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c© 2005 £. �.�. �¥à®¢áª¨©∗, �.�. � ¯ ¥¢∗, �.�. � ¯ ¥¢∗����������� ������� � Ǳ���������� ���������������� ������ Ǳ���������� ���������� Ǳ���� áâ âì¥   «¨§¨àã¥âáï ¢§ ¨¬®¤¥©áâ¢¨¥ à¥«ïâ¨¢¨áâáª®© § àï¦¥®© ç áâ¨æëá í«¥ªâà®¬ £¨âë¬ ¯®«¥¬, ï¢«ïîé¨¬áï áã¯¥à¯®§¨æ¨¥© áâ®ïç¥© ¢®«ë ¨ ¯®áâ®ï®£®¬ £¨â®£® ¯®«ï. Ǳ®ª § â¥«ì ¯à¥«®¬«¥¨ï áà¥¤ë ®â«¨ç¥ ®â ¥¤¨¨æë. �áá«¥¤®¢ ¨¥¯à®¢®¤¨«®áì ¢ ¯à¨¡«¨¦¥¨¨ ¬ «®£® á¨£ « . �«ï â¥áâ¨à®¢ ¨ï à¥§ã«ìâ â®¢ ¨á¯®«ìÄ§®¢ «®áì ª®¬¯ìîâ¥à®¥ ¬®¤¥«¨à®¢ ¨¥ ¨áå®¤®© á¨áâ¥¬ë á ãç¥â®¬ ¤¢ãå¬ áèâ ¡®áâ¨áª®à®áâ¨ ¨§¬¥¥¨ï ¯¥à¥¬¥ëå.�«îç¥¢ë¥ á«®¢ : à¥«ïâ¨¢¨§¬, ª®íää¨æ¨¥â ¯à¥«®¬«¥¨ï, à¥§® á.Ǳà®¡«¥¬  ¢§ ¨¬®¤¥©áâ¢¨ï § àï¦¥ëå ç áâ¨æ á í«¥ªâà®¬ £¨âë¬¨ ¯®«ï¬¨ ¯à¥¤Äáâ ¢«ï¥â § ç¨â¥«ìë© ¨â¥à¥á ¤«ï á®¢à¥¬¥®©ä¨§¨ª¨ í«¥¬¥â àëå ç áâ¨æ. �¢¨¦¥Ä¨¥ à¥«ïâ¨¢¨áâáª¨å ç áâ¨æ ¨ ¢®¯à®áë ¨§«ãç¥¨ï ¨§ãç «¨áì ¤«ï ¡¥£ãé¨å ¢®« à §«¨çÄ®© ¯®«ïà¨§ æ¨¨. Ǳà¨ íâ®¬ ¢§ ¨¬®¤¥©áâ¢¨¥ á ¨â¥á¨¢ë¬¨ ¯®«ï¬¨ ®¡ëç®à áá¬ âà¨Ä¢ «®áì ¢ à ¬ª å ª¢ â®¢®© í«¥ªâà®¤¨ ¬¨ª¨ [1]. �« áá¨ç¥áª®¥ ®¯¨á ¨¥ ¯à®æ¥áá®¢ ®¡Ä¬¥  í¥à£¨¨ à¥«ïâ¨¢¨áâáª®© ç áâ¨æë á ¢®«®© ¢®§¬®¦® ¯à®¢¥áâ¨ ¢ ¯à¨¡«¨¦¥¨¨ ¬ Ä«®©  ¬¯«¨âã¤ë í«¥ªâà®¬ £¨â®© ¢®«ë, ª®£¤  ¤®¯ãáâ¨¬® ¯à¥¥¡à¥çì ¯à®æ¥áá ¬¨ ¨§Ä«ãç¥¨ï. �  áâ®ïé¥© à ¡®â¥ ¨áá«¥¤ãîâáï íää¥ªâë ¢§ ¨¬®¤¥©áâ¢¨ï § àï¦¥ëå ç áÄâ¨æ á ¯®«¥¬ áâ®ïç¥© ¢®«ë, ï¢«ïîé¥©áï áã¯¥à¯®§¨æ¨¥© ¤¢ãå ¢áâà¥çëå ¡¥£ãé¨å ¢®«.1. Ǳ®áâ ®¢ª  § ¤ ç¨, ¨â¥£à «ë ¤¢¨¦¥¨ï. Ǳãáâì § àï¦¥ ï ç áâ¨æ  ¢§ Ä¨¬®¤¥©áâ¢ã¥â á ¯®«¥¬ áâ®ïç¥© í«¥ªâà®¬ £¨â®© ¢®«ë á ¢¥ªâ®à-¯®â¥æ¨ «®¬~A = A[(sin(!�) + sin(!�))~i− (cos(!�) + cos(!�))~j]; A = −cE0! ; (1)£¤¥ c { áª®à®áâì á¢¥â , ! { ç áâ®â  ¢®«ë, E0 {  ¬¯«¨âã¤  í«¥ªâà¨ç¥áª®£® ¯®«ï, � ¨ � { à£ã¬¥âë ¯àï¬®© ¨ ¢â®à¨ç®© ¢®«ë:� = t− zc�f ; � = t+ zc�f ; �f = 1k :
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����������� ������� � Ǳ��� ������� ���������������� ����� 65�¤¥áì�f { ä §®¢ ï áª®à®áâì ¢®«ë,k { ¯®ª § â¥«ì ¯à¥«®¬«¥¨ï. � ¤ «ì¥©è¥¬ ¡ã¤¥¬¯¨á âì ¢¥ªâ®à-¯®â¥æ¨ « (1) ¢ ¢¨¤¥~A = 2A cos !zc�f [sin(!t)~i− cos(!t)~j ]: (2)�¥ªâ®à  ¯àï¦¥®áâ¨ ¬ £¨â®£® ¯®«ï ~H = H0~n  ¯à ¢«¥ ¢¤®«ì ®á¨ z.�« áá¨ç¥áª ï ª®¢ à¨ â ï ä®à¬ã«¨à®¢ª  ãà ¢¥¨© ¤¢¨¦¥¨ï � ªá¢¥«« {�®à¥-æ  ¢ í«¥ªâà®¬ £¨â®¬ ¯®«¥ á ¢¥ªâ®à-¯®â¥æ¨ «®¬ A� ¨ ¨â¥£à « í¥à£¨¨-¨¬¯ã«ìá ®¡à §ãîâ § ¬ªãâãî á¨áâ¥¬ã ¥«¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© [2]:�x� = emc(@A�@x� − @A�@x� ) _x� ; _x2� = −c2: (3)�¤¥áìm { ¬ áá , e { § àï¤ ç áâ¨æë, â®çª  ®§ ç ¥â ¤¨ää¥à¥æ¨à®¢ ¨¥ ¯® á®¡áâ¢¥®Ä¬ã ¢à¥¬¥¨ � , á¢ï§ ®¬ã á « ¡®à â®àë¬ ¢à¥¬¥¥¬ t ¨§¢¥áâë¬ á®®â®è¥¨¥¬ = dtd� = 1
√1− �2 ; �2 = �2⊥ + �2‖; �2⊥ = (1c dxdt )2 +(1c dydt)2; �‖ = 1c dzdt ;£¤¥  { ¡¥§à §¬¥à ï í¥à£¨ï § àï¤ .Ǳà¥¤áâ ¢«ï¥âáï ¢®§¬®¦ë¬ ¤«ï ¤ «ì¥©è¥£®   «¨§  áä®à¬ã«¨à®¢ âì á¨áâ¥¬ã (3)¢ ¡¥§à §¬¥àëå ¯¥à¥¬¥ëå:" = eE0m!c; !0 = eH0mc ; � = !0! ; t = !t; � = !�;x = !xc ; z = !zc ; _x = _xc ; _y = _yc ;" {  ¬¯«¨âã¤  ¢®«ë, !0 { ç áâ®â  « à¬®à®¢áª®£® ¢à é¥¨ï í«¥ªâà®  ¢ ¬ £¨â®¬ ¯®Ä«¥ ¢¥«¨ç¨ë H0. � à¬®à®¢áª ï ç áâ®â  !0 ¨ ç áâ®â  í«¥ªâà®¬ £¨â®£® ¯®«ï ¢®«ë! ¯à¥¤¯®« £ îâáï ¢¥«¨ç¨ ¬¨ ®¤®£® ¯®àï¤ª , ¯®íâ®¬ã � = O(1). �¥§à §¬¥àë© ¯ Äà ¬¥âà " ¯à¥¤¯®« £ ¥âáï ¬ «ë¬ (0 < "� 1), çâ® ®§ ç ¥â ¬ «®áâì  ¬¯«¨âã¤ë ¯«®áª®©¢®«ëE0. Ǳà¨ íâ®¬ ¢®§¬®¦® ¯¥à¨®¤¨ç¥áª®¥ ¤¢¨¦¥¨¥, ª®â®à®¥ ¯¥à¥å®¤¨â ¢ å ®â¨ç¥áÄª®¥ ¯à¨ ¡®«ìè¨å E0. �¬ëá« ®áâ «ìëå ¯¥à¥¬¥ëå á«¥¤ã¥â ¨§ ®¡®§ ç¥¨©.Ǳ¥à¢ë¥ ¤¢  ãà ¢¥¨ï á¨áâ¥¬ë (3) ¯®á«¥ ¯®¤áâ ®¢ª¨ ¢¥ªâ®à-¯®â¥æ¨ «®¢ í«¥ªâà®Ä¬ £¨â®£® ¯®«ï (1) ¨ áâ æ¨® à®£® ¬ £¨â®£®H0 ¯à¨¢®¤ïâáï ª ¢¨¤ã�X = � _Y − dd� (2" cos(kz) sin t);�Y = −� _X + dd� (2" cos(kz) cos t):�¨¬¬¥âà¨ï ¯®«¥© (1), (2) ¯®§¢®«ï¥â ¯®¨§¨âì ¯®àï¤®ª ãà ¢¥¨©:_X = �Y − 2" cos(kz) sin t+ cx;_Y = −�X + 2" cos(kz) cos t+ cy:3 �¥®à¥â¨ç¥áª ï ¨ ¬ â¥¬ â¨ç¥áª ï ä¨§¨ª , â. 142, ò 1, 2005 £.



66 �.�. ����������, �.�. ��Ǳ���, �.�. ��Ǳ����®áâ âë ¨â¥£à¨à®¢ ¨ï, ¢®§¨ª îé¨¥ ¯à¨ ¯¥à¥å®¤¥ ª ãà ¢¥¨ï¬ ¯¥à¢®£® ¯®àï¤ª ¯® � , ®¯à¥¤¥«ïîâáï á®®â®è¥¨ï¬¨cx = _X0 − �Y0 + 2" cos z0 sin t0;cy = _Y0 + �X0 − 2" cos z0 cos t0:� ¬¥  ¯¥à¥¬¥ëå â¨¯  á¤¢¨£ , ª ª ¨ ¢ áâ âì¥ [3]:X = x− cy� ; Y = y + cx� ;¯à¨¢®¤¨â á¨áâ¥¬ã (3) ª á«¥¤ãîé¥© áª «ïà®© á¨áâ¥¬¥ ç¥âëà¥å ãà ¢¥¨©:_x = �y − 2" cos(kz) sin t;_y = −�x+ 2" cos(kz) cos t;�z = −2"�k sin(kz)(y sin t+ x cos t) + 2"2k sin(2z);_ = −2"� cos(kz)(y cos t− x sin t): (4)� «ì¥©è¥¥ ¯à¥®¡à §®¢ ¨¥ á¨áâ¥¬ë (4) ¯à¨¢®¤¨â ª ¨â¥£à «ã ¤¢¨¦¥¨ï, á¢ï§ë¢ Äîé¥¬ã í¥à£¨î ¨ ¯®¯¥à¥çë¥ ª®¬¯®¥âë ª®®à¤¨ â § àï¤ ,   «®£¨ç® á¤¥« ®¬ã ¢áâ âì¥ [3]:  = −12�(x2 + y2) +R; (5)£¤¥ R { ª®áâ â  ¨â¥£à¨à®¢ ¨ï, ®¯à¥¤¥«ï¥¬ ï  ç «ìë¬¨ ãá«®¢¨ï¬¨.�¨¬¬¥âà¨ï í«¥ªâà®¬ £¨âëå ¯®«¥© ¯®§¢®«ï¥â ¯¥à¥©â¨ ª æ¨«¨¤à¨ç¥áª®© á¨áâ¥¬¥ª®®à¤¨ â x = r cos'; y = r sin'; z = z; � = t− '¨ ¯®«ãç¨âì á¨áâ¥¬ã, á®¤¥à¦ éãî ¡ëáâàë¥ ¨ ¬¥¤«¥ë¥ ¯¥à¥¬¥ë¥ [4], [5], £¤¥ r ¨ _z {¬¥¤«¥ë¥ ¯¥à¥¬¥ë¥, ¨å ¯à®¨§¢®¤ë¥∼ O("), � ¨ z { ¡ëáâàë¥ ¯¥à¥¬¥ë¥, ¨å ¯à®¨§Ä¢®¤ë¥∼ O(1): _r = −"[sin(� + kz) + sin(−kz + �)];_� = �+  − "r [cos(� + kz) + cos(−kz + �)];�z = −"�kr[sin(� + kz) + sin(−kz + �)] + 2"2k sin(2z); = −12�r2 +R: (6)� §¤¥«¥¨¥ á¨áâ¥¬ë   ¡ëáâàë¥ ¨ ¬¥¤«¥ë¥ ¯¥à¥¬¥ë¥ á¢ï§ ® á ¢ë¡®à®¬ ¯ à Ä¬¥âà®¢ í«¥ªâà®¬ £¨â®£® ¯®«ï:  ¬¯«¨âã¤ë ¢ëá®ª®ç áâ®â®£® í«¥ªâà®¬ £¨â®£® ¯®Ä«ï E0, ¥£® ç áâ®âë !,  ¬¯«¨âã¤ë áâ æ¨® à®£® ¬ £¨â®£® ¯®«ï H0, « à¬®à®¢áª®©ç áâ®âë !0. Ǳà¨ íâ®¬, ª ª £®¢®à¨«®áì, 0 < "� 1, !0=! ∼ O(1). Ǳà¨ ¤àã£¨å ãá«®¢¨ïå¢®§¬®¦® â®«ìª® å ®â¨ç¥áª®¥ ¤¢¨¦¥¨¥, ¨ â ª®£® ¤¥«¥¨ï ¥ ¡ã¤¥â.



����������� ������� � Ǳ��� ������� ���������������� ����� 672. �¥§® áë¥ á®®â®è¥¨ï. �á¯®«ì§ãï â¥®à¨î ¢®§¬ãé¥¨©, ¯®«ãç¨¬ ä®àÄ¬ «ì®¥  á¨¬¯â®â¨ç¥áª®¥ à §«®¦¥¨¥ ¯® áâ¥¯¥ï¬ " § ¤ ç¨ (6):r = r0 + "r1(�) + "2r2(�) + · · · ;� = (�+ 0)� + "�1(�) − '+ "2�2(�) + · · · ;z = _z0� + "z1(�) + "2z2(�) + · · · :�«ï í¥à£¨¨  ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ ¨¬¥¥¬ = −"�r0[cos(�+� − '0)�+ − cos(�−� + '0)�− ]+ "2(: : : ) + · · ·+ const;�+ = 0 + �+ k _z0; �− = −0 − �+ k _z0: (7)� «®£¨ç® ¢ë¯¨áë¢ îâáï ä®à¬ã«ë ¤«ï z ¨ �. � ª¨¬ ®¡à §®¬, ¨§¬¥¥¨¥ í¥à£¨¨ áâ®ç®áâìî ¤® " ¯à®¨áå®¤¨â ¯® ¤¢ãå¯¥à¨®¤¨ç¥áª®¬ã § ª®ã á ¯¥à¨®¤ ¬¨ T+ = 2�=�+,T− = 2�=�−. �ç¥¢¨¤®, ¥á«¨ ç áâ®âë �+ ≈ 0 ¨«¨ �− ≈ 0, â®  á¨¬¯â®â¨ç¥áª®¥ à §«®Ä¦¥¨¥ (7) ¡ã¤¥â à áå®¤¨âìáï. �â® ¨§¢¥áâ ï ¢ ¬¥å ¨ª¥ ¯à®¡«¥¬  ¬ «ëå § ¬¥ â¥«¥©.�« áá¨ç¥áª¨¥ ¬¥â®¤ë â¥®à¨¨ ¢®§¬ãé¥¨© ¥ ¯®§¢®«ïîâ ®¯¨áë¢ âì à¥§® áë¥ à¥¦¨Ä¬ë, ¯®íâ®¬ã ¤«ï ¤ «ì¥©è¥£®   «¨§  ¢¢¥¤¥¬ á«¥¤ãîé¨¥ ¯®ïâ¨ï.Ǳãáâì � = −(�) − � + k _z(�) { ª®¬¡¨ æ¨® ï ç áâ®â , ®¡ëç®  §ë¢ ¥¬ ï à á-áâà®©ª®©,  = kz(�) − �(�) { ª®¬¡¨ æ¨® ï ä § . �¥§® á®¬ ãá«®¢¨¬áï  §ë¢ âìâ ª®¥ á®®â®è¥¨¥ ¯ à ¬¥âà®¢, ¯à¨ ª®â®à®¬ ¢¥«¨ç¨  à ááâà®©ª¨ ¬ «     á¨¬¯â®â¨Äç¥áª¨ ¡®«ìè®¬ ®âà¥§ª¥ ¢à¥¬¥¨ � ∼ 1=".� ª®¬¡¨ æ¨®ãî ç áâ®âã � (à ááâà®©ªã) ç¥à¥§ (�) ¢å®¤¨â « à¬®à®¢áª¨© à ¤¨ãá,  á«¥¤®¢ â¥«ì®, ¨ ä®à¬¨àãîé¥¥ ¥£® ¢¥è¥¥ ¯®«¥ H0, áª®à®áâì ¯à®¤®«ì®£® ¤¢¨¦¥Ä¨ï _z,   â ª¦¥ ª®íää¨æ¨¥â ¯à¥«®¬«¥¨ï k. � ª¨¬ ®¡à §®¬, ¢á¥ ä¨§¨ç¥áª¨¥ ¢¥«¨ç¨Äë, å à ªâ¥à¨§ãîé¨¥ ¯à®æ¥áá, ®ª §ë¢ îâáï á¢ï§ ë¬¨ à¥§® áë¬¨ á®®â®è¥¨ïÄ¬¨. �á«¨ � á®åà ï¥âáï ¢¡«¨§¨ ã«ï, ®  ¯à¥¤áâ ¢«ï¥â ¡ « á áª®à®áâ¥© ¯à®¤®«ì®£®¨ « à¬®à®¢áª®£® ¤¢¨¦¥¨ï. � ª ¨§¢¥áâ® ¨§ íªá¯¥à¨¬¥â , ¥á«¨ â ª®£® ¡ « á  ¥â,â® ¤¢¨¦¥¨¥ áâ ®¢¨âáï å ®â¨ç¥áª¨¬. � ¯à ¢ëå ç áâïå § ¤ ç¨ (6) ¨¬¥îâáï á« £ ¥¬ë¥á ¬ «ë¬¨ (à¥§® áë¬¨) ç áâ®â ¬¨ ¨ ¡ëáâà®®áæ¨««¨àãîé¨¥ á« £ ¥¬ë¥ cos(kz + �),sin(kz + �), sin(2kz). �®£« á® ¯à¨æ¨¯ã ãáà¥¤¥¨ï [5] à¥è¥¨¥ á¨áâ¥¬ë á ¥ª®â®àë¬¨ ç «ìë¬¨ ãá«®¢¨ï¬¨ ¡«¨§ª®    á¨¬¯â®â¨ç¥áª¨ ¡®«ìè®¬®âà¥§ª¥ ¢à¥¬¥¨ ª à¥è¥¨îãáà¥¤¥®© á¨áâ¥¬ë á â¥¬¨ ¦¥  ç «ìë¬¨ ãá«®¢¨ï¬¨; ¢ ç áâ®áâ¨, ª à¥è¥¨î á¨áâ¥Ä¬ë, ¢ ¯à ¢ëå ç áâïå ª®â®à®© ®¯ãé¥ë ¡ëáâà®®áæ¨««¨àãîé¨¥ á« £ ¥¬ë¥.�ëïá¨¬ ¢®¯à®á ãáâ®©ç¨¢®áâ¨ à¥§® á , ¨á¯®«ì§ãï ¬¥â®¤ ¨áá«¥¤®¢ ¨ï   ãáâ®©ç¨Ä¢®áâì, ®á®¢ ë©  ®¡ê¥¤¨¥¨¨ ¢â®à®£® ¬¥â®¤ �ï¯ã®¢  ¨ ¬¥â®¤  ãáà¥¤¥¨ï ¨ ®à¨Ä¥â¨à®¢ ë©   ¨áá«¥¤®¢ ¨¥ ¬®£®ç áâ®âëå á¨áâ¥¬ (á¬. ¬®®£à ä¨î [4], £«. 4). �â¥®à¥¬ å ®¡ ãáâ®©ç¨¢®áâ¨ â ª¨å á¨áâ¥¬ ¢¢®¤¨âáï ãá«®¢¨¥ ¨§®«¨à®¢ ®áâ¨ à¥§® á ,â.¥. ¯à¨ ã¤ «¥¨¨ âà ¥ªâ®à¨¨ ®â â®çª¨ à¥§® á  à¥§® á®¥ ãá«®¢¨¥ ¯¥à¥áâ ¥â ¤¥©áâÄ¢®¢ âì, ¨ ¢®§¬®¦® ®æ¥¨âì á¨§ã à¥§® áãî ç áâ®âã. � á¨áâ¥¬¥ (6) ¬¥¤«¥ë¥ ¯¥à¥Ä¬¥ë¥ { r ¨ _z, ¡ëáâàë¥ { � ¨ z. �á«¨ ãáà¥¤¨âì (6) ¯® ¡ëáâàë¬ ¯¥à¥¬¥ë¬, ¨áç¥§ãâ3∗



68 �.�. ����������, �.�. ��Ǳ���, �.�. ��Ǳ���á« £ ¥¬ë¥ cos(kz+ �), sin(kz+ �), sin(2kz); ¯®«®¦¥¨¥ à¥§® á  � = 0. �®¢ ï á¨áâ¥¬ ¤«ï ¨áá«¥¤®¢ ¨ï à¥§® á  ¨¬¥¥â ¢¨¤_r = " sin ;_� = "�q sin ;r _ = r� + " cos ;q = −� + const; q = 1− k2: (8)�§ãç¨¬ ãáâ®©ç¨¢®áâì ¨ ¨§®«¨à®¢ ®áâì à¥§® á  � = 0. � ª ç¥áâ¢¥ äãªæ¨¨ �ïÄ¯ã®¢  ¢ë¡¥à¥¬ ¢¥«¨ç¨ã |�|. � ¤ ¤¨¬ � > 0, 0 < �1 < � ¨ à áá¬®âà¨¬ ª®«ìæ¥¢ãî ®¡Ä« áâì, á®áâ®ïéãî ¨§ [−�;−�1], [�1; �]. �áâ®©ç¨¢®áâì ¨¬¥¥â ¬¥áâ®, ¥á«¨ ¯à¨  ç «ìëå§ ç¥¨ïå à ááâà®©ª¨ �0, ã¤®¢«¥â¢®àïîé¥© ãá«®¢¨î |�0| < �1, ¤«ï ¯®á«¥¤ãîé¨å ¢à¥Ä¬¥ (  ¡¥áª®¥ç®¬ ¨«¨  á¨¬¯â®â¨ç¥áª¨ ¡®«ìè®¬ ®âà¥§ª¥) á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
|�| < �. Ǳ®ª  á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® |�| < �1, â¥¬ ¡®«¥¥ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
|�| < �. �®£¤  ¦¥ |�| ¯à¥¢ëá¨â �1, ¤«ï � ª ª ª®¬¡¨ æ¨®®© ç áâ®âë ¡ã¤¥â á¯à ¢¥¤Ä«¨¢  ®æ¥ª  á¨§ã |�| > �1, ¨ ¢ á¨áâ¥¬¥ (8) ¢®§¬®¦® ãáà¥¤¥¨¥ ¯®  [4], ª®â®à®¥ ¤ Ä¥â ã«ì á¯à ¢ . �â® ®§ ç ¥â, çâ® � á®åà ï¥âáï    á¨¬¯â®â¨ç¥áª¨ ¡®«ìè®¬ ®âà¥§ª¥� ≈ 1=", ¨ á¨áâ¥¬  à ¡®â ¥â ¢ à¥§® á®¬ à¥¦¨¬¥. � ¬¥â¨¬, çâ® ¤«ï ãá«®¢¨© ¢ ªãã¬ (k = �f = 1) ãâ¢¥à¦¤¥¨¥ ®ç¥¢¨¤®, â.¥. ¢ íâ®¬ á«ãç ¥ à ááâà®©ª  { ¡ëáâà®®áæ¨««¨àãÄîé ï äãªæ¨ï á ã«¥¢ë¬ áà¥¤¨¬.�«¥¤ã¥â ¯®¤ç¥àªãâì, çâ® ãáà¥¤¥ ï á¨áâ¥¬  (8)   «¨â¨ç¥áª¨¨â¥£à¨àã¥¬ ¨ á¢®Ä¤¨âáï ª ¥«¨¥©®¬ã ãà ¢¥¨î ¢â®à®£® ¯®àï¤ª  ¤«ï à ááâà®©ª¨(�� − a)2 = �2(2a(� − �0 + 12�qr20) − _�2); (9)£¤¥ a = �"2q. � «¨â¨ç¥áª®¥ à¥è¥¨¥ (9) ¥®¤®§ ç®:�1 = �0 − 12�qr20 + 12a(�2 − 2c� + c20);� + c2 = ±

∫ �2(�)0 d�
√

−�4 + 8a(� − �0 + �qr20=2)2�2√−c1 + c1 ;£¤¥ c1, c2, c3 { ª®áâ âë ¨â¥£à¨à®¢ ¨ï.� ª ª ª à¥§® á ãáâ®©ç¨¢ ¯® ¢à¥¬¥¨, â® ¯¥à¢®¥ ¥®£à ¨ç¥®¥ à¥è¥¨¥ �1 ¥à¥ Ä«¨§ã¥¬®. �â®à®¥ à¥è¥¨¥ �2(�) ®¯¨áë¢ ¥â í««¨¯â¨ç¥áª¨¥ ª®«¥¡ ¨ï. �«ãç © ¢â®à®£®à¥§® á  á à ááâà®©ª®© �(�) = k _z++� ¨áá«¥¤ã¥âáï   «®£¨ç®. � ¬¥â¨¬, çâ® â¥ ¦¥à¥§® áë¥ ï¢«¥¨ï ¨¬¥îâ ¬¥áâ® ¨ ¢ « ¡®à â®à®© á¨áâ¥¬¥ ª®®à¤¨ â. �¥©áâ¢¨â¥«ìÄ®, ¯¥à¥å®¤ ®â � ª t á¢ï§  á à¥«ïâ¨¢¨áâáª¨¬ ¬®¦¨â¥«¥¬ : dt =  d� ,    ®â«¨ç ¥âáï®â ã«ï.3. �¨á«¥®¥ ¬®¤¥«¨à®¢ ¨¥ ¯®«ãç¥ëå à¥§ã«ìâ â®¢. Ǳà®¢¥¤¥®¥   Ä«¨â¨ç¥áª®¥ ¨áá«¥¤®¢ ¨¥ ¯à®æ¥áá  ¢§ ¨¬®¤¥©áâ¢¨ï à¥«ïâ¨¢¨áâáª®£® § àï¤  á® áâ®ïç¥©



����������� ������� � Ǳ��� ������� ���������������� ����� 69

0

2000

4000

6000

8000

{1

1

0

{1
0

1

z ¿( )

x ¿( )

y ¿( )

�¨á. 1. Ǳ¥à¨®¤¨ç¥áª¨¥ âà ¥ªâ®à¨¨à¥«ïâ¨¢¨áâáª®© ç áâ¨æë¯à¨à¥§® á¥�x0 = �y0 =0:1, �z0 = 0:95, " = 0:001, � = −0:34 ¢ § ¢¨á¨¬®áâ¨ ®â á®¡áâ¢¥®£® ¢à¥¬¥¨ � .
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�¨á. 2. �®«¥¡ ¨ï í¥à£¨¨  ¢ ®ªà¥áâ®áâ¨ à¥§® á  �f = 0:95 ¯à¨ �x0 = �y0 = 0:1,�z0 = 0:7, " = 0:001, � = −0:38 ¢ § ¢¨á¨¬®áâ¨ ®â á®¡áâ¢¥®£® ¢à¥¬¥¨ � .í«¥ªâà®¬ £¨â®© ¢®«®© (1), ª ª ¨ ®¦¨¤ «®áì, ®ª § «®áì çà¥§¢ëç ©® á«®¦®© § ¤ Äç¥©. � ª®¥ç®¬¨â®£¥ ã¤ «®áì ãáâ ®¢¨âì áãé¥áâ¢®¢ ¨¥ ¯ à ¬¥âà®¢, ¯à¨ ª®â®àëå ¢®§Ä¬®¦ë à¥§® áë¥ à¥¦¨¬ë ¢§ ¨¬®¤¥©áâ¢¨ï, ¨, £« ¢®¥, ®¯à¥¤¥«¨âì ¨å ãáâ®©ç¨¢®áâì.�¥à£¥â¨ç¥áª¨¥ á®áâ®ï¨ï § àï¤  ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ âà ¥ªâ®à¨¨ ¯à¨¢¥¤¥ë  à¨á. 1{4. �¨á«¥®¥ ¬®¤¥«¨à®¢ ¨¥ ¯à®¢®¤¨«®áì à §«¨çë¬¨ ¬®£®è £®¢ë¬¨ ¬¥â®¤ Ä
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¿�¨á. 3. �®§¨ª®¢¥¨¥ ¥¯¥à¨®¤¨ç¥áª¨åà¥¦¨¬®¢í¥à£¨¨ ¯à¨�x0 = �y0 = 0:1, �z0 =0:9, " = 0:008, � = −4:59 ¢ § ¢¨á¨¬®áâ¨ ®â á®¡áâ¢¥®£® ¢à¥¬¥¨ � .
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�¨á. 4. �¥¯¥à¨®¤¨ç¥áª¨¥ âà ¥ªâ®à¨¨ à¥«ïâ¨¢¨áâáª®© ç áâ¨æë ¯à¨ �f = 1:03, �x0 =�y0 = 0:1, �z0 = 0:9, " = 0:008, � = −4:59 ¢ § ¢¨á¨¬®áâ¨ ®â á®¡áâ¢¥®£® ¢à¥¬¥¨ � .¬¨ ¨â¥£à¨à®¢ ¨ï ¥«¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© á¨áâ¥¬ë (6) á ª®âà®«¥¬â®ç®áâ¨ á®åà ¥¨ï ¨â¥£à «  ¤¢¨¦¥¨ï (5). � ª ª ª à áç¥â å ®â¨ç¥áª¨å à¥¦¨¬®¢¤¢¨¦¥¨ï (à¨á. 3, 4) ¯à¨¢®¤¨â ª ¦¥áâª®¬ã ®£à ¨ç¥¨î ¤«ï è £  ¨â¥£à¨à®¢ ¨ï, â®¯à¨¬¥ï«áï ¬¥â®¤ Isode ¨§ ¯ ª¥â  Maple ä¨à¬ëWaterloo Maple Inc.Ǳà¨ ¢ë¡®à¥ ¯ à ¬¥âà®¢ § ¤ ç¨, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î áãé¥áâ¢®¢ ¨ï à¥§®-



����������� ������� � Ǳ��� ������� ���������������� ����� 71 á®£® ¢§ ¨¬®¤¥©áâ¢¨ï, �f = 0:95 (à¨á. 1, 2), ç¨á«¥®¥ ¬®¤¥«¨à®¢ ¨¥ ¨§¬¥¥¨ïí¥à£¨¨  ª ª äãªæ¨¨ ®â !� ¯®ª §ë¢ ¥â ã¢¥«¨ç¥¨¥  ¬¯«¨âã¤ë ¨ ¯¥à¨®¤  ª®«¥¡ ¨©í¥à£¨¨ ¢ ®ªà¥áâ®áâ¨à¥§® á ¯® áà ¢¥¨î á ¥à¥§® áë¬à¥¦¨¬®¬ (à¨á. 2). Ǳà¨Äç¥¬ ¤¢¨¦¥¨¥ ¯à®¨áå®¤¨â ¯® £®äà¨à®¢ ®© æ¨«¨¤à¨ç¥áª®© ¯®¢¥àå®áâ¨ (à¨á. 1), ¯®®á¨ z ®â«®¦¥  ¤«¨  ¯à®«¥â®£® ¯à®áâà áâ¢  ¢ ¤«¨ å ¢®«.� ª ã¤ «®áì ãáâ ®¢¨âì, á¨áâ¥¬  (6) ®â«¨ç ¥âáï  «¨ç¨¥¬ ¥¯¥à¨®¤¨ç¥áª¨å à¥è¥Ä¨© ¯à¨ " > 10−3, çâ® ¯®ª § ®  à¨á. 3, 4. Ǳà¨ íâ®¬ ¤¢¨¦¥¨¥ ¯à®¨áå®¤¨â ¢ § ¬ªãâ®¬¯à®áâà áâ¢¥,   ¥¯¥à¨®¤¨ç¥áª¨© à¥¦¨¬ ®§ ç ¥â ¥à¥£ã«ïà®¥ § ¯®«¥¨¥ âà ¥ªâ®à¨Äï¬¨ æ¨«¨¤à¨ç¥áª®© ¯®¢¥àå®áâ¨, ¨§®¡à ¦¥®©   à¨á. 4.4. � ª«îç¥¨¥. � ª ª ª à¥§® áë ãáâ®©ç¨¢ë,   ¯à ªâ¨ª¥ ¢®§¬®¦® ®¡¥á¯¥ç¨âì¤«¨â¥«ì®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ à¥«ïâ¨¢¨áâáª®£® ¯ãçª  § àï¦¥ëå ç áâ¨æ ¢ ¯®«¥ áâ®ïç¥©¢®«ë. �¤ ª® ¢®§¨ª®¢¥¨¥ å ®â¨ç¥áª¨å à¥¦¨¬®¢ à §àãè ¥â à¥§® á®¥ á®áâ®ï¨¥¨ ®£à ¨ç¨¢ ¥â ¯à¨¬¥¥¨¥ áâ®ïç¨å ¢®« ¡®«ìè®©  ¬¯«¨âã¤ë. � ª®ä¨£ãà æ¨ïå \¯à®Ä¤®«ì®¥ ¬ £¨â®¥ ¯®«¥ ¨ ¡¥£ãé ï í«¥ªâà®¬ £¨â ï ¢®« " à¥§® áë®âáãâáâ¢ãîâ, ¨å ®â¨ç¥áª¨å âà ¥ªâ®à¨© ¥  ¡«î¤ ¥âáï [3], [4]. Ǳà®¢¥¤¥ë©   «¨§ ¬®¦¥â ¡ëâì ¯à¨Ä¬¥¥ ¤«ï á¨áâ¥¬ë ¢§ ¨¬®¤¥©áâ¢ãîé¨å ç áâ¨æ ¨ ¡¥£ãé¨å ¢®« à §«¨ç®©  ¯àï¦¥Ä®áâ¨, ¢ â®¬ ç¨á«¥ ¯¥à¥¬¥®©  ¬¯«¨âã¤ë.�« £®¤ à®áâ¨. �¢â®àë ¡« £®¤ àïâ �.�. �®¤¨®®¢  ¨ �.�. � «¨«®¢  §  ¯®«¥§®¥®¡áã¦¤¥¨¥ à ¡®âë ¨ æ¥ë¥ § ¬¥ç ¨ï.�¯¨á®ª «¨â¥à âãàë[1] �.�. �¥à®¢, �. �. � «¨«®¢, �.�. �®¤¨®®¢. �§ ¨¬®¤¥©áâ¢¨¥ § àï¦¥ëå ç áâ¨æ á á¨«ìÄë¬ í«¥ªâà®¬ £¨âë¬ ¯®«¥¬. �.: ���, 1982.[2] �.�. � ¤ ã, �.�. �¨äè¨æ. �¥®à¨ï ¯®«ï. �.: � ãª , 1973.[3] �.�. �¥à®¢áª¨©, �.�. � ¯ ¥¢. �ã¤. ¯à¨ª«. ¬ â¥¬. 2002. �. 8. ò 2. �. 547.[4] �.�. � ¯ ¥¢. �áà¥¤¥¨¥ ¢ â¥®à¨¨ ãáâ®©ç¨¢®áâ¨. �.: � ãª , 1986.[5] �.�. �®£®«î¡®¢, �.�. �¨âà®¯®«ìáª¨©. �á¨¬¯â®â¨ç¥áª¨¥ ¬¥â®¤ë ¢ â¥®à¨¨ ¥«¨¥©ëåª®«¥¡ ¨©. �.: � ãª , 1974. Ǳ®áâã¯¨«  ¢ à¥¤ ªæ¨î 1.IX.2003 £.,¯®á«¥ ¤®à ¡®âª¨ 21.IV.2004 £.


