
ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 2. �. 45 { 52��� 532.528�������������� ������� ������������������������� � ��������� ������. �. ����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 24.12.98�®áâà®¥­  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¯«®áª®© ­¥áâ æ¨®­ à­®© áã¯¥àª ¢¥à­ë ­  ®á­®¢¥ 2-®© «¨­¥ à¨§®¢ ­­®© áå¥¬ë�.�ã«¨­  á ¡¥áª®­¥ç­ë¬ á«¥¤®¬ ¨ ª®­¥ç­ë¬ ¨§¬¥­¥­¨¥¬ ¤ ¢«¥­¨ï ­  ¡¥áª®­¥ç­®áâ¨. �áá«¥¤®¢ ­  ãáâ®©ç¨¢®áâì¢¥­â¨«¨àã¥¬®© áã¯¥àª ¢¥à­ë ¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥ ¨ ¢ á¢®¡®¤­®© áâàã¥. �®«ãç¥­ë à¥§ã«ìâ âë, å®à®è® á®£« áã-îé¨¥áï á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¯® ¯ã«ìá æ¨ï¬ ¯«®áª¨å ¢¥­â¨«¨àã¥¬ëå ª ¢¥à­ ¨ á à¥è¥­¨¥¬, ¯®«ãç¥­­ë¬­ ¬¨ à ­¥¥ ­  ®á­®¢¥ 1-®© ª¨­¥¬ â¨ç¥áª¨ § ¬ª­ãâ®© áå¥¬ë �.�ã«¨­  á á¨­£ã«ïà­ë¬ ¤ ¢«¥­¨¥¬ ­  ¡¥áª®­¥ç­®áâ¨.�®¡ã¤®¢ ­  ¬ â¥¬ â¨ç­  ¬®¤¥«ì ¯«®áª®ù ­¥áâ æ÷®­ à­®ù áã¯¥àª ¢¥à­¨ ­  ®á­®¢÷ 2-®ù «÷­¥ à¨§®¢ ­®ù áå¥¬¨ �.�ã«÷­ § ­¥áª÷­ç¥­­¨¬ á«÷¤®¬ ÷ áª÷­ç¥­­®î §¬÷­®î â¨áªã ­  ­¥áª÷­ç¥­­®áâ÷. �®á«÷¤¦¥­  áâ÷©ª÷áâì ¢¥­â¨«ì®¢ ­®ù áã¯¥àª -¢¥à­¨ ¢ ­¥®¡¬¥¦¥­®¬ã ¯®â®æ÷ © ã ¢÷«ì­®¬ã áâàã¬¥­÷. �¤¥à¦ ­÷ à¥§ã«ìâ â¨, ïª÷ ¤®¡à¥ ã§£®¤¦ãîâìáï § ¥ªá¯¥à¨¬¥­-â «ì­¨¬¨ ¤ ­¨¬¨ ¯® ¯ã«ìá æ÷ï¬ ¯«®áª¨å ¢¥­â¨«ì®¢ ­¨å ª ¢¥à­ ÷ § à÷è¥­­ï¬, ®¤¥à¦ ­¨¬ ­ ¬¨ à ­÷è¥ ­  ®á­®¢÷ 1-®ùª÷­¥¬ â¨ç­® § ¬ª­¥­®ù áå¥¬¨ �.�ã«÷­  § á÷­£ã«ïà­¨¬ â¨áª®¬ ­  ­¥áª÷­ç¥­­®áâ÷.The mathematical model of the plane unsteady supercavity based on the 2nd linearized M.Tulin's scheme with in�nitewake and �nite pressure at in�nity is constructed. Stability of the ventilated supercavity in both the in�nite streamand the free jet is investigated. Obtained results are in good agreement with both the experimental data on the planeventilated cavity pulsation and our previous solution based on the 1st kinematically closed M.Tulin's scheme with singularpressure at in�nity.���������§¢¥áâ¥­ á¯®á®¡ ®¡à §®¢ ­¨ï ¢ ¯®â®ª¥ §  â¥« -¬¨ ¨áªãááâ¢¥­­ëå ª ¢¥à­ ¡®«ìè®£® à §¬¥à  (áã-¯¥àª ¢¥à­) ¯ãâ¥¬ ¯®¤¤ã¢  ¢®§¤ãå  ¢ ª ¢¥à­ã. �áâ âì¥ [1] ¡ë«® ¢¯¥à¢ë¥ ®¯¨á ­® ï¢«¥­¨¥ ¢®§­¨ª­®-¢¥­¨ï ¯ã«ìá æ¨© ¢¥­â¨«¨àã¥¬ëå áã¯¥àª ¢¥à­ ¯à¨¯®áâ®ï­­®¬ à áå®¤¥ ¢®§¤ãå , ª®â®à®¥ ­ ¡«î¤ «®áì¢ ®¯ëâ å á ¯«®áª¨¬¨ ¢¥àâ¨ª «ì­ë¬¨ ª ¢¥à­ ¬¨ ¢á¢®¡®¤­®© áâàã¥. �¥®à¥â¨ç¥áª®¬ã ®¡êïá­¥­¨î ä¥-­®¬¥­  ¯ã«ìá¨àãîé¨å ª ¢¥à­ ¡ë« ¯®á¢ïé¥­ àï¤à ¡®â 1960{1970-å ££., ª®â®àë¥, ®¤­ ª®, ­¥ ¤ «¨¯®«­®£® ¨ ®ª®­ç â¥«ì­®£® ®â¢¥â  ­  ¢®¯à®á ® ¥£®¯à¨ç¨­ å ¨ ¬¥å ­¨§¬¥ [2].�ãé¥áâ¢¥­­®¥ ¯à®¤¢¨¦¥­¨¥ ¢ ¯®­¨¬ ­¨¨ ¤ ­­®-£® ï¢«¥­¨ï ¡ë«® ¤®áâ¨£­ãâ®, ª®£¤  ª ¥£® ¨áá«¥¤®-¢ ­¨î ¡ë«¨ ¯à¨¢«¥ç¥­ë ¬¥â®¤ë â¥®à¨¨ ­¥«¨­¥©-­ëå ª®«¥¡ ­¨©. � à ¡®â¥ [3] ¡ë«  ¯®áâà®¥­  â¥-®à¨ï ãáâ®©ç¨¢®áâ¨ ¢¥­â¨«¨àã¥¬®© ®á¥á¨¬¬¥âà¨ç-­®© ª ¢¥à­ë ª ª ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë á § ¯ §-¤ë¢ ­¨¥¬. �à¨ íâ®¬ ¨á¯®«ì§®¢ «®áì ¯à¨¡«¨¦¥­-­®¥ ãà ¢­¥­¨¥ ¯à¨­æ¨¯  ­¥§ ¢¨á¨¬®áâ¨ à áè¨à¥-­¨ï á¥ç¥­¨© ª ¢¥à­ë �.�.�®£¢¨­®¢¨ç  ¨ ãà ¢­¥-­¨¥ ¡ « ­á  ¬ ááë £ §  ¢ ª ¢¥à­¥.� à ¡®â¥ [4] ¬ë ¯®áâà®¨«¨ à¥è¥­¨¥ ¯«®áª®© ­¥-áâ æ¨®­ à­®© § ¤ ç¨ ­  ®á­®¢¥ 1-®© «¨­¥ à¨§®-¢ ­­®© áå¥¬ë �.�ã«¨­  [5]. �à¨ íâ®¬ ¤®¯ãáª « áì«®£ à¨ä¬¨ç¥áª ï ®á®¡¥­­®áâì ¤ ¢«¥­¨ï ­  ¡¥áª®-­¥ç­®áâ¨ p1(t), ¢ë§¢ ­­ ï ¯¥à¥¬¥­­®áâìî ®¡ê-¥¬  § ¬ª­ãâ®© ª ¢¥à­ë ¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥.

�®áâà®¥­­®¥ à¥è¥­¨¥ ¬ë ¨á¯®«ì§®¢ «¨ ¤«ï ¨á-á«¥¤®¢ ­¨ï ãáâ®©ç¨¢®áâ¨ ¯«®áª®© ¢¥­â¨«¨àã¥¬®©ª ¢¥à­ë. �ë«® ¯®«ãç¥­® ª ç¥áâ¢¥­­®¥,   ¯®á«¥¢¢¥¤¥­¨ï ¯®¯à ¢ª¨ ­  ®£à ­¨ç¥­­®áâì ¯®â®ª  { ¨ª®«¨ç¥áâ¢¥­­®¥ á®£« á®¢ ­¨¥ à¥è¥­¨ï á íªá¯¥à¨-¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ [1].�à ¢­¥­¨¥ à¥§ã«ìâ â®¢ à ¡®â [3] ¨ [4] ¯®ª § -«®, çâ® ¯®â¥àï ãáâ®©ç¨¢®áâ¨ ¢ ¤¨­ ¬¨ç¥áª¨å á¨-áâ¥¬ å, ¬®¤¥«¨àãîé¨å ­¥áâ æ¨®­ à­ë¥ ®á¥á¨¬-¬¥âà¨ç­ãî ¨ ¯«®áªãî £ §®­ ¯®«­¥­­ë¥ ª ¢¥à­ë, áª ç¥áâ¢¥­­®© â®çª¨ §à¥­¨ï ¯à®¨áå®¤¨â á®¢¥àè¥­-­®  ­ «®£¨ç­®. �¯ëâ­ë¥ ¤ ­­ë¥ á¢¨¤¥â¥«ìáâ¢ã-îâ ® â®¬, çâ® ¯®á«¥ ¯®â¥à¨ ãáâ®©ç¨¢®áâ¨ ¢ â®¬¨ ¢ ¤àã£®¬ á«ãç ¥ ¢®§­¨ª îâ ®âàë¢­ë¥  ¢â®ª®«¥-¡ ­¨ï áã¯¥àª ¢¥à­ áå®¤­®© ä®à¬ë. � â® ¦¥ ¢à¥-¬ï áâàãªâãà  à¥è¥­¨ï ¤«ï ®á¥á¨¬¬¥âà¨ç­ëå ª -¢¥à­ §­ ç¨â¥«ì­® ¯à®é¥, çâ® ¯®§¢®«¨«® à §à ¡®-â âì  «£®à¨â¬ ¥£® ¯àï¬®£® ç¨á«¥­­®£® à áç¥â  ¢¯®á«¥¤®¢ â¥«ì­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨. � ­ è¨å à -¡®â å [6,7] ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë ª®¬¯ìîâ¥à­®£®¬®¤¥«¨à®¢ ­¨ï ¨ á¯¥ªâà «ì­®£®  ­ «¨§  ­¥«¨­¥©-­ëå ¯ã«ìá æ¨© ®á¥á¨¬¬¥âà¨ç­ëå ¢¥­â¨«¨àã¥¬ëåáã¯¥àª ¢¥à­.� ª¨¬ ®¡à §®¬, ¬®¦­® áª § âì, çâ® à ¡®âë [3,4]¤ «¨ ¯à¨­æ¨¯¨ «ì­ë© ®â¢¥â ­  ¢®¯à®á ® ¯à¨ç¨-­ å ¨ ¬¥å ­¨§¬¥ ¯ã«ìá æ¨© ¢¥­â¨«¨àã¥¬ëå ª -¢¥à­ [2]: ¯à¨ç¨­®© ¯ã«ìá æ¨© ï¢«ï¥âáï £«®¡ «ì­ ï¯®â¥àï ãáâ®©ç¨¢®áâ¨ ¨ ¢®§­¨ª­®¢¥­¨¥  ¢â®ª®«¥¡ -­¨© ¢ ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬¥ ¦¨¤ª®áâì { ª ¢¥à­  {ã¯àã£¨© £ §.c
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ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 2. �. 45 { 52 ¡�¨á. 1. 1- ï ( ) ¨ 2- ï (¡) áå¥¬ë �.�ã«¨­ � ¤ ­­®© à ¡®â¥ ¯®áâà®¥­® à¥è¥­¨¥ ¯«®áª®©­¥áâ æ¨®­ à­®© § ¤ ç¨ áã¯¥àª ¢¨â æ¨®­­®£® ®¡-â¥ª ­¨ï ­  ®á­®¢¥ 2-®© «¨­¥ à¨§®¢ ­­®© áå¥¬ë�.�ã«¨­  á ¡¥áª®­¥ç­ë¬ á«¥¤®¬ [5], ¢ ª®â®à®© ¤ -¢«¥­¨¥ ­  ¡¥áª®­¥ç­®áâ¨ ¢ «î¡®© ¬®¬¥­â ¢à¥¬¥­¨ª®­¥ç­®. � ­­ ï ª ¢¨â æ¨®­­ ï áå¥¬  ã¤®¡­  ¤«ïà áç¥â  áã¯¥àª ¢¨â æ¨®­­ëå â¥ç¥­¨© ¢ ®£à ­¨-ç¥­­ëå ¯®â®ª å ¨ ¢ à¥è¥âª å, ¯®áª®«ìªã ®¡« áâìâ¥ç¥­¨ï ¯à¨ íâ®¬ ®¤­®á¢ï§­ . �®áâà®¥­­®¥ à¥è¥-­¨¥ ¨á¯®«ì§®¢ ­® ¤«ï ¨áá«¥¤®¢ ­¨ï ãáâ®©ç¨¢®áâ¨áâ æ¨®­ à­®© ¢¥­â¨«¨àã¥¬®© áã¯¥àª ¢¥à­ë ¢ ¡¥§-£à ­¨ç­®¬ ¯®â®ª¥ ¨ ¢ á¢®¡®¤­®© áâàã¥.�á­®¢­ë¥ á®®â­®è¥­¨ï «¨­¥©­®© â¥®à¨¨ ¯«®á-ª¨å áã¯¥àª ¢¨â æ¨®­­ëå â¥ç¥­¨© ¬®¦­® ­ ©â¨ ¢¬®­®£à ä¨¨ [8].1. ������������ ��������  à¨á. 1 ¯®ª § ­ë ¤¢¥ «¨­¥ à¨§®¢ ­­ë¥ áå¥¬ë�.�ã«¨­  [5] ¤«ï à áç¥â  ¯«®áª®£® áâ æ¨®­ à­®-£® ª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï ¯à¨ ¬ «ëå ç¨á« åª ¢¨â æ¨¨ � = 2(p1 � pc)=�V 21. 1- ï, â ª ­ §ë¢ -¥¬ ï § ªàëâ ï áå¥¬  (à¨á. 1, ) ®¯¨áë¢ ¥â ª¨­¥¬ -â¨ç¥áª¨ § ¬ª­ãâãî ª ¢¥à­ã á® áâ¥¯¥­­®© ®á®¡¥­-­®áâìî áª®à®áâ¨ ¯à¨ x = l0, £¤¥ l0 { ¤«¨­  áâ æ¨®-­ à­®© ª ¢¥à­ë. 2- ï, â ª ­ §ë¢ ¥¬ ï ¯®«ã®âªàë-â ï áå¥¬  (à¨á. 1,¡) ¢ª«îç ¥â ¡¥áª®­¥ç­ë© á«¥¤ § ª ¢¥à­®©, ¯à¨ç¥¬ ¢ â®çª¥ x = l0 ¤ ¢«¥­¨¥ áª çª®¬¨§¬¥­ï¥âáï ®â pc ­  £à ­¨æ¥ ª ¢¥à­ë ¤® p1 ­ £à ­¨æ¥ á«¥¤ . �à¨ íâ®¬ áª®à®áâì ¨¬¥¥â ¢ â®çª¥x = l0 «®£ à¨ä¬¨ç¥áªãî ®á®¡¥­­®áâì. �¡¥ áå¥¬ë¯à¨¢®¤ïâ ª á¬¥è ­­ë¬ ªà ¥¢ë¬ § ¤ ç ¬ ¤«ï  ­ -«¨â¨ç¥áª®© äã­ªæ¨¨ { ª®¬¯«¥ªá­®© áª®à®áâ¨ â¥-ç¥­¨ï V (x; y) = 'x(x; y) � i'y(x; y), £¤¥ '(x; y) {¯®â¥­æ¨ « áª®à®áâ¨.�ã¤¥¬ ª ª ¨ ¢ [4] áç¨â âì â¥ç¥­¨¥ á¨¬¬¥âà¨ç-­ë¬ ®â­®á¨â¥«ì­® ®á¨ Ox,   à §¬¥àë ª ¢¨â â®à { ¬ «ë¬¨ ¯® áà ¢­¥­¨î á ª ¢¥à­®© (â ª ­ §ë¢ -

¥¬ ï \ç¨áâ ï" ª ¢¥à­ ). � áâ æ¨®­ à­®¬ á«ãç ¥¨¬¥¥¬ á¬¥è ­­ãî ªà ¥¢ãî § ¤ çã:'y = 0 ¯à¨ �1 < x < 0;'x = �02 ¯à¨ 0 < x < l0; (1)'x = 0 ¯à¨ l0 < x <1:�¤¥áì ¨ ¤ «¥¥ ¢á¥ ¯¥à¥¬¥­­ë¥ ï¢«ïîâáï ¡¥§à §-¬¥à­ë¬¨. �¥à¢®¥ ¨§ £à ­¨ç­ëå ãá«®¢¨© (1) ¥áâìá«¥¤áâ¢¨¥ á¨¬¬¥âà¨¨ â¥ç¥­¨ï. � ­®á®¢®© â®ç-ª¥ \ç¨áâ®©" ª ¢¥à­ë áª®à®áâì ¤®«¦­  ¨¬¥âì ®á®-¡¥­­®áâì 1=px. �¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨ (1) ¤«ï¢¥àå­¥© ¯®«ã¯«®áª®áâ¨ Im z > 0 ¤ ¥âáï ä®à¬ã«®©�¥«¤ëè {�¥¤®¢  [9]:V (z) = �0pz2�i 0@2z + l0Z0 dsps(s� z)1A : (2)�¥è¥­¨¥ (2) ¤«ï \ç¨áâ®©" ª ¢¥à­ë ­¥ § ¢¨á¨â ®â¬ áèâ ¡  â¥ç¥­¨ï ¨ ª®­ªà¥â­®© ä®à¬ë ª ¢¨â -â®à , ¯ à ¬¥âàë �0 ¨ l0 ï¢«ïîâáï ­¥§ ¢¨á¨¬ë-¬¨. �â  ¨­ä®à¬ æ¨ï ¬®¦¥â ¡ëâì ãçâ¥­  ¤®¯®«-­¨â¥«ì­® ¢ ¢¨¤¥ á¢ï§¨ ¬¥¦¤ã �0 ¨ l0. � ¯à¨-¬¥à, ¤«ï § âã¯«¥­­®£® ¯ à ¡®«¨ç¥áª®£® ª ¢¨â â®-à  y = �p2rx (£¤¥ r � l0 { à ¤¨ãá á®¯àï¦¥­­®©®ªàã¦­®áâ¨) ¨ ¯àï¬®«¨­¥©­®£® ª«¨­  y = ��x,0 � x � a (£¤¥ � { ¯®«ãã£®« ª«¨­ , a� l0 { ¤«¨­ å®à¤ë), âà¥¡ãï ®¡à é¥­¨ï ¢ ­ã«ì â®«é¨­ë á«¥¤ ¯à¨ x!1, ¨¬¥¥¬ á®®â¢¥âáâ¢¥­­®�0 = �r r2l0 ; �0 = 2�r al0 : (3)�ëà ¦¥­¨ï ¤«ï ä®à¬ë F0(x), ®¡ê¥¬  Q0 ¨ è¨à¨-­ë \ç¨áâ®©" ª ¢¥à­ë ¢ ¥¥ ª®­æ¥ �0 ¨¬¥îâ ¢¨¤F0(x) = �0� �pl0x+ l0 � x2 ln pl0 +pxpl0 �px� ;Q0 = 2�0l20� ; �0 = 2�0l0� : (4)� ª ¢¨¤­®, 2- ï áå¥¬  �.�ã«¨­  ¤ ¥â ­¥á¨¬¬¥-âà¨ç­ãî ®â­®á¨â¥«ì­® ¢¥àâ¨ª «ì­®© ®á¨ ª ¢¥à­ã,ª®â®à ï ¯à¨ â®¬ ¦¥ §­ ç¥­¨¨ �0 ¨¬¥¥â ¬¥­ìèãî¤«¨­ã, ­® ¡®«ìè¨© ®¡ê¥¬, ç¥¬ § ¬ª­ãâ ï ª ¢¥à­ ¯® 1-®© áå¥¬¥ �.�ã«¨­  [4]:Q(2)0Q(1)0 = l(1)0l(2)0 = 16�2 : (5)�â¬¥â¨¬, çâ® áã¬¬ à­ë© ®¡ê¥¬ ª ¢¥à­ë ¨ á«¥¤ ¢ ¤ ­­®© áå¥¬¥ ­¥ ®£à ­¨ç¥­ ¨ ¨¬¥¥â  á¨¬¯â®â¨ªãQ0 +Qw � 8�0l203� r xl0 ¯à¨ x!1: (6)46 �. �. �¥¬¥­¥­ª®



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 2. �. 45 { 52 ¡�¨á. 2. \�¨áâ ï" ª ¢¥à­  ¢ á¢®¡®¤­®© áâàã¥:  { «¨­¥ à¨§®¢ ­­ ï ®¡« áâì â¥ç¥­¨ï, ¡ { ¯ à ¬¥âà¨çªáª ï¯«®áª®áâì�  à¨á. 2,  ¯®ª § ­  «¨­¥ à¨§®¢ ­­ ï ®¡« áâìâ¥ç¥­¨ï § ¤ ç¨ ® \ç¨áâ®©" áã¯¥àª ¢¥à­¥ ¢ á¨¬¬¥-âà¨ç­®© á¢®¡®¤­®© áâàã¥, ¯à¥¤áâ ¢«ïîé ï á®¡®©¯®«®áã á à §à¥§®¬ ¯® ¯®«®¦¨â¥«ì­®© ®á¨ Ox. �â®-¡à §¨¬ ¥¥ ª®­ä®à¬­® ­  ¯«®áª®áâì á à §à¥§®¬ á¯®¬®éìî äã­ªæ¨¨ [10]z = �d ln�1� �d� ;£¤¥ d = h=�, h { ¯®«ãè¨à¨­  áâàã¨. �®®â¢¥â-áâ¢¨¥ â®ç¥ª ®¡« áâ¨ â¥ç¥­¨ï ¨ ¯ à ¬¥âà¨ç¥áª®©¯«®áª®áâ¨ ¯®ª § ­® ­  à¨á. 2,¡. �¢®áâ®¢ ï â®çª ª ¢¥à­ë x = l ®â®¡à ¦ ¥âáï ¢ â®çªã c:c = d�1� e� ld� : (7)�  £à ­¨æ å áâàã¨ ¤®«¦­® ¢ë¯®«­ïâìáï â ª®¥ ¦¥¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨¥ p = p1, ª ª ­  á«¥¤¥. �«¥-¤®¢ â¥«ì­®, ¢ ¢¥àå­¥© ¯ à ¬¥âà¨ç¥áª®© ¯®«ã¯«®á-ª®áâ¨ Im � > 0 ¨¬¥¥¬ á¬¥è ­­ãî ªà ¥¢ãî § ¤ çã(1), ¢ ª®â®à®© l § ¬¥­ï¥âáï ­  c. � ãç¥â®¬ ®á®¡¥­-­®áâ¨ ¢ â®çª¥ x = 0 § ¯¨è¥¬ ¥¥ à¥è¥­¨¥ ¢ ¢¨¤¥V (�) = iAp� + �0p�2�i cZ0 dsps(s � �) ; (8)£¤¥ A { ª®­áâ ­â . �«ï á«ãç ï ¯ à ¡®«¨ç¥áª®£®ª ¢¨â â®à  ãá«®¢¨¥ 'y(d) = 0 ¨ ãá«®¢¨¥ ®¡â¥ª ­¨ïª ¢¨â â®à  ¤ îâ á®®â¢¥âáâ¢¥­­® á®®â­®è¥­¨ï�0 = � 2�Apd ln pd+pcpd�pc ; A = �rr2 : (9)�â­¥á¥¬ «¨­¥©­ë¥ ¢¥«¨ç¨­ë ¢ ¢ëà ¦¥­¨¨ (9) ª¤«¨­¥ ª ¢¥à­ë ¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥ l1:l0 = ll1 ; c0 = cl1 ; d0 = dl1 :

�¨á. 3. �«¨ï­¨¥ è¨à¨­ë áâàã¨ ­  ª ¢¥à­ã:1 { l=l1 , 2 { Q=Q1, 3 { l=l1 ¨ Q=Q1 ¯® [11]�®£¤  á ãç¥â®¬ ¯¥à¢®£® ¨§ á®®â­®è¥­¨© (3) ¢ëà -¦¥­¨¥ (9) ¬®¦­® ¯à¥®¡à §®¢ âì ª ¢¨¤ãl0 = 2d0 ln ch 1pd0 : (10)�¡ê¥¬ Q0 \ç¨áâ®©" ª ¢¥à­ë ¢ á¢®¡®¤­®© áâàã¥ ¡ã-¤¥âQ0 = d2� c0Z0 ln d� sd� c0 � 2ps � ln pc0 +pspc0 �ps� dsd� s ;(11)£¤¥ Q0 = Q0=�0l21. �  à¨á. 3 ¯®ª § ­  § ¢¨á¨-¬®áâì ¤«¨­ë ¨ ®¡ê¥¬  ª ¢¥à­ë ®â è¨à¨­ë áâàã¨.�¤¥áì Q1 { ®¡ê¥¬ ª ¢¥à­ë ¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥(4). �«ï áà ¢­¥­¨ï èâà¨å®¢®© «¨­¨¥© ¯à®¢¥¤¥­ ¯à¨¡«¨¦¥­­ ï § ¢¨á¨¬®áâì [11], ª®â®à ï ¨á¯®«ì-§®¢ « áì ­ ¬¨ ¢ à ¡®â¥ [4].�­â¥à¥á­®, çâ® è¨à¨­  \ç¨áâ®©" ª ¢¥à­ë ¢ ¥¥ª®­æ¥, ®â­¥á¥­­ ï ª l1, ­¥ § ¢¨á¨â ®â è¨à¨­ëáâàã¨ ¨ ¢á¥£¤  à ¢­  �0 (4). �¨à¨­  á«¥¤  ¯à¨x ! 1 à ¢­  ­ã«î ¯à¨ h = 1 ¨ ã¢¥«¨ç¨¢ ¥âáï,®áâ ¢ ïáì ª®­¥ç­®©, ¯à¨ ã¬¥­ìè¥­¨¨ h.2. �������������� �������� á«ãç ¥ ­¥áâ æ¨®­ à­®© ª ¢¥à­ë ¢ ¡¥§£à ­¨ç-­®¬ ¯®â®ª¥ ¨¬¥¥¬ ­  ®á¨ Ox «¨­¥ à¨§®¢ ­­ë¥ £à -­¨ç­ë¥ ãá«®¢¨ï ¤«ï  ­ «¨â¨ç¥áª®© äã­ªæ¨¨ { ª®¬-¯«¥ªá­®£® ¯®â¥­æ¨ «  ãáª®à¥­¨© � = � + i�:� = 0 ¯à¨ �1 < x < 0;� = �(t)2 ¯à¨ 0 < x < l(t); (12)� = 0 ¯à¨ l(t) < x <1;£¤¥ � = (p1 � p)=�V 21 { ¯®â¥­æ¨ « ãáª®à¥­¨© [8].�¥à¢®¥ ¨§ £à ­¨ç­ëå ãá«®¢¨© (12) ¥áâì á«¥¤áâ¢¨¥�. �. �¥¬¥­¥­ª® 47



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 2. �. 45 { 52á¨¬¬¥âà¨¨ â¥ç¥­¨ï. �¥£ª® ¯®ª § âì, çâ® ¢ â®çª¥x = 0 äã­ªæ¨ï �(x; y; t) ¤®«¦­  ¨¬¥âì ®á®¡¥­­®áâìâ®£® ¦¥ ¯®àï¤ª , çâ® ¨ äã­ªæ¨ï 'y ¢ áâ æ¨®­ à-­®© § ¤ ç¥. �¥è¥­¨¥ á¬¥è ­­®© ªà ¥¢®© § ¤ ç¨¢ ¢¥àå­¥© ¯®«ã¯«®áª®áâ¨ Im z > 0 á ãç¥â®¬ (3)¨¬¥¥â ¢¨¤�(z; t)=�0 = � i�pz + �(t)pz2�i l(t)Z0 dsps(s � z) ; (13)£¤¥ � = �(t)=�0. �ëà ¦¥­¨ï ¤«ï ä®à¬ë F (x; t) ¨®¡ê¥¬  Q(t) ­¥áâ æ¨®­ à­®© ª ¢¥à­ë, ®¤¨­ ª®¢ë¥¤«ï ®¡®¨å ª ¢¨â æ¨®­­ëå áå¥¬, ¯®«ãç¥­ë ­ ¬¨ ¢à ¡®â¥ [4]:F (x; t) = xZ0 (x� s)�t(s; t� x+ s)ds �� xZ0 �(s; t� x+ s) ds; 0 < x < l(t); (14)Q(t) = �2 lZ0 (l � s)�(s; t � l + s) ds: (15)� ¤ ­­®¬ á«ãç ¥�(s; t)=�0 = � 1�ps + �2� ln pl +pspl �ps :�«ï ®¯à¥¤¥«¥­¨ï ¤¢ãå äã­ªæ¨© ¢à¥¬¥­¨ �(t),l(t) âà¥¡ãîâáï ¤¢  ¤®¯®«­¨â¥«ì­ëå ãà ¢­¥­¨ï.�¥à¢ë¬ ¨§ ­¨å ¤«ï ¢¥­â¨«¨àã¥¬®© ª ¢¥à­ë ï¢«ï-¥âáï ãà ¢­¥­¨¥ ¡ « ­á  ¬ ááë £ §  ¢ ª ¢¥à­¥ ¯à¨¥£® ¨§®â¥à¬¨ç¥áª®¬ à áè¨à¥­¨¨ [3,4]:ddt h(� � �(t))Q(t)i = � h _qin � _qout(t)i; (16)£¤¥ � = Eu=� � 1; Eu { ç¨á«® �©«¥à ;_qin; _qout(t) { ®¡ê¥¬­ë¥ à áå®¤ë ¯®¤¤ã¢  ¢®§¤ãå ¢ ª ¢¥à­ã ¨ ã­®á  ¨§ ª ¢¥à­ë. �à¥¤¯®« £ ¥âáï,çâ® ¤ ¢«¥­¨¥ pc(t) ¨§¬¥­ï¥âáï á¨­åà®­­® ¯® ¤«¨­¥ª ¢¥à­ë. � à ¡®â¥ [4] ¨á¯®«ì§®¢ « áì  ¯¯à®ªá¨-¬ æ¨ï íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå [1]:_qin = 
b0V1 �1� �0Eu� ; (17)£¤¥ 
 { í¬¯¨à¨ç¥áª¨© ª®íää¨æ¨¥­â. �«ï áâ æ¨®-­ à­ëå ª ¢¥à­ §  ¯¥à¯¥­¤¨ªã«ïà­®© ª ¯®â®ªã ¯« -áâ¨­ª®© ¨§ [1] á«¥¤ã¥â §­ ç¥­¨¥ 
 = 2:5 � 10�4. �®-¤à®¡­ë©  ­ «¨§ ¢«¨ï­¨ï ¯ à ¬¥âà  
 ­  ãáâ®©-ç¨¢®áâì áã¯¥àª ¢¥à­ë [4] ¯®ª § «, çâ® ¯à¨ â ª¨å§­ ç¥­¨ïå ¥£® ¢«¨ï­¨¥ ­  ãáâ®©ç¨¢®áâì ª ¢¥à­ë

­¥§­ ç¨â¥«ì­®. �®íâ®¬ã §¤¥áì ®£à ­¨ç¨¬áï á«ã-ç ¥¬ 
 = 0, ¯à¨ íâ®¬ ãà ¢­¥­¨¥ (16) ¥áâì ãá«®¢¨¥¯®áâ®ï­áâ¢  ¬ ááë £ §  ¢ ª ¢¥à­¥.�â®à®¥, § ¬ëª îé¥¥ ãà ¢­¥­¨¥ ¤«ï ¤ ­­®© ª -¢¨â æ¨®­­®© áå¥¬ë ¬®¦­® ¢ë¡¨à âì á ¨§¢¥áâ­ë¬¯à®¨§¢®«®¬. � áá¬®âà¨¬ ¤¢  ¢ à¨ ­â  § ¬ëª î-é¥£® ãá«®¢¨ï.� à¨ ­â 1 { ãá«®¢¨¥ ®£à ­¨ç¥­­®áâ¨ è¨à¨­ëá«¥¤  ­  ¡¥áª®­¥ç­®áâ¨:limx!1 xZ0 �t(s; t� x+ s)ds = 0: (18)�¥£ª® ¯®ª § âì, çâ® ãà ¢­¥­¨¥ (18) ï¢«ï¥âáï â ª-¦¥ ãá«®¢¨¥¬ ®£à ­¨ç¥­­®áâ¨ ¨§¬¥­¥­¨ï áã¬¬ à-­®£® ®¡ê¥¬  ª ¢¥à­ë ¨ á«¥¤  (6).� à¨ ­â 2 {  ­ «®£ ãá«®¢¨ï § ¬ª­ãâ®áâ¨ ­¥áâ -æ¨®­ à­®© ª ¢¥à­ë [4]:F (l; t) = �02 : (19)�¨¦¥ à¥§ã«ìâ âë à áç¥â  ¯® ®¡®¨¬ ¢ à¨ ­â ¬áà ¢­¨¢ îâáï ¬¥¦¤ã á®¡®© ¨ á [4] ­  ¯à¨¬¥à¥ § -¤ ç¨ ®¡ ãáâ®©ç¨¢®áâ¨ ¢¥­â¨«¨àã¥¬®© ª ¢¥à­ë ¯®®â­®è¥­¨î ª ¬ «ë¬ ª®«¥¡ ­¨ï¬. �à¨ íâ®¬ § ¤ ç áâ ­®¢¨âáï «¨­¥©­®© ¢ æ¥«®¬.3. �������������� �������� ������������ �������áá«¥¤ã¥¬ ãáâ®©ç¨¢®áâì áâ æ¨®­ à­®© áã¯¥àª -¢¥à­ë ¯® ®â­®è¥­¨î ª ¬ «ë¬ ª®«¥¡ ­¨ï¬ ¤«ï ¤¢ãå¢ à¨ ­â®¢ § ¬ëª îé¥£® ãá«®¢¨ï (18), (19). �«ïíâ®£® ¯à¥¤áâ ¢¨¬ ­¥¨§¢¥áâ­ë¥ äã­ªæ¨¨ ¢à¥¬¥­¨¢ ¢¨¤¥�(t) = 1 + "ae�t; l(t) = 1 + "be�t; (20)£¤¥ " { ¬ «ë© ¯ à ¬¥âà; � = �+jk; k = !l1=V1 {¯à¨¢¥¤¥­­ ï ç áâ®â  ª®«¥¡ ­¨©; ! { ªàã£®¢ ï ç -áâ®â ; a; b { ª®­áâ ­âë. �¨­¥ à¨§ãï ãà ¢­¥­¨¥(16) ¢ ®ªà¥áâ­®áâ¨ áâ æ¨®­ à­®£® à¥è¥­¨ï � = 1,l = 1, ¯®«ãç ¥¬ «¨­¥©­®¥ ®¤­®à®¤­®¥ ãà ¢­¥­¨¥®â­®á¨â¥«ì­® ª®íää¨æ¨¥­â®¢ a; b:a0@ �Q0� � 1 + 1Z0 e��ss ln 1 +p1� s1�p1� s ds1A� bI = 0;(21)£¤¥I = 1Z0 e��sp1� s ds = 1� �1 + j2r��e�� erf(jp�)� ;48 �. �. �¥¬¥­¥­ª®



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 2. �. 45 { 52� ¡«. 1. �®¡áâ¢¥­­ë¥ ç áâ®âë ª®«¥¡ ­¨© ª ¢¥à­ë ¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥n 1 2 3 4 5 6 71- ï áå¥¬  kn 4.810 11.04 17.31 23.58 29.86 36.14 42.42�.�ã«¨­  [4] �n 3.081 11.96 27.95 51.03 81.21 118.5 162.9� à¨ ­â 1 kn 5.697 11.94 18.21 24.48 30.75 37.02 43.30(21), (22) �n 9.628 28.85 55.55 88.54 127.1 170.7 218.9� à¨ ­â 2 kn 5.997 12.17 18.39 24.64 30.89 37.16 43.43(21), (23) �n 12.88 36.49 68.79 108.4 154.3 206.1 263.2erf(z) { ¨­â¥£à « ¢¥à®ïâ­®áâ¥© [12]. �â¬¥â¨¬, çâ®¯à¨ «¨­¥ à¨§ æ¨¨ ¢ëà ¦¥­¨ï (15) ¡ë« ¨áª«îç¥­ç«¥­ "�0be�t, ª®â®àë© ¤ ¥â ª ¦ãé¥¥áï ¨§¬¥­¥­¨¥¬ ááë £ §  ¢ ª ¢¥à­¥ ¢ à ¬ª å ¤ ­­®© ¯®«ã®âªàë-â®© ª ¢¨â æ¨®­­®© áå¥¬ë.�¨­¥ à¨§ãï ãà ¢­¥­¨ï (18), (19), ¯®«ãç ¥¬ á®-®â¢¥âáâ¢¥­­®:a 1Z0 e�s ln ����1 +ps1�ps ���� ds+ b 1I0 e�sps dss� 1 = 0; (22)2a (1 + �I) � b24 1Z0 (1� e��s)p1� ss ds+ �I35 = 0:(23)�â®à®© ¨­â¥£à « ¢ ãà ¢­¥­¨¨ (22) ¯®­¨¬ ¥âáï ¢á¬ëá«¥ £« ¢­®£® §­ ç¥­¨ï. �à¨à ¢­¨¢ ï ª ­ã«î®¯à¥¤¥«¨â¥«¨ á¨áâ¥¬ «¨­¥©­ëå ®¤­®à®¤­ëå ®â­®-á¨â¥«ì­® a; b ãà ¢­¥­¨© (21), (22) ¨ (21), (23), ¯®-«ãç¨¬ ¤¢  ¢ à¨ ­â  å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥-­¨ï § ¤ ç¨. �£® ª®¬¯«¥ªá­ë¥ ª®à­¨ � = �+ jk § -¢¨áïâ ®â ¥¤¨­áâ¢¥­­®£® ¯ à ¬¥âà  �. �à¨ � < 0ª ¢¥à­   á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ , ¯à¨ � > 0 {­¥ãáâ®©ç¨¢ .�®« £ ï � = 0, ¯®«ãç¨¬ ãà ¢­¥­¨ï ¤«ï ®¯à¥¤¥«¥-­¨ï ç áâ®â ­¥©âà «ì­ëå ª®«¥¡ ­¨© ª ¢¥à­ë (á®¡-áâ¢¥­­ëå ç áâ®â). �à¨ íâ®¬ ¨­â¥£à « ¢¥à®ïâ­®-áâ¥©,   â ª¦¥ ®¡  ¨­â¥£à «  ãà ¢­¥­¨ï (22) ¢ë-à ¦ îâáï ç¥à¥§ ¨­â¥£à «ë �à¥­¥«ï C2(k), S2(k)[12] á ¨á¯®«ì§®¢ ­¨¥¬ á®®â­®è¥­¨ï1I0 ejks dsps(s � 1) = ��p2ej(k��4 ) [C2(k) � jS2(k)]:� áç¥âë ¯®ª § «¨, çâ® ¯à¨ 
 = 0 ®¡  ¢ à¨ ­-â  ¤ îâ ¤¢¥ ¡¥áª®­¥ç­ë¥ á¥à¨¨ ç¥à¥¤ãîé¨åáï á®¡-áâ¢¥­­ëå ç áâ®â k(1)n , k(2)n , n = 1; 2; : : :, ª®â®àë¬á®®â¢¥âáâ¢ãîâ §­ ç¥­¨ï ä¨§¨ç¥áª®£® ¯ à ¬¥âà �(1)n , �(2)n . � â ¡«. 1 ¤ ­® áà ¢­¥­¨¥ à¥§ã«ìâ â®¢à áç¥â  á®¡áâ¢¥­­ëå ç áâ®â ª ¢¥à­ë kn = k(1)n ¨á®®â¢¥âáâ¢ãîé¨å §­ ç¥­¨© ä¨§¨ç¥áª®£® ¯ à ¬¥-âà  �n = �(1)n ¤«ï ®¡®¨å ¢ à¨ ­â®¢ ¨ á [4].

�áâ¥áâ¢¥­­® ®¦¨¤ âì, çâ® à¥§ã«ìâ âë à áç¥â ­¥ ¤®«¦­ë áãé¥áâ¢¥­­® § ¢¨á¥âì ®â ¢ë¡à ­­®©ª ¢¨â æ¨®­­®© áå¥¬ë ¨ ¢¨¤  § ¬ëª îé¥£® ãà ¢-­¥­¨ï. � ª ¢¨¤­® ¨§ â ¡«. 1, 1- ï ¨ 2- ï áå¥-¬ë �.�ã«¨­  á ®¡®¨¬¨ ¢ à¨ ­â ¬¨ § ¬ëª îé¥£®ãá«®¢¨ï ¤ îâ ¡«¨§ª¨¥ §­ ç¥­¨ï á®¡áâ¢¥­­ëå ç -áâ®â ª ¢¥à­ë. �¤­ ª® §­ ç¥­¨ï ¯ à ¬¥âà  �n áà®áâ®¬ ­®¬¥à  n ¤«ï 2-®© áå¥¬ë �.�ã«¨­  à áâãâ¡ëáâà¥¥. �â® ®¡êïá­ï¥âáï â¥¬, çâ® 2- ï áå¥¬ �.�ã«¨­  ¤ ¥â § ¢ëè¥­­®¥ §­ ç¥­¨¥ ®¡ê¥¬  Q0áâ æ¨®­ à­®© ª ¢¥à­ë ¯® áà ¢­¥­¨ï á 1-®© áå¥¬®©(5) ¨ á íªá¯¥à¨¬¥­â®¬ [1]. �¢®¤ï ª®àà¥ªâ¨àãîé¨©¬­®¦¨â¥«ì � < 1 ¨ ¨á¯®«ì§ãï ¢ ãà ¢­¥­¨¨ (21)�Q0 ¢¬¥áâ® Q0, ¬®¦­® ¤®¡¨âìáï á®£« á®¢ ­¨ï â ª-¦¥ ¨ ¤«ï �n. �à¨ íâ®¬ á®¡áâ¢¥­­ë¥ ç áâ®âë kn­¥ ¨§¬¥­ïîâáï,   §­ ç¥­¨ï ¯ à ¬¥âà  �n ã¬¥­ì-è îâáï ¯à ªâ¨ç¥áª¨ ¯à®¯®àæ¨®­ «ì­® �.�®«­®¥ ¨áá«¥¤®¢ ­¨¥ ª®¬¯«¥ªá­ëå ª®à­¥© � == � + jk å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï ã¤®¡­¥¥¯à®¢®¤¨âì á ¨á¯®«ì§®¢ ­¨¥¬ ¢â®à®£® ¢ à¨ ­â  § -¬ëª îé¥£® ãà ¢­¥­¨ï (23). �¨á«¥­­ë©  ­ «¨§ª®à­¥© ¯®ª § «, çâ® ¯®â¥àï ãáâ®©ç¨¢®áâ¨ ¢¥­â¨-«¨àã¥¬®© ª ¢¥à­ë ¯® 2-®© áå¥¬¥ �.�ã«¨­  ¯à®¨á-å®¤¨â ¢® ¢á¥å ¤¥â «ïå â ª ¦¥, ª ª ¯® 1-®© áå¥-¬¥ [4]. �¬¥­­®, � < 0 ¯à¨ k < k(1)1 ¨ � > 0¯à¨ k(1)n < k < k(2)n ; n = 1; 2; : : :, â.¥. ª ¢¥à­  ­¥-ãáâ®©ç¨¢  ¯® ®â­®è¥­¨î ª ª®«¥¡ ­¨ï¬ á ç áâ®â -¬¨ k > k(1)1 . �  à¨á. 4, ,¡ ¯à¨¢¥¤¥­ë £à ä¨ª¨§ ¢¨á¨¬®áâ¨ ¤¥©áâ¢¨â¥«ì­®© ¨ ¬­¨¬®© ç áâ¥© �®â ä¨§¨ç¥áª®£® ¯ à ¬¥âà  �. �¨¤­®, çâ® ª ¢¥à­  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢  ¯à¨ 1 � � < �(1)1 ¨ ­¥-ãáâ®©ç¨¢  ¯à¨ � > �(1)1 . �à¨ ¯¥à¥å®¤¥ ¯ à ¬¥âà � ç¥à¥§ §­ ç¥­¨¥ �(1)n ¢®§¡ã¦¤ îâáï ª®«¥¡ ­¨ï á¯à¨¢¥¤¥­­®© ç áâ®â®© k(1)n .�à¥¤¯®«®¦¨¬, á«¥¤ãï [3,4], çâ® ¯à¨ ®¤­®¢à¥¬¥­-­®¬ áãé¥áâ¢®¢ ­¨¨ ¤«ï ¤ ­­®£® §­ ç¥­¨ï � ­¥-áª®«ìª¨å ¢®§¬®¦­ëå ç áâ®â k à¥ «¨§ã¥âáï â , ª®-â®à®© á®®â¢¥âáâ¢ã¥â ­ ¨¡®«ìè¥¥ §­ ç¥­¨¥ �. �â®¯®§¢®«ï¥â ¤ âì ®æ¥­ªã £à ­¨æ à¥¦¨¬®¢  ¢â®ª®«¥-¡ ­¨© ª ¢¥à­ë �minN ; �maxN , N = 1; 2; 3; : : :, ª®â®-àë¥ ¯®ª § ­ë ­  à¨á. 4, ,¡ ¢¥àâ¨ª «ì­ë¬¨ èâà¨-å®¢ë¬¨ «¨­¨ï¬¨. �«ï á«ãç ï ®á¥á¨¬¬¥âà¨ç­ëå�. �. �¥¬¥­¥­ª® 49



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 2. �. 45 { 52
 
¡�¨á. 4. �®¬¯«¥ªá­ë¥ ª®à­¨ � = �+ jkå à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï:  { �(�), ¡ { k(�)ª ¢¥à­ á¯à ¢¥¤«¨¢®áâì â ª®© ®æ¥­ª¨ ¯®¤â¢¥à¦¤ -¥âáï ¯àï¬ë¬ à áç¥â®¬ à §¢¨â¨ï ­¥«¨­¥©­ëå  ¢-â®ª®«¥¡ ­¨© ­¥ãáâ®©ç¨¢ëå ª ¢¥à­ [6].�á«¥¤áâ¢¨¥ ¯ã«ìá æ¨© ¤ ¢«¥­¨ï ¢ ­¥ãáâ®©ç¨¢®©ª ¢¥à­¥ ­  ¥¥ £à ­¨æ å ¢®§­¨ª îâ ª¨­¥¬ â¨ç¥-áª¨¥ ¢®«­ë, à á¯à®áâà ­ïîé¨¥áï á® áª®à®áâìîV1. �à¨ íâ®¬ ­  N -®¬ à¥¦¨¬¥ ª®«¥¡ ­¨© ¯® ¤«¨­¥ª ¢¥à­ë ãª« ¤ë¢ ¥âáï ¯à¨¡«¨§¨â¥«ì­® N ¢®«­.4. �������������� �������� ��������� ������ á«ãç ¥ ­¥áâ æ¨®­ à­®© ª ¢¥à­ë ¢ á¢®¡®¤­®©áâàã¥ (à¨á. 2) ¨¬¥¥¬ ­  ®á¨ O� ¯ à ¬¥âà¨ç¥áª®©¯«®áª®áâ¨ £à ­¨ç­ë¥ ãá«®¢¨ï (12) ¤«ï �(�; t), ¢ª®â®àëå l(t) § ¬¥­ï¥âáï ­  c(t). �«¥¤®¢ â¥«ì­®,à¥è¥­¨¥ á¬¥è ­­®© ªà ¥¢®© § ¤ ç¨ ¢ ¢¥àå­¥© ¯®-«ã¯«®áª®áâ¨ Im � > 0 ¨¬¥¥â ¢¨¤�(�; t)=�0 = � i�p� + �(t)p�2�i c(t)Z0 dsps(s� �) : (24)�¤¥áì ¨ ¤ «¥¥ ¢á¥ ¢¥«¨ç¨­ë ®â­¥á¥­ë ª l1. �¢ï§ì¬¥¦¤ã äã­ªæ¨ï¬¨ ¢à¥¬¥­¨ l(t) ¨ c(t) ¤ ¥âáï ä®à-¬ã«®© (7). �ëà ¦¥­¨¥ (15) ¤«ï ®¡ê¥¬  ­¥áâ æ¨®-

­ à­®© ª ¢¥à­ë ¢ áâàã¥ ¯à¥®¡à §ã¥âáï ª ¢¨¤ãQ(t) = �2d cZ0 [l � x(�)]�(�; t� l+x(�)) d�d� � ; (25)£¤¥ x(�) = �d ln(1 � �=d). � ¬ëª îé¥¥ ãá«®¢¨¥(19) ¤«ï ­¥áâ æ¨®­ à­®© ª ¢¥à­ë ¢ áâàã¥ ¯à¨­¨-¬ ¥â ¢¨¤d cZ0 [l � x(�)]�t(�; t� l + x(�)) d�d� � �� d cZ0 �(�; t� l + x(�)) d�d� � = �02 : (26)�¨­¥ à¨§ã¥¬ ãà ¢­¥­¨ï (16), (26) ¢ ®ªà¥áâ­®áâ¨áâ æ¨®­ à­®£® à¥è¥­¨ï � = 1, l = l0, ¯à¥¤áâ ¢«ïï¨áª®¬ë¥ äã­ªæ¨¨ ¢à¥¬¥­¨ �(t), l(t) ¢ ¢¨¤¥�(t) = 1+ "�1(t); l(t) = l0 + "l1(t):�à¨ íâ®¬ ¨§ (7) á«¥¤ãîâ á®®â­®è¥­¨ïc(t) = c0 (1 + "c1(t)) ; c0 = d�1� e� l0d � ;c0c1(t) = e� l0d l1(t):�¨­¥ à¨§®¢ ­­®¥ ãà ¢­¥­¨¥ (16) ¯à¨ 
 = 0 ¤«ï­¥áâ æ¨®­ à­®© ª ¢¥à­ë ¢ áâàã¥ ¨¬¥¥â ¢¨¤Q0�1 = (� � 1)d2� 24c1 c0Z0 ln d� sd� c0 �d+ sps ��d ln pc0 +pspc0 �ps� ds(d� s)2 � c0Z0 ln d� sd� c0 � (27)��~�1 ln pc0 +pspc0 �ps � (~c1 � c1)pc0sc0 � s � dsd� s� ;£¤¥ ~�1 ¨ ~c1 { äã­ªæ¨¨ § ¯ §¤ë¢ îé¥£® ¢à¥¬¥­¨~�1 = �1�t� d ln d� sd� c0� ¨ â.¯.�â¬¥â¨¬, çâ® ¯à¨ «¨­¥ à¨§ æ¨¨ ¢ëà ¦¥­¨ï (25),ª ª ¨ ¢ á«ãç ¥ ¡¥§£à ­¨ç­®£® ¯®â®ª , ¨áª«îç¥­ç«¥­ "�0l1(t) = " 2dc0c1(t)�(d � c0) ;ª®â®àë© ¤ ¥â ª ¦ãé¥¥áï ¨§¬¥­¥­¨¥ ¬ ááë £ §  ¢¯®«ã®âªàëâ®© ª ¢¥à­¥.50 �. �. �¥¬¥­¥­ª®
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  ¡�¨á. 5. �«¨ï­¨¥ è¨à¨­ë áâàã¨ ­  á®¡áâ¢¥­­ë¥ ç áâ®âë ª ¢¥à­ë:  { n = 1, ¡ { n = 2� ¡«. 2. �æ¥­ª  £à ­¨æ à¥¦¨¬®¢ ¯ã«ìá æ¨© ª ¢¥à­ë ¨ áà ¢­¥­¨¥ á íªá¯¥à¨¬¥­â®¬l1=2h = 0 l1=2h = 7:75 � = 0:4 �ªá¯. [1]N � minN � maxN kminN kmaxN �minN � maxN kminN kmaxN �minN �maxN �N kN1 12.9 56.1 6.00 7.61 9.97 43.1 5.94 8.07 3.99 17.2 5.06 6.152 56.1 131 12.6 13.7 43.1 109 12.4 14.3 17.2 43.8 16.1 12.93 131 233 19.0 20.1 109 206 18.9 20.4 43.8 82.6 33.5 18.84 233 362 25.3 26.3 206 332 25.3 26.7 82.6 132 55.5 22.95 362 514 31.8 32.5 332 483 31.7 32.9 132 193 88.7 30.3�¨­¥ à¨§®¢ ­­®¥ § ¬ëª îé¥¥ ãà ¢­¥­¨¥ (26)¨¬¥¥â ¢¨¤d c0Z0 ln d� sd� c0 � _~�1 ln pc0 +pspc0 �ps � _~c1 pc0sc0 � s� dsd� s == c0Z0 �~�1 ln pc0 +pspc0 �ps � (~c1 � c1)pc0sc0 � s � dsd� s :(28)�à®¨§¢¥¤ï ¢ ãà ¢­¥­¨ïå (27), (28) § ¬¥­ã:�1(t) = ae�t; c1(t) = be�t;¡ã¤¥¬ ¨¬¥âì á¨áâ¥¬ã ¤¢ãå «¨­¥©­ëå ®¤­®à®¤­ëåãà ¢­¥­¨© ®â­®á¨â¥«ì­® a; b. �à¨à ¢­ï¢ ª ­ã«î®¯à¥¤¥«¨â¥«ì á¨áâ¥¬ë, ¯®«ãç¨¬ å à ªâ¥à¨áâ¨ç¥-áª®¥ ãà ¢­¥­¨¥ ¤«ï ç¨á«¥­­®£® ¨áá«¥¤®¢ ­¨ï ª®¬-¯«¥ªá­ëå ª®à­¥© � = �+jk ¢ § ¢¨á¨¬®áâ¨ ®â ¤¢ãå¯ à ¬¥âà®¢ h; �.�  à¨á. 5, ,¡ ¯à¥¤áâ ¢«¥­  § ¢¨á¨¬®áâì ¯¥à¢®©¨ ¢â®à®© ¯à¨¢¥¤¥­­ëå á®¡áâ¢¥­­ëå ç áâ®â ª ¢¥à-­ë k(1)n = !l0=V1, n = 1; 2 ¨ á®®â¢¥âáâ¢ãîé¨å§­ ç¥­¨© ä¨§¨ç¥áª®£® ¯ à ¬¥âà  �(1)n ®â è¨à¨­ëáâàã¨. �®áª®«ìªã ¤«¨­  ­¥¢®§¬ãé¥­­®© ª ¢¥à­ël0 ¢ á¢®¡®¤­®© áâàã¥ ¯à¨ â®¬ ¦¥ §­ ç¥­¨¨ �0 ¬¥­ì-è¥, ç¥¬ ¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥, ¯®«ãç¥­­ë¥ ¨§ å -à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï á®¡áâ¢¥­­ë¥ ç áâ®-âë ã¬­®¦¥­ë ­  l0=l1 (10).

�§ à¨á. 5 ¢¨¤­®, çâ® ¨§¬¥­¥­¨¥ è¨à¨­ë áâàã¨¢¥áì¬  á« ¡® ¢«¨ï¥â ­  á®¡áâ¢¥­­ë¥ ç áâ®âë kn.�«¨ï­¨¥ è¨à¨­ë áâàã¨ ­  ¯ à ¬¥âà �n â ª¦¥¬®¦­® áç¨â âì á« ¡ë¬ ¯à¨ h < l1=2, ¯à¨ç¥¬ ®­®ã¬¥­ìè ¥âáï á ¢®§à áâ ­¨¥¬ ­®¬¥à  n.� â ¡«. 2 ¤ ­® áà ¢­¥­¨¥ ®æ¥­®ª £à ­¨æ à¥¦¨-¬®¢ ¯ã«ìá æ¨© ª ¢¥à­ë ¤«ï á«ãç ¥¢ ¡¥§£à ­¨ç-­®£® ¯®â®ª  ¨ á¢®¡®¤­®© áâàã¨, è¨à¨­  ª®â®à®©l1=2h = 7:75 ¢ë¡à ­  á®®â¢¥âáâ¢ãîé¥© ãá«®¢¨ï¬íªá¯¥à¨¬¥­â®¢ [1].5. ��������� � ��������������ªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ [1] ®â­®áïâáï ª ¢¥­-â¨«¨àã¥¬ë¬ ª ¢¥à­ ¬ §  ¯«®áª®© ¯« áâ¨­ª®© è¨-à¨­®© 3.2 ¬¬, ¯®áâ ¢«¥­­®© ¯®¯¥à¥ª ¯®â®ª , ¢ á¢®-¡®¤­®© áâàã¥ è¨à¨­®© 2h = 0:254 ¬. �­ ç¥­¨ïç¨á«  ª ¢¨â æ¨¨ ¢ à §«¨ç­ëå ®¯ëâ å à ¢­ï«¨áì� = 0:061� 0:073, áà¥¤­ïï ¤«¨­  áâ æ¨®­ à­®© ª -¢¥à­ë á®áâ ¢«ï«  l0 = 0:52�0:55¬. � ª¨¥ ª ¢¥à­ëå®à®è® ®¯¨áë¢ îâáï ¯à¨­ïâ®© ¢ ­ áâ®ïé¥© à ¡®-â¥ ¬®¤¥«ìî \ç¨áâ®©" áã¯¥àª ¢¥à­ë.�á®¡¥­­®áâ¨ á®¯®áâ ¢«¥­¨ï à¥§ã«ìâ â®¢ â¥®-à¥â¨ç¥áª®£® ¨áá«¥¤®¢ ­¨ï ãáâ®©ç¨¢®áâ¨ ª ¢¥à­ áíªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ [1] ®¯¨á ­ë ¢ ­ -è¥© à ¡®â¥ [4]. �«¨ï­¨¥ £à ­¨æ áâàã¨ ãç¨âë-¢ «®áì ¢ [4] ¯®áà¥¤áâ¢®¬ ¯à¨¡«¨¦¥­­®£® ãç¥â ã¬¥­ìè¥­¨ï ¢ áâàã¥ ®¡ê¥¬  ­¥¢®§¬ãé¥­­®© ª -�. �. �¥¬¥­¥­ª® 51



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 2. �. 45 { 52¢¥à­ë Q0. �¥§ã«ìâ âë ­ áâ®ïé¥© à ¡®âë ¬®£ãâ¡ëâì á®¯®áâ ¢«¥­ë á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë-¬¨ [1] ­¥¯®áà¥¤áâ¢¥­­®.� ª ¡ë«® áª § ­® ¢ëè¥, ¯®«ã®âªàëâ ï ª ¢¨â -æ¨®­­ ï áå¥¬  ¤ ¥â § ¢ëè¥­­®¥ ¯® áà ¢­¥­¨î áíªá¯¥à¨¬¥­â®¬ §­ ç¥­¨¥ ®¡ê¥¬  ­¥¢®§¬ãé¥­­®©ª ¢¥à­ë Q0 ¨, ª ª á«¥¤áâ¢¨¥, § ¢¥¤®¬® § ¢ëè¥­-­ë¥ §­ ç¥­¨ï ¯ à ¬¥âà  �. �â® § ¢ëè¥­¨¥ ¬®-¦¥â ¡ëâì áª®àà¥ªâ¨à®¢ ­® ¢¢¥¤¥­¨¥¬ ¬­®¦¨â¥«ï� < 1. �à ¢­¨¢ ï íªá¯¥à¨¬¥­â «ì­®¥ ¨ ¢ëç¨á«¥­-­®¥ §­ ç¥­¨ï ®¡ê¥¬  áâ æ¨®­ à­®© ª ¢¥à­ë ¯à¨l1=2h = 7:75, ­ å®¤¨¬ � � 0:4.� ¯®á«¥¤­¨å ¤¢ãå ª®«®­ª å â ¡«. 2 ¯à¨¢¥¤¥­ëíªá¯¥à¨¬¥­â «ì­ë¥ §­ ç¥­¨ï �N ; kN , à ááç¨â ­-­ë¥ ¯® ¤ ­­ë¬ à ¡®âë [1]. � ¯à¥¤è¥áâ¢ãîé¨å¤¢ãå ª®«®­ª å â ¡«¨æë ¯®¬¥é¥­ë ®æ¥­ª¨ £à ­¨æà¥¦¨¬®¢ ¯ã«ìá æ¨© �minN ; �maxN , ã¬­®¦¥­­ë¥ ­ ª®àà¥ªâ¨àãîé¨© ¬­®¦¨â¥«ì � = 0:4. �à ¢­¥-­¨¥ ¯®ª §ë¢ ¥â å®à®è¥¥ á®£« á®¢ ­¨¥ ¤«ï à¥¦¨-¬®¢ ¯ã«ìá æ¨© N = 1; 2. �§ â ¡«. 1 ¬®¦­® ¢¨¤¥âì,çâ® «ãçè¥¥ á®£« á®¢ ­¨¥ á íªá¯¥à¨¬¥­â®¬ ­  à¥-¦¨¬ å N � 3 ¬®¦­® ¯®«ãç¨âì, ¨á¯®«ì§ãï ¯¥à¢ë©¢ à¨ ­â § ¬ëª îé¥£® ãà ¢­¥­¨ï (22).�����������®«ãç¥­® à¥è¥­¨¥ § ¤ ç¨ ® ¯«®áª®© ­¥áâ æ¨®-­ à­®© áã¯¥àª ¢¥à­¥ ¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥ ¨ ¢á¢®¡®¤­®© áâàã¥ ­  ®á­®¢¥ 2-®© «¨­¥ à¨§®¢ ­­®©áå¥¬ë �.�ã«¨­  á ¡¥áª®­¥ç­ë¬ á«¥¤®¬. �®áâ®¨­-áâ¢®¬ ¯®«ãç¥­­®£® à¥è¥­¨ï ï¢«ï¥âáï ¥£® ¬ â¥¬ -â¨ç¥áª ï ª®àà¥ªâ­®áâì, â ª ª ª ¢ ­¥¬ ¡« £®¤ àï¢¢¥¤¥­¨î á«¥¤  §  ª ¢¥à­®© ¯à¥®¤®«¥­ ¨§¢¥áâ­ë©¯ à ¤®ªá ¯«®áª¨å ­¥áâ æ¨®­ à­ëå ª ¢¨â æ¨®­­ëåâ¥ç¥­¨© [2], § ª«îç îé¨©áï ¢ â®¬, çâ® ¨§¬¥­¥­¨¥®¡ê¥¬  § ¬ª­ãâ®© ª ¢¥à­ë ¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥¢«¥ç¥â «®£ à¨ä¬¨ç¥áªãî á¨­£ã«ïà­®áâì ¤ ¢«¥­¨ï­  ¡¥áª®­¥ç­®áâ¨.�â®à®¥ ¯à¥¨¬ãé¥áâ¢® ¯®«ãç¥­­®£® à¥è¥­¨ï á®-áâ®¨â ¢ ¥£® §­ ç¨â¥«ì­® ¡®«¥¥ ¯à®áâ®© áâàãªâãà¥¯® áà ¢­¥­¨î á à¥è¥­¨¥¬ ¯® 1-®© áå¥¬¥ �.�ã«¨­ [4]. �â® ¯®§¢®«ï¥â à §à ¡®â âì  «£®à¨â¬ ¥£® ¯àï-¬®£® ç¨á«¥­­®£® à áç¥â  ¯à¨ ¯à®¨§¢®«ì­®© § ¢¨-á¨¬®áâ¨ ®â ¢à¥¬¥­¨, ¯®¤®¡­ë©  «£®à¨â¬ã à áç¥-â  ­¥áâ æ¨®­ à­ëå ®á¥á¨¬¬¥âà¨ç­ëå ª ¢¥à­ [6].�­® ã¤®¡­® ¤«ï à áç¥â  ­¥áâ æ¨®­ à­ëå áã¯¥àª -¢¨â æ¨®­­ëå â¥ç¥­¨© ¢ ®£à ­¨ç¥­­ëå ¯®â®ª å ¨¢ à¥è¥âª å, ¯®áª®«ìªã ®¡« áâì â¥ç¥­¨ï ¯à¨ íâ®¬®¤­®á¢ï§­ .�®«ãç¥­­®¥ à¥è¥­¨¥ ¨á¯®«ì§®¢ ­® ¤«ï ¨áá«¥¤®-¢ ­¨ï ãáâ®©ç¨¢®áâ¨ ¢¥­â¨«¨àã¥¬®© áã¯¥àª ¢¥à­ë

¢ ¡¥§£à ­¨ç­®¬ ¯®â®ª¥ ¨ ¢ á¢®¡®¤­®© áâàã¥. �à®-¢¥¤¥­­ë©  ­ «¨§ ãáâ®©ç¨¢®áâ¨ \ç¨áâ®©" ª ¢¥à­ë¨¬¥¥â ã­¨¢¥àá «ì­ë© å à ªâ¥à ¢ â®¬ á¬ëá«¥, çâ®­¥ § ¢¨á¨â ®â ¬ áèâ ¡  â¥ç¥­¨ï ¨ ª®­ªà¥â­®©ä®à¬ë ª ¢¨â â®à .�®ª § ­®, çâ® ã¬¥­ìè¥­¨¥ ¯®«ãè¨à¨­ë á¢®¡®¤-­®© áâàã¨ h á« ¡® ¢«¨ï¥â ­  §­ ç¥­¨ï á®¡áâ¢¥­-­ëå ç áâ®â ª ¢¥à­ë kn, ®¡¥§à §¬¥à¥­­ëå ¯® ¤«¨-­¥ áâ æ¨®­ à­®© ª ¢¥à­ë ¢ áâàã¥ l0(h). �®®â-¢¥âáâ¢ãîé¨¥ §­ ç¥­¨ï ä¨§¨ç¥áª®£® ¯ à ¬¥âà  �nã¬¥­ìè îâáï á ã¬¥­ìè¥­¨¥¬ h, ®¤­ ª® íâ® ¢«¨ï-­¨¥ áâ ­®¢¨âáï á« ¡ë¬ ¯à¨ h < l1=2. �â¨ ¢ë¢®-¤ë á¯à ¢¥¤«¨¢ë â ª¦¥ ¤«ï ®æ¥­ª¨ £à ­¨æ à¥¦¨¬®¢¯ã«ìá æ¨© ª ¢¥à­ �N ; kN .�®«ãç¥­­ë¥ à¥§ã«ìâ âë å®à®è® á®£« áãîâáïá íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¯® ¯ã«ìá æ¨ï¬¯«®áª¨å ¢¥­â¨«¨àã¥¬ëå ª ¢¥à­ ¢ á¢®¡®¤­®© áâàã¥,  â ª¦¥ á à¥è¥­¨¥¬  ­ «®£¨ç­®© § ¤ ç¨, ¯®«ãç¥­-­ë¬ ­ ¬¨ à ­¥¥ ­  ®á­®¢¥ ª¨­¥¬ â¨ç¥áª¨ § ¬ª­ã-â®© ª ¢¨â æ¨®­­®© áå¥¬ë á á¨­£ã«ïà­ë¬ ¤ ¢«¥-­¨¥¬ ­  ¡¥áª®­¥ç­®áâ¨. �âáî¤  á«¥¤ã¥â ¢ ¦­ë©¢ë¢®¤, çâ® ¤¨­ ¬¨ç¥áª¨¥ á¢®©áâ¢  ®¡¥¨å à áá¬®-âà¥­­ëå ª ¢¨â æ¨®­­ëå áå¥¬ ¯® áãé¥áâ¢ã ¨¤¥­-â¨ç­ë. � ª¨¬ ®¡à §®¬, ®¡¥ áå¥¬ë ¬®£ãâ ¨á¯®«ì-§®¢ âìáï ¤«ï ¯à ªâ¨ç¥áª¨å à áç¥â®¢ ­¥áâ æ¨®­ à-­ëå áã¯¥àª ¢¨â æ¨®­­ëå â¥ç¥­¨©.1. Silberman E., Song C.S. Instability of ventilated cavi-ties // J. of Ship Research.{ 1961.{ 5, N 1.{ P. 13{33.2. Michel J.M. Some features of water 
ows withventilated cavities // Trans. ASME, J. of FluidsEngineering.{ 1984.{ N 3.{ P. 140{147.3. � àëè¥¢ �.�. �¥®à¥â¨ç¥áª®¥ ¨áá«¥¤®¢ ­¨¥ ãáâ®©-ç¨¢®áâ¨ ¨ ¯ã«ìá æ¨© ®á¥á¨¬¬¥âà¨ç­ëå ª ¢¥à­ //�à. ����.{ 1978.{ �ë¯. 1907.{ �. 17{40.4. �¥¬¥­¥­ª® �.�. �¥ãáâ®©ç¨¢®áâì ¯«®áª®© £ §®­ -¯®«­¥­­®© áã¯¥àª ¢¥à­ë ¢ ¡¥§£à ­¨ç­®¬ ¯®â®-ª¥ // �̈ ¤à®¬¥å ­¨ª .{ 1995.{ �ë¯. 69.{ �. 56{64.5. Tulin M.P. Supercavitating 
ows { small perturba-tion theory // J. of Ship Research.{ 1964.{ 7, N 3.{P. 16{37.6. �¥¬¥­¥­ª® �.�. �®¬¯ìîâ¥à­®¥ ¬®¤¥«¨à®¢ ­¨¥¯ã«ìá æ¨© ¢¥­â¨«¨àã¥¬ëå áã¯¥àª ¢¥à­ //�̈ ¤à®¬¥å ­¨ª .{ 1997.{ �ë¯. 71.{ �. 110{118.7. Semenenko V.N. Instability and oscillation of gas{�lled supercavities // Proc. Third InternationalSymp. on Cavitation. Vol. 2.{ Grenoble (France),1998.{ P. 25{30.8. ôäà¥¬®¢ I.I. �i­¥ à¨§®¢ ­  â¥®àiï ª ¢iâ æi©­®£®®¡âiª ­­ï.{ �.: � ãª. ¤ã¬ª , 1974.{ 156 á.9. � å®¢ �.�. �à ¥¢ë¥ § ¤ ç¨. { 2-¥ ¨§¤., ¯¥à¥à ¡. ¨¤®¯.{ �.: �¨§¬ â£¨§, 1963.{ 640 á.10. � ¢à¥­âì¥¢ �.�., � ¡ â �.�. �¥â®¤ë â¥®à¨¨äã­ªæ¨© ª®¬¯«¥ªá­®£® ¯¥à¥¬¥­­®£®. { 4-¥ ¨§¤.,¨á¯à.{ �.: � ãª , 1973.{ 736 á.11. �¯èâ¥©­ �.�., � ¯¨­ �.�. �à¨¡«¨¦¥­­ë© à á-ç¥â ¢«¨ï­¨ï £à ­¨æ ¯®â®ª  ­  ¤«¨­ã ª ¢¥à­ë ¢¯«®áª®© § ¤ ç¥ ¨ §  ®á¥á¨¬¬¥âà¨ç­ë¬ â¥«®¬ //�à. ����.{ 1980.{ �ë¯. 2060.{ �. 3{24.12. �¡à ¬®¢¨æ �., �â¨£ ­ �. (à¥¤.) �¯à ¢®ç­¨ª ¯®á¯¥æ¨ «ì­ë¬ äã­ªæ¨ï¬ á ä®à¬ã« ¬¨, £à ä¨ª ¬¨¨ â ¡«¨æ ¬¨.{ �.: � ãª , 1979.{ 832 á.52 �. �. �¥¬¥­¥­ª®


