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õäë: 533; 536.75; 537.75PACS: 05.60.+w; 05.70.Ln; 81.35; 83.70.Fë�ÎÅÔÉËÁ ÔÁ Ç�ÄÒÏÄÉÎÁÍ�ËÁ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ ìð÷í Õ ÚÏ×-Î�ÛÎØÏÍÕ ÍÁÇÎ�ÔÎÏÍÕ �ÏÌ�í.÷.�ÏËÁpÞÕË, ÷.÷. ¶ÇÎÁÔÀË, ê.á.çÕÍÅÎÀËáÎÏÔÁ��Ñ. ïÂÇÏ×ÏÒÅÎÏ �ÅÒÅÈ�Ä ×�Ä Ë�ÎÅÔÉÞÎÏÇÏ ÄÏ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏÒ�×ÎÑ Ï�ÉÓÕ ÇÒÁÎÕÌÑÒÎÉÈ ÍÁÇÎÅÔÉË�× Õ ÚÏ×Î�ÛÎØÏÍÕ ÎÅÏÄÎÏÒ�ÄÎÏÍÕÍÁÇÎ�ÔÎÏÍÕ �ÏÌ�. ïÔÒÉÍÁÎÏ Ò�×ÎÑÎÎÑ Ç�ÄÒÏÄÉÎÁÍ�ËÉ îÁ×'¤-óÔÏËÓÁ,�ÒÏÁÎÁÌ�ÚÏ×ÁÎÏ ÍÏÖÌÉ×�ÓÔØ ÚÎÁÈÏÄÖÅÎÎÑ ÕÚÁÇÁÌØÎÅÎÉÈ ÔÅÒÍÏÄÉÎÁ-Í�ÞÎÉÈ ÆÕÎË��Ê ÔÁ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ ÛÌÑÈÏÍ ÁÎÁÌ�ÚÕ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÏ Ó�ÏÓÔÅÒÅÖÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÄÒ�ÂÎÏÄÉÓ�ÅÒ-ÓÎÏ§ ÓÉÓÔÅÍÉ ìð÷í. áÎÁÌ�ÚÕ¤ÔØÓÑ ÔÁËÏÖ ÍÏÖÌÉ×�ÓÔØ ÒÏÚÒÁÈÕÎËÕÎÅÌ�Î�ÊÎÉÈ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÈ ÆÌÕËÔÕÁ��Ê ÎÁ×ËÏÌÏ ÓÔÁ��ÏÎÁÒÎÉÈ ÓÔÁ-Î�× ÇÒÁÎÕÌÑÒÎÉÈ ÍÁÇÎÅÔÉË�×, ËÅÒÏ×ÁÎÉÈ ÚÏ×Î�ÛÎ�ÍÉ �ÏÌÑÍÉ, × ËÏÎ-ÔÅËÓÔ� ÚÁÓÔÏÓÕ×ÁÎÎÑ ÍÁÇÎ�ÔÎÏ§ ÓÅ�ÁÒÁ��§.Kinetis and hydrodynamis of the granular lava{like fuel{ontaining masses in external magneti �eldM.V.Tokarhuk, V.V. Ignatyuk, Y.A.HumenyukAbstrat. We have disussed the transition from kineti level of thedesription of granular magnetis in external magneti �eld to hydro-dynami one. One has obtained the equations of Navier-Stoks hydro-dynamis and onsidered a possibility of alulation of both general-ized thermodynami funtions and transport oeÆients by analysis ofexperimentally observed strutural harateristis of granular lava{likefuel{ontaining masses. One has also analized a possibility of alulationof nonlinear hydrodynami utuations around steady states of granularmagnetis driven by external �eld in the ontext of magneti separation.
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1 ðÒÅ�ÒÉÎÔ1. ë�ÎÅÔÉËÁ ÔÁ Ç�ÄÒÏÄÉÎÁÍ�ËÁ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈìð÷í Õ �ÒÏ�ÅÓÁÈ ÍÁÇÎ�ÔÎÏ§ ÓÅ�ÁÒÁ��§õ �ÒÏÍ�ÖÎÏÍÕ Ú×�Ô� [1℄ ÂÕ× �ÒÏ×ÅÄÅÎÉÊ ÁÎÁÌ�Ú ×ÅÌÉËÏ§ Ë�ÌØËÏÓÔ� ÍÅ-ÔÁÌ�ÞÎÉÈ, �ÎÔÅÒÍÅÔÁÌ�ÞÎÉÈ � Ä�ÅÌÅËÔÒÉÞÎÉÈ Ó�ÏÌÕË ÕÒÁÎÕ, �ÌÕÔÏÎ�À ÚÍÅÔÏÀ ×ÉÚÎÁÞÅÎÎÑ ÍÁÇÎ�ÔÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ. ÷�Î �ÏËÁÚÁ× ÂÁÇÁÔÏÇÒÁÎ-Î�ÓÔØ ÓÔÒÕËÔÕÒÎÉÈ ÕÔ×ÏÒÅÎØ, §È ÁÎÏÍÁÌØÎ� ×ÌÁÓÔÉ×ÏÓÔ�. �ÁËÁ �ÎÆÏÒ-ÍÁ��Ñ ×�ÄËÒÉ×Á¤ ÍÏÖÌÉ×�ÓÔØ Â�ÌØÛ ÄÅÔÁÌØÎÏÇÏ ×É×ÞÅÎÎÑ ÍÁÇÎ�ÔÎÉÈ,ÅÌÅËÔÒÉÞÎÉÈ � Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ìð÷í Ú ÍÅÔÏÀ §È �Ï-ÄÒ�ÂÎÅÎÎÑ Ú ÎÁÓÔÕ�ÎÏÀ ÓÅ�ÁÒÁ��¤À ËÏÍ�ÏÎÅÎÔ.ïÞÅ×ÉÄÎÏ, ÝÏÂ ÎÁÂÌÉÚÉÔÉ Ó×Ï§ ÚÎÁÎÎÑ ÄÏ ��ÚÎÁÎÎÑ ÍÁÇÎÅÔÉÚÍÕìð÷í, ÍÉ ÚÏÂÏ×'ÑÚÁÎ� Ú×ÅÒÎÕÔÉÓÑ ÄÏ �ÓÔÏÒ�§ §È ÕÔ×ÏÒÅÎÎÑ. ÷�ÄÏÍÏ,ÝÏ �ÁÌÉ×Ï×Í�ÓÎ� ÍÁÓÉ ÕÔ×ÏÒÉÌÉÓØ ÛÌÑÈÏÍ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÏÇÏÒÏÚ�ÌÁ×Õ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á � ÒÏÚ�ÌÁ×ÌÅÎÉÈ ÍÅÔÁÌ�ÞÎÉÈ ËÏÎÓÔÒÕË��ÊÚ� Ó�ÏÌÕËÁÍÉ ÂÏÒÕ, ÄÏÌÏÍ�ÔÏÍ, ��ÓËÏÍ, ÇÌÉÎÏÀ, ÑË� ÚÁÓÉ�ÁÌÉÓØ × ÒÅ-ÁËÔÏÒ, ÝÏÂ ÚÎÉÚÉÔÉ ÔÅÍ�ÅÒÁÔÕÒÕ ÔÁ ÒÁÄ�Á��ÊÎÅ ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ. ïÄ-ÎÁË ÎÁ ÞÁÓ Á×ÁÒ�§ ÑÄÅÒÎÅ �ÁÌÉ×Ï 4-ÇÏ ÂÌÏËÕ ÓÔÁÎÏ×ÉÌÏ ÄÕÖÅ ÓËÌÁÄÎÕÆ�ÚÉÞÎÕ ÓÉÓÔÅÍÕ � ÇÏÔÕ×ÁÌÏÓØ ÄÏ �ÏÓÔÕ�Ï×Ï§ ÚÁÍ�ÎÉ ÎÁ Ó×�ÖÅ ÑÄÅÒÎÅ�ÁÌÉ×Ï, ÔÏÂÔÏ UO2Ú 2% ×Í�ÓÔÏÍ 235U. õ �ÒÏ�ÅÓ� ×ÉÇÏÒÁÎÎÑ 235U ×ÑÄÅÒÎÏÍÕ �ÁÌÉ×� ÕÔ×ÏÒÀ¤ÔØÓÑ ×ÅÌÉËÁ Ë�ÌØË�ÓÔØ ÓÔÁÂ�ÌØÎÉÈ ÔÁ × ÏÓ-ÎÏ×ÎÏÍÕ ÎÅÓÔÁÂ�ÌØÎÉÈ È�Í�ÞÎÉÈ ÅÌÅÍÅÎÔ�×. ïÓÎÏ×Î� Ú ÎÉÈ 85Kr, 89Sr,90Sr, 90Y, 91Y, 95Zr, 95Nb, 99Mo, 99Te, 103Ru, 106Ru, 103Rh, 106Rh,127mTe, 129Te, 131I, 133Xe, 135I, 129I, 135Xe, 137Cs, 140Ba, 140La, 141Ce,143Pr, 143Nd, 144Ce, 144Pr, 147Pm, 149Sm, 151Sm, 155Eu, � �Å ×�ÄÏÍ� �ÒÏ-�ÅÓÉ × ÑÄÅÒÎÉÈ ÒÅÁËÔÏÒÁÈ. ëÒ�Í �ØÏÇÏ, ×ÎÁÓÌ�ÄÏË �ÏÇÌÉÎÁÎÎÑ ÎÅÊ-ÔÒÏÎ�× 238U Õ ÒÅÁËÔÏÒ� ×�ÄÂÕ×Á¤ÔØÓÑ ÎÁ�ÒÁ�À×ÁÎÎÑ �ÚÏÔÏ��× �ÌÕÔÏ-Î�À 239�242Pu, ÁÍÅÒÉ��À 241Am, 242Am, ËÏÒ�À 242Cm, 244Cm, ÎÅ�ÔÕÎ�À237Np, 239Np, Á ÞÅÒÅÚ �-ÒÏÚ�ÁÄ � 238Pu ÔÁ �ÎÛÉÈ �ÚÏÔÏ��×, ÑË�, ÑË ×�-ÄÏÍÏ, ¤ ÄÖÅÒÅÌÁÍÉ �-ÞÁÓÔÉÎÏË. õ \ÞÉÓÔÏÍÕ" ÑÄÅÒÎÏÍÕ �ÁÌÉ×� UO2ÚÁ×ÖÄÉ ¤ ÄÏÍ�ÛËÉ �ÚÏÔÏ��× ÕÒÁÎÕ 234U, 236U. �ÁËÉÍ ÞÉÎÏÍ, ÑÄÅÒÎÅ�ÁÌÉ×Ï 4-ÇÏ ÂÌÏËÕ �ÅÒÅÄ Á×ÁÒ�¤À Ñ×ÌÑÌÏ ÓÏÂÏÀ ÎÁÄÚ×ÉÞÁÊÎÏ ÓËÌÁÄÎÕÆ�ÚÉËÏ-È�Í�ÞÎÕ ÓÉÓÔÅÍÕ. ïÞÅ×ÉÄÎÏ, Õ �ÒÏ�ÅÓ� Á×ÁÒ�§ �ÚÏÔÏ�É Kr, I, Xe�ÏÔÒÁ�ÉÌÉ × ÁÔÍÏÓÆÅÒÕ, Á �ÎÛ� ÅÌÅÍÅÎÔÉ \×ÁÒÉÌÉÓØ" Õ ×ÉÓÏËÏÔÅÍ�Å-ÒÁÔÕÒÎÏÍÕ ÒÏÚ�ÌÁ×� ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á (ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÏ§ ÓÉÓÔÅÍÉÍÅÔÁÌ�×, ÌÁÎÔÁÎÏ§Ä�×, ÁËÔÉÎ�Ä�×) Ú ÍÁÔÅÒ�ÁÌÁÍÉ ÚÁÓÉ�ËÉ. õ �ÒÏ�ÅÓ�ÚÁÓÔÉÇÁÎÎÑ �ÉÈ ÒÏÚ�ÌÁ×�× Õ �ÒÉÓÕÔÎÏÓÔ� ×ÏÄÉ ÕÔ×ÏÒÉÌÉÓØ ÓËÌÏ�ÏÄ�Â-Î� �ÁÌÉ×Ï×Í�ÓÎ� ÍÁÓÉ, ÏÓÎÏ×ÎÉÊ È�Í�ÞÎÉÊ ÓËÌÁÄ ÑËÉÈ, ÑË �ÏËÁÚÕÀÔØÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ [2,3℄, ÓÔÁÎÏ×ÌÑÔØ ÏËÉÓÉ H2O, CaO,MgO, Al2O3, Fe2O3, ZrO2, MnO, SiO2 (×�Ä 30% ÄÏ 60%) ÔÁ UO2. ëÒ�ÍÎÉÈ, Õ ÔÉÈ ÞÉ �ÎÛÉÈ ËÏÎ�ÅÎÔÒÁ��ÑÈ ×ÈÏÄÑÔØ �ÒÏÄÕËÔÉ ÒÏÚ�ÁÄÕ, ÌÁÎÔÁ-ÎÏ§ÄÉ (Ce, Pr, Nd, Sm, Eu, Gd), ÁËÔÉÎ�ÄÉ (Np, Pu, Am, Cm), ËÒ�Í ÎÉÈ,
ICMP{01{14U 2ÍÏÌ�ÂÄÅÎ Mo, ÔÅÈÎÅ��Ê Te, ÒÕÔÅÎ�Ê Ru, ÒÏÄ�Ê Rh, �ÉÒËÏÎ�Ê Zr, �ÔÒ�ÊY. ïÞÅ×ÉÄÎÏ, ÝÏ ÌÁÎÔÁÎÏ§ÄÉ, ÁËÔÉÎ�ÄÉ Ú �ÅÒÅÈ�ÄÎÉÍÉ ÍÅÔÁÌÁÍÉ Fe,Ni, Cr � Ò�ÄËÏÚÅÍÅÌØÎÉÍÉ ÍÅÔÁÌÁÍÉ ÆÏÒÍÕÀÔØ ÔÁË� ÏÓÏÂÌÉ×� ÍÁÇÎ�Ô-Î� ×ÌÁÓÔÉ×ÏÓÔ� ìð÷í. íÁÇÎ�ÔÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÌÁÎÔÁÎÏ§Ä�×, ÁËÔÉÎ�Ä�×,ÔÁË ÓÁÍÏ ÑË � �ÅÒÅÈ�ÄÎÉÈ ÔÁ Ò�ÄË�ÓÎÏÚÅÍÅÌØÎÉÈ �ÏÎ�×, ×ÉÚÎÁÞÁÀÔØÓÑÎÁÑ×Î�ÓÔÀ ÔÁ ÏÓÏÂÌÉ×�ÓÔÀ ÂÕÄÏ×É ×ÎÕÔÒÎ�ÛÎ�È ÎÅÚÁ�Ï×ÎÅÎÉÈ ÅÌÅËÔ-ÒÏÎÎÉÈ ÏÂÏÌÏÎÏË: 3d, 4d ÁÂÏ 5d ÄÌÑ �ÅÒÅÈ�ÄÎÉÈ ÍÅÔÁÌ�×, 4f ÄÌÑ Ò�Ä-Ë�ÓÎÏÚÅÍÅÌØÎÉÈ ÔÁ 5f ÄÌÑ ÌÁÎÔÁÎÏ§Ä�× ÔÁ ÁËÔÉÎ�Ä�×. ïÞÅ×ÉÄÎÏ, ×ËÌÁÄÌÁÎÔÁÎÏ§Ä�×, ÑË ÏÄÎÉÈ �Ú ÏÓÎÏ×ÎÉÈ �ÒÏÄÕËÔ�× ÑÄÅÒÎÉÈ ÒÅÁË��Ê �ÏÄ�-ÌÕ, Õ ÆÏÒÍÕ×ÁÎÎÑ ÍÁÇÎ�ÔÎÉÈ, ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ìð÷í ¤ÓÕÔÔ¤×ÉÊ. ãÅ ÎÅÏÂÈ�ÄÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ �ÒÉ ÒÏÚÒÏÂ�� ÒÅÖÉÍ�× ÍÁÇÎ�ÔÎÏ§ÓÅ�ÁÒÁ��§ �ÏÄÒ�ÂÎÅÎÉÈ ìð÷í. õ �ÒÏ�ÅÓ� ÓÔÉÍÕÌØÏ×ÁÎÏÇÏ �ÏÄÒ�ÂÎÅÎ-ÎÑ ìð÷í, ×ÎÁÓÌ�ÄÏË §È ÚÎÁÞÎÏ§ �ÏÒÉÓÔÏÓÔ�, ÂÕÄÕÔØ ÕÔ×ÏÒÀ×ÁÔÉÓÑÇÒÁÎÕÌÉ Ò�ÚÎÉÈ ÒÏÚÍ�Ò�× ÑË ÍÁÇÎ�ÔÎ�, ÔÁË � ÎÅÍÁÇÎ�ÔÎ�, ÅÌÅËÔÒÉÞÎ� ÔÁÄ�ÅÌÅËÔÒÉÞÎ�.÷ÁÖÌÉ×ÏÀ �ÒÏÂÌÅÍÏÀ, ÑËÁ �ÏÓÔÁ¤ �ÒÉ Ï�ÉÓ� Ñ×ÉÝ ÅÌÅËÔÒÉÞÎÏ§,ÍÁÇÎ�ÔÎÏ§ ÓÅ�ÁÒÁ��§ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ ìð÷í ¤ ÏÔÒÉÍÁÎÎÑ Ò�×ÎÑÎØÇ�ÄÒÏÄÉÎÁÍ�ËÉ Õ ÚÏ×Î�ÛÎ�È �ÏÌÑÈ. äÁÎÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ ×ËÌÀÞÁ¤ ×ÓÅÂÅ Ò�×ÎÑÎÎÑ ÍÁÓÏ�ÅÒÅÎÏÓÕ, Ò�×ÎÑÎÎÑ ÄÌÑ �ÏÌÑ Û×ÉÄËÏÓÔÅÊ, ÔÅÍ-�ÅÒÁÔÕÒÉ ÔÁ ÓÅÒÅÄÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ (ÁÂÏ ÅÌÅËÔÒÉÞÎÏÇÏ) ÍÏÍÅÎÔÕ. úÔÏÞËÉ ÚÏÒÕ ÍÁÔÅÍÁÔÉÞÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ÍÉ ÍÁ¤ÍÏÓ�ÒÁ×Õ Ú ÓÉÓÔÅÍÏÀ ÄÉÆÅÒÅÎ��ÊÎÉÈ Ò�×ÎÑÎØ Ú ÞÁÓÔËÏ×ÉÍÉ �ÏÈ�ÄÎÉÍÉ,ÑË� ÓÌ�Ä ÒÏÚ×'ÑÚÕ×ÁÔÉ Ú ×�Ä�Ï×�ÄÎÉÍÉ �ÏÞÁÔËÏ×ÉÍÉ ÔÁ ÇÒÁÎÉÞÎÉÍÉÕÍÏ×ÁÍÉ ÄÌÑ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÈ �ÏÌ�×, ÚÏ×Î�ÛÎ�È ÓÉÌ ÔÁ ÄÉÓÉ�ÁÔÉ×ÎÉÈ�ÏÔÏË�×. ñË ÂÕÌÏ �ÏËÁÚÁÎÏ [4℄, ÏÓÏÂÌÉ×�ÓÔÀ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÇÒÁÎÕÌÑÒ-ÎÉÈ ÓÉÓÔÅÍ (ÓÉÓÔÅÍ ÞÁÓÔÉÎÏË Ú ÎÅ�ÒÕÖÎÏÀ ×ÚÁ¤ÍÏÄ�¤À) ¤, ÚÏËÒÅÍÁ,�ÏÑ×Á ÎÏ×ÉÈ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ, ÝÏ Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÏÔÏËÉÔÅ�ÌÁ ÔÁ ËÏÅÆ���¤ÎÔ ÚÇÁÓÁÎÎÑ ÅÎÅÒÇ�§. ëÒ�Í ÔÏÇÏ, ×ÉÎÉËÁ¤ �ÒÏÂÌÅÍÁ×ÉÄ�ÌÅÎÎÑ ÂÁÚÉÓÎÏÇÏ ÓÔÁÎÕ, ÎÁ×ËÏÌÏ ÑËÏÇÏ ÍÏÖÎÁ ÂÕÌÏ ÂÉ Ï�ÉÓÕ-×ÁÔÉ ÎÅÌ�Î�ÊÎ� Ç�ÄÒÏÄÉÎÁÍ�ÞÎ� ÆÌÕËÔÕÁ��§ × ÎÅÏÄÎÏÒ�ÄÎÉÈ ÚÏ×Î�ÛÎ�È�ÏÌÑÈ. îÁÓÌ�ÄËÏÍ �ØÏÇÏ ¤ ÎÅÕÎ�×ÅÒÓÁÌØÎ�ÓÔØ Ú×'ÑÚËÕ Í�Ö ÔÅÒÍÏÄÉ-ÎÁÍ�ÞÎÉÍÉ ÓÉÌÁÍÉ ÔÁ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÍÉ �ÏÔÏËÁÍÉ [5℄. ðÒÉÞÉÎÁ �Ï-ÌÑÇÁ¤ × ÔÏÍÕ, ÝÏ Õ ×É�ÁÄËÕ ËÅÒÏ×ÁÎÉÈ ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ ÇÒÁÎÕÌÑÒÎÉÈÓÉÓÔÅÍ ÄÕÖÅ Ò�ÄËÏ ×ÄÁ¤ÔØÓÑ ÏÔÒÉÍÁÔÉ ÁÎÁÌ�ÔÉÞÎ� ×ÉÒÁÚÉ ÄÌÑ ÂÁÚÉÓ-ÎÏÇÏ ÓÔÁ��ÏÎÁÒÎÏÇÏ ÓÔÁÎÕ, ÎÁ×ËÏÌÏ ÑËÏÇÏ ÒÏÚÒÁÈÏ×ÕÀÔØÓÑ Ç�ÄÒÏÄÉÎÁ-Í�ÞÎ� ÆÌÕËÔÕÁ��§. ïÄÎÉÍ Ú ÔÁËÉÈ ÎÅÂÁÇÁÔØÏÈ ×ÉÊÎÑÔË�× ¤ ÚÓÕ×ÎÉÊ �Ï-Ô�Ë, ÄÌÑ ÑËÏÇÏ ÏÔÒÉÍÁÎ� ÔÏÞÎ� ÒÅÚÕÌØÔÁÔÉ, ÑË� ��ÄÔ×ÅÒÄÖÕÀÔØ Ó�ÒÁ-×ÅÄÌÉ×�ÓÔØ Ó��××�ÄÎÏÛÅÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉ � Õ ×É�ÁÄËÕ ×ÅÌÉËÉÈ �ÒÏÓÔÏ-ÒÏ×ÉÈ ÇÒÁÄ�¤ÎÔ�× [5,6℄. ÷ ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ(×'ÑÚË�ÓÔØ, ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ, ÔÅÒÍÏÄÉÆÕÚ�Ñ, Ó��Î-ÄÉÆÕÚ�Ñ) � ÕÚÁÇÁÌØ-ÎÅÎ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ (ÓÔÉÓÌÉ×�ÓÔØ, ÍÁÇÎ�ÔÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ



3 ðÒÅ�ÒÉÎÔÔÏÝÏ), ÑË� ¤ ×È�ÄÎÉÍÉ ÄÁÎÉÍÉ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉ, ÍÏÖÕÔØ ÁÂÏÒÏÚÒÁÈÏ×Õ×ÁÔÉÓØ ÔÉÍÉ ÞÉ �ÎÛÉÍÉ ÍÅÔÏÄÁÍÉ ÓÔÁÔÉÓÔÉÞÎÏ§ ÍÅÈÁÎ�ËÉ,ÁÂÏ ×ÉÚÎÁÞÁÔÉÓØ Ú ÅËÓ�ÅÒÉÍÅÎÔÕ. îÉÖÞÅ ÍÉ ÚÕ�ÉÎÉÍÏÓØ ÑË ÎÁ ÄÅ-ÔÁÌØÎÏÍÕ Ï�ÉÓ� ÒÏÚÒÁÈÕÎËÕ �ÉÈ �ÁÒÁÍÅÔÒ�×, ÔÁË � ÎÁ ×ÚÁ¤ÍÏÚ×'ÑÚ-ËÕ Í�Ö ËÏÅÆ���¤ÎÔÁÍÉ �ÅÒÅÎÏÓÕ, ÕÚÁÇÁÌØÎÅÎÉÍÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÍÉÆÕÎË��ÑÍÉ ÔÁ ÓÔÒÕËÔÕÒÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ÆÒÁÇÍÅÎÔ�× ìð÷í, ÑË�ÍÏÖÎÁ ×É×ÞÁÔÉ × ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÕÍÏ×ÁÈ.äÌÑ Ï�ÉÓÕ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÇÒÁÎÕÌÑÒÎÉÈ ÓÉÓÔÅÍ ÓÌ�Ä×ÉÄ�ÌÉÔÉ ÓÕËÕ�Î�ÓÔØ ÈÁÒÁËÔÅÒÎÉÈ ÞÁÓÏ×ÉÈ ÔÁ �ÒÏÓÔÏÒÏ×ÉÈ ÍÁÓÛÔÁ-Â�×. ïÄÎÉÍ �Ú ÔÁËÉÈ �ÁÒÁÍÅÔÒ�× ¤ ÄÏ×ÖÉÎÁ ×�ÌØÎÏÇÏ �ÒÏÂ�ÇÕ ÄÒ�ÂÎÏ-ÄÉÓ�ÅÒÓÎÏ§ ÞÁÓÔÉÎËÉ ÔÁ �Ï×'ÑÚÁÎÉÊ Ú ÎÅÀ ÞÁÓ ×�ÌØÎÏÇÏ �ÒÏÂ�ÇÕ. ÷�ÄÏ-ÍÏ, ÝÏ ÄÏ×ÖÉÎÁ ×�ÌØÎÏÇÏ �ÒÏÂ�ÇÕ l �Ï×'ÑÚÁÎÁ Ú ÇÕÓÔÉÎÏÀ ÓÉÓÔÅÍÉ n ÔÁÄ�ÁÍÅÔÒÏÍ ÞÁÓÔÉÎËÉ � �ÒÏÓÔÉÍ Ó��××�ÄÎÏÛÅÎÎÑÍ l = 1=(n�2) . úÒÏ-ÚÕÍ�ÌÏ, ÝÏ × ÇÕÓÔÉÈ ÓÉÓÔÅÍÁÈ, ËÏÌÉ ÂÅÚÒÏÚÍ�ÒÎÉÊ �ÁÒÁÍÅÔÒ ÇÕÓÔÉÎÉe = n�3 � 1 ÄÏ×ÖÉÎÁ ×�ÌØÎÏÇÏ �ÒÏÂ�ÇÕ Ó��×Í�ÒÎÁ Ú ÒÏÚÍ�ÒÁÍÉ ÇÒÁÎÕ-ÌÉ ìð÷í. îÁ ÔÁËÉÈ ÍÁÓÛÔÁÂÁÈ � ÞÁÓÁÈ ×�ÄÂÕ×Á¤ÔØÓÑ Ë�ÎÅÔÉÞÎÉÊÅÔÁ� Å×ÏÌÀ��§ ÓÉÓÔÅÍÉ: ÎÁ �ÒÏÔÑÚ� Ë�ÌØËÏÈ ÄÅÓÑÔË�× Ú�ÔËÎÅÎØ, ÑË �ÏËÁ-ÚÕÀÔØ ÒÅÚÕÌØÔÁÔÉ ËÏÍ�'ÀÔÅÒÎÉÈ ÓÉÍÕÌÑ��Ê [7℄, ÏÄÎÏÞÁÓÔÉÎËÏ×Á ÎÅ-Ò�×ÎÏ×ÁÖÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ f(r;v; t) �ÒÑÍÕ¤ ÄÏ Ó×ÏÇÏ ÌÏËÁÌØÎÏ-Ò�×ÎÏ×ÁÖÎÏÇÏ ×�Ä�Ï×�ÄÎÉËÁ (ÑËÉÍ ¤ ÌÏËÁÌØÎÉÊ ÒÏÚ�ÏÄ�Ì íÁËÓ×ÅÌÌÁfML(r;v; t) = n(r; t)(2�mkBT (r; t))3=2 exp"�m(v � u(r; t)2)2kBT (r; t) # (1)Õ ×É�ÁÄËÕ �ÒÕÖÎÉÈ Ú�ÔËÎÅÎØ), ÁÂÏ ÄÏ ÔÁË Ú×ÁÎÏÇÏ ÓÔÁÎÕ ÏÄÎÏÒ�ÄÎÏÇÏÏÈÏÌÏÄÖÅÎÎÑ (homogeneous ooling state, HCS) Ú ÒÏÚ�ÏÄ�ÌÏÍ [4,5℄fHCS(r;v; t) = n(r; t)v30(r; t)��v � u(r; t)v0(r; t) � ; v0(r; t) =r2kBT (r; t)m ;(2)ÄÅ ÆÕÎË��Ñ ' ×ÉÚÎÁÞÁ¤ÔØÓÑ × ËÏÖÎÏÍÕ ÏËÒÅÍÏÍÕ ×É�ÁÄËÕ, � Õ ×É�ÁÄ-ËÕ ÍÁÌÏ§ ÎÅ�ÒÕÖÎÏÓÔ� ¤ ÂÌÉÚØËÏÀ ÄÏ ÍÁËÓ×ÅÌÌ�×ÓØËÏ§.ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÊ ÅÔÁ� Å×ÏÌÀ��§ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÈÁÒÁËÔÅÒÎÉÍÉ ÍÁÓ-ÛÔÁÂÁÍÉ L � 1 �ÒÏÓÔÏÒÏ×Ï§ ÎÅÏÄÎÏÒ�ÄÎÏÓÔ� �ÏÌ�× ÇÕÓÔÉÎÉ n(r; t),Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏ§ Û×ÉÄËÏÓÔ� u(r; t) ÔÁ ÔÅÍ�ÅÒÁÔÕÒÉ T (r; t), �ÒÉÞÏÍÕÓ��××�ÄÎÏÛÅÎÎÑ "k = l=L� 1 { �ÁÒÁÍÅÔÒ ëÎÕÄÓÅÎÁ { ÚÁÄÁ¤ ÄÉÎÁÍ�ËÕÇÒÁÎÕÌÑÒÎÏ§ ÓÉÓÔÅÍÉ ÂÅÚ Ú�ÔËÎÅÎØ, ÝÏ ÍÏÖÅ ÒÅÁÌ�ÚÕ×ÁÔÉÓØ × ÚÏ×Î�Û-ÎØÏÍÕ ÇÒÁ×�ÔÁ��ÊÎÏÍÕ �ÏÌ� �ÒÉ Ú×ÉÞÁÊÎ�Ê ×�ÂÒÁ��§ ÓÉÓÔÅÍÉ Ú �Å×ÎÏÀÞÁÓÔÏÔÏÀ ÔÁ ÁÍ�Ì�ÔÕÄÏÀ [8℄. äÁÎÅ Ñ×ÉÝÅ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÅ�ÒÉ ×ÉÌÕÞÅÎÎ� ÆÒÁÇÍÅÎÔ�× ìð÷í ÚÁ ÄÏ�ÏÍÏÇÏÀ ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ:ÎÁ �Å×Î�Ê ×ÉÓÏÔ� z � L� 1 ÎÁÄ �Ï×ÅÒÈÎÅÀ ÆÏÒÍÕ¤ÔØÓÑ ÓÔÁ��ÏÎÁÒÎÉÊ
ICMP{01{14U 4ÓÔÁÎ Ú ÔÁËÉÍ �ÒÏÆ�ÌÅÍ ÇÕÓÔÉÎÉ, �ÒÉ ÑËÏÍÕ ÞÁÓÔÉÎËÉ ìð÷í �ÏÞÉ-ÎÁÀÔØ ÒÕÈÁÔÉÓØ �ÒÁËÔÉÞÎÏ ÂÅÚ Ú�ÔËÎÅÎØ (ÂÅÚ ÄÉÓÉ�Á��§ ÅÎÅÒÇ�§ �×'ÑÚËÏÇÏ ÔÅÒÔÑ), Á ÚÎÁÞÉÔØ - ÂÕÄÕÔØ ÍÁËÓÉÍÁÌØÎÏ ×�ÄÈÉÌÑÔÉÓØ ÚÏ×-Î�ÛÎ�Í ÍÁÇÎ�ÔÎÉÍ �ÏÌÅÍ, ÔÏÄ� ÑË ÞÁÓÔÉÎËÉ �ÎÛÉÈ ÒÏÚÍ�Ò�× ÚÁÄÁÎÏ§ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÏ§ ÓÕÍ�Û� ÎÁ ÄÁÎ�Ê ×ÉÓÏÔ� ÚÁÚÎÁ×ÁÔÉÍÕÔØ ÎÅ�ÒÕÖÎÉÈÚ�ÔËÎÅÎØ � ×'ÑÚËÏÇÏ ÔÅÒÔÑ. ïÞÅ×ÉÄÎÏ, ÄÅÔÁÌØÎÉÊ ÒÏÚÒÁÈÕÎÏË ÓÔÁ��-ÏÎÁÒÎÉÈ �ÒÏÆ�Ì�× ÂÅÚÚ�ÔËÎÅÎÎ¤×Ï§ �Ï×ÅÄ�ÎËÉ Í�ËÒÏÇÒÁÎÕÌ ÑË ÆÕÎË-��Ê ÁÍ�Ì�ÔÕÄÉ, ÞÁÓÔÏÔÉ ×�ÂÒÁ��§, ÒÏÚÍ�Ò�× ÞÁÓÔÉÎËÉ, Á ÔÁËÏÖ ×�ÌÉ×ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ ÎÁ ÔÒÁÅËÔÏÒ�À ×�ÄÈÉÌÅÎÎÑ ÍÁÇÎ�ÔÎÏ§ ÞÁÓÔÉÎËÉ ¤ÓËÌÁÄÎÏÀ ÚÁÄÁÞÁÀ Ç�ÄÒÏÄÉÎÁÍ�ËÉ, ÁÌÅ ÍÏÖÅ ÂÕÔÉ �ÒÏ×ÅÄÅÎÉÊ ÎÁ×�ÔØÁÎÁÌ�ÔÉÞÎÏ.òÏÚÇÌÑÎÅÍÏ Â�ÌØÛ ÄÅÔÁÌØÎÏ �ÅÒÅÈ�Ä ×�Ä Ë�ÎÅÔÉÞÎÏÇÏ Ò�×ÎÑ Ï�ÉÓÕÇÒÁÎÕÌÑÒÎÉÈ ÓÉÓÔÅÍ ÄÏ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ. âÕÄÅÍÏ �ÒÉ�ÕÓËÁÔÉ, ÝÏÕ �ÒÏ�ÅÓÁÈ �ÏÄÒ�ÂÎÅÎÎÑ ìð÷í ×ÉÎÉËÁÀÔØ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎ� ÞÁÓÔÉÎ-ËÉ (ÇÒÁÎÕÌÉ), ÑË� ÍÁÀÔØ ×ÌÁÓÎÉÊ ÍÁÇÎ�ÔÎÉÊ ÍÏÍÅÎÔ. ïÞÅ×ÉÄÎÏ, ËÒ�ÍÍÁÇÎ�ÔÎÉÈ ¤ ÎÅÍÁÇÎ�ÔÎ� ÇÒÁÎÕÌÉ, ÏÄÎÁË ÍÉ ÄÅÔÁÌØÎÏ §È ÎÅ ÂÕÄÅÍÏ ×ÒÁ-ÈÏ×Õ×ÁÔÉ, ÁÌÅ × Ë�Î�Å×ÉÈ ÆÏÒÍÕÌÁÈ ×ËÁÖÅÍÏ ÑË �Å ÚÒÏÂÉÔÉ.ïÔÖÅ, ÎÁËÌÁÓÉÞÎÏÍÕ Ò�×Î� Ï�ÉÓ ÍÁÇÎ�ÔÎÉÈ ÇÒÁÎÕÌ ìð÷í ÂÕÄÅÍÏ ÚÄ�ÊÓÎÀ×ÁÔÉÎÁ ÏÓÎÏ×� ÎÁÓÔÕ�ÎÏ§ ÍÏÄÅÌ�, ËÏÌÉ ×ÚÁ¤ÍÏÄ�Ñ ÎÁ ÍÁÌÉÈ ×�ÄÓÔÁÎÑÈ Í�ÖÇÒÁÎÕÌÁÍÉ Ï�ÉÓÕ¤ÔØÓÑ �ÏÔÅÎ��ÁÌÏÍ ÎÅ�ÒÕÖÎÉÈ Ô×ÅÒÄÉÈ ËÕÌØÏË, Á ÎÁÄÁÌÅËÉÈ ×�ÄÓÔÁÎÑÈ, ÑË ÍÁÇÎ�ÔÎÁ { Ú �ÏÔÅÎ��ÁÌÏÍ ×ÚÁ¤ÍÏÄ�§ Ó��Î�×, � Ú×ÒÁÈÕ×ÁÎÎÑÍ ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ. çÁÍ�ÌØÔÏÎ�ÁÎ ÔÁËÏ§ ÓÉÓ-ÔÅÍÉ �ÒÅÄÓÔÁ×ÌÅÎÏ Õ ×ÉÇÌÑÄ�:H =Xa NaXi=1 mav2i2 +Xa;b Na;NbXi<j �'abij � Jabij �sxi sxj + syi syj + �szi szj����BXa NaXi=1 szi ; (3)ÄÅ vi { ×ÅËÔÏÒ Û×ÉÄËÏÓÔ� i-Ï§ ÇÒÁÎÕÌÉ ÓÏÒÔÕ a, si = (sxi ; syi ; szi ) { ÔÒÉËÏÍ�ÏÎÅÎÔÉ Ó��ÎÕ §§, 'abij = 'ab(rij) { �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ ÎÅ�ÒÕÖÎÉÈÔ×ÅÒÄÉÈ ËÕÌØÏË [1,3℄ ÓÏÒÔ�× a, b, Jabij = Jab(rij) { �ÎÔÅÇÒÁÌ �ÅÒÅËÒÉÔÔÑÍÁÇÎ�ÔÎÏ§ ×ÚÁ¤ÍÏÄ�§ jrij j = jri � rj j, � = 1 { �ÚÏÔÒÏ�ÎÉÊ ×É�ÁÄÏË,� 6= 1 { ÁÎ�ÚÏÔÒÏ�ÎÉÊ, Jabij > 0 { ÆÅÒÏ-, Á Jabij < 0 { ÁÎÔÉÆÅÒÏÍÁÇÎ�ÔÎÁ×ÚÁ¤ÍÏÄ�Ñ, B { ÍÁÇÎ�ÔÎÅ �ÏÌÅ, ÎÁ�ÒÑÍÌÅÎÅ ×ÚÄÏ×Ö z-Ï§ ËÏÍ�ÏÎÅÎÔÉÓ��ÎÕ.÷ÉËÏÒÉÓÔÁ×ÛÉ ÍÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ,ÎÁÍÉ ×�ÅÒÛÅ ÂÕÌÏ ÏÔÒÉÍÁÎÏ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ ÇÅÊÚÅÎÂÅÒÇ�×ÓØ-ËÏÇÏ ÍÁÇÎÅÔÉËÁ Õ ÚÏ×Î�ÛÎØÏÍÕ ÍÁÇÎ�ÔÎÏÍÕ �ÏÌ� B(r,t).



5 ðÒÅ�ÒÉÎÔ�ÁËÅ ÕÚÁÇÁÌØÎÅÎÅ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ ÎÅÒ�×ÎÏ×ÁÖÎÏ§ ÏÄÎÏ-ÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ f1(r1;v1; s1; t) ÍÁÇÎ�ÔÎÉÈ ÇÒÁÎÕÌ ÍÁ¤×ÉÇÌÑÄ:� ��t + ri ��r1 � 1�hh!B � s1i � ��s1� fa1 (r1;v1; s1; t) = Iaint (r1;v1; s1; t) ;(4)ÄÅ Iaint (r1;v1; s1; t) { �ÎÔÅÇÒÁÌ Ú�ÔËÎÅÎØ, ÑËÉÊ ÄÌÑ ÒÏÚÇÌÑÄÕ×ÁÎÏ§ ÍÏ-ÄÅÌ� Õ ÄÒÕÇÏÍÕ �ÏÒÑÄËÕ ÚÁ ÍÁÇÎ�ÔÎÏÀ ×ÚÁ¤ÍÏÄ�¤À ÍÏÖÎÁ �ÒÅÄÓÔÁ×É-ÔÉ Õ ×ÉÇÌÑÄ�:Iaint(r1;v1; s1; t) = Ishint(r1;v1; s1; t) + Imfint (r1;v1; s1; t)++I longint (r1;v1; s1; t) (5)Ishint(r1;v1; s1; t) = �ad�1Pb R dv2 R ds2 R (+)d^� �vab12 � ^����n 1l2nld�1t gab2 (r1; r1 � �ab^�; s1; s2; t)��fa1 (r1;v�1; s1; t)f b1(r1 � �ab^�;v2; s2; t)��gab2 (r1; r1 + �ab^�; s1; s2; t)fa1 (^r1;v1; s1; t)f b1 (^r1 + �ab^�;v2; s2; t)�(6){ �ÎÔÅÇÒÁÌ Ú�ÔËÎÅÎÎÑ ÒÅ×�ÚÏ×ÁÎÏ§ ÔÅÏÒ�§ åÎÓËÏÇÁ ÄÌÑ ÎÅ�ÒÕÖÎÉÈ Ô×ÅÒ-ÄÉÈ ÇÒÁÎÕÌ, ÄÅ �ab= (�a + �a)/2, �a, �b { Ä�ÁÍÅÔÒ ÇÒÁÎÕÌ ÓÏÒÔ�× a �b, vab12 = va1 � vb2 { ×�ÄÎÏÓÎÁ Û×ÉÄË�ÓÔØ, ln { ÎÏÒÍÁÌØÎÁ ÓËÌÁÄÏ×ÁËÏÅÆ���¤ÎÔÁ �ÒÕÖÎÏÓÔ�, Á lt { ÔÁÎÇÅÎ��ÁÌØÎÁ ÓËÌÁÄÏ×Á.v�1 = 12 (v1 + v2) + 12ltvab12 � 12 � 1ln + 1l t��vab12^�� ^�;v�2 = 12 (v1 + v2)� 12ltvab12 + 12 � 1ln + 1l t��vab12^�� ^�;� { ÏÄÉÎÉÞÎÉÊ ×ÅËÔÏÒ Õ ÎÁ�ÒÑÍËÕ ×�ÄÓÔÁÎ� Í�Ö �ÅÎÔÒÁÍÉ Ä×ÏÈ ÇÒÁ-ÎÕÌ, gab2 (r1; r2; s1; s2; t) { �ÁÒÎÁ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕÇÒÁÎÕÌ ÓÏÒÔÕ a, b, ÑËÁ ÚÁÌÅÖÉÔØ ×�Ä �ÒÏÓÔÏÒÏ×ÉÈ ÔÁ Ó��ÎÏ×ÉÈ ËÏÏÒ-ÄÉÎÁÔ.Imfint (r;v1; s1; t)= �Xb Z 1�bd^r2 Z dv2Z (0)ds2iLlongab (1; 2) lim�!�1e(iL(0)ab �)�
ICMP{01{14U 6�gab2 (r1; s2; s1; s2; t+ � ) fa1 (r1;v1; s1; t+ � ) f b1 (r2;v2; s2; t+ � ) (7){ �ÎÔÅÇÒÁÌ Ú�ÔËÎÅÎÎÑ ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ ÷ÌÁÓÏ×Á ÄÌÑ ÍÁÇÎ�ÔÎÉÈ ÇÒÁÎÕÌ;iL(0)ab (1; 2) = v1 � ��r1 + v2 ��r2 � 1�hh!B � s1i � ��s1 � 1�hh!B � s2i ��s2{ Ä×ÏÞÁÓÔÉÎËÏ×ÉÊ Ï�ÅÒÁÔÏÒ ì�Õ×�ÌÌÑ ÇÒÁÎÕÌ ÓÏÒÔÕ a � b Õ ÚÏ×Î�ÛÎØÏ-ÍÕ ÍÁÇÎ�ÔÎÏÍÕ �ÏÌ� B.iLlongab (1; 2)=�12 ��r1 Jab(r12)(sx1sx2 + sy1sy2 + �sz1sz2)� 1ma ��v1 � 1mb ��v2�� 1� [ga1 � s1℄ ��s1{ Ä×ÏÞÁÓÔÉÎËÏ×ÉÊ Ï�ÅÒÁÔÏÒ ì�Õ×�ÌÌÑ ×ÚÁ¤ÍÏÄ�§ ÇÒÁÎÕÌ Ú ÍÁÓÁÍÉ ma� mb; ga1 = (gax1 ; gay1 ; gaz1 ) = Jab12 (sx2 ; sy2; �sz2):I longint (r1;v; s1; t) =Pb 1R�b dr2 R ds2 R dv2iLlongab (1; 2) lim�!�1eiL(0)ab ��R0 d� 0e�iL(0)ab � 0iLlongab eiL(0)ab � 0��gab2 (r; r2; s1; s2; t+ �)f1(r1;v1; s1; t+ �)f1(r2;v2; s2; t+ �) (8){ �ÎÔÅÇÒÁÌ Ú�ÔËÎÅÎØ ÔÉ�Õ æÏËËÅÒÁ-ðÌÁÎËÁ Õ ÄÒÕÇÏÍÕ �ÏÒÑÄËÕ ÚÁ ×ÚÁ-¤ÍÏÄ�¤À. ñË � × Ï�ÅÒÁÔÏÒ Å×ÏÌÀ��§ eiL(0)ab � , ÔÁË � × iLlongab ×ÈÏÄÉÔØ ×ËÌÁÄ×�Ä ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ. ëÒ�Í ÔÏÇÏ, ÏÔÒÉÍÁÎÅ Ë�ÎÅÔÉÞÎÅ Ò�×-ÎÑÎÎÑ Ï�ÉÓÕ¤ ÎÅÒ�×ÎÏ×ÁÖÎ� �ÒÏ�ÅÓÉ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÅÆÅËÔ�× ÚÁ��ÚÎÅÎ-ÎÑ.äÌÑ ÒÏÚÒÁÈÕÎËÕ ÔÒÁÎÓ�ÏÒÔÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÏ§ÓÉÓÔÅÍÉ ÔÁ ÏÔÒÉÍÁÎÎÑ Ò�×ÎÑÎØ îÁ×'¤-óÔÏËÓÁ ÓÌ�Ä ×ÉËÏÒÉÓÔÁÔÉ ÏÄÉÎ�Ú ÍÅÔÏÄ�× ÇÒÁÄ�¤ÎÔÎÏÇÏ ÒÏÚËÌÁÄÕ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ (ÍÅÔÏÄ çÒÅÄÁ,þÅ�ÍÅÎÁ-åÎÓËÏÇÁ [9℄), ÁÂÏ ×ÉËÏÒÉÓÔÁÔÉ ÍÏÄÅÌØÎ� ×ÉÒÁÚÉ ÄÌÑ �ÎÔÅÇ-ÒÁÌ�× Ú�ÔËÎÅÎØ [4-5,9℄. ïÞÅ×ÉÄÎÏ, ÄÁÎ� ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ ÂÕÄÕÔØÆÕÎË��ÑÍÉ ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ � ÄÌÑ ÄÏÓÌ�ÄÖÅÎÎÑ ��¤§ ÚÁ-ÌÅÖÎÏÓÔ� ÍÏÖÎÁ, × Ó×ÏÀ ÞÅÒÇÕ, ×ÉËÏÒÉÓÔÁÔÉ ÒÏÚËÌÁÄÉ ÚÁ �ÏÌÅÍ.



7 ðÒÅ�ÒÉÎÔúÁ�ÉÛÅÍÏ ÚÎÏ×Õ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË-��§ ÒÏÚ�ÏÄ�ÌÕ ÇÒÁÎÕÌÑÒÎÏÇÏ ÍÁÇÎÅÔÉËÁ, ×ÉÄ�ÌÉ×ÛÉ ×ÎÅÓÏË ÎÅÏÄÎÏÒ�Ä-ÎÏÇÏ ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ B(r; t):���t + v ��r � [B(r; t)s℄ ��s � ��rB(r; t)s ��v� f(r;v; s; t)=I(r;v; s; t):(9)�ÕÔ ÍÉ �ÏËÌÁÌÉ ÓÔÁÌÕ ðÌÁÎËÁ h = 1 � ÏÂÍÅÖÉÌÉÓØ ÒÏÚÇÌÑÄÏÍÏÄÎÏÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉ. õÚÁÇÁÌØÎÅÎÎÑ ÎÁ ×É�ÁÄÏË ÂÁÇÁÔÏÓÏÒÔÎÏ§ ÓÉÓ-ÔÅÍÉ Ú Ë�ÌØËÏÍÁ Ò�ÚÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ ÍÁÇÎ�ÔÎÏÇÏ ÍÏÍÅÎÔÁ ma(r; t)= NaPi=1 siÆ(r � ri(t)) ÎÅ �ÒÅÄÓÔÁ×ÌÑ¤ �ÒÉÎ�É�Ï×ÉÈ ÕÓËÌÁÄÎÅÎØ � ÂÕÄÅÒÏÚÇÌÑÎÕÔÁ ��ÚÎ�ÛÅ. ïÓË�ÌØËÉ Í�ÖÞÁÓÔÉÎËÏ×� Ú�ÔËÎÅÎÎÑ ÍÁÀÔØ ÎÅ-�ÒÕÖÎÕ �ÒÉÒÏÄÕ, × �ÎÔÅÇÒÁÌ� Ú�ÔËÎÅÎØ I(r;v; s; t) ÚÒÕÞÎÏ ×ÉÄ�ÌÉÔÉÞÁÓÔÉÎÕ, �Ï×'ÑÚÁÎÕ Ú ÄÉÓÉ�Á��¤À ÅÎÅÒÇ�§ �, ÚÁ�ÉÓÁ×ÛÉ [4,5℄I(r;v; s; t) = I 0(r;v; s; t) + �=2 ��v [(v � u(r; t))f(r;v; s; t)℄ : (10)¶ÎÔÅÇÒÁÌ I 0(r;v; s; t) ×ÖÅ ÚÁÎÕÌÑÔÉÍÕÔØ ÞÏÔÉÒÉ ÚÂÅÒÅÖÕ×ÁÌØÎ� ×Å-ÌÉÞÉÎÉ Z drdvds I 0(r;v; s; t)	i = 0; f	ig = f1;v;v2; sg; (11)ÑËÝÏ ÑË ÆÕÎË��À ÒÏÚ�ÏÄ�ÌÕ ÍÉ ��ÄÓÔÁ×ÉÍÏ × (11) §§ ÓÔÁ��ÏÎÁÒÎÉÊ×�Ä�Ï×�ÄÎÉË (2). îÁÄÁÌ� ÂÕÄÅÍÏ ×ÅÓÔÉ ÍÏ×Õ �ÒÏ ÄÉÎÁÍ�ËÕ z-Ï§ ËÏÍ�Ï-ÎÅÎÔÉ �ÒÏÅË��§ Ó��ÎÁ, ××ÁÖÁÀÞÉ, ÝÏ B = (0; 0; B).äÌÑ �ÅÒÅÈÏÄÕ ×�Ä Ë�ÎÅÔÉÞÎÏÇÏ Ò�×ÎÑÎÎÑ ÄÏ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁ-Í�ËÉ, ÄÏÍÎÏÖÉÍÏ ÏÂÉÄ×� ÞÁÓÔÉÎÉ Ò�×ÎÑÎØ (9)-(10) ÎÁ ÆÕÎË��§ f	igÔÁ �ÒÏ�ÎÔÅÇÒÕ¤ÍÏ ÚÁ Ó��ÎÏ×ÏÀ � Û×ÉÄË�ÓÎÏÀ ÚÍ�ÎÎÏÀ. ÷ÒÁÈÏ×ÕÀÞÉÏÚÎÁÞÅÎÎÑ ÄÌÑ ÇÕÓÔÉÎÉ �(r; t) = mn R f(r;v; s; t)dvds, Ç�ÄÒÏÄÉÎÁ-Í�ÞÎÏ§ Û×ÉÄËÏÓÔ� �(r; t)u(r; t) = mn R vf(r;v; s; t)dvds, ÔÅÍ�ÅÒÁÔÕ-ÒÉ 32n(r; t)T (r; t) = n R dvdsf(r;v; s; t)m=2(v � u(r; t))2 ÔÁ ÓÅÒÅÄÎØÏ-ÇÏ ÍÁÇÎ�ÔÎÏÇÏ ÍÏÍÅÎÔÕ s(r; t) = R sf(r;v; s; t)dvds (ÔÕÔ ÍÉ ÏÚÎÁÞÉ-ÌÉ n=N=V ), ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ Ò�×ÎÑÎÎÑ ÄÌÑ n(r; t), u(r; t), T (r; t),s(r; t): �n(r; t)�t + ��rn(r; t)u(r; t) = 0;�u(r; t)�t + u(r; t) ��ru(r; t) + 1mn ��r$P (r; t)� 1m ��rB(r; t)s(r; t) = 0;�T (r; t)�t + u(r; t) ��rT (r; t)� ��rB(r; t)jS(r; t)+
ICMP{01{14U 8+ 23nkB ($P (r; t) ��ru(r; t) + �q�r ) + �T (r; t) = 0; (12)�s(r; t)�t + ��r s(r; t)u(r; t) + �jS(r; t)�r = 0:õ Ò�ÎÑÎÎ� (12) ÍÉ ×ÉËÏÒÉÓÔÁÌÉ ÏÚÎÁÞÅÎÎÑ$P (r; t) = mn Z ÆvÆvf(r;v; s; t)dvds = $U n(r; t)kBT (r; t) +$� ; (13)Æv = v � u(r; t){ ÄÌÑ ÔÅÎÚÏÒÁ ÎÁ�ÒÕÖÅÎØ Pij , ÄÅ Uij ÏÚÎÁÞÁ¤ ÏÄÉÎÉÞÎÉÊ ÔÅÎÚÏÒ, ÁÔÅÎÚÏÒ �ij ×ÉÚÎÁÞÁ¤ÔØÓÑ ×'ÑÚËÉÍÉ ÅÆÅËÔÁÍÉ;q(r; t) = n Z ÆvmÆv22 f(r;v; s; t)dvds (14){ ÄÌÑ ×ÅËÔÏÒÁ ÔÅ�ÌÏ×ÏÇÏ �ÏÔÏËÕ;js(r; t) = Z vsf(r;v; s; t)dvds (15){ ÄÌÑ �ÏÔÏËÕ Ó��ÎÁ (ÍÁÇÎ�ÔÎÏÇÏ ÍÏÍÅÎÔÕ). õ ×ÉÒÁÚÁÈ (12)-(15) ÍÉÑ×ÎÏ ÎÅ ×ËÁÚÕ¤ÍÏ �ÏÌØÏ×Õ ÚÁÌÅÖÎ�ÓÔØ ×�Ä�Ï×�ÄÎÉÈ ÆÕÎË��Ê. ðÏÄÁÌØ-ÛÁ ÓÔÒÁÔÅÇ�Ñ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÏÄÎÏÍÕ Ú ÍÅÔÏÄ�× ÇÒÁÄ�¤ÎÔÎÏÇÏ ÒÏÚËÌÁÄÕ.âÅÒÕÞÉ f(r;v; s; t) = f(r;v; s; t)HCS(1 + n�1 + n2�2 + � � �) (16)� ××ÁÖÁÀÞÉ, ÝÏ �1 ÍÁ¤ �ÅÒÛÉÊ �ÏÒÑÄÏË ÚÁ ÇÒÁÄ�¤ÎÔÁÍÉ Ç�ÄÒÏÄÉÎÁ-Í�ÞÎÉÈ ÚÍ�ÎÎÉÈ (�2 Ë×ÁÄÒÁÔÉÞÎÁ ÚÁ ÇÒÁÄ�¤ÎÔÁÍÉ � Ô. Ä.), Á ÔÁËÏÖÂÅÒÕÞÉ ÄÏ Õ×ÁÇÉ ÆÕÎË��ÏÎÁÌØÎÕ ÚÁÌÅÖÎ�ÓÔØ fHCS ×�Ä Ç�ÄÒÏÄÉÎÁÍ�Þ-ÎÉÈ ÚÍ�ÎÎÉÈ (Ô.Ú×. ÎÏÒÍÁÌØÎÕ ÆÏÒÍÕ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ) � ÕÍÏ×Õ (11),ÏÔÒÉÍÁ¤ÍÏ × ÎÕÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ� Ò�×ÎÑÎÎÑ åÊÌÅÒÁ:�n(r; t)�t + ��rn(r; t)u(r; t) = 0;�u(r; t)�t +u(r; t)�u(r; t)�r + 1mn �n(r; t)kBT (r; t)�r � 1m �B(r; t)s(r; t)�r = 0;�T (r; t)�t + u(r; t) ��rT (r; t)� ��rB(r; t)su(r; t)++ 23nkB (n(r; t)kBT (r; t) ��ru(r; t)) + �T (r; t) = 0;



9 ðÒÅ�ÒÉÎÔ�s(r; t)�t + ��r s(r; t)u(r; t) = 0: (17)îÁÓÔÕ�ÎÉÊ �ÏÒÑÄÏË ÔÅÏÒ�§ ÚÂÕÒÅÎØ ÄÁÓÔØ Ò�×ÎÑÎÎÑ Ç�ÄÒÏÄÉÎÁÍ�ËÉîÁ×'¤-óÔÏËÓÁ, ÝÏ ×�Ä�Ï×�ÄÁÔÉÍÕÔØ ÓÉÓÔÅÍ� (12)-(15), × ÑËÉÈ ÄÉÓÉ�Á-ÔÉ×Î� �ÏÔÏËÉ �, q ÔÁ jS �Ï×'ÑÚÁÎ� Ú ×�Ä�Ï×�ÄÎÉÍÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÍÉÓÉÌÁÍÉ �ÏÓÅÒÅÄËÏÍ ÔÒÁÎÓ�ÏÒÔÎÉÈ Ò�×ÎÑÎØ:�ij = ����ui�rj + �uj�ri � 23Æijru�� Æijru;q = ��rT � �rn� LTsrs;jS = �LsTrT �Dsrs� �0rn; (18)� = �(0) + �ru:îÁ ×�ÄÍ�ÎÕ ×�Ä Ç�ÄÒÏÄÉÎÁÍ�ËÉ �ÒÏÓÔÉÈ Ò�ÄÉÎ (ÞÉ ÇÁÚ�×), ÄÅ ÍÉ ÍÁ-¤ÍÏ Ó�ÒÁ×Õ Ú ËÏÅÆ���¤ÎÔÁÍÉ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔ� � , ÏÂ'¤ÍÎÏ§ ×'ÑÚËÏÓÔ�, ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ� �, Ú'Ñ×ÌÑÀÔØÓÑ ÎÏ×� ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ �, �',ÔÉ�Ï×� ÄÌÑ ÇÒÁÎÕÌÑÒÎÉÈ ÓÉÓÔÅÍ; ËÒ�Í ÔÏÇÏ, ÒÅÌÁËÓÁ��ÊÎÉÊ ÞÌÅÎ ÍÁ-ÔÉÍÅ �Ï�ÒÁ×ËÕ�r�u. ÷ËÌÀÞÅÎÎÑ ÄÏ ÒÏÚÇÌÑÄÕ ÍÁÇÎ�ÔÎÏ§ ��ÄÓÉÓÔÅÍÉÄÁÓÔØ ÎÁÍ ËÏÅÆ���¤ÎÔ Ó��Î-ÄÉÆÕÚ�§ Ds, Á ÔÁËÏÖ ËÏÅÆ���¤ÎÔ LsT , ÑËÉÊÚ×'ÑÚÕ¤ ÍÁÇÎ�ÔÎÉÊ ÔÁ ÔÅ�ÌÏ×ÉÊ �ÏÔÏËÉ, �ÒÉÞÏÍÕ Õ ×É�ÁÄËÕ �ÁÒÁÍÁÇ-ÎÅÔÉË�× LsT ! 0 �ÒÉ B ! 0. õ ×É�ÁÄËÕ Ö ÆÅÒÏÍÁÇÎÅÔÉË�× ÔÁ ÎÅÏÄÎÏ-Ò�ÄÎÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ Õ ×ÉÒÁÚÁÈ ÄÌÑ �ÏÔÏË�× (18) Æ�ÇÕÒÕ×ÁÔÉÍÕÔØÞÌÅÎÉ, �Ï×'ÑÚÁÎ� Ú ÇÒÁÄ�¤ÎÔÏÍ ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� �(r; t) = s(r; t)=B(r; t).ëÒ�Í ÔÏÇÏ, ×Ó� ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ ¤ ÓËÌÁÄÎÉÍÉ ÆÕÎË��ÑÍÉ �ÏÌÑ,ÝÏ �Ï×ÉÎÎÏ ÂÕÔÉ ÔÅÍÏÀ ÏËÒÅÍÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ.óÉÓÔÅÍÁ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉ (12) Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÒÁÎÓ�ÏÒÔ-ÎÉÈ Ó��××�ÄÎÏÛÅÎØ (18) Ñ×ÌÑ¤ ÓÏÂÏÀ Ò�×ÎÑÎÎÑ îÁ×'¤-óÔÏËÓÁ. ãÅ {ÓÉÓÔÅÍÁ ÄÉÆÅÒÅÎ��ÊÎÉÈ Ò�×ÎÑÎØ �ÁÒÁÂÏÌ�ÞÎÏÇÏ ÔÉ�Õ Ú ÞÁÓÔËÏ×ÉÍÉ�ÏÈ�ÄÎÉÍÉ, ÑËÕ ÓÌ�Ä ÒÏÚ×'ÑÚÕ×ÁÔÉ, ÚÁÄÁÀÞÉ ×�Ä�Ï×�ÄÎ� �ÏÞÁÔËÏ×� ÔÁÇÒÁÎÉÞÎ� ÕÍÏ×É. ÷ �ÒÉÎ�É��, ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÎÁÓÔÕ�Î� �ÏÒÑÄËÉ ÚÁÇÒÁÄ�¤ÎÔÁÍÉ × Ò�×ÎÑÎÎÑÈ (18), Ô. Ú×. âÁÒÎÅÔ�×ÓØË� ×ÎÅÓËÉ, ÈÏÞÁ ÚÂ�Ö-Î�ÓÔØ ÎÁÓÔÕ�ÎÉÈ ÎÁÂÌÉÖÅÎØ �ÏÔÒÅÂÕ¤ ÄÅÔÁÌØÎÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ. ïÄ-ÎÁË, × ÇÒÁÎÕÌÑÒÎÉÈ ÓÉÓÔÅÍÁÈ × ÚÏ×Î�ÛÎ�È �ÏÌÑÈ (Ô. Ú×. ËÅÒÏ×ÁÎÉÈÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ ÓÉÓÔÅÍÁÈ) ÍÉ ÓÔÉËÁ¤ÍÏÓÑ Ú �ÎÛÏÀ �ÒÏÂÌÅÍÏÀ, �ÒÏÝÏ ÊÛÌÏÓÑ ÎÁ �ÏÞÁÔËÕ. íÏ×Á ÊÄÅ �ÒÏ ÓËÌÁÄÎ�ÓÔØ ×ÉÄ�ÌÅÎÎÑ ÂÁÚÉÓ-ÎÏÇÏ ÓÔÁÎÕ (Ú ×�Ä�Ï×�ÄÎÏÀ ÆÕÎË��¤À ÒÏÚ�ÏÄ�ÌÕ { ÁÎÁÌÏÇÏÍ fHCS) ��ÏÄÁÌØÛÏÇÏ ÔÒÁËÔÕ×ÁÎÎÑ ÚÂÕÒÅÎØ × §§ ÏËÏÌ�. ãÅ ÍÏÖÕÔØ ÂÕÔÉ ÎÅÌ�-Î�ÊÎ� ÄÖÅÒÅÌÁ ÚÏ×Î�ÛÎ�È �ÏÌ�× ÁÂÏ �ÏÌÑ, ÑË� ×ÖÅ �ÏÞÁÔËÏ×Ï ÍÁÀÔØ×ÉÝ� �ÏÒÑÄËÉ ÚÁ ÇÒÁÄ�¤ÎÔÁÍÉ. õÍÏ×É �ÓÎÕ×ÁÎÎÑ ÔÁËÉÈ ÓÔÁ��ÏÎÁÒÎÉÈÓÔÁÎ�× ÒÏÚÇÌÑÄÁÌÉÓØ × [4℄.íÉ Ö ÚÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×É�ÁÄËÕ ËÅÒÏ×ÁÎÉÈ
ICMP{01{14U 10ÚÏ×Î�ÛÎ�ÍÉ �ÏÌÑÍÉ ÇÒÁÎÕÌÑÒÎÉÈ ÓÉÓÔÅÍ,ÝÏ ×ÖÅ ÎÅ Ï�ÉÓÕÀÔØÓÑ ÎØÀ-ÔÏÎ�×ÓØËÏÀ Ç�ÄÒÏÄÉÎÁÍ�ËÏÀ (Ò�×ÎÑÎÎÑÍÉ åÊÌÅÒÁ ÔÁ îÁ×'¤-óÔÏËÓÁ),ÍÏÖÌÉ×ÉÊ �ÎÛ�Ê ��ÄÈ�Ä ÄÏ ÏÂÞÉÓÌÅÎÎÑ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ. ÷ ÔÁ-ËÉÈ ×É�ÁÄËÁÈ ×ÉËÏÒÉÓÔÏ×ÕÀÔØ ÍÏÄÅÌØÎ� �ÎÔÅÇÒÁÌÉ Ú�ÔËÎÅÎØ, �ÏÓÔÕ-ÌÀÀÞÉI(r;v; s; t) = ��(r;v; s; t) (f(r;v; s; t)� fHCS(r;v; s; t)) ; (19)ÄÅ ÕÚÁÇÁÌØÎÅÎÁ ÞÁÓÔÏÔÁ Ú�ÔËÎÅÎØ � ÍÁ¤ �ÒÏÓÔÏÒÏ×Ï-ÞÁÓÏ×Õ ÚÁÌÅÖ-Î�ÓÔØ ÞÅÒÅÚ ×�Ä�Ï×�ÄÎ� ÆÕÎË��§ n(r; t), u(r; t), T (r; t), s(r; t) � ÓÌÕÖÉÔØ��ÄÇÏÎÏÞÎÉÍ �ÁÒÁÍÅÔÒÏÍ. õ ×É�ÁÄËÕ ÏÄÎÏÒ�ÄÎÏÇÏ ÚÓÕ×ÎÏÇÏ �ÏÔÏËÕËÏÍ�'ÀÔÅÒÎÅ ÍÏÄÅÌÀ×ÁÎÎÑ �ÏËÁÚÁÌÏ, ÝÏ ÂÁÚÉÓÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�-ÌÕ, ÑËÁ Ï�ÉÓÕ¤ ÓÔÁ��ÏÎÁÒÎÉÊ ÓÔÁÎ, ¤ ÄÏÓÉÔØ ÂÌÉÚØËÏÀ ÄÏ ÎÏÒÍÁÌØÎÏ§ÆÏÒÍÉ (2), Á ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ ¤ ÎÅÌ�Î�ÊÎÉÍÉ ÆÕÎË��ÑÍÉ ÚÓÕ×ÎÏ§Û×ÉÄËÏÓÔ� ÔÁ ËÏÅÆ���¤ÎÔÁ ÎÅ�ÒÕÖÎÏÓÔ� � < 1 [5℄. ðÏÄ�ÂÎ� ÄÏÓÌ�ÄÖÅÎ-ÎÑ ÓÔÁ��ÏÎÁÒÎÉÈ ÓÔÁÎ�× × �Ï¤ÄÎÁÎÎ� Ú ÒÏÚÇÌÑÄÏÍ ×�ÌÉ×Õ ÚÏ×Î�ÛÎØÏÇÏÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ ÎÁ Ó��ÎÏ×Õ ��ÄÓÉÓÔÅÍÕ ÍÏÖÕÔØ ÎÁÓ ÒÅÁÌØÎÏ ÎÁÂÌÉ-ÚÉÔÉ ÄÏ ÒÏÚÒÁÈÕÎËÕ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ ÇÒÁÎÕÌÑÒÎÉÈ ÓÉÓÔÅÍ, Á×�ÄÔÁË { ÍÉ ÍÁÔÉÍÅÍÏ ×Ó� ÎÅÏÂÈ�ÄÎ� ×È�ÄÎ� �ÁÒÁÍÅÔÒÉ ÄÌÑ ÞÉÓÅÌØÎÏ-ÇÏ ÒÏÚ×'ÑÚËÕ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉ.úÁÕ×ÁÖÉÍÏ, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ �ÏÌ�ÄÉÓ�ÅÒÓÎÏÓÔ� ÇÒÁÎÕÌÑÒÎÏ§ ÓÉÓÔÅ-ÍÉ �ÒÉ×ÅÄÅ ÌÉÛÅ ÄÏ ÎÅÚÎÁÞÎÏ§ ÍÏÄÉÆ�ËÁ��§ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉ: ×Ò�×ÎÑÎÎ� ÄÌÑ j-Ï§ ËÏÍ�ÏÎÅÎÔÉ ÇÕÓÔÉÎÉ �ÏÑ×ÌÑÔØÓÑ ÄÏÄÁÎËÉ, Ú×'ÑÚÁÎ�Ú ×ÚÁ¤ÍÎÏÀ ÄÉÆÕÚ�¤À ÔÁ ÔÅÒÍÏÄÉÆÕÚ�¤À; �ÏÄ�ÂÎÉÍ ÞÉÎÏÍ ÍÏÄÉÆ�ËÕ-ÀÔØÓÑ � ÒÅÛÔÁ Ò�×ÎÑÎØ.ëÒ�Í ÔÏÇÏ, �ÅÒÅÈ�Ä ×�Ä Ë�ÎÅÔÉËÉ ÄÏ Ç�ÄÒÏÄÉÎÁÍ�ËÉ, ÑËÉÊ ÂÁÚÕ¤ÔØÓÑ×ÉËÌÀÞÎÏ ÎÁ ÁÎÁÌ�Ú� Ë�ÎÅÔÉÞÎÉÈ Ò�×ÎÑÎØ ÔÁ ÎÁ �ÒÅÄÓÔÁ×ÌÅÎÎ� �ÎÔÅÇ-ÒÁÌ�× Ú�ÔËÎÅÎÎÑ × Ô�Ê ÞÉ �ÎÛ�Ê ÆÏÒÍ�, ÎÅ ¤ ¤ÄÉÎÉÍ ÞÉ ÎÁÊ�ÅÒÓ�ÅËÔÉ×-Î�ÛÉÍ ÛÌÑÈÏÍ. îÁ×�ÁËÉ, �Ï Í�Ò� ÒÏÓÔÕ ÇÕÓÔÉÎÉ ÇÒÁÎÕÌÑÒÎÏ§ ÓÉÓÔÅÍÉÔÁ ÄÉÓÉ�Á��§, ÌÁÎ�ÀÖÏË Ò�×ÎÑÎØ ÄÌÑ ÆÕÎË��Ê ÒÏÚ�ÏÄ�ÌÕ � ÆÏÒÍÁ �ÎÔÅ-ÇÒÁÌ�× Ú�ÔËÎÅÎÎÑ ×ÓÅ Â�ÌØÛÅ ÕÓËÌÁÄÎÀÀÔØÓÑ. õ ×É�ÁÄËÕ ÇÕÓÔÉÈ ÓÉÓ-ÔÅÍ Â�ÌØÛ �ÅÒÓ�ÅËÔÉ×ÎÉÍ ÍÏÖÅ ×ÉÑ×ÉÔÉÓÑ ÍÅÔÏÄ, �Ï×'ÑÚÁÎÉÊ Ú ÒÏÚ-ÒÁÈÕÎËÏÍ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê, ÑË ÓÔÁÔÉÞÎÉÈ, ÝÏ ×ÉÚÎÁÞÁÀÔØ ÕÚÁ-ÇÁÌØÎÅÎ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§, ÔÁË � ÞÁÓÏ×ÉÈ (þëæ), �Ï×'ÑÚÁÎÉÈÚ ÕÚÁÇÁÌØÎÅÎÉÍÉ ËÏÅÆ���¤ÎÔÁÍÉ �ÅÒÅÎÏÓÕ. ñË �ÒÁ×ÉÌÏ, ÍÉ ÍÏÖÅÍÏ�ÒÏ×ÅÓÔÉ ÌÉÛÅ ÞÉÓÅÌØÎÉÊ ÒÏÚÒÁÈÕÎÏË ÄÁÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��ÊÚ ×ÉËÏÒÉÓÔÁÎÎÑÍ ÍÅÔÏÄ�× ËÏÍ�'ÀÔÅÒÎÏÇÏ ÅËÓ�ÅÒÉÍÅÎÔÕ [10℄. ïÄÎÁË, ×ÏÂÌÁÓÔ� ÍÁÌÉÈ ÚÎÁÞÅÎØ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ k (× Ç�ÄÒÏÄÉÎÁÍ�ÞÎ�Ê ÏÂ-ÌÁÓÔ�) ÍÉ ÍÏÖÅÍÏ ÏÔÒÉÍÁÔÉ ÁÎÁÌ�ÔÉÞÎ� Ó��××�ÄÎÏÛÅÎÎÑ ÄÌÑ Ó�ÅËÔÒÕÕÚÁÇÁÌØÎÅÎÉÈ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ � ×�Ä�Ï×�ÄÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ ÆÕÎË��Ê(þëæ \ÇÕÓÔÉÎÁ-ÇÕÓÔÉÎÁ", \ÎÁÍÁÇÎ�ÞÅÎÎ�ÓÔØ-ÎÁÍÁÇÎ�ÞÅÎÎ�ÓÔØ" � Ô.Ä.)úÁ�ÉÛÅÍÏ × ÚÁÇÁÌØÎÏÍÕ ×ÉÇÌÑÄ� (× ÍÁÔÒÉÞÎ�Ê ÆÏÒÍ�) Ò�×ÎÑÎÎÑ ÄÌÑ



11 ðÒÅ�ÒÉÎÔþëæ, ÚÒÏÂÉ×ÛÉ �Ï�ÅÒÅÄÎ¤ æÕÒ'¤-�ÅÒÅÔ×ÏÒÅÎÎÑ × �ÒÏÓÔÏÒ� ÔÁ ÞÁÓ�:hzU + i
(k) + �'(k; z)i ��(k; z) = �(k; t = 0): (20)÷ Ò�×ÎÑÎÎ� (20) ÍÉ ×ÉËÏÒÉÓÔÁÌÉ �ÏÚÎÁÞÅÎÎÑ �(k; z) { ÄÌÑ þëæ,ÍÁÔÒÉ�Ñ i
(k) ×ÉÚÎÁÞÁ¤ ÕÚÁÇÁÌØÎÅÎ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ (× r-�ÒÏÓÔÏÒ� �Å ×�Ä�Ï×�ÄÁ¤ ÎÅÏÄÎÏÒ�ÄÎÏÍÕ ÔÉÓËÕ, ÓÔÉÓÌÉ×ÏÓÔ�, ÍÁÇÎ�ÔÎ�ÊÓ�ÒÉÊÎÑÔÌÉ×ÏÓÔ�), Á ÍÁÔÒÉ�Ñ '(k; z) { ÕÚÁÇÁÌØÎÅÎ� ËÏÅÆ���¤ÎÔÉ �ÅÒÅ-ÎÏÓÕ (�ÒÉ �ÅÒÅÈÏÄ� ÄÏ (r; t)-ÚÍ�ÎÎÉÈ { ÎÅÌÏËÁÌØÎ� × �ÒÏÓÔÏÒ� ÔÁ ÞÁ-Ó�); �(k; t = 0) ÏÚÎÁÞÁ¤ ÓÔÁÔÉÞÎ� ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§. òÁÎÇ ÓÉÓÔÅÍÉÒ�×ÎÑÎØ (20) ×ÉÚÎÁÞÁ¤ÔØÓÑ Ë�ÌØË�ÓÔÀ ÄÉÎÁÍ�ÞÎÉÈ ÚÍ�ÎÎÉÈ ÂÁÚÉÓÎÏÇÏÎÁÂÏÒÕ, Õ ÎÁÛÏÍÕ ×É�ÁÄËÕ ×É�ÁÄËÕ �Å ÍÁÔÒÉ�� 4�4.ðÏÄ�ÂÎÏ ÑË � ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ ÄÌÑ ÆÕÎË��Ê ÒÏÚ�ÏÄ�ÌÕ, ÓÉÓÔÅÍÁ(20) ÎÅ ¤ ÚÁÍËÎÕÔÏÀ. ñË �ÒÁ×ÉÌÏ, ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÍÁÒË�×ÓØËÅ ÎÁ-ÂÌÉÖÅÎÎÑ ÄÌÑ ÆÕÎË��Ê �ÁÍ'ÑÔ�, ÝÏ ÄÁ¤ ÚÍÏÇÕ �ÒÅÄÓÔÁ×ÉÔÉ ÒÏÚ×'ÑÚÏË(20) Õ ×ÉÇÌÑÄ� ÓÕÍÉ ×ËÌÁÄ�× ÕÓ�È ËÏÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎØ × ÓÉÓÔÅÍ�. ÷(k; t)-�ÒÏÓÔÏÒ� ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ:���(k; t) = MXi=1 Gi��(k) exp[�z�(k)t℄; (21)ÄÅ z�(k) ÏÚÎÁÞÁÀÔØ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÍÁÔÒÉ�� i
(k)+'(k; z = 0), Á ÁÍ-�Ì�ÔÕÄÉ Gi��(k) = X i�(k)[X�1(k)℄i� ×ÉÚÎÁÞÁÀÔØÓÑ ÍÁÔÒÉ�ÅÀ ×ÌÁÓÎÉÈ×ÅËÔÏÒ�× jjX jj. õ ÄÏ×ÇÏÈ×ÉÌØÏ×�Ê ÇÒÁÎÉ�� (Ç�ÄÒÏÄÉÎÁÍ�ÞÎ�Ê ÏÂÌÁÓÔ�)ÍÁ¤ Í�Ó�Å ÎÁÓÔÕ�ÎÉÊ ÓËÅÊÌ�ÎÇ: i
ij(k) � ik!ij , 'ij(k; z = 0) � k2Lij� ÍÉ ÍÁ¤ÍÏ ×�ÄÏÍÉÊ ÒÅÚÕÌØÔÁÔ ÄÌÑ Ó�ÅËÔÒÕ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ [10℄ ÚÔ�¤À ×�ÄÍ�ÎÎ�ÓÔÀ, ÝÏ ÚÁÍ�ÓÔØ Ä×ÏÈ ÚÁÞÅ�ÌÅÎÉÈ ÍÏÄ { ÄÉÆÕÚ�ÊÎÏ§ ÔÁÓ��Î-ÄÉÆÕÚ�ÊÎÏ§, ÏÔÒÉÍÁ¤ÍÏ ÒÅÌÁËÓÁ��ÊÎÕ ÍÏÄÕ, �Ï×'ÑÚÁÎÕ Ú ÔÅÍ�Å-ÒÁÔÕÒÏÀ zT (k) = �+Ak2 ÔÁ ÞÉÓÔÏ ÄÉÆÕÚ�ÊÎÕ ÄÌÑ Ó��ÎÁ zs(k) = Dk2.úÁÕ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏ ×ÎÁÓÌ�ÄÏË ÄÉÓÉ�Á��§ ÅÎÅÒÇ�§ �ÅÒÅÎÏÒÍÕ¤ÔØÓÑÔÁËÏÖ ×ÉÒÁÚ ÄÌÑ Û×ÉÄËÏÓÔ� Ú×ÕËÕ: 2 = !nu!un + !su!us, × ÔÏÊ ÞÁÓÑË Õ �ÒÕÖÎÉÈ ÍÁÇÎÅÔÉËÁÈ ÂÕ× ÔÁËÏÖ �ÒÉÓÕÔÎ�Ê ÄÏÄÁÎÏË !sT!Ts.÷ÁÒÔÕ¤ ÝÅ ÒÁÚ ��ÄËÒÅÓÌÉÔÉ Ô�ÓÎÉÊ ×ÚÁ¤ÍÏÚ×'ÑÚÏË Ë�ÎÅÔÉËÉ � Ç�Ä-ÒÏÄÉÎÁÍ�ËÉ. ÷�ÄÏÍÏ, ÝÏ ÁÎÁÌÏÇ�ÞÎÉÊ Ó�ÅËÔÒ ÍÁ¤ � Ì�ÎÅÁÒÉÚÏ×ÁÎÉÊ�ÎÔÅÇÒÁÌ Ú�ÔËÎÅÎØ åÎÓËÏÇÁ ÄÌÑ È×ÉÌØÏ×ÉÈ ×ÅËÔÏÒ�×, ×ÅÌÉËÉÈ × �ÏÒ�×-ÎÑÎÎ� Ú ÏÂÅÒÎÅÎÏÀ ÄÏ×ÖÉÎÏÀ ×�ÌØÎÏÇÏ �ÒÏÂ�ÇÕ [5,11℄.õ ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ, × ÂÁÚÉÓÎÉÊ ÎÁÂ�Ò ÍÏÖÎÁ ×ËÌÀÞÉÔÉ � ÎÅ-Ç�ÄÒÏÄÉÎÁÍ�ÞÎ� ×ÅÌÉÞÉÎÉ (ÚÏËÒÅÍÁ �ÏÔÏËÉ - �ÏÈ�ÄÎ� ×�Ä Ç�ÄÒÏÄÉÎÁ-Í�ÞÎÏÇÏ ÎÁÂÏÒÕ). ïÄÎÁË, ÈÁÒÁËÔÅÒÎÏÀ ÒÉÓÏÀ Ó�ÅËÔÒÕ ËÏÌÅËÔÉ×ÎÉÈÚÂÕÄÖÅÎØ ¤ ÔÅ, ÝÏ × ÏÂÌÁÓÔ� �Å×ÎÉÈ ÚÎÁÞÅÎØ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ Ç�Ä-ÒÏÄÉÎÁÍ�ÞÎ� ÔÁ Ë�ÎÅÔÉÞÎ� ÍÏÄÉ (×�ÄÍ�ÎÎ� ×�Ä ÎÕÌÑ �ÒÉ k ! 0) ¤ ÄÏÂÒÅ
ICMP{01{14U 12ÒÏÚÄ�ÌÅÎÉÍÉ, Á ÏÔÖÅ × ��Ê ÏÂÌÁÓÔ� k Ò�×ÎÑÎÎÑ ÕÚÁÇÁÌØÎÅÎÏ§ Ç�ÄÒÏ-ÄÉÎÁÍ�ËÉ ÄÁÀÔØ ÁÄÅË×ÁÔÎÉÊ Ï�ÉÓ �ÒÏ�ÅÓ�× ÍÁÓÏ�ÅÒÅÎÏÓÕ, ÚÍ�ÎÉ ÔÅÍ-�ÅÒÁÔÕÒÉ, �ÏÌÑ Û×ÉÄËÏÓÔÅÊ ÔÁ ÍÁÇÎ�ÔÎÏÇÏ ÍÏÍÅÎÔÕ ÓÉÓÔÅÍÉ. óÌ�ÄÔÁËÏÖ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÎÁÑ×Î�ÓÔØ ÎÏ×ÏÇÏ ÍÁÓÛÔÁÂÕ ÞÁÓÕ � ��1 Õ×É�ÁÄËÕ ÇÒÁÎÕÌÑÒÎÉÈ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ ÓÉÓÔÅÍ ÎÅ ×ÎÏÓÉÔØ �ÒÉÎ�É-�Ï×ÉÈ ÔÒÕÄÎÏÝ�× Õ �ÅÒÅÈ�Ä ×�Ä Ë�ÎÅÔÉÞÎÏÇÏ ÄÏ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ Ò�×ÎÑÏ�ÉÓÕ. ñË �ÏËÁÚÕÀÔØ ÄÏÓÌ�ÄÖÅÎÎÑ [5℄, Ó�ÒÁ×ÅÄÌÉ×Á ÕÍÏ×Á ��1 � zkinÒÅÁÌ�ÚÕ¤ÔØÓÑ ÎÁ×�ÔØ Õ ×É�ÁÄËÕ ÓÉÌØÎÏ§ ÄÉÓÉ�Á��§, Á ÏÔÖÅ, ÔÅÍ�ÅÒÁÔÕ-ÒÕ ÓÉÓÔÅÍÉ ÍÏÖÎÁ ××ÁÖÁÔÉ �Ï×�ÌØÎÏ ÚÍ�ÎÎÏÀ ×ÅÌÉÞÉÎÏÀ � ×ËÌÀÞÁÔÉ× Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÊ ÎÁÂ�Ò.íÉ ÄÏÚ×ÏÌÉÌÉ ÓÏÂ� ÄÅÔÁÌØÎ�ÛÅ ÚÕ�ÉÎÉÔÉÓØ ÎÁ ÏÂÇÏ×ÏÒÅÎÎ� Ò�×-ÎÑÎØ ÄÌÑ þëæ Ô�ÌØËÉ ÔÏÍÕ, ÝÏ ÚÁÇÁÌØÎÉÊ ×ÉÇÌÑÄ ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ�ÅÒÅÎÏÓÕ ¤ ÁÎÁÌÏÇ�ÞÎÉÍ ÄÏ (20):hzU + i
(k) + �'(k; z)i� (k; z) = 0; (22)ÄÅ ÍÉ ×ÉËÏÒÉÓÔÁÌÉ ×ÉÒÁÚ � (k; z) = h (k)iz �h (k)i0 ÄÌÑ �ÏÚÎÁÞÅÎ-ÎÑ ÆÌÕËÔÕÁ��Ê Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÈ �ÏÌ�× ÎÁ×ËÏÌÏ Ò�×ÎÏ×ÁÇÉ.îÁÓ�ÒÁ×Ä�,Ò�×ÎÑÎÎÑ (24) Î�ÝÏ �ÎÛÅ, ÑË ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ��ÓÌÑ ×�Ä-�Ï×�ÄÎÏÇÏ æÕÒ'¤-�ÅÒÅÔ×ÏÒÅÎÎÑ.��ÓÎÉÊ ×ÚÁ¤ÍÏÚ×'ÑÚÏË Í�Ö (20) ÔÁ (22)ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ×ÉÚÎÁÞÅÎÎÑ ÎÅ×�ÄÏÍÉÈ (ÁÂÏ ÔÉÈ, ÑËÉÈ ÎÅÍÁ¤ ÚÍÏÇÉÎÁ�ÒÑÍÕ �ÏÍ�ÒÑÔÉ × ÅËÓ�ÅÒÉÍÅÎÔ�) ×ÅÌÉÞÉÎ Ú Ò�×ÎÑÎØ ÄÌÑ þëæ �Ï-ÓÅÒÅÄËÏÍ ÁÎÁÌ�ÚÕ ÓÔÒÕËÔÕÒÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÉÓÔÅÍÉ �ij(k; z). òÅ-ÁÌØÎÏ ÍÉ ÍÁ¤ÍÏ Ó�ÒÁ×Õ Ú ÏÂÅÒÎÅÎÏÀ ÚÁÄÁÞÅÀ: ÏÔÒÉÍÁ×ÛÉ ÒÅÚÕÌØÔÁÔÉÄÌÑ ÄÉÎÁÍ�ÞÎÏÇÏ ÓÔÒÕËÔÕÒÎÏÇÏ ÆÁËÔÏÒÕ ÁÂÏ ÆÏÒÍ-ÆÁËÔÏÒÕ ÎÁÍÁÇÎ�-ÞÅÎÎÏÓÔ� (ÎÁ�ÒÉËÌÁÄ, ÚÁ ÒÏÚÓ�ÑÎÎÑÍ ÎÅÊÔÒÏÎ�×) �ÒÉ Ë�ÌØËÏÈ ÚÎÁÞÅÎ-ÎÑÈ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ, ÍÉ ÍÏÖÅÍÏ ×ÉÚÎÁÞÉÔÉ ÎÅ×�ÄÏÍ� ÅÌÅÍÅÎÔÉÇ�ÄÒÏÄÉÎÁÍ�ÞÎÏ§ ÍÁÔÒÉ�� i
(k)+'(k; z = 0). ã� ÆÕÎË��§ ÓÌÕÖÉÔÉÍÕÔØ×È�ÄÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ÞÉÓÅÌØÎÏÇÏ ÒÏÚ×'ÑÚËÕ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉ Ú×�Ä�Ï×�ÄÎÉÍÉ �ÏÞÁÔËÏ×ÉÍÉ ÔÁ ÇÒÁÎÉÞÎÉÍÉ ÕÍÏ×ÁÍÉ. ïÞÅ×ÉÄÎÏ, ÝÏ Õ×É�ÁÄËÕ ÓÉÌØÎÉÈ ÚÏ×Î�ÛÎ�È �ÏÌ�×, ËÏÌÉ ËÅÒÏ×ÁÎÉÊ ÄÒÅÊÆ ÞÁÓÔÉÎÏËÄÏÍ�ÎÕ×ÁÔÉÍÅ ÎÁÄ ÄÉÓÉ�Á��¤À ×ÎÁÓÌ�ÄÏË ×'ÑÚËÏÓÔ�, ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ�,ÍÏÖÎÁ ÏÂÍÅÖÉÔÉÓØ Ò�×ÎÑÎÎÑÍÉ åÊÌÅÒÁ (12). ÷ ÚÁÇÁÌØÎÏÍÕ Ö ×É�ÁÄ-ËÕ Ñ×ÉÝÁ ÍÁÓÏ�ÅÒÅÎÏÓÕ �Ï×ÉÎÎ� ÒÏÚÒÁÈÏ×Õ×ÁÔÉÓØ Ú ÓÕËÕ�ÎÏ§ ÓÉÓÔÅÍÉÇ�ÄÒÏÄÉÎÁÍ�ÞÎÉÈ Ò�×ÎÑÎØ îÁ×'¤-óÔÏËÓÁ (17)-(18).îÁÓÁÍË�ÎÅ�Ø ÚÁÚÎÁÞÉÍÏ, ÝÏ ÍÏÄÉÆ�ËÁ��Ñ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉÎÁ ×É�ÁÄÏË ÅÌÅËÔÒÉÞÎÏ§ ÓÅ�ÁÒÁ��§ ¤ ÄÏÓÉÔØ �ÒÏÓÔÏÀ. úÁÍ�ÓÔØ ÍÁÇÎ�Ô-ÎÏÇÏ ÍÏÍÅÎÔÁ × ÎÁÂ�Ò ÂÁÚÉÓÎÉÈ ÚÍ�ÎÎÉÈ ÓÌ�Ä ×ËÌÀÞÉÔÉ ÅÌÅËÔÒÉÞÎÉÊÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ. îÁÄÁÌ� ×Ó� Í�ÒËÕ×ÁÎÎÑ ÝÏÄÏ �ÅÒÅÈÏÄÕ ×�Ä Ë�ÎÅ-ÔÉÞÎÏÇÏ ÄÏ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ Ò�×ÎÑ Ï�ÉÓÕ, ÔÁË ÓÁÍÏ ÑË � ÚÁÇÁÌØÎÉÊ×ÉÇÌÑÄ Ò�×ÎÑÎØ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÚÁÌÉÛÁÔÉÍÕÔØÓÑ ÎÅÚÍ�ÎÎÉÍÉ.



13 ðÒÅ�ÒÉÎÔíÁÇÎ�ÔÎ� ÇÒÁÎÕÌÉ ð÷í, ÏÞÅ×ÉÄÎÏ, ÂÕÄÕÔØ ÆÏÒÍÕ×ÁÔÉÓÑ Ú ÍÅ-ÔÁÌ�ÞÎÉÈ, �ÎÔÅÒÍÅÔÁÌ�ÞÎÉÈ Ó�ÏÌÕË �ÅÒÅÈ�ÄÎÉÈ ÍÅÔÁÌ�×, �ÏÎ�× ÕÒÁÎÕ,�ÌÕÔÏÎ�À, ÌÁÎÔÁÎÏ§Ä�×, �ÅÒÅÈ�ÄÎÉÈ ÍÅÔÁÌ�× ÔÁ Ò�ÄËÏÚÅÍÅÌØÎÉÈ �Ï-Î�×, ÑË� ÁÎÁÌ�ÚÕ×ÁÌÉÓØ Õ �ÒÏÍ�ÖÎÏÍÕ Ú×�Ô� [1℄. ñË �ÏËÁÚÕÀÔØ ÄÏ-ÓÌ�ÄÖÅÎÎÑ �ÏÄ�ÂÎÉÈ ÓÉÓÔÅÍ, ÚÏËÒÅÍÁ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÇÒÁÎÕ-ÌÑÒÎÉÈ ÎÁÄ�ÒÏ×�ÄÎÉË�× [12,13℄ (RBa2Cu3O7�Æ, R = Gd, Ho, Er,La1;85Sr0;15CuO4) Õ ÆÏÒÍ� ËÅÒÁÍ�ÞÎÉÈ ÚÒÁÚË�×, ÍÁÇÎ�ÔÎ� ×ÌÁÓÔÉ×ÏÓ-Ô� Õ ÚÏ×Î�ÛÎ�È ÍÁÇÎ�ÔÎÉÈ �ÏÌÑÈ ¤ ÓËÌÁÄÎÉÍÉ ×ÎÁÓÌ�ÄÏË ×ÉÎÉËÎÅÎÎÑ×ÎÕÔÒ�ÇÒÁÎÕÌÑÒÎÉÈ ÔÁ Í�ÖÇÒÁÎÕÌÑÒÎÉÈ ÅÌÅËÔÒÉÞÎÉÈ ÓÔÒÕÍ�×. ðÒÉ-ÞÏÍÕ ÇÕÓÔÉÎÁ ×ÎÕÔÒ�ÇÒÁÎÕÌÑÒÎÉÈ ÓÔÒÕÍ�× ÎÁ ÄÅË�ÌØËÁ �ÏÒÑÄË�× �Å-ÒÅ×ÉÝÕ¤ ÇÕÓÔÉÎÕ Í�ÖÇÒÁÎÕÌÑÒÎÉÈ ÓÔÒÕÍ�×. õ ÚÏ×Î�ÛÎ�È ÍÁÇÎ�ÔÎÉÈ�ÏÌÑÈ Õ ÔÁËÉÈ ÓÉÓÔÅÍÁÈ ×ÉÎÉËÁÀÔØ �ÒÏ�ÅÓÉ ÌÏËÁÌØÎÏ§ ÍÁÇÎ�ÔÎÏ§ �Î-ÄÕË��§. ìÏËÁÌØÎÕ ÍÁÇÎ�ÔÎÕ �ÎÄÕË��À B (r) ÚÒÁÚËÁ ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ[12, 13℄: B (r) = (1� f)Bm (r) + fBg (r) ; (23)ÄÅ 1� f { ÄÌÑ ÏÂ'¤ÍÕ ÚÒÁÚËÁ, ÚÁÊÎÑÔÏÇÏ Í�ÖÇÒÁÎÕÌÑÒÎÉÍ ÓÅÒÅÄÏ×É-ÝÅÍ, � f { ÄÏÌÑ ÏÂ'¤ÍÕ ÇÒÁÎÕÌ. Bm (r) { ÌÏËÁÌØÎÁ ÍÁÇÎ�ÔÎÁ �ÎÄÕË��ÑÍ�ÖÇÒÁÎÕÌÑÒÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ � Bg (r) { ÍÁÇÎ�ÔÎÁ �ÎÄÕË��Ñ ÇÒÁÎÕÌÉ,ÚÁÓÅÒÅÄÎÅÎÁ �Ï §§ ÏÂ'¤ÍÕ Â�ÌÑ �ÅÎÔÒÁ ÇÒÁÎÕÌÉ, ÒÏÚÍ�ÝÅÎÏÇÏ × ÔÏÞ-�� r. õÓÅÒÅÄÎÅÎÁ ÎÁÍÁÇÎ�ÞÅÎ�ÓÔØ ÚÒÁÚËÁ 4�M ÂÕÄÅ ×ÉÚÎÁÞÁÔÉÓÑ ÚÁÆÏÒÍÕÌÏÀ: 4�M = B �Hext; (24)ÄÅB { ÕÓÅÒÅÄÎÅÎÁ ÍÁÇÎ�ÔÎÁ �ÎÄÕË��Ñ,Hext { ÚÏ×Î�ÛÎ¤ ÍÁÇÎ�ÔÎÅ �ÏÌÅ.äÌÑ ×É×ÞÅÎÎÑ Ë�ÎÅÔÉËÉ ÓÅ�ÁÒÁ��§ ÍÁÇÎ�ÔÎÉÈ ÇÒÁÎÕÌ ×ÁÖÌÉ×Ï ÚÎÁ-ÔÉ �ÒÏÓÔÏÒÏ×Ï-ÞÁÓÏ×Õ ÚÍ�ÎÕ ÓÅÒÅÄÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ ÍÏÍÅÎÔÕ ÇÒÁÎÕÌ.òÏÚÇÌÑÄ ÔÁËÉÈ �ÒÏ�ÅÓ�× ×ÉÍÁÇÁ¤ Ë×ÁÎÔÏ×ÏÇÏ ��ÄÈÏÄÕ. ÷ÉËÏÒÉÓÔÁ×ÛÉÍÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ [15, 16℄, ÍÏÖÎÁ ÏÔ-ÒÉÍÁÔÉ Ò�×ÎÑÎÎÑ ÄÌÑ ÓÅÒÅÄÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ ÍÏÍÅÎÔÕ ÇÒÁÎÕÌ ÓÏÒÔÕa ��t h ^Ma (r)it = (25)=X Z dr0h 1�hh ^Ma (r) ; ^M (r0)iitq (b (r; t)�B (r; t))��X Z dr0 tZ�1 e"(t0�t)D�MM (r; r0; t; t0) (b (r0; t0)�B (r0; t0)) dt0;
ICMP{01{14U 14ÄÅ ^Ma (r) { Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ ÍÁÇÎ�ÔÎÏÇÏ ÍÏÍÅÎÔÕ ÇÒÁÎÕÌ, Ma (r)= NaPj=1 �sjÆ (r � rj) a, h:::it; h:::itq { ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ, ÝÏ ÒÏÚÒÁÈÏ×Õ-ÀÔØÓÑ ÚÁ ÄÏ�ÏÍÏÇÏÀ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �(t) �ÄÏ�ÏÍ�ÖÎÏÇÏ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �q(t) ÍÁÇ-Î�ÔÎÉÈ ÇÒÁÎÕÌ. b (r; t) { ×ÎÕÔÒ�ÛÎ¤ ÍÁÇÎ�ÔÎÅ �ÏÌÅ, ÕÔ×ÏÒÀ×ÁÎÅ ÍÁÇ-Î�ÔÎÉÍÉ ÇÒÁÎÕÌÁÍÉ. DaMM (r; r0; t; t0) { ÕÚÁÇÁÌØÎÅÎÉÊ ËÏÅÆ���¤ÎÔ ×ÚÁ-¤ÍÎÏ§ ÍÁÇÎ�ÔÎÏ§ ÄÉÆÕÚ�§ ÇÒÁÎÕÌ. ðÏÌÅ B (r; t) - ÚÏ×Î�ÛÎ¤ ÍÁÇÎ�ÔÎÅ�ÏÌÅ, ÑËÅ �Ï×Î�ÓÔÀ �ÏÄÁ×ÌÑ¤ �ÏÌÅ Í�ÖÇÒÁÎÕÌÑÒÎÉÈ ÓÔÒÕÍ�×. ïÞÅ×ÉÄ-ÎÏ, ÝÏ Ò�×ÎÑÎÎÑ (25) ¤ ÎÅÚÁÍËÎÕÔÅ � ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ×ÎÕÔÒ�ÛÎØÏÇÏÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ ÎÅÏÂÈ�ÄÎÏ ÚÁÓÔÏÓÕ×ÁÔÉ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ íÁËÓ×ÅÌÁÚ �ÎÄÕËÏ×ÁÎÉÍÉ ÅÌÅËÔÒÉÞÎÉÍÉ ÓÔÒÕÍÁÍÉ, ÑË� Õ Ó×ÏÀ ÞÅÒÇÕ ÚÁÄÏ×�-ÌØÎÑÀÔØ ×�Ä�Ï×�ÄÎÉÍ Ò�×ÎÑÎÎÑÍ �ÅÒÅÎÏÓÕ . óÉÓÔÅÍÁ Ò�×ÎÑÎØ ÔÁËÉÍÞÉÎÏÍ ÓÔÁ¤ ÚÁÍËÎÕÔÏÀ, ÏÄÎÁË ×ÉÎÉËÁÀÔØ �ÒÏÂÌÅÍÉ ÒÏÚÒÁÈÕÎËÕ ÕÚÁ-ÇÁÌØÎÅÎÉÈ ËÏÅÆ���¤ÎÔ�× ÍÁÇÎ�ÔÎÏ§ ÄÉÆÕÚ�§ ÔÁ ×ÎÕÔÒ� � Í�ÖÇÒÁÎÕÑÒÎÏ§�ÒÏ×�ÄÎÏÓÔ�. �ÁËÁ �ÎÆÏÒÍÁ��Ñ �ÒÏ ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ ÍÏÖÅ ÂÕÔÉÏÔÒÉÍÁÎÁ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÏÓÌ�ÄÖÅÎÎÑÍÉ.÷�ÄÔÁË ÍÉ ÚÎÏ×Õ ÍÁÔÉÍÅÍÏ Ó�ÒÁ×Õ Ú ÓÉÓÔÅÍÏÀ �ÎÔÅÇÒÏ-ÄÉÆÅÒÅÎ-��ÊÎÉÈ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ, ÑËÕ ÓÌ�Ä ÒÏÚ×'ÑÚÕ×ÁÔÉ × ËÏÖÎÏÍÕ ËÏÎË-ÒÅÔÎÏÍÕ ×É�ÁÄËÕ Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÞÁÔËÏ×ÉÈ ÔÁ ÇÒÁÎÉÈÎÉÈ ÕÍÏ×, ÝÏÚÁÄÁÀÔØÓÑ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÀ ÕÓÔÁÎÏ×ËÏÀ.2. ÷ÉÓÎÏ×ËÉõÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÁÄÁ�ÔÏ×ÁÎ� ÄÏ Ï�ÉÓÕ �ÒÏ�ÅÓ�×�ÅÒÅÎÏÓÕ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ ÍÁÇÎ�ÔÎÉÈ ìð÷í × �ÒÏ�ÅÓ� §È ÍÁÇÎ�ÔÎÏ§ÓÅ�ÁÒÁ��§. ðÏËÁÚÁÎÏ,ÝÏ ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ ¤ ÎÅÌ�Î�ÊÎÉÍÉ ÆÕÎË��-ÑÍÉ ÚÓÕ×ÎÏ§ Û×ÉÄËÏÓÔ�, ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ ÔÁ ËÏÅÆ���¤ÎÔÁÎÅ�ÒÕÖÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ ÍÁÇÎ�ÔÎÉÈ ÞÁÓÔÉÎÏË ìð÷í.÷ �ÒÏ�ÅÓ� ÍÁÇÎ�ÔÎÏ§ ÓÅ�ÁÒÁ��§ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ ÍÁÇÎ�ÔÎÉÈ ÇÒÁÎÕÌìð÷í ÍÏÖÕÔØ ×ÉÎÉËÁÔÉ ×ÎÕÔÒ�ÇÒÁÎÕÌÑÒÎ� ÓÔÒÕÍÉ, ÑË� ÎÁ ÄÅË�ÌØËÁ�ÏÒÑÄË�× �ÅÒÅ×ÉÝÕ×ÁÔÉÍÕÔØ ÇÕÓÔÉÎÕ Í�ÖÇÒÁÎÕÌÑÒÎÉÈ ÓÔÒÕÍ�×, ÝÏÎÅÏÂÈ�ÄÎÏ ÂÕÄÅ ×ÒÁÈÏ×Õ×ÁÔÉ �ÒÉ ÒÏÚÒÁÈÕÎËÕ ÒÏÂÏÞÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �Ï-ÌÑ ÓÅ�ÁÒÁÔÏÒÁ.ì�ÔÅÒÁÔÕÒÁ1. �ÅÏÒÅÔÉÞÎ� ÏÂÇÒÕÎÔÕ×ÁÎÎÑ ÔÁ ÅËÓ�ÅÒÔÎÁ Ï��ÎËÁ ÅÆÅËÔÉ×ÎÏÓÔ� ×É-ËÏÒÉÓÔÁÎÎÑ ÍÁÇÎ�ÔÎÉÈ ÔÁ ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÌÁ×Ï�ÏÄ�Â-ÎÉÈ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ × ÔÅÈÎÏÌÏÇ�ÑÈ ÓÅ�ÁÒÁ��§ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ
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