
10 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®­®¬¨ï. 1997. ü 5��� 539.171 ������������� ������� ���������� ������������� ����������� ������������ �����. �. �®à­¨¥­ª®, �. �. �à¥­ª¨­, �. �. �¨¦®¢(ª ä¥¤à  ª¢ ­â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í­¥à£¨©)�à®¢¥¤¥­  ª« áá¨ä¨ª æ¨ï à¥è¥­¨© ®¤­®¬¥à­ëå ­¥«¨­¥©­ëå ãà ¢­¥­¨© â¨¯  �à�¥¤¨­£¥à  ¢ ¢¨¤¥ã¥¤¨­¥­­ëå ¢®«­, ¯®«ãç¥­­ëå ¬¥â®¤®¬ ª¢ ¤à âãà. � áá¬®âà¥­ë íää¥ªâ¨¢­ë¥ ¯®â¥­æ¨ «ë ¤«ïá®®â¢¥âáâ¢ãîé¨å ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¨ ¨áá«¥¤®¢ ­  áâàãªâãà  ä §®¢®© ¯«®áª®áâ¨. � ­ë¯à¨¬¥àë ­¥ãáâ®©ç¨¢ëå ¨ ®áæ¨««¨àãîé¨å à¥è¥­¨© íâ¨å ãà ¢­¥­¨©.� ­ áâ®ïé¥© à ¡®â¥ à §¢¨â ¬¥â®¤ à¥è¥­¨ï ­¥«¨­¥©-­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤-­ëå â¨¯  �à�¥¤¨­£¥à  (���) á¯¥æ¨ «ì­®£® ¢¨¤ , ®¯¨-áë¢ îé¨å ®¡®¡é¥­­ë¥ ã¥¤¨­¥­­ë¥ ¢®«­ë. �â®â ¯®¤-å®¤, ®á­®¢ ­­ë© ­  ¯®áâà®¥­¨¨ ®¡ëª­®¢¥­­®£® ¤¨ä-ä¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (���), á®®â¢¥âáâ¢ãîé¥£®¤ ­­®¬ã ���, ¯à¨¢®¤¨â ª ãà ¢­¥­¨î á à §¤¥«ïîé¨-¬¨áï ¯¥à¥¬¥­­ë¬¨,  ­ «®£¨ç­®¬ã ãà ¢­¥­¨î ¤¢¨¦¥­¨ïâ®çª¨ ¢ ª« áá¨ç¥áª®© ¬¥å ­¨ª¥ ¤«ï ¯®â¥­æ¨ «ì­ëå á¨«(á¬. [1] ¨ æ¨â¨àã¥¬ë¥ â ¬ à ¡®âë). �®áâ®¨­áâ¢®¬ íâ®£®¬¥â®¤  ï¢«ï¥âáï ¨áª«îç¨â¥«ì­ ï ¯à®áâ®â  ¯®«ãç¥­¨ïà¥è¥­¨© ¯à¨ § ¤ ­­®© ­¥«¨­¥©­®áâ¨,   â ª¦¥ ¢®§¬®¦-­®áâì ¯®áâà®¥­¨ï ��� ¯® § ¤ ­­®¬ã à¥è¥­¨î [2].�â¬¥â¨¬, çâ® íâ®â ¬¥â®¤ ¯®§¢®«ï¥â ¯®«ãç âì à¥è¥-­¨ï ��� ¢ ¢¨¤¥ ã¥¤¨­¥­­ëå ¢®«­ ¨ ¢ â¥å á«ãç ïå, ª®£¤ ­¥¨§¢¥áâ­  á®®â¢¥âáâ¢ãîé ï ®¡à â­ ï § ¤ ç  à áá¥ï-­¨ï. � ¤ ­­®© à ¡®â¥ ¬ë ¢®®¡é¥ ­¥ ¡ã¤¥¬ à áá¬ âà¨-¢ âì ®¡à â­ãî § ¤ çã à áá¥ï­¨ï ¨ â¥¬ á ¬ë¬ à §«¨ç âìá®«¨â®­ë ¨ ã¥¤¨­¥­­ë¥ ¢®«­ë ¢ ®¡é¥¯à¨­ïâ®¬ á¬ëá«¥[3, 4].� §¢¨âë¥ ¢ ª« áá¨ç¥áª®© ¬¥å ­¨ª¥ ¬¥â®¤ë ª ç¥áâ-¢¥­­®£® ¨áá«¥¤®¢ ­¨ï à¥è¥­¨© â ª¨å ãà ¢­¥­¨© ¯®§-¢®«ïîâ ¯à®¢¥áâ¨ á«¥¤ãîéãî ª« áá¨ä¨ª æ¨î à¥è¥­¨©��� ­  ®á­®¢¥ ®¡é¥¯à¨­ïâ®© ¢ ¬¥å ­¨ª¥ ¬ â¥à¨ «ì-­®© â®çª¨ [5].1. �® å à ªâ¥àã ¨ ¢§ ¨¬­®¬ã à á¯®«®¦¥­¨î ­  ä -§®¢®© ¯«®áª®áâ¨ ®á®¡ëå â®ç¥ª ¨ ®á®¡ëå ªà¨¢ëå (á¥¯ -à âà¨á) á®®â¢¥âáâ¢ãîé¥£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥-­¨ï. � ª ï ª« áá¨ä¨ª æ¨ï ®¯à¥¤¥«ï¥â ®¡éãî áâàãªâãàãâ¨¯®¢ à¥è¥­¨© ���, ¨å ª®«¨ç¥áâ¢® ¨ å à ªâ¥à (áâ â¨-ç¥áª¨¥, ª®«¥¡ â¥«ì­ë¥, á®«¨â®­­ë¥, ª¨­ª®¢ë¥, ­¥ãáâ®©-ç¨¢ë¥ (¢§àë¢­ë¥)).2. �® â¨¯ã ®á®¡ëå â®ç¥ª ���, ®£à ­¨ç¨¢ îé¨å®¡« áâì ¢®§¬®¦­®£® ¤¢¨¦¥­¨ï. � ª ï ª« áá¨ä¨ª æ¨ï®¯à¥¤¥«ï¥âáï ¢®§¬®¦­®áâìî ¤®áâ¨¦¥­¨ï ®á®¡ëå â®ç¥ª§  ª®­¥ç­®¥ ä §®¢®¥ ¢à¥¬ï. �ã¤¥¬ ­ §ë¢ âì ®á®¡ë¥â®çª¨ â®çª ¬¨ ¯®¢®à®â , ¥á«¨ ®­¨ ¤®áâ¨£ îâáï ¨§®¡à -¦ îé¥© â®çª®© §  ª®­¥ç­®¥ ä §®¢®¥ ¢à¥¬ï, ¨ â®çª ¬¨®áâ ­®¢ª¨, ¥á«¨ ®­¨ ­¥ ¤®áâ¨£ îâáï §  ª®­¥ç­®¥ ¢à¥¬ï.�¡« áâ¨ ä¨­¨â­®£® ¤¢¨¦¥­¨ï ¨§®¡à ¦ îé¥© â®çª¨,®£à ­¨ç¥­­®© ¤¢ã¬ï â®çª ¬¨ ¯®¢®à®â , á®®â¢¥âáâ¢ã¥â®áæ¨««¨àãîé¥¥ à¥è¥­¨¥ ���.�¡« áâ¨ ä¨­¨â­®£® ¤¢¨¦¥­¨ï, ®£à ­¨ç¥­­®© ®¤­®©â®çª®© ¯®¢®à®â  ¨ ®¤­®© â®çª®© ®áâ ­®¢ª¨, á®®â¢¥â-

áâ¢ã¥â á®«¨â®­­®¥ à¥è¥­¨¥ ���.�¡« áâ¨, ®£à ­¨ç¥­­®© ¤¢ã¬ï â®çª ¬¨ ®áâ ­®¢ª¨,á®®â¢¥âáâ¢ã¥â ª¨­ª®¢®¥ à¥è¥­¨¥ ���.�¥ãáâ®©ç¨¢ë¥ (¢§àë¢­ë¥) à¥è¥­¨ï | ¨­ä¨­¨â­ë¥,®£à ­¨ç¥­­ë¥ «¨èì ®¤­®© ®á®¡®© â®çª®© ¨«¨ ­¥ ¨¬¥î-é¨¥ ®á®¡ëå â®ç¥ª. �â¬¥â¨¬, çâ® ­¥ãáâ®©ç¨¢ë¥ à¥è¥­¨ïâ ª¦¥ ¯à¥¤áâ ¢«ïîâ ¨­â¥à¥á, â ª ª ª ¢ àï¤¥ á«ãç ¥¢¬®¦¥â ¡ëâì à¥è¥­  ®¡à â­ ï § ¤ ç  ¤«ï á¨­£ã«ïà­ëå¯®â¥­æ¨ «®¢ [6].�á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥­¨¥ à¥è¥­¨ï ��� ¢¡«¨§¨â®çª¨ ®áâ ­®¢ª¨ ®¯à¥¤¥«ï¥â ¢¨¤ à¥è¥­¨ï ��� ¤«ïª ¦¤®£® ¨§ à áá¬®âà¥­­ëå â¨¯®¢. � § ¢¨á¨¬®áâ¨ ®âå à ªâ¥à  ¤¢¨¦¥­¨ï ¢ ®ªà¥áâ­®áâ¨ ®á®¡®© â®çª¨ ¬®¦­®¢ë¤¥«¨âì:1) ­®à¬ «ì­ë¥ à¥è¥­¨ï, á íªá¯®­¥­æ¨ «ì­ë¬ ¯®¢¥-¤¥­¨¥¬ ¯à¨ ¡®«ìè¨å ä §®¢ëå ¢à¥¬¥­ å (á®«¨â®­ë ¨ª¨­ª¨);2) á« ¡ë¥ (áâ¥¯¥­­ë¥) à¥è¥­¨ï | á« ¡ë¥ á®«¨â®­ë¨«¨ á« ¡ë¥ ª¨­ª¨;3) á¨«ì­ë¥ à¥è¥­¨ï (á¢¥àåá®«¨â®­ë ¨«¨ á¢¥àåª¨­-ª¨), á¯ ¤ îé¨¥ ¡ëáâà¥¥ íªá¯®­¥­âë ¯à¨ ¡®«ìè¨å ä -§®¢ëå ¢à¥¬¥­ å.� áá¬®âà¨¬ à¥è¥­¨¥ ���i@	@t = �@2	@x2 + F (j	j)	 (1)¢ ¢¨¤¥ ã¥¤¨­¥­­®© ¢®«­ë.�«¥¤ãï ¬¥â®¤ã [1, 2], ¯à¥¤áâ ¢¨¬ 	(x; t) ¢ ¢¨¤¥	(x; t) = exp(i�t+ ipz)y(z) ;£¤¥ p = V=2;,   y(z) | ¤¥©áâ¢¨â¥«ì­ ï äã­ªæ¨ï, § ¢¨áï-é ï ®â ¥¤¨­áâ¢¥­­®© ¯¥à¥¬¥­­®© | ä §ë z = x� V t ¨ã¤®¢«¥â¢®àïîé ï ���:yzz +E0y � F (jyj)y = 0 ; (2)� |¤¥©áâ¢¨â¥«ì­®¥ ç¨á«®. � à ¬¥âà E0, ®¯à¥¤¥«ïîé¨©¢¨¤ à¥è¥­¨ï, à ¢¥­ E0 = V 2=4��. �«ï «î¡®£® ­¥«¨­¥©-­®£® ãà ¢­¥­¨ï ãª § ­­®£® ¢¨¤  ¢®§¬®¦­® ¤¢¨¦¥­¨¥¢®«­ë á ¯à®¨§¢®«ì­®© ­ ¯¥à¥¤ § ¤ ­­®© áª®à®áâìî V .� ª ¨§¢¥áâ­®, ¤«ï ��� â¨¯  (2) ¨¬¥¥âáï ¨­â¥£à¨àã-îé¨© ¬­®¦¨â¥«ì, ¯®§¢®«ïîé¨© ¯à¥¤áâ ¢¨âì à¥è¥­¨ï¢ ¢¨¤¥ ª¢ ¤à âãàë:z � z0 = � Z dypE � U (y) : (3)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®­®¬¨ï. 1997. ü 5 11�¤¥áì U (y) = U (jyj; E0) = E0y2�2 R F (jyj) y dy | íää¥ª-â¨¢­ë© ¯®â¥­æ¨ « ¤«ï ­¥«¨­¥©­®£® ãà ¢­¥­¨ï (2), § -¢¨áïé¨© ®â ¯ à ¬¥âà  E0, ®¯à¥¤¥«ïîé¥£® ¢¨¤ à¥è¥­¨ï,  E ¨ z0 | ª®­áâ ­âë ¨­â¥£à¨à®¢ ­¨ï, ®¯à¥¤¥«ï¥¬ë¥­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨. �«ï ¨á¯®«ì§®¢ ­­ëå ¢ ¤ ­­®©à ¡®â¥ ¯®â¥­æ¨ «®¢ § ¢¨á¨¬®áâì ®â jyj ­¥ ¯à¨¢®¤¨â ª¤®¯®«­¨â¥«ì­ë¬ âàã¤­®áâï¬ ¯à¨ ¤¨ää¥à¥­æ¨à®¢ ­¨¨.�¥©áâ¢¨â¥«ì­ ï ä §  áãé¥áâ¢ã¥â ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®-¢¨ï E � U (y) > 0, çâ® ®¯à¥¤¥«ï¥â ®¡« áâì ¨§¬¥­¥­¨ï¯¥à¥¬¥­­®© y | ú®¡« áâì ¤¢¨¦¥­¨ïû ( ¬¯«¨âã¤ë á®-«¨â®­  ¨«¨ ª¨­ª ). �¥è¥­¨¥ íâ®£® ­¥à ¢¥­áâ¢  ã¤®¡­®¯à¥¤áâ ¢«ïâì £à ä¨ç¥áª¨.�áá«¥¤®¢ ­¨¥ à¥è¥­¨© ¤ ­­®£® ãà ¢­¥­¨ï ¯à®¢®-¤¨âáï ¢ á®®â¢¥âáâ¢¨¨ á ®¡é¥© áå¥¬®©, ãª § ­­®© ¢ëè¥.�à¥¤áâ ¢«¥­¨¥ à¥è¥­¨ï ��� ¢ ¢¨¤¥ ª¢ ¤à âãàë ¯à ª-â¨ç¥áª¨ ­¥ ®£à ­¨ç¨¢ ¥â ¢ë¡®à ­¥«¨­¥©­®áâ¨ ¢ ���.�à¨ ¯®«¨­®¬¨ «ì­ëå ¯®â¥­æ¨ « å U (y), ­ ¨¡®«¥¥ ç á-â® ¨á¯®«ì§ã¥¬ëå ¢ ¯à¨«®¦¥­¨ïå, ¨­â¥£à «ë ãª § ­­®£®â¨¯  ï¢«ïîâáï í««¨¯â¨ç¥áª¨¬¨ (¨«¨ £¨¯¥àí««¨¯â¨ç¥á-ª¨¬¨), ª®â®àë¥ å®à®è® ¨§ãç¥­ë [7].� ª ç¥áâ¢¥ ¯à¨¬¥à  à áá¬®âà¨¬ ¯®«¨­®¬¨ «ì­ë©¯®â¥­æ¨ « ¢¨¤ U (y) = ��(y2 � c)(y2 � 1)2 ;£¤¥ � > 0,   c | ­¥ª®â®àë© ¤¥©áâ¢¨â¥«ì­ë© ¯ à ¬¥âà.�®®â¢¥âáâ¢ãîé¥¥ íâ®¬ã ¯®â¥­æ¨ «ã ��� ¨¬¥¥â ¢¨¤i@	@t = �@2	@x2 + �j	j2 �3j	j2 � 2(2 + c)		 ;  ¯ à ¬¥âà ¢ë¡¥à¥¬ à ¢­ë¬ E0 = ��(1 + 2c).� § ¢¨á¨¬®áâ¨ ®â §­ ç¥­¨ï c ¯®â¥­æ¨ « ¨¬¥¥â ¢¨¤,¨§®¡à ¦¥­­ë© ­  à¨á. 1{6. �ë¡®à ¯ à ¬¥âà  § ¤ ç¨ E¨ ­ ç «ì­ëå ãá«®¢¨© ®¯à¥¤¥«ï¥â ®¡« áâì ¢®§¬®¦­ëå¤¢¨¦¥­¨© ¨§®¡à ¦ îé¥© â®çª¨ ¨, á®®â¢¥âáâ¢¥­­®, ª®-«¨ç¥áâ¢® à §«¨ç­ëå à¥è¥­¨© ��� ¨ ¨å å à ªâ¥à |®£à ­¨ç¥­­ë¥ (¯à¨ á®®â¢¥âáâ¢ãîé¨å §­ ç¥­¨ïå ¯ à -¬¥âà ) ¨«¨ ­¥ãáâ®©ç¨¢ë¥ (¢§àë¢­ë¥).1 o . �à¨ c < 0 ¨ Umin < E < Umax ¤¢¨¦¥­¨¥¨§®¡à ¦ îé¥© â®çª¨ ä¨­¨â­®, ¥á«¨ ®­  ­ å®¤¨âáï ¢®¡« áâ¨ ¬¥¦¤ã ¤¢ã¬ï «î¡ë¬¨ «®ª «ì­ë¬¨ ¬ ªá¨¬ã-¬ ¬¨ ªà¨¢®© U (y). � ®¡« áâ¨ ¨§¬¥­¥­¨ï ¯ à ¬¥âà E : Umin < E < U (0) ¯à¨ �1=2 < c < 0 (á¬.à¨á. 1) ¨¬¥îâáï ¤¢¥ ­¥á¢ï§ ­­ë¥ ®¡« áâ¨ ¤¢¨¦¥­¨ï ¨§-®¡à ¦ îé¥© â®çª¨, çâ® ¢ ®¡é¥¬ á«ãç ¥ á®®â¢¥âáâ¢ã¥â¤¢ã¬ à §«¨ç­ë¬ à¥è¥­¨ï¬ ���. � ¤ ­­®© á¨âã æ¨¨¯à¨ ®¯à¥¤¥«¥­¨¨ ¢®«­®¢®£® ¯ ª¥â  ª ª j	j2 à §«¨ç¨¥¨áç¥§ ¥â, â. ¥. íâ®â á«ãç © ï¢«ï¥âáï ¢ëà®¦¤¥­­ë¬. �à¨E > Umax = U (�1) ¤¢¨¦¥­¨¥ ¨­ä¨­¨â­® ¤«ï ¢á¥å§­ ç¥­¨© ä §®¢®£® ¢à¥¬¥­¨. �¢¨¦¥­¨¥ ï¢«ï¥âáï â ª¦¥¨­ä¨­¨â­ë¬,   à¥è¥­¨¥ ��� ­¥ãáâ®©ç¨¢ë¬ ¨ ¯à¨E < Umax, ¥á«¨ ¨§®¡à ¦ îé ï â®çª  ­ å®¤¨âáï ¢®¡« áâ¨ ¢®§¬®¦­®£® ¤¢¨¦¥­¨ï á«¥¢  ¨«¨ á¯à ¢  ®âªà¨¢®© U (y).

�¨á. 1 �¨á. 2 �¨á. 3
�¨á. 4 �¨á. 5 �¨á. 62 o . �« áá¨ä¨ª æ¨î ä¨­¨â­®£® ¤¢¨¦¥­¨ï ¨§®¡à ¦ -îé¥© â®çª¨ ��� ¨, á®®â¢¥âáâ¢¥­­®, à¥è¥­¨© ���ã¤®¡­® ¯à®¢¥áâ¨ ¯® â¨¯ã ®á®¡ëå â®ç¥ª, ®£à ­¨ç¨¢ î-é¨å ®¡« áâì ¢®§¬®¦­®£® ¤¢¨¦¥­¨ï. � ª, ¢ à áá¬ âà¨¢ -¥¬®¬ ¯à¨¬¥à¥ ¯à¨ Umin < E < U (0) (á¬. à¨á. 1) ¢ á«ãç ¥�1=2 < c < 0 à¥è¥­¨¥ ­®á¨â ª®«¥¡ â¥«ì­ë© å à ªâ¥à,¯®áª®«ìªã ®¡« áâì ¢®§¬®¦­®£® ¤¢¨¦¥­¨ï ®£à ­¨ç¥­ â®çª ¬¨ ¯®¢®à®â . �à¨ íâ®¬ ¯ à ¬¥âà E0 ã¤®¢«¥â¢®-àï¥â ãá«®¢¨î �� < E0 < 0. �®áâ¨¦¨¬®áâì £à ­¨ç­ëåâ®ç¥ª §  ª®­¥ç­®¥ ä §®¢®¥ ¢à¥¬ï ®¡ãá«®¢«¥­  â¥¬,çâ® ¯¥à¢ë¥ ¯à®¨§¢®¤­ë¥ ¯®â¥­æ¨ «  ¢ íâ¨å â®çª å ­¥®¡à é îâáï ¢ ­ã«ì, çâ® ¨ ®¡¥á¯¥ç¨¢ ¥â áå®¤¨¬®áâì¨­â¥£à «  (3) ¢ íâ¨å â®çª å.�à¨ E = U (0) = �; �1=2 < < 0, ®¤­  ¨§ ®á®¡ëå â®-ç¥ª (y = 0) áâ ­®¢¨âáï â®çª®© ®áâ ­®¢ª¨ ¨ ¨­â¥£à « (3)¢ íâ®© â®çª¥ à áå®¤¨âáï. �¡« áâì ¤¢¨¦¥­¨ï ¨§®¡à -¦ îé¥© â®çª¨ ®£à ­¨ç¥­  ®¤­®© â®çª®© ®áâ ­®¢ª¨ ¨®¤­®© â®çª®© ¯®¢®à®â , çâ® á®®â¢¥âáâ¢ã¥â á®«¨â®­­®¬ãà¥è¥­¨î ���. �­â¥£à « (3) ¢ íâ®¬ á«ãç ¥ ¬®¦¥â ¡ëâì¢ëç¨á«¥­ ¢ í«¥¬¥­â à­ëå äã­ªæ¨ïå:2�1=2p1 + 2c (z � z0) ==� ln ���h2(1 + 2c) � (2 + c)y2 ++2p1+2cpy4�(2+c)y2+1+2ci.�4(1+2c)y2���� :



12 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®­®¬¨ï. 1997. ü 5�¡à é¥­¨¥ ¨­â¥£à «  ¯à¨¢®¤¨â ª à¥è¥­¨î ���¢¨¤ 	(x; t) =�4(1 + 2c) expn��1=2p1 + 2c (z � z0)o�� expfi(px� Et)g��(h4(1 + 2c) expn�2�1=2p1 + 2c (z � z0)o++ 2 + ci2 � 4(1 + 2c))�1=2 ;£¤¥ E = E0 + p2 :�§¬¥­¥­¨¥ ¯ à ¬¥âà  c ¯¥à¥¢®¤¨â íâ® á®«¨â®­­®¥à¥è¥­¨¥ ¯à¨ c = 0 ¢ ª¨­ª®¢®¥, ¯à¨¢¥¤¥­­®¥ ¢ [1],	(x; t) = � expfi(px� Et)gq1 + exp��2�1=2(z � z0)	 ; E0 = �� ;¨ ¤ «¥¥ ¢ ­¥ãáâ®©ç¨¢®¥ ¯à¨ c > 0. �¥®£à ­¨ç¥­­ë© à®áâ¯¥à¥¬¥­­®© y ¯à®¨áå®¤¨â ¨«¨  á¨¬¯â®â¨ç¥áª¨ (®¡ëç­®íªá¯®­¥­æ¨ «ì­®), ¨«¨ §  ª®­¥ç­®¥ ä §®¢®¥ ¢à¥¬ï z.�á«¨ ­¥«¨­¥©­®áâì ¨¬¥¥â áâ¥¯¥­­®© å à ªâ¥à ( á¨¬¯-â®â¨ç¥áª¨©) U (y) � jyj�; â® jyj � jzj2=(2��) ¨ ¢§àë¢­ ï­¥ãáâ®©ç¨¢®áâì (­  á¥¯ à âà¨á¥) ¢®§¬®¦­  ¯à¨ � > 2.� à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ � = 6 ¨ ¯à¨ ¬ «ëå ä §®¢ëå¢à¥¬¥­ å à¥è¥­¨¥ ¨¬¥¥â ª®à­¥¢ãî ®á®¡¥­­®áâì:	(x; t) � expfi(px� Et)gp��1=2(z � z0) :�à¨ �c = E = 0 (­  á¥¯ à âà¨á¥) ­¥ãáâ®©ç¨¢ë¥à¥è¥­¨ï ¨¬¥îâ ¢¨¤	(x; t) = � expfi(px� Et)gq1� exp���1=2(z � z0)	 :�â® ¨§¬¥­¥­¨¥ ¯ à ¬¥âà  c á®¯à®¢®¦¤ ¥âáï ¨§¬¥­¥­¨¥¬áâàãªâãàë ä §®¢®© ¯«®áª®áâ¨ ��� (á¬. à¨á. 1{6).� ª ç¥áâ¢¥ ¯à¨¬¥à  § ¤ ç¨, ¨¬¥îé¥© à¥è¥­¨¥ ¢í«¥¬¥­â à­ëå äã­ªæ¨ïå, à áá¬®âà¨¬ ¯®â¥­æ¨ « ¢¨¤ U (y) = E0y2 + 23�jyj3 ; F (jyj) = ��jyj : (4)�â®â ¯®â¥­æ¨ « ¢¬¥áâ¥ á ä §®¢ë¬¨ ¯®àâà¥â ¬¨ ¤«ïá«ãç ï � > 0 ¯à¨¢¥¤¥­ ­  à¨á. 7.�à¨ � > 0 ¨ E0 < 0 ¢ ®ªà¥áâ­®áâ¨ â®çª¨ ãáâ®©ç¨¢®£®à ¢­®¢¥á¨ï y = y0 ¯à¨ ¬ «®¬ ®âª«®­¥­¨¨ ¯®áâ®ï­­®©¨­â¥£à¨à®¢ ­¨ï E ®â Umin (E = Umin+ ") ¢ à §«®¦¥­¨¨¯®â¥­æ¨ «  U (y) ¬®¦­® ®£à ­¨ç¨âìáï «¨èì ª¢ ¤à â¨ç-­ë¬ ç«¥­®¬:U (y) = Umin + !2(y � y0)2 ; y0 = jE0j=� ; ! =pE0 :�®£¤  ®£¨¡ îé ï ¢®«­®¢®£® ¯ ª¥â  ®áæ¨««¨àã¥â ®ª®«®à ¢­®¢¥á­®£® §­ ç¥­¨ï á ç áâ®â®© !, ­¥ § ¢¨áïé¥©®â  ¬¯«¨âã¤ë A = p"=jE0j (¯à¨¡«¨¦¥­¨¥ «¨­¥©­ëåª®«¥¡ ­¨©). � íâ®¬ á«ãç ¥ à¥è¥­¨¥ ��� ¨¬¥¥â ¢¨¤	(x; t) = (y0 + A sin!(z � z0)) exp i(px� Et) ;£¤¥ E = E0 + p2.

�¨á. 7�à¨ E = E0 (­  á¥¯ à âà¨á¥) ¨¬¥¥âáï á®«¨â®­­®¥à¥è¥­¨¥ ãà ¢­¥­¨ï (1):	(x; t) = �3jE0j2� ch�2 pjE0j2 (z � z0)! exp i(px � Et) :�à¨ ã¢¥«¨ç¥­¨¨ ¯®áâ®ï­­®© E íâ® à¥è¥­¨¥ ¯¥à¥å®-¤¨â ¢ ¤¢®©­®© ®áæ¨««¨àãîé¨© á®«¨â®­ | á¥à¨î ¯ à¯ ª¥â®¢.�à¨ ã¬¥­ìè¥­¨¨ í­¥à£¨¨ E ®â §­ ç¥­¨ï ­  á¥¯ à â-à¨á¥ ­  " à¥è¥­¨¥ â¨¯  á®«¨â®­  áâ ­®¢¨âáï ®áæ¨«-«¨àãîé¨¬, ¯¥à¥å®¤¨â ¢ ¡¥áª®­¥ç­ãî á¥à¨î ¯ ª¥â®¢,à §¤¥«¥­­ëå ¯à®áâà ­áâ¢¥­­ë¬ ¨­â¥à¢ «®¬ �:�= 2 bRa dyp�" � U (y) � 2 bZa=2 dyp�U (y) �� 2pjE0j ln ����12jE0j3=2�p" ���� ; a =r "jE0j :�â¬¥â¨¬, çâ® ­¨¦­¨© ¯à¥¤¥« ¨­â¥£à¨à®¢ ­¨ï §¤¥áì¢ë¡¨à ¥âáï ¨§ ãá«®¢¨ï áè¨¢ ­¨ï â®ç­®£® à¥è¥­¨ï (E =") ¨ à¥è¥­¨ï ­  á¥¯ à âà¨á¥ (E = 0) [5]. �­ ç¥­¨¥ "â ª®¢®, çâ® ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢® a� b � 3jE0j=2�.�à¨ � < 0 à áá¬ âà¨¢ ¥¬®¥ ��� á ªã¡¨ç¥áª¨¬¯®â¥­æ¨ «®¬ ¨¬¥¥â à¥è¥­¨ï ¤àã£®£® â¨¯ , ª®â®àë¥,®¤­ ª®, â ª¦¥ ¯à¥¤áâ ¢¨¬ë ¢ í«¥¬¥­â à­ëå äã­ªæ¨ïå.� ª ç¥áâ¢¥ ¯à¨¬¥à  ¯à¨¢¥¤¥¬ ­¥ãáâ®©ç¨¢®¥ à¥è¥­¨¥��� ­  á¥¯ à âà¨á¥:	(x; t) = �E0�  1 + 32 sh�2 pE0(z � z0)2 !!�� expfi(px� Et)g :� § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® ¢ ¤ ­­®© à ¡®â¥ à á-á¬®âà¥­ë «¨èì á®«¨â®­ë ¨ ª¨­ª¨ á íªá¯®­¥­æ¨ «ì­ë¬¯®¢¥¤¥­¨¥¬ ­  ¡¥áª®­¥ç­®áâ¨. �®¢¥¤¥­¨¥ à¥è¥­¨© ­¥-«¨­¥©­ëå í¢®«îæ¨®­­ëå ãà ¢­¥­¨© (1) ¤àã£®£® â¨¯ ¡ã¤ãâ à áá¬®âà¥­ë ¢ ¤ «ì­¥©è¥¬.
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