
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®­®¬¨ï. 1997. ü 4 61��� 535.42 ������������� ������� ��� ���������������� ����������� �������� ��������.�. �ìïª®¢(ª ä¥¤à  ®¡é¥© ä¨§¨ª¨ ¨ ¢®«­®¢ëå ¯à®æ¥áá®¢)� á¯à®áâà ­¥­¨¥ ¨¬¯ã«ìá  ¢ ¯ãáâ®â¥ à áá¬ âà¨¢ ¥âáï ¢ ®¡é¥¬ á«ãç ¥ 0 6 !0�0 < 1 (�0 |¤«¨â¥«ì­®áâì, !0 | ­¥áãé ï ç áâ®â ) ¨ á ãç¥â®¬ ¤¨äà ªæ¨®­­ëå íää¥ªâ®¢, ®¡ãá«®¢«¥­­ëå ®£à ­¨-ç¥­­®áâìî ¢®«­®¢®£® ¯ãçª , ¯¥à¥­®áïé¥£® ¨¬¯ã«ìá. �­ «¨§ ®á­®¢ ­ ­  ¯®«ãç¥­­®¬ ¢ à ¡®â¥ â®ç­®¬ ­ «¨â¨ç¥áª®¬ à¥è¥­¨¨ (¢ ª®®à¤¨­ â­®-¢à¥¬¥­­®¬ ¯à¥¤áâ ¢«¥­¨¨) ­¥áâ æ¨®­ à­®£® ¯ à ¡®«¨ç¥áª®£®ãà ¢­¥­¨ï. �®¤à®¡­® à áá¬®âà¥­ á«ãç © £ ãáá®¢áª®£® ¢®«­®¢®£® ¯ ª¥â  á ç áâ®â­ë¬ ¨ ¢®«­®¢ë¬ç¨à¯®¬.1. � áá¬®âà¨¬ á« ¡® à áå®¤ïéãîáï ¢®«­ã E; ¨§«ã-ç ¥¬ãî ¯à®áâà ­áâ¢¥­­® ®£à ­¨ç¥­­ë¬ ¨áâ®ç­¨ª®¬ ¨à á¯à®áâà ­ïîéãîáï ¢ ¯ãáâ®â¥ á® áª®à®áâìî c ¢¤®«ì®á¨ z: �®¦­® ¯®ª § âì, çâ® â ª ï ¢®«­  ®¯¨áë¢ ¥âáï­¥áâ æ¨®­ à­ë¬ ¯ à ¡®«¨ç¥áª¨¬ ãà ¢­¥­¨¥¬� @2@�@z � c2�?�E = 0 ;� = t� zc ; �? = @2@x2 + @2@y2 ; (1)à¥è¥­¨¥ ª®â®à®£®, ã¤®¢«¥â¢®àïîé¥¥ £à ­¨ç­®¬ã ãá«®-¢¨î E(r; z = 0; t) = E0(r; t) ; (2)¨¬¥¥â ¢¨¤E(r; z; �) == 12�cz @@� Z E0�r1; � � (r � r1)22cz � d2r1 ; (3)¨« Ë = _E ;E(r; z; �) = 12�cz Z E0�r1; � � (r � r1)22cz � d2r1 ; (4)£¤¥ â®çª  ®§­ ç ¥â ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯® ¢à¥¬¥­¨ �:�®£« á­® (3) ¢ ¤ «ì­¥© §®­¥E(r; z !1; �) == 12�cz @@� Z E0�r1; � � r22cz + rr1cz � d2r1 : (5)2. �à¨ ä®ªãá¨à®¢ª¥ ¢å®¤­®£® ¯®«ï  åà®¬ â¨ç¥áª®©«¨­§®© á ä®ªãá­ë¬ à ááâ®ï­¨¥¬ f ¯®«¥ (2) ­  ¢å®¤¥«¨­§ë âà ­áä®à¬¨àã¥âáï ¢ ¯®«¥ E0(r; t + r2=(2cf)) ­ ¢ëå®¤¥ «¨­§ë. �®®â¢¥âáâ¢¥­­® ¢¬¥áâ® (4) ¤«ï ¯®«ï ¢®¡« áâ¨ z > 0 ¯®«ãç¨¬ ¢ëà ¦¥­¨¥E(r; z; �) == � 12�cz @@� Z E0�r1; � + r212cf � (r� r1)22cz � d2r1 : (6)

�®£« á­® (6) ¢ ä®ª «ì­®© ¯«®áª®áâ¨ z = f ¯®«¥à ¢­®E(r; z = f; �) == � 12�cf @@� Z E0�r1; � � r22cz + rr1cf � d2r1 : (7)�á«¨ ¢ ¢ëà ¦¥­¨¨ (5) ä®à¬ «ì­® ¯®«®¦¨âì z = f;â® ®­® á®¢¯ ¤ ¥â á (7). � ª¨¬ ®¡à §®¬, ¯à®áâà ­áâ¢¥­-­®-¢à¥¬¥­­ ï áâàãªâãà  ­¥áä®ªãá¨à®¢ ­­®£® ¢®«­®¢®-£® ¯ ª¥â  ¢ ¤ «ì­¥© §®­¥ ¨ áâàãªâãà  áä®ªãá¨à®¢ ­­®£®¯ ª¥â  ¢ ä®ª «ì­®© ¯«®áª®áâ¨ ¢ ¬ áèâ ¡¥ f=z ¯®«­®á-âìî á®¢¯ ¤ îâ.3. � ¤ ¤¨¬ ¯®«¥ (2) ­  £à ­¨æ¥ ¢ ¢¨¤¥ ¢®«­®¢®£®¯ ª¥â  E0(r; t) = ei!0t a(t) b(r) + ª. á., (8)£¤¥ !0 | ­¥áãé ï ç áâ®â , a(t) | ¢à¥¬¥­­� ï ®£¨¡ îé ï¤«¨â¥«ì­®áâ¨ �0; b(r) | ¯à®áâà ­áâ¢¥­­ ï ®£¨¡ îé ïà ¤¨ãá  r0: � à ¬¥âàë !0; �0 ¨ r0 áç¨â îâáï ¢ ¤ «ì­¥©-è¥¬ ¯à®¨§¢®«ì­ë¬¨, ¢ ç áâ­®áâ¨ 0 < !0�0 <1: � ª¨¬®¡à §®¬, è¨à¨­  ç áâ®â­®£® á¯¥ªâà  ¯®«ï ¬®¦¥â ¡ëâì«î¡®©, ¥á«¨ ¯à¨ íâ®¬ ­¥ ­ àãè ¥âáï ãá«®¢¨¥ á« ¡®©¤¨äà ªæ¨®­­®© à áå®¤¨¬®áâ¨ ¢®«­®¢®£® ¯ ª¥â .4. � ª á«¥¤ã¥â ¨§ (5) ¨ (8), ­  ®á¨ z ¢ ¤ «ì­¥© §®­¥¯®«¥ à ¢­®E(r=0; z!1; �)=� 12�cz @@� Z E0 (r1; �) d2r1== R b(r) d2r2�cz @@� ei!0� a(�) + ª. á. ; (9)â. ¥. E � a(�) (!0�0 � 1) ¨ E � _a(�) (!0�0 � 1).� ª¨¬ ®¡à §®¬, ¨§-§  ¤¨äà ªæ¨¨ ¢ á«ãç ¥ ¤®áâ â®ç­®ª®à®âª¨å ¢®«­®¢ëå ¯ ª¥â®¢ ¢®§­¨ª ¥â íää¥ªâ ¤¨ä-ä¥à¥­æ¨à®¢ ­¨ï ®£¨¡ îé¥© (â¥®à¥â¨ç¥áª¨ ¨ íªá¯¥à¨-¬¥­â «ì­® ®­ ¨§ãç «áï ¢  ªãáâ¨ª¥ [1]). �­ «¨â¨ç¥áª¨¯à®á«¥¤¨âì ¯®áâ¥¯¥­­ë© ¯¥à¥å®¤ ®â E � E0 � a(�)(z = 0) ª E � _a(�) (z ! 1) ¬®¦­®, ­ ¯à¨¬¥à, ¢ á«ãç ¥£ ãáá®¢áª®£® ¢®«­®¢®£® ¯ ª¥â , ª®£¤  ¢ (8)a(t) = exp �� t22�20 (1 + i�)� ;b(r) = exp �� r22r20 (1 + i�)� ; (10)



62 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®­®¬¨ï. 1997. ü 4£¤¥ ¯®áâ®ï­­ ï � å à ªâ¥à¨§ã¥â «¨­¥©­ë© ç áâ®â­ë©ç¨à¯,   ¯®áâ®ï­­ ï � | ¢®«­®¢®© ç¨à¯.�®¤áâ ¢«ïï (10) ¢ (4) ¨ áç¨â ï §¤¥áì ¤«ï ¯à®áâ®âë� = � = 0; ¯®«ãç¨¬ ¢ëà ¦¥­¨¥ ¤«ï ¯®â¥­æ¨ «  E ;á¯à ¢¥¤«¨¢®¥ ¢® ¢á¥© ®¡« áâ¨ 0 < z <1:E(r = 0; z; �) =p�=2 �0F (�) ev2 [1��(v)] ;v = 1p2 ��0czr20 + i!0�0 � ��0� ;£¤¥ F (t) = exp�i!t� t22�20 � ; �(v) | ¨­â¥£à « ¢¥à®ïâ-­®áâ¨.5. �­â¥£à «ë ¢ ¢ëà ¦¥­¨ïå (3){(5) ¨­®£¤  ã¤®¡­®¢ëç¨á«ïâì, ¨á¯®«ì§ãï á¯¥ªâà «ì­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¤«ïa(t) ¨ b(r): �®¤áâ ¢¨¢ ¢ (4)a(t) = Z a! ei!t d! ; b(r) = Z b{{ ei{{r d2{{ ; (11)¯®«ãç¨¬ ¯®á«¥ ¨­â¥£à¨à®¢ ­¨ï ¯® r ¨ {{E(r; z!1; �) = 2�cz Z ei!t a!�!0b{{=�!r=czd! + ª. á. : (12)� á¯à¥¤¥«¥­¨¥ í­¥à£¨¨ ¯® á¥ç¥­¨î ¢®«­®¢®£® ¯ ª¥â U (r; z) = Z ��e(r; z; �)��2 d� �Z U d2r = W� (13)¯à¨ íâ®¬ ¡ã¤¥â ®¯à¥¤¥«ïâìáï ¢ëà ¦¥­¨¥¬U (r; z !1) = (2�)3c2z2 Z !2 ��a!�!0b{{=�!r=cz��2 d! : (14)� (13) W | ¯®«­ ï í­¥à£¨ï ¢®«­®¢®£® ¯ ª¥â ,á®åà ­ïîé ïáï ¯à¨ à á¯à®áâà ­¥­¨¨,W = W0 =R ��E0��2 d2r dt =R ja(t)j2dt �R jb(r)j2d2r : (15)�á¯®«ì§ãï (14), íää¥ªâ¨¢­ë© à ¤¨ãá re ¨ ã£®«¤¨äà ªæ¨®­­®© à áå®¤¨¬®áâ¨ �D ¢®«­®¢®£® ¯ãçª  ¢¤ «ì­¥© §®­¥ ¬®¦­® ®æ¥­¨âì ª ªre =� W0�U (0)�1=2= cz��R b(r) d2r��s W02 R !2ja!�!0j2d! ;�D = rez ; (16)£¤¥ á®£« á­® (11) ¨ (14)U (0) = U (r = 0; z!1) = (2�)3c2z2 jb{{=0j2 �Z !2ja!�!0j2d! ;(2�)2b{{=0 = R b(r) d2r :6. � áá¬®âà¨¬ à á¯à®áâà ­¥­¨¥ £ ãáá®¢áª®£® ¢®«­®-¢®£® ¯ ª¥â , ®¯à¥¤¥«¥­­®£® ¢ëà ¦¥­¨ï¬¨ (8) ¨ (10).� íâ®¬ á«ãç ¥ W0 = �3=2�0r20 ¨ ¢ (11)a! = �0p2�(1 + i�) exp �� !2�202(1 + i�)� ;b{{ = r202�(1 + i�) exp �� {{2r202(1 + i�)� : (17)

�®¤áâ ¢¨¢ (17) ¢ (12), ¯®«ãç¨¬E(r; z !1; �) = r21czp1 + �21�� exp ���21!202 �211 + �21 � �22�21 (1 + �21) + i�!01 + �21 � ; (18)£¤¥ �1 = �0p1 + i� ; r1 = r0p1 + i� ;�21 = �2 1 + i�1 + i� ; � = r0rcz�0 : (19)�¡®§­ ç¨¬ ç¥à¥§ e! ­¥áãéãî ç áâ®âã £ ãáá®¢áª®£®¨¬¯ã«ìáa (18),   ç¥à¥§ e� ¥£® ¤«¨â¥«ì­®áâì. �§ (18) ¨ (19)­ å®¤¨¬, çâ®~! = !0 Re 11 + �21 = !0 1 + �2 + (1 + ��)u(1 + u)2 + (�+ �u)2 ; (u��2);(20)1~�2 = 1�20 Re 1�21 (1 + �21) = 1�20 1 + �2 + (1 + �2)u(1 + u)2 + (� + �u)2 : (21)�®£« á­® (20) ¨ (21) ­  ®á¨ z ç áâ®â  ~! ¨ ¤«¨-â¥«ì­®áâì ~� ¨¬¥îâ âã ¦¥ ¢¥«¨ç¨­ã, çâ® ¨ ¯à¨ z = 0:~!(u = 0) = !0; ~� (u = 0) = �0: �¤­ ª® ¯à¨ ã¤ «¥­¨¨®â ®á¨ z íâ¨ ¯ à ¬¥âàë ¬¥­ïîâáï. � áá¬®âà¨¬ íâ®¯®¤à®¡­¥¥.7. �à¨ ã¢¥«¨ç¥­¨¨ ã£«  ­ ¡«î¤¥­¨ï �0 = r=z(u = �2 � �20) ¢¥«¨ç¨­  ~! ¨«¨ ¬®­®â®­­® ã¬¥­ìè ¥âáï ¨áâà¥¬¨âáï ª ­ã«î (¥á«¨ 1+�� > 0; à¨áã­®ª a, ªà¨¢ ï 1)¨«¨ ¥¥ ¨§¬¥­¥­¨¥ ¨¬¥¥â ­¥¬®­®â®­­ë© å à ªâ¥à (¥á«¨1 + �� < 0; à¨áã­®ª a; ªà¨¢ ï 2). � ¯®á«¥¤­¥¬ á«ãç ¥ ~!¨¬¥¥â ¯®«®¦¨â¥«ì­ë© ¬ ªá¨¬ã¬ ¨ ®âà¨æ â¥«ì­ë© ¬¨-­¨¬ã¬, ¬¥¦¤ã ª®â®àë¬¨ ~! ®¡à é ¥âáï ¢ ­ã«ì ¨ ¬¥­ï¥â§­ ª: ~!max = !0 1 + "2" (u = u1) ;~! = o(u = u0) ;~!min = �!0 1� "2" (u = u2) ; (22)£¤¥ 0 < " < 1; " = j�j+ j�jp(1 + �2)(1 + �2) ;u0 = 1 + �2j1 + ��j ; u1;2 = u0(1� ") ;~!max + ~!min = !0 : (23)� ª á«¥¤ã¥â ¨§ (22) ¨ (23), ¥á«¨ j�j; j�j � 1; â®íªáâà¥¬ã¬ë ~! ¯® ¬®¤ã«î ­ ¬­®£® ¯à¥¢®áå®¤ïâ !0; â ªª ª ¢ íâ®¬ á«ãç ¥ "� 1:
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�§¬¥­¥­¨¥ ­¥áãé¥© ç áâ®âë ~! () ¨ ¨¬¯ã«ìá  ~� ()¯à¨ ã¤ «¥­¨¨ â®çª¨ ­ ¡«î¤¥­¨ï ®â ®á¨ z8. � áá¬®âà¨¬ â¥¯¥àì ¨§¬¥­¥­¨¥ ~� ¯à¨ ã¢¥«¨ç¥­¨¨ã£«  ­ ¡«î¤¥­¨ï �0 = r=z: �­ «¨§ ä®à¬ã«ë (21)¯®ª §ë¢ ¥â, çâ® ¯à¨ ã¢¥«¨ç¥­¨¨ u � �20 ¢¥«¨ç¨­  ~� á¨¬¯â®â¨ç¥áª¨ ¢®§à áâ ¥â ¨ ªà¨¢ ï ~� (u) ¢ ¯à¥¤¥«¥áâà¥¬¨âáï ª ¯àï¬®© ~� = �0u (à¨áã­®ª ; èâà¨å®¢ ï¯àï¬ ï). �à¨ íâ®¬ ¢®§¬®¦­ë âà¨ á«ãç ï:( ) 1 + �� > (1 + �2)=2 | ~� ã¢¥«¨ç¨¢ ¥âáï ¬®­®â®­­®(à¨áã­®ª ; ªà¨¢ ï1);(¡) 0 < 1 + �� > (1 + �2)=2 | ~� á­ ç «  ã¬¥­ìè ¥âáï,¯à®å®¤¨â ç¥à¥§ ¬¨­¨¬ã¬, § â¥¬ ¬®­®â®­­® ¢®§à áâ ¥â¨ áâà¥¬¨âáï ª  á¨¬¯â®â¥ á¢¥àåã (à¨áã­®ª ; ªà¨¢ ï 2);(¢) 1 + �� < 0 | ~� ¬¥­ï¥âáï, ª ª ¢ á«ãç ¥ (¡), ­®áâà¥¬¨âáï ª  á¨¬¯â®â¥ á­¨§ã (à¨áã­®ª ; ªà¨¢ ï 3).�¨­¨¬ «ì­ ï ¤«¨â¥«ì­®áâì~�min = �0r 21 + �2 �p1 + �2j� � �j+ �(� � �)�1=2 (24)¤®áâ¨£ ¥âáï ¯à¨u = u(min) = p1 + �21 + �2 �j� � �j �p1 + �2� : (25)� á«ãç ïå (¡) ¨ (¢) ªà¨¢ ï ~� (u) ¯¥à¥á¥ª ¥â ãà®¢¥­ì �0¤¢  à § : ¯à¨ u = 0 ¨ u = u1; â. ¥. ¢ ®¡« áâ¨0 < u < u1 ; u1 = 1� 2(1 + ��)1 + �2 > 0

¢®§­¨ª ¥â ú¤¨äà ªæ¨®­­ ï ª®¬¯à¥áá¨ïû, ¯à¨ ª®â®à®©~� < �0:� ¬¥â¨¬, çâ® ¯à¨ � = 0; � 6= 0 à¥ «¨§ã¥âáï á«ãç © ( ),â. ¥. ª®¬¯à¥áá¨ï ­¥¢®§¬®¦­ . �á«¨ � 6= 0; � = 0; â® ¨¬¥¥â¬¥áâ® á«ãç © (¡); á®£« á­® (24) ¨ (25) ¯à¨ íâ®¬~�min = �0s 2j�j1 + �2 ; u(min) = j�j � 11 + �2 ; (26)¨ ­ ¨¡®«ìè ï ª®¬¯à¥áá¨ï ¤®áâ¨£ ¥âáï ¯à¨ j�j � 1 :~�min � �0� 2j�j�1=2 :�é¥ ¡®«¥¥ á¨«ì­®¥ ãª®à®ç¥­¨¥ ¨¬¯ã«ìá  ¬®¦­®¯®«ãç¨âì ¯à¨ � ¨ � ¡®«ìè¨å ¯®  ¡á®«îâ­®© ¢¥«¨ç¨­¥,­® ¯à®â¨¢®¯®«®¦­®£® §­ ª . � íâ®¬ á«ãç ¥, ª ª á«¥¤ã¥â¨§ (24) ¨ (25),~�min = �0j�jp1 + j�=�j � �0j�j ; u(min) � j�=�j :9. �®¤áâ ¢¨¢ (17) ¢ (14) ¨ (16), ­ ©¤¥¬ à ¤¨ «ì­®¥à á¯à¥¤¥«¥­¨¥ í­¥à£¨¨ U (r; z !1); ã£®« ¤¨äà ªæ¨®­-­®© à áå®¤¨¬®áâ¨ �D; íää¥ªâ¨¢­ë© à ¤¨ãá ¯ãçª  re¨ ¤¨äà ªæ¨®­­ãî ¤«¨­ã zD ¢ á«ãç ¥ (10):U (r; z !1) = 1 + �21 + �2 p�r402�0c2z2 �1 + 2�22!201 + �22��� exp���22!20 �221 + �22� ; (27)�D = p1 + �2 �0c=r0p1 + �2 + 2�20!20 ; re = �Dz ; ZD = r0�D��22 = �201 + �2 ; �22 = �2 1 + �21 + �2� : (28)�á¯®«ì§ãï ä®à¬ã«ã (28) ¤«ï �D; ª®®à¤¨­ âã u ­ à¨á. 1 ¬®¦­® ¯à¥¤áâ ¢¨âì ª ªu = �2 = � �0�D�2 1 + �21 + �2 + 2�20!20 (�0 � 1 ; �D � 1) :(29)� ¬¥â¨¬, çâ® ¢á¥ ¢ëà ¦¥­¨ï, ¯®«ãç¥­­ë¥ ¢ à §¤¥-« å 3{9 ¤«ï ¤ «ì­¥© §®­ë, ¯®á«¥ § ¬¥­ë z ­  f ¡ã-¤ãâ ®¯¨áë¢ âì ä®ª «ì­ãî ¯«®áª®áâì áä®ªãá¨à®¢ ­­®£®¢®«­®¢®£® ¯ ª¥â  (á¬. à §¤¥« 2).�¨â¥à âãà 1. �ãá¥¢ �. �., � à ¡ãâ®¢ �. �. � §¥à­ ï ®¯â® ªãáâ¨ª . �.,1991. �®áâã¯¨«  ¢ p¥¤ ªæ¨î12.03.97


