
ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51��� 532.526;621.311 ������������������������������-��������� ������������������ ����������� ����� ���������������� ��������������. �. ������������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 08.01.99�áá«¥¤ã¥âáï ¢«¨ï¨¥ æ¥âà®¡¥¦ëå á¨«   ¯¥à¥å®¤ë¥ ¯à®æ¥ááë ¢ « ¬¨ àëå ¯®£à ¨çëå á«®ïå ¨¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ å à ªâ¥à¨áâ¨ª¨ ¨å ¤¢ã- ¨ âà¥å¬¥àëå ¢¨åà¥¢ëå áâàãªâãà. �«ï ¯à®áâ®âë à ¤¨ãá ªà¨-¢¨§ë ®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨ R áç¨â ¥âáï ¯®áâ®ïë¬ ¨ ¯à¥¤¯®« £ ¥âáï, çâ® ç¨á«® �¥©®«ì¤á  ReR = RU0=�¢¥«¨ª®. �á¯®«ì§ãï ¬¥â®¤ë áà é¨¢ ¥¬ëå  á¨¬¯â®â¨ç¥áª¨å à §«®¦¥¨© á ¬ «ë¬ ¯ à ¬¥âà®¬, à ¢ë¬ ®¡à â®¬ãç¨á«ã �¥©®«ì¤á , ¯®«ãç¥ë ¤¢ã- ¨ âà¥å¬¥àë¥ ãà ¢¥¨ï ¯®£à ¨ç®£® á«®ï ¨ ¯à¥¤«®¦¥ë áæ¥ à¨¨ ¥£® à §¢¨â¨ï ¢â¥à¬¨ å ¯à®áâà áâ¢¥®-¢à¥¬¥ëå ¬ áèâ ¡®¢ ¢¨åà¥¢ëå áâàãªâãà. � ç áâ®áâ¨, ¨áá«¥¤®¢ ë¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ á¢®©áâ¢  ¤¢ã- ¨ âà¥å¬¥àëå ¯®£à ¨çëå á«®¥¢ ¢ § ¢¨á¨¬®áâ¨ ®â ®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢ § ¤ ç¨.�®à¬ «¨§®¢ ® ¨ ®¡®á®¢ ® ¯®ïâ¨¥ ¢®á¯à¨¨¬ç¨¢®áâ¨ ¤«ï ¤ ®£® ª« áá  § ¤ ç.�®á«÷¤¦ãõâìáï ¢¯«¨¢ ¢÷¤æ¥âà®¢¨å á¨«   ¯¥à¥å÷¤÷ ¯à®æ¥á¨ ¢ « ¬÷ à¨å ¯®£à ¨ç¨å è à å ÷ ¯à®áâ®à®¢®-ç á®¢÷å à ªâ¥à¨áâ¨ª¨ ùå ¤¢®- â  âà¨¢¨¬÷à¨å ¢¨åà®¢¨å áâàãªâãà. � à ¤¨ ¯à®áâ®â¨ à ¤÷ãá ªà¨¢¨§¨ R ¯®¢¥àå÷, é® ®¡-â÷ª õâìáï, ¢¢ ¦ õâìáï ¯®áâ÷©¨¬ ÷ ¢¢ ¦ õâìáï, é® ç¨á«® �¥©®«ì¤á  ReR = RU0=� õ ¢¥«¨ª¨¬. �¨ª®à¨áâ®¢ãîç¨¬¥â®¤¨ §à®éã¢ ï  á¨¬¯â®â¨ç¨å à®§ª« ¤ ì § ¬ «¨¬ ¯ à ¬¥âà®¬, é® ¤®à÷¢îõ §¢®à®â®¬ã ç¨á«ã �¥©®«ì¤-á , ®âà¨¬ ÷ ¤¢®- â  âà¨¢¨¬÷à÷ à÷¢ïï ¯®£à ¨ç®£® è àã ÷ § ¯à®¯®®¢ ÷ áæ¥ à÷ù ©®£® à§¢¨âªã ¢ â¥à¬÷ å¯à®áâ®à®¢®-ç á®¢¨å ¬ áèâ ¡÷¢ ¢¨åà®¢¨å áâàãªâãà. �®ªà¥¬ , ¤®á«÷¤¦¥÷ ¯à®áâ®à®¢®-ç á®¢÷ ¢« áâ¨¢®áâ÷ ¤¢®- â âà¨¢¨¬÷à¨å ¯®£à ¨ç¨å è à÷¢ ¢ § «¥¦®áâ÷ ¢÷¤ ¢¨§ ç «ì¨å ¯ à ¬¥âà÷¢ § ¤ ç÷. �®à¬ «÷§®¢ ® â  ®¡£àãâ®¢ -® ¯®ïââï á¯à¨©ïâ«¨¢®áâ÷ ¤«ï ¤ ®£® ª« áã § ¤ ç.The results of investigations under centrifugal forces transitional boundary layers as well as the spatio-temporal propertiesof boundary layers vortical structures are presented. It has been shown that in case of boundary layer ows undercentrifugal forces the small parameter depending on the value of these forces can be introduced. Using methods ofmatching asymptotical expansions the scenarios of the boundary layers development (including transition processes from2D to 3D) in terms of space scales of their vortical structures have been proposed. In particular, the knowledge about (i)formation mechanisms of 3D vortical structures in boundary layers; (ii) spatio-temporal properties of 2D and 3D vorticalstructures depending on basic ow parameters were obtained.���������®¢à¥¬¥ë¥ â¥å®«®£¨ç¥áª¨¥ ¯à¨«®¦¥¨ï £¨-¤à®¬¥å ¨ª¨ ¢® ¬®£¨å á«ãç ïå á¢ï§ ë á ¯à®-¡«¥¬ ¬¨ ã¯à ¢«¥¨ï ¯®£à ¨çë¬¨ á«®ï¬¨, â.¥. á¢®§¬®¦®áâìî ¢ àì¨à®¢ ¨ï ¢¥«¨ç¨ ¬¨ ¯®â®ª®¢¨¬¯ã«ìá  ¨/¨«¨ í¥à£¨¨ ¬¥¦¤ã ¦¨¤ª®áâìî ¨ ®¡â¥-ª ¥¬ë¬ â¥«®¬. �§¢¥áâ®, çâ® ¥§ ¢¨á¨¬® ®â ¯à¨-à®¤ë ¢ëã¦¤ îé¥© ¤¢¨¦¥¨¥ á¨«ë ¨ è¨à®ª®£®à §®®¡à §¨ï £¥®¬¥âà¨ç¥áª¨å ®á®¡¥®áâ¥© ®¡â¥-ª ¥¬ëå ¯®¢¥àå®áâ¥©, à §¢¨â¨¥ « ¬¨ àëå ¯®-£à ¨çëå á«®¥¢ ( ¯à¨¬¥à, à §¢¨â¨¥ ¯®£à ¨ç-ëå á«®¥¢ ¯à¨ á¢®¡®¤®© ¨«¨ á¬¥è ®© ª®¢¥ª-æ¨¨   ¯«®áª¨å ¯®¢¥àå®áâïå, ¯®¤ ¤¥©áâ¢¨¥¬ í«¥ª-âà®¬ £¨âëå ¨«¨ æ¥âà®¡¥¦ëå á¨« ¨ â.¯.) ¨¬¥-¥â àï¤ ®¡é¨å ®á®¡¥®áâ¥©, å à ªâ¥à¨§ãîé¨å ¯¥-à¥å®¤ « ¬¨ à®£® à¥¦¨¬  ¢ ¯®«®áâìî à §¢¨-â®¥ âãà¡ã«¥â®¥ â¥ç¥¨¥. � ç áâ®áâ¨, ®¡é¨¬¨ç¥àâ ¬¨ « ¬¨ àëå ¯®£à ¨çëå á«®¥¢ ï¢«ïîâ-áï: (i)  «¨ç¨¥ ®¡« áâ¨ ¤¢ã¬¥à®£® ¯®£à ¨ç®£®á«®ï, ª®â®àë© ¢ ¯®¤ ¢«ïîé¥¬ ç¨á«¥ á«ãç ¥¢ ¬®-¦¥â ¡ëâì ®¯¨á  ãà ¢¥¨ï¬¨ �à ¤â«ï ¨ (ii) ¯¥-
à¥å®¤  ª âà¥å¬¥à®¬ã ¯®£à ¨ç®¬ã á«®î ¢ ¢¨¤¥¯à®¤®«ìëå ¢¨åà¥© á ¯à®¬¥¦ãâ®ç®© áâ ¤¨¥© ¤¢ã-¬¥àëå ¢®« �®««¬¨  - �«¨åâ¨£  [1]. �ç¥¢¨¤-®, çâ® ª ¦¤ ï ¨§ ãª § ëå ®¡« áâ¥© å à ªâ¥à¨-§ã¥âáï á¯¥æ¨ä¨ç¥áª¨¬ â¨¯®¬ ¢¨åà¥¢®© áâàãªâãàë¨ ®¯à¥¤¥«ï¥â à §«¨çë¥ § ª®®¬¥à®áâ¨ ¯à®æ¥á-á®¢ ¯¥à¥®á  ¢ ¨å. �®íâ®¬ã á íâ®© â®çª¨ §à¥¨ï,ã¯à ¢«¥¨¥ ¯®£à ¨çë¬ á«®¥¬ ®§ ç ¥â ã¯à ¢«¥-¨¥ ¯à®áâà áâ¢¥ë¬¨ ¬ áèâ ¡ ¬¨ ãª § ëå®¡« áâ¥©, ¨á¯®«ì§ãï  ªâ¨¢ë¥ «¨¡® ¯ áá¨¢ë¥ ¬¥-â®¤ë, â ª¨¥ ª ª ¢¤ã¢/®âá®á,  £à¥¢/®å« ¦¤¥¨¥,¢¨åà¥£¥¥à â®àë ¨ â.¯. [2]. �¥®à¥â¨ç¥áª¨¥ ¨áá«¥-¤®¢ ¨ï ¯¥à¥å®¤ëå ¯à®æ¥áá®¢ ¢ ¯®£à ¨ç®¬ á«®¥(¯®¤ ¯¥à¥å®¤ë¬¨ ¯à®æ¥áá ¬¨ §¤¥áì ¨ ¤ «¥¥ ¯®¤-à §ã¬¥¢ îâáï ã¯®¬ïãâë¥ ¢ëè¥ ¯¥à¥å®¤ë { ¤¢ã-¬¥àë© �� { ¢®«ë �®««¬¨ -�«¨åâ¨£  { ¯à®-¤®«ìë¥ ¢¨åà¨ ¢ « ¬¨ àëå ¯®£à ¨çëå á«®-ïå) ¯à®¢®¤ïâáï ¢  áâ®ïé¥¥ ¢à¥¬ï ¢ à ¬ª å â¥-®à¨¨ ãáâ®©ç¨¢®áâ¨. �¥¥à æ¨ï ¢®« �®««¬¨ -�«¨åâ¨£  ¨ ¯à®¤®«ìëå ¢¨åà¥© à áá¬ âà¨¢ ¥â-áï ª ª à¥§ã«ìâ â ¥ãáâ®©ç¨¢®áâ¥© ®á®¢®£® â¥-ç¥¨ï [2]. �¥á¬®âàï   ®ç¥¢¨¤ë¥ ãá¯¥å¨ ¤ -38 c �. �. �¨ª¨ä®à®¢¨ç, 1999



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51®© â¥®à¨¨, ¥¥ ¯à ªâ¨ç¥áª®¥ ¯à¨¬¥¥¨¥ ª ¢®¯à®-á ¬ ã¯à ¢«¥¨ï ®á¨â ¯®«ãí¬¯¨à¨ç¥áª¨© å à ª-â¥à, â.¥. ®  ¥ ¬®¦¥â ®¯à¥¤¥«¨âì § ¢¨á¨¬®áâì¯à®áâà áâ¢¥®-¢à¥¬¥ëå ¬ áèâ ¡®¢ ®¡« áâ¥©¯®£à ¨ç®£® á«®ï á à §«¨ç®© ¢¨åà¥¢®© áâàãªâã-à®© ®â ®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢ § ¤ ç¨, ¨ á«¥-¤®¢ â¥«ì®, ¥ ¯®§¢®«ï¥â áä®à¬ã«¨à®¢ âì ¢ ¨å§ ª®ë ¯¥à¥®á . � íâ®, ¢ á¢®î ®ç¥à¥¤ì, ¥ ¤ -¥â ¢®§¬®¦®áâ¨ ãáâ ®¢¨âì \®¯â¨¬ «ìë¥" ¬¥â®-¤ë ã¯à ¢«¥¨ï ¢¥«¨ç¨ ¬¨ ¯®â®ª®¢ ¨¬¯ã«ìá  (¨«¨çâ® â® ¦¥, âà¥¨ï) ¨ í¥à£¨¨   ®¡â¥ª ¥¬®© ¯®-¢¥àå®áâ¨. �âã¨â¨¢®¥ à §à¥è¥¨¥ ¤ ®© ¯à®-¡«¥¬ë ¡ë«® áä®à¬ã«¨à®¢ ® ¢ à ¬ª å ¯®ïâ¨ï\¢®á¯à¨¨¬ç¨¢®áâ¨ ¯®£à ¨ç®£® á«®ï" [3] { ª ª¨ £¤¥ ¢¥è¨¥ ¢®§¬ãé¥¨ï ¢å®¤ïâ ¢ ¯®£à ¨çë©á«®© ¨ £¥¥à¨àãîâ ¥£® ¯¥à¢¨çãî ¨«¨ ¢â®à¨çãî¥ãáâ®©ç¨¢®áâ¨. � ¢  áâ®ïé¥¥ ¢à¥¬ï ¤¥« îâáï¯®¯ëâª¨ á®¥¤¨¨âì íâ¨ ¤¢  ¯®¤å®¤  ¤«ï ¯à ªâ¨-ç¥áª®£® à¥è¥¨ï ¢®¯à®á®¢ ã¯à ¢«¥¨ï. �¬¥áâ¥ áâ¥¬ ¬®£®®¡à §¨¥ â¥ç¥¨© á® áå®¦¨¬ à §¢¨â¨¥¬¯®£à ¨çëå á«®¥¢ (á¬. ¢ëè¥), ¯®¤à §ã¬¥¢ ¥â áã-é¥áâ¢®¢ ¨¥ ¥ª®â®à®£® ã¨¢¥àá «ì®£® ä¨§¨ç¥-áª®£® ¬¥å ¨§¬ , ª®âà®«¨àãîé¥£® ¨å à §¢¨â¨¥.�àã£¨¬¨ á«®¢ ¬¨ íâ® ®§ ç ¥â, çâ® áãé¥áâ¢®¢ -¨¥ ®¡« áâ¥© « ¬¨ à®£® ¯®£à ¨ç®£® á«®ï áà §«¨ç®© ¢¨åà¥¢®© áâàãªâãà®© ¨ à §¬¥à®áâìîï¢«ï¥âáï ¢ãâà¥¨¬ á¢®©áâ¢®¬ â ª¨å ¯®£à ¨ç-ëå á«®¥¢ ¨ ¨å ¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ å à ª-â¥à¨áâ¨ª¨ ¬®£ãâ ¡ëâì ¢ëà ¦¥ë ç¥à¥§ ®¯à¥¤¥«ï-îé¨¥ ¯ à ¬¥âàë ª®ªà¥â®© § ¤ ç¨. � ¤ ®©£« ¢¥ à áá¬®âà¥ á«ãç © à §¢¨â¨ï ¯®£à ¨ç®£®á«®ï  ¤ ¢®£ãâ®© ¯®¢¥àå®áâìî, â ª  §ë¢ ¥¬ ï¯à®¡«¥¬  �¥àâ«¥à , á æ¥«ìî:� ®¯¨á âì ¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ á¢®©-áâ¢  â ª®£® ¯®£à ¨ç®£® á«®ï ¢ â¥à¬¨ å®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢ § ¤ ç¨;� ¯à¥¤«®¦¨âì áæ¥ à¨¨ ¯¥à¥å®¤ëå ¯à®æ¥áá®¢ ¢¥¬;� ä®à¬ «¨§®¢ âì ª®æ¥¯æ¨î ¢®á¯à¨¨¬ç¨¢®áâ¨,¨á¯®«ì§ãï à §¢¨âë© ¢ à ¡®â¥ ¯®¤å®¤ ª ®¯¨-á ¨î ¯¥à¥å®¤ëå ¯à®æ¥áá®¢ ¢ ¯®£à ¨ç®¬á«®¥;� ¯à¥¤«®¦¨âì áæ¥ à¨¨ à §¢¨â¨ï ¯®£à ¨çëåá«®¥¢ ¯®¤ ¤¥©áâ¢¨¥¬ æ¥âà®¡¥¦ëå á¨« ¢ â¥à-¬¨ å ®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢ § ¤ ç¨.1. ���������� ������� áá¬®âà¨¬ ¤¢¨¦¥¨¥ á«®ï â®«é¨ë d ¢ï§-ª®© ¥á¦¨¬ ¥¬®© âï¦¥«®© ¦¨¤ª®áâ¨  ¤ â¢¥à¤®©¢®£ãâ®© ¯®¢¥àå®áâìî ¯®áâ®ï®© ªà¨¢¨§ë R

�¨á. 1. �å¥¬  ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢ æ¨«¨¤à¨ç¥áª®©á¨áâ¥¬¥ ª®®à¤¨ â(à¨á. 1). � á¨áâ¥¬¥ ª®®à¤¨ â, á¢ï§ ®© á ®¡â¥-ª ¥¬®© ¯®¢¥àå®áâìî, ãà ¢¥¨ï ¥à §àë¢®áâ¨¨ � ¢ì¥-�â®ªá  ¨¬¥îâ ¢¨¤RR� y @U@x + 1R� y @V@y + @W@z = 0; (1)@U@t + ~UgradU � UVR� y = � RR � y 1� @p@x++� ��U � 2R(R� y)2 @V@x � U(R� y)2 �+ Fx; (2)@V@t + ~UgradV + U2R� y = �1� @p@y++� ��V � 2R(R� y)2 @U@x � V(R� y)2 � + Fy; (3)@W@t + ~UgradW = �1� @p@x + ��W + Fz; (4)§¤¥áì x { ¯à®¤®«ì ï ª®®à¤¨ â ; y { ®à¬ «ì ïª ¯®¢¥àå®áâ¨ ª®®à¤¨ â ; z { ¯®¯¥à¥ç ï ª®®à¤¨- â ; ~U = fU; V;Wg { ¢¥ªâ®à áª®à®áâ¨; p { ¤ ¢«¥-¨¥ ¢ ¦¨¤ª®áâ¨; � ¨ � { ¯«®â®áâì ¨ ª¨¥¬ â¨ç¥-áª ï ¢ï§ª®áâì áà¥¤ë; ~F = fFx = �g sin(x=R); Fy =�g cos(x=R); Fx = 0g { á¨«  âï¦¥áâ¨;~U � r = RR� yU @@x + V @@y +W @@z { ª®¢¥ªâ¨¢ë©®¯¥à â®à ¨r = R2(R� y)2 @2@x2 + 1R� y @@y �(R� y) @@y� + @2@z2{ ®¯¥à â®à � ¯« á .� «ì¥©è¨©   «¨§ ¡ã¤¥â ¯à®¢®¤¨âìáï ¢ ¯à¥¤¯®-«®¦¥¨¨, çâ® (i) Ly=R � 1, §¤¥áì Ly { å à ªâ¥à-ë© ¬ áèâ ¡ ¨§¬¥¥¨ï áª®à®áâ¨ ¨ ¤ ¢«¥¨ï ¯®®à¬ «ì®© ª®®à¤¨ â¥, áãé¥áâ¢®¢ ¨¥ ª®â®à®£®¢ ¤ ®© § ¤ ç¥, ª®¥ç®, ¥®¡å®¤¨¬® ¤®ª § âì.�. �. �¨ª¨ä®à®¢¨ç 39



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51�à¥¤¯®«®¦¥¨¥ (i) ¯®§¢®«ï¥â ¢ ¨áå®¤®© á¨áâ¥¬¥ãà ¢¥¨© (1){(4) ¢ëà ¦¥¨ï ¢¨¤  R�y § ¬¥¨âì  R. �¢¥¤ï ®¡ëçë¬ á¯®á®¡®¬ ¤¨ ¬¨ç¥áª®¥ ¤ -¢«¥¨¥ pd ¯® ä®à¬ã«¥pd = p� (R� y)�g (5)á ãç¥â®¬ ¢¢¥¤¥®£® ¯à¥¤¯®«®¦¥¨ï (i), ¨áå®¤ ïá¨áâ¥¬  ãà ¢¥¨© (1){(4) ¯à¨¬¥â ¢¨¤:@U@x + @V@y + @W@z = 0; (6)@U@t + ~UgradU = � RR� y 1� @p@x + �rU + Fbx; (7)@V@t + ~UgradV = �1� @p@y + �rV + Fby; (8)@W@t + ~UgradW = �1� @p@x + ��W + Fbz; (9)§¤¥áì r;� { ª®¢¥ªâ¨¢ë© ®¯¥à â®à ¨ ®¯¥à â®à� ¯« á , § ¯¨á ë© ¢ ¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à-¤¨ â,   ®¡ê¥¬ ï á¨«  ~Fb ¨¬¥¥â ¢¨¤Fbx = UVR � � � 2R @V@x + UR2� ;Fby = �U2R � � � 2R @U@x + VR2� ;Fbz = 0: (10)� ª¨¬ ®¡à §®¬, à áá¬ âà¨¢ ¥¬ ï § ¤ ç  ®¡â¥-ª ¨ï ªà¨¢®«¨¥©®© ¯®¢¥àå®áâ¨, ®¯¨áë¢ ¥¬ ïá¨áâ¥¬®© ãà ¢¥¨© (1){(4), ¯à¨ á¤¥« ëå ¢ë-è¥ ¯à¥¤¯®«®¦¥¨ïå âà áä®à¬¨à®¢ « áì ¢ § ¤ -çã ®¡â¥ª ¨ï ¯«®áª®© ¯« áâ¨ë á ¥¯®â¥æ¨ «ì-ë¬¨ ®¡ê¥¬ë¬¨ á¨« ¬¨ ¢¨¤  (10), ãç¨âë¢ îé¨-¬¨ íää¥ªâë ªà¨¢¨§ë. � «¨ç¨¥ ¥¯®â¥æ¨ «ì-®© ®¡ê¥¬®© á¨«ë (10) ¢ á¨áâ¥¬¥ ãà ¢¥¨© (6){(9) á®§¤ ¥â ¯à¨æ¨¯¨ «ìë¥ ®â«¨ç¨ï § ¤ ç¨ ®¡â¥-ª ¨ï ¯«®áª®© ¨ ªà¨¢®«¨¥©®© ¯®¢¥àå®áâ¥© ¯®-â®ª®¬ ¢ï§ª®© ¦¨¤ª®áâ¨. � â¥¬ â¨ç¥áª¨ íâ¨ á¨-«ë ®¯à¥¤¥«ïîâ ®¡ê¥¬ë¥ ¨áâ®ç¨ª¨ § ¢¨åà¥®-áâ¨, ¬®é®áâì ª®â®àëå § ¢¨á¨â ®â ¢¥«¨ç¨ë íâ¨åá¨« ¨ ¯à®áâà áâ¢¥ëå ¬ áèâ ¡®¢ ¨å ¨§¬¥¥¨ï¢ ¯à®¤®«ì®¬ ¨ ®à¬ «ì®¬  ¯à ¢«¥¨ïå. � ª¡ã¤¥â ¯®ª § ® ¨¦¥, ¥«¨¥©®¥ ¢§ ¨¬®¤¥©áâ¢¨¥®¡ê¥¬ëå ¨áâ®ç¨ª®¢ § ¢¨åà¥®áâ¨, á¢ï§ ëåá ªà¨¢¨§®© ¯®¢¥àå®áâ¨ ¨ ¯®¢¥àå®áâëå, ¢®§¨-ª îé¨å ¢á«¥¤áâ¢¨¥ ãá«®¢¨ï ¯à¨«¨¯ ¨ï ¨§-§  ¢ï§-ª®áâ¨, ¯à¨¢®¤¨â ª ¢®§¨ª®¢¥¨î ¢¨§ ¯® ¯®â®-ªã ¢ëâïãâëå ¢ ¯à®¤®«ì®¬  ¯à ¢«¥¨¨ ¢¨åà¥-¢ëå áâàãªâãà, ¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ å à ª-â¥à¨áâ¨ª¨ ª®â®àëå ï¢ë¬ ®¡à §®¬ § ¢¨áïâ ®â ¢¥-«¨ç¨ë ®¡ê¥¬ëå ¨ ¢ï§ª¨å á¨«.

�«ï ¤ «ì¥©è¥£®   «¨§  ¯®«ãç¨¬ ãá«®¢¨ï ¤«ïâ®«é¨ë  ¡¥£ îé¥£® ¯®â®ª  d, ¯à¨ ª®â®àëå ® ï¢«ï¥âáï ¥ áãé¥áâ¢¥®© ¨«¨, ¤àã£¨¬¨ á«®¢ ¬¨,ãá«®¢¨ï, ¯à¨ ª®â®àëå â®«é¨  á«®ï ¨ ãáª®à¥¨¥á¢®¡®¤®£® ¯ ¤¥¨ï g ¥ ï¢«ïîâáï ®¯à¥¤¥«ïîé¨-¬¨ ¯ à ¬¥âà ¬¨ § ¤ ç¨. �å ¢«¨ï¨¥ ¬®¦¥â áª -§ë¢ âìáï ¯® ¤¢ã¬ ¯à¨ç¨ ¬ { ¢®-¯¥à¢ëå, § ¢¨á¨-¬®áâìî á¨«ë âï¦¥áâ¨ ®â ¯à®¤®«ì®© ª®®à¤¨ âëx ¢á«¥¤áâ¢¨¥ ªà¨¢¨§ë ¯®¢¥àå®áâ¨ ¨, ¢®-¢â®àëå,¢«¨ï¨¥¬ £¨¤à®áâ â¨ç¥áª®£® ¤ ¢«¥¨ï   à á¯à¥-¤¥«¥¨¥ ¤ ¢«¥¨ï ¢ ï¤à¥ ¯®â®ª . �«ï íâ®£® à á-á¬®âà¨¬ à¥è¥¨¥ § ¤ ç¨ ¢ ï¤à¥ ¯®â®ª , â.¥. ¯à¨y=Ly � 1. �§ ä¨§¨ç¥áª¨å á®®¡à ¦¥¨© ¢ï§ª®áâì ¢íâ®© ®¡« áâ¨ ¥áãé¥áâ¢¥  ¨ à á¯à¥¤¥«¥¨¥ áª®-à®áâ¥© á®¢¯ ¤ ¥â á à á¯à¥¤¥«¥¨¥¬ áª®à®áâ¥© ¢ ¡¥£ îé¥¬ ¯®â®ª¥, â.¥. Ue = U0; Ve = We = 0(¨¤¥ªá "¥" ®â®á¨âáï ª á®®â¢¥âáâ¢ãîé¨¬ ¢¥«¨-ç¨ ¬ ¢ ï¤à¥ ¯®â®ª ; U0 { áª®à®áâì  ¡¥£ îé¥£®¯®â®ª ). � á¯à¥¤¥«¥¨¥ ¤¨ ¬¨ç¥áª®£® ¤ ¢«¥¨ï¨¬¥¥â ¢¨¤ pde � ��U20R y: (11)� ª ¨ á«¥¤®¢ «® ®¦¨¤ âì ¨§ ®¡é¨å á®®¡à ¦¥-¨©,  «¨ç¨¥ á¢®¡®¤®© £à ¨æë ¯à¨ y = d á ¯®-áâ®ïë¬ ¤ ¢«¥¨¥¬ ¥ ®ª §ë¢ ¥â ¢«¨ï¨ï   à á-¯à¥¤¥«¥¨¥ ¤¨ ¬¨ç¥áª®£® ¤ ¢«¥¨ï ¢ ï¤à¥ ¯®â®ª ¯à¨ ãá«®¢¨¨, çâ® d � Ly . �.¥. ¥á«¨ á«®© ¦¨¤ª®-áâ¨ ¤®áâ â®ç® â®«áâë© ¯® áà ¢¥¨î á å à ªâ¥à-ë¬ ¬ áèâ ¡®¬ ¨§¬¥¥¨ï áª®à®áâ¥© ¢ ®à¬ «ì-®¬  ¯à ¢«¥¨¨, â®  «¨ç¨¥ á¢®¡®¤®© £à ¨æë¥ ®ª §ë¢ ¥â ¢«¨ï¨ï   ä®à¬¨à®¢ ¨¥ ¯®£à ¨ç-®£® á«®ï ¨«¨, çâ® â® ¦¥ á ¬®¥, ãáª®à¥¨¥ á¢®¡®¤-®£® ¯ ¤¥¨ï ¢ ¤ ®© § ¤ ç¥ ¥ ï¢«ï¥âáï ®¯à¥¤¥-«ïîé¨¬ ¯ à ¬¥âà®¬. �á«¨ ¦¥ â®«é¨   ¡¥£ î-é¥£® ¯®â®ª  ®ª §ë¢ ¥âáï áà ¢¨¬®© á ¢¥àâ¨ª «ì-ë¬ ¬ áèâ ¡®¬ ¢¨åà¥¢ëå áâàãªâãà ¯®£à ¨ç®£®á«®ï, â®, ª®¥ç® ¦¥, ãáª®à¥¨¥ á¢®¡®¤®£® ¯ ¤¥-¨ï ¤®«¦® ¢®©â¨ ¢ ç¨á«® ®¯à¥¤¥«ïîé¨å ¯ à ¬¥-âà®¢ § ¤ ç¨. �¤ ª® íâ®â á«ãç © âà¥¡ã¥â ®á®¡®£®à áá¬®âà¥¨ï ¨ ¢ ¤ ®© à ¡®â¥ § âà £¨¢ âìáï ¥¡ã¤¥â.�à ¨çë¥ ãá«®¢¨ï ¤«ï ¯®áâ ¢«¥®© § ¤ ç¨¨¬¥îâ ®¡ëçë© ¢¨¤ { ãá«®¢¨ï ¯à¨«¨¯ ¨ï   ®¡-â¥ª ¥¬®© ¯®¢¥àå®áâ¨ ¨ ®¤®à®¤ë© ¯®â®ª ¨ «¨-¥©®áâì ¯® y ¤ ¢«¥¨ï ¢¤ «¨ ®â ¥¥.�¥£ª® ¯®ª § âì, çâ® ¢ íâ®¬ á«ãç ¥ ¥¤¨áâ¢¥-ë¬ ¡¥§à §¬¥àë¬ ¯ à ¬¥âà®¬ ¢ ¤ ®© § ¤ ç¥ï¢«ï¥âáï ç¨á«® �¥©®«ì¤á  ReR = RU0=�, à á-áç¨â ®¥ ¯® à ¤¨ãáã ªà¨¢¨§ë. �á¨¬¯â®â¨ª ReR ! 1 ¯à¨ ä¨ªá¨à®¢ ëå § ç¥¨ïå U0 ¨ �á®®â¢¥âáâ¢ã¥â, ®ç¥¢¨¤®, á«ãç î ¯«®áª®© ¯®¢¥àå-®áâ¨. �§ ®¡é¨å á®®¡à ¦¥¨© á«¥¤ã¥â, çâ® ¢á¥¬ ªà®áª®¯¨ç¥áª¨¥ íää¥ªâë, á¢ï§ ë¥ á ¢«¨ï¨¥¬®¡ê¥¬®© á¨«ë (10)   áâàãªâãàã â¥ç¥¨ï ¤®«¦-40 �. �. �¨ª¨ä®à®¢¨ç



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51ë ï¢ë¬ ®¡à §®¬ § ¢¨á¥âì ®â ReR. �®íâ®¬ã¥áâ¥áâ¢¥® ¯®¯ëâ âìáï ®¯¨á âì à §¢¨â¨¥ â¥ç¥-¨ï  ¤ ¢®£ãâ®© ¯®¢¥àå®áâìî á ¨á¯®«ì§®¢ ¨¥¬ á¨¬¯â®â¨ç¥áª¨å ¬¥â®¤®¢, à áá¬ âà¨¢ ï ¢ ª ç¥-áâ¢¥ ¬ «®£® ¯ à ¬¥âà  " = Re�1R . �á®¢ ï ¨¤¥ï¨áá«¥¤®¢ ¨ï á®áâ®¨â ¢ á«¥¤ãîé¥¬: à §¢¨â¨¥ ¯®-£à ¨ç®£® á«®ï  ¤ ¢®£ãâ®© ¯®¢¥àå®áâìî á å -à ªâ¥àë¬¨ áâ ¤¨ï¬¨ ¯¥à¥å®¤  ª ¯®«®áâìî à §-¢¨â®¬ã âãà¡ã«¥â®¬ã â¥ç¥¨î à áá¬ âà¨¢ ¥âáïª ª ¥áâ¥áâ¢¥®¥ à §¢¨â¨¥ â¥ç¥¨ï á  ¨§®âà®¯¨-¥© ¯à®áâà áâ¢¥ëå ¬ áèâ ¡®¢ ¨ á áãé¥áâ¢¥-®© § ¢¨á¨¬®áâìî íâ¨å ¬ áèâ ¡®¢ ®â ¯à®¤®«ì®©ª®®à¤¨ âë. �â® ®§ ç ¥â, çâ® à §¢¨â¨¥ áâàãª-âãàë â ª¨å ¯®£à ¨çëå á«®¥¢ ¯à®¨áå®¤¨â ¯®¤¤¥©áâ¢¨¥¬ á¨«, ¨§¬¥ïîé¨åáï ¢ ¯à®¤®«ì®¬  -¯à ¢«¥¨¨. � ª ã¦¥ ãª §ë¢ «®áì, ¢ § ¤ ç¥ ¨¬¥îâ-áï ¤¢¥ ®¡ê¥¬ë¥ á¨«ë à §«¨ç®© ¯à¨à®¤ë { ¯¥à¢ ïá¨«  á¢ï§   á  «¨ç¨¥¬ ªà¨¢¨§ë ¨ ®¯à¥¤¥«ï¥â-áï ¯®«¥¬ áª®à®áâ¨ ¨ à ¤¨ãá®¬ ªà¨¢¨§ë; ¢â®à ïá¨«  £¥¥à¨àã¥âáï ¢á«¥¤áâ¢¨¥  «¨ç¨ï ¢ï§ª®áâ¨ ¨®¯à¥¤¥«ï¥âáï ¥¥ ¢¥«¨ç¨®© ¨ £à ¤¨¥â®¬ áª®à®áâ¨.� ®¡é¥¬ á«ãç ¥ § ª®®¬¥à®áâ¨ ¨§¬¥¥¨ï íâ¨åá¨« ¢¤®«ì ¯®¢¥àå®áâ¨ à §«¨çë ¨, á«¥¤®¢ â¥«ì®,¬®¦® ¢ë¤¥«¨âì ®¡« áâ¨ á ¯à¥®¡« ¤ îé¨¬ ¢«¨ï-¨¥¬ ®¤®© ¨§ ¨å ¨ ®¡« áâ¨, £¤¥ áâàãªâãà  â¥-ç¥¨ï ®¯à¥¤¥«ï¥âáï ¨å ¢§ ¨¬®¤¥©áâ¢¨¥¬. �®«ã-ç¨âì § ¢¨á¨¬®áâ¨ ¯à®áâà áâ¢¥ëå ¬ áèâ ¡®¢íâ¨å ®¡« áâ¥© ®â ®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢ § ¤ -ç¨ ¬®¦®, ¨áá«¥¤ãï à ¬ª¨ ¯à¨¬¥¨¬®áâ¨ ¯®«ãç ¥-¬ëå ¯à¨¡«¨¦¥ëå ãà ¢¥¨© ¢ à¥§ã«ìâ â¥  á¨¬-¯â®â¨ç¥áª®£®   «¨§  ¯®«®© á¨áâ¥¬ë ãà ¢¥¨©(6){(9). �¨§¨ç¥áª¨© á¬ëá« ®¡« áâ¥©, â¥ç¥¨¥ ¢ª®â®àëå ®¯¨áë¢ ¥âáï à §«¨çë¬¨ ¯à¨¡«¨¦¥¨ï-¬¨, á®áâ®¨â ¢ â®¬, çâ® áâàãªâãà  â¥ç¥¨© ¢ ¨åáãé¥áâ¢¥® à §«¨ç , ¢ª«îç ï ¨å à §¬¥à®áâì.� ª¨¬ ®¡à §®¬, ¨á¯®«ì§ãï ¬ â¥¬ -â¨ç¥áªãî ä®à¬ «¨§ æ¨î ¨§¢¥áâëå íªá¯¥à¨¬¥-â «ìëå ¤ ëå ¯® â¥ç¥¨ï¬  ¤ ¢®£ãâë¬¨ ¯®-¢¥àå®áâï¬¨ ¨ ¬¥â®¤ë  á¨¬¯â®â¨ç¥áª®£®   «¨-§  ¯®«®© á¨áâ¥¬ë ãà ¢¥¨© � ¢ì¥-�â®ªá , ¬®¦-® ¨§ãç¨âì ¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ á¢®©áâ¢ ¤¢ã- ¨ âà¥å¬¥àëå ¢¨åà¥¢ëå áâàãªâãà ¯®£à ¨ç-®£® á«®ï ¨   ¨å ®á®¢¥ ®¯¨á âì áæ¥ à¨¨ ¥£® à §-¢¨â¨ï, ¢ª«îç ï ¯¥à¥å®¤ë¥ ¯à®æ¥ááë.2. ����������� ����������������������� ������������ ������� " ! 0. ���������� ��������������������� ������������������� ������������ �����¨§¨ç¥áª¨ ®ç¥¢¨¤®, çâ® ¯® ªà ©¥© ¬¥à¥   ç «ì®¬ ãç áâª¥ ¯®¢¥àå®áâ¨ ¯®£à ¨çë© á«®©¤«ï à ¢®¬¥à®£®  ¡¥£ îé¥£® ¯®â®ª  ¤®«¦¥

¡ëâì ¤¢ã¬¥àë¬ (ª®¥ç®, ¯à¨ ®âáãâáâ¢¨¨ ¨á-ªãááâ¢¥ëå âà¥å¬¥àëå ¢®§¬ãé¥¨© ¤®áâ â®ç®¡®«ìè®© ¨â¥á¨¢®áâ¨). � áá¬®âà¨¬ ¥£® à §¢¨-â¨¥ á ãç¥â®¬ ®¡ê¥¬®© á¨«ë (10) ¨ ¯®¯ëâ ¥¬áï®¯¨á âì ¥¥ ¢«¨ï¨¥   áâàãªâãàã ¢®§¨ª îé¥£®¯®£à ¨ç®£® á«®ï. �ãé¥áâ¢®¢ ¨¥ ªà¨¢¨§ë ¨«¨¯à®áâà áâ¢¥®£® ¬ áèâ ¡ , á ¥© á¢ï§ ®£®,á®§¤ ¥â áãé¥áâ¢¥®¥ ®â«¨ç¨¥ à áá¬ âà¨¢ ¥¬®©§ ¤ ç¨ ®â § ¤ ç¨ ®¡â¥ª ¨ï ¯«®áª®© ¯« áâ¨ë, ¯®-áª®«ìªã ¯®ï¢«ï¥âáï ¢®§¬®¦®áâì ¢¢¥áâ¨ ¢ à áá¬®-âà¥¨¥ ®¢ë© â¨¯ ¯à®áâà áâ¢¥ëå ¬ áèâ ¡®¢¢¨¤  R � f("), §¤¥áì f(") { ¥ª®â®à ï ¯®ª  ¯à®-¨§¢®«ì ï äãªæ¨ï ®â ". �¢¥¤¥¬ ¢ à áá¬®âà¥¨¥¯à®áâà áâ¢¥ë¥ ¬ áèâ ¡ë ¢¨¤  "mR ¢ ¯à®¤®«ì-®¬  ¯à ¢«¥¨¨ ¨ "lR { ¢ ¯®¯¥à¥ç®¬ (ª®áâ âëm ¨ l ¯à®¨§¢®«ìë¥, ® ¯®áª®«ìªã à áá¬ âà¨¢ ¥â-áï ¯à¨¡«¨¦¥¨¥ ¯®£à ¨ç®£® á«®ï ¯à¨ " ! 0, â®l > m). �¯à¥¤¥«¨¬ ¡¥§à §¬¥àë¥ ¢¥«¨ç¨ë ¯®ä®à¬ã« ¬U� = U=U0; V � = V=U0; p�d = pd=�U20 ;x� = "�mx=R; y� = "�ly=R; (12)¨ à¥è¥¨¥ á¨áâ¥¬ë áâ æ¨® àëå ¤¢ã¬¥àëåãà ¢¥¨©, ¯®«ãç ¥¬ëå ¨§ (6){(8) ¡ã¤¥¬ ¨áª âì ¢¢¨¤¥ á«¥¤ãîé¨å à §«®¦¥¨© ¯® ¬ «®¬ã ¯ à ¬¥âàã": U� = U=U0 = U�(x�; y�)++"pU�1 (x�; y�) + : : : ;V � = V=U0 = "nV �(x�; y�)++"qV �1 (x�; y�) + : : : ;p�d = pd=�U20 = "kp�d0(x�; y�)++"rp�d1(x�; y�) + : : : ; (13)§¤¥áì p; n; q; k; r { ¥ª®â®àë¥ ¯à®¨§¢®«ìë¥ ª®-áâ âë, ¨ ¢á¥ äãªæ¨¨ ¯®àï¤ª  ¥¤¨¨æë ¯® ®¯à¥-¤¥«¥¨î. � ¤ «ì¥©è¥¬ ¡ã¤ãâ à áá¬ âà¨¢ âìáïâ®«ìª® ¡¥§à §¬¥àë¥ ¢¥«¨ç¨ë, ¯®íâ®¬ã ¤«ï ã¤®¡-áâ¢  §¢¥§¤®çª¨ ®¯ãáª îâáï. �«ãç ¨ ¨á¯®«ì§®¢ -¨ï à §¬¥àëå ¢¥«¨ç¨ ¡ã¤ãâ ®£®¢ à¨¢ âìáï ®á®-¡®.� ª ç¥áâ¢¥ £à ¨çëå ãá«®¢¨©, ª ª ®¡ëç®, ¯à¨-¨¬ îâáï ãá«®¢¨ï ¯à¨«¨¯ ¨ï   ®¡â¥ª ¥¬®© ¯®-¢¥àå®áâ¨ ¯à¨ y = 0 ¨ ãá«®¢¨ï áà é¨¢ ¨ï ¢ã-âà¥¥£® ¨ ¢¥è¥£® à¥è¥¨© ¯à¨ ã!1 [4]. �«ï¯®ª § â¥«ï ¬ «®£® ¯ à ¬¥âà  ¢ à §«®¦¥¨¨ ¤ ¢«¥-¨ï ¨ ¢¨¤  ¢¥è¥£® à¥è¥¨ï ¤«ï ¤ ¢«¥¨ï (11) ¨§íâ®£® ãá«®¢¨ï áà §ã á«¥¤ã¥â à ¢¥áâ¢® ª = l. �®¤-áâ ¢«ïï à §«®¦¥¨ï (13) ¢ ¨áå®¤ãî á¨áâ¥¬ã ãà ¢-¥¨© ¨ ¨á¯®«ì§ãï ãá«®¢¨¥ ¥¥  ¨¬¥ìè¥£® ¢ëà®-¦¤¥¨ï ¯à¨ " ! 0 ¨ ãç¥â  æ¥âà®¡¥¦®© á¨«ë¤«ï ã«¥¢ëå ¯à¨¡«¨¦¥¨©, ¬®¦® ¯®«ãç¨âì ¥¤¨-áâ¢¥ë¥ § ç¥¨ïl = 2=3; m = 1=3; n = 1=3 (14)�. �. �¨ª¨ä®à®¢¨ç 41



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51¨ á«¥¤ãîéãî á¨áâ¥¬ã ãà ¢¥¨© ¤«ï ã«¥¢®£® ¯à¨-¡«¨¦¥¨ï @U0@x + @V0@y = 0; (15)U0 @U0@x + V0 @U0@y = @2U0@y2 ; (16)U0 @V0@x + V0 @V0@y = �@pd0@y + @2U0@y2 � U20 : (17)�§ ¢¨¤  á¨áâ¥¬ë ãà ¢¥¨© (15){(17) á«¥¤ã¥â, çâ®¢ ã«¥¢®¬ ¯® " ¯à¨¡«¨¦¥¨¨ § ¤ ç¨ ®¯à¥¤¥«¥¨ï¯®«¥© áª®à®áâ¨ ¨ ¤ ¢«¥¨ï à áé¥¯«ïîâáï, ¨ § ¤ -ç  ®¯à¥¤¥«¥¨ï ¯®«ï áª®à®áâ¨ ä®à¬ «ì® á®¢¯ ¤ -¥â á § ¤ ç¥© �« §¨ãá . �¥©áâ¢¨â¥«ì®, ãà ¢¥¨ï(15) ¨ (16) ¤®¯ãáª îâ áãé¥áâ¢®¢ ¨¥ ®¤®¯ à ¬¥-âà¨ç¥áª®© £àã¯¯ë ¯à¥®¡à §®¢ ¨© ¢¨¤  [5, 6] 0 = A�10  01(Am0 x;Am�10 ); (18)§¤¥áì  0 { äãªæ¨ï â®ª , â.¥. U0 = @ 0=@y; V0 == �@ 0=@x; A0 { ¯à®¨§¢®«ì®¥ £« ¤ª®¥ ¯à¥®¡à -§®¢ ¨¥; m { «î¡®¥ à æ¨® «ì®¥ ç¨á«®. �«ï ®¤-®à®¤®£®  ¡¥£ îé¥£® ¯®â®ª  «¥£ª® ¯®«ãç¨âì  ¢-â®¬®¤¥«ì®¥ à¥è¥¨¥ ¢¨¤  0(x; y) = pxf0(y=px); (19)¨ â¥¯¥àì «¥£ª® ¢¨¤¥âì, çâ® ¢ ã«¥¢®¬ ¯à¨¡«¨¦¥¨¨à á¯à¥¤¥«¥¨¥ áª®à®áâ¥© á®¢¯ ¤ ¥â á à á¯à¥¤¥«¥-¨¥¬ áª®à®áâ¥© �« §¨ãá  ¨ ¥ § ¢¨á¨â ®â ¬ «®£®¯ à ¬¥âà . � ª¨¬ ®¡à §®¬,    ç «ì®¬ ãç áâª¥â¥ç¥¨ï ¯®«¥ áª®à®áâ¨ ¢ ¯®£à ¨ç®¬ á«®¥ ®¯¨áë-¢ ¥âáï  ¢â®¬®¤¥«ìë¬ à¥è¥¨¥¬ �« §¨ãá .�¥§ã«ìâ âë ¯à®¢¥¤¥®£®   «¨§  ¯®ª §ë¢ îâ,çâ® á®¢¯ ¤¥¨¥ ã«¥¢®£® ¯à¨¡«¨¦¥¨ï à áá¬ âà¨-¢ ¥¬®© § ¤ ç¨ á ¯à¨¡«¨¦¥¨¥¬ �à ¤â«ï ¤«ï ¯«®á-ª®© ¯« áâ¨ë ¢® ¬®£®¬ ï¢«ï¥âáï ä®à¬ «ìë¬,¯®áª®«ìªã á ¬ â¥¬ â¨ç¥áª®© â®çª¨ §à¥¨ï á¯®-á®¡ ¨å ¯®«ãç¥¨ï ï¢«ï¥âáï á®¢¥àè¥® à §«¨ç-ë¬. �¥©áâ¢¨â¥«ì®, ¢ § ¤ ç¥ �« §¨ãá  áãé¥-áâ¢ã¥â â®«ìª® ®¤¨ ¯à®áâà áâ¢¥ë© ¬ áèâ ¡,à ¢ë© �=U0 ¨ ãà ¢¥¨ï ¯®£à ¨ç®£® á«®ï ¢íâ®¬ á«ãç ¥ ¯à¥¤áâ ¢«ïîâ  á¨¬¯â®â¨ªã ãà ¢¥-¨© � ¢ì¥-�â®ªá  ¤«ï ¡®«ìè¨å ¡¥§à §¬¥àëå § -ç¥¨© x� = xU0=�Rex. � «¨ç¨¥ â®«ìª® ®¤®£® ¯à®-áâà áâ¢¥®£® ¬ áèâ ¡  ¨ ¯à¨¢®¤¨â ª áãé¥áâ¢®-¢ ¨î  ¢â®¬®¤¥«ì®áâ¨ ãà ¢¥¨© ¯®£à ¨ç®£®á«®ï  ¤ ¯«®áª®© ¯®¢¥àå®áâìî ¨ à ¢¥áâ¢ã ã«î®à¬ «ì®£® £à ¤¨¥â  ¤ ¢«¥¨ï ¢ ¥¬. �§ íâ®-£® ãá«®¢¨ï ¨ ãá«®¢¨ï ®¤®à®¤®áâ¨ ¢¥è¥£® ¯®-â®ª  á«¥¤ã¥â â ª¦¥ à ¢¥áâ¢® ã«î £à ¤¨¥â  ¤ -¢«¥¨ï ¢ ¯à®¤®«ì®¬  ¯à ¢«¥¨¨. � à áá¬ âà¨-¢ ¥¬®¬ á«ãç ¥ á¨âã æ¨ï áãé¥áâ¢¥® ¨ ï. � «¨-ç¨¥ ªà¨¢¨§ë (¨«¨ ®¡ê¥¬®© á¨«ë (10)) ¯à¨¢®¤¨â

ª áãé¥áâ¢®¢ ¨î ¯à®áâà áâ¢¥ëå ¬ áèâ ¡®¢ ¢¯à®¤®«ì®¬ (Lx) ¨ ®à¬ «ì®¬ (Ly)  ¯à ¢«¥¨ïåLx = "1=3R = Re�1=3R;Ly = "2=3R = Re�2=3R; (20)çâ® ¢ ®¡é¥¬ á«ãç ¥ ¥ ¤®¯ãáª ¥â áãé¥áâ¢®¢ -¨ï  ¢â®¬®¤¥«ì®áâ¨ á¨áâ¥¬ë ãà ¢¥¨© (15){(17). �¥£ª® ¢¨¤¥âì, çâ® ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥ ¤«ï¤ ¢«¥¨ï, ®¯à¥¤¥«ï¥¬®¥ ãà ¢¥¨¥¬ (17), ¥ ï¢«ï-¥âáï  ¢â®¬®¤¥«ìë¬, ¨«¨ ¤àã£¨¬¨ á«®¢ ¬¨, ¬ á-èâ ¡ Lx ®¯à¥¤¥«ï¥â à ááâ®ï¨¥ ®â ¯¥à¥¤¥© ªà®¬-ª¨ ¯®¢¥àå®áâ¨, £¤¥  ç¨ ¥â ¯à®ï¢«ïâìáï ¤¥©-áâ¢¨¥ ªà¨¢¨§ë   à §¢¨¢ îé¨©áï ¯®£à ¨çë©á«®©, ¨ ¢®¯à®á ® á¯à ¢¥¤«¨¢®áâ¨ ãà ¢¥¨© (15){(17) ¤«ï x � Lx âà¥¡ã¥â ®á®¡®£® à áá¬®âà¥¨ï.�«¥¤®¢ â¥«ì®, á ¬ â¥¬ â¨ç¥áª®© â®çª¨ §à¥¨ï¬ áèâ ¡ë (20) ®¯à¥¤¥«ïîâ £à ¨æë ¯à¨¬¥¨¬®-áâ¨  ¢â®¬®¤¥«ì®£® à¥è¥¨ï,   á ä¨§¨ç¥áª®© {¯à®áâà áâ¢¥ë¥ ¬ áèâ ¡ë  ¢â®¬®¤¥«ì®£® ¯®-£à ¨ç®£® á«®ï. �â®â ¢ë¢®¤ â ª¦¥ á«¥¤ã¥â ¨§ á -¬®£® á¯®á®¡  ¯®«ãç¥¨ï ãà ¢¥¨© (15){(17) { ¢ë-¡®à ¬ áèâ ¡®¢ (20) ï¢«ï¥âáï ¥¤¨áâ¢¥ë¬, ¯à¨ª®â®à®¬ ¬®¦® ãç¥áâì ¢«¨ï¨¥ ªà¨¢¨§ë ¢ ã«¥-¢®¬ ¯à¨¡«¨¦¥¨¨. �¤ ª®, ª ª ã¦¥ ãª §ë¢ «®áì,íâ® ¢«¨ï¨¥ ¢ ã«¥¢®¬ ¯à¨¡«¨¦¥¨¨ áª §ë¢ ¥âáï«¨èì   à á¯à¥¤¥«¥¨¨ ¤ ¢«¥¨ï ¢ ¯®£à ¨ç®¬á«®¥. �¥à¢®¥ ¯à¨¡«¨¦¥¨¥ ¯®«ï áª®à®áâ¥©, ¥áâ¥-áâ¢¥®, § ¢¨á¨â ï¢ë¬ ®¡à §®¬ ®â " ¢ â®¬ ç¨-á«¥ ¨ ¯®áà¥¤áâ¢®¬ ¢«¨ï¨ï ã«¥¢®£® ¯à¨¡«¨¦¥¨ï¤«ï ¤ ¢«¥¨ï. � íâ®© â®çª¨ §à¥¨ï ¢ëà®¦¤¥¨¥¨áª®¬®© § ¤ ç¨ ¢ ¤¢ã¬¥à®¬ á«ãç ¥ ï¢«ï¥âáï à¥-£ã«ïàë¬, â.¥. ¯à¨ " ! 0 à¥è¥¨¥ § ¤ ç¨ áâà¥-¬¨âìáï ª à¥è¥¨î ãà ¢¥¨© �« §¨ãá ,   ¯¥à¢®¥¯à¨¡«¨¦¥¨¥ ¬®¦¥â ¡ëâì ¯®«ãç¥® ã¦¥ á ãç¥â®¬íâ®£® à¥è¥¨ï. �àã£¨¬¨ á«®¢ ¬¨, ¯®«ï áª®à®áâ¨¨ ¤ ¢«¥¨ï ¢ ¤¢ã¬¥à®¬ ¯®£à ¨ç®¬ á«®¥    -ç «ì®¬ ãç áâª¥ ®¡â¥ª ¨ï ¢®£ãâ®© ¯®¢¥àå®áâ¨¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥® ª ª ¬ «®¥ ¢®§¬ãé¥¨¥á®®â¢¥âáâ¢ãîé¨å ¯®«¥©, ®¯à¥¤¥«ï¥¬ëå à¥è¥¨¥¬�« §¨ãá . �â®¡ë ®æ¥¨âì íâ® ¢®§¬ãé¥¨¥, à á-á¬®âà¨¬ ãà ¢¥¨ï ¯®£à ¨ç®£® á«®ï ¤«ï ¯¥à¢®£®¯à¨¡«¨¦¥¨ï à §«®¦¥¨© (13). �¥ ¯à¨¢®¤ï ¢ëç¨-á«¥¨©, ¯®«ãç¨¬ p = 2=3; q = 1; r = 4=3, ¨ ãà ¢¥-¨ï ¤«ï ¯¥à¢®£® ¯à¨¡«¨¦¥¨ï ¯à¨¨¬ îâ ¢¨¤@U1@x + @V1@y = 0; (21)@U0U1@x + V0 @U1@y + V1 @U0@y == @2U1@y2 � @pd0@x + @2U0@x2 + U0V0; (22)42 �. �. �¨ª¨ä®à®¢¨ç



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51U1 @V0@x + U0 @V1@x + @V0V1@y = �@pd1@y ++@2V1@y2 � 2U0U1 + @2V0@x2 � @U0@x ; (23)  à §«®¦¥¨¥ ¯®«¥© áª®à®áâ¨ ¨ ¤ ¢«¥¨ï ¢ ¯®£à -¨ç®¬ á«®¥ ¨¬¥¥â ¢¨¤U� = U0 + "2=3U1 + : : : ;V � = "1=3V0 + "V1 + : : : ;p�d = "2=3pd0 + "4=3pd1 + : : : ; (24)§¤¥áì U0; V0 ¨ pd0 ®¯à¥¤¥«ïîâáï ¨§ á¨áâ¥¬ë ãà ¢-¥¨© (15){(17), ¨ â ª¨¬ ®¡à §®¬, ¯®¯à ¢ª  ª ¯à®-¤®«ì®© áª®à®áâ¨ §  áç¥â ¢®§¤¥©áâ¢¨ï ªà¨¢¨§ë¨¬¥¥â ¯®àï¤®ª "2=3, ª ¯®¯¥à¥ç®© { " ¨ ª ¤ ¢«¥-¨î { "4=3. �â¬¥â¨¬, çâ® ¯®«ãç¥ ï á¨áâ¥¬ ãà ¢¥¨© (21){(23) ï¢«ï¥âáï «¨¥©®© ¨ § ¤ ç¨®¯à¥¤¥«¥¨ï ¯¥à¢ëå ¯à¨¡«¨¦¥¨© ¯®«¥© áª®à®áâ¨¨ ¤ ¢«¥¨ï á®¢  à áé¥¯«ïîâáï. �à®¬¥ â®£®, íâ¨ãà ¢¥¨ï á®¢¯ ¤ îâ ¯® ä®à¬¥ á ãà ¢¥¨ï¬¨ «¨-¥©®© â¥®à¨¨ ãáâ®©ç¨¢®áâ¨, ® á áãé¥áâ¢¥ë¬®â«¨ç¨¥¬. �à ¨ç ï § ¤ ç  (21){(23) á ãá«®¢¨ï-¬¨ áà é¨¢ ¨ï ¥ ï¢«ï¥âáï § ¤ ç¥©   á®¡áâ¢¥-ë¥ § ç¥¨ï,   ®¯¨áë¢ ¥â ¢®á¯à¨¨¬ç¨¢®áâì ¯®-£à ¨ç®£® á«®ï �« §¨ãá  ª ¢®§¬ãé¥¨ï¬, £¥¥-à¨àã¥¬ë¬ æ¥âà®¡¥¦ë¬¨ á¨« ¬¨. �â® ®â«¨ç¨¥®â ãà ¢¥¨© â¥®à¨¨ ãáâ®©ç¨¢®áâ¨ á ä¨§¨ç¥áª®©â®çª¨ §à¥¨ï ï¢«ï¥âáï ¢¥áì¬  ¢ ¦ë¬ ¨ ¬®¦¥â¡ëâì ¯®ïá¥® á«¥¤ãîé¨¬ ®¡à §®¬: ®â«¨ç¨â¥«ì-®© ç¥àâ®© à áá¬ âà¨¢ ¥¬®£® â¥ç¥¨ï ï¢«ï¥âáïä®à¬¨à®¢ ¨¥ ¢¨§ ¯® ¯®â®ªã ¯à®¤®«ìëå ¢¨åà¥©,ª®â®àë¥, ®ç¥¢¨¤®, ¥ ¬®£ãâ ¡ëâì ®¯¨á ë á ¯®-¬®éìî à¥£ã«ïàëå à §«®¦¥¨© ¨áª®¬ëå ¤¢ã¬¥à-ëå ¯®«¥© ¯® ¬ «®¬ã ¯ à ¬¥âàã ". � ¤àã£®© áâ®-à®ë, ¨¬¥® ªà¨¢¨§ , å à ªâ¥à¨§ã¥¬ ï ¯ à ¬¥-âà®¬ ", ®¯à¥¤¥«ï¥â ä®à¬¨à®¢ ¨¥ ¯à®¤®«ìëå ¢¨-åà¥© ¨ ¨å ¯à®áâà áâ¢¥ë¥ å à ªâ¥à¨áâ¨ª¨. �â®®§ ç ¥â, çâ® ¢ ®¡« áâ¨ ¨å áãé¥áâ¢®¢ ¨ï ã«¥-¢ë¥ ¯à¨¡«¨¦¥¨ï ¨áª®¬ëå ¯®«¥© ¤®«¦ë ï¢ë¬®¡à §®¬ § ¢¨á¥âì ®â ". �â® ¯®§¢®«ï¥â ¯à¥¤¯®-«®¦¨âì, çâ® à¥è¥¨¥ �« §¨ãá  ¥ ï¢«ï¥âáï à ¢-®¬¥à® ¯à¨£®¤ë¬ ¤ «¥ª® ®â ¯¥à¥¤¥© ªà®¬ª¨ ¢¤ ®© § ¤ ç¥,   á ¬® à¥è¥¨¥ ¨áª®¬®© § ¤ ç¨¨¬¥¥â á¨£ã«ïàë© å à ªâ¥à ¯® ¯à®¤®«ì®© ª®-®à¤¨ â¥. �.¥. à¥è¥¨¥ ¢ ®¡« áâ¨ âà¥å¬¥àëå¯à®¤®«ìëå ¢¨åà¥© ¤®«¦®  á¨¬¯â®â¨ç¥áª¨ áà -é¨¢ âìáï á à¥è¥¨¥¬ (24) ¨ ¯à®æ¥áá áà é¨¢ ¨ïíâ¨å ¤¢ãå à¥è¥¨© ¤®«¦¥ ®¯¨áë¢ âì ä¨§¨ç¥áª¨©¯à®æ¥áá ¯¥à¥å®¤  ®â ¤¢ãå ª âà¥å¬¥à®¬ã à¥¦¨¬ã ¢ä®à¬¥ ¯à®¤®«ìëå ¢¨åà¥©. �¥§ãá«®¢®, ¯¥à¥å®¤ ªâà¥å¬¥à®áâ¨ âà¥¡ã¥â  «¨ç¨ï ¥ª®â®àëå ¢®§¬ã-é¥¨© ¯® ®á¨ z. �¥®à¥â¨ç¥áª¨ ¡¥§ â ª¨å ¢®§¬ãé¥-¨© à¥è¥¨¥ �« §¨ãá  ¢ à áá¬ âà¨¢ ¥¬®© § ¤ ç¥á¯à ¢¥¤«¨¢® ¤«ï áª®«ì ã£®¤® ¡®«ìè¨å § ç¥¨©

x,   ¢«¨ï¨¥ ªà¨¢¨§ë áª §ë¢ ¥âáï â®«ìª®   à á-¯à¥¤¥«¥¨¨ ¤ ¢«¥¨ï.�ç¨âë¢ ï, çâ® á¨áâ¥¬  ãà ¢¥¨© (15){(17) ¨(21){(23) á á®®â¢¥âáâ¢ãîé¨¬¨ £à ¨çë¬¨ ãá«®-¢¨ï¬¨ ¥ § ¢¨á¨â ®â ®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢§ ¤ ç¨, ¬®¦® ¯®«ãç¨âì äãªæ¨® «ìãî § ¢¨-á¨¬®áâì ¤«¨ë ¤¢ã¬¥à®£® ¯®£à ¨ç®£® á«®ï ®â®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢ § ¤ ç¨. �¥©áâ¢¨â¥«ì-®, ¨§ ®¡é¨å á®®¡à ¦¥¨© â¥®à¨¨ ¯®¤®¡¨ï [7] á«¥-¤ã¥â, çâ® ¯à®âï¦¥®áâì §®ë ¤¢ã¬¥à®£® ¯®£à -¨ç®£® á«®ï L2 ¤®«¦  ¨¬¥âì ¢¨¤L2 = �Lx = �"1=3R = �Re�1=3R; (25)§¤¥áì � { ¥ª®â®à ï ã¨¢¥àá «ì ï ª®áâ â , ç¨-á«¥®¥ § ç¥¨¥ ª®â®à®© ¬®¦¥â ¡ëâì ¯®«ãç¥®¨§ íªá¯¥à¨¬¥â  ¨«¨ à¥§ã«ìâ â®¢ ç¨á«¥ëå à á-ç¥â®¢. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¥¥ § ç¥¨¥ § -¢¨á¨â ®â à §à¥è îé¥© á¯®á®¡®áâ¨ ¨§¬¥à¨â¥«ì-®©  ¯¯ à âãàë ¨ ¯ à ¬¥âà®¢  ç «ìëå ¢®§¬ã-é¥¨© ¢ ¯®¯¥à¥ç®¬  ¯à ¢«¥¨¨, ¯®áª®«ìªã ¢ ¤¥©-áâ¢¨â¥«ì®áâ¨ ¥ áãé¥áâ¢ã¥â à¥§ª®£® ¯¥à¥å®¤  ®â¤¢ã- ª âà¥å¬¥à®áâ¨. �®¤à®¡¥¥ íâ®â ¢®¯à®á ¡ã-¤¥â à áá¬®âà¥ ¨¦¥.� § ª«îç¥¨¨ ¤ ®£® ¯ à £à ä  á¤¥« ¥¬ ¢ ¦-®¥ § ¬¥ç ¨¥. � ª ã¦¥ ãª §ë¢ «®áì, ¢ à ¬ª å¤¢ã¬¥à®£® ¯®£à ¨ç®£® á«®ï ¢«¨ï¨¥ æ¥âà®-¡¥¦ëå á¨« ¯à®ï¢«ï¥âáï â®«ìª® ª ª ¬ «®¥ ¢®§¬ã-é¥¨¥ â¥ç¥¨ï �« §¨ãá . �¥âàã¤® ¯®ª § âì, çâ®¥¢®§¬®¦®áâì ãç¥â  æ¥âà®¡¥¦ëå á¨« ¢ ã«¥-¢®¬ ¯à¨¡«¨¦¥¨¨ á¢ï§   á ¯à¥¤¯®«®¦¥¨¥¬ ® ¤¢ã-¬¥à®áâ¨ ¯®£à ¨ç®£® á«®ï,   ¨¬¥® á ¤¢ã¬¥à®-áâìî ãà ¢¥¨ï ¥à §àë¢®áâ¨. �¬¥® íâ® ãà ¢-¥¨¥  ª« ¤ë¢ ¥â ¦¥áâªãî á¢ï§ì   ¯à®áâà -áâ¢¥ë¥ ¬ áèâ ¡ë ¨§¬¥¥¨ï áª®à®áâ¥© ¨ á ¬¨åáª®à®áâ¥©. � ¡«î¤ ¥¬®¥ ¯à®â¨¢®à¥ç¨¥ ¤ ®£®à¥è¥¨ï á à¥§ã«ìâ â ¬¨ íªá¯¥à¨¬¥â «ìëå ¤ -ëå ¨ ¯à¨¢¥«® ª ¯®áâ ®¢ª¥ ¢®¯à®á  ®¡ ãáâ®©ç¨¢®-áâ¨ â¥ç¥¨ï �« §¨ãá  ¢ à áá¬ âà¨¢ ¥¬®© § ¤ ç¥.� ª®© ¯®¤å®¤ á®¢¥àè¥® ¯à ¢®¬¥à¥ ¤«ï § ¤ ç¨®¡â¥ª ¨ï ¯«®áª®© ¯« áâ¨ë. �¤ ª® ¢ à áá¬ -âà¨¢ ¥¬®© á¨âã æ¨¨ ¯®«®¦¥¨¥ ®ª §ë¢ ¥âáï £®-à §¤® á«®¦¥¥ ¨ ¡®«¥¥ ¥áâ¥áâ¢¥ë¬ ¢ á®®â¢¥â-áâ¢¨¨ á ¯®«ãç¥ë¬¨ ¢ëè¥ à¥§ã«ìâ â ¬¨ ï¢«ï-¥âáï ¢®¯à®á ® á¯à ¢¥¤«¨¢®áâ¨ à¥è¥¨ï �« §¨ãá ¢¤ «¨ ®â ¯¥à¥¤¥© ªà®¬ª¨. �âª § ®â ¯à¥¤¯®«®¦¥-¨ï ¤¢ã¬¥à®áâ¨ ¯®§¢®«ï¥â ãç¥áâì ¢«¨ï¨¥ æ¥-âà®¡¥¦ëå á¨« ã¦¥ ¢ ã«¥¢®¬ ¯à¨¡«¨¦¥¨¨ ¯®", çâ® ï¢«ï¥âáï ¯®¤â¢¥à¦¤¥¨¥¬ á¤¥« ëå ¢ëè¥¯à¥¤¯®«®¦¥¨©. � ®¯à¥¤¥«¥®¬ á¬ëá«¥ ®âª § ®â¤¢ã¬¥à®áâ¨ ®§ ç ¥â ¥ãáâ®©ç¨¢®áâì ¤¢ã¬¥àëåà¥è¥¨© ¨ âà¥å¬¥à®áâì ¬®¦¥â à áá¬ âà¨¢ âìáïª ª  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ ¯®£à ¨ç®£® á«®ïá æ¥âà®¡¥¦ë¬¨ á¨« ¬¨ ¯à¨ ¡®«ìè¨å ¢à¥¬¥ å¨«¨, çâ® â® ¦¥ á ¬®¥, ¢¤ «¨ ®â ®áâà®© ªà®¬ª¨.�. �. �¨ª¨ä®à®¢¨ç 43



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51�«¥¤ãîé¨© ¯ à £à ä ¨ ¯®á¢ïé¥ à áá¬®âà¥¨î¤ ®£® ¢®¯à®á .3. ��������������� ������ ����-������ ��������� �����-��������� "! 0�ëè¥ ¡ë«® ¯®ª § ®, çâ® à §¢¨â¨¥ ¯®£à ¨ç®-£® á«®ï  ¤ ¢®£ãâ®© ¯®¢¥àå®áâìî ¯à¨ ®¤®à®¤-®¬  ¡¥£ îé¥¬ ¯®â®ª¥ ¢ ã«¥¢®¬ ¯à¨¡«¨¦¥¨¨¯® " = Re�1R ®¯¨áë¢ ¥âáï  ¢â®¬®¤¥«ìë¬ ãà ¢¥-¨¥¬ �« §¨ãá , â.¥. ¢«¨ï¨¥ ªà¨¢¨§ë   ¯®«¥ áª®-à®áâ¥© ¥áãé¥áâ¢¥®. �¨âã æ¨ï ¯à¨æ¨¯¨ «ì®¬¥ï¥âáï ¢ âà¥å¬¥à®¬ á«ãç ¥. � ª ã¦¥ ãª §ë-¢ «®áì, ¤«ï à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ íªá¯¥à¨¬¥-â «ì® ¤®ª § ® ¢®§¨ª®¢¥¨¥ ¢¨§ ¯® ¯®â®ªãâà¥å¬¥àëå ¢¨åà¥¢ëå áâàãªâãà, ¨¬¥îé¨å ä®à-¬ã ¯à®¤®«ìëå ¢¨åà¥©. �®áª®«ìªã ¯à¨ç¨®© ¨å¢®§¨ª®¢¥¨ï ï¢«ïîâáï æ¥âà®¡¥¦ë¥ á¨«ë, â®¥áâ¥áâ¢¥® ¯à¥¤¯®«®¦¨âì, çâ® ¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ å à ªâ¥à¨áâ¨ª¨ ¢¨åà¥¢ëå áâàãªâãà ¨á ¬® à¥è¥¨¥ ï¢ë¬ ®¡à §®¬ § ¢¨á¨â ®â ¬ «®-£® ¯ à ¬¥âà  ". �.¥. ¯à¥¤¯®«®¦¨¬, çâ® ¢ ®¡« -áâ¨ âà¥å¬¥à®£® ¯®£à ¨ç®£® á«®ï à¥è¥¨¥ ¨¬¥-¥â ¢¨¤U� = U=U0 = U�0 (x�; y�; z�) + o(1);V � = V=U0 = "qV �0 (x�; y�; z�) + o("q);W � = W=U0 = "pV �0 (x�; y�; z�) + o("p);p�d = pd=�U20 = "rp�d0(x�; y�; z�) + o("r); (26)§¤¥áì ¯® ®¯à¥¤¥«¥¨î U�0 ; V �0 ; W �0 ¨ p�d0 { äãª-æ¨¨ ¯®àï¤ª  ¥¤¨¨æë,   ¡¥§à §¬¥àë¥ ¯¥à¥¬¥-ë¥ ®¯à¥¤¥«¥ë ä®à¬ã« ¬¨ x� = "�mx=R, y� ="�ny=R, z� = "�lx=R. �®ª § â¥«¨ ¬ «®£® ¯ à ¬¥-âà  " áãâì ¯à®¨§¢®«ìë¥ ç¨á« , ¯®¤«¥¦ é¨¥ ®¯à¥-¤¥«¥¨î ¨§ ãá«®¢¨ï  ¨¬¥ìè¥£® ¢ëà®¦¤¥¨ï ¯®«-®© á¨áâ¥¬ë ãà ¢¥¨© � ¢ì¥-�â®ªá  ¯à¨ "! 0 ¨áà é¨¢ ¨ï à¥è¥¨© (26) á ¢¥è¨¬ ®¤®à®¤ë¬¯®â®ª®¬. �®¤áâ ¢«ïï à §«®¦¥¨ï (26) ¢ á¨áâ¥¬ããà ¢¥¨© (6){(9) ¨ ãç¨âë¢ ï (11) ¨ ãá«®¢¨ï ®¤-®à®¤®áâ¨ ¯®â®ª  ¯à¨ ã � 1, ¢ ¯à¥¤¥«¥ " ! 0¬®¦® ¯®«ãç¨âì ¥¤¨áâ¢¥ë©  ¡®à ¯®ª § â¥«¥©áâ¥¯¥¥© ":m = q = p = 1=3; n = l = r = 2=3; (27)¯à¨ ª®â®à®¬ ãç¨âë¢ îâáï íää¥ªâë ªà¨¢¨§ë,¢ï§ª®áâ¨ ¨ ¥«¨¥©®áâ¨.�¨áâ¥¬  ãà ¢¥¨© ¤«ï ã«¥¢®£® ¯à¨¡«¨¦¥¨ï¯à¨¨¬ ¥â ¢¨¤@U0@x + @V0@y + @W0@z = 0; (28)~U0gradU0 = @2U0@y2 + @2U0@z2 ; (29)

~U0gradV0 = @pd0@y + @2V0@y2 + @2V0@z2 � U20 ; (30)~U0gradW0 = �@pd0@z + @2W0@y2 + @2W0@z2 ; (31)§¤¥áì ~U0 = fu0; V0;W0g,   §¢¥§¤®çª¨ ã ¡¥§à §¬¥à-ëå ¢¥«¨ç¨ ¤«ï ã¤®¡áâ¢  ®¯ãé¥ë. �à ¨çë¥ãá«®¢¨ï ¯à¨ y = 0 ¨ y ! 1 ®ç¥¢¨¤ë. �à ¨ç-®¥ ãá«®¢¨¥ ¤«ï (28){(31) ¯® ¯à®¤®«ì®© ª®®à¤¨ -â¥ ¡ã¤¥â à áá¬®âà¥® ¨¦¥.�®«ãç¥ë¥ ãà ¢¥¨ï (28){(31) ï¢«ïîâáï ãà ¢-¥¨ï¬¨ ¯®£à ¨ç®£® á«®ï, ¯®áª®«ìªã ¢ ¯à ¢ëåç áâïå íâ¨å ãà ¢¥¨© ¥ ãç¨âë¢ îâáï ¢â®àë¥¯à®¨§¢®¤ë¥ ¯® ¯à®¤®«ì®© ª®®à¤¨ â¥ ¢ á¨«ã ¨å¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª  ¬ «®áâ¨ ¯® ¯ à ¬¥âàã ".�® â®© ¦¥ ¯à¨ç¨¥ ¢ ãà ¢¥¨¨ (29) ¤«ï ¯à®¤®«ì-®© áª®à®áâ¨ ¥ ãç¨âë¢ ¥âáï ¨§¬¥¥¨¥ ¤ ¢«¥¨ï.�¤ ª®, ¯® áà ¢¥¨î á ¤¢ã¬¥àë¬¨ ãà ¢¥¨ï¬¨(15){(17) á¨áâ¥¬  ãà ¢¥¨© âà¥å¬¥à®£® ¯®£à -¨ç®£® á«®ï (28){(31) ¨¬¥¥â ¯à¨æ¨¯¨ «ì®¥ ®â-«¨ç¨¥ { § ¤ ç¨ ®¯à¥¤¥«¥¨ï ã«¥¢®£® ¯à¨¡«¨¦¥¨ï¯® " ¯®«¥© áª®à®áâ¨ ¨ ¤ ¢«¥¨ï ¥ à áé¥¯«ïîâáï.�â® ®§ ç ¥â, çâ® à¥è¥¨¥ ¢ ã«¥¢®¬ ¯® " ¯à¨¡«¨-¦¥¨¨ ¢ ®¡« áâ¨ âà¥å¬¥à®£® ¯®£à ¨ç®£® á«®ïï¢® § ¢¨á¨â ®â ",   ¥£® å à ªâ¥àë¥ ¯à®áâà -áâ¢¥ë¥ ¬ áèâ ¡ë ¨¬¥îâ ¢¨¤Lx = RRe�1=3R { ¯® ¯à®¤®«ì®©ª®®à¤¨ â¥;Ly = Lz = { ¯® ®à¬ «ì®©= L0 = RRe�2=3R ¨ ¯®¯¥à¥ç®©ª®®à¤¨ â¥: (32)�â¬¥â¨¬, çâ® ¢  á¨¬¯â®â¨ç¥áª®¬   «¨§¥  ¯à¨-®à¨ ¥ ¯à¥¤¯®« £ «®áì à ¢¥áâ¢® ¬ áèâ ¡®¢ ¢ ®à-¬ «ì®¬ ¨ ¯®¯¥à¥ç®¬  ¯à ¢«¥¨ïå. �à®¬¥ â®£®,¯à®¤®«ìë© ¨ ¯®¯¥à¥çë© ¬ áèâ ¡ë âà¥å¬¥à®-£® ¯®£à ¨ç®£® á«®ï á®¢¯ ¤ îâ á á®®â¢¥âáâ¢ãî-é¨¬¨ ¬ áèâ ¡ ¬¨ ¤¢ã¬¥à®£® ¯®£à ¨ç®£® á«®ï.�®ç® â ª¦¥ á®¢¯ ¤ ¥â ¨ ¢¨¤ à §«®¦¥¨© ¨áª®¬ëå¯®«¥© ¯® ¬ «®¬ã ¯ à ¬¥âàã. �â® ®§ ç ¥â, çâ® ¢®¡é¥¬ á«ãç ¥ à §¢¨â¨¥ ¯®£à ¨ç®£® á«®ï  ¤ ¢®-£ãâ®© ¯®¢¥àå®áâìî ®¯¨áë¢ ¥âáï ¢ à ¬ª å âà¥å-¬¥àëå ãà ¢¥¨© ¯®£à ¨ç®£® á«®ï (28){(31) á¯à®áâà áâ¢¥ë¬¨ ¬ áèâ ¡ ¬¨ (32). �ç¥¢¨¤®,çâ® á¨áâ¥¬  ãà ¢¥¨© (28){(31) ¯¥à¥å®¤¨â ¢ á¨-áâ¥¬ã ãà ¢¥¨© (15){(17) ¤¢ã¬¥à®£® ¯®£à ¨ç-®£® á«®ï ¯à¨ @=@z = 0 ¨«¨, ¤àã£¨¬¨ á«®¢ ¬¨, à¥-è¥¨ï �« §¨ãá  ¨ �®«ª¥à -�ª   â ª¦¥ ã¤®¢«¥-â¢®àïîâ ¯®«ãç¥ë¬ âà¥å¬¥àë¬ ãà ¢¥¨ï¬ ¯®-£à ¨ç®£® á«®ï. �«¥¤®¢ â¥«ì®, ¨å à¥è¥¨¥ ¯à¨x ! 0 ¤®«¦® á®¯àï£ âìáï á à¥è¥¨¥¬ �« §¨ãá ¯à¨ x!1. � â¥¬ â¨ç¥áª ï ¯à®æ¥¤ãà  á®¯àï¦¥-¨ï íâ¨å ¤¢ãå à¥è¥¨© á ä¨§¨ç¥áª®© â®çª¨ §à¥¨ï44 �. �. �¨ª¨ä®à®¢¨ç



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51®§ ç ¥â ®¯¨á ¨¥ ¯¥à¥å®¤  ®â ¤¢ã- ª âà¥å¬¥à®¬ã¯®£à ¨ç®¬ã á«®î. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ à á-á¬ âà¨¢ ¥¬®© § ¤ ç¥ ¢®§¨ª®¢¥¨¥ âà¥å¬¥àëå¢¨åà¥¢ëå áâàãªâãà ¥ ï¢«ï¥âáï à¥§ã«ìâ â®¬ ¥-ãáâ®©ç¨¢®áâ¨ ¤¢ã¬¥à®£® à¥è¥¨ï,   ¯à¥¤áâ ¢«ï-¥â á®¡®© à¥§ã«ìâ â ¥áâ¥áâ¢¥®£® à §¢¨â¨ï â¥ç¥-¨ï ¯®¤ ¤¥©áâ¢¨¥¬ æ¥âà®¡¥¦ëå á¨«. �¥©áâ¢¨-â¥«ì®, à áá¬®âà¨¬ ä¨§¨ç¥áª¨© á¬ëá« ¯®«ãç¥-ëå ¯à®áâà áâ¢¥ëå ¬ áèâ ¡®¢ (32). �®áª®«ì-ªã ¢®§¨ª®¢¥¨¥ íâ¨å ¬ áèâ ¡®¢ á¢ï§ ® á  -«¨ç¨¥¬ ªà¨¢¨§ë ®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨,   æ¥-âà®¡¥¦ë¥ á¨«ë ¢ ¨áå®¤ëå ãà ¢¥¨ïå ï¢«ïîâ-áï ®¡ê¥¬ë¬¨ ¨áâ®ç¨ª ¬¨ § ¢¨åà¥®áâ¨, â® ¯®-«ãç¥ë¥ ¬ áèâ ¡ë ¤®¯ãáª îâ ¯à®áâãî ä¨§¨ç¥-áªãî ¨â¥à¯à¥â æ¨î { fLx; Ly; Lzg ¯à¥¤áâ ¢«ï-îâ á®¡®© å à ªâ¥àë¥ ¯à®áâà áâ¢¥ë¥ ¬ áèâ -¡ë âà¥å¬¥àëå ¢¨åà¥¢ëå áâàãªâãà, £¥¥à¨àã¥-¬ëå ¢ ¯®£à ¨ç®¬ á«®¥ ¢ à¥§ã«ìâ â¥ ¢§ ¨¬®¤¥©-áâ¢¨ï ¢ï§ª¨å ¨ æ¥âà®¡¥¦ëå á¨«. �.¥.  «¨ç¨¥âà¥å¬¥à®áâ¨ ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì ¡ « á ¬¥¦-¤ã ¢ï§ª¨¬¨ ¨ æ¥âà®¡¥¦ë¬¨ á¨« ¬¨ ¨ ¨¬¥®æ¥âà®¡¥¦ ï á¨«  ¯à¨¢®¤¨â ª £¥¥à æ¨¨ âà¥å-¬¥à®áâ¨. �àã£¨¬¨ á«®¢ ¬¨,    ç «ì®¬ ãç áâ-ª¥ ®¡â¥ª ¨ï £« ¢ãî à®«ì ¢ £¥¥à æ¨¨ § ¢¨åà¥-®áâ¨ ¨£à ¥â ¢ï§ª®áâì ¯®áà¥¤áâ¢®¬ ãá«®¢¨© ¯à¨-«¨¯ ¨ï   ®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨ { § ¢¨åà¥-®áâì £¥¥à¨àã¥âáï   ¯®¢¥àå®áâ¨ ¨ à á¯à®áâà -ï¥âáï ¢£«ã¡ì ¦¨¤ª®áâ¨ ¯®¤ ¤¥©áâ¢¨¥¬ ¢ï§ª®áâ¨ ¨ª®¢¥ªâ¨¢®£® ¯¥à¥®á .4. ������������,��������������� � ����������������� ��������� ���â®¡ë ¯à®¤¥¬®áâà¨à®¢ âì ¡®«¥¥ ®¡é¨© å à ª-â¥à ¯à¥¤« £ ¥¬®£® ¯®¤å®¤  ª ®¯¨á ¨î à §¢¨â¨ï��   ¢®£ãâ®© ¯®¢¥àå®áâ¨, à áá¬®âà¨¬ ¢ ¥£®à ¬ª å ¨§¢¥áâë¥ à¥§ã«ìâ âë â¥®à¨¨ ãáâ®©ç¨¢®-áâ¨ ¨ ¢®á¯à¨¨¬ç¨¢®áâ¨. �á®¢ë¥ ¨¤¥¨ ¯à¨¬¥¥-¨ï â¥®à¨¨ ãáâ®©ç¨¢®áâ¨ ª à áá¬ âà¨¢ ¥¬®© ¯à®-¡«¥¬ë ¨§«®¦¥ë ¢ ®¡§®à¥ [1] ¨ ¤ «ì¥©è¨¥ à ááã-¦¤¥¨ï ¡ã¤ãâ ®á®¢ ë   íâ®¬ ®¡§®à¥. �á®¢ ï¨¤¥ï â¥®à¨¨ ãáâ®©ç¨¢®áâ¨, ª ª ¨§¢¥áâ®, á®áâ®¨â¢ ¨áá«¥¤®¢ ¨¨ ¯®¢¥¤¥¨ï ¢®§¬ãé¥¨© ®á®¢®£®â¥ç¥¨ï ¢® ¢à¥¬¥¨ ¨«¨ ¢ ¯à®áâà áâ¢¥. � § ¢¨-á¨¬®áâ¨ ®â ¯à¥¤¯®«®¦¥¨©, ª á îé¨åáï áâàãªâã-àë ®á®¢®£® â¥ç¥¨ï, ¬®£ãâ ¡ëâì ¯®«ãç¥ë à §-«¨çë¥ ¢¨¤ë ãà ¢¥¨© ¤«ï ¢®§¬ãé¥¨© ¨ á®®â-¢¥âáâ¢¥® ¯à¥¤«®¦¥ë à §«¨çë¥ ¬¥â®¤ë ¨å à¥-è¥¨ï. �® ¢á¥å á«ãç ïå § ¤ ç  ¢ ¨â®£¥ á¢®¤¨âáï ª§ ¤ ç¥   á®¡áâ¢¥ë¥ § ç¥¨ï, ¢ ª®â®à®© ¢ ª ç¥-

áâ¢¥ á®¡áâ¢¥ëå ç¨á¥« ¢ëáâã¯ ¥â ç¨á«® �¥àâ«¥à G = U0�� r �R; (33)§¤¥áì � { â®«é¨  ¢ëâ¥á¥¨ï ¨¬¯ã«ìá . � ä®à-¬ «ì®© â®çª¨ §à¥¨ï â ª ï § ¤ ç  ï¢«ï¥âáï á®-¢¥àè¥® ª®àà¥ªâ®© ¨ ¢ ¥¥ à ¬ª å ¯®«ãç¥® ¬®-£® ¯®«¥§ëå à¥§ã«ìâ â®¢ (® ¥¤®áâ âª å íâ®© â¥-®à¨¨ á¬. ¯.1). �¤ ª® ¯¥à¥å®¤ ®â ¨áå®¤ëå ãà ¢-¥¨© �� ª § ¤ ç¥   á®¡áâ¢¥ë¥ § ç¥¨ï á®-¤¥à¦¨â àï¤ ¥®ç¥¢¨¤ëå ¯à¥¤¯®«®¦¥¨©, £« ¢ë¬¨§ ª®â®àëå ï¢«ï¥âáï ¢¢¥¤¥¨¥ ¢ â¥®à¨î ä®à¬ «ì-® ¥®¯à¥¤¥«¥®© ¢¥«¨ç¨ë â®«é¨ë ¯®â¥à¨ ¨¬-¯ã«ìá  � (¨«¨ â®«é¨  ��). � â®çª¨ §à¥¨ï íªá-¯¥à¨¬¥â  ®¯à¥¤¥«¥¨¥ ¢¥«¨ç¨ë � ®ç¥¢¨¤®, ®¤- ª® á ä®à¬ «ì®© â®çª¨ §à¥¨ï ®  ®ª §ë¢ ¥âáï¥ ®¯à¥¤¥«¥®©.� à ¬ª å à §¢¨â®£® ¯®¤å®¤  ¯®«ãç¥®, çâ®¯à®áâà áâ¢¥ë© ¬ áèâ ¡ ¨§¬¥¥¨ï å à ªâ¥-à¨áâ¨ª § ¤ ç¨ ¢ ®à¬ «ì®¬ ª ¯®¢¥àå®áâ¨  -¯à ¢«¥¨¨ (¨«¨ â®«é¨  ¯®â¥à¨ ¨¬¯ã«ìá , â®«é¨-  ��) ¤®«¦¥ ¡ëâì ¯à®¯®àæ¨® «¥ ¬ áèâ ¡ã L0¨«¨ ¢ ®¡é¥¬ á«ãç ¥� = f(x)R �Re�2=3R ; (34)§¤¥áì f(x) { äãªæ¨ï ¯®àï¤ª  1. � ãç¥â®¬ (34)ç¨á«® �¥àâ«¥à  ¯à¨¨¬ ¥â ¢¨¤G = f3=2(x); (35)â.¥. à¥§ã«ìâ âë â¥®à¨¨ ãáâ®©ç¨¢®áâ¨ ï¢«ïîâáï«®ª «ìë¬¨ (¤«ï ä¨ªá¨à®¢ ëå § ç¥¨© x) ¥-§ ¢¨á¨¬® ®â â®£®, ãç¨âë¢ îâáï «¨ íää¥ªâë ¥ ¯ -à ««¥«ì®áâ¨ ®á®¢®£® â¥ç¥¨ï ¨«¨ ¥â. �®«¥¥â®£®, ¨§ ¯à¨¢¥¤¥®£® à áá¬®âà¥¨ï áà §ã á«¥¤ã-¥â, çâ® ¢ â¥®à¨¨ ãáâ®©ç¨¢®áâ¨ íää¥ªâë ¥¯ à «-«¥«ì®áâ¨ ¥ áãé¥áâ¢¥ë, ¥á«¨ ¨§¬¥¥¨ï áª®à®-áâ¥© ¨ ¤ ¢«¥¨ï ¢ ¯à®¤®«ì®¬  ¯à ¢«¥¨¨ ¤®áâ -â®ç® £« ¤ª¨¥. �¤ ª® á â®çª¨ §à¥¨ï ¯à¥¤« £ ¥-¬®£® ¯®¤å®¤  ¨¬¥® íâ¨ íää¥ªâë ®¯à¥¤¥«ïîâ £¥-¥à æ¨î ¯à®¤®«ìëå ¢¨åà¥©. �á¯®«ì§ãï à¥§ã«ì-â âë â¥®à¨¨ ãáâ®©ç¨¢®áâ¨, ¬®¦® ®æ¥¨âì à á-áâ®ï¨¥ x0, £¤¥ ¢®§¨ª îâ ¯à®¤®«ìë¥ ¢¨åà¨.�¥©áâ¢¨â¥«ì®, «¨¥© ï â¥®à¨ï ãáâ®©ç¨¢®áâ¨¤ ¥â § ç¥¨¥ G = 0:6 ¤«ï ¯à®¤®«ìëå ¢¨åà¥©, â.¥.f(x0) = (0:6)2=3: (36)�ëè¥ ¯®ª § ®, çâ® ¢ ã«¥¢®¬ ¯à¨¡«¨¦¥¨¨ à §-¢¨â¨¥ �� á®¢¯ ¤ ¥â á à §¢¨â¨¥¬ ��  ¤ ¯«®áª®©¯®¢¥àå®áâìî ¨, á«¥¤®¢ â¥«ì®, ¤«ï ¨¦¥© ®æ¥-ª¨ x0 ¬®¦® ¢ë¡à âì § ¢¨á¨¬®áâì �« §¨ãá  â®«-é¨ë ¯®â¥à¨ ¨¬¯ã«ìá  � ¢ ¯à®¤®«ì®¬  ¯à ¢«¥-¨¨ [8] � = 0:664r �xu1 : (37)�. �. �¨ª¨ä®à®¢¨ç 45



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51�ç¨âë¢ ï ¢ëà ¦¥¨ï (34), (36) ¨ (37) «¥£ª® ¯®«ã-ç¨âì x0 = 12R �Re�1=3R : (38)�ç¥¢¨¤®, çâ® ãà ¢¥¨¥ (38) ï¢«ï¥âáï ®æ¥-ª®© á¨§ã   à ááâ®ï¨¥,   ª®â®à®¬ ¢®§¨ª îâ¯à®¤®«ìë¥ ¢¨åà¨. �àã£¨¬¨ á«®¢ ¬¨, ¯à®¤®«ì-ë¥ ¢¨åà¨ ¬®£ãâ £¥¥à¨à®¢ âìáï   à ááâ®ï¨ïåxc > x0 = 1:2RRe�1=3R .�â¬¥â¨¬, çâ® § ¢¨á¨¬®áâì x0 ®â ®¯à¥¤¥«ïîé¨å¯ à ¬¥âà®¢ á®¢¯ ¤ ¥â á § ¢¨á¨¬®áâìî (25).�®«ãç¥ë© à¥§ã«ìâ â ¯®§¢®«ï¥â á«¥¤ãîé¨¬®¡à §®¬ ¨â¥à¯à¥â¨à®¢ âì à¥§ã«ìâ âë â¥®à¨¨ãáâ®©ç¨¢®áâ¨: ª ª ¡ë«® ¯®ª § ®, ¢ ®¡é¥¬ á«ãç ¥à áá¬ âà¨¢ ¥¬®¥ â¥ç¥¨¥ ï¢«ï¥âáï âà¥å¬¥àë¬ ¨®¯¨áë¢ ¥âáï ãà ¢¥¨ï¬¨ (28){(31), ¤«ï ª®â®àëå¤¢ã¬¥à®¥ à¥è¥¨¥ �« §¨ãá  â ª¦¥ ï¢«ï¥âáï à¥-è¥¨¥¬ (â®ç¥¥  á¨¬¯â®â¨ª®© ¯à¨ x! 0). �àã£¨-¬¨ á«®¢ ¬¨, ¯à¥¤¯®«®¦¥¨ï â¥®à¨¨ ãáâ®©ç¨¢®áâ¨®§ ç îâ, çâ® à¥è¥¨¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥®¢ ¢¨¤¥ ~u = ~ubl(�) + "2=3~u3D(x; y; z); (39)¨ ãà ¢¥¨ï ¤«ï ®¯à¥¤¥«¥¨ï ~u3D(x; y; z) ¡ã¤ãâ ¢â®ç®áâ¨ á®¢¯ ¤ âì á ãà ¢¥¨ï¬¨ â¥®à¨¨ ãáâ®©-ç¨¢®áâ¨ ¯à¨ G = 1. �®£¤  à¥§ã«ìâ âë â¥®à¨¨ãáâ®©ç¨¢®áâ¨, ®¯à¥¤¥«ïîé¨¥ à áâãé¨¥ ¯à¨ x !1 à¥è¥¨ï ~u3D, ï¢«ïîâáï à¥§ã«ìâ â ¬¨ ¢®§¨ª-®¢¥¨ï á¥ªã«ïàëå ç«¥®¢ ¢ à §«®¦¥¨¨ (39) ¨®¯à¥¤¥«ïîé¨¬¨ ®¡« áâì, ¢ ª®â®à®© á¯à ¢¥¤«¨¢® ( ¥ ãáâ®©ç¨¢®) à¥è¥¨¥ ~ubl(�). �« ¢®¥ ®â«¨ç¨¥¯à¥¤« £ ¥¬®£® ¯®¤å®¤  ®â â¥®à¨¨ ãáâ®©ç¨¢®áâ¨á®áâ®¨â ¢ ç¥âª®¬ ®¯à¥¤¥«¥¨¨ ¯à®áâà áâ¢¥®-¢à¥¬¥ëå ¬ áèâ ¡®¢ § ¤ ç¨, ¨å § ¢¨á¨¬®áâ¨ ®â®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢ § ¤ ç¨ ¨ á®¢¥àè¥®ïá®¬ ä¨§¨ç¥áª®¬ á¬ëá«¥. �â®¡ë ¯à®¨««îáâà¨-à®¢ âì ¡®«¥¥ ç¥âª® ä¨§¨ç¥áª¨© á¬ëá«, à áá¬®-âà¨¬ ¤¨ £à ¬¬ã ãáâ®©ç¨¢®áâ¨ �¥àâ«¥à  [9].5. ��������� ����������� ����-������������ ������� ��������������-������ � ������� �������-����� (��������� ��������)�«ï áà ¢¥¨ï à¥§ã«ìâ â®¢ ¯à¥¤« £ ¥¬®£® ¯®¤-å®¤  ¨ ¢ë¢®¤®¢ â¥®à¨¨ ãáâ®©ç¨¢®áâ¨ ¢ ¨áá«¥¤ã¥-¬®© ¯à®¡«¥¬¥, à áá¬®âà¨¬ ¯®«ãç¥ë¥ ¬ áèâ ¡ëL0 ¨ �á ¢ à ¬ª å ¤¨ £à ¬¬ë ãáâ®©ç¨¢®áâ¨ �¥à-â«¥à  (à¨á. 2). � ª ¨§¢¥áâ® [2, 10], ¤¨ £à ¬¬ �¥àâ«¥à  ®¯à¥¤¥«ï¥â ¬¨¨¬ «ìë© ¬ áèâ ¡ ¯à®-¤®«ìëå ¢¨åà¥© �z ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ®¯à¥¤¥-«ïîé¨å ¯ à ¬¥âà®¢ ¡¥§à §¬¥à®© § ¢¨á¨¬®áâìî�0 = U0=�(�3z=R)1=2 = 30. �§ ®¡é¨å á®®¡à ¦¥¨©®ç¥¢¨¤®, çâ® ¯®¯¥à¥çë© ¬ áèâ ¡ § ¤ ç¨ ¤®«¦¥¡ëâì ¯à®¯®àæ¨® «¥ ¬ áèâ ¡ã L0, â.¥. �z = cL0,

�¨á. 2. �¨ £à ¬¬  �¥àâ«¥à . 1, 2 { ¢ëç¨á«¥¨ï [11],¥©âà «ìë¥ ªà¨¢ë¥ ¨ ªà¨¢ë¥ áª®à®áâ¨ ¬ ªá¨¬ «ì®-£® à®áâ  á®®â¢¥âáâ¢¥®; 3, 4 { íªá¯¥à¨¬¥â «ìë¥¤ ë¥ ¤«ï ªà¨¢®© ¥©âà «ì®© ãáâ®©ç¨¢®áâ¨, ¯®«ã-ç¥ë¥ [12]; 5, 6, 7 { ¢¨åà¨ á ¬ ªá¨¬ «ì®© áª®à®áâìîà®áâ  (íªá¯¥à¨¬¥â «ìë¥ à¥§ã«ìâ âë [13], [14], ¨ [15]á®®â¢¥âáâ¢¥®).§¤¥áì c { ª®áâ â . �®¤áâ ¢«ïï íâ® ¢ëà ¦¥¨¥ ¢�0, «¥£ª® ¯®«ãç¨âì § ç¥¨¥ c � 9. � ª¨¬ ®¡à -§®¬, ¬¨¨¬ «ìë© ¯®¯¥à¥çë© ¬ áèâ ¡ ¯à®¤®«ì-ëå ¢¨åà¥© ¢ § ¤ ç¥ �¥àâ«¥à  ®¯à¥¤¥«ï¥âáï á«¥-¤ãîé¥© § ¢¨á¨¬®áâìî ®â ®¯à¥¤¥«ïîé¨å ¯ à ¬¥-âà®¢ § ¤ ç¨ �z = 9RRe�2=3R ¨ à¥§ã«ìâ âë â¥®à¨¨ãáâ®©ç¨¢®áâ¨ ¯®¤â¢¥à¦¤ îâáï ¢ë¢®¤ ¬¨ ¯à¥¤«®-¦¥®© â¥®à¨¨.6. �������� �������� ��������-��� ����� ��� ��������� ������-������ ����®«ãç¥ë¥ à¥§ã«ìâ âë ¯®§¢®«ïîâ ¯à®ïá¨âìä®à¬ «ìë© á¬ëá« ¯®ïâ¨ï ¢®á¯à¨¨¬ç¨¢®áâ¨ ¨®¯¨á âì ¢®§¬®¦ë¥ áæ¥ à¨¨ à §¢¨â¨ï �� ¢ â¥à-¬¨ å ¯à®áâà áâ¢¥ëå ¬ áèâ ¡®¢. �«ï íâ®£®à áá¬®âà¨¬ ¢§ ¨¬®¤¥©áâ¢¨¥ ®¤®à®¤®£® ¯®â®ª ¢ï§ª®© ¦¨¤ª®áâ¨ ~u0 = f1; 0; 0g á à §«¨çë¬¨ â¨-¯ ¬¨ ¢®§¬ãé¥¨ï. �ç¥¢¨¤®, çâ® ®¤®à®¤ë© ¯®-â®ª ï¢«ï¥âáï â®çë¬ à¥è¥¨¥¬ ¯®«ëå ãà ¢¥-¨© � ¢ì¥-�â®ªá  á á®®â¢¥âáâ¢¥ë¬¨  ç «ìë-¬¨ ¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨. � ª ç¥áâ¢¥ ¯¥à¢®-£® ¯à¨¬¥à  à áá¬®âà¨¬ à §¢¨â¨¥ ��  ¤ ¯«®á-ª®© ¯« áâ¨®©. � â®çª¨ §à¥¨ï ¢¥á¥¨ï ¢®§-¬ãé¥¨© ¢ ®á®¢®© ¯®â®ª, ¯« áâ¨  ¯à¥¤áâ ¢«ï-¥â á®¡®© ¢®§¬ãé¥¨¥ ®¤®à®¤®£® ¯®â®ª  ¯®áà¥¤-áâ¢®¬ ãá«®¢¨© ¯à¨«¨¯ ¨ï, â.¥. ãá«®¢¨ï ¯à¨«¨-¯ ¨ï ¯à¥¤áâ ¢«ïîâ á®¡®© ¢®§¬ãé¥¨ï, ¢®á¨¬ë¥¢ ®á®¢®© ¯®â®ª. �¥§ã«ìâ â®¬ ¢§ ¨¬®¤¥©áâ¢¨ïíâ¨å ¢®§¬ãé¥¨© á ®á®¢ë¬ ¯®â®ª®¬ ï¢«ï¥âáï46 �. �. �¨ª¨ä®à®¢¨ç



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51¯®£à ¨çë© á«®© �« §¨ãá , â.¥. à¥è¥¨¥ �« §¨-ãá  ®¯¨áë¢ ¥â ¢®á¯à¨¨¬ç¨¢®áâì ®á®¢®£® â¥ç¥-¨ï ª ¢®§¬ãé¥¨ï¬, ¢®á¨¬ë¬ ¯« áâ¨®©. �¤¨-áâ¢¥ë¬ ¯à®áâà áâ¢¥ë¬ ¬ áèâ ¡®¬, á¢ï§ -ë¬ á íâ¨¬ â¨¯®¬ ¢®§¬ãé¥¨ï, ï¢«ï¥âáï ¢ï§ª¨©¬ áèâ ¡ LX = �=u0. �â¨¬, ¢ ç áâ®áâ¨, ®¡ê-ïáï¥âáï, çâ® áãé¥áâ¢ã¥â ¥¤¨áâ¢¥®¥ ªà¨â¨ç¥-áª®¥ ç¨á«® Re, å à ªâ¥à¨§ãîé¥¥ ¯¥à¥å®¤ ª âãà¡ã-«¥â®áâ¨. �¥©áâ¢¨â¥«ì®, ¨§ ®¡é¨å á®®¡à ¦¥-¨© ®ç¥¢¨¤®, çâ® ¯à®áâà áâ¢¥ë¥ ¬ áèâ ¡ë«î¡ëå ï¢«¥¨© ¢ ¤ ®© § ¤ ç¥ ¤®«¦ë ¡ëâì ¯à®-¯®àæ¨® «ìë Lx, â.¥. à ááâ®ï¨¥ xc, £¤¥ ¯à®¨áå®-¤¨â ¯¥à¥å®¤ ª âãà¡ã«¥â®áâ¨, ¤®«¦® ¨¬¥âì ¢¨¤:xc = ALx, ®âªã¤  A = Rec = const ¨ ª®â®à®¥ ¬®-¦¥â ¡ëâì ®¯à¥¤¥«¥® ¨§ íªá¯¥à¨¬¥â . �à®¬¥ â®-£®, ¨¬¥®  «¨ç¨¥ â®«ìª® ®¤®£® ¯à®áâà áâ¢¥-®£® ¬ áèâ ¡  ¯à¨¢®¤¨â ª áãé¥áâ¢®¢ ¨î  ¢â®-¬®¤¥«ì®£® à¥è¥¨ï.�¥¯¥àì à áá¬®âà¨¬ â¥ç¥¨ï Falkner-Skan, ª®â®-àë¥ â ª¦¥ ï¢«ïîâáï  ¢â®¬®¤¥«ìë¬¨. �á«®¢¨¥¬áãé¥áâ¢®¢ ¨ï  ¢â®¬®¤¥«ì®áâ¨ �� ¢ íâ®¬ á«ã-ç ¥ ï¢«ï¥âáï á¯¥æ¨ «ìë© ¢¨¤ \¢¥è¥£®" â¥ç¥-¨ï,   ¨¬¥® u1 � �m. � à áá¬ âà¨¢ ¥¬®© â®ç-ª¨ §à¥¨ï íâ® ¬®¦® à áá¬ âà¨¢ âì ª ª á¯¥æ¨-ä¨ç¥áª®¥ ¢®§¬ãé¥¨¥ ®¤®à®¤®£® ¯®â®ª ,   ä®à-¬¨àãîé¨©áï �� { ª ª à¥§ã«ìâ â ¢®á¯à¨¨¬ç¨¢®-áâ¨ �� �« §¨ãá  ª ¢®§¬ãé¥¨ï¬, £¥¥à¨àã¥¬ë¬¢¥è¨¬ ¯®â®ª®¬. � ä¨§¨ç¥áª®© â®çª¨ §à¥¨ï ¢¤ ®© § ¤ ç¥ ¨¬¥îâáï ¤¢  â¨¯  ¢®§¬ãé¥¨© ®¤-®à®¤®£® ¯®â®ª  { 1) ãá«®¢¨ï ¯à¨«¨¯ ¨ï   ¯« -áâ¨¥ ¨ 2) ¢®§¬ãé¥¨ï á¯¥æ¨ «ì®£® ¢¨¤  ®á®¢-®£® ¯®â®ª  ¢¤ «¨ ®â ¯« áâ¨ë. �á«®¢¨¥¬ áãé¥-áâ¢®¢ ¨ï  ¢â®¬®¤¥«ì®£® à¥è¥¨ï ¨ ï¢«ï¥âáï á®-£« á®¢ ®áâì íâ¨å ¤¢ãå â¨¯®¢ ¢®§¬ãé¥¨©. � -ª¨¬ ®¡à §®¬, à¥è¥¨¥ Falkner-Skan ®¯¨áë¢ ¥â ¥-«¨¥©®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¤¢ãå â¨¯®¢ ¢®§¬ãé¥¨©,à¥§ã«ìâ â®¬ ª®â®à®£® ¨ ï¢«ï¥âáï ¨áª®¬ë© �� á¯à®áâà áâ¢¥ë¬ ¬ áèâ ¡®¬ L = �=u0:�,  ª®¥æ, à áá¬®âà¨¬ â¥ç¥¨¥ �¥àâ«¥à . �â®çª¨ §à¥¨ï ¢¥á¥¨ï ¢®§¬ãé¥¨© ¢ ®á®¢®© ¯®-â®ª, â¥ç¥¨¥ �¥àâ«¥à  å à ªâ¥à¨§ã¥âáï ¤¢ã¬ï ¢®§-¬ãé¥¨ï¬¨ { 1) ãá«®¢¨¥¬ ¯à¨«¨¯ ¨ï ¨ 2) ¢®§¬ã-é¥¨¥¬, ¢®á¨¬ë¬ æ¥âà®¡¥¦®© á¨«®©. �¬¥®à¥§ã«ìâ â ¥«¨¥©®£® ¢§ ¨¬®¤¥©áâ¢¨ï íâ¨å ¢®§-¬ãé¥¨© ¨ ¯à¨¢®¤¨â ª ä®à¬¨à®¢ ¨î ¯à®¤®«ìëå¢¨åà¥© ¨ § â¥¬ ¯¥à¥å®¤ã ª âãà¡ã«¥â®áâ¨. �à®-áâà áâ¢¥ë¥ ¬ áèâ ¡ë â ª®£® â¥ç¥¨ï ¨¬¥îâ¢¨¤ (32), ¨ ®® ¥ ï¢«ï¥âáï  ¢â®¬®¤¥«ìë¬.� ª¨¬ ®¡à §®¬, ¢®á¯à¨¨¬ç¨¢®áâì �� á ä®à-¬ «ì®© â®çª¨ §à¥¨ï ¥áâì à¥§ã«ìâ â ¥«¨¥©®-£® ¢§ ¨¬®¤¥©áâ¢¨ï à §«¨ç®£® â¨¯  ¢®§¬ãé¥¨© á®á®¢ë¬ ¯®â®ª®¬. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï-¥â ¯à¥¤«®¦¨âì ®¢ãî áâà â¥£¨î ¢ ã¯à ¢«¥¨¨ ��,ª®â®à ï § ª«îç ¥âáï ¥ ¢ ¨áá«¥¤®¢ ¨¨ ãáâ®©ç¨-

�¨á. 3. �¥®à¥â¨ç¥áª¨¥ áæ¥ à¨¨ à §¢¨â¨ï ¯®£à ¨ç-ëå á«®¥¢  ¤ ¢®£ãâ®© ¨ ¯«®áª®© ¯®¢¥àå®áâï¬¨¢®áâ¨ ®á®¢®£® â¥ç¥¨ï,   ¢ ¨áá«¥¤®¢ ¨¨ ®¡« -áâ¥© á¯à ¢¥¤«¨¢®áâ¨ ãà ¢¥¨© �� á ãç¥â®¬ ¢®-á¨¬ëå ¢®§¬ãé¥¨©. �®«ãç¥¨¥ § ¢¨á¨¬®áâ¥© ¯à®-áâà áâ¢¥ëå ¬ áèâ ¡®¢ ®¡« áâ¥© á à §«¨çë¬â¨¯®¬ £¨¤à®¤¨ ¬¨ç¥áª®© áâàãªâãàë ®â ®¯à¥¤¥-«ïîé¨å ¯ à ¬¥âà®¢ § ¤ ç¨ (¢ª«îç ï ¥áâ¥áâ¢¥-® ¯ à ¬¥âàë ¢®§¬ãé¥¨©) ¢¬¥áâ¥ á à §«¨çë¬¨(æ¥«¥ ¯à ¢«¥ë¬¨) ¥ªá¯¥à¨¬¥â «ìë¬¨ ¨áá«¥-¤®¢ ¨ï¬¨ ¯®§¢®«¨â ¯®«ãç¨âì íä¥ªâ¨¢ë¥ ªà¨â¥-à¨¨ ¤«ï ¨å ã¯à ¢«¥¨ï.�à®¢¥¤¥ë©   «¨§ ¯®§¢®«ï¥â á ¥¤¨®© â®çª¨§à¥¨ï ®¡êïá¨âì ä¨§¨ç¥áª¨© ¬¥å ¨§¬ ¢®§¨ª-®¢¥¨ï ¨ áãé¥áâ¢®¢ ¨ï à §«¨çëå â¨¯®¢ â¥ç¥-¨© (�� �« §¨ãá  ¨ Falkner-Skan, ¢®«ë �®«¬¨ -�«¨åâ¨£ , ¯à®¤®«ìë¥ ¢¨åà¨) ¢ �� á æ¥âà®-¡¥¦ë¬¨ á¨« ¬¨ ª ª à¥§ã«ìâ â ¥«¨¥©®£® ¢§ -¨¬®¤¥©áâ¢¨ï à §«¨ç®£® â¨¯  ¢®§¬ãé¥¨© á ®¤®-à®¤ë¬ ¢¥è¨¬ ¯®â®ª®¬. � áá¬®âà¥ ï § ¤ ç ¬®¦¥â ¡ëâì ®å à ªâ¥à¨§®¢   âà¥¬ï á®¡áâ¢¥ë-¬¨ (¨«¨ ¢ãâà¥¨¬¨) ¯à®áâà áâ¢¥ë¬¨ ¬ á-èâ ¡ ¬¨ { \á¢®¡®¤ëå" ¢®§¬ãé¥¨©, ¢ï§ª¨å ¢®§-¬ãé¥¨© ¨ ¢®§¬ãé¥¨©, ¢ë§¢ ëå æ¥âà®¡¥¦-ë¬¨ á¨« ¬¨. �  à¨á. 3 ¯à¥¤áâ ¢«¥  ¢®§¬®¦ ïáå¥¬  à §«¨çëå áæ¥ à¨¥¢ à §¢¨â¨ï ��  ¤ ¢®-£ãâ®© ¯®¢¥àå®áâìî.�¥àâ¨ª «ì ï ®áì ¯à¥¤áâ ¢«ï¥â ¡¥§à §¬¥à®¥à ááâ®ï¨¥ ®â ®áâà®© ªà®¬ª¨ (â¥ªãé¥¥ § ç¥¨¥ç¨á«  �¥©®«ì¤á ); £®à¨§®â «ì ï ®áì á®®â¢¥â-áâ¢ã¥â § ç¥¨î ®¯à¥¤¥«ïîé¥£® ¯ à ¬¥âà  § ¤ -ç¨ { Re�1R . � ä¨§¨ç¥áª®© â®çª¨ §à¥¨ï ¤ ë¥ª®®à¤¨ âë¥ ®á¨ å à ªâ¥à¨§ãîâ ¢¥«¨ç¨ë ¢®§-¬ãé¥¨©, ¢®á¨¬ëå ¢ ®¤®à®¤ë© ¯®â®ª ¢ï§ª¨¬¨¨ æ¥âà®¡¥¦ë¬¨ á¨« ¬¨. �ë«® ¯®ª § ®, çâ® â¥-ç¥¨¥ ¯®¤ ¤¥©áâ¢¨¥¬ æ¥âà®¡¥¦ëå á¨« ï¢«ï¥âáïáãé¥áâ¢¥® âà¥å¬¥àë¬, ¨ £¥¥à¨àã¥¬ë¥ ¢¨åà¨�. �. �¨ª¨ä®à®¢¨ç 47



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51®ª §ë¢ îâáï ¢ëâïãâë¬¨ ¢ ¯à®¤®«ì®¬  ¯à -¢«¥¨¨. �á®¢®© ¯à¨ç¨®© ¢®§¨ª®¢¥¨ï ¯à®-¤®«ìëå ¢¨åà¥© á«ã¦¨â ¤¥©áâ¢¨¥ æ¥âà®¡¥¦ëåá¨«. �¤ ª®    ç «ì®¬ ãç áâª¥ â¥ç¥¨¥ ï¢«ï-¥âáï ¤¢ã¬¥àë¬ ¨  ¢â®¬®¤¥«ìë¬. �®íâ®¬ã â¥®-à¥â¨ç¥áª¨¥ áæ¥ à¨¨ à §¢¨â¨ï ¯®£à ¨ç®£® á«®ï ¤ ¢®£ãâ®© ¯®¢¥àå®áâìî ¬®£ãâ ¡ëâì ¯à¥¤áâ -¢«¥ë á«¥¤ãîé¨¬ ®¡à §®¬: á«ãç © " = 0 á®®â-¢¥âáâ¢ã¥â ¯«®áª®© ¯« áâ¨¥ ¨ ¤«ï íâ®£® § ç¥¨ï®¯à¥¤¥«ïîé¥£® ¯ à ¬¥âà  à §¢¨â¨¥ ¯®£à ¨ç®£®á«®ï ®¯¨áë¢ ¥âáï ãà ¢¥¨ï¬¨ �à ¤â«ï. �«®á-ª ï ¯« áâ¨  ¢á«¥¤áâ¢¨¥ ãá«®¢¨© ¯à¨«¨¯ ¨ï £¥¥-à¨àã¥â ¢®§¬ãé¥¨ï, ¥«¨¥©®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ª®â®àëå á ®¤®à®¤ë¬ ¯®â®ª®¬ ä®à¬¨àã¥â â¥ç¥-¨¥ �« §¨ãá . � «®£¨çë¬ ®¡à §®¬ ¬®¦¥â ¡ëâìà áá¬®âà¥® â¥ç¥¨¥ Falkner - Skan. �¡  â¨¯   ¢-â®¬®¤¥«ìëå à¥è¥¨© ¯à¥¤áâ ¢«ïîâ  á¨¬¯â®â¨-ç¥áª¨¥ à¥è¥¨ï ãà ¢¥¨© � ¢ì¥-�â®ªá  ¢¤ «¨ ®â¯¥à¥¤¥© ªà®¬ª¨ ¨ á â¥®à¥â¨ç¥áª®© â®çª¨ §à¥¨ïá ã¢¥«¨ç¥¨¥¬ x ®¨ ¤®«¦ë áâ ®¢¨âìáï ¢á¥ ¡®-«¥¥ â®çë¬¨. �¨âã æ¨ï ¯à¨æ¨¯¨ «ì® ¬¥ï¥â-áï ¢ á«ãç ¥ " 6= 0 . �«ï ª ¦¤®£® § ç¥¨ï " 6= 0¬®¦® ¯®«ãç¨âì ®æ¥ªã ¯à®áâà áâ¢¥®£® ¬ á-èâ ¡  ¤¢ã¬¥à®£® ¯®£à ¨ç®£® á«®ï ¨ ¬¨¨¬ «ì-ë© ¬ áèâ ¡ ¯à®¤®«ìëå ¢¨åà¥©. �¥àåïï ªà¨¢ ï  à¨á. 3 ¤¥«¨â ¯«®áª®áâì   ¤¢¥ ç áâ¨ { ¢¥àåïïç áâì á®®â¢¥âáâ¢ã¥â âà¥å¬¥à®© ®¡« áâ¨ â¥ç¥¨ïá ¯à®¤®«ìë¬¨ ¢¨åàï¬¨,   ¨¦ïï { ¤¢ã¬¥à®©®¡« áâ¨ á  ¢â®¬®¤¥«ìë¬ à¥è¥¨¥¬. �¨¦ïï ªà¨-¢ ï ®¯à¥¤¥«ï¥â ¬¨¨¬ «ìë© ¬ áèâ ¡ ¯à®¤®«ì-ëå ¢¨åà¥© ¤«ï ¤ ®£® § ç¥¨ï " 6= 0. � ª¨¬®¡à §®¬, ¯à¥¤áâ ¢«¥ ï   à¨á. 3 ¤¨ £à ¬¬  ®¯¨-áë¢ ¥â â¥®à¥â¨ç¥áª¨¥ áæ¥ à¨¨ à §¢¨â¨ï ¯®£à -¨çëå á«®¥¢  ¤ ¢®£ãâ®© ¨ ¯«®áª®© ¯®¢¥àå®áâï-¬¨ ¨, á ®¤®© áâ®à®ë, ¯®ª §ë¢ ¥â á¨£ã«ïà®¥¢ëà®¦¤¥¨¥ § ¤ ç¨ ¯à¨ ¢ëà®¦¤¥¨¨ à §¬¥à®áâ¨(¯à¨ " 6= 0 â¥ç¥¨¥ ï¢«ï¥âáï âà¥å¬¥àë¬,   ¯à¨" = 0 { ¤¢ã¬¥àë¬), á ¤àã£®© áâ®à®ë, çâ® ¯à¨à®-¤  ¯à®¤®«ìëå ¢¨åà¥© á¢ï§   á ¥«¨¥©ë¬ ¢§ -¨¬®¤¥©áâ¢¨¥¬ ¤¥â¥à¬¨¨à®¢ ëå ¢ï§ª¨å ¨ æ¥-âà®¡¥¦ëå ¢®§¬ãé¥¨©. �¥àåïï ªà¨¢ ï ®¯¨áë-¢ ¥â ¢®á¯à¨¨¬ç¨¢®áâì ¯®£à ¨ç®£® á«®ï �« §¨ã-á  ª ¢¥è¨¬ ¢®§¬ãé¥¨ï¬, á®§¤ ¢ ¥¬ë¬ æ¥âà®-¡¥¦ë¬¨ á¨« ¬¨.�ëè¥ ¡ë« ¯à¨¢¥¤¥   «¨§ â¥®à¥â¨ç¥áª¨å áæ¥- à¨¥¢ à §¢¨â¨ï ¯®£à ¨çëå á«®¥¢ ¯®¤ ¤¥©áâ¢¨-¥¬ æ¥âà®¡¥¦ëå á¨« ¨ íâ®â   «¨§ ¯®§¢®«ï¥â ¯®-ïâì ä¨§¨ç¥áªãî ¯à¨à®¤ã à¥ «ìëå â¥ç¥¨©  ¤¨áªà¨¢«¥ë¬¨ ¯®¢¥àå®áâï¬¨. �  à¨á. 4 ¯à¥¤áâ -¢«¥  ¤¨ £à ¬¬ , ®¯¨áë¢ îé ï ¢®§¬®¦ë¥ áæ¥- à¨¨ à §¢¨â¨ï ¯®£à ¨çëå á«®¥¢ ¯®¤ ¤¥©áâ¢¨-¥¬ æ¥âà®¡¥¦ëå á¨« ¢ â¥à¬¨ å ®¯à¥¤¥«ïîé¨å¯ à ¬¥âà®¢ § ¤ ç¨. � ç «¥ à áá¬®âà¨¬ á«ãç ©" = 0 { ¯«®áª ï ¯« áâ¨ . �¥ «ì®¥ â¥ç¥¨¥ å -

�¨á. 4. �æ¥ à¨¨ à §¢¨â¨ï ¯®£à ¨çëå á«®¥¢ ¯®¤¤¥©áâ¢¨¥¬ æ¥âà®¡¥¦ëå á¨« ¢ â¥à¬¨ å ®¯à¥¤¥«ïî-é¨å ¯ à ¬¥âà®¢ § ¤ ç¨à ªâ¥à¨§ã¥âáï ªà¨â¨ç¥áª¨¬¨ ç¨á« ¬¨ �¥©®«ì¤á Re1;2 { ¡¥§à §¬¥à®© ¤«¨ë ¯« áâ¨ë, £¤¥ ¯à®-¨áå®¤¨â ¯¥à¥å®¤ ª âãà¡ã«¥â®áâ¨. �â®â ¯¥à¥å®¤®âà ¦ ¥â áãé¥áâ¢®¢ ¨¥ á«ãç ©ëå ¢®§¬ãé¥¨©¢ ®á®¢®¬ ¯®â®ª¥ ¨ ¯à¥¤áâ ¢«ï¥â à¥§ã«ìâ â ¥-«¨¥©®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã á«ãç ©ë¬¨ ¨¤¥â¥à¬¨¨à®¢ ë¬¨ (¢á«¥¤áâ¢¨¥ ãá«®¢¨© ¯à¨«¨-¯ ¨ï) ¢®§¬ãé¥¨ï¬¨. �àã£¨¬¨ á«®¢ ¬¨, ¢®§¬ã-é¥¨ï ®á®¢®£® ¯®â®ª  ®¯à¥¤¥«ïîâ ª ç¥áâ¢® à¥- «ì®£® ¯®â®ª  ¨ ®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨ (á â®ç-ª¨ §à¥¨ï ¨å á®®â¢¥âáâ¢¨ï â¥®à¥â¨ç¥áª¨¬  ç «ì-ë¬ ¨ £à ¨çë¬ ãá«®¢¨ï¬). �®íâ®¬ã â¥®à¨ïãáâ®©ç¨¢®áâ¨ ï¢«ï¥âáï á®¢¥àè¥® ¥áâ¥áâ¢¥®©¤«ï ®¯¨á ¨ï ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨   ¯«®á-ª®© ¯« áâ¨¥ ¨ ¤®áâ â®ç® å®à®è® ¯à¥¤áª §ë¢ ¥âªà¨â¨ç¥áª®¥ ç¨á«® �¥©®«ì¤á . �¨âã æ¨ï áâ ®-¢¨âáï áãé¥áâ¢¥® ¨®© ¢ á«ãç ¥ ¢®£ãâ®© ¯®¢¥àå-®áâ¨. � ª ¡ë«® ¯®ª § ® ¢ëè¥, £¥¥à æ¨ï ¯à®-¤®«ìëå ¢¨åà¥© á¢ï§   á ¥«¨¥©ë¬ ¢§ ¨¬®¤¥©-áâ¢¨¥¬ ¤¥â¥à¬¨¨à®¢ ëå ¢®§¬ãé¥¨© ¨ ¯®íâ®-¬ã ¢ ¯à¨æ¨¯¥ ¥ ¬®¦¥â ¡ëâì ®¯¨á   á ¯®¬®éìîâ¥®à¨¨ ãáâ®©ç¨¢®áâ¨.� §¢¨â¨¥ à¥ «ì®£® â¥ç¥¨ï  ¤ ¢®£ãâ®© ¯®-¢¥àå®áâìî ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥® á«¥¤ãîé¨¬®¡à §®¬: ¯à¨ " < "2 áæ¥ à¨© à §¢¨â¨ï ¯®£à -¨ç®£® á«®ï ®¯à¥¤¥«ï¥âáï ¢§ ¨¬®¤¥©áâ¢¨¥¬ á«ã-ç ©ëå á¢®¡®¤ëå ¨ ¤¥â¥à¬¨¨à®¢ ëå ¢ï§ª¨å¢®§¬ãé¥¨© ¨ ¯®¤®¡¥ áæ¥ à¨î à §¢¨â¨ï ¯®£à -¨ç®£® á«®ï   ¯«®áª®© ¯« áâ¨¥. �â«¨ç¨ï ¬®£ãâ¯®ï¢¨âìáï ¢ ®¡« áâ¨ x� > Re1. � íâ®© âãà¡ã«¥â-®© ®¡« áâ¨ ¬®¦¥â ¯à®ï¢¨âìáï ¢«¨ï¨¥ æ¥âà®-¡¥¦ëå á¨«. �¤ ª® íâ®â ¢®¯à®á âà¥¡ã¥â ®á®¡®£®à áá¬®âà¥¨ï. � ®¡« áâ¨ " > "2 ®áãé¥áâ¢«ï¥âáï¯¥à¥å®¤ ®â ¤¢ã- ª âà¥å¬¥à®áâ¨ (ª ª   ¯à¥¤ë¤ã-48 �. �. �¨ª¨ä®à®¢¨ç



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51é¥© ¤¨ £à ¬¬¥). �¤¥áì ¯¥à¥å®¤ ®§ ç ¥â, çâ® íä-ä¥ªâë âà¥å¬¥à®áâ¨ áâ ®¢ïâáï ¤®áâ â®ç® ¡®«ì-è¨¬¨ ¨ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥ë íªá¯¥à¨¬¥â «ì®.�â®â ¯¥à¥å®¤,  §ë¢ ¥¬ë© ¯¥à¢¨ç®© ¥ãáâ®©ç¨-¢®áâìî, ®¯à¥¤¥«ï¥âáï ¥«¨¥©ë¬ ¢§ ¨¬®¤¥©áâ¢¨-¥¬ ¤¥â¥à¬¨¨à®¢ ëå ¢®§¬ãé¥¨©. �¥¥à¨àã¥-¬ë¥ ¯à®¤®«ìë¥ ¢¨åà¨ ¨ ï¢«ïîâáï ®á®¢ë¬ â¥-ç¥¨¥ ¤«ï íâ®£® á«ãç ï. �â¨ ¢¨åà¨ à áâãâ ¢ ¯à®-¤®«ì®¬  ¯à ¢«¥¨¨,   ¨å ¨â¥á¨¢®áâì ã¬¥ì-è ¥âáï. � ¨â®£¥ ¨â¥á¨¢®áâì á¢®¡®¤ëå ¢®§¬ã-é¥¨© áâ ®¢¨âìáï áà ¢¨¬®© á ¨â¥á¨¢®áâìî¯à®¤®«ìëå ¢®§¬ãé¥¨© ¨ ¨å ¥«¨¥©®¥ ¢§ ¨¬®-¤¥©áâ¢¨¥ ¯à¨¢®¤¨â ª ¯¥à¥å®¤ã ª âãà¡ã«¥â®áâ¨(¢â®à¨ç ï ¥ãáâ®©ç¨¢®áâì). � ¢¨á¨¬®áâì â®ç¥ª¯¥à¢¨ç®© ¨ ¢â®à¨ç®© ¥ãáâ®©ç¨¢®áâ¥© ®â ®¯à¥-¤¥«ïîé¨å ¯ à ¬¥âà®¢ § ¤ ç¨ ¨¬¥¥â ¢¨¤x� = A"�1=3 { ¯¥à¢¨ç ï ¥ãáâ®©ç¨¢®áâì; (40)x� = B"�1=3 { ¢â®à¨ç ï ¥ãáâ®©ç¨¢®áâì; (41)§¤¥áì A ¨ B { ª®áâ âë, ª®â®àë¥ ¬®£ãâ ¡ëâì®¯à¥¤¥«¥ë íªá¯¥à¨¬¥â «ì®. �â¨ ª®áâ âë¨¬¥îâ à §«¨çë© ä¨§¨ç¥áª¨© á¬ëá« { ª®áâ â A ®¯à¥¤¥«ï¥â ¯¥à¥å®¤ ª âà¥å¬¥à®áâ¨ « ¬¨ à®-£® ¯®£à ¨ç®£® á«®ï ¨ ª ª ãª §ë¢ «®áì, ¥¥ § -ç¥¨¥ ¢® ¬®£®¬ ®¯à¥¤¥«ï¥âáï â®ç®áâìî ¨§¬¥à¨-â¥«ìëå ¯à¨¡®à®¢. �®áâ â  B ¯® á¢®¥¬ã ä¨§¨-ç¥áª®¬ã á¬ëá«ã á®®â¢¥âáâ¢ã¥â ªà¨â¨ç¥áª®¬ã ç¨-á«ã �¥©®«ì¤á  ¤«ï ¯«®áª®© ¯« áâ¨ë ¨ § ¢¨á¨â®â ¯ à ¬¥âà®¢ á«ãç ©ëå ¢®§¬ãé¥¨©  ¡¥£ î-é¥£® ¯®â®ª . �à¥¤áâ ¢«¥ ï ¤¨ £à ¬¬  ¯®§¢®«ï-¥â ¯à¥¤«®¦¨âì ¥ª®â®àë¥ ¨¤¥¨, ª á îé¨¥áï ®¯â¨-¬ «ìëå ¬¥â®¤®¢ ã¯à ¢«¥¨ï ¯®£à ¨çë¬ á«®-¥¬ ¨ ãª § âì ¢®§¬®¦ë¥ ¯ãâ¨ â ª®£® ã¯à ¢«¥¨ï,¨á¯®«ì§ãï ¨áªãááâ¢¥ë¥ ¢®§¬ãé¥¨ï. �®áª®«ì-ªã £¥¥à æ¨ï ¯à®¤®«ìëå ¢¨åà¥© ¨ ¨å ¬¨¨¬ «ì-ë© ¬ áèâ ¡ ®¯à¥¤¥«ïîâáï ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¯®-¢¥àå®áâ®£® ¨ ®¡ê¥¬®£® ¨áâ®ç¨ª®¢ § ¢¨åà¥-®áâ¨, â® ¨¤¥ï ®¯â¨¬ «ì®£® ¬¥â®¤  ã¯à ¢«¥¨ï¯®£à ¨ç®£® á«®ï á®áâ®¨â ¢ ¢®§¬®¦®áâ¨ á¡ « -á¨à®¢ ¨ï ¢ï§ª¨å ¨ æ¥âà®¡¥¦ëå ¨áâ®ç¨ª®¢ § -¢¨åà¥®áâ¥©. �â® ®§ ç ¥â: 1) ã¢¥«¨ç¥¨¥ â®«-é¨ë ¯®£à ¨ç®£® á«®ï ¨/¨«¨ 2) ¯à¨«®¦¥¨¥ ¥-ª®â®à®£® ®¡ê¥¬®£® ¨áâ®ç¨ª  § ¢¨åà¥®áâ¨ (áíâ®© â®çª¨ §à¥¨ï ¨áªãááâ¢¥ë¥ ¨áâ®ç¨ª¨ ¢®§-¬ãé¥¨© { ¢¨åà¥£¥¥à â®àë, ¥ £¥¥à¨àã¥â á ¬¨¯à®¤®«ìë¥ ¢¨åà¨. �¨ ¤¥« îâ áà ¢¨¬ë¬¨ ¨-â¥á¨¢®áâ¨ ®¡ê¥¬ëå ¨ ¯®¢¥àå®áâëå ¨áâ®ç¨-ª®¢ § ¢¨åà¥®áâ¥©). �«ï ª ¦¤®£® § ç¥¨ï ®¯à¥-¤¥«ïîé¥£® ¯ à ¬¥âà  " ¨ § ç¥¨ï â®çª¨ £¥¥à -æ¨¨Xc, ¯à®¤®«ìëå ¢¨åà¥©, ¢á¥£¤  ¬®¦® ãª § âì¢®§¬®¦ë© ¨ ®¯â¨¬ «ìë© ¯ãâì â ª®© à¥ «¨§ -æ¨¨.

7. ��������� � ����������������-�� ��������«ï ®¯à¥¤¥«¥¨ï ç¨á«¥ëå § ç¥¨© ª®áâ âA ¨ B ¢ äãªæ¨® «ìëå § ¢¨á¨¬®áâïå (40){(41),å à ªâ¥à¨§ãîé¨å ¤«¨ã ¤¢ã¬¥à®£® ¯®£à ¨ç®-£® á«®ï ¨ â®çªã ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨, âà¥-¡ãîâáï à¥§ã«ìâ âë íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ -¨© ¯® à §¢¨â¨î ¯®£à ¨ç®£® á«®ï  ¤ ¢®£ãâ®©¯®¢¥àå®áâìî ¡¥§ ¨áªãááâ¢¥ëå ¨áâ®ç¨ª®¢ ¢®§-¬ãé¥¨©. �®«¨ç¥áâ¢® â ª¨å íªá¯¥à¨¬¥â®¢ ªà ©-¥ ¬ «®ç¨á«¥® ¨ á¢ï§ ® íâ® ¢ ¯¥à¢ãî ®ç¥à¥¤ìá â¥å¨ç¥áª¨¬¨ âàã¤®áâï¬¨ ®¯à¥¤¥«¥¨ï  ç « ¢®§¨ª®¢¥¨ï ¯à®¤®«ìëå ¢¨åà¥©. �¨¦¥ ¡ã¤ãâ¨á¯®«ì§®¢ ë à¥§ã«ìâ âë à ¡®â [1]. � â ¡«. 1¯à¨¢¥¤¥ë å à ªâ¥àë¥ ãá«®¢¨ï íªá¯¥à¨¬¥â®¢ ¨¯ à ¬¥âàë ãáâ ®¢®ª. � ç áâ®áâ¨, X3D ¨ Xcr®§ ç îâ à ááâ®ï¨ï ®â ¯¥à¥¤¥© ªà®¬ª¨ ®¡â¥-ª ¥¬®© ¯« áâ¨ë ¤® â®çª¨ ®¡ àã¦¥¨ï ¯à®¤®«ì-ëå ¢¨åà¥© ¨ ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨ á®®â¢¥â-áâ¢¥®. �á¯®«ì§ãï ä®à¬ã«ë (40){(41), ¬®¦® ¯®-«ãç¨âì ç¨á«¥ë¥ § ç¥¨ï A ¨ B ¢ ¯à¥¤áâ ¢«¥-ëå íªá¯¥à¨¬¥â å. �â¬¥â¨¬, çâ® ¢ [3] íªá¯¥à¨-¬¥â «ì ï ãáâ ®¢ª  á®áâ®ï«  ¨§ ¯«®áª®£® ãç áâ-ª  ¤«¨®© 0.3 ¬ ¨ á®¯àï¦¥®£® á ¨¬ ãç áâª  ¢®-£ãâ®© ¯®¢¥àå®áâ¨ á R = 0:55 ¬. � «¨ç¨¥¬ ¯«®á-ª®£® ãç áâª  ®¡êïáï¥âáï ã¢¥«¨ç¥¨¥ § ç¥¨ï A¢ ¤ ®¬ íªá¯¥à¨¬¥â¥ ¯® áà ¢¥¨î á® á«ãç ï¬¨ç¨áâ® ¢®£ãâ®© ¯®¢¥àå®áâ¨ ¢ íªá¯¥à¨¬¥â å [16].�ç¨âë¢ ï, çâ® ®¯à¥¤¥«¥¨¥ â®ç¥ª ¢®§¨ª®¢¥¨ï¯à®¤®«ìëå ¢¨åà¥© ¨ ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨¥ ¬®¦¥â ¡ëâì á¤¥« ® á ¤®áâ â®ç®© â®ç®áâìî,â® ¯®«ãç¥ë¥ ç¨á«¥ë¥ § ç¥¨ï ª®áâ â A ¨B á«¥¤ã¥â áç¨â âì ¢¯®«¥ ã¤®¢«¥â¢®à¨â¥«ìë¬¨.� ®¯à¥¤¥«¥®© áâ¥¯¥ìî â®ç®áâ¨ ¤«¨  ¤¢ã¬¥à-®£® ãç áâª  ¯®£à ¨ç®£® á«®ï ¬®¦¥â ¡ëâì ®¯¨-á   § ¢¨á¨¬®áâìîL2D = 20R �Re�1=3R ; (42)  ¤«ï â®çª¨ ¯¥à¥å®¤  ª âãà¡ã«¥â®áâ¨ Xcr ¤«ïà áá¬ âà¨¢ ¥¬®© § ¤ ç¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ¯à®áâ®© ªà¨â¥à¨©Xcr = 36R �Re�1=3R : (43)�â¬¥â¨¬, çâ® ¢ íªá¯¥à¨¬¥â¥ [1] á U0 = 0:125¬/á ¢¥è¨© ¯®â®ª ¡ë« ¢®§¬ãé¥ á«ãç ©ë¬®¡à §®¬. �® ª ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, íâ® ¥ áª -§ «®áì   £¥¥à æ¨¨ ¯à®¤®«ìëå ¢¨åà¥©.�à®¬¥ ãª § ëå ¯ à ¬¥âà®¢, ¢ íªá¯¥à¨¬¥-â å [10, 16] ¡ë«¨ ®¯à¥¤¥«¥ë ¤«¨ë ¢®« ¢ ¯®¯¥-à¥ç®¬  ¯à ¢«¥¨¨ �z = 2:3 á¬. �ç¨âë¢ ï, çâ®¨§ ®¡é¨å á®®¡à ¦¥¨© �z = �R �Re�2=3R , â® ¬®¦®�. �. �¨ª¨ä®à®¢¨ç 49
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�¨á. 5. �ªá¯¥à¨¬¥â «ìë¥ § ¢¨á¨¬®áâ¨ áæ¥ à¨¥¢à §¢¨â¨ï ¯®£à ¨çëå á«®¥¢  ¤ ¢®£ãâ®© ¯®¢¥àå®-áâìî®æ¥¨âì ç¨á«¥®¥ § ç¥¨¥ C ¨ ¯®«ãç¨âì äãª-æ¨® «ìãî § ¢¨á¨¬®áâì ¤«¨ ¢®« £¥¥à¨àã¥¬ëå¯à®¤®«ìëå ¢¨åà¥© ®â ®¯à¥¤¥«ïîé¨å ¯ à ¬¥âà®¢§ ¤ ç¨ �z = (60� 70)R �Re�2=3R : (44)�ëà ¦¥¨¥ ¤«ï �z ®¯à¥¤¥«ï¥â ¯ à ¬¥âàë £¥¥-à¨àã¥¬ëå ¯à®¤®«ìëå ¢¨åà¥© ¢ ¯®£à ¨ç®¬ á«®¥,ª®â®àë¥ áãé¥áâ¢¥ë¬ ®¡à §®¬ ¢«¨ïîâ   ¯à®-æ¥ááë ¯¥à¥®á  ¢ ¥¬ (¢ ç áâ®áâ¨,   âà¥¨¥). � à¨á. 5 ¯à¥¤áâ ¢«¥  ¯®«ãí¬¯¨à¨ç¥áª ï ¤¨ £à ¬¬ áæ¥ à¨¥¢ à §¢¨â¨ï ¯®£à ¨ç®£® á«®ï  ¤ ¢®£ã-â®© ¯®¢¥àå®áâìî ¢ § ¢¨á¨¬®áâ¨ ®â ReR ª®ªà¥â-®© § ¤ ç¨, Rex { ¡¥§à §¬¥à®¥ à ááâ®ï¨¥ ®â ¯¥-à¥¤¥© ªà®¬ª¨. �«¥¤ã¥â ãç¥áâì, çâ® ¤  ï ¤¨ -£à ¬¬  á¯à ¢¥¤«¨¢  ¤«ï1� ReR � (Recr=20)3=2: (45)�.¥. ¤«ï ª ¦¤®£® § ç¥¨ï ReR, å à ªâ¥à¨§ãî-é¥£® ¯ à ¬¥âàë â¥ç¥¨ï ¨ ¯®¢¥àå®áâ¨ ¨ ã¤®¢«¥-1íªá¯¥à¨¬¥âá® á«ãç ©ë¬¨ ¢å®¤ïé¨¬¨¢®§¬ãé¥¨ï¬¨;A;B = X3D; Xcr=R � Re1=3R ; C = �z=R � Re2=3R

â¢®àïîé¥£® ãá«®¢¨ï¬ (45), ¬®¦® ®æ¥¨âì ¤«¨ãRebl = 20Re2=3R ãç áâª  á ¤¢ã¬¥àë¬ ¯®£à ¨çë¬á«®¥¬ �« §¨ãá  ¨ á®®â¢¥âáâ¢ãîé¨¬¨ § ª® ¬¨ ¯¥-à¥®á , ¯à®âï¦¥®áâì L�3D = L3DU0=� = 16Re2=3R¨ ¤«¨ã ¢®«ë ��z = �zU0=� = 65Re1=3R £¥¥à¨àã¥-¬ëå ¯à®¤®«ìëå ¢¨åà¥©.�â¬¥â¨¬ â ª¦¥, çâ® ¤«ï ¢®£ãâëå ¯®¢¥àå®-áâ¥© ¯¥à¥å®¤ ª âãà¡ã«¥â®áâ¨ ¢®§¬®¦¥   à á-áâ®ï¨ïå ª ª ¬¥ìè¥, â ª ¨ ¡®«ìè¥ á®®â¢¥â-áâ¢ãîé¥£® à ááâ®ï¨ï ®â  ç «ì®© ªà®¬ª¨ ¢á«ãç ¥ ¯«®áª®© ¯®¢¥àå®áâ¨. � ª, ¤«ï Re��R <(Recr=36)3=2 ¯¥à¥å®¤ ª âãà¡ã«¥â®áâ¨ ®áãé¥-áâ¢«ï¥âáï ¡ëáâà¥¥, ç¥¬   ¯«®áª®© ¯« áâ¨¥,   ¤«ïRe��R > (Recr=36)3=2 ¤«¨  « ¬¨ à®£® ¯®£à ¨ç-®£® á«®ï áâ ®¢¨âáï ¡®«ìè¥ á®®â¢¥âáâ¢ãîé¥©¤«¨ë « ¬¨ à®£® ¯®£à ¨ç®£® á«®ï  ¤ ¯«®á-ª®© ¯®¢¥àå®áâìî. �  à¨á. 5 ¯à¥¤áâ ¢«¥  £à ä¨-ç¥áª ï ¨««îáâà æ¨ï â ¡«¨çëå à¥§ã«ìâ â®¢. �§¨å, ¢ ç áâ®áâ¨, á«¥¤ã¥â, çâ® ¯à¨ ReR > 107áæ¥ à¨© à §¢¨â¨ï ¯®£à ¨ç®£® á«®ï  ¤ ¢®£ã-â®© ¯®¢¥àå®áâìî ¥ ®â«¨ç ¥âáï ®â à §¢¨â¨ï ¯®-£à ¨ç®£® á«®ï  ¤ ¯«®áª®© ¯« áâ¨®©. �à®¬¥íâ®£®, ¤ ë© à¨áã®ª ¨««îáâà¨àã¥â c¨«ìãî § -¢¨á¨¬®áâì ¢®§¬®¦ëå áæ¥ à¨¥¢ à §¢¨â¨ï ¯®£à -¨çëå á«®¥¢ ¢ § ¢¨á¨¬®áâ¨ ®â ª ç¥áâ¢   ç «ì-ëå ¨ £à ¨çëå ãá«®¢¨© ¨ ®¡êïáï¥â ¨å ¬®£®-®¡à §¨¥ ¢ à §«¨çëå íªá¯¥à¨¬¥â å. �®«ãç¥ë¥å à ªâ¥à¨áâ¨ª¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¢ æ¥«ïåã¯à ¢«¥¨ï ¯®£à ¨çë¬ á«®¥¬  ¤ ¨áªà¨¢«¥ë-¬¨ ¯®¢¥àå®áâï¬¨.�������á¨¬¯â®â¨ç¥áª¨©   «¨§ ¯®«ëå ãà ¢¥¨©� ¢ì¥-�â®ªá  ¢ ¯à®¡«¥¬¥ �¥àâ«¥à  ¯®§¢®«¨« ¡®-«¥¥ £«ã¡®ª® ¯®ïâì ä¨§¨ç¥áª¨© ¬¥å ¨§¬ ¯¥à¥-å®¤ëå ¯à®æ¥áá®¢ ¢ ¯®£à ¨çëå á«®ïå ¯®¤ ¤¥©-áâ¢¨¥¬ ®¡ê¥¬ëå á¨«. �®ª § ®, çâ® £¥¥à æ¨ï¯à®¤®«ìëå ¢¨åà¥© áãâì à¥§ã«ìâ â ¥«¨¥©®£®¢§ ¨¬®¤¥©áâ¢¨ï ¤¢ãå ¨áâ®ç¨ª®¢ § ¢¨åà¥®áâ¥©{ ®¡ê¥¬®£®, ®¯à¥¤¥«ï¥¬®£® æ¥âà®¡¥¦ë¬¨ á¨-50 �. �. �¨ª¨ä®à®¢¨ç



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 38 { 51« ¬¨ ¨ ¯®¢¥àå®áâ®£®, á¢ï§ ®£® á ãá«®¢¨ï¬¨¯à¨«¨¯ ¨ï. � «¨ç¨¥ æ¥âà®¡¥¦®© á¨«ë ¯à¨-¢®¤¨â ª áãé¥áâ¢¥®© âà¥å¬¥à®áâ¨ ¯®£à ¨ç£®á«®ï. �à¥¤áâ ¢«¥ë©   «¨§ ¯®§¢®«ï¥â ®¡ê¥¤¨-¨âì ¨ ¬ â¥¬ â¨ç¥áª¨ ä®à¬ «¨§®¢ âì â ª¨¥ ¯®-ïâ¨ï, ª ª ãáâ®©ç¨¢®áâì, ¢®á¯à¨¨¬ç¨¢®áâì ¯®£à -¨ç®£® á«®ï ¨ á¯à ¢¥¤«¨¢®áâì ¯à¨¡«¨¦¥¨© ¯®-£à ¨ç®£® á«®ï ¨ ãª § âì ®¯â¨¬ «ìë¥ ¯ãâ¨ ¥£®ã¯à ¢«¥¨ï, ¨á¯®«ì§ãï ®¯à¥¤¥«ïîé¨¥ ¯ à ¬¥âàë§ ¤ ç¨. �à®¬¥ â®£®, ¯à¥¤«®¦¥ë© ¯®¤å®¤ ®¯à¥-¤¥«ï¥â ¥áâ¥áâ¢¥ãî ª« áá¨ä¨ª æ¨î ¢®§¬ãé¥¨©:1. � ç «ìë¥ ¨ £à ¨çë¥ ãá«®¢¨ï, ®¡ê¥¬ë¥á¨«ë { íâ®â â¨¯ ¢®§¬ãé¥¨© ¬®¦¥â ¡ëâì â®ç®®¯¨á  ¬ ªà®áª®¯¨ç¥áª¨¬¨ ãà ¢¥¨ï¬¨;2. �¢®¡®¤ë¥ ¢®§¬ãé¥¨ï (á«ãç ©ë¥) { ®âà -¦ îâ ª ç¥áâ¢® ¯®â®ª  ®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨;3. �áªãááâ¢¥ë¥ ¢®§¬ãé¥¨ï, á®§¤ ¢ ¥¬ë¥¢¨åà¥£¥¥à â®à ¬¨. � «¨§ ¯®ïáï¥â ä¨§¨ç¥-áª¨© ¬¥å ¨§¬ à §«¨çëå â¨¯®¢ â¥ç¥¨© (â¥ç¥-¨ï �« §¨ãá  ¨ �®«ª¥à-�ª  , ¢®«ë �®««¬¨ -�«¨åâ¨£ , ¯à®¤®«ìë¥ ¢¨åà¨), £¥¥à¨àã¥¬ëå ¢¯®£à ¨çëå á«®ïå á æ¥âà®¡¥¦ë¬¨ á¨« ¬¨ ¨ ï¢-ë¬ ®¡à §®¬ ®¯à¥¤¥«ï¥â § ¢¨á¨¬®áâì ¯à®áâà -áâ¢¥ëå ¬ áèâ ¡®¢ § ¤ ç¨ ®â ®¯à¥¤¥«ïîé¨å ¯ -à ¬¥âà®¢. � à¥§ã«ìâ â¥, ¯à®æ¥áá ¯¥à¥å®¤  ª âãà-¡ã«¥â®áâ¨ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥ ª ª ¥¯à¥-àë¢ë© ¯à®æ¥áá ¨§¬¥¥¨ï ¢¨åà¥¢®© ¤¨ ¬¨ª¨,®¯à¥¤¥«ï¥¬®© ¡ « á®¬ à §«¨çëå á¨«.1. Saric W. S. Goertler vortices // Annu. Rev. FluidMech..{ 1994.{ 26.{ P. 379{409.2. Saric W. Low-speed boundary-layer transition exper-iments // Experiments, Theory & Computations.{Oxford, Eds. T.C. Corke, G. Erlebacher, M.Y. Hus-saini, 1994.{ P. 14{114.3. Pexieder A. E�ects of system ratation on the centrifu-gal instability of the boundary layer on a curved wall:an experimental study // These N 1507.{ , 1996.{P. 112.

4. Morkovin M.V. On the many faces of transition //Viscous Drag Reduction.{ ed.: C.S. Wells, Plenum,1969.{ P. 32.5. Nikiforovich E. I., Yurchenko N. F. Boundary-layer ows with centrifugal forces // ERCOFTACBulletin.{ Lausanne, Swiss, 1997, March, 32.{ P. 61{65.6. Nikiforovich E.I. A new approach to the study of or-ganized vortical motion e�ected by body forces //AGARD Workshop \High speed body motion inwater".{ Kiev, 1{3 Sept. 1997, AGARD{R{827,1997.{ P. 12.7. � -� ©ª �. �¥â®¤ë ¢®§¬ãé¥¨© ¢ ¬¥å ¨ª¥¦¨¤ª®áâ¨.{ �.: �¨à, 1967.{ 157 á.8. �¥¤®¢ �.�. �¥â®¤ë ¯®¤®¡¨ï ¨ à §¬¥à®áâ¨ ¢¬¥å ¨ª¥.{ �®áª¢ : � ãª , 1967.{ 428 á.9. Goertler H. Uber eine dreidimensionale Instabilitatlaminarer Grenzchichten an konkaven Wanden //Nach. Ges.Wiss. Gottingen Math.-Phys. Kl.{ 1940.{2 Bd, N 1.{ S. 1{26.10. Blackwelder R.F. Coherent structures associated withturbulent transport // Transport Phenomana in Tur-bulent Flows.{ Hemisphere Publ. Corp., ed. M.Hirataand N.Kasagi, 1988.{ P. 69{88.11. Florian J.M., Saric W.S. Stability of Goertler vorticesin boundary layers // AIAA J.{ 1982.{ 10, N 3.{P. 316{324.12. Aihara Y. Goertler vortices in the nonlinear region //Theoretical and Experimental Fluid Mechanic.{Springer-Verlag, Berlin, 1979.{ P. 331{338.13. Swearingen J.D., Blackwelder R.F. The grows andbreakdown of streamwise vortices in the presence ofa wall // J. Fluid Mech.{ 1987.{ 182.{ P. 225{290.14. Bippes H. Experimental study of the laminar-turbulent transition of a concave wall in a parallelow // NASA TM. 75243.{ Langley Research Cen-ter, 1978.{ P. 68.15. Tani I. Production of longitudinal vortices in theboundary layer along a curved wall // J. Geophys-ical Research.{ 1962.{ 67, N 8.{ P. 3075{3080.16. �«¨åâ¨£ �. �¥®à¨ï ¯®£à ¨ç®£® á«®ï.{ �®áª¢ :� ãª , 1969.{ 742 á.
�. �. �¨ª¨ä®à®¢¨ç 51


