
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1999. ü6 55� � � � � � � � � � � � � � � �������������� � �������������� ��������� 532.517.4������ ������� �������� ������ C����, ��������������� ����������� ������������. �. �®¬ à®¢, �. �. �âãà¥©ª®(�����)�à¥¤«®¦¥­ ª¢ ­â®¢®¬¥å ­¨ç¥áª¨© ¯®¤å®¤ ª à¥è¥­¨î £¨¤à®- ¨ £ §®¤¨­ ¬¨ç¥áª¨å § ¤ ç ® âãà-¡ã«¥­â­ëå â¥ç¥­¨ïå ¢ï§ª¨å áà¥¤. �à®¢¥¤¥­  ­ «¨§ ¢®§¬ãé¥­¨ï ¯à®ä¨«ï áª®à®áâ¨ âãà¡ã«¥­â­®£®â¥ç¥­¨ï ¢ ª ­ «¥, ¢ë§¢ ­­®£® ¯à¥àë¢¨áâë¬ ¯à¨áâ¥­®ç­ë¬ á«®¥¬. � ááç¨â ­ë ª®«¥¡ ­¨ï áâ¥­®ªª ­ « , á®¯à®¢®¦¤ îé¨¥ âãà¡ã«¥­â­®¥ â¥ç¥­¨¥.�à®¡«¥¬¥ âãà¡ã«¥­â­®áâ¨ ¯®â®ª  ¯®á¢ïé¥­®¡®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â, ª ª â¥®à¥â¨ç¥áª¨å, ­ -ç¨­ ï á ¨§¢¥áâ­ëå à ¡®â �.�. �®«¬®£®à®¢ , â ª ¨íªá¯¥à¨¬¥­â «ì­ëå (á¬. «¨â¥à âãàã ¢ à ¡®â¥ [1]).� ¯®á«¥¤­¥¥ ¢à¥¬ï, ­ ¯à¨¬¥à, ¯®«ãç¨« à §¢¨â¨¥¬ áèâ ¡­®-¨­¢ à¨ ­â­ë© ¯®¤å®¤ [2, 3] ¨ ¤¨ -£à ¬¬­ë© ¬¥â®¤ í¬¯¨à¨ç¥áª®£® à¥è¥­¨ï ãà ¢­¥­¨ï� ¢ì¥{�â®ªá  [4]. �¥¬ ­¥ ¬¥­¥¥ ¤® á¨å ¯®à ¯à ªâ¨-ç¥áª¨¥ § ¤ ç¨, á¢ï§ ­­ë¥ á âãà¡ã«¥­â­®áâìî, à¥è -îâáï ­  ®á­®¢¥ à §«¨ç­ëå, ¨­®£¤  ¯à®â¨¢®à¥ç¨¢ëå,ä¥­®¬¥­®«®£¨ç¥áª¨å ¯®¤å®¤®¢, ­¥ ¨¬¥îé¨å ¥¤¨­®©â¥®à¥â¨ç¥áª®© ®á­®¢ë.� ­ áâ®ïé¥© à ¡®â¥ ¯à¥¤¯à¨­ïâ  ¯®¯ëâª  ¯à®- ­ «¨§¨à®¢ âì ®¤­ã ¨§ ª®­ªà¥â­ëå § ¤ ç ¢®§¬ãé¥-­¨ï ¯à®ä¨«ï áª®à®áâ¨ âãà¡ã«¥­â­®£® ¯®â®ª  ­  ®á-­®¢¥ ª¢ ­â®¢®¬¥å ­¨ç¥áª®£® ¯®¤å®¤ , ¤®¯ãáª îé¥£®à¥è¥­¨¥ ¢  ­ «¨â¨ç¥áª®¬ ¢¨¤¥.� áá¬ âà¨¢ ¥âáï ¤¢¨¦¥­¨¥ ¢ï§ª®© ­¥á¦¨¬ ¥¬®©¦¨¤ª®áâ¨ ¨«¨ £ §  á® áª®à®áâìî v ¢ ¯«®áª®¯ à «-«¥«ì­®¬ ª ­ «¥ è¨à¨­®© 2R á è¥à®å®¢ âë¬¨ áâ¥­-ª ¬¨. �¥à®å®¢ â®áâì ¯®¢¥àå­®áâ¨ ª ­ «  ®¯à¥¤¥«ï-¥â ¯à¨¬ëª îéãî ª ­¥© âãà¡ã«¥­â­ãî ®¡« áâì â¥ç¥-­¨ï â®«é¨­®© �(R�x0) , ¢ ª®â®à®© rotv 6= 0 (­ ç «®ª®®à¤¨­ â ¯®¬¥é¥­® ¢ æ¥­âà ª ­ « ). � ®áâ «ì­®©®¡« áâ¨ ª ­ «  â¥ç¥­¨¥ ¯®â¥­æ¨ «ì­®¥ (rotv = 0).�ª § ­­ë¥ ®¡« áâ¨ à §¤¥«¥­ë ­¥ª®â®à®© ¢®®¡à ¦ ¥-¬®© £à ­¨æ¥© x= x0(z; t) , £¤¥ z | ª®®à¤¨­ â  ¢¤®«ì®á¨ Oz , á®¢¯ ¤ îé¥© á ­ ¯à ¢«¥­¨¥¬ ¤¢¨¦¥­¨ï áà¥-¤ë, ¨ t | ¢à¥¬ï.�à¥¤¯®«®¦¨¬, çâ® £à ­¨æ , ¨á¯ëâë¢ îé ï ¤¥-ä®à¬ æ¨¨ á® áâ®à®­ë âãà¡ã«¥­â­®£® á«®ï, § ¤ ­ ãà ¢­¥­¨¥¬ x= x0 + �(z; t) , £¤¥ ®áì Ox ®àâ®£®­ «ì-­  ª ­ ¯à ¢«¥­¨î ¤¢¨¦¥­¨ï. �à¥¤¯®«®¦¨¬ â ª¦¥,çâ® j�(z; t)j � x0 . �«¥¤ãï âà ¤¨æ¨®­­®¬ã ¯®¤å®¤ã,¯à¥¤áâ ¢¨¬ áª®à®áâì, ¤ ¢«¥­¨¥ ¨ ¯«®â­®áâì ¦¨¤ª®á-â¨ ¨«¨ £ §  ¢ ª ­ «¥ ¢ ¢¨¤¥ áã¬¬ë ¤¢ãå ª®¬¯®­¥­â:v = v0ez + v0 , p = p0 + p0 , � = �0 + �0 , £¤¥ v0 , p0 ,�0 | ãáà¥¤­¥­­ë¥ ª®¬¯®­¥­âë ¨ v0 , p0 , �0 | ¯ã«ì-á æ¨®­­ë¥ ¤®¡ ¢ª¨. � ®¡« áâ¨ ¯®â¥­æ¨ «ì­®£® â¥-ç¥­¨ï ¡ã¤¥¬ áç¨â âì ¬ «ë¬¨ ¢®§¬ãé¥­¨ï áª®à®áâ¨:jv0j � jvj ¨ ¢®§¬ãé¥­¨ï ¯«®â­®áâ¨: �0 � �0 . � è § ¤ ç  á®áâ®¨â ¢ ­ å®¦¤¥­¨¨ äã­ªæ¨¨ ¢®§¬ãé¥­¨ï

áª®à®áâ¨ v0 ¢ § ¢¨á¨¬®áâ¨ ®â ¢¨¤  (ä®à¬ë) £à ­¨æëâãà¡ã«¥­â­®£® á«®ï.� ª ¨§¢¥áâ­®, ¤¢¨¦¥­¨¥ ¦¨¤ª®áâ¨ ¢ ¯®â¥­æ¨ «ì-­®© ®¡« áâ¨ ¯à¨ ¯®áâ®ï­­®¬ ¤ ¢«¥­¨¨ ®¯¨áë¢ ¥âáï­¥áâ æ¨®­ à­ë¬¨ ãà ¢­¥­¨ï¬¨ �à ­¤â«ïdivvt = @vz@z + @vx@x = 0;��@vz@t + varavz�= �@p@z + �@2vx@z2(� | ª®íää¨æ¨¥­â âà¥­¨ï), ª®â®àë¥ á ãç¥â®¬ ¢®§¬ã-é¥­¨ï ¯à¨­¨¬ îâ ¢¨¤@�0@t + v @�0@z + �0 divv0 = 0;�0@v0z@t =�a20rp0 (1)á £à ­¨ç­ë¬ ãá«®¢¨¥¬ a20�0(�jR�x0j; z; t) = p0�(z; t) ,£¤¥ a0 =r(p0=p0) + 1 , �(R� x0)< x < (R� x0) .� áá¬ âà¨¢ ¥¬ãî § ¤ çã  ­ «¨§  ¢®§¬ãé¥­¨ï¯à®ä¨«ï áª®à®áâ¨ ¡ã¤¥¬ à¥è âì á ¯®¬®éìî ª¢ ­-â®¢®¬¥å ­¨ç¥áª®£® ¯®¤å®¤ . �«ï íâ®£® ®¯à¥¤¥«¨¬¯ã«ìá æ¨®­­ãî ª®¬¯®­¥­âã áª®à®áâ¨ v ¢ ¢¨¤¥v0 = r' , £¤¥ ' | äã­ªæ¨ï ¯®â¥­æ¨ «  áª®à®áâ¨,ã¤®¢«¥â¢®àïîé ï £à ­¨ç­ë¬ ãá«®¢¨ï¬@'@x ����x=�(R�x0) = @�@t + v@�@z = �0(z; t): (2)�®£¤  ­  ®á­®¢ ­¨¨ (1) ãà ¢­¥­¨¥ ¤«ï ' ¬®¦¥â¡ëâì ¯à¥¤áâ ¢«¥­® ¢ ¢¨¤¥1a20 @2'@t2 + va20 @2'@t@z = @2'@x2 + @2'@z2 (3)á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ (2).�ë¤¥«¨¬ ¢ äã­ªæ¨¨ ' ç áâì, § ¢¨áïéãî ®â ä®à¬ë£à ­¨æë âãà¡ã«¥­â­®£® á«®ï. �«ï íâ®£® ¯à¥¤áâ ¢¨¬äã­ªæ¨î ' á«¥¤ãîé¨¬ ®¡à §®¬: '= �0x+� ¨ ¯®¤-



56 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1999. ü 6áâ ¢¨¬ ¥¥ ¢ ãà ¢­¥­¨¥ (3). �«ï äã­ªæ¨¨ � ¯®«ãç ¥¬â¥¯¥àì ãà ¢­¥­¨¥1a20 @2�@t2 + va20 @2�@t@z � @2�@x2 � @2�@z2 = xf0(z; t) (4)á £à ­¨ç­ë¬ ãá«®¢¨¥¬ (@�=@x)x=�(R�x0) = 0 , £¤¥f0 = @2�0@z2 � 1a20 @2�0@t2 � va20 @2�0@t@z : (5)�«ï à¥è¥­¨ï ãà ¢­¥­¨ï (4) ¯à¨ f0 6= 0 ­¥®¡å®¤¨-¬® ­ ©â¨ ¥£® à¥è¥­¨¥ ¯à¨ f0 = 0 . �â  § ¤ ç  ¨¬¥¥ââ ª¦¥ ¨ á ¬®áâ®ïâ¥«ì­®¥ §­ ç¥­¨¥, â ª ª ª á®®â¢¥â-áâ¢ã¥â § ¤ ­¨î ®¯à¥¤¥«¥­­®© ¤¥ä®à¬ æ¨¨ £à ­¨æëâãà¡ã«¥­â­®£® á«®ï �(z; t) , ­ ¯à¨¬¥à ¢ ¢¨¤¥ «¨­¥©-­®© äã­ªæ¨¨ ®â z ¨ t : �(z; t) = kzt .�¥è¥­¨¥ ãà ¢­¥­¨ï (4) ¤«ï f0 = 0 ¨é¥¬ ¢ ¢¨¤¥�0 = ei!t eikz g(x) . �®¤áâ ­®¢ª  �0 ¢ (4) ¯à¨¢®¤¨â ªãà ¢­¥­¨î ¤«ï äã­ªæ¨¨ g(x) : (d2g=dx2) + �2g = 0 ,� = !2=a20 � (v=a20)!k � k2 , á £à ­¨ç­ë¬ ãá«®¢¨¥¬(dg=dx)x=�(R�x0) = 0 . �¤¥áì k | ­¥ª®â®àë© ¯ à -¬¥âà § ¤ ç¨ (¤¥©áâ¢¨â¥«ì­®¥ ç¨á«®). �¥è ï íâã § ¤ -çã ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï, ¯®«ãç ¥¬g(x) = �gn(x) = 1pR� x0 cos� �n2(R� x0)x� �n2 ��;¯à¨ íâ®¬ �= f�ng , n 2 1; : : : ;1 .�âáî¤  á«¥¤ã¥â, çâ® äã­ªæ¨ï ¯®â¥­æ¨ «  ¢®§-¬ãé¥­¨ï ¯à®ä¨«ï áª®à®áâ¨ �0 â ª¦¥ ¬®¦¥â ¯à¨-­¨¬ âì à §«¨ç­ë¥ §­ ç¥­¨ï ¨§ ¬­®¦¥áâ¢  f�n == ei!(�n)t eikz gn(x)g ¨ !(�n) ¬®¦¥â ¯à¨­¨¬ âì ¤¨á-ªà¥â­ë¥ §­ ç¥­¨ï. �à¨ ä¨ªá¨à®¢ ­­ëå ¯ à ¬¥âà åa0 ¨ k ¨§¬¥­¥­¨ï �0 ¯à®¨áå®¤ïâ ¯à¨ ¤¨áªà¥â­ëå¨§¬¥­¥­¨ïå áª®à®áâ¨ ¯®â®ª  v .�¥è¥­¨¥ § ¤ ç¨ ¢ ®¡é¥¬ á«ãç ¥ ¯à¨ f0 6= 0 ¨é¥¬¢ ¢¨¤¥ �= 1Xn=0 1Z�1 Cn'nk dk; (6)£¤¥ äã­ªæ¨¨ 'nk = (1=p2�) eikz gn(x) ­®à¬¨à®¢ -­ë ãá«®¢¨¥¬ 1R�1 dk (R�x0)R�(R�x0) dx'�nk'mk0 = �(k�k0)�nm(§¢¥§¤®çª®© ®¡®§­ ç¥­® ª®¬¯«¥ªá­®¥ á®¯àï¦¥­¨¥).� ª¨¬ ®¡à §®¬, ¢ ¢ë¡à ­­®¬ ¯®¤å®¤¥ ­ å®¦¤¥-­¨¥ ¯®â¥­æ¨ «  ¢®§¬ãé¥­¨ï ¯à®ä¨«ï áª®à®áâ¨ ¯®-â®ª  á¢®¤¨âáï ª ®¯à¥¤¥«¥­¨î äã­ªæ¨© Cn . �®¤-áâ ¢¨¬ Cn ¢ ¢¨¤¥ Cn = expf�(i=2)vktg�n , £¤¥��n(k; t) = �n(�k; t) . �«ï ®¯à¥¤¥«¥­¨ï �n(k; t) ¨§ãà ¢­¥­¨ï (3) ¯®«ãç ¥¬d2�ndt2 + �(a0k)2+ (a0�n)2+ �vk2 �2��n == expf(i=2)vktgfnk = efnk(t): (7)�¢®¤ï ¢¥é¥áâ¢¥­­ë¥ äã­ªæ¨¨ qnk ¨ pnk , ®¤­®§­ ç­®¢ëà ¦ îé¨¥áï ç¥à¥§ ��nk ¨ �nk ¯à¨ ä¨ªá¨à®¢ ­-

­®¬ k , ¨ ¯à®¢®¤ï ­¥á«®¦­ë¥ ¯à¥®¡à §®¢ ­¨ï, ¯à¥¤-áâ ¢«ï¥¬ ãà ¢­¥­¨¥ (7) ¢ ¢¨¤¥dqnkdt = @H@pnk ;H = 1Xn=0 1Z0 dk�p2nk2m +m
2n2 q2nk � 
mRe efqnk�;£¤¥ H | äã­ªæ¨ï � ¬¨«ìâ®­  á¨áâ¥¬ë ®áæ¨««ïâ®-à®¢ ¢® ¢­¥è­¥¬ ¯®«¥.� ª ¨ «î¡ãî ¤¨­ ¬¨ç¥áªãî á¨áâ¥¬ã, ¥¥ ¬®¦-­® ¯à®ª¢ ­â®¢ âì, ¯®« £ ï pnk ¨ qnk ®¯¥à â®à ¬¨,ã¤®¢«¥â¢®àïîé¨¬¨ á®®â­®è¥­¨ï¬ [q̂nk ; q̂n0k0 ] = 0 ,[p̂nk; p̂n0k0 ] = 0 , [q̂nk ; p̂n0k0 ] = i~Î�nn0�(k�k0) , £¤¥ ~ |¯®áâ®ï­­ ï �« ­ª . � à¥§ã«ìâ â¥ ¤«ï ®¯à¥¤¥«¥­¨ï¯®â¥­æ¨ «  áª®à®áâ¨ ¬®¦­® ¯à¨¬¥­¨âì ãà ¢­¥­¨¥�àñ¤¨­£¥à  i~(@j�i=@t) = Ĥj�i . � íâ®¬ á«ãç ¥ ®¯¥-à â®à ¬¨ áâ ­®¢ïâáï ¨ ¯®â¥­æ¨ « áª®à®áâ¨, ¨ á ¬®¯®«¥ áª®à®áâ¥©, ¯à¥¤áâ ¢¨¬ë¥ á ¯®¬®éìî ®¯¥à â®-à®¢ q̂nk , �̂nk ¢ ¢¨¤¥�̂ = 1Xn=0" 1Z0 dk expn� ivk2 to�̂nk expfikzgp2� gnk(x) ++ 0Z�1 dk expn� ivk2 to�̂nk expfikzgp2� gnk(x)#== 1Xn=0 1Z0 dk � 2 cosk�z � vt2 �q̂nkgn(x);v̂ =r�̂;v̂z = @�̂@z = � 1Xn=0 1Z0 dk � 2 sink�z � vt2 �q̂nkgn(x);v̂x = @�̂@x = 1Xn=0 1Z0 dk � 2 cosk�z � vt2 �q̂nk dgn(x)dx :� ¬¥â¨¬, çâ® ª®¬¯®­¥­âë ¯®«ï ª®¬¬ãâ¨àãîâ:[v̂x; v̂z] = 0 . �®¡áâ¢¥­­ë¥ äã­ªæ¨¨ ®¯¥à â®à  Ĥ ,®¯à¥¤¥«¥­­ë¥ ¨§ ãà ¢­¥­¨ï Ĥ j�ni= Ej�ni , ­¥ ï¢«ï-îâáï á®¡áâ¢¥­­ë¬¨ ¤«ï ®¯¥à â®à  v̂ , ¯®íâ®¬ã ¬®¦-­® £®¢®à¨âì «¨èì ® áà¥¤­¥¬ §­ ç¥­¨¨ áª®à®áâ¨:h�njv̂xj�ni ¨ ® ¥¥ ä«ãªâã æ¨ïå: h�njv̂2xj�ni .�®«ãç¥­­ë¥ à¥§ã«ìâ âë ¯®§¢®«ïîâ  ­ «¨§¨à®-¢ âì à áá¬ âà¨¢ ¥¬ãî § ¤ çã ¢ ª®­ªà¥â­ëå á«ãç ïå,¢ â®¬ ç¨á«¥ ¨ á ¢ëå®¤®¬ §  à ¬ª¨ ¯à¥¤¯®«®¦¥­¨© ®­¥á¦¨¬ ¥¬®áâ¨ ¨ ¡¥ááâàãªâãà­®áâ¨ ¦¨¤ª®áâ¨.� ¬¨ ¡ë« ¯à®¢¥¤¥­ à áç¥â ¯®â¥­æ¨ «  ¯ã«ìá æ¨-®­­®© ª®¬¯®­¥­âë áª®à®áâ¨ ¢ ¯à¥¤¯®«®¦¥­¨¨, çâ®f0 = 0 ¨ çâ® £à ­¨æ  ¯à¨áâ¥­®ç­®£® á«®ï ¢ë¡à ­  ¢¢¨¤¥ �(z; t) = kzt , 1 6 z 6 L , 1 6 t 6 T , £¤¥ k |ª®íää¨æ¨¥­â ¯à®¯®àæ¨®­ «ì­®áâ¨, L ¨ T | ¯à®-áâà ­áâ¢¥­­ë© ¨ ¢à¥¬¥­­®© ¯¥à¨®¤ë á®®â¢¥âáâ¢¥­-­®. �¥§ã«ìâ âë à áç¥â  ¤«ï äã­ªæ¨¨ �0(z; t) ¯à¥¤-
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��¨á. 1. � ¢¨á¨¬®áâì ¢®§¬ãé¥­¨ï ¯®â¥­æ¨ «  ¯®¯¥à¥ç­®©á®áâ ¢«ïîé¥© áª®à®áâ¨ ®â ª®®à¤¨­ âë z ¯à¨ ä¨ªá¨à®-¢ ­­®¬ t , à ááç¨â ­­ ï ¢ ¯à¥¤¯®«®¦¥­¨¨ «¨­¥©­ëå £à -­¨ç­ëå ãá«®¢¨© (ªà¨¢ ï 1) ¨ ®¯à¥¤¥«¥­­ ï íªá¯¥à¨¬¥­-â «ì­® [5] (ªà¨¢ ï 2)áâ ¢«¥­ë ­  à¨á. 1 (¯à¨ ä¨ªá¨à®¢ ­­®¬ t) ¨ à¨á. 2(¯à¨ ä¨ªá¨à®¢ ­­®¬ z ). �  à¨á. 1 ¤«ï áà ¢­¥­¨ï¯à¨¢¥¤¥­ ¯à®ä¨«ì, ®¯à¥¤¥«¥­­ë© íªá¯¥à¨¬¥­â «ì­®¢ à ¡®â¥ [5]. � áç¥â­ë¥ ¨ íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥­¥¯«®å® á®£« áãîâáï ¤àã£ á ¤àã£®¬. �§ à¨á. 2 á«¥¤ã¥â,çâ® ¯à¨áãâáâ¢¨¥ ¯à¥àë¢¨áâ®£® ¯à¨áâ¥­®ç­®£® âãà¡ã-«¥­â­®£® á«®ï ¯à¨¢®¤¨â ª ¯ã«ìá æ¨ï¬ ¯®¯¥à¥ç­®©ª®¬¯®­¥­âë áª®à®áâ¨ ã áâ¥­ª¨ ª ­ « . � ª¨¬ ®¡à -§®¬, ¯® å à ªâ¥àã ª®«¥¡ ­¨© áâ¥­ª¨ ª ­ «  ¬®¦­®áã¤¨âì ® ¢¨¤¥ âãà¡ã«¥­â­®£® ¯à¨áâ¥­®ç­®£® á«®ï.�¢â®àë ¡« £®¤ à­ë �.�.�®â ¯®¢ã §  ®¡áã¦¤¥­¨¥¯®áâ ­®¢ª¨ § ¤ ç¨ ¨ ¬¥â®¤®¢ à¥è¥­¨ï ¨ �.�.�®-
���������	
��¨á. 2. � ááç¨â ­­ ï § ¢¨á¨¬®áâì ¢®§¬ãé¥­¨ï ¯®â¥­æ¨- «  ¯®¯¥à¥ç­®© á®áâ ¢«ïîé¥© áª®à®áâ¨ ®â ¢à¥¬¥­¨ ¯à¨ä¨ªá¨à®¢ ­­®¬ z¯®¢®© ¨ �.�. � áª¨­ã §  ®¡áã¦¤¥­¨¥ ­ áâ®ïé¥© à -¡®âë.�¨â¥à âãà 1. Frisch U. Turbulence. Cambridge University Press, 1996.2. L'vov V.S. // Phys. Reports. 1991. 207. P. 1.3. Lumley J.L. // Phys. Fluids. 1992. A4. P. 203.4. Kraichnan R.H. // J. Math. Phys. 1961. 2. P. 124.5. Van Dyke M. An Album of Fluid Motion, The Parabolic Press,Stanford (California). 1982. �®áâã¯¨«  ¢ p¥¤ ªæ¨î11.11.98��� 539.171 ���������� ������ ������������� ����������� ������������ ������ � ����������� jxjN�. �. �¨¤®à¥­ª®(ª ä¥¤à  ª¢ ­â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í­¥à£¨©)� áá¬ âà¨¢ ¥âáï ¯à¨¬¥­¥­¨¥ ¯à¥¤«®¦¥­­®£®  ¢â®à®¬ ¬¥â®¤  ¬®¤¥«¨àãîé¥£® ¯®â¥­æ¨ «  ¤«ï¯®áâà®¥­¨ï í­¥à£¥â¨ç¥áª®£® á¯¥ªâà  ãà ¢­¥­¨ï �à�¥¤¨­£¥à  á ¯®â¥­æ¨ «®¬ ¢¨¤  jxjN . � ª ç¥áâ¢¥¬®¤¥«¨àãîé¥£® ¯®â¥­æ¨ «  ¢ë¡¨à ¥âáï ¯®â¥­æ¨ « £ à¬®­¨ç¥áª®£® ®áæ¨««ïâ®à . �à¨¢®¤ïâáï ®æ¥­ª¨¤«ï ®áâ â®ç­ëå ç«¥­®¢ ¢ ­ã«¥¢®¬ ¨ ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨ïå.� à ¡®â¥ [1] ¡ë« ¯à¥¤«®¦¥­ ¬¥â®¤ ¬®¤¥«¨àãîé¥-£® ¯®â¥­æ¨ «  (��) ¨ à áá¬®âà¥­® ¥£® ¯à¨¬¥­¥­¨¥ª á¯¥ªâà «ì­®© § ¤ ç¥ ¤«ï ãà ¢­¥­¨ï �à�¥¤¨­£¥à ¢ ®¡é¥¬ ¢¨¤¥. � ­ áâ®ïé¥© à ¡®â¥ ¤ ­® ¯à¨«®-¦¥­¨¥ ¬¥â®¤  ª ®¯à¥¤¥«¥­¨î á¯¥ªâà  ®¯¥à â®à �à�¥¤¨­£¥à  á ¯®â¥­æ¨ «®¬ jxjN . �«ï íâ®£® § ¯¨è¥¬ãà ¢­¥­¨¥ �à�¥¤¨­£¥à  á ¨áå®¤­ë¬ ¬®¤¥«¨àã¥¬ë¬¯®â¥­æ¨ «®¬:~22m	00(x) +W (x;E)	(x) = 0; (1)£¤¥ ¯®â¥­æ¨ « W (x;E) = E � U(x) , U(x) = jxjN ,N 2 R ¨ 	(x) 2 L2(R1) . �«ï �� ¨¬¥¥¬ ãà ¢­¥-­¨¥ [1]

~22m�00(y) +fW (y; eE)�(y) = 0 , (2)£¤¥ fW (y; eE) = eE�y2+ 12(~2=2m)ff(y); yg|�� ¤«ï¨áå®¤­®£® ¯®â¥­æ¨ « ,  ff(y); yg= f 000(y)f 0(y) � 32 �f 00(y)f 0(y)�2 (3)| ¯à®¨§¢®¤­ ï ¢ á¬ëá«¥ �¢ àæ  [1], ¯à¨ç¥¬eE � y2 = V ( eE; y) | �� ¢ ­ã«¥¢®¬ ¯à¨¡«¨¦¥­¨¨.�à ¢­¥­¨¥ (2) ¯®«ãç ¥âáï ¨§ (1) ¯à¨ á«¥¤ãîé¥©§ ¬¥­¥ ­¥§ ¢¨á¨¬®© ¨ § ¢¨á¨¬®© ¯¥à¥¬¥­­ëå (¯à¥-®¡à §®¢ ­¨¥ �¨ã¢¨««ï):


