
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 465, 2017 Ç.�. á. âÏÌÏÈÏ×òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá éåçï ìïçáòéæíá ÷ íå�ïäå æïîï÷ïçï ðïìñíÅÔÏÄ ÆÏÎÏ×ÏÇÏ �ÏÌÑ, ÒÁÚÒÁÂÏÔÁÎÎÙÊ × ÓÔÁÔØÑÈ [1, 2℄, �ÏÚ×ÏÌÑÅÔÚÎÁÞÉÔÅÌØÎÏ Õ�ÒÏÓÔÉÔØ ×ÙÞÉÓÌÅÎÉÑ ÄÌÑ ÜÆÆÅËÔÉ×ÎÏÇÏ ÄÅÊÓÔ×ÉÑ É �-ÆÕÎË�ÉÉ �ÒÉ Ë×ÁÎÔÏ×ÁÎÉÉ ÒÁÚÌÉÞÎÙÈ �ÏÌÅ×ÙÈ ÍÏÄÅÌÅÊ. ÷ ÏÂÝÅÍ ÓÌÕ-ÞÁÅ ÜÔÏÔ ÍÅÔÏÄ ×ËÌÀÞÁÅÔ × ÓÅÂÑ ×ÙÞÉÓÌÅÎÉÅ ÆÕÎË�ÉÏÎÁÌØÎÙÈ ÉÎÔÅ-ÇÒÁÌÏ× �Ï ÆÌÕËÔÕÁ�ÉÑÍ b × ÏËÒÅÓÔÎÏÓÔÉ ÆÏÎÏ×ÏÇÏ �ÏÌÑ B:Z(B) = ∫ exp{iS(B; b)}∏ Æb;ÇÄÅ S(B; b) { ÜÔÏ ÍÏÄÉÆÉ�ÉÒÏ×ÁÎÎÏÅ ÄÅÊÓÔ×ÉÅ ËÌÁÓÓÉÞÅÓËÏÊ ÔÅÏÒÉÉ.äÁÎÎÏÅ ÄÅÊÓÔ×ÉÅ ÍÏÖÅÔ ÂÙÔØ �ÏÌÕÞÅÎÏ ÉÚ ÄÅÊÓÔ×ÉÑ ËÌÁÓÓÉÞÅÓËÏÊ ÔÅÏ-ÒÉÉ Ó �ÏÍÏÝØÀ �ÏÄÓÔÁÎÏ×ËÉ ÓÕÍÍÙ B+ b × ËÁÞÅÓÔ×Å ÁÒÇÕÍÅÎÔÁ. åÓÌÉÔÅÏÒÉÑ ÏÂÌÁÄÁÅÔ ÄÏ�ÏÌÎÉÔÅÌØÎÏÊ ÓÉÍÍÅÔÒÉÅÊ, ÔÏ × ×ÙÒÁÖÅÎÉÅ S(B; b)ÔÁËÖÅ ÎÅÏÂÈÏÄÉÍÏ ÄÏÂÁ×ÉÔØ ÓÌÁÇÁÅÍÙÅ, ÆÉËÓÉÒÕÀÝÉÅ ËÁÌÉÂÒÏ×ËÕS(B; b) = Sl(B + b) + Sgauge(B; b);É, ÔÁËÉÍ ÏÂÒÁÚÏÍ, S(B; b) ÕÖÅ ÎÅ ÂÕÄÅÔ ÆÕÎË�ÉÅÊ ÓÕÍÍÙ B+ b. âÕÄÅÍÓÞÉÔÁÔØ, ÞÔÏ ÒÁÚÌÏÖÅÎÉÅ ËÌÁÓÓÉÞÅÓËÏÇÏ ÄÅÊÓÔ×ÉÑ × ÏËÒÅÓÔÎÏÓÔÉ ÎÕÌÑ�ÏÌÅ×ÏÇÏ ÁÒÇÕÍÅÎÔÁ ÓÏÓÔÏÉÔ ÉÚ ËÏÎÅÞÎÏÇÏ ÞÉÓÌÁ ÓÌÁÇÁÅÍÙÈ ÔÁË, ÞÔÏ�ÏÓÌÅ ××ÅÄÅÎÉÑ ËÏÎÓÔÁÎÔÙ Ó×ÑÚÉ g É ÚÁÍÅÎÙb→ gb; S →
1g2S�ÏÌÕÞÁÅÔÓÑ ÓÕÍÍÁ:1g2S(B; gb) = 1g2Sl(B) + 1gV1b+ 12bMb+ gV3b3 + : : :+ gN−2VNbN= 1g2Sl(B) + 1gV1b+ 12bMb+ gSInt: (1)úÄÅÓØ É ÄÁÌÅÅ ÍÙ �ÏÄÒÁÚÕÍÅ×ÁÅÍ, ÞÔÏ ×ÓÅ �ÏÌÑ É ×ÅÒÛÉÎÙ (ÔÏÞËÉ ×ÚÁÉ-ÍÏÄÅÊÓÔ×ÉÑ V ) ÍÏÇÕÔ ÉÍÅÔØ ÉÎÄÅËÓÙ, ËÁË ×ÅËÔÏÒÎÙÅ, ÔÁË É Ó×ÑÚÁÎÎÙÅëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÍÅÔÏÄ ÆÏÎÏ×ÏÇÏ �ÏÌÑ, ÆÕÎË�ÉÏÎÁÌØÎÙÊ ÉÎÔÅÇÒÁÌ, ÌÏÇÁÒÉÆÍÏ�ÅÒÁÔÏÒÁ, ÔÅÏÒÉÑ ñÎÇÁ{íÉÌÌÓÁ.òÁÂÏÔÁ ÎÁ�ÉÓÁÎÁ �ÒÉ �ÏÄÄÅÒÖËÅ ÇÒÁÎÔÁ òîæ 14-11-598.61



62 �. á. âïìïèï÷Ó ×ÎÕÔÒÅÎÎÅÊ ÓÉÍÍÅÔÒÉÅÊ, Á ÔÁËÖÅ, ÞÔÏ �ÅÒÅÍÅÎÎÁÑ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ b×ËÌÀÞÁÅÔ × ÓÅÂÑ ×Ó�ÏÍÏÇÁÔÅÌØÎÙÅ (ÄÕÈÏ×ÙÅ) �ÏÌÑ.÷ÍÅÓÔÏ ÆÕÎË�ÉÉ Z(B) ÂÏÌÅÅ ÓÏÄÅÒÖÁÔÅÌØÎÏÊ ÈÁÒÁËÔÅÒÉÓÔÉËÏÊ ÔÅ-ÏÒÉÉ Ñ×ÌÑÅÔÓÑ ÅÅ ÎÏÒÍÉÒÏ×ÁÎÎÙÊ ÌÏÇÁÒÉÆÍ, ËÏÔÏÒÙÊ ÎÁÚÙ×ÁÅÔÓÑ ÜÆ-ÆÅËÔÉ×ÎÙÍ ÄÅÊÓÔ×ÉÅÍ. óÞÉÔÁÑ ËÏÎÓÔÁÎÔÕ Ó×ÑÚÉ g ÍÁÌÏÊ ×ÅÌÉÞÉÎÏÊ,ÜÆÆÅËÔÉ×ÎÏÅ ÄÅÊÓÔ×ÉÅ ÍÏÖÅÔ ÂÙÔØ �ÒÅÄÓÔÁ×ÌÅÎÏ × ×ÉÄÅ ÓÕÍÍÙ Ó×ÑÚ-ÎÙÈ ÄÉÁÇÒÁÍÍ æÅÊÎÍÁÎÁ × ËÏÔÏÒÙÈ �ÒÏ�ÁÇÁÔÏÒ M−1 É ×ÅÒÛÉÎÙ VkÑ×ÌÑÀÔÓÑ ÆÕÎË�ÉÑÍÉ ÆÏÎÏ×ÏÇÏ �ÏÌÑ B:EA(B) = lnZ(B)− lnZ(0)= ln ∫ exp{ ig2Sl(B) + igV1b+ i2bMb+ igSInt}∏�Æb− lnZ(0) (2)= ig2Sl + i2 Tr(lnM−1(B)− lnM−1(0)) + ig2(2 Loops) + : : : : (3)úÄÅÓØ ÍÙ ÉÓËÌÀÞÉÌÉ ×ËÌÁÄ ÌÉÎÅÊÎÏÇÏ ÓÌÁÇÁÅÍÏÇÏ 1gV1b, �ÏÒÏÖÄÁÀÝÅ-ÇÏ ÂÅÓËÏÎÅÞÎÏÅ ÞÉÓÌÏ ÄÏÂÁ×ÏË ÎÁ ËÁÖÄÏÍ ÜÔÁ�Å ÒÁÚÌÏÖÅÎÉÑ ÉÎÔÅÇÒÁÌÁ�Ï ÓÔÅ�ÅÎÑÍ g2. üÔÏ ÍÏÖÎÏ ÓÄÅÌÁÔØ, ÅÓÌÉ ÎÁÌÏÖÉÔØ ÎÁ �ÏÌÅ B ÕÓÌÏ×ÉÅ,ÎÁÚÙ×ÁÅÍÏÅ Ë×ÁÎÔÏ×ÙÍ ÕÒÁ×ÎÅÎÉÅÍ Ä×ÉÖÅÎÉÑ (ÓÏ×�ÁÄÁÀÝÅÅ × �ÅÒ×ÏÍ�ÒÉÂÌÉÖÅÎÉÉ Ó ËÌÁÓÓÉÞÅÓËÉÍ ÕÒÁ×ÎÅÎÉÅÍ), ËÏÔÏÒÏÅ ÏÂÎÕÌÑÅÔ ×ËÌÁÄ×ÓÅÈ ÏÄÎÏÞÁÓÔÉÞÎÏ-�ÒÉ×ÏÄÉÍÙÈ ÄÉÁÇÒÁÍÍ [3℄.óÕÍÍÁ (3), �ÏÌÕÞÉ×ÛÁÑÓÑ × ×ÙÒÁÖÅÎÉÉ ÄÌÑ ÜÆÆÅËÔÉ×ÎÏÇÏ ÄÅÊÓÔ×ÉÑEA(B), ÓÏÄÅÒÖÉÔ ÒÁÓÈÏÄÑÝÉÅÓÑ ÉÎÔÅÇÒÁÌÙ. ÷ ÞÁÓÔÎÏÓÔÉ, × ÎÅÊ ÒÁÓ-ÈÏÄÉÔÓÑ ÓÌÅÄ ÌÏÇÁÒÉÆÍÁ, Á × �ÅÔÌÅ×ÏÍ ÓÞÅÔÅ �ÏÑ×ÌÑÀÔÓÑ ÉÎÔÅÇÒÁÌÙ×ÉÄÁ
∫ (M−1(x; y))2d4(x− y) ∼ 1(4�2)2 ∫ d4(x− y)(x− y)4 (4)É ÎÅËÏÔÏÒÙÅ ÄÒÕÇÉÅ (�ÅÔÌÅ×ÙÍÉ ÓÌÁÇÁÅÍÙÍÉ ÚÄÅÓØ É ÄÁÌÅÅ ÍÙ ÂÕÄÅÍÎÁÚÙ×ÁÔØ ÔÏÌØËÏ ÓÌÁÇÁÅÍÙÅ, ÓÏÄÅÒÖÁÝÉÅ ÂÏÌØÛÅ ÏÄÎÏÊ �ÅÔÌÉ). úÁÄÁ-ÞÁ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ ÓÏÓÔÏÉÔ × ÔÏÍ, ÞÔÏÂÙ ÉÚÍÅÎÉÔØ ×ÙÒÁÖÅÎÉÅ, ÓÔÏÑÝÅÅ× ÆÕÎË�ÉÏÎÁÌØÎÏÍ ÉÎÔÅÇÒÁÌÅ (2), ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏÂÙ ×Ï ×ÓÅÈ ÓÌÁ-ÇÁÅÍÙÈ ÓÕÍÍÙ (3) �ÏÌÕÞÉÌÉÓØ ËÏÎÅÞÎÙÅ ËÏÜÆÆÉ�ÉÅÎÔÙ. åÓÔÅÓÔ×ÅÎÎÏ,ÞÔÏ �ÒÉ ÜÔÏÍ ÔÁËÖÅ ÎÅÏÂÈÏÄÉÍÏ, ÞÔÏÂÙ ÉÎÔÅÇÒÁÌ (2) ×ÏÓÓÔÁÎÁ×ÌÉ×ÁÌ-ÓÑ Ë �ÅÒ×ÏÎÁÞÁÌØÎÏÍÕ ×ÉÄÕ �ÒÉ ÓÔÒÅÍÌÅÎÉÉ �ÁÒÁÍÅÔÒÁ, Ï�ÉÓÙ×ÁÀÝÅ-ÇÏ ÉÚÍÅÎÅÎÉÅ, Ë ÎÅËÏÔÏÒÏÍÕ ÚÎÁÞÅÎÉÀ. äÁÌÅÅ, ÒÁÓÓÍÁÔÒÉ×ÁÑ �ÒÅÄÅÌÙÜÆÆÅËÔÉ×ÎÏÇÏ ÄÅÊÓÔ×ÉÑ �ÒÉ ÒÁÚÌÉÞÎÏÍ �Ï×ÅÄÅÎÉÉ ËÏÎÓÔÁÎÔÙ Ó×ÑÚÉ É�ÁÒÁÍÅÔÒÁ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ, ÍÏÖÎÏ ÓÔÁ×ÉÔØ ÚÁÄÁÞÕ Ï �ÅÒÅÎÏÒÍÉÒÏ×ËÅÔÅÏÒÉÉ.



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 63ðÒÉÍÅÎÅÎÉÅ ÍÅÔÏÄÁ ÆÏÎÏ×ÏÇÏ �ÏÌÑ × ÄÁÎÎÏÍ ×ÉÄÅ ÂÙÌÏ ÒÁÓÓÍÏÔÒÅÎÏ× ÒÁÂÏÔÁÈ [4, 5℄. ðÒÉ ÜÔÏÍ Ï�ÉÓÁÎÎÁÑ ÓÈÅÍÁ, ÞÅÒÅÚ ÚÁ×ÉÓÉÍÏÓÔØ ËÏÜÆ-ÆÉ�ÉÅÎÔÏ× Vk É M × ÉÎÔÅÇÒÁÌÅ (2) ÏÔ ÆÏÎÏ×ÏÇÏ �ÏÌÑ B, �ÒÅÄÏÓÔÁ×ÌÑ-ÅÔ ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÙÊ ËÏÎÔÒÏÌØ ÚÁ ÓÉÍÍÅÔÒÉÅÊ ÔÅÏÒÉÉ. ðÒÁËÔÉÞÅÓËÉÅÄÉÎÓÔ×ÅÎÎÙÍ ×ÁÒÉÁÎÔÏÍ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ, ÓÏ×ÍÅÓÔÉÍÙÍ Ó ÄÁÎÎÏÊ ÉÎ-ÔÅÒ�ÒÅÔÁ�ÉÅÊ ÍÅÔÏÄÁ ÆÏÎÏ×ÏÇÏ �ÏÌÑ × Ä×ÕÈ É ÂÏÌÅÅ �ÅÔÌÑÈ, Ñ×ÌÑÅÔÓÑÒÁÚÍÅÒÎÁÑ ÒÅÇÕÌÑÒÉÚÁ�ÉÑ [6℄. ÷ ÜÔÏÍ �ÏÄÈÏÄÅ ÄÅÊÓÔ×ÉÅ S �ÅÒÅÎÏÓÉÔÓÑ× �ÒÏÓÔÒÁÎÓÔ×Ï ÒÁÚÍÅÒÎÏÓÔÉ 4 − �, �ÁÒÁÍÅÔÒÏÍ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ Ñ×ÌÑ-ÅÔÓÑ ÂÅÚÒÁÚÍÅÒÎÁÑ ÒÁÚÎÏÓÔØ �, Á ÓÌÅÄ ÌÏÇÁÒÉÆÍÁ É ÉÎÔÅÇÒÁÌÙ ÔÉ�Á (4)Ñ×ÌÑÀÔÓÑ ÒÁÚÌÏÖÅÎÉÑÍÉ �Ï ÏÂÒÁÔÎÙÍ ÓÔÅ�ÅÎÑÍ � (ÒÑÄÁÍÉ ìÏÒÁÎÁ).÷ ÎÁÓÔÏÑÝÅÊ ÓÔÁÔØÅ ÏÂÓÕÖÄÁÀÔÓÑ ×ÏÚÍÏÖÎÏÓÔÉ �ÏÓÔÒÏÅÎÉÑ ÒÅÇÕÌÑ-ÒÉÚÁ�ÉÉ ÉÎÔÅÇÒÁÌÁ × ×ÙÒÁÖÅÎÉÉ (2) ÄÌÑ 4-ÍÅÒÎÏÊ Å×ËÌÉÄÏ×ÏÊ ÔÅÏÒÉÉ�ÕÔÅÍ ÚÁÍÅÎÙ �ÒÏ�ÁÇÁÔÏÒÁ M−1 (ËÏÔÏÒÙÊ �ÏÌÕÞÁÅÔÓÑ ËÁË ÏÂÒÁÔÎÙÊÏ�ÅÒÁÔÏÒ ÄÌÑ Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÙ M) ÎÁ ÎÅËÏÔÏÒÕÀ ÆÕÎË�ÉÀ �ÅÒÅ-ÍÅÎÎÏÊ M M−1 → r(M;�); r(M;�) �→∞
−→ M−1;M → r−1(M;�);lnM−1 → ln r(M;�);ÇÄÅ � { ÜÔÏ �ÁÒÁÍÅÔÒ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ. éÓ�ÏÌØÚÕÑ × ËÁÞÅÓÔ×Å �ÒÉÍÅÒÁ4-ÍÅÒÎÕÀ Å×ËÌÉÄÏ×Õ ÔÅÏÒÉÀ ñÎÇÁ-íÉÌÌÓÁ ÍÙ �ÏËÁÖÅÍ, ÞÔÏ ÒÁÓÈÏÄÉ-ÍÏÓÔÉ × �ÅÔÌÅ×ÏÍ ÓÞÅÔÅ É × ÓÌÅÄÅ ÌÏÇÁÒÉÆÍÁ ÚÁ×ÑÚÁÎÙ ÄÒÕÇ ÎÁ ÄÒÕÇÁÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏ ÉÈ ÎÅÌØÚÑ ÒÅÇÕÌÑÒÉÚÏ×ÁÔØ Ï�ÉÓÁÎÎÙÍ Ó�ÏÓÏÂÏÍÓ �ÏÍÏÝØÀ ÆÕÎË�ÉÉ r  ÁÎÁÌÉÔÉÞÅÓËÉÍ �Ï×ÅÄÅÎÉÅÍ ÉÌÉ ÌÅÖÁÝÅÊ ×ËÌÁÓÓÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ìÁ�ÌÁÓÁ. �ÅÍ ÎÅ ÍÅÎÅÅ, ËÁË ÂÕÄÅÔ �ÏËÁÚÁÎÏ ×ÒÁÚÄÅÌÅ 2, ÜÔÏ ÍÏÖÎÏ ÓÄÅÌÁÔØ Ó �ÏÍÏÝØÀ ÓÔÕ�ÅÎÞÁÔÏÊ ÆÕÎË�ÉÉ. üÔÏÔ�ÏÄÈÏÄ (ÓÕÖÅÎÉÅ ÏÂÌÁÓÔÉ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ) �ÒÉ×ÏÄÉÔ Ë ÔÒÕÄÎÏ×Ù�ÏÌ-ÎÉÍÙÍ �ÅÔÌÅ×ÙÍ ×ÙÞÉÓÌÅÎÉÑÍ, ÏÄÎÁËÏ ÏÎ �ÏÚ×ÏÌÑÅÔ ÂÏÌÅÅ ÎÁÇÌÑÄÎÏ�ÒÏÄÅÍÏÎÓÔÒÉÒÏ×ÁÔØ, ÞÔÏ ÒÁÚÎÏÓÔØ Ä×ÕÈ ÌÏÇÁÒÉÆÍÏ× ÍÏÖÅÔ ÚÁ×ÉÓÅÔØÏÔ ÏÂÝÅÇÏ ËÏÜÆÆÉ�ÉÅÎÔÁ ÉÈ ÁÒÇÕÍÅÎÔÏ×Tr(ln�2r(M;�) − ln�2r(M0;�)) 6= Tr(ln r(M;�)− ln r(M0;�)); (5)ÇÄÅ M0 = M(0). îÁ �ÒÉÍÅÒÅ ÍÏÄÅÌÉ '4-�ÏÌÑ ÜÔÏ Ñ×ÌÅÎÉÅ, ËÁË ÚÁ×É-ÓÉÍÏÓÔØ ÏÄÎÏ�ÅÔÌÅ×ÙÈ �Ï�ÒÁ×ÏË ÏÔ ÉÚÍÅÎÅÎÉÑ ÍÁÓÛÔÁÂÁ ËÏÏÒÄÉÎÁÔ,�ÏÄÒÏÂÎÏ ÒÁÚÂÉÒÁÅÔÓÑ × [7℄. äÌÑ ÎÁÓ ÂÏÌÅÅ ÕÄÏÂÎÏÊ Ñ×ÌÑÅÔÓÑ ÉÎÔÅÒ�ÒÅ-ÔÁ�ÉÑ ËÏÜÆÆÉ�ÉÅÎÔÁ � ËÁË ÉÚÍÅÎÅÎÉÅ ÍÅÒÙ × ÉÎÔÅÇÒÁÌÅ (2). äÅÊÓÔ×É-ÔÅÌØÎÏ, ÉÚÍÅÎÅÎÉÅ ÍÁÓÛÔÁÂÁ �ÅÒÅÍÅÎÎÙÈ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑb → �b



64 �. á. âïìïèï÷�ÒÉ×ÏÄÉÔ Ë ÕÍÎÏÖÅÎÉÀ ÎÁ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÓÔÅ�ÅÎÉ �ÁÒÁÍÅÔÒÁ ��ÒÏ�ÁÇÁÔÏÒÁ r(M;�) → �2r(M;�)É ×ÅÒÛÉÎ ÔÅÏÒÉÉ Vk → �−kVk:ðÒÉ ÜÔÏÍ ÏÞÅ×ÉÄÎÏ, ÞÔÏ ×ËÌÁÄ ÚÁÍËÎÕÔÙÈ �ÅÔÌÅ×ÙÈ ÄÉÁÇÒÁÍÍ ÎÅ ÚÁ-×ÉÓÉÔ ÏÔ �, × ÔÏ ×ÒÅÍÑ ËÁË Ë ÁÒÇÕÍÅÎÔÕ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ ÄÏÂÁ×ÌÑÅÔÓÑËÏÜÆÆÉ�ÉÅÎÔTr(ln r(M;�)− ln r(M0;�)) → Tr(ln�2r(M;�)− ln�2r(M0;�)):íÅÒÁ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ �, × Ó×ÏÀ ÏÞÅÒÅÄØ, ÔÁËÖÅ ÍÏÖÅÔ ÚÁ×ÉÓÔÅØ ÏÔ� É, ÔÁËÉÍ ÏÂÒÁÚÏÍ, × ÓÏÏÔ×ÅÔÓÔ×ÉÉ Ó ÉÄÅÑÍÉ [8℄, ×ÙÂÏÒ ÍÅÒÙ ÉÎÔÅ-ÇÒÉÒÏ×ÁÎÉÑ Ï�ÒÅÄÅÌÑÅÔ ÓÈÅÍÕ �ÅÒÅÎÏÒÍÉÒÏ×ËÉ. âÏÌÅÅ ÔÏÇÏ, ÔÁË ËÁËÆÕÎË�ÉÏÎÁÌØÎÙÊ ÉÎÔÅÇÒÁÌ Ñ×ÌÑÅÔÓÑ �ÒÏÉÚ×ÅÄÅÎÉÅÍ ÉÎÔÅÇÒÁÌÏ×, ÓÏÏÔ-×ÅÔÓÔ×ÕÀÝÉÈ ÒÁÚÌÉÞÎÙÍ ÞÁÓÔÑÍ Ó�ÅËÔÒÁ Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÙ, ÍÅÒÁ� ÍÏÖÅÔ ÂÙÔØ ÒÁÚÂÉÔÁ ÎÁ �ÒÏÉÚ×ÅÄÅÎÉÅ ÏÔÌÉÞÁÀÝÉÈÓÑ ÍÅÒ, ÓÏÏÔ×ÅÔ-ÓÔ×ÕÀÝÉÈ ÕËÁÚÁÎÎÙÍ ÍÎÏÖÉÔÅÌÑÍ × ÉÎÔÅÇÒÁÌÅ. éÌÉ, ÄÒÕÇÉÍÉ ÓÌÏ×Á-ÍÉ, ÍÅÒÁ � ÍÏÖÅÔ ÂÙÔØ ÆÕÎË�ÉÅÊ Ï�ÅÒÁÔÏÒÁ Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÙ (MÉÌÉ M0).üÔÉ ÓÏÏÂÒÁÖÅÎÉÑ �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ ×ÙÂÏÒ ÁÒÇÕÍÅÎÔÁ ÓÌÅÄÁ ÌÏÇÁÒÉÆ-ÍÁ, Ñ×ÌÑÀÝÅÇÏÓÑ ËÏÍÂÉÎÁ�ÉÅÊ ÆÕÎË�ÉÉ r É ÍÅÒÙ �, ÉÍÅÅÔ ÄÏÓÔÁÔÏÞÎÏÂÏÌØÛÕÀ Ó×ÏÂÏÄÕ, É, ÔÁËÉÍ ÏÂÒÁÚÏÍ, �ÏÚ×ÏÌÑÅÔ ËÏÒÒÅËÔÎÏ Ï�ÒÅÄÅÌÉÔØÏÂÝÅÅ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ. äÏ�ÏÌÎÉÔÅÌØÎÙÅ ÏÇÒÁÎÉÞÅÎÉÑÎÁ ×ÙÂÏÒ ÍÅÒÙ � ÍÏÇÕÔ ÂÙÔØ ÎÁÌÏÖÅÎÙ × �ÒÏ�ÅÓÓÅ �ÅÒÅÎÏÒÍÉÒÏ×-ËÉ, ÞÔÏ ÂÕÄÅÔ �ÒÏÄÅÍÏÎÓÔÒÉÒÏ×ÁÎÏ ÄÁÌÅÅ ÎÁ �ÒÉÍÅÒÅ ÄÅÊÓÔ×ÉÑ ñÎÇÁ-íÉÌÌÓÁ.
§1. òÅÇÕÌÑÒÉÚÁ�ÉÑ Ó �ÏÍÏÝØÀ ÔÅ�ÌÏ×ÏÇÏ ÑÄÒÁäÌÑ �ÒÉÄÁÎÉÑ ÓÍÙÓÌÁ ÓÌÅÄÕ ÌÏÇÁÒÉÆÍÁ É �ÅÔÌÅ×ÙÍ ÓÌÁÇÁÅÍÙÍ ÏÓÔÁ-ÎÏ×ÉÍÓÑ ÄÌÑ ÎÁÞÁÌÁ ÎÁ ÒÅÇÕÌÑÒÉÚÁ�ÉÑÈ, Ñ×ÌÑÀÝÉÈÓÑ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ-ÍÉ ìÁ�ÌÁÓÁ ËÁËÉÈ-ÌÉÂÏ ÆÕÎË�ÉÊ Ï�ÅÒÁÔÏÒÁ Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÙ M .



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 65âÕÄÅÍ ÉÓËÁÔØ ÒÅÇÕÌÑÒÉÚÏ×ÁÎÎÙÊ �ÒÏ�ÁÇÁÔÏÒ É ÅÇÏ ÌÏÇÁÒÉÆÍ × ÓÌÅÄÕ-ÀÝÅÍ ×ÉÄÅ r(M;�) = ∞∫0 r̂(t;�)e−Mtdt; (6)l(M;�) = ∞∫0 l̂(t;�)e−Mtdt: (7)æÕÎË�ÉÉ r(M;�) É l(M;�) ÄÏÌÖÎÙ ÂÙÔØ ÔÁËÉÍÉ, ÞÔÏÂÙ ×Ù�ÏÌÎÑÌÉÓØÕÓÌÏ×ÉÑ r(M;�) �→∞
→ M−1;l(M;�) = ln r(M;�); M > 0:îÅÓÍÏÔÒÑ ÎÁ ÔÏ, ÞÔÏ �ÅÒ×ÙÊ ÁÒÇÕÍÅÎÔ × ÜÔÉÈ ÆÕÎË�ÉÑÈ Ñ×ÌÑÅÔÓÑ Ï�Å-ÒÁÔÏÒÏÍ, ÄÏÓÔÁÔÏÞÎÏ Ï�ÒÅÄÅÌÉÔØ ÉÈ ÏÓÎÏ×ÎÙÅ Ó×ÏÊÓÔ×Á ÄÌÑ ÓËÁÌÑÒÎÙÈ(ÓÏÂÓÔ×ÅÎÎÙÈ) ×ÅÌÉÞÉÎ. �ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ÂÕÄÅÍ �ÏÄÒÁÚÕÍÅ×ÁÔØ, ÞÔÏÁÒÇÕÍÅÎÔÙ ÆÕÎË�ÉÊ ÍÏÇÕÔ ÉÍÅÔØ ÒÁÚÌÉÞÎÙÊ ÈÁÒÁËÔÅÒ, × ÚÁ×ÉÓÉÍÏÓÔÉÏÔ ËÏÎÔÅËÓÔÁ.ëÒÏÍÅ ÔÏÇÏ, ÍÙ ÄÏÌÖÎÙ �ÏÔÒÅÂÏ×ÁÔØ ÏÔ r(M;�) É l(M;�) \ÒÁÚÕÍ-ÎÏÇÏ �Ï×ÅÄÅÎÉÑ × ÎÕÌÅ" × ËÏÏÒÄÉÎÁÔÎÏÍ �ÒÅÄÓÔÁ×ÌÅÎÉÉ, ÔÏ ÅÓÔØ ËÏÎÅÞ-ÎÏÓÔØ ÓÌÅÄÁTr(l(M;�)−l(M0;�)) = ∫ tr ∞∫0 l̂(t;�)(e−Mt−e−M0t)(x; y)dt|x=yd4x (8)É ÒÁÓÈÏÄÉÍÏÓÔØ ÍÅÎØÛÅ ÞÅÍ (x− y)−2 ÄÌÑ �ÒÏ�ÁÇÁÔÏÒÁr(x; y) = ∞∫0 r̂(t;�)e−Mt(x; y)dt(ÄÌÑ ËÏÎÅÞÎÏÓÔÉ ÄÉÁÇÒÁÍÍ ÔÉ�Á \×ÏÓØÍÅÒËÉ" ÎÅÏÂÈÏÄÉÍÏ �ÏÔÒÅÂÏ×ÁÔØÓÕÝÅÓÔ×Ï×ÁÎÉÑ �ÒÅÄÅÌÁ �ÒÉ ÒÁ×ÎÙÈ ÁÒÇÕÍÅÎÔÁÈ ÄÌÑ r(x; y)). é ÔÁ ÉÄÒÕÇÁÑ ÒÁÓÈÏÄÉÍÏÓÔÉ Ó×ÑÚÁÎÙ Ó �Ï×ÅÄÅÎÉÅÍ ÆÕÎË�ÉÊ r̂(t), l̂(t) × ÏËÒÅÓÔ-ÎÏÓÔÉ ÎÕÌÑ ÁÒÇÕÍÅÎÔÁ t, �ÏÜÔÏÍÕ ÎÁÍ ÎÅÏÂÈÏÄÉÍÏ ÚÎÁÔØ ËÁË ×ÅÄÅÔ ÓÅÂÑÜËÓ�ÏÎÅÎÔÁ e−Mt × ÜÔÏÊ ÔÏÞËÅ. üÔÁ ÜËÓ�ÏÎÅÎÔÁ { ÔÅ�ÌÏ×ÏÅ ÑÄÒÏ { Ï�ÒÅ-ÄÅÌÑÅÔÓÑ ÕÒÁ×ÎÅÎÉÅÍ�e−Mt�t +Me−Mt = 0; e−Mt t→0

→ ÆmnÆ4(x− y)



66 �. á. âïìïèï÷(ÚÄÅÓØ m É n { ÜÔÏ ÉÎÄÅËÓÙ Ï�ÅÒÁÔÏÒÁ M , ÏÔ×ÅÞÁÀÝÉÅ ÚÁ ÓÉÍÍÅÔÒÉÉÔÅÏÒÉÉ). âÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ Ï�ÅÒÁÔÏÒ M ÏÂÌÁÄÁÅÔ �ÒÅÄÅÌÏÍM0 =M |B=0 = −�2Æmn;Á ÔÁËÖÅ, ÞÔÏ ÔÅ�ÌÏ×ÏÅ ÑÄÒÏ ÄÏ�ÕÓËÁÅÔ ÒÁÚÌÏÖÅÎÉÅ × ÏËÒÅÓÔÎÏÓÔÉ ÎÕÌÑ×ÉÄÁe−Mt = e−M0t(a0 + a1t+ a2t2 + : : :); e−M0t = Æmn4�2t2 e− (x−y)24t : (9)ðÒÉ ÜÔÏÍ ËÏÜÆÆÉ�ÉÅÎÔÙ ak ÚÁ×ÉÓÑÔ ÏÔ ÆÏÎÏ×ÏÇÏ �ÏÌÑ B ÔÁËÉÍ ÏÂÒÁ-ÚÏÍ, ÞÔÏ a0|B=0 = Æmn; ak|B=0 = 0; k > 0(�ÏÄÒÏÂÎÏÅ ÏÂÓÕÖÄÅÎÉÅ Ó×ÏÊÓÔ× ÔÅ�ÌÏ×ÏÇÏ ÑÄÒÁ ÓÍ. × [11℄). ÷ ÞÁÓÔÎÏ-ÓÔÉ, ÔÅÏÒÉÑ ñÎÇÁ-íÉÌÌÓÁ ÓÏÄÅÒÖÉÔ Ä×Á �ÒÏ�ÁÇÁÔÏÒÁM = −∇∇Æ�� − 2F�� ; Mghost = −∇∇;
∇� = �� +B�; F�� = ∇�∇� −∇�∇�;Á ËÏÜÆÆÉ�ÉÅÎÔÙ ak Ï�ÒÅÄÅÌÑÀÔÓÑ ÕÒÁ×ÎÅÎÉÑÍÉ(x− y)�∇�a0 = 0;kak + (x − y)�∇�ak = −Mak−1;ÉÚ ËÏÔÏÒÙÈ ÓÌÅÄÕÅÔ, ÞÔÏa0(x; x) = Æmn; a1(x; x){mn} = 0 (10)[aYM2 (x; x)℄mm = −

512 C24�2F 2�� ; [aghost2 (x; x)℄mm = 148 C24�2F 2�� : (11)õÞÉÔÙ×ÁÑ ÓÏÏÔÎÏÛÅÎÉÑ (10), (11), ÍÏÖÎÏ ÓÄÅÌÁÔØ ×Ù×ÏÄ, ÞÔÏ �ÅÒ×ÙÊËÏÜÆÆÉ�ÉÅÎÔ, ËÏÔÏÒÙÊ ÄÁÓÔ ×ËÌÁÄ × ÚÎÁÞÅÎÉÅ ÌÏÇÁÒÉÆÍÁ (8) × ÎÕÌÅ,ÂÕÄÅÔ a2:Tr(l(M;�)− l(M0;�))= ∫ ∞∫0 l̂(t;�) 14�2t2 e− (x−y)24t ((a0 + a1t+ a2t2 + : : :)mm − Æmm)dt|x=yd4x= 14�2 ∫ [a2(x; x)℄mmd4x ∞∫0 l̂(t;�)dt+ : : : = A2l(M;�)|M=0: (12)



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 67úÄÅÓØ ÍÙ ÏÂÏÚÎÁÞÉÌÉAk = 14�2 ∫ [ak(x; x)℄mmd4x;É ÓÄÅÌÁÌÉ �ÒÅÄ�ÏÌÏÖÅÎÉÅ Ï ÔÏÍ, ÞÔÏ ÉÎÔÅÇÒÁÌ �Ï t É ×ÚÑÔÉÅ �ÒÅÄÅÌÁ x =y ÍÏÖÎÏ �ÅÒÅÓÔÁ×ÌÑÔØ ÍÅÓÔÁÍÉ. �Å�ÅÒØ �ÏÓÍÏÔÒÉÍ ÎÁ ÒÁÓÈÏÄÉÍÏÓÔÉÉÎÔÅÇÒÁÌÁ
∞∫0 l̂(t;�)dt = l(M;�)|M=0: (13)ïÎ ÍÏÖÅÔ ÒÁÓÈÏÄÉÔØÓÑ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ �Ï t, ÅÓÌÉ ÆÕÎË�ÉÑ l(M;�)ÎÅÏÇÒÁÎÉÞÅÎÎÏ ÒÁÓÔÅÔ × ÎÕÌÅ. �ÁËÁÑ ÒÁÓÈÏÄÉÍÏÓÔØ ÕÓÔÒÁÎÑÅÔÓÑ ××ÅÄÅ-ÎÉÅÍ ÉÎÆÒÁËÒÁÓÎÏÇÏ �ÁÒÁÍÅÔÒÁ � (ÔÏÞËÉ �ÅÒÅÎÏÒÍÉÒÏ×ËÉ), ÎÁ�ÒÉÍÅÒ,�ÒÉ �ÏÍÏÝÉ ÓÄ×ÉÇÁ M → M + �2;(× ÓÌÕÞÁÅ ÍÁÓÓÉ×ÎÏÊ ÔÅÏÒÉÉ �ÁÒÁÍÅÔÒ �2 ÍÏÖÎÏ ×ÙÄÅÌÉÔØ ÎÅ�ÏÓÒÅÄ-ÓÔ×ÅÎÎÏ ÉÚ M , ÔÁË ÞÔÏÂÙ ÜÔÏÔ Ï�ÅÒÁÔÏÒ ÏÓÔÁÌÓÑ �ÏÌÏÖÉÔÅÌØÎÙÍ). �Ï-ÇÄÁ ÉÚ Ó×ÏÊÓÔ×Á �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ ìÁ�ÌÁÓÁ ÓÌÅÄÕÅÔ, ÞÔÏTr(l(M + �2;�)− l(M0 + �2;�)) = A2 ∞∫0 l̂(t;�)e−�2tdt ≃ A2l(�2;�):éÚ ÏÔÓÕÔÓÔ×ÉÑ ÒÁÓÈÏÄÉÍÏÓÔÉ ÉÎÔÅÇÒÁÌÁ (13) × ÎÕÌÅ ÓÌÅÄÕÅÔ, ÞÔÏÆÕÎË�ÉÑ l(M) = ∞∫0 l̂(t)e−MtdtÏÇÒÁÎÉÞÅÎÁ �ÒÉM → ∞. üÔÏ ÕÔ×ÅÒÖÄÅÎÉÅ Ó�ÒÁ×ÅÄÌÉ×Ï ÄÌÑ ÎÅËÏÔÏÒÏ-ÇÏ ËÌÁÓÓÁ ÆÕÎË�ÉÊ l̂(t), ×ÅÄÕÝÉÈ ÓÅÂÑ \ÒÅÇÕÌÑÒÎÏ" × ÎÕÌÅ, ÌÉÂÏ ÉÎÔÅ-ÇÒÉÒÕÅÍÙÈ �Ï ÍÏÄÕÌÀ. ïÎÏ ÎÅ ÒÁÂÏÔÁÅÔ, ÎÁ�ÒÉÍÅÒ, ÄÌÑ ÏÂÏÂÝÅÎÎÙÈÆÕÎË�ÉÊ, ÏÄÎÁËÏ, × ÜÔÏÍ ÓÌÕÞÁÅ, ËÁË ÍÙ Õ×ÉÄÉÍ ÎÉÖÅ, ÒÁÚÌÏÖÅÎÉÅ (9)ÔÒÅÂÕÅÔ Ó�Å�ÉÁÌØÎÏÊ ÉÎÔÅÒ�ÒÅÔÁ�ÉÉ �ÒÉ ×ÙÞÉÓÌÅÎÉÉ ÓÌÅÄÁ.éÚ ÏÇÒÁÎÉÞÅÎÎÏÓÔÉ l(M) ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ ÓÌÅÄÕÅÔ, ÞÔÏ ÆÕÎË�ÉÑr(M) = exp l(M)×ÏÏÂÝÅ ÎÅ ÓÔÒÅÍÉÔÓÑ Ë ÎÕÌÀ, ÔÏ ÅÓÔØ ÏÂÌÁÄÁÅÔ ÅÝÅ ÂÏÌÅÅ ÈÕÄÛÉÍ �Ï-×ÅÄÅÎÉÅÍ �ÒÉ ÍÁÌÏÊ ÒÁÚÎÏÓÔÉ ÁÒÇÕÍÅÎÔÏ× (x− y), ÞÅÍM−10 = Æmn4�2(x− y)2 :



68 �. á. âïìïèï÷çÒÁÎÉ�ÅÊ ÒÁÚÄÅÌÁ Ñ×ÌÑÅÔÓÑ ÆÕÎË�ÉÑl̂log(t) = 1t{ ÄÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÓÈÏÄÉÌÓÑ ÓÌÅÄ ÌÏÇÁÒÉÆÍÁ, l̂(t) ÄÏÌÖÎÁ ×ÅÓÔÉ ÓÅÂÑÌÕÞÛÅ ÞÅÍ l̂log(t), ÎÏ �ÒÉ ÜÔÏÍ �ÒÏ�ÁÇÁÔÏÒ ÂÕÄÅÔ ×ÅÓÔÉ ÓÅÂÑ �ÌÏÈÏ. é ÎÁ-ÏÂÏÒÏÔ, �ÒÏÏÂÒÁÚÙ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ìÁ�ÌÁÓÁ ÏÔ l = ln r(M) ÄÌÑ ÆÕÎË-�ÉÊ r(M), ÕÂÙ×ÁÀÝÉÈ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ ËÁË M−2 É ÂÙÓÔÒÅÅ, Ñ×ÌÑÀÔ-ÓÑ �ÒÏÉÚ×ÏÄÎÙÍÉ ÄÅÌØÔÁ-ÆÕÎË�ÉÉ É ×ÅÄÕÔ ÓÅÂÑ × ÎÕÌÅ ÅÝÅ ÈÕÖÅ, ÞÅÍl̂log(t). ðÏÈÏÖÅÅ Ñ×ÌÅÎÉÑ ÎÁÂÌÀÄÁÅÔÓÑ × ÒÁÂÏÔÁÈ [9, 10℄, ÇÄÅ ÍÅÔÏÄ ×ÙÓ-ÛÉÈ ËÏ×ÁÒÉÁÎÔÎÙÈ �ÒÏÉÚ×ÏÄÎÙÈ ÈÏÒÏÛÏ ÒÅÇÕÌÑÒÉÚÕÅÔ �ÅÔÌÅ×ÙÅ ÓÌÁ-ÇÁÅÍÙÅ, ÎÏ �ÒÉ ÜÔÏÍ ×ÏÚÎÉËÁÀÔ ÔÒÕÄÎÏÓÔÉ ÓÏ ÓÌÅÄÏÍ ÌÏÇÁÒÉÆÍÁ. âÅÚ�ÒÉÍÅÎÅÎÉÑ ÍÅÔÏÄÁ ÆÏÎÏ×ÏÇÏ �ÏÌÑ �ÏÄÏÂÎÁÑ �ÒÏÂÌÅÍÁ ÒÁÚÂÉÒÁÅÔÓÑ ×ÒÁÂÏÔÁÈ [12{14℄.ðÏÓÍÏÔÒÉÍ ÔÅ�ÅÒØ, ÞÔÏ �ÒÏÉÓÈÏÄÉÔ Ó ÆÏÒÍÕÌÏÊ ÄÌÑ ÓÌÅÄÁ × ÓÌÕ-ÞÁÅ, ËÏÇÄÁ l̂(t) Ñ×ÌÑÅÔÓÑ ÏÂÏÂÝÅÎÎÏÊ ÆÕÎË�ÉÅÊ. îÁ�ÒÉÍÅÒ, ÏÂÒÁÔÎÙÅ�ÒÅÏÂÒÁÚÏ×ÁÎÉÑ ìÁ�ÌÁÓÁ ÄÌÑ ÆÕÎË�ÉÊ ln �2r(M;�) É ln r(M;�) ÏÔÌÉ-ÞÁÀÔÓÑ ÎÁ Æ(t) ln �2, �ÏÜÔÏÍÕ ÍÏÖÎÏ ÚÁ�ÉÓÁÔØTr(ln �2r(M;�) − ln �2r(M0;�)) − Tr(ln r(M;�)− ln r(M0;�))= ln �2 ∫ tr ∞∫0 Æ(t)(e−Mt − e−M0t)dt|x=yd4x:�Ï ÅÓÔØ, �ÏÌÕÞÁÅÔÓÑ ÒÁÚÎÏÓÔØ ÓÌÅÄÏ× Ä×ÕÈ ÅÄÉÎÉÞÎÙÈ Ï�ÅÒÁÔÏÒÏ×, ËÏ-ÔÏÒÁÑ ÄÏÌÖÎÁ ÂÙÔØ ÒÁ×ÎÁ ÎÕÌÀ. îÏ, Ó ÄÒÕÇÏÊ ÓÔÏÒÏÎÙ, ÅÓÌÉ ×ÏÓ�ÏÌØÚÏ-×ÁÔØÓÑ ÒÁÚÌÏÖÅÎÉÅÍ (9) ÄÌÑ e−Mt, ÔÏ × ÓÏÏÔ×ÅÔÓÔ×ÉÉ Ó ÆÏÒÍÕÌÏÊ (12),ÍÙ �ÏÌÕÞÉÍln �2 ∫ tr ∞∫0 Æ(t)(e−Mt − e−M0t)dt|x=yd4x= ln �2 ∫ tr ∞∫0 Æ(t)4�2t2 e− (x−y)24t a2(x; y)t2dt|x=yd4x = A2 ln �2:æÕÎË�ÉÑ, ËÏÔÏÒÁÑ ÓÔÏÉÔ �ÏÄ ×ÎÅÛÎÉÍ ÉÎÔÅÇÒÁÌÏÍ
∞∫0 Æ(t)4�2 e− (x−y)24t a2(x; y)dt = { 14�2 a2(x; x); x = y;0; x 6= y



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 69ÎÅ ÎÅ�ÒÅÒÙ×ÎÁ �Ï x; y. ëÁË ÑÄÒÏ ÏÎÁ ÎÅ ÏËÁÚÙ×ÁÅÔ ×ÌÉÑÎÉÑ ÎÁ ÅÄÉÎÉÞ-ÎÙÊ Ï�ÅÒÁÔÏÒ e−Mt|t=0, ÎÏ, × ÔÏ ÖÅ ×ÒÅÍÑ, ÆÏÒÍÁÌØÎÏ ÉÍÅÅÔ ÎÅÎÕÌÅ×ÏÊÓÌÅÄ. üÔÏ ÏÂÓÔÏÑÔÅÌØÓÔ×Ï, ËÁË ÍÙ Õ×ÉÄÉÍ ÄÁÌØÛÅ, ÉÍÅÅÔ ÆÉÚÉÞÅÓËÉÊÓÍÙÓÌ ÎÁÒÕÛÅÎÉÑ ÍÁÓÛÔÁÂÎÏÊ ÉÎ×ÁÒÉÁÎÔÎÏÓÔÉ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ (5),ÎÏ Ó ÔÏÞËÉ ÚÒÅÎÉÑ ÍÁÔÅÍÁÔÉËÉ ÍÙ ÉÍÅÅÍ ÄÅÌÏ Ó ÎÅËÏÒÒÅËÔÎÏÓÔØÀ �Å-ÒÅÓÔÁÎÏ×ËÉ �ÒÅÄÅÌÁ É ÉÎÔÅÇÒÁÌÁ × ÆÏÒÍÕÌÅ (12).�ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ×ÉÄÉÍ, ÞÔÏ ÒÅÇÕÌÑÒÉÚÁ�ÉÑ ÔÉ�Á (6), (7) ÏÂÙÞ-ÎÙÍÉ ÆÕÎË�ÉÑÍÉ r̂(t), l̂(t) ÏËÁÚÙ×ÁÅÔÓÑ ÎÅ�ÒÉÇÏÄÎÏÊ ÄÌÑ ×ÙÞÉÓÌÅÎÉÑÜÆÆÅËÔÉ×ÎÏÇÏ ÄÅÊÓÔ×ÉÑ Ó �ÏÍÏÝØÀ ÍÅÔÏÄÁ ÆÏÎÏ×ÏÇÏ �ÏÌÑ, ÉÌÉ, �ÏËÒÁÊÎÅÊ ÍÅÒÅ, ÔÒÅÂÕÅÔ Ó�Å�ÉÁÌØÎÏÊ ÉÎÔÅÒ�ÒÅÔÁ�ÉÉ. éÓ�ÏÌØÚÏ×ÁÎÉÅ ÖÅ× ÆÏÒÍÕÌÅ (7) ÆÕÎË�ÉÊ Ó ÂÏÌÅÅ ×ÙÓÏËÉÍ ÒÏÓÔÏÍ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ ÞÅÍlnM ÏÚÎÁÞÁÅÔ ×ÙÈÏÄ ÉÚ ËÌÁÓÓÁ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ìÁ�ÌÁÓÁ ÏÔ ÏÂÙÞÎÙÈÆÕÎË�ÉÊ l̂(t), �ÏÔÅÒÀ ÎÅ�ÒÅÒÙ×ÎÏÓÔÉ l(M;�) �Ï x; y É ÎÅÏÄÎÏÚÎÁÞÎÏÅ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÓÌÅÄÁ.÷ ÚÁËÌÀÞÅÎÉÅ ÒÁÓÓÕÖÄÅÎÉÊ Ï ÔÅ�ÌÏ×ÏÍ ÑÄÒÅ �ÒÉ×ÅÄÅÍ Ä×Á �ÒÉÍÅÒÁÆÕÎË�ÉÊ l̂(t) É ÒÁÓÓÍÏÔÒÉÍ Ó×ÏÊÓÔ×Á ÉÈ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ìÁ�ÌÁÓÁ.1.1. ðÒÉÍÅÒ: ÓÒÅÚ × �ÒÅÏÂÒÁÚÏ×ÁÎÉÉ ìÁ�ÌÁÓÁ. ðÅÒ×ÙÊ �ÒÉÍÅÒ {ÓÒÅÚ × �ÒÅÏÂÒÁÚÏ×ÁÎÉÉ ìÁ�ÌÁÓÁ ÎÅ ÄÏÈÏÄÑ ÄÏ ÎÕÌÑ ÎÁ ÍÁÌÙÊ �ÁÒÁÍÅÔÒ:l̂ut(t;�) = {0; t < 1=�2;1=t; 1=�2 6 t:÷ ÉÓ�ÏÌØÚÕÅÍÏÊ ÚÄÅÓØ ÉÎÔÅÒ�ÒÅÔÁ�ÉÉ ÍÅÔÏÄÁ ÆÏÎÏ×ÏÇÏ �ÏÌÑ ÔÁËÁÑ ÒÅ-ÇÕÌÑÒÉÚÁ�ÉÑ ÂÙÌÁ Ï�ÉÓÁÎÁ × ÒÁÂÏÔÅ [4℄. òÅÇÕÌÑÒÉÚÏ×ÁÎÎÙÊ ÌÏÇÁÒÉÆÍl(M;�) ×ÙÇÌÑÄÉÔ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:l(M;�) = ∞∫0 l̂ut(t)e−Mtdt = ∞∫1=�2 e−Mtt dt = E1(M=�2);Á ÆÏÒÍÕÌÁ (12) ÄÁÅÔ ÄÌÑ ÅÇÏ ÓÌÅÄÁ ×ÙÒÁÖÅÎÉÅTr(l(M + �2;�)− l(M0 + �2;�)) = A2E1(�2=�2):ðÒÉ ÍÁÌÏÍ ÚÎÁÞÅÎÉÉ ÁÒÇÕÍÅÎÔÁ ÉÎÔÅÇÒÁÌØÎÁÑ ÜËÓ�ÏÎÅÎÔÁ E1 ×ÅÄÅÔ ÓÅ-ÂÑ ËÁË E1(M=�2) ≃ − ln M�2 −  + o(1);



70 �. á. âïìïèï÷É, ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ÉÍÅÅÍ ÒÁÓÈÏÄÑÝÉÊÓÑ ÓÌÅÄ ÌÏÇÁÒÉÆÍÁ. îÏ ÜÔÁÒÁÓÈÏÄÉÍÏÓÔØ ÏÂÕÓÌÏ×ÌÅÎÁ �ÒÅÖÄÅ ×ÓÅÇÏ ÔÅÍ, ÞÔÏ �ÒÉ � → ∞l(M;�) ≃ − ln M�2 ; (14)ÔÏ ÅÓÔØ ÔÅÍ, ÞÔÏ ÍÙ ÂÅÒÅÍ × ËÁÞÅÓÔ×Å �ÒÏ�ÁÇÁÔÏÒÁ ÎÅ M−1, Á �2M−1.ó ÄÒÕÇÏÊ ÓÔÏÒÏÎÙ, �ÒÉ M ÓÔÒÅÍÑÝÅÍÓÑ Ë ÂÅÓËÏÎÅÞÎÏÓÔÉ ÍÙ ÉÍÅÅÍÒÁÚÌÏÖÅÎÉÅ E1(M=�2) ≃ e−M=�2(�2M + o(1)) M→∞
→ 0;ÞÔÏ ÄÅÌÁÅÔ ÎÅ×ÏÚÍÏÖÎÙÍ ÉÓ�ÏÌØÚÏ×ÁÎÉÅ ÆÕÎË�ÉÉr(M;�) = exp{E1(M=�2)} M→∞

≃ I + o(1)× ËÁÞÅÓÔ×Å �ÒÏ�ÁÇÁÔÏÒÁ ÄÌÑ ×ÙÞÉÓÌÅÎÉÑ �ÅÔÌÅ×ÙÈ ÄÉÁÇÒÁÍÍ.1.2. ðÒÉÍÅÒ: ÒÅÇÕÌÑÒÉÚÁ�ÉÑ ðÁÕÌÉ-÷ÉÌÌÁÒÓÁ. ÷ÔÏÒÏÊ �ÒÉÍÅÒ{ ÒÅÇÕÌÑÒÉÚÁ�ÉÑ ðÁÕÌÉ-÷ÉÌÌÁÒÓÁ [15℄. ÷ Õ�ÒÏÝÅÎÎÏÊ ÆÏÒÍÅ ÜÔÏ �ÒÅ-ÏÂÒÁÚÏ×ÁÎÉÅ ìÁ�ÌÁÓÁ ÏÔ ÆÕÎË�ÉÉl̂PV(t;�) = 1− e−�2tt ;ËÏÔÏÒÏÅ ×ÙÇÌÑÄÉÔ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:l(M;�) = ∞∫0 1− e−�2tt e−Mtdt = ln M +�2M : (15)÷ ÒÅÁÌØÎÏÊ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ ðÁÕÌÉ-÷ÉÌÌÁÒÓÁ ÍÏÇÕÔ ÕÞÁÓÔ×Ï×ÁÔØ ÎÅÓ-ËÏÌØËÏ ÜËÓ�ÏÎÅÎÔ Ó ÒÁÚÌÉÞÎÙÍÉ ×ÅÓÁÍÉ, ÎÏ ÒÅÚÕÌØÔÉÒÕÀÝÅÅ �Ï×ÅÄÅÎÉÅÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÑÈ �Ï M É � ÂÕÄÅÔ ÏÓÔÁ×ÁÔØÓÑ ÔÁËÉÍ ÖÅ.óÏÏÔ×ÅÔÓÔ×ÕÀÝÉÊ ÓÌÅÄ ÌÏÇÁÒÉÆÍÁ ×ÙÒÁÖÁÅÔÓÑ ÞÅÒÅÚ ÜÌÅÍÅÎÔÁÒÎÙÅÆÕÎË�ÉÉ: Tr(l(M + �2;�)− l(M0 + �2;�)) = A2 ln �2�2 :ïÎ ÒÁÓÈÏÄÉÔÓÑ, ÎÏ ÅÇÏ ÒÁÓÈÏÄÉÍÏÓÔØ, Ï�ÑÔØ ÖÅ, Ó×ÑÚÁÎÁ Ó ÒÏÓÔÏÍ ÍÎÏ-ÖÉÔÅÌÑ �ÅÒÅÄ �ÒÏ�ÁÇÁÔÏÒÏÍ × ÁÒÇÕÍÅÎÔÅ ÌÏÇÁÒÉÆÍÁl(M;�) �→∞
≃ ln �2M : (16)



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 71÷ ÔÏ ÖÅ ×ÒÅÍÑ, �ÒÉ M ÓÔÒÅÍÑÝÅÍÓÑ Ë ÂÅÓËÏÎÅÞÎÏÓÔÉ ÍÙ ÉÍÅÅÍ ÓÏÏÔ-ÎÏÛÅÎÉÅ r(M;�) = exp l(M;�) = exp{lnM +�2M } ≃ I + o(1):�Ï ÅÓÔØ ÚÁÍÅÞÁÎÉÑ �ÒÅÄÙÄÕÝÅÇÏ �ÒÉÍÅÒÁ ÏÔÎÏÓÉÔÅÌØÎÏ ÒÁÓÈÏÄÉÍÏÓÔÉÉ �Ï×ÅÄÅÎÉÑ �ÒÏ�ÁÇÁÔÏÒÁ �ÒÉ ÂÏÌØÛÉÈ M �ÒÉÍÅÎÉÍÙ É ÚÄÅÓØ.
§2. óÕÖÅÎÉÅ ÏÂÌÁÓÔÉ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑáÌØÔÅÒÎÁÔÉ×ÎÙÍ Ó�ÏÓÏÂÏÍ ××ÅÄÅÎÉÑ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ × ÆÕÎË�ÉÏÎÁÌØ-ÎÏÍ ÉÎÔÅÇÒÁÌÅ (2) ÍÏÖÅÔ ÂÙÔØ ÓÕÖÅÎÉÅ ÍÎÏÖÅÓÔ×Á ÆÕÎË�ÉÊ, �Ï ËÏÔÏ-ÒÙÍ �ÒÏÉÚ×ÏÄÉÔÓÑ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÅ. âÕÄÅÍ ÕÞÉÔÙ×ÁÔØ �ÒÉ ÉÎÔÅÇÒÉÒÏ-×ÁÎÉÉ ÔÏÌØËÏ ÔÁËÉÅ ÆÕÎË�ÉÉ, ÄÌÑ ËÏÔÏÒÙÈ ×Ù�ÏÌÎÑÅÔÓÑ ÎÅÒÁ×ÅÎÓÔ×Ï

∫ (b;Mb)d4x 6 �2 ∫ (b; b)d4x (17)É ÅÇÏ ÓÌÅÄÓÔ×ÉÅ
∫ (b; (lnM)b)d4x 6 ln �2 ∫ (b; b)d4x;ËÏÔÏÒÏÅ ×ÅÒÎÏ, ÅÓÌÉ �ÒÅÄ�ÏÌÏÖÉÔØ, ÞÔÏ M { ÜÔÏ �ÏÌÏÖÉÔÅÌØÎÙÊ Ï�Å-ÒÁÔÏÒ. �ÏÇÄÁ ÄÌÑ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ �ÒÏ�ÁÇÁÔÏÒÁ É ÌÏÇÁÒÉÆÍÁ ÍÏÖÎÏ ÉÓ-�ÏÌØÚÏ×ÁÔØ ÆÕÎË�ÉÉr(M;�) ={M−1; |M | 6 �2;0; �2 < |M |;l(M;�) ={

− ln |M |; |M | 6 �2;0; �2 < |M |:äÅÊÓÔ×ÉÔÅÌØÎÏ, �ÕÓÔØ P� { �ÒÏÅËÔÏÒ ÎÁ Ó�ÅËÔÒÁÌØÎÏÅ �ÏÄ�ÒÏÓÔÒÁÎ-ÓÔ×Ï Ï�ÅÒÁÔÏÒÁM , ÏÔ×ÅÞÁÀÝÅÅ ÞÁÓÔÉ Ó�ÅËÔÒÁ ÏÔ 0 ÄÏ �2. �ÏÇÄÁ ÉÎÔÅ-ÇÒÁÌ �Ï ÆÕÎË�ÉÑÍ, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÍ ÒÁ×ÅÎÓÔ×Õ (17) ÍÏÖÎÏ �ÒÅÏÂÒÁ-ÚÏ×ÁÔØ ÓÌÅÄÕÀÝÉÍ Ó�ÏÓÏÂÏÍ:
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∫ W (b) exp{ i2bMb} ∏P�b=b�Æb= ∫ W (P�b) exp{ i2bP�MP�b} ∏P�b=b Æ�b=W ( 1i� ÆÆj ) ∫ exp{ i2 b̃P�M�2P�b̃+ ĩbP�j} ∏P�b̃=b̃ Æb̃ (18)= (Det�−2P�M)−1=2W ( 1i� ÆÆj ) exp{− i2jP��2M−1P�j}|j=0= exp{12 Tr ln�2r(M;�)}W ( ÆiÆj ) exp{− i2jr(M;�)j}|j=0:ëÁË É × ÓÌÕÞÁÅ Ó ÆÕÎË�ÉÏÎÁÌØÎÙÍ ÉÎÔÅÇÒÁÌÏÍ �Ï �ÏÌÎÏÍÕ �ÒÏÓÔÒÁÎ-ÓÔ×Õ, ÜÔÏ ÒÁ×ÅÎÓÔ×Ï �ÒÏ×ÅÒÑÅÔÓÑ ÄÌÑ �ÏÌÉÎÏÍÉÁÌØÎÙÈ ÆÏÒÍ W (b) (ÓÍ.Ï�ÒÅÄÅÌÅÎÉÅ ÆÕÎË�ÉÏÎÁÌØÎÏÇÏ ÉÎÔÅÇÒÁÌÁ × [8℄). ï�ÒÅÄÅÌÉÔÅÌØ DetP�M�ÏÎÉÍÁÅÔÓÑ ËÁË �ÒÏÉÚ×ÅÄÅÎÉÅ ÓÏÂÓÔ×ÅÎÎÙÈ ÚÎÁÞÅÎÉÊ Ï�ÅÒÁÔÏÒÁ M ÓÕÞÅÔÏÍ ËÒÁÔÎÏÓÔÉ �Ï ÞÁÓÔÉ Ó�ÅËÔÒÁ ÏÔ 0 ÄÏ �2. ëÒÏÍÅ ÔÏÇÏ, ÍÙ ××ÅÌÉ× ÉÎÔÅÇÒÁÌ ÓËÁÌÑÒÎÕÀ ÍÅÒÕ �, ËÏÔÏÒÁÑ, ËÁË ÕËÁÚÙ×ÁÌÏÓØ ×ÙÛÅ, ×ÎÏÓÉÔ×ËÌÁÄ ÔÏÌØËÏ × ÓÌÅÄ ÌÏÇÁÒÉÆÍÁ, ÎÏ ÎÅ × �ÅÔÌÅ×ÏÊ ÓÞÅÔ.æÕÎË�ÉÉ r(M;�) É l(M;�) ÎÅ ÎÅ�ÒÅÒÙ×ÎÙ, �ÏÜÔÏÍÕ ÏÎÉ ÎÅ Ñ×ÌÑÀÔ-ÓÑ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑÍÉ ìÁ�ÌÁÓÁ. ÷ÍÅÓÔÏ ÜÔÏÇÏ ÍÏÖÎÏ ×ÏÓ�ÏÌØÚÏ×ÁÔØÓÑ�ÒÅÏÂÒÁÚÏ×ÁÎÉÅÍ æÕÒØÅ:r(M;�) = i� ∫ Si(�2t)e−iMtdt;ln�2r(M;�) = l(�−2M;�) =1� ∫ (Si(�2t)t −

sin�2tt ln �2�2 )e−iMtdt;P�(M) = 1� ∫ sin�2tt e−iMtdt;ÇÄÅ ÜËÓ�ÏÎÅÎÔÁ e−iMt Ï�ÒÅÄÅÌÑÅÔÓÑ ÕÒÁ×ÎÅÎÉÅÍ�e−iMti�t +Me−iMt = 0; e−iMt t→±0
→ ÆmnÆ4(x− y):�ÁËÁÑ ÜËÓ�ÏÎÅÎÔÁ ÍÏÖÅÔ ÂÙÔØ �ÏÌÕÞÅÎÁ ÉÚ ÒÁÚÌÏÖÅÎÉÑ (9) ÚÁÍÅÎÏÊt → it:e−iMt = e−iM0t(a0 + ia1t− a2t2 + : : :); e−M0t = −Æmn4�2t2 ei (x−y)24t : (19)



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 73óÒÁÚÕ ÏÔÍÅÔÉÍ, ÞÔÏ, ÔÁË ËÁË ÆÕÎË�ÉÑ r(M;�) ÒÁ×ÎÁ ÎÕÌÀ ÎÁ ÂÅÓËÏ-ÎÅÞÎÏÓÔÉ, ÔÏ �Ï×ÅÄÅÎÉÅ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ Ï�ÅÒÁÔÏÒÁ × ËÏÏÒÄÉÎÁÔÎÏÍ�ÒÅÄÓÔÁ×ÌÅÎÉÉ ÒÅÇÕÌÑÒÎÏ �ÒÉ ÒÁ×ÎÙÈ ÁÒÇÕÍÅÎÔÁÈ:r(x; y) ≃ J0(�|x− y|)− 14�2(x− y)2 a0(x; y) + o(1) ≃ �24�2 Æmn + o(1):óÌÅÄ ÌÏÇÁÒÉÆÍÁ l(M;�) (ÄÌÑ ÓÌÕÞÁÑ �ÏÌÑ ñÎÇÁ-íÉÌÌÓÁ) ×ÙÞÉÓÌÑÅÔÓÑ�Ï ÆÏÒÍÕÌÅ ÁÎÁÌÏÇÉÞÎÏÊ (12), ÏÓÎÏ×ÏÊ ËÏÔÏÒÏÊ Ñ×ÌÑÅÔÓÑ ÓÏËÒÁÝÅÎÉÅÓÔÅ�ÅÎÉ t2, ÓÔÏÑÝÅÊ �ÅÒÅÄ ËÏÜÆÆÉ�ÉÅÎÔÏÍ a2, ÓÏ ÚÎÁÍÅÎÁÔÅÌÅÍ ÑÄÒÁeiM0t. ðÏÓÌÅ ××ÅÄÅÎÉÑ ÉÎÆÒÁËÒÁÓÎÏÇÏ �ÁÒÁÍÅÔÒÁ � �ÏÌÕÞÁÅÍTr(ln�2r(M + �2;�)− ln�2r(M0 + �2;�))= 1� ∫ tr∫ (Si(�2t)t −
sin�2tt ln �2�2 )(e−i(M+�2)t − e−i(M0+�2)t)dt|x=yd4x= 14�2 ∫ (Q2(x− y)− ln �2�2 q2(x − y))[a2(x; y)℄mm|x=yd4x (20)= A2l(�2�2 ;�) = A2 ln �2�2 :ñ×ÎÙÊ ×ÉÄ ÆÕÎË�ÉÊ q2(x) É Q2(x) ÎÁÍ ÎÅ ÔÁË ×ÁÖÅÎ, ÏÔ×ÅÔ ÚÄÅÓØ �ÏÌÕ-ÞÁÅÔÓÑ ÎÁ ÏÓÎÏ×ÁÎÉÉ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ æÕÒØÅ, ÏÄÎÁËÏ �ÒÉ×ÅÄÅÍ ÅÇÏ, ÄÌÑÔÏÇÏ, ÞÔÏÂÙ �ÏÄÞÅÒËÎÕÔØ, ÞÔÏ ÜÔÉ ÆÕÎË�ÉÉ ÎÅ�ÒÅÒÙ×ÎÙ É ÞÔÏ �ÅÒÅ-ÓÔÁÎÏ×ËÁ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ �Ï t É ×ÚÑÔÉÑ �ÒÅÄÅÌÁ x = y { ÜÔÏ ËÏÒÒÅËÔÎÁÑÏ�ÅÒÁ�ÉÑ:q2(x) = J0(√(�2 − �2)x2); Q2(x) = �2∫�2 J0(√(k − �2)x2)dkk :îÅÓÍÏÔÒÑ ÎÁ Ñ×ÎÏÅ ÎÁÌÉÞÉÅ ËÏÜÆÆÉ�ÉÅÎÔÁ ln�2 × ÆÏÒÍÕÌÅ (20), �ÒÉx = 0 ÜÔÏÔ ÌÏÇÁÒÉÆÍ ÓÏËÒÁÝÁÅÔÓÑ, É × ÉÔÏÇÅ ÏÓÔÁÅÔÓÑQ2(0)− ln �2�2 q2(0) = ln �2�2 − ln �2�2 = ln �2�2 :éÔÁË, ÆÏÒÍÕÌÁ (20) �ÏËÁÚÙ×ÁÅÔ, ÞÔÏ ÉÓËÏÍÙÊ ÓÌÅÄ ÌÏÇÁÒÉÆÍÁ, �ÒÉ×ÙÂÒÁÎÎÏÍ Ó�ÏÓÏÂÅ ×ÙÞÉÓÌÅÎÉÑ, ÎÅ ÚÁ×ÉÓÉÔ ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ÏÔ �ÁÒÁ-ÍÅÔÒÁ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ � (ÔÏÞÎÅÅ ÓËÁÚÁÔØ, ÏÎ ÎÅ ÒÁÓÔÅÔ Ó ÒÏÓÔÏÍ �).éÚ ÎÅÅ ÖÅ ÏÞÅ×ÉÄÎÏ, ÞÔÏ ÕÍÎÏÖÅÎÉÅ �ÅÒÅÍÅÎÎÏÊ ËÏÎÔÉÎÕÁÌØÎÏÇÏ ÉÎ-ÔÅÇÒÉÒÏ×ÁÎÉÑ ÎÁ ËÏÎÓÔÁÎÔÕ �2 × ÆÏÒÍÕÌÅ (5) ÜË×É×ÁÌÅÎÔÎÏ ÚÁÍÅÎÅ



74 �. á. âïìïèï÷�2 → �−2�2, ÞÔÏ ÄÁÅÔ ÄÏÂÁ×ËÕ Ë ÓÌÅÄÕ ÌÏÇÁÒÉÆÍÁ:Tr(ln�2r(M) − ln�2r(M0)) = Tr(ln r(M) − ln r(M0))+A2 ln�2:�ÁËÏÅ �Ï×ÅÄÅÎÉÅ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ Ó×ÑÚÁÎÏ Ó ÔÅÍ, ÞÔÏ �ÒÉ ×ÙÄÅÌÅÎÉÉÉÚ ÌÏÇÁÒÉÆÍÏ× ÓÌÁÇÁÅÍÙÈ Ó ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ ln�2 ÍÙ ÄÏÌÖÎÙ ÓÏËÒÁ-ÔÉÔØ ÎÅ ÓÌÅÄÙ ÅÄÉÎÉÞÎÙÈ Ï�ÅÒÁÔÏÒÏ×, Á ÓÌÅÄÙ �ÒÏÅËÔÏÒÏ×, ËÏÔÏÒÙÅÓÞÉÔÁÀÔ ÒÁÚÎÏÓÔØ \ËÏÌÉÞÅÓÔ×Á ÓÏÂÓÔ×ÅÎÎÙÈ ÆÕÎË�ÉÊ" Ï�ÅÒÁÔÏÒÏ× MÉ M0. ÷�ÏÌÎÅ ÅÓÔÅÓÔ×ÅÎÎÏ, ÞÔÏ ÜÔÁ ÒÁÚÎÏÓÔØ ÍÏÖÅÔ É ÎÅ ÓÔÒÅÍÉÔÓÑ ËÎÕÌÀ �ÒÉ � → ∞, ÄÁÖÅ ÎÅÓÍÏÔÒÑ ÎÁ ÔÏ, ÞÔÏ M É M0 ÄÅÊÓÔ×ÕÀÔ ×ÏÄÎÏÍ �ÒÏÓÔÒÁÎÓÔ×Å.æÏÒÍÕÌÁ (20) ÔÁËÖÅ �ÏËÁÚÙ×ÁÅÔ, ÞÔÏ É ÜÆÆÅËÔÉ×ÎÏÅ ÄÅÊÓÔ×ÉÅ, É�ÒÏ�ÅÓÓ �ÅÒÅÎÏÒÍÉÒÏ×ËÉ ÚÁ×ÉÓÑÔ ÏÔ ÎÁÞÁÌØÎÏÇÏ ×ÙÂÏÒÁ ÍÅÒÙ ÉÎÔÅ-ÇÒÉÒÏ×ÁÎÉÑ �. üÔÁ ÍÅÒÁ ÄÏÌÖÎÁ ×ÙÂÉÒÁÔØÓÑ ÔÁËÉÍ Ó�ÏÓÏÂÏÍ, ÞÔÏ-ÂÙ Ó �ÏÍÏÝØÀ ÄÏÂÁ×ËÉ Ë ÓÌÅÄÕ ÌÏÇÁÒÉÆÍÁ ËÏÍ�ÅÎÓÉÒÏ×ÁÔØ ÒÁÓÔÕÝÉÅ�Ï � ÓÌÁÇÁÅÍÙÅ × �ÅÔÌÅ×ÙÈ ×ÙÞÉÓÌÅÎÉÑÈ É, ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÏÂÅÓ�Å-ÞÉ×ÁÔØ ËÏÎÅÞÎÏÅ ×ÙÒÁÖÅÎÉÅ ÄÌÑ �ÅÒÅÎÏÒÍÉÒÏ×ÁÎÎÏÇÏ ÜÆÆÅËÔÉ×ÎÏÇÏÄÅÊÓÔ×ÉÑ. ïÄÎÉÍ ÉÚ ÕÓÌÏ×ÉÊ ÔÁËÏÊ ËÏÍ�ÅÎÓÁ�ÉÉ Ñ×ÌÑÅÔÓÑ ×Ù�ÏÌÎÅÎÉÅÒÁ×ÅÎÓÔ×ÁÆÆB (ln ∫ exp{ i2bM�2 b} ∏P�b=b Æb− ln ∫ exp{ i2bM0�2 b} ∏P�0 b=b Æb)
≃

i2�2 ∫ bÆMÆB b exp{ i2bM�2 b} ∏P�b=b Æb
×

(∫ exp{ i2bM�2 b} ∏P�b=b Æb)−1 (21)ÞÅÒÅÚ ËÏÔÏÒÏÅ Ó×ÑÚÙ×ÁÀÔÓÑ ÓÔÁÒÛÉÅ ÒÁÓÈÏÄÉÍÏÓÔÉ ÄÉÁÇÒÁÍÍ Ó ÒÁÚ-ÎÙÍ ÞÉÓÌÏÍ �ÅÔÅÌØ (ÁÎÁÌÏÇ ÔÏÖÄÅÓÔ×Á õÏÒÄÁ). ðÒÏÓÔÙÅ �ÒÁ×ÉÌÁ ÄÌÑ×ÁÒÉÁ�ÉÉ ÌÏÇÁÒÉÆÍÁ ÚÄÅÓØ ÎÅ�ÒÉÍÅÎÉÍÙ, ÔÁË ËÁË ×ÁÒÉÁ�ÉÑ ÂÅÒÅÔÓÑÎÅ ÏÔ ÁÒÇÕÍÅÎÔÁ ÌÏÇÁÒÉÆÍÁ, Á ÏÔ ËÒÁÔÎÏÓÔÉ Ó�ÅËÔÒÁ, ÔÏ ÅÓÔØ ÏÔ ËÏ-ÜÆÆÉ�ÉÅÎÔÁ �ÅÒÅÄ ÌÏÇÁÒÉÆÍÏÍ. ðÏÜÔÏÍÕ ÌÅ×ÁÑ ÞÁÓÔØ × ÜÔÏÊ ÆÏÒÍÕÌÅ,Ó ÕÞÅÔÏÍ ÓÄ×ÉÇÁ ÎÁ �2, ÒÁ×ÎÁ ×ÁÒÉÁ�ÉÉ �Ï ÆÏÎÏ×ÏÍÕ �ÏÌÀ ÏÔ ÓÌÅÄÁÌÏÇÁÒÉÆÍÁ (20) LHS ≃ ln �2�2 ÆA2ÆB ;× ÔÏ ×ÒÅÍÑ ËÁË �ÒÁ×ÁÑ ÞÁÓÔØ ÏÔ � ÎÅ ÚÁ×ÉÓÉÔ, ÎÏ ÒÁÓÔÅÔ �Ï � ËÁË
−
12 Tr ÆMÆB r(M;�) ≃ −

12 Tr ÆMÆB a1Q2(0) ≃ −
12 ln �2�2 Tr ÆMÆB a1:



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 75ðÒÉ ×Ù×ÏÄÅ ÜÔÏÇÏ ÓÏÏÔÎÏÛÅÎÉÑ ÉÓ�ÏÌØÚÕÅÔÓÑ ÒÁÚÌÏÖÅÎÉÅ ÒÅÇÕÌÑÒÉÚÏ-×ÁÎÎÏÇÏ �ÒÏ�ÁÇÁÔÏÒÁ r(M;�) �Ï ÓÔÅ�ÅÎÑÍ (x− y)r(M + �2;�) = i� ∫ Si(�2t)e−iMt−i�2tdt= −i4�2� ∫ Si(�2t)ei (x−y)24t −i�2t(a0 + ia1t− a2t2 + : : :)dtt2 == 14�2 (Q1(x− y)a0(x; y) +Q2(x − y)a1(x; y) +Q3(x− y)a2(x; y) + : : :);ÇÄÅQ1(x) =2 �2∫�2 √k − �2x2 J1(√(k − �2)x2)dkk ≃ �2 − �2 − �2 ln �2�2 + o(1);Q3(x) =12 �2∫�2 √ x2k − �2 J1(√(k − �2)x2)dkk ≃
14x2 ln �2�2 + o(x2);Á ×ÙÒÁÖÅÎÉÅ ÄÌÑ Q2(x) ÂÙÌÏ Ï�ÒÅÄÅÌÅÎÏ ×ÙÛÅ.îÁ�ÒÉÍÅÒ, ÄÌÑ ÔÅÏÒÉÉ ñÎÇÁ-íÉÌÌÓÁ ×Ù�ÏÌÎÑÀÔÓÑ ÓÏÏÔÎÏÛÅÎÉÑ1Tr ÆMÆB a1 = −Tr Æa2ÆB (22)�ÏÜÔÏÍÕ ÉÚ ÒÁ×ÅÎÓÔ×Á (21) ÓÌÅÄÕÅÔ, ÞÔÏ � = �, É ÌÏÇÁÒÉÆÍ Ï�ÒÅÄÅÌÉ-ÔÅÌÑ ×ÍÅÓÔÅ Ó ÍÅÒÏÊ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ ÄÁÀÔ ÒÁÓÈÏÄÑÝÉÊÓÑ ×ËÌÁÄEA(B) = 1g2Sl + 12 ln �2�2AYM2 − ln �2�2Aghost2 + : : := 1g2Sl − 1148 C24�2 ln �2�2 Sl + : : : :óÈÅÍÁ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ, �ÒÅÄÌÏÖÅÎÎÁÑ × ÄÁÎÎÏÍ �ÁÒÁÇÒÁÆÅ, ÔÒÕÄÎÏ-�ÒÉÍÅÎÉÍÁ ÕÖÅ ÄÌÑ Ä×ÕÈ �ÅÔÌÅ×ÙÈ ×ÙÞÉÓÌÅÎÉÊ, ÔÅÍ ÎÅ ÍÅÎÅÅ, ÏÎÁ ×ÍÅ-ÓÔÅ Ó ÒÁ×ÅÎÓÔ×ÏÍ (21) ÄÁÅÔ ×ÁÖÎÙÅ ÕËÁÚÁÎÉÑ Ï Ó×ÏÊÓÔ×ÁÈ É ×ÏÚÍÏÖÎÏÍÉÓ�ÏÌØÚÏ×ÁÎÉÉ ÍÅÒÙ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ.1îÅÓÍÏÔÒÑ ÎÁ ÔÏ, ÞÔÏ ÜÔÉ ÓÏÏÔÎÏÛÅÎÉÑ ×ÙÇÌÑÄÑÔ ÄÏ×ÏÌØÎÏ ÅÓÔÅÓÔ×ÅÎÎÏ, ÉÈ ÄÏ-ËÁÚÁÔÅÌØÓÔ×Ï ÚÁÎÉÍÁÅÔ �Ï �ÏÌÓÔÒÁÎÉ�Ù ×ÙÞÉÓÌÅÎÉÊ Ó �ÏÍÏÝØÀ ∇-ÁÌÇÅÂÒÙ ÄÌÑËÁÖÄÏÇÏ ×ÉÄÁ Ï�ÅÒÁÔÏÒÏ×.
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§3. �Å�ÌÏ×ÏÅ ÑÄÒÏ. òÁÓÛÉÒÅÎÎÁÑ ×ÅÒÓÉÑòÁÓÓÍÏÔÒÉÍ ÆÕÎË�ÉÀ 
M (�) { �ÌÏÔÎÏÓÔØ ÓÏÂÓÔ×ÅÎÎÙÈ ÚÎÁÞÅÎÉÊÏ�ÅÒÁÔÏÒÁ M × ÔÏÞËÅ Ó�ÅËÔÒÁ �, ÔÏ ÅÓÔØ ËÏÌÉÞÅÓÔ×Ï ÓÏÂÓÔ×ÅÎÎÙÈÆÕÎË�ÉÊ ÎÁ ÅÄÉÎÉ�Õ ÄÌÉÎÙ Ó�ÅËÔÒÁ. îÁ�ÒÉÍÅÒ, ÄÌÑ Ï�ÅÒÁÔÏÒÁ M0 =

−�2 × 4-ÍÅÒÎÏÍ Å×ËÌÉÄÏ×ÏÍ �ÒÏÓÔÒÁÎÓÔ×Å ËÏÌÉÞÅÓÔ×Ï ÓÏÂÓÔ×ÅÎÎÙÈÆÕÎË�ÉÊ, ÌÅÖÁÝÉÈ × ÉÎÔÅÒ×ÁÌÅ Ó�ÅËÔÒÁ ÏÔ � ÄÏ � + d�, �ÒÏ�ÏÒ�ÉÏ-ÎÁÌØÎÏ �d�, �ÏÜÔÏÍÕ ÍÏÖÎÏ ÓÞÉÔÁÔØ, ÞÔÏ
M0 = �:úÄÅÓØ  { ÜÔÏ ÎÅËÏÔÏÒÁÑ ËÏÎÓÔÁÎÔÁ ÒÁÚÍÅÒÎÏÓÔÉ �−2 (ÒÁÚÍÅÒÎÏÓÔØ ËÏÎ-ÓÔÁÎÔÙ Ï�ÒÅÄÅÌÑÅÔÓÑ ÔÅÍ ÓÏÏÂÒÁÖÅÎÉÅÍ, ÞÔÏ ËÏÌÉÞÅÓÔ×Ï ÓÏÂÓÔ×ÅÎÎÙÈÆÕÎË�ÉÊ 
M0(�) d� ÂÅÚÒÁÚÍÅÒÎÏ). íÙ �ÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ Ó�ÅËÔÒ Ï�Å-ÒÁÔÏÒÁ M ×ÅÄÅÔ ÓÅÂÑ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ ÔÁË ÖÅ, ËÁË Ó�ÅËÔÒ Ï�ÅÒÁÔÏÒÁM0, ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏ ÍÏÖÎÏ ××ÅÓÔÉ ÕÂÙ×ÁÀÝÕÀ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉÆÕÎË�ÉÀ !: 
M (�) = �+ !(B; �): (23)ó �ÏÍÏÝØÀ ÆÕÎË�ÉÉ ! ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ ÆÏÒÍÁÌØÎÙÅ ×ÙÒÁÖÅÎÉÑ ÄÌÑÒÁÚÎÏÓÔÉ ËÏÌÉÞÅÓÔ×Á ÓÏÂÓÔ×ÅÎÎÙÈ ÆÕÎË�ÉÊ Ï�ÅÒÁÔÏÒÏ× M É M0, ÌÅ-ÖÁÝÉÈ × ÉÎÔÅÒ×ÁÌÅ Ó�ÅËÔÒÁ [�′; �′′℄�′′∫�′

!(�)d�;É ÄÁÌÅÅ ÄÌÑ ÓÌÅÄÁ ÒÁÚÎÏÓÔÉ Ï�ÅÒÁÔÏÒÏ× l(M) É l(M0) (ÄÅÊÓÔ×ÉÔÅÌØÎÙÅÄÌÑ ÎÅËÏÔÏÒÏÇÏ ÎÁÂÏÒÁ ÆÕÎË�ÉÊ l)Tr l(M)− Tr l(M0) = ∫ l(�)!(�) d�: (24)îÅÓÍÏÔÒÑ ÎÁ ÔÏ, ÞÔÏ ÍÙ ÏÞÅÎØ ÍÁÌÏ ÚÎÁÅÍ Ï �ÌÏÔÎÏÓÔÉ !(�) (ÓÒÁ×ÎÅÎÉÅ×ÙÒÁÖÅÎÉÑ (24) Ó ÍÏÄÉÆÉ�ÉÒÏ×ÁÎÎÏÊ ÆÏÒÍÕÌÏÊ (12) �ÏËÁÚÙ×ÁÅÔ, ÞÔÏÜÔÁ �ÌÏÔÎÏÓÔØ ÄÏÌÖÎÁ ÂÙÔØ ÓÕÍÍÏÊ �ÒÏÉÚ×ÏÄÎÙÈ Æ-ÆÕÎË�ÉÊ Ó ËÏÜÆÆÉ-�ÉÅÎÔÁÍÉ Ak, ÞÔÏ ÎÅ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÄÅÊÓÔ×ÉÔÅÌØÎÏÓÔÉ), ÎÁÛÁ ÇÌÁ×ÎÁÑ�ÅÌØ { ÜÔÏ �ÏÌÕÞÉÔØ ÆÏÒÍÁÌØÎÏÅ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ×ËÌÁÄÁ ÍÅÒÙ � × ÜÆ-ÆÅËÔÉ×ÎÏÅ ÄÅÊÓÔ×ÉÅ (2). äÌÑ �ÅÒÅÍÅÎÎÙÈ, �ÏÄÞÉÎÑÀÝÉÈÓÑ ÓÔÁÔÉÓÔÉËÅ



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 77âÏÚÅ-üÊÎÛÔÅÊÎÁ ÏÎÏ ×ÙÇÌÑÄÉÔ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍEA(B) = ln ∫ exp{iS(B; b)}∏�Æb− ln ∫ exp{iS(0; b)}∏�Æb= ln ∫ exp{iS(B; b)}∏ Æb− ln ∫ exp{iS(0; b)}∏Æb+ ∫ !(�) ln�(�) d�: (25)úÄÅÓØ ÍÙ �ÒÅÄ�ÏÌÁÇÁÅÍ, ÞÔÏ ÍÅÒÁ � ÍÏÖÅÔ ÂÙÔØ ÒÁÚÎÏÊ ÄÌÑ ËÏÍ�Ï-ÎÅÎÔ ×ÁÒÉÁ�ÉÉ Æb, ÏÔ×ÅÞÁÀÝÉÈ ÒÁÚÎÙÍ ÞÁÓÔÑÍ Ó�ÅËÔÒÁ Ë×ÁÄÒÁÔÉÞÎÏÊÆÏÒÍÙ × ÆÕÎË�ÉÏÎÁÌØÎÏÍ ÉÎÔÅÇÒÁÌÅ.æÏÒÍÕÌÁ (25) �ÏËÁÚÙ×ÁÅÔ, ËÁËÉÍ ÏÂÒÁÚÏÍ ×ËÌÁÄ ÍÅÒÙ ÉÎÔÅÇÒÉ-ÒÏ×ÁÎÉÑ � × ÜÆÆÅËÔÉ×ÎÏÅ ÄÅÊÓÔ×ÉÅ �ÏÚ×ÏÌÑÅÔ �ÒÅÏÄÏÌÅÔØ ÔÒÕÄÎÏÓÔÉÒÅÇÕÌÑÒÉÚÁ�ÉÉ ÍÅÔÏÄÏÍ ÆÏÎÏ×ÏÇÏ ÑÄÒÁ, Ï�ÉÓÁÎÎÙÅ × ÒÁÚÄÅÌÅ 1. òÁÓ-ÈÏÄÉÍÏÓÔØ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ ÉÚ ÒÁÚÄÅÌÏ× 1.1, 1.2, ×ÏÚÎÉËÁÅÔ ÎÅ ÉÚ-ÚÁÓÌÉÛËÏÍ ÍÅÄÌÅÎÎÏÇÏ ÕÂÙ×ÁÎÉÑ �ÏÄÉÎÔÅÇÒÁÌØÎÙÈ ×ÙÒÁÖÅÎÉÊ × ÆÏÒ-ÍÕÌÅ (24), Á ÉÚ-ÚÁ ÕÍÎÏÖÅÎÉÑ �ÒÏ�ÁÇÁÔÏÒÁ, ÏÔ ËÏÔÏÒÏÇÏ ÂÅÒÅÔÓÑ ÌÏÇÁ-ÒÉÆÍ, ÎÁ �ÁÒÁÍÅÔÒ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ � (14), (16). ÷ ÔÏ ÖÅ ×ÒÅÍÑ, ÆÕÎË�É-ÏÎÁÌØÎÙÊ ÉÎÔÅÇÒÁÌ × ÆÕÎË�ÉÏÎÁÌØÎÏÍ ÄÅÊÓÔ×ÉÉ ÓÁÍ �Ï ÓÅÂÅ Ï�ÒÅÄÅÌÅÎÓ ÔÏÞÎÏÓÔØÀ ÄÏ ÍÅÒÙ �, ËÏÔÏÒÁÑ, × Ó×ÏÀ ÏÞÅÒÅÄØ, ÏËÁÚÙ×ÁÅÔ ×ÌÉÑÎÉÅÔÏÌØËÏ ÎÁ ÓÌÅÄ ÌÏÇÁÒÉÆÍÁ. óÌÅÄÏ×ÁÔÅÌØÎÏ, ÍÙ ×ÓÅÇÄÁ ÍÏÖÅÍ ÉÚÍÅÎÉÔØË×ÁÄÒÔÉÞÎÕÀ ÆÏÒÍÕ M → r−1(M;�) ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏÂÙ �ÏÌÕÞÉÔØËÏÎÅÞÎÙÅ �ÅÔÌÅ×ÙÅ ÓÌÁÇÁÅÍÙÅ, É ×ÙÂÒÁÔØ ÍÅÒÕ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ, × ÓÏ-ÏÔ×ÅÔÓÔ×ÉÉ Ó ÆÏÒÍÕÌÁÍÉ (20), (25) ÔÁË, ÞÔÏÂÙ ËÏÍ�ÅÎÓÉÒÏ×ÁÔØ ÒÁÓÈÏ-ÄÉÍÏÓÔÉ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ.äÅÊÓÔ×ÉÔÅÌØÎÏ, × ÍÅÔÏÄÅ ×ÙÓÛÉÈ ËÏ×ÁÒÉÁÎÔÎÙÈ �ÒÏÉÚ×ÏÄÎÙÈ [9,10℄�ÒÏ�ÁÇÁÔÏÒ M ÕÍÎÏÖÁÅÔÓÑ ÎÁ �ÏÌÉÎÏÍ ÓÔÅ�ÅÎÉ nM → r−1(M;�) =Mp(M�2 )Ó ÆÉËÓÉÒÏ×ÁÎÎÙÍ �Ï×ÅÄÅÎÉÅÍ × ÎÕÌÅ É ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉp(�) ≃ �n; � → ∞;p(�) = 1; � = 0;ÔÅÍ ÓÁÍÙÍ ÄÅÌÁÑ �ÅÔÌÅ×ÙÅ ÓÌÁÇÁÅÍÙÅ ËÏÎÅÞÎÙÍÉ. ÷ ÔÏ ÖÅ ×ÒÅÍÑ,ÏÂÒÁÔÎÏÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ìÁ�ÌÁÓÁ ÏÔ ÆÕÎË�ÉÉl(M) = − lnMp(M�2 )



78 �. á. âïìïèï÷×ÅÄÅÔ ÓÅÂÑ × ÎÕÌÅ ËÁË l̂(t) ≃ 1 + nt ; t → 0;ÞÔÏ �ÒÉ×ÏÄÉÔ Ë ÒÁÓÈÄÑÝÅÍÕÓÑ ÉÎÔÅÇÒÁÌÕ �Ï t × ÆÏÒÍÕÌÅ (20). �Å�ÅÒØ,ÅÓÌÉ ×ÙÂÒÁÔØ � × ÆÏÒÍÕÌÅ (25) × ×ÉÄÅ ÓÌÅÄÕÀÝÅÊ ÆÕÎË�ÉÉ ÏÔ � (ÓÆÉËÓÉÒÏ×ÁÎÎÏÊ ÁÓÉÍ�ÔÏÔÉËÏÊ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ)�2(�) = (�+ �2 +�2)p(�+ �2�2 ) �→∞
≃ �2 +O(�−1);ÔÏ ÄÌÑ ×ËÌÁÄÁ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ É ÍÅÒÙ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ �ÏÌÕÞÁÅÔÓÑÓÌÅÄÕÀÝÅÅ ×ÙÒÁÖÅÎÉÅ

−
12 ∞∫0 ln(�+ �2)p(� + �2�2 ) !(�)d�+ ∞∫0 ln�(�)!(�)d�= −

12 ∞∫0 ln (�+ �2)p(�+�2�2 )�2(�) !(�)d�= −
12 ∞∫0 ln �+ �2�+ �2 +�2 !(�)d�= −

12 Tr ln M + �2M + �2 +�2 :
(26)

üÔÁ ÆÏÒÍÕÌÁ, Ó ÕÞÅÔÏÍ ËÏÜÆÆÉ�ÉÅÎÔÁ âÏÚÅ-üÊÎÛÔÅÎÁ −1=2 É ÉÎÆÒÁ-ËÒÁÓÎÏÇÏ ÓÄ×ÉÇÁ ÎÁ �2, ÓÏ×�ÁÄÁÅÔ Ó ÒÅÚÕÌØÔÁÔÏÍ, �ÏÌÕÞÅÎÎÙÍ Ó �ÏÍÏ-ÝØÀ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ ðÁÕÌÉ-÷ÉÌÌÁÒÓÁ (15).ðÏÄÉÔÏÖÉ×ÁÑ ×ÙÛÅÓËÁÚÁÎÎÏÅ, ×Ù�ÉÛÅÍ ÏÓÎÏ×ÎÙÅ Ó×ÏÊÓÔ×Á ÒÅÇÕÌÑ-ÒÉÚÏ×ÁÎÎÏÇÏ �ÒÏ�ÁÇÁÔÏÒÁ. óÎÁÞÁÌÁ �ÒÅÄÓÔÁ×ÉÍ ÅÇÏ × ×ÉÄÅ �ÒÅÏÂÒÁÚÏ-×ÁÎÉÑ ìÁ�ÌÁÓÁ1(M + �2)p(M�2 ) = ∞∫0 r̂(t)e−Mtdt= 14�2 (L1(x− y)a0(x; y) + L2(x− y)a1(x; y)+ L3(x− y)a2(x; y) + : : :):



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 79ðÏÓÌÅ ÜÔÏÇÏ, �ÒÅÄ�ÏÌÁÇÁÑ, ÞÔÏ ËÏÒÎÉ −�k �ÏÌÉÎÏÍÁ p(�) ÎÅ ÓÏ×�ÁÄÁÀÔ,�ÒÅÏÂÒÁÚÕÅÍ ÅÇÏ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ1Mp(M�2 ) = �2n�1 : : : �nM(M + �1�2) : : : (M + �n�2)= 1M −
d1M + �1�2 − : : :− dnM + �n�2 ;ÚÄÅÓØ dk = �1 : : : �k−1�k+1 : : : �n(�k − �1) : : : (�k − �k−1)(�k − �k+1) : : : (�k − �n) ;É × ÞÁÓÔÎÏÓÔÉ

∑k dk = 1; ∑k �kdk = 0; ∑k �−1k = ∑k �−1k dk:üÔÏ �ÏÚ×ÏÌÑÅÔ �ÏÌÕÞÉÔØ ×ÙÒÁÖÅÎÉÑ ÄÌÑ �ÅÒ×ÙÈ ÓÌÁÇÁÅÍÙÈ ÒÁÚÌÏÖÅ-ÎÉÊ ËÏÜÆÆÉ�ÉÅÎÔÏ× L1;2;3 × ÏËÒÅÓÔÎÏÓÔÉ ÎÕÌÑL1 = ∞∫0 e− x24t (e−�2t − ∑k dke−�2kt)dtt2 = 4x(�K1(�x) − ∑k dk�kK1(�kx))= 4x2 (1− ∑k dk) + �2 ln�2x2 − ∑k dk�2k ln �2kx2 + o(1= �2 ln�2 − ∑k dk�2k ln �2k + o(1) �→∞
≃ −�2 ln �2�2 ;ÇÄÅ �2k = �2 + �k�2; ∑k dk�2k = �2:íÙ ×ÉÄÉÍ, ÞÔÏ �ÒÏ�ÁÄÁÅÔ ÎÅ ÔÏÌØËÏ ËÏÜÆÆÉ�ÉÅÎÔ �ÒÉ x−2, ÎÏ ÔÁËÖÅÉ ËÏÜÆÆÉ�ÉÅÎÔ �ÒÉ lnx, ÞÔÏ ÏÂÅÓ�ÅÞÉ×ÁÅÔ ËÏÒÒÅËÔÎÏÓÔØ Ï�ÒÅÄÅÌÅÎÉÑÄÉÁÇÒÁÍÍ ÔÉ�Á \×ÏÓØÍÅÒËÉ". äÁÌÅÅ ÚÁ�ÉÛÅÍL2 = ∞∫0 e−x24t (e−�2t − ∑k dke−�2kt)dtt = 2(K0(�x)− ∑k dkK0(�kx))= − ln�2x2 +∑k dk ln �2kx2 + o(1) = ln �2�2 + o(1):



80 �. á. âïìïèï÷üÔÁ ÆÏÒÍÕÌÁ �ÏÚ×ÏÌÑÅÔ ÓÒÁ×ÎÉÔØ ËÏÜÆÆÉ�ÉÅÎÔ �ÒÉ a1 Ó ÒÁÓÈÏÄÉÍÏ-ÓÔØÀ × �ÒÁ×ÏÊ ÞÁÓÔÉ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ (26) É, ÔÁËÉÍ ÏÂÒÁÚÏÍ, �ÒÏ×Å-ÒÉÔØ ×Ù�ÏÌÎÅÎÉÅ ÕÓÌÏ×ÉÑ �ÅÒÅÎÏÒÍÉÒÏ×ËÉ (21). é, ÎÁËÏÎÅ�, ×Ù�ÉÛÅÍ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÔÒÅÔØÅÇÏ ËÏÜÆÆÉ�ÉÅÎÔÁL3 = ∞∫0 e− x24t (e−�2t − ∑k dke−�2kt)dt= x�−1K1(�x)− x∑k dk�−1k K1(�kx)= �−2 − ∑k dk(�2 + �k�2)−1 + x24 (ln �2 − ∑k dk ln �2k) + o(x2):÷ �ÒÏ�ÅÓÓÅ ×ÙÞÉÓÌÅÎÉÑ Ä×ÕÈ- É ÂÏÌÅÅ �ÅÔÌÅ×ÙÈ ×ËÌÁÄÏ× ÎÁ ËÏÒÎÉ �Ï-ÌÉÎÏÍÁ p(�) ÍÏÇÕÔ ÂÙÔØ ÎÁÌÏÖÅÎÙ ÔÁËÖÅ É ÄÏ�ÏÌÎÉÔÅÌØÎÙÅ ÕÓÌÏ×ÉÑ,ÎÏ ÉÈ ÏÂÓÕÖÄÅÎÉÅ ÕÖÅ ×ÙÈÏÄÉÔ ÚÁ ÒÁÍËÉ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÙ.
§4. úÁËÌÀÞÅÎÉÅîÁ �ÒÉÍÅÒÅ ÍÅÔÏÄÁ ÆÏÎÏ×ÏÇÏ �ÏÌÑ ÄÌÑ 4-ÍÅÒÎÏÊ Å×ËÌÉÄÏ×ÏÊ ÔÅÏ-ÒÉÉ �ÏÌÑ ñÎÇÁ-íÉÌÌÓÁ ÍÙ ÒÁÓÓÍÏÔÒÅÌÉ ÔÒÕÄÎÏÓÔÉ, ËÏÔÏÒÙÅ ×ÏÚÎÉ-ËÁÀÔ �ÒÉ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ É �ÅÔÌÅ×ÙÈ ÓÌÁÇÁÅÍÙÈ ÜÆ-ÆÅËÔÉ×ÎÏÇÏ ÄÅÊÓÔ×ÉÑ Ó �ÏÍÏÝØÀ ÉÚÍÅÎÅÎÉÑ Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÙ ×ËÏÎÔÉÎÕÁÌØÎÏÍ ÉÎÔÅÇÒÁÌÅ ÉÌÉ ÓÕÖÅÎÉÑ ÏÂÌÁÓÔÉ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ. âÙ-ÌÁ ×ÙÓËÁÚÁÎÁ ÇÉ�ÏÔÅÚÁ, ÞÔÏ ÒÁÓÈÏÄÉÍÏÓÔÉ ÓÌÅÄÁ ÌÏÇÁÒÉÆÍÁ Ó×ÑÚÁÎÙÓ Ï�ÒÅÄÅÌÅÎÎÙÍ ×ÙÂÏÒÏÍ ËÏÜÆÆÉ�ÉÅÎÔÁ �ÒÉ �ÒÏ�ÁÇÁÔÏÒÅ É, ÓÌÅÄÏ×Á-ÔÅÌØÎÏ, ÍÏÇÕÔ ÂÙÔØ ËÏÍ�ÅÎÓÉÒÏ×ÁÎÙ ×ÙÂÏÒÏÍ ÍÅÒÙ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ(ËÏÔÏÒÁÑ ÎÅ ÏËÁÙ×ÁÅÔ ×ÌÉÑÎÉÑ ÎÁ �ÅÔÌÅ×ÙÅ ÓÌÁÇÁÅÍÙÅ). äÌÑ ÒÅÁÌÉ-ÚÁ�ÉÉ ËÏÎËÒÅÔÎÙÈ ×ÙÞÉÓÌÅÎÉÊ × 4-ÍÅÒÎÏÊ Å×ËÌÉÄÏ×ÏÊ ÔÅÏÒÉÉ �ÏÌÑñÎÇÁ-íÉÌÌÓÁ ÂÙÌÁ �ÒÅÄÌÏÖÅÎÁ ÓÈÅÍÁ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ, ÏÓÎÏ×ÁÎÎÁÑ ÎÁÍÏÄÉÆÉËÁ�ÉÉ ÓÈÅÍÙ ÍÅÔÏÄÁ ×ÙÓÛÉÈ ËÏ×ÁÒÉÁÎÔÎÙÈ �ÒÏÉÚ×ÏÄÎÙÈ.ìÉÔÅÒÁÔÕÒÁ1. B. S. DeWitt, Quantum Theory of Gravity. 2. The Manifestly Covariant Theory,3. Appliations of the Covariant Theory. | Phys. Rev. 162 (1967), 1195{1239.2. L. F. Abbott, The Bakground Field Method Beyond One Loop. | Nul. Phys.185 (1981), 189.3. L. D. Faddeev, Separation of sattering and selfation revisited. arXiv:1003.4854[hep-th℄.



òåçõìñòéúáãéñ 4è-íåòîïçï ðòïðáçá�ïòá 814. L. D. Faddeev, Mass in Quantum Yang-Mills Theory: Comment on a Clay Mille-nium problem. arXiv:0911.1013 [math-ph℄.5. L. D. Faddeev, Senario for the renormalization in the 4D YangMills theory. |Int. J. Mod. Phys. A 31, No. 01 (2016), 1630001 [arXiv:1509.06186 [hep-th℄℄.6. I. Jak, H. Osborn, Two Loop Bakground Field Calulations For Arbitrary Bak-ground Fields. | Nul. Phys. 207 (1982), 474.7. ð. òÁÍÏÎ, �ÅÏÒÉÑ �ÏÌÑ. óÏ×ÒÅÍÅÎÎÙÊ ××ÏÄÎÙÊ ËÕÒÓ. | í., íÉÒ (1984), 107.8. á. á. óÌÁ×ÎÏ×, ì. ä. æÁÄÄÅÅ×, ÷×ÅÄÅÎÉÅ × Ë×ÁÎÔÏ×ÕÀ ÔÅÏÒÉÀ ËÁÌÉÂÒÏ×ÏÞÎÙÈ�ÏÌÅÊ. | í., îÁÕËÁ (1988), 34.9. á. á. óÌÁ×ÎÏ× éÎ×ÁÒÉÁÎÔÎÁÑ ÒÅÇÕÌÑÒÉÚÁ�ÉÑ ËÁÌÉÂÒÏ×ÏÞÎÙÈ ÔÅÏÒÉÊ. | �íæ13 (1972), 174.10. B. W. Lee, J. Zinn-Justin, Spontaneously broken gauge symmetries ii. perturbationtheory and renormalization | Phys. Rev. D 5 (1972), 3137. [Erratum-ibid. D 8(1973) 4654℄.11. D. V. Vassilevih, Heat kernel expansion: User's manual. | Phys. Rept. 388(2003), 279. [hep-th/0306138℄.12. á. á. óÌÁ×ÎÏ×, òÅÇÕÌÑÒÉÚÁ�ÉÑ ðÁÕÌÉ-÷ÉÌÌÁÒÓÁ ÄÌÑ ÎÅÁÂÅÌÅ×ÙÈ ËÁÌÉÂÒÏ×ÏÞÎÙÈÔÅÏÒÉÊ. | �íæ 33 (1977), 210.13. C. P. Martin, F. Ruiz Ruiz, Higher ovariant derivative Pauli-Villars regulariza-tion does not lead to a onsistent QCD. | Nul. Phys. 436 (1995), 545. [hep-th/9410223℄.14. T. D. Bakeyev, A. A. Slavnov, Higher ovariant derivative regularization revisited.| Mod. Phys. Lett. 11 (1996), 1539 [hep-th/9601092℄.15. W. Pauli and F. Villars, On the Invariant Regularization in Relativisti QuantumTheory | Rev. Mod. Phys 21 (1949), 434{444.Bolokhov T. A. Regularization of propagators with bakground �eld andtheir logarithms in 4-dimensions. We provide di�erent attempts to regu-larize simultaneously bakground �eld dependent propagators and traesof their logarithms for quantum �eld models in 4-dimensional eulidianspae-time. As was shown in the literature, in�nities in the trae of thelogarithm and in higher order loop diagramms are of di�erent nature andrequire di�erent approahes in regularization. We argue that the trae ofthe loagarithm itself is a �nite (w.r.t regularization parameter) quantity.While the orrespondent divergene in the e�etive ation arises from themeasure of the funtional integral imposed by some Ward-like identities.ðÏÓÔÕ�ÉÌÏ 20 ÎÏÑÂÒÑ 2017 Ç.ó.-ðÅÔÅÒÂÕÒÇÓËÏÅ ÏÔÄÅÌÅÎÉÅíÁÔÅÍÁÔÉÞÅÓËÏÇÏ ÉÎÓÔÉÔÕÔÁÉÍ. ÷. á. óÔÅËÌÏ×Á òáî,ÎÁÂ. Ò. æÏÎÔÁÎËÉ, Ä. 27,191023 ó.-ðÅÔÅÒÂÕÒÇ, òÏÓÓÉÑE-mail : timur�pdmi.ras.ru


