
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 4. �. 78 { 83��� 532.528������ ������������� ��������������������������� �� ������������������������. �. ��������, �. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 02.07.2004�  ¯à¨¬¥à¥ ¤¢ãå áå¥¬ áã¯¥àª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï { "ª®­ãá{ª ¢¥à­ " ¨ "ª®­ãá{ª ¢¥à­ {ª®­ãá" { ¯à®¢¥¤¥­ë à á-ç¥âë ®¡ê¥¬­®£® ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï ¤«ï ç¨á¥« ª ¢¨â æ¨¨ 0;01 < � < 0;1 ¨ ¤¨ ¯ §®­  ã£«®¢ ¯®«ãà áâ¢®à ª®­ãá®¢ 1;50 < � < 900. � áç¥âë ¯®ª § «¨, çâ® ¤«ï â®­ª¨å ª®­ãá®¢ (� < 150) ã¦¥ ¯à¨ � � 4;50 á®¯à®â¨¢«¥­¨¥ á¨«âà¥­¨ï ¯à¥¢®áå®¤¨â á®¯à®â¨¢«¥­¨¥ ¤ ¢«¥­¨ï. � ­ ¨¬¥­ìè¨¥ ª®íää¨æ¨¥­âë ®¡ê¥¬­®£® á®¯à®â¨¢«¥­¨ï ¤®áâ¨£ îâáï¯à¨ ã¬¥­ìè¥­¨¨ � ¨ ¨á¯®«ì§®¢ ­¨¨ ª®­ãá®¢ á ¡®«ìè¨¬¨ ã£« ¬¨ �, ¡«¨§ª¨¬¨ ¯® ä®à¬¥ ª ¤¨áªã (� = 900).�  ¯à¨ª« ¤÷ ¤¢®å áå¥¬ áã¯¥àª ¢÷â æ÷©­®£® ®¡â÷ª ­­ï { "ª®­ãá{ª ¢¥à­ " ÷ "ª®­ãá{ª ¢¥à­ {ª®­ãá" { §à®¡«¥­® à®§à -åã­ª¨ ®¡'õ¬­®£® ª®¥ä÷æ÷õ­âã ®¯®àã ¤«ï ç¨á¥« ª ¢÷â æ÷ù 0;01 < � < 0;1 ÷ ¤÷ ¯ §®­ã ­ ¯÷¢ªãâ÷¢ ª®­ãá÷¢ 1;50 < � < 900.�®§à åã­ª¨ ¯®ª § «¨, é® ¤«ï â®­ª¨å ª®­ãá÷¢ (� < 150) ã¦¥ ¯à¨ � � 4;50 ®¯÷à á¨« â¥àâï ¯¥à¥¢¨éãõ ®¯÷à â¨áªã.� ­ ©¬¥­è÷ ª®¥ä÷æ÷¥­â¨ ®¡'õ¬­®£® ®¯®àã ¤®áï£ îâì ¯à¨ §¬¥­è¥­­÷ � ÷ ¢¨ª®à¨áâ ­­÷ ª®­ãá÷¢ § ¢¥«¨ª¨¬¨ ªãâ ¬¨ �,¡«¨§ìª¨¬¨ ¯® ä®à¬÷ ¤® ¤¨áªã (� = 900).Calculations of the volumetric drag coe�cient were performed for the cavitation number range 0;01 < � < 0;1 and thecone half-angle range 1;50 < � < 900 by the example of two schemes of the supercavitation 
ow { "cone { cavity" and"cone { cavity { cone". The calculations have shown that for slender cones (� < 150) the drag of the frictional forceexceeds the pressure drag already when � � 4;50. The lowest coe�cients of the volumetric drag are attained whendecreasing the cavitation numbers � and using the cones with large angles � and having a shape close to a disk (� = 900).���������«ï ®æ¥­ª¨ íää¥ªâ¨¢­®áâ¨ âà ­á¯®àâ¨à®¢ª¨¯®«¥§­®£® £àã§  ¢ëç¨á«¥­¨¥ â®«ìª® á®¯à®â¨¢«¥­¨ïª®à¯ãá , ®â­¥á¥­­®£® ª å à ªâ¥à­®© ¯®¢¥àå­®áâ¨,¢ ®¡é¥¬ á«ãç ¥ ®ª §ë¢ ¥âáï ­¥¤®áâ â®ç­®.�®«¥¥ ¢ ¦­® §­ âì í­¥à£¥â¨ç¥áªãî áâ®¨¬®áâìâà ­á¯®àâ¨à®¢ª¨ ¥¤¨­¨æë ¢®¤®¨§¬¥é¥­¨ï ¨«¨ ¯®-«¥§­®£® £àã§ .�®íâ®¬ã ¢ áã¤®áâà®¥­¨¨ ¨á¯®«ì§ãîâ ®¡ê¥¬­ë©ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï CV , ®â­¥á¥­­ë© ª®¡ê¥¬ã âà ­á¯®àâ­®£® áà¥¤áâ¢ ,CV = 2X�U21V 2=3 ; (1)¨ ã¤¥«ì­ë© ª®íää¨æ¨¥­â í­¥à£®§ âà â [9, 10]K = NQ ���ââ � ;£¤¥ X { á®¯à®â¨¢«¥­¨¥; � { ¯«®â­®áâì ¢®¤ë; U1{ áª®à®áâì; V { ®¡ê¥¬; Q { ¢®¤®¨§¬¥é¥­¨¥.� ­ áâ®ïé¥¥ ¢à¥¬ï ¨¬¥¥¥âáï ¤®áâ â®ç­® ¬­®£®à ¡®â ¯® ®¯â¨¬¨§ æ¨¨ ª®à¯ãá®¢ ¢ á¯«®è­®¬ ®¡â¥-ª ­¨¨, ª®â®àë¥ á®áâ ¢¨«¨ äã­¤ ¬¥­â «ì­ãî â¥®-à¨î ª®à ¡«ï [9, 10].�¤­ ª® à §¢¨â¨¥ áã¯¥àª ¢¨â æ¨¨ ¨ ¢®§¬®¦-­®áâì ¨á¯®«ì§®¢ ­¨ï áã¯¥àª ¢¥à­ ­  ª®à¯ãá å áã-

¤®¢ âà¥¡ãîâ ¯à®¢¥¤¥­¨ï á®®â¢¥âáâ¢ãîé¨å à áç¥-â®¢ ¨ ®æ¥­ª¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ áã-¯¥àª ¢¨â¨àãîé¨å ®¡ê¥ªâ®¢.�ã¯¥àª ¢¥à­ë ¬®¦­® ¨á¯®«ì§®¢ âì ¤«ï á­¨¦¥-­¨ï á®¯à®â¨¢«¥­¨ï ¯ãâ¥¬ ¨áª«îç¥­¨ï ª®­â ªâ ª®à¯ãá  á ¢®¤®© ¨ ã¬¥­ìè¥­¨ï á¬®ç¥­­®© ¯®¢¥àå-­®áâ¨ ª®à¯ãá ,   â ª ¦¥ ¤«ï ã¢¥«¨ç¥­¨ï ®¡ê¥¬ ª®à¯ãá  ¤® ®¡ê¥¬  ¤®­­®© ¨«¨ ¯à¨á®¥¤¨­¥­­®© ª -¢¥à­.�  ®á­®¢¥ ¨¬¥îé¨åáï ¤ ­­ëå ¤«ï ª ¢¨â æ¨®­-­®£® ®¡â¥ª ­¨ï ª®­ãá®¢ [3, 4, 7, 11, 12] ¨­â¥à¥á­®¯à® ­ «¨§¨à®¢ âì ¯®ï¢¨¢è¨¥áï ¢®§¬®¦­®áâ¨ ¨á-¯®«ì§®¢ ­¨ï áã¯¥àª ¢¥à­ë ¤«ï ¯®¢ëè¥­¨ï íää¥ª-â¨¢­®áâ¨ âà ­á¯®àâ .1. ����� ����������������������������� áá¬®âà¨¬ ¤¢¥ ¢®§¬®¦­ë¥ áå¥¬ë ¨á¯®«ì§®¢ -­¨ï áã¯¥àª ¢¥à­ë.�å¥¬  1: "ª®­ãá { ª ¢¥à­ " (à¨á. 1,  ).�å¥¬  2: "ª®­ãá { ª ¢¥à­  { ª®­ãá" á®¢¯ ¤ ¥âá â¥®à¥â¨ç¥áª®© à áç¥â­®© áå¥¬®© �ï¡ãè¨­áª®£®(à¨á. 1, ¡).�á«®¢­® ¬®¦­® ¢ë¤¥«¨âì ¢ ®¡¥¨å áå¥¬ å å -à ªâ¥à­ë¥ ãç áâª¨ ª ¢¥à­: ãç áâ®ª ª ¢¥à­ë ®â¤­  ª®­ãá  ¤® ¬¨¤¥«ï ª ¢¥à­ë Lcx ¨ ¯®«ãª ¢¥à­ã0; 5Lc.78 c
�. �. � ¢ç¥­ª®, �. �. � ¢ç¥­ª®, 2004



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 4. �. 78 { 83a¡�¨á. 1. �å¥¬ë áã¯¥àª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï:a { �å¥¬  1 { "ª®­ãá{ª ¢¥à­ ";¡ { �å¥¬  2 { "ª®­ãá{ª ¢¥à­ {ª®­ãá"� áå¥¬¥ 1 ¤«¨­  ª ¢¥à­ë ¢ª«îç ¥â ¢ á¥¡ï ¤¢ ãç áâª : Lc1 = Lcx + 0; 5Lc;  ¤«¨­  ¢á¥© á¨áâ¥¬ë ¡ã¤¥âL� = l + Lcx + 0; 5Lc:�«ï áå¥¬ë 2 ¤«¨­  ¢á¥© ª ¢¥à­ë ¡ã¤¥â á®áâ®ïâì¨§ ¤¢ãå ãç áâª®¢ Lcx,   ¤«¨­  ¢á¥© á¨áâ¥¬ë á®áâ -¢¨â L� = 2l + 2Lcx:�á¯®«ì§ãï íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ® â®¬,çâ® ä®à¬  áâ æ¨®­ à­®© ª ¢¥à­ë ¯à¨ ¡®«ìè¨åç¨á« å �àã¤  ¡«¨§ª  ª í««¨¯á®¨¤ã ¢à é¥­¨ï [12],¬®¦­® ¯à¨¡«¨¦¥­­® ®¯à¥¤¥«¨âì ª®­âãàë ª ¢¥à­ë:R2 = x(1� x)�2 ; (2)ã¤«¨­¥­¨¥ áã¯¥àª ¢¥à­ë á ¬ ªá¨¬ «ì­ë¬ à ¤¨ã-á®¬ Rc ¨ ¤«¨­®© LcRc = rrCx� ; Lc = 2r� rCx ln 1� ; (3)£¤¥ � =s ln 1�� : (4)�«ï à áç¥â  ¤«¨­ë ãç áâª  Lcx ¢®á¯®«ì§ã¥¬áïâ¥¬, çâ® á¢®¡®¤­ ï £à ­¨æ  áå®¤¨â á ¯®¢¥àå­®áâ¨ª®­ãá  ¯® ­ ¯à ¢«¥­¨î, á®¢¯ ¤ îé¥¬ã á ®¡à §ãî-é¥© ª®­ãá , ¨ çâ® å à ªâ¥à­ë¥ á¥ç¥­¨ï ª®­ãá  ¨

�¨á. 2. �å¥¬  á®¯àï¦¥­¨ï ª®­ãá  á áã¯¥àª ¢¥à­®©ª ¢¥à­ë ¯®¤ç¨­ïîâáï á«¥¤ãîé¥© § ¢¨á¨¬®áâ¨ ®âç¨á«  ª ¢¨â æ¨¨ ¨ ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï[3]: R2cr2 = Cx� :�à¨ íâ®¬ ®¡à §ãîé ï ª®­ãá  ¤®«¦­  ¡ëâì ª á -â¥«ì­®© ª ª®­âãàã ª ¢¥à­ë (2) ¢ â®çª¥ á®¯àï¦¥­¨ï(Lcx;R).�®£« á­® áå¥¬¥ (à¨á. 2), ãà ¢­¥­¨¥ ª á â¥«ì­®©ª í««¨¯áã ¢ â®çª¥ (x0; y0) ¨¬¥¥â ¢¨¤x0a2x+ y0b2 y = 1;£¤¥ a = 1=2Lc; b = Rc; x0 = Lcx; a=b = �.�à¨ § ¤ ­­®¬ ã£«¥ � ¯®«ãà áâ¢®à  ª®­ãá  tg �¡ã¤¥â à ¢¥­ ã£«®¢®¬ã ª®íää¨æ¨¥­âã ª á â¥«ì­®©[3, 6]: tg � = � b2a2 x0y0 = ��2x0y0 ;®âªã¤  x0 = ��2y0tg �¨«¨ Lcx = ��2rtg �: (5)�á«¨ ®â­¥áâ¨ Lcx ª ¤«¨­¥ ª®­ãá  l, â® ¢ ¡¥§à §-¬¥à­®¬ ¢¨¤¥ ãà ¢­¥­¨¥ (5) ¬®¦­® § ¯¨á âì ª ªLcx = �2r2l2 = �2�2c ; (6)£¤¥ �c = l=r { ã¤«¨­¥­¨¥ ª®­ãá .�§ á®®â­®è¥­¨ï (6) ¢¨¤­®, çâ® ¤«¨­  ãç áâª ª ¢¥à­ë §  ª®­ãá®¬ ¤® ¬¨¤¥«ï à ¢­  ®â­®è¥­¨îª¢ ¤à â®¢ ã¤«¨­¥­¨© ª ¢¥à­ë ¨ ª®­ãá .�¡ê¥¬ ç áâ¨ ª ¢¥à­ë ¬¥¦¤ã ª ¢¨â â®à®¬ (ª®-­ãá®¬) ¨ ¬¨¤¥«¥¢ë¬ á¥ç¥­¨¥¬ ª ¢¥à­ë Vx ¬®¦­®¯®«ãç¨âì, ¨­â¥£à¨àãï ¯«®é ¤ì á¥ç¥­¨ï ª ¢¥à­ëF (x) ­  ãç áâª¥ ®âà¥§ª  Lcx = x0:F (x) = �y2 = �b2�1� x2a2� ;�. �. � ¢ç¥­ª®, �. �. � ¢ç¥­ª® 79



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 4. �. 78 { 83Vx = �b2 x0Z0 �1� x2a2� dx = �x0�b2 � x203�2� :� ãç¥â®¬ ¢ëà ¦¥­¨© (2), (3) ¨ (5) ®¡ê¥¬ ç áâ¨ª ¢¥à­ë Vx ¡ã¤¥âVx = ��2rtg � �R2c � �23 r2 tg 2�� : (7)�®«­ë© ®¡ê¥¬ ª ¢¥à­ë §  ª®­ãá®¬, á®£« á­®áå¥¬¥ 1 (à¨á. 1,  ), ¡ã¤¥â à ¢¥­ áã¬¬¥ ¤¢ãå ®¡ê-¥¬®¢: Vc1 = Vx + 23�b2a == ��2rtg � �R2c � �23 r2 tg 2��+ 13�R2cLc:�«ï áå¥¬ë 2 (à¨á. 1, ¡) ¯®«­ë© ®¡ê¥¬ ª ¢¥à­ë¡ã¤¥â á®áâ®ïâì ¨§ ¤¢ãå à ¢­ëå ãç áâª®¢ Vx, ®¯à¥-¤¥«ï¥¬ëå á®£« á­® ¢ëà ¦¥­¨î (7):Vc2 = 2Vx = 2��2r tg ��R2c � �23 r2 tg 2�� :� ¦­® ®â¬¥â¨âì, çâ® ¢ áå¥¬¥ 1 ¯à¨ � ! 0 Vc1áâà¥¬¨âáï ª ®¡ê¥¬ã ¯®«ãª ¢¥à­ë:Vc1����!0 = 13�R2cLc;¢ â® ¢à¥¬ï ª ª ®¡ê¥¬ ª ¢¥à­ë áå¥¬ë 2 áâà¥¬¨âáïª ­ã«î: Vc2����!0 ! 0:�à¨ à áç¥â¥ ¯®«¥§­®£® ®¡ê¥¬  V� ¤«ï áå¥¬ë 1á«¥¤ã¥â ¤®¡ ¢¨âì ®¡ê¥¬ ª®­ãá :Vc0 = �3 r2l = �3 r3tg � :�«ï áå¥¬ë 2 (à¨á. 1, ¡) á«¥¤ã¥â ¤®¡ ¢¨âì ã¤¢®-¥­­ë© ®¡ê¥¬ ª®­ãá :V�1 = Vc1 + Vc0;V�2 = Vc2 + 2Vc0:2. ������������� �������®¯à®â¨¢«¥­¨¥ ª®­ãá  ¢ ®¡é¥¬ á«ãç ¥ ¬®¦­®à áá¬ âà¨¢ âì ª ª áã¬¬ã ¤¢ãå á®áâ ¢«ïîé¨å {á®¯à®â¨¢«¥­¨ï ¤ ¢«¥­¨ï (XP ) ¨ á®¯à®â¨¢«¥­¨ïâà¥­¨ï (XF ): X = XP +XF =

�¨á. 3. �å¥¬  ®¡â¥ª ­¨ï ª®­ãá  á ®¡à §®¢ ­¨¥¬¯®£à ­á«®ï= Cx(�;�)�V 22 �r2 +Cx(Re )�V 22 �r2sin � : (8)�«ï ª®­ãá®¢ á ¡®«ìè¨¬¨ ã£« ¬¨ � ! �=2 ¡ã¤¥â¤®¬¨­¨à®¢ âì á®¯à®â¨¢«¥­¨¥ ¤ ¢«¥­¨ï XP , £¤¥ ¢ª ç¥áâ¢¥ å à ªâ¥à­®© ¯®¢¥àå­®áâ¨ ¢§ïâ  ¯«®é ¤ì¤­  ª®­ãá .�«ï â®­ª¨å ª®­ãá®¢, ¯à¨ � ! 0, ¡ã¤¥â ¯à¥®¡« -¤ âì á®¯à®â¨¢«¥­¨¥ âà¥­¨ï XF , £¤¥ å à ªâ¥à­®©¯®¢¥àå­®áâìî ï¢«ï¥âáï ¯«®é ¤ì ¡®ª®¢®© ¯®¢¥àå-­®áâ¨ ª®­ãá .�®«­ë© ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ª®­ãá , á®-£« á­® ¢ëà ¦¥­¨ï (8), ¡ã¤¥âCx� = Cx(�;�) +Cx(Re ) 1sin � ; (9)£¤¥ Cx(Re ) { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï âà¥-­¨ï; Cx(�;�) { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ¤ ¢«¥-­¨ï; Re = Ul� { ç¨á«® �¥©­®«ì¤á  ¯® ¤«¨­¥ ®¡à -§ãîé¥© ª®­ãá  l.�®ï¢«¥­¨¥ ¯®£à ­¨ç­®£® á«®ï ­  ¯®¢¥àå­®áâ¨ª®­ãá  ¡ã¤¥â ®ª §ë¢ âì ¢«¨ï­¨¥ ¨ ­  á®¯à®â¨¢«¥-­¨¥ ¤ ¢«¥­¨ï â®­ª¨å ª®­ãá®¢.�áå®¤ï ¨§ áå¥¬ë ®¡â¥ª ­¨ï ¢ï§ª®© ¦¨¤ª®áâìî á®¡à §®¢ ­¨¥¬ ¯®£à ­¨ç­®£® á«®ï (à¨á. 3), à¥ «ì-­ë© ¯®â®ª ¡ã¤¥â ®ââ¥á­¥­ ®â ¯®¢¥àå­®áâ¨ ª®­ãá ­  ¢¥«¨ç¨­ã â®«é¨­ë ¢ëâ¥á­¥­¨ï ¯®£à ­¨ç­®£®á«®ï �� [2].�®£« á­® íâ®© ¦¥ áå¥¬¥, ­ «¨ç¨¥ ¯®£à ­¨ç­®£®á«®ï ¯à¨¢¥¤¥â ª ­¥ï¢­®¬ã ã¢¥«¨ç¥­¨î ã£«  ª®­ãá-­®áâ¨ ¨ à ¤¨ãá  ¤®­­®© ç áâ¨ ª®­ãá :�F = � + �1 = � + � ��r = � + ��l ; (10)rF = r + ��:� ¯à¨¬¥à, ¤«ï Re = 105 ¤®¡ ¢®ç­ë© ã£®« �1 =0:13®.�áá«¥¤®¢ ­¨ï ¯®£à ­¨ç­®£® á«®ï ¯®ª § «¨, çâ®­  ª®­ãá å ®­ â®­ìè¥, ç¥¬ ­  ¯«®áª®© ¯« áâ¨­¥ [2].�®£« á­® ¨áá«¥¤®¢ ­¨ï¬, â®«é¨­  �� ¢ëâ¥á­¥­¨ï80 �. �. � ¢ç¥­ª®, �. �. � ¢ç¥­ª®
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�¨á. 4. �®íää¨æ¨¥­â ®¡ê¥¬­®£® á®¯à®â¨¢«¥­¨ï áå¥¬1 ¨ 2 á®£« á­® à¨á. 1¯®£à ­¨ç­®£® á«®ï ­  ª®­ãá¥ ¨ â®«é¨­  ��p ¢ëâ¥á-­¥­¨ï ¯®£à ­¨ç­®£® á«®ï ­  ¯« áâ¨­¥ ­ å®¤ïâáï ¢á®®â­®è¥­¨¨ �� = 1p3��p = 0:58��p:� â® ¦¥ ¢à¥¬ï ª®íää¨æ¨¥­â ¯®«­®£® á®¯à®â¨-¢«¥­¨ï âà¥­¨ï ª®­ãá  ¢ 23p3 ¡®«ìè¥, ç¥¬ ­  ¯« -áâ¨­¥: Cx(Re) = 1:16Cxp(Re):�®£« á­® â¥®à¨¨ ¯®£à ­¨ç­®£® á«®ï, â®«é¨­ ¢ëâ¥á­¥­¨ï ¯®£à ­¨ç­®£® á«®ï ��p ­  ¯«®áª®© ¯« -áâ¨­¥ ¨ ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ¡ã¤ãâ ®¯à¥¤¥-«ïâìáï á«¥¤ãîé¨¬¨ á®®â­®è¥­¨ï¬¨ [1, 2]:¯à¨ « ¬¨­ à­®¬ ¯®£à ­¨ç­®¬ á«®¥:Re < 105:��p = ��px = 1; 13Re�12 ;Cxp = 1; 328Re� 12 ; (11)¯à¨ âãà¡ã«¥­â­®¬ ¯®£à ­¨ç­®¬ á«®¥:Re > 105:��p = ��px = 0; 02Re� 17 ;Cxp = 0; 0307Re� 17 : (12)�à¨ ª ¢¨â æ¨®­­®¬ ®¡â¥ª ­¨¨ á®¯à®â¨¢«¥­¨¥¤ ¢«¥­¨ï à áá¬ âà¨¢ ¥âáï, ª ª ª ¢¨â æ¨®­­®¥ á®-¯à®â¨¢«¥­¨¥, â®£¤  ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï

�¨á. 5. �®¯à®â¨¢«¥­¨¥ â®­ª®£® ª®­ãá :Cx0 { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ¤ ¢«¥­¨ï;Cx� { á ãç¥â®¬ ¢ï§ª®£® âà¥­¨ïCx(�;�), ¢å®¤ïé¨© ¢ ¢ëà ¦¥­¨¥ (8), á®£« á­® â¥®-à¥â¨ç¥áª¨¬ ¨ íªá¯¥à¨¬¥­â «ì­ë¬ ¨áá«¥¤®¢ ­¨ï¬,¨¬¥¥â á«¥¤ãîéãî áâàãªâãàã [3 { 5]:Cx(�;�) = Cx0(�)(1 + �); (13)£¤¥ Cx0(�) { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ª®­ãá ¯à¨ � = 0.� ¢¨á¨¬®áâì Cx0(�) ¢ ¤¨ ¯ §®­¥ 15® < � <90® ¤®áâ â®ç­® ¯®¤à®¡­® ¨áá«¥¤®¢ ­  ¢ à ¡®â¥�.�.�ã§¥¢áª®£® [3]. �«ï ¬ «ëå ã£«®¢ ¯®«ãà áâ¢®à ª®­ãá  � < 15® �.�.�¥áâ¥àãª®¬ ¯à¥¤«®¦¥­  ä®à-¬ã«  [4] Cx0(�) = �2�2�ln �2 + 1� : (14)� ãç¥â®¬ ¢ëà ¦¥­¨© (13), (14) ¨ (10) ¯à¨ x = l¢ (11) ¨ (12) ä®à¬ã«ã ¤«ï ¯®«­®£® á®¯à®â¨¢«¥­¨ïª®­ãá  (9) ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥Cx� = �2�2F �ln �F2 + 1� (1 + �) + 1; 16� CxP (Re );(15)£¤¥ �F = � + ��,   �� ¨ Cxp ®¯à¥¤¥«ïîâáï ¨§ ãá«®-¢¨© (11) ¨ (12).�  £à ä¨ª¥ à¨á. 5 ¯®ª § ­ë à¥§ã«ìâ âë à áç¥-â  ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï ª®­ãá  ¯® ä®à¬ã-« ¬ (14) ¨ (15).�«ï ®æ¥­ª¨ ¢«¨ï­¨ï á®¯à®â¨¢«¥­¨ï âà¥­¨ï ­ ®¡é¥¥ á®¯à®â¨¢«¥­¨¥ ª®­ãá  ¢ ¦­® ®â¬¥â¨âì, çâ®¢ª« ¤ á®¯à®â¨¢«¥­¨ï âà¥­¨ï ¤®áâ¨£ ¥â ¢¥«¨ç¨­ëá®¯à®â¨¢«¥­¨ï ¤ ¢«¥­¨ï ¤«ï ã£«  ¯®«ãà áâ¢®à  ª®-­ãá  � = 0; 076 = 4:4® ¯à¨ Re = 108; � = 0:01.�. �. � ¢ç¥­ª®, �. �. � ¢ç¥­ª® 81



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 4. �. 78 { 833. ������ ��������� ��������-���� ������������� CV�¥§ã«ìâ âë à áç¥â  ®¡ê¥¬­®£® ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ¯à¥¤áâ ¢«¥­ë £à ä¨ç¥áª¨ ­ à¨á. 4.� ®¡é¥¬ á«ãç ¥ CV = �Cx�Vr3�� 23 , £¤¥ ¤«ï áå¥-¬ë 1 "ª®­ãá{ª ¢¥à­ " (á¬. à¨á. 1,  ) ¯®«­ë© ®¡ê-¥¬ à ácç¨âë¢ «áï ¯® ä®à¬ã«¥V = V�1 = ��2rtg� �R2c � �23 R2tg 2��++13�R2cLc + �3 r3tg � ; (16)a ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï á ãç¥â®¬ ¢ëà ¦¥-­¨ï (15) à ááç¨âë¢ «áï ¯® ä®à¬ã«¥Cx = Cx1 = �2�2�ln �2 + 1� (1 + �)++1; 16Cxp(Re )sin � :�«ï áå¥¬ë 2 "ª®­ãá{ª ¢¥à­ {ª®­ãá" (á¬. à¨á. 1, ¡)¯®«¥§­ë© ®¡ê¥¬ à ááç¨âë¢ «áï ¯® ä®à¬ã«¥V = V�2 = 2��2rtg � �R2c � �23 R2tg 2�+ 23�r3 1tg� ;  ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï { ¯® ä®à¬ã«¥Cx = Cx2 = �2�2�ln �2 + 1� (1 + �)++2; 32Cxp(Re )sin � :� à áç¥â å ¤«ï ç¨á¥« �¥©­®«ì¤á  ¨ ª ¢¨â æ¨¨,ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï £« ¤ª®© ¯« áâ¨­ë �,ã£«  ª®­ãá­®áâ¨ � ¡ë«¨ ¯à¨­ïâë á«¥¤ãîé¨¥ §­ -ç¥­¨ï: Cxp(Re )���Re =108 = 2 � 10�3;� = 0:1; 0:05; 0:01;� = 1:5o; 3o; 5o; 10o; 15o:�­ «¨§ à áç¥â®¢ ¯®ª §ë¢ ¥â, çâ® ª®íää¨æ¨¥­â®¡ê¥¬­®£® á®¯à®â¨¢«¥­¨ï áå¥¬ë 2 "ª®­ãá { ª ¢¥à-­  { ª®­ãá" ¢ëè¥ ª®íää¨æ¨¥­â  ®¡ê¥¬­®£® á®¯à®-â¨¢«¥­¨ï áå¥¬ë 1 "ª®­ãá { ª ¢¥à­ " ¢® ¢á¥¬ ¤¨ ¯ -§®­¥ ã£«®¢ � ¨ ç¨á¥« ª ¢¨â æ¨¨ �. �à¨ç¥¬ à §­¨-æ  ¢ á®¯à®â¨¢«¥­¨¨ ã¢¥«¨ç¨¢ ¥âáï á ã¬¥­ìè¥­¨¥¬ã£«  ª®­ãá­®áâ¨.

�¨á. 6. �à ä¨ª íää¥ªâ¨¢­®áâ¨ ¯à¨¬¥­¥­¨ïáã¯¥àª ¢¨â æ¨¨ ¢ § ¢¨á¨¬®áâ¨ ®â ç¨á«  ª ¢¨â æ¨¨�¨­¨¬ «ì­ë¥ §­ ç¥­¨ï ª®íää¨æ¨¥­â ®¡ê¥¬­®£®á®¯à®â¨¢«¥­¨ï ¯à¨­¨¬ ¥â ¯à¨ � = 90o, � ! 0.�¥áª®«ìª®  ­®¬ «ì­®¥ ¯®¢¥¤¥­¨¥ CV ®â¬¥ç ¥âáï¤«ï ¬ «ëå §­ ç¥­¨© � < 10o ¨ � > 0; 1, çâ® ®¡ê-ïá­ï¥âáï ã¢¥«¨ç¥­¨¥¬ ®¡ê¥¬  ¨ á¬®ç¥­­®© ¯®¢¥àå-­®áâ¨ ª®­ãá  ¯à¨ � ! 0, ¢ â® ¢à¥¬ï ª ª á à®áâ®¬� ª ¢¥à­  ã¬¥­ìè ¥âáï.4. ������������� ������������������������������� ���������������ää¥ªâ¨¢­®áâì ¨á¯®«ì§®¢ ­¨ï áã¯¥àª ¢¨â æ¨-®­­®© áå¥¬ë ®¡â¥ª ­¨ï ¬®¦­® ãáâ ­®¢¨âì ¯ãâ¥¬áà ¢­¥­¨ï á®¯à®â¨¢«¥­¨ï â¢¥à¤®£® â¥« ,  ­ «®-£¨ç­®£® ¯® ä®à¬¥ áã¯¥àª ¢¥à­¥ á ª ¢¨â æ¨®­­ë¬á®¯à®â¨¢«¥­¨¥¬.�®¯à®â¨¢«¥­¨¥ í««¨¯á®¨¤®¢ ¢à é¥­¨ï ¯à¨á¯«®è­®¬ ®¡â¥ª ­¨¨ ¨áá«¥¤®¢ «®áì íªá¯¥à¨¬¥­-â «ì­® ¢ £¨¤à®ª ­ «¥ [1]. �à¨ íâ®¬ ¡ë«® ­ ©¤¥-­®, çâ® ¤«ï ¢ëâï­ãâëå í««¨¯á®¨¤®¢ á ã¤«¨­¥­¨-¥¬ � = 4 � 15 ¢ ®¡« áâ¨ ç¨á¥« �¥©­®«ì¤á  Re �5 � 105 £¨¤à®¤¨­ ¬¨ç¥áª®¥ á®¯à®â¨¢«¥­¨¥ ¢ ®á­®¢-­®¬ ®¯à¥¤¥«ï¥âáï á®¯à®â¨¢«¥­¨¥¬ âà¥­¨ï ¨ ¬®¦¥â¡ëâì à ááç¨â ­® ¯® ä®à¬ã«¥ [1]X = KCxp(Re )�V 22 S;£¤¥ Cxp(Re ) { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ¯«®á-ª®© ¯®¢¥àå­®áâ¨; K { ª®íää¨æ¨¥­â, ª®â®àë© ¤«ï� = 4 � 15 ¡ã¤¥â ¨§¬¥­ïâìáï ¢ ¯à¥¤¥« å K =82 �. �. � ¢ç¥­ª®, �. �. � ¢ç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 4. �. 78 { 831:17 � 1:1; S { á¬®ç¥­­ ï ¯®¢¥àå­®áâì ¤«ï ¢ëâï-­ãâëå í««¨¯á®¨¤®¢ ¢à é¥­¨ï S � 0:75�DL.�ç¨âë¢ ï áâàãªâãàã ä®à¬ã« ¤«ï ®¡ê¥¬­®£® ª®-íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï (1), ®¡ê¥¬  áã¯¥àª -¢¥à­ë (16) ¨ ¥¥ ã¤«¨­¥­¨ï, ª®íää¨æ¨¥­â á®¯à®â¨-¢«¥­¨ï í««¨¯á®¨¤  ¢à é¥­¨ï, íª¢¨¢ «¥­â­®£® áã-¯¥àª ¢¥à­¥, ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥CVT = 1:4Cxp(Re )0:75�DcLcV 2=3 == 0:0101 6sln 1��¤«ï Re � 108.� ®¡ê¥¬­ë© ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ¤¨áª á áã¯¥àª ¢¥à­®©, á®£« á­® ä®à¬ã« ¬ (3), (13), ¡ã-¤¥â CV C = (0:82 +K�)�r2V 2=3 = 1:21 3s �4ln 1� :�§ï¢ ®â­®è¥­¨¥ ª®íää¨æ¨¥­â®¢, ¬®¦­® ¯®áâà®-¨âì £à ä¨ª § ¢¨á¨¬®áâ¨ íâ®£® ®â­®è¥­¨ï ®â ç¨-á«  ª ¢¨â æ¨¨ ¨ ¢ë¤¥«¨âì ®¡« áâì ¯à¨¬¥­¥­¨ï áã-¯¥àª ¢¨â æ¨¨, £¤¥ CV T=CVC � 1,Re � 108:CVTCVC = 0; 0084sln 1�� :�  £à ä¨ª¥ à¨á. 6 ¢¨¤­®, çâ® ®¡« áâìCVT=CVC > 1 «¥¦¨â ¢ ®¡« áâ¨ � � 0:06. �à¨ íâ®¬¤«ï §­ ç¥­¨ï � = 0:02 ®¡ê¥¬­ë© ª®íää¨æ¨¥­â á®-¯à®â¨¢«¥­¨ï áã¯¥àª ¢¥à­ë ®ª §ë¢ ¥âáï ¢ ç¥âë-à¥ à §  ¬¥­ìè¥ ®¡ê¥¬­®£® ª®íää¨æ¨¥­â  á®¯à®â¨-¢«¥­¨ï  ­ «®£¨ç­®£® â¥«  ¢à é¥­¨ï ¯à¨ á¯«®è­®¬®¡â¥ª ­¨¨.�®«ãç¥­­ë¥ à¥§ã«ìâ âë á«¥¤ã¥â ®æ¥­¨¢ âì ª ª¬ ªá¨¬ «ì­® ¤®áâ¨¦¨¬ë¥, ¯®â®¬ã çâ® ­  ¯à ªâ¨-ª¥ ¬¥¦¤ã ª®à¯ãá®¬ ¨ á¢®¡®¤­®© £à ­¨æ¥© ª ¢¥à­ë¤®«¦¥­ áãé¥áâ¢®¢ âì ®¯à¥¤¥«¥­­ë© § §®à, § ¯®«-­¥­­ë© ¯ à®¬ ¨«¨ £ §®¬.
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