
�����������������������������������®¬ 139, ò 2¬ ©, 2004
c© 2004 £. �.�. �¬¨«®¢∗�������������� ������� ����� �������������� �����������«ï ¢á¥å ãà ¢­¥­¨© ¨§ ¨§¢¥áâ­®£® á¯¨áª  ¨­â¥£à¨àã¥¬ëå à¥«ïâ¨¢¨áâáª¨å æ¥¯®ç¥ª�®¤ë ¯®áâà®¥­ë  ¢â®¯à¥®¡à §®¢ ­¨ï �«¥§¨­£¥à . �à¨ ¯®áâà®¥­¨¨ áãé¥áâ¢¥­­® ¨áÄ¯®«ì§ã¥âáï « £à ­¦¥¢®áâì ãà ¢­¥­¨© ¨ áâ ­¤ àâ­ë© ¯¥à¥å®¤ ª £ ¬¨«ìâ®­®¢®© ä®à¬¥¨å § ¯¨á¨, ª®â®àë© ¢ ¤ ­­®¬ á«ãç ¥ ®¯¨áë¢ ¥âáï ®¡à â¨¬ë¬¨, ­® ­¥â®ç¥ç­ë¬¨ § ¬¥­ Ä¬¨ ¯¥à¥¬¥­­ëå. �¡áã¦¤ îâáï ¤¢  ¯à¨¬¥à  ¤àã£®£® ¢¨¤ , ­® á  ­ «®£¨ç­ë¬¨ á¢®©áâÄ¢ ¬¨, ª®â®àë¥ â ª¦¥ ï¢«ïîâáï ¨­â¥£à¨àã¥¬ë¬¨ « £à ­¦¥¢ë¬¨ ãà ¢­¥­¨ï¬¨, ¤®¯ãáÄª îé¨¬¨ ¯à¥®¡à §®¢ ­¨¥ �«¥§¨­£¥à .�«îç¥¢ë¥ á«®¢ : ¨­â¥£à¨àã¥¬®áâì, æ¥¯®çª  �®¤ë, « £à ­¦¥¢ë ¨ £ ¬¨«ìâ®­®¢ë ãà ¢­¥­¨ï, ¢â®¯à¥®¡à §®¢ ­¨ï. 1. ��������� ª ¨§¢¥áâ­® (á¬. [1]{[3]), á¨áâ¥¬  ãà ¢­¥­¨© �¡«®¢¨æ {� ã¯ {�ìîí«« {�¥£ãà (����) ut = uxx + 2u2v; −vt = vxx + 2v2u (1)¤®¯ãáª ¥â  ¢â®¯à¥®¡à §®¢ ­¨¥~u = uxx − u2xu + u2v; ~v = 1u: (2)�­®£®ªà â­®¥ ¯à¨¬¥­¥­¨¥ íâ®£® ¯à¥®¡à §®¢ ­¨ï,(u; v) = (un; vn) → (~u; ~v) = (un+1; vn+1);¯à¨¢®¤¨â ª æ¥¯®çª¥ á®®â­®è¥­¨©un+1 = un;xx − u2n;xun + u2nun−1
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210 �.�. ������(vn ¨áª«îç ¥âáï ¯® ä®à¬ã«¥ vn = 1=un−1), ª®â®à ï ¢ â¥à¬¨­ å qn = lnun § ¯¨áë¢ ¥âÄáï ª ª ¨§¢¥áâ­ ï ¨­â¥£à¨àã¥¬ ï ¬®¤¥«ì �®¤ë:qn;xx = eqn+1−qn − eqn−qn−1 : (3)�¥¯®çª  �®¤ë (3) § ¤ ¥â â ª¨¬ ®¡à §®¬  ¢â®¯à¥®¡à §®¢ ­¨¥ �«¥§¨­£¥à  (2) (¬ë ¨áÄ¯®«ì§ã¥¬ íâ®â â¥à¬¨­, á«¥¤ãï à ¡®â¥ [3]) ¤«ï á¨áâ¥¬ë ���� (1). �àã£¨¥  ¢â®¯à¥®¡à Ä§®¢ ­¨ï â ª®£®¦¥ â¨¯  ¤«ï á¨áâ¥¬ ãà ¢­¥­¨©,  ­ «®£¨ç­ëå (1), ¬®¦­® ­ ©â¨ ¢ à ¡®â å[4]{[6].�¢â®¯à¥®¡à §®¢ ­¨¥�«¥§¨­£¥à  ¤«ï ¨­â¥£à¨àã¥¬®£® ­¥«¨­¥©­®£® ãà ¢­¥­¨ï { íâ®á¯¥æ¨ «ì­ë© (¢ëà®¦¤¥­­ë©) á«ãç ©  ¢â®¯à¥®¡à §®¢ ­¨ï �¥ª«ã­¤ . �à¨¬¥­ïï â ª®¥¯à¥®¡à §®¢ ­¨¥, ¬ë ­¥ ¯®«ãç ¥¬ ¤®¯®«­¨â¥«ì­ëå ¯®áâ®ï­­ëå ¯ à ¬¥âà®¢, ­® ¨­®£¤ ¬®¦¥¬, â¥¬ ­¥ ¬¥­¥¥, ¯®áâà®¨âì ¬­®£®á®«¨â®­­®¥ à¥è¥­¨¥. � á«ãç ¥ ­ ç «ì­®£® à¥Äè¥­¨ï (u0; v0) á¨áâ¥¬ë (1) â ª®£®, çâ® v0 = 0, äã­ªæ¨ï u0 ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨îâ¥¯«®¯à®¢®¤­®áâ¨: u0;t = u0;xx. �¥âàã¤­® ¯®¤®¡à âì à¥è¥­¨ï ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤Ä­®áâ¨ á ¡®«ìè¨¬ ª®«¨ç¥áâ¢®¬ ¯à®¨§¢®«ì­ëå ¯®áâ®ï­­ëå â ª¨¥, çâ® ç¥à¥§ ®¯à¥¤¥«¥­­®¥ª®«¨ç¥áâ¢®è £®¢ ¬ë ¯®«ãç¨¬¬­®£®á®«¨â®­­®¥ à¥è¥­¨¥ ª ª ¤«ï á¨áâ¥¬ë (1), â ª ¨ ¤«ï­¥«¨­¥©­®£® ãà ¢­¥­¨ï �à¥¤¨­£¥à i t =  xx + 2| |2 (á¬., ­ ¯à¨¬¥à, [6]).�ª §ë¢ ¥âáï, à¥«ïâ¨¢¨áâáª ï æ¥¯®çª  �®¤ë�un = _un+1 _un1 + eun−un+1 − _un _un−11 + eun−1−un ; _un = dundt (4)¤®¯ãáª ¥â  ¢â®¯à¥®¡à §®¢ ­¨¥ â®£® ¦¥ â¨¯ ,   ¨¬¥­­®~un = ln eun+1 + eun_un (5)(¯à¥®¡à §®¢ ­¨¥ (5) ï¢«ï¥âáï, ¯®-¢¨¤¨¬®¬ã, ­®¢ë¬, ª ª ¨ ¢á¥ ®áâ «ì­ë¥  ¢â®¯à¥®¡à Ä§®¢ ­¨ï, ª®â®àë¥ ¡ã¤ãâ ¯à¥¤áâ ¢«¥­ë ­¨¦¥). �â®  ¢â®¯à¥®¡à §®¢ ­¨¥ ï¢«ï¥âáï ®¡à Äâ¨¬ë¬ ­  à¥è¥­¨ïå æ¥¯®çª¨ (4), ¨ ®¡à â­®¥ ª ­¥¬ã ¨¬¥¥â ¢¨¤un = ln ~un;te−~un + e−~un−1 : (6)�­â¥à¥á­®, çâ® ¯à¨ ¯¥à¥å®¤¥ ®â (4) ª á¨áâ¥¬¥ ¤«ï un, vn (vn = _un) ¬ë «¥£ª® ¬®¦¥¬ ¢ëÄ¯¨á âì ¯à¥®¡à §®¢ ­¨¥ (un; vn)→ (~un; ~vn), ª®â®à®¥ ¡ã¤¥â ®¡à â¨¬® ¢ ®¡ëç­®¬ á¬ëá«¥(â ª¦¥, ª ª (2)). �¢®¤ï á®®â¢¥âáâ¢ãîéãîæ¥¯®çªã ¯à¥®¡à §®¢ ­¨© ¢ â¥à¬¨­ å ukn ¨ vkn,¬ë ®¤­®§­ ç­® ¨áª«îç ¥¬ vkn ¨ ¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã ç¨áâ® à §­®áâ­®¬ããà ¢­¥­¨î:euk−1n −ukn − eukn−uk+1n = eukn+1−uk+1n − euk−1n −ukn−1 : (7)



�������������� ������� ���� � �������������� ���������� 211�â® ®¤­® ¨§ ¨§¢¥áâ­ëå (á¬., ­ ¯à¨¬¥à, [7]) ¨­â¥£à¨àã¥¬ëå ãà ¢­¥­¨©,  ¯¯à®ªá¨¬¨àãÄé¨å æ¥¯®çªã �®¤ë (3).�ë à áá¬ âà¨¢ ¥¬ ¢ íâ®© à ¡®â¥ ¨­â¥£à¨àã¥¬ë¥ ãà ¢­¥­¨ï ¢¨¤ �un = F ( _un+1; _un; _un−1; un+1; un; un−1); (8)¯®¤®¡­ë¥ à¥«ïâ¨¢¨áâáª®© æ¥¯®çª¥ �®¤ë. �¯¨á®ª â ª¨å ãà ¢­¥­¨© ¯®«ãç¥­ ¢ à ¡®â¥ [8]¯à¨ ¯®¬®é¨ ¬¥â®¤  ¢ëáè¨å á¨¬¬¥âà¨© (á¬. â ª¦¥ ®¡§®à [9]) ¨ á®áâ®¨â ¨§ è¥áâ¨ ãà ¢­¥Ä­¨©, ¤«ï ª ¦¤®£® ¨§ ª®â®àëå ¬ë ¯®áâà®¨¬ ¯à¥®¡à §®¢ ­¨¥�«¥§¨­£¥à . �â¨ ¯à¥®¡à Ä§®¢ ­¨ï  ­ «®£¨ç­ë (5) ¨ ¨¬¥îâ ¢¨¤~un = U( _un; un+1; un): (9)�®¤®¡­ë¥ (7) ç¨áâ® à §­®áâ­ë¥ ãà ¢­¥­¨ï, á¢ï§ ­­ë¥ á ¯à¥®¡à §®¢ ­¨ï¬¨ (9), ¨§¢¥áâ­ë(¨å ¬®¦­® ­ ©â¨, ­ ¯à¨¬¥à, ¢ à ¡®â å [7], [10], [11]) ¨ ¯à¨¢®¤¨âìáï ­¥ ¡ã¤ãâ.�à¥®¡à §®¢ ­¨ï (9) ­¥ â®«ìª® § ¤ îâáï ï¢­®© ä®à¬ã«®© ¨ ®¡à â¨¬ë ­  à¥è¥­¨ïåá®®â¢¥âáâ¢ãîé¥£® ãà ¢­¥­¨ï, å®âï ¨ ­¥ ï¢«ïîâáï â®ç¥ç­ë¬¨, ®­¨ ®¡« ¤ îâ ¥é¥ ®¤Ä­¨¬ á¢®©áâ¢®¬. �à¥®¡à §®¢ ­¨¥ (9) ¬®¦¥â ¡ëâì â¥®à¥â¨ç¥áª¨ ­¥â®ç¥ç­®© ¨­¢®«îæ¨¥©:�2[un] = �[�[un]] = un (¬ë ¨á¯®«ì§ã¥¬ ®¡®§­ ç¥­¨¥ ~un = �[un]). �­® ¬®¦¥â ¡ëâì ­¥Äâ®ç¥ç­ë¬£àã¯¯®¢ë¬¯à¥®¡à §®¢ ­¨¥¬: ¥á«¨ ~un = �[�; un], £¤¥� { £àã¯¯®¢®© ¯ à ¬¥âà,â® �[0; un] = un; �[�; �[�; un]] = �[� + �; un]:�ë¬®£«¨ ¡ë ¯à¨¢¥áâ¨ ¯à¨¬¥àë ¯à¥®¡à §®¢ ­¨© ª ¦¤®£® â¨¯ . � ­ è¥¬ á«ãç ¥ ¯à¥®¡Äà §®¢ ­¨ï (9) ï¢«ïîâáï â ª¨¬¨, çâ®�2[un] = V ( _un+1; _un; _un−1; un+2; un+1; un; un−1);¨ ª®«¨ç¥áâ¢® ¯¥à¥¬¥­­ëå _un+i, un+i ¢ �3[un]; �4[un]; : : : ¢®§à áâ ¥â. �â® á¢®©áâ¢® ¯®Äª §ë¢ ¥â ¢ ­¥ª®â®à®¬ á¬ëá«¥, çâ® ¯à¥®¡à §®¢ ­¨ï, ¯à¨¢¥¤¥­­ë¥ ¢ à ¡®â¥, ¯®§¢®«ïîâáâà®¨âì ¬­®¦¥áâ¢® à §«¨ç­ëå à¥è¥­¨© ¢ ®â«¨ç¨¥ ®â ¨­¢®«îæ¨¨ ¨«¨ £àã¯¯®¢®£® ¯à¥®¡Äà §®¢ ­¨ï.�á¥ ¨­â¥£à¨àã¥¬ë¥ ãà ¢­¥­¨ï ¨§ á¯¨áª , ¯®«ãç¥­­®£® ¢ à ¡®â¥ [8], ï¢«ïîâáï « £à ­Ä¦¥¢ë¬¨ [10]. �à¨ ¯®áâà®¥­¨¨ ¯à¥®¡à §®¢ ­¨©�«¥§¨­£¥à  ¬ë áãé¥áâ¢¥­­® ¨á¯®«ì§ã¥¬áâ ­¤ àâ­ë© ¯¥à¥å®¤ ®â « £à ­¦¥¢®© ä®à¬ë § ¯¨á¨ ãà ¢­¥­¨ï ª £ ¬¨«ìâ®­®¢®©. �®«ìÄª® §¤¥áì, ¢ ®â«¨ç¨¥ ®â ª« áá¨ç¥áª®£® á«ãç ï, ¯¥à¥å®¤ § ¤ ¥âáï ­¥â®ç¥ç­ë¬, ­® ¢¬¥áâ¥ áâ¥¬ ®¡à â¨¬ë¬ ¯à¥®¡à §®¢ ­¨¥¬ [9]. �â¬¥â¨¬ â ª¦¥, çâ® ¤«ï ¡®«ìè¨­áâ¢  ãà ¢­¥­¨©¨§ ®¡áã¦¤ ¥¬®£® á¯¨áª  ¨§¢¥áâ­ë áâ ­¤ àâ­ë¥ (­¥¢ëà®¦¤¥­­ë¥)  ¢â®¯à¥®¡à §®¢ ­¨ï�¥ª«ã­¤  [10].� § ª«îç¨â¥«ì­®¬ à §¤¥«¥ ¬ë ¯à¨¢¥¤¥¬ ¤¢  ¯à¨¬¥à  ¤àã£®£® ¢¨¤ , ­® á  ­ «®£¨çÄ­ë¬¨ á¢®©áâ¢ ¬¨. �­¨ â ª¦¥ ¡ã¤ãâ ¨­â¥£à¨àã¥¬ë¬¨ « £à ­¦¥¢ë¬¨ ãà ¢­¥­¨ï¬¨, ¤®Ä¯ãáª îé¨¬¨ ¯à¥®¡à §®¢ ­¨¥ �«¥§¨­£¥à . �¤­® ¨§ ­¨å (ãà ¢­¥­¨¥ ­  à¥è¥âª¥) â¥á­®á¢ï§ ­® á à §­®áâ­ë¬­¥«¨­¥©­ë¬ãà ¢­¥­¨¥¬�à¥¤¨­£¥à ,   ¤àã£®¥ (ãà ¢­¥­¨¥ á ç áâÄ­ë¬¨ ¯à®¨§¢®¤­ë¬¨) { á ãà ¢­¥­¨¥¬ � ­¤ ã{�¨äè¨æ . 2∗



212 �.�. ������2. ����� ���������� �������������� �����������¤¥áì ¬ë ®¡êïá­¨¬, ª ª áâà®¨âì ¯à¥®¡à §®¢ ­¨ï �«¥§¨­£¥à  ¤«ï à¥«ïâ¨¢¨áâáª¨åæ¥¯®ç¥ª �®¤ë. �­ ç «  ®¡áã¤¨¬ ¯¥à¥å®¤ ®â « £à ­¦¥¢®© ä®à¬ë § ¯¨á¨ ãà ¢­¥­¨ï ª£ ¬¨«ìâ®­®¢®©, â.¥. á¢ï§ì ¬¥¦¤ã ¨§¢¥áâ­ë¬¨ ¨­â¥£à¨àã¥¬ë¬¨ ãà ¢­¥­¨ï¬¨ ¢¨¤  (8) ¨â ª¦¥ ¨§¢¥áâ­ë¬¨1) ¨­â¥£à¨àã¥¬ë¬¨ á¨áâ¥¬ ¬¨ ¨§ ª« áá _un = f(un+1; un; vn); _vn = g(vn−1; vn; un): (10)�¡  á¯¨áª  ãà ¢­¥­¨© (8) ¨ á¨áâ¥¬ (10) ¡ã¤ãâ ¯à¨¢¥¤¥­ë ¢ á«¥¤ãîé¥¬ à §¤¥«¥. �«ïªà âª®áâ¨ ¡ã¤¥¬ ®¯ãáª âì ¢ ä®à¬ã« å ¨­¤¥ªá n; ­ ¯à¨¬¥à, à¥«ïâ¨¢¨áâáª ï æ¥¯®çª  �®Ä¤ë (4) § ¯¨è¥âáï ¢ ¢¨¤¥ �u = _u1 _u1 + eu−u1 − _u _u−11 + eu−1−u : (11)�à ¢­¥­¨ï ¨§ (8) ï¢«ïîâáï « £à ­¦¥¢ë¬¨, « £à ­¦¨ ­L ¨ ãà ¢­¥­¨¥ �©«¥à {� £-à ­¦  ¢ íâ®¬ á«ãç ¥ ¨¬¥îâ ¢¨¤L = L( _u; u1; u); @2L@ _u2 6= 0; ddt @L@ _u = @@u(1 + T−1)L (12)(§¤¥áì T { ®¯¥à â®à á¤¢¨£ : n → n + 1, ¢ ç áâ­®áâ¨, T−1L = L( _u−1; u; u−1)). �â ­Ä¤ àâ­ë¬ § ª®­ ¬ á®åà ­¥­¨ï ¤«ï â ª¨å ãà ¢­¥­¨© á®®â¢¥âáâ¢ãîâ «®ª «ì­ë¥ § ª®­ëá®åà ­¥­¨ï _p = (T − 1)q,   ¨¬¥­­®ddt ( _uL _u − L) = (T−1 − 1)( _u1Lu1) (13)(ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ ®¡®§­ ç îâáï §¤¥áì ¤«ï ªà âª®áâ¨ ­¨¦­¨¬¨ ¨­¤¥ªá ¬¨). �á«¨« £à ­¦¨ ­¬®¦­® § ¯¨á âì ¢ ¢¨¤¥L = L( _u; u1−u), â® ¨¬¥¥âáï â ª¦¥ «®ª «ì­ë© § ª®­á®åà ­¥­¨ï ddtL _u = (1− T−1)Lu: (14)�¥«ïâ¨¢¨áâáª®© æ¥¯®çª¥ �®¤ë (11) á®®â¢¥âáâ¢ã¥â « £à ­¦¨ ­L = _u ln _ueu1−u + 1 : (15)�à¥®¡à §®¢ ­¨¥�¥¦ ­¤à H = v _u−L, v = L _u ¯à¨¢®¤¨â ¢ íâ®¬ á«ãç ¥ ª ®¡à â¨¬®©§ ¬¥­¥ ¯¥à¥¬¥­­ëå ¬¥¦¤ã u, _u ¨ u, v, ª®â®à ï § ¤ ¥âáï ä®à¬ã«®© ¢¨¤  v = �( _u; u1; u).�®«¥¥ â®ç­®, ¥á«¨ ¯¥à¥©â¨ ®â ãà ¢­¥­¨ï (8) ª á¨áâ¥¬¥ ¤«ï y = u ¨ z = _u, â® á¨áâ¥¬ë¤«ï y, z ¨ u, v ¡ã¤ãâ á¢ï§ ­ë ­¥â®ç¥ç­®©, ­® ®¡à â¨¬®© § ¬¥­®© ¯¥à¥¬¥­­ëå, ª®â®à ï1)�¯¨á®ª ¨­â¥£à¨àã¥¬ëå £ ¬¨«ìâ®­®¢ëå á¨áâ¥¬ (10) ¡ë« ¯®«ãç¥­  ¢â®à®¬ ¯à¨ ¯®¬®é¨ á¨¬¬¥âÄà¨©­®£® â¥áâ  [12], ®á­®¢­ ï ç áâì á¯¨áª  ¢¯¥à¢ë¥ ®¯ã¡«¨ª®¢ ­  ¢ à ¡®â å [5]. � áâ âì¥ [13] ¤«ï­¥ª®â®àëå á¨áâ¥¬ ¯®áâà®¥­ë (L{A)-¯ àë. �®«­®áâìî á¯¨á®ª ®¯ã¡«¨ª®¢ ­ ¢ à ¡®â¥ [9], £¤¥, ¢ ç áâÄ­®áâ¨, ¯®ª § ­®, çâ® ¢á¥ á¨áâ¥¬ë ®¡« ¤ îâ ¢ëáè¨¬¨ á¨¬¬¥âà¨ï¬¨ ¨ § ª®­ ¬¨ á®åà ­¥­¨ï.



�������������� ������� ���� � �������������� ���������� 213§ ¤ ¥âáï ä®à¬ã« ¬¨ u = y, v = �(z; y1; y) (â®ç¥ç­ ï § ¬¥­  ¨¬¥«  ¡ë ¢¨¤ u = U(y; z),v = V (y; z)). �à ¢­¥­¨ï � ¬¨«ìâ®­ , á®®â¢¥âáâ¢ãîé¨¥ £ ¬¨«ìâ®­¨ ­ã H , ¢ íâ®¬ á«ãÄç ¥ â ª®¢ë: _u = �H�v ; _v = −�H�u ; H = H(v; u1; u); (16)£¤¥ �H�v = @@v∑i T i(H) = @H@v ;�H�u = @@u∑i T i(H) = @@u(1 + T−1)H: (17)� ¯®¬­¨¬ ¤«ï áà ¢­¥­¨ï ª« áá¨ç¥áª¨¥ ä®à¬ã«ë ¢ â¥å ¦¥ ®¡®§­ ç¥­¨ïå:L = L(u; _u); ddt @L@ _u = @L@u ; H = H(u; v); _u = @H@v ; _v = −@H@u ;§ ¬¥­  ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à §®¬: v = �(u; _u).�ª §ë¢ ¥âáï, ¨§¢¥áâ­ë¥ ãà ¢­¥­¨ï ¨§ ª« áá  (8) â ª®¢ë, çâ® ¯à¨ ¯®¬®é¨ ¤®¯®«­¨Äâ¥«ì­®© â®ç¥ç­®© § ¬¥­ë ¢¨¤  v̂ = �̂(u; v) (u ­¥ ¬¥­ï¥âáï) á¨áâ¥¬ã (16) ¬®¦­® ¯à¥®¡à Ä§®¢ âì ª ¢¨¤ã (10). � á«ãç ¥ à¥«ïâ¨¢¨áâáª®© æ¥¯®çª¨ �®¤ë (11) ¤®¯®«­¨â¥«ì­ ï § ¬¥­ ¯¥à¥¬¥­­ëå v̂ = u− v + 1 ¯à¨¢®¤¨â ª á¨áâ¥¬¥ ãà ¢­¥­¨©_u = eu1−v + eu−v; _v = eu−v−1 + eu−v; (18)  ¯àï¬ ï á¢ï§ì ¬¥¦¤ã (11) ¨ (18) ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à §®¬:u = u; v = ln eu1 + eu_u : (19)�®¯®«­¨â¥«ì­ ï § ¬¥­  ­¥ ¬¥­ï¥â ¢¨¤  £ ¬¨«ìâ®­¨ ­  ¨§ (16), ­®, ¢®®¡é¥ £®¢®àï,¨§¬¥­ï¥â £ ¬¨«ìâ®­®¢ã áâàãªâãàã:_u = '(u; v)�H�v ; _v = −'(u; v)�H�u ; H = �(u; v) + 	(u1; v): (20)�«ï á¨áâ¥¬ë (18) ' = −1, H = eu1−v+ eu−v. �ç¥¢¨¤­®, ¢®§¬®¦¥­ ¨ ®¡à â­ë© ¯¥à¥å®¤®â £ ¬¨«ìâ®­®¢ëå á¨áâ¥¬ (20) ª « £à ­¦¥¢ë¬ ãà ¢­¥­¨ï¬. �á«¨ ¬ë áâ àâã¥¬ á á¨áâ¥Ä¬ë ãà ¢­¥­¨© ¢¨¤  (10), (20) (¯à¨ç¥¬ fv 6= 0), â® ®¡à â¨¬®¥ ¯à¥®¡à §®¢ ­¨¥, ¢¥¤ãé¥¥ª (8), (12), § ¤ ¥âáï ¯¥à¢ë¬ ãà ¢­¥­¨¥¬ á¨áâ¥¬ë (áà. (18) ¨ (19)). �®à¬ã«  ¤«ï ¯®áâà®Ä¥­¨ï « £à ­¦¨ ­  á«¥£ª  ¢¨¤®¨§¬¥­ï¥âáï ¯® áà ¢­¥­¨î á ª« áá¨ç¥áª®©:L =  (u; v) _u−H;  v = 1': (21)�à®¨§¢®« ¢ ¢ë¡®à¥ äã­ªæ¨¨  ­¥ ï¢«ï¥âáï áãé¥áâ¢¥­­ë¬, â ª ª ª « £à ­¦¥¢® ãà ¢­¥Ä­¨¥ (12) ­¥ ¬¥­ï¥âáï ¯à¨ á«¥¤ãîé¥¬ ¨§¬¥­¥­¨¨ « £à ­¦¨ ­ :L̂ = �L+ � + �(u) _u+ (T − 1)!(u); (22)



214 �.�. ������£¤¥ � 6= 0 ¨ � { ¯®áâ®ï­­ë¥,   � ¨ ! { ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨.� ª ï á¢ï§ì ¬¥¦¤ã ¨­â¥£à¨àã¥¬ë¬¨ ãà ¢­¥­¨ï¬¨ (8) ¨ á¨áâ¥¬ ¬¨ (10) ®¡áã¦¤ « áì¢ à ¡®â¥ [9]. �¢  á¯¨áª  ¡ë«¨ ¯®«ãç¥­ë ­¥§ ¢¨á¨¬® (á¨áâ¥¬ë ¢¨¤  (10) { à ­ìè¥, áà.,­ ¯à¨¬¥à, [5] ¨ [8]), ¨ «¨èì ¢¯®á«¥¤áâ¢¨¨ ¡ë«  ®¡­ àã¦¥­  ¨å ¯®«­ ï íª¢¨¢ «¥­â­®áâìá â®ç­®áâìî ¤® ­¥â®ç¥ç­ëå ®¡à â¨¬ëå ¯à¥®¡à §®¢ ­¨©,  ­ «®£¨ç­ëå (19).�¡áã¤¨¬ ¤®ª § â¥«ìáâ¢® ãâ¢¥à¦¤¥­¨ï, çâ® ãª § ­­ ï § ¬¥­  ¨ ä®à¬ã«  (21) ¯¥à¥¢®Ä¤ïâ á¨áâ¥¬ã (10), (20) (â ªãî, çâ® fv 6= 0) ¢ ãà ¢­¥­¨¥ (8), (12). �¬¥­­® íâ® ãâ¢¥à¦¤¥Ä­¨¥ ¬ë¡ã¤¥¬¨á¯®«ì§®¢ âì ¢ ¤ «ì­¥©è¥¬. �¢®¤ï ¢ à áá¬®âà¥­¨¥ § ¢¨á¨¬ë¥ ¯¥à¥¬¥­­ë¥yi, zi â ª, çâ® y = u ¨ z = _u, ¬ë ¨¬¥¥¬ ¢ á¨«ã (10) ®¡à â¨¬®¥ ¯à¥®¡à §®¢ ­¨¥y = u; z = f(u1; u; v); (23)á¢ï§ë¢ îé¥¥ ­ ¡®àë ¯¥à¥¬¥­­ëå yi, zi ¨ ui, vi, ¨ á®®â­®è¥­¨ï ¤«ï ç áâ­ëå ¯à®¨§¢®¤Ä­ëå @@v = fv @@z ; @@u = @@y + fu @@z + T−1(fu1) @@z−1 : (24)�®à¬ã«ë (21),   â®ç­¥¥L(z; y1; y) =  (u; v)f(u1; u; v)−H(v; u1; u);¨ (24) ¯®§¢®«ïîâ ¢ëç¨á«¨âìLz =  ; Ly =  uf −Hu; Ly1 = −Hu1(¬ë â ª¦¥ ¨á¯®«ì§ã¥¬ £ ¬¨«ìâ®­®¢ã áâàãªâãàã (20)). �¥¯¥àì ­¥âàã¤­® ¯à®¢¥à¨âì, çâ®(12) ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ (10), (20):ddt @L@z = d dt =  uf +  vg =  uf − (Hu + T−1(Hu1)) = Ly + T−1(Ly1):�®íää¨æ¨¥­â ¢ ãà ¢­¥­¨¨ �©«¥à {� £à ­¦  ¯à¨ _z = �u ®â«¨ç¥­ ®â ­ã«ï, Lzz =('fv)−1, ¨ ¯®íâ®¬ã íâ® ãà ¢­¥­¨¥ ¬®¦­® § ¯¨á âì â ª¦¥ ¢ ¢¨¤¥ (8).�¥¯¥àì ¬ë ¬®¦¥¬ ®¡êïá­¨âì, ®âªã¤  ¡¥à¥âáï  ¢â®¯à¥®¡à §®¢ ­¨¥ �«¥§¨­£¥à  (5).�¥«ïâ¨¢¨áâáª ï æ¥¯®çª  �®¤ë (4) ¤®¯ãáª ¥â ¨­¢®«îæ¨îInvu : ~un = −u−n; ~t = −t; (25)  ¥¥ £ ¬¨«ìâ®­®¢  ä®à¬  § ¯¨á¨ (18) ¨­¢ à¨ ­â­  ®â­®á¨â¥«ì­® ¨­¢®«îæ¨¨Invu;v : ûn = −v−n; v̂n = −u−n; t̂ = −t: (26)�¢®¤ï ®¡®§­ ç¥­¨¥Lg: (un; _un)→ (un; vn) ¤«ï ®â®¡à ¦¥­¨ï (19), ¯®à®¦¤¥­­®£® ¯à¥®¡Äà §®¢ ­¨¥¬ �¥¦ ­¤à , ¬ë ¬®¦¥¬ à áá¬®âà¥âì ª®¬¯®§¨æ¨îAT = Invu ◦Lg−1 ◦ Invu;v ◦Lg: ~un = vn = ln eun+1 + eun_un ; ~t = t: (27)



�������������� ������� ���� � �������������� ���������� 215� ª¨¬ ®¡à §®¬, ¥á«¨ un { à¥è¥­¨¥ à¥«ïâ¨¢¨áâáª®© æ¥¯®çª¨ �®¤ë (4), â® äã­ªæ¨ï vn,¯®«ãç¥­­ ï ¨§ (18), â ª¦¥ ¡ã¤¥â à¥è¥­¨¥¬ (4). �®à¬ã«  (5) á vn ¢¬¥áâ® ~un (®­  ¦¥ {¢â®à ï ¨§ ä®à¬ã« (19)) ¥áâì ­¥ çâ® ¨­®¥, ª ª ¤àã£ ï ä®à¬  § ¯¨á¨ ¯¥à¢®£® ¨§ ãà ¢­¥­¨©á¨áâ¥¬ë (18). �áâ¥áâ¢¥­­®, çâ® ®¡à â­®¥ ¯à¥®¡à §®¢ ­¨¥ (6) ®ª §ë¢ ¥âáï ¯¥à¥¯¨á ­Ä­ë¬ ¢â®àë¬ ãà ¢­¥­¨¥¬ â®© ¦¥ á¨áâ¥¬ë.� ®¡é¥¬ á«ãç ¥ ä®à¬ã«ë (10), (20) ãª §ë¢ îâ ­  à ¢­®¯à ¢¨¥ u ¨ v: äã­ªæ¨ï v â ªÄ¦¥ ¤®«¦­ ã¤®¢«¥â¢®àïâì ãà ¢­¥­¨î¢¨¤  (8), (12) (¨ íâ® ­¥âàã¤­®¤®ª § âì). � á«ãç ¥á¨áâ¥¬ë (18) ãà ¢­¥­¨ï ¤«ï u ¨ v ®ª § «¨áì ®¤¨­ ª®¢ë¬¨. �â® ¤®áâ¨£ ¥âáï §  áç¥â ¯¥Äà¥å®¤  ª ®á®¡®© ä®à¬¥ § ¯¨á¨ ª ¦¤®© ¨­â¥£à¨àã¥¬®© á¨áâ¥¬ë (10), (20), ª®â®àãî ¬ë ¨®¡¥á¯¥ç¨¬ ¢ á«¥¤ãîé¥¬ à §¤¥«¥. �¨áâ¥¬  (18), ­ ¯à¨¬¥à, ¯à¨¢®¤¨âáï ¢ à ¡®â å [5] ¨ [9]¢ ¯®«¨­®¬¨ «ì­®¬ ¢¨¤¥: _u = uv(u1 + u); _v = −uv(v + v−1);¬ë ¦¥ á«¥£ª  ¨§¬¥­¨«¨ ¥¥ ¯à¨ ¯®¬®é¨ â®ç¥ç­®£® ¯à¥®¡à §®¢ ­¨ï ~u = lnu, ~v = − ln v.�á¥ ¨­â¥£à¨àã¥¬ë¥ á¨áâ¥¬ë (10), (20) ¡ã¤ãâ § ¯¨á ­ë ¢ á«¥¤ãîé¥¬ à §¤¥«¥ ¢ ä®à¬¥,¤®¯ãáª îé¥© ¨­¢®«îæ¨î,  ­ «®£¨ç­ãî (26). �à¨ íâ®¬ á®®â¢¥âáâ¢ãîé¥¥ « £à ­¦¥¢®ãà ¢­¥­¨¥ â ª¦¥ ¡ã¤¥â ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ­¥ª®© ¨­¢®«îæ¨¨, ¨ ¢¬¥áâ¥ ¤¢¥ ¨­¢®Ä«îæ¨¨ ¡ã¤ãâ £ à ­â¨à®¢ âì, çâ® u ¨ v ã¤®¢«¥â¢®àïîâ ®¤­®¬ã « £à ­¦¥¢ã ãà ¢­¥­¨î.� à¥§ã«ìâ â¥ ¯à¥®¡à §®¢ ­¨¥�«¥§¨­£¥à ¬®¦­® ¡ã¤¥â ¯®«ãç âì, ¢ëà ¦ ï ~u = v ç¥à¥§u1, u, _u ¯à¨ ¯®¬®é¨ ¯¥à¢®£® ¨§ ãà ¢­¥­¨© (10).� § ª«îç¥­¨¥ â¥®à¥â¨ç¥áª®£®à §¤¥«  ®â¬¥â¨¬,çâ® ¤«ï« £à ­¦¥¢ëåãà ¢­¥­¨© (12)¨¬¥¥âáï, ª ª ®¡ëç­®, â¥á­ ï á¢ï§ì ¬¥¦¤ã § ª®­ ¬¨ á®åà ­¥­¨ï ¨ ¢ëáè¨¬¨ á¨¬¬¥âà¨ïÄ¬¨. �® ¢ëáè¥© á¨¬¬¥âà¨¨ ­¥âàã¤­® ¯®áâà®¨âì § ª®­ á®åà ­¥­¨ï, ª ª ãª § ­® ¢ à ¡®Äâ¥ [10]. � ¤àã£®© áâ®à®­ë, ¨á¯®«ì§ãï § ¬¥­ã ¢¨¤  (23) ¬¥¦¤ã ãà ¢­¥­¨¥¬ (12) ¨ ¥£®£ ¬¨«ìâ®­®¢®© ä®à¬®© § ¯¨á¨ (20), ¬®¦­® ¯®«ãç¨âì ¢¥áì¬  ¯à®áâãî ä®à¬ã«ã ¤«ï ¯®Äáâà®¥­¨ï ¢ëáè¥© á¨¬¬¥âà¨¨ ¯® § ª®­ã á®åà ­¥­¨ï.�¥©áâ¢¨â¥«ì­®, ¥á«¨ _p = (T −1)q { «®ª «ì­ë© § ª®­ á®åà ­¥­¨ï á¨áâ¥¬ë (20) (äã­ªÄæ¨ï q ¨ ¯«®â­®áâì § ª®­  á®åà ­¥­¨ï p § ¢¨áïâ ®â ui, vi), â® á¨áâ¥¬ u� = '�p�v ; v� = −'�p�u{ íâ® á¨¬¬¥âà¨ï, â.¥. á¨áâ¥¬ , á®¢¬¥áâ­ ï á (20). �á¥ ä®à¬ã«ë ­¥âàã¤­® ¯¥à¥¯¨á âì ¢â¥à¬¨­ å ui, _ui. �âáî¤  á«¥¤ã¥â, çâ® ¥á«¨ äã­ªæ¨ïp = p( _ui1 ; _ui1−1; : : : ; _ui2 ; uj1 ; uj1−1; : : : ; uj2)ï¢«ï¥âáï ¯«®â­®áâìî § ª®­  á®åà ­¥­¨ï « £à ­¦¥¢  ãà ¢­¥­¨ï (12), â® ãà ¢­¥­¨¥u� = 1L _u _u �p� _u; �p� _u = @@ _u −i2
∑k=−i1 Tk(p) (28)



216 �.�. ������ï¢«ï¥âáï ¥£® á¨¬¬¥âà¨¥©.� ¯à¨¬¥à, äã­ªæ¨¨p(1) = _u1 _uS(u1 − u) + 12 _u2; p(2) = 1_u (1 + eu1−u)(1 + eu−u−1);£¤¥ S(z) = 1=(1 + e−z), { ¯«®â­®áâ¨ § ª®­®¢ á®åà ­¥­¨ï à¥«ïâ¨¢¨áâáª®© æ¥¯®çª¨ �®Ä¤ë (11), ¨ ä®à¬ã«  (28) ¤ ¥â ¤«ï ­¥¥ â ª¨¥ á¨¬¬¥âà¨¨:u�1 = _u1 _uS(u1 − u) + _u _u−1S(u− u−1) + _u2; u�2 = −p(2);¯®áª®«ìªãL _u _u = 1= _u (á¬. (15)).�¥£ª® ¢¨¤¥âì, çâ® ¢ á«ãç ¥ áâ ­¤ àâ­ëå § ª®­®¢ á®åà ­¥­¨ï (13) ¨ (14) ä®à¬ã«ë (28)¯à¨¢®¤ïâ ª âà¨¢¨ «ì­ë¬â®ç¥ç­ë¬á¨¬¬¥âà¨ï¬�¨, ª®â®àë¥¨¬¥îâ¢¨¤u� = _u¨u� = 1,á®®â¢¥âáâ¢¥­­®.3. ������ �������������� ����������� ª ã¦¥ £®¢®à¨«®áì, á¯¨áª¨ ¨­â¥£à¨àã¥¬ëå £ ¬¨«ìâ®­®¢ëå á¨áâ¥¬ ¢¨¤  (10) ¨ « Ä£à ­¦¥¢ëå ãà ¢­¥­¨© ¢¨¤  (8) á®áâ®ïâ ¨§ è¥áâ¨ ®¡ê¥ªâ®¢. �­ ç «  ¬ë à áá¬®âà¨¬¯ïâì á«ãç ¥¢ á ¯®å®¦¥© áâàãªâãà®©.�® ¢á¥å ¯ïâ¨ á«ãç ïå á¨áâ¥¬ë (10), (20) ¬®£ãâ ¡ëâì § ¯¨á ­ë ¢ ¢¨¤¥_u = r(u1 − u; u− v); _v = r(v − v−1; u− v) (29)(â.¥. á¨áâ¥¬  § ¤ ¥âáï ®¤­®© äã­ªæ¨¥© ¤¢ãå ¯¥à¥¬¥­­ëå r(x; y)), çâ® ®¡¥á¯¥ç¨¢ ¥â ¨­Ä¢ à¨ ­â­®áâì ®â­®á¨â¥«ì­® ¨­¢®«îæ¨¨ (26). �¨áâ¥¬¥ (18), ­ ¯à¨¬¥à, á®®â¢¥âáâ¢ã¥âäã­ªæ¨ï r(x; y) = (ex + 1)ey. �¥à¥å®¤ ª « £à ­¦¥¢ë¬ ãà ¢­¥­¨ï¬ § ¤ ¥âáï, ª ª ®¯¨á Ä­® ¢ ¯à¥¤ë¤ãé¥¬ à §¤¥«¥,   ¨¬¥­­® á¢ï§ì ¬¥¦¤ã v ¨ _u ®¯à¥¤¥«ï¥âáï ¯¥à¢ë¬ ãà ¢­¥­¨¥¬á¨áâ¥¬ë,   « £à ­¦¨ ­ áâà®¨âáï ¯® ä®à¬ã«¥ (21). �® ¢á¥å á«ãç ïå ­¥âàã¤­® ¯à®¢¥à¨âì,çâ® « £à ­¦¨ ­ (21) ¬®¦¥â ¡ëâì § ¯¨á ­ ¢ á«¥¤ãîé¥¬ ¢¨¤¥ (¨­®£¤  ¤«ï ã¯à®é¥­¨ï ¨áÄ¯®«ì§ã¥âáï ä®à¬ã«  (22)):L = R( _u)− _uA(w1)−B(w1); w = u− u−1; (30)£¤¥ R′′ 6= 0. � ª®¬ã « £à ­¦¨ ­ã á®®â¢¥âáâ¢ã¥â ãà ¢­¥­¨¥�u = Q( _u)( _u1a(w1)− _u−1a(w) + b(w1)− b(w)); (31)Q(z) = 1R′′(z) ; a(z) = A′(z); b(z) = B′(z); (32)ª®â®à®¥, ®ç¥¢¨¤­®, ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­®¨­¢®«îæ¨¨ (25). �®íâ®¬ã, ª ª ¨ ¢ á«ãç ¥à¥«ïâ¨¢¨áâáª®© æ¥¯®çª¨ �®¤ë (11), ä®à¬ã«  ¤«ï ~u = v, ¯®«ãç¥­­ ï ¨§ ¯¥à¢®£® ãà ¢­¥Ä­¨ï á¨áâ¥¬ë (29), ¡ã¤¥â § ¤ ¢ âì  ¢â®¯à¥®¡à §®¢ ­¨¥�«¥§¨­£¥à  ¤«ï ãà ¢­¥­¨ï (31).�¡à â­®¥ ¯à¥®¡à §®¢ ­¨¥ ­ å®¤¨âáï ¨§ ¢â®à®£® ãà ¢­¥­¨ï á¨áâ¥¬ë (29).



�������������� ������� ���� � �������������� ���������� 217� «¥¥ ¡ã¤ãâ ¢ë¯¨á ­ë ®á­®¢­ë¥ ä®à¬ã«ë¤«ï ª ¦¤®£® ¨§ ¯ïâ¨ á«ãç ¥¢. �ë ãª ¦¥¬äã­ªæ¨î r = r(x; y), ®¯à¥¤¥«ïîéãî á¨áâ¥¬ã ãà ¢­¥­¨© (29), ¨ äã­ªæ¨¨ ' ¨ H , ª®â®Äàë¥ § ¤ îâ £ ¬¨«ìâ®­®¢ã áâàãªâãàã (20). � â¥¬ ¡ã¤ãâ ¯à¨¢¥¤¥­ë äã­ªæ¨¨ Q(z), a(z)¨ b(z), ®¯à¥¤¥«ïîé¨¥ « £à ­¦¥¢® ãà ¢­¥­¨¥ (31). � £à ­¦¨ ­ ¢ë¯¨áë¢ âìáï ­¥ ¡ã¤¥â,â ª ª ª «¥£ª® ¢®ááâ ­ ¢«¨¢ ¥âáï ¯à¨ ¯®¬®é¨ ä®à¬ã« (30), (32). �, ­ ª®­¥æ, ¬ë ¯à¨Ä¢¥¤¥¬ ¯à¥®¡à §®¢ ­¨¥ �«¥§¨­£¥à  ¤«ï ãà ¢­¥­¨ï (31) (ä®à¬ã«ã ¤«ï ­®¢®£® à¥è¥­¨ï~u = v). � ­¥ª®â®àëå á«ãç ïå ¨¬¥¥âáï § ¢¨á¨¬®áâì ®â ¯à®¨§¢®«ì­ëå ¯®áâ®ï­­ëå � ¨ �.�¥«ïâ¨¢¨áâáª ï æ¥¯®çª  �®¤ë (11) ®â­®á¨âáï ª á«ãç î III á � = 1, � = 0.�¯¨á®ª ãà ¢­¥­¨© ¨ ¯à¥®¡à §®¢ ­¨©(¯ïâì á«ãç ¥¢ ¨§ è¥áâ¨)I. r = ex + ey; ' = −ev−u; H = eu1−v + 12e2(u−v);Q = 1; a = ez; b = −e2z;~u = u− ln( _u− eu1−u):II. r = xy; ' = v − u; H = v(u− u1);Q = z; a = 1z ; b = z;~u = u+ _uu− u1 :III. r = (ex + �)(ey + �); ' = −(1 + �ev−u); H = eu1−v + �eu−v;Q = z; a = 11 + �e−z ; b = −�ez;~u = u− ln( _ueu1−u + � − �):IV. r = xx+ y ; ' = v − u; H = ln u− vu1 − v ;Q = z(1− z); a = 1z ; b = 0;~u = u+ u1( _u− 1)_u :V. r = ex + �ex+y + 1 ; ' = �− ev−u; H = ln eu1−v + 11− �eu−v ;Q = z(z − �); a = 1ez + �; b = 0;~u = u1 − ln(eu1−u + �_u − 1):



218 �.�. �������â¤¥«ì­® ¨ ¡®«¥¥ ¯®¤à®¡­® ¬ë à á¬®âà¨¬ ¯®á«¥¤­¨©, è¥áâ®© á«ãç ©, ª®â®àë© áãÄé¥áâ¢¥­­® ®â«¨ç ¥âáï ®â ®áâ «ì­ëå. �¨áâ¥¬  (10) ¨¬¥¥â ¢¨¤:_u = 2ru1 − v + rv ; _v = 2ru− v−1 − ru;r = r(u; v) = r(v; u); ruuu = 0; (33)â.¥. r { á¨¬¬¥âà¨ç­ë© ¯®«¨­®¬ á è¥áâìî ¯à®¨§¢®«ì­ë¬¨ ¯®áâ®ï­­ë¬¨ ª®íää¨æ¨¥­â Ä¬¨,   ¨¬¥­­®r(u; v) = �u2v2 + �uv(u+ v) + 
(u2 + v2) + �uv + "(u+ v) + �: (34)�¨áâ¥¬  (33) â¥á­® á¢ï§ ­  á ãà ¢­¥­¨¥¬� ­¤ ã{�¨äè¨æ  (§ ¤ ¥â ¤«ï ­¥£®  ¢â®¯à¥®¡Äà §®¢ ­¨¥ �¥ª«ã­¤ , á¬. [5] ¨ [13]). � ¬¨«ìâ®­®¢  áâàãªâãà  (20) ®¯à¥¤¥«ï¥âáï äã­ªÄæ¨ï¬¨ ' = r; H = ln r(u1 − v)2 : (35)�­¢®«îæ¨ï, ¤®¯ãáª ¥¬ ï á¨áâ¥¬®© ãà ¢­¥­¨©, ­  íâ®â à § ¨¬¥¥â ¢¨¤ûn = v−n; v̂n = u−n; t̂ = −t: (36)�¬¥îé¨¥áï §¤¥áì â¥å­¨ç¥áª¨¥ âàã¤­®áâ¨ á¢ï§ ­ë á â¥¬, çâ®¡ë ¯®«ãç¨âì ¨§ (33) ï¢Ä­ãî ä®à¬ã«ã ¤«ï v ¨ § ¯¨á âì « £à ­¦¨ ­ (21) ¢ â¥à¬¨­ å _u, u1, u, ¯®«ãç¨¢ ­¥ á«¨èÄª®¬ £à®¬®§¤ª®¥ ¢ëà ¦¥­¨¥. � àï¤ã á ®¡®§­ ç¥­¨¥¬ r = r(u; v) ¢¢¥¤¥¬ ®¡®§­ ç¥­¨¥ s =r(u; u1) ¤«ï â®£®¦¥¯®«¨­®¬  (34), ­® ®â ¤àã£¨å ¯¥à¥¬¥­­ëå. �«ï«î¡®£® ¯®«¨­®¬  (34)¨¬¥îâ ¬¥áâ® â®¦¤¥áâ¢ 2ru1 − v + rv = 2su1 − v − su1 ; rv = su1 + (v − u1)su1u1 ; (37)¨ ¬®¦­®, ¢ ç áâ­®áâ¨, ¯¥à¥¯¨á âì ¯¥à¢®¥ ¨§ ãà ¢­¥­¨© (33) ¢ â¥à¬¨­ å s:_u = 2su1 − v − su1 : (38)�¥¯¥àì, ¨á¯®«ì§ãï (37), (38) ¨ ¯¥à¢®¥ ¨§ ãà ¢­¥­¨© (33), ¬ë «¥£ª®¬®¦¥¬¢ëà §¨âì ç¥à¥§_u, u1, u ¢ ï¢­®¬ ¢¨¤¥ äã­ªæ¨¨ v, rv ¨ r,   §­ ç¨â, ¨ £ ¬¨«ìâ®­¨ ­H ¨§ (35). �®á«¥ íâ®£®,çâ®¡ë ¯®«ãç¨âì ä®à¬ã«ë ¤«ï « £à ­¦¨ ­  L ¨§ (21), ­ ¬ ®áâ ¥âáï § ¯¨á âì ¢ ­®¢ëå¯¥à¥¬¥­­ëå äã­ªæ¨î  .�¢­ãî ä®à¬ã«ã ¤«ï  ¢ë¢¥áâ¨ ­¥ ã¤ ¥âáï, ­® ¤®áâ â®ç­®, ¯¥à¥¯¨áë¢ ï ®¯à¥¤¥«ïîÄé¥¥ ãà ¢­¥­¨¥ v = 1=' = 1=r, ¯®«ãç¨âì ¢ ­®¢ëå¯¥à¥¬¥­­ëå á®®â­®è¥­¨ï¤«ïç áâ­ëå¯à®¨§¢®¤­ëåäã­ªæ¨¨ . �á¯®«ì§ãïä®à¬ã«ë (24) (­ ¯®¬­¨¬, çâ® §¤¥áì f(u1; u; v) { ¯à Ä¢ ï ç áâì ¯¥à¢®£® ãà ¢­¥­¨ï ¨áå®¤­®© £ ¬¨«ìâ®­®¢®© á¨áâ¥¬ë (33)), ¬ë ¯®«ãç ¥¬ ¤«ïäã­ªæ¨¨  ̂(u1; u; _u) =  (u; v) á®®â­®è¥­¨ï v = fv ̂ _u = 1r ;  u1 =  ̂u1 + fu1 ̂ _u = 0: (39)



�������������� ������� ���� � �������������� ���������� 219�¤àã£®© áâ®à®­ë, ¨§ ¤¢ãå à §­ëå¯à¥¤áâ ¢«¥­¨© ¤«ïäã­ªæ¨¨ f (á¬. (33), (38)) á«¥¤ã¥â,çâ® fu1 = − 2r(u1 − v)2 ; fv = 2s(u1 − v)2 : (40)�®®â­®è¥­¨ï (39), (40) ¢ á®¢®ªã¯­®áâ¨ ¯®§¢®«ïîâ ¢ëà §¨âì ç¥à¥§ u1, u, _u ç áâ­ë¥ ¯à®Ä¨§¢®¤­ë¥  ̂u1 ,  ̂ _u. �®à¬ã«  ¤«ï  ̂u ­¥ ­ã¦­ . �ë ­ å®¤¨¬, ¢ ç áâ­®áâ¨, çâ®  ̂u1 _u = ̂ _uu1 = 0, ¨ ¨¬¥¥¬ ¯à¥¤áâ ¢«¥­¨¥  ̂ = A(u1; u) +B(u; _u), ¯à¨ç¥¬ ¤«ï A ¨ B ­ ¬ ¨§¢¥áâÄ­ë ¯à®¨§¢®¤­ë¥ Au1 ¨ B _u.�ª § ­­ ï áå¥¬  ®¡êïá­ï¥â, ª ª ¢ë¯¨á âì á«¥¤ãîé¨¥ ®¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï ¤«ï« £à ­¦¨ ­  L: L = ln s_u2 −R(u) + _u(A(u1; u) +B(u; _u)); (41)s = r(u; u1); R(u) = s2u1 − 2ssu1u1 ; (42)Au1 = 1s ; B _u = 2_u2 −R(u) : (43)� ¯®¬­¨¬, çâ® r { ¯®«¨­®¬ (34), § ¤ îé¨© £ ¬¨«ìâ®­®¢ã á¨áâ¥¬ã (33). �á«¨ à áá¬ âÄà¨¢ âì s ¨§ (42) ª ª ª¢ ¤à â­ë© ¯®«¨­®¬ ®â u1, â® R { ®¡ëç­ë© ¤¨áªà¨¬¨­ ­â íâ®£®¯®«¨­®¬ , ¯®íâ®¬ã § ¢¨á¨â â®«ìª® ®â u ¨ ï¢«ï¥âáï ¯®«¨­®¬®¬ ­¥ ¢ëè¥ ç¥â¢¥àâ®© áâ¥Ä¯¥­¨. �ã­ªæ¨¨ A, B ®¯à¥¤¥«¥­ë ãà ¢­¥­¨ï¬¨ (43) ­¥ ®¤­®§­ ç­®, ­® íâ® ­¥ ¢«¨ï¥â ­ á®®â¢¥âáâ¢ãîé¥¥ « £à ­¦¥¢® ãà ¢­¥­¨¥ ¢ á¨«ã (22).�à ¢­¥­¨¥, á®®â¢¥âáâ¢ãîé¥¥ « £à ­¦¨ ­ã (41){(43), ¨¬¥¥â ¢¨¤2�u = ( _u2 −R(u))(su − _u1s + �su + _u−1�s )+R′(u); (44)�s = T−1s = r(u−1; u): (45)�­® ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¨­¢®«îæ¨¨ ~un = u−n, ~t = −t, ª®â®à ï ¢¬¥áâ¥ á ¨­¢®Ä«îæ¨¥© (36) ®¡êïá­ï¥â, ¯®ç¥¬ã äã­ªæ¨ï ~u = v, ­ ©¤¥­­ ï ¨§ (33), ¡ã¤¥â ­®¢ë¬ à¥è¥Ä­¨¥¬ ãà ¢­¥­¨ï (44), (45). �«ï ®¯à¥¤¥«¥­¨ï v ã¤®¡­¥¥ ¨á¯®«ì§®¢ âì á®®â­®è¥­¨¥ (38),ª®â®à®¥ ¤ ¥â ­ ¬ á«¥¤ãîéãî ä®à¬ã«ã ¤«ï  ¢â®¯à¥®¡à §®¢ ­¨ï ãà ¢­¥­¨ï (44), (45):~u = u1 − 2s_u+ su1 : (46)4. ����������� ��������®ª ¦¥¬, çâ® ¡ë¢ îâ ãà ¢­¥­¨ï ¨§ ¤àã£¨å ª« áá®¢, ®¡« ¤ îé¨¥  ­ «®£¨ç­ë¬¨á¢®©áâ¢ ¬¨,   ¨¬¥­­® ¨­â¥£à¨àã¥¬ë¥ « £à ­¦¥¢ë ãà ¢­¥­¨ï, ª®â®àë¥ ¤®¯ãáª îâ  ¢Äâ®¯à¥®¡à §®¢ ­¨¥ �«¥§¨­£¥à . �ë ¯à¨¢¥¤¥¬ ¤¢  ¯à¨¬¥à ; ®¤¨­ { ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­®¥ ãà ¢­¥­¨¥, ¤àã£®© { ãà ¢­¥­¨¥ ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå. �à ¢­¥­¨¥ ­  à¥è¥âÄª¥ â¥á­® á¢ï§ ­® á à §­®áâ­ë¬ ­¥«¨­¥©­ë¬ ãà ¢­¥­¨¥¬�à¥¤¨­£¥à  (®­® ¦¥ ãà ¢­¥­¨¥



220 �.�. �������¡«®¢¨æ {� ¤¨ª ), ¤àã£®© ¯à¨¬¥à ¯®«ãç¥­ ¨§ áâ¥à¥®£à ä¨ç¥áª®© ¯à®¥ªæ¨¨ ãà ¢­¥­¨ï� ­¤ ã{�¨äè¨æ . �ë â ª¦¥ ¢ªà âæ¥ ®¡áã¤¨¬ ¯à¥®¡à §®¢ ­¨ï�«¥§¨­£¥à  ¤«ï á®®âÄ¢¥âáâ¢ãîé¨å £ ¬¨«ìâ®­®¢ëå á¨áâ¥¬.�å¥¬  ¯®áâà®¥­¨ï §¤¥áì â ª ï ¦¥, ª ª ¢ ¯à¥¤ë¤ãé¨å à §¤¥« å. �ë ­ ç¨­ ¥¬ á ¨§Ä¢¥áâ­®© £ ¬¨«ìâ®­®¢®© á¨áâ¥¬ë ãà ¢­¥­¨© ¨ ¯®«ãç ¥¬ íª¢¨¢ «¥­â­®¥ ¥©, ­® ­®¢®¥ ¯®ä®à¬¥ ãà ¢­¥­¨¥. � ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­®¬á«ãç ¥ ¬ë ¨á¯®«ì§ã¥¬ á¨áâ¥¬ã ãà ¢Ä­¥­¨© _u = (uv + �)(u1 + �u−1)− �u;_v = −(uv + �)(v−1 + �v1) + �v; (47)ª®â®à ï ¨­â¥£à¨àã¥¬  ¯à¨ «î¡ëå §­ ç¥­¨ïå ¯®áâ®ï­­ëå ª®íää¨æ¨¥­â®¢ �, �, � (á¬.,­ ¯à¨¬¥à, [9]). � ¬¨«ìâ®­®¢  áâàãªâãà  (â ª ï ¦¥, ª ª ¢ (20)) § ¤ ¥âáï äã­ªæ¨ï¬¨' = uv + �; H = v(u1 + �u−1)− � ln';â.¥. £ ¬¨«ìâ®­¨ ­ ¨¬¥¥â ®â«¨ç­ë© ®â (20) ¢¨¤.�â¬¥â¨¬, çâ® á¨áâ¥¬  (47) ®¡®¡é ¥â ®¤­ã ¨§ á¨áâ¥¬ ¯à¥¤ë¤ãé¥£® à §¤¥« , ¯®áª®«ìªã¯à¨ � = � = 0 ¯®á«¥ â®ç¥ç­®© § ¬¥­ë~u = lnu; ~v = − ln v (48)¬ë ¨¬¥¥¬ á«ãç © III á � = 0. �à®¬¥ â®£®, á¨áâ¥¬  (47) ¤®¯ãáª ¥â ¤¢¥ ¨­â¥£à¨àã¥¬ë¥à¥¤ãªæ¨¨. � á«ãç ¥ � = � = 1, � = 2 ª®¬¯«¥ªá­ ï à¥¤ãªæ¨ï  = u = �v, � = it ¯à¨Ä¢®¤¨â ª ¨§¢¥áâ­®¬ã à §­®áâ­®¬ã ­¥«¨­¥©­®¬ã ãà ¢­¥­¨î�à¥¤¨­£¥à  (¨«¨ ãà ¢­¥­¨î�¡«®¢¨æ {� ¤¨ª  [14])i � =  1 − 2 +  −1 + | |2( 1 +  −1):�é¥ ®¤­  à¥¤ãªæ¨ï v = u ¤ ¥â ¯à¨ � = −1, � = 0 ¬®¤¨ä¨æ¨à®¢ ­­®¥ ãà ¢­¥­¨¥ �®«ìÄâ¥àà  _u = (u2 + �)(u1 − u−1):�  ¦¥ § ¬¥­  ¯¥à¥¬¥­­ëå (48) ¯à¥®¡à §ã¥â á¨áâ¥¬ã (47) â ª, çâ® ®­  áâ ­®¢¨âáï ¨­Ä¢ à¨ ­â­®© ®â­®á¨â¥«ì­® ¨­¢®«îæ¨¨ (26):_u = (eu−v + �)(eu1−u + �eu−1−u)− �;_v = (eu−v + �)(ev−v−1 + �ev−v1)− �: (49)�¨áâ¥¬  (49) ¯®«­®áâìî  ­ «®£¨ç­  á¨áâ¥¬ ¬ ¨§ ¯à¥¤ë¤ãé¥£® à §¤¥« . �¥à¢®¥ ãà ¢Ä­¥­¨¥ § ¤ ¥â ®¡à â¨¬ãî á¢ï§ì ¬¥¦¤ã _u ¨ v, áâ ­¤ àâ­ë© ¯¥à¥å®¤ ª « £à ­¦¥¢®© ä®à¬¥§ ¯¨á¨ ¤ ¥â á«¥¤ãîé¨¥ à¥§ã«ìâ âë.



�������������� ������� ���� � �������������� ���������� 221�á«¨, ª ª ¢ (30), ¢¢¥áâ¨ ®¡®§­ ç¥­¨¥w = u−u−1, â® ­®¢®¥ ãà ¢­¥­¨¥ ¬®¦­® § ¯¨á âì¢ ¢¨¤¥ �u = (T − 1)(( _u+ �)( _u−1 + �)V )+ �( _u+ �)(1− T )(ew − �e−w);V = ew1+w−1 − �2e−2w(ew1 + �e−w)(ew−1 + �e−w) : (50)� £à ­¦¨ ­ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:L = ( _u+ �) ln _u+ �U + �U; U = ew1 + �e−w:�à ¢­¥­¨¥ �©«¥à {� £à ­¦  ¢ íâ®¬ á«ãç ¥ ®â«¨ç ¥âáï ®â ãà ¢­¥­¨ï ¨§ (12) â®«ìª®â¥¬, çâ® ¢ ¯à ¢®© ç áâ¨ áâ®¨â ¢ëà ¦¥­¨¥ �L=�u = @(T + 1 + T−1)L=@u. � ¬¥â¨¬, çâ®¯®«ãç¥­­®¥ ãà ¢­¥­¨¥ (50) ¨¬¥¥â ¢¨¤�u = F ( _u1; _u; _u−1; u2; u1; u; u−1; u−2) (51)(áà. (8)),   ¨­â¥£à¨àã¥¬ëå ãà ¢­¥­¨© â ª®£® ¢¨¤ , ¯®-¢¨¤¨¬®¬ã, ¨§¢¥áâ­® ­¥ ¡ë«®.�ëáè¨¥ § ª®­ë á®åà ­¥­¨ï ¨ á¨¬¬¥âà¨¨ ¤«ï ãà ¢­¥­¨ï (50) ¬®¦­® ¯®«ãç âì ¨§ ¨§Ä¢¥áâ­ëå [9] § ª®­®¢ á®åà ­¥­¨ï ¨ á¨¬¬¥âà¨© á®®â¢¥âáâ¢ãîé¥© á¨áâ¥¬ë (47). � ª ç¥áâ¢¥¯à¨¬¥à  ¢ë¯¨è¥¬ ä®à¬ã«ë ¤«ï ¯«®â­®áâ¨ ¯à®áâ¥©è¥£® «®ª «ì­®£® § ª®­  á®åà ­¥­¨ïp = ( _u+ �U − �)(c1ew1 + c2e−w) + c3 ln _u+ �U¨ ¤«ï ¯à®áâ¥©è¥© ¢ëáè¥© á¨¬¬¥âà¨¨u� = _u+ �U (c1ew1 + c2e−w)(§¤¥áì c1, c2, c3 { ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥). � ª®­¥æ, ­¥âàã¤­® ¯à®¢¥à¨âì, çâ® ãà ¢Ä­¥­¨¥ (50) ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¨­¢®«îæ¨¨ (25). �â® ®§­ ç ¥â, ª ª ¨ ¯à¥¦¤¥, çâ®äã­ªæ¨ï ~u = v, ­ ©¤¥­­ ï ¨§ á¨áâ¥¬ë (49), ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î (50) ­ àï¤ã á u.� ª¨¬ ®¡à §®¬,  ¢â®¯à¥®¡à §®¢ ­¨¥�«¥§¨­£¥à  ¤«ï ­®¢®£® ãà ¢­¥­¨ï (50) ¨¬¥¥â ¢¨¤~u = u− ln( _u+ �U − �): (52)�® ¢â®à®¬ ¯à¨¬¥à¥ ¬ë ®¯¨à ¥¬áï ­  ¨§¢¥áâ­ãî ¨­â¥£à¨àã¥¬ãî á¨áâ¥¬ã ãà ¢­¥­¨©,ª®â®à ï ¢ë£«ï¤¨â â ª: _u = uxx + 2v − u(u2x +R(u))+ 12R′(u);_v = −vxx + 2v − u(v2x +R(v))− 12R′(v): (53)



222 �.�. �������¤¥áì d5R(z)=dz5 = 0, â.¥. ¢ á¨áâ¥¬¥ ¨¬¥¥âáï ¯ïâì ¯à®¨§¢®«ì­ëå ¯®áâ®ï­­ëå ª®íää¨Äæ¨¥­â®¢. � â ª®¬ ¢¨¤¥ § ¯¨áë¢ ¥âáï áâ¥à¥®£à ä¨ç¥áª ï ¯à®¥ªæ¨ï ãà ¢­¥­¨ï � ­¤ ã{�¨äè¨æ  ­  áä¥à¥ (á¬., ­ ¯à¨¬¥à, [5], [13]).� ¬¨«ìâ®­®¢  áâàãªâãà  ¢­¥è­¥ ¨¬¥¥â ¯à¥¦­¨© ¢¨¤_u = '(u; v)�H�v ; _v = −'(u; v)�H�u ;â®«ìª® ä®à¬ «ì­ ï ¢ à¨ æ¨®­­ ï ¯à®¨§¢®¤­ ï § ¤ ¥âáï ª ª��u = @@u −Dx @@ux +D2x @@uxx − · · · ;£¤¥Dx { ¯®«­ ï ¯à®¨§¢®¤­ ï ¯® x (®¯à¥¤¥«¥­¨¥ ¤«ï �=�v  ­ «®£¨ç­®). �®íää¨æ¨¥­â' ¨£ ¬¨«ìâ®­¨ ­H ¤«ï á¨áâ¥¬ë (53) ¡ã¤ãâ ¢ë¯¨á ­ë ¢ â¥à¬¨­ å äã­ªæ¨© , S ¨Q. �ãáâì = 1v − u; S = u2x +R(u); Q = uxx + 12R′(u); (54)â®£¤  ' = − 1 2 ; H = S 2 +Q + 112R′′(u):�¥à¥å®¤ ª « £à ­¦¥¢ããà ¢­¥­¨î á­®¢  § ¤ ¥âáï ®¡à â¨¬®©§ ¬¥­®© ¯¥à¥¬¥­­ëå, ª®Äâ®à ï ­ å®¤¨âáï ¨§ ¯¥à¢®£® ãà ¢­¥­¨ï á¨áâ¥¬ë (53). � ¬® ãà ¢­¥­¨¥ £à®¬®§¤ª®, ¨ ¬ë¯à¨¢¥¤¥¬ â®«ìª® ¨­â¥£à¨àã¥¬ë© « £à ­¦¨ ­L = 1S ( _u−Q)2 − 13R′′(u): (55)�¢­ë© ¢¨¤ ãà ¢­¥­¨ï ¬®¦¥â ¡ëâì ¯®«ãç¥­ ¯à¨ ¯®¬®é¨ áâ ­¤ àâ­®© ä®à¬ã«ëDtL _u = �L�u = Lu −DxLux +D2xLuxx : (56)�­¢®«îæ¨¨ ¢ íâ®¬ á«ãç ¥ â ª®¢ë: u↔ v, t→ −t ¤«ï á¨áâ¥¬ë (53) ¨ t→ −t ¤«ï ãà ¢Ä­¥­¨ï (55), (56). �®íâ®¬ã ä®à¬ã«  ¤«ï ~u = v, ­ ©¤¥­­ ï ¨§ (53), á­®¢  ¤ ¥â  ¢â®¯à¥®¡Äà §®¢ ­¨¥ ¤«ï « £à ­¦¥¢  ãà ¢­¥­¨ï (55), (56):~u = u+ 2S_u−Q: (57)�à¨¢¥¤¥¬ ¤¢¥ ¯«®â­®áâ¨ p(i) «®ª «ì­ëå § ª®­®¢ á®åà ­¥­¨ï p(i)t = q(i)x ¯®«ãç¥­­®£®ãà ¢­¥­¨ï (¯¥à¢ ï ¨§ ­¨å { áâ ­¤ àâ­ ï):p(1) = _uL _u − L = 1S ( _u2 −Q2) + 13R′′(u); p(2) = 1Sux _u:



�������������� ������� ���� � �������������� ���������� 223�à ¢­¥­¨¥ (55), (56) ®â­®á¨âáï ª ª« ááã ãà ¢­¥­¨© ¢¨¤ �u = F ( _u; _ux; _uxx; u; ux; uxx; uxxx; uxxxx) (58)(â ª ¦¥, ª ª ¨§¢¥áâ­®¥ ãà ¢­¥­¨¥ �ãáá¨­¥áª ) ¨, ¯®-¢¨¤¨¬®¬ã, ï¢«ï¥âáï ­®¢ë¬ ¯® ä®àÄ¬¥. � ç áâ­®¬ á«ãç ¥ R = 0, á®â¢¥âáâ¢ãîé¥¬ ¬®¤¥«¨ �¥©§¥­¡¥à£ , ä®à¬ã«ë á¨«ì­®ã¯à®é îâáï, ¨ «¥£ª® ¢ë¯¨á âì ï¢­ë© ¢¨¤ ãà ¢­¥­¨ï:Dt( _uux) = Dx(uxxxux + 32 _u2 − u2xxu2x );L = ( _u− uxx)2u2x ; ~u = u+ 2u2x_u− uxx :�ª § ­­ë¥ ¢ áâ âì¥ « £à ­¦¥¢ë ãà ¢­¥­¨ï ¨ á®®â¢¥âáâ¢ãîé¨¥ £ ¬¨«ìâ®­®¢ë á¨áâ¥Ä¬ë á¢ï§ ­ë ®¡à â¨¬ë¬¨ § ¬¥­ ¬¨ ¯¥à¥¬¥­­ëå, ¯®íâ®¬ã ¢á¥  ¢â®¯à¥®¡à §®¢ ­¨ï «¥£ª®¯¥à¥­®áïâáï ­  £ ¬¨«ìâ®­®¢ë á¨áâ¥¬ë ãà ¢­¥­¨©. � ¯à¨¬¥à, ¨á¯®«ì§ãï ¯à¥®¡à §®¢ Ä­¨¥ AT: (u; _u) → (~u; ~ut) (27) (~ut â ª¦¥ ¬®¦­® ¢ëà §¨âì ç¥à¥§ ui ¨ _ui, ¤¨ää¥à¥­æ¨àãïä®à¬ã«ã ¨§ (27) ¯® t ¨ ¨á¯®«ì§ãï à¥«ïâ¨¢¨áâáªãî æ¥¯®çªã �®¤ë (11)), ¬ë ¯¥à¥å®¤¨¬ ªª®¬¯®§¨æ¨¨ Lg ◦AT ◦Lg−1 : (u; v)→ (~u; ~v) (®â®¡à ¦¥­¨¥ Lg § ¤ ¥âáï ä®à¬ã« ¬¨ (19))¨ ¯®«ãç ¥¬  ¢â®¯à¥®¡à §®¢ ­¨¥ ¤«ï £ ¬¨«ìâ®­®¢®© á¨áâ¥¬ë ãà ¢­¥­¨© (18):~u = v; ~v = ln ev1 + eve−v + e−v−1 − u:�­ «®£¨ç­ë¬ ®¡à §®¬ ¯à¥®¡à §®¢ ­¨¥ �«¥§¨­£¥à  (52) ¯¥à¥­®á¨âáï á ãà ¢­¥­¨ï (50)­  á®®â¢¥âáâ¢ãîéãî á¨áâ¥¬ã (49),   §­ ç¨â ¨ ­  ¨áå®¤­ãî £ ¬¨«ìâ®­®¢ã á¨áâ¥¬ã (47):~u = 1v ; ~v = (uv + �)v1v−1v − �v: (59)�â® ¯à¥®¡à §®¢ ­¨¥ § ¢¨á¨â â®«ìª® ®â �, ­® £®¤¨âáï ¤«ï «î¡ëå §­ ç¥­¨© ª®íää¨æ¨Ä¥­â®¢ �, �, � ¢ á¨áâ¥¬¥ (47). �¢â®¯à¥®¡à §®¢ ­¨¥ ¤«ï á¨áâ¥¬ë ãà ¢­¥­¨© (53) å®à®è®¨§¢¥áâ­® (á¬., ­ ¯à¨¬¥à, [5], [6]) ¨  ­ «®£¨ç­® ¯à¥®¡à §®¢ ­¨î (2) ¤«ï á¨áâ¥¬ë (1).5. �����������á­®¢­ë¬à¥§ã«ìâ â®¬ à ¡®âë ï¢«ïîâáï  ¢â®¯à¥®¡à §®¢ ­¨ï�«¥§¨­£¥à , ª®â®àë¥¨¬¥îâ ¢¨¤ (9) ¨ ¢ë¯¨á ­ë ¤«ï ¢á¥å ¨­â¥£à¨àã¥¬ëå « £à ­¦¥¢ëå ãà ¢­¥­¨© (8) ¨§ á¯¨áÄª , ¯®«ãç¥­­®£® ¢ à ¡®â¥ [8]. �¯¨á®ª á®áâ®¨â ¨§ è¥áâ¨ ãà ¢­¥­¨©, ¯ïâì ¨§ ª®â®àëå ¨¬¥Äîâ ®¤¨­ ª®¢ãî áâàãªâãàã (31). �¢­ë© ¢¨¤ íâ¨å ãà ¢­¥­¨© ¨ á®®â¢¥âáâ¢ãîé¨¥  ¢â®-¯à¥®¡à §®¢ ­¨ï ¯à¨¢®¤ïâáï ®â¤¥«ì­ë¬ á¯¨áª®¬ ¢ à §¤¥«¥ 3. �¥áâ®¥ ãà ¢­¥­¨¥ ¢¬¥áâ¥á ¯à¥®¡à §®¢ ­¨¥¬ § ¤ îâáï ä®à¬ã« ¬¨ (44) ¨ (46) (á¬. â ª¦¥ (34), (42), (45)).�à¨ ¯®áâà®¥­¨¨ ¯à¥®¡à §®¢ ­¨© �«¥§¨­£¥à  ¬ë áãé¥áâ¢¥­­® ¨á¯®«ì§ã¥¬ â®â ä ªâ(®â¬¥ç¥­­ë© ¢ à ¡®â¥ [9]), çâ® áâ ­¤ àâ­ ï á¢ï§ì �¥¦ ­¤à  ¬¥¦¤ã « £à ­¦¥¢®© (12) ¨
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