
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 10 { 22��� 533.6.013.42������������ ������������������ ��������������� ��������� ����������� ������������������. �. �����������ªà ¨­áª¨© âà ­á¯®àâ­ë© ã­¨¢¥àá¨â¥â, �¨¥¢�®«ãç¥­® 5.01.2000 � �¥à¥á¬®âà¥­® 26.01.2000� áá¬®âà¥­  ¯«®áª ï § ¤ ç  ¢¥àâ¨ª «ì­®£® ã¤ à  â¢¥à¤®£® ¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤à  ® ¯®¢¥àå­®áâì á¦¨¬ ¥¬®©¦¨¤ª®áâ¨, ª®£¤  ®áì á¨¬¬¥âà¨¨ ª®­âãà  æ¨«¨­¤à  ­¥ á®¢¯ ¤ ¥â á ­®à¬ «ìî ¢ â®çª¥ ¥£® ª á ­¨ï ­¥¢®§¬ãé¥­­®©¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨. �  ®á­®¢¥ ¬¥â®¤®¢ ¨­â¥£à «ì­ëå ¯à¥®¡à §®¢ ­¨© � ¯« á  ¯® ¢à¥¬¥­¨, à §¤¥«¥­¨ï ¯¥à¥-¬¥­­ëå, â¥®à¥¬ë ® á¢¥àâª¥ ®à¨£¨­ «®¢ ¤¢ãå äã­ªæ¨©, à §«®¦¥­¨ï ¢ àï¤ë �ãàì¥ ¯® ¯®«­®© âà¨£®­®¬¥âà¨ç¥áª®©á¨áâ¥¬¥ äã­ªæ¨©, à¥è¥­¨¥ ­¥áâ æ¨®­ à­®© á¬¥è ­­®© ªà ¥¢®© § ¤ ç¨ ¬¥å ­¨ª¨ á¯«®è­®© áà¥¤ë á ­ ¯¥à¥¤ ­¥-¨§¢¥áâ­®© ¨§¬¥­ïîé¥©áï £à ­¨æ¥© á¢®¤¨âáï ª à¥è¥­¨î ¡¥áª®­¥ç­®© á¨áâ¥¬ë «¨­¥©­ëå ¨­â¥£à «ì­ëå ãà ¢­¥­¨©�®«ìâ¥àà  ¢â®à®£® à®¤  ®â­®á¨â¥«ì­® ª®íää¨æ¨¥­â®¢ à §«®¦¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ¢ àï¤ �ãàì¥. �ç¨á«¥­­®¬ ¯à¨¬¥à¥ ¤«ï ¯®£àã¦ îé¨åáï ¯ à ¡®«¨ç¥áª¨å æ¨«¨­¤à®¢ á à §«¨ç­ë¬¨ ¬ áá ¬¨ ¨ ­ ç «ì­ë¬¨ ã£« ¬¨ á¨¬¬¥âà¨¨ ¯à¨¢¥¤¥­ë § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ £¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë, ¬®¬¥­â  à¥ ªæ¨¨, ã£«   á¨¬¬¥âà¨¨, £à -­¨æ ®¡« áâ¨ ª®­â ªâ ,   â ª¦¥ à á¯à¥¤¥«¥­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ¯® á¬®ç¥­­®© ¯®¢¥àå­®áâ¨ â¥« .�®§£«ï­ãâ® ¯«®áªã § ¤ çã ¢¥àâ¨ª «ì­®£® ã¤ àã â¢¥à¤®£® ¯ à ¡®«÷ç­®£® æ¨«÷­¤à  ®¡ ¯®¢¥àå­î áâ¨á«¨¢®ù à÷¤¨­¨,ïªé® ¢÷áì á¨¬¥âà÷ù ª®­âãà  æ¨«÷­¤à  ­¥ á¯÷¢¯ ¤ õ § ­®à¬ ««î ¢ â®çæ÷ ©®£® ¤®â¨ªã ­¥§¡ãà¥­®ù ¯®¢¥àå­÷ à÷¤¨­¨. � ®á­®¢÷ ¬¥â®¤÷¢ ÷­â¥£à «ì­¨å ¯¥à¥â¢®à¥­ì � ¯« á  ¯® ç áã, à®§¤÷«¥­­ï §¬÷­­¨å, â¥®à¥¬¨ ¯à® §£®àâªã ®à¨£÷­ «÷¢ ¤¢®åäã­ªæ÷©, à®§ª« ¤ã ¢ àï¤¨ �ãà'õ §  ¯®¢­®î âà¨£®­®¬¥âà¨ç­®î á¨áâ¥¬®î äã­ªæ÷©, à®§¢'ï§®ª ­¥áâ æ÷®­ à­®ù §¬÷è -­®ù ªà ©®¢®ù § ¤ ç÷ ¬¥å ­÷ª¨ áãæ÷«ì­®£® á¥à¥¤®¢¨é  § ­ ¯¥à¥¤ ­¥¢÷¤®¬®î §¬÷­­®î £à ­¨æ¥î §¢¥¤¥­® ¤® à®§¢'ï§ªã­¥áª÷­ç¥­®ù á¨áâ¥¬¨ «÷­÷©­¨å ÷­â¥£à «ì­¨å à÷¢­ï­ì �®«ìâ¥àà  ¤àã£®£® à®¤ã ¢÷¤­®á­® ª®¥ä÷æ÷õ­â÷¢ à®§ª« ¤ã £÷¤à®-¤¨­ ¬÷ç­®£® â¨áªã ¢ àï¤ �ãà'õ. � ç¨á¥«ì­®¬ã ¯à¨ª« ¤÷ ¤«ï ¯ à ¡®«÷ç­¨å æ¨«÷­¤à÷¢, é® § ­ãàîîâìáï, § à÷§­¨¬¨¬ á ¬¨ ÷ ¯®ç âª®¢¨¬¨ ªãâ ¬¨  á¨¬¥âà÷ù ­ ¢¥¤¥­® § «¥¦­®áâ÷ ¢÷¤ ç áã £÷¤à®¤¨­ ¬÷ç­®ù á¨«¨, ¬®¬¥­â  à¥ ªæ÷ù, ªãâ  á¨¬¥âà÷ù, £à ­¨æì ®¡« áâ÷ ª®­â ªâã,   â ª®¦ à®§¯®¤÷« £÷¤à®¤¨­ ¬÷ç­®£® â¨áªã ­  §¬®ç¥­÷© ¯®¢¥àå­÷ â÷« .A plane problem on vertical collision with the surface of a compressible 
uid, is considered for case of rigid paraboliccylinder when the axis of its symmetry does not coincide with a normal line in a point of its tangency by unperturbedsurface of a 
uid. On basis of methods of Laplace integral transforms with respect to time, separation of variables,theorem about convolution of originals of two functions, decomposition in a Fourier series with respect to the completetrigonometric system of functions, the solution of a non-stationary mixed boundary problem of continuum mechanics withbeforehand unknown varying boundary is reduced to the solution of in�nite system of linear integral Volterra's equationsof the second kind with respect to coe�cients of decomposition of hydrodynamic pressure in a Fourier series. In thenumerical example for submerging parabolic cylinders with di�erent masses and initial angles of asymmetry there aregiven the time dependences of a hydrodynamic force, moment of response, angle of asymmetry, boundaries of the contactarea, and also the distribution of hydrodynamic pressure on a wetted surface of body.��������� ¤ ­­®© áâ âì¥ à¥è¥­  ¯«®áª ï ­¥á¨¬¬¥âà¨ç-­ ï § ¤ ç  ¢¥àâ¨ª «ì­®£® ã¤ à  ® ¯®¢¥àå­®áâìá¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¡¥áª®­¥ç­®© £«ã¡¨­ë â¢¥à-¤®£® ¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤à  ¤«ï á«ãç ï, ª®£¤ ®áì á¨¬¬¥âà¨¨ ¯ à ¡®«ë ¢ ¯®¯¥à¥ç­®¬ á¥ç¥­¨¨æ¨«¨­¤à  ­ ª«®­¥­  ª ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®-áâ¨ ¦¨¤ª®áâ¨. �à¥¤¯®« £ ¥âáï, çâ® ¯®¢¥àå­®áâìâ¥«  ¤«ï ¦¨¤ª®áâ¨ ï¢«ï¥âáï ­¥¯à®­¨æ ¥¬®©,   ­ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¤ ¢«¥­¨¥ ¯®áâ®-ï­­®. �¢¨¦¥­¨¥ ¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï ¢®«­®¢ë¬ãà ¢­¥­¨¥¬.� à ¡®â¥ ¯®«ãç¨« ¤ «ì­¥©è¥¥ à §¢¨â¨¥ ç¨á«¥­-­®- ­ «¨â¨ç¥áª¨© ¬¥â®¤ à¥è¥­¨ï § ¤ ç ã¤ à  ¨¯à®­¨ª ­¨ï § âã¯«¥­­ëå â¢¥à¤ëå ¨ ¤¥ä®à¬¨àã¥-¬ëå â¥« ¢ á¦¨¬ ¥¬ãî ¦¨¤ª®áâì [1]. � ¤ ç¨ ¯à®­¨-ª ­¨ï â¥« ¢ ¦¨¤ª®áâì ¯à¥¤áâ ¢«ïîâ á®¡®© ­¥áâ -æ¨®­ à­ë¥ á¬¥è ­­ë¥ ªà ¥¢ë¥ § ¤ ç¨ ¬¥å ­¨ª¨á¯«®è­®© áà¥¤ë á ¤¢¨¦ãé¥©áï ­¥¨§¢¥áâ­®© £à -
­¨æ¥©. �¥â®¤ ¯®§¢®«ï¥â á¢¥áâ¨ à¥è¥­¨¥ â ª¨å§ ¤ ç, ¨á¯®«ì§ãï ¬¥â®¤ë ¨­â¥£à «ì­ëå ¯à¥®¡à -§®¢ ­¨© � ¯« á  ¯® ¢à¥¬¥­¨, à §¤¥«¥­¨ï ¯¥à¥¬¥­-­ëå, â¥®à¥¬ã ® á¢¥àâª¥ ®à¨£¨­ «®¢ ¤¢ãå äã­ªæ¨©,à §«®¦¥­¨ï ¢ àï¤ë�ãàì¥ ¯® á®®â¢¥âáâ¢ãîé¥© á¨-áâ¥¬¥ ®àâ®£®­ «ì­ëå äã­ªæ¨©, ª à¥è¥­¨î ¡¥áª®-­¥ç­®© á¨áâ¥¬ë «¨­¥©­ëå ¨­â¥£à «ì­ëå ãà ¢­¥-­¨© �®«ìâ¥àà  ¢â®à®£® à®¤  ®â­®á¨â¥«ì­® ª®íä-ä¨æ¨¥­â®¢ à §«®¦¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥-­¨ï ¢ àï¤ �ãàì¥.� ¯®¬®éìî ¤ ­­®£® ¬¥â®¤ , ¢ ç áâ­®áâ¨, à¥è¥-­ë:� ¯«®áª¨¥ § ¤ ç¨ ¯à®­¨ª ­¨ï â¢¥à¤ëå § âã¯-«¥­­ëå â¥« [2 { 5], ¯à¨ç¥¬ ¤«ï á¨¬¬¥âà¨ç­®-£® á«ãç ï { ¢ [2, 3], ¤«ï ­¥á¨¬¬¥âà¨ç­®£® á«ã-ç ï { ¢ [4,5] (¢ [4] à áá¬®âà¥­ ¯à®­¨ª îé¨©¢ ¦¨¤ª®áâì âã¯®© ­¥á¨¬¬¥âà¨ç­ë© ª«¨­ ª®-­¥ç­®© ¬ ááë,   ¢ [5] { ªàã£®¢®© æ¨«¨­¤à á®á¬¥é¥­­ë¬ æ¥­âà®¬ ¬ áá);10 c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 10 { 22� ¯«®áª ï á¨¬¬¥âà¨ç­ ï § ¤ ç  ¯à®­¨ª ­¨ïâ®­ª¨å ã¯àã£¨å ªàã£®¢ëå æ¨«¨­¤à¨ç¥áª¨å®¡®«®ç¥ª [6 { 8];� ®á¥á¨¬¬¥âà¨ç­ë¥ § ¤ ç¨ ¯à®­¨ª ­¨ï â¢¥à-¤ëå â¥« [9,10] ¨ â®­ª¨å ã¯àã£¨å áä¥à¨ç¥áª¨å®¡®«®ç¥ª [11{ 13].�¥â®¤ ¯®§¢®«ï¥â ãç¥áâì àï¤ ä ªâ®à®¢, á®¯ãâ-áâ¢ãîé¨å ¯à®æ¥ááã ¯à®­¨ª ­¨ï,   ¨¬¥­­®:� ¢áâà¥ç­®¥ ¤¢¨¦¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®-áâ¨ ¦¨¤ª®áâ¨ ¢¡«¨§¨ ¯à®­¨ª îé¥£® â¥-«  [8, 1013];� ¢®§¬®¦­®¥ ­ àãè¥­¨¥ ­¥à §àë¢­®áâ¨ ª®­â ª-â  ¦¨¤ª®áâ¨ á â¥«®¬ ¢ ¯à¥¤¥« å ¥£® á¬®ç¥­­®©¯®¢¥àå­®áâ¨ [2, 3, 6].�«¥¤ã¥â ®â¬¥â¨âì, çâ® áà¥¤¨ ­¥¬­®£®ç¨á«¥­­ëåà ¡®â, ¯®á¢ïé¥­­ëå ­¥á¨¬¬¥âà¨ç­®¬ã ¯à®­¨ª -­¨î â¥« ¢ ¦¨¤ª®áâì, «¨èì ¢ ¬®­®£à ä¨ïå [14,15]à áá¬ âà¨¢ ¥âáï ¢¥àâ¨ª «ì­ë© ã¤ à ® ¦¨¤ª®áâìâ¥«  á ­¥á¨¬¬¥âà¨ç­ë¬ ª®­âãà®¬, ¯à¨ç¥¬ ¢ ­¨å¯à¨¢¥¤¥­® à¥è¥­¨¥ § ¤ ç¨ ¯à®­¨ª ­¨ï ¤«ï â¥« ¯à®áâ®© £¥®¬¥âà¨ç¥áª®© ä®à¬ë (âã¯®£® ª«¨­ ) á¯®áâ®ï­­®© áª®à®áâìî ¯à®­¨ª ­¨ï, â. ¥. ¡¥§ ãç¥-â  ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï â¥«  ®ª®«® ¥£® æ¥­âà ¬ áá.� ¤ ­­®© à ¡®â¥ ¯®«ãç¥­® à¥è¥­¨¥ ­¥á¨¬¬¥-âà¨ç­®© § ¤ ç¨ ¢¥àâ¨ª «ì­®£® ã¤ à  ® ¦¨¤ª®áâì¤«ï â¥«  ¡®«¥¥ á«®¦­®© £¥®¬¥âà¨ç¥áª®© ä®à¬ë(¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤à ), ¯à¨ç¥¬ ¨á¯®«ì§ã¥-¬ë© ¬¥â®¤ ¯®§¢®«ï¥â ãç¥áâì ¢«¨ï­¨¥ ­  å®¤ ¯à®-æ¥áá  ¯à®­¨ª ­¨ï á«¥¤ãîé¨å ä ªâ®à®¢:� ¨§¬¥­ï¥¬®áâ¨ áª®à®áâ¨ ¯à®­¨ª ­¨ï ¤«ï â¥«ª®­¥ç­®© ¬ ááë (¯à¥¤¥«ì­ë© á«ãç © ¯à®­¨-ª ­¨ï á ¯®áâ®ï­­®© áª®à®áâìî á®®â¢¥âáâ¢ã¥â¯à®­¨ª ­¨î â¥«  ¡¥áª®­¥ç­® ¡®«ìè®© ¬ ááë);� ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï ª®­âãà  â¥«  ¢®ªàã£á¢®¥£® æ¥­âà  ¬ áá;� ­¥á¨¬¬¥âà¨ç­®áâ¨ ª®­â ªâ¨àãîé¥£® á ¦¨¤-ª®áâìî ª®­âãà  â¥« , ¯à¨ç¥¬ ¢á«¥¤áâ¢¨¥ ¢à -é¥­¨ï â¥«  ä®à¬  ª®­âãà , ¢áâã¯¨¢è¥£® ¢ª®­â ªâ á ¦¨¤ª®áâìî, ¢ ¯à®æ¥áá¥ ¯à®­¨ª ­¨ï¨§¬¥­ï¥âáï.� áá¬ âà¨¢ ¥¬ ï ªà ¥¢ ï § ¤ ç  ï¢«ï¥âáï ¢ ®¡-é¥¬ á«ãç ¥ ­¥«¨­¥©­®©, â ª ª ª ®¯à¥¤¥«ï¥¬ë¥ ¢ª ¦¤ë© ¬®¬¥­â ¢à¥¬¥­¨ £à ­¨æë ®¡« áâ¨ ª®­â ª-â  â¥«  á ¦¨¤ª®áâìî § ¢¨áïâ ®â ¨­â¥£à «ì­ëå å -à ªâ¥à¨áâ¨ª (á¨«ë à¥ ªæ¨¨ á® áâ®à®­ë ¦¨¤ª®áâ¨¨ ¬®¬¥­â  à¥ ªæ¨¨ ¢­¥è­¨å á¨«),   ®­¨ á«®¦­ë¬

äã­ªæ¨®­ «ì­ë¬ ®¡à §®¬ ®¯à¥¤¥«ïîâáï ç¥à¥§ ¨á-ª®¬ë¥ ¢¥«¨ç¨­ë. � à ¡®â¥ ¯à¨ ¨áá«¥¤®¢ ­¨¨ ã¤ -à  ¨ ¯à®­¨ª ­¨ï ­¥á¨¬¬¥âà¨ç­ëå â¥« ¢ ¦¨¤ª®áâì­ ¨¡®«¥¥ ¨­ä®à¬ â¨¢­ë¬¨ ¨ §­ ç¨¬ë¬¨ å à ª-â¥à¨áâ¨ª ¬¨ ¯à®æ¥áá  ï¢«ï«¨áì à á¯à¥¤¥«¥­¨¥ £¨-¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ¯® ®¡« áâ¨ ª®­â ªâ ,¢à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ £¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë¨ ¬®¬¥­â  à¥ ªæ¨¨,   â ª¦¥ ¢à¥¬¥­­ë¥ § ¢¨á¨¬®-áâ¨ áª®à®áâ¨ ¯à®­¨ª ­¨ï, ã£«   á¨¬¬¥âà¨¨, £à -­¨æ ®¡« áâ¨ ª®­â ªâ .� âà®­ãâ ï ¢ à ¡®â¥ ¯à®¡«¥¬  ã¤ à­®£® ¢§ ¨-¬®¤¥©áâ¢¨ï â¢¥à¤ëå ¨ ã¯àã£¨å â¥« á ¦¨¤ª®áâìî¢ ­ áâ®ïé¥¥ ¢à¥¬ï ®áâ ¥âáï  ªâã «ì­®© ¢ á¢ï§¨á ¯®âà¥¡­®áâìî ¢ ¨áá«¥¤®¢ ­¨ïå ¯® ¯à®­¨ª ­¨î¢ áã¤®áâà®¥­¨¨ (§ ¤ ç  á«¥¬¬¨­£  ¢ëá®ª®áª®à®áâ-­ëå áã¤®¢), ¢ á®¢à¥¬¥­­®¬ ¬ è¨­®áâà®¥­¨¨, ¯à¨¨§ãç¥­¨¨ ¯à¨¢®¤­¥­¨ï «¥â â¥«ì­ëå  ¯¯ à â®¢.1. ���������� �������¢¥à¤ë© ¡¥áª®­¥ç­®-¯à®âï¦¥­­ë© ¯ à ¡®«¨ç¥-áª¨© æ¨«¨­¤à, ¤¢¨£ ïáì ¯¥à¯¥­¤¨ªã«ïà­® ¯®¢¥àå-­®áâ¨ ¯®ª®ïé¥©áï ¦¨¤ª®áâ¨, ¢ ­¥ª®â®àë© ¬®¬¥­ât=0 ¤®áâ¨£ ¥â íâ®© ¯®¢¥àå­®áâ¨ ¨ ­ ç¨­ ¥â ¯®-£àã¦ âìáï ¢ ¦¨¤ª®áâì á® áª®à®áâìî v0(t), ¯à¨ç¥¬v0(0)=v0, £¤¥ v0 { ­ ç «ì­ ï áª®à®áâì ¯à®­¨ª ­¨ï.�¨¤ª®áâì ¯à¥¤¯®« £ ¥âáï ­¥¢¥á®¬®©, ¡ à®âà®¯-­®©, ¨¤¥ «ì­®© á¦¨¬ ¥¬®©. �ç¨â ¥¬, çâ® ®¡à -§ãîé ï ¯®¢¥àå­®áâ¨ æ¨«¨­¤à  ¢ ¯à®æ¥áá¥ ¢§ ¨¬®-¤¥©áâ¢¨ï â¥«  á ¦¨¤ª®áâìî ®áâ ¥âáï ¯ à ««¥«ì­®©¯¥à¢®­ ç «ì­® ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâ¨ ¦¨¤-ª®áâ¨. �®­âãà æ¨«¨­¤à  ¢ ¥£® ¯®¯¥à¥ç­®¬ á¥ç¥-­¨¨, ï¢«ïîé¨©áï ª¢ ¤à â¨ç­®© ¯ à ¡®«®©, áç¨â -¥¬ ­¥á¨¬¬¥âà¨ç­ë¬ ®â­®á¨â¥«ì­® ­®à¬ «¨ ¢ â®ç-ª¥ ¥£® ª á ­¨ï ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®-áâ¨. �á«¥¤áâ¢¨¥ íâ®£® ®¡â¥ª ­¨¥ æ¨«¨­¤à  ¦¨¤ª®-áâìî ¯à¨ ¯®£àã¦¥­¨¨ ­®á¨â ­¥á¨¬¬¥âà¨ç­ë© å -à ªâ¥à,   ¥£® ¤¢¨¦¥­¨¥ ¡ã¤¥â á®áâ®ïâì ¨§ ¯®áâã-¯ â¥«ì­®£® ¯¥à¥¬¥é¥­¨ï ¢¬¥áâ¥ á æ¥­âà®¬ ¬ áá ¨¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï ®ª®«® æ¥­âà  ¬ áá.�¢¥¤¥¬ ¢ ¯®«ã¯à®áâà ­áâ¢¥, § ­¨¬ ¥¬®¬ ¦¨¤-ª®áâìî, ¤¥ª àâ®¢ã ¯àï¬®ã£®«ì­ãî á¨áâ¥¬ã ª®®à-¤¨­ â Oxyz: ®á¨ Ox ¨ Oy ­ ¯à ¢¨¬ ¯® ­¥¢®§¬ã-é¥­­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨, ¯à¨ç¥¬ ®áì Oy {¯ à ««¥«ì­® ®¡à §ãîé¥© ¯®¢¥àå­®áâ¨ â¥« , ®áìOz { ¢ £«ã¡ì ¦¨¤ª®áâ¨. �à¨ íâ®¬ ­¥¢®§¬ãé¥­-­ ï ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ á®¢¯ ¤¥â á ¯«®áª®áâìîz=0. � á¨«ã à ¢­®¯à ¢­®áâ¨ ¢á¥å ¯®¯¥à¥ç­ëå á¥-ç¥­¨© á¨áâ¥¬ë \æ¨«¨­¤à {¦¨¤ª®áâì" ®£à ­¨ç¨¢ -¥¬áï à áá¬®âà¥­¨¥¬ ¤¢¨¦¥­¨ï ¢ ®¤­®¬ ¨§ á¥ç¥-­¨© { ¢ ¯«®áª®áâ¨ xOz.� ¤ ç  à¥è ¥âáï á ãç¥â®¬ ¨§¬¥­ïîé¥©áï áª®à®-áâ¨ ¯à®­¨ª ­¨ï â¥«  ¢ ¦¨¤ª®áâì, ¯®íâ®¬ã ¢ ¤ «ì-­¥©è¥¬ ¡ã¤¥¬ à áá¬ âà¨¢ âì ¯à®­¨ª îé¨¥ â¥« �. �. � ¢à¨«¥­ª® 11
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�¨á. 1. �å¥¬  ­¥á¨¬¬¥âà¨ç­®£® ã¤ à ¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤à ® ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ª®­¥ç­®© ¯®£®­­®© ¬ ááë. � á¢ï§¨ á íâ¨¬ ®£à ­¨-ç¨¬ æ¨«¨­¤à á¢¥àåã ¯«®áª¨¬ ®á­®¢ ­¨¥¬, ¯¥à¯¥­-¤¨ªã«ïà­ë¬ ª ®á¨ á¨¬¬¥âà¨¨ ª®­âãà  æ¨«¨­¤à .�®£¤  á¥ç¥­¨¥¬ ¯®£àã¦ îé¥£®áï ¢ ¦¨¤ª®áâì ¯ à -¡®«¨ç¥áª®£® æ¨«¨­¤à  ¢ ¯«®áª®áâ¨ xOz ¡ã¤¥â ¯ -à ¡®«¨ç¥áª¨© á¥£¬¥­â. �á­®¢ ­¨¥ æ¨«¨­¤à  ¯®¤-¡¨à ¥¬ ¨áå®¤ï ¨§ £¥®¬¥âà¨ç¥áª¨å á¢®©áâ¢ ¤ ­­®©¯ à ¡®«ë ¨ ¯®£®­­®© ¯«®â­®áâ¨ ¬ â¥à¨ «  æ¨«¨­-¤à .�à¥¤¯®«®¦¨¬, çâ® ¯®£®­­ ï ¯«®â­®áâì ¬ â¥à¨- «  æ¨«¨­¤à  ¥áâì äã­ªæ¨ï ª®®à¤¨­ â ¯®¯¥à¥ç­®-£® ¥£® á¥ç¥­¨ï, á¨¬¬¥âà¨ç­ ï ®â­®á¨â¥«ì­® ®á¨á¨¬¬¥âà¨¨ ¯ à ¡®«ë. �®£¤  æ¥­âà ¬ áá O0 ¯®-¯¥à¥ç­®£® á¥ç¥­¨ï æ¨«¨­¤à  ¡ã¤¥â ­ å®¤¨âìáï ­ íâ®© ®á¨. �¢ï¦¥¬ ¯ à ¡®«¨ç¥áª¨© á¥£¬¥­â á ¯®-¤¢¨¦­®© ¤¥ª àâ®¢®© ¯àï¬®ã£®«ì­®© á¨áâ¥¬®© ª®-®à¤¨­ â O0x0z0: à á¯®«®¦¨¬ O0 ­  ®á¨ Oz, ­  à á-áâ®ï­¨¨ r ®â ¢¥àè¨­ë ¯ à ¡®«ë, ®áì O0x0 ­ ¯à -¢¨¬ ¯ à ««¥«ì­® ®á­®¢ ­¨î á¥£¬¥­â , ®áì O0z0 {¯® ®á¨ á¨¬¬¥âà¨¨ ¯ à ¡®«ë (à¨á. 1).� ¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â O0x0z0 ¯ à ¡®-«¨ç¥áª¨© á¥£¬¥­â ®£à ­¨ç¥­ ¯ à ¡®«®© ¨ ¯àï¬®-«¨­¥©­ë¬ ®á­®¢ ­¨¥¬, ãà ¢­¥­¨ï ª®â®àëå ¡ã¤ãâ¨¬¥âì ¢¨¤ z0 = r � (x0)22q ; z0 = �r0á®®â¢¥âáâ¢¥­­®. �¤¥áì q { à ¤¨ãá ªà¨¢¨§­ë ¤ ­-­®© ¯ à ¡®«ë ¢ ¥¥ ¢¥àè¨­¥ (¯à¨ x0=0, z0=r); r0 {à ááâ®ï­¨¥ ®á­®¢ ­¨ï ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â ®â æ¥­âà  ¬ áá O0.�¡®§­ ç¨¬ ç¥à¥§  (t) ã£®« ¬¥¦¤ã ¯®«®¦¨â¥«ì-­ë¬¨ ­ ¯à ¢«¥­¨ï¬¨ ®á¥© Oz ¨ O0z0 ¨ ­ §®¢¥¬ ¥£®ã£«®¬  á¨¬¬¥âà¨¨, ¯à¨ç¥¬ ¢ ­ ç «ì­ë© ¬®¬¥­âã¤ à  íâ®â ã£®« à ¢¥­  0, ­ ç «ì­ ï ã£«®¢ ï áª®-à®áâì â¥«  à ¢­  _ 0. �®£¤  ¢ á¨áâ¥¬¥ Oxz ¤¥ª à-

â®¢ë ª®®à¤¨­ âë æ¥­âà  ¬ áá O0(x0; z0) ¢ ¯à®¨§-¢®«ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ t ®¯à¥¤¥«ïîâáï ä®à¬ã-« ¬ẍ0=0; z0=z�� 2r+q+(2r�q) cos 2 (t)4 cos (t) : (1)�¤¥áì z� { ¯ãâì, ¯à®©¤¥­­ë© æ¥­âà®¬ ¬ áá §  ¢à¥-¬ï t ¯à¨ ¯®áâã¯ â¥«ì­®¬ ¥£® ¤¢¨¦¥­¨¨ ¢¥àâ¨ª «ì-­® ¢­¨§ ¯® ®á¨ Oz á® áª®à®áâìî v0(t):z� = tZ0 v0(� )d�: (2)� á®®â­®è¥­¨ïå (1) ¯à¥¤¯®« £ ¥âáï, çâ® ¢ ¯à®-æ¥áá¥ ¯à®­¨ª ­¨ï £®à¨§®­â «ì­®¥ ¯¥à¥¬¥é¥­¨¥æ¥­âà  ¬ áá ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â  (¢ ­ ¯à -¢«¥­¨¨ ®á¨ Ox) ¡ã¤¥â ¯à¥­¥¡à¥¦¨¬® ¬ «®, ¨, á«¥-¤®¢ â¥«ì­®, ¬®¦­® à áá¬ âà¨¢ âì ¯®áâã¯ â¥«ì-­®¥ ¯¥à¥¬¥é¥­¨¥ á¥£¬¥­â  ¢¬¥áâ¥ á æ¥­âà®¬ ¬ ááâ®«ìª® ª ª ¢¥àâ¨ª «ì­®¥ ¯¥à¥¬¥é¥­¨¥ ¢ £«ã¡ì¦¨¤ª®áâ¨. � ª®¥ ¯à¥¤¯®«®¦¥­¨¥ ¬®¦­® ®¡®á­®-¢ âì á«¥¤ãîé¨¬¨ á®®¡à ¦¥­¨ï¬¨:� à áá¬ âà¨¢ ¥âáï à ­­¨© íâ ¯ ¯à®æ¥áá  ¯à®-­¨ª ­¨ï ¢ ¦¨¤ª®áâì â¥«, á¬®ç¥­­ë¥ ¯®¢¥àå-­®áâ¨ ª®â®àëå á¨«ì­® § âã¯«¥­ë,   £«ã¡¨­ë¯à®­¨ª ­¨ï ¬ «ë;� ¢á«¥¤áâ¢¨¥ á« ¡®© ¨áªà¨¢«¥­­®áâ¨ ¯®¢¥àå­®-áâ¨ â¥«  ¢ ¯à¥¤¥« å ®¡« áâ¨ ª®­â ªâ  ¯à®¥ª-æ¨¨ ¤ ¢«¥­¨ï ­  ®áì Ox ¬ «ë;� ¯®áª®«ìªã ¢ ¯®áâ ­®¢ª¥ § ¤ ç¨ ¨á¯®«ì§ã¥âáï¬®¤¥«ì ¨¤¥ «ì­®© á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ (âà¥-­¨¥ ¬¥¦¤ã â¥«®¬ ¨ ¦¨¤ª®áâìî ®âáãâáâ¢ã-¥â), â® ¢ëè¥ãª § ­­ë¥ ¯à®¥ªæ¨¨ ¤ ¢«¥­¨ï ­¥®¡ãá« ¢«¨¢ îâ ¯®áâã¯ â¥«ì­®£® ¯¥à¥¬¥é¥­¨ïá¥£¬¥­â  ¢¬¥áâ¥ á æ¥­âà®¬ ¬ áá ¢ ­ ¯à ¢«¥-­¨¨ ®á¨ Ox.�à ­¨æë ®¡« áâ¨ ª®­â ªâ  â¥«  á ¦¨¤ª®áâìî ¢¯à®¨§¢®«ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ ®¯à¥¤¥«ïîâáï â®ç-ª ¬¨ x�1 ¨ x�2 ¯¥à¥á¥ç¥­¨ï ¥£® ª®­âãà , â. ¥. ¯ à -¡®«ë, á ®áìî Ox ¯® ä®à¬ã« ¬x�1 = �B �pD2A ; x�2 = �B +pD2A ; (3)£¤¥ D=B2 � 4AQ;A = cos2 (t);B = �2 sin (t) (z0 cos (t) + q) ;Q=z20 sin2 (t) � 2q (z0 cos (t) + r) :12 �. �. � ¢à¨«¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 10 { 22�áá«¥¤ã¥âáï à ­­¨© íâ ¯ ¯à®æ¥áá  ã¤ à­®£® ¢§ -¨¬®¤¥©áâ¢¨ï â¢¥à¤®£® â¥«  á  ªãáâ¨ç¥áª®© áà¥-¤®©, ®â¢¥ç îé¨© á«¥¤ãîé¨¬ ®£à ­¨ç¥­¨ï¬: à á-á¬ âà¨¢ ¥¬ë¥ áª®à®áâ¨ ¯®£àã¦¥­¨ï â¥«  ¬ «ë ¯®áà ¢­¥­¨î á® áª®à®áâìî §¢ãª  ¢ ¦¨¤ª®áâ¨ C, â. ¥.v0�C,   £«ã¡¨­ë ¯®£àã¦¥­¨ï â¥«  ¢ ¦¨¤ª®áâì ¬ -«ë ¯® áà ¢­¥­¨î á ¥£® «¨­¥©­ë¬¨ à §¬¥à ¬¨, â. ¥.z��R, £¤¥ R { å à ªâ¥à­ë© «¨­¥©­ë© à §¬¥à ¯®-¯¥à¥ç­®£® á¥ç¥­¨ï æ¨«¨­¤à , ¢ ª ç¥áâ¢¥ ª®â®à®-£® ¢§ïâ à ¤¨ãá ªà¨¢¨§­ë ¯ à ¡®«ë ¢ ¥¥ ¢¥àè¨­¥,(R=q).� âã¯«¥­­®áâì â¥«  ¨ ¬ «ë¥ £«ã¡¨­ë ¯®£àã¦¥-­¨ï ¤ îâ ¢®§¬®¦­®áâì ®â®¦¤¥áâ¢¨âì «¨­¥©­ë¥ª®®à¤¨­ âë ¢¤®«ì ¯®¢¥àå­®áâ¥© ¦¨¤ª®áâ¨ ¨ â¥« ,«¨­¥ à¨§®¢ âì £à ­¨ç­ë¥ ãá«®¢¨ï ¨ á­¥áâ¨ ¨å ­ ­¥¢®§¬ãé¥­­ãî ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ z=0.�¢¥¤¥¬ ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­­ë¥�t = CtR ; �x = xR ; �z = zR ;�V = VC ; �' = 'CR ; �p = p�C2 ;�F = F�C2R ; �M = M�C2R2 ; (4)£¤¥ � { ¯«®â­®áâì ¦¨¤ª®áâ¨, p { ¤ ¢«¥­¨¥, V { áª®-à®áâì, F { á¨«  à¥ ªæ¨¨ ¦¨¤ª®áâ¨, M { ¬®¬¥­âà¥ ªæ¨¨ ¢­¥è­¨å á¨«, ' { ¢®«­®¢®© ¯®â¥­æ¨ «.� ª ª ª ¢ ¤ «ì­¥©è¥¬ ¡ã¤ãâ ¨á¯®«ì§®¢ âìáï â®«ì-ª® ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­­ë¥, ç¥àâ®çª  ­ ¤ ­¨¬¨®¯ãáª ¥âáï.�¢¨¦¥­¨¥ ¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï ¢®«­®¢ë¬ãà ¢­¥­¨¥¬ @2'@x2 + @2'@z2 � @2'@t2 = 0: (5)�ª®à®áâì ¤¥ä®à¬¨à®¢ ­¨ï ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨V (t; x) ¨ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ p(t; x) á¢ï-§ ­ë á ¢®«­®¢ë¬ ¯®â¥­æ¨ «®¬ ' á®®â­®è¥­¨ï¬¨V (t; x) = @'@z ����z=0 ; (6)p(t; x) = � @'@t ����z=0 : (7)�ä®à¬ã«¨àã¥¬ £à ­¨ç­ë¥ ãá«®¢¨ï. �®¢¥àå-­®áâì â¥«  ¢ ¯à¥¤¥« å ®¡« áâ¨ ª®­â ªâ  ¯à¥¤¯®-« £ ¥âáï ­¥¯à®­¨æ ¥¬®© ¤«ï ¦¨¤ª®áâ¨:@'@z ����z=0 = v0(t); x�1 < x < x�2: (8)�  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¤®«¦­® ¢ë-¯®«­ïâìáï ¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨¥: ¤ ¢«¥­¨¥ ­  ­¥©

¯®áâ®ï­­® ¨ ¡¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨ áç¨â ¥¬¥£® à ¢­ë¬ ­ã«î:�@'@t ����z=0 = 0; (x < x�1)S(x > x�2): (9)�  ¡¥áª®­¥ç­®áâ¨ ¦¨¤ª®áâì ­ å®¤¨âáï ¢ á®áâ®ï-­¨¨ ¯®ª®ï: '! 0; x2 + z2 !1; (10)� ª ª ª ¤® ­ ç «  ¢§ ¨¬®¤¥©áâ¢¨ï â¥«  á ¦¨¤ª®-áâìî ¯®á«¥¤­ïï ¯®ª®¨« áì, â® ¡ã¤¥¬ ¨¬¥âì ­ã«¥¢ë¥­ ç «ì­ë¥ ãá«®¢¨ï:'jt=0 = @'@t ����t=0 = 0: (11)�à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ á ¦¨¤ª®áâìî â¥«® ®áãé¥-áâ¢«ï¥â ¤¢¨¦¥­¨¥, á®áâ®ïé¥¥ ¨§ ¯®áâã¯ â¥«ì­®£®¯¥à¥¬¥é¥­¨ï ¢¬¥áâ¥ á æ¥­âà®¬ ¬ áá ¨ ¢à é¥­¨ï®ª®«® æ¥­âà  ¬ áá. �¡®á­®¢ ­¨ï á®®â­®è¥­¨© (1)¯®§¢®«ïîâ ¢ ¤ «ì­¥©è¥¬ ¯à¥­¥¡à¥çì â ­£¥­æ¨ «ì-­ë¬¨ ¯¥à¥¬¥é¥­¨ï¬¨ æ¥­âà  ¬ áá ¨ à áá¬ âà¨-¢ âì ¯®áâã¯ â¥«ì­®¥ ¯¥à¥¬¥é¥­¨¥ â¥«  «¨èì ª ª¥£® ¢¥àâ¨ª «ì­®¥ ¤¢¨¦¥­¨¥ ¢£«ã¡ì ¦¨¤ª®áâ¨. �¥à-â¨ª «ì­®¥ ¤¢¨¦¥­¨¥ â¥«  ¢ ¦¨¤ª®áâ¨ ®¯à¥¤¥«ï¥âáïá®£« á­® ¢â®à®£® § ª®­  �ìîâ®­ � _v0(t) = �F (t); v0(0) = v0; (12)£¤¥ � { ¯®£®­­ ï ¬ áá  â¥« , ®â­¥á¥­­ ï ª �R2;F (t) { £¨¤à®¤¨­ ¬¨ç¥áª ï á¨«  á®¯à®â¨¢«¥­¨ï¯à®­¨ª ­¨î â¥«  á® áâ®à®­ë ¦¨¤ª®áâ¨, ª®â®à ï¢ «¨­¥ à¨§®¢ ­­®¬ ¢¨¤¥ ®¯à¥¤¥«ï¥âáï ª ª ¨­â¥-£à « ®â ¤ ¢«¥­¨ï, à á¯à¥¤¥«¥­­®£® ¯® á¬®ç¥­­®©¯®¢¥àå­®áâ¨ â¥« :F (t) = x�2Zx�1 p(t; x)dx: (13)�à é â¥«ì­®¥ ¤¢¨¦¥­¨¥ ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­-â  ¢®ªàã£ ¥£® æ¥­âà  ¬ áá ®¯à¥¤¥«ï¥âáï ãà ¢­¥­¨-¥¬I0 � (t) = �M (t);  (0) =  0; _ (0) = _ 0; (14)£¤¥ I0 { ¬®¬¥­â ¨­¥àæ¨¨ ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­-â  ®â­®á¨â¥«ì­® æ¥­âà  ¬ áá, ®â­¥á¥­­ë© ª �R4;M (t) { ¬®¬¥­â à¥ ªæ¨¨ ¢­¥è­¨å á¨« ®â­®á¨â¥«ì­®æ¥­âà  ¬ áá, ¢ëç¨á«ï¥¬ë© ¯® ä®à¬ã«¥M (t) = x�2Zx�1 p(t; x)xdx: (15)�. �. � ¢à¨«¥­ª® 13



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 10 { 22�à ­¨æë ®¡« áâ¨ ª®­â ªâ  x�1, x�2 ¯à¨ ®¯à¥¤¥«¥-­¨¨ ¬®¬¥­â  à¥ ªæ¨¨ M (t) ¯® ä®à¬ã«¥ (15), ª ª ¨¯à¨ ®¯à¥¤¥«¥­¨¨ £¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë F (t) ¯®ä®à¬ã«¥ (13), § à ­¥¥ ­¥¨§¢¥áâ­ë ¨ ®¯à¥¤¥«ïîâáï¢ å®¤¥ à¥è¥­¨ï § ¤ ç¨ ¨§ á®®â­®è¥­¨© (3).�ä®à¬ã«¨à®¢ ­­ ï ªà ¥¢ ï § ¤ ç  ï¢«ï¥âáï ¢®¡é¥¬ á«ãç ¥ ­¥«¨­¥©­®©, â ª ª ª ¢ á®®â­®è¥­¨-ïå (13), (15) £¨¤à®¤¨­ ¬¨ç¥áª ï á¨«  ¨ ¬®¬¥­â à¥- ªæ¨¨ á«®¦­ë¬ äã­ªæ¨®­ «ì­ë¬ ®¡à §®¬ ®¯à¥¤¥-«ïîâáï ç¥à¥§ ¨áª®¬ë¥ ¢¥«¨ç¨­ë.�¥«ìî à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ ï¢«ï¥âáï ®¯à¥-¤¥«¥­¨¥ ­  à ­­¥¬ íâ ¯¥ ¯à®æ¥áá  ã¤ à­®£® ¢§ -¨¬®¤¥©áâ¢¨ï ¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤à  á ¦¨¤ª®-áâìî ¨á¯ëâë¢ ¥¬ëå ¨¬ £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ -£àã§®ª. �®á«¥¤­¨¥ ¤®áâ¨£ îâ á¢®¨å ¬ ªá¨¬ «ì­ëå§­ ç¥­¨© §  áâ®«ì ¬ «ë¥ á ­ ç «  ã¤ à  ¨ ¯®£àã-¦¥­¨ï ¢à¥¬¥­­ë¥ ¨­â¥à¢ «ë, çâ® á®¯ãâáâ¢ãîé¥¥¯®£àã¦¥­¨î ï¢«¥­¨¥ ä®à¬¨à®¢ ­¨ï áâàã© ­  ¯®-¢¥àå­®áâ¨ æ¨«¨­¤à  ­¥ ãá¯¥¢ ¥â ¤®áâ â®ç­® à §-¢¨âìáï ¨ ¥£® ¢«¨ï­¨¥¬ ­  å®¤ ¯à®æ¥áá  ¯à¥­¥¡à¥£ -¥¬. �«¥¤ã¥â â ª¦¥ ®áâ ­®¢¨âìáï ­  ®æ¥­ª¥ ¯à¥¤¥-«®¢ ¯à¨¬¥­¨¬®áâ¨ ¨á¯®«ì§ã¥¬®©  ªãáâ¨ç¥áª®© ¬®-¤¥«¨ ¦¨¤ª®áâ¨ ¨ ¬¥â®¤  � £­¥à  á­¥á¥­¨ï «¨­¥- à¨§®¢ ­­ëå £à ­¨ç­ëå ãá«®¢¨© ­  ­¥¢®§¬ãé¥­-­ãî ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨.�á¯®«ì§®¢ ­¨¥  ªãáâ¨ç¥áª®© ¬®¤¥«¨ ¦¨¤ª®áâ¨­ ª« ¤ë¢ ¥â ®£à ­¨ç¥­¨¥ ­  ¢¥«¨ç¨­ã áª®à®áâ¨¯®£àã¦¥­¨ï v0(t) { ®­  ¤®«¦­  ¡ëâì §­ ç¨â¥«ì-­® ¬¥­ìè¥ áª®à®áâ¨ §¢ãª  ¢ ¦¨¤ª®áâ¨. � áâ -âì¥ [16] ¯®ª § ­®, çâ® ¯à¨ ¨á¯®«ì§®¢ ­¨¨  ªãáâ¨-ç¥áª®£® ¯à¨¡«¨¦¥­¨ï ¢ ¤¨ ¯ §®­¥ áª®à®áâ¥© ¯®-£àã¦¥­¨ï v0(t)�200 ¬/á ¤«ï ¢®¤ë ¯®«ãç¥­ë à¥-§ã«ìâ âë, ¡«¨§ª¨¥ ª íªá¯¥à¨¬¥­â «ì­ë¬. � áá¬ -âà¨¢ ¥¬ë¥ ¢ ¤ ­­®© à ¡®â¥ áª®à®áâ¨ ­¥ ¢ëå®¤ïâ§  £à ­¨æë íâ®£® ¤¨ ¯ §®­ .�¨­¥ à¨§ æ¨ï £à ­¨ç­ëå ãá«®¢¨© ¨ á­¥á¥­¨¥ ¨å,á®£« á­® â¥®à¨¨ � £­¥à , ­  ­¥¢®§¬ãé¥­­ãî ¯®-¢¥àå­®áâì ¦¨¤ª®áâ¨ ­ ª« ¤ë¢ ¥â ®£à ­¨ç¥­¨¥ ­ £«ã¡¨­ã ¯®£àã¦¥­¨ï z� ¨, á«¥¤®¢ â¥«ì­®, ­  ã£«ë¬¥¦¤ã ª á â¥«ì­®© ª ¯®¢¥àå­®áâ¨ æ¨«¨­¤à  ¨ ­¥-¢®§¬ãé¥­­®© ¯®¢¥àå­®áâìî ¦¨¤ª®áâ¨. � ¬®­®£à -ä¨ïå [17, 18] ®â¬¥ç ¥âáï, çâ® ¨á¯®«ì§®¢ ­¨¥ â¥-®à¨¨ � £­¥à  ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¯à®æ¥áá  ¯®£àã-¦¥­¨ï ¢ ¦¨¤ª®áâì § âã¯«¥­­ëå â¥« ¯®§¢®«ï¥â ¯®-«ãç âì à¥§ã«ìâ âë, ¤®áâ â®ç­® å®à®è® á®£« áãî-é¨¥áï á íªá¯¥à¨¬¥­â®¬, ¥á«¨ íâ¨ ã£«ë ­¥ ¯à¥¢ë-è îâ 30�.2. ����� ��������£à ­¨ç¨¢ ï à áá¬®âà¥­¨¥ ¯à®æ¥áá  ¬ «ë¬¨¢à¥¬¥­ ¬¨, ¡ã¤¥¬ ¨áª âì à¥è¥­¨¥ áä®à¬ã«¨à®¢ ­-­®© § ¤ ç¨ ¤«ï ¯®«ã¯®«®áë �L�x�L, z�0. �¥-«¨ç¨­  L ¢ë¡¨à ¥âáï ¨§ ãá«®¢¨ï, á®£« á­® ª®â®-

à®¬ã ¢ â¥ç¥­¨¥ à áá¬ âà¨¢ ¥¬®£® ¢à¥¬¥­­®£® ¨­-â¥à¢ «  ®âà ¦¥­­ë¥ ®â ¡®ª®¢ëå £à ­¥© ¯®«ã¯®-«®áë ¢®«­ë ­¥ ¤®áâ¨£ îâ ®¡« áâ¨ ª®­â ªâ . �à¨¢ë¡à ­­®¬ §­ ç¥­¨¨ L £à ­¨ç­ë¥ ãá«®¢¨ï ­  ¡®ª®-¢ëå £à ­ïå ¯®«ã¯®«®áë ¢ë¡¨à îâáï ¯à®¨§¢®«ì­®.�§ á®®¡à ¦¥­¨© ã¤®¡áâ¢  à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå,®áãé¥áâ¢«ï¥¬®£® ­  ®á­®¢¥ à §«®¦¥­¨ï ¨áª®¬ëåå à ªâ¥à¨áâ¨ª ¯à®æ¥áá  ¢ àï¤ë �ãàì¥ ­  ª« áá¨-ç¥áª®¬ ¨­â¥à¢ «¥ [��;�], ­¨¦¥ ¢ë¡à ­® §­ ç¥­¨¥L=�.� ¤ «ì­¥©è¥¬ ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ¬¥â®¤  à §«®-¦¥­¨ï äã­ªæ¨© ¢ àï¤ë �ãàì¥ ¯® ¯®«­®© âà¨£®­®-¬¥âà¨ç¥áª®© á¨áâ¥¬¥ äã­ªæ¨© ¤«ï ã¤®¡áâ¢  § ¯¨-á¨ ¡ã¤¥¬ ¯à¥¤áâ ¢«ïâì àï¤ �ãàì¥ ¢ ¢¨¤¥f(t; x) = 1Xn=0nf (1)n (t) cos nx+ f (2)n (t) sinnxo;f (1)n (t) = 1�kn �Z�� f(t; x) cosnxdx;f (2)n (t) = 1�kn �Z�� f(t; x) sinnxdx;kn = � 2; n = 0;1; n = 1;1;¯®« £ ï, çâ® ª®íää¨æ¨¥­â f (2)0 (t)�0. � áª« ¤ë¢ -¥¬ áª®à®áâì ¤¥ä®à¬¨à®¢ ­¨ï ¯®¢¥àå­®áâ¨ ¦¨¤ª®-áâ¨ V (t; x) ¨ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ p(t; x) ¢àï¤ë �ãàì¥ ¯® cosnx ¨ sinnx:V (t; x) = 1Xn=0nV (1)n (t) cos nx+ V (2)n (t) sinnxo; (16)p(t; x) = 1Xn=0np(1)n (t) cos nx+ p(2)n (t) sinnxo: (17)�à¨¬¥­ïï ª ãà ¢­¥­¨î (5) ¯à¥®¡à §®¢ ­¨¥ � -¯« á  ¯® ¢à¥¬¥­¨ t á ¯ à ¬¥âà®¬ s, ¯®«ãç ¥¬ ¢¯à®áâà ­áâ¢¥ ¨§®¡à ¦¥­¨© ãà ¢­¥­¨¥@2'L@x2 + @2'L@z2 � s2'L = 0: (18)�¥è¥­¨¥ ãà ¢­¥­¨ï (18), ã¤®¢«¥â¢®àïîé¥¥ ãá«®-¢¨î § âãå ­¨ï ­  ¡¥áª®­¥ç­®áâ¨ (10), ¨é¥¬ ¢ ¢¨¤¥'L = 1Xn=0 e�zps2+n2nAn cos nx+Bn sinnxo; (19)£¤¥ An; Bn { ¯®áâ®ï­­ë¥ ª®íää¨æ¨¥­âë.�à¨¬¥­ïï ª ¢ëà ¦¥­¨ï¬ (6), (7) ¨ à §«®¦¥­¨-ï¬ (16), (17) ¯à¥®¡à §®¢ ­¨¥ � ¯« á  ¨ ãç¨âë¢ ï14 �. �. � ¢à¨«¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 10 { 22á®®â­®è¥­¨ï (19), ¯®«ãç ¥¬ ä®à¬ã«ã, á¢ï§ë¢ î-éãî ª®íää¨æ¨¥­âë V (i)Ln (s) ¨ p(i)Ln (s)V (i)Ln (s) = ps2 + n2s p(i)Ln (s);n = 0;1; i = 1; 2: (20)�®£¤  ¯® â¥®à¥¬¥ ® á¢¥àâª¥ ®à¨£¨­ «®¢ ¤¢ãå äã­ª-æ¨© ¨§ á®®â­®è¥­¨© (20) ¯®«ãç ¥¬ § ¢¨á¨¬®áâ¨V (i)n (t) = p(i)n (t) + tZ0 p(i)n (� )fn(t� � )d�;n = 0;1; i = 1; 2; (21)á¢ï§ë¢ îé¨¥ ª®íää¨æ¨¥­âë V (i)n (t) ¨ p(i)n (t).�¤¥áì fn(t) = tZ0 nJ1(n�)� d�;£¤¥ J1(t) { æ¨«¨­¤à¨ç¥áª ï äã­ªæ¨ï �¥áá¥«ï ¯¥à-¢®£® à®¤  ¯¥à¢®£® ¯®àï¤ª .� ãç¥â®¬ à §«®¦¥­¨© (16), (17) ¨ á®®â­®è¥-­¨© (21) ãáâ ­ ¢«¨¢ ¥¬ á¢ï§ì ¬¥¦¤ã áª®à®áâìîV (t; x) ¨ ¤ ¢«¥­¨¥¬ p(t; x):V (t; x) = p(t; x)++ 1Xn=0� tZ0 np(1)n (� ) cos nx+ p(2)n (� ) sinnxo��fn(t � � )d��: (22)�¤®¢«¥â¢®àïï á ¯®¬®éìî á®®â­®è¥­¨ï (22) £à -­¨ç­ë¥ ãá«®¢¨ï (8), (9), ¯®«ãç ¥¬p(t; x) = H((x� x�1)(x�2 � x))(v0(t)�� 1Xn=0� tZ0 np(1)n (� ) cos nx+ p(2)n (� ) sinnxo��fn(t� � )d��); (23)£¤¥ H(x) { äã­ªæ¨ï �¥¢¨á ©¤ , ¨¬¥îé ï ¢¨¤H(x) = � 1; x > 0;0; x < 0:�à¥¤áâ ¢«ïï ¢ ¢¨¤¥ àï¤®¢ �ãàì¥ «¥¢ãî ¨ ¯à ¢ãîç áâì ¢ëà ¦¥­¨ï (23) ¨ ¯à¨à ¢­¨¢ ï ª®íää¨æ¨¥­-âë ¯à¨ á®®â¢¥âáâ¢ãîé¨å ª®á¨­ãá å ¨ á¨­ãá å, ¯®-

«ãç ¥¬ ¡¥áª®­¥ç­ãî á¨áâ¥¬ã «¨­¥©­ëå ¨­â¥£à «ì-­ëå ãà ¢­¥­¨© �®«ìâ¥àà  ¢â®à®£® à®¤  ®â­®á¨-â¥«ì­® ª®íää¨æ¨¥­â®¢ p(1)n (t), p(2)n (t), (n=0;1):p(1)n (t)=v(1)0n (t)�� 1Xm=0��(1)mn(x�1; x�2) tZ0 p(1)m (� )fm(t�� )d�++ �(2)mn(x�1; x�2) tZ0 p(2)m (� )fm(t�� )d��;p(2)n (t)=v(2)0n (t)�� 1Xm=0��(3)mn(x�1; x�2) tZ0 p(1)m (� )fm(t�� )d�++ �(4)mn(x�1; x�2) tZ0 p(2)m (� )fm(t�� )d��; (24)£¤¥ v(1)0n (t) = v0(t)�kn x�2Zx�1 cos nxdx;v(2)0n (t) = v0(t)�kn x�2Zx�1 sinnxdx;�(1)mn(x�1; x�2) = 1�kn x�2Zx�1 cosmx cos nxdx;�(2)mn(x�1; x�2) = 1�kn x�2Zx�1 sinmx cosnxdx;�(3)mn(x�1; x�2) = 1�kn x�2Zx�1 cosmx sinnxdx;�(4)mn(x�1; x�2) = 1�kn x�2Zx�1 sinmx sinnxdx:�®á«¥ ¯à¥®¡à §®¢ ­¨© ª®íää¨æ¨¥­âë v(i)0n(t)(i=1; 2) ¨ �(j)mn(x�1; x�2) (j=1; 4) ¯à¨­¨¬ îâ ¢¨¤v(i)0n(t) = v0(t)�kn g(i)n (x�1; x�2); (25)�(j)mn(x�1; x�2) = 12� q(j)mn(x�1; x�2); (26)�. �. � ¢à¨«¥­ª® 15



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 10 { 22£¤¥q(1)mn(x�1; x�2) = 8><>:x�2 � x�1; m = n; n = 0;z1(m); m 6= n; n = 0;x�2 � x�1 + z1(2m); m = n; n 6= 0;z1(m�n)+z1(m+n); m 6=n; n 6=0;q(2)mn(x�1; x�2) = 8><>: 0; m = n; n = 0;z2(m); m 6= n; n = 0;z2(2m); m = n; n 6= 0;z2(m�n)+z2(m+n); m 6=n; n 6=0;q(3)mn(x�1; x�2) = 8><>: 0; m = n; n = 0;0; m 6= n; n = 0;z2(2m); m = n; n 6= 0;z2(m+n)�z2(m�n); m 6=n; n 6=0;q(4)mn(x�1; x�2) = 8><>: 0; m = n; n = 0;0; m 6= n; n = 0;x�2 � x�1 � z1(2m); m = n; n 6= 0;z1(m�n)�z1(m+n); m 6=n; n 6=0:g(1)n (x�1; x�2) = �x�2 � x�1; n = 0;z1(n); n = 1;1;g(2)n (x�1; x�2) = � 0; n = 0;z2(n); n = 1;1;z1(n) = sinnx�2 � sinnx�1n ;z2(n) = cosnx�1 � cosnx�2n ;�®á«¥ â®£®, ª ª ª®íää¨æ¨¥­âë p(i)n (t) ®¯à¥¤¥-«¥­ë ¨§ à¥è¥­¨ï á¨áâ¥¬ë (24), ª®íää¨æ¨¥­âëV (i)n (t) ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã«¥ (21),   áª®à®áâì¤¥ä®à¬¨à®¢ ­¨ï ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ V (t; x)¨ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ p(t; x) { á®®â¢¥â-áâ¢¥­­® ¯® ä®à¬ã« ¬ (16), (17). �á¯®«ì§ãï á®®â-­®è¥­¨ï (13) ¨ (17), ¯®«ãç ¥¬ £¨¤à®¤¨­ ¬¨ç¥áªãîá¨«ã á®¯à®â¨¢«¥­¨ï ¯®£àã¦¥­¨î â¥«  ¢ ¦¨¤ª®áâì¢ ¢¨¤¥F (t) == 1Xn=0np(1)n (t)g(1)n (x�1; x�2)+p(2)n (t)g(2)n (x�1; x�2)o: (27)�¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ (12) ¯à¨­¨¬ ¥â ¢¨¤� _v0(t) ==�1Xn=0np(1)n (t)g(1)n (x�1; x�2)+p(2)n (t)g(2)n (x�1; x�2)o;v0(0) = v0: (28)

�á¯®«ì§ãï á®®â­®è¥­¨ï (15) ¨ (17), ¯®«ãç ¥¬ ¬®-¬¥­â à¥ ªæ¨¨M (t) == 1Xn=0np(1)n (t)h(1)n (x�1; x�2)+p(2)n (t)h(2)n (x�1; x�2)o; (29)£¤¥h(1)n (x�1; x�2) = 8>>><>>>: (x�2 + x�1)(x�2 � x�1)2 ; n = 0;x�2 sinnx�2 � x�1 sinnx�1 � z2(n)n ;n = 1;1;h(2)n (x�1; x�2) = 8><>: 0; n = 0;x�1 cosnx�1 � x�2 cos nx�2 + z1(n)n ;n = 1;1:�¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ (14) ¯à¨­¨¬ ¥â ¢¨¤I0 � (t) ==�1Xn=0np(1)n (t)h(1)n (x�1; x�2)+p(2)n (t)h(2)n (x�1; x�2)o; (0) =  0; _ (0) = _ 0: (30)� ª¨¬ ®¡à §®¬, à §à¥è îé ï á¨áâ¥¬  ãà ¢­¥-­¨© á®áâ®¨â ¨§ ¡¥áª®­¥ç­®© á¨áâ¥¬ë ¨­â¥£à «ì-­ëå ãà ¢­¥­¨© (24), ãà ¢­¥­¨© ¯®áâã¯ â¥«ì­®£®¯¥à¥¬¥é¥­¨ï (28), ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï (30)¨ á®®â­®è¥­¨ï (3), ®¯à¥¤¥«ïîé¥£® £à ­¨æë ®¡« -áâ¨ ª®­â ªâ  x�1, x�2.3. ������ \��������������" ������á«¨ ¢ à áá¬®âà¥­­®© ¢ëè¥ á¬¥è ­­®© ªà ¥¢®©§ ¤ ç¥ £à ­¨ç­®¥ ãá«®¢¨¥ (9) § ¬¥­¨âì ­  ãá«®¢¨¥@'@z ����z=0 = 0; (x < x�1)S(x > x�2); (31)®§­ ç îé¥¥ ­ «¨ç¨¥ \¦¥áâª®£® íªà ­ " ­  á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨, § ¯à¥é îé¥£® ¤«ï ¥¥ â®ç¥ª ­®à-¬ «ì­ë¥ ¯¥à¥¬¥é¥­¨ï, â® ¯®«ãç ¥¬ ­¥á¬¥è ­­ãîªà ¥¢ãî § ¤ çã (§ ¤ çã �¥©¬ ­ ), à¥è¥­¨¥ ª®â®-à®© §­ ç¨â¥«ì­® ã¯à®é ¥âáï ¨ á¢®¤¨âáï ª ¡¥áª®-­¥ç­®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ «¨­¥©­ëå ¨­â¥£à «ì-­ëå ãà ¢­¥­¨© �®«ìâ¥àà  ¢â®à®£® à®¤  ®â­®á¨-â¥«ì­® ª®íää¨æ¨¥­â®¢ p(i)n (t), (i=1; 2):p(i)n (t) = v(i)0n(t)� tZ0 p(i)n (� )fn(t� � )d�;n = 0;1: (32)16 �. �. � ¢à¨«¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 10 { 22�  ¨­â¥à¢ «¥ ¢à¥¬¥­¨, ¢ â¥ç¥­¨¥ ª®â®à®£®  ªã-áâ¨ç¥áª¨¥ ¢®§¬ãé¥­¨ï, ¢ë§¢ ­­ë¥ ¢ ¦¨¤ª®áâ¨ ¯®-£àã¦ îé¨¬áï â¥«®¬, ­¥ ¢ëè«¨ §  ¯à¥¤¥«ë ®¡« -áâ¨ ª®­â ªâ , â® ¥áâì ¯®ª  á¢®¡®¤­ ï ¯®¢¥àå-­®áâì ¦¨¤ª®áâ¨ ¡ã¤¥â ®áâ ¢ âìáï ¢ ¯¥à¢®­ ç «ì-­®¬ ­¥¢®§¬ãé¥­­®¬ á®áâ®ï­¨¨, £à ­¨ç­ë¥ ãá«®-¢¨ï ­  ­¥© ­¥ ¡ã¤ãâ áª §ë¢ âìáï ­  ¨áª®¬ëå £¨-¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§ª å ¨ à¥§ã«ìâ âë à¥è¥-­¨ï á¬¥è ­­®© ¨ ­¥á¬¥è ­­®© ªà ¥¢ëå § ¤ ç ¡ã-¤ãâ ¨¤¥­â¨ç­ë¬¨. � ¢ëå®¤®¬  ªãáâ¨ç¥áª¨å ¢®§-¬ãé¥­¨© §  ¯à¥¤¥«ë ®¡« áâ¨ ª®­â ªâ  á¢®¡®¤­ ï¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ ¯à¨å®¤¨â ¢ ¤¢¨¦¥­¨¥, ¯®-íâ®¬ã ãá«®¢¨¥ (31) ¥¥ ­¥¯®¤¢¨¦­®áâ¨ ¢ ¯®áâ ­®¢-ª¥ \¦¥áâª¨© íªà ­" ¬®¦¥â ¢­¥áâ¨ ®¯à¥¤¥«¥­­ãî¯®£à¥è­®áâì ¢ ¨áª®¬ë¥ à¥§ã«ìâ âë. �¤­ ª®, ª ª¯®ª §ë¢ îâ à áç¥âë [5, 8, 10], ®â«¨ç¨¥ ¯®«ãç ¥-¬ëå à¥§ã«ìâ â®¢ ¢ ®¡¥¨å ¯®áâ ­®¢ª å ­¥§­ ç¨-â¥«ì­® (¯® ªà ©­¥© ¬¥à¥ ¤«ï ¨­â¥£à «ì­ëå å à ª-â¥à¨áâ¨ª). �®íâ®¬ã ¬®¦­® à¥ª®¬¥­¤®¢ âì ¬®¤¥«ì\á¢¥àå§¢ãª®¢®£®" íâ ¯  ¤«ï ¨á¯®«ì§®¢ ­¨ï ¢ ¨­¦¥-­¥à­ëå à áç¥â å ­  ¯à®ç­®áâì ª®­áâàãªæ¨©, ã¤ à-­® ª®­â ªâ¨àãîé¨å á ¦¨¤ª®áâìî, çâ® ¯®§¢®«¨âáãé¥áâ¢¥­­® á®ªà â¨âì § âà âë ª®¬¯ìîâ¥à­®£®¢à¥¬¥­¨ (­  ®¤¨­{ ¤¢  ¯®àï¤ª ).4. ��������� �����������¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨ ¢ ®¡é¥¬ á«ãç ¥ á¢¥-¤¥­® ª à¥è¥­¨î á¨áâ¥¬ë ¨­â¥£à «ì­ëå ãà ¢­¥-­¨© (24) á®¢¬¥áâ­® á ¤¨ää¥à¥­æ¨ «ì­ë¬¨ ãà ¢-­¥­¨ï¬¨ (28), (30) ¯® ®¯à¥¤¥«ï¥¬ë¬ ¢ ª ¦¤ë© ¬®-¬¥­â ¢à¥¬¥­¨ t £à ­¨æ ¬ ®¡« áâ¨ ª®­â ªâ  â¥«  á¦¨¤ª®áâìî ¨§ á®®â­®è¥­¨© (3).�¥è¥­¨¥ § ¤ ç¨ ®áãé¥áâ¢«ï«®áì ­  ª®­¥ç­®¬®âà¥§ª¥ ¢à¥¬¥­¨ [0;T ], ª®â®àë© à §¡¨¢ «áï ­  à ¢-­ë¥ ç áâ¨ ¤«¨­®© �t, ¨ ¢ ¯®«ãç¥­­ëå ã§« å à §-¡¨¥­¨ï ¢ëç¨á«ï«¨áì ¢á¥ ¨áª®¬ë¥ ¢¥«¨ç¨­ë. �à¨íâ®¬ ¢¥«¨ç¨­  ¢à¥¬¥­­®£® ¨­â¥à¢ «  [0;T ] ¢ë¡¨-à « áì â ª, çâ®¡ë §  íâ®â ®âà¥§®ª ¢à¥¬¥­¨  ªã-áâ¨ç¥áª¨¥ ¢®«­ë, ¢ë§¢ ­­ë¥ ¢ ¦¨¤ª®áâ¨ ¯à®­¨-ª îé¨¬ æ¨«¨­¤à®¬, ¤®áâ¨£­ã¢ ¢¥àâ¨ª «ì­ëå £à -­¥© à áá¬®âà¥­­®© ¢ëè¥ ¯®«ã¯®«®áë ¦¨¤ª®áâ¨¨ ®âà §¨¢è¨áì ®â ­¨å, ­¥ ãá¯¥¢ «¨ ¢¥à­ãâìáï ª®¡« áâ¨ ¢®§¬ãé¥­¨©, ¨ â¥¬ á ¬ë¬ ­¥ ¬®£«¨ ®ª -§ë¢ âì ¢«¨ï­¨¥ ­  å®¤ ¯à®æ¥áá  ¯à®­¨ª ­¨ï.�¥áª®­¥ç­ ï á¨áâ¥¬  ¨­â¥£à «ì­ëå ãà ¢­¥-­¨© (24) ¨ àï¤ë ¢ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨-ïå (28), (30) ¯®¤¢¥à£ «¨áì ãá¥ç¥­¨î. �â¥¯¥­ìãá¥ç¥­¨ï ®¯à¥¤¥«ï« áì ¨§ á®®¡à ¦¥­¨© ¯à ªâ¨ç¥-áª®© áå®¤¨¬®áâ¨. � á¨áâ¥¬¥ (24) ¢á¥ ¨­â¥£à «ë¢ëç¨á«ï«¨áì ¯® ª¢ ¤à âãà­ë¬ ä®à¬ã« ¬ âà ¯¥-æ¨© ¨ �¨¬¯á®­ . �¥è¥­¨¥ á¨áâ¥¬ë ¨­â¥£à «ì-­ëå ãà ¢­¥­¨© (24) ¨ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥-­¨© (28), (30) ®áãé¥áâ¢«ï«®áì ¨â¥à æ¨®­­ë¬ ¬¥-

�¨á. 2. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ £¨¤à®¤¨­ ¬¨ç¥áª®©á¨«ë ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ­ ç «ì­ëåã£«®¢  á¨¬¬¥âà¨¨â®¤®¬ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨©. �«ï ã«ãç-è¥­¨ï áå®¤¨¬®áâ¨ àï¤®¢ �ãàì¥ ¯à¨¬¥­ï«¨áì �-¬­®¦¨â¥«¨ �̈ ¡¡á .� ¢ëç¨á«¥­¨ïå ­  ¢à¥¬¥­­®¬ ¨­â¥à¢ «¥ [0; 2]¢ àì¨à®¢ «¨áì á«¥¤ãîé¨¥ ¯ à ¬¥âàë: ­ ç «ì-­ ï áª®à®áâì ¯®£àã¦¥­¨ï v0=0:01�0:1, ­ ç «ì­ë©ã£®«  á¨¬¬¥âà¨¨  0=0��50�, ­ ç «ì­ ï áª®à®áâì¢à é¥­¨ï _ 0=0�0:1, ¬ áá  â¥«  �=0:1�100,  â ª¦¥ £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë r, r0 ¨ q, ¯®«-­®áâìî ®¯à¥¤¥«ïîé¨¥ ¯®£®­­ãî ¬ ááã � ®¤­®à®¤-­®£® ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â  ¨ ¥£® ¬®¬¥­â ¨­¥à-æ¨¨ I0 ®â­®á¨â¥«ì­® æ¥­âà  ¬ áá.�¥§ã«ìâ âë à áç¥â®¢ ­  à¨á. 2 { 9 ¯®«ãç¥­ë ¤«ï¯®«®¦¨â¥«ì­ëå ­ ç «ì­ëå ã£«®¢  á¨¬¬¥âà¨¨ (¯ -à ¡®«¨ç¥áª¨© á¥£¬¥­â ­ ª«®­¥­ ¢¯à ¢®), çâ® á®-®â¢¥âáâ¢ã¥â à¨á. 1, ¯à¨ v0=0:05, _ 0=0. �¥§¤¥ ¢à áç¥â å áª®à®áâì ¢à é¥­¨ï _ ®â­¥á¥­  ª C=R,  ãáª®à¥­¨¥ � ®â­¥á¥­® ª C2=R2, ã£®«  á¨¬¬¥âà¨¨  ¨§¬¥àï«áï ¢ à ¤¨ ­­®© ¬¥à¥, ­® ¤«ï ­ £«ï¤­®áâ¨¯à¨ ®¯¨á ­¨¨ à¨áã­ª®¢ ¨á¯®«ì§®¢ « áì £à ¤ãá­ ï¬¥à .�  à¨á. 2 { 3 ¯à¨¢¥¤¥­ë ¢à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨¨­â¥£à «ì­ëå å à ªâ¥à¨áâ¨ª (£¨¤à®¤¨­ ¬¨ç¥áª®©á¨«ë F (t) ¨ ¬®¬¥­â  à¥ ªæ¨¨ M (t) á®®â¢¥âáâ¢¥­-­®) ¤«ï ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â  ¯à¨ á«¥¤ãî-é¨å §­ ç¥­¨ïå ¯ à ¬¥âà®¢: �=4:85, I0=3:097;r=0:45, r0=0:3, q=2. �¨äà ¬¨ 1 { 3 ­  à¨-áã­ª å ®â¬¥ç¥­ë ªà¨¢ë¥, á®®â¢¥âáâ¢ãîé¨¥ á«¥-¤ãîé¨¬ §­ ç¥­¨ï¬ ­ ç «ì­®£® ã£«   á¨¬¬¥âà¨¨ 0=10�; 20�; 30�. �âà¨å®¢ ï «¨­¨ï ­  à¨á. 2 á®-®â¢¥âáâ¢ã¥â á«ãç î á¨¬¬¥âà¨ç­®£® ¯®£àã¦¥­¨ï�. �. � ¢à¨«¥­ª® 17
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�¨á. 3. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ¬®¬¥­â  à¥ ªæ¨¨¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ­ ç «ì­ëåã£«®¢  á¨¬¬¥âà¨¨¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤à  ¢ ¦¨¤ª®áâì, â. ¥. ¯à¨ 0=0�. �§ à¨á. 2 ¬®¦­® § ¬¥â¨âì, çâ®:� £¨¤à®¤¨­ ¬¨ç¥áª ï á¨«  F (t), ¤¥©áâ¢ãîé ï­  â¥«® á® áâ®à®­ë ¦¨¤ª®áâ¨, à ¢­  ­ã«î ¢¬®¬¥­â ª á ­¨ï â¥«®¬ ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨¨ à¥§ª® ¢®§à áâ ¥â ­  ­ ç «ì­®¬ íâ ¯¥ à á-á¬ âà¨¢ ¥¬®£® ¢à¥¬¥­­®£® ¨­â¥à¢ « , ¯à¨-ç¥¬ â¥¬ ¡ëáâà¥¥, ç¥¬ ¡®«ìè¥ ­ ç «ì­ë© ã£®« á¨¬¬¥âà¨¨;� £¨¤à®¤¨­ ¬¨ç¥áª ï á¨«  F (t) ¤«ï â¥« ª®­¥ç-­®© ¬ ááë ­  à áá¬ âà¨¢ ¥¬®¬ ¢à¥¬¥­­®¬¨­â¥à¢ «¥ ãá¯¥¢ ¥â ¤®áâ¨çì á¢®¥£® ¬ ªá¨¬ã-¬ , ¯à¨ç¥¬ íâ®â ¬ ªá¨¬ã¬ â¥¬ ¡®«ìè¥ ¨ ¤®-áâ¨£ ¥âáï ®­ â¥¬ à ­ìè¥, ç¥¬ ¡®«ìè¥ ­ ç «ì-­ë© ã£®«  á¨¬¬¥âà¨¨;� ¢«¨ï­¨¥ ­ ç «ì­®£® ã£«   á¨¬¬¥âà¨¨ ¢ ¤¨ -¯ §®­¥ 0� 0�10� ­  ¢¥«¨ç¨­ã £¨¤à®¤¨­ ¬¨-ç¥áª®© á¨«ë ­¥§­ ç¨â¥«ì­® (§­ ç¥­¨ï ®â«¨ç -îâáï ¢ ¯à¥¤¥« å 5%), â. ¥. ¯à¨ ­¥®¡å®¤¨¬®áâ¨®¯à¥¤¥«¥­¨ï â®«ìª® £¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë¤«ï ­ ç «ì­ëå ã£«®¢  á¨¬¬¥âà¨¨ ¨§ ¤ ­­®-£® ¤¨ ¯ §®­  ¬®¦­® ¨á¯®«ì§®¢ âì á¨¬¬¥âà¨ç-­ãî ¯®áâ ­®¢ªã § ¤ ç¨;� ­  ¢á¥¬ ¨áá«¥¤ã¥¬®¬ ¢à¥¬¥­­®¬ ¨­â¥à¢ «¥ £¨-¤à®¤¨­ ¬¨ç¥áª ï á¨«  á®¯à®â¨¢«¥­¨ï ¯à®­¨-ª ­¨î ¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤à  á® áâ®à®­ë¦¨¤ª®áâ¨ ï¢«ï¥âáï ­ ¨¬¥­ìè¥© ¯à¨ á¨¬¬¥-âà¨ç­®¬ ã¤ à¥ ® ¦¨¤ª®áâì ( 0=0�).

�¨á. 4. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ã£«   á¨¬¬¥âà¨¨¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ¬ ááë â¥« �§ à¨á. 3 ¢¨¤­®, çâ®:� ¬®¬¥­â à¥ ªæ¨¨ M (t), à ¢­ë© ­ã«î ¢ ­ ç -«¥ ¯à®æ¥áá  ¯®£àã¦¥­¨ï ¢ ¦¨¤ª®áâì ¯ à ¡®-«¨ç¥áª®£® æ¨«¨­¤à , ¢®§à áâ ¥â, ¯à¨ç¥¬ â¥¬¡ëáâà¥¥, ç¥¬ ¡®«ìè¥ ã£®«  á¨¬¬¥âà¨¨;� ¬®¬¥­â à¥ ªæ¨¨ M (t) ¤«ï â¥« ª®­¥ç­®© ¬ á-áë ­  à áá¬ âà¨¢ ¥¬®¬ ¢à¥¬¥­­®¬ ¨­â¥à¢ «¥ãá¯¥¢ ¥â ¤®áâ¨çì á¢®¥£® ¬ ªá¨¬ «ì­®£® §­ -ç¥­¨ï, ¯à¨ç¥¬ íâ® §­ ç¥­¨¥ â¥¬ ¡®«ìè¥ ¨ ¤®-áâ¨£ ¥âáï â¥¬ à ­ìè¥, ç¥¬ ¡®«ìè¥ ­ ç «ì­ë©ã£®«  á¨¬¬¥âà¨¨.�  à¨á. 4 ¯®ª § ­ë § ¢¨á¨¬®áâ¨ ®â­®á¨â¥«ì-­®£® ã£«   á¨¬¬¥âà¨¨  (t)= 0 ®â ¢à¥¬¥­¨ t ¤«ï¯ à ¡®«¨ç¥áª¨å á¥£¬¥­â®¢ ®¤¨­ ª®¢®© £¥®¬¥âà¨-ç¥áª®© ä®à¬ë, ­® à §«¨ç­ëå ¯®£®­­ëå ¬ áá �,¯à¨ á«¥¤ãîé¨å §­ ç¥­¨ïå ¯ à ¬¥âà®¢:  0=20�,r=0:45, r0=0:3, q=2. �¨äà ¬¨ 1 {4 ­  à¨áã­-ª¥ ®â¬¥ç¥­ë ªà¨¢ë¥, á®®â¢¥âáâ¢ãîé¨¥ §­ ç¥­¨ï¬¯®£®­­ëå ¬ áá �=1:39; 2:08; 4:85; 13:51. �®®â¢¥â-áâ¢ãîé¨¥ ¬®¬¥­âë ¨­¥àæ¨¨ ®â­®á¨â¥«ì­® æ¥­-âà  ¬ áá à áá¬ âà¨¢ ¥¬ëå ¯ à ¡®«¨ç¥áª¨å á¥£-¬¥­â®¢ à ¢­ë I0=0:885; 1:327; 3:097; 8:627, ¯à¨-ç¥¬ á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯®£®­­ë¥ ¬ ááë ¨ ¬®-¬¥­âë ¨­¥àæ¨¨ á¥£¬¥­â®¢ ¯à®¯®àæ¨®­ «ì­ë ¯«®â-­®áâ¨ ¬ â¥à¨ «  â¥« , â ª ª ª ä®à¬  íâ¨å ¯ à ¡®-«¨ç¥áª¨å á¥£¬¥­â®¢ ­¥ ¬¥­ï¥âáï. �§ à¨á. 4 ¬®¦­®§ ¬¥â¨âì, çâ®:� ®â­®á¨â¥«ì­ë© ã£®«  á¨¬¬¥âà¨¨ à áâ¥â, ¯à¨-ç¥¬ â¥¬ ¡ëáâà¥¥, ç¥¬ ¬¥­ìè¥ ¬ áá  á¥£¬¥­â ¨«¨ ¥£® ¬®¬¥­â ¨­¥àæ¨¨;18 �. �. � ¢à¨«¥­ª®
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�¨á. 5. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ã£«   á¨¬¬¥âà¨¨¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ­ ç «ì­ëåã£«®¢  á¨¬¬¥âà¨¨� ¢ ¯à¥¤¥«ì­®¬ ç áâ­®¬ á«ãç ¥ ¤«ï ¡¥áª®­¥ç­®¡®«ìè®© ¬ ááë ®â­®á¨â¥«ì­ë© ã£®«  á¨¬¬¥-âà¨¨ ¡ã¤¥â à ¢¥­ ¥¤¨­¨æ¥, â. ¥. ã£®«  á¨¬-¬¥âà¨¨  (t) ¡ã¤¥â ¯®áâ®ï­­ë¬, çâ® ®§­ ç ¥â®âáãâáâ¢¨¥ ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï ã ¯ à -¡®«¨ç¥áª®£® á¥£¬¥­â  ®ª®«® ¥£® æ¥­âà  ¬ áá.�â®â á«ãç © á®®â¢¥âáâ¢ã¥â ­¥á¨¬¬¥âà¨ç­®©¯«®áª®© § ¤ ç¥ ® ¢¥àâ¨ª «ì­®¬ ¢¤ ¢«¨¢ ­¨¨¢ ¦¨¤ª®áâì æ¨«¨­¤à¨ç¥áª®£® èâ ¬¯  á ¯®áâ®-ï­­®© áª®à®áâìî ¯®£àã¦¥­¨ï ¨ ¯®áâ®ï­­ë¬ã£«®¬  á¨¬¬¥âà¨¨.�  à¨á. 5 ¯®ª § ­  § ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ t®â­®á¨â¥«ì­®£® ã£«   á¨¬¬¥âà¨¨  (t)= 0 ¤«ï ¯ -à ¡®«¨ç¥áª®£® á¥£¬¥­â  ¯à¨ á«¥¤ãîé¨å §­ ç¥­¨ïå¯ à ¬¥âà®¢: �=0:377, I0=0:1767, r=0:6, r0=0:4,q=1. �¨äà ¬¨ 1 {4 ­  à¨áã­ª¥ ®â¬¥ç¥­ë ªà¨¢ë¥,á®®â¢¥âáâ¢ãîé¨¥ á«¥¤ãîé¨¬ §­ ç¥­¨ï¬ ­ ç «ì-­®£® ã£«   á¨¬¬¥âà¨¨  0=30�; 40�; 45�; 50�. �§à¨á. 5 ¢¨¤­®, çâ®:� ®â­®á¨â¥«ì­ë© ã£®«  á¨¬¬¥âà¨¨ à áâ¥â, ¯à¨-ç¥¬ â¥¬ ¡ëáâà¥¥, ç¥¬ ¡®«ìè¥ ­ ç «ì­ë© ã£®« á¨¬¬¥âà¨¨;� â ª ª ª ­  ¨áá«¥¤ã¥¬®¬ ¢à¥¬¥­­®¬ ¨­â¥à¢ -«¥ ®â­®á¨â¥«ì­ë© ã£®«  á¨¬¬¥âà¨¨ ï¢«ï¥âáï¢®§à áâ îé¥© äã­ªæ¨¥© ¢à¥¬¥­¨ t, â® ¯ à -¡®«¨ç¥áª¨© á¥£¬¥­â áâà¥¬¨âáï ®¯à®ª¨­ãâìáï¨ «¥çì ­  á¢®î ¡®«¥¥ § âã¯«¥­­ãî ç áâì ª®­-âãà ; â¥¬ á ¬ë¬ ã¢¥«¨ç¨¢ ¥âáï ®¡« áâì ª®­-â ªâ  ¨, á«¥¤®¢ â¥«ì­®, £¨¤à®¤¨­ ¬¨ç¥áª ïá¨«  á®¯à®â¨¢«¥­¨ï ¯à®­¨ª ­¨î ¨ ¬®¬¥­â à¥-

�¨á. 6. � á¯à¥¤¥«¥­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï¯® ®¡« áâ¨ ª®­â ªâ  ¢ à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨¯à¨ á¨¬¬¥âà¨ç­®¬ ¨ ­¥á¨¬¬¥âà¨ç­®¬ ¯à®­¨ª ­¨¨ ªæ¨¨ (á¬. à¨á. 2, 3).�  à¨á. 6 ¯à¨¢¥¤¥­® à á¯à¥¤¥«¥­¨¥ £¨¤à®¤¨­ -¬¨ç¥áª®£® ¤ ¢«¥­¨ï p(t; �) ¯® ®¡« áâ¨ ª®­â ªâ  ¯ -à ¡®«¨ç¥áª®£® á¥£¬¥­â  ¯à¨ á«¥¤ãîé¨å §­ ç¥­¨-ïå ¯ à ¬¥âà®¢:  0=30�, �=3:44, I0=1:803, r=1,r0=0:6667, q=0:5. �âà¨å®¢ë¥ «¨­¨¨ á®®â¢¥â-áâ¢ãîâ á«ãç î á¨¬¬¥âà¨ç­®£® ¯®£àã¦¥­¨ï ¯ -à ¡®«¨ç¥áª®£® æ¨«¨­¤à  ¢ ¦¨¤ª®áâì, â. ¥. ¯à¨ 0=0�. �¨äà ¬¨ 1 {3 ®â¬¥ç¥­ë ªà¨¢ë¥, á®-®â¢¥âáâ¢ãîé¨¥ á«¥¤ãîé¨¬ ¬®¬¥­â ¬ ¢à¥¬¥­¨:t=0:5; 1:0; 2:0. �§ à¨á. 6 ¬®¦­® § ¬¥â¨âì, çâ®:� à á¯à¥¤¥«¥­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï áâ¥ç¥­¨¥¬ ¢à¥¬¥­¨ ¢á¥ ¡®«¥¥ ®â«¨ç ¥âáï ®â á®-®â¢¥âáâ¢ãîé¨å à¥§ã«ìâ â®¢ á¨¬¬¥âà¨ç­®£®ã¤ à , ª ª ¯® ¢¥«¨ç¨­¥, â ª ¨ ¯® à á¯®«®¦¥-­¨î ¨ è¨à¨­¥ ®¡« áâ¨ ª®­â ªâ ;� ®¡« áâì ª®­â ªâ , ¯® ª®â®à®© à á¯à¥¤¥«¥­®£¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥, ¢ å®¤¥ ¯à®æ¥áá ¯à®­¨ª ­¨ï à áè¨àï¥âáï ¨ á¬¥é ¥âáï ®â­®á¨-â¥«ì­® á®®â¢¥âáâ¢ãîé¥© ®¡« áâ¨ á¨¬¬¥âà¨ç-­®£® ã¤ à ;� ªà¨¢ë¥ à á¯à¥¤¥«¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª®£®¤ ¢«¥­¨ï ¯à¨®¡à¥â îâ ­¥á¨¬¬¥âà¨ç­ë© ¢¨¤¯® áà ¢­¥­¨î á á®®â¢¥âáâ¢ãîé¨¬¨ à¥§ã«ìâ -â ¬¨ á¨¬¬¥âà¨ç­®© § ¤ ç¨;� £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ ¢ ­ ¯à ¢«¥­¨¨¯à ¢®© £à ­¨æë ®¡« áâ¨ ª®­â ªâ  ¯® áà ¢-­¥­¨î á á¨¬¬¥âà¨ç­ë¬ á«ãç ¥¬ ¢ëè¥, çâ®�. �. � ¢à¨«¥­ª® 19
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�¨á. 7. � á¯à¥¤¥«¥­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï¯® ®¡« áâ¨ ª®­â ªâ  ¢ à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨á ãç¥â®¬ ¨ ¡¥§ ãç¥â  ¢à é â¥«ì­®£®¤¢¨¦¥­¨ï æ¨«¨­¤à ®¡êïá­ï¥âáï ¡®«ìè¥© áâ¥¯¥­ìî § âã¯«¥­­®-áâ¨ ª®­â ªâ¨àãîé¥£® á ¦¨¤ª®áâìî ª®­âãà ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â .�  à¨á. 7 { 9 ¯à¨¢¥¤¥­ë ®â¤¥«ì­ë¥ à¥§ã«ìâ âë¤«ï ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â  ¯à¨ á«¥¤ãîé¨å §­ -ç¥­¨ïå ¯ à ¬¥âà®¢: �=0:377, I0=0:1767, r=0:6,r0=0:4, q=1. �âà¨å®¢ë¥ «¨­¨¨ á®®â¢¥âáâ¢ãîâá«ãç î ¯®£àã¦¥­¨ï ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â  ¢¦¨¤ª®áâì, ª®£¤  ¢à é â¥«ì­®¥ ¤¢¨¦¥­¨¥ á¥£¬¥­-â  ¢®ªàã£ ¥£® æ¥­âà  ¬ áá ­¥ ãç¨âë¢ ¥âáï, â. ¥.ª®£¤  ­  ¢á¥¬ à áá¬ âà¨¢ ¥¬®¬ ¢à¥¬¥­­®¬ ¨­â¥à-¢ «¥  (t)= 0.�  à¨á. 7 ¯à¨¢¥¤¥­® à á¯à¥¤¥«¥­¨¥ £¨¤à®¤¨­ -¬¨ç¥áª®£® ¤ ¢«¥­¨ï p(t; �) ¯® ®¡« áâ¨ ª®­â ªâ  ¯ -à ¡®«¨ç¥áª®£® á¥£¬¥­â  ¯à¨ ­ ç «ì­®¬ ã£«¥  á¨¬-¬¥âà¨¨  0=50�. �¨äà ¬¨ 1{ 3 ®â¬¥ç¥­ë ªà¨-¢ë¥ ¤ ¢«¥­¨ï, á®®â¢¥âáâ¢ãîé¨¥ ¬®¬¥­â ¬ ¢à¥¬¥-­¨ t=0:5; 1:0; 2:0. �§ à¨á. 7 ¢¨¤­®, çâ®:� á â¥ç¥­¨¥¬ ¢à¥¬¥­¨ §­ ç¥­¨ï £¨¤à®¤¨­ ¬¨ç¥-áª®£® ¤ ¢«¥­¨ï ¢á¥ ¡®«¥¥ ®â«¨ç­ë ®â à¥§ã«ì-â â®¢, ¯®«ãç¥­­ëå ¡¥§ ãç¥â  ¢à é â¥«ì­®£®¤¢¨¦¥­¨ï á¥£¬¥­â , ª ª ¯® ¢¥«¨ç¨­¥, â ª ¨ ¯®à á¯®«®¦¥­¨î ¨ è¨à¨­¥ ®¡« áâ¨ ª®­â ªâ ;� £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ ¢ ­ ¯à ¢«¥­¨¨¯à ¢®© £à ­¨æë ®¡« áâ¨ ª®­â ªâ  ¯® áà ¢-­¥­¨î á á®®â¢¥âáâ¢ãîé¨¬¨ à¥§ã«ìâ â ¬¨,¯®«ãç¥­­ë¬¨ ¡¥§ ãç¥â  ¢à é â¥«ì­®£® ¤¢¨-¦¥­¨ï ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â , ¢ëè¥, çâ®®¡êïá­ï¥âáï â¥¬, çâ® ¢à é îé¨©áï ®â­®á¨-

�¨á. 8. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ¬®¬¥­â  à¥ ªæ¨¨¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ­ ç «ì­ëåã£«®¢  á¨¬¬¥âà¨¨ á ãç¥â®¬ ¨ ¡¥§ ãç¥â ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï æ¨«¨­¤à â¥«ì­® æ¥­âà  ¬ áá á¥£¬¥­â á¢®¥© ¯à ¢®© ç -áâìî ¢å®¤¨â ¢ ¦¨¤ª®áâì, ã¢¥«¨ç¨¢ ï â¥¬ á -¬ë¬ ¤ ¢«¥­¨¥,   â ª¦¥ â¥¬, çâ® áâ¥¯¥­ì § -âã¯«¥­­®áâ¨ ¯à ¢®© ç áâ¨ ª®­â ªâ¨àãîé¥£®á ¦¨¤ª®áâìî ª®­âãà  á¥£¬¥­â  §  áç¥â ¥£®¢à é¥­¨ï ¢®§à áâ ¥â;� £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ ¢ ­ ¯à ¢«¥­¨¨«¥¢®© £à ­¨æë ®¡« áâ¨ ª®­â ªâ  ¯® áà ¢­¥-­¨î á á®®â¢¥âáâ¢ãîé¨¬¨ à¥§ã«ìâ â ¬¨, ¯®-«ãç¥­­ë¬¨ ¡¥§ ãç¥â  ¢à é¥­¨ï á¥£¬¥­â , ­¨-¦¥, çâ® ®¡êïá­ï¥âáï â¥¬, çâ® ¢à é îé¨©áï¯ à ¡®«¨ç¥áª¨© á¥£¬¥­â á¢®¥© «¥¢®© ç áâìî¢ëå®¤¨â ¨§ ¦¨¤ª®áâ¨, â¥¬ á ¬ë¬ ã¬¥­ìè ï¤ ¢«¥­¨¥,   â ª¦¥ â¥¬, çâ® áâ¥¯¥­ì § âã¯«¥­-­®áâ¨ «¥¢®© ç áâ¨ ª®­â ªâ¨àãîé¥£® á ¦¨¤ª®-áâìî ª®­âãà  á¥£¬¥­â  §  áç¥â ¥£® ¢à é¥­¨ïã¡ë¢ ¥â;� ¯®ï¢«¥­¨¥ §®­ë ®âà¨æ â¥«ì­®£® ¤ ¢«¥­¨ï ¢¯à¥¤¥« å ®¡« áâ¨ ª®­â ªâ  (ªà¨¢ ï 3) ­  ¯®§¤-­¨å íâ ¯ å à áá¬ âà¨¢ ¥¬®£® ¢à¥¬¥­­®£® ¨­-â¥à¢ «  ¬®¦­® ®¡êïá­¨âì â ª: §­ ç¥­¨¥ £¨-¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ­  íâ®¬ íâ ¯¥ ¬ -«®,   ¢à é îé¨©áï ®â­®á¨â¥«ì­® æ¥­âà  ¬ áá¯ à ¡®«¨ç¥áª¨© á¥£¬¥­â á¢®¥© «¥¢®© ç áâìî¢ëå®¤¨â ¨§ ¦¨¤ª®áâ¨, ¯à¨¢®¤ï ª ¤ «ì­¥©è¥-¬ã ¯®­¨¦¥­¨î ¤ ¢«¥­¨ï ¢¯«®âì ¤® ¯®ï¢«¥­¨ï¬ «ëå ®âà¨æ â¥«ì­ëå ¥£® §­ ç¥­¨©.�  à¨á. 8 ¯à¨¢¥¤¥­ë ¢à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ¬®-¬¥­â  à¥ ªæ¨¨ M (t) ¯à®­¨ª îé¥£® ¯ à ¡®«¨ç¥-20 �. �. � ¢à¨«¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 10 { 22áª®£® á¥£¬¥­â  ¤«ï ­ ç «ì­ëå ã£«®¢  á¨¬¬¥âà¨¨ 0=45�; 50�. �®®â¢¥âáâ¢ãîé¨¥ ªà¨¢ë¥ ¬®¬¥­â®¢à¥ ªæ¨¨ ­  à¨áã­ª¥ ®â¬¥ç¥­ë æ¨äà ¬¨ 1{ 2. �§à¨á. 8 ¬®¦­® § ¬¥â¨âì, çâ® ­  à ­­¥¬ íâ ¯¥ à á-á¬ âà¨¢ ¥¬®£® ¢à¥¬¥­­®£® ¨­â¥à¢ «  ­¥ãç¥â ¢à -é¥­¨ï á¥£¬¥­â  ­¥ áª §ë¢ ¥âáï ­  ¢¥«¨ç¨­¥ ¬®-¬¥­â  à¥ ªæ¨¨, ¢ ¤ «ì­¥©è¥¬ íâ®â ­¥ãç¥â ¯à¨¢®-¤¨â ª à §­¨æ¥ ¢ à¥§ã«ìâ â å:� ¤«ï  0=50� ®­  à ¢­  15% ®â ¬ ªá¨¬ «ì­®£®§­ ç¥­¨ï ¬®¬¥­â  à¥ ªæ¨¨;� ¤«ï  0=45� ®­  à ¢­  8% ®â ¬ ªá¨¬ «ì­®£®§­ ç¥­¨ï ¬®¬¥­â  à¥ ªæ¨¨, ¯à¨ç¥¬ á ã¬¥­ì-è¥­¨¥¬ ­ ç «ì­®£® ã£«   á¨¬¬¥âà¨¨ ¢«¨ï­¨¥­¥ãç¥â  ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï ­  ¬®¬¥­âà¥ ªæ¨¨ ®á« ¡¥¢ ¥â.�  à¨á. 9 ¯®ª § ­ë § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ t£à ­¨æ ®¡« áâ¨ ª®­â ªâ  ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­-â  á ¦¨¤ª®áâìî ¤«ï ­ ç «ì­ëå ã£«®¢  á¨¬¬¥âà¨¨ 0=45�; 50�. �§ à¨á. 9 ¢¨¤­®, çâ®:� ­  ­ ç «ì­®¬ íâ ¯¥ à áá¬ âà¨¢ ¥¬®£® ¢à¥-¬¥­­®£® ¨­â¥à¢ «  ­¥ãç¥â ¢à é â¥«ì­®£®¤¢¨¦¥­¨ï á¥£¬¥­â  ¢®ªàã£ æ¥­âà  ¬ áá ­¥ áª -§ë¢ ¥âáï ­  ¢¥«¨ç¨­ å £à ­¨æ x1, x2 ¨ è¨à¨-­¥ ®¡« áâ¨ ª®­â ªâ ;� ­  ¯®á«¥¤ãîé¨å íâ ¯ å íâ®â ­¥ãç¥â ¯à¨¢®¤¨âª à §«¨ç¨ï¬ ¢ à¥§ã«ìâ â å:{ ¤«ï  0=50� ®­¨ à ¢­ë 48% ®â ¬ ªá¨¬ã-¬  ¯à ¢®© £à ­¨æë x2, 31% ®â ¬ ªá¨¬ã-¬  «¥¢®© £à ­¨æë x1, 20% ®â ¬ ªá¨¬ã¬ è¨à¨­ë ®¡« áâ¨ ª®­â ªâ ;{ ¤«ï  0=45� ®­¨ à ¢­ë 35% ®â ¬ ªá¨¬ã-¬  ¯à ¢®© £à ­¨æë x2, 21% ®â ¬ ªá¨¬ã-¬  «¥¢®© £à ­¨æë x1, 12% ®â ¬ ªá¨¬ã¬ è¨à¨­ë ®¡« áâ¨ ª®­â ªâ ;� ¢«¨ï­¨¥ ­¥ãç¥â  ¢à é¥­¨ï á¥£¬¥­â  ¢®ªàã£æ¥­âà  ¬ áá ®á« ¡¥¢ ¥â á ã¬¥­ìè¥­¨¥¬ ­ -ç «ì­®£® ã£«   á¨¬¬¥âà¨¨.����������� ¤ ­­®© à ¡®â¥ à¥è¥­  ¯«®áª ï ­¥á¨¬¬¥âà¨ç-­ ï § ¤ ç  ¢¥àâ¨ª «ì­®£® ã¤ à  ¨ ¯®£àã¦¥­¨ï ¢á¦¨¬ ¥¬ãî ¦¨¤ª®áâì ¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤à ª®­¥ç­®© ¬ ááë á ¨§¬¥­ïîé¨¬¨áï áª®à®áâìî ¨ã£«®¬  á¨¬¬¥âà¨¨,   â ª¦¥ á ãç¥â®¬ ­¥ â®«ìª® ¥£®¯®áâã¯ â¥«ì­®£® ¯¥à¥¬¥é¥­¨ï ¢ £«ã¡ì ¦¨¤ª®áâ¨,­® ¨ ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï ª®­âãà  æ¨«¨­¤à ¢®ªàã£ á¢®¥£® æ¥­âà  ¬ áá.

�¨á. 9. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ £à ­¨æ®¡« áâ¨ ª®­â ªâ  ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå­ ç «ì­ëå ã£«®¢  á¨¬¬¥âà¨¨ á ãç¥â®¬ ¨ ¡¥§ ãç¥â ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï æ¨«¨­¤à �â¥¯¥­ì ¢«¨ï­¨ï ­  ¢¥«¨ç¨­ë ¨áª®¬ëå å à ªâ¥-à¨áâ¨ª ¯à®æ¥áá  ­¥á¨¬¬¥âà¨ç­®áâ¨ ª®­âãà  ¯ à -¡®«¨ç¥áª®£® á¥£¬¥­â  ¨ ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï¥£® ¢®ªàã£ á¢®¥£® æ¥­âà  ¬ áá ¬®¦¥â ¡ëâì §­ -ç¨â¥«ì­®© ¯à¨ ¡®«ìè¨å ­ ç «ì­ëå ã£« å  á¨¬¬¥-âà¨¨. � ã¬¥­ìè¥­¨¥¬ ­ ç «ì­®£® ã£«   á¨¬¬¥-âà¨¨ ¢«¨ï­¨¥ íâ¨å ä ªâ®à®¢ ®á« ¡¥¢ ¥â.�«ï ¨­¦¥­¥à­ëå à áç¥â®¢ ­  ¯à®ç­®áâì ª®­-áâàãªæ¨©, ã¤ à­® ª®­â ªâ¨àãîé¨å á ¦¨¤ª®áâìî,à¥ª®¬¥­¤ã¥âáï ¨á¯®«ì§®¢ âì à¥§ã«ìâ âë à¥è¥­¨ï§ ¤ ç¨ ã¤ à  ¢ ¯®áâ ­®¢ª¥ \á¢¥àå§¢ãª®¢®£®" íâ -¯  á \¦¥áâª¨¬" íªà ­®¬ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨. �â® ¯®§¢®«¨â áãé¥áâ¢¥­­® áíª®­®¬¨âì§ âà âë ª®¬¯ìîâ¥à­®£® ¢à¥¬¥­¨.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¨á¯®«ì§®¢ ­¨¥ à áá¬ -âà¨¢ ¥¬®© ª ­®­¨ç¥áª®© ä®à¬ë ¯à®­¨ª îé¥£®æ¨«¨­¤à¨ç¥áª®£® â¥«  á ¯®¯¥à¥ç­ë¬ á¥ç¥­¨¥¬ ¢¢¨¤¥ ¯ à ¡®«¨ç¥áª®£® á¥£¬¥­â  ¯à¨  ¯¯à®ªá¨¬ -æ¨¨ á¬®ç¥­­ëå ¯®¢¥àå­®áâ¥© à §«¨ç­ëå æ¨«¨­-¤à¨ç¥áª¨å â¥« ãá«®¦­¥­­®© £¥®¬¥âà¨ç¥áª®© ä®à-¬ë ¬®¦¥â §­ ç¨â¥«ì­® ã¯à®áâ¨âì ®¯à¥¤¥«¥­¨¥ ¨á-ª®¬ëå å à ªâ¥à¨áâ¨ª ¯à®æ¥áá  ¯à®­¨ª ­¨ï ¤«ï¯®á«¥¤­¨å.1. �ã¡¥­ª® �. �. �à®­¨ª ­¨¥ ã¯àã£¨å ®¡®«®ç¥ª ¢á¦¨¬ ¥¬ãî ¦¨¤ª®áâì.{ �.: � ãª. ¤ã¬ª , 1981.{160 á.2. � ¢à¨«¥­ª® �. �. �«®áª ï á¨¬¬¥âà¨ç­ ï § ¤ ç ¯®£àã¦¥­¨ï § âã¯«¥­­®£® â¢¥à¤®£® â¥«  ¢ ¦¨¤-ª®áâì á ãç¥â®¬ ®âàë¢  // �ªãáâ. ¢÷á­.{ 1998.{ 1,N 3.{ �. 24{29.�. �. � ¢à¨«¥­ª® 21
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