
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 438, 2015 Ç.÷. í. âÁÂÉÞ÷ïìîá òåìåñ, éíåàýáñ èáòáë�åò÷ïìîï÷ïçï ÷áìá÷ ÒÁÂÏÔÅ ÒÁÓÓÍÁÔÒÉ×ÁÀÔÓÑ ×ÏÌÎÙ òÅÌÅÑ, ÓÏÓÒÅÄÏÔÏÞÅÎÎÙÅ × ÏËÒÅÓÔ-ÎÏÓÔÉ ÎÅËÏÔÏÒÏÊ ËÒÉ×ÏÊ, Ä×ÉÇÁÀÝÅÊÓÑ Ó ÒÅÌÅÅ×ÓËÏÊ ÓËÏÒÏÓÔØÀ. óÏÏÔ-×ÅÔÓÔ×ÕÀÝÉÅ ÒÅÛÅÎÉÑ ÕÒÁ×ÎÅÎÉÊ ÜÌÁÓÔÏÄÉÎÁÍÉËÉ ÎÁÍ �ÒÅÄÓÔÁ×ÌÑÅÔÓÑÒÁÚÕÍÎÙÍ ÎÁÚÙ×ÁÔØ \×ÏÌÎÁÍÉ òÅÌÅÑ, ÉÍÅÀÝÉÍÉ ÈÁÒÁËÔÅÒ ×ÏÌÎÏ×ÏÇÏ×ÁÌÁ". \÷ÏÌÎÏ×ÙÅ ×ÁÌÙ" ÓÔÒÏÉÌÉÓØ É ÒÁÎØÛÅ [1{3℄, ÎÏ ÍÅÔÏÄÉËÁ ÜÔÉÈÒÁÂÏÔ ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ÎÁ ×ÏÌÎÙ òÅÌÅÑ ÎÅ �ÅÒÅÎÏÓÉÔÓÑ.
§1. éÓÈÏÄÎÙÅ (ÉÚ×ÅÓÔÎÙÅ, ÓÍ., ÎÁ�ÒÉÍÅÒ, [4℄) ÆÏÒÍÕÌÙðÕÓÔØ S (ÇÌÁÄËÁÑ) �Ï×ÅÒÈÎÏÓÔØ Õ�ÒÕÇÏÇÏ ÔÅÌÁ, q1, q2 { ÒÅÇÕÌÑÒÎÁÑÓÉÓÔÅÍÁ ËÏÏÒÄÉÎÁÔ ÎÁ S, n { ÒÁÓÓÔÏÑÎÉÅ ÏÔ ÔÏÞËÉ Õ�ÒÕÇÏÇÏ ÔÅÌÁ ÄÏS. ÷ÏÚØÍÅÍ n × ËÁÞÅÓÔ×Å ÔÒÅÔØÅÊ ËÏÏÒÉÎÁÔÙ. ÷ÂÌÉÚÉ ÏÔ �Ï×ÅÒÈÎÏÓÔÉS, Ô.Å, �ÒÉ ÍÁÌÙÈ n ÓÉÓÔÅÍÁ ËÏÏÒÄÉÎÁÔ q1; q2; n ÒÅÇÕÌÑÒÎÁ. ðÏÌÏÖÉÍn = q3. ðÕÓÔØ Gijdqidqj ; i; j = 1; 2; 3: (1.1){ Ë×ÁÄÒÁÔ ÜÌÅÍÅÎÔÁ ÄÌÉÎÙ × ÓÉÓÔÅÍÅ ËÏÏÒÄÉÎÁÔ q1; q2; q3(= n). éÍÅÀÔÍÅÓÔÏ ÒÁ×ÅÎÓÔ×ÁG13 = G31 = G13 = G31 = 0; G33 = 1;Gij = gij(q1; q2)− 2nbij(q1; q2) +O(n2)(i; j = 1; 2; n→ 0): (1.2)úÄÅÓØ gij É bij ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ ËÏÜÆÆÉ�ÉÅÎÔÙ �ÅÒ×ÏÊ É ×ÔÏÒÏÊ Ë×ÁÄÒÁ-ÔÉÞÎÙÈ ÆÏÒÍ çÁÕÓÓÁ.ëÏ×ÁÒÉÁÎÔÎÙÅ ËÏÍ�ÏÎÅÎÔÙ ×ÅËÔÏÒÁ ÓÍÅÝÅÎÉÊ ÍÙ ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ'r(= 'r(q1; q2; q3; t)) (r = 1; 2; 3) �ÅÎÚÏÒ ÄÅÆÏÒÍÁ�ÉÊ ÔÏÇÄÁ ÍÏÖÎÏ ÚÁ-�ÉÓÁÔØ × ×ÉÄÅ "kl = −�rkl'r + 12 (�'k�ql + �'l�qk) : (1.3)ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏ-×ÒÅÍÅÎÎÏÊ ÌÕÞÅ×ÏÊ ÍÅÔÏÄ, ×ÏÌÎÙ òÅÌÅÑ,ÆÏÒÍÁÌØÎÙÅ ÓÔÅ�ÅÎÎÙÅ ÒÑÄÙ, ÁÎÉÚÏÔÒÏ�ÎÁÑ Õ�ÒÕÇÁÑ ÓÒÅÄÁ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ ÆÉÎÁÎÓÏ×ÏÊ �ÏÄÄÅÒÖËÅ ÇÒÁÎÔÁ 14-01-00535A É ÞÁÓÔÉÞÎÏÇÒÁÎÔÁ îû-1771.2014.1. 22



÷ïìîá òåìåñ 23úÄÅÓØ �rkl(q1; q2; q3) { ÓÉÍ×ÏÌ ëÒÉÓÔÏÆÆÅÌÑ ×ÔÏÒÏÇÏ ÒÏÄÁ:�rkl = 12Gra (�Gka�ql + �Gal�qk − �Gkl�qa ) ; (Gra) = (Gra)−1: (1.4)ðÕÓÔØ Cijkl(q1; q2; q3) (∈ C∞) ËÏÎÔÒÁ×ÁÒÉÁÎÔÎÙÅ ËÏÍ�ÏÎÅÎÔÙ ÔÅÎÚÏÒÁÕ�ÒÕÇÉÈ ÍÏÄÕÌÅÊ. äÌÑ ÔÅÎÚÏÒÁ (�ij) ÎÁ�ÒÑÖÅÎÉÊ ÉÍÅÅÔ ÍÅÓÔÏ ÆÏÒÍÕÌÁ:�ij = Cijkl"kl: (1.5)ëÒÏÍÅ ÔÏÇÏ, ÉÍÅÅÔ ÍÅÓÔÏ ÎÅÒÁ×ÅÎÓÔ×ÏCijkl�ij�kl > onst 3
∑i;j=1 �2ij ; �ij = �ji; onst > 0 (1.6)ÄÌÑ ÌÀÂÙÈ ×ÅÝÅÓÔ×ÅÎÎÙÈ �ij É ÆÉËÓÉÒÏ×ÁÎÎÙÈ q1; q2; q3, Á ÔÁËÖÅ ÓÏ-ÏÔÎÏÛÅÎÉÑ Cijkl = Cklij = Cjikl = Cijlk ; i; j; k; l = 1; 2; 3: (1.7)õÒÁ×ÎÅÎÉÅ Ä×ÉÖÅÎÉÑ Õ�ÒÕÇÏÊ ÓÒÅÄÙ ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ × ×ÉÄÅ:

(

−�Gi� �2'i�t2 + ��ij�ij)√G+ ��qi (��j√G) = 0;G = det(Gij): (1.8)íÙ ÂÕÄÅÍ ÔÒÅÂÏ×ÁÔØ ÏÔÓÕÔÓÔ×ÉÑ ÎÁ�ÒÑÖÅÎÉÊ ÎÁ �Ï×ÅÒÈÎÏÓÔÉ S Õ�ÒÕ-ÇÏÇÏ ÔÅÌÁ:�i3∣∣n=0 = Ci3kl"kl∣∣n=0= Ci3kl (−�rkl'r + 12(�'k�ql + �'l�qk ))

∣

∣

∣n=0 = 0: (1.9)ðÏÄ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏ-×ÒÅÍÅÎÎÙÍ ÇÅÏÍÅÔÒÏ-Ï�ÔÉÞÅÓËÉÍ ÒÁÚÌÏÖÅÎÉÅÍ×ÏÌÎÙ òÅÌÅÑ ÍÙ �ÏÄÒÁÚÕÍÅ×ÁÅÍ ÒÑÄ ×ÉÄÁ'l ≃ eip�(q1;q2;t) ∞
∑s=0 �sl(q1; q2; t; �)(ip)s ; � = pn; 0 6 � < +∞; (1.10)ËÏÔÏÒÙÊ ÆÏÒÍÁÌØÎÏ ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÒÁ×ÎÅÎÉÑÍ (1.8), ËÒÁÅ×ÙÍ ÕÓÌÏ-×ÉÑÍ (1.9) É ÔÒÅÂÏ×ÁÎÉÀ �sl −−−−−→�→+∞

0: (1.11)úÄÅÓØ p { ÂÏÌØÛÏÊ �ÁÒÁÍÅÔÒ ÚÁÄÁÞÉ ÓÍ. [5℄. (ï ÓÍÙÓÌÅ �ÁÒÁÍÅÔÒÁ p ×�ÏÄÏÂÎÙÈ �ÏÓÔÒÏÅÎÉÑÈ ÓÍ. [6, ÇÌÁ×Á 1, §1℄.)



24 ÷. í. âáâéþåÓÌÉ ÒÑÄ (1.10) �ÏÄÓÔÁ×ÉÔØ × ÕÒÁ×ÎÅÎÉÅ (1.8) É ËÒÁÅ×ÙÅ ÕÓÌÏ×ÉÑ (1.9)É �ÒÉÒÁ×ÎÑÔØ ×ÙÒÁÖÅÎÉÅ �ÒÉ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÙÈ ÓÔÅ�ÅÎÑÈ 1p Ë ÎÕÌÀ,ÔÏ ÍÙ �ÒÉÄÅÍ Ë ÒÅËÕÒÒÅÎÔÎÏÊ ÓÉÓÔÅÍÅ ÕÒÁ×ÎÅÎÉÊ É ËÒÁÅ×ÙÈ ÕÓÌÏ×ÉÊ(ÓÍ. [5℄). ÷Ù�ÉÛÅÍ �ÅÒ×ÏÅ ÕÒÁ×ÎÅÎÉÅ(N0�0)� = −�√GGi��2t�oi + C�jkl(QjQl�ok)√G = 0 (1.12)Qj = {�j j = 1; 2
−i ��� j = 3 �j = ���qj (1.13)É ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ËÒÁÅ×ÙÅ ÕÓÌÏ×ÉÑCi3klQl�0k∣∣�=0 = 0; �0i −→�→+∞

0: (1.14)÷ ÒÁ×ÅÎÓÔ×ÁÈ (1.12) É (1.14) �, √G, Gi�, C�jkl ×ÚÑÔÙ �ÒÉ n = 0, Ô.Å.ÎÁ �Ï×ÅÒÈÎÏÓÔÉ S. ðÒÉÒÁ×ÎÉ×ÁÑ ÎÕÌÀ ÞÌÅÎÙ �ÒÉ p × �ÅÒ×ÏÊ ÓÔÅ�ÅÎÉ,�ÒÉÄÅÍ Ë ×ÅËÔÏÒÎÏÍÕ ÕÒÁ×ÎÅÎÉÀN0�1 +N1�0 = 0; (1.15)ÇÄÅ Ï�ÅÒÁÔÏÒ N0 Ï�ÒÅÄÅÌÅÎ ÆÏÒÍÕÌÏÊ (1.12), Á(N1(�))� = −2�√GGi��t ��i�t − �√GGi��tt�i
− i��2t ��n (�√GGi�)�i+ Cijkl√GQk�l��ij − C�jkl√GQj�r�rkl+Qk�l ��qj (C�jkl√G)+ i ��n(C�jkl√G)�QjQk�l + C�jk′l√GQj ��l�qk′+ C�j′kl√GQk ��l�qj′ + �2��qj′�qk′

√GC�j′k′l�l;j′; k′ = 1; 2; i; j; k; l; r = 1; 2; 3:
(1.16)

óÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ËÒÁÅ×ÙÅ ÕÓÌÏ×ÉÑ ÉÍÅÀÔ ×ÉÄ:C�3kl(Ql�1k − �rkl�0r)|n=0 + C�3kl′ ��0k�ql′ ∣

∣

∣

∣n=0 = 0; �1k −→�→∞

0: (1.17)



÷ïìîá òåìåñ 25ðÏÓÌÅÄÕÀÝÉÅ ÕÒÁ×ÎÅÎÉÑ ÍÙ ÎÅ ×Ù�ÉÓÙ×ÁÅÍ, ÉÎÔÅÒÅÓÕÑÓØ �ÏÓÔÒÏÅÎÉÅÍ×ÙÒÁÖÅÎÉÑ ÄÌÑ 'l ÌÉÛØ × �ÅÒ×ÏÍ �ÒÉÂÌÉÖÅÎÉÉ.
§2. ï ËÒÁÅ×ÏÊ ÚÁÄÁÞÅ ÄÌÑ �0�ðÒÉ ×ÅÝÅÓÔ×ÅÎÎÙÈ �j É ÆÉËÓÉÒÏ×ÁÎÎÙÈ qj ËÒÁÅ×ÁÑ ÚÁÄÁÞÁ (1.12){(1.14) { ÓÁÍÏÓÏ�ÒÑÖÅÎÎÁÑ ËÒÁÅ×ÁÑ ÏÄÎÏÍÅÒÎÁÑ ÚÁÄÁÞÁ Ï ÎÁÈÏÖÄÅÎÉÉÓÏÂÓÔ×ÅÎÎÏÇÏ ×ÅËÔÏÒÁ �0 Ó ËÏÍ�ÏÎÅÎÔÁÍÉ �0� � = 1; 2; 3 ËÁË ÆÕÎË�ÉÉ� (0 6 � < +∞). òÏÌØ ÓÏÂÓÔ×ÅÎÎÏÇÏ ÞÉÓÌÁ ÉÇÒÁÅÔ �2t . ðÒÉ |�1|+ |�2| > 0ÄÌÑ �2t �ÏÌÕÞÁÀÔÓÑ �ÏÌÏÖÉÔÅÌØÎÙÅ ÚÎÁÞÅÎÉÑ. ðÏÌÁÇÁÑ × ÓÏÏÔ×ÅÔÓÔ×ÉÉÓ ÔÒÁÄÉ�ÉÅÊ −�t > 0, �ÒÉÄÅÍ Ë ÕÒÁ×ÎÅÎÉÀ çÁÍÉÌØÔÏÎÁ{ñËÏÂÉ:�t +H(q1; q2; �1; �2) = 0; (2.1)ÇÄÅ H > 0 �ÒÉ ÎÅÎÕÌÅ×ÙÈ �1; �2. íÙ �ÒÅÄ�ÏÌÁÇÁÅÍ, ÞÔÏ × ÒÁÓÓÍÁÔÒÉ×Á-ÅÍÏÊ ÏÂÌÁÓÔÉ ÉÚÍÅÎÅÎÉÑ q1; q2; �1; �2 ÆÕÎË�ÉÑ çÁÍÉÌØÔÏÎÁ H ÇÌÁÄËÁÑ,ËÁË ÆÕÎË�ÉÑ ÜÔÉÈ �ÅÒÅÍÅÎÎÙÈ É ÞÔÏ �2t ÏÄÎÏËÒÁÔÎÏÅ ÓÏÂÓÔ×ÅÎÎÏÅ ÚÎÁ-ÞÅÎÉÅ ËÒÁÅ×ÏÊ ÚÁÄÁÞÉ (1.12){(1.14). (ðÒÅÄ�ÏÌÁÇÁÅÔÓÑ, ÞÔÏ q1; q2; �1; �2ÆÉËÓÉÒÏ×ÁÎÙ É (1.12){(1.14) { ×ÅËÔÏÒÎÁÑ ËÒÁÅ×ÁÑ ÚÁÄÁÞÁ ÎÁ �ÏÌÕÏÓÉ0 6 � < +∞).ðÕÓÔØ �00 = {�00�(q1; q2; �1; �2; �);� = 1; 2; 3} ÆÉËÓÉÒÏ×ÁÎÎÙÊ ÓÏÂ-ÓÔ×ÅÎÎÙÊ ×ÅËÔÏÒ. íÙ �ÒÅÄ�ÏÌÁÇÁÅÍ, ÞÔÏ �00� { ÇÌÁÄËÁÑ ÆÕÎË�ÉÑ Ó×Ï-ÉÈ ÁÒÇÕÍÅÎÔÏ× × ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÊ ÏÂÌÁÓÔÉ ÉÈ ÉÚÍÅÎÅÎÉÑ. ìÀÂÁÑ ÓÏÂ-ÓÔ×ÅÎÎÁÑ ×ÅËÔÏÒ-ÆÕÎË�ÉÑ {�0�;� = 1; 2; 3} ÚÁÄÁÞÉ (1.12){(1.14) �ÒÏ-�ÏÒ�ÉÏÎÁÌØÎÁ �00�: �0� = �0�00�, ÇÄÅ �0 { ÓËÁÌÑÒÎÙÊ ÍÎÏÖÉÔÅÌØ, ÎÅÚÁ×ÉÓÑÝÉÊ ÏÔ �.ðÕÓÔØ l { ÇÌÁÄËÁÑ ËÒÉ×ÁÑ qj = qj(�), l ⊂ S É ÎÁ l ÚÁÄÁÎÙ � = �(�),�j = �j(�) j = 1; 2. ðÕÓÔØ � É �j { ÇÌÁÄËÉÅ ÆÕÎË�ÉÉ ÏÔ � É ×Ù�ÏÌÎÅÎÏÕÓÌÏ×ÉÅ ÓÏÇÌÁÓÏ×ÁÎÉÑ d�d� = �1 dq1d� + �2 dq2d� : (2.2)éÚ ËÁÖÄÏÊ ÔÏÞËÉ ËÒÉ×ÏÊ l ×Ù�ÕÓÔÉÍ ËÒÉ×ÕÀ { ÈÁÒÁËÔÅÒÉÓÔÉËÕ ÕÒÁ×-ÎÅÎÉÑ (2.1), Ô.Å. ËÒÉ×ÕÀ, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÕÀ ËÁÎÏÎÉÞÅÓËÉÍ ÕÒÁ×ÎÅÎÉÑÍdqjds = �H��j ; d�jds = −�H�qj ; dtds = 1 (2.3)É ÎÁÞÁÌØÎÙÍ ÕÓÌÏ×ÉÑÍ:t|s=0=0; qj ∣∣s=0=qj(�); �j∣∣s=0=�j(�); j=1; 2; Im �j=0: (2.4)



26 ÷. í. âáâéþðÕÓÔØ ÎÁ l Ï�ÒÅÄÅÌÉÔÅÌØ
∣

∣

∣

∣

∣

�H��1 ; �H��2dq1d� ; dq2d� ∣

∣

∣

∣

∣

6= 0: (2.5)üÔÏ ÎÅÒÁ×ÅÎÓÔ×Ï ÏÂÅÓ�ÅÞÉ×ÁÅÔ (�Ï ËÒÁÊÎÅÊ ÍÅÒÅ, ×ÂÌÉÚÉ ÆÉËÓÉÒÏ×ÁÎ-ÎÏÊ ÔÏÞËÉ ÎÁ l) ÇÌÁÄËÏÓÔØ × �ÒÏÓÔÒÁÎÓÔ×Å{×ÒÅÍÅÎÉ S × [0 6 t < +∞)�Ï×ÅÒÈÎÏÓÔÉ (�), ÚÁÄÁÎÎÏÊ ÒÁ×ÅÎÓÔ×ÁÍÉ:t = s; qj = qj(�; s); j = 1; 2: (2.6)îÅÒÁ×ÅÎÓÔ×Ï (2.5) �ÏÚ×ÏÌÑÅÔ (×ÂÌÉÚÉ ÆÉËÓÉÒÏ×ÁÎÎÏÊ ÔÏÞËÉ ËÒÉ×ÏÊ l)××ÅÓÔÉ ÎÏ×ÙÅ ËÏÏÒÄÉÎÁÔÙ �; s ÎÁ S. ÷ÓÅ ÄÁÌØÎÅÊÛÉÅ �ÏÓÔÒÏÅÎÉÑ ÍÙÂÕÄÅÍ �ÒÏ×ÏÄÉÔØ × ÜÔÏÊ ÓÉÓÔÅÍÅ ËÏÏÒÄÉÎÁÔ. þÔÏÂÙ ÎÅ ÕÓÌÏÖÎÑÔØ ÏÂÏ-ÚÎÁÞÅÎÉÑ, ÓÏÈÒÁÎÉÍ ÄÌÑ ÜÔÏÊ ÎÏ×ÏÊ ËÏÏÒÄÉÎÁÔÎÏÊ ÓÉÓÔÅÍÙ ÏÂÏÚÎÁÞÅ-ÎÉÑ q1; q2. �ÏÞËÉ ËÒÉ×ÏÊ l × ÜÔÏÊ ÓÉÓÔÅÍÅ ËÏÏÒÄÉÎÁÔ { ÜÔÏ ÔÏÞËÉ (q1; 0).(óÍ. [7℄, ÇÄÅ ××ÏÄÉÌÁÓØ ÔÁËÁÑ ÖÅ ËÏÏÒÄÉÎÁÔÎÁÑ ÓÉÓÔÅÍÁ), ÔÏÞËÉ �Ï×ÅÒÈ-ÎÏÓÔÉ � { ÜÔÏ t; q1; t. åÓÌÉ�|t=0; �j |t=0 j = 1; 2; �0�|t=0 � = 1; 2; 3ÚÁÄÁÎÙ ÎÁ l, ÔÏ �0� ÍÏÖÎÏ ÎÁÊÔÉ × ËÁÖÄÏÊ ÔÏÞËÅ �Ï×ÅÒÈÎÏÓÔÉ �. ÷ÓÁÍÏÍ ÄÅÌÅ, ÎÁÞÁÌØÎÙÅ ÄÁÎÎÙÅ �|t=0, �j |t=0 ÏÄÎÏÚÎÁÞÎÏ Ï�ÒÅÄÅÌÑÔ �j =���qj ÎÁ � É, ÓÌÅÄÏ×ÁÔÅÌØÎÏ, �00�(q1; q2; �1; �2). ïÓÔÁÅÔÓÑ ÎÁÊÔÉ �0, ÉÂÏ�0� = �0�00�.ëÁË ÎÁÈÏÄÉÔØ �0, Á ÔÁËÖÅ ×ÅËÔÏÒÙ �1, �2 : : : × ÓÌÕÞÁÅ ×ÅÝÅÓÔ×ÅÎ-ÎÏÇÏ �(t; q1; q2) Ï�ÉÓÁÎÏ × ÒÁÂÏÔÅ [5℄. ÷ÏÌÎÙ, ÉÍÅÀÝÉÅ ÈÁÒÁËÔÅÒ ×ÏÌÎÏ-×ÏÇÏ ×ÁÌÁ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÔ ËÏÍ�ÌÅËÓÎÙÍ ÜÊËÏÎÁÌÁÍ, ÞÔÏ ×ÎÏÓÉÔ ÓÕÝÅ-ÓÔ×ÅÎÎÙÅ ÏÓÌÏÖÎÅÎÉÑ. ðÅÒÅÊÄÅÍ Ë �ÏÓÔÒÏÅÎÉÀ ÁÎÁÌÉÔÉÞÅÓËÏÇÏ ×ÙÒÁ-ÖÅÎÉÑ ÄÌÑ ×ÏÌÎÏ×ÏÇÏ �ÏÌÑ × ÜÔÏÍ ÓÌÕÞÁÅ.
§3. áÎÚÁ�íÙ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ � É �0�;�1�; : : : { ÆÏÒÍÁÌØÎÙÅ ÓÔÅ-�ÅÎÎÙÅ ÒÑÄÙ (Æ.Ó.Ò.) �Ï q2 − t:� ≃ �0(q1; t)+�1(q1; t) (q2−t)1! +�2(q1; t) (q2−t)22! + : : : (3.1)�r� ≃ �0r�(q1; t; �) + �1r�(q1; t; �)q2 − t1! + : : : : (3.2)ðÒÉ t = 0 ×ÓÅ ËÏÜÆÆÉ�ÉÅÎÔÙ ÒÁÚÌÏÖÅÎÉÊ (3.1), (3.2) �ÒÅÄ�ÏÌÁÇÁÀÔÓÑÚÁÄÁÎÎÙÍÉ, �ÒÉÞÅÍ ÍÙ �ÒÅÄ�ÏÌÁÇÁÅÍ, ÞÔÏ �2(q1; t) �ÒÉ t = 0 ÉÍÅÅÔ



÷ïìîá òåìåñ 27�ÏÌÏÖÉÔÅÌØÎÕÀ ÍÎÉÍÕÀ ÞÁÓÔØ. úÁÄÁÞÅ ÎÁÈÏÖÄÅÎÉÑ �0; �1; �2; : : : �Ï-Ó×ÑÝÅÎÁ ÒÁÂÏÔÁ [7℄. òÑÄÙ (3.1), (3.2) ÉÍÅÀÔ ×ÉÄ ÒÑÄÏ× �ÅÊÌÏÒÁ, Á ÉÈËÏÜÆÆÉ�ÉÅÎÔÙ { ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ �ÒÏÉÚ×ÏÄÎÙÈ ÏÔ � É �r� �Ï q2 �ÒÉq2 = t. �ÁË ÉÈ ÍÙ É ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ.îÁÛÁ �ÅÌØ { ÎÁÊÔÉ ÆÏÒÍÁÌØÎÙÅ ÒÅÛÅÎÉÑ ÕÒÁ×ÎÅÎÉÊ (1.12), (1.13),(1.16), ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÅ (ÔÏÖÅ, ÒÁÚÕÍÅÅÔÓÑ, ÆÏÒÍÁÌØÎÏ) ËÒÁÅ×ÙÍ ÕÓ-ÌÏ×ÉÑÍ (1.11), (1.14), (1.17).ðÒÉÂÌÉÖÅÎÎÙÅ ×ÙÒÁÖÅÎÉÑ ÄÌÑ 'l ÍÙ �ÏÌÕÞÉÍ, ÅÓÌÉ ÚÁÍÅÎÉÍ ÒÑÄ(1.10) ÞÁÓÔÎÏÊ ÓÕÍÍÏÊ É ÒÑÄÙ (3.1){(3.2) ÔÏÖÅ ÚÁÍÅÎÉÍ ÓÕÍÍÁÍÉ ÎÅ-ÓËÏÌØËÉÈ �ÅÒ×ÙÈ ÓÌÁÇÁÅÍÙÈ. ðÏÌÕÞÅÎÎÙÅ ×ÙÒÁÖÅÎÉÑ ÍÏÖÎÏ ÒÁÓÓÍÁ-ÔÒÉ×ÁÔØ ËÁË �ÒÉÂÌÉÖÅÎÎÏÅ ×ÙÒÁÖÅÎÉÅ ÄÌÑ �Ï×ÅÒÈÎÏÓÔÅÊ ×ÏÌÎÙ, ÅÓÌÉÓÄÅÌÁÔØ ÁÄÅË×ÁÔÎÙÅ �ÒÅÄ�ÏÌÏÖÅÎÉÑ Ï ÍÁÌÏÓÔÉ q2− t. ðÏÌÏÖÉ× q2− t =onstp� , � > 0, ÍÙ �ÒÉÄÅÍ Ë ÒÁÚÌÏÖÅÎÉÑÍ, ÉÍÅÀÝÉÍ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉÊÈÁÒÁËÔÅÒ Ó ÍÁÌÙÍ �ÁÒÁÍÅÔÒÏÍ 1p . åÓÌÉ q2−t ÍÁÌÏ, ÔÏ ÜÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏÒÁÓÓÍÏÔÒÅÎÉÑ ×ÅÄÕÔÓÑ × ÍÁÌÏÊ ÏËÒÅÓÔÎÏÓÔÉ �Ï×ÅÒÈÎÏÓÔÉ �, ÓÍ.(2.6)ÉÌÉ (ÞÔÏ ÔÏ ÖÅ) ×ÂÌÉÚÉ Ä×ÉÖÕÝÅÊÓÑ ×ÄÏÌØ S ËÒÉ×ÏÊ (q1; q2 = t). éÚÍÁÌÏÓÔÉ q2 − t, 1p É �ÏÌÏÖÉÔÅÌØÎÏÓÔÉ Im �2�(�q2)2 �ÒÉ q2 = t ÓÌÅÄÕÅÔ, ÞÔÏ×ÎÅ ÍÁÌÏÊ ÏËÒÅÓÔÎÏÓÔÉ � �ÒÉÂÌÉÖÅÎÎÙÅ ×ÙÒÁÖÅÎÉÑ ÄÌÑ 'r ÜËÓ�ÏÎÅÎ-�ÉÁÌØÎÏ ÍÁÌÙ.
§4. ï ÎÁÈÏÖÄÅÎÉÉ �jr�(q1; t; �), � = 1; 2; 3; r; j = 0; 1; 2; 3; : : :þÔÏÂÙ ÎÁÊÔÉ �00�, Ô.Å. ËÏÜÆÆÉ�ÉÅÎÔÙ �000�, �100�; : : : ÓÔÅ�ÅÎÎÏÇÏÒÑÄÁ �00� = �000� + (q2 − t)�100� + : : : ; (4.1)ÓÌÅÄÕÅÔ ×ÏÓ�ÏÌØÚÏ×ÁÔØÓÑ ÔÅÍ, ÞÔÏ �00� { ÇÌÁÄËÁÑ ÆÕÎË�ÉÑ q1; q2; �1; �2(ÓÍ. ÒÁÚÄÅÌ 2) �ÏÄÓÔÁ×ÉÔØ (ÆÏÒÍÁÌØÎÏ) ÒÁÚÌÏÖÅÎÉÅ ÄÌÑ ���qj j = 1; 2(ÓÍ. ÆÏÒÍÕÌÕ (3.1)) ×ÍÅÓÔÏ �j É �ÅÒÅÒÁÚÌÏÖÉÔØ �ÏÌÕÞÅÎÎÏÅ ×ÙÒÁÖÅÎÉÅ�Ï ÓÔÅ�ÅÎÑÍ q2 − t. îÁ ÜÔÏÍ �ÕÔÉ × �ÒÉÎ�É�Å ÎÁÈÏÄÑÔÓÑ ×ÓÅ \�ÒÏÉÚ-×ÏÄÎÙÅ" ÏÔ �00� �Ï q2 �ÒÉ q2 = t. äÌÑ ÎÁÈÏÖÄÅÎÉÑ ÒÁÚÌÏÖÅÎÉÑ �0��Ï ÓÔÅ�ÅÎÑÍ q2 − t ÏÓÔÁÅÔÓÑ ÎÁÊÔÉ ÒÁÚÌÏÖÅÎÉÅ �0 × \ÒÑÄ �ÅÊÌÏÒÁ" �ÏÓÔÅ�ÅÎÑÍ q2− t É �ÅÒÅÍÎÏÖÉÔØ ÆÏÒÍÁÌØÎÙÅ ÓÔÅ�ÅÎÎÙÅ ÒÑÄÙ, ËÏÔÏÒÙÍÑ×ÌÑÀÔÓÑ �00� É �0. äÌÑ ÎÁÈÏÖÄÅÎÉÑ �0 × ÒÁÂÏÔÅ [5℄, ÇÄÅ �0 ÎÅ Æ.Ó.Ò., Á\ÎÁÓÔÏÑÝÁÑ" ÇÌÁÄËÁÑ ÆÕÎË�ÉÑ, ÉÓ�ÏÌØÚÏ×ÁÌÏÓØ ÕÓÌÏ×ÉÅ ÒÁÚÒÅÛÉÍÏÓÔÉËÒÁÅ×ÏÊ ÚÁÄÁÞÉ (1.15){(1.17). üÔÏ ÕÓÌÏ×ÉÅ ÒÁÚÒÛÉÍÏÓÔÉ ÉÍÅÅÔ ×ÉÄ:



28 ÷. í. âáâéþ+∞
∫0 [(

− 2�√GGi��t ��0i�t − �√GGi��tt�0i
− i��2t ��n (�√GGi�)�0i)�00�+ C�jkl√GQk�0l��ij�00� − C�jkl√G�0r�rklQj�00�+Qk�0l ��qj′ (C�j′kl√G)�00�+ i ��n(C�jkl√G)�Qk�0lQj�00�+ C�jk′l√G��0l�qk′

Qj�00� + C�j′kl√GQk ��0l�qj′ �00�+ �2��qj′�qk′

√GC�j′k′l�0l�00�] d� = 0;j′; k′ = 1; 2; �; i; j; k; l; r = 1; 2; 3;
(4.2)

ÇÄÅ �0�=�0�00�; �0=�0(q1; q2; t); �00�=�00�(q1; q2; t): (4.3)òÁ×ÅÎÓÔ×Ï (4.2), ÅÓÌÉ ÕÞÅÓÔØ (4.3), Ñ×ÌÑÅÔÓÑ ÌÉÎÅÊÎÙÍ ÕÒÁ×ÎÅÎÉÅÍ ×ÞÁÓÔÎÙÈ �ÒÏÉÚ×ÏÄÎÙÈ ÄÌÑ ÎÁÈÏÖÄÅÎÉÑ�0 = �00(t; q′; t) + �01(t; q1; t)(q2 − t) + : : : :ðÒÉ ÎÁÈÏÖÄÅÎÉÉ �0, ËÏÇÄÁ �0 Æ.Ó.Ò. ÍÙ ÔÏÖÅ ×ÏÓ�ÏÌØÚÕÅÍÓÑ ÒÁ×ÅÎ-ÓÔ×ÏÍ (4.2), �ÏÄÓÔÁ×ÌÑÑ × ÎÅÇÏ Æ.Ó.Ò., ËÏÔÏÒÙÍÉ Ñ×ÌÑÀÔÓÑ �00� É �0.äÌÑ ÎÁÈÏÖÄÅÎÉÑ �00 �ÏÌÏÖÉÍ × (4.2) q2 = t. ðÏÌÕÞÅÎÎÏÅ ÓÏÏÔÎÏÛÅÎÉÅÉÍÅÅÔ ×ÉÄ:
∞
∫0 (

− 2�√GGi��t�00i�00�)d� ��00�t+ C�jk′ l√G ∞
∫0 �00lQj�00� d� ��00�qk′

(4.4)+ C�j′kl√G ∞
∫0 (Qk�00l)�00�d� ��00�qj′ +��00 = 0;



÷ïìîá òåìåñ 29ÇÄÅ � ÎÅ ÚÁ×ÉÓÉÔ ÏÔ �00, Á Ï�ÅÒÁÔÏÒÙ Qj ÄÁÀÔÓÑ ÆÏÒÍÕÌÏÊ (1.13).òÁ×ÅÎÓÔ×Ï (4.4) { ÜÔÏ ÌÉÎÅÊÎÏÅ ÓÏÏÔÎÏÛÅÎÉÅ, Ó×ÑÚÙ×ÁÀÝÅÅ ��00�t , ��00�qj′(j′ = 1; 2) É �00. õÒÁ×ÎÅÎÉÅ (4.4), ËÁË É × ÒÁÂÏÔÅ [5℄, ÚÁ�ÉÓÙ×ÁÅÔÓÑ ××ÉÄÅ ��00�s +K�00 = 0; ��s = ��t + vj′ ��qj′ ; vj′ = �H��j′ ; (4.5)ÇÄÅ
K = � · [−2��t√GGi� ∞

∫0 �00i�0�d�℄−1: (4.6)äÌÑ ÎÁÈÏÖÄÅÎÉÑ �01, �02; : : : ÆÏÒÍÕÌÕ (4.2) ÓÌÅÄÕÅÔ \ÄÉÆÆÅÒÅÎ�ÉÒÏ-×ÁÔØ" { Ô.Å. ÎÁÈÏÄÉÔØ ËÏÜÆÆÉ�ÉÅÎÔÙ �ÒÉ (q2−t)jj! j = 1; 2; : : : . íÙ �Ï-ÌÕÞÉÍ ÕÒÁ×ÎÅÎÉÑ ×ÉÄÁ ��0j�s +K�0j = �j ; (4.7)ÇÄÅ �j ×ÙÒÁÖÁÀÔÓÑ ÞÅÒÅÚ �0j′ , j′ < j. îÁÞÁÌØÎÙÅ ÄÁÎÎÙÅ ÄÌÑ ÕÒÁ×-ÎÅÎÉÊ (4.5), (4.7) ÎÁÈÏÄÑÔÓÑ ÏÄÎÏÚÎÁÞÎÏ, ÅÓÌÉ ÚÁÄÁÎÙ ËÏÜÆÆÉ�ÉÅÎÔÙÒÁÚÌÏÖÅÎÉÑ Æ.Ó.Ò. �0�∣

∣t=0 �Ï ÓÔÅ�ÅÎÑÍ q2. îÁÊÄÑ �0j , ÎÁ ÔÏÍ ÖÅ �Õ-ÔÉ ÍÏÖÎÏ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏ ÎÁÈÏÄÉÔØ ËÏÜÆÆÉ�ÉÅÎÔÙ ÒÁÚÌÏÖÅÎÉÑ Æ.Ó.Ò.�1�, �2�, � = 1; 2; 3.
§5. æÁÚÁ âÅÒÒÉåÓÌÉ ÓÞÉÔÁÔØ ÒÁÚÌÏÖÅÎÉÅ � × Æ.Ó.Ò. ÉÚ×ÅÓÔÎÙÍ, ÔÏ ÄÌÑ ÎÁÈÏÖÄÅÎÉÑ×ÙÒÁÖÅÎÉÑ ÄÌÑ 'r r = 1; 2; 3 × �ÅÒ×ÏÍ �ÒÉÂÌÉÖÅÎÉÉ ÎÁÄÏ ÎÁÊÔÉ ×ÙÒÁ-ÖÅÎÉÅ ÄÌÑ �0∣∣q2=t = �0(q1; q2; t)∣∣q2=t. óÞÉÔÁÑ, ÞÔÏ q2 = t, ÏÂÒÁÔÉÍÓÑ ËÒÁ×ÅÎÓÔ×Õ (4.2). îÁÄÏ ÉÍÅÔØ × ×ÉÄÕ, ÞÔÏ \�ÒÏÉÚ×ÏÄÎÙÅ" ×ÙÛÅ �ÅÒ×ÏÊÓÔÅ�ÅÎÉ ÏÔ � É \�ÒÏÉÚ×ÏÄÎÙÅ" ÎÁÞÉÎÁÑ Ó �ÅÒ×ÏÊ ÏÔ �00� { ËÏÍ�ÌÅËÓ-ÎÙ. òÁ×ÅÎÓÔ×Ï (4.2) { ÜÔÏ ÌÉÎÅÊÎÏÅ ÕÒÁ×ÎÅÎÉÅ �ÅÒ×ÏÇÏ �ÏÒÑÄËÁ ÄÌÑ�0∣∣q2=t = �00. üÔÏ ÕÒÁ×ÎÅÎÉÅ ÕÄÁÅÔÓÑ Õ�ÒÏÓÔÉÔØ. âÕÄÅÍ ÉÓËÁÔØ �00 ××ÉÄÅ �00 =  eiV : (5.1)ðÏÔÒÅÂÕÅÍ, ÞÔÏÂÙ V ÕÄÏ×ÌÅÔ×ÏÒÑÌÏ ÕÒÁ×ÎÅÎÉÀ:+∞

∫0 [

− 2i�√GGi��t �V�t �00i�00� − i��2t�00i�00� ��n (�√GGi�)+ C�jkl√G�rkl�00rQj�00� − C�jkl√G�rkl�00rQj�00�



30 ÷. í. âáâéþ+ i ��n(C�jkl√G)�Qk�00lQj�00�+ iC�jk′l√G �V�qk′
�00lQj�00�+ iC�j′kl√GQk �V�qj′ �00l�00�] d� (5.2)É ÎÁÞÁÌØÎÏÍÕ ÕÓÌÏ×ÉÀ V ∣

∣t=0 = 0: (5.3)éÓ�ÏÌØÚÕÑ ÏÂÏÚÎÁÞÅÎÉÑ ÒÁÂÏÔÙ [5℄, �ÏÌÕÞÉÍ:V = s
∫0 [�1 ��n ln√G+ �i�( ��nGi�)+ �ij� ��ij+ �2 ���n + �ijkl( ��nCijkl)] ds; (5.4)ÇÄÅ �1=(−+∞

∫0 �Gi��2t ��00i�00�d�+C�jkl +∞
∫0 �Q��00jQk�00ld�);(5.5)�i� =  +∞

∫0 ��2t ��00i�00�d�; (5.6)�ij� = 2Cijkl +∞
∫0 Im(�00�Qk�00l)d�; (5.7)�2 =  +∞

∫0 Gi��2t ��00i�00�d�; (5.8)��jkl =  +∞
∫0 �Q��00jQk�00ld�; (5.9) = [

− 2�t�Gi� +∞
∫0 �00i(M; �)�00�(M; �)d�]−1: (5.10)



÷ïìîá òåìåñ 31úÄÅÓØ M { ÔÏÞËÁ ÎÁ �Ï×ÅÒÈÎÏÓÔÉ � Ó ËÏÏÒÄÉÎÁÔÁÍÉ q1, q2(= t); t.æÕÎË�ÉÉ �, Gi�, ���n , ��nCijkl , √G { ÜÔÏ ÆÕÎË�ÉÉ, ÚÁÄÁÎÎÙÅ ÎÁ �Ï×ÅÒÈ-ÎÏÓÔÉ Õ�ÒÕÇÏÇÏ ÔÅÌÁ, Ô.Å. �ÒÉ ËÏÏÒÄÉÎÁÔÅ q3 = n = 0.æÕÎË�ÉÑ V { ÜÔÏ ÆÁÚÁ âÅÒÒÉ ÄÌÑ ÎÁÛÅÊ ÚÁÄÁÞÉ. õÒÁ×ÎÅÎÉÅ ÄÌÑ  ÄÏ×ÏÌØÎÏ ÇÒÏÍÏÚÄËÏÅ, ÎÏ ÏÎÏ ×ÓÅ ÖÅ �ÒÏÝÅ ÕÒÁ×ÎÅÎÉÑ ÄÌÑ �0. åÓÌÉ ÜÔÏÕÒÁ×ÎÅÎÉÅ ÕÍÎÏÖÉÔØ ÎÁ  , ÔÏ ÍÙ �ÒÉÄÅÍ Ë ÒÁ×ÅÎÓÔ×Õ:
∞
∫0 [

− 2�√GGi��t �00� ��t ( �00i)− �√GGi��tt 2�00�+  2Qk�00l ��qj′ (C�j′kl√G)�00� + (C�jk′ l√GQj�00� ��qk′
( �00l)+C�j′kl√G�00�Qk ��qj′ ( �00l)) + 2 �2��qj′�qk′

×
√GC�j′k′l�00l�00�℄d� = 0: (5.11)

§6. îÁÈÏÖÄÅÎÉÅ ÄÉ×ÅÒÇÅÎÔÎÏÊ ÞÁÓÔÉ × ÕÒÁ×ÎÅÎÉÉ (5.11)îÁÍ �ÏÔÒÅÂÕÅÔÓÑ ×ÙÄÅÌÉÔØ ÉÚ ÌÅ×ÏÊ ÞÁÓÔÉ ÒÁ×ÅÎÓÔ×Á (5.11) ÄÉ×ÅÒ-ÇÅÎÔÎÕÀ ÞÁÓÔØ. óÄÅÌÁÅÍ ÎÅËÏÔÏÒÙÅ ÚÁÍÅÞÁÎÉÑ. îÁ�ÏÍÎÉÍ, ÞÔÏ ÕÒÁ×-ÎÅÎÉÅ (5.11) ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ËÏÇÄÁ ÔÏÞËÁ q1, q2, t ÌÅÖÉÔ ÎÁ �Ï×ÅÒÈ-ÎÏÓÔÉ � É × ÜÔÏÊ ÔÏÞËÅ ÚÁÄÁÎÙ ×ÅÝÅÓÔ×ÅÎÎÙÅ �1, �2, Ï�ÒÅÄÅÌÑÅÍÙÅ ÉÚËÁÎÏÎÉÞÅÓËÏÊ ÓÉÓÔÅÍÙ ÕÒÁ×ÎÅÎÉÊ.ðÒÉ ×ÅÝÅÓÔ×ÅÎÎÙÈ �1 É �2�00� = �R00� = �R00�(q′; q2; �1; �2) + i�J00�(q′; q2; �1; �2); (6.1)ÇÄÅ �R00� É �J00� { ÇÌÁÄËÉÅ ×ÅÝÅÓÔ×ÅÎÎÙÅ ÆÕÎË�ÉÉ Ó×ÏÉÈ ×ÅÝÅÓÔ×ÅÎÎÙÈÁÒÇÕÍÅÎÔÏ×. æÏÒÍÕÌÁ (5.11) ÓÏÄÅÒÖÉÔ �ÒÏÉÚ×ÏÄÎÙÅ ÏÔ �00�. ðÒÉ ÉÈ×ÙÞÉÓÌÅÎÉÉ ÍÙ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍ �R00� É �J00� ËÁË ÓÌÏÖÎÕÀ ÆÕÎË�ÉÀ(�1 É �2 { Æ.Ó.Ò., �Ï ÓÔÅ�ÅÎÑÍ q2 − t). ÷ ÓÉÌÕ ÔÏÇÏ, ÞÔÏ \�ÒÏÉÚ×ÏÄÎÙÅ"ÏÔ � ×ÙÛÅ �ÅÒ×ÏÊ ÎÁ �Ï×ÅÒÈÎÏÓÔÉ � ËÏÍ�ÌÅËÓÎÙ, ÔÏ É \�ÒÏÉÚ×ÏÄÎÙÅ"ÏÔ �R00� É �J00� ÎÁ � ËÏÍ�ÌÅËÓÎÙ, × ÔÏ ×ÒÅÍÑ ËÁË �R00� É �J00� ÎÁ � {×ÅÝÅÓÔ×ÅÎÎÙ. ÷×ÅÄÅÍ ÏÂÏÚÎÁÞÅÎÉÅ��00� := �R00�(q1; q2; �1; �2)− i�J00�(q1; q2; �1; �2): (6.2)



32 ÷. í. âáâéþóÎÁÞÁÌÁ �ÒÅÏÂÒÁÚÕÅÍ ÞÌÅÎÙ ÆÏÒÍÕÌÙ (5.11), ÓÏÄÅÒÖÁÝÉÅ �t É �tt:
− 2�√GGi��t ��t ( �00i) ·  ��00�−� 2√GGi��tt�00i ��00�= −�√GGi��t � 2�t �00i ��00�−2� 2√GGi��t ��00i�t ��00�

− � 2√GGi��tt�00i�00�= ��t (� 2√GGi��t�00i ��00�)+ 2A; (6.3)ÇÄÅ A := −�√GGi��t(��00i�t ��00� − �00i � ��00��t ): (6.4)ðÏ ÂÌÉÚËÏÊ (É ÂÏÌÅÅ ÇÒÏÍÏÚÄËÏÊ) ÓÈÅÍÅ �ÒÅÏÂÒÁÚÕÀÔÓÑ ÞÌÅÎÙ ÆÏÒÍÕÌÙ(5.11), ÓÏÄÅÒÖÁÝÉÅ ÔÅÎÚÏÒ C�jkl .ðÏÌØÚÕÑÓØ ÏÂÏÚÎÁÞÅÎÉÅÍ (6.2), ÉÈ ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ × ×ÉÄÅ: 2Qk�00l( ��qj′ (C�j′kl√G))��00� + C�jk′ l√G ( ��qk′
 �00l)Q∗j ��00�+  C�j′kl√G(Qk( ��qj′ ( �00l))��00�+  2 �2��qj′�qk′

√GC�j′k′l�00l ��00�: (6.5)úÄÅÓØ Qk = {�j j = 1; 2
−i ��� j = 3; Q∗k = {�j j = 1; 2i ��� j = 3: (6.6)÷ÙÞÔÅÍ ÉÚ (6.3) ×ÙÒÁÖÅÎÉÅ��qj′ [C�j′kl√G ·  2 (Qk�00l)��00� +�00�Q∗k ��00l2 ] (6.7)É �ÒÉÂÁ×ÉÍ ÅÇÏ. ðÒÅÏÂÒÁÚÕÅÍ ÒÁÚÎÏÓÔØ, ÕÞÉÔÙ×ÁÑ, ÞÔÏ ÎÁ � �j ×ÅÝÅ-ÓÔ×ÅÎÎÙ, Á ��00� = �00�. ðÏÓÌÅ ÒÑÄÁ ÓÏËÒÁÝÅÎÉÊ ÜÔÏÊ ÒÁÚÎÏÓÔÉ ÍÏÖÎÏ�ÒÉÄÁÔØ ×ÉÄ:B := 12C�j′kl√G[��00��qj′ Qk�00l − � ��00��qj′ Qk�00l+((Qk ��00l�qj′ )�00� − �00�(Q∗k � ��00l�qj′ ))]: (6.8)



÷ïìîá òåìåñ 33åÓÌÉ ÂÙ �ÒÏÉÚ×ÏÄÎÙÅ ÏÔ � ×ÙÛÅ �ÅÒ×ÏÇÏ �ÏÒÑÄËÁ ÂÙÌÉ ÂÙ ×ÅÝÅÓÔ×ÅÎ-ÎÙ (ËÁË × ÒÁÂÏÔÅ [5℄), ÔÏÇÄÁ ×ÙÒÁÖÅÎÉÅ × Ë×ÁÄÒÁÔÎÙÈ ÓËÏÂËÁÈ ÂÙÌÏÂÙ ÞÉÓÔÏ ÍÎÉÍÙÍ. ÷ ÎÁÛÅÍ ÓÌÕÞÁÅ ÜÔÏ ÎÅ ÔÁË É ×ÅÝÅÓÔ×ÅÎÎÁÑ ÞÁÓÔØ×ÙÒÁÖÅÎÉÑ (6.8) ×ÏÏÂÝÅ ÇÏ×ÏÒÑ ÏÔÌÉÞÎÁ ÏÔ ÎÕÌÑ.ðÏÄ×ÅÄÅÍ ÉÔÏÇÉ. éÔÁË, ÞÔÏÂÙ ÎÁÊÔÉ × �ÅÒ×ÏÍ �ÒÉÂÌÉÖÅÎÉÉ ÉÓËÏ-ÍÙÊ ×ÅËÔÏÒ ÎÁÄÏ Ï�ÒÅÄÅÌÉÔØ � ÎÁ �. ðÕÓÔØ ÔÏÞËÁ (q1; q2; t) ∈ �, Ô.Å.q2 = t. ðÏÌÁÇÁÑ � =  eiV (ÓÍ. (5.1)), ÍÙ �ÒÉÛÌÉ Ë ×ÙÒÁÖÅÎÉÀ (5.4)ÄÌÑ V . ìÅ×ÁÑ ÞÁÓÔØ ÕÒÁ×ÎÅÎÉÑ ÄÌÑ  2 ÉÍÅÅÔ ×ÉÄ ÓÕÍÍÙ \ÄÉ×ÅÒÇÅÎÔ-ÎÏÊ" ÞÁÓÔÉ É \ÎÅÄÉ×ÅÒÇÅÎÔÎÏÇÏ" ÓÌÁÇÁÅÍÏÇÏ:��t(−� 2Gi�Qt�00i ��00�)+ 1√G ��qj′ [C�j′kl · 12(��00�Qk�00l +�00�Q∗k ��00l)]+  2(A+B) = 0: (6.9)÷ÙÒÁÖÅÎÉÑ ÄÌÑ A É B ÄÁÀÔÓÑ ÆÏÒÍÕÌÁÍÉ (6.4) É (6.8).
§7. æÏÒÍÕÌÁ ÄÌÑ ×ÏÌÎÏ×ÏÇÏ �ÏÌÑ × �ÅÒ×ÏÍ �ÒÉÂÌÉÖÅÎÉÉäÌÑ ×Ù×ÏÄÁ ÆÏÒÍÕÌÙ ÄÌÑ  2 × �ÅÒ×ÏÍ �ÒÉÂÌÉÖÅÎÉÉ ÕÄÏÂÎÏ ÉÍÅÔØÄÅÌÏ ÎÅ Ó \ÍÁÌÏÊ" �ÅÒÅÍÅÎÎÏÊ q2− t, Á Ó ÄÒÕÇÏÊ �ÅÒÅÍÅÎÎÏÊ, Ï ËÏÔÏÒÏÊÒÅÞØ �ÏÊÄÅÔ ÎÉÖÅ. ÷ÅÒÎÅÍÓÑ ÄÌÑ ÜÔÏÇÏ Ë ÚÁÄÁÞÅ ÎÁÈÏÖÄÅÎÉÑ � × ×ÉÄÅÆ.Ó.Ò. ëÒÏÍÅ �ÏÄÈÏÄÁ, Ï ËÏÔÏÒÏÍ ÛÌÁ ÒÅÞØ × ÎÁÞÁÌÅ ÒÁÚÄÅÌÁ 3, ×ÏÚ-ÍÏÖÅÎ �ÏÄÈÏÄ, ÏÓÎÏ×ÁÎÎÙÊ ÎÁ ÒÅÛÅÎÉÉ (× ×ÉÄÅ Æ.Ó.Ò.) ËÁÎÏÎÉÞÅÓËÏÊÓÉÓÔÅÍÙ ÕÒÁ×ÎÅÎÉÊ (2.3). âÕÄÅÍ ÒÅÛÁÔØ ÜÔÕ ÓÉÓÔÅÍÕ, ÓÞÉÔÁÑ, ÞÔÏ �ÒÉs = 0 q1=a1; q2=0; �=�0(a1); �1= ��0(a1)�a1 ; �2=�1(a1); (7.1)Ô.Å. × ÓÏÏÔ×ÅÔÓÔ×ÉÉ Ó ÒÁ×ÅÎÓÔ×ÏÍ (3.1). òÅÛÁÑ ÚÁÄÁÞÕ ëÏÛÉ ÄÌÑ ÓÉÓÔÅ-ÍÙ (2.3) Ó ÎÁÞÁÌØÎÙÍÉ ÕÓÌÏ×ÉÑÍÉ (7.1) ÄÌÑ q1, q2, �1, �2, ÍÙ �ÒÉÄÅÍË �Ï×ÅÒÈÎÏÓÔÉ �. äÁÌÅÅ ÂÕÄÅÍ ÉÓËÁÔØ q1, q2, �1, �2 × ×ÉÄÅ Æ.Ó.Ò. �ÏÓÔÅ�ÅÎÑÍ \ÍÁÌÏÊ" �ÅÒÅÍÅÎÎÏÊ a2. äÌÑ \�ÒÏÉÚ×ÏÄÎÙÈ"�rqi(�a2)r ∣

∣a2=0; �r�i(�a2)r ∣

∣a2=0; r = 1; 2; : : : ;Á ÔÏÞÎÅÅ ÄÌÑ ËÏÜÆÆÉ�ÉÅÎÔÏ× Æ.Ó.Ò. × ËÏÔÏÒÙÅ \ÒÁÚÌÁÇÁÀÔÓÑ" qi É �i,ÎÁ ËÁÖÄÏÍ ÛÁÇÅ �ÒÉÈÏÄÉÔÓÑ ÒÅÛÁÔØ ÓÉÓÔÅÍÕ ÌÉÎÅÊÎÙÈ ÏÂÙËÎÏ×ÅÎ-ÎÙÈ ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÙÈ ÕÒÁ×ÎÅÎÉÊ. üÔÉ \�ÒÏÉÚ×ÏÄÎÙÅ" ÏÔ qi, �i �Ï



34 ÷. í. âáâéþa2 �ÒÉ a2 = 0 ×ÏÏÂÝÅ ÇÏ×ÏÒÑ ËÏÍ�ÌÅËÓÎÙ, �ÏÔÏÍÕ, ÞÔÏ �Ï ÕÓÌÏ×ÉÀIm �2(q1; t) > 0 �ÒÉ t = 0 (ÓÍ. ÒÁÚÄÅÌ 3).ãÅÎÔÒÁÌØÎÙÊ ÍÏÍÅÎÔ × �ÏÓÔÒÏÅÎÉÑÈ { ÜÔÏ ×ÏÚÍÏÖÎÏÓÔØ �ÅÒÅÊÔÉ ×ÕÒÁ×ÎÅÎÉÉ (6.9) Ë �ÅÒÅÍÅÎÎÙÍ s, a1, a2. òÁÓÓÕÖÄÁÑ ÓÔÁÎÄÁÒÔÎÏ (ÓÍ.,ÎÁ�ÒÉÍÅÒ, [6, ÇÌÁ×Á 1℄), �ÒÉÄÅÍ Ë ÓÏÏÔÎÏÛÅÎÉÀ, ×Ù�ÏÌÎÑÀÝÅÍÕÓÑ �ÒÉa2 = 0 (Ô.Å. ÎÁ �):1J ��s(J 22 )+  2(A+B) = 0; J = D(q1; q2)
D(a1; a2) : (7.2)÷ÙÒÁÖÅÎÉÅ ÄÌÑ  ÄÁÅÔ ÆÏÒÍÕÌÁ (5.10).òÁ×ÅÎÓÔ×Ï (7.2) { ÜÔÏ ÌÉÎÅÊÎÏÅ ÏÂÙËÎÏ×ÅÎÎÏÅ ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÏÅÕÒÁ×ÎÅÎÉÅ ÏÔÎÏÓÉÔÅÌØÎÏ  2. åÇÏ ÒÅÛÅÎÉÅ ÎÅ �ÒÅÄÓÔÁ×ÌÑÅÔ ÔÒÕÄÎÏÓÔÅÊ.éÚ (7.2) ÓÌÅÄÕÅÔ, ÞÔÏ (s; a1; a2)∣∣∣

∣a2=0 =  (s; a1; a2)∣∣∣
∣

a2=0s=0 √ (J)s=0J e− s
∫0 ·(A+B)ds: (7.3)
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