
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47��� 537.84 � ��������� ������������������������ ��������������������� ������������ �������. �. ���������, �. �. ������������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢��� æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â ¨¬. �.�. �¥¢ç¥­ª®, �¨¥¢�®«ãç¥­® 8.06.98�áá«¥¤®¢ ­ ¬ £­¨â®£¨¤à®¤¨­ ¬¨ç¥áª ï ¬®¤¥«ì ¯à®¢®¤ïé¥© ¢à é îé¥©áï áâà â¨ä¨æ¨à®¢ ­­®© ­¥¢ï§ª®© ¦¨¤ª®áâ¨¢ áâ æ¨®­ à­®¬ á«ãç ¥. � ¯à¥¤¯®«®¦¥­¨¨ ¯ à ««¥«ì­®áâ¨ ¢¥ªâ®à®¢ áª®à®áâ¨ ¨ ­ ¯àï¦¥­­®áâ¨ ¬ £­¨â­®£® ¯®«ï®â¬¥ç¥­® âà¨ â¨¯  áâà â¨ä¨ª æ¨¨ ¬ £­¨â­®£® ¯®«ï: ¤® «ìä¢¥­®¢áª ï,  «ìä¢¥­®¢áª ï ¨ áã¯¥à «ìä¢¥­®¢áª ï. �ª -§ ­ë ¤¢  á«ãç ï á¢®¤¨¬®áâ¨ âà¥å¯ à ¬¥âà¨ç¥áª®© § ¤ ç¨ ª à¥è¥­¨î «¨­¥©­ëå ãà ¢­¥­¨©. � ¯¥à¢®¬ á«ãç ¥ ¢¥ªâ®à¬®¤¨ä¨æ¨à®¢ ­­®© áª®à®áâ¨ ¢ëà ¦ ¥âáï ç¥à¥§ ¯®â¥­æ¨ «, ã¤®¢«¥â¢®àïîé¨© ãà ¢­¥­¨î � ¯« á . �® ¢â®à®¬ á«ã-ç ¥ ¢¥ªâ®à ¬®¤¨ä¨æ¨à®¢ ­­®© áª®à®áâ¨ ¢ëà ¦ ¥âáï ç¥à¥§ ®¡®¡é¥­­ë© ¯®â¥­æ¨ «, ã¤®¢«¥â¢®àïîé¨© ãà ¢­¥­¨î�¥«ì¬£®«ìæ . �¢ãå¯ à ¬¥âà¨ç¥áª ï § ¤ ç  ­  ®á­®¢¥ ¨­â¥£à «®¢ á¨¬¬¥âà¨¨ ¨ ¢¬®à®¦¥­­®áâ¨ á¢¥¤¥­  ª ®¤­®¬ã­¥«¨­¥©­®¬ã ãà ¢­¥­¨î ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¢â®à®£® ¯®àï¤ª , á«ã¦ é¥¬ã ¤«ï ®¯à¥¤¥«¥­¨ï ¬®¤¨ä¨æ¨à®¢ ­-­®© äã­ªæ¨¨ â®ª . �â® á®®â­®è¥­¨¥ ï¢«ï¥âáï ®¡®¡é¥­¨¥¬ ãà ¢­¥­¨ï �¨, å®à®è® ¨§¢¥áâ­®£® ¢ ®¡ëç­®© ¤¨­ ¬¨ª¥­¥®¤­®à®¤­®© ¦¨¤ª®áâ¨. �ª § ­ àï¤ á«ãç ¥¢, ª®£¤  ãà ¢­¥­¨¥ ¤«ï ¬®¤¨ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª  áâ ­®¢¨âáï«¨­¥©­ë¬. �®«ãç¥­® ¬ £­¨â®£¨¤à®¤¨­ ¬¨ç¥áª®¥ ®¡®¡é¥­¨¥ å®à®è® ¨§¢¥áâ­®£® ¢ ®¡ëç­®© £¨¤à®¤¨­ ¬¨ª¥ áä¥à¨-ç¥áª®£® ¢¨åàï �¨«« . �®«ãç¥­ë â®ç­ë¥ à¥è¥­¨ï, ®¯¨áë¢ îé¨¥ ¢­ãâà¥­­¨¥ ¢®«­ë ª®­¥ç­®©  ¬¯«¨âã¤ë ¢ ¯«®áª®¬¨ ªàã£®¢®¬ á«®ïå § ¬ £­¨ç¥­­®© ­¥®¤­®à®¤­®© ¦¨¤ª®áâ¨. �à® ­ «¨§¨à®¢ ­® ¢«¨ï­¨¥ ­ ¯àï¦¥­­®áâ¨ ¬ £­¨â­®£®¯®«ï ­  ¤¨á¯¥àá¨®­­ë¥ § ¢¨á¨¬®áâ¨.� áâ æ÷®­ à­®¬ã ¢¨¯ ¤ªã ¤®á¤÷¤¦¥­  ¬ £­÷â®£÷¤à®¤¨­ ¬÷ç­  ¬®¤¥«ì ¯à®¢÷¤­®ù áâà â¨ä÷ª®¢ ­®ù ­¥¢'ï§ª®ù à÷¤¨­¨, é®®¡¥àâ õâìáï. �à¨ ¯à¨¯ãé¥­­÷ ¯ à «¥«ì­®áâ÷ ¢¥ªâ®à÷¢ è¢¨¤ª®áâ÷ © ­ ¯àã¦¥­®áâ÷ ¬ £­÷â­®£® ¯®«ï ¢÷¤¬÷ç¥­® âà¨â¨¯  áâà â¨ä÷ª æ÷ù ¬ £­÷â­®£® ¯®«ï: ¤® «ìä¢¥­÷¢áìª ,  «ìä¢¥­÷¢áìª  â  áã¯¥à «ìä¢¥­÷¢áìª . �ª § ­÷ ¤¢  ¢¨¯ ¤-ª¨, ¢ ïª¨å ¬®¦«¨¢® §¢¥áâ¨ âà¨¯ à ¬¥âà¨ç­ã § ¤ çã ¤® à®§¢'ï§ªã «÷­÷©­¨å à÷¢­ï­ì. � ¯¥àè®¬ã ¢¨¯ ¤ªã ¢¥ªâ®à¬®¤¨ä÷ª®¢ ­®ù è¢¨¤ª®áâ÷ ¢¨à ¦ õâìáï ç¥à¥§ ¯®â¥­æ÷ «, ïª¨© § ¤®¢®«ì­ïõ à÷¢­ï­­ï � ¯« á . � ¤àã£®¬ã ¢¨¯ ¤ªã¢¥ªâ®à ¬®¤¨ä÷ª®¢ ­®ù è¢¨¤ª®áâ÷ ¢¨à ¦ õâìáï ç¥à¥§ ã§ £ «ì­¥­¨© ¯®â¥­æ÷ «, é® § ¤®¢®«ì­ïõ à÷¢­ï­­ï �¥«ì¬£®«ì-æ . �¢®¯ à ¬¥âà¨ç­  § ¤ ç  ­  ®á­®¢÷ ÷­â¥£à «÷¢ á¨¬¥âà÷ù â  ¢¬®à®¦¥­®áâ÷ §¢¥¤¥­  ¤® ®¤­®£® ­¥«÷­÷©­®£® à÷¢­ï­­ï¢ ç áâ¨­­¨å ¯®å÷¤­¨å ¤àã£®£® ¯®àï¤ªã, ïª¥ á«ã¦¨âì ¤«ï ¢¨§­ ç¥­­ï ¬®¤¨ä÷ª®¢ ­®ù äã­ªæ÷ù â®ªã. �¥ á¯÷¢¢÷¤­®è¥­­ïõ ã§ £ «ì­¥­­ï¬ à÷¢­ï­­ï �¨, ¤®¡à¥ ¢÷¤®¬®£® ã §¢÷ç ©­÷© ¤¨­ ¬÷æ÷ ­¥®¤­®à÷¤­®ù à÷¤¨­¨. �ª § ­¨© àï¤ ¢¨¯ ¤ª÷¢,ª®«¨ à÷¢­ï­­ï ¤«ï ¬®¤¨ä÷ª®¢ ­®ù äã­ªæ÷ù â®ªã áâ õ «÷­÷©­¨¬. �¤¥à¦ ­® ¬ £­÷â®£÷¤à®¤¨­ ¬÷ç­¥ ã§ £ «ì­¥­­ï ¤®¡à¥¢÷¤®¬®£® ¢ §¢¨ç ©­÷© £÷¤à®¤¨­ ¬÷æ÷ áä¥à¨ç­®£® ¢¨å®à  �÷«« . �¤¥à¦ ­÷ â®ç­÷ à®§¢'ï§ª¨, ïª÷ ®¯¨áãîâì ¢­ãâà÷è­÷å¢¨«÷ áª÷­ç¥­­®ù  ¬¯«÷âã¤¨ ¢ ¯«®áª®¬ã â  ª®«®¢®¬ã è à å § ¬ £­÷ç¥­®ù ­¥®¤­®à÷¤­®ù à÷¤¨­¨. �à® ­ «÷§®¢ ­® ¢¯«¨¢­ ¯àã¦¥­®áâ÷ ¬ £­÷â­®£® ¯®«ï ­  ¤¨á¯¥àá÷©­÷ § «¥¦­®áâ÷.The magnetohydrodynamic model of conducting rotatory strati�ed nonviscous liquid is investigated here in stationary casewith the assumption that magnetic �eld vector and speed vector are parallel. Three types of magnetic �eld strati�cationare registered: subalfvenic, alfvenic and superalfvenic. Two possibilities of three parametric problem reducibility to linearequations solving are pointed out. The modi�ed speed vector is expressed in terms of potential complying with Laplasequation in the �rst case and Helmholtz equation in the second case. Two-parametric problem based on the symmetryintegrals is reduced to one nonlinear equation in quadratic partial derivatives to establish modi�ed stream function. Thisrelation is the generalization of Yih equation, that is well-known in the usual dynamics of nonhomogeneous 
uids. Aset of situations when the equation for the modi�ed stream function becomes linear is pointed. Magnetohydrodynamicgeneralization of well-known in common hydrodynamics Hill vortex is obtained. The exact solutions describing the internalwaves with �nite amplitude in a plane and circular layers of magnetized nonhomoheneous 
uid are received. The in
uenceof magnetization on dispersion relationships is analysed.��������� §à ¡®âª  ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ (���)ª ª ­®¢®© ä¨§¨ç¥áª®© ¤¨áæ¨¯«¨­ë ¡ë«® ®¡ãá«®¢«¥-­®, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, à §«¨ç­ë¬¨  áâà®ä¨§¨ç¥-áª¨¬¨ ¨ £¥®ä¨§¨ç¥áª¨¬¨ ¯à¨«®¦¥­¨ï¬¨ (à á¯à®-áâà ­¥­¨¥ à ¤¨®¢®«­, ¬ £­¨â­ë¥ ¡ãà¨, ¯®«ïà­ë¥á¨ï­¨ï, £¨¤à®¬ £­¨â­®¥ ¤¨­ ¬®, ��� - íää¥ª-âë ¢ ªàã¯­®¬ áèâ ¡­ëå ®ª¥ ­¨ç¥áª¨å â¥ç¥­¨ïå¨ â.¤. [1, 3, 13, 24-26, 32, 34, 39, 40]. � ¯®á«¥-¤ãîé¥¬ ¥¥ ¨­â¥­á¨¢­®¥ à §¢¨â¨¥ á¢ï§ ­® á àï-¤®¬ â¥å­¨ç¥áª¨å ¯à¨«®¦¥­¨© [6, 7, 9-11, 13, 15,
18, 21-25, 30, 40]. � ç¨á«¥ ¯¥à¢ëå â¥å­¨ç¥áª¨å§ ¤ ç ��� ¡ë«® ¨§ãç¥­¨¥ ¤¢¨¦¥­¨ï í«¥ªâà®¯à®-¢®¤­ëå ¦¨¤ª®áâ¥© ¢ âàã¡ å ¨ ª ­ « å [6, 7, 22-25, 33, 39, 41]. �à¥¦¤¥ ¡ë«¨ à áá¬®âà¥­ë § ¤ -ç¨, á¢ï§ ­­ë¥ á í«¥ªâà®¬ £­¨â­ë¬¨ à áå®¤®¬¥à -¬¨ ¨ ­ á®á ¬¨. �«¥ªâà®¬ £­¨â­ë¥ ­ á®áë ¤«ï¦¨¤ª¨å ¬¥â ««®¢ ¨¬¥îâ ¯à¨«®¦¥­¨ï ¢  â®¬­®©í­¥à£¥â¨ª¥ ( ¤«ï ¯¥à¥ª çª¨ ­®á¨â¥«ï), ¢ ¬¥â «-«ãà£¨¨ ¨ «¨â¥©­®¬ ¤¥«¥ ( ¤«ï âà ­á¯®àâ¨à®¢ª¨,à §«¨¢ª¨, ¯¥à¥¬¥è¨¢ ­¨ï ¨ ®ç¨áâª¨ à á¯« ¢«¥­-­ëå ¬¥â ««®¢) ¨ ¤àã£¨å ®¡« áâïå [22, 23, 25, 37,38, 42]. �¤­ ª®, ­ ¨¡®«¥¥ ¨­â¥­á¨¢­ë¥ ¨áá«¥¤®¢ -32 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47­¨ï â¥ç¥­¨© ¯à®¢®¤ïé¨å ¦¨¤ª®áâ¥© ¨ £ §®¢ ¢ ª -­ « å ¯à¨ ­ «¨ç¨¨ ¬ £­¨â­®£® ¯®«ï á¢ï§ ­ë á á®-§¤ ­¨¥¬ ��� ¯à¥®¡à §®¢ â¥«¥© â¥¯«®¢®© í­¥à£¨¨¢ í«¥ªâà¨ç¥áªãî §  áç¥â ¢®§­¨ª îé¥© ¯à¨ íâ®¬í«¥ªâà®¤¢¨¦ãé¥© á¨«ë. � á¢ï§¨ á íâ¨¬ á«¥¤ã-¥â ®â¬¥â¨âì, çâ® ¨¤¥ï ¯à¥®¡à §®¢ ­¨ï ª¨­¥â¨ç¥-áª®© í­¥à£¨¨ ¤¢¨¦ãé¥©áï ¢ ¬ £­¨â­®¬ ¯®«¥ ¯à®-¢®¤ïé¥© ¦¨¤ª®áâ¨ ¢ í«¥ªâà¨ç¥áªãî ¡ë«  ¯à¥¤«®-¦¥­  ¥é¥ � à ¤¥¥¬ [22]. �  ®á­®¢¥ ��� ¤¢¨¦¨-â¥«¥© á® áªà¥é¥­­ë¬¨ ¢­¥è­¨¬¨ í«¥ªâà¨ç¥áª¨¬¨ ¬ £­¨â­ë¬ ¯®«ï¬¨, ª® ªá¨ «ì­ëå ãáª®à¨â¥«¥©,¯« §¬¥­­ëå ¨ ¨®­­ëå ¯ãè¥ª ¨ â.¯. ¢ à ª¥â­®©â¥å­¨ª¥ ¨  ¢¨ æ¨¨ à §à ¡ âë¢ «¨áì ¨ ¯à®¤®«¦ -îâ à §à ¡ âë¢ âìáï à §«¨ç­®£® à®¤  ¤¢¨£ â¥«¨¡®«ìè®£® ã¤¥«ì­®£® ¨¬¯ã«ìá  ¤«ï ¬¥¦¯« ­¥â­ëåª®à ¡«¥© ¨ ¤«ï â®à¬®¦¥­¨ï à ª¥â ¯à¨ ¨å ¢®§¢à -é¥­¨¨ ­  �¥¬«î [12, 25]. � ¤ ç  ®¢« ¤¥­¨ï ¯à ª-â¨ç¥áª¨ ­¥®£à ­¨ç¥­­ë¬¨ § ¯ á ¬¨ ¨§¡ëâ®ç­®©í­¥à£¨¨, á®¤¥à¦ é¥©áï ¢ ï¤à å «¥£ª¨å ¥«¥¬¥­â®¢,¯à¨¢®¤¨â ª ¯à®¡«¥¬¥ â¥à¬®ï¤¥à­®£® ã¯à ¢«ï¥¬®-£® á¨­â¥§ . �â  ¯à®¡«¥¬  ¢ë§¢ «  ¢á¥áâ®à®­­¥¥¨§ãç¥­¨¥ á¢®©áâ¢ ¢ëá®ª®â¥¬¯¥à âãà­®© ¯« §¬ë[2, 10, 11, 21, 40]. �«ï ¨§ãç¥­¨ï àï¤  ¢®¯à®á®¢ä¨§¨ª¨ ¢ëá®ª®â¥¬¯¥à âãà­®© ¯« §¬ë è¨à®ª® ¨á-¯®«ì§ãîâáï à §«¨ç­ë¥ ¬®¤¥«¨ ���. �¯à¥¤¥«¥­-­ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ ¢­¥è­¨¥ § ¤ ç¨ ���.�à¨ £¨¯¥à§¢ãª®¢ëå áª®à®áâïå ¯®«¥â  §  äà®­â®¬ã¤ à­®© ¢®«­ë ã ¯®¢¥àå­®áâ¨ «¥â â¥«ì­®£®  ¯¯ -à â  â¥¬¯¥à âãà  ¯®¢ëè ¥âáï ­ áâ®«ìª®, çâ® £ §áâ ­®¢¨âáï í«¥ªâà®¯à®¢®¤­ë¬. �â® á®§¤ ¥â ®¯à¥-¤¥«¥­­ë¥ ¢®§¬®¦­®áâ¨ í«¥ªâà®¬ £­¨â­®£® ¢®§¤¥©-áâ¢¨ï ­  à¥¦¨¬ë ®¡â¥ª ­¨ï ¨ â¥¯«®®¡¬¥­ .� á¨áâ¥¬ã ãà ¢­¥­¨© ��� ®¤­®à®¤­®© ­¥¤¨á-á¨¯ â¨¢­®© ¦¨¤ª®áâ¨ ¢ áâ æ¨®­ à­®¬ á«ãç ¥ ¢¥ª-â®àë áª®à®áâ¨ ¨ ¬ £­¨â­®£® ¯®«ï ¢å®¤ïâ á¨¬¬¥-âà¨ç­ë¬ ®¡à §®¬. �â  á¨¬¬¥âà¨ï ®¡ãá«®¢«¨¢ ¥âáãé¥áâ¢®¢ ­¨¥ ¢¥áì¬  è¨à®ª®£® ¨ ¢ ¦­®£® ª« á-á  à¥è¥­¨© ãª § ­­®© á¨áâ¥¬ë ãà ¢­¥­¨©, ¢ ª®-â®à®¬ ¢¥ªâ®àë áª®à®áâ¨ ¨ ¬ £­¨â­®£® ¯®«ï ª®«-«¨­¥ à­ë [1, 34, 35, 43-45]. � ç áâ­®áâ¨, ãáâ -­®¢¨¢è¨¥áï ¢®«­ë ª®­¥ç­®©  ¬¯«¨âã¤ë �«ìä¢¥­ ¯à¨­ ¤«¥¦ â íâ®¬ã ª« ááã à¥è¥­¨© [1, 45]. �â®-¬ã ¦¥ ª« ááã ¯à¨­ ¤«¥¦ â à¥è¥­¨ï, ®¯¨áë¢ îé¨¥®¡â¥ª ­¨¥ â®­ª¨å ªàë«ì¥¢ ¦¨¤ª®áâìî á ¡¥áª®­¥ç-­®© ¯à®¢®¤¨¬®áâìî [43], ª®£¤  áª®à®áâì ¯à®ä¨-«ï ¯ à ««¥«ì­  ­¥¢®§¬ãé¥­­®¬ã ¬ £­¨â­®¬ã ¯®-«î ­  ¡¥áª®­¥ç­®áâ¨. � ¬ â¥¬ â¨ç¥áª®¬ ®â­®è¥-­¨¨ íâ®â ª« áá à¥è¥­¨© ¯à¨­ ¤«¥¦¨â ª ª« áá ¬à¥è¥­¨© á¨áâ¥¬ ­¥«¨­¥©­ëå ãà ¢­¥­¨© ¢ ç áâ­ëå¯à®¨§¢®¤­ëå á ¤¨ää¥à¥­æ¨ «ì­ë¬¨ á¢ï§ï¬¨, ª®-â®àë¥ ¢ £¨¤à®¤¨­ ¬¨ª¥ è¨à®ª® ¨§ãç «¨áì ¨ ¨§ã-ç îâáï ¢ ­ áâ®ïé¥¥ ¢à¥¬ï, ¢ ç áâ­®áâ¨, ¢ à ¡®â å�.�.�­¥­ª® ¨ ¥£® èª®«ë [46-48].

� «¥¥ ¢ áâ æ¨®­ à­®¬ á«ãç ¥ ¢ ¯à¥¤¯®«®¦¥­¨¨ª®««¨­¥ à­®áâ¨ ¢¥ªâ®à®¢ áª®à®áâ¨ ¨ ¬ £­¨â­®£®¯®«ï ¢ë¯®«­¥­ë ¬¥â®¤¨ç¥áª¨¥ ¯à®à ¡®âª¨ ¨ ¯®-«ãç¥­ë ¨ ¯à® ­ «¨§¨à®¢ ­ë ª« ááë â®ç­ëå à¥è¥-­¨© ãà ¢­¥­¨© ��� ¨¤¥ «ì­® ¯à®¢®¤ïé¥© áâà â¨-ä¨æ¨à®¢ ­­®© ¯® ¯«®â­®áâ¨ ¢à é îé¥©áï ¦¨¤ª®-áâ¨. �á®¡®¥ ¢­¨¬ ­¨¥ ã¤¥«¥­®  ­ «¨§ã á¨¬¬¥â-à¨ç­®© (¤¢ãå¯ à ¬¥âà¨ç¥áª®©) § ¤ ç¨.1. ������������������� �������áå®¤­ ï á¨áâ¥¬  ãà ¢­¥­¨© ¢à é îé¥©áïáâà â¨ä¨æ¨à®¢ ­­®© ¯® ¯«®â­®áâ¨ ¨¤¥ «ì­® ¯à®-¢®¤ïé¥© ­¥¢ï§ª®© ¦¨¤ª®áâ¨ ¢ áâ æ¨®­ à­®¬ á«ã-ç ¥ ¨¬¥¥â ¢¨¤rw = ~v � rot(~v � ~W )� 14�� ~H � rot ~H � p�2r�; (1)div~v = 0; (2)(~vr)� = 0; (3)div ~H = 0; (4)r�e = 1c~v � ~H; (5)w = ~v22 + p� +�; ~W = �!�~e� � ~R;� � G(x)� ~W 22 (6)�¤¥áì ~v, ~H, �, p, G, �e ¨ c - á®®â¢¥âáâ¢¥­­®áª®à®áâì, ­ ¯àï¦¥­­®áâì ¬ £­¨â­®£® ¯®«ï, ¯«®â-­®áâì, ¤ ¢«¥­¨¥, ¯®â¥­æ¨ « ¢­¥è­¨å ®¡êñ¬­ëåá¨«, í«¥ªâà¨ç¥áª¨© ¯®â¥­æ¨ « ¨ áª®à®áâì á¢¥â ;!� - ã£«®¢ ï áª®à®áâì ¢à é¥­¨ï; ~e� - ¥¤¨­¨ç­ë©¢¥ªâ®à ¢¤®«ì ®á¨ ¢à é¥­¨ï; ~R - à ¤¨ãá-¢¥ªâ®à â¥-ªãé¥© â®çª¨. "�ª®à®áâ­ ï" ç áâì ãà ¢­¥­¨ï ¤¢¨-¦¥­¨ï (1) ¯à¥¤áâ ¢«¥­  ¢ ä®à¬¥ �à®¬¥ª¨-� ¬¡ ,¢¥áì¬  ã¤®¡­®© ¯à¨ ¤ «ì­¥©è¥¬  ­ «¨§¥. � á®®â-¢¥âáâ¢¨¨ á® áª § ­­ë¬ ¢® "�¢¥¤¥­¨¨" ¯®«®¦¨¬~H = f~v: (7)�®£¤  ¨§ ãà ¢­¥­¨© (2), (4) ¨ (5) á«¥¤ã¥â(~vr)f = 0; (8)�e = �e0 = 0: (9)� ª¨¬ ®¡à §®¬, í«¥ªâà¨ç¥áª®¥ ¯®«¥ ¢ à áá¬ âà¨-¢ ¥¬®¬ ��� - â¥ç¥­¨¨ ®âáãâáâ¢ã¥â. �ª «ïà­ãî�. �. � «â ­®¢, �. �. � «â ­®¢ 33



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47¢¥«¨ç¨­ã f , ¢å®¤ïéãî ¢ á®®â­®è¥­¨ï (7) ¨ (8), ¡ã-¤¥¬ ­ §ë¢ âì äã­ªæ¨¥© áâà â¨ä¨ª æ¨¨ ¬ £­¨â­®-£® ¯®«ï. � àï¤ã á íâ®© ¢¥«¨ç¨­®© ¡ã¤¥¬ à áá¬ -âà¨¢ âì â ª¦¥ ¢¥«¨ç¨­ã k­, ®¯à¥¤¥«ï¥¬ãî á®®â-­®è¥­¨¥¬ k­ = jf jp4��: (10)�ª «ïà­ãî ¢¥«¨ç¨­ã k­ ¡ã¤¥¬ ­ §ë¢ âì ª®íää¨-æ¨¥­â®¬ áâà â¨ä¨ª æ¨¨ ¬ £­¨â­®£® ¯®«ï. �ã¤¥¬£®¢®à¨âì, çâ® áâà â¨ä¨ª æ¨ï ¬ £­¨â­®£® ¯®«ï ¢¤ ­­®© ç áâ¨æ¥ ¦¨¤ª®áâ¨ ¤® «ìä¢¥­®¢áª ï, ¥á«¨k­ < 1,  «ìä¢¥­®¢áª ï - ¥á«¨ k­ = 1 ¨, ­ ª®­¥æ,áã¯¥à «ìä¢¥­®¢áª ï, ¥á«¨ k­ > 1.�ç¨âë¢ ï á®®â­®è¥­¨ï (7) ¨ (8) ¢ ãà ¢­¥­¨¨¤¢¨¦¥­¨ï (1), ¡ã¤¥¬ ¨¬¥âìr�w�0 = � ��0 � f24��0 �~v � rot~v + ~v22 r� ��0 � f24��0 �++�r ��0 � ��0~v � rot ~W: (11)�¤¥áì �0 = const { å à ªâ¥à­®¥ §­ ç¥­¨¥ ¯«®â­®-áâ¨. �¬­®¦ ï «¥¢ãî ¨ ¯à ¢ãî ç áâ¨ ãà ¢­¥­¨ï(11) ­  áª®à®áâì ~v, á ãç¥â®¬ (3) ¨ (8) ¯®«ãç ¥¬(~vr)w = 0: (12)� ãç¥â®¬ (12) ¬®¦­® ¢¨¤¥âì, çâ® ¢ à áá¬ âà¨¢ -¥¬®¬ á«ãç ¥ ¯¥à¢®¥ á®®â­®è¥­¨¥ (6) ä ªâ¨ç¥áª¨¯à¥¤áâ ¢«ï¥â á®¡®©  ­ «®£ ¨­â¥£à «  �¥à­ã««¨.� ª¨¬ ®¡à §®¬, ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ § -¤ ç  á¢¥¤¥­  ª á¨áâ¥¬¥ âà¥å áª «ïà­ëå ãà ¢­¥­¨©(2), (3), (8) ¨ ®¤­®£® ¢¥ªâ®à­®£® ãà ¢­¥­¨ï (11),á«ã¦ é¥© ¤«ï ®¯à¥¤¥«¥­¨ï âà¥å áª «ïà­ëå ¢¥«¨-ç¨­ �, w ¨ f ¨ ¢¥ªâ®à  áª®à®áâ¨ ~v. �á«¨ ãª § ­-­ë¥ ¢¥«¨ç¨­ë ®¯à¥¤¥«¥­ë, â® ¤ ¢«¥­¨¥ ¨ ­ ¯àï-¦¥­­®áâì ¬ £­¨â­®£® ¯®«ï ­ ©¤¥¬, á®®â¢¥âáâ¢¥­-­®, á ¯®¬®éìî á®®â­®è¥­¨© (6) ¨ (7).1. �ãáâì áâà â¨ä¨ª æ¨ï ¬ £­¨â­®£® ¯®«ï «ìä¢¥­®¢áª ï:k­ = 1 �! f =+� p4��: (13)�ë¡¥à¥¬ ®áì z ¢¤®«ì ®á¨ ¢à é¥­¨ï~e� = ~ez: (14)�ã¤¥¬ áç¨â âì !� 6= 0 ¨ ¢¢¥¤¥¬ ®¡®§­ ç¥­¨¥~q = 2!��~v (15)�®£¤  á ãç¥â®¬ (6) ãà ¢­¥­¨ï (11), (2) ¨ (3) ¯à¨-­¨¬ îâ, á®®â¢¥âáâ¢¥­­®, ¢¨¤r� = ��r�+ ~q � ~ez ; � � p+ �~v22 ; (16)

div~q = 0; (17)(~qr)� = 0: (18)� ¯®¬®éìî ¢â®à®© ¨ ¯¥à¢®© ª®¬¯®­¥­â ãà ¢­¥­¨ï(16) ¢ëà ¦ ¥¬ ¢¥«¨ç¨­ë q1 ¨ q2 ç¥à¥§ ¢¥«¨ç¨­ë� ¨ �: q1 = � @�h2@x2 � � @�h2@x2 ; (19)q2 = @�h1@x1 + � @�h1@x1 : (20)�§ âà¥âì¥© ª®¬¯®­¥­âë ãà ¢­¥­¨ï (16) ¨¬¥¥¬@�@z = ��@�@z : (21)� ãç¥â®¬ ¢ëà ¦¥­¨© (19) ¨ (20) ¨§ ãà ¢­¥­¨© (2)¨ (3) á«¥¤ã¥â @h1h2qz@z = @(�;�)@(x1; x2) ; (22)h1h2qz @�@z = @(�;�)@(x1; x2) + � @(�;�)@(x1; x2) : (23)� ª¨¬ ®¡à §®¬, ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ § -¤ ç  á¢¥¤¥­  ª á¨áâ¥¬¥ âà¥å ­¥«¨­¥©­ëå ãà ¢­¥-­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¯¥à¢®£® ¯®àï¤ª  (21)-(23), á«ã¦ é¥© ¤«ï ®¯à¥¤¥«¥­¨ï âà¥å ¢¥«¨ç¨­ �,� ¨ qz. �á«¨ íâ¨ ¢¥«¨ç¨­ë ­ ©¤¥­ë, â® ä¨§¨ç¥-áª¨¥ ¢¥«¨ç¨­ë ~v, ~H ¨ p ®¯à¥¤¥«ïîâáï á ¯®¬®éìî®¯¥à æ¨© ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¨ ª®­¥ç­ëå á®®â­®-è¥­¨©. �ãáâì � = �0 = const. �®£¤  ¨§ (21)-(23)á«¥¤ã¥â� = �0(x1; x2) � �0�; qz = Qz0(x1; x2)h1h2 : (24)� á®®â­®è¥­¨ïå (24) ¢¥«¨ç¨­ë �0(x1; x2) ¨Qz0(x1; x2) - ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ á¢®¨å  à£ã-¬¥­â®¢. �ãáâì@�@z = 0; @h1h2qz@z = 0; @�@z = 0: (25)�®£¤  ¨§ (21)-(23) á«¥¤ã¥â� = �(�); � = �(�); (26)£¤¥ � ¨ � - ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ á¢®¨å  à£ã¬¥­-â®¢. �«ï ¢¥«¨ç¨­ë qz ¯à¨ íâ®¬ ¨¬¥¥â ¬¥áâ® ¢ë-à ¦¥­¨¥ (24).�ãáâì ¢ë¯®«­¥­® ãá«®¢¨¥ (13),   ¢à é¥­¨¥ ®â-áãâáâ¢ã¥â (!� = 0). �®£¤  á ãç¥â®¬ (6) ãà ¢­¥­¨¥(11) ¯à¨­¨¬ ¥â ¢¨¤r� = ��rG: (27)34 �. �. � «â ­®¢, �. �. � «â ­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47�¤¥áì ¢¥«¨ç¨­  � ®¯à¥¤¥«ï¥âáï á®£« á­® (16).�ãáâì � = �0 = const. �®£¤  ¨§ (27) á ãç¥â®¬¢â®à®£® á®®â­®è¥­¨ï (16) á«¥¤ã¥â ¨­â¥£à «p+ �0�~v22 +G) = �0w0; w0 = const: (28)�ãáâì r� 6= 0, G =0. �®£¤  ¨§ (27) á«¥¤ã¥âp+ �~v22 = �0w0: (29)�ãáâì r� 6= 0, rG 6= 0. �®£¤  ¨§ (27) ¨¬¥¥¬p+ �~v22 = �(G); (30)� = �d�dG; d�dG � �d2�dG2 6= 0: (31)� ãç¥â®¬ (31) ¨§ (3) á«¥¤ã¥â, çâ® ¯®â¥­æ¨ « G¤®«¦¥­ ã¤®¢«¥â¢®àïâì ãá«®¢¨î(~vr)G = 0: (32)�ãáâì ¢­¥è­¥¥ ¯®«¥ ¯«®áª®¥G = G(z): (33)�®¤áâ ¢«ïï (33) ¢ (32), ¯®«ãç¨¬vz = 0: (34)� ãç¥â®¬ (34) à¥è¥­¨¥ ãà ¢­¥­¨ï ­¥à §àë¢­®-áâ¨ (2) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥vx = @ @y ; vy = �@ @x ;  =  (x; y; z): (35)� á®®â­®è¥­¨ïå (35) äã­ªæ¨ï â®ª   (x; y; z) ¯à®-¨§¢®«ì­ë¬ ®¡à §®¬ § ¢¨á¨â ®â á¢®¨å  à£ã¬¥­â®¢.�ãáâì ¢­¥è­¥¥ ¯®«¥ áä¥à¨ç¥áª®¥G = G(R); (36)£¤¥ R - à ááâ®ï­¨¥ ®â æ¥­âà . �ç¨âë¢ ï (36) ¢ãá«®¢¨¨ (32), ¯®«ãç ¥¬vR = 0: (37)� ãç¥â®¬ (37) à¥è¥­¨¥ ãà ¢­¥­¨ï ­¥à §àë¢­®áâ¨(2) § ¯¨è¥¬ ¢ ¢¨¤¥v� = @ R2 sin�@' ; v' = � @ R2@� ; =  (R;�; '): (38)�¤¥áì äã­ªæ¨ï â®ª   (R;�; ') ¤®«­  ¨¬¥âì ¯¥à¨®¤2� ¯®  à£ã¬¥­âã '.

2. �ãáâì áâà â¨ä¨ª æ¨ï ¬ £­¨â­®£® ¯®«ï ®â-«¨ç­  ®â  «ìä¢¥­®¢áª®©:k­ 6= 1 �! f2 6= 4��: (39)�ãáâì s = sign� ��0 � f24��0 �: (40)�¬­®¦¨¬ «¥¢ãî ¨ ¯à ¢ãî ç áâ¨ ãà ¢­¥­¨ï (11) ­ s ¨ ¢¢¥¤¥¬ ¬®¤¨ä¨æ¨à®¢ ­­ãî áª®à®áâì ~U á«¥¤ãî-é¨¬ ®¡à §®¬: ~v = ~Uqs� ��0 � f24��0 � : (41)� à¥§ã«ìâ â¥ ãà ¢­¥­¨¥ (11) ¯à¥®¡à §ã¥¬ ª ¢¨¤ãrs�w�0 = ~U � rot~U + s�r ��0�� s��0qs� ��0 � f24��0 � ~U � rot ~W: (42)�à¨¬¥­ïï ª «¥¢®© ¨ ¯à ¢®© ç áâï¬ á®®â­®è¥­¨ï(41) ®¯¥à æ¨î ¤¨¢¥à£¥­æ¨¨, á ãç¥â®¬ ãà ¢­¥­¨©(2), (3) ¨ (8) § ¯¨è¥¬div~U = 0: (43)�¬­®¦ ï «¥¢ãî ¨ ¯à ¢ãî ç áâ¨ ãà ¢­¥­¨© (3) ¨ (8)­  ps[(�=�0)� (f2=4��0)], á ãç¥â®¬ ®¯à¥¤¥«¥­¨ï(41) ¨¬¥¥¬ (~Ur)� = 0; (44)(~Ur)f = 0: (45)� ª¨¬ ®¡à §®¬ ¯®«ãç ¥¬, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ á®-®â­®è¥­¨© (7) ¨ (39) § ¤ ç  (1)-(6) á¢®¤¨âáï ª á¨-áâ¥¬¥ âà¥å áª «ïà­ëå ãà ¢­¥­¨© (43)-(45) ¨ ®¤­®-£® ¢¥ªâ®à­®£® ãà ¢­¥­¨ï (42), á«ã¦ é¥© ¤«ï ®¯à¥-¤¥«¥­¨ï âà¥å áª «ïà­ëå ¢¥«¨ç¨­ w, � ¨ f ¨ ¢¥ªâ®à ¬®¤¨ä¨æ¨à®¢ ­­®© áª®à®áâ¨ ~U . �á«¨ ¢¥«¨ç¨­ë w,�, f ¨ ~U ­ ©¤¥­ë, â® áª®à®áâì, ¬ £­¨â­®¥ ¯®«¥ ¨¤ ¢«¥­¨¥ ®¯à¥¤¥«¨¬ á ¯®¬®éìî á®®â­®è¥­¨© (41),(7) ¨ (6) á®®â¢¥âáâ¢¥­­®.�ãáâì G = 0; ~W = 0:�®£¤  ãà ¢­¥­¨¥ (42) ã¯à®é ¥âáï ¨ ¯à¨­¨¬ ¥â ¢¨¤rws� = ~U � rot~U; ws� � s�w�0 : (46)�à ¢­¥­¨ï (43) ¨ (46) ¢ ¬ â¥¬ â¨ç¥áª®¬ ®â­®-è¥­¨¨ á®¢¯ ¤ îâ á ãà ¢­¥­¨ï¬¨ £¨¤à®¤¨­ ¬¨ª¨­¥á¦¨¬ ¥¬®© ­¥¢ï§ª®© ¦¨¤ª®áâ¨ ¢ áâ æ¨®­ à­®¬�. �. � «â ­®¢, �. �. � «â ­®¢ 35



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47á«ãç ¥. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â áä®à¬ã«¨-à®¢ âì á«¥¤ãîéãî â¥®à¥¬ã.������� ������������. � ¦¤®¬ã à¥è¥-­¨î ãà ¢­¥­¨© £¨¤à®¤¨­ ¬¨ª¨ ­¥á¦¨¬ ¥¬®© ­¥-¢ï§ª®© ¦¨¤ª®áâ¨ ¢ áâ æ¨®­ à­®¬ á«ãç ¥rwh = ~u� rot~u; div~u = 0 (47)á®®â¢¥âáâ¢ã¥â á«¥¤ãîé¥¥ à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢-­¥­¨© (1)-(6):~v = ~uqs� ��0 � f24��0 � ; ~H = f~uqs� ��0 � f24��0 � ;�e = 0; (~ur)f�; fg = 0:p = ��s�0(w0s� +wh)� � ~v22 �; (48)�¤¥áì w0s�- ¯®áâ®ï­­ ï.�«ï á¨áâ¥¬ë (43) ¨ (46) ®â¬¥â¨¬ ¤¢  á«ãç ï, ª®-£¤  § ¤ ç  á¢®¤¨âáï ª à¥è¥­¨î «¨­¥©­ëå ãà ¢­¥-­¨©. �ãáâì ¢¥ªâ®à ~U ¯®â¥­æ¨ «ì­ë©~U = r
: (49)�®£¤  ¨§ (43) ¨ (46) á«¥¤ã¥âw = �0� w0; w0 = const; (50)�
 = 0: (51)�¤¥áì � - ®¯¥à â®à � ¯« á .�ãáâì ¢¥ªâ®à ~U ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î�à®¬¥ª¨-�ãª®¢áª®£® [29, 30] á ¯®áâ®ï­­ë¬ ª®íä-ä¨æ¨¥­â®¬ á¯¨à «ì­®áâ¨ �0:rot~U = �0~U; �0 = const 6= 0: (52)�®£¤  ¨§ (46) á«¥¤ã¥â á®®â­®è¥­¨¥ (50). �ãáâì ª®-íää¨æ¨¥­âë � ¬¥ ®àâ®£®­ «ì­®© á¨áâ¥¬ë ª®®à-¤¨­ â (x1, x2, x3) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬h1 = 1; @@x2 h2h3 = 0: (53)�®£¤  á¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ ¯à¥¤áâ ¢«¥­¨¥ à¥è¥-­¨ï ãà ¢­¥­¨ï �à®¬¥ª¨-�ãª®¢áª®£® (52) [29]:~U = r@(qS)@x1 + �0rot(qS~e1) + �20qS~e1;q = q(x1) (54)(�� + �20)(qS) = 0;

�� = �� @(h2h3)h2h3@x1@x1 @@x1 : (55)�¤¥áì, ¯®-¯à¥¦­¥¬ã, � - ®¯¥à â®à � ¯« á . � ç¨-á«ã ®àâ®£®­ «ì­ëå á¨áâ¥¬ ª®®à¤¨­ â, ª®íää¨æ¨-¥­âë � ¬¥ ª®â®àëå ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (53)¨ ¯¥à¥¬¥­­ë¥ ¢ ª®â®àëå à §¤¥«ïîâáï, ®â­®áïâáï¯àï¬®ã£®«ì­ ï, æ¨«¨­¤à¨ç¥áª¨¥ ( ªàã£®¢ ï, í««¨¯-â¨ç¥áª ï ¨ ¯ à ¡®«¨ç¥áª ï), áä¥à¨ç¥áª ï ¨ ª®­¨-ç¥áª ï á¨áâ¥¬ë. �®« £ ï ¢ á«ãç ¥ ¯àï¬®ã£®«ì­®©¨ ãª § ­­ëå âà¥å æ¨«¨­¤à¨ç¥áª¨å á¨áâ¥¬ ã ª®®à-¤¨­ â x1 = z, q = 1, £¤¥ z { ¯àï¬®«¨­¥©­ ï ª®®à¤¨-­ â ,   ¢ á«ãç ¥ áä¥à¨ç¥áª®© ¨ ª®­¨ç¥áª®© á¨áâ¥¬x1 = R, q = R, £¤¥ R { à ááâ®ï­¨¥ ®â æ¥­âà , ¨§(55) ¯®«ãç ¥¬ ãà ¢­¥­¨¥ �¥«ì¬£®«ìæ :(� + �20)S = 0: (56)�¥è ï ¢ ¯¥à¢®¬ á«ãç ¥ ãà ¢­¥­¨¥ � ¯« á  (51),  ¢® ¢â®à®¬ - ãà ¢­¥­¨¥ �¥«ì¬£®«ìæ  (56), á®®â-¢¥âáâ¢¥­­® á ¯®¬®éìî (49) ¨ (54) ®¯à¥¤¥«¨¬ ¯®«ï~U . �­ ï ~U , ¯®«ï ¢¥«¨ç¨­ � ¨ f ®¯à¥¤¥«¨¬ ¨§ «¨-­¥©­ëå ãà ¢­¥­¨© (44) ¨ (45). � «¥¥ á ¯®¬®éìîá®®â­®è¥­¨© (41), (7) ¨ (29) ®¯à¥¤¥«¨¬ ¯®«ï ~v, ~H¨ p á®®â¢¥âáâ¢¥­­®.� § ª«îç¥­¨¥ ¤ ­­®£® ¯ à £à ä  ®â¬¥â¨¬ á«ã-ç © á¢®¤¨¬®áâ¨ § ¤ ç¨ ª «¨­¥©­®¬ã ãà ¢­¥­¨î¤«ï á¨áâ¥¬ë ãà ¢­¥­¨© (42)-(45). � ¨¬¥­­®, á¨áâ¥-¬  ãà ¢­¥­¨© (42)-(45) ¡ã¤¥â ã¤®¢«¥â¢®à¥­ , ¥á«¨¨¬¥îâ ¬¥áâ® á®®â­®è¥­¨ïrot~U � �0~U = � 2s!�~e�qs(1� f204��0 ) ; �0 = const;� = �0 = const; f = f0 = const;w = w0 = const: (57)�¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (57) ¨¬¥¥â ¢¨¤~U = 2s!�~e��0qs(1 � f204��0 ) +r@(qS)@x1 ++�0rot(qS~e1) + �20qS~e1: (58)�¤¥áì ®¡®¡é¥­­ë© ¯®â¥­æ¨ « S ã¤®¢«¥â¢®àï¥âãà ¢­¥­¨î �¥«ì¬£®«ìæ  (56), ¯à¨ íâ®¬ ª®®à¤¨­ â x1 ¨ äã­ªæ¨ï q(x1) ¤®«¦­ë ¢ë¡¨à âìáï ª ª ãª § -­® ¢ëè¥.�â¬¥â¨¬, çâ® ¢ à ¡®â¥ [29] ¢ ª®­æ¥  ¡§ æ , á«¥-¤ãîé¥£® áà §ã §  ä®à¬ã«®© (1.9) ­  áâà. 98, ¢¬¥-áâ® [5] ¤®«¦­® ¡ëâì [15].36 �. �. � «â ­®¢, �. �. � «â ­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 472. ������������������� �������¡à â¨¬áï ª á¨áâ¥¬¥ á®®â­®è¥­¨© (2), (3), (7),(8), (11) ¨ (39). �ãáâì ¢¥«¨ç¨­ë ~v, ~H, p, � ¨ ª®-íää¨æ¨¥­âë � ¬¥ h1, h2, h3 ®àâ®£®­ «ì­®© á¨áâ¥-¬ë ª®®à¤¨­ â (x1; x2; x3) ­¥ § ¢¨áïâ ®â ª®®à¤¨­ -âë x3. �¥è ï â®£¤  ãà ¢­¥­¨¥ ­¥à §àë¢­®áâ¨ (2),¢¢®¤¨¬ äã­ªæ¨î â®ª ~v = r � ~e3h3 + h3v3 ~e3h3 : (59)�¤¥áì ~e3 - ®àâ, ª á â¥«ì­ë© ª®®à¤¨­ â­®© «¨­¨¨x3. �ç¨âë¢ ï ¢ëà ¦¥­¨¥ (59) ¢ ãà ¢­¥­¨ïå (3),(8),   â ª¦¥ ¢ âà¥âì¥© ª®¬¯®­¥­â¥ ãà ¢­¥­¨ï (11),¡ã¤¥¬ ¨¬¥âì � = �( ); f = f( );h3��1� f24�� �v3 �W3� = �1� f24���q3( ): (60)�¤¥áì �, f ¨ q3 - ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ á¢®¥£®  à-£ã¬¥­â . �§ ¯¥à¢ëå ¤¢ãå ª®¬¯®­¥­â ãà ¢­¥­¨ï¤¢¨¦¥­¨ï (11) á ãç¥â®¬ (59) ¨ (60) ¯®«ãç ¥¬�� � f24� �D� + � d�2d � ff 04� �(r )2++�h3rot3 ~W + h3v3 dd ��1� f24�� �q3�++h23v23� d�2d � f24�� d�d + ff 04� �++h23� d�d � h23 d(�w)d = 0; (61)D� = h3h1h2 � @@x1 h2h3h1 @@x1 + @@x2 h1h3h2 @@x2 �; (62)w = w( ): (63)�¤¥áì w { ¯à®¨§¢®«ì­ ï äã­ªæ¨ï á¢®¥£®  à£ã¬¥­-â , èâà¨å ®§­ ç ¥â ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯® á¢®¥-¬ã  à£ã¬¥­âã. � ª¨¬ ®¡à §®¬, á ãç¥â®¬ á®®â­®-è¥­¨© (60) ¯®«ãç ¥¬, çâ® § ¤ ç  (1)-(6) á¢¥¤¥­ ª ®¤­®¬ã ­¥«¨­¥©­®¬ã ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢-­¥­¨î ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¢â®à®£® ¯®àï¤ª (61), á«ã¦ é¥¬ã ¤«ï ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨ â®ª   .�¬­®¦¨¬ «¥¢ãî ¨ ¯à ¢ãî ç áâ¨ ãà ¢­¥­¨ï (61)­  ¢¥«¨ç¨­ã s, ®¯à¥¤¥«ï¥¬ãî á®£« á­® (40), à §¤¥-«¨¬ «¥¢ãî ¨ ¯à ¢ãî ç áâ¨ ¯®«ãç¨¢è¥£®áï ãà ¢­¥-­¨ï ­  ps[�� (f2=4�)] ¨ ¢¢¥¤¥¬ ¬®¤¨ä¨æ¨à®¢ ­-­ãî äã­ªæ¨î â®ª  á«¥¤ãîé¨¬ ®¡à §®¬:F = Z ss� ��0 � f24��0 �d : (64)

� à¥§ã«ìâ â¥ ¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã ãà ¢­¥­¨î¤«ï ¬®¤¨ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª  F :D�F + s� �qs�0(� � f24� )h3rot3 ~W++h3v3 ��0 ddF ��1� f24���q3�++h23v23�0 �12 ddF �� + f24� � � f24�� d�dF �++h23��0 d�dF � h23�0 d(�w)dF 	 = 0: (65)�ç¨âë¢ ï ¢ (65) ¢ëà ¦¥­¨¥ (60) ¤«ï h3v3, ¡ã¤¥¬¨¬¥âì D�F + s� 12�0 ddF �(�� f24� �q23�++h3W3 1�0 d(�q3)dF � h23 ddF �w�0 + h23��0 d�dF ++(h3W3)22 1�0�1� f24�� �2 ��1� f22��� d�dF + ddF f24� �++ �qs�0(� � f24� )h3rot3 ~W	 = 0: (66)�ãáâì ¢à é¥­¨¥ ®âáãâáâ¢ã¥â ( ~W = 0). �®£¤ ãà ¢­¥­¨¥ (66) §­ ç¨â¥«ì­® ã¯à®é ¥âáï ¨ ¯à¨­¨-¬ ¥â ¢¨¤ D�F + s�0�h23� d�dF � h23d(�w)dF ++12 ddF �(� � f24� �q23�g = 0: (67)�ãáâì ¬ £­¨â­®¥ ¯®«¥ ®âáãâáâ¢ã¥â,f = 0 �! s = 1; h3v3 = q3 + h3W3: (68)�®£¤  ãà ¢­¥­¨¥ (66) â ª¦¥ áãé¥áâ¢¥­­® ã¯à®é -¥âáï ¨ ¯à¨®¡à¥â ¥â ä®à¬ãD�F + ddF �q232�0 + h3W3 ddF �q3�0 � h23 ddF �w�0 ++h23�W 232 + �� ddF ��0 +r ��0h3rot3 ~W = 0: (69)�à ¢­¥­¨¥ ¤«ï ¬®¤¨ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª ¢ £¨¤à®¤¨­ ¬¨ª¥ ¢à é îé¥©áï áâà â¨ä¨æ¨à®¢ ­-­®© ¯® ¯«®â­®áâ¨ ­¥¯à®¢®¤ïé¥© ­¥¢ï§ª®© ¦¨¤ª®-áâ¨ à ­¥¥ ¯®«ãç¥­® ¢ [30, á¬. ãà ¢­¥­¨¥ (6, 7)�. �. � «â ­®¢, �. �. � «â ­®¢ 37



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47£«.II]. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ®­® á®¤¥à¦¨â ®¯¥-ç âª¨. � ¨¬¥­­®, ¢ ¯®á«¥¤­¥¬ á« £ ¥¬®¬ ¯à -¢®© ç áâ¨ ¢ëà ¦¥­¨ï (6.7) ¯à®¯ãé¥­ë ¬­®¦¨â¥«ì"h3",   â ª¦¥ §­ ª ª®à­ï ¯®¤ ¨­â¥£à «®¬. � ãç¥-â®¬ ãª § ­­ëå ®¯¥ç â®ª ãà ¢­¥­¨¥ (6.7) £« ¢ë II¬®­®£à ä¨¨ [30] ¨ ãà ¢­¥­¨¥ (69) ¨¤¥­â¨ç­ë. �¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨­ â (z; x; y)x1 � z; x2 �x; x3 � y ¯à¨ q3 = 0; ~W = 0;� = gz, £¤¥ g - ãáª®à¥-­¨¥ á¨«ë âï¦¥áâ¨, á®®â­®è¥­¨¥ (69) ¯¥à¥å®¤¨â ¢ãà ¢­¥­¨¥ �¨ [49].�®¦­® ãª § âì á¯¥æ¨ «¨§ æ¨¨ ¢¥«¨ç¨­ �(F ),f(F ), q3(F ), w(F ), �(x) ¨ W (x), ª®£¤  ãà ¢­¥­¨¥(66) áâ ­®¢¨âáï «¨­¥©­ë¬. � «¥¥ ¤«ï ¯à®áâ®âëà áá¬®âà¨¬ á«ãç © ®âáãâáâ¢¨ï ¢à é¥­¨ï, ª®£¤ ãà ¢­¥­¨¥ (66) ¯à¨­¨¬ ¥â ¢¨¤ (67). �ãáâì ¢ë¯®«-­¥­ë ®¤­¨ ¨§ ãá«®¢¨©� = 0; h3 = 1; (70)� = 0; rh3 6= 0; (71)r� 6= 0; h3 = 1; (72)r� 6= 0; rh3 6= 0: (73)�ãáâì, ¤ «¥¥, ª¢ ¤à â¨ç­ë¬¨ ¯®«¨­®¬ ¬¨ ¬®¤¨-ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª  F ï¢«ïîâáï ¢¥«¨ç¨-­ë:��w + 12�f24� � ��q23� � ¢ á«ãç ¥ (70);�w ¨ � f24� � ��q23 � ¢ á«ãç ¥ (71);� ¨ ��w + 12� f24� � ��q23� � ¢ á«ãç ¥ (72);�; �w ¨ �f24� � ��q23 � ¢ á«ãç ¥ (73):�®£¤  ãà ¢­¥­¨¥ (67) áâ ­®¢¨âáï «¨­¥©­ë¬ ­¥®¤-­®à®¤­ë¬. �á«¨ ¢ ¢ëà ¦¥­¨ïå ¤«ï ãª § ­­ëå ¢¥-«¨ç¨­ ®âáãâáâ¢ãîâ á« £ ¥¬ë¥, «¨­¥©­ë¥ ¯® F , â®ãà ¢­¥­¨¥ (67) áâ ­®¢¨âáï «¨­¥©­ë¬ ®¤­®à®¤­ë¬.3. ������ ����� ������̈ ¤à®¤¨­ ¬¨ª®¢ ã¦¥ ¤ ¢­® ¯à¨¢«¥ª îâ ¬¥â®-¤ë, ¢ ª®â®àëå áª«¥¨¢ îâáï à §«¨ç­ë¥ à¥¦¨¬ëâ¥ç¥­¨© ¢ à §«¨ç­ëå §®­ å,   ä¨§¨ç¥áª¨¥ ä ª-â®àë ãç¨âë¢ îâáï ­  áà ¢­¨â¥«ì­® ­¥¡®«ìè¨åãç áâª å. �®áâ â®ç­® ®â¬¥â¨âì áä¥à¨ç¥áª¨©¢¨åàì �¨««  [5, 17], æ¨«¨­¤à¨ç¥áª¨© ¢¨åàì� ¬¡ -� ¯«ë£¨­  [17, 36] ¨ í««¨¯â¨ç¥áª¨© ¢¨åàì�¨àå£®ä  [5]. �¤¥ï ¨á¯®«ì§®¢ ­¨ï ¢¨åà¥¯®â¥­æ¨- «ì­ëå â¥ç¥­¨© ¢ ª ç¥áâ¢¥ ¬®¤¥«¨ ®âàë¢­ëå â¥-ç¥­¨© ¯®«ãç¨«  à §¢¨â¨¥ ¢ à ¡®â å �íâç¥«®à  [5],

�.�. � ¢à¥­âì¥¢  ¨ �.�. � ¡ â  [16], �.�. �®«ì¤-èâ¨ª  [8] ¨ àï¤¥ ¤àã£¨å. � à ¡®â¥ � ¤®¢áª®£® [27]c ¨á¯®«ì§®¢ ­¨¥¬ ¥¤¨­®£®  ­ «¨â¨ª®-à áç¥â­®£®¬¥â®¤  ¨áá«¥¤®¢ ­ë ¨ á¨áâ¥¬ â¨§¨à®¢ ­ë ¬­®£¨¥ª« ááë ¯«®áª¨å áâ æ¨®­ à­ëå ¢¨åà¥¯®â¥­æ¨ «ì-­ëå â¥ç¥­¨© ­¥¢ï§ª®© ¦¨¤ª®áâ¨ ¤«ï ®£à ­¨ç¥­-­ëå ¨ ­¥®£à ­¨ç¥­­ëå ®¡« áâ¥©. � ¤ ­­®¬ ¯ -à £à ä¥ ­  ®á­®¢¥ ãà ¢­¥­¨ï ¤«ï ¬®¤¨ä¨æ¨à®¢ ­-­®© äã­ªæ¨¨ â®ª  ¯®«ãç¥­® ¬ £­¨â®£¨¤à®¤¨­ ¬¨-ç¥áª®¥ ®¡®¡é¥­¨¥ ¢¨åàï �¨««  ¯à¨ ­ «¨ç¨¨ áâà -â¨ä¨ª æ¨¨ ¦¨¤ª®áâ¨ ¯® ¯«®â­®áâ¨.� áá¬®âà¥­¨¥ ¯à®¢¥¤¥¬ ¢ áä¥à¨ç¥áª¨å ª®®à¤¨-­ â å (R;�; '). � ª ¨ ¢ á«ãç ¥ ®¡ëç­®£® ¢¨åàï�¨«« , ®¡« áâì â¥ç¥­¨ï à §¡¨¢ ¥¬ ­  ¯®¤®¡« áâ¨0 � R � R2 ¨ R2 � R � 1. �à¥¤¯®« £ ¥¬ ¢ë¯®«-­¥­­ë¬¨ ãá«®¢¨ï:q3 � p' = 0; � = 0; 0 � R � 1;�w�0 = w0 � 10b0F; 0 � R � R2;�w�0 = w01; R2 � R � 1: (74)�¤¥áì b0, w0 ¨ w01� ¯®áâ®ï­­ë¥. �®£¤  ãà ¢­¥­¨¥(67) ¯à¨­¨¬ ¥â, á®®â¢¥âáâ¢¥­­®, á«¥¤ãîé¨© ¢¨¤:� @2@R2 + sin�R2 @@� 1sin� @@� �F = �10sb0R2sin2�;0 � R � R2 (75)� @2@R2 + sin�R2 @@� 1sin� @@��F = 0;R2 � R � 1: (76)� áá¬®âà¨¬ á«¥¤ãîé¨¥ ç áâ­ë¥ à¥è¥­¨ï ãà ¢­¥-­¨© (75) ¨ (76) á®®â¢¥âáâ¢¥­­®:F = (C1R2 + C2R � sb0R4)sin2�; (77)F = (D1R2 + D2R )sin2�: (78)�¤¥áì C1, C2, D1 ¨ D2 - ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­-­ë¥. � ¯®¬®éìî à¥è¥­¨© (77) ¨ (78) ã¤®¢«¥â¢®àï-¥¬ á«¥¤ãîé¨¬ ãá«®¢¨ï¬ ¯à¨ R = 0, ¯à¥¤¥«ì­ë¬ ¨ªà ¥¢ë¬ ãá«®¢¨ï¬:R = 0; f~v; ~H; pg <1;� = 0; R �!1; vR �! U1;� = �; R �!1; vR �! �U1R �!1; p �! p01R = R2; vR = 0; ��; f;H�; p+ ~H28� � = 0 (79)38 �. �. � «â ­®¢, �. �. � «â ­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47�¤¥áì ª¢ ¤à â­ë¥ áª®¡ª¨ ®§­ ç îâ áª ç®ª § -ª«îç¥­­®© ¢ ­¥© ¢¥«¨ç¨­ë ­  ¯®¢¥àå­®áâ¨ R =R2(F = 0). � à¥§ã«ìâ â¥ ¯®«ãç¨¬ á«¥¤ãîé¨¥ ¢ë-à ¦¥­¨ï ¤«ï ä¨§¨ç¥áª¨å ¢¥«¨ç¨­ ¢ ãª § ­­ëå ¢ë-è¥ ¯®¤®¡« áâïå:0 � R � R2F = �3ss0U14R22 qs0(1� k2­0)R2(R22 �R2)sin2�;(80)vR = �3ss0U12R22 ps0�0(1� k2­0)ps�(1 � k2­) (R22 � R2)cos�;(81)v� = 3ss0U12R22 ps0�0(1� k2­0)ps�(1 � k2­) (R22�2R2)sin�; (82)p = p01 + �02 U21 + 15s0�0U12R22 qs0(1� k2­0)F���2 (v2R + v2� ): (83)R2 � R � 1F = U12 qs0(1� k2­0)(R2 � R32R )sin2�; (84)vR = U1ps0�0(1� k2­0)ps�(1 � k2­) (1� R32R3 )cos�; (85)v� = �U1ps0�0(1� k2­0)ps�(1 � k2­) (1 + R322R3 )sin�; (86)p = p01 + �02 U21 � �2(v2r + v2� ); (87)k­0 = f0p4��0 ; �0 = ���F=0;f0 = f��F=0; s0 = sign(1� k2­0): (88)�¤¥áì ¢¥«¨ç¨­ë k­ ¨ s ®¯à¥¤¥«ïîâáï á®£« á­® (10)¨ (40) á®®â¢¥âáâ¢¥­­®. �â¬¥â¨¬, çâ® ¤«ï ¬ £­¨â-­®£® ¯®«ï ¢ ®¡¥¨å ¯®¤®¡« áâïå á¯à ¢¥¤«¨¢® ¢ëà -¦¥­¨¥ (7). � á«ãç ¥ ®âáãâáâ¢¨ï ¬ £­¨â­®£® ¯®«ï(f = 0) ¨ áâà â¨ä¨ª æ¨¨ ¦¨¤ª®áâ¨ (� = �0 =const)à¥è¥­¨¥ (80)-(88) ¯¥à¥å®¤¨â ¢ à¥è¥­¨¥, ®¯¨áë¢ -îé¥¥ ¢¨åàì �¨««  [5, 17].4. ����� �������� ��������� �������������� ������� ���������������� ���������ãáâì h3 = 1(x3 � z). �®£¤  ãà ¢­¥­¨¥ (67) ¯à¨-­¨¬ ¥â ¢¨¤�F + s�0 �� d�dF � ddF ��w? + H2z8� �� = 0; (89)

w?( ) = w( )� v2z ( )2 ; Hz( ) = f( )vz( ): (90)�ãáâì ¢¥ªâ®à á¨«ë âï¦¥áâ¨ ­ ¯à ¢«¥­ ¢¤®«ì ®á¨x2 � y (� = gy, g - ãáª®à¥­¨¥ á¨«ë âï¦¥áâ¨),  ¢¥«¨ç¨­ë � ¨ [�w? + (H2z=8�)] ï¢«ïîâáï ª¢ ¤à -â¨ç­ë¬¨ ¯®«¨­®¬ ¬¨ ¬®¤¨ä¨æ¨à®¢ ­­®© äã­ª-æ¨¨ â®ª  F : � = �0(1 + b2F + a2F 2); (91)�w? + H2z8� = �0�w0? + H2z08��0 � b0F � a02 F 2�: (92)�¤¥áì �0, b, a, w0?, Hz0, b0 ¨ a0 - ¯®áâ®ï­­ë¥. �®¤-áâ ¢«ïï (91) ¨ (92) ¢ (89), ¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã«¨­¥©­®¬ã ­¥®¤­®à®¤­®¬ã ãà ¢­¥­¨î ¤«ï ®¯à¥¤¥-«¥­¨ï ¬®¤¨ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª  F :�F + s(a0 + gay)F + s(b0 + gb2 x2) = 0: (93)�ãáâì a = 0. �®£¤  á®®â­®è¥­¨ï (91) ¨ (93) ­¥-áª®«ìª® ã¯à®é îâáï:� = �0(1 + b2F ); (94)�F + sa0F = �sb0 � sgb2 y: (95)�  ®á­®¢¥ ãà ¢­¥­¨ï (95) à áá¬®âà¨¬ à á¯à®-áâà ­¥­¨¥ ¢®«­ ª®­¥ç­®©  ¬¯«¨âã¤ë ¢ § ¬ £­¨-ç¥­­®¬ á«®¥ ­¥®¤­®à®¤­®© ¦¨¤ª®áâ¨. �áì y ¯¥à-¯¥­¤¨ªã«ïà­  á«®î, â®«é¨­  á«®ï l2, ¢®«­  à á-¯à®áâà ­ï¥âáï ¢¤®«ì ®á¨ x(x1 � x). � áá¬®âà¥­¨¥¯à®¢¥¤¥¬ ¢ á¨áâ¥¬¥ ®âáç¥â , á¢ï§ ­­®© á ¢®«­®©.�  £à ­¨æ å á«®ï § ¤ ­ë ãá«®¢¨ï "â¢¥à¤ëå ªàë-è¥ª": y = 0; l2; vy = 0: (96)�ãáâì ¯ à ¬¥âà a0 ã¤®¢«¥â¢®àï¥â ãá«®¢¨în2��2l22 < sa0 < (n� + 1)2�2l22 ; n� � 1: (97)�®£¤  § ¯¨è¥¬ á«¥¤ãîé¥¥ ç áâ­®¥ à¥è¥­¨¥ ãà ¢-­¥­¨ï (95), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ (96):F = � b0a0 � gb2a0y++ n�Xn=1Cnsinn�l2 ysin�ssa0 � n2�2l22 x+ 'n�: (98)�¤¥áì Cn ¨ 'n - ¯®áâ®ï­­ë¥. �ãáâì ¢ë¯®«­¥­ëãá«®¢¨ï vz = vz0 = const;�. �. � «â ­®¢, �. �. � «â ­®¢ 39



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47f = f0 = const! Hz = Hz0 = const: (99)� à¥§ã«ìâ â¥ ¤«ï ¢¥ªâ®à  áª®à®áâ¨ ¨¬¥¥¬ á«¥¤ãî-é¥¥ ¢ëà ¦¥­¨¥:~v = 1qs�1 + b2F � H2z04��0v2zo �rF � ~ey + vz0~ez : (100)� áá¬®âà¨¬ "ä®­®¢®¥" à¥è¥­¨¥, á®®â¢¥âáâ¢ãî-é¥¥ á«ãç î Cn = 0, n = 1, ... , n� ¢ ¢ëà ¦¥­¨¨(98). �«ï áª®à®áâ¨ ~vf ä®­®¢®£® à¥è¥­¨ï á®£« á­®(98) ¨ (100) ¨¬¥¥¬~vf = 1rs�1� bb02a0 � gb24a0y � H2z04��0v2z0 � gb2a0~ex++vz0~ez: (101)�ãáâì ¢ « ¡®à â®à­®© á¨áâ¥¬¥ ®âáç¥â  ¦¨¤ª®áâì¯à¨ y = y� ¯®ª®¨âáï. �®£¤  á®£« á­® (101) ¨¬¥¥¬V� = � 1rs��1� bb02a0 � gb24a0 y� � H2z04��0v2z0 � gb2a0 ;s� = sign�1� bb02a0 � gb24a0 y� � H2z04��0v2z0 �; (102)£¤¥ V�� ä §®¢ ï áª®à®áâì à á¯à®áâà ­¥­¨ï ¢®«-­ë. �ç¨âë¢ ï ¢ëà ¦¥­¨¥ (102) ¢ (101), § ¯¨è¥¬~vf = �V�rs��1� bb02a0 � gb24a0 y� � H2z04��0v2z0 �rs�1� bb02a0 � gb24a0 y � H2z04��0v2z0 � ~ex++vz0~ez (103)�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ «®ª «ì­ãî ç áâ®âã�à¥­â -�ï©áï«ïN2� = ��gd�f�fdy ��y=y� ; (104)£¤¥ �f - ¯«®â­®áâì ¦¨¤ª®áâ¨ ¢ ä®­®¢®¬ à¥è¥­¨¨:�f = �0�1� bb02a0 � gb24a0 y�: (105)�ç¨âë¢ ï ¢ëà ¦¥­¨¥ (105) ¢ (104), § ¯¨è¥¬N2� = g2b24s�a0�1� bb02a0 � gb24a0 y�� : (106)�®¬¡¨­¨àãï (106) ¨ (102), ¬®¦­® ¯®«ãç¨âì:sa0 = N2�V 2�s��1� H2z04���v2z0 � : (107)

� ª ¡ë«® ®â¬¥ç¥­® ¢ëè¥, ãá«®¢¨¥¬ à á¯à®áâà ­¥-­¨ï n -© £ à¬®­¨ª¨ ¢ á«®¥ ï¢«ï¥âáïsa0 > n2�2l22 : (108)�ç¨âë¢ ï á®®â­®è¥­¨¥ (107) ¢ (108), íâ®¬ã ãá«®-¢¨î ¯à¨¤ ¤¨¬ ¢¨¤ N�l2n�V�rs��1� H2z04���v2z0 � > 1: (109)�à¨ Hz0 = 0 ãá«®¢¨¥ (109) ¯¥à¥å®¤¨â ¢ ãá«®¢¨¥(13.87) ¬®­®£à ä¨¨ [28]. � «¥¥ ¡ã¤ãâ ¯®«ãç¥­ë ¨¯à® ­ «¨§¨à®¢ ­ë à §«¨ç­ë¥ ä®à¬ë ¤¨á¯¥àá¨®­-­®£® á®®â­®è¥­¨ï, å à ªâ¥à¨§ãîé¨¥ à áá¬ âà¨-¢ ¥¬ë¥ ¢®«­ë. �®£« á­® (98),ssa0 � n2�2l22 = kx; (110)£¤¥ kx - ¢®«­®¢®¥ ç¨á«®. �®§¢¥¤¥¬ «¥¢ãî ¨ ¯à ¢ãîç áâ¨ á®®â­®è¥­¨ï (110) ¢ ª¢ ¤à â ¨ ãçâ¥¬ ¢ë-à ¦¥­¨¥ (107). � à¥§ã«ìâ â¥ ¯®«ãç¨¬ á«¥¤ãîé¥¥¤¨á¯¥àáâ®­­®¥ á®®â­®è¥­¨¥ ¢ ¯¥à¥¬¥­­ëå "¢®«­®-¢®¥ ç¨á«® - ä §®¢ ï áª®à®áâì":
­vn = 1p1 + �2xn ;
Hvn � n�V�l2N� ss��1� H2z04���v2z0 �;�xn � kxl2n� : (111)�çâ¥¬ ¢ ¢ëà ¦¥­¨¨ (111) á¢ï§ì! = kxV�; (112)£¤¥ ! - ç áâ®â  ¢®«­ë. � à¥§ã«ìâ â¥ ­  ®á­®¢¥á®®â­®è¥­¨© (112) ¨ (111) ¯®«ãç ¥¬ ¤¨á¯¥àá¨®­-­®¥ á®®â­®è¥­¨¥ ¢ ¯¥à¥¬¥­­ëå "¢®«­®¢®¥ ç¨á«® -ç áâ®â ": 
­! = �xnp1 + �2xn ;
­! � !N�ss��1� H2z04���v2z0 �: (113)�¨á¯¥àá¨®­­ë¥ á®®â­®è¥­¨ï (111) ¨ (113) ¯®«­®-áâìî  ­ «®£¨ç­ë ¨§¢¥áâ­ë¬ ¤¨á¯¥àá¨®­ë¬ á®®â-­®è¥­¨ï¬ â¥®à¨¨ «¨­¥©­ëå [4, 19, 20] ¨ ­¥«¨­¥©-­ëå [28, 31] ¢­ãâà¥­­¨å £à ¢¨â æ¨®­­ëå ¨ £¨à®-áª®¯¨ç¥áª¨å ¢®«­. �à¨ ®âáãâáâ¢¨¨ ¬ £­¨â­®£®40 �. �. � «â ­®¢, �. �. � «â ­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47¯®«ï (Hz0 = 0) ¤¨á¯¥àá¨®­­ë¥ á®®â­®è¥­¨ï (111)¨ (113) ¯¥à¥å®¤ïâ ¢ ¯®á«¥¤­¨¥.� ¢¨á¨¬®áâ¨ ä §®¢®© áª®à®áâ¨ ¨ ç áâ®âë ®â¬ £­¨â­®£® ¯®«ï ¨ ­®¬¥à  £ à¬®­¨ª¨ "n" ¢ ¤¨á-¯¥àá¨®­­ëå á®®â­®è¥­¨ïå (111) ¨ (113) § ¢ã «¨-à®¢ ­ë. �à¥®¡à §ãï á®®â­®è¥­¨ï (111) ¨ (113),¢ë¤¥«ï¥¬ íâ¨ § ¢¨á¨¬®áâ¨ ¢ ï¢­®¬ ¢¨¤¥:
v = K­Knv ;
! = K­Kn! ;K­ = 1ps�(1� "2­) ; Knv � 1pn2 + �2x ;Kn! = �xpn2 + �2x ;
v � V�l2N� ; 
! = !N� ;"­ � =Hz0=p4���=vz0=; �x � kxl2� : (114)�å®¤ïé¨¥ ¢ á®®â­®è¥­¨ï (114) § ¢¨á¨¬®áâ¨K­("­), Knv (�x) ¨ Kn! (�x) ¯à¥¤áâ ¢«¥­ë, á®®â¢¥â-áâ¢¥­­®, ­  à¨á. 1-3.
�¨á. 1. �«¨ï­¨¥ ¬ £­¨â­®£® ¯®«ï ­  ä §®¢ãîáª®à®áâì ¨ ç áâ®âã

�¨á. 2. � ¢¨á¨¬®áâì ä §®¢®© áª®à®áâ¨ ®â¢®«­®¢®£® ç¨á«  ¯à¨ KH=1
�¨á. 3. � ¢¨á¨¬®áâì ç áâ®âë ®â¢®«­®¢®£® ç¨á«  ¯à¨ KH=1�§ ¢ëà ¦¥­¨© (114) ¨ à¨á. 1 ¬®¦­® ¢¨¤¥âì,çâ® ¯à¨ "­ < 1 ¡¥§¬¥à­ë¥ ä §®¢ ï áª®à®áâì 
v¨ ç áâ®â  
! ï¢«ïîâáï ­ à áâ îé¨¬¨ äã­ªæ¨ï¬¨­ ¯àï¦¥­­®áâ¨ ¬ £­¨â­®£® ¯®«ï Hz0, ¯à¨ "­ > 1- ã¡ë¢ îé¨¬¨ äã­ªæ¨ï¬¨ ãª § ­­®£® ¯ à ¬¥âà .�à¨ íâ®¬ ¤«ï 0 < "­ < p2 ¨¬¥¥¬ K­ > 1, ¤«ï"­ > p2� k­ < 1. �§ ¢ëà ¦¥­¨© (114) ¨ à¨á. 2 ¨3 á«¥¤ã¥â, çâ® ¢¥«¨ç¨­ë 
v ¨ 
! ï¢«ïîâáï ã¡ë¢ -îé¨¬¨ äã­ªæ¨ï¬¨ ­®¬¥à  £ à¬®­¨ª¨ "n". �â¬¥-â¨¬, çâ® ¯à¨ "­ = 0 ¨p2 ¨¬¥¥¬ 
v = Knv , 
! = Kn! .�çâ¥¬ ¢ ¢ëà ¦¥­¨¨ (113) á¢ï§ì� = 2�kx (115)£¤¥ � - ¤«¨­  ¢®«­ë. � à¥§ã«ìâ â¥ ­  ®á­®¢¥ á®-�. �. � «â ­®¢, �. �. � «â ­®¢ 41



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47®â­®è¥­¨© (115) ¨ (113) ¯®«ãç ¥¬ ¤¨á¯¥àá¨®­­®¥á®®â­®è¥­¨¥ ¢ ¯¥à¥¬¥­­ëå "ç áâ®â  { ¤«¨­  ¢®«-­ë": n
� = p1� (
­!)2
­! ; 
� � �2l2 : (116)� ¢¨á¨¬®áâì ¤«¨­ë ¢®«­ë ®â ¬ £­¨â­®£® ¯®«ï ¢¤¨á¯¥àá¨®­­®¬ á®®â­®è¥­¨¨ (116) § ¢ã «¨à®¢ ­ .�à¥®¡à §ãï á®®â­®è¥­¨¥ (116), ¢ë¤¥«ï¥¬ íâã § -¢¨á¨¬®áâì ¢ ï¢­®¬ ¢¨¤¥:n
� =sK2­
2! � 1: (117)�¤¥áì ¢¥«¨ç¨­ë K­ ¨ 
! ®¯à¥¤¥«ïîâáï á®£« á­®ãà ¢­¥­¨ï (114). � ª ¢¨¤¨¬, ãá«®¢¨¥¬ à á¯à®-áâà ­¥­¨ï à áá¬ âà¨¢ ¥¬®£® â¨¯  ¢®«­ ï¢«ï¥âáï­¥à ¢¥­áâ¢® 
!K­ > 1: (118)�¥è ï á®®â­®è¥­¨¥ (117) ®â­®á¨â¥«ì­® 
!, ¨¬¥¥¬
! = K­ �Kn! ; Kn! = 1p1 + n2
2� : (119)� ¢¨á¨¬®áâ¨ Kn! (
�) ¨§®¡à ¦¥­ë ­  à¨á. 4.
�¨á. 4. � ¢¨á¨¬®áâì ç áâ®âë ®â¤«¨­ë ¢®«­ë ¯à¨ KH=15. ����� �������� ��������� �������������� �������� �������������� ���������à ¢­¥­¨¥ (67) ¢ ªàã£®¢®© æ¨«¨­¤à¨ç¥áª®© á¨-áâ¥¬¥ ª®®à¤¨­ â (z; r; ') ¯à¨ � = 0 ¯à¨­¨¬ ¥â ¢¨¤DF + s� 12�0 ddF ��� � f24� �p2'� � r2 ddF �w�0 	 = 0;

D � r @@r 1r @@r + @2@z2 ; p' � q3: (120)� «¥¥ ¡ã¤ãâ à áá¬®âà¥­ë ¤¢¥ á¯¥æ¨ «¨§ æ¨¨ ¢¥-«¨ç¨­ p'(F ), �(F ), f(F ) ¨ w(F ), ª®£¤  ãà ¢­¥­¨¥(120) áâ ­®¢¨âáï «¨­¥©­ë¬, ¨ ­  ®á­®¢¥ á®®â¢¥â-áâ¢ãîé¨å á®®â­®è¥­¨© ¨§ãç¥­ë ¢®«­ë ª®­¥ç­®© ¬¯«¨âã¤ë ¢ § ¬ £­¨ç¥­­®¬ ªàã£®¢®¬ á«®¥ ®¤­®-à®¤­®© ¦¨¤ª®áâ¨.1. �ãáâì� = �0; s�1� f24��0 � = 1 + a2F 2;p' = p'0; w = w0 + b0f; (121)£¤¥ p'0 ¨ w0 - ¯®áâ®ï­­ë¥; a ¨ b0 - ¯®«®¦¨â¥«ì­ë¥¯®áâ®ï­­ë¥. �®¦­® ¢¨¤¥âì, çâ® ¯à¨ ¯®«®¦¨â¥«ì-­®¬ §­ ç¥­¨¨ ¢¥«¨ç¨­ë "a" ¢â®à®¥ ¨§ á®®â­®è¥-­¨© (121) ¢®§¬®¦­® â®«ìª® ¯à¨s = �1: (122)�ç¨âë¢ ï ãá«®¢¨¥ (122) ¢® ¢â®à®¬ á®®â­®è¥­¨¨(121) ¨ à¥è ï ¯®«ãç¨¢è¥¥áï á®®â­®è¥­¨¥ ®â­®á¨-â¥«ì­® f , ¡ã¤¥¬ ¨¬¥âìf = �p2��(4 + aF 2): (123)�ç¨âë¢ ï á®®â­®è¥­¨ï (121) ¨ (122) ¢ (120), ¤«ï¬®¤¨ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª  ¯®«ãç ¥¬ á«¥¤ã-îé¥¥ «¨­¥©­®¥ ãà ¢­¥­¨¥:�D + ap2'02 �F = �b0r2: (124)� «¥¥ à áá¬®âà¨¬ á«¥¤ãîé¥¥ ç áâ­®¥ à¥è¥­¨¥ãà ¢­¥­¨ï (124):F = � 2b0ap2'0 r2 + r�A1J1(�r)++A2N1(�r)�coskzz; (125)�2 = ap2'02 � k2z : (126)�¤¥áì J1 ¨ N1 - äã­ªæ¨¨ �¥áá¥«ï ¨ �¥©¬ ­  ¯¥à-¢®£® ¯®àï¤ª , A1 ¨ A2 - ¯®áâ®ï­­ë¥. �  ®á­®¢¥á®®â­®è¥­¨© (59), (60), (64), (120), (121), (125) ¨(126) ¤«ï ª®¬¯®­¥­â áª®à®áâ¨ ¯®«ãç ¥¬ á«¥¤ãîé¨¥¢ëà ¦¥­¨ï:vz = 1p1 + a2F 2� � 4b0ap2'0 + ��A1J0(�r)++A2N0(�r)�coskzz	; (127)vr = kzp1 + a2F 2 �A1J1(�r)+42 �. �. � «â ­®¢, �. �. � «â ­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47+A2N1(�r)�sinkzz; (128)v' = p'0r : (129)�ãáâì ¢à é îé¨©áï æ¨«¨­¤à¨ç¥áª¨© á«®© ¦¨¤ª®-áâ¨ ®£à ­¨ç¥­ â¢¥à¤ë¬¨ áâ¥­ª ¬¨,r = r1; r2; vr = 0: (130)�ç¨âë¢ ï ¢ëà ¦¥­¨¥ (128) ¢ ãá«®¢¨ïå (130), ¯à¨-å®¤¨¬ ª ¤¨á¯¥àá¨®­­®¬ã á®®â­®è¥­¨îJ1(�r1)N1("�r1)� N1(�r1)J1("�r1) = 0;" = r2r1 : (131)�§ á®®â­®è¥­¨ï (131) ¬®¦­® ®¯à¥¤¥«¨âì § ¢¨á¨-¬®áâì �r1 = �("): (132)�®®â­®è¥­¨ï (125)-(132) ®¯¨áë¢ îâ ¢ á¨áâ¥-¬¥ ®âáç¥â , á¢ï§ ­­®© á ¢®«­®©, à á¯à®áâà ­¥­¨¥¢¤®«ì ®á¨ z ¢®«­ ª®­¥ç­®©  ¬¯«¨âã¤ë ¢® ¢à é î-é¥¬áï æ¨«¨­¤à¨ç¥áª®¬ á«®¥ ®¤­®à®¤­®© ¨¤¥ «ì­®¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨ á áã¯¥à «ìä¢¥­®¢áª®© áâà -â¨ä¨ª æ¨¥© ¬ £­¨â­®£® ¯®«ï. �à¨¤ ¤¨¬ á®®â­®-è¥­¨î (132) ¢¨¤,  ­ «®£¨ç­ë© ¢¨¤ã ¤¨á¯¥àá¨®­-­ëå á®®â­®è¥­¨© ¤«ï ¨§¢¥áâ­ëå ¢­ãâà¥­­¨å £à -¢¨â æ¨®­­ëå ¨ £¨à®áª®¯¨ç¥áª¨å ¢®«­ [4, 19, 20,28, 30]. �ãáâì áã¯¥à «ìä¢¥­®¢áª ï áâà â¨ä¨ª æ¨ï¬ £­¨â­®£® ¯®«ï ¬ « :�a2F 2� << 1: (133)�®£¤  ¨§ ¢ëà ¦¥­¨ï (127) ¯à¨¡«¨¦¥­­® ¨¬¥¥¬4b0ap2'0 = V�; (134)£¤¥ V� - ä §®¢ ï áª®à®áâì. �¢¥¤¥¬ ¤ «¥¥ á«¥¤ãî-é¨© ¬ £­¨â­ë©  ­ «®£ ç áâ®âë �à¥­â -�ï©áï«ï:N2cm = gc�0 ddr�f24� ���r=r1 ;A1=0;A2=0;gc = p2'0r31 : (135)�ç¨âë¢ ï ¢ (135) ¢ëà ¦¥­¨ï (121) ¨ (125), ­ å®-¤¨¬ N2cm = 8b20ap2'0 : (136)�áª«îç ï ¢¥«¨ç¨­ã b0 á ¯®¬®éìî (134), ¨¬¥¥¬ap2'02 = N2cmV 2� : (137)

�ç¨âë¢ ï á®®â­®è¥­¨ï (137) ¨ (132) ¢ (126), § -¯¨è¥¬ 
2! = �k2z�2(") + �k2z ; 
! = !Ncm ;�kz = kzr1 (138)�¥è ï ãà ¢­¥­¨ï (138) ®â­®á¨â¥«ì­® �kz ¨ ¢ëà -¦ ï ¢ ¯®«ãç¨¢è¥¬áï á®®â­®è¥­¨¨ ¢®«­®¢®¥ ç¨á«®ç¥à¥§ ¤«¨­ã ¢®«­ë, ­ å®¤¨¬
� = p1� 
2!�(")
! ; 
� = �2�r1 : (139)�à ¢­¨¢ ï (138) ¨ (139) á á®®â¢¥âáâ¢ãîé¨¬¨ § -¢¨á¨¬®áâï¬¨ ¤«ï ¨§¢¥áâ­ëå ¢­ãâà¥­­¨å £à ¢¨â -æ¨®­­ëå ¨ £¨à®áª®¯¨ç¥áª¨å ¢®«­ [4, 19, 20, 28, 30],ã¡¥¦¤ ¥¬áï ¢ ¨å ¯®«­®©  ­ «®£¨¨.2. �ãáâì� = �0; f = f0; p2' = p2'0 + �20F 2;w = w0 � b0F; (140)£¤¥ p'0 ¨ w0� ¯®áâ®ï­­ë¥ , �20 ¨ b0� ¯®«®¦¨â¥«ì-­ë¥ ¯®áâ®ï­­ë¥. �®£¤  ãà ¢­¥­¨¥ (120) â ª¦¥áâ ­®¢¨âáï «¨­¥©­ë¬:[D + s(1 � k2­0)�20]F = �b0r2; (141)£¤¥ ¢¥«¨ç¨­  k­0 ®¯à¥¤¥«ï¥âáï á®£« á­® ¯¥à¢®£®á®®â­®è¥­¨ï (88). � áâ­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï(141) ¨¬¥¥â ¢¨¤F = � b0r2s0(1� k2­0)�20 + r[A1J1(�r)++A2N1(�r)]coskzz; (142)�2 = s0(1� k2­0)�20 � k2z : (143)�¤¥áì ¢¥«¨ç¨­ë J1, N1, A1 ¨ A2 ¨¬¥îâ â®â ¦¥á¬ëá«, çâ® ¨ ¢ (125) . �  ®á­®¢¥ ä®à¬ã«ë (142) ¯®-«ãç ¥¬ á«¥¤ãîé¨¥ ¢ëà ¦¥­¨ï ¤«ï ª®¬¯®­¥­â áª®-à®áâ¨: vz = � 2b0[s0(1� k2­0)]3=2�20++ �ps0(1 � k2­0) [A1J0(�r)++A2N0(�r)]coskzz; (144)vr = kzps0(1� k2­0) [A1J1(�r)++A2N1(�r)]sinkzz; (145)v' = qp2'0 + �20F 2r : (146)�. �. � «â ­®¢, �. �. � «â ­®¢ 43



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47�ç¨âë¢ ï ¢ëà ¦¥­¨¥ (145) ¢ ãá«®¢¨ïå (130), ¯à¨-å®¤¨¬ ª á®®â­®è¥­¨ï¬ (131) ¨ (132).�®®â­®è¥­¨ï (142)-(146), (131) ¨ (132) ®¯¨áë¢ -îâ ¢ á¨áâ¥¬¥ ®âáç¥â , á¢ï§ ­­®© á ¢®«­®©, à á¯à®-áâà ­¥­¨¥ ¢¤®«ì ®á¨ z ¢®«­ë ª®­¥ç­®©  ¬¯«¨âã¤ë¢ æ¨«¨­¤à¨ç¥áª®¬ á«®¥ ¨¤¥ «ì­® ¯à®¢®¤ïé¥© ¦¨¤-ª®áâ¨ ¯®áâ®ï­­®© ¯«®â­®áâ¨ á ­¥®¤­®à®¤­ë¬ ¯®â®«é¨­¥ á«®ï ¢à é¥­¨¥¬, ®¯à¥¤¥«ï¥¬ë¬ âà¥âì¨¬¨§ á®®â­®è¥­¨© (140). �à¨¤ ¤¨¬ ¨ ¢ ¤ ­­®¬ á«ã-ç ¥ ¢ëà ¦¥­¨î (132) ¢¨¤,  ­ «®£¨ç­ë© ¢¨¤ã ¤¨á-¯¥àá¨®­­®£® á®®â­®è¥­¨ï ¤«ï ¨§¢¥áâ­ëå ¢­ãâà¥­-­¨å £à ¢¨â æ¨®­­ëå ¨ £¨à®áª®¯¨ç¥áª¨å ¢®«­ [4,19, 20, 28 - 31]. �§ ãà ¢­¥­¨ï (144) ¨¬¥¥¬2b0[s(1� k2­0)]3=2�20 = V�; (147)£¤¥ V� - ä §®¢ ï áª®à®áâì ¢®«­ë. �ãáâì § ¤ ­ëã£«®¢ë¥ áª®à®áâ¨ ¢à é¥­¨ï ¦¨¤ª®áâ¨ ¯à¨ r = r1,r2: v'r ��r=r1 ;r2 = !�1; !�2: (148)�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (142) ¨ (146) ¢ ãá«®¢¨ï(148), á ãç¥â®¬ (130) ¨¬¥¥¬p2'0 + r41(1 � k2­0)2 b20�20 = !2�1r41;p2'0 + r42(1 � k2­0)2 b20�20 = !2�2r42: (149)�ëç¨â ï ¨§ «¥¢®© ¨ ¯à ¢®© ç áâ¥© ¢â®à®£® á®®â-­®è¥­¨ï (149), á®®â¢¥âáâ¢¥­­®, «¥¢ãî ¨ ¯à ¢ãîç áâ¨ ¯¥à¢®£® á®®â­®è¥­¨ï (149), ¯®«ãç ¥¬r42 � r41(1� k2­0)2 b20�20 = !2�2r42 � !2�1r41: (150)�áª«îç¨¬ ¢¥«¨ç¨­ã b0 ¨§ (150) á ¯®¬®éìî (147)¨ ¨§ ¯®«ãç¨¢è¥£®áï á®®â­®è¥­¨ï ®¯à¥¤¥«¨¬ ¢¥«¨-ç¨­ã �0. � à¥§ã«ìâ â¥ ¯®«ãç ¥¬:�0 = 2
�ps0(1 � k2­0V� ; b0 = 2ps0(1� k2­0)
2�V� ;
� �s!2�2r42 � !2�1r41r42 � r41 : (151)�ç¨âë¢ ï ¢ëà ¦¥­¨¥ (151) ¢ ®¤­®¬ ¨§ á®®â­®è¥-­¨© (149), § ¯¨è¥¬p2'0 = !2�1 � !2�2r42 � r41 r41r42: (152)�§ ãá«®¢¨© ¯®«®¦¨â¥«ì­®áâ¨ ¯à ¢ëå ç áâ¥© á®®â-­®è¥­¨© (150) ¨ (152) á«¥¤ãîâ ­¥à ¢¥­áâ¢ r42r41 > !2�1!2�2 > 1: (153) �¨á. 5. � ¢¨á¨¬®áâì ¤«¨­ë ¢®«­ë ®âç áâ®âë� = 1.25 (a); � = 2 (¡); � = 5 (¢).44 �. �. � «â ­®¢, �. �. � «â ­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 32 { 47�¡à â¨¬áï ª á®®â­®è¥­¨î (132). � ãç¥â®¬ ¢ë-à ¦¥­¨© (143) ¨ (151) ¯à¨¤ ¥¬ ¥¬ã ä®à¬ã ¯¥à¢®£®á®®â­®è¥­¨ï (138), £¤¥ ¢¥«¨ç¨­  �kz ®¯à¥¤¥«ï¥âáïâà¥âì¨¬ á®®â­®è¥­¨¥¬(138),   ¢¥«¨ç¨­  
!� á«¥-¤ãîé¨¬ á®®â­®è¥­¨¥¬
! = !2
� : (154)�á­®, çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ á¯à ¢¥¤«¨-¢® ¨ á®®â­®è¥­¨¥ (139). �à¨¬¥àë ¤¨á¯¥àá¨®­­ëåªà¨¢ëå, § ¤ ¢ ¥¬ëå á®®â­®è¥­¨ï¬¨ (131) ¨ (139),¯à¥¤áâ ¢«¥­ë ­  à¨á. 5. �®¦­® ¢¨¤¥âì, çâ® ¢¥«¨-ç¨­ë 
� ï¢«ïîâáï ã¡ë¢ îé¨¬¨ äã­ªæ¨ï¬¨ ¯ à -¬¥âà®¢ 
! ¨ n ¨ ­ à áâ îé¨¬¨ { ¯ à ¬¥âà  ".�������� ���������� � ������1. �¨áâ¥¬  ãà ¢­¥­¨© £¨¤à®¤¨­ ¬¨ª¨ áâà â¨-ä¨æ¨à®¢ ­­®© ¯® ¯«®â­®áâ¨ ¨¤¥ «ì­® ¯à®¢®¤ïé¥©­¥¢ï§ª®© ¦¨¤ª®áâ¨ ¢ áâ æ¨®­ à­®¬ á«ãç ¥ ¯à¨®âáãâáâ¢¨¨ í«¥ªâà¨ç¥áª®£® ¯®«ï á¢¥¤¥­  ª á¨áâ¥-¬¥ ¯ïâ¨ ­¥«¨­¥©­ëå ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®-¨§¢®¤­ëå ¯¥à¢®£® ¯®àï¤ª , á«ã¦ é¥© ¤«ï ®¯à¥-¤¥«¥­¨ï ¯ïâ¨ ¢¥«¨ç¨­: âà¥å ª®¬¯®­¥­â ¬®¤¨ä¨-æ¨à®¢ ­­®© áª®à®áâ¨, äã­ªæ¨¨ �¥à­ã««¨ ¨ ¯«®â-­®áâ¨. �á«¨ ãª § ­­ë¥ ¢¥«¨ç¨­ë ®¯à¥¤¥«¥­ë, â®áª®à®áâì, ¬ £­¨â­®¥ ¯®«¥ ¨ ¤ ¢«¥­¨¥ ®¯à¥¤¥«ïîâ-áï ¨§ ª®­¥ç­ëå á®®â­®è¥­¨© ­  ®á­®¢¥ à¥è¥­¨ï®¤­®£® «¨­¥©­®£® ãà ¢­¥­¨ï ¢ ç áâ­ëå ¯à®¨§¢®¤-­ëå ¯¥à¢®£® ¯®àï¤ª  ¤«ï äã­ªæ¨¨ áâà â¨ä¨ª æ¨¨¬ £­¨â­®£® ¯®«ï f( ~H = f~v). �â¬¥ç¥­ë âà¨ à §-«¨ç­ëå á«ãç ï áâà â¨ä¨ª æ¨¨ ¬ £­¨â­®£® ¯®«ï:¤® «ìä¢¥­®¢áª ï (f2 < 4��),  «ìä¢¥­®¢áª ï (f2 =4��) ¨ áã¯¥à «ìä¢¥­®¢áª ï (f2 > 4��).2. � á«ãç ¥, ª®£¤  ¢­¥è­¨¥ ®¡êñ¬­ë¥ á¨«ë ®â-áãâáâ¢ãîâ, ¯®«ãç¥­ë ãà ¢­¥­¨ï, ª®â®àë¥ ¢ ¬ -â¥¬ â¨ç¥áª®¬ ®â­®è¥­¨¨ ¨¤¥­â¨ç­ë ãà ¢­¥­¨ï¬£¨¤à®¤¨­ ¬¨ª¨ ­¥á¦¨¬ ¥¬®© ­¥¢ï§ª®© ¦¨¤ª®áâ¨¢ áâ æ¨®­ à­®¬ á«ãç ¥. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®-§¢®«¨«® áä®à¬ã«¨à®¢ âì â¥®à¥¬ã á®®â¢¥âáâ¢¨ï,ª®â®à ï ª ¦¤®¬ã à¥è¥­¨î ãà ¢­¥­¨© £¨¤à®¤¨­ -¬¨ª¨ ­¥á¦¨¬ ¥¬®© ­¥¢ï§ª®© ¦¨¤ª®áâ¨ á®¯®áâ -¢«ï¥â á®®â¢¥âáâ¢ãîé¥¥ à¥è¥­¨¥ ¨áå®¤­®© á¨áâ¥-¬ë ãà ¢­¥­¨© £¨¤à®¤¨­ ¬¨ª¨ áâà â¨ä¨æ¨à®¢ ­-­®© ¯® ¯«®â­®áâ¨ ¨¤¥ «ì­® ¯à®¢®¤ïé¥© ­¥¢ï§ª®©¦¨¤ª®áâ¨ ¯à¨ ®âáãâáâ¢¨¨ í«¥ªâà¨ç¥áª®£® ¯®«ï.�ª § ­ë âà¨ á«ãç ï, ª®£¤  § ¤ ç  á¢®¤¨âáï ª à¥-è¥­¨î «¨­¥©­ëå ãà ¢­¥­¨©. � ¯¥à¢®¬ á«ãç ¥ ¢¥ª-â®à ¬®¤¨ä¨æ¨à®¢ ­­®© áª®à®áâ¨ ï¢«ï¥âáï ¯®â¥­-æ¨ «ì­ë¬. �® ¢â®à®¬ ¨ âà¥âì¥¬ á«ãç ïå ®­ ã¤®-¢«¥â¢®àï¥â, á®®â¢¥âáâ¢¥­­®, ®¤­®à®¤­®¬ã ¨ ­¥®¤-­®à®¤­®¬ã ãà ¢­¥­¨ï¬ �à®¬¥ª¨-�ãª®¢áª®£® á ¯®-áâ®ï­­ë¬ ª®íää¨æ¨¥­â®¬ á¯¨à «ì­®áâ¨.
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