
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 58��� 532.528 ����������I ������������������ �������������� ������� ��������� �I��������I����� �����I. �. ���������¥à­i¢¥æìª¨© ä ªã«ìâ¥â � æi®­ «ì­®£® â¥å­iç­®£® ã­i¢¥àá¨â¥âã "� àª÷¢áìª¨© ¯®«÷â¥å­÷ç­¨©÷­áâ¨âãâ"�âà¨¬ ­® 12.04.2001�®ª § ­®, é® ¢¨ª®à¨áâ ­­ï â®­ª¨å ®á¥á¨¬¥âà¨ç­¨å âi« ¤®§¢®«ïõ §­ ç­® §­¨§¨â¨ § £ «ì­¨© £i¤à®¤¨­ ¬iç­¨© ®¯ià.�à®¡«¥­i ®æi­ª¨ ª®¥äiæiõ­âã ®¯®àã ¢¨ï¢¨«¨áï ­  ¯®àï¤®ª ¬¥­è¨¬¨ ¢i¤ §­ ç¥­ì, ®âà¨¬ ­¨å à ­iè¥ i­è¨¬¨  ¢â®à ¬¨¡¥§ ¢à åã¢ ­­ï ¥ä¥ªâi¢ ªà¨¢¨§­¨.�®ª § ­®, çâ® ¨á¯®«ì§®¢ ­¨¥ â®­ª¨å ®á¥á¨¬¬¥âà¨ç­ëå â¥« ¯®§¢®«ï¥â §­ ç¨â¥«ì­® á­¨§¨âì ®¡é¥¥ £¨¤à®¤¨­ ¬¨-ç¥áª®¥ á®¯à®â¨¢«¥­¨¥. �¤¥« ­­ë¥ ®æ¥­ª¨ ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï ®ª § «¨áì ­  ¯®àï¤®ª ¬¥­ìè¥ §­ ç¥­¨©,¯®«ãç¥­­ëå à ­¥¥ ¤ã£¨¬¨  ¢â®à ¬¨ ¡¥§ ãç¥â  íää¥ªâ®¢ ªà¨¢¨§­ë.It was shown, that using of slender axisymmetrical bodies allows to diminish considerably the total hydrodinamic drag.The preseuted estimations of the drag coe�cient are more then 10 times smaller in comparison with the known values ofother authors, which were obtained with neglecting the curvature e�ects.������á¯iå¨ ª®¬¯ìîâ¥à­®�� â¥å­iª¨ â  à®§¢¨â®ª ç¨-á¥«ì­®�� £i¤à®¬¥å ­iª¨ ¤®§¢®«ïîâì ¤®á«i¤¦ã¢ â¨­ ©áª« ¤­ièi § ¤ çi ®¯â¨¬i§ æi�� ä®à¬¨. �®ªà¥¬ ,¢ [1] § ¯à®¯®­®¢ ­i ®á¥á¨¬¥âà¨ç­i âi«  ¬i­i¬ «ì-­®£® ®¯®àã (¯à¨ äiªá®¢ ­®¬ã ®¡'õ¬i) ¤«ï ài§­¨å¤i ¯ §®­i¢ ç¨á¥« �¥©­®«ì¤á  (ReL = U1L=�; U1{ è¢¨¤ªiáâì àãåã âi« ; L { ©®£® ¤®¢¦¨­ ; � - ªi­¥-¬ â¨ç­  ¢'ï§ªicâì). �à¨ æì®¬ã § áâ®á®¢ã¢ ¢áï®¯¨á ­¨© ¢ [2] ¬¥â®¤ ®¯â¨¬i§ æi�� â  à®§à åã­®ª¯à¨¬¥¦®¢®£® è àã § ¢¨ª®à¨áâ ­­ï¬ ài§­¨å ªà¨-â¥ài��¢ « ¬i­ à­®-âãà¡ã«¥­â­®£® ¯¥à¥å®¤ã. �¤­ ª¢ái ®¤¥à¦ ­i ¢ [1] ä®à¬¨ âi«  { à®§¢'ï§ª¨ § ¤ çi®¯â¨¬i§ æi�� - ¬ îâì §®­¨ ¯®§¨â¨¢­®£® £à ¤iõ­â â¨áªã i, ¡¥§ã¬®¢­®, ®¡âiª îâìáï «¨è¥ ã ¢i¤à¨¢-­®¬ã à¥¦¨¬i, é® ¯à¨§¢®¤¨âì ¤® ¯®¢­®£® ¯¥à¥-à®§¯®¤i«ã â¨áªã ­  ¯®¢¥àå­i âi«  â  ¢¨­¨ª­¥­­ï¯®¢'ï§ ­®£® § ­¨¬ ¤®¤ âª®¢®£® ®¯®àã. � ­¨© ä ªâ­iïª ­¥ ¢à å®¢ ­® ¢ à®¡®âi [1]. �¥ïá­iáâì ¡ £ âì®å¬®¬¥­âi¢, ¯®¢'ï§ ­¨å § ¯à¨à®¤®î ¢i¤à¨¢ã, ­¥ ¤ õ§¬®£¨ ¥ä¥ªâ¨¢­® ¤®á«i¤¦ã¢ â¨ æ¥ ï¢¨é¥, ­ ¢iâì §¢¨ª®à¨áâ ­­ï¬ ­ ©áãç á­iè¨å ª®¬¯'îâ¥ài¢.�®¬ã § «¨è õâìáï  ªâã «ì­¨¬ ¤®á«i¤¦¥­­ï¬®¦«¨¢®áâ¥© ¡¥§¢i¤à¨¢­®£® à¥¦¨¬ã ®¡âiª ­­ï.�¥àè¨© ­ ¯àï¬®ª ¯®èãªi¢ ¡ã¢ ¯®¢'ï§ ­¨© § ä®à-¬ ¬¨, é® § ¡¥§¯¥çãîâì ¢i¤'õ¬­¨© £à ¤iõ­â â¨áªã­  ¢ái©  ¡® ¯¥à¥¢ ¦­i© ç áâ¨­i ¯®¢¥àå­i ®á¥á¨¬¥-âà¨ç­®£® âi«  [3 - 7]. �®á«i¤¦¥­­ï æì®£® ¯¨â ­­ï¢ «i­¥ à¨§®¢ ­i© ¯®áâ ­®¢æi ¯à¨§¢¥«® ¤® ä®à¬ §iáâà¨¡ª®¬ â¨áªã â  ®á®¡«¨¢iáâî ¤«ï ¤àã£®�� ¯®åi¤-­®�� d2R2=dx2 ¢i¤ à ¤iãá  âi«  R(x) ¢ ¤¥ïªi© â®çæi

x� [3].� à®¡®âi [4] ¡ã¢ § ¯à®¯®­®¢ ­¨© ¬¥â®¤ ¯®¡ã¤®¢¨â®ç­®£® à®§¢'ï§ªã § ¤ çi ®¡âiª ­­ï ­¥¢'ï§ª®î ­¥-áâ¨á«¨¢®î ài¤¨­®î § ¢¨ª®à¨áâ ­­ï¬ ¯®â¥­æi «i¢ài§­¨å ®á®¡«¨¢®áâ¥©, à®§â è®¢ ­¨å ¢ á¥à¥¤¨­iª®­âãàã âi« , ¯¥àè¨¬ ­ ¡«¨¦¥­­ï¬ ¤® ïª¨å õ ¤¦¥-à¥«  â  áâ®ª¨. �¥ ¤®§¢®«¨«® ¢i¤¬®¢¨â¨áì ¢i¤ ®¡-¬¥¦¥­ì «i­i©­®�� â¥®ài��, ¤iáâ â¨ â®ç­¨© ®¯¨á ä®à¬¨âi«  i à®§¯®¤i«ã â¨áªã ­ ¢iâì ¢ ®ª®«i â®çª¨ x� â à®§à åã¢ â¨ ä®à¬¨ § ¤ã¦¥ ª®à®âª¨¬¨ ¤®¢¦¨­ ¬¨d §®­¨ ¯®§¨â¨¢­®£® £à ¤iõ­â  â¨áªã [5-7].�à¨ª« ¤ ¯®¤i¡­®£® âi«  §i §­ ç¥­­ï¬ d, é® áâ -­®¢¨âì 0.3% ¢i¤ § £ «ì­®�� ¤®¢¦¨­¨, ¯®ª § ­¨© ­ à¨á. 1. �ã¦¥ ª®à®âªi §®­¨ ¯®§¨â¨¢­®£® £à ¤iõ­â â¨áªã ¤®§¢®«ïîâì á¯®¤i¢ â¨áì ­  ¬®¦«¨¢iáâì ¡¥§-¢i¤à¨¢­®£® à¥¦¨¬ã ®¡âiª ­­ï. �ï £i¯®â¥§ , áä®à-¬ã«ì®¢ ­  ¢ à®¡®â å [5, 6], ¯¥à¥¢iàï« áì ¥ªá¯¥à¨-¬¥­â «ì­® ã [7].�¥§ã«ìâ â¨ ¯à®¤ã¢®ª ¢  ¥à®¤¨­ ¬iç­i© âàã¡i I­-áâ¨âãâã £i¤à®¬¥å ­iª¨ ��� �ªà ��­¨ ®¤­®£® i§ âi«V-1 §i §­ ç¥­­ï¬ d = 0:9% ¯®ª § ­i ­  à¨á.2.�¥â®¤¨ªã ¥ªá¯¥à¨¬¥­âi¢ ®¯¨á ­® ¢ à®¡®âi [7].�«ï §¬¥­è¥­­ï ¢¯«¨¢ã ¤¥à¦ ¢ª¨ ¡ã«¨ á¯¥æi «ì-­® à®§à å®¢ ­i â  ¢¨£®â®¢«¥­i ­¥§ ¬ª­¥­i ä®à¬¨ §ài§­¨¬¨ §­ ç¥­­ï¬¨ ¯ à ¬¥âà  d â  x� = 0:5. � ¢-¤ïª¨ ¢¨ª®à¨áâ ­­î âãà¡ã«i§ â®ài¢ ã ¢¨£«ï¤i £ã¬®-¢¨å ªi«¥æì è¨à¨­®î 2.2 ¬¬ â  ¢¨á®â®î h 0.5 i 1 ¬¬,¢¤ «®áï ¤®áï£â¨ ¡¥§¢i¤à¨¢­®£® à¥¦¨¬ã ®¡âiª ­­ïâ  ¢i¤­®¢«¥­­ï â¨áªã ¯®¡«¨§ã â®çª¨ x� = 0:5 ¤«ï¢¥«¨ª¨å è¢¨¤ª®áâ¥© ¯®â®ªã. � â®© ç á, ïª ¯à¨¬¥­è¨å è¢¨¤ª®áâïå â  ¯à¨ i­è¨å §­ ç¥­­ïå ¯ à -¬¥âà  S (¢i¤áâ ­i á¥à¥¤¨­¨ ªi«ìæï âãà¡ã«i§ â®à c
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�¨á. 1. �®§¯®¤÷« â¨áªã ­  â÷«÷ (d = 0:3%).¢i¤ ­®á¨ª  âi« ) á¯®áâ¥ài£ ¢áï ¢i¤à¨¢­¨© à¥¦¨¬.�  à¨á. 2, § ¯®§¨ç¥­®¬ã § à®¡®â¨ [7], ¯à¥¤áâ ¢«¥­i¥ªá¯¥à¨¬¥­â «ì­i â®çª¨, é® ¢i¤¯®¢i¤ îâì ®¡®¬ à¥-¦¨¬ ¬ ®¡âiª ­­ï.�¥§¢ ¦ îç¨ ­  ãá¯iè­¥ ¯i¤â¢¥à¤¦¥­­ï £i¯®â¥-§¨ ¯à® ¡¥§¢i¤à¨¢­iáâì ®¡âiª ­­ï âi« § ª®à®âª®î§®­®î ¤®¤ â­ì®£® £à ¤iõ­â  â¨áªã, § «¨è îâìáï­¥§'ïá®¢ ­¨¬¨ ¤¥ïªi ¢ ¦«¨¢i ¯¨â ­­ï. �®-¯¥àè¥,ç¨ ¯à¨áãâ­iáâì âãà¡ã«i§ â®à  ®¡®¢'ï§ª®¢ ? �®¦-«¨¢®, é® ¯à¨ ¡i«ìè¨å ç¨á« å �¥©­®«ì¤á  ¡¥§-¢i¤à¨¢­¨© à¥¦¨¬ ¡ã¤¥ ¤®áï£ â¨áì ¡¥§ ­ì®£®. �i¤-¯®¢i¤ì ­  æ¥ ¯¨â ­­ï ¯®¢¨­­i ¤ â¨ ¯®¤ «ìèi ¥ªá¯¥-à¨¬¥­â¨.�®-¤àã£¥, ïªé® âãà¡ã«i§ â®à õ ­¥®¡åi¤­¨¬ ã ¯®-âài¡­®¬ã ­  ¯à ªâ¨æi ¤i ¯ §®­i ç¨á¥« Re, â® ïª¨-¬¨ õ ¢âà â¨ ¢ ®¯®ài, ¯®¢'ï§ ­i § ©®£® ¯à¨áãâ­iáâî?�i¤¯®¢i¤ì ­  æ¥ ¯¨â ­­ï â ª®¦ ¬®¦ãâì ¤ â¨ «¨è¥¥ªá¯¥à¨¬¥­â «ì­i ¤®á«i¤¦¥­­ï ®¯®àã âi«  ¢  ¥à®-¤¨­ ¬iç­¨å âàã¡ å § £ à ­â®¢ ­® ­¨§ìª¨¬ ài¢­¥¬âãà¡ã«¥­â­®áâi.� ¡ã¤ì-ïª®¬ã à §i ¢âà â¨ ¥­¥à£i�� ¢­ á«i¤®ª ¢¨ª®-à¨áâ ­­ï âãà¡ã«i§ â®ài¢ ¯®¢¨­­i ¡ãâ¨ ¬¥­è¨¬¨,­i¦ ¯à¨ ¢i¤á¬®ªâã¢ ­­i ¯à¨¬¥¦®¢®£® è àã. � ¬¥â ª¨© á¯®ái¡ ®à£ ­i§ æi�� ¡¥§¢i¤à¨¢­®£® à¥¦¨¬ã ®¡-

�¨á. 2. �¥®à¥â¨ç­¨© â  ¥ªá¯¥à¨¬¥­â «ì­¨© à®§¯®¤i«¨â¨áªã ­  âi«÷ V-1(d = 0:9%) § âãà¡ã«i§ â®à®¬(h = 0:5¬¬;S = 83:5¬¬). .âiª ­­ï à¥ «i§®¢ ­¨© ¢ à®¡®âi [8]. �iª ¢®, é® âi«®�®«ì¤è¬i¤â  [8] ¬ «® §­ ç¥­­ï ¯ à ¬¥âà  d ¯à¨-¡«¨§­® 10%, i ¢i¤á¬®ªâã¢ ­­ï ¢i¤¡ã¢ «®áì ã §®­i¤®¤ â­ì®£® £à ¤iõ­â  â¨áªã.�  ¦ «ì, ¬®¦«¨¢®áâi  ¥à®¤¨­ ¬iç­®�� âàã¡¨,®¯¨á ­®�� ¢ à®¡®âi [7], ­¥ ¤®§¢®«ïîâì  ­i §¡i«ìè¨-â¨ ç¨á«® �¥©­®«ì¤á ,  ­i § ¬iàïâ¨ ®¯ià âi« ,  ­i¯à®ª®­âà®«î¢ â¨ ài¢¥­ì ®¤­®ài¤­®áâi ¯®â®ªã.�¥ ®¤­ã ¬®¦«¨¢iáâì ¤®áï£â¨ ¡¥§¢i¤à¨¢­®£® ®¡-âiª ­­ï ­ ¤ îâì â®­ªi âi« . � ¬¥ ¤®á«i¤¦¥­­î¤®æi«ì­®áâi ¢¨ª®à¨áâ ­­ï â®­ª¨å ®á¥á¨¬¥âà¨ç-­¨å ¡¥§¢i¤à¨¢­¨å ä®à¬ ¤«ï §¬¥­è¥­­ï § £ «ì­®£®£i¤à®¤¨­ ¬iç­®£® ®¯®àã, à®§¯®ç â®¬ã ¢ [6], ¯à¨-á¢ïç¥­  ¤ ­  à®¡®â .1. ����������I ����������� ������ ������ �������������� �I����ã¤¥¬® ¢¢ ¦ â¨ ç¨á«  �¥©­®«ì¤á  ¤®áâ â­ì®¢¥«¨ª¨¬¨ ¤«ï â®£®, é®¡ ¯®£à ­¨ç­¨© è à ¡ã¢ â®­-ª¨¬ ¯®ài¢­ï­® § à ¤iãá®¬ âi«  R(x). �æi­ª¨ ¢¥«¨-54 ö.�.�¥áâ¥àãª



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 58ç¨­¨ Re ¡ã¤ãâì §à®¡«¥­i ­¨¦ç¥. �ài¬ â®£®, ®¡-¬¥¦¨¬®áï ¢¨¯ ¤ª®¬ ¤®áâ â­ì® ¬ «¨å ç¨á¥« � å ,é® ¤®§¢®«ïõ ¢¨ª®à¨áâ®¢ã¢ â¨ ài¢­ï­­ï ­¥áâ¨á«¨-¢®�� ài¤¨­¨.�«ï â®­ª®£® âi«  ª®®à¤¨­ âã x ¬®¦­  ¢i¤à å®¢ã-¢ â¨ ¢§¤®¢¦ ª®­âãàã âi« , y - ¯® ­®à¬ «i ¤® ­ì®£® i®¡¨¤¢i ª®®à¤¨­ â¨ ¢¢ ¦ â¨ ¯àï¬®«i­i©­¨¬¨. �ài¬â®£®, à ¤iãá r â®çª¨ M ¢ ¯à¨¬¥¦®¢®¬ã è ài ¡ã¤¥¡«¨§ìª¨¬ ¤® à ¤iãá  âi«  R(x) (à¨á. 3).�®¤i ài¢­ï­­ï ¯à¨¬¥¦®¢®£® è àã ¬ õ â ª¨© á -¬¨© ¢¨£«ï¤, ïª i ¢ ¯«®áª®¬ã ¢¨¯ ¤ªã:u@u@x + v@u@y = U dUdx + 1Re @2u@y2 ; (1)  ài¢­ï­­ï ­¥à®§à¨¢­®áâi ­ ¡ã¢ õ ä®à¬¨ (¤¨¢.[9]): @(R(x)u)@x + @(R(x)v)@y = 0: (2)�ãâ u; v - áª« ¤®¢i è¢¨¤ª®áâi ài¤¨­¨; U (x) -è¢¨¤ªiáâì ¯®â®ªã ­  §®¢­iè­i© ¬¥¦i ¯à¨¬¥¦®¢®-£® è àã. �¥§à®§¬ià­i è¢¨¤ª®áâi ¢ ài¢­ï­­ïå (1),(2) ®âà¨¬ ­i è«ïå®¬ ¤i«¥­­ï ­  U1, ¤®¢¦¨­¨ ¢i¤-­¥á¥­i ¤® L.�  ¤®¯®¬®£®î ¯¥à¥â¢®à¥­ì �a­£«¥à  - Câ¥¯ ­®-¢  (¤¨¢. [9])x = 1Z0 R2(�)d�; y = R(x)y;�u = u; �U = U ; �v = vR(x) + R0(x)yuR2(x) ;R0(x) � dRdx(3)§ ä®à¬ã« ¬¨ ¯¥à¥å®¤ã@@x = R2 @@�x +R0(x)y @@�y ; @@y = R(x) @@�y (4)ài¢­ï­­ï (1), (2) ­ ¡ã¢ îâì ¢¨£«ï¤ã�u@�u@�x + �v @�u@�y = �U d �Ud�x + 1Re @2�u@�y2 ; (5)@�u@�x + @�v@�y = 0 (6)i ­iç¨¬ ­¥ ¢i¤ài§­ïîâìáï ¢i¤ ài¢­ï­ì ¯«®áª®£® ¯à¨-¬¥¦®¢®£® è àã. � ª¨¬ ç¨­®¬, §­ îç¨ à®§¯®«i«è¢¨¤ª®áâ¥© U (x) ¤«ï ®á¥á¨¬¥âà¨ç­®£® âi« , ­¥®¡-åi¤­® ¯¥à¥â¢®à¨â¨ ©®£® ¤® ­®¢¨å ª®®à¤¨­ â §  ¤®-¯®¬®£®î ä®à¬ã« (3) i ¤ «i à®§¢'ï§ã¢ â¨ ài¢­ï­­ï¯«®áª®£® ¯à¨¬¥¦®¢®£® è àã (5), (6).�  ¤®¯®¬®£®î ài¢­ï­ì (3), (4) ¬®¦­  ®âà¨¬ -â¨ ­ áâã¯­i ¢¨à §¨ ¤«ï â®¢é¨­ ¢¨âiá­¥­­ï �� â 

¢âà â¨ i¬¯ã«ìáã ���,   â ª®¦ ¤«ï ­ ¯àã¦¥­­ï â¥à-âï �w, (¤¨¢. [9]):�� = ���R(x) ; ��� = ����R(x); �w = R(x) � ��w: (7)�«ï â®­ª®£® âi«  ¢¥«¨ç¨­  R(x) õ ¬ «®î ¯®àï¤ªã" = Rmax=L, ¤¥ Rmax - ¬ ªá¨¬ «ì­¨© à ¤iãá âi« .�®¬ã § ä®à¬ã« (7) ¢¨¯«¨¢ õ, é® ¯à¨¬¥¦®¢¨© è à­  ®á¥á¨¬¥âà¨ç­¨å âi« å ­ ¡ £ â® â®¢áâiè¨© ¢i¤ ­ «®£iç­®£® ¯«®áª®£®,   â¥àâï ­  ®á¥á¨¬¥âà¨ç­®-¬ã âi«i ­ ¡ £ â® ¬¥­è¥, ­i¦ ­  ¯«®áª®¬ã. �áâ ­-­i© ä ªâ à®¡¨âì â®­ªi âi«  ¤ã¦¥ ¯à¨¢ ¡«¨¢¨¬¨ §â®çª¨ §®àã §¬¥­è¥­­ï § £ «ì­®£®  ¥à®¤¨­ ¬iç­®-£® ®¯®àã. �̈ ¬ ¡i«ìè¥, é® ¤«ï â®­ª¨å âi« å à ªâ¥à-­¨© ¡¥§¢i¤à¨¢­¨© à¥¦¨¬ ®¡âiª ­­ï. �®ªà¥¬ , ¤«ïâi«  § à®¡®â¨ [6] (" � 0:075) ¥ªá¯¥à¨¬¥­â¨ ¯®ª § -«¨ ¢i¤áãâ­iáâì ¢i¤à¨¢ã ¤«ï ¢áì®£® ¤i ¯ §®­ã ç¨á¥«�¥©­®«ì¤á  160000 � ReL � 300000.�à®áâi ®æi­ª¨ â®¢é¨­¨ ¯à¨¬¥¦®¢®£® è àã â ­ ¯àã¦¥­­ï â¥àâï ¬®¦­  §à®¡¨â¨, ¢¨ª®à¨áâ ¢è¨â¥®àiî ®¡âiª ­­ï â®­ª®£® âi«  i¤¥ «ì­®î ­¥áâ¨-á«¨¢®î ài¤¨­®î. �®ªà¥¬ , ¤«ï áª« ¤®¢¨å è¢¨¤-ª®áâi á¯à ¢¥¤«¨¢i ä®à¬ã«¨ (¤¨¢. [10]):vx = 1 + "2ln"dAdx +O("2); (8)vr = "A(x)r� +O("3); (9)r� = r" ;A(x) = F dFdx ;F (x) = R(x)" :�ªé® §­¥åâã¢ â¨ â®¢é¨­®î ¯à¨¬¥¦®¢®£® è àã(¯®ài¢­ï­® § à ¤iãá®¬ âi«  R(x)), â® è¢¨¤ªiáâìU (x) á¯i¢¯ ¤ õ §i è¢¨¤ªiáâî ­  ¯®¢¥àå­i âi« , ïªã¬®¦­  ¢¨à åã¢ â¨ § ¢¨ª®à¨áâ ­­ï¬ ä®à¬ã« (8),(9).U (x) = [v2x (x;R(x)) + v2r (x;R(x))]1=2 =1 + "2ln"dAdx + O("2) (10)�â¦¥, § â®ç­iáâî ¤® ç«¥­i¢ ¯®àï¤ªã "2ln� è¢¨¤-ªiáâì U (x) ¬®¦­  ¢¢ ¦ â¨ áâ «®î, é® á¯i¢¯ ¤ õ §U1.� ª¨¬ ç¨­®¬, ¤«ï £àã¡®�� ®æi­ª¨ ¬®¦­  §­¥åâã-¢ â¨ ®á®¡«¨¢®áâï¬¨ ä®à¬¨ â®­ª®£® âi«  i ¢¢ ¦ -â¨ U (x) áâ «®î. �®¤i §  ä®à¬ã« ¬¨ (3) �U (x) ¡ã¤¥â ª®¦ áâ «®î ÷ ài¢­®î 1. �®¡â®, â®­ª®¬ã ®á¥á¨¬¥-âà¨ç­®¬ã âi«ã ã ¢¨¡à ­®¬ã ­ ¡«¨¦¥­­i ¢i¤¯®¢i¤ õ¯«®áª  ¯« áâ¨­ª , ¯®£à ­¨ç­¨© è à ­  ïªi© ¤®¡à¥¤®á«i¤¦¥­¨©.�®ªà¥¬ , ¤«ï « ¬i­ à­®£® ®¡âiª ­­ï ¯« áâ¨­ª¨à®§¢'ï§®ª �« §iãá  ¤ õ (¤¨¢. [9]):���� = 0:664x1=2Re�1=2L ;��w = 0:664x�1=2Re�1=2L : (11)ö.�.�¥áâ¥àãª 55
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�¨á. 3. �å¥¬  ¯ à ¬¥âà÷¢ ¯à÷©­ïâ®ù ¬®¤¥«÷�«ï âãà¡ã«¥­â­®£® ¢¨¯ ¤ªã ¢i¤¯®¢i¤­® (¤¨¢. [9]):���� = 0:0153x6=7Re�1=7L ;��w = 0:0263x�1=7Re�1=7L : (12)�¨ª®à¨áâ®¢ãîç¨ ¯à®áâi § «¥¦­®áâi (7), ®âà¨-¬ãõ¬® ®æi­ª¨ â®¢é¨­¨ ¢âà â¨ i¬¯ã«ìáã â  ­ ¯àã-¦¥­­ï â¥àâï « ¬i­ à­®£® ¯à¨¬¥¦®¢®£® è àã ­ â®­ª®¬ã ®á¥á¨¬¥âà¨ç­®¬ã âi«i:��� = 0:664x1=2Re�1=2LR(x) ;�w = 0:664x�1=2Re�1=2L R(x): (13)�i¤¯®¢i¤­® ¤«ï âãà¡ã«¥­â­®£® ¯à¨¬¥¦®¢®£® è àã:��� = 0:0153x6=7Re�1=7LR(x) ;�w = 0:0263x�1=7Re�1=7L R(x): (14)�i«ìè â®ç­i ®æi­ª¨ ¬®¦­  ®âà¨¬ â¨ § ¢¨ª®à¨áâ ­-­ï¬ ä®à¬ã«¨ (10) ¤«ï U (x),  «¥ â®¤i æî § «¥¦­iáâì¯®âài¡­® ¯¥à¥â¢®à¨â¨ ¤® ­®¢¨å ª®®à¤¨­ â §  ä®à-¬ã« ¬¨ (3) â  i­â¥£àã¢ â¨ á¨áâ¥¬ã ài¢­ï­ì ¯«®á-ª®£® ¯à¨¬¥¦®¢®£® è àã (5), (6).2. ��I��� ������� ����������� �������������� �I��ªé® ®á¥á¨¬¥âà¨ç­¥ âi«® ®¡âiª õâìáï ã ¡¥§-¢i¤à¨¢­®¬ã à¥¦¨¬i i â®¢é¨­®î ¯à¨¬¥¦®¢®£® è -àã ¬®¦­  §­¥åâã¢ â¨, â® ©®£® ¯®¢­¨© ®¯ià ¢¨§­ -ç õâìáï «¨è¥ â¥àâï¬. �  ¯ à ¤®ªá®¬ � « ¬¡¥-à  áª« ¤®¢  ®¯®àã, ¯®¢'ï§ ­  § à®§¯®¤i«®¬ â¨áªã­  ¯®¢¥àå­i, ¢ æì®¬ã ¢¨¯ ¤ªã ¢i¤áãâ­ï. �®¤i ª®-¥äiæiõ­â ¯®¢­®£® ®¯®àã ¬®¦¥ ¡ãâ¨ ®¡ç¨á«¥­¨© § ä®à¬ã«®îCdL = 2D�U21L2 = 2� 1R0 R(x)�w(x)dx: (15)

Tãâ D - ¯®¢­¨© ®¯ià âi« ; � - £ãáâ¨­  ài¤¨­¨.�ªé® §­¥åâã¢ â¨ ¤®¢¦¨­®î §®­¨ ¯¥à¥å®¤ã« ¬i­ à­®£® ¯à¨¬¥¦®¢®£® è àã ¢ âãà¡ã«¥­â­¨©â  áª®à¨áâ â¨áì ä®à¬ã« ¬¨ (13), (14) ¤«ï ­ ¯àã-¦¥­­ï â¥àâï ­  â®­ª®¬ã ®á¥á¨¬¥âà¨ç­®¬ã âi«i, â®¬®¦­  «¥£ª® ®âà¨¬ â¨ ­ áâã¯­ã ä®à¬ã«ã ¤«ïCdL:CdL = 1:328Re�1=2L Wlam++0:0526Re�1=7L Wtur; (16)Wlam = � xtrR0 R2(x)x�1=2dx;Wtur = � 1Rxtr R2(x)x�1=7dx: (17)�ãâ xtr - ª®®à¤¨­ â  â®çª¨ ¯¥à¥å®¤ã « ¬i­ à­®-£® ¯à¨¬¥¦®¢®£® è àã ¢ âãà¡ã«¥­â­¨©; i­â¥£à «¨Wlam , Wtur ¡«¨§ìªi §  á¢®��¬¨ §­ ç¥­­ï¬¨ ¤® ç -áâ¨­ ®¡'õ¬i¢ âi« , ®¬¨â¨å « ¬i­ à­¨¬ â  âãà¡ã-«¥­â­¨¬ ¯®â®ª ¬¨.�ªé® ¯®  ­ «®£i�� § à®¡®â®î [1] ¢¨ª®à¨áâ â¨§ ¬iáâì CdL â  ReL ¢¥«¨ç¨­¨ CdV â  ReV , é®¢¨§­ ç îâìáï ä®à¬ã« ¬¨CdV = 2D�U21(V 0)2=3 = CdL � 1V 2=3 ; (18)ReV = U1(V 0)1=3� = ReLV 1=3; (19)¤¥ V 0 - äi§¨ç­¨© ®¡'õ¬ âi« ,   V - ¡¥§à®§¬ià­¨©®¡'õ¬, ¢i¤­¥á¥­¨© ¤® ªã¡ã ¤®¢¦¨­¨ âi«  L3, â® ài¢-­ï­­ï (16) ¬®¦­  ¯¥à¥¯¨á â¨ ã ¢¨£«ï¤iCdV = 1:328Re�1=2V V �1=2Wlam++0:0526Re�1=7V V �13=21Wtur: (20)�«ï â®­ª¨å âi« i­â¥£à «¨ (17) â  ®¡'õ¬ âi«  V ¬®¦-­  ®æi­¨â¨ â ª¨¬ ç¨­®¬:Wlam � "2xtr; Wtur � "2(1�xtr); V � "2: (21)56 ö.�.�¥áâ¥àãª



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 58� ¡«. 1.ReV " CdV ,ài¢­. (22) CdV ,áâ ââï [1]�¨¯ ¤®ª I, ç¨áâ®âãà¡ã«¥­â­¨©¯à¨¬¥¦®¢¨© è à 5 � 106 0.0954 0.00098 0.024(xtr = 0)�¨¯ ¤®ª I,§¬iè ­¨©¯à¨¬¥¦®¢¨© è à 5 � 106 0.0954 0.00026 0.005(xtr = 0:073)�¨¯ ¤®ª II, ç¨áâ®âãà¡ã«¥­â­¨©¯à¨¬¥¦®¢¨© è à 1 � 107 0.14 0.0012 0.024(xtr = 0)�¨¯ ¤®ª III, ç¨áâ®âãà¡ã«¥­â­¨©¯à¨¬¥¦®¢¨© è à 1 � 108 0.1173 0.00075 0.016(xtr = 0)�®¤i ¤«ï ¢¥«¨ç¨­¨ CdV á¯à ¢¥¤«¨¢  ­ áâã¯­  ä®à-¬ã« : CdV � 1:3Re�1=2V "xtr++0:053Re�1=7V "16=21(1� xtr): (22)�¨á«®¢i ®æi­ª¨ §  ài¢­ï­­ï¬ (22), ïª÷ §à®¡«¥­i¤«ï § ¯à®¯®­®¢ ­¨å ¢ [1] ®¯â¨¬ «ì­¨å âi«,   â ª®¦®¡ç¨á«¥­i ¢ [1] §­ ç¥­­ï CdV , ­ ¢¥¤¥­i ¢ â ¡«. 1, §ïª®ù ¢¨¤­®, é® pi¢­ï­­ï (22) ¤ õ §­ ç¥­­ï ®¯®pã ­ ¯®pï¤®ª ¬¥­èi, ¯®pi¢­ï­® § ®¡ç¨á«¥­¨¬¨ ¢ p®¡®âi[1] . �®¦«¨¢®, æ¥ ¯®¢'ï§ ­® § â¨¬ ä ªâ®¬, é® ¢ [1]¡ã«® §­¥åâã¢ ­® ¥ä¥ªâ ¬¨ ªp¨¢¨§­¨, ïªi §£i¤­® §ä®¬ã« ¬¨ (7) ¬ îâì ­  â®­ª®¬ã ®á¥á¨¬¥â¨ç­®¬ãâi«i ¢¥«¨ª¨© ¢¯«¨¢ ­  ¯p¨¬¥¦®¢¨© è p ç¥p¥§ ¬ «ã¢¥«¨ç¨­ã ®¤­®£® § p ¤iãái¢ ªp¨¢¨§­¨, ¡«¨§ìªã ¤®R(x).3. ����I ������������I �I�� I������ �I�I�I���I�I ������ ©¡i«ìè æiª ¢®î ®á¥á¨¬¥âp¨ç­®î § ¤ ç¥î õ¬i­i¬i§ æiï ¯®¢­®£® £i¤p®¤¨­ ¬iç­®£® ®¯®pã ¯p¨äiªá®¢ ­®¬ã ®¡'õ¬i. �«ï â®­ª¨å âi«, é® ®¡âiª -îâìáï ã ¡¥§¢i¤p¨¢­®¬ã p¥¦¨¬i § â®­ª¨¬ ¯®pi¢­ï­®§ R(x) ¯p¨¬¥¦®¢¨¬ è p®¬, æï áª« ¤­  ¯à®¡«¥¬ §¢¥« áï ¤® ä®p¬ã«¨ (20)  ¡® ®æi­ª¨ (22). �®ªp¥-¬ , § pi¢­ï­­ï (22) ¢¨¤­®, é® ¬i­i¬ «ì­¥ §­ ç¥­-­ï CdV ¤®áï£ õâìáï ¯p¨ ¬i­i¬ «ì­®¬ã §­ ç¥­­i ".�â¦¥, §  ¢¨á­®¢ª ¬¨ p®§¢¨­ãâ®�� ¢¨é¥ â¥®pi�� ®¯â¨-¬ «ì­®î ä®à¬®î äiªá®¢ ­®£® ®¡'õ¬ã õ ¬ ªá¨¬ «ì-­® â®­ª¥ âi«® (â¨¯ã £®«ª¨).

� á¯p ¢¤i, p®§¢'ï§®ª § ¤ çi ®¯â¨¬i§ æi�� ¤ «¥ª®­¥ â ª¨© âp¨¢i «ì­¨© ç¥p¥§ ®¡¬¥¦¥­­ï ­  á¯p -¢¥¤«¨¢iáâì ä®p¬ã« (20), (22), ­  ïª¨å ¢ pâ® §ã-¯¨­¨â¨áì ¤®ª« ¤­®. �«ï ¤ã¦¥ â®­ª¨å âi« ã¬®¢ ¡¥§¢i¤p¨¢­®áâi ®¡âiª ­­ï ®ç¥¢¨¤­® ¢¨ª®­ãõâìáï,  ®â ¤àã£  ­¥®¡åi¤­  ¢¨¬®£  - ¬ «  â®¢é¨­  ¯à¨¬¥-¦®¢®£® è àã - ­ ª« ¤ õ ®¡¬¥¦¥­­ï ­  ¯ à ¬¥âà". �i©á­®, ¢¨¬®£  ��� << R(x) § ¢¨ª®à¨áâ ­­ï¬ài¢­ï­­ï (14) ¤ õ:0:015Re�1=7L << "2; (23) ¡®, ¢à å®¢ãîç¨ (19), (21):0:015Re�1=7V << "44=21: (24)�­ «®£iç­i ®æi­ª¨ ¬®¦­  §à®¡¨â¨ i ¤«ï ¢¨¯ ¤ªã« ¬i­ à­®£® ¯®â®ªã. � ¯à¨ª« ¤, ã¬®¢  (23) ¢¨ª®-­ãõâìáï ¤«ï âi« II â  III § à®¡®â¨ [1],   ¤«ï ¢¨¯ ¤-ªã I ¯à ¢  ç áâ¨­  ­¥ài¢­®áâi (23) «¨è¥ ¢ 4.4 à §¨¡i«ìè  ¢i¤ «i¢®��.�¥«i­i©­¨© å à ªâ¥à ã¬®¢¨ (23) ¤ õ á¨«ì­ã § -«¥¦­iáâì ¬i¦ ¤®¯ãáâ¨¬¨¬ ¤i ¯ §®­®¬ ç¨á¥« �¥©-­®«ì¤á  â  ¯ à ¬¥âà®¬ â®­ª®áâi âi«  ". �à¨ª« ¤¨®æi­®ª ­ ¢¥¤¥­i ¢ â ¡«. 2.�â¦¥, ¤«ï ­ ©¡i«ìè ¯®âài¡­®£® ¤«ï ¯à ªâ¨ª¨¤i ¯ §®­ã ç¨á¥« �¥©­®«ì¤á  106 < ReV < 108 §­ -ç¥­­ï " ­¥ ¬®¦¥ ¡ãâ¨ ¬¥­è¨¬ 0:1 � 0:15 ¤«ï â®-£®, é®¡ à®§¢¨­¥­  ¢¨é¥ â¥®àiï ¡ã«  á¯à ¢¥¤«¨¢®î.� â®çª¨ §®àã æiõ�� â¥®ài�� ­ ©¬¥­è¥ § ¤®¯ãáâ¨¬ëå§­ ç¥­ì " i õ ®¯â¨¬ «ì­¨¬. �ãâ á«i¤ §¢¥à­ãâ¨ ã¢ -£ã, é® §­ ç¥­­ï ¯ à ¬¥âà  " § ­ ¢¥¤¥­®£® ¤i ¯ §®-ö.�.�¥áâ¥àãª 57



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 53 { 58� ¡«. 2." �­ ç¥­­ï ç¨á¥« ReV , ¤«ï ïª¨åá¯à ¢¥¤«¨¢i ä®à¬ã«¨ (20),(22)0.05 ReV > 2:1 � 10130.1 ReV > 8 � 1080.15 ReV > 1:4 � 106­ã ­¥ £ à ­âãîâì ¡¥§¢i¤à¨¢­®£® à¥¦¨¬ã ®¡âiª ­-­ï. �®ªà¥¬ , ¤«ï âi« § à®¡®â¨ [7] ¢¥«¨ç¨­  " ¡ã« ¡«¨§ìª®î ¤® 0:14,  «¥ ¡¥§¢i¤à¨¢­¨© à¥¦¨¬ ¤®áï-£ ¢áï «¨è¥ § ¢¨ª®à¨áâ ­­ï¬ âãà¡ã«i§ â®à .4. ���������à¨¬¥¦®¢¨© è à ­  â®­ª®¬ã ®á¥á¨¬¥âà¨ç­®¬ãâi«i å à ªâ¥à¨§ãõâìáï ­ ¡ £ â® ¡i«ìè®î â®¢é¨-­®î i ­ ¡ £ â® ¬¥­è¨¬ â¥àâï¬ ¯®ài¢­ï­® §  ­ «®-£iç­¨¬¨ ¯«®áª¨¬¨ è à ¬¨, é® ¤®§¢®«ïõ ®âà¨¬ â¨¤«ï â®­ª¨å ®á¥á¨¬¥âà¨ç­¨å âi« §­ ç¥­­ï ¯®¢­®-£® ®¯®àã, ­  ¯®àï¤®ª ¬¥­èi ¢i¤ ®¡ç¨á«¥­¨å ¢ à®-¡®âi [1]. �i à®§¡i¦­®áâi, ¬®¦«¨¢®, ¯®¢'ï§ ­i § ­¥å-âã¢ ­­ï¬ ¢ [1] ¥ä¥ªâ ¬¨ ªà¨¢¨§­¨, é® ­ ©¡i«ìè¥¯à®ï¢«ïîâìáï á ¬¥ ­  â®­ª¨å âi« å.�à¥¤áâ ¢«ïîâì ¢¥«¨ª¨© i­â¥à¥á ç¨á¥«ì­i ¤®-á«i¤¦¥­­ï ®¯®àã ®á¥á¨¬¥âà¨ç­¨å âi« § ¯ à ¬¥-âà®¬ ", ¬¥­è¨¬ 0:1 � 0:15 § ¢à åã¢ ­­ï¬ ¢¯«¨¢ãâ®¢áâ®£® ¯à¨¬¥¦®¢®£® è àã ­  §®¢­iè­î ­¥¢'ï§ªãâ¥çiî.
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