
52 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò1������������ ��� 551.466������ ����������� � ������ ���������� ������ �����. �. �àá¥ì¥¢, �. �. �¥«ª®¢¨ª®¢(ª ä¥¤à  ä¨§¨ª¨ ¬®àï ¨ ¢®¤ áãè¨)�áá«¥¤®¢ ® í¢®«îæ¨®®¥ ãà ¢¥¨¥ â¥®à¨¨ ¤«¨ëå ¥«¨¥©ëå ¢®«   ¢®¤¥ ¢® ¢â®à®¬¯à¨¡«¨¦¥¨¨. �®«ãç¥®¥ à¥è¥¨¥ ®¡êïáï¥â « ¡®à â®àë¥  ¡«î¤¥¨ï.�¨«ì® ¥«¨¥©ë¥, ã¥¤¨¥ë¥ ¨ ª®¨¤ «ìë¥¢®«ë   ¢®¤¥, ¯à¥¤áâ ¢«ïîé¨¥ ¤¢ã¬¥àë¥ á¬¥-é¥¨ï h ¯®¢¥àå®áâ¨ á«®ï ¦¨¤ª®áâ¨ £«ã¡¨®© H¢ § ¢¨á¨¬®áâ¨ ®â £®à¨§®â «ì®© ª®®à¤¨ âë x ¨¢à¥¬¥¨ t , ®¡ëç® ®¯¨áë¢ îâáï ãà ¢¥¨¥¬ �®à-â¥¢¥£ {¤¥ �à¨§  (�¤�) [1]. �® ï¢«ï¥âáï ¯¥à¢ë¬¯à¨¡«¨¦¥¨¥¬ ãà ¢¥¨© £¨¤à®¤¨ ¬¨ª¨ ¯®â¥æ¨- «ìëå ¤¢¨¦¥¨© ¦¨¤ª®áâ¨ ¢ ¯®«¥ á¨«ë âï¦¥áâ¨¯® ¯ à ¬¥âà ¬  ¬¯«¨âã¤®© � = A=H ¨ ä §®¢®©� =H2=�2 ¤¨á¯¥àá¨© (§¤¥áì A |  ¬¯«¨âã¤  ¨ � |¤«¨  ¢®«ë, H | ¥¢®§¬ãé¥ ï £«ã¡¨ ) [1, 2].�à ¢¥¨¥ íªá¯¥à¨¬¥â «ìëå ¤ ëå á à¥§ã«ìâ â -¬¨ à áç¥â®¢ ¯® â¥®à¨¨ �¤�, ¯à®¢¥¤¥®¥ ¢ à ¡®â å[3, 4], ¯®ª § «®, çâ® íâ  â¥®à¨ï ¢ æ¥«®¬ å®à®è® ®¯¨-áë¢ ¥â  ¡«î¤¥¨ï, ®¤ ª®, ¢ àï¤¥ á«ãç ¥¢ ¨¬¥îâ¬¥áâ® § ¬¥âë¥ à áå®¦¤¥¨ï à¥§ã«ìâ â®¢ à áç¥â®¢¨ ®¯ëâ®¢. � à ¡®â¥ [3]  ¡«î¤ «¨ ¡®«¥¥ ã§ª¨¥,   ¢à ¡®â¥ [4] | ¡®«¥¥ è¨à®ª¨¥ ã¥¤¨¥ë¥ ¢®«ë, ¯®áà ¢¥¨î á á®«¨â® ¬¨ �¤�.�«ï ®¡êïá¥¨ï ¯®¤®¡ëå ®âª«®¥¨©  ¢â®à ¬¨¤ ®© à ¡®âë ¡ë«¨ ¯®áâ ¢«¥ë íªá¯¥à¨¬¥âë ¯® ¡«î¤¥¨î ã¥¤¨¥ëå ¢®«. �¨ ¯à®¢®¤¨«¨áì ¢« ¡®à â®à®¬ ª  «¥ á à §¬¥à ¬¨ 330� 30� 15 á¬.�¥¤¨¥ë¥ ¢®«ë ¢®§¡ã¦¤ «¨áì ¯®àè¥¢ë¬ £¥¥-à â®à®¬ á ¯àï¬®ã£®«ì®© ¯« áâ¨ª®©, á®¢¥àè îé¥©¯®áâã¯ â¥«ì®¥ ¤¢¨¦¥¨¥ ¢¤®«ì ®á¨ ª  « . �à¨§ àï¤ª¥ £¥¥à â®à  ¯®àè¥ì á¤¢¨£ «áï  § ¤ ¤®®¯à¥¤¥«¥®© áâ¥¯¥¨ á¦ â¨ï ¯àã¦¨ë ¨ ä¨ªá¨-à®¢ «áï ¢ íâ®¬ ¯®«®¦¥¨¨ á ¯®¬®éìî ¨â¨, ª®-â®à®© ® ¯à¨¢ï§ë¢ «áï ª ª®à¯ãáã. �â¥¯¥ì á¦ â¨ï¯àã¦¨ë ¨§¬¥àï« áì. � â¥¬ ¨âì ¯¥à¥à¥§ « áì, ¨¯®¤ ¤¥©áâ¢¨¥¬ ¯àã¦¨ë ¯®àè¥ì ¤¢¨£ «áï ¢¯¥à¥¤á® áª®à®áâìî Vp , ¢ëâ «ª¨¢ ï  å®¤ïéãîáï ¢¡«¨§¨¥£® ¬ ááã ¢®¤ë, ª®â®à ï áà §ã ¦¥ ¯à¨¨¬ «  ä®à¬ãã¥¤¨¥®© ¢®«ë. �  ä®â®£à ä¨à®¢ « áì ¢¨¤¥®ª -¬¥à®©   ä®¥ ª®®à¤¨ â®© á¥âª¨, ãªà¥¯«¥®©  ¯à®§à çëå ¡®ª®¢ëå áâ¥ª å ª  «    à ááâ®ï¨¨150 á¬ ®â £¥¥à â®à . �®«ãç¥ë¥ ¢¨¤¥®ä¨«ì¬ë®¡à ¡ âë¢ «¨áì   ª®¬¯ìîâ¥à¥.�  à¨áãª¥, , ¡, ¢ ªàã¦ª ¬¨ ¯®ª § ë à¥§ã«ì-â âë ¨§¬¥à¥¨©. �ãª¢ ¬  , ¡ ¨ ¢ á®®â¢¥âáâ¢ãîâà §«¨çë¥ ®¯ëâë, ¢ ª®â®àëå ¢ àì¨à®¢ «¨áì £«ã¡¨ ª  «  H ¨  ¬¯«¨âã¤  A ã¥¤¨¥ëå ¢®« (â. ¥. ¨å ¬¯«¨âã¤ ï ¤¨á¯¥àá¨ï �=A=H ),   â ª¦¥ áª®à®áâì

¤¢¨¦¥¨ï ¯®àèï V . �à¨¢ ï 2   ¢á¥å ª àâ¨ª å¯à¥¤áâ ¢«ï¥â á®¡®© ª« áá¨ç¥áª¨© á®«¨â® �¤�, à á-áç¨â ë© ¯® ä®à¬ã«¥h=A sec h2[(x� cst)=�]; cs = c0(1 + A2H ): (1)�¤¥áì h | ®âª«®¥¨ï ãà®¢ï ¯®¢¥àå®áâ¨ ¢®¤ë®â ¥¢®§¬ãé¥®£® á®áâ®ï¨ï, � = (4H)3=3A)1=2 |è¨à¨  á®«¨â® , c0 = (gH)1=2 | « £à ¦¥¢  áª®-à®áâì «¨¥©ëå £à ¢¨â æ¨®ëå ¢®«, cs | áª®-à®áâì ¤¢¨¦¥¨ï á®«¨â®  �¤�, x ¨ t | à §¬¥àë¥¯à®¤®«ì ï ª®®à¤¨ â  ¨ ¢à¥¬ï, g | ãáª®à¥¨¥á¨«ë âï¦¥áâ¨. �§ à¨áãª , , ¡ ¨ ¢ ¬ë ¢¨¤¨¬,çâ® ¨§¬¥à¥ ï ä®à¬  ã¥¤¨¥ëå ¢®« (ªàã¦ª¨)§ ¬¥â® ®â«¨ç ¥âáï ®â á®«¨â®®¢ �¤� (ªà¨¢ ï 2).�ã¤¥¬ ¨áå®¤¨âì ¨§ í¢®«îæ¨®®£® ãà ¢¥¨ï ¢â®-à®£® ¯à¨¡«¨¦¥¨ï â¥®à¨¨ ã¥¤¨¥ëå ¢®«, ¯®«ã-ç¥®£®  ¢â®à ¬¨ [2, 5{7], á á®åà ¥¨¥¬ ç«¥®¢ ¥â®«ìª® ¯®àï¤ª  � ¨ � (ª ª ¢ â¥®à¨¨ �¤�), ® ¨�2; �� : �T + �X + 32���X + �6 �3X � 38�2 �X++ 512�� (��3X +2�X �2X ) = 0: (2)�¤¥áì ¢¢¥¤¥ë ¡¥§à §¬¥àë¥ ¯¥à¥¬¥ë¥ � = h=A;T = tc0=�; X = x=� ,   ®¡®§ ç¥¨ï �T ; �2X ; : : : á®®â-¢¥âáâ¢ãîâ ¯à®¨§¢®¤ë¬ @�=@T , @2�=@X2 , . . . .�¢¥¤¥¬ ®¡®§ ç¥¨ï:� =��; k = 32�; n= 38�2; l2 = �6 ; m= 512�� (3)¨ ã¬®¦¨¬ (2)   �1 . �á¯®«ì§ãï (3) ¨§ (2), ¯®«ãç¨¬�T+�X�k��X�n�2�X+l2�3X�m (��3X + 2�X�2X ) = 0:(4)�ã¤¥¬ ¨áª âì à¥è¥¨¥ (4) ¢ ¢¨¤¥ áâ æ¨® àëåã¥¤¨¥ëå ¢®«� =�(s); s=X � vT; (5)£¤¥ v = c=c0 | ¨å ®â®á¨â¥«ì ï áª®à®áâì ¨ �(s) |¥¨§¢¥áâ ï äãªæ¨ï, ®¯à¥¤¥«ïîé ï ä®à¬ã ¢®«ë.�®¤áâ ¢«ïï (5) ¢ (4),  ©¤¥¬(v� 1)�s + k2 (�2)s + n3 (�3)s � l2�3s++m (��3s + 2�s�2s) = 0: (6)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò1 53�à ¢¥¨¥ (6), ¨á¯®«ì§ãï «¥£ª® ¯à®¢¥àï¥¬ë¥ â®¦-¤¥áâ¢ �s�2s � 12 dds [(�s)2]; dds(��2s)��s�2s +��3s;ã¤®¡® ¯¥à¥¯¨á âì ¢ ¢¨¤¥(v� 1)�s + k2 (�2)s + n3 (�3)s� l2�3s++m dds ���2s + 12(�s)2�= 0¨ ®¤¨ à § ¯à®¨â¥£à¨à®¢ âì ¯® ¯¥à¥¬¥®© s :(v� 1)� + k2�2 + n3�3 � l2�2s++m ���2s + 12(�s)2�+C1 = 0: (7)�à¨ ¨§ãç¥¨¨ à¥è¥¨©, á®®â¢¥âáâ¢ãîé¨å ã¥¤¨-¥ë¬ ¢®« ¬, ¯®áâ®ïãî ¨â¥£à¨à®¢ ¨ï C1  -¤® ¢§ïâì à ¢®© ã«î, â ª ª ª ¢®§¬ãé¥¨¥ ãà®¢ï �¤®«¦® ¨áç¥§ âì   ¡¥áª®¥ç®áâ¨.�¢¥¤¥¬ ®¢ë¥ ¯¥à¥¬¥ë¥� = k(��)3(v � 1) ; p= pj(v � 1)j2l s (8)¨ ®¡®§ ç¨¬ � = 3(v� 1)mkl2 : (9)�á¯®«ì§ãï (8) ¨ (9), § ¯¨è¥¬ (7) ¢ ¢¨¤¥(1� ��)�2p� �2(�p)2 � 25��3 � 6�2 � 4� = 0: (10)�¬®¦¨¬ (10)   �p ¨ ¯à®¨â¥£à¨àã¥¬. �®«ãç¨¬12(�p)2 � � Z ��p�2p dp�� �2 Z (�p)3 dp� �10�4� 2�3 � 2�2 = 0; (11)¯®áª®«ìªã Z �p�2p dp� 12(�p)2;  â ª¦¥ ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®Z (�p)3 dp=�2Z ��p�2p dp+ �(�p)2;¨â¥£à «ë ¢ (11) ¢ëç¨á«ïîâáï:�� �Z ��p�2p dp+ 12 Z (�p)3 dp�= 12�(�p)3:� ª¨¬ ®¡à §®¬, à¥§ã«ìâ â ¨â¥£à¨à®¢ ¨ï (11)¨¬¥¥â ¢¨¤ �p =s��4 +20�3 +20�25(1� ��) ; (12)¯à¨ç¥¬ ¯®áâ®ïãî ¨â¥£à¨à®¢ ¨ï ¬ë ¯®« £ ¥¬à ¢®© ã«î, â ª ª ª ¢®§¬ãé¥¨¥ ãà®¢ï � , ®¡ã-á«®¢«¥®¥ ã¥¤¨¥®© ¢®«®©, ¤®«¦® ¨áç¥§ âì  

¡¥áª®¥ç®áâ¨. �§ (12) ¯®á«¥ à §¤¥«¥¨ï ¯¥à¥¬¥-ëå  å®¤¨¬p= Z r 5(1� ��)��2 +20�+ 20 d�� : (13)�£à ¨ç¨¬áï ¤ «¥¥  á¨¬¯â®â¨ª®© v ! 1 à¥ -«¨§ã¥¬®©   ¯à ªâ¨ª¥ ¢ á«ãç ¥, ª®£¤  áª®à®áâìã¥¤¨¥®© ¢®«ë c ¬ «® ®â«¨ç ¥âáï ®â « £à ¦¥-¢®© áª®à®áâ¨ «¨¥©ëå ¢®« c0 = (gH)1=2 . �¡«¨-§¨ £¥¥à â®à  áª®à®áâì ¤¢¨¦¥¨ï ã¥¤¨¥®© ¢®«-ë c ¨ áª®à®áâì ¤¢¨¦¥¨ï ¯®àèï Vp ¤®«¦ëá®¢¯ ¤ âì. � ª¨¬ ®¡à §®¬, ¯à¨¨¬ ï ¯à¨¡«¨¦¥¨¥O(v) = O(c=c0) = O(Vp=c0) = 1 ¬ë ¤®«¦ë ¤ «¥¥á«¥¤¨âì §  ¥£® ¢ë¯®«¥¨¥¬.�à¨ v! 1 , � = 5(v� 1)! 0 ¨â¥£à « (13) ¬®¦®§ ¯¨á âì ¢ ä®à¬¥p= 12 Z r 11 + � d�� :�âáî¤  á«¥¤ã¥â p=�Arth(p1 + �): (14)�§ (14), ãç¨âë¢ ï, çâ® th2 p+ sec h2p � 1 ,  å®¤¨¬ä®à¬ã«ã # = � sec h2p , ª®â®à ï ¢ à §¬¥à®¬ ¢¨¤¥¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à §®¬:h=A sec h2 "p6jv � 1j2H (x� ct)# : (15)�¥è¥¨¥ (15), ®¯à¥¤¥«ïîé¥¥ ã¥¤¨¥ãî ¢®«ã, ¯®§-¢®«ï¥â ¢ëç¨á«¨âì ¢®§¬ãé¥¨¥ ãà®¢ï ¯®¢¥àå®áâ¨¢®¤ë h ¯® ¨§¬¥à¥ë¬ § ç¥¨ï¬ H;A ¨ c = Vp .�â¬¥â¨¬, çâ® ¯à¨ c = cs ä®à¬ã«  (15) ¯¥à¥å®¤¨â¢ ª« áá¨ç¥áª¨© á®«¨â® �¤�, ®¯à¥¤¥«ï¥¬ë© ä®à-¬ã«®© (1). �¤ ª® ¢¡«¨§¨ £¥¥à â®à , £¤¥ ¢ë¯®«-ï«¨áì  ¡«î¤¥¨ï, ã¥¤¨¥ ï ¢®«  ¤¢¨¦¥âáï á®áª®à®áâìî ¤¢¨¦¥¨ï ¯®àèï c = Vp , ª®â®à ï ¥®¡ï§ â¥«ì® á®¢¯ ¤ ¥â á® áª®à®áâìî á®«¨â®®¢ �¤�.�  à¨áãª¥,  ªà¨¢ë¬¨ 1, 2, 3 ¯®ª § ë à¥-§ã«ìâ âë à áç¥â®¢ âà¥å ã¥¤¨¥ëå ¢®« á  ¬¯«¨-âã¤®© A = 3:25 c¬, ¡¥£ãé¨å ¢ ª  «¥ á £«ã¡¨-®© H = 6 á¬. �à¨¢ ï 2 á®®â¢¥âáâ¢ã¥â ª« áá¨-ç¥áª®¬ã á®«¨â®ã (2), ª®â®àë© ¤¢¨¦¥âáï á® áª®-à®áâìî cs = 97:5 á¬/c. �®áª®«ìªã è¨à®â  �®áª¢ë' = 55:8� á.è., â® g = 981:57 á¬/á2 . � ª¨¬ ®¡à -§®¬, c0 = (gH)1=2 = 76:7 á¬/c. �à¨¢ ï 1, á®¢¯ ¤ -îé ï á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨, à ááç¨â  ¯® ä®à¬ã«¥ (15) ¯à¨ A = 3:25 á¬, H = 6 á¬ ¨c = Vp = 112:2 á¬/c. � ª®¥æ, ªà¨¢ ï 3   à¨-áãª¥, , ¨¤ãé ï ¢ëè¥ á®«¨â®  �¤�, à ááç¨â  ¯® ä®à¬ã«¥ (15) ¯à¨ A = 3:25 á¬, H = 6 á¬ ¨c= Vp = 87:8 á¬/c.�  à¨áãª¥,¡ ¯®ª § ë   «®£¨çë¥ à¨áã-ªã, a à áç¥âë ¤«ï ã¥¤¨¥®© ¢®«ë á  ¬¯«¨âã¤®©A= 2:25 á¬, à á¯à®áâà ïîé¥©áï ¢ ª  «¥ á £«ã¡¨-®© H = 6 á¬. � ¤ ®¬ ¯à¨¬¥à¥ c= Vp = 126:1 á¬/c,cs = 85:8 á¬/c ¨ c0 = (gH)1=2 = 70:1 á¬/c. � ª®¥æ,
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�������������������� !"#$%&'()*+,� áç¥â ã¥¤¨¥ëå ¢®« (ªà¨¢ë¥ 1, 2, 3) ¨ ¤ ë¥  ¡«î¤¥-¨©, (ªàã¦ª¨). � à¨ â a | ¢ ª  «¥ á £«ã¡¨®© H = 6 á¬¡¥¦¨â ¢®«  á  ¬¯«¨âã¤®© A = 3:25 á¬. � à¨ â ¡ | ¢ª  «¥ á £«ã¡¨®© H = 6 á¬ ¡¥¦¨â ¢®«  á  ¬¯«¨âã¤®©A = 2:25 á¬. � à¨ â ¢ | ¢ ª  «¥ á £«ã¡¨®© H = 7 á¬¡¥¦¨â ¢®«  á  ¬¯«¨âã¤®© A= 2:7 á¬

  à¨áãª¥, ¢ ¯®ª §   ã¥¤¨¥ ï ¢®«  á  ¬¯«¨-âã¤®© A = 2:7 á¬, ¡¥£ãé ï ¢ ª  «¥ á £«ã¡¨®©H = 7 á¬ á® áª®à®áâìî c = Vp = 165:8 á¬/c (ªà¨-¢ ï 1). �à¨¢ ï 2 §¤¥áì á®®â¢¥âáâ¢ã¥â á®«¨â®ã �¤�,¡¥£ãé¥¬ã á® áª®à®áâìî cs = 114:9 á¬/c. �ª®à®áâì«¨¥©ëå ¢®« ¤«ï ¯à¨¬¥à , ¨§®¡à ¦¥®£®   à¨-áãª¥, ¢ c0 = (gH)1=2 = 82:8 á¬/c.�¥§î¬¨àãï áâ âìî ¯®¤ç¥àª¥¬, çâ®  ¡«î¤ ¥¬®¥áã¦¥¨¥ ã¥¤¨¥ëå ¢®« ¯® áà ¢¥¨î á â¥®à¨¥©�¤�, ®¡êïáï¥âáï â¥¬, çâ® à¥ «ì ï áª®à®áâì ¤¢¨-¦¥¨ï ã¥¤¨¥ëå ¢®« c , § ¤ ¢ ¥¬ëå áª®à®áâìî¤¢¨¦¥¨ï ¯®àèï £¥¥à â®à  á®«¨â®®¢ Vp , ¯à¥¢ë-è ¥â â¥®à¥â¨ç¥áªãî áª®à®áâì á®«¨â®®¢ �¤�, â. ¥.c = Vp > cs: �á«¨ ¦¥ áª®à®áâì ¤¢¨¦¥¨ï ¯®àèï£¥¥à â®à  Vp ¨ áª®à®áâì ã¥¤¨¥ëå ¢®« c ¬¥ìè¥áª®à®áâ¨ á®«¨â®®¢ �¤� (c= Vp < cs) â® ¢®§¨ª îâ¡®«¥¥ è¨à®ª¨¥ ã¥¤¨¥ë¥ ¢®«ë. �¬¥¥â ¬¥áâ®¥à ¢¥áâ¢® c0 = (gH)1=2 < cs < c = Vp . �§ ¯à¨¢¥-¤¥ëå ¤ ëå ¢¨¤®, çâ® ãá«®¢¨¥ O(v) � 1 , ¯à¨ª®â®à®¬ á¯à ¢¥¤«¨¢® à¥è¥¨¥ (15), ¢ íªá¯¥à¨¬¥â å¢ë¯®«ï¥âáï. � ááç¨â ë¥ â¥®à¥â¨ç¥áª¨¥ ªà¨¢ë¥ 1  à¨áãª¥,a, ¡, ¢) á®¢¯ ¤ îâ á íªá¯¥à¨¬¥â «ìë¬¨¤ ë¬¨. � ª¨¬ ®¡à §®¬, ¢â®à®¥ ¯à¨¡«¨¦¥¨¥ ¢â¥®à¨¨ ã¥¤¨¥ëå ¢®« [2] ãâ®çï¥â ª« áá¨ç¥áªãîâ¥®à¨î �®àâ¥¢¥£ {¤¥ �à¨§  [1].�¢â®àë ¡« £®¤ àïâ ¯à®ä¥áá®à  �.�. �¨ª®« ¥¢-áª®£® ¨ ¯à®ä¥áá®à  �®¬¨¨ª  �¥®ã à¤  (�à æ¨ï)§  ®¡áã¦¤¥¨¥ ¯à®¡«¥¬, § âà®ãâëå ¢ áâ âì¥.�¨â¥à âãà 1. Korteveg D.J., de Vries G. // Phil. Mag. 1895. 39. P. 422.2. �àá¥ì¥¢ �.�. // ���. 1994. 334, ò5. C. 635.3. �¥ª¨è¥¢  �.�., �¥©åàã¤¥«ì �.�. // �àã¤ë � å����.1973. ò32. C. 188.4. Renouard D.P., Seabra Santos F.J., Temperville A.M. //Dynamics of the Atmospheres and Oceans. 1985. 9. P. 341.5. Arrsen'ev S.A., Gubarr A.Y. // Ocean Modelling. 1995.Iss. 106. P. 2.6. �àá¥ì¥¢ �.�., �ã¡ àì �.�., �¥«ª®¢¨ª®¢ �.�. // �¥áâ.�®áª. ã-â . �¨§. �áâà®. 1998. ò1. �. 46.7. �àá¥ì¥¢ �.�., � åàãè¥¢ �.�., �¥«ª®¢¨ª®¢ �.�. //�¥áâ. �®áª. ã-â . �¨§. �áâà®. 1996. ò4. �. 81.�®áâã¯¨«  ¢ p¥¤ ªæ¨î08.11.00�¥à¥à ¡®â   07.02.03


