉÞÎÁ ÞÁÓÔÉÎÁ ÇÁÍiÌØÔÏÎiÁÎÁ, ÝÏ ÏÐÉÓÕ¤ piÄÉÎÎÕ ÍÁÇÎiÔÎÕ \ÐiÄ-ÓÉÓÔÅÍÕ" ÑË ÐpÏÓÔÕ ËÌÁÓÉÞÎÕ piÄÉÎÕ; pf , ím - iÍÐÕÌØÓ i ÍÁÓÁ ÍÁÇ-ÎiÔÎÏÇÏ ÁÔÏÍÁ, �mm(jrfk j) - ËÌÁÓÉÞÎÁ ÞÁÓÔÉÎÁ ÐÏÔÅÎÃiÁÌÕ ×ÚÁ¤ÍÏÄi§ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×, Á^HS(t) = ^HS � Z drM(r)B(r; t) (2.6)



3 ðÒÅÐÒÉÎÔ- Ë×ÁÎÔÏ×Á ÞÁÓÔÉÎÁ ÇÁÍiÌØÔÏÎiÁÎÁ, ÝÏ ÏÐÉÓÕ¤ \ÍÁÇÎiÔÎÕ" ÐiÄÓÉÓÔÅÍÕ× ÎÅÏÄÎÏpiÄÎÏÍÕ ÍÁÇÎiÔÎÏÍÕ ÐÏÌi B(r; t). ^HS - ÇÁÍiÌØÔÏÎiÁÎ ÏÂÍiÎÎÏ§×ÚÁ¤ÍÏÄi§ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×^HS = �12 NmXf;k J(jrfkj)SfSk; (2.7)J(jrfkj) - ÏÂÍiÎÎÉÊ iÎÔÅÇpÁÌ ×ÚÁ¤ÍÏÄi§ ÓÐiÎi× ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×. äpÕ-ÇÉÊ ÄÏÄÁÎÏË Õ ÐpÁ×iÊ ÞÁÓÔÉÎi (2.6) ÏÐÉÓÕ¤ ×ÚÁ¤ÍÏÄiÀ ÓÐiÎi× Ú ÚÏ×-ÎiÛÎiÍ ÎÅÏÄÎÏpiÄÎÉÍ ÍÁÇÎiÔÎÉÍ ÐÏÌÅÍ B(r; t), ÄÅ M(r) - ÇÕÓÔÉÎÁÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎÔÕ:M(r) = NmXf=1MSf�(r� rf ); (2.8)M - ÍÁÇÎiÔÎÉÊ ÍÏÍÅÎÔ ÏËpÅÍÏÇÏ ÁÔÏÍÁ.îÅpi×ÎÏ×ÁÖÎÉÊ ÓÔÁÎ piÄËÏÇÏ pÏÚÞÉÎÕ ÎÅÍÁÇÎiÔÎÉÈ ÔÁ ÍÁÇÎiÔ-ÎÉÈ ÁÔÏÍi× ÏÐÉÓÕ¤ÔØÓÑ ÎÅpi×ÎÏ×ÁÖÎÉÍ ÓÔÁÔÉÓÔÉÞÎÉÍ ÏÐÅpÁÔÏpÏÍ�(xN ; t), ÑËÉÊ ÚÁÄÏ×iÌØÎÑ¤ pi×ÎÑÎÎÑ ìiÕ×iÌÑ:@@t�(xN ; t) + iLN�(xN ; t) = 0; x = fr;p;Sg; (2.9)ÄÅ iLN - ÏÐÅpÁÔÏp ìiÕ×iÌÑ.äÌÑ ÇÁÍiÌØÔÏÎiÁÎÕ (2.1) ÏÐÅpÁÔÏp iLN ÍÁ¤ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄ:iLN = iLm(t) + iLn + iLint; (2.10)ÄÅ iLn = NnXl=1 plMn � @@rl � 12 NnXl6=j=1 @@rl�(jrlj j)� @@pl � @@pj� (2.11)- ËÌÁÓÉÞÎÉÊ ÏÐÅpÁÔÏp ìiÕ×iÌÑ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ ÁÔÏÍi×;iLint = �Nn;NmXl;f � @@rl�mn(jrlf j) @@pl + @@rf �nm(jrlf j) @@pf � (2.12)- ÞÁÓÔÉÎÁ ÏÐÅpÁÔÏpÁ ìiÕ×iÌÑ, ÝÏ ×iÄÐÏ×iÄÁ¤ ×ÚÁ¤ÍÏÄi§ ÍÁÇÎiÔÎÏ§ i ÎÅ-ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍ.iLm(t) = NmXf=1 pfím � @@rf � 12 NmXf 6=k @@rf (�mm(jrfkj) (2.13)
ICMP{97{18U 4+ J jrfkj)SfSk)� @@pf � @@pk�� M NmXf=1 @@rf B(rf ; t)Sf @@pf + i^LS(t)- ÏÐÅpÁÔÏp ìiÕ×iÌÑ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ;i ^LS(t)A = i~ [ ^HS(t); A] = i~ [ ^HS(t); A�A ^HS(t)] (2.14)- Ë×ÁÎÔÏ×Á ÞÁÓÔÉÎÁ ÏÐÅpÁÔÏpÁ ìiÕ×iÌÑ. ðÏ×ÎÉÊ ÎÅpi×ÎÏ×ÁÖÎÉÊ ÓÔÁ-ÔÉÓÔÉÞÎÉÊ ÏÐÅpÁÔÏp ÓÉÓÔÅÍÉ ÍÁÇÎiÔÎÉÈ i ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi× ÎÏpÍÏ-×ÁÎÉÊ ÎÁ ÏÄÉÎÉÃÀ:Z d�N�(xN ; t) = 1; xN = xNnxNm ; (2.15)xNm = (r1;p1;S1; : : : ; rNm ;pNm ;SNm);xNn = (r1;p1; : : : ; rNn ;pNn);Z d�N (: : :) = Z (dpdr)NnNn!(2�~)3Nn (dpdr)NmNm!(2�~)3Nm SpS1;:::;SNm (: : :):äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ Ú pi×ÎÑÎÎÑ ìiÕ×iÌÑ (2.9) ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉ-ÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ �(xN ; ; t) = �(xNn ; xNm ; t) ÎÅÏÂÈiÄÎÏ ÓÆÏpÍÕÌÀ-×ÁÔÉ ÇpÁÎÉÞÎÕ ÕÍÏ×Õ, ÑËÁ ×iÄÐÏ×iÄÁ¤ ÆiÚÉÃi ÓÉÓÔÅÍÉ, ÝÏ pÏÚÇÌÑ-ÄÁ¤ÔØÓÑ. ÷ÁÖÌÉ×Ï ÐÒÏÁÎÁÌ¦ÚÕ×ÁÔÉ ÐÒÉÇÏÔÕ×ÁÎÎÑ ÐÏÞÁÔËÏ×ÏÇÏ ÓÔÁÎÕÓÕÍ¦Û¦ ÍÁÇÎ¦ÔÎÉÈ ÔÁ ÎÅÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦×. ú ÔÏÞËÉ ÚÏÒÕ ÄÏÓÌ¦ÄÖÅÎØÔÁ ËÏÎËÒÅÔÎÉÈ ÚÁÓÔÏÓÕ×ÁÎØ ÄÏÃ¦ÌØÎÏ ÒÏÚÇÌÑÎÕÔÉ Ä×¦ ÇÒÁÎÉÞÎ¦ ÕÍÏ×É.ðÅÒÛÁ, ÂÕÄÅÍÏ ××ÁÖÁÔÉ, ÝÏ Õ ÐÏÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕ t0 ÎÅpi×ÎÏ-×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅpÁÔÏp �(xNn ; xNm ; t) pi×ÎÉÊ ÄÏÂÕÔËÕ Ë×ÁÚip-i×ÎÏ×ÁÖÎÉÈ ÓÔÁÔÉÓÔÉÞÎÉÈ ÏÐÅpÁÔÏpi× ÍÁÇÎiÔÎÏ§ i ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉ-ÓÔÅÍ ÐpÉ ×iÄÓÕÔÎÏÓÔi ÚÏ×ÎiÛÎØÏÇÏ ÎÅÏÄÎÏpiÄÎÏÇÏ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑB(r; t): �(xNn ; xNm ; t)jt=t0 = �nq (xNn ; t0)�mq (xNm ; t0): (2:16á)ãÅ ÏÚÎÁÞÁ¤, ÝÏ Õ ÐÏÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕ ÍÁÇÎ¦ÔÎÁ ÔÁ ÎÅÍÁÇÎ¦Ô-ÎÁ Ð¦ÄÓÉÓÔÅÍÉ ÒÏÚÇÌÑÄÁÀÔØÓÑ ÎÅ×ÚÁ¤ÍÏÄ¦ÀÞÉÍÉ ¦ ËÏÖÎÁ ÈÁÒÁËÔÅÒÉ-ÚÕ¤ÔØÓÑ Ó×Ï§Í ÎÁÂÏpÏÍ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒi×.äpÕÇÁ - ÍÏÖÎÁ ××ÁÖÁÔÉ, ÝÏ Õ ÐÏÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕ t0 Ð¦ÄÓÉ-ÓÔÅÍÉ ÍÁÇÎ¦ÔÎÉÈ ¦ ÎÅÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦× ¤ ×ÚÁ¤ÍÏÄ¦ÀÞi ¦ ÈÁÒÁËÔÅÒÉÚÕ-ÀÔØÓÑ ÕÚÇÏÄÖÅÎÉÍÉ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÍÉ ÐÁÒÁÍÅÔÒÁÍÉ, ÚÏËÒÅÍÁ, ÚÎÁ-ÞÅÎÎÑÍ ÌÏËÁÌØÎÏ§ ÔÅÍÐÅÒÁÔÕÒÉ, ÓÐÒÑÖÅÎÏ§ ÄÏ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ



5 ðÒÅÐÒÉÎÔÐÏ×ÎÏ§ ÅÎÅÒÇ¦§ ÞÁÓÔÉÎÏË ÓÉÓÔÅÍÉ h ^H(r)it × ÓÕÐÒÏ×ÏÄÖÕ×ÁÌØÎ¦Ê ÓÉ-ÓÔÅÍ¦ ËÏÏÒÄÉÎÁÔ ÐÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÎÅÏÄÎÏpiÄÎÏÇÏ ÍÁÇÎiÔ-ÎÏÇÏ ÐÏÌÑ B(r; t). R dr ^H(r) = H- ÐÏ×ÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÓÉÓÔÅÍÉ ÐÒÉB(r; t) = 0. ôÏÄ¦ × t = t0�(xNn ; xNm ; t)jt=t0 = �q(xNn ;xNm ; t0): (2:16B)ú ÔÏÞËÉ ÚÏÒÕ ×É×ÞÅÎÎÑ ×ÚÁ¤ÍÎÏÇÏ ×ÐÌÉ×Õ ×ÚÁ¤ÍÏÄ¦§ ÍÁÇÎ¦ÔÎÏ§ ¦ ÎÅ-ÍÁÇÎ¦ÔÎÏ§ Ð¦ÄÓÉÓÔÅÍ ÎÁ §È ÓÔÒÕËÔÕÒÎ¦, ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÔÁ ÄÉÎÁÍ¦ÞÎ¦×ÌÁÓÔÉ×ÏÓÔ¦, ÇÒÁÎÉÞÎÁ ÕÍÏ×Á (2.16á) ¤ Â¦ÌØÛ ÐÏ×ÎÏÀ ÔÁ ÚÒÕÞÎÏÀ.ôÏÍÕ ÎÁÄÁÌ¦ ÒÏÚ×'ÑÚÏË Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÑ (2.9) ÂÕÄÅÍÏ ÛÕËÁÔÉ Ú ÐÅÒ-ÛÏÀ ÇÒÁÎÉÞÎÏÀ ÕÍÏ×ÏÀ (2.16á) Ú ÁÄiÁÂÁÔÉÞÎÉÍ ×ËÌÀÞÅÎÎÑÍ ÍÁÇ-ÎiÔÎÏÇÏ ÐÏÌÑ B(r; t), ÑËÅ ÐÏ×iÌØÎÏ ÚÍiÎÀ¤ÔØÓÑ. ÷ÉËÏÒÉÓÔÁ¤ÍÏ ÍÅÔÏÄÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁ [20,21], ÚÁ ÑËÉÍ ÒÏÚ×'ÑÚÏËÒ¦×ÎÑÎÎÑ (2.9) Ú ÇÒÁÎÉÞÎÏÀ ÕÍÏ×ÏÀ (2.16á) ÐÒÉ t0 � t! �1 ÍÏÖÎÁÐpÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄi�(xNn ; xNm ; t) = (2.17)" 0Z�1 dt0e"t0e"iLNt0�nq (xNn ; t+ t0)�mq (xNm ; t+ t0);ÄÅ "! +0 ÐiÓÌÑ ÔÅpÍÏÄÉÎÁÍiÞÎÏÇÏ ÇpÁÎÉÞÎÏÇÏ ÐÅpÅÈÏÄÕ.PÏÚ×'ÑÚÏË (2.17), ÑË ÍÏÖÎÁ ÐÏËÁÚÁÔÉ, ÂÅÚÐÏÓÅpÅÄÎiÍ ÄÉÆÅpÅÎÃiÀ-×ÁÎÎÑÍ ÊÏÇÏ ÚÁ t, ÚÁÄÏ×iÌØÎÑ¤ pi×ÎÑÎÎÑ ìiÕ×iÌÑ Ú ÎÅÓËiÎÞÅÎÏ ÍÁÌÉÍÄÖÅpÅÌÏÍ Õ ÐpÁ×iÊ ÞÁÓÔÉÎi:@@t�(xNn ; xNm ; t) + iLN�(xNn ; xNm ; t) = (2.18)�"(�(xNn ; xNm ; t)� �nq (xNn ; t)�mq (xNm ; t)):äÖÅpÅÌÏ ÐÏpÕÛÕ¤ ÓÉÍÅÔpiÀ pi×ÎÑÎÎÑ ìiÕ×iÌÑ ×iÄÎÏÓÎÏ iÎ×ÅpÓi§ ÞÁÓÕi ×iÄÂÉpÁ¤ ÚÁÐiÚÎÀÀÞi pÏÚ×'ÑÚËÉ,ÝÏ ×iÄÐÏ×iÄÁÀÔØ ÓËÏpÏÞÅÎÏÍÕ ÏÐÉÓÕÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÓÉÓÔÅÍÉ. ïÓËiÌØËÉ ÎÁÓ ÂÕÄÅ ÃiËÁ×ÉÔÉ ÎÅpi×ÎÏ-×ÁÖÎÉÊ ÇiÄpÏÄÉÎÁÍiÞÎÉÊ ÓÔÁÎ ÏÂÏÈ ÐiÄÓÉÓÔÅÍ ÐiÓÌÑ §È ×ÚÁ¤ÍÏÄi§ i Äi§ÚÏ×ÎiÛÎØÏÇÏ ÎÅÏÄÎÏpiÄÎÏÇÏ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ B(r; t), ÔÏ ÄÌÑ ×ÉÚÎÁÞÅÎ-ÎÑ Ë×ÁÚipi×ÎÏ×ÁÖÎÉÈ ÓÔÁÔÉÓÔÉÞÎÉÈ ÏÐÅpÁÔÏpi× �nq (xNn ; t)�mq (xNm ; t),Á ÏÔÖÅ i �(xNn ; xNm ; t) ÚÇiÄÎÏ (2.17), ×ÉËÏpÉÓÔÁ¤ÍÏ iÄÅ§ ÓËÏpÏÞÅÎÏÇÏÏÐÉÓÕ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ × ÞÁÓi. ôÏÂÔÏ ËÏÖÎÉÊ Ë×ÁÚipi×ÎÏ×ÁÖÎÉÊÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅpÁÔÏp ÂÕÄÅÍÏ ×ÉÚÎÁÞÁÔÉ iÚ ÅËÓÔpÅÍÕÍÕ iÎÆÏpÍÁÃiÊ-ÎÏ§ ÅÎÔpÏÐi§ ÓÉÓÔÅÍÉ ÐpÉ ÚÂÅpÅÖÅÎÎi ÕÍÏ× ÎÏpÍÕ×ÁÎÎÑ i ÄÏÄÁÔËÏ×ÉÈÕÍÏ×ÁÈ, ÝÏ ÆiËÓÏ×ÁÎi ÓÅpÅÄÎi ÚÎÁÞÅÎÎÑ ÚÍiÎÎÉÈ ÓËÏpÏÞÅÎÏÇÏ ÏÐÉÓÕ.
ICMP{97{18U 6äÌÑ ÏÐÉÓÕ ÇiÄpÏÄÉÎÁÍiÞÎÏÇÏ ÓÔÁÎÕ ÐÁpÁÍÅÔpÁÍÉ ÓËÏpÏÞÅÎÏÇÏ ÏÐÉ-ÓÕ ÄÌÑ ËÌÁÓÉÞÎÏ§ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ ¤ ÓÅpÅÄÎi ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎÞÉÓÌÁ ÞÁÓÔÉÎÏË h^n(r)it, iÍÐÕÌØÓÕ h^p(r)it, ÅÎÅpÇi§ h ^E(r)it i ×iÄÐÏ×iÄÎÏÄÌÑ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ ÓÅpÅÄÎi ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎ ÞÉÓÌÁ ÞÁÓÔÉÎÏËh^nm(r)it, iÍÐÕÌØÓÕ h^pm(r)it ÅÎÅpÇi§ h ^Em(r)it ÔÁ ÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎÔÕhM(r)it, ÄÅ h: : :it = R d�N : : : �(xNn ; xNm ; t), i^n(r) = NnXj=1 �(r� rj);^p(r) = NnXj=1 pj�(r� rj); (2.19)^E(r) = NnXj=10@ p2j2m + 12 NnXj 6=l=1�(jrlj j)1A �(r� rj)- ÍiËpÏÓËÏÐiÞÎi ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎ ÞÉÓÌÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×, §È iÍ-ÐÕÌØÓÕ ÔÁ ÅÎÅpÇi§;^nm(r) = NmXf=1 �(r� rf );^pm(r) = NmXf=1pf�(r� rf ); (2.20)^Em(r) = NmXf=1 p2f2ím +12 NmXf 6=k=1��mm(jrfk j)� J(jrfkj)SfSk��(r� rf );- ÍiËpÏÓËÏÐiÞÎi ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎ ÞÉÓÌÁ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×, §È iÍÐÕÌØÓÕÔÁ ÐÏ×ÎÏ§ ÅÎÅpÇi§ ×iÄÐÏ×iÄÎÏ. äÁÌi, ×ÉËÏpÉÓÔÏ×ÕÀÞÉ ÍÅÔÏÄ ÎÅpi×ÎÏ-×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ ä.úÕÂÁp¤×Á [20,21] ÐpÉ ÆiËÓÏ×Á-ÎÉÈ ×iÄÐÏ×iÄÎÉÈ ÐÁpÁÍÅÔpÁÈ ÓËÏpÏÞÅÎÏÇÏ ÏÐÉÓÕ i ÚÂÅpÅÖÅÎÎÑ ÕÍÏ×ÎÏpÍÕ×ÁÎÎÑ ÚÎÁÊÄÅÍÏ Ë×ÁÚipi×ÎÏ×ÁÖÎi ÓÔÁÔÉÓÔÉÞÎi ÏÐÅpÁÔÏpÉ ÎÅÍÁÇ-ÎiÔÎÏ§ ÔÁ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍ:�nq (xNn ; t) = exp���n(t)�Z dr�(r; t)( ^E 0(r)� �(r; t)^n(r))� ; (2:21)



7 ðÒÅÐÒÉÎÔ�n(t) = ln Z d�Nn exp�� Z dr�(r; t)( ^E 0(r)� �(r; t)^n(r))� (2.22)- ÆÕÎËÃiÏÎÁÌ íÁÓØ¤-ðÌÁÎËÁ ÄÌÑ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÄÅ^E 0(r) = ^E(r)� v(r; t) � p(r) + Mn2 v2(r; t)^n(r) (2.23)- ÇÕÓÔÉÎÁ ÅÎÅpÇi§ ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ × ÓÉÓÔÅÍi ×iÄÌiËÕ, ÝÏpÕÈÁ¤ÔØÓÑ pÁÚÏÍ Ú ÅÌÅÍÅÎÔÏÍ ÓÉÓÔÅÍÉ Ú ÇiÄpÏÄÉÎÁÍiÞÎÏÀ Û×ÉÄËiÓÔÀv(r; t).�mq (xNm ; t) = exp���m(t)� Z dr�m(r; t)�( ^Em(r))0 ��m(r; t)^nm(r)� b(r; t) ^M(r)�o ; (2.24)�m(t) = ln Z d�Nm exp�� Z dr�m(r; t)�( ^Em(r))0 ��m(r; t)^nm(r)� b(r; t) ^M(r)�o ; (2.25){ ÆÕÎËÃiÏÎÁÌ íÁÓØ¤-ðÌÁÎËÁ ÄÌÑ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÄÅ� ^Em(r)�0 = ^Em(r)� vm(r; t) � ^pm(r) + ím2 �vm(r; t)�2^nm(r) (2:26){ ÇÕÓÔÉÎÁ ÅÎÅpÇi§ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ × ÓÉÓÔÅÍi ×iÄÌiËÕ, ÝÏpÕÈÁ¤ÔØÓÑ pÁÚÏÍ Ú ÅÌÅÍÅÎÔÏÍ ÓÉÓÔÅÍÉ Ú ÇiÄpÏÄÉÎÁÍiÞÎÏÀ Û×ÉÄËiÓÔÀvm(r; t). ðÁpÁÍÅÔpÉ �(r; t), �(r; t), × (2.21), Á ÔÁËÏÖ �m(r; t), �m(r; t),b(r; t) × (2.24) ×ÉÚÎÁÞÁÀÔØÓÑ iÚ ×iÄÐÏ×iÄÎÉÈ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ:pi×ÎÏÓÔi iÓÔÉÎÎÉÈ ÓÅpÅÄÎiÈ ÚÎÁÞÅÎØ (ÓÐÏÓÔÅpÅÖÕ×ÁÎÉÈ ×ÅÌÉÞÉÎ) §ÈË×ÁÚipi×ÎÏ×ÁÖÎÉÍ ÓÅpÅÄÎiÍ ÚÎÁÞÅÎÎÑÍ:h ^E 0(r)it = h ^E 0(r)itq ;h^n(r)it = h^n(r)itq ; (2.27)h: : :itq = Z d�N : : : �q(xN ; t):h� ^Em(r)�0it = h� ^Em(r)�0itq ;h^nm(r)it = h^nm(r)itq ; (2.28)h ^M(r)it = h ^M(r)itq :

ICMP{97{18U 8äÌÑ ×ÓÔÁÎÏ×ÌÅÎÎÑ ÆiÚÉÞÎÏÇÏ ÚÍiÓÔÕ ÐÁpÁÍÅÔpi× �(r; t), �(r; t), Á ÔÁ-ËÏÖ �m(r; t), �m(r; t) ÔÁ b(r; t) pÏÚÇÌÑÎÅÍÏ ×iÄÐÏ×iÄÎi ÔÅpÍÏÄÉÎÁÍiÞ-Îi ÓÐi××iÄÎÏÛÅÎÎÑ. îÁÓÁÍÐÅpÅÄ ÐpÏ×ÁpiÀ¤ÍÏ ÚÁ ÐÁpÁÍÅÔpÁÍÉ �(r; t),�(r; t) ÆÕÎËÃiÏÎÁÌ íÁÓØ¤-ðÌÁÎËÁ (2.22) ÄÌÑ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ,ÔÏÄi ÍÁÔÉÍÅÍÏ: ��n(t)��(r; t) = �h ^E 0(r)itq ; (2.29)��n(t)���(r; t)�(r; t)� = h^n(r)itq ;ÁÂÏ, ×pÁÈÏ×ÕÀÞÉ ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ (2.27), ÚÎÁÊÄÅÍÏ:��n(t)��(r; t) = �h ^E 0(r)it;��n(t)���(r; t)�(r; t)� = h^n(r)it:ãÅ ÏÚÎÁÞÁ¤, ÝÏ �(r; t) ÓÐpÑÖÅÎÉÊ ÓÅpÅÄÎiÊ ÅÎÅpÇi§ ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ÐiÄÓÉÓÔÅÍÉ × ÓÕÐpÏ×ÏÄÖÕÀÞiÊ ÓÉÓÔÅÍi ËÏÏpÄÉÎÁÔ, Á �(r; t) { ÓÐpÑÖÅ-ÎÉÊ h^n(r)it { ÎÅpi×ÎÏ×ÁÖÎiÊ ÓÅpÅÄÎiÊ ÇÕÓÔÉÎi ÞÉÓÌÁ ÁÔÏÍi× ÎÅÍÁÇÎiÔ-ÎÏ§ ÐiÄÓÉÓÔÅÍÉ. äÁÌi ÅÎÔpÏÐiÑ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ pi×ÎÁ:Sn(t) = hln �nq (xNn ; t)itq= �n(t) + Z dr �(r; t)h ^E 0(r)itq � Z dr �(r; t)�(r; t)h^n(r)itq ;ÁÂÏ, ×pÁÈÏ×ÕÀÞÉ ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ (2.27) ÏÔpÉÍÁ¤ÍÏSn(t) = �n(t) + Z dr�(r; t)h ^E 0(r)it � Z dr �(r; t)�(r; t)h^n(r)it: (2:30)ú×iÄÓÉ, ÂÅpÕÞÉ ×ÁpiÁÃiÊÎi ÐÏÈiÄÎi ×iÄ ÅÎÔpÏÐi§ (2.30) ÚÁ ÓÅpÅÄÎiÍÉÚÎÁÞÅÎÎÑÍÉ h ^E 0(r)it i h^n(r)it ÐpÉ ÆiËÓÏ×ÁÎÉÈ ×iÄÐÏ×iÄÎÉÈ ÚÎÁÞÅÎÎÑÈÓÅpÅÄÎiÈ, ÚÎÁÊÄÅÍÏ ÔÅpÍÏÄÉÎÁÍiÞÎi ÓÐi××iÄÎÏÛÅÎÎÑ:�Sn(t)�h ^E 0(r)it = �(r; t); (2.31)�Sn(t)�h^n(r)it = ��(r; t)�(r; t);ÑËi ÏÚÎÁÞÁÀÔØ, ÝÏ �(r; t) { ÏÂÅpÎÅÎÁ ÌÏËÁÌØÎÁ ÔÅÍÐÅpÁÔÕpÁ i�(r; t) { ÌÏËÁÌØÎÉÊ ÈiÍiÞÎÉÊ ÐÏÔÅÎÃiÁÌ ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅ-ÍÉ. ðÏÄiÂÎÉÍ ÞÉÎÏÍ ÚÎÁÊÄÅÍÏ ÔÅpÍÏÄÉÎÁÍiÞÎi ÓÐi××iÄÎÏÛÅÎÎÑ ÄÌÑ



9 ðÒÅÐÒÉÎÔÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ñËÝÏ ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ (2.28) ×ÉËÏÎÕ-ÀÔØÓÑ, ÔÏ ÂÅpÕÞÉ ×ÁpiÁÃiÊÎi ÐÏÈiÄÎi ×iÄ ÆÕÎËÃiÏÎÁÌÕ íÁÓØ¤-ðÌÁÎËÁ(2.25) ÚÁ ÐÁpÁÍÅÔpÁÍÉ �m(r; t), �m(r; t)�m(r; t) i �m(r; t)b(r; t), ÏÔpÉ-ÍÁ¤ÍÏ ÓÐi××iÄÎÏÛÅÎÎÑ:��m(t)��m(r; t) = �h( ^Em(r))0itq = �h( ^Em(r))0it;��m(t)���m(r; t)�m(r; t)� = h^nm(r; t)itq = h^nm(r; t)it; (2.32)��m(t)���m(r; t)b(r; t)� = h ^M(r; t)itq = h ^M(r; t)it:ãÅ ÏÚÎÁÞÁ¤, ÝÏ �m(r; t) { ÓÐpÑÖÅÎÅ iÓÔÉÎÎÏÍÕ ÚÎÁÞÅÎÎÀ ÓÅpÅÄ-ÎØÏ§ ÅÎÅpÇi§ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi× × ÓÕÐpÏ×ÏÄÖÕÀÞiÊ ÓÉÓÔÅÍi ËÏÏpÄÉÎÁÔ,�m(r; t) { ÓÐpÑÖÅÎÅ ÎÅpi×ÎÏ×ÁÖÎiÊ ÓÅpÅÄÎiÊ ÇÕÓÔÉÎi ÞÉÓÌÁ ÁÔÏÍi×ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, Á b(r; t) { ÓÐpÑÖÅÎÅ ÓÅpÅÄÎØÏÍÕ ÍÁÇÎiÔÎÏÍÕÍÏÍÅÎÔÕ §§ ÁÔÏÍi×. æÕÎËÃiÏÎÁÌ ÅÎÔpÏÐi§ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ Ú ×pÁ-ÈÕ×ÁÎÎÑÍ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎØ (2.28) ÂÕÄÅ ÍÁÔÉ ÔÁËÉÊ ×ÉÇÌÑÄ:Sm(t) = hln �mq (xNm ; t)itq = (2.33)�m(t) + Z dr �m(r; t)h� ^Em(r)�0it �Z dr �m(r; t)�(r; t)h^nm(r)it � Z dr �m(r; t)b(r; t)h ^M(r)it:äÁÌi, ÂÅpÕÞÉ ×ÁpiÁÃiÊÎi ÐÏÈiÄÎi ×iÄ (2.33) ÚÁ ÓÅpÅÄÎiÍÉ ÚÎÁÞÅÎÎÑÍÉh� ^Em(r)�0it, h^nm(r)it i h ^M(r)it ÐpÉ ÆiËÓÏ×ÁÎÉÈ ×iÄÐÏ×iÄÎÉÈ ÚÎÁÞÅÎ-ÎÑÈ ÓÅpÅÄÎiÈ, ÚÎÁÊÄÅÍÏ ÔÅpÍÏÄÉÎÁÍiÞÎi ÓÐi××iÄÎÏÛÅÎÎÑ:�Sm(t)�h� ^Em(r))0it = �m(r; t);�Sm(t)�h^nm(r)it = ��m(r; t)�m(r; t); (2.34)�Sm(t)�h ^M(r)it = ��m(r; t)b(r; t);ÑËi ÏÚÎÁÞÁÀÔØ, ÝÏ �m(r; t) { ÃÅ ÏÂÅpÎÅÎÁ ÌÏËÁÌØÎÁ ÔÅÍÐÅpÁÔÕpÁ,�m(r; t) { ÌÏËÁÌØÎÉÊ ÈiÍiÞÎÉÊ ÐÏÔÅÎÃiÁÌ ÔÁ b(r; t) { ×ÎÕÔpiÛÎ¤ ÍÁÇ-ÎiÔÎÅ ÐÏÌÅ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. îÅÏÂÈiÄÎÏ ÚÁÕ×ÁÖÉÔÉ, ÝÏÓÅpÅÄÎi ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎ ÅÎÅpÇi§ h ^E 0(r)it ÔÁ ÞÉÓÌÁ ÁÔÏÍi× h^n(r)it ÎÅ-ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÝÏ ×ÈÏÄÑÔØ × ÅÎÔpÏÐiÊÎÉÊ ÆÕÎËÃiÏÎÁÌ Sn(t)
ICMP{97{18U 10(2.30) ÚÁÌÅÖÁÔØ ×iÄ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ,ÏÓËiÌØËÉ ÚÁÓÅpÅÄÎÅÎÎÑ Õ ÎÉÈ ×ÉËÏÎÕÀÔØÓÑ ÚÁ ÄÏÐÏÍÏÇÏÀ ÐÏ×ÎÏÇÏÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ ÎÅÍÁÇÎiÔÎÉÈ i ÍÁÇÎiÔÎÉÈÁÔÏÍi× × ÎÅÏÄÎÏpiÄÎÏÍÕ ÍÁÇÎiÔÎÏÍÕ ÐÏÌi b(r; t). ôÁËÉÍ ÖÅ ÞÉÎÏÍÓÅpÅÄÎi ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎ ÅÎÅpÇi§ h� ^Em(r)�0it, ÞÉÓÌÁ ÁÔÏÍi× h^nm(r)it i§È ÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎÔÕ h ^M(r)it ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ ÚÁÌÅÖÁÔØ ×iÄÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ôÏÍÕ ÅÎÔpÏÐiÀ ÎÅpi×-ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ×Ói¤§ ÓÉÓÔÅÍÉ ÍÏÖÎÁ ÐpÅÄÓÔÁ×ÉÔÉ ÑË ÓÕÍÕS(t) = Sn(t) + Sm(t); (2.35)ÎÅpi×ÎÏ×ÁÖÎi ÐÁpÁÍÅÔpÉ �(r; t), �(r; t), �m(r; t), �m(r; t) i b(r; t), ÑËÏ§×ÉÚÎÁÞÁÀÔØÓÑ iÚ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎØ (2.27), (2.28).ôÅÐÅp, ÏÚÎÁÞÉ×ÛÉ Ë×ÁÚipi×ÎÏ×ÁÖÎi ÓÔÁÔÉÓÔÉÞÎi ÏÐÅpÁÔÏpÉ ÎÅÍÁÇ-ÎiÔÎÏ§ (2.21) ÔÁ ÍÁÇÎiÔÎÏ§ (2.24) ÐiÄÓÉÓÔÅÍ, pi×ÎÑÎÎÑ ìiÕ×iÌÑ (2.18) ÚÄÖÅpÅÌÏÍ ÚÁÐÉÛÅÍÏ × ÔÁËÏÍÕ ×ÉÇÌÑÄi:� @@t + iLN + "���(t) = (2.36)�� @@t + iLN� �nq (xNn ; t)�mq (xNm ; t):ÄÅ ��(t) = �(xNn ; xNm ; t)� �nq (xNn ; t)�mq (xNm ; t):PÏÚpÁÈÕÎÏË ÐÏÈiÄÎÏ§ @@t ×iÄ �nq (xNn ; t)�mq (xNm ; t) ÅË×i×ÁÌÅÎÔÎÉÊ ××Å-ÄÅÎÎÀ ÐpÏ¤ËÃiÊÎÏÇÏ ÏÐÅpÁÔÏpÁ ëÁ×ÁÓÁËi-çÁÎÔÏÎÁPq(t);@@t�nq (xNn ; t)�mq (xNm ; t) = �Pq(t)iLN�(xNn ; xNm ; t) (2.37)ÄÅ Pq(t) = �nq (xNn ; t)Pmq (t) + �mq (xNm ; t)Pnq (t); (2.38)i ÄÅPmq (t) iPnq (t) { ÐpÏ¤ËÃiÊÎi ÏÐÅpÁÔÏpÉ, ÑËi ÄiÀÔØ ÎÁ ÓÔÁÔÉÓÔÉÞÎiÏÐÅpÁÔÏpÉ ×iÄÐÏ×iÄÎÉÈ ÐiÄÓÉÓÔÅÍ:Pnq (t)�0 =  12�nq (xNn ; t)� Z dr ��nq (xNn ; t)�h ^E 0(r)it h ^E 0(r)it (2.39)� Z dr ��nq (xNn ; t)�h^n(r)it h^n(r)it!Z d�Nn �0



11 ðÒÅÐÒÉÎÔ+ Z dr ��nq (xNn ; t)�h ^E 0(r)it Z d�Nn ^E 0(r)�0+ Z dr��nq (xNn ; t)�h^n(r)it Z d�Nn^n(r)�0;i Pmq (t)�0 =  12�mq (xNm ; t)� Z dr ��mq (xNm ; t)�h� ^Em(r)�0it h� ^Em(r)�0it (2.40)� Z dr ��mq (xNm ; t)�h^nm(r)it h^nm(r)it� Z dr ��mq (xNm ; t)�h ^M(r)it h ^M(r)it!Z d�N �0+ Z dr ��mq (xNm ; t)�h� ^Em(r)�0it Z d�N � ^Em(r)�0�0+ Z dr ��mq (xNm ; t)�h^nm(r)it Z d�N ^nm(r)�0+ Z dr ��mq (xNm ; t)�h ^M(r)it Z d�N ^M(r)�0:îÅÏÂÈiÄÎÏ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÐpÏÅËÃiÊÎÉÊ ÏÐÅpÁÔÏp (3.5)Pq(t) ÍÁ¤ ×ÌÁ-ÓÔÉ×ÏÓÔi Pq(t)Pq(t0) = Pq(t);Pq(t)�(t) = �nq (xNn ; t)�mq (xNm ; t);P(t)�nq (xNn ; t) = �nq (xNn ; t);P(t)�mq (xNm ; t) = �mq (xNm ; t);ÏÄÎÁË ÔÁËÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÎÅ ÍÁÀÔØ ÏÐÅpÁÔÏpÉ Pnq (t) Ê Pmq (t). ôÅ-ÐÅp, ×pÁÈÏ×ÕÀÞÉ (2.37), pi×ÎÑÎÎÑ (2.36) ÚÁÐÉÛÅÍÏ Õ ÎÁÓÔÕÐÎÏÍÕ ×É-ÇÌÑÄi: � @@t + (1�Pq(t))iLN + "���(t) = (2.41)� �1�Pq(t)�iLN�nq (xNn ; t)�mq (xNm ; t);
ICMP{97{18U 12ÆÏpÍÁÌØÎÉÍ pÏÚ×'ÑÚËÏÍ ÑËÏÇÏ ¤��(t) = � tZ�1dt0 e"(t0�t)T (t; t0)�1�Pq(t0)�iLN (t0)�nq (xNn ; t0)�mq (xNm ; t0);Ú×iÄËÉ ÏÔpÉÍÁ¤ÍÏ:�(xNn ; xNm ; t) = �nq (xNn ; t)�mq (xNm ; t)� (2.42)tZ�1 dt0 e"(t0�t)T (t; t0)�1�Pq(t0)�iLN (t0)�nq (xNn ; t0)�mq (xNm ; t0);ÄÅ T (t; t0) = exp+8<:� tZt0 dt00�1�Pq(t00)�iLN (t00)9=; (2.43){ ÕÚÁÇÁÌØÎÅÎÉÊ ÏÐÅpÁÔÏp Å×ÏÌÀÃi§ × ÞÁÓi Ú ×pÁÈÕ×ÁÎÎÑÍ ÐpÏÅËÔÕ×ÁÎ-ÎÑ. ôÁËÉÍ ÞÉÎÏÍ, ÍÉ ÏÔpÉÍÁÌÉ ×ÉpÁÚ ÄÌÑ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉ-ÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ ÓÕÍiÛi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi× × ÚÏ×-ÎiÛÎØÏÍÕ ÎÅÏÄÎÏpiÄÎÏÍÕ ÍÁÇÎiÔÎÏÍÕ ÐÏÌi B(r; t). IÎÔÅÇpÕÀÞÉ (2.42)ÚÁ ËÏÏpÄÉÎÁÔÁÍÉ ÔÁ iÍÐÕÌØÓÁÍÉ ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ d�Nn ,ÏÔpÉÍÁ¤ÍÏ ÎÅpi×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅpÁÔÏp ÍÁÇÎiÔÎÏ§ ÐiÄÓÉ-ÓÔÅÍÉ:�m(xNm ; t) = Z d�Nn �(xNn ; xNm ; t) = �mq (xNm ; t)� (2.44)tZ�1 dt0 e"(t0�t)�Z d�Nn T (t; t0)�1�Pq(t0)�iLN (t0)�nq (xNn ; t0)� �mq (xNm ; t0):ðÏÄiÂÎÏ, iÎÔÅÇpÕÀÞÉ (2.42) ÚÁ ËÏÏpÄÉÎÁÔÁÍÉ, iÍÐÕÌØÓÁÍÉ ÔÁ ÓÐiÎÁÍÉÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÏÔpÉÍÁ¤ÍÏ ÎÅpi×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞ-ÎÉÊ ÏÐÅpÁÔÏp ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ:�n(xNn ; t) = �nq (xNn ; t)� (2.45)tZ�1dt0 e"(t0�t)�Z d�Nm T (t; t0)�1�Pq(t0)�iLN (t0)�mq (xNm ; t0)� �nq (xNn ; t0):îÅÏÂÈiÄÎÏ ÚÁÚÎÁÞÉÔÉ, ÝÏ ÄpÕÇi ÄÏÄÁÎËÉ × (2.44) i (2.45) ÏÐÉÓÕ-ÀÔØ ×ÚÁ¤ÍÎÉÊ ×ÐÌÉ× ÄÉÓÉÐÁÔÉ×ÎÉÈ ÐpÏÃÅÓi× ÍÁÇÎiÔÎÏ§ ÔÁ ÎÅÍÁÇÎiÔ-ÎÏ§ ÐiÄÓÉÓÔÅÍ. äÌÑ ÄÅÔÁÌØÎÏÇÏ pÏÚÕÍiÎÎÑ ÃÉÈ ÐpÏÃÅÓi× pÏÚËpÉ¤ÍÏ



13 ðÒÅÐÒÉÎÔÄiÀ ÏÐÅpÁÔÏpi× �1�Pq(t)� i iLN (t) ÎÁ �nq (xNn ; t)�mq (xNm ; t) × (2.44).PÏÂÌÑÞÉ ÓËÌÁÄÎi ÏÐÅpÁÔÏpÎi ÐÅpÅÔ×ÏpÅÎÎÑ ÍÏÖÎÁ ÐÏËÁÚÁÔÉ, ÝÏ�1�Pq(t0)�iLN(t0)�nq (xNn ; t0)�mq (xNm ; t0) = (2.46)1Z0 d� ��nq (xNn ; t0)�mq (xNm ; t0)�� ��� Z dr �(r; t0) (IE(r; t0)� v(r; t)Ip(r; t0))�Z dr �m(r; t0) �ImE (r; t0)� vm(r; t0)Imp (r; t0)�b(r; t0)IM(r; t)�� ��nq (xNn ; t0)�mq (xNm ; t0)�1�� ;ÄÅ IE(r; t) = �1�P(t)�iLN (t) ^E(r); (2.47)Ip(r; t) = �1�P(t)�iLN (t)^p(r){ ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ ÇÕÓÔÉÎ ÅÎÅpÇi§ ÔÁ iÍÐÕÌØÓÕ ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ÐiÄÓÉÓÔÅÍÉ, ImE (r; t) = �1�P(t)�iLN (t) ^Em(r);Imp (r; t) = �1�P(t)�iLN (t)^pm(r); (2.48)IM(r; t) = �1�P(t)�iLN (t) ^M(r){ ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ ÇÕÓÔÉÎ ÅÎÅpÇi§, iÍÐÕÌØÓÕ ÔÁ ÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎ-ÔÕ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, × ÑËÉÈ P(t) { ÚÁÌÅÖÎÉÊ ×iÄ ÞÁÓÕÐpÏÅËÃiÊÎÉÊ ÏÐÅpÁÔÏp íÏpi, ÝÏ ÍÁ¤ ÔÁËÕ ÓÔpÕËÔÕpÕ:P(t)A = hAitq + (2.49)Z dr �hAitq�h ^E(r)it � ^E(r)� h ^E(r)it�+Z dr �hAitq�h^n(r)it �^n(r) � h^n(r)it�+Z dr �hAitq�h^p(r)it �^p(r)� h^p(r)it�+Z dr �hAitq�h ^Em(r)it � ^Em(r)� h ^Em(r)it�+
ICMP{97{18U 14Z dr �hAitq�h^nm(r)it �^nm(r)� h^nm(r)it�+Z dr �hAitq�h^pm(r)it �^pm(r) � h^pm(r)it�+Z dr �hAitq�h ^M(r)it � ^M(r)� h ^M(r)it� :ðiÄÓÔÁ×ÉÍÏ (2.46) × (2.42) i ×pÁÈÕ¤ÍÏ ÔÅ, ÝÏ �nq (xNn ; t) { Ë×ÁÚip-i×ÎÏ×ÁÖÎÁ ÆÕÎËÃiÑ pÏÚÐÏÄiÌÕ ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ôÏÄi�(xNn ; xNm ; t) ÍÁ¤ ×ÉÇÌÑÄ:�(xNn ; xNm ; t) = �nq (xNn ; t)�mq (xNm ; t) + (2.50)Z dr tZ�1 dt0e"(t0�t)T (t; t0)�(r; t0) 1Z0 d� ��mq (xNm ; t0)�� �(IE(r; t0)� v(r; t0)Ip(r; t0)) ��mq (xNm ; t0)�1�� �nq (xNn ; t0) +Z dr tZ�1 dt0e"(t0�t)T (t; t0)�í(r; t0) 1Z0 d� ��mq (xNm ; t0)�� ��ImE (r; t0)� vm(r; t0)Imp (r; t0)� b(r; t)IM(r; t0)����mq (xNm ; t0)�1�� �nq (xNn ; t0):÷ÁÖÌÉ×Ï ÐpÏÁÎÁÌiÚÕ×ÁÔÉ ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ (2.47), (2.48) Ú ÔÏÞ-ËÉ ÚÏpÕ ×ÚÁ¤ÍÏÄi§ ÐiÄÓÉÓÔÅÍ i, ÚÏËpÅÍÁ, ÄÌÑ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉpÏÚËpÉÔÉ ÚÁÌÅÖÎiÓÔØ ×iÄ ÚÏ×ÎiÛÎØÏÇÏ ÎÅÏÄÎÏpiÄÎÏÇÏ ÍÁÇÎiÔÎÏÇÏ ÐÏ-ÌÑ B(r; t). ÷pÁÈÏ×ÕÀÞÉ ÓÔpÕËÔÕpÕ ÕÚÁÇÁÌØÎÅÎÉÈ ÐÏÔÏËi× ÔÁ ÏÐÅpÁ-ÔÏpÁ ìiÕ×iÌÑ (2.10) - (2.14) ÏÔpÉÍÁ¤ÍÏ, ÝÏIE(r; t) = ~InE (r; t) + �1�P(t)�iLint ^E(r); (2.51)Ip(r; t) = ~Inp (r; t) + �1�P(t)�iLint^p(r);ÄÅ ~InE (r; t) = �1�Pn(t)�iLn ^E(r); (2.52)~Inp (r; t) = �1�Pn(t)�iLn^p(r);



15 ðÒÅÐÒÉÎÔ- ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ ÇÕÓÔÉÎ ÅÎÅpÇi§ ÔÁ iÍÐÕÌØÓÕ ÁÔÏÍi× ÎÅÍÁÇÎiÔ-ÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÑËi ÎÅ ÚÁÌÅÖÁÔØ ×iÄ ÎÁÑ×ÎÏÓÔi ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅ-ÍÉ. ôÕÔ Pn(t) { ÕÚÁÇÁÌØÎÅÎÉÊ ÏÐÅpÁÔÏp íÏpi (2.49) ÂÅÚ ×pÁÈÕ×ÁÎ-ÎÑ ×ËÌÁÄÕ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ÷ÐÌÉ× ÍÁÇÎiÔ-ÎÏ§ ÐiÄÓÉÓÔÅÍÉ ÎÁ ÐÏÔÏËÉ ÇÕÓÔÉÎ ÅÎÅpÇi§ ÔÁ iÍÐÕÌØÓÕ ÎÅÍÁÇÎiÔÎÉÈÁÔÏÍi× ÏÐÉÓÕ¤ÔØÓÑ ÂÅÚÐÏÓÅpÅÄÎØÏ ÄpÕÇÉÍÉ ÄÏÄÁÎËÁÍÉ Õ ÐpÁ×ÉÈ ÞÁ-ÓÔÉÎÁÈ ×ÉpÁÚi× (2.51) i ÞÅpÅÚ ÄiÀ ÕÚÁÇÁÌØÎÅÎÏÇÏ ÏÐÅpÁÔÏpÁ Å×ÏÌÀÃi§ ×ÞÁÓi (2.43). ðÏÄiÂÎÏ ÄÌÑ ÕÚÁÇÁÌØÎÅÎÉÈ ÐÏÔÏËi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ(2.48), ×pÁÈÏ×ÕÀÞÉ (2.14), ÏÔpÉÍÁ¤ÍÏ:ImE (r; t) = ~ImE (r; t) + �1�P(t)�iLint ^Em(r);Imp (r; t) = ~Imp (r; t) + �1�P(t)�iLint^pm(r); (2.53)IM(r; t) = ~IM(r; t) + �1�P(t)�iLint ^M(r);ÄÅ ~ImE (r; t) = �1�Pm(t)�i �Lm ^Em(r)� Z dr0 �1�Pm(t)� i~ h ^M(r0) ^EmË×(r)iB(r0; t);~Imp (r; t) = �1�Pm(t)�i �Lm^pm(r); (2.54)~IM(r; t) = �1�Pm(t)�i �Lm ^M(r)� Z dr0 �1�Pm(t)� i~ h ^M(r0); ^M(r)iB(r0; t);- ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ ÇÕÓÔÉÎ, ÅÎÅpÇi§, iÍÐÕÌØÓÕ ÔÁ ÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎ-ÔÕ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÑËi ÎÅ ÚÁÌÅÖÁÔØ ×iÄ ÎÁÑ×ÎÏÓÔi ÎÅ-ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. i �Lm - ÏÐÅpÁÔÏp ìiÕ×iÌÑ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉÂÅÚ ×pÁÈÕ×ÁÎÎÑ Ë×ÁÎÔÏ×Ï§ ÞÁÓÔÉÎÉ i ^LS(t) (2.14) × (2.13), Á Pm(t) {ÕÚÁÇÁÌØÎÅÎÉÊ ÏÐÅpÁÔÏp íÏpi (2.49) ÂÅÚ ×pÁÈÕ×ÁÎÎÑ ×ËÌÁÄÕ ÄÉÎÁÍiÞ-ÎÉÈ ÚÍiÎÎÉÈ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ^EmË×(r) { Ë×ÁÎÔÏ×Á ÞÁÓÔÉÎÁ ÇÕ-ÓÔÉÎÉ ÅÎÅpÇi§ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ÷ ÕÚÁÇÁÌØÎÅÎÉÈ ÐÏÔÏËÁÈ ~ImE (r; t)i ~IM(r; t) ×ÉÄiÌÉÎÁ Ñ×ÎÁ ÚÁÌÅÖÎiÓÔØ ×iÄ ÚÏ×ÎiÛÎØÏÇÏ ÎÅÏÄÎÏpiÄÎÏ-ÇÏ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ, ÑËÁ ÔÅÖ ÐpÏÑ×ÌÑ¤ÔØÓÑ ÞÅpÅÚ ÄiÀ ÕÚÁÇÁÌØÎÅÎÏÇÏÏÐÅpÁÔÏpÁ Å×ÏÌÀÃi§ × ÞÁÓi (2.43). ÷ÐÌÉ× ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ ÎÁÐÏÔÏËÉ ÇÕÓÔÉÎ ÅÎÅpÇi§, iÍÐÕÌØÓÕ, ÔÁ ÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎÔÕ ÍÁÇÎiÔÎÉÈÁÔÏÍi× ÏÐÉÓÕ¤ÔØÓÑ ÂÅÚÐÏÓÅpÅÄÎØÏ ÄpÕÇÉÍÉ ÄÏÄÁÎËÁÍÉ Õ ÐpÁ×ÉÈ ÞÁ-ÓÔÉÎÁÈ ×ÉpÁÚi× (2.53), Á ÔÁËÏÖ ÞÅpÅÚ ÄiÀ ÕÚÁÇÁÌØÎÅÎÏÇÏ ÏÐÅpÁÔÏpÁÅ×ÏÌÀÃi§ × ÞÁÓi (2.43).ôÁËÉÍ ÞÉÎÏÍ, ÍÉ ÏÔpÉÍÁÌÉ ÐÏ×ÎÉÊ ÎÅpi×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊÏÐÅpÁÔÏp ÄÌÑ ÓÕÍiÛi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×, ÑËi ÚÎÁÈÏ-ÄÑÔØÓÑ × ÎÅpi×ÎÏ×ÁÖÎÏÍÕ ÇiÄpÏÄÉÎÁÍiÞÎÏÍÕ ÓÔÁÎi. óÉÓÔÅÍÁ ÐÅpÅ-ÂÕ×Á¤ Õ ÚÏ×ÎiÛÎØÏÍÕ ÎÅÏÄÎÏpiÄÎÏÍÕ ÍÁÇÎiÔÎÏÍÕ ÐÏÌi B(r; t), ÑËÅ
ICMP{97{18U 16Ñ×ÎÏ ×ÈÏÄÉÔØ Õ �(xNn ; xNm ; t) ÞÅpÅÚ Ë×ÁÎÔÏ×Õ ÞÁÓÔÉÎÕ ÏÐÅpÁÔÏpÁìiÕ×iÌÑ i ^LS(t) (2.14). îÅpi×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅpÁÔÏp (2.50)×ÉpÁÖÁ¤ÔØÓÑ ÞÅpÅÚ ÄÉÓÉÐÁÔÉ×Îi ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ (2.47), (2.48) ×iÄ-ÐÏ×iÄÎÏ ÄÌÑ ÎÅÍÁÇÎiÔÎÉÈ ÔÁ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×. ïÓËiÌØËÉ ÚÇiÄÎÏ ÚÐpÉÎÃÉÐÏÍ ÓËÏpÏÞÅÎÏÇÏ ÏÐÉÓÕ ÇiÄpÏÄÉÎÁÍiÞÎÏÇÏ ÓÔÁÎÕ ÓÕÍiÛi ÎÅpi×-ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅpÁÔÏp ¤ ÆÕÎËÃiÏÎÁÌÏÍ ÓÐÏÓÔÅpÅÖÕ×ÁÎÉÈ×ÅÌÉÞÉÎ (ÓÅpÅÄÎiÈ ÚÎÁÞÅÎØ ÇÕÓÔÉÎ ÞÉÓÌÁ ÁÔÏÍi× h^n(r)it, iÍÐÕÌØÓÕh^p(r)it ÔÁ ÅÎÅpÇi§ h ^E(r)it ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ i ÓÅpÅÄÎiÈ ÚÎÁÞÅÎØÇÕÓÔÉÎ ÞÉÓÌÁ ÁÔÏÍi× h^nm(r)it, §È iÍÐÕÌØÓÕ h^pm(r)it, ÍÁÇÎiÔÎÏÇÏ ÍÏ-ÍÅÎÔÕ h ^M(r)it ÔÁ ÅÎÅpÇi§ h ^Em(r)it ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ), ÝÏ ÚÍiÎÀ-ÀÔØÓÑ × ÞÁÓi, ÔÏ ÄÌÑ ÎÉÈ ÎÅÏÂÈiÄÎÏ ÐÏÂÕÄÕ×ÁÔÉ pi×ÎÑÎÎÑ ÐÅpÅÎÏ-ÓÕ, ÔÏÂÔÏ ÕÚÁÇÁÌØÎÅÎi pi×ÎÑÎÎÑ ÇiÄpÏÄÉÎÁÍiËÉ ÄÌÑ ÓÕÍiÛi ÍÁÇÎiÔÎÉÈÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×. õÚÁÇÁÌØÎÅÎi pi×ÎÑÎÎÑ ÇiÄpÏÄÉÎÁÍiËÉ pÁÚÏÍÚ ÎÅpi×ÎÏ×ÁÖÎÉÍ ÓÔÁÔÉÓÔÉÞÎÉÍ ÏÐÅpÁÔÏpÏÍ (2.50), ÎÅpi×ÎÏ×ÁÖÎÉÍÉÔÅpÍÏÄÉÎÁÍiÞÎÉÍÉ ÓÐi××iÄÎÏÛÅÎÎÑÍÉ (2.29) - (2.31), (2.32) - (2.34) Ú×pÁÈÕ×ÁÎÎÑÍ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ (2.27), (2.28) ÓËÌÁÄÁÀÔØ ÐÏ×ÎÏÔÕÏÐÉÓÕ ÑË ÓÉÌØÎÏ, ÔÁË i ÓÌÁÂÏ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÇiÄpÏÄÉÎÁÍiÞÎÏÇÏ ÓÔÁÎÕÓÕÍiÛi ÎÅÍÁÇÎiÔÎÉÈ ÔÁ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×.3. õÚÁÇÁÌØÎÅÎi pi×ÎÑÎÎÑ ÇiÄpÏÄÉÎÁÍiËÉ ÄÌÑ ÓÕÍi-Ûi ÎÅÍÁÇÎiÔÎÉÈ ÔÁ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×äÌÑ ÏÔpÉÍÁÎÎÑ pi×ÎÑÎØ ÐÅpÅÎÏÓÕ ××ÅÄÅÍÏ ÎÁÓÔÕÐÎi ÐÏÚÎÁÞÅÎÎÑ:~a(r) = col�^n(r); ^p(r); ^E(r)� (3.1){ ×ÅËÔÏp-ÓÔÏ×ÐÅÃØ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ (2.19) ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅ-ÍÉ, ~c(r) = col�^nm(r); ^pm(r); ^Em(r); ^M(r)� (3.2){ ×ÅËÔÏp-ÓÔÏ×ÐÅÃØ ÚÍiÎÎÉÈ (2.20) ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. äÁÌi ×ÉËÏpÉ-ÓÔÁ¤ÍÏ ÔÏÔÏÖÎÏÓÔi:ddt h~a(r)it = h _~a(r)it = h _~a(r)itq + h~Ia(r; t)it; (3.3)ddt h~c(r)it = h_~c(r)it = h_~c(r)itq + h~Ic(r; t)it; (3.4)ÄÅ _~a(r) = iLN~a(r); _~c(r) = iLN~c(r);i ~Ia(r; t) = col (In(r; t); Ip(r; t); IE (r; t)) (3.5)



17 ðÒÅÐÒÉÎÔ{ ×ÅËÔÏp-ÓÔÏ×ÐÅÃØ ÕÚÁÇÁÌØÎÅÎÉÈ ÐÏÔÏËi× (2.47) ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅ-ÍÉ, ~Ic(r; t) = col �Imn (r; t); Imp (r; t); ImE (r; t); IM(r; t)� (3.6){ ×ÅËÔÏp-ÓÔÏ×ÐÅÃØ ÕÚÁÇÁÌØÎÅÎÉÈ ÐÏÔÏËi× (2.48) ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ.ôÏÄi, ×ÉËÏÎÁ×ÛÉ ÕÓÅpÅÄÎÅÎÎÑ Õ ÐpÁ×ÉÈ ÞÁÓÔÉÎÁÈ (3.3), (3.4) Ú ÄÏÐÏ-ÍÏÇÏÀ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ (2.50), ÏÔpÉÍÁ¤ÍÏÕÚÁÇÁÌØÎÅÎi pi×ÎÑÎÎÑ ÐÅpÅÎÏÓÕ ÄÌÑ ÓÕÍiÛi ÎÅÍÁÇÎiÔÎÉÈ ÔÁ ÍÁÇÎiÔ-ÎÉÈ ÁÔÏÍi×, ÐpÅÄÓÔÁ×ÌÅÎÉÈ Õ ÍÁÔpÉÞÎiÊ ÆÏpÍi:ddt h~a(r)it = h _~a(r)itq � (3.7)Z dr0 tZ�1 dt0 e"(t0�t) ~'IaIa(r; r0; t; t0) ~A(r0; t)�Z dr0 tZ�1 dt0 e"(t0�t) ~'IaIc(r; r0; t; t0) ~C(r0; t);ddt h~c(r)it = h_~c(r)itq � (3.8)Z dr0 tZ�1 dt0 e"(t0�t) ~'IcIa(r; r0; t; t0) ~A(r0; t0)�Z dr0 tZ�1 dt0 e"(t0�t) ~'IcIc(r; r0; t; t0) ~C(r0; t0);ÄÅ ~'IaIa(r; r0; t; t0) = 24 0 0 00 'IpIp 'IpIE0 'IEIp 'IEIE 35(r;r0;t;t0) (3.9){ ÍÁÔpÉÃÑ ÑÄÅp ÐÅpÅÎÏÓÕ ÄÌÑ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ Ú ×pÁÈÕ×ÁÎÎÑÍ,ÝÏ In(r; t) = 0;~'IaIc(r; r0 : t; t0) = 24 0 0 0 00 'IpImp 'IpImE 'IpIM0 'IEImp 'IE ImE 'IEIM 35(r;r0;t;t0) ;~'IcIa(r; r0; t; t0) = 2664 0 0 00 'Imp Ip 'Imp IE0 'ImE Ip 'ImE IE0 'IMIp 'IMIE 3775(r;r0;t;t0) (3.10)
ICMP{97{18U 18{ ÍÁÔpÉÃi ÑÄÅp ÐÅpÅÎÏÓÕ, ÑËi ÏÐÉÓÕÀÔØ ÄÉÎÁÍiÞÎi ÄÉÓÉÐÁÔÉ×Îi ËÏpÅ-ÌÑÃi§ ÍiÖ ×ÚÁ¤ÍÏÄiÀÞÉÍÉ ÎÅÍÁÇÎiÔÎÏÀ i ÍÁÇÎiÔÎÏÀ ÐiÄÓÉÓÔÅÍÁÍÉ;~'IcIc(r; r0; t; t0) = 2664 0 0 0 00 'Imp Imp 'Imp ImE 'Imp IM0 'ImE Imp 'ImE ImE 'ImE IM0 'IEImp 'IEImE 'IEIM 3775(r;r0;t;t0) (3.11){ ÍÁÔpÉÃÑ ÑÄÅp ÐÅpÅÎÏÓÕ ÄÌÑ ÍÁÇÎÅÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ÷ ÚÁÇÁÌØÎÏÍÕ×ÉÐÁÄËÕ ÑÄpÁ ÐÅpÅÎÏÓÕ × (3.9) - (3.11) ÐÏÂÕÄÏ×ÁÎi ÎÁ ×iÄÐÏ×iÄÎÉÈÕÚÁÇÁÌØÎÅÎÉÈ ÐÏÔÏËÁÈ (2.47), (2.48), ÍÁÀÔØ ÔÁËÕ ÓÔpÕËÔÕpÕ:'IlIf (r; r0; t; t0) = (3.12)hIl(r; t)T (t; t0) 1Z0 d� ��q(xNn ; xNm ; t0)��If (r0; t0) ��q(xNn ; xNm ; t0)��� itq ;ÄÅ Il(r; t), If (r; t), ÐpÉÊÍÁÀÔØ ÚÎÁÞÅÎÎÑ: Ip(r; t), IE (r; t) ÔÁ Imp (r; t),ImE (r; t), IM(r; t). ÷ pi×ÎÑÎÎÑÈ (3.7) i (3.8)~A(r; t) = (3.13)col��(r; t)��(r; t) � ín2 v2(r; t)� ; �(r; t)v(r; t); �(r; t)�{ ×ÅËÔÏp-ÓÔÏ×ÐÅÃØ, ËÏÍÐÏÎÅÎÔÁÍÉ ÑËÏÇÏ ¤ ÔÅpÍÏÄÉÎÁÍiÞÎi ÐÁpÁÍÅÔpÉÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, i ×iÄÐÏ×iÄÎÏ:~C(r; t) = col��m(r; t) ��m(r; t)� ím2 (vm(r; t))2� ; (3.14)�m(r; t)vm(r; t); �m(r; t); �m(r; t)b(r; t)�{ ×ÅËÔÏp-ÓÔÏ×ÐÅÃØ, ËÏÍÐÏÎÅÎÔÁÍÉ ÑËÏÇÏ ¤ ÔÅpÍÏÄÉÎÁÍiÞÎi ÐÁpÁÍÅÔ-pÉ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ñÄpÁ ÐÅpÅÎÏÓÕ 'IpIp(r; r0; t; t0),'IEIE (r; r0; t; t0) ÐÏ×'ÑÚÁÎi Ú ÕÚÁÇÁÌØÎÅÎÉÍÉ ËÏÅÆiÃi¤ÎÔÁÍÉ ×'ÑÚËÏÓÔiÔÁ ÔÅÐÌÏÐpÏ×iÄÎÏÓÔi ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×, Á iÎÛi { 'Imp Imp (r; r0; t; t0)Ê 'ImE ImE (r; r0; t; t0) { Ú ÕÚÁÇÁÌØÎÅÎÉÍÉ ËÏÅÆiÃi¤ÎÔÁÍÉ ×'ÑÚËÏÓÔi ÔÁÔÅÐÌÏÐpÏ×iÄÎÏÓÔi ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×, ÚÁÌÅÖÎi ×iÄ ÚÏ×ÎiÛÎØÏÇÏ ÎÅÏÄ-ÎÏpiÄÎÏÇÏ ÍÁÇÎiÔÎÏÇÏ ÐÏÌÑ B(r; t). ãÅ ×ÁÖÌÉ×Ï ÂiÌØÛ ÄÅÔÁÌØÎÏ ÏÂ-ÓÕÄÉÔÉ, ÚÏËpÅÍÁ, ÄÌÑ ×ÉÐÁÄËÕ ÓÌÁÂÏ ÎÅpi×ÎÏ×ÁÖÎÉÈ ÐpÏÃÅÓi×. Pi×-ÎÑÎÎÑ ÐÅpÅÎÏÓÕ (3.7), (3.8) ÏÐÉÓÕÀÔØ ÑË ÓÉÌØÎÏ, ÔÁË i ÓÌÁÂÏ ÎÅpi×ÎÏ-×ÁÖÎi ÇiÄpÏÄÉÎÁÍiÞÎi ÐpÏÃÅÓÉ. úÁ Ó×Ï¤À ÓÔpÕËÔÕpÏÀ ×ÏÎÉ ÎÅÌiÎiÊ-Îi i ÎÁ ËÏÖÎÏÍÕ ËÏÎËpÅÔÎÏÍÕ ÅÔÁÐi ÄÏÓÌiÄÖÅÎØ ÎÅÏÂÈiÄÎÏ ×ÉËÌÀ-ÞÁÔÉ Õ ÎÉÈ ÔÅpÍÏÄÉÎÁÍiÞÎi ÐÁpÁÍÅÔpÉ ~A(r; t) (3.13) ÔÁ ~C(r; t) (3.14)



19 ðÒÅÐÒÉÎÔÚÁ ÄÏÐÏÍÏÇÏÀ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎØ (2.27), (2.28). õ ×ÉÐÁÄËÕ ÓÌÁÂÏÎÅpi×ÎÏ×ÁÖÎÉÈ ÐpÏÃÅÓi×, ËÏÌÉ ÍÏÖÎÁ ÐpÉÐÕÓÔÉÔÉ, ÝÏ ÔÅpÍÏÄÉÎÁÍiÞ-Îi ÐÁpÁÍÅÔpÉ ÎÅÍÁÇÎiÔÎÉÈ ÔÁ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi× ÍÁÌÏ ×iÄpiÚÎÑÀÔØÓÑ×iÄ §È pi×ÎÏ×ÁÖÎÉÈ ÚÎÁÞÅÎØ i ÚÏ×ÎiÛÎ¤ ÍÁÇÎiÔÎÅ ÐÏÌÅ ÍÁÌÅ, pi×ÎÑÎÎÑÐÅpÅÎÏÓÕ ÓÔÁÀÔØ ÌiÎiÊÎÉÍÉ i ÍÁÀÔØ ÎÁÓÔÕÐÎÕ ÓÔpÕËÔÕpÕ:ddt h�~a1(r)it = (3.15)Z dr0 i~
a1a1(r; r0)h�~a1(r0)it + Z dr0 i~
a1c1(r; r0)h�~c1(r0)it �Z dr0 tZ�1 dt0 e"(t0�t) ~'a1a1(r; r0; t; t0)h�~a1(r0)it0 �Z dr0 tZ�1 dt0 e"(t0�t) ~'a1c1(r; r0; t; t0)h�~c1(r0)it0 ;ddt h�~c1(r)it = (3.16)Z dr0 i
c1a1(r; r0)h�~a1(r0)it + Z dr0 i
c1c1(r; r0)h�~c1(r0)it �Z dr0 tZ�1 dt0 e"(t0�t)'c1a1(r; r0; t; t0)h�~a1(r0)it0 �Z dr0 tZ�1 dt0 e"(t0�t)'c1c1(r; r0; t; t0)h�~c1(r0)it0 ;ÄÅ �~a1 = ~a1 � h~a1i0~a1(r) = col�^n(r); ^p(r); ^h(r� (3.17){ ×ÅËÔÏp-ÓÔÏ×ÐÅÃØ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÐiÄÓÉÓÔÅÍÉ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏ-Íi×, ÑËÉÊ ÓÐi×ÐÁÄÁ¤ Ú ~a(r) (3.1) ÐpÉ ÚÁÍiÎi ^E(r) ÎÁ ^h(r), ÄÅ^h(r) = ^E(r)� Z dr0 Z dr00 �En(r; r0)��1nn(r00; r0)^n(r00) (3.18){ ÇÕÓÔÉÎÁ ÕÚÁÇÁÌØÎÅÎÏ§ ÅÎÔÁÌØÐi§ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×, �En(r; r0) =h ^E(r)^n(r0)i0 { pi×ÎÏ×ÁÖÎÁ ËÏpÅÌÑÃiÊÎÁ ÆÕÎËÃiÑ, h: : :i0 =
ICMP{97{18U 20R d�N : : : �0(xNn ; xNm), �0(xNn ; xNm) { pi×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊÏÐÅpÁÔÏp ÓÕÍiÛi ÎÅÍÁÇÎiÔÎÉÈ ÔÁ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×. æÕÎËÃiÑ��1nn(r0; r00) ×ÉÚÎÁÞÁ¤ÔØÓÑ iÚ ÓÐi××iÄÎÏÛÅÎÎÑ:Z dr00��1nn(r; r00)�nn(r00; r0) = �(r� r0);ÄÅ �nn(r00; r0) { pi×ÎÏ×ÁÖÎÁ ËÏpÅÌÑÃiÊÎÁ ÆÕÎËÃiÑ ÇÕÓÔÉÎÁ-ÇÕÓÔÉÎÁÄÌÑ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×:�nn(r00; r0) = h^n(r00); ^n(r0)i0: (3.19)îÅÏÂÈiÄÎÏ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÇÕÓÔÉÎÁ ÅÎÔÁÌØÐi§ ^h(r) ×ÉÎÉËÌÁ ×ÎÁÓÌiÄÏË×ÉËÌÀÞÅÎÎÑ iÚ pi×ÎÑÎØ (3.7), (3.8) ÔÅpÍÏÄÉÎÁÍiÞÎÏÇÏ ÐÁpÁÍÅÔpÕ�(r; t) ��(r; t)� ín2 v2(r; t)� Õ ÌiÎiÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎi ÚÁ ÄÏÐÏÍÏÇÏÀÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ h^n(r)it = h^n(r)itq .÷iÄÐÏ×iÄÎÏ Õ ÍÁÔpÉÞÎÏÍÕ pi×ÎÑÎÎi (3.16) �~c1 = ~c1 � h~c1i0 ¦~c1(r) = col(^nm(r); ^pm(r); ^hm(r); ^M(r)) (3.20)×ÅËÔÏp-ÓÔÏ×ÐÅÃØ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ,ÑËÉÊ ÓÐi×ÐÁÄÁ¤ Ú ~c(r) (3.2) ÐpÉ ÚÁÍiÎi ^Em(r) ÎÁ ^hm(r) i ^M(r) - ÎÁ^M(r), ÄÅ ^hm(r) = ^Em(r) (3.21)� Z dr00 Z dr0�mmEn (r; r0)(�mmnn )�1(r0; r00)^nm(r00)� Z dr00 Z dr0�mmEM (r; r0)(�mmMM)�1(r0; r00) ^M(r00)- ÇÕÓÔÉÎÁ ÕÚÁÇÁÌØÎÅÎÏ§ ÅÎÔÁÌØÐi§ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×, �mmEn (r; r0) =h ^Em(r)^nm(r0)i0, �mmEM (r; r0) = h ^Em(r) ^M(r)i0. - pi×ÎÏ×ÁÖÎi ËÏpÅÌÑÃiÊÎiÆÕÎËÃi§ ÄÌÑ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, Õ ÑËÉÈ^M(r) = ^M(r) (3.22)� Z dr0 Z dr00�mMn(r; r00)(�mmnn )�1(r0; r00)^nm(r00):æÕÎËÃi§ (�mmnn )�1(r0; r00), (�mmMM)�1(r0; r00) - ×ÉÚÎÁÞÁÀÔØÓÑ iÚ ×iÄÐÏ×iÄ-ÎÉÈ ÓÐi××iÄÎÏÛÅÎØ R dr00(�mmnn )�1(r; r00)�mmnn (r00; r0) = �(r� r0),R dr00(�mmMM)�1(r; r00)�mmMM(r00; r0) = �(r�r0), ÄÅ �mmnn (r; r0), �mmMM(r; r0)- pi×ÎÏ×ÁÖÎi ÓÔpÕËÔÕpÎi ÆÕÎËÃi§ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ�mmnn (r; r0) = h^nm(r)^nm(r0)i0; (3.23)



21 ðÒÅÐÒÉÎÔ�mmMM(r; r0) = h ^M(r) ^M(r0)i0; (3.24)ÐpÉÞÏÍÕ �mmMM(r; r0) - ×pÁÈÏ×Õ¤ ÍÁÇÎiÔÏÓÔpÉËÃiÊÎi ËÏpÅÌÑÃi§. ÷ pi×-ÎÑÎÎÑÈ ÐÅpÅÎÏÓÕ (3.15) (3.16) i~
a1a1(r; r0), i~
a1c1(r; r0) i i~
c1a1(r; r0),i~
c1c1(r; r0) - ÞÁÓÔÏÔÎi ÍÁÔpÉÃi, ÑËi ÍÁÀÔØ ÎÁÓÔÕÐÎÕ ÓÔpÕËÔÕpÕi~
a1a1(r; r0) = Z dr00h _~a1(r)~a+1 (r00)i0 ~�a1a1(r00; r0); (3.25)ÄÅ _~a1(r) = iLN~a1(r), ~a+1 (r) - ×ÅËÔÏp-ÓÔpiÞËÁ, ÅÌÅÍÅÎÔÉ ÑËÏ§ ¤ ^n(r),^p(r), ^h(r), ~��1a1a1(r00; r0) - ÍÁÔpÉÃÑ, ÏÂÅpÎÅÎÁ ÄÏ ÍÁÔpÉÃi ~�a1a1(r; r00)~�a1a1(r; r0) = 24 �nn(r; r0) 0 00 �pp(r; r0) 00 0 �hh(r; r0) 35 ; (3.26)ÅÌÅÍÅÎÔÁÍÉ ÑËÏ§ ¤ pi×ÎÏ×ÁÖÎi ËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§ ÇÕÓÔÉÎ ÞÉÓÌÁ ÞÁ-ÓÔÉÎÏË, iÍÐÕÌØÓÕ ÔÁ ÕÚÁÇÁÌØÎÅÎÏ§ ÅÎÔÁÌØÐi§ ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ ÐiÄ-ÓÉÓÔÅÍÉ. ÷iÄÐÏ×iÄÎÏ iÎÛi ÞÁÓÔÏÔÎi ÍÁÔpÉÃi ÍÁÀÔØ ×ÉÇÌÑÄ:i~
a1c1(r; r0) = Z dr00h _~a1(r)~c+1 (r00)i0 ~��1c1c1(r00; r0);i~
c1a1(r; r0) = Z dr00h _~c1(r)~a+1 (r00)i0 ~��1a1a1(r00; r0); (3.27)i~
c1c1(r; r0) = Z dr00h _~c1(r)~c+1 (r00)i0 ~��1c1c1(r00; r0); (3.28)~��1c1c1(r00; r0) - ÍÁÔpÉÃÑ ÏÂÅpÎÅÎÁ ÄÏ ÍÁÔpÉÃi ~�c1c1(r0; r)~�c1c1 = 2664 �mmnn 0 0 00 �mmpp 0 00 0 �mmhh 00 0 0 �MM 3775(r;r0) ; (3.29)ÅÌÅÍÅÎÔÉ ÑËÏ§ - pi×ÎÏ×ÁÖÎi ËÏpÅÌÑÃiÊÎi ÆÕÎËÃi§ ÇÕÓÔÉÎ ^nm(r),^pm(r), ^hm(r), ^M(r) ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. þÁÓÔÏÔÎi ÍÁÔpÉÃi(3.26) - (3.28) ÏÐÉÓÕÀÔØ ÓÔÁÔÉÞÎi ÍiÖÞÁÓÔÉÎËÏ×i ËÏpÅÌÑÃi§ ÄÌÑ ÓÕ-ÍiÛi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×. ÷ ÔÏÊ ÖÅ ÞÁÓ ÄÉÎÁÍiÞÎi ÓÔÁ-ÔÉÓÔÉÞÎi ÍiÖÞÁÓÔÉÎËÏ×i ËÏpÅÌÑÃi§ ÐÏ×'ÑÚÁÎi Ú ÐÅpÅÎÅÓÅÎÎÑÍ ÞÁÓÔÉ-ÎÏË, iÍÐÕÌØÓÕ, ÅÎÅpÇi§, ÍÁÇÎiÔÎÏÇÏ ÍÏÍÅÎÔÕ ÄÌÑ pÏÚÇÌÑÄÕ×ÁÎÏ§ ÓÕÍi-Ûi Õ pi×ÎÑÎÎÑÈ (3.15), (3.16) ÏÐÉÓÕÀÔØÓÑ ÍÁÔpÉÃÑÍÉ ÑÄÅp ÐÅpÅÎÏÓÕ
ICMP{97{18U 22~'a1a1(r; r0; t; t0), ~'a1c1(r; r0; t; t0), ~'c1a1(r; r0; t; t0), ~'c1c1(r; r0; t; t0). ëÏÖ-ÎÕ ÃÀ ÍÁÔpÉÃÀ ÍÏÖÎÁ ÐpÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄi:~'a1a1(r; r0; t; t0) = Z dr00h~Ia1(r)T0(t; t0)~I+a1 (r00)i0 ~��1a1a1(r00; r0); (3.30)~'a1c1(r; r0; t; t0) = Z dr00h~Ia1 (r)T0(t; t0)~I+c1(r00)i0 ~��1c1c1(r00; r0); (3.31)~'c1a1(r; r0; t; t0) = Z dr00h~Ic1(r)T0(t; t0)~I+a1 (r00)i0 ~��1a1a1(r00; r0); (3.32)~'c1c1(r; r0; t; t0) = Z dr00h~Ic1(r)T0(t; t0)~I+c1 (r00)i0 ~��1c1c1(r00; r0); (3.33)Õ ÑËÉÈ ×iÄÐÏ×iÄÎi ×ÅËÔÏp-ÓÔÏ×ÐÃi ~Ia1(r), ~Ic1(r) ÔÁ ×ÅËÔÏp-ÓÔpiÞËÉ~I+a1(r00), ~I+c1(r00) ÐÏÂÕÄÏ×ÁÎi ÎÁ ÕÚÁÇÁÌØÎÅÎÉÈ ÐÏÔÏËÁÈ:~Ia1(r) = col(In(r); Ip(r); Ih(r)); (3.34)In(r) = 0;Ip(r) = (1� P0)iLN ^p(r);Ih(r) = (1� P0)iLN^h(r)ÄÌÑ ÐiÄÓÉÓÔÅÍÉ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi×;~Ic1(r) = col(Imn (r); Imp (r); Imh (r); IM(r)); Imn (r) = 0; (3.35)Imp (r) = (1�P0)iLN ^pm(r); Imh (r) = (1�P0)iLN^hm(r);IM(r) = (1�P0)iLN ^M(r)ÄÌÑ ÐiÄÓÉÓÔÅÍÉ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi×. ÷ ÑÄpÁÈ ÐÅpÅÎÏÓÕ T0(t; t0) - ÏÐÅpÁ-ÔÏp Å×ÏÌÀÃi§ T0(t; t0) = expf(t0 � t)(1�P0)iLNg;Á P0 - ÐpÏÅËÃiÊÎÉÊ ÏÐÅpÁÔÏp íÏpi ÐÏÂÕÄÏ×ÁÎÉÊ ÎÁ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎ-ÎÉÈ ^n(r, ^p(r), ^h(r), i ^nm(r), ^pm(r), ^hm(r), ^M(r) ÄÌÑ ÎÅÍÁÇÎiÔÎÉÈÔÁ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi× ×iÄÐÏ×iÄÎÏ. ÷ÁÖÌÉ×Ï ÚÁÚÎÁÞÉÔÉ, ÝÏ ÄÉÎÁÍiÞÎiÚÍiÎÎi ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi× ^n(r), ^p(r), ^h(r) - ÏpÔÏÇÏÎÁÌØÎi ÍiÖ ÓÏÂÏÀ



23 ðÒÅÐÒÉÎÔ(ÍÁÔpÉÃÑ ÓÔÁÔÉÞÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ (3.26) - ÄiÁÇÏÎÁÌØÎÁ) i ÄÉ-ÎÁÍiÞÎi ÚÍiÎÎi ÍÁÇÎiÔÎÉÈ ÁÔÏÍi× ^nm(r), ^p, ^hm(r), ^M(r) ÔÁËÏÖ ÕÔ×ÏpÀ-ÀÔØ ÏpÔÏÇÏÎÁÌØÎÉÊ ÂÁÚÉÓ(ÍÁÔpÉÃÑ ÓÔÁÔÉÞÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎË-ÃiÊ (3.29) - ÄiÁÇÏÎÁÌØÎÁ). ïÄÎÁË, ÄÁÎi ÎÁÂÏpÉ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔÎÉÈ ÁÔÏÍi× × ÃiÌÏÍÕ ÎÅ ÏpÔÏÇÏÎÁÌØÎi. æÕÎË-Ãi§ �mnn(r; r0) = h^n(r)^nm(r0)i0 i �mhh(r; r0) = h^h(r)^hm(r0)i0 - ÏÐÉÓÕÀÔØÓÔÁÔÉÞÎi ËÏpÅÌÑÃi§ ÍiÖ ÁÔÏÍÁÍÉ ÎÅÍÁÇÎiÔÎÏ§ i ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ.åÌÅÍÅÎÔÉ ÍÁÔpÉÃØ ÑÄÅp ÐÅpÅÎÏÓÕ (3.30) - (3.33) ÏÐÉÓÕÀÔØ ÄÉÓÉÐÁ-ÔÉ×Îi ÐpÏÃÅÓÉ i ÐÏ×'ÑÚÁÎi Ú ÕÚÁÇÁÌØÎÅÎÉÍÉ ËÏÅÆiÃi¤ÎÔÁÍÉ ×'ÑÚËÏÓÔi,ÔÅÐÌÏÐpÏ×iÄÎÏÓÔi, ÍÁÇÎiÔÎÏ§ ÄÉÆÕÚi§ ÄÌÑ ÍÁÇÎiÔÎÏ§ i ÎÅÍÁÇÎiÔÎÏ§ ÐiÄ-ÓÉÓÔÅÍ Ú ×pÁÈÕ×ÁÎÎÑÍ ÐÅpÅÈpÅÓÎÉÈ, ÍÁÇÎiÔÏÓÔpÉËÃiÊÎÉÈ ÄÉÎÁÍiÞÎÉÈËÏpÅÌÑÃiÊ ÈÁpÁËÔÅpÎÉÈ ÄÌÑ Ä×ÏËÏÍÐÏÎÅÎÔÎÉÈ ÓÉÓÔÅÍ. úÏËpÅÍÁ, pÏÚ-ÇÌÑÎÅÍÏ ÓÔpÕËÔÕpÕ ÑÄÅp ÐÅpÅÎÏÓÕ 'pp(r; r0; t; t0), 'hh(r; r0; t; t0) ÄÌÑÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÔÁ 'mmpp (r; r0; t; t0), 'mmhh (r; r0; t; t0) - ÄÌÑ ÍÁÇ-ÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ÷pÁÈÏ×ÕÀÞÉ (2.51), (2.52) ÄÌÑ ×iÄÐÏ×iÄÎÉÈ ÐÏÔÏËi×ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ × ÌiÎiÊÎÏÍÕ ÎÁÂÌÉÖÅÎi, ÏÔpÉÍÁ¤ÍÏIp(r) = (1�P0)iLN ^p(r) = Inp (r) + ^Inp (r);Ih(r) = (1�P0)iLN^h(r) = Inh (r) + ^Inh (r);ÄÅ Inp (r) = (1�Pn0 )iLn^p(r);Inh (r) = (1�Pn0 )iLn^h(r)-ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ ÇÕÓÔÉÎ iÍÐÕÌØÓÕ ÔÁ ÅÎÔÁÌØÐi§ ÁÔÏÍi× ÎÅÍÁÇÎiÔ-ÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÑËi ÎÅ ÚÁÌÅÖÁÔØ ×iÄ ÎÁÑ×ÎÏÓÔi ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅ-ÍÉ. ^Inp (r), ^Inh (r)-ËÏÒÅÌÑÃ¦ÊÎ¦ ÞÁÓÔÉÎÉ ÐÏÔÏË¦×, ÑË¦ ÏÐÉÓÕÀÔØ ×ÐÌÉ×ÄÉÎÁÍ¦ËÉ ÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦× ÎÁ ÄÉÎÁÍ¦ËÕ ÎÅÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦×. ôÅÐÅpÑÄpÁ ÐÅpÅÎÏÓÕ 'pp(r; r0; t; t0), 'hh(r; r0; t; t0) ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄi'pp(r; r0; t; t0) = 'nnpp (r; r0; t; t0) + ^'nnpp (r; r0; t; t0);'hh(r; r0; t; t0) = 'nnhh(r; r0; t; t0) + ^'nnhh(r; r0; t; t0);ÄÅ 'nnpp (r; r0; t; t0) = Z dr00hInp (r)T0(t; t0)Inp (r00)i0��1pp (r00; r0); (3.36)'nnhh(r; r0; t; t0) = Z dr00hInh (r)T0(t; t0)Inh (r00)i0��1hh (r00; r0); (3.37)
ICMP{97{18U 24- ÑÄpÁ ÐÅpÅÎÏÓÕ ÄÌÑ ÁÔÏÍi× ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ Ú ÐÏ×ÎÉÍ ÏÐÅpÁ-ÔÏpÏÍ Å×ÏÌÀÃi§ T0(t; t0). õ ÐpÏÓÔÏpÏ×Ï ÏÄÎÏpiÄÎÏÍÕ ×ÉÐÁÄËÕ ìÁÐÌÁÓ-æÕp'¤ ÚÏÂpÁÖÅÎÎÑ ÚÁ ÞÁÓÏ×ÉÍÉ i ÐpÏÓÔÏpÏ×ÉÍÉ ËÏÏpÄÉÎÁÔÁÍÉ ÑÄÅpÐÅpÅÎÏÓÕ 'nnpp (r; r0; t; t0), 'nnhh(r; r0; t; t0) Ú×'ÑÚÁÎi iÚ ×iÄÐÏ×iÄÎÉÍÉ ÕÚÁ-ÇÁÌØÎÅÎÉÍÉ ËÏÅÆiÃi¤ÎÔÁÍÉ ÐÅpÅÎÏÓÕ'nnpp (k; z) = ik2��n(k; z)=Mnnn; (3.38)'nnhh(k; z) = ik2kâ�2�n(k; z)=CnV (k); (3.39)�n(k; z), �n(k; z) i CnV (k)= h^h(k); ^h(�k)i0kâ�2- ÕÚÁÇÁÌØÎÅÎi ËÏÅÆiÃi-¤ÎÔÉ ×'ÑÚËÏÓÔi, ÔÅÐÌÏÐpÏ×iÄÎÏÓÔi ÔÁ ÔÅÐÌÏ¤ÍÎiÓÔØ ÁÔÏÍi× ÎÅÍÁÇÎiÔ-ÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ^'nnpp (r; r0; t; t0), ^'nnhh(r; r0; t; t0)-ÞÁÓÔÉÎÉ ÑÄÅp ÐÅpÅÎÏÓÕ,ÑËi ÏÐÉÓÕÀÔØ ÐÅpÅÈpÅÓÎi ÄÉÓÉÐÁÔÉ×Îi ÐpÏÃÅÓÉ, ÚÏËpÅÍÁ, Ú ×ËÌÁÄÏÍÏÐÅpÁÔÏpÁ ìiÕ×iÌÑ iLint ×ÚÁ¤ÍÏÄi§ ÁÔÏÍi× ÏÂÏÈ ÐiÄÓÉÓÔÅÍ. ïÞÅ×ÉÄ-ÎÏ, ËÏÌÉ ÐÏÔÅÎÃiÁÌ ×ÚÁ¤ÍÏÄi§ �nm(r; r0) ÎÁÂÁÇÁÔÏ ÓÌÁÂÛÉÊ ×iÄ ÐÏÔÅÎ-ÃiÁÌi× ×ÚÁ¤ÍÏÄi§ ÍiÖ ÁÔÏÍÁÍÉ ËÏÖÎÏ§ Ú ÐiÄÓÉÓÔÅÍ, ÔÏ ÔÁËÉÍÉ ×ËÌÁ-ÄÁÍÉ Õ ÐÅ×ÎÉÈ ×ÉÐÁÄËÁÈ ÍÏÖÎÁ ÚÎÅÈÔÕ×ÁÔÉ.ðÏÄiÂÎÏ ÄÌÑ ÐiÄÓÉÓÔÅÍÉ ÍÁÇÎiÔÎÉÈ ÁÔÏÍi× ÑÄpÁ ÐÅpÅÎÏÓÕ'mmpp (r; r0; t; t0), 'mmhh (r; r0; t; t0) ÍÏÖÎÁ ÐpÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄi'mmpp (r; r0; t; t0) = �'mmpp (r; r0; t; t0) + ^'mmpp (r; r0; t; t0);'mmhh (r; r0; t; t0) = �'mmhh (r; r0; t; t0) + ^'mmhh (r; r0; t; t0);ÄÅ �'mmpp (r; r0; t; t0) =Z dr00h�Imp (r)T0(t; t0)�Imp (r00)i0(�mmpp )�1(r00; r0); (3.40)�'mmhh (r; r0; t; t0) =Z dr00h�Imh (r)T0(t; t0)�Imh (r00)i0(�mmhh )�1(r00; r0); (3.41)-ÑÄpÁ ÐÅpÅÎÏÓÕ ÄÌÑ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ Ú ÐÏ×ÎÉÍ ÏÐÅpÁ-ÔÏpÏÍ Å×ÏÌÀÃi§ T0(t; t0). �Imp (r), �Imh (r) - ÕÚÁÇÁÌØÎÅÎi ÐÏÔÏËÉ ÇÕÓÔÉÎiÍÐÕÌØÓÕ ÔÁ ÅÎÔÁÌØÐi§ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ, ÑËi ÎÅ ÚÁÌÅÖÁÔØ×iÄ ÎÁÑ×ÎÏÓÔi ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ i, ÝÏ ×ÈÏÄÑÔØ × ÕÚÁÇÁÌØÎÅÎi ÐÏ-ÔÏËÉ �Imp (r), �Imh (r):Imp (r) = (1�P0)iLN ^pm(r) = �Imp (r) + ^Imp (r);



25 ðÒÅÐÒÉÎÔImh (r) = (1�P0)iLN^hm(r) = �Imh (r) + ^Imh (r);ÄÅ �Imp (r) = (1�Pm0 )iLm^pm(r);�Imh (r) = (1�Pm0 )iLm^hm(r);^Imp (r), ^Imh (r)- ËÏÒÅÌÑÃ¦ÊÎ¦ ÞÁÓÔÉÎÉ ÕÚÁÇÁÌØÎÅÎÉÈ ÐÏÔÏË¦×, ÑË¦ ÏÐÉ-ÓÕÀÔØ ×ÐÌÉ× ÄÉÎÁÍ¦ËÉ ÎÅÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦× ÎÁ ÄÉÎÁÍ¦ËÕ ÍÁÇÎ¦ÔÎÉÈÁÔÏÍ¦×.õ ÐpÏÓÔÏpÏ×Ï ÏÄÎÏpiÄÎÏÍÕ ×ÉÐÁÄËÕ ìÁÐÌÁÓ-æÕp'¤ ÚÏÂpÁÖÅÎÎÑ ÚÁÞÁÓÏ×ÉÍÉ i ÐpÏÓÔÏpÏ×ÉÍÉ ËÏÏpÄÉÎÁÔÁÍÉ ÑÄÅp ÐÅpÅÎÏÓÕ�'mmpp (r; r0; t; t0), �'mmhh (r; r0; t; t0) Ú×'ÑÚÁÎi iÚ ×iÄÐÏ×iÄÎÉÍÉ ÕÚÁÇÁÌØÎÅÎÉ-ÍÉ ËÏÅÆiÃi¤ÎÔÁÍÉ ÐÅpÅÎÏÓÕ�'mmpp (k; z) = ik2��m(k; z)=Mmnm; (3.42)�'mmhh (k; z) = ik2kâ�2�m(k; z)=CmV (k); (3.43)�m(k; z), �m(k; z) i CmV (k)= h^hm(k); ^hm(�k)i0kâ�2- ÕÚÁÇÁÌØÎÅÎiËÏÅÆiÃi¤ÎÔÉ ×'ÑÚËÏÓÔi, ÔÅÐÌÏÐpÏ×iÄÎÏÓÔi ÔÁ ÔÅÐÌÏ¤ÍÎiÓÔØ ÁÔÏÍi× ÍÁÇ-ÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. ^'mmpp (r; r0; t; t0), ^'mmhh (r; r0; t; t0)-ÞÁÓÔÉÎÉ ÑÄÅp ÐÅpÅ-ÎÏÓÕ, ÑËi ÏÐÉÓÕÀÔØ ÐÅpÅÈpÅÓÎi ÄÉÓÉÐÁÔÉ×Îi ÐpÏÃÅÓÉ ÐÏ×'ÑÚÁÎi iÚ×ÚÁ¤ÍÏÄi§À ÏÂÏÈ ÐiÄÓÉÓÔÅÍ.õ ÃiÊ ÞÁÓÔÉÎi ÎÅÏÂÈiÄÎÏ ÚpÏÂÉÔÉ ÐÅ×Îi ÐiÄÓÕÍËÉ ÝÏÄÏ ÓÉÓÔÅÍÉ pi×-ÎÑÎØ ÐÅpÅÎÏÓÕ (3.15), (3.16). îÁÓÁÍÐÅpÅÄ, ÃÑ ÓÉÓÔÅÍÁ pi×ÎÑÎØ ÐÅpÅÎÏ-ÓÕ ÓÐpÁ×ÅÄÌÉ×Á, ÑË × ÐpÏÓÔÏpÏ×Ï-ÎÅÏÄÎÏpiÄÎÏÍÕ, ÔÁË i × ÏÄÎÏpiÄÎÏÍÕ×ÉÐÁÄËÁÈ. ÷ ÐpÏÓÔÏpÏ×Ï ÏÄÎÏpiÄÎÏÍÕ ×ÉÐÁÄËÕ ÚÁÓÔÏÓÏ×ÕÀÞÉ æÕp'¤- ÐÅpÅÔ×ÏpÅÎÎÑ ÄÌÑ ÐpÏÓÔÏpÏ×ÉÈ ËÏÏpÄÉÎÁÔ i ìÁÐÌÁÓ - ÐÅpÅÔ×ÏpÅÎ-ÎÑ ÄÌÑ ÞÁÓÏ×Ï§ ÚÁÌÅÖÎÏÓÔi, ÍÁÔpÉÞÎÕ ÓÉÓÔÅÍÕ pi×ÎÑÎØ (3.15), (3.16)ÍÏÖÎÁ ÐpÅÄÓÔÁ×ÉÔÉ × ÁÌÇÅÂpÁ§ÞÎiÊ ÆÏpÍi:zh~a1(k)iz � i~
a1a1(k)h~a1(k)iz (3.44)�i~
a1c1(k)h~c1(k)iz+~'a1a1(kz)h~a1(k)iz+~'a1c1(k; z)h~c1(k)iz = �h~a1(k; t = 0)i;zh~c1(k)iz � i~
c1c1(k)h~c1(k)iz (3.45)�i~
c1a1(k)h~a1(k)iz+~'c1a1(k; z)h~a1(k)iz+~'c1c1(k; z)h~c1(k)iz = �h~c1(k; t = 0)i;
ICMP{97{18U 26ÄÅ, ÎÁÐpÉËÌÁÄ, h~a1(k)iz i i ~'a1c1(k; z) ×ÉÚÎÁÞÁÀÔØÓÑ ÓÐi××iÄÎÏÛÅÎÎÑ-ÍÉ h~a1(k)iz = i Z dr Z dte�ikre�izth~a1(r)it; ~�a1c1(k; z)= i Z dr Z dte�ikre�izt ~�a1c1(r; t):îÁ ÏÓÎÏ×i pi×ÎÑÎØ ÐÅpÅÎÏÓÕ (3.36), (3.37), ÑË ÃÅ ÂÕÌÏ ÐÏËÁÚÁÎÏ Õ ×É-ÐÁÄËÕ ÏÄÎÏËÏÍÐÏÎÅÎÔÎÏ§ ÍÁÇÎiÔÎÏ§ piÄÉÎÉ [18] ÍÏÖÎÁ ÏÔpÉÍÁÔÉ pi×-ÎÑÎÎÑ ÄÌÑ æÕp'¤-ìÁÐÌÁÓ ÐÅpÅÔ×ÏpÅÎØ ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎË-ÃiÊ, ÐÏÂÕÄÏ×ÁÎÉÈ ÎÁ ÄÉÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍ:z ~�a1a1(k; z)� i~
a1a1(k)~�a1a1(k; z) (3.46)�i~
a1c1(k)~�c1a1(k; z)+~'a1a1(k; z)~�a1a1(k; z)+~'a1c1(k; z)~�c1a1(k; z) = �~�a1a1(k);z ~�a1c1(k; z)� i~
a1a1(k)~�a1c1(k; z) (3.47)�i~
a1c1(k)~�c1c1(k; z)+~'a1a1(k; z)~�a1c1(k; z)+~'a1c1(k; z)~�c1c1(k; z) = �~�a1c1(k);z ~�c1a1(k; z)� i~
c1a1(k)~�a1a1(k; z) (3.48)�i~
c1c1(k)~�c1a1(k; z) + ~'c1a1(k; z)~�a1a1(k; z)+~'c1c1(k; z)~�c1a1(k; z) = �~�c1a1(k);z ~�c1c1(k; z)� i~
c1a1(k)~�a1c1(k; z) (3.49)�i~
c1c1(k; z)~�c1c1(k; z) + ~'c1a1(k; z)~�a1c1(k; z)+~'c1c1(k; z)~�c1c1(k; z) = �~�c1c1(k);ÄÅ ~�a1a1(k; z), ~�a1c1(k; z), ~�c1a1(k; z), ~�c1c1(k; z) - ìÁÐÌÁÓ-ÏÂpÁÚÉ ÞÁ-ÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ, ÝÏ ÕÔ×ÏpÀÀÔØ ÓÕÐÅpÍÁÔpÉÃÀ~�(k; z) = � ~�a1a1(k; z) ~�a1c1(k; z)~�c1a1(k; z) ~�c1c1(k; z) � (3.50)



27 ðÒÅÐÒÉÎÔ~�a1a1(k; z) = 24 �nn �nJ �nh�Jn �JJ �Jh�hn �hJ �hh 35(k;z) ; (3.51)ÍÁÔpÉÃÑ ìÁÐÌÁÓ-ÏÂpÁÚi× ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ æÕp'¤{ËÏÍ-ÐÏÎÅÎÔ ÇÕÓÔÉÎ ÞÉÓÌÁ ÞÁÓÔÉÎÏË, iÍÐÕÌØÓÕ ÔÁ ÅÎÔÁÌØÐi§ ÎÅÍÁÇÎiÔÎÉÈÁÔÏÍi×; ~�a1c1(k; z) = 24 �mnn �mnp �mnh �mnM�mpn �mpp �mph �mpM�mhn �mhp �mhh �mhM 35(k;z) ; (3.52)~�c1a1(k; z) = 2664 �mnn �mnp �mnh�mpn �mpp �mph�mhn �mhp �mhh�mMn �mMp �mMh 3775(k;z) ; (3.53)-ÍÁÔpÉÃi ìÁÐÌÁÓ-ÏÂpÁÚi× ÞÁÓÏ×ÉÈ ÐÅpÅÈpÅÓÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎË-ÃiÊ, ÑËi ÏÐÉÓÕÀÔØ ÄÉÎÁÍiÞÎi ËÏpÅÌÑÃi§ ÍiÖ æÕp'¤-ËÏÍÐÏÎÅÎÔÁÍÉ ÄÉ-ÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÎÅÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ ^n(k), ^p(k), ^h(k) ÔÁ ÄÉ-ÎÁÍiÞÎÉÈ ÚÍiÎÎÉÈ ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ ^nm(k), ^pm(k), ^hm(k), ^M(k);~�c1c1(k; z) = 2664 �mmnn �mmnp �mmnh �mmnM�mmpn �mmpp �mmph �mmpM�mmhn �mmhp �mmhh �mmhM�mmMn �mmMp �mmMh �mmMM 3775(k;z) ; (3.54)- ÍÁÔpÉÃÑ ìÁÐÌÁÓ-ÏÂpÁÚi× ÞÁÓÏ×ÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ æÕp'¤-ËÏÍÐÏÎÅÎÔ ÇÕÓÔÉÎ ÞÉÓÌÁ ÞÁÓÔÉÎÏË ^nm(k), iÍÐÕÌØÓÕ ^pm(k), ÅÎÔÁÌØÐi§^hm(k) i ^M(k) ÄÌÑ ÁÔÏÍi× ÍÁÇÎiÔÎÏ§ ÐiÄÓÉÓÔÅÍÉ. óÉÓÔÅÍÁ ÍÁÔpÉÞÎÉÈpi×ÎÑÎØ ÐÅpÅÎÏÓÕ (3.38) - (3.41) × pÁÍËÁÈ ÌiÎiÊÎÏ§ ÇiÄpÏÄÉÎÁÍiËÉ ÄÁ¤ÍÏÖÌÉ×iÓÔØ ÄÏÓÌiÄÖÕ×ÁÔÉ ÞÁÓÏ×i ËÏpÅÌÑÃiÊÎi ÆÕÎËi§, ËÏÌÅËÔÉ×Îi ÍÏ-ÄÉ, ÕÚÁÇÁÌØÎÅÎi ËÏÅÆiÃi¤ÎÔÉ ÐÅpÅÎÏÓÕ × ÛÉpÏËÏÍÕ iÎÔÅp×ÁÌi ÚÎÁÞÅÎØÈ×ÉÌØÏ×ÏÇÏ ×ÅËÔÏpÁ k i ÞÁÓÔÏÔÉ ! ÄÌÑ ÓÕÍiÛi ÍÁÇÎiÔÎÉÈ ÔÁ ÎÅÍÁÇÎiÔ-ÎÉÈ ÁÔÏÍi×. ôÁËÉÊ ËÏÍÐÌÅËÓ ÄÏÓÌiÄÖÅÎØ ÍÏÖÌÉ×Ï ÐpÏ×ÅÓÔÉ Õ Ú×'ÑÚ-ËÕ Ú ÔÉÍ, ÝÏ ×iÄÏÍi pÅÚÕÌØÔÁÔÉ Ä×ÏÈ ÇpÁÎÉÞÎÉÈ ×ÉÐÁÄËi× ÓÔÏÓÏ×ÎÏÏÄÎÏËÏÍÐÏÎÅÎÔÎÉÈ ÓÉÓÔÅÍ.3.1. ðÒÏÓÔ¦ Ò¦ÄÉÎÉëÌÁÓÉÞÎÉÍ ÐÒÉËÌÁÄÏÍ ÎÅÍÁÇÎ¦ÔÎÏ§ Ò¦ÄÉÎÉ ¤ ÐÒÏÓÔÁ Ò¦ÄÉÎÁ. õ ×ÉÐÁÄ-ËÕ ×¦ÄÓÕÔÎÏÓÔ¦ ÍÁÇÎ¦ÔÎÏ§ Ð¦ÄÓÉÓÔÅÍÉ ¦Ú ÍÁÔÒÉÞÎÉÈ Ò¦×ÎÑÎØ
ICMP{97{18U 28(3.46)-(3.49)ÚÁÌÉÛÁ¤ÔØÓÑ Ô¦ÌØËÉ ÐÅÒÛÅ ÍÁÔÒÉÞÎÅ Ò¦×ÎÑÎÎÑ ÄÌÑ ËÏÒÅ-ÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ~�a1a1(k; z)z ~�a1a1(k; z)� i~
a1a1(k)~�a1a1(k; z) (3.55)+~'nna1a1(k; z)~�a1a1(k; z)= �~�a1a1(k);× ÑËÏÍÕ ÞÁÓÔÏÔÎÁ ÍÁÔÒÉÃÑ i~
a1a1(k) ¦ ÍÁÔÒÉÃÑ ÑÄÅÒ ÐÅÒÅÎÏÓÕ~'nna1a1(k; z) ÍÁÀÔØ ÄÏÂÒÅ ×¦ÄÏÍÕ ÓÔÒÕËÔÕÒÕ × ÍÏÌÅËÕÌÑÒÎ¦Ê Ç¦ÄÒÏÄÉ-ÎÁÍ¦Ã¦ ÐÒÏÓÔÉÈ Ò¦ÄÉÎ [24, 23, 25]:i~
a1a1(k) = 24 0 i
nnnp (k) 0i
nnpn (k) 0 i
nnph (k)0 i
nnhp (k) 0 35 ;~'nna1a1(k; z) = 24 0 0 00 'nnpp 'nnph0 'nnhp 'nnhh 35(k;z)ôÕÔ 'nnpp (k; z), 'nnpp (k; z) Ò¦×Î¦ ×¦ÄÐÏ×¦ÄÎÏ (3.36), (3.37) ¦ ×ÉÚÎÁÞÁ-ÀÔØ ÕÚÁÇÁÌØÎÅÎ¦ ËÏÅÆ¦Ã¦¤ÎÔÉ ×'ÑÚËÏÓÔ¦ ¦ ÔÅÐÌÏÐÒÏ×¦ÄÎÏÓÔ¦. i
nnnp (k)i
nnpn (k) = �k2=�Snn(k), Snn(k) - ÓÔÁÔÉÞÎÉÊ ÓÔÒÕËÔÕÒÎÉÊ ÆÁË-ÔÏÒ ÐÒÏÓÔÏ§ Ò¦ÄÉÎÉ (ÎÅÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦×). òÏÚ×'ÑÚÏË ÓÉÓÔÅÍÉ Ò¦×-ÎÑÎØ (3.55) × ÍÁÒË¦×ÓØËÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÍÏÖÅ ÂÕÔÉ ÐÒÅÄÓÔÁ×ÌÅÎÉÊÁÎÁÌ¦ÔÉÞÎÏ × ÔÅÒÍ¦ÎÁÈ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ zn� ¦ ×ÌÁÓÎÉÈ ×ÅËÔÏÒ¦× ^Xn�ÄÌÑ ÍÁÔÒÉÃ¦ ~Tn(k) = �i~
a1a1(k) + ~'nna1a1(k;0). ôÏÄ¦ ÏÔÒÉÍÁ¤ÍÏ�ija1a1(k; z) =X�=1 Gij�n(k)z + zn�(k) ;ÄÅ Gij�n(k) =Xl=1 ^Xni;�( ^Xnj;l)�1�ija1a1(k; 0)¦ ÍÁÔÒÉÃÑ ^X�1 ÏÂÅÒÎÅÎÁ ÄÏ ^X . ÷ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎ¦Ê ÇÒÁÎÉÃ¦ jkj !0; ! ! 0; (z = !+ i"); "! +0, zn� ÄÏÂÒÅ ×¦ÄÏÍÉÊ [23-25] ÓÐÅËÔÒ ËÏÌÅË-ÔÉ×ÎÉÈ ÍÏÄ, ÑËÉÊ ÓËÌÁÄÁ¤ÔØÓÑ Ú ÔÅÐÌÏ×Ï§ ÍÏÄÉ Ú ×ÌÁÓÎÉÍ ÚÎÁÞÅÎÎÑÍznh (k) = k2DnT + 0(k4)Ä×ÏÈ Ú×ÕËÏ×ÉÈ ÍÏÄ Ú ×ÌÁÓÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉzn�(k) = �i!ns (k) + Zns (k)



29 ðÒÅÐÒÉÎÔ- ÍÏÄÉ, ÑË¦ ÆÏÒÍÕÀÔØ ÃÅÎÔÒÁÌØÎÉÊ ¦ ÂÏËÏ×¦ Ð¦ËÉ ÄÉÎÁÍ¦ÞÎÏÇÏ ÓÔÒÕ-ËÔÕÒÎÏÇÏ ÓÐÅËÔÒÕ; ÔÁ ×'ÑÚËÏ§ ÍÏÄÉzn(k) = �k2�n�=nnMn;ÑËÁ ÏÐÉÓÕ¤ ÐÏÐÅÒÅÞÎ¦ ×'ÑÚË¦ ËÏÌÉ×ÁÎÎÑ.DnT = �n=nnMnCnp- ËÏÅÆ¦Ã¦¤ÎÔ ÔÅÒÍÏÄÉÆÕÚ¦§ ÎÅÍÁÇÎ¦ÔÎÏ§ Ð¦ÄÓÉÓÔÅÍÉ, �n - ËÏÅÆ¦Ã¦¤ÎÔÔÅÐÌÏÐÒÏ×¦ÄÎÏÓÔ¦ ¦ Cnp - ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ÐÒÉ ÐÏÓÔ¦ÊÎÏÍÕ ÔÉÓËÕ;!ns (k) = cnk + 0(k3)- ÞÁÓÔÏÔÁ ÐÏÛÉÒÅÎÎÑ Ú×ÕËÕ (cn = 
n=�MnSnn(0) - ÁÄ¦ÁÂÁÔÉÞÎÁ Û×ÉÄ-Ë¦ÓÔØ Ú×ÕËÕ), 
n = Cnp =CnV , CnV - ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ÐÒÉ ÐÏÓÔ¦ÊÎÏÍÕ ÏÂ'¤Í¦V ; Zns (k) = çnk2 + 0(k4)- ÞÁÓÔÏÔÁ ÚÁÔÕÈÁÎÎÑ Ú×ÕËÕ Ú ËÏÅÆ¦Ã¦¤ÎÔÏÍ ÚÁÔÕÈÁÎÎÑ çnçn = 12(
n � 1)DnT + 12�nL;�nL = ( 43�n+�n)=nnMn, �nL; �n; �n - ËÏÅÆ¦Ã¦¤ÎÔÉ ÐÏ×ÚÄÏ×ÖÎØÏ§, ÚÓÕ×ÎÏ§¦ ÏÂ'¤ÍÎÏ§ ×'ÑÚËÏÓÔ¦.3.2. íÏÄÅÌØ ÇÅÊÚÅÎÂÅÒÇ¦×ÓØËÏ§ ÆÅÒÏÒ¦ÄÉÎÉ [22]ïÄÎ¦¤À ¦Ú ÑÓËÒÁ×ÉÈ ÍÏÄÅÌÅÊ ÍÁÇÎ¦ÔÎÏ§ Ò¦ÄÉÎÉ ¤ ÍÏÄÅÌØ ÇÅÊÚÅÎÂÅÒ-Ç¦×ÓØËÏ§ ÆÅÒÏÒ¦ÄÉÎÉ × ÐÏÓÔ¦ÊÎÏÍÕ ÚÏ×Î¦ÛÎØÏÍÕ ÍÁÇÎ¦ÔÎÏÍÕ ÐÏÌ¦ ÕÎÁÐÒÑÍËÕ ÏÓ¦ OZ. õ ÃØÏÍÕ ×ÉÐÁÄËÕ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ (2.6), (2.7) ÐÅÒÅÈÏ-ÄÉÔØ × ^HS = �12 NmXf;k J(jrfkj)SfSk �B NmXf MSzf ;ðÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ ÎÅÍÁÇÎ¦ÔÎÏ§ Ð¦ÄÓÉÓÔÅÍÉ ¦Ú ÍÁÔÒÉÞÎÉÈ Ò¦×ÎÑÎØ(3.46)-(3.49) ÚÁÌÉÛÁ¤ÔØÓÑ ÏÓÔÁÎÎ¤, ÑËÅ ÍÁ¤ ×ÉÇÌÑÄ ¦ ÓÐ¦×ÐÁÄÁ¤ Ú [22]z ~�c1c1(k; z)� i~
c1c1(k; z)~�c1c1(k; z)+~'c1c1(k; z)~�c1c1(k; z) = �~�c1c1(k); (3.56)
ICMP{97{18U 30ÄÅi~
c1c1(k) = 2664 0 i
mmnp (k) 0 0i
mmpn (k) 0 i
mmph (k) i
mmpM (k)0 i
mmhp (k) 0 00 i
mmMp (k) 0 0 3775 ;i ~'mmc1c1(k; z) = 2664 0 0 0 00 �'mmpp �'mmph �'mmpM0 �'mmhp �'mmhh �'mmhM0 �'mmMp �'mmMh �'mmMM 3775(k;z)ñÄÒÁ ÐÅÒÅÎÏÓÕ �'mmpp , �'mmhh Ò¦×Î¦ ×¦ÄÐÏ×¦ÄÎÏ (3.40), (3.41) ¦ ×É-ÚÎÁÞÁÀÔØ ÕÚÁÇÁÌØÎÅÎ¦ ËÏÅÆ¦Ã¦¤ÎÔÉ ×'ÑÚËÏÓÔ¦, ÔÅÐÌÏÐÒÏ×¦ÄÎÏÓÔ¦, �'mmMM- ÓÐ¦ÎÏ×Õ ÄÉÆÕÚ¦À ÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦×. òÏÚ×'ÑÚÏË ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ(3.56) × ÍÁÒË¦×ÓØËÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÍÏÖÅ ÂÕÔÉ ÔÁËÏÖ ÐÒÅÄÓÔÁ×ÌÅÎÉÊÁÎÁÌ¦ÔÉÞÎÏ × ÔÅÒÍ¦ÎÁÈ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ zm� ¦ ×ÌÁÓÎÉÈ ×ÅËÔÏÒ¦× ^Xm�ÄÌÑ ÍÁÔÒÉÃ¦ ~Tm(k) = �i~
c1c1(k) + ~'mmc1c1(k;0). ÷ ÒÅÚÕÌØÔÁÔ¦ ÄÌÑ ËÏ-ÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÏÔÒÉÍÁ¤ÍÏ:�ijc1c1(k; z) =X�=1 Gij�m(k)z + zm� (k) ;ÄÅ Gij�m(k) =Xl=1 ^Xmi;�( ^Xmj;l)�1�ijc1c1(k; 0)¦ ÍÁÔÒÉÃÑ ^X�1 ÏÂÅÒÎÅÎÁ ÄÏ ^X . óÐÅËÔÒ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ zm� ÄÌÑ ÇÅÊ-ÚÅÎÂÅÒÇ¦×ÓØËÏ§ Ò¦ÄÉÎÉ ÍÏÖÅ ÂÕÔÉ ÚÎÁÊÄÅÎÉÊ × Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎ¦Ê ÇÒÁ-ÎÉÃ¦ jkj ! 0; ! ! 0, ËÏÌÉ ÆÕÎËÃ¦Ê i
ijc1c1(k), �'ijc1c1(k; 0) Ò¦×Î¦ ÔÅÒÍÏ-ÄÉÎÁÍ¦ÞÎÉÈ ÚÎÁÞÅÎÎÑÍ i
ijc1c1(k) = ik!ij;�'ijc1c1(k; 0) = k2
ij;(ÐÒÉÞÏÍÕ 
ij ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ ×¦ÄÐÏ×¦ÄÎ¦ ËÏÅÆ¦Ã¦¤ÎÔÉ ×'ÑÚËÏÓÔ¦�m, ÔÅÐÌÏÐÒÏ×¦ÄÎÏÓÔ¦ �m ÔÁ ÄÉÆÕÚ¦§ Dm ÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦×) ¦Ú Ò¦×ÎÏÓÔ¦[22].
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Det0BBBBBBBB@ z ik!np 0 0ik!pn z + k2
pp ik!ph ik!pM0 ik!hp z + k2
hh k2
hM0 ik!Mp k2
Mh z + k2
MM
1CCCCCCCCA = 0: (3.57)ãÅÊ ÓÐÅËÔÒ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÈ ÍÏÄ ÇÅÊÚÅÎÂÅÒ¦×ÓØËÏ§ ÆÅÒÏÒ¦ÄÉÎÉÓËÌÁÄÁ¤ÔØÓÑ: Ú ÔÅÐÌÏ×Ï§ ÍÏÄ Ú ×ÌÁÓÎÉÍ ÚÎÁÞÅÎÎÑÍzmh = �DmT k2; DmT = 12v2s hb+pb2 � 4v2scmi ;ÄÅ b = !pn!np(
hh + 
MM) + !ph!hp
MM + !pM!Mp
hh�!ph!Mp
hM � !pM!hp
Mh;c = !pn!np (
hh
MM � 
hM
Mh) :v2s = !pn!np + !ph!hp + !pM!Mp;vs- Û×ÉÄË¦ÓÔØ Ú×ÕËÕ; Ä×ÏÈ Ú×ÕËÏ×ÉÈ ÍÏÄ Ú ×ÌÁÓÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉzm� (k) = �i!ms (k) + Zms (k);ÄÉÆÕÚ¦ÊÎÏ§ ÓÐ¦ÎÏ×Ï§ ÍÏÄÉ Úzm(k) = �k2Dm;Dm = 12v2s hb�pb2 � 4v2sci ;ÑË¦ ÆÏÒÍÕÀÔØ ÃÅÎÔÒÁÌØÎÉÊ ÔÁ ÂÏËÏ×¦ Ð¦ËÉ ÄÉÎÁÍ¦ÞÎÏÇÏ ÓÔÒÕËÔÕÒÎÏÇÏÆÁËÔÏÒÁ Smm(k;!), ÔÁ ×'ÑÚËÏ§ ÍÏÄÉ Ú ×ÌÁÓÎÉÍ ÚÎÁÞÅÎÎÑÍzm(k) = �k2�m�=nmMm;- ÑËÁ ÏÐÉÓÕ¤ ÐÏÐÅÒÅÞÎ¦ ×'ÑÚË¦ ËÏÌÉ×ÁÎÎÑ ÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦×. �m - ËÏ-ÅÆ¦Ã¦¤ÎÔ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔ¦ ÆÅÒÏÒ¦ÄÉÎÉ. ôÕÔ!ms (k) = cmk + 0(k3)- ÞÁÓÔÏÔÁ ÐÏÛÉÒÅÎÎÑ Ú×ÕËÕ, Á Zms (k) - ÞÁÓÔÏÔÁ ÚÁÔÕÈÁÎÎÑ Ú×ÕËÕ ÚËÏÅÆ¦Ã¦¤ÎÔÏÍ ÚÁÔÕÈÁÎÎÑ çmZms (k) = çmk2 + 0(k4);

ICMP{97{18U 32çm = 12
pp + !ph!hp2v2s 
hh + !pM!Mp2v2s 
MM+12v2s [!ph!Mp
hM + !pM!hp
Mh] :òÏÚÇÌÑÄ ÄÁÎÉÈ ÇÒÁÎÉÞÎÉÈ ×ÉÐÁÄË¦× ÐÒÏÓÔÏ§ Ò¦ÄÉÎÉ (ÎÅÍÁÇÎ¦ÔÎÏ§Ð¦ÄÓÉÓÔÅÍÉ) Ú ÏÄÎÏ§ ÓÔÏÒÏÎÉ, ¦ ÇÅÊÚÅÎÂÅÒÇ¦×ÓØËÏ§ ÆÅÒÏÒ¦ÄÉÎÉ Ú ÄÒÕ-ÇÏ§, ÄÁ¤ Ð¦ÄÓÔÁ×É ÄÅÔÁÌØÎÏÇÏ ÁÎÁÌ¦ÚÕ ËÏÌÅËÉÔÉ×ÎÉÈ ÍÏÄ ÓÕÍ¦Û¦ ÍÁÇ-Î¦ÔÎÉÈ ÔÁ ÎÅÍÁÇÎ¦ÔÎÉÈ ÁÔÏÍ¦× × ÍÁÒË¦×ÓØËÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ×ÉÈÏÄÑÞÉ¦Ú det[ ~Iz � i~
(k) + ~'(k;0)] = 0, ÄÅ i~
(k) ¦ ~'(k; 0) ÓÕÐÅÒÍÁÔÒÉÃ¦:i~
(k) = � i~
a1a1(k) i~
a1c1(k)i~
c1a1(k) i~
c1c1(k) � ;~'(k; 0) = � ~'a1a1(k;0) ~'a1c1(k;0)~'c1a1(k;0) ~'c1c1(k;0) � :ôÁË¦ ÐÉÔÁÎÎÑ ÂÕÄÕÔØ ÒÏÚÇÌÑÎÕÔ¦ × ÎÁÓÔÕÐÎÉÈ ÒÏÂÏÔÁÈ.ì¦ÔÅÒÁÔÕÒÁ[1] Mahyd{95. The 14-th International Riga Conference on Magneto-hydrodynamics. August 24-26, 1995, Jurmala, Latvia. Abstracts, p.242.[2] Rosensweig R.E. Ferrohydrodynamics. Cambridge, CambridgeUniv. Press. 1985.[3] Kalikmanov V.I. Statistical thermodynamics of ferro
uids. // Phys-ica A, 1992, V. 183, No 1-2, P. 25-50.[4] Rubi J.M., Miguel M.C. Transport phenomena in ferro
uids. //Physica A, 1993, V. 194, P. 209-217.[5] Haudrich K., Kobe S. Amorphe Ferro- und Ferrimagnetika. Berlin,Akademika-Verlag, 1980.[6] Busch G., Guentherodt H. Ferromagnetic behaviour of liquid alloys.// Phys. Lett. A, 1968, V. 27, No 2, P. 110.-112.[7] ÷ÁËÁpÞÕË é.á., PÕÄÁ×ÓËÉÊ à.ë., ðÏÎÅÄÉÌÏË ç.÷. ë ÐpÏÂÌÅÍÅÖÉÄËÏÇÏ ÆÅppÏÍÁÇÎÅÔÉËÁ. // õËp.ÆÉÚ.ÖÕpÎ., 1982, T. 27, No 9,ó. 1414-1415.[8] ÷ÁËÁpÞÕË é.á., PÕÄÁ×ÓËÉÊ à.ë., ðÏÎÅÄÉÌÏË ç.÷. íÉËpÏÓËÏÐÉ-ÞÅÓËÁÑ ÔÅÏpÉÑ ÁÍÏpÆÎÙÈ É ÖÉÄËÉÈ ÆÅppÏÍÁÇÎÅÔÉËÏ×. // óÂ.ÔpÕÄÏ× \íÅÖÄÕÎÁpÏÄÎÙÊ ÓÉÍÐÏÚÉÕÍ ÐÏ ÉÚÂpÁÎÎÙÍ ÐpÏÂÌÅÍÁÍÓÔÁÔÉÓÔÉÞÅÓËÏÊ ÍÅÈÁÎÉËÉ". D-17-81-758.äÕÂÎÁ, 1981, ó. 307-317.[9] ÷ÁËÁpÞÕË é.á., PÕÄÁ×ÓËÉÊ à.ë., ðÏÎÅÄÉÌÏË ç.÷. ôÅÏpÉÑ ÖÉÄ-ËÉÈ ÍÁÇÎÅÔÉËÏ×. // ôíæ, 1984, ô. 58, No 3, ó. 445-460.
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