
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 75 { 86��� 532.528������������� ����������������������������. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 15.06.2000� áá¬ âà¨¢ îâáï § ¤ ç¨ ¬®¤¥«¨à®¢ ­¨ï áã¯¥àª ¢¨â æ¨®­­ëå ¯à®æ¥áá®¢ ®â­®á¨â¥«ì­® ä®à¬ë ¨ à §¬¥à®¢ áã¯¥à-ª ¢¥à­, ¨å ®¡à §®¢ ­¨ï ¨ ¯®¤¤¥à¦ ­¨ï. �áâ­ ¢«¨¢ îâáï ­¥®¡å®¤¨¬ë¥ ¡¥§à §¬¥à­ë¥ ¯ à ¬¥âàë, ®â¢¥âáâ¢¥­­ë¥§  à áá¬ âà¨¢ ¥¬ë© ¯à®æ¥áá: ç¨á«® ª ¢¨â æ¨¨ �, ç¨á«® �àã¤  Fr, ç¨á«® �¥¡¥à  We. � áá¬ âà¨¢ ¥âáï ¬¥â®¤¨ª ¬®¤¥«¨à®¢ ­¨ï á ®¤­®¢à¥¬¥­­ë¬ á®¡«î¤¥­¨¥¬ ¯®¤®¡¨ï ¯® ç¨á« ¬ ª ¢¨â æ¨¨ ¨ �àã¤ . � îâáï à¥ª®¬¥­¤ æ¨¨ ¯®á­¨¦¥­¨î ¬ áèâ ¡­®£® íää¥ªâ . � áâ âì¥ â ª¦¥ à áá¬®âà¥­ë á¯¥æ¨ «ì­ë¥ ¢®¯à®áë § å¢ â  £ §  áã¯¥àª ¢¥à­®©¨§ ¤¢ãåä §­®£® ¯®â®ª  á ¯ã§ëàìª ¬¨ £ §  ¨ £¨¤à® ªãáâ¨ç¥áª¨å ï¢«¥­¨© ¯à¨ áã¯¥àª ¢¨â æ¨¨.�®§£«ï¤ îâìáï § ¤ ç÷ ¬®¤¥«î¢ ­­ï áã¯¥àª ¢÷â æ÷©­¨å ¯à®æ¥á÷¢ ¢÷¤­®á­® ä®à¬¨ â  à®§¬÷à÷¢ áã¯¥àª ¢¥à­, ùå ä®à¬ã-¢ ­­ï ÷ ¯÷¤âà¨¬ã¢ ­­ï. �áâ ­®¢«îîâìáï ­¥®¡å÷¤­÷ ¡¥§à®§¬÷à­÷ ¯ à ¬¥âà¨, ïª÷ ¢÷¤¯®¢÷¤ îâì §  ¯à®æ¥á, é® à®§£«ï-¤ õâìáï: ç¨á«® ª ¢÷â æ÷ù �, ç¨á«® �àã¤  Fr, ç¨á«® �¥¡¥à  We. �®§£«ï¤ õâìáï ¬¥â®¤¨ª  ¬®¤¥«î¢ ­­ï § ®¤­®ç á­¨¬¤®âà¨¬ã¢ ­­ï¬ ¯®¤÷¡­®áâ÷ ¯® ç¨á« ¬ ª ¢÷â æ÷ù â  �àã¤ . � îâìáï à¥ª®¬¥­¤ æ÷ù ¯® §­¨¦¥­­î ¬ áèâ ¡­®£® ¥ä¥ªâã.� áâ ââ÷ â ª®¦ à®§£«ï­ãâ÷ á¯¥æ÷ «ì­÷ ¯¨â ­­ï § å¢ âã £ §ã áã¯¥àª ¢¥à­®î § ¤¢ãåä §­®£® ¯®â®ªã § ¡ã«ì¡ èª ¬¨£ §ã â  £÷¤à® ªãáâ¨ç­¨å ï¢¨é ¯à¨ áã¯¥àª ¢÷â æ÷ù.Problems on modeling of supercavitation processes about shape and dimensions of supercavities, formation and mainte-nance of them are considered in the article. Necessary dimensionless parameters responsible for the considered process:cavitation number �, Froude number Fr, Weber number We are established. A procedure of modeling with simultaneouskeeping to similarity by cavitation and Froude numbers is considered. Recomendations on the scale e�ect reduction aregiven. Special questions of gas entrainment by supercavity from the two-phase 
ow with gas bubbles and hydroacousticalphenomena in supercavitation also are considered in the article.���������à®¡«¥¬  ä¨§¨ç¥áª®£® ¬®¤¥«¨à®¢ ­¨ï áã¯¥àª -¢¨â æ¨®­­ëå â¥ç¥­¨© ¢ª«îç ¥â ­¥áª®«ìª® â¥á­®á¢ï§ ­­ëå ¬¥¦¤ã á®¡®© § ¤ ç:1) ¬®¤¥«¨à®¢ ­¨¥ ä®à¬ë ¨ à §¬¥à®¢ áã¯¥àª -¢¥à­ë;2) ¬®¤¥«¨à®¢ ­¨¥ ¯à®æ¥áá®¢ ®¡à §®¢ ­¨ï ¨ ¯®¤-¤¥à¦ ­¨ï ¨áªãááâ¢¥­­ëå ª ¢¥à­;3) ¬®¤¥«¨à®¢ ­¨¥ ¯à®æ¥áá®¢, ¢«¨ïîé¨å ­  áã-¯¥àª ¢¥à­ã;4) ¬®¤¥«¨à®¢ ­¨¥ ¯à®æ¥áá®¢, á®§¤ ¢ ¥¬ëå áã-¯¥àª ¢¥à­®©.� áâ âì¥ ¯®á«¥¤®¢ â¥«ì­® à áá¬ âà¨¢ îâáï íâ¨§ ¤ ç¨ á â®çª¨ §à¥­¨ï â¥®à¨¨ à §¬¥à­®áâ¥© ¨ ¯®-¤®¡¨ï £¨¤à®¤¨­ ¬¨ç¥áª¨å â¥ç¥­¨©. �à¨¬¥­¥­¨¥¬¥â®¤®¢ â¥®à¨¨ à §¬¥à­®áâ¥© ¨ ¯®¤®¡¨ï [1, 2] ­ -àï¤ã á ¨á¯®«ì§®¢ ­¨¥¬ ®¯ëâ  ¯à®¢¥¤¥­¨ï íªá¯¥à¨-¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ¢ ¡®«ìè¨­áâ¢¥ à áá¬®-âà¥­­ëå á«ãç ¥¢ ¯®§¢®«¨«®:{ ®¯à¥¤¥«¨âì ¬¨­¨¬ «ì­®¥ ª®«¨ç¥áâ¢® ¡¥§à §-¬¥à­ëå ¯ à ¬¥âà®¢, ®âà ¦ îé¨å ®á­®¢­ë¥ áâ®-à®­ë ¨§ãç ¥¬®£® ¯à®æ¥áá ;{ ¢ë¡à âì à æ¨®­ «ì­ãî áå¥¬ã « ¡®à â®à­®£®íªá¯¥à¨¬¥­â ;{ ¯®«ãç¨âì ¯à ¢¨«  ¯¥à¥áç¥â  à¥§ã«ìâ â®¢ íªá-¯¥à¨¬¥­â  ¤«ï ­ âãà­ëå §­ ç¥­¨© ¯ à ¬¥âà®¢.

�«ï áâ æ¨®­ à­ëå áã¯¥àª ¢¨â æ¨®­­ëå â¥ç¥-­¨© ¯à®æ¥áá ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ ¯ à ¬¥âà -¬¨:{ å à ªâ¥à­ë¬ «¨­¥©­ë¬ à §¬¥à®¬ â¥«  L;{ à §­®áâìî ¤ ¢«¥­¨© ¢ ­ ¡¥£ îé¥¬ ¯®â®ª¥ ¨ ¢ª ¢¥à­¥ p1 � pc;{ áª®à®áâìî ¦¨¤ª®áâ¨ V1;{ ¯«®â­®áâìî ¦¨¤ª®áâ¨ �;{ ãáª®à¥­¨¥¬ á¨«ë âï¦¥áâ¨ g;{ ª¨­¥¬ â¨ç¥áª¨¬ ª®íää¨æ¨¥­â®¬ ¢ï§ª®áâ¨ ¢®-¤ë �;{ ª®íää¨æ¨¥­â®¬ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¢®-¤ë �.�á­®¢­ëå ¥¤¨­¨æ ¨§¬¥à¥­¨© âà¨ { ¤«¨­ , ¢à¥¬ï¨ ¬ áá . �®£« á­® �{â¥®à¥¬¥ â¥®à¨¨ à §¬¥à­®-áâ¥© [1] ¨§ ¯¥à¥ç¨á«¥­­ëå á¥¬¨ ¯ à ¬¥âà®¢ ¬®¦­®á®áâ ¢¨âì ­¥ ¡®«¥¥ 7� 3 = 4 ­¥§ ¢¨á¨¬ëå ¡¥§à §-¬¥à­ëå ª®¬¡¨­ æ¨©. �á¥ ®áâ «ì­ë¥ ¯ à ¬¥âàëâ¥ç¥­¨ï ¨ ¤¥©áâ¢ãîé¨¥ á¨«ë ï¢«ïîâáï äã­ªæ¨ï-¬¨ íâ¨å ç¥âëà¥å ¯ à ¬¥âà®¢ ¯®¤®¡¨ï.� ª ç¥áâ¢¥ ®á­®¢­ëå ¯ à ¬¥âà®¢ ¯®¤®¡¨ï áã¯¥à-ª ¢¨â æ¨®­­ëå â¥ç¥­¨© ¨á¯®«ì§ãîâáï ç¨á«® ª ¢¨-â æ¨¨ �, ç¨á«® �àã¤  Fr, ç¨á«® �¥©­®«ì¤á  Re ¨ç¨á«® �¥¡¥à  We:� = 2(p1 � pc)�V 21 ; Fr = V1pgL; (1)c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 75 { 86Re = V1L� ; We = �V 21L� :�«ï áã¯¥àª ¢¨â æ¨®­­ëå â¥ç¥­¨© ¢ ª ç¥áâ¢¥ «¨-­¥©­®£® ¬ áèâ ¡  L ®¡ëç­® ¢ë¡¨à ¥âáï ¤¨ ¬¥âàª ¢¨â â®à  Dn.� ¢¥­áâ¢® ¢á¥å ç¥âëà¥å ¯ à ¬¥âà®¢ ¯®¤®¡¨ï®¡¥á¯¥ç¨¢ ¥â á®¡«î¤¥­¨¥ £¥®¬¥âà¨ç¥áª®£®, ª¨­¥-¬ â¨ç¥áª®£® ¨ ¤¨­ ¬¨ç¥áª®£® ¯®¤®¡¨ï áâ æ¨®­ à-­ëå áã¯¥àª ¢¨â æ¨®­­ëå â¥ç¥­¨©. �¬¥­­® ¤«ï¯®¤®¡­ëå ¨ ¯®¤®¡­® à á¯®«®¦¥­­ëå ¯® ®â­®è¥-­¨î ª ¯®â®ªã â¥« ¤¨ ¬¥âàë á¥ç¥­¨© ª ¢¥à­ë D ¨¤¥©áâ¢ãîé¨¥ á¨«ë F ¬®£ãâ ¡ëâì à ááç¨â ­ë ¯®ä®à¬ã« ¬:D� xDn� = Dnf1(�;Fr;Re;We); (2)F = �V12 D2n f2(�;Fr;Re;We);£¤¥ f1; f2 { ¡¥§à §¬¥à­ë¥ äã­ªæ¨¨ ¡¥§à §¬¥à­ëå¯ à ¬¥âà®¢, ª®â®àë¥ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë â¥®-à¥â¨ç¥áª¨ ¨«¨ íªá¯¥à¨¬¥­â «ì­®.�®«¥¥ â®£®, ¤«ï áã¯¥àª ¢¨â æ¨®­­ëå â¥ç¥­¨© ­¥âà¥¡ã¥âáï £¥®¬¥âà¨ç¥áª®¥ ¯®¤®¡¨¥ ª ¢¨â â®à®¢,  «¨èì à ¢¥­áâ¢® ¨å ª®íää¨æ¨¥­â®¢ ª ¢¨â æ¨®­­®-£® á®¯à®â¨¢«¥­¨ï cx [2]. � ¢¨â â®àë á ®¤¨­ ª®-¢ë¬¨ ¤¨ ¬¥âà ¬¨ Dn ¨ ª®íää¨æ¨¥­â ¬¨ á®¯à®-â¨¢«¥­¨ï cx ®¡à §ãîâ ª ¢¥à­ë ¯à¨¡«¨¦¥­­® ®¤¨-­ ª®¢ëå à §¬¥à®¢. �à¨ ¬ «ëå � ¨ ¡®«ìè¨å Fr¤¨ ¬¥âà ¬¨¤¥«ï Dá ¨ ¤«¨­  Lá ®á¥á¨¬¬¥âà¨ç­®©ª ¢¥à­ë §  ¤¨áª®¬ ¯à¨¡«¨¦¥­­® à ¢­ë [2,3]:Dc = Dnr cx�� ; Lc = DnApcx� ; (3)£¤¥ � = 0:9� 1:0, A � 2 { í¬¯¨à¨ç¥áª ï ª®­áâ ­-â . � [2, 4] ¯®ª § ­®, çâ® ä®à¬ã«ë (3),   â ª¦¥§ ¢¨á¨¬®áâ¨ ¤«ï ª®íää¨æ¨¥­â®¢ ã­®á  £ § Q = 0:42c2x0�(�3Fr4 � 2:5cx0) ; (4)Q = 0:27�(�3Fr4 � 2) (5)¬®¦­® ¨á¯®«ì§®¢ âì ¨ ¤«ï ­¥¤¨áª®¢ëå ª ¢¨â â®-à®¢ à §«¨ç­®© ä®à¬ë, ¥á«¨ ¢ ª ç¥áâ¢¥ å à ªâ¥à-­®£® «¨­¥©­®£® à §¬¥à  ¢¬¥áâ® Dn ¯à¨­¨¬ âìã­¨¢¥àá «ì­ë© «¨­¥©­ë© à §¬¥à Dnpcx.�à¨ ¬ «ëå � ¤«ï ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥-­¨ï § âã¯«¥­­ëå ª ¢¨â â®à®¢ á¯à ¢¥¤«¨¢® ¯à¨-¡«¨¦¥­­®¥ á®®â­®è¥­¨¥ [2,3]:cx(�) = cx0 (1 + �) ; 0 < � < 1:2; (6)

£¤¥ cx0 ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ª ¢¨â â®à ¯à¨ � = 0. �«ï ¤¨áª®¢®£® ª ¢¨â â®à  ãáâ ­®¢«¥­®,çâ® cx0 = 0:82.�¤­ ª® ­  ¯à ªâ¨ª¥ ®¤­®¢à¥¬¥­­®£® à ¢¥­áâ¢ ç¨á¥« �, Fr, Re, We ­ âãàë ¨ ¬®¤¥«¨ ¤®áâ¨çì ­¥-¢®§¬®¦­®. �®íâ®¬ã ¢ ¬®¤¥«¨à®¢ ­¨¨ áã¯¥àª ¢¨-â æ¨®­­ëå ¯à®æ¥áá®¢ ¡®«ìè®¥ §­ ç¥­¨¥ ¨¬¥¥â ¨á-á«¥¤®¢ ­¨¥ ¬ áèâ ¡­ëå íää¥ªâ®¢, â.¥. ¢«¨ï­¨©à §«¨ç­ëå ®âª«®­¥­¨© ®â ¯®¤®¡¨ï.������������ � ������������������������� ��� ����������������������« ¢­ë¬ ªà¨â¥à¨¥¬ ¯®¤®¡¨ï áã¯¥àª ¢¨â æ¨®­-­ëå â¥ç¥­¨© ï¢«ï¥âáï ç¨á«® ª ¢¨â æ¨¨ �. �¥¦¨-¬ã áã¯¥àª ¢¨â æ¨¨ ®â¢¥ç îâ §­ ç¥­¨ï � < 0:1.�«ï ¥áâ¥áâ¢¥­­ëå ¯ à®¢ëå ª ¢¥à­ â ª¨¥ §­ ç¥­¨ïç¨á«  ª ¢¨â æ¨¨ ¤®áâ¨£ îâáï ¯à¨ áª®à®áâïå ®¡â¥-ª ­¨ï V1 > 50 ¬/á. �ªá¯¥à¨¬¥­â «ì­® ãáâ ­®¢«¥-­® [2, 3], çâ® ¯à¨ â ª¨å áª®à®áâïå ¢ á«ãç ¥ ¤¨áª®-¢®£® ª ¢¨â â®à  ¨ á¢®¡®¤­®£® § ¬ëª ­¨ï ª ¢¥à­ë¢«¨ï­¨¥ ¢ï§ª®áâ¨ ¢®¤ë ¯à ªâ¨ç¥áª¨ ®âáãâáâ¢ã¥â.�«¨ï­¨¥ á¨« ¢¥á®¬®áâ¨ ¨ ¯®¢¥àå­®áâ­®£® ­ âï¦¥-­¨ï â ª¦¥ ­¥áãé¥áâ¢¥­­ë, ¥á«¨Fr > 20� 30; We > 1000: (7)� ª¨¬ ®¡à §®¬, ¤«ï ¥áâ¥áâ¢¥­­ëå áã¯¥àª ¢¥à­äã­ªæ¨¨ f1; f2 ¢ ä®à¬ã« å (2) § ¢¨áïâ â®«ìª® ®â®¤­®£® ¡¥§à §¬¥à­®£® ¯ à ¬¥âà  �, ª®â®àë© ï¢«ï-¥âáï ¥¤¨­áâ¢¥­­ë¬ ªà¨â¥à¨¥¬ ¯®¤®¡¨ï â¥ç¥­¨ï.� ��� ��� �ªà ¨­ë, ¯®«ãç¥­  í¬¯¨à¨ç¥áª ïä®à¬ã«  ¤«ï ä®à¬ë ¥áâ¥áâ¢¥­­®© áã¯¥àª ¢¥à­ë[5]: R2(x) = 3:659 + 0:847 (x� 2:0)��0:236� (x� 2:0)2; x � 2:0; (8)£¤¥ R = R=Rn; x = x=Rn. �à¨ íâ®¬ ¨á¯®«ì§®-¢ ­  ­ «¨§ íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå, ¯®«ãç¥­-­ëå ¤«ï ¬®¤¥«¥© á Dn = 15 ¬¬ ¢ ¤¨ ¯ §®­¥ ç¨á¥«ª ¢¨â æ¨¨ � = 0:012 � 0:057. �¥à¥¤­ïï ç áâì ª -¢¥à­ë x < 2:0 ®¯¨áë¢ ¥âáï í¬¯¨à¨ç¥áª®© ä®à¬ã-«®© [3] R = �1 + 3xRn�13 ; x < 3� 5: (9)�«¥¤ãîé¨¥ ¢ëà ¦¥­¨ï ¤«ï ¤¨ ¬¥âà  ¬¨¤¥«ï ¨¤«¨­ë ª ¢¥à­ë ¬®£ãâ ¡ëâì ¯®«ãç¥­ë ¯® ä®à¬ã-«¥ (8): Rc =r3:659 + 0:761� ; (10)76 �. �. � ¢ç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 75 { 86Lc = 4:0 + 3:595� : (11)�ëà ¦¥­¨ï (10), (11) å®à®è® á®£« áãîâáï â ª¦¥ áà¥§ã«ìâ â ¬¨ ­ è¨å íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®-¢ ­¨© ¢ëá®ª®áª®à®áâ­®£® ¤¢¨¦¥­¨ï ¬ «ëå áã¯¥à-ª ¢¨â¨àãîé¨å ¬®¤¥«¥© ¢ ¢®¤¥ [5] (Dn = 1:0� 3:0¬¬). �â¨¬ íªá¯¥à¨¬¥­â ¬ á®®â¢¥âáâ¢®¢ «¨ ç¨-á«  ª ¢¨â æ¨¨ � = 10�4 � 10�3 ¨ ç¨á«  � å M = V1=a = 0:3 � 0:9 (£¤¥ a = 1460 ¬/á { áª®-à®áâì §¢ãª  ¢ ¢®¤¥). � ª¨¬ ®¡à §®¬, ¢«¨ï­¨¥ á¦¨-¬ ¥¬®áâ¨ ¢®¤ë ­  ®á­®¢­ë¥ à §¬¥àë ª ¢¥à­ë ¯à¨áª®à®áâïå ¤¢¨¦¥­¨ï ¤® 1200 ¬/á ¬®¦­® áç¨â âì­¥áãé¥áâ¢¥­­ë¬.�à ªâ¨ç¥áª®¥ ¯à¥¨¬ãé¥áâ¢® ä®à¬ã«ë (8) á®-áâ®¨â ¢ â®¬, çâ® ®­  ¤ ¥â ­ ¤¥¦­ãî § ¢¨á¨¬®áâìä®à¬ë ª ¢¥à­ë ®â ç¨á«  ª ¢¨â æ¨¨.������������� ������������ ����� ��� ��������§ â¥®à¨¨ ¯®¤®¡¨ï £¨¤à®¤¨­ ¬¨ç¥áª¨å â¥ç¥-­¨© á«¥¤ã¥â, çâ® ä®à¬  ¨ à §¬¥àë ¥áâ¥áâ¢¥­­®©¨ ¨áªãááâ¢¥­­®© (¢¥­â¨«¨àã¥¬®©) ª ¢¥à­ ¤®«¦­ë¡ëâì ®¤¨­ ª®¢ë ¯à¨ ®¤­®¬ ¨ â®¬ ¦¥ §­ ç¥­¨¨ �.�¤­ ª® ¢ ¤¥©áâ¢¨â¥«ì­®áâ¨ ¯®«­®¥ ¯®¤®¡¨¥ ­¥ á®-¡«î¤ ¥âáï.�« ¢­®© ¯à¨ç¨­®© ï¢«ï¥âáï â®, çâ® ¢á«¥¤áâ¢¨¥áà ¢­¨â¥«ì­® ­¥¡®«ìè®© áª®à®áâ¨ ¤¢¨¦¥­¨ï V =10� 50 ¬/á â¥ç¥­¨ï¬ á ¨áªãááâ¢¥­­®© ª ¢¨â æ¨¥©á®®â¢¥âáâ¢ãîâ ã¬¥à¥­­ë¥ §­ ç¥­¨ï ç¨á«  �àã¤ Fr < 20. �â® §­ ç¨â, çâ® ¯à¨ à ¢¥­áâ¢¥ ç¨á¥« ª -¢¨â æ¨¨ à®«ì á¨« âï¦¥áâ¨ ¤«ï ¨áªãááâ¢¥­­®© ª -¢¥à­ë ®ª §ë¢ ¥âáï áãé¥áâ¢¥­­® ¡®«ìè¥.� ª ¨§¢¥áâ­®, á¨«ë ¢¥á®¬®áâ¨ ¢«¨ïîâ ­  ¨áªãá-áâ¢¥­­ë¥ ª ¢¥à­ë ¤¢®ïª¨¬ ®¡à §®¬. �®-¯¥à¢ëå,¨áªà¨¢«ï¥âáï ®áì ª ¢¥à­ë (¢á¯«ë¢ ­¨¥ ª ¢¥à­ë)¨ ¨áª ¦ ¥âáï ä®à¬  ¯®¯¥à¥ç­ëå á¥ç¥­¨© ª ¢¥à-­ë, ª®â®àë¥ ¬®¦­® à ááç¨â âì ¬¥â®¤®¬ ¢®§¬ãé¥-­¨© [6].�à¨ íâ®¬ ¨áªà¨¢«¥­¨¥ ®á¨ ª ¢¥à­ë ¨«¨ ¢¥«¨ç¨-­ã ¢á¯«ë¢ ­¨ï ª ¢¥à­ë �h ¬®¦­® ®æ¥­¨âì ¯® ä®à-¬ã«¥ [2] �h = 0:34(L=Fr)2 � 0:016(L=Fr)4.�§ íªá¯¥à¨¬¥­â®¢ ¨§¢¥áâ­® ¨ â¥®à¥â¨ç¥áª¨¥ ¨á-á«¥¤®¢ ­¨ï ¯®¤â¢¥à¦¤ îâ, çâ® ¯à¨ ¤¥©áâ¢¨¨ ¯®¯¥-à¥ç­®£® ¯®«ï á¨«ë âï¦¥áâ¨ ¢­¨§ã ª ¢¥à­ë ®¡à -§ã¥âáï ¦¨¤ª¨© £à¥¡¥­ì, ®¡à é¥­­ë© ¢¥àè¨­®©¢¢¥àå, ¢ëá®â  ª®â®à®£® ã¢¥«¨ç¨¢ ¥âáï ®â ª ¢¨â -â®à  ª ª®à¬¥, ¢­ãâàì ª ¢¥à­ë, ¨ ®­  ¢ëà®¦¤ ¥âáï¢ ¤¢  ¢¨åà¥¢ëå è­ãà .� à ¡®â¥ [6] â¥®à¥â¨ç¥áª¨¬ ¯ãâ¥¬ ¯®«ãç¥­ ¢ ¦-­ë© ªà¨â¥à¨©: � = �p�Fr2 � 1:5: (12)

�à¨ ¢ë¯®«­¥­¨¨ íâ®£® ãá«®¢¨ï ª ¢¥à­  ­¥ à §àã-è ¥âáï, ¨ ¤ ¦¥ ¢ ¥¥ ª®­æ¥¢®© ç áâ¨ ¢®¤ï­®© £à¥-¡¥­ì ­¥ á¬ëª ¥âáï ¥é¥ á ¢¥àå­¥© ç áâìî. �® ¬¥à¥¯à¨¡«¨¦¥­¨ï ¯ à ¬¥âà  � ª ¯à¥¤¥«ì­®¬ã §­ ç¥-­¨î � = 1:5 ¤¢  ¢¨åà¥¢ëå è­ãà  ¢ ª®­æ¥ ª ¢¥à-­ë áâ ­®¢ïâáï ¢á¥ ¡®«¥¥ ¢ëà ¦¥­­ë¬¨. �à ¢­¥-­¨¥ á íªá¯¥à¨¬¥­â®¬ ¯®ª § «®, çâ® ªà¨â¥à¨© (12)ï¢«ï¥âáï ¡®«¥¥ â®ç­ë¬, ç¥¬ ªà¨â¥à¨© �í¬¡í« -�¨«¡®à­  [26] �Fr � 1; Fr = 5� 25.�®¦­® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ¨­â¥à¢ «ë ¨§¬¥-­¥­¨ï ¯ à ¬¥âà  �, á®®â¢¥âáâ¢ãîé¨¥ à §«¨ç-­ë¬ ãà®¢­ï¬ ¢®§¬ãé¥­¨©, ¢ë§¢ ­­ëå ¢¥á®¬®-áâìî ¦¨¤ª®áâ¨:1) ¨­â¥à¢ « � = 1� 2 å à ªâ¥à¨§ã¥âáï ¢ëá®ª¨¬ãà®¢­¥¬ ¢®§¬ãé¥­¨©, ¯à¨ ª®â®à®¬ ¢áï ¯®á«¥¬¨-¤¥«ì­ ï ç áâì ª ¢¥à­ë ¢ëà®¦¤ ¥âáï ¢ ¢¨åà¥¢ë¥è­ãàë;2) ¨­â¥à¢ « � = 2 � 4 á®®â¢¥âáâ¢ã¥â áà¥¤­¥¬ã¨«¨ áãé¥áâ¢¥­­®¬ã ãà®¢­î ¢®§¬ãé¥­¨©, ¯à¨ ª®-â®à®¬ ¢ëá®â  ¢®¤­®£® £à¥¡­ï ¬¥­ìè¥ à ¤¨ãá  ­¥-¢®§¬ãé¥­­®© ª ¢¥à­ë, å®âï ¬®¦¥â ¡ëâì ª ­¥¬ã¡«¨§ª ;3) ¨­â¥à¢ « � = 4� 10 å à ªâ¥à¨§ã¥âáï á« ¡ë¬ãà®¢­¥¬ ¢®§¬ãé¥­¨©,   ¯à¨ � > 10 ¢«¨ï­¨¥¬ ¢¥á®-¬®áâ¨ ¢®®¡é¥ ¬®¦­® ¯à¥­¥¡à¥çì.�  à¨á. 1 ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à áç¥â ä®à¬ë ¯®¯¥à¥ç­ëå á¥ç¥­¨© ª ¢¥à­ë ¯à¨ §­ ç¥­¨-ïå ç¨á¥« ª ¢¨â æ¨¨ � = 0:06 ¨ �àã¤  Fr = 10.� íâ®¬ á«ãç ¥ � = 1:47: � á¥ç¥­¨ïå t = 0:25 ¨t = 0:50 ¤¥©áâ¢¨¥ ¢¥á®¬®áâ¨ ¥é¥ ­¥ ¯à®ï¢«ï¥âáï, ¢á¥ç¥­¨¨ t = 0:75 ã¦¥ § ¬¥â­® ­¥¡®«ìè®¥ ¯®¤¦ â¨¥¢­¨§ã. � ¬¨¤¥«¥ ª ¢¥à­ë (t = 1:00) ä®à¬  á¥ç¥­¨ïã¦¥ ®â«¨ç ¥âáï ®â ªàã£®¢®©. �à¨ t = 1:25 ¤¥ä®à-¬ æ¨ï áãé¥áâ¢¥­­ , ¢­¨§ã á¥ç¥­¨ï ®­  ¡«¨§ª  ª¯®«®¢¨­¥ ¢¥«¨ç¨­ë à ¤¨ãá . �®à®è® ¢¨¤¥­ £à¥-¡¥­ì, ª®â®àë© ­ ¯à ¢«¥­ ¢¢¥àå. � ¯®á«¥¤ãîé¨åá¥ç¥­¨ïå ª ¢¥à­  à §àãè ¥âáï.�à®¬¥ â®£®, ¨§¬¥­ï¥âáï å à ªâ¥à § ¬ëª ­¨ïª ¢¥à­ë ¨ â¨¯ ã­®á  £ §  ¨§ ª ¢¥à­ë. �ªá¯¥à¨-¬¥­â «ì­® ãáâ ­®¢«¥­® [2,3], çâ® ¯à¨ ¢â®à®© ä®à-¬¥ ã­®á  £ §  ¨§ ª ¢¥à­ë ¢«¨ï­¨¥ ¢ï§ª®áâ¨ ¨ ¯®-¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ­¥áãé¥áâ¢¥­­®. � ª¨¬®¡à §®¬, ¢ íâ®¬ á«ãç ¥ â¥ç¥­¨¥ ®¯à¥¤¥«ï¥âáï ¤¢ã-¬ï ªà¨â¥à¨ï¬¨ ¯®¤®¡¨ï � ¨ Fr.�¤­ ª® ¤®¡¨âìáï ®¤­®¢à¥¬¥­­®£® à ¢¥­áâ¢  ç¨-á¥« � ¨ Fr ¯à ªâ¨ç¥áª¨ â ª¦¥ á«®¦­®. �®¤¥«¨à®-¢ ­¨¥ ¯® ç¨á«ã ª ¢¨â æ¨¨ ¯à¨ ¬¥­ìè¨å áª®à®áâïå¯®â®ª  âà¥¡ã¥â ®¤­®¢à¥¬¥­­®£® ã¬¥­ìè¥­¨ï à §-¬¥à  ¬®¤¥«¨ ¤«ï á®åà ­¥­¨ï §­ ç¥­¨ï ç¨á«  �àã-¤ . �§¢¥áâ¥­ á¯®á®¡ ª®¬¯¥­á æ¨¨ á¨« ¢¥á®¬®áâ¨¢® ¢à é îé¨åáï £¨¤à®ª ­ « å [2].� à ¡®â¥ [7] ¯à¥¤«®¦¥­ ¬¥â®¤ ä¨§¨ç¥áª®£® ¬®¤¥-«¨à®¢ ­¨ï ¢«¨ï­¨ï á¨« ¢¥á®¬®áâ¨ ­  ä®à¬ã áã¯¥à-ª ¢¥à­ ¯ãâ¥¬ ¨áªà¨¢«¥­¨ï ¢­¥è­¥£® ¯®â®ª . �®-�. �. � ¢ç¥­ª® 77
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¡�¨á. 1. �áª ¦¥­¨ï áã¯¥àª ¢¥à­ë ¢ ¯®«¥ á¨« âï¦¥áâ¨:   { ¢ ¯à®¤®«ì­®¬ á¥ç¥­¨¨ { h; ¡ { ¢ ¯®¯¥à¥ç­®¬ á¥ç¥­¨¨{R=Rn; 1 { t = 0:25; 2 { t = 0:50; 3 { t = 1:00; 4 { t = 1:25; 5 { t = 1:50â®ª ¨áªà¨¢«ï«áï ¢ ¢¥àâ¨ª «ì­®© ¯«®áª®áâ¨ á ¯®¬®-éìî ¯à®£¨¡  ¤­  à ¡®ç¥£® ãç áâª  ¤­  (à¨á. 2).�¨á«® Fr ¤«ï â ª®£® ¯®â®ª  § ¢¨á¨â ®â à ¤¨ãá ªà¨¢¨§­ë ¤­  Rb:Fr = Vs�g � V 2Rb�Dn : (13)� íªá¯¥à¨¬¥­â å, ¯à®¢¥¤¥­­ëå ¢ £¨¤à®«®âª¥ ¯à¨áª®à®áâ¨ ¯®â®ª  V = 9 ¬/á c ¨áªãááâ¢¥­­®© ª -¢¥à­®© §  ¤¨áª®¬ Dn = 20 ¬¬, ¯®áà¥¤áâ¢®¬ ¨á-ªà¨¢«¥­¨ï ¯®â®ª  ã¤ ¢ «®áì ¯« ¢­® ¬¥­ïâì ç¨á«®�àã¤  ¢ ¤¨ ¯ §®­¥ 20 < Fr < 1. �à¨ íâ®¬ ¯®«-­®áâìî ãáâà ­ï« áì å à ªâ¥à­ ï ¤¥ä®à¬ æ¨ï ª -¢¥à­ë ¯®¤ ¤¥©áâ¢¨¥¬ ¢á¯«ë¢ ­¨ï. �®¯¥à¥ç­ ï á¨-« , ¢®§­¨ª îé ï ­  ª ¢¨â â®à¥ ¢á«¥¤áâ¢¨¥ ¨áªà¨-¢«¥­¨ï ¯®â®ª , ¬®¦¥â ¡ëâì «¥£ª® áª®¬¯¥­á¨à®¢ ­ á®®â¢¥âáâ¢ãîé¨¬ ­ ª«®­®¬ ª ¢¨â â®à .�¥â®¤ ¨áªà¨¢«¥­¨ï ¯®â®ª  ã¤®¡­® ¨á¯®«ì§®¢ âì¤«ï ª®¬¯¥­á æ¨¨ ¨«¨, ­ ¡®à®â, ãá¨«¥­¨ï ¤¥©áâ¢¨ï­  ä®à¬ã ¨áªãááâ¢¥­­®© ª ¢¥à­ë á¨« ¢¥á®¬®áâ¨ ¢£¨¤à®¤¨­ ¬¨ç¥áª¨å âàã¡ å á £®à¨§®­â «ì­ë¬ ¯®-â®ª®¬. �­ ¨¬¥¥â ¯à¥¨¬ãé¥áâ¢® ¯¥à¥¤ ¬¥â®¤®¬¢à é îé¥£®áï £¨¤à®ª ­ «  [2], ¯®áª®«ìªã ¯®§¢®-«ï¥â à ¡®â âì á ¬®¤¥«ï¬¨ ¡®«ìè¨å ¯à®¤®«ì­ëåà §¬¥à®¢. � ¬¥â¨¬, ®¤­ ª®, çâ® ¤ ­­ë© ¬¥â®¤ ­¥
�¨á. 2. �å¥¬  à¥ «¨§ æ¨¨ ¬¥â®¤  ¬®¤¥«¨à®¢ ­¨ï ¯®ç¨á«ã Fr ¢ ¨áªà¨¢«¥­­®¬ ¯®â®ª¥: 1 { £¨¡ª®¥ ¤­®;2 { à¥£ã«¨à®¢ ­­ë© ¢¨­â; 3 { ª ¢¨â¨àãîé ï ¬®¤¥«ì¬®¤¥«¨àã¥â ¢«¨ï­¨ï ç¨á«  Fr ­  ¢­ãâà¥­­¨¥ ¯à®-æ¥ááë ¢ ª ¢¥à­¥, â ª¨¥ ª ª ä®à¬¨à®¢ ­¨¥ ®¡à â-­®© áâàã©ª¨ ¨ ¤¢¨¦¥­¨¥ ¯¥­ë ¨ ¡àë§£ ¢­ãâà¨ ª -¢¥à­ë.� à ¡®â¥ [8] ¯®áâà®¥­®  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥¯«®áª®© «¨­¥©­®© § ¤ ç¨ ®¡ ®¡â¥ª ­¨¨ áã¯¥àª ¢¨-â¨àãîé¥£® ª«¨­  ªàã£®¢ë¬ (¢ ¯®â¥­æ¨ «ì­®¬ ¯®-«¥ ¢¨åàï) ¨ ¤¨ääã§®à­®-ª®­äã§®à­ë¬ (¢ ¯®«¥ ¨á-â®ç­¨ª  ¨ áâ®ª ) ¯®â®ª ¬¨. �®ª § ­®, çâ® ¢«¨-ï­¨¥ ªàã£®¢®£® ¯®â®ª  ¯à®ï¢«ï¥âáï ¢ ¨áªà¨¢«¥-78 �. �. � ¢ç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 75 { 86­¨¨ ®á¨ ª ¢¥à­ë, ª®â®à®¥ ¬®¦­® ¨á¯®«ì§®¢ âì ¤«ïª®¬¯¥­á æ¨¨ ¯®¯¥à¥ç­®£® ¯®«ï á¨«ë âï¦¥áâ¨.� ¤ ç  ®¡ ®¡â¥ª ­¨¨ ¢ ¯®«¥ ¨áâ®ç­¨ª  ¨ áâ®ª  ¢¯¥à¢®¬ ¯à¨¡«¨¦¥­­¨ ®ª § « áì íª¢¨¢ «¥­â­®© § -¤ ç¥ ®¡ ®¡â¥ª ­¨¨ ª ¢¨â¨àãîé¥£® ª«¨­  ¢ ¯à®-¤®«ì­®¬ ¯®«¥ á¨«ë âï¦¥áâ¨, ¥á«¨ à ááâ®ï­¨¥ ¤®¨áâ®ç­¨ª  ¨«¨ áâ®ª  à ¢­® Fr2. �à¨ íâ®¬ ®¡â¥-ª ­¨¥ ¢ ¯®«¥ áª®à®áâ¥© ¨áâ®ç­¨ª  á®®â¢¥âáâ¢ã¥â®¡â¥ª ­¨î ­¨áå®¤ïé¨¬,   ¢ ¯®«¥ áª®à®áâ¥© áâ®ª { ¢®áå®¤ïé¨¬ ¯®â®ª®¬ âï¦¥«®© ¦¨¤ª®áâ¨.�à ªâ¨ç¥áª®¥ §­ ç¥­¨¥ ¯®«ãç¥­­®£® à¥è¥­¨ïá®áâ®¨â ¢ ¢®§¬®¦­®áâ¨ ª®¬¯¥­á æ¨¨ «¨¡®, ­ ®-¡®à®â, ãá¨«¥­¨ï ¢«¨ï­¨ï á¨«ë âï¦¥áâ¨ ­  ¢¥àâ¨-ª «ì­ë¥ ª ¢¥à­ë ¢ ¯à®«¨¢­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨åâàã¡ å á ­¨áå®¤ïé¨¬ ¯®â®ª®¬. �«ï íâ®£® ¢ à -¡®ç¥© ç áâ¨ âàã¡ë á«¥¤ã¥â á®§¤ âì á®®â¢¥âáâ¢¥­-­® áå®¤ïé¨©áï «¨¡® à áå®¤ïé¨©áï ¯®â®ª, ¯à¨¤ -¢ ï ¥© ä®à¬ã ª®­äã§®à  ¨«¨ ¤¨ääã§®à  á ã£«®¬� � O(1=Fr2). �«¨ï­¨¥ ­¥¯ à ««¥«ì­®áâ¨ áâ¥­®ªª ­ «  ¯à¨ íâ®¬ ¨¬¥¥â ¯®àï¤®ª O(1=Fr2).������������� ������� ����������������� ���������� á«ãç ¥ ­¥áâ æ¨®­ à­®£® ®¡â¥ª ­¨ï ¤®¯®«­¨-â¥«ì­ë¬ ®¯à¥¤¥«ï¥¬ë¬ ¯ à ¬¥âà®¬ ¯®¤®¡¨ï ï¢«ï-¥âáï ç¨á«® �âàãå «ïSt = LV t : (14)�ªá¯¥à¨¬¥­â «ì­® ¯®ª § ­® [24, 25], çâ® ¢à¥¬ïT áãé¥áâ¢®¢ ­¨ï ¨áªãááâ¢¥­­®© ª ¢¥à­ë ¯à¨ ¢ë-ª«îç¥­­®¬ ¯®¤¤ã¢¥ ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å ç¨-á« å Fr ¨ We ¬®¦¥â ®¯à¥¤¥«ïâìáï § ¢¨á¨¬®áâìîSt � k = �Lc;£¤¥ �Lc = Lc=Dn; St = TV=Lc; k = 0:77: �à¨ ­¥-áâ æ¨®­ à­®¬ ®¡â¥ª ­¨¨ ¯à®ï¢«ï¥âáï áãé¥áâ¢¥­-­®¥ à §«¨ç¨¥ ¬¥¦¤ã ¥áâ¥áâ¢¥­­ë¬¨ (¯ à®¢ë¬¨) ¨¢¥­â¨«¨àã¥¬ë¬¨ áã¯¥àª ¢¥à­ ¬¨. �áá«¥¤®¢ ­¨ï¯®ª § «¨, çâ® ¢ íâ®¬ á«ãç ¥ ¢ ¦­ãî à®«ì ¨£à -¥â ¯ à ¬¥âà, å à ªâ¥à¨§ãîé¨© ¢«¨ï­¨¥ ã¯àã£®-áâ¨ £ §  ¢ ª ¢¥à­¥:� = �v� � Eu� ; (15)£¤¥ �v { ¥áâ¥áâ¢¥­­®¥ (¯ à®¢®¥) ç¨á«® ª ¢¨â æ¨¨;Eu = 2p1=�V 21 { ç¨á«® �©«¥à . �áâ¥áâ¢¥­­®© áã-¯¥àª ¢¨â æ¨¨ á®®â¢¥âáâ¢ã¥â §­ ç¥­¨¥ � = 1, ¤«ï¢¥­â¨«¨àã¥¬ëå ª ¢¥à­ � > 1. � à ¬¥âà � ï¢«ï¥â-áï £« ¢­ë¬ ¯ à ¬¥âà®¬ ¯®¤®¡¨ï ¯à¨ ¨áá«¥¤®¢ ­¨¨

�¨á. 3. �§¬¥­¥­¨¥ ¤«¨­ë ª ¢¥à­ë Lc ¢ § ¢¨á¨¬®áâ¨®â �: 1 { � = 1; 2 { � = 1:96; 3 { � = 5:45ãáâ®©ç¨¢®áâ¨ ¨ ¤¨­ ¬¨ç¥áª®£® ¯®¢¥¤¥­¨ï £ §®­ -¯®«­¥­­ëå ª ¢¥à­ [9]. �à¨ ¢®§à áâ ­¨¨ ¯ à ¬¥-âà  � £ §®­ ¯®«­¥­­ ï ª ¢¥à­  ¯à®ï¢«ï¥â á¢®©-áâ¢  ­¥«¨­¥©­®© ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë: ¯®â¥àïãáâ®©ç¨¢®áâ¨, ­ «¨ç¨¥ á®¡áâ¢¥­­ëå ç áâ®â,  ¢â®-ª®«¥¡ ­¨ï.�  à¨á. 3 ¯®ª § ­® ¨§¬¥­¥­¨¥ å à ªâ¥à  ¨§¬¥-­¥­¨ï ¤«¨­ë ª ¢¥à­ë Lc ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨-ç¨­ë ¯ à ¬¥âà  �0. � áç¥âë ¢ë¯®«­¥­ë á ¯®¬®-éìî ¯à®£à ¬¬ë ACAV ¯à¨ Dn = 200 ¬¬. �à¨à áç¥â å ¡ë« § ¤ ­ à¥¦¨¬ á¢®¡®¤­®£® § ¬ëª ­¨ïª ¢¥à­ë ¨ § ª®­ ã­®á  £ §  _q(t) = 2�10�5�4(t) . �¨á«®ª ¢¨â æ¨¨ ¯®áâ®ï­­® ¨ à ¢­® � = 0:06 � ç «ì­ë¥£ ¡ à¨âë ª ¢¥à­ë: Lc = 6:04 ¬, Dc = 0:74 ¬.� à ¬¥âàë ¬®¤¥«¨à®¢ ­¨ï ¯®ª § ­ë ­  à¨á. 3.�ª®à®áâì ¤¢¨¦¥­¨ï ¬®¤¥«¨ á­ ç «  ¢®§à áâ ¥â ­ 50 % ­  ¯à®âï¦¥­¨¥®âà¥§ª  ¤¨áâ ­æ¨¨ 10 ¬, § -â¥¬ ¯®¤¤¥à¦¨¢ ¥âáï ¯®áâ®ï­­®© ­  ¯à®âï¦¥­¨¥100 ¬, ¯®á«¥ ç¥£® ã¬¥­ìè ¥âáï ¤® á¢®¥£® ­ ç «ì­®-£® §­ ç¥­¨ï. �à¨¢ ï ¨§¬¥­¥­¨ï áª®à®áâ¨ ¬®¤¥«¨­  ¤¨áâ ­æ¨¨ ¯®ª § ­  èâà¨å®¢®© «¨­¨¥©.�à¨¢ ï 1 á®®â¢¥âáâ¢ã¥â à¥¦¨¬ã ¥áâ¥áâ¢¥­­®©ª ¢¨â æ¨¨ � � 1. �à¨ íâ®¬ ­ ç «ì­ ï áª®à®áâì¬®¤¥«¨ á®áâ ¢¨«  V0 = 69:5 ¬/á.�«ï à¥¦¨¬  ¨áªãááâ¢¥­­®© ª ¢¨â æ¨¨ ¨§¬¥­¥-­¨¥ ¯ à ¬¥âà  � ¯à¨ ¯®áâ®ï­­®¬ � ¤®áâ¨£ ¥âáï¨§¬¥­¥­¨¥¬ ­ ç «ì­®© áª®à®áâ¨ ¬®¤¥«¨ V0. � £à ä¨ª å ¨á¯®«ì§®¢ ­ë á«¥¤ãîé¨¥ ¤ ­­ë¥:ªà¨¢ ï 2 � V0 = 50 ¬/á, �0 = 1:96;ªà¨¢ ï 3 � V0 = 30 ¬/á, �0 = 5:45.�à¨¢¥¤¥­­ë¥ £à ä¨ª¨ ­ £«ï¤­® ¤¥¬®­áâà¨àãîâã¢¥«¨ç¥­¨¥ à®«¨ ã¯àã£®áâ¨ § ¯®«­ïîé¥£® ª ¢¥à­ã£ §  ¯® ¬¥à¥ ¢®§à áâ ­¨ï ¯ à ¬¥âà  �. � ¯®á«¥¤-­¥¬ á«ãç ¥ (ªà¨¢ ï 3) à §¢¨¢ îâáï ­¥§ âãå îé¨¥ ¢â®ª®«¥¡ ­¨ï ª ¢¥à­ë ¢ á®£« á¨¨ á â¥®à¨¥© ­¥-ãáâ®©ç¨¢®áâ¨ £ §®­ ¯®«­¥­­ëå ª ¢¥à­ [9].�. �. � ¢ç¥­ª® 79



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 75 { 86�  à¨á. 4 ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë à áç¥â  § -¢¨á¨¬®áâ¥© Lc(t), �(t), à ááç¨â ­­ëå á ¯®¬®éìî¯à®£à ¬¬ë ACAV ¯à¨ § ¤ ­¨¨ à §«¨ç­ëå § ª®-­®¢ ã­®á  £ §  ¨§ ª ¢¥à­ë. �à¨ íâ®¬ ¢¢®¤¨«®áì¤®¯ãé¥­¨¥, çâ® ¢ ª ¦¤®¬ á«ãç ¥ ª®ää¨æ¨¥­â ã­®-á  ¥áâì ®¤­®§­ ç­ ï äã­ªæ¨ï ¤ ¢«¥­¨ï ¢ ª ¢¥à­¥Q(pc). � §«¨ç­ë¥ ªà¨¢ë¥ ­  à¨áã­ª¥ á®®â¢¥âáâ¢ã-îâ á«¥¤ãîé¨¬ § ª®­ ¬ ã­®á :ªà¨¢ ï 1 � 1-ï ä®à¬  ã­®á  (¯®àæ¨®­­ ï);ªà¨¢ ï 2 � 2-ï ä®à¬  ã­®á  (¯® ¢¨åà¥¢ë¬ è­ã-à ¬), ä®à¬ã«  (5);ªà¨¢ ï 3 � à¥¦¨¬, ¡«¨§ª¨© ª ¥áâ¥áâ¢¥­­®© áã-¯¥àª ¢¨â æ¨¨.�«ï 1-© ä®à¬ë ã­®á  ¨á¯®«ì§®¢ « áì äã­ª-æ¨ï, ¯®«ãç¥­­ ï ¯ãâ¥¬  ¯¯à®ªá¨¬ æ¨¨ íªá¯¥à¨-¬¥­â «ì­ëå ¤ ­­ëå [2]:Q = 5�100�2 + 1 ; (16)£¤¥ Q = _Q=V D2n.�ãé¥áâ¢¥­­ ï à §­¨æ  ¢ ¯®¢¥¤¥­¨¨ ª ¢¥à­ëá¢¨¤¥â¥«ìáâ¢ã¥â ® ¢ ¦­®áâ¨ ®¡¥á¯¥ç¥­¨ï ¯®¤®¡¨ïä®à¬ë ã­®á  ª ª ¯à¨ ä¨§¨ç¥áª®¬, â ª ¨ ¯à¨ ª®¬-¯ìîâ¥à­®¬ ¬®¤¥«¨à®¢ ­¨¨ ­¥áâ æ¨®­ à­ëå ¢¥­-â¨«¨àã¥¬ëå ª ¢¥à­.� «¨ç¨¥ ¬®¤¥«¨ ¢­ãâà¨ ª ¢¥à­ë ã¬¥­ìè ¥â  ª-â¨¢­ë© ®¡ê¥¬ ª ¢¥à­ë, § ¯®«­¥­­ë© £ §®¬. �à¨áâ æ¨®­ à­®¬ ®¡â¥ª ­¨¨ ¢ á«ãç ¥ á¢®¡®¤­®£® § -¬ëª ­¨ï ª ¢¥à­ë íâ® ­¨ª ª ­¥ áª §ë¢ ¥âáï ­ à §¬¥à å ª ¢¥à­ë (¥á«¨ ­¥ áç¨â âì ¢®§¬®¦­®£®¢§ ¨¬®¤¥©áâ¢¨ï ¬®¤¥«¨ á ®¡à â­®© áâàã©ª®© ¨ á¢ï-§ ­­®£® á íâ¨¬ ¨§¬¥­¥­¨ï ã­®á  £ §  ¨§ ª ¢¥à­ë).� ­¥áâ æ¨®­ à­®¬ á«ãç ¥ á¨âã æ¨ï ¨­ ï. �¬¥­ì-è¥­¨¥  ªâ¨¢­®£® ®¡ê¥¬  ª ¢¥à­ë ­¥®¡å®¤¨¬® ãç¨-âë¢ âì ¢ ãà ¢­¥­¨¨ ¡ « ­á  ¬ ááë £ § , çâ® ¯à¨-¢®¤¨â ª ¨§¬¥­¥­¨î ¤¨­ ¬¨ç¥áª®£® ¯®¢¥¤¥­¨ï ª -¢¥à­ë. �«¨ï­¨¥ ¬®¤¥«¨ ­  ¤¨­ ¬¨ç¥áª®¥ ¯®¢¥¤¥-­¨¥ ª ¢¥à­ë §­ ç¨â¥«ì­® ãá¨«¨¢ ¥âáï ¢ á«ãç ¥ § -¬ëª ­¨ï ª ¢¥à­ë ­  â¥«¥.������������ ���� �� ����������-��� ������� ª ®â¬¥ç «®áì ¢ëè¥, ¯à¨ á¢®¡®¤­®¬ § ¬ëª -­¨¨ áã¯¥àª ¢¥à­ ¢«¨ï­¨¥ ç¨á¥« Re ¨ We ­  ã­®á£ §  ®¡ëç­® ¬ «® ¯® áà ¢­¥­¨î á ¢«¨ï­¨¥¬ £« ¢-­ëå ¯ à ¬¥âà®¢ ¯®¤®¡¨ï � ¨ Fr. �¤­ ª® ®­¨ ¬®£ãâ¨£à âì áãé¥áâ¢¥­­ãî à®«ì, ¥á«¨ ª ¢¥à­  § ¬ëª -¥âáï ­  â¥«¥.

�®¤¥«¨à®¢ ­¨¥ ã­®á  £ §  ¯à¨ § ¬ëª -­¨¨ ª ¢¥à­ë ­  â¥«¥�à¨ § ¬ëª ­¨¨ ¢¥­â¨«¨àã¥¬®© ª ¢¥à­ë ­  â¥«¥ª®íää¨æ¨¥­â à áå®¤  £ §  ¨ ª®íää¨æ¨¥­â á®¯à®-â¨¢«¥­¨ï ¯à¨ § ¤ ­­ëå ä®à¬¥ â¥«  ¨ §­ ç¥­¨ïå �,Fr áãé¥áâ¢¥­­® § ¢¨á¨â ®â á®áâ®ï­¨ï ¯®¢¥àå­®áâ¨ª ¢¥à­ë, å à ªâ¥à  â¥ç¥­¨ï ¢ ¬¥áâ¥ § ¬ëª ­¨ï ¨ ¡á®«îâ­®© ¢¥«¨ç¨­ë § §®à .� « ¡®à â®à­ëå ãá«®¢¨ïå ã¤ ¥âáï ¤®¡¨âìáï®ç¥­ì ­¨§ª¨å à áå®¤®¢ £ § , âé â¥«ì­® á®£« áãïä®à¬ã â¥«  á ä®à¬®© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ª -¢¥à­ë ¨ ¤®¡¨¢ ïáì ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâ¨ª ¢¥à­ë [15]. �à¨ íâ®¬ § ¬ëª ­¨¥ ª ¢¥à­ë ®áã-é¥áâ¢«ï«®áì ¯à ªâ¨ç¥áª¨ ¡¥§ ®¡à â­®© áâàã©ª¨.�­ «®£¨ç­®£® íää¥ªâ  ã¤ ¥âáï ¤®¡¨âìáï, ®à£ ­¨-§ãï § ¬ëª ­¨¥ ª ¢¥à­ë ­  ¦¨¤ªãî áâàãî, ¢ëâ¥-ª îéãî ¨§ â¥«  ¢¤®«ì ¥£® ¯®¢¥àå­®áâ¨ ¢ ­ ¯à -¢«¥­¨¨ ¯®â®ª  [15]. �à¨ § ¬ëª ­¨¨ ­  ¦¨¤ªãîáâàãî â¥ç¥­¨¥ ¢ ¬¥áâ¥ § ¬ëª ­¨ï à¥§ª® áâ ¡¨«¨-§¨àã¥âáï.�à¨ ¬ «ëå § §®à å ¬¥¦¤ã ¯®¢¥àå­®áâìî ª ¢¥à-­ë ¨ â¥«®¬ áãé¥áâ¢¥­­®© ®ª §ë¢ ¥âáï à®«ì ª ¯¨«-«ïà­ëå ¨ ¡àë§£®¢ëå á¨«. � íâ®¬ á«ãç ¥ ã¢¥«¨-ç¥­¨¥ à §¬¥à®¢ â¥«  ¨«¨ ã¢¥«¨ç¥­¨¥ ¢®§¬ãé¥­¨©¯®¢¥àå­®áâ¨ ª ¢¥à­ë ¢á«¥¤áâ¢¨¥ ã¢¥«¨ç¥­¨ï ç¨-á«  �¥©­®«ì¤á  ¬®¦¥â ¯à¨¢¥áâ¨ ª áãé¥áâ¢¥­­®¬ãã¬¥­ìè¥­¨î à®«¨ ª ¯¨««ïà­ëå á¨« ¨ ¨§¬¥­¥­¨îå à ªâ¥à  â¥ç¥­¨ï ¢ ¬¥áâ¥ § ¬ëª ­¨ï ª ¢¥à­ë ­ â¥«¥. �â® ¯à¨¢®¤¨â ª ¨§¬¥­¥­¨î ª®íää¨æ¨¥­â à áå®¤  £ §  ¨ ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï.� à ¡®â¥ [16] ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë íªá¯¥à¨-¬¥­â «ì­®£® ¨áá«¥¤®¢ ­¨ï ¢«¨ï­¨ï ç¨á«  Re ­ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¨ ª®íää¨æ¨-¥­â à áå®¤  £ §  ¯à¨ § ¬ëª ­¨¨ ª ¢¥à­ë ­  â¥-«¥. �á¯ëâë¢ «¨áì £¥®¬¥âà¨ç¥áª¨ ¯®¤®¡­ë¥ â¥« à §­ëå à §¬¥à®¢, ä®à¬  ª®â®àëå ¡ë«  ¡«¨§ª  ªä®à¬¥ ¢®§­¨ª îé¥© áã¯¥àª ¢¥à­ë. �¡¥á¯¥ç¨¢ -«®áì ¯« ¢­®¥ § ¬ëª ­¨¥ ª ¢¥à­ë ­  ª®à¯ãá¥ á ¢®§-¢à â­®© áâàã©ª®© ¬ «®© ¨­â¥­á¨¢­®áâ¨. �á«®¢¨ï¨á¯ëâ ­¨© ¨ §­ ç¥­¨ï ¯ à ¬¥âà®¢ � ¨ Fr ¡ë«¨¨¤¥­â¨ç­ë¬¨.�§¬¥à¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢cx, cy ¨ cm ¢ ¤¨ ¯ §®­¥ §­ ç¥­¨© ç¨á«  �¥©­®«ì¤á 7:4 � 105 � 2:3 � 107 ­¥ ¢ëï¢¨«¨ ¨å § ¢¨á¨¬®áâ¨ ®âRe ¯à¨ ã¢¥«¨ç¥­¨¨ «¨­¥©­®£® ¬ áèâ ¡  â¥ç¥­¨ï� = L0=L.� ¯à®â¨¢, ®¡­ àã¦¥­® áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥«¨­¥©­®£® ¬ áèâ ¡  ­  ª®íää¨æ¨¥­â à áå®¤  £ § Q. �à¨ íâ®¬, ç¥¬ ¬¥­ìè¨å à áå®¤®¢ ã¤ ¥âáï ¤®-¡¨âìáï ­  â¥«¥ ­ ¨¬¥­ìè¥£® ¬ áèâ ¡ , â¥¬ ¡®«¥¥çã¢áâ¢¨â¥«¥­ ª®íää¨æ¨¥­â Q ª ã¢¥«¨ç¥­¨î ¬ á-èâ ¡  â¥« .80 �. �. � ¢ç¥­ª®
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  ¡�¨á. 4. �¥§ã«ìâ âë à áç¥â  § ¢¨á¨¬®â¥© �(t) (a) ¨ Lc(t) (¡) ¯à¨ § ¤ ­¨¨ à §«¨ç­ëå § ª®­®¢ ã­®á  £ §  ¨§ª ¢¥à­ë á ¯®¬®éìî ¯à®£à ¬¬ë ACAV�«¨ï­¨¥ ­  ã­®á £ §  á ¯®¬®éìî á¯¥æ¨- «ì­ëå ¤®¡ ¢®ª�¤­¨¬ ¨§ ¢®§¬®¦­ëå ¯ãâ¥© ¢®§¤¥©áâ¢¨ï ­  ¢¥-«¨ç¨­ã ã­®á  £ §  ¯à¨ á¬ëª ­¨¨ ª ¢¥à­ë ­  â¥-«¥ ï¢«ï¥âáï ¤®¡ ¢ª  ¢ ¢®¤ã ¯à¨¬¥á¥©, ¨§¬¥­ïîé¨åä¨§¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¯®â®ª . �ë íªá¯¥à¨-¬¥­â «ì­® ¨áá«¥¤®¢ «¨ ¢«¨ï­¨¥ ­  ¢¥«¨ç¨­ã ã­®á ¤®¡ ¢®ª ¯®«¨¬¥à®¢ ¨ ¯®¢¥àå­®áâ­®  ªâ¨¢­ëå ¢¥-é¥áâ¢. �®§¤¥©áâ¢¨¥ § ª«îç «®áì ¢ ã¬¥­ìè¥­¨¨ãà®¢­ï âãà¡ã«¥­â­ëå ¯ã«ìá æ¨© ¢ ¯®â®ª¥ (¬®¤¥-«¨à®¢ ­¨¥ ¯® Re). �ë¯ãáª ¯®«¨¬¥à­®£® à áâ¢®à ¢ ¯®â®ª ®áãé¥áâ¢«ï«áï ç¥à¥§ ª®«ìæ¥¢ãî é¥«ì ­ ®¡â¥ª ¥¬®© ¯®¢¥àå­®áâ¨ ª ¢¨â â®à , à á¯®«®¦¥­-­ãî á®®á­® á ª ¢¨â â®à®¬ ¯® ®ªàã¦­®áâ¨ á à ¤¨-ãá®¬, á®áâ ¢«ïîé¨¬ ®ª®«® 0.3 ®â à ¤¨ãá  ª ¢¨â -â®à  Rn.� íªá¯¥à¨¬¥­â å ¨§¬¥àï«¨áì ¯ à ¬¥âàë ª ¢¥à-­ë ¨ ¢¥«¨ç¨­ë à áå®¤®¢ Q ¯®¤ ¢ ¥¬ëå ¢ ¬®¤¥«ì¢®§¤ãå  ¨ ¯®«¨¬¥à­®£® à áâ¢®à . �«ï å à ªâ¥à¨-áâ¨ª¨ ¨­â¥­á¨¢­®áâ¨ ¯®¤¤ã¢  ¨á¯®«ì§®¢ «áï ¡¥§-à §¬¥à­ë© ª®íää¨æ¨¥­â à áå®¤  ¢®§¤ãå CQ = QV1Sn ;£¤¥ Q { ®¡ê¥¬­ë© à áå®¤ ¢®§¤ãå , Sn = �R2n {¯«®é ¤ì á¬®ç¥­­®© ¯®¢¥àå­®áâ¨ ª ¢¨â â®à .� ª ç¥áâ¢¥ ¯®«¨¬¥à­®© ¤®¡ ¢ª¨, ¢¢®¤¨¬®© ¢ ¯®-â®ª, ¢ íªá¯¥à¨¬¥­â å ¨á¯®«ì§®¢ «áï ¯®«¨®ªá¨â¨-«¥­ á ¬®«¥ªã«ïà­ë¬ ¢¥á®¬ M = 4 � 106. � ¯®â®ª¯®¤ ¢ «áï ¢®¤­ë© à áâ¢®à ãª § ­­®£® ¯®«¨¬¥à .�ªá¯¥à¨¬¥­âë ¯à®¢®¤¨áì ¯à¨ à §«¨ç­®© ¢¥«¨ç¨­¥à áå®¤  Q ¨ ¥£® ¢¥á®¢®© ª®­æ¥­âà æ¨¨ C, ¬ ªá¨-¬ «ì­ ï ¢¥«¨ç¨­  ª®â®à®© á®áâ ¢«ï«  C = 3�10�4.�¥§ã«ìâ âë íªá¯¥à¨¬¥­â®¢ ¯à¥¤áâ ¢«¥­ë ­ à¨á. 6, 10 ¢ ¢¨¤¥ £à ä¨ª®¢ § ¢¨á¨¬®áâ¨ ¯ à ¬¥-âà®¢ ¯®¤¤ã¢  ®â ç¨á«  ª ¢¨â æ¨¨ ¯à¨ à §«¨ç­ëå

�¨á. 5. �à ä¨ª¨ CQ(�), ¯®«ãç¥­­ë¥ ¯à¨ à §«¨ç­ëåª®­æ¥­âà æ¨ïå ¨ à áå®¤¥ ¯®«¨¬¥à­®£® à áâ¢®à  ¢¯®â®ª¥¢¥«¨ç¨­ å ¯®¤ ç¨ ¯®«¨¬¥à  ¢ ¯®â®ª.�  à¨á. 5 ¯à¥¤áâ ¢«¥­ë £à ä¨ª¨ CQ(�), ¯®«ã-ç¥­­ë¥ ¯à¨ à §«¨ç­ëå ª®­æ¥­âà æ¨ïå ¨ à áå®¤¥¢¢®¤¨¬®£® ¢ ¯®â®ª ¯®«¨¬¥à­®£® à áâ¢®à . �«ï¯®«ãç¥­¨ï á®¯®áâ ¢¨¬ëå à¥§ã«ìâ â®¢ ¨§¬¥à¥­¨ï¡ë«¨ ¢ë¯®«­¥­ë â ª¦¥ ¯à¨ ­ã«¥¢®© ª®­æ¥­âà æ¨¨à áâ¢®à , â.¥. ¯à¨ ¯®¤ ç¥ ç¨áâ®© ¢®¤ë. �â® ¯®-§¢®«ï¥â áç¨â âì, çâ® ¯à¨ á®¯®áâ ¢«¥­¨¨ £à ä¨ª®¢¢§ ¨¬­® ¨áª«îç ¥âáï ç¨áâ® £¨¤à®¤¨­ ¬¨ç¥áª¨©íää¥ªâ ®â ¢¢¥¤¥­¨ï ¢ ¯®â®ª ®¯à¥¤¥«¥­­®£® à áå®-¤  ¦¨¤ª®áâ¨ ¨ ­ ¡«î¤ ¥¬ë¥ à §«¨ç¨ï ®¡ãá«®¢«¥­ë¢«¨ï­¨¥¬ ¯®«¨¬¥à­®© á®áâ ¢«ïîé¥© à áâ¢®à .�®¯®áâ ¢«¥­¨¥ £à ä¨ª®¢ CQ(�) ¯®ª §ë¢ ¥â, çâ®¯à¨ ¢¥áì¬  ¬ «ëå ª®­æ¥­âà æ¨ïå à áâ¢®à  ¢«¨-ï­¨¥ ¯®«¨¬¥à  ¯à ªâ¨ç¥áª¨ ­¥®éãâ¨¬® (ªà¨¢ ï1). �ää¥ªâ ­ ç¨­ ¥â ¯à®ï¢«ïâìáï ¯à¨ ¤®áâ¨¦¥-­¨¨ ®¯à¥¤¥«¥­­®© ª®­æ¥­âà æ¨¨ à áâ¢®à , ª®â®-à ï ¢ íªá¯¥à¨¬¥­â å á®áâ ¢¨«  C = 10�5 (ªà¨¢ ï�. �. � ¢ç¥­ª® 81
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�¨á. 6. �à ä¨ª íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå �CQ(�)2). � ã¢¥«¨ç¥­¨¥¬ ª®­æ¥­âà æ¨¨ ¨ à áå®¤  à á-â¢®à  ¢®§à áâ ¥â íää¥ªâ ¢¢®¤¨¬®£® ¢ ¯®â®ª ¯®«¨-¬¥à­®£® ¢¥é¥áâ¢ , çâ® ¯à®ï¢«ï¥âáï ¢ ã¬¥­ìè¥­¨¨­¥®¡å®¤¨¬®© ¢¥«¨ç¨­ë ¯®¤¤ã¢  ¤«ï ¯®¤¤¥à¦ ­¨ïª ¢¥à­ë á ¯®áâ®ï­­ë¬ ç¨á«®¬ ª ¢¨â æ¨¨ (ªà¨¢ë¥3, 4).�  à¨á. 6 â¥ ¦¥ íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥¯à¥¤áâ ¢«¥­ë ¢ ¢¨¤¥ £à ä¨ª®¢ �CQ(�), £¤¥ �CQ {¢¥«¨ç¨­  ¢ë¨£àëè  ¢ ¢¥«¨ç¨­¥ ¯®¤¤ã¢  ¢ %,¢ë-ç¨á«¥­­ ï ®â­®á¨â¥«ì­® ¤ ­­ëå ªà¨¢®© 1 ­  à¨á.5, ª®â®à ï å à ªâ¥à¨§ã¥â ¢ ¤ ­­®¬ á«ãç ¥ ­ã«¥-¢ãî ¢¥«¨ç¨­ã ¢ë¨£àëè .� ª¨¬ ®¡à §®¬, ¢ ®¯¨á ­­®¬ íªá¯¥à¨¬¥­â¥ ¤®-áâ¨£­ãâ® ¬ ªá¨¬ «ì­®¥ ã¬¥­ìè¥­¨¥ ã­®á  £ §  ¨§¢¥­â¨«¨àã¥¬®© ª ¢¥à­ë ­  20 %§  áç¥â ¢¢¥ ¤¥­¨ï¯®«¨¬¥à­ëå ¤®¡ ¢®ª.�ã¯¥àª ¢¥à­ë ¢ ¯ã§ëàìª®¢®¬ ¯®â®ª¥�¢®¥®¡à §­ë© ¬ áèâ ¡­ë© íää¥ªâ ¬®¦¥â ¯à®-ï¢¨âìáï ¢ á«ãç ¥ áã¯¥àª ¢¨â æ¨®­­®£® ®¡â¥ª -­¨ï â¥« £ §®¦¨¤ª®áâ­ë¬ ¯ã§ëàìª®¢ë¬ ¯®â®ª®¬[13, 15]. � ª®© à¥¦¨¬ â¥ç¥­¨ï ¢®§¬®¦¥­ ¯à¨ íªá-¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨ïå á ¢¥­â¨«ïæ¨¥© ª -¢¥à­ ¢ £¨¤à®¤¨­ ¬¨ç¥áª¨å âàã¡ å § ¬ª­ãâ®£® â¨-¯ . �ë«® íªá¯¥à¨¬¥­â «ì­® ¨ â¥®à¥â¨ç¥áª¨ ¯®ª -§ ­®, çâ® áã¯¥àª ¢¥à­ë ¬®£ãâ § å¢ âë¢ âì £ § ¨§¤¢ãåä §­®£® ¯ã§ëàìª®¢®£® ¯®â®ª .�̈ ¯ ¢§ ¨¬®¤¥©áâ¢¨ï £ §®¢®£® ¯ã§ëàìª  á ¯à¥-¯ïâáâ¢¨¥¬ ¢ ¯®â®ª¥ £« ¢­ë¬ ®¡à §®¬ § ¢¨á¨â ®â®â­®á¨â¥«ì­ëå à §¬¥à®¢ ¯ã§ëàìª  ¨ ¯à¥¯ïâáâ¢¨ï(à¨á. 7).�á«¨ ¯ã§ëàìª¨ ¨¬¥îâ ¡®«ìè¨¥ ¨«¨ â ª¨¥ ¦¥

�¨á. 7. �¨¯ë ¢§ ¨¬®¤¥©áâ¢¨ï £ §®¢®£® ¯ã§ëàìª  á¯à¥¯ïâáâ¢¨¥¬ ¢ ¯®â®ª¥à §¬¥àë, ®­¨ ¬®£ãâ áâ®«ª­ãâìáï á ¯à¥¯ïâáâ¢¨ï-¬¨ ¨ ¡ëâì ¨¬¨ § å¢ ç¥­­ë¬¨ (à¨á. 7, a). � à¥-§ã«ìâ â¥ ¨¬¥îâ ¬¥áâ® ãáâ®©ç¨¢ë¥ £ §®­ ¯®«­¥­-­ë¥ ª ¢¥à­ë ¢ ¢¨¤¥ ­¨â¨ §  ¯à¥¯ïâáâ¢¨ï¬¨ ¬ «®£®à §¬¥à  (á¬. ä®â®£à ä¨¨ ­  à¨á. 8). �â®â íä-ä¥ªâ ¡ë« ¨á¯®«ì§®¢ ­ ¤«ï á®§¤ ­¨ï ¬¥â®¤  ¨§¬¥-à¥­¨ï ª®­æ¥­âà æ¨¨ £ §  ¢ ¤¢ãåä §­®¬ ¯ã§ëàìª®-¢®¬ ¯®â®ª¥, ®á­®¢ ­­ë© ­  ¨§¬¥à¥­¨¨ ¤«¨­ë íâ¨å­¥¡®«ìè¨å ª ¢¥à­.�®áª®«ìªã âà ¥ªâ®à¨¨ ¯ã§ëàìª®¢ ¡®«¥¥ ¨áªà¨-¢«¥­ë, ç¥¬ «¨­¨¨ â®ª , ¯ã§ëàìª¨ ­¥ áâ «ª¨¢ îâ-áï á ¯à¥¯ïâáâ¢¨ï¬¨ ¡®«ìè¨å à §¬¥à®¢, ­® ¬®£ãâ¡ëâì § å¢ ç¥­ë ¢ §®­¥ à §à¥¦¥­¨ï §  ¯à¥¯ïâáâ¢¨-¥¬ (à¨á. 7,¡). �ë ¯®ª § «¨, çâ®íää¥ªâ § å¢ â £ §®¢ëå ¯ã§ëàìª®¢ ¤®«¦¥­ ¢®§à áâ âì, ¥á«¨ ¨¬¥-¥âáï áã¯¥àª ¢¥à­  §  ¯à¥¯ïâáâ¢¨¥¬, ï¢«ïîé ïáï¯à®âï¦¥­­®© §®­®© ¬¨­¨¬ «ì­®£® ¤ ¢«¥­¨ï ¢ ¯®-â®ª¥. �ªá¯¥à¨¬¥­â «ì­® ¤®ª § ­®, çâ® ¯ã§ëàìª¨¬®£ãâ ¯à¨âï£¨¢ âìáï ¯®¢¥àå­®áâìî ª ¢¥à­ë ¨ § -å¢ âë¢ âìáï ¥î (à¨á. 7, c).�®¯®«­¨â¥«ì­ë© à áå®¤ £ §  ¢ ª ¢¥à­ã Qcap ¤«ï¯« áâ¨­ç â®£® ª ¢¨â â®à  è¨à¨­®© a ¨ ¤«¨­®© l¡ã¤¥â:Qcap(Lc) = 43�alV1 R2ZR1 K(R;Lc)f(R)R3dR; (17)£¤¥K(R;Lc) { ª®íää¨æ¨¥­â § å¢ â  ¯ã§ëàìª®¢ à -¤¨ãá  R ª ¢¥à­®© ¤«¨­®© Lc (à ááç¨âë¢ ¥âáï â¥-®à¥â¨ç¥áª¨); f(R) { äã­ªæ¨ï à á¯à¥¤¥«¥­¨ï ¯ã-§ àìª®¢ ¢ ¯®â®ª¥ ¯® à §¬¥à ¬ (R1 � R � R2). �à¨¤®áâ â®ç­®© ª®­æ¥­âà æ¨¨ £ §  íâ®â ¯à®æ¥áá ¯à¨-82 �. �. � ¢ç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 75 { 86

�¨á. 8. �áâ®©ç¨¢ë¥ £ §®­ ¯®«­¥­­ë¥ ª ¢¥à­ë, ®¡à §®¢ ­­ë¥ áâ «ì­®© ¯à®¢®«®ª®© ªàã£«®£® á¥ç¥­¨ï d = 0; 4¢®¤¨â ª ¯®áâã¯«¥­¨î §­ ç¨â¥«ì­®£® ®¡ê¥¬  £ § ¢ ª ¢¥à­ã ¨, ª ª à¥§ã«ìâ â, ª ã¢¥«¨ç¥­¨î à §¬¥à ª ¢¥à­ë.� ª¨¬ ®¡à §®¬, à §¬¥àë ¢¥­â¨«¨àã¥¬®© ª ¢¥à-­ë ¢ £ §®¦¨¤ª®áâ­®¬ ¯®â®ª¥ ¬®£ãâ ¡ëâì áãé¥-áâ¢¥­­® ¡®«ìè¨¬¨, ç¥¬ ¯à¨ ®¡â¥ª ­¨¨ á¯«®è­ë¬¯®â®ª®¬ ¯à¨ â¥å ¦¥ §­ ç¥­¨ïå áª®à®áâ¨ ¯®â®ª  ¨à áå®¤  £ §  ­  ¯®¤¤ã¢ ª ¢¥à­ë. �à¨ íâ®¬ ¡ã¤¥â¨¬¥âì ¬¥áâ® ¬ áèâ ¡­ë© íää¥ªâ, ¯®áª®«ìªã ª®-íää¨æ¨¥­â § å¢ â  K ­¥«¨­¥©­® § ¢¨á¨â ª ª ®â¤«¨­ë ª ¢¥à­ë Lc, â ª ¨ ®â à §¬¥à  ¯ã§ëàìª®¢.�  à¨á. 9 ¯à¨¢¥¤¥­ë £à ä¨ª¨ § ¢¨á¨¬®áâ¥© K(R)¨K(Lc), à ááç¨â ­­ë¥ ¨§ à¥è¥­¨ï ¯«®áª®© § ¤ ç¨¢ à ¡®â¥ [4].����������������� ������� ������������������§«ãç¥­¨¥ §¢ãª  ¯à¨ ¤¢¨¦¥­¨¨ â¥« ¢ ¢®¤¥ ï¢«ï-¥âáï á«¥¤áâ¢¨¥¬ ¢®§­¨ª­®¢¥­¨ï ­¥áâ æ¨®­ à­ëå¯®«¥© ¤ ¢«¥­¨ï ¢®ªàã£ â¥«  ¨ á¦¨¬ ¥¬®áâ¨ ¢®-¤ë. � £¨¤à® ªãáâ¨ª¥ à áá¬ âà¨¢ îâáï á«¥¤ãîé¨¥®á­®¢­ë¥ â¨¯ë £¥­¥à æ¨¨ §¢ãª  ¢ ¢®¤¥ (¢ ¯®àï¤ª¥ã¬¥­ìè¥­¨ï ¨§«ãç ¥¬®© §¢ãª®¢®© í­¥à£¨¨):1) ¬®­®¯®«ì­®¥ ¨§«ãç¥­¨¥ §¢ãª  (à¥ ªâ¨¢­ë©¤¢¨¦¨â¥«ì, ¯ã«ìá æ¨¨ ¯ã§ëàìª®¢ á ¨§¬¥­¥­¨¥¬ ¨å

®¡ê¥¬ );2) ¤¨¯®«ì­®¥ ¨§«ãç¥­¨¥ §¢ãª  (£à¥¡­®© ¢¨­â, ¢¨-¡à æ¨¨ â¥« ¡¥§ ¨§¬¥­¥­¨ï ®¡ê¥¬ );3) ª¢ ¤àã¯®«ì­®¥ ¨§«ãç¥­¨¥ §¢ãª  (§ ¢¨åà¥­-­®áâì ¢ á«¥¤¥, âãà¡ã«¥­â­ë© ¯®£à ­¨ç­ë© á«®©).�à¨ ¤¢¨¦¥­¨¨ áã¤­  ¢ ¢®¤¥ ¢ à¥¦¨¬¥ á¯«®è-­®£® ®¡â¥ª ­¨ï ®á­®¢­ë¬¨ £¨¤à®¤¨­ ¬¨ç¥áª¨¬¨¨áâ®ç­¨ª ¬¨ èã¬  ï¢«ïîâáï ¤¢¨¦¨â¥«ì, ¢¨¡à -æ¨¨ ª®à¯ãá  ¨ âãà¡ã«¥­â­ë© ¯®£à ­¨ç­ë© á«®© ­ ª®à¯ãá¥. �à¨ ¤¢¨¦¥­¨¨ â¥«  ¢ áã¯¥àª ¢¥à­¥ ¨á-ª«îç ¥âáï ª¢ ¤àã¯®«ì­ë© èã¬ ¯®£à ­¨ç­®£® á«®ï­  ª®à¯ãá¥ â¥« . �¤­ ª® á ¬  áã¯¥àª ¢¥à­  ¯à¥¤-áâ ¢«ï¥â á®¡®© ¨áâ®ç­¨ª §¢ãª .� ­¥¤ ¢­¥© ®¡§®à­®© à ¡®â¥ [19] ®¡®§­ ç¥­ë®á­®¢­ë¥ ¯à®¡«¥¬ë, ¢®§­¨ª îé¨¥ ¯à¨ ¯®¯ëâª¥à ááç¨â âì §¢ãª®¢®¥ ¯®«¥, ¢®§­¨ª îé¥¥ ¯à¨ ¤¢¨-¦¥­¨¨ áã¯¥àª ¢¨â¨àãîé¥£® â¥«  ¢ ¢®¤¥. �à¥¤áâ -¢«¥­­ë¥ ¬®¤¥«¨ â¥ç¥­¨© [20], ®¯¨áë¢ îé¨¥ ª ¢¨-â æ¨®­­ë¥ â¥ç¥­¨ï, ­¥ ¤ îâ  ¤¥ª¢ â­ãî ª àâ¨­ãâ¥ç¥­¨ï ¢® ¢á¥© ®¡« áâ¨. � ª, ¤ ­­ë¥ ¯® èã¬ ¬ ¢ª ¢¨â æ¨®­­ëå â¥ç¥­¨ïå ¡ §¨àãîâáï, ¢ ®á­®¢­®¬,­  íªá¯¥à¨¬¥­â «ì­ëå ¨§¬¥à¥­¨ïå.�áâ®ç­¨ª¨ èã¬®®¡à §®¢ ­¨ï ¯à¨ áã¯¥à-ª ¢¨â æ¨®­­®¬ ®¡â¥ª ­¨¨ â¥«�®¬¨¬® ¤¢¨¦¨â¥«ï ®á­®¢­ë¬¨ ¯à¨ç¨­ ¬¨ èã-¬®®¡à §®¢ ­¨ï ¯à¨ áã¯¥àª ¢¨â æ¨®­­®¬ ®¡â¥ª -�. �. � ¢ç¥­ª® 83
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  ¡�¨á. 9. �à ä¨ª¨ § ¢¨á¨¬®áâ¥© K(R) ( ) ¨ K(Lc) (¡)­¨¨ â¥« ï¢«ïîâáï à á¯ ¤ á¢®¡®¤­®© £à ­¨æë ª -¢¥à­ë ¨ ­¥áâ æ¨®­ à­ë¥ ¯à®æ¥ááë ¢ ®¡« áâ¨ § -¬ëª ­¨ï ª ¢¥à­ë ¨ ¢ á«¥¤¥ §  ª ¢¥à­®©. � ª®­¥ç-­®¬ áç¥â¥ ¬ë ¯à¨å®¤¨¬ ª å®à®è® ¨§ãç¥­­ë¬ á«ã-ç ï¬ £¥­¥à æ¨¨ èã¬  ¯à¨ ¯ã§ëàìª®¢®© ¨ ¢¨åà¥¢®©ª ¢¨â æ¨¨ ¢ á«¥¤¥ áã¯¥àª ¢¥à­ë [20,21].�âáî¤  á«¥¤ã¥â, çâ® ¯à¨ áâ æ¨®­ à­®¬ § ¬ëª -­¨¨ ¢¥­â¨«¨àã¥¬®© ª ¢¥à­ë ¯® ¢â®à®© áå¥¬¥ ¨§-«ãç¥­¨¥ èã¬  á®¡áâ¢¥­­® áã¯¥àª ¢¥à­®© ¤®«¦­®¯à ªâ¨ç¥áª¨ ®âáãâáâ¢®¢ âì.�à¨ ­¥áâ æ¨®­ à­®¬ § ¬ëª ­¨¨ ª ¢¥à­ë ¯®¯¥à¢®© áå¥¬¥ §  ª ¢¥à­®© ®¡à §ã¥âáï ¯ã«ìá¨àã-îé¨© £ §®¦¨¤ª®áâ­ë© á«¥¤, ª®â®àë© ¬®¦¥â ¨§-«ãç âì §¢ãª ¢ è¨à®ª®¬ ¤¨ ¯ §®­¥ ç áâ®â. �à¨íâ®¬ ­¨§è ï ç áâ®â  ¯®àï¤ª  f = 10 � 100 �æ®¯à¥¤¥«ï¥âáï ¯à®æ¥áá ¬¨ ¢®§­¨ª­®¢¥­¨ï ¨ à §àã-è¥­¨ï ®¡à â­®© áâàã©ª¨ ¨ ¢ë­®á  ¯¥­ë ¨§ ª ¢¥à-­ë [4,22].�à ¢­¨â¥«ì­® ¬®é­ë¬ ¨áâ®ç­¨ª®¬ ­¨§ª®ç -áâ®â­®£® f = 1 � 10 §¢ãª®¢®£® ¨§«ãç¥­¨ï ¬®£ãâï¢«ïâìáï ¯ã«ìá¨àãîé¨¥ ¢¥­â¨«¨àã¥¬ë¥ ª ¢¥à­ë.� à ¡®â¥ [23] ¤ ­  ®æ¥­ª  ¨­â¥­á¨¢­®áâ¨  ªãáâ¨-ç¥áª®£® ¨§«ãç¥­¨ï ¯ã«ìá¨àãîé¨å ª ¢¥à­. � á-á¬®âà¥­  ¬®¤¥«ì­ ï § ¤ ç  ®¡  ªãáâ¨ç¥áª®¬ ¨§«ã-ç¥­¨¨ ¯ã«ìá¨àãîé¥£® í««¨¯á®¨¤  ¢à é¥­¨ï á ¨á-¯®«ì§®¢ ­¨¥¬ ¨§¢¥áâ­®£® à¥è¥­¨ï ¤«ï ­¥á¦¨¬ ¥-¬®© ¦¨¤ª®áâ¨.�®«ãç¥­­ ï ®æ¥­ª  ¤ ¥â, ­ ¯à¨¬¥à, çâ® ¯à¨

ç¨á«¥ ª ¢¨â æ¨¨ � = 0:04 ¨ áª®à®áâ¨ ¤¢¨¦¥­¨ïV = 7 ¬/á ¨§«ãç ¥¬ ï áã¯¥àª ¢¥à­®© ¬®é­®áâì¢ ¡¥§£à ­¨ç­®© ¦¨¤ª®áâ¨ á®áâ ¢¨â ®ª®«® 0.85 %¡ãªá¨à®¢®ç­®© ¬®é­®áâ¨. �à¨ ¤¢¨¦¥­¨¨ ¢¡«¨-§¨ á¢®¡®¤­®© £à ­¨æë ¨­â¥­á¨¢­®áâì  ªãáâ¨ç¥-áª®£® ¨§«ãç¥­¨ï à¥§ª® ã¬¥­ìè ¥âáï. � ¯à¨¬¥à,¤«ï â®ç¥ç­®£® ¨áâ®ç­¨ª , ¨§«ãç îé¥£® áä¥à¨ç¥-áªãî §¢ãª®¢ãî ¢®«­ã, ®â­®è¥­¨¥ ¨­â¥­á¨¢­®áâ¨¨§«ãç¥­¨ï ª ¨­â¥­á¨¢­®áâ¨ ¢ ­¥®£à ­¨ç¥­­®© áà¥-¤¥ ¡ã¤¥â II1 = 1� sin 2kh2kh ; (18)£¤¥ k { ¯à¨¢¥¤¥­­ ï ç áâ®â ; h { ®âáâ®ï­¨¥ ®âá¢®¡®¤­®© ¯®¢¥àå­®áâ¨. � ª¨¬ ®¡à §®¬, á¦¨¬ ¥-¬®áâì ¢®¤ë ¨  ªãáâ¨ç¥áª®¥ ¨§«ãç¥­¨¥ ¯à¨ ¬ «ëåç¨á« å � å  ­¥ ¬®£ãâ § ¬¥â­® ¯®¢«¨ïâì ­  ¯ã«ì-á æ¨¨ ª ¢¥à­ë.�à¨ § ¬ëª ­¨¨ ª ¢¥à­ë ­  â¥«¥ ¢®§¬®¦­® ¯¥à¥-¨§«ãç¥­¨¥ §¢ãª  ¢á«¥¤áâ¢¨¥ ¢®§­¨ª­®¢¥­¨ï ¢¨¡à -æ¨© ã¯àã£®£® ª®à¯ãá  â¥« . � íâ®¬ á«ãç ¥ ª ¢¨-â â®à á áã¯¥àª ¢¥à­®© ¬®¦eâ ¨£à âì à®«ì ãá¨«¨-â¥«ï ¢¨¡à æ¨© á ®¡à â­®© á¢ï§ìî, ¯®à®¦¤ îé¥£®¨/¨«¨ ¨§¬¥­ïîé¥£® ¯¥à¨®¤¨ç­ãî áâàãªâãàã á«¥¤ §  ª ¢¥à­®©.�  à¨á. 10 ¯à¨¢¥¤¥­  ä®â®£à ä¨ï á«¥¤  §  ¢ë-á®ª®áª®à®áâ­®© ¥áâ¥áâ¢¥­­®© ª ¢¥à­®©, ¨¬¥îé¥£®¯¥à¨®¤¨ç¥áªãî ¯ã§ëàìª®¢ãî áâàãªâãàã (Dn = 3¬¬, V = 480 ¬/á). � à §«¨ç­ëå ®¯ëâ å  ¡á®«îâ-84 �. �. � ¢ç¥­ª®
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�¨á. 10. �®â®£à ä¨ï á«¥¤  §  ¢ëá®ª®áª®à®áâ­®©¥áâ¥áâ¢¥­­®© ª ¢¥à­®©­ ï ç áâ®â  ¯¥à¨®¤¨ç¥áª®© áâàãªâãàë á«¥¤  ¨§-¬¥­ï« áì ¢ ¯à¥¤¥« å f = 20 � 40 M�æ (St � 120�)¤«ï ¬®¤¥«¥© ¤«¨­®© L = 284 ¬¬ ¯à¨ ¤¨ ¬¥âà¥ ª -¢¨â â®à  Dn = 3:0 ¬¬ ¨ f = 80 � 140 ��æ ¤«ï¬®¤¥«¥© ¤«¨­®© L = 150 ¬¬ ¨ ¤¨ ¬¥âà®¬ ª ¢¨-â â®à  Dn = 1:2 � 1:5 ¬¬. �­ «¨§ ¯®ª § «, çâ®ç áâ®â  ¯¥à¨®¤¨ç¥áª®© áâàãªâãàë á«¥¤  ¢ ­¥ª®â®-àëå ®¯ëâ å ¨¬¥«  â®â ¦¥ ¯®àï¤®ª, çâ® ¨ ç áâ®â ã¯àã£¨å ª®«¥¡ ­¨© ª®à¯ãá  ¬®¤¥«¥©, ¢®§­¨ª îé¨å¯à¨ áâ àâ¥.�à¥¤áâ ¢«¥­­ ï ª àâ¨­  ¯®ª §ë¢ ¥â, çâ® á -¬ë© áãé¥áâ¢¥­­ë© ¨áâ®ç­¨ª §¢ãª  ­ å®¤¨âáï ¢á«¥¤¥ ª ¢¨â¨àãîé¥£® â¥« . �­ ¯à¥¤áâ ¢«ï¥â á®-¡®© ¯®á«¥¤®¢ â¥«ì­®áâì ¯ã§ëàìª®¢. �§¢¥áâ­®,çâ® ®¤¨­ ¯ã§ëà¥ª ï¢«ï¥âáï ®ç¥­ì íää¥ªâ¨¢­ë¬¨áâ®ç­¨ª®¬ §¢ãª  [21]. �å«®¯ë¢ ­¨¥ ®¤¨­®ç­ëå¯ã§ëàìª®¢ ¯à®¨§¢®¤¨â á¨«ì­ë© èã¬ á ª®íää¨æ¨-¥­â®¬ íää¥ªâ¨¢­®áâ¨� = WaWd � 0:3; (19)£¤¥ Wa { ¨§«ãç ¥¬ ï ¬®é­®áâì; Wd { ¯®«­ ï¯®â¥àï ¥­¥à£¨¨ ¯®â®ª . �® íªá¯¥à¨¬¥­â «ì­ë¥¤ ­­ë¥ ¤«ï ¯ã§ëàìª®¢®© ª ¢¨â æ¨¨ ¯®ª §ë¢ îâ,çâ® ¢¥«¨ç¨­  íâ®£® ª®íää¨æ¨¥­â  á®áâ ¢«ï¥â ¢á¥-£® «¨èì � � 3 � 10�3 . � ª¨¬ ®¡à §®¬, à §­®áâìá®áâ ¢«ï¥â 20 dB. �¨§¨ç¥áª ï ¯à¨ç¨­  § ª«îç -¥âáï ¢ â®¬, çâ® ¢ íâ®¬ á«ãç ¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¢£àã¯¯¥ ¯ã§ëàìª®¢ ï¢«ï¥âáï à¥è îé¨¬ ä ªâ®à®¬.�ã§ëàìª®¢ ï ª ¢¨â æ¨ï â ª¦¥ å à ªâ¥à¨§ã¥â-áï á¯¥æ¨ä¨ç¥áª¨¬¨ á¯¥ªâà ¬¨ ¨§«ãç ¥¬®£® §¢ã-ª  [21]. �­¨ ­¥ á®¤¥à¦ â ­¨ª ª¨å á¨«ì­® ¢ë¤¥-«ïîé¨åáï ç áâ®â.�«¨ï­¨¥ áã¯¥àª ¢à­ë ­  ¨§«ãç¥­¨¥ §¢ãª â¥«®¬�­â¥à¥á­® à áá¬®âà¥âì ª ¢¥à­ã ¢®§«¥ â¥« , ª ª

�¨á. 11. �å¥¬  íªá¯¥à¨¬¥­â «ì­®£® ãáâà®©áâ¢ 
�¨á. 12. �¥§ã«ìâ âë ¨§¬¥à¥­¨ï §¢ãª í«¥¬¥­â ãáâà®©áâ¢  ª®­âà®«ï ¨§«ãç¥­¨ï §¢ãª . � à¨á. 11 ¯à¥¤áâ ¢«¥­  áå¥¬  íªá¯¥à¨¬¥­â «ì­®£®ãáâà®©áâ¢ . �¢¥àåã ç áâ¨ 1 à á¯®«®¦¥­ £¨¤à®ä®­.�§«ãç â¥«ì §¢ãª  ­ å®¤¨âáï ¢ ç áâ¨ 4. �¨£­ «ë¨§ £¨¤à®ä®­  à áá¬ âà¨¢ «¨áì ¤«ï ¤¢ãå á«ãç ¥¢.� ¯¥à¢®¬ ãáâà®©áâ¢® ãáâ ­ ¢«¨¢ ¥âáï ¢ ¯®â®ª¡¥§ ª ¢¥à­ë. �ª®à®áâì â¥ç¥­¨ï ¬ «  ¤«ï ®¡à §®-¢ ­¨ï ¥áâ¥áâ¢¥­­®© ª ¢¥à­ë. �® ¢â®à®¬ á«ãç ¥¨áªãááâ¢¥­­ ï ª ¢¥à­  2 ®¡à §®¢ë¢ « áì ¢¡«¨§¨£®«®¢­®© ç áâ¨ ãáâà®©áâ¢ . � ®¡®¨å á«ãç ïå ¨á-¯®«ì§®¢ « áì â  ¦¥ ¢¥«¨ç¨­  ­ ¯àï¦¥­¨ï ª ª ¢®§-¡ã¦¤ îé ï á¨«  ¨§«ãç¥­¨ï §¢ãª  ¢ ç áâ¨ 4.�¥§ã«ìâ âë ¨§¬¥à¥­¨ï §¢ãª  ¯à¥¤áâ ¢«¥­ë ­ à¨á. 12. �¨­¨ï, ¯¥à¥á¥ª îé ï â®çª¨ ª¢ ¤à â ,á®®â¢¥âáâ¢ã¥â ¯¥à¢®¬ã á«ãç î. �à¥áâ¨ª¨ ®¡®§­ -ç îâ «¨­¨î, á®®â¢¥âáâ¢ãîéãî ¢â®à®¬ã á«ãç î.�áâ¥áâ¢¥­­®, çâ® ­ «¨ç¨¥ ª ¢¥à­ë áãé¥áâ¢¥­­®¨§¬¥­ï¥â ãá«®¢¨ï à ¡®âë £¨¤à®ä®­ . �«¨§«¥¦ -é¨¥ ¨áâ®ç­¨ª¨ §¢ãª  à ¡®â îâ ¯®¤®¡­®  ªãáâ¨ç¥-áª¨ ¬ï£ª®© ¯®¢¥àå­®áâ¨. �®¦­® ¢¨¤¥âì, çâ® ª -¢¥à­  ¨£à ¥â à®«ì â ª®© ¯®¢¥àå­®áâ¨ ¢ ®ç¥­ì è¨-à®ª®¬ ¤¨ ¯ §®­¥ ç çâ®â. �â®â à¥§ã«ìâ â ¬®¦¥â¡ëâì ¨­â¥à¥á¥­ ®â­®á¨â¥«ì­® ã¯®¬ï­ãâ®© à §­®-áâ¨ ¢ íää¥ªâ¨¢­®áâ¨ ¨§«ãç¥­¨ï ®¤¨­®ç­®£® ¯ã-§ëàìª  ¨ £àã¯¯ë ¯ã§ëàìª®¢.�  à¨á. 12 ¬®¦­® ¢¨¤¥âì âã ¦¥ à §­®áâì ¢ 20dB ãà®¢­ï §¢ãª  ¨áâ®ç­¨ª .1. �¥¤®¢ �.�. �¥â®¤ë ¯®¤®¡¨ï ¨ à §¬¥à­®áâ¨ ¢�. �. � ¢ç¥­ª® 85
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