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õäë: õäë 537.311.32:532:541.135.1.PACS: 05.60.+w; 73.40; 66.10.Cb; 82.65.FrõÚÁÇÁÌØÎÅÎÁ ÇiÄpÏÄÉÎÁÍiËÁ ÐpÏÃÅÓi× ÐÅÒÅÎÏÓÕ ÒÏÚÞÉÎ¦×ÅÌÅËÔÒÏÌ¦Ô¦× ËÒ¦ÚØ ÍÅÍÂÒÁÎÎ¦ ÓÔÒÕËÔÕÒÉò.¶.öÅÌÅÍ, ¶.ê.ëÕÒÉÌÑË, ¶.ð.ïÍÅÌÑÎ, í.÷.ôÏËÁÒÞÕËáÎÏÔÁÃ¦Ñ. PÏÚÇÌÑÄÁ¤ÔØÓÑ ÇiÄpÏÄÉÎÁÍiËÁ ÐpÏÃÅÓi× ÐÅpÅÎÅÓÅÎÎÑ pÏÚ-ÞÉÎÕ ÅÌÅËÔpÏÌiÔÕ ËpiÚØ Ú×ÏpÏÔÎÏÏÓÍÏÔÉÞÎÕ ÍÅÍÂpÁÎÕ, pÕÛiÊÎÏÀ ÓÉ-ÌÏÀ ÑËÉÈ ¤ ÇpÁÄi¤ÎÔÉ ËÏÎÃÅÎÔpÁÃiÊ ÞÁÓÔÉÎÏË, ÔÅÍÐÅpÁÔÕpÉ, piÚÎÉÃÑÚÏ×ÎiÛÎØÏÇÏ i ÏÓÍÏÔÉÞÎÏÇÏ ÔÉÓËi× ÔÁ ÄiÅÌÅËÔpÉÞÎi ×ÌÁÓÔÉ×ÏÓÔi ×ÉÈiÄ-ÎÏÇÏ pÏÚÞÉÎÕ, ÍÅÍÂpÁÎÉ, ÆiÌØÔpÁÔÕ. íÅÔÏÄÏÍ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁ-ÔÉÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ ä.úÕÂÁp¤×Á ÏÔpÉÍÁÎi ÕÚÁÇÁÌØÎÅÎi pi×ÎÑÎÎÑÇiÄpÏÄÉÎÁÍiËÉ ÄÌÑ iÏÎi× i ÍÏÌÅËÕÌ ÓÉÓÔÅÍÉ ×ÉÈiÄÎÉÊ pÏÚÞÉÎ - ÍÅÍ-ÂpÁÎÁ - ÆiÌØÔpÁÔ Ú ×pÁÈÕ×ÁÎÎÑÍ ÄiÅÌÅËÔpÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ pÏÚ-ÞÉÎÎÉËÁ. Pi×ÎÑÎÎÑ ÇiÄpÏÄÉÎÁÍiËÉ ÐpÏÁÎÁÌiÚÏ×ÁÎi ÄÌÑ ÔpØÏÈ ÆÁÚ Ú×pÁÈÕ×ÁÎÎÑÍ ÏÓÏÂÌÉ×ÏÓÔÅÊ, ÐÏ×'ÑÚÁÎÉÈ Ú ÏÂÅpÔÏ×ÉÍÉ pÕÈÁÍÉ ÔÁ ÄiÅ-ÌÅËÔpÉÞÎÏÀ pÅÌÁËÓÁÃi¤À ÐÏÌÑpÎÉÈ ÍÏÌÅËÕÌ pÏÚÞÉÎÎÉËÁ.Generalized hydrodynamics of electrolyte solutions transportthrough membrane structuresR.I.Zhelem, I.J.Kurylyak, I.P.Omelyan, M.V.TokarchukAbstract. Hydrodynamics of an electrolyte solution transport througha reverse osmosis membrane is considered for processes caused by thegradients of particle concentration, temperature, di�erence of externaland osmotic pressures as well as dielectric properties of initial solution,membrane, �ltrate. By means of Zubarev nonequilibrium statistical op-erator generalized equations of hydrodynamics for ions and molecules inthe system initial solution - membrane - �ltrate are obtained taking intoaccount dielectric properties of a solution. Equations of hydrodynamicsare analysed for three phases with consideration of features related to ro-tational movement and dielectric relaxation of polar solvent molecules.ðÏÄÁ¤ÔØÓÑ × õËpÁ§ÎÓØËÉÊ ÆiÚÉÞÎÉÊ ÖÕpÎÁÌSubmitted to Ukrainian Journal of Physicsc ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1998Institute for Condensed Matter Physics 1998



1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐ÷É×ÞÅÎÎÑ Ú×ÏÒÏÔÎÏÇÏ ÏÓÍÏÓÕ ¤ ÏÄÎ¦¤À ¦Ú ×ÁÖÌÉ×ÉÈ ÐÒÏÂÌÅÍ Õ ÄÏ-ÓÌ¦ÄÖÅÎÎÑÈ ÍÅÍÂÒÁÎÎÉÈ ÐÒÏÃÅÓ¦× pÏÚÄiÌÅÎÎÑ iÏÎÎÏ- ÍÏÌÅËÕÌÑpÎÉÈpÏÚÞÉÎi× ÎÁ ËÏÍÐÏÎÅÎÔÉ. ÷ÅÌÉËÅ ÚÎÁÞÅÎÎÑ Ã¦¤§ ÏÂÌÁÓÔ¦ ÄÏÓÌiÄÖÅÎØÚÕÍÏ×ÌÅÎÅ ÎÅ ÌÉÛÅ §§ ÐÒÁËÔÉÞÎÉÍÉ ÁÓÐÅËÔÁÍÉ, ÁÌÅ Ê ÔÉÍ, ÝÏ ÔÕÔÓËÏÎÃÅÎÔÒÏ×ÁÎ¦ ×ÁÖÌÉ×¦ ÎÁÐÒÑÍËÉ ÓÔÁÔÉÓÔÉÞÎÏ§ Æ¦ÚÉËÉ ¦ È¦Í¦§ ÐÏ-×ÅÒÈÎ¦.ëÏÒÏÔËÉÊ ÁÎÁÌ¦Ú Ò¦ÚÎÉÈ ÔÅÏÒÅÔÉÞÎÉÈ Ð¦ÄÈÏÄ¦× × ÏÐÉÓ¦ ÐÒÏÃÅÓ¦×Ú×ÏÒÏÔÎÏÇÏ ÏÓÍÏÓÕ ËÒ¦ÚØ ÍÅÍÂÒÁÎÉ ÂÕ× ÐÒÏ×ÅÄÅÎÉÊ Õ ÒÏÂÏÔÁÈ [1,2].â¦ÌØÛ¦ÓÔØ Ú ÎÉÈ ÇpÕÎÔÕÀÔØÓÑ ÎÁ ÆÅÎÏÍÅÎÏÌÏÇ¦ÞÎÏÍÕ Ò¦×Î¦ ×É×ÞÅÎÎÑ[3{8] ¦ ÎÅ ÄÁÀÔØ ÐÏÓÌ¦ÄÏ×ÎÏÇÏ ÐÏÑÓÎÅÎÎÑ Ú ÔÏÞËÉ ÚÏÒÕ Æ¦ÚÉËÏ-È¦Í¦ÞÎÏ§¦ÎÔÅÒÐÒÅÔÁÃ¦§ ÂÁÇÁÔØÏÈ ×ÁÖÌÉ×ÉÈ Ñ×ÉÝ. óÔÁÔÉÓÔÉÞÎi ÄÏÓÌiÄÖÅÎÎÑÐpÏÃÅÓi× ÐÅpÅÎÅÓÅÎÎÑ pÏÚÞÉÎi× ÅÌÅËÔpÏÌiÔi× ÞÅpÅÚ ÐÏpÉÓÔi i ÄÉÎÁÍiÞ-Îi ÍÅÍÂpÁÎÉ × pÁÍËÁÈ ÍÁËpÏÓËÏÐiÞÎÏÇÏ ÐiÄÈÏÄÕ ÐpÏ×ÏÄÉÌÉÓØ Õ pÏÂÏ-ÔÁÈ ÇpÕÐÉ ä.ðÅÔpÉÎÉ [9-11], ÄÅ ÏÐÉÓ pÏÚÇÌÑÄÕ×ÁÎÉÈ ÓÉÓÔÅÍ ÂÁÚÕ¤ÔØÓÑÎÁ pÏÚ×'ÑÚËÕ ËpÁÊÏ×Ï§ ÚÁÄÁÞi ÄÌÑ ÓÉÓÔÅÍÉ pi×ÎÑÎØ ÇiÄpÏÄÉÎÁÍiËÉ, ÄÉ-ÆÕÚi§ i ÅÌÅËÔpÏÓÔÁÔÉËÉ × ÏÂÌÁÓÔi Ú ÄpiÂÎÏÚÅpÎÉÓÔÏÀ ÓÔpÕËÔÕpÏÀ.íÁ-ÔÅÍÁÔÉÞÎÉÊ ÁÐÁpÁÔ, pÏÚ×ÉÎÕÔÉÊ Õ ÃÉÈ pÏÂÏÔÁÈ, ÄÏÚ×ÏÌÑ¤ Õ ¤ÄÉÎÏÍÕÐiÄÈÏÄi ×pÁÈÕ×ÁÔÉ ×ÚÁ¤ÍÏÚ×'ÑÚÏË ÄÉÎÁÍiÞÎÉÈ i ÓÔpÕËÔÕpÎÉÈ ÈÁpÁË-ÔÅpÉÓÔÉË ÍÅÍÂpÁÎÉ. äÏÓÌiÄÖÅÎÎÑÍ ×ÌÁÓÔÉ×ÏÓÔÅÊ ×ÏÄÉ Õ ÐÏpÁÈ ÍÅÍ-ÂpÁÎ, ÓÅÌÅËÔÉ×ÎÏÓÔi i ÄÉÎÁÍiËÉ ÐpÏÈÏÄÖÅÎÎÑ iÏÎi× Õ ×ÏÄÎÉÈ ÐÏpÁÈÁÔÏÍÎÉÈ pÏÚÍipi× ÐpÉÓ×ÑÞÅÎi pÏÂÏÔÉ ÇpÕÐÉ ÷.áÎÔÏÎÞÅÎËÁ [12,13]. õÎÁÛÉÈ ÒÏÂÏÔÁÈ [1,14,2] ÎÁ Í¦ËÒÏÓËÏÐ¦ÞÎÏÍÕ Ò¦×Î¦ ÏÐÉÓÕ ÒÏÚÇÌÑÄÁÌÁÓØÄÉÆÕÚ¦ÊÎÁ ÍÏÄÅÌØ Ú×ÏÒÏÔÎÏÏÓÍÏÔÉÞÎÏ§ ÍÅÍÂÒÁÎÉ. ÷ÒÁÈÏ×ÕÀÞÉ, ÝÏÔÏ×ÝÉÎÁ Ú×ÏÒÏÔÎÏÏÓÍÏÔÉÞÎÉÈ ÍÅÍÂÒÁÎ ÎÁ ÂÁÇÁÔÏ ÐÏÒÑÄË¦× ÐÅÒÅ×É-ÝÕ¤ ×¦ÄÓÔÁÎ¦ ÅÆÅËÔÉ×ÎÉÈ Í¦ÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê Õ ÒÏÚÞÉÎ¦ [15],Ð¦ÄÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÏÇÏ ÒÏÚÞÉÎÕ ¦ Æ¦ÌØÔÒÁÔÕ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÑË ÎÅ-ÚÁÌÅÖÎ¦ Ú ÔÏÞËÉ ÚÏÒÕ §È ×ÚÁ¤ÍÏÄ¦§. ïÄÎÁË ×ÚÁ¤ÍÏÄ¦Ñ ËÏÍÐÏÎÅÎÔ ÒÏÚ-ÞÉÎÕ Ú ÍÅÍÂÒÁÎÏÀ ÓÕÔÔ¤×Á, ÏÓË¦ÌØËÉ ÓÁÍÅ ×ÏÎÁ ×ÉÚÎÁÞÁ¤ ÓÔÒÕËÔÕÒÕÐÒÉÐÏ×ÅÒÈÎÅ×ÏÇÏ ÛÁÒÕ, Á, ÏÔÖÅ, ¦ ÇÒÁÄ¦¤ÎÔ ËÏÎÃÅÎÔÒÁÃ¦§ Õ Í¦ÖÆÁÚÎ¦ÊÏÂÌÁÓÔ¦. ïÓÔÁÎÎ¦Ê ¤ ÏÄÎ¦¤À ¦Ú ÓËÌÁÄÏ×ÉÈ ÒÕÛ¦ÊÎÏ§ ÓÉÌÉ ÐÒÏÃÅÓÕ Ú×Ï-ÒÏÔÎÏÇÏ ÏÓÍÏÓÕ. äÒÕÇÁ ÓËÌÁÄÏ×Á { Ò¦ÚÎÉÃÑ Í¦Ö ÚÏ×Î¦ÛÎ¦Í ¦ ÏÓÍÏ-ÔÉÞÎÉÍ ÔÉÓËÁÍÉ. ëÒ¦Í ÃÉÈ Ä×ÏÈ ÆÁËÔÏÒ¦× ÐÒÏÃÅÓ Ú×ÏÒÏÔÎÏÇÏ ÏÓÍÏ-ÓÕ ÍÏÖÅ ÚÁÌÅÖÁÔÉ ÔÁËÏÖ ¦ ×¦Ä ÇÒÁÄ¦¤ÎÔÕ ÔÅÍÐÅÒÁÔÕÒÉ ÎÁ ÇÒÁÎÉÃ¦ÒÏÚÄ¦ÌÕ ÒÏÚÞÉÎ-ÍÅÍÂÒÁÎÁ (ÅÆÅËÔ óÏÒÅ). îÅÏÂÈ¦ÄÎÏ ÚÁÚÎÁÞÉÔÉ ¦ ÔÅ,ÝÏ ÒÏÚÍ¦ÒÉ ÐÏÒ Ú×ÏÒÏÔÎÏÏÓÍÏÔÉÞÎÉÈ ÍÅÍÂÒÁÎ ÐÒÁËÔÉÞÎÏ ÓÐ¦×Í¦ÒÎ¦ Ú×¦ÄÓÔÁÎÑÍÉ ÅÆÅËÔÉ×ÎÉÈ Í¦ÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê. õ Ú×'ÑÚËÕ Ú ÃÉÍ×ÁÖÌÉ×Õ ÒÏÌØ ×¦Ä¦ÇÒÁÀÔØ ÄÉÐÏÌØ-ÄÉÐÏÌØÎ¦, Ë×ÁÄÒÕÐÏÌØÎ¦ ×ÚÁ¤ÍÏÄ¦§Í¦Ö ÍÏÌÅËÕÌÁÍÉ, ÑË¦ ÆÏÒÍÕÀÔØ Ä¦ÅÌÅËÔÒÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÒÏÚÞÉÎÕ¦, ÏÞÅ×ÉÄÎÏ, ×ÐÌÉ×ÁÀÔØ ÎÁ ÐÒÏÃÅÓÉ × ÐÒÉÐÏ×ÅÒÈÎÅ×ÏÍÕ ÛÁÒ¦. ðÒÏÍÉ-
ICMP{98{36U 2ÓÌÏ×Å ×ÉÒÏÂÎÉÃÔ×Ï Ú×ÏÒÏÔÎÏÏÓÍÏÔÉÞÎÉÈ ÍÅÍÂÒÁÎ ÂÁÚÕ¤ÔØÓÑ × ÏÓÎÏ×-ÎÏÍÕ ÎÁ Ä×ÏÈ ËÌÁÓÁÈ ÐÏÌ¦ÍÅÒ¦×: ÁÃÅÔÁÔÁÈ ÃÅÌÀÌÏÚÉ ¦ ÐÏÌ¦ÁÍ¦ÎÁÈ.óÁÍÅ Ã¦ ÍÁÔÅÒ¦ÁÌÉ ×ÏÌÏÄ¦ÀÔØ ×ÉÓÏËÏÀ ÐÒÏÎÉËÎ¦ÓÔÀ ÄÌÑ ×ÏÄÉ ¦ ÄÏ-ÓÔÁÔÎØÏ ÎÉÚØËÏÀ ÐÒÏÎÉËÎ¦ÓÔÀ ÄÌÑ Â¦ÌØÛÏÓÔ¦ ×ÏÄÏÒÏÚÞÉÎÎÉÈ ÒÅÞÏ-×ÉÎ (ÓÏÌÅÊ). ä¦ÅÌÅËÔÒÉÞÎÁ ÐÒÏÎÉËÎ¦ÓÔØ ÃÉÈ ÍÅÍÂÒÁÎ ¤ ÄÏÓÔÁÔÎØÏÍÁÌÁ, ×ÎÁÓÌ¦ÄÏË ÞÏÇÏ × ÐÒÏÃÅÓ¦ ÒÏÚÄ¦ÌÅÎÎÑ ËÏÍÐÏÎÅÎÔ ÒÏÚÞÉÎÕ ÐÏ-ÂÌÉÚÕ ÐÏ×ÅÒÈÎ¦ ÍÅÍÂÒÁÎÉ ÓÐÏÓÔÅÒ¦ÇÁ¤ÔØÓÑ ×¦Ä'¤ÍÎÁ ÁÄÓÏÒÂÃ¦Ñ, ÔÏÂÔÏÕÔ×ÏÒÀ¤ÔØÓÑ ÐÅÒÅÈ¦ÄÎÉÊ ÐÒÉÐÏ×ÅÒÈÎÅ×ÉÊ ÛÁÒ, ÓÅÒÅÄÎÑ ËÏÎÃÅÎÔÒÁÃ¦Ñ¦ÏÎ¦× Õ ÑËÏÍÕ ÚÎÁÞÎÏ ÎÉÖÞÁ ÚÁ ËÏÎÃÅÎÔÒÁÃ¦À ¦ÏÎ¦× Õ ×ÉÈ¦ÄÎÏÍÕ ÒÏÚ-ÞÉÎ¦. ôÏÂÔÏ × ÒÅÁÌØÎÏÓÔ¦ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ ÅÌÅËÔÒÏÌ¦ÔÕ ¦ Æ¦ÌØÔÒÁÔÍÁÀÔØ Ò¦ÚÎ¦ Ä¦ÅÌÅËÔÒÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦, ÝÏ ÎÅÏÂÈ¦ÄÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ.ð¦ÄÓÕÍÏ×ÕÀÞÉ ×Ó¦ ×ÉÝÅÎÁ×ÅÄÅÎ¦ ÆÁËÔÏÒÉ, ÐÒÏÃÅÓ Ú×ÏÒÏÔÎÏÇÏ ÏÓÍÏ-ÓÕ Ú ÄÏÓÔÁÔÎ¦Í ÓÔÕÐÅÎÅÍ ÔÏÞÎÏÓÔ¦ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÑË ÄÉÆÕÚ¦ÊÎÉÊÐÒÏÃÅÓ, ÒÕÛ¦ÊÎÏÀ ÓÉÌÏÀ ÑËÏÇÏ ¤ ÇÒÁÄ¦¤ÎÔÉ ËÏÎÃÅÎÔÒÁÃ¦§, ÔÅÍÐÅÒÁ-ÔÕÒÉ, Ò¦ÚÎÉÃÑ ÚÏ×Î¦ÛÎØÏÇÏ ¦ ÏÓÍÏÔÉÞÎÏÇÏ ÔÉÓË¦× ÔÁ Ä¦ÅÌÅËÔÒÉÞÎÉÈÆÕÎËÃ¦Ê ×ÉÈ¦ÄÎÏÇÏ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌ¦ÔÕ, ÍÅÍÂÒÁÎÉ, Æ¦ÌØÔÒÁÔÕ. ÷Ó¦Ã¦ ÆÁËÔÏÒÉ × ÒÁÍËÁÈ Í¦ËÒÏÓËÏÐ¦ÞÎÏÇÏ Ð¦ÄÈÏÄÕ ×ÚÁ¤ÍÏÚ×'ÑÚÁÎ¦ ¦ ×ÉÂ¦ÒÏÐÔÉÍÁÌØÎÏÇÏ ÒÅÖÉÍÕ ÒÏÚÄ¦ÌÅÎÎÑ ×ÉÈ¦ÄÎÏÇÏ ÒÏÚÞÉÎÕ ÎÁ ËÏÍÐÏÎÅÎÔÉÚÎÁÞÎÏÀ Í¦ÒÏÀ ÚÁÌÅÖÉÔØ ×¦Ä §È ÓÁÍÏÕÚÇÏÄÖÅÎÏÓÔ¦.ôÁËÉÍ ÞÉÎÏÍ, Õ ÄÉÆÕÚ¦ÊÎ¦Ê ÍÏÄÅÌ¦ ÍÅÍÂÒÁÎÉ ××ÁÖÁ¤ÔØÓÑ, ÝÏËÏÖÎÁ ËÏÍÐÏÎÅÎÔÁ ×ÉÈ¦ÄÎÏÇÏ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌ¦ÔÕ ÚÎÁÈÏÄÉÔØÓÑ Ð¦Ä×ÉÓÏËÉÍ ÔÉÓËÏÍ �P = ( ~P � �) > 0 ( ~P { ÒÏÂÏÞÉÊ, � { ÏÓÍÏÔÉÞÎÉÊÔÉÓË) ¦ ×¦ÄÐÏ×¦ÄÎÏ ÄÏ ÚÁËÏÎ¦× ÄÉÆÕÚ¦§, Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ¦ Ä¦ÅÌÅËÔÒÉÞ-ÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÐÏÛÉÒÀ¤ÔØÓÑ ÞÅÒÅÚ ÐÏ×ÅÒÈÎÀ × ÏÂÌÁÓÔØ ÍÅÍÂÒÁ-ÎÉ, ÕÔ×ÏÒÀÀÞÉ ÐÏÔÏËÉ ÒÏÚÞÉÎÎÉËÁ Ê ÒÏÚÞÉÎÅÎÉÈ ÒÅÞÏ×ÉÎ. ÷ÅÌÉÞÉ-ÎÉ ÃÉÈ ÐÏÔÏË¦× ×ÉÚÎÁÞÁÀÔØÓÑ ×ËÁÚÁÎÉÍÉ ×ÉÝÅ ÒÕÛ¦ÊÎÉÍÉ ÓÉÌÁÍÉ¦ ÈÁÒÁËÔÅÒÏÍ ÕÓ¦È Í¦Ö¦ÏÎÎÉÈ, ¦ÏÎ-ÍÏÌÅËÕÌÑÒÎÉÈ ÔÁ Í¦ÖÍÏÌÅËÕÌÑÒ-ÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê Õ Í¦ÖÆÁÚÎ¦Ê ÏÂÌÁÓÔ¦. ïÓÔÁÎÎ¤ ÚÁÕ×ÁÖÅÎÎÑ ÐÅÒÅÄÂÁ-ÞÁ¤ ×ÒÁÈÕ×ÁÎÎÑ Í¦ËÒÏÓËÏÐ¦ÞÎÏ§ ÓÔÒÕËÔÕÒÉ ÍÅÍÂÒÁÎÉ, §§ ×ÚÁ¤ÍÏÄ¦§ ÚÒÏÚÞÉÎÏÍ.õ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ Ç¦ÄÒÏÄÉÎÁÍ¦ËÁ ÐÒÏÃÅÓ¦× ÐÅÒÅÎÏÓÕÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌ¦ÔÕ ËÒ¦ÚØ Ú×ÏÒÏÔÎÏÏÓÍÏÔÉÞÎÕ ÍÅÍÂÒÁÎÕ. õ pÏÚÄiÌi2 ÍÅÔÏÄÏÍ ÎÅpi×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅpÁÔÏpÁ ä. úÕÂÁp¤×Á[16,17] ÂÕÄÅ ÏÔpÉÍÁÎÁ ÎÅpi×ÎÏ×ÁÖÎÁ ÆÕÎËÃiÑ pÏÚÐÏÄiÌÕ iÏÎi× i ÍÏ-ÌÅËÕÌ pÏÚÞÉÎÕ ÅÌÅËÔpÏÌiÔÕ Ú ×pÁÈÚÕ×ÁÎÎÑÍ ×'ÑÚËÉÈ, ÔÅÐÌÏ×ÉÈ ÐpÏ-ÃÅÓi×, ÏÂÅpÔÏ×ÉÈ ÔÁ ÐÏÌÑpÉÚÁÃiÊÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÍÏÌÅËÕÌ pÏÚÞÉÎ-ÎÉËÁ Õ ÔpÉÆÁÚÎiÊ ÓÉÓÔÅÍi ×ÉÈiÄÎÉÊ pÏÚÞÉÎ - ÍÅÍÂpÁÎÁ - ÆiÌØÔpÁÔ.úÁ ÄÏÐÏÍÏÇÏÀ Ãi¤§ ÎÅpi×ÎÏ×ÁÖÎÏ§ ÆÕÎËÃi§ pÏÚÐÏÄiÌÕ Õ pÏÚÄiÌi 3 ×É-×ÅÄÅÎi pi×ÎÑÎÎÑ ÍÏÌÅËÕÌÑpÎÏ§ ÇiÄpÏÄÉÎÁÍiËÉ Ú ×pÁÈÕ×ÁÎÎÑÍ ×ÚÁ¤ÍÏ-ÄÉÆÕÚi§ iÏÎi× i ÍÏÌÅËÕÌ, ÄiÅÌÅËÔpÉÞÎÏ§ pÅÌÁËÓÁÃi§ ÔÁ ÐpÏÁÎÁÌiÚÏ×ÁÎiÚ×ÏpÏÔÎÏÏÓÍÏÔÉÞÎi ÐpÏÃÅÓÉ ÐÅpÅÎÅÓÅÎÎÑ pÏÚÞÉÎÕ ÅÌÅËÔpÏÌiÔÕ ËpiÚØ



3 ðÒÅÐÒÉÎÔÍÅÍÂpÁÎÕ.2. ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÊ ÓÔÁÎ ÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ-ÍÅÍÂÒÁÎÁ-Æ¦ÌØÔÒÁÔðÒÉ ÒÏÚÇÌÑÄ¦ ÐÒÏÃÅÓ¦× ÐÅÒÅÎÏÓÕ × ÓÉÓÔÅÍ¦ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ-ÍÅÍÂÒÁ-ÎÁ-Æ¦ÌØÔÒÁÔ ÄÏÃ¦ÌØÎÏ ×ÉÈÏÄÉÔÉ Ú ÔÏÇÏ, ÝÏ Õ ÐÏÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕÓÉÓÔÅÍÁ ÚÎÁÈÏÄÉÔØÓÑ × Ò¦×ÎÏ×ÁÖÎÏÍÕ ÓÔÁÎ¦ ¦ Ñ×ÌÑ¤ ÓÏÂÏÀ ÔÒÉÆÁÚÎÕÓÉÓÔÅÍÕ Ú ÏÂ'¤ÍÏÍ V . îÅÈÁÊ ×ÉÈ¦ÄÎÉÍ ÒÏÚÞÉÎÏÍ ¤ Ð¦ÄÓÉÓÔÅÍÁ ¦ÏÎ¦×ÓÏÒÔÕ a, b ¦ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÎÉËÁ ÓÏÒÔÕ � Ú ÄÉÐÏÌØÎÉÍ ÍÏÍÅÎÔÏÍ d�× ÏÂ'¤Í¦ V1(z < 0). íÅÍÂÒÁÎÎÁ ÆÁÚÁ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÑË ÓËÌÁÄÎÉÊ ÒÏÚ-ÞÉÎ, ÝÏ ÓËÌÁÄÁ¤ÔØÓÑ ¦Ú ÚÂ¦ÄÎÅÎÏÇÏ ÒÏÚÞÉÎÅÎÉÍÉ ÒÅÞÏ×ÉÎÁÍÉ ×ÉÈ¦ÄÎÏ-ÇÏ ÒÏÚÞÉÎÕ ¦ ÍÅÍÂÒÁÎÎÏ§ "ËÏÍÐÏÎÅÎÔÉ", ÝÏ ÍÏÄÅÌÀ¤ÔØÓÑ ÓÕËÕÐÎ¦ÓÔÀÍÏÌÅËÕÌ ÓÏÒÔÕ s Ú ÄÉÐÏÌØÎÉÍ ÍÏÍÅÎÔÏÍ ds, ÐÒÉÞÏÍÕ jdsj � jd�j ¦ÚÁÊÍÁ¤ ÏÂ'¤Í V2(0 � z � h). æ¦ÌØÔÒÁÔ ÚÁÊÍÁ¤ ÏÂ'¤Í V3(z > h). ïÔÖÅÐÏ×ÎÉÊ ÍÁËÒÏÓËÏÐ¦ÞÎÉÊ ÏÂ'¤Í ÓÔÁÎÏ×ÉÔØ V = V1 + V2 + V3.ò¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÎ ÔÁËÏ§ ÓÉÓÔÅÍÉ ÐÒÉ ÐÏÓÔ¦ÊÎ¦Ê ÔÅÍÐÅÒÁÔÕÒ¦ ¦ ÎÁ-ÓÔÕÐÎÉÍ ÒÏÚÐÏÄ¦ÌÏÍ ÓÅÒÅÄÎØÏ§ ËÏÎÃÅÎÔÒÁÃ¦§ ÒÏÚÞÉÎÅÎÏ§ ÒÅÞÏ×ÉÎÉ {na(b)1 > na(b)2 > na(b)3 { ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÏ×Î¦ÛÎ¦Í ÔÉÓËÏÍ ÎÁ ×ÉÈ¦Ä-ÎÉÊ ÒÏÚÞÉÎ, ÓËÏÍÐÅÎÓÏ×ÁÎÉÍ Ò¦ÚÎÉÃÅÀ ÏÓÍÏÔÉÞÎÉÈ ÔÉÓË¦× ÐÏ ÏÂÉÄ×¦ÓÔÏÒÏÎÉ ÍÅÍÂÒÁÎÉ. ÷¦Î ÐÏ×Î¦ÓÔÀ ÏÐÉÓÕ¤ÔØÓÑ Ò¦×ÎÏ×ÁÖÎÏÀ ÆÕÎËÃ¦¤ÀÒÏÚÐÏÄ¦ÌÕ ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ ÐÒÉ ÐÏÓÔ¦ÊÎÏÍÕ ÚÏ×Î¦ÛÎØÏÍÕ ÔÉÓËÕ.�0(xN ; �p) = ��1(�p)� (2.1)� exp8<:��(H ��pV1 �Xk 3Xl=1 ZVl drl�k(rl)^nk(rl)9=; ;ÄÅ�(�p) = Z d�N exp8<:��(H ��pV1 �Xk 3Xl=1 ZVl drl�k(rl)^nk(rl)9=; ;(2.2){ ×ÅÌÉËÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÐÒÉ ÚÏ×Î¦ÛÎØÏÍÕ ÔÉÓËÕ �P , Õ ÑË¦Ê ÎÅ-ÏÄÎÏÒ¦ÄÎ¦ÓÔØ ÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ ÅÌÅËÔÒÏÌ¦ÔÕ - ÍÅÍÂÒÁÎÁ -Æ¦ÌØÔÒÁÔ ×ÒÁÈÏ×Õ¤ÔØÓÑ ÄÏÄÁÎËÏÍ Pk 3Pl=1 RVl drl�k(rl)^nk(rl) Ú ÌÏËÁÌØ-ÎÉÍ ÒÏÚÐÏÄ¦ÌÏÍ È¦Í¦ÞÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ �k(rl) ËÏÖÎÏ§ ËÏÍÐÏÎÅÎÔÉ; H{ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÓÉÓÔÅÍÉ [1], ^nk(rl) = NkPj=1 �(rl � rj) { Í¦ËÒÏÓËÏÐ¦ÞÎÁ
ICMP{98{36U 4ÇÕÓÔÉÎÁ ÞÉÓÌÁ ÞÁÓÔÉÎÏË ÓÏÒÔÕ k(a; �) Õ ÆÁÚ¦ l(1; 2; 3), Nk { ÞÉÓÌÏÞÁÓÔÉÎÏË ÓÏÒÔÕ k, � = (kâT )�1; T { Ò¦×ÎÏ×ÁÖÎÁ ÔÅÍÐÅÒÁÔÕÒÁ. ðÒÉÃØÏÍÕ ÕÍÏ×Á Ò¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÓÉÓÔÅÍÉ { ×¦ÄÓÕÔÎ¦ÓÔØ ÐÒÑÍÏÇÏ ÏÓ-ÍÏÓÕ ÐÒÉ na(b)1 > na(b)2 > na(b)3 { ÍÁ¤ ×ÉÇÌÑÄ:�P �Xk �Yk3 �Yk1� = 0 ; (2.3)ÄÅ Qkl { ÍÁËÒÏÓËÏÐ¦ÞÎÉÊ ÏÓÍÏÔÉÞÎÉÊ ÔÉÓË ËÏÍÐÏÎÅÎÔÉ k Õ ÆÁÚ¦ l.ñËÝÏ ÐÏÒÕÛÉÔÉ ÕÍÏ×Õ (2.3), ÐÒÉËÌÁÄÁÀÞÉ ÚÏ×Î¦ÛÎ¦Ê ÔÉÓË �P 0 >�P �P 0 � limt!1Xk �Yk3(t)�Yk1(t)� > 0 ; (2.4)�P 0 + limt!1Xk Yk1(t) > limt!1Xk Yk3(t)ÔÁË, ÝÏÂ ×¦ÄÂÕ×Á×ÓÑ ÐÒÏÃÅÓ ÄÉÆÕÚ¦§ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÎÉËÁ Õ ÐÒÏÔÉ-ÌÅÖÎÏÍÕ ÄÏ ÐÒÏÃÅÓÕ ÐÒÑÍÏÇÏ ÏÓÍÏÓÕ ÎÁÐÒÑÍËÕ (Ú ÏÂ'¤ÍÕ V1 ÞÅ-ÒÅÚ ÍÅÍÂÒÁÎÕ × ÏÂ'¤Í V3) { ÐÒÏÃÅÓ Ú×ÏÒÏÔÎÏÇÏ ÏÓÍÏÓÕ, ÔÏ ÍÁÔÉÍÅÍÏÐpÏÃÅÓ ÐÅÒÅÎÅÓÅÎÎÑ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÎÉËÁ ÞÅÒÅÚ ÍÅÍÂÒÁÎÕ Õ ÏÂÌÁÓÔØÚ ÍÅÎÛÏÀ ËÏÎÃÅÎÔÒÁÃ¦¤À ÒÏÚÞÉÎÅÎÉÈ ÒÅÞÏ×ÉÎ (¦ÏÎ¦×). ðÒÉ ÃØÏÍÕÚÍ¦ÎÀÀÔØÓÑ ÇÕÓÔÉÎÉ ÐÏÔÏË¦× ¦ÏÎ¦×, ÍÏÌÅËÕÌ, §È ÇÕÓÔÉÎÉ ÅÎÅÒÇ¦§ ÔÁÄ¦ÅÌÅËÔÒÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ Õ ËÏÖÎ¦Ê ÆÁÚ¦. äÌÑ ÏÐÉÓÕ ÔÁËÏÇÏ Ç¦ÄÒÏÄÉ-ÎÁÍ¦ÞÎÏÇÏ ÓÔÁÎÕ ÐÒÏÃÅÓÕ Ú×ÏÒÏÔÎÏÇÏ ÏÓÍÏÓÕ ÐÁÒÁÍÅÔÒÁÍÉ ÓËÏÒÏÞÅÎÏ-ÇÏ ÏÐÉÓÕ ÍÏÖÕÔØ ÂÕÔÉ ÓÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎ ÞÉÓÌÁ ¦ÏÎ¦× ¦ ÍÏÌÅËÕÌh^nk(rl)it, §È ÐÏ×ÎÏÇÏ ¦ÍÐÕÌØÓÕ h^p(r)it, ÐÏ×ÎÏ§ ÅÎÅÒÇ¦§ h^�(r)it, ÏÂÅÒÔÁÌØ-ÎÏÇÏ ÍÏÍÅÎÔÕ Ë¦ÌØËÏÓÔ¦ ÒÕÈÕ h^s�(r)it ¦ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ h^d�(r)itÍÏÌÅËÕÌ ÒÏÚÞÉÎÎÉËÁ. ôÕÔ^p(r) = ^pa(r) + ^p�(r) (2.5){ ÇÕÓÔÉÎÁ ÐÏÓÔÕÐÁÌØÎÏÇÏ ¦ÍÐÕÌØÓÕ ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ,^pa(r) = NaXj=1 pj�(r� rj) ; ^p�(r) = N�Xf=1pf�(r� rf ) ; (2.6)^�(r) { ÇÕÓÔÉÎÁ ÐÏ×ÎÏ§ ÅÎÅÒÇ¦§ ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ.^�(r) = ^�a(r) + ^��(r) ;



5 ðÒÅÐÒÉÎÔ^�a(r) = NaXj=1 p2j2ma + 12Xb NbXi=1 ~�ab(rj ; r0)+X� N�Xf=1 ~�a�(rj ; rf ) +Xs NsXl=1 ~�as(rj ; rf )1A �(r� rj) ; (2.7)^��(r) = N�Xf=10@ p2f2ma + Jf : wfwf + 12X�0 N�0Xf 0=1 ~���0(rf ; rf 0)+Xa NaXj=1��a(rf ; rj) +Xs NsXl=1 ��s(rf ; rl)1A �(r � rf ) ;^s�(r) { ÇÕÓÔÉÎÁ ÏÂÅÒÔÁÌØÎÏÇÏ ÍÏÍÅÎÔÕ Ë¦ÌØËÏÓÔ¦ ÒÕÈÕ ÍÏÌÅËÕÌ^s�(r) = N�Xf=1 Jfwf�(r� rf ) (2.8)ÔÁ ^d�(r) { ÇÕÓÔÉÎÁ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÍÏÌÅËÕÌ �.^d�(r) = N�Xf=1df�(r� rf ) : (2.9)ðÒÉ ÃØÏÍÕ ÍÅÍÂÒÁÎÎÁ Ð¦ÄÓÉÓÔÅÍÁ (ÍÏÌÅËÕÌÉ ÓÏÒÔÕ s) ××ÁÖÁ¤ÔØÓÑÒ¦×ÎÏ×ÁÖÎÏÀ. óÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ h: : :it = R d�N : : : �(xN ; t) ×ÉÚÎÁÞÁ-ÀÔØÓÑ ÎÅÒ¦×ÎÏ×ÁÖÎÏÀ ÆÕÎËÃ¦¤À ÒÏÚÐÏÄ¦ÌÕ ¦ÏÎ¦× ¦ ÍÏÌÅËÕÌ �(xN ; t) ÕÓÉÓÔÅÍ¦ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ. �(xN ; t) ÚÁÄÏ×ÏÌØÎÑ¤Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÑ @@t�(xN ; t) + iLN�(xN ; t) = 0 ; (2.10)Ú ÕÍÏ×ÏÀ ÎÏÒÍÕ×ÁÎÎÑ R d�N�(xN ; t) = 1, ÄÅ iLN { ÏÐÅÒÁÔÏÒ ì¦Õ×¦ÌÑ¦ÏÎÎÏ-ÍÏÌÅËÕÌÑÒÎÏ§ ÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ:iLN =Xa NaXj=1 pjma @@rj +X� N�Xf=1 pfm� @@rf + (wf � ^df ) @@^df !�(2.11)�Xa NaXj=1Xk NkXi=1 @@rj ~�ak(rj ; ri) @@pj �

ICMP{98{36U 6�X� N�Xf=1Xk NkXi=1 � @@rf ~��k(rf ; ri) @@pf ++ �^df @@df ��k(rf ; ri)� @@Jfwf � :pj , pf { ÐÏÓÔÕÐÁÌØÎ¦ ¦ÍÐÕÌØÓÉ ¦ÏÎ¦× ¦ ÍÏÌÅËÕÌ, ma, m� { §È ÍÁÓÉ, wf{ ËÕÔÏ×Á Û×ÉÄË¦ÓÔØ ¦ Jf { ÔÅÎÚÏÒ ¦ÎÅÒÃ¦§ ÍÏÌÅËÕÌ ÓÏÒÔÕ �, ÏÚÎÁÞÅÎÉÊ×¦ÄÎÏÓÎÏ ÃÅÎÔÒÁ §È ÍÁÓ, ^df = dfjdf j { ÏÄÉÎÉÞÎÉÊ ×ÅËÔÏÒ, ÝÏ ÏÐÉÓÕ¤ÐÒÏÓÔÏÒÏ×¦ ÏÒ¦¤ÎÔÁÃ¦§ ÍÏÌÅËÕÌ; ~�ak(rj ; ri) (k = b; �; s) { ÐÁÒÎ¦ ÐÏÔÅÎ-Ã¦ÁÌÉ ×ÚÁ¤ÍÏÄ¦§ ¦ÏÎ¦× ÓÏÒÔÕ a Ú ¦ÏÎÁÍÉ ¦ÎÛÉÈ ÓÏÒÔ¦×, ÍÏÌÅËÕÌÁÍÉ � ÔÁÚ ÍÏÌÅËÕÌÁÍÉ s ÍÅÍÂÒÁÎÉ; ~��k(rf ; ri) (k = b; �0; s) { ÐÁÒÎ¦ ÐÏÔÅÎÃ¦Á-ÌÉ ×ÚÁ¤ÍÏÄ¦§ ÍÏÌÅËÕÌ � Ú ¦ÏÎÁÍÉ a, ÍÏÌÅËÕÌÁÍÉ �0 ÔÁ ÍÏÌÅËÕÌÁÍÉs ÍÅÍÂÒÁÎÉ. ðÁÒÎ¦ ÐÏÔÅÎÃ¦ÁÌÉ ×ÚÁ¤ÍÏÄ¦§ ~�kk0 (rj ; ri) ÓËÌÁÄÁÀÔØÓÑ ÚÄÁÌÅËÏÄ¦ÀÞÏ§ ÞÁÓÔÉÎÉ �kk0 (rj ; ri) ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÅÎÅÒÇ¦§ Í¦ÖÞÁÓÔÉÎ-ËÏ×Ï§ ×ÚÁ¤ÍÏÄ¦§ ÔÁ 'k;k0 (rj ; ri) { ËÏÒÏÔËÏÄ¦ÀÞÏ§ ÞÁÓÔÉÎÉ. õ ×ÉÐÁÄËÕ¦ÏÎÎÏ-ÄÉÐÏÌØÎÏ§ ÍÏÄÅÌ¦ ÒÏÚÞÉÎÕ �kk0 (rj ; ri) ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÁ Õ×ÉÇÌÑÄ¦: �kk0 (rj ; ri) = ^Qk(rj) ^Qk0 (ri) 1jrj � rij ;^Qk(rj) = � zae k = a; bdf @@rf ; k = �; sza { ×ÁÌÅÎÔÎ¦ÓÔØ ¦ÏÎ¦× ÓÏÒÔÕ a, e { ÚÁÒÑÄ ÅÌÅËÔÒÏÎÁ. ëÏÒÏÔËÏÄ¦ÀÞÁÞÁÓÔÉÎÁ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÅÎÅÒÇ¦§ Í¦ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ¦§ 'k;k0 (rj ; ri)ÍÏÖÅ ÂÕÔÉ ÚÍÏÄÅÌØÏ×ÁÎÁ ÐÏÔÅÎÃ¦ÁÌÏÍ ìÅÎÁÒÄÁ-äÖÏÎÓÁ'kk0 (rj ; ri) = '(0)kk0 (��kk0jrjij�12 ���kk0jrjij�6) ;'(0)kk0 { ÇÌÉÂÉÎÁ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÑÍÉ, �kk0 { ×¦ÄÓÔÁÎØ ÍÁËÓÉÍÁÌØÎÏÇÏÚÂÌÉÖÅÎÎÑ ÞÁÓÔÉÎÏË ÓÏÒÔ¦× k ¦ k0.ðÒÉ ÚÁÄÁÎÉÈ ÐÁÒÁÍÅÔÒÁÈ ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÏÇÏÓÔÁÎÕ ¦ÏÎÎÏ-ÍÏÌÅËÕÌÑÒÎÏ§ ÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ -Æ¦ÌØÔÒÁÔ h ^B(r)it = fh^n�(r)it;h^p(r)it; h^�(r)it; h^s�(r)it; h^d�(r)itg, ÒÏÚ×'ÑÚÏË Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÑ (2.10),×ÉËÏÒÉÓÔÁ×ÛÉ ÍÅÔÏÄ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁä.úÕÂÁÒ¤×Á [16,17], ÚÁÐÉÛÅÍÏ Õ ×ÉÇÌÑÄ¦:�(xN ; �P 0; t) = �q(xN ; �P 0; t)� (2.12)



7 ðÒÅÐÒÉÎÔ� tZ�1 e�(t0�t)T (t; t0)(1�Pq(t0))iLN�q(xN ; �P 0; t0)dt0 ;ÄÅ T (t; t0) = exp8<: tZt0 (1�Pq(t00))iLNdt009=; (2.13){ ÏÐÅÁÒÔÏÒ Å×ÏÌÀÃ¦§ Õ ÞÁÓ¦ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÐÒÏÅËÔÕ×ÁÎÎÑ, Pq(t) { ÕÚÁ-ÇÁÌØÎÅÎÉÊ ÐÒÏÅËÃ¦ÊÎÉÊ ÏÐÅÒÁÔÏÒëÁ×ÁÓÁË¦-çÁÎÔÏÎÁ, ÓÔÒÕËÔÕÒÁ ÑËÏÇÏ×ÉÚÎÁÞÁ¤ÔØÓÑ Ë×ÁÚ¦Ò¦×ÎÏ×ÁÖÎÏÀ ÆÕÎËÃ¦¤À ÒÏÚÐÏÄ¦ÌÕ �q(xN ; �P 0; t),ÝÏ ÚÎÁÈÏÄÉÔØÓÑ ¦Ú ÅËÓÔÒÅÍÕÍÕ ¦ÎÆÏÒÍÁÃ¦ÊÎÏ§ ÅÎÔÒÏÐ¦§ ÐÒÉ Æ¦ËÓÏ×Á-ÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒ¦× h ^B(r)it ¦ ÚÂÅÒÅÖÅÎÎ¦ ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑR d�N�q(xN ; t) = 1:�q(xN ; �P 0; t) = exp8<:��(t)� 3Xl=1 ZVl drl�(rl; t)� ^�(rl)� V1�P 0 � v(rl; t)^p(rl)�Xk �k(rl; t)^nk(rl)� (2.14)X� w�(rl; t)^s�(r)�X� E�(rl; t)^d�(rl)!) ;ÄÅ �(t) { ÆÕÎËÃ¦ÏÎÁÌ íÁÓØ¤-ðÌÁÎËÁ�(t) = ln Z d�N exp8<:� 3Xl=1 ZVl drl�(rl; t) (^�(rl)�V1�P 0 � v(r; t)^p(rl)�Xk �k(rl; t)^nk(rl)� (2.15)X� w�(rl; t)^s�(r)�X� E�(rl; t)^d�(rl)!)v(r; t) { ÓÅÒÅÄÎÑ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÁ Û×ÉÄË¦ÓÔØ ËÏÍÐÏÎÅÎÔ, w�(rl; t) {ÓÅÒÅÄÎÑ ËÕÔÏ×Á Û×ÉÄË¦ÓÔØ ÍÏÌÅËÕÌ �. ôÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÐÁÒÁÍÅÔÒÉ�(r; t), �k(rl; t), v(r; t), w�(r; t), E�(r; t) ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ× ÓÁÍÏ-ÕÚÇÏÄÖÅÎØ: h^�(r)it = h^�(r)itq ; h^p(r)it = h^p(r)itq ;
ICMP{98{36U 8h^nk(r)it = h^nk(r)itq ; h^s�(r)it = h^s�(r)itq ; (2.16)h^d�(r)it = h^d�(r)itq ; h: : :itq = Z d�N : : : �q(xN ; t);ÐÒÉÞÏÍÕ �(r; t) { ÏÂÅÒÎÅÎÁ ÌÏËÁÌØÎÁ ÔÅÍÐÅÒÁÔÕÒÁ, Á E�(r; t) { ÌÏ-ËÁÌØÎÅ ×ÎÕÔÒ¦ÛÎ¤ ÅÌÅËÔÒÉÞÎÅ ÐÏÌÅ, ÓÔ×ÏÒÀ×ÁÎÅ ÄÉÐÏÌØÎÉÍÉ ÍÏÌÅ-ËÕÌÁÍÉ.òÏÚËÒÉ¤ÍÏ Ä¦À ÏÐÅÒÁÔÏÒ¦× iLN , (1�Pq(t0)) ÎÁ Ë×ÁÚ¦Ò¦×ÎÏ×ÁÖÎÕÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ × (2.12), ÔÏÄ¦ ÏÔÒÉÍÁ¤ÍÏ:�(xN ; �P 0; t) = �q(xN ; �P 0; t) ++ 3Xl=1 Z dr0l tZ�1 e"(t0�t)T (t; t0)(I"(r0l; t0)�(r0l; t0)��Ip(r0l; t0)�(r0l; t0)v(r0l; t0))�q(xN ; t0)dt0 � (2.17)� 3Xl=1Xk Z dr0l tZ�1 e"(t0�t)T (t; t0)Ikn(r0l; t0)���(r0l; t0)vk(r0l; t0)�q(xN ; t0)dt0 � 3Xl=1X� Z dr0l tZ�1 e"(t0�t)T (t; t0)�� (I�s (r0l; t0)w�(r0l; t0) + I�d (r0l; t0)E�(r0l; t0)) �(r0l; t0)�q(xN ; t0)dt0;ÄÅ I"(r0l; t), Ip(r0l; t0) { ÕÚÁÇÁÌØÎÅÎÉÊ ÐÏÔ¦Ë ÅÎÅÒÇ¦§ ÔÁ ¦ÍÐÕÌØÓÕ ÞÁÓÔÉ-ÎÏË Õ ÆÁÚ¦ l, Ikn(r0l; t0) { ÕÚÁÇÁÌØÎÅÎÉÊ ÄÉÆÕÚ¦ÊÎÉÊ ÐÏÔ¦Ë ÞÁÓÔÉÎÏËÓÏÒÔÕ � Õ ÆÁÚ¦ l, I�s (r0l; t) { ÕÚÁÇÁÌØÎÅÎÉÊ ÐÏÔ¦Ë ÍÏÍÅÎÔÕ Ë¦ÌØËÏÓÔ¦ÒÕÈÕ, Á I�d (r0l; t0) { ÕÚÁÇÁÌØÎÅÎÉÊ ÐÏÔ¦Ë ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÍÏÌÅËÕÌÓÏÒÔÕ � Õ ÆÁÚ¦ l. ã¦ ÕÚÁÇÁÌØÎÅÎ¦ ÐÏÔÏËÉ ÍÁÀÔØ ÎÁÓÔÕÐÎÕ ÓÔÒÕËÔÕÒÕ:I"(r0l; t) = (1�P(t))iLN ^"(rl);Ip(r0l; t) = (1�P(t))iLN ^p(rl);Ikn(r0l; t) = (1�P(t))iLN ^nk(rl); (2.18)I�s (r0l; t) = (1�P(t))iLN^s�(rl);I�d (r0l; t) = (1�P(t))iLN ^d�(rl):õ §È ÓÔÒÕËÔÕÒÕ ×ÈÏÄÉÔØ ÐÒÏÅËÃ¦ÊÎÉÊ ÏÐÅÒÁÔÏÒ íÏÒ¦, ÑËÉÊ Ä¦¤ ÎÁ ÄÉ-ÎÁÍ¦ÞÎ¦ ÚÍ¦ÎÎ¦:P(t)� ^A(r) = h ^Aitq +Xl Z drl �h ^A(r)it�h^"(rl)it �^"(rl)� h^"(rl)it)+



9 ðÒÅÐÒÉÎÔ+Xl Z drl �h ^A(r)it�h^p(rl)it �^p(rl)� h^p(rl)it)++Xl Xk Z drl �h ^A(r)it�h^nk(rl)it �^nk(rl)� h^nk(rl)it)+ (2.19)+Xl X� Z drl �h ^A(r)it�h^s�(rl)it �^s�(rl)� h^s�(rl)it)++Xl X� Z drl �h ^A(r)it�h^d�(r)it �^d�(r) � h^d�(r)it)¦ ÍÁ¤ ÎÁÓÔÕÐÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ P(t) � P(t) = P(t), P(t)(1 � P(t)) = 0.P(t) � ^x(r) = ^x(r), ÄÅ ^x(r) = f^"(r); ^p(r); ^nk(r); ^s�(r); ^d�(r)g. úÁ ÄÏÐÏ-ÍÏÇÏÀ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁ (2.17) ÍÏÖÎÁ ÏÔÒÉ-ÍÁÔÉ ÕÚÁÇÁÌØÎÅÎ¦ Ò¦×ÎÑÎÎÑ ÐÅÒÅÎÅÓÅÎÎÑ ÄÌÑ ÓÅÒÅÄÎ¦È ÚÎÁÞÅÎØ h^"(r)it,h^p(r)it, h^nk(r)it, h^s�(r)it, h^d�(r)it. ôÁËÁ ÓÉÓÔÅÍÁ Ò¦×ÎÑÎØ ¤ ÓÉÌØÎÏÎÅÌ¦Î¦ÊÎÏÀ ¦ ÍÏÖÅ ÏÐÉÓÕ×ÁÔÉ ÎÅÒ¦×ÎÏ×ÁÖÎ¦ ÓÔÁÎÉ ÑË ÂÌÉÚØË¦, ÔÁË ¦ÄÁÌÅË¦ ×¦Ä Ò¦×ÎÏ×ÁÖÎÉÈ. õ ×ÉÐÁÄËÕ ÓÌÁÂÏÎÅÒ¦×ÎÏ×ÁÖÎÉÈ ÐÒÏÃÅÓ¦×,ÑË¦ ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ Ì¦Î¦ÊÎÉÍÉ ÎÁÂÌÉÖÅÎÎÑÍÉ ÚÁ ÇÒÁÄ¦¤ÎÔÁÍÉ ×¦ÄÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× �(r; t), �k(r; t), v(r; t), w�(r; t), E�(r; t),Ò¦×ÎÑÎÎÑ ÐÅÒÅÎÏÓÕ ¤ Ì¦Î¦ÊÎÉÍÉ ¦ ÄÁÀÔØ ÚÍÏÇÕ ÄÏÓÌ¦ÄÖÕ×ÁÔÉ ÑË ÚÍ¦ÎÕÕ ÞÁÓ¦ ÓÅÒÅÄÎ¦È ÚÎÁÞÅÎØ h^xj(rit, ÔÁË ¦ Ò¦×ÎÏ×ÁÖÎ¦ ÞÁÓÏ×¦ ËÏÒÅÌÑÃ¦ÊÎ¦ÆÕÎËÃ¦§ h^xj(r; t)^xl(r0; 0)i0. ôÁË¦ Ò¦×ÎÑÎÎÑ ÍÉ ÒÏÚÇÌÑÎÅÍÏ Õ ÎÁÓÔÕÐÎÏ-ÍÕ ÒÏÚÄ¦Ì¦.3. ò¦×ÎÑÎÎÑ ÍÏÌÅËÕÌÑÒÎÏ§ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÐÒÏÃÅÓ¦×ÐÅÒÅÎÏÓÕ ÒÏÚÞÉÎ¦× ÅÌÅËÔÒÏÌ¦Ô¦× ËÒ¦ÚØ ÍÅÍÂÒÁÎÎ¦ÓÔÒÕËÔÕÒÉâÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ ÎÅÒ¦×ÎÏ×ÁÖÎÉÊ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÊ ÓÔÁÎ ÓÉÓÔÅÍÉ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ, ËÏÌÉ ÇÒÁÄ¦¤ÎÔÉ ÔÅÒÍÏ-ÄÉÎÁÍ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× �(rl; t), �k(rl; t), v(rl; t), w�(rl; t) E�(rl; t)ÐÏ×¦ÌØÎÏ ÚÍ¦ÎÀÀÔØÓÑ Õ ÐÒÏÓÔÏÒ¦ ÔÁ ÞÁÓ¦ Õ ËÏÖÎ¦Ê l-ÆÁÚ¦. õ ÃØÏ-ÍÕ ×ÉÐÁÄËÕ ÄÌÑ ÏÐÉÓÕ ÐÒÏÃÅÓ¦× ÐÅÒÅÎÏÓÕ ÄÏÓÔÁÔÎØÏ Ì¦Î¦ÊÎÉÈ Ò¦×-ÎÑÎØ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ. äÌÑ ÏÔÒÉÍÁÎÎÑ ÔÁËÏÇÏ ÎÁÂÌÉÖÅÎÎÑ Õ Ë×ÁÚ¦Ò¦×-ÎÏ×ÁÖÎ¦Ê ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ (2.14) ÎÅÏÂÈ¦ÄÎÏ ÏÂÍÅÖÉÔÉÓÑ §§ Ì¦Î¦Ê-ÎÏÀ ÚÁÌÅÖÎ¦ÓÔÀ ÚÁ ×¦ÄÈÉÌÅÎÎÑÍÉ ��(rl; t), �(�v)(rl ; t), �(��k)(rl; t),�(�w�)(rl; t), �(�E�)(rl; t) ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ×¦Ä §È Ò¦×ÎÏ-
ICMP{98{36U 10×ÁÖÎÉÈ ÚÎÁÞÅÎØ. ôÏÄ¦ ÄÌÑ �q(xN ; t) ÚÎÁÊÄÅÍÏ:�q(xN ; t) = �0(xN )0@1� 3Xl=1 ZVl drl (��(rl; t)^"(rl)���(�V)(rl ; t)^p(rl)) +Xk 3Xl=1 ZVl drl�(��k)(rl; t)^nk(rl) + (3.1)+X� 3Xl=1 ZVl drl ��(�w�)(rl; t)^s�(rl) + �(�E�)(rl; t)^d�(rl)�1A :úÁ ÄÏÐÏÍÏÇÏÀ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎØ (2.16) ×ÉÚÎÁÞÉÍÏ ÔÅÒÍÏÄÉ-ÎÁÍ¦ÞÎ¦ ÐÁÒÁÍÅÔÒÉ Õ ×ÉÒÁÚ¦ (3.1), × ÒÅÚÕÌØÔÁÔ¦ ÞÏÇÏ ÏÔÒÉÍÁ¤ÍÏ:�q(xN ; t) = �0(xN )0@1 + 3Xl0l=1 Z ZVl drldr0l0h�^h(rl)it��1hh (rl; r0l0)^h(r0l0)++Xk;k0 Xl;l0 Z drl Z drl0h�nk(rl)it h~��1nn(rl; rl0)ik;k0 ^nk0 (rl0) ++ 3Xl;l0=1 Z drl Z drl0h�^p(rl)it��1pp (rl; rl0)^p(rl) + (3.2)+X�;�0 Xl;l0=1 Z drl Z drl0 h�^s�(rl)it h~��1ss (rl; rl0)i�;�0 ^s�(rl0 ) ++X�;�0 Xl;l0=1 Z drl Z drl0 h�^d�(rl)it h~��1dd (rl; rl0 )i�;�0 ^d�0(rl0 )1A ;ÄÅ �^x(r) = ^x(r) � h^x(r)i0; ÆÕÎËÃ¦Ñ ��1hh (rl; rl0) ÏÂÅÒÎÅÎÁ ÄÏ ÆÕÎËÃ¦§�hh(rl; rl0) ¦ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ:Xl00 Z drl00��1hh (rl; rl00)�hh(rl00 ; rl0) = �(rl � rl0)�ll0 ;ÄÉÎÁÍ¦ÞÎÁ ÚÍ¦ÎÎÁ ^h(rl) ¤ ÕÚÁÇÁÌØÎÅÎÏÀ ÅÎÔÒÏÐ¦¤À^h(rl) = ^"(rl)�Xl0;l00k;k0 Z drl0 Z drl00hh^"(rl)^nk(rl0i0 h~��1nn(rl0 ; rl00 )ikk0 ^nk0(rl00 );(3.3)



11 ðÒÅÐÒÉÎÔh~��1nn(rl0 ; rl00)ikk0 { ÅÌÅÍÅÎÔÉ ÍÁÔÒÉÃ¦ ~��1nn , ÏÂÅÒÎÅÎÏ§ ÄÏ ÍÁÔÒÉÃ¦~�nn(rl; rl0) Ò¦×ÎÏ×ÁÖÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ ÆÕÎËÃ¦Ê ÒÏÚÐÏÄ¦ÌÕ ÐÒÏÓÔÏÒÏ-×Ï-ÎÅÏÄÎÏÒ¦ÄÎÏ§ ÓÉÓÔÅÍÉ:~�nn(rl; rl0) = 24 ���nn(rl; rl0) ��ann(rl; rl0) ��bnn(rl; rl0)�a�nn(rl; rl0) �aann(rl; rl0) �abnn(rl; rl0)�b�nn(rl; rl0) �bann(rl; rl0) �bbnn(rl; rl0) 35 ; (3.4)ÄÌÑ ×ÉÐÁÄËÕ ÔÒÉÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉ ÍÏÌÅËÕÌ ÔÁ ¦ÏÎ¦×, �k;k0nn (rl; rl0) =h^nk(rl)^hk0 (rl0i0, h: : :i0 = R d�N : : : �0(xN ; �P 0). ÷¦ÄÐÏ×¦ÄÎÏ ÆÕÎËÃ¦§��1pp (rl; rl0), h~��1ss (rl; rl0)i�;�0 ,h~��1dd (rl; rl0 )i�;�0 ÚÎÁÈÏÄÑÔØÓÑ Ú ¦ÎÔÅÇÒÁÌØÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ:Xl00 Z drl00��1pp (rl; rl00 )�pp(rl00 ; rl0 ) = �ll0�(rl � rl0 );Xl00 X�00 Z drl00 h~��1ss (rl; rl00)i��00 ��00�0ss (rl00 ; rl0) = ���0�ll0�(rl � rl0 );Xl00 X�00 Z drl00 h~��1ss (rl; rl00)i��00 ��00�0dd (rl00 ; rl0) = ���0�ll0�(rl � rl0 );ÄÅ �pp(rl00 ; rl0 ) = h^p(rl00 ); ^p(rl0 )i0;��00�0ss (rl00 ; rl0) = h^s�00(rl00 )^s�0(rl0 )i0; (3.5)��00�0dd (rl00 ; rl0) = h^d�00(rl00 )^d�0(rl0 )i0-Ò¦×ÎÏ×ÁÖÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÐÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ¦ÄÎÏ§ ÓÉÓÔÅÍÉ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ. ôÕÔ ×ÁÖÌÉ×ÉÍ ÍÏÍÅÎ-ÔÏÍ ¤ ÔÅ, ÝÏ ÐpÉ pÏÚpÁÈÕÎËÕ pi×ÎÏ×ÁÖÎÉÈ ËÏpÅÌÑÃiÊÎÉÈ ÆÕÎËÃiÊ�hh(rl00 ; rl0), ~�nn(rl; rl0 ) (3.4) ÔÁ (3.5) ÞÅpÅÚ ×ÚÁ¤ÍÏÄiÀ ÞÁÓÔÉÎÏË ÔÁÓÔpÕËÔÕpÎi ÆÕÎËÃi§ pÏÚÐÏÄiÌÕ fk1 (rl), fk;k02 (rl; rl0) ×ÉÈiÄÎÏÇÏ pÏÚÞÉÎÕV1(z < 0), ÍÅÍÂpÁÎÉ V2(0 � z � h) ÔÁ Æ¦ÌØÔÒÁÔÕ V3(z > h) ÐpÏ-Ñ×ÌÑ¤ÔØÓÑ ÐpÏÓÔÏpÏ×Á ÎÅÏÄÎÏpiÄÎiÓÔØ ÓÉÓÔÅÍÉ. óÁÍÅ ÔÁËÉÍ ÞÉÎÏÍ×ÏÎÁ ÐpÏÑ×ÌÑÔÉÍÅÔØÓÑ Ê Õ pi×ÎÑÎÎÑÈ ÇiÄpÏÄÉÎÁÍiËÉ. ð¦ÄÓÔÁ×É×ÛÉ(3.2) Õ (2.12) (ÞÉ (2.17) Ú ×¦ÄÐÏ×¦ÄÎÉÍÉ ÕÍÏ×ÁÍÉ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ ÔÁÐÒÏÅËÃ¦ÊÎÉÍÉ ÏÐÅÒÁÔÏÒÁÍÉ), ÏÔÒÉÍÁ¤ÍÏ ÎÅÒ¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞ-ÎÉÊ ÏÐÅÒÁÔÏÒ, ÚÁ ÄÏÐÏÍÏÇÏÀ ÑËÏÇÏ ÍÏÖÎÁ ×É×ÅÓÔÉ ÚÁÍËÎÕÔ¦ Ò¦×ÎÑÎÎÑÍÏÌÅËÕÌÑÒÎÏ§ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÄÌÑ ÓÅÒÅÄÎ¦È ÚÎÁÞÅÎØ ÇÕÓÔÉÎ Ë¦ÌØËÏÓÔ¦
ICMP{98{36U 12ÞÁÓÔÉÎÏË ËÏÖÎÏÇÏ ÓÏÒÔÕ h^nk(rl)it, §È ÐÏ×ÎÏÇÏ ¦ÍÐÕÌØÓÕ h^p(r)it, ÐÏ×ÎÏ§ÅÎÔÁÌØÐ¦§ h^h(rl)it, Á ÔÁËÏÖ ÇÕÓÔÉÎ ÏÂÅÒÔÁÌØÎÏÇÏ ÍÏÍÅÎÔÕ Ë¦ÌØËÏÓÔ¦ÒÕÈÕ ^s�(rl) ¦ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ^d�(rl) ÐÏÌÑÒÎÉÈ ÍÏÌÅËÕÌ ÒÏÚÞÉ-ÎÕ ÔÒÉÆÁÚÎÏ§ ÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ. ôÁËÕÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÐÒÅÄÓÔÁ×ÉÍÏ Õ ÍÁÔÒÉÞÎ¦Ê ÆÏÒÍ¦:ddt h�~x(rl)it � 3Xl0=1 Z drl0 i~
(rl; rl0)h�~x(rl0 )it + (3.6)+ 3Xl0=1 Z drl0 tZ�1 e"(t0�t)'(rl; rl0 ; t; t0)h�~x(rl0)it0dt0 = 0;ÄÅ i~
(rl; rl0) { ÞÁÓÔÏÔÎÁ ÍÁÔÒÉÃÑ Õ ÐÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ¦ÄÎÏÍÕ ×ÉÐÁÄ-ËÕ i~
(rl; rl0) =Xl00 Z drl00 h _~x(rl) � ~x(+)(rl00 )i0h~x(rl00) � ~x(+)(rl0 )i�10 == 266664 ~0 ~
np 0 0 0~
pn 0 
ph 0 ~
pd0 
np 0 ~
hs 00 0 ~
sh 0 ~
sd0 ~
dp 0 ~
ds 0 377775(rl;rl0 ) ; (3.7)~x(rl) { ×ÅËÔÏÒ-ÓÔÏ×ÐÞÉË, Á ~x(+)(rl0 ) { ×ÅËÔÏÒ-ÓÔÒ¦ÞËÁ, ÑË¦ ÐÅÒÅÍÎÏÖÕ-ÀÔØÓÑ ÚÁ ÐÒÁ×ÉÌÏÍ ÓËÁÌÑÒÎÏÇÏ ÄÏÂÕÔËÕ:~x(rl) = col(~n(rl); ^p(rl); ^h(rl); ~s(rl); ~d(rl)); (3.8)~x(+)(rl0 ) = (~n(+)(rl0); ^p(rl0); ^h(rl0 ); ~s(+)(rl0); ~d(+)(rl));ÄÅ ~n(rl), ~s(rl), ~d(rl) { ×ÅËÔÏÒ-ÓÔÏ×ÐÞÉËÉ, Á ~n(+)(rl0 ), ~s(+)(rl0 ), ~d(+)(rl){ ×ÅËÔÏÒ-ÓÔÒ¦ÞËÉ, ×¦ÄÐÏ×¦ÄÎÏ. äÌÑ ×ÉÐÁÄËÕ ÔÒÉÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉ ÐÏÚÉ-ÔÉ×ÎÏ ¦ ÎÅÇÁÔÉ×ÎÏ ÚÁÒÑÄÖÅÎÉÈ ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ �~n(rl) = col(~n+(rl); ~n�(rl); ~n�(rl)) ¦ ~s(rl) = ^s�(rl); ~d(rl) = ^d�(rl):ðÒÉ Â¦ÌØÛ¦Ê Ë¦ÌØËÏÓÔ¦ ËÏÍÐÏÎÅÎÔ ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ × ÅÌÅËÔÒÏÌ¦Ô¦ÃÅ ÎÅÏÂÈ¦ÄÎÏ ×ÒÁÈÕ×ÁÔÉ ÑË Õ ~n(rl)(~n(+)(rl0 )), ÔÁË ¦ Õ ~s(rl), ~d(rl),_~x(rl) = iLN ~x(rl). ~'(rl; rl0 ; t; t0) { ÍÁÔÒÉÃÑ ÑÄÅÒ ÐÅÒÅÎÅÓÅÎÎÑ, ÑË¦ ÏÐÉ-ÓÕÀÔØ ÄÉÓÉÐÁÔÉ×Î¦ ÐÒÏÃÅÓÉ ÄÉÆÕÚ¦§, ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ¦§, ×'ÑÚËÏÓÔ¦, ÔÅ-



13 ðÒÅÐÒÉÎÔÐÌÏÐÒÏ×¦ÄÎÏÓÔ¦ ¦ÏÎ¦×, ÍÏÌÅËÕÌ ÅÌÅËÔÒÏÌ¦ÔÕ × ÐÒÏÃÅÓ¦ Ú×ÏÒÏÔÎÏÇÏ ÏÓ-ÍÏÓÕ ÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ.~'(rl; rl0 ; t; t0) == 3Xl00=1 Z drl00h~I(rl)T0(t; t0) � ~I(+)(rl00)i0h~x(rl00 ) � ~x(+)(rl0 )i�10 == 266664 ~'nn ~'np ~'nh ~'ns ~'nd~'pn ~'pp ~'ph ~'ps ~'pd~'hn ~'hp ~'hh ~'hs ~'hd~'sn ~'sp ~'sh ~'ss ~'sd~'dn ~'dp ~'dh ~'ds ~'dd 377775(rl;rl0 ;t;t0) ; (3.9)ÄÅ ~I(rl) { ×ÅËÔÏÒ-ÓÔÏ×ÐÞÉË, Á ~I(rl0 ) { ×ÅËÔÏÒ-ÓÔÒ¦ÞËÁ ÕÚÁÇÁÌØÎÅÎÉÈÐÏÔÏË¦×: ~I(rl) = col(~In(rl); Ip(rl); Ih(rl); ~Is(rl); ~Id(rl)); (3.10)~I(+)(rl) = (~I(+)n (rl); Ip(rl); Ih(rl); ~I(+)s (rl); ~I(+)d (rl)):óÔÒÕËÔÕÒÁ ×ÅËÔÏÒ-ÓÔÏ×ÐÞÉË¦× ~In(rl), ~Is(rl), ~Id(rl) ¦ ×ÅËÔÏÒ-ÓÔÒ¦ÞÏË~I(+)n (rl), ~I(+)s (rl), ~I(+)d (rl) ÚÁÌÅÖÉÔØ ×¦Ä Ë¦ÌØËÏÓÔ¦ ÓÏÒÔ¦× ¦ÏÎ¦× ÔÁ ÍÏ-ÌÅËÕÌ ÒÏÚÞÉÎÕ. úÁÇÁÌÏÍIx(rl) = (1�P0) _^x(rl); (3.11)P0 { ÐÒÏÅËÃ¦ÊÎÉÊ ÏÐÅÒÁÔÏÒ íÏÒ¦, ÐÏÂÕÄÏ×ÁÎÉÊ ÎÁ ÄÉÎÁÍ¦ÞÎÉÈ ÚÍ¦Î-ÎÉÈ ^x(rl),P0 ^A = h ^Ai0 + 3Xl;l0=1 Z drl Z drl0h: : : ~x(+)(rl)i0h~x(rl)~x(+)(rl0 )i�10 ~x(rl0)(3.12)¦ ÍÁ¤ ×ÌÁÓÔÉ×ÏÓÔ¦ P0P0 = P0, P0~x(rl) = ~x(r), (1 � P0)P0 = 0. ÷¦Î×ÈÏÄÉÔØ × ÏÐÅÒÁÔÏÒ Å×ÏÌÀÃ¦§ T0(t; t0) = expf(t0 � t)(1 � P0)iLNg. ú¦ÓÔÒÕËÔÕÒÉ (3.9) ÂÁÞÉÍÏ, ÝÏ ÍÁÔÒÉÃÑ ÑÄÅÒ ÐÅÒÅÎÅÓÅÎÎÑ ~'(rl; rl0 ; t; t0)ÏÐÉÓÕ¤ ÄÉÎÁÍ¦ÞÎ¦ ËÏÒÅÌÑÃ¦§ Í¦Ö ÄÉÓÉÐÁÔÉ×ÎÉÍÉ ÐÏÔÏËÁÍÉ (3.10) ÄÌÑ¦ÏÎ¦×, ÍÏÌÅËÕÌ ÒÏÚÞÉÎÕ Õ ÔÒÉÆÁÚÎ¦Ê ÓÉÓÔÅÍ¦. úÏËÒÅÍÁ, ~'nn(rl; rl0 ; t; t0)ÏÐÉÓÕÀÔØ ÄÉÆÕÚ¦ÊÎ¦ ÐÒÏÃÅÓÉ Í¦Ö ¦ÏÎÁÍÉ, ÍÏÌÅËÕÌÁÍÉ × ÐÒÏÃÅÓ¦ Ú×Ï-ÒÏÔÎÏÇÏ ÏÓÍÏÓÕ ÅÌÅËÔÒÏÌ¦ÔÕ ËÒ¦ÚØ ÍÅÍÂÒÁÎÕ. äÉÎÁÍ¦ÞÎ¦ ËÏÒÅÌÑÃ¦§Í¦Ö ×'ÑÚËÉÍÉ ÐÏÔÏËÁÍÉ ÞÁÓÔÉÎÏË ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌ¦ÔÕ Õ ÆÁÚÁÈ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ ×ÉÚÎÁÞÁÀÔØÓÑ ÆÕÎËÃ¦¤À'pp(rl; rl0 ; t; t0). æÕÎËÃ¦Ñ 'hh(rl; rl0 ; t; t0) ÐÏ×'ÑÚÁÎÁ Ú ÐÒÏÃÅÓÁÍÉ ÐÅ-ÒÅÎÅÓÅÎÎÑ ÅÎÅÒÇ¦§, Á 'ss(rl; rl0 ; t; t0) ÏÐÉÓÕÀÔØ ÐÒÏÃÅÓÉ ×'ÑÚËÏÓÔ¦ ÐÏ-ÌÑÒÎÉÈ ÍÏÌÅËÕÌ, ÚÕÍÏ×ÌÅÎ¦ ÏÂÅÒÔÏ×ÉÍÉ ÒÕÈÁÍÉ, ×ÒÁÈÕ×ÁÎÎÑ ÑËÉÈ
ICMP{98{36U 14ÎÁÄÚ×ÉÞÁÊÎÏ ×ÁÖÌÉ×Å Õ ÐÒÉÐÏ×ÅÒÈÎÅ×¦Ê ÏÂÌÁÓÔ¦ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ- ÍÅÍÂÒÁÎÁ. ô¦ÓÎÏ ÐÏ×'ÑÚÁÎ¦ Ú ÃÉÍÉ ÐÒÏÃÅÓÁÍÉ ¤ ÚÍ¦ÎÉ ÆÕÎËÃ¦Ê'dd(rl; rl0 ; t; t0), ÑË¦ ÏÐÉÓÕÀÔØ Ä¦ÅÌÅËÔÒÉÞÎ¦ ÒÅÌÁËÓÁÃ¦ÊÎ¦ ÐÒÏÃÅÓÉ ÄÌÑÐÏÌÑÒÎÉÈ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÕ Õ ÔÒØÏÈ ÆÁÚÁÈ. ÷ÒÁÈÕ×ÁÎÎÑ ÄÉÎÁÍ¦ËÉ ÔÁ-ËÉÈ ÐÒÏÃÅÓ¦× ¤ ÎÁÄÚ×ÉÞÁÊÎÏ ×ÁÖÌÉ×ÉÍ ÍÏÍÅÎÔÏÍ, ÏÓË¦ÌØËÉ Ä¦ÅÌÅË-ÔÒÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÒÏÚÞÉÎÕ ÚÍ¦ÎÀÀÔØÓÑ × ÐÒÏÃÅÓ¦ Ú×ÏÒÏÔÎÏÇÏ ÏÓÍÏÓÕ¦ ÓÁÍ¦ Ö ÎÁ ÎØÏÇÏ ×ÐÌÉ×ÁÀÔØ ×ÎÁÓÌ¦ÄÏË ÍÅÍÂÒÁÎÎÏÇÏ ÒÏÚÄ¦ÌÅÎÎÑ ÚÁ-ÒÑÄÖÅÎÉÈ ÔÁ ÐÏÌÑÒÎÉÈ ËÏÍÐÏÎÅÎÔ ÅÌÅËÔÒÏÌ¦ÔÕ.óÉÓÔÅÍÁ Ò¦×ÎÑÎØ ÐÅÒÅÎÏÓÕ (3.6) ÄÁ¤ ÚÍÏÇÕ ÏÔÒÉÍÁÔÉ ÓÉÓÔÅÍÕ Ò¦×-ÎÑÎØ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÇÕÓÔÉÎ Ë¦ÌØËÏÓÔ¦ ÞÁÓÔÉÎÏËËÏÖÎÏÇÏ ÓÏÒÔÕ ^nk(rl), §È ÐÏ×ÎÏÇÏ ¦ÍÐÕÌØÓÕ ^p(r), ÐÏ×ÎÏ§ ÅÎÔÁÌØÐ¦§^h(rl), ÇÕÓÔÉÎ ÏÂÅÒÔÁÌØÎÏÇÏ ÍÏÍÅÎÔÕ Ë¦ÌØËÏÓÔ¦ ÒÕÈÕ ^s�(rl) ¦ ÄÉÐÏÌØÎÏ-ÇÏ ÍÏÍÅÎÔÕ ^d�(rl) ÐÏÌÑÒÎÉÈ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌ¦ÔÕ ÔÒÉÆÁÚÎÏ§ÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ. ôÁËÁ ÓÉÓÔÅÍÁ ÍÁ¤ÔÁËÕ Ö ÓÔÒÕËÔÕÒÕ, ÝÏ Ê (3.6):ddt ~�(rl; rl00 ; t)� 3Xl0=1 Z drl0 i~
(rl; rl0)~�(rl0 ; rl00 ; t) + (3.13)+ 3Xl0=1 Z drl0 tZ�1 e"(t0�t) ~'(rl; rl00 ; t; t0)~�(rl00 ; rl0 ; t0)dt0 = 0;ÄÅ ~�(rl; rl0 ; t) { ÍÁÔÒÉÃÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê Ú ÅÌÅÍÅÎÔÁ-ÍÉ: ~�(rl; rl0 ; t) = h~x(rl; t) � ~x(+)(rl0 ; 0)i0 == 266664 ~�nn ~�np ~�nh ~�ns ~�nd~�pn ~�pp ~�ph ~�ps ~�pd~�hn ~�hp ~�hh ~�hs ~�hd~�sn ~�sp ~�sh ~�ss ~�sd~�dn ~�dp ~�dh ~�ds ~�dd 377775(rl;rl0 ;t) ; (3.14)ÚÏËÒÅÍÁ ÄÌÑ ÔÒÉÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉ ÐÏÚÉÔÉ×ÎÏ ÔÁ ÎÅÇÁÔÉ×ÎÏ ÚÁÒÑÄÖÅÎÉÈ¦ÏÎ¦× ¦ ÍÏÌÅËÕÌ � ÍÁÔÒÉÃÑ ~�nn(rl; rl0 ; t) ÍÁ¤ ×ÉÇÌÑÄ:~�nn(rl; rl0 ; t) = 24 �++nn �+�nn �+�nn��+nn ���nn ���nn��+nn ���nn ���nn 35(rl;rl0 ;t) ; (3.15)ÅÌÅÍÅÎÔÉ ÑËÏ§ ÏÐÉÓÕÀÔØ ÐÒÏÓÔÏÒÏ×Ï-ÞÁÓÏ×¦ ÚÍ¦ÎÉ ÐÁÒÃ¦ÁÌØÎÉÈ ÇÕ-ÓÔÉÎ ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÕ Õ ÔÒÉÆÁÚÎ¦Ê ÓÉÓÔÅÍ¦ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ



15 ðÒÅÐÒÉÎÔ- ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ. ÷ÁÖÌÉ×ÉÍ ÍÏÍÅÎÔÏÍ ¤ ÔÅ, ÝÏ ÞÁÓÏ×¦ ËÏÒÅ-ÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ �kk0nn (rl; rl0 ; t) (3.15) ÍÏÖÎÁ ×ÉÚÎÁÞÁÔÉ ÅËÓÐÅÒÉÍÅÎ-ÔÁÌØÎÏ ÚÁ ÒÏÚÓ¦À×ÁÎÎÑÍ ÎÅÊÔÒÏÎ¦×. ôÁË¦ ÄÏÓÌ¦ÄÖÅÎÎÑ ÄÁÌÉ Â Ã¦ËÁ×Õ¦ÎÆÏÒÍÁÃ¦À ÑË ÐÒÏ ÐÏ×ÅÄ¦ÎËÕ ËÏÖÎÏ§ ÞÁÓÏ×Ï§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§Õ ×¦ÄÐÏ×¦ÄÎ¦Ê ÆÁÚ¦, ÔÁË ¦ Õ ÐÒÉÐÏ×ÅÒÈÎÅ×ÏÍÕ ÛÁÒ¦ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ -ÍÅÍÂÒÁÎÁ. ãÅ ÓÐpÉÑÌÏ Â ×É×ÞÅÎÎÀ ÐÒÏÃÅÓi× ×ÚÁ¤ÍÏÄ¦§ Õ ÐÒÉÐÏ×ÅÒÈ-ÎÅ×ÏÍÕ ÛÁÒ¦, ÐÏ×ÅÄ¦ÎËÉ ¦ÏÎ¦× ÔÁ ÐÏÌÑÒÎÉÈ ÍÏÌÅËÕÌ, ÝÏ ×ÁÖÌÉ×Ï ÚÔÏÞËÉ ÚÏÒÕ ÐÒÏÇÎÏÚÕ×ÁÎÎÑ ÓÅÌÅËÔÉ×ÎÏÇÏ Ú×ÏÒÏÔÎÏÏÓÍÏÔÉÞÎÏÇÏ ÏÞÉ-ÝÅÎÎÑ ×ÏÄÎÉÈ ÒÏÚÞÉÎ¦×. ïÞÅ×ÉÄÎÏ, ×ÁÖÌÉ×Å ÚÎÁÞÅÎÎÑ ÍÁ× ÂÉ ÒÏÚ×É-ÔÏË ÍÅÔÏÄÕ ÍÏÌÅËÕÌÑÒÎÏ§ ÄÉÎÁÍ¦ËÉ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÑË ÃÉÈ ÆÕÎËÃ¦Ê,ÔÁË ¦ ×Ó¦È ¦ÎÛÉÈ ÆÕÎËÃ¦Ê ÍÁÔÒÉÃ¦ (3.14). õ ×ÉÐÁÄËÕ ÏÄÎÏÆÁÚÎÉÈ ÐÏ-ÌÑÒÎÉÈ Ò¦ÄÉÎ ÔÁË¦ ÍÅÔÏÄÉ ÄÏÂÒÅ ÒÏÚ×ÉÎÕÔ¦ [18,19].óÉÓÔÅÍÁ Ò¦×ÎÑÎØ ÐÅÒÅÎÅÓÅÎÎÑ (3.6) ÄÁ¤ ÚÍÏÇÕ ÄÅÔÁÌØÎÏ ÐÒÏÁÎÁÌ¦-ÚÕ×ÁÔÉ ÍÏÖÌÉ×¦ ÐÒÏÃÅÓÉ Ú×ÏÒÏÔÎÏÇÏ ÏÓÍÏÓÕ ÒÏÚÞÉÎ¦× ÅÌÅËÔÒÏÌ¦Ô¦×ËÒ¦ÚØ ÍÅÍÂÒÁÎÉ, ÚÏËÒÅÍÁ × ËÏÖÎ¦Ê Ú ÆÁÚ. ðÅÒÅÄÕÓ¦Í §§ ÍÏÖÎÁ ÓÕÔÔ¤×ÏÓÐÒÏÓÔÉÔÉ ÐÒÉ ÒÏÚÇÌÑÄ¦ ¦ÚÏÔÅÒÍ¦ÞÎÉÈ ÐÒÏÃÅÓ¦× (×¦ÄÓÕÔÎ¦ÓÔØ ÐÒÏÃÅÓ¦×ÐÅÒÅÎÅÓÅÎÎÑ ÅÎÅÒÇ¦§) ÔÁ ÐÒÉ ÁÂÓÏÌÀÔÎÏÍÕ ÒÏÚÄ¦ÌÅÎÎ¦ ÐÏÓÔÕÐÁÌØÎÉÈ ¦ÏÂÅÒÔÁÌØÎÉÈ ÒÕÈ¦× ÄÌÑ ÍÏÌÅËÕÌ, ÝÏ ÍÏÖÌÉ×Å ÄÌÑ ×ÉÐÁÄËÕ ÓÌÁÂËÏ§ÄÉÐÏÌØ-ÄÉÐÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§. ëÒ¦Í ÔÏÇÏ, ÍÏÖÎÁ ÐÒÉÐÕÓÔÉÔÉ, ÝÏ ÓÔÁ-ÔÉÞÎ¦ ÔÁ ÄÉÓÉÐÁÔÉ×Î¦ ËÏÒÅÌÑÃ¦§ Í¦Ö ÆÌÕËÔÕÁÃ¦ÑÍÉ ÐÏ×ÎÏÇÏ ¦ÍÐÕÌØÓÕ¦ÏÎ¦× ¦ ÍÏÌÅËÕÌ �^p(rl) ¦ ÇÕÓÔÉÎÏÀ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ �^d�(rl) ÍÏÌÅ-ËÕÌ ÓÌÁÂÏ ×ÐÌÉ×ÁÀÔØ ÎÁ ÄÉÆÕÚ¦ÊÎ¦ ÔÁ ×'ÑÚË¦ ÐÒÏÃÅÓÉ × ÓÉÓÔÅÍ¦. ôÏÄ¦ÞÁÓÔÏÔÎÁ ÍÁÔÒÉÃÑ i~
(rl; rl0) ÔÁ ÍÁÔÒÉÃÑ ÑÄÅÒ ÐÅÒÅÎÅÓÅÎÎÑ ~'(rl; rl0)ÂÕÄÕÔØ ÍÁÔÉ Õ ÐÅÒÛ¦Ê ÆÁÚ¦ (×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ) ÔÁ ÐÒÉ ÐÅÒÅÈÏÄ¦ Ú ÎØÏ-ÇÏ Õ ÆÁÚÕ ÍÅÍÂÒÁÎÉ ÎÁÓÔÕÐÎÉÊ ×ÉÇÌÑÄ:i~
(r1; r01(2)) = i2664 ~0 ~
np ~0 ~0~
pn ~0 ~0 ~0~0 ~0 ~0 ~0~0 ~0 ~0 ~0 3775(r1;r01(2)) ; (3.16)

~'(r1; r01(2); t; t0) = 2664 ~'nn ~'np ~0 ~'nd~'pn ~'pp ~0 ~0~0 ~0 ~'ss ~'sd~'dn ~0 ~'ds ~'dd 3775(r1;r01(2);t;t0) : (3.17)ïÔÖÅ Õ ÐÅÒÛ¦Ê ÆÁÚ¦ ¦ ÐÒÉ ÐÅÒÅÈÏÄ¦ Ú ÐÅÒÛÏ§ Õ ÄÒÕÇÕ ÆÁÚÕ ÐÒÏÃÅÓÉÐÅÒÅÎÏÓÕ ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÕ ÐÏ×'ÑÚÁÎ¦ Ú ×ÚÁ¤ÍÎÏÀ ÄÉÆÕÚ¦¤ÀËÏÖÎÏ§ ËÏÍÐÏÎÅÎÔÉ, ÐÏ×ÎÏÀ ×'ÑÚË¦ÓÔÀ 'pp ÔÁ ÏÂÅÒÔÏ×ÏÀ ×'ÑÚË¦ÓÔÀ'��ss ¦ Ä¦ÅÌÅËÔÒÉÞÎÏÀ ÒÅÌÁËÓÁÃ¦¤À ÍÏÌÅËÕÌ, Á ÔÁËÏÖ ÐÅÒÅÈÒÅÓÎÉÍÉÄÉÓÉÐÁÔÉ×ÎÉÍÉ ËÏÒÅÌÑÃ¦ÑÍÉ Í¦Ö ÎÉÍÉ. õ ÄÒÕÇ¦Ê ÆÁÚ¦ - ÍÅÍÂÒÁÎ¦
ICMP{98{36U 16- ¦ ÐÒÉ ÐÅÒÅÈÏÄ¦ Ú ÎÅ§ Õ ÔÒÅÔÀ ÆÁÚÕ - Æ¦ÌØÔÒÁÔ - ÍÏÖÎÁ ÚÎÅÈÔÕ×ÁÔÉ×'ÑÚËÉÍÉ ÐÒÏÃÅÓÁÍÉ, ÔÏÄ¦ ÍÁÔÒÉÃÑ ÑÄÅÒ ÐÅÒÅÎÅÓÅÎÎÑ ÍÁÔÉÍÅ ×ÉÇÌÑÄ:~'(r2; r02(3); t; t0) = 2664 ~'nn ~0 ~0 ~'nd~0 ~0 ~0 ~0~0 ~0 ~0 ~0~'dn ~0 ~0 ~'dd 3775(r2;r02(3);t;t0) (3.18)¦ ÐÒÏÃÅÓÉ ÐÅÒÅÎÅÓÅÎÎÑ ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ ÏÐÉÓÕÀÔØÓÑ ÄÉÆÕÚ¦¤À, Ä¦Å-ÌÅËÔÒÉÞÎÏÀ ÒÅÌÁËÓÁÃ¦¤À ÍÏÌÅËÕÌ. ïÓË¦ÌØËÉ ÍÅÍÂÒÁÎÁ ÎÅ ÐÒÏÐÕÓËÁ¤ÚÎÁÞÎÕ ÞÁÓÔÉÎÕ ¦ÏÎ¦× Ú ÒÏÚÞÉÎÕ ÐÅÒÛÏ§ ÆÁÚÉ, ÔÏ × ÍÁÔÒÉÃÑÈ ~'nd, ~'dn(3.18) ÍÏÖÎÁ ÎÅ ×ÒÁÈÏ×Õ×ÁÔÉ ÄÉÓÉÐÁÔÉ×Î¦ ËÏÒÅÌÑÃ¦§ Í¦Ö ÐÏÔÏËÁÍÉ¦ÏÎ¦× ÔÁ ÍÏÌÅËÕÌ ¦ ÚÁÌÉÛÉÔÉ ÌÉÛÅ '��nd , '��dn ÄÌÑ ÍÏÌÅËÕÌ. õ ÔÒÅÔ¦ÊÆÁÚ¦ - Æ¦ÌØÔÒÁÔi - ÓÔÒÕËÔÕÒÁ ÞÁÓÔÏÔÎÏ§ ÍÁÔÒÉÃ¦ i~
(r3; r03) ÔÁËÁ Ö, ÑË¦ Õ ÐÅÒÛ¦Ê ÆÁÚ¦ (3.16), (3.17), ÏÄÎÁË, ÏÓË¦ÌØËÉ ËÏÎÃÅÎÔÒÁÃ¦Ñ ¦ÏÎ¦× ÕÆ¦ÌØÔÒÁÔ¦ ÎÁÂÁÇÁÔÏ ÍÅÎÛÁ, Î¦Ö Õ ×ÉÈ¦ÄÎÏÍÕ ÒÏÚÞÉÎ¦, ÔÏ × ÍÁÔÒÉÃÑÈ~'nd, ~'dn ÔÁ ~'np, ~'pn ÐÅÒÅÈÒÅÓÎÉÈ ÄÉÓÉÐÁÔÉ×ÎÉÈ ËÏÒÅÌÑÃ¦Ê ÍÏÖÎÁÚÎÅÈÔÕ×ÁÔÉ ×ËÌÁÄÁÍÉ ×¦Ä ¦ÏÎÎÏ§ Ð¦ÄÓÉÓÔÅÍÉ. óÉÓÔÅÍÁ Ò¦×ÎÑÎØ ÐÅÒÅÎÏ-ÓÕ Ú ÞÁÓÔÏÔÎÉÍÉ ÍÁÔÒÉÃÑÍÉ ¦ ÍÁÔÒÉÃÑÍÉ ÑÄÅÒ ÐÅÒÅÎÏÓÕ (3.16)-(3.18)ÄÌÑ ÔÒÉÆÁÚÎÏ§ ÓÉÓÔÅÍÉ ×ÉÈ¦ÄÎÉÊ ÒÏÚÞÉÎ - ÍÅÍÂÒÁÎÁ - Æ¦ÌØÔÒÁÔ ÚÎÁÞ-ÎÏ ÓÐÒÏÝÅÎÁ, ÏÄÎÁË ÚÁÌÉÛÁ¤ÔØÓÑ ÓÉÌØÎÏ ÎÅÏÄÎÏÒ¦ÄÎÏÀ. ÷ÁÖÌÉ×Ï ÚÁ-ÚÎÁÞÉÔÉ, ÝÏ ÎÁ ×¦ÄÍ¦ÎÕ ×¦Ä Ò¦×ÎÑÎØ ÐÅÒÅÎÅÓÅÎÎÑ, ÏÔÒÉÍÁÎÉÈ ÎÁ ÏÓÎÏ×¦ÎÁÐ¦×ÆÅÎÏÍÅÎÏÌÏÇ¦ÞÎÉÈ ÔÅÏÒ¦Ê [3-8] ¦ ÓÔÁÔÉÓÔÉÞÎÉÈ [1,2,9] Õ ÓÉÓÔÅÍ¦Ò¦×ÎÑÎØ ÐÅÒÅÎÏÓÕ (3.6) Ú (3.16)-(3.18) ×ÒÁÈÏ×Õ¤ÔØÓÑ Ä¦ÅÌÅËÔÒÉÞÎÁ ÒÅ-ÌÁËÓÁÃ¦Ñ ÍÏÌÅËÕÌ ÒÏÚÞÉÎÎÉËÁ ÏÄÎ¦¤§ Ú ÒÕÛ¦ÊÎÉÈ ÓÉÌ Ú×ÏÒÏÔÎÏÏÓÍÏ-ÔÉÞÎÉÈ ÐÒÏÃÅÓ¦× ÒÏÚÄ¦ÌÅÎÎÑ ÒÏÚÞÉÎ¦× ÎÁ ËÏÍÐÏÎÅÎÔÉ. õ Ú×'ÑÚËÕ Ú ÃÉÍÓÔÁ¤ ÁËÔÕÁÌØÎÏÀ ÐÒÏÂÌÅÍÁ ÔÅÏÒÅÔÉÞÎÏÇÏ ÄÏÓÌ¦ÄÖÅÎÎÑ ×ÉÂ¦ÒËÏ×Ï§ ÓÅ-ÌÅËÔÉ×ÎÏÓÔ¦ ÍÅÍÂÒÁÎÉ ÓÔÏÓÏ×ÎÏ Ò¦ÚÎÉÈ ÓÏÒÔ¦× ¦ÏÎ¦×, ÝÏ ÐÏ×'ÑÚÁÎÏ iÚÚÁÒÑÄÖÅÎ¦ÓÔÀ ÍÅÍÂÒÁÎÉ, Á ÏÔÖÅ ÕÓËÌÁÄÎÅÎÎÑÍ Ä¦ÅÌÅËÔÒÉÞÎÉÈ ÐÒÏ-ÃÅÓ¦× Õ ÓÉÓÔÅÍ¦. ôÁË¦ ÄÏÓÌ¦ÄÖÅÎÎÑ ÐÏÔÒÅÂÕÀÔØ ÄÅÔÁÌØÎÏÇÏ ÔÅÏÒÅÔÉÞ-ÎÏÇÏ ×É×ÞÅÎÎÑ ÑÄÅÒ ÐÅÒÅÎÅÓÅÎÎÑ (3.17), (3.18) Õ ×¦ÄÐÏ×¦ÄÎÉÈ ÆÁÚÁÈÔÁ ËÏÍÐ'ÀÔÅÒÎÏÇÏ ÅËÓÐÅÒÉÍÅÎÔÕ [12], ÑËi ÓÐÏÄi×Á¤ÍÏÓØ ÐpÏ×ÅÓÔÉ Õ ÎÁ-ÓÔÕÐÎÉÈ pÏÂÏÔÁÈ.ì¦ÔÅÒÁÔÕÒÁ1. ëÕÒÉÌÑË ¶.ê., ôÏËÁÒÞÕË í.÷. // õæö.- 1991.- 36, °8.- ó. 1179-1185.2. àÈÎÏ×ÓØËÉÊ ¶.ò., öÅÌÅÍ ò.¶., ïÍÅÌÑÎ ¶.ð., óÏ×'ÑË ´.í., ôÏËÁÒ-ÞÕË í.÷. // õæö.- 1996.- 41, °9.- ó. 819-827.3. ìÏÎÓÄÅÊÌ è.ë. // ÷ ËÎ.: ôÅÈÎÏÌÏÇÉÞÅÓËÉÅ ÐÒÏÃÅÓÓÙ Ó ÐÒÉÍÅÎÅ-ÎÉÅÍ ÍÅÍÂÒÁÎ.-í.: íÉÒ, 1976.- C. 130-159.
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