
44 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü 1��� 551.466 ���������� �������� ��������� ����������������� ����. �. �®á®¢, �. �. �ª çª®(ª ä¥¤à  ä¨§¨ª¨ ¬®àï ¨ ¢®¤ áãè¨)E-mail: psiwc47@phys.msu.su�áá«¥¤ã¥âáï ­¥«¨­¥©­ë© ¬¥å ­¨§¬ £¥­¥à æ¨¨ ¤«¨­­®© £à ¢¨â æ¨®­­®© ¢®«­ë ¢ ®ª¥ ­¥ ¯à¨¡ëáâàëå ª®«¥¡ ­¨ïå ¤­ . �ëï¢«¥­  á¢ï§ì  ¬¯«¨âã¤ë ¢®«­ë á  ¬¯«¨âã¤®©, ç áâ®â®©, ¯à®¤®«¦¨-â¥«ì­®áâìî ª®«¥¡ ­¨© ¤­  ¨ £®à¨§®­â «ì­®© ¯à®âï¦¥­­®áâìî ¨áâ®ç­¨ª .� à ¡®â å [1, 2] ­ ¬¨ ¡ë«® ¯®ª § ­®, çâ® ¥á«¨ç áâ®â  ¢¥àâ¨ª «ì­ëå ª®«¥¡ ­¨© ãç áâª  ¤­  ®ª¥ ­ ¯à¨ ¯®¤¢®¤­®¬ §¥¬«¥âàïá¥­¨¨ ¯à¥¢ëè ¥â ¢¥«¨ç¨­ãg1=2H�1=2 , ¯à¨ç¥¬ ª®«¥¡ ­¨ï ­¥ á®¯à®¢®¦¤ îâáï®áâ â®ç­ë¬¨ á¬¥é¥­¨ï¬¨, â® íää¥ªâ¨¢­®¥ ¢®§¡ã¦-¤¥­¨¥ ¯®¢¥àå­®áâ­ëå £à ¢¨â æ¨®­­ëå ¢®«­ (æã­ ¬¨)­¥¢®§¬®¦­®. �¥§ã«ìâ â ¯®«ãç¥­ ¢ à ¬ª å «¨­¥©­®©¯®â¥­æ¨ «ì­®© â¥®à¨¨. �® ¯à¨ §¥¬«¥âàïá¥­¨¨  ¬-¯«¨âã¤  áª®à®áâ¨ ª®«¥¡ ­¨ï ¤­  ¬®¦¥â ¤®áâ¨£ âì§­ ç¨â¥«ì­®© ¢¥«¨ç¨­ë, ª®£¤  «¨­¥©­ ï â¥®à¨ï áâ -­®¢¨âáï ­¥¯à¨¬¥­¨¬  ¨ ­  ¯¥à¥¤­¨© ¯« ­ ¢ëå®-¤ïâ ­¥«¨­¥©­ë¥ íää¥ªâë. � ¯à¨¬¥à, ­¥«¨­¥©­®áâì¬®¦¥â ¯à®ï¢«ïâìáï ¢ â®¬, çâ® ¢®§¡ã¦¤ ¥âáï ¤«¨­-­ ï £à ¢¨â æ¨®­­ ï ¢®«­  ¢ à¥§ã«ìâ â¥ ú¤¥â¥ªâ¨-à®¢ ­¨ïû ¡ëáâàëå ª®«¥¡ ­¨© ¢®¤­®£® á«®ï. �à¥¤-¬¥â ­ áâ®ïé¥© à ¡®âë á®áâ®¨â ¢ ¢ëï¢«¥­¨¨ á¢ï§¥©å à ªâ¥à¨áâ¨ª â ª®© ¤«¨­­®© ¢®«­ë ¨ ¯ à ¬¥âà®¢ª®«¥¡ ­¨© ãç áâª  ¤­ .� §®¢ ï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì�ã¤¥¬ à áá¬ âà¨¢ âì ¡¥§£à ­¨ç­ë© ¢¤®«ì ®á¨ Oxá«®© ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ®¤­®à®¤­®© ¦¨¤ª®áâ¨¯®áâ®ï­­®© â®«é¨­ë H ¢ ¯®«¥ á¨«ë âï¦¥áâ¨. � -ç «® ¯àï¬®ã£®«ì­®© á¨áâ¥¬ë ª®®à¤¨­ â Oxz ¯®¬¥á-â¨¬ ­  ­¥¢®§¬ãé¥­­®© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨, ®áìOz ­ ¯à ¢¨¬ ¢¥àâ¨ª «ì­® ¢¢¥àå. �à¥¤¯®«®¦¨¬, çâ®¢ ¦¨¤ª®áâ¨ á®áãé¥áâ¢ãîâ ª®«¥¡ â¥«ì­®¥ (¡ëáâà®¥)¨ ãáà¥¤­¥­­®¥ (¬¥¤«¥­­®¥) ¤¢¨¦¥­¨ï. �®¬¯®­¥­âë¯®«­®© áª®à®áâ¨ â¥ç¥­¨ï u� ¨ w� ¯à¥¤áâ ¢¨¬ ¢ ¢¨-¤¥ áã¬¬ë áª®à®áâ¥© ª®«¥¡ â¥«ì­®£® ¨ ãáà¥¤­¥­­®£®¤¢¨¦¥­¨©:u� (x; z; t) = u (x; z) cos (!t) + U (x; z; t) ; (1)w� (x; z; t) = w (x; z) cos (!t) +W (x; z; t) : (2)�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (1) ¨ (2) ¢ «¥¢ãî ç áâì ãà ¢-­¥­¨ï �©«¥à  ¨ ¯à®¨§¢®¤ï ®¯¥à æ¨î ãáà¥¤­¥­¨ï ¯®¯¥à¨®¤ã ª®«¥¡ ­¨© (®¡®§­ ç¥­  £®à¨§®­â «ì­®© ç¥à-â®© á¢¥àåã), ¯®«ãç ¥¬@u�@t + u� @u�@x +w�@u�@z = @U@t +U @U@x +W @U@z � fx;@w�@t + u� @w�@x + w�@w�@z = @W@t +U @W@x +W @W@z �fz ;

£¤¥fx (x; z) =�12 �u (x; z) @u (x; z)@x +w (x; z) @u (x; z)@z �;(3)fz (x; z) =�12 �u (x; z) @w (x; z)@x +w (x; z) @w (x; z)@z �:(4)� ª¨¬ ®¡à §®¬ ¢ ãà ¢­¥­¨ïå ¤«ï áª®à®áâ¨ áà¥¤­¥£®¤¢¨¦¥­¨ï ¢®§­¨ª îâ ¤®¯®«­¨â¥«ì­ë¥ ç«¥­ë fx ¨ fz ,ª®â®àë¥ ¬ë ¡ã¤¥¬ ¨­â¥à¯à¥â¨à®¢ âì ª ª ª®¬¯®­¥­-âë ­¥ § ¢¨áïé¥© ®â ¢à¥¬¥­¨ ¬ áá®¢®© á¨«ë.�¥è¥­¨¥ ¢á¯®¬®£ â¥«ì­®© «¨­¥©­®© § ¤ ç¨� áá¬®âà¨¬ ¢á¯®¬®£ â¥«ì­ãî «¨­¥©­ãî § ¤ çã,à¥è¥­¨¥ ª®â®à®© ¯®§¢®«¨â ®¯à¥¤¥«¨âì ¯®«¥ áª®à®áâ¨â¥ç¥­¨ï ¢ ¦¨¤ª®áâ¨ v(x; z; t) ¯à¨ ª®«¥¡ ­¨ïå ãç áâª ¤­ , ¯à®¨áå®¤ïé¨å ¯® § ª®­ã � (x; t) . � ¤ çã ¡ã¤¥¬à¥è âì ®â­®á¨â¥«ì­® ¯®â¥­æ¨ «  áª®à®áâ¨ â¥ç¥­¨ïF (x; z; t) : Fxx + Fzz = 0; (5)Ftt = �gFz; z = 0; (6)Fz = �t; z = �H: (7)�à ¢­¥­¨¥ � ¯« á  (5) á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨­  ¯®¢¥àå­®áâ¨ (6) ¨ ­  ¤­¥ (7) à¥è ¥âáï áâ ­¤ àâ-­ë¬ ¬¥â®¤®¬ à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå. �¯ãáª ï í«¥-¬¥­â à­ë¥ ¢ëª« ¤ª¨, ¢ë¯¨è¥¬ ®¡é¥¥ à¥è¥­¨¥ § ¤ -ç¨ ¢ ¢¨¤¥ à §«®¦¥­¨© � ¯« á  ¨ �ãàì¥ ¯® ¢à¥¬¥­­®©¨ ¯à®áâà ­áâ¢¥­­®© ª®®à¤¨­ â ¬ á®®â¢¥âáâ¢¥­­®:F (x; z; t) =� 14�2i s+i1Zs�i1 dp 1Z�1 dk��p exp (pt� ikx) ch (kz) �gk� p2 th (kz)�k ch (kH) [gk th (kH) + p2] G (p; k) ;(8)£¤¥ G (p; k) = 1Z0 dt 1Z�1 dx exp (�pt+ ikx) � (x; t) :



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü1 45�® ¨§¢¥áâ­®¬ã ¯®â¥­æ¨ «ã áâ ­¤ àâ­ë¬ á¯®á®¡®¬¢ëç¨á«ïîâáï £®à¨§®­â «ì­ ï u(x; z; t) ¨ ¢¥àâ¨ª «ì-­ ï w(x; z; t) ª®¬¯®­¥­âë ª®«¥¡ â¥«ì­®© áª®à®áâ¨â¥ç¥­¨ï: u (x; z; t) = @F@x ; w (x; z; t) = @F@z :� ª®­ ¤¢¨¦¥­¨ï ¤­  � (x; t) ¢ë¡¥à¥¬ ¢ ¢¨¤¥� (x; t) = �i (x) � (t) sin (!t) ; i= 1; 2; (9)�1 (x) = �0 exp ��x2a�2� ;�2(x) =8><>:�0; jxj6 b;�0c�1(b� jxj) + 1; b < jxj6 b+ c;0; jxj> b+ c;£¤¥ �0 ¨ ! |  ¬¯«¨âã¤  ¨ æ¨ª«¨ç¥áª ï ç áâ®â  ª®-«¥¡ ­¨© ¤­ ; a; b; c | ¯ à ¬¥âàë, å à ªâ¥à¨§ãîé¨¥£®à¨§®­â «ì­ãî ¯à®âï¦¥­­®áâì ¨ ä®à¬ã ¯à®áâà ­-áâ¢¥­­®£® à á¯à¥¤¥«¥­¨ï  ¬¯«¨âã¤ë ª®«¥¡ ­¨© ¤­ ;� | äã­ªæ¨ï �¥¢¨á ©¤ . �®­ªà¥â¨§ æ¨ï ¢à¥¬¥­­®£®§ ª®­  ¤¢¨¦¥­¨ï ¤­  ¤ ¥â ¢®§¬®¦­®áâì ¢ë¯®«­¨âì¨­â¥£à¨à®¢ ­¨¥ ¯® ¯ à ¬¥âàã dp ¢ ¢ëà ¦¥­¨¨ (8) ­ «¨â¨ç¥áª¨. �¥à¥å®¤ï ª ¡¥§à §¬¥à­ë¬ ¯¥à¥¬¥­­ë¬k� =Hk; t� = t(g=H)1=2; !� = !(H=g)1=2;fx�; z�; a�; b�; c�g=H�1fx; z; a; b; cg; (10)¯®á«¥ ¤®¢®«ì­® £à®¬®§¤ª¨å ¯à®¬¥¦ãâ®ç­ëå ¢ëª« -¤®ª ¯®«ãç ¥¬ ®ª®­ç â¥«ì­ë¥ ä®à¬ã«ë ¤«ï ¢ëç¨á-«¥­¨ï ª®¬¯®­¥­â áª®à®áâ¨ â¥ç¥­¨ï ¢ ¦¨¤ª®áâ¨ ¯à¨ª®«¥¡ ­¨ïå ¤­ , ®¯¨áë¢ ¥¬ëå ¢ëà ¦¥­¨¥¬ (9) (§¢¥§-¤®çªã §¤¥áì ¨ ¤ «¥¥ ®¯ãáª ¥¬):u (x; z; t) = �0!� 1Z0 dk sin (kx) ch (kz)Xi (k)ch (k) �p20� !2� ���cos (!t) �k+!2 th (kz)�� cos (p0t) �k+p20 th (kz)�	;(11)

w (x; z; t) = ��0!� 1Z0 dkcos (kx) ch (kz)Xi (k)ch (k) �p20 � !2� ���cos (!t) �k th (kz) + !2��� cos (p0t) �k th (kz) + p20�	 ; (12)£¤¥ p20 = k th (k) ;Xi (k) = 1Z�1 dx exp (ikx) �i (x) :� ª¨¬ ®¡à §®¬, ¢ ¢ëà ¦¥­¨ïå (11), (12) ¯®¤ §­ ª®¬¨­â¥£à «  ä¨£ãà¨àãîâ ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­­ë¥, ­®ª®íää¨æ¨¥­âë ¯¥à¥¤ ¨­â¥£à « ¬¨ ¨ á ¬¨ ¨áª®¬ë¥ª®¬¯®­¥­âë áª®à®áâ¨ â¥ç¥­¨ï u ¨ w ï¢«ïîâáï à §-¬¥à­ë¬¨ ¢¥«¨ç¨­ ¬¨.�¨á«¥­­ë© à áç¥â ª®¬¯®­¥­â áª®à®áâ¨ â¥ç¥­¨ï¯®ª § «, çâ® ¢ ¨­â¥à¥áãîé¥¬ ­ á ç áâ®â­®¬ ¤¨ ¯ -§®­¥ (! > 2�g1=2H�1=2 ) áà §ã ¯®á«¥ ú¢ª«îç¥­¨ïû ª®-«¥¡ ­¨© ¤­  ª ¦¤ ï â®çª  ¦¨¤ª®áâ¨ ­ ç¨­ ¥â á®¢¥à-è âì £ à¬®­¨ç¥áª¨¥ ª®«¥¡ ­¨ï á  ¬¯«¨âã¤®©, § ¢¨-áïé¥© â®«ìª® ®â ¥¥ ª®®à¤¨­ â. �®¬¯®­¥­âë áª®à®áâ¨â¥ç¥­¨ï ¯à¨ íâ®¬ á å®à®è¥© â®ç­®áâìî ®¯¨áë¢ îâáïä®à¬ã« ¬¨ u (x; z; t) = u (x; z) cos (!t) , w (x; z; t) == w (x; z) cos (!t) : � ¤ «ì­¥©è¨å à áç¥â å ¯®« £ -«®áì, çâ® u (x; z) = u (x; z; 0) , w (x; z) = w (x; z; 0) :�®«ãç¥­­ë¥ â ª¨¬ ®¡à §®¬ äã­ªæ¨¨ u(x; z) ¨w(x; z) ¯®¤áâ ¢«ï«¨áì ¢ ¢ëà ¦¥­¨ï (3) ¨ (4) ¤«ïà áç¥â  ª®¬¯®­¥­â ¬ áá®¢®© á¨«ë fx ¨ fz .�  à¨á. 1 ¯à¥¤áâ ¢«¥­ë ¯à¨¬¥àë ¯à®áâà ­áâ-¢¥­­®£® à á¯à¥¤¥«¥­¨ï á¨«ë. � áç¥â ¢ë¯®«­¥­ ¤«ïà á¯à¥¤¥«¥­¨ï  ¬¯«¨âã¤ë ª®«¥¡ ­¨© ¤­  �1(x) ¯à¨§­ ç¥­¨ïå ¯ à ¬¥âà  a= 1, 3 ¨ 5. �¨¤­®, çâ® ¯® ¬¥à¥���������	
��
��������¨á. 1. �à®áâà ­áâ¢¥­­®¥ à á¯à¥¤¥«¥­¨¥ ¬ áá®¢®© á¨«ë f; à ááç¨â ­­®¥ ¤«ï ¤¢¨¦¥­¨ï ¤­  ¯® § ª®­ã �1 ¯à¨a= 1, 3 ¨ 5. � ¯à ¢«¥­¨¥ ¨ ¢¥«¨ç¨­  áâà¥«ª¨ á®®â¢¥âáâ¢ãîâ ¯à®¨§¢¥¤¥­¨î af



46 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü 1¢®§à áâ ­¨ï ¢¥«¨ç¨­ë a ¢¥àâ¨ª «ì­ ï ª®¬¯®­¥­â á¨«ë fz ã¬¥­ìè ¥âáï,   § ¢¨á¨¬®áâì £®à¨§®­â «ì­®©ª®¬¯®­¥­âë fx ®â ¢¥àâ¨ª «ì­®© ª®®à¤¨­ âë z áâ -­®¢¨âáï ¢á¥ ¡®«¥¥ á« ¡®©.�®à¨§®­â «ì­ ï ¯à®âï¦¥­­®áâì ®ç £  æã­ ¬¨®¡ëç­® ¢ ¤¥áïâª¨ à § ¯à¥¢®áå®¤¨â £«ã¡¨­ã ®ª¥ ­ ,á«¥¤®¢ â¥«ì­®, ¤«ï ¤ «ì­¥©è¨å ®æ¥­®ª æ¥«¥á®®¡à §-­® ¢ë¡¨à âì ¨áâ®ç­¨ª ¡®«ìè®© £®à¨§®­â «ì­®© ¯à®-âï¦¥­­®áâ¨. �® ¢ â ª®¬ á«ãç ¥ ¬®¦­® ¯à¥­¥¡à¥çìª ª ¤¥©áâ¢¨¥¬ ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­âë á¨«ë, â ª ¨§ ¢¨á¨¬®áâìî ¥¥ £®à¨§®­â «ì­®© ª®¬¯®­¥­âë ®â ª®-®à¤¨­ âë z , çâ® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì «¨­¥©­ãîâ¥®à¨î ¤«¨­­ëå ¢®«­ ¤«ï ®¯¨á ­¨ï £à ¢¨â æ¨®­­®©¢®«­ë, ¢®§¡ã¦¤ ¥¬®© ¤¥©áâ¢¨¥¬ ¬ áá®¢®© á¨«ë.�®§¡ã¦¤¥­¨¥ ¤«¨­­®© ¢®«­ë�¨áâ¥¬  ãà ¢­¥­¨© «¨­¥©­®© â¥®à¨¨ ¤«¨­­ëå¢®«­ á ãç¥â®¬ ¤¥©áâ¢¨ï ¢­¥è­¥© £®à¨§®­â «ì­®©á¨«ë f(x; t) @U@t =�g @�@x + f (x; t) ;@�@t +H@U@x = 0âà ¤¨æ¨®­­ë¬ á¯®á®¡®¬ á¢®¤¨âáï ª ­¥®¤­®à®¤­®¬ã¢®«­®¢®¬ã ãà ¢­¥­¨î, ª®â®à®¥ ¬ë § ¯¨è¥¬ ¢ ¯à¨-­ïâ®¬ ­ ¬¨ ¡¥§à §¬¥à­®¬ ¢¨¤¥ (á¬. ä®à¬ã«ë (10))@2�@x2 � @2�@t2 = Hg @f@x; (13)£¤¥ � | á¬¥é¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨®â à ¢­®¢¥á­®£® ¯®«®¦¥­¨ï. �¥«¨ç¨­ë � ¨ f ¢ ãà ¢-­¥­¨¨ (13) ï¢«ïîâáï à §¬¥à­ë¬¨. �¥è¥­¨¥ ãà ¢­¥-­¨ï (13) å®à®è® ¨§¢¥áâ­® [3] ¨ ¬®¦¥â ¡ëâì § ¯¨á ­®á«¥¤ãîé¨¬ ®¡à §®¬:� (x; t) = H2g tZ0 dt̂ x+(t�t̂)Zx�(t�t̂) @f@x̂dx̂: (14)�ã¤¥¬ áç¨â âì, çâ® ª®«¥¡ ­¨ï ¤­  ¨¬¥îâ ä¨ªá¨à®-¢ ­­ë¥  ¬¯«¨âã¤ã ¨ ç áâ®âã ¢ â¥ç¥­¨¥ ­¥ª®â®à®-£® ¯à®¬¥¦ãâª  ¢à¥¬¥­¨ � . � íâ®¬ á«ãç ¥ äã­ªæ¨ïf(x; t) ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥f (x; t) = f (x) [� (t)� � (t� �)] : (15)�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (15) ¢ ä®à¬ã«ã (14) ¨ ¢ë¯®«-­ïï ¨­â¥£à¨à®¢ ­¨¥ ¯® ¯à®áâà ­áâ¢¥­­®© ¯¥à¥¬¥­-­®©, ¯®«ãç ¥¬� (x; t) = �H2g tZ0 �� �t̂�� � �t̂� ����� �f �x+ �t� t̂��� f �x� �t� t̂��� dt̂: (16)

� ¢¨á¨¬®áâì fx ®â ¢¥àâ¨ª «ì­®© ª®®à¤¨­ âë z ï¢-«ï¥âáï á« ¡®©. �«ï ®¯à¥¤¥«¥­­®áâ¨ ¢ ¤ «ì­¥©è¨åà áç¥â å ¡ã¤¥¬ ¯®« £ âì f (x) = fx (x;�0:5) .�¥§ã«ìâ âë ¨ ¨å ®¡áã¦¤¥­¨¥�à®æ¥áá ä®à¬¨à®¢ ­¨ï ¤«¨­­®© £à ¢¨â æ¨®­­®©¢®«­ë, ª®â®à ï ¢®§­¨ª ¥â ¯à¨ ¤¥â¥ªâ¨à®¢ ­¨¨ ¡ëáâ-àëå ª®«¥¡ ­¨© ¢®¤­®£® á«®ï, ¨««îáâà¨àã¥âáï ­ à¨á. 2. �¬¥é¥­¨ï ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ � (x) à á-áç¨â ­ë ¯® ä®à¬ã«¥ (16) ¢ ¯®á«¥¤®¢ â¥«ì­ë¥ ¬®¬¥­-âë ¢à¥¬¥­¨ t= 2, 4, 6, 8, 10 ¨ 12 ¯à¨ §­ ç¥­¨ïå ¯ à -¬¥âà®¢ a= 5 ¨ � = 3. �®«­®áâìî áä®à¬¨à®¢ ¢è ïáï¢®«­  á®áâ®¨â ¨§ £®à¡  ¨ ¢¯ ¤¨­ë, ª®â®àë¥ ¨¬¥îâ®¤¨­ ª®¢ë¥ ä®à¬ã ¨ ¢ëá®âã.�������¨á. 2. �¬¥é¥­¨¥ ¯®¢¥àå­®áâ¨, à ááç¨â ­­®¥ ¢ ¯®á«¥¤®¢ -â¥«ì­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨ t = 2, 4, 6, 8, 10, 12 (á®®â¢¥â-áâ¢¥­­® ªà¨¢ë¥ 1{6) ¤«ï ¯à®áâà ­áâ¢¥­­®£® à á¯à¥¤¥«¥-­¨ï �1 ¯à¨ a= 5, � = 3����������¨á. 3. �¬¯«¨âã¤  ¤«¨­­®© ¢®«­ë ¢ § ¢¨á¨¬®áâ¨ ®â ¯à®-¤®«¦¨â¥«ì­®áâ¨ ¤¥©áâ¢¨ï ¨áâ®ç­¨ª . �à¨¢ë¥ 1{3 à ááç¨-â ­ë ¤«ï ¯à®áâà ­áâ¢¥­­®£® à á¯à¥¤¥«¥­¨ï �1 ¯à¨ a= 5,10 ¨ 20, ªà¨¢ë¥ 4 ¨ 5 | ¤«ï �2 ¯à¨ b = 2, c = 3 (4)¨ b= 1, c= 9 (5)�  à¨á. 3 ¯à¥¤áâ ¢«¥­   ¬¯«¨âã¤  ¢®«­ë �max(¢ëá®â  £®à¡ ) ª ª äã­ªæ¨ï ¯à®¤®«¦¨â¥«ì­®áâ¨ ª®-«¥¡ ­¨© ¤­  ¯à¨ à §«¨ç­ëå ä®à¬ å ¯à®áâà ­áâ¢¥­-­®£® à á¯à¥¤¥«¥­¨ï  ¬¯«¨âã¤ë ª®«¥¡ ­¨©. �¥«¨ç¨­ �max ¬®­®â®­­® ¢®§à áâ ¥â á ã¢¥«¨ç¥­¨¥¬ ¯à®¤®«-¦¨â¥«ì­®áâ¨ ª®«¥¡ ­¨©, ­® íâ®â à®áâ ­¥ ¡¥á¯à¥¤¥-«¥­:  ¬¯«¨âã¤  ­¥ ¬®¦¥â ¡ëâì ¡®«ìè¥ ­¥ª®â®à®©¢¥«¨ç¨­ë, ª®â®à ï ¯à ªâ¨ç¥áª¨ ­¥ § ¢¨á¨â ®â ä®à¬ë¯à®áâà ­áâ¢¥­­®£® à á¯à¥¤¥«¥­¨ï �i(x) . �®à¨§®­-â «ì­ ï ¯à®âï¦¥­­®áâì ª®«¥¡«îé¥©áï ®¡« áâ¨ ¤­ 



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü1 47§ ¬¥â­® ¢«¨ï¥â ­  §­ ç¥­¨¥ � , ¯à¨ ª®â®à®¬ ¡ã¤¥â¤®áâ¨£­ãâ  ¬ ªá¨¬ «ì­ ï  ¬¯«¨âã¤ : ¯à¨ ¡®«ìè¥©¯à®âï¦¥­­®áâ¨ ¤«ï ä®à¬¨à®¢ ­¨ï ¢®«­ë á ¬ ªá¨-¬ «ì­®©  ¬¯«¨âã¤®© âà¥¡ã¥âáï ¡®«¥¥ ¯à®¤®«¦¨â¥«ì-­®¥ ¢à¥¬ï ¤¥©áâ¢¨ï ¨áâ®ç­¨ª .� áá¬ âà¨¢ ¥¬ë© ­¥«¨­¥©­ë© íää¥ªâ ¬®¦­®ªà âª® ¯à¥¤áâ ¢¨âì á«¥¤ãîé¨¬ ®¡à §®¬. �à¨ ª®«¥-¡ ­¨ïå ¤­  ¡ áá¥©­  ¦¨¤ª®áâì ú¢ëâ «ª¨¢ ¥âáïû ¨§®¡« áâ¨ ­ ¨¡®«¥¥ ¨­â¥­á¨¢­ëå ¤¢¨¦¥­¨© (¨§ ®ç £ ),çâ® ¨ á«ã¦¨â ¯à¨ç¨­®© ä®à¬¨à®¢ ­¨ï £à ¢¨â æ¨-®­­®© ¢®«­ë. �¬¯«¨âã¤  â ª®© ¢®«­ë ­¥ § ¢¨á¨â®â ¯à®áâà ­áâ¢¥­­®£® § ª®­  ¨§¬¥­¥­¨ï  ¬¯«¨âã¤ëª®«¥¡ ­¨© ¤­  (¯à¨ ãá«®¢¨¨ ¤®áâ â®ç­®© ¯« ¢­®áâ¨íâ®£® § ª®­ ), ­® ®¯à¥¤¥«ï¥âáï  ¬¯«¨âã¤®© áª®à®áâ¨ª®«¥¡ ­¨© �0! , ¨å ¯à®¤®«¦¨â¥«ì­®áâìî � ¨ £®à¨-§®­â «ì­ë¬ à §¬¥à®¬ ª®«¥¡«îé¥©áï ®¡« áâ¨.� ­­ë¥, ¯à¥¤áâ ¢«¥­­ë¥ ­  à¨á. 3, ¯®§¢®«ïîâ ®æ¥-­¨âì  ¬¯«¨âã¤ã ¢®«­ë æã­ ¬¨, áä®à¬¨à®¢ ­­®© à á-á¬ âà¨¢ ¥¬ë¬ ­¥«¨­¥©­ë¬ ¬¥å ­¨§¬®¬. � ª, ­ ¯à¨-¬¥à, ¯à¨ £«ã¡¨­¥ ®ª¥ ­  1 ª¬ ª®«¥¡ ­¨ï ãç áâª  ¤­  áå à ªâ¥à­ë¬ à §¬¥à®¬ 20 ª¬ (¯à®áâà ­áâ¢¥­­®¥ à á-¯à¥¤¥«¥­¨¥ �1 , a = 10),  ¬¯«¨âã¤®© ª®«¥¡ â¥«ì­®©áª®à®áâ¨ 10 ¬/á, ª®â®àë¥ ¯à®¨áå®¤ïâ ¢ â¥ç¥­¨¥ 60 á,®¡à §ãîâ ¢®«­ã á  ¬¯«¨âã¤®© 0.8 ¬.�â¬¥â¨¬, çâ® ¯à¨ ç áâ®â å ª®«¥¡ ­¨© ¤­ , ¯à¥¢ë-è îé¨å ¢¥«¨ç¨­ã csH�1 , £¤¥ cs | áª®à®áâì §¢ãª  ¢¢®¤¥, § ¬¥â­ãî à®«ì ­ ç¨­ ¥â ¨£à âì á¦¨¬ ¥¬®áâì¢®¤ë. �â® ­ ª« ¤ë¢ ¥â ®¯à¥¤¥«¥­­ë¥ ®£à ­¨ç¥­¨ï­  ¯à¨¬¥­¥­¨¥ ¯®«ãç¥­­ëå ¢ëè¥ à¥§ã«ìâ â®¢. �¤¥áì¡ã¤¥â ã¬¥áâ­® ã¯®¬ï­ãâì ®¤­ã ¨§ à ¡®â,  ¢â®àëª®â®à®© ¯à¨¬¥­ï«¨  ­ «®£¨ç­ë© ­ è¥¬ã ¯®¤å®¤ ¤«ï®æ¥­ª¨ ¢®§¬®¦­®áâ¨ £¥­¥à æ¨¨ æã­ ¬¨ ¯à¨ ¤¥â¥ªâ¨-à®¢ ­¨¨ ¢ ¢®¤­®¬ á«®¥  ªãáâ¨ç¥áª¨å ¢®§¬ãé¥­¨© [4].� à ¡®â¥ [4] à áá¬ âà¨¢ ¥âáï § ¤ ç  ¢ ¡®«¥¥ ®¡é¥©¯®áâ ­®¢ª¥, â. ¥. ãç¨âë¢ îâáï ­¥«¨­¥©­ë¥ íää¥ªâë,á¢ï§ ­­ë¥ á® á¦¨¬ ¥¬®áâìî ¢®¤ë. �® ¯à¨ íâ®¬ ¤«ï

®¯à¥¤¥«¥­¨ï ¯ à ¬¥âà®¢ ¢®«­ë æã­ ¬¨ ¨á¯®«ì§ã¥âáï­¥ª®â®à®¥ £¨¯®â¥â¨ç¥áª®¥ §¢ãª®¢®¥ ¯®«¥, «®ª «¨§®-¢ ­­®¥ áâà®£® ­ ¤ ¨áâ®ç­¨ª®¬ ¨ ¨¬¥îé¥¥ â®«ìª®£®à¨§®­â «ì­ë¥ äà®­âë, â. ¥. ¨§«ãç¥­¨¥  ªãáâ¨ç¥á-ª¨å ¢®«­ ¨§ ®ç £  áç¨â ¥âáï ¯à¥­¥¡à¥¦¨¬® ¬ «ë¬¨ ­¥ ãç¨âë¢ ¥âáï ¤®áâ â®ç­® á«®¦­ ï á¢ï§ì ¬¥¦¤ã¤¢¨¦¥­¨ï¬¨ ¤­  ¨ ¯®¢¥¤¥­¨¥¬ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨á® á¢®¡®¤­®© ¢¥àå­¥© £à ­¨æ¥©. � ­ è¥© ¦¥ à ¡®â¥ãáâ ­ ¢«¨¢ ¥âáï ­¥¯®áà¥¤áâ¢¥­­ ï á¢ï§ì ¬¥¦¤ã ¢®§-¡ã¦¤ ¥¬®© ¤«¨­­®© ¢®«­®© ¨ ¯ à ¬¥âà ¬¨, ®¯à¥¤¥-«ïîé¨¬¨ ª®«¥¡ ­¨ï ¤­ .� ¯®á«¥¤ãîé¨å ¨áá«¥¤®¢ ­¨ïå ¬ë ¯« ­¨àã¥¬ãç¥áâì á¦¨¬ ¥¬®áâì ¢®¤ë, ¯à¨ íâ®¬ ¡ã¤ãâ ¨á¯®«ì§®-¢ ­ë ­¥®¡å®¤¨¬ë¥ «¨­¥©­ë¥ ¬®¤¥«¨, ®¯¨áë¢ îé¨¥¯®¢¥¤¥­¨¥ á¦¨¬ ¥¬®© âï¦¥«®© ¦¨¤ª®áâ¨ ­  ¯®¤¢¨¦-­®¬ ¤­¥, ª®â®àë¥ ­ ¬¨ ã¦¥ à áá¬ âà¨¢ «¨áì ¢ à ¡®-â å [5{7].� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (£à ­â98-05-64522).�¨â¥à âãà 1. �®á®¢ �.�. // �¥áâ­. �®áª. ã­-â . �¨§. �áâà®­. 1992. ü 1.C. 109 (Moscow University Phys. Bull. 1992. No. 1. P. 110).2. �®á®¢ �.�., �¥«ª®¢­¨ª®¢ �.�. // �§¢. �� ����, ���.1992. 28, ü10{11. C. 1117.3. �¨å®­®¢ �.�., � ¬ àáª¨© �.�. �à ¢­¥­¨ï ¬ â¥¬ â¨ç¥-áª®© ä¨§¨ª¨. �.: �§¤-¢® �®áª. ã­-â , 1999.4. �®¢¨ª®¢  �.�., �áâà®¢áª¨© �.�. // �ª¥ ­®«®£¨ï. 1982. 22,ü 5. �. 693.5. �®á®¢ �.�., � ¬¬¥à �. // �¥áâ­. �®áª. ã­-â . �¨§. �áâ-à®­. 1998. ü 6. C. 55 (Moscow University Phys. Bull. 1998.No. 6. P. 67).6. Nosov M.A. // Phys. Chem. Earth (B). 1999. 24, No. 5. P. 437.7. �®á®¢ �.�. // �§¢. ���, ���. 2000. 36, ü5. �. 718.�®áâã¯¨«  ¢ p¥¤ ªæ¨î30.10.00������������� 521.13 ������������ ������������ �������� �������AS �������. �. �®«®á®¢ (����)E-mail: solov@sai.msu.ru�áá«¥¤®¢ ­  ¤¨­ ¬¨ç¥áª ï ãáâ®©ç¨¢®áâì § â¬¥­­®© ¯¥à¥¬¥­­®© §¢¥§¤­®© á¨áâ¥¬ë AS �¨à ä  ¢¯à¥¤¯®«®¦¥­¨¨, çâ® ¤¢®©­ ï á¨áâ¥¬  ¨¬¥¥â âà¥â¨© ã¤ «¥­­ë© ª®¬¯®­¥­â. �áá«¥¤®¢ ­¨¥ ¯à®¢®¤¨«®áì­  ®á­®¢¥  ­ «¨â¨ç¥áª®© â¥®à¨¨ ¤«ï á«ãç ï, ª®£¤  ¤¢  ª®¬¯®­¥­â  ®¡à §ãîâ â¥á­ãî ¯ àã,   âà¥â¨©­ å®¤¨âáï ­  §­ ç¨â¥«ì­®¬ à ááâ®ï­¨¨ ®â ­¨å. �à¨ íâ®¬ ¯®« £ «®áì, çâ® §¢¥§¤ë ¢§ ¨¬®¤¥©áâ¢ãîâ¯® § ª®­ã ¢á¥¬¨à­®£® âï£®â¥­¨ï �ìîâ®­ .�¢¥¤¥­¨¥�¢¥§¤­ ï á¨áâ¥¬  AS �¨à ä  ï¢«ï¥âáï â¥á­®©¤¢®©­®© á¨áâ¥¬®© (���), ¡«¥áª ª®â®à®© ¬¥­ï¥âáï á ¯¥à¨®¤®¬, à ¢­ë¬ ¯¥à¨®¤ã ®¡à é¥­¨ï ¯® ®à¡¨â¥,  à §¬¥àë ª®¬¯®­¥­â®¢ áà ¢­¨¬ë á ¨å ¢§ ¨¬­ë¬¨à ááâ®ï­¨ï¬¨. �­ «¨§ ªà¨¢®© ¡«¥áª  ¨ á¯¥ªâà «ì­ëå¤ ­­ëå ¯®§¢®«ï¥â ­ ©â¨ ¯ à ¬¥âàë à áá¬ âà¨¢ ¥-


