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1 ðÒÅÐÒÉÎÔ÷ÓÔÕÐ¶ÎÔÅÒÁÌÉ Ä¦§ ÔÉÐÕ æÏËËÅÒÁ [1-3] ÓÔÁÎÏ×ÌÑÔØ ¦ÓÔÏÒÉÞÎÏ ÐÅÒÛÉÊ ÔÁ ÄÕ-ÖÅ ×ÁÖÌÉ×ÉÊ Ð¦ÄÈ¦Ä ÄÏ ÐÏÓÌ¦ÄÏ×ÎÏÇÏ ÏÐÉÓÕ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉN ÞÁÓÔÉÎÏË Õ ÔÅÒÍ¦ÎÁÈ ÐÒÑÍÏ§ ×ÚÁ¤ÍÏÄ¦§ (Ä¦§ ÎÁ ×¦ÄÄÁÌ¦). úÁÂÅÚÐÅ-ÞÕÀÞÉ Ñ×ÎÕ ðÕÁÎËÁÒÅ- ÔÁ ÒÅÐÁÒÁÍÅÔÒÉÚÁÃ¦ÊÎÕ (ÈÒÏÎÏÍÅÔÒÉÞÎÕ) ¦Î-×ÁÒ¦ÑÎÔÎ¦ÓÔØ, ×ÏÎÉ ÍÏÖÕÔØ ÓÌÕÖÉÔÉ ×ÉÈ¦ÄÎÏÀ ÂÁÚÏÀ ÄÌÑ ÒÏÚ×ÉÔËÕ¦ÎÛÉÈ ÆÏÒÍÁÌ¦ÚÍ¦× ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÔÅÏÒ¦§ ÐÒÑÍÉÈ ×ÚÁ¤ÍÏÄ¦Ê, ÚÏËÒÅ-ÍÁ, ÔÒÉ×ÉÍ¦ÒÎÏÇÏ ÌÁÒÁÎÖÅ×ÏÇÏ [4,5], ÇÁÍ¦ÌØÔÏÎÏ×ÏÇÏ [6,7] ÞÉ ÎØÀ-ÔÏÎÏ×ÏÇÏ. ô¦ÓÎÉÊ Ú×'ÑÚÏË ¦ÎÔÅÒÁÌ¦× æÏËËÅÒÁ Ú ÔÅÏÒÅÔÉËÏ-ÐÏÌØÏ×ÉÍÏÐÉÓÏÍ ÄÏÚ×ÏÌÑ¤ ÎÁÄÁ×ÁÔÉ Æ¦ÚÉÞÎÏÇÏ ÚÍ¦ÓÔÕ ÚÁÇÁÌØÎÉÍ ËÏÎÓÔÒÕË-Ã¦ÑÍ, ÐÒÉÔÁÍÁÎÎÉÍ ×ËÁÚÁÎÉÍ ÆÏÒÍÁÌ¦ÚÍÁÍ. äÌÑ ÆÅÎÏÍÅÎÏÌÏÇ¦ÞÎÏ§ÚÁ Ó×Ï¤À ÓÕÔÔÀ ÔÅÏÒ¦§ ÐÒÑÍÉÈ ×ÚÁ¤ÍÏÄ¦Ê ×ÅÌÉËÅ ÚÎÁÞÅÎÎÑ ÍÁ¤ ÍÏ-ÖÌÉ×¦ÓÔØ ×ÉÄ¦ÌÉÔÉ Ú ÛÉÒÏËÏÇÏ ËÌÁÓÕ ×ÉÒÁÚ¦×, ÄÏÐÕÓÔÉÍÉÈ Ú ÔÏÞËÉ ÚÏ-ÒÕ ÚÁÇÁÌØÎÉÈ ×ÉÍÏÇ (ðÕÁÎËÁÒÅ- ¦Î×ÁÒ¦ÑÎÔÎÏÓÔÉ, ÐÒÉÞÉÎÎÏÓÔÉ ¦ ÐÏÄ.),ÄÅÑËÉÊ Ð¦ÄËÌÁÓ, ÝÏ ÍÁ¤ ÔÅÏÒÅÔÉËÏ-ÐÏÌØÏ×¦ ÁÎÁÌÏÇÉ. õ ÄÁÎ¦Ê ÒÏÂÏÔ¦ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÐÏÂÕÄÏ×Á ¦ÎÔÅÒÁÌÕ Ä¦§ ÔÉÐÕ æÏËËÅÒÁ, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ËÌÁÓÉÞÎÉÍ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÉÍ ÐÏÌÑÍ ÄÏ×¦ÌØÎÏÇÏ Ã¦ÌÏÇÏ ÓÐ¦ÎÕ n ¦ ÍÁÓÉ�. äÌÑ n = 0; 1 ÒÅÚÕÌØÔÁÔÉ ÄÏÂÒÅ ×¦ÄÏÍ¦. úÎÁÞÅÎÎÑ n = 1; � = 0×¦ÄÐÏ×¦ÄÁÀÔØ ×ÉÐÁÄËÕ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏ§ ×ÚÁ¤ÍÏÄ¦§, ÑËÉÊ ÒÏÚÇÌÑÄÁ×æÏËËÅÒ ÝÅ Õ 1929 ÒÏÃ¦. ðÒÁÇÎÅÎÎÑ ÐÏÛÉÒÉÔÉ ÃÅÊ ÒÏÚÇÌÑÄ ÎÁ ÏÐÉÓÐÒÏÃÅÓ¦× ×ÉÐÒÏÍ¦ÎÀ×ÁÎÎÑ ÐÒÉ×ÅÌÏ ÄÏ ÐÏÂÕÄÏ×É ÅÌÅËÔÒÏÄÉÎÁÍ¦ËÉ÷¦ÌÅÒÁ-æÅÊÎÍÁÎÁ [8,9], ÝÏ ¤ ×Ú¦ÒÃÅ×ÏÀ ËÏÎÓÔÒÕËÃ¦¤À ÔÁËÏÇÏ ÔÉÐÕ ÔÅ-ÏÒ¦Ê. õÚÁÇÁÌØÎÅÎÎÑ ÎÁ ×ÉÐÁÄÏË ÓËÁÌÑÒÎÏÇÏ ÔÁ ×ÅËÔÏÒÎÏÇÏ ÍÁÓÉ×ÎÉÈÐÏÌ¦× ÄÁÎÏ çÁ×ÁÓÏÍ [10]. ¶ÎÔÅÒÁÌ Ä¦§ ÔÉÐÕ æÏËËÅÒÁ ÄÌÑ ÂÅÚÍÁÓÏ×Ï-ÇÏ ÔÅÎÚÏÒÎÏÇÏ ÐÏÌÑ ÒÁÎÕ n = 2 ×¦ÄÐÏ×¦ÄÁ¤ Ì¦Î¦ÊÎÏÍÕ ÚÁ ×ÚÁ¤ÍÏÄ¦¤ÀÎÁÂÌÉÖÅÎÎÀ ÚÁÇÁÌØÎÏ§ ÔÅÏÒ¦§ ×¦ÄÎÏÓÎÏÓÔÉ [11-13,3]. áÎÁÌ¦ÚÏ×¦ ÚÁÇÁÌØ-ÎÏÇÏ ×ÉÐÁÄËÕ ÔÅÎÚÏÒÎÏÇÏ ÐÏÌÑ ÄÏ×¦ÌØÎÏÇÏ ÒÁÎÕ n ÐÒÉÓ×ÑÞÅÎÏ ÒÑÄÒÏÂ¦Ô [12-16], ÁÌÅ ×Ó¦ ×ÏÎÉ ¦ÎÏÒÕÀÔØ ÏÄÎÕ ×ÁÖÌÉ×Õ ÏÂÓÔÁ×ÉÎÕ. þÉÓÌÏÎÅÚÁÌÅÖÎÉÈ ÓÔÕÐÅÎ¦× ×¦ÌØÎÏÓÔÉ ÐÏÌÑ, ÑËÅ ÏÐÉÓÕ¤ ÏÂÍ¦Î ×¦ÒÔÕÁÌØÎÉ-ÍÉ ÍÁÓÉ×ÎÉÍÉ ÂÏÚÏÎÁÍÉ ÓÐ¦ÎÕ n > 0, Ò¦×ÎÅ 2n + 1, ÚÁ×ÖÄÉ ÍÅÎÛÅ,Î¦Ö ÞÉÓÌÏ ËÏÍÐÏÎÅÎÔ (ÓÉÍÅÔÒÉÞÎÏÇÏ) ÔÅÎÚÏÒÎÏÇÏ ÐÏÌÑ ÒÁÎÕ n. õÔÅÏÒ¦§ ÐÏÌÑ ÄÌÑ ×ÉÌÕÞÅÎÎÑ ÚÁÊ×ÉÈ ËÏÍÐÏÎÅÎÔ ÚÁÓÔÏÓÏ×Õ¤ÔØÓÑ ÔÅÈ-Î¦ËÁ ÐÒÏ¤ËÃ¦ÊÎÉÈ ÏÐÅÒÁÔÏÒ¦× [17-19]. ôÕÔ ÍÉ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉÍÅÍÏÃÀ ÔÅÈÎ¦ËÕ × ËÏÎÔÅËÓÔ¦ ÔÅÏÒ¦§ ÄÖÅÒÅÌ û×¦ÎÅÒÁ [19], ÐÅÒÅÈÏÄÑÞÉ ×¦ÄÚÁÐÒÏÐÏÎÏ×ÁÎÏÇÏ ÃÉÍ Á×ÔÏÒÏÍ Ë×ÁÎÔÏ×ÏÇÏ ÆÏÒÍÁÌ¦ÚÍÕ ÄÏ ËÌÁÓÉÞÎÏ§Ä¦§ ÔÉÐÕ æÏËËÅÒÁ.÷ÉËÌÁÄÏ×¦ ÏÓÎÏ×ÎÏÇÏ ÒÅÚÕÌØÔÁÔÕ ÒÏÂÏÔÉ| ÐÏÂÕÄÏ×¦ Ä¦§ ÔÉÐÕ æÏË-ËÅÒÁ ÄÌÑ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏÇÏ ÐÏÌÑ ÍÁÓÉ � ÔÁ ÓÐ¦ÎÕ n | ÐÅÒÅÄÕ¤ ÏÂÇÏ-×ÏÒÅÎÎÑ ÄÅÑËÉÈ ÚÁÇÁÌØÎÉÈ ÏÂÓÔÁ×ÉÎ, ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ×ÚÁ¤ÍÏ×¦Ä-
ICMP{98{03U 2ÎÏÛÅÎÎÑ Í¦Ö ÔÅÏÒ¦¤À ÐÏÌÑ ÔÁ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏÀ Ä¦¤À ÎÁ ×¦ÄÄÁÌ¦.ïÓÏÂÌÉ×Ï Ð¦ÄËÒÅÓÌÀ¤ÔØÓÑ ÚÎÁÞÅÎÎÑ ÔÉÈ ÅÌÅÍÅÎÔ¦× ÄÏ×¦ÌØÎÏÓÔÉ, ÑË¦×ÉÎÉËÁÀÔØ × ÏÂÏÈ Ð¦ÄÈÏÄÁÈ ÐÒÉ ÚÁÓÔÏÓÕ×ÁÎÎ¦ ÄÏ ÏÐÉÓÕ ÓÉÓÔÅÍÉ N×ÚÁ¤ÍÏÄ¦ÀÞÉÈ Ô¦Ì. óÁÍÅ × ÐÒÉÊÎÑÔÔ¦ (ÎÅ ÚÁ×ÖÄÉ Ñ×ÎÏÍÕ) ÐÅ×ÎÉÈ ÄÏ-ÄÁÔËÏ×ÉÈ Æ¦ÚÉÞÎÉÈ ÐÒÉÐÕÝÅÎØ, ÑË¦ ÎÅ ×ÉÐÌÉ×ÁÀÔØ ÂÅÚÐÏÓÅÒÅÄÎØÏ ¦ÚÆÏÒÍÁÌ¦ÚÍÕ, ¦ ÍÏÖÅ ÌÅÖÁÔÉ ÐÒÉÞÉÎÁ ÒÏÚÂ¦ÖÎÏÓÔÉ Í¦Ö ÐÅÒÅÄÂÁÞÅÎ-ÎÑÍÉ ÏÂÏÈ ÔÅÏÒ¦Ê. ã¦ ÐÉÔÁÎÎÑ ÏÂÇÏ×ÏÒÀÀÔØÓÑ × ÒÏÚÄ¦Ì¦ 1.òÏÚÄ¦Ì 2 ÐÒÉÓ×ÑÞÅÎÉÊ ÐÏÂÕÄÏ×¦ ¦ÎÔÅÒÁÌÕ Ä¦§ ÔÉÐÕ æÏËËÅÒÁ ÄÌÑÍÁÓÉ×ÎÏÇÏ ÐÏÌÑ ÓÐ¦ÎÕ n. ÷ÉÈÏÄÑÞÉ Ú Ä¦§ û×¦ÎÅÒÁ [19] ÄÌÑ ÔÅÎÚÏÒ-ÎÏÇÏ ÄÖÅÒÅÌÁ ÒÁÎÕ n, ×ÉÒÁÖÁ¤ÍÏ ÏÓÔÁÎÎ¤ × ÔÅÒÍ¦ÎÁÈ ÞÁÓÔÉÎËÏ×ÉÈÚÍ¦ÎÎÉÈ ¦ Ð¦ÓÌÑ Ð¦ÄÓÔÁ×ÌÑÎÎÑ Õ ÆÏÒÍÕÌÕ ÄÌÑ Ä¦§ ÏÄÅÒÖÕ¤ÍÏ ×ÉÒÁÚ,ÚÁÌÅÖÎÉÊ (ÈÏÞÁ Ê Õ ÎÅ ÄÕÖÅ Ñ×ÎÉÊ ÓÐÏÓ¦Â) ×¦Ä ËÏÏÒÄÉÎÁÔ ÔÁ Û×ÉÄ-ËÏÓÔÅÊ ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË. ðÏËÁÚÁÎÏ Ñ×ÎÕ ðÕÁÎËÁÒÅ-¦Î×ÁÒ¦ÑÎÔÎ¦ÓÔØ ÏÔÒÉÍÁÎÏÇÏ ÒÅÚÕÌØÔÁÔÕ ÔÁ ÊÏÇÏ ÐÏÇÏÄÖÅÎ¦ÓÔØ Ú ×¦ÄÏ-ÍÉÍÉ ÒÁÎ¦ÛÅ ×ÉÒÁÚÁÍÉ ÄÌÑ n = 0; 1. îÅÚÁÌÅÖÎÉÊ ÒÏÚÇÌÑÄ ×ÚÁ¤ÍÏÄ¦Ê,ÝÏ ÐÅÒÅÎÏÓÑÔØÓÑ ÂÅÚÍÁÓÏ×ÉÍÉ ÐÏÌÑÍÉ Æ¦ËÓÏ×ÁÎÏ§ ÓÐ¦ÒÁÌØÎÏÓÔÉ � =�n, ÐÒÏ×ÅÄÅÎÏ × ÒÏÚÄ¦Ì¦ 3. ÷¦Î ÐÒÉ×ÏÄÉÔØ ÄÏ Ñ×ÎÏÇÏ ×ÉÒÁÚÕ ¦ÎÔÅÒÁ-ÌÕ Ä¦§ × ÔÅÒÍ¦ÎÁÈ ¦Î×ÁÒ¦ÑÎÔ¦×, ÓÆÏÒÍÏ×ÁÎÉÈ ¦Ú 4-ËÏÏÒÄÉÎÁÔ ÔÁ 4-Û×ÉÄËÏÓÔÅÊ ÞÁÓÔÉÎÏË. îÁ ÚÁ×ÅÒÛÅÎÎÑ ÒÏÂÏÔÉ ÒÏÚÇÌÑÄÁÀÔØÓÑ ÄÅÑË¦ÕÚÁÇÁÌØÎÅÎÎÑ ÔÁ ÍÏÄÉÆ¦ËÁÃ¦§ ÒÏÚ×ÉÎÕÔÏÇÏ ÆÏÒÍÁÌ¦ÚÍÕ.1. ðÒÏÂÌÅÍÁ ÒÕÈÕ ÞÁÓÔÉÎÏË Õ Ì¦Î¦ÊÎÉÈ ÔÅÏÒ¦ÑÈ ÐÏ-ÌÑõ ÒÁÍËÁÈ ËÌÁÓÉÞÎÏ§ ÔÅÏÒ¦§ ÐÏÌÑ ÄÌÑ ÏÐÉÓÕ ×ÚÁ¤ÍÏÄ¦§ ÓÉÓÔÅÍÉN ÒÅÌÑ-ÔÉ×¦ÓÔÉÞÎÉÈ ÞÁÓÔÉÎÏË ××ÏÄÉÔØÓÑ ÎÏ×ÉÊ ÏÂ'¤ËÔ| (ËÌÁÓÉÞÎÅ) ÐÏÌÅ �,ÝÏ ÚÏÂÒÁÖÁ¤ÔØÓÑ ÆÕÎËÃ¦¤À ÔÏÞËÉ ÐÒÏÓÔÏÒÕ í¦ÎËÏ×ÓØËÏÇÏ IM4, ÁÂÏ,Â¦ÌØÛ ÁÂÓÔÒÁËÔÎÏ, ÐÅÒÅÔÉÎÏÍ ×ÅËÔÏÒÎÏ§ ×'ÑÚËÉ � : E! IM4 Ú ÔÉÐÏ×ÉÍ×ÏÌÏËÎÏÍ F (� �� = id, x 7! �A(x), A = 1; :::; dimF, x 2 IM4) [20,21].îÅÈÁÊ ÓÉÓÔÅÍÁ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË ÏÐÉÓÕ¤ÔØÓÑ ÐÁÒÁÍÅÔÒÉÞÎÉÍÉ Ò¦×-ÎÑÎÎÑÍÉ §ÈÎ¦È Ó×¦ÔÏ×ÉÈ Ì¦Î¦Ê Õ ÐÒÏÓÔÏÒ¦ í¦ÎËÏ×ÓØËÏÇÏ  : IR ! IM4,� 7! x(�): x� = x�a(�a); a = 1; N; � = 0; 3; (1.1)�a | ÄÅÑË¦ ÐÁÒÁÍÅÔÒÉ. ú ÔÏÞËÉ ÚÏÒÕ ÔÅÏÒ¦§ ÐÏÌÑ ÃÑ ÓÉÓÔÅÍÁ ÈÁÒÁË-ÔÅÒÉÚÕ¤ÔØÓÑ Ä¦¤À S, ÝÏ ¤ ÓÕÍÏÀ ÔÒØÏÈ ÄÏÄÁÎË¦×:S = Sf + Sfl + Sint; (1.2)ÑË¦ ÏÐÉÓÕÀÔØ, ×¦ÄÐÏ×¦ÄÎÏ, ÓÉÓÔÅÍÕ ×¦ÌØÎÉÈ (ÎÅ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ) ÞÁÓÔÉ-ÎÏË (Sf ), ×¦ÌØÎÉÈ ÐÏÌ¦× (Sfl) ÔÁ ×ÚÁ¤ÍÏÄ¦À Í¦Ö ÎÉÍÉ (Sint).



3 ðÒÅÐÒÉÎÔðÅÒÛÉÊ ÄÏÄÁÎÏË, ÚÁ ÐÒÉÐÕÝÅÎÎÑÍ, ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ÐÏÌØÏ×ÉÈÚÍ¦ÎÎÉÈ ¦ ÄÌÑ ÓÉÓÔÅÍÉ ÔÏÞËÏ×ÉÈ (ÂÅÚÓÔÒÕËÔÕÒÎÉÈ) ÞÁÓÔÉÎÏË ÍÁ¤ ×É-ÇÌÑÄ S = �Xa ma Z d�apu2a(�a); (1.3)ÄÅ ma | ÍÁÓÁ ÓÐÏËÏÀ ÞÁÓÔÉÎËÉ a,u�a � dx�a(�a)d�a (1.4)| §§ 4-Û×ÉÄË¦ÓÔØ, u2a � ���u�au�a � ua�u�a. çÒÅÃØË¦ ¦ÎÄÅË-ÓÉ Ð¦ÄÎ¦ÍÁÀÔØÓÑ ÔÁ ÏÐÕÓËÁÀÔØÓÑ ÔÅÎÚÏÒÏÍ í¦ÎËÏ×ÓØËÏÇÏ ��� =diag(1;�1;�1;�1). òÏÚÇÌÑÄÁ¤ÍÏ ÌÉÛÅ ÞÁÓÏÐÏÄ¦ÂÎ¦ Ó×¦ÔÏ×¦ Ì¦Î¦§, ÄÌÑÑËÉÈ u2a > 0: (1.5)÷ÁÖÌÉ×ÏÀ ×ÌÁÓÔÉ×¦ÓÔÀ Ä¦§ (1.3) ¤ §§ ÎÅÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ËÏÎËÒÅÔÎÏ§ ÐÁ-ÒÁÍÅÔÒÉÚÁÃ¦§ Ó×¦ÔÏ×ÉÈ Ì¦Î¦Ê (1.1), ÑËÁ ÐÒÏÑ×ÌÑ¤ÔØÓÑ × ¦Î×ÁÒ¦ÑÎÔÎÏÓÔ¦Sf ×¦ÄÎÏÓÎÏ ÐÅÒÅÔ×ÏÒÅÎØ �a 7! � 0a = fa(�a); (1.6)ÄÅ fa | ÄÏ×¦ÌØÎ¦ ÍÏÎÏÔÏÎÎ¦ ÆÕÎËÃ¦§: dfa=d�a > 0. ÷ Ñ×ÎÏ ËÏ×ÁÒ¦ÑÎÔ-ÎÉÈ ÞÏÔÉÒÉÍ¦ÒÎÉÈ ÏÐÉÓÁÈ × ÒÏÌ¦ ÐÁÒÁÍÅÔÒ¦× �a Ú×ÉÞÁÊÎÏ ×ÉÓÔÕÐÁÀÔØ¦Î×ÁÒ¦ÑÎÔÎ¦ ×ÌÁÓÎ¦ ÞÁÓÉ ÞÁÓÔÉÎÏË. ôÏÄ¦ ÔÏÔÏÖÎØÏ u2a(�a) = 1. èÏ-ÞÁ ÃÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÍÏÖÎÁ ÂÅÚÚÁÓÔÅÒÅÖÎÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ × Ò¦×-ÎÑÎÎÑÈ ÒÕÈÕ ÔÁ ¦ÎÔÅÒÁÌÁÈ ÒÕÈÕ, × ÒÁÍËÁÈ ÌÁÒÁÎÖÅ×ÏÇÏ ÏÐÉÓÕ ÊÏ-ÇÏ ÓÌ¦Ä ÔÒÁËÔÕ×ÁÔÉ ÑË (ÎÅÇÏÌÏÎÏÍÎÕ) ×'ÑÚØ, ÐÒÏÑ×ÌÑÀÞÉ ×¦ÄÐÏ×¦ÄÎÕÏÂÅÒÅÖÎ¦ÓÔØ. ôÕÔ, ÏÄÎÁË, ÍÉ ×ÏÌ¦¤ÍÏ ÄÏÔÒÉÍÕ×ÁÔÉÓØ ÈÒÏÎÏÍÅÔÒÉÞÎÏ-¦Î×ÁÒ¦ÑÎÔÎÏÇÏ ÆÏÒÍÁÌ¦ÚÍÕ, ÎÁ×¦ÔØ Ã¦ÎÏÀ ÄÅÑËÏÇÏ ÕÓËÌÁÄÎÅÎÎÑ ×¦Ä-ÐÏ×¦ÄÎÉÈ ÆÏÒÍÕÌ, ÍÁÀÞÉ ÎÁ ÄÕÍÃ¦ ÐÅÒÅÈ¦Ä ÄÏ ÏÄÎÏÞÁÓÏ×ÏÇÏ ÔÒÉ-×ÉÍ¦ÒÎÏÇÏ ÏÐÉÓÕ [4,5]. úÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×ÉÐÁÄËÕ ÄÏ×¦ÌØÎÏÇÏ ×ÉÂÏÒÕÐÁÒÁÍÅÔÒ¦× �a 4-Û×ÉÄË¦ÓÔØ (1.4) ÎÅ ÂÕÄÅ 4-×ÅËÔÏÒÏÍ ×¦ÄÎÏÓÎÏ ÐÅÒÅ-Ô×ÏÒÅÎØ ìÏÒÅÎÃÁ. ôÒÁÎÓÆÏÒÍÁÃ¦ÊÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ 4-×ÅËÔÏÒÁ ÍÁÔÉÍÅÈÒÏÎÏÍÅÔÒÉÞÎÏ-¦Î×ÁÒ¦ÑÎÔÎÁ ×ÅÌÉÞÉÎÁ ^u�a � u�a=pu2a.äÒÕÇÉÊ ÄÏÄÁÎÏË Õ (1.2) ÚÁÌÅÖÉÔØ Ô¦ÌØËÉ ×¦Ä ÐÏÌØÏ×ÉÈ ÆÕÎËÃ¦Ê,Sfl = Sfl[�] = Z d4xL[�]; (1.7)Á ÔÒÅÔ¦Ê ÍÁ¤ ×ÉÇÌÑÄ Sint = Z d4xJA(x)�A(x); (1.8)
ICMP{98{03U 4ÄÅ JA(x) | \ÓÔÒÕÍ", ÓÔ×ÏÒÅÎÉÊ ÞÁÓÔÉÎËÁÍÉ. ðÒÉÐÕÓËÁ¤ÔØÓÑ, ÝÏ ×¦ÎÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ÐÏÌØÏ×ÉÈ ÚÍ¦ÎÎÉÈ. ãÅ ÏÂÍÅÖÅÎÎÑ × ÏÓÎÏ×ÎÏÍÕ ÊÈÁÒÁËÔÅÒÉÚÕ¤ Ì¦Î¦ÊÎ¦ÓÔØ ÐÏÌØÏ×Ï§ ÔÅÏÒ¦§.÷ÁÒ¦ÑÃ¦Ñ Ä¦§ (1.2) ÚÁ ÚÍ¦ÎÎÉÍÉ ÐÏÌÑ �A(x) ÄÁ¤ Ò¦×ÎÑÎÎÑ ÐÏÌÑ ¦ÚÚÁÄÁÎÉÍÉ ÄÖÅÒÅÌÁÍÉ, �Sfl��A = �JA; (1.9)ÔÏÄ¦ ÑË ×ÁÒ¦ÑÃ¦Ñ ÚÁ ÞÁÓÔÉÎËÏ×ÉÍÉ ÚÍ¦ÎÎÉÍÉ x�a(�a) ÐÒÉ×ÏÄÉÔØ ÄÏ Ò¦×-ÎÑÎØ ÒÕÈÕ ÞÁÓÔÉÎÏËdd�a mau�a(�a)pu2a(�a) = Z d4x �JA(x)�xa� (�a)�A(x): (1.10)÷¦ÚØÍÅÍÏ JA(x) Õ ×ÉÇÌÑÄ¦JA(x) =Xa ga Z d�aQA(�a)�[x � xa(�a)]: (1.11)ÄÅ QA(�a) | ÆÕÎËÃ¦§, ÝÏ ÚÁÌÅÖÁÔØ Ô¦ÌØËÉ ×¦Ä ÈÁÒÁËÔÅÒÉÓÔÉË ÞÁÓÔÉ-ÎÏË, ga | ËÏÎÓÔÁÎÔÁ ×ÚÁ¤ÍÏÄ¦§ ÞÁÓÔÉÎËÉ a Ú ÐÏÌÅÍ �A. ôÏÄ¦�JA(x)�xa�(�a) = gaE�a [QA(�a)�(x� xa(�a))]= ga f�(x� xa)E�aQA �QA@��(x� xa)� @QA@ua� dd�a �(x� xa)� ; (1.12)ÄÅ E�a | ÏÐÅÒÁÔÏÒ ïÊÌÅÒÁ-ìÁÒÁÎÖÁE�a = @@xa� � dd�a @@ua� ; @� � @=@x� : (1.13)ð¦ÄÓÔÁ×É×ÛÉ (1.12) Õ Ò¦×ÎÑÎÎÑ ÒÕÈÕ ÞÁÓÔÉÎÏË (1.10), ÏÄÅÒÖÉÍÏdd�a mau�a(�a)pu2a(�a) = �JA(x)�xa�(�a)= ga Z d4x�A(x) f�(x� xa)E�aQA(�a)�QA(�a)@��(x � xa)+ @QA(�a)@ua� ua�@��(x� xa)� : (1.14)÷×ÁÖÁÀÞÉ, ÝÏ ÐÏÌÑ ÚÎÉËÁÀÔØ ÎÁ Ç¦ÐÅÒÐÏ×ÅÒÈÎ¦, ÑËÁ ÏÂÍÅÖÕ¤ ÏÂ-ÌÁÓÔØ ¦ÎÔÅÒÕ×ÁÎÎÑ, ÍÏÖÎÁ ÓËÏÒÉÓÔÁÔÉÓÑ ÆÏÒÍÕÌÏÀZ d4x)�A(x)@��(x� xa) = Z d4x)�(x � xa)@��A(x): (1.15)



5 ðÒÅÐÒÉÎÔôÏÄ¦ ÏÔÒÉÍÁ¤ÔØÓÑ dd�a mau�a(�a)pu2a(�a) = �JA(x)�xa�(�a) = ga ��QA(�a)����@QA(�a)@ua� ua��@��A(xa(�a)) + �A(xa(�a))E�aQA(�a)� : (1.16)òÏÚ×'ÑÚÁ×ÛÉ Ò¦×ÎÑÎÎÑ ÐÏÌÑ (1.9), ÍÏÖÎÁ ×ÉÒÁÚÉÔÉ �A(x) ÞÅÒÅÚÞÁÓÔÉÎËÏ×¦ ÚÍ¦ÎÎ¦. ñËÝÏ Ð¦ÄÓÔÁ×ÉÔÉ Ã¦ ×ÉÒÁÚÉ Õ (1.16), ÔÏ ÏÔÒÉÍÁ¤ÍÏÒ¦×ÎÑÎÎÑ ÒÕÈÕ ÞÁÓÔÉÎÏË ×ÉËÌÀÞÎÏ Õ ÔÅÒÍ¦ÎÁÈ ÚÍ¦ÎÎÉÈ xa(�a) ×ÉÇÌÑ-ÄÕ dd�a mau�a(�a)pu2a(�a) = F �a [xa(�a)]: (1.17)ôÅÐÅÒ ÍÏÖÎÁ ÂÕÌÏ Â ÚÁÂÕÔÉ ×ÚÁÇÁÌ¦ ÐÒÏ ×ÓÑË¦ ÐÏÌÑ ¦ ÒÏÚÇÌÑÄÁÔÉ Ò¦×-ÎÑÎÎÑ (1.17) ÑË ÏÓÎÏ×Õ ÏÐÉÓÕ ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÉÈ ÞÁÓÔÉ-ÎÏË. ôÁË ÐÒÉÈÏÄÉÍÏ ÄÏ ÔÅÏÒ¦§ ÐÒÑÍÏ§ ×ÚÁ¤ÍÏÄ¦§.ïÄÎÁË Ò¦×ÎÑÎÎÑ (1.17) Õ ×É×ÅÄÅÎ¦Ê ÎÁÍÉ Ú ÔÅÏÒ¦§ ÐÏÌÑ ÆÏÒÍ¦ (1.16)ÝÅ ÎÅ ¤ ÐÏ×Î¦ÓÔÀ ÏÚÎÁÞÅÎÉÍÉ. äÌÑ §È ÄÏÏÚÎÁÞÅÎÎÑ ÎÅÏÂÈ¦ÄÎÏ ÎÁÄÁÔÉÞ¦ÔËÏÇÏ ÓÅÎÓÕ ×ÅÌÉÞÉÎÁÍ �A(xa(�a)), ÑË¦ ×ÈÏÄÑÔØ Õ ÐÒÁ×Õ ÞÁÓÔÉÎÕ(1.16). ãÅ ¦ ÐÒÉ×ÎÏÓÉÔØ ÎÏ×¦ ÅÌÅÍÅÎÔÉ, ÝÏ ÒÏÚÒ¦ÚÎÑÀÔØ ÔÅÏÒ¦À ÐÏÌÑÔÁ Ä¦À ÎÁ ×¦ÄÄÁÌ¦ ÐÏ ÓÕÔ¦.ðÅÒÛÉÊ ¦Ú ÎÉÈ ÐÏ×'ÑÚÁÎÉÊ Ú ÔÉÍ, ÝÏ ÐÏÌØÏ×¦ Ò¦×ÎÑÎÎÑ (1.9) ÍÁÀÔØÏÄÎÏÚÎÁÞÎÉÊ ÒÏÚ×'ÑÚÏË ÌÉÛÅ ÐÒÉ ÚÁÄÁÎÎ¦ ÐÅ×ÎÉÈ ÇÒÁÎÉÞÎÉÈ ÕÍÏ×,Ò¦ÚÎÉÊ ×ÉÂ¦Ò ÑËÉÈ ÐÒÉ×ÅÄÅ ÄÏ Ò¦ÚÎÉÈ ÆÏÒÍ ÆÕÎËÃ¦ÏÎÁÌÕ F �a [xa(�a)]Õ ÐÒÁ×¦Ê ÞÁÓÔÉÎ¦ Ò¦×ÎÑÎØ ÒÕÈÕ (1.17). ú×ÉÞÁÊÎÏ Õ ËÌÁÓÉÞÎ¦Ê ÒÅÌÑ-ÔÉ×¦ÓÔÉÞÎ¦Ê ÔÅÏÒ¦§ ÐÏÌÑ Ò¦×ÎÑÎÎÑ (1.9) ÕÔ×ÏÒÀÀÔØ Ì¦Î¦ÊÎÕ ÓÉÓÔÅÍÕÄÉÆÅÒÅÎÃ¦ÊÎÉÈ Ò¦×ÎÑÎØFAB�B(x) = �JA(x); (1.18)ÄÅ FAB | ÄÅÑËÉÊ ÆÏÒÍÁÌØÎÏ ÓÁÍÏÓÐÒÑÖÅÎÉÊ ÄÉÆÅÒÅÎÃ¦ÊÎÉÊ ÏÐÅ-ÒÁÔÏÒ. òÏÚ×'ÑÚÏË ÃÉÈ Ò¦×ÎÑÎØ ÍÏÖÎÁ ÐÏÄÁÔÉ ÞÅÒÅÚ ÆÕÎËÃ¦À ½Ò¦ÎÁGAB(x): �A(x) = Z d4x0GAB(x� x0)JA(x0); (1.19)ÄÅ FABGBC(x) = ��AC�(x): (1.20)ãÑ ÆÕÎËÃ¦Ñ ½Ò¦ÎÁ ÏÚÎÁÞÅÎÁ Ú ÔÏÞÎ¦ÓÔÀ ÄÏ ÄÅÑËÏÇÏ ÒÏÚ×'ÑÚËÕ GA0BÏÄÎÏÒ¦ÄÎÏÇÏ Ò¦×ÎÑÎÎÑ, FABGB0C(x) = 0: (1.21)
ICMP{98{03U 6÷ËÁÚÁÎÁ ÄÏ×¦ÌØÎ¦ÓÔØ ÕÓÕ×Á¤ÔØÓÑ ËÏÎËÒÅÔÉÚÁÃ¦¤À ÇÒÁÎÉÞÎÉÈ ÕÍÏ×.÷×ÁÖÁÔÉÍÅÍÏ ÔÅÐÅÒ, ÝÏ ÑËÁÓØ ÆÕÎËÃ¦Ñ ½Ò¦ÎÁ ×ÉÂÒÁÎÁ, ¦ Ð¦ÄÓÔÁ-×ÉÍÏ Õ (1.19) ×ÉÒÁÚ (1.11) ÄÌÑ ÓÔÒÕÍÕ JA(x). ïÄÅÒÖÉÍÏ:�A(x) =Xa ga Z d�aQB(�a)GAB(x� xa(�a)); (1.22)ÝÏ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦�A(x) =Xa �A(a)(x) (1.23)ÔÁ ¦ÎÔÅÒÐÒÅÔÕ×ÁÔÉ ÑË ÓÕÍÕ ÐÏÌ¦× �A(a)(x), ÓÔ×ÏÒÅÎÉÈ ÞÁÓÔÉÎËÁÍÉ ÓÉ-ÓÔÅÍÉ. ã¦ ÐÏÌÑ,�A(a)(x) = ga Z d�aQB(�a)GAB(x� xa(�a)); (1.24)ÓÉÎÕÌÑÒÎ¦ ÎÁ Ó×¦ÔÏ×¦Ê Ì¦Î¦§ ÞÁÓÔÉÎËÉ, ÑËÁ §È ÓÔ×ÏÒÀ¤. ÷¦ÄÐÏ×¦ÄÎÏ,ÏÓÏÂÌÉ×ÏÓÔ¦ ÍÏÖÕÔØ ÐÒÏÑ×ÌÑÔÉÓÑ ¦ × Ò¦×ÎÑÎÎÑÈ (1.16), ÔÁË ÝÏ ÄÌÑ×ÉÚÎÁÞÅÎÏÓÔÉ ÏÓÔÁÎÎ¦È ÓÌ¦Ä ×ËÁÚÁÔÉ ÓÐÏÓÏÂÉ ÕÓÕÎÅÎÎÑ ÃÉÈ ÓÉÎÕÌÑÒ-ÎÏÓÔÅÊ. ãÅ ÄÒÕÇÉÊ ÅÌÅÍÅÎÔ, ÑËÉÊ ÍÏÖÅ ÐÒÉ×ÏÄÉÔÉ ÄÏ ÒÏÚÈÏÄÖÅÎÎÑÍ¦Ö ÔÅÏÒ¦¤À ÐÏÌÑ ÔÁ ÐÒÑÍÏ§ ×ÚÁ¤ÍÏÄ¦§.ðÒÉÐÕÓÔÉÍÏ ÚÎÏ×Õ, ÝÏ ÑËÏÓØ ÃÑ ÐÒÏÂÌÅÍÁ ÒÏÚ×'ÑÚÁÎÁ. ôÏÄ¦, Ð¦Ä-ÓÔÁ×É×ÛÉ (1.22) Õ (1.16), ÏÔÒÉÍÁ¤ÍÏF �a [xa(�a)] = gaXb gb Z d�b �QB(�b) �QA(�a)��� � @QA(�a)@ua� ua��� @@xa�GAB(xa � xb) +GAB(xa � xb)E�aQA(�a)��Xb F �ab: (1.25)äÌÑ ÓÕÍ¦ÓÎÏÓÔÉ ÔÅÏÒ¦§ ÎÅÏÂÈ¦ÄÎÏ Õ ÆÏÒÍÕÌ¦ (1.25) ËÏÎËÒÅÔÉÚÕ×ÁÔÉ×ÉÇÌÑÄ ÆÕÎËÃ¦§ ½Ò¦ÎÁ GAB(x) ¦ ÎÁÄÁÔÉ ÓÅÎÓÕ ×ÉÒÁÚÁÍ ÐÒÉ a = b.õ ËÌÁÓÉÞÎ¦Ê ÔÅÏÒ¦§ ÐÏÌÑ ×ÉÂÉÒÁ¤ÔØÓÑ ÚÁÐ¦ÚÎÀ×ÁÌØÎÁ ÆÕÎËÃ¦Ñ ½Ò¦-ÎÁ GAretB (x), ÑËÁ ÚÎÉËÁ¤, ËÏÌÉ x0 < 0, Á ÐÒÏÂÌÅÍÁ ÓÉÎÕÌÑÒÎÏÓÔÅÊ\ÒÏÚ×'ÑÚÕ¤ÔØÓÑ" ÚÁ ÄÏÐÏÍÏÇÏÀ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÍÁÓÉ [23,25]. äÌÑÃØÏÇÏ Õ ÒÏÚÇÌÑÄ¦ ÄÏÄÁÎËÕ Ú b = a Õ (1.25) ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÐÅ×ÎÁÒÅÕÌÑÒÉÚÁÃ¦Ñ. îÁÐÒÉËÌÁÄ, ÍÏÖÎÁ ÐÏËÌÁÓÔÉ xa � xb = �n, ÄÅ n |



7 ðÒÅÐÒÉÎÔÄÅÑËÉÊ 4-×ÅËÔÏÒ, Á � | Ä¦ÊÓÎÉÊ ÐÁÒÁÍÅÔÅÒ, ÝÏ ÐÒÑÍÕ×ÁÔÉÍÅ ÄÏ ÎÕ-ÌÑ; ÁÂÏ ÚÁÍ¦ÎÉÔÉ ÆÕÎËÃ¦À ½Ò¦ÎÁ GAB(x) ÄÅÑËÏÀ ÇÌÁÄËÏÀ ÆÕÎËÃ¦¤À,GAB(x; �), ¦Ú ×ÌÁÓÔÉ×¦ÓÔÀlim�!0GAB(x; �) = GAretB (x): (1.26)ôÏÄ¦ ×ÉÒÁÚ (1.25) ÄÌÑ F �a [xa(�a)] ÍÏÖÎÁ ÐÏÄÁÔÉ Õ ×ÉÇÌÑÄ¦F �a [xa(�a)] =Xb 6=a F �retab + F �rada � dd�a ma(�)u�a(�a)pu2a(�a) +O(�); (1.27)ÄÅ ×ÅËÔÏÒ F �rada ÚÁÌÅÖÉÔØ ÌÉÛÅ ×¦Ä ÚÍ¦ÎÎÉÈ ÞÁÓÔÉÎËÉ a, ma(�) |ËÏÎÓÔÁÎÔÁ (ÎÅÚÁÌÅÖÎÁ ×¦Ä ÚÍ¦ÎÎÉÈ ÞÁÓÔÉÎÏË), ÑËÁ ÒÏÚÂ¦ÇÁ¤ÔØÓÑ ÕÍÅÖ¦ � ! 0, ¦ ÞÅÒÅÚ O(�) ÐÏÚÎÁÞÅÎÏ ÄÏÄÁÎËÉ, ÝÏ ÚÎÉËÁÀÔØ, ËÏÌÉ� ! 0. ðÅÒÅÎÏÓÑÞÉ ÞÌÅÎ Ú ma(�) Õ Ì¦×Õ ÞÁÓÔÉÎÕ Ò¦×ÎÑÎÎÑ ÒÕÈÕ(1.17), ÐÒÏ×ÏÄÑÞÉ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÍÁÓÉ ma ! ma + ma(�) ¦ ÐÅÒÅ-ÈÏÄÑÞÉ Ð¦ÓÌÑ ÃØÏÇÏ ÄÏ ÍÅÖ¦ �! 0, ÐÒÉÈÏÄÉÍÏ ÄÏ Ò¦×ÎÑÎØ ÒÕÈÕdd�a mau�a(�a)pu2a(�a) =Xb 6=a F � retab + F � rada ; (1.28)ÐÒÁ×Á ÞÁÓÔÉÎÁ ÑËÉÈ ÐÏÚÂÁ×ÌÅÎÁ ÓÉÎÕÌÑÒÎÏÓÔÅÊ. äÌÑ ×ÉÐÁÄËÕ ÅÌÅË-ÔÒÏÄÉÎÁÍ¦ËÉ ÃÑ ÐÒÏÃÅÄÕÒÁ ÏÐÉÓÁÎÁ × ËÎÉÖËÁÈ [22,23] ¦ ÐÒÉ×ÏÄÉÔØ ÄÏ×¦ÄÏÍÉÈ Ò¦×ÎÑÎØ ìÏÒÅÎÃÁ-ä¦ÒÁËÁ. áÌØÔÅÒÎÁÔÉ×ÎÉÊ Ð¦ÄÈ¦Ä ÄÏ ÐÒÏÂÌÅ-ÍÉ ÏÔÒÉÍÁÎÎÑ ÏÓÔÁÎÎ¦È ÍÏÖÎÁ ÚÎÁÊÔÉ × ÐÒÁÃÑÈ [24,25]. úÁÚÎÁÞÉÍÏ,ÝÏ Õ ÐÏÛÉÒÅÎÎ¦ ÃØÏÇÏ ×É×ÅÄÅÎÎÑ ÎÁ ¦ÎÛ¦ ÂÅÚÍÁÓÏ×¦ ÐÏÌÑ ×ÉÑ×ÌÑ¤ÔØ-ÓÑ ËÏÒÉÓÎÏÀ ÔÅÈÎ¦ËÁ, ÑËÁ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÐÏÎÑÔÔÑÈ ÐÒÑÍÏ§ ×ÚÁ¤ÍÏÄ¦§ ÕÆÏÒÍÁÌ¦ÚÍ¦ ¦ÎÔÅÒÁÌ¦× Ä¦§ ÔÉÐÕ æÏËËÅÒÁ [26].íÏÖÌÉ×¦ÓÔØ ×ÉÂÏÒÕ ×ÉÐÅÒÅÄÖÕ×ÁÌØÎÏ§ ÆÕÎËÃ¦§ ½Ò¦ÎÁ, GAadvB (x),ÑËÁ ÚÎÉËÁ¤, ËÏÌÉ x0 > 0, Õ ÔÅÏÒÅÔÉËÏ-ÐÏÌØÏ×ÏÍÕ Ð¦ÄÈÏÄ¦ ×ÉËÌÀÞÁ-¤ÔØÓÑ Ú Í¦ÒËÕ×ÁÎØ ÐÒÉÞÉÎÎÏÓÔÉ.õ ÔÅÏÒ¦ÑÈ ÐÒÑÍÏ§ ×ÚÁ¤ÍÏÄ¦§, ÄÌÑ ÑËÉÈ ÎÁÊÂ¦ÌØÛ ×¦ÄÏÍÉÍ ÔÁÏÐÒÁÃØÏ×ÁÎÉÍ ÐÒÉËÌÁÄÏÍ ÍÏÖÅ ÓÌÕÖÉÔÉ ÅÌÅËÔÒÏÄÉÎÁÍ¦ËÁ ÷¦ÌÅÒÁ-æÅÊÎÍÁÎÁ [8,9], ×ÉÂÉÒÁ¤ÔØÓÑ ÓÉÍÅÔÒÉÞÎÁ ÆÕÎËÃ¦Ñ ½Ò¦ÎÁGAsymB = 12 �GAretB +GAadvB � : (1.29)ðÒÉ ÃØÏÍÕ ÞÌÅÎÉ Ú a = b Õ (1.25) ÐÒÏÐÕÓËÁÀÔØÓÑ (ÞÁÓÔÉÎËÁ ÎÅ Ä¦¤ÓÁÍÁ ÎÁ ÓÅÂÅ). ïÔÒÉÍÁÎ¦ Ò¦×ÎÑÎÎÑ ÒÕÈÕdd�a mau�a(�a)pu2a(�a) =Xb 6=a F � symab (1.30)
ICMP{98{03U 8ÂÕÄÕÔØ ÅË×¦×ÁÌÅÎÔÎÉÍÉ ÄÏ (1.28) ÚÁ ×ÉËÏÎÁÎÎÑ ÄÅÑËÉÈ ÄÏÄÁÔËÏ×ÉÈÕÍÏ×. ¶Ú ÌÁÎÃÀÖËÁ Ò¦×ÎÏÓÔÅÊXb 6=a F � symab = 12Xb 6=a(F � retab + F � advab )= Xb 6=a F � retab � 12Xb 6=a(F � retab � F � advab )= Xb 6=a F � retab + 12(F � retaa � F � advaa )� 12Xb (F � retab � F � advab ) (1.31)×ÉÐÌÉ×Á¤, ÝÏ ÄÏÓÔÁÔÎ¦ ÕÍÏ×É ÔÁËÏ§ ÅË×¦×ÁÌÅÎÔÎÏÓÔÉ ×ÉÒÁÖÁÀÔØÓÑÓÐ¦××¦ÄÎÏÛÅÎÎÑÍÉ F � rada = 12(F � retaa � F � advaa ); (1.32)Xb (F � retab � F � advab ) = 0: (1.33)÷¦ÄÚÎÁÞÉÍÏ, ÝÏ ÆÕÎËÃ¦ÑGAradB = 12(GAretB �GAadvB ) (1.34)ÍÁ¤ ÓË¦ÎÞÅÎÎÅ ÚÎÁÞÅÎÎÑ × ÔÏÞÃ¦ x = 0, ÔÁË ÝÏ ÐÒÁ×Á ÞÁÓÔÉÎÁ (1.32)ÎÅ ¤ ÓÉÎÕÌÑÒÎÏÀ. äÌÑ ÅÌÅËÔÒÏÄÉÎÁÍ¦ËÉ ×ÉËÏÎÁÎÎÑ Ò¦×ÎÏÓÔÉ (1.32)ÄÏ×¦× ä¦ÒÁË (ÄÉ×. [22,23]).÷ÒÁÈÏ×ÕÀÞÉ (1.16) ¦ (1.23), ÍÏÖÎÁ ÓÔ×ÅÒÄÉÔÉ,ÝÏ ÄÏÓÔÁÔÎØÏÀ ÕÍÏ-×ÏÀ ×ÉËÏÎÁÎÎÑ (1.33) ¤Xb (�Aret(b) � �Aadv(b) ) = 0; (1.35)ÄÅ ×ÅÌÉÞÉÎÉ �Aret(b) ¦ �Aadv(b) ÏÚÎÁÞÅÎ¦ ÆÏÒÍÕÌÏÀ (1.24) ¦Ú, ×¦ÄÐÏ×¦Ä-ÎÏ, ÚÁÐ¦ÚÎÀ×ÁÌØÎÏÀ GAretB ÔÁ ×ÉÐÅÒÅÄÖÕ×ÁÌØÎÏÀ GAadvB ÆÕÎËÃ¦ÑÍÉ½Ò¦ÎÁ. ò¦×Î¦ÓÔØ (1.35) ÐÏ×'ÑÚÁÎÁ Ú ×¦ÄÏÍÉÍÉ ÕÍÏ×ÁÍÉ ÐÏ×ÎÏÇÏ ÐÏÇÌÉ-ÎÁÎÎÑ ÷¦ÌÅÒÁ-æÅÊÎÍÁÎÁ [8,9]. ïÂÇÏ×ÏÒÅÎÎÑÍ §ÈÎØÏÇÏ Æ¦ÚÉÞÎÏÇÏ ÓÔÁ-ÔÕÓÕ ÄÌÑ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏ§ ÔÁ ÒÁ×¦ÔÁÃ¦ÊÎÏ§ ×ÚÁ¤ÍÏÄ¦Ê ÐÒÉÓ×ÑÞÅÎÁÛÉÒÏËÁ Ì¦ÔÅÒÁÔÕÒÁ (ÄÉ×. [2,3] ¦ ÐÏÓÉÌÁÎÎÑ, ÝÏ Í¦ÓÔÑÔØÓÑ Õ ÃÉÈ ÍÏ-ÎÏÇÒÁÆ¦ÑÈ). ôÕÔ ÌÉÛÅ ÚÁÕ×ÁÖÉÍÏ, ÝÏ Ì¦×Á ÓÔÏÒÏÎÁ Ò¦×ÎÏÓÔÉ (1.35)



9 ðÒÅÐÒÉÎÔÑË ÆÕÎËÃ¦Ñ ÔÏÞËÉ x 2 IM4 ÚÁÄÏ×ÏÌØÎÑ¤ ÏÄÎÏÒ¦ÄÎÅ ÐÏÌØÏ×Å Ò¦×ÎÑÎ-ÎÑ (1.21) ÂÅÚ ÄÖÅÒÅÌ. ôÏÍÕ, ÑËÝÏ (1.35) ×ÉËÏÎÕ¤ÔØÓÑ ÎÁ ×¦ÄÐÏ×¦ÄÎÏ×ÉÂÒÁÎÉÈ ÁÓÉÍÐÔÏÔÉÞÎÉÈ Ç¦ÐÅÒÐÏ×ÅÒÈÎÑÈ × IM4, ÔÏ ×ÏÎÏ ×ÉËÏÎÕ×ÁÔÉ-ÍÅÔØÓÑ ¦ × ÕÓØÏÍÕ ÐÒÏÓÔÏÒ¦ í¦ÎËÏ×ÓØËÏÇÏ.ôÁËÉÍ ÞÉÎÏÍ, Ð¦ÄÈ¦Ä, ÝÏ ÒÕÎÔÕ¤ÔØÓÑ ÎÁ ÒÅÌÑÔÉ×¦ÓÔÉÞÎ¦Ê Ä¦§ ÎÁ×¦ÄÄÁÌ¦, ÄÏÚ×ÏÌÑ¤ ÕÎÉËÎÕÔÉ ÐÒÏÃÅÄÕÒÉ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÍÁÓÉ Ã¦ÎÏÀÎÁËÌÁÄÁÎÎÑ ÄÏÄÁÔËÏ×ÉÈ ÕÍÏ× (1.35). ðÒÉ ÃØÏÍÕ ÐÏÌÑ (1.22) ÒÏÚÇÌÑ-ÄÁÀÔØÓÑ ÎÅ ÑË ÓÁÍÏÓÔ¦ÊÎ¦ Æ¦ÚÉÞÎ¦ ÏÂ'¤ËÔÉ, Á ÑË ÆÏÒÍÁÌØÎ¦ (ÈÏÞÁ Ê ×Á-ÖÌÉ×¦) ËÏÎÓÔÒÕËÃ¦§, ÐÏÂÕÄÏ×ÁÎ¦ ¦Ú ÚÍ¦ÎÎÉÈ ÞÁÓÔÉÎÏË, ÝÏ ÚÁÄÏ×ÏÌØÎÑ-ÀÔØ ÐÏÌØÏ×¦ Ò¦×ÎÑÎÎÑ (1.18) ÔÏÔÏÖÎØÏ. åË×¦×ÁÌÅÎÔÎ¦ÓÔØ ÒÅÚÕÌØÔÁÔ¦×ÔÅÏÒ¦§ ÐÏÌÑ ÔÁ Ä¦§ ÎÁ ×¦ÄÄÁÌ¦| ÆÏÒÍÕÌÕ (1.32) | ÍÏÖÎÁ ÄÏ×ÅÓÔÉ ÄÌÑÄÏ×¦ÌØÎÏÇÏ ÂÅÚÍÁÓÏ×ÏÇÏ ÐÏÌÑ (×ÉÐÁÄÏË ÒÁ×¦ÔÁÃ¦ÊÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÏÂÇÏ-×ÏÒÅÎÏ × [3]). ïÄÎÁË ÄÌÑ ÓËÁÌÑÒÎÏÇÏ Ê ×ÅËÔÏÒÎÏÇÏ ÍÁÓÉ×ÎÉÈ ÐÏÌ¦× çÁ-×ÁÓ [10] ×¦ÄÚÎÁÞÉ× ÐÏÒÕÛÅÎÎÑ Ò¦×ÎÏÓÔÉ (1.32). ãÑ ÏÂÓÔÁ×ÉÎÁ × ÐÒÉÎ-ÃÉÐ¦ ÍÏÇÌÁ Â ÓÌÕÖÉÔÉ ÄÌÑ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏÇÏ ×ÉÒ¦ÛÅÎÎÑ ÐÉÔÁÎ-ÎÑ ÐÒÏ ÓÐÒÁ×ÅÄÌÉ×¦ÓÔØ ÏÄÎÏÇÏ ÞÉ ÄÒÕÇÏÇÏ Ð¦ÄÈÏÄ¦×, ÁÌÅ ×¦ÄÐÏ×¦ÄÎ¦ÒÏÚÈÏÄÖÅÎÎÑ Í¦Ö ÎÉÍÉ ÎÁÄÔÏ ÍÁÌ¦ [27,28], Á ÓÁÍÁ ËÌÁÓÉÞÎÁ ÍÏÄÅÌØÓÉÌØÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÎÁ ÂÁÚ¦ ÓËÁÌÑÒÎÏÇÏ Ê ×ÅËÔÏÒÎÏÇÏ ÍÅÚÏÎÎÉÈ ÐÏÌ¦×,Õ ÒÁÍËÁÈ ÑËÏ§ ×ÉËÏÎÁÎÏ ÃÉÔÏ×ÁÎ¦ ÒÏÂÏÔÉ, ÎÁÄÔÏ ÄÁÌÅËÁ ×¦Ä Æ¦ÚÉÞÎÏ§ÒÅÁÌØÎÏÓÔÉ.÷¦ÄÚÎÁÞÉÍÏ ÔÁËÏÖ, ÝÏ ×ÉÂ¦Ò ÓÉÍÅÔÒÉÞÎÏ§ ÆÕÎËÃ¦§ ½Ò¦ÎÁ (1.29) ¤ÎÅÏÂÈ¦ÄÎÉÍ ÄÌÑ ÔÏÇÏ, ÝÏÂ ×¦ÄÐÏ×¦ÄÎ¦ Ò¦×ÎÑÎÎÑ ÒÕÈÕ ÞÁÓÔÉÎÏË (1.17)ÍÏÖÎÁ ÂÕÌÏ Â ÏÔÒÉÍÁÔÉ Ú ¦ÎÔÅÒÁÌÕ Ä¦§, ×ÉÒÁÖÅÎÏÇÏ × ÔÅÒÍ¦ÎÁÈ ÌÉÛÅ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÞÁÓÔÉÎÏË (ÂÅÚ ÐÏÌØÏ×ÉÈ ÚÍ¦ÎÎÉÈ) [16]. äÏ ÏÂÇÏ×ÏÒÅÎÎÑÔÁËÉÈ ¦ÎÔÅÒÁÌ¦× Ä¦§ ÍÉ Ê ÐÅÒÅÈÏÄÉÍÏ Õ ÎÁÓÔÕÐÎÏÍÕ ÒÏÚÄ¦Ì¦.2. ¶ÎÔÅÒÁÌÉ Ä¦§ ÔÉÐÕ æÏËËÅÒÁ ¦ ÒÅÌÑÔÉ×¦ÓÔÉÞÎ¦ ÐÏ-ÌÑ Æ¦ËÓÏ×ÁÎÏ§ ÍÁÓÉ ÔÁ ÓÐ¦ÎÕïÄÉÎ ¦Ú ÍÏÖÌÉ×ÉÈ Ñ×ÎÏ ËÏ×ÁÒ¦ÑÎÔÎÉÈ ÏÐÉÓ¦× ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÓÉÓÔÅ-ÍÉ N ÞÁÓÔÉÎÏË Õ ÔÅÒÍ¦ÎÁÈ ÐÒÑÍÏ§ ×ÚÁ¤ÍÏÄ¦§ ÂÁÚÕ¤ÔØÓÑ ÎÁ ¦ÎÔÅÒÁÌÁÈÄ¦§ ÔÉÐÕ æÏËËÅÒÁ [1-3] S = Sf � SI ; (2.1)ÄÅ Sf ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀ (1.3), ÁSI =XXa<b Z d�a Z d�b�ab(xa(�a)� xb(�b); ua(�a); ub(�b)): (2.2)Ú ÄÅÑËÉÍÉ (ÕÚÁÇÁÌØÎÅÎÉÍÉ) ÆÕÎËÃ¦ÑÍÉ �ab, ÝÏ ÏÐÉÓÕÀÔØ ×ÚÁ¤ÍÏÄ¦ÀÍ¦Ö ÞÁÓÔÉÎËÁÍÉ. ÷ÚÁÇÁÌ¦ ËÁÖÕÞÉ, Ã¦ ÆÕÎËÃ¦§ ÎÅ ÍÕÓÑÔØ ÂÕÔÉ ÓÉ-ÍÅÔÒÉÞÎÉÍÉ ×¦ÄÎÏÓÎÏ ÐÅÒÅÓÔÁ×ÌÑÎÎÑ ¦ÎÄÅËÓ¦× ÞÁÓÔÉÎÏË a ¦ b [13].
ICMP{98{03U 10ðÕÁÎËÁÒÅ- ÔÁ ÈÒÏÎÏÍÅÔÒÉÞÎÁ ¦Î×ÁÒ¦ÑÎÔÎ¦ÓÔØ Ä¦§ (2.1) ÚÁÂÅÚÐÅÞÕ¤ÔØ-ÓÑ ×ÉÂÏÒÏÍ Ð¦Ä¦ÎÔÅÒÁÌØÎÏ§ ÆÕÎËÃ¦§ �ab Õ ×ÉÇÌÑÄ¦�ab =qu2au2bRab(xa; xb; ^ua; ^ub); (2.3)Ú ÄÅÑËÉÍÉ ìÏÒÅÎÃ-¦Î×ÁÒ¦ÑÎÔÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ Rab [12,13,15,4]:Rab = Rab(�ab; �ab; �ba; !ab); a < b; (2.4)ÚÁÌÅÖÎÉÍÉ ×¦Ä ÔÒÁÎÓÌÑÃ¦ÊÎÏ-¦Î×ÁÒ¦ÑÎÔÎÉÈ ÓËÁÌÑÒ¦×�ab = (xa � xb)2; �ab = �ab(xa � xb) � ^ua; !ab = ^ua � ^ub; (2.5)äÌÑ ÄÅÑËÏÇÏ ÓÐÒÏÝÅÎÎÑ ÐÏÄÁÌØÛÉÈ ÐÅÒÅÔ×ÏÒÅÎØ Õ ÏÚÎÁÞÅÎÎÑ ¦Î-×ÁÒ¦ÑÎÔ¦× (2.5) ××ÅÄÅÎÏ ÚÎÁËÏ×ÉÊ ÍÎÏÖÎÉË �ab = sgn(b�a) [4]; ËÒÁÐËÁÐÏÚÎÁÞÁ¤ Ú×ÉÞÁÊÎÉÊ ×ÎÕÔÒ¦ÛÎ¦Ê ÄÏÂÕÔÏË Õ IM4.ïÓË¦ÌØËÉ ¦ÎÔÅÒÁÌÉ ÚÁ �a 2 IR, ÑË¦ ×ÈÏÄÑÔØ Õ (2.1), (2.2), Ñ×ÎÏ ÒÏÚ-Â¦ÇÁÀÔØÓÑ (ÃÅ ÏÞÅ×ÉÄÎÏ ×ÖÅ ÄÌÑ ×¦ÌØÎÏÞÁÓÔÉÎËÏ×ÉÈ ÄÏÄÁÎË¦×), ÄÌÑÎÁÄÁÎÎÑ ÍÁÔÅÍÁÔÉÞÎÏ§ ÏÚÎÁÞÅÎÏÓÔÉ ÏÐÉÓÕ, ÝÏ ÂÁÚÕ¤ÔØÓÑ ÎÁ Ä¦§ (2.1),ÐÏÓÔÕÐÁÀÔØ ÔÁËÉÍ ÞÉÎÏÍ [1,29]. òÏÚÇÌÑÄÁ¤ÔØÓÑ ÄÏÐÏÍ¦ÖÎÉÊ ÓË¦ÎÞÅÎ-ÎÉÊ ×ÉÒÁÚ S[� 0a; � 00a ], ÑËÉÊ ÍÁ¤ ×ÉÇÌÑÄ (2.1), (2.2) ÚÁ ÕÍÏ×É, ÝÏ ¦ÎÔÅÒÕ-×ÁÎÎÑ ÚÁ �a ×¦ÄÂÕ×Á¤ÔØÓÑ ÎÁ ÓË¦ÎÞÅÎÎÉÈ ¦ÎÔÅÒ×ÁÌÁÈ [� 0a; � 00a ]. ðÒÏ×ÏÄÑ-ÞÉ ×ÁÒ¦ÑÃ¦À S[� 0a; � 00a ] ÚÁ xa(�a) ÚÁ ÕÍÏ× �xa(� 0a) = �xa(� 00a ) = 0, ÏÔÒÉ-ÍÕÀÔØ ÄÅÑË¦ Ò¦×ÎÑÎÎÑ ÒÕÈÕ, × ÑËÉÈ ÐÏËÌÁÄÁÀÔØ � 0a ! �1, � 00a !1.ïÓÔÁÔÏÞÎÏ Ò¦×ÎÑÎÎÑ ÒÕÈÕ ÓÉÓÔÅÍÉ ÞÁÓÔÉÎÏË, ×ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÑËÉÍÉÏÐÉÓÕ¤ÔØÓÑ Ä¦¤À (2.1), (2.2), ÍÁÀÔØ ×ÉÇÌÑÄ [13]dd�a mau�a(�a)pu2a(�a) = Xb(>a) Z d�bE�a�ab + Xb(<a) Z d�bE�a�ba: (2.6)äÌÑ ÓÉÍÅÔÒÉÞÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê (�ab = �ba) ÏÔÒÉÍÕ¤ÍÏdd�a mau�a(�a)pu2a(�a) = Xb(6=a) Z d�bE�a�ab: (2.7)÷¦Ä ÞÁÓÕ ÒÏÂ¦Ô ÷¦ÌÅÒÁ ¦ æÅÊÎÍÁÎÁ [8,9] ÄÏÂÒÅ ×¦ÄÏÍÏ,ÝÏ Õ ×ÉÐÁÄËÕRab = eaeb!ab�(�ab) (2.8)×ÉÒÁÚ (2.1) ÏÐÉÓÕ¤ ×ÚÁ¤ÍÏÄ¦À Í¦Ö ÚÁÒÑÄÁÍÉ ea, ÑËÁ ÐÅÒÅÎÏÓÉÔØÓÑÅÌÅËÔÒÏÍÁÇÎÅÔÎÉÍ ÐÏÌÅÍ (ÍÁÓÉ 0 ¦ ÓÐ¦ÎÕ 1). íÏÖÎÁ ÔÅÖ ÐÏÂÕÄÕ×ÁÔÉ×¦ÄÐÏ×¦ÄÎÕ Ä¦À ÄÌÑ ×ÚÁ¤ÍÏÄ¦Ê, ÝÏ ÐÅÒÅÎÏÓÑÔØÓÑ ÓËÁÌÑÒÎÉÍ ¦ ×ÅËÔÏÒ-ÎÉÍ ÍÁÓÉ×ÎÉÍÉ ÐÏÌÑÍÉ [10,15]:ÓËÁÌÑÒÎÉÊ ×ÉÐÁÄÏË : Rab = gagbGsym(�ab); (2.9)



11 ðÒÅÐÒÉÎÔ×ÅËÔÏÒÎÉÊ ×ÉÐÁÄÏË : Rab = gagb!abGsym(�ab): (2.10)ôÕÔ ga | ËÏÎÓÔÁÎÔÉ Ú×'ÑÚËÕ ÞÁÓÔÉÎËÉ Ú ÐÏÌÅÍ, Gsym(�ab) | ÓÉÍÅ-ÔÒÉÞÎÁ ÆÕÎËÃ¦Ñ ½Ò¦ÎÁ Ò¦×ÎÑÎÎÑ ëÌÑÊÎÁ-½ÏÒÄÏÎÁ:(@2 + �2)Gsym(x) = 4��(x); (2.11)ÄÅ @2 � ���@�@� ¦ � | ÍÁÓÁ Ë×ÁÎÔÁ ÐÏÌÑ.ã¦ËÁ×Ï ÕÚÁÇÁÌØÎÉÔÉ Ã¦ ÒÅÚÕÌØÔÁÔÉ ÎÁ ×ÚÁ¤ÍÏÄ¦§, ÝÏ ÐÅÒÅÎÏÓÑÔØÓÑÄÏ×¦ÌØÎÉÍÉ ÔÅÎÚÏÒÎÉÍÉ ÐÏÌÑÍÉ. ÷Ó¦ ×¦ÄÏÍ¦ ÎÁÍ ÒÏÂÏÔÉ Õ ÃØÏÍÕ ÎÁ-ÐÒÑÍËÕ [12-16] ¦ÎÏÒÕÀÔØ ÏÄÎÕ ×ÁÖÌÉ×Õ ÏÂÓÔÁ×ÉÎÕ. îÅÈÁÊ ÍÉ ÈÏÞÅÍÏÐÏÂÕÄÕ×ÁÔÉ Ä¦À ÔÉÐÕ æÏËËÅÒÁ, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ×ÚÁ¤ÍÏÄ¦§, ÑËÁ ÍÏ×ÏÀÔÅÏÒ¦§ ÐÏÌÑ ÍÏÇÌÁ Â ÏÐÉÓÕ×ÁÔÉÓÑ ÑË ÏÂÍ¦Î ×¦ÒÔÕÁÌØÎÉÍÉ ÂÏÚÏÎÁÍÉ ÍÁ-ÓÉ � ¦ ÓÐ¦ÎÕ n. ôÏÄ¦ ÓÌ¦Ä ×ÒÁÈÕ×ÁÔÉ,ÝÏ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÅ ÔÅÎÚÏÒÎÅ ÐÏÌÅÒÁÎÕ n ÏÐÉÓÕ¤ Â¦ÌØÛ ÛÉÒÏËÕ ÓÉÓÔÅÍÕ: ÞÉÓÌÏ ÎÅÚÁÌÅÖÎÉÈ ËÏÍÐÏÎÅÎÔÐÏÌÑ ÐÏ×ÉÎÎÏ ÄÏÒ¦×ÎÀ×ÁÔÉ 2n+1.äÌÑ ÔÏÇÏ, ÝÏÂ ×ÉÌÕÞÉÔÉ ÚÁÊ×¦ ËÏÍ-ÐÏÎÅÎÔÉ, ÑË¦ ×¦ÄÐÏ×¦ÄÁÀÔØ ÎÉÖÞÉÍ ÓÐ¦ÎÁÍ, ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ×¦ÄÏÍÁÔÅÈÎ¦ËÁ ÐÒÏ¤ËÃ¦ÊÎÉÈ ÏÐÅÒÁÔÏÒ¦× [17-19]. òÅÚÕÌØÔÁÔÉ ÚÁÓÔÏÓÕ×ÁÎÎÑ Ã¦¤§ÔÅÈÎ¦ËÉ ÄÏ ÔÅÏÒ¦§ ÄÖÅÒÅÌ û×¦ÎÅÒÁ [19] ÍÏÖÎÁ ÐÅÒÅÎÅÓÔÉ ÎÁ ÔÅÏÒ¦ÀÐÒÑÍÉÈ Í¦ÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê.õ ÔÅÏÒ¦§ û×¦ÎÅÒÁ Ä¦Ñ ÄÌÑ ÔÅÎÚÏÒÎÏÇÏ ÄÖÅÒÅÌÁ ÒÁÎÕ n, ÝÏ ÏÐÉ-ÓÕ¤ ×ÚÁ¤ÍÏÄ¦À, ÑËÁ ÚÄ¦ÊÓÎÀ¤ÔØÓÑ ÛÌÑÈÏÍ ÏÂÍ¦ÎÕ ÂÏÚÏÎÁÍÉ ÍÁÓÉ � ¦ÓÐ¦ÎÕ n, ÍÁ¤ ×ÉÇÌÑÄ [19]SI(J) = 12 Z d4p(2�)4 J�1:::�n(�p)J�1:::�n(p)G(p)��1:::�n�1:::�n(p):(2.12)ôÕÔ J(p) ¦ G(p) | æÕÒ'¤-ÏÂÒÁÚÉ ÄÖÅÒÅÌÁ (\ÓÔÒÕÍÕ") ÔÁ ÆÕÎËÃ¦§ ½Ò¦-ÎÁ, ×¦ÄÐÏ×¦ÄÎÏ, Á ÓÉÍÅÔÒÉÞÎÉÊ ÐÒÏ¤ËÃ¦ÊÎÉÊ ÔÅÎÚÏÒ � , ÝÏ ¤ ÐÏÌ¦-ÎÏÍ¦ÑÌØÎÏÀ ÆÕÎËÃ¦¤À ×¦Ä p ÓÔÅÐÅÎÑ n, ×ÉÚÎÁÞÁ¤ÔØÓÑ ¦Ú ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑ x�1 :::x�n��1:::�n�1:::�ny�1 :::y�n = �nPn(�=�); (2.13)ÄÅ Pn | ÍÎÏÇÏÞÌÅÎ ìÅÖÁÎÄÒÁ,� � x� y; � �p(x � x)(y � y) (2.14)¦ ÚÎÁË � ÐÏÚÎÁÞÁ¤ ÚÇÏÒÔËÕ ×¦ÄÐÏ×¦ÄÎÉÈ ×ÅËÔÏÒ¦× Ú ÔÅÎÚÏÒÏÍg��(p) � ��� � p�p�=�2: (2.15)õ ÆÏÒÍÕÌ¦ (2.13), ÑË ¦ ÄÁÌ¦ × (3.1), ÍÉ ÏÐÕÓËÁ¤ÍÏ ÄÅÑË¦ ÞÉÓÌÏ×¦ ÍÎÏÖ-ÎÉËÉ (ÚÁÌÅÖÎ¦ ×¦Ä n), ÑË¦ ÎÅ ÕÚÇÏÄÖÕÀÔØÓÑ ¦Ú ÐÒÉÊÎÑÔÉÍ ÎÁÍÉ ÎÏÒ-ÍÕ×ÁÎÎÑÍ ÎÅÒÅÌÑÔÉ×¦ÓÔÉÞÎÏÇÏ ÐÏÔÅÎÃ¦ÑÌÕ ×ÚÁ¤ÍÏÄ¦§.
ICMP{98{03U 12ôÅÏÒ¦Ñ ÄÖÅÒÅÌ û×¦ÎÅÒÁ (ÐÒÉÚÎÁÞÅÎÁ × Ó×Ï§Ê ÏÓÎÏ×¦ ÄÌÑ ÐÏÓÌ¦-ÄÏ×ÎÏÇÏ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏÇÏ Ë×ÁÎÔÏ×ÏÇÏ ÏÐÉÓÕ Ú ÏÓÏÂÌÉ×ÉÍ ÎÁÇÏÌÏÛÅÎ-ÎÑÍ ÒÏÌ¦ ×ÚÁ¤ÍÎÉÈ ÐÅÒÅÔ×ÏÒÅÎØ ÞÁÓÔÉÎÏË) ×ÉÈÏÄÉÔØ ¦Ú ËÒÉÔÉÞÎÏÇÏÓÔÁ×ÌÅÎÎÑ ÄÏ ËÏÎÃÅÐÃ¦Ê ÔÅÏÒ¦§ ÐÏÌÑ ÔÁ ÔÅÏÒ¦§ ÞÁÓÔÉÎÏË. ð¦Ä ÏÓÔÁÎ-ÎØÏÀ Á×ÔÏÒ ÒÏÚÕÍ¦¤ ÔÅÏÒ¦À S-ÍÁÔÒÉÃ¦, ÏÄÎÁË ÊÏÇÏ ËÒÉÔÉËÁ ÍÏÖÅ ÂÕ-ÔÉ ×¦ÄÎÅÓÅÎÁ ¦ ÄÏ ÔÅÏÒ¦§ ÐÒÑÍÉÈ ×ÚÁ¤ÍÏÄ¦Ê. ðÏÌÏÖÅÎÎÑ ÔÅÏÒ¦§ ÄÖÅ-ÒÅÌ ÎÁ Ì¦Î¦§, ÝÏ Í¦ÓÔÉÔØ ÔÅÏÒ¦À ÐÏÌÑ Ê ÔÅÏÒ¦À ÐÒÑÍÉÈ Í¦ÖÞÁÓÔÉÎËÏ-×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê, ÍÏÖÎÁ ÏËÒÅÓÌÉÔÉ ÔÁË. ñËÝÏ ×ÉÈ¦ÄÎÉÍ ÐÕÎËÔÏÍ ÔÅÏÒ¦§ÐÒÑÍÉÈ ×ÚÁ¤ÍÏÄ¦Ê ¤ ÓÐÏÓÔÅÒÅÖÅÎÎÑ, ÝÏ Õ ÂÁÇÁÔØÏÈ Æ¦ÚÉÞÎÉÈ ÓÉÔÕ-ÁÃ¦ÑÈ ÒÅÁÌØÎÅ ÚÎÁÞÅÎÎÑ ÍÁ¤ ÌÉÛÅ ÐÏ×ÅÄ¦ÎËÁ ÞÁÓÔÉÎÏË, ¦ ÄÌÑ §§ ÏÐÉÓÕÐÏÌÑ ÓÌÕÖÁÔØ ÈÏÞÁ Ê ×ÁÖÌÉ×ÉÍÉ, ÁÌÅ ÄÏÐÏÍ¦ÖÎÉÍÉ ÏÂ'¤ËÔÁÍÉ, ÑË¦ÍÏÖÎÁ × Ô¦Ê ÞÉ ¦ÎÛ¦Ê Í¦Ò¦ ×ÉËÌÀÞÉÔÉ Ú ÏÐÉÓÕ ÑË ÓÁÍÏÓÔ¦ÊÎ¦ ÓÕÔÎÏÓÔ¦,ÔÏ û×¦ÎÅÒ ÊÄÅ × ÃØÏÍÕ ÎÁÐÒÑÍËÕ ÝÅ ÄÁÌ¦. áÎÁÌ¦ÚÕÀÞÉ ÅËÓÐÅÒÉÍÅÎ-ÔÁÌØÎÕ ÓÉÔÕÁÃ¦À, ÈÁÒÁËÔÅÒÎÕ ÄÌÑ Æ¦ÚÉËÉ ×ÉÓÏËÉÈ ÅÎÅÒ¦Ê, ×¦Î ÐÒÉ-ÈÏÄÉÔØ ÄÏ ×ÉÓÎÏ×ËÕ, ÝÏ ÒÅÁÌØÎÏ ÓÐÏÓÔÅÒÅÖÕ×ÁÎÉÍÉ ¤ ÌÉÛÅ ÐÕÞËÉÞÁÓÔÉÎÏË Õ §È ÒÅÁËÃ¦§ ÎÁ Ò¦ÚÎ¦ ÄÅÔÅËÔÏÒÉ. ôÁËÉÊ ÐÕÞÏË, Õ ÑËÏÍÕ ÍÏ-ÖÕÔØ ×¦ÄÂÕ×ÁÔÉÓÑ ÐÒÏÃÅÓÉ ×ÚÁ¤ÍÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÞÁÓÔÉÎÏË, ÚÁÊÍÁ¤ÄÅÑËÕ ÏÂÌÁÓÔØ ÐÒÏÓÔÏÒÕ-ÞÁÓÕ Ê ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ÐÅ×ÎÏÀ ÆÕÎËÃ¦¤À| ÄÖÅÒÅÌÏÍ J(x). ðÒÉÎÃÉÐ ÐÒÉÞÉÎÎÏÓÔÉ ÔÁ ÔÅÏÒÅÔÉËÏ-ÇÒÕÐÏ×Á ËÌÁ-ÓÉÆ¦ËÁÃ¦Ñ ÄÖÅÒÅÌ ÐÒÉ×ÏÄÑÔØ ÄÏ ÔÅÏÒ¦§, ÑËÁ ÍÏÖÅ ÂÕÔÉ ×É×ÅÄÅÎÁ Ú Ä¦§(2.12). õû×¦ÎÅÒÁ ×ÉÒÁÚ SI(J) ÈÁÒÁËÔÅÒÉÚÕ¤ ÁÍÐÌ¦ÔÕÄÕ ÐÅÒÅÔ×ÏÒÅÎ-ÎÑ ×ÁËÕÕÍÕ ÐÒÉ Ä¦§ ÄÖÅÒÅÌÁ J(x):< 0+j0� >J= exp[iSI(J)]: (2.16)ñËÝÏ ÔÅÐÅÒ Ú×ÅÒÎÕÔÉÓÑ ÄÏ ÔÏÇÏ ËÌÁÓÕ Æ¦ÚÉÞÎÉÈ ÐÒÏÃÅÓ¦×, ËÏÌÉ ÍÏ-ÖÌÉ×ÉÊ ¦ÎÄÉ×¦ÄÕÁÌØÎÉÊ ÏÐÉÓ ÞÁÓÔÉÎÏË, ÑË¦ ÕÔ×ÏÒÀÀÔØ ÄÁÎÅ ÄÖÅ-ÒÅÌÏ, Á Ñ×ÉÝÁ ÎÁÒÏÄÖÅÎÎÑ ÔÁ ÚÎÉÝÅÎÎÑ ÞÁÓÔÉÎÏË ÎÅ ÇÒÁÀÔØ ÓÕÔ-Ô¤×Ï§ ÒÏÌ¦ (ÓÁÍÅ Ã¦ ÐÒÏÃÅÓÉ ¤ ÐÒÉÒÏÄÎÏÀ ÏÂÌÁÓÔÀ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÒÅ-ÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÔÅÏÒ¦§ ÐÒÑÍÉÈ ×ÚÁ¤ÍÏÄ¦Ê), ÔÏ, ËÏÎËÒÅÔÉÚÕÀÞÉ ×ÉÇÌÑÄÄÖÅÒÅÌ Õ ÔÅÒÍ¦ÎÁÈ ÞÁÓÔÉÎËÏ×ÉÈ ÚÍ¦ÎÎÉÈ, ÍÏÖÎÁ ÐÅÒÅÔ×ÏÒÉÔÉ Ä¦À(2.12) Õ ÆÕÎËÃ¦ÏÎÁÌ ÎÁ Ó×¦ÔÏ×ÉÈ Ì¦Î¦ÑÈ ÞÁÓÔÉÎÏË, ÐÅÒÅÊÛÏ×ÛÉ ×¦ÄÔÅÏÒ¦§ ÄÖÅÒÅÌ ÄÏ ÔÅÏÒ¦§ ÐÒÑÍÉÈ Í¦ÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê.ïÂÍÅÖÕÀÞÉÓØ ÒÏÚÇÌÑÄÏÍ ÓÉÓÔÅÍÉ N ÔÏÞËÏ×ÉÈ (ÂÅÚÓÔÒÕËÔÕÒ-ÎÉÈ) ÞÁÓÔÉÎÏË, ÄÌÑ ÔÅÎÚÏÒÎÏÇÏ ÄÖÅÒÅÌÁ ÒÁÎÕ n ×ÉÂÅÒÅÍÏ ÔÁËÅÐÁÒÁÍÅÔÒÉÞÎÏ-¦Î×ÁÒ¦ÑÎÔÎÅ ÚÏÂÒÁÖÅÎÎÑ [12,13]J�1:::�n(x) =Xa ga Z d�a(pu2a)1�nu�1a :::u�na �[x� xa(�a)]; (2.17)ÝÏ ÍÁ¤ ×ÉÇÌÑÄ (1.11). ÷ÒÁÈÏ×ÕÀÞÉ, ÝÏJ(p) = Z d4xe�i(p�x)J(x); (2.18)



13 ðÒÅÐÒÉÎÔÍÏÖÎÁ ÚÁ ÄÏÐÏÍÏÇÏÀ (2.17) ÎÁÄÁÔÉ Ä¦§ (2.12) ÆÏÒÍÉSI(J) = 12Xa gaXb gb Z d�a Z d�b Z d4p(2�)4 Z d4x Z d4x0�eip�(x�x0)(qu2au2b)1�nu�1a :::u�na ��1:::�n�1:::�n(p)�u�1b :::u�nb G(p)�[x � xa(�a)]�[x0 � xb(�b)] (2.19)÷ÉËÏÎÁ×ÛÉ ÔÒÉ×¦ÑÌØÎÅ ¦ÎÔÅÒÕ×ÁÎÎÑ ÚÁ x ÔÁ x0, ÏÄÅÒÖÉÍÏSI(J) = 12Xa gaXb gb Z d�a Z d�b(qu2au2b)1�nu�1a :::u�na�u�1b :::u�nb Z d4p(2�)4��1:::�n�1:::�n(p)G(p): (2.20)ïÓË¦ÌØËÉ �(p) | ÐÏÌ¦ÎÏÍ, ÊÏÇÏ ÍÏÖÎÁ ×ÉÎÅÓÔÉ ÚÁ ÚÎÁË ÏÓÔÁÎÎØÏÇÏ¦ÎÔÅÒÁÌÕ, ÚÁÍ¦ÎÀÀÞÉ p ÎÁ @=i@xa:Z d4p(2�)4�(p)G(p) = � � @i@xa�Z d4p(2�)4G(p)= � � @i@xa�G(xa � xb): (2.21)ôÁËÉÍ ÞÉÎÏÍ, (2.20) ÎÁÂÉÒÁ¤ ×ÉÇÌÑÄÕSI(J) = 12Xa gaXb gb Z d�a Z d�b(qu2au2b)1�nu�1a :::u�na���1:::�n�1:::�n(p)u�1b :::u�nb G(xa � xb): (2.22)õ ×ÉÒÁÚ¦ ÄÌÑ Ä¦§ (2.12), ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ Ë×ÁÎÔÏ×¦Ê ÔÅÏÒ¦§ û×¦ÎÅÒÁ[19], Í¦ÓÔÉÔØÓÑ ÐÒÉÞÉÎÎÁ ÆÕÎËÃ¦Ñ ½Ò¦ÎÁ Gc. õ ÐÅÒÅÈÏÄ¦ ÄÏ ×¦ÄÐÏ×¦Ä-ÎÏ§ ËÌÁÓÉÞÎÏ§ ÔÅÏÒ¦§ ÐÒÑÍÏ§ ×ÚÁ¤ÍÏÄ¦§ ×ÏÎÁ, ÐÒÉÒÏÄÎØÏ, ÚÁÍ¦ÎÀ¤ÔØÓÑÓÉÍÅÔÒÉÞÎÏÀ ÆÕÎËÃ¦¤À ½Ò¦ÎÁ Gsym Ò¦×ÎÑÎÎÑ ëÌÑÊÎÁ-½ÏÒÄÏÎÁ (2.11)[10,15] Gsym(x) = �(x2)� �(x2) �2px2 J1(�px2); (2.23)ÄÅ �(x) | ÆÕÎËÃ¦Ñ çÅ×¦ÓÁÊÄÁ ¦ J1 | ÆÕÎËÃ¦Ñ âÅÓÓÅÌÑ. ÷¦ÄÎÏÔÕ¤ÍÏÒ¦×Î¦ÓÔØ Gsym = ReGc; (2.24)ÑËÁ ÍÏÖÅ ÓÌÕÖÉÔÉ ÄÏÄÁÔËÏ×ÉÍ Å×ÒÉÓÔÉÞÎÉÍ ÁÒÕÍÅÎÔÏÍ ÎÁ ËÏÒÉÓÔØÔÁËÏ§ ÚÁÍ¦ÎÉ.

ICMP{98{03U 14÷¦ÄÐÏ×¦ÄÎÏ ÄÏ ËÏÎÃÅÐÃ¦§ ÐÒÑÍÏ§ ×ÚÁ¤ÍÏÄ¦§, ÄÏÄÁÎÏË Ú a = b Õ (2.22)ÐÏ×ÉÎÅÎ ÐÒÏÐÕÓËÁÔÉÓÑ.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÔÅÐÅÒ Õ ÆÏÒÍÕÌ¦ (2.22) ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.13),ÝÏ ×ÉÚÎÁÞÁÀÔØ ÐÒÏ¤ËÃ¦ÊÎÉÊ ÔÅÎÚÏÒ � , ÏÄÅÒÖÉÍÏ ÏÓÔÁÔÏÞÎÉÊ ×ÉÒÁÚÄÌÑ Ä¦§SI =XXa<b gagb Z d�a Z d�b(qu2au2b)1�n[(ua � ua)(ub � ub)]n=2� Pn(�!ab)Gsym(�ab): (2.25)ôÕÔ ÐÏÚÎÁÞÅÎÏ �!ab = (ua � ub)p(ua � ua)(ub � ub) ;(ua � ua) = u2a + d2a=�2; (ua � ub) = (ua � ub)� dadb=�2; (2.26)da � u�a @@x�a : (2.27)¦ ×ÒÁÈÏ×ÁÎÏ,ÝÏ ÐÏÈ¦ÄÎ¦ ÚÁ ËÏÏÒÄÉÎÁÔÁÍÉ xa ÂÅÒÕÔØÓÑ ×¦Ä ÆÕÎËÃ¦§, ÚÁ-ÌÅÖÎÏ§ ×¦Ä Ò¦ÚÎÉÃ¦ ËÏÏÒÄÉÎÁÔ xa�xb. ïÓË¦ÌØËÉ ÍÎÏÇÏÞÌÅÎ ìÅÖÁÎÄÒÁÍÏÖÎÁ ÐÏÄÁÔÉ Õ ×ÉÇÌÑÄ¦Pn(x) = [n=2]Xk=0 cnkx2n�k (2.28)Ú ÄÅÑËÉÍÉ ÞÉÓÌÏ×ÉÍÉ ËÏÅÆ¦Ã¦¤ÎÔÁÍÉ cnk, ÔÏ ÌÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ÏÐÅ-ÒÁÔÏÒÎÉÊ ×ÉÒÁÚ, ÑËÉÊ Ä¦¤ ÎÁ Gsym(�ab) Õ (2.25), ÂÕÄÅ ÐÏÌ¦ÎÏÍÏÍ ÚÁÓÔÅÐÅÎÑÍÉ ÏÐÅÒÁÔÏÒ¦× da ¦ db:[(ua � ua)(ub � ub)]n=2Pn(�!ab)=Xk=0 [n=2]cnk(ua � ub)2n�k[(ua � ua)(ub � ub)]k: (2.29)æÕÎËÃ¦Ñ Rab Ú (2.3), ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ¦ÎÔÅÒÁÌÏ×¦ Ä¦§ (2.25), ÍÁÔÉÍÅ×ÉÇÌÑÄRab = gagb � (ua � ua)(u2a) (ub � ub)(u2b) �n=2 Pn(�!ab)Gsym(�ab): (2.30)÷×¦×ÛÉ ÈÒÏÎÏÍÅÔÒÉÞÎÏ-¦Î×ÁÒ¦ÑÎÔÎ¦ ÏÐÅÒÁÔÏÒÉ�da = 1pu2a da; (2.31)



15 ðÒÅÐÒÉÎÔÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ÕÓ¦ ×ÅÌÉÞÉÎÉ, ÑË¦ Æ¦ÇÕÒÕÀÔØ Õ (2.30), Õ ×ÉÇÌÑÄ¦, Ñ×ÎÏ¦Î×ÁÒ¦ÑÎÔÎÏÍÕ ×¦ÄÎÏÓÎÏ ÒÅÐÁÒÁÍÅÔÒÉÚÁÃ¦§ (1.6):(ua � ua)u2a = 1 + �d2a=�2;�!ab = !ab � �da �db=�2q(1 + �d2a=�2)(1 + �d2b=�2) : (2.32)íÎÏÖÉÎÁ ¦Î×ÁÒ¦ÑÎÔ¦× (2.5) ÚÁÍËÎÅÎÁ ×¦ÄÎÏÓÎÏ Ä¦§ ÏÐÅÒÁÔÏÒ¦× (2.31):�da�ab = 2�ab; �da�ab = 1;�da�ba = �!ab; �da!ab = 0: (2.33)ôÏÍÕ ÆÕÎËÃ¦Ñ (2.30) ÓÐÒÁ×Ä¦ ÍÁ¤ ÓÔÒÕËÔÕÒÕ (2.4), ×ÏÌÏÄ¦ÀÞÉ Ñ×ÎÏÀðÕÁÎËÁÒÅ- ÔÁ ÒÅÐÁÒÁÍÅÔÒÉÚÁÃ¦ÊÎÏÀ ¦Î×ÁÒ¦ÑÎÔÎ¦ÓÔÀ. ÷ÏÎÁ ÓÉÍÅÔÒÉÞ-ÎÁ ×¦ÄÎÏÓÎÏ ÐÅÒÅÓÔÁ×ÌÑÎÎÑ ¦ÎÄÅËÓ¦× ÞÁÓÔÉÎÏË (Rab = Rba).äÌÑ ÓËÁÌÑÒÎÏÇÏ ÍÁÓÉ×ÎÏÇÏ ÐÏÌÑ (n = 0) ×ÉÒÁÚ (2.30) Ú×ÏÄÉÔØÓÑ ÄÏ(2.9), ÏÓË¦ÌØËÉ P0(x) = 1. äÌÑ ×ÅËÔÏÒÎÏÇÏ ÐÏÌÑ (n = 1), ×ÒÁÈÏ×ÕÀÞÉ,ÝÏ P1(x) = x, ÍÁ¤ÍÏRab(1) = gagb[!ab � �da �db=�2]Gsym(�ab): (2.34)ôÕÔ ÄÒÕÇÉÊ ÄÏÄÁÎÏË, ÐÒÏÐÏÒÃ¦ÊÎÉÊ ÄÏ ��2, ÄÁ¤ Õ ÆÕÎËÃ¦À �ab Ú(2.2) ×ËÌÁÄ �0ab = ���2gagbdadbGsym(�ab), ÝÏ ¤ \ÐÏ×ÎÏÀ ÐÏÈ¦ÄÎÏÀ"ÚÁ �a, ÑËÁ ÎÅ ×ÐÌÉ×Á¤ ÎÁ Ò¦×ÎÑÎÎÑ ÒÕÈÕ (2.7). ôÏÍÕ ÏÔÒÉÍÁÎÁ ÆÏÒ-ÍÕÌÁ ÅË×¦×ÁÌÅÎÔÎÁ ÄÏ (2.10).äÌÑ ¦ÌÀÓÔÒÁÃ¦§ ÒÏÚÇÌÑÎÅÍÏ ÝÅ ×ÉÐÁÄÏË ÍÁÓÉ×ÎÏÇÏ ÐÏÌÑ ÓÐ¦ÎÕ 2.÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ P2(x) = (3x2 � 1)=2, ÏÄÅÒÖÉÍÏRab(2) = 12gagb[3!2ab � 1� ��2(6!ab �da �db + �d2a + �d2b)+ 2��4 �d4a �d4b ]Gsym(�ab): (2.35)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ (2.3) ÔÁ (2.31), ÍÁ¤ÍÏ�ab(2) = 12gagbqu2au2bf(3!2ab � 1)� 4��2[(1� 3!2ab)G0+ (�2ab + �2ba � 6!ab�ab�ba)G00]� 8��4[(1 + 3!ab)G00+ 2�2ab�2ba + 4!ab�ab�ba)G000 + 4�2ab�2baGiv; (2.36)ÄÅ ÛÔÒÉÈÉ ÐÏÚÎÁÞÁÀÔØ ÐÏÈ¦ÄÎ¦ ÆÕÎËÃ¦§ G ÚÁ §§ ÁÒÕÍÅÎÔÏÍ �ab.îÁ ÚÁË¦ÎÞÅÎÎÑ ÃØÏÇÏ ÒÏÚÄ¦ÌÕ ÒÏÚÇÌÑÎÅÍÏ ÄÅÑË¦ ÔÅÏÒÅÔÉËÏ-ÐÏÌØÏ×¦ÁÓÐÅËÔÉ Ä¦§ (2.25).

ICMP{98{03U 16úÇ¦ÄÎÏ [19], ××ÅÄÅÍÏ ÔÅÎÚÏÒÎÅ ÐÏÌÅ �A = ��1:::�n ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ��1:::�n(p) = G(p)��1:::�n�1:::�n(p)J�1:::�n(p): (2.37)õ ÔÅÒÍ¦ÎÁÈ ÐÏÌÑ �A Ä¦À (2.12) ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦SI = 12 Z d4p(2�)4 JA(�p)�A(p)= 12 Z d4xJA(x)�A(x) = 12Sint; (2.38)ÄÅ ÏÓÔÁÎÎÑ Ò¦×Î¦ÓÔØ ×ÉÐÌÉ×Á¤ Ú (1.8). ÷ÉËÏÒÉÓÔÁ×ÛÉ Õ (2.38) Ò¦×ÎÑÎÎÑÐÏÌÑ (1.18), ÏÄÅÒÖÉÍÏSI = �12 Z d4x�A(x)FAB�B(x) = �Sfl; (2.39)÷ÉÒÁÚ ÄÌÑ SI ÍÏÖÎÁ ÐÏÄÁÔÉ ¦ ÑË Ì¦Î¦ÊÎÕ ËÏÍÂ¦ÎÁÃ¦À (2.38) ¦ (2.39)[19]: SI = Z d4x[JA(x)�A(x) + 12�A(x)FAB�B(x)]: (2.40)ú×¦ÄÓÉ, ÐÒÏ×ÏÄÑÞÉ ×ÁÒ¦ÑÃ¦À ÐÏÌ¦× �A, ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÐÏÌØÏ×¦ Ò¦×-ÎÑÎÎÑ (1.18). ÷¦ÄÚÎÁÞÉÍÏ, ÝÏ ÐÏÒ¦×ÎÑÎÎÑ (2.38) ¦ (2.39) ÐÒÉ×ÏÄÉÔØ ÄÏÆÏÒÍÕÌÉ [14] Sfl = �12Sint; (2.41)ÑËÁ ×ÉËÏÎÕ¤ÔØÓÑ ÎÁ ÒÏÚ×'ÑÚËÁÈ ÐÏÌØÏ×ÉÈ Ò¦×ÎÑÎØ ÒÕÈÕ. ãÅ ÏÚÎÁÞÁ¤,ÝÏ SI = Sfl + Sint; (2.42)ÔÁË ÝÏ Ä¦Ñ (2.1) ÞÉÓÅÌØÎÏ Ò¦×ÎÁ Ä¦§ (1.2) ÐÒÉ Ð¦ÄÓÔÁ×ÌÑÎÎ¦ × ÏÓÔÁÎÎÀÒÏÚ×'ÑÚË¦× ÐÏÌØÏ×ÉÈ Ò¦×ÎÑÎØ (1.18).ðÅÒÅÊÄÅÍÏ ×¦Ä (2.37) ÄÏ ËÏÏÒÄÉÎÁÔÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ�A(x) = Z d4p(2�)4 ei(p�x)�A(p); (2.43)¦ ÏÔÒÉÍÁ¤ÍÏ��1:::�n(x) = Z d4p(2�)4 ei(p�x)G(p)��1:::�n�1:::�n(p)J�1:::�n(p): (2.44)÷ÉÎÅÓÅÍÏ ÐÒÏ¤ËÃ¦ÊÎÉÊ ÔÅÎÚÏÒ � ÚÁ ÚÎÁË ¦ÎÔÅÒÁÌÕ:��1:::�n(x) = ��1:::�n�1:::�n � @i@x�Z (dp)(2�)4 ei(p�x)G(p)J�1:::�n(p):



17 ðÒÅÐÒÉÎÔ(2.45)÷ÉËÏÒÉÓÔÁ×ÛÉ Ð¦Ä ¦ÎÔÅÒÁÌÏÍ ÚÏÂÒÁÖÅÎÎÑ (2.18), ÏÄÅÒÖÉÍÏ��1:::�n(x) = ��1:::�n�1:::�n � @i@x�Z d4x0G(x � x0)J�1:::�n(x0):(2.46)ð¦ÄÓÔÁ×É×ÛÉ ÓÀÄÉ ÆÏÒÍÕÌÕ (2.17) ÄÌÑ ÄÖÅÒÅÌÁ JA(x), ÍÁÔÉÍÅÍÏ��1:::�n(x) = Xa ga Z d�a(pu2a)1�nu�1a :::u�na���1:::�n�1:::�n � @i@x�G(x� xa): (2.47)ãÑ ÆÏÒÍÕÌÁ ×ÉÒÁÖÁ¤ ÐÏÌØÏ×¦ ÆÕÎËÃ¦§ Õ ÔÅÒÍ¦ÎÁÈ ÚÍ¦ÎÎÉÈ ÞÁÓÔÉÎÏË.äÌÑ ÏÄÅÒÖÁÎÎÑ ÐÏÌØÏ×ÉÈ Ò¦×ÎÑÎØ (1.18) ÄÌÑ ÐÏÌ¦× �A(x) ÍÏÖÎÁÐÏÄ¦ÑÔÉ ÎÁ (2.46) ÏÐÅÒÁÔÏÒÏÍ ëÌÑÊÎÁ-½ÏÒÄÏÎÁ. ÷ÒÁÈÏ×ÕÀÞÉ (2.11),ÏÄÅÒÖÉÍÏ(@2 + �2)��1:::�n(x) = 4���1:::�n�1:::�n � @i@x� J�1:::�n(x): (2.48)ò¦×ÎÑÎÎÑ (2.48) ÎÅ ÍÁÀÔØ ×ÉÇÌÑÄÕ (1.18) (ËÒ¦Í ×ÉÐÁÄËÕ n = 0),ÏÓË¦ÌØËÉ Õ ÐÒÁ×¦Ê ÞÁÓÔÉÎ¦ Í¦ÓÔÑÔØÓÑ ÐÏÈ¦ÄÎ¦ ×¦Ä ÄÖÅÒÅÌÁ JA(x). äÌÑn = 1; 2 Ã¦ ÐÏÈ¦ÄÎ¦ ÍÏÖÎÁ ×ÉËÌÀÞÉÔÉ ÚÁ ÄÏÐÏÍÏÇÏÀ ÐÅ×ÎÉÈ ÄÏÄÁÔ-ËÏ×ÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ, ÝÏ ×ÉÐÌÉ×ÁÀÔØ Ú (2.46); Õ ×ÉÐÁÄËÕ ×ÉÝÉÈ nÓÐÒÁ×Á ÕÓËÌÁÄÎÀ¤ÔØÓÑ [19]. ïÄÎÁË ÃÑ ÐÒÏÂÌÅÍÁ ÌÅÖÉÔØ ÚÁ ÍÅÖÁÍÉÒÅÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÔÅÏÒ¦§ ÐÒÑÍÉÈ Í¦ÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê. ú ÔÏÞËÉÚÏÒÕ ÏÓÔÁÎÎØÏ§ ÐÏÌÑ �A(x) ¤ ÄÅÑËÉÍÉ ÆÏÒÍÁÌØÎÉÍÉ ËÏÎÓÔÒÕËÃ¦ÑÍÉ,ÝÏ ÐÏ×Î¦ÓÔÀ ×ÉÚÎÁÞÁÀÔØÓÑ ÆÏÒÍÕÌÁÍÉ (2.47).3. ÷ÉÐÁÄÏË ÂÅÚÍÁÓÏ×ÉÈ ÐÏÌ¦×. ½ÒÁ×¦ÔÁÃ¦ÊÎÁ ×ÚÁ¤ÍÏ-Ä¦Ñ ÔÁ ÍÏÖÌÉ×¦ ÕÚÁÇÁÌØÎÅÎÎÑõ ËÌÁÓÉÞÎ¦Ê ÒÅÌÑÔÉ×¦ÓÔÉÞÎ¦Ê ÔÅÏÒ¦§ ÐÏÌÑ ÏÐÉÓ ÂÅÚÍÁÓÏ×ÉÈ ÐÏÌ¦× ÐÏ-×'ÑÚÁÎÉÊ Ú ÄÏÄÁÔËÏ×ÉÍÉ ÐÒÏÂÌÅÍÁÍÉ ¦ ÎÅ ÍÏÖÅ ÂÕÔÉ ÏÔÒÉÍÁÎÉÊ ÂÅÚ-ÐÏÓÅÒÅÄÎ¦Í ÐÅÒÅÈÏÄÏÍ � ! 0. ðÏÂÕÄÏ×ÁÎÁ ÎÁÍÉ Ä¦Ñ (2.25) ÔÁËÏÖ ÎÅÍÁ¤ ÏÚÎÁÞÅÎÏ§ ÍÅÖ¦, ËÏÌÉ �! 0. ôÏÍÕ ÍÉ ÐÒÏ×ÅÄÅÍÏ ÎÅÚÁÌÅÖÎÉÊ ÒÏÚ-ÇÌÑÄ ×ÚÁ¤ÍÏÄ¦Ê, ÝÏ ÐÅÒÅÎÏÓÑÔØÓÑ ÂÅÚÍÁÓÏ×ÉÍÉ ÐÏÌÑÍÉ, ÓÐÉÒÁÀÞÉÓØÚÎÏ×Õ ÎÁ ÔÅÏÒ¦À ÄÖÅÒÅÌ û×¦ÎÅÒÁ [19]. õ ÃØÏÍÕ ËÏÎÔÅËÓÔ¦ ÏÓÎÏ×-ÎÁ Ò¦ÚÎÉÃÑ Í¦Ö ÍÁÓÉ×ÎÉÍ ÔÁ ÂÅÚÍÁÓÏ×ÉÍ ×ÉÐÁÄËÁÍÉ ÐÒÏÑ×ÌÑ¤ÔØÓÑ
ICMP{98{03U 18Õ ×ÌÁÓÔÉ×ÏÓÔÑÈ ÐÒÏ¤ËÔÉ×ÎÏÇÏ ÔÅÎÚÏÒÁ � . úÁÍ¦ÓÔØ (2.13) ×¦Î ×ÉÚÎÁ-ÞÁ¤ÔØÓÑ ÔÅÐÅÒ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍx�1 :::x�n��1:::�n�1:::�ny�1 :::y�n = [x2y2]n=2Tn(z); (3.1)ÄÅ z � (x � y)=px2y2 ¦ Tn(z) | ÐÏÌ¦ÎÏÍÉ þÅÂÉÛÅ×Á [Tn(cos') =cosn']. õ Ã¦Ê ÆÏÒÍÕÌ¦, ÎÁ ×¦ÄÍ¦ÎÕ ×¦Ä (2.13), Æ¦ÇÕÒÕÀÔØ Ú×ÉÞÁÊÎ¦×ÎÕÔÒ¦ÛÎ¦ ÄÏÂÕÔËÉ 4-×ÅËÔÏÒ¦× Õ IM4.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ (3.1) Õ ÆÏÒÍÕÌ¦ (2.22), ÐÒÉÈÏÄÉÍÏ ÄÏ ÐÒÏÓÔÏÇÏÒÅÚÕÌØÔÁÔÕSI =XXa<b gagb Z d�a Z d�bqu2au2bTn(!ab)�(�ab): (3.2)ÑËÉÊ ÚÁÍ¦ÎÀ¤ (2.25) Õ ×ÉÐÁÄËÕ ÂÅÚÍÁÓÏ×ÏÇÏ ÐÏÌÑ Æ¦ËÓÏ×ÁÎÏ§ ÓÐ¦ÒÁÌØ-ÎÏÓÔÉ � = �n. ïÞÅ×ÉÄÎÏ, ÍÉ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ ÔÅÐÅÒ ÓÉÍÅÔÒÉÞÎÕÆÕÎËÃ¦À ½Ò¦ÎÁ Gsym(x) = �(x2) Ò¦×ÎÑÎÎÑ Ä'áÌÁÍÂÅÒÁ. ·§ ÍÏÖÎÁ ÏÔ-ÒÉÍÁÔÉ ¦Ú (2.23) ÐÅÒÅÈÏÄÏÍ ÄÏ ÍÅÖ¦ �! 0.ëÏÌÉ n = 1, ÆÏÒÍÕÌÁ (3.2) ÄÁ¤ ¦ÎÔÅÒÁÌ Ä¦§ ÅÌÅËÔÒÏÄÉÎÁÍ¦ËÉ÷¦ÌÅÒÁ-æÅÊÎÍÁÎÁ (2.8). ÷ÉÐÁÄÏË n = 2 ÐÒÉÒÏÄÎØÏ ÐÏ×'ÑÚÕ×ÁÔÉ ¦ÚÒÁ×¦ÔÁÃ¦ÊÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À. ðÏËÌÁÄÅÍÏ × (3.2) n = 2 ¦ ÚÁÍ¦ÎÉÍÏ gagbÎÁ �Gmamb, ÄÅ G | ÒÁ×¦ÔÁÃ¦ÊÎÁ ÓÔÁÌÁ (ÚÎÁË Í¦ÎÕÓ ÐÏ×'ÑÚÁÎÉÊ ¦ÚÕÎ¦×ÅÒÓÁÌØÎÉÍ ÈÁÒÁËÔÅÒÏÍ ÒÁ×¦ÔÁÃ¦ÊÎÏÇÏ ÐÒÉÔÑÇÁÎÎÑ). ÷ÒÁÈÕ×Á×-ÛÉ, ÝÏ T2(z) = 2z2 � 1, ÏÄÅÒÖÉÍÏSI = �GXXa<b mamb Z d�a Z d�bqu2au2b(2!2ab � 1)�(�ab): (3.3)÷ÉÒÁÚ (3.3) ×¦ÄÐÏ×¦ÄÁ¤ Ì¦Î¦ÊÎÏÍÕ ÚÁ G ÎÁÂÌÉÖÅÎÎÀ ÚÁÇÁÌØÎÏ§ ÔÅÏÒ¦§×¦ÄÎÏÓÎÏÓÔÉ [11,3]. ú×ÉÞÁÊÎÏ, ÃÑ ×¦ÄÐÏ×¦ÄÎ¦ÓÔØ ÍÁ¤ Í¦ÓÃÅ Ú ÔÏÞÎ¦ÓÔÀÄÏ ÔÉÈ ÅÌÅÍÅÎÔ¦× ÄÏ×¦ÌØÎÏÓÔÉ, ÑË¦, ÑË ×¦ÄÚÎÁÞÁÌÏÓÑ ×ÉÝÅ, ÈÁÒÁËÔÅ-ÒÉÚÕÀÔØ ×ÚÁ¤ÍÏÚ×'ÑÚÏË Í¦Ö ÔÅÏÒ¦ÑÍÉ ÐÏÌÑ ÔÁ ÐÒÑÍÉÈ ×ÚÁ¤ÍÏÄ¦Ê |×ÉÂ¦Ò ÆÕÎËÃ¦§ ½Ò¦ÎÁ (ÚÁÐ¦ÚÎÀ×ÁÌØÎÁ ÞÉ ÓÉÍÅÔÒÉÞÎÁ) ÔÁ ×ÉÒ¦ÛÅÎÎÑÐÒÏÂÌÅÍÉ ÓÁÍÏÄ¦§ (\ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ" ÍÁÓÉ ÞÉ ÕÍÏ×É ÐÏ×ÎÏÇÏ ÐÏÇÌÉ-ÎÁÎÎÑ). óÔÏÓÏ×ÎÏ ÒÁ×¦ÔÁÃ¦ÊÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÏÂÇÏ×ÏÒÅÎÎÑ ÃÉÈ ÐÉÔÁÎØÍÏÖÎÁ ÚÎÁÊÔÉ × [11,2,3].ò¦×ÎÑÎÎÑ ÒÕÈÕ (2.7), ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ Ä¦§ (3.2), ÍÁÀÔØ ×ÉÇÌÑÄma d^u�ad�a = ga Xb(6=a) gb Z d�b �2qu2au2b�0(�ab) [r�abTn(!ab)� �ab�ab(^u�bT 0n(!ab) + ^u�aYn(!ab))]+ �(�ab) [(^u�a � ^u�b )^u�b T 00n(!ab)



19 ðÒÅÐÒÉÎÔ+ qu2bYn(!ab)���� d^ua�d�a � (3.4)ôÕÔ r�ab � x�a � x�a, Yn(!) � Tn(!) � !T 0n(!) ¦ ÛÔÒÉÈÉ ÐÏÚÎÁÞÁÀÔØÐÏÈ¦ÄÎ¦ ÚÁ ×ËÁÚÁÎÉÍÉ ÁÒÕÍÅÎÔÁÍÉ.ôÁËÉÍ ÞÉÎÏÍ, ÎÁÍÉ ÐÏÂÕÄÏ×ÁÎÏ ¦ÎÔÅÒÁÌÉ Ä¦§ ÔÉÐÕ æÏËËÅÒÁ ÄÌÑ×ÚÁ¤ÍÏÄ¦Ê, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÉÍ ÐÏÌÑÍ Æ¦ËÓÏ×ÁÎÏ§ ÍÁ-ÓÉ � ÔÁ ÓÐ¦ÎÕ n. ôÁË¦ ÐÏÌÑ, ÑË ×¦ÄÏÍÏ, ÚÁÂÅÚÐÅÞÕÀÔØ ÎÅÚ×¦ÄÎÅ ÚÏÂÒÁ-ÖÅÎÎÑ ÇÒÕÐÉ ðÕÁÎËÁÒÅ [17-20]. úÎÁÞÎÉÊ ¦ÎÔÅÒÅÓ ÓÔÁÎÏ×ÉÔØ ×É×ÞÅÎÎÑÓÐ¦××¦ÄÎÏÛÅÎÎÑ Í¦Ö ÏÔÒÉÍÁÎÉÍÉ ×ÉÒÁÚÁÍÉ ÄÌÑ ÍÁÓÉ×ÎÉÈ ¦ ÂÅÚÍÁ-ÓÏ×ÉÈ ÐÏÌ¦× Õ ×ÉÐÁÄËÕ n � 2. ¶ÎÔÅÒÁÌÉ Ä¦§ ÄÌÑ ÍÁÓÉ×ÎÉÈ ÐÏÌ¦×Í¦ÓÔÑÔØ ÎÅÔÒÉ×¦ÑÌØÎ¦ ÓÉÎÕÌÑÒÎÏÓÔ¦, ËÏÌÉ � ! 0. ú ÍÁÔÅÍÁÔÉÞÎÏ§ÔÏÞËÉ ÚÏÒÕ §È ÐÒÉÞÉÎÁ ÐÏ×'ÑÚÁÎÁ Ú Ò¦ÚÎÏÀ ÓÔÒÕËÔÕÒÏÀ ÍÁÌÏ§ ÇÒÕÐÉ,ÝÏ ¦ÎÄÕËÕ¤ ×¦ÄÐÏ×¦ÄÎ¦ ÎÅÚ×¦ÄÎ¦ ÚÏÂÒÁÖÅÎÎÑ ÇÒÕÐÉ ðÕÁÎËÁÒÅ × ÍÁÓÉ×-ÎÏÍÕ ÔÁ ÂÅÚÍÁÓÏ×ÏÍÕ ×ÉÐÁÄËÁÈ [30]. ú Æ¦ÚÉÞÎÏ§ ÔÏÞËÉ ÚÏÒÕ ÕÍÏ×ÏÀ¦ÓÎÕ×ÁÎÎÑ ÂÅÚÍÁÓÏ×Ï§ ÍÅÖ¦ Õ ×ÉÐÁÄËÕ n � 1 ¤ ÂÅÚÄÉ×ÅÒÅÎÔÎ¦ÓÔØ ×¦Ä-ÐÏ×¦ÄÎÉÈ ÄÖÅÒÅÌ [19]. äÌÑ ÄÖÅÒÅÌ (2.17), ÓÔ×ÏÒÅÎÉÈ ÔÏÞËÏ×ÉÍÉ ÞÁ-ÓÔÉÎËÁÍÉ, ÕÍÏ×Á ÂÅÚÄÉ×ÅÒÅÎÔÎÏÓÔÉ ×ÉËÏÎÕ¤ÔØÓÑ ÔÏÔÏÖÎØÏ ÌÉÛÅ Õ×ÉÐÁÄËÕ n = 1, ËÏÌÉ 4-×ÅËÔÏÒ ÓÔÒÕÍÕ ÍÁ¤ ×ÉÇÌÑÄJ�(x) =Xa ga Z d�au�a�[x� xa(�a)]; (3.5)¦, ÏÔÖÅ, @�J�(x) = Xa ga Z d�au�a@��[x� xa(�a)]= �Xa ga Z d�a dd�a �[x� xa(�a)] = 0 (3.6)(ÄÉ×. [10,19]). ñËÝÏ n > 1, ÔÏ ÄÖÅÒÅÌÁ (2.17) ÍÏÖÎÁ ××ÁÖÁÔÉÂÅÚÄÉ×ÅÒÅÎÔÎÉÍÉ Ô¦ÌØËÉ × ÎÕÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÚÁ ËÏÎÓÔÁÎÔÏÀ×ÚÁ¤ÍÏÄ¦§ (ÔÏÂÔÏ ÄÌÑ ÒÕÈ¦× ÞÁÓÔÉÎÏË ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ×ÚÁ¤ÍÏÄ¦§ Í¦ÖÎÉÍÉ). îÁÐÒÉËÌÁÄ, ÒÏÚÇÌÑÎÅÍÏ ÔÅÎÚÏÒÎÅ ÄÖÅÒÅÌÏ ÄÒÕÇÏÇÏ ÒÁÎÕ, ÝÏ×¦ÄÐÏ×¦ÄÁ¤ ÒÁ×¦ÔÁÃ¦ÊÎ¦Ê ×ÚÁ¤ÍÏÄ¦§,J��(x) =Xa ma Z d�au�au�apu2a �[x� xa(�a)]; (3.7)úÁÚÎÁÞÉÍÏ, ÝÏ (3.7) ÕÔ×ÏÒÀ¤ ÔÅÎÚÏÒ ÅÎÅÒ¦§-¦ÍÐÕÌØÓÕ ÓÉÓÔÅÍÉ ×¦ÌØ-ÎÉÈ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË Õ ÐÌÏÓËÏÍÕ ÐÒÏÓÔÏÒ¦-ÞÁÓ¦ IM4 [31]. ôÏÄ¦ Ú ×ÒÁ-ÈÕ×ÁÎÎÑÍ Ò¦×ÎÑÎØ ÒÕÈÕ (3.4) ÍÁ¤ÍÏ@�J��(x) = �Xa ma Z d�a u�apu2a dd�a �[x� xa(�a)]
ICMP{98{03U 20= Xa Z d�a�[x� xa(�a)] dd�a mau�apu2a = O(G): (3.8)ðÒÉÒÏÄÎ¦Ê ÓÐÏÓ¦Â Ä¦Ê Õ ÏÐÉÓÁÎ¦Ê ÓÉÔÕÁÃ¦§ | ÃÅ ÍÏÄÉÆ¦ËÁÃ¦Ñ ×ÉÒÁÚÕ(2.17) ÄÌÑ ÄÖÅÒÅÌÁ ÔÁË, ÝÏÂ ÕÍÏ×Á ÂÅÚÄÉ×ÅÒÅÎÔÎÏÓÔÉ ×ÉËÏÎÕ×ÁÌÁÓØ¦Ú ×ÒÁÈÕ×ÁÎÎÑÍ Ò¦×ÎÑÎØ ÒÕÈÕ ÐÅÒÛÏÇÏ ÎÁÂÌÉÖÅÎÎÑ (3.4), ÝÏ ÚÁÄÁ-ÀÔØÓÑ ¦ÎÔÅÒÁÌÏÍ Ä¦§ (3.2). îÏ×ÉÊ ×ÉÒÁÚ ÄÌÑ ÄÖÅÒÅÌÁ ÍÏÖÎÁ Ð¦ÄÓÔÁ-×ÉÔÉ × ÆÏÒÍÕÌÕ ÄÌÑ Ä¦§ (2.12) ÄÌÑ ÏÔÒÉÍÁÎÎÑ ¦ÎÔÅÒÁÌÕ ÔÉÐÕ æÏËËÅ-ÒÁ × ÎÁÓÔÕÐÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÚÁ ËÏÎÓÔÁÎÔÏÀ ×ÚÁ¤ÍÏÄ¦§.ðÒÏÄÏ×ÖÕÀÞÉÏÐÉÓÁÎÕ ÐÒÏÃÅÄÕÒÕ, ÐÒÉÈÏÄÉÍÏ ÄÏ ×ÉÓÏËÏ ÎÅÌ¦Î¦ÊÎÏ§ ÔÅÏÒ¦§, ÄÌÑ ÑËÏ§ÐÏÂÕÄÏ×ÁÎ¦ ×ÉÝÅ ×ÉÒÁÚÉ (3.2), (3.4) ÓÌÕÖÁÔØ Ì¦Î¦ÊÎÉÍ ÚÁ ×ÚÁ¤ÍÏÄ¦¤ÀÎÁÂÌÉÖÅÎÎÑÍ. îÁ×ÅÄÅÎ¦ Í¦ÒËÕ×ÁÎÎÑ Ó×¦ÄÞÁÔØ, ÝÏ ÐÏÓÌ¦ÄÏ×ÎÁ ÔÅÏÒ¦Ñ×ÚÁ¤ÍÏÄ¦Ê, ÑË¦ ÐÅÒÅÎÏÓÑÔØÓÑ ÂÅÚÍÁÓÏ×ÉÍÉ ÐÏÌÑÍÉ Ã¦ÌÏÇÏ ÓÐ¦ÎÕ n � 2,ÐÏ×ÉÎÎÁ ÂÕÔÉ ÎÅÌ¦Î¦ÊÎÏÀ [32]. ÷¦ÄÐÏ×¦ÄÎ¦ ¦ÎÔÅÒÁÌÉ Ä¦§ ÔÉÐÕ æÏËËÅÒÁÍ¦ÓÔÉÔÉÍÕÔØ, ÐÏÒÑÄ Ú ÐÏÄ×¦ÊÎÉÍÉ ÓÕÍÁÍÉ ÔÉÐÕ (2.2), ÔÁËÏÖ ÐÏÔÒ¦ÊÎ¦¦ Ô.Ä. ÓÕÍÉ Ú ×ÉÝÉÍÉ ÓÔÅÐÅÎÑÍÉ ËÏÎÓÔÁÎÔÉ ×ÚÁ¤ÍÏÄ¦§. ôÁËÁ ÐÒÏÇÒÁÍÁÏÐÉÓÕ ÐÒÑÍÏ§ ÒÁ×¦ÔÁÃ¦ÊÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÒÏÚÇÌÑÄÁÌÁÓØ Õ ÐÒÁÃÑÈ [33,34]¦ ÒÅÁÌ¦ÚÏ×ÁÎÁ × ÒÁÍËÁÈ ÒÏÚ×ÉÎÅÎØ ÚÁ ÓÔÅÐÅÎÑÍÉ c�2 Ú ÔÏÞÎ¦ÓÔÀ ÄÏc�4. õ ÒÏÚËÌÁÄÁÈ ÚÁ ÓÔÅÐÅÎÑÍÉ ËÏÎÓÔÁÎÔÉ ×ÚÁ¤ÍÏÄ¦§ ÃÅÊ ÛÌÑÈ ÐÏ×É-ÎÅÎ ÐÒÉ×ÏÄÉÔÉ ÄÏ ÄÁÌÅËÏÄ¦ÊÎÏÇÏ ÆÏÒÍÕÌÀ×ÁÎÎÑ ÚÁÇÁÌØÎÏ§ ÔÅÏÒ¦§ ×¦Ä-ÎÏÓÎÏÓÔÉ, ÒÏÚ×ÉÎÕÔÏÇÏ × ÐÒÁÃÑÈ ÷ÌÁÄ¦Í¦ÒÏ×Á Ê ôÕÒÉ¦ÎÁ [3,35] ÎÁ ÂÁÚ¦¦ÎÔÅÒÁÌ¦× Ä¦§ ÔÉÐÕ æÏËËÅÒÁ. ÷ËÁÚÁÎ¦ Á×ÔÏÒÉ ×ÉÈÏÄÉÌÉ ¦Ú ÚÁÇÁÌØÎÏ§ÔÅÏÒ¦§ ×¦ÄÎÏÓÎÏÓÔÉ Ê ÐÏÓÌ¦ÄÏ×ÎÉÍ ¦ÎÔÅÒÕ×ÁÎÎÑÍ Ò¦×ÎÑÎØ ç¦ÌØÂÅÒÔÁ-áÊÎÛÔÁÊÎÁ Õ ËÁÌ¦ÂÒÕ×ÁÎÎ¦ ÄÅ äÏÎÄÅÒÁ-æÏËÁ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÞÁÓÏ-ÓÉÍÅÔÒÉÞÎÉÈ ÆÕÎËÃ¦Ê ½Ò¦ÎÁ ×ÉËÌÀÞÁÌÉ Ú ÏÐÉÓÕ ËÏÍÐÏÎÅÎÔÉ ÍÅÔÒÉÞ-ÎÏÇÏ ÔÅÎÚÏÒÁ g��(x) ÅÆÅËÔÉ×ÎÏÇÏ Ò¦ÍÁÎÏ×ÏÇÏ ÐÒÏÓÔÏÒÕ. ïÐÉÓÁÎÉÊ ×É-ÝÅ ÛÌÑÈ ÍÁ× ÂÉ ÐÒÉ×ÏÄÉÔÉ ÄÏ ÐÏÄ¦ÂÎÉÈ ÒÅÚÕÌØÔÁÔ¦× ÎÁ ÏÓÎÏ×¦ ÐÏÂÕÄÏ-×É ÓÁÍÏÕÚÇÏÄÖÅÎÏ§ ÔÅÏÒ¦§ Í¦ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ¦§,ÝÏ ÐÅÒÅÎÏÓÉÔØÓÑÂÅÚÍÁÓÏ×ÉÍ ÔÅÎÚÏÒÎÉÍ ÐÏÌÅÍ ÓÐ¦ÎÕ 2 [36]. ðÏÄ¦ÂÎÉÊ ÓÐÏÓ¦Â ÐÏÂÕÄÏ-×É ÐÏÓÌ¦ÄÏ×ÎÏ§ ÔÅÏÒ¦§ ÔÑÖ¦ÎÎÑ Õ ÐÒÏÓÔÏÒ¦-ÞÁÓ¦ í¦ÎËÏ×ÓØËÏÇÏ ÁËÔÉ×ÎÏÏÂÇÏ×ÏÒÀ×Á×ÓÑ × ÐÏÌØÏ×ÏÍÕ Ð¦ÄÈÏÄ¦ (ÄÉ×., ÎÁÐÒÉËÌÁÄ, [32,37]).¶ÎÔÒÉÕÀÞÏÀ ¤ ÍÏÖÌÉ×¦ÓÔØ ÒÏÚÇÌÑÄÕ × ÏËÒÅÓÌÅÎ¦Ê ×ÉÝÅ ÓÈÅÍ¦ ×É-ÐÁÄËÕ n > 2 [32]. ÷ ÒÁÍËÁÈ Ë×ÁÎÔÏ×Ï§ ÔÅÏÒ¦§ ÐÏÌÑ ÚÁÇÁÌØÎÏÐÒÉÊÎÑ-ÔÏÀ ¤ ÄÕÍËÁ ÐÒÏ ÎÅÍÏÖÌÉ×¦ÓÔØ ÐÏÓÌ¦ÄÏ×ÎÏÇÏ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏÇÏ ÏÐÉ-ÓÕ × ÃØÏÍÕ ×ÉÐÁÄËÕ [38] (\it seems, at this moment, that Nature stopsat spin 2" [39]). äÏÓÌ¦ÄÖÅÎÎÑ ×ËÁÚÁÎÏ§ ÍÏÖÌÉ×ÏÓÔÉ × ÒÁÍËÁÈ ÔÅÏÒ¦§ÐÒÑÍÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÓÔÁÎÏ×ÉÔØ ÚÎÁÞÎÉÊ ¦ÎÔÅÒÅÓ.îÏ×ÏÀ ÒÉÓÏÀ, ÑËÁ ×ÉÎÉËÁ¤ × ÏÐÉÓ¦ ×ÚÁ¤ÍÏÄ¦Ê, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØÂÅÚÍÁÓÏ×ÉÍ ÐÏÌÑÍ, ¦ ÔÅÖ ÚÕÍÏ×ÌÅÎÁ ÂÅÚÄÉ×ÅÒÅÎÔÎ¦ÓÔÀ ÄÖÅÒÅÌ, ¤ËÁÌ¦ÂÒÕ×ÁÌØÎÁ Ó×ÏÂÏÄÁ. îÁ×ÅÄÅÎ¦ ×ÉÝÅ ×ÉÒÁÚÉ ÄÌÑ ÐÏÌØÏ×ÉÈ ÆÕÎË-Ã¦Ê (2.45) ¦ ÐÏÌØÏ×ÉÈ Ò¦×ÎÑÎØ (2.48) ÚÁÐÉÓÁÎ¦ Õ ÐÅ×ÎÏÍÕ ËÏÎËÒÅÔÎÏÍÕËÁÌ¦ÂÒÕ×ÁÎÎ¦ (ÄÌÑ n = 1 ÃÅ ËÁÌ¦ÂÒÕ×ÁÎÎÑ ìÏÒÅÎÃÁ). ðÅÒÅÈ¦Ä ÄÏ ÚÁ-



21 ðÒÅÐÒÉÎÔÇÁÌØÎÏÇÏ ×ÉÐÁÄËÕ ÍÏÖÎÁ ÚÄ¦ÊÓÎÉÔÉ, ÐÒÏ×ÏÄÑÞÉ Õ ×ËÁÚÁÎÉÈ ÆÏÒÍÕÌÁÈÄÏ×¦ÌØÎÅ ËÁÌ¦ÂÒÕ×ÁÌØÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ.ýÅ ÏÄÎÅ ÍÏÖÌÉ×Å ÕÚÁÇÁÌØÎÅÎÎÑ ×ÉËÌÁÄÅÎÏÇÏ ÆÏÒÍÁÌ¦ÚÍÕ ÐÏ-ÌÑÇÁ¤ Õ ×¦ÄÈÏÄ¦ ×¦Ä ÍÏÄÅÌ¦ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË. ãÅ ÐÏÔÒÅÂÕ×ÁÔÉÍÅÂ¦ÌØÛ ÚÁÇÁÌØÎÉÈ, Î¦Ö (2.17), ×ÉÒÁÚ¦× ÄÌÑ ÄÖÅÒÅÌ, ÑË¦ Â, ÐÏÒÑÄ ¦Ú�-ÆÕÎËÃ¦ÑÍÉ, Í¦ÓÔÉÌÉ §È ×ÉÝ¦ ÐÏÈ¦ÄÎ¦ [40,41]. ôÁËÁ ÍÏÄÉÆ¦ËÁÃ¦Ñ ÆÏÒ-ÍÁÌ¦ÚÍÕ ÄÏÚ×ÏÌÑÌÁ Â ÏÐÉÓÕ×ÁÔÉ ÞÁÓÔÉÎËÉ Ú¦ ÓÐ¦ÎÏÍ ÔÁ ×ÉÝÉÍÉ ÍÕÌØ-ÔÉÐÏÌØÎÉÍÉ ÍÏÍÅÎÔÁÍÉ [40]. ðÒÉ ÃØÏÍÕ ÓÌ¦Ä ÔÅÖ ÕÚÁÇÁÌØÎÉÔÉ ×¦ÌØ-ÎÏÞÁÓÔÉÎËÏ×ÉÊ ×ÉÒÁÚ ÄÌÑ Ä¦§ (1.3) [41].ã¦ËÁ×Á ÍÏÖÌÉ×¦ÓÔØ ÐÏ×'ÑÚÁÎÁ ¦Ú ÒÏÚÇÌÑÄÏÍ Õ ÒÁÍËÁÈ ÚÁÐÒÏÐÏÎÏ-×ÁÎÏÇÏ Ð¦ÄÈÏÄÕ ×ÚÁ¤ÍÏÄ¦Ê, ÝÏ ÏÐÉÓÕÀÔØÓÑ ËÁÌ¦ÂÒÕ×ÁÌØÎÉÍ ÐÏÌÅÍ,ÑËÅ ×¦ÄÐÏ×¦ÄÁ¤ ÐÅ×Î¦Ê ÇÒÕÐ¦ ×ÎÕÔÒ¦ÛÎ¦È ÓÉÍÅÔÒ¦Ê G [21,42]. äÌÑ ×É-ÐÁÄËÕ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË (ÍÏÎÏÐÏÌØÎÉÈ ÓÉÎÕÌÑÒÎÏÓÔÅÊ Õ ÔÅÒÍ¦ÎÏ-ÌÏÇ¦§ ÒÏÂ¦Ô [40,43]) ×ÉÈ¦ÄÎ¦ ÆÏÒÍÕÌÉ ÄÌÑ ÄÖÅÒÅÌ ÚÂÅÒ¦ÇÁÔÉÍÕÔØ ×É-ÇÌÑÄ (2.17) ¦Ú ÚÁÍ¦ÎÏÀ ËÏÎÓÔÁÎÔ ×ÚÁ¤ÍÏÄ¦§ ga ÄÅÑËÉÍÉ ÆÕÎËÃ¦ÑÍÉg�a (�a), � = 1; :::; dimG, ÔÁ ÒÏÚÔÁÛÕ×ÁÎÎÑÍ §È Ð¦Ä ÚÎÁËÏÍ ¦ÎÔÅÒÁÌÕÚÁ �a [43]. ôÁËÅ ÄÖÅÒÅÌÏ ×ÖÅ Õ ×ÉÐÁÄËÕ n = 1 ÎÅ ÚÁÄÏ×ÏÌØÎÑÔÉÍÅÔÏÔÏÖÎØÏ ÕÍÏ×Õ ÂÅÚÄÉ×ÅÒÅÎÔÎÏÓÔÉ, ¦ ÐÒÏÃÅÄÕÒÁ, ÏÐÉÓÁÎÁ ×ÉÝÅ ÄÌÑn = 2, ÐÒÉ×ÏÄÉÔÉÍÅ ÄÏ ÐÅ×ÎÏ§ ÎÅÌ¦Î¦ÊÎÏ§ ÔÅÏÒ¦§. äÌÑ ËÁÌ¦ÂÒÕ×ÁÌØ-ÎÏ§ ÇÒÕÐÉ G = SU(2) (ÐÏÌÑ ñÎÁ-í¦ÌÓÁ) ÔÁ ÎÁÑ×ÎÏÓÔÉ ÓËÁÌÑÒÎÏÇÏÐÏÌÑ ç¦ÓÁ Ò¦×ÎÑÎÎÑ ÒÕÈÕ ÍÏÎÏÐÏÌØÎÉÈ ¦ ÄÉÐÏÌØÎÉÈ ÓÉÎÕÌÑÒÎÏÓÔÅÊ×É×ÅÄÅÎ¦ × ÐÏÌØÏ×ÏÍÕ Ð¦ÄÈÏÄ¦ Õ ÐÒÁÃÑÈ [43,44] Ú ÔÏÞÎ¦ÓÔÀ ÄÏ ÄÒÕ-ÇÏÇÏ ÐÏÒÑÄËÕ ÚÁ ËÏÎÓÔÁÎÔÏÀ ×ÚÁ¤ÍÏÄ¦§. íÏÖÌÉ×¦ÓÔØ ÏÔÒÉÍÁÔÉ ÔÁË¦ÞÉ ÐÏÄ¦ÂÎ¦ Ò¦×ÎÑÎÎÑ ÎÁ ÂÁÚ¦ ÆÏÒÍÁÌ¦ÚÍÕ ¦ÎÔÅÒÁÌ¦× Ä¦§ ÔÉÐÕ æÏËËÅÒÁÚÁÓÌÕÇÏ×Õ¤ ÄÏÄÁÔËÏ×ÏÇÏ ×É×ÞÅÎÎÑ. ãÅ ÍÏÖÅ ×ÉÍÁÇÁÔÉ Ê ÍÏÄÉÆ¦ËÁÃ¦§×ÉÒÁÚÕ (1.3) ÄÌÑ ×¦ÌØÎÏÞÁÓÔÉÎËÏ×Ï§ Ä¦§ [41].æÏÒÍÁÌ¦ÚÍ ¦ÎÔÅÒÁÌ¦× Ä¦§ ÔÉÐÕ æÏËËÅÒÁ ÄÏÚ×ÏÌÑ¤ ÔÅÖ ××ÏÄÉÔÉ ÕÒÏÚÇÌÑÄ ×ÚÁ¤ÍÏÄ¦§, ÑË¦ ÎÅ ÍÁÀÔØ ÔÅÏÒÅÔÉËÏ-ÐÏÌØÏ×ÏÇÏ ×¦ÄÐÏ×¦ÄÎÉËÁ,ÈÏÞÁ Ê ¦ÎÓÐ¦ÒÏ×ÁÎ¦ ÓÔÒÕËÔÕÒÁÍÉ, ÝÏ ×ÉÐÌÉ×ÁÀÔØ Ú ÔÅÏÒ¦§ ÐÏÌÑ. ðÏ-ËÌÁÄÁÀÞÉ × (2.3)Rab = Fab(�ab; �ba; !ab)G(�ab); a < b; (3.9)ÄÅ �ab | ÄÅÑËÁ ÇÌÁÄËÁ ÆÕÎËÃ¦Ñ, Á G(�ab) | ÄÏ×¦ÌØÎÁ (ÍÏÖÌÉ×Ï,ÕÚÁÇÁÌØÎÅÎÁ)ÆÕÎËÃ¦Ñ, ÍÉ ÏÞÅ×ÉÄÎÉÍ ÞÉÎÏÍ ÚÁÂÅÚÐÅÞÕ¤ÍÏ ðÕÁÎËÁÒÅ-¦Î×ÁÒ¦ÑÎÔÎ¦ÓÔØ ×¦ÄÐÏ×¦ÄÎÏ§ Í¦ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ¦§. ÷ÉÂ¦ÒFab(n; l) = !lab(�ab�ba)n�l; l = 0; 1; :::; n; n = 0; 1; :::; (3.10)ÐÒÏÐÏÎÕ×Á×ÓÑ Õ ÐÒÁÃÑÈ [12,13] ÑË ÔÁËÉÊ, ÝÏ ÄÏÐÕÓËÁ¤ ¦ÎÔÅÒÐÒÅÔÁÃ¦À× ÔÅÒÍ¦ÎÁÈ ÓÉÍÅÔÒÉÞÎÉÈ ÔÅÎÚÏÒÎÉÈ ÐÏÌ¦× ÒÁÎÕ n. ïÄÎÁË ÐÏÂÕÄÏ-×ÁÎ¦ ÎÁ ÊÏÇÏ ÏÓÎÏ×¦ ×ÉÒÁÚÉ ÄÌÑ ÐÏÌ¦× ÎÅ ¤ ÎÅÚ×¦ÄÎÉÍÉ, ¦ ÓÔÒÕËÔÕÒÁ
ICMP{98{03U 22(3.10) ÚÎÁÞÎÏ ×¦ÄÒ¦ÚÎÑ¤ÔØÓÑ ×¦Ä ÏÔÒÉÍÁÎÏÇÏ ÎÁÍÉ ×ÉÒÁÚÕ (2.30). ñËÝÏÕ (3.9) ÐÏËÌÁÓÔÉ Fab = gagb�ab�ba; (3.11)¦ G(�) = �(�), ÔÏ ÏÄÅÒÖÉÍÏ ÍÏÄÅÌØ ÕÔÒÉÍÕ×ÁÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§ [45].åË×¦×ÁÌÅÎÔÎÉÊ ×ÉÒÁÚ Rab ÄÌÑ Ã¦¤§ ÍÏÄÅÌ¦ ÍÁ¤ ×ÉÇÌÑÄRab = gagb!ab�(�ab) (3.12)ÔÁ ×¦ÄÒ¦ÚÎÑ¤ÔØÓÑ ×¦Ä ÆÏÒÍÕÌÉ (2.10) ÄÌÑ ×ÅËÔÏÒÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÚÁÍ¦ÎÏÀÓÉÍÅÔÒÉÞÎÏ§ ÆÕÎËÃ¦§ ½Ò¦ÎÁ Ò¦×ÎÑÎÎÑ ëÌÑÊÎÁ-½ÏÒÄÏÎÁ ÎÁ ÆÅÎÏÍÅÎÏ-ÌÏÇ¦ÞÎÉÊ ÐÒÏÐÁÇÁÔÏÒ �(�).ëÏÌÉ Fab = gagbf(!ab) (3.13)Ú ÄÏ×¦ÌØÎÏ ÇÌÁÄËÏÀ ÆÕÎËÃ¦¤À f(!), ÔÁËÏÀ ÝÏ f(1) = 1, ÔÏ ×ÚÁ¤ÍÏÄ¦§(3.9) Õ ÎÅÒÅÌÑÔÉ×¦ÓÔÉÞÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ×¦ÄÐÏ×¦ÄÁÔÉÍÅ ÓÔÁÔÉÞÎÉÊ ÐÏ-ÔÅÎÃ¦ÑÌ [4,46] u(r) = Z d�G(�2 � r2) (3.14)(ÎÁÐÒÉËÌÁÄ, ÄÌÑ ÕÔÒÉÍÕ×ÁÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§ (3.12) u(r) � r). óÐ¦××¦ÄÎÏ-ÛÅÎÎÑ (3.14) ÍÏÖÎÁ ÏÂÅÒÎÕÔÉ, ×ÉÒÁÖÁÀÞÉ ÆÕÎËÃ¦À G(�) Õ ÔÅÒÍ¦ÎÁÈu(r) [46], ÔÁË ÝÏ ×ÉÒÁÚÉ (3.9), (3.13) ÚÁÂÅÚÐÅÞÕÀÔØ (Ú×¦ÓÎÏ, ÎÅÏÄÎÏ-ÚÎÁÞÎÕ) ÒÅÌÑÔÉ×¦ÚÁÃ¦À ÄÏ×¦ÌØÎÏ§ ÚÁÄÁÎÏ§ ÎÅÒÅÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÓÔÁÔÉÞ-ÎÏ§ ×ÚÁ¤ÍÏÄ¦§ u(r) | ÍÏÖÌÉ×Ï, Ê ÏÔÒÉÍÁÎÏ§ ÞÉÓÔÏ ÆÅÎÏÍÅÎÏÌÏÇ¦ÞÎÉÍÞÉÎÏÍ.ã¦ËÁ×ÉÊ ËÌÁÓ ÍÏÄÅÌÅÊ ÏÄÅÒÖÕ¤ÔØÓÑ, ÑËÝÏ Õ (3.9) ××ÁÖÁÔÉ ÆÕÎË-Ã¦À G(x) Ò¦×ÎÏÀ ÚÁÐ¦ÚÎÀ×ÁÌØÎ¦Ê (ÁÂÏ ×ÉÐÅÒÅÄÖÕ×ÁÌØÎ¦Ê) ÆÕÎËÃ¦§½Ò¦ÎÁ È×ÉÌØÏ×ÏÇÏ Ò¦×ÎÑÎÎÑG(x) = G�(x) = 2�(�x0)�(x2); � = �1: (3.15)÷¦ÄÐÏ×¦ÄÎ¦ ×ÚÁ¤ÍÏÄ¦§ [12,13] ÔÁËÏÖ ÚÁÄÏ×ÏÌØÎÑÀÔØ ÕÍÏ×É ¦Î×ÁÒ¦ÑÎÔ-ÎÏÓÔÉ ×¦ÄÎÏÓÎÏ ×ÌÁÓÎÏ§ ÏÒÔÏÈÒÏÎÎÏ§ ÇÒÕÐÉ ðÕÁÎËÁÒÅ, ÂÏ ÚÎÁË x0 ¤ ¦Î-×ÁÒ¦ÑÎÔÏÍ ×¦ÄÎÏÓÎÏ ÐÅÒÅÔ×ÏÒÅÎØ ìÏÒÅÎÃÁ ÄÌÑ ¦ÚÏÔÒÏÐÎÉÈ ¦ÎÔÅÒ×ÁÌ¦×[13]. ñËÝÏ ÄÏÄÁÔËÏ×Ï ÐÏËÌÁÓÔÉ Õ (3.9), (3.13)f(!) = Tn(!); (3.16)ÔÏ ÐÒÉÊÄÅÍÏ ÄÏ ÍÏÄÅÌÅÊ, Õ ÑËÉÈ ËÏÖÎÁ ÐÁÒÁ ÞÁÓÔÉÎÏË a, b ×ÚÁ¤ÍÏÄ¦¤ÔÁËÉÍ ÞÉÎÏÍ, ÝÏ ÏÄÎÁ Ú ÞÁÓÔÉÎÏË Ä¦¤ ÎÁ ÄÒÕÇÕ Ó×Ï§Í, ÎÁÐÒÉËÌÁÄ,×ÉÐÅÒÅÄÖÕ×ÁÌØÎÉÍ ÂÅÚÍÁÓÏ×ÉÍ ÐÏÌÅÍ, Á ÄÒÕÇÁ ÎÁ ÐÅÒÛÕ| ÚÁÐ¦ÚÎÀ-×ÁÌØÎÉÍ. õ ×ÉÐÁÄËÕ ÅÌÅËÔÒÏÄÉÎÁÍ¦ËÉ (n = 1) ÔÁË¦ ×ÚÁ¤ÍÏÄ¦§ ÒÏÚÇÌÑ-ÄÁ× ÝÅ æÏËËÅÒ Õ 30-ÉÈ ÒÏËÁÈ; ¦ÎÔÅÒÅÓ ÄÏ ÎÉÈ ×¦ÄÎÏ×É×ÓÑ Ð¦ÓÌÑ ÐÒÁÃ¦



23 ðÒÅÐÒÉÎÔ[47], Õ ÑË¦Ê ×¦ÄÐÏ×¦ÄÎ¦ Ò¦×ÎÑÎÎÑ ÒÕÈÕ Ä×ÏÈ ÞÁÓÔÉÎÏË, ÝÏ ×¦ÄÛÔÏ×-ÈÕÀÔØÓÑ (g1g2 > 0), ÂÕÌÉ ÐÒÏ¦ÎÔÅÒÏ×ÁÎ¦ Õ ×ÉÐÁÄËÕ ÏÄÎÏ×ÉÍ¦ÒÎÏÇÏÒÕÈÕ. ôÒÉ×ÉÍ¦ÒÎÉÊ ×ÉÐÁÄÏË ÒÏÚÇÌÑÄÁ×ÓÑ Õ ÒÏÂÏÔ¦ [48]. ïÄÎÏ×ÉÍ¦ÒÎ¦Ò¦×ÎÑÎÎÑ ÒÕÈÕ ÄÌÑ ÓËÁÌÑÒÎÏ§ ×ÚÁ¤ÍÏÄ¦§ (n = 0) ÐÒÏ¦ÎÔÅÒÏ×ÁÎ¦ × ÓÔÁÔ-Ô¦ [49] ÔÅÖ Õ ÏÂÍÅÖÅÎÎ¦ g1g2 > 0. ã¦ ÍÏÄÅÌ¦ ÏÂÇÏ×ÏÒÀ×ÁÌÉÓÑ ÔÁËÏÖÕ ÒÏÂÏÔÁÈ [50-52].4. ÷ÉÓÎÏ×ËÉõ ÚÁÓÔÏÓÕ×ÁÎÎ¦ ÄÏ ÏÐÉÓÕ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉ N ×ÚÁ¤ÍÏÄ¦ÀÞÉÈÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË ÔÅÏÒ¦§ ÐÏÌÑ ÔÁ Ä¦§ ÎÁ ×¦ÄÄÁÌ¦ ÐÒÉ×ÏÄÑÔØ ÄÏ ÐÏÄ¦Â-ÎÉÈ ×ÉÒÁÚ¦×. ÷ÓÔÁÎÏ×ÌÅÎÎÑ Ú×'ÑÚËÕ Í¦Ö ÃÉÍÉ Ä×ÏÍÁ Ð¦ÄÈÏÄÁÍÉ ×ÉÍÁ-ÇÁ¤ ÁÎÁÌ¦ÚÕ ÄÏ×¦ÌØÎÏÓÔÉ × ÐÒÏÃÅÓ¦ ÐÏÂÕÄÏ×É Ò¦×ÎÑÎØ ÒÕÈÕ ÞÁÓÔÉÎÏË.ä×Á ÏÓÎÏ×ÎÉÈ ÅÌÅÍÅÎÔÉ ÔÁËÉÈ ÄÏ×¦ÌØÎÏÓÔÅÊ| ÃÅ ×ÉÂ¦Ò ÆÕÎËÃ¦§ ½Ò¦-ÎÁ ×¦ÄÐÏ×¦ÄÎÏÇÏ ÐÏÌØÏ×ÏÇÏ Ò¦×ÎÑÎÎÑ ÔÁ ÐÒÏÂÌÅÍÁ ÒÏÚÂ¦ÖÎÏÓÔÉ ÆÕÎË-Ã¦Ê ÐÏÌÑ ÎÁ Ó×¦ÔÏ×¦Ê Ì¦Î¦§ ÞÁÓÔÉÎËÉ, ÑËÁ ÊÏÇÏ ÓÔ×ÏÒÀ¤. ôÅÏÒ¦Ñ ÐÏÌÑ×ÉÂÉÒÁ¤ ÚÁÐ¦ÚÎÎÀ×ÁÌØÎ¦ ÆÕÎËÃ¦§ ½Ò¦ÎÁ ¦ ×ÉÒ¦ÛÕ¤ ÐÒÏÂÌÅÍÕ ÒÏÚÂ¦Ö-ÎÏÓÔÉ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑÍ ÍÁÓÉ. ôÅÏÒ¦Ñ Ä¦§ ÎÁ ×¦ÄÄÁÌ¦ × Ð¦ÄÈÏÄ¦ ÷¦ÌÅÒÁ-æÅÊÎÍÁÎÁ [8,9] ×¦ÄÄÁ¤ ÐÅÒÅ×ÁÇÕ ÞÁÓÏÓÉÍÅÔÒÉÞÎÉÍ ÆÕÎËÃ¦ÑÍ ½Ò¦ÎÁ ¦ÐÒÏÐÕÓËÁ¤ ÓÁÍÏÄ¦À × Ò¦×ÎÑÎÎÑÈ ÒÕÈÕ. ïÂÉÄ×Á Ð¦ÄÈÏÄÉ ÅË×¦×ÁÌÅÎÔÎ¦Õ ×ÉÐÁÄËÕ ÂÅÚÍÁÓÏ×ÉÈ ÐÏÌ¦× ÚÁ ×ÉËÏÎÁÎÎÑ ÕÍÏ× ÐÏ×ÎÏÇÏ ÐÏÇÌÉÎÁÎ-ÎÑ [8,9,2,3] ¦ ÐÒÉ×ÏÄÑÔØ ÄÏ ÄÅÝÏ ×¦ÄÍ¦ÎÎÉÈ Ò¦×ÎÑÎØ ÒÕÈÕ Õ ×ÉÐÁÄ-ËÕ ÍÁÓÉ×ÎÉÈ ÓËÁÌÑÒÎÏÇÏ Ê ×ÅËÔÏÒÎÏÇÏ ÐÏÌ¦× [10,27,28]. úÒÅÛÔÏÀ, ÑË×¦ÄÚÎÁÞÅÎÏ × ÐÒÁÃ¦ [53], Ð¦ÄÈ¦Ä ÷¦ÌÅÒÁ-æÅÊÎÍÁÎÁ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÞÁ-ÓÏÓÉÍÅÔÒÉÞÎÉÈ ÆÕÎËÃ¦Ê ½Ò¦ÎÁ ÚÁÓÔÏÓÏ×ÎÉÊ ¦ × ÔÅÏÒÅÔÉËÏ-ÐÏÌØÏ×ÏÍÕÁÎÁÌ¦Ú¦ ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈ ÓÉÓÔÅÍ. ú ¦ÎÛÏÇÏ ÂÏËÕ, Ò¦×ÎÑÎÎÑ ÒÕÈÕ ÞÁ-ÓÔÉÎÏË ×ÉÄÕ (1.17) ÚÁ ÎÁÑ×ÎÏÓÔÉ ÓÉÌÉ ÒÅÁËÃ¦§ ×ÉÐÒÏÍ¦ÎÀ×ÁÎÎÑ [ÄÉ×.(1.27)], ×É×ÅÄÅÎ¦ × ÒÁÍËÁÈ ÐÏÌØÏ×ÏÇÏ Ð¦ÄÈÏÄÕ, ÍÏÖÕÔØ ÕÓÐ¦ÛÎÏ ÄÏ-ÓÌ¦ÄÖÕ×ÁÔÉÓÑ ÍÅÔÏÄÁÍÉ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÔÅÏÒ¦§ ÐÒÑÍÉÈ Í¦ÖÞÁÓÔÉÎ-ËÏ×ÉÈ ×ÚÁ¤ÍÏÄ¦Ê. óÁÍÅ ÒÁÃ¦ÏÎÁÌØÎÅ ÐÏ¤ÄÎÁÎÎÑ ÐÏÌØÏ×ÏÇÏ Ê ÄÁÌÅËÏ-Ä¦ÊÎÏÇÏ Ð¦ÄÈÏÄ¦× ÄÏ ÏÐÉÓÕ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÉÈ ÓÉÓÔÅÍ ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÞÁ-ÓÔÉÎÏË ÏÂ¦ÃÑ¤ ÎÏ×¦ ÒÅÚÕÌØÔÁÔÉ × Ã¦Ê ÇÁÌÕÚ¦.ïÂÓÔÁ×ÉÎÏÀ, ÑËÁ ÄÉËÔÕ¤ ×ÉÂ¦Ò ÓÁÍÅ ÞÁÓÏÓÉÍÅÔÒÉÞÎÉÈ ÆÕÎËÃ¦Ê½Ò¦ÎÁ, ¤ ÐÒÁÇÎÅÎÎÑ ÍÁÔÉ ×ÁÒ¦ÑÃ¦ÊÎÉÊ ÐÒÉÎÃÉÐ, Ú ÑËÏÇÏ ×É×ÏÄÑÔØÓÑÒ¦×ÎÑÎÎÑ ÒÕÈÕ ÞÁÓÔÉÎÏË [16]. èÏÞÁ ×ÉÍÏÇÁ ¦ÓÎÕ×ÁÎÎÑ ×ÁÒ¦ÑÃ¦ÊÎÏÇÏÐÒÉÎÃÉÐÕ ÄÌÑ Ò¦×ÎÑÎØ ÒÕÈÕ ÎÏÓÉÔØ ÓËÏÒ¦ÛÅ ÅÓÔÅÔÉÞÎÉÊ, Î¦Ö Æ¦ÚÉÞ-ÎÉÊ ÈÁÒÁËÔÅÒ, §§ ×ÉËÏÎÁÎÎÑ ÐÒÉ×ÏÄÉÔØ ÄÏ ÓÕÔÔ¤×ÉÈ ÓÐÒÏÝÅÎØ Õ ÏÐÉÓ¦Æ¦ÚÉÞÎÉÈ ÓÉÓÔÅÍ | ÑË Õ ÒÁÍËÁÈ ËÌÁÓÉÞÎÏ§ ÍÅÈÁÎ¦ËÉ, ÔÁË ¦, ÏÓÏÂÌÉ-×Ï, ÚÁ §§ ÍÅÖÁÍÉ: Õ ÓÔÁÔÉÓÔÉÞÎ¦Ê Æ¦ÚÉÃ¦ Ê Ë×ÁÎÔÏ×¦Ê ÔÅÏÒ¦§. ôÏÍÕÍÏÖÌÉ×ÏÓÔ¦, ÑË¦ ÚÁÂÅÚÐÅÞÕ¤ ×ÉËÏÒÉÓÔÁÎÎÑ ¦ÎÔÅÒÁÌ¦× Ä¦§ ÔÉÐÕ æÏË-ËÅÒÁ × ÏÐÉÓ¦ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÉÈ ÓÉÓÔÅÍ [1-3], ÚÁÓÌÕÇÏ×ÕÀÔØ ÑËÏÍÏÇÁ
ICMP{98{03U 24ÐÏ×Î¦ÛÏÇÏ ×É×ÞÅÎÎÑ.õ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÐÏÂÕÄÏ×ÁÎÏ Ê ÄÏÓÌ¦ÄÖÅÎÏ ¦ÎÔÅÒÁÌÉ Ä¦§ ÔÉÐÕ æÏË-ËÅÒÁ ÄÌÑ ×ÚÁ¤ÍÏÄ¦Ê, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÉÍ ÐÏÌÑÍ Æ¦ËÓÏ-×ÁÎÏ§ ÍÁÓÉ � ÔÁ (Ã¦ÌÏÇÏ) ÓÐ¦ÎÕ n. ôÁË¦ ÐÏÌÑ, ÑË ×¦ÄÏÍÏ, ÚÁÂÅÚÐÅÞÕÀÔØÎÅÚ×¦ÄÎÅ ÚÏÂÒÁÖÅÎÎÑ ÇÒÕÐÉ ðÕÁÎËÁÒÅ [17-20].úÁ ÍÅÖÁÍÉ ÎÁÛÏÇÏ ÒÏÚÇÌÑÄÕ ÌÉÛÉÌÉÓÑ ÓÐ¦ÎÏÒÎ¦ ÄÖÅÒÅÌÁ Ê ÐÏÌÑ,ÈÏÞÁ ×¦ÄÐÏ×¦ÄÎ¦ ×ÉÒÁÚÉ ÄÌÑ Ä¦§ ÔÉÐÕ (2.12) ÚÁÐÉÓÁÎÏ Õ [19]. ãÅ ×ÉÐÒÁ×-ÄÁÎÏ ÏÓÔ¦ÌØËÉ, ÏÓË¦ÌØËÉ ÎÏÓ¦ÑÍÉ ×ÚÁ¤ÍÏÄ¦§ Õ Ë×ÁÎÔÏ×¦Ê ÔÅÏÒ¦§ ÐÏÌÑ××ÁÖÁÀÔØÓÑ ÞÁÓÔÉÎËÉ Ã¦ÌÏÇÏ ÓÐ¦ÎÕ [3]. ïÄÎÁË Õ ÓÕÐÅÒÓÉÍÅÔÒÉÞÎÉÈÔÅÏÒ¦ÑÈ ÔÑÖ¦ÎÎÑ ÄÏÐÕÓËÁÀÔØÓÑ ×ÚÁ¤ÍÏÄ¦§, ÝÏ ÐÅÒÅÎÏÓÑÔØÓÑ, ÎÁÐÒÉ-ËÌÁÄ, ÛÌÑÈÏÍ ÏÂÍ¦ÎÕ Ä×ÏÍÁ ÆÅÒÍ¦ÏÎÁÍÉ [46].íÏÖÌÉ×¦ÓÔØ ÆÏÒÍÕÌÀ-×ÁÎÎÑ ×¦ÄÐÏ×¦ÄÎÏ§ ËÌÁÓÉÞÎÏ§ ÔÅÏÒ¦§ × ÔÅÒÍ¦ÎÁÈ, ÓËÁÖ¦ÍÏ, ¦ÎÔÅÒÁÌ¦×Ä¦§ ÔÉÐÕ æÏËËÅÒÁ ÌÉÛÁ¤ÔØÓÑ Ã¦ÌËÏ×ÉÔÏ ÎÅÚ'ÑÓÏ×ÁÎÏÀ.ýÏ Ö ÓÔÏÓÕ¤ÔØÓÑ ÏÔÒÉÍÁÎÉÈ Õ ÒÏÂÏÔ¦ ×ÉÒÁÚ¦× ÄÌÑ ¦ÎÔÅÒÁÌ¦× Ä¦§ÔÉÐÕ æÏËËÅÒÁ Õ ÞÏÔÉÒÉÍ¦ÒÎÏÍÕ (Ñ×ÎÏ ËÏ×ÁÒ¦ÑÎÔÎÏÍÕ) ÚÏÂÒÁÖÅÎÎ¦, ÔÏ×ÏÎÉ ÍÏÖÕÔØ ÓÌÕÖÉÔÉ ÏÂ'¤ËÔÏÍ ÐÏÄÁÌØÛÏÇÏ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÚÁÇÁÌØÎÉÈÍÅÔÏÄ¦× ÒÅÌÑÔÉ×¦ÓÔÉÞÎÏ§ ÔÅÏÒ¦§ ÐÒÑÍÉÈ ×ÚÁ¤ÍÏÄ¦Ê [54-56]. ãÅ ×ËÌÀ-ÞÁ¤, ÚÏËÒÅÍÁ, ÐÅÒÅÈ¦Ä ÄÏ ÏÄÎÏÞÁÓÏ×ÏÇÏ ÔÒÉ×ÉÍ¦ÒÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ,ÏÄÅÒÖÁÎÎÑ ÔÁ ÄÏÓÌ¦ÄÖÅÎÎÑ ×¦ÄÐÏ×¦ÄÎÉÈ Ò¦×ÎÑÎØ ÒÕÈÕ ÔÁ §È ÐÅÒÛÉÈ¦ÎÔÅÒÁÌ¦×, ÒÏÚÇÌÑÄ ÎÁÂÌÉÖÅÎØ ÚÁ ÓÔÅÐÅÎÑÍÉ c�2, ÐÏÂÕÄÏ×Õ ÐÒÅÄÉË-ÔÉ×ÎÉÈ Ò¦×ÎÑÎØ ÒÕÈÕ ÄÒÕÇÏÇÏ ÐÏÒÑÄËÕ ÛÌÑÈÏÍ ÒÏÚ×ÉÎÅÎØ ÚÁ ÓÔÅÐÅÎÑ-ÍÉ ËÏÎÓÔÁÎÔÉ ×ÚÁ¤ÍÏÄ¦§, ÐÅÒÅÈ¦Ä ÄÏ ÇÁÍ¦ÌØÔÏÎÏ×ÏÇÏ ÏÐÉÓÕ. óÔÁÎÏ×ÉÔØ¦ÎÔÅÒÅÓ ÐÏÛÉÒÅÎÎÑ ÍÅÔÏÄÕ [26] ÐÏÂÕÄÏ×É ×ÉÒÁÚ¦× ÄÌÑ ÓÉÌÉ ÒÅÁËÃ¦§×ÉÐÒÏÍ¦ÎÀ×ÁÎÎÑ ÎÁ ÏÓÎÏ×¦ ¦ÎÔÅÒÁÌ¦× Ä¦§ ÔÉÐÕ æÏËËÅÒÁ ÎÁ ×ÉÐÁÄÏËÍÁÓÉ×ÎÉÈ ÐÏÌ¦×.ôÁËÉÍ ÞÉÎÏÍ, ÚÁÐÒÏÐÏÎÏ×ÁÎÉÊ Ð¦ÄÈ¦Ä ×¦ÄËÒÉ×Á¤ Ã¦ËÁ×¦ ÐÅÒÓÐÅËÔÉ-×É ÎÏ×ÏÇÏ ÐÏÇÌÑÄÕ ÎÁ ÄÅÑË¦ ÕÓÔÁÌÅÎ¦ ÐÉÔÁÎÎÑ ÓØÏÇÏÞÁÓÎÏ§ ÔÅÏÒ¦§ ÒÅ-ÌÑÔÉ×¦ÓÔÉÞÎÉÈ Ñ×ÉÝ, ÑË ¦ ÄÏÚ×ÏÌÑ¤ ÔÒÁÎÓÆÏÒÍÕ×ÁÔÉ ÚÁÇÁÌÏÍ ×¦ÄÏÍ¦ÒÅÚÕÌØÔÁÔÉ ÄÏ ×ÉÇÌÑÄÕ, Â¦ÌØÛ ÐÒÉÄÁÔÎÏÇÏ ÄÌÑ ÚÁÓÔÏÓÕ×ÁÎÎÑ Ò¦Ú-ÎÉÈ ¦ÔÅÒÁÃ¦ÊÎÉÈ ÓÈÅÍ ÔÁ ÑË¦ÓÎÏÇÏ ÁÎÁÌ¦ÚÕ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÉÈ ÓÉÓÔÅÍ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÞÁÓÔÉÎÏË.ðÏÓÉÌÁÎÎÑ1. E. C. G. Sudarshan, N. Mukunda. Classical Dynamics: A ModernPerspective. | New York: Wiley, 1974. | 615 p.2. F. Hoyle, J. V. Narlikar. Action-at-a-Distance in Physics and Cos-mology. | San Francisco: Freeman, 1974. | 264 p.3. à. ó. ÷ÌÁÄÉÍÉÒÏ×, á. à. ôÕÒÙÇÉÎ. ôÅÏÒÉÑ ÐÒÑÍÏÇÏ ÍÅÖÞÁ-ÓÔÉÞÎÏÇÏ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑ. | íÏÓË×Á: üÎÅÒÇÏÁÔÏÍÉÚÄÁÔ, 1986. |134 c.
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