
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü5 29��� 514.8, 517.9���������� ��������� ������������ � ���������������������-������������ �������. �. � ¤ ¤ ¥¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�à¥¤« £ ¥âáï ¯®áâà®¥­¨¥ á¯¥ªâà «ì­®-í¢®«îæ¨®­­ëå ®¯¥à â®à®¢ ®¡à â­®© § ¤ ç¨ à áá¥ï­¨ï ¬¥-â®¤ ¬¨ ¤¨ää¥à¥­æ¨ «ì­®© £¥®¬¥âà¨¨. �¡áã¦¤ ¥¬ë©  «£®à¨â¬ ¨á¯®«ì§ã¥â  ­ «®£¨¨ ¬¥¦¤ã áâàãªâãà-­ë¬¨ ãà ¢­¥­¨ï¬¨ ¯®¢¥àå­®áâ¨ ¢ E3 ¨ ä®à¬ «¨§¬®¬ ¬¥â®¤  ®¡à â­®© § ¤ ç¨ à áá¥ï­¨ï.�¯¥à¢ë¥ ¢§ ¨¬®á¢ï§ì á¯¥ªâà «ì­®-í¢®«îæ¨®­­ëå®¯¥à â®à®¢ á ãà ¢­¥­¨ï¬¨ áâàãªâãàë, ¢¥à®ïâ­®, ¡ë-«  ¢ëï¢«¥­  ¢ à ¡®â¥ � á ª¨ [1], £¤¥ ¯®áâà®¥­® ï¢­®¥¢ëà ¦¥­¨¥ ª®¬¯®­¥­â 1-ä®à¬ ¯® ®¯¥à â®à ¬ § ¤ -ç¨ à áá¥ï­¨ï. �®«¥¥ ¤¥â «ì­®¥ ¨áá«¥¤®¢ ­¨¥ ¢®§­¨-ª îé¨å ¯à¨ ¤ ­­®¬ à áá¬®âà¥­¨¨ ¯á¥¢¤®áä¥à¨ç¥á-ª¨å ¬¥âà¨ª ¯à¥¤áâ ¢«¥­® ¢ à ¡®â¥ [2]. � ¨áá«¥¤®¢ -­¨ïå [1, 2] áâ ¢¨âáï ¢®¯à®á ® ­ å®¦¤¥­¨¨ 1-ä®à¬ !1,!2 ¨ !21 ¯á¥¢¤®áä¥à¨ç¥áª¨å ¯®¢¥àå­®áâ¥©, à áá¬ â-à¨¢ ¥¬ëå ¢ ª ç¥áâ¢¥ £¥®¬¥âà¨ç¥áª®© ¨­â¥à¯à¥â æ¨¨®¯à¥¤¥«¥­­ëå â¨¯®¢ ­¥«¨­¥©­ëå ãà ¢­¥­¨© ¬ â¥¬ -â¨ç¥áª®© ä¨§¨ª¨, ¨­â¥£à¨àã¥¬ëå ¬¥â®¤®¬ ®¡à â­®©§ ¤ ç¨ à áá¥ï­¨ï.� áá¬ âà¨¢ ¥¬ë© ­ ¬¨ ¯®¤å®¤ á¢ï§ ­ á ¨­®© ¯®-áâ ­®¢ª®© ¯à®¡«¥¬ë: ®â ¯à®¨§¢®«ì­®£® ãà ¢­¥­¨ï ¢ç áâ­ëå ¯à®¨§¢®¤­ëå ¬ë ¯¥à¥å®¤¨¬ ª ¯á¥¢¤®áä¥à¨-ç¥áª®© ¬¥âà¨ª¥ (�2-¯à¥¤áâ ¢«¥­¨¥) á ¯®á«¥¤ãîé¨¬®¯à¥¤¥«¥­¨¥¬ á®®â¢¥âáâ¢ãîé¨å ®¯¥à â®à®¢ § ¤ ç¨à áá¥ï­¨ï. � ¤ ­­®¬ ª®­â¥ªáâ¥ à ¡®â  ï¢«ï¥âáï ¥á-â¥áâ¢¥­­ë¬ à §¢¨â¨¥¬ ä®à¬ «¨§¬  �2-ª« áá  ¤¨ä-ä¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¨ á¢ï§ ­­ëå á ­¨¬ £¥®-¬¥âà¨ç¥áª¨å ¯®áâà®¥­¨©, ¢¢¥¤¥­­ëå �. �.�®§­ïª®¬¨ �.�.�®¯®¢ë¬ [3, 4]. � «®¦¥­­ë© ¯à¨­æ¨¯ á®®â-¢¥âáâ¢¨ï ­¥«¨­¥©­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ïá ãà ¢­¥­¨¥¬ � ãáá  ¯®§¢®«ï¥â áä®à¬ã«¨à®¢ âì àï¤ãâ¢¥à¦¤¥­¨©, ®¡à §ãîé¨å £¥®¬¥âà¨ç¥áªãî ¬¥â®¤¨ªã¯®áâ ­®¢ª¨ § ¤ ç¨ à áá¥ï­¨ï ¢ ¬¥â®¤¥ ®¡à â­®© § -¤ ç¨ à áá¥ï­¨ï (����) ¯® § ¤ ­­®¬ã ãà ¢­¥­¨î.1. �2-¯à¥¤áâ ¢«¥­¨¥ ¨ ¢­ãâà¥­­ïï £¥®¬¥âà¨ï¯®¢¥àå­®áâ¨� áá¬®âà¨¬ ­  £« ¤ª®¬ ¤¢ã¬¥à­®¬ ¬­®£®®¡à §¨¨M2 ¯à®¨§¢®«ì­ãî ¬¥âà¨ªãds2 = Edx2+ 2Fdxdt+Gdt2; (1)ª®íää¨æ¨¥­âë ª®â®à®© ¯à¥¤áâ ¢¨¬ë ¢ á«¥¤ãîé¥¬¢¨¤¥: E = E(u; ux; ut; uxx; : : :) = E[u];F = F (u; ux; ut; uxx; : : :) = F [u];G = G(u; ux; ut; uxx; : : :) = G[u]; (2)£¤¥ u = u(x; t) | ­¥¨§¢¥áâ­ ï äã­ªæ¨ï ­¥§ ¢¨á¨¬ëå¯¥à¥¬¥­­ëå x ¨ t. �á«¨ ¯à¨ íâ®¬ § ¤ âì £ ãáá®¢ã ªà¨-

¢¨§­ã K, â® ãà ¢­¥­¨¥ � ãáá  [5]H(E; F;G;K) = 0 (3)¬®¦­® à áá¬ âà¨¢ âì ª ª ­¥«¨­¥©­®¥ ¤¨ää¥à¥­æ¨- «ì­®¥ ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ­®© äã­ª-æ¨¨ u(x; t) [3, 4]:eH(u; ux; ut; : : : ;K) = 0: (4)� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1. �¨ää¥à¥­æ¨ «ì­®¥ ãà ¢-­¥­¨¥ f [u] = 0 ®â­®á¨â¥«ì­® äã­ªæ¨¨ u(x; t) ­ §ë¢ -îâ ¯à¨­ ¤«¥¦ é¨¬ �2-ª« ááã, ¥á«¨ áãé¥áâ¢ãîâ â ª¨¥E[u], F [u] ¨ G[u], ª®â®àë¥ ¯à¨ ¯®¤áâ ­®¢ª¥ ¢ ãà ¢-­¥­¨¥ � ãáá  (3) ¯à¨ K � �1 ¯¥à¥¢®¤ïâ (3) ¢ ¤ ­­®¥ãà ¢­¥­¨¥ f [u] = 0 [4].� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2. �®®â¢¥âáâ¢ãîé¨© ­ ¡®àfE[u]; F [u]; G[u]g ¡ã¤¥¬ ­ §ë¢ âì �2-¯à¥¤áâ ¢«¥­¨¥¬ãà ¢­¥­¨ï f [u] = 0. (� á«ãç ¥ ¯à®¨§¢®«ì­®© £ ãá-á®¢®© ªà¨¢¨§­ë £®¢®àïâ ® G-ª« áá¥, G-¯à¥¤áâ ¢«¥-­¨¨ [6].)2. �¨áâ¥¬  áâàãªâãà­ëå ãà ¢­¥­¨©¯®¢¥àå­®áâ¥© ¢ E3�¡à â¨¬áï ª á¨áâ¥¬¥ áâàãªâãà­ëå ãà ¢­¥­¨© ¯®-¢¥àå­®áâ¨ S ¢ E3 [7]:8><>:d!1 = !2 ^ !21;d!2 = !21 ^ !1;d!21 = K!1 ^ !2 (5)¨ ®¯à¥¤¥«¨¬ 1-ä®à¬ë !1, !2 ¨ !21 ª ª à¥è¥­¨¥ á¨á-â¥¬ë (5) ¯à¨ ãá«®¢¨¨, çâ® ¬¥âà¨ª  à áá¬ âà¨¢ ¥¬®©¯®¢¥àå­®áâ¨ § ¤ ­  á®®â­®è¥­¨ï¬¨ (1){(2).�¥®à¨ï ¯®¤¢¨¦­®£® à¥¯¥à  ¤ ¥â á«¥¤ãîéãî á¢ï§ì¬¥¦¤ã ds2 ¨ !i: ds2 = (!1)2 + (!2)2: (6)�¥âàã¤­® ã¡¥¤¨âìáï, çâ® ãç áâ¢ãîé¨¥ ¢ (1), (2) ¨(5), (6) ¢¥«¨ç¨­ë á¢ï§ ­ë á«¥¤ãîé¨¬ ®¡à §®¬:(!1 = E1=2 cos(�+)dx+ G1=2 cos(��)dt;!2 = E1=2 sin(�+)dx+ G1=2 sin(��)dt; (7)



30 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü 5£¤¥ �� = ��12 arccos� F(EG)1=2�; �(x; t)|¯à®¨§¢®«ì-­ ï äã­ªæ¨ï. �®®â­®è¥­¨ï (7) § ¤ îâ ¢á¥ ¤®¯ãáâ¨-¬ë¥ 1-ä®à¬ë !1 ¨ !2, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ¯à®-¨§¢®«ì­®¬ã ¢ë¡®àã E(x; t), F (x; t) ¨ G(x; t) ¢ ¬¥âà¨-ª¥ (1).�®¤áâ ¢«ïï (7) ¢ ¯¥à¢ë¥ ¤¢  ãà ¢­¥­¨ï á¨áâ¥-¬ë (5), ¯®«ãç¨¬  «£¥¡à ¨ç¥áªãî á¨áâ¥¬ã «¨­¥©­ëåãà ¢­¥­¨© ®â­®á¨â¥«ì­® ª®¬¯®­¥­â ea ¨ eb 1-ä®à¬ë!21 = ea(x; t)dx+ eb(x; t)dt, à¥è¥­¨¥ ª®â®à®© ¯à¨­¨-¬ ¥â ¢¨¤8>>><>>>:ea = 12w1=2 �12 FGxG � 12 FExE + Fx � Et�+ �x; (8)eb = 12w1=2 �12 FGtG � 12 FEtE � Ft + Gx� + �t; (9)£¤¥ w = EG� F 2 > 0.�à¨ íâ®¬ âà¥âì¥ ãà ¢­¥­¨¥ á¨áâ¥¬ë (5) ï¢«ï¥âáïãà ¢­¥­¨¥¬ � ãáá  ¤«ï ¤ ­­ëå E, F , G ¨ ¯à®¨§¢®«ì-­®© ¤¢ ¦¤ë ¤¨ää¥à¥­æ¨àã¥¬®© äã­ªæ¨¨ �(x; t):ebx � eat = �Kw1=2: (10)3. �®áâà®¥­¨¥ á¯¥ªâà «ì­ëå ®¯¥à â®à®¢,á®®â¢¥âáâ¢ãîé¨å ¯à®¨§¢®«ì­®¬ã ãà ¢­¥­¨î¨§ �2-ª« áá �ãáâì U ¨ V | ¬ âà¨ç­ë¥ ®¯¥à â®àë (2 � 2), | ¤¢ã¬¥à­ ï ¢¥ªâ®à-äã­ªæ¨ï. � áá¬®âà¨¬ á«¥¤ãî-éãî á¯¥ªâà «ì­®-í¢®«îæ¨®­­ãî § ¤ çã [8], ¨á¯®«ì-§ã¥¬ãî ¢ ¬¥â®¤¥ ®¡à â­®© § ¤ ç¨ à áá¥ï­¨ï:8<: x = U ; (11) t = V  : (12)�á«®¢¨¥ á®¢¬¥áâ­®áâ¨ íâ®© á¨áâ¥¬ë ¨¬¥¥â ¢¨¤Ut � Vx + [U; V ] = 0; (13)£¤¥ [U; V ] = UV �V U . �«ï â®£® çâ®¡ë ãà ¢­¥­¨¥ (13)¡ë«® ­¥âà¨¢¨ «ì­ë¬, ®¯¥à â®à U ¤®«¦¥­ § ¢¨á¥âì®â á¯¥ªâà «ì­®£® ¯ à ¬¥âà  �, ¯à¨ç¥¬ �t = 0.�ä®à¬ã«¨àã¥¬ â¥®à¥¬ã, á¢ï§ë¢ îéãî ¬¥âà¨ªã¯®áâ®ï­­®© £ ãáá®¢®© ªà¨¢¨§­ë á ®¯¥à â®à ¬¨ § -¤ ç¨ (11){(12).� ¥ ® à ¥ ¬   1. � áá¬®âà¨¬ ­¥ª®â®à®¥ ­¥-«¨­¥©­®¥ ãà ¢­¥­¨¥ f [u] = 0. �ãáâì ª®íää¨æ¨¥­âëfE[u]; F [u];G[u]g ¬¥âà¨ª¨ (1) ¯®áâ®ï­­®© £ ãáá®¢®©ªà¨¢¨§­ë K = const ï¢«ïîâáï G-¯à¥¤áâ ¢«¥­¨¥¬ ¤ ­-­®£® ­¥«¨­¥©­®£® ãà ¢­¥­¨ï.�®£¤  ®¯¥à â®àë U ¨ V § ¤ ç¨ (11){(12), ®â¢¥ç -îé¥© à áá¬ âà¨¢ ¥¬®¬ã ãà ¢­¥­¨î f [u] = 0 á â®ç-­®áâìî ¤® ª «¨¡à®¢®ç­ëå ¯à¥®¡à §®¢ ­¨©, ¯à¨­¨¬ îâá«¥¤ãîé¨© ¢¨¤:U = 0B@ i2 ea 12(�K)1=2E1=2 exp(i�+)12(�K)1=2E1=2 exp(�i�+) �i2 ea 1CA; (14)

V = 0B@ i2 eb 12(�K)1=2G1=2 exp(�i��)12(�K)1=2G1=2 exp(i��) �i2 eb 1CA: (15)�ã­ªæ¨¨ �+ ¨ �� § ¤ îâáï á®®â­®è¥­¨ï¬¨ (7): ea ¨eb | á®®â­®è¥­¨ï¬¨ (8){(9).� ¬¥ç ­¨¥. � ®¯¨á ­­®¬ á«ãç ¥ ãà ¢­¥­¨¥ á®¢-¬¥áâ­®áâ¨ § ¤ ç¨ (11){(12) Ut � Vx + [U; V ] = 0 á®¢-¯ ¤ ¥â á ãà ¢­¥­¨¥¬ � ãáá  f [u] = 0.�¯à ¢¥¤«¨¢®áâì â¥®à¥¬ë 1 ¬®¦¥â ¡ëâì ¯à®¢¥à¥­ ¯ãâ¥¬ ­¥¯®áà¥¤áâ¢¥­­®© ¯®¤áâ ­®¢ª¨ ®¯¥à â®à®¢ U¨ V ¢ ãà ¢­¥­¨¥ á®¢¬¥áâ­®áâ¨.� ª¨¬ ®¡à §®¬, â¥®à¥¬  1 ¯à¥¤®áâ ¢«ï¥â ¢®§-¬®¦­®áâì ä®à¬ «ì­®£® ¢ëà ¦¥­¨ï ®¯¥à â®à®¢ á¯¥ª-âà «ì­®-í¢®«îæ¨®­­®© § ¤ ç¨ ¤«ï ¨áá«¥¤ã¥¬®£® ãà ¢-­¥­¨ï f [u] = 0 ¯® ¥£® �2-¯à¥¤áâ ¢«¥­¨î. �à®¨§¢®«ì-­ ï äã­ªæ¨ï �(x; t), ¨£à îé ï à®«ì ­¥ª®â®à®£® ª -«¨¡à®¢®ç­®£® ¯à¥®¡à §®¢ ­¨ï, ¬®¦¥â ¡ëâì ¨á¯®«ì-§®¢ ­  (ª ª ¡ã¤¥â ¯®ª § ­® ­¨¦¥) ¤«ï ¯à¨¢¥¤¥­¨ï®¯¥à â®à®¢ ª ¬®¤¨ä¨æ¨à®¢ ­­®¬ã ¢¨¤ã § ¤ ç¨ � -å à®¢ {� ¡ â .4. �2-¯à¥¤áâ ¢«¥­¨¥ ¤«ï ¯à®¨§¢®«ì­®£®­¥«¨­¥©­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï�®ª ¦¥¬, çâ® ¯à®¨§¢®«ì­®¥ ãà ¢­¥­¨¥ á ç áâ­ë-¬¨ ¯à®¨§¢®¤­ë¬¨ ®â­®á¨â¥«ì­® äã­ªæ¨¨ u(x; t) ¯à¨-­ ¤«¥¦¨â �2-ª« ááã.�«ï ¤®ª § â¥«ìáâ¢  ¤ ­­®£® ãâ¢¥à¦¤¥­¨ï à á-á¬®âà¨¬ ª®íää¨æ¨¥­âë ¯á¥¢¤®áä¥à¨ç¥áª®© ¬¥âà¨-ª¨ (�2-¯à¥¤áâ ¢«¥­¨¥), § ¢¨áïé¨¥ ®â ¯à®¨§¢®«ì­®©äã­ªæ¨¨ u(x; t), â®¦¤¥áâ¢¥­­® ã¤®¢«¥â¢®àïîé¨¥ ãà ¢-­¥­¨î � ãáá : E(x; t) = (ux)2;F (x; t) = ux(ut � u);G(x; t) = 1 + (ut � u)2: (16)�®¬¯®­¥­âë ea ¨ eb 1-ä®à¬ë !21 ¯à¨­¨¬ îâ á«¥¤ãî-é¨© ¢¨¤:ea(x; t) = �ux � 12[arctg(ut � u)]x + �x;eb(x; t) = u� ut � 12[arctg(ut � u)]t + �t:� ¬¥â¨¬, çâ® ¤«ï ¯à¨¢¥¤¥­¨ï ®¯¥à â®à®¢ U ¨ V ª ¬®-¤¨ä¨æ¨à®¢ ­­®¬ã ¢¨¤ã § ¤ ç¨ � å à®¢ {� ¡ â  [8]:eU = ��i� qr i�� ; eV = �A BC �A�¤®áâ â®ç­® ¯®«®¦¨âì�(x; t) = u+ 12[arctg(ut � u)]� �x:�«¥¤ã¥â â ª¦¥ ®â¬¥â¨âì ­¥¥¤¨­áâ¢¥­­®áâì �2-¯à¥¤-áâ ¢«¥­¨ï: áãé¥áâ¢ã¥â àï¤ ¤àã£¨å ¢ëà ¦¥­¨© �2-¯à¥¤-áâ ¢«¥­¨ï ¤«ï ¯à®¨§¢®«ì­®£® ãà ¢­¥­¨ï f [u] = 0 [6],¯à¨¢®¤ïé¨å ª à §«¨ç­ë¬ á¯¥ªâà «ì­®-í¢®«îæ¨®­-­ë¬ ®¯¥à â®à ¬.



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü5 315. �¡é ï áå¥¬  ¯®áâ ­®¢ª¨ á¯¥ªâà «ì­®© § ¤ ç¨¤«ï ãà ¢­¥­¨ï, ¯à¨­ ¤«¥¦ é¥£® �2-ª« ááã� áá¬®âà¨¬ ®¡éãî áå¥¬ã ¯®áâ ­®¢ª¨ á¯¥ªâà «ì-­®-í¢®«îæ¨®­­®© § ¤ ç¨.-- F [u] = 0gji[u]; K = constH[gji;K] = 0U [u]; V [u]Ut � Vx + [U;V ] = 0U; V + �W (W�1):eU [u]; eV [u]����u(x; t)
| ¨áá«¥¤ã¥¬®¥ ­¥«¨­¥©­®¥ ãà ¢-­¥­¨¥| �2 ¨«¨ áä¥à¨ç¥áª®¥ (K = 1)¯à¥¤áâ ¢«¥­¨¥ ­¥«¨­¥©­®£® ãà ¢-­¥­¨ï (K = const 6� 0)| ãà ¢­¥­¨¥ � ãáá , á®¢¯ ¤ îé¥¥á ¨áá«¥¤ã¥¬ë¬ ãà ¢­¥­¨¥¬F[u] = 0| ä®à¬ «ì­® § ¯¨á ­­ë¥ ®¯¥à â®-àë U ¨ V , § ¢¨áïé¨¥ ®â u(x; t)| ãà ¢­¥­¨¥ á®¢¬¥áâ­®áâ¨, á®¢¯ -¤ îé¥¥ á ãà ¢­¥­¨¥¬ � ãáá | ¢¢¥¤¥­¨¥ á¯¥ªâà «ì­®£® ¯ à ¬¥â-à  � (¨áá«¥¤®¢ ­¨¥ «®ª «ì­®©á¨¬¬¥âà¨¨, ¨«¨ ¨á¯®«ì§®¢ ­¨¥ �¨§ gji)| ª «¨¡à®¢®ç­®¥ ¯à¥®¡à §®¢ ­¨¥,¯à¨¢®¤ïé¥¥ ®¯¥à â®àë U , Vª ­¥®¡å®¤¨¬®¬ã ¤«ï à¥è¥­¨ï���� ¢¨¤ã (­ ¯à¨¬¥à, ¢¨¤ã� å à®¢ {� ¡ â )| ¯®«ãç¥­¨¥ à¥è¥­¨© ­¥«¨­¥©­®£®ãà ¢­¥­¨ï F[u] = 0

???????6. �¥ «¨§ æ¨ï ®¡é¥© áå¥¬ë ¤«ï ãà ¢­¥­¨ïsin-�®à¤®­ � áá¬®âà¨¬ áä¥à¨ç¥áªãî ¬¥âà¨ªãds2 = dx2 � 2 cos(u) dxdt+ dt2 (K � +1):�®¤áâ ­®¢ª  ¢ ãà ¢­¥­¨¥ � ãáá  ¯à¨¢®¤¨â ª ãà ¢­¥-­¨î sin-�®à¤®­  uxt = sin(u):�®áâà®¨¬ ®¯¥à â®àë U ¨ V ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã-« ¬¨ (14){(15):E = 1; G = 1; F = � cos(u); W = sin(u);ea = u2x+ �x; eb = �u2 t + �t;e�+ = � � u2 + �2 ; �� = � + u2 � �2 :�ãáâì � = �ux=2+�=2. �â¬¥â¨¬, çâ® ¢ àì¨à®¢ ­¨¥ �íª¢¨¢ «¥­â­® á®®â¢¥âáâ¢ãîé¨¬ ª «¨¡à®¢®ç­ë¬ ¯à¥-®¡à §®¢ ­¨ï¬.�®«ãç¥­­ë¬ äã­ªæ¨ï¬ ea, eb, e�+ ¨ e�� ®â¢¥ç îâ á«¥-¤ãîé¨¥ ¨áª®¬ë¥ ®¯¥à â®àë U ¨ V :U =0B@ 0 � i2 exp(�iu)� i2 exp(iu) 0 1CA ;

V = 0B@� i2ut i2i2 i2ut1CA :�¥à¥©¤¥¬ ª à áá¬®âà¥­¨î ¢®¯à®á  ® ¢¢¥¤¥­¨¨á¯¥ªâà «ì­®£® ¯ à ¬¥âà . �®ª «ì­ ï á¨¬¬¥âà¨ï ãà ¢-­¥­¨ï sin-�®à¤®­  ¤®¯ãáª ¥â «®à¥­æ¥¢ë á¦ â¨ï ¨à áâï¦¥­¨ï: x ! �x, t ! t=�. �à®¨§¢®¤ï ãª § ­­ãî§ ¬¥­ã ¢ á¯¥ªâà «ì­®© § ¤ ç¥,   á«¥¤®¢ â¥«ì­®, ¨ ¢®¯¥à â®à å, ¯®«ãç ¥¬ ®¯¥à â®àë, á®¤¥à¦ é¨¥ á¯¥ª-âà «ì­ë© ¯ à ¬¥âà �:U = 0B@ 0 � i2� exp(�iu)� i2� exp(iu) 0 1CA ;V = 0B@� i2ut i2�i2� i2ut1CA :� ¯¨è¥¬ ª «¨¡à®¢®ç­®¥ ¯à¥®¡à §®¢ ­¨¥ W :W = 0B@ exp�iu2� exp�� iu2��i exp�iu2� i exp� � iu2�1CA ;¯à¨¢®¤ïé¥¥ á¯¥ªâà «ì­®-í¢®«îæ¨®­­ë¥ ®¯¥à â®àëª ¬®¤¨ä¨æ¨à®¢ ­­®¬ã ¢¨¤ã:eU = 0@�i� �u2xu2x i� 1A ; eV = i4� 0@cos(u) sin(u)sin(u) � cos(u)1A :�¥ «¨§ æ¨ï ¬¥â®¤  ®¡à â­®© § ¤ ç¨ à áá¥ï­¨ï ¤«ï­ ©¤¥­­ëå ®¯¥à â®à®¢ ¯®§¢®«ï¥â ¯®áâà®¨âì N -á®«¨-â®­­ë¥ à¥è¥­¨ï ãà ¢­¥­¨ï sin-�®à¤®­  [8].� ª«îç¥­¨¥�à¥¤áâ ¢«¥­­ë¥ ¢ëè¥ à¥§ã«ìâ âë ¯®§¢®«ïîâ ¯®-«ãç¨âì ¢ ï¢­®¬ ¢¨¤¥ á¯¥ªâà «ì­®-í¢®«îæ¨®­­ë¥ ®¯¥-à â®àë ¤«ï «î¡®£® ­¥«¨­¥©­®£® ¤¨ää¥à¥­æ¨ «ì­®-£® ãà ¢­¥­¨ï á à¥è¥­¨ï¬¨ ¤®áâ â®ç­®© £« ¤ª®áâ¨ ¨§�2-ª« áá .�®«ãç¥­­ë¥ ä®à¬ã«ë (14){(15) á®¤¥à¦ â ª ª ­¥-¨§¢¥áâ­ãî äã­ªæ¨î u(x; t), â ª ¨ ¥¥ ¯¥à¢ë¥ ç áâ­ë¥¯à®¨§¢®¤­ë¥. � ç áâ­®áâ¨, ¨áá«¥¤®¢ ­¨¥ § ª®­®¢ á®-åà ­¥­¨ï ¤«ï í¢®«îæ¨®­­®£® ãà ¢­¥­¨ï ut = f [u]¯®§¢®«ï¥â ¨áª«îç¨âì § ¢¨á¨¬®áâì ®â ut(x; t) ¨ ¯®­¨-§¨âì ¯®àï¤®ª ¯® á®¤¥à¦ é¨¬áï ¢ ¢ëà ¦¥­¨ïå ¯à®¨§-¢®¤­ë¬ u(x; t) ¯® x.�¥á¬®âàï ­  ï¢­®¥ ¢ëà ¦¥­¨¥ ®¯¥à â®à®¢ U ¨ V ,¯à¨¢¥¤¥­­ëå ª ¬®¤¨ä¨æ¨à®¢ ­­®¬ã ¢¨¤ã § ¤ ç¨ � -å à®¢ {� ¡ â  ¤«ï ãà ¢­¥­¨ï f [u] = 0, ¢®¯à®á ®¡¨­â¥£à¨àã¥¬®áâ¨ ¬¥â®¤®¬ ®¡à â­®© § ¤ ç¨ à áá¥ï-­¨ï ¢ æ¥«®¬ ®áâ ¥âáï ®âªàëâë¬.�¢â®à ¢ëà ¦ ¥â £«ã¡®ªãî ¯à¨§­ â¥«ì­®áâì ¤-àãä¨§.-¬ â. ­ ãª �.�.�®¯®¢ã §  ¯®«¥§­ë¥ ®¡áã¦¤¥­¨ïà ¡®âë.
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