
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 59 { 63��� 532.59��������� ������������� ����������������������� ����������� �������������������������. �. �������, �. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 11.01.2000�áá«¥¤ã¥âáï £¥­¥à æ¨ï ¯®¢¥àå­®áâ­ëå ¢®«­, ¢ë§¢ ­­ëå ­ ¡¥£ ­¨¥¬ ®¤­®à®¤­®£® ¯®â®ª  ­  á¨áâ¥¬ã ¨§ ¤¢ãå ¨áâ®ç-­¨ª®¢, § £«ã¡«¥­­ëå ¢ ¦¨¤ª®áâ¨ ª®­¥ç­®© £«ã¡¨­ë. �à¥å¬¥à­ ï § ¤ ç  ¢ «¨­¥©­®© ¯®áâ ­®¢ª¥ à¥è ¥âáï á ¯®¬®éìî¬¥â®¤  ¬ã«ìâ¨¯®«ì­ëå à §«®¦¥­¨©. �®«ãç¥­ë â®ç­ë¥ à¥è¥­¨ï ¢ ¨­â¥£à «ì­®© ä®à¬¥ ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥© ¨®âª«®­¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨. � ¯®¬®éìî ç¨á«¥­­®© ¯à®æ¥¤ãàë ­  ®á­®¢¥ ¬¥â®¤  �¨¬¯á®­  á¤¥« ­ë à áç¥âë¤«ï ®âª«®­¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨. �áá«¥¤ã¥âáï § ¢¨á¨¬®áâì ä®à¬ë ®âª«®­¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ®âç¨á«  �àã¤  ¨ à ááâ®ï­¨ï ¬¥¦¤ã ¨áâ®ç­¨ª ¬¨.�®á«÷¤¦ãõâìáï £¥­¥à æ÷ï ¯®¢¥àå­¥¢¨å å¢¨«ì, ¢¨ª«¨ª ­¨å ­ ¡÷£ ­­ï¬ ®¤­®à÷¤­®£® ¯®â®ªã ­  á¨áâ¥¬ã § ¤¢®å ¢¨â®ª÷¢,§ ­ãà¥­¨å ¢ à÷¤¨­ã áª÷­ç¥­®ù £«¨¡¨­¨. �à¨¢¨¬÷à­  § ¤ ç  ¢ «÷­÷©­÷© ¯®áâ ­®¢æ÷ à®§¢'ï§ãõâìáï §  ¤®¯®¬®£®î ¬¥â®¤ã¬ã«ìâ¨¯®«ì­¨å à®§ª« ¤÷¢. �âà¨¬ ­® â®ç­÷ à®§¢'ï§ª¨ ¢ ÷­â¥£à «ì­÷© ä®à¬÷ ¤«ï ¯®â¥­æ÷ «ã è¢¨¤ª®áâ¥© â  ¢÷¤å¨«¥­­ï¢÷«ì­®ù ¯®¢¥àå­÷. �  ¤®¯®¬®£®îç¨á¥«ì­®ù ¯à®æ¥¤ãà¨ ­  ®á­®¢÷ ¬¥â®¤ã �÷¬¯á®­  §à®¡«¥­® à®§à åã­ª¨ ¤«ï ¢÷¤å¨«¥­­ï¢÷«ì­®ù ¯®¢¥àå­÷. �®á«÷¤¦ãõâìáï § «¥¦­÷áâì ä®à¬¨ ¢÷¤å¨«¥­­ï ¢÷«ì­®ù ¯®¢¥àå­÷ ¢÷¤ ç¨á«  �àã¤  â  ¢÷¤áâ ­÷ ¬÷¦¢¨â®ª ¬¨.The surface wave generation due to the running-up of the homogeneous 
ow on the two sources submerged in the 
uidof the �nite depth is investigated. The 3D linear problem by the method of the multipole expansions is solved. Theexact solutions in the integral form for the velocity potential and the free surface elevation are obtained. The numericalcalculations for the free surface elevation on the basis of the Simpson method are carried out. The dependence of the freesurface form from the Froude number and the distance between the sources is investigated.���������à®¡«¥¬  £¥­¥à æ¨¨ ¯®¢¥àå­®áâ­ëå ¨ ¢­ãâà¥­-­¨å ¢®«­ ¢ ¦¨¤ª®áâ¨ «®ª «ì­ë¬¨ ¨ ­¥«®ª «ì­ë-¬¨ ­¥®¤­®à®¤­®áâï¬¨ ¯à¥¤áâ ¢«ï¥â ¡®«ìè®© ­ -ãç­ë© ¨­â¥à¥á ¨ ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢ -­¨© ¬­®£¨å ãç¥­ëå. �á®¡ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ï-¥â ¨áá«¥¤®¢ ­¨¥ ¤¢¨¦¥­¨ï ¨áâ®ç­¨ª®¢ ª ª ¢ ¯®«ã-¡¥áª®­¥ç­®© ¦¨¤ª®áâ¨, â ª ¨ ¢ ¦¨¤ª®áâ¨ ª®­¥ç­®©£«ã¡¨­ë. �¨áâ¥¬ â¨§¨à®¢ ­­® ¨§«®¦¥­  § ¤ ç  ®¯ã«ìá¨àãîé¥¬ ¨áâ®ç­¨ª¥ ¢ à ¡®â¥ [1]. �áá«¥¤®¢ -­® ¤¢¨¦¥­¨¥ ¨áâ®ç­¨ª  ¢ ®¤­®¬¥à­®¬, ¤¢ã¬¥à­®¬¨ âà¥å¬¥à­®¬ á«ãç ïå ¢ à ¡®â¥ [2]. � à ¡®â¥ [3]à áá¬®âà¥­  ¯«®áª ï § ¤ ç  ® ¢®«­®¢®¬ á«¥¤¥ § ¤ã¡«¥â®¬ ¢ ®¤­®à®¤­®¬ ¯®â®ª¥. �¢¨¦¥­¨¥ ¨áâ®ç-­¨ª®¢ ¤®¢®«ì­® ¯®«­® ¯à¥¤áâ ¢«¥­® ¨ ¢ á®¢à¥¬¥­-­ëå à ¡®â å. � à ¡®â¥ [4] ¯®áâà®¥­  à ¢­®¬¥à­ ï áá¨¬¯â®â¨ª  ¤ «ì­¥£® ¯®«ï ¢­ãâà¥­­¨å ¢®«­ ¯à¨¤¢¨¦¥­¨¨ â®ç¥ç­®£® ¨áâ®ç­¨ª  ¢ áâà â¨ä¨æ¨à®-¢ ­­®© ¦¨¤ª®áâ¨. � à ¡®â¥ [5] à áá¬ âà¨¢ ¥âáï§ ¤ ç  ¤«ï ¨áâ®ç­¨ª , à á¯®«®¦¥­­®£® ­  ¯®¢¥àå-­®áâ¨ à §¤¥«  ¤¢ãå ¦¨¤ª®áâ¥©.�§¢¥áâ­® â ª¦¥ ¬­®£® à ¡®â, ¢ ª®â®àëå ®¯¨á -­® ¢§ ¨¬®¤¥©áâ¢¨¥ ®¤­®£® ¨«¨ ­¥áª®«ìª¨å â¥« ¯®¤¢®¤®©. � à ¡®â¥ [6] à áá¬®âà¥­® ¨§¬¥­¥­¨¥ ¢®«­®-¢®£® á®¯à®â¨¢«¥­¨ï ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã-

§®ª ¯à¨ ¤¢¨¦¥­¨¨ ¤¢ãå áä¥à ¯®¤ ¢®¤®© ¢ ¨¤¥ «ì­®¬¯®â®ª¥ ¢ § ¢¨á¨¬®áâ¨ ®â à ááâ®ï­¨© ¬¥¦¤ã áä¥à -¬¨. � à ¡®â¥ [7] ­  ®á­®¢¥ ¬¥â®¤  ¬ã«ìâ¨¯®«ì­ëåà §«®¦¥­¨© ¨áá«¥¤®¢ ­ë á¨«ë ¢§ ¨¬®¤¥©áâ¢¨ï ¤«ï£àã¯¯ë ¯®£àã¦¥­­ëå áä¥à, ¤¢¨¦ãé¨åáï ¢ ¯®â¥­-æ¨ «ì­®¬ ¯®â®ª¥, ¢ § ¢¨á¨¬®áâ¨ ®â ç¨á«  �àã-¤  ¨ à ááâ®ï­¨ï ¬¥¦¤ã áä¥à ¬¨. � à ¡®â¥ [8] ¢âà¥å¬¥à­®© «¨­¥©­®© ¯®áâ ­®¢ª¥ ¨§ãç¥­® ¢§ ¨¬®-¤¥©áâ¢¨¥ ¤¢ãå ¯« ¢ îé¨å â¥« ¢ ¦¨¤ª®áâ¨ ª®­¥ç-­®© £«ã¡¨­ë ¢ ¯®«¥ £ à¬®­¨ç¥áª¨å ¢®«­. � à ¡®-â å [9 { 11] ¯®«ãç¥­ë  ­ «¨â¨ç¥áª¨¥ à¥è¥­¨ï ¤«ïà §«¨ç­ëå ¯®£àã¦¥­­ëå â¥«.�¤­ ª® ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¢§ ¨¬®¤¥©áâ¢¨ï ­¥-áª®«ìª¨å â¥« ¢ ãª § ­­ëå ¢ëè¥ à ¡®â å ¢­¨¬ ­¨¥ ªæ¥­â¨à®¢ «®áì ­   ­ «¨§¥ ¢®«­®¢®£® á®¯à®â¨-¢«¥­¨ï ¨ ¢®«­®¢ëå £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§®ª,¨ ­¥ ¯à®¢®¤¨«áï  ­ «¨§ ¨§¬¥­¥­¨ï ä®à¬ë á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨.� ¤ ­­®© à ¡®â¥ ¨áá«¥¤ã¥âáï § ¤ ç  £¥­¥à æ¨¨¢®«­ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ®â ¤¢ãå § £«ã¡«¥­-­ëå ¨áâ®ç­¨ª®¢, ®¡â¥ª ¥¬ëå ®¤­®à®¤­ë¬ ¯®â®-ª®¬ ¢ ¦¨¤ª®áâ¨ ª®­¥ç­®© £«ã¡¨­ë. �áá«¥¤ã¥âáïä®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ § ¢¨á¨¬®áâ¨ ®âç¨á«  �àã¤  ¨ à ááâ®ï­¨ï ¬¥¦¤ã ¨áâ®ç­¨ª ¬¨.�®ª § ­® á¨«ì­®¥ ¢«¨ï­¨¥ íâ¨å ¯ à ¬¥âà®¢ ­  ¨§-¬¥­¥­¨¥ ä®à¬ë á¢®¡®¤­®© ¯®¢¥àå­®áâ¨.c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 59 { 631. ���������� ������� áá¬ âà¨¢ ¥âáï âà¥å¬¥à­ ï § ¤ ç  ® £¥­¥à -æ¨¨ ¯®¢¥àå­®áâ­ëå £à ¢¨â æ¨®­­ëå ¢®«­ ­ ¡¥£ -­¨¥¬ ®¤­®à®¤­®£® ¯®â®ª  á® áª®à®áâìî U ­  á¨-áâ¥¬ã ¨§ ¤¢ãå ¨áâ®ç­¨ª®¢, à á¯®«®¦¥­­ëå ­  à á-áâ®ï­¨¨ l ¤àã£ ®â ¤àã£  ¢ ¦¨¤ª®áâ¨ ª®­¥ç­®© £«ã-¡¨­ë (à¨á. 1). �¨¤ª®áâì ¯à¥¤¯®« £ ¥âáï ­¥¢ï§-ª®©, ­¥á¦¨¬ ¥¬®©, ¤¢¨¦¥­¨ï { ¯®â¥­æ¨ «ì­ë¬¨.�«ï ª ¦¤®£® ¨§ ¨áâ®ç­¨ª®¢ ¢¢®¤¨âáï á¢®ï ¤¥ª à-â®¢  á¨áâ¥¬  ª®®à¤¨­ â: ¤«ï ¯¥à¢®£® ¨áâ®ç­¨ª  {O1X1Y1Z1 á ­ ç «®¬ ª®®à¤¨­ â ¢ â®çª¥ (0; 0; 0) ­ ­¥¢®§¬ãé¥­­®© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨, ¤«ï ¢â®-à®£® { O2X2Y2Z2 á ­ ç «®¬ ª®®à¤¨­ â ¢ â®çª¥(l; 0; 0). �®®à¤¨­ â­ë¥ ®á¨ OiZi; i = 1; 2 ­ ¯à ¢«¥-­ë ¢¥àâ¨ª «ì­® ¢¢¥àå, ¯®«®¦¨â¥«ì­®¥ ­ ¯à ¢«¥-­¨¥ ®á¥© OiXi á®¢¯ ¤ ¥â c ­ ¯à ¢«¥­¨¥¬ áª®à®áâ¨U (á¬. à¨á. 1) .�«ï ®¯¨á ­¨ï ¢®«­®¢ëå ¤¢¨¦¥­¨©, ¯®à®¦¤ ¥-¬ëå ª ¦¤ë¬ ¨§ ¨áâ®ç­¨ª®¢, ¢¢®¤ïâáï ¯®â¥­æ¨ «ëáª®à®áâ¥© �i(xi; yi; zi); i = 1; 2�i(xi; yi; zi) = �Uxi + 'i(xi; yi; zi): (1)� â¥¬ â¨ç¥áª ï ¯®áâ ­®¢ª  § ¤ ç¨ ¤«ï ¯®â¥­-æ¨ «®¢ 'i(xi; yi; zi); i = 1; 2 ¢ª«îç ¥â ãà ¢­¥­¨ï� ¯« á  ¢ ®¡« áâ¨ 
 ¨ «¨­¥ à¨§¨à®¢ ­­ë¥ £à -­¨ç­ë¥ ãá«®¢¨ï ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ z = 0 ¨­  ¤­¥ zi = �d:'i;xixi + 'i;yiyi + 'i;zizi = 0 ¢ 
i; (2)gU2'i;zi + 'i;xixi = 0 ­  z = 0; (3)'i;zi = 0 ­  zi = �d; (4)£¤¥ 
i = [(xi; yi; zi) 2 R3 : (xi; yi) 2 (�1;1)zi 2(�d; 0)].�âª«®­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ®¯à¥¤¥«ï¥â-áï ¯® ä®à¬ã«¥�i(xi; yi) = �Ug 'i;xi jxi=0: (5)�¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë ¢¢®¤ïâáï ¯® ä®à¬ã« ¬(x�i ; y�i ; z�i ; d�; h�; l�) = (xi; yi; zi; d; h; l)=h;��i = �i=h; U� = U=pgh = Fr; (6)'�i = 'i=hpgh; q�i = qi=h2pgh; i = 1; 2;£¤¥ Fr { ç¨á«® �àã¤ ; h { £«ã¡¨­  ¯®£àã¦¥­¨ï¨áâ®ç­¨ª ; d { £«ã¡¨­  ¦¨¤ª®áâ¨; l { à ááâ®ï­¨¥¬¥¦¤ã ¨áâ®ç­¨ª ¬¨; qi { ¬®é­®áâ¨ ¨áâ®ç­¨ª®¢; g{ £à ¢¨â æ¨®­­ ï ¯®áâ®ï­­ ï.

�¨á. 1. �¥­¥à æ¨ï ¢®«­ ¤¢ã¬ï ¯®£àã¦¥­­ë¬¨¨áâ®ç­¨ª ¬¨�®áâ ­®¢ª  § ¤ ç¨ ¢ ¡¥§à §¬¥à­ëå ¯¥à¥¬¥­­ëå¨¬¥¥â ¢¨¤'i;xixi + 'i;yiyi + 'i;zizi = 0 ¢ 
i; (7)1Fr2'i;zi + 'i;xixi = 0 ­  zi = 0; (8)'i;zi = 0 ­  zi = �d: (9)�«ï ®âª«®­¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯®«ãç¨¬á®®â­®è¥­¨¥�i(xi; yi) = �Fr'i;xijxi=0: (10)2. ������� �������«ï à¥è¥­¨ï § ¤ ç¨ ¯à¨¬¥­ï¥âáï ¬¥â®¤ ¬ã«ì-â¨¯®«ì­ëå à §«®¦¥­¨© [12{ 14]. �«ï ª ¦¤®£® ¨§¨áâ®ç­¨ª®¢ ¢¢®¤¨âáï áä¥à¨ç¥áª ï á¨áâ¥¬  ª®®à-¤¨­ â (ri; �i; �i), ­ ç «® ª®â®à®© ­ å®¤¨âáï ¢ â®ç-ª¥ (0; 0;�h), â.¥. ¢ â®çª¥, £¤¥ ­ å®¤¨âáï ¨áâ®ç­¨ª.�¢ï§ì ¬¥¦¤ã áä¥à¨ç¥áª®© ¨ ¯àï¬®ã£®«ì­®© ¤¥ª à-â®¢®© á¨áâ¥¬®© ª®®à¤¨­ â § ¤ ¥âáï ä®à¬ã« ¬¨xi = ri cos �i cos �i; yi = ri sin �i sin �i;zi = ri cos �i � h: (11)�®£« á­® [12], ¯®â¥­æ¨ «ë áª®à®áâ¥© �i(xi; yi; zi)§ ¤ îâáï ¢ ¢¨¤¥ ¬ã«ìâ¨¯®«ì­®£® à §«®¦¥­¨ï'i(xi; yi; zi) == 1Xn=0 nXm=0Ami;n� (�1)n+1rn+1i Pmn (cos �i) cosm�i++(�1)m+nrn+1i;1 Pmn (cos �i;1) cosm�i;1+ (12)60 �. �. �¥«¥§®¢, �. �. �¨à®­çãª



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 59 { 63+Fmi;n(ri; �i; �i)�;£¤¥ (ri;1; �i;1; �i;1) - áä¥à¨ç¥áª ï á¨áâ¥¬  ª®®à¤¨­ âá ­ ç «®¬ ¢ â®çª¥ (0; 0;�2d+h) á®®â¢¥âáâ¢ãîé¥©¯àï¬®ã£®«ì­®© ¤¥ª àâ®¢®© á¨áâ¥¬ë; Pmn (cos �i)- ¯à¨á®¥¤¨­¥­­ë¥ äã­ªæ¨¨ �¥¦ ­¤à , ª®â®àë¥®¯à¥¤¥«ïîâáï á ¯®¬®éìî ¯®«¨­®¬®¢ �¥¦ ­¤à .�¥à¢ë© ç«¥­ ¢ à §«®¦¥­¨¨ (12) ®â®¡à ¦ ¥â ¤¢¨-¦¥­¨¥ ª ¦¤®£® ¨§ ¨áâ®ç­¨ª®¢ ¢ ­¥¢®§¬ãé¥­­®©¦¨¤ª®áâ¨, ¢â®à®© ¨ âà¥â¨© ç«¥­ ¢¢®¤ïâáï ¤«ï â®-£®, çâ®¡ë ã¤®¢«¥â¢®à¨âì ãá«®¢¨ï¬ ­  á¢®¡®¤­®©¯®¢¥àå­®áâ¨ ¨ ­  ¤­¥ ¦¨¤ª®áâ¨.� ¯®¬®éìî ¨­â¥£à «ì­ëå ¯à¥¤áâ ¢«¥­¨© ¤«ï¯à¨á®¥¤¨­¥­­ëå äã­ªæ¨© �¥¦ ­¤à  ¯à¨ �i § ¤ -¤¨¬ ¯¥à¢ë©, ¢â®à®© ¨ âà¥â¨© ç«¥­ë (12) ¢ ¢¨-¤¥ [13] Pmn (cos(�i))rn+1i cos(m�i) == im2�(n�m)! 1Z0 �Z�� kn cos(m
) � Fd
dk; (13)£¤¥F = exp((�k(zi + h) + ikxi cos(
) + ikyi sin(
)));Pmn (cos(�i))rn+1i;1 cos(m�i;1) == im2�(n�m)! 1Z0 �Z�� kn cos(m
) �Gd
dk; (14)£¤¥G = exp((k(�zi�2d+h)+ikxi cos(
)+ikyi sin(
)));Fmi;n = (�1)n+1im2�(n �m)! 1Z0 �Z�� Ai(k; 
) cos(m
)��ch (zi + d) �Ed
dk; (15)£¤¥ E = exp((ikxi cos(
) + ikyi sin(
)):�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (13) { (15) ¢ £à ­¨ç­ë¥ãá«®¢¨ï ­  ¤­¥ ¨ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨, ¯à¨à ¢-­¨¢ ¥¬ ­ã«î ¯®¤ë­â¥£à «ì­ë¥ ¢ëà ¦¥­¨ï ¨ ¯®-«ãç ¥¬ ¢ëà ¦¥­¨ï ¤«ï ¯®â¥­æ¨ «®¢ 'i(xi; yi; zi):'i(xi; yi; zi) == 1Xn=0 1Xm=0Ami;n� (�1)n+1rn+1i Pmn (cos(�i)) cos(m�i)++(�1)m+nrn+1i;1 Pmn (cos(�i;1)) cos(m�i;1)�

� (�1)n+1im2�(n�m)! �Z�� ZL �kn cos(m
)ch (k(zi + d))ch kd �(16)�e�kh + (�1)m+ne�k(2d�h)k � 1=Fr2thkd sec2(
) �� exp((ikxi cos(
) + ikyi sin(
)))dkd
�;£¤¥ L { ¯ãâì ¨­â¥£à¨à®¢ ­¨ï, ¨­â¥£à « ¡¥à¥âáï ¢á¬ëá«¥ £« ¢­®£® §­ ç¥­¨ï, ¯®íâ®¬ã L { íâ® ¯ãâì¨­â¥£à¨à®¢ ­¨ï ®â 0 ¤® 1, ¨áª«îç ï ­ã«¨ §­ ¬¥-­ â¥«ï.�«ï á«ãç ï ¤¢¨¦¥­¨ï ¨áâ®ç­¨ª  n = m = 0,A0i;0 = qi [15]. �à®¬¥ â®£®,P 00 (cos �i;1) = P 00 (cos �i) = 1: (17)�âáî¤  ¯®«ãç¨¬ ®ª®­ç â¥«ì­®¥ ¢ëà ¦¥­¨¥ ¤«ïª ¦¤®£® ¨§ ¯®â¥­æ¨ «®¢'i(xi; yi; zi) = qi��1ri + 1ri;1�� 12� �Z�� ZL �ch (k(zi + d))ch kd � (18)�D exp((ikxi cos(
) + ikyi sin(
)))dkd
��;£¤¥ D = (e�kh + e�k(2d�h))(k + 1=Fr2 sec2(
))k � 1=Fr2thkd sec2(
) :�ç¨âë¢ ï ä®à¬ã«ã (10) ¨ ¯¥à¥å®¤ï ¢ ¥¤¨­ãî¯àï¬®ã£®«ì­ãî ¤¥ª àâ®¢ã á¨áâ¥¬ã ª®®à¤¨­ â, ¯®-«ãç ¥¬ ¢ëà ¦¥­¨¥ ¤«ï ®âª«®­¥­¨ï á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨ ª ª áã¯¥à¯®§¨æ¨î à¥è¥­¨© ¤«ï ª ¦¤®£®¨§ ¨áâ®ç­¨ª®¢:� = Re(�1) + Re(�2); (19)£¤¥Re(�1(x; y)) = �Fr�q1�� 2xp(x2 + y2 + h2)3++ 2xp(x2 + y2 + (�2d+ h)2)3+ (20)+ 12� �Z�� 1Z0 D�k cos 
 sin(kx cos(
)+ky sin(
))dkd
)��;Re(�2(x; y)) = �Fr�q2�� 2(x� l)p((x� l)2 + y2 + h2)3+�. �. �¥«¥§®¢, �. �. �¨à®­çãª 61
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 sin(k(x� l) cos(
)++ky sin(
))dkd
��:3. ������ ��������� ������������ ä®à¬ã« å (20), (21) ­¥á®¡áâ¢¥­­ë¥ ¨­â¥£à -«ë ¢ëç¨á«ïîâáï ¢ á¬ëá«¥ £« ¢­®£® §­ ç¥­¨ï, ¯à¨íâ®¬ ¯ãâì ¨­â¥£à¨à®¢ ­¨ï L ¨áª«îç ¥â ­ã«¨ §­ -¬¥­ â¥«ï. �ëç¨á«¥­¨ï ¯à®¢®¤¨«¨áì á ¯®¬®éìîç¨á«¥­­®© ¯à®æ¥¤ãàë ­  ®á­®¢¥ áå¥¬ë �¨¬¯á®­ .�à®£à ¬¬  ­ ¯¨á ­  ¢ ¯à¨ª« ¤­®¬ ¯ ª¥â¥ MapleV Release 4.0. �ë«¨ ¯®áâà®¥­ë £à ä¨ª¨ ®âª«®-­¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¨ ¨áá«¥¤®¢ ­  § ¢¨-á¨¬®áâì ä®à¬ë á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ®â ç¨á« �àã¤  Fr ¨ à ááâ®ï­¨ï ¬¥¦¤ã ¨áâ®ç­¨ª ¬¨ l. �®®áï¬ OX;OY ¯à®¢®¤¨«®áì ­®à¬¨à®¢ ­¨¥ á ¯®¬®-éìî ä®à¬ã« X = x �Fr2; Y = y �Fr2.�­ «¨§ ®áãé¥áâ¢«ï«áï ¯à¨ á«¥¤ãîé¨å §­ ç¥-­¨ïå ¯ à ¬¥âà®¢: Fr 2 [0:4; 0:6], q1 = q2 =[0:01; 0:02], h = 1; d = 2, l 2 [0; 20 � Fr2].�  ®á­®¢¥ ç¨á«¥­­ëå à áç¥â®¢ ¨áá«¥¤®¢ « áì§ ¢¨á¨¬®áâì ¯®«®¦¥­¨© íªáâà¥¬ã¬®¢ ®âª«®­¥­¨ïá¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ®â à ááâ®ï­¨ï ¬¥¦¤ã ¨á-â®ç­¨ª ¬¨ ¤«ï ª ¦¤®£® ¨§ ¨áá«¥¤ã¥¬ëå ç¨á¥«�àã¤ .�«ï Fr = 0:45 ¯à¨ ã¢¥«¨ç¥­¨¨ à ááâ®ï­¨ï¬¥¤¦ã ¨áâ®ç­¨ª ¬¨ ®â l = 0 ¤® l = 20 � Fr2 ¯®-«®¦¥­¨¥ ¬ ªá¨¬ «ì­®£® ®âª«®­¥­¨ï á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨ á¬¥é ¥âáï ¢ ¯®«®¦¨â¥«ì­®¬ ­ ¯à ¢«¥-­¨¨ ®á¨ OX, ­ å®¤ïáì ¯à¨ íâ®¬ §  á¨áâ¥¬®© ¨§¤¢ãå ¨áâ®ç­¨ª®¢. �à¨ l 2 [1 � Fr2; 20 � Fr2] ¬ ª-á¨¬ «ì­®¥ ®âª«®­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¤®-áâ¨£ ¥âáï ¬¥¦¤ã ¤¢ã¬ï ¨áâ®ç­¨ª ¬¨. �à¨ l 2[1�Fr2; 2�Fr2] ¬ ªá¨¬ã¬ ®âª«®­¥­¨ï á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨ à á¯®«®¦¥­ ¡«¨¦¥ ª ¯¥à¢®¬ã ¨áâ®ç­¨-ªã, ¯à¨ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¥­¨¨ à ááâ®ï­¨ï ¬¥¦-¤ã ¨áâ®ç­¨ª ¬¨ l ¢¥«¨ç¨­  �max ¯à¨¡«¨¦ ¥âáï ª®¢â®à®¬ã ¨áâ®ç­¨ªã. � ¨¡®«ìè¥¥ §­ ç¥­¨¥ �max¤®áâ¨£ ¥âáï ¯à¨ l = 5 �Fr2, ¢ ¤ «ì­¥©è¥¬ ¯à¨ ã¢¥-«¨ç¥­¨¨ à ááâ®ï­¨ï l ®­® ã¡ë¢ ¥â.�à¨ Fr = 0:5 á¢®¡®¤­ ï ¯®¢¥àå­®áâì ¨¬¥¥â, ªà®-¬¥ �max, ïàª® ¢ëà ¦¥­­ë© �min, ¯®çâ¨ à ¢­ë© ¯® ¡á®«îâ­®© ¢¥«¨ç¨­¥ �max, ¯à¨ íâ®¬ ¬¨­¨¬ «ì­®¥®âª«®­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢á¥£¤  ¤®áâ¨-£ ¥âáï §  �max ­  à ááâ®ï­¨¨ ¯®àï¤ª  2h. �à¨ ã¢¥-«¨ç¥­¨¨ l ®â 0 ¤® 2 �Fr2 íªáâà¥¬ã¬ë á¬¥é îâáï ¢¯®«®¦¨â¥«ì­®¬ ­ ¯à ¢«¥­¨¨ ®á¨ OX, ­ å®¤ïáì § á¨áâ¥¬®© ¤¢ãå ¨áâ®ç­¨ª®¢. �à¨ l 2 [5�Fr2; 20�Fr2]¢¥«¨ç¨­  �max ­ å®¤¨âáï ¬¥¦¤ã ¨áâ®ç­¨ª ¬¨, ¯à¨

�¨á. 2. �âª«®­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¯à¨ Fr = 0:45, l = 2.
�¨á. 3. �âª«®­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¯à¨ Fr = 0:6, l = 2.l 2 [5 �Fr2; 10 �Fr2] { ¡«¨¦¥ ª ¯¥à¢®¬ã ¨áâ®ç­¨ªã,¯à¨ l 2 [15 � Fr2; 20 � Fr2] { ¡«¨¦¥ ª® ¢â®à®¬ã ¨á-â®ç­¨ªã. � ¨¡®«ìè¥¥ §­ ç¥­¨¥ �max ¤®áâ¨£ ¥âáï¯à¨ l = 10 � Fr2.�à¨ Fr = 0:6 ­ ¡«î¤ ¥âáï  ­ «®£¨ç­ë© ¯à®-æ¥áá: ¯à¨ l 2 [0; 2 � Fr2] �max á¬¥é ¥âáï ¢ ¯®«®-¦¨â¥«ì­®¬ ­ ¯à ¢«¥­¨¨ ®á¨ OX, ­ å®¤ïáì §  á¨-áâ¥¬®© ¨§ ¤¢ãå ¨áâ®ç­¨ª®¢. �à¨ l = 2 �Fr2 �min >�max, ª ª ¬¨­¨¬ã¬, â ª ¨ ¬ ªá¨¬ã¬ ¤®áâ¨£ îâáï§  á¨áâ¥¬®© ¨§ ¤¢ãå ¨áâ®ç­¨ª®¢, ¯à¨ íâ®¬ ¢¥«¨ç¨-­  �max ­ å®¤¨âáï §  �min. �à¨ l 2 [5�Fr2; 20�Fr2]�max ­ å®¤¨âáï ¬¥¦¤ã ¤¢ã¬ï ¨áâ®ç­¨ª ¬¨, ¯à¨l 2 [5 � Fr2; 10 � Fr2] { ¡«¨¦¥ ª ¯¥à¢®¬ã ¨áâ®ç­¨-ªã, ¯à¨ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¥­¨¨ à ááâ®ï­¨ï ¬¥¦¤ã62 �. �. �¥«¥§®¢, �. �. �¨à®­çãª
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