
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 438, 2015 Ç.á. ð. ëÁÞÁÌÏ×òåûåîéå ìõþå÷ïçï �éðá äìñ ÷ïìîëïîåþîïê äåæïòíáãéé ÷ æéúéþåóëéìéîåêîïê îåìéîåêîïê îåïäîïòïäîïêõðòõçïê óòåäå1. æÏÒÍÕÌÉÒÏ×ËÁ ÚÁÄÁÞÉ. òÁÓÓÍÏÔÒÉÍ ÎÅÌÉÎÅÊÎÕÀ ÎÅÏÄÎÏÒÏÄÎÕÀÉÚÏÔÒÏ�ÎÕÀ Õ�ÒÕÇÕÀ ÓÒÅÄÕ. �ÁËÁÑ ÓÒÅÄÁ ÍÏÖÅÔ ÂÙÔØ ÏÈÁÒÁËÔÅÒÉÚÏ×Á-ÎÁ Ó×ÏÂÏÄÎÏÊ ÜÎÅÒÇÉÅÊ A(I1; I2; I3;x), ËÏÔÏÒÁÑ Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÏÊ ÆÕÎË-�ÉÅÊ ×ÓÅÈ Ó×ÏÉÈ �ÁÒÁÍÅÔÒÏ× É I�, � = 1; 2; 3,{ ÔÒÉ ÉÎ×ÁÒÉÁÎÔÁ ÔÅÎÚÏÒÁÄÅÆÏÒÍÁ�ÉÉ Dik ×ÅËÔÏÒÁ ÓÍÅÝÅÎÉÑ u,Dik = 12 (�iuk + �kui + �iul · �kul) ; (1)I1 = trD;I2 = D11D22 −D212 +D22D33 −D223 +D33D11 −D231; (2)I3 = detD:äÌÑ ÓÌÕÞÁÑ ÆÉÚÉÞÅÓËÉ ÌÉÎÅÊÎÏÊ ÓÒÅÄÙ (æìó) Ó×ÏÂÏÄÎÁÑ ÜÎÅÒÇÉÑÉÍÅÅÔ ×ÉÄ:
A = �+ 2�2 I21 − 2�I2: (3)�ÅÎÏÒ ÎÁ�ÒÑÖÅÎÉÊ ëÉÒÈÇÏÆÁ �ik [1,2℄ ÄÌÑ Õ�ÒÕÇÏÊ ÓÒÅÄÙ ÍÏÖÅÔÂÙÔØ ×ÙÒÁÖÅÎ ÞÅÒÅÚ �ÒÏÉÚ×ÏÄÎÙÅ ÏÔ Ó×ÏÂÏÄÎÏÊ ÜÎÅÒÇÉÉ�ik = �A�(�kui) = ��ik − ��irDrk + �irDrsDsk; (4)� = �A�I1 + I1 �A�I2 + I2 �A�I3 ; � = �A�I2 + I1 �A�I3 ;  = �A�I3 (5)É �ir = Æir + �rui: (6)ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÎÅÌÉÎÅÊÎÁÑ Õ�ÒÕÇÁÑ ÓÒÅÄÁ, ËÏÎÅÞÎÙÅ ÄÅÆÏÒÍÁ�ÉÉ, ÒÅÛÅÎÉÑÌÕÞÅ×ÏÇÏ ÔÉ�Á.òÁÂÏÔÁ ÂÙÌÁ �ÏÄÄÅÒÖÁÎÁ òææé ÇÒÁÎÔÏÍ 14-01-00535á.118



òåûåîéå ìõþå÷ïçï �éðá 119äÌÑ ÆÉÚÉÞÅÓËÉ ÌÉÎÅÊÎÏÊ ÓÒÅÄÙ ÍÙ ÉÍÅÅÍ� = �I1; � = −2�;  = 0: (7)õÒÁ×ÎÅÎÉÑ Ä×ÉÖÅÎÉÑ �ÒÏÉÚ×ÏÌØÎÏÊ ÎÅÌÉÎÅÊÎÏÊ Õ�ÒÕÇÏÊ ÓÒÅÄÙ ÍÏ-ÇÕÔ ÂÙÔØ ÚÁ�ÉÓÁÎÙ ËÁË ÕÒÁ×ÎÅÎÉÑ üÊÌÅÒÁ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ �ÌÏÔÎÏ-ÓÔÉ ÜÎÅÒÇÉÉ
E = K +A = 12�(x)(�tu; �tu) +A(I1; I2; I3);ÇÄÅ K { �ÌÏÔÎÏÓÔØ ËÉÎÅÔÉÞÅÓËÏÊ ÜÎÅÒÇÉÉ ÓÒÅÄÙ,%�2t ui = �k�ik: (8)äÌÑ ÆÉÚÉÞÅÓËÉ ÌÉÎÅÊÎÏÊ ÓÒÅÄÙ ÕÒÁ×ÎÅÎÉÑ Ä×ÉÖÅÎÉÑ ÍÏÇÕÔ ÂÙÔØÚÁ�ÉÓÁÎÙ, ËÁË %�2t ui = �k (��ikI1 + 2��irDrk) : (9)2. òÅÛÅÎÉÅ ÌÕÞÅ×ÏÇÏ ÔÉ�Á. íÙ ÂÕÄÅÍ ÉÓËÁÔØ ÒÅÛÅÎÉÅ ÌÕÞÅ×ÏÇÏÔÉ�Á ÄÌÑ ×ÏÌÎ ËÏÎÅÞÎÏÊ ÄÅÆÏÒÍÁ�ÉÉ ÄÌÑ ÕÒÁ×ÎÅÎÉÊ Õ�ÒÕÇÏÓÔÉ × ×ÉÄÅ:u(x; t; �) = ∞∑k=0U (k)(�;x; t)�k : (10)úÄÅÓØ �(x; t) = �−1�(x; t); |∇�| 6= 0 (11)É � { ÜÔÏ ÍÁÌÙÊ �ÁÒÁÍÅÔÒ ÚÁÄÁÞÉ. äÌÑ ×ÏÌÎ ÍÁÌÏÊ ÄÅÆÏÒÍÁ�ÉÉ ÚÁÄÁÞÁÒÁÓÓÍÁÔÒÉ×ÁÌÁÓØ × [3℄.äÌÑ ×ÏÌÎ ËÏÎÅÞÎÏÊ ÄÅÆÏÒÍÁ�ÉÉ ÍÙ ÄÏÌÖÎÙ �ÒÅÄ�ÏÌÏÖÉÔØ, ÞÔÏU (0) = U (0)(x; t)É ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � , ÉÎÁÞÅ ÔÅÎÚÏÒ ÄÅÆÏÒÍÁ�ÉÉ ÂÕÄÅÔ ÂÏÌØÛÏÊ ×ÅÌÉÞÉÎÏÊ.3. ÷ÏÌÎÁ âÌÅÎÄÁ. ÷ �ÒÏÉÚ×ÏÌØÎÏÊ ÎÅÌÉÎÅÊÎÏÊ ÏÄÎÏÒÏÄÎÏÊ Õ�ÒÕÇÏÊÓÒÅÄÅ × ÌÀÂÏÍ ÎÁ�ÒÁ×ÌÅÎÉÉ ÒÁÓ�ÒÏÓÔÒÁÎÑÅÔÓÑ ÅÄÉÎÓÔ×ÅÎÎÁÑ �ÌÏÓËÁÑ×ÏÌÎÁ, ËÏÔÏÒÁÑ ÎÁÚÙ×ÁÅÔÓÑ ×ÏÌÎÏÊ âÌÅÎÄÁ [4℄. äÌÑ ×ÏÌÎÙ ÒÁÓ�ÒÏÓÔÒÁ-ÎÑÀÝÅÊÓÑ × ÎÁ�ÒÁ×ÌÅÎÉÉ x1u1 = 0; u2 = U2(�); u3 = U3(�); � = x− vtÉ U2(�) =M �∫0 os	(� ′)d� ′; U3(�) =M �∫0 sin	(� ′)d� ′



120 á. ð. ëáþáìï÷É 	(�) { �ÒÏÉÚ×ÏÌØÎÁÑ ÇÌÁÄËÁÑ ÆÕÎË�ÉÑ. ÷ ÜÔÏÍ ÓÌÕÞÁÅ ×ÓÅ ÉÎ×ÁÒÉÁÎ-ÔÙ ÔÅÎÚÏÒÁ ÄÅÆÏÒÍÁ�ÉÉ É ÆÕÎË�ÉÉ �, �,  Ñ×ÌÑÀÔÓÑ ËÏÎÓÔÁÎÔÁÍÉ É×ÙÒÁÖÁÀÔÓÑ ÞÅÒÅÚ ÁÍ�ÌÉÔÕÄÕ M . îÁ�ÒÉÍÅÒ, I1 =M2=2, I2 = −M2=4,I3 = 0.ðÅÒ×ÏÅ ÉÚ ÕÒÁ×ÎÅÎÉÊ ÎÅÌÉÎÅÊÎÏÊ Õ�ÒÕÇÏÓÔÉ ÂÕÄÅÔ ×Ù�ÏÌÎÑÔØÓÑ ÔÏ-ÖÄÅÓÔ×ÅÎÎÏ (i = 1) ä×Á ÄÒÕÇÉÅ ÕÒÁ×ÎÅÎÉÑ (i = 2; 3) ÄÌÑ ÎÅÎÕÌÅ×ÏÊ ÁÍ-�ÌÉÔÕÄÙM ÜË×É×ÁÌÅÎÔÎÙ É ÄÁÀÔ ÎÁÍ ÕÒÁ×ÎÅÎÉÅ ÄÌÑ ÓËÏÒÏÓÔÉ �ÌÏÓËÏÊ×ÏÌÎÙ. v = √[�− 0:5�(1 +M2) + 0:25(M4 + 2M2)℄=%:÷ ÞÁÓÔÎÏÓÔÉ, ÄÌÑ ÆÉÚÉÞÅÓËÉ ÌÉÎÅÊÎÏÊ ÓÒÅÄÙ,v = √[�+ 0:5(�+ 2�)M2℄=%:4. çÌÁ×ÎÙÊ ÞÌÅÎ ÁÓÉÍ�ÔÏÔÉÞÅÓËÏÇÏ ÒÁÚÌÏÖÅÎÉÑ. òÁÓÓÍÁÔÒÉ×ÁÑÛÁÇ ÚÁ ÛÁÇÏÍ ÓÔÁÒÛÉÅ ÞÌÅÎÙ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉÈ ÒÁÚÌÏÖÅÎÉÊ ×ÓÅÈ �ÁÒÁ-ÍÅÔÒÏ× ÚÁÄÁÞÉ, ÍÙ ×ÉÄÉÍ, ÞÔÏ ÇÌÁ×ÎÙÊ ÞÌÅÎ ÁÓÉÍ�ÔÏÔÉËÉ ÕÒÁ×ÎÅÎÉÊ(9) ÂÕÄÅÔ �ÏÒÑÄËÁ −1 �Ï �ÁÒÁÍÅÔÒÕ �:% �U (1)i �2t = {�( _I(0)1 �(0)ik + I(0)1 _�(0)ik ) + 2�( _�(0)il D(0)lk + �(0)il _D(0)lk )}�k; (12)ÇÄÅ _a = ��a. ðÏÓÌÅ �ÒÏÓÔÙÈ ×ÙÞÉÓÌÅÎÉÊ ÜÔÁ ÓÉÓÔÅÍÁ ÕÒÁ×ÎÅÎÉÊ ÍÏÖÅÔÂÙÔØ �ÒÅÏÂÒÁÚÏ×ÁÎÁ × ÌÉÎÅÊÎÕÀ ÓÉÓÔÅÍÕ ÕÒÁ×ÎÅÎÉÊ �Ï ÏÔÎÏÛÅÎÉÀ Ë�U(1): Ais �U (1)s = 0; (13)ÇÄÅ ËÏÜÆÆÉ�ÉÅÎÔÙ Ais ÜÔÏÊ ÓÉÓÔÅÍÙ Ñ×ÌÑÀÔÓÑ ÆÕÎË�ÉÑÍÉ x, _U(1), É�ÅÒ×ÙÈ �ÒÏÉÚ×ÏÄÎÙÈ �k�, �t�, �kU (0)i .Ais = Æis[(�I(0)1 (∇�)2 + 2�D(0)kl �k�l − %�2t ℄+ (�+ �)�(0)il �l�(0)sk �k + ��(0)il �(0)sl (∇�)2= −aÆis + (�+ 2�)bibs + �Ris: (14)úÄÅÓØ�(0)ik = Æik + �kU (0)i + _U (1)i �k = Sik + _U (1)i �k;bi = �(0)ik �k = Sik�k + _U (1)i (∇�)2;St · S = I + 2D̃(0); D̃(0)ik = 12(�kU (0)i + �iU (0)k + �iU (0)s �kU (0)s );D(0)ik = 12(�(0)si �(0)sk − Æik); I(0)1 = D(0)kk = 12(�(0)sk �(0)sk − 3); (15)



òåûåîéå ìõþå÷ïçï �éðá 121a = %(�t�)2 − �I(0)1 (∇�)2 − 2�D(0)rk �r�k;R = SR(0)St; R(0)ik = (∇�)2Æik − �i�k:úÁÍÅÔÉÍ, ÞÔÏ ÓÉÍÍÅÔÒÉÞÎÁÑ ÍÁÔÒÉ�Á R ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � .éÓ�ÏÌØÚÕÑ ÆÏÒÍÕÌÕ (15) ÍÙ ×ÉÄÉÍ, ÞÔÏD(0)ik �i�k = 12((b;b) − (∇�)2) = I(0)1 (∇�)2 + r; (16)ÇÄÅ r = (�kU (0)i + 12�iU (0)s �kU (0)s )(�i�k − Æik(∇�)2) = tr (D̃(0)R(0)):ðÒÅÖÄÅ ×ÓÅÇÏ ÍÙ ÏÔÍÅÔÉÍ ÎÅËÏÔÏÒÙÅ ÓÏÏÔÎÏÛÅÎÉÑ, ËÏÔÏÒÙÅ ÎÁÍ�ÏÔÒÅÂÕÀÔÓÑ × ÄÁÌØÎÅÊÛÅÍ._D(0)ik �i�k = bs _bs = _I(0)1 (∇�)2; _a = −(�+ 2�) _I(0)1 (∇�)2: (17)�ÏÇÄÁ ÕÒÁ×ÎÅÎÉÅ (13) mÏÖÅÔ ÂÙÔØ �ÅÒÅ�ÉÓÁÎÏ, ËÁËdd� ([Ris − Æisa=�℄ bs) = 0: (18)óÌÅÄÏ×ÁÔÅÌØÎÏ, ÍÙ ÉÍÅÅÍ ÉÎÔÅÇÒÁÌÙ[Ris − Æisa=�℄ bs = 	i(x; t): (19)íÙ ×ÉÄÉÍ, ÞÔÏ ×ÁÖÎÕÀ ÒÏÌØ × ÉÓÓÌÅÄÏ×ÁÎÉÉ ÉÍÅÀÔ ÍÁÔÒÉ�Ù R É S.òÁÓÓÍÏÔÒÉÍ ÎÅËÏÔÏÒÙÅ Ó×ÏÊÓÔ×Á ÍÁÔÒÉ�Ù R.5. ó×ÏÊÓÔ×Á ÍÁÔÒÉ� R É S. i. íÁÔÒÉ�Á R { ÜÔÏ ×ÅÝÅÓÔ×ÅÎÎÁÑ ÓÉÍ-ÍÅÔÒÉÞÎÁÑ ÍÁÔÒÉ�Á. �ÁËÉÍ ÏÂÒÁÚÏÍ, ÉÍÅÅÔÓÑ ÏÒÔÏÎÏÒÍÁÌØÎÙÊ ÂÁÚÉÓX(m)i ,m = 0; 1; 2, ×ÅÝÅÓÔ×ÅÎÎÙÈ ÓÏÂÓÔ×ÅÎÎÙÈ ×ÅËÔÏÒÏ× ÍÁÔÒÉ�Ù R, ÓÏ-ÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÓÏÂÓÔ×ÅÎÎÙÍ ÞÉÓÌÁÍ �(m). �ÁË ËÁË R ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � ,ÔÏÇÄÁ ÜÔÉ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ ÔÏÖÅ ÎÅ ÚÁ×ÉÓÑÔ ÏÔ � . íÙ ÍÏÖÅÍ ÔÁËÖÅ×ÙÂÒÁÔØ ÓÏÂÓÔ×ÅÎÎÙÅ ×ÅËÔÏÒÁ X(m)i ÎÅÚÁ×ÉÓÉÍÙÍÉ ÏÔ � .ii. ïÄÎÏ ÉÚ ÓÏÂÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ R, ÓËÁÖÅÍ �(0) ÒÁ×ÎÏ ÎÕÌÀ. ÷ ÓÁÍÏÍÄÅÌÅ, ÅÓÌÉ detS 6= 0, ÔÏÇÄÁ ÍÙ ÍÏÖÅÍ ×ÚÑÔØ X(0) = (St)−1∇�. ÷ �ÒÏ-ÔÉ×ÎÏÍ ÓÌÕÞÁÅ ÍÙ ÍÏÖÅÍ ×ÚÑÔØ × ËÁÞÅÓÔ×Å X(0) ÓÏÂÓÔ×ÅÎÎÙÊ ×ÅËÔÏÒSt ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÊ ÎÕÌÅ×ÏÍÕ ÓÏÂÓÔ×ÅÎÎÏÍÕ ÞÉÓÌÕ.òÁÚÌÏÖÉÍ ×ÅËÔÏÒ bi �Ï ÂÁÚÉÓÕ:bi = �(m)X(m)i : (20)



122 á. ð. ëáþáìï÷�ÏÇÄÁ (19) ÍÏÖÅÔ ÂÙÔØ �ÅÒÅ�ÉÓÁÎÏ × ×ÉÄÅ:(�(m) − a=�)�(m) = 	iX(m)i ; m = 0; 1; 2: (21)åÓÌÉ a 6= �(m)� ÍÙ ÍÏÖÅÍ ×ÙÒÁÚÉÔØ �m ÞÅÒÅÚ a.�(m) = 	iX(m)i =(�(m) − a=�) : (22)Lemma 1. ðÕÓÔØ ×ÓÅ ÓÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ R ÉÍÅÀÔ ËÒÁÔÎÏÓÔØ 1.�ÏÇÄÁ ÉÍÅÀÔÓÑ ÔÏÌØËÏ �ÏÓÔÏÑÎÎÙÅ �Ï � �ÅÒÉÏÄÉÞÅÓËÉÅ ÒÅÛÅÎÉÑ U(1)ÓÉÓÔÅÍÙ (13).äÏËÁÚÁÔÅÌØÓÔ×Ï. óÎÁÞÁÌÁ ÒÁÓÓÍÏÔÒÉÍ ÓÌÕÞÁÊ a 6≡ �(m), m = 0; 1; 2.�ÏÇÄÁ ÉÚ ÆÏÒÍÕÌ (15), (16), (20)É (22) ÓÌÅÄÕÅÔ, ÞÔÏa = %(�t�)2 − (�+ 2�)2 [ 2∑m=0 (	iX(m)i )2(�(m) − a=�)2 − (∇�)2]+ �r;ÔÁË, ÞÔÏ a ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � ËÁË ËÏÒÅÎØ �ÏÌÉÎÏÍÉÁÌØÎÏÇÏ ÕÒÁ×ÎÅÎÉÑ ÓËÏÜÆÆÉ�ÉÅÎÔÁÍÉ, ËÏÔÏÒÙÅ ÎÅ ÚÁ×ÉÓÑÔ ÏÔ � . ÔÏÇÄÁ ÉÚ ÕÒÁ×ÎÅÎÉÑ (22)ÓÌÅÄÕÅÔ, ÞÔÏ ×ÓÅ �(m) ÎÅÚÁ×ÉÓÉÍÙ ÏÔ � . ÷ ÒÅÚÕÌØÔÁÔÅ ÍÙ ÉÍÅÅÍ, ÞÔÏU(1) ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � . üÔÏ �ÒÏÔÉ×ÏÒÅÞÉÔ ÎÁÛÉÍ �ÒÅÄ�ÏÌÏÖÅÎÉÑÍ.ðÕÓÔØ ÔÅ�ÅÒØ a = �(M)(x; t) (23)ÄÌÑ ÎÅËÏÔÏÒÏÇÏ M × ÏËÒÅÓÔÎÏÓÔÉ ÔÏÞËÉ (x; t). �ÏÇÄÁ, ×Ï �ÅÒ×ÙÈ a ÎÅ-ÚÁ×ÉÓÉÍÁ ÏÔ � × ÜÔÏÊ ÏËÒÅÓÔÎÏÓÔÉ. óÌÅÄÏ×ÁÔÅÌØÎÏ �(m), m 6=M , ÎÅ ÚÁ-×ÉÓÑÔ ÏÔ � . �ÁË, ÞÔÏ I(0) É, ÓÌÅÄÏ×ÁÔÅÌØÎÏ, a ÚÁ×ÉÓÉÔ ÏÔ � ÔÏÌØËÏ ÞÅÒÅÚ�(M). �ÏÇÄÁ ÉÚ ÕÒÁ×ÎÅÎÉÑ (23) ÍÙ �ÏÌÕÞÁÅÍ �ÏÌÉÎÏÍÉÁÌØÎÏÅ ÕÒÁ×ÎÅ-ÎÉÅ ÄÌÑ �(M) Ó ËÏÜÆÆÉ�ÉÎÔÁÍÉ, ÚÁ×ÉÓÑÝÉÍÉ ÔÏÌØËÏ ÏÔ (x; t). �ÁËÉÍÏÂÒÁÚÏÍ, �(m), m = 0; 1; 2, ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � . ÷ ÒÅÚÕÌØÔÁÔÅ �ÒÉÈÏÄÉÍ Ë�ÒÏÔÉ×ÏÒÅÞÉÀ.äÁÌÅÅ ÍÙ ÂÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ÔÏÌØËÏ ÓÌÕÞÁÊ ÎÅ×ÙÒÏÖÄÅÎÎÏÊ ÍÁ-ÔÒÉ�Ù S. �ÏÇÄÁ R(0) É R 6= 0 ÉÍÅÅÔ ÔÏÖÅ ÓÁÍÏÅ ÞÉÓÌÏ ÎÕÌÅ×ÙÈ ÓÏÂ-ÓÔ×ÅÎÎÙÈ ÚÎÁÞÅÎÉÊ (≡ 1). �ÁËÉÍ ÏÂÒÁÚÏÍ, ÉÍÅÅÔÓÑ ÔÏÌØËÏ ÏÄÎÁ ×ÏÚ-ÍÏÖÎÏÓÔØ �ÏÓÔÒÏÉÔØ ÎÅ�ÏÓÔÏÑÎÎÏÅ �ÅÒÉÏÄÉÞÅÓËÏÅ ÒÅÛÅÎÉÅ. ÷ ÄÁÌØÎÊ-ÛÅÍ ÍÙ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ ÍÁÔÒÉ�Á R ÉÍÅÅÔ ÏÄÎÏ ÎÕÌÅ×ÏÅ ÓÏÂ-ÓÔ×ÅÎÎÏÅ ÚÎÁÞÅÎÉÅ (�(0) = 0) É Ä×Á ÓÏ×�ÁÄÁÀÝÉÈ ÓÏÂÓÔ×ÅÎÎÙÈ ÚÎÁÞÅ-ÎÉÑ �(1) = �(2) = � 6= 0. óÏÂÓÔ×ÅÎÎÙÊ ×ÅËÔÏÒ X(0), ËÏÔÏÒÙÊ ÓÏÏÔ×ÅÔ-ÓÔ×ÕÅÔ ÎÕÌÅ×ÏÍÕ ÓÏÂÓÔ×ÅÎÎÏÍÕ ÚÎÁÞÅÎÉÀ �ÏÌÕÞÁÅÔÓÑ �ÏÓÒÅÄÓÔ×ÏÍ ÎÏÒ-ÍÁÌÉÚÁ�ÉÉ ×ÅËÔÏÒÁ (St)−1∇�. ä×ÕÍÅÒÎÏÅ ÓÏÂÓÔ×ÅÎÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï,ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÅ ÎÅÎÕÌÅ×ÏÍÕ ÓÏÂÓÔ×ÅÎÎÏÍÕ ÚÎÁÞÅÎÉÀ � ÍÏÖÅÔ ÂÙÔØ



òåûåîéå ìõþå÷ïçï �éðá 123�ÒÅÄÓÔÁ×ÌÅÎÏ ËÁË ÌÉÎÅÊÎÁÑ ÏÂÏÌÏÞËÁ ÓÏÂÓÔ×ÅÎÎÙÈ ×ÅËÔÏÒÏ× Y(1) =Sn1, Y(2) = Sn2. ÷ÏÚØÍÅÍ ÏÒÔÏÎÏÒÍÁÌØÎÙÊ ÂÁÚÉÓ ×ÅËÔÏÒÏ× X(m),m = 1; 2, × ÜÔÏÊ �ÌÏÓËÏÓÔÉ. ìÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ� = (∇�)2(1 + 2�); � = (∇�)2(Snm; Snm) = (D̃(0)nm;nm); m = 1; 2:úÁÍÅÔÉÍ, ÔÁËÖÅ, ÞÔÏ (D̃(0)n1;n2)) = 0. ÷ ÓÁÍÏÍ ÄÅÌÅ,�Ælm = (�nl;nm) = (R(0)StSnl;nm) = ((I + 2D̃(0))nl; R(0)nm)= (∇�)2(Ælm + 2(D̃(0)nl;nm)); m; l = 1; 2: �Lemma 2. åÓÌÉ ÍÁÔÒÉ�Á S { ÎÅ×ÙÒÏÖÄÅÎÁ, ÔÏÇÄÁ ÍÁÔÒÉ�Á R ÉÍÅÅÔÓÏÂÓÔ×ÅÎÎÏÅ ÚÎÁÞÅÎÉÅ ËÒÁÔÎÏÓÔÉ 2 × ÔÏÍ, É ÔÏÌØËÏ × ÔÏÍ ÓÌÕÞÁÅ,ÅÓÌÉ (D̃(0)nl;nm) = �ÆlmÓ ÎÅËÏÔÏÒÙÍ ÓËÁÌÑÒÏÍ �. îÅÎÕÌÅ×ÏÅ ÓÏÂÓÔ×ÅÎÎÏÅ ÚÎÁÞÅÎÉÅ ËÒÁÔÎÏ-ÓÔÉ 2 ÒÁ×ÎÏ (∇�)2(1 + 2�).äÏËÁÚÁÔÅÌØÓÔ×Ï. åÓÌÉ R ÉÍÅÅÔ ÓÏÂÓÔ×ÅÎÎÏÅ ÚÎÁÞÅÎÉÅ ËÒÁÔÎÏÓÔÉ 2,ÔÏÇÄÁ ÍÙ ÄÏËÁÚÁÌÉ ÆÏÒÍÕÌÕ ÌÅÍÍÙ 2. ÷ ÏÒÔÏÎÏÒÍÁÌØÎÏÍ ÂÁÚÉÓÅ
∇�=|∇�; nm; m = 1; 2;ÓÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ R ÓÏ×�ÁÄÁÀÔ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉ ÚÎÁÞÅÎÉÑÍÉ(I + 2D̃(0))R(0). ðÏÓÌÅÄÎÉÅ ÒÁ×ÎÑÀÔÓÑ 0 É (∇�)2(1 + 2�) ËÒÁÔÎÏÓÔÉ 2.ìÅÍÍÁ ÄÏËÁÚÁÎÁ. �õÓÌÏ×ÉÅ ÎÁ ÓÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ ÜË×É×ÁÌÅÎÔÎÏ ÓÏÏÔÎÏÛÅÎÉÀ(tr R)2 − 4J2 = 0: (24)úÄÅÓØtr R = ∑i;l ((∇�)2SilSil − Sil�lSim�m) = 12 ∑i ∑k 6=l(Sik�l − Sil�k)2; (25)É J2 ×ÔÏÒÏÊ ÉÎ×ÁÒÉÁÎÔ ÍÁÔÒÉ�Ù R.



124 á. ð. ëáþáìï÷6. õÒÁ×ÎÅÎÉÅ ÜÊËÏÎÁÌÁ. ðÕÓÔØ ÕÒÁ×ÎÅÎÉÅ (24) ×Ù�ÏÌÎÅÎÏ. �ÏÇÄÁ ÍÙÍÏÖÅÍ ÒÁÚÌÏÖÉÔØ ×ÅËÔÏÒ b �Ï ÏÒÔÏÎÏÒÍÁÌØÎÏÍÕ ÂÁÚÉÓÕ X(m), m =0; 1; 2, b = ∑m �(m)X(m): (26)õÒÁ×ÎÅÎÉÅ (19) ÍÏÖÔ ÂÙÔØ �ÅÒÅ�ÉÓÁÎÏ ËÁË ÓÉÓÔÅÍÁ ÕÒÁ×ÎÅÎÉÊ �Ï ÏÔ-ÎÏÛÅÎÉÀ Ë �(m), m = 0; 1; 2:a�(0) = −�	iX(0)i ; (27)(a− ��)�(m) = −�	iX(m)i ; m = 1; 2:þÔÏÂÙ ÉÍÅÔØ ÎÅÔÒÉ×ÉÁÌØÎÏÅ ÒÅÛÅÎÉÅ ÜÔÏÇÏ ÕÒÁ×ÎÅÎÉÑ, ÍÙ ÄÏÌÖÎÙÕÄÏ×ÌÅÔ×ÏÒÉÔØ ÕÒÁ×ÎÅÎÉÀ ÜÊËÏÎÁÌÁ(a− ��) = 0: (28)7. õÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ. éÚ ÕÒÁ×ÎÅÎÉÑ (28) ÍÙ ÍÏÖÅÍ ×ÉÄÅÔØ,ÞÔÏ ÓËÁÌÑÒ a É, ÓÌÅÄÏ×ÁÔÅÌØÎÏ, I(0)1 ÎÅ ÚÁ×ÉÓÑÔ ÏÔ � . éÓ�ÏÌØÚÕÑ (16),ÍÙ �ÏÌÕÞÁÅÍ, ÞÔÏ (b;b) = ∑m (�(m))2ÔÁËÖÅ ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � . éÚ �ÅÒ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑ (27) ÓÌÅÄÕÅÔ, ÞÔÏ �(0) ÎÅÚÁ×ÉÓÉÔ ÏÔ � É, ÔÅÍ ÓÁÍÙÍ,(�(1))2 + (�(2))2 =M2(x; t): (29)äÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÕÄÏ×ÌÅÔ×ÏÒÉÔØ Ä×Á �ÏÓÌÅÄÎÉÈ ÕÒÁ×ÎÅÎÉÑ (27), ÍÙÄÏÌÖÎÙ ×Ù�ÏÌÎÉÔØ ÕÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ	iX(m)i = 0; m = 1; 2;ÔÁË, ÞÔÏ 	i =  X(0)i : (30)éÚ ÕÒÁ×ÎÅÎÉÑ _U(1) = (b− S∇�)(∇�)−2ÓÌÅÄÕÅÔ, ÞÔÏ
〈b〉 = S∇�; 〈�(m)〉 = (X(m); S∇�); m = 0; 1; 2: (31)÷ ÞÁÓÔÎÏÓÔÉ �(0) ≡ (∇�)2=|(St)−1∇�|; (32)



òåûåîéå ìõþå÷ïçï �éðá 125ÔÁË, ÞÔÏ  = −�(∇�)2=|(St)−1(∇�)|:8. ÷ÉÄ ÒÅÛÅÎÉÑ ÎÕÌÅ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑ. õÒÁ×ÎÅÎÉÑ (29) �ÒÉ×Ï-ÄÑÔ Ë �(1) =M(x; t) os�(� ;x; t);�(2) =M(x; t) sin�(� ;x; t); (33)ÇÄÅ M(x; t) { �ÒÏÉÚ×ÏÌØÎÁÑ �ÏÌÏÖÉÔÅÌØÎÁÑ ÆÕÎË�ÉÑ ÎÁ ÜÔÏÍ ÛÁÇÅ ÉÓ-ÓÌÅÄÏ×ÁÎÉÑ É �(� ;x; t) = N� +�(0)(� ;x; t); N ∈ N; (34)Ó �ÅÒÉÏÄÉÞÅÓËÏÊ ÆÕÎË�ÉÅÊ �(0) �Ï � .éÚ (31) ÓÌÅÄÕÅÔ, ÞÔÏM〈os�〉 = (X(1); S∇�); M〈sin�〉 = (X(2); S∇�): (35)�ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ÄÏÌÖÎÙ ÕÄÏ×ÌÅÔ×ÏÒÉÔØ ÕÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ (31),ÕÓÌÏ×ÉÑ ËÒÁÔÎÏÓÔÉ (24) É ÕÒÁ×ÎÅÎÉÅ ÜÊËÏÎÁÌÁ (28). ðÏÓÌÅÄÎÅÅ ÕÒÁ×ÎÅ-ÎÉÅ ÍÏÖÅÔ ÂÙÔØ �ÅÒÅ�ÉÓÁÎÏ × ÔÅÒÍÉÎÁÈ M ,�� = %(�t�)2 − �+ 2�2 [M2 + (�(0))2 − (∇�)2]+ �r: (36)åÓÌÉ ÜÔÉ ÕÓÌÏ×ÉÑ ÕÄÏ×ÌÅÔ×ÏÒÅÎÙ, ÔÏÇÄÁ ÄÌÑ ÌÀÂÏÇÏ �ÅÌÏÇÏN ÍÙ ÉÍÅÅÍU(1)(� ;x; t) =W(x; t)+(∇�)−2M �∫0 ((os� − 〈os �〉) ·X(1) + (sin�− 〈sin�〉) ·X(2)) d� ′: (37)9. õÒÁ×ÎÅÎÉÑ �ÅÒ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑ. òÁÓÓÍÏÔÒÉÍ ÔÅ�ÅÒØ ÓÌÅÄÕÀ-ÝÅÅ �Ï ∼ �0 �ÒÉÂÌÉÖÅÎÉÅ ÎÅÌÉÎÅÊÎÏÊ ÓÉÓÔÅÍÙ (9). ïÎÏ ÉÍÅÅÔ ×ÉÄ% [ �U (2)i �2t + 2�t _U (1)i �t + _U (1)i �tt + �2tU (0)i ]= �k(��(0)ik I(0)1 + 2��(0)ir D(0)rk ) (38)+�� [�(�(1)ik I(0)1 + �(0)ik I(1)1 ) + 2�(�(1)ir D(0)rk + �(0)ir D(1)rk )] �kúÄÅÓØ �(1)ik = _U (2)i �k + �kU (1)i ;



126 á. ð. ëáþáìï÷D(1)ik = 12 {( _U (2)i �k + _U (2)k �i) + (�kU (1)i + �iU (1)k )+( _U (2)s �i + �iU (1)s )( _U (1)s �k + �kU (0)s ) (39)+ ( _U (2)s �k + �kU (1)s )( _U (1)s �i + �iU (0)s )} ;I(1)1 = _U (2)l �l + �lU (1)l + ( _U (2)s �l + �lU (1)s )( _U (1)s �l + �lU (0)s ):ðÏÓÌÅ �ÒÏÓÔÙÈ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ÜÔÁ ÓÉÓÔÅÍÁ ÍÏÖÅÔ ÂÙÔØ �ÒÉ×ÅÄÅÎÁ ËÌÉÎÅÊÎÏÊ ÓÉÓÔÅÍÅ ÏÂÙËÎÏ×ÅÎÎÙÈ ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÙÈ ÕÒÁ×ÎÅÎÉÊ:dd� [Ais dd� U (2)s ] = di; (40)ÇÄÅ �ÒÁ×ÁÑ ÞÁÓÔØ ÜÔÏÊ ÓÉÓÔÅÍÙ ÚÁ�ÉÓÙ×ÁÅÔÓÑ ËÁË:di = % [2�t _U (1)i �t + _U (1)i �tt + �2tU (0)i ]
− �k [��(0)ik I(0)1 + 2��(0)ir D(0)rk ]

−�� {�[�kU (1)i I(0)1 + �(0)ik �(0)sl �lU (1)s ℄�k (41)+ �[2�rU (1)i D(0)rk �k + �(0)ir (�kU (1)s �(0)sr + �rU (1)s �(0)sk )�k℄} :10. õÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ �ÅÒ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑ. óÒÅÄÎÅÅ ÚÎÁ-ÞÅÎÉÅ ×ÅËÔÏÒÁ ÄÏÌÖÎÏ ÂÙÔØ ÒÁ×ÎÏ ÎÕÌÀ,
〈di〉 = %�2tU (0)i − �k[�SikI(0)1 + 2�〈�(0)ir D(0)rk 〉℄ = 0; (42)ÇÄÅ
〈�(0)ir D(0)rk 〉 = 12Sir(SskSsr − Ækr) + 12Sir〈 _U (1)s _U (1)s 〉�r�k+12(Ssk(∇�)2+Ssr�r�k)〈 _U (1)i _U (1)s 〉+ 12 〈 _U (1)i _U (1)s _U (1)s 〉�k(∇�)2: (43)õÍÎÏÖÁÑ ÓÌÅ×Á ÕÒÁ×ÎÅÎÉÑ (40) ÎÁ ÂÁÚÉÓÎÙÅ ×ÅËÔÏÒÁ X(m), m =0; 1; 2, ÍÙ �ÏÌÕÞÁÅÍ ÜË×É×ÁÌÅÎÔÎÕÀ ÓÉÓÔÅÍÕ ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÙÈ ÕÒÁ×-ÎÅÎÉÊ ÄÌÑ ËÏÜÆÆÉ�ÉÅÎÔÏ× �(l), l = 0; 1; 2, ÒÁÚÌÏÖÅÎÉÑdU(2)d� = 2∑l=0 �(l)X(l); 〈�(l)〉 = 0: (44)EÓÌÉ m = 0, ÔÏÇÄÁ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÅ ÕÒÁ×ÎÅÎÉÅ ÉÍÅÅÔ ×ÉÄ:

−��d�(0)d� + (�+ 2�)�(0) dM1d� = (d;X(0)); (45)



òåûåîéå ìõþå÷ïçï �éðá 127ÇÄÅ M1(�) = 2∑m=0�(m)�(m): (46)õÒÁ×ÎÅÎÉÑ ÄÌÑ m = 1; 2 ÍÏÇÕÔ ÂÙÔØ ÚÁ�ÉÓÁÎÙ ËÁË(�+ 2�) dd� (�(m)M1) = (d;X(m)); m = 1; 2: (47)éÓ�ÏÌØÚÕÑ ÆÏÒÍÕÌÕ (33), ÍÙ ÍÏÖÅÍ �ÅÒÅ�ÉÓÁÔØ ÓÉÓÔÅÍÕ (47) ËÁË ÓÉ-ÓÔÅÍÕ ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÙÈ ÕÒÁ×ÎÅÎÉÊ �ÅÒ×ÏÇÏ �ÏÒÑÄËÁ ÄÌÑ ÁÍ�ÌÉÔÕÄ-ÎÏÊ ÆÕÎË�ÉÉ M1 É ÆÁÚÏ×ÏÊ ÆÕÎË�ÉÉ �:(�+ 2�)MdM1d� = (d;X(1) os� +X(2) sin�); (48)(�+ 2�)M1M d�d� = (d;X(2) os�−X(1) sin�): (49)åÓÌÉ ÓÒÅÄÎÅÅ ÚÎÁÞÅÎÉÅ �Ï � ÒÁ×ÎÏ ÎÕÌÀ,12� 2�∫0 (d;X(1) os� +X(2) sin�)(d;X(2) os�−X(1) sin�)d� = 0; (50)ÔÏÇÄÁ M1 = exp {�(x; t) �∫0 (d;X(1) os� +X(2) sin�)(d;X(2) os�−X(1) sin�)d�}: (51)âÏÌÅÅ ÔÏÇÏ, ÅÓÌÉ ÓÒÅÄÎÅÅ ÚÎÁÞÅÎÉÅ �Ï � ÒÁ×ÎÏ ÎÕÌÀ,12�M 2�∫0 (d;X(2) os�−X(1) sin�)M1 d� ′ = 0; (52)ÔÏÇÄÁ ÍÙ ÍÏÖÅÍ ÎÁÊÔÉ ÆÁÚÏ×ÕÀ ÆÕÎË�ÉÀ� = 1M 


�∫0 (d;X(2) os�−X(1) sin�)(�+ 2�)M1 d� ′+ �(x; t): (53)ëÏÍÂÉÎÉÒÕÑ �ÒÅÄÙÄÕÝÉÅ ÒÁÓÓÕÖÄÅÎÉÑ, ÍÏÖÎÏ ×ÉÄÅÔØ, ÞÔÏ ÄÌÑ �Ï-ÓÔÒÏÅÎÉÑ Ä×ÕÈ ÞÌÅÎÏ× ÁÓÉÍ�ÔÏÔÉÞÅÓËÏÇÏ ÒÁÚÌÏÖÅÎÉÑ ÌÕÞÅ×ÏÇÏ ÔÉ�Á,ÄÌÑ ×ÏÌÎ ËÏÎÅÞÎÏÊ ÄÅÆÏÒÍÁ�ÉÉ Ó ÔÏÞÎÏÓÔØÀ ÄÏ ×ÅËÔÏÒÎÏÇÏ �ÏÌÑ



128 á. ð. ëáþáìï÷W (x; t), ÍÙ ÄÏÌÖÎÙ �ÒÅÖÄÅ ×ÓÅÇÏ �ÒÏ×ÅÒÉÔØ ÕÓÌÏ×ÉÅ ËÒÁÔÎÏÓÔÉ (24).åÓÌÉ ÜÔÉ ÕÓÌÏ×ÉÑ ×Ù�ÏÌÎÅÎÙ, ÔÏÇÄÁ ÍÙ ÄÏÌÖÎÙ ÒÅÛÉÔØ1) ÕÒÁ×ÎÅÎÉÅ ÜÊËÏÎÁÌÁ (36) ,ii) ÕÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ �ÅÒ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑs (42),iii) ÕÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ (50) .÷ ÓÕÍÍÅ ÚÄÅÓØ ÉÍÅÅÔÓÑ 5 ÕÒÁ×ÎÅÎÉÊ ÄÌÑ 5 ÎÅÉÚ×ÅÓÔÎÙÈ ÆÕÎË�ÉÊ (ÆÁ-ÚÏ×ÁÑ ÆÕÎË�ÉÑ �(x; t), ÁÍ�ÌÉÔÕÄÎÁÑ ÆÕÎË�ÉÑ M(x; t) É ×ÅËÔÏÒ ÓÍÅÝÅ-ÎÉÑ ÎÕÌÅ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑ U(0)(x; t)). �ÏÇÄÁ, ÒÅÛÁÑ ÕÒÁ×ÎÅÎÉÑ (48) É(49), ÍÙ �ÏÌÕÞÉÍ ÖÅÌÁÅÍÙÅ ÞÌÅÎÙ ÁÓÉÍ�ÔÏÔÉÞÅÓËÏÇÏ ÒÁÚÌÏÖÅÎÉÑ. úÁ-ÍÅÞÁÅÍ, ÞÔÏ 1) ÜÔÉ ÕÒÁ×ÎÅÎÉÑ ÅÓÔØ ÕÒÁ×ÎÅÎÉÑ ÎÁ ÆÕÎË�ÉÉ �ÅÒÅÍÅÎÎÙÈ(x; t), ÎÏ ÎÅ � , 2) ÕÒÁ×ÎÅÎÉÅ ÜÊËÏÎÁÌÁ ÄÁÅÔ ÎÁÍ ×ÏÚÍÏÖÎÏÓÔØ ÉÓ�ÏÌØ-ÚÏ×ÁÔØ ÌÕÞÅ×ÙÅ ËÏÏÒÄÉÎÁÔÙ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÓÉÓÔÅÍÅ ÕÒÁ×ÎÅÎÉÊ çÁ-ÍÉÌØÔÏÎÁ.11. ðÒÉÍÅÒ. òÁÓÓÍÏÔÒÉÍ �ÒÉÍÅÒ ×ÏÌÎÙ ÌÕÞÅ×ÏÇÏ ÔÉ�Á, ËÏÔÏÒÁÑ ÚÁ-×ÉÓÉÔ ÏÔ ÏÄÎÏÊ ÄÅËÁÒÔÏ×ÏÊ ËÏÏÒÄÉÎÁÔÙ x1. üÔÁ ×ÏÌÎÁ ÍÏÖÅÔ ÒÁÓÓÍÁ-ÔÒÉ×ÁÔØÓÑ ËÁË �ÌÏÓËÁÑ ×ÏÌÎÁ. ðÒÏÓÔÙÅ ×ÙÞÉÓÌÅÎÉÑ �ÏËÁÚÙ×ÁÀÔ ÓÌÅ-ÄÕÀÝÅÅÅ:1. ï�ÅÒÁÔÏÒ R ÓÏ×�ÁÄÁÅÔ Ó Ï�ÅÒÁÔÏÒÏÍ R(0).2. r = 0, D(0)ik �i�k = I(0)1 �21, ÇÄÅI(0)1 = 12{2�1U (0)1 + (�1U (0)s + _U (1)s �1)(�1U (0)s + _U (1)s �1)}: (54)3. âÁÚÉÓÎÙÅ ×ÅËÔÏÒÁ { X(0) = e1, X(1) = e2, X(2) = e3.4. õÒÁ×ÎÅÎÉÅ ÜÊËÏÎÁÌÁ ÉÍÅÅÔ ×ÉÄ:%(�t�)2 − (�+ 2�)I(0)1 �21 − ��21 = % [(�t�)2 −H2] = 0; (55)ÇÄÅ H = √a2(x1)I(0)1 + b2(x1)|�1|:5. õÓÌÏ×ÉÅ ËÒÁÔÎÏÓÔÉ ×Ù�ÏÌÎÑÅÔÓÑ ÂÅÚ ÏÇÒÁÎÉÞÅÎÉÊ.6. ÷ÅËÔÏÒ ÓÍÅÝÅÎÉÑ �ÅÒ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑ ÉÍÅÅÔ ×ÉÄ:U (1)1 =W1(x1; t);U (1)2 =W2(x1; t) +M(x1; t)�−21 �∫0 (os�− 〈os�〉) d� ′; (56)



òåûåîéå ìõþå÷ïçï �éðá 129U (1)3 =W3(x1; t) +M(x1; t)�−21 �∫0 (sin�− 〈sin�〉) d� ′É �(�; x1; t) = � + �0(�; x1; t), ÇÄÅ �0 { 2� �ÅÒÉÏÄÉÞÅÓËÁÑ ÆÕÎË�ÉÑ�Ï � .7. õÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ ÎÕÌÅ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑ ÍÏÇÕÔ ÂÙÔØ ÚÁ-�ÉÓÁÎÙ × ×ÉÄÅ: �(0) = (1 + �1U (0)1 )�1, 〈�(1)〉 = �1U (0)2 �1 = M〈os�〉,
〈�(2)〉 = �1U (0)3 �1 =M〈sin�〉.8. éÎ×ÁÒÉÁÎÔ I(0)1 Ó×ÑÚÁÎ Ó ÁÍ�ÌÉÔÕÄÎÏÊ ÆÕÎË�ÉÅÊ ÓÏÏÔÎÏÛÅÎÉÅÍI(0)1 = 12 [M2�−21 + 2�1U (0)1 + (�1U (0)1 )2] : (57)9. õÓÌÏ×ÉÑ 〈d〉 = 0 ÍÏÇÕÔ ÂÙÔØ �ÅÒÅ�ÉÓÁÎÙ ËÁË ÕÒÁ×ÎÅÎÉÑ ÎÁ U(0)

〈d1〉 = %�2tU (0)1 − �1 [(�+ 2�)(1 + �1U (0)1 )I(0)1 ] = 0; (58)
〈d�〉 = %�2tU (0)� − �1 [�1U (0)� ((�+ 2�)I(0)1 + �)] = 0; � = 2; 3:åÓÌÉ ÕÓÌÏ×ÉÑ < d >= 0 ×Ù�ÏÌÎÑÀÔÓÑ, ÔÏÇÄÁ ×ÙÒÁÖÅÎÉÑ ÄÌÑ di,i = 1; 2; 3, ÍÏÇÕÔ ÂÙÔØ Õ�ÒÏÝÅÎÙ.d1 = −(�+ 2�)(1 + �1U (0)1 )�1 3∑�=2 �� (�(0)�1 �1U (1)� ); (59)d� = %[2�t _U (1)� �t + _U (1)� �tt℄− �1[((�+ 2�)I(0)1 + �)�1 _U (1)� ℄
−((�+ 2�)I(0)1 + �)�1�1 _U (1)� − �� [(� + 2�)�(0)�1 �(0)s1 �1U (1)s �1℄: (60)õÒÁ×ÎÅÎÉÑ (45) É (47) ÄÌÑ ÒÁÚÌÏÖÅÎÉÊ (44) É (46) ÍÏÖÎÏ �ÅÒÅ�ÉÍÁÔØ× ×ÉÄÅ

−��21 d�(0)d� + (�+ 2�)�(m) dM1d� = d1;(�+ 2�) dd� (�(m)M1) = dm+1; m = 1; 2: (61)éÚ �ÅÒ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑ (61) É ÕÒÁ×ÎÅÎÉÑ (59) ÍÙ ÍÏÖÅÍ ×ÙÒÁÚÉÔØ�(0) ÞÅÒÅÚ M1 É ÆÕÎË�ÉÀ �0(x1; t)�(0) = 1��21 (� + 2�)[�(0)M1 + (1 + �1U (0)1 )�1�3�=2�(0)�1�1U (1)� ℄ + �0: (62)



130 á. ð. ëáþáìï÷ä×Á �ÏÓÌÅÄÎÉÅ ÕÒÁ×ÎÅÎÉÑ (61) ÍÏÇÕÔ ÂÙÔØ �ÅÒÅ�ÉÓÁÎÙ ËÁË ÓÉÓÔÅÍÁÄÉÆÆÅÒÅÎ�ÉÁÌØÎÙÈ ÕÒÁ×ÎÅÎÉÊ �ÅÒ×ÏÇÏ �ÏÒÑÄËÁ �Ï � ÏÔ ÆÕÎË�ÉÊ M1É � (�+ 2�)MdM1d� = d2 os� + d3 sin�;(�+ 2�)M1Md�d� = d3 os�− d2 sin�: (63)äÁÌÅÅ ÍÙ ×ÙÞÉÓÌÉÍ �ÒÁ×ÙÅ ÞÁÓÔÉ ÕÒÁ×ÎÅÎÉÊ (63). úÄÅÓØ ÍÙ ÉÓ�ÏÌØÚÕ-ÅÍ ÆÕÎË�ÉÀ	(�;x1; t) = 1− os�〈os�〉 − sin�〈sin�〉 (64)É ÅÅ �ÒÏÉÚ×ÏÄÎÙÅ. ðÒÏÓÔÙÅ ×ÙÞÉÓÌÅÎÉÑ �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ × �ÅÒÅÍÅÎ-ÎÙÈ �, x1, É t ÍÙ ÉÍÅÅÍ d2 os� + d3 sin�= 2 [%�1=2t ��t(M�−21 �1=2t 	)− %1=2H�−1=21 ��1(M�−21 H�−1=21 %1=2	)] (65)
−(�+ 2�)M�� [�(0)�1 �1U (1)� ℄:úÄÅÓØ ÍÙ ÉÓ�ÏÌØÚÏ×ÁÌÉ ×ÙÒÁÖÅÎÉÑ ��t É ��1 ÄÌÑ ÞÁÓÔÎÙÈ �ÒÏÉÚ×ÏÄÎÙÈ�Ï t É x1 × �ÅÒÅÍÅÎÎÙÈ �, x1 É t. áÎÁÌÏÇÉÞÎÏd3 os�− d2 sin� = 2%�1=2t �t(M�1=2t �−21 	′�) + 2%M�−21 �t��t	

−2%1=2H�−1=21 �1(H�−1=21 %1=2M�−21 	′�)− 2%H2�−11 �1�M�−21 	
−(�+ 2�)M����(0)s1 �1U (1)s : (66)úÄÅÓØ ÍÙ ÉÓ�ÏÌØÚÏ×ÁÌÉ, ÞÔÏ_U (1)2 os� + _U (1)3 sin� =M�−21 	;_U (1)3 os�− _U (1)2 sin� =M�−21 	′�:éÓ�ÏÌØÚÕÑ ÓÏÏÔÎÏÛÅÎÉÅ

〈��t	〉 = 12�t〈	〉;eÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ ÕÒÁ×ÎÅÎÉÊ �ÅÒ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑ (63) ÂÕÄÕÔÉÍÅÔØ ×ÉÄ: %�t(M2�−41 �t〈	〉)− �1(%M2H2�−51 〈	〉) = 0: (67)÷ÔÏÒÏÅ ÕÒÁ×ÎÅÎÉÅ (63) ÍÏÖÎÏ ÒÁÚÒÅÛÉÔØ �ÒÉ ÌÀÂÏÊ �ÒÁ×ÏÊ ÞÁÓÔÉ ÉÕÓÌÏ×ÉÅ ÒÁÚÒÅÛÉÍÏÓÔÉ Ï�ÒÅÄÅÌÑÅÔ ÓÒÅÄÎÅÅ ÚÎÁÞÅÎÉÅ M1.



òåûåîéå ìõþå÷ïçï �éðá 131íÏÖÅÔ ÌÉ ÂÙÔØ ÒÅÛÅÎÉÅ Ó �(� ;x1; t) = �?÷ ÜÔÏÍ ÓÌÕÞÁÅ�1U (0)3 = �1U (0)3 = 0; 	(� ;x1; t) ≡ 1: (68)óÏÇÌÁÓÎÏ ×ÔÏÒÏÍÕ ÕÒÁ×ÎÅÎÉÀ (58) U0�, � = 2; 3, Ñ×ÌÑÀÔÓÑ �ÒÏÉÚ×ÏÌØ-ÎÙÍÉ ÌÉÎÅÊÎÙÍÉ ÆÕÎË�ÉÑÍÉ t Ó �ÏÓÔÏÑÎÎÙÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ. åÓÌÉÕÓÌÏ×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ (67) ÕÄÏ×ÌÅÔ×ÏÒÑÀÔÓÑ, ÔÏÇÄÁM1 = −�(0)s1 �1U (1)s �−21 : (69)äÁÌÅÅ ÉÚ (62) �(0) = �0(x1; t): (70)æÕÎË�ÉÉ �(1) É �(2) ÍÏÇÕÔ ÂÙÔØ ×ÙÒÁÖÅÎÙ ÞÅÒÅÚ ÆÕÎË�ÉÉ T1 É T2 �ÏÆÏÒÍÕÌÁÍ�(1) = T1 os � + T2 sin �; �(2) = T1 sin � − T2 os �; (71)ÇÄÅ T1 = (M1 − �(0)�(0))M−1 É T2 �ÒÏÉÚ×ÏÌØÎÁÑ ÆÕÎË�ÉÑ ÎÁ ÎÁ ÜÔÏÍÛÁÇÅ ÉÓÓÌÅÄÏ×ÁÎÉÑ.ðÕÓÔØ U (0)� ≡ 0, � = 2; 3, ÔÁË, ÞÔÏ ÍÙ ÒÅÛÉÌÉ ×ÔÏÒÏÅ É ÔÒÅÔØÅÕÒÁ×ÎÅÎÉÅ ÒÁÚÒÅÛÉÍÏÓÔÉ ÓÉÓÔÅÍÙ (58). þÔÏÂÙ ÎÁÊÔÉ Ä×Á ÞÌÅÎÁ ÁÓÉÍ-�ÔÏÔÉÞÅÓËÏÇÏ ÒÁÚÌÏÖÅÎÉÑ ×ÅËÔÏÒÁ ÓÍÅÝÅÎÉÑ Ó ÔÏÞÎÏÓÔØÀ ÄÏ ×ÅËÔÏÒÆÕÎË�ÉÉ W ÍÙ ÄÏÌÖÎÙ ÒÅÛÉÔØ ÓÌÅÄÕÀÝÉÅ ÕÒÁ×ÎÅÎÉÑ:1) ÕÒÁ×ÎÅÎÉÅ ÜÊËÏÎÁÌÁ (55),2) ÕÓÌÏ×ÉÅ ÒÁÚÒÅÛÉÍÏÓÔÉ (67),3) �ÅÒ×ÏÅ ÕÒÁ×ÎÅÎÉÅ ÓÉÓÔÅÍÙ (58)É ÎÁÊÔÉ ÆÁÚÏ×ÏÀ ÆÕÎË�ÉÀ �, ÁÍ�ÌÉÔÕÄÎÕÀ ÆÕÎË�ÉÀ M É ËÏÍ�Ï-ÎÅÎÔÕ ×ÅËÔÏÒÁ ÎÕÌÅ×ÏÇÏ �ÒÉÂÌÉÖÅÎÉÑ × ÎÁ�ÒÁ×ÌÅÎÉÉ ÒÁÓ�ÒÏÓÔÒÁÎÅÎÉÑU (0)1 . úÁÍÅÔÉÍ, ÞÔÏ Õ ÎÁÓ ÅÓÔØ ÔÒÉ ÕÒÁ×ÎÅÎÉÑ ÄÌÑ ÔÒÅÈ ÆÕÎË�ÉÊ.ëÁË ÏÂÙÞÎÏ, ÄÌÑ ÒÅÛÅÎÉÑ ÕÒÁ×ÎÅÎÉÊ 1) É 2) ÍÙ ÍÏÖÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØËÏÏÒÄÉÎÁÔÙ ÌÕÞÅ×ÏÇÏ ÔÉ�Á, ËÏÔÏÒÙÅ ÓÏÏÔ×ÅÔÓÔ×ÕÀÔ ÓÉÓÔÅÍÅ ÕÒÁ×ÎÅ-ÎÉÊ ÇÁÍÉÌØÔÏÎÁ Ó ÇÁÍÉÌØÔÏÎÉÁÎÏÍ H(x1; p1; t) = v(x1; t)p1 É ÎÁÞÁÌØ-ÎÙÍÉ ÄÁÎÎÙÍÉ x1(0) = y, p1(0) = q = 1=v(y; 0). ÷ ËÁÞÅÓÔ×Å ÌÕÞÅ×ÙÈËÏÏÒÄÉÎÁÔ ÍÙ ÍÏÖÅÍ ×ÚÑÔØ ÎÁÞÁÌØÎÕÀ ËÏÏÒÄÉÎÁÔÕ y É ×ÒÅÍÑ t. �ÏÇÄÁÆÁÚÏ×ÁÑ ÆÕÎË�ÉÑ � = �(y). ÷ ÕÒÁ×ÎÅÎÉÉ 2) ÄÌÑ ÄÁÎÎÏÇÏ ÓÌÕÞÁÑ 〈	〉 = 0,É, ÓÌÅÄÏ×ÁÔÅÌØÎÏ, ÍÏÖÅÔ ÒÁÓÓÍÁÔÒÉ×ÁÔØÓÑ ËÁË ÕÒÁ×ÎÅÎÉÅ �ÅÒÅÎÏÓÁ ÄÌÑÁÍ�ÌÉÔÕÄÙ M . õÒÁ×ÎÅÎÉÅ 3) ÔÏÇÄÁ �ÒÅ×ÒÁÝÁÅÔÓÑ × ÎÅÌÉÎÅÊÎÏÅ ÕÒÁ×-ÎÅÎÉÅ ÄÌÑ U (0)1 .
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