
�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 56 { 61��� 532.5:534.222.2�� ����������� ������� �����,������������ ��������������������� � ���������. �. �������, �. �. ��������­áâ¨âãâ ¨¬¯ã«ìá­ëå ¯à®æ¥áá®¢ ¨ â¥å­®«®£¨© ��� �ªà ¨­ë, �¨ª®« ¥¢�®«ãç¥­® 29.05.2000�®ª § ­®, çâ® ¯à¨ à¥è¥­¨¨ ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ á ¯®¤¢¨¦­ë¬¨ £à ­¨æ ¬¨ ¤«ï «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ïá«¥¤ã¥â ¢ ®¡é¥¬ á«ãç ¥ ¯®«ì§®¢ âìáï ¨­â¥£à «®¬ �®è¨ {� £à ­¦ , ãç¨âë¢ ï ¤¢¥ ª¢ ¤à â¨ç­ë¥ á®áâ ¢«ïîé¨¥.�à¨ ¬ «®© áª®à®áâ¨ à áè¨à¥­¨ï æ¨«¨­¤à¨ç¥áª®© ¯®«®áâ¨ ­ã«¥¢®£® ­ ç «ì­®£® à ¤¨ãá  ®á­®¢­®© á®áâ ¢«ïîé¥©ï¢«ï¥âáï ª¢ ¤à â áª®à®áâ¨. �à¨ ã¢¥«¨ç¥­¨¨ áª®à®áâ¨ à áè¨à¥­¨ï ¢®§à áâ ¥â ¢ª« ¤ ¢â®à®© á®áâ ¢«ïîé¥©. �«ï¯«®áª¨å ¢®«­ ¢­ ç «¥ à áè¨à¥­¨ï ¯®«®áâ¨ ­¥­ã«¥¢®£® ­ ç «ì­®£® à ¤¨ãá  ¨ ¢ ¤ «ì­¥© §®­¥ ¬®¦­® ¯®«ì§®¢ âìáï«¨­¥©­ë¬ ¨­â¥£à «®¬, â ª ª ª áã¬¬  ª¢ ¤à â¨ç­ëå á®áâ ¢«ïîé¨å à ¢­  ­ã«î.�®ª § ­®, é® ¯à¨ à®§¢'ï§ ­­÷ ¯®ç âª®¢®-ªà ©®¢®ù § ¤ ç÷ § àãå®¬¨¬¨ ¬¥¦ ¬¨ ¤«ï «÷­÷©­®£® å¢¨«ì®¢®£® à÷¢­ï­­ï¯®âà÷¡­® ¢ § £ «ì­®¬ã ¢¨¯ ¤ªã ª®à¨áâã¢ â¨áì ÷­â¥£à «®¬ �®è÷ {� £à ­¦ , ¢à å®¢ãîç¨ ¤¢÷ ª¢ ¤à â¨ç­÷ áª« ¤®¢÷.�à¨ ¬ «÷© è¢¨¤ª®áâ÷ à®§è¨à¥­­ï æ¨«÷­¤à¨ç­®ù ¯®à®¦­¨­¨ § ­ã«ì®¢¨¬ ¯®ç âª®¢¨¬ à ¤÷ãá®¬ ®á­®¢­®î áª« ¤®¢®î õª¢ ¤à â è¢¨¤ª®áâ÷. �à¨ §¡÷«ìè¥­­÷ è¢¨¤ª®áâ÷ à®§è¨à¥­­ï §à®áâ õ ¢­¥á®ª ¤àã£®ù áª« ¤®¢®ù. �«ï ¯«®áª¨å å¢¨«ì ­ ¯®ç âªã à®§è¨à¥­­ï ¯®à®¦­¨­¨ § ­¥­ã«ì®¢¨¬ ¯®ç âª®¢¨¬ à ¤÷ãá®¬ ÷ ¢ ¤ «ì­÷© §®­÷ ¬®¦­  ª®à¨áâã¢ â¨áì «÷­÷©­¨¬÷­â¥£à «®¬, ®áª÷«ìª¨ áã¬  ª¢ ¤à â¨ç­¨å áª« ¤®¢¨å ¤®à÷¢­îõ ­ã«î.It is shown that when solving an initial { boundary problem with moving boundaries for linear wave equation in thecommon case one should use the Cauchy{Lagrange integral taking into account the two quadratic components. At lowexpansion speed for a cylindrical cavity with zero initial radius the main component is the square of a speed. At increaseof the expansion speed for a cavity with non-zero initial radius and in far �eld it is possible to use a linear integral becausethe sum of quadratic components is equal to zero.���������à¨ ¯®¤¢®¤­®¬ ¢§àë¢¥ ®£à ­¨ç¥­­®© ¬®é­®áâ¨(í«¥ªâà®¢§àë¢, ®¯â¨ç¥áª¨© ¯à®¡®©) ¢ ¦¨¤ª®áâ¨®¡à §ã¥âáï ¯« §¬¥­­ ï ¨«¨ ¯ à®£ §®¢ ï ¯®«®áâì,¯à¨ à áè¨à¥­¨¨ ª®â®à®© £¥­¥à¨àã¥âáï ¢®«­  ¤ -¢«¥­¨ï. �®«ìè®¥ ¯à ªâ¨ç¥áª®¥ §­ ç¥­¨¥ ¨¬¥¥â ­ -å®¦¤¥­¨¥  ­ «¨â¨ç¥áª®© § ¢¨á¨¬®áâ¨ ¬¥¦¤ã ¯à®-ä¨«¥¬ ¢®«­ë ¨ ¢à¥¬¥­­ë¬ ¨§¬¥­¥­¨¥¬ à ¤¨ãá  ¯®-«®áâ¨. � ª¨¥ § ¢¨á¨¬®áâ¨ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë¢ à ¬ª å à¥è¥­¨ï «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï.�¥§ã«ìâ â, ¯®«ãç¥­­ë© ¨§ à¥è¥­¨ï á®®â¢¥âáâ¢ã-îé¥© ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨, ¬®¦¥â ¡ëâì ãâ®ç-­¥­ §  áç¥â ãç¥â  ­¥«¨­¥©­ëå á®áâ ¢«ïîé¨å ¢¨­â¥£à «¥ �®è¨ {� £à ­¦ , ®¤­ ª® ª®àà¥ªâ­®áâìâ ª®£® ¯®¤å®¤  âà¥¡ã¥â ¤®¯®«­¨â¥«ì­®£® ¨áá«¥¤®-¢ ­¨ï.� ª ¨§¢¥áâ­® [1], ¢ à ¬ª å ¬®¤¥«¨ ­¥á¦¨¬ ¥¬®©¨¤¥ «ì­®© ¦¨¤ª®áâ¨ ¯®â¥­æ¨ « áª®à®áâ¥© � ­ å®-¤¨âáï ¨§ à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¥© ªà ¥¢®© § ¤ -ç¨ ¤«ï ãà ¢­¥­¨ï � ¯« á ��=0;  ¤ ¢«¥­¨¥ ¢ ¦¨¤ª®áâ¨ ®¯à¥¤¥«ï¥âáï § â¥¬ â®ç­ë¬¨­â¥£à «®¬ �®è¨ {� £à ­¦ P = ��0� _� + 12(r�)2�; (1)

£¤¥ P { ¨§¡ëâ®ç­®¥ ¤ ¢«¥­¨¥; �0 { ¯«®â­®áâì ¦¨¤-ª®áâ¨; r { ®¯¥à â®à £à ¤¨¥­â ; t { ¢à¥¬ï. �®çª ¢¢¥àåã ®¡®§­ ç ¥â ç áâ­ãî ¯à®¨§¢®¤­ãî ¯® ¢à¥-¬¥­¨.� § ¤ ç å «¨­¥©­®©  ªãáâ¨ª¨ ¯®â¥­æ¨ « áª®à®-áâ¥© ­ å®¤¨âáï ¨§ ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ ¤«ï«¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï���C20 �� = 0;£¤¥ C20 { ­¥¢®§¬ãé¥­­ ï áª®à®áâì §¢ãª . �à ­¨ç-­®¥ ãá«®¢¨¥ § ¤ ¥âáï ­  ä¨ªá¨à®¢ ­­®¬ ¯®«®¦¥­¨¨¢®§¬ãé îé¥© £à ­¨æë. �§¡ëâ®ç­®¥ ¤ ¢«¥­¨¥ ­ -å®¤¨âáï ¨§ «¨­¥©­®£® ¢®«­®¢®£® ¨­â¥£à «  �®è¨ {� £à ­¦  [2] P = ��0 _�: (2)� [3] ¯®ª § ­®, çâ®, ¯® ªà ©­¥© ¬¥à¥, ¢ § ¤ -ç¥ ® à áè¨à¥­¨¨ ¢ «¨­¥©­®©  ªãáâ¨ç¥áª®© áà¥¤¥ áæ¨«¨­¤à  á ­ã«¥¢ë¬ §­ ç¥­¨¥¬ ­ ç «ì­®£® à ¤¨ã-á  ¢ ¨­â¥£à «¥ �®è¨ {� £à ­¦  á«¥¤ã¥â ã¤¥à¦¨-¢ âì ç«¥­ á ª¢ ¤à â®¬ áª®à®áâ¨, â ¥. ¯®«ì§®¢ âìáï¨­â¥£à «®¬ ¢¨¤  (1). � [4 {6] ¯®¤å®¤ [2] ¤«ï æ¨-«¨­¤à  à á¯à®áâà ­ï¥âáï ­  ¢á¥ ¢¨¤ë á¨¬¬¥âà¨¨¢®«­®¢®£® ¤¢¨¦¥­¨ï á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. �¤­ -ª® ¢ [3] ®â¬¥ç ¥âáï, çâ® ¢¡«¨§¨ ¯«®áª®£® ¯®àè­ï¯à¥­¥¡à¥£ âì á¦¨¬ ¥¬®áâìî ¢ ¨­â¥£à «¥ �®è¨ {� £à ­¦  ­¥«ì§ï. � [7, 8] à áè¨à¥­¨¥ ¯à¥¤¥«®¢56 c
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�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 56 { 61¯à¨¬¥­¨¬®áâ¨  ªãáâ¨ç¥áª®£® ¯à¨¡«¨¦¥­¨ï ¯à¥¤-« £ ¥âáï ¯à®¢¥áâ¨ §  áç¥â ãç¥â  ¤¢ãå ­¥«¨­¥©­ëåç«¥­®¢:P = ��0� _� + 12(r _�)2 � 12C20 (r _�)2�: (3)� ¦­®áâì ¢®¯à®á  ãç¥â  ­¥«¨­¥©­®áâ¥© ¢ ¨­â¥-£à «¥ �®è¨ {� £à ­¦  § ª«îç ¥âáï ¢ ­¥®¡å®¤¨-¬®áâ¨ ãâ®ç­¨âì à¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨ ¢ à ¬-ª å «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï. �¥è¥­¨¥ íâ®-£® ¢®¯à®á  «¥¦¨â ¢ ®¯à¥¤¥«¥­¨¨ £à ­¨æ ¯à¨¬¥­¨-¬®áâ¨ à §­®¢¨¤­®áâ¥© ¨­â¥£à «  (1) { (3). � ª¨¬®¡à §®¬, æ¥«ìî ¤ ­­®© à ¡®âë ï¢«ï¥âáï ®¯à¥¤¥«¥-­¨¥ ãá«®¢¨© ª®àà¥ªâ­®£® ¨á¯®«ì§®¢ ­¨ï â®£® ¨«¨¨­®£® ¢¨¤  ¨­â¥£à «  �®è¨ {� £à ­¦ .1. �������� ������ ���� ��� ���-������ ������®« £ ¥¬, çâ® ¤¢¨¦¥­¨¥ ¨¤¥ «ì­®© á¦¨¬ ¥¬®©¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï ãà ¢­¥­¨¥¬ ¤¢¨¦¥­¨ï �©-«¥à  ¢ ­¥¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â, ãà ¢­¥­¨-¥¬ á®áâ®ï­¨ï �¥â  ¨ ãà ¢­¥­¨¥¬ ­¥à §àë¢­®áâ¨.�¥à¢ë¥ ¤¢  ãà ¢­¥­¨ï § ¯¨è¥¬ ¢ ¢¨¤¥_v + v�v = �P� ; (4)P = A�� ��0�n�1�; (5)£¤¥ A, n { ¯®áâ®ï­­ë¥ ¢¥«¨ç¨­ë (¤«ï ¢®¤ëA=300 �� , n=7); v { áª®à®áâì ¦¨¤ª®áâ¨; èâà¨å¢¢¥àåã ®¡®§­ ç ¥â ç áâ­ãî ¯à®¨§¢®¤­ãî ¯® ¯à®-áâà ­áâ¢¥­­®© ª®®à¤¨­ â¥ r, ¢¢¥¤¥­­®© ¤«ï ®¯¨á -­¨ï ®¤­®¬¥à­®£® ¤¢¨¦¥­¨ï áà¥¤ë.�®« £ ¥¬ ¤¢¨¦¥­¨¥ ¦¨¤ª®áâ¨ ¯®â¥­æ¨ «ì­ë¬(v=@�=@r). �¢¥¤¥¬ ®¡é¥¯à¨­ïâ®¥ ®¡®§­ ç¥­¨¥h = �Z�0 dP� = �� _� + (��)22 �: (6)�ë¯®«­ïï ¢ (6) ¨­â¥£à¨à®¢ ­¨¥ á ãç¥â®¬ ¢ëà ¦¥-­¨ï (5), ¯®«ãç ¥¬�P = 1n��1 + (n � 1)�h�n=(n�1) � 1�; (7)£¤¥ �P =P=(�0C20); �h=h=C20 .�®« £ ï, çâ® �h�1, ¢ë¯®«­ï¥¬ à §«®¦¥­¨¥ ¯à -¢®© ç áâ¨ á®®â­®è¥­¨ï (7) ¢ àï¤ �¥©«®à :�P = �h+ 12�h2 � n� 16 �h3 + : : : (8)

�ëà ¦ ï ¢ àï¤¥ (8) ¢¥«¨ç¨­ã �h ç¥à¥§ ¯®â¥­æ¨ «áª®à®áâ¥©, ¯®«ãç ¥¬ á â®ç­®áâìî ¤® ª¢ ¤à â¨ç-­ëå ç«¥­®¢ �P = � _�C20 � (��)22C20 + ( _�)22C40 : (9)�¤®¡­® § ¯¨á âì ãà ¢­¥­¨¥ (9) ¢ ¡¥§à §¬¥à­®¬ ¢¨-¤¥ �P = �P1 + �P2 + �P3; (10)£¤¥ �P1 = � _�C20 ; (11)�P2 = � ��2C20 = � �v22 ; �v = vC0 ; (12)�P3 = ( _�)22C40 = �P 212 : (13)� ª¨¬ ®¡à §®¬, ¢ á ¬®¬ ®¡é¥¬ á«ãç ¥ ¯à¨ ãç¥â¥­¥«¨­¥©­®áâ¥© ¢ ¨­â¥£à «¥ �®è¨ {� £à ­¦  ­¥-®¡å®¤¨¬® ãç¨âë¢ âì ¤¢¥ á®áâ ¢«ïîé¨¥. � «¥¥ ¨á-á«¥¤ã¥¬ ¢ª« ¤ë ª ¦¤®© á®áâ ¢«ïîé¥© ¢ ¢ëà ¦¥-­¨ïå (9) { (13) ¤«ï à §«¨ç­ëå á«ãç ¥¢ ®¤­®¬¥à­®£®¤¢¨¦¥­¨ï áà¥¤ë, ¢ë§¢ ­­®£® à áè¨à¥­¨¥¬ ¯®«®-áâ¨ (¤¢¨¦¥­¨¥¬ ¯®àè­ï).2. ��������� ������� ����� ª ¨§¢¥áâ­® [2], ¢ á«ãç ¥ ãå®¤ïé¨å ¯«®áª¨å¢®«­ ¢ «¨­¥©­®¬ ¯à¨¡«¨¦¥­¨¨ á¯à ¢¥¤«¨¢® á®®â-­®è¥­¨¥ _� + C0�� = 0; (14)¨§ ª®â®à®£® á«¥¤ã¥â _�=�C0��. �á¯®«ì§ãï ¯®-«ãç¥­­ãî á¢ï§ì ¢ ¢¨¤¥ ¯®¤áâ ­®¢ª¨ ¢ ¢ëà ¦¥-­¨ï (10) { (13), ¯®«ãç ¥¬ á®®â­®è¥­¨ï ¤«ï á®áâ -¢«ïîé¨å ¤ ¢«¥­¨ï ¢ ¨­â¥£à «¥ �®è¨ {� £à ­¦ :�P1 = �v; �P2 = � �v22 ; �P3 = �v22 : (15)�§ á®®â­®è¥­¨© (15) á«¥¤ã¥â, çâ® �P = �P1. � ª¨¬®¡à §®¬, ¢ á«ãç ¥ ¯«®áª¨å ¢®«­ ¤«ï ®¯à¥¤¥«¥­¨ï¤ ¢«¥­¨ï ¬®¦­® ¯®«ì§®¢ âìáï ¨­â¥£à «®¬ ¢¨¤  (2)¨«¨ ¨­â¥£à «®¬ ¢¨¤  (3), ª®â®àë© ¢ ¤ ­­®¬ á«ãç ¥â®¦¤¥áâ¢¥­¥­ (2). �à¨¬¥­¥­¨¥ ¨­â¥£à «  ¢¨¤  (1),ª ª à¥ª®¬¥­¤ã¥âáï ¢ [4 { 6], â®«ìª® ã¢¥«¨ç¨¢ ¥â ¯®-£à¥è­®áâì.�¯à¥¤¥«¨¬, ª ª ¢«¨ï¥â ­  á®®â­®è¥­¨¥ ¬¥¦¤ãá®áâ ¢«ïîé¨¬¨ ¨­â¥£à «  ãç¥â ­¥«¨­¥©­®áâ¨ á -¬®£® ¢®«­®¢®£® ãà ¢­¥­¨ï. � ª ¨§¢¥áâ­® [9], ­¥«¨-­¥©­®¥ ¢®«­®¢®¥ ãà ¢­¥­¨¥, ®¯¨áë¢ îé¥¥ à á¯à®-áâà ­¥­¨¥ ¯à®áâ®© ¢®«­ë �¨¬ ­ , ¨¬¥¥â ¢¨¤_v + u(v)�v = 0; (16)�. �. �®¢ «¥¢, �. �. �®§¤¥¥¢ 57
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�¨á. 1. � ¢¨á¨¬®áâì ¤ ¢«¥­¨ï ­  ¯«®áª¨© ¯®àè¥­ì®â áª®à®áâ¨ ¥£® ¤¢¨¦¥­¨ï:1 { ­¥«¨­¥©­ë© ¨­â¥£à « ®¡é¥£® ¢¨¤ ,2 { à §«®¦¥­¨¥ á ãç¥â®¬ ¤¢ãå ç«¥­®¢ àï¤  (21),3 { à §«®¦¥­¨¥ á ãç¥â®¬ ®¤­®£® ç«¥­  àï¤  (21)£¤¥u(v)=C0�1 + n�12 �v+�v�=C0�1+ n+12 �v�: (17)�«¥¤ãï [10], ®â¬¥â¨¬, çâ® ¢â®à ï á®áâ ¢«ïîé ï¢ ¢ëà ¦¥­¨¨ (17) ®âà ¦ ¥â ­¥«¨­¥©­®áâì ãà ¢­¥-­¨ï á®áâ®ï­¨ï (2),   âà¥âìï { £¨¤à®¤¨­ ¬¨ç¥áªãî­¥«¨­¥©­®áâì ¢ ¨­â¥£à «¥ (1). �«ï ¦¨¤ª®áâ¨ ¡®«ì-è¨© ¢ª« ¤ ¤ ¥â ¢â®à ï á®áâ ¢«ïîé ï,   ¤«ï £ §  {­ ®¡®à®â.�§ ãà ¢­¥­¨ï (16) ­ ©¤¥¬ ¢®«­®¢®¥ ãà ¢­¥­¨¥,ª®â®à®¥ ã¤®¡­® ¤«ï áà ¢­¥­¨ï á «¨­¥©­ë¬ ãà ¢-­¥­¨¥¬ (14). �¥à¥å®¤ï ¢ (16) ª ¯®â¥­æ¨ «ã áª®à®-áâ¥©, ¯®á«¥ ¨­â¥£à¨à®¢ ­¨ï ¢á¥å ç«¥­®¢ ¯® ª®®à¤¨-­ â¥ r, ¯®«ãç ¥¬ ­¥«¨­¥©­®¥ ¢®«­®¢®¥ ãà ¢­¥­¨¥¤«ï ¯®â¥­æ¨ «ì­®£® â¥ç¥­¨ï, íª¢¨¢ «¥­â­®¥ ãà ¢-­¥­¨î (16): _� + u1(v)�� = 0; (18)£¤¥ u1(v) = C0�1 + n+ 14 �v�:�ç¨âë¢ ï, çâ® _�=C20= �P , ¨§ ¢ëà ¦¥­¨ï (18) ¯®«ã-

ç ¥¬ �P1 = �v + n+ 14 �v2:�P2 = � �v22 ;�P3 = �v22 + O(�v3): (19)� íâ®¬ á«ãç ¥ �P = �P1+O(�v3).�®¤¢®¤ï ¨â®£¨ ¯®«ãç¥­­ë¬ à¥§ã«ìâ â ¬ ¤«ï¯«®áª¨å ¢®«­, ®â¬¥â¨¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï¤«ï á®áâ ¢«ïîé¨å ¤ ¢«¥­¨ï ¢ ¨­â¥£à «¥ �®è¨ {� £à ­¦ : ¢ á«ãç ¥ «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥-­¨ï �P2 + �P3 = 0;�P = �P1 = �v;  ¢ á«ãç ¥ ­¥«¨­¥©­®£® {�P2 + �P3 = O(�v3);�P1 = �v + n+ 14 �v2:�âáî¤ , ¢ ç áâ­®áâ¨, ¢ëâ¥ª ¥â ãá«®¢¨¥ ¯à¨¬¥­¨-¬®áâ¨ «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï ¤«ï ¯«®áª¨å¢®«­: j�vj � 4n+ 1 :� ª¨¬ ®¡à §®¬, ¢ á«ãç ¥ ¯«®áª¨å ¢®«­ ¨ «¨­¥©-­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï ¬®¦­® ¯®«ì§®¢ âìáï «¨-­¥©­ë¬ ¨­â¥£à «®¬ (2). � áá¬®âà¨¬ ¯®¤à®¡­¥¥á«ãç ¨ ­¥«¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï ¤«ï ¯à®-áâëå ¢®«­ �¨¬ ­ . � ãç¥â®¬ (18) ­ ©¤¥¬ á«¥¤ãî-é¥¥ ¯à¥¤áâ ¢«¥­¨¥ ¤«ï ¢¥«¨ç¨­ë �h ¯® [6]:�h = �v + n� 14 �v2:�®¤áâ ¢¨¢ ¯®«ãç¥­­ãî § ¢¨á¨¬®áâì �h(�v) ¢ á®®â-­®è¥­¨¥ (7), ¯®«ãç¨¬ ¨§¢¥áâ­®¥ ¢ëà ¦¥­¨¥ ¤«ï¤ ¢«¥­¨ï [9]:�P = 1n��1 + n� 12 �v�2n=(n�1)�: (20)�à¨ �v<1 ¢®á¯®«ì§ã¥¬áï à §«®¦¥­¨¥¬ ¢ àï¤ �¥©«®-à  ¯à ¢®© ç áâ¨ á®®â­®è¥­¨ï (20) ¨ ¯®«ãç¨¬ á«¥-¤ãîé¥¥ ¢ëà ¦¥­¨¥ ¤«ï ¤ ¢«¥­¨ï:�P = �v+ n+ 14 �v2+ n + 112 �v3� (n� 1)(n� 3)16 �v4+ : : : ;ª®â®à®¥ ¤«ï ¢®¤ë (n=7) ¯à¨­¨¬ ¥â ¢¨¤�P = �v + 2�v2 + 32�v3 � 32�v4 + : : : (21)58 �. �. �®¢ «¥¢, �. �. �®§¤¥¥¢



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 56 { 61�  à¨á. 1 ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë à áç¥â  ¤ ¢«¥-­¨ï ­  ¯®àè¥­ì. �à¨¢ ï 1 á®®â¢¥âáâ¢ã¥â ä®à¬ã-«¥ (20), ªà¨¢ ï 2 { ä®à¬ã«¥ (21) ¯à¨ ¤¢ãå ç«¥­ åàï¤ , ªà¨¢ ï 3 { ¯® ä®à¬ã«¥ �P =�v. �à ä¨ª ­ -£«ï¤­® ¨««îáâà¨àã¥â ¯à¥¤¥«ë ¯à¨¬¥­¨¬®áâ¨ «¨-­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï ¨ â®â ä ªâ, çâ® ¨á-¯®«ì§®¢ ­¨¥ ¨­â¥£à «  ¢¨¤  (1) §¤¥áì ã¢¥«¨ç¨¢ ¥â¯®£à¥è­®áâì ¯® áà ¢­¥­¨î á ¯à¨¬¥­¥­¨¥¬ ¨­â¥-£à «  (2).3. ���������������������������� á«ãç ¥ £¥­¥à¨à®¢ ­¨ï ¢®«­ ¤ ¢«¥­¨ï à áè¨-àïîé¥©áï æ¨«¨­¤à¨ç¥áª®© (¨«¨ áä¥à¨ç¥áª®©) ¯®-«®áâìî á«¥¤ã¥â à áá¬®âà¥âì ­¥ª®â®àë¥ ¢ ¦­ë¥á«ãç ¨. � ¯¥à¢ãî ®ç¥à¥¤ì, íâ® à áè¨à¥­¨¥ ¯®-«®áâ¨ ­ã«¥¢®£® ­ ç «ì­®£® à ¤¨ãá  ¨ à áè¨à¥­¨¥¯®«®áâ¨ ¯à¨ ­¥­ã«¥¢®¬ §­ ç¥­¨¨ ­ ç «ì­®£® à ¤¨-ãá .�­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ ­ ç «ì­®-ªà ¥¢®© § ¤ -ç¨ ¤«ï «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï ¨ § ¤ -­¨ï £à ­¨ç­®£® ãá«®¢¨ï ­  â¥ªãé¥¬ ¯®«®¦¥­¨¨ ¯®-¤¢¨¦­®© £à ­¨æë ª®­â ªâ  ã¤®¡­® ¯®«ãç¨âì ¬¥-â®¤®¬ ­¥«¨­¥©­®£® ¯à¥®¡à §®¢ ­¨ï ¢à¥¬¥­¨ [11,12]. �®á¯®«ì§®¢ ¢è¨áì íâ¨¬ ¬¥â®¤®¬ ¨ ¯à¥¤-¯®«®¦¨¢, çâ® ¯à¨ à áè¨à¥­¨¨ æ¨«¨­¤à  ¯® § -ª®­ã R(t)=R0+v0t á¯à ¢¥¤«¨¢® �(r; t)=f(t0)r1=2,­ ©¤¥¬ ¯à¥¤áâ ¢«¥­¨ï ¤«ï ¯®«ï áª®à®áâ¨ ¨ ¤ ¢«¥-­¨ï [12]:�v(r; t) = 3M201 + 2M0�	�r �1=2���1 + 1�M03M0 	�(1+1=2M0)���1� 	�r �1� 	�r (1 �	1+1=2M0)���;�P (r; t) = 3M201 + 2M0�	�r �1=2���1 + 1�M03M0 	�(1+1=2M0)�; (22)£¤¥ t0 = t� r � R0C0 ; 	 = 1 + M0�t 01�M0 ;�r = rR0 ; �t 0 = C0t0R0 ; M0 = v0C0 :� ¤ «ì­¥© §®­¥ r�1 ¢ëà ¦¥­¨ï (22) ¯à¨­¨¬ îâ

¢¨¤ �v(r; t) = �P (r; t) = 3M201 + 2M0�	�r �1=2���1 + 1�M03M0 	�(1+1=2M0)�: (23)�à¨­¨¬ ï ¢ á®®â­®è¥­¨ïå (22) r=R0+v0t, ¯®-«ãç ¥¬ ¢ëà ¦¥­¨ï ¤«ï ¯ à ¬¥âà®¢ ­  ª®­â ªâ­®©£à ­¨æ¥:�vR(t) = M0;�PR(t) = 3M201 + 2M0���1 + 1�M03M0 (1 +M0�t)�(1+1=2M0)�: (24)�§ ¢ëà ¦¥­¨© (24) á«¥¤ã¥â, çâ® �PR(0)=M0 ¨�PR=3M20=(1+2M0) ¯à¨ �t� 1. �à¨­¨¬ ï ¢ á®®â-­®è¥­¨ïå (22) r=R0+C0t, ¯®«ãç ¥¬ ¢ëà ¦¥­¨ï¤«ï ¯ à ¬¥âà®¢ ­  äà®­â¥ ¢®«­ë:�vC(t) = �Pc(t) = M0(1 + �t)1=2 : (25)� á«ãç ¥ ­ã«¥¢®£® ­ ç «ì­®£® à ¤¨ãá  R0=0 ¨§á®®â­®è¥­¨© (22) ¯®«ãç ¥¬�v(r; t) = M201 + 2M0� M01 +M0 �1=2(�t� 1)1=2(�t+ 2);�P (r; t) = 3M201 + 2M0� M01 +M0 �1=2(�t� 1)1=2: (26)�à¨­¨¬ ï ¢ á®®â­®è¥­¨ïå (26) r=R(t)=v0t, ¯®-«ãç ¥¬ ¢ëà ¦¥­¨ï ¤«ï ¯ à ¬¥âà®¢ ­  ª®­â ªâ­®©£à ­¨æ¥ �vR(t) = M0;�PR(t) = 3M201 + 2M0 : (27)�à¨­¨¬ ï ¢ á®®â­®è¥­¨ïå (26) r=RC(t)=C0t, ¯®-«ãç ¥¬ ¯ à ¬¥âàë ­  äà®­â¥ ¢®«­ë: �vC= �PC=0¯à¨ «î¡ëå §­ ç¥­¨ïå t.�®àà¥ªâ­®áâì ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ (22) {(27) ¯®¤â¢¥à¦¤ ¥âáï á®¢¯ ¤¥­¨¥¬ à¥§ã«ìâ â®¢ ç¨-á«¥­­®£® áç¥â  ¯® ä®à¬ã«¥ (27) ¤«ï ¤ ¢«¥­¨ï ¨ áç¥-â  ¯® ä®à¬ã« ¬ â®ç­®£® à¥è¥­¨ï § ¤ ç¨ [13]�vR(t) = M0;�PR = M20(1�M20 )1=2 ln 1 + (1�M20 )1=2M0 : (28)�. �. �®¢ «¥¢, �. �. �®§¤¥¥¢ 59
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�¨á. 2. � ¢¨á¨¬®áâì ¤ ¢«¥­¨ï ­  æ¨«¨­¤à ­ã«¥¢®£®­ ç «ì­®£® à ¤¨ãá  ®â áª®à®áâ¨ ¥£® à áè¨à¥­¨ï:1 { â®ç­®¥ à¥è¥­¨¥ «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï (28),2 {  ¢â®¬®¤¥«ì­®¥ à¥è¥­¨¥ (29),3 { ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ (27),4 { ¬®¤¥«ì â®ç¥ç­®£® ¨áâ®ç­¨ª  (30)�¥§ã«ìâ âë â ª®£® áà ¢­¥­¨ï ¯à¨¢¥¤¥­ë­  à¨á. 2, £¤¥, ªà®¬¥ â®£®, ¯®ª § ­ë à¥§ã«ìâ -âë à áç¥â  ¯® â®ç­®¬ã à¥è¥­¨î ­¥«¨­¥©­®© ¢â®¬®¤¥«ì­®© § ¤ ç¨ [14]�PR = 1:36M1:710 (29)¨ ¬®¤¥«¨ â®ç¥ç­®£® ¨áâ®ç­¨ª  [3]�PR = M20 ln 2M0 : (30)�à¨¢ë¥ 1, 3 á®®â¢¥âáâ¢ãîâ ä®à¬ã« ¬ (28), (27).�à¨¢ ï 2 { ä®à¬ã«¥ (29),   ªà¨¢ ï 4 { ä®à¬ã-«¥ (30). �â­®á¨â¥«ì­ ï áª®à®áâì M0 ¨§¬¥­ï¥âáï ¢¯à¥¤¥« å 0�0:6. �«¥¤ã¥â ­ ¯®¬­¨âì, çâ® ¢¥àå­¨¬¯à¥¤¥«®¬ ¯à¨¬¥­¨¬®áâ¨ «¨­¥©­®©  ªãáâ¨ª¨ ï¢«ï-¥âáï ¢¥«¨ç¨­  M lim0 =1=n (¤«ï ¢®¤ë M lim0 �0:14).�¤­ ª®, ª ª ¢¨¤­® ¨§ à¨á. 2, å®à®è¥¥ á®¢¯ ¤¥-­¨¥ à¥§ã«ìâ â®¢ à¥è¥­¨© ¤«ï «¨­¥©­®£® ¢®«­®¢®£®ãà ¢­¥­¨ï á ãç¥â®¬ ¯®¤¢¨¦­®áâ¨ £à ­¨æë ­ ¡«î-¤ ¥âáï ¤®M0�0:55,   ¤«ï ¬®¤¥«¨ â®ç¥ç­®£® ¨áâ®ç-­¨ª  { ¤® M0�0:4. �â® £®¢®à¨â ® ¬ «®¬ ¢«¨ï­¨¨­¥«¨­¥©­®áâ¨ ãà ¢­¥­¨© ¢ ¡«¨¦ ©è¥© §®­¥ à áè¨-àïîé¥£®áï æ¨«¨­¤à  ¢ á«ãç ¥ ­ã«¥¢®£® ­ ç «ì­®£®à ¤¨ãá .�  à¨á. 3 ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë à áç¥â  ¤«ï ¬ -«ëå ç¨á¥« M0. � íâ®© ®¡« áâ¨ ¨§¬¥­¥­¨ï M0 ¯à¨-¡«¨¦¥­­®¥ à¥è¥­¨¥ (27) ¤ ¥â «ãçè¥¥ á®¢¯ ¤¥­¨¥ áâ®ç­ë¬ ­¥«¨­¥©­ë¬ à¥è¥­¨¥¬ (29).�¥§ã«ìâ â â®ç­®£® à¥è¥­¨ï ­ ç «ì­®-ªà ¥¢®©§ ¤ ç¨ á ¯®¤¢¨¦­®© £à ­¨æ¥© ¤«ï «¨­¥©­®£® ¢®«-­®¢®£® ãà ¢­¥­¨ï ¬®¦­® ã«ãçè¨âì, ¨á¯®«ì§ãï ¨­-

�¨á. 3. � ¢¨á¨¬®áâì ¤ ¢«¥­¨ï ­  æ¨«¨­¤à ­ã«¥¢®£®­ ç «ì­®£® à ¤¨ãá  ®â áª®à®áâ¨ ¥£® à áè¨à¥­¨ï¯à¨ ¬ «ëå ç¨á« å M0:1 { â®ç­®¥ à¥è¥­¨¥ «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï (28),2 {  ¢â®¬®¤¥«ì­®¥ à¥è¥­¨¥ (29),3 { ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ (27)
�¨á. 4. �«¨ï­¨¥ ãç¥â  ­¥«¨­¥©­ëå ç«¥­®¢¢ ¨­â¥£à «¥ �®è¨{� £à ­¦  ­  â®ç­®áâì à¥è¥­¨ï:1 { â®ç­®¥ à¥è¥­¨¥ «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï (28),2 {  ¢â®¬®¤¥«ì­®¥ à¥è¥­¨¥ (29),3 { ãç¥â ¤¢ãå ­¥«¨­¥©­ëå ç«¥­®¢¢ ¨­â¥£à «¥ �®è¨ {� £à ­¦  ¤«ï (29),4 { ãç¥â ª¢ ¤à â¨ç­®© á®áâ ¢«ïîé¥© ¤«ï áª®à®áâ¨ ¢ (29)â¥£à «ë ¢¨¤  (1) ¨«¨ (3). �  à¨á. 4 ¯à¨¢¥¤¥­ë à¥-§ã«ìâ âë à áç¥â  ¯® íâ¨¬ ¢¨¤ ¬ ¨­â¥£à « : ªà¨-¢ ï 3 á®®â¢¥âáâ¢ã¥â ¨­â¥£à «ã (3),   ªà¨¢ ï 4 {¨­â¥£à «ã ¢¨¤  (1). �ãçè¨¥ à¥§ã«ìâ âë ¤ ¥â ¯à¨-¬¥­¥­¨¥ ¨­â¥£à «  ¢¨¤  (3).� á«ãç ¥ ¤«ï à¥è¥­¨ï æ¨«¨­¤à  ­¥­ã«¥¢®£® ­ -ç «ì­®£® à ¤¨ãá  ¢¡«¨§¨ £à ­¨æë ¯à¨ ¬ «ëå §­ -ç¥­¨ïå ¢à¥¬¥­¨ ¨¬¥¥â ¬¥áâ® ¯«®áª®¥ â¥ç¥­¨¥,¨ §¤¥áì á«¥¤ã¥â ¯®«ì§®¢ âìáï ¨­â¥£à « ¬¨ (2)60 �. �. �®¢ «¥¢, �. �. �®§¤¥¥¢



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 56 { 61¨«¨ (3). � ¤ «ì­¥© §®­¥ ¢¡«¨§¨ äà®­â  â ª¦¥â¥ç¥­¨¥ ¬®¦­® áç¨â âì ¯«®áª¨¬ ¨ ¯®«ì§®¢ âìáï¤«ï ®¯à¥¤¥«¥­¨ï ¤ ¢«¥­¨ï ¨­â¥£à « ¬¨ (2), (3). � ®á­®¢¥ à¥§ã«ìâ â®¢ [15]  ­ «®£¨ç­ë¥ ¢ë¢®¤ë ¬®¦-­® á¤¥« âì ¯à¨ à áá¬®âà¥­¨¨ áä¥à¨ç¥áª¨å ¢®«­,¢ë§¢ ­­ëå à áè¨à¥­¨¥¬ áä¥à¨ç¥áª®© ¯®«®áâ¨.�����������®«ãç¥­­ë¥ à¥§ã«ìâ âë ¯®§¢®«ïîâ á¤¥« âìá«¥¤ãîé¨¥ ¢ë¢®¤ë ®â­®á¨â¥«ì­® ¯à¨¬¥­¥­¨ï à §-«¨ç­ëå ¢¨¤®¢ ¨­â¥£à «  �®è¨ {� £à ­¦  ¢ § ¤ -ç å ® ¯®â¥­æ¨ «ì­®¬ â¥ç¥­¨¨ á¦¨¬ ¥¬®© ¦¨¤ª®-áâ¨, ¢ë§¢ ­­®£® à áè¨à¥­¨¥¬ ¯®«®áâ¨.1. � á«ãç ¥ à áè¨à¥­¨ï ¯®«®áâ¨ ­ã«¥¢®£® ­ -ç «ì­®£® à ¤¨ãá  ¯à¨ ¬ «ëå ç¨á« å M0 á«¥-¤ã¥â ¯®«ì§®¢ âìáï ¨­â¥£à «®¬ ¢¨¤  (1).2. �à¨ £¥­¥à¨à®¢ ­¨¨ ¢®«­ ¯«®áª¨¬ ¯®àè­¥¬¨«¨ æ¨«¨­¤à¨ç¥áª®© (áä¥à¨ç¥áª®©) ¯®«®áâìî­ã«¥¢®£® ­ ç «ì­®£® à ¤¨ãá  ¯à¨ ¬ «ëå §­ -ç¥­¨ïå ¢à¥¬¥­¨,   â ª¦¥ ¢¡«¨§¨ äà®­â  à á-å®¤ïé¨åáï ¢®«­ ¬®¦­® ¨á¯®«ì§®¢ âì «¨­¥©-­ë© ¨­â¥£à « ¢¨¤  (2).3. �® ¢á¥å á«ãç ïå, ª®£¤  ¯à¥¤¢ à¨â¥«ì­ë©  ­ -«¨§ ­¥¢®§¬®¦¥­ ¨«¨ § âàã¤­¨â¥«¥­, á«¥¤ã¥â¯®«ì§®¢ âìáï ¨­â¥£à «®¬ ¢¨¤  (3) á ãç¥â®¬¤¢ãå ­¥«¨­¥©­ëå á®áâ ¢«ïîé¨å.4. �à¨ áª®à®áâïå à áè¨à¥­¨ï M0>0:6 á«¥¤ã-¥â ¯à¨¬¥­ïâì ¨­â¥£à « ®¡é¥£® ¢¨¤  (20)¨«¨ (21).1. �®ç¨­ �. �., �¨¡¥«ì �. �., �®§¥ �. �. �¥®à¥â¨-ç¥áª ï £¨¤à®¬¥å ­¨ª . � áâì 1.{ �.: �¨§¬ â£¨§,1963.{ 584 á.2. �á ª®¢¨ç �. �. �¡é ï  ªãáâ¨ª .{ �.: � ãª ,1973.{ 496 á.

3. �«¥¯ï­ �. �. �¡ ãà ¢­¥­¨ïå ¤¨­ ¬¨ª¨ ®á¥á¨¬¬¥-âà¨ç­®© ¯®«®áâ¨ ¢ ¨¤¥ «ì­®© á¦¨¬ ¥¬®© ¦¨¤ª®-áâ¨ // �®ª«. �� ����.{ 1985.{ 282, N 4.{ �. 803{813.4. �àãâ¨ª®¢ �. �. �®«­®¢ë¥ ï¢«¥­¨ï á ãç¥â®¬ ª®­¥ç-­®áâ¨ ¯¥à¥¬¥é¥­¨ï ¯à®­¨æ ¥¬ëå £à ­¨æ // �®ª«.���.{ 1993.{ 333, N 4.{ �. 512{514.5. �àãâ¨ª®¢ �. �. � £à ­¨æ å ¯à¨¬¥­¨¬®áâ¨ à¥è¥-­¨© ¢®«­®¢®£® ãà ¢­¥­¨ï ¢ ®¡« áâ¨ á ¯®¤¢¨¦­ë¬¨£à ­¨æ ¬¨ ¢ § ¤ ç å ¨¬¯ã«ìá­®© £¨¤à®¤¨­ ¬¨ª¨ ¨ ªãáâ¨ª¨ // �ªãáâ. ¦.{ 1996.{ 42, N 4.{ �. 534{540.6. �àãâ¨ª®¢ �. �. �®«­ë ®ªàã¦ îé¨¥ à áè¨àïî-é¨©áï ¯à®­¨æ ¥¬ë© æ¨«¨­¤à ¢ á¦¨¬ ¥¬®© áà¥-¤¥ // �®ª«. ���.{ 1999.{ 368, N 1.{ �. 1{4.7. � «¨¥¢ �. �. �¨­ ¬¨ª  £¨¤à®ã¯àã£®¯« áâ¨ç¥áª¨åá¨áâ¥¬.{ �.: � ãª. ¤ã¬ª , 1981.{ 276 á.8. �®§¤¥¥¢ �. �.�à¨ª« ¤­ ï £¨¤à®¤¨­ ¬¨ª  í«¥ªâà¨-ç¥áª®£® à §àï¤  ¢ ¦¨¤ª®áâ¨.{ �.: � ãª. ¤ã¬ª ,1980.{ 192 á.9. � ­¤ ã �. �., �¨äè¨æ �. �. �̈ ¤à®¤¨­ ¬¨ª .{ �.:� ãª , 1986.{ 736 á.10. �®§¤¥¥¢ �. �. �«¨ï­¨¥ ¯®¤¢¨¦­®áâ¨ ¢®§¬ãé î-é¥© £à ­¨æë ¨ ­¥«¨­¥©­®áâ¨ áà¥¤ë ­  ¢®«­®¢®¥¯®«¥, ¢ë§¢ ­­®¥ ­¥áâ æ¨®­ à­ë¬ ¤¢¨¦¥­¨¥¬ ¯«®á-ª®£® ¯®àè­ï // �ªãáâ. ¦.{ 1995.{ 41, N 1.{ �. 164{165.11. �®§¤¥¥¢ �. �. �¥â®¤ ­¥«¨­¥©­®£® ¯à¥®¡à §®¢ ­¨ï¢à¥¬¥­¨ ¢ ªà ¥¢ëå § ¤ ç å â¥®à¨¨ ¯®â¥­æ¨ «  á¯®¤¢¨¦­ë¬¨ £à ­¨æ ¬¨ ¤«ï «¨­¥©­®£® ¢®«­®¢®£®ãà ¢­¥­¨ï // ���.{ 1991.{ 55, ¢ë¯. 6.{ �. 1055{1058.12. �®§¤¥¥¢ �. �. �¥áâ æ¨®­ à­ë¥ ¢®«­®¢ë¥ ¯®«ï ¢®¡« áâïå á ¯®¤¢¨¦­ë¬¨ £à ­¨æ ¬¨.{ �.: � ãª.¤ã¬ª , 1992.{ 244 á.13. �¥áª à ¢ ©­ë© �. �., �®§¤¥¥¢ �. �. �®«­®¢ë¥§ ¤ ç¨ ® à áè¨à¥­¨¨ ¯®«®áâ¨ ¢ ¦¨¤ª®áâ¨ á ãç¥-â®¬ ª®­¥ç­®áâ¨ ¯¥à¥¬¥é¥­¨ï £à ­¨æ // �¨§¨ª®-¬¥å ­¨ç¥áª¨¥ ¯à®æ¥ááë ¯à¨ ¢ëá®ª®¢®«ìâ­®¬ à §-àï¤¥ ¢ ¦¨¤ª®áâ¨.{ �., � ãª. ¤ã¬ª .{ �. 1989.88{9714. �ªã­ì �. �. � áç¥â ¤ ¢«¥­¨ï ­  ¯®àè¥­ì ¯à¨¯®áâ®ï­­®© áª®à®áâ¨ ¥£® à áè¨à¥­¨ï // �§¢.�� ����. ���.{ 1968.{ N 1.{ �. 126{130.15. �®§¤¥¥¢ �. �. �§«ãç¥­¨¥ ­¥áâ æ¨®­ à­ëå áä¥à¨-ç¥áª¨å ¢®«­ ¤ ¢«¥­¨ï ¯®¤¢¨¦­®© ¨ ç áâ¨ç­® ¯à®-­¨æ ¥¬®© £à ­¨æ¥© // ���.{ 1998.{ 62, ¢ë¯. 5.{�. 767{795.
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