
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò2 9âë, ¯à®ï¢¨¢è¨¥áï â ª¦¥ ¨ ¯à¨ ¤¨áá®æ¨ æ¨¨ ¬®«¥ªã-«ë Arg.� ªá¨¬ã¬ë á m=z = 18 , 31 ¨ 69 ¢ ¬ áá-á¯¥ªâà¥Arg{Arg ¬®¦­® ®¡êïá­¨âì ª ª à¥§ã«ìâ â äà £¬¥­â -æ¨¨ ¬®«¥ªã« ¯¥àä«î®à¨­  ¢ ¯®«¥, á®§¤ ¢ ¥¬®¬  â®-¬ ¬¨ ¤¢¨¦ãé¥©áï ¬®«¥ªã«ë Arg{Arg. �â¨¬ ¯¨ª ¬á®®â¢¥âáâ¢ãîâ äà £¬¥­âë F (18), CF (31), CF3 (69) |á¬. â ¡«. 2. �   ¡ « ¨ æ   2�¨¤ á¢ï§¨ �­¥à£¨ï ¤¨áá®æ¨ æ¨¨, í� �à £¬¥­â m=zC|F 2.2 F 19C|CF3 2.6 CF3 69�à¨¢¥¤¥­­ë¥ íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ [2] ¯®§-¢®«ïîâ â ª¦¥ ¯à® ­ «¨§¨à®¢ âì ¨§¬¥­¥­¨¥ ¢¥à®ïâ-­®áâ¨ à á¯ ¤  ¢ § ¢¨á¨¬®áâ¨ ®â áª®à®áâ¨ áª®«ì¦¥-­¨ï ¬®«¥ªã«ë.� ª ç¥áâ¢¥ ¯à¨¬¥à  ¡ë«  à ááç¨â ­  ®â­®á¨â¥«ì-­ ï ¢¥à®ïâ­®áâì ®¡à §®¢ ­¨ï äà £¬¥­â  á m=z = 44¯à¨ à á¯ ¤¥ ¯¥¯â¨¤®¢ Arg ¨ Arg{Arg. � ª á«¥¤ã-¥â ¨§ ¯à¨¢¥¤¥­­ëå íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå [2],¯à¨ ã¬¥­ìè¥­¨¨ áª®à®áâ¨ áª®«ì¦¥­¨ï ¬®«¥ªã« ®â1:95 � 106 ¤® 1:44 � 106 á¬/á ¢¥à®ïâ­®áâì ®¡à §®¢ ­¨ïíâ®£® äà £¬¥­â  ¢®§à áâ ¥â ¢¤¢®¥. �â®â à¥§ã«ìâ â¡ë« ¯®¤â¢¥à¦¤¥­ à áç¥â ¬¨ äã­ªæ¨¨ PKM (v) ¤«ïá«ãç ï ¢®§¡ã¦¤¥­¨ï k=30 íªá¨¬®«¥© ¢ £¨¤à®ª à-¡®­®¢®© æ¥¯¨ á Mr = 7 ¬®«¥ªã« ¯¥¯â¨¤®¢, áª®«ì-§ïé¨å ¢¤®«ì ¯®¢¥àå­®áâ¨ ¯¥àä«î®à¨­®¢®© ¯«¥­ª¨.�  à¨á. 4 ¯à¥¤áâ ¢«¥­  ªà¨¢ ï äã­ªæ¨¨ PKM (v) ,£¤¥ áâà¥«ª¨ ®â¬¥ç îâ íªá¯¥à¨¬¥­â «ì­ë¥ §­ ç¥­¨ïáª®à®áâ¨: v1 = 1:44 � 106 á¬/á ¨ v2 = 1:95 � 106 á¬/á.� ª á«¥¤ã¥â ¨§ à áç¥â , PKM (v1)=PKM (v2) �= 2 , çâ®å®à®è® á®£« áã¥âáï á íªá¯¥à¨¬¥­â®¬.

����������¨á. 4. �¥à®ïâ­®áâì ­ ª®¯«¥­¨ï 30 íªá¨¬®«¥© ¢ £¨¤à®-ª à¡®­®¢ëå ¯®¤áâàãªâãà å ¬®«¥ªã« Arg ¨ Arg{Arg ª ªäã­ªæ¨ï áª®à®áâ¨ áª®«ì¦¥­¨ï� ª¨¬ ®¡à §®¬, ¯à®¢¥¤¥­­ë© ­ ¬¨ íªá¯¥à¨¬¥­â ¨¥£®  ­ «¨§ ã¡¥¤¨â¥«ì­® á¢¨¤¥â¥«ìáâ¢ãîâ ® á¯à ¢¥¤-«¨¢®áâ¨ ¨  ¤¥ª¢ â­®áâ¨ ¯à¥¤« £ ¥¬®© â¥®à¥â¨ç¥áª®©¬®¤¥«¨ à¥§®­ ­á­®© äà £¬¥­â æ¨¨ ¯®«¨ â®¬­ëå ¬®-«¥ªã« ­  ¯®¢¥àå­®áâ¨ ®à£ ­¨ç¥áª¨å ¯«¥­®ª.�¨â¥à âãà 1. Schmidt L., Popova A.M., Komarov V.V., Jungclas H. //Z. Naturforsch. 1996. 51a. P. 1144.2. Jungclas H., Wieghaus A., Schmidt L., Popova A.M.,Komarov V.V. // J. Am. Soc. Mass Spectrom. 1999. 10.�. 471. �®áâã¯¨«  ¢ p¥¤ ªæ¨î19.09.01��� 530.12:531.51 ��������� ������� � ��������� � ������������{�������.�. �è¨àª®¢, �.�. � ¦¨­(ª ä¥¤à  ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)E-mail: mpshirkov@mail.ru�ëç¨á«¥­ ª®íää¨æ¨¥­â ª®­¢¥àá¨¨ ä®â®­®¢ ¢ £à ¢¨â®­ë ¢ ¯®áâ®ï­­®¬ ¬ £­¨â­®¬ ¯®«¥ ¢¯ïâ¨¬¥à­®© ¬®¤¥«¨ � «ãæë{�«¥©­ . �®ª § ­®, çâ®, ­¥á¬®âàï ­  ­ «¨ç¨¥ ¤®¯®«­¨â¥«ì­®£®¨§¬¥à¥­¨ï, ¢¨¤ ª®íää¨æ¨¥­â  ­¥ ¬¥­ï¥âáï ¯® áà ¢­¥­¨î á ç¥âëà¥å¬¥à­ë¬ á«ãç ¥¬.�¢¥¤¥­¨¥� ¤ ç  ¯à¥¢à é¥­¨ï ä®â®­®¢ ¢ £à ¢¨â®­ë ¨ ®¡-à â­® ¢ ¯à¨áãâáâ¢¨¨ ¯®áâ®ï­­®£® í«¥ªâà¨ç¥áª®£®¨ (¨«¨) ¬ £­¨â­®£® ¯®«¥© ­¥®¤­®ªà â­® à áá¬ âà¨-¢ « áì ¢ «¨â¥à âãà¥ [1, 2]. �¤­ ª® à áá¬®âà¥­¨¥¯à®¢®¤¨«®áì ¢ à ¬ª å áâ ­¤ àâ­®© ���. �¥§ã«ìâ âëà áç¥â®¢ ¯®ª § «¨, çâ® ¢ ­ áâ®ïé¥¥ ¢à¥¬ï íää¥ªâ
¢§ ¨¬®¯à¥¢à é¥­¨ï ä®â®­®¢ ¨ £à ¢¨â®­®¢ ­¥ ¬®¦¥â¡ëâì ¨á¯®«ì§®¢ ­ ¢ « ¡®à â®à­ëå ¨áá«¥¤®¢ ­¨ïå,­ ¯à¨¬¥à, ¢ íªá¯¥à¨¬¥­â¥ â¨¯  �¥àæ  ¯® £¥­¥à æ¨¨ ¨¤¥â¥ªâ¨à®¢ ­¨î £à ¢¨â æ¨®­­ëå ¢®«­. �à¥¡®¢ ­¨ïª íªá¯¥à¨¬¥­â «ì­®© ãáâ ­®¢ª¥ ï¢«ïîâáï ­¥¢ë¯®«-­¨¬ë¬¨ ¯à¨ á®¢à¥¬¥­­®© â¥å­®«®£¨¨ ä¨§¨ç¥áª®£®íªá¯¥à¨¬¥­â . �¥¬ ­¥ ¬¥­¥¥ ç áâ¨ç­® íâ¨ ¨¤¥¨ ¡ë«¨¨á¯®«ì§®¢ ­ë ¯à¨ à áç¥â å ®âª«¨ª  « §¥à­ëå ®¯â¨-



10 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò2ç¥áª¨å ¨­â¥àä¥à®¬¥âà®¢ ­  £à ¢¨â æ¨®­­®-¢®«­®¢®©á¨£­ « ª®á¬¨ç¥áª®£® ¯à®¨áå®¦¤¥­¨ï (LIGO [3{5]).� ¯®á«¥¤­¥¥ ¢à¥¬ï áâ «¨  ªâã «ì­ë¬¨ ­®¢ë¥ ¬®-¤¥«¨ ­ è¥© �á¥«¥­­®©, ¢ ª®â®àëå à áá¬ âà¨¢ ¥âáï¬®¤¨ä¨æ¨à®¢ ­­ ï â¥®à¨ï £à ¢¨â æ¨¨ | â¥®à¨ï ¢¯à®áâà ­áâ¢¥-¢à¥¬¥­¨ ¡®«¥¥ ç¥¬ ç¥âëà¥å ¨§¬¥à¥-­¨©. �â® â ª ­ §ë¢ ¥¬ë¥ ¬®¤¥«¨ � ­¤í««{�ã­¤àã¬ [6{10], ¢ ª®â®àëå ¯ïâ®¥ ¨§¬¥à¥­¨¥ ¬®¦¥â ¡ëâì ª ªª®¬¯ ªâ¨ä¨æ¨à®¢ ­­ë¬, â ª ¨ ¡¥áª®­¥ç­ë¬, ­® ¥£®ªà¨¢¨§­  ï¢«ï¥âáï ¬¨ªà®áª®¯¨ç¥áª®© ¢¥«¨ç¨­®©.�à¨ íâ®¬ ¬ ªà®áª®¯¨ç¥áª¨© à §¬¥à ­¥­ ¡«î¤ ¥¬¤«ï í­¥à£¨© í«¥¬¥­â à­ëå ç áâ¨æ, ­¥ ¯à¥¢ëè îé¨å1 �í�. �¤¨­áâ¢¥­­ ï ç áâ¨æ , ¤«ï ª®â®à®© íâ®âà §¬¥à ï¢«ï¥âáï ¬ ªà®áª®¯¨ç¥áª¨¬ ¨ ¬®¦¥â ¡ëâì¯à®¢¥à¥­ ¢ « ¡®à â®à¨¨ ¯à¨ ­¨§ª¨å í­¥à£¨ïå, |£à ¢¨â®­. � ª®­ £à ¢¨â æ¨¨ �ìîâ®­  ¨áª ¦ ¥âáï­  ¬ «ëå ¬ áèâ ¡ å, çâ® ¬®¦¥â ¡ëâì § ¬¥ç¥­® ¢íªá¯¥à¨¬¥­â å â¨¯  � ¢¥­¤¨è .�à¥¤áâ ¢«ïîâ ¨­â¥à¥á íªá¯¥à¨¬¥­âë ¤àã£®£® â¨-¯ , ¢ ª®â®àëå ãç áâ¢ãîâ ª ª £à ¢¨â®­ë, â ª ¨ä®â®­ë á ¤«¨­®© ¢®«­ë ¯®àï¤ª  ¨«¨ ¬¥­ìè¥ à ¤¨ãá ª®¬¯ ªâ¨ä¨ª æ¨¨. �«ï íâ®£® à áá¬®âà¨¬ ª®­¢¥àá¨îä®â®­®¢ ¢ £à ¢¨â®­ë ­  ä®­¥ ¯®áâ®ï­­®£® ¬ £­¨â-­®£® ¯®«ï ¢ â¥®à¨¨ � «ãæë{�«¥©­  ¨ ¢ëç¨á«¨¬®á­®¢­ë¥ å à ªâ¥à¨áâ¨ª¨ â ª®£® ¯à®æ¥áá , ¢ª«îç ïª®íää¨æ¨¥­â ª®­¢¥àá¨¨.1. �®­¢¥àá¨ï ä®â®­®¢ ¢ £à ¢¨â®­ë�«ï ­ ç «  ®¯¨è¥¬ ä®­®¢ãî ¬¥âà¨ªã ­ è¥©¬®¤¥«¨. � ®¡ëç­ë¬ ç¥âëà¥¬ ¨­ä¨­¨â­ë¬ ¨§¬¥à¥-­¨ï¬ ¤®¡ ¢«ï¥âáï ¯ïâ®¥, ª®¬¯ ªâ¨ä¨æ¨à®¢ ­­®¥, áà ¤¨ãá®¬ ª®¬¯ ªâ¨ä¨ª æ¨¨ R :ds2 = �ik dxidxk�R2 d�2; i; k = 0; : : : ; 3; 06 � < 2�;£¤¥ �ik | ¬¥âà¨ç¥áª¨© â¥­§®à ¯«®áª®£® ç¥âëà¥å-¬¥à­®£® ¯à®áâà ­áâ¢ , � | ¯ à ¬¥âà, ®¯à¥¤¥«ïîé¨©¤®¯®«­¨â¥«ì­®¥ ¨§¬¥à¥­¨¥.� áá¬®âà¨¬ á«¥¤ãîéãî á¨âã æ¨î: ç¥à¥§ ¯®áâ®-ï­­®¥ ¬ £­¨â­®¥ ¯®«¥ ¯à®å®¤¨â ¯«®áª ï í«¥ªâà®¬ £-­¨â­ ï ¢®«­ , ¯à¨ íâ®¬ ¨§«ãç îâáï £à ¢¨â æ¨®­­ë¥¢®«­ë ¨ ¯à®¨áå®¤¨â ¯à¥¢à é¥­¨¥ í«¥ªâà®¬ £­¨â­®©í­¥à£¨¨ ¢ £à ¢¨â æ¨®­­ãî. � ©¤¥¬ § ¢¨á¨¬®áâì ª®-íää¨æ¨¥­â  ¯à¥®¡à §®¢ ­¨ï ®â ç áâ®âë í«¥ªâà®¬ £-­¨â­®© ¢®«­ë.�ã¤¥¬ à áá¬ âà¨¢ âì ¯à®áâ¥©è¨© á«ãç ©, ª®£-¤  í«¥ªâà®¬ £­¨â­ ï ¢®«­  à á¯à®áâà ­ï¥âáï ¢¤®«ì®á¨ Ox ¨ ¨¬¥¥â â®«ìª® ¤¢¥ ­¥­ã«¥¢ë¥ ª®¬¯®­¥­âë¢¥ªâ®à­®£® ¯®â¥­æ¨ «  A2 , A3 :A(2;3) = a(2;3) exp(i!t� ikx+ i
�); (1)£¤¥ ! | ç áâ®â  í«¥ªâà®¬ £­¨â­®© ¢®«­ë, 
 |ª®¬¯®­¥­â  ¢®«­®¢®£® ¢¥ªâ®à  íâ®© ¢®«­ë, ¢®§­¨ª -îé ï ¨§-§  ¯à¨áãâáâ¢¨ï ¯ïâ®£® ¨§¬¥à¥­¨ï.�«ï í«¥ªâà®¬ £­¨â­®£® ¯®«ï, ®¯¨áë¢ ¥¬®£® ª®¬-¯®­¥­â ¬¨ ¢¥ªâ®à­®£® ¯®â¥­æ¨ «  (1), ¢ë¯®«­ï¥âáïãá«®¢¨¥ ª «¨¡à®¢ª¨ A�;� = 0 . �à®¬¥ â®£®, ¯®áª®«ìªãA2; A3 ï¢«ïîâáï à¥è¥­¨ï¬¨ ¯ïâ¨¬¥à­®£® ¢®«­®¢®£®

ãà ¢­¥­¨ï, â® á¯à ¢¥¤«¨¢® ¤¨á¯¥àá¨®­­®¥ á®®â­®-è¥­¨¥ !2 = k2 +
2:�ã¤¥¬ â ª¦¥ ¯®« £ âì, çâ® ¯®áâ®ï­­®¥ ¬ £­¨â­®¥¯®«¥ ¨¬¥¥â «¨èì ®¤­ã ª®¬¯®­¥­âã â¥­§®à  í«¥ªâà®-¬ £­¨â­®£® ¯®«ïF 12const =H0 +H1�:� ¢¨á¨¬®áâì ®â ¯ïâ®© ª®®à¤¨­ âë á á ¬®£® ­ -ç «  ¨áª«îç âì ­¥«ì§ï. �®áª®«ìªã â¥­§®à í«¥ªâà®-¬ £­¨â­®£® ¯®«ï ï¢«ï¥âáï ª¢ ¤à â¨ç­®© äã­ªæ¨¥©¯®â¥­æ¨ « , ¡ã¤¥¬ ¢ ¤ «ì­¥©è¥¬ à ¡®â âì â®«ìª® á¤¥©áâ¢¨â¥«ì­®© ç áâìî ª®¬¯®­¥­âë F .� ¯¨è¥¬ â¥­§®à í«¥ªâà®¬ £­¨â­®£® ¯®«ï ¤«ï ­ -è¥© á¨áâ¥¬ë:F = 266666664 0 0 �!F1 �!aF1 00 0 kF1 +H kaF1 0!F1 �(kF1 +H) 0 0 
F1!aF1 �kaF1 0 0 
aF10 0 �
F1 �
aF1 0
377777775 ;£¤¥ ¤«ï ª®¬¯ ªâ­®áâ¨ ¢¢¥¤¥­® ®¡®§­ ç¥­¨¥ F1 == a2 sin� ; H =H0 +H1� , �= !t� kx+
�:�ëç¨á«¨¬ â¥­§®à í­¥à£¨¨-¨¬¯ã«ìá  ¤«ï ¢ë¡à ­-­®© ¬®¤¥«¨. �®«ìè¨­áâ¢® ª®¬¯®­¥­â íâ®£® â¥­§®à ¯à¥¤áâ ¢«ïîâ á®¡®© áã¬¬ã ¯®áâ®ï­­®© á®áâ ¢«ïî-é¥© ¨ ç«¥­ , á®®â¢¥âáâ¢ãîé¥£® ã¤¢®¥­­®© ç áâ®â¥.�®  ¬¯«¨âã¤¥ ®­¨ §­ ç¨â¥«ì­® ãáâã¯ îâ ª®¬¯®­¥­-â ¬ á ç áâ®â®© ! : ¯¥à¢ë¥ ª¢ ¤à â¨ç­ë ¯® ¯®«ï¬¢®«­ë, ¢ â® ¢à¥¬ï ª ª ¢â®àë¥ «¨­¥©­ë (áç¨â ¥¬, çâ®¯®áâ®ï­­®¥ ¬ £­¨â­®¥ ¯®«¥ ¯®  ¬¯«¨âã¤¥ §­ ç¨â¥«ì-­® ¡®«ìè¥, ç¥¬ a2 ¨ a3 ).�ë¯¨è¥¬ ª®¬¯®­¥­âë íâ®£® â¥­§®à  ¢ «¨­¥©­®¬¯® ¯®«ï¬ ¢®«­ë ¯à¨¡«¨¦¥­¨¨:T 00 = T 11 = T 22 = 18�RkHa2 sin�;T 33 = T 44 =� 18�RkHa2 sin�;T 01 =� 18�RH!a2 sin�;T 14 =� 18�RH
a2 sin�;T 23 = 18�RkHa3 sin�;T 02 = T 03 = T 04 = T 12 = T 13 = T 24 = T 34 = 0:�¤¥áì ¬­®¦¨â¥«ì 2�R ¢ §­ ¬¥­ â¥«¥ ¯®ï¢«ï¥âáï¢ à¥§ã«ìâ â¥ ­®à¬¨à®¢ª¨ ¨­â¥£à «  ¤«ï ¤¥©áâ¢¨ïí«¥ªâà®¬ £­¨â­®£® ¯®«ï:S =� 132�2Rc Z FikF ik d
;£¤¥ d
= c dtdxdydzd� .�â¬¥â¨¬, çâ® ­¥¤¨ £®­ «ì­ë¥ ª®¬¯®­¥­âë â¥­§®-à  í­¥à£¨¨-¨¬¯ã«ìá , ¨¬¥îé¨¥ ¯ïâãî ª®¬¯®­¥­âã,



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò2 11­¥ à ¢­ë ­ã«î â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¢¥«¨ç¨­  
­¥ ­ã«¥¢ ï. �à¨ íâ®¬ ª®¬¯®­¥­â  T 44 ¨ á«¥¤ â¥­§®à í­¥à£¨¨-¨¬¯ã«ìá  ®â«¨ç­ë ®â ­ã«ï ¢á¥£¤ .�ë¯¨è¥¬ ¯ïâ¨¬¥à­ë¥ ãà ¢­¥­¨ï �©­èâ¥©­ :� �� = 16�G5c4 T �� ;� 00 =� 11 =� 22 = 2G5�Rc4kHa2 sin�;� 33 =� 44 =� 2G5�Rc4kHa2 sin�;� 01 =� 2G5�Rc4!Ha2 sin�;� 14 =� 2G5�Rc4
Ha2 sin�;� 23 = 2G5�Rc4kHa3 sin�;� 02 =� 03 =� 04 =� 12 =� 13 ==� 24 =� 34 = 0:�¤¥áì G5 | £à ¢¨â æ¨®­­ ï ª®­áâ ­â  ¢ ¯ïâ¨-¬¥à­®¬ ¯à®áâà ­áâ¢¥, á¢ï§ ­­ ï á ®¡ëç­®© ç¥âë-à¥å¬¥à­®© ª®­áâ ­â®© G ¯à®áâë¬ á®®â­®è¥­¨¥¬:G5 =GR .�¥¯¥àì à áá¬®âà¨¬ ¡®«¥¥ ¯à®áâ®© á«ãç ©, ª®£¤ H = H0; â. ¥. ¡ã¤¥¬ áç¨â âì, çâ® H1 = 0: �®¦­®§ ¯¨á âì ¢á¥ ãà ¢­¥­¨ï ¢ ®¡é¥¬ ¢¨¤¥, ®¯ãáª ï ¨­-¤¥ªáë: � =A sin(!t� kx+
�):�¥è¥­¨¥¬ íâ®£® ãà ¢­¥­¨ï ï¢«ï¥âáï äã­ªæ¨ï (t; x; �) = Ax2k cos(!t� kx+
�)�� A2k2 sinkx cos(!t+
�):�á­®¢­®© íää¥ªâ ¢ ª®­¢¥àá¨î ¤ ¥â ¯¥à¢ë©, à¥§®-­ ­á­ë© ç«¥­. �£®  ¬¯«¨âã¤  ¯à®¯®àæ¨®­ «ì­  ¯ã-â¨, ¯à®©¤¥­­®¬ã ä®â®­®¬ ¢ ¬ £­¨â­®¬ ¯®«¥. �â®àë¬ç«¥­®¬ ¬®¦­® ¯à¥­¥¡à¥çì, ¯®áª®«ìªã ®â­®è¥­¨¥ ¬¯«¨âã¤ ¢â®à®£® ç«¥­  ª ¯¥à¢®¬ã ¨¬¥¥â ¯®àï¤®ª�=x; £¤¥ x | «¨­¥©­ë© à §¬¥à ®¡« áâ¨ á¨«ì­®£®¬ £­¨â­®£® ¯®«ï.� ¨â®£¥ ¯®«ãç ¥¬ ¢ëà ¦¥­¨ï ¤«ï ¢®§¬ãé¥­¨©¬¥âà¨ª¨:  (t; x; �) = Ax2k cos(!t� kx+
�):� ©¤¥¬ ¯á¥¢¤®â¥­§®à í­¥à£¨¨-¨¬¯ã«ìá  ¤«ï ¢®§-¬ãé¥­­®£® £à ¢¨â æ¨®­­®£® ¯®«ï [11]. � áá¬®âà¨¬ª®¬¯®­¥­âã t01 ¨ ­ ©¤¥¬ ¯®â®ª £à ¢¨â æ¨®­­®©í­¥à£¨¨ ¢ ­ ¯à ¢«¥­¨¨ ®á¨ Ox :Igrav = Z t01 d�:

�«ï ­ å®¦¤¥­¨ï ­ ¡«î¤ ¥¬®£® ¯®â®ª  ­¥®¡å®¤¨-¬® ¯à®¨­â¥£à¨à®¢ âì ¯® ¢á¥¬ ¢®§¬®¦­ë¬ §­ ç¥­¨ï¬¯ïâ®© ª®®à¤¨­ âë. � ¨â®£¥ ¯®«ãç ¥¬t01 = G5H232�3R2c4 1k2 ��!x2 sin2 '(a2)2(k2!+2
2!+!2k+3
2k);Igrav = G5H216�2Rc4 1k2 ��!x2 sin2 '(a2)2(k2!+2
2!+ !2k+3
2k)¨«¨Igrav = GH216�2c4 1k2 ��!x2 sin2 '(a2)2(k2!+2
2!+ !2k+3
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