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õäë: 533; 536.75; 537.75PACS: 05.60.+w; 05.70.Ln; 81.35; 83.70.FóÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ�Ñ ÎÅÌ�Î�ÊÎÉÈ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÈ ÆÌÕËÔÕÁ��Ê× ÎÁÄÇÕÓÔ�Ê ÔÅÒÍÏÑÄÅÒÎ�Ê �ÌÁÚÍ�í.÷.�ÏËÁÒÞÕË, ï.´.ëÏÂÒÉÎáÎÏÔÁ��Ñ. óÆÏÒÍÕÌØÏ×ÁÎÁ ÓÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ�Ñ ÎÅÌ�Î�ÊÎÉÈ ÆÌÕËÔÕ-Á��Ê Õ ÎÁÄÇÕÓÔ�Ê ÔÅÒÍÏÑÄÅÒÎ�Ê �ÌÁÚÍ� ÚÁ ÄÏ�ÏÍÏÇÏÀ ÍÅÔÏÄÁ ÎÅÒ�×-ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ. òÏÚÇÌÑÎÕÔÏ ÓÔÁÔÉÓÔÉÞÎÕ ÍÏ-ÄÅÌØ ÓÉÎÔÅÚÕ × ÄÅÊÔÅÒ�Ê-ÄÅÊÔÅÒ�¤×�Ê, ÄÅÊÔÅÒ�Ê-ÔÒÉÔ�¤×�Ê ÔÅÒÍÏÑÄÅÒ-Î�Ê �ÌÁÚÍ�.Statistial theory of non-linear hydrodynami utuations insuper dense thermo-nulear plasmaM.V.Tokarhuk, A.E.KobrynAbstrat. Theory of non-linear hydrodynami utuations in superdense thermo-nulear plasma is formulated by making use the non-equilibrium statistial operator method. The statistial model of a syn-thesis in deuterioum-deuterium and deuterium-tritium thermo-nulearplasma is studied on the basis of the suggested approah.
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�æ�ÚÉÞÎ� �ÒÏ�ÅÓÉ, ÑË� �ÒÏÈÏÄÑÔØ × ÔÅÒÍÏÑÄÅÒÎÉÈ Í�ÛÅÎÑÈ ��Ä Ä�¤À ÌÁ-ÚÅÒÎÉÈ �ÏÔÕÖÎÉÈ ËÏÒÏÔËÏÈ×ÉÌØÏ×ÉÈ �Í�ÕÌØÓ�× ¤ ÎÁÄÚ×ÉÞÁÊÎÏ ÄÉÎÁ-Í�ÞÎ� ÔÁ ×ÚÁ¤ÍÏ�Ï×'ÑÚÁÎ� [1-6℄. ðÒÑÍ� Ó�ÏÓÔÅÒÅÖÅÎÎÑ ÌÁÚÅÒÎÏÇÏ ÔÅÒ-ÍÏÑÄÅÒÎÏÇÏ ÓÉÎÔÅÚÕ ¤ ÔÅÈÎ�ÞÎÏ ÓËÌÁÄÎÏÀ ÚÁÄÁÞÅÀ, ÑËÕ ÎÅ ÚÁ×ÖÄÉÍÏÖÎÁ �ÒÁËÔÉÞÎÏ ÒÅÁÌ�ÚÕ×ÁÔÉ. õ Ú×'ÑÚËÕ Ú �ÉÍ ×ÁÖÌÉ×Õ ÒÏÌØ × ÄÏ-ÓÌ�ÄÖÅÎÎÑÈ ÌÁÚÅÒÎÏÇÏ ÔÅÒÍÏÑÄÅÒÎÏÇÏ ÓÉÎÔÅÚÕ ×�Ä�ÇÒÁ¤ ÍÁÔÅÍÁÔÉÞÎÅÍÏÄÅÌÀ×ÁÎÎÑ Æ�ÚÉÞÎÉÈ Ñ×ÉÝ [7℄. äÌÑ Ï�ÉÓÕ �ÏÛÉÒÅÎÎÑ � �ÏÇÌÉÎÁÎÎÑÌÁÚÅÒÎÏÇÏ �ÒÏÍ�ÎÎÑ Í�ÛÅÎÎÀ, �ÅÒÅÎÏÓÕ ÅÎÅÒÇ�§ × �ÏÎ�ÚÏ×ÁÎ�Ê �ÌÁÚÍ�ÅÌÅËÔÒÏÎÁÍÉ, �ÏÎÁÍÉ, ÆÏÔÏÎÁÍÉ Ú ÕÔ×ÏÒÅÎÎÑÍ - ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ(ne = 1021�1022 ÓÍ�3) � ÑÄÒÁ - ÎÁÄÇÕÓÔÏ§ �ÏÎÎÏ§ Ò�ÄÉÎÉ (n = 1024�1026ÓÍ�3) ×ÎÁÓÌ�ÄÏË �ÒÏ�ÅÓ�× ÁÂÌÑ��§ � �Í�ÌÏÚ�§ ÎÅÏÂÈ�ÄÎÏ ÚÎÁÔÉ: ËÏÅÆ���-¤ÎÔÉ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ�, ÅÌÅËÔÒÏ�ÒÏ×�ÄÎÏÓÔ�, Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓ-Ô�, ÇÅÎÅÒÕ×ÁÎÎÑ � Å×ÏÌÀ��À Ó�ÏÎÔÁÎÎÉÈ ÍÁÇÎ�ÔÎÉÈ �ÏÌ�× [5,8,9℄. ëÒ�ÍÔÏÇÏ, ÁËÔÕÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ� ÔÉÓËÕ, ×ÎÕÔÒ�ÛÎØÏ§ ÅÎÅÒÇ�§ ��ÏÎÎÏÇÏ ÓËÌÁÄÕ ×�Ä ÇÕÓÔÉÎÉ � ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ ÓÔÉÓÎÅÎ� Í�ÛÅÎ�, Á ÔÁ-ËÏÖ È�Í�ÞÎÏÇÏ ÓËÌÁÄÕ �ÌÁÚÍÉ ×ÎÁÓÌ�ÄÏË ÑÄÅÒÎÏÇÏ ÓÉÎÔÅÚÕ, �ÒÏ�ÅÓÉ�ÅÒÅÎÏÓÕ ÅÎÅÒÇ�§ ÚÁÒÁÑÄÖÅÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ, ÎÅÊÔÒÏÎÁÍÉ ÔÁ ÆÏÔÏÎÁ-ÍÉ.äÌÑ ÔÅÏÒÅÔÉÞÎÏÇÏ Ï�ÉÓÕ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ÅÌÅË-ÔÒÏÎ�×, �ÏÎ�×, ÎÅÊÔÒÏÎ�× Õ ÎÁÄÇÕÓÔ�Ê �ÌÁÚÍ� ÔÅÒÍÏÑÄÅÒÎÏ§ Í�ÛÅÎ� ÎÅ-ÏÂÈ�ÄÎÏ ÚÁÓÔÏÓÏ×Õ×ÁÔÉ ÓÕÞÁÓÎ� ÍÅÔÏÄÉ ÎÅÒ�×ÎÏ×ÁÖÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ÔÅÏÒ�§ �ÌÁÚÍÉ [10,11℄. ïÓË�ÌØËÉ ÇÕÓÔÉÎÉ ÅÌÅËÔÒÏÎ�× ÔÁ �ÏÎ�× × �ÒÏ�Å-ÓÁÈ Ä�§ �ÏÔÕÖÎÏÇÏ ÓÆÅÒÉÞÎÏÇÏ ÌÁÚÅÒÎÏÇÏ �ÒÏÍ�ÎÎÑ, ÁÂÌÑ��§ � �Í�ÌÏÚ�§Í�ÛÅÎ� ÚÍ�ÎÀÀÔØÓÑ × ÄÅÓÑÔËÉ ÔÁ ÔÉÓÑÞ� ÒÁÚ, ÝÏ ×�Ä�Ï×�ÄÁ¤ Ò�ÄÉÎ-ÎÉÍ ÔÁ ÎÁÄÔ×ÅÒÄÉÍ ÇÕÓÔÉÎÁÍ (�ÒÉ ÔÅÒÍÏÑÄÅÒÎÏÍÕ ÓÉÎÔÅÚ� D-D, D-T,D-3He ÓÕÍ�ÛÅÊ Ú ÇÕÓÔÉÎÁÍÉ ne = 1021 � 1022 m�3, n = 1024 � 1026m�3, ÔÁ ÔÅÍ�ÅÒÁÔÕÒÏÀ T � 100 keV), ÔÏ ÏÞÅ×ÉÄÎÏ, ÝÏ ÇÁÚÏÄÉÎÁÍ�ÞÎ�ÍÅÔÏÄÉ Ï�ÉÓÕ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ, ÏÓÎÏ×ÎÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ ÓËÏÒÏÞÅÎÏ-ÇÏ Ï�ÉÓÕ, ÑËÉÈ ¤ ÎÅÒ�×ÎÏ×ÁÖÎ� ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�×, �ÏÎ�×,ÎÅÊÔÒÏÎ�× Ñ×ÌÑÀÔØÓÑ ÇÒÕÂÉÍ ÎÁÂÌÉÖÅÎÎÑÍ. â�ÌØÛÅ ÔÏÇÏ, ÄÌÑ ÎÁÄ-ÇÕÓÔÏ§ �ÌÁÚÍÉ ×ËÌÁÄ �ÏÔÅÎ��ÁÌØÎÏ§ ÅÎÅÒÇ�§ ×ÚÁ¤ÍÏÄ�§ ÚÎÁÞÎÏ Â�ÌØÛÉÊ×�Ä Ë�ÎÅÔÉÞÎÏ§ ÅÎÅÒÇ�§, ÝÏ ÏÓÏÂÌÉ×Ï ×�ÄÂÉ×Á¤ÔØÓÑ ÎÁ �ÒÏ�ÅÓÁÈ ÔÅ�-ÌÏ�ÒÏ×�ÄÎÏÓÔ� ÑË ÅÌÅËÔÒÏÎÎÏ§ (ËÏÒÏÎÉ), ÔÁË �ÏÎÎÏ§ (ÑÄÒÏ) �ÌÁÚÍÉ.îÁ ÚÎÁÞÅÎÎÑ ÅÌÅËÔÒÏÎÎÏ§ ÔÁ �ÏÎÎÏ§ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ� ÓÉÌØÎÏ ×�ÌÉ-×ÁÀÔØ �ÏÔÕÖÎ� Ó�ÏÎÔÁÎÎ� ÍÁÇÎ�ÔÎ� �ÏÌÑ. ¶ÓÎÕ¤ ��ÌÉÊ ÒÑÄ �ÒÏÂÌÅÍÏ�ÉÓÕ ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ ËÏÒÏÎÉ Ú ×ÍÏÒÏÖÅÎÉÍ ÍÁÇÎ�ÔÎÉÍ �ÏÌÅÍ�ÎÄÕËÔÉ×Î�ÓÔÀ ÔÉÓÑÞ� �ÅÓÌÁ. �ÁË� �ÏÔÕÖÎ� Ó�ÏÎÔÁÎÎ� ÍÁÇÎ�ÔÎ� �ÏÌÑ×�ÌÉ×ÁÀÔØ ÎÁ ÅÌÅËÔÒÏÎÎÕ ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ, Á ÛÌÑÈÏÍ �ÏÎÄÅÒÍÏÔÏÒ-ÎÉÈ ÓÉÌ ÍÏÖÕÔØ ÓÔÉÍÕÌÀ×ÁÔÉ ÒÏÚ×ÉÔÏË Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÈ ÆÌÕËÔÕÁ-
ICMP{01{35U 2��Ê, ÑË� �ÏÒÏÄÉÌÉ �� Ö �ÏÌÑ. ã� Ö �ÒÏ�ÅÓÉ × Ó×ÏÀ ÞÅÒÇÕ ×�ÌÉ×ÁÀÔØÎÁ �ÒÏ�ÅÓ �Í�ÌÏÚ�§ ÑÄÒÁ Í�ÛÅÎ�, Ó�ÒÉÞÉÎÑÀÞÉ ÎÅÏÄÎÏÒ�ÄÎÅ ÓÔÉÓÎÅÎÎÑÍ�ÛÅÎ� ÔÁ ÓÔÉÍÕÌÀÀÔØ ×ÉÎÉËÎÅÎÎÑ ÎÁÄÔÅ�ÌÏ×ÉÈ ÅÌÅËÔÒÏÎ�×. åËÓ�Å-ÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ [3-5℄ ×ËÁÚÕÀÔØ, ÝÏ Ó�ÏÎÔÁÎÎ� ÍÁÇÎ�ÔÎ� �Ï-ÌÑ × ÓÔÉÓÎÅÎÏÍÕ ÑÄÒ� Í�ÛÅÎ� Â�ÌØÛ �ÏÔÕÖÎ� Î�Ö Õ ËÏÒÏÎ� � ÏÞÅ×ÉÄÎÏ×ÏÎÉ ×�ÌÉ×ÁÀÔØ ÑË ÎÁ �ÒÏ�ÅÓÉ ÔÅÒÍÏÑÄÅÒÎÏÇÏ ÇÏÒ�ÎÎÑ, ÔÁË � ÎÁ ×ÉÌ�ÔÚÁÒÑÄÖÅÎÉÈ �ÒÏÄÕËÔ�× ÒÅÁË��Ê. ðÒÉ �ØÏÍÕ ÎÁÄÚ×ÉÞÁÊÎÏ ×ÁÖÌÉ×ÏÀ ���ËÁ×ÏÀ ¤ ÚÁÄÁÞÁ Ë�ÎÅÔÉËÉ ÎÅÊÔÒÏÎ�× ÔÁ � - ÞÁÓÔÉÎÏË, ÑË� ×ÉÎÉËÁÀÔØÕ ÑÄÒ� × �ÒÏ�ÅÓ� ÔÅÒÍÏÑÄÅÒÎÏÇÏ ÓÉÎÔÅÚÕ. ëÏÎ�ÅÎÔÒÁ��Ñ ÎÅÊÔÒÏÎ�× ÕÑÄÒ� ÄÏÓÑÇÁ¤ �ÏÒÑÄËÕ 1024 ÓÍ�3, Á � - ÞÁÓÔÉÎÏË - 1025 m�3, ÝÏ ×ËÁ-ÚÕ¤ ÎÁ ÎÅÏÂÈ�ÄÎ�ÓÔØ ×ÒÁÈÕ×ÁÎÎÑ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÎÅÊÔÒÏÎÁÍÉ.õ Ú×'ÑÚËÕ Ú �ÉÍ ×ÉÎÉËÁ¤ ��ÌÉÊ ÒÑÄ ×ÁÖÌÉ×ÉÈ ÚÁÄÁÞ, ËÏÌÉ Ë�-ÎÅÔÉÞÎ� ÔÁ Ç�ÄÒÏÄÉÎÁÍ�ÞÎ� ÎÅÌ�Î�ÊÎ� �ÒÏ�ÅÓÉ × ÚÁÍÁÇÎ�ÞÅÎ�Ê ÎÁÄÇÕÓ-Ô�Ê ÅÌÅËÔÒÏÎ - �ÏÎÎ�Ê �ÌÁÚÍ� ÎÅÏÂÈ�ÄÎÏ Ï�ÉÓÕ×ÁÔÉ ÕÚÇÏÄÖÅÎÏ. äÏÓÌ�-ÄÖÅÎÎÑ ÎÅÌ�Î�ÊÎÉÈ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÈ ÆÌÕËÔÕÁ��Ê§ ÚÁÍÁÇÎ�ÞÅÎÏ§ ×ÉÒÏ-ÄÖÅÎÏ§ ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ × ËÏÒÏÎ� ×ÉÍÁÇÁÀÔØ ×ÒÁÈÕ×ÁÎÎÑ ÑË Ë�ÎÅ-ÔÉËÉ ÎÁÄÔÅ�ÌÏ×ÉÈ ÅÌÅËÔÒÏÎ�×, ÔÁË � ÎÅÌ�Î�ÊÎÏ§ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÎÁÄÇÕÓ-ÔÏ§ ÚÁÍÁÇÎ�ÞÅÎÏ§ �ÏÎÎÏ§ Ò�ÄÉÎÉ. ÷ ÔÏÊ ÖÅ ÞÁÓ × �ÏÎÎ�Ê Ò�ÄÉÎ� �ÒÏÈÏ-ÄÑÔØ ÒÅÁË��§ ÓÉÎÔÅÚÕ Ú ÕÔ×ÏÒÅÎÎÑÍ ×ÉÓÏËÏÅÎÅÒÇÅÔÉÞÎÉÈ ÎÅÊÔÒÏÎ�× ÔÁ�-ÞÁÓÔÉÎÏË, Ë�ÎÅÔÉËÁ ÑËÉÈ ÔÅÖ ×�ÌÉ×Á¤ ÎÁ �ÒÏ�ÅÓÉ ÒÅÁË��Ê ÓÉÎÔÅÚÕÔÁ �ÅÒÅÎÏÓÕ ÅÎÅÒÇ�§ Õ ×Ó�Ê ÓÉÓÔÅÍ�.ú ÔÏÞËÉ ÚÏÒÕ ÔÅÏÒÅÔÉÞÎÉÈ ÍÅÔÏÄ�× Ï�ÉÓÕ ÔÁËÉÈ ÓÉÌØÎÏÓËÏÒÅÌØÏ-×ÁÎÉÈ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�× �ÓÎÕÀÔØ �ÒÏÂÌÅÍÉ �ÏÂÕÄÏ×É Ë�ÎÅÔÉËÉÔÁ Ç�ÄÒÏÉÎÁÍ�ËÉ ÎÁÄÇÕÓÔÉÈ ÚÁÍÁÇÎ�ÞÅÎÉÈ ÅÌÅËÔÒÏÎ - �ÏÎÎÉÈ ÔÁ ÑÄÅÒ-ÎÉÈ ÓÉÓÔÅÍ. �ÁË� ÓÉÓÔÅÍÉ ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÓÉÌØÎÏÀ ÑË ÄÁÌÅËÏÄ�-ÀÞÏÀ, ÔÁË � ËÏÒÏÔËÏÄ�ÀÞÏÀ (ÑÄÅÒÎÏÀ) ×ÚÁ¤ÍÏÄ�ÑÍÉ � ÄÌÑ ÎÉÈ ×�Ä-ÓÕÔÎ�Ê ÍÁÌÉÊ �ÁÒÁÍÅÔÒ. îÅÒ�×ÎÏ×ÁÖÎ� �ÒÏ�ÅÓÉ ÎÏÓÑÔØ ÓÉÌØÎÏÓËÏ-ÒÅÌØÏ×ÁÎÉÊ ËÏÌÅËÔÉ×ÎÉÊ ÈÁÒÁËÔÅÒ, Á ÔÏÍÕ, ÍÅÔÏÄÉ, ÑË� ÂÁÚÕÀÔØÓÑÎÁ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÍÕ Ï�ÉÓ� ÎÅ ÍÏÖÕÔØ ÂÕÔÉ ÚÁÓÔÏÓÏ×ÁÎ�. ðÒÏÂÌÅÍÉÏ�ÉÓÕ Ë�ÎÅÔÉË� ÔÁ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÇÕÓÔÏ§ �ÌÁÚÍÉ ÑÄÅÒÎÏ§ ÍÁÔÅÒ�§ ÒÏÚ-ÇÌÑÄÁÌÉÓØ × ÒÏÂÏÔÁÈ [3,12,13℄. ¶ÓÎÕ¤ �ÒÏÂÌÅÍÁ ×ÉÂÏÒÕ ÓÔÁÔÉÓÔÉÞÎÏ§ÍÏÄÅÌ� ÅÌÅËÔÒÏÎÎÏ-�ÏÎÎÏ§ ÎÁÄÇÕÓÔÏ§ �ÌÁÚÍÉ. þÁÓÔÏ ÚÁÓÔÏÓÏ×Õ¤ÔØÓÑÍÏÄÅÌØ �ÏÍÁÓÁ-æÅÒÍ�-ä�ÒÁËÁ, ËÏÌÉ �ÏÎÎÁ ��ÄÓÉÓÔÅÍÁ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ,ÑË ÇÕÓÔÉÊ ËÌÁÓÉÞÎÉÊ ÇÁÚ, Á ÅÌÅËÔÒÏÎÎÁ ��ÄÓÉÓÔÅÍÁ - ÑË ×ÉÒÏÄÖÅÎÉÊæÅÒÍ�-ÇÁÚ. ïÄÎÁË ÍÉ ÍÁ¤ÍÏ Ó�ÒÁ×Õ Ú ÎÁÄÇÕÓÔÏÀ ÇÏÒÑÞÏÀ �ÌÁÚÍÏÀ,ÑËÁ ÓËÌÁÄÁ¤ÔØÓÑ Ú ÅÌÅËÔÒÏÎÎÏ§ Ò�ÄÉÎÉ - ËÏÒÏÎÉ � �ÏÎÎÏ§ Ò�ÄÉÎÉ (�ÏÎÉD, T, 3He) × ÑÄÒ� Í�ÛÅÎ�. õ ÑÄÒ� Í�ÛÅÎ� ×�ÄÂÕ×ÁÀÔØÓÑ �ÒÏ�ÅÓÉ ÓÉÎÔÅÚÕÑÄÅÒ D-D, D-T, D-3He (n � 1025 � 1026 ÓÍ�3) Ú ÕÔ×ÏÒÅÎÎÑÍ ÎÅÊÔÒÏ-Î�× ÔÁ �-ÞÁÓÔÉÎÏË. óÉÎÔÅÚ ÑÄÅÒ �ÒÏÈÏÄÉÔØ ÚÁ ÒÁÈÕÎÏË Ä�§ ÑÄÅÒÎÉÈÓÉÌ Ú ÈÁÒÁËÔÅÒÎÉÍ ÒÁÄ�ÕÓÏÍ � 10�13 ÓÍ. õ Ú×'ÑÚËÕ Ú �ÉÍ ÓÔÁÔÉÓÔÉÞ-ÎÁ ÍÏÄÅÌØ ÅÌÅËÔÒÏÎ - �ÏÎÎÏ§ ÎÁÄÇÕÓÔÏ§ �ÌÁÚÍÉ �Ï×ÉÎÎÁ ×ÒÁÈÏ×Õ×ÁÔÉ



3 ðÒÅ�ÒÉÎÔÑÄÅÒÎÕ �ÒÉÒÏÄÕ ×ÚÁ¤ÍÏÄ�§ Í�Ö �ÏÎÁÍÉ. ïÞÅ×ÉÄÎÏ, ÝÏ Ï�ÉÓ ÔÁËÏ§ ×ÚÁ¤-ÍÏÄ�§ ÄÏ��ÌØÎÏ �ÒÏ×ÏÄÉÔÉ ÎÁ ÏÓÎÏ×� ÍÏÄÅÌ� ×ÚÁ¤ÍÏÄ�§ Ë×ÁÒË�× ÔÁ ÇÌÀ-ÏÎ�×. ÷ÁÖÌÉ×Ï ÚÁÚÎÁÞÉÔÉ, ÝÏ ÔÅÏÒ�Ñ Ë�ÎÅÔÉÞÎÉÈ ÔÁ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÈ�ÒÏ�ÅÓ�× Õ Ë×ÁÒË - ÇÌÀÏÎÎÉÈ ÓÉÓÔÅÍÁÈ ÁËÔÉ×ÎÏ ÒÏÚ×É×Á¤ÔØÓÑ [14-16℄.2. óÔÁÔÉÓÔÉÞÎÁ ÍÏÄÅÌØäÌÑ ÆÏÒÍÕÌÀ×ÁÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÍÏÄÅÌ� ÌÁÚÅÒÎÏÇÏ ÔÅÒÍÏÑÄÅÒÎÏÇÏÓÉÎÔÅÚÕ ÒÏÚÇÌÑÎÅÍÏ �ÒÏ�ÅÓÉ ÒÅÁË��Ê × ÄÅÊÔÅÒ�Ê - ÔÒÉÔ�¤×�Ê Í�ÛÅÎ�, ÕÑË�Ê ÏÓÎÏ×ÎÏÀ ÒÅÁË��¤À ¤D+T! �(3.5MeV)+n(14.1MeV); (2.1)Á ÅÎÅÒÇ�Ñ 17.6 íÅ÷ ×ÉÈÏÄÕ ÒÏÚ�ÏÄ�ÌÑ¤ÔØÓÑ Í�Ö � - ÞÁÓÔÉÎËÏÀ (42He {3.5 íÅ÷) � ÎÅÊÔÒÏÎÏÍ (n { 14.1 íÅ÷). íÁËÓÉÍÕÍ Û×ÉÄËÏÓÔ� ÒÅÁË��ÊD-T ÌÅÖÉÔØ × �ÎÔÅÒ×ÁÌ� ×�Ä 20 ÄÏ 80 ëÅ÷ �ÏÎÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ. óÉÎÔÅÚ�ÁÌÉ×Á D-T ÚÁ×ÖÄÉ ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØÓÑ ÒÅÁË��ÑÍÉ D-D, ÑË� ÍÏÖÕÔØ�ÒÏÈÏÄÉÔÉ ÚÁ Ä×ÏÍÁ Ò�×ÎÏ�ÒÁ×ÎÉÍÉ ËÁÎÁÌÁÍÉ:32He(0.82MeV)+n(2.45MeV),D+D%& 31T(1.01MeV)+p(3.02MeV), (2.2)÷ �ÒÏ�ÅÓ� Ó�Ï×�ÌØÎÅÎÑ ÒÕÈÕ × Í�ÛÅÎ� �ÒÏÄÕËÔ�× 32He!32He�, 31T!31T��ÉÈ ÒÅÁË��Ê, ×ÏÎÉ Ú ×ÅÌÉËÏÀ ÊÍÏ×�ÒÎ�ÓÔÀ ×ÓÔÕ�ÁÀÔØ × ÒÅÁË��§ ÓÉÎ-ÔÅÚÕ Ú ÄÅÊÔÅÒ�¤Í:31T+21D!42He(3.5MeV)+n(14.1MeV),32He+21D!42He(3.6MeV)+p(14.7MeV), (2.3)ÄÅ ÚÎÁÞËÏÍ � �ÏÚÎÁÞÅÎ� ÞÁÓÔÉÎËÉ ÎÅ ÔÅ�ÌÏ×ÏÇÏ �ÏÈÏÄÖÅÎÎÑ. ðÏÒ�×-ÎÑÎÎÑ ÒÅÁË��Ê (2.3) � (2.1), (2.2) �ÏËÁÚÕ¤, ÝÏ Õ ×ÔÏÒÉÎÎÉÈ ÒÅÁË��ÑÈ×ÉÄ�ÌÑ¤ÔØÓÑ ÚÎÁÞÎÏ Â�ÌØÛÅ ÅÎÅÒÇ�§. òÅÁË��§ ÓÉÎÔÅÚÕ (2.1)-(2.3) × Í�ÛÅ-Î� D-T ��Ä Ä�¤À ÌÁÚÅÒÎÏÇÏ �ÒÏÍ�ÎÎÑ ×�ÄÂÕ×ÁÀÔØÓÑ ×ÎÁÓÌ�ÄÏË ÒÅÖÉÍÕÓÔÉÓÎÅÎÎÑ Í�ÛÅÎ� (�R � 2� 5 Ç/ÓÍ2, � - ÇÕÓÔÉÎÁ ÓÕÍ�Û� D-T, R - ÒÁ-Ä�ÕÓ Í�ÛÅÎ�), ËÏÌÉ ÄÏ ÔÅÍ�ÅÒÁÔÕÒÉ ÚÁ�ÁÌÀ×ÁÎÎÑ ÒÅÁË��Ê ÄÏ×ÏÄÉÔØÓÑÔ�ÌØËÉ §§ �ÅÎÔÒÁÌØÎÁ ÞÁÓÔÉÎÁ, Á ÏÓÎÏ×ÎÁ ÞÁÓÔÉÎÁ Í�ÛÅÎ� ÚÁÌÉÛÁ¤ÔØ-ÓÑ \ÈÏÌÏÄÎÏÀ". ðÒÉ �ØÏÍÕ × �ÅÎÔÒÁÌØÎ�Ê ÏÂÌÁÓÔ� �ÒÏÈÏÄÑÔØ ÒÅÁË��ÊÓÉÎÔÅÚÕ (2.1)-(2.3), ÑË� �ÏÛÉÒÀÀÔØÓÑ ÞÅÒÅÚ ÈÏÌÏÄÎÕ ÓÔÉÓÎÕÔÕ ÍÁÓÕ�ÁÌÉ×Á, ÑË È×ÉÌÑ ÔÅÒÍÏÑÄÅÒÎÏÇÏ ÇÏÒ�ÎÎÑ. óÔÉÓÎÅÎÎÑ �ÁÌÉ×Á ×�ÄÂÕ-×Á¤ÔØÓÑ ×ÎÁÓÌ�ÄÏË �ÏÇÌÉÎÁÎÎÑ ÅÎÅÒÇ�§ �ÏÔÕÖÎØÏÇÏ ËÏÒÏÔËÏÈ×ÉÌØÏ×Ï-ÇÏ ÌÁÚÅÒÎÏÇÏ �ÒÏÍ�ÎÎÑ �Ï×ÅÒÈÎÅÀ Í�ÛÅÎ�, × ÒÅÚÕÌØÔÁÔ� ÞÏÇÏ ×ÉÎÉËÁ¤
ICMP{01{35U 4ËÏÒÏÎÁ - ÅÌÅËÔÒÏÎÎÁ �ÌÁÚÍÁ Ú ÇÕÓÔÉÎÏÀ ne � 1021 � 1022 ÓÍ�3 � ÔÅÍ-�ÅÒÁÔÕÒÏÀ Te � 10 ëÅ÷. äÁÌ� ÛÌÑÈÏÍ ÅÌÅËÔÒÏÎÎÏ§ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ��Ñ ÅÎÅÒÇ�Ñ �ÅÒÅÎÏÓÉÔØÓÑ ×ÓÅÒÅÄÉÎÕ �Ï×ÅÒÈÎ� ÁÂÌÑ��§, ÝÏ Ó�ÒÉÞÉÎÑ¤ÎÁÇÒ�×ÁÎÎÑ � ÒÏÚÌ�Ô �ÁÌÉ×Á. ïÄÎÁË, ×ÅÌÉËÉÊ ÔÉÓË,ÝÏ ×ÉÎÉËÁ¤ ×ÎÁÓÌ�-ÄÏË ×É�ÁÒÏ×Õ×ÁÎÎÑ - ÁÂÌÑ��§ �ÒÉ×ÏÄÉÔØ ÄÏ ÕÔ×ÏÒÅÎÎÑ ÕÄÁÒÎÉÈ È×ÉÌØ,ÎÁ�ÒÁ×ÌÅÎÉÈ ×ÓÅÒÅÄÉÎÕ Í�ÛÅÎ�. �ÁËÁ È×ÉÌÑ ÓÔÉÓËÁ¤ (×ÁÖÌÉ×Å �ÚÏÅÎ-ÔÒÏ��ÊÎÅ ÓÔÉÓÎÅÎÎÑ) �ÁÌÉ×Á ÄÏ ×ÅÌÉËÏ§ ÇÕÓÔÉÎÉ (� 1024�1026 m�3){ÕÔ×ÏÒÅÎÎÑ �ÏÎÎÏÇÏ ÑÄÒÁ. ÷ �ÅÎÔÒ� �ÏÎÎÏÇÏ ÑÄÒÁ Í�Ö ÑÄÒÁÍÉ D, T,31T � 32He� �ÒÉ ÔÁË�Ê ÇÕÓÔÉÎ� ×ÉÎÉËÁÀÔØ ÑÄÅÒÎ� ÓÉÌÉ Ú×'ÑÚËÕ Ú ÒÁÄ�Õ-ÓÏÍ ×ÚÁ¤ÍÏÄ�§ � 10�13 ÓÍ, × ÒÅÚÕÌØÔÁÔ� ÞÏÇÏ �ÒÏÈÏÄÉÔØ ÔÅÒÍÏÑÄÅÒÎÉÊÓÉÎÔÅÚ ÚÁ ÒÅÁË��ÑÍÉ (2.1)-(2.3) Ú ÕÔ×ÏÒÅÎÎÑÍ � - ÞÁÓÔÉÎÏË (n� � 1025ÓÍ�3), ×ÉÓÏËÏÅÎÅÒÇÅÔÉÞÎÉÈ ÎÅÊÔÒÏÎ�× (nn � 1024 ÓÍ�3) ÔÁ �ÒÏÔÏÎ�×ÚÁ ×ÔÏÒÉÎÎÉÍÉ ÒÅÁË��ÑÍÉ (2.3). ÷ÎÁÓÌ�ÄÏË ÔÅÒÍÏÑÄÅÒÎÏÇÏ ÇÏÒ�ÎÎÑ ×�ÅÎÔÒ� �ÏÎÎÏÇÏ ÑÄÒÁ ×ÉÎÉËÁ¤ È×ÉÌÑ ÔÅÒÍÏÑÄÅÒÎÏÇÏ ÇÏÒ�ÎÎÑ, ÑËÁ ÒÕÈÁ-¤ÔØÓÑ ÒÁÚÏÍ Ú � - ÞÁÓÔÉÎËÁÍÉ, ÎÅÊÔÒÏÎÁÍÉ ×�Ä �ÅÎÔÒÕ ÄÏ �ÅÒÉÆÅÒ�§.ýÏÂ ÚÁÂÅÚ�ÅÞÉÔÉ ÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎÉÊ �ÒÏ�ÅÓ ÔÅÒÍÏÑÄÅÒÎÉÈ ÒÅÁË-��Ê, Ç�ÄÒÏÄÉÎÁÍ�ËÁ �ÒÏ�ÅÓ�× �Ï×ÉÎÎÁ ÚÁÄÏ×�ÌØÎÑÔÉ �Å×ÎÉÍ ËÒÉÔÅÒ�ÑÍ[5℄. îÁÓÁÍ�ÅÒÅÄ, ÎÅÏÂÈ�ÄÎÏ ÓÔÉÓÎÕÔÉ ÑÄÒÏ Í�ÛÅÎ� × �ÚÏÅÎÔÒÏ��ÊÎÏÍÕÒÅÖÉÍ� ÄÏ ÚÎÁÞÅÎØ �R > 1 g/m2 { ÓÔ×ÏÒÅÎÎÑ ÎÁÄÇÕÓÔÏ§ �ÌÁÚÍÉ.ðÒÉ �ØÏÍÕ �ÎÔÅÎÓÉ×Î�ÓÔØ ÕÄÁÒÎÏ§ È×ÉÌ�, ÝÏ ×ÉÎÉËÁ¤ ×ÎÁÓÌ�ÄÏË ÁÂÌÑ-��§ ÓÈÏÄÉÔØÓÑ × �ÅÎÔÒ� �ÏÎÎÏÇÏ ÑÄÒÁ � �Ï×ÉÎÎÁ ÂÕÔÉ ÄÏÓÔÁÔÎØÏÀ ÄÌÑÎÁÇÒ�×ÁÎÎÑ �ÁÌÉ×Á ÔÁ �Î���À×ÁÎÎÑ ÔÅÒÍÏÑÄÅÒÎÉÈ ÒÅÁË��Ê Õ ÎÅ×ÅÌÉ-Ë�Ê �ÅÎÔÒÁÌØÎ�Ê ÏÂÌÁÓÔ� ÓÔÉÓÎÕÔÏ§, �ÅÒÅÇÒ�ÔÏ§ ÓÕÍ�Û� D - T. áÎÁÌ�ÚÆ�ÚÉÞÎÉÈ �ÒÏ�ÅÓ�× × Í�ÛÅÎ� Ú ÓÔÁÔÉÓÔÉÞÎÏ§ ÔÏÞËÉ ÚÏÒÕ �ÏËÁÚÕ¤, ÝÏ��ÓÌÑ ×ÚÁ¤ÍÏÄ�§ �ÏÔÕÖÎÏÇÏ ËÏÒÏÔËÏÈ×ÉÌØÏ×ÏÇÏ ÌÁÚÅÒÎÏÇÏ �ÒÏÍ�ÎÎÑÚ �Ï×ÅÒÈÎÅÀ Í�ÛÅÎ�, ÓÁÍÏÕÚÇÏÄÖÅÎÏ ×ÉÎÉËÁÀÔØ Ä×� ÎÁÄÇÕÓÔ� ��ÄÓÉÓ-ÔÅÍÉ Ú ÎÅÏÄÎÏÒ�ÄÎÉÍ ÒÏÚ�ÏÄ�ÌÏÍ ÔÅÍ�ÅÒÁÔÕÒÉ: ËÏÒÏÎÁ - ÅÌÅËÔÒÏÎÎÁ�ÌÁÚÍÁ ÔÁ �ÏÎÎÅ ÑÄÒÏ, ÄÅ ×�ÄÂÕ×ÁÀÔØÓÑ ÔÅÒÍÏÑÄÅÒÎ� ÒÅÁË��§ ÓÉÎÔÅÚÕ.åÌÅËÔÒÏÎÎÁ ÔÁ �ÏÎÎÁ ��ÄÓÉÓÔÅÍÉ ÓÔ×ÏÒÀÀÔØ ×ÌÁÓÎ� �ÏÔÕÖÎ� ÅÌÅËÔ-ÒÏÍÁÇÎ�ÔÎ� �ÏÌÑ, ÑË� Õ Ó×ÏÀ ÞÅÒÇÕ ×�ÌÉ×ÁÀÔØ ÎÁ ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔØÏÂÏÈ ��ÄÓÉÓÔÅÍ. ðÒÉ ÇÕÓÔÉÎÁÈ ne � 1021 � 1022 ÓÍ�3 � ÔÅÍ�ÅÒÁÔÕÒÁÈTe � 10 ëÅ÷ ÅÌÅËÔÒÏÎÉ ÚÎÁÈÏÄÑÔØÓÑ Õ ×ÉÒÏÄÖÅÎÏÍÕ ÓÔÁÎ� � Ï�É-ÓÕÀÔØÓÑ ÓÔÁÔÉÓÔÉËÏÀ æÅÒÍ� - ä�ÒÁËÁ. �ÁËÉÊ ÎÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÎÎÁÄÇÕÓÔÏ§ �ÌÁÚÍÉ, ÝÏ ×ÚÁ¤ÍÏÄ�¤ �Ú �ÏÔÕÖÎÉÍ ÅÌÅËÔÒÏÍÁÇÎ�ÔÎÉÍ �Ï-ÌÅÍ ÌÁÚÅÒÎÏÇÏ �ÒÏÍ�ÎÎÑ ÍÏÖÎÁ Ï�ÉÓÁÔÉ ÎÁ ÏÓÎÏ×� ÍÏÄÅÌ� Ë×ÁÎÔÏ×Ï- ÅÌÅËÔÒÏÄÉÎÁÍ�ÞÎÏ§ ÓÉÓÔÅÍÉ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË:ÅÌÅËÔÒÏÎ�×, �ÏÎ�×, ÎÅÊÔÒÏÎ�× ÔÁ ÆÏÔÏÎ�×. çÁÍ�ÌØÔÏÎ�ÁÎ ÔÁËÏ§ ÓÉÓÔÅÍÉÍÁ¤ ×ÉÇÌÑÄ: ^H(t) = ^H + ^W (t); (2.4)



5 ðÒÅ�ÒÉÎÔÄÅ ^H - ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÏÎ�ÚÏ×ÁÎÏ§ ÅÌÅËÔÒÏÎ - �ÏÎ - ÎÅÊÔÒÏÎÎÏ§ �ÌÁÚ-ÍÉ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ ÆÏÔÏÎ�× � ×ÚÁ¤ÍÏÄ�§ ÚÁÒÑÄÖÅÎÉÈÞÁÓÔÉÎÏË Ú ×ÌÁÓÎÉÍ ÅÌÅËÔÒÏÍÁÇÎ�ÔÎÉÍ �ÏÌÅÍ^H = ^H0 + ^Hint + ^Hf + ^V + Vrea: (2.5)^H0 =Xa ~22ma Z dr r ^ ya(r)r ^ a(r) (2.6)- ÇÁÍ�ÌØÔÏÎ�ÁÎ ×�ÌØÎÉÈ ÞÁÓÔÉÎÏË, ÄÅ ma - ÍÁÓÁ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a.^ ya(r), ^ a(r) - Ï�ÅÒÁÔÏÒÉ �ÏÒÏÄÖÅÎÎÑ ÔÁ ÚÎÉÝÅÎÎÑ ÞÁÓÔÉÎÏË ÓÏÒÔÕ aÚ Ó��ÎÏÍ Sa � ÚÁÄÏ×�ÌØÎÑÀÔØ ËÏÍÕÔÁ��ÊÎÉÍ Ó��××�ÄÎÏÛÅÎÎÑÍ ÂÏÚÅ ÞÉÆÅÒÍ� - ÓÔÁÔÉÓÔÉËÁÍ;^Hint = 12Xa;b Z dr dr0 ^ ya(r) ^ yb(r0)Vab(r; r0) ^ b(r0) ^ a(r) (2.7)- ÇÁÍ�ÌØÔÏÎ�ÁÎ ×ÚÁ¤ÍÏÄ�§ ÅÌÅËÔÒÏÎ�×, �ÏÎ�× (�ÒÏÔÏÎ�×) ÔÁ ÎÅÊÔÒÏÎ�×,Vab(r; r0) - �ÁÒÎÉÊ �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§, ÑËÉÊ ÓËÌÁÄÁ¤ÔØÓÑ Ú ËÕÌÏÎ�×-ÓØËÏ§ ÞÁÓÔÉÎÉ V lab(r; r0) = ZaZbe2jr�r0j ÔÁ ËÏÒÏÔËÏÄ�ÀÞÏ§ ÞÁÓÔÉÎÉ V shab (r; r0)Õ ×É�ÁÄËÕ �ÏÎ�× (�ÒÏÔÏÎ�×) � ÎÅÊÔÒÏÎ�× ÎÏÓÉÔØ ÈÁÒÁËÔÅÒ ÑÄÅÒÎÉÈ ÓÉÌÍ�Ö ÎÕËÌÏÎÁÍÉ. Vrea - ÞÁÓÔÉÎÁ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ, ÑËÁ Ï�ÉÓÕ¤ ÒÅÁË��§ÓÉÎÔÅÚÕ (2.1)-(2.4). úÏËÒÅÍÁ, ÄÌÑ ÒÅÁË��Ê (2.2) × ÒÁÍËÁÈ ×ÚÁ¤ÍÏÄ�§Ä×ÏÈ ÁÔÏÍ�× ÄÅÊÔÅÒ�À ×�Î �Ï×ÉÎÅÎ ×ÒÁÈÏ×Õ×ÁÔÉ ×ÚÁ¤ÍÏÄ�À Ä×ÏÈ �ÒÏ-ÔÏÎ�× ÔÁ Ä×ÏÈ ÎÅÊÔÒÏÎ�× ÎÁ ×�ÄÓÔÁÎÎÑÈ Ä�§ ÑÄÅÒÎÉÈ ÓÉÌ � ��ÓÌÑ ÒÅÁË��Ê- ×ÚÁ¤ÍÏÄ�À Í�Ö Ä×ÏÍÁ ÎÅÊÔÒÏÎÁÍÉ � ÏÄÎÉÍ ÎÅÊÔÒÏÎÏÍ × ÑÄÒ� ÔÒÉ-Ô�À ÔÁ ×ÉÌÅÔ�×ÛÉÊ ÎÅÊÔÒÏÎ Ú ÅÎÅÒÇ�¤À 14.1 íÅ÷. ÷ ÒÅÁË��ÑÈ (2.3)Vrea �Ï×ÉÎÅÎ ×ÒÁÈÏ×Õ×ÁÔÉ ×ÚÁ¤ÍÏÄ�À Ä×ÏÈ ÎÅÊÔÒÏÎ�× ÔÁ �ÒÏÔÏÎÁ ÑÄ-ÒÁ ÔÒÉÔ�À, Á ��ÓÌÑ ÒÅÁË��§ ÓÉÎÔÅÚÕ - ×ÚÁ¤ÍÏÄ�À Ä×ÏÈ �ÒÏÔÏÎ�× ÔÁ Ä×ÏÈÎÅÊÔÒÏÎ�× ÑÄÒÁ ÇÅÌ�À ÔÁ ×ÉÈ�Ä ÎÅÊÔÒÏÎÁ. ëÒ�Í ÔÏÇÏ, Vrea ÍÁ¤ ×ÒÁÈÏ-×Õ×ÁÔÉ ÅÌÅËÔÒÏÎ - �ÒÏÔÏÎÎÕ ×ÚÁ¤ÍÏÄ�À. îÁ ×�ÄÓÔÁÎÎÑÈ �ÏÒÑÄËÕ 10�13ÓÍ Í�Ö �ÒÏÔÏÎÁÍÉ ÔÁ ÎÅÊÔÒÏÎÁÍÉ Ä�ÀÔØ ÑÄÅÒÎ� ÓÉÌÉ, ÑË� ÎÅÏÂÈ�ÄÎÏÏ�ÉÓÕ×ÁÔÉ ÎÁ ÏÓÎÏ×� ÍÏÄÅÌ� Ë×ÁÒË - ÇÌÀÏÎÎÏ§ �ÌÁÚÍÉ. ïÞÅ×ÉÄÎÏ, ÝÏ�ÒÉ ÎÁÄ×ÉÓÏËÏÍÕ ÓÔÉÓÎÅÎÎ� ÄÅÊÔÅÒ�Ê - ÄÅÊÔÅÒ�¤×Ï§ ÞÉ ÄÅÊÔÅÒ�Ê - ÔÒÉ-Ô�¤×Ï§ Í�ÛÅÎÅÊ, Õ §È �ÏÎÎÉÈ ÑÄÒÁÈ �Ï×ÉÎÎÁ ×ÉÎÉËÁÔÉ Ë×ÁÒË-ÇÌÀÏÎÎÁ�ÌÁÚÍÁ, ÑË ÒÅÚÕÌØÔÁÔ ÍÁËÓÉÍÁÌØÎÏÇÏ ÚÂÌÉÖÅÎÎÑ ÎÅÊÔÒÏÎ�× ÔÁ �ÒÏÔÏ-Î�×. ñËÝÏ ÚÇ�ÄÎÏ ÓÕÞÁÓÎÏ§ ÈÒÏÍÏÄÉÎÁÍ�ËÉ [17℄ ÎÅÊÔÒÏÎ ÓËÌÁÄÁ¤ÔØÓÑÚ uud, Á �ÒÏÔÏÎ Ú udd Ë×ÁÒË�×, ×ÚÁ¤ÍÏÄ�Ñ Í�Ö ÑËÉÍÉ Ï�ÉÓÕ¤ÔØÓÑ ×�Ä-�Ï×�ÄÎÉÍÉ ÇÌÀÏÎÁÍÉ, ÔÏ �ÒÉ ×ÚÁ¤ÍÏÄ�§ Ô�ÌØËÉ Ä×ÏÈ ÁÔÏÍ�× ÄÅÊÔÅÒ�ÀÚÁ ÒÅÁË��¤À (2.2) ÍÉ ÎÁÓ�ÒÁ×Ä� ÍÁ¤ÍÏ ×ÚÁ¤ÍÏÄ�À Ë×ÁÒË�× Ú ÇÌÀÏÎÁÍÉ(ÄÉ×. ÒÉÓ. 1).
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7 ðÒÅ�ÒÉÎÔ�ÏÍÕ ÄÏÄÁÎÏË Vrea �Ï×ÉÎÅÎ ×ÒÁÈÏ×Õ×ÁÔÉ ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×� Ë×ÁÒË- ÇÌÀÏÎÎ� ×ÚÁ¤ÍÏÄ�§. ÷ �ÏÎÎÏÍÕ ÑÄÒ� ×�Ä�Ï×�ÄÎÏ§ Í�ÛÅÎ� ×ÉÎÉËÁ¤ Ë×ÁÒË- ÇÌÀÏÎÎÁ �ÌÁÚÍÁ, ÑËÁ �ÓÎÕ¤ ÔÏÊ ÞÁÓ, ÑËÍÊ �ÏÔÒ�ÂÎÉÊ ÄÌÑ ÆÏÒÍÕ×ÁÎ-ÎÑ ×�Ä�Ï×�ÄÎÉÈ �ÒÏÄÕËÔ�× ÒÅÁË��Ê, � ÕÔ×ÏÒÅÎÎÑ ÑËÉÈ ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØ-ÓÑ ×ÉÄ�ÌÅÎÎÑÍ ÚÎÁÞÎÏ§ ÅÎÅÒÇ�§. ÷ÉÇÌÑÄ ÄÁÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ×Á¤ÍÏÄ�§ Õ��Ê ÒÏÂÏÔ� ÎÅ ÂÕÄÅÍÏ ËÏÎËÒÅÔÉÚÕ×ÁÔÉ. õ (2.5)^V = �1 Z dr ^a(r)^j(r)� 122 Z dr ^a2(r)Xa Zaema ^�a(r) (2.8)- ÇÁÍ�ÌØÔÏÎ�ÁÎ ×ÚÁ¤ÍÏÄ�§ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË Ú ×ÌÁÓÎÉÍ ÅÌÅËÔÒÏ-ÍÁÇÎ�ÔÎÉÍ �ÏÌÅÍ, ÄÅ  - Û×ÉÄË�ÓÔØ Ó×�ÔÌÁ, ^j(r) { Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ�ÏÔÏËÕ ÚÁÒÑÄ�×, Á ^�a(r) = Zae ^ ya(r) ^ a(r) {Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ ÅÌÅËÔ-ÒÉÞÎÏÇÏ ÚÁÒÑÄÕ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a.^j(r) = Xa Zae2ma � ^ ya(r)��i~r� Zaema ^a(r)� ^ a(r)+ (2.9)�i~r+ Zaema ^a(r)� ^ ya(r) ^ a(r)��Xa g�B rot� ^ ya(r)^S ^ a(r)� ;�B = jej~=2m { ÍÁÇÎÅÔÏÎ âÏÒÁ, g - ÆÁËÔÏÒ ÅÌÅËÔÒÏÎÁ, S - ×ÅËÔÏÒÏ�ÅÒÁÔÏÒÁ Ó��ÎÁ Ú ËÏÍ�ÏÎÅÎÔÁÍÉ:^Sx��0 = 12 � 0 11 0 � ; ^Sy��0 = 12 � 0 �ii 0 � ; ^Sz��0 = 12 � 1 00 �1 � ;^a(r) - Ï�ÅÒÁÔÏÒ ×ÅËÔÏÒÎÏÇÏ �ÏÔÅÎ��ÁÌÕ Ë×ÁÎÔÏ×ÁÎÏÇÏ ÅÌÅËÔÒÏÍÁÇÎ�Ô-ÎÏÇÏ �ÏÌÑ, ÑËÅ ÓÔ×ÏÒÀ¤ÔØÓÑ ÚÁÒÑÄÖÅÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ � Ú×'ÑÚÁÎÅ Ú×�Ä�Ï×�ÄÎÉÍÉ �ÏÌÑÍÉ: ^h(r) - Ë×ÁÎÔÏ×ÁÎÉÍ ÍÁÇÎ�ÔÎÉÍ � ^et(r) - Ë×ÁÎ-ÔÏ×ÁÎÉÍ ÅÌÅËÔÒÉÞÎÉÍ:^h(r) = rot ^a(r); ^et(r) = �1 ��t ^a(r); 1 ��t ^h(r) = � rot ^e(r); (2.10)�ÕÔ ^et(r) - �Ï�ÅÒÅÞÎÁ ÓËÌÁÄÏ×Á ×ÎÕÔÒ�ÛÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË: ^e(r) = ^et(r) + ^el(r); ^el(r) - �Ï×ÚÄÏ×ÖÎ¤ ËÕ-ÌÏÎ�×ÓØËÅ �ÏÌÅ: ^el(r) = �r^a0(r), ^a0(r) = R dr0 ^�(r)jr�r0j { ÊÏÇÏ ÓËÁÌÑÒ-ÎÉÊ �ÏÔÅÎ��ÁÌ, ÑËÉÊ ÓÔ×ÏÒÀ¤ÔØÓÑ ÚÁÒÑÄÖÅÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ ÇÕÓÔÉ-ÎÏÀ ^�(r) =Pa ^�a(r).^Hf =Xk;� !k^yk;�^k;�; !k = jkj; (2.11)
ICMP{01{35U 8ÄÅ ^yk;�, ^k;� - Ï�ÅÒÁÔÏÒÉ �ÏÒÏÄÖÅÎÎÑ � ÚÎÉÝÅÎÎÑ ÆÏÔÏÎÁ Ú �Í�ÕÌØ-ÓÏÍ k � �ÏÌÑÒÉÚÁ��¤À � = �1. ÷ÏÎÉ ÚÁÄÏ×�ÌØÎÑÀÔØ ËÏÍÕÔÁ��ÊÎÉÍÓ��××�ÄÎÏÛÅÎÎÑÍ h^k;�; ^yk;�i = Ækk0Æ��0� ×ÉÚÎÁÞÁÀÔØ Ï�ÅÒÁÔÏÒ ×ÅËÔÏÒÎÏÇÏ �ÏÔÅÎ��ÁÌÕ Ë×ÁÎÔÏ×ÁÎÏÇÏ ÅÌÅËÔÒÏ-ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ, ÓÔ×ÏÒÀ×ÁÎÏÇÏ ÚÁÒÑÄÖÅÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ:^a(r) = Xk;� � 2�V !k�ne(�)k ^keikr + e(�)�k ^yke�ikro ;ÄÅ e(�)k ×ÅËÔÏÒÉ �ÏÌÑÒÉÚÁ��§ ÆÏÔÏÎ�× Ú ÕÍÏ×ÁÍÉ:e(�)k k = 0; 2X�=1 e(�)ki e(�)�kj = Æij � kikjk2 :îÁË�ÎÅ�Ø, ^W (t) - Ï�ÅÒÁÔÏÒ ×ÚÁ¤ÍÏÄ�§ �ÌÁÚÍÉ Ú ÚÏ×Î�ÛÎ�Í ÅÌÅËÔÒÏÍÁÇ-Î�ÔÎÉÍ �ÏÌÅÍ:^W (t) = �1 Z dr A(e)(r; t)^j(r) + Z dr '(e)(r; t)^�(r) +12 Z dr �A(e)(r; t)�2Xa Zaema ^�a(r); (2.12)ÄÅ A(e)(r; t), '(e)(r; t) - Ï�ÅÒÁÔÏÒÉ ×ÅËÔÏÒÎÏÇÏ � ÓËÁÌÑÒÎÏÇÏ �ÏÔÅÎ��Á-Ì�× ÚÏ×Î�ÛÎØÏÇÏ ÅÌÅËÔÒÏÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ Ú ÎÁ�ÒÕÖÅÎÏÓÔÑÍÉH(e)(r; t)� E(e)(r; t), ÑË� ÚÁÄÏ×�ÌØÎÑÀÔØ Ò�×ÎÑÎÎÑÍ íÁËÓ×ÅÌÁ:rotE(e) = �1 ��tH(e); divE(e) = 4��0;rotH(e) = 1 ��tE(e) + 4� j0; divH(e) = 0; (2.13)ÄÅ j0 � �0 - ÇÕÓÔÉÎÉ ÚÏ×Î�ÛÎ�È ÓÔÒÕÍ�× ÔÁ ÚÁÒÑÄ�×. îÁ�ÒÕÖÅÎÎÏÓÔ�H(r) = H(e) + ^h(r), E(r) = E(e) = ^e(r) ÒÅÚÕÌØÔÕÀÞÏÇÏ ÅÌÅËÔÒÏÍÁÇ-Î�ÔÎÏÇÏ �ÏÌÑ × ÓÉÓÔÅÍ� ÔÁËÏÖ ÚÁÄÏ×�ÌØÎÑÀÔØ Ò�×ÎÑÎÎÑÍ íÁËÓ×ÅÌÁ:rotE = �1 ��tH; divE = 4� (�+ �0) ;rotH(r) = 1 ��tE + 4� �J + j0� ; divH = 0; (2.14)



9 ðÒÅ�ÒÉÎÔÄÅ J : ^J(r; t) = ^j(r)� 1A(e)(r; t)Xa Zaema ^�a(r): (2.15)îÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÎ ÔÁËÏ§ ÅÌÅËÔÒÏÎ - �ÏÎÎÏ§ �ÌÁÚÍÉ × ÅÌÅËÔÒÏÍÁÇÎ�Ô-ÎÏÍÕ �ÏÌ� �Ï×Î�ÓÔÀ Ï�ÉÓÕ¤ÔØÓÑ ÎÅÒ�×ÎÏ×ÁÖÎÉÍ ÓÔÁÔÉÓÔÉÞÎÉÍ Ï�ÅÒÁ-ÔÏÒÏÍ %(t). ãÅÊ Ï�ÅÒÁÔÏÒ ÚÁÄÏ×�ÌØÎÑ¤ Ë×ÁÎÔÏ×Å Ò�×ÎÑÎÎÑ ì�Õ×�ÌÌÑ��t%(t) + iL(t)%(t) = 0; (2.16)ÄÅ iL(t) - Ï�ÅÒÁÔÏÒ ì�Õ×�ÌÌÑ, ÑËÉÊ Ä�¤ ÎÁ Ï�ÅÒÁÔÏÒÉiL(t)%(t) = 1i~ h ^H(t); %(t)i0= 1i~ h ^H; %(t)i+ 1i~ h ^W (t); %(t)i :õ ÎÁÓÔÕ�ÎÏÍÕ ÒÏÚÄ�Ì� ÍÉ ÚÎÁÊÄÅÍÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�Å-ÒÁÔÏÒ ÔÁ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÅÌÅËÔÒÏÎ - �ÏÎÎÏ§ �ÌÁÚ-ÍÉ × ÅÌÅËÔÒÏÍÁÇÎ�ÔÎÏÍÕ �ÏÌ�.3. îÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒòÏÚ×'ÑÚÏË Ò�×ÎÑÎÎÑ ì�Õ×�ÌÌÑ (2.16) ÂÕÄÅÍÏ ÛÕËÁÔÉ, ×ÉËÏÒÉÓÔÁ×ÛÉÍÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ úÕÂÁÒÅ×Á [18℄. äÌÑ�ØÏÇÏ ××ÅÄÅÍÏ Õ �ÒÁ×Õ ÞÁÓÔÉÎÕ Ò�×ÎÑÎÎÑ (2.16) ÎÅÓË�ÎÞÅÎÏ ÍÁÌÅ ÄÖÅ-ÒÅÌÏ �"�%(t)� %q(t)�� ��t + iL(t)� %(t) = "�%(t)� %q(t)�; (3.1)(" ! +0 ��ÓÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ§ ÇÒÁÎÉ��), ÑËÅ �ÏÒÕÛÕ¤ ÊÏÇÏ ÓÉÍÅÔ-Ò�À ×�ÄÎÏÓÎÏ �Ï×ÏÒÏÔÕ ÞÁÓÕ t ! �t, i ! �i, Ê ×�ÄÂÉÒÁ¤ ÚÁ��ÚÎÀÀÞ�ÒÏÚ×'ÑÚËÉ, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ ÓËÏÒÏÞÅÎÏÍÕ Ï�ÉÓÕ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁ-ÎÕ ÓÉÓÔÅÍÉ. %q(t) - Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ, ÑËÉÊÚÎÁÈÏÄÉÔØÓÑ �Ú ÅËÓÔÒÅÍÕÍÕ �ÎÆÏÒÍÁ��ÊÎÏ§ ÅÎÔÒÏ��§ �ÒÉ Æ�ËÓÏ×ÁÎÉÈ�ÁÒÁÍÅÔÒÁÈ ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ � ÚÂÅÒÅÖÅÎ� ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑZ d�%q(t) = 1:úÁ �ÁÒÁÍÅÔÒÉ ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ ÅÌÅËÔÒÏÎ - �ÏÎÎÏ§ �ÌÁÚÍÉ × ÅÌÅË-ÔÒÏÍÁÇÎ�ÔÎÏÍÕ �ÏÌ� Ú ×ÒÁÈÕ×ÁÎÎÑÍ Â�ÍÏÌÅËÕÌÑÒÎÉÈ ÒÅÁË��Ê ÓÉÎÔÅÚÕ
ICMP{01{35U 10×ÉÂÅÒÅÍÏ �ÁÒ��ÁÌØÎ� Ï�ÅÒÁÔÏÒÉ ÇÕÓÔÉÎ ÞÉÓÌÁ ÞÁÓÔÉÎÏË ^na(r), �Í�Õ-ÌØÓÕ ^pa(r), ÅÎÅÒÇ�§ ^Ea(r) , ^Gab(r; r0)=^na(r)^nb(r0), Á ÔÁËÏÖ Ï�ÅÒÁÔÏÒÉÞÉÓÌÁ ÆÏÔÏÎ�× ^nf(k; �) ÔÁ §È ÅÎÅÒÇ�Ê ^Ef(k) = ^h2(k)+^e2(k)8� , ÄÅ^nf(k; �) = ^yk�^k�;^na(r) = ^ ya(r) ^ a(r);^pa(r) = i~2 ��r ^ ya(r)� ^ a(r)� ^ ya(r)r ^ a(r)� ; (3.2)^Ea(r) = ~22mar ^ ya(r)r ^ a(r) +12Xb Z dr0 ^ ya(r) ^ yb(r0)Vab ^ b(r0) ^ a(r):�ÏÄ� ÄÌÑ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÏÔÒÉÍÁ¤ÍÏ:%q(t) = exp(��(t)�Xa Z dr ~F (+)a (r; t) � ~Pa(r)+ (3.3)Xab Z dr Z dr0�ab(r; r0; t)�ab(r; r0; t) ^Gab(r; r0)�Xk �f(k; t) ^Ef(k)�Xk;� k�(t)^nf(k; �)9=; ;ÄÅ ~Pa(r) = ol�^na(r); ^pa(r); ^Ea(r)� - ×ÅËÔÏÒ-ÓÔÏ×�Å�Ø, Á ~F (+)a (r; t) =(��a(r; t);��aV a(r; t); �a(r; t)) { ×ÅËÔÏÒ - ÓÔÒ�ÞËÁ, V a(r; t) - ÓÅÒÅÄ-ÎÑ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÁ Û×ÉÄË�ÓÔØ, �a(r; t) { ÏÂÅÒÎÅÎÁ ÌÏËÁÌØÎÁ ÔÅÍ�Å-ÒÁÔÕÒÁ ÓÏÒÔÕ a, �a = ��a � maV 2a2 ��a, �a(r; t) { ÌÏËÁÌØÎÉÊ È�Í�ÞÎÉÊ�ÏÔÅÎ��ÁÌ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a, �ab(r; r0; t) { ÌÏËÁÌØÎÉÊ È�Í�ÞÎÉÊ �ÏÔÅÎ-��ÁÌ, ÝÏ ×�Ä�Ï×�ÄÁ¤ Ú×'ÑÚÁÎÏÍÕ ÓÔÁÎÕ - ÓÉÎÔÅÚÕ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a � b.�ab(r; r0; t)= 12 (�a(r; t)+�b(r0; t)). �f(r; t) { ÏÂÅÒÎÅÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ ÆÏ-ÔÏÎ�×. �ÅÒÍÏÄÉÎÁÍ�ÞÎ� �ÁÒÁÍÅÔÒÉ ~F (+)a (r; t), �ab(r; r0; t), �f(r; t) andk�(t) ×ÉÚÎÁÞÁÀÔØÓÑ �Ú ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎØ:h^nf(k�)it = h^nf(k�)itq;h^na(r)it = h^na(r)itq; h ^Ef(r)it = h ^Ef(r)itq;h^pa(r)it = h^pa(r)itq; h ^Ea(r)it = h ^Ea(r)itqh: : :it = R d�N : : : %(t); h: : :itq = R d�N : : : %q(t):(3.4)



11 ðÒÅ�ÒÉÎÔh ^Gab(r; r0)it = h ^Gab(r; r0)itq = Gab(r; r0; t) (3.5)Gab(r; r0; t) - ÎÅÒ�×ÎÏ×ÁÖÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a �b. ÷ÉÚÎÁÞÉ×ÛÉ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ, ÒÏÚ×'ÑÚÏËÒ�×ÎÑÎÎÑ ì�Õ×�ÌÌÑ (3.1) ÄÌÑ %q(t) ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ�%(t) = %q(t)� tZ�1 dt0 e"(t�t0)T (t; t0)� (3.6)(Z dr0Xa ���a(r0; t0)IaE (r0; t0) + �a(r0; t0)V a(r0; t0)Iap (r0; t0)��Xk �f(k; t0)IEf (k; t0)�Xk;� k�(t0)Inf (k; �; t0)9=; %q(t0) +Z dr0 Z dr00Xab tZ�1 dt0 �e"(t�t0)T (t; t0)�ab(r0; r00; t0)�ab(r0; r00; t0)IabG (r0; r00; t0)%q(t0);ÄÅ T (t; t0) = expnR tt0 dt0 �1�Pq(t0)iL(t0)�o - ÕÚÁÇÁÌØÎÅÎÉÊ Ï�ÅÒÁÏÔÒÅ×ÏÌÀ��§ Ú �ÒÏÅËÔÕ×ÁÎÎÑÍ, Pq(t) { �ÒÏÅË��ÊÎÉÊ Ï�ÅÒÁÔÏÒ ëÁ×ÁÓÁË�- çÁÎÔÏÎÁ. IaE (r; t0), Iap (r; t0), IaEf (k; t0), Ianf (k; �; t0) IabG (r0; r00; t0) - ÕÚÁ-ÇÁÌØÎÅÎ� �ÏÔÏËÉ ÅÎÅÒÇ�§, �Í�ÕÌØÓÕ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a ÔÁ ÅÎÅÒÇ�§, ÇÕÓ-ÔÉÎÉ ÞÉÓÌÁ ÆÏÔÏÎ�× Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÒÏÅËÔÕ×ÁÎÎÑ íÏÒ�:IaE (r; t0) = 1R0 d� %�q�1�P(t0)� _^Ea(r)%��q ;Iap (r; t0) = 1R0 d� %�q�1�P(t0)� _^pa(r)%��q ; (3.7)IEf (k; t0) = 1R0 d� %�q�1�P(t0)� _^E f(r)%��q ;Inf (k; �; t0) = 1R0 d� %�q�1�P(t0)� _^nf(r)%��q ; (3.8)IabG (r; r0; t0) = 1Z0 d� %�q�1�P(t0)� _^Gab(r; r0)%��q : (3.9)
ICMP{01{35U 12ï�ÅÒÁÔÏÒ P(t) ÄÌÑ ÎÁÛÏ§ ÓÉÓÔÅÍÉ ÍÁ¤ ×ÉÇÌÑÄP(t) ^B = h ^Bitq + Z dr Xa ( �h ^Bitq�h ^Ea(r)it� ^Ea(r)� h ^Ea(r)it�+ (3.10)�h ^Bitq�h^pa(r)it�^pa(r)� h^pa(r)it�+ �h ^Bitq�h^na(r)it�^na(r)� h^na(r)it�)+Xk �h ^Bitq�h ^Ef(k)it� ^Ef(k)� h ^Ef(k)it�+Xk;� �h ^Bitq�h^nf(k)it�^nf(k; �) � h^nf(k; �)it�++ Z dr Z dr0Xab �h ^Bitq�h ^Gab(r; r0)it� ^Gab(r; r0)� h ^Gab(r; r0)it�� Ú×'ÑÚÁÎÉÊ �Ú �ÒÏÅË��ÊÎÉÍ Ï�ÅÒÁÔÏÒÏÍëÁ×ÁÓÁË� - çÁÎÔÏÎÁ Pq(t) Ó��×-×�ÄÎÏÛÅÎÎÑÍ Pq(t) ^A%0 = %0P(t) ^A:_^B = 1i~ h ^H(t); ^Bi. úÁ ÄÏ�ÏÍÏÇÏÀ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�Å-ÒÁÔÏÒÁ (3.6) ÄÌÑ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ Ï�ÅÒÁÔÏÒ�× ÇÕÓÔÉÎ h^pa(r)it, h ^Ef(k)it,h^nf(k; �)it, h ^Gab(r; r0)it ÏÔÒÉÍÕ¤ÔØÓÑ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ ÕÚÁÇÁÌØÎÅÎÏ§Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÄÌÑ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË, Í�Ö ÑËÉÍÉ ÍÏÖÕÔØ �ÒÏÈÏ-ÄÉÔÉ ÒÅÁË��§ ÓÉÎÔÅÚÕ � �ÏÒÏÄÖÅÎÉÈ ÎÉÍÉ ÆÏÔÏÎ�× ÅÌÅËÔÒÏÍÁÇÎ�ÔÎÏÇÏ�ÏÌÑ. ÷ÒÁÈÕ×Á×ÛÉ ÔÏÔÏÖÎÏÓÔ�:��t h^nf(k; �)it = h _^nf(k; �)itq � hInf (k; �; t)it;��t h ~Pa(r)it = h _~P a(r)itq � h~Ipa (r; t)it;��t h ^Ef(r)it = h _^E f(r)itq � hIEf (r; t)it;� ÏÂÞÉÓÌÉ×ÛÉ ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ �ÏÔÏË�× ÚÁ ÄÏ�ÏÍÏÇÏÀ (3.6), ÏÔÒÉÍÁ-¤ÍÏ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÅÌÅËÔÒÏÎ - �ÏÎÎÏ§ �ÌÁÚÍÉ × ÅÌÅË-ÔÒÏÍÁÇÎ�ÔÎÏÍÕ �ÏÌ� Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÒÅÁË��Ê ÓÉÎÔÅÚÕ��th ~Pa(r)it = h _~P a(r)itq � (3.11)Xb Z dr0 tZ�1 dt0 e"(t�t0) ~'papb(r; r0; t; t0) � ~Fb(r0; t0) +



13 ðÒÅ�ÒÉÎÔXk Z dr0 tZ�1 dt0 e"(t�t0) ~'paEf (r;k; t; t0)�f(k; t0) +Xk;� Z dr0 tZ�1 dt0 e"(t�t0) ~'panf (r;k; �; t; t0)k�(t0)��th ^Ef(k)it = h _^E f(k)itq � (3.12)Xb Z dr0 tZ�1 dt0 e"(t�t0) ~'Efpb(k; r0; t; t0) � ~Fb(r0; t0) +Xk0 Z dr0 tZ�1 dt0 e"(t�t0) ~'EfEf (k;k0; t; t0)�f(k; t0) +Xk0;�Z dr0 tZ�1 dt0 e"(t�t0) ~'Efnf (k;k0; �; t; t0)k�(t0)��t h^nf(k; �)it = h _^nf(k; �)itq � (3.13)Xb Z dr0 tZ�1 dt0 e"(t�t0) ~'nfpb(k; �; r0; t; t0) � ~Fb(r0; t0) +Xk0 Z dr0 tZ�1 dt0 e"(t�t0) ~'nfEf (k; �;k0; t; t0)�f(k; t0) +Xk0;�0 Z dr0 tZ�1 dt0 e"(t�t0) ~'nfnf (k; �;k0; �0; t; t0)k�0(t0);ÄÅ ~'papb , ~'Efpb , ~'EfEf , ~'nfpb , ~'Efnf , ~'nfnf ÕÚÁÇÁÌØÎÅÎ� ÑÄÒÁ �ÅÒÅÎÏ-ÓÕ, ÑË� Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ �Ï×'ÑÚÁÎ� Ú �ÅÒÅÎÏÓÏÍ ÚÁÒÑÄÕÞÁÓÔÉÎÏË, §È ÅÎÅÒÇ�§, ÎÕËÌÏÎÎÉÍÉ ÒÅÁË��ÑÍÉ ÓÉÎÔÅÚÕ, �ÅÒÅÎÏÓÏÍ ÆÏ-ÔÏÎ�× ÅÌÅËÔÒÏÍÁÇÎ�ÔÏÇÏ �ÏÌÑ ÌÁÚÅÒÎÏÇÏ �ÒÏÍ�ÎÎÑ ÔÁ ÓÁÍÏ§ ÅÌÅËÔÒÏÎ- �ÏÎÎÏ§ �ÌÁÚÍÉ. úÏËÒÅÍÁ, ~'papb(r; r0; t0) ÍÁ¤ ÓÔÒÕËÔÕÒÕ:~'papb(r; r0; t; t0) = " 'abIpIp(r; r0; t; t0) 'abIpIE (r; r0; t; t0)'abIEIp(r; r0; t; t0) 'abIEIE (r; r0; t; t0) # : (3.14)
ICMP{01{35U 14ñÄÒÁ �ÅÒÅÎÏÓÕ 'abIpIp(r; r0; t; t0), 'abIEIE (r; r0; t; t0) ×�Ä�Ï×�ÄÎÏ§ ÍÁÔÒÉ��×ÉÚÎÁÞÁÀÔØ ÕÚÁÇÁÌØÎÅÎ� ËÏÅÆ���¤ÎÔÉ ×'ÑÚËÏÓÔ�, ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ� ÄÌÑÅÌÅËÔÒÏÎ�× ÞÉ ×�Ä�Ï×�ÄÎÉÈ �ÏÎ�×. úÁÇÁÌØÎÁ ÓÔÒÕËÔÕÒÁ ÑÄÅÒ �ÅÒÅÎÏÓÕÎÁÓÔÕ�ÎÁ:'IAIB (r; r0; t; t0) = �IA(r; t)T (t; t0)Z 10 d� %�q(t0)IB(r0; t0)%��q (t0)�tq :(3.15)ñËÝÏ a = b = e, ÔÏ 'eeIE IE (r; r0; t; t0) ÏÚÎÁÞÁ¤ ÕÚÁÇÁÌØÎÅÎÉÊ ËÏÅÆ���¤ÎÔÅÌÅËÔÒÏÎÎÏ§ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ�, ÑËÉÊ ×ÒÁÈÏ×Õ¤ ÄÉÎÁÍ�ËÕ �ÏÎ�× ÓÉÓÔÅ-ÍÉ ÄÏ � ��ÓÌÑ ÒÅÁË��Ê ÓÉÎÔÅÚÕ, Ä�À ÚÏ×Î�ÛÎØÏÇÏ ÅÌÅËÔÒÏÍÁÇÎ�ÔÎÏÇÏ�ÏÌÑ ÌÁÚÅÒÎÏÇÏ �ÒÏÍ�ÎÎÑ ÔÁ ×ÎÕÔÒ�ÛÎØÏÇÏ ÅÌÅËÔÒÏÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑÓÁÍÏ§ �ÌÁÚÍÉ ÞÅÒÅÚ ×�Ä�Ï×�ÄÎ� ×ËÌÁÄÉ × ÕÚÁÇÁÌØÎÅÎÉÈ �ÏÔÏËÁÈ (3.7),(3.8). ïÔÒÉÍÁÎ� ÎÁÍÉ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÍÏÖÕÔØ Ï�ÉÓÕ-×ÁÔÉ ÑË Ì�Î�ÊÎ�, ÔÁË � ÎÅÌ�Î�ÊÎ� �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ �Í�ÕÌØÓÕ, ÅÎÅÒÇ�§,ÞÁÓÔÉÎÏË (ÅÌÅËÔÒÏÎ�×, �ÏÎ�×, �ÒÏÔÏÎ�×, ÎÅÊÔÒÏÎ�×), ÚÁÒÑÄÕ, ÆÏÔÏÎ�×ÅÌÅÔÒÏÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ, ÑË� ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ×�Ä�Ï×�ÄÎÉÍÉ ÇÒÁÄ�-¤ÎÔÁÍÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ �ÁÒÁÍÅÔÒ�× r ~Fa(r; t). ÷ÏÎÉ ×ÒÁÈÏ×ÕÀÔØ ��ÒÏ�ÅÓÉ ÎÕËÌÏÎÎÏÇÏ ÓÉÎÔÅÚÕ ÚÁ ÒÅÁË��ÑÍÉ (2.1)-(2.4). ñÄÒÁ �ÅÒÅÎÏ-ÓÕ 'abdIGIG(r; r0; r00; r000; t; t0) Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ ÎÕËÌÏÎÎÏÇÏÓÉÎÔÅÚÕ Í�Ö �ÏÎÁÍÉ a � b, Ú ÕÔ×ÏÒÅÎÎÑÍ ×ÉÓÏËÏÅÎÅÒÇÅÔÉÞÎÉÈ �ÒÏÄÕË-Ô�× ÒÅÁË��Ê  � d. äÅÔÁÌØÎÉÊ ÁÎÁÌ�Ú ÑÄÅÒ �ÅÒÅÎÏÓÕ, Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ,ÚÏËÒÅÍÁ Õ ÍÁÒË�×ÓØËÏÍÕ ÎÁÂÌÉÖÅÎ� ÍÉ �ÒÏ×ÅÄÅÍÏ Õ ÎÁÓÔÕ�Î�Ê ÒÏÂÏÔ�.ì�ÔÅÒÁÔÕÒÁ1. Basov N.G., Krokin O.N. and Skizkov G.V. Heating of laser plasmasfor thermonulear fusion. In Laser interation and related phenom-ena (ed. H. Shwartz and H. Hora) 1972, Plenum Press, New-York.2. Bruekner K.A. and Jorna S. Laser driven fusion. KMS Fusion, In.Ann. Arbor, Mihigan, USA.,1973.3. Bruekner K.A. and Jorna S. Laser driven fusion.// Rev.Mod.Phys.,1974, vol. 46, No 2, p.325-367.4. Hora H. Physis of laser driven plasmas. 1981, John Wiley and Son,New York.5. Duderstadt J.J. and Moses G.A. Inertial on�nement fusion. 1982,John Wiley and Son, New York.6. Takabe H., Nagatomo H., Sunahara A., Ohnishi N., Mahdy A.I.,Yoda Y., Naruo S., Azehi H., Nishimura H. and Mima K. Reentstudies of laser produed plasmas.// Plasma Phys. Control. Fusion.,1999, vol.41, p.A75-A97.



15 ðÒÅ�ÒÉÎÔ7. Witte K., Gahn C., Meyer-ter-Vehn J., Pretzler G., Pukhov A. andTsakiris G. Physis of ultra-intense laser-plasma interation.// Plas-ma Phys. Control. Fusion., 1999, vol.41, p.B221-B230.8. Atzeni S. Laser-plasma interation and high-pressure generation forinertial fusion and basi siene.// Plasma Phys. Control. Fusion.,2000, vol.42, p.B143-B155.9. Gibbon P. and F�orster E. Short - pulse laser - plasma interations.//Plasma Phys. Control. Fusion., 1996, vol.38, p.769-793.10. Ihimaru S., Iyetomi H. and Tanaka S. Statistial physis of denseplasmas: thermodynamis, transport oeÆients and dynami or-relations. // Phys. Rep., 1987 vol. 149, p.91{205.11. Ihimaru S. Nulear fusion in dense plasmas.// Rev.Mod.Phys.,1993, vol.65, No 2, p.255-299.12. Toneev V.D., Shulz H., Gudima K.K. and R�opke G. Towards studyof hot and dense nulear matter in heavy ion ollisions.// Phys.Eelement. Part. Nulei (Partiles Nulei, Russian), 1986, vol. 17,p.1093{1172.13. Botermans W. and Mal�elt R. Quantum transport theory of nulearmatter. // Phys. Rep., 1990, vol. 198, p.115{194.14. Markov Yu.A., Markova M.A. Nonlinear plasmon damping in thequark-gluon plasma.// J.Phys.G: Nul.Part.Phys., 2000, vol.26,p.1581-1619.15. Markov Yu.A., Markova M.A. The Boltzmann equation for olour-less plasmons in hot QCD plasma. Semilassial approximation.//J.Phys.G: Nul.Part.Phys., 2001, vol.27, p.1869-1903.16. Tokarhuk M.V., Arimitsu T., Kobryn A.E. Thermo �eld hydro-dynami and kineti equations of dene quantum nuler systems.//Cond.Matt.Phys., 1998, vol.1, No 3(15), p. 605-642.17. ï.I.áÈi¤ÚÅÒ, í.ð.òÅËÁÌÏ. æiÚÉËÁ ÅÌÅÍÅÎÔÁÒÎÉÈ ÞÁÓÔÉÎÏË. ëÉ§×,îÁÕËÏ×Á äÕÍËÁ, 1978 Ò., 223 Ó.18. D.Zubarev, V.Morozov, G.R�opke. Statistial Mehanis of Nonequi-librium Proesses, vol. 1: Basi Conepts, Kineti Theory (AademieFerlag, Berlin, 1996).

ICMP{01{35U 16



ðÒÅ�ÒÉÎÔÉ ¶ÎÓÔÉÔÕÔÕ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ îáî õËÒÁ§ÎÉÒÏÚ�Ï×ÓÀÄÖÕÀÔØÓÑ ÓÅÒÅÄ ÎÁÕËÏ×ÉÈ ÔÁ �ÎÆÏÒÍÁ��ÊÎÉÈ ÕÓÔÁÎÏ×. ÷ÏÎÉÔÁËÏÖ ÄÏÓÔÕ�Î� �Ï ÅÌÅËÔÒÏÎÎ�Ê ËÏÍ�'ÀÔÅÒÎ�Ê ÍÅÒÅÖ� ÎÁ WWW-ÓÅÒ-×ÅÒ� �ÎÓÔÉÔÕÔÕ ÚÁ ÁÄÒÅÓÏÀ http://www.imp.lviv.ua/The preprints of the Institute for Condensed Matter Physis of the Na-tional Aademy of Sienes of Ukraine are distributed to sienti� andinformational institutions. They also are available by omputer networkfrom Institute's WWW server (http://www.imp.lviv.ua/)

íÉÈÁÊÌÏ ÷ÁÓÉÌØÏ×ÉÞ �ÏËÁÒÞÕËïÌÅËÓÁÎÄÒ ´×ÇÅÎ�ÊÏ×ÉÞ ëÏÂÒÉÎóÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ�Ñ ÎÅÌ�Î�ÊÎÉÈ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÈÆÌÕËÔÕÁ��Ê × ÎÁÄÇÕÓÔ�Ê ÔÅÒÍÏÑÄÅÒÎ�Ê �ÌÁÚÍ�òÏÂÏÔÕ ÏÔÒÉÍÁÎÏ 28 ÇÒÕÄÎÑ 2001 Ò.úÁÔ×ÅÒÄÖÅÎÏ ÄÏ ÄÒÕËÕ ÷ÞÅÎÏÀ ÒÁÄÏÀ ¶æëó îáî õËÒÁ§ÎÉòÅËÏÍÅÎÄÏ×ÁÎÏ ÄÏ ÄÒÕËÕ ÓÅÍ�ÎÁÒÏÍ ×�ÄÄ�ÌÕ ÔÅÏÒ�§ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ�ÒÏ�ÅÓ�×÷ÉÇÏÔÏ×ÌÅÎÏ �ÒÉ ¶æëó îáî õËÒÁ§ÎÉ õÓ� �ÒÁ×Á ÚÁÓÔÅÒÅÖÅÎ�


