
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 66 { 71��� 532.516������ ������� ����� ����������������������� ������������ � ��������� ����������� ��� ������� �����������������������. �. ���������, �. �. ����������� �­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�� � æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â ¨¬. �.�. �¥¢ç¥­ª®, �¨¥¢�®«ãç¥­® 25.01.2001�®áâà®¥­ë ¨ ¨áá«¥¤®¢ ­ë ¢¨åà¥¢ë¥ áâàãªâãàë (¢â®à¨ç­ë¥ â¥ç¥­¨ï), § ­¨¬ îé¨¥ ®£à ­¨ç¥­­ë¥ ®¡« áâ¨ ®ª®«®¯®«ãæ¨«¨­¤à  ¨ ¯®«ãáä¥àë ­  ¯«®áª®áâ¨, ­  ®á­®¢¥ â®ç­ëå à¥è¥­¨© ãà ¢­¥­¨© £¨¤à®¤¨­ ¬¨ª¨. �¯à¥¤¥«¥­® ¢«¨ï­¨¥¡¥§à §¬¥à­ëå ¯ à ¬¥âà®¢ £¥®¬¥âà¨¨ ¨ ç¨á¥« �àã¤  ­  á¨«ã à §à¥¦¥­¨ï, ¤¥©áâ¢ãîéãî ­  ¯®«ãæ¨«¨­¤à ¨ ¯®«ãáä¥àãá® áâ®à®­ë ¯®â®ª . �®ª § ­®, ¢ ç áâ­®áâ¨, çâ® ãª § ­­ ï á¨«  ï¢«ï¥âáï ã¡ë¢ îé¥© äã­ªæ¨¥© ¨å ¡¥§à §¬¥à­ëåà ¤¨ãá®¢ ¨ ­ à áâ îé¥© { á®®â¢¥âáâ¢ãîé¨å ç¨á¥« �àã¤ . �áá«¥¤®¢ ­­ë¥ § ¢¨á¨¬®áâ¨ ¢ ¦­ë á â®çª¨ §à¥­¨ï¯®«ãç¥­¨ï ­®¢ëå ¢®§¬®¦­®áâ¥© ã¯à ¢«¥­¨ï á¨«®¢ë¬ ¢®§¤¥©áâ¢¨¥¬ ¯®â®ª®¢ ­  ®¡â¥ª ¥¬ë¥ â¥« .�  ®á­®¢÷ â®ç­¨å à®§¢'ï§ª÷¢ à÷¢­ï­ì £÷¤à®¤¨­ ¬÷ª¨ ¯®¡ã¤®¢ ­÷ â  ¤®á«÷¤¦¥­÷ ¢¨å®à®¢÷ áâàãªâãà¨ (¢â®à¨­­÷ â¥ç÷ù),ïª÷ § ©¬ îâì ®¡¬¥¦¥­÷ ®¡« áâ÷ ¡÷«ï ­ ¯÷¢æ¨«÷­¤à  â  ­ ¯÷¢áä¥à¨ ­  ¯«®é¨­÷. �¨§­ ç¥­¨© ¢¯«¨¢ ¡¥§à®§¬÷à­¨å¯ à ¬¥âà÷¢ £¥®¬¥âà÷ù © ç¨á¥« �àã¤  ­  á¨«ã à®§à÷¤¦¥­­ï, é® ¤÷õ ­  ­ ¯÷¢æ¨«÷­¤à â  ­ ¯÷¢áä¥àã § ¡®ªã ¯®â®ªã.�®ª § ­®, §®ªà¥¬ , é® ¢ª § ­  á¨«  õ ã¡ã¢ îç®î äã­ªæ÷õî ùå ¡¥§à®§¬÷à­¨å à ¤÷ãá÷¢ â  ­ à®áâ îé®î { ¢÷¤¯®¢÷¤­¨åç¨á¥« �àã¤ . �®á«÷¤¦¥­÷ § «¥¦­®áâ÷ õ ¢ ¦«¨¢÷ § â®çª¨ §®àã ®¤¥à¦ ­­ï ­®¢¨å ¬®¦«¨¢®áâ¥© ª¥àã¢ ­­ï á¨«®¢¨¬¢¯«¨¢®¬ ¯®â®ª÷¢ ­  â÷« , é® ®¡â÷ª îâìáï.Vortex structures in �nite areas a semicylinder and semisphere are constructed and studied based on exact solutions of thehydrodynamic equations. In
uence of dimensionless parameters of the geometry and in
uence of the Frude numbers on therarefaction force acting on the semicylinder and semisphere from the stream is determined. It is shown, in particular, thatthe indicated force is the decreasing function of the dimensionless radiuses and the increasing function of the correspondingFrude numbers. The investigated dependences are important, in particular, for obtaining new abilities of management offorce action of 
ows on streamline bodies.��������� áè¨à¥­¨¥ ¢®§¬®¦­®áâ¥© ¢«¨ï­¨ï ­  £¨¤à®¤¨-­ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¯à¨áâ¥­­ëå ¯®â®ª®¢¢® ¬­®£¨å á«ãç ïå ¤®«¦­® ¡ëâì á¢ï§ ­® á ¡®«¥¥£«ã¡®ª¨¬ ¨§ãç¥­¨¥¬ áâàãªâãàë ¢â®à¨ç­ëå â¥ç¥-­¨©, è¨à®ª® à á¯à®áâà ­¥­­ëå ¢ ¯à¨à®¤¥ ¨ â¥å-­¨ª¥ [1{3, 9, 14{16, 19, 25{29]. �­¨ ¢®§­¨ª îâ, ­ -¯à¨¬¥à, ¢ â¥ç¥­¨ïå á ¢ëá®ª¨¬¨ ç¨á« ¬¨ �¥©­®«ì¤-á  ¢¡«¨§¨ ­¥®¡â¥ª ¥¬ëå â¥« ¢á«¥¤áâ¢¨¥ ®âàë¢  ¯®-£à ­¨ç­®£® á«®ï. � á®§¤ ­¨î §®­ ¢â®à¨ç­ëå â¥ç¥-­¨© ¯à¨¢®¤¨â â ª¦¥ § ªàãç¨¢ ­¨¥ ¯®â®ª  ¢¡«¨§¨â¥«  [4{7, 33]. � ¯à¨¬¥à, ¢ ¯« §¬®âà®­ å [8] å®-à®è® § à¥ª®¬¥­¤®¢ «  á¥¡ï â¥à¬®¨§®«ïæ¨ï áâ¥­®ªà §àï¤­®© ª ¬¥àë ¢à é îé¨¬áï ¯®â®ª®¬ å®«®¤-­®£® £ § . �­®£®ç¨á«¥­­ë¥ ¯à¨¬¥àë ¢ ¦­ëå ¤«ï¯à ªâ¨ª¨ ¢â®à¨ç­ëå â¥ç¥­¨© ¯à¨¢¥¤¥­ë ¢ à ¡®-â å [1{3, 7, 14, 16, 26, 28].�§¬¥­¥­¨¥ å à ªâ¥à¨áâ¨ª ¢¨åà¥¢®£® ¯®«ï ¢¡«¨-§¨ â¥«  ¬®¦¥â á¨«ì­® ¢«¨ïâì ­  ¯®«¥ ¤ ¢«¥­¨ï ¨£¨¤à®¤¨­ ¬¨ç¥áª¨¥ ­ £àã§ª¨. � ç áâ­®áâ¨, á®§¤ -­¨¥ ¢â®à¨ç­ëå ¢¨åà¥© ¬®¦¥â ¯à¨¢¥áâ¨ ª áãé¥-áâ¢¥­­®¬ã á­¨¦¥­¨î £¨¤à®¤¨­ ¬¨ç¥áª®£® á®¯à®-
â¨¢«¥­¨ï. �§¢¥áâ­® [11], çâ® ®¡ëç­ë© ¢®§¤ãè­ë©è à¨ª ¢ à¥§¨­®¢®© ®¡®«®çª¥ ¨á¯ëâë¢ ¥â ¯à¨ ¤¢¨-¦¥­¨¨ §­ ç¨â¥«ì­® ¡®«ìè¥¥ á®¯à®â¨¢«¥­¨¥, ç¥¬â ª ï ¦¥ ¬ áá  ¢®§¤ãå  ¡¥§ ®¡®«®çª¨. �â®â íä-ä¥ªâ ®¡êïá­ï¥âáï ­¥¯à¥àë¢­®áâìî áª®à®áâ¨ ¨ ¤ -¢«¥­¨ï ­  £à ­¨æ¥, à §¤¥«ïîé¥© ¢¨åà¥¢®¥ ®¡à §®-¢ ­¨¥ ¢ áä¥à¨ç¥áª®© ®¡« áâ¨ ®â ®á­®¢­®£® â¥ç¥-­¨ï,   â ª¦¥ áãé¥áâ¢¥­­ë¬ ã¬¥­ìè¥­¨¥¬ ¯®â®ª § ¢¨åà¥­­®áâ¨ ¢ á«¥¤¥ §  â¥«®¬.� §®­¥ ¢â®à¨ç­®£® â¥ç¥­¨ï ¤¢¨¦¥­¨¥ ç áâ¨æ¦¨¤ª®áâ¨ ¨¬¥¥â ¢¨åà¥¢®© å à ªâ¥à, ¢ â® ¢à¥¬ïª ª ¢­¥è­¥¥ â¥ç¥­¨¥ ¬®¦¥â ¡ëâì ¯®â¥­æ¨ «ì­ë¬.�¥¦¤ã ¢¨åà¥¢ë¬ ¨ ¯®â¥­æ¨ «ì­ë¬ ¯®â®ª ¬¨ ­ -å®¤¨âáï "­ã«¥¢ ï" «¨­¨ï â®ª  ¨«¨ ¯®¢¥àå­®áâì,ª®â®à ï ®£à ­¨ç¨¢ ¥â ®¡« áâì ¢¨åà¥®¡à §®¢ ­¨ï.�® íâ®© ¯à¨ç¨­¥ ¢ ¦­ë¬ ¬¥â®¤®¬ ¬ â¥¬ â¨ç¥-áª®£® ¬®¤¥«¨à®¢ ­¨ï ¢â®à¨ç­ëå â¥ç¥­¨©, ¯®«ã-ç¨¢è¨¬ §­ ç¨â¥«ì­®¥ à §¢¨â¨¥ ¢® ¢â®à®© ¯®«®¢¨-­¥ 20{£® áâ®«¥â¨ï [16], ï¢«ï¥âáï ¬¥â®¤ áª«¥¨¢ ­¨ï¢¨åà¥¢®£® ¨ ¯®â¥­æ¨ «ì­®£® ¯®â®ª®¢ ¢ à §«¨ç­ëå§®­ å. �â®â ¬¥â®¤ ¤ ¢­® ¯à¨¢«¥ª ¥â ¢­¨¬ ­¨¥¨áá«¥¤®¢ â¥«¥©. �®áâ â®ç­® ¢á¯®¬­¨âì áä¥à¨ç¥-áª¨© ¢¨åàì �¨««  [1, 12], æ¨«¨­¤à¨ç¥áª¨¥ ¢¨åà¨� ¬¡ {� ¯«ë£¨­  ¨ � ¯«ë£¨­  [12, 30, 32],   â ª-66 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 66 { 71¦¥ í««¨¯â¨ç¥áª¨© ¢¨åàì �¨àå£®ä  [10,12]. � ¤ «ì-­¥©è¥¬ ¨¤¥ï ¨á¯®«ì§®¢ ­¨ï ¢¨åà¥¯®â¥­æ¨ «ì­ëåâ¥ç¥­¨© ª ª ¬®¤¥«¨ ®âàë¢­ëå â¥ç¥­¨© ¯®«ãç¨-«  à §¢¨â¨¥ ¢ à ¡®â å [1, 11, 18, 20{24, 28, 29,34] ¨ ¤à. � à ¡®â¥ [16] á ¨á¯®«ì§®¢ ­¨¥¬ ¥¤¨­®£® ­ «¨â¨ª®{à áç¥â­®£® ¬¥â®¤  ¨áá«¥¤®¢ ­ë ¨ á¨-áâ¥¬ â¨§¨à®¢ ­ë ¬­®£¨¥ ª« ááë ¯«®áª¨å áâ æ¨®-­ à­ëå â¥ç¥­¨© ­¥¢ï§ª®© ¦¨¤ª®áâ¨ ª ª ¤«ï ®£à -­¨ç¥­­ëå, â ª ¨ ¤«ï ­¥®£à ­¨ç¥­­ëå ¢¨åà¥¢ëå®¡« áâ¥©.� à ¡®â¥ � ¯«ë£¨­  [31] à áá¬®âà¥­® ®¡â¥ª -­¨¥ ¯®«ãæ¨«¨­¤à  ­  ¯«®áª®áâ¨ ¯®â®ª®¬ á ¯®áâ®-ï­­®© § ¢¨åà¥­­®áâìî ¨ ¯®ª § ­®, çâ® ¢ ¢¨åà¥-¢®¬ ¯®â®ª¥ à §à¥¦¥­¨¥ ­ ¤ ¯®«ãæ¨«¨­¤à®¬ ¬®¦¥â¡ëâì áãé¥áâ¢¥­­® ¡®«ìè¨¬, ç¥¬ ¢ ¯®â¥­æ¨ «ì­®¬.�â¨ à¥§ã«ìâ âë � ¯«ë£¨­ ã¢ï§ « á ¤ ¢­® ¯®¤¬¥-ç¥­­ë¬ ä ªâ®¬,çâ® à¥ç­ë¥ â¥ç¥­¨ï á ¤®áâ â®ç­®¡®«ìè®© «¥£ª®áâìî ¬®£ãâ ã¢«¥ª âì §  á®¡®© «¥¦ -é¨¥ ­  ¤­¥ ¬ áá¨¢­ë¥ ¯à¥¤¬¥âë (ª ¬­¨). � ¤ «ì-­¥©è¥¬ à¥§ã«ìâ âë à ¡®âë � ¯«ë£¨­  [31] ¯®«ã-ç¨«¨ à §¢¨â¨¥ ¢ ¨áá«¥¤®¢ ­¨ïå àï¤   ¢â®à®¢ (á¬.¡¨¡«¨®£à ä¨î ¬®­®£à ä¨¨ �. �. � ¤®¢áª®£® [16]).�¤­ ª®, ª ª ®â¬¥ç ¥âáï ¢ [16], à¥è¥­¨ï § ¤ ç ®¡®¡â¥ª ­¨¨ â¥« ¢¨åà¥¢ë¬ ¯®â®ª®¬ ¯®«ãç¥­ë ¯à¨íâ®¬, ª ª ¯à ¢¨«®, ¤«ï á«ãç ï, ª®£¤  ¢¥«¨ç¨­  § -¢¨åà¥­­®áâ¨ «¨¡® ¯®áâ®ï­­  ¢® ¢á¥¬ â¥ç¥­¨¨, «¨-¡® ¢®§à áâ ¥â ¯à¨ ã¤ «¥­¨¨ ®â â¥«  ¢ ¯®¯¥à¥ç­®¬®â­®á¨â¥«ì­® ¢¥ªâ®à  áª®à®áâ¨ ­  ¡¥áª®­¥ç­®áâ¨­ ¯à ¢«¥­¨¨. � ª á«¥¤áâ¢¨¥, ­¥®£à ­¨ç¥­­® ­ -à áâ ¥â áª®à®áâì ¦¨¤ª®áâ¨ ¢ íâ®¬ ­ ¯à ¢«¥­¨¨.� ãç¥â®¬ ¢ëè¥áª § ­­®£® ¢ ¬®­®£à ä¨¨ [16] £®-¢®à¨âáï ® æ¥«¥á®®¡à §­®áâ¨ ¯®áâ ­®¢®ª ¨ à¥è¥-­¨ï â ª¨å § ¤ ç, ¢ ª®â®àëå § ¢¨åà¥­­®áâì ¯à¨-áãâáâ¢®¢ «  ¡ë «¨èì ¢¡«¨§¨ â¥« .�¥«ì ¤ ­­®£® á®®¡é¥­¨ï { ¯®áâà®¨âì ¨ ¨áá«¥-¤®¢ âì ¢¨åà¥¢ë¥ áâàãªâãàë (¢â®à¨ç­ë¥ â¥ç¥­¨ï),§ ­¨¬ îé¨¥ ®£à ­¨ç¥­­ë¥ ®¡« áâ¨ ®ª®«® ¯®«ãæ¨-«¨­¤à  ¨ ¯®«ãáä¥àë ­  ¯«®áª®áâ¨, ­  ®á­®¢¥ â®ç-­ëå à¥è¥­¨© ãà ¢­¥­¨© £¨¤à®¤¨­ ¬¨ª¨, ¢ëï¢¨âì¢«¨ï­¨¥ ¡¥§à §¬¥à­ëå ¯ à ¬¥âà®¢ £¥®¬¥âà¨¨ ¨ç¨á«  �àã¤  ­  á¨«ã à §à¥¦¥­¨ï, ¤¥©áâ¢ãîéãî­  ¯®«ãæ¨«¨­¤à ¨ ¯®«ãáä¥àã á® áâ®à®­ë ¯®â®ª .�â® ¢ ¦­®, ¢ ç áâ­®áâ¨, á â®çª¨ §à¥­¨ï ¯®«ãç¥­¨ï­®¢ëå ¢®§¬®¦­®áâ¥© ã¯à ¢«¥­¨ï á¨«®¢ë¬ ¢®§¤¥©-áâ¢¨¥¬ ¯®â®ª®¢ ­  ®¡â¥ª ¥¬ë¥ â¥« .1. �������� ����������� ��������������¡à â¨¬áï ª ãà ¢­¥­¨î ¤«ï äã­ªæ¨¨ â®ª  ¯«®á-ª®© áâ æ¨®­ à­®© § ¤ ç¨ ¤¨­ ¬¨ª¨ ¨¤¥ «ì­®© ­¥-

�¨á. 1. �®â®ª ¢®ªàã£ ¯®«ãæ¨«¨­¤à  ­  ¯«®áª®áâ¨� = �0x; � = �0yá¦¨¬ ¥¬®© ¦¨¤ª®áâ¨:� = dWd ; ~v = r � ~ez; p = �(W � gy � ~v22 ):(1)�¤¥áì �{ ®¯¥à â®à � ¯« á ; ~ez{ ®àâ ¢ ­ ¯à ¢«¥­¨¨®á¨ æ¨«¨­¤à  z; ®áì y ­ ¯à ¢«¥­  ¯à®â¨¢ ¢¥ªâ®à á¨«ë âï¦¥áâ¨; g { ãáª®à¥­¨¥ á¨«ë âï¦¥áâ¨; W ( ){ ¯¥à¥¬¥­­ ï �¥à­ã««¨, ª®â®àãî ®¯à¥¤¥«¨¬ ª ªW = W0 � �20 22 : (2)�¤¥áì ¢¥«¨ç¨­  W0 ¨ ¯ à ¬¥âà § ¢¨åà¥­­®áâ¨ �0{ ¯®áâ®ï­­ë¥. �ç¨âë¢ ï ¢ëà ¦¥­¨¥ (2) ¢ ãà ¢­¥-­¨¨ (1), ¯à¨å®¤¨¬ ª ãà ¢­¥­¨î �¥«ì¬£®«ìæ (�+ �20) = 0: (3)�  ®á­®¢¥ á®®â­®è¥­¨© (1){(3) ¯®«ãç ¥¬ á«¥¤ãî-é¥¥ â®ç­®¥ à¥è¥­¨¥ ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ­¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨, ª®â®à®¥ ®¯¨áë¢ ¥â ¢ æ¨«¨­¤à¨-ç¥áª¨å ª®®à¤¨­ â å (r, ') ¢â®à¨ç­®¥ â¥ç¥­¨¥ ®ª®-«® ¯®«ãæ¨«¨­¤à  à ¤¨ãá  r1 ­  ¯«®áª®áâ¨ y = 0(á¬. à¨á. 1):�p = �p1 + 1 + �22 � 2 � 2Fr ��1 sin' � �v2r � �v2';� = �[J1(�2)N1(�)� N1(�2)J1(�)]sin';~vr = ��2� [J1(�2)N1(�)� N1(�2)J1(�)]cos';�v' = ��2fN1(�2)[J0(�)� 1�J1(�)]��J1(�2)[N0(�) � 1�N1(�)]gsin';�p = 2p�U21 ; �p1 = 2p1�U21 ; � =  r2U1 ;�vr = vrU1 ; �v' = v'U1 ;�. �. � «â ­®¢, �. �. � «â ­®¢ 67



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 66 { 71� = �0r; �1 = �0r1; �2 = �0r2;F r = U21gr1 ; �1 � � � �2; 0 � ' � �; (4)J1(�2)N1(�1) �N1(�2)J1(�1) = 0: (5)�¤¥áì U1 { áª®à®áâì ­  ¡¥áª®­¥ç­®áâ¨; p1 { ¤ -¢«¥­¨¥ ­  ¡¥áª®­¥ç­®áâ¨ ¢ ¯«®áª®áâ¨ y = 0; r2 {¢­¥è­¨© à ¤¨ãá ¢¨åà¥¢®£® á«®ï, ®ªàã¦ îé¥£® ¯®-«ãæ¨«¨­¤à. �áì x ¢ë¡à ­  ¯ à ««¥«ì­®© áª®à®áâ¨­  ¡¥áª®­¥ç­®áâ¨. �à¨ § ¤ ­­®¬ §­ ç¥­¨¨ ¢¥«¨-ç¨­ë �1 ¢ ª ç¥áâ¢¥ �2 ¯à¨­¨¬ ¥âáï ¡«¨¦ ©è¨© ª�1 ª®à¥­ì âà ­áæ¥­¤¥­â­®£® ãà ¢­¥­¨ï (5). �­¥¢¨åà¥¢®£® á«®ï â¥ç¥­¨¥ ¯®â¥­æ¨ «ì­®:� = ( ��2 � �2� )sin'; �vr = (1 � �22�2 )cos';�v' = �(1 + �22�2 )sin';�p = �p1 + 1� 2Fr ��1 sin'� �v2r � �v2';� � �2; 0 � ' � �: (6)�  £à ­¨æ¥, à §¤¥«ïîé¥© ¢¨åà¥¢®© á«®© ¨ ¢­¥è­¥¥¯®â¥­æ¨ «ì­®¥ â¥ç¥­¨¥, ¢ë¯®«­¥­ë ãá«®¢¨ï "áª«¥-¨¢ ­¨ï" à¥è¥­¨© (5) ¨ (6):� = �2; [v'] = 0; [vr] = 0; [p] = 0:�¤¥áì ª¢ ¤à â­ë¥ áª®¡ª¨ ®§­ ç îâ áª ç®ª § -ª«îç¥­­ëå ¢ ­¨å ¢¥«¨ç¨­ ­  £à ­¨æ¥ à §¤¥« .2. ���� ����������, ������������� ����������� �� ����������ãáâì á­¨§ã ­  æ¨«¨­¤à ¤¥©áâ¢ã¥â ¤ ¢«¥­¨¥ â®à-¬®¦¥­¨ï y = 0; �p = �p1 + 1: (7)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (4) ¨ (7) ¤«ï ¤ ¢«¥­¨ï ¢ á«¥-¤ãîé¥¥ á®®â­®è¥­¨¥ ¤«ï ¢¥àâ¨ª «ì­®© á¨«ë, ¤¥©-áâ¢ãîé¥© ­  ¯®«ãæ¨«¨­¤à:Fy = �12�U21 I p(~n � ~ey)dl: (8)�¤¥áì ~ey� ¥¤¨­¨ç­ë© ¢¥ªâ®à ¢ ­ ¯à ¢«¥­¨¨ ®á¨ y;~n ¨ dl { ¢­¥è­ïï ­®à¬ «ì ¨ í«¥¬¥­â ¤«¨­ë ¯¥à¨¬¥-âà . � ¢ëà ¦¥­¨¨ (8) ¨­â¥£à¨à®¢ ­¨¥ ¯à®¢®¤¨âáï¯® ¯¥à¨¬¥âàã z-á¥ç¥­¨ï ¯®«ãæ¨«¨­¤à :Fy = �U21r1h �2Fr + 83 �22�21 N21 (�2)N21 (�1)i: (9)� ¯®¬­¨¬, çâ® ¢ ¢ëà ¦¥­¨¨ (9) ¢¥«¨ç¨­  �2 ï¢«ï-¥âáï ¡«¨¦ ©è¨¬ ª �1 ª®à­¥¬ ãà ¢­¥­¨ï (5). �á«¨

�¨á. 2. � ¢¨á¨¬®áâì "c = "c(Fr);Fr = 0:1(1); 0:3(2); 1(3); 10(4)¢â®à¨ç­®¥ â¥ç¥­¨¥ ®ª®«® æ¨«¨­¤à  ®âáãâáâ¢ã¥â ¨¯®â®ª ¢áî¤ã ¯®â¥­æ¨ «¥­, â® ¤«ï á¨«ë à §à¥¦¥-­¨ï, ¤¥©áâ¢ãîé¥© ­  ¯®«ãæ¨«¨­¤à, ¯®«ãç ¥¬ á«¥-¤ãîé¥¥ ¢ëà ¦¥­¨¥:F poty = �U21r1( �2Fr + 83): (10)�§ á®®â­®è¥­¨© (9) ¨ (10) á«¥¤ã¥â"c = 13� + 16Frh3� + 16�22N21 (�2)�21N21 (�1)Fri;" � FyF poty : (11)�­ «¨§ ¢ëà ¦¥­¨ï (11) ¯®ª § «, çâ® ¯à¨ ä¨ªá¨-à®¢ ­­®¬ §­ ç¥­¨¨ ç¨á«  �àã¤  ¢¥«¨ç¨­  "c ï¢«ï-¥âáï ã¡ë¢ îé¥© äã­ªæ¨¥© ¡¥§à §¬¥à­®£® à ¤¨ãá ¯®«ãæ¨«¨­¤à  �1. �à¨ íâ®¬ á à®áâ®¬ ¢¥«¨ç¨­ë�1 ¢¥«¨ç¨­  "c ¯à¨¡«¨¦ ¥âáï ª ¥¤¨­¨æ¥. �§ ¢ë-à ¦¥­¨ï (11) â ª¦¥ á«¥¤ã¥â, çâ® ¯à¨ ä¨ªá¨à®¢ ­-­®¬ §­ ç¥­¨¨ à ¤¨ãá  ¯®«ãæ¨«¨­¤à  �1 ¢¥«¨ç¨­ "c ï¢«ï¥âáï ­ à áâ îé¥© äã­ªæ¨¥© ç¨á«  �àã¤ .�à¨ íâ®¬ á à®áâ®¬ ç¨á«  �àã¤  ¢¥«¨ç¨­  "c áâà¥-¬¨âáï ª §­ ç¥­¨î [�2N1(�2)=�1N1(�1)]2. �â¨ ®á®-¡¥­­®áâ¨ § ¢¨á¨¬®áâ¨ ¢¥«¨ç¨­ë "c ®â ¯ à ¬¥âà®¢�1 ¨ Fr ¨««îáâà¨àãîâ à¨á. 2 ¨ 3.3. �������� ����������� ������-��������� ������� ª ¨§¢¥áâ­® [4, 17, 19], áâ æ¨®­ à­ ï ®á¥-á¨¬¬¥âà¨ç­ ï (@=@' = 0) § ¤ ç  ¨¤¥ «ì­®© ­¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ áä¥à¨ç¥áª¨å ª®®à¤¨­ â å(R;�; ') ¯à¨ ®âáãâáâ¢¨¨  §¨¬ãâ «ì­®© § ªàãâª¨68 �. �. � «â ­®¢, �. �. � «â ­®¢
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�¨á. 3. � ¢¨á¨¬®áâì "c = "c(Fr);�1 = 0:1(1); 0:5(2); 1(3); 2(4); 4(5); 8(6)(v' = 0) á¢®¤¨âáï ª á«¥¤ãîé¥¬ã ­¥«¨­¥©­®¬ã ¤¨ä-ä¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î ¢ ç áâ­ëå ¯à®¨§¢®¤-­ëå ¢â®à®£® ¯®àï¤ª , á«ã¦ é¥¬ã ¤«ï ®¯à¥¤¥«¥­¨ïäã­ªæ¨¨ â®ª   :� @2@R2 + sin�R2 @@� 1sin� @@�� = R2sin2�dWd ;~v = r � ~e'Rsin� ; p = �(W � gx � ~v22 ): (12)�¤¥áì ¯¥à¥¬¥­­ ï �¥à­ã««¨ W ( ) ï¢«ï¥âáï ­¥ª®-â®à®© § ¤ ­­®© äã­ªæ¨¥© á¢®¥£®  à£ã¬¥­â ; ~e' {®àâ ¢  §¨¬ãâ «ì­®¬ ­ ¯à ¢«¥­¨¨; ®áì x ­ ¯à ¢«¥-­  ¯à®â¨¢ ¢¥ªâ®à  á¨«ë âï¦¥áâ¨. �ãáâì ¢ë¯®«­¥-­ë ãá«®¢¨ï W = W0 � 10b0 ; (13)£¤¥ ¢¥«¨ç¨­ë W0 ¨ b0 { ¯®áâ®ï­­ë¥. �®£¤  ãà ¢-­¥­¨¥ (12) áâ ­®¢¨âáï «¨­¥©­ë¬ ­¥®¤­®à®¤­ë¬:� @2@R2 + sin�R2 @@� 1sin� @@�� == �10b0R2sin2�: (14)�  ®á­®¢¥ á®®â­®è¥­¨© (12){(14)¯®«ãç ¥¬ á«¥¤ãî-é¥¥ â®ç­®¥ à¥è¥­¨¥ ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ­¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨, ®¯¨áë¢ îé¥¥ ¢â®à¨ç­®¥ â¥ç¥-­¨¥ ®ª®«® ¯®«ãáä¥àë à ¤¨ãá  R1 ­  ¯«®áª®áâ¨ x =0 (á¬. à¨á. 4):�p = �p1 + 1� 15 � 2 �D1 + �D2 � 4�� 2Fr �R�R1 sin�cos'� �v2R � �v2�;� = 3( �D1 �R2 � �D2�R � �R4)2 �D1 + �D2 � 4 sin2�;

�¨á. 4. �®â®ª ¢®ªàã£ ¯®«ãáä¥àë ­  ¯«®áª®áâ¨;�z = (z=R2); �x = (x=R2)�vR = 3( �D1 � �D2�R3 � �R2)2 �D1 + �D2 � 4 cos�;�v� = �3(D1 + �D22 �R3 � 2R2)2 �D1 + �D2 � 4 sin�;�D1 = 1� �R511� �R31 ; �D2 = �R31(1 + �R1)1 + �R1 + �R21Fr = U21gR1 ; �R = RR2 ; �R1 = R1R2 ;�R1 � �R � 1; 0 � � � �; ��2 � ' � �2 ;� = 2 R22U1 ; �vR = vRU1 ; �v� = v�U1 ;�p = 2p�U21 ; �p1 = 2p1�U21 : (15)�¤¥áì U1 { áª®à®áâì ­  ¡¥áª®­¥ç­®áâ¨; p1 { ¤ -¢«¥­¨¥ ­  ¡¥áª®­¥ç­®áâ¨ ¯à¨ � = 0; R2 {¢­¥è­¨©à ¤¨ãá ¢¨åà¥¢®£® á«®ï, ®ªàã¦ îé¥£® ¯®«ãáä¥àã.�áì z ¢ë¡à ­  ¯ à ««¥«ì­®© áª®à®áâ¨ ­  ¡¥áª®­¥ç-­®áâ¨. �­¥ ¢¨åà¥¢®£® á«®ï â¥ç¥­¨¥ ¯®â¥­æ¨ «ì­®:� = (R2 � 1�R )sin2�; �vR = (1� 1�R3 )cos�;�v� = �(1 + 12 �R3 )sin�;�p = �p1 + 1� 2Fr �R�R1 sin�cos'� �v2R � �v2�;�R � 1; 0 � � � �; ��2 � � � �2 (16)�  £à ­¨æ¥, à §¤¥«ïîé¥© ¢¨åà¥¢®© á«®© ¨ ¢­¥è­¥¥¯®â¥­æ¨ «ì­®¥ â¥ç¥­¨¥, ¢ë¯®«­¥­ë ãá«®¢¨ï "áª«¥-¨¢ ­¨ï" à¥è¥­¨© (15) ¨ (16):�R = 1; [v�] = 0; [vR] = 0; [p] = 0:�¤¥áì ª¢ ¤à â­ë¥ áª®¡ª¨ ®§­ ç îâ áª ç®ª § -ª«îç¥­­ëå ¢ ­¨å ¢¥«¨ç¨­ ­  £à ­¨æ¥ à §¤¥« .�. �. � «â ­®¢, �. �. � «â ­®¢ 69



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 66 { 714. ���� ����������, ������������� ��������� �� ����������ãáâì á­¨§ã ­  ¯®«ãáä¥àã ¤¥©áâ¢ã¥â ¤ ¢«¥­¨¥â®à¬®¦¥­¨ï: x = 0; �p = �p1 + 1: (17)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (15) ¨ (17) ¤«ï ¤ ¢«¥­¨ï ¢á«¥¤ãîé¥¥ á®®â­®è¥­¨¥ ¤«ï ¢¥àâ¨ª «ì­®© á¨«ë,¤¥©áâ¢ãîé¥© ­  ¯®«ãáä¥àã:Fx = ��U212 I I �p(~n � ~ex)dS (18)� ¢ëà ¦¥­¨¨ (18) ¨­â¥£à¨à®¢ ­¨¥ ¯à®¢®¤¨âáï ¯®¯®¢¥àå­®áâ¨ ¯®«ãáä¥àë (~n ¨ dS { ¢­¥è­ïï ­®à-¬ «ì ¨ í«¥¬¥­â ¯«®é ¤¨ ¯®¢¥àå­®áâ¨). � à¥§ã«ì-â â¥ ¯®«ãç ¥¬Fx = ��U1R21( 23Fr + 2732"2v); (19)"v = 3 + 6 �R1 + 4 �R21 + 2 �R312 + 4 �R1 + 6 �R21 + 3 �R31 :�á«¨ ¢â®à¨ç­®¥ â¥ç¥­¨¥ ®ª®«® ¯®«ãáä¥àë ®âáãâ-áâ¢ã¥â ¨ ¯®â®ª ¢áî¤ã ¯®â¥­æ¨ «ì­ë©, â® ¤«ï ¢¥à-â¨ª «ì­®© á¨«ë, ¤¥©áâ¢ãîé¥© ­  ¯®«ãáä¥àã, ¯®-«ãç ¥¬ á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥:F potx = ��U21R21( 33Fr + 2732): (20)�§ á®®â­®è¥­¨© (19) ¨ (20) á«¥¤ã¥â"S = 64 + 81"2vFr64 + 81Fr ; "S � FxF rotx : (21)�­ «¨§ ¢ëà ¦¥­¨ï (21) ¯®ª § «, çâ® ¯à¨ ä¨ªá¨-à®¢ ­­®¬ §­ ç¥­¨¨ ç¨á«  �àã¤  ¢¥«¨ç¨­  "S ï¢«ï-¥âáï ã¡ë¢ îé¥© äã­ªæ¨¥© ¡¥§à §¬¥à­®£® à ¤¨ãá ¯®«ãáä¥àë �R1. �à¨ íâ®¬ á ¯à¨¡«¨¦¥­¨¥¬ ¢¥«¨ç¨-­ë �R1 ª ¥¤¨­¨æ¥ ¢¥«¨ç¨­  "S â ª¦¥ áâà¥¬¨âáï ª¥¤¨­¨æ¥. � â® ¦¥ ¢à¥¬ï, ¨§ ¢ëà ¦¥­¨ï (21) á«¥¤ã-¥â, çâ® ¯à¨ ä¨ªá¨à®¢ ­­®¬ §­ ç¥­¨¨ ¡¥§à §¬¥à-­®£® à ¤¨ãá  ¯®«ãáä¥àë �R1 ¢¥«¨ç¨­  "S ï¢«ï¥âáï­ à áâ îé¥© äã­ªæ¨¥© ç¨á«  �àã¤ . �à¨ íâ®¬á à®áâ®¬ ç¨á«  �àã¤  ¢¥«¨ç¨­  "S áâà¥¬¨âáï ª§­ ç¥­¨î "2v. �â¨ ®á®¡¥­­®áâ¨ § ¢¨á¨¬®áâ¨ ¢¥«¨-ç¨­ë "S ®â ¯ à ¬¥âà®¢ �R1 ¨ Fr ¨««îáâà¨àãîâà¨á. 5 ¨ 6.

�¨á. 5. � ¢¨á¨¬®áâì "s = "s( �R1);Fr = 0:1(1); 0:3(2); 1(3); 10(5)
�¨á. 6. � ¢¨á¨¬®áâì "s = "s(Fr);�R1 = 0:1(1); 0:2(2); 0:4(3); 0:8(5)5. �������������� ����������ëè¥ ®â¬¥ç «®áì, çâ® ¢¥«¨ç¨­ë "S (�1; F r) ¨"S ( �R1; F r) ¯à¨ ä¨ªá¨à®¢ ­­®¬ ç¨á«¥ �àã¤  ï¢«ï-îâáï ã¡ë¢ îé¨¬¨ äã­ªæ¨ï¬¨ ¯ à ¬¥âà®¢ �1 ¨�R1 á®®â¢¥âáâ¢¥­­®. �â® ®¡áâ®ïâ¥«ìáâ¢® á®®â¢¥â-áâ¢ã¥â á¤¥« ­­®¬ã ¢ à ¡®â¥ � ¯«ë£¨­  [31] ¢ë-¢®¤ã ® â®¬, çâ® ¬¥­ìè¨¥ ¯à¥¤¬¥âë (ª ¬­¨) ¯¥-à¥­®áïâáï ¢¨åà¥¢ë¬ ¯®â®ª®¬ «¥£ç¥, ç¥¬ ¡®«ìè¨¥.� ¬¥â¨¬, çâ® ¢ áâ âì¥ [18] ­ã¬¥à æ¨ï ªà¨¢ëå ­ à¨á. 3 ¤®«¦­  ¡ëâì ¨§¬¥­¥­ : 5 ! 1; 4 ! 2; 3 !3; 2! 4; 1! 5.�à ¢­¨¢ ï  ¡á®«îâ­ë¥ §­ ç¥­¨ï ¢¥«¨ç¨­ "c ¨"S , ¬®¦­® ¢¨¤¥âì, çâ® ¢ á«ãç ¥ ®¡â¥ª ­¨ï ¯®«ãæ¨-«¨­¤à  ¢«¨ï­¨¥ ¢â®à¨ç­®£® â¥ç¥­¨ï ­  ã¢¥«¨ç¥­¨¥á¨«ë à §à¥¦¥­¨ï áãé¥áâ¢¥­­® ¡®«ìè¥¥, ç¥¬ ¢ á«ã-ç ¥ ®¡â¥ª ­¨ï ¯®«ãáä¥àë. � ª å®à®è® ¨§¢¥áâ­®,¯à¨ ¯®â¥­æ¨ «ì­®¬ ®¡â¥ª ­¨¨ æ¨«¨­¤à ¢ë§ë¢ ¥â¡®«¥¥ §­ ç¨â¥«ì­ë¥ ¢®§¬ãé¥­¨ï ¯®â®ª , ç¥¬ áä¥-à . �®©æï­áª¨© [13] íâ® ®¡áâ®ïâ¥«ìáâ¢® ¯®ïá­ï¥â70 �. �. � «â ­®¢, �. �. � «â ­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 66 { 71â¥¬, çâ® á¥ç¥­¨¥ æ¨«¨­¤à , ­®à¬ «ì­®¥ ª ¯®â®ªã,¡¥áª®­¥ç­®,   áä¥àë { ®£à ­¨ç¥­®. �¨¤­®, çâ® íâ â¥­¤¥­æ¨ï á®åà ­ï¥âáï ¨ ¢ á«ãç ¥ ­ «¨ç¨ï ¢â®à¨ç-­ëå â¥ç¥­¨© ¯à¨ ®¡â¥ª ­¨¨ ¯®«ãæ¨«¨­¤à  ¨ ¯®«ã-áä¥àë ­  ¯«®áª®áâ¨.1. �íâç¥«®à �¦. �¢¥¤¥­¨¥ ¢ ¤¨­ ¬¨ªã ¦¨¤ª®áâ¨.{ �.:�¨à, 1973.{ 760 á.2. �¥«®æ¥àª®¢áª¨© �.�., �̈ ­¥¢áª¨© �.�. �®¤¥«¨à®-¢ ­¨¥ âãà¡ã«¥­â­ëå áâàã© ¨ á«¥¤®¢ ­  ®á­®¢¥ ¬¥-â®¤  ¤¨áªà¥â­ëå ¢¨åà¥©.{ �.: �§¤ â¥«ìáª ï ä¨à-¬  "�¨§¨ª®{¬ â¥¬ â¨ç¥áª ï «¨â¥à âãà ", 1995.{368 á.3. �¥«®¢ �.�., �á ¥¢ �.�., �®à®«¥¢ �.�. � ¤ ç¨ ¨¬¥â®¤ë à áç¥â  ®âàë¢­ëå â¥ç¥­¨© ­¥á¦¨¬ ¥¬®©¦¨¤ª®áâ¨.{ �.: �ã¤®áâà®¥­¨¥, 1989.{ 364 á.4. � á¨«ì¥¢ �.�. �á­®¢ë ¬¥å ­¨ª¨ ¢¨­â®¢ëå ¨æ¨àªã«ïæ¨®­­ëå ¯®â®ª®¢.{ �.: �®áí­¥à£®¨§¤ â,1958.{ 144 á.5. �®«è ­¨ª �.�., �ã©ª®¢ �.�., �®à¤ á®¢ �.�. � -ªàãç¥­­ë¥ ¯®â®ª¨ ¢ £¨¤à®â¥å­¨ç¥áª¨åá®®àã¦¥­¨ïå.{ �.: �­¥à£® â®¬¨§¤ â, 1990.{ 280 á.6. �®«ì¤èâ¨ª �.�. �¨åà¥¢ë¥ ¯®â®ª¨.{ �®¢®á¨¡¨àáª:� ãª , 1981.{ 368 á.7. �ã¯â  �., �¨««¨ �., � ©à¥¤ �. � ªàãç¥­­ë¥¯®â®ª¨.{ �.: �¨à, 1987.{ 592 á.8. �ãª®¢ �.�., �®à®â¥¥¢ �.�., �àîª®¢ �.�. �à¨-ª« ¤­ ï ¤¨­ ¬¨ª  â¥à¬¨ç¥áª®© ¯« §¬ë.{ �®¢®á¨-¡¨àáª: � ãª  ��, 1975.{ 300 á.9. �¨£ ­£ à¥¥¢  �.�., �¨á¥«¥¢ �.�. � ¡¥§®âàë¢­®¬®¡â¥ª ­¨¨ â¥«  ¢à é¥­¨ï á ®¤­®¢à¥¬¥­­ë¬ ®â¡®-à®¬ ¨ ¢ë¡à®á®¬ ¦¨¤ª®áâ¨ // �§¢.�� (�®áá¨ï). {�¥å ­¨ª  ¦¨¤ª. ¨ £ § .{ 2000.{ N 1.{ �. 14{21.10. �¨àå£®ä �. �¥å ­¨ª .{ �.: �§¤-¢® �� ����,1962.{ 404 á.11. � ¢à¥­âì¥¢ �.�., � ¡ â �.�. �à®¡«¥¬ë £¨¤à®¤¨-­ ¬¨ª¨ ¨ ¨å ¬ â¥¬ â¨ç¥áª¨¥ ¬®¤¥«¨.{ �.: � ãª ,1973.{ 416 á.12. � ¬¡ �̈ ¤à®¤¨­ ¬¨ª .{ �.{ �.: �®áâ¥åâ¥®à¨§¤ â,1947.{ 928 á.13. �®©æï­áª¨© �.�. �¥å ­¨ª  ¦¨¤ª®áâ¨ ¨ £ § .{ �.:� ãª , 1987.{ 840 á.14. �¥àªã«®¢ �.�. �¯à ¢«¥­¨¥ ¤¢¨¦¥­¨¥¬ ¦¨¤ª®áâ¨.{�®¢®á¨¡¨àáª: � ãª , 1983.{ 174 á.15. � ¢ç¥­ª® �.�. �¥àá¯¥ªâ¨¢ë ¬¥â®¤®¢ á­¨¦¥­¨ï£¨¤à®¤¨­ ¬¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï // �à¨ª« ¤­ £÷¤à®¬¥å ­÷ª .{ 1999.{ 1, 4.{ �. 42{50.16. � ¤®¢áª÷© �.�. �«®áª¨¥ ¢¨åà¥¯®â¥­æ¨ «ì­ë¥ â¥-ç¥­¨ï ­¥¢ï§ª®© ¦¨¤ª®áâ¨ ¨ ¨å ¯à¨«®¦¥­¨ï //�àã¤ë ���� ¨¬.¯à®ä. �.�. �ãª®¢áª®£®.{ 1989.{�ë¯.2447.{ �. 108.17. � «â ­®¢ �.�. �­ «¨â¨ç¥áª ï £¨¤à®¬¥å ­¨ª .{�¨¥¢: � ãª. ¤ã¬ª , 1984.{ 200 á.18. � «â ­®¢ �.�. �«¨ï­¨¥ ¢â®à¨ç­®£® â¥ç¥­¨ï ã ¯®-«ãáä¥àë ­  ¯«®áª®áâ¨ ­  á¨«ã à §à¥¦¥­¨ï, ¤¥©-áâ¢ãîéãî ­  ­¥¥ á® áâ®à®­ë ¯®â®ª  // � â¥¬ â.¬®¤¥«¨à. ¢ ®¡à §®¢ ­¨¨, ­ ãª¥ ¨ ¯à®¬ëè«¥­­®áâ¨.�¡. ­ ãç­. âàã¤®¢.{ � ­ªâ{�¥â¥à¡ãà£áª®¥ ®â¤¥«¥-­¨¥ ���.{ �ëáè. èª.{ 2000.{ �. 164{167.

19. � «â ­®¢ �.�., �®à¡ ­ì �.�. �¨åà¥¢ë¥ áâàãª-âãàë ¢ ¦¨¤ª®áâ¨: �­ «¨â¨ç¥áª¨¥ ¨ ç¨á«¥­­ë¥à¥è¥­¨ï.{ �¨¥¢: � ãª. ¤ã¬ª , 1993.{ 242 á.20. � «â ­®¢ �.�., �äà¥¬®¢  �.�., � «â ­®¢ �.�.�¨á«¥­­®{ ­ «¨â¨ç¥áª®¥ ¨áá«¥¤®¢ ­¨¥ ¯®â¥­æ¨- «ì­®£® ®¡â¥ª ­¨ï æ¨«¨­¤à , ®ªàã¦¥­­®£® ¢¨åà¥-¢ë¬ á«®¥¬ // �àã¤ë �¥¦¤ã­ à®¤. ª®­ä. "� â¥¬ -â¨ª  ¢ ¨­¤ãáâà¨¨".{ � £ ­à®£. ¯¥¤.¨­{â.{ 1998.{�. 275{277.21. � «â ­®¢ �.�., �äà¥¬®¢  �.�., � «â ­®¢ �.�.�â®à¨ç­ë© ¯®â®ª ¢®ªàã£ æ¨«¨­¤à  ¯à¨ ­ «¨ç¨¨ §¨¬ãâ «ì­®© § ªàãâª¨ ¨ ¥£® á¢ï§ì á ¢¨åà¥¬ � -¯«ë£¨­  // �¥«¨­¥©­ë¥ £à ­¨ç­ë¥ § ¤ ç¨ ¬ â¥¬.ä¨§¨ª¨ ¨ ¨å ¯à¨«®¦¥­¨¥.{ �¡. ­ ãç­. âàã¤®¢ �­-áâ¨âãâ  ¬ â¥¬ â¨ª¨ ����.{ 1999.{ �. 213{216.22. � «â ­®¢ �.�., �äà¥¬®¢  �.�., � «â ­®¢ �.�.�â®à¨ç­®¥ â¥ç¥­¨¥ ¢®ªàã£ áä¥àë ¯à¨ ­ «¨ç¨¨á¯¨à «ì­®áâ¨ // �®ª« ¤ë ��� �ªà ¨­ë.{ 1999.{9.{ �. 59{63.23. � «â ­®¢ �.�., � «â ­®¢ �.�. �¨åàì á  §¨¬ãâ «ì-­®© § ªàãâª®© ­  áä¥à¥ ¢® ¢­¥è­¥¬ ¯®â¥­æ¨ «ì-­®¬ ¯®â®ª¥ ¨ ¥£® á¢ï§ì á ¢¨åà¥¬ �¨««  // ���(�®áá¨ï).{ 1999.{ 367, N 3.{ �. 349{352.24. � «â ­®¢ �.�., � «â ­®¢ �.�. �â®à¨ç­®¥ â¥ç¥-­¨¥ ã ¯®«ãæ¨«¨­¤à  ­  ¯«®áª®áâ¨ // �à®¡«¥¬ë â¥-®à. ¨ ¯à¨ª«. £¨¤à®¤¨­ ¬¨ª¨. �¥§¨§ë ¤®ª«. �á¥à®á.­ ãç.{â¥å­. ª®­ä.{ �à á­®¤ à: �ã¡ ­áª. £®á.  £à.ã­-â.{ 2000.{ �. 27.25. �¥¤®¢ �.�. �¡ ®¡â¥ª ­¨¨ ¨¤¥ «ì­®© ¦¨¤ª®áâìîâ¥«  á® ¢áâà¥ç­®© áâàã¥© // ��� ����.{ 1972.{206, N 1.{ �. 41{42.26. �¥¤®¢ �.�. �¥å ­¨ª  á¯«®è­®© áà¥¤ë.{ � 2{å â.�: � ãª , 1976{�.2.{ 576 á.27. �â¥¯ ­®¢ �.�. �®áâà®¥­¨¥ ¡¥§®âàë¢­® ®¡â¥ª ¥-¬ëå â¥« ¢ ª®¬¯«¥ªá¥ á ¤¢¨¦¨â¥«¥¬ // �®¢à¥¬¥­-­ë¥ ¯à®¡«¥¬ë ¬¥å ­¨ª¨. �¡®à­¨ª ª 90{«¥â¨î �.�.�¥¤®¢ ..{ �.: ��� �¥å. ���.{ 1998.{ �. 108{115.28. �ëç¥¢ �.�., �ã¡ ­ �.�., �®à®«¥¢ �.�. �á¨¬¯â®-â¨ç¥áª ï â¥®à¨ï ®âàë¢­ëå â¥ç¥­¨©.{ �.: � ãª ,1987.{ 256 á.29. � £ ­®¢ �.�. � ¯à¥¤¥«ì­ëå â¥ç¥­¨ïå ¢ï§ª®© ¦¨¤-ª®áâ¨ á® áâ æ¨®­ à­ë¬¨ áàë¢­ë¬¨ §®­ ¬¨ ¯à¨Re!1 // �ç.§ ¯. ����.{ 1971.{ 1, N 3.{ �. 1{14.30. � ¯«ë£¨­ �.�. �¤¨­ á«ãç © ¢¨åà¥¢®£® ¤¢¨¦¥­¨ï¦¨¤ª®áâ¨. �®¡à ­¨¥ á®ç¨­¥­¨©. �.�.{ �.{ �.: �®-áâ¥å¨§¤ â, 1948.{ 155{165 á.31. � ¯«ë£¨­ �.�. �¨åà¥¢®© ¯®â®ª, ¯¥à¥«¨¢ îé¨©áïç¥à¥§ ¯à¥¯ïâáâ¢¨¥ ¢ ä®à¬¥ ªàã£«®£® ¯®«ãæ¨«¨­-¤à . �®¡à ­¨¥ á®ç¨­¥­¨©. �.�.{ �.{ �.: �®áâ¥å¨§-¤ â, 1948.{ 537{545 á.32. Meleshko V.V., van Heijst G.T.F. On Chaplygin's in-vestigations of twodimensional vortex structures inan inviscid 
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