
18 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü 2��� 533.951; 533.93 ��������� ������������� ������������ �������� ����������� ���������� ����������. �. �à®ä , �. �. �ã§ì¬¥­ª®¢, �. �. � ªá¨¬®¢(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)�®ª § ­®, çâ® ¬®¤ã«ïæ¨ï ¨­â¥­á¨¢­®áâ¨ ¨®­¨§¨àãîé¥£® ¨§«ãç¥­¨ï ¬®¦¥â á«ã¦¨âì ¬¥å ­¨§¬®¬¯ à ¬¥âà¨ç¥áª®£® ¢®§¡ã¦¤¥­¨ï «¥­£¬îà®¢áª¨å ª®«¥¡ ­¨© ¢ ¯®â®ª¥ ¯« §¬ë.� ª ¨§¢¥áâ­® [1{3], ¢ ¯« §¬¥ á ­¥ã¯àã£¨¬¨ í«¥¬¥­-â à­ë¬¨ ¯à®æ¥áá ¬¨, ¯à¨¢®¤ïé¨¬¨ ª ¬¥¤«¥­­®© (¯®áà ¢­¥­¨î á ¯¥à¨®¤®¬ ¢®«­ë) § ¢¨á¨¬®áâ¨ ®â ¢à¥-¬¥­¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨, ¨¬¥¥â ¬¥áâ®¯®£«®é¥­¨¥ ¯®¯¥à¥ç­ëå ¨ ¯à®¤®«ì­ëå ¢®«­ (á¬. â ª-¦¥ [4]). �¨­ ¬¨ª  à á¯à®áâà ­¥­¨ï í«¥ªâà®¬ £­¨â-­®© ¢®«­ë ç¥à¥§ ¯« §¬¥­­ë© á«®© á ¡ëáâà® ¢®§à á-â îé¥© ¯® ¢à¥¬¥­¨ (¯® íªá¯®­¥­æ¨ «ì­®¬ã § ª®­ã)ª®­æ¥­âà æ¨¥© ¯« §¬ë à áá¬®âà¥­  ¢ à ¡®â¥ [5].�¥«ìî ­ áâ®ïé¥© à ¡®âë ï¢«ï¥âáï ¢ëïá­¥­¨¥ ¢®§-¬®¦­®áâ¨ ¯ à ¬¥âà¨ç¥áª®© à áª çª¨ ¯« §¬¥­­ëåª®«¥¡ ­¨© ¢ ¤¢¨¦ãé¥©áï ¯« §¬¥ ¢­¥è­¨¬ ¨áâ®ç­¨-ª®¬ ¨®­¨§ æ¨¨ á ¯¥à¨®¤¨ç¥áª¨ ¨§¬¥­ïîé¥©áï ¨­â¥­-á¨¢­®áâìî.�¨¦¥ ¯®ª § ­®, çâ® ¢ ¯®â®ª¥ ç áâ¨ç­® ¨®­¨§®¢ ­-­®© ¯« §¬ë á ä®â®¨®­¨§ æ¨¥© ¯¥à¨®¤¨ç¥áª ï ¬®¤ã-«ïæ¨ï ¨­â¥­á¨¢­®áâ¨ ¨®­¨§¨àãîé¥£® ¨§«ãç¥­¨ï ¯à¨-¢®¤¨â ª ¯¥à¨®¤¨ç¥áª®© § ¢¨á¨¬®áâ¨ ª®­æ¥­âà æ¨¨§ àï¦¥­­ëå ç áâ¨æ ®â ¢à¥¬¥­¨ ¨ ª®®à¤¨­ âë x ¨ª ¢®§¡ã¦¤¥­¨î ¯« §¬¥­­ëå ª®«¥¡ ­¨© ¯® ªà ©­¥©¬¥à¥ ¢ ­ ¯à ¢«¥­¨¨, ¯¥à¯¥­¤¨ªã«ïà­®¬ áª®à®áâ¨ ¯®-â®ª  ¯« §¬ë. �®§­¨ª îé ï ¯à¨ íâ®¬ ­¥ãáâ®©ç¨¢®áâìï¢«ï¥âáï ¯ à ¬¥âà¨ç¥áª®© [6].� áá¬®âà¨¬ ¯®â®ª ­¥©âà «ì­®£® £ §  á ª®­æ¥­â-à æ¨¥© Z, ¤¢¨¦ãé¥£®áï á ¯®áâ®ï­­®© áª®à®áâìîV = (vx; 0; 0). � § ¯®¤¢¥à£ ¥âáï ¨®­¨§¨àãîé¥¬ã ¢®§-¤¥©áâ¢¨î ¢­¥è­¥£® í«¥ªâà®¬ £­¨â­®£® ¨§«ãç¥­¨ï,à á¯à¥¤¥«¥­­®£® á ®¤­®à®¤­®© ¨­â¥­á¨¢­®áâìî ¢ ­¥-ª®â®à®© ®¡« áâ¨ (®¡« áâ¨ ¨®­¨§ æ¨¨), ®£à ­¨ç¥­­®©á«¥¢  ¯«®áª®áâìî x = 0. � ®¡« áâ¨ x < 0 £ § ®áâ ¥âáï­¥©âà «ì­ë¬. � â ª®© ¯« §¬¥ ¨¬¥îâ ¬¥áâ® í«¥¬¥­-â à­ë¥ ¯à®æ¥ááë ä®â®¨®­¨§ æ¨¨ ­¥©âà «ì­ëå  â®-¬®¢ ¢­¥è­¨¬ í«¥ªâà®¬ £­¨â­ë¬ ¨§«ãç¥­¨¥¬ (­¥ ¤ -îé¨¬ ¢ª« ¤  ¢ ª®««¥ªâ¨¢­ë¥ í«¥ªâà®¬ £­¨â­ë¥ ¯®-«ï) ¨ ¬®¦­® ¯à¥­¥¡à¥çì ¯à®æ¥áá ¬¨ à¥ª®¬¡¨­ æ¨¨ª ª §­ ç¨â¥«ì­® ¡®«¥¥ ¬¥¤«¥­­ë¬¨. �§¬¥­¥­¨ï ¢®§-¡ã¦¤¥­­ëå á®áâ®ï­¨©  â®¬®¢ â ª¦¥ ­¥ ãç¨âë¢ îâáïª ª ­¥áãé¥áâ¢¥­­ë¥ ¤«ï à áá¬ âà¨¢ ¥¬®© § ¤ ç¨.�«ï ®¯¨á ­¨ï ¤¨­ ¬¨ª¨ á¨áâ¥¬ë ¢ ®¡« áâ¨ ¨®-­¨§ æ¨¨ ¢®á¯®«ì§ã¥¬áï ãà ¢­¥­¨ï¬¨ £¨¤à®¤¨­ ¬¨ª¨á ãç¥â®¬ ¯à®æ¥áá®¢ à®¦¤¥­¨ï ¨ ã­¨çâ®¦¥­¨ï ç á-â¨æ [4] ¢ ­¨§ª®â¥¬¯¥à âãà­®¬ ¯à¥¤¥«¥. �«ï âà¥åª®¬-¯®­¥­â­®© ¯« §¬ë ®­¨ ¨¬¥îâ ¢¨¤@n0@t +r(n0v0) = ��(t)n0;

@n�@t +r(n�v�) = �(t)n0;n0 � @@t + (v0r)�v0 = 0; (1)n� � @@t + (v�r)�v� = � em�En�+�(t)n0(v0�v�);£¤¥ ¢¥«¨ç¨­ë á ¨­¤¥ªá ¬¨ ú0û, ú+û ¨ ú{û ®â­®áïâ-áï á®®â¢¥âáâ¢¥­­® ª ­¥©âà «ì­ë¬ ç áâ¨æ ¬, ¨®­ ¬¨ í«¥ªâà®­ ¬, ç áâ®â  áâ®«ª­®¢¥­¨© ¯à¥¤¯®« £ ¥â-áï ¬ «®©. �®íää¨æ¨¥­â � áª®à®áâ¨ ä®â®¨®­¨§ æ¨¨®¯à¥¤¥«ï¥âáï ¨­â¥­á¨¢­®áâìî ¨®­¨§¨àãîé¥£® ¨§«ã-ç¥­¨ï. �à¥¤áâ ¢¨¬ ¥£® ¢ ¢¨¤¥�(t) = �0 (1 + f(t)); jf(t)j < 1:�¨áâ¥¬  (1) ¤®«¦­  à áá¬ âà¨¢ âìáï á®¢¬¥áâ­® áãà ¢­¥­¨ï¬¨ ¯®«ïrE = 4�e(n+ � n�); @E@t + 4�e(n+v+ � n�v�) = 0¯à¨ £à ­¨ç­ëå ãá«®¢¨ïån0(r; t)x=0 = Z; n�(r; t)x=0 = 0;v0;�(r; t)x=0 = V : (2)�áá«¥¤ã¥¬ ¤¨­ ¬¨ªã ª®««¥ªâ¨¢­ëå ¢®§¬ãé¥­¨© ¢«¨­¥©­®¬ ¯® ¯®«î E ¯à¨¡«¨¦¥­¨¨. � ©¤¥¬ á­ ç -«  ª®­æ¥­âà æ¨î ç áâ¨æ ¢ ®âáãâáâ¢¨¥ á ¬®á®£« á®-¢ ­­®£® ¯®«ï E. � íâ®¬ á«ãç ¥ ª®­æ¥­âà æ¨¨ ¨®-­®¢ ¨ í«¥ªâà®­®¢ á®¢¯ ¤ îâ: N+(x; t) = N�(x; t) �N(x; t) = Z�N0(x; t),   ¤«ï ª®­æ¥­âà æ¨¨ ­¥©âà «ì-­ëå ç áâ¨æ ¨¬¥¥¬ ¨§ (1) ¨ (2)� @@t + vx @@x�N0(x; t) = ��(t)N0(x; t): (3)�§ ãà ¢­¥­¨ï (3) ¯®«ãç ¥¬N0(x; t) = Z exp���0vx x� F (t) + F �t� xvx�� ;F (t) = �0 tZ0 f(�)d�: (4)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü2 19�®à¬ã« ¬¨ (4) ¯à¥¤áâ ¢«¥­® â®ç­®¥ à¥è¥­¨¥ á¨áâ¥-¬ë (1) ¢ ãá«®¢¨ïå ª¢ §¨­¥©âà «ì­®áâ¨ ¯®â®ª  ¯« §-¬ë ¤«ï ¯à®¨§¢®«ì­®© § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ ª®íä-ä¨æ¨¥­â  ä®â®¨®­¨§ æ¨¨. � «¥¥ ¡ã¤¥¬ ¯®« £ âì, çâ®f(t) ï¢«ï¥âáï ¯à®¨§¢®«ì­®© ¯¥à¨®¤¨ç¥áª®© äã­ªæ¨¥©¢à¥¬¥­¨ á ¯¥à¨®¤®¬ T . �®­æ¥­âà æ¨îN0(x; t) ¢ íâ®¬á«ãç ¥ ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥N0(x; t) = �N0(x)(1 + C(x; t)); (5)£¤¥ �N0(x) = 1T TZ0 N0(x; t)dt;  C(x; t)| äã­ªæ¨ï, ¯¥à¨®¤¨ç¥áª ï ª ª ¯® ¢à¥¬¥­¨ á¯¥à¨®¤®¬ T , â ª ¨ ¯® ª®®à¤¨­ â¥ x á ¯¥à¨®¤®¬ Tvx.�®®â¢¥âáâ¢¥­­® ¤«ï § àï¦¥­­ëå ç áâ¨æ ¨¬¥¥¬N(x; t) = �N(x) 1� �N0(x)�N(x) C(x; t)! ;�N(x) = Z � �N0(x): (6)�®à¬ã« ¬¨ (4), (5) ¨ (6) ®¯à¥¤¥«ï¥âáï ¤¨­ ¬¨ª ¯®â®ª  ¯« §¬ë ¢ ®âáãâáâ¢¨¥ ª®««¥ªâ¨¢­ëå ¢®§¬ãé¥-­¨©.�«ï ¨áá«¥¤®¢ ­¨ï ­  ãáâ®©ç¨¢®áâì â ª®£® ¤¨­ -¬¨ç¥áª®£® á®áâ®ï­¨ï ¯« §¬ë ¯à¥¤áâ ¢¨¬ ª®­æ¥­âà -æ¨¨ ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ áª®à®áâ¨ ç áâ¨æ ¢ ¢¨¤¥n0;�(r; t) = N0;�(r; t) + �n0;�(r; t);v0;�(r; t) = V + �v0;�(r; t);£¤¥ �n� � jEj,   �n0; �v0 = 0, ª ª íâ® á«¥¤ã¥â ¨§á¨áâ¥¬ë (1).� áá¬ âà¨¢ ï â®«ìª® «¨­¥©­ë¥ ¯® ¯®«î ¢®§¬ã-é¥­¨ï, ¢¢¥¤¥¬ ­®¢ë¥ ¯ à ¬¥âàë: � � �n+ � �n� ¨u � �v+ � �v�. �®£¤  ¨§ (1) ¤«ï «¥­£¬îà®¢áª¨å ª®-«¥¡ ­¨© ¢ ­ ¯à ¢«¥­¨¨, ¯¥à¯¥­¤¨ªã«ïà­®¬ ¯®â®ªã,¯®«ãç ¥¬ á¨áâ¥¬ã ãà ¢­¥­¨©� @@t + vx @@x�(N(x; t)uy)=e � 1m++ 1m��EyN(x; t);@Ey@t + 4�eN(x; t)uy = 0; (7)  ¤«ï ª®«¥¡ ­¨© ¢¤®«ì ¯®â®ª  ¯®«ãç ¥¬ ãà ¢­¥­¨ï� @@t + vx @@x��+ @@x(N(x; t)ux) +N(x; t) @@yuy = 0;� @@t + vx @@x� (N(x; t)ux) = e� 1m++ 1m��ExN(x; t);@Ex@t + 4�e(N(x; t)ux+ vx�) = 0: (8)�®ª ¦¥¬, çâ® á¨áâ¥¬  (7) ¨¬¥¥â ­ à áâ îé¨¥ á®¢à¥¬¥­¥¬ à¥è¥­¨ï. �§ (7) ¯®«ãç ¥¬ ®â­®á¨â¥«ì­®Ey(x; t):

@@t � @@t + vx @@x�Ey(x; t)++
p(x) 1� �N0(x)�N(x) C(x; t)!Ey(x; t) = 0; (9)£¤¥ 
p(x) = 4�e2� 1m+ + 1m�� �N(x)| ¯« §¬¥­­ ï ç áâ®â  ¢ â®çª¥ x. �«ï ¤®ª § â¥«ìáâ-¢  ¯à¥¤¯®«®¦¨¬ á­ ç « , çâ® ¤®áâ â®ç­® ¤ «¥ª® ®â£à ­¨æë ®¡« áâ¨ ¨®­¨§ æ¨¨, ª®£¤  �N0(x)= �N(x)� 1(á¨«ì­® ¨®­¨§®¢ ­­ ï ¯« §¬ ), áãé¥áâ¢ã¥â ­¥ª®â®-à ï â®çª  x0, ¢ ®ªà¥áâ­®áâ¨ ª®â®à®© ¢ ãà ¢­¥­¨¨ (9)¬®¦­® ¯à¥­¥¡à¥çì £à ¤¨¥­â®¬ Ey(x; t). �®£¤  ãà ¢-­¥­¨¥ (9) ¡¥§ @2Ey(x; t)=@t@x ¡ã¤¥â ¯à¥¤áâ ¢«ïâì á®-¡®© ãà ¢­¥­¨¥ �¨««  á § ¢¨á¨¬®áâìî ®â x ¢ ª ç¥áâ¢¥¯ à ¬¥âà . �¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï ¨é¥¬ ¢ ¢¨¤¥ [7]Ey(x; t) = 1Xn=�1En(x) e�i(n!0�!)t; !0 = 2�T :�®£¤  ¯®«ãç ¥¬(
2p(x)� (n!0 � !)2)En(x) = 
2p(x) �N0(x)�N(x) �� 1Xm=�1Cn�m(x)Em(x); (10)£¤¥ C(x; t) = 1Xn=�1Cn(x) e�in!0t; C0(x) = 0;  Cn(x)| ¯¥à¨®¤¨ç¥áª¨¥ äã­ªæ¨¨. � áá¬ âà¨¢ ï ¤ -«¥¥ â®«ìª® à¥§®­ ­á­ë© á«ãç © [6], ¯à¨å®¤¨¬ ª ãà ¢-­¥­¨î ¤«ï ª®¬¯«¥ªá­®© ç áâ®âë:�
2p(x)� (!0 � !)2��
2p(x)� !2� = 
4p(x)�2(x);£¤¥ �(x) = �N0(x)�N(x) jC1(x)j � 1:�­ ç¥­¨¥ !, á®®â¢¥âáâ¢ãîé¥¥ ­¥ãáâ®©ç¨¢®¬ã à¥è¥-­¨î ãà ¢­¥­¨ï (9) á ¨­ªà¥¬¥­â®¬ 
(x; !0), ¨¬¥¥â ¢¨¤! = !02 � i
(x);
(x; !0) � r
3p(x)2!0 �2(x)� �
p(x)� !02 �2: (11)� ªá¨¬ «ì­®© ­¥ãáâ®©ç¨¢®áâ¨ ¢ â®çª¥ x0 á®®â¢¥â-áâ¢ã¥â ç áâ®â  ¬®¤ã«ïæ¨¨ !0 = 2
p(x0) (á â®ç­®áâìî¤® ç«¥­®¢ ¯®àï¤ª  �(x0)). � ª¨¬ ®¡à §®¬, ãà ¢­¥­¨¥(9) ¤«ï í«¥ªâà¨ç¥áª®£® ¯®«ï Ey(x; t) ¢ â®çª¥ x0 ¨¬¥¥â­ à áâ îé¥¥ á® ¢à¥¬¥­¥¬ à¥è¥­¨¥:Ey(x; t) = e
(x)t��Re�E0(x) exp��i!02 t�+ E1(x) exp�i!02 t��:(12)



20 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü 2�áâ «®áì ¯®ª § âì, çâ® áãé¥áâ¢ã¥â â ª ï â®çª  x0, ¢®ªà¥áâ­®áâ¨ ª®â®à®© £à ¤¨¥­â Ey(x; t) ¬ «. �«ï íâ®-£® § ¬¥â¨¬, çâ® ¨§ ãà ¢­¥­¨ï (10) á«¥¤ã¥â c®®â­®è¥-­¨¥ ¤«ï ª®¬¯«¥ªá­ëå  ¬¯«¨âã¤ E0(x) ¨ E1(x):E0(x)E1(x) = �N0�N(x) 
2p(x)
2p(x)� !2 C�1(x): (13)� ¤àã£®© áâ®à®­ë, ¨§ ãá«®¢¨ï (13), ¨á¯®«ì§ãï (11),«¥£ª® ¯®ª § âì, çâ® jE0(x)j = jE1(x)j � ~E(x), â. ¥.E0;1(x) = ~E(x) exp(i�0;1(x)). � ª¨¬ ®¡à §®¬, à¥è¥-­¨¥ (12) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥Ey(x; t) = E(x) e
(x)t cos�!02 t +�(x)� ; (14)£¤¥ E(x) � ~E(x) cos��0(x)� �1(x)2 � ;� � �0(x) + �1(x)2 (15)| ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ (®¯à¥¤¥«ï¥¬ë¥ ¨§ ­ ç «ì-­ëå ãá«®¢¨©). �ç¥¢¨¤­®, ­ ç «ì­ë¥ ãá«®¢¨ï ¢á¥£¤ ¬®¦­® ¢ë¡à âì â ª, çâ®¡ë ¢ â®çª¥ x = x0  ¬¯«¨âã¤ E(x) ¨ ä §  �(x) ¤®áâ¨£ «¨ íªáâà¥¬ «ì­ëå §­ ç¥­¨©¨«¨, ¢ ç áâ­®áâ¨, ¡ë«¨ ª®­áâ ­â ¬¨:�dE(x)dx �x=x0 = 0; �d�(x)dx �x=x0 = 0:�­ªà¥¬¥­â 
(x; !0) â ª¦¥ ¤®áâ¨£ ¥â ¢ â®çª¥ x = x0íªáâà¥¬ã¬ :�d
(x; !0)dx �x=x0 = 0; !0 = 2
p(x0): (16)�á«®¢¨¥ (16) ¯à¥¤áâ ¢«ï¥â á®¡®© á¨áâ¥¬ã ãà ¢­¥­¨©®â­®á¨â¥«ì­® x0 ¨ !0, ª®â®à ï, ª ª «¥£ª® ¢¨¤¥âì,¢á¥£¤  à §à¥è¨¬ , çâ® ¨ ®¯à ¢¤ë¢ ¥â á¤¥« ­­®¥ ¢ë-è¥ ¯à¥¤¯®«®¦¥­¨¥ ®â­®á¨â¥«ì­® ¢®§¬®¦­®áâ¨ ¯à¥-­¥¡à¥¦¥­¨ï £à ¤¨¥­â®¬ ¯®«ï Ey(x; t) ¢ ®ªà¥áâ­®áâ¨â®çª¨ x0.�à¨¢¥¤¥­­ë¥ à¥§ã«ìâ âë á¯à ¢¥¤«¨¢ë ¤«ï «î¡®©¯¥à¨®¤¨ç¥áª®© ¯® ¢à¥¬¥­¨ ¬®¤ã«ïæ¨¨ ¨­â¥­á¨¢­®áâ¨¨®­¨§¨àãîé¥£® ¨§«ãç¥­¨ï. �«ï á«ãç ï £ à¬®­¨ç¥á-ª®© ¬®¤ã«ïæ¨¨ ( �(t) = �0(1 + A cos(!0t)); A < 1 )áà¥¤­ïï ¯® ¯¥à¨®¤ã ª®­æ¥­âà æ¨ï �N0(x) (¯à¨ E = 0)®¯à¥¤¥«ï¥âáï ä®à¬ã«®©�N0(x) = Z exp���0vx x� I0�2A�0!0 sin�!0 x2vx�� ;  ¤«ï ¯®«­®© ª®­æ¥­âà æ¨¨ ¨¬¥¥¬N0(x; t) == Z exp���0vx x� �sin(!0t)� sin�!0t� !0 xvx��� :

�­ªà¥¬¥­â ­¥ãáâ®©ç¨¢®áâ¨ ¢ â®çª¥ x0 ®¯à¥¤¥«ï¥âáïä®à¬ã«®©
(x0) = 12
p(x0) exp���0vx x0��� �����I1 A �0
p(x0) sin�
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