
18 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3��� 530.12:550.831 � ���������� ��������������� <������ ���>� ����������� ������������� ���������������������������� ���������.�. �®áªãâ®¢(ª ä¥¤à  ª¢ â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í¥à£¨©)�®ª § ®, çâ® ä¨§¨ç¥áª¨ à¥ «¨§ãîâáï «¨èì â ª¨¥ â¥« , ã ª®â®àëå ã¤¢®¥ ï ¬ áá  2M¬ â¥à¨¨, § ª«îç¥®© ¯®¤ áä¥à®© à ¤¨ãá  Z (¢ áâ ¤ àâëå ª®®à¤¨ â å), ¥ ¯à¥¢ëè ¥â íâ®âà ¤¨ãá (2M 6 Z ). �¨§¨ç¥áª®© ¯à¨ç¨®© íâ®£® ï¢«ï¥âáï £à ¢¨â æ¨®ë© ¤¥ä¥ªâ ¬ ááë. �à¨<áâï£¨¢ ¨¨> ¢¥é¥áâ¢  ¢ áª®«ì ã£®¤® ¬ «ãî ®¡« áâì ¬ áá  â¥«  â®¦¥ áâ ®¢¨âáï áª®«ì ã£®¤®¬ «®©. �¥ ¨áª«îç ¥âáï, ®¤ ª®, áãé¥áâ¢®¢ ¨¥ á¢¥àåª®¬¯ ªâëå ®¡ê¥ªâ®¢ á Z0 = 2M0  ¯®¢¥àå®áâ¨. �áá«¥¤®¢ ë ä¨§¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ â ª¨å ®¡ê¥ªâ®¢. �¨ ¬®£ãâ ¢®á¨âì®á®¢®© ¢ª« ¤ ¢ â¥¬ãî ¬ ááã �á¥«¥®© ¨ ¤®«¦ë ¯à®ï¢«ïâìáï ¢ íää¥ªâ¥ £à ¢¨â æ¨®®£®¬¨ªà®«¨§¨à®¢ ¨ï. �à¨ ®¯à¥¤¥«¥ëå ãá«®¢¨ïå ®¨ ¬®£ãâ á®§¤ ¢ âì ¨áâ®ç¨ª¨ ¬®é®£®à¥â£¥®¢áª®£® ¨§«ãç¥¨ï. � áá¬®âà¥  ¤¨ ¬¨ª  ¯à®¡ëå â¥«, ¯ ¤ îé¨å   ¯®¤®¡ë¥®¡ê¥ªâë.�®ª ¦¥¬, çâ® ¢ á«ãç ¥ áâ â¨ç¥áª¨å áä¥à¨ç¥áª¨á¨¬¬¥âà¨çëå â¥« ¯®« ï á¨áâ¥¬  ãà ¢¥¨© £à ¢¨-â æ¨¨ ¥ á®¤¥à¦¨â à¥è¥¨©, á®®â¢¥âáâ¢ãîé¨å <ç¥à-ë¬ ¤ëà ¬>. �à¨ ¤®ª § â¥«ìáâ¢¥ ¡ã¤ãâ ¨á¯®«ì§®¢ -ë ¤¢¥ ä®à¬ë ®á®¢ëå £à ¢¨â æ¨®ëå ãà ¢¥¨©.�¤  ¨§ ¨å | íâ® £¥®¬¥âà¨§®¢  ï ä®à¬ ãà ¢¥¨© �¨«ì¡¥àâ {�©èâ¥© �)~R"�� 12g"� ~R= 8�T "�; (1)¤®¯®«¥ ï ãá«®¢¨¥¬ £ à¬®¨ç®áâ¨@"~g"� = 0: (2)�¤¥áì ~R"� � p�gR"� | ¯«®â®áâì â¥§®à  �¨çç¨,~R � g"� ~R"� , g"� | ¬¥âà¨ç¥áª¨© â¥§®à à¨¬ ®-¢  ¯à®áâà áâ¢ , ~g"� � p�g g"� , g � det jjg"�jj == det jj~g"�jj ,   T "� | ¯«®â®áâì â¥§®à  í¥à£¨¨-¨¬-¯ã«ìá  ¬ â¥à¨¨, ä®à¬¨àãîé¥© â¥«®.�ãáâì ¢ (1), (2) ª®®à¤¨ âë x� ï¢«ïîâáï £ «¨-«¥¥¢ë¬¨: x0 = t , �x1�2 + �x2�2 + �x3�3 = r2 . �®£¤ ¤àã£ ï, ¯®«¥¢ ï, ä®à¬  â¥å ¦¥ ãà ¢¥¨© ¢ â¥å ¦¥ª®®à¤¨ â å § ¯¨è¥âáï ¢ ¢¨¤¥ [1, 2]g��@�@� ~�"� = 16�(T "� + � "�); (3)@" ~�"� = 0: (4)�¤¥áì ~�"� � p��"� � ~g"� � ~"� , ~"� � p�"� , � det jj"�jj , "� | ¬¥âà¨ç¥áª¨© â¥§®à ¯à®áâà -áâ¢  �¨ª®¢áª®£®,   ¯«®â®áâì � "� í¥à£¨¨-¨¬¯ã«ì-á  £à ¢¨â æ¨®®£® ¯®«ï ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨¥¬16�p�g� "� � 12 �g"�g�� � 12g"�g������g��g�� � 12g��g��� � @� ~��� @� ~���++ g��g��@� ~�"�@� ~��� � g"�g��@� ~���@� ~��� ��) �ë¡à   á¨áâ¥¬  ¥¤¨¨æ, ¢ ª®â®à®© c= ~=G= 1 .

� g��g��@� ~���@� ~�"� + 12g"�g��@� ~���@� ~��� ++ @� ~�"�@� ~���: (5)�à ¢¥¨¥ (3) «¥£ª® ¯à¥®¡à §ã¥âáï ª áâ ¤ àâ®¬ã¤«ï ä¨§¨ç¥áª¨å ¯®â¥æ¨ «®¢ ¢¨¤ã2~�"� = 16�t"�; (6)£¤¥ t"� �rg �T "�+ � "��� 116�@� ����@� ~�"�� :�ç¥¢¨¤®, çâ® ¯«®â®áâì t"� ¨¬¥¥â §¤¥áì á¬ëá«¯«®â®áâ¨ â¥§®à  í¥à£¨¨-¨¬¯ã«ìá  ¢á¥© ¬ â¥à¨¨,â. ¥. ¢¥é¥áâ¢  ¨ £à ¢¨â æ¨®®£® ¯®«ï ¢¬¥áâ¥ ¢§ïâëå¢ ¯à®áâà áâ¢¥ �¨ª®¢áª®£®.�à ¢¥¨ï (1){(6) ¯à¨¬ãâ ª®¢ à¨ âë© ¢¨¤, ¥á«¨¢ ¨å ®â ç áâëå ¯à®¨§¢®¤ëå @� ¯® £ «¨«¥¥¢ë¬ ª®-®à¤¨ â ¬ ¯¥à¥©â¨ ª ª®¢ à¨ âë¬ ¯à®¨§¢®¤ë¬ D�¢ ¬¥âà¨ª¥ �¨ª®¢áª®£® ��(x) á ¯à®¨§¢®«ìë¬¢ë¡®à®¬ ª®®à¤¨ â x� ¨ ¢á¥ ¢å®¤ïé¨¥ ¢ ãà ¢¥-¨ï ¢¥«¨ç¨ë ¯à¥®¡à §®¢ âì ª íâ¨¬ ª®®à¤¨ â ¬.�¤¥â¨ç®áâì ãà ¢¥¨©, ¯à¥¤áâ ¢«¥ëå ¢ £¥®¬¥â-à¨§®¢ ®© ¨ ¯®«¥¢®© ä®à¬ å, ¯à¨ íâ®¬ á®åà ¨âáï¯®«®áâìî. �ª §  ï ¨¤¥â¨ç®áâì £®¢®à¨â ® â®¬,çâ® ¤¨ ¬¨ª  â¥« ¢ à¨¬ ®¢®¬ ¯à®áâà áâ¢¥ ¤®«¦ ¡ëâì íª¢¨¢ «¥â®© ¤¨ ¬¨ª¥ â¥« ¢ ¯à®áâà áâ¢¥�¨ª®¢áª®£® ¯®¤ ¤¥©áâ¢¨¥¬ £à ¢¨â æ¨®®£® ¯®«ï,ä®à¬¨àãîé¥£® à¨¬ ®¢ã ¬¥âà¨ªã. �® áãâ¨ íâ® ¬®¦-®  §¢ âì ãâ®ç¥ë¬ ¯à¨æ¨¯®¬ íª¢¨¢ «¥â®áâ¨.� § ¤ ç å ® ¤¨ ¬¨ª¥ â¥« ¢ § ¤ ®¬ ¯®«¥ ¨áâ®ç¨-ª , â. ¥. ¢ § ¤ ç å, ª®£¤  ¤¢¨¦ãé¥¥áï â¥«® ¬®¦®áç¨â âì ¯à®¡ë¬, ã¤®¡¥¥ ¯®«ì§®¢ âìáï £¥®¬¥âà¨-§®¢ ®© ä®à¬®© ãà ¢¥¨© �¨«ì¡¥àâ {�©èâ¥© .� § ¤ ç å ¦¥ ®¡ ¨§«ãç¥¨¨ £à ¢¨â æ¨®ëå ¢®«¥áâ¥áâ¢¥¥¥ ¨á¯®«ì§®¢ âì ¨å ¯®«¥¢ãî ä®à¬ã.� ª®¢ à¨ â®© § ¯¨á¨ ¢á¥ ä¨£ãà¨àãîé¨¥ ¢ ãà ¢-¥¨ïå ¢¥«¨ç¨ë ¯à¨®¡à¥âãâ ¨áâ¨® â¥§®àë©



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3 19å à ªâ¥à. � ç áâ®áâ¨, á¨¬¢®«ë �à¨áâ®ää¥«ï ®¡à -§ãîâ â¥§®à âà¥âì¥£® à £ G�"� � 12g��(D"g�� +D�g�" �D�g"�):�¥§®à ï ¯«®â®áâì t"� , ¯®¤ç¨ïîé ïáï ãà ¢¥-¨î D"t"� = 0 , ¯®§¢®«ï¥â ª®¢ à¨ âë¬ ®¡à §®¬®¯à¥¤¥«¨âì ¨¥àâãî ¬ ááã M â¥«  (¨«¨ á¨áâ¥¬ëâ¥«) ¨ ¨¬¯ã«ìá P k :P 0 �M � Z t00 d3x; P k � Z t0k d3x; (7)£¤¥ ¨â¥£à¨à®¢ ¨¥ ¢¥¤¥âáï ¯® ¯à®áâà áâ¢ã �¨-ª®¢áª®£®. �¬¯ã«ìá P� ¡ã¤¥â ®¡« ¤ âì ¢á¥¬¨ á¢®©áâ-¢ ¬¨ 4-¢¥ªâ®à .�§ ¢¨¤  ãà ¢¥¨© (6) ¬®¦® § ª«îç¨âì, çâ®¢ á«ãç ¥ ¥áâ æ¨® à®£® ¨áâ®ç¨ª  T "� à¥è¥¨ïíâ¨å ãà ¢¥¨© ¤®«¦ë á®¤¥à¦ âì  àï¤ã á ¯à®-ç¨¬ ¨ § ¯ §¤ë¢ îé¨¥ ¯®â¥æ¨ «ë. �«¥¤®¢ â¥«ì®,¢ á¨áâ¥¬¥ ¤®«¦ë £¥¥à¨à®¢ âìáï £à ¢¨â æ¨®ë¥¢®«ë. � ª ª ª ¢ á¨«ã (4), (6) ¢á¥£¤  ¨¬¥¥â ¬¥áâ®à ¢¥áâ¢® ddt ZV t00 d3x+ ZV @t0k@xk d3x= 0;â® ¯®â®ª I £à ¢¨â æ¨®®£® ¨§«ãç¥¨ï ç¥à¥§ ã¤ «¥-ãî ¯®¢¥àå®áâì S , ®ªàã¦ îéãî ¨áâ®ç¨ª, ¡ã¤¥â®¯à¥¤¥«ïâìáï ¢ëà ¦¥¨¥¬I = IS t0k dSk:� ¯«®â®áâ¨ ¯®â®ª  t0k ¤®áâ â®ç® ¡ã¤¥â ®£à ¨-ç¨âìáï ã¤¥à¦ ¨¥¬  á¨¬¯â®â¨ª¨ ¯®â¥æ¨ «®¢, á®-®â¢¥âáâ¢ãîé¨å à áå®¤ïé¨¬áï ¢®« ¬ (á¬. [1, 3],ãáâà¥¬¨¢ â ¬ ¬ ááã £à ¢¨â®  ª ã«î).� á«ãç ¥ áâ â¨ç¥áª®£® áä¥à¨ç¥áª¨ á¨¬¬¥âà¨ç®-£® ¨áâ®ç¨ª  á ¯«®â®áâìîT "� �p�g h(�+ p)u"u� � pg"�i ;£¤¥ p(r) ¨ �(r) ®¯à¥¤¥«ïîâ ¤ ¢«¥¨¥ ¨ ¯«®â-®áâì í¥à£¨¨ ¨áâ®ç¨ª  ¢ â®çª¥ r , u0 � dx0�ds ,uk � dxk�ds= 0 , ª¢ ¤à â ¨â¥à¢ «  à¨¬ ®¢  ¯à®-áâà áâ¢  ¬®¦® ¨áª âì ¢ ¢¨¤¥ds2 =B dt2�A�1 �Z 02 dr2�Z2(r) �d�2 + sin2� d'2� ;£¤¥ Z 0 � dZ=dr .�¥è¥¨¥ ãà ¢¥¨© (1) ¨«¨ (3) ¯à¨ £à ¨çëåãá«®¢¨ïå Bjr!1! 1; Ajr!1! 1;Zr ����r!1! 1; rZ 0Z ����r!0! 1

¤ ¥âA= 1� 2y;B =Ae�2" = exp8<:�2 1Zr y+4�pZ21� 2y Z 0Z dr9=; ;"� 4� 1Zr (�+ p)ZZ 01� 2y dr;y � MZ ; M � 4� rZ0 �Z2Z 0 dr: (8)
�à ¢¥¨¥ (2) ®¯à¥¤¥«ï¥â Z(r) :ddr �BAZ4Z 02 �= 4BZ2r; (9)  ãà ¢¥¨¥ r"T "� = 0 , ï¢«ïîé¥¥áï ãá«®¢¨¥¬ à ¢-®¢¥á¨ï á¨áâ¥¬ë, á¢ï§ë¢ ¥â ¤ ¢«¥¨¥ p á ¯«®â®-áâìî � :dpdr =�12(�+ p) ddr lnB =�(�+ p)y+4�pZ21� 2y Z 0Z :(10)�à¨ r ! 1 ¨§ (9) á«¥¤ã¥â á¢ï§ì Z ' r+M .�á¨¬¯â®â¨ç¥áª®¥ § ç¥¨¥ ~�00 � ~g00 � ~00 , ¤ ¢ ¥-¬®¥ à¥è¥¨ï¬¨ (8), ®ª ¦¥âáï à ¢ë¬ ~�00 ' 4M=r .� áá  M §¤¥áì ¨¬¥¥â á¬ëá« £à ¢¨â æ¨®®© ¬ ááë.� ª ¢¨¤®, ¯®« ï £à ¢¨â æ¨® ï ¬ áá  â¥«  ¡ã¤¥â®¯à¥¤¥«ïâìáï ¢ëà ¦¥¨¥¬M = limr!1�r~�00�4� :� ¤àã£®© áâ®à®ë, á®£« á® (6) ¯®â¥æ¨ « ~�00 ¬®¦-® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥~�00 = 4Z t00 (r0) d3x0jr� r0j :�âáî¤  á«¥¤ã¥â, çâ® ¯®« ï ¨¥àâ ï ¬ áá  (7) â¥« á¢ï§   á ~�00 â¥¬ ¦¥ ¯à¥¤¥«ìë¬ á®®â®è¥¨¥¬Z t00 d3x= limr!1�r~�00�4� :�â® ¤®ª §ë¢ ¥â á¯à ¢¥¤«¨¢®áâì ¥ â®«ìª® ãâ¢¥à¦¤¥-¨ï ® à ¢¥áâ¢¥ ¯®«ëå £à ¢¨â æ¨®®© ¨ ¨¥àâ®©¬ áá â¥« , ® ¨ á¯à ¢¥¤«¨¢®áâì ®¯à¥¤¥«¥¨ï ¨¥àâ-®© ¬ ááë, ¤ ®© ¢ (7).�à®¨â¥£à¨àã¥¬ (9) ¯® ¢ãâà¥¥© ®¡« áâ¨06 r 6 r0 6 a â¥« , £¤¥ a | à ¤¨ãá ¥£® áä¥à¨ç¥áª®©¯®¢¥àå®áâ¨. �ç¨âë¢ ï ¯à¨ íâ®¬ (8), ¯®«ãç¨¬�1� 2M0Z0 �= 4Z 020Z40 r0Z0 �2Z2r dr: (11)�¤¥áì M0 �M(r0) , Z0 � Z(r0) , Z 00 � Z 0(r0) ,�� exp8<:� r0Zr y+ 4�pZ21� 2y Z 0Z dr9=;= exp8<: r0Zr dp�+ p9=; :10 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3



20 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3�à ¢ ï ç áâì (11) ¨ ¯à¨ ª ª¨å r0 6 a ¥ ¬®¦¥â¡ëâì ®âà¨æ â¥«ì®©. �â® § ç¨â, çâ® ¢áî¤ã ¢ãâà¨â¥«  ¨   ¥£® ¯®¢¥àå®áâ¨ ¤®«¦® ¢ë¯®«ïâìáï¥à ¢¥áâ¢® 2M0 6 Z0: (12)�® áãé¥áâ¢ã ®® íª¢¨¢ «¥â® ä¨§¨ç¥áª®¬ã ãá«®-¢¨î ¬®®â®®£® á¯ ¤  ¢ãâà¥¥£® ¤ ¢«¥¨ï â¥« ¯® ¬¥à¥ ã¤ «¥¨ï ®â æ¥âà  ª ¯¥à¨ä¥à¨¨ (á¬. (10)).� áª®«ì ¡ë ¬ «®© ®¡« áâ¨ ¨ ¡ë«® á®áà¥¤®â®ç¥®¢á¥ ¢¥é¥áâ¢®, ¥à ¢¥áâ¢® (12) ¤®«¦® ¢ë¯®«ïâìáï.�à¨ <áâï£¨¢ ¨¨> ¢¥é¥áâ¢  ¢ â®çªã ¬ áá  M0 ¬ â¥-à¨¨, ä®à¬¨àãîé¥© â¥«®, ¡ã¤¥â áâà¥¬¨âìáï ª ã«î�) .� ª¨¬ ®¡à §®¬, ¨ª ª®© á¨£ã«ïà®áâ¨, á®®â¢¥â-áâ¢ãîé¥© <ç¥à®© ¤ëà¥>, §¤¥áì ¥ ¢®§¨ª ¥â. �¬¥áâ¥á â¥¬ ãà ¢¥¨¥ (11) ¥ § ¯à¥é ¥â áãé¥áâ¢®¢ ¨¥á¢¥àåª®¬¯ ªâëå ®¡ê¥ªâ®¢,   ¯®¢¥àå®áâ¨ ª®â®àëåà¥ «¨§ã¥âáï à ¢¥áâ¢® 2M0 = Z0 . �  â ª®© ¯®¢¥àå-®áâ¨ ¯à®¨§¢®¤ ï dZ=dr ¡ã¤¥â ®¡à é âìáï ¢ ã«ì(§ ¬¥â¨¬, çâ® íâ® ¡ã¤¥â ¨¬¥âì ¬¥áâ® ¨ ¢ â¥®à¨¨á ¥ã«¥¢®© ¬ áá®© £à ¢¨â® ). �§ ¢á¥£® áª § -®£® ¢ëè¥ á«¥¤ã¥â, çâ® ¯¥à¢® ç «ì® ¯®ª®¨¢è¥-¥áï ¢¥é¥áâ¢®, § ¯®«ï¢è¥¥ ª ª®©-â® áä¥à¨ç¥áª¨©®¡ê¥¬ ¨ ®¡« ¤ ¢è¥¥  ç «ì®© í¥à£¨¥© E , ¬®¦¥âá®¡à âìáï ¯®¤ ¤¥©áâ¢¨¥¬ á®¡áâ¢¥®£® £à ¢¨â æ¨-®®£® ¯®«ï ¢ ®¡« áâì á ¯®¢¥àå®áâìî Z0 = 2M0 ,£¤¥ M0 ¡ã¤¥â ®¡ãá«®¢«¥  § ç¥¨¥¬ E (á¬. ¨¦¥).�®ª ¦¥¬, çâ® ä¨§¨ç¥áª®© ¯à¨ç¨®© ¯¥à¥ç¨á«¥ëåà¥§ã«ìâ â®¢ ï¢«ï¥âáï £à ¢¨â æ¨®ë© ¤¥ä¥ªâ ¬ ááë,à áá¬®âà¥ë© ¢ à ¡®â å [2, 5].� à ¡®â å [2, 5] ¡ë«® ¤®ª § ®, çâ® ¯«®â®áâì �¢ T "� ä®à¬¨àã¥âáï ¥ â®«ìª® §  áç¥â ¢á¥å ¢¨¤®¢í¥à£¨¨ <£®«®£®> (¡¥§ £à ¢¨â æ¨®®© <èã¡ë>) ¢¥-é¥áâ¢ , ® ¨ §  áç¥â á¢ï§ ®£® £à ¢¨â æ¨®®£®¯®«ï, à®¦¤¥®£® íâ¨¬ ¢¥é¥áâ¢®¬:�� ���G=0 + ��� ���G=0�� �s+ �gm; (13)£¤¥ �s | ¯«®â®áâì <£®«®£®> ¢¥é¥áâ¢ ,   áª «ïà �gm®¯à¥¤¥«ï¥âáï á®£« á® (5) ¢ëà ¦¥¨¥¬�gm � � "�~g"� �� 132�g�� �~g"�~g�� + 12~g��~g"��D� ~���D� ~�"�++ 116�p�g ~g"�D� ~�"�D� ~���:�á«¨ �s = 0 , â® ¨ �gm = 0 . � ª ª ª � ®â«¨ç ®â ã«ï ¨ ¢ãâà¨ ¨ ¢¥ â¥« , â® ¢ ®¡é¥¬ á«ãç ¥ãà ¢¥¨¥ r"T "� = 0 ¡ã¤¥â ®¯¨áë¢ âì ¤¨ ¬¨ªã ¥â®«ìª® ¢ãâà¥¨å í«¥¬¥â®¢ â¥« , ® ¨ ¢¥è¨åí«¥¬¥â®¢ ¬ â¥à¨¨, ®¡à §ã¥¬®© á¢ï§ ë¬ £à ¢¨â -æ¨®ë¬ ¯®«¥¬:(�+ p)�du�ds +G�"�u"u��+ (u�u" � g�")D"p= 0:(14)�) �  â ªãî ¢®§¬®¦®áâì ¥é¥ ¢ 1962 £. ãª §ë¢ « �. �. �¥«ì-¤®¢¨ç [4].

� ¯à¨¬¥à, ¯à¨ ¯®áâã¯ â¥«ì®¬ ¤¢¨¦¥¨¨ ã¥¤¨¥-®£® â¥«  ¨§ (14) ¯®á«¥¤ã¥â, çâ® ¨ ¢¥è¥¥ ¯®«¥â¥«  ¡ã¤¥â ¯¥à¥¬¥é âìáï â ª ¦¥, ª ª á ¬® â¥«®.� á«ãç ¥ ¥¯®¤¢¨¦®£® áâ â¨ç¥áª®£® áä¥à¨ç¥áª¨á¨¬¬¥âà¨ç®£® â¥«  ãà ¢¥¨¥ (14) âà áä®à¬¨àã¥â-áï ¢ ãà ¢¥¨¥ à ¢®¢¥á¨ï (10). �£® ¢ë¯®«¥¨¥ ¢¥â¥«  ®¡¥á¯¥ç¨¢ ¥â à ¢®¢¥á¨¥ ¢¥è¥£® á¢ï§ ®£®£à ¢¨â æ¨®®£® ¯®«ï. � ä¨§¨ç¥áª®© â®çª¨ §à¥¨ïíâ® ¢¯®«¥ ¯®ïâ®: ¥á«¨ ¢¥ â¥«  ¥áâì ¬ â¥à¨ï,®¡« ¤ îé ï ¥ã«¥¢®© ¯«®â®áâìî í¥à£¨¨, ¨ ® ,¬ â¥à¨ï,  å®¤¨âáï ¢ á®áâ®ï¨¨ à ¢®¢¥á¨ï, â®¤®«¦® áãé¥áâ¢®¢ âì ¨ ãà ¢¥¨¥, ®¡¥á¯¥ç¨¢ îé¥¥íâ® à ¢®¢¥á¨¥.�â®¡ë ¯®áâà®¨âì £à ¢¨¤¨ ¬¨ªã â¥«,  ¤® ®â¯«®â®áâ¥© í¥à£¨¨ ¯¥à¥©â¨ ª í¥à£¨ï¬, â. ¥. ¢§ïâì¨â¥£à «ë ¯® ¢á¥¬ã ¯à®áâà áâ¢ã �¨ª®¢áª®£® ®âá®®â¢¥âáâ¢ãîé¨å ¢ëà ¦¥¨©. �®«ìª® ¯®á«¥ íâ®£®,ª ª ¨ ¢ ª« áá¨ç¥áª®© í«¥ªâà®¤¨ ¬¨ª¥ § àï¦¥ëåà á¯à¥¤¥«¥ëå áà¥¤ (¢ ä®à¬¥ à §¡à®á ëå ®áâà®¢-ª®¢) ¨ ¯®«¥©, ¢®§¨ªãâ ç«¥ë £à ¢¨â æ¨®ëå ¢§ ¨-¬®¤¥©áâ¢¨© (ìîâ®®¢áª¨å ¨ ¯®áâìîâ®®¢áª¨å) [5],çâ® ¤ áâ ¢®§¬®¦®áâì ¢¢®¤¨âì « £à ¦¨ ë á¨áâ¥¬.�à®áâ¥©è¨© á¯®á®¡ ¯®áâà®¥¨ï £à ¢¨¤¨ ¬¨ª¨ § -¬ªãâ®© á¨áâ¥¬ë â¥« | íâ® ¢ëç¨á«¥¨¥ ¥¥ á®åà ï-îé¥©áï ¨¥àâ®© ¬ ááë ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥-¨ï¬¨ (7) ¨ á ãç¥â®¬ (13), (6). � ª®© ¯®¤å®¤ ¬®¦¥â®ª § âìáï íää¥ªâ¨¢¥¥ ¤àã£¨å ¢ § ¤ ç å ® ¤¢®©ëå§¢¥§¤ å.� á¨«ã â®£® çâ® ¯«®â®áâì � § ¢¨á¨â ®â ¯®â¥æ¨- «®¢ £à ¢¨â æ¨®®£® ¯®«ï,   â¥¬ á ¬ë¬ ¨ ®â M ,¢ëà ¦¥¨¥ £à ¢¨â æ¨®®© ¬ ááë ¢ ä®à¬ã« å (8)¡ã¤¥â ¯à¥¤áâ ¢«ïâì á®¡®© ¨â¥£à «ì®¥ ãà ¢¥¨¥¤«ï M . �â ¥£® ã¤®¡¥¥ ¯¥à¥©â¨ ª á®®â¢¥âáâ¢ãî-é¥¬ã ¤¨ää¥à¥æ¨ «ì®¬ã ãà ¢¥¨î ¤«ï y �M=Zrdydr = �3�x2�(1� x)� y+4��gmZ2	 q ==�3�x2�(1� x)� y� �7q2 � 6qf +2f21� 2y �� 4� 4q+ 2f +�3� 4q + 4q2� (1� 2y)�� q: (15)�¤¥áì x � Z=Z0 , Z0 | § ç¥¨¥ Z   £à ¨æ¥ â¥« r = r0 = a , �(1� x) = 1 ¯à¨ x 6 1 ¨ �(1� x) = 0¯à¨ x > 1 , ¨ ¢¢¥¤¥ë ®¡®§ ç¥¨ï � � 4��sZ20=3 ,q � rZ 0=Z , f � y+ ~px2+(1� 2y) , ~p� 4�pZ20 . �¢ë©¢¨¤ 4��gmZ2 ¢ (15) ¯®«ãç¥ á ¯®¬®éìî (8) ¨ (9).�ãªæ¨¨ q ¨ f á®£« á® (9), (10) ¯®¤ç¨ïîâáïãà ¢¥¨ï¬(1� 2y)rdqdr +�rdydr � qf + 2q2� q� (1� 2y)q = 0:(16)(1� 2y)r dfdr + frdydr ++ �f2� 4(1�2y)f + (1�2y) + 2(1�2y)2� q = 0: (17)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3 21�à®  «¨§¨àã¥¬ á¨áâ¥¬ã ãà ¢¥¨© (15){(17)¢ ¯à¥¤¯®«®¦¥¨¨ � = const : �®âï â ª®¥ ãá«®¢¨¥ ¥¢¯®«¥ à¥ «¨áâ¨ç®, ¢á¥ ¦¥ ¥£® ¯à¨ïâ¨¥ ¯®§¢®«¨â¯®«ãç¨âì ¥ª®â®àë¥ ¯à¨æ¨¯¨ «ìë¥ ¢ë¢®¤ë ® á¢®©-áâ¢ å à¥ «ì® áãé¥áâ¢ãîé¨å ®¡ê¥ªâ®¢. �à¥¤¯®«®-¦¥¨¥ ® ¯®áâ®ïáâ¢¥ � áª ¦¥âáï   ª®ªà¥â®¬ ¢¨¤¥à¥è¥¨©, ® ¥   ®¡é¨å à ááã¦¤¥¨ïå ¨ ¢ë¢®¤ å.�¥è¥¨¥ íâ¨å ãà ¢¥¨© ¢ á«ãç ¥ á« ¡®£® ¯®«ï(�� 1) ¡ë«®  ©¤¥® ¢ à ¡®â¥ [2]. � áá¬®âà¨¬ §¤¥áìá«ãç © á¨«ì®£® ¯®«ï (�� 1) .�§ ãà ¢¥¨ï (15) ¢¨¤®, çâ® ¢ áª®«ì ¡ë ¬ -«®© ®¡« áâ¨ ¨ ¡ë«® á®áà¥¤®â®ç¥® ¢á¥ ¢¥é¥áâ¢®,§ ç¥¨¥ y   £à ¨æ¥ â¥«  ¥ á¬®¦¥â ¯à¥¢ëá¨âì¢¥«¨ç¨ë y0 = 1=2 . �â® ®¡ãá«®¢«¥®  «¨ç¨¥¬ ¢ (15)¯®«¥¢®£® ¢ª« ¤  4��gmZ2 , ®¡¥á¯¥ç¨¢ îé¥£® £à ¢¨-â æ¨®ë© ¤¥ä¥ªâ ¬ ááë. �¬¥® ¡« £®¤ àï ¥¬ãä¨§¨ç¥áª ï à¥ «¨§ æ¨ï <ç¥àëå ¤ëà> áâ ®¢¨âáï¥¢®§¬®¦®©: ¯à¨ <áâï£¨¢ ¨¨> ¢¥é¥áâ¢  ¢ â®çªãá¢ï§ ®¥ £à ¢¨â æ¨®®¥ ¯®«¥ <áê¥¤ ¥â> ¢áî í¥à-£¨î <£®«®£®> ¢¥é¥áâ¢ . �®íâ®¬ã áå«®¯ë¢ îé¥¥áï¯®¤ ¤¥©áâ¢¨¥¬ á®¡áâ¢¥®£® £à ¢¨â æ¨®®£® ¯®«ï¢¥é¥áâ¢®, ®¡« ¤ ¢è¥¥ ¯¥à¥¤  ç «®¬ áå«®¯ë¢ ¨ï¯®«®© í¥à£¨¥© E , ¢ á¨«ã § ª®  á®åà ¥¨ïí¥à£¨¨ ¥ á¬®¦¥â á®áà¥¤®â®ç¨âìáï ¢ áª®«ì ã£®¤®¬ «®© ®¡« áâ¨. � ç¥¨¥ Z � Z0   ¯®¢¥àå®áâ¨®¡à §®¢ ¢è¥£®áï ¢ à¥§ã«ìâ â¥ áå«®¯ë¢ ¨ï â¥«  ¡ã-¤¥â ¤¨ªâ®¢ âìáï § ç¥¨¥¬ ¯®«®© í¥à£¨¨ E , ¥á«¨¯à¥¥¡à¥çì ¯®â¥àï¬¨   ¨§«ãç¥¨¥. � ª ª ªE = 4� r0Z0 �Z2Z 0 dr+ 4� 1Zr0 �gmZ2Z 0 dr �M0 +�Mg;â® § ç¥¨¥ Z0 > 2M0 ¨§-§  ®âà¨æ â¥«ì®£® ¢ª« -¤  �Mg ¤®«¦® ¡ã¤¥â § ¬¥â® ¯à¥¢ëè âì § -ç¥¨¥ 2E . �á«¨ ¯®â¥à¨   ¨§«ãç¥¨ï ãç¥áâì, â®Z0 = 2M0 = 2E + 2j�Mgj � 2�Erad .� ®¡é¥¬ á«ãç ¥ ãà ¢¥¨ï (15){(17) ¥ ¯®¤¤ îâáï  «¨â¨ç¥áª®¬ã à¥è¥¨î. �¤ ¥âáï  ©â¨ «¨èì ¯à¨-¡«¨¦¥ë¥ à¥è¥¨ï ¢ ¯à¨¬ëª îé¥© ª ¯®¢¥àå®áâ¨â¥«  ¬ «®© ®ªà¥áâ®áâ¨ j�j � 1=� , £¤¥ � � ln(r=r0) .� ®á®¢®¬ ¯®àï¤ª¥ ¯® � ¨ áâ¥¯¥¨ � ¨ á ç¨á-«¥ë¬¨ ª®íää¨æ¨¥â ¬¨, ¢§ïâë¬¨ á â®ç®áâìî ¤®¤¥áïâëå ¤®«¥© ¥¤¨¨æë ¢ª«îç¨â¥«ì®, ®¨ ¨¬¥îâ¢¨¤f ' 2�1=2(1� 2y)1=2; q ' (�=2)1=2(1� 2y)1=2;(1� 2y)in ' �4�k2�2; (1� 2y)ext ' 9�3�2=2; (18)£¤¥ ¢¥«¨ç¨  k ¤®«¦  ®¯à¥¤¥«ïâìáï à¥è¥¨¥¬ y¢® ¢ãâà¥¥© ®¡« áâ¨ â¥« , ¯à¨¬ëª îé¥© ª ¢§ïâ®©®ªà¥áâ®áâ¨�) . �«®â®áâì � , ¤ ¢«¥¨¥ p ¨ ¢¥«¨-�) � à¥è¥¨ïå (18) ¢ äãªæ¨ïå f ¨ q ®¯ãé¥ë ¬®¦¨â¥«¨¢¨¤  (1 + �i��) , £¤¥ �1;2 ï¢«ïîâáï ç¨á« ¬¨. �®«¥¥ ¯à¨áâ «ìë©  «¨§ ãà ¢¥¨© (15){(17) ¯®§¢®«ï¥â ¢ëáª § âì ¯à¥¤¯®«®¦¥¨¥,çâ® ¢® ¢ãâà¥¥© ®¡« áâ¨ à¥è¥¨ï (18) á¯à ¢¥¤«¨¢ë ¢ ¡®«¥¥ è¨-à®ª®¬ ¨â¥à¢ «¥, ¥¦¥«¨ á«¥¤ã¥â ¨§ ãá«®¢¨ï �j�j � 1 . �®áª®«ìªã,®¤ ª®, ¤®ª § âì íâ® áâà®£® ¥ ã¤ «®áì, ®£à ¨ç¥¨¥ �j�j � 1¯à¨è«®áì á®åà ¨âì.

ç¨  Z(r) ¡ã¤ãâ ®¯à¥¤¥«ïâìáï á®£« á® (18) § ç¥-¨ï¬¨4��Z2��in ' 12 � 2p2�k�p�; 4�pZ2��in '�12 + 2�2kp�;4��Z2��ext '�3�+ 12 ; 4�pZ2��ext '�12 + 3p2�2�;� ZZ0�2in ' 1 + p2�33kp�; � ZZ0�2ext ' 1 + 32�2�2; (19)£¤¥ Z0 = 2M0 .�§ ¯®«ãç¥ëå à¥è¥¨© á«¥¤ã¥â, çâ® ¨áå®¤ ï¯®« ï á¨áâ¥¬  £à ¢¨â æ¨®ëå ãà ¢¥¨© ¤®¯ãáª -¥â áãé¥áâ¢®¢ ¨¥ á¢¥àåª®¬¯ ªâëå ®¡ê¥ªâ®¢ (���)á Z0 = 2M0(r0)   £à ¨æ¥. �¨ ®¡« ¤ îâ á«¥¤ãî-é¨¬¨ å à ªâ¥àë¬¨ á¢®©áâ¢ ¬¨.1. �  £à ¨æ¥ â¥«  ¯à®¨§¢®¤ ï dZ=dr � Z 00 ®¡-à é ¥âáï ¢ ã«ì. �â® ®¡áâ®ïâ¥«ìáâ¢® ¥®¡å®¤¨¬®ãç¨âë¢ âì ¢ ¤¨ ¬¨ª¥ ¯ ¤ îé¨å   ��� ç áâ¨æ,¥á«¨ ¨å ã¤ «¥¨¥ ®â æ¥âà  ��� § ¤ ¢ âì ¯®áà¥¤-áâ¢®¬ Z(r) . �¥©áâ¢¨â¥«ì®, â ª ª ª ¯à®¨§¢®¤ë¥¯® ¢à¥¬¥¨ (dt ¨«¨ d� = pg00 dt) _Z ¨ _r á¢ï§ ëá®®â®è¥¨¥¬ _Z = Z 0 _r , â® ®¡à é¥¨¥ ¢ ã«ì _Z  ¯®¢¥àå®áâ¨ ��� ¥ ¡ã¤¥â ®§ ç âì ®áâ ®¢ª¨ç áâ¨æë: § ç¥¨¥ _r ¬®¦¥â ®ª § âìáï ¯à¨ íâ®¬®â«¨çë¬ ®â ã«ï.2. � ¯à¨¯®¢¥àå®áâ®© ¢ãâà¥¥© ®¡« áâ¨ r (¯à¨¡®«ìè¨å r0 ®  ¬®¦¥â ¡ëâì ¤®áâ â®ç® ®¡è¨à®©)¤ ¢«¥¨¥ p ¨ ¯«®â®áâì � ®ª §ë¢ îâáï á¢ï§ ë¬¨ãá«®¢¨¥¬ p'�� , ¢ë¯®«ïîé¨¬áï á ¢ëá®ª®© â®ç®-áâìî (â¥¬ ¡®«ìè¥©, ç¥¬ ¡®«ìè¥ ¢¥«¨ç¨  �); ¡®«¥¥â®£®, á â®© ¦¥ â®ç®áâìî ¨å ¬®¦® áç¨â âì ¢ ¤ ®©®¡« áâ¨ ¯®áâ®ïë¬¨.3. �¥ â¥«  ¢ ®ç¥ì ã§ª®© ®¡« áâ¨ r ¤ ¢«¥¨¥á¢ï§ ®£® £à ¢¨â æ¨®®£® ¯®«ï ¡ëáâà® à áâ¥â (®âp0 =�1=8�Z20 ), ¯à¨¡«¨¦ ïáì ª ã«î,   ¯®â¥æ¨ « y¨§-§  ¢ª«îç¥¨ï ¢ ¬ ááã í¥à£¨¨ ¢¥è¥£® £à ¢¨-â æ¨®®£® ¯®«ï â¥«  ¡ëáâà® ¯ ¤ ¥â. �â® ¯®§¢®«ï¥â®æ¥¨âì § ç¥¨¥ ¬ ááë M0 (â. ¥. ¨ Z0 ) ¢ ®¡ê¥¬¥â¥« , ¥á«¨ ¨§¢¥áâ  ¥£® ¯®« ï í¥à£¨ï E . �ç¨âë-¢ ï, çâ® ¢¥ ãª § ®© ã§ª®© ®¡« áâ¨ á¯à ¢¥¤«¨¢ëá®®â®è¥¨ïq ' 1� y� 3y2 � 1235 Z0Z y2; 4�pZ2 � y3;¢¥«¨ç¨ã 4��gmZ2 ¬®¦®  ¯¯à®ªá¨¬¨à®¢ âì ¢¥â¥«  ¢ëà ¦¥¨¥¬4��gmZ2 '�3y2�(1� 2y):�®£¤  ¢® ¢¥è¥© ®¡« áâ¨ ãà ¢¥¨¥ (15) ¯à¨¬¥â ¢¨¤Z dydZ '�y(1 + y)1� 2y : (20)�£® ¨â¥£à¨à®¢ ¨¥ ¤ áâM(Z)'E � (1 + y)3: (21)11 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3



22 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3�âáî¤  ¨¬¥¥¬�) Z0 = 2M0 ' (27=4)E . � á«ãç ¥áå«®¯ã¢è¥£®áï â¥«  à®«ì E ¢ (21) ¨ ¢ Z0 ¨£à ¥âà §®áâì ¨áå®¤®© ¯®«®© í¥à£¨¨ E0 â¥«  ¨ ¯®â¥àì�Erad   ¨§«ãç¥¨ï: E =E0 ��Erad > 0 .4. �¥âà¨ç¥áª¨¥ ª®íää¨æ¨¥âë g�� ¨¤ãæ¨àã¥-¬®£® â¥«®¬ à¨¬ ®¢  ¯à®áâà áâ¢  ¢® ¢á¥© ®¡« áâ¨06 r 61 ®áâ îâáï ª®¥çë¬¨. � ¯à¨¯®¢¥àå®áâ®©®¡« áâ¨ ��� ª®íää¨æ¨¥â grr ®ª §ë¢ ¥âáï ¢ á¨-«ã (18) à ¢ë¬ grr =�Z 02A '��Z22r2 : (22)�¥âà¨ç¥áª¨© ª®íää¨æ¨¥â g00 �B ¢¥ ��� ¯à¨¬¥âá®£« á® (8), (20) ¢¨¤Bext ' (1 + y)�2: (23)�  £à ¨æ¥ â¥«  B0 ' 4=9 . � ¯à¨£à ¨ç®© ¢ãâà¥-¥© ®¡« áâ¨ ¨§ (8), (18), (20)  å®¤¨¬Bin ' 49 � rr0�2p2� ; (24)â. ¥. ¢ãâà¨ ��� § ç¥¨¥ g00 ¬®¦¥â ®ª § âìáï(¯à¨ � � 1) ®ç¥ì ¬ «ë¬. �â® § ç¨â, çâ® ¨§«ã-ç¥¨ï ¨§ ¢ãâà¥¨å ®¡« áâ¥© ��� ¡ã¤ãâ í¥à-£¥â¨ç¥áª¨ çà¥§¢ëç ©® ®á« ¡«¥ë¬¨. � áá¨¢ë¥ç áâ¨æë á ä¨§¨ç¥áª®© áª®à®áâìî vp ¨ á í¥à£¨¥©E = mpB�1 � v2p��1=2 , ¥ ¯à¥¢ëè îé¥© (2=3)m ,¥ á¬®£ãâ ¯®ª¨ãâì ¢ãâà¥îî ®¡« áâì ���, ¤ ¦¥¥á«¨   ¨å ¯ãâ¨ ª ¯®¢¥àå®áâ¨ ��� ¥ ¯à®¨§®©¤¥â¯®â¥àì   áâ®«ª®¢¥¨ï. �àã£ ï á¨âã æ¨ï ¨¬¥¥â¬¥áâ® ¢® ¢¥è¥© ®¡« áâ¨ ���. �á«¨ ¢ ¥© ¯®â¥¬ ¨«¨ ¨ë¬ ¯à¨ç¨ ¬ ®¡à §®¢ « áì § å¢ ç¥ ïá¨«ìë¬ £à ¢¨â æ¨®ë¬ ¯®«¥¬ ¯« §¬ , â® áà¥¤¨¥ª¢ ¤à â¨çë¥ áª®à®áâ¨ ¥¥ ª®¬¯®¥â ¢¯®«¥ ¬®£ãâ¤®áâ¨£ âì (¢ à ¢®¢¥á¨¨) § ç¥¨© v2 � 0:1 . �«¥-¤®¢ â¥«ì®, ¨§ ¯à¨¯®¢¥àå®áâ®© ¢¥è¥© ®¡« áâ¨��� ¬®¦¥â ¨á¯ãáª âìáï ¬®é®¥ à¥â£¥®¢áª®¥ ¨§-«ãç¥¨¥. �à ¢¨â æ¨®ë© á¤¢¨£ ç áâ®â ¡ã¤¥â á®áâ ¢-«ïâì ¯à¨ íâ®¬ ¬¥¥¥ 1=3 . �á«¨ ¢¥ ��� ¯« §¬ ®âáãâáâ¢ã¥â, â® â ª®© ®¡ê¥ªâ ®ª ¦¥âáï ¯à ªâ¨ç¥-áª¨ ¥¢¨¤¨¬ë¬; ¯à®ï¢«ïâìáï ¡ã¤¥â «¨èì ¥£® £à -¢¨â æ¨®ë© ¯®â¥æ¨ «. � ª¨¥ â¥«  (<à¥«¨ªâ®¢ë¥§¢¥§¤ë>?) ¬®£«¨ ®¡à §®¢ âìáï ¢ à ¥© �á¥«¥®©¨ ¡®«ìè¥© ç áâìî á®áà¥¤®â®ç¨âìáï ¢ æ¥âà «ìëå®¡« áâïå £ « ªâ¨ª. �¥ ¨áª«îç¥®, çâ® ¨¬¥® ®¨¤ îâ ®á®¢®© ¢ª« ¤ ¢ â¥¬ãî ¬ ááã �á¥«¥®©.�®§¬®¦®, á¥à¤æ¥¢¨ë ®¡ëçëå §¢¥§¤ â ª¦¥ ¯à¥¤-áâ ¢«ïîâ á®¡®© ®¡à §®¢ ¨ï, ¯®¤®¡ë¥ ���.�áâ ®¢¨¬áï ¢ § ª«îç¥¨¥   ¢®¯à®á¥ ® ¤¨ ¬¨ª¥¯à®¡ëå ç áâ¨æ, ¯ ¤ îé¨å   ���. �«ï íâ®£®,¯®«ì§ãïáì ãà ¢¥¨¥¬ g��p�p� =m2 , ¢¢¥¤¥¬ £ ¬¨«ì-â®¨  p0 �H ç áâ¨æëH = hg00m2 � g00gknpkpni1=2 :�) � ç¥¨¥ M0 ¤®«¦® ®¯à¥¤¥«ïâìáï ¢ãâà¥¨¬ à¥è¥¨¥¬ãà ¢¥¨ï (15). �§ (21) ¯® § ç¥¨î E ¬®¦® «¨èì ®æ¥¨âì M0 ,¥á«¨ E ®¯à¥¤¥«ïâì ¯® í¥à£¨¨ ¢§ ¨¬®¤¥©áâ¢¨ï á ��� ã¤ «¥®£®®â ¥£® â¥« . �ëç¨á«¨âì M0 ¨ E â®ç®, ¯®«ì§ãïáì (7) ¨ (8),¢ á«ãç ¥ á¨«ì®£® ¯®«ï ¥ ã¤ ¥âáï.

� ª ª ª @H�@t= 0 , â® ¢¥«¨ç¨  H ¡ã¤¥â á®åà ïî-é¥©áï í¥à£¨¥© E ç áâ¨æë: H =E = const . �£à -¨ç¨¬áï ¤ «¥¥ ç áâë¬ á«ãç ¥¬ ¤¢¨¦¥¨ï, ª®£¤ _� = _'= 0 ¨ H = �Bm2 + BAZ 02 p2r�1=2 : (25)�âáî¤  ¨¬¥¥¬vr � drdt = @H@pr = BAEZ 02 pr � ( ~m)�1pr: (26)� ç¥¨¥ ~m � EZ 02.BA ¨£à ¥â à®«ì íää¥ªâ¨¢®©¬ ááë ç áâ¨æë, â ª ª ª pr = ~mvr . �ãáâì ç áâ¨æ ,  -å®¤¨¢è ïáï ¢ â®çª¥ r = r1 , ¨¬¥«  ã«¥¢ãî áª®à®áâì.�®£¤  ¨§ (25) ¯®«ãç¨¬ E2.m2 = B1 ,   ¨§ § ª® á®åà ¥¨ï í¥à£¨¨ ¯®á«¥¤ã¥â á¢ï§ìp2r = E2Z 02BA �1� BB1� : (27)�ç¨âë¢ ï (27) ¢ (26),  ©¤¥¬_r =�pBAZ 0 �1� BB1�1=2 : (28)�  ¯®¢¥àå®áâ¨ ��� ¢ á¨«ã (22), (23) ¨¬¥¥¬_r��r0 '� 2p2r03Z0p� �1� 49B1�1=2 : (29)�â «® ¡ëâì, ç áâ¨æ  ¯à®¤®«¦¨â á¢®¥ ¤¢¨¦¥¨¥¢ãâàì ���. �á«¨ ¢¬¥áâ® ¤¨ ¬¨ª¨ r (â. ¥. ¤¨ ¬¨-ª¨ ¯®«®¦¥¨© ç áâ¨æë) à áá¬®âà¥âì ¤¨ ¬¨ªã Z , â®¢ëà ¦¥¨¥ (28) § ¬¥¨âáï ãà ¢¥¨¥¬_Z =�pBA�1� BB1�1=2 : (30)�âáî¤  ¢¨¤®, çâ®   £à ¨æ¥ ��� _Zjr0 = 0 , â. ¥.ã¬¥ìè¥¨¥ Z   £à ¨æ¥ ¯à¥ªà é ¥âáï. �¤ ª® íâ®¥ ®§ ç ¥â ®áâ ®¢ª¨ ç áâ¨æë. � §«¨ç¨¥ ¢ ¯®¢¥¤¥-¨¨ _r ¨ _Z ¢®§¨ª ¥â ¨§-§   «¨ç¨ï ¢ ¢¥«¨ç¨¥ Z¢ª« ¤  ®â £à ¢¨â æ¨®®£® ¯®«ï, çâ® å®à®è® ¢¨¤®¨§ ¯®«¥¢®© ¨â¥à¯à¥â æ¨¨ £à ¢¨â æ¨®ëå ãà ¢¥-¨©. � ¯à¨¬¥à, ¢ á«ãç ¥ á« ¡ëå ¯®«¥© (á¬. [2])Zr ����ext ' 1 + Mr ; M 6= const :�â®¡ë  ©â¨ ãáª®à¥¨¥ �r � d2r�dt2 ¯ ¤ îé¥©ç áâ¨æë, ¢®á¯®«ì§ã¥¬áï ãà ¢¥¨¥¬ � ¬¨«ìâ® _pr =�@H@r =�EZ 022BA � BAB1Z 02 dBdr + _r2 ddr ln BAZ 02 � :(31)�®¤áâ ¢«ïï áî¤  pr ¨§ (26), ¯à¨¢¥¤¥¬ (31) á ãç¥â®¬(28), (8) ¨ (9) ª ¢¨¤ã



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò3 23~m ��r+ _r2 ddr ln ~m�=� ~m BZZ 0 �� � BB1 �y+4�pZ2�+ 2rZ 0Z �1� BB1��1�ZArZ 0�� :(32)�ëà ¦¥¨ï, áâ®ïé¨¥ ¢ (31), (32) á¯à ¢ , ï¢«ïîâáïá¨«®© ¯à¨âï¦¥¨ï, ¤¥©áâ¢ãîé¥©   ç áâ¨æã á® áâ®-à®ë ���; ¢® ¢á¥© ®¡« áâ¨ r íâ  á¨«   ¯à ¢«¥ ¢ áâ®à®ã æ¥âà  ���. �¬¥áâ¥ á â¥¬ ¨§-§   «¨ç¨ï¢ ãà ¢¥¨¨ á« £ ¥¬®£®~m _r2 ddr ln ~m=� ~m4BrZ2 �1� BB1��1� Aq � (33)¤¢¨¦ãé ïáï (® ¥ ¯®ª®ïé ïáï!) ç áâ¨æ  ¡ã¤¥â¨á¯ëâë¢ âì íää¥ªâ¨¢®¥ â®à¬®¦¥¨¥ ¢ á¨«ã § ¢¨á¨-¬®áâ¨ ~m ®â r . �ç¨âë¢ ï (33) ¢ (32), ¤«ï ãáª®à¥¨ï �r¯®«ãç¨¬ ¢ëà ¦¥¨¥�r = 2BrZ2 �� BB1 y+ 4�pZ22q +�1� BB1��1� Aq �� :(34)�¤ «¨ ®â ��� íâ® ¤ ¥â ¨§¢¥áâë© à¥§ã«ìâ â:�r '�M�r2 . �¡«¨§¨ ¯®¢¥àå®áâ¨ ��� ¨§ (34) á ãç¥-â®¬ (18) ¨¬¥¥¬�r��r>r0 '� 8r09Z20 "4(1 +p2)9B1 � 1#< 0: (35)�®«ì§ãïáì (30),  ©¤¥¬ ¢â®àãî ¯à®¨§¢®¤ãî �Z :�Z = BZ ��y� 4��Z2��1� BB1�++ �y+4�pZ2��1� 2 BB1�� : (36)�à¨ ¡®«ìè¨å r (  § ç¨â, ¨ Z ) ®âáî¤  á«¥¤ã¥â¨§¢¥áâë© à¥§ã«ìâ â: �Z '�M=Z2 . �® ¢¥è¥© ¯à¨-¯®¢¥àå®áâ®© ®¡« áâ¨ ��� á®£« á® (19) ¨§ (36)¯®«ãç¨¬ �Z��ext ' 4�3Z0 �1� 49B1�> 0: (37)�® ¢ãâà¥¥©, ¯à¨¬ëª îé¥© ª ¯®¢¥àå®áâ¨ ���,®¡« áâ¨ �Z��in ' 8p2�9kZ0�3=2 �1� 49B1�6 0: (38)�¥à¥å®¤ ¢ à áç¥â å ®â ¯à®¨§¢®¤ëå ¯® dt ª ¯à®¨§-¢®¤ë¬ ¯® á®¡áâ¢¥®¬ã ¢à¥¬¥¨ d� = pB dt ¨«¨¯® ¨¢ à¨ âã ds= (m=E)B dt ¥ ¢®á¨â ¯à¨æ¨¯¨- «ìëå ¨§¬¥¥¨© ¢ ¯®«ãç¥ë¥ à¥§ã«ìâ âë.� à áá¬®âà¥®© ¤¨ ¬¨ç¥áª®© § ¤ ç¥  ç «ì®¥¯®«®¦¥¨¥ r1 ¯à®¡®© ç áâ¨æë á ã«¥¢®©  ç «ì®©áª®à®áâìî ¢ë¡¨à «®áì ¯à®¨§¢®«ì®. �á«¨ ¥£® á®¢-¬¥áâ¨âì á r0 , â. ¥. ¥á«¨ ®â¯ãáâ¨âì ç áâ¨æã á ¯®¢¥àå-®áâ¨ ���, â®, ¯®«®¦¨¢ ¢ (29), (30), (35) ¨ (37), (38)B1 =B0 ' 4=9 ,  ©¤¥¬_r��r0 = _Z��r0 = 0; �Z��r0 = 0; �r��r0 '�8p2r09Z20 < 0:(39)

�§ áà ¢¥¨ï (39) á (37) ¢¨¤®, çâ® à¥§ã«ìâ â (37)¢®§¨ª ¥â â®«ìª® â®£¤ , ª®£¤  ä¨§¨ç¥áª ï áª®à®áâìç áâ¨æë vp = � �1�B(m=E)2�1=2 = �[1 � B=B1]1=2  ¯®¢¥àå®áâ¨ ��� ®â«¨ç  ®â ã«ï. �¡à é¥¨¥¦¥   íâ®© ¯®¢¥àå®áâ¨ § ç¥¨ï _Z ¨§ (30) ¢ ã«ì®¡ï§ ® ª®íää¨æ¨¥âã A , ¢å®¤ïé¥¬ã ¢ ¬¥âà¨ç¥-áª¨© ª®íää¨æ¨¥â grr , ® ¥ ¢ g00 ! �â «® ¡ëâì,íää¥ªâ¨¢®¥ â®à¬®¦¥¨¥ ¯ ¤ îé¥© ç áâ¨æë ®¡ï§ -®  «¨ç¨î ã ¥¥ ¥ã«¥¢®© ä¨§¨ç¥áª®© áª®à®áâ¨,¨£à îé¥© £« ¢ãî à®«ì ¢ á« £ ¥¬®¬ (33), ¢¥¤ãé¥¬ª â®à¬®¦¥¨î, ¨  «¨ç¨î á¢ï§¨ ¬¥¦¤ã _Z ¨ grr .�ää¥ªâ¨¢®¥ â®à¬®¦¥¨¥ ®à£ ¨ç¥áª¨ ¯à¨áãé¥ à¥-«ïâ¨¢¨áâáª®© ¤¨ ¬¨ª¥ ç áâ¨æ. �¡ãá«®¢«¥® íâ® ¥-«¨¥©®áâìî äãªæ¨® «ì®© á¢ï§¨ ª®®à¤¨ â®©áª®à®áâ¨ ç áâ¨æë á ¥¥ ª ®¨ç¥áª¨¬ ª®¢ à¨ âë¬¨¬¯ã«ìá®¬. �®á«¥¤áâ¢¨ï íää¥ªâ¨¢®£® â®à¬®¦¥¨ï¡ã¤ãâ § ¢¨á¥âì, ¥áâ¥áâ¢¥®, ®â á¢®©áâ¢ ¯®«¥©, ¢ ª®-â®àëå ¤¢¨¦¥âáï ç áâ¨æ . � £à ¢¨â æ¨®®¬ ¯®«¥áâ â¨ç¥áª®£® áä¥à¨ç¥áª¨ á¨¬¬¥âà¨ç®£® ¨áâ®ç¨-ª  íâ¨ ¯®á«¥¤áâ¢¨ï ¡ë«¨ ®¯¨á ë ¢ëè¥. � ¨¬¬®¦® «¨èì ¤®¡ ¢¨âì, çâ® ¢ â ª®¬ ¯®«¥ ä¨§¨ç¥-áª ï áª®à®áâì vp � dl=d� ¨ ä¨§¨ç¥áª®¥ ãáª®à¥¨¥wp � d2l=d�2 ç áâ¨æë, £¤¥ dl ¨ d� ï¢«ïîâáï í«¥-¬¥â ¬¨ ä¨§¨ç¥áª®© ¤«¨ë ¨ á®¡áâ¢¥®£® ¢à¥¬¥¨,¨¬¥îâ § ç¥¨ïvp =��1� BB1�1=2 ;wp =�BpA2B1 @@Z lnB =� BB1 y+4�pZ2Zp1� 2y :�¨ ¢áî¤ã ®âà¨æ â¥«ìë,     £à ¨æ¥ ��� à ¢ëvp��r0 '��1� 49B1�1=2 ; wp��r0 '� 8p�9B1Z0 ;â. ¥. ®áâ ®¢ª  ç áâ¨æë ¨ ¥¥ ®âáª®ª ®â â¥«  ¥¢®§-¬®¦ë. �®á«¥ ¯à®¨ª®¢¥¨ï ç áâ¨æë ¢ãâàì ���§ ç¥¨¥ �s ,   § ç¨â, ¨ � ¢ (15) ®ç¥ì ¥§ ç¨-â¥«ì® ¨§¬¥¨âáï. �â® ¯à¨¢¥¤¥â ª áâ®«ì ¦¥ ¥§ ç¨-â¥«ì®¬ã ¨§¬¥¥¨î à¥è¥¨© ãà ¢¥¨ï (15), ®¯ïâì®¡¥á¯¥ç¨¢ îé¥¬ã ¢ë¯®«¥¨¥ ãá«®¢¨ï 2M 6 Z .�¨â¥à âãà 1. �®áªãâ®¢ �.�. // �¥áâ. �®áª. ã-â . �¨§. �áâà®. 1991.ò4. �. 49 (Moscow University Phys. Bull. 1991. N 4. P. 46).2. �®áªãâ®¢ �.�. // �¥áâ. �®áª. ã-â . �¨§. �áâà®. 2001.ò4. �. 29 (Moscow University Phys. Bull. 2001. N 4. P. 33).3. �®áªãâ®¢ �.�. // ���. 1996. 107, ò4. �. 329;Loskutov Yu.M. // Proc. VI Marcel Grossman Meeting onGen. Rel. Part B. Kyoto, Japan, 1991. P. 1658.4. �¥«ì¤®¢¨ç �.�. // ����. 1962. 42, ò2. �. 641.5. �®áªãâ®¢ �.�. // �¥áâ. �®áª. ã-â . �¨§. �áâà®. 2003.ò4. �. 19 (Moscow University Phys. Bull. 2003. N 4. P. 26).�®áâã¯¨«  ¢ p¥¤ ªæ¨î22.06.0512 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3


