
ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 70 { 73��� 532.5:534.222.2��������� �������� ������������ ���������������-������� ������ � ������������������� ��� ��������� ����������. �. ��������­áâ¨âãâ ¨¬¯ã«ìá­ëå ¯à®æ¥áá®¢ ¨ â¥å­®«®£¨© ��� �ªà ¨­ë, �¨ª®« ¥¢�®«ãç¥­® 29.05.2000�  ¯à¨¬¥à¥  ­ «¨â¨ç¥áª®£® à¥è¥­¨ï ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ ®¡ ¨§«ãç¥­¨¨  ªãáâ¨ç¥áª¨å ¢®«­ ¤¢¨¦ãé¨¬áï ¯«®á-ª¨¬ ¯®àè­¥¬ ¯®ª § ­® ­ àãè¥­¨¥ ¯à¨­æ¨¯  áã¯¥à¯®§¨æ¨¨ ¯à¨ ãç¥â¥ ¯®¤¢¨¦­®áâ¨ £à ­¨æ ¤ ¦¥ ¤«ï «¨­¥©­®£®¢®«­®¢®£® ãà ¢­¥­¨ï. �®áâà®¥­­®¥ à¥è¥­¨¥ ¤«ï ¤¢¨¦¥­¨ï ¯®àè­ï, ¯à¥¤áâ ¢«¥­­®£® ¢ ¢¨¤¥ ­ «®¦¥­¨ï ª®«¥¡ ­¨©¬ «®©  ¬¯«¨âã¤ë ­  ¯®áâ®ï­­ãî áª®à®áâì, ®¯¨áë¢ ¥â ¨§¢¥áâ­ë© § ª®­ �®¯¯«¥à . �á¥ à¥§ã«ìâ âë ¯®«ãç¥­ë ­ ®á­®¢¥ ¬¥â®¤  ­¥«¨­¥©­®£® ¯à¥®¡à §®¢ ­¨ï ¢à¥¬¥­¨.�  ¯à¨ª« ¤÷  ­ «÷â¨ç­®£® à÷è¥­­ï ¯®ç âª®¢®-ªà ©®¢®ù § ¤ ç÷ ¯à® ¢¨¯à®¬÷­¥­­ï  ªãáâ¨ç­¨å å¢¨«ì ¯«®áª¨¬ ¯®àè-­¥¬, é® àãå õâìáï, ¯®ª § ­® ¯®àãè¥­­ï ¯à¨­æ¨¯ã áã¯¥à¯®§¨æ÷ù ¯à¨ ¢à åã¢ ­­÷ àãå®¬®áâ÷ ¬¥¦ ­ ¢÷âì ¤«ï «÷­÷©­®£®å¢¨«ì®¢®£® à÷¢­ï­­ï. �®¡ã¤®¢ ­¥ à÷è¥­­ï ¤«ï àãåã ¯®àè­ï, ¯à¥¤áâ ¢«¥­®£® ã ¢¨£«ï¤÷ ­ ª« ¤ ­­ï ª®«¨¢ ­ì ¬ -«®ù  ¬¯«÷âã¤¨ ­  ¯®áâ÷©­ã è¢¨¤ª÷áâì, ®¯¨áãõ ¢÷¤®¬¨© ¥ä¥ªâ �®¯«¥à . �á÷ à¥§ã«ìâ â¨ ®âà¨¬ ­® ­  ®á­®¢÷ ¬¥â®¤ã­¥«÷­÷©­®£® ¯¥à¥â¢®à¥­­ï ç áã.By giving an example of the analytical solution of the initial-boundary problem for the acoustic wave radiation by amoving plane piston the violation of the superposition principle taking into account the moving boundaries, even in thecase of a linear wave equation, is shown. The solution, developed for the piston motion, represented as the superposition ofthe low-amplitude oscillations upon the constant velocity, describes the known Doppler e�ect. All the results are obtainedon the base of the method of non-linear time conversion.��������� «¨­¥©­ëå § ¤ ç å  ªãáâ¨ª¨, ¢ á¨«ã ¬ «®-áâ¨  ¬¯«¨âã¤ë ¯¥à¥¬¥é¥­¨ï ¢®§¬ãé îé¨å £à -­¨æ, £à ­¨ç­ë¥ ãá«®¢¨ï § ¤ îâáï ­  ¨å ä¨ªá¨-à®¢ ­­®¬ ¯®«®¦¥­¨¨ [1]. �à¨ à¥è¥­¨¨ «¨­¥©­ëå¢®«­®¢ëå § ¤ ç íää¥ªâ¨¢­ë¬ ï¢«ï¥âáï ¬¥â®¤ áã-¯¥à¯®§¨æ¨¨ à¥è¥­¨©, ­¥¯à¨¥¬«¥¬ë© ¤«ï ­¥«¨­¥©-­ëå § ¤ ç [2]. �â®â â¥§¨á ­¥ âà¥¡ã¥â ¤®¯®«­¨-â¥«ì­ëå ¯®ïá­¥­¨© ¤«ï â¥å ªà ¥¢ëå § ¤ ç, ¢ ª®-â®àëå ãç¨âë¢ îâáï ª ª ­¥«¨­¥©­®áâì áà¥¤ë, â ª¨ ­¥«¨­¥©­®áâì £à ­¨ç­ëå ãá«®¢¨©. �¥­¥¥ ®ç¥-¢¨¤­ë¬ ¯à¥¤áâ ¢«ï¥âáï ä ªâ ­ àãè¥­¨ï áã¯¥à¯®-§¨æ¨¨ ¢ ­ ç «ì­®-ªà ¥¢ëå § ¤ ç å á ¯®¤¢¨¦­ë-¬¨ £à ­¨æ ¬¨ ¤«ï «¨­¥©­®£® ¢®«­®¢®£® ãà ¢­¥-­¨ï, ¯®áª®«ìªã «¨­¥©­®áâì ¯®á«¥¤­¥£® ¯®§¢®«ï¥â¨áª âì à¥è¥­¨¥ § ¤ ç¨ ¢ ¢¨¤¥ «î¡®© áã¬¬ë ¢®«-­®¢ëå à¥è¥­¨©. �¤­ ª® § ¤ ­¨¥ £à ­¨ç­®£® ãá«®-¢¨ï ­  â¥ªãé¥¬ ¯®«®¦¥­¨¨ ¤¢¨¦ãé¥©áï £à ­¨æë¤¥« ¥â § ¤ çã ­¥«¨­¥©­®©.� ª, ¢ à ¡®â¥ [3] ­  ®á­®¢¥ ¨§¢¥áâ­®£® à¥è¥-­¨ï �¥©«®à  [4] § ¤ ç¨ ® à áè¨à¥­¨¨ á ¯®áâ®ï­­®©áª®à®áâìî áä¥àë ­ã«¥¢®£® ­ ç «ì­®£® à ¤¨ãá  ¯®-áà¥¤áâ¢®¬ ¯àï¬®£® à áç¥â  ¯®ª § ­® ­ àãè¥­¨¥¯à¨­æ¨¯  áã¯¥à¯®§¨æ¨¨. �¬¥áâ¥ á â¥¬, ¢ ¤àã£®©à ¡®â¥ íâ®£® ¦¥  ¢â®à  [5] ãâ¢¥à¦¤ ¥âáï, çâ® ç -áâ®â  á«¥¤®¢ ­¨ï ¨¬¯ã«ìá®¢ ¤ ¢«¥­¨ï ­  ¤¢¨¦ã-é¥©áï á ¯®áâ®ï­­®© áª®à®áâìî £à ­¨æ¥ ¨ ç áâ®-â  á«¥¤®¢ ­¨ï ¨¬¯ã«ìá®¢ ¢ â®çª¥ ¢®«­®¢®© §®­ë

®¤¨­ ª®¢ . �® áãâ¨ ¤¥« , â¥¬ á ¬ë¬ ¯à¨­¨¬ ¥â-áï ¢ë¯®«­¥­¨¥ ¯à¨­æ¨¯  áã¯¥à¯®§¨æ¨¨. �¬¥áâ¥ áâ¥¬, ª ª ¨§¢¥áâ­® ¨§ ä¨§¨ª¨ [6], ¢ á®®â¢¥âáâ¢¨¨ c§ ª®­®¬ �®¯¯«¥à , ¯à¨¡«¨¦¥­¨¥ ¨áâ®ç­¨ª  ¯¥à¨-®¤¨ç¥áª¨å ¢®«­ ª ­¥¯®¤¢¨¦­®¬ã ¯à¨¥¬­¨ªã á®®â-¢¥âáâ¢ã¥â ã¢¥«¨ç¥­¨î ç áâ®âë á¨£­ « .� á¢ï§¨ á ¢ëè¥áª § ­­ë¬, ¯à¥¤áâ ¢«ï¥âáï ­¥®¡-å®¤¨¬ë¬ ¡®«¥¥ ¢­¨¬ â¥«ì­® à áá¬®âà¥âì ¢®¯à®á­ àãè¥­¨ï ¯à¨­æ¨¯  áã¯¥à¯®§¨æ¨¨ ¢ ­ ç «ì­®-ªà ¥¢®© § ¤ ç¥ á ¯®¤¢¨¦­®© £à ­¨æ¥© ¤«ï «¨­¥©-­®£® ¢®«­®¢®£® ãà ¢­¥­¨ï.1. �������������� ���������� ��-����� áá¬®âà¨¬ £¥­¥à¨à®¢ ­¨¥ ¢®«­ë ¤ ¢«¥­¨ï ­¥-áâ æ¨®­ à­® ¤¢¨¦ãé¨¬áï ¢ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨¯«®áª¨¬ ¯®àè­¥¬. �®« £ ï, çâ® áª®à®áâì ¤¢¨¦¥-­¨ï ¯®àè­ï ¬ «  ¯® ®â­®è¥­¨î ª áª®à®áâ¨ §¢ã-ª  ¢ ¦¨¤ª®áâ¨,   ¯¥à¥¬¥é¥­¨ï ¤®áâ â®ç­® ¢¥«¨ª¨,¡ã¤¥¬ ®¯¨áë¢ âì ¤¢¨¦¥­¨¥ áà¥¤ë «¨­¥©­ë¬ ¢®«-­®¢ë¬ ãà ¢­¥­¨¥¬:@2�@x2 � 1C20 @2�@t2 = 0; (1)  ª¨­¥¬ â¨ç¥áª®¥ £à ­¨ç­®¥ ãá«®¢¨¥ § ¤ ¢ âì ­ â¥ªãé¥¬ ¯®«®¦¥­¨¨ ¤¢¨¦ãé¥©áï £à ­¨æë ª®­â ª-70 c
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ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 70 { 73â : x = X(t);@�@x = vp(t): (2)�¤¥áì � { ¯®â¥­æ¨ « áª®à®áâ¥© ¢®«­®¢®£® ¤¢¨¦¥-­¨ï ¦¨¤ª®áâ¨; C0 { ­¥¢®§¬ãé¥­­ ï áª®à®áâì §¢ã-ª ; t { ¢à¥¬ï; x { «¨­¥©­ ï ª®®à¤¨­ â , ®âáç¥â ª®-â®à®© ­ ç¨­ ¥âáï ®â ¯¥à¢®­ ç «ì­®£® ¯®«®¦¥­¨ï£à ­¨æë ª®­â ªâ .�®«­®¢ë¥ ¯®«ï áª®à®áâ¨ ¨ ¤ ¢«¥­¨ï á¢ï§ ­ë á¯®â¥­æ¨ «®¬ áª®à®áâ¥© �(x; t) ¨§¢¥áâ­ë¬¨ á®®â-­®è¥­¨ï¬¨ v(x; t) = @�@x ;P (x; t) = ��0 @�@t ; (3)£¤¥ �0 { ­¥¢®§¬ãé¥­­ ï ¯«®â­®áâì áà¥¤ë. �«ï®¯à¥¤¥«¥­­®áâ¨ ­ ç «ì­ë¥ ãá«®¢¨ï ¡ã¤¥¬ áç¨â âì­ã«¥¢ë¬¨: � = @�@t = 0; t = 0: (4)�®àà¥ªâ­®áâì ¯®áâ ­®¢ª¨ ­ ç «ì­®-ªà ¥¢®© § -¤ ç¨ á ¯®¤¢¨¦­®© £à ­¨æ¥© (1) { (4) ¡ë«  à áá¬®-âà¥­  ¢ à ¡®â å [3 { 7].2. ����� ��� ��������������������� �������¥è¥­¨¥ ¯®áâ ¢«¥­­®© § ¤ ç¨ (1) { (4) ¡ã¤¥¬ ¨á-ª âì ¬¥â®¤®¬ ­¥«¨­¥©­®£® ¯à¥®¡à §®¢ ­¨ï ¢à¥¬¥-­¨ [8, 9], ®á­®¢ë ª®â®à®£® ¡ë«¨ § «®¦¥­ë ¢ à ¡®-â å [4, 10]. � á®®â¢¥âáâ¢¨¨ á íâ¨¬ ¬¥â®¤®¬ § ¯¨-è¥¬ à¥è¥­¨¥ ¢®«­®¢®£® ãà ¢­¥­¨ï (1) ¢ ¢¨¤¥�(x; t) = F (t0); t0 = t � x=C0: (5)�¤¥áì t0 { ¢®«­®¢®©  à£ã¬¥­â; F { ¨áª®¬ ï äã­ª-æ¨ï ¢®«­®¢®£®  à£ã¬¥­â , ®¯à¥¤¥«ï¥¬ ï ¨§ £à ­¨ç-­®£® ãá«®¢¨ï (2).�®¤áâ ¢«ïï à¥è¥­¨¥ (5) ¢ £à ­¨ç­®¥ ãá«®¢¨¥ (2),¯®«ãç ¥¬ á®®â­®è¥­¨¥ ¢¨¤ @�(t �X(t)=C0)@(t �X(t)=C0) = �C0vp(t): (6)�«ï à¥è¥­¨ï ãà ¢­¥­¨ï (6) ¢®á¯®«ì§ã¥¬áï ¯à¥-®¡à §®¢ ­¨¥¬ ¢à¥¬¥­¨t�X(t)=C0 = �; (7)­ å®¤ï ¨§ ª®â®à®£® t ¢ ï¢­®¬ ¢¨¤¥, ¯®«ãç ¥¬t = w(� ); (8)

£¤¥ w { ­¥ª®â®à ï äã­ªæ¨ï ®¤­®£®  à£ã¬¥­â . �à¨ãá«®¢¨¨, çâ® äã­ªæ¨ï X(t) ï¢«ï¥âáï ­¥¯à¥àë¢­®©,¨ ¢ë¯®«­¥­¨¨ ­¥à ¢¥­áâ¢  �X(t)=(C0t)�2�1 ¬®¦-­® ãâ¢¥à¦¤ âì, çâ® à¥è¥­¨¥ (8) ¥¤¨­áâ¢¥­­®.� ãç¥â®¬ á®®â­®è¥­¨© (7) ¨ (8) ãà ¢­¥­¨¥ (6)¯¥à¥¯¨è¥¬ ¢ ¢¨¤¥@�(� )@� = �C0vp(w(� )): (9)�­â¥£à¨àãï á®®â­®è¥­¨¥ (9) ¨ ¯¥à¥å®¤ï ¢ ¯®«ã-ç¥­­®¬ ¨­â¥£à «¥ ª ¢®«­®¢®¬ã  à£ã¬¥­âã, ¨§ ¢ë-à ¦¥­¨ï (5) ¯®«ãç ¥¬�(x; t) = �C0 t0Z0 vp�w(� )�d�;v(x; t) = vp�w(t0)�;P (x; t) = �0C0vp�w(t0)�: (10)�®áâà®¥­­®¥ à¥è¥­¨¥ § ¤ ç¨ (10) ã¤®¢«¥â¢®àï¥â¢®«­®¢®¬ã ãà ¢­¥­¨î (1) ª ª äã­ªæ¨ï ¢®«­®¢®£® à£ã¬¥­â , ¨ £à ­¨ç­®¬ã ãá«®¢¨î (3), ¯®áª®«ìªã¨§ ­¥£® ­ ©¤¥­  äã­ªæ¨ï F (t0).�áâ ­®¢¨¬áï ­  à¥è¥­¨¨ ¢á¯®¬®£ â¥«ì­®£®ãà ¢­¥­¨ï (7), ®¯à¥¤¥«ïîé¨¬áï á®®â­®è¥­¨-¥¬ (8). �«ï äã­ªæ¨¨ X(t), ¯à¥¤áâ ¢«¥­­®© ¢ ­¥-ª®â®à®¬ á¯¥æ¨ «ì­®¬ ¢¨¤¥, ®­® ¬®¦¥â ¡ëâì ­¥¯®-áà¥¤áâ¢¥­­® ®¯à¥¤¥«¥­® ª ª à¥è¥­¨¥  «£¥¡à ¨ç¥-áª®£® ãà ¢­¥­¨ï (7). �á«¨ äã­ªæ¨ï X(t) ¯à¥¤áâ -¢«¥­  ¢ ¢¨¤¥ áâ¥¯¥­­®£® àï¤ , â® à¥è¥­¨¥ íâ®£®ãà ¢­¥­¨ï ¯à®¨áå®¤¨â ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã« -¬¨ ®¡à é¥­¨ï áâ¥¯¥­­ëå àï¤®¢ [11]. � ª®­¥æ, ¯à¨¢ë¯®«­¥­¨¨ ãá«®¢¨ï �X(t)=(C0t)�2�1 ¬®¦­® ¢®á-¯®«ì§®¢ âìáï ¬¥â®¤®¬ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨-¦¥­¨© [8]:w0(� ) = �;w1(� ) = � +X(� )=C0;w2(� ) = � + "1 + 1C0 dX(� )d� #X(� )C0 : (11)�®£¤  ¨§ (10) ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨ ¯®«ãç ¥¬ á«¥-¤ãîé¥¥ ¢ëà ¦¥­¨¥ ¤«ï ¤ ¢«¥­¨ï ¢ ¢®«­®¢®© §®­¥:P (x; t) = �0C0"vp(t0) + X(t0)C0 dvp(t0)dt0 #: (12)� ¬¥â¨¬, çâ® ¯à¨ § ¤ ­¨¨ £à ­¨ç­®£® ãá«®¢¨ï­  ä¨ªá¨à®¢ ­­®¬ ¯®«®¦¥­¨¨ £à ­¨æë@�@x = vp(t); x = 0;�. �. �®§¤¥¥¢ 71



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 70 { 73à¥è¥­¨¥ ­ ç «ì­®-ªà ¥¢®© «¨­¥©­®© § ¤ ç¨ ¨¬¥¥â¢¨¤ �(x; t) = �C0 t0Z0 vp(� )d�;v(x; t) = vp(t0);P (x; t) = �0C0vp(t0): (13)�§ áà ¢­¥­¨ï à¥è¥­¨© (10) ¨ (13) ¢¨¤­®, çâ® ¯à¨¡¥áª®­¥ç­® ¬ «®©  ¬¯«¨âã¤¥ ¯¥à¥¬¥é¥­¨ï ¯®àè-­ï ­¥«¨­¥©­®¥ à¥è¥­¨¥ (10) ¯¥à¥å®¤¨â ¢ «¨­¥©-­®¥ (13).3. ��������� �������� �������-����� ������� ������ � ������-��� ���������«ï ­ £«ï¤­®áâ¨ ­ àãè¥­¨¥ ¯à¨­æ¨¯  áã¯¥à¯®-§¨æ¨¨ ¯à®¤¥¬®­áâà¨àã¥¬ ­  ¯à¨¬¥à¥, ¤®¯ãáª î-é¥¬ ¯®áâà®¥­¨¥ â®ç­®£® à¥è¥­¨ï. �à¨¬¥¬ á«¥¤ã-îé¨© § ª®­ ¤¢¨¦¥­¨ï ¯®àè­ï:X(t) = v0t+ a0t2=2;vp(t) = v0 + a0t: (14)� íâ®¬ á«ãç ¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (7) ¨¬¥¥â ¢¨¤w(t0) = C0a0 (1 �M0)��n1� h1� 2a0t0C0(1�M0)2i1=2o; (15)£¤¥ M0=v0=C0.�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (15) ¢ à¥è¥­¨¥ (10), ¯®-«ãç ¥¬ à¥è¥­¨¥ ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ á ¯®-¤¢¨¦­®© £à ­¨æ¥©, ¤¢¨¦ãé¥©áï ¯® § ª®­ã (14):�v(x; t) = �P (x; t) == 1� (1�M0)h1� 2a0t0C0(1�M0)2 i1=2; (16)£¤¥ �v=v=C0; �P =P=(�0C20 ). �à¨­¨¬ ï ¢ (16) ¯®á«¥-¤®¢ â¥«ì­® a0=0 ¨ v0=0, á ãç¥â®¬ ¯®¤¢¨¦­®áâ¨£à ­¨æ ¯®«ãç ¥¬ á«¥¤ãîé¨¥ à¥è¥­¨ï:�P (x; t)=M0H(t0) ¯à¨ a0=0;�P (x; t)=1�"1� 2a0t0C0 #1=2 ¯à¨ v0=0: (17)� ¯¥à¢®¬ á®®â­®è¥­¨¨ (17) H(t) { ¥¤¨­¨ç­ ïäã­ªæ¨ï �¥¢¨á ©¤ . � á®®â¢¥âáâ¢¨¨ á ¯à¨­æ¨-¯®¬ áã¯¥à¯®§¨æ¨¨, à¥è¥­¨¥ ¯à¨ ¤¢¨¦¥­¨¨ ¯®àè­ï

¯® § ª®­ã (14) ¯®«ãç ¥¬ ¯ãâ¥¬ áã¬¬¨à®¢ ­¨ï ¢¨¤ à¥è¥­¨© (17):�P (x; t) = M0 + 1� "1� 2a0t0C0 #1=2: (18)�«ï ¬ «ëå §­ ç¥­¨© ¢à¥¬¥­¨ à¥è¥­¨¥ (16) ¬®-¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¯¥à¢ë¬¨ ç«¥­ ¬¨ àï¤ �¥©«®à : �P (x; t) = M0 + a0t0(1�M0)C0��"1� 2a0t02C0(1�M0)2#1=2: (19)� ª ¢¨¤­® ¨§ áà ¢­¥­¨ï â®ç­®£® à¥è¥­¨ï § ¤ -ç¨ (16), ¥£® ¯à¨¡«¨¦¥­¨ï (19) ¨ à¥è¥­¨ï (18), ¯®-«ãç¥­­®£® áã¯¥à¯®§¨æ¨¥© à¥è¥­¨© (18), ®­¨ ­¥ á®-¢¯ ¤ îâ. �«¥¤®¢ â¥«ì­®, ¯à¨­æ¨¯ áã¯¥à¯®§¨æ¨¨­¥ ¢ë¯®«­ï¥âáï.�«ï ¯®«­®âë ¨§«®¦¥­¨ï ¯à¨¢¥¤¥¬ à¥è¥­¨¥ ¯®«-­®áâìî «¨­¥©­®© § ¤ ç¨ ¤«ï § ª®­  ¤¢¨¦¥­¨ï¯®àè­ï (14): �P (x; t) =M0 + a0t0=C0; (20)ª®â®à®¥ ¬®¦¥â ¡ëâì ¯®«ãç¥­® áã¯¥à¯®§¨æ¨¥© à¥-è¥­¨©. �â¬¥â¨¬, çâ® à¥è¥­¨¥ (20) ­¥ á®¢¯ ¤ ¥âá à¥è¥­¨¥¬, ¯®«ãç¥­­ë¬ ¯à¨ ãç¥â¥ ¯®¤¢¨¦­®áâ¨£à ­¨æë, ¤ ¦¥ ¤«ï ¬ «ëå §­ ç¥­¨© ¢à¥¬¥­¨ (19).4. ��������� ����� ������������ ���������� �������� �����-��� ������� áá¬®âà¨¬ § ª®­ ¤¢¨¦¥­¨ï ¯®àè­ïX(t) = v0t+X1(t);vp(t) = v0 + v1(t);£¤¥ v1(t)=dX1=dt; jX1=(v0t)j�1. �®£¤  £à ­¨ç­®¥ãá«®¢¨¥ ­  ¯®¤¢¨¦­®© £à ­¨æ¥ ¬®¦­® § ¯¨á âì ª ªx = X(t) = v0t;@�@x = vp(t) = v0 + v1(t): (21)� íâ®¬ á«ãç ¥ à¥è¥­¨¥ ¢á¯®¬®£ â¥«ì­®£® ãà ¢­¥-­¨ï (7) ¨¬¥¥â ¢¨¤w(t0) = t0=(1�M0);  à¥è¥­¨¥ ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ {�P (x; t) = M0 + a0t0C0(1 �M0) : (22)72 �. �. �®§¤¥¥¢
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