
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 3. �. 94 { 99��� 532.528������������� ����� ������� ��������������� �������������� ���������������������. �. ��������áâ¨âãâ â¥å¨ç¥áª®© ¬¥å ¨ª¨ ��� �ªà ¨ë, �¥¯à®¯¥âà®¢áª�®«ãç¥® 15.06.2000�à¥¤«®¦¥ ¯àï¬®© ¬¥â®¤  å®¦¤¥¨ï ¯®â¥æ¨ «  â¥ç¥¨ï ¤«ï ®¡à âëå ªà ¥¢ëå § ¤ ç, ¢ â®¬ ç¨á«¥ ¤«ï ª ¢¨â -æ¨®ëå â¥ç¥¨©. �¥â®¤ ®á®¢    â¥®à¨¨ äãªæ¨© ª®¬¯«¥ªá®£® ¯¥à¥¬¥®£® ¨ ¯®§¢®«ï¥â  å®¤¨âì ª®¬¯«¥ªá-ãî áª®à®áâì ¨ ¯à®¨§¢®¤ãî ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  ¯® § ç¥¨î ¨å ¬®¤ã«ï ¨  à£ã¬¥â    £à ¨æ¥ â¥ç¥¨ï.�®§¬®¦®áâ¨ ¬¥â®¤  ¤¥¬®áâà¨àãîâáï   ¯à¨¬¥à¥ à¥è¥¨ï ª« áá¨ç¥áª®© § ¤ ç¨ á¨¬¬¥âà¨ç®£® ª ¢¨â æ¨®®£®®¡â¥ª ¨ï ª«¨  (¯« áâ¨ª  ¢ ç áâ®¬ á«ãç ¥).� ¯à®¯®®¢ ® ¡¥§¯®á¥à¥¤i© ¬¥â®¤ ¢¨§ ç¥ï ¯®â¥æi «ã â¥çiù ¤«ï §¢®à®â¨å ªà ©®¢¨å § ¤ ç, ¢ â®¬ã ç¨á«i ¤«ïª ¢iâ æi©¨å â¥çi©. �¥â®¤ § á®¢ ¨©   â¥®àiù äãæi© ª®¬¯«¥ªá®ù §¬i®ù i ¤®§¢®«ïõ ¢¨§ ç â¨ ª®¬¯«¥ªáã è¢¨¤-ªiáâì â  ¯®åi¤ã ª®¬¯«¥ªá®£® ¯®â¥æi «ã §  § ç¥ï¬ ùå ¬®¤ã«ï i  à£ã¬¥â    £à ¨æi â¥çiù. �®¦«¨¢®áâi ¬¥â®¤ ¤¥¬®áâàãîâìáï   ¯à¨ª« ¤i à®§¢'ï§ ï ª« á¨ç®ù § ¤ çi á¨¬¥âà¨ç®£® ª ¢iâ æi©®£® ®¡âiª ï ª«¨ã (¯« áâ¨ª¨¢ ®ªà¥¬®¬ã ¢¨¯ ¤ªã).A direct method of �nding the ow potential for inverse boundary-value problems, including for cavity ows is proposed.The method is based on the theory of functions of complex variable and make it possible to �nd the functions of complexvelocity and the derivative of the complex potential from the values of their modulus an argument at the boundary of theow region. The method has been evaluated when solving the problem on the unsteady cavity ow around a wedge (aplate as a special case).���������¥è¥¨¥ ¥«¨¥©ëå § ¤ ç ¯«®áª¨å ª ¢¨â æ¨-®ëå â¥ç¥¨© âà ¤¨æ¨®® à áá¬ âà¨¢ ¥âáï ¢à ¬ª å ¬®¤¥«¨ ¨¤¥ «ì®© ¦¨¤ª®áâ¨. �®§¨ª î-é ï ¯à¨ íâ®¬ ¯à®¡«¥¬  § ¬ëª ¨ï ª ¢¥àë ¯à¨-¢®¤¨â ª ¥¥¤¨áâ¢¥®áâ¨ à¥è¥¨ï, âà¥¡ã¥â ®¯à¥-¤¥«¥ëå ¯à¥¤¯®«®¦¥¨© ®â®á¨â¥«ì® â¥ç¥¨ï ¢®¡« áâ¨ § ¬ëª ¨ï ª ¢¥àë ¨, ¢á«¥¤áâ¢¨¨ íâ®£®,¥ ¯®§¢®«ï¥â à áá¬ âà¨¢ âì â¥ç¥¨ï á ç áâ¨ç®©¨ à §¢¨â®© ª ¢¨â æ¨¥© ¢ à ¬ª å ®¤®© § ¤ ç¨. �¯à¥¤áâ ¢«¥®© à ¡®â¥  àï¤ã á à §à ¡®âª®© ¬¥-â®¤  à¥è¥¨ï ¥«¨¥©ëå ¥áâ æ¨® àëå ª ¢¨-â æ¨®ëå â¥ç¥¨© ¢ à ¬ª å ¬®¤¥«¨ ¨¤¥ «ì®©¦¨¤ª®áâ¨ ¯à¥¤«®¦¥  "¥ï¢ ï" áå¥¬  § ¬ëª ¨ïª ¢¥àë, ª®â®à ï ¥áâ¥áâ¢¥ë¬ ®¡à §®¬ ¢¯¨áë-¢ ¥âáï ¢ ª®æ¥¯æ¨î § ¬ëª ¨ï ª ¢¥àë   âãà-¡ã«¥âë© á«¥¤, ¢®§¨ª îé¨© §  ª ¢¥à®© ¢ à¥- «ì®¬ â¥ç¥¨¨. � ¨á¯®«ì§®¢ ¨¥¬ ®¡é¥¯à¨ï-â®£® ¯®¤å®¤  ¢ï§ª®-¥¢ï§ª®£® ¢§ ¨¬®¤¥©áâ¢¨ï [1]¤«ï â¥ç¥¨© á« ¡®¢ï§ª¨å ¦¨¤ª®áâ¥© ¯à¥¤«®¦¥-ë© ¬¥â®¤ ¯®§¢®«ï¥â ¯®«ãç¨âì à¥è¥¨¥ § ¤ ç¨ ¥-áâ æ¨® à®£® ª ¢¨â æ¨®®£® â¥ç¥¨ï ¢ à ¬ª å¬®¤¥«¨ ¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. �à¨ íâ®¬â¥ç¥¨ï á ç áâ¨ç®© ¨ à §¢¨â®© ª ¢¨â æ¨¥© ¬®£ãâ¡ëâì à áá¬®âà¥ë ¢ à ¬ª å ®¤®© § ¤ ç¨.

���������� ������ ��� ����������������� �������� à ¡®â¥ [2] ¢¯¥à¢ë¥ à¥è¥  ¢ ¥«¨¥©®© ¯®-áâ ®¢ª¥ § ¤ ç  ¥áâ æ¨® à®£® ª ¢¨â æ¨®®-£® ®¡â¥ª ¨ï ¯« áâ¨ª¨ á ¨á¯®«ì§®¢ ¨¥¬ ¬¥â®¤ ª®¬¯«¥ªá®£® ¯®â¥æ¨ « . �®âï à¥è¥¨¥ ¯®«ãç¥®¤«ï ç áâ®£® á«ãç ï, ¯à¨ ª®â®à®¬ £à ¨æ  ®¡« -áâ¨ â¥ç¥¨ï ¥ § ¢¨á¨â ®â ¢à¥¬¥¨, ®® ¯®ª § «®¢®§¬®¦®áâì ¯à¨¬¥¥¨ï ¬¥â®¤®¢ â¥®à¨¨ äãª-æ¨© ª®¬¯«¥ªá®£® ¯¥à¥¬¥®£® ª à¥è¥¨î ¤ ®-£® ª« áá  § ¤ ç. � à ¡®â¥ [3] ¯à¨¢¥¤¥ ¯à¨¬¥à¨á¯®«ì§®¢ ¨ï ¬¥â®¤  ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  ªà¥è¥¨î § ¤ ç¨ ¡¥§®âàë¢®£® ®¡â¥ª ¨ï ®ªàã¦-®áâ¨ á ¥áâ æ¨® à®© £à ¨æ¥©. � ¤ ®© à -¡®â¥ à áá¬ âà¨¢ ¥âáï ¤¢ã¬¥à®¥ ¥áâ æ¨® à®¥ª ¢¨â æ¨®®¥ ®¡â¥ª ¨¥ ª«¨  ¨¤¥ «ì®© ¦¨¤ª®-áâìî á § ¬ëª ¨¥¬ ª ¢¥àë   ªà¨¢®«¨¥©ë©ª®âãà, ä®à¬  ª®â®à®£® ¤® à¥è¥¨ï § ¤ ç¨ ¥®¯à¥¤¥«¥ . �«¨ ¥¯®¤¢¨¦¥. � ¢¥à  ®¡à §ã¥â-áï   ªà®¬ª¥ ª«¨  ¢ â®çª¥ O ¨ § ¬ªãâ    ªà¨¢®-«¨¥©ë© ª®âãà CB,   ª®â®à®¬ § ¤   äãªæ¨ï¬®¤ã«ï áª®à®áâ¨ v�(s; t). �¤¥áì s { ¯à®áâà áâ¢¥- ï ª®®à¤¨ â  ¢¤®«ì ª®âãà , t { ¢à¥¬ï. �®à¬ ª®âãà  CB § à ¥¥ ¥¨§¢¥áâ  ¨ ®¯à¥¤¥«ï¥âáï¨§ à¥è¥¨ï § ¤ ç¨. �  ç «ìë© ¬®¬¥â ¢à¥¬¥-¨ â¥ç¥¨¥ ¯®« £ ¥âáï áâ æ¨® àë¬ («¨¡® § ¤ -  ®¡« áâì â¥ç¥¨ï ¨ ¯ à ¬¥âàë ¥áâ æ¨® à®£®94 c�. �. �¥¬¥®¢, 2000



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 3. �. 94 { 99â¥ç¥¨ï ¢ íâ®© ®¡« áâ¨). �à¥¡ã¥âáï ®¯à¥¤¥«¨âì ¢¯®á«¥¤ãîé¨¥ ¬®¬¥âë ¢à¥¬¥¨ £à ¨æã ®¡« áâ¨â¥ç¥¨ï ¨ ¯ à ¬¥âàë â¥ç¥¨ï ¢ íâ®© ®¡« áâ¨ ¯à¨ãá«®¢¨¨, çâ® ¤ ¢«¥¨¥ ¢¤®«ì ª®âãà  ª ¢¥àë ¯®-áâ®ï®,   ¤ ¢«¥¨¥ ¢¤®«ì ª®âãà  § ¬ëª ¨ï, ¤ -¢«¥¨¥ ¨ áª®à®áâì ¯®â®ª    ¡¥áª®¥ç®áâ¨ p1, v1¥áâì § ¤ ë¥ äãªæ¨¨ ¢à¥¬¥¨.�¥è¥¨¥ § ¤ ç¨ ¨é¥âáï ¬¥â®¤®¬ ª®¬¯«¥ªá®-£® ¯®â¥æ¨ «  ¯ãâ¥¬ ¯®áâà®¥¨ï ¢ëà ¦¥¨© ª®¬-¯«¥ªá®© áª®à®áâ¨ ¨ ¯à®¨§¢®¤®© ª®¬¯«¥ªá®£® ¯®-â¥æ¨ « , ã¤®¢«¥â¢®àïîé¨å £à ¨çë¬ ãá«®¢¨ï¬.� ª ç¥áâ¢¥ ®¡« áâ¨ ¨§¬¥¥¨ï ¯ à ¬¥âà  u ¢ë-¡à  ¯¥à¢ë© ª¢ ¤à â, á®®â¢¥âáâ¢¨¥ â®ç¥ª ä¨§¨-ç¥áª®© ¯«®áª®áâ¨ z, ¯«®áª®áâ¨ ¯ à ¬¥âà  u ¨ ¯«®á-ª®áâ¨ ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  W ¯®ª § ®  à¨á. 1. �ã«¨ ¨ ¯®«îá  ¢ ¢ëà ¦¥¨ïå ª®¬¯«¥ªá®©áª®à®áâ¨ ¨ ¯à®¨§¢®¤®© ª®¬¯«¥ªá®£® ¯®â¥æ¨ -«  ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥ë ¬¥â®¤®¬ ®á®¡ëå â®ç¥ª� ¯«ë£¨  [4], â ª ª ª ¥áâ æ¨® à®áâì â¥ç¥¨ï¥ ¯à¨¢®¤¨â ª ¯®ï¢«¥¨î ¤®¯®«¨â¥«ìëå ®á®¡¥-®áâ¥© ¯® áà ¢¥¨î á á®®â¢¥âáâ¢ãîé¨¬ áâ æ¨-® àë¬ â¥ç¥¨¥¬. �®¤ã«ì áª®à®áâ¨   £à ¨æ¥ª ¢¥àë ¨ ª®âãà¥ § ¬ëª ¨ï ¥áâì äãªæ¨ï ¯à®-áâà áâ¢¥®© ª®®à¤¨ âë s ¨ ¢à¥¬¥¨. �â®¡à -¦ ï ¬¥â®¤®¬ ª®ä®à¬ëå ®â®¡à ¦¥¨© ®¡« áâì¯ à ¬¥âà  u   ®¡« áâì £®¤®£à ä , ¢ëà ¦¥¨¥ª®¬¯«¥ªá®© áª®à®áâ¨ ¬®¦® ¯®«ãç¨âì ¢ ¢¨¤¥dWdz = v0(t)�u� 1u+ 1��� � (1)� exp24� i� 1Z0 @ ln v@� ln� i� � ui� + u�d�35 ;£¤¥ v(�; t) { ¬®¤ã«ì áª®à®áâ¨   á¢®¡®¤®© £à ¨-æ¥, â® ¥áâì ª®âãà¥ ª ¢¥àë OC(0 < � < �á) ¨ ª®-âãà¥ § ¬ëª ¨ï CD(�á < � < 1); v0(t) { ¬®¤ã«ìáª®à®áâ¨ ¢ â®çª¥ O. �®¤áâ ¢«ïï § ç¥¨ï u = �¢ ¢ëà ¦¥¨¥ (1), ¬®¦® ¢¨¤¥âì, çâ®   ¤¥©áâ¢¨-â¥«ì®© ®á¨ ®¡« áâ¨ ¯ à ¬¥âà , á®®â¢¥âáâ¢ãîé¥©á¬ ç¨¢ ¥¬®© ç áâ¨ ¯à®ä¨«ï ¢ë¯®«ï¥âáï ãá«®¢¨¥¥¯à®â¥ª ¨ï, â® ¥áâìarg dWdz = 0:�¨¬®© ®á¨ ®¡« áâ¨ ¯ à ¬¥âà  á®®â¢¥âáâ¢ã¥âá¢®¡®¤ ï £à ¨æ . �á«¨ ¯®«®¦¨âì u = i�, â®����dWdz ���� = v(�; t);â® ¥áâì à ¢® § ¤ ®© äãªæ¨¨ ¬®¤ã«ï áª®à®áâ¨  á¢®¡®¤®© £à ¨æ¥. �ëà ¦¥¨¥ ¯à®¨§¢®¤®©

ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  ¬®¦® ¯®«ãç¨âì   «®-£¨çë¬ ®¡à §®¬:dWdz = N (t)u exp24 1� 1Z0 @�@� ln(u2 + �2)d�35 ; (2)£¤¥ N (t) { ¬ áèâ ¡ë© ¬®¦¨â¥«ì; � =arctg (vn=vs), vn(�; t); vs(�; t) { ®à¬ «ì ï ¨ â -£¥æ¨ «ì ï á®áâ ¢«ïîé¨¥ áª®à®áâ¨   á¢®¡®¤®©£à ¨æ¥.�®¤áâ ¢«ïï § ç¥¨ï u = � «¨¡® u = i� ¢ ¢ëà -¦¥¨¥ (2), ¬®¦® ¢¨¤¥âì, çâ® ¯à®¨§¢®¤ ï ª®¬-¯«¥ªá®£® ¯®â¥æ¨ «  â ª¦¥ ã¤®¢«¥â¢®àï¥â £à -¨çë¬ ãá«®¢¨ï¬:   ¤¥©áâ¢¨â¥«ì®© ®á¨ ®¡« áâ¨¯ à ¬¥âà Im (dW ) = Im �dWdu ju=�� = 0;â® ¥áâì ¬¨¬ ï ç áâì ª®¬¯«¥ªá®£® ¯®â¥æ¨ « ¯®áâ®ï . �¨¬ ï ®áì ®¡« áâ¨ ¯ à ¬¥âà  á®-®â¢¥âáâ¢ã¥â £à ¨æ¥ ª ¢¥àë. �á«¨ ds { í«¥¬¥â£à ¨æë ª ¢¥àë, v = vs� ivn { ª®¬¯«¥ªá® á®¯àï-¦¥ ï áª®à®áâì, â® ¯® ®¯à¥¤¥«¥¨î ª®¬¯«¥ªá®£®¯®â¥æ¨ «  dW = vds = vsds� ivnds, á«¥¤®¢ â¥«ì-®, Im(dW )Re(dW ) = d	d� = �vnvs :�ëà ¦¥¨¥ (2) ã¤®¢«¥â¢®àï¥â ¤ ®¬ã ãá«®¢¨î.� ª¨¬ ®¡à §®¬, ¢ëà ¦¥¨ï ª®¬¯«¥ªá®© áª®à®áâ¨¨ ¯à®¨§¢®¤®© ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  ¤«ï ¥-áâ æ¨® à®£® â¥ç¥¨ï ®â«¨ç îâáï ®â á®®â¢¥â-áâ¢ãîé¨å ¢ëà ¦¥¨© ¤«ï áâ æ¨® à®£® â¥ç¥¨ï «¨ç¨¥¬ à¥£ã«ïà®© äãªæ¨¨, ¢¨¤ ª®â®à®© á®åà -ï¥âáï ¤«ï ¤àã£¨å § ¤ ç ¥áâ æ¨® àëå ª ¢¨â -æ¨®ëå â¥ç¥¨© ¯à¨ ¢ë¡®à¥ ¯¥à¢®£® ª¢ ¤à â  ¢ª ç¥áâ¢¥ ®¡« áâ¨ ¯ à ¬¥âà .�§ ¢ëà ¦¥¨© (1) ¨ (2) ¬®¦® ¯®«ãç¨âì ¢ëà -¦¥¨¥dzdu = Nv0 �u� 1u+ 1��� exp24 1� 1Z0 @�@� ln(u2 + �2)d�+(3)+ i� 1Z0 @ lnv@� ln� i� � ui� + u�d�35 :�â¥£à¨à®¢ ¨¥¬ ¢ëà ¦¥¨ï (3) ¢ ®¡« áâ¨ ¯ à -¬¥âà  ¬®¦® à ááç¨â âì ä®à¬ã á¢®¡®¤®© £à ¨-æë ¢ ¯à®¨§¢®«ìë© ¬®¬¥â ¢à¥¬¥¨. � à¥è¥¨¥§ ¤ ç¨ (1) - (3) ¢à¥¬ï ¢å®¤¨â ª ª ¯ à ¬¥âà. �â®®âà ¦ ¥â â®â ä ªâ, çâ® «¨¨¨ â®ª  ®¯à¥¤¥«ïîâáï¯ à ¬¥âà ¬¨ â¥ç¥¨ï ¢ â¥ªãé¨© ¬®¬¥â ¢à¥¬¥¨�. �. �¥¬¥®¢ 95
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�¨á. 1. �å¥¬  ¥áâ æ¨® à®£® ª ¢¨â æ¨®®£® ®¡â¥ª ¨ï ª«¨ ¨ ¥ § ¢¨áïâ ®â ¯à¥¤ëáâ®à¨¨ ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨[5].�«ï ®¯à¥¤¥«¥¨ï ¯ à ¬¥âà®¢ N ¨ �á ¨¬¥îâáïãá«®¢¨¥ ¯®áâ®ïáâ¢  ¤«¨ë é¥ª¨ ª«¨  ¨ ãá«®¢¨¥§ ¬ªãâ®áâ¨ ª ¢¥àë:1Z0 ����dzdu ����u=� d� = l; (4)Im 0@ 1Z0 dzdu����u=i�1A = l sin(�): (5)�á«®¢¨¥ § ¬ªãâ®áâ¨ ª ¢¥àë (5) ¯®á«¥ ¯à¥-®¡à §®¢ ¨© ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥��Z0 @ ln v@� �d� + 1Z�� @ lnv�@� �d� + � = 0; (6)£¤¥ �c { â®çª    ¬¨¬®© ®á¨ ®¡« áâ¨ ¯ à ¬¥-âà , á®®â¢¥âáâ¢ãîé ï â®çª¥ § ¬ëª ¨ï ª ¢¥àëC. �á«®¢¨¥ (6) ¢ë¯®«ï¥âáï ª ª ¤«ï áâ æ¨® à®-£®, â ª ¨ ¤«ï ¥áâ æ¨® à®£® â¥ç¥¨ï.�ãªæ¨¨ v(�; t) ¤«ï 0 < � < �c ¨ �(�; t) ¤«ï0 < � < 1 ®¯à¥¤¥«ïîâáï   á¢®¡®¤®© £à ¨æ¥¨§ ¤¨ ¬¨ç¥áª®£® ¨ ª¨¥¬ â¨ç¥áª®£® £à ¨çëåãá«®¢¨©. �  ª®âãà¥ § ¬ëª ¨ï CB; �c < � < 1,äãªæ¨ï v(�; t) = v�(�; t) ¤®«¦  ¡ëâì ®¯à¥¤¥«¥-  ¨§ ãà ¢¥¨© ¥áâ æ¨® à®£® â¥ç¥¨ï ¢ á«¥-¤¥ «¨¡® § ¤  . �à¥¤¯®«®¦¥¨¥ v�(�; t) = v�(t)¯à¨¢®¤¨â ¢ëà ¦¥¨¥ ª®¬¯«¥ªá®© áª®à®áâ¨ (1) ª¢¨¤ã, á®®â¢¥âáâ¢ãîé¥¬ã § ¬ëª ¨î ª ¢¥àë ¯®¢â®à®© áå¥¬¥ �ã«¨ .�â¥£à¨àãï ¢ëà ¦¥¨¥ (2), ¬®¦® ¯®«ãç¨âì¢ëà ¦¥¨¥ ª®¬¯«¥ªá®£® ¯®â¥æ¨ « W (u; t) = N (t) Z u exp24 1� 1Z0 @�@� ln(u2 + �2)d�35du:(7)

������������ ��������� ��������â¥£à « �®è¨-� £à ¦ , § ¯¨á ë© ¤«ï â®ç-ª¨ O ¨ ¯à®¨§¢®«ì®© â®çª¨ á¢®¡®¤®© ¯®¢¥àå®-áâ¨ á ãç¥â®¬ £à ¢¨â æ¨¨ g ¨ ¯®¢¥àå®áâ®£®  -âï¦¥¨ï � ¨¬¥¥â ¢¨¤@�@t + v22 + pc� + gy � �R = v202 + pc� = C(t); (8)£¤¥ R { à ¤¨ãá ªà¨¢¨§ë á¢®¡®¤®© ¯®¢¥àå®áâ¨;y { ª®®à¤¨ â  ¢  ¯à ¢«¥¨¨, ¯à®â¨¢®¯®«®¦®¬£à ¢¨â æ¨¨ g; pc { ¤ ¢«¥¨¥ ¢ ª ¢¥à¥; � { ¯«®â-®áâì.�®â¥æ¨ « ¢ â®çª¥ O ¯à¨¨¬ ¥âáï à ¢ë¬ ã-«î, ¯®íâ®¬ã @�@t ju=0= 0:�¯à¥¤¥«ïï ¨§ ¢ëà ¦¥¨ï (7)�(�; t) = Re[W (u; t)]u=i�¨ ¤¨ää¥à¥æ¨àãï ¯®«ãç¥®¥ ¢ëà ¦¥¨¥ ¯® ¢à¥-¬¥¨, ¬®¦® ¯®«ãç¨âì ¯à®¨§¢®¤ãî ¯®â¥æ¨ « ¯® ¢à¥¬¥¨, ¢å®¤ïéãî ¢ ¤¨ ¬¨ç¥áª®¥ £à ¨ç®¥ãá«®¢¨¥:@�@t = _NN �(�; t)� N (t)� �Z0 1Z0 @ _�@�0 ln(�02 � �2)d�0�(9)� exp24 1� 1Z0 @�@�0 ln(�02 � �2)d�035 d�;£¤¥ â®çª   ¤ ¯¥à¥¬¥®© ®¡®§ ç ¥â ¯à®¨§¢®¤-ãî ¯® ¢à¥¬¥¨.�¨ ¬¨ç¥áª®¥ £à ¨ç®¥ ãá«®¢¨¥ (8) á ãç¥â®¬¢ëà ¦¥¨ï (9) ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì äãªæ¨î ¬®-¤ã«ï áª®à®áâ¨   á¢®¡®¤®© £à ¨æ¥, ¢å®¤ïéãî ¢¢ëà ¦¥¨¥ ª®¬¯«¥ªá®© áª®à®áâ¨ (1):v2 = v20 � 2@�@t � 2p� pc� : (10)96 �. �. �¥¬¥®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 3. �. 94 { 99� ¢«¥¨¥   ª®âãà¥ ª ¢¥àë p = pá,   ª®âãà¥§ ¬ëª ¨ï äãªæ¨ï p = p[s(�; t)] ®¯à¥¤¥«ï¥âáï ¨§à áç¥â  ¥áâ æ¨® à®£® âãà¡ã«¥â®£® â¥ç¥¨ï¢ á«¥¤¥ §  ª ¢¥à®©. �¨ää¥à¥æ¨àãï ¢ëà ¦¥¨¥(10) ¯® ª®®à¤¨ â¥ � á ãç¥â®¬dsd� = ����dzdu ����u=i� ;¬®¦® ¯®«ãç¨âì ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®¥ ãà ¢-¥¨¥ ¤«ï ®¯à¥¤¥«¥¨ï äãªæ¨¨ v(�):@v@t = �v exp24 1Z0 @�@�0 ln j�02 � �2jd�035��24 _N � N� 1Z0 @ _�@�0 ln(�02 � �2)d�035d� � 1v @p@s dsd� :�������������� ����������������� áá¬®âà¨¬ í«¥¬¥â dz á¢®¡®¤®© £à ¨æë.�£®«  ª«®  á¢®¡®¤®© £à ¨æë ª ®á¨ X ¢ â¥-ªãé¨© ¬®¬¥â ¢à¥¬¥¨ ¥áâì arg(dz). �§¬¥¥¨¥ã£«   ª«®  £à ¨æë ¢ ¥ª®â®à®© â®çª¥ ¢ë§¢ -® ¨§¬¥¥¨¥¬ ®à¬ «ì®© ª®¬¯®¥âë áª®à®áâ¨¢¤®«ì £à ¨æë, ¯®íâ®¬ã ¬®¦® § ¯¨á âì á«¥¤ãî-é¥¥ ãà ¢¥¨¥: @[arg(dz)]@t = dvnds ; (11)£¤¥ @s = jdzj.�«ï ¥áâ æ¨® àëå ª ¢¨â æ¨®ëå â¥ç¥¨©áª®à®áâì ¤¢¨¦¥¨ï £à ¨æë áãé¥áâ¢¥® ¬¥ìè¥áª®à®áâ¨ ¦¨¤ª®áâ¨   £à ¨æ¥, ¯®íâ®¬ã ¬®¦® ¯®-«®¦¨âì vs = v,   vn = �v�. �ç¨âë¢ ï, çâ®@s@y = ����@z@u ����u=i� = 1v ����@w@u ����u=i� ;ª¨¥¬ â¨ç¥áª®¥ £à ¨ç®¥ ãá«®¢¨¥ (11) ¬®¦®¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥@[arg(dz)]@t = v ����dWdu ����u=i�!�1�dvnd� � + v @�@�� :(12)�¯à¥¤¥«ïï ¨§ ¢ëà ¦¥¨ï (3) arg(dz)   á¢®¡®¤-®© £à ¨æ¥ (u = i�) ¨ ¯®¤áâ ¢«ïï ¢ ¢ëà ¦¥¨¥(12), ¯®«ãç¨¬ ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥-¨¥ ¤«ï äãªæ¨¨ �(�; t):@�@� = ��@ lnv@� � 1v2 ����dWdu ����u=i� � (13)

�0@ _� + 1� 1Z0 �1v @ _v@�0 � _vv @ ln v@�0 � ln �����0 � ��0 + � ���� d�01A :�ëà ¦¥¨ï (11), (14), ¯à¥¤áâ ¢«ïîâ á®¡®© á¨-áâ¥¬ã ¤¢ãå ¨â¥£à®-¤¨ää¥à¥æ¨ «ìëå ãà ¢¥-¨© ¤«ï ®¯à¥¤¥«¥¨ï äãªæ¨© _v(�; t) ¨ ¯à¨ § -¤ ëå  ç «ìëå ãá«®¢¨ïå. �¨ää¥à¥æ¨àãï ¯®¢à¥¬¥¨ ãá«®¢¨ï (4), (6), ¬®¦® ®¯à¥¤¥«¨âì ¯à®-¨§¢®¤ë¥ ¯® ¢à¥¬¥¨ _N ¨ _�c. � ª¨¬ ®¡à §®¬,§ ¤ ç  á¢®¤¨âáï ª á¨áâ¥¬¥ ®¡ëçëå ¤¨ää¥à¥-æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® äãªæ¨© N (t)¨ �c(t) ¯à¨ ¨â¥£à¨à®¢ ¨¨ ª®â®à®©   ª ¦¤®¬è £¥ ¯® ¢à¥¬¥¨ âà¥¡ã¥âáï à¥è¥¨¥ á¨áâ¥¬ë¤¢ãå ¨â¥£à®-¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®-á¨â¥«ì® _v(�; t). �®«ãç¥ ï á¨áâ¥¬  ¨â¥£à®-¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¬®¦¥â ¡ëâì à¥è¥-  ¯à¨ § ¤ ®© äãªæ¨¨ p(s; t) ¢¤®«ì ª®âãà  § -¬ëª ¨ï ª ¢¥àë. �â  äãªæ¨ï ¬®¦¥â ¡ëâì  ©-¤¥  ¨§ à¥è¥¨ï § ¤ ç¨ ¥áâ æ¨® à®£® â¥ç¥¨ï¢ á«¥¤¥ §  ª ¢¥à®© ¢ ¯à¨¡«¨¦¥¨¨ â¥®à¨¨ ¯®£à -¨ç®£® á«®ï.HECT���������� ������� � ������¥ç¥¨ï á ®¡à §®¢ ¨¥¬ ¯ à®¢ëå ª ¢¥à ¢ á« ¡®-¢ï§ª¨å ¦¨¤ª®áâïå ¯® á¢®¥© ¯à¨à®¤¥ ï¢«ïîâáï ¥-áâ æ¨® àë¬¨ [6, 7]. �¥áâ æ¨® à®áâì â¥ç¥¨ï®¡ãá«®¢«¥  ¯ã«ìá æ¨ï¬¨ ¦¨¤ª®áâ¨ ¢ ®¡« áâ¨ § -¬ëª ¨ï ª ¢¥àë, £¤¥ áãé¥áâ¢¥ë¬ ®¡à §®¬ ¯à®-ï¢«ïîâáï à¥ «ìë¥ á¢®©áâ¢  ¦¨¤ª®áâ¨: ¢ï§ª®áâì,¯®¢¥àå®áâ®¥  âï¦¥¨¥, £ §® áëé¥¨¥. � ¤ -®© à ¡®â¥ ®£à ¨ç¨¬áï ¯à®áâ¥©è¥© ¬®¤¥«ìî á«¥-¤  ¢ ¢¨¤¥ § áâ®©®© ®¡« áâ¨, ¢ ª®â®à®© áª®à®áâì¦¨¤ª®áâ¨ áãé¥áâ¢¥® ¬¥ìè¥ áª®à®áâ¨   £à ¨-æ¥ ¥¢ï§ª®£® â¥ç¥¨ï, â ª çâ® ª®¢¥ªâ¨¢®© ¯à®-¨§¢®¤®© ¢ ãà ¢¥¨¨ ¤¢¨¦¥¨ï ¢ ¯à®¥ªæ¨¨   ®áìX ¬®¦® ¯à¥¥¡à¥çì:�0 @vx@t = �@p@x + @�@y ; (14)£¤¥ �0 { ®áà¥¤¥ ï ¯®¯¥à¥ª á«¥¤  ¯«®â®áâì ¤¢ãå-ä §®© áà¥¤ë.� á â¥«ì®¥  ¯àï¦¥¨¥ � ¢ á®®â¢¥âáâ¢¨¨ á¯¥à¢®© ¬®¤¥«ìî âãà¡ã«¥â®áâ¨ �à ¤â«ï ®¯à¥-¤¥«ï¥âáï ¢ëà ¦¥¨¥¬� = ��0(v� � vx)2; (15)£¤¥ � { ª®íää¨æ¨¥â âãà¡ã«¥â®áâ¨; v��vx { ®â-®á¨â¥«ì ï áª®à®áâì ¥¢ï§ª®£® ¨ ¢ï§ª®£® ¯®â®ª®¢  ¢¥è¥© £à ¨æ¥ á«®ï á¬¥è¥¨ï ¢ ¯à®¥ªæ¨¨ áª®-à®áâ¨   ®áì X.�. �. �¥¬¥®¢ 97



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 3. �. 94 { 99�à¥¤¥¥ § ç¥¨¥ @�=@y ¯®¯¥à¥ª á«¥¤  ®¯à¥¤¥-«ï¥âáï ¢ëà ¦¥¨¥¬ @�@y = ��� ;£¤¥ �� { â®«é¨  ¢ï§ª®£® á«®ï.�§¬¥¥¨¥ ¤«¨ë ª ¢¥àë ¯à®¨áå®¤¨â §  áç¥â¯à¨â®ª  ¦¨¤ª®áâ¨ ¢ ª ¢¥àã «¨¡® §  áç¥â ®ââ®ª ¦¨¤ª®áâ¨ ¨§ ª ¢¥àë. �®íâ®¬ã ®áà¥¤¥ ï ¯®¯¥-à¥ª á«¥¤  áª®à®áâì vx á¢ï§   á ¨§¬¥¥¨¥¬ ¤«¨ëª ¢¥àë ¢ëà ¦¥¨¥¬vx = dlcdt = _lc; (16)£¤¥ lc = Re0@ �cZ0 dzdu ����u=i� d�1A :� ãç¥â®¬ ¢ëà ¦¥¨© (15), (16) ãà ¢¥¨¥ ª®«¨ç¥-áâ¢  ¤¢¨¦¥¨ï (14) ¬®¦® § ¯¨á âì ¢ ¢¨¤¥�0�lc = �@p@x + ��� : (17)�â¥£à¨àãï ¢ëà ¦¥¨¥ (17) ¢¤®«ì ®á¨ X á ãç¥-â®¬ £à ¨ç®£® ãá«®¢¨ï, ¯®«ãç ¥¬ ãà ¢¥¨¥ ¤«ïà áç¥â  ¯à®¤®«ì®£® £à ¤¨¥â  ¤ ¢«¥¨ï ¢ áâàã©-®© ®¡« áâ¨ á¬¥è¥¨ï:p(s; t) = �0� sZlc (v�(s0; t)� _lc)2��(s0; t) ds0��0(s�lc)�lc: (18)�«¨  § áâ®©®© ®¡« áâ¨ ®¯à¥¤¥«ï« áì á ãç¥â®¬í¬¯¨à¨ç¥áª®£® ª®íää¨æ¨¥â   à áâ ¨ï è¨à¨ë§®ë á¬¥è¥¨ï ¨§ ãá«®¢¨ï �1(lz) = 0, £¤¥ �1  å®-¤¨âáï ¨â¥£à¨à®¢ ¨¥¬ ãà ¢¥¨ïd�1dx = d��dx � bc :����������� ����� ��������� ������������������ �������� ¤ ®¬ à¥è¥¨¨ ¤ ¢«¥¨¥   ¡¥áª®¥ç®áâ¨¨¬¥¥â ®á®¡¥®áâì ¯¥à¢®£® ¯®àï¤ª . �â® á¢ï§ ®á â¥¬, çâ® ¨§¬¥¥¨¥ ¯«®é ¤¨ ®¡« áâ¨, ®£à ¨-ç¥®© ª®âãà®¬ ª ¢¥àë ¨ ª®âãà®¬ § ¬ëª ¨ï¡¥áª®¥ç®. �â¥£à « �®è¨-� £à ¦ , á¢ï§ë¢ -îé¨© ¯ à ¬¥âàë  ¡¥£ îé¥£® ¯®â®ª  ¨ ¯ à ¬¥-âàë â¥ç¥¨ï ¢ â®çª¥ O, ¨¬¥¥â ¢¨¤@�@t ����x=�1 + p1� + v212 = @�@t ����u=0 + pc� + v202 ;

£¤¥ p1, v1 { ¤ ¢«¥¨¥ ¨ áª®à®áâì ¢  ¡¥£ îé¥¬¯®â®ª¥; ¯®â¥æ¨ « ¢ â®çª¥ O ¯à¨ïâ �(0; t) = 0,á«¥¤®¢ â¥«ì®, @�@t ����u=0 = 0:�á«¥¤áâ¢¨¥ ®á®¡¥®áâ¨ ¢ ¡¥áª®¥ç®áâ¨, ¢ ¤ -®© § ¤ ç¥ ç¨á«® ª ¢¨â æ¨¨ ®¯à¥¤¥«¥® á ãç¥â®¬¯à®¨§¢®¤®© ¯®â¥æ¨ «  ¯® ¢à¥¬¥¨:�(t) = p1 + �@�@t jx=�1 �pc12�v21 ; (19)â®£¤  áª®à®áâì ¢ â®çª¥ O ¡ã¤¥âv0(t) = v1p1 + �(t):�«®áª¨¥ â¥ç¥¨ï ï¢«ïîâáï ¨¤¥ «¨§ æ¨¥© à¥ «ì-®£® âà¥å¬¥à®£® â¥ç¥¨ï ¨ ¬®£ãâ à¥ «¨§®¢ë¢ âì-áï ¢ ®£à ¨ç¥®© ç áâ¨ ¯à®áâà áâ¢ , £¤¥ íä-ä¥ªâ ¬¨ âà¥å¬¥à®áâ¨, á¦¨¬ ¥¬®áâ¨ ¦¨¤ª®áâ¨ ¨¯®¤ â«¨¢®áâìî £à ¨æ ¯®â®ª  ¬®¦® ¯à¥¥¡à¥çì.�«ï â ª¨å â¥ç¥¨© ¯à¨ § ¤ ®¬ ¤ ¢«¥¨¨   ¥ª®-â®à®¬ à ááâ®ï¨¨ ®â â¥«  p1 ç¨á«® ª ¢¨â æ¨¨ ¡ã-¤¥â  å®¤¨âáï ¢ ¯à®æ¥áá¥ à¥è¥¨ï § ¤ ç¨ ¨§ ãà ¢-¥¨ï � = p1(t) � pv0; 5�v21 + 2�v21 @�@t :�¥¬ ¤ «ìè¥ ®â ¯« áâ¨ª¨ á«¥¢  § ¤ ® ¤ ¢«¥¨¥p1(t), â¥¬ ¡®«ìè¨© ¢ª« ¤ ¡ã¤¥â ¢®á¨âì ¯à®¨§¢®¤- ï ¯®â¥æ¨ «  ¨ â¥¬ ¬¥ìè¥ ¡ã¤¥â ¨§¬¥¥¨¥ ç¨-á«  ª ¢¨â æ¨¨ �,   á«¥¤®¢ â¥«ì®, áª®à®áâ¨ v0 ¢â®çª¥ O. �¨§¨ç¥áª¨ íâ® ®¡êïáï¥âáï ¨¥àæ¨®-®áâìî ¦¨¤ª®áâ¨ ¢ ®¡« áâ¨ ¤¢ã¬¥à®£® â¥ç¥¨ï.���������� ���������  à¨á. 2. ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ ª®íää¨-æ¨¥â  á®¯à®â¨¢«¥¨ï ¯« áâ¨ª¨ (� = �=2), ª®-íää¨æ¨¥â  ¤ ¢«¥¨ï ¢ â®çª¥ H(CH = 2(pH �pc)=(�v21))   à ááâ®ï¨¨ 2h ¯¥à¥¤ ¯« áâ¨ª®© ¨®â®á¨â¥«ì®© ¤«¨ë ª ¢¥àë ®â ¡¥§à §¬¥à®£®¢à¥¬¥¨ t = T �v0=h ¯à¨ ã¢¥«¨ç¥¨¨ ç¨á«  ª ¢¨â -æ¨¨.�§ à¨á. 2 ¢¨¤®, çâ® ª®íää¨æ¨¥â á®¯à®â¨¢«¥-¨ï ¢ ¥áâ æ¨® à®¬ â¥ç¥¨¨ ¨¬¥¥â § ç¥¨ï,¯à¥¢ëè îé¨¥ ¥áª®«ìª® § ç¥¨ï ¤«ï áâ æ¨® à-®£® â¥ç¥¨ï ¯à¨ â¥ªãé¥¬ ç¨á«¥ ª ¢¨â æ¨¨. �à¨t = 2 ª®íää¨æ¨¥â á®¯à®â¨¢«¥¨ï ¯à¨¨¬ ¥â áâ -æ¨® à®¥ § ç¥¨¥. �«¨  ª ¢¥àë ®áâ ¥âáï ¯®-áâ®ï®© ¤«ï t < lc=v0 ¨  ç¨ ¥â ã¬¥ìè âìáï,ª®£¤  ¢®§¬ãé¥¨¥ áª®à®áâ¨   á¢®¡®¤®© £à ¨æ¥98 �. �. �¥¬¥®¢
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�¨á. 2. � ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  á®¯à®â¨¢«¥¨ï¯« áâ¨ª¨, ª®íää¨æ¨¥â  ¤ ¢«¥¨ï ¢ â®çª¥ H ¨®â®á¨â¥«ì®© ¤«¨ë ª ¢¥àë ®â ¡¥§à §¬¥à®£®¢à¥¬¥¨ ¯à¨ ã¢¥«¨ç¥¨¨ ç¨á«  ª ¢¨â æ¨¨
�¨á. 3. �®âãàë á¢®¡®¤®© £à ¨æë (ª ¢¥à  ¨¨â¥£à «ì ï â®«é¨  ¢ëâ¥á¥¨ï ¢ï§ª®£® á«¥¤ ) ¢à §«¨çë¥ ¬®¬¥âë ¯à¨ ¨§¬¥¥¨¨ ç¨á«  ª ¢¨â æ¨¨¤®áâ¨£ îâ ®¡« áâ¨ § ¬ëª ¨ï ª ¢¥àë ¨ á«¥¤  -ç¨ ¥â ¯¥à¥¬¥é âìáï ¯®¤ ¤¥©áâ¢¨¥¬ ¤®¯®«¨â¥«ì-®£® ¯à®¤®«ì®£® £à ¤¨¥â  ¤ ¢«¥¨ï. � ¯à¥¤áâ -¢«¥ëå ¢ëç¨á«¥¨ïå ª®íää¨æ¨¥â âãà¡ã«¥â®©

¢ï§ª®áâ¨ ¡ë« ¯à¨ïâ à ¢ë¬ � = 0; 05; ª®íää¨æ¨-¥â  à áâ ¨ï è¨à¨ë §®ë á¬¥è¥¨ï b = 0; 27.�à¨ ¬¥ìè¨å § ç¥¨ïå ãáâ®©ç¨¢®£® à¥è¥¨ï ¯®-«ãç¨âì ¥ ã¤ ¢ «®áì. �¨á«® �âàãå «ï, ®¯à¥¤¥«¥-®¥ ¯® ¯¥à¥å®¤®¬ã ¯à®æ¥ááã ¨§¬¥¥¨ï ¤«¨ë ª -¢¥àë, á®áâ ¢«ï¥â Sh(2h)=(v0)f = 0; 05.�  à¨á. 3 ¯à¥¤áâ ¢«¥ë ª®âãàë á¢®¡®¤®© £à -¨æë (ª ¢¥à  ¨ ¨â¥£à «ì ï â®«é¨  ¢ëâ¥á¥-¨ï ¢ï§ª®£® á«¥¤ ) ¢ à §«¨çë¥ ¬®¬¥âë ¢à¥¬¥¨¯à¨ ¨§¬¥¥¨¨ ç¨á«  ª ¢¨â æ¨¨, ¯à¥¤áâ ¢«¥®¬  à¨á. 2. �§ à¨á. 3 ¬®¦® ¢¨¤¥âì, çâ® á  ç -«®¬ ¨§¬¥¥¨ï ç¨á«  ª ¢¨â æ¨¨ ¯à ªâ¨ç¥áª¨ ¢áï£à ¨æ   ç¨ ¥â ¯¥à¥¬¥é âìáï. �¤ ª® ¯¥à¥¬¥-é¥¨¥ £à ¨æë ¤«ï x > 2v0t ¥§ ç¨â¥«ì®. � ª-á¨¬ «ì®¥ á¬¥é¥¨¥ á¢®¡®¤®© £à ¨æë ¢  ¯à -¢«¥¨¨, ¯¥à¯¥¤¨ªã«ïà®¬ ¥¥ áâ æ¨® à®¬ã ¯®-«®¦¥¨î, á®®â¢¥âáâ¢ã¥â ª®®à¤¨ â¥ x � v0t.�������à¥¤«®¦¥ë© ¬¥â®¤ ¯®§¢®«ï¥â à ááç¨âë¢ âì¥áâ æ¨® àë¥ £¨¤à®¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨-áâ¨ª¨ ª ¢¨â æ¨®®£® â¥ç¥¨ï ¢ ¥«¨¥©®© ¯®-áâ ®¢ª¥ § ¤ ç¨.1. �®£¨è �.�., �â¥¯ ®¢ �.�. �ãà¡ã«¥âë¥ ®âàë¢-ë¥ â¥ç¥¨ï.{ �.: � ãª , 1979.{ 368 á.2. Karman T. Accelerated ow of an incompressible u-id with wake formation. { Ann. mat. pura ed appl.,1949. { t. XXIX. { P. 4.3. �®«ã¡¥¢  �.�. �ãàá ¬¥å ¨ª¨ á¯«®èëå áà¥¤.{ �.:�ëáè. èª., 1972.{ 368 á.4. �ãà¥¢¨ç �.�. �¥®à¨ï áâàã© ¨¤¥ «ì®© ¦¨¤ª®áâ¨.{�.: � ãª , 1976.{ 536 á.5. �®©æïáª¨© �.�.�¥å ¨ª  ¦¨¤ª®áâ¥© ¨ £ § .{ �.:� ãª , 1978.{ 758 á.6. �¥¯¯ �., �¥©«¨ �¦., �¥¬¬¨â �. � ¢¨â æ¨ï.{ �.:�¨à, 1974.{ 687 p.7. Michel J.M. Some Features of Water Flows With Ven-tilated Cavities. Trans. ASME, Series D // J. of BasicEngineering.{ 1984.{ No. 3.{ P. 140{149.
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