
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 23 { 29��� 532.593 ��������������� �������������������������� ���� �� ������������������ �����. �. ��������, �. �. ���������­áâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬ è¨­ ¨ á¨áâ¥¬ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 12.09.2001 � �¥à¥á¬®âà¥­® 20.02.2002� ¯®¬®éìî ¬¥â®¤  Ito Y. ¨ Tanimoto K. [7] Copeland'¬ ¡ë«® ¯®ª § ­® ¢ [6], çâ® ãà ¢­¥­¨¥ "¯®«®£¨å áª«®­®¢" ¬®-¦¥â ¡ëâì ¯à¥®¡à §®¢ ­® ¢ á¨áâ¥¬ã ¤¢ãå ãà ¢­¥­¨© ¯¥à¢®£® ¯®àï¤ª  £¨¯¥à¡®«¨ç¥áª®£® â¨¯ , çâ® ¤ ¥â ¢®§¬®¦­®áâì§­ ç¨â¥«ì­® ã¢¥«¨ç¨âì à áç¥â­ãî ®¡« áâì ¨ ¯à¨­ïâì ¢® ¢­¨¬ ­¨¥ ®âà ¦¥­­ãî ¢®«­ã ¯à¨ ¬®¤¥«¨à®¢ ­¨¨ à á¯à®-áâà ­¥­¨ï ¢®«­ ¢ §®­¥ è¥«ìä  á ¯®àâ®¢ë¬¨ á®®àã¦¥­¨ï¬¨. �¡®¡é¥­¨¥ ¬¥â®¤  Ito Y. ¨ Tanimoto K. ¤«ï ãà ¢­¥­¨ï"¯®«®£¨å áª«®­®¢" á ãç¥â®¬ ¬¥¤«¥­­® ¨§¬¥­ïîé¨åáï â¥ç¥­¨©, ¯à¥¤áâ ¢«¥­­®¥ ¢ ­ áâ®ïé¥© à ¡®â¥, ¯à¨¢®¤¨â ª ¡®«¥¥¯®«­®© á¨áâ¥¬¥ ãà ¢­¥­¨© £¨¯¥à¡®«¨ç¥áª®£® â¨¯ , ¢ª«îç îé¥© á¨áâ¥¬ã ãà ¢­¥­¨© [6]. � á«ãç ¥ £«ã¡®ª®© ¢®¤ë ¯à®-¢¥¤¥­® áà ¢­¥­¨¥ ç¨á«¥­­®£® à¥è¥­¨ï ¯®«ãç¥­­®© á¨áâ¥¬ë ¤«ï ¢ëá®â £ à¬®­¨ç¥áª¨å ¢®«­, à á¯à®áâà ­ïîé¨åáï ¯®â¥ç¥­¨î ¨ ¯à®â¨¢ â¥ç¥­¨ï, á  ­ «¨â¨ç¥áª¨¬ à¥è¥­¨¥¬ [9]. �à®¬¥ â®£®, ¯®«ãç¥­­ ï á¨áâ¥¬  ãà ¢­¥­¨© ¯à®â¥áâ¨-à®¢ ­  ­  íªá¯¥à¨¬¥­â å Thomas'  [16] ¤«ï ¯®áâ®ï­­®© £«ã¡¨­ë ¨ íªá¯¥à¨¬¥­â¥ Sakai [18] ¤«ï ¯¥à¥¬¥­­®© £«ã¡¨­ë.� ¤¢ã¬¥à­®¬ á«ãç ¥ ¯®ª § ­ë à¥§ã«ìâ âë ç¨á«¥­­®£® ¬®¤¥«¨à®¢ ­¨ï à á¯à®áâà ­¥­¨ï ¢®«­ ¢ § «¨¢¥ á ¢¯ ¤ îé¨¬¢ ­¥£® ãáâì¥¬ à¥ª¨.�  ¤®¯®¬®£®î ¬¥â®¤  Ito Y. ÷ Tanimoto K. [7] Copeland'¬ ¡ã«® ¯®ª § ­® ¢ [6], é® à÷¢­ï­­ï "¯®«®¦¨áâ¨å áå¨«÷¢"¬®¦¥ ¡ãâ¨ ¯¥à¥â¢®à¥­® ­  á¨áâ¥¬ã ¤¢®å à÷¢­ï­ì ¯¥àè®£® ¯®àï¤ªã £÷¯¥à¡®«¨ç­®£® â¨¯ã, é® ¤ õ ¬®¦«¨¢÷áâì §­ ç­®§¡÷«ìè¨â¨ ®¡« áâì à®§à åã­ªã ÷ ¢§ïâ¨ ¤® ã¢ £¨ ¢÷¤®¡à ¦¥­ã å¢¨«î §  ã¬®¢ ¬®¤¥«î¢ ­­ï ¯®àâ®¢¨å á¯®àã¤. �§ -£ «ì­¥­­ï ¬¥â®¤  Ito Y. ÷ Tanimoto K. ¤«ï à÷¢­ï­ì "¯®«®¦¨áâ¨å áå¨«÷¢" §  ­ ï¢­®áâ÷ ¯®¢÷«ì­® §¬÷­î¢ ­¨å â¥ç÷©, è®­ ¢¥¤¥­® ¢ æ÷© à®¡®â÷, ¯à¨§¢®¤¨âì ¤® ¡÷«ìè ¯®¢­®ù á¨áâ¥¬¨ à÷¢­ï­ì £÷¯¥à¡®«¨ç­®£® â¨¯ã, ïª  ¬÷áâ¨âì á¨áâ¥¬ã à÷­ï­ì[6]. � ¢¨¯ ¤ªã £«¨¡®ª®ù ¢®¤¨ ¯à®¢¥¤¥­® ¯®à÷­ï­­ï ç¨á¥«ì­®£® à®§¢`ï§ªã ®¤¥à¦ ­®ù á¨áâ¥¬¨ ¤«ï ¢¨á®â £ à¬®­÷ç­¨åå¢¨«ì, é® à®§¯®¢áî¤¦ãîâìáï §  â¥ç÷õî â  ¯à®â¨ â¥ç÷ù, §  ­ «÷â¨ç­¨¬ à®§¢'ï§ª®¬ [9]. �à÷¬ â®£®, ®âà¨¬ ­  á¨áâ¥¬ à÷¢­ï­ì â¥áâ®¢ ­  ­  ¥ªá¯¥à¨¬¥­â å Thomas'  [16] ¤«ï ®¤­®à÷¤­®ù £«¨¡¨­¨ â  ¥ªá¯¥à¨¬¥­â÷ Sakai [18] ¤«ï §¬÷­­®ù£«¨¡¨­¨. � ¤¢®¬÷à­®¬ã ¢¨¯ ¤ªã ­ ¢¥¤¥­÷ à¥§ã«ìâ â¨ ç¨á¥«ì­®£® ¬®¤¥«î¢ ­­ï à®§¯®¢áî¤¦¥­­ï å¢¨«ì ã § â®æ÷ §£¨à«®¬ à÷çª¨, é® ¢¯ ¤ õ ã § â®ªã.In [6] Copeland expressed by Ito Y. and Tanimoto K. method [7] the "mild -slope" equation in the form of a pair of�rst-order equations of a hyperbolic type. It resulted in the possibility to enlarge considerably the numerical domainand take into account the re
ected wave for modeling wave transport in a shelf zone with sea harbour systems. Ito andTanimoto method generalization presented in this paper for "mild-slope" equation with slowly variable currents resultsin more complete system of the hyperbolic type including the system [6]. The comparison of the wave heights in the caseof the deep water has been performed for numerical results of the obtained system and analytical result [9] for wavespropagating along currents and in opposite direction. The last system has been tested by Thomas experiment [16] forconstant depth and by Sakai experiment [18] for ununiform depth. In addition the results of the numerical modeling havebeen shown for the waves propagating in a bay with river mouth 
owing into this bay.�¥äà ªæ¨®­­®-¤¨äà ªæ¨®­­ ï âà ­áä®à¬ -æ¨ï ¢®«­ ¢ ¯à¨¡à¥¦­®© §®­¥ ¯à®¨áå®¤¨â ¢ à¥§ã«ì-â â¥ ¢§ ¨¬®¤¥©áâ¢¨ï ¢®«­ á ¤®­­ë¬¨ ­¥®¤­®à®¤-­®áâï¬¨ ¨ â¥ç¥­¨ï¬¨ ¯à¨¡à¥¦­®© §®­ë. �«ï ¬®-¤¥«¨à®¢ ­¨ï âà ­áä®à¬ æ¨¨ ¢®«­ ­ ¤ ¡¥à¥£®¢ë¬áª«®­®¬ ¢ ¯®á«¥¤­¥¥ ¤¥áïâ¨«¥â¨¥ à §¢¨â® ­¥áª®«ì-ª® à áç¥â­ëå ¬¥â®¤¨ª, ®á­®¢ ­­ëå ­  ç¨á«¥­­®¬à¥è¥­¨¨ ãà ¢­¥­¨ï "¯®«®£¨å áª«®­®¢" [5], ®¤­ -ª® ¬®¤¥«¨à®¢ ­¨¥ à¥äà ªæ¨®­­®-¤¨äà ªæ¨®­­®©âà ­áä®à¬ æ¨¨ ¢®«­ ­  â¥ç¥­¨ïå ¤«ï ­ âãà­ëåãá«®¢¨© ¯®ª  ­¥ ¯à®¢®¤¨âáï. �¨á«¥­­ë¥ íªá¯¥-à¨¬¥­âë ¯ à ¡®«¨ç¥áª®©  ¯¯à®ªá¨¬ æ¨¨ ãà ¢­¥-­¨ï "¯®«®£¨å áª«®­®¢" á ãç¥â®¬ ¬¥¤«¥­­® ¨§¬¥-­ïîé¨åáï ¢® ¢à¥¬¥­¨ â¥ç¥­¨© (¨§¢¥áâ­ëå äã­ª-æ¨© £«ã¡¨­ë) ¯à¨¢¥¤¥­ë ¢ à ¡®â å [1, 2],   â ª-¦¥ à áá¬®âà¥­ë ¢ ¯à¨¡«¨¦¥­¨¨ à¥äà ªæ¨¨ ¢ [3].�à ¢­¥­¨¥ ç¨á«¥­­ëå à áç¥â®¢ ¡¥§ ãç¥â  â¥ç¥-­¨© á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¨§¬¥à¥­¨ï¬¨ �¥«ìäâ-
áª®© « ¡®à â®à¨¨ ¯à®¢¥¤¥­® ¢ à ¡®â¥ [4] ¢ ¯à¨¡«¨-¦¥­¨¨ à¥äà ªæ¨¨, ¯ à ¡®«¨ç¥áª®©  ¯¯à®ªá¨¬ -æ¨¨ à¥äà ªæ¨®­­®-¤¨äà ªæ¨®­­®£® ¯à¨¡«¨¦¥­¨ï,  â ª¦¥ ¯®«­®© à¥äà ªæ¨®­­®-¤¨äà ªæ¨®­­®© ¬®-¤¥«¨.� ¯®¬®éìî ¬¥â®¤  Ito Y. ¨ Tanimoto K. [7] ¡ë-«® ¯®ª § ­® ¢ [6], çâ® ãà ¢­¥­¨¥ "¯®«®£¨å áª«®-­®¢" ¡¥§ ãç¥â  â¥ç¥­¨© ¬®¦¥â ¡ëâì ¯à¥®¡à §®¢ -­® ¢ á¨áâ¥¬ã ãà ¢­¥­¨© ¯¥à¢®£® ¯®àï¤ª  £¨¯¥à¡®-«¨ç¥áª®£® â¨¯ , çâ® ¤ ¥â ¢®§¬®¦­®áâì §­ ç¨â¥«ì-­® ã¢¥«¨ç¨âì à áç¥â­ãî ®¡« áâì ¨ ãç¥áâì ®âà -¦¥­­ãî ¢®«­ã ¯à¨ ¬®¤¥«¨à®¢ ­¨¨ ¬®àáª¨å ¯®à-â®¢ ¨ ¤àã£¨å ¯à¨¡à¥¦­ëå á®®àã¦¥­¨©. �à¥®¡à -§®¢ ­¨¥ ¡®«¥¥ ®¡é¥£® ¢¨¤  ¤«ï ãà ¢­¥­¨ï "¯®«®-£¨å áª«®­®¢" á ãç¥â®¬ ¬¥¤«¥­­® ¨§¬¥­ïîé¨åáï â¥-ç¥­¨© ¯à®¢¥¤¥­® ¢ ­ áâ®ïé¥© à ¡®â¥. (�à âª®¬¥â®¤ ¨§«®¦¥­ ¢ [10]). �à®¬¥ â®£®, ¢ [11] ¯®ª -§ ­® áà ¢­¥­¨¥ ç¨á«¥­­®£® à áç¥â  ¤«ï ¯®«ãç¥­-c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 23 { 29­®© £¨¯¥à¡®«¨ç¥áª®© á¨áâ¥¬ë ãà ¢­¥­¨© ¯¥à¢®-£® ¯®àï¤ª  ¯à¨ ®âáãâáâ¢¨¨ â¥ç¥­¨© á íªá¯¥à¨¬¥­-â «ì­ë¬¨ ¤ ­­ë¬¨ ¨ ç¨á«¥­­ë¬ à áç¥â®¬ ¯®«-­®£® à¥äà ªæ¨®­­®-¤¨äà ªæ¨®­­®£® ¯à¨¡«¨¦¥­¨ï[4]. �  ®á­®¢¥ £¨¯¥à¡®«¨ç¥áª®© á¨áâ¥¬ë ãà ¢-­¥­¨© [6] ¯à®¢®¤¨«®áì ç¨á«¥­­®¥ ¬®¤¥«¨à®¢ ­¨¥¢®«­®¢ëå ¯®«¥© ¢ ¯à¨¡à¥¦­ëå §®­ å ¨ ¯®àâ®-¢ëå  ª¢ â®à¨ïå ¢ [12]. �à ¢­¥­¨¥, ®¯¨áë¢ îé¥¥âà ­áä®à¬ æ¨î ¯®¢¥àå­®áâ­ëå ¢®«­ ¢ ãá«®¢¨ïå¯« ¢­®£® ¨§¬¥­¥­¨ï £«ã¡¨­ë ¨ £à ¤¨¥­â®¢ â¥ç¥-­¨ï, § ¯¨áë¢ ¥âáï ª ªD2Dt2'�r � (br') + �!2r � k2b�' = 0; (1)£¤¥ DDt = @@t + ~U � r:�¤¥áì '(x; y; t) { ¯®â¥­æ¨ « áª®à®áâ¨; ~U { áª®-à®áâì â¥ç¥­¨ï, ¬¥¤«¥­­® ¨§¬¥­ïîé ïáï ¯® ¯à®-áâà ­áâ¢¥­­ë¬ ª®®à¤¨­ â ¬ x; y; @~U=@t = 0;r = (@=@x; @=@y); !r { ã£«®¢ ï ç áâ®â  ®â­®á¨-â¥«ì­® ¯®¤¢¨¦­®© á¨áâ¥¬ë ª®®à¤¨­ â, á¢ï§ ­­®©á â¥ç¥­¨¥¬; k(x; y) { ¢®«­®¢®¥ ç¨á«®; ¢¥«¨ç¨­  b®¯à¥¤¥«¥­  ª ª b � cr �cgr; cr ¨ cgr { á®®â¢¥âáâ¢¥­-­® ä §®¢ ï ¨ £àã¯¯®¢ ï áª®à®áâ¨ ®â­®á¨â¥«ì­® ¯®-¤¢¨¦­®© á¨áâ¥¬ë ª®®à¤¨­ â, ¯à¨ç¥¬!r = cr � k; (2)cr =rgk th (k � h); cgr = 12cr � (1 +G) ;G = 2khsh (2kh) ;h { £«ã¡¨­ , å à ªâ¥à¨§ãîé ï ¯®¢¥àå­®áâì ¤­  á¯®«®£¨¬¨ ãª«®­ ¬¨ ¯®àï¤ª  O("2). �à®¬¥ â®£®,£à ¤¨¥­â â¥ç¥­¨ï ¨¬¥¥â â®â ¦¥ ¯®àï¤®ª ¬ «®áâ¨:rU1;rU2 = O("2):�à ¢­¥­¨¥ (1), ¨¬¥îé¥¥ £¨¯¥à¡®«¨ç¥áª¨© â¨¯, ¯®-«ãç¥­® ¢ â ª®© § ¯¨á¨ á â®ç­®áâìî ¤® ç«¥­®¢ ¯®-àï¤ª O("2) ¢ [1]. �à ¢­¥­¨¥ Boij' , à áá¬®âà¥­­®¥¢ [2, 3], ®â«¨ç ¥âáï ®â (1) ¤®¯®«­¨â¥«ì­ë¬¨ ç«¥­ -¬¨, á®¤¥à¦ é¨¬¨ ¬­®¦¨â¥«ì r� ~U . � â®¬ ¦¥ ¯à¨-¡«¨¦¥­¨¨, çâ® ¡ë«® ¯®«ãç¥­® ãà ¢­¥­¨¥ (1), ¢ë-à ¦¥­¨¥ ¤«ï ¢®§¢ëè¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨�(x; y; t), ª®â®à®¥ ï¢«ï¥âáï äã­ªæ¨¥© ¯®â¥­æ¨ « ' ¨ áª®à®áâ¨ â¥ç¥­¨ï ~U , ¡ã¤¥â ¨¬¥âì á«¥¤ãîé¨©¢¨¤ [11]: � = �1g �@'@t + U1 @'@x + U2 @'@y � : (3)

�ã¤¥¬ ¨áª âì à¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¢ ¢¨¤¥ ¬®­®-åà®¬ â¨ç¥áª¨å ¢®«­'(x; y; t) = ~'(x; y) exp(�i!at);�(x; y; t) = ~�(x; y) exp(�i!at) (4)á  ¡á®«îâ­®© ã£«®¢®© ç áâ®â®©!a = !r + ~k � ~U: (5)�«ï äã­ªæ¨© ¢¨¤  (4) ¢ë¯®«­ïîâáï á«¥¤ãîé¨¥ á®-®â­®è¥­¨ï: 't = �i!a'; �t = �i!a�; (6)'tt = �!2a'; �tt = �!2a�: (7)�®£¤  ãà ¢­¥­¨¥ (1) ¬®¦¥â ¡ëâì ¯¥à¥¯¨á ­® ¢ ¢¨¤¥1!2a �k2b� !2r + !2a� @2'@t2 �r � (br')++~U � (r(~U � r')) + 2~U � r@'@t = 0: (8)�à¥¤áâ ¢«ïï ¯®â¥­æ¨ « ' ¨ ¢®§¢ëè¥­¨¥ á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ � ¢ ¢¨¤¥ ¤¥©áâ¢¨â¥«ì­®© ¨ ¬­¨-¬®© ç áâ¨: ' = '0 + i'1, � = �0 + i�1, ¢¢¥¤¥¬¢¥ªâ®à-äã­ªæ¨î ¯®â¥­æ¨ «  áª®à®áâ¨ ç áâ¨æ~Q = ~Q0 + i ~Q1; (9)£¤¥~Qj (x; y; t) = nQ(x)j (x; y; t); Q(y)j (x; y; t)o ; j = 0; 1:�à®¬¥ â®£®, ¢¢¥¤¥¬ ¢¥ªâ®à-äã­ªæ¨î ¯®â®ª ~̂Q = �i ~Q: (10)�¢¥¤¥­¨¥ äã­ªæ¨¨ ~Q, ª®â®à ï ¢ ®¡é¥¬ á«ãç ¥ ­¥ï¢«ï¥âáï £ à¬®­¨ç¥áª®©, ¯®§¢®«ï¥â á¢¥áâ¨ ãà ¢­¥-­¨¥ ¢â®à®£® ¯®àï¤ª  (8), ¯à¨ ãá«®¢¨¨ ¬¥¤«¥­­®£®¨§¬¥­¥­¨ï ã£«®¢®© ç áâ®âë !a ª ª äã­ªæ¨¨ ¯à®-áâà ­áâ¢  ¨ ¢à¥¬¥­¨, ª á«¥¤ãîé¨¬ è¥áâ¨ ãà ¢­¥-­¨ï¬ ¯¥à¢®£® ¯®àï¤ª ,  ¯¯à®ªá¨¬¨àãîé¨¬¨ ãà ¢-­¥­¨¥ (8) á â®ç­®áâìî ¤® ç«¥­®¢ ¯®àï¤ª  O("2):@ ~Qj@t = �br'j � ~U�~U � r'j�� ~U @'j@t �!ag ; (11)r � ~Qj =  1!2a�k2b� !2r + !2a�@'j@t + ~U � r'j!!ag ;(12)24 �. �. �¥¬ç¥­ª®, �. �. �¥«¥§­ïª



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 23 { 29£¤¥ äã­ªæ¨¨ 'j , j = 0, 1 á¢ï§ ­ë ¬¥¦¤ã á®¡®© á®-®â­®è¥­¨ï¬¨ (6), (7). �§ (3) á«¥¤ã¥â ¢ëà ¦¥­¨¥¤«ï �j; j = 0; 1:�j = �1g �@'j@t + U1 @'j@x + U2 @'j@y � : (13)� á«ãç ¥ ~U = 0 ®­  á¢®¤¨âáï ª á«¥¤ãîé¥© á¨áâ¥¬¥ãà ¢­¥­¨©:@ ~Q0@t = br�1; r � ~Q0 = k2b!2r @�1@t ; (14)@ ~Q1@t = �br�0; r � ~Q1 = �k2b!2r @�0@t : (15)�à¨ íâ®¬ ãà ¢­¥­¨ï (15) á®¢¯ ¤ îâ á ¯®«ãç¥­-­ë¬¨ ¢ [6], £¤¥ ¨á¯®«ì§ã¥¬ ï ¢¥ªâ®à-äã­ªæ¨ï ¯®-â¥­æ¨ «  áª®à®áâ¨ ç áâ¨æ, ¯à¥¤«®¦¥­­ ï Ito Y. ¨Tanimoto K. [7], ï¢«ï¥âáï ¬­¨¬®© ç áâìî ¢¥ªâ®à-äã­ªæ¨¨ (9).�«ï ãà ¢­¥­¨ï (7), ª®£¤  à¥è¥­¨¥ ¨é¥âáï ¢ ¯à¨-¡«¨¦¥­¨¨ à¥äà ªæ¨¨ ¯®¢¥àå­®áâ­ëå ¢®«­:' = A exp(i�); � = ~k~x� !at; A = a g!r ; (16)£¤¥ a {  ¬¯«¨âã¤  ¢®«­ë, ¢ë¯®«­ï¥âáï ãá«®¢¨¥ á®-åà ­¥­¨ï ¢®«­®¢®£® ¤¥©áâ¢¨ï:r � (!rA2~cga) = 0; ~cga = ~cgr + ~U : (17)�à®¬¥ â®£®, ¬®¦­® ¯®ª § âì, çâ® ¤«ï ¬®­®åà®¬ -â¨ç¥áª¨å ¢®«­ (16) ¯à¨ ãá«®¢¨¨ ¯®áâ®ï­­®© £«ã¡¨-­ë ¢¥ªâ®à-äã­ªæ¨ï, ®¯à¥¤¥«¥­­ ï ¢ (10) ¨ à ¢­ ï~̂Q = (~cgr + ~U )�; (18)ï¢«ï¥âáï à¥è¥­¨¥¬ á¨áâ¥¬ë ãà ¢­¥­¨© (11), (12),¯à¨ç¥¬ ~Q1 = (~cgr + ~U )�0 ; (19)~Q0 = �(~cgr + ~U )�1: (20)�à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ ¢ëà ¦¥­¨ï (3) ¨ (16), ¬®¦-­® ¯®ª § âì, çâ® ¢ á«ãç ¥ ¯®áâ®ï­­®© £«ã¡¨­ë¢®§¢ëè¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¡ã¤¥â:�0 = �a sin �; �1 = a cos �: (21)�«ï ­ å®¦¤¥­¨ï ¢¥é¥áâ¢¥­­®© ç áâ¨ ¢®§¢ëè¥­¨ïá¢®¡®¤­®© ¯®¢¥àå­®áâ¨ �0 (j = 1) ¤®áâ â®ç­® à¥-è¨âì á¨áâ¥¬ã (11), (12) ¤«ï âà¥å ãà ¢­¥­¨© á âà¥-¬ï ­¥¨§¢¥áâ­ë¬¨ ~Q1 = nQ(x)1 ; Q(y)1 )o, '1, ª®â®àãîã¤®¡­® ¯¥à¥¯¨á âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:@ ~Qj@t = �ra~Ur � ~Qj + br'j !ag +

+~U �~U � r'j� !ag (ra � 1); (22)@'jdt = ra��~U � r'j + g!ar � ~Qj�; (23)£¤¥ ra = !2ak2b� !2r + !2a ; j = 1:�¨áâ¥¬  ãà ¢­¥­¨© (22), (23) (¤«ï ª ¦¤®£® j = 0,1) ¨¬¥¥â t { £¨¯¥à¡®«¨ç¥áª¨© â¨¯ (¯® �à¨¤à¨åáã)[8]. �­ ç¥­¨ï �0 ­ å®¤¨¬ ¯® ä®à¬ã«¥ (13):�0 = �1g �!a'1 + U1 @'0@x + U2@'0@y � ; (24)£¤¥ '0 = � 1!a @'1@t ;ãç¨âë¢ ï ãá«®¢¨¥ (6). �à¨ç¥¬ äã­ªæ¨¨ @'0@x ; @'0@yï¢«ïîâáï ª®¬¯®­¥­â ¬¨ ª¨­¥¬ â¨ç¥áª®© áª®à®áâ¨ç áâ¨æ ¦¨¤ª®áâ¨ ~u(x; y; t),   ¯®«­®¥ à á¯à¥¤¥«¥­¨¥£®à¨§®­â «ì­®© áª®à®áâ¨ ®¯à¥¤¥«ï¥âáï ¨§ á®®â­®-è¥­¨ï [11]:~̂u(x; y; z; t) = ~u(x; y; t)ch [k(z + h� �0)]ch (kh) : (25)�ëá®â  ¢®«­ë ¢ëç¨á«ï¥âáï ¯®á«¥ ¯à®å®¦¤¥­¨ïª ¦¤®£® ¯®á«¥¤ãîé¥£® ¯¥à¨®¤  ¢®«­ë ª ª äã­ª-æ¨ï ®â áà¥¤­¥£® ¯® ¯¥à¨®¤ã §­ ç¥­¨ï ¢®§¢ëè¥­¨ïá¢®¡®¤­®© ¯®¢¥àå­®áâ¨ [6]:hw = 2 � �2 � ��2� 12 : (26)�«ï ç¨á«¥­­®©  ¯¯à®ªá¨¬ æ¨¨ á¨áâ¥¬ã ãà ¢­¥-­¨© (22){(23), (j = 1) ã¤®¡­® ¯à¥¤áâ ¢¨âì ¢ ¬ -âà¨ç­®¬ ¢¨¤¥:E @@t ~W + A @@x ~W + B @@y ~W = 0: (27)�¤¥áì E { ¥¤¨­¨ç­ ï ¬ âà¨æ ; ¢¥ªâ®à ~W ¨¬¥¥â¢¨¤: ~W = fQx1 ; Qy1; '1g ;  ¬ âà¨æë A;B á®áâ®ïâ ¨§ á«¥¤ãîé¨å í«¥¬¥­â®¢:a11 = raU1; a12 = 0; a13 = 
[�b+ U21 (1 � ra)];a21 = raU2; a22 = 0; a23 = 
12;a31 = �ra=
; a32 = 0; a33 = a11;b11 = 0; b12 = a11; b13 = 
12;b21 = 0; b22 = a21; b23 = 
[�b + U22 (1� ra)];�. �. �¥¬ç¥­ª®, �. �. �¥«¥§­ïª 25
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�¨á. 1. �à ¢­¥­¨¥ ¢®«­®¢ëå ¢ëá®â ¯à¨ kh� 1;| á®£« á­® [9], -®- á®£« á­® (24)-(29)b31 = 0; b32 = a31; b33 = a21; (28)£¤¥ 
12 = 
U1U2(1� ra); 
 = !a=g:� ®¤­®¬¥à­®¬ á«ãç ¥ ¢ ª ç¥áâ¢¥ ç¨á«¥­­®£® íªá-¯¥à¨¬¥­â  ¡ë«® à áá¬®âà¥­® ¨§¬¥­¥­¨¥ ¢ëá®â ª®-à®âª®© £ à¬®­¨ç¥áª®© ¢®«­ë (à á¯à®áâà ­ïîé¥©-áï ¢¤®«ì ®á¨ x) ­  ®¤­®à®¤­®© £«ã¡¨­¥ (h = const)¯à¨ ãá«®¢¨¨ â¥ç¥­¨ï fU1; 0g ¢ ­ ¯à ¢«¥­¨¨ ¤¢¨¦¥-­¨ï ¢®«­ë (U1 > 0) ¨ ¯à®â¨¢ ­ ¯à ¢«¥­¨ï à á¯à®-áâà ­¥­¨ï ¢®«­ë (U1 < 0). � ¯®á«¥¤­¥¬ á«ãç ¥¯à¥¤¯®« £ ¥âáï jU1j < cg. �«ï ç¨á«¥­­®© à¥ «¨§ -æ¨¨ íªá¯¥à¨¬¥­â  ¡ë«  ¨á¯®«ì§®¢ ­  ï¢­ ï ¤¢ãå-è £®¢ ï ®¤­®¬¥à­ ï áå¥¬  �¥©âá  [14] ¢â®à®£® ¯®-àï¤ª  â®ç­®áâ¨: ~W k+1i = Lx ~W ki ;Lx = E � �t2�xA�x + 12��t�x�2A2�+x ��x ; (29)£¤¥ �x; �+x ; ��x { á®®â¢¥âáâ¢¥­­® æ¥­âà «ì­®-à §­®áâ­ ï ¨ ª®­¥ç­®-à §­®áâ­ë¥  ¯¯à®ªá¨¬ æ¨¨¢¯¥à¥¤ ¨ ­ § ¤ ¤«ï ¯¥à¢®© ¯à®¨§¢®¤­®©. �à¨ íâ®¬¤«ï ãáâ®©ç¨¢®áâ¨ áå¥¬ë (29) âà¥¡ã¥âáï ¢ë¯®«­¥-­¨¥ ãá«®¢¨ï �ãà ­â  c < �x=�t.�«ï á«ãç ï £«ã¡®ª®© ¢®¤ë ­  à¨á. 1 ¯®ª § ­®áà ¢­¥­¨¥ §­ ç¥­¨© (-®-) ®â­®á¨â¥«ì­®© ¢®«­®¢®©¢ëá®âë hw=2a0 ª ª äã­ªæ¨¨ ®â U=c0, ¯®«ãç¥­-­ëå á ¯®¬®éìî ª®­¥ç­®-à §­®áâ­®©  ¯¯à®ªá¨¬ -æ¨¨ (29) ¨ á®®â­®è¥­¨ï (13), (j=1) á ãç¥â®¬ (25)¨  ­ «¨â¨ç¥áª®£® à¥è¥­¨ï, ¯à¨¢¥¤¥­­®£® ¢ [9]:hw=2a0 = (g=!0)=[cr(cr + 2U )]1=2; (30)£¤¥ cr = c0 � 0:5[1+ (1 + 4U=c0)1=2]; c0 = g=!0:

�¨á. 2. �§¬¥­¥­¨¥ ®â­®á¨â¥«ì­ëå ¢ëá®â ¨®â­®á¨â¥«ì­ëå ¤«¨­ ¢®«­ ­  ¯®áâ®ï­­®¬ ¯® £«ã¡¨­¥â¥ç¥­¨¨. �à¥ã£®«ì­¨ª¨ ¨ ª¢ ¤à â¨ª¨ {íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ [15]�­¤¥ªá "0" á®®â¢¥âáâ¢ã¥â U = 0. �«ï ç¨á«¥­-­®© à¥ «¨§ æ¨¨ ª®­¥ç­®-à §­®áâ­®©  ¯¯à®ªá¨¬ -æ¨¨ (28) ­  ¢å®¤­®© £à ­¨æ¥ § ¤ ¢ «®áì §­ ç¥­¨¥ ¬¯«¨âã¤ë, ®¯à¥¤¥«ï¥¬®© ¨§ § ª®­  á®åà ­¥­¨ï¢®«­®¢®£® ¤¥©áâ¢¨ï (17) ¤«ï á«ãç ï £«ã¡®ª®© ¢®-¤ë: hw=2a0 = ((!r=!0)cgr0=(cgr + U ))1=2: (31)�¤¥áì cgr = cr=2; !r = (g � k)1=2; kh � 1, ¢®«-­®¢®¥ ç¨á«® k ®¯à¥¤¥«ï¥âáï ¨§ ¤¨á¯¥àá¨®­­®£® á®-®â­®è¥­¨ï (5). � ª ¢¨¤­® ¨§ à¨á. 1, §­ ç¥­¨ï®â­®á¨â¥«ì­ëå ¢®«­®¢ëå ¢ëá®â, ¯®áâà®¥­­ëå ¯®á®®â­®è¥­¨î (30) ¨ ¯®«ãç¥­­ëå ¤«ï £«ã¡®ª®© ¢®-¤ë ¢ ­ áâ®ïé¥© à ¡®â¥, ç¨á«¥­­® ¯à ªâ¨ç¥áª¨ á®-¢¯ ¤ îâ.�ªá¯¥à¨¬¥­â «ì­®¥ ¨áá«¥¤®¢ ­¨¥ à á¯à®áâà ­¥-­¨ï ¯®¢¥àå­®áâ­ëå à¥£ã«ïà­ëå ¢®«­ ­  ¯¥à¥¬¥­-­ëå ¯® £«ã¡¨­¥ â¥ç¥­¨ïå ¯à®¢¥¤¥­® ¢ à ¡®â¥ [15]­  ®á­®¢¥ íªá¯¥à¨¬¥­â  �®¬ á  [17] ¤«ï ­¥«¨­¥©-­ëå ¢®«­. � ­ áâ®ïé¥© à ¡®â¥ áà ¢­¥­¨¥ ®â­®á¨-â¥«ì­ëå ¢ëá®â ¨ ¤«¨­ ¢®«­ ­  ¯®áâ®ï­­®© £«ã¡¨-­¥ á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¨áá«¥¤®¢ ­¨ï¬¨ �®¬ á [16] ¤«ï «¨­¥©­®£® ¢§ ¨¬®¤¥©áâ¢¨ï åà®¬ â¨ç¥áª¨å¢®«­ á ®¤­®à®¤­ë¬¨ ¯® £«ã¡¨­¥ â¥ç¥­¨ï¬¨ ¯®ª -§ ­® ­  à¨á. 2. �¤¥áì h = const =0.57 ¬, a0 =0.00918 ¬ (¯à¨ U = 0), !r = 2� � 0:8Hz. � á-ç¥â­ë¥ §­ ç¥­¨ï ¤«¨­ ¢®«­ ®¯à¥¤¥«ï«¨áì ¨§ ¤¨á-¯¥àá¨®­­ëå á®®â­®è¥­¨© (2), (5). �à¨ íâ®¬ �0=2.2452 ¬ (¯à¨ U = 0). �  ¢å®¤­®© £à ­¨æ¥ § -¤ ¢ «®áì §­ ç¥­¨¥  ¬¯«¨âã¤ë a, ®¯à¥¤¥«ï¥¬®© ¨§§ ª®­  á®åà ­¥­¨ï ¢®«­®¢®£® ¤¥©áâ¢¨ï [3] ¢ á«ãç ¥¯®áâ®ï­­®© £«ã¡¨­ë. �®®â¢¥âáâ¢ãîé¨¥ §­ ç¥­¨ï¢®«­®¢ëå ¢ëá®â à ááç¨âë¢ «¨áì ¨§ á®®â­®è¥­¨©(24), (27){(29).�«ï íâ¨å ¦¥ ¯ à ¬¥âà®¢ ­  à¨á. 3 { 5 ¯à¥¤áâ -¢«¥­® ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ £®à¨§®­â «ì-26 �. �. �¥¬ç¥­ª®, �. �. �¥«¥§­ïª
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�¨á. 3. �¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ £®à¨§®­â «ì­®©áª®à®áâ¨ ¤«ï á«ãç ï ®¤­®à®¤­®£® ¯® £«ã¡¨­¥ â¥ç¥­¨ï,­ ¯à ¢«¥­­®£® ¢ áâ®à®­ã, ¯à®â¨¢®¯®«®¦­ãîà á¯à®áâà ­¥­¨î ¢®«­ë: U = �0:1598¬=á, |U = 0,§¢¥§¤®çª¨ { íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ [15]

�¨á. 4. � á¯à¥¤¥«¥­¨¥ ¯® £«ã¡¨­¥ ¤«ï U = 0£®à¨§®­â «ì­®© áª®à®áâ¨ ç áâ¨æ ¦¨¤ª®áâ¨ (¬/á);�¢¥§¤®çª¨ { íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ [15]­®© áª®à®áâ¨ ç áâ¨æ ¦¨¤ª®áâ¨, ¬®¤¥«¨àã¥¬®¥ á®-®â­®è¥­¨ï¬¨ (24){(29).� ª ç¥áâ¢¥ â¥áâ  ­  ¯¥à¥¬¥­­®© £«ã¡¨­¥ (à¨á.6) ¡ë«® ¯à®¢¥¤¥­® áà ¢­¥­¨¥ á ¤ ­­ë¬¨ « ¡®à -â®à­ëå ¨§¬¥à¥­¨© Sakai ¤«ï ­¥«¨­¥©­®£® ¢§ ¨¬®-¤¥©áâ¢¨ï ª®à®âª¨å ¢®«­ ¨ â¥ç¥­¨©, ¤¢¨¦ãé¨åáï¢ ¯à®â¨¢®¯®«®¦­ëå ­ ¯à ¢«¥­¨ïå ­  ãª«®­¥ (s ==1/30), ¯à¨¢¥¤¥­­ë¬¨ ¢ à ¡®â¥ [18] ¤«ï á«ãç ï ­¥-®¡àãè¥­¨ï. �¨à¨­  ¨ ¤«¨­  ¢®«­®¢®£® «®âª  á®-áâ ¢«ïîâ 0.36 ¬ ¨ 24 ¬, ã¤¥«ì­ë© à áå®¤ â¥ç¥­¨ïà ¢¥­ 0.0297 ¬2/á. � ç «ì­ ï £«ã¡¨­  ¨ £«ã¡¨­ ­  ¬¥«ª®© ¢®¤¥ à ¢­ë á®®â¢¥âáâ¢¥­­® 0.5 ¨ 0.1 ¬.�®«­®¢®© ¯¥à¨®¤ T = 1.6 á.�à¨ ¢ë¯®«­¥­¨¨ ç¨á«¥­­®£® íªá¯¥à¨¬¥­â  ­ -¯à ¢«¥­¨¥ ¤¢¨¦¥­¨ï ¢®«­ë ¯® ãª«®­ã ¯à¥¤¯®« -£ «®áì ­®à¬ «ì­ë¬, à á¯à¥¤¥«¥­¨¥ áª®à®áâ¨ â¥-

�¨á. 5. �¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ £®à¨§®­â «ì­®©áª®à®áâ¨ ¤«ï á«ãç ï ®¤­®à®¤­®£® ¯® £«ã¡¨­¥ â¥ç¥­¨ï,­ ¯à ¢«¥­­®£® ¢ áâ®à®­ã, ¯à®â¨¢®¯®«®¦­ãîà á¯à®áâà ­¥­¨î ¢®«­ë: U = �0:203 ¬=á, |U = 0,§¢¥§¤®çª¨ { íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ [15]
�¨á. 6. �à ¢­¥­¨¥ ç¨á«¥­­ëå à¥§ã«ìâ â®¢¬®¤¥«¨à®¢ ­¨ï (24){(29) ¨ « ¡®à â®à­ëå ¤ ­­ëå [18]ç¥­¨ï ®¯à¥¤¥«ï«®áì ¨§ ®áà¥¤­¥­­®£® ¯® £«ã¡¨­¥ãà ¢­¥­¨ï ¤«ï § ª®­  ­¥à §àë¢­®áâ¨ ¦¨¤ª®áâ¨.�  à¨á. 6 ¯®ª § ­® ­¥¯«®å®¥ á®®â¢¥âá¢¨¥ à áç¥â-­ëå ¤ ­­ëå á®£« á­® ç¨á«¥­­®©  ¯¯à®ªá¨¬ æ¨¨(29) ¨ « ¡®à â®à­ëå ¤ ­­ëå Sakai, ¯à¨¢¥¤¥­­ëå¢ [18]. �¤¥áì ! = 2�=T .� ¤¢ã¬¥à­®¬ á«ãç ¥ ¨§¬¥­¥­¨ï £«ã¡¨­ë ¡ë«¨¬¨â¨à®¢ ­ § «¨¢ (¯à¨¡à¥¦­ë© ãª«®­ s=0.01) áãáâì¥¬ à¥ª¨, ¢¯ ¤ îé¥© ¢ íâ®â § «¨¢. � â¨¬¥-âà¨ï à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨ ¯à¥¤áâ ¢«¥­  ­ à¨á. 6. � ç¨á«¥­­®¬ íªá¯¥à¨¬¥­â¥ à áá¬®âà¥­®à á¯à®áâà ­¥­¨¥ ¯®¤ ã£«®¬ � = 0 ª ¡¥à¥£ã £ à¬®-­¨ç¥áª®© ¢®«­ë á ¯¥à¨®¤®¬ T=7 á ¨  ¬¯«¨âã¤®©a0 = 0.5 ¬. �áì x ­ ¯à ¢«¥­  ª ¡¥à¥£ã. �«ã¡¨­ ¨§¬¥­ï¥âáï ®â 20 ¬ ã ®âªàëâ®© £à ­¨æë ¤® 0.3 ¬ã ¡¥à¥£ . � §¬¥àë à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨ á®-áâ ¢«ïîâ 2000 ¨ 1200 ¬ ¢ ­ ¯à ¢«¥­¨¨ ®á¥© x ¨�. �. �¥¬ç¥­ª®, �. �. �¥«¥§­ïª 27
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�¨á. 7. � â¨¬¥âà¨ï ¨¬¨â¨àã¥¬®£® § «¨¢ y á®®â¢¥âáâ¢¥­­®. � ªá¨¬ «ì­ ï £«ã¡¨­  ¯®áâ®-ï­­  ­  ¯à®âï¦¥­¨¨ 200 ¬, ­ ç¨­ ï ®â ¯«®áª®áâ¨x = 0. �áâì¥ à¥ª¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ª ­ « á ¯ -à ¡®«¨ç¥áª¨¬ ¯à®ä¨«¥¬ ¢ ¯®¯¥à¥ç­®¬ á¥ç¥­¨¨ ¨¬ ªá¨¬ «ì­®© £«ã¡¨­®©, à ¢­®© 3 ¬. �¨à¨­  ª -­ «  à ¢­  600 ¬. �®«­  ¯à¥¤¯®« £ ¥âáï ­¥®¡àã-è¨¢ îé¥©áï. �®«¥ â¥ç¥­¨ï fU1; U2g, ®áà¥¤­¥­­®¥¯® ¢¥àâ¨ª «¨, ¥áâì äã­ªæ¨ï ª®®à¤¨­ â x; y. �®-à¨§®­â «ì­ë¥ áª®à®áâ¨ â¥ç¥­¨ï ¤«ï ®¡« áâ¨ £«ã-¡¨­, ¯à¨¢¥¤¥­­®© ­  à¨á. 7, à ááç¨âë¢ «¨áì ç¥-à¥§ äã­ªæ¨î â®ª ,  ­ «®£¨ç­® [13]. � ªá¨¬ «ì-­ ï áª®à®áâì â¥ç¥­¨ï ¤®áâ¨£ ¥âáï ã ¡¥à¥£®¢ ª ­ -«  ¨ á®áâ ¢«ï¥â 0.7 ¬/á. �®¤ã«ì áª®à®áâ¨ â¥ç¥­¨ï§­ ç¨â¥«ì­® § âãå ¥â á ã¤ «¥­¨¥¬ ®â ¡¥à¥£  ¨ ­ £«ã¡¨­¥ 20 ¬ ¯à ªâ¨ç¥áª¨ à ¢¥­ ­ã«î. �à¥¤¯®« -£ ï, çâ® ¢®«­®¢®¥ ç¨á«® ¥áâì äã­ªæ¨ï, ¬¥¤«¥­­®¨§¬¥­ïîé ïáï ¢® ¢à¥¬¥­¨, à á¯à¥¤¥«¥­¨¥ ¢®«­®-¢®£® ç¨á«  ¨ ã£«  ¢®«­®¢®£® ¢¥ªâ®à  ®¯à¥¤¥«¨¬ ¨§¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï á ãç¥â®¬ â¥ç¥­¨© (5) ¨ãà ¢­¥­¨ï @(k cos �)@y � @(k sin �)@x = 0 (32)­¥à §àë¢­®áâ¨ ¢®«­®¢®£® ç¨á« . �à ¢­¥­¨ï (5),(32) ¡ë«¨ à¥è¥­ë á ¨á¯®«ì§®¢ ­¨¥¬ ç¨á«¥­­®© áå¥-¬ë, ¯à¨¢¥¤¥­­®© ¢ [19].� â®çª¥ x = 0 ¢®§¢ëè¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®-áâ¨ ¨ äã­ªæ¨ï ¯®â®ª  ®¯à¥¤¥«ï«¨áì ¨§ ãà ¢­¥­¨©(13, j=1), (19). �  ¢ëå®¤­®© £à ­¨æ¥ ¡ë«® ¨á¯®«ì-§®¢ ­® ãá«®¢¨¥  ¡á®à¡æ¨¨,   ­  ¡®ª®¢ëå £à ­¨æ å{ ãá«®¢¨¥ ­¥¯à¥àë¢­®áâ¨. �«ï ç¨á«¥­­®©  ¯¯à®ª-á¨¬ æ¨¨ á¨áâ¥¬ë ãà ¢­¥­¨© (28) ¡ë«  ¨á¯®«ì§®-¢ ­  ¤¢ãåè £®¢ ï ï¢­ ï ¤¢ã¬¥à­ ï ä ªâ®à¨§®¢ ­-­ ï áå¥¬  �¥©âá  [14] (¯à¨ ãá«®¢¨¨ ¢ë¯®«­¥­¨ïãá«®¢¨ï �ãà ­â  ¯® ª ¦¤®¬ã ¨§ ­ ¯à ¢«¥­¨© x; y):~W k+1ij = LyLx ~W kij: (33)�¤¥áì ®¯¥à â®à L ¨¬¥¥â áâà®¥­¨¥,  ­ «®£¨ç­®¥

�¨á. 8. �®«¥ ¬®¤ã«ï £®à¨§®­â «ì­®© áª®à®áâ¨â¥ç¥­¨ï
�¨á. 9. �â­®á¨â¥«ì­ë¥ ¢ëá®âë ¢®«­ ¢ § «¨¢¥(â¥ç¥­¨¥ ®âáãâáâ¢ã¥â)
�¨á. 10. �â­®á¨â¥«ì­ë¥ ¢ëá®âë ¢®«­ ¢ § «¨¢¥(â¥ç¥­¨¥ ­¥ à ¢­® ­ã«î)®¯¥à â®àã L ¢ ãà ¢­¥­¨¨ (29).�  à¨á. 9 (â¥ç¥­¨¥ ®âáãâáâ¢ã¥â) ¨ ­  à¨á. 10¯à¥¤áâ ¢«¥­® ¤«ï áà ¢­¥­¨ï à á¯à¥¤¥«¥­¨¥ ¢®«­®-¢ëå ¢ëá®â. �® ¢â®à®¬ á«ãç ¥ (â¥ç¥­¨¥ ­¥ à ¢­®­ã«î) ¢®«­®¢®¥ ç¨á«® ¡®«ìè¥ ¢ ãáâì¥ à¥ª¨. �®-íâ®¬ã ¢ íâ®© ®¡« áâ¨ ¤«¨­  ¢®«­ë ã¬¥­ìè ¥âáï,  28 �. �. �¥¬ç¥­ª®, �. �. �¥«¥§­ïª
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