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2. �­¨á¨¬®¢  �.�., �¨«¥å¨­ �.�., �¯¥à ­áª ï �.�. // �¥áâ­.�®áª. ã­-â . �¨§. �áâà®­. 2001. ò2. �. 53.3. �­¨á¨¬®¢  �.�., � âå¥¥¢ �.�., �¯¥à ­áª ï �.�. // �§¢.�� ����, ���. 1987. 23, ò 9.4. �­¨á¨¬®¢  �.�., �¨«¥å¨­ �.�., �¯¥à ­áª ï �.�., � ­-¤¨­ �.�. �à®¯¨ç¥áª ï ¬¥â¥®à®«®£¨ï. �.: �¨¤à®¬¥â¥®¨§¤ â,1987. �. 97.5. �­¨á¨¬®¢  �.�., �¨ª®« ¥¢ �.�., �¯¥à ­áª ï �.�. // �à.2-© �á¥à®áá¨©áª. ª®­ä. <�¨§¨ç¥áª¨¥ ¯à®¡«¥¬ë íª®«®£¨¨>.�., 1999. �. 5. �. 45.6. �ã­¤¦ã  �.�., �­¤à¥¢ �.�. // ��� ����. 1980. 255, ò 4.�. 829.7. �¨«¥å¨­ �.�. �¨á. ... ª ­¤. ä¨§.-¬ â. ­ ãª. �. (���),1985.8. Shimada K. // Geophys. Mag. 1976. 37, No. 4. P. 335.9. � ¨­ �.�., �ãâëà¨­ �.�. �à®¯¨ç¥áª¨¥ æ¨ª«®­ë ¨ ¨å ¢§ -¨¬®¤¥©áâ¢¨¥ á ®ª¥ ­®¬. �.: �¨¤à®¬¥â¥®¨§¤ â, 1983.�®áâã¯¨«  ¢ p¥¤ ªæ¨î25.04.01������������� 524.3 �������������� ������� ����������� ������������ ������� ��������� ����������. �. �ãà¤¨­, �. �. �¥®ªâ¨áâ®¢(����)E-mail: surdin@sai.msu.ru�à¥¤«®¦¥­ £à ¢¨â æ¨®­­ë© ¬¥å ­¨§¬ ¯à¥®¡à §®¢ ­¨ï í­¥à£¨¨ à áè¨àïîé¥©áï ®¡®«®çª¨á¢¥àå­®¢®© §¢¥§¤ë ¢ í­¥à£¨î §¢¥§¤­®£® áª®¯«¥­¨ï. �à¥¤¯®« £ ¥âáï, çâ® ¤® ¯®«­®© ®áâ ­®¢ª¨à áè¨à¥­¨ï ®¡®«®çª  ­¥ ¢ëå®¤¨â §  ¯à¥¤¥«ë áª®¯«¥­¨ï,   ¯®á«¥ ®áâ ­®¢ª¨ ¥¥ ¢¥é¥áâ¢®á¬¥è¨¢ ¥âáï á ¬¥¦§¢¥§¤­®© áà¥¤®© áª®¯«¥­¨ï. � ª¨¬ ®¡à §®¬, £ § ­¥ ¯®ª¨¤ ¥â ¯à¥¤¥«®¢áª®¯«¥­¨ï, ­® ¯ã«ìá¨àãîé¨¥ ¢ ­¥¬ <¯ã§ëà¨> ª®­¢¥àâ¨àãîâ ç áâì í­¥à£¨¨ á¢¥àå­®¢ëå ¢¬¥å ­¨ç¥áªãî í­¥à£¨î §¢¥§¤. �®ª § ­®, çâ® ¢ ¯«®â­®¬ áª®¯«¥­¨¨, ¡®£ â®¬ £ §®¬ (­ ¯à¨¬¥à, ¢ï¤à¥ £ « ªâ¨ª¨), ¯à¨ ç áâëå ¢á¯ëèª å á¢¥àå­®¢ëå íâ®â ¬¥å ­¨§¬ ®¡¥á¯¥ç¨¢ ¥â §­ ç¨â¥«ì­ë©¯à¨â®ª ¬¥å ­¨ç¥áª®© í­¥à£¨¨ ¨ ¬®¦¥â § ¬¥â­® ¢«¨ïâì ­  í¢®«îæ¨î áª®¯«¥­¨ï ¢ æ¥«®¬.�¢¥¤¥­¨¥�á¯ëèª¨ á¢¥àå­®¢ëå §¢¥§¤ ¢ §¢¥§¤­ëå áª®¯«¥-­¨ïå, ¡®£ âëå £ §®¬, ¨­â¥à¥á­ë ¯à¥¦¤¥ ¢á¥£® á«®¦-­ë¬¨ íää¥ªâ ¬¨ ¢§ ¨¬®¤¥©áâ¢¨ï á¡à®è¥­­ëå ®¡®-«®ç¥ª á¢¥àå­®¢ëå á ®ªàã¦ îé¨¬ ¨å <¯®ª®ïé¨¬áï>£ §®¬. �à ¤¨æ¨®­­®¥ à áá¬®âà¥­¨¥ ¤¨­ ¬¨ç¥áª®£® á¯¥ªâ  íâ®£® ¢§ ¨¬®¤¥©áâ¢¨ï § ª«îç ¥âáï ¢ â®¬,çâ® ª¨­¥â¨ç¥áª®© í­¥à£¨¨, § ¯ á¥­­®© ¢ ®¡®«®çª¥á¢¥àå­®¢®© (� 1051 íà£), § ç áâãî ¤®áâ â®ç­® ¤«ïâ®£®, çâ®¡ë ¯à¥®¤®«¥âì £à ¢¨â æ¨®­­®¥ ¯®«¥ áª®¯-«¥­¨ï. �à¨ íâ®¬ ­  á¢®¥¬ ¯ãâ¨ ­ àã¦ã ®¡®«®çª <á£à¥¡ ¥â> £ § áª®¯«¥­¨ï ¨ <¢ë¬¥â ¥â> ¥£® ¯à®çì.� ®á« ¡«¥­­®¬ £à ¢¨â æ¨®­­®¬ ¯®«¥ áª®¯«¥­¨¥ à á-è¨àï¥âáï, â¥àï¥â ­ ¨¡®«¥¥ ¡ëáâàë¥ §¢¥§¤ë ¨ ¯à¨
®¯à¥¤¥«¥­­ëå ãá«®¢¨ïå ¬®¦¥â ¯®«­®áâìî à á¯ áâì-áï [1{4].�¤­ ª® áãé¥áâ¢ã¥â ¤® á¨å ¯®à ­¥ ¨áá«¥¤®¢ ­-­ ï ¢®§¬®¦­®áâì ¯à¥®¡à §®¢ ­¨ï í­¥à£¨¨ ®¡®«®çª¨á¢¥àå­®¢®© ¢ ¬¥å ­¨ç¥áªãî í­¥à£¨î áª®¯«¥­¨ï ¯à¨¯®«­®¬ á®åà ­¥­¨¨ ¢ ­¥¬ £ § .� áá¬®âà¨¬ ¯à®áâ¥©èãî ­¥¡¥á­®¬¥å ­¨ç¥áªãî§ ¤ çã ® ¤¢¨¦¥­¨¨ ¯à®¡­®© ç áâ¨æë ¢ £à ¢¨â æ¨®­-­®¬ ¯®«¥ ¬ áá¨¢­®£® â¥« . �á«¨ íâ® â¥«® ¢­¥§ ¯­®¨áç¥§­¥â ¢ ¬®¬¥­â, ª®£¤  ç áâ¨æ  ­ å®¤¨âáï ®â­¥£® ­  à ááâ®ï­¨¨ r1 , â® ç áâ¨æ  ¯à®¤®«¦¨â á¢®¥¤¢¨¦¥­¨¥ ¯® ¨­¥àæ¨¨ á ®à¡¨â «ì­®© áª®à®áâìî v .�á«¨ ¢ ­¥ª®â®àë© ¯®á«¥¤ãîé¨© ¬®¬¥­â â¥«® ¢­®¢ì¯®ï¢¨âáï ­  á¢®¥¬ ¬¥áâ¥, â® ç áâ¨æ , ¤¢¨£ ïáì áâ®© ¦¥ áª®à®áâìî, ®ª ¦¥âáï ®â ­¥£® ­  à ááâ®ï-



62 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò6­¨¨ r2 . �à¨ r2 > r1 á¨áâ¥¬  ¯à¨®¡à¥â¥â í­¥à£¨î;¯à¨ r2 < r1 ®­  ¥¥ ¯®â¥àï¥â.�á«¨ ¢­ ç «¥ ç áâ¨æ  ¤¢¨£ « áì ¯® í««¨¯â¨ç¥á-ª®© ®à¡¨â¥,   ¯à®¬¥¦ãâ®ª ¢à¥¬¥­¨ ¬¥¦¤ã ¨áç¥§­®-¢¥­¨¥¬ ¨ ¯®ï¢«¥­¨¥¬ æ¥­âà «ì­®£® â¥«  ¯à¥¢ëá¨«2a=va , £¤¥ a | ¡®«ìè ï ¯®«ã®áì ®à¡¨âë, va |áª®à®áâì ç áâ¨æë ¢  ¯®æ¥­âà¥, â® ¯à¨â®ª í­¥à£¨¨¢ á¨áâ¥¬ã ¡ã¤¥â § ¢¥¤®¬® ¯®«®¦¨â¥«ì­ë¬. �â®â¯à¨â®ª ®¡¥á¯¥ç¨¢ ¥âáï ¬¥å ­¨§¬®¬, ¯®áà¥¤áâ¢®¬ª®â®à®£® ¯à®¨áå®¤¨â ¯¥à¥¬¥é¥­¨¥ ¬ áá¨¢­®£® â¥« .�¯¨á ­­ ï á¨âã æ¨ï á«ã¦¨â £àã¡ë¬  ­ «®£®¬§ ¤ ç¨ ® à áè¨à¥­¨¨ ¨ ¯®á«¥¤ãîé¥¬ á¦ â¨¨ ®¡®-«®çª¨ á¢¥àå­®¢®© ¢ £à ¢¨â æ¨®­­®¬ ¯®«¥ §¢¥§¤­®£®áª®¯«¥­¨ï. �¨âã æ¨ï ¤¥¬®­áâà¨àã¥â ¯à¨­æ¨¯¨ «ì-­ãî ¢®§¬®¦­®áâì ¯à¥®¡à §®¢ ­¨ï í­¥à£¨¨ ¬ áá¨¢-­®© ¯ã«ìá¨àãîé¥© ®¡®«®çª¨ ¢ ¬¥å ­¨ç¥áªãî í­¥à-£¨î §¢¥§¤­®£® áª®¯«¥­¨ï. �¯¥à¢ë¥ íâ®â ¬¥å ­¨§¬¡ë« ¯à¥¤«®¦¥­ ¢ à ¡®â¥ [3] ¯à¨ ¨áá«¥¤®¢ ­¨¨ ä®à-¬¨à®¢ ­¨ï §¢¥§¤­ëå áª®¯«¥­¨©. �«ï à áá¬®âà¥­­®©â ¬ ª®­ªà¥â­®© § ¤ ç¨ ®æ¥­ª¨ ¯®ª § «¨ ®â­®á¨-â¥«ì­® ­¥¢ëá®ªãî íää¥ªâ¨¢­®áâì â ª®£® ¯à¥®¡à -§®¢ ­¨ï í­¥à£¨¨, ¯®íâ®¬ã à¥§ã«ìâ âë ­¥ ¡ë«¨ â®£¤ ®¯ã¡«¨ª®¢ ­ë. �¤­ ª® á¥©ç á, ç¥â¢¥àâì ¢¥ª  á¯ãáâï,­®¢ë¥ ­ ¡«î¤ â¥«ì­ë¥ ¤ ­­ë¥ ® ¯«®â­®áâ¨ £ § ¨ ç áâ®â¥ ¢á¯ëè¥ª á¢¥àå­®¢ëå ¢ ï¤à å £ « ªâ¨ª¯®ª §ë¢ îâ, çâ® ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¤¨­ ¬¨ç¥áª®©í¢®«îæ¨¨ £ « ªâ¨ç¥áª¨å ï¤¥à íâ®â ¬¥å ­¨§¬ ­¥®¡-å®¤¨¬® ãç¨âë¢ âì.1. �à ¢¨â æ¨®­­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ®¡®«®çª¨¨ §¢¥§¤�­ ç «¥ à áá¬®âà¨¬ á¨áâ¥¬ã ¡¥§ ¤¨áá¨¯ æ¨¨ ¬¥-å ­¨ç¥áª®© í­¥à£¨¨. �¯à¥¤¥«¨¬ ª®íää¨æ¨¥­â ¯à¥-®¡à §®¢ ­¨ï í­¥à£¨¨ ®¡®«®çª¨ á¢¥àå­®¢®© ¢ í­¥à-£¨î áª®¯«¥­¨ï (� ) ª ª ®â­®è¥­¨¥ í­¥à£¨¨, ¯¥à¥-¤ ­­®© §¢¥§¤ ¬, ª ¨áå®¤­®© í­¥à£¨¨ ®¡®«®çª¨ (E ).� á¨«ã ª®­á¥à¢ â¨¢­®áâ¨ á¨áâ¥¬ë ¨¬¥¥¬:� = A+ �A�E ;£¤¥ A+ | à ¡®â , á®¢¥àè¥­­ ï ®¡®«®çª®© ¯à®â¨¢á¨«ë £à ¢¨â æ¨¨ ¤® ¬®¬¥­â  ¥¥ ¬ ªá¨¬ «ì­®£®à áè¨à¥­¨ï, A� | à ¡®â  £à ¢¨â æ¨®­­®£® ¯®«ï,§ âà ç¥­­ ï ­  á¦ â¨¥ ®¡®«®çª¨.�«ï ®æ¥­ª¨ � ¨á¯®«ì§ã¥¬ ¯à®áâãî ¬®¤¥«ì:áª®¯«¥­¨¥ ¯à¥¤áâ ¢¨¬ ®¤­®à®¤­ë¬ è à®¬ à ¤¨ã-á  R á ¯®áâ®ï­­ë¬ ®â­®è¥­¨¥¬ ¯®«­®© ¬ ááë§¢¥§¤ (Ms ) ª ¯®«­®© ¬ áá¥ £ §  Mg ; ¯à¨ íâ®¬¯®«­ ï ¬ áá  áª®¯«¥­¨ï (M ) â ª¦¥ ¯®áâ®ï­­ :M = Ms + Mg . � ¨áå®¤­®¬ á®áâ®ï­¨¨ £ §®¢ ï ¨§¢¥§¤­ ï ª®¬¯®­¥­âë ¨¬¥îâ ®¤­®à®¤­ë¥ ¯«®â­®áâ¨:�s = 3Ms=(4�R3) ¨ �g = 3Mg=(4�R3) . �¨­¥â¨ç¥áª ïí­¥à£¨ï ­  ¥¤¨­¨æã ¬ ááë §¢¥§¤ ¨ £ §  ®¤¨­ ª®-¢  ¨ à ¢­  V 2=2 , £¤¥ V | áà¥¤­¥ª¢ ¤à â¨ç­ ïáª®à®áâì §¢¥§¤ ¢ áª®¯«¥­¨¨. � á¨«ã â¥®à¥¬ë ®¢¨à¨ «¥ ¢­ãâà¥­­ïï ª¨­¥â¨ç¥áª ï í­¥à£¨ï áª®¯«¥-­¨ï à ¢­  ¯® ¬®¤ã«î ¯®«®¢¨­¥ ¥£® £à ¢¨â æ¨®­­®©

í­¥à£¨¨: MV 2=2 = 3GM2=(10R) , ®âªã¤  ¯®«ãç ¥¬V =p0:6GM=R.�ãáâì ¢ æ¥­âà¥ áª®¯«¥­¨ï ¯à®¨áå®¤¨â ¢á¯ëèª á¢¥àå­®¢®©, â. ¥. áä¥à¨ç¥áª¨-á¨¬¬¥âà¨ç­ë© ¢ë¡à®á®¡®«®çª¨ á í­¥à£¨¥© E ¨ ­ ç «ì­®© ¬ áá®©, ­¥-§­ ç¨â¥«ì­®© ¯® áà ¢­¥­¨î á ¬ áá®© ®ªàã¦ îé¥£®£ § , ­ £à¥¡¥­­®£® ¥î ¢ å®¤¥ à áè¨à¥­¨ï. �ãáâì®¡®«®çª  à áè¨àï¥âáï ¤® ¬ ªá¨¬ «ì­®£® à ¤¨ãá Rm < R . �ç¥¢¨¤­®, çâ® íâ® ¯à¥¤¯®«®¦¥­¨¥ ­ -ª« ¤ë¢ ¥â ®¯à¥¤¥«¥­­®¥ âà¥¡®¢ ­¨¥ ­  ¯ à ¬¥âàëáª®¯«¥­¨ï ¨ í­¥à£¨î ®¡®«®çª¨: E < GMMg=R ;¡ã¤¥¬ áç¨â âì, çâ® ®­® ¢ë¯®«­¥­®. � ¡®â , á®¢¥à-è ¥¬ ï à áè¨àïîé¥©áï ®¡®«®çª®© ¯à®â¨¢ á¨«ë âï-£®â¥­¨ï, áª« ¤ë¢ ¥âáï ¨§ ¤¢ãå ª®¬¯®­¥­â: í­¥à£¨¨,§ âà ç¥­­®© ®¡®«®çª®© ­  ¯à¥®¤®«¥­¨¥ £à ¢¨â æ¨-®­­®£® ¯®«ï §¢¥§¤,A1 = RmZ0 GMsh(r)Ms(r)r2 dr= 16�245 G�s�gR5m¨ ¨§¬¥­¥­¨ï £à ¢¨â æ¨®­­®© í­¥à£¨¨ ®¡®«®çª¨ ¢á®¡áâ¢¥­­®¬ ¯®«¥A2 = RmZ0 RmZr GMsh(r)r1 dMsh(r)dr1== RmZ0 GM2sh(r)2r2 dr = 16�290 G�2gR5m;£¤¥ Msh ¨ Ms | â¥ªãé¨¥ ¬ ááë ®¡®«®ç-ª¨: Msh(r) = 4�r3�g=3 ¨ §¢¥§¤­®£® áª®¯«¥­¨ï:Ms(r) = 4�r3�s=3 . �®£¤  ¯®«­ ï à ¡®â  ®¡®«®çª¨ ª¬®¬¥­âã ¬ ªá¨¬ «ì­®£® à áè¨à¥­¨ï á®áâ ¢¨âA+ =A1 +A2 = 1690G�2�gR5m (2�s + �g) :�ç¨â ï, çâ® ¤àã£¨å ¯®â¥àì í­¥à£¨¨ ã ®¡®«®çª¨­¥â, ®¯à¥¤¥«¨¬ §­ ç¥­¨¥ Rm ¨§ ãá«®¢¨ï à ¢¥­áâ¢ ­ ç «ì­®© í­¥à£¨¨ ®¡®«®çª¨ ¨ á®¢¥àè¥­­®© ¥îà ¡®âë: Rm = � 90E16G�2�g (2�s+ �g)�1=5 : (1)�® á¨å ¯®à ¬ë ¯à¥¤¯®« £ «¨, çâ® à áè¨à¥­¨¥®¡®«®çª¨ ¯à®¨áå®¤¨â ¡ëáâà® ¨ à á¯à¥¤¥«¥­¨¥ §¢¥§¤§  íâ® ¢à¥¬ï ­¥ ¬¥­ï¥âáï. �® á ãå®¤®¬ £ §  ¨§áä¥àë à ¤¨ãá  Rm £à ¢¨â æ¨®­­ ï ¯®â¥­æ¨ «ì­ ïí­¥à£¨ï ­ å®¤ïé¨åáï ¢ ­¥© §¢¥§¤ ¯®¢ëè ¥âáï ¨¨å ¢¨à¨ «ì­®¥ à ¢­®¢¥á¨¥ ­ àãè ¥âáï: ¢á«¥¤ § £ §®¬ ¯®¤á¨áâ¥¬  §¢¥§¤, § ¯®«­ïîé¨å ®¡®«®çªã,â ª¦¥ áâà¥¬¨âáï à áè¨à¨âìáï. �®íâ®¬ã ¯«®â­®áâì§¢¥§¤ ¢ ¯®«®áâ¨ ®¡®«®çª¨ §  ¤¨­ ¬¨ç¥áª®¥ ¢à¥¬ï(tdyn = Rm=V ) ¯ ¤ ¥â ¤® ­¥ª®â®à®£® §­ ç¥­¨ï �0s0 .� íâ®£® ¬®¬¥­â , ¤«ï ª®â®à®£® ¯à¨¬¥¬ t = 0 , ­ ç¨-­ ¥âáï ®¡à â­®¥ ¯ ¤¥­¨¥ ®¡®«®çª¨ ¢ ¯®«®áâì, ¯à®-¨áå®¤ïé¥¥ ¢ ­¥áâ æ¨®­ à­®¬ £à ¢¨â æ¨®­­®¬ ¯®«¥.�§¬¥­¥­¨¥ ¯«®â­®áâ¨ §¢¥§¤ ¢ ¯®«®áâ¨ ®¯à¥¤¥«ï¥âáï¨å ¯®â®ª®¬ ç¥à¥§ ¯®¢¥àå­®áâì áä¥àë à ¤¨ãá  Rm :



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò6 63ddtMs(Rm) = dM+dt � dM�dt ; (2)£¤¥ dM+ = �s V2p3Sdt; dM� = �(�0s)dM+;S | ¯«®é ¤ì ¯®«®áâ¨, �0s | ¯«®â­®áâì ¬ ááë§¢¥§¤ ¢­ãâà¨ ¯®«®áâ¨. �«®â­®áâì ¬ ááë §¢¥§¤ ¢­¥¯®«®áâ¨ ¯à¥¤¯®« £ ¥âáï ¯®áâ®ï­­®© ¨ à ¢­®© ¯«®â-­®áâ¨ §¢¥§¤­®© á®áâ ¢«ïîé¥© <­¥¢®§¬ãé¥­­®£®>áª®¯«¥­¨ï. �ë¡®à ª®íää¨æ¨¥­â  �(�0s) ®¯à¥¤¥«ï¥â-áï ãá«®¢¨ï¬¨ ­®à¬¨à®¢ª¨ ¯®â®ª  §¢¥§¤ ­ àã¦ã. �ë¯à¨¬¥¬ �(�0s) = �0s=�s ¨ ¯®«ãç¨¬ ¨§ (2) ãà ¢­¥­¨¥¤«ï ¨§¬¥­¥­¨ï ¯«®â­®áâ¨ §¢¥§¤ ¢ ¯®«®áâ¨:d�0sdt = Vp32Rm (�s � �0s):�¥è¥­¨¥¬ íâ®£® ãà ¢­¥­¨ï ¡ã¤¥â�0s = �s + (�0s0� �s) expf�t=tefg;£¤¥ tef = 2Rm=(p3V ) . � ¤ «ì­¥©è¥¬ ¬ë ¡ã¤¥¬¯®« £ âì tef = tdyn .�«®â­®áâì §¢¥§¤ ¢­ãâà¨ ¯®«®áâ¨ ¢ ­ ç «¥ íâ ¯ á¦ â¨ï (�0s0 ) ¬®¦­® ®¯à¥¤¥«¨âì, áç¨â ï ¤¨­ ¬¨ç¥-áª®¥ ¯®¢¥¤¥­¨¥ ¯®¤áª®¯«¥­¨ï, ®£à ­¨ç¥­­®£® à §¬¥-à ¬¨ ¯®«®áâ¨, ­¥ § ¢¨áïé¨¬ ­  ¨­â¥à¢ « å ¢à¥¬¥­¨¯®àï¤ª  tdyn ®â ¤¨­ ¬¨ª¨ ®áâ «ì­®£® áª®¯«¥­¨ï.�®£¤  ­¥âàã¤­® ­ ©â¨ à ¤¨ãá à áè¨à¨¢è¥£®áï ¯®¤-áª®¯«¥­¨ï [3, 5]:R0 = Rm Ms(Rm)Ms(Rm)�Mg(Rm) = Rm �s�s� �g ;£¤¥ Mg(Rm) | ¬ áá  £ § , § ¯®«­ï¢è¥£® ¯®«®áâì ¤®à áè¨à¥­¨ï ®¡®«®çª¨. �«¥¤®¢ â¥«ì­®, §­ ç¥­¨¥ �0s0¢ á«ãç ¥ �g 6 �s á®áâ ¢¨â�0s0 = �s �1� �g�s�3 ; (3)  ¢ á«ãç ¥ �g > �s , ®ç¥¢¨¤­®, ¯®«ãç¨¬ �0s0 = 0 .� ­ áâ®ïé¥© à ¡®â¥ ¬ë ¢¯¥à¢ë¥ à áá¬ âà¨¢ ¥¬íää¥ªâ ¯ã«ìá æ¨¨ ¬¥¦§¢¥§¤­®© áà¥¤ë ¢ ¯à¥¤¥« å§¢¥§¤­®£® áª®¯«¥­¨ï á æ¥«ìî ¯®«ãç¨âì ¯à®áâãî  ­ -«¨â¨ç¥áªãî ®æ¥­ªã íää¥ªâ¨¢­®áâ¨ ¯à¥®¡à §®¢ ­¨ïí­¥à£¨¨ £ §®¢®£® ª®¬¯®­¥­â  ¢ í­¥à£¨î ¤¢¨¦¥­¨ï§¢¥§¤. �®íâ®¬ã ¢¯®«­¥ ®¯à ¢¤ ­­® á¢¥áâ¨ § ¤ çã® á¢®¡®¤­®¬ ¯ ¤¥­¨¨ £ §  ¢ ®¡« áâ¨ á ¯¥à¥¬¥­­®©¯«®â­®áâìî ¬ ááë ª § ¤ ç¥ ® ¯ ¤¥­¨¨ £ §  ¢ ®¡« áâ¨á ¯®áâ®ï­­®© ¯«®â­®áâìî, à ¢­®© áà¥¤­¥¬ã ¥¥ §­ -ç¥­¨î ¢ ¯à¥¤¥« å ®¡®«®çª¨ §  ¢à¥¬ï ¥¥ á¢®¡®¤­®£®¯ ¤¥­¨ï t� ; ®¡®§­ ç¨¬ ¥¥ ª ª h�0si� :h�0si� = 1t� t�Z0 �0s(t)dt== �s+ (�0s0� �s) tdynt� [1� expf�t�=tdyng] :�®áª®«ìªã ¢à¥¬ï á¢®¡®¤­®£® ¯ ¤¥­¨ï ¢ ¯®«®áâ¨¡«¨§ª® ª ¤¨­ ¬¨ç¥áª®¬ã ¢à¥¬¥­¨, ¯à¨¬¥¬ tdyn = t� .�®£¤  áà¥¤­ïï ¯«®â­®áâì ¢ ¯®«®áâ¨ á®áâ ¢¨â

h�0si� = �s + (�0s0� �s) �1� 1e� : (4)�«ï â®£® çâ®¡ë ®æ¥­¨âì ª®íää¨æ¨¥­â ¯à¥®¡à §®-¢ ­¨ï ª¨­¥â¨ç¥áª®© í­¥à£¨¨ ®¡®«®çª¨ ¢ í­¥à£¨îáª®¯«¥­¨ï, ¯à¨¬¥¬, çâ® ¯à®æ¥ááë à áè¨à¥­¨ï ¨á¦ â¨ï ®¡®«®çª¨ á¨¬¬¥âà¨ç­ë:8>><>>:A+ = 1690G�2�s�gR5m�2+ �g�s� ;A� = 1690G�2h�0si��gR5m�2 + �gh�0si�� :�®£¤ , ¯®« £ ï, çâ® ¢áï ­ ç «ì­ ï ª¨­¥â¨ç¥áª ïí­¥à£¨ï ®¡®«®çª¨ ¨¤¥â ­  ¯à¥®¤®«¥­¨¥ £à ¢¨â æ¨¨,¯®«ãç¨¬ ª®íää¨æ¨¥­â ¯à¥®¡à §®¢ ­¨ï í­¥à£¨¨:� = A+ �A�E = 1� A�A+ = 1� 2h�0si� + �g2�s+ �g : (5)�®¤áâ ¢«ïï ¢ ãà ¢­¥­¨¥ (5) ¢ëà ¦¥­¨¥ (4) ¤«ïáà¥¤­¥© ¯«®â­®áâ¨ ¢ ®¡à §®¢ ¢è¥©áï ¯®«®áâ¨, áãç¥â®¬ (3) ¯®«ãç ¥¬ ¯à¨ �g 6 �s :�0 = 0:63 3k� 3k2 + k31 + 0:5k ; (6)£¤¥ k � �g=�s . �à¨ �g > �s , ®ç¥¢¨¤­®, ¯®«ãç¨¬�0 = 0:63=(1 + 0:5k) (à¨áã­®ª). �­¤¥ªá 0 ã ª®íä-ä¨æ¨¥­â  ¯à¥®¡à §®¢ ­¨ï í­¥à£¨¨ ãª §ë¢ ¥â, çâ®ä®à¬ã«  (6) ¯®«ãç¥­  ¢ ¯à¥¤¯®«®¦¥­¨¨ ¯®«­®£®¯à¥®¡à §®¢ ­¨ï ª¨­¥â¨ç¥áª®© í­¥à£¨¨ ®¡®«®çª¨ ¢¥¥ ¯®â¥­æ¨ «ì­ãî í­¥à£¨î ¢ £à ¢¨â æ¨®­­®¬ ¯®-«¥ §¢¥§¤ ¨ £ § . �ç¥¢¨¤­®, íâ® ¤ ¥â § ¢ëè¥­­ãî®æ¥­ªã íää¥ªâ¨¢­®áâ¨ ¯à®æ¥áá , ¯®áª®«ìªã ç áâìí­¥à£¨¨ ®¡®«®çª¨, ¡¥§ãá«®¢­®, â¥à¬ «¨§ã¥âáï ¨ ¢ë-á¢¥ç¨¢ ¥âáï. �æ¥­¨¬ ¢ª« ¤ íâ®£® ¯à®æ¥áá .����������®íää¨æ¨¥­â ¯à¥®¡à §®¢ ­¨ï í­¥à£¨¨ ®¡®«®çª¨ á¢¥àå­®-¢®© ¢ í­¥à£¨î §¢¥§¤­®£® áª®¯«¥­¨ï ª ª äã­ªæ¨ï ®â­®á¨-â¥«ì­®© ¯«®â­®áâ¨ £ §  (�g=�s ): �0 | ¡¥§ ãç¥â  à ¤¨- æ¨®­­ëå ¯®â¥àì í­¥à£¨¨; � = "�0 | á ãç¥â®¬ ¯®â¥à¨í­¥à£¨¨ ®¡®«®çª¨ ­  ¨§«ãç¥­¨¥. �à¥¤¯®« £ ¥âáï, çâ® £ §­¥ ¯®ª¨¤ ¥â áª®¯«¥­¨¥



64 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò62. �ç¥â ¨§«ãç¥­¨ï ®¡®«®çª¨� áè¨à¥­¨¥ ®¡®«®çª¨ á¢¥àå­®¢®© ¢ ®¤­®à®¤­®©£ §®¢®© áà¥¤¥ ¡¥§ ãç¥â  £à ¢¨â æ¨¨ ­¥®¤­®ªà â­®à áá¬ âà¨¢ «®áì  ­ «¨â¨ç¥áª¨ ¨ ç¨á«¥­­® (á¬. [6]).�¥ í¢®«îæ¨î ¬®¦­® á¢¥áâ¨ ª âà¥¬ ¯®á«¥¤®¢ â¥«ì-­ë¬ áâ ¤¨ï¬.1. � §«¥â ®¡®«®çª¨ ¯à®¨áå®¤¨â á¢®¡®¤­®; ¥¥ ­ -ç «ì­ ï ¬ áá  ¯à¥¢ëè ¥â ¬ ááã á£à¥¡¥­­®£® ¬¥¦-§¢¥§¤­®£® £ § ; ¢áï í­¥à£¨ï ®¡®«®çª¨ § ª«îç¥­  ¢¥¥ ­ ç «ì­®© ª¨­¥â¨ç¥áª®© í­¥à£¨¨ Ekin , ª®â®à ïá®åà ­ï¥âáï.2. �®£¤  ¬ áá  á£à¥¡¥­­®£® £ §  ¢ ­¥áª®«ìª®à § ¯à¥¢ëá¨â ­ ç «ì­ãî ¬ ááã ®¡®«®çª¨, ¥¥ ª¨-­¥â¨ç¥áª ï í­¥à£¨ï ­ ç¨­ ¥â  ªâ¨¢­® ¯¥à¥å®¤¨âì¢ â¥¯«®¢ãî í­¥à£¨î á£à¥¡ ¥¬®£® £ § . � áè¨à¥­¨¥¯à®¤®«¦ ¥â ®áâ ¢ âìáï  ¤¨ ¡ â¨ç¥áª¨¬.3. �à¨ ¤®áâ¨¦¥­¨¨ â¥¬¯¥à âãàë � 5 � 105 K £ §­ ç¨­ ¥â ¨­â¥­á¨¢­® ¢ëá¢¥ç¨¢ âì â¥¯«®¢ãî í­¥à-£¨î. �¡à §ã¥âáï å®«®¤­ë© äà®­â ®¡®«®çª¨, §  ª®-â®àë¬ à §à¥¦¥­­ë© £®àïç¨© £ § ¯à®¤®«¦ ¥â à áè¨-àïâìáï  ¤¨ ¡ â¨ç¥áª¨. � à¥§ã«ìâ â¥ à ¤¨ æ¨®­­ëå¯®â¥àì ¯®á«¥ ®å« ¦¤¥­¨ï ®¡®«®çª¨ ª¨­¥â¨ç¥áª ïí­¥à£¨ï ®áâ âª  á¢¥àå­®¢®© á®áâ ¢«ï¥â " = 0.2{0.3®â ¥¥ ­ ç «ì­®© í­¥à£¨¨.� ¬®¬¥­â ¨­â¥­á¨¢­®£® ®å« ¦¤¥­¨ï ®¡®«®çª¨ ¥¥à ¤¨ãá á®áâ ¢«ï¥âRcool= 20 PK � E1051 \RG�0:3 � ng1 SM�3��0:4 ; (7)£¤¥ ng | ª®­æ¥­âà æ¨ï ¬¥¦§¢¥§¤­®£® £ § . �ç¥-¢¨¤­®, ¯à¨ Rm <Rcool ¤¨áá¨¯ â¨¢­ë¬¨ ¯à®æ¥áá ¬¨¬®¦­® ¯à¥­¥¡à¥çì ¨ ¨á¯®«ì§®¢ âì ¤«ï ª®íää¨æ¨-¥­â  ¯à¥®¡à §®¢ ­¨ï í­¥à£¨¨ ä®à¬ã«ã (6). � ¯à®-â¨¢­®¬ á«ãç ¥ §­ ç¥­¨¥ íâ®£® ª®íää¨æ¨¥­â  ¬®¦­®®æ¥­¨âì ª ª � � "�0 � 0:25�0 . �á«®¢¨¥¬ ¯¥à¥å®¤ ®â ¯¥à¢®£® §­ ç¥­¨ï ª® ¢â®à®¬ã á«ã¦¨â à ¢¥­áâ¢®Rm = Rcool . �¯à¥¤¥«¨¬, ª®£¤  ®­® ¢ë¯®«­ï¥âáï.�®à¬¨àã¥¬ ä®à¬ã«ã (1):Rm = 400 PK � E1051 \RG�0:2 � ng1 SM�3��0:4���1 + 2k��0:2 (8)¨ ¯®«ãç¨¬ ¨§ (7) ¨ (8) ®â­®è¥­¨¥RmRcool = 20� E1051 \RG��0:1�1+ 2k��0:2 : (9)� ª ¢¨¤¨¬, ãá«®¢¨¥ Rm = Rcool ¢ë¯®«­ï¥âáï ¯à¨k � 10�6 ¨ á®®â¢¥âáâ¢¥­­® ¯à¨ ª®íää¨æ¨¥­â¥ ¯à¥-®¡à §®¢ ­¨ï í­¥à£¨¨ �0 � 10�6 , ¨ ¯®íâ®¬ã ¯à®æ¥áá­¥ ¯à¥¤áâ ¢«ï¥â ¯à ªâ¨ç¥áª®£® ¨­â¥à¥á . �«¥¤®¢ -â¥«ì­®, ¤¨áá¨¯ â¨¢­ë¥ ¯à®æ¥ááë ¢ ­ è¥© § ¤ ç¥­¥®¡å®¤¨¬® ãç¨âë¢ âì (Rm >Rcool) ¨ à¥§ã«ìâ¨àãî-é¨© ª®íää¨æ¨¥­â ¯à¥®¡à §®¢ ­¨ï í­¥à£¨¨ á«¥¤ã¥â®æ¥­¨¢ âì ª ª

� = "�0 � 0:16 3k� 3k2+ k31 + 0:5k : (10)�âã ä®à¬ã«ã ¬®¦­® áç¨â âì ¢¯®«­¥ ¯à¨£®¤­®© ¤«ï áâà®ä¨§¨ç¥áª¨å ®æ¥­®ª.� ª«îç¥­¨¥� áá¬®âà¥­­ë© ­ ¬¨ ¯à®æ¥áá ¯à¥®¡à §®¢ ­¨ïª¨­¥â¨ç¥áª®© í­¥à£¨¨ à áè¨àïîé¥©áï ®¡®«®çª¨á¢¥àå­®¢®© ¢ í­¥à£¨î áª®¯«¥­¨ï ¢®§¬®¦¥­ â®«ìª®¢ ¤®áâ â®ç­® ¯«®â­ëå ¨ ¡®£ âëå £ §®¬ áª®¯«¥-­¨ïå, ¢ ª®â®àëå ¨­â¥­á¨¢­® ¯à®¨áå®¤ïâ ¢á¯ëèª¨á¢¥àå­®¢ëå. � ª¨¬¨ áª®¯«¥­¨ï¬¨ ï¢«ïîâáï ï¤à £ « ªâ¨ª, ª®â®àë¥ ®â¢¥ç îâ ¢á¥¬ ¯®áâ ¢«¥­­ë¬ãá«®¢¨ï¬. � ¦­ë¬ ¯à®æ¥áá®¬, ¯®áâ ¢«ïîé¨¬ £ §¢ ¯«®â­®¬ ï¤à¥, ¬®£ãâ ¡ëâì ¯àï¬ë¥ áâ®«ª­®¢¥-­¨ï §¢¥§¤ [7]. �®¬¨¬® ¢ë¡à®á  £ §  ¢ à¥§ã«ìâ â¥§¢¥§¤­ëå áâ®«ª­®¢¥­¨© ¬®£ãâ ä®à¬¨à®¢ âìáï á¢¥àå-¬ áá¨¢­ë¥ §¢¥§¤ë, ª®â®àë¥ § â¥¬ ¢§àë¢ îâáï ª ªá¢¥àå­®¢ë¥, çâ® ¤¥¬®­áâà¨àã¥â ä¥­®¬¥­  ªâ¨¢­®áâ¨ï¤à  [8, 9]. � ¯¥à¨®¤ ¯àï¬ëå áâ®«ª­®¢¥­¨© §¢¥§¤ï¤à® £ « ªâ¨ª¨ § ¯®«­¥­® ¡®«ìè¨¬ ª®«¨ç¥áâ¢®¬£ §  (k � 1) ¨ ¢ ­¥¬ ¯à®¨áå®¤ïâ ç áâë¥ ¢§àë-¢ë á¢¥àå­®¢ëå. � ª ¢¨¤­® ¨§ ä®à¬ã«ë (10), ¢íâ¨å ãá«®¢¨ïå � � 10% . �à¨ ã¤¥«ì­®© ¬®é­®áâ¨¢á¯ëè¥ª � 1050 íà£/M� íâ® ¯à¨¢®¤¨â ª ¯¥à¥¤ -ç¥ §¢¥§¤ ¬ ï¤à  £ « ªâ¨ª¨ ã¤¥«ì­®© ª¨­¥â¨ç¥áª®©í­¥à£¨¨, á®®â¢¥âáâ¢ãîé¥© áª®à®áâï¬ � 1000 ª¬/á.�¬¥­­® â ª¨¥ áª®à®áâ¨ §¢¥§¤ â¨¯¨ç­ë ¤«ï ï¤¥à ªâ¨¢­ëå (­ ¯à¨¬¥à, á¥©ä¥àâ®¢áª¨å) £ « ªâ¨ª [10].� ª¨¬ ®¡à §®¬, ­  ®¯à¥¤¥«¥­­®© áâ ¤¨¨ í¢®«îæ¨¨ï¤à  £ « ªâ¨ª¨ ¢á¯ëèª¨ á¢¥àå­®¢ëå ¢ à¥§ã«ìâ â¥®¯¨á ­­®£® ¢ëè¥ ¬¥å ­¨§¬  á¯®á®¡­ë ®¡¥á¯¥ç¨âì§ ¬¥â­ë© ¯à¨â®ª ¬¥å ­¨ç¥áª®© í­¥à£¨¨ ¨ â¥¬ á -¬ë¬ § ¬¥¤«¨âì â¥¬¯ ¥£® á¦ â¨ï ¨ ®¡à §®¢ ­¨ï ¢æ¥­âà «ì­®© ç áâ¨ ¬ áá¨¢­®© ç¥à­®© ¤ëàë.�¨â¥à âãà 1. Zwicky F. // Publ. Astron. Soc. Pacific. 1953. 65. P. 205.2. McCrea W.H. // Observatory. 1955. 75. P. 206.3. �ãà¤¨­ �.�. �¡ í¢®«îæ¨¨ è à®¢ëå áª®¯«¥­¨© ¨ ¯à®¨áå®¦-¤¥­¨¨ §¢¥§¤ £ «®: �¨¯«®¬­ ï à ¡®â . �. (ä¨§. ä ª. ���),1975.4. �ãâãª®¢ �.�. // � ­­¨¥ áâ ¤¨¨ í¢®«îæ¨¨ §¢¥§¤. �¨¥¢,1977. �. 128.5. Hills J. G. // Astrophys. J. 1980. 235. P. 986.6. �®§¨­áª ï �. �. �¢¥àå­®¢ë¥ §¢¥§¤ë ¨ §¢¥§¤­ë© ¢¥â¥à: ¢§ -¨¬®¤¥©áâ¢¨¥ á £ §®¬ £ « ªâ¨ª¨. �.: � ãª , 1986.7. Spitzer L. J., Saslaw W. C. // Astrophys. J. 1966. 143.P. 400.8. Colgate S. A. // Astrophys. J. 1967. 150. P. 163.9. Sanders R. H. // Astrophys. J. 1970. 167. P. 791.10. �¨¡ © �.�. // �áâà®­. ¦ãà­. 1984. 61. �. 417.�®áâã¯¨«  ¢ p¥¤ ªæ¨î10.01.01


