
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò6 11��� 530.12: 531.51 ���������� �������� �� ����������������{���������.�. �à æ, �.�. �®áá¨å¨(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)E-mail: grats@string.phys.msu.su�áá«¥¤ã¥âáï £à ¢¨â æ¨®®¥ ¯®«¥ £«®¡ «ì®£® ¬®®¯®«ï ¢ ¬®¤¥«¨ �í¤ ««{�ã¤àã¬  á®¤¨¬ ¡¥áª®¥çë¬ ¤®¯®«¨â¥«ìë¬ ¨§¬¥à¥¨¥¬. �®ª § ®, çâ® ¢ ®â«¨ç¨¥ ®â £à ¢¨â æ¨®-®£® ¯®«ï á¢®¥£® ç¥âëà¥å¬¥à®£®   «®£ , ìîâ®®¢áª¨© ¯®â¥æ¨ «, ¯®¬¥é¥ë©   ¡à ã¬®®¯®«ï, ®â«¨ç¥ ®â ã«ï ¨ ¢¥¤¥â á¥¡ï ª ª r�1   ¬ «ëå ¨ ª ª ln (2kr)=r2   ¡®«ìè¨åà ááâ®ï¨ïå.�¢¥¤¥¨¥�¥©ç á è¨à®ª® à á¯à®áâà ¥® ¬¥¨¥, çâ® â¥®-à¨ï £à ¢¨â æ¨¨ �©èâ¥©  ï¢«ï¥âáï ¨§ª®í¥à£¥â¨-ç¥áª¨¬ ¯à¨¡«¨¦¥¨¥¬ ¥ª®â®à®© äã¤ ¬¥â «ì®©â¥®à¨¨, ª®â®à ï ä®à¬ã«¨àã¥âáï ¢ ¯à®áâà áâ¢¥-¢à¥-¬¥¨ á ç¨á«®¬ ¨§¬¥à¥¨© ¡®«ìè¥ ç¥âëà¥å.�® ¥¤ ¢¥£® ¢à¥¬¥¨ ¢ ª ç¥áâ¢¥ â ª¨å â¥®-à¨© à áá¬ âà¨¢ «¨áì â¥®à¨¨ â¨¯  � «ãæë{�«¥©  á¯« ª®¢áª¨¬ à §¬¥à®¬ ¤®¯®«¨â¥«ì®£® ¯à®áâà áâ-¢ , çâ® íää¥ªâ¨¢® ®¡¥á¯¥ç¨¢ «® à¥¤ãªæ¨î â¥®à¨¨ª ç¥âëà¥¬ ¨§¬¥à¥¨ï¬. �¤ ª® ¢ ¯®á«¥¤¥¥ ¢à¥¬ï¢á¥ ¡®«¥¥ ¯®¯ã«ïàë¬¨ áâ ®¢ïâáï ¬®¤¥«¨ ¬¨à   ¡à ¥ [1], â. ¥.   £¨¯¥à¯®¢¥àå®áâ¨ á âà¥¬ï ¯à®-áâà áâ¢¥ë¬¨ ¨ ®¤¨¬ ¢à¥¬¥ë¬ ¨§¬¥à¥¨ï¬¨,¢«®¦¥®© ¢ ¥ª®â®à®¥ ¬®£®¬¥à®¥ ¯à®áâà áâ¢®.� ª¨¬¨ ¬®¤¥«ï¬¨, ¢ ç áâ®áâ¨, ï¢«ïîâáï ¬®¤¥«¨�í¤ ««{�ã¤àã¬  á ¤¢ã¬ï (RS1) ¨ ®¤®© (RS2) ¡à - ¬¨ ¨ ®¤¨¬ ¤®¯®«¨â¥«ìë¬ ¯à®áâà áâ¢¥ë¬¨§¬¥à¥¨¥¬, ª®â®à®¥ ¬®¦¥â ¡ëâì ¡®«ìè¨¬, ¯®àï¤ª �í��1 [2], ¨«¨ ¤ ¦¥ ¡¥áª®¥çë¬ [3]. � â¥®à¨ïåíâ®£® â¨¯  ¯à¥¤¯®« £ ¥âáï, çâ® ®¡ëç®¥ ¢¥é¥áâ¢®«®ª «¨§®¢ ®   ¡à ¥, ¢ â® ¢à¥¬ï ª ª £à ¢¨â æ¨-®®¥ ¯®«¥ í¢®«îæ¨®¨àã¥â ¢® ¢á¥¬ ¬®£®¬¥à®¬äã¤ ¬¥â «ì®¬ ¯à®áâà áâ¢¥.� ®â«¨ç¨¥ ®â â¥®à¨© â¨¯  � «ãæë{�«¥© , £¤¥ä ªâ áãé¥áâ¢®¢ ¨ï ¤®¯®«¨â¥«ì®£® ¯à®áâà áâ¢ ¯à¨æ¨¯¨ «ì® ¥ ¬®¦¥â ¡ëâì ®¡ àã¦¥, ¡®«ìè®©à §¬¥à ¤®¯®«¨â¥«ìëå ¨§¬¥à¥¨© áâ ¢¨â ¢®¯à®á®¡ ¨å ¢®§¬®¦ëå  ¡«î¤ â¥«ìëå ¯à®ï¢«¥¨ïå. �ç áâ®áâ¨, ¡ë«® ¯®ª § ®, çâ® £à ¢¨â æ¨®®¥ ¯®«¥¯àï¬®«¨¥©®© ª®á¬¨ç¥áª®© áâàãë ¢ ¬®¤¥«¨ �í-¤ ««{�ã¤àã¬  á ®¤®© ¡à ®© § ¬¥â® ®â«¨ç ¥âáï®â ¯®«ãç¥®£® ¢ à ¬ª å áâ ¤ àâ®© ç¥âëà¥å¬¥à-®© â¥®à¨¨ [4] ¨ çâ® íâ® ¯à¨¢®¤¨â ª áãé¥áâ¢¥®¬ã¨§¬¥¥¨î á¯¥ªâà  ¢ ªãã¬ëå ä«ãªâã æ¨© ª¢ â®-¢ ®£® ¯®«ï ¢¡«¨§¨ áâàãë [5].�¨¦¥ ¬ë ¨áá«¥¤ã¥¬ £à ¢¨â æ¨®®¥ ¯®«¥ £«®-¡ «ì®£® ¬®®¯®«ï, ¢«®¦¥®£® ¢ ¬¨à �í¤ ««{�ã-¤àã¬  ¢â®à®£® â¨¯  (RS2). � è ¢ë¡®à ®¡ê¥ªâ  ¨á-á«¥¤®¢ ¨ï á¢ï§  á â¥¬, çâ® ¢¬¥áâ¥ á ª®á¬¨ç¥áª¨-¬¨ áâàã ¬¨ £«®¡ «ìë¥ ¬®®¯®«¨ ï¢«ïîâáï ¤¢ã¬ï

â¨¯ ¬¨ â®¯®«®£¨ç¥áª¨å ¤¥ä¥ªâ®¢, ¯à¥¤áâ ¢«ïîé¨å ¨¡®«ìè¨© ¨â¥à¥á á â®çª¨ §à¥¨ï ª®á¬®«®£¨¨.1. �«®¡ «ìë© ¬®®¯®«ì ¢ áâ ¤ àâ®©ª®á¬®«®£¨¨�«®¡ «ìë¥ ¬®®¯®«¨ ¢®§¨ª îâ ¯à¨ á¯®â ëå àãè¥¨ïå £«®¡ «ì®© SO(3) á¨¬¬¥âà¨¨. �à®áâ¥©-è¥© ¬®¤¥«ìî, ¯à¨¢®¤ïé¥© ª à¥è¥¨ï¬ íâ®£® â¨¯ ,ï¢«ï¥âáï âà¨¯«¥â áª «ïàëå ¯®«¥©, ®¯¨áë¢ ¥¬ë©« £à ¦¨ ®¬ ¢¨¤  [6]L= 12g��@��i@��i � �4 (�i�i � �2)2; i= 1; 2; 3:�®®â¢¥âáâ¢ãîé¥¥ íâ®© ¬®¤¥«¨ ¬®®¯®«ì®¥ à¥è¥¨¥®¡à é ¥âáï ¢ ®«ì ¢ æ¥âà¥ ¤¥ä¥ªâ ,     ¡®«ìè¨åà ááâ®ï¨ïå ®â ï¤à  ¢¥¤¥â á¥¡ï ª ª�i(x) = �xir ;£¤¥ � | í¥à£¥â¨ç¥áª¨© ¬ áèâ ¡ ä §®¢®£® ¯¥à¥å®¤ ,¯à¨ ª®â®à®¬ ®¡à §ã¥âáï ¤¥ä¥ªâ; r | à ááâ®ï¨¥ ®âæ¥âà  ¬®®¯®«ï. �à¨ íâ®¬ ¢ áä¥à¨ç¥áª¨å ª®®à¤¨ -â å ¥ à ¢ë¥ ã«î ª®¬¯®¥âë â¥§®à  í¥à£¨¨-¨¬-¯ã«ìá  ¬®®¯®«ï ¨¬¥îâ ¢¨¤T tt = T rr =��2r2 : (1)�ä¥à¨ç¥áª¨-á¨¬¬¥âà¨ç®¥ à á¯à¥¤¥«¥¨¥ ¬ â¥-à¨¨ (1) £¥¥à¨àã¥â £à ¢¨â æ¨®®¥ ¯®«¥, ª®â®à®¥®¯¨áë¢ ¥âáï ¬¥âà¨ª®© [6]ds2 =��2dt2 +��2dr2 + r2d
2; �2 = 1� 8�G4�2;(2)£¤¥ G4 | £à ¢¨â æ¨® ï ¯®áâ®ï ï.�à®áâà áâ¢®-¢à¥¬ï (2)  §ë¢ ¥âáï ¯à®áâà áâ-¢®¬-¢à¥¬¥¥¬ â®ç¥ç®£® £«®¡ «ì®£® ¬®®¯®«ï. �®á-«¥ § ¬¥ë t! �t; r! ��1r ¬¥âà¨ª  (2) ¯à¨¢®¤¨âáïª ¢¨¤ã ds2 =�dt2 + dr2 + �2r2d
2; (3)¨§ ª®â®à®£® á«¥¤ã¥â, çâ® ¥¤¨áâ¢¥ë¬ ¯ à ¬¥â-à®¬, ª®â®àë© å à ªâ¥à¨§ã¥â à áá¬ âà¨¢ ¥¬®¥ ¯à®-áâà áâ¢®-¢à¥¬ï, ï¢«ï¥âáï ¤¥ä¨æ¨â â¥«¥á®£® ã£« �
2 = 4�(1 � �2): � å®âï ìîâ®®¢áª¨© ¯®â¥-



12 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò6æ¨ « £«®¡ «ì®£® ¬®®¯®«ï à ¢¥ ã«î, ¯à®áâà -áâ¢®-¢à¥¬ï (3) ¥ ï¢«ï¥âáï «®ª «ì® ¯«®áª¨¬, ¨¬®®¯®«ì ®ª §ë¢ ¥â ¯à¨«¨¢®¥ ¢®§¤¥©áâ¢¨¥   ®ªàã-¦ îéãî ¬ â¥à¨î.2. �¨¥ à¨§®¢  ï £à ¢¨â æ¨ï¢ RS2 ¬®¤¥«¨�«¥¤ãï à ¡®â¥ [7], ¯à¨¢¥¤¥¬ ¥®¡å®¤¨¬ë¥ ¤«ï¤ «ì¥©è¥£® à¥§ã«ìâ âë, ª á îé¨¥áï «¨¥ à¨§®-¢ ®© £à ¢¨â æ¨¨ ¢ RS2 ¬®¤¥«¨ á ¬ â¥à¨¥©  ¡à ¥.�à¥¤áâ ¢¨¬ ¬¥âà¨ªã ¯à®áâà áâ¢ -¢à¥¬¥¨ ¢ ¢¨-¤¥ ds2 = ĝ��dx�dx� +2N�dx�dy+ (1 + �)dy2;£¤¥ ĝ�� = e�2kjyj (��� + h��) ;x� | ª®®à¤¨ âë   ¡à ¥ (�; �; : : : = 0; 1; 2; 3);ª®®à¤¨ â  y á®®â¢¥âáâ¢ã¥â ¤®¯®«¨â¥«ì®¬ã ¨§-¬¥à¥¨î, ĝ��(x; y) | ¬¥âà¨ª    ¢à¥¬¥¨¯®¤®¡®©£¨¯¥à¯®¢¥àå®áâ¨ y = const ,   k | å à ªâ¥àë©¯ à ¬¥âà ¬®¤¥«¨, ª®â®àë© á¢ï§  á ¯ïâ¨¬¥à®© ª®á-¬®«®£¨ç¥áª®© ¯®áâ®ï®© �5 = 6k ¨  âï¦¥¨¥¬¡à ë � = �12k ¨ ®¯à¥¤¥«ï¥â ¬ áèâ ¡ ¤«¨ë,  ª®â®à®¬ ¯à®ï¢«ïîâáï ¯®¯à ¢ª¨ ®â ¤®¯®«¨â¥«ì®£®¨§¬¥à¥¨ï ª ç¥âëà¥å¬¥à®© í©èâ¥©®¢áª®© â¥®à¨¨.�®¤®¡®¥ à áé¥¯«¥¨¥ ¯à®áâà áâ¢  RS2 ¬®¤¥«¨  ®¤®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® £¨¯¥à¯®¢¥àå®áâ¥©  «®£¨ç® à áé¥¯«¥¨î ¯à®áâà áâ¢ -¢à¥¬¥¨  ¯à®áâà áâ¢® ¨ ¢à¥¬ï, ¯à¨¬¥ï¥¬®¬ã ¢ ®¡é¥© â¥®à¨¨®â®á¨â¥«ì®áâ¨ [8].� «¨¥©®¬ ¯à¨¡«¨¦¥¨¨ h�� ; N� ¨ � à áá¬ â-à¨¢ îâáï ª ª ¬ «ë¥ ¢¥«¨ç¨ë ®¤®£® ¯®àï¤ª . � ª¯®ª § ® ¢ [7], ¯à¨  «®¦¥¨¨ £«®¡ «ìëå ª «¨¡à®-¢®çëå ãá«®¢¨©N� =�sgn y8k h;�; �=�sgn y4k h;y; ~h�� ;� = 0; (4)£¤¥ h = ���h�� ,   ~h�� � h�� � 14���h | ¡¥áá«¥¤®-¢ ï ç áâì h�� , ¡à   ®áâ ¥âáï § ä¨ªá¨à®¢ ®© ¢¯®«®¦¥¨¨ y = 0 ¯à¨ ¯à®¨§¢®«ì®¬ à á¯à¥¤¥«¥¨¨¬ â¥à¨¨   ¥¥ ¯®¢¥àå®áâ¨.� â®¬ ¦¥ ¯à¨¡«¨¦¥¨¨ ¢ ª ç¥áâ¢¥ â¥§®à í¥à£¨¨-¨¬¯ã«ìá , ª®â®àë© ¯®¤áâ ¢«ï¥âáï ¢ ¯à ¢ãîç áâì ¯ïâ¨¬¥àëå ãà ¢¥¨© �©èâ¥© , á«¥¤ã¥â¢§ïâìT �� =�3k4�p1� �ĝ���(y)+t���(y); T y� = T yy = 0:� íâ®¬ ¢ëà ¦¥¨¨ ¯¥à¢ë© ç«¥ á®®â¢¥âáâ¢ã¥â ¡à ¥,¢ â® ¢à¥¬ï ª ª ¢â®à®© | ¢®§¬ãé¥¨ï¬ ®â ¯®¬¥é¥-®©   ¡à ã ¬ â¥à¨¨.�à¨  «®¦¥¨¨ ª «¨¡à®¢®çëå ãá«®¢¨© (4) ãà ¢-¥¨ï ¤«ï ~h�� ¨ á«¥¤  h ¯à¨®¡à¥â îâ ¢¨¤@y �e�2kjyj@y~h���� 2k sgn ye�2kjyj@y~h�� +2~h�� ==�16�G5�(y) �t�� � 13 ���� � @�@�2 � t� ; (5)

2h���y=0 = 32�G5k3 t; (6)£¤¥ 2 � @�@� , G5 | ¯ïâ¨¬¥à ï £à ¢¨â æ¨® ï¯®áâ®ï ï,   t� ���t�� :�¥è¥¨¥ ãà ¢¥¨ï (5) ã¤®¡® ¨áª âì ¢ ¨¬¯ã«ìá-®¬ ¯à¥¤áâ ¢«¥¨¨. �®¦® ¯®ª § âì, çâ® ¯à¨ q2 > 0( á ¡ã¤¥â ¨â¥à¥á®¢ âì áâ â¨ç¥áª®¥ à á¯à¥¤¥«¥¨¥¬ â¥à¨¨)~h��(q; y) = 8�G5q �t�� � 13 ���� � q�q�q2 � t���e2kjyjK2 �ekjyjq=k�K1(q=k) ; (7)K� | äãªæ¨ï � ª¤® «ì¤ . �à¨ íâ®¬ ¤«ï á«¥¤ ¢®§¬ãé¥¨ï h ¢ á®®â¢¥âáâ¢¨¨ á (6) ¯®«ãç ¥¬h(q; y)���y=0 =�32�G5 k3 t(q)q2 : (8)�  ¯®¢¥àå®áâ¨ ¡à ë ¯à¨ y = 0 à¥è¥¨¥ (7) ¬®¦¥â¡ëâì à §¡¨â®   ¤¢  á« £ ¥¬ëå: ~h��(x; 0) = ~h0��(x)++ ~h1��(x) , £¤¥~h0��(x) = 16�G5k Z d4q(2�)4 eiqxW��(q)q2 ; (9)~h1��(x) = 8�G5 Z d4q(2�)4 eiqx K2(q=k)qK1(q=k)W��(q); (10)  â¥§®àW��(q) = t��(q)� 13 ���� � q�q�q2 � t(q):�â®¡ë ¯à®ïá¨âì á¬ëá« â ª®£® à §¡¨¥¨ï, § ¬¥â¨¬,çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ ¯à¨¡«¨¦¥¨¨ â¥§®à �©-èâ¥©    ¡à ¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥ ¢ ¢¨¤¥R̂�� � 12���R̂=�122~h�� � 14 (h;�� � ���2h) : (11)�®¤áâ ¢¨¢ ¢ (11) ä®à¬ã«ë ¤«ï ~h0�� (9) ¨ á«¥¤  h (8),¬®¦® ã¡¥¤¨âìáï, çâ® ¢ ¯à¥¤¥«¥ k ! 1 ¤ ë¥¢¥«¨ç¨ë ã¤®¢«¥â¢®àïîâ ç¥âëà¥å¬¥àë¬ «¨¥ à¨-§®¢ ë¬ ãà ¢¥¨ï¬ �©èâ¥©  c t�� ¢ ¯à ¢®©ç áâ¨ ¨ £à ¢¨â æ¨®®© ¯®áâ®ï®© G4 = G5k . �à¨íâ®¬ ~h1�� (10) áâà¥¬¨âáï ª ã«î. � ª¨¬ ®¡à §®¬, íâ ç áâì ¢®§¬ãé¥¨ï £à ¢¨â æ¨®®£® ¯®«ï ®¯à¥¤¥«ï¥â®â«¨ç¨¥ ¨¤ãæ¨à®¢ ®© ¬¥âà¨ª¨ ®â ¬¥âà¨ª¨, ª®â®-à ï á®§¤ ¢ « áì ¡ë â¥¬ ¦¥ à á¯à¥¤¥«¥¨¥¬ ¬ â¥à¨¨¢ ç¥âëà¥å¬¥à®© â¥®à¨¨.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò6 133. �«®¡ «ìë© ¬®®¯®«ì ¢ ¬¨à¥�í¤ ««{�ã¤àã¬ �®áª®«ìªã á®áâ ¢«ïîé¨¥ ¬®®¯®«ì ¯®«ï �â -¤ àâ®© ¬®¤¥«¨ «®ª «¨§®¢ ë   ¡à ¥, ¯à¨  -å®¦¤¥¨¨ ¥£® ¬¥âà¨ª¨ ¢ «¨¥©®¬ ¯à¨¡«¨¦¥¨¨ ¢ª ç¥áâ¢¥ â¥§®à  í¥à£¨¨-¨¬¯ã«ìá  á«¥¤ã¥â ¢§ïâì¢ëà ¦¥¨¥, ª®â®à®¥ íâ®â â¥§®à ¨¬¥¥â ¢ ¯à®áâà áâ-¢¥ �¨ª®¢áª®£® (1) ¨«¨ ¢ ¤¥ª àâ®¢ëå ª®®à¤¨ â å:t00 = �2R2 ; tik =��2xixkR4 ; R2 = xixi; i; k = 1; 2; 3:� à¥§ã«ìâ â¥ ¬®¦® ¯®ª § âì, çâ® £à ¢¨â æ¨®®¥¯®«¥ ¬®®¯®«ï   ¡à ¥ ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨ï¬¨(9), (10) ¨ (8), ¢ ª®â®àëå â¥§®à W��(q) ¨ á«¥¤ t(q)¨¬¥îâ ¢¨¤W��(q) = 2�2�33q �(q0)�3 3Xi=1 �i��i� � 2��� � q�q�q2 �;t(q) =�8�2�3q �(q0):�âáî¤  ¯à¨ y = 0 ¤«ï ~h00 ¨ ~hij (®áâ «ìë¥ª®¬¯®¥âë à ¢ë ã«î) ¨ á«¥¤  h ¯®«ãç ¥¬~h00(x) = 16G4�2�33k Z d3q(2�)3 eiqxq2 K2(q=k)K1(q=k) ;~hij(x) = 8G4�2�33k Z d3q(2�)3 eiqxq2 ��ij�qiqjq2 � K2(q=k)K1(q=k) ;h(x) = 8G4�2�33k Z d3q(2�)3 eiqxq3 :�¥à¥©¤¥¬ ª áä¥à¨ç¥áª¨¬ ª®®à¤¨ â ¬. � íâ®¬á«ãç ¥ ¢®§¬ãé¥¨ï ¬¥âà¨ª¨ ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢-«¥ë ¢ ¢¨¤¥h00(R) = 16G4�2�33k (I1 � 2kI0);hRR(R) = 8G4�2�33k (I1 +4kI0 + @R@RI2) ;h��(R) = 8G4�2�33k R2�I1 +4kI0 + 1R@RI2� ;h��(R; �) = 8G4�2�33k R2 sin2 ��I1 +4kI0 + 1R@RI2� ;£¤¥ ¢¢¥¤¥ë ®¡®§ ç¥¨ïI0(R) = 2(2�)2 1Z0 dqq sin(qR)qR ;I1(R) = 2(2�)2 1Z0 dq sin(qR)qR K2(q=k)K1(q=k) ;I2(R) = 2(2�)2 1Z0 dqq2 sin(qR)qR K2(q=k)K1(q=k) :

�¢¥¤¥¬ ®¢ãî à ¤¨ «ìãî ¯¥à¥¬¥ãî r , ª®â®-à ï, ª ª íâ® ¡ã¤¥â ¢¨¤® ¨§ ¯®«ãç¥®£® à¥§ã«ìâ â ,á®®â¢¥âáâ¢ã¥â ¨áâ¨®¬ã à ááâ®ï¨î ®â ï¤à  ¬®®-¯®«ï: �1 + 8G4�2�33k �I1 + 4kI0 + @RI2R ��R2 == [1� 8�G4�2(1 + f1(kr))]r2:� â¥à¬¨ å ®¢®© à ¤¨ «ì®© ª®®à¤¨ âë ¬¥âà¨ªã¬®®¯®«ï   ¡à ¥ ¬®¦® ¯à¨¢¥áâ¨ ª ¢¨¤ãdŝ2 =�dt2[1� 8�G4�2f2(kr)] + dr2 ++ [1� 8�G4�2(1 + f1(kr))]r2d
2; (12)£¤¥ äãªæ¨¨ f1 ¨ f2 ®¯à¥¤¥«ïîâáï á®®â®è¥¨ï¬¨@x[xf1(x)] = 16 1Z0 dq (sin(qx)� qx cos(qx))qx K0(q)K1(q) ;(13)á £à ¨çë¬ ãá«®¢¨¥¬ xf1(x)jx!1 = 0 ¨f2(x) = 13 1Z0 dq sin(qx)qx K0(q)K1(q) : (14)�¥âàã¤® ¯à®¢¥à¨âì, çâ® ¯à¨ k !1 ®¡¥ äãªæ¨¨®¡à é îâáï ¢ ã«ì ¨ ¬¥âà¨ª  ¯à¨®¡à¥â ¥â ¢¨¤, á®-®â¢¥âáâ¢ãîé¨© á«ãç î áâ ¤ àâ®© ç¥âëà¥å¬¥à®©â¥®à¨¨ (3).�§ ¢ëà ¦¥¨© (12), (13) ¨ (14) ¢¨¤®, çâ®  «¨ç¨¥¯ïâ®£® ¨§¬¥à¥¨ï ¨¤ãæ¨àã¥â ¨§¬¥¥¨¥ «®ª «ì®©£¥®¬¥âà¨¨ ¯à®áâà áâ¢ -¢à¥¬¥¨ ¬®®¯®«ï. �®¦®¯®ª § âì, çâ®   ¡®«ìè¨å ¯® áà ¢¥¨î á 1=k à á-áâ®ï¨ïå ®â ï¤à  ¬®®¯®«ïdŝ2 =�dt2 �1� 8�G4�23k2r2 ln(2kr)�+ dr2++ �1� 8�G4�2 �1� 16k2r2 (2 ln(2kr) + 1)�� r2d
2;¢ â® ¢à¥¬ï ª ª ¯à¨ r� 1=k ¯®«ãç ¥¬dŝ2 =�dt2 �1� 4�2G4�23kr �+ dr2 ++ �1� 8�G4�2�1 + � ln(kr)12kr �� r2d
2:� ª¨¬ ®¡à §®¬, ¢ ®â«¨ç¨¥ ®â á«ãç ï ç¥âëà¥å¨§¬¥à¥¨© £à ¢¨â æ¨®ë© ¯®â¥æ¨ « ¬®®¯®«ï  ¡à ¥ ¥ à ¢¥ ã«î ¨   ¡®«ìè¨å à ááâ®ï¨ïå¢¥¤¥â á¥¡ï ª ª ln(2kr)=r2 , ¢ â® ¢à¥¬ï ª ª   ¬ -«ëå ® ¯à®¯®àæ¨® «¥ 1=r . �á«¨ k�1 � 1 ¬¬ ¨¥á«¨, ª ª íâ® ¯à¥¤¯®« £ ¥âáï, ¬®®¯®«¨ ®¡à §®¢ -«¨áì ¯à¨ í¥à£¨ïå � 1016 �í�, â®   à ááâ®ï¨-ïå r � 1 ¯ àá¥ª £à ¢¨â æ¨®®¥ ãáª®à¥¨¥ ¡ã¤¥â¯®àï¤ª  10�42 á¬ c�2 . �®íâ®¬ã á ª®á¬®«®£¨ç¥áª®©â®çª¨ §à¥¨ï íâ®â íää¥ªâ ¢àï¤ «¨ ¯à¥¤áâ ¢«ï¥â ¨-â¥à¥á. � ¤àã£®© áâ®à®ë, ¨§¬¥¥¨¥ £à ¢¨â æ¨®®£®¬®®¯®«ï ¬®¦¥â § ¬¥â® ®âà §¨âìáï   ¯à®æ¥áá å,
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