
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 72 { 79��� 539.59�������������� ������� ����������������� ����������� �������������������� � ��������������������������������� ������� ������������� ������� ���������.������ �������������� �������� ������ �������� ���������. �. ��������, �. �. �������, �. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 25.06.2004� à ¡®â¥ á ¨á¯®«ì§®¢ ­¨¥¬ äã­ªæ¨¨ â®ª   ¢ë¯®«­¥­® ¯à¥®¡à §®¢ ­¨¥ á¨áâ¥¬ë ¯ïâ¨ ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ¢à é î-é¥©áï ª ª æ¥«®¥ ­¥®¤­®à®¤­®© ¦¨¤ª®áâ¨ ¢ ­¥áâ æ¨®­ à­®¬ ¤¢ãå¯ à ¬¥âà¨ç¥áª®¬ á«ãç ¥, á«ã¦ é¥© ¤«ï ®¯à¥¤¥«¥­¨ï¯ïâ¨ ¢¥«¨ç¨­ (�; v1; v2; v3; p), ª á¨áâ¥¬¥ ç¥âëà¥å ãà ¢­¥­¨©, á«ã¦ é¥© ¤«ï ®¯à¥¤¥«¥­¨ï ç¥âëà¥å ¢¥«¨ç¨­ (�;  ; v3; p).(�¤¥áì ¨á¯®«ì§®¢ ­ë áâ ­¤ àâ­ë¥ ®¡®§­ ç¥­¨ï). �â  á¨áâ¥¬  ¯à¥¤áâ ¢«ï¥âáï ã¤®¡­®© ¯à¨ ç¨á«¥­­®¬  ­ «¨§¥,  â ª¦¥ ¯à¨ ¨á¯®«ì§®¢ ­¨¨  áá¨¬¯â®â¨ç¥áª¨å ¯®¤å®¤®¢. � á«ãç ¥ ­¥¢ï§ª®©¦¨¤ª®áâ¨ ¢ áâ æ¨®­ à­®¬ ¤¢ãå¯ à ¬¥âà¨-ç¥¬ á«ãç ¥ ¢ë¯®«­¥­® ¯à¥®¡à §®¢ ­¨¥ �à®¬¥ª¨. � ¨á¯®«ì§®¢ ­¨¥¬¬®¤¨ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª  ¨§ãç¥­ë ¢®«­ëª®­¥ç­®©  ¬¯«¨âã¤ë ¢ ªàã£®¢®¬ æ¨«¨­¤à¨ç¥áª®¬ á«®¥ ­¥®¤­®à®¤­®© ¢à é îé¥©áï ¦¨¤ª®áâ¨ ¨ ¯®«ãç¥­® ®¡®¡é¥­¨¥¢¨åàï �¨«« .� à®¡®â÷ ÷§ § áâ®áã¢ ­­ï¬ äã­ªæ÷ù  â®ªã ¢¨ª®­ ­¥ ¯¥à¥â¢®à¥­­ï á¨áâ¥¬¨ ¯'ïâ¨ à÷¢­ï­ì ¤¨­ ¬÷ª¨ ­¥®¤­®à÷¤­®ùà÷¤¨­¨,é® ®¡¥àâ õâìáï ïª æ÷«¥, ¢ ­¥áâ æ÷®­ à­®¬ã ¤¢®å¯ à ¬¥âà¨ç­®¬ã ¢¨¯ ¤ªã, ¤® á¨áâ¥¬¨ ç®â¨àì®å à÷¢­ï­ì,¯à¨§­ ç¥­®ù ¤«ï ¢¨§­ ç¥­­ï ç®â¨àì®å ¢¥«¨ç¨­ (�;  ; v3; p). � ¢¨¯ ¤ªã ­¥¢'ï§ª®ù à÷¤¨­¨ ¢ áâ æ÷®­ à­®¬ã ¤¢®¯ à -¬¥âà¨ç­®¬ã ¢¨¯ ¤ªã ¢¨ª®­ ­® ¯¥à¥â¢®à¥­­ï �à®¬¥ª¨. � ¢¨ª®à¨áâ ­­ï¬ ¬®¤¨ä÷ª®¢ ­®ù äã­ªæ÷ù â®ªã ¢¨¢ç¥­÷ å¢¨«÷áª÷­ç¥­®ù  ¬¯«÷âã¤¨ ¢ ªàã£®¢®¬ã æ¨«÷­¤à¨ç­®¬ã è à÷ à÷¤¨­¨, é® ­¥®¤­®à÷¤­® ®¡¥àâ õâìáï, ÷ ®¤¥à¦ ­¥ ã§ £ «ì­¥­­ï¢¨å®à  �÷« .The transformation of the �ve equations of nonhomogeneas viscous 
uid with use of the stream functions to a fourequations is realized. This equations are comfortable by numerarical analysis and also by use of asymptotic methods. TheGromeka transformation for noviscous
uid is realized in nonstationary twoparametric case. The waves of �nite amplitudeare studied in circular layer and Hill vortex is constructed.��������� á«ãç ¥ á¨¬¬¥âà¨¨ â¥ç¥­¨ï ®¤­®à®¤­®© ¦¨¤-ª®áâ¨ ¯® ®¤­®© ¨§ ª®®à¤¨­ â (¡ã¤¥¬ ­ §ë¢ âì ¥¥âà¥âì¥©, ª ª ¨ á®®â¢¥âáâ¢ãîé¨¥ ª®¬¯®­¥­âë ¢¥ª-â®à­ëå ãà ¢­¥­¨© ¨ ¢¥«¨ç¨­) ¢ ¬®­®£à ä¨¨ [10]¯®«ãç¥­ë ¢ ¦­ë¥ ¤«ï ¯à ªâ¨ç¥áª®£® ¨á¯®«ì§®¢ -­¨ï ãà ¢­¥­¨ï ¤«ï äã­ªæ¨¨ â®ª  ¨ âà¥âì¥© ª®¬-¯®­¥­âë áª®à®áâ¨. �à ¢­¥­¨ï § ¯¨á ­ë ¢ ®àâ®£®-­ «ì­ëå ª®®à¤¨­ â å. � à ¡®â¥ [8] á¨¬¬¥âà¨ç­ ï¯® âà¥âì¥© ª®®à¤¨­ â¥ § ¤ ç  ¤¨­ ¬¨ª¨ ®¤­®à®¤-­®© ¯à®¢®¤ïé¥© ¢à é îé¥©áï ¦¨¤ª®áâ¨ á¢¥¤¥­  ªá¨áâ¥¬¥ ç¥âëà¥å ãà ¢­¥­¨© ¤«ï äã­ªæ¨¨ â®ª , ¥¥¬ £­¨â­®£®  ­ «®£  ¨ âà¥âì¨å ª®¬¯®­¥­â áª®à®-áâ¨ ¨ ¬ £­¨â­®£® ¯®«ï.� ¤ ­­®© à ¡®â¥ ¢ë¯®«­¥­® ¯à¥®¡à §®¢ ­¨¥ á¨-áâ¥¬ë ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ­¥®¤­®à®¤­®© ¤¨áá¨-¯ â¨¢­®© ¨ ­¥¤¨áá¨¯ â¨¢­®© ¦¨¤ª®áâ¨ ¯à¨ ­ «¨-ç¨¨ á¨¬¬¥âà¨¨ ¯® ®¤­®© ¨§ ª®®à¤¨­ â. � á«ãç ¥­¥¤¨áá¨¯ â¨¢­®© ¦¨¤ª®áâ¨ à áá¬®âà¥­  § ¤ ç  ®
¢®«­ å ª®­¥ç­®©  ¬¯«¨âã¤ë ¢® ¢à é îé¥¬áï ªàã-£®¢®¬ á«®¥ ¨ ¯®«ãç¥­® ®¡®¡é¥­¨¥ ¢¨åàï �¨«« .1. �������������� ��������������� ����������¡à â¨¬áï ª á¨áâ¥¬¥ ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ¢à -é îé¥©áï ­¥®¤­®à®¤­®© ¢ï§ª®© ¦¨¤ª®áâ¨:@~v@t +rE�~v�(rot~v+2!�~e�) = �rp� ��rotrot~v; (1)div~v = 0; (2)@�@t + (~vr)� = 0; (3)E = ~v22 +�(~R); �(~R) = G(~R)� !2�(~e� � ~R)2: (4)�¤¥áì � { ¯«®â­®áâì; ~v { áª®à®áâì; p { ¤ ¢«¥­¨¥;~e� { ¥¤¨­¨ç­ë© ¢¥ªâ®à ¢¤®«ì ®á¨ ¢à é¥­¨ï ¦¨¤-ª®áâ¨ ª ª æ¥«®£®; !� { ã£«®¢ ï áª®à®áâì ¢à é¥­¨ï;72 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 72 { 79~R { à ¤¨ãá-¢¥ªâ®à â¥ªãé¥© â®çª¨ ¯à®áâà ­áâ¢ ;G(~R) { £à ¢¨â æ¨®­­ë© ¯®â¥­æ¨ «. �®®â­®è¥-­¨ï (1){(3) ¥áâì á®®â¢¥âáâ¢¥­­® ãà ¢­¥­¨ï ¤¢¨-¦¥­¨ï, ­¥à §àë¢­®áâ¨ ¨ á®åà ­¥­¨ï ¯«®â­®áâ¨ ¢¦¨¤ª®© ç áâ¨æ¥. � «ì­¥©è¥¥ à áá¬®âà¥­¨¥ ¯à®¢¥-¤¥¬ ¢ ¯à®¨§¢®«ì­®© ®àâ®£®­ «ì­®© á¨áâ¥¬¥ ª®®à-¤¨­ â (x1; x2; x3). �®« £ ï ¢ë¯®«­¥­­ë¬ ãá«®¢¨¥á¨¬¬¥âà¨¨ ¯® ª®®à¤¨­ â¥ x3 (@=@x = 0), à¥è ¥¬ãà ¢­¥­¨¥ ­¥à §àë¢­®áâ¨ (2):~v = r � ~e3h3 + w3 ~e3h3 ; w3 � h3v3: (5)�¤¥áì ¨ ¤ «¥¥  { äã­ªæ¨ï â®ª ; h1; h2; h3 { ª®-íää¨æ¨¥­âë � ¬¥ ®àâ®£®­ «ì­®© á¨áâ¥¬ë ª®®à-¤¨­ â; ~e3 { ¥¤¨­¨ç­ë© ¢¥ªâ®à, ª á â¥«ì­ë© ª®®à-¤¨­ â­®© «¨­¨¨ x3. �à¨¬¥­ïï ª ¢ëà ¦¥­¨î (5)®¯¥à æ¨¨ à®â®à  ¨ ¤¢®©­®£® à®â®à , § ¯¨è¥¬rot~v = �D ~e3h3 +rw3 � ~e3h3 ;rotrot~v = �r(D ) � ~e3h3 �Dw3 ~e3h3 ;D � h3h1h2� @@x1 h2h3h1 @@x1 + @@x2 h1h3h2 @@x2�: (6)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (5) ¨ (6) ¢ ãà ¢­¥­¨¥ ¤¢¨-¦¥­¨ï (1) ¨ ¢ ¯®«ãç¨¢è¥¬áï á®®â­®è¥­¨¨ ¯à¨à ¢-­ï¥¬ ­ã«î áã¬¬ã ¬­®¦¨â¥«¥© ¯à¨ ¥¤¨­¨ç­®¬ ¢¥ª-â®à¥ ~e3. � à¥§ã«ìâ â¥ § ¯¨è¥¬@w3@t � 1h1h2h3 @( ;w3)@(x1; x2)���Dw3 � 2!�(~e� � r ) = 0: (7)� ®áâ ¢è¥©áï ç áâ¨ ¯®«ãç¨¢è¥£®áï á®®â­®è¥­¨ï¯à¨¬¥­¨¬ ®¯¥à æ¨î à®â®à . � à¥§ã«ìâ â¥ ¡ã¤¥¬¨¬¥âì @D @t � h3h1h2 @( ; h�23 D )@(x1; x2) ���DD + 2w3h1h2h23 @(w3; h3)@(x1; x2) ++2!��h23div�w3~e�h23 �+ h3h1h2 @( ; h�13 e�3)@(x1; x2) �++ h3h1h2�2 (�; p)@(x1; x2) = 0: (8)�¡à â¨¬áï á­®¢  ª ãà ¢­¥­¨î ¤¢¨¦¥­¨ï (1).�¬­®¦¨¬ «¥¢ãî ¨ ¯à ¢ãî ¥£® ç áâ¨ áª «ïà­® ­ ¢¥ªâ®à áª®à®áâ¨ ~v. � à¥§ã«ìâ â¥ § ¯¨è¥¬@@t ~v22 + (~vr)E = �1� (~vr)p� �~v � rotrot~v: (9)

�®¤áâ ¢«ïï ¢ á®®â­®è¥­¨¥ (9) ¢ëà ¦¥­¨ï (5) ¨(6), ¯®«ãç¨¬@@t ~v22 � 1h1h2h3 � @( ;E)@(x1; x2) + 1� @( ; p)@(x1; x2)� == �h23 (r � rD +w3Dw3);E � (r )2 +w232h23 +�: (10)�ç¨âë¢ ï ¢ëà ¦¥­¨¥ (5) ¤«ï áª®à®áâ¨ ¢ ãà ¢­¥-­¨¨ (3) ¤«ï ¯«®â­®áâ¨, ¨¬¥¥¬@�@t � 1h1h2h3 @( ; �)@(x1; x2) = 0: (11)� ª¨¬ ®¡à §®¬, ¯à¨ ­ «¨ç¨¨ æ¨ª«¨ç¥áª®© ª®®à-¤¨­ âë x3 (@=@x3 = 0) ¨áå®¤­ ï á¨áâ¥¬  ¯ïâ¨­¥«¨­¥©­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¢ ç áâ-­ëå ¯à®¨§¢®¤­ëå (1){(3), á«ã¦ é ï ¤«ï ®¯à¥¤¥«¥-­¨ï ¯ïâ¨ ¢¥«¨ç¨­ �; v1; v2; v3 ¨ p, ¯à¥®¡à §®¢ ­  ªá¨áâ¥¬¥ ç¥âëà¥å ­¥«¨­¥©­ëå ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå (7), (8), (10) ¨(11), á«ã¦ é¥© ¤«ï ®¯à¥¤¥«¥­¨ï ç¥âëà¥å ¢¥«¨ç¨­�;  ;w3 ¨ p.2. ����������������(7), (8), (10) � (11)� ��������� �������������������ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï~e� = ~ez; x3 = z; h3 = 1; (12)£¤¥ z { ¯àï¬®«¨­¥©­ ï ª®®à¤¨­ â ; ~ez { ¥¤¨­¨ç­ë©¢¥ªâ®à ¢¤®«ì ­¥¥. �®£¤  á¨áâ¥¬  ãà ¢­¥­¨© (7),(8), (10) ¨ (11) ­¥áª®«ìª® ã¯à®é ¥âáï ¨ ¯à¨­¨¬ ¥â¢¨¤ @w3@t � 1h1h2 @( ;w3)@(x1; x2) � ��w3 = 0;� � 1h1h2 � @@x1 h2h1 @@x1 + @@x2 h1h2 @@x2� (13)@� @t � 1h1h2 @( ;� )@(x1; x2) � ��� ++ 1h1h2�2 @(�; p)@(x1; x2) = 0; (14)@@t ~v22 � 1h1h2 � @( ;E)@(x1; x2) + 1� @( ; p)@(x1; x2)� == �(r � r� +w3�w3);E � 12�(r ) + w23� +G(~R)� !2�(~ez � ~R)2; (15)�. �. � «â ­®¢, �. �. �®à¡ ­ì, �. �. �äà¥¬®¢  73



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 72 { 79@�@t � 1h1h2 @( ; �)@(x1; x2) = 0: (16)�¤¥áì � { ®¯¥à â®à � ¯« á . � ª¨¬ ®¡à §®¬, ç -áâ®â  ¢à é¥­¨ï !� ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¢å®-¤¨â â®«ìª® ¢ ãà ¢­¥­¨¥ (15).�ãáâì ­ àï¤ã á ãá«®¢¨ï¬¨ (12) ¢ë¯®«­¥­® á«¥¤ã-îé¥¥ ãá«®¢¨¥: w3 = 0 : (17)�®£¤  ãà ¢­¥­¨¥ (13) ã¤®¢«¥â¢®àï¥âáï â®¦¤¥-áâ¢¥­­®,   ãà ¢­¥­¨¥ (15) ­¥áª®«ìª® ã¯à®é ¥âáï@@t ~v22 � 1h1h2 � @( ;E)@(x1; x2) + 1� @( ; p)@(x1; x2)� == �r � r� ;E � 12(r )2 +G(~R)� !2�(~ez � ~R)2: (18)� ª¨¬ ®¡à §®¬, ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (12) ¨(17) § ¤ ç  á¢®¤¨âáï ª á¨áâ¥¬¥ âà¥å ­¥«¨­¥©­ëå¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§-¢®¤­ëå (14), (16) ¨ (18), á«ã¦ é¥© ¤«ï ®¯à¥¤¥«¥­¨ïâà¥å ¢¥«¥ç¨­ �;  ¨ p.�ãáâì ­ àï¤ã á ãá«®¢¨¥¬ (17) ¨¬¥¥â ¬¥áâ® â ª¦¥á«¥¤ãîé¥¥ ãá«®¢¨¥: !� = 0: (19)�®£¤  ãà ¢­¥­¨¥ (7) ã¤®¢«¥â¢®àï¥âáï â®¦¤¥áâ¢¥­-­®,   ãà ¢­¥­¨ï (8) ¨ (10) ã¯à®é îâáï:@D @t � h3h1h2 @( ; h�23 D )@(x1; x2) ���DD + h3h1h2�2 @(�; p)@(x1; x2) = 0; (20)@@t ~v22 � 1h1h2h3 � @( ;E)@(x1; x2)++1� @( ; p)@(x1; x2)� = �h23r � rD ;E � (r )22h23 + � : (21)� ª¨¬ ®¡à §®¬, ¢ á«ãç ¥ (17) ¨ (19) § ¤ ç  á¢®¤¨â-áï ª á¨áâ¥¬¥ âà¥å ­¥«¨­¥©­ëå ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨© (11), (20) ¨ (21), á«ã¦ é¥© ¤«ï ®¯à¥¤¥-«¥­¨ï âà¥å ¢¥«¨ç¨­ �;  ¨ p.�«ï ¤¥ª àâ®¢ëå ¨ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â¯à¨ ­ «¨ç¨¨ á¤¢¨£®¢®© á¨¬¬¥âà¨¨ á¯à ¢¥¤«¨¢ë¢â®à®¥ ¨ âà¥âì¥ á®®â­®è¥­¨ï (12). �®«®¦¨¬ ¢íâ®¬ á«ãç ¥ ~e� � ~ez = 0:

� à¥§ã«ìâ â¥ ¨¬¥¥¬ ãà ¢­¥­¨ï (15) ¨ (16),   â ª¦¥á«¥¤ãîé¨¥ ãà ¢­¥­¨ïv1 = @ h2@x2 ; v2 = � @ h1@x1 ; vz = w3;@� @t � 1h1h2 @( ;� )@(x1; x2) + 2!�(~e�r)w3++ 1h1h2�2 @(�; p)@(x1; x2) � ��� = 0;@w3@t � 1h1h2 @( ;w3)@(x1; x2)��2!�(~e� � r) � ��w3 = 0: (22)�¤¥áì � { ®¯¥à â®à � ¯« á , ®¯à¥¤¥«ï¥¬ë© ¢ëà -¦¥­¨¥¬ (13).� áá¬®âà¨¬ ªàã£®¢ãî æ¨«¨­¤à¨ç¥áªãî á¨áâ¥¬ãª®®à¤¨­ â: x1 = z; x2 = r; x3 = ';h1 = 1; h2 = 1; h3 = r¨ ¯à¨¬¥¬ á¯à ¢¥¤«¨¢ë¬ ¯¥à¢®¥ á®®â­®è¥­¨¥ (12).� à¥§ã«ìâ â¥ ¨¬¥¥¬ á«¥¤ãîé¨¥ ãà ¢­¥­¨ï:vz = 1r @ @r ; vr = �1r @ @z ; rv' = w3;D = @2@r2 � 1r @@r + @2@z2 ;@D @t � r@( ; r�2D )@(z; r) ++2�!� + w3r2 � @w3@z + r�2 @(�; p)@(z; r)���DD = 0;@@t ~v22 � 1r �@( ;E)@(z; r) + 1� @( ; p)@(z; r) � == �r2 (r � rD +w3Dw3);E � (r )2 +w232r2 + �; r = ~ez @@z + ~er @@r ;@w3@t � 1r @( ;w3)@(z; r) � 2!�@ @z � �Dw3 = 0;@�@t � 1r @( ; �)@(z; r) = 0: (23)�¤¥áì ~er { ¥¤¨­¨ç­ë© ¢¥ªâ®à ¢¤®«ì à ¤¨ãá .� áá¬®âà¨¬ áä¥à¨ç¥áªãî á¨áâ¥¬ã ª®®à¤¨­ âx1 = R; x2 = �; x3 = ';h1 = 1; h2 = R; h3 = R sin�:74 �. �. � «â ­®¢, �. �. �®à¡ ­ì, �. �. �äà¥¬®¢ 



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 72 { 79� ¯à¨¬¥¬ â ª¦¥ á¯à ¢¥¤«¨¢ë¬ ¯¥à¢®¥ á®®â­®è¥-­¨¥ (12): ~e� = ~ez = cos�~eR � sin�~e�;£¤¥ ~eR ¨ ~e� { áãâì ¥¤¨­¨ç­ë¥ ¢¥ªâ®àë ¢ à ¤¨ «ì-­®¬ ¨ ¬¥à¨¤¨a­ «ì­®¬ ­ ¯à ¢«¥­¨ïå. � à¥§ã«ìâ -â¥ ¨¬¥¥¬ á«¥¤ãîé¨¥ ãà ¢­¥­¨ï:vR = 1R2 sin� @ @� ; v� = � 1R sin� @ @R;v' = w3R sin� ;D = @2@R2 + sin�R2 @@�� 1sin� @@�)�;@D @t � sin�@( ;R�2 sin�2�D )@(R;�) ++2�!� + w3R2 sin2���@w3@R cos� � @w3R@� sin��++sin��2 @(�; p)@(R;�) � �DD = 0;@E@t � 1R2 sin� �@( ;E)@(R;�) + 1� @( ; p)@(R;�)� == �R2 sin��r � rD +w3Dw3�;E � (r )2 + w232R2 sin2� + �; r = ~eR @@R + ~e� @R@� ;@w3@t � 1R2 sin� @( ;w3)@(R;�) ��2!��@ @R cos� � @ R@� sin�� � �Dw3 = 0;@�@t � 1R2 sin� @( ; �)@(R;�) = 0: (24)�®®â­®è¥­¨ï (24) ¯à¥¤áâ ¢«ïîâ á®¡®© á¨áâ¥¬ãç¥âëà¥å ­¥«¨­¥©­ëå ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§-¢®¤­ëå ç¥â¢¥àâ®£® ¯®àï¤ª , á«ã¦ é¥© ¤«ï ®¯à¥-¤¥«¥­¨ï ç¥âëà¥å ¢¥«¨ç¨­  ;w3; p ¨ �.3. ������ �������������� �������� ������ �������� ��������� áâ æ¨®­ à­®¬ (@=@t = 0) ¤«ï ­¥¢ï§ª®© (� =0) ¦¨¤ª®áâ¨ ãà ¢­¥­¨¥ ¤¢¨¦¥­¨ï (1) ¨ ãà ¢­¥­¨¥(11) § ¯¨è¥¬ ¢ ¢¨¤¥:r� = ~v � rot(~v � ~W ) � p�2r�;

� � ~v22 + �(~R) + p� ; ~W � �!�~e� � ~R; (25)@( ; �)@(x1; x2) = 0: (26)�®¤áâ ¢«ïï ¯à¥¤áâ ¢«¥­¨¥ (5) ¢ âà¥âìî ª®¬¯®­¥­-âã ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï (25), ¨¬¥¥¬�@( ; h3(v3 �W3)�@(x1; x2) = 0: (27)�¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨© (26) ¨ (27) â ª®¢®:� = �( ); h3(v3 �W3) = q( ): (28)�¤¥áì �( ) ¨ q( ) { ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ á¢®¥£® à£ã¬¥­â . �®¤áâ ¢«ïï ¯à¥¤áâ ¢«¥­¨¥ (5) ¢ ¯¥à-¢ë¥ ¤¢¥ ª®¬¯®­¥­âë ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï (25), áãç¥â®¬ ¢ëà ¦¥­¨ï (28) ¤«ï ¯«®â­®áâ¨ ¯®«ãç¨¬r� = � 1h23D � �0( )p�2 + rot3 ~Wh3 �r : (29)�âà¨å ¢áî¤ã ®§­ ç ¥â ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯®á¢®¥¬ã  à£ã¬¥­âã. �¬­®¦ ï ¢¥ªâ®à­® «¥¢ãî ¨¯à ¢ãî ç áâ¨ á®®â­®è¥­¨ï (29) ­  r, ¯à¨å®¤¨¬ª ãà ¢­¥­¨î @( ;�)@(x1; x2) = 0: (30)�¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (30) ¨¬¥¥â ¢¨¤� = �( ); (31)£¤¥ �( ) { ¯à®¨§¢®«ì­ ï äã­ªæ¨ï á¢®¥£®  à£ã¬¥­-â . �ç¨âë¢ ï ¢ëà ¦¥­¨¥ (31) ¢ á®®â­®è¥­¨¨ (29),¯à¨ ��r �� 6= 0 ¯®«ãç ¥¬D � h23�0( ) p�2 + h3rot3 ~W � h23�0( ) = 0: (32)�®¤áâ ¢«ïï ¢ (31) ¢ëà ¦¥­¨¥ (25) ¤«ï � ¨ ­ å®¤ï¨§ ¯®«ãç¨¢è¥£®áï á®®â­®è¥­¨ï ¤ ¢«¥­¨¥ p, á ãç¥-â®¬ ¯à¥¤áâ ¢«¥­¨ï (5) ¨ ¢â®à®£® á®®â­®è¥­¨ï (28)¡ã¤¥¬ ¨¬¥âì:p� = �( ) ��� (r )22h23 � 12� qh3 +W3�2: (33)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨¥ ¤«ï ¤ ¢«¥­¨ï (33) ¢ ãà ¢­¥-­¨¥ (32). � à¥§ã«ìâ â¥ ¯®«ãç¨¬D + �0( )2� (r )2 + h3rot3 ~W++ 12� @@ ��(q + h3W3)2�+�. �. � «â ­®¢, �. �. �®à¡ ­ì, �. �. �äà¥¬®¢  75



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 72 { 79+h23���0( )� � 1���( )�( )� 0� = 0: (34)� ª¨¬ ®¡à §®¬, ¯®«ãç ¥¬, çâ® § ¤ ç  á¢¥¤¥­  ª®¤­®¬ã ­¥«¨­¥©­®¬ã ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥-­¨î ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¢â®à®£® ¯®àï¤ª  (34),á«ã¦ é¥¬ã ¤«ï ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨ â®ª   . �â®ãà ¢­¥­¨¥ á®¤¥à¦¨â § ¤ ­­ë¥ äã­ªæ¨¨ ª®®à¤¨­ âG(x) ¨ ~W (x) ¨ ¯à®¨§¢®«ì­® § ¤ ­­ë¥ äã­ªæ¨¨ â®-ª  �( );�( ) ¨ q( ). �à®¨§¢®« ¢ ¢ë¡®à¥ § ¢¨á¨-¬®áâ¥© �( );�( ) ¨ q( ) ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­¤«ï  ¯¯à®ªá¨¬ æ¨¨ à¥ «ì­ëå ¯ à ¬¥âà®¢ áà¥¤ë.4. ���������������� ������������®¤¨ä¨æ¨à®¢ ­­ãî äã­ªæ¨î â®ª  ¢¢¥¤¥¬ á«¥-¤ãîé¨¬ ®¡à §®¬ [7, 9, 11]:F = Z r ��0 d : (35)�ëà ¦ ï ®¡ëç­ãî äã­ªæ¨î â®ª  ç¥à¥§ ¬®¤¨ä¨-æ¨à®¢ ­­ãî, á®£« á­® á®®â­®è¥­¨î (35) ¡ã¤¥¬¨¬¥âì  = Z r�0� dF : (36)�¤¥áì �0 { å à ªâ¥à­®¥ §­ ç¥­¨¥ ¯«®â­®áâ¨. �ç¨-âë¢ ï ¢ëà ¦¥­¨¥ (36) ¢ ¯¥à¢®¬ á« £ ¥¬®¬ ãà ¢-­¥­¨ï (34), ­ å®¤¨¬D =r�0� DF � �0( )2� (r )2 : (37)�ç¨âë¢ ï ¢ëà ¦¥­¨¥ (37) ¢ ãà ¢­¥­¨¨ (34), § ¯¨-è¥¬ DF +r ��0 h3rot3 ~W++ 12�0 @@F ���q + h3W3�2�++h23�0 �� d�dF � d(��)dF � = 0: (38)� ª¨¬ ®¡à §®¬, ¯®«ãç ¥¬, çâ® § ¤ ç  á¢¥¤¥-­  ª ®¤­®¬ã ª¢ §¨«¨­¥©­®¬ã ¤¨ää¥à¥­æ¨ «ì­®¬ããà ¢­¥­¨î ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¢â®à®£® ¯®-àï¤ª  (38), á«ã¦ é¥¬ã ¤«ï ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨â®ª  F . �â® ãà ¢­¥­¨¥ á®¤¥à¦¨â § ¤ ­­ë¥ äã­ª-æ¨¨ ª®®à¤¨­ â G(x) ¨ ~W (x) ¨ ¯à®¨§¢®«ì­® § -¤ ­­ë¥ äã­ªæ¨¨ â®ª  �(F );�(F ) ¨ q(F ). �à®¨§-¢®« ¢ ¢ë¡®à¥ § ¢¨á¨¬®áâ¥© �(F );�(F ) ¨ q(F ) ¬®-¦¥â ¡ëâì ¨á¯®«ì§®¢ ­ ¤«ï  ¯¯à®ªá¨¬ æ¨¨ à¥ «ì-­ëå ¯ à ¬¥âà®¢ áà¥¤ë. �à¨ ®¯à¥¤¥«¥­­®¬ § ¤ -­¨¨ íâ¨å § ¢¨á¨¬®áâ¥© ãà ¢­¥­¨¥ (38) ®ª §ë¢ ¥â-áï «¨­¥©­ë¬.

� «¥¥ ¤«ï ¯à®áâ®âë à áá¬®âà¨¬ á«ãç © ®âáãâ-áâ¢¨ï ¢à é¥­¨ï á¨áâ¥¬ë ®âáç¥â  ( ~W = 0). �®£¤ ãà ¢­¥­¨¥ (38) ã¯à®é ¥âáï ¨ ¯à¨­¨¬ ¥â ¢¨¤:DF + 12�0 d(�q2)dF ++h23�0 �� d�dF � d(��)dF � = 0 : (39)�ãáâì ¢ë¯®«­¥­ë ®¤­¨ ¨§ ãá«®¢¨©� = 0; h3 = 1; (40)� = 0; rh3 6= 0; (41)r� 6= 0; h3 = 1; (42)r� 6= 0; rh3 6= 0: (43)�ãáâì, ¤ «¥¥, ª¢ ¤à â¨ç­ë¬¨ ¯®«¨­®¬ ¬¨ ¬®¤¨-ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª  F ï¢«ïîâáï:� �� � 12q2� � ¢ á«ãç ¥(40);�� ¨ �q2 � ¢ á«ãç ¥(41);� ¨ ���� 12q2�� ¢ á«ãç ¥(42);�; �� ¨ �q2 � ¢ á«ãç ¥(43):�®£¤  ãà ¢­¥­¨¥ (38) áâ ­®¢¨âáï «¨­¥©­ë¬ ­¥®¤-­®à®¤­ë¬. �á«¨ ¢ ¢ëà ¦¥­¨ïå ¤«ï ãª § ­­ëå¢¥«¨ç¨­ ®âáãâáâ¢ãîâ á« £ ¥¬ë¥, «¨­¥©­ë¥ ¯® F ,â® ãà ¢­¥­¨¥ (39) áâ ­®¢¨âáï «¨­¥©­ë¬ ®¤­®à®¤-­ë¬. �â¬¥â¨¬, çâ®  ­ «®£¨ç­ë¬ ®¡à §®¬ ¬®¦­®ãª § âì á¯¥æ¨ «¨§ æ¨¨ ¢¥«¨ç¨­ �(F );�(F ), q(F ),G(x) ¨ ~W (x), ª®£¤  áâ ­®¢¨âáï «¨­¥©­ë¬ ¨ ãà ¢-­¥­¨¥ (38). �â¬¥â¨¬, çâ® «¨­¥©­®áâì ãà ¢­¥­¨ï¤«ï F ¯à¥¤®áâ ¢«ï¥â áãé¥áâ¢¥­­ë¥ ¯à¥¨¬ãé¥áâ¢ ¯à¨ à¥è¥­¨¨ ªà ¥¢ëå § ¤ ç.5. ���������� ��������������� �� ������������������������� ���� ���������¡à â¨¬áï ª ãà ¢­¥­¨î (39) ¢ ªàã£®¢®© æ¨«¨­-¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨­ â (z; r; '; @=@' = 0)¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (41)DF + 12�0 d(�q2)dF � r2�0 d(��)dF = 0;D = r @@r 1r @@r + @2@z2 : (44)76 �. �. � «â ­®¢, �. �. �®à¡ ­ì, �. �. �äà¥¬®¢ 



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 72 { 79�®«®¦¨¬ �q2 = �0q20 + �0a0F 2; a0 > 0;�� = ��0 + �0b1F: (45)�¤¥áì ¢¥«¨ç¨­ë q0; a0 ¨ b1� ¯®áâ®ï­­ë¥. �ç¨âë-¢ ï ¢ëà ¦¥­¨ï (45) ¢ ãà ¢­¥­¨¨ (44), ¯®«ãç ¥¬�D + a0)F = b1r2: (46)�ãáâì ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®����r�0� � 1���� << 1: (47)�®£¤  ¢ á¨«ã á¢ï§¨ (36) ¨ ¢ëà ¦¥­¨ï (45) ¤«ï q2¯à¨¡«¨¦¥­­® ¨¬¥¥¬~v = rF � ~e'r + v'~e'; (48)v' = 1rqq20 + a0F 2: (49)� áá¬®âà¨¬ á«¥¤ãîé¥¥ ç áâ­®¥ à¥è¥­¨¥ ãà ¢­¥-­¨ï (46):F = b1a0 r2 + r�C1J1(�r) + C2N1(�r)� cos kzz;�2 = a0 � k2z : (50)�¤¥áì J1 ¨ N1� äã­ªæ¨¨ �¥áá¥«ï ¨ �¥©¬ ­  ¯¥à¢®-£® ¯®àï¤ª ; C1 ¨ C2 { ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥.�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (50) ¢ z- ¨ r-ª®¬¯®­¥­âëá®®â­®è¥­¨ï (48), ¯®«ãç ¥¬vz = 2b1a0 + ��C1J0(�r) +C2N0(�r)� cos kzz;vr = kz�C1J1(�r) + C2N1(�r)� sin kzz: (51)�çâ¥¬ ¢ëà ¦¥­¨¥ (51) ¤«ï vr ¢ ãá«®¢¨ïå ­¥¯à®­¨-æ ¥¬®áâ¨ ¦¨¤ª®áâ¨ ­  £à ­¨æ å æ¨«¨­¤à¨ç¥áª®£®á«®ï r = r1; r2; vr = 0 : (52)� à¥§ã«ìâ â¥ ¯®«ãç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã ®¤­®-à®¤­ëå ãà ¢­¥­¨©:J1(�r1)C1 + N1(�r1)C2 = 0;J1(�r2)C1 + N1(�r2)C2 = 0: (53)�á«®¢¨¥ à §à¥è¨¬®áâ¨ á¨áâ¥¬ë ãà ¢­¥­¨© (53)¨¬¥¥â ¢¨¤J1(�r1)N1(��r1)� N1(�r1)J1(��r1) = 0;� � r2r1 : (54)

�§ ãà ¢­¥­¨ï (54) ¬®¦­® ®¯à¥¤¥«¨âì § ¢¨á¨¬®áâì�r1 = �(�): (55)�®®â­®è¥­¨ï (49){(51) ®¯¨áë¢ îâ à á¯à®áâà ­¥-­¨¥ ¢®«­ë ª®­¥ç­®©  ¬¯«¨âã¤ë ¢¤®«ì ®á¨ z ¦¨¤-ª®£® ªàã£®¢®£® æ¨«¨­¤à¨ç¥áª®£® á«®ï á ­¥®¤­®à®¤-­ë¬ ¯® ¥£® à ¤¨ãáã ¢à é¥­¨¥¬. � áá¬®âà¥­¨¥¯à®¢®¤¨âáï ¢ á¨áâ¥¬¥ ®âáç¥â , á¢ï§ ­­®© á ¢®«­®©.�à¨¤ ¤¨¬ ¢ëà ¦¥­¨î (55) ¢¨¤,  ­ «®£¨ç­ë© ¢¨¤ã¤¨á¯¥àá¨®­­®£® á®®â­®è¥­¨ï ¤«ï ¨§¢¥áâ­ëå ¢­ã-âà¥­­¨å £à ¢¨â æ¨®­­ëå ¨ £¨à®áª®¯¨ç¥áª¨å ¢®«­[1, 7, 9,]. �§ ¢ëà ¦¥­¨ï (51) ¤«ï vz ¨¬¥¥¬2b1a0 = �V�; (56)£¤¥ V� { ä §®¢ ï áª®à®áâì ¢®«­ë. �ãáâì § ¤ ­ëã£«®¢ë¥ áª®à®áâ¨ ¢à é¥­¨ï ¦¨¤ª®áâ¨ ¯à¨ r = r1¨ r = r2: v'r jr1;r2 = !�1; !�2: (57)�®¤áâ ¢«ïï (49) ¨ (50) ¢ ãá«®¢¨ï (57), á ãç¥â®¬á®®â­®è¥­¨© (53) ¨¬¥¥¬q20 + r41 b21a0 = !2�1r41;q20 + r42 b21a0 = !2�2r42: (58)�ëç¨â ï ¨§ «¥¢®© ¨ ¯à ¢®© ç áâ¥© ¢â®à®£® á®®â-­®è¥­¨ï (58) á®®â¢¥âáâ¢¥­­® «¥¢ãî ¨ ¯à ¢ãî ç -áâ¨ ¯¥à¢®£® á®®â­®è¥­¨ï (58), ¯®«ãç ¥¬(r42 � r41) b21a0 = !2�2r42 � !2�1r41: (59)�áª«îç¨¬ ¢¥«¨ç¨­ã b1 ¨§ á®®â­®è¥­¨ï (59) á ¯®-¬®éìî ¢ëà ¦¥­¨ï (56) ¨ ¨§ ¯®«ãç¨¢è¥£®áï á®®â-­®è¥­¨ï ®¯à¥¤¥«¨¬ ¢¥«¨ç¨­ã a0. � à¥§ã«ìâ â¥ ¯®-«ãç¨¬ a0 = 4
2�V 2� ; b1 = �2
2�V� ;
� �s!2�2r42 � !2�1r41r42 � r42 : (60)�ç¨âë¢ ï ¢ëà ¦¥­¨ï (60) ¢ ®¤­®¬ ¨§ á®®â­®è¥-­¨© (58), § ¯¨è¥¬q20 = !2�1 � !2�2r42 � r41 r41r42: (61)�§ ãá«®¢¨© ¯®«®¦¨â¥«ì­®áâ¨ ¯à ¢ëå ç áâ¥© á®®â-­®è¥­¨© (59) ¨ (61) á«¥¤ãîâ ­¥à ¢¥­áâ¢ r42r41 > !2�1!2�2 > 1: (62)�. �. � «â ­®¢, �. �. �®à¡ ­ì, �. �. �äà¥¬®¢  77
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�¨á. 1. � ¢¨á¨¬®áâì ¤«¨­ë ¢®«­ë ®â ç áâ®âë  { �=1; 15, ¡ { �=1; 30, ¢ { �=1; 45�¡à â¨¬áï ª á®®â­®è¥­¨î (55). � ãç¥â®¬ ¢ë-à ¦¥­¨© (50) ¨ (60) ¯à¨¤ ¤¨¬ ¥¬ã ä®à¬ã
! = �kzp�2(�) + �k2z ; 
! � !2
� ; �kz = kzr1: (63)�¥è ï ãà ¢­¥­¨¥ (63) ®â­®á¨â¥«ì­® ¢®«­®¢®£® ç¨-

á«  ¨ ¢ëà ¦ ï ¢ ¯®«ãç¨¢è¥¬áï á®®â­®è¥­¨¨ ¢®«-­®¢®¥ ç¨á«® ç¥à¥§ ¤«¨­ã ¢®«­ë �, ­ å®¤¨¬�� = p1� 
2!�(�)
! ; � � �2�r1 : (64)�à ¢­¨¢ ï § ¢¨á¨¬®áâ¨ (63) ¨ (64) á á®®â¢¥âáâ¢ã-îé¨¬¨ § ¢¨á¨¬®áâï¬¨ ¤«ï ¨§¢¥áâ­ëå ¢­ãâà¥­­¨å£à ¢¨â æ¨®­­ëå ¨ £¨à®áª®¯¨ç¥áª¨å ¢®«­ [1, 7, 9],ã¡¥¦¤ ¥¬áï ¢ ¨å ¯®«­®©  ­ «®£¨¨. �­ «¨§, ¯à®-¢¥¤¥­­ë© ­  ®á­®¢¥ á®®â­®è¥­¨© (55) ¨ (64), ¯®-ª § «, çâ® ¢¥«¨ç¨­  � ï¢«ï¥âáï ã¡ë¢ îé¥© äã­ª-æ¨¥© ¯ à ¬¥âà®¢ 
! ¨ n, £¤¥ n� ­®¬¥à £ à¬®­¨-ª¨, ¨ ­ à áâ îé¥© äã­ªæ¨¥© ¯ à ¬¥âà  �. �à¨-¬¥àë ¤¨á¯¥àá¨®­­ëå § ¢¨á¨¬®áâ¥© (64) ¯à¥¤áâ -¢«¥­ë ­  à¨á. 1.� ª ¬®¦­® ¢¨¤¥âì ¨§ ¢ëà ¦¥­¨© (45) ¨ ãà ¢­¥-­¨ï (46), áãé¥áâ¢®¢ ­¨¥ à áá¬®âà¥­­ëå ¢ ¤ ­­®¬¯ à £à ä¥ ¢®«­ ®¡ãá«®¢«¥­® ®¯à¥¤¥«¥­­®© áâà -â¨ä¨ª æ¨¥© ¯® ¬®¤¨ä¨æ¨à®¢ ­­®© äã­ªæ¨¨ â®ª  §¨¬ãâ «ì­®£® ¨¬¯ã«ìá  ¥¤¨­¨æë ¬ ááë ¦¨¤ª®-áâ¨ ¨ í­¥à£¥â¨ç¥áª®© äã­ªæ¨¨.6. ��������� ����� ������ ª« áá¨ç¥áª®© £¨¤à®¤¨­ ¬¨ª¥ ¢¨åàì �¨«« ï¢«ï¥âáï ®¤­¨¬ ¨§ è¨à®ª® ¨§¢¥áâ­ëå ¯à¨¬¥à®¢¢¨åà¥¯®â¥­æ¨ «ì­ëå â¥ç¥­¨© [2{5, 6], ¨¬¥îé¥¬íää¥ªâ¨¢­®¥  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥. � ¤ ­­®¬¯ à £à ä¥ ­  ®á­®¢¥ ¬®¤¨ä¨æ¨à®¢ ­­®© äã­ªæ¨¨â®ª  ¤ ­® ®¡®¡é¥­¨¥ ¢¨åàï �¨««  ­  á«ãç © ­¥®¤-­®à®¤­®© ¯® ¯«®â­®áâ¨ ¦¨¤ª®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:� = 0; q = 0; 0 � R � 1;���0 = �0 � 10b0F; 0 � R � R2;� = �01; � = �0; R2 � R � 1: (65)�¤¥áì b0; �0 ¨ �01� ¯®áâ®ï­­ë¥. �®£¤  ãà ¢­¥­¨¥(39) ¯à¨­¨¬ ¥â, á®®â¢¥âáâ¢¥­­®, ¢¨¤� @2@R2 + sin�R2 @@� 1sin� @@��F = �10b0R2 sin2�;0 � R � R2; (66)� @2@R2 + sin�R2 @@� 1sin� @@��F = 0;78 �. �. � «â ­®¢, �. �. �®à¡ ­ì, �. �. �äà¥¬®¢ 



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 72 { 79R2 � R � 1: (67)� áá¬®âà¨¬ á«¥¤ãîé¨¥ ç áâ­ë¥ à¥è¥­¨ï ãà ¢­¥-­¨© (66) ¨ (67) á®®â¢¥âáâ¢¥­­®:F = �C1R2 + C2R � b0R4� sin2�; (68)F = �D1R2 + D2R � sin2�: (69)�¤¥áì C1; C2; D1; ¨ D2 { ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­-­ë¥. � ¯®¬®éìî à¥è¥­¨© (68) ¨ (69) ã¤®¢«¥â¢®àï-¥¬ á«¥¤ãîé¨¬ ãá«®¢¨ï¬ ¯à¨ R = 0, ¯à¥¤¥«ì­ë¬ ¨ªà ¥¢ë¬ ãá«®¢¨ï¬:R = 0; f~v; pg <1;� = 0; R!1; vR ! U1;� = �; R!1; vR !�U1;R!1; p = p01;R = R2; vR = 0; [�; v�; p] = 0: (70)�¤¥áì ª¢ ¤à â­ë¥ áª®¡ª¨ ®§­ ç îâ áª ç®ª § -ª«îç¥­­®© ¢ ­¨å ¢¥«¨ç¨­ë ­  ¯®¢¥àå­®áâ¨ R == R2 (F = 0). � à¥§ã«ìâ â¥ ¯®«ãç¨¬ â ª¨¥ ¢ëà -¦¥­¨ï ¤«ï ä¨§¨ç¥áª¨å ¢¥«¨ç¨­ ¢ ãª § ­­ëå ¢ëè¥¯®¤®¡« áâïå: 0 � R � R2;F = �3U14R22 R2(R22 � R2) sin2�; (71)vR = �3U12R22 r�0� (R22 � R2) cos �; (72)v� = 3U12R22 r�0� (R22 � 2R2) sin�; (73)p = p01 + �02 U21 + 15�0U12R22 F � �2~v2 (74)R2 � R � 1;F = U12 �R2 � R32R � sin2�; (75)vR = U1�1� R32R3� cos �; (76)v� = �U1�1� R322R3� sin�; (77)p = p01 + �02 U21 � �02 (v2r + v2�): (78)� á«ãç ¥ ®¤­®à®¤­®© ¦¨¤ª®áâ¨ (� = �0 = const)à¥è¥­¨¥ (71){(78) ¯¥à¥å®¤¨â ¢ à¥è¥­¨¥, ®¯¨áë¢ -îé¥¥ ®¡ëç­ë© ¢¨åàì �¨««  [2, 5].
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