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õäë: 530.1, 535.37PACS: 05.30.Ch, 05.20.Dd, 73.40.Gk, 68.45.Kgë�ÎÅÔÉËÁ ÅÌÅËÔÒÏÎ�× ÔÁ ÄÉÆÕÚ�Ñ ÁÔÏÍ�× ÇÁÚÕ × ÓÉÓÔÅÍ�\ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ - ×�ÓÔÒÑ".õÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕð.ð.ëÏÓÔÒÏÂ�Ê,à.ë.òÕÄÁ×ÓØËÉÊ, í.÷.�ÏËÁÒÞÕËáÎÏÔÁ��Ñ. ðÒÅÄÓÔÁ×ÌÅÎÏ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÄÌÑ ÕÚÇÏ-ÄÖÅÎÏÇÏ Ï�ÉÓÕ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ ÔÁ ÁÔÏÍÎÉÈ ÄÉÆÕÚ�ÊÎÉÈ �ÒÏ-�ÅÓ�× Õ ÓÉÓÔÅÍ� \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ - ×�ÓÔÒÑ". äÌÑ �ØÏÇÏ ×ÉËÏ-ÒÉÓÔÁÎÏ ÍÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ úÕÂÁÒ¤×Á �ÏÔÒÉÍÁÎÏ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉÔÁ �Ï×'ÑÚÁÎ� Ú ÎÉÍ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ ÄÉÆÕÚ�§ ÄÌÑ ÁÄÓÏÒÂÏ×ÁÎÉÈÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. ò�×ÎÑÎÎÑ �ÅÒÅ-ÎÏÓÕ �ÒÏÁÎÁÌ�ÚÏ×ÁÎ� ÑË ÄÌÑ ÓÉÌØÎÏ, ÔÁË � ÄÌÑ ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ�ÒÏ�ÅÓ�×.Eletron kinetis and gas atomi di�usion in a system \metal-adsorbat-gas-tip". Generalized transfer equationsP.P.Kostrobiy, Y.K.Rudavskii, M.V.TokarhukAbstrat. We present generalized transfer equations for the onsistentdesription of eletron kineti and atomi di�usion proesses in a system\metal-adsorbat-gas-tip". These equations were obtained with the useof the method of nonequilibrium statistial operator by D.N.Zubarev.We also obtain the kineti equation for a one-eletron density matrix aswell as generalized di�usion equations for adsorbed and not adsorbedgas atoms on a metal surfae. These equations are analysed for bothstrongly and weakly nonequilibrium proesses.ðÏÄÁ¤ÔØÓÑ × öÕÒÎÁÌ Æ�ÚÉÞÎÉÈ ÄÏÓÌ�ÄÖÅÎØSubmitted to J. Phys. Studies ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1999Institute for Condensed Matter Physis 1999



1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�ðÒÏ�ÅÓÉ ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§, ÄÉÆÕÚ�§ ÁÔÏÍ�×, �ÏÎ�×, �ÏÌÑÒÎÉÈ ÔÁ ÍÁÇ-Î�ÔÎÉÈ ÍÏÌÅËÕÌ ÞÉ ËÌÁÓÔÅÒ�× ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌ�×, Ä�ÅÌÅËÔÒÉË�×, ÎÁ-��×�ÒÏ×�ÄÎÉË�× ×�Ä�ÇÒÁÀÔØ ÏÄÎÕ Ú �ÅÎÔÒÁÌØÎÉÈ ÒÏÌÅÊ ÄÌÑ ÒÏÚ×ÉÔËÕÎÁÎÏÓÔÒÕËÔÕÒÎÉÈ, ÔÏÎËÏ�Ì�×ËÏ×ÉÈ ÔÅÈÎÏÌÏÇ�Ê Õ Í�ËÒÏ- � Ï�ÔÏÅÌÅËÔ-ÒÏÎ���. �ÁË� �ÒÏ�ÅÓÉ ¤ ×ÁÖÌÉ×� × ÏÔÒÉÍÁÎ� ÔÏÎËÏ�Ì�×ËÏ×ÉÈ ÓÔÒÕËÔÕÒ,ÏÓÔÒ�×�Å×ÉÈ ÌÁÎ�ÀÖËÏ×ÉÈ ÓÔÒÕËÔÕÒ, Ë×ÁÎÔÏ×ÉÈ ÔÏÞÏË, ÎÁÄÒÅÛ�ÔÏË,ÓÁÍÏÏÒÇÁÎ�ÚÕÀÞÉÈ ÁÄÓÏÒÂÁÔ�× [1-4℄. äÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ, ÍÅÈÁÎ�ÚÍÉÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§ ¤ ×ÉÚÎÁÞÁÌØÎÉÍÉ ÔÁËÏÖ × ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��ÑÈÎÁ ÁËÔÉ×ÎÉÈ �Ï×ÅÒÈÎÑÈ [5-10℄, ÓÔÒÕËÔÕÒÁ, ÅÌÅËÔÒÏÎÎÁ ÂÕÄÏ×Á, ÑËÉÈÕ �ÉÈ �ÒÏ�ÅÓÁÈ ×�Ä�ÇÒÁÀÔØ �ÅÎÔÒÁÌØÎÕ ÒÏÌØ. �ÁË� �ÒÏ�ÅÓÉ ÔÁ Ñ×ÉÝÁ¤ ÏÂ'¤ËÔÁÍÉ �ÎÔÅÎÓÉ×ÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÔÁ ÔÅÏÒÅÔÉÞÎÉÈ ÄÏÓÌ�-ÄÖÅÎØ Õ Æ�ÚÉ�� �Ï×ÅÒÈÎ� Ô×ÅÒÄÏÇÏ Ô�ÌÁ. óÕÞÁÓÎ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�ÍÅÔÏÄÉ ÄÏÓÌ�ÄÖÅÎØ: ÓËÁÎÕÀÞÁ ÔÕÎÅÌØÎÁ Í�ËÒÏÓËÏ��Ñ (ó�í), ÓËÁÎÕÀ-ÞÁ ÔÕÎÅÌØÎÁ Ó�ÅËÔÒÏÓËÏ��Ñ (ó�ó), �ÏÌØÏ×Á �ÏÎÎÁ Í�ËÒÏÓËÏ��Ñ (ð¶í),§È ÍÏÄÉÆ�ËÁ��§ ÄÁÀÔØ ×ÓÅ Â�ÌØÛ ÄÅÔÁÌØÎÕ �ÎÆÏÒÍÁ��À �ÒÏ ÅÌÅËÔÒÏÎ-ÎÕ ÂÕÄÏ×Õ, ÄÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ, ÓÔÒÕËÔÕÒÎ� �ÅÒÅÔ×ÏÒÅÎÎÑ ÎÁ �Ï×ÅÒÈÎ�ÍÅÔÁÌ�×, Ä�ÅÌÅËÔÒÉË�×, ÎÁ��×�ÒÏ×�ÄÎÉË�×, ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÎÁÄ-�ÒÏ×�ÄÎÉË�× [11-24℄. äÌÑ ÒÏÚÕÍ�ÎÎÑ �ÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØ-ÔÁÔ�×, ÍÏÖÌÉ×ÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ, �ÒÏÇÎÏÚÕ×ÁÎÎÑ ÎÅÏÂÈ�ÄÎÁ ÒÏÚÒÏÂËÁÔÅÏÒ�§ ÓËÁÎÕÀÞÏÇÏ ÔÕÎÅÌØÎÏÇÏ Í�ËÒÏÓËÏ�Á. ÷ ÒÏÂÏÔÁÈ Terso�,Hamann [25℄, Lang [26, 27℄, Flores, Marh at all. [28-31℄ ÂÕÌÉ ÚÁ�ÒÏ-�ÏÎÏ×ÁÎ� ÔÅÏÒ�§ ÒÏÚÒÁÈÕÎËÕ ÔÕÎÅÌØÎÏÇÏ ÓÔÒÕÍÕ, ÅÌÅËÔÒÏÎÎÏ§ ÇÕÓÔÉÎÉÓÔÁÎ�× Í�Ö �Ï×ÅÒÈÎÅÀ ÔÁ ×�ÓÔÒÑÍ × ó�í. ÷�ÌÉ× �Ï×ÅÒÈÎÅ×ÉÈ �ÌÁÚ-ÍÏ×ÉÈ ËÏÌÉ×ÁÎØ, ÄÉÎÁÍ�ÞÎÏ§ �ÏÌÑÒÉÚÁ��§ ÎÁ ÅÌÅËÔÒÏÎÎÅ ÔÕÎÅÌÀ×ÁÎ-ÎÑ ÄÏÓÌ�ÄÖÕ×ÁÌÉÓØ × ÒÏÂÏÔÁÈ [32-34℄. ÷ÁÖÌÉ×ÏÀ �ÒÏÂÌÅÍÏÀ ¤ ÄÏÓÌ�-ÄÖÅÎÎÑ ×�ÌÉ×Õ ÄÉÆÕÚ�§ �ÒÉ �Ï×ÅÒÈÎÅ×ÉÈ ÞÉ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�×,ÍÏÌÅËÕÌ ÎÁ ÔÕÎÅÌØÎÉÊ ÓÔÒÕÍ ÅÌÅËÔÒÏÎ�× Í�Ö �Ï×ÅÒÈÎÅÀ ÔÁ ×�ÓÔÒÑÍ.ó�í ÍÅÔÏÄÉ ÄÁÀÔØ ÕÎ�ËÁÌØÎÕ ÍÏÖÌÉ×�ÓÔØ �ÒÑÍÏÇÏ Ó�ÏÓÔÅÒÅÖÅÎÎÑÄÉÆÕÚ�§ ÁÔÏÍ�× × ÎÁÄÛÁÒ� ÎÁ Ë�Î�� ×�ÓÔÒÑ [19℄. ïÄÎÁË, ÏÞÅ×ÉÄÎÏ �ÒÉÏ�ÉÓ� ÔÁËÉÈ ÄÉÆÕÚ�ÊÎÉÈ �ÒÏ�ÅÓ�× ÎÅÏÂÈ�ÄÎÏ ×ÒÁÈÕ×ÁÔÉ Ò�×ÎÏ�ÒÁ×ÎÏ� ÅÌÅËÔÒÏÎÉ ÔÕÎÅÌÀ×ÁÎÎÑ, ÄÉÎÁÍ�ÞÎÅ ÅËÒÁÎÕ×ÁÎÎÑ, ÌÏËÁÌØÎ� ÅÌÅË-ÔÒÉÞÎ� �ÏÌÑ, ÄÉÆÕÚ�À ÁÄÁÔÏÍ�× � ×ÚÁ¤ÍÏÄ�¤À Í�Ö ÎÉÍÉ ÔÁ �Ï×ÅÒ-ÈÎÅÀ. îÁ��×ËÌÁÓÉÞÎÁ ÔÅÏÒ�Ñ Ï�ÉÓÕ ×�ÌÉ×Õ ÍÁËÒÏÓËÏ��ÞÎÏ§ ÄÉÆÕÚ�§ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ ÔÕÎÅÌÀ×ÁÎÎÑ ÅÌÅËÔÒÏÎ�× Í�Ö �Ï×ÅÒ-ÈÎÅÀ � ×�ÓÔÒÑÍ ÂÕÌÁ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ Õ ÒÏÂÏÔ� [35℄. â�ÌØÛ �ÏÓÌ�ÄÏ×ÎÁÔÅÏÒ�Ñ �ÅÒÅÎÏÓÕ ÁÔÏÍ�× �ÒÉ ÓËÁÎÕ×ÁÎÎ� ÔÕÎÅÌØÎÉÍÉ ÅÌÅËÔÒÏÎÁÍÉ Ú×ÒÁÈÕ×ÁÎÎÑÍ ÍÅÈÁÎ�ÚÍ�× ÔÅ�ÌÏ×ÉÈ ËÏÌÉ×ÁÎØ ÁÔÏÍ�×, ÆÏÎÏÎÎÉÈ ËÏÌÉ-×ÁÎØ ��ÄÌÏÖËÉ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ �ÅÒÅÎÏÓÕ "��ÄÌÏÖËÁ-ÁÄÓÏÒÂÁÔ-×�ÓÔÒÑ" ÂÕÌÁ �ÒÅÄÓÔÁ×ÌÅÎÁ � ÒÏÚ×ÉÎÕÔÁ × ÒÑÄ� ÒÏÂ�Ô [36-40℄.
ICMP{99{12U 2ðÅÒÅÎÏÓ ÁÔÏÍ�× ÒÏÚÇÌÑÄÁ×ÓÑ ÎÁ ÏÓÎÏ×� ÍÏÄÅÌ� ÇÁÒÍÏÎ�ÞÎÉÈ ÏÓ�ÉÌÑÔÏ-Ò�×, ÊÍÏ×�ÒÎ�ÓÔØ �ÅÒÅÂÕ×ÁÎÎÑ ÑËÉÈ Õ ÔÏÍÕ ÞÉ �ÎÛÏÍÕ ËÏÌÉ×ÎÏÍÕ ÓÔÁÎ�ÒÏÚÒÁÈÏ×Õ×ÁÌÁÓØ ÚÁ Ò�×ÎÑÎÎÑÍ ðÁÕÌ�. ïÞÅ×ÉÄÎÏ, ÝÏ �ÒÏ�ÅÓÉ �ÅÒÅÎÏ-ÓÕ ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎ� Ô×ÅÒÄÏÇÏ Ô�ÌÁ, ÎÅ ÚÁÌÅÖÎÏ ×�Ä ÔÏÇÏÞÉ �ÒÏ×ÏÄÑÔØÓÑ ó�í ÄÏÓÌ�ÄÖÅÎÎÑ, ÎÁÄÚ×ÉÞÁÊÎÏ ÓÉÌØÎÏ ÚÁÌÅÖÁÔØ,ÑË ×�Ä ÈÁÒÁËÔÅÒÕ ×ÚÁ¤ÍÏÄ�Ê Í�Ö ÎÉÍÉ, ÝÏ ÍÏÖÕÔØ ÍÁÔÉ ÄÉ�ÏÌØÎÉÊ,ÍÁÇÎ�ÔÎÉÊ ÈÁÒÁËÔÅÒ, ÔÁË � ×�Ä ÓÔÁÎÕ ��ÄÌÏÖËÉ: �ÁÒÁÍÁÇÎ�ÔÎÏ§, ÆÅÒÏ-ÍÁÇÎ�ÔÎÏ§ ÔÁ �ÎÛÏ§. ëÒ�Í ÔÏÇÏ, ÄÌÑ ÔÁËÉÈ �ÒÏÓÔÏÒÏ×Ï - ÎÅÏÄÎÏÒ�ÄÎÉÈÓÉÓÔÅÍ ÁËÔÕÁÌØÎÉÍÉ ¤ �ÒÏÂÌÅÍÉ Ï�ÉÓÕ Ë×ÁÎÔÏ×ÉÈ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕÎÁ ÍÁÌÉÈ ÞÁÓÁÈ Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÞÁÔËÏ×ÉÈ ÓÔÁÎ�× ÔÁ ÎÅÍÁÒË�×ÓØËÉÈÅÆÅËÔ�× �ÁÍ'ÑÔ�. ïÄÉÎ �Ú ��ÄÈÏÄ�× ÏÔÒÉÍÁÎÎÑ Ë×ÁÎÔÏ×ÉÈ Ë�ÎÅÔÉÞÎÉÈÒ�×ÎÑÎØ Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÞÁÔËÏ×ÉÈ ÓÔÁÎ�× ÔÁ ÎÅÍÁÒË�×ÓØËÉÈ ÅÆÅËÔ�×�ÁÍ'ÑÔ� ÒÏÚ×ÉÎÕÔÉÊ ÎÁ ÏÓÎÏ×� ÚÍ�ÛÁÎÉÈ ÆÕÎË��Ê çÒ�ÎÁ × [41-43℄.÷É×ÞÅÎÎÑ ÈÁÒÁËÔÅÒÕ ×ÚÁ¤ÍÏÄ�Ê, ÅÌÅËÔÒÏÎÎÏ§ ÓÔÒÕËÔÕÒÉ, ÓÔÒÕ-ËÔÕÒÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎ� Ô×ÅÒÄÏÇÏ Ô�ÌÁ ¤ÏÓÎÏ×ÎÏÀ �ÒÏÂÌÅÍÏÀ ÓÕÞÁÓÎÏ§ ÔÅÏÒ�§ ÈÅÍÏÓÏÒÂ��§. ÷ ÏÓÎÏ×� §§ ÌÅÖÉÔØÍÅÔÏÄ ÆÕÎË��ÏÎÁÌÕ ÇÕÓÔÉÎÉ ëÏÎÁ-ûÏÎÁ [44-49℄, ÍÅÔÏÄ ÍÏÌÅËÕÌÑÒ-ÎÉÈ ÏÒÂ�ÔÁÌÅÊ [50, 51℄ ÔÁ �ÎÛ� §È ÍÏÄÉÆ�ËÁ��§ [52-56℄. îÁÍ ÂÉ ÈÏÔ�-ÌÏÓØ ×�ÄÚÎÁÞÉÔÉ ÝÅ ÏÄÉÎ �Ú ÍÅÔÏÄ�× { ÍÅÔÏÄ ÄÉÎÁÍ�ÞÎÉÈ ËÏÌÅËÔÉ×ÎÉÈÚÍ�ÎÎÉÈ ÒÏÚ×ÉÎÕÔÉÊ Õ [57℄, ÑËÉÊ ÂÕÄÅ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉÓØ Õ ÎÁÛÉÈ ÒÏ-ÂÏÔÁÈ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÓÔÒÕËÔÕÒÎÉÈ ÆÕÎË��Ê ÒÏÚ�ÏÄ�ÌÕ �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎÉÈ ÅÌÅËÔÒÏÎÎÉÈ ÓÉÓÔÅÍ. ð�ÄÈ�Ä [57℄, ÝÏ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁÍÅÔÏÄ� ËÏÌÅËÔÉ×ÎÉÈ ÚÍ�ÎÎÉÈ [58℄ ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ÎÁ Í�ËÒÏÓËÏ��ÞÎÏ-ÍÕ Ò�×Î� ×ÒÁÈÏ×Õ×ÁÔÉ ÅÆÅËÔÉ ÅËÒÁÎÕ×ÁÎÎÑ × ÓÔÒÕËÔÕÒÎÉÈ ÆÕÎË��-ÑÈ ÒÏÚ�ÏÄ�ÌÕ ÞÁÓÔÉÎÏË (ÅÌÅËÔÒÏÎ�×, ÁÔÏÍ�×, ÍÏÌÅËÕÌ) × �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎÉÈ ÓÉÓÔÅÍÁÈ. ðÒÏÂÌÅÍÉ Ï�ÉÓÕ ËÏÌÉ×ÎÉÈ, ÏÒ�¤ÎÔÁ��ÊÎÉÈÓÔÁÎ�× ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÇÒÕ� ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎÑÈ Ô×ÅÒÄÉÈ Ô�ÌÒÏÚÇÌÑÄÁÌÉÓØ × [59, 60℄. ðÏ×'ÑÚÁÎ� Ú �ÉÍ �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ ÁÔÏÍ�×,ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎ� Ô×ÅÒÄÉÈ Ô�Ì Ï�ÉÓÕÀÔØÓÑ ÎÁ ÏÓÎÏ×� ÔÅÏÒ�§ �Ï×ÅÒ-ÈÎÅ×Ï§ ÄÉÆÕÚ�§ [61-63℄, Ë�ÎÅÔÉÞÎÉÈ Ò�×ÎÑÎØ [64, 52℄.õ ÄÁÎ�Ê ÒÏÂÏÔ� ÍÉ �ÒÅÄÓÔÁ×ÉÍÏ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕÄÌÑ ÕÚÇÏÄÖÅÎÏÇÏ Ï�ÉÓÕ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ ÔÁ ÁÔÏÍÎÉÈ ÄÉÆÕ-Ú�ÊÎÉÈ �ÒÏ�ÅÓ�× Õ ÓÉÓÔÅÍ� \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ - ×�ÓÔÒÑ". äÌÑ �ØÏ-ÇÏ ÂÕÄÅ ×ÉËÏÒÉÓÔÁÎÏ ÍÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁúÕÂÁÒ¤×Á [41,52℄ � ÏÔÒÉÍÁÎÏ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ ÏÄÎÏÅÌÅËÔÒÏÎ-ÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ ÔÁ �Ï×'ÑÚÁÎ� Ú ÎÉÍ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ ÄÉÆÕÚ�§ÄÌÑ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁ-ÌÕ. �ÁË� Ò�×ÎÑÎÎÑ ÂÕÄÕÔØ ÒÏÚÇÌÑÎÕÔ� ÑË ÄÌÑ ÓÉÌØÎÏ, ÔÁË � ÄÌÑ ÓÌÁÂÏÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�×.



3 ðÒÅ�ÒÉÎÔ2. îÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒÅÌÅËÔÒÏÎ�× i ÁÔÏÍ�× ÓÉÓÔÅÍÉ \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ -ÇÁÚ - ×�ÓÔÒÑ"2.1. çÁÍ�ÌØÔÏÎ�ÁÎ ÓÉÓÔÅÍÉäÌÑ �ÏÓÌ�ÄÏ×ÎÏÇÏ Ï�ÉÓÕ �ÒÏ�ÅÓ�× ÅÌÅËÔÒÏÎÎÏÇÏ ÔÕÎÅÌÀ×ÁÎÎÑ Í�Ö×�ÓÔÒÑÍ � �Ï×ÅÒÈÎÅÀ ÍÅÔÁÌÕ Ú ÁÄÓÏÒÂÏ×ÁÎÉÍÉ ÎÁ Î�Ê ÁÔÏÍÁÍÉ ÇÁÚÕÎÅÏÂÈ�ÄÎÏ ×ÒÁÈÕ×ÁÔÉ ��ÌÉÊ ÒÑÄ ÈÁÒÁËÔÅÒÎÉÈ ÏÓÏÂÌÉ×ÏÓÔÅÊ �Ï×'ÑÚÁ-ÎÉÈ Ú ÅÆÅËÔÁÍÉ ÅËÒÁÎÕ×ÁÎÎÑ, �Ï×ÅÒÈÎÅ×Ï§ ÄÉÆÕÚ�§. âÕÄÅÍÏ ÒÏÚÇÌÑ-ÄÁÔÉ ÓÉÓÔÅÍÕ \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ - ×�ÓÔÒÑ". îÅÈÁÊ �ÒÉ ×ÚÁ¤ÍÏÄ�§ÁÔÏÍ�× ÞÉ ÍÏÌÅËÕÌ ÇÁÚÕ Ú �Ï×ÅÒÈÎÅÀ ÍÅÔÁÌÕ ÞÁÓÔÉÎÁ §È ÁÄÓÏÒÂÕ¤-ÔØÓÑ. ðÏÚÎÁÞÉÍÏ Na - �Ï×ÎÅ ÞÉÓÌÏ ÁÔÏÍ�× ÎÅ ÁÄÓÏÒÂÏ×ÁÎÉÈ, Á N�a -ÞÉÓÌÏ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. çÁÚÏ×Õ ��ÄÓÉÓÔÅÍÕÂÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ ÑË ËÌÁÓÉÞÎÕ ÓÉÓÔÅÍÕ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÞÁÓÔÉÎÏË ÚÇÁÍ�ÌØÔÏÎ�ÁÎÏÍ Ha = NaXj=1 p2j2ma + 12 NaXj;j0 Vaa(jrj � rj0 j); (2.1)ÄÅ pj { �Í�ÕÌØÓ ÁÔÏÍÁ ÇÁÚÕ, ma { ÍÁÓÁ ÊÏÇÏ, Vaa(jrj � rj0 j) { �ÁÒÎÉÊ�ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ Ä×ÏÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ ×�ÄÓÔÁÎ� jrj�rj0 j. áÔÏÍÉ ÇÁÚÕ×ÚÁ¤ÍÏÄ�ÀÔØ Ú ÅÌÅËÔÒÏÎÁÍÉ ��ÄÓÉÓÔÅÍÉ \ÍÅÔÁÌ { ÁÄÓÏÒÂÁÔ { ×�ÓÔÒÑ",�ÏÎÁÍÉ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× � �ÏÎÁÍÉ ×�ÓÔÒÑ. ãÀÞÁÓÔÉÎÕ ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§ �ÏÚÎÁÞÉÍÏ H intaH inta = Na;NeXj;l Vae(jrj � rlj) + Na;NsXj;f Vas(jrj �Rf j) + (2.2)Na;N�aXj;j0 Va�a(jrj �Rj0 j) + Na;NvXj;f Vav(jrj �R0f j);ÄÅ Vae { ÅÌÅËÔÒÏÎ-ÁÔÏÍÎÉÊ �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§, Vas { �ÏÔÅÎ��ÁÌ ×ÚÁ-¤ÍÏÄ�§ ÁÔÏÍÁ ÇÁÚÕ Ú �ÏÎÏÍ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ, Va�a { �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ÁÔÏÍÁ ÇÁÚÕ Ú ÁÄÓÏÒÂÏ×ÁÎÉÍ ÁÔÏÍÏÍ ÔÁ Vav { �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ ÁÔÏ-ÍÁ ÇÁÚÕ Ú �ÏÎÏÍ ×�ÓÔÒÑ. Ne { �Ï×ÎÅ ÞÉÓÌÏ ÅÌÅËÔÒÏÎ�×, Ns { ÞÉÓÌÏ�Ï×ÅÒÈÎÅ×ÉÈ �ÏÎ�× ÍÅÔÁÌÕ, Nv { ÞÉÓÌÏ �ÏÎ�× ×�ÓÔÒÑ. åÌÅËÔÒÏÎÉ × ÓÉÓ-ÔÅÍ� \ÍÅÔÁÌ { ÁÄÓÏÒÂÁÔ { ×�ÓÔÒÑ" ×ÚÁ¤ÍÏÄ�ÀÔØ Í�Ö ÓÏÂÏÀ, Ú �ÏÎÁÍÉÍÅÔÁÌÕ Ú Í�ËÒÏÓËÏ��ÞÎÏÀ ÇÕÓÔÉÎÏÀ ÚÁÒÑÄÕ ^�s(R), �ÏÎÁÍÉ ÁÄÓÏÒÂÏ-×ÁÎÉÈ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÁÔÏÍ�× ÇÁÚÕ Ú ÇÕÓÔÉÎÏÀ ÚÁÒÑÄÕ ^��a(R) ÔÁ�ÏÎÁÍÉ ×�ÓÔÒÑ Ú ÇÕÓÔÉÎÏÀ ÚÁÒÑÄÕ ^�v(R0). çÁÍ�ÌØÔÏÎ�ÁÎ ÅÌÅËÔÒÏÎÎÏ§
ICMP{99{12U 4��ÄÓÉÓÔÅÍÉ �ÒÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄ�:He = � �h22me NeXl=1 �l + 12Xl6=l0 e2jrl � rl0 j � NeXl=1 Z dR e^�s(R)jrl �Rj (2.3)� NeXl=1 Z dR e^��a(R)jrl �Rj � NeXl=1 Z dR0 e^�v(R0)jrl �R0j ;ÑËÉÊ ÓËÌÁÄÁ¤ÔØÓÑ Ú Ë�ÎÅÔÉÞÎÏ§ ÅÎÅÒÇ�§, ËÕÌÏÎ�×ÓØËÏ§ Í�ÖÅÌÅËÔÒÏÎÎÏ§ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§ ÔÁ �ÏÔÅÎ��ÁÌ�× ×ÚÁ¤ÍÏÄ�§ ÅÌÅËÔÒÏÎ�× Ú �ÏÎÁÍÉ ÍÅÔÁÌÕ,ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× Ú �ÏÎÁÍÉ ×�ÓÔÒÑ. rl { ËÏÏÒÄÉÎÁÔÉ ÅÌÅËÔÒÏÎ�×,Rf{ ËÏÏÒÄÉÎÁÔÉ ×�Ä�Ï×�ÄÎÉÈ �ÏÎ�× ÔÁ ÁÔÏÍ�×. ëÒ�Í ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓ-ÔÅÍÉ ×ÁÖÌÉ×Ï ×ÒÁÈÕ×ÁÔÉ ×ÚÁ¤ÍÏÄ�§ × �ÏÎÎ�Ê ��ÄÓÉÓÔÅÍ�. çÁÍ�ÌØÔÏÎ�ÁÎ§§ �ÒÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄ�H inti = � �h22ma N�aXf=1�f + 12 Z dR Z dR0 ^��a(R)^��a(R0)jR�R0j (2.4)+ Z dR Z dR0 ^��a(R)^�s(R0)jR�R0j + Z dR Z dR0 ^��a(R)^�v(R0)jR�R0j+12 Z dR Z dR0 ^�s(R)^�s(R0)jR�R0j + Z dR Z dR0 ^�s(R)^�v(R0)jR�R0j ;ÄÅ ×ÒÁÈÏ×ÁÎÏ Ë�ÎÅÔÉÞÎÕ ÅÎÅÒÇ�À ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒ-ÈÎ� ÍÅÔÁÌÕ, Á �ÎÛ� ÄÏÄÁÎËÉ Ï�ÉÓÕÀÔØ ×ÚÁ¤ÍÏÄ�À Í�Ö �ÏÎÁÍÉ ÍÅÔÁÌÕ,ÁÄÓÏÒÂÏ×ÁÎÉÍÉ ÁÔÏÍÁÍÉ ÔÁ �ÏÎÁÍÉ ×�ÓÔÒÑ. ïÔÖÅ, �Ï×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�-ÁÎ ÓÉÓÔÅÍÉ ÍÁ¤ ×ÉÇÌÑÄ:H = He +H inti +Ha +H inta + Xa;l;�a1�f�N� U�(zf ); (2.5)U�(zf ) { ÎÅÏÄÎÏÒ�ÄÎÉÊ ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ �Ï×ÅÒÈÎ�, ÝÏ ÆÏÒÍÕ¤-ÔØÓÑ ËÏÌÅËÔÉ×ÎÉÍÉ ÅÆÅËÔÁÍÉ × ÎÁ��×ÏÂÍÅÖÅÎÏÍÕ ÓÅÒÅÄÏ×ÉÝ� { ÍÅ-ÔÁÌ�.ïÓË�ÌØËÉ ÍÉ ÂÕÄÅÍÏ ÄÏÓÌ�ÄÖÕ×ÁÔÉ Ë�ÎÅÔÉËÕ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓ-ÔÅÍÉ, ÚÏËÒÅÍÁ �ÒÏ�ÅÓÉ ÔÕÎÅÌÀ×ÁÎÎÑ ÅÌÅËÔÒÏÎ�× Í�Ö �Ï×ÅÒÈÎÅÀ ÔÁ×�ÓÔÒÑÍ � ÄÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ ÁÔÏÍ�× ÇÁÚÕ, ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒ-ÂÏ×ÁÎÉÈ ÎÁ �Ï×ÅÒÈÎ�, ÔÏ × ÇÁÍ�ÌØÔÏÎ�ÁÎ� (2.5) ÚÒÕÞÎÏ �ÅÒÅÊÔÉ ÄÏ�ÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ ÄÌÑ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅ-ÍÉ. äÌÑ �ØÏÇÏ ÎÅÏÂÈ�ÄÎÏ ×ÉÂÒÁÔÉ ÂÁÚÉÓÎ� È×ÉÌØÏ×� ÆÕÎË��§, ÑË� ÂÑË�ÓÎÏ ×�ÄÏÂÒÁÖÁÌÉ Ó�Å�ÉÆ�ËÕ ÎÁÛÏ§ ÓÉÓÔÅÍÉ. îÅÈÁÊ ÎÁÍ ×�ÄÏÍ� ÒÏÚ-



5 ðÒÅ�ÒÉÎÔ×'ÑÚËÉ Ò�×ÎÑÎØ ûÒÅÄ�ÎÇÅÒÁ ÄÌÑ ÅÌÅËÔÒÏÎÁ × �ÏÔÅÎ��ÁÌØÎÏÍÕ �ÏÌ� f -ÁÔÏÍÁ �Ï×ÅÒÈÎ�:�� �h22me�+ Ves(r�Rf )� �(r�Rf ) = "� �(r�Rf ); (2.6)Õ �ÏÔÅÎ��ÁÌØÎÏÍÕ �ÏÌ� l-ÁÔÏÍÁ ÇÁÚÕ ÎÅÁÄÓÏÒÂÏ×ÁÎÏÇÏ � ÁÄÓÏÒÂÏ×ÁÎÏÇÏ:�� �h22me�+ Vea(r� rl)�'�(r� rl) = E�'�(r� rl); (2.7)�� �h22me�+ Ve�a(r� rl)�'ad� (r� rl) = Ead� 'ad� (r� rl) (2.8)ÔÁ Õ �ÏÔÅÎ��ÁÌØÎÏÍÕ �ÏÌ� f -ÁÔÏÍÁ ×�ÓÔÒÑ:�� �h22me�+ Vev(r�R0f )�'v�(r�R0f ) = "v�'v�(r�R0f ): (2.9)÷ÌÁÓÎ� ÆÕÎË��§ Ò�×ÎÑÎØ (2.6){(2.9) ÚÁÄÏ×ÏÌØÎÑÀÔØ ÕÍÏ×É ÏÒÔÏÇÏÎÁÌØ-ÎÏÓÔ� � �Ï×ÎÏÔÉZ dR'��(r�Rj) �(r0 �Rj) = Æ�;�;X�  ��(r�Rj) �(r0 �Rj) = Æ(r� r0) (2.10)ÄÌÑ ÄÏ×�ÌØÎÉÈ j = 1; : : :Nb; f�; �; �g { ÓÕËÕ�Î�ÓÔØ Ë×ÁÎÔÏ×ÉÈ ÞÉÓÅÌÚÁÄÁÞ� � E�, "� , Ead� , "v� { ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÅÎÅÒÇ�§ ÅÌÅËÔÒÏÎ�×. óÕ-ËÕ�Î�ÓÔØ ÆÕÎË��Ê  v(r � Rf ), '�(r � rl), 'ad� (r � rl) ÔÁ  v�(r � R0f )×ÉËÏÒÉÓÔÁ¤ÍÏ × ÒÏÌ� ÂÁÚÉÓÕ ÄÌÑ ÒÏÚËÌÁÄÕ �ÏÌØÏ×ÉÈ Ï�ÅÒÁÔÏÒ�× ÅÌÅË-ÔÒÏÎ�× ^ (r; s) = N+Xf=1X� X�=��h=2 �(r�Rf )��(s)^af�� +NaXl=1X� X�=��h=2'�(r�Rl) �(s)^l�� + (2.11)N�aXl=1X� X�=�h=2'ad� (r� rl)��(s)^adl�� +NvXf=1X� X�=�h=2'v�(r�R0f )��(s)^pf�� ;
ICMP{99{12U 6ÄÅ ��(s) { È×ÉÌØÏ×� ÆÕÎË��§ Ï�ÅÒÁÔÏÒÁ Ó��ÎÁ ÅÌÅËÔÒÏÎÁ, � = ��h=2 {�ÒÏÅË��§ Ó��ÎÁ ÅÌÅËÔÒÏÎÁ ÎÁ ×�ÓØ Ë×ÁÎÔÕ×ÁÎÎÑ, s { Ó��ÎÏ×Á ËÏÏÒÄÉÎÁ-ÔÁ. ^af��, ^l�� , ^adl�� , ^pf�� � ^a+f�� , ^+l�� , ^(ad)+l�� , ^p+f�� { Ï�ÅÒÁÔÏÒÉ ÚÎÉÝÅÎÎÑ� �ÏÒÏÄÖÅÎÎÑ ÅÌÅËÔÒÏÎ�× ×�Ä�Ï×�ÄÎÏ ÎÁ Rf -ÏÍÕ ÁÔÏÍ� �Ï×ÅÒÈÎ�, Rl-ÏÍÕ ÁÔÏÍ� ÇÁÚÕ, Rl-ÏÍÕ ÁÄÓÏÒÂÏ×ÁÎÏÍÕ ÁÔÏÍ� ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÔÁR0f -ÏÍÕ ÁÔÏÍ� ×�ÓÔÒÑ.�ÏÄ� ÇÁÍ�ÌØÔÏÎ�ÁÎ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ Õ �ÒÅÄÓÔÁ×ÌÅÎÎ� ×ÔÏ-ÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ Ú ×ÉÂÏÒÏÍ ^ (r; s) (2.11) ÍÁ¤ ×ÉÇÌÑÄ:He = X�;�;� "�� ^n��;� +X�;� X�;�;� t���� � ^A+��� ^A��� + ^A+��� ^A����+ X�;��0;�0 X�!����0W ��!� (�; �;�0; �0) ^A+��� ^A+���0 ^A�0��0 ^A�0!� ; (2.12)ÄÅ "�� - ÏÄÎÏÅÌÅËÔÒÏÎÎÁ ÅÎÅÒÇ�Ñ × �ÏÌ� ×�Ä�Ï×�ÄÎÏÇÏ ÁÔÏÍÁ (�Ï×ÅÒÈÎ�,ÁÄÓÏÒÂÏ×ÁÎÏÇÏ, ÎÅÁÄÓÏÒÂÏ×ÁÎÏÇÏ ÔÁ ×�ÓÔÒÑ). ï�ÅÒÁÔÏÒÉ ^A+�j�� �ÒÉÊÍÁ-ÀÔØ ÚÎÁÞÅÎÎÑ �Ú ÎÁÂÏÒÕ ^a+f��, ^+l�� , ^(ad)+l�� , ^p+f�� , Á ^A�j�� - ×�Ä�Ï×�ÄÎÏ �ÚÎÁÂÏÒÕ ^af�� , ^l�� , ^adl�� , ^pf�� .^n��� =Xj=1 ^A+�j�� ^A�j�� (2.13){ Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ ÅÌÅËÔÒÏÎ�× Õ �ÏÌ� ×�Ä�Ï×�ÄÎÉÈ ÁÔÏÍ�×, ÚÏËÒÅÍÁ,�ÒÉ � = a ^na�� =Xl ^+l��^l�� ;� = �a ^nad�� =Xl ^+adl�� ^adl�� ; (2.14)� = s ^ns�� =Xf=1 ^a+f��^af�� ;� = v ^nv�� =Xf=1 ^p+f�� ^pf��;"�v = Z  �� (r)�� �h22me�+ U�(z) + V��(r)� �� (r)dr; (2.15)ÄÅ V��(r) { ×�Ä�Ï×�ÄÎ� �ÏÔÅÎ��ÁÌÉ ÅÌÅËÔÒÏÎÁ × �ÏÌ� �ÏÎ�× ÍÅÔÁÌÕ, ÁÄ-ÓÏÒÂÏ×ÁÎÉÈ � ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÔÁ �ÏÎ�× ×�ÓÔÒÑ;t���� = Z  �� (r)�� �h22me�+ V��(r) + U�(z)� ��(r)dr (2.16)



7 ðÒÅ�ÒÉÎÔ{ ÍÁÔÒÉÞÎ� ÅÌÅÍÅÎÔÉ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ, ÝÏ Ï�ÉÓÕÀÔØ �ÒÏ�ÅÓÉ ÅÌÅËÔÒÏÎ-ÎÉÈ �ÅÒÅÈÏÄ�× Õ �ÏÌÑÈ ×�Ä�Ï×�ÄÎÉÈ ÁÔÏÍ�× ÔÁ �ÏÎ�×;W ��!� (��;�0�0) = (2.17)12 Z Z  �� (r) �0! (r) e2jr� r0j ��(r0) �0� (r0)drdr0{ ËÕÌÏÎ�×ÓØËÉÊ �ÎÔÅÇÒÁÌ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ ÅÌÅËÔÒÏÎ�×, Ú×'ÑÚÁÎÉÈ Ú ×�Ä-�Ï×�ÄÎÉÍÉ ÁÔÏÍÁÍÉ ÚÇ�ÄÎÏ Ú (2.11). áÎÁÌ�Ú �Ï×ÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ He(2.12) ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ Â�ÌØÛ ÄÅÔÁÌØÎÏ, ÚÔÏÞËÉ ÚÏÒÕ �ÒÏ�ÅÓ�× Ç�ÂÒÉÄÉÚÁ��§ Í�Ö ÅÌÅËÔÒÏÎÎÉÍÉ ÓÔÁÎÁÍÉ �Ï×ÅÒ-ÈÎ� ÔÁ ÁÄÁÔÏÍ�×, ÅÆÅËÔ�×, ÝÏ �ÏÒÏÄÖÅÎ� Í�ÖÅÌÅËÔÒÏÎÎÉÍÉ ×ÚÁ¤ÍÏÄ�-ÑÍÉ. �ÁËÉÊ ÁÎÁÌ�Ú ÄÏ��ÌØÎÏ �ÒÏ×ÏÄÉÔÉ ÚÁ ÒÏÚËÌÁÄÁÍÉ �Ï �ÎÔÅÇÒÁÌÁÈ�ÅÒÅËÒÉÔÔÑ ÏÒÂ�ÔÁÌÅÊ ×�Ä�Ï×�ÄÎÉÈ ÁÔÏÍ�×, �ÏÄ�ÂÎÏ ÑË Õ ÒÏÂÏÔ� [30℄.ñËÝÏ Õ (2.12) ÎÅ ×ÒÁÈÏ×Õ×ÁÔÉ ÏÓÔÁÎÎ�Ê ÄÏÄÁÎÏË ÔÁ ÁÔÏÍÉ ÇÁÚÏ×Ï§ÆÁÚÉ, ÔÏ ÏÔÒÉÍÁ¤ÍÏ ÓÔÁÎÄÁÒÔÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÅÒÅÎÏÓÕ ÅÌÅËÔÒÏÎ�×ÄÌÑ Ï�ÉÓÕ �ÒÏ�ÅÓ�× ÔÕÎÅÌÀ×ÁÎÎÑ ÅÌÅËÔÒÏÎ�× Õ ÓÉÓÔÅÍ� \��ÄÌÏÖËÁ-ÁÄÓÏÒÂÁÔ-×�ÓÔÒÑ", ÝÏ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ × ÒÏÂÏÔÁÈ [28, 29, 40℄. �ÁËÉÊÇÁÍ�ÌØÔÏÎ�ÁÎ ÍÁ¤ ×ÉÇÌÑÄ:He = Xf;�;� "�^a+f��^af�� +Xl�� Ead� ^ad+l�� ^adl�� +Xf;�;� "v� ^p+f�� ^pf�� + (2.18)Xf;�;� Xl;�;�0 �ts;ad�� ^a+f��^adl��0 + Ë:Ó:�+Xf;�;� Xl;�;�0 �tv;ad�� ^p+f��^adl��0 + Ë:Ó:� :ðÒÉ ÎÁÑ×ÎÏÓÔ� ×�ÓÔÒÑ �Ú-ÚÁ ÚÍ�ÝÅÎÎÑ ÎÁ�ÒÕÇÉ V ×ÉÎÉËÁ¤ ÓÔÒÕÍ ÔÕ-ÎÅÌÀÀÞÉÈ ÅÌÅËÔÒÏÎ�× Í�Ö ��ÄÌÏÖËÏÀ ÔÁ ×�ÓÔÒÑÍ. åÆÅËÔ ÚÍ�ÝÅÎ-ÎÑ ÎÁ�ÒÕÇÉ V Í�Ö ×�ÓÔÒÑÍ ÔÁ ��ÄÌÏÖËÏÀ ÚÓÕ×Á¤ �ÎÄÉ×�ÄÕÁÌØÎ� Ò�×Î�æÅÒÍ� ÏÄÉÎ ×�ÄÎÏÓÎÏ ÏÄÎÏÇÏ, � �ÒÉ �ØÏÍÕ ÅÎÅÒÇ�Ñ Ò�×ÎÑ æÅÒÍ� ×�ÓÔ-ÒÑ "FV Ú×'ÑÚÁÎÁ Ú ÅÎÅÒÇ�¤À Ò�×ÎÑ æÅÒÍ� ��ÄÌÏÖËÉ Ó��××�ÄÎÏÛÅÎÎÑÍ"FV = "Fs � eV . åÎÅÒÇ�Ñ Ò�×ÎÑ æÅÒÍ� ¤ ×ÉÚÎÁÞÅÎÏÀ ÔÁ Æ�ËÓÏ×ÁÎÏÀ,ÝÏ ÒÏÂÉÔØ "� ÎÅÚÁÌÅÖÎÏÀ ×�Ä V , ÏÄÎÁË Ead� , "V� , ts;ad�� , t�;ad�� ÚÁÌÅÖÁÔØ×�Ä V . �ÕÎÅÌØÎÉÊ ÓÔÒÕÍ ÅÌÅËÔÒÏÎ�× Í�Ö �ÏÚÉ��ÑÍÉ l ÔÁ j × ÓÉÓÔÅÍ�ÍÏÖÅ ÂÕÔÉ ×ÉÚÎÁÞÅÎÉÊ ÚÁ Ò�×ÎÑÎÎÑÍJlj = Z Sp(^tlj( ^G+�lj � ^G+�jl ))dE;
ICMP{99{12U 8ÄÅ ^G+�lj , ^G+�jl - Ó�ÅÔÒÁÌØÎ� ÆÕÎË��§ ÞÁÓÏ×ÉÈ ÏÄÎÏÅÌÅËÔÒÏÎÎÉÈ ÆÕÎË-��Ê çÒ�ÎÁ, ÝÏ ÕÔ×ÏÒÀÀÔØ ÍÁÔÒÉ�À ^Glj^Glj(1; 10) = " ^G++lj (1; 10) ^G+�lj (1; 10)^G�+lj (1; 10) ^G��lj (1; 10) # =� ^glj(1; 10) ^g<lj (1; 10)^g>lj (1; 10) ^galj(1; 10) �Ú ×ÉÚÎÁÞÅÎÉÍÉ �ÒÉÞÉÎÎÉÍÉ ^glj , ÁÎÔÉ�ÒÉÞÉÎÎÉÍÉ ^galj ÔÁ ËÏÒÅÌÑ��ÊÎÉ-ÍÉ ^g<lj , ^g>lj ÆÕÎË��ÑÍÉ çÒ�ÎÁ ÄÌÑ ÅÌÅËÔÒÏÎ�×:^g;alj (1; 10; t0) = (i�h)�1hT ;a[ ^ lH(1); ^ +jH (10)℄it0 ;^g>lj (1; 10; t0) = (i�h)�1h ^ lH (1) ^ +jH (10)it0 ;^g<jl(1; 10; t0) = �(i�h)�1h ^ +jH (10) ^ lH (1)it0 ;Õ ÑËÉÈ (1) = (r1; s1; t1), (10) = (r01; s01t01). ^ lH (1), ^ +jH (10) - �ÏÌØÏ×�Ï�ÅÒÁÔÏÒÉ ÅÌÅËÔÒÏÎ�× Õ �ÒÅÄÓÔÁ×ÌÅÎ� çÅÊÚÅÎÂÅÒÇÁ:^ lH (1) = U(t0; t) ^ l(r1; s1)U(t; t0);U(t; t0) = e�i=�h(t�t0)H :T ;a - Ï�ÅÒÁÔÏÒÉ ÈÒÏÎÏÌÏÇ�ÞÎÏÇÏ ÔÁ ÁÎÔÉÈÒÏÎÏÌÏÇ�ÞÎÏÇÏ ÞÁÓÏ×ÏÇÏ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ. ^glj , ^galj , ^g<lj , ^g>lj ×ÉÚÎÁÞÁÀÔØ ÚÁ��ÚÎÀÀÞ� ÔÁ ×É�ÅÒÅÄÖÁÀÞ�ÆÕÎË��§ çÒ�ÎÁ ^gRlj , ^gAlj : ^gRlj = ^glj � ^g<lj = ^g>lj � ^galj ;^gAlj = ^glj � ^g>lj = ^g<lj � ^galj :æÕÎË��§ ^Glj(1; 10; t0) = (i�h)�1hTC [ ^ lH(1); ^ +jH (10)℄it0 ;ÚÁÄÏ×�ÌØÎÑÀÔØ Ò�×ÎÑÎÎÑ ÔÉ�Õ äÁÊÓÏÎÁ Õ ÆÏÒÍÁÌ�ÚÍ� ëÅÌÄÉÛÁ [66℄,[41-43℄. TC - Ï�ÒÅÔÏÒ ÞÁÓÏ×ÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÎÁ ËÏÎÔÕÒ� ëÅÌÄÉÛÁó [66℄. òÏÚÒÁÈÕÎÏË ÓÅÒÅÄÎ�È h� � �it0 Õ ÆÕÎË��ÑÈ çÒ�ÎÁ �ÒÏ×ÏÄÉÔØÓÑÚÁ ÄÏ�ÏÍÏÇÏÀ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �(t)jt=t0 ×�ÏÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕ, ÑËÉÊ ×ÚÁÇÁÌ� ËÁÖÕÞÉ, ÎÅÏÂÈ�ÄÎÏ ÚÎÁÊÔÉ �ÚÒÏÚ×'ÑÚËÕ Ë×ÁÎÔÏ×ÏÇÏ Ò�×ÎÑÎÎÑ ì�Õ×�ÌÌÑ ÄÌÑ ÎÁÛÏ§ ÓÉÓÔÅÍÉ \ÍÅÔÁÌ {ÁÄÓÏÒÂÁÔ { ÇÁÚ { ×�ÓÔÒÑ". ðÒÉ �ØÏÍÕ ÎÁ Ë�ÎÅÔÉËÕ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓ-ÔÅÍÉ ÏÄÎÏÚÎÁÞÎÏ ÂÕÄÕÔØ ×�ÌÉ×ÁÔÉ ÄÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ ÁÄÓÏÒÂÏ×ÁÎÉÈ



9 ðÒÅ�ÒÉÎÔÁÔÏÍ�× ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ, ÑË� ÚÎÁÈÏÄÑÔØÓÑ Í�Ö ×�ÓÔÒÑÍÔÁ ��ÄÌÏÖËÏÀ. ðÒÏÂÌÅÍÉ ÚÁÓÅÒÅÄÎÅÎÎÑ Õ ÆÕÎË��ÑÈ çÒ�ÎÁ ÚÁ �ÏÞÁÔ-ËÏ×ÉÍÉ ÎÅÒ�×ÎÏ×ÁÖÎÉÍÉ ÓÔÁÎÁÍÉ ÄÅÔÁÌØÎÏ ÁÎÁÌ�ÚÕ×ÁÌÉÓØ Õ ÒÏÂÏÔÁÈíÏÒÏÚÏ×Á ÔÁ òØÏ�ËÅ [41-43,67℄, ÄÅ ÂÕ× ÚÁ�ÒÏ�ÏÎÏ×ÁÎÉÊ ÆÏÒÍÁÌ�ÚÍÚÍ�ÛÁÎÉÈ ÆÕÎË��Ê çÒ�ÎÁ, ÑË ÕÚÁÇÁÌØÎÅÎÎÑ ÆÏÒÍÁÌ�ÚÍÕ ëÅÌÄÉÛÁ-û×�ÎÇÅÒÁ. �ÁËÉÊ ��ÄÈ�Ä Õ ÎÁÛÏÍÕ ×É�ÁÄËÕ ÄÁ× ÂÉ ÍÏÖÌÉ×�ÓÔØ ×ÒÁ-ÈÕ×ÁÔÉ ×�ÌÉ× ÄÉÆÕÚ�ÊÎÉÈ ÇÁÚÏ×ÉÈ �ÒÏ�ÅÓ�× ÎÁ �Ï×ÅÒÈÎ� ÎÁ ÅÌÅËÔÒÏÎÎ��ÒÏ�ÅÓÉ ÛÌÑÈÏÍ ÚÁÓÅÒÅÄÎÅÎÎÑ Õ ×�Ä�Ï×�ÄÎÉÈ ÆÕÎË��ÑÈ çÒ�ÎÁ ÚÁ ÄÏ�Ï-ÍÏÇÏÀ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÇÁÚÏ×Ï§ ��ÄÓÉÓÔÅÍÉ× �ÏÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕ. úÏËÒÅÍÁ, ÎÁ ÏÓÎÏ×� [42℄ ÍÏÖÎÁ �ÏËÁÚÁÔÉ,ÝÏ ËÏÒÅÌÑ��ÊÎÁ ÆÕÎË��Ñ çÒ�ÎÁ ^g<jl(1; 10; t0) × ÇÒÁÎÉ�� t0 ! �1 �ÒÉt1 = t01 Ò�×ÎÁ ÏÄÎÏÞÁÓÔÉÎËÏ×�Ê ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ × r-�ÒÅÄÓÔÁ×ÌÅÎÎ�:flj(r1; s1; r01; s01; t1) = �i�h limt0!�1 ^g<jl(1; 10; t0)jt1=t01 ;ÝÏ Ú×'ÑÚÕ¤ §§ Ú ÔÕÎÅÌØÎÉÍ ÓÔÒÕÍÏÍ ÅÌÅËÔÒÏÎ�×.äÌÑ ÕÚÇÏÄÖÅÎÏÇÏ Ï�ÉÓÕ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ �ÒÏ�ÅÓ�× �Ú ÄÉ-ÆÕÚ�ÊÎÉÍÉ �ÒÏ�ÅÓÁÍÉ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ×ÓÉÓÔÅÍ� \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ { ÇÁÚ { ×�ÓÔÒÑ" ÍÉ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÍÅÔÏÄÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ úÕÂÁÒ¤×Á [41℄. ãÅÊ ÍÅÔÏÄÂÁÚÕ¤ÔØÓÑ ÎÁ �ÄÅÑÈ âÏÇÏÌÀÂÏ×Á ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏÓÔÁÎÕ ÓÉÓÔÅÍÉ ÎÁ ÏÓÎÏ×� ×ÉÚÎÁÞÅÎÏÇÏ ÎÁÂÏÒÕ Ó�ÏÓÔÅÒÅÖÕ×ÁÎÉÈ �ÁÒÁ-ÍÅÔÒ�×.õ ÎÁÛÏÍÕ ×É�ÁÄËÕ ÚÁ �ÁÒÁÍÅÔÒÉ ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ ×ÉÂÅÒÅÍÏÎÅÒ�×ÎÏ×ÁÖÎ� ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ ÄÌÑ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ:h ^A+�j�� ^A�l��0it = Sp� ^A+�j�� ^A�l��0�(t)� ; (2.19){ ÎÅÒ�×ÎÏ×ÁÖÎÁ ÏÄÎÏÅÌÅËÔÒÏÎÎÁ ÍÁÔÒÉ�Ñ ÇÕÓÔÉÎÉ; ÓÅÒÅÄÎ� ÇÕÓÔÉÎÉÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÁÔÏÍ�× ÇÁÚÕ:h^n��a(R)it = Sp (^n��a(R)�(t)) ; (2.20)h^na(r)it = Sp (^na(r)�(t)) ; (2.21)ÄÅ ^n��a (R) { Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ ÁÔÏÍ�× ÇÁÚÕ ÁÄÓÏÒÂÏ×ÁÎÉÈ Õ ÓÔÁÎ� � ÎÁ�Ï×ÅÒÈÎ� ÍÅÔÁÌÕ: ^n��a(R) = NadaXj ^ +�j(R) ^ �j(R); (2.22)^ +�j(R), ^ �j(R) { Ï�ÅÒÁÔÏÒÉ �ÏÒÏÄÖÅÎÎÑ ÔÁ ÚÎÉÝÅÎÎÑ × ÓÔÁÎ� � ÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ:^na(r) = NaXj=1 Æ(r� rj)

ICMP{99{12U 10{ Í�ËÒÏÓËÏ��ÞÎÁ ÇÕÓÔÉÎÁ ÞÉÓÌÁ ÁÔÏÍ�× ÇÁÚÕ. õ (2.19){(2.21) ÓÅÒÅÄÎ�ÚÎÁÞÅÎÎÑ ÒÏÚÒÁÈÏ×ÕÀÔØÑ ÚÁ ÄÏ�ÏÍÏÇÏÀ �(t) { ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓ-ÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÅÌÅËÔÒÏÎ�×, ÁÔÏÍ�× ÓÉÓÔÅÍÉ \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ{ ÇÁÚ { ×�ÓÔÒÑ", ÑËÉÊ ÚÁÄÏ×ÏÌØÎÑ¤ Ò�×ÎÑÎÎÑ ì�Õ×�ÌÌÑ:��t�(t) + iLN�(t) = 0 (2.23)� Ï�ÉÓÕ¤ ÎÅÒ�×ÎÏ×ÁÖÎ� �ÒÏ�ÅÓÉ × ÓÉÓÔÅÍ�. iLN { Ï�ÅÒÁÔÏÒ ì�Õ×�ÌÌÑ,ÝÏ ×�Ä�Ï×�ÄÁ¤ �Ï×ÎÏÍÕ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ (2.5). ÷ iLN ÍÏÖÎÁ ×ÉÄ�ÌÉÔÉ\ËÌÁÓÉÞÎÕ" � \Ë×ÁÎÔÏ×Õ" ÞÁÓÔÉÎÉ:iLN = iLlN + iLqunN ; (2.24)iLlN = NaXj=1 pjma ��rj � 12 NaXj 6=j0 ��rj Vaa(jrj � rj0 j)� ��pj � ��pj0 ��Na;N�Xj;�;f ��rj (Va�(rj ;Rf ) + Ua(zj) ��pj{ ËÌÁÓÉÞÎÁ ÞÁÓÔÉÎÁ Ï�ÅÒÁÔÏÒÁ ì�Õ×�ÌÌÑ, ÝÏ ×�Ä�Ï×�ÄÁ¤ ×ÚÁ¤ÍÏÄ�À-ÞÏÍÕ ÇÁÚÕ. Va�(rj ;Rf ) { �ÏÔÅÎ��ÁÌÉ ×ÚÁ¤ÍÏÄ�§ ÁÔÏÍÁ ÇÁÚÕ Ú �ÎÛÉÍÉÁÔÏÍÁÍÉ ÓÉÓÔÅÍÉ ×�Ä�Ï×�ÄÎÏ (2.2).i^LqunN ^A = 1i�h h ^A;He +H inti +H inta + Ui : (2.25){ Ë×ÁÎÔÏ×Á ÞÁÓÔÉÎÁ Ï�ÅÒÁÔÏÒÁ ì�Õ×�ÌÌÑ. îÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞ-ÎÉÊ Ï�ÅÒÁÔÏÒ ÅÌÅËÔÒÏÎ�×, ÁÔÏÍ�× ÓÉÓÔÅÍÉ \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ { ÇÁÚ{ ×�ÓÔÒÑ" ÎÏÒÍÏ×ÁÎÉÊ ÎÁ ÏÄÉÎÉ�À:Sp�(t) = 1; (2.26)ÄÅ Sp(: : :) = Y� Z (dx)N�N�!(2��h)3N� Sp(�;�;�)(: : :);dx = drdp; N� = fNa; N�a; Ne; Ns; Nvg;Sp(�;�;�) { ÓÕÍÕ×ÁÎÎÑ �Ï ×Ó�È ÚÎÁÞÅÎÎÑÈ Ó��Î�× ÔÁ �ÎÛÉÈ Ë×ÁÎÔÏ×ÉÈÞÉÓÌÁÈ. äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏ-ÒÁ �(t) ÎÅÏÂÈ�ÄÎÏ ÓÆÏÒÍÕÌÀ×ÁÔÉ ÇÒÁÎÉÞÎÕ ÕÍÏ×Õ. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉÍÅÔÏÄ úÕÂÁÒ¤×Á [41,65℄, ÂÕÄÅÍÏ ÛÕËÁÔÉ ÒÏÚ×'ÑÚËÉ Ò�×ÎÑÎÎÑ (2.23),



11 ðÒÅ�ÒÉÎÔÝÏ ÚÁÌÅÖÁÔØ ×�Ä ÞÁÓÕ ÌÉÛÅ ÞÅÒÅÚ ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ ÎÁÂÏÒÕ Ó�ÏÓÔÅ-ÒÅÖÕ×ÁÎÉÈ ×ÅÌÉÞÉÎ. äÌÑ �ØÏÇÏ ××ÅÄÅÍÏ Õ �ÒÁ×Õ ÞÁÓÔÉÎÕ Ò�×ÎÑÎÎÑì�Õ×�ÌÌÑ ÎÅÓË�ÎÞÅÎÎÏ ÍÁÌÅ ÄÖÅÒÅÌÏ, ÑËÅ �ÏÒÕÛÕ¤ ÓÉÍÅÔÒ�À Ò�×ÎÑÎ-ÎÑ ×�ÄÎÏÓÎÏ �Î×ÅÒÓ�§ ÞÁÓÕ � ×�ÄÂÉÒÁ¤ �ÏÔÒ�ÂÎ� ÚÁ��ÚÎÀÀÞ� ÒÏÚ×'ÑÚËÉ[41,65℄. �ÁËÉÍ ÞÉÎÏÍ, ÂÕÄÅÍÏ ×ÉÈÏÄÉÔÉ Ú Ò�×ÎÑÎÎÑ� ��t + iLN� �(t) = �" (�(t)� �q(t)) ; (2.27)ÄÅ " ! +0 ��ÓÌÑ ÇÒÁÎÉÞÎÏÇÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÅÒÅÈÏÄÕ. äÏ�ÏÍ�Ö-ÎÉÊ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ �q(t) ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÕÍÏ× ÅËÓÔÒÅÍÕÍÕ �ÎÆÏÒÍÁ��ÊÎÏ§ ÅÎÔÒÏ��§ ÓÉÓÔÅÍÉ �ÒÉ ÚÂÅÒÅÖÅÎÎ�ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ: Sp�q(t) = 1 (2.28)� Æ�ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎÎÑÈ �ÁÒÁÍÅÔÒ�× ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ. õ ÎÁÛÏÍÕ×É�ÁÄËÕ �ÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ ¤ (2.19){(2.21), ÔÏÄ� ÓÔÁÎÄÁÒÔÎÉÍ ÛÌÑ-ÈÏÍ [41,65℄ ÏÔÒÉÍÕ¤ÍÏ ×ÉÒÁÚ ÄÌÑ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏÏ�ÅÒÁÔÏÒÁ:�q(t) = exp8<:��(t)� �0�H �Xl;l0 b(l; l0; t) ^Nll0 � (2.29)Z dr�a(r; t)^na(r)�X� Z dR���a(R; t)^n��a(R)!) ;ÄÅ �(t) { ÆÕÎË��ÏÎÁÌ íÁÓØ¤-ðÌÁÎËÁ, ÝÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÕÍÏ×É ÎÏÒ-ÍÕ×ÁÎÎÑ (2.28):�(t) = ln Sp exp8<:��0�H �Xl;l0 b(l; l0; t) ^Nll0 � (2.30)Z dr�a(r; t)^na(r)�X� Z dR���a(R; t)^n��a(R)!) :ðÁÒÁÍÅÔÒÉ b(l; l0; t), �a(r; t), ���a(R; t) ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ× ÓÁÍÏÕÚÇÏ-ÄÖÅÎÎÑ h ^Nll0it = h ^Nll0 itq ; (2.31)h^na(r)it = h^na(r)itq ; (2.32)h^n��a(R)it = h^n��a(R)itq ; (2.33)
ICMP{99{12U 12ÄÅ ^Nll0 = ^A+l ^Al0 , l; l0 �ÏÚÎÁÞÁÀÔØ ÓÕËÕ�Î�ÓÔØ �ÎÄÅËÓ�× f�; j��g; h(: : :)itq= Sp(: : :)�q(t). äÌÑ ×ÉÚÎÁÞÅÎÎÑ Æ�ÚÉÞÎÏÇÏ ÚÍ�ÓÔÕ ××ÅÄÅÎÉÈ �ÁÒÁÍÅÔ-Ò�× b(l; l0; t), �a(r; t), ���a(R; t) ÚÎÁÊÄÅÍÏ ×ÁÒ�Á��ÊÎ� �ÏÈ�ÄÎ� ÚÁ ÎÉÍÉ ×�ÄÆÕÎË��ÏÎÁÌÕ íÁÓØ¤-ðÌÁÎËÁ (2.30). ÷ÒÁÈÕ×Á×ÛÉ (2.31){(2.33), ÏÔÒÉ-ÍÁ¤ÍÏ ÕÚÁÇÁÌØÎÅÎ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� Ó��××�ÄÎÏÛÅÎÎÑ:Æ�(t)Æ�b(l; l0; t) = h ^Nl;l0itq = h ^Nl;l0it;Æ�(t)Æ��a(r; t) = h^na(r)itq = h^na(r)it; (2.34)Æ�(t)Æ����a(R; t) = h^n��a(R)itq = h^n��a(R)it;Ú ÑËÉÈ ÓÌ�ÄÕ¤, ÝÏ �ÁÒÁÍÅÔÒÉ b(l; l0; t), �a(r; t), ���a(R; t) ¤ ÔÅÒÍÏÄÉÎÁ-Í�ÞÎÏ Ó�ÒÑÖÅÎ� ÓÅÒÅÄÎ�Í ÚÎÁÞÅÎÎÑÍ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉ-ÎÉ h ^Nll0it, ÇÕÓÔÉÎ� ÞÉÓÌÁ ÁÔÏÍ�× ÇÁÚÕ h^na(r)it ÔÁ ÇÕÓÔÉÎ� ÁÄÓÏÒÂÏ×ÁÎÉÈÁÔÏÍ�× h^n�a(R)it, ×�Ä�Ï×�ÄÎÏ. äÁÌ� ××ÅÄÅÍÏ ÅÎÔÒÏ��À ÓÉÓÔÅÍÉ ÚÁ ç�Â-ÓÏÍ: S(t) = �hln �q(t)itq ;�, ×ÉËÏÒÉÓÔÁ×ÛÉ ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ (2.31){(2.33), ÏÔÒÉÍÁ¤ÍÏ:S(t) = �(t)�Xl;l0 �b(l; l0; t)h ^Nll0it � (2.35)Z dr��a(r; t)h^na(r)it �X� Z dR����a(R; t)h^n��a(R)it:�Å�ÅÒ ÚÎÁÊÄÅÍÏ ×ÁÒ�Á��ÊÎ� �ÏÈ�ÄÎ� ×�Ä S(t) ÚÁ ÎÁÂÏÒÏÍ �ÁÒÁÍÅÔÒ�×ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ h ^Nll0it, h^na(r)it, h^n�a(R)it:ÆS(t)Æh ^Nll0it = ��b(l; l0; t);ÆS(t)Æh^na(r)it = ���a(r; t); (2.36)ÆS(t)Æh^n��a(R)it = �����a(R; t);Ú ÑËÉÈ ÓÌ�ÄÕ¤, ÝÏ �a(r; t) { ÌÏËÁÌØÎÉÊ È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÁÔÏÍÁ ÇÁ-ÚÕ, ���a(R; t) { ÌÏËÁÌØÎÉÊ È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÁÄÓÏÒÂÏ×ÁÎÏÇÏ ÁÔÏÍÁ ×ÓÔÁÎ� � ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ, � = 1kâT , kâ { �ÏÓÔ�ÊÎÁ âÏÌØ�ÍÁÎÁ, T {Ò�×ÎÏ×ÁÖÎÅ ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ.



13 ðÒÅ�ÒÉÎÔ÷ÉËÏÒÉÓÔÁ×ÛÉ ÄÁÌ� ÚÁÇÁÌØÎÕ ÓÈÅÍÕ ÍÅÔÏÄÕ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁ-ÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÒÏÅËÔÕ×ÁÎÎÑ [41,65℄ � ÓÔÒÕË-ÔÕÒÕ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ (2.29), Ú Ò�×ÎÑÎÎÑ(2.27) ÏÔÒÉÍÁ¤ÍÏ ×ÉÒÁÚ ÄÌÑ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏ-ÒÁ: �(t) = �q(t) + (2.37)Xll0 tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)IN (l; l0; t0)�1��q (t0)�b(l; l0; t0)dt0 +Z dr tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)Ia(r; t0)�1��q (t0)��a(r; t0)dt0 +X� Z dR tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)I��a (R; t0)�1��q (t0)����a(R; t0)dt0;ÄÅ T (t; t0) = exp8<:� tZt0 (1�Pq(t00))iLNdt009=; (2.38){ ÕÚÁÇÁÌØÎÅÎÉÊ Ï�ÅÒÁÔÏÒ Å×ÏÌÀ��Ê Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÒÏÅËÔÕ×ÁÎÎÑ.Pq(t) { �ÒÏÅË��ÊÎÉÊ Ï�ÅÒÁÔÏÒ ëÁ×ÁÓÁË�-çÁÎÔÏÎÁ, ÑËÉÊ Ä�¤ ÎÁ ÓÔÁ-ÔÉÓÔÉÞÎ� Ï�ÅÒÁÔÏÒÉ:Pq(t)�0 = 0��q(t)�Xl;l0 Æ�q(t)Æh ^Nll0it h ^Nll0it� (2.39)Z dr Æ�q(t)Æh^na(r)it h^na(r)it �X� Z dR Æ�q(t)Æh^n��a(R)it h^n��a(R)it!�Sp(�0) + Xl;l0 Æ�q(t)Æh ^Nll0it Sp( ^Nll0�0) + Z dr Æ�q(t)Æh^na(r)it Sp(^na(r)�0) +X� Z dR Æ�q(t)Æh^n��a(R)it Sp(^n��a(R)�0)� ÍÁ¤ ×ÌÁÓÔÉ×ÏÓÔ� Pq(t)�(t0) = �q(t);Pq(t)�q(t0) = �q(t);Pq(t)Pq(t0) = Pq(t):

ICMP{99{12U 14IN (l; l0; t0) = (1�P(t0)) _^N ll0 ; (2.40)Ia(r; t0) = (1�P(t0)) _^na(r); (2.41)I��a (R; t0) = (1�P(t0)) _^n��a(R) (2.42){ ÕÚÁÇÁÌØÎÅÎ� �ÏÔÏËÉ, _^N ll0 = 1i�h [ ^Nll0 ; H ℄, _^na(r) = iLlN ^na(r) = 1mar �^pa(r), ^pa(r) =PNaj=1 pjÆ(r� rj) { Í�ËÒÏÓËÏ��ÞÎÁ ÇÕÓÔÉÎÁ ÁÔÏÍ�× ÇÁÚÕ,_^n��a(R) = 1i�h [^n��a(R); H ℄. P(t) { �ÒÏÅË��ÊÎÉÊ Ï�ÅÒÁÔÏÒ íÏÒ�, �Ï×'ÑÚÁ-ÎÉÊ �Ú �ÒÏÅË��ÊÎÉÍ Ï�ÅÒÁÔÏÒÏÍ ëÁ×ÁÓÁË�-çÁÎÔÏÎÁ (2.39) Ó��××�ÄÎÏ-ÛÅÎÎÑÍ: Pq(t) ^A�q(t) = 1Z0 d�(�q)�P(t) ^A�0q(t)1��� ÍÁ¤ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:P(t) ^A = h ^Aitq +Xl;l0 Æh ^AitqÆh ^Nll0it ( ^Nll0 � h ^Nll0 it)+ Z dr Æh ^AitqÆh^na(r)it (^na(r)� h^na(r)it) (2.43)+ X� Z dR Æh ^AitqÆh^n��a(R)it (^n��a(R)� h^n��a(R)it):P Ä�¤ ÎÁ Ï�ÅÒÁÔÏÒÉ � ÚÁÄÏ×ÏÌØÎÑ¤ �ÒÏÅË��ÊÎ� ×ÌÁÓÔÉ×ÏÓÔ�:P(t)^na(r) = ^na(r);P(t) ^Nll0 = ^Nll0 ;P(t)^n�a(R) = ^n�a(R);P(t)P(t0) = P(t);P(t)(1�P(t)) = 0:�ÁËÉÍ ÞÉÎÏÍ, ÏÔÒÉÍÁÎÏ ÚÁÇÁÌØÎÉÊ ×ÉÒÁÚ ÄÌÑ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁ-ÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �(t) ÅÌÅËÔÒÏÎ�× ÔÁ ÁÔÏÍ�× Õ ÓÉÓÔÅÍ� \��ÄÌÏÖËÁ{ ÁÄÓÏÒÂÁÔ { ÇÁÚ { ×�ÓÔÒÑ" ÄÌÑ ×ÉÂÒÁÎÏÇÏ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÓËÏÒÏ-ÞÅÎÏÇÏ Ï�ÉÓÕ (2.19){(2.21), ÝÏ ÚÁÌÅÖÉÔØ ×�Ä ÕÚÁÇÁÌØÎÅÎÉÈ �ÏÔÏË�×(2.40){(2.42), ÑË� Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ × ÓÉÓÔÅÍ�.ïÓË�ÌØËÉ, ÚÇ�ÄÎÏ Ú �ÒÉÎ�É�ÏÍ ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ �(t) ¤ ÆÕÎË��ÏÎÁ-ÌÏÍ �ÁÒÁÍÅÔÒ�× h ^Nll0 it, h^na(r)it, h^n��a(R)it ×�Ä�Ï×�ÄÎÏ ÄÏ ÕÍÏ× ÓÁÍÏÕÚ-ÇÏÄÖÅÎØ (2.31){(2.32), ÔÏ ÄÌÑ �Ï×ÎÏÔÉ Ï�ÉÓÕ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�×ÄÌÑ ÎÉÈ ÎÅÏÂÈ�ÄÎÏ �ÏÂÕÄÕ×ÁÔÉ Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ.



15 ðÒÅ�ÒÉÎÔ2.2. õÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÕÚÇÏÄÖÅÎÏÇÏ Ï�ÉÓÕ Ë�-ÎÅÔÉËÉ ÅÌÅËÔÒÏÎ�× ÔÁ ÄÉÆÕÚ�ÊÎÉÈ �ÒÏ�ÅÓ�× ÁÔÏÍ�× ÇÁÚÕäÌÑ ÏÔÒÉÍÁÎÎÑ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ ÄÌÑ h ^Nll0it, h^na(r)it, h^n��a(R)it ÓËÏ-ÒÉÓÔÁ¤ÍÏÓØ ÔÏÔÏÖÎÏÓÔÑÍÉ:��t h ^Nll0it = hiLN ^Nll0it= hiLN ^Nll0itq + hIN (l; l0; t)it;��t h^na(r)it = hiLN ^na(r)it= hiLN ^na(r)itq + hIa(r; t)it;��t h^n��a(R)it = hiLN ^n��a(R)it= hiLN ^n��a(R)itq + hI��a (R; t)it:÷ÉËÏÎÁ×ÛÉ ÕÓÅÒÅÄÎÅÎÎÑ Õ �ÒÁ×ÉÈ ÞÁÓÔÉÎÁÈ �ÉÈ ÔÏÔÏÖÎÏÓÔÅÊ ÚÄÏ�ÏÍÏÇÏÀ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ (2.37), ÏÔÒÉ-ÍÁ¤ÍÏ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÄÌÑ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ��ÇÕÓÔÉÎÉ ÔÁ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ ÇÕÓÔÉÎ ÁÄÓÏÒÂÏ×ÁÎÉÈ � ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈÁÔÏÍ�× ÇÁÚÕ: ��th ^Nll0 it = h _^N ll0itq +Xj;j0 tZ�1 e�(t0�t)'NN (ll0; jj0; t; t0)�b(j; j0; t0)dt0 +Z dr0 tZ�1 e�(t0�t)'Na(ll0; r; t; t0)��a(r0; t0)dt0 + (2.44)X�0 Z dR0 tZ�1 e�(t0�t)'�0N�a(ll0;R; t; t0)���0�a (R0; t0)dt0;��th^na(r)it = h _^na(r)itq +Xj;j0 tZ�1 e�(t0�t)'a;N (r; j; j0; t; t0)�b(j; j0; t0)dt0 +
ICMP{99{12U 16Z dr0 tZ�1 e�(t0�t)'aa(r; r0; t; t0)��a(r0; t0)dt0 + (2.45)X�0 Z dR0 tZ�1 e�(t0�t)'�0a�a(r;R0; t; t0)���0�a (R0; t0)dt0;��t h^n��a(R)it = h _^n��a(R)itq +Xj;j0 tZ�1 e�(t0�t)'�a;N (R; j; j0; t; t0)�b(j; j0; t0)dt0 +Z dr0 tZ�1 e�(t0�t)'��aa(R; r0; t; t0)��a(r0; t0)dt0 + (2.46)X�0 Z dR0 tZ�1 e�(t0�t)'��0�a�a (R;R0; t; t0)���0�a (R0; t0)dt0;× ÑËÉÈ 'NN , 'aa, '��0�a�a , 'Na, '�0N�a, '�0a�a { ÕÚÁÇÁÌØÎÅÎ� ÑÄÒÁ �ÅÒÅÎÏÓÕ,ÝÏÏ�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ × ÓÉÓÔÅÍ�. ñÄÒÁ �ÅÒÅÎÏÓÕ �ÏÂÕÄÏ×ÁÎ�ÎÁ ÕÚÁÇÁÌØÎÅÎÉÈ �ÏÔÏËÁÈ (2.40){(2.42) � ÍÁÀÔØ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:'BB0(t; t0) = Sp�IB(t)T (t; t0) 1Z0 d���q (t0)IB0 (t0)�1��q (t0)�; (2.47)ÄÅ IB(t) = fIN (l; l0; t); Ia(r; t); I��a (R; t)g. úÏËÒÅÍÁ, ÑÄÒÏ �ÅÒÅÎÏÓÕ'(ll0; jj0; t; t0) = Sp�IN (l; l0; t)T (t; t0) 1Z0 d���q (t0)IN (j; j0; t0)�1��q (t0)�(2.48)Ï�ÉÓÕ¤ ÄÉÎÁÍ�ÞÎ� ÄÉÓÉ�ÁÔÉ×Î� Í�ÖÅÌÅËÔÒÏÎÎ� ËÏÒÅÌÑ��§ �ÏÔÏË�×, ÑÄ-ÒÏ �ÅÒÅÎÏÓÕ'aa(r; r0; t; t0) = Sp�Ia(r; t)T (t; t0) 1Z0 d���q (t0)Ia(r0; t0)�1��q (t0)� (2.49)



17 ðÒÅ�ÒÉÎÔÏ�ÉÓÕ¤ ÄÉÎÁÍ�ÞÎ� ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ��§ ÄÉÆÕÚ�ÊÎÉÈ �ÏÔÏË�× ÁÔÏÍ�×ÇÁÚÕ, �, ÑË ÂÕÄÅ �ÏËÁÚÁÎÏ ��ÚÎ�ÛÅ, �Å ÑÄÒÏ Ú×'ÑÚÁÎÅ Ú ÎÅÏÄÎÏÒ�ÄÎÉÍËÏÅÆ���¤ÎÔÏÍ ÄÉÆÕÚ�§ Daa(r; r0; t) ÁÔÏÍ�× ÇÁÚÕ; �ÏÄ�ÂÎÏ ÑÄÒÏ �ÅÒÅÎÏÓÕ'��0�a�a (R;R0; t; t0) = Sp�I��a (R; t)T (t; t0) 1Z0 d���q (t0)I�0�a (R0; t0)�1��q (t0)�(2.50)Ï�ÉÓÕ¤ ÄÉÎÁÍ�ÞÎ� ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ��§ ÄÉÆÕÚ�ÊÎÉÈ �ÏÔÏË�× ÁÔÏÍ�×ÇÁÚÕ × ÓÔÁÎÁÈ � � �0 ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ � ×ÉÚÎÁÞÁ¤ ÎÅÏÄÎÏÒ�ÄÎÉÊ ËÏ-ÅÆ���¤ÎÔ ÄÉÆÕÚ�§ D��0�a�a (R;R0; t) ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÎÁ �Ï×ÅÒÈÎ� ÍÅ-ÔÁÌÕ. ¶ÎÛ� ÑÄÒÁ �ÅÒÅÎÏÓÕ Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ��§ Í�Ö ÕÚÁ-ÇÁÌØÎÅÎÉÍÉ �ÏÔÏËÁÍÉ ÅÌÅËÔÒÏÎ�× IN (l; l0; t), ÁÔÏÍ�× ÇÁÚÕ Ia(r; t) ÔÁÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× I�a (R; t). úÏËÒÅÍÁ, ÑÄÒÁ �ÅÒÅÎÏÓÕ '��aa(R; r0; t; t0),'�0a�a(r;R; t; t0) Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ��§ Í�Ö �ÏÔÏËÁÍÉ ÁÔÏÍ�×ÇÁÚÕ ÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× � ×ÉÚÎÁÞÁÀÔØ ÎÅÏÄÎÏÒ�ÄÎ� ËÏÅÆ���¤ÎÔÉ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ D�0a�a(r;R0; t) \ÁÔÏÍ ÇÁÚÕ - ÁÄÓÏÒÂÏ×ÁÎÉÊ ÁÔÏÍ", ×É-×ÞÅÎÎÑ ÑËÉÈ Õ �ÒÏ�ÅÓÁÈ ÁÄÓÏÒÂ��§ ÍÁ¤ ×ÁÖÌÉ×Å ÚÎÁÞÅÎÎÑ.ïÔÖÅ, ÍÉ ÏÔÒÉÍÁÌÉ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ (2.44){(2.46)ÄÌÑ ÎÅÒ�×ÎÏ×ÁÖÎÏ§ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ, ÎÅÒ�×ÎÏ×ÁÖ-ÎÉÈ ÓÅÒÅÄÎ�È ÇÕÓÔÉÎ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ � ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÄÌÑÕÚÇÏÄÖÅÎÏÇÏ ×É×ÞÅÎÎÑ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ ÔÁ ÁÔÏÍÎÉÈ ÄÉÆÕ-Ú�ÊÎÉÈ �ÒÏ�ÅÓ�× Õ ÓÉÓÔÅÍ� \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ { ÇÁÚ { ×�ÓÔÒÑ". ñËÂÁÞÉÍÏ, ÚÁ ÓÔÒÕËÔÕÒÏÀ ×ÏÎÉ ÎÅÏÄÎÏÒ�ÄÎ� ÔÁ ÎÅÌ�Î�ÊÎ� � ÍÏÖÕÔØ Ï�É-ÓÕ×ÁÔÉ ÑË ÓÉÌØÎÏ ÎÅÒ�×ÎÏ×ÁÖÎ�, ÔÁË � ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎ� �ÒÏ�ÅÓÉ.õ ÎÁÓÔÕ�ÎÏÍÕ ÒÏÚÄ�Ì� ÍÉ ÒÏÚÇÌÑÎÅÍÏ ×É�ÁÄÏË ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ�ÒÏ�ÅÓ�× Õ ÓÉÓÔÅÍ� \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ { ÇÁÚ { ×�ÓÔÒÑ".3. ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÄÌÑ ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÈÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ ÔÁ ÁÔÏÍÎÉÈ ÄÉÆÕÚ�ÊÎÉÈ�ÒÏ�ÅÓ�×õ ��Ê ÞÁÓÔÉÎ� ÒÏÂÏÔÉ ÎÁ ÏÓÎÏ×� ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÇÏ ��ÄÈÏÄÕ ÒÏÚÇÌÑÎÅÍÏÎÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÎ ÓÉÓÔÅÍÉ \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ { ÇÁÚ { ×�ÓÔÒÑ"Â�ÌÑ Ò�×ÎÏ×ÁÇÉ. äÌÑ �ØÏÇÏ ÂÕÄÅÍÏ �ÒÉ�ÕÓËÁÔÉ, ÝÏ ÏÄÎÏÅÌÅËÔÒÏÎÎÁÍÁÔÒÉ�Ñ ÇÕÓÔÉÎÉ h ^Nll0 it, ÓÅÒÅÄÎ� ÎÅÒ�×ÎÏ×ÁÖÎ� ÇÕÓÔÉÎÉ ÁÄÓÏÒÂÏ×Á-ÎÉÈ � ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ h^n��a(R)it, h^na(r)it � ×�Ä�Ï×�ÄÎ� §ÍÔÅÒÍÏÄÉÎÁÍ�ÞÎ� �ÁÒÁÍÅÔÒÉ b(l; l0; t), ���a(R; t), �a(r; t) ÍÁÌÏ ×�ÄÒ�ÚÎÑ-ÀÔØÓÑ ×�Ä Ó×Ï§È Ò�×ÎÏ×ÁÖÎÉÈ ÚÎÁÞÅÎØ. �ÏÄ� Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓ-ÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ (2.29) ÍÏÖÎÁ ÒÏÚËÌÁÓÔÉ �Ï ×�ÄÈÉÌÅÎÎÑÈ �ÁÒÁÍÅÔ-Ò�× b(l; l0; t), ���a(R; t), �a(r; t) ×�Ä §È Ò�×ÎÏ×ÁÖÎÉÈ ÌÏËÁÌØÎÉÈ ÚÎÁÞÅÎØ
ICMP{99{12U 18b0(l; l0), ���a(R), �a(r) � ÏÂÍÅÖÉÔÉÓØ Ì�Î�ÊÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ:�q(t) = 241�Xl;l0 �Æb(l; l0; t) 1Z0 d���0 ^Nll0���0 � Z dr�Æ�a(r; t)^na(r)�� X� Z dR�Æ���a(R; t) 1Z0 d���0 ^n��a(R)���0 35�0; (3.1)�0 = 1Z exp(�� H �Xll0 b0(l; l0) ^Nll0 � Z dr�a(r)^na(r)�� X� Z dR���a(R)^n��a(R)!) (3.2){ Ò�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ, ÁZ = Sp exp(�� H �Xll0 b0(l; l0) ^Nll0 � Z dr�a(r)^na(r)�� X� Z dR���a(R)^n��a(R)!) (3.3){ ×ÅÌÉËÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÓÉÓÔÅÍÉ \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ { ÇÁÚ {×�ÓÔÒÑ". Æb(l; l0; t) = b(l; l0; t) � b0(l; l0), Æ�a(r; t) = �a(r; t) � �a(r),Æ���a(R; t) = ���a(R; t)����a(R), �a(r), ��a(R) { ÌÏËÁÌØÎÅ Ò�×ÎÏ×ÁÖÎÅ ÚÎÁ-ÞÅÎÎÑ È�Í�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�×ÇÁÚÕ. úÁ ÄÏ�ÏÍÏÇÏÀ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎØ (2.31), (2.32) Õ (3.1) ×ÉËÌÀ-ÞÉÍÏ �ÏÓÌ�ÄÏ×ÎÏ �ÁÒÁÍÅÔÒÉ �Æb(l; l0; t), �Æ�a(r; t),�Æ���a(R; t), ÔÏ ÄÌÑ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÏÔÒÉ-ÍÁ¤ÍÏ:�q(t) = 0B�1 +Xl;l0j;j0 hÆ ^Nll0 it��1(l; l0; jj0) 1Z0 d���0 ^Njj0���0 ++ Z dr Z dr0hÆ�na(r)it��1aa (r; r0) 1Z0 d���0 �na(r)���0 + (3.4)+X��0 Z dR Z dR0hÆ�n��a(R)it ���1�a�a (R;R0)���0 1Z0 d���0 �n�0�a (R0)���0 1A�0;



19 ðÒÅ�ÒÉÎÔÄÅ Æ ^Nll0 = ^Nll0 � h ^Nll0i0;Æ�na(r) = �na(r)� h�na(r)i0; (3.5)Æ�n��a(R) = �n��a(R)� h�n��a(R)i0;× ÑËÉÈ ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ ÚÎÁÈÏÄÑÔØÓÑ �Ú Ò�×ÎÏ×ÁÖÎÉÍ ÓÔÁÔÉÓÔÉÞÎÉÍÏ�ÅÒÁÔÏÒÏÍ (3.2): h: : :i0 = Sp(: : : �0). ÷ ÒÅÚÕÌØÔÁÔ� ×ÉËÌÀÞÅÎÎÑ Õ (3.1)�ÁÒÁÍÅÔÒ�× �Æb(l; l0; t), �Æ�a(r; t), �Æ���a(R; t) ×ÉÎÉËÁÀÔØ ×�Ä�Ï×�ÄÎ� ÏÒ-ÔÏÇÏÎÁÌØÎ� ÚÍ�ÎÎ� �na(r), �n��a(R):�na(r) = ^na(r)�Xl;l0j;j0 h^na(r) ^Nll0 i0��1(l; l0; j; j0) ^Njj0 ; (3.6)�n��a(R) = ^n��a(R)�Xl;l0j;j0 h^n��a(R) ^Nll0i0��1(l; l0; j; j0) ^Njj0 �� Z dr Z dr0h^n�a(R)�na(r)i0��1aa (r; r0)�na(r0); (3.7)�ÒÉÞÏÍÕ ×ÉËÏÎÕÀÔØÓÑ ÕÍÏ×É ÏÒÔÏÇÏÎÁÌØÎÏÓÔ�h�na(r) ^Njj0 i0 = 0;h�n��a(R) ^Njj0 i0 = 0; (3.8)h�na(r)�n��a(R)i0 = 0:õ (3.4) ÔÁ (3.6), (3.7) ÆÕÎË��§ ��1(l; l0; j; j0), ��1aa (r; r0) ����1�a�a (R;R0)���0 ÏÂÅÒÎÅÎ� ÄÏ ×�Ä�Ï×�ÄÎÉÈ Ò�×ÎÏ×ÁÖÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈÆÕÎË��Ê: �(ll0; jj0) = h ^Nll0 ^Njj0 (�)i0 (3.9)= Sp0� ^Nll0 1Z0 d���0 ^Njj0�1��0 1A ;ÄÌÑ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ;�aa(r; r0) = h�na(r)�na(r0)i0 (3.10)= Sp0��na(r) 1Z0 d���0 �na(r0)�1��0 1A ;���0�a�a (R;R0) = h�n��a(R)�n�0�a (R0)i0 (3.11)
ICMP{99{12U 20= Sp0��n��a(R) 1Z0 d���0 �n��a(R0)�1��0 1A� ×ÉÚÎÁÞÁÀÔØÓÑ Ú ×�Ä�Ï×�ÄÎÉÈ �ÎÔÅÇÒÁÌØÎÉÈ Ó��××�ÄÎÏÛÅÎØ:Xl00;j00 ��1(ll00; jj00)�(l00l0; j00j0) = Æll0Æjj0 ; (3.12)Z dr00��1aa (r; r00)�aa(r00; r0) = Æ(r� r0); (3.13)X�00 Z dR00 ���1�a�a (R;R00)���00 � (3.14)��00�0�a�a (R00;R0) = Æ��0Æ(R�R0):îÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ (2.37) Õ ÎÁÂÌÉÖÅÎÎ� (3.1) ÄÌÑ�q(t) ÂÕÄÅ ÍÁÔÉ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:�(t) = 0B�1 +Xl;l0j;j0 hÆ ^Nll0it��1(l; l0; j; j0) 1Z0 d���0 ^Njj0���0+ Z dr Z dr0hÆ�na(r)it��1aa (r; r0) 1Z0 d���0 �na(r)���0+X�;�0 Z dR Z dR0hÆ�n��a(r)it ���1�a�a (R;R0)���0 1Z0 d���0 �n�0�a (R0)���0�Xl;l0j;j0 tZ�1 e�(t0�t)T0(t; t0)�1Z0 d���0 �IN (ll0)���0 ��1(l; l0; j; j0)hÆ ^Njj0 it0dt0 (3.15)� Z dr Z dr0 tZ�1 e�(t0�t)T0(t; t0)�1Z0 d���0 �Ia(r)���0 ��1aa (r; r0)hÆ�na(r0)it0dt0



21 ðÒÅ�ÒÉÎÔ�X�;�0 Z dR Z dR0 tZ�1 e�(t0�t)T0(t; t0)�1Z0 d���0 �I��a (R)���0 ���1�a�a (R;R0)���0 hÆ�n�0�a (R0)it0dt01A �0;ÄÅ T0(t; t0) - Ï�ÅÒÁÔÏÒ Å×ÏÌÀ��§ (2.38) Õ ÞÁÓ� × Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�;�IN (l; l0) = (1�P0) _^N ll0 ;�Ia(r) = (1�P0) _�na(r); (3.16)�I��a (R) = (1�P0) _�n��a(R);{ ÕÚÁÇÁÌØÎÅÎ� �ÏÔÏËÉ × Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�, × ÑËÉÈ �ÒÏÅË��ÊÎÉÊÏ�ÅÒÁÔÏÒ íÏÒ� P0 ÍÁ¤ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:P0(: : :) = h: : :i0 +Xl;l0j;j0 h: : : ^Nll0i0��1(l; l0; j; j0) ^Njj0+ Z dr Z dr0h: : : �na(r)i0��1aa (r; r0)�na(r0) (3.17)+X��0 Z dR Z dR0h: : : �n��a(R)i0 ���1�a�a (R;R0)���0 �n�0�a (R0)Ú Ï�ÅÒÁÔÏÒÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ:P0P0 = P0;P0(1�P0) = 0;P0 ^Nll0 = ^Nll0 ;P0�na(r) = �na(r);P0�n��a(R) = �n��a(R):îÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ Õ �ÒÉÊÎÑÔÏÍÕ ÎÁÂÌÉÖÅÎÎ�¤ ÆÕÎË��ÏÎÁÌÏÍ ÕÚÁÇÁÌØÎÅÎÉÈ �ÏÔÏË�× �IN (l; l0) ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓ-ÔÅÍÉ, ÄÉÆÕÚ�ÊÎÉÈ �ÏÔÏË�× �Ia(r), �I��a (R) { ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÁÄÓÏÒ-ÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ, Á ÔÁËÏÖ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ hÆ ^Nll0 it, hÆ�na(r)it,hÆ�n��a(R)it, ÄÌÑ ÑËÉÈ �Ú (2.44){(2.46) Õ ÎÁÂÌÉÖÅÎÎ� (3.15) ÏÔÒÉÍÕÀ-ÔØÓÑ Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ × Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�:��t hÆ ^Nll0it =Xj;j0 i
NN (l; l0; j; j0)hÆ ^Njj0 it

ICMP{99{12U 22+ Z dr0i
Na(l; l0; r0)hÆ�na(r)it+X�0 Z dR0i
�0N�a(l; l0;R0)hÆ�n�0�a (R0)it�Xj;j0 tZ�1 e�(t0�t) �'NN (ll0; jj0; t; t0)hÆ ^Njj0 it0dt0 (3.18)� Z dr0 tZ�1 e�(t0�t) �'Na(r0; ll0; t; t0)hÆ�na(r0)it0dt0�X�0 Z dR0 tZ�1 e�(t0�t) �'�0N�a(R0; ll0; t; t0)hÆ�n�0�a (R0)it0dt0;��t hÆ�na(r)it = Xj;j0 i
aN(r; j; j0)hÆ ^Njj0 it + Z dr0i
aa(r; r0)hÆ�na(r0)it+ X�0 Z dR0i
�0a�a(r;R0)hÆ�n�0�a (R0)it� Xj;j0 tZ�1 e�(t0�t) �'aN (r; jj0; t; t0)hÆ ^Njj0 it0dt0 (3.19)� Z dr0 tZ�1 e�(t0�t) �'aa(r; r0; t; t0)hÆ�na(r0)it0dt0� X�0 Z dR0 tZ�1 e�(t0�t) �'�0a�a(r;R0; t; t0)hÆ�n�0�a (R0)it0dt0;��t hÆ�n��a(R)it = Xj;j0 i
��aN (R; j; j0)hÆ ^Njj0 it + Z dr0i
��aa(R; r0)hÆ�na(r0)it+ X�0 Z dR0i
��0�a�a (R;R0)hÆ�n�0�a (R0)it� Xj;j0 tZ�1 e�(t0�t) �'��aN (R; jj0; t; t0)hÆ ^Njj0 it0dt0 (3.20)



23 ðÒÅ�ÒÉÎÔ� Z dr0 tZ�1 e�(t0�t) �'��aa(R; r0; t; t0)hÆ�na(r0)it0dt0� X�0 Z dR0 tZ�1 e�(t0�t) �'��0�a�a (R;R0; t; t0)hÆ�n�0�a (R0)it0dt0;ÄÅ i
AB { ÎÏÒÍÏ×ÁÎ� ÓÔÁÔÉÞÎ� ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§, ÑË� ÓËÌÁÄÁÀÔØÞÁÓÔÏÔÎÕ ÍÁÔÒÉ�Ài~
 = 24 i
NN(l; l0; j; j0) i
Na(l; l0; r0) i
�0N�a(l; l0;R0)i
aN (r; j; j0) i
aa(r; r0) i
�0aa(r;R0)i
��aN (R; j; j0) i
��aa(R; r0) i
��0�a�a (R;R0) 35 (3.21)� ÍÁÀÔØ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:i
AB = h _^A ^Bi0��1BB ;^B; ^A = n ^Nll0 ; �na(r); �n�a(R)o ; (3.22)_^A = iLN ^A:'AB(t; t0) { ÎÏÒÍÏ×ÁÎ� ÑÄÒÁ �ÅÒÅÎÏÓÕ, ÑË� ÓËÌÁÄÁÀÔØ ÍÁÔÒÉ�À ÆÕÎ-Ë��Ê �ÁÍ'ÑÔ�:~'(t; t0) = (3.23)24 �'NN (l; l0; j; j0) �'Na(l; l0; r0) �'�0N�a(l; l0;R0)�'NN (r; j; j0) �'aa(r; r0) �'�0a�a(r;R0)�'��aN (R; j; j0) �'��aa(R; r0) �'��0�a�a (R;R0) 35(t;t0)� ÍÁÀÔØ ×�Ä�Ï×�ÄÎÕ ÓÔÒÕËÔÕÒÕ�'AB(t; t0) = h�IAT0(t; t0)�IBi0��1AB ;�IA; �IB = ��IN (l; l0); �Ia(r); �I��a (R)	 : (3.24)ïÔÒÉÍÁÎÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ ¤ Ì�Î�ÊÎÏÀ ÔÁ ÚÁÍËÎÕÔÏÀ � ÕÚ-ÇÏÄÖÅÎÏ Ï�ÉÓÕ¤ Ë�ÎÅÔÉÞÎ� ÅÌÅËÔÒÏÎÎ� �ÒÏ�ÅÓÉ ÔÁ ÄÉÆÕÚ�ÊÎ� ÁÔÏÍ-Î� �ÒÏ�ÅÓÉ. æÕÎË��§ i
AB (3.22) ¤ ÓÔÁÔÉÞÎ� ËÏÒÅÌÑ��ÊÎ�, ÑË� ÍÏ-ÖÕÔØ ÂÕÔÉ ×ÉÒÁÖÅÎ� ÔÏÞÎÏ ÞÅÒÅÚ ×�Ä�Ï×�ÄÎ� Í�ÖÞÁÓÔÉÎËÏ×� �ÏÔÅÎ-��ÁÌÉ ×ÚÁ¤ÍÏÄ�§ ÔÁ ÓÔÒÕËÔÕÒÎ� Ò�×ÎÏ×ÁÖÎ� ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅË-ÔÒÏÎ�×, ÁÔÏÍ�× ÄÌÑ ÓÉÓÔÅÍÉ \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ { ÇÁÚ { ×�ÓÔ-ÒÑ". �'AB(t; t0) { ÞÁÓÏ×� ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ �ÏÂÕÄÏ×ÁÎ� ÎÁ ÕÚÁÇÁÌØ-
ICMP{99{12U 24ÎÅÎÉÈ �ÏÔÏËÁÈ � Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ × ÓÉÓÔÅÍ�. úÏËÒÅ-ÍÁ, �'NN (l; l0; j; j0; t; t0) Ï�ÉÓÕÀÔØ Í�ÖÅÌÅËÔÒÏÎÎ� ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�Å-ÓÉ, �'aa(r; r0; t; t0), �'��0�a�a (R;R0; t; t0) { ÎÅÏÄÎÏÒ�ÄÎ� �ÒÏ�ÅÓÉ ÄÉÆÕÚ�§ ÎÅ-ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ. ÷Ó� �ÎÛ� ÆÕÎË��§ �ÁÍ'ÑÔ�Ï�ÉÓÕÀÔØ �ÅÒÅÈÒÅÓÎ� ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ��§ �ÏÔÏË�× ÅÌÅËÔÒÏÎ�×, ÁÔÏ-Í�× ÇÁÚÕ × �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎ�Ê ÓÉÓÔÅÍ� \��ÄÌÏÖËÁ { ÁÄÓÏÒÂÁÔ {ÇÁÚ { ×�ÓÔÒÑ". óÉÓÔÅÍÁ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ (3.18){(3.20) ÄÏ�ÕÓËÁ¤ ÒÏÚ-ÇÌÑÄ ÇÒÁÎÉÞÎÉÈ ×É�ÁÄË�×. úÏËÒÅÍÁ, ÑËÝÏ ÆÏÒÍÁÌØÎÏ ÎÅ ×ÒÁÈÏ×Õ×Á-ÔÉ �ÒÏ�ÅÓÉ ÄÉÆÕÚ�§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ, ÔÏË�ÎÅÔÉËÁ ÅÌÅËÔÒÏÎ�× Õ ÓÉÓÔÅÍ� \��ÄÌÏÖËÁ { ×�ÓÔÒÑ" Ï�ÉÓÕ¤ÔØÓÑ Ò�×-ÎÑÎÎÑÍ ÄÌÑ ÎÅÒ�×ÎÏ×ÁÖÎÏ§ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ��thÆ ^Nll0 it �Xj;j0 i
NN(l; l0; j; j0)hÆ ^Nj;j0it + (3.25)Xj;j0 tZ�1 e�(t0�t) �'NN (l; l0; j; j0; t; t0)hÆ ^Nj;j0 it0dt0 = 0:óÉÓÔÅÍÁ Ò�×ÎÑÎØ (3.25) ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ×ÉÚÎÁÞÉÔÉ ÅÌÅÍÅÎÔÉ ÏÄÎÏ-ÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ h^a+f�� ^pl��0it, ÞÅÒÅÚ ÑË� ×ÉÒÁÖÁ¤ÔØÓÑÓÔÒÕÍ ÔÕÎÅÌÀ×ÁÎÎÑ ÅÌÅËÔÒÏÎ�× Í�Ö �Ï×ÅÒÈÎÅÀ ÍÅÔÁÌÕ ÔÁ ×�ÓÔÒÑÍ.÷ÉËÏÒÉÓÔÁ×ÛÉ �ÅÒÅÔ×ÏÒÅÎÎÑ ìÁ�Ì�ÓÁ ÚÁ ÞÁÓÏÍ �ÒÉ t > 0 � ÚÁÄÁÎÉÈ�ÏÞÁÔËÏ×ÉÈ ÕÍÏ×ÁÈ hÆ ^Nll0it=0h ^Aiz = i 1Z0 eizt ^A(t)dt; z = ! + i";Ò�×ÎÑÎÎÑ (3.25) �ÒÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄ�:zhÆ ^Nll0iz �Xj;j0 
NN (l; l0; j; j0; z)hÆ ^Nj;j0iz = hÆ ^Nll0it=0; (3.26)ÄÅ 
NN (l; l0; j; j0; z) = i
NN (l; l0; j; j0)� �'NN (l; l0; j; j0; z) (3.27){ ÍÁÓÏ×ÉÊ Ï�ÅÒÁÔÏÒ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ.¶ÎÛÉÊ ÇÒÁÎÉÞÎÉÊ ×É�ÁÄÏË ÏÔÒÉÍÁ¤ÍÏ, ÑËÝÏ ÆÏÒÍÁÌØÎÏ ÎÅ ×ÒÁÈÏ-×Õ×ÁÔÉ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ �ÒÏ�ÅÓ�×, Á ×ÚÁ¤ÍÏÄ�À ÁÄÓÏÒÂÏ×ÁÎÉÈÁÔÏÍ�× ÇÁÚÕ Ú ��ÄÌÏÖËÏÀ Ï�ÉÓÕ×ÁÔÉ ÑË ËÌÁÓÉÞÎÕ, ÔÏÄ� �Ú (3.18){(3.20)



25 ðÒÅ�ÒÉÎÔÍÁ¤ÍÏ ÓÉÓÔÅÍÕ ÎÅÏÄÎÏÒ�ÄÎÉÈ Ò�×ÎÑÎØ ÄÉÆÕÚ�§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ:��t hÆ^na(r)it = � Z dr0 tZ�1 e�(t0�t) ��rDaa(r; r0; t; t0) ��r0 hÆ^na(r)it0dt0�X�0 Z dR0 tZ�1 e�(t0�t) ��rD�0a�a(r;R0; t; t0) ��R0 hÆ�n�0�a (R0)it0dt; (3.28)��t hÆ�n��a(R)it = �X�0 Z dR0 ��RD��0aa (R;R0; t; t0) ��R0 hÆ�n�0�a (R0)it0dt0� Z dr0 ��RD��aa(R; r0; t; t0) ��r0 hÆ^na(r)it0dt0; (3.29)ÄÅ �n��a(R) = ^n��a(R)� Z drdr0h^n��a(R)^na(r)i0��1aa (r; r0)^na(r0);Á Daa(r; r0; t; t0), D�0a�a(r;R0; t; t0), D��aa(R; r0; t; t0) ÔÁ D��0�a�a (R;R0; t; t0) {ÕÚÁÇÁÌØÎÅÎ� ÎÅÏÄÎÏÒ�ÄÎ� ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. úÏËÒÅÍÁ, ËÏÅÆ���¤ÎÔDaa(r; r0; t; t0) ÍÁ¤ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:Daa(r; r0; t; t0) = (3.30)Z dr00h(1�P0)^Ia(r)T0(t; t0)(1�P0)^Ia(r00)i0��1aa (r00; r0);^Ia(r) = 1ma ^pa(r) { ÇÕÓÔÉÎÁ �ÏÔÏËÕ ÁÔÏÍ�× ÇÁÚÕ. æÕÎË��Ñ ��1aa (r00; r0)×ÉÚÎÁÞÁ¤ÔØÓÑ Ú �ÎÔÅÇÒÁÌØÎÏÇÏ Ò�×ÎÑÎÎÑ:Z dr00�aa(r; r00)��1aa (r00; r0) = Æ(r� r0); (3.31)ÄÅ �aa(r; r0) = h^na(r)^na(r0)i0 { Ò�×ÎÏ×ÁÖÎÁ �ÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕÁÔÏÍ�× ÇÁÚÕ, ÔÏÄ� �Ú (3.31) ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ, ÝÏ��1aa (r00; r0) = Æ(r� r0)h^na(r0)i0 � aa2 (r; r0) (3.32)h^na(r0)i0 { ÕÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ, Á aa2 (r; r0) { �ÒÑÍÁ ËÏÒÅÌÑ��Ê-ÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÁÔÏÍ�× ÇÁÚÕ. ëÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§
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