
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò2 15��� 539.12.01 ���������������� ��������� ��� ������������������ ����������������� �������������������������� ������ �� ������� ������������������.�. �®¤¨®®¢�), �.�. � ¤¥«ì, �.�. �à ¢æ®¢ (ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)E-mail: th180@phys.msu.su�®áâà®¥ë â®çë¥ à¥è¥¨ï ãà ¢¥¨© �à¥¤¨£¥à  ¨ � ã«¨ ¤«ï § àï¦¥ëå ç áâ¨æ¢® ¢¥è¥¬ áâ æ¨® à®¬ í«¥ªâà®¬ £¨â®¬ ¯®«¥. � ááç¨â ë ¯à¨ç¨ë¥ äãªæ¨¨ �à¨ áª «ïà®© ¨ á¯¨®à®© ç áâ¨æ. � ¨å ¯®¬®éìî ¬¥â®¤®¬   «¨â¨ç¥áª®£® ¯à®¤®«¦¥¨ï ¯®«ãç¥®ãà ¢¥¨¥ ¤«ï ª®¬¯«¥ªá®© í¥à£¨¨ ç áâ¨æ, á¢ï§ ëå ª®à®âª®¤¥©áâ¢ãîé¨¬ ¯®â¥æ¨ «®¬.�®ª § ®, çâ® íâ® ãà ¢¥¨¥ ¥ á®¤¥à¦¨â à áå®¤¨¬®áâ¥© ¨ ¯®§¢®«ï¥â ª®àà¥ªâ® ãç¥áâìá¯¨®¢ë¥ á®áâ®ï¨ï ç áâ¨æ.�«¨ï¨¥ ¢¥è¨å í«¥ªâà®¬ £¨âëå ¯®«¥©  ¥à¥«ïâ¨¢¨áâáª¨¥ à¥ ªæ¨¨ á ãç áâ¨¥¬ § àï¦¥ëåç áâ¨æ ¨   ¯®¢¥¤¥¨¥ á¢ï§ ëå á¨áâ¥¬ (â¨¯  â®¬®¢, ¨®®¢ ¨  â®¬ëå ï¤¥à) ¨áá«¥¤ã¥âáï ã¦¥¤®áâ â®ç® ¤ ¢® [1{6]. �¥¬ ¥ ¬¥¥¥ àï¤ ¢®¯à®á®¢,   è ¢§£«ï¤, âà¥¡ã¥â ¤®¯®«¨â¥«ì®£® ¨§ãç¥¨ï.�®-¯¥à¢ëå, ¢ à ¬ª å âà ¤¨æ¨®®£® ¯®¤å®¤ , ®á®-¢ ®£®   ¨á¯®«ì§®¢ ¨¨ £à ¨çëå ãá«®¢¨© � -¯®-â¥æ¨ « , ¢ ãà ¢¥¨ïå ¤«ï ª®¬¯«¥ªá®© í¥à£¨¨á¢ï§ ëå ª¢ §¨áâ æ¨® àëå á®áâ®ï¨© ¢®§¨ª -îâ ä¨§¨ç¥áª¨ ¡¥áá¬ëá«¥ë¥ à áå®¤¨¬®áâ¨. �®-¢â®-àëå, í¥à£¨ï ¢§ ¨¬®¤¥©áâ¢¨ï á¯¨®¢ëå ¬ £¨âëå¬®¬¥â®¢ á ¢¥è¨¬ ¬ £¨âë¬ ¯®«¥¬ ¢ ¥à¥«ï-â¨¢¨áâáª¨å à¥ ªæ¨ïå, ª ª ¯à ¢¨«®, ¥ ãç¨âë¢ ¥âáï.� ç áâ®áâ¨, â ª®© ¯®¤å®¤ ¯à¨¢®¤¨â ª ¥ ¤¥ª¢ â®¬ã¯à¥¤áâ ¢«¥¨î ® áâ ¡¨«¨§¨àãîé¥© à®«¨ ¬ £¨â®£®¯®«ï ¢ ¯à®æ¥áá å ¨®¨§ æ¨¨ ¨ ¢ãâà¥¥£® ä®â®íä-ä¥ªâ  ¢ ¯®«ã¯à®¢®¤¨ª å [7{9]. �  áâ®ïé¥© à ¡®â¥¯à¥¤« £ ¥âáï ¯ãâì ãáâà ¥¨ï ãª § ëå ¯à®¡¥«®¢.� áá¬®âà¨¬ § àï¦¥ãî ç áâ¨æã, á¢ï§ ãî ª®-à®âª®¤¥©áâ¢ãîé¨¬ ¯®â¥æ¨ «®¬ â¨¯  � -ï¬ë ¨  -å®¤ïéãîáï ¯à¨ íâ®¬ ¢® ¢¥è¥¬ áâ æ¨® à®¬í«¥ªâà®¬ £¨â®¬ ¯®«¥ ¯à®¨§¢®«ì®© ª®ä¨£ãà -æ¨¨. �â¬¥â¨¬, çâ® ¯®â¥æ¨ « ã«¥¢®£® à ¤¨ãá  |¤®áâ â®ç® à á¯à®áâà ¥®¥ ¢ «¨â¥à âãà¥ ¯à¨¡«¨-¦¥¨¥ ¯®«ï ¬®£®í«¥ªâà®®£®  â®¬  ¨ ®á®¡¥®®âà¨æ â¥«ì®£® ¨® ,   â ª¦¥ ¯®«ï ï¤¥àëå á¨«[4{6]. � ®¡é¥¬ á«ãç ¥ ¢¥è¥¥ ¯®«¥ § ¤ ¥âáï âà¥¬ï¥§ ¢¨á¨¬ë¬¨ ¯ à ¬¥âà ¬¨:  ¯àï¦¥®áâï¬¨ ¬ £-¨â®£® H ¨ í«¥ªâà¨ç¥áª®£® E ¯®«¥© ¨ ã£«®¬ ¬¥¦¤ã¨¬¨ ' .�à®æ¥áá ¢ëå®¤  ç áâ¨æë ¨§ � -ï¬ë á¢®¤¨âáï ª ¥¥¯¥à¥å®¤ã á ¨§®«¨à®¢ ®£® ãà®¢ï í¥à£¨¨   ãà®-¢¥ì ¢ á¯«®è®¬ á¯¥ªâà¥, â. ¥. ª à á¯ ¤ã á¢ï§ ®£®á®áâ®ï¨ï. �¥è¥¥ í«¥ªâà®¬ £¨â®¥ ¯®«¥ ¢«¨ï¥â  íâ®â ¯¥à¥å®¤ ¤¢®ïª¨¬ ®¡à §®¬: ¢®-¯¥à¢ëå, ä®à-¬¨àãîâáï ¢®«®¢ë¥ äãªæ¨¨ ª®¥ç®£® á®áâ®ï¨ï ¨,¢®-¢â®àëå, ¯à®¨áå®¤¨â á¤¢¨£ ¨ ãè¨à¥¨¥ á¢ï§ ®£®

ãà®¢ï ¢ � -ï¬¥. � à¥§ã«ìâ â¥  ç «ì®¥ á®áâ®ï¨¥ç áâ¨æë ¢® ¢¥è¥¬ ¯®«¥ áâ ®¢¨âáï ª¢ §¨áâ æ¨®- àë¬. � ª ¨§¢¥áâ®, ã¤®¡ë¬ ¨áâàã¬¥â®¬ ¤«ï¨áá«¥¤®¢ ¨ï â ª¨å á®áâ®ï¨© ï¢«ï¥âáï ¯®ïâ¨¥ª®¬¯«¥ªá®© í¥à£¨¨ [4{6]W =W0+�W � i�=2; (1)£¤¥ W0 < 0 | í¥à£¨ï ¥¢®§¬ãé¥®£® á¢ï§ ®£®ãà®¢ï, �W | á¤¢¨£ ãà®¢ï í¥à£¨¨, ®¡ãá«®¢«¥-ë© ¢«¨ï¨¥¬ ¢¥è¨å ¯®«¥©,   � |è¨à¨  ãà®¢ï,¯à®¯®àæ¨® «ì ï ¢¥à®ïâ®áâ¨ à á¯ ¤  á¢ï§ ®-£® á®áâ®ï¨ï. � ¦®, çâ® à áá¬ âà¨¢ âì à §¤¥«ì®á¤¢¨£ ãà®¢ï ¨ ¥£® è¨à¨ã ¬®¦® â®«ìª® ¢ á« ¡®¬¢¥è¥¬ ¯®«¥. � ¨â¥á¨¢®¬ ¯®«¥ ¥®¡å®¤¨¬® ¯à®-¢®¤¨âì á®¢¬¥áâ®¥ ¨§ãç¥¨¥ íâ¨å ¢¥«¨ç¨.�¡ëç®, çâ®¡ë ¯®«ãç¨âì § ¬ªãâ®¥ ãà ¢¥¨¥¤«ï ª®¬¯«¥ªá®© í¥à£¨¨, ¨á¯®«ì§ã¥âáï å à ªâ¥à®¥¤«ï � -ï¬ë £à ¨ç®¥ ãá«®¢¨¥ [2, 4, 10{16]. � ¯à¨-¬¥à, ¤«ï áª «ïà®© ç áâ¨æë ¢ à áá¬ âà¨¢ ¥¬®© ª®-ä¨£ãà æ¨¨ ¢¥è¥£® ¯®«ï â ª®¥ ãà ¢¥¨¥ ¯®«ãç¥®¢ à ¡®â¥ [15]:(�W )1=2 � (�W0)1=2 = 12 � ~i��1=2 �� 1Z0 dtt3=2 exp� i~Wt�� !Ht2 sin(!Ht=2) exp� iS~ �� 1� ;(2)£¤¥ !H = eH=mc | æ¨ª«®âà® ï ç áâ®â , e ¨ m |á®®â¢¥âáâ¢¥® ¬®¤ã«ì § àï¤  ¨ ¬ áá  ç áâ¨æë,¯¥à¥¬¥ ï ¨â¥£à¨à®¢ ¨ï t ¨¬¥¥â à §¬¥à®áâì¢à¥¬¥¨ ¨S =�(eE cos')2t324m ++ (eE sin')2t2m!2H �!Ht2 ctg�!Ht2 �� 1� : (3)�) � ä¥¤à  ®¡é¥© ä¨§¨ª¨ �®áª®¢áª®£® £®áã¤ àáâ¢¥®£® £¥®«®£®à §¢¥¤®ç®£® ã¨¢¥àá¨â¥â .8 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò2



16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò2�à¨¨¬ ï ¢® ¢¨¬ ¨¥ ¢ëà ¦¥¨¥ (1), «¥£ª®ã¢¨¤¥âì, çâ® ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ (2) íªá¯®¥-æ¨ «ì® à áå®¤¨âáï. �¤®¢«¥â¢®à¨â¥«ì®© ¯à®æ¥¤ãàëà¥£ã«ïà¨§ æ¨¨ ãà ¢¥¨© â¨¯  (2),  áª®«ìª®  ¬¨§¢¥áâ®, ¯®ª  ¥ ¯à¥¤«®¦¥®.�« ¢ ï § ¤ ç  ¯à¥¤« £ ¥¬®© à ¡®âë | ¬¥â®¤®¬  «¨â¨ç¥áª®£® ¯à®¤®«¦¥¨ï ¢ë¢¥áâ¨ ãà ¢¥¨¥ ¤«ïª®¬¯«¥ªá®© í¥à£¨¨ ¢ áâ æ¨® à®¬ ¢¥è¥¬ ¯®«¥,¥ á®¤¥à¦ é¥¥ ã¯®¬ïãâ®© à áå®¤¨¬®áâ¨. �à¨ íâ®¬¬ë â ª¦¥ ¯®á«¥¤®¢ â¥«ì® ãçâ¥¬ ¢§ ¨¬®¤¥©áâ¢¨¥á¯¨  ç áâ¨æë á ¢¥è¨¬ ¬ £¨âë¬ ¯®«¥¬.� ç¥¬ á à¥è¥¨ï ¥áâ æ¨® à®£® ãà ¢¥¨ï�à¥¤¨£¥à  ¤«ï á¢®¡®¤®© áª «ïà®© § àï¦¥®©ç áâ¨æë ¢® ¢¥è¥¬ ¯®«¥. � ¬¨«ìâ®¨  â ª®£®ãà ¢¥¨ï ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥�)bHSch =� ~22m�� i~!Hx @@y + 12m!2Hx2 ++ eEx sin'+ eEz cos': (4)�¤¥áì ¯à¥¤¯®« £ ¥âáï, çâ® ¬ £¨â®¥ ¯®«¥ ®à¨¥-â¨à®¢ ® ¢¤®«ì ®á¨ z ,   ¢¥ªâ®à  ¯àï¦¥®áâ¨í«¥ªâà¨ç¥áª®£® ¯®«ï «¥¦¨â ¢ ¯«®áª®áâ¨ (x; z) .�à ¢¥¨¥ �à¥¤¨£¥à  á £ ¬¨«ìâ®¨ ®¬ (4)¬®¦® à¥è¨âì áâ ¤ àâë¬ ¬¥â®¤®¬ à §¤¥«¥¨ï¯¥à¥¬¥ëå. �¥¯®áà¥¤áâ¢¥®© ¯®¤áâ ®¢ª®© «¥£ª®ã¡¥¤¨âìáï, çâ® ¢®«®¢ ï äãªæ¨ï § àï¦¥®© ç á-â¨æë ¢ ¯®«¥ à áá¬ âà¨¢ ¥¬®© ª®ä¨£ãà æ¨¨ ¨¬¥¥â¢¨¤ n(r; t) =Nun(�)B(�) exp � i~ �ypy � tfW�� ; (5)£¤¥ N | ®à¬¨à®¢®çë© ª®íää¨æ¨¥â; un(�) |äãªæ¨¨ �à¬¨â  á  à£ã¬¥â®¬�(x) = �m!H~ �1=2 �x+ pym!H � eE sin'm!2H � ;ã¤®¢«¥â¢®àïîé¨¥ ãà ¢¥¨î u00n(�) + (2n+ 1� �)��un(�) = 0 ; py | á®åà ïîé ïáï ª®¬¯®¥â  ¯®-¯¥à¥ç®£® ¨¬¯ã«ìá . � á¢®î ®ç¥à¥¤ì äãªæ¨ï B(�)¢ (5) ¯à®¯®àæ¨® «ì  à¥£ã«ïà®©   ¡¥áª®¥ç®áâ¨äãªæ¨¨ �à¨ Ai :B(�) = (2m)1=3�(eE cos')1=6~2=3 Ai(�)á  à£ã¬¥â®¬��)�(z) =�2meE cos'~2 �1=3 (z � z0);£¤¥ z0 å à ªâ¥à¨§ã¥â ª®áâ âã à §¤¥«¥¨ï ¯¥à¥¬¥-ëå ¢ ãà ¢¥¨¨ �à¥¤¨£¥à ; fW | ¯®« ï í¥à£¨ï�) �®áª®«ìªã ¢ ¯®¤®¡ëå § ¤ ç å, ª ª ¯à ¢¨«®, ¯à¨å®¤¨âáï¨¬¥âì ¤¥«® á í«¥ªâà® ¬¨, ¢ ¤ «ì¥©è¥¬ ¯®« £ ¥¬ § àï¤ ç áâ¨æ®âà¨æ â¥«ìë¬.��) �à¨ z = z0  à£ã¬¥â äãªæ¨¨ �à¨ ¬¥ï¥â § ª. �¥âàã¤®¢¨¤¥âì, çâ® íâ® | â®çª  ¯®¢®à®â  ¤«ï ª« áá¨ç¥áª®£® ¤¢¨¦¥¨ïç áâ¨æë ¯® ®á¨ z .

áª «ïà®© ç áâ¨æë ¢® ¢¥è¥¬ ¯®«¥:fW = ~!H �n+ 12�+ eEz0 cos': (6)�®áâà®¥®¥ â ª¨¬ ®¡à §®¬ à¥è¥¨¥ ãà ¢¥¨ï�à¥¤¨£¥à  ®â®á¨âáï ª áª «ïà®© ç áâ¨æ¥. �«ïâ®£® çâ®¡ë ãç¥áâì ¢ à áá¬ âà¨¢ ¥¬®¬ ¥à¥«ïâ¨¢¨áâ-áª®¬ ¯à¨¡«¨¦¥¨¨ ¥¥ á¯¨®¢ë¥ á®áâ®ï¨ï, ¥®¡å®-¤¨¬® ¯¥à¥©â¨ ª ãà ¢¥¨î � ã«¨ (á¬.,  ¯à., [6, 17])¤«ï á¯¨®à®© ¢®«®¢®© äãªæ¨¨  n;�(r; t)i~ @@t n;�(r; t) =� bHSch + e~2mc�H� n;�(r; t); (7)£¤¥ £ ¬¨«ìâ®¨  � ã«¨ ¢ª«îç ¥â í¥à£¨î ¢§ ¨¬®-¤¥©áâ¢¨ï á¯¨  á ¢¥è¨¬ áâ æ¨® àë¬ ¬ £¨âë¬¯®«¥¬H,   � | ¬ âà¨æë � ã«¨. �ç¨âë¢ ï ª®ªà¥â-ãî ®à¨¥â æ¨î ¬ £¨â®£® ¯®«ï ¢ à áá¬ âà¨¢ ¥¬®©§ ¤ ç¥, íâ®â £ ¬¨«ìâ®¨  «¥£ª® ¯à¨¢¥áâ¨ ª á«¥¤ãî-é¥¬ã ¬ âà¨ç®¬ã ¢¨¤ã:bHP = eHSch + ~!H=2 00 bHSch � ~!H=2! :�¥è¥¨¥ ãà ¢¥¨ï � ã«¨ á â ª¨¬ £ ¬¨«ìâ®¨ -®¬ ¯à¥¤áâ ¢¨¬® ¢ ä®à¬¥ n;�(r; t) =  n(r; t) a1(t) exp(�i!Ht=2)a2(t) exp(i!H t=2) ! ; (8)£¤¥ áª «ïà ï äãªæ¨ï  n(r; t) ®¯à¥¤¥«ï¥âáï ä®à¬ã-«®© (5),   á¯¨®¢ë¥ äãªæ¨¨ a1 ¨ a2 § ¢¨áïâ â®«ìª®®â ¢à¥¬¥¨. �á«®¢¨¥ ®à¬¨à®¢ª¨ ¢®«®¢®© äãªæ¨¨âà¥¡ã¥â, çâ®¡ë a21 + a22 = 1 . �¥¯®áà¥¤áâ¢¥ ï ¯®¤-áâ ®¢ª  (8) ¢ ãà ¢¥¨¥ (7) ¤ ¥â a1; a2 = const .�â® ®§ ç ¥â, çâ®, ¢®-¯¥à¢ëå, á®åà ï¥âáï ¯à®¥ªæ¨ïá¯¨  ç áâ¨æë   ®áì z . � ª®¥ á®åà ¥¨¥ ®¡ãá«®¢-«¥® ®¤®à®¤®áâìî ¨ áâ æ¨® à®áâìî ¬ £¨â®£®¯®«ï [17],   ¢®-¢â®àëå, ¯®« ï í¥à£¨ï ç áâ¨æë¢¬¥áâ® ¢ëà ¦¥¨ï (6) ®¯à¥¤¥«ï¥âáï ¡®«¥¥ ®¡é¥©ä®à¬ã«®©fW = ~!H �n+ 12 + ��+ eEz0 cos'; (9)£¤¥ � = 0 ¤«ï áª «ïà®© ¨ � =�1=2 ¤«ï á¯¨®à®©ç áâ¨æë.�®áâà®¨¬ â¥¯¥àì ¢à¥¬¥ãî äãªæ¨î �à¨  § -àï¦¥®© ç áâ¨æë ¢ ¤ ®¬ ¯®«¥. � æ¥«ìî ¥ª®-â®à®£® ã¯à®é¥¨ï ¢ëç¨á«¥¨© ¬ë, ¥ ®£à ¨ç¨¢ ï®¡é®áâ¨, ¯®« £ ¥¬ ®¤¨ ¨§ ¯à®áâà áâ¢¥®-¢à¥-¬¥ëå  à£ã¬¥â®¢ ¤¢ãåâ®ç¥ç®© äãªæ¨¨ �à¨ ã«¥¢ë¬. �¥®¡å®¤¨¬® ¯à®¢¥áâ¨ á¢¥àâªã ¯® ¯ à ¬¥â-à ¬ py , z0 , n (  ¤«ï ç áâ¨æë á® á¯¨®¬ | ¨ ¯® � ),§ ¤ îé¨¬ à¥è¥¨ï (5), (8) ¢ ¤ ®¬ ¢¥è¥¬ ¯®«¥.�ãªæ¨ï �à¨  ¡ã¤¥â ¤¨ £® «ì®© ¬ âà¨æ¥© ¢¨¤ bG(r; t;0; 0) = 1Xn=0 1Z�1 dz0 1Z�1 dpy GSch(n; z0; py)�



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò2 17� exp(�i!Ht=2) 00 exp(i!H t=2)! ; (10)£¤¥ áª «ïà ï äãªæ¨ï �à¨  GSch ®â®á¨âáï ª ãà ¢-¥¨î �à¥¤¨£¥à GSch(n; z0; py)�� un(x)un(0)Ai(z0)Ai(0) exp � i~ �pyy� tfW�� :�å®¤ïé¨© ¢ (10) ¨â¥£à « ¯® z0 «¥£ª® ¢ëç¨á-«ï¥âáï á ¨á¯®«ì§®¢ ¨¥¬ á¢®©áâ¢ äãªæ¨© �à¨.�â¥£à « ¯® py á äãªæ¨ï¬¨ �à¬¨â    «®£¨ç¥¨â¥£à «ã, ¢¯¥à¢ë¥ à áá¬®âà¥®¬ã ¢ à ¡®â¥ [18].�¡à §ãîé¨©áï ¯®á«¥ íâ®£® àï¤ ¯® ¯®«¨®¬ ¬� £¥à-à  áã¬¬¨àã¥âáï ¯® n á ¯®¬®éìî ®¯¨á ®£® ¢ [19] «£®à¨â¬  (á¬. â ª¦¥ [20, 21]). � à¥§ã«ìâ â¥ áª «ïà- ï ç áâì ¢à¥¬¥®© äãªæ¨¨ �à¨  ¢ áâ æ¨® à®¬í«¥ªâà®¬ £¨â®¬ ¯®«¥ ¢ëà ¦ ¥âáï ¢ í«¥¬¥â àëåäãªæ¨ïå:GSch(r; t;0; 0) == �m2��3=2 !H2t1=2 sin�1�!Ht2 � exp� iS~ � ; (11)£¤¥S = mz22t � eEzt2 cos'� (eE cos')2t324m ++m!H4 �(x2 + y2) ctg�!Ht2 �� 2xy�+12eExt sin'++ eE sin'!H �!Ht2 ctg�!Ht2 �� 1��y+ eEt sin'2m!H � :(12)�á«¨ ¯à¨ïâì ¢ (11), (12) ¬ ááã ç áâ¨æë §  ¥¤¨¨æã¨ ¯à®¤¥« âì ®ç¥¢¨¤ë¥ ¯¥à¥®¡®§ ç¥¨ï, ¬ë ¢ â®ç-®áâ¨ ¢®á¯à®¨§¢¥¤¥¬ ä®à¬ã«ë (�.7){(�.9) ¨§ à ¡®-âë [15]. �à¨ '= �=2 á®®â®è¥¨ï (11), (12) ®¯¨áë¢ -îâ äãªæ¨î �à¨  áª «ïà®© ç áâ¨æë ¢ áªà¥é¥®¬¯®«¥ [14, 21, 22].�¥à®ïâ®áâì P à á¯ ¤  á¢ï§ ®£® á®áâ®ï¨ïç áâ¨æë ¢ ¥¤¨¨æã ¢à¥¬¥¨ ¢ ¤ ®¬ ¢¥è¥¬ ¯®«¥¬®¦® ¯®«ãç¨âì, ¨â¥£à¨àãï ¯® ¢à¥¬¥¨ ¯à®¯ £ â®à«¥£ª®© § àï¦¥®© ç áâ¨æë [23, 24]:P = �� 2m�3=2� jW0j~ �1=2 1Z�1 dtGSch(0; t;0; 0)��f��!Ht2 � exp�i~W0t�= !H2 �jW0j�~ �1=2 exp��i3�4 ��� 1Z�1 dtt1=2 f�(!Ht=2)sin(!Ht=2) exp � i~(S +W0t)� ; (13)£¤¥ W0 | í¥à£¨ï ¥¢®§¬ãé¥®£® á¢ï§ ®£® ãà®¢-ï (1),   S ¯à¨ ã«¥¢ëå ª®®à¤¨ â å ®¯à¥¤¥«ï¥âáï

ä®à¬ã«®© (3). �®«îáë ¯®¤ëâ¥£à «ì®© äãªæ¨¨¢ â®çª å tn = 2�n=!H ®¡å®¤ïâáï á¨§ã.�ãªæ¨ï f� ¢ (13) â®¦¤¥áâ¢¥® à ¢  ¥¤¨¨æ¥¤«ï áª «ïàëå ç áâ¨æ,   ¤«ï á¯¨®àëå § ¢¨á¨â ®â¨å ¯®«ïà¨§ æ¨¨. � ®¡é¥¬ á«ãç ¥f�(!Ht=2) = a21 exp(�i!H t=2) + a22 exp(i!H t=2);(14)£¤¥ a1; a2 | ¢¢¥¤¥ë¥ ¢ à¥è¥¨¥ (8)  ¬¯«¨âã-¤ë ¢¥à®ïâ®áâ¨ â®£®, çâ® á¯¨ ç áâ¨æë ®à¨¥â¨-à®¢  ¯® ¬ £¨â®¬ã ¯®«î ¨«¨ ¯à®â¨¢ ¯®«ï. � -¯à¨¬¥à, ¥á«¨ ¥ ¨â¥à¥á®¢ âìáï ¯®«ïà¨§ æ¨¥© í«¥ª-âà®®¢ ¢ ¯à®æ¥áá¥ ¨®¨§ æ¨¨, â® a21 = a22 = 1=2¨ f� = cos(!Ht=2) .� ª ¨§¢¥áâ®, è¨à¨  á¢ï§ ®£® ãà®¢ï ¯à®-¯®àæ¨® «ì  ¢¥à®ïâ®áâ¨ ¥£® à á¯ ¤  � = ~P [6].�«ï   «¨â¨ç¥áª®£® ¯à®¤®«¦¥¨ï (13) ¯¥à¥¯¨è¥¬íâ® á®®â®è¥¨¥ â ª¨¬ ®¡à §®¬, çâ®¡ë ¨â¥£à¨à®-¢ ¨¥ ¢ ¥¬ ¯à®¢®¤¨«®áì ¯® ¯®«®¦¨â¥«ì®© ¯®«ã-®á¨. � íâ®© æ¥«ìî á«¥¤ã¥â ¯à¥¤áâ ¢¨âì íªá¯®¥âã¢ (13) ª ª áã¬¬ã ¤¥©áâ¢¨â¥«ì®© ¨ ¬¨¬®© ç á-â¥©. �â¥£à «, á®¤¥à¦ é¨© ¬¨¬ãî ç áâì, ª®¥ç¥,  ¨â¥£à « á ¤¥©áâ¢¨â¥«ì®© ç áâìî à áå®¤¨âáï¢ ã«¥ ª ª t�1=2 . �®íâ®¬ã ¥®¡å®¤¨¬® ¯à®¢¥áâ¨¥£® à¥£ã«ïà¨§ æ¨î, á®¢¥àè¨¢ ®¡å®¤ ã«¥¢®© â®çª¨á¨§ã ¯® ¡¥áª®¥ç® ¬ «®¬ã ª®âãàã. � à¥§ã«ìâ â¥â ª®£® ®¡å®¤  à áå®¤¨¬®áâì ¢ ã«¥ á®ªà é ¥âáï.� ®¡®¨å á« £ ¥¬ëå ¯à¨ ¯¥à¥å®¤¥ ª ¯®«®¦¨â¥«ì®©¯®«ã®á¨ ¢®§¨ª ¥â ¢®¯à®á ¢ë¡®à  à¥£ã«ïà®© ¢¥â¢¨ª®àï ¨§-§  â®çª¨ ¢¥â¢«¥¨ï ¢ ã«¥. �â¬¥â¨¬, çâ® «¨ç¨¥ â ª®© â®çª¨, ®¡ãá«®¢«¥®¥ ¯®«ãæ¥«®© áâ¥-¯¥ìî t ¢ § ¬¥ â¥«¥, | ¥®âê¥¬«¥¬ë© ¯à¨§ ª¥à¥«ïâ¨¢¨áâáª®£® ¯à¨¡«¨¦¥¨ï ¯à¨ ®¯¨á ¨¨ ¯®-à®£®¢ëå ï¢«¥¨© [6, 19, 25]. �ë¡®à ã¦®© ¢¥â¢¨®¯à¥¤¥«ï¥âáï âà¥¡®¢ ¨¥¬ ¤¥©áâ¢¨â¥«ì®áâ¨ ¢ª« ¤ à áá¬ âà¨¢ ¥¬®£® á« £ ¥¬®£® ¢ ¢¥à®ïâ®áâì.�®á«¥ ¯à®áâëå ¯à¥®¡à §®¢ ¨© ä®à¬ã«ã ¤«ï è¨-à¨ë ãà®¢ï ¬®¦® á¢¥áâ¨ ª ¢¨¤ã�4jW0j1=2 = 12 �~��1=2 1Z0 dtt3=2� !Ht2 sin(!Ht=2) �� Xk=1;2 a2k sin�1~ �S +W0t+ (�1)k ~!H2 t�� �4 �++ sin �4�: (15)�á®, çâ® «¥¢ ï ç áâì (15) ¯à¥¤áâ ¢«ï¥â á®-¡®© ¬¨¬ãî ç áâì à §«®¦¥¨ï (1) ¯à¨ � � jW0j ,j�W j � jW0j :(�W )1=2 = (�W0 ��W + i�=2)1=2 �� jW0j1=2 � �W2jW0j1=2 + i �4jW0j1=2 ;  ¯à ¢ ï ï¢«ï¥âáï ¬¨¬®© ç áâìî ¢ëà ¦¥¨ï ¤«ïª®¬¯«¥ªá®© í¥à£¨¨9 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò2



18 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò2(�W )1=2 = 12 �~��1=2 1Z0 dtt3=2� !Ht2 sin(!Ht=2) �� Xk=1;2 a2k exp � i~ �S +W0t+ (�1)k ~!H2 t�� i�4 ��� exp�� i�4 ��: (16)�ç¥¢¨¤®, çâ® ¤¥©áâ¢¨â¥«ì ï ç áâì (16) ®¯à¥-¤¥«ï¥â á¤¢¨£ ãà®¢ï ¢¥è¨¬ ¯®«¥¬. �á¯®«ì§ãïâ®¦¤¥áâ¢¥®¥ ¯à¥®¡à §®¢ ¨¥, á¯à ¢¥¤«¨¢®¥ ¯à¨«î¡®¬ ¤¥©áâ¢¨â¥«ì®¬ W0 ,1Z0 dtt3=2 �exp�i tW0~ �� 1�==�2��jW0j~ �1=2 exp �� i�4 sign(W0)� ; (17)¯®«ãç¨¬ ®ª®ç â¥«ì®¥ ãà ¢¥¨¥ ¤«ï ª®¬¯«¥ªá®©í¥à£¨¨ á¢ï§ ®£® ãà®¢ï ¢ áâ æ¨® à®¬ ¢¥è¥¬¯®«¥ ®¡é¥£® ¢¨¤ (�W )1=2 � (�W0)1=2 = 12 � ~i��1=2 1Z0 dtt3=2 �� exp� i~W0t��!Ht2 f�(!Ht=2)sin(!H t=2) exp� iS~ �� 1� ;(18)¯à¨ç¥¬ S § ¤ ¥âáï ä®à¬ã«®© (3).�¨¤®, çâ® ¯®«ãç¥®¥ ãà ¢¥¨¥ ï¢® à §à¥è¥®®â®á¨â¥«ì® W . �®¤ç¥àª¥¬, çâ® ¢á¥ ¨â¥£à «ë¢ ¨á¯®«ì§ã¥¬ëå ¯à¨ ¢ë¢®¤¥ ¯à®¬¥¦ãâ®çëå á®®â®-è¥¨ïå (13){(17), ª ª ¨ ¢ ¨â®£®¢®© ä®à¬ã«¥ (18), ª®-¥çë. �£à ¨ç¥¨ï ®â®á¨â¥«ì®© ¬ «®áâ¨ è¨à¨-ë ¨ á¤¢¨£  ¨áå®¤®£® ãà®¢ï ¥ ï¢«ïîâáï ¥¤®áâ â-ª®¬ ®¯¨áë¢ ¥¬®© áå¥¬ë, ¨¡® ®¨ § «®¦¥ë ¢ á ¬®¬¯®ïâ¨¨ ª¢ §¨áâ æ¨® à®£® ãà®¢ï í¥à£¨¨ [6].� ª¨¬ ®¡à §®¬, ¯®«ãç¥® § ¬ªãâ®¥ à¥£ã«ïà®¥ãà ¢¥¨¥ ¤«ï ª®¬¯«¥ªá®© í¥à£¨¨ ª¢ §¨áâ æ¨®- à®£® ãà®¢ï § àï¦¥®© ç áâ¨æë, á¢ï§ ®© ª®-à®âª®¤¥©áâ¢ãîé¨¬¨ á¨« ¬¨, ¢ áâ æ¨® à®¬ ¢¥è-¥¬ í«¥ªâà®¬ £¨â®¬ ¯®«¥ ®¡é¥£® ¢¨¤ . �â   «®-£¨ç®£® ãà ¢¥¨ï (2) ®® ®â«¨ç ¥âáï ªà®¬¥ à¥£ã-«ïà®áâ¨ â¥¬, çâ® ®¯¨áë¢ ¥â ¥ â®«ìª® áª «ïàë¥ç áâ¨æë, ® ¨ ç áâ¨æë á® á¯¨®¬ 1=2 . � § ª«îç¥¨¥®â¬¥â¨¬, çâ® ãà ¢¥¨¥,   «®£¨ç®¥ (18), ¤«ï áªà¥-é¥®£® ¢¥è¥£® ¯®«ï ¡ë«® ¯®«ãç¥® ¢ à ¡®â¥ [7],  ¤«ï ¢¥è¥£® ¯®«ï ª®ä¨£ãà æ¨¨ �¥¤¬®¤  |¢ à ¡®â¥ [25]. � íâ¨å ¦¥ à ¡®â å ¯à¨¢¥¤¥ àï¤ ï¢-
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