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1 ðÒÅÐÒÉÎÔ1. ÷óôõðíÅÔÏÄ ½¦ÂÂÓÁ [1,2,10] ÄÌÑ ÏÂÞÉÓÌÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê Ò¦Ú-ÎÉÈ ÓÉÓÔÅÍ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÓÔÁÎÄÁÒÔÎÏÍÕ ÇÁÍ¦ÌØÔÏÎÏ×ÏÍÕ ÆÏÒÍÕÌÀ-×ÁÎÎ¦ §È ÄÉÎÁÍ¦ËÉ. äÌÑ ËÁÌ¦ÂÒÕ×ÁÌØÎÏ-¦Î×ÁÒ¦ÁÎÔÎÉÈ ÓÉÓÔÅÍ Â¦ÌØÛÐÏÓÌ¦ÄÏ×ÎÉÍ ¤ ÎÅÓÔÁÎÄÁÒÔÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦× ÆÏÒÍÁÌ¦ÚÍ Ú ×'ÑÚÑÍÉ. óÁ-ÍÅ ×¦Î ÐÏ×ÉÎÅÎ ÓÌÕÖÉÔÉ ÏÓÎÏ×ÏÀ ÄÌÑ Ë×ÁÎÔÏ×ÏÇÏ ÔÁ ÓÔÁÔÉÓÔÉÞÎÏÇÏÏÐÉÓÕ ÔÁËÉÈ ÓÉÓÔÅÍ. íÅÔÏÄÉ Ë×ÁÎÔÕ×ÁÎÎÑ Õ ËÁÌ¦ÂÒÕ×ÁÌØÎÉÈ ÔÅÏÒ¦ÑÈÄÏÂÒÅ ×¦ÄÏÍ¦ × Ì¦ÔÅÒÁÔÕÒ¦. ÷ ÔÏÊ ÖÅ ÞÁÓ, §È ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÉÓ ÒÏÚ×É-ÎÅÎÉÊ ÌÉÛÅ ÆÒÁÇÍÅÎÔÁÒÎÏ.÷ ÏÓÎÏ×ÎÏÍÕ × Ì¦ÔÅÒÁÔÕÒ¦ ÂÕÄÕ×ÁÌÁÓÑ Ò¦×-ÎÏ×ÁÖÎÁ ÓÔÁÔÉÓÔÉËÁ ÓÉÓÔÅÍ Ú ×'ÑÚÑÍÉ ÎÁ ÏÓÎÏ×¦ Í¦ÒÉ æÁÄÄ¤¤×Á [12],ÚÁÐÏÚÉÞÅÎÏ§ Ú ÍÅÔÏÄÕ ËÏÎÔÉÎÕÁÌØÎÏÇÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ Ë×ÁÎÔÏ×Ï§ ÔÅÏÒ¦§ËÁÌ¦ÂÒÕ×ÁÌØÎÉÈ ÐÏÌ¦×.äÁÎÁ ÒÏÂÏÔÁ ÐÒÉÓ×ÑÞÅÎÁ ÁÎÁÌ¦ÚÕ ÏÓÏÂÌÉ×ÏÓÔÅÊ ÓÔÁÔÉÓÔÉÞÎÏÇÏÏÐÉÓÕ ÓÉÓÔÅÍ Ú ×'ÑÚÑÍÉ, ÚÏËÒÅÍÁ Ú ×'ÑÚÑÍÉ ÐÅÒÛÏÇÏ ËÌÁÓÕ, ÑË¦ ­Å-ÎÅÒÕÀÔØ ËÁÌ¦ÂÒÕ×ÁÌØÎ¦ ÐÅÒÅÔ×ÏÒÅÎÎÑ. òÏÚÇÌÑÄÁ¤ÔØÓÑ ÐÏÎÑÔÔÑ ÓÔÁ-ÔÉÓÔÉÞÎÏÇÏ ÁÎÓÁÍÂÌÀ ÔÁËÉÈ ÓÉÓÔÅÍ, ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ¦ ×É×ÏÄÑÔØÓÑÕÍÏ×É ÄÌÑ ÎÅ§, ÝÏ ÕÚÁÇÁÌØÎÀÀÔØ Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÌÑ.ã¦ ÒÅÚÕÌØÔÁÔÉ ÚÁÓÔÏÓÏ×ÕÀÔØÓÑ ÄÌÑ ÏÐÉÓÕ ÓÉÓÔÅÍÉ ÅÌÅËÔÒÏÍÁÇ-ÎÅÔÎÏÇÏ ÐÏÌÑ Ú ÔÏÞËÏ×ÉÍÉ ÚÁÒÑÄÖÅÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ. ïÐÉÓ ×¦ÌØÎÏÇÏÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÇÏ ÐÏÌÑ, Á ÔÁËÏÖ ÐÏÌÑ, ÝÏ ×ÚÁ¤ÍÏÄ¦¤ Ú ÆÅÒÍ¦ÏÎÎÉÍÉÐÏÌÑÍÉ × ÒÁÍËÁÈ ÆÏÒÍÁÌ¦ÚÍÕ Ú ×'ÑÚÑÍÉ ¤ ÄÏÂÒÅ ×¦ÄÏÍÉÊ (ÄÉ×. [7,9]).÷¦Î ¤ ÏÓÎÏ×ÏÀ ÄÌÑ Ë×ÁÎÔÏ×Ï§ ÅÌÅËÔÒÏÄÉÎÁÍ¦ËÉ. õ Æ¦ÚÉÃ¦ ÐÌÁÚÍÉ ÞÁ-ÓÔÏ ÍÏÖÎÁ ÎÅÈÔÕ×ÁÔÉ ÐÒÏÃÅÓÁÍÉ ÎÁÒÏÄÖÅÎÎÑ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË.ôÏÍÕ ÐÒÉÒÏÄÎØÏ Õ ÓÔÁÔÉÓÔÉÞÎÏÍÕ ÏÐÉÓ¦ ÒÏÚÇÌÑÄÁÔÉ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÅÐÏÌÅ Ú ÔÏÞËÏ×ÉÍÉ ÚÁÒÑÄÁÍÉ. ôÕÔ ÍÉ ÐÏÓÌ¦ÄÏ×ÎÏ ÒÏÚ×É×Á¤ÍÏ ÆÏÒÍÕ-ÌÀ×ÁÎÎÑ ÄÉÎÁÍ¦ËÉ ÔÁËÏ§ ÓÉÓÔÅÍÉ × ÒÁÍËÁÈ ÆÏÒÍÁÌ¦ÚÍÕ Ú ×'ÑÚÑÍÉ, ÁÔÁËÏÖ ÂÕÄÕ¤ÍÏ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÉÓ ÎÁ ÏÓÎÏ×¦ ÏÄÅÒÖÁÎÉÈ ÚÁÇÁÌØÎÉÈÒÅÚÕÌØÔÁÔ¦×.2. åìåíåîôé íåèáî¶ëé ú ÷'ñúñíéñË ÐÒÁ×ÉÌÏ, ×ÉÈ¦ÄÎÉÍ ÐÕÎËÔÏÍ Õ ÆÏÒÍÕÌÀ×ÁÎÎ¦ ÄÉÎÁÍ¦ËÉ ÓÉÓÔÅÍ Ú×'ÑÚÑÍÉ ¤ ÆÕÎËÃ¦ÏÎÁÌ Ä¦§S = Z L(q(�); _q(�))d�; (1)ÄÅ � | ÐÁÒÁÍÅÔÒ Å×ÏÌÀÃ¦§, qi(�) (i = 1; n) | ÄÉÎÁÍ¦ÞÎ¦ ÚÍ¦ÎÎ¦, _qi =dqi=d� . æÕÎËÃ¦Ñ ìÁÇÒÁÎÖÁ L, ÎÁ ×¦ÄÍ¦ÎÕ ×¦Ä ÓÔÁÎÄÁÒÔÎÏÇÏ ×ÉÐÁÄËÕ,
ICMP{98{23U 2ÍÁ¤ ×ÉÒÏÄÖÅÎÕ ÍÁÔÒÉÃÀ çÅÓÓÁ:det 



@2L(q; _q)@ _qi@ _qj 



 = 0; (2)rank



@2L(q; _q)@ _qi@ _qj 



 = n� s: (3)ðÅÒÅÈ¦Ä ÄÏ ÇÁÍ¦ÌØÔÏÎÏ×ÏÇÏ ÆÏÒÍÕÌÀ×ÁÎÎÑ ÓÔÁÎÄÁÒÔÎÉÍ ÛÌÑÈÏÍÎÅÍÏÖÌÉ×ÉÊ ×ÎÁÓÌ¦ÄÏË ÔÏÇÏ, ÝÏ Ô¦ÌØËÉ n� s ÓÐ¦××¦ÄÎÏÛÅÎØ Úpi = @L@ _qi ; i = 1; n; (4)ÍÏÖÕÔØ ÂÕÔÉ ÏÂÅÒÎÅÎ¦. òÅÛÔÁ s ÓÐ¦××¦ÄÎÏÛÅÎØ, ÑË¦ ÐÏ×'ÑÚÕÀÔØ ÌÉÛÅËÁÎÏÎ¦ÞÎ¦ ÚÍ¦ÎÎ¦ q; p, ÎÁÚÉ×ÁÀÔØÓÑ ÐÅÒ×ÉÎÎÉÍÉ ×'ÑÚÑÍÉ. ÷ÉÍÁÇÁÀÞÉ§È ÚÂÅÒÅÖÅÎÎÑ ÎÁ ÐÒÏÔÑÚ¦ Å×ÏÌÀÃ¦§, ÏÄÅÒÖÕÀÔØ ×ÔÏÒÉÎÎ¦ ×'ÑÚ¦. ðÏ×ÎÕÓÕËÕÐÎ¦ÓÔØ ×'ÑÚÅÊ ÒÏÚÂÉ×ÁÀÔØ ÎÁ Ä×Á ËÌÁÓÉ.÷'ÑÚÑÍÉ ÄÒÕÇÏÇÏ ËÌÁÓÕ ÎÁÚÉ×ÁÀÔØ ÍÁËÓÉÍÁÌØÎÅ ÞÉÓÌÏ ×'ÑÚÅÊ��(q; p) = 0 (� = 1; 2�1), ÑË¦ ÚÁÄÏ×ÏÌØÎÑÀÔØ ÕÍÏ×Õ:det kf�� ; ��gk 6= 0; (5)ÔÕÔ f:::; :::g| ÓÔÁÎÄÁÒÔÎÁ ÄÕÖËÁ ðÕÁÓÓÏÎÁ ÎÁ ×ÉÈ¦ÄÎÏÍÕ 2n-Í¦ÒÎÏÍÕÆÁÚÏ×ÏÍÕ ÐÒÏÓÔÏÒ¦ P.÷'ÑÚ¦ ÐÅÒÛÏÇÏ ËÌÁÓÕ �l(q; p) = 0 (l = 1; �) ËÏÍÕÔÕÀÔØ (× ÓÅÎÓ¦ÄÕÖËÉ ðÕÁÓÓÏÎÁ) Ú¦ ×Ó¦¤À ÓÕËÕÐÎ¦ÓÔÀ ×'ÑÚÅÊ:f�l; �mg = f�l; ��g = 0; l;m = 1; �; � = 1; 2�1 (6)(ÄÏÓÔÁÔÎØÏ ÝÏÂ ÕÍÏ×É (5){(6) ×ÉËÏÎÕ×ÁÌÉÓØ ÎÁ ÏÂÍÅÖÅÎÏÍÕ ×'ÑÚÑÍÉÆÁÚÏ×ÏÍÕ ÐÒÏÓÔÏÒ¦).÷'ÑÚ¦,ÝÏ ÎÁÌÅÖÁÔØ ÄÏ Ò¦ÚÎÉÈ ËÌÁÓ¦×, ×¦Ä¦ÇÒÁÀÔØ ÓÕÔÔ¤×Ï Ò¦ÚÎ¦ ÒÏÌ¦× ÄÉÎÁÍ¦Ã¦ ÇÁÍ¦ÌØÔÏÎÏ×ÉÈ ÓÉÓÔÅÍ. ÷'ÑÚ¦ ÄÒÕÇÏÇÏ ËÌÁÓÕ, ÞÉÓÌÏ ÑËÉÈ ×ÓÉÌÕ ÕÍÏ×É (5) ÚÁ×ÖÄÉ ÐÁÒÎÅ, ÅÆÅËÔÉ×ÎÏ ÚÍÅÎØÛÕÀÔØ ÞÉÓÌÏ ÓÔÕ-ÐÅÎ¦× ×¦ÌØÎÏÓÔ¦. ÷'ÑÚ¦ ÐÅÒÛÏÇÏ ËÌÁÓÕ ÐÒÉ×ÏÄÑÔØ ÄÏ ÎÅÏÄÎÏÚÎÁÞÎÏÓÔ¦Õ ÒÏÚ×'ÑÚËÁÈ Ò¦×ÎÑÎØ ÒÕÈÕ, ÑË¦ Í¦ÓÔÑÔØ ÄÏ×¦ÌØÎ¦ ÆÕÎËÃ¦§ (ÔÁË Ú×ÁÎÁËÁÌ¦ÂÒÕ×ÁÌØÎÁ Ó×ÏÂÏÄÁ). îÅÏÄÎÏÚÎÁÞÎ¦ÓÔØ ¤ ÎÁÓÌ¦ÄËÏÍ ¦ÓÎÕ×ÁÎÎÑ ×ËÏÖÎÉÊ ÍÏÍÅÎÔ � ËÁÎÏÎ¦ÞÎÉÈ ÐÅÒÅÔ×ÏÒÅÎØ, ÑË¦ ­ÅÎÅÒÕÀÔØÓÑ ÆÕÎË-Ã¦ÑÍÉ �l, Ú ÄÏÐÏÍÏÇÏÀ ÑËÉÈ ÏÄÉÎ ÞÁÓÔËÏ×ÉÊ ÒÏÚ×'ÑÚÏË ÍÏÖÅ ÂÕÔÉÐÅÒÅÔ×ÏÒÅÎÉÊ × ¦ÎÛÉÊ. ýÏÂ ÚÁÆ¦ËÓÕ×ÁÔÉ ÒÏÚ×'ÑÚÏË, ÎÅÏÂÈ¦ÄÎÏ ËÏÖ-ÎÕ ×'ÑÚØ ÐÅÒÛÏÇÏ ËÌÁÓÕ ÄÏÐÏ×ÎÉÔÉ ËÁÌ¦ÂÒÕ×ÁÌØÎÏÀ ×'ÑÚØÀ, ÝÏ ÎÅËÏÍÕÔÕ¤ Ú ÎÅÀ (× ÓÅÎÓ¦ ÄÕÖËÉ ðÕÁÓÓÏÎÁ).



3 ðÒÅÐÒÉÎÔôÁËÉÍ ÞÉÎÏÍ, ÄÏ×¦ÌØÎÁ ÇÁÍ¦ÌØÔÏÎÏ×Á ÓÉÓÔÅÍÁ Ú ×'ÑÚÑÍÉ, ÑËÁÍ¦ÓÔÉÔØ 2�1 ×'ÑÚÅÊ ÄÒÕÇÏÇÏ ËÌÁÓÕ ÔÁ � ×'ÑÚÅÊ ÐÅÒÛÏÇÏ ËÌÁÓÕ, Á ÔÁ-ËÏÖ ÐÅÒÅÄÂÁÞÁ¤ ÎÁËÌÁÄÁÎÎÑ � ËÁÌ¦ÂÒÕ×ÁÌØÎÉÈ ×'ÑÚÅÊ, × ÒÅÚÕÌØÔÁÔ¦Í¦ÓÔÉÔØ 2m = 2(�1 + �) ×'ÑÚÅÊ ÄÒÕÇÏÇÏ ËÌÁÓÕ. ã¦ ×'ÑÚ¦ ×ÉÚÎÁÞÁÀÔØ ×P ÍÎÏÇÏ×ÉÄ, ÑËÉÊ ¤ ÆÁËÔÉÞÎÉÍ ÆÁÚÏ×ÉÍ ÐÒÏÓÔÏÒÏÍM ÓÉÓÔÅÍÉ. îÁÎØÏÍÕ ÐÒÉÒÏÄÎØÏ ¦ÎÄÕËÕ×ÁÔÉ ÓÉÍÐÌÅËÔÉÞÎÕ ÓÔÒÕËÔÕÒÕ, ÑËÁ ¤ ÏÂÍÅ-ÖÅÎÎÑÍ ×ÉÈ¦ÄÎÏ§ ÓÉÍÐÌÅËÔÉÞÎÏ§ ÓÔÒÕËÔÕÒÉ ÎÁ ×ÉÚÎÁÞÅÎÉÊ ×'ÑÚÑÍÉÍÎÏÇÏ×ÉÄ. ¶ÎÄÕËÕ×ÁÎÎÑ ÓÉÍÐÌÅËÔÉÞÎÏ§ ÓÔÒÕËÔÕÒÉ ÚÒÕÞÎÏ ÚÄ¦ÊÓÎÉÔÉÚ ÄÏÐÏÍÏÇÏÀ ÄÕÖËÉ ä¦ÒÁËÁ.îÅÈÁÊ f:::; :::g | ÄÕÖËÁ ðÕÁÓÓÏÎÁ ÎÁ P, 	a (a = 1; 2m) | ÓÕËÕÐ-Î¦ÓÔØ ÕÓ¦È ×'ÑÚÅÊ, × ÔÏÍÕ ÞÉÓÌ¦ ¦ ËÁÌ¦ÂÒÕ×ÁÌØÎÉÈ, kC�1ab k | ÍÁÔÒÉÃÑ,ÏÂÅÒÎÅÎÁ ÄÏ k	a;	bk. ôÏÄ¦ ÎÁ P ÏÚÎÁÞÅÎÁ Â¦Ì¦Î¦ÊÎÁ ÄÉÆÅÒÅÎÃ¦ÊÎÁÏÐÅÒÁÃ¦Ñ | ÄÕÖËÁ ä¦ÒÁËÁ:fA;BgD(	) = fA;Bg � fA;	agC�1ab f	b; Bg; (7)ÑËÁ ËÒ¦Í ×¦ÄÏÍÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÄÕÖËÉ ðÕÁÓÓÏÎÁ, ÍÁ¤ ÔÁËÕ:fA;	agD(	) = 0; a = 1; 2m: (8)÷ÌÁÓÔÉ×¦ÓÔØ (8) ÄÏÚ×ÏÌÑ¤ ÂÅÚÐÏÓÅÒÅÄÎØÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÐÒÉ ÏÂÞÉ-ÓÌÅÎÎÑÈ ÏÂÍÅÖÅÎÎÑ ÄÉÎÁÍ¦ÞÎÉÈ ×ÅÌÉÞÉÎ ÎÁ M.3. õúáçáìøîåîå ò¶÷îñîîñ ì¶õ÷¶ììñîÅÈÁÊ ÄÉÎÁÍ¦ÞÎÁ ÓÉÓÔÅÍÁ × ÆÁÚÏ×ÏÍÕ ÐÒÏÓÔÏÒ¦P ËÁÎÏÎ¦ÞÎÉÈ ÚÍ¦ÎÎÉÈq = (qi) ÔÁ p = (pi) (i = 1; n) ÚÁÄÁ¤ÔØÓÑ ËÁÎÏÎ¦ÞÎÉÍ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍH(q; p) ¦ Ò¦×ÎÑÎÎÑÍÉ ×'ÑÚÅÊ ÐÅÒÛÏÇÏ ËÌÁÓÕ�l(q; p) = 0; l = 1; �: (9)ò¦×ÎÑÎÎÑ ÒÕÈÕ ÄÁÎÏ§ ÓÉÓÔÅÍÉ ­ÅÎÅÒÕÀÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ ä¦ÒÁËÁHD, _q = fq;HDg; _p = fp;HDg; HD = H + �l�l; l = 1; �; (10)ÄÅ �l | ÍÎÏÖÎÉËÉ ìÁÇÒÁÎÖÁ. ðÒÉ ÐÅÒÅÈÏÄ¦ ×¦Ä ÌÁÇÒÁÎÖÅ×ÏÇÏ ÄÏÇÁÍ¦ÌØÔÏÎÏ×ÏÇÏ ÏÐÉÓÕ ÄÅÑË¦ ÆÕÎËÃ¦§ � ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ ËÁÎÏÎ¦ÞÎ¦ÚÍ¦ÎÎ¦, ÒÅÛÔÁ | ÚÁÌÉÛÁÀÔØÓÑ ÄÏ×¦ÌØÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ÞÁÓÕ.æ¦ÚÉÞÎÉÊ ÆÁÚÏ×ÉÊ ÐÒÏÓÔ¦Ò ~M ÓÉÓÔÅÍÉ ÂÕÄÕ¤ÔØÓÑ ÑË Ð¦ÄÍÎÏÇÏ×ÉÄ,ÚÁÄÁÎÉÊ × P ×'ÑÚÑÍÉ (9), ¦ ÐÒÏÆÁËÔÏÒÉÚÏ×ÁÎÉÊ ÚÁ ËÁÎÏÎ¦ÞÎÉÍÉ ÐÅÒÅ-Ô×ÏÒÅÎÎÑÍÉ,ÝÏ ÇÅÎÅÒÕÀÔØÓÑ ÃÉÍÉ ×'ÑÚÑÍÉ. äÌÑ ÊÏÇÏ ÐÁÒÁÍÅÔÒÉÚÁÃ¦§ËÁÎÏÎ¦ÞÎÉÍÉ ÚÍ¦ÎÎÉÍÉ ÚÄ¦ÊÓÎÅÍÏ ËÁÎÏÎ¦ÞÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ, ÝÏ ÔÒÁÎÓ-ÆÏÒÍÕ¤ ×ÉÈ¦ÄÎÕ ÓÉÓÔÅÍÕ ×'ÑÚÅÊ � = 0 × ÅË×¦×ÁÌÅÎÔÎÕ §Ê ËÁÎÏÎ¦ÞÎÕÓÉÓÔÅÍÕ [7]: P = 0; [P ] = �; (11)
ICMP{98{23U 4ÄÅ [P ] ÏÚÎÁÞÁ¤ ÞÉÓÌÏ ÆÕÎËÃ¦Ê P . óÕËÕÐÎ¦ÓÔØ ËÁÎÏÎ¦ÞÎÉÈ ¦ÍÐÕÌØÓ¦× PÒÁÚÏÍ ¦Ú ÓÐÒÑÖÅÎÉÍÉ ËÏÏÒÄÉÎÁÔÁÍÉ Q (
 = (Q;P ); [
] = 2�) ÎÁÚ×Å-ÍÏ ÎÅÆ¦ÚÉÞÎÉÍÉ ÚÍ¦ÎÎÉÍÉ ÓÉÓÔÅÍÉ, Á ! ([!] = 2(n��)) | Æ¦ÚÉÞÎÉÍÉÚÍ¦ÎÎÉÍÉ. ÷ ÔÅÒÍ¦ÎÁÈ ÃÉÈ ÚÍ¦ÎÎÉÈ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ä¦ÒÁËÁ HD ÍÏÖÎÁÐÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ¦ (Ú ÔÏÞÎ¦ÓÔÀ ÄÏ ÎÅ¦ÓÔÏÔÎÉÈ ÞÌÅÎ¦× ÄÒÕÇÏÇÏ ÔÁ×ÉÝ¦È ÐÏÒÑÄË¦× ÐÏ P ): HD = HÆ(!) + �P;ÄÅ HÆ(!) | Æ¦ÚÉÞÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ [7]. å×ÏÌÀÃ¦Ñ ÓÉÓÔÅÍÉ × ÎÏ×ÉÈÚÍ¦ÎÎÉÈ ÏÐÉÓÕ¤ÔØÓÑ Ò¦×ÎÑÎÎÑÍÉ_! = f!;HÆ(!)g; P = 0; _Q = �: (12)óÉÓÔÅÍÉ, ÑË¦ ×¦ÄÒ¦ÚÎÑÀÔØÓÑ ÌÉÛÅ ×ÉÂÏÒÏÍ ÆÕÎËÃ¦Ê �, ÎÁÚ×ÅÍÏ Æ¦ÚÉÞ-ÎÏ ÅË×¦×ÁÌÅÎÔÎÉÍÉ.ïÓË¦ÌØËÉ ×'ÑÚ¦ P = 0 ÎÁËÌÁÄÁÀÔØÓÑ Õ ×Ó¦ ÍÏÍÅÎÔÉ ÞÁÓÕ, ÔÏ ÓÅ-ÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ×¦Ä ÄÏ×¦ÌØÎÏ§ ÆÕÎËÃ¦§ f(!;Q; P ) ÚÁ ÄÅÑËÉÊ ÐÒÏÍ¦ÖÏËÞÁÓÕ ÐÏ×ÉÎÎÏ ÄÏÒ¦×ÎÀ×ÁÔÉ ÓÅÒÅÄÎØÏÍÕ ÚÎÁÞÅÎÎÀ ×¦Ä ÆÕÎËÃ¦§ ÎÁ ÐÏ-×ÅÒÈÎ¦ ×'ÑÚÅÊ, ÔÏÂÔÏ ×¦Ä f(!;Q; 0):�f � 1T TZ0 f(!(�); Q(�); P (�))d� = 1T TZ0 f(!(�); Q(�); 0)d�: (13)úÇ¦ÄÎÏ Ú ÍÅÔÏÄÏÍ ½¦ÂÂÓÁ, ÕÓÅÒÅÄÎÅÎÎÑ ÐÏ ÞÁÓ¦ ÚÁÍ¦ÎÉÍÏ ÕÓÅÒÅÄÎÅÎÎÑÍÐÏ ÁÎÓÁÍÂÌÀ, ÑËÅ ÐÒÏ×ÏÄÉÔØÓÑ Ú ÆÕÎËÃ¦¤À ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ�, ÝÏ ÚÁÄÏ×¦ÌØÎÑ¤ ÕÍÏ×Õ ÎÏÒÍÕ×ÁÎÎÑZ �(!;
; �)d!d
 = 1: (14)ôÏÄ¦ ÓÅÒÅÄÎ¤ �f ÚÁÐÉÛÅÔØÓÑ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ�f = Z �(!;
; �)f(!;Q; P )d!d
 = Z �(!;
; �)f(!;Q; 0)d!d
: (15)ú ×ÉÒÁÚÕ (15) ÌÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ �(!;
; �) Í¦Ó-ÔÉÔØ �-ÆÕÎËÃ¦À ä¦ÒÁËÁ ×¦Ä ×'ÑÚÅÊ P , ÔÏÂÔÏ�(!;
; �) = 1N �Æ(!; �)��(Q; �)�(P ); (16)ÄÅ 1=N | ÎÏÒÍ¦×ÎÉÊ ÍÎÏÖÎÉË. äÌÑ ÚÒÕÞÎÏÓÔ¦ ÂÕÄÅÍÏ ××ÁÖÁÔÉ, ÝÏÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ �Æ(!; �) ¤ ÎÏÒÍÏ×ÁÎÏÀZ �Æ(!; �)d! = 1: (17)



5 ðÒÅÐÒÉÎÔâÅÒÕÞÉ ÄÏ Õ×ÁÇÉ (16) ¦ (17), Ú ÕÍÏ×É (14) ÏÄÅÒÖÉÍÏ ÚÎÁÞÅÎÎÑ ÓÔÁÌÏ§N : N = Z ��(Q; �)dQ: (18)äÏ×¦ÌØÎÁ Æ¦ÚÉÞÎÁ (ÓÐÏÓÔÅÒÅÖÕ×ÁÎÁ) ×ÅÌÉÞÉÎÁ ÐÏ×ÉÎÎÁ ÂÕÔÉ ËÁ-Ì¦ÂÒÕ×ÁÌØÎÏ-¦Î×ÁÒ¦ÁÎÔÎÏÀ. ôÏÍÕ ÄÌÑ ×Ó¦È Æ¦ÚÉÞÎÏ ÅË×¦×ÁÌÅÎÔÎÉÈ ÓÉ-ÓÔÅÍ ×ÏÎÁ ÎÁÂÕ×Á¤ ÏÄÎÁËÏ×ÉÈ ÚÎÁÞÅÎØ ÎÁ ÐÏ×ÅÒÈÎ¦ ×'ÑÚÅÊ, ¦, ÏÔÖÅ,ÍÏÖÅ ÂÕÔÉ ÐÒÅÄÓÔÁ×ÌÅÎÁ Õ ×ÉÇÌÑÄ¦:A(!; P ) = AÆ(!) +O(P ); (19)ÄÅ O(P ) | ÄÅÑËÁ ÆÕÎËÃ¦Ñ P , ÑËÁ ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ ÐÒÉ P = 0.óÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÓÐÏÓÔÅÒÅÖÕ×ÁÎÏ§ ×ÅÌÉÞÉÎÉ ÚÁ ÒÁÈÕÎÏË ÓÔÒÕËÔÕÒÉ×ÉÒÁÚ¦× (16) ¦ (19) ÍÏÖÅ ÂÕÔÉ Ú×ÅÄÅÎÏ ÄÏ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ ÚÁÆ¦ÚÉÞÎÉÍÉ ÚÍ¦ÎÎÉÍÉ ÓÉÓÔÅÍÉ:�A = Z AÆ(!)�Æ(!; �)d!: (20)ïÞÅ×ÉÄÎÏ, ÝÏ ÄÌÑ Æ¦ÚÉÞÎÏ ÅË×¦×ÁÌÅÎÔÎÉÈ ÓÉÓÔÅÍ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦-ÌÕ �Æ(!; �) ÍÁ¤ ÏÄÎÁËÏ×ÉÊ ×ÉÇÌÑÄ, ¦ ¤ ¦Î×ÁÒ¦ÁÎÔÎÏÀ ×¦ÄÎÏÓÎÏ ×ÉÂÏÒÕÒ¦×ÎÑÎØ ÄÌÑ Q.ïÓË¦ÌØËÉ ÄÌÑ ÅÌÅÍÅÎÔÕ Æ¦ÚÉÞÎÏÇÏ ÆÁÚÏ×ÏÇÏ ÏÂ'¤ÍÕ d! ×ÉËÏÎÕ¤ÔØ-ÓÑ ÔÅÏÒÅÍÁ ì¦Õ×¦ÌÌÑ, ÔÏ ÆÕÎËÃ¦Ñ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ �Æ ÓÉÓÔÅ-ÍÉ, ÑË ¦ Õ ×ÉÐÁÄËÕ ÔÅÏÒ¦§ ÂÅÚ ×'ÑÚÅÊ, ÍÕÓÉÔØ ÂÕÔÉ ¦ÎÔÅÇÒÁÌÏÍ ÒÕÈÕ ¦ÚÂÅÒ¦ÇÁÔÉ Ó×Ï¤ ÚÎÁÞÅÎÎÑ ÐÒÉ ¦ÎÆ¦Î¦ÔÅÚÉÍÁÌØÎÉÈ ËÁÎÏÎ¦ÞÎÉÈ ÐÅÒÅÔ×Ï-ÒÅÎÎÑÈ �Æ(! + �!; � + ��) = �Æ(!; �): (21)ú Ò¦×ÎÑÎÎÑ (21) ×ÉÄÎÏ, ÝÏ Å×ÏÌÀÃ¦Ñ × ÞÁÓ¦ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÐÏ×'ÑÚÁ-ÎÁ Ú Å×ÏÌÀÃ¦¤À ÚÍ¦ÎÎÉÈ !, ÑËÁ ­ÅÎÅÒÕ¤ÔØÓÑ Æ¦ÚÉÞÎÉÍ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍHÆ. ð¦ÓÌÑ ÒÏÚËÌÁÄÕ Ì¦×Ï§ ÞÁÓÔÉÎÉ (21) × ÒÑÄ íÁËÌÏÒÅÎÁ ÏÄÅÒÖÉÍÏÒ¦×ÎÑÎÎÑ ÄÌÑ �Æ @�Æ@� + f�Æ; HÆg = 0: (22)æ¦ÚÉÞÎÁ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ �Æ ÚÂ¦ÇÁ¤ÔØÓÑ Ú ÆÕÎËÃ¦¤À ÒÏÚÐÏÄ¦ÌÕÓÔÁÎÄÁÒÔÎÏ§ ÔÅÏÒ¦§. úÏËÒÅÍÁ, × Ò¦×ÎÏ×ÁÖÎÏÍÕ ×ÉÐÁÄËÕ ÄÌÑ ËÁÎÏÎ¦Þ-ÎÏÇÏ ÁÎÓÁÍÂÌÀ ½¦ÂÂÓÁ�Æ = 1(2�)kZ e��HÆ(!); 2k = [!]; (23)ÄÅ � = 1=kT , Z | ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÓÉÓÔÅÍÉ, ÑËÁ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ (17) ¦ ¤ ËÁÌ¦ÂÒÕ×ÁÌØÎÏ-¦Î×ÁÒ¦ÁÎÔÎÏÀ ×ÅÌÉÞÉÎÏÀ.
ICMP{98{23U 6úÁ ÒÁÈÕÎÏË ÎÅÏÄÎÏÚÎÁÞÎÏÓÔ¦ ÚÍ¦ÎÎÉÈ Q (Ò¦×ÎÑÎÎÑ ÄÌÑ Q Í¦Ó-ÔÑÔØ ÄÏ×¦ÌØÎ¦ ÆÕÎËÃ¦§ �) ÆÕÎËÃ¦Ñ ��(Q; �) ¤ ÄÏ×¦ÌØÎÏÀ. ·§ ÍÏÖÎÁÐÏ-Ò¦ÚÎÏÍÕ ÚÁÄÁ×ÁÔÉ × ËÏÖÎ¦Ê ÄÏÓÌ¦ÄÖÕ×ÁÎ¦Ê ÚÁÄÁÞ¦.ñËÝÏ ×ÉÍÁÇÁÔÉ, ÝÏÂ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ � ÂÕÌÁ ËÁÌ¦ÂÒÕ×ÁÌØÎÏ-¦Î×ÁÒ¦ÁÎÔÎÏÀ ×ÅÌÉÞÉÎÏÀ, ÔÏÂÔÏ ÚÁÄÏ×ÏÌØÎÑÌÁ ÕÍÏ×Õf�; Pg = 0; (24)ÔÏ ÄÏÓÉÔØ ÐÏËÌÁÓÔÉ ��(Q; �) = 1:úÒÏÚÕÍ¦ÌÏ, ÝÏ ÕÍÏ×Á (24) ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ×ÉÂÏÒÕ ÚÍ¦ÎÎÉÈ, ÔÏÂÔÏ ÍÁ¤Í¦ÓÃÅ ¦ × ÔÅÒÍ¦ÎÁÈ ×ÉÈ¦ÄÎÉÈ ÚÍ¦ÎÎÉÈ (q; p) ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ×'ÑÚÅÊ �.ðÏ×ÅÒÔÁÀÞÉÓØ ÄÏ ÚÁÇÁÌØÎÏÇÏ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ, ×ÉÐÁÄËÕ ×ÉÐÉÛÅÍÏÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ, ÑË¦ ÚÁÄÏ×¦ÌØÎÑ¤ ÐÏÂÕÄÏ×ÁÎÁ ËÁÌ¦ÂÒÕ×ÁÌØÎÏ-¦Î×ÁÒ¦-ÁÎÔÎÁ ÆÕÎËÃ¦Ñ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ � (16):P = 0; (25)@�@� + f�;HDg = 0; (26)f�; Pg = 0; (27)Z �f(P )d!d
 = f(0); (28)Z �d!d
 = 1; (29)ÔÕÔ ¦ ÄÁÌ¦ ×Ó¦ ÁÒÇÕÍÅÎÔÉ ÆÕÎËÃ¦§ f ËÒ¦Í ×'ÑÚÅÊ ÏÐÕÓËÁÀÔØÓÑ.óÉÓÔÅÍÁ Ò¦×ÎÑÎØ (25)-(29) × ×ÉÈ¦ÄÎÉÈ ËÁÎÏÎ¦ÞÎÉÈ ÚÍ¦ÎÎÉÈ ÔÅÏÒ¦§(q; p) ÂÕÄÅ ÍÁÔÉ ×ÉÇÌÑÄ �(q; p) = 0; (30)@�@� + f�;HDg = 0; (31)f�; �g = 0; (32)Z �f(�)dqdp = f(0); (33)Z �dqdp = 1: (34)



7 ðÒÅÐÒÉÎÔäÌÑ ÔÏÇÏ, ÝÏÂ × ×ÉÈ¦ÄÎÉÈ ÚÍ¦ÎÎÉÈ Ð¦Ä ÞÁÓ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ ÁÎÓÁÍ-ÂÌÅÍ ÕÓÕÎÕÔÉ ×Ó¦ ÎÅÆ¦ÚÉÞÎ¦ ÚÍ¦ÎÎ¦, ÐÅÒÅÊÄÅÍÏ ÄÏ Æ¦ÚÉÞÎÏ ÅË×¦×ÁÌÅÎÔ-ÎÏ§ ÓÉÓÔÅÍÉ ÛÌÑÈÏÍ ÎÁËÌÁÄÁÎÎÑ ËÁÌ¦ÂÒÕ×ÁÎÎÑQ = K(!); (35)ÑËÅ, ÂÕÄÅÍÏ ×ÉÍÁÇÁÔÉ, ÚÁÂÅÚÐÅÞÕ¤ ÓÕÍ¦ÓÎ¦ÓÔØ Ò¦×ÎÑÎØ ÒÕÈÕ�(!;Q)jQ=K(!) = fK(!); HÆ(!)g:âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ ÔÅ, ÝÏZ �[Q�K(!)]dQ = 1; (36)ÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ ×¦ÄËÁÌ¦ÂÒÏ×ÁÎÏ§ ÔÅÏÒ¦§ ÚÁÐÉÛÅÍÏ ÔÁË�G = �Æ(!; �)�(P )�[Q�K(!)]; (37)ÔÏÂÔÏ ��(Q; �) = �fQ�K[!(�)]g:ò¦×ÎÑÎÎÑ ÑË¦ ÚÁÄÏ×¦ÌØÎÑ¤ �G (ÄÌÑ ÓÉÓÔÅÍÉ Ú ×'ÑÚÑÍÉ ×ÖÅ ÄÒÕÇÏÇÏËÌÁÓÕ), ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ(P;Q�K(!)) = 0; (38)@�G@� + f�G; HDg = 0; (39)Z �Gf(P;Q)d!d
 = f(0;K(!)); (40)Z �Gd!d
 = 1; (41)ÁÂÏ, × ÔÅÒÍ¦ÎÁÈ ×ÉÈ¦ÄÎÉÈ ÚÍ¦ÎÎÉÈ (q; p):	 = (�; �G) = 0; (42)@�G@� + f�G; HgD(	) = 0; (43)Z �Gf(	)dqdp = f(0); (44)Z �Gdqdp = 1: (45)
ICMP{98{23U 8ðÏ×ÅÒÔÁÀÞÉÓØ ÄÏ ×ÉÈ¦ÄÎÉÈ ÚÍ¦ÎÎÉÈ, ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (37) Ú ×ÒÁÈÕ-×ÁÎÎÑÍ (23) ÎÁÂÕÄÅ ×ÉÇÌÑÄÕ [12,16]�G = 1(2�)n��Z e��HJ�(	); (46)ÄÅ J = det k f�G; �g k;n = [q] = [p]; 2� = [	]. ÷ÏÎÏ ÓÐ¦×ÐÁÄÁ¤ Ú ×¦ÄÏÍÉÍ × Ì¦ÔÅÒÁÔÕÒ¦×ÉÒÁÚÏÍ ÄÌÑ ÆÕÎËÃ¦§ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ ÄÌÑ ÓÉÓÔÅÍ Ú ×'ÑÚÑ-ÍÉ ÐÅÒÛÏÇÏ ËÌÁÓÕ ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ÄÏÄÁÔËÏ×ÉÈ ËÁÌ¦ÂÒÕ×ÁÌØÎÉÈ ÕÍÏ×�G = 0 [16].úÁÕ×ÁÖÉÍÏ, ÝÏ Ò¦×ÎÑÎÎÑ (43)-(45) ÚÁÓÔÏÓÏ×Î¦ ¦ ÄÏ ÔÅÏÒ¦Ê, × ÑËÉÈÐÏ×ÎÁ ÓÉÓÔÅÍÁ ×'ÑÚÅÊ 	 ¤ ÄÒÕÇÏÇÏ ËÌÁÓÕ, ÝÏ ×ÉÎÉËÌÁ ÐÒÉÒÏÄÎ¦Í ÛÌÑ-ÈÏÍ ÐÒÉ ÐÅÒÅÈÏÄ¦ ×¦Ä ÌÁÇÒÁÎÖÅ×ÏÇÏ ÄÏ ÇÁÍ¦ÌØÔÏÎÏ×ÏÇÏ ÏÐÉÓÕ, ÁÂÏ×ÎÁÓÌ¦ÄÏË ËÁÌ¦ÂÒÕ×ÁÎÎÑ ÔÅÏÒ¦§ Ú ×'ÑÚÑÍÉ Ä×ÏÈ ËÌÁÓ¦×. ãÅ ÚÕÍÏ×ÌÅ-ÎÏ ÆÁËÔÏÍ, ÝÏ ÄÌÑ ÄÏ×¦ÌØÎÏ§ ÓÉÓÔÅÍÉ ×'ÑÚÅÊ ÄÒÕÇÏÇÏ ËÌÁÓÕ ÚÁ×ÖÄÉÍÏÖÎÁ ÐÏÂÕÄÕ×ÁÔÉ ÅË×¦×ÁÌÅÎÔÎÕ ÓÉÓÔÅÍÕ, ÐÏÌÏ×ÉÎÁ ×'ÑÚÅÊ ÑËÏ§ ÂÕÄÅËÏÍÕÔÕ×ÁÔÉ Í¦Ö ÓÏÂÏÀ, ÑË ¦ Õ ×ÉÐÁÄËÕ ×'ÑÚÅÊ (�; �G) [7].÷ ÕÓ¦È ×ÉÐÁÄËÁÈ ÄÏÓÉÔØ ÐÏËÌÁÓÔÉJ =pdet k f	;	g k: (47)ñËÝÏ ×'ÑÚ¦ Ñ×ÎÏ ÚÁÌÅÖÁÔØ ×¦Ä ÞÁÓÕ � , ÔÏ × Ò¦×ÎÑÎÎ¦ (43) ÐÏÈ¦ÄÎÕÚÁ � ÎÅÏÂÈ¦ÄÎÏ ÚÁÍ¦ÎÉÔÉ ÏÐÅÒÁÔÏÒÏÍ [3]@� �@� = @ �@� � f � ;	lg k f	;	g k�1lk @	k@� : (48)ïÐÅÒÁÔÏÒ ÐÏ×ÎÏ§ ÐÏÈ¦ÄÎÏ§ ÚÁ ÞÁÓÏÍ ÄÌÑ ÓÉÓÔÅÍ Ú ×'ÑÚÑÍÉ, ÚÁÌÅÖÎÉ-ÍÉ Ñ×ÎÏ ×¦Ä ÞÁÓÕ, ÚÁÐÉÓÕ¤ÔØÓÑ ÞÅÒÅÚ ÍÏÄÉÆ¦ËÏ×ÁÎÕ ÐÏÈ¦ÄÎÕ (48) Õ×ÉÇÌÑÄ¦D� = @ �@� + f � ; Hg � f � ;	lg k f	;	g k�1lk �@	k@� + f	k; Hg� : (49)ãÅÊ ÏÐÅÒÁÔÏÒ ÚÁÎÕÌÑ¤ ¦ÎÔÅÇÒÁÌÉ ÒÕÈÕ, × ÔÏÍÕ ÞÉÓÌ¦ ¦ ÆÕÎËÃ¦À ÒÏÚ-ÐÏÄ¦ÌÕ.æÕÎËÃ¦Ñ Ò¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ ÄÌÑ ÓÉÓÔÅÍ Ú ×'Ñ-ÚÑÍÉ, ÚÁÌÅÖÎÉÍÉ Ñ×ÎÏ ×¦Ä ÞÁÓÕ, ÚÁÄÏ×¦ÌØÎÑ¤ Ò¦×ÎÑÎÎÑ@��G@� = 0 (50)¦ ÓÐ¦×ÐÁÄÁ¤ Ú ÆÕÎËÃ¦¤À ÒÏÚÐÏÄ¦ÌÕ (46).



9 ðÒÅÐÒÉÎÔ4. ò¶÷îñîîñ ì¶õ÷¶ììñ äìñ åìåëôòïíáç-îåôîïçï ðïìñ ú åìåëôòéþîéíé úáòñ-äáíé4.1. æïòíáì¶úí ä¶òáëáäÁÌ¦ ÍÉ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ ÎÁÓÔÕÐÎ¦ ÐÏÚÎÁÞÅÎÎÑ. íÅÔÒÉÞÎÉÊ ÔÅÎÚÏÒÐÒÏÓÔÏÒÕ í¦ÎËÏ×ÓØËÏÇÏ:kg��k = diag(1;�1;�1;�1); (51)ÇÒÅÃØË¦ ¦ÎÄÅËÓÉ �; � = 0; 3 ÎÕÍÅÒÕÀÔØ ËÏÍÐÏÎÅÎÔÉ 4-×ÅËÔÏÒ¦× × ÐÒÏ-ÓÔÏÒ¦ í¦ÎËÏ×ÓØËÏÇÏ, Á ÌÁÔÉÎÓØË¦ i; j = 1; 3 | × 3-Í¦ÒÎÏÍÕ Å×ËÌ¦ÄÏ×Ï-ÍÕ.óÉÓÔÅÍÁ ÒÅÌÑÔÉ×¦ÓÔÉÞÎÉÈ ÂÅÚÓÐ¦ÎÏ×ÉÈ ÔÏÞËÏ×ÉÈ ÅÌÅËÔÒÉÞÎÉÈ ÚÁ-ÒÑÄ¦× × ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÍÕ ÐÏÌ¦ × ÌÁÇÒÁÎÖÅ×ÏÍÕ ÆÏÒÍÁÌ¦ÚÍÏ×¦ ÏÐÉ-ÓÕ¤ÔØÓÑ × ÔÅÒÍ¦ÎÁÈ ÞÁÓÔÉÎËÏ×ÉÈ ÚÍ¦ÎÎÉÈ x�a = (x0a;xa) ¦ 4-ÐÏÔÅÎÃ¦ÁÌÕÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÇÏ ÐÏÌÑ A� = (A0 = ';A). ä¦Ñ ÔÁËÏ§ ÓÉÓÔÅÍÉ ¤ [11]S = Z Ld�; (52)ÄÅ L | ÆÕÎËÃ¦Ñ ìÁÇÒÁÎÖÁ, ÍÁ¤ ×ÉÇÌÑÄL = � NXa=1mapu2a(�) � NXa=1 eau�a(�)A�[xa(�)]�� 116� Z F��(x; �)F �� (x; �)d3x; (53)Á ma; ea; u�a = dx�a=d� (u2a � u�aua�) | ÍÁÓÁ, ÚÁÒÑÄ ÔÁ 4-Û×ÉÄË¦ÓÔØa-ÔÏ§ ÞÁÓÔÉÎËÉ; F�� = @�A� � @�A� | ÔÅÎÚÏÒ íÁËÓ×ÅÌÌÁ ÐÏÌÑ.ôÕÔ ÍÉ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ ÏÐÉÓ ÓÉÓÔÅÍÉ Ú ¤ÄÉÎÉÍ Å×ÏÌÀÃ¦ÊÎÉÍ ÐÁ-ÒÁÍÅÔÒÏÍ � . ôÁËÉÊ ×ÉÂ¦Ò ×ÉÚÎÁÞÁ¤ 0-ËÏÍÐÏÎÅÎÔÉ Û×ÉÄËÏÓÔÅÊ u0a = 1¦, ÔÁËÉÍ ÞÉÎÏÍ, ×ÉËÌÀÞÁ¤ ÞÁÓÏ×¦ ËÏÍÐÏÎÅÎÔÉ ÞÁÓÔÉÎËÏ×ÉÈ ÚÍ¦ÎÎÉÈ ÚÐÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ.ðÅÒÅÊÄÅÍÏ ÄÏ ÇÁÍ¦ÌØÔÏÎÏ×ÏÇÏ ÆÏÒÍÕÌÀ×ÁÎÎÑ ÍÅÈÁÎ¦ËÉ ÓÉÓÔÅÍÉÚÇ¦ÄÎÏ Ú ÚÁÇÁÌØÎÉÍ ÆÏÒÍÁÌ¦ÚÍÏÍ ä¦ÒÁËÁ.ú ×ÁÒ¦ÁÃ¦§ ÌÁÇÒÁÎÖ¦ÁÎÕ ÚÁ Û×ÉÄËÏÓÔÑÍÉ ÚÎÁÊÄÅÍÏ ËÁÎÏÎ¦ÞÎ¦ ÞÁ-ÓÔÉÎËÏ×¦ ¦ÍÐÕÌØÓÉpai(�) = mauia(�)p1� u2a(�) � eaAi[xa(�)] (54)
ICMP{98{23U 10ÔÁ ¦ÍÐÕÌØÓÉ ÐÏÌÑ B�(x) = 14�F�0(x): (55)÷ÎÁÓÌ¦ÄÏË ÎÅÚÁÌÅÖÎÏÓÔ¦ ÌÁÇÒÁÎÖ¦ÁÎÕ L ×¦Ä Û×ÉÄË¦ÓÔ¦ _A0, ×ÇÁÍ¦ÌØÔÏÎÏ×ÏÍÕ ÆÏÒÍÁÌ¦ÚÍÏ×¦ ×ÉÎÉËÁ¤ ÐÅÒ×ÉÎÎÁ ×'ÑÚØ. ÷ÏÎÁ ÏÞÅ×ÉÄ-ÎÁ Ú (55) ¦ ÁÎÔÉÓÉÍÅÔÒÉÞÎÏÓÔ¦ ÔÅÎÚÏÒÁ íÁËÓ×ÅÌÌÁ,�1 � B0 = 0: (56)ú ÐÅÒÅÔ×ÏÒÅÎÎÑ ìÅÖÁÎÄÒÁ ÚÎÁÊÄÅÍÏ ÐÅÒ×ÉÎÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎH(1) ÓÉÓÔÅÍÉ [9] H(1) = H + Z ��1d3x; (57)ÄÅ � = _A0 | ÎÅ×ÉÚÎÁÞÅÎÁ Û×ÉÄË¦ÓÔØ, Á ËÁÎÏÎ¦ÞÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ H ,ÍÁ¤ ×ÉÇÌÑÄH = NXa=1npm2a + [pa � eaA(xa)]2 + eaA0(xa)o++ Z � 116�FijF ij + 2�BiBi �A0Bi;i� d3x; (58)ÔÕÔ Bj ;i � @iBj � @Bj@xi :äÌÑ ÄÁÎÏ§ ÓÉÓÔÅÍÉ ÏÚÎÁÞÉÍÏ ÄÕÖËÕ ðÕÁÓÓÏÎÁ ÆÕÎËÃ¦Ê F ¦ G ËÁ-ÎÏÎ¦ÞÎÉÈ ÚÍ¦ÎÎÉÈ ÞÁÓÔÉÎÏË ¦ ÐÏÌ¦×fF;Gg � NXa=1� @F@xia(�) @G@pai(�) � @F@pai(�) @G@xia(�)�++ Z � �F�A�(x; �) �G�B�(x; �) � �F�B�(x; �) �G�A�(x; �)� d3x; (59)Ú ÄÏÐÏÍÏÇÏÀ ÑËÏ§ Ò¦×ÎÑÎÎÑ ÒÕÈÕ ÍÏÖÕÔØ ÂÕÔÉ ÚÁÐÉÓÁÎ¦ ÓÔÁÎÄÁÒÔÎÉÍÞÉÎÏÍ.÷ÉÍÁÇÁÀÞÉ ÚÂÅÒÅÖÅÎÎÑ × ÞÁÓ¦ ×'ÑÚ¦ (56)_�1 = f�1; H(1)g = 0; (60)ÏÄÅÒÖÉÍÏ ×ÔÏÒÉÎÎÕ ×'ÑÚØ �2 = Bi;i + %: (61)



11 ðÒÅÐÒÉÎÔôÕÔ ¦ ÄÁÌ¦%(x; �) = NXa=1 ea�3(x � xa(�)); ji(x; �) = NXa=1 eauia(�)�3(x� xa(�)):õÍÏ×Á ÚÂÅÒÅÖÅÎÎÑ ×ÔÏÒÉÎÎÏ§ ×'ÑÚ¦ (61) × ÞÁÓ¦ ÚÁÂÅÚÐÅÞÕ¤ÔØÓÑ ÚÁ-ËÏÎÏÍ ÚÂÅÒÅÖÅÎÎÑ ÚÁÒÑÄÕ_�2 = f�2; H(1)g = �div j� @%@� � 0; (62)ÔÏÂÔÏ ÎÏ×¦ ×'ÑÚ¦ ÎÅ ×ÉÎÉËÁÀÔØ, Á ÍÎÏÖÎÉË ìÁÇÒÁÎÖÁ � ÔÁ ÚÍ¦ÎÎÁ A0ÐÒÉ �1 ÔÁ �2 ÚÁÌÉÛÁÀÔØÓÑ ÎÅ×ÉÚÎÁÞÅÎÉÍÉ. ïÓË¦ÌØËÉ ×'ÑÚ¦ ËÏÍÕÔÕÀÔØf�1; �2g � 0; (63)ÔÏ ÓÉÓÔÅÍÁ ×'ÑÚÅÊ ÔÅÏÒ¦§ � = (B0; Bi;i + %) (64)| ÐÅÒÛÏÇÏ ËÌÁÓÕ.úÁÕ×ÁÖÉÍÏ, ÝÏ ËÁÌ¦ÂÒÕ×ÁÌØÎÏ{¦Î×ÁÒ¦ÁÎÔÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÔÅÏÒ¦§ ÐÏ-×'ÑÚÁÎ¦ Ú Ì¦Î¦ÊÎÏÀ ËÏÍÂ¦ÎÁÃ¦¤À ×'ÑÚÅÊ ÐÅÒÛÏÇÏ ËÌÁÓÕZ [ _A0B0 +A0(Bi;i + %)]d3x; (65)ÑËÁ ×ÈÏÄÉÔØ × H(1) ¦ Í¦ÓÔÉÔØ ÎÅ×ÉÚÎÁÞÅÎÕ, ÔÏÂÔÏ ÄÏ×¦ÌØÎÕ, ÆÕÎËÃ¦ÀA0. ä¦ÊÓÎÏ, ÑËÝÏ ÐÏËÌÁÓÔÉ A0 = �, ÔÏ (65) ÓÔÁ¤ ­ÅÎÅÒÁÔÏÒÏÍ�W = Z (B�@�� + %�)d3x (66)ÄÏÂÒÅ ×¦ÄÏÍÉÈ ËÁÌ¦ÂÒÕ×ÁÌØÎÉÈ ÐÅÒÅÔ×ÏÒÅÎØA� ! A� + �A� = A� + fA�; �Wg = A� + @��; (67)pai ! pai + �pai = pai + fpai; �Wg = pai � ea @�(xa; �)@xia (68)ÑË¦ ÚÂÅÒ¦ÇÁÀÔØ Ä¦À ¦ Ò¦×ÎÑÎÎÑ ÒÕÈÕ.÷×ÁÖÁÀÞÉ A0 ÄÏ×¦ÌØÎÏÀ ÆÕÎËÃ¦¤À, ÑËÁ ×¦Ä¦ÇÒÁ¤ ÒÏÌØ ÍÎÏÖÎÉËÁìÁÇÒÁÎÖÁ, ÌÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ÐÅÒ×ÉÎÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÓÉÓÔÅÍÉ H(1)ÍÁ¤ ÓÔÒÕËÔÕÒÕ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ä¦ÒÁËÁ (ÄÉ×. (10)):HD = NXa=1pm2a + [pa � eaA(xa)]2 + Z � 116�FijF ij + 2�BiBi� d3x+
ICMP{98{23U 12+ Z (��1 +A0�2) d3x: (69)ôÁËÉÍ ÞÉÎÏÍ, ÍÉ ÐÅÒÅÊÛÌÉ ÄÏ ËÁÎÏÎ¦ÞÎÏÇÏ ÏÐÉÓÕ, ÎÁ ÂÁÚ¦ ÑËÏÇÏÂÕÄÕÔØ ÚÎÁÊÄÅÎ¦ ÓÔÁÔÉÓÔÉÞÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÓÉÓÔÅÍÉ.4.2. æ¶úéþî¶ ôá îåæ¶úéþî¶ úí¶îî¶ ôåïò¶·úÎÁÊÄÅÍÏ Æ¦ÚÉÞÎ¦ ! ÔÁ ÎÅÆ¦ÚÉÞÎ¦ 
 = (Q;P ) ÚÍ¦ÎÎ¦ ÔÅÏÒ¦§ (ÄÉ×. (11),(12)).ïÓË¦ÌØËÉ ×'ÑÚ¦ ÔÅÏÒ¦§ ÚÎÁÈÏÄÑÔØÓÑ × ÓÉÌØÎ¦Ê ¦Î×ÏÌÀÃ¦§, ÔÏÂÔÏ §ÈÄÕÖËÁ ðÕÁÓÓÏÎÁ ÔÏÔÏÖÎØÏ ÄÏÒ¦×ÎÀ¤ ÎÕÌÅ×¦, §È ÍÏÖÎÁ ×ÉÂÒÁÔÉ ÚÁËÁÎÏÎ¦ÞÎ¦ ¦ÍÐÕÌØÓÉP1(x; �) � B0(x; �); P2(x; �) � Bi;i(x; �) + %(x; �); (70)ÓÐÒÑÖÅÎ¦ ÄÏ ÄÅÑËÉÈ ÎÅÆ¦ÚÉÞÎÉÈ ËÏÏÒÄÉÎÁÔ Q1 ÔÁ Q2. ¶ÍÐÕÌØÓÉ (70)ÄÏÒ¦×ÎÀÀÔØ ÎÕÌÅ×¦ ¦ ×ÉÚÎÁÞÁÀÔØ ËÁÎÏÎ¦ÞÎÕ ÓÉÓÔÅÍÕ ×'ÑÚÅÊ (11) ÔÅ-ÏÒ¦§.äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ Æ¦ÚÉÞÎÉÈ ¦ÍÐÕÌØÓ¦× ÚÁÐÉÛÅÍÏ 3-Í¦ÒÎÉÊ ×ÅËÔÏÒ¦ÍÐÕÌØÓ¦× ÐÏÌÑ Õ ×ÉÇÌÑÄ¦ ÓÕÍÉ ÐÏÐÅÒÅÞÎÏ§ ÔÁ ÐÏ×ÚÄÏ×ÖÎØÏ§ ÐÒÏÅËÃ¦ÊBi(x; �) = Bi?(x; �) � @i Z ��1(x� y)@jBj(y; �)d3y; (71)ÄÅ ��1(x� y) | ÆÕÎËÃ¦Ñ çÒ¦ÎÁ ÏÐÅÒÁÔÏÒÁ ìÁÐÌÁÓÁ � � �@i@i.äÌÑ ÐÏÐÅÒÅÞÎÉÈ ËÏÍÐÏÎÅÎÔ ÐÏÌÑ ÍÁ¤ÍÏ@iBi? � 0: (72)ïÓË¦ÌØËÉ ÍÁ¤ Í¦ÓÃÅ Ò¦×Î¦ÓÔØ (72), ÔÏ ÏÄÎÁ Ú ËÏÍÐÏÎÅÎÔ ×ÅËÔÏÒÁ Bi?¤ Ì¦Î¦ÊÎÏÀ ËÏÍÂ¦ÎÁÃ¦¤À Ä×ÏÈ ¦ÎÛÉÈ. ôÏÄ¦, ÐÏËÌÁÄÁÀÞÉ, ÝÏ ÎÅÚÁÌÅÖ-ÎÉÍÉ ËÏÍÐÏÎÅÎÔÁÍÉ ¤ B�? = b�; � = 1; 2, ×ÅËÔÏÒ Bi? ÍÏÖÎÁ ÚÁÐÉÓÁÔÉÕ ×ÉÇÌÑÄ¦ Bi?(x; �) = ��i� � �i3 @�@3� b�(x; �): (73)ð¦ÓÌÑ Ð¦ÄÓÔÁÎÏ×ËÉ (70) ¦ (73) × (71), ÏÄÅÒÖÉÍÏBi(x; �) = ��i� � �i3 @�@3� b�(x; �)�� @i Z ��1(x� y) [%(y; �) � P2(y; �)] d3y: (74)



13 ðÒÅÐÒÉÎÔìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ×¦Ä 3-×ÅËÔÏÒÁ Bi ÍÉ ÐÅÒÅÊÛÌÉ ÄÏ ÚÍ¦ÎÎÉÈ (b1, b2,P2), ÑË¦ ËÏÍÕÔÕÀÔØ Í¦Ö ÓÏÂÏÀ, ¦, ÏÔÖÅ, ¤ ËÁÎÏÎ¦ÞÎÉÍÉ.ú ÄÏÐÏÍÏÇÏÀ ËÁÎÏÎ¦ÞÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÚÎÁÊÄÅÍÏ ËÁÎÏÎ¦ÞÎÏÓÐÒÑÖÅÎ¦ ËÏÏÒÄÉÎÁÔÉ ÄÏ ¦ÍÐÕÌØÓ¦× b1, b2, P1, P2. ô×¦ÒÎÉÊ ÆÕÎËÃ¦ÏÎÁÌËÁÎÏÎ¦ÞÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ × ÓÔÁÒÉÈ ËÏÏÒÄÉÎÁÔÁÈ ¦ ÎÏ×ÉÈ ¦ÍÐÕÌØÓÁÈÍÁ¤ ×ÉÇÌÑÄF = Z �A0(x; �)P1(x; �) +Ai(x; �) ���i� � �i3 @�@3� b�(x; �)��@i Z ��1(x� y) [%(y; �) � P2(y; �)] d3y:�� d3x: (75)îÏ×¦ ÕÚÁÇÁÌØÎÅÎ¦ ËÏÏÒÄÉÎÁÔÉ ÐÏÌÑ ÍÁÀÔØ ×ÉÇÌÑÄQ1(x; �) � �F�P1(x; �) = A0(x; �); (76)Q2(x; �) � �F�P2(x; �) = � Z ��1(x� y)@iAi(y; �)d3y; (77)a�(x; �) � �F�b�(x; �) = ��i� � �i3 @�@3�A?i (x; �); � = 1; 2; (78)ÄÅ A?i (x; �) = Ai(x; �) + @i Z ��1(x� y)@jAj(y; �)d3y: (79)ôÁËÉÍ ÞÉÎÏÍ, ÍÉ ÏÔÒÉÍÁÌÉ ÓÕËÕÐÎÏÓÔ¦ Æ¦ÚÉÞÎÉÈ ! = ((xia, pai), (a�,b�)), ÔÁ ÎÅÆ¦ÚÉÞÎÉÈ 
 = ((Q1; P1); (Q2; P2)) ÚÍ¦ÎÎÉÈ ÔÅÏÒ¦§.÷ ÚÍ¦ÎÎÉÈ (A?i ; Bi?; Q1; P1; Q2; P2) ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ä¦ÒÁËÁ ÚÁÐÉ-ÓÕ¤ÔØÓÑ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍHD = NXa=1pm2a + [pa(�) � eaA?(xa(�))]2++ Z �� 18�A?i (x; �)�A?i (x; �) + 2�Bi?(x; �)Bi?(x; �)� d3x��2� Z %(x; �)��1(x� y)%(y; �)d3xd3y++ Z (�(x; �)P1(x; �) +Q1(x; �)P2(x; �)) d3x++ Z �4�P2(x; �)��1(x� y)%(y; �)�
ICMP{98{23U 14�2�P2(x; �)��1(x� y)P2(y; �)	 d3xd3y: (80)ïÓÔÁÎÎ¦Ê ÞÌÅÎ × (80) ¤ Ë×ÁÄÒÁÔÉÞÎÉÍ ÚÁ ×'ÑÚÑÍÉ, ¦ ÎÅ ÄÁ¤ ×ËÌÁÄÕ ÕÒ¦×ÎÑÎÎÑ ÒÕÈÕ.úÁÕ×ÁÖÉÍÏ, ÝÏ ÚÍ¦ÎÎ¦ A?i ; Bi? ÎÅ ¤ ËÁÎÏÎ¦ÞÎÏ ÓÐÒÑÖÅÎÉÍÉ. ëÁ-ÎÏÎ¦ÞÎÏ ÓÐÒÑÖÅÎÉÍÉ ¤ Æ¦ÚÉÞÎ¦ ÚÍ¦ÎÎ¦ a�; b�.æ¦ÚÉÞÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÓÉÓÔÅÍÉ HÆ, ÑËÉÊ ×ÉÚÎÁÞÁ¤ ÅÎÅÒÇ¦À ÓÉ-ÓÔÅÍÉ ¦ ÓÐ¦×ÐÁÄÁ¤ Ú ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ ä¦ÒÁËÁ ÎÁ ÐÏ×ÅÒÈÎ¦ ×'ÑÚÅÊ, ÔÏÂÔÏÐÒÉ P1 = P2 = 0, ÍÁ¤ ×ÉÒÁÚ:HÆ = NXa=1pm2a + [pa(�) � eaA?(xa(�))]2++ Z �� 18�A?i (x; �)�A?i (x; �) + 2�Bi?(x; �)Bi?(x; �)� d3x�� 2� Z %(x; �)��1(x� y)%(y; �)d3xd3y: (81)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ×ÉÇÌÑÄ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ä¦ÒÁËÁ × ÎÏ×ÉÈ ÚÍ¦Î-ÎÉÈ (80), ÚÁÐÉÛÅÍÏ Ò¦×ÎÑÎÎÑ çÁÍ¦ÌØÔÏÎÁ_Q1(x; �) = �(x; �); _P1(x; �) = �P2(x; �); (82)_Q2(x; �) = 4� Z ��1(x � y)%(y; �)d3y +Q1(x; �); _P2(x; �) = 0; (83)_A?i = 4�Bi?; _Bi? = �ji? + 14��A?i ; (84)ÄÅ A?i (x; �) = Z n��i �3(x � y)� @ix��1(x� y)@�yo a�(y; �)d3y:ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ Ò¦×ÎÑÎÎÑ ÄÌÑ Æ¦ÚÉÞÎÉÈ ÚÍ¦ÎÎÉÈ (84), ÑË¦ ×ÉÚÎÁÞÁ-ÀÔØ Æ¦ÚÉÞÎÉÊ ÓÅËÔÏÒ ÔÅÏÒ¦§, ÎÅ ÚÁÌÅÖÁÔØ ×¦Ä ×ÉÂÏÒÕ ÄÏ×¦ÌØÎÏ§ ÆÕÎË-Ã¦§ �, ÝÏ ÐÏ×'ÑÚÁÎÏ Ú ËÁÌ¦ÂÒÕ×ÁÌØÎÏÀ ¦Î×ÁÒ¦ÁÎÔÎ¦ÓÔÀ ÔÅÏÒ¦§.4.3. ëáì¶âòõ÷áîîñ ôåïò¶·ïÓË¦ÌØËÉ Ò¦×ÎÑÎÎÑ ÒÕÈÕ ÔÅÏÒ¦§ (82), (83) Í¦ÓÔÑÔØ ÄÏ×¦ÌØÎÕ ÆÕÎËÃ¦À�, ÔÏ ÚÍ¦ÎÎ¦ Q1 ÔÁ Q2 ÎÅ ÍÏÖÕÔØ ÂÕÔÉ ÚÎÁÊÄÅÎ¦ ÏÄÎÏÚÎÁÞÎÏ. äÌÑÆ¦ËÓÁÃ¦§ Ä×ÏÈ ÎÅÆ¦ÚÉÞÎÉÈ ËÏÏÒÄÉÎÁÔQ1; Q2 ÎÁËÌÁÄÅÍÏ Ä×¦ ÄÏÄÁÔËÏ×¦ËÁÌ¦ÂÒÕ×ÁÌØÎ¦ ×'ÑÚ¦ ÎÁ ÎÉÈ Õ ×ÉÈ¦ÄÎÉÈ ÚÍ¦ÎÎÉÈ:�G1 = LiAi; �G2 = Z1A0 + 4�LiBi: (85)



15 ðÒÅÐÒÉÎÔ÷ÏÎÉ ÚÁÄÏ×¦ÌØÎÑÀÔØ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ�G2 = f�G1 ; HDg; (86)ÝÏ ÚÁÂÅÚÐÅÞÕ¤ §È ÓÕÍ¦ÓÎ¦ÓÔØ Ú Ò¦×ÎÑÎÎÑÍ (83).ôÕÔ ¦ ÄÁÌ¦ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÄÉÆÅÒÅÎÃ¦ÊÎ¦ ÏÐÅÒÁÔÏÒÉLi � ni + nij@j ; Z1 � Li@i; Z2 � LiLyi; (87)ÄÅ ni; nij | ÓÔÁÌ¦ ËÏÅÆ¦Ã¦¤ÎÔÉ. ôÁËÏÖ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÏÐÅÒÁÔÏÒÉÚ y, ÏÄÅÒÖÁÎ¦ Ú ÄÁÎÉÈ ÚÁ ÐÒÁ×ÉÌÏÍL(x)�3(x� y) = Ly(y)�3(x� y); (88)ÄÅ ÁÒÇÕÍÅÎÔ ÏÐÅÒÁÔÏÒÁ ×ËÁÚÕ¤ ÎÁ ÚÍ¦ÎÎÕ, ÎÁ ÑËÕ ×¦Î Ä¦¤.óÉÓÔÅÍÁ ×'ÑÚÅÊ ×¦ÄËÁÌ¦ÂÒÏ×ÁÎÏ§ ÔÅÏÒ¦§	 = (4�LiBi + Z1A0; B0; LiAi; Bi;i + %) (89)| ÄÒÕÇÏÇÏ ËÌÁÓÕ.äÌÑ ÄÁÎÏ§ ÔÅÏÒ¦§ Ú ×'ÑÚÑÍÉ 	 ÐÏÂÕÄÕ¤ÍÏ ÄÕÖËÕ ä¦ÒÁËÁ.äÌÑ ÃØÏÇÏÚÎÁÊÄÅÍÏ ÍÁÔÒÉÃÀ C(x� y) � kf	i(x; �);	j(y; �)gk, ÑËÁ ÄÏÒ¦×ÎÀ¤








 0 Z1(x) �4�Z2(x) 0�Zy1 (x) 0 0 04�Z2(x) 0 0 Z1(x)0 0 �Zy1 (x) 0 








 �3(x� y): (90)ïÂÅÒÎÅÎÁ ÄÏ (90) ÍÁÔÒÉÃÑ C�1(x � y) ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÕÍÏ×ÉZ Cik(x� z)C�1kj (z� y)d3z = �ij�3(x� y)¦ ÄÏÒ¦×ÎÀ¤








 0 �gy1 (x� y) 0 0g1(x� y) 0 0 �4�g2(x � y)0 0 0 �gy1 (x� y)0 4�g2(x� y) g1(x� y) 0 








 ; (91)ÄÅ ÆÕÎËÃ¦§ g1; gy1 ¦ g2 ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÎÁÓÔÕÐÎÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØZ1(x)g1(x� y) = �3(x� y); Zy1 (x)gy1 (x� y) = �3(x� y); (92)
ICMP{98{23U 16g2(x� y) = Z g1(x� u)Z2(u)gy1 (u� y)d3u: (93)äÕÖËÁ ä¦ÒÁËÁ ÄÁÎÏ§ ÔÅÏÒ¦§ ÍÁ¤ ÚÁÇÁÌØÎÉÊ ×ÉÇÌÑÄfF;GgD(	) = fF;Gg�� Z fF;	i(x; �)gC�1ij (x� y)f	j(y; �); Ggd3xd3y: (94)ñ×ÎÉÊ ×ÉÇÌÑÄ ÄÕÖËÉ ä¦ÒÁËÁ ÐÏÄÁÎÏ × ÄÏÄÁÔËÕ ÄÏ ÒÏÂÏÔÉ.ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ÚÁÐÒÏÐÏÎÏ×ÁÎÁ ËÁÌ¦ÂÒÏ×ËÁ (85) ÕÚÁÇÁÌØÎÀ¤ ÄÏ-ÂÒÅ ×¦ÄÏÍÕ ËÁÌ¦ÂÒÏ×ËÕ ëÕÌÏÎÁ ÔÁ ÁËÓ¦ÁÌØÎÕ ËÁÌ¦ÂÒÏ×ËÕ. äÌÑ ÒÏÚÇÌÑ-ÄÕ ÏÄÅÒÖÁÎÉÈ ÒÅÚÕÌØÔÁÔ¦× Õ ÚÇÁÄÁÎÉÈ ËÁÌ¦ÂÒÏ×ËÁÈ ÎÅÏÂÈ¦ÄÎÏ ÐÏËÌÁ-ÓÔÉ ×¦ÄÐÏ×¦ÄÎÏ Li = @i ÔÁ Li = ni.ýÏÂ ÏÄÅÒÖÁÔÉ × ÇÁÍ¦ÌØÔÏÎÏ×ÏÍÕ ÏÐÉÓ¦ ËÁÌ¦ÂÒÏ×ËÕ ìÏÒÅÎÃÁ, ÎÅ-ÏÂÈ¦ÄÎÏ ÒÏÚÇÌÑÎÕÔÉ ËÁÌ¦ÂÒÕ×ÁÌØÎ¦ ×'ÑÚ¦, ÎÅÌ¦Î¦ÊÎ¦ ÚÁ ÐÏÌØÏ×ÉÍÉ ÚÍ¦Î-ÎÉÍÉ. òÏÚÇÌÑÎÅÍÏ ÄÏ×¦ÌØÎÕ ËÁÌ¦ÂÒÏ×ËÕ, ÑËÕ ÚÒÕÞÎÏ ÚÁÐÉÓÁÔÉ Õ ×É-ÇÌÑÄ¦: �G1 = LiAi � �; �G2 = Z1A0 + 4�LiBi � �; (95)ÄÅ � ÔÁ � | ÄÏ×¦ÌØÎ¦ ÆÕÎËÃ¦§. äÌÑ ÔÏÇÏ, ÝÏÂ ËÁÌ¦ÂÒÏ×ËÁ (95) ÂÕÌÁÓÕÍ¦ÓÎÁ Ú Ò¦×ÎÑÎÎÑÍÉ ÒÕÈÕ, ÄÏÓÉÔØ ÐÏËÌÁÓÔÉ� = _�: (96)ëÁÌ¦ÂÒÕ×ÁÌØÎ¦ ÕÍÏ×É (95) Ú×ÏÄÑÔØÓÑ ÄÏ ËÁÌ¦ÂÒÏ×ËÉ ìÏÒÅÎÃÁ, ÑËÝÏLi = @i; � = � _�; � = ��� � 4�%; (97)ÄÅ ÆÕÎËÃ¦Ñ � ÚÁÄÏ×¦ÌØÎÑ¤ Ò¦×ÎÑÎÎÑ äÁÌÁÍÂÅÒÁ [6]2� = 4�%: (98)4.4. ò¶÷îï÷áöîá æõîëã¶ñ òïúðïä¶ìõ óéóôåíéò¦×ÎÏ×ÁÖÎÁ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÁÎÓÁÍÂÌÀ ½¦ÂÂÓÁ ÓÉÓÔÅÍÉ ÅÌÅËÔÒÏ-ÍÁÇÎÅÔÎÏÇÏ ÐÏÌÑ Ú ÅÌÅËÔÒÉÞÎÉÍÉ ÚÁÒÑÄÁÍÉ, ÚÇ¦ÄÎÏ Ú ÒÅÚÕÌØÔÁÔÁÍÉÒÏÚÄ¦ÌÕ 3, ÍÁ¤ ×ÉÇÌÑÄ�G = 1(2�)3N+2Z exp(�� " NXa=1pm2a + [pa � eaA(xa)]2++ Z � 116�FijF ij + 2�BiBi� d3x+ Z A0(Bi;i + %)d3x�� �



17 ðÒÅÐÒÉÎÔ� �(B0)�(Bi;i + %)�(LiAi)�(4�LiBi + Z1A0) det2Z1(x)�3(x� y); (99)ÑËÁ Í¦ÓÔÉÔØ ÕÚÁÇÁÌØÎÅÎ¦ (ÚÁÌÅÖÎ¦ ×¦Ä ÐÒÏÓÔÏÒÏ×ÉÈ ÚÍ¦ÎÎÉÈ) ÔÁ ÆÕÎË-Ã¦ÏÎÁÌØÎ¦ (ÚÁÌÅÖÎ¦ ×¦Ä ÐÏÌØÏ×ÉÈ ÚÍ¦ÎÎÉÈ) �{ÆÕÎËÃ¦§ [5,7,13]. óÔÁÔÉ-ÓÔÉÞÎÁ ÓÕÍÁ ÓÉÓÔÅÍÉ Z, Ð¦ÓÌÑ ÏÞÅ×ÉÄÎÏÇÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ B0 ¦ A0,ÚÁÐÉÓÕ¤ÔØÓÑ ÔÁËZ = Z exp(�� " NXa=1pm2a + [pa � eaA(xa)]2++ Z � 116�FijF ij + 2�BiBi� d3x���(Bi;i + %)�(LiAi) detZ1(x)�3(x� y)dxiadpaiDAiDBi(2�)3N+2 : (100)ò¦×ÎÏ×ÁÖÎÁ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÁÎÓÁÍÂÌÀ ½¦ÂÂÓÁ (99) ÚÁÄÏ×¦ÌØÎÑ¤Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÌÑ, ÑËÅ × ËÁÌ¦ÂÒÏ×Ã¦ (85) ÍÁ¤ ×ÉÇÌÑÄ	 = (4�LiBi + Z1A0; B0; LiAi; Bi;i + %) = 0; (101)@�G@� + f�G; HgD(	) = 0; (102)Z �G f(	)dxiadpaiDA�DB� = f(0); (103)Z �G dxiadpaiDA�DB� = 1; (104)ÄÅ ÄÕÖËÁ ä¦ÒÁËÁ ÓÐ¦×ÐÁÄÁ¤ Ú ×ÉÒÁÚÏÍ (125), Á ¦ÎÔÅÇÒÁÌ ÚÁ ÐÏÌØÏ×Ï-ÍÉ ÚÍ¦ÎÎÉÍÉ ÏÂÞÉÓÌÀ¤ÔØÓÑ ÚÁ ÐÒÁ×ÉÌÁÍÉ ËÏÎÔÉÎÕÁÌØÎÏÇÏ ¦ÎÔÅÇÒÕ-×ÁÎÎÑ.æÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÔÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÓÉÓÔÅÍÉ × Æ¦ÚÉÞÎÉÈ ÔÁÎÅÆ¦ÚÉÞÎÉÈ ÚÍ¦ÎÎÉÈ ÍÁÀÔØ ×ÉÇÌÑÄ�G = 1(2�)3N+2Z exp(�� " NXa=1pm2a + [pa(�) � eaA?(xa(�))]2++ Z �� 18�A?i (x; �)�A?i (x; �) + 2�Bi?(x; �)Bi?(x; �)� d3x��2� Z %(x; �)��1(x� y)%(y; �)d3xd3y�� �� �(P1)�(P2)�(Q1 �K1(a; b))�(Q2 �K2(a; b)); (105)
ICMP{98{23U 18Z = Z exp(�� " NXa=1pm2a + [pa(�) � eaA?(xa(�))]2++ Z �� 18�A?i (x; �)�A?i (x; �) + 2�Bi?(x; �)Bi?(x; �)� d3x��2� Z %(x; �)��1(x� y)%(y; �)d3xd3y�� dxiadpaiDa�Db�(2�)3N+2 ; (106)ÄÅ Ñ×ÎÉÊ ×ÉÇÌÑÄ K1 ÔÁ K2 Õ ×ÉÒÁÚ¦ ÄÌÑ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÎÅ ¤ ¦ÓÔÏÔ-ÎÉÊ, Á Õ ×ÉÒÁÚ¦ ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ×ÖÅ ÐÒÏ×ÅÄÅÎÏ ÏÞÅ×ÉÄÎÅ ¦ÎÔÅ-ÇÒÕ×ÁÎÎÑ ÚÁ ÎÅÆ¦ÚÉÞÎÉÍÉ ÚÍ¦ÎÎÉÍÉ.4.5. ò¶÷îñîîñ ôåïò¶· ÷ ðòåäóôá÷ìåîî¶ æõò'´òÏÚËÌÁÄÅÍÏ ÐÏÔÅÎÃ¦ÁÌÉ A ÔÁ ', Á ÔÁËÏÖ ÇÕÓÔÉÎÉ ÚÁÒÑÄÕ ÔÁ ÓÔÒÕÍÕÚÁ ÐÌÏÓËÉÍÉ È×ÉÌÑÍÉ [13]:('(x; �);A(x; �)) = p4� Z ('k(�); ak(�))eikx d3k(2�)3 ;%(x; �) = Z %k(�)eikx d3k(2�)3 ; j(x; �) = Z jk(�)eikx d3k(2�)3 ; (107)ÄÅ %k(�) =Xa eae�ikxa(�); jk(�) =Xa eaua(�)e�ikxa(�): (108)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÕÍÏ×Õ Ä¦ÊÓÎÏÚÎÁÞÎÏÓÔ¦ ÐÏÔÅÎÃ¦ÁÌ¦× ¦ ÇÕÓÔÉÎa�k = a�k; '�k = '�k; %�k = %�k; j�k = j�k; (109)Á ÔÁËÏÖ ÒÏÚËÌÁÄ ÎÁ Ä¦ÊÓÎ¦ ÔÁ ÕÑ×Î¦ ÓËÌÁÄÏ×¦ak = 2X�=1 
(�) a�k ; 'k = 2X�=1 
(�)'�k ; (110)ÐÅÒÅÐÉÛÅÍÏ ÌÁÇÒÁÎÖ¦ÁÎ ÓÉÓÔÅÍÉ (53) Õ ×ÅËÔÏÒÎ¦Ê ÆÏÒÍ¦ × ÐÒÅÄÓÔÁ-×ÌÅÎÎ¦ æÕÒ'¤L = �Xa map1� u2a(�) + Z d3k(2�)3 (12X� �( _a�k )2 � k2(a�k )2++(ka�k )2 + k2('�k )2 + (�1)�2(k _a�k )'�(�)k �



19 ðÒÅÐÒÉÎÔ� p4� ('�k%�k � a�k j�k )io ; (111)ÄÅ �(�) = � 2; � = 1;1; � = 2; 
(�) =� 1; � = 1;i; � = 2: (112)úÄ¦ÊÓÎÀÀÞÉ ÐÅÒÅÈ¦Ä ÄÏ ÇÁÍ¦ÌØÔÏÎÏ×ÏÇÏ ÆÏÒÍÁÌ¦ÚÍÕ ÚÁ ÓÈÅÍÏÀ,ÁÎÁÌÏÇ¦ÞÎÏÀ ÄÏ ÐÏÐÅÒÅÄÎØÏ§ (ÒÏÚÄ¦Ì 4), ÏÔÒÉÍÕ¤ÍÏ ÓÉÓÔÅÍÕ ×'ÑÚÅÊÐÅÒÛÏÇÏ ËÌÁÓÕ��k = (��1k; ��2k) = ���k ; (�1)�(�)(kb�(�)k )�p4�%�k� ; (113)¦ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ä¦ÒÁËÁHD =Xa pm2a + [pa � eaA(xa)]2++ Z d3k(2�)3 (12X� �(b�k )2 + k2(a�k )2 � (ka�k )2���X� '�k h(�1)�(�)(kb�(�)k )�p4�%�k i+X� ��k��k) : (114)ò¦×ÎÑÎÎÑ ÒÕÈÕ ÏÔÒÉÍÕÀÔØÓÑ ÓÔÁÎÄÁÒÔÎÉÍ ÞÉÎÏÍ × ÔÅÒÍ¦ÎÁÈ ÄÕÖ-ËÉ ðÕÁÓÓÏÎÁ: fF;Gg =Xa � @F@xa @G@pa � @G@xa @F@pa�++(2�)3 Z d3kX� �� �F�a�k �G�b�k � �G�a�k �F�b�k �++� �F�'�k �G���k � �G�'�k �F���k �� : (115)úÄ¦ÊÓÎÀÀÞÉ ËÁÎÏÎ¦ÞÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÄÏ Æ¦ÚÉÞÎÉÈa�k� = ��i� � �i3 k�k3� (a�?k)i; b�k� = (b�?k)� ; � = 1; 2; (116)ÔÁ ÎÅÆ¦ÚÉÞÎÉÈ ÚÍ¦ÎÎÉÈ ÐÏÌÑQ�1k = '�k ; P�1k = ��k ; (117)Q�2k = (�1)�(�) (ka�(�)k )k2 ;

ICMP{98{23U 20P�2k = (�1)�(�)(kb�(�)k )�p4�%�k = 0; (118)ÄÅ a�?k = a�k � k (ka�k )k2 ; b�?k = b�k � k (kb�k )k2 ; (119)ÚÁÐÉÛÅÍÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ä¦ÒÁËÁ Õ ×ÉÇÌÑÄ¦:HD =Xa pm2a + [pa � eaA?(xa)]2++ Z d3k(2�)3 (12X� �(b�?k)2 + k2(a�?k)2 + %k 2�k2 %�k�++X� "P�2k 12k2P�2k + p4�k2 P�2k%�k�� Q�1kP�2k + ��kP�1k]g ; (120)æÏÒÍÁÌØÎÁ ÄÕÖËÁ ðÕÁÓÓÏÎÁ, Ú ÄÏÐÏÍÏÇÏÀ ÑËÏ§ ÚÁÐÉÓÕÀÔØÓÑ Ò¦×ÎÑÎ-ÎÑ ÒÕÈÕ × ÎÏ×ÉÈ ÚÍ¦ÎÎÉÈ, Ä¦¤ ÔÁËfa�k�; b�q�g = (2�)3����� �3(k� q); fQ�ik; P �jkg = (2�)3���ij �3(k� q): (121)óÔÁÔÉÓÔÉÞÎÉÊ ÏÐÉÓ Õ ÐÒÅÄÓÔÁ×ÌÅÎÎ¦ æÕÒ'¤ ÂÕÄÕ¤ÔØÓÑ ÁÎÁÌÏÇ¦ÞÎÏÄÏ ÐÏÐÅÒÅÄÎØÏÇÏ. ôÕÔ ÍÉ ÏÂÍÅÖÉÍÏÓÑ ×ÉÒÁÚÏÍ ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕ-ÍÉ × ÔÅÒÍ¦ÎÁÈ Æ¦ÚÉÞÎÉÈ ÚÍ¦ÎÎÉÈ. æÕÒ'¤{ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÚÒÕÞÎÅ ÔÉÍ,ÝÏ ÌÅÇËÏ ÄÏÚ×ÏÌÑ¤ ÓÆÏÒÍÕÌÀ×ÁÔÉ ÔÅÒÍÏÄÉÎÁÍ¦ËÕ ÓÉÓÔÅÍÉ Õ ÓË¦ÎÞÅ-ÎÏÍÕ ÏÂ'¤Í¦. äÌÑ ÃØÏÇÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ È×ÉÌØÏ×ÉÍ ×ÅËÔÏÒÏÍ ÄÏÓÔÁÔ-ÎØÏ ÚÁÍ¦ÎÉÔÉ ÓÕÍÏÀ, ÔÏÂÔÏZ d3k(2�)3 (::::) = 1V Xk (::::); (122)ÄÅ V | ÏÂ'¤Í ÓÉÓÔÅÍÉ.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÐÏÐÅÒÅÄÎÀ ÆÏÒÍÕÌÕ, ÚÁÐÉÛÅÍÏ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕ-ÍÕ Z = 1(2�)3N+2 Z exp �� "Xa pm2a + [pa � eaA?(xa)]2++ 12V Xk;� �(b�?k)2 + k2(a�?k)2 + %k 2�k2 %�k�351A �� dxadpaYk da�k�db�k� : (123)ïÄÅÒÖÁÎÉÊ ×ÉÒÁÚ ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Í¦Ç ÂÕÔÉ ÔÁËÏÖ ÚÎÁÊÄÅÎÉÊÛÌÑÈÏÍ ËÁÎÏÎ¦ÞÎÏÇÏ æÕÒ'¤{ÐÅÒÅÔ×ÏÒÅÎÎÑ ÆÏÒÍÕÌÉ (106).



21 ðÒÅÐÒÉÎÔ5. ÷éóîï÷ëéäÏÓÌ¦ÄÖÅÎÏ ÏÓÏÂÌÉ×ÏÓÔ¦ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÉÓÕ ËÌÁÓÉÞÎÉÈ ÓÉÓÔÅÍ Ú×'ÑÚÑÍÉ Ò¦ÚÎÉÈ ËÌÁÓ¦×, × ÔÏÍÕ ÞÉÓÌ¦ Ú ÔÉÍÉ, ÑË¦ ­ÅÎÅÒÕÀÔØ ËÁÌ¦Â-ÒÕ×ÁÌØÎ¦ ÐÅÒÅÔ×ÏÒÅÎÎÑ. ÷ÉÈÏÄÑÞÉ Ú Ò¦×ÎÑÎÎØ ä¦ÒÁËÁ ÄÌÑ ÏÐÉÓÕ ÄÉ-ÎÁÍ¦ËÉ ÓÉÓÔÅÍ Ú ×'ÑÚÑÍÉ ÎÁÍÉ ÚÎÁÊÄÅÎÏ Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÌÑ ÄÌÑÆÕÎËÃ¦§ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ Õ ×ÉÐÁÄËÁÈ ÎÅ×¦ÄËÁÌ¦ÂÒÏ×ÁÎÏ§ ÔÁ×¦ÄËÁÌ¦ÂÒÏ×ÁÎÏ§ ÔÅÏÒ¦§ (ÒÏÚÄ¦Ì 3). äÌÑ ×¦ÄËÁÌ¦ÂÒÏ×ÁÎÉÈ ÓÉÓÔÅÍ × ÓÔÁ-ÎÁÈ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏ§ Ò¦×ÎÏ×ÁÇÉ ÏÄÅÒÖÁÎÁ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÓÐ¦×ÐÁ-ÄÁ¤ Ú ×¦ÄÏÍÉÍ × Ì¦ÔÅÒÁÔÕÒ¦ ×ÉÒÁÚÏÍ ÄÌÑ ÐÏÂÕÄÏ×ÁÎÏ§ a priori Í¦ÒÉ [18],Ú ÑËÏÀ ÐÒÏ×ÏÄÉÔØÓÑ ÓÔÁÔÉÓÔÉÞÎÅ ÕÓÅÒÅÄÎÅÎÎÑ. îÁ ×¦ÄÍ¦ÎÕ ×¦Ä ÓÉÓÔÅÍÂÅÚ ×'ÑÚÅÊ, ÚÎÁÊÄÅÎÁ ÆÕÎËÃ¦Ñ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ ÚÁÄÏ×ÏÌØÎÑ¤ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ, ÝÏ ¤ ÎÁÓÌ¦ÄËÏÍ ÍÏÄÉÆ¦ËÁÃ¦§ ÄÉÎÁÍ¦ËÉ ÐÒÉ ÎÁÑ×-ÎÏÓÔ¦ ×'ÑÚÅÊ. ò¦×ÎÑÎÎÑ ÄÌÑ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÓÉÓÔÅÍ Ú ×ËÁÚÁÎÉÍÉÏÓÏÂÌÉ×ÏÓÔÑÍÉ ÕÚÁÇÁÌØÎÀ¤ ×¦ÄÏÍÅ Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÌÑ ¦ ÓÐ¦×ÐÁÄÁ¤ ÚÎÉÍ Õ ÆÁÚÏ×ÏÍÕ ÐÒÏÓÔÏÒ¦ Æ¦ÚÉÞÎÉÈ ÚÍ¦ÎÎÉÈ.úÎÁÊÄÅÎ¦ Ò¦×ÎÑÎÎÑ ¦ ×ÉÒÁÚÉ ÓÔÁÔÉÓÔÉÞÎÏ§ ÍÅÈÁÎ¦ËÉ ÓÉÓÔÅÍ Ú ×'ÑÚÑ-ÍÉ ÂÕÌÉ ÚÁÓÔÏÓÏ×ÁÎ¦ ÄÌÑ ÒÏÚÇÌÑÄÕ ÓÉÓÔÅÍÉ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÇÏ ÐÏÌÑÚ ÔÏÞËÏ×ÉÍÉ ÅÌÅËÔÒÉÞÎÉÍÉ ÚÁÒÑÄÁÍÉ.ðÒÏÄÅÍÏÎÓÔÒÏ×ÁÎ¦ ÏÓÏÂÌÉ×ÏÓÔ¦ ÕÚÁÇÁÌØÎÅÎÏ§ ËÌÁÓÉÞÎÏ§ ÔÁ ÕÚÁ-ÇÁÌØÎÅÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÍÅÈÁÎ¦ËÉ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÇÏ ÐÏÌÑ Ú ÔÏÞËÏ×É-ÍÉ ÅÌÅËÔÒÉÞÎÉÍÉ ÚÁÒÑÄÁÍÉ. äÅÔÁÌØÎÏ ÄÏÓÌ¦ÄÖÅÎÏ ËÁÌ¦ÂÒÕ×ÁÌØÎÏ{¦Î×ÁÒ¦ÁÎÔÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÓÉÓÔÅÍÉ. äÌÑ ÃØÏÇÏ ×ÏÎÁ ÒÏÚÇÌÑÄÁÄÁ¤ÔØÓÑ× ÒÁÍËÁÈ ÕÚÁÇÁÌØÎÅÎÏ§ ÇÁÍ¦ÌØÔÏÎÏ×Ï§ ÍÅÈÁÎ¦ËÉ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÑË×ÉÈ¦ÄÎ¦ ËÁÎÏÎ¦ÞÎ¦ ÚÍ¦ÎÎ¦ (ÒÏÚÄ¦Ì 4.1), ÔÁË ¦ Æ¦ÚÉÞÎ¦-ÎÅÆ¦ÚÉÞÎ¦ ÚÍ¦Î-Î¦ (ÒÏÚÄ¦Ì 4.2). ò¦×ÎÑÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÍÅÈÁÎ¦ËÉ ÚÁÐÉÓÁÎÏ ×ÖÅ ÄÌÑ×¦ÄËÁÌ¦ÂÒÏ×ÁÎÏ§ ÔÅÏÒ¦§ Ú ÄÏÐÏÍÏÇÏÀ ÄÕÖËÉ ä¦ÒÁËÁ, ÚÎÁÊÄÅÎÏ§ Ñ×ÎÏ ×ËÁÌ¦ÂÒÏ×Ã¦: �ni + nij@j�Ai = 0:ú ÍÅÔÏÀ ÚÎÁÈÏÄÖÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÓÉÓÔÅÍÉ ÚÁÒÑÄÉ-ÐÏÌÅ ×ÓË¦ÎÞÅÎÏÍÕ ÏÂ'¤Í¦ Ò¦×ÎÑÎÎÑ ÔÅÏÒ¦§ ×¦ÄÔ×ÏÒÅÎÏ × ÐÒÅÄÓÔÁ×ÌÅÎÎ¦ æÕÒ'¤(ÒÏÚÄ¦Ì 4.5), ÝÏ ÍÏÖÅ ÂÕÔÉ ËÏÒÉÓÎÉÍ ÄÌÑ ÚÁÄÁÞ Æ¦ÚÉÞÎÏ§ ÅÌÅË-ÔÒÏÎ¦ËÉ.ðÅÒÓÐÅËÔÉ×ÏÀ ÄÌÑ ÐÏÄÁÌØÛÉÈ ÄÏÓÌ¦ÄÖÅÎØ × ÄÁÎ¦Ê ÇÁÌÕÚ¦ ÍÏÖÎÁ××ÁÖÁÔÉ ÒÏÚÒÏÂËÕ ÐÒÏÂÌÅÍ Ë×ÁÎÔÕ×ÁÎÎÑ ÓÉÓÔÅÍ Ú ×'ÑÚÑÍÉ, Á Ú ÔÉÍ¦ ÐÏÂÕÄÏ×É Ò¦×ÎÑÎÎÑ îÅÊÍÁÎÁ (Ë×ÁÎÔÏ×ÏÇÏ ÁÎÁÌÏÇÁ Ò¦×ÎÑÎÎÑ ì¦Õ×¦Ì-ÌÑ) ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ×'ÑÚÅÊ, ÁÎÁÌ¦Ú ÑËÉÈ ÄÌÑ ÒÑÄÕ ÚÁÄÁÞ ÚÁÐÏÞÁÔËÏ×ÁÎÏ× Ì¦ÔÅÒÁÔÕÒ¦.

ICMP{98{23U 22äïäáôïë. äõöëá ä¶òáëáð¦ÓÌÑ Ð¦ÄÓÔÁÎÏ×ËÉ ×'ÑÚÅÊ ¦ ÍÁÔÒÉÃ¦ (91) Õ (94), ÄÕÖËÁ ä¦ÒÁËÁ ÚÁÐÉ-ÛÅÔØÓÑ ÔÁË:fF;GgD(	) = NXa=1� @F@xia(�) @G@pai(�) � @G@xia(�) @F@pai(�)�++ Z � �F�Ai(x; �) �G�Bi(x; �) � �G�Ai(x; �) �F�Bi(x; �)� d3x�� Z d3xd3y�4� �Lix �F�Ai(x; �)gy1 (x� y) �G�A0(y; �)�� �F�A0(x; �) g1(x� y)Liy �G�Ai(y; �)��+ �@ix �F�Ai(x; �) g1(x � y)Ljy �G�Bj(y; �)�� Ljx �F�Bj(x; �)gy1 (x� y)@iy �G�Ai(y; �)���4�g2(x � y) �@ix �F�Ai(x; �) �G�A0(y; �) � @iy �G�Ai(y; �) �F�A0(x; �)���4�g2(x� y) NXa=1 � �F�A0(x; �) @%(y; �)@xia(�) @G@pai(�)�� �G�A0(y; �) @%(x; �)@xia(�) @F@pai(�)�++ NXa=1�Ljx �F�Bj(x; �) @%(y; �)@xia(�) gy1 (x� y) @G@pai(�)�� Ljy �G�Bj(y; �) @%(x; �)@xia(�) @F@pai(�)g1(x� y)�� (124)úÁÕ×ÁÖÉÍÏ, ÝÏ ÄÕÖËÁ ä¦ÒÁËÁ, ÑË ¦ ÄÕÖËÁ ðÕÁÓÓÏÎÁ, ÏÂÞÉÓÌÀ¤ÔØÓÑÄÌÑ ÆÕÎËÃ¦Ê, ×ÚÑÔÉÈ × ÏÄÉÎ ÍÏÍÅÎÔ ÞÁÓÕ. ñËÝÏ ÚÁÍ¦ÓÔØG Ð¦ÄÓÔÁ×ÉÔÉÇÁÍ¦ÌØÔÏÎ¦ÁÎ H , ÏÄÅÒÖÉÍÏfF;HgD(	) = NXa=1� @F@xia(�)uia(�) + @F@pai(�) _pai(�)�+
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