
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 11 { 16��� 629.127.001.11:532����������������� ���������������������������� ���� ��� ������� �������. �. ���O�����, �. �. ���������*�áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢*���� ¨¬. �.�. � å¨¬®¢ , �¥¢ áâ®¯®«ì�®«ãç¥® 10.12.2002�ªá¯¥à¨¬¥â «ì® ®¯à¥¤¥«¥® à á¯à¥¤¥«¥¨¥ áâ â¨ç¥áª®£® ¤ ¢«¥¨ï   ¯®¢¥àå®áâ¨ â¥«  ¢à é¥¨ï,   â ª¦¥ ¯®«-®¥ ¨ áâ â¨ç¥áª®¥ ¤ ¢«¥¨¥ ¢ á¥ç¥¨¨   áà¥§¥ á®¯«  ¯à¨ à §«¨çëå ¢¥«¨ç¨ å ®âá®á  ¦¨¤ª®áâ¨. �  ®á®¢ ¨¨¨â¥£à «ì®£® ãà ¢¥¨ï � à¬   á¤¥«   ®æ¥ª  ¢«¨ï¨ï ¢¥«¨ç¨ë ®âá®á  ¨ ä®à¬ë ª®à¬®¢®£® ®¡¢®¤    £¨-¤à®¤¨ ¬¨ç¥áª®¥ á®¯à®â¨¢«¥¨¥ â¥«  ¢à é¥¨ï. �à¥¤«®¦¥ á¯®á®¡ á¨¦¥¨ï £¨¤à®¤¨ ¬¨ç¥áª®£® á®¯à®â¨¢«¥¨ï¢®¤ë ¤¢¨¦¥¨î ®á¥á¨¬¬¥âà¨ç®£® â¥«  ¢ ¢ï§ª®© ¦¨¤ª®áâ¨, ¯®§¢®«ïîé¨© áãé¥áâ¢¥® á¨§¨âì ¯®â¥àî ª®«¨ç¥-áâ¢  ¤¢¨¦¥¨ï ¢ï§ª®© ¦¨¤ª®áâ¨ §  áç¥â ¢§ ¨¬®¤¥©áâ¢¨ï ¯®£à ¨ç®£® á«®ï, ®â¡®à  ¦¨¤ª®áâ¨ ¨ ä®à¬ë ª®à¬®¢®©®ª®¥ç®áâ¨ ª®à¯ãá , ¨ ãá«®¢¨ï ¥£® à¥ «¨§ æ¨¨.�ªá¯¥à¨¬¥â «ì® ¢¨§ ç¥® à®§¯®¤÷« áâ â¨ç®£® â¨áªã   ¯®¢¥àå÷ ®á¥á¨¬¥âà¨ç®£® â÷« ,   â ª®¦ ¯®¢®£® áâ -â¨ç®£® â¨áªã ¢ ¯¥à¥à÷§÷   §à÷§÷ á®¯«  ¯à¨ à÷§¨å § ç¥ïå ¢÷¤¡®àã à÷¤¨¨. �  ®á®¢÷ ÷â¥£à «ì®£® à÷¢ïï� à¬   §à®¡«¥® ®æ÷ªã ¢¯«¨¢ã ¢¥«¨ç¨¨ ¢÷¤¡®àã à÷¤¨¨ â  ä®à¬¨ ª®à¬®¢®ù ç áâ¨¨   £÷¤à®¤¨ ¬÷ç¨© ®¯÷à®á¥á¨¬¥âà¨ç®£® â÷« . � ¯à®¯®®¢ ® á¯®á÷¡ §¨¦¥ï £÷¤à®¤¨ ¬÷ç®£® ®¯®àã ¢®¤¨ àãåã ®á¥á¨¬¥âà¨ç®£® â÷«  ã¢'ï§ª÷© à÷¤¨÷, ïª¨© ¤®§¢®«ïõ áãââõ¢® §¨§¨â¨ ¢âà â¨ ª÷«ìª®áâ÷ àãåã ¢'§ª®ù à÷¤¨¨ §  à åã®ª ¢§ õ¬®¤÷ù¯®£à ¨ç®£®è àã, ¢÷¤¡®àã à÷¤¨¨ â  ä®à¬¨ ª®à¬®¢®ù ç áâ¨¨ ª®à¯ãáã, ÷ ã¬®¢ ©®£® à¥ «÷§ æ÷ù.Distribution of static pressure on the surface of a body of revolution has been measured experimentally, as well as full andstatic pressure in a cross section of a nozzle, at varied suction. On the basis of the integral Karman equation, inuenceof suction amount and the shape of rear part on hydrodynamic drag of the body has been estimated. Has been proposeda method of hydrodynamic drag reduction of water when a body of revolution moves in viscous uid, that allows foressential reduction of momentum loss for account of boundary-layer interaction, uid extraction and the shape of rearpart, and its implementation.���������¥§ã«ìâ âë ¨áá«¥¤®¢ ¨© ¯® á¨¦¥¨î ®¡é¥-£® á®¯à®â¨¢«¥¨ï ®á¥á¨¬¬¥âà¨çëå â¥«, ®¡â¥ª -¥¬ëå ¯®â®ª®¬ ¢ï§ª®© ¦¨¤ª®áâ¨, ¯®§¢®«ïîâ £®¢®-à¨âì ® ¢®§¬®¦®áâ¨ § ç¨â¥«ì®£® ¥£® ã¬¥ìè¥-¨ï. � á®¦ «¥¨î, ¤«ï à¥ «ìëå ®¡ê¥ªâ®¢ (¯®¤-¢®¤ë¥ âà á¯®àâë, ¯®¤¢®¤ë¥  ¯¯ à âë) ¨á¯®«ì-§®¢ âì à §à ¡®â ë¥ ¬¥â®¤ë á¨¦¥¨ï á®¯à®â¨-¢«¥¨ï âà¥¨ï ¢ ¡®«ìè¨áâ¢¥ á«ãç ¥¢ ¥ æ¥«¥á®-®¡à §®, â ª ª ª ¤«ï ¨å à¥ «¨§ æ¨¨ ¥®¡å®¤¨¬®¯à¥¤ãá¬®âà¥âì á¯¥æ¨ «ìë¥ á¨áâ¥¬ë ( ¯à¨¬¥à,®âá®á  ¦¨¤ª®áâ¨ ¨§ ¯®£à ¨ç®£® á«®ï (��), ¢¤ã-¢  ¦¨¤ª®áâ¨ ¢ ��, ¢¢®¤  ¯®«¨¬¥àëå ¤®¡ ¢®ª ¨¤à.), çâ® ¢¥¤¥â ª á¨¦¥¨î ¯®«¥§®£® ¢®¤®¨§¬¥-é¥¨ï, ¤®¯®«¨â¥«ìë¬ í¥à£®§ âà â ¬ ¨ âà¥¡ã-¥â à §¬¥é¥¨ï á®®â¢¥âáâ¢ãîé¨å á¨áâ¥¬. �¯â¨-¬ «ì®¥ à¥è¥¨¥ ¤ ®£® ¢®¯à®á  § ª«îç ¥âáï ¢à §à ¡®âª¥ ¬¥â®¤  á¨¦¥¨ï á®¯à®â¨¢«¥¨ï ®á¥-á¨¬¬¥âà¨ç®£® â¥« , ¥ âà¥¡ãîé¥£® ¨á¯®«ì§®¢ -¨ï á«®¦ëå á¯¥æ¨ «ìëå á¨áâ¥¬ ¤«ï ¥£® à¥ «¨-§ æ¨¨. � áâ âì¥ ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë íªá¯¥-à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© ¯® á¨¦¥¨î ®¡é¥£®á®¯à®â¨¢«¥¨ï â¥« ¢à é¥¨ï §  áç¥â ã¯à ¢«¥¨ï¯®£à ¨çë¬ á«®¥¬   ª®à¬®¢®© ç áâ¨ â¥«  ¯à¨

á®£« á®¢ ®¬ é¥«¥¢®¬ ®â¡®à¥ ¦¨¤ª®áâ¨ ¨ á®®â-¢¥âáâ¢ãîé¥£® ¢ë¡®à  ä®à¬ë ª®à¬®¢®© ®ª®¥ç®-áâ¨.1. ����� ����������«ï   «¨§  ¢¥«¨ç¨ë £¨¤à®¤¨ ¬¨ç¥áª®£® á®-¯à®â¨¢«¥¨ï â¥«, ¤¢¨¦ãé¨åáï ¢ ¢ï§ª®© ¥á¦¨¬ -¥¬®© áà¥¤¥, ¨ ¥£® á®áâ ¢«ïîé¨å � á®¯à®â¨¢«¥¨ïâà¥¨ï ¨ á®¯à®â¨¢«¥¨ï ä®à¬ë (¤ ¢«¥¨ï) { ¯à¨-¬¥ï¥âáï ¨â¥£à «ì®¥ ãà ¢¥¨¥ á®åà ¥¨ï ª®-«¨ç¥áâ¢  ¤¢¨¦¥¨ï � à¬   [1].�à¨ ®¡â¥ª ¨¨ ®á¥á¨¬¬¥âà¨ç®£® â¥«  ¯®â®ª®¬¢ï§ª®© ¦¨¤ª®áâ¨ (à¨á. 1) íâ® ¨â¥£à «ì®¥ á®-®â®è¥¨¥ ¢¤®«ì ®¡à §ãîé¥© ª®âãà  â¥«  ¨¬¥¥â¢¨¤ ddx ��2U2� � = rwVwU� + 1� dPdx �1 + rw �w� ; (1)£¤¥ U�(x) � áª®à®áâì ¦¨¤ª®áâ¨   ¢¥è¥© £à -¨æ¥ ��; �1; �2 � ¯«®é ¤¨ ¢ëâ¥á¥¨ï ¨ ¯®â¥à¨¨¬¯ã«ìá  á®®â¢¥âáâ¢¥®; Vw � ®à¬ «ì ï áª®-à®áâì ®â¡®à  (¢¤ã¢ ) ¦¨¤ª®áâ¨ ¨§ (¢) �� ç¥à¥§¯®¢¥àå®áâì â¥« ; �w �  ¯àï¦¥¨¥ âà¥¨ï   ¯®-¢¥àå®áâ¨ â¥« ; rw � à ¤¨ãá â¥« .c �. �. �®à®¯ ¥¢, �. �. � à ¡ , 2003 11
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�¨á. 1. �¨áâ¥¬ë ª®®à¤¨ â ¨ áå¥¬  ¤¢¨¦¥¨ï ®á¥á¨¬¬¥âà¨ç®£® â¥« ¢ ¢ï§ª®© ¦¨¤ª®áâ¨�â¥£à¨à®¢ ¨¥ (1) ¢¤®«ì ¯®¢¥àå®áâ¨ â¥«  ¤ -¥â ¯®â¥àï®¥ ¢ �� ª®«¨ç¥áâ¢® ¤¢¨¦¥¨ï:�2U2� = ZLs rwVwU�dx+ 1� LZ0 dPdx �1dx+ 1� LZ0 �wrwdx;(2)£¤¥ RLs rwVwU�dx � á®áâ ¢«ïîé ï ¯®â¥à¨ ª®«¨ç¥-áâ¢  ¤¢¨¦¥¨ï §  áç¥â ®â¡®à  ¨«¨ ¯®¤ ç¨ ¦¨¤-ª®áâ¨ ¢ ��, 1� LZ0 �wrwdx � §  áç¥â ¢ï§ª®áâ¨,1� LZ0 dPdx �1dx { ¢«¨ï¨¥ á¨« ¤ ¢«¥¨ï   ¯®â¥àî ª®-«¨ç¥áâ¢  ¤¢¨¦¥¨ï; L { ¤«¨  ª®âãà  ®¡¢®¤ ; Ls{ è¨à¨  é¥«¨ ®â¡®à .�®®â®è¥¨¥ (2) ®¯à¥¤¥«ï¥â ¥áª®«ìª®  ¯à -¢«¥¨© ã¬¥ìè¥¨ï ¯®â¥à¨ ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï¦¨¤ª®áâ¨ ¢ ¯®£à ¨ç®¬ á«®¥ ¯à¨ ®¡â¥ª ¨¨ â¥« ¯®â®ª®¬ ¢ï§ª®© ¦¨¤ª®áâ¨:�®â¡®à (Vw < 0) ¦¨¤ª®áâ¨ ¨§ �� ¡¥§ ¨§¬¥¥¨ïà¥¦¨¬  â¥ç¥¨ï;�¨§¬¥¥¨¥ ª á â¥«ìëå  ¯àï¦¥¨©   ¯®-¢¥àå®áâ¨ â¥« ;�ã¯à ¢«¥¨¥ à á¯à¥¤¥«¥¨¥¬ ¤ ¢«¥¨ï   ¯®-¢¥àå®áâ¨ ¨ ¯«®é ¤ìî ¢ëâ¥á¥¨ï ¢¤®«ì ®¡¢®¤ â¥« .� ®á®¢ã ª®¬¡¨¨à®¢ ®£® á¯®á®¡  á¨¦¥¨ïá®¯à®â¨¢«¥¨ï ¢®¤ë ¤¢¨¦¥¨î ®á¥á¨¬¬¥âà¨ç®-£® â¥«  ¯®«®¦¥® ã¯à ¢«¥¨¥ ¯®£à ¨çë¬ á«®¥¬,ä®à¬¨àãîé¨¬áï   ¯®¢¥àå®áâ¨ â¥« , ¯à¨ ®â¡®-à¥ ¦¨¤ª®áâ¨ ¨§ ¯®£à ¨ç®£® á«®ï, ¨ ¨§¬¥¥¨ï£à ¤¨¥â  ¤ ¢«¥¨ï ¢ ª®à¬®¢®© ç áâ¨ â¥« , ®¡ãá«®-¢«¥®£® ä®à¬®© ¯®¢¥àå®áâ¨ ª®à¬®¢®© ®ª®¥ç®-

áâ¨ ®á¥á¨¬¬¥âà¨ç®£® â¥« . �á®¢®¥ ¢¨¬ ¨¥¯à¨ íâ®¬ ã¤¥«ï¥âáï   «¨§ã ä®à¬¨à®¢ ¨ï ¨ á¯®-á®¡ã á¨¦¥¨ï á®áâ ¢«ïîé¥© 1� LZ0 dPdx �1dx ¢ á®®â-®è¥¨¨ (2). �à¨ ä®à¬¨à®¢ ¨¨ ¯®£à ¨ç®£®á«®ï   ®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨ ¡¥§ ã¯à ¢«¥¨ï�� ¯«®é ¤ì ¢ëâ¥á¥¨ï �1 ¯®«®¦¨â¥«ì  ¨ à -áâ¥â ¢¤®«ì ®¡¢®¤  [2]. �®íâ®¬ã § ª ¯à®¨§¢¥¤¥¨ïdPdx �1 ¨ ¢¥«¨ç¨  ¨â¥£à «  1� LZ0 dPdx �1dx ®¯à¥¤¥-«ïîâáï £à ¤¨¥â®¬ ¤ ¢«¥¨ï. �á¥á¨¬¬¥âà¨ç®¥â¥«® ¯® å à ªâ¥àã ¨§¬¥¥¨ï £à ¤¨¥â  ¤ ¢«¥¨ï¬®¦® ãá«®¢® à §¡¨âì   âà¨ ç áâ¨: ®á®¢ãî,£¤¥ dPdx < 0; áà¥¤îî, £¤¥ dPdx � 0; ª®à¬®¢ãî,£¤¥ dPdx > 0. � ®á®¢®© ç áâ¨ â¥« , £¤¥ £à ¤¨¥â¤ ¢«¥¨ï ¡®«ìè®© ¨ ®âà¨æ â¥«ìë© ¯® ¢¥«¨ç¨¥,® ¯«®é ¤ì ¢ëâ¥á¥¨ï ¨çâ®¦® ¬ « , ¨â¥£à «1� LnZ0 dPdx �1dx < 0 ¨ ¬ « ¯® ¢¥«¨ç¨¥. � áà¥¤¥© ç -áâ¨ ¢á«¥¤áâ¢¨¥ à ¢¥áâ¢  ã«î £à ¤¨¥â  ¤ ¢«¥-¨ï ¨â¥£à « 1� LªZLn dPdx �1dx â ª¦¥ à ¢¥ ã«î. �ª®à¬®¢®© ç áâ¨ â¥« , £¤¥ £à ¤¨¥â ¤ ¢«¥¨ï ¡®«ì-è®© ¨ ¯®«®¦¨â¥«ìë© ¯® ¢¥«¨ç¨¥ ¨ ¯«®é ¤ì ¢ë-â¥á¥¨ï ¢¥«¨ª , ¨â¥£à « 1� LZLª dPdx �1dx > 0 ¨ ¤®-áâ¨£ ¥â § ç¨â¥«ì®© ¢¥«¨ç¨ë (Ln ¨ Lª � à á-áâ®ï¨¥ ¯® ®¡¢®¤ã â¥«  ®â ¯¥à¥¤¥© ªà¨â¨ç¥áª®©12 �. �. �®à®¯ ¥¢, �. �. � à ¡ 
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�¨á. 2. � á¯à¥¤¥«¥¨ï ¤ ¢«¥¨ï ¨ ¨â¥£à «ìëå¯ à ¬¥âà®¢ ��   ¢ë¯ãª«®¬ ®¡¢®¤¥â®çª¨ ¤®  ç «  æ¨«¨¤à¨ç¥áª®© ç áâ¨ ª®à¯ãá ¨ ¤®  ç «  ª®à¬®¢®© ®ª®¥ç®áâ¨, á®®â¢¥âáâ¢¥-®). � ª¨¬ ®¡à §®¬, ®á®¢®© ¢ª« ¤ ¢ 1� LZ0 dPdx �1dx¢®á¨â ª®à¬®¢ ï ®ª®¥ç®áâì â¥« . �¥§ª®¥ ¢®§-à áâ ¨¥ ¯«®é ¤¨ ¢ëâ¥á¥¨ï ¢ ª®à¬®¢®© ç áâ¨â¥«  á âà ¤¨æ¨®ë¬¨ ®¡¢®¤ ¬¨ ®¡êïáï¥âáï à §-¢¨â¨¥¬ �� ¢ ãá«®¢¨ïå ¯®«®¦¨â¥«ì®£® £à ¤¨¥â ¤ ¢«¥¨ï, çâ® á®®â¢¥âáâ¢ã¥â â¥« ¬ á âà ¤¨æ¨®-ë¬¨ ®¡¢®¤ ¬¨ (à¨á. 2)[3]. �«¥¤®¢ â¥«ì®, ¨ á¨-¦¥¨¥ ®¡é¥£® á®¯à®â¨¢«¥¨ï ¢®§¬®¦® ¯ãâ¥¬ ¨§-¬¥¥¨ï à á¯à¥¤¥«¥¨ï ¤ ¢«¥¨ï   ª®à¬®¢®¬ ®¡-¢®¤¥.�«ï ®á¥á¨¬¬¥âà¨çëå â¥«, ª®à¬®¢ë¥ ®ª®¥ç®-áâ¨ ª®â®àëå ¨¬¥îâ ¢ë¯ãª«®-¢®£ãâãî ä®à¬ã, ¢à ©®¥ ¯¥à¥å®¤  ®á®¢®£® â¥«  ¢ ¢ë¯ãª«®- ¢®£ã-âãî ª®à¬®¢ãî ®ª®¥ç®áâì ¯à®¨áå®¤¨â ¢®ááâ ®-¢«¥¨¥ ¤ ¢«¥¨ï,   § â¥¬   ¢®£ãâ®© ç áâ¨ ª®à¬®-¢®© ®ª®¥ç®áâ¨ ¤ ¢«¥¨¥ ¯ ¤ ¥â ¨ ¯®£à ¨çë©á«®© à §¢¨¢ ¥âáï ¢ ãá«®¢¨ïå ®âà¨æ â¥«ì®£® £à -¤¨¥â  ¤ ¢«¥¨ï (à¨á. 3)[4].� á®®â¢¥âáâ¢¨¨ á å à ªâ¥à®¬ ¨§¬¥¥¨ï ¤ -¢«¥¨ï ¨§¬¥ïîâáï ¯«®é ¤ì ¢ëâ¥á¥¨ï �1 ¨Z dpdx�1dx ¢ ª®à¬®¢®© ç áâ¨ â¥« : ¢ ®¡« áâ¨ ¢®á-áâ ®¢«¥¨ï ¤ ¢«¥¨ï ¢¥«¨ç¨ë �1 ¨ Z dpdx�1dx¢®§à áâ îâ,   ¤ «¥¥   ¢®£ãâ®© ç áâ¨ ª®à¬ë ¨å§ ç¥¨ï ã¬¥ìè îâáï, çâ® ¯à¨¢®¤¨â ª ã¬¥ìè¥-¨î ¯®â¥à¨ ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢ ¯®-£à ¨ç®¬ á«®¥, â. ¥. ª á¨¦¥¨î ®¡é¥£® á®¯à®-â¨¢«¥¨ï â¥« .� à ªâ¥à à á¯à¥¤¥«¥¨ï ¯«®é ¤¨ ¢ëâ¥á¥¨ï �1¨ ¨â¥£à «  R dpdx�1dx   ¢ë¯ãª«®-¢®£ãâ®© ª®à-¬¥ (á¬. à¨á. 3) ¯®ª §ë¢ îâ, çâ® ¨§¬¥¥¨¥ § -ª  £à ¤¨¥â  ¤ ¢«¥¨ï ¨ ¥£® ¢¥«¨ç¨ë ¯à¨ ¯¥à¥-å®¤¥ ®â ®á®¢®£® â¥«  ª ¢ë¯ãª«®-¢®£ãâ®© ª®à¬¥

�¨á. 3. � á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï ¨ ¨â¥£à «ìëå¯ à ¬¥âà®¢ ��   ¢ë¯ãª«®-¢®£ãâ®¬ ®¡¢®¤¥¯à®¨áå®¤¨â   ª®à®âª®¬ ¯® ¯à®âï¦¥®áâ¨ ãç áâ-ª¥ ª®à¯ãá  ¨ ¯®«®¦¨â¥«ìë© £à ¤¨¥â ¤ ¢«¥¨ï¯à¨ íâ®¬ ¨¬¥¥â áãé¥áâ¢¥ãî ¢¥«¨ç¨ã, çâ® ¬®-¦¥â ¯à¨¢¥áâ¨ ª ®âàë¢ã ¯®£à ¨ç®£® á«®ï. �®-íâ®¬ã ¤®«¦ë ¡ëâì ¯à¥¤ãá¬®âà¥ë ¬¥àë ¯® ¯à¥-¤®â¢à é¥¨î ®âàë¢  ¯®£à ¨ç®£® á«®ï. � ¨¡®-«¥¥ «¥£ª® à¥ «¨§ã¥¬ë¬ á¯®á®¡®¬ ¯à¥¤®â¢à é¥¨ï®âàë¢  ï¢«ï¥âáï ®â¡®à ¦¨¤ª®áâ¨ ¨§ ¯®£à ¨ç®-£® á«®ï, ª®â®àë© â ª¦¥ á¯®á®¡áâ¢ã¥â á¨¦¥¨î¯®â¥à¨ ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢ ��. �â®ï¢«ï¥âáï  à£ã¬¥â®¬ ¢ ¥£® ¯®«ì§ã ¯à¨ ¢ë¡®à¥ á¯®-á®¡  ¯à¥¤®â¢à é¥¨ï ®âàë¢  ��.�®¯à®â¨¢«¥¨¥ ä®à¬ë ¯à¨ ®¡â¥ª ¨¨ â¥« à¥- «ì®© ¦¨¤ª®áâìî ®¯à¥¤¥«ï¥âáï ¯¥à¥¯ ¤®¬ ¤ ¢«¥-¨ï ¬¥¦¤ã ®á®¢®© ¨ ª®à¬®¢®© ®ª®¥ç®áâï¬¨,¢ë§¢ ë¬ á¨¦¥¨¥¬ ¤ ¢«¥¨ï ¢ ª®à¬®¢®© ç -áâ¨ ¨§-§  ¤¥©áâ¢¨ï á¨« ¢ï§ª®áâ¨ ¢ ¦¨¤ª®áâ¨ (á¬.à¨á. 2).�®¯à®â¨¢«¥¨¥ ä®à¬ë â¥«  ®¯à¥¤¥«ï¥âáï ª ª¨â¥£à « ®â ¯à®¥ªæ¨¨ ®à¬ «ìëå  ¯àï¦¥¨©  ¯®¢¥àå®áâ¨ â¥«     ¯à ¢«¥¨¥ ¤¢¨¦¥¨ï:Fx = 2��U212 LZ0 Pr drdx1dx1: (3)� ª¨¬ ®¡à §®¬, á¨¦¥¨¥ á®¯à®â¨¢«¥¨ï ä®à-¬ë ¬®¦¥â ¤®áâ¨£ âìáï ¬ ªá¨¬ «ìë¬ ¢®ááâ ®-¢«¥¨¥¬ ¤ ¢«¥¨ï ¢ ª®à¬®¢®© ç áâ¨ â¥« , £¤¥ drdx <0, ¨ ¯à¥¤®â¢à é¥¨¥¬ ®âàë¢  �� ¢ íâ®© ®¡« -áâ¨. �«ï íâ®£® ®á¥á¨¬¬¥âà¨ç®¥ â¥«® ¤®«¦®¡ëâì ¡®«ìè®£® ã¤«¨¥¨ï L=D = 8 � 14 ¨ ¨¬¥âì¤®áâ â®ç® ¯à®âï¦¥ãî, ª®ãá®®¡à §ãî ª®à¬®-¢ãî ®ª®¥ç®áâì Lª=D = 4 � 6 á ¯« ¢ë¬¨ ¨§¬¥-¥¨ï¬¨ ªà¨¢¨§ë ®¡¢®¤®¢ ¢ ®á®¢®© ¨ ª®à¬®¢®©�. �. �®à®¯ ¥¢, �. �. � à ¡  13



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 11 { 16ç áâ¨ [5].�«ï â ª¨å â¥« ¯à¨ ¡¥§®âàë¢®¬ ®¡â¥ª ¨¨ à á-¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï ¢ ª®à¬®¢®© ç áâ¨ â¥«  ¡«¨§ª®ª § ç¥¨ï¬ ¤ ¢«¥¨ï ¯à¨ ®¡â¥ª ¨¨ ¥£® ¥¢ï§ª®©¦¨¤ª®áâìî.�«ï â¥« ¢à é¥¨ï âà ¤¨æ¨®ëå ®â¢®¤®¢ á®â®á¨â¥«ì® ¤«¨®© ª®à¬®¢®© ®ª®¥ç®áâìîLª=D = 4 � 6 ª®ãá®®¡à §®© ä®à¬ë à á¯à¥¤¥-«¥¨¥ ¤ ¢«¥¨ï ¢ ª®à¬¥ ¨¬¥¥â ¥¡®«ìè®© ¯®«®-¦¨â¥«ìë© £à ¤¨¥â ¤ ¢«¥¨ï, çâ® ¯®§¢®«ï¥â ��¯à¥®¤®«¥¢ âì ¥£® ¯à ªâ¨ç¥áª¨ ¯® ¢á¥© ¤«¨¥ ª®à-¬ë ¡¥§ ®âàë¢  (á¬. à¨á. 2). �®, â¥¬ ¥ ¬¥¥¥, ¯®-«®¦¨â¥«ìë© £à ¤¨¥â ¤ ¢«¥¨ï ¯à¨¢®¤¨â ª ¢®§-à áâ ¨î ®¡é¥£® á®¯à®â¨¢«¥¨ï â¥« .�¬¥ìè¨âì ¢«¨ï¨¥ ¢ï§ª®áâ¨   à á¯à¥¤¥«¥¨¥¤ ¢«¥¨ï ¢ ª®à¬¥ ¬®¦® §  áç¥â ®â¡®à  ¦¨¤ª®áâ¨¨§ �� ¨ ¢ë¡®à  â ª®© ¤«¨ë ª®à¬ë §  ¬¥áâ®¬ ®â-¡®à , çâ®¡ë ¢«¨ï¨¥ ®â¡®à  ¡ë«® íää¥ªâ¨¢ë¬¯® ¢á¥© ¤«¨¥ ª®à¬ë. �áâ ®¢«¥® [6], çâ® ¤«ï â¥«¢à é¥¨ï íää¥ªâ¨¢®¥ ¢«¨ï¨¥ ®â¡®à  ¦¨¤ª®áâ¨à á¯à®áâà ï¥âáï   à ááâ®ï¨¥ §  ¬¥áâ®¬ ®â¡®-à , ¥ ¯à¥¢ëè îé¥¥ ¬ ªá¨¬ «ì®£® ¤¨ ¬¥âà  â¥-« . �«ï â¥« á âà ¤¨æ¨®®© ª®à¬®¢®© ®ª®¥ç®-áâìî ¢®ááâ ®¢«¥¨¥ ¤ ¢«¥¨ï ¤® ¯®â¥æ¨ «ìëå§ ç¥¨© §  áç¥â ®¤¨®ç®£® ¤¨áªà¥â®£® ®â¡®-à  ¥¢®§¬®¦®,   §  áç¥â à á¯à¥¤¥«¥®£® ®â¡®à ¯® ¤«¨¥ ¥ æ¥«¥á®®¡à §® á â®çª¨ §à¥¨ï £¨¤à®-¤¨ ¬¨ç¥áª®© íää¥ªâ¨¢®áâ¨ ¤¢¨¦¨â¥«ï, â ª ª ª¢ íâ®¬ á«ãç ¥ ¯®â¥à¨ í¥à£¨¨   ®¡¥á¯¥ç¥¨¥ ®â-¡®à  ¦¨¤ª®áâ¨ ¨§ �� ¬®£ãâ ¡ëâì ¥ ¬¥ìè¨¬¨,ç¥¬ í¥à£¥â¨ç¥áª¨© ¢ë¨£àëè ®â á¨¦¥¨ï á®¯à®-â¨¢«¥¨ï ä®à¬ë. �®íâ®¬ã ®â¡®à ¦¨¤ª®áâ¨ ¤®«-¦¥ ¡ëâì ¤¨áªà¥âë¬, ¤«¨  ª®à¬®¢®© ®ª®¥ç®-áâ¨ §  ¬¥áâ®¬ ®â¡®à  ¥ ¤®«¦  ¯à¥¢ëè âì ¤¨ -¬¥âà  æ¨«¨¤à¨ç¥áª®© ç áâ¨ ª®à¯ãá .� ª¨¬ ®¡à §®¬, áãâì ª®¬¡¨¨à®¢ ®£® á¯®á®¡ á¨¦¥¨ï á®¯à®â¨¢«¥¨ï ¢®¤ë ¤¢¨¦¥¨î ®á¥á¨¬-¬¥âà¨ç®£® â¥«  á®áâ®¨â ¢ á®ç¥â ¨¨ ¤¨áªà¥â-®£® ®âá®á  ¦¨¤ª®áâ¨ ¯¥à¥¤ ª®à¬®© ¨ ¢ë¯ãª«®-¢®£ãâ®© ¯®¢¥àå®áâ¨ ª®à¬®£® ®¡¢®¤ .2. ���������� ������������������������������ªá¯¥à¨¬¥â «ìãî ¯à®¢¥àªã ¯à¥¤«®¦¥®£®á¯®á®¡  á¨¦¥¨ï ®¡é¥£® á®¯à®â¨¢«¥¨ï ®áãé¥-áâ¢«ï«¨   ¬®¤¥«¨ â¥«  ¢à é¥¨ï ¤¨ ¬¥âà®¬ 0.14¬ ¨ ®â®á¨â¥«ìë¬ ã¤«¨¥¨¥¬ L=D = 8 ¢ £¨¤à®-¤¨ ¬¨ç¥áª®© âàã¡¥ ª¢ ¤à â®£® á¥ç¥¨ï ¯«®é -¤ìî 0:16 ¬2 ¯à¨ ç¨á« å �¥©®«ì¤á  ReL == LU1=� = 6 � 106. �®à¬®¢ ï ®ª®¥ç®áâì ¬®¤¥«¨¯à¥¤áâ ¢«¥    à¨á. 4.�§¬¥àï«¨ ¢¥«¨ç¨ã ¤ ¢«¥¨ï   ¯®¢¥àå®áâ¨ â¥-«  ¢à é¥¨ï,   â ª¦¥ ¯®«®¥ ¨ áâ â¨ç¥áª®¥ ¤ ¢«¥-

�¨á. 4. �®à¬®¢ ï ®ª®¥ç®áâì íªá¯¥à¨¬¥â «ì®©¬®¤¥«¨
�¨á. 5. � á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï   ¢ë¯ãª«®-¢®£ãâ®©ª®à¬®¢®© ®ª®¥ç®áâ¨ ¬®¤¥«¨ ¯à¨ ®â¡®à¥¦¨¤ª®áâ¨ ¨§ ¯®£à ¨ç®£® á«®ï¨¥   áà¥§¥ á®¯«  ¯à¨ à §«¨çëå à áå®¤ å ç¥à¥§é¥«ì. �  à¨á. 5 ¯à¥¤áâ ¢«¥ ª®íää¨æ¨¥â ¤ ¢«¥-¨ï Cp = P � P01=2�U20 ¯® ¤«¨¥ ª®à¬ë ¯à¨ ¯®â¥æ¨ «ì-®¬ ®¡â¥ª ¨¨ ª®à¬ë,   â ª¦¥ ¯à¨ âà¥å § ç¥¨ïåà áå®¤ .�  ®á®¢ ¨¨ ¯®«ãç¥ëå à¥§ã«ìâ â®¢ ¬®¦®á¤¥« âì á«¥¤ãîé¨¥ ¢ë¢®¤ë. �à¨ â®«é¨¥ ®â¡®-à  ¦¨¤ª®áâ¨, ¯à¨¡«¨§¨â¥«ì® á®®â¢¥âáâ¢ãîé¥©â®«é¨¥ ¢ëâ¥á¥¨ï (�� = 3:45 � 10�3¬; Cq == Q=(U1V 2=3) = 7:25 � 10�3), à á¯à¥¤¥«¥¨¥ ¤ -¢«¥¨ï   ª®à¬¥ á®®â¢¥âáâ¢ã¥â à á¯à¥¤¥«¥¨î ¤ -¢«¥¨ï ¯à¨ ®¡â¥ª ¨¨ ª®à¬ë ¥¢ï§ª®© ¦¨¤ª®áâìî[7]. �à¨ ¬ «ëå à áå®¤ å (Cq = 4:18 �10�3) à á¯à¥-¤¥«¥¨¥ ¤ ¢«¥¨ï áãé¥áâ¢¥® ®â«¨ç ¥âáï ®â ¥-14 �. �. �®à®¯ ¥¢, �. �. � à ¡ 
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�¨á. 6. � ¢¨á¨¬®áâì Cx1 ®â ¯ à ¬¥âà®¢ ®â¡®à 
�¨á. 7. �ªá¯¥à¨¬¥â «ìë¥ § ¢¨á¨¬®áâ¨ Cx1 ®âCNC ¤«ï ¬®¤¥«¨¢ï§ª®£®, ®á®¡¥® ¢ ª®à¬¥. �à¨ ¡®«ìè¨å à áå®¤ å(Cq = 21:18 � 10�3) à á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï §  é¥-«ìî ®â¡®à  á®¢¯ ¤ ¥â á ¥¢ï§ª¨¬, ® ®â«¨ç ¥âáï ¤ é¥«ìî.�  à¨á. 6 ¯à¥¤áâ ¢«¥ë íªá¯¥à¨¬¥â «ìë¥ § -¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  á®¯à®â¨¢«¥¨ï ¯® á«¥¤ãCx1, ®¯à¥¤¥«¥®£® ¯® ¨§¬¥à¥¨ï¬ ¢ ¯®£à ¨ç®¬á«®¥   ªà®¬ª¥ á®¯« , ¤«ï ¬®¤¥«¥© á âà ¤¨æ¨®-®© ª®ãá®®¡à §®© ¨ á ¢ë¯ãª«®-¢®£ãâ®© ª®à¬®©¨ ¢ëç¨á«¥®£® ¯® ä®à¬ã«¥ �¦®á  [2]Cx1 = 2V 2=3 ZSc qP� � P �1�pP�� dS; (4)£¤¥ P �; P � ª®íää¨æ¨¥â ¯®«®£® ¨ áâ â¨ç¥áª®-£® ¤ ¢«¥¨ï   ªà®¬ª¥ á®¯« ; Sc � ¯«®é ¤ì á«¥¤   ªà®¬ª¥ á®¯« . �¨¤®, çâ® ¤«ï ¥âà ¤¨æ¨®®©

�¨á. 8. �à ¢¨â¥«ì ï å à ªâ¥à¨áâ¨ª  ª®íää¨æ¨¥â á®¯à®â¨¢«¥¨ï ¤«ï ¬®¤¥«¥© á âà ¤¨æ¨®®© (N 1)¨ ¢ë¯ãª«®-¢®£ãâ®© (N 2) ª®à¬®¢®© ®ª®¥ç®áâìî¢ë¯ãª«®-¢®£ãâ®© ª®à¬ë § ç¥¨¥ ª®íää¨æ¨¥â á®¯à®â¨¢«¥¨ï ¯® á«¥¤ã ¯®çâ¨ ¢ âà¨ à §  ¬¥ìè¥,¥¦¥«¨ ¤«ï ¬®¤¥«¨ á âà ¤¨æ¨®®© ª®à¬®©.�ªá¯¥à¨¬¥â «ìë¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â ®¡é¥£® á®¯à®â¨¢«¥¨ï ®â ª®íää¨æ¨¥â  ¬®é®áâ¨áâàã¨ CNC = Cq �H4C (§¤¥áì H4C { ª®íää¨æ¨¥â¯®«®£®  ¯®à  áâàã¨) ¤«ï ¬®¤¥«¥© á à §«¨ç®©£¥®¬¥âà¨¥© ª®à¬ë ¯à¨¢¥¤¥ë   à¨á. 7. �§ à¥-§ã«ìâ â®¢ íªá¯¥à¨¬¥â  á«¥¤ã¥â, çâ® ãáâ ®¢¨¢-è¨©áï à¥¦¨¬ ®¡â¥ª ¨ï ¬®¤¥«¨ (¤«ï Cx1 = 0)¤«ï ¬®¤¥«¨ á ¢ë¯ãª«®-¢®£ãâ®© ª®à¬®©  áâã¯ -¥â ¯à¨ § ç¥¨ïå ª®íää¨æ¨¥â  ¬®é®áâ¨ áâàã¨  22.8% ¬¥ìè¥, ç¥¬ ¤«ï ¬®¤¥«¨ á âà ¤¨æ¨-®®© ª®ãá®© ª®à¬®©. � à ªâ¥à § ¢¨á¨¬®áâ¨Cå1 = f(CNC ) ¤«ï ¬®¤¥«¨ á ¢ë¯ãª«®-¢®£ãâ®©ª®à¬®© á¢¨¤¥â¥«ìáâ¢ã¥â ® áãé¥áâ¢¥®¬ á¨¦¥-¨¨ á®¯à®â¨¢«¥¨ï ¬®¤¥«¨ ¯à¨ ®â¡®à¥ ¦¨¤ª®áâ¨¨§ �� ¯® áà ¢¥¨î á ¬®¤¥«ìî, ¨¬¥îé¥© âà ¤¨-æ¨®ãî ª®à¬ã.�  à¨á. 8 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ áã¬¬ à®-£® á®¯à®â¨¢«¥¨ï ¯® á«¥¤ã ¨ áâ®ªã ®â ª®íää¨æ¨¥-â  ®¡®à  ¦¨¤ª®áâ¨ ¤«ï ¬®¤¥«¥© á âà ¤¨æ¨®®© ¨¢ë¯ãª«®-¢®£ãâ®© ª®à¬®©, ¯®«ãç¥ë¥ ¯® à¥§ã«ì-â â ¬ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© ¢ £¨¤à®-¤¨ ¬¨ç¥áª®© âàã¡¥. �® ¤ ë¬ íªá¯¥à¨¬¥â á«¥¤ã¥â, çâ® ¤«ï ¬®¤¥«¨ á ¢ë¯ãª«®-¢®£ãâ®© ª®à-¬®© íâ  ¢¥«¨ç¨  ¯à¨¬¥à®   22 � 25% ¬¥ìè¥,ç¥¬ ¤«ï ¬®¤¥«¨ á âà ¤¨æ¨®®© ª®à¬®© ¢® ¢á¥¬¤¨ ¯ §®¥ à áå®¤®¢. �ªá¯¥à¨¬¥â «ìë¥ § ¢¨á¨-¬®áâ¨   à¨á. 6 { 8 á«ã¦ â ¯®¤â¢¥à¦¤¥¨¥¬ à¥ -«¨§ æ¨¨ ¯à¥¤«®¦¥®£® á¯®á®¡  á¨¦¥¨ï ®¡é¥£®á®¯à®â¨¢«¥¨ï ¤«ï â¥«  á ¢ë¯ãª«®-¢®£ãâ®© ª®à-¬®©.� ¯à®æ¥áá¥ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨©¢ë¤¥«¥  á®áâ ¢«ïîé ï, á®®â¢¥âáâ¢ãîé ï á®¯à®-�. �. �®à®¯ ¥¢, �. �. � à ¡  15
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�¨á. 9. � ¢¨á¨¬®áâì ª®íää¨æ¨¥â  Cxp1®â £¥®¬¥âà¨¨ ª®à¬®¢®© ®ª®¥ç®áâ¨¨ ¯ à ¬¥âà®¢ ®â¡®à  ¦¨¤ª®áâ¨â¨¢«¥¨î ä®à¬ë ¢ ãá«®¢¨ïå à¥ «¨§ æ¨¨ ¯à¥¤«®-¦¥®£® á¯®á®¡  á¨¦¥¨ï ®¡é¥£® á®¯à®â¨¢«¥¨ï,ª®íää¨æ¨¥â ª®â®à®© ®¯à¥¤¥«ï«áï ¯® ä®à¬ã«¥CXP1 = Cxs + Cq � �1� P�2�� Cx�1 ; (5)£¤¥ P�2 � áà¥¤¨© ¯® à áå®¤ã ª®íää¨æ¨¥â ¯®«®£®¤ ¢«¥¨ï ¢ á¥ç¥¨¨ ¯¥à¥¤ ®â¡®à®© é¥«ìî, ®¯à¥-¤¥«ï¥¬ë© ¯® ä®à¬ã«¥P�2 = P �2 � P112�U21 = 2�Qc Y2R0 �P2 + �U22 �Urdy � P112�U21 :(6)�à¥¤áâ ¢«¥ë¥   à¨á. 9 íªá¯¥à¨¬¥â «ìë¥§ ¢¨á¨¬®áâ¨ CXP1 = CXP1(Cq) ¤«ï ¬®¤¥«¥© á ª®-ãá®®¡à §®© ¨ ¢ë¯ãª«®-¢®£ãâ®© ª®à¬®© ¯®ª §ë-¢ îâ, çâ® ¯à¨ à¥ «¨§ æ¨¨ ª®¬¡¨¨à®¢ ®£® á¯®-á®¡  á¨¦¥¨ï ®¡é¥£® á®¯à®â¨¢«¥¨ï ¨¬¥¥â ¬¥áâ®áãé¥áâ¢¥®¥ á¨¦¥¨¥ ®¡é¥£® á®¯à®â¨¢«¥¨ï § áç¥â âà áä®à¬ æ¨¨ á®¯à®â¨¢«¥¨ï ä®à¬ë ¢ "âï-£ã ®â ¤ ¢«¥¨ï". �à¨ à áå®¤ å, á®®â¢¥âáâ¢ãî-é¨å ãáâ ®¢¨¢è¨¥¬ãáï à¥¦¨¬ã ®¡â¥ª ¨ï ¬®¤¥«¨(Cq = 0:0228), ª®íää¨æ¨¥â á¨«ë ®â ¤ ¢«¥¨ï ®æ¥-¨¢ ¥âáï ¢¥«¨ç¨®© CXP1 = �0:0086 ¨ á®áâ ¢«ï-¥â 35% ®â á®¯à®â¨¢«¥¨ï âà¥¨ï ¬®¤¥«¨, à ¢®£®CX�1 = 0:0245. � â® ¦¥ ¢à¥¬ï, ¤«ï ¬®¤¥«¨ á âà -¤¨æ¨®®© ª®ãá®®¡à §®© ª®à¬®© ¤ ë© ª®íä-ä¨æ¨¥â ®æ¥¨¢ ¥âáï § ç¥¨¥¬ CXP1 = �0:0008¨«¨   ¯®àï¤®ª ¬¥ìè¥, ç¥¬ ¯à¨ à¥ «¨§ æ¨¨ ª®¬-¡¨¨à®¢ ®£® á¯®á®¡  á¨¦¥¨ï ®¡é¥£® á®¯à®â¨-¢«¥¨ï.

�«ï ®æ¥ª¨ £¨¤à®¤¨ ¬¨ç¥áª®© íää¥ªâ¨¢®áâ¨¤ ®£® á¯®á®¡  ¨á¯®«ì§®¢  ¯à®¯ã«ìá¨¢ë© ª®-íää¨æ¨¥â áâàã¨ �C = CxoCNC ; (7)£¤¥ Cx0 � 0:03� áà¥¤¨© ª®íää¨æ¨¥â ¡ãªá¨à®¢®ç-®£® á®¯à®â¨¢«¥¨ï å®à®è® ®¡â¥ª ¥¬®© ¬®¤¥«¨,  CNC � ª®íää¨æ¨¥â ¬®é®áâ¨ áâàã¨ ¯à¨ Cx1 = 0.�«ï ¬®¤¥«¨ á âà ¤¨æ¨®®© ª®à¬®© ¯à®¯ã«ìá¨¢-ë© ª®íää¨æ¨¥â áâàã¨ (à¨á. 7) ®æ¥¨¢ ¥âáï ¢¥«¨-ç¨®© �� = 0:79,   ¤«ï ¬®¤¥«¨ á ¢ë¯ãª«®-¢®£ãâ®©ª®à¬®© { ¢¥«¨ç¨®© �C = 0:98.�������à¥¤áâ ¢«¥ë¥ íªá¯¥à¨¬¥â «ìë¥ à¥§ã«ìâ -âë ¯® ¨áá«¥¤®¢ ¨î ª®¬¡¨¨à®¢ ®£® á¯®á®¡ á¨¦¥¨ï ®¡é¥£® á®¯à®â¨¢«¥¨ï ¢®¤ë ¤¢¨¦¥¨î  ¬ «®¬ áèâ ¡®© ¬®¤¥«¨ ®á¥á¨¬¬¥âà¨ç®£® â¥-«  ¯à®£®§¨àãîâ á¨¦¥¨¥ ®¡é¥£® á®¯à®â¨¢«¥¨ï¯à¨ à¥ «¨§ æ¨¨ ¤ ®£® á¯®á®¡  ¥ ¬¥¥¥ ç¥¬  22% ¡¥§ áãé¥áâ¢¥®£® ãá«®¦¥¨ï ª®áâàãªæ¨¨®á¥á¨¬¬¥âà¨ç®£® ¯®¤¢®¤®£®  ¯¯ à â  ¨ ¯®¢ë-è¥¨¥ ¯à®¯ã«ìá¨¢ëå ª ç¥áâ¢ £¨¤à®¤¨ ¬¨ç¥áª®©á¨áâ¥¬ë "ª®à¯ãá-¤¢¨¦¨â¥«ì"   ¢¥«¨ç¨ã ¥ ¬¥-¥¥ 20% ¯® áà ¢¥¨î á ®á¥á¨¬¬¥âà¨çë¬ â¥«®¬,¨¬¥îé¨¬ âà ¤¨æ¨®ãî ª®ãá®®¡à §ãî ª®à¬ã.1. �¥¤ï¥¢áª¨© �. �., �®«¥á¨ª®¢ �. �., �̈ ¥¢-áª¨© �. �. � áçñâ âãà¡ã«¥â®£® ¯®£à ¨ç®£®á«®ï ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ // �.{ �ã¤®áâà®¥¨¥,1970.{ �. 13{17.2. �«¨åâ¨£ �. �¥®à¨ï ¯®£à ¨ç®£® á«®ï.{ �.: � -ãª , 1969.{ 758 á.3. Goldschmied F.R. On a least-energy hypothesis forthe wake of axisimmetric bodies with turbulent sep-aration:pressure distribution prediction // AAIA 6thAppl. Conf., Williamburg, Vu, Sum.6{8.{ 1998, Col-lect. pap.{ P. 27{39.4. Parsons J.S., Goodson R.E., Goldschmied F.R. Shap-ing of axisymmetric bodies for minimum drag in in-compressible ow // J.:Hidronautics.{ 1974, 8, N 3.{P. 100{107.5. �à¥©¥à �. �̈ ¤à®¤¨ ¬¨ª  ¨ í¥à£¥â¨ª  ¯®¤¢®¤-ëå  ¯¯ à â®¢ // �.{ �ã¤®áâà®¥¨¥, 1978.{ �. 54{159.6. �ã«¨ª®¢ �.�., �à ¬ª¨ �.�. �®-¤®¬¥âë¥ ¤¢¨¦¨â¥«¨.{ �.: �ã¤®áâà®¥¨¥, 1980.{380 á.7. �®à®¯ ¥¢ �. �., �âãå  �. �. �®¤¥«¨à®¢ ¨¥ âãà-¡ã«¥âëå á«®¦ëå â¥ç¥¨©.{ �.: � ãª®¢  ¤ã¬ª ,1991.{ 168 á.16 �. �. �®à®¯ ¥¢, �. �. � à ¡ 


