
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 82 { 85 ������ö ���ö����������� 532.5 �424����������������� ����������������������������� ����������������������������� ������. �. ����������¥¢ áâ®¯®«ìáª¨© ¢®¥®-¬®àáª®© ¨áâ¨âãâ�®«ãç¥® 28.05.98 � �¥à¥á¬®âà¥® 11.02.2000�§«®¦¥ë à¥§ã«ìâ âë íªá¯¥à¨¬¥â «ì®£® ¨áá«¥¤®¢ ¨ï £¨¤à®¤¨ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¦¨¤ª¨å ¨¬¯ã«ìáëåáâàã©, ¢ë¡à áë¢ ¥¬ëå ¢  â¬®áä¥àã ¯®¤ ¤ ¢«¥¨¥¬ 1.5...2 ��  ¨§ ¢®¤®¬¥âëå ãáâà®©áâ¢. �§ãç ¥âáï ¢«¨ï¨¥  -ç «ìëå ¯ à ¬¥âà®¢   ¤¨ ¬¨ªã ¤¢¨¦¥¨ï ¦¨¤ª®© ¨¬¯ã«ìá®©áâàã¨ ¢ ¢®§¤ãå¥.�¨ª« ¤¥® à¥§ã«ìâ â¨ ¥ªá¯¥à¨¬¥â «ì®£® ¤®á«÷¤¦¥ï £÷¤à®¤¨ ¬÷ç¨å å à ªâ¥à¨áâ¨ª à÷¤ª¨å ÷¬¯ã«ìá¨å áâàã©,é® ¢¨ª¨¤ îâìáï ¢  â¬®áä¥àã ¯÷¤ â¨áª®¬ 1.5...2 ��  ÷§ ¢®¤®¬¥â¨å ¯à¨áâà®ù¢. �¨¢ç õâìáï ¢¯«¨¢ ¯®ç âª®¢¨å ¯ à -¬¥âà÷¢   ¤¨ ¬÷ªã àãåã à÷¤ª®ù ÷¬¯ã«ìá®ù áâàãù ¢ ¯®¢÷âà÷.The results of experimental investigations of hydrodynamic characteristics for the impuls liquid jets rejected from a jetpropeller to atmosphere under the pressure 1.5 { 2 MPa are presented. The e�ect of initial throwing parameters on thedynamics of motion of the impulse liquid jet in air is studied.�«ï ãá¯¥è®£® à¥è¥¨ï § ¤ ç á®§¤ ¨ï ¯à¨-æ¨¯¨ «ì® ®¢ëå ª®áâàãªæ¨© ¨¬¯ã«ìáëå ¢®¤®-¬¥â®¢ ¥®¡å®¤¨¬® ç¥âª® ¯à¥¤áâ ¢«ïâì ¤¨ ¬¨ªã¨¬¯ã«ìá®£® ¬¥â ¨ï ¦¨¤ª®áâ¨ ¨ ¨¬¥âì ®¡®¡é¥-ë¥ ª®«¨ç¥áâ¢¥ë¥ ¯®ª § â¥«¨, å à ªâ¥à¨§ãî-é¨¥ «¥âïéãî áâàãî. �á®¢ë¬ ¬¥â®¤®¬ ¨§ã-ç¥¨ï ¤¨ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¦¨¤ª¨å ¨¬-¯ã«ìáëå áâàã© ï¢«ï¥âáï íªá¯¥à¨¬¥â.�  á¯¥æ¨ «ì® á®§¤ ®¬ áâ¥¤¥ [1] ¯à®¢¥¤¥ë¨áá«¥¤®¢ ¨ï á æ¥«ìî ¢ëïá¨âì ¢«¨ï¨¥  ç «ì-ëå ¯ à ¬¥âà®¢ ¬¥â ¨ï   ¤¨ ¬¨ªã ¤¢¨¦¥¨ï¨¬¯ã«ìá®© ¦¨¤ª®© áâàã¨ ¢ ¢®§¤ãå¥. � ª ç¥áâ¢¥ ç «ìëå ¯ à ¬¥âà®¢ ¢ íªá¯¥à¨¬¥â¥ ¨á¯®«ì§®-¢ «¨: ¤ ¢«¥¨¥ p0 ¢ëâ «ª¨¢ ¨ï ¦¨¤ª®áâ¨ ¨§ ª -¬¥àë ¢®¤®¬¥â  ¢ ¬®¬¥â ®âªàëâ¨ï ª« ¯    ¤-¤ã¢  ª ¬¥àë; ¬ ááã ¦¨¤ª®áâ¨ m20,  å®¤ïéãîáï¢ ª ¬¥à¥ ¢®¤®¬¥â  ¯¥à¥¤  ç «®¬ ¬¥â ¨ï; £¥®¬¥-âà¨ç¥áª¨¥ à §¬¥àë áâ¢®«  (¢ãâà¥¨© ¤¨ ¬¥âàdáâ¢, ¤«¨ã láâ¢ ¨ ã¤«¨¥¨¥ �áâ¢ = láâ¢=dáâ¢); £¥®-¬¥âà¨ç¥áª¨¥ à §¬¥àë á®¯«®¢®©  á ¤ª¨ (¤¨ ¬¥âàáà¥§  dc, ¤«¨ã æ¨«¨¤à¨ç¥áª®£® ãç áâª  lc, ã£®«¢ãâà¥¥© ª®ãá®áâ¨ �c, ®â®á¨â¥«ìãî ¤«¨ãæ¨«¨¤à¨ç¥áª®£® ãç áâª  �lc = lc=dc ¨ ®â®á¨â¥«ì-ãî ¯«®é ¤ì áà¥§  á®¯«  �c = (dc=dk)2, £¤¥ dk {¤¨ ¬¥âà ª ¬¥àë ¢®¤®¬¥â ).� ®¯ëâ å ãª § ë¥  ç «ìë¥ ¯ à ¬¥âàë ¢ -àì¨à®¢ «¨áì ¢ ¯à¥¤¥« å: p0=1.0 { 2.5 �� ;m20=1.8 { 2.8 ª£; �áâ¢ = 8:5� 26:5; �lc = 2� 4; 2�c == 5:6� 16�.�  à¨á. 1 ¯®ª § ë áå¥¬ë á®¯«®¢ëå  á ¤®ª,ª®â®àë¥ ¨á¯®«ì§®¢ «¨áì ¢ íªá¯¥à¨¬¥â å.�á¥ íªá¯¥à¨¬¥âë ¡ë«¨ ¯à®¢¥¤¥ë   ãáâ ®¢ª¥¨¬¯ã«ìá®£® ¡¥á¯®àè¥¢®£® ¬¥â ¨ï á ¢¥àâ¨ª «ì-

ë¬ à á¯®«®¦¥¨¥¬ ª ¬¥àë.� ¯¥à¢®© á¥à¨¨ ®¯ëâ®¢ ¨§ãç «®áì ¢«¨ï¨¥ ª®-áâàãªâ¨¢ëå ¯ à ¬¥âà®¢ áâ¢®«  ¨ á®¯«®¢®©  -á ¤ª¨   ¯à®âï¦¥®áâì ¥à á¯ ¢è¥©áï (ª®¬¯ ªâ-®©) ç áâ¨ áâàã¨ láâà ¨ ¬ ªá¨¬ «ìãî Lmax¤ «ì®áâì ¬¥â ¨ï, ¯à¨ ¥¨§¬¥ëå ¤ ¢«¥¨ïå ¤¤ã¢  p0=const ¨  ç «ì®© ¬ áá¥ ¦¨¤ª®áâ¨m20=const.�¥â ¨¥ ¯à®¢®¤¨«®áì ¢ á¯®ª®©ãî (V=0)  â¬®-áä¥àã. �ë«® ãáâ ®¢«¥®, çâ® á®¯«®¢ë¥  á ¤ª¨á ã£«®¬ ¢ãâà¥¥© ª®ãá®áâ¨ 2�c � 18 ¨ ¯¥à¥-å®¤ë¬ æ¨«¨¤à¨ç¥áª¨¬ ãç áâª®¬ �lc = lc=dc > 2ã«ãçè îâ ä®à¬¨à®¢ ¨¥ ª®¬¯ ªâ®© áâàã¨.�à¨ ¯à®ç¨å à ¢ëå ãá«®¢¨ïå  á ¤ª¨ á 2�c =18� ¨ �lc = 4:67 (à¨á. 1, £) ä®à¬¨à®¢ «¨ ª®¬-¯ ªâãî áâàãî   15{20% ¡®«ìè¥© ¯à®âï¦¥®-áâ¨, ç¥¬  á ¤ª¨ ¡¥§ ¯¥à¥å®¤®£® æ¨«¨¤à¨ç¥áª®-£® ãç áâª  (à¨á. 1,  , ¡) ¨ á ¡®«ìè¨¬¨ ã£« ¬¨ª®ãá®áâ¨.�®«ìè®¥ ¢«¨ï¨¥   ¯à®âï¦¥®áâì ¥à á¯ ¢-è¥©áï ç áâ¨ áâàã¨ láâà ¨ ¬ ªá¨¬ «ìãî ¤ «ì®áâì¥¥ ¯®«¥â  Lmax ®ª §ë¢ ¥â ã¤«¨¥¨¥ áâ¢®« . � ª,¯à¨ ¯à®ç¨å à ¢ëå ãá«®¢¨ïå, ¢ áâ¢®« å á  á ¤-ª®©, ¨¬¥îé¥© æ¨«¨¤à¨ç¥áª¨© ¯¥à¥å®¤®© ãç -áâ®ª (à¨á. 1, £), ¨§¬¥¥¨¥ �áâ¢ á 8.5 ¤® 26 ã¢¥«¨ç¨-¢ «® ¯à®âï¦¥®áâì ¥à á¯ ¢è¥©áï ç áâ¨ áâàã¨  25{36%,   ¬ ªá¨¬ «ìãî ¤ «ì®áâì ¬¥â ¨ïLmax á 23{25 ¤® 30{34 ¬.�ãé¥áâ¢¥®¥ ¢«¨ï¨¥   ¤¨ ¬¨ªã ¤¢¨¦¥¨ï¦¨¤ª®© ¨¬¯ã«ìá®© áâàã¨ ¢ ¢®§¤ãå¥ ®ª §ë¢ ¥â  -ç «ì®¥ ¤ ¢«¥¨¥ p0 ¢ëâ «ª¨¢ ¨ï ¦¨¤ª®áâ¨ ¨§ª ¬¥àë ¢®¤®¬¥â . �áâ ®¢«¥®, çâ® ¥£® ®¯â¨¬ «ì-®¥ § ç¥¨¥ à ¢® 1.5{1.8 �� . � «ì¥©è¥¥ ã¢¥-82 c �. �. �ªá¥âì¥¢, 2001
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�¨á. 1. �å¥¬ë á®¯«®¢ëå  á ¤®ª ¨¬¯ã«ìáëå ¢®¤®¬¥â®¢

�¨á. 2. �à®æ¥áá ¢ëâ¥á¥¨ï ¦¨¤ª®áâ¨ ¨§ ª ¬¥àë ¢®¤®¬¥â «¨ç¥¨¥ ¤ ¢«¥¨ï p0 (¢ ®¯ëâ å ¤® 2.5 �� ) ¥ ¯à¨-¢®¤¨â ª ®éãâ¨¬®¬ã à®áâã Lmax (®¡ëç® ¥ ¡®«¥¥,ç¥¬   2{5%), ®¤ ª® ¯à¨ íâ®¬ áãé¥áâ¢¥® (¯à¨-¬¥à® ¢ 1.5{2 à § ) á®ªà é ¥âáï ¯à®âï¦¥®áâìª®¬¯ ªâ®© áâàã¨.�â® á¢ï§ ® á ª¢ ¤à â¨çë¬ à®áâ®¬ «®¡®¢®£®á®¯à®â¨¢«¥¨ï ¯à¨ ã¢¥«¨ç¥¨¨  ç «ì®© áª®à®-áâ¨ ¬¥â ¨ï U0, ª®â®à ï ï¢«ï¥âáï äãªæ¨¥© U0 �pp0; § ç¨â¥«ìë¬ à®áâ®¬ á¨« ¯®¢¥àå®áâ®£®âà¥¨ï, ¡ëáâà® à §àãè îé¨å áâàãªâãàã áâàã¨, ¨ à¥§ª¨¬ ã¢¥«¨ç¥¨¥¬ âãà¡ã«¥â®áâ¨ «¥âïé¥©áâàã¨.�®«ìè®© ¯à ªâ¨ç¥áª¨© ¨â¥à¥á ¯à¥¤áâ ¢«ï¥â®æ¥ª  ¬ ááë ¦¨¤ª®áâ¨, á®¤¥à¦ é¥©áï ¢ ª®¬¯ ªâ-®© áâàã¥, ¨ ¯®«®â  ¤®áâ ¢ª¨ ¦¨¤ª®áâ¨, § -ª«îç¥®© ¢ áâàã¥, ¢ ª®¥çãî â®çªã. �â  § ¤ ç à¥è « áì ¢® ¢â®à®© á¥à¨¨ ®¯ëâ®¢.�®á«¥ áâ â¨áâ¨ç¥áª®© ®¡à ¡®âª¨ à¥§ã«ìâ â®¢¨§¬¥à¥¨© [2] ¡ë«® ãáâ ®¢«¥®, çâ® ª®¬¯ ªâ ï¦¨¤ª ï áâàãï ¢ ¬®¬¥â ®âàë¢  ¥¥ å¢®áâ®¢®© ç -�. �. �ªá¥âì¥¢ 83
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�¨á. 3. � ¢¨á¨¬®áâì ¯®«®âë ¤®áâ ¢ª¨ ¬ ááë ¦¨¤ª®áâ¨ ®â ã¤ «¥¨ï ®â áà¥§  á®¯«  ¢®¤®¬¥â áâ¨ ®â á®¯«  á®¤¥à¦¨â 70{80%  ç «ì®© ¬ ááë¦¨¤ª®áâ¨, ª®â®à®© ¯¥à¥¤ ®¯ëâ®¬ ¡ë«  § ¯®«¥-  ª ¬¥à  ¢®¤®¬¥â . �â®â ¯®ª § â¥«ì ¥ § ¢¨á¨â®â ¤ «ì®áâ¨ ¬¥â ¨ï ¨ á« ¡® § ¢¨á¨â ®â ¢¥«¨ç¨-ë  ç «ì®£® ¤ ¢«¥¨ï  ¤¤ã¢  p0. �ãé¥áâ¢¥-ãî à®«ì §¤¥áì ¨£à îâ ª®áâàãªâ¨¢ë¥ ®á®¡¥-®áâ¨ áâ¢®«  ¨ á®¯«®¢®©  á ¤ª¨,   â ª¦¥ á¯®á®¡¢ëâ¥á¥¨ï ¦¨¤ª®áâ¨. �â¢®«ë ¡®«ìè®£® ã¤«¨¥-¨ï �áâ¢=15{20, ®ª ç¨¢ îé¨¥áï á®¯«®¢®©  á ¤-ª®© á æ¨«¨¤à¨ç¥áª¨¬ ¯¥à¥å®¤ë¬ ãç áâª®¬ (à¨á.1, £), ®¡¥á¯¥ç¨¢ îâ ¡®«¥¥ ¯®«ë© ¢ë¡à®á ¦¨¤ª®-áâ¨ ¢ áâàãî. �à¨ ¯®àè¥¢®¬ á¯®á®¡¥ ¢ëâ «ª¨¢ -¨ï ¤®«ï ¦¨¤ª®áâ¨, ãè¥¤è¥© ¢ áâàãî, ¤®áâ¨£ ¥â¡®«¥¥ 80%. �à¨ ¡¥á¯®àè¥¢®¬ á¯®á®¡¥ íâ  ¢¥«¨ç¨-  ¥ ¯à¥¢ëè ¥â 70{75%, ¯®áª®«ìªã ¢ íâ®¬ á«ãç ¥¢ ª ¬¥à¥ ¯à®¨áå®¤¨â á¨«ì®¥  áëé¥¨¥ ¦¨¤ª®áâ¨£ §®¬ (à¨á. 2), ¢ à¥§ã«ìâ â¥ ç¥£® áâàãï, ¢ëå®¤ï-é ï ¨§ á®¯«®¢®©  á ¤ª¨, «¥£ª® à á¯ ¤ ¥âáï.�«ï ®æ¥ª¨ ¯®«®âë ¤®áâ ¢ª¨ ¬¥â ¥¬®© ¬ ááë¢ ª®¥çãî â®çªã ¡ë«¨ ¯à®¢¥¤¥ë ®¯ëâë ¯® ã« -¢«¨¢ ¨î ¦¨¤ª®áâ¨ ¢ «®¢ãèªã, ãáâ  ¢«¨¢ ¥¬ãî  à §«¨çëå à ááâ®ï¨ïå ®â áà¥§  á®¯« .�¥§ã«ìâ âë áâ â¨áâ¨ç¥áª®© ®¡à ¡®âª¨ ®¯ëâ®¢¯à¥¤áâ ¢«¥ë   à¨á. 3. �¡à é ¥â   á¥¡ï ¢¨¬ -¨¥  «¨ç¨¥   ªà¨¢®© â®çª¨ ¯¥à¥£¨¡  �, ¯à ¢¥¥¨ «¥¢¥¥ ª®â®à®© ®ª §ë¢ ¥âáï áãé¥áâ¢¥® à §«¨ç-®© ã¡ë«ì ¬ ááë ¨§ «¥âïé¥© áâàã¨ (� �m2 > ��m1).�®®à¤¨ âë íâ®© â®çª¨ ¢® ¢á¥å ®¯ëâ å, ¯à¨ § -ç¥¨ïå p0=1.5 ��  ¨ �0=0.032, á®®â¢¥âáâ¢®¢ «¨§ ç¥¨ï¬ �m¬ = 0.6, �L¬ = L¬=dc =1200, £¤¥ �L¬ {®â®á¨â¥«ì ï ¤ «ì®áâì ¬¥â ¨ï.� «¨§ áª®à®áâ®© ª¨®áê¥¬ª¨ «¥âïé¥© áâàã¨¯®¤â¢¥à¤¨« ãáâ ®¢«¥ë© ¢ ®¯ëâ å ä ªâ.� ä¨§¨ç¥áª®© â®çª¨ §à¥¨ï ¥£® ¬®¦® ®¡êïá-¨âì â¥¬, çâ®   ã¤ «¥¨¨ l¬=12 { 15 ¬ ®â áà¥§ á®¯«  (¢ à¥§ã«ìâ â¥ ¯®â¥à¨ § ç¨â¥«ì®£® § ¯ á 

ª¨¥â¨ç¥áª®© í¥à£¨¨, á¨«ì®© ¢ãâà¥¥© âãà¡ã-«¥â®áâ¨ ¨ «®¡®¢®£® á®¯à®â¨¢«¥¨ï)  ç¨ ¥âáï ªâ¨¢®¥ à §àãè¥¨¥ ®á®¢®© ç áâ¨ áâàã¨, ¨ ¢ª®¥çãî â®çªã ¤®«¥â ¥â «¨èì ¬ áá  ¦¨¤ª®áâ¨,á®áà¥¤®â®ç¥ ï ¢ £®«®¢®© ç áâ¨ áâàã¨.�«ï ¨¦¥¥à®© ®æ¥ª¨ ¯®«®âë ¤®áâ ¢ª¨ ¦¨¤-ª®áâ¨ ¢ â®çªã, ã¤ «¥ãî   à ááâ®ï¨¥ l¬ ®âáà¥§  á®¯«  ¯à¨ ¬¥â ¨¨ ¢ á¯®ª®©ãî  â¬®áä¥àã(V=0), ¯à¥¤«®¦¥  í¬¯¨à¨ç¥áª ï ä®à¬ã« �m¬ = 1� 0:0263l¬(1 + 0:03l¬); (1)£¤¥ l¬ = �L¬ � dc ¢¯®«¥ ã¤®¢«¥â¢®à¨â¥«ì® (à¨á. 3)á®£« áã¥âáï á à¥§ã«ìâ â ¬¨ ®¯ëâ®¢. � ä®à¬ã«¥(1) á®¬®¦¨â¥«¨ ¯à¨ l¬ ¨¬¥îâ à §¬¥à®áâì 1/¬,  l¬ ¯®¤áâ ¢«ï¥âáï ¢ ä®à¬ã«ã ¢ ¬¥âà å.� âà¥âì¥© á¥à¨¨ ®¯ëâ®¢ ®¯à¥¤¥«ï«¨ í¥à£¥â¨-ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¦¨¤ª®© ¨¬¯ã«ìá®© áâàã¨,¯à¨ ¥¨§¬¥ëå ¢¥«¨ç¨ å ®â®á¨â¥«ì®£® �pc == pc=p0 = const ¨  ¡á®«îâ®£® p0=const ¤ ¢«¥¨© ¤¤ã¢ . � ®¯ëâ å íâ¨ ¢¥«¨ç¨ë á®áâ ¢«ï«¨ �pc =0.55 ¨ p0 = 1.5 �� .� ª ¨§¢¥áâ®, ®á®¢ë¬¨ ¤¨ ¬¨ç¥áª¨¬¨ ¯ à -¬¥âà ¬¨, ®¯à¥¤¥«ïîé¨¬¨ í¥à£¥â¨ªã ¨¬¯ã«ìá®©áâàã¨, ï¢«ïîâáï ¥¥ áª®à®áâì U0 ¨ ¬ áá®¢ë© á¥-ªã¤ë© à áå®¤ m. � ç¥¨¥  ç «ì®© áª®à®áâ¨áâàã¨ U0, ¢ë«¥â îé¥© ¨§ á®¯«  áâ¢®« , ¨áå®¤ï ¨§ãá«®¢¨© ¥à §àë¢®áâ¨ â¥ç¥¨ï ¢® ¢á¥å í«¥¬¥â å¢®¤®¬¥â , ®¯à¥¤¥«ï«¨ ¯® ä®à¬ã«¥U0 = lk�c � tk (2)£¤¥ lª { ¢¥«¨ç¨  ¬¥à®£® ãç áâª  (à¨á. 2) ª ¬¥-àë, tª-¢à¥¬ï ®¯®à®¦¥¨ï ®¡ê¥¬  ª ¬¥àë ®â ¦¨¤-ª®áâ¨ ¢ £à ¨æ å ¬¥à®£® ãç áâª . �¥«¨ç¨ã à á-å®¤  ¦¨¤ª®áâ¨ _mc ¨§ á®¯«  ¢®¤®¬¥â   å®¤¨«¨ ¯®84 �. �. �ªá¥âì¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 82 { 85ä®à¬ã«¥: _mc = �2 � Fk � lktk ; (3)£¤¥ �2 { ¯«®â®áâì ¦¨¤ª®áâ¨; Fª { ¯«®é ¤ì ¯®-¯¥à¥ç®£® á¥ç¥¨ï æ¨«¨¤à¨ç¥áª®© ç áâ¨ ª ¬¥àë.�®®â¥áï § ç¥¨ï U0 ¨ _mc á á®®â¢¥âáâ¢ãîé¨-¬¨ § ç¥¨ï¬¨, ¯®«ãç¥ë¬¨ à áç¥â ¬¨ ¯® áâ -¤ àâë¬ ä®à¬ã« ¬ (3), ¯®«ãç¨«¨ § ¢¨á¨¬®áâ¨ ¤«ï®æ¥ª¨ ª®íää¨æ¨¥â®¢ à áå®¤ �c = 0:71lk(�ctk)�1�0:52 p�0:5c (4)¨ áª®à®áâ¨ ¨áâ¥ç¥¨ï'c = �c � kc; (5)£¤¥ kc { ª®íää¨æ¨¥â ä®à¬ë á®¯«®¢®©  á ¤ª¨.�«ï á®¯¥«, ¯à¨¢¥¤¥ëå   à¨á. 1, kc = 1.0 {1.05. �¥ìè¥¥ § ç¥¨¥ kc á®®â¢¥âáâ¢ã¥â á®¯« ¬â¨¯  à¨á. 1,  , ¡®«ìè¥¥ { á®¯« ¬ â¨¯  à¨á. 1, £.�«ï á®¯¥«, ¨á¯®«ì§®¢ ëå ¢ ®¯ëâ å, �c = 0.914,  'c = 0.96.� ¤¨ ¬¨ç¥áª¨å á¢®©áâ¢ å «¥âïé¥© áâàã¨ áã¤¨-«¨ ¯® ¢¥«¨ç¨ ¬:- ®â®á¨â¥«ì®© áª®à®áâ¨ £®«®¢®© ç áâ¨ ¢ ¬®-¬¥â ¥¥ ã¤ à  ® à¥ä«¥ªâ®à-®âà ¦ â¥«ì ã« ¢«¨¢ -â¥«ï �U¬ = l¬t¬ � U0 ; (6)£¤¥ l¬, t¬ { á®®â¢¥âáâ¢¥® à ááâ®ï¨¥ ¨ ¢à¥¬ï¯®«¥â  £®«®¢®© ç áâ¨ áâàã¨ ®â áà¥§  á®¯«  ¢®¤®-¬¥â  ¤® à¥ä«¥ªâ®à -®âà ¦ â¥«ï;- á¨«¥ ã¤ à  Rã¤ áâàã¨ ®¡ ®âà ¦ â¥«ì:Rã¤ = m¬ � U¬tã¤ ; (7)£¤¥ m¬, U¬, tã¤ { á®®â¢¥âáâ¢¥® ¬ áá  ¦¨¤ª®áâ¨,¯®©¬  ï ã« ¢«¨¢ â¥«¥¬, áª®à®áâì áâàã¨ ¢ ¬®-¬¥â ã¤ à  ® à¥ä«¥ªâ®à, ¨ ¢à¥¬ï ¤¥©áâ¢¨ï áâàã¨  à¥ä«¥ªâ®à;- ¨¬¯ã«ìáã Iã¤ ã¤ àïîé¥©áï ® à¥ä«¥ªâ®à áâàã¨:Iã¤ = m¬U¬: (8)� â¥¬ â¨ç¥áª ï ®¡à ¡®âª  à¥§ã«ìâ â®¢ ¨§¬¥-à¥¨© ¯®§¢®«¨«  ¯®«ãç¨âì í¬¯¨à¨ç¥áª¨¥ ä®à¬ã-«ë, ¯à¨£®¤ë¥ ¤«ï ¨¦¥¥àëå à áç¥â®¢:�U¬ = 0:044l¬(0:023l¬ � 1) + 0:961; (9)

Rã¤ = 512:6� 155:2 ln l¬; (10)Iã¤ = 164:3e�0:146l¬: (11)� ä®à¬ã« å (9){(11) § ç¥¨¥ l¬ ¢ ¬¥âà å, æ¨-äà®¢ë¥ á« £ ¥¬ë¥ ¨ á®¬®¦¨â¥«¨ ¯à¨ l¬ ¨¬¥îâà §¬¥à®áâì á®®â¢¥âáâ¢ãîé¥£® ¯ à ¬¥âà .� ®¯ëâ å ¡ë«® ®â¬¥ç¥®  «¨ç¨¥ ¤®áâ â®ç®ç¥âª® ¢ëà ¦¥®£® ¯à¥¤¥«ì®£® § ç¥¨ï ¤ «ì-®áâ¨ ¯®«¥â ,  ç¨ ï á ª®â®à®£® áãé¥áâ¢¥®ãåã¤è «¨áì ¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ £®«®¢-®© ç áâ¨ áâàã¨ ¯à¨ ã¤ à¥ ®¡ ®âà ¦ â¥«ì. � ª,®â®á¨â¥«ì ï áª®à®áâì ¬¥â ¨ï �U¬ ¯®á«¥ ¯à®«¥-â  áâàã¥© ¤¨áâ æ¨¨ 15 ¬ ã¬¥ìè ¥âáï á 0.55 ¤«ïl¬ = 12 ¬ ¤® 0,38 ¤«ï l¬ = 20 ¬. �â® á«ã¦¨â ¥é¥®¤¨¬ ¯®¤â¢¥à¦¤¥¨¥¬ ä ªâ  ¨â¥á¨¢®£® à á-¯ ¤  áâàã¨   ¡®«ìè¨å (l¬ > 12 ¬) ã¤ «¥¨ïå ®âáà¥§  á®¯« .� ª¨¬ ®¡à §®¬, ¯® à¥§ã«ìâ â ¬ ¯à®¢¥¤¥ëå®¯ëâ®¢ ¬®¦® á¤¥« âì á«¥¤ãîé¨¥ ¢ë¢®¤ë.1. �¬¯ã«ìá ï ¦¨¤ª ï áâàãï, ¢ë¡à áë¢ ¥¬ ï¨§ á®¯«  áâ¢®«  ¢®¤®¬¥â , ®¡« ¤ ¥â ¡®«ìè®© ª¨-¥â¨ç¥áª®© í¥à£¨¥© ¨   ã¤ «¥¨ïå ¤® 12 { 15 ¬¬®¦¥â ®ª §ë¢ âì § ç¨â¥«ì®¥ ¤¨ ¬¨ç¥áª®¥ ¢®§-¤¥©áâ¢¨¥   ¯à¥£à ¤ã. �  íâ¨å ã¤ «¥¨ïå ¦¨¤-ª¨¥ ¨¬¯ã«ìáë¥ áâàã¨ ¬®£ãâ íää¥ªâ¨¢® ¨á¯®«ì-§®¢ âìáï ¤«ï âãè¥¨ï «®ª «ìëå ®ç £®¢ ¯®¦ à ,®ª §ë¢ ï ã¤ à®¥ ¢®§¤¥©áâ¢¨¥   ®ç £ ¯« ¬¥¨;¤«ï ®ç¨áâª¨ ¨§®«ïâ®à®¢ ¢ëá®ª®¢®«ìâëå âà á-ä®à¬ â®à®¢   ¯®¤áâ æ¨ïå ¨ «¨¨ïå í«¥ªâà®¯¥-à¥¤ ç; ¤«ï ®ç¨áâª¨ áâ¥®ª â ª®¢ áã¤®¢ ®â ¥äâ¥-¯à®¤ãªâ®¢ ¨  «¨¯ ¨ï áë¯ãç¨å £àã§®¢   áâ¥ª¨âàî¬®¢.2. �  ¡®«ìè¨å ã¤ «¥¨ïå l¬ > 15 ¬ ¦¨¤ª¨¥ ¨¬-¯ã«ìáë¥ áâàã¨ ¬®¦® ¨á¯®«ì§®¢ âì ¢ á¥«ìáª®¬å®§ï©áâ¢¥ ¤«ï ¬¥«ª®¤¨á¯¥àá®£® ®à®è¥¨ï ¯®¢¥àå-®áâ®£® á«®ï ¯®ç¢ë ¡¥§ ¥¥ à §¬ë¢  ¨ íà®§¨¨.3. �à¨ ¯à®ç¨å à ¢ëå ãá«®¢¨ïå,   ¤¨ ¬¨ç¥-áª¨¥ ¯®ª § â¥«¨ ¦¨¤ª®© áâàã¨ ¡®«ìè®¥ ¢«¨ï¨¥®ª §ë¢ ¥â ¯à ¢¨«ìë© ¢ë¡®à £¥®¬¥âà¨¨ áâ¢®«  ¨á®¯«®¢®©  á ¤ª¨,   â ª¦¥ á¯®á®¡ ¬¥â ¨ï (¯®àè-¥¢®© ¨«¨ ¡¥á¯®àè¥¢®©) ¦¨¤ª®áâ¨.1. �ªá¥âì¥¢ �. �., �®¢®á ¤ �. �.�ªá¯¥à¨¬¥â «ì-ë© áâ¥¤ ¤«ï ¨áá«¥¤®¢ ¨© ¨¬¯ã«ìáëå ¦¨¤ª¨åáâàã©/ �¥áâ¨ª �¥¢.���: �¥å ¨ª , í¥à£¥â¨ª ,íª®«®£¨ï// C¡.  ãç. âàã¤®¢. { 1998.2. �ã¬è¨áª¨© �. �. � â¥¬ â¨ç¥áª ï ®¡à ¡®â-ª  à¥§ã«ìâ â®¢ íªá¯¥à¨¬¥â®¢: �¯à ¢®ç®¥àãª®¢®¤áâ¢®.{ �.: � ãª , 1971.{ 192 á.3. � á¯ë«¨¢ ¨¥ ¦¨¤ª®áâ¥©. { �.: � è¨®áâà®¥¨¥,1971. { 208 á.�. �. �ªá¥âì¥¢ 85


