
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 26 { 30��� 534.25:534.61����������� ������ �������������������������� ��������� � ������ �����. �. ���������, �. �. ������, �. �. �������� ãç­ë© æ¥­âà ��� �ªà ¨­ë�®«ãç¥­® 5.04.2000 � �¥à¥á¬®âà¥­® 4.09.2000�áá«¥¤®¢ ­  \â®­ª ï" áâàãªâãà  èã¬®¨§«ãç îé¨å  ªãáâ¨ç¥áª¨å ¨áâ®ç­¨ª®¢ ¢ ¢®¤­®¬ á«®¥. � ¨á¯®«ì§®¢ ­¨¥¬ ¬¥-â®¤®¢ ¬ â¥¬ â¨ç¥áª®£®  ­ «¨§  ¨ ¬ â¥¬ â¨ç¥áª®© áâ â¨áâ¨ª¨ ¯®«ãç¥­ë  ­ «¨â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ ¤«ï ¨§ãç¥­¨ïáâàãªâãàë  ªãáâ¨ç¥áª®£® ¯®«ï ¨áâ®ç­¨ª  ¯® ¢ëá®â¥ á«®ï. �à¥¤«®¦¥­ë ¯ãâ¨ ¯® á­¨¦¥­¨î ¢«¨ï­¨ï ¨­â¥àä¥à¥­æ¨¨ ªãáâ¨ç¥áª¨å ¢®«­ ­  à¥§ã«ìâ âë ¨§¬¥à¥­¨© ãà®¢­¥© èã¬®¨§«ãç¥­¨ï ¨áâ®ç­¨ª  ¢ ¢®¤­®¬ á«®¥. � §à ¡®â ­­ë¥à¥ª®¬¥­¤ æ¨¨ ¯®§¢®«¨«¨ ¯®¢ëá¨âì â®ç­®áâì ¨§¬¥à¥­¨© ­  7�10 ¤�.�®á«÷¤¦¥­® \â®­ªã" áâàãªâãàã èã¬®¢¨¯à®¬÷­îîç¨å  ªãáâ¨ç­¨å ¤¦¥à¥« ã ¢®¤­®¬ã è à÷. � ¢¨ª®à¨áâ ­­ï¬ ¬¥â®¤÷¢¬ â¥¬ â¨ç­®£®  ­ «÷§ã © ¬ â¥¬ â¨ç­®ù áâ â¨áâ¨ª¨ ®¤¥à¦ ­÷  ­ «÷â¨ç­÷ § «¥¦­®áâ÷ ¤«ï ¢¨¢ç¥­­ï áâàãªâãà¨  ªã-áâ¨ç­®£® ¯®«ï ¤¦¥à¥«  ¯® ¢¨á®â÷ è àã. � ¯à®¯®­®¢ ­÷ è«ïå¨ ¯® §­¨¦¥­­î ¢¯«¨¢ã ÷­â¥àä¥à¥­æ÷ù  ªãáâ¨ç­¨å å¢¨«ì­  à¥§ã«ìâ â¨ ¢¨¬÷àî¢ ­ì à÷¢­÷¢ èã¬®¢¨¯à®¬÷­î¢ ­ï ¤¦¥à¥«  ã ¢®¤­®¬ã è à÷. �®§à®¡«¥­÷ à¥ª®¬¥­¤ æ÷ù ¤®§¢®«¨«¨¯÷¤¢¨é¨â¨ â®ç­÷áâì ¢¨¬÷àî¢ ­ì ­  7�10 ¤�.The \�ne" structure of the noise-radiating acoustic sources in water medium is investigated. Using the methods ofmathematical analysis and mathematical statistics the analytical dependencies for studying the acoustic �eld structure ofthe source across the layer's height are found. The ways for decreasing the in
uence of the acoustic waves interfercenceon the results of measurements of the source noise-radiation levels in water are shown. The developed recommendationsallow to increase the measurement presicion for 7�10 dB.��������� à ªâ¥à­®© ®á®¡¥­­®áâìî à á¯à®áâà ­¥­¨ï§¢ãª  ¢ ¢®¤­®¬ á«®¥ ï¢«ï¥âáï ¯®«­®¥ ¨«¨ ç áâ¨ç-­®¥ ®âà ¦¥­¨¥  ªãáâ¨ç¥áª¨å ¢®«­ ®â ¥£® £à ­¨æ.� à¥§ã«ìâ â¥ íâ®£® ¢ á«®¥ á®§¤ îâáï §®­ë ¢§ ¨-¬®¤¥©áâ¢¨ï ®âà ¦¥­­ëå ¢®«­, ¢ ª®â®àëå ãà®¢­¨§¢ãª  ã¢¥«¨ç¨¢ îâáï ¨«¨ ã¬¥­ìè îâáï. � â ª¨åãá«®¢¨ïå ®¯à¥¤¥«¨âì  ¡á®«îâ­ë¥ ãà®¢­¨ ¨§«ãç¥-­¨ï ¨áâ®ç­¨ª  §¢ãª  ¢¥áì¬  á«®¦­®. �®¤  ¡á®«îâ-­ë¬ §¤¥áì ¯®­¨¬ ¥âáï ãà®¢¥­ì ¨§«ãç¥­¨ï (¤ ¢«¥-­¨ï), ¨§¬¥à¥­­ë© ¡¥§ ãç¥â  ¢«¨ï­¨ï ¯®¬¥å¨, ®¡ã-á«®¢«¥­­®© ¨­â¥àä¥à¥­æ¨¥©. �à ªâ¨ª  ¨§¬¥à¥­¨©¯®ª §ë¢ ¥â, çâ® ®è¨¡ª  ¢ íâ®¬ á«ãç ¥ ¬®¦¥â á®-áâ ¢«ïâì 6�10 ¤�.�àã¤­®áâ¨ ®¯à¥¤¥«¥­¨ï ¢ ¢®¤­®¬ á«®¥ ãà®¢­ïèã¬  ¥é¥ ¡®«¥¥ ¢®§à áâ îâ, ¥á«¨ ¨áâ®ç­¨ª ¨¬¥-¥â ïàª® ¢ëà ¦¥­­ãî ­ ¯à ¢«¥­­®áâì ¨§«ãç¥­¨ï.� íâ®¬ á«ãç ¥  ­¨§®âà®¯¨ï ¢ áâàãªâãà¥ ¯®«ï ¡ã-¤¥â ®¯à¥¤¥«ïâìáï ­¥ â®«ìª® ¢§ ¨¬®¤¥©áâ¢¨¥¬ ®â-à ¦¥­­ëå ¢®«­, ­® ¨ ¤¨ £à ¬¬®© ­ ¯à ¢«¥­­®áâ¨¨áâ®ç­¨ª ,   ¨§¬¥à¥­­ë¥ ãà®¢­¨ ¥£® èã¬  ­¥«ì§ï¡ã¤¥â ¯à¨­¨¬ âì §  ¨áâ¨­­ë¥.�ãé¥áâ¢¥­­ë© ¢ª« ¤ ¢ â¥®à¨î à á¯à®áâà ­¥-­¨ï §¢ãª  ¢ á«®¥ ¢­¥á«¨ �. �. �à¥å®¢áª¨å, �. �. �ã-â¨­ ¨ ¤à. [1 {3]. �¬¨ à §à ¡®â ­  â¥®à¨ï à á-¯à®áâà ­¥­¨ï  ªãáâ¨ç¥áª¨å ¢®«­ ¢ á«®¥, ®£à ­¨-ç¥­­®¬ ¯ à ««¥«ì­ë¬¨ ¯«®áª®áâï¬¨. �à®¬¥ â®£®,ãáâ ­®¢«¥­® áãé¥áâ¢®¢ ­¨¥ ¢®«­®¢®¤­®£®  ªãáâ¨-ç¥áª®£® ª ­ « , ¯®§¢®«ïîé¥£® ¯¥à¥¤ ¢ âì á¨£­ -

«ë ­  ¤ «ì­¨¥ à ááâ®ï­¨ï, ¨ ®¯à¥¤¥«¥­  áà¥¤­ïï¨­â¥­á¨¢­®áâì  ªãáâ¨ç¥áª®© ¢®«­ë ¢ á«®¥. �à¨íâ®¬, å®âï ¨ ¡ë«® ®â¬¥ç¥­® áãé¥áâ¢®¢ ­¨¥ \â®­-ª®©" áâàãªâãàë ¯®«ï ¯® ¢¥àâ¨ª «ì­®© ª®®à¤¨­ â¥,­® ¤ «ì­¥©è¨¥ ¨áá«¥¤®¢ ­¨ï ¢ íâ®¬ ­ ¯à ¢«¥­¨¨á¢®¥£® à §¢¨â¨ï ­¥ ¯®«ãç¨«¨. �¤¥áì ¯®¤ \â®­ª®©"áâàãªâãà®© ¯®­¨¬ ¥âáï à á¯à¥¤¥«¥­¨¥ ¨­â¥­á¨¢-­®áâ¨  ªãáâ¨ç¥áª®£® á¨£­ «  ¯® ¢ëá®â¥ ¢®¤­®£®á«®ï, ®¡ãá«®¢«¥­­®¥ ¨­â¥àä¥à¥­æ¨¥© ®âà ¦¥­­ëå®â ¯®¢¥àå­®áâ¨ ¨ ¤­  ¬®àï  ªãáâ¨ç¥áª¨å ¢®«­. �­ áâ®ïé¥¥ ¢à¥¬ï ¢®§­¨ª«  ­¥®¡å®¤¨¬®áâì ¨§¬¥-à¥­¨ï ¯à®áâà ­áâ¢¥­­ëå å à ªâ¥à¨áâ¨ª á«®¦­ëå¯®¤¢®¤­ëå ¨áâ®ç­¨ª®¢ §¢ãª . �â® âà¥¡ã¥â ¢ ãá«®-¢¨ïå à¥ «ì­ëå ¯®«¨£®­®¢ ¯®«ãç âì ¤®áâ®¢¥à­ë¥¤ ­­ë¥ ®¡  ¡á®«îâ­ëå ãà®¢­ïå ¨§«ãç¥­¨ï íâ¨å¨áâ®ç­¨ª®¢.�®¢à¥¬¥­­ë© íâ ¯ à §¢¨â¨ï ¨áá«¥¤®¢ ­¨© ­ -¯à ¢«¥­ ­  à¥è¥­¨¥ ¯à ªâ¨ç¥áª¨å § ¤ ç, á¢ï§ ­-­ëå á à á¯à®áâà ­¥­¨¥¬  ªãáâ¨ç¥áª¨å ¢®«­ ¢ á«®¥á à §«¨ç­ë¬¨ £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨. � ª, ¢ à -¡®â å [4 {6] à áá¬®âà¥­ë ¢®¯à®áë à á¯à®áâà ­¥-­¨ï §¢ãª  ¢ ãá«®¢¨ïå ¬¥«ª®© ¢®¤ë (­ âãà­ë¥ ¨§-¬¥à¥­¨ï),   â ª¦¥ ¢ ª«¨­®¢¨¤­ëå ¨ á«®¨áâëå ¢®«-­®¢®¤ å (â¥®à¥â¨ç¥áª¨¥ ¬®¤¥«¨).�¥«ìî ¤ ­­®£® ¨áá«¥¤®¢ ­¨ï ï¢«ï¥âáï:� ¯®«ãç¥­¨¥  ­ «¨â¨ç¥áª¨å § ¢¨á¨¬®áâ¥©, ¯®-§¢®«ïîé¨å ®¯à¥¤¥«¨âì à á¯à¥¤¥«¥­¨¥ ¨­â¥­-á¨¢­®áâ¨  ªãáâ¨ç¥áª®© ¢®«­ë ¯®¯¥à¥ª ¢®¤­®£®á«®ï;26 c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 26 { 30� à §à ¡®âª  à¥ª®¬¥­¤ æ¨© ¯® ¯®¢ëè¥­¨î â®ç-­®áâ¨ ¨§¬¥à¥­¨ï ãà®¢­¥© ¨§«ãç¥­¨ï ¨áâ®ç­¨-ª  ¯ãâ¥¬ ã¬¥­ìè¥­¨ï ¢«¨ï­¨ï ¨­â¥àä¥à¥­æ¨¨¢®«­.1. ���������� ������� ®¤­®à®¤­®¬ ¢®¤­®¬ á«®¥ ¢ëá®â®©H á £à ­¨æ -¬¨ à §¤¥«  \¢®§¤ãå{ ¢®¤ " ¨ \¢®¤ {¤­®" (ª®íää¨-æ¨¥­â ®âà ¦¥­¨ï ¤«ï ¢¥àå­¥© £à ­¨æë á«®ï ¨¬¥¥â§­ ç¥­¨¥ (�1), ¤«ï ­¨¦­¥© { (+1)) ­  £«ã¡¨­¥ h1­ å®¤¨âáï â®ç¥ç­ë© ¨áâ®ç­¨ª §¢ãª  ¬®­®¯®«ì­®-£® â¨¯ , ¨§«ãç îé¨© £ à¬®­¨ç¥áª¨¥ ¢®«­ë. � £«ã¡¨­¥ h2 à á¯®«®¦¥­ ¯à¨¥¬­¨ª §¢ãª . �à¥¡ã¥â-áï ¨áá«¥¤®¢ âì \â®­ªãî" áâàãªâãàã ¯®«ï ¯® ¢ëá®-â¥ á«®ï á æ¥«ìî ®¯à¥¤¥«¥­¨ï  ¡á®«îâ­ëå ãà®¢­¥©§¢ãª®¨§«ãç¥­¨ï ¨áâ®ç­¨ª  ¢ ¤ «ì­¥¬ ¯®«¥ kr0�1(§¤¥áì k { ¢®«­®¢®¥ ç¨á«®, r0 { à ááâ®ï­¨¥ ®â ¨á-â®ç­¨ª  ¤® ¯à¨¥¬­¨ª ).2. ������� �������¥è¥­¨¥ ¯®áâ ¢«¥­­®© § ¤ ç¨ ®á­®¢ ­® ­  ¨á-¯®«ì§®¢ ­¨¨ «ãç¥¢®© â¥®à¨¨ à á¯à®áâà ­¥­¨ï§¢ãª , ª®â®à ï ¯®§¢®«ï¥â ¯à¥¤áâ ¢¨âì  ªãáâ¨ç¥-áª®¥ ¯®«¥ ¨áâ®ç­¨ª  ¢ á«®¥ ¢ ¢¨¤¥ á®¢®ªã¯­®áâ¨«ãç¥©, ¢ëå®¤ïé¨å ¨§ ¨áâ®ç­¨ª , ¨ ¥£® §¥àª «ì­ëå®âà ¦¥­¨© ®â £à ­¨æ á«®ï (¯®¢¥àå­®áâ¨ ¨ ¤­ ).� â®çª¥ ¯à¨¥¬  á¨£­ «®¢  ªãáâ¨ç¥áª®¥ ¤ ¢«¥­¨¥¡ã¤¥â P (t) = P¯à(t) + nXi=1 Pi(t); (1)£¤¥ P¯à(t) {  ªãáâ¨ç¥áª®¥ ¤ ¢«¥­¨¥, á®§¤ ¢ ¥¬®¥¯àï¬ë¬ «ãç®¬; Pi(t) {  ªãáâ¨ç¥áª®¥ ¤ ¢«¥­¨¥, á®-§¤ ¢ ¥¬®¥ ®âà ¦¥­­ë¬ «ãç®¬; t { â¥ªãé¥¥ ¢à¥¬ï.�®£¤  ¨­â¥­á¨¢­®áâì  ªãáâ¨ç¥áª®© ¢®«­ë ¢ â®çª¥­ ¡«î¤¥­¨ï ®¯à¥¤¥«¨âáï ¢ëà ¦¥­¨¥¬J = P 202�c = �P¯à(t) + nPi=1Pi(t)�22�c ; (2)£¤¥ P0 {  ¬¯«¨âã¤   ªãáâ¨ç¥áª®£® ¤ ¢«¥­¨ï; � {¯«®â­®áâì ¢®¤ë; c { áª®à®áâì §¢ãª  ¢ ¢®¤¥. �ë¯®«-­¨¢ ª®£¥à¥­â­®¥ á«®¦¥­¨¥ ¢ ¢ëà ¦¥­¨¨ (2), ¯®«ã-ç¨¬ J = 12�c�P 2̄à(t) + nXi=1 P 2i (t)++2 nXi=1 nXj=1Pi(t)Pj(t)� (3)(ç¥àâ  ¢ á®®â­®è¥­¨ïå (2) ¨ (3) ®§­ ç ¥â ®¯¥à -æ¨î ®áà¥¤­¥­¨ï ¯® ¢à¥¬¥­¨). �¥à¢ë© ç«¥­ ¢ëà -¦¥­¨ï (3) ®¯à¥¤¥«ï¥â ¨­â¥­á¨¢­®áâì ¯àï¬®£® «ãç 

¨áâ®ç­¨ª , ¢â®à®© { ¨­â¥­á¨¢­®áâì «ãç¥© ¬­¨¬ëå¨áâ®ç­¨ª®¢, âà¥â¨© { ¨­â¥­á¨¢­®áâì «ãç¥© áâ â¨-áâ¨ç¥áª¨ ¢§ ¨¬®¤¥©áâ¢ãîé¨å ¬¥¦¤ã á®¡®© (ª®à-à¥«¨à®¢ ­­ëå) ¨áâ®ç­¨ª®¢. �­â¥­á¨¢­®áâì §¢ã-ª , ®¯à¥¤¥«ï¥¬®£® ¯¥à¢ë¬ ¨ ¢â®àë¬ ç«¥­ ¬¨ ¢ë-à ¦¥­¨ï (3), á®®â¢¥âáâ¢ã¥â áà¥¤­¥© ¨­â¥­á¨¢­®-áâ¨  ªãáâ¨ç¥áª®© ¢®«­ë ¢ á«®¥:J = nXi=1 Wi4�r2i ; (4)£¤¥ Wi {  ªãáâ¨ç¥áª ï ¬®é­®áâì i ¨áâ®ç­¨ª  §¢ã-ª ; ri { à ááâ®ï­¨¥ ®â i ¨áâ®ç­¨ª  ¤® â®çª¨ ­ -¡«î¤¥­¨ï [7].�. �. �ãâ¨­ë¬ [2] ¯®ª § ­®, çâ® áà¥¤­ïï ¨­â¥­-á¨¢­®áâì ¨áâ®ç­¨ª  ¢ á«®¥ ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥-­¨¥¬ Jáà = 1Z�1 WH r0dz4�(r20 + z2)3=2 = W2�Hr0 ; (5)£¤¥ W=H { ã¤¥«ì­ ï ¬®é­®áâì ¨§«ãç¥­¨ï. � ©¤¥¬¨­â¥­á¨¢­®áâì  ªãáâ¨ç¥áª®© ¢®«­ë, ¨§ãç ¥¬®© ¨á-â®ç­¨ª®¬, ®¡ãá«®¢«¥­­ãî ¢§ ¨¬®¤¥©áâ¢¨¥¬ ®âà -¦¥­­ëå «ãç¥©.�â¬¥â¨¬ â®â ¨§¢¥áâ­ë© ä ªâ, çâ® ¯à¨ ®âà -¦¥­¨¨ á¨£­ «®¢ ®â ¢¥àå­¥© ¨ ­¨¦­¥© £à ­¨æ á«®ï¨å ä §ë ®â«¨ç îâáï ­  180�. �á«¥¤áâ¢¨¥ íâ®£®,¢ à¥§ã«ìâ â¥ ¬­®£®ªà â­ëå ®âà ¦¥­¨© «ãç¥© ®â¯®¢¥àå­®áâ¨ ¨ ¤­  á®§¤ ¥âáï á¨áâ¥¬ , á®áâ®ïé ï¨§ n ¯ à ¯à®â¨¢®¯®«®¦­® ­ ¯à ¢«¥­­ëå ¨áâ®ç­¨-ª®¢{ ¤¨¯®«¥©, ­ å®¤ïé¨åáï ­  à ááâ®ï­¨¨ 2h1 ¤àã£®â ¤àã£  (à¨á. 1). �ãç¨, ¢ëå®¤ïé¨¥ ¨§ ª ¦¤®© ¯ -àë ¯à®áâëå ¨áâ®ç­¨ª®¢ { ¤¨¯®«¥©, ¯à¨å®¤ïâ ¢ â®ç-ªã ¯à¨¥¬  á à §­®áâìî ä § �i=(ri+1�ri)=c. �ãáâì¬£­®¢¥­­ë¥ §­ ç¥­¨ï  ªãáâ¨ç¥áª®£® ¤ ¢«¥­¨ï ¯àï-¬®£® «ãç  ¨ «ãç¥© ¬­¨¬ëå ¨áâ®ç­¨ª®¢ ¡ã¤ãâPj(t) = P0 cos !t;Pi(t) = P0 cos!(t + �i);£¤¥ P0 {  ¬¯«¨âã¤­®¥ §­ ç¥­¨¥  ªãáâ¨ç¥áª®£® ¤ -¢«¥­¨ï; ! { ªàã£®¢ ï ç áâ®â ; �i { ¢à¥¬¥­­ ï § -¤¥à¦ª  á¨£­ «®¢. �®£¤  ¨­â¥­á¨¢­®áâì ¢§ ¨¬®-¤¥©áâ¢ãîé¨å ¨áâ®ç­¨ª®¢ { ¤¨¯®«¥©, ®áà¥¤­¥­­ ï¯® ¢à¥¬¥­¨ ­ ¡«î¤¥­¨ï T , § ¯¨è¥âáï ª ªJ = Pj(t)Pi(t + �i)2�c == limT!1 1T TZ0 Pj(t)Pi(t+ �i)2�c dt = P 202�c cos!�i: (6)�. �. � §¨¬¨à®¢, �. �. �®à¦¥¢, �. �. �ã¡ à®¢ 27
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�¨á. 1. �à ¥ªâ®à¨¨ ¯àï¬®£® ¨ ®âà ¦¥­­ëå®â ¯®¢¥àå­®áâ¨ ¨ ¤­   ªãáâ¨ç¥áª¨å «ãç¥©¬¥¦¤ã ¨áâ®ç­¨ª®¬ ¨ ¯à¨¥¬­¨ª®¬�ç¨âë¢ ï, çâ® P 202�c = W2�Hr0(á¬. ¢ëà ¦¥­¨ï (5) ¨ (6)), ¬®¦­® § ¯¨á âìJ = W2�Hr0 cos !�i: (7)�ã¬¬ à­ãî ¨­â¥­á¨¢­®áâì ª®£¥à¥­â­ëå ¨áâ®ç­¨-ª®¢ (âà¥â¨© ç«¥­ ¢ëà ¦¥­¨ï (3)), à á¯®«®¦¥­­ëå­  à ááâ®ï­¨¨ 2h1 ¤àã£ ®â ¤àã£ , ¬®¦­® ¯à¥¤áâ -¢¨âì ¢ ¢¨¤¥ áã¬¬ë â®«ìª® ¤¨¯®«ì­ëå ¨áâ®ç­¨ª®¢.�®£¤ J = nPi=1 nPj=1Pi(t)Pj(t)2�c = 2nXi=1 Pi(t)Pi+1(t+ �i)2�c ; (8)£¤¥ 2n { ç¨á«® ¬­¨¬ëå ¨áâ®ç­¨ª®¢ { ¤¨¯®«¥©;Pi+1(t+�i) { ¤ ¢«¥­¨¥, á®§¤ ¢ ¥¬®¥ ¯à®â¨¢®¯®«®¦-­® ­ ¯à ¢«¥­­ë¬ ¨áâ®ç­¨ª®¬, ­ å®¤ïé¨¬áï ­ 

à ááâ®ï­¨¨ 2h1 ®â ¨áâ®ç­¨ª , á®§¤ îé¥£® ¤ ¢«¥-­¨¥ Pi(t). �ã¬¬ã ª®£¥à¥­â­ëå ¨áâ®ç­¨ª®¢ (8)¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ®¤­®£® ¨áâ®ç­¨ª , ¨­-â¥­á¨¢­®áâì ª®â®à®£® à ¢­  áà¥¤­¥© ¨­â¥­á¨¢­®-áâ¨ ¢ á«®¥,   ä §  { áà¥¤­¥¬ã §­ ç¥­¨î áã¬¬ë ¢à¥-¬¥­­ëå § ¤¥à¦¥ª [8,9]:� = 12n+ 1��0 + nXi=1 �i + nXj=1 �j� : (9)�¤¥áì �0 { § ¤¥à¦ª  ¯® ¢à¥¬¥­¨ ¤¥©áâ¢¨â¥«ì­®£®¨áâ®ç­¨ª  ¨ ¥£® ¬­¨¬®£® ¨§®¡à ¦¥­¨ï ®â ¯®¢¥àå-­®áâ¨ á«®ï; �i { § ¤¥à¦ª  ¯® ¢à¥¬¥­¨ ¬­¨¬®£® ¤¨-¯®«ì­®£® ¨áâ®ç­¨ª , ­ å®¤ïé¥£®áï ¢ ¢¥àå­¥© ç -áâ¨ ®â ¯®¢¥àå­®áâ¨ á«®ï; �j { § ¤¥à¦ª  ¯® ¢à¥¬¥-­¨ ¬­¨¬®£® ¤¨¯®«ì­®£® ¨áâ®ç­¨ª , ­ å®¤ïé¥£®áï¢ ­¨¦­¥© ç áâ¨ ®â ¤­ . �®£¤ , á ãç¥â®¬ á®®â­®-è¥­¨ï (8), ä®à¬ã«  (3) ¯à¨¬¥â ¢¨¤J = Jáà(1� cos!� ): (10)�­ «¨§ ¢ëà ¦¥­¨ï (10) ¯®ª §ë¢ ¥â, çâ® ®­® á®-®â¢¥âáâ¢ã¥â ãá«®¢¨ï¬ ª®£¥à¥­â­®£® á«®¦¥­¨ï  ªã-áâ¨ç¥áª¨å ¨áâ®ç­¨ª®¢ [10]. � ª, ¯à¨ cos!� =0¨­â¥­á¨¢­®áâì J à ¢­  áà¥¤­¥© ¨­â¥­á¨¢­®áâ¨¢ á«®¥ Jáà (¨­â¥àä¥à¥­æ¨ï ®âáãâáâ¢ã¥â). �à¨cos !�=�1 ¨­â¥­á¨¢­®áâì  ªãáâ¨ç¥áª®© ¢®«­ë ¢á«®¥ à ¢­  ­ã«î ¨«¨ ã¤¢ ¨¢ ¥âáï.�¯à¥¤¥«¨¬ � ¤«ï ¯à¨­ïâëå £à ­¨ç­ëå ãá«®¢¨©.�ã¤¥¬ áç¨â âì, çâ® r0�H, â. ¥. à ááâ®ï­¨¥ ®â¨áâ®ç­¨ª  ¤® â®çª¨ ¯à¨¥¬  ­ ¬­®£® ¯à¥¢®áå®¤¨â£«ã¡¨­ã ¢®¤­®£® á«®ï. �à¨ íâ®¬ ãá«®¢¨¨ «ãç¨®â ¨áâ®ç­¨ª  ¬®¦­® áç¨â âì ¯ à ««¥«ì­ë¬¨ [8].�§ à¨á. 2 ¢¨¤­®, çâ® �i=�i=c=2h1 sin�i, £¤¥ ¤«ï¬­¨¬ëå ¨áâ®ç­¨ª®¢, ­ å®¤ïé¨åáï ¢ëè¥ ¤¥©áâ¢¨-â¥«ì­®£® ¨áâ®ç­¨ª ,sin�i = 2nH + h2li ; (11)  ¤«ï ¬­¨¬ëå ¨áâ®ç­¨ª®¢, ­ å®¤ïé¨åáï ­¨¦¥ ¤¥©-áâ¢¨â¥«ì­®£® ¨áâ®ç­¨ª ,sin�j = �2nH � h2lj : (12)�à®¬¥ â®£®, li =pr20 + (2nH + h2)2;lj =pr20 + (2nH � h2)2: (13)�á¯®«ì§ãï á®®â­®è¥­¨ï (11) { (13), ¯®«ãç ¥¬ á«¥-28 �. �. � §¨¬¨à®¢, �. �. �®à¦¥¢, �. �. �ã¡ à®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 26 { 30¤ãîé¨¥ ¢ëà ¦¥­¨ï ¤«ï �0, �i, �j:�0 = 2h1h2cpr20 + h22 ;�i = 2h1(2nH + h2)cpr20 + (2nH + h2)2 ;�j = � 2h1(2nH � h2)cpr20 + (2nH � h2)2 : (14)�̄ à®áâ¨¬ ¯¥à¢ë¥ ¤¢  ¢ëà ¦¥­¨ï ¢ (14). �«ïíâ®£® à áá¬®âà¨¬ ¨å ¯à¨ ãá«®¢¨¨ r0�H ª ªäã­ªæ¨¨ ®â ª®«¨ç¥áâ¢  ¬­¨¬ëå ¨áâ®ç­¨ª®¢n=1; 2; 3 : : :: 2nH + h2r0 = A(n);2nH � h2r0 = B(n):�®£¤  ¯à¨ r0!1�0 = 2h1h2cr0 ;�i = 2h1c A(n)p1 + A2(n) ;�j = �2h1c B(n)p1 + B2(n) ;£¤¥ äã­ªæ¨¨ A(n) ¨ B(n) ¬®£ãâ ¨§¬¥­ïâìáï ¢ § -¢¨á¨¬®áâ¨ ®â n á«¥¤ãîé¨¬ ®¡à §®¬:A(n) < 1; B(n) < 1 ¯à¨ nH < r0;A(n) > 1; B(n) > 1 ¯à¨ nH > r0:� ¯¥à¢®¬ á«ãç ¥ á ®è¨¡ª®© ¬¥­¥¥ 15�17 % ¬®¦­®áç¨â âì �i = 2h1c A(n);�j = �2h1c B(n): (15)�® ¢â®à®¬ á«ãç ¥ ¯à¨ n!1 ®è¨¡ª  áâà¥¬¨âáï ª­ã«î,   �i = 2h1c ;�i = �2h1c : (16)�®¤áâ ¢«ïï ¢ ä®à¬ã«ã (9) ¯¥à¢®¥ ¨§ ¢ëà ¦¥-­¨© (14),   â ª¦¥ á®®â­®è¥­¨ï (15) ¨ (16), ¯®«ã-ç ¥¬ ¢ëà ¦¥­¨¥ ¤«ï ®ç¥à¥¤­®© áà¥¤­¥© ¢à¥¬¥­­®©§ ¤¥à¦ª¨: � = 2h1h2cr0 : (17)

�¨á. 2. �®¤ «ãç¥© ¬­¨¬ëå ¨áâ®ç­¨ª®¢¯à¨ ãá«®¢¨¨ r0�H� ãç¥â®¬ ä®à¬ã«ë (17), §¢ãª®¨§«ãç¥­¨¥ ¬®­®-¯®«ì­®£® ¨áâ®ç­¨ª  ¢ ¢®¤­®¬ á«®¥ ¯à¨ ¨¤¥ «ì­ëå®âà ¦ îé¨å £à ­¨æ å ¨ r0�H ¬®¦­® ¯à¥¤áâ -¢¨âì ª ª J = W2�Hr0 �1� cos 4�h1h2�r0 � ; (18)£¤¥ � { ¤«¨­  ¨§ãç ¥¬®© ¢®«­ë. �«¥¤®¢ â¥«ì­®,¨§¬¥­¥­¨¥ ¨­â¥­á¨¢­®áâ¨  ªãáâ¨ç¥áª®© ¢®«­ë ¯®¢ëá®â¥ á«®ï ®¯¨áë¢ ¥âáï ¢ëà ¦¥­¨¥¬J = Jáà cos 4�h1h2�r0 ;  ¥¥ áà¥¤­ïï ¨­â¥­á¨¢­®áâì ¯® ¢ëá®â¥ á«®ï ¯à¨n!1, ª ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, á®áâ ¢«ï¥âJ(H) = Jáà 1H HZ0 cos 4�h1z�r0 dz == Jáà limr0!1 sin 4�hiH�r04�h1H�r0 ! Jáà: (19)�. �. � §¨¬¨à®¢, �. �. �®à¦¥¢, �. �. �ã¡ à®¢ 29
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