
ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 77 { 82��� 538.4 ��������������������� �������� ������������ ���������� �����. �. �������®­¡ ááª ï £®áã¤ àáâ¢¥­­ ï  ª ¤¥¬¨ï áâà®¨â¥«ìáâ¢  ¨  àå¨â¥ªâãàë, � ª¥¥¢ª �®«ãç¥­® 10.07.98�áá«¥¤®¢ ­® ¢«¨ï­¨¥ ¨­¤ãªæ¨®­­ëå íää¥ªâ®¢ ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨, ¯®¬¥é¥­­®© ¢ æ¨«¨­¤à¨-ç¥áª¨© á®áã¤ ª®­¥ç­ëå à §¬¥à®¢, ¨ ¢à é îé¥£®áï ¬ £­¨â­®£® ¯®«ï ­  ¢¥«¨ç¨­ã ¨ à á¯à¥¤¥«¥­¨¥ ¬ £­¨â­®£® ¯®«ï¨ áª®à®áâ¨ â¥ç¥­¨ï ¦¨¤ª®áâ¨ ¢ á«ãç ¥, ª®£¤  ¢à é îé¥¥áï ¬ £­¨â­®¥ ¯®«¥ ¨¬¥¥â ¯à®¨§¢®«ì­®¥ ç¨á«® ¯ à ¯®«îá®¢.�«ï â¥®à¥â¨ç¥áª®£® ®¯¨á ­¨ï â¥ç¥­¨ï ¨á¯®«ì§®¢ ­  ¯®«ãí¬¯¨à¨ç¥áª ï ¬®¤¥«ì \¢­¥è­¥£® âà¥­¨ï". � ©¤¥­  § ¢¨-á¨¬®áâì ¬¥¦¤ã ®¯â¨¬ «ì­ë¬¨ §­ ç¥­¨ï¬¨ ç áâ®âë ¢à é îé¥£®áï ¬ £­¨â­®£® ¯®«ï ¨ à §¬¥à ¬¨ ®¡« áâ¨ â¥ç¥­¨ï.�®«ãç¥­® ã¤®¢«¥â¢®à¨â¥«ì­®¥ á®£« á®¢ ­¨¥ â¥®à¥â¨ç¥áª¨å ªà¨¢ëå ¨ íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå ¯à¨ à §«¨ç­ëåà¥¦¨¬ å â¥ç¥­¨ï ¦¨¤ª®áâ¨.�®á«i¤¦¥­® ¢¯«¨¢ i­¤ãªæi©­¨å ¥ä¥ªâi¢ ¯à¨ ¢§ õ¬®¤i�� ¯à®¢i¤­®�� ài¤¨­¨, ïª  §­ å®¤¨âìáï ã æ¨«i­¤à¨ç­i© ¯®áã¤¨­i ®¡-¬¥¦¥­¨å à®§¬iài¢, i ®¡¥àâ®¢®£® ¬ £­iâ­®£® ¯®«ï ­  ¢¥«¨ç¨­ã i à®§¯®¤i« ¬ £­iâ­®£® ¯®«ï i è¢¨¤ª®áâi â¥çi�� ã ¢¨¯ ¤ªã,ª®«¨ ¬ £­iâ­¥ ¯®«¥ ¬ õ ¤®¢i«ì­ã ªi«ìªiáâì ¯®«îái¢. �«ï â¥®à¥â¨ç­®£® ®¯¨áã â¥çi�� § áâ®á®¢ ­® ­ ¯i¢¥¬¯ià¨ç­ã ¬®-¤¥«ì \§®¢­iè­ì®£® â¥àâï". �­ ©¤¥­® § «¥¦­iáâì ¬i¦ ®¯â¨¬ «ì­¨¬¨ §­ ç¥­­ï¬¨ ç áâ®â¨ ®¡¥àâ®¢®£® ¬ £­iâ­®£®¯®«ï â  à®§¬ià ¬¨ ®¡« áâi â¥çi��.In
uence of induction e�ects at interaction of a conducting liquid placed in the �nal sizes cylindrical vessel and rotatingmagnetic �eld on signi�cance and distribution of a magnetic �eld and 
ow velocity in case when the rotating magnetic�eld has any number of pairs of poles was investigated. For the theoretical description of a 
ow semiempirical model of\external friction" was used. The dependence between optimum signi�cances of frequency of a rotating magnetic �eldand sizes of the 
ow area was found. The satisfactory coordination theoretical curve and experimental data at variousregimes of a 
ow was received.���������­ ç¨â¥«ì­ ï ç áâì ¨§¢¥áâ­ëå â¥®à¥â¨ç¥áª¨åà ¡®â, ¯®á¢ïé¥­­ëå ¨áá«¥¤®¢ ­¨î â¥ç¥­¨ï ¯à®-¢®¤ïé¥© ¦¨¤ª®áâ¨, ¯®¬¥é¥­­®© ¢® ¢à é îé¥¥-áï ¬ £­¨â­®¥ ¯®«¥, ®£à ­¨ç¨¢ «®áì á«ãç ¥¬ ¬ -«ëå §­ ç¥­¨© ¬ £­¨â­®£® ç¨á«  �¥©­®«ì¤á , â.¥.á«ãç ¥¬, ª®£¤  ¢«¨ï­¨¥¬ â¥ç¥­¨ï ¦¨¤ª®áâ¨ ­  ¢¥-«¨ç¨­ã ¨ à á¯à¥¤¥«¥­¨¥ ¬ £­¨â­®£® ¯®«ï ¬®¦­®¯à¥­¥¡à¥çì [1]. �¤­ ª® ¢ ¡®«ìè¨­áâ¢¥ ¯à ªâ¨-ç¥áª¨ ¢ ¦­ëå á«ãç ¥¢ ¯à¨¬¥­¥­¨ï ¢à é îé¥£®-áï ¬ £­¨â­®£® ¯®«ï ¬ £­¨â­®¥ ç¨á«® �¥©­®«ì¤á ­ áâ®«ìª® ¢¥«¨ª®, çâ® ¯à¥­¥¡à¥çì ¨­¤ãªæ¨®­­ë¬¨íää¥ªâ ¬¨ ­¥«ì§ï [2].� ¯à¥¤¯®«®¦¥­¨¨, çâ® â¥ç¥­¨¥ ¦¨¤ª®áâ¨ ­®á¨â« ¬¨­ à­ë© å à ªâ¥à, ¢«¨ï­¨¥ ¨­¤ãªæ¨®­­ëå íä-ä¥ªâ®¢ ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ¢à é îé¥£®áï ¬ £-­¨â­®£® ¯®«ï ¨ ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨, ¯®¬¥é¥­-­®© ¢ æ¨«¨­¤à¨ç¥áª¨© á®áã¤, à áá¬ âà¨¢ «®áì ¢[3]. �¤­ ª® ¯®«ãç¥­­ë¥ ¢ [3] §­ ç¥­¨ï áª®à®áâ¨â¥ç¥­¨ï ¦¨¤ª®áâ¨,   â ª¦¥ ­ ©¤¥­­ë¥ ®¯â¨¬ «ì-­ë¥ §­ ç¥­¨ï ç áâ®âë ¬­®£®ªà â­® ®â«¨ç îâáï®â ¯®«ãç¥­­ëå ¢ íªá¯¥à¨¬¥­â å [4]. � [5] á ¨á¯®«ì-§®¢ ­¨¥¬ ¬®¤¥«¨ \¢­¥è­¥£® âà¥­¨ï" [6] ¨§ãç «¨áì¨­¤ãªæ¨®­­ë¥ íää¥ªâë ¯à¨ ¢®§¤¥©áâ¢¨¨ ¢à é î-é¥£®áï ¬ £­¨â­®£® ¯®«ï ­  ¦¨¤ª¨© ¬¥â «« ¢ á«ã-ç ¥, ª®£¤  ¬ £­¨â­®¥ ¯®«¥ á®§¤ ¥âáï ¨­¤ãªâ®à®¬ á®¤­®© ¯ à®© ¯®«îá®¢.

�  ¯à ªâ¨ª¥ [7] ç áâ® ¨á¯®«ì§ãîâáï ¨­¤ãªâ®àëá ç¨á«®¬ ¯ à ¯®«îá®¢, ¡®«ìè¨¬ ¥¤¨­¨æë. �ªá¯¥-à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï â¥ç¥­¨ï ¦¨¤ª®£® ¬¥-â ««  ¢® ¢à é îé¥¬áï ¬ £­¨â­®¬ ¯®«¥ á ç¨á«®¬¯ à ¯®«îá®¢, ¡®«ìè¨¬ ¥¤¨­¨æë, ­¥¬­®£®ç¨á«¥­­ë[8, 9] ¨ ¢ë¯®«­¥­ë ¢ ¢¥áì¬  ®£à ­¨ç¥­­®¬ ¤¨ ¯§®-­¥ ¨§¬¥­¥­¨ï ¯ à ¬¥âà®¢ ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥â «-«  á ¬ £­¨â­ë¬ ¯®«¥¬.�®íâ®¬ã ¨áá«¥¤®¢ ­¨¥ âãà¡ã«¥­â­®£® â¥ç¥­¨ï¦¨¤ª®£® ¬¥â ««  ¯à¨ ¡®«ìè¨å §­ ç¥­¨ïå ¬ £­¨â-­®£® ç¨á«  �¥©­®«ì¤á  ¯à¥¤áâ ¢«ï¥â ­¥á®¬­¥­­ë©¨­â¥à¥á.1. ����������������� ���������-��� �������������� ������������������ � ������������ ���-������� �����«ï § ¯®«­¥­¨ï ¯à®¡¥«  ¢ íªá¯¥à¨¬¥­â «ì­ëå¨áá«¥¤®¢ ­¨ïå â¥ç¥­¨ï ¦¨¤ª®£® ¬¥â ««  ¨ á æ¥«ìî¯à®¢¥àª¨ ¯à¨¬¥­¨¬®áâ¨ ¬®¤¥«¨ \¢­¥è­¥£® âà¥-­¨ï" ¤«ï ®¯¨á ­¨ï ¢§ ¨¬®¤¥©áâ¢¨ï ¢à é îé¥£®áï¬ £­¨â­®£® ¯®«ï á ç¨á«®¬ ¯ à ¯®«îá®¢, ¯à¥¢ëè -îé¨¬ ¥¤¨­¨æã, ¡ë«¨ ¢ë¯®«­¥­ë ¨§¬¥à¥­¨ï áà¥¤-­¥© áª®à®áâ¨ â¥ç¥­¨ï ¦¨¤ª®£® ¬¥â ««  ¨ à á¯à¥¤¥-«¥­¨ï áª®à®áâ¨ ¯® à ¤¨ãáã á®áã¤  ¯à¨ à §«¨ç­ëå§­ ç¥­¨ïå ¬ £­¨â­®© ¨­¤ãªæ¨¨ ¨ ¨§¬¥­¥­¨¨ ç -c
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ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 77 { 82áâ®âë ¯¥à¥¬¥­­®£® â®ª  ¢ ¨­¤ãªâ®à¥ ¢ ¯à¥¤¥« å®â 20 ¤® 400 �æ.�«ï á®§¤ ­¨ï ¢à é îé¥£®áï ¬ £­¨â­®£® ¯®«ï¨á¯®«ì§®¢ «áï áâ â®à ®â  á¨­åà®­­®£® ¤¢¨£ â¥«ï��� ¬®é­®áâìî 0:18 ª�â, à ááç¨â ­­®£® ­  1400®¡/¬¨­ ¯à¨ ­ ¯àï¦¥­¨¨ 36 � ¨ â®ª¥ 6:2 �. �¨ -¬¥âà à áâ®çª¨ áâ â®à  ¨ ¤«¨­  ¥£®  ªâ¨¢­®© ç -áâ¨ á®áâ ¢«ï«¨ 60 ¬¬. �­¤ãªâ®à ç¥à¥§ âà¨ ¯¥à¥-¬¥­­ëå á®¯à®â¨¢«¥­¨ï ¯®¤ª«îç «áï ª ®¡¬®âª ¬âà¥åä §­®£® £¥­¥à â®à , ¨¬¥îé¥£® ®¡éãî ®áì á¤¢¨£ â¥«¥¬ ¯®áâ®ï­­®£® â®ª  (¬®â®à { £¥­¥à â®à�� - 125� - 3). �¢¨£ â¥«ì ¯®áâ®ï­­®£® â®ª  ¯®¤-á®¥¤¨­ï«áï ª ¨áâ®ç­¨ªã ¯®áâ®ï­­®£® â®ª  ��� á®áâã¯¥­ç â®© à¥£ã«¨à®¢ª®© ­ ¯àï¦¥­¨ï ¢ ¯à¥¤¥« å6 � 36 � (�¨á. 1). �«ï ª®àà¥ªâ¨à®¢ª¨ ¯®âà¥-¡«ï¥¬®© ¬®é­®áâ¨ ¯ à ««¥«ì­® ®¡¬®âª ¬ áâ â®-à  ¯®¤ª«îç «¨áì âà¨ ¬ £ §¨­  ª®­¤¥­á â®à®¢ â¨-¯  �5025. �¥à¥¬¥­­ë¥ á®¯à®â¨¢«¥­¨ï ¨ ª®­¤¥­-á â®àë ¨á¯®«ì§®¢ «¨áì ¤«ï à¥£ã«¨à®¢ª¨ à¥¦¨¬ à ¡®âë ãáâ ­®¢ª¨ (ç áâ®âë ¯¥à¥¬¥­­®£® â®ª  ¨¢¥«¨ç¨­ë ¬ £­¨â­®© ¨­¤ãªæ¨¨).� +��� ��-125�-3aa q q qq qq ?r rr??�¨á. 1. �å¥¬  í«¥ªâà¨ç¥áª®© æ¥¯¨�à¨ ¨§¬¥à¥­¨¨ áà¥¤­¥© ã£«®¢®© áª®à®áâ¨ ¢à -é¥­¨ï ¦¨¤ª®áâ¨ ¢­ãâàì áâ â®à  á®®á­® ¯®¬¥é «-áï æ¨«¨­¤à¨ç¥áª¨© á®áã¤ 1 (�¨á. 2) ¨§ ­¥¬ £­¨â-­®© ­¥à¦ ¢¥îé¥© áâ «¨ á ¦¨¤ª¨¬ ¯à®¢®¤­¨ª®¬ 2(á¯« ¢ InGaSn). �® æ¥­âàã á®áã¤  à á¯®« £ « áìâ®­ª ï ¬¥â ««¨ç¥áª ï ®áì 3, ®¯¨à îé ïáï á¢®¨-¬¨ ª®­æ ¬¨ ­  ¤¢  ¯®¤¯ïâ­¨ª . �  ®á¨ ªà¥¯¨«¨áìç¥âëà¥ ªàã£«ë¥ «®¯ áâ¨ 4 ¨ â®­ª¨© ¤¨áª 5 á 100à ¢­®¬¥à­® à á¯à¥¤¥«¥­­ë¬¨ ¯® ¥£® ªà î ®â¢¥à-áâ¨ï¬¨. �  ®â¤¥«ì­®© ®¯®à¥ ªà¥¯¨« áì ¯ à  ¨á-â®ç­¨ª á¢¥â  { ä®â®¤¨®¤ 6. �¨£­ « á ä®â®¤¨®¤ ãá¨«¨¢ «áï ¨ ¯®¤ ¢ «áï ­  ¢å®¤ ç áâ®â®¬¥à  ��3- 07 - 0002.� áâ®â  ¯¥à¥¬¥­­®£® â®ª , ¢ëà ¡ âë¢ ¥¬®£®£¥­¥à â®à®¬, ¨§¬¥àï« áì ç áâ®â®¬¥à®¬ �3 - 54.�«ï ¨§¬¥à¥­¨ï ¬ £­¨â­®© ¨­¤ãªæ¨¨ ¨á¯®«ì§®¢ -« áì ¯«®áª ï ¯àï¬®ã£®«ì­ ï ª âãèª  S = 10 �50¬¬ ¨§ 50 ¢¨âª®¢ ¬¥¤­®£® ¯à®¢®¤ , ª®â®à ï ¯®¤-ª«îç « áì ª ¢®«ìâ¬¥âàã �7 - 21� ¨ à á¯®« £ « áì­  ¢­¥è­¥© ¯®¢¥àå­®áâ¨ á®áã¤ .

6
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�¨á. 2. �ªá¯¥à¨¬¥­â «ì­ ï ãáâ ­®¢ª �«ï ¨áá«¥¤®¢ ­¨ï § ¢¨á¨¬®áâ¨ áà¥¤­¥© ã£«®¢®©áª®à®áâ¨ ¢à é¥­¨ï ¦¨¤ª®áâ¨ ®â ç áâ®âë ¯¥à¥¬¥­-­®£® â®ª  ¯à¨ ä¨ªá¨à®¢ ­­®¬ ­ ¯àï¦¥­¨¨ ­  § -¦¨¬ å ¤¢¨£ â¥«ï ¯®áâ®ï­­®£® â®ª  ¨§ ¯ àë ¬®-â®à { £¥­¥à â®à á ¯®¬®éìî ¯¥à¥¬¥­­ëå á®¯à®-â¨¢«¥­¨© ¨ ª®­¤¥­á â®à®¢ ãáâ ­ ¢«¨¢ «áï à¥¦¨¬á § ¤ ­­ë¬ §­ ç¥­¨¥¬ ¬ £­¨â­®© ¨­¤ãªæ¨¨ (®â-­®è¥­¨ï ­ ¯àï¦¥­¨ï ­  § ¦¨¬ å ¨§¬¥à¨â¥«ì­®©ª âãèª¨ ª ç áâ®â¥ ¯¥à¥¬¥­­®£® â®ª  f). �¥-§ã«ìâ âë ¬­®£®ªà â­ëå ¨§¬¥à¥­¨© ç áâ®âë ¯¥-à¥¬¥­­®£® â®ª , ­ ¯àï¦¥­¨ï ­  § ¦¨¬ å ¨§¬¥-à¨â¥«ì­®© ª âãèª¨ ¨ ç áâ®âë ¢à é¥­¨ï ¤¨áª 5 ®áà¥¤­ï«¨áì ¨ ¯®á«¥ íâ®£® ¨á¯®«ì§®¢ «¨áì ¤«ï¢ëç¨á«¥­¨ï ¡¥§à §¬¥à­ëå ªà¨â¥à¨¥¢ � àâ¬ ­ Ha¤ = B¤R0p�=�, ®â­®á¨â¥«ì­®© ç áâ®âë �! =��0�!0R20=p, ç¨á«  �¥©­®«ì¤á  Re! = !0R20=p�,®á­®¢ ­­®£® ­  «¨­¥©­®© áª®à®áâ¨ ¬ £­¨â­®£® ¯®-«ï ­  ¯®¢¥àå­®áâ¨ á®áã¤  ¨ ç¨á«  �¥©­®«ì¤á  Re =!R20=�, ®¯à¥¤¥«¥­­®£® ¯® áà¥¤­¥© ã£«®¢®© áª®à®áâ¨¢à é¥­¨ï ¦¨¤ª®áâ¨. �¤¥áì B¤ = B0=p2 - íää¥ª-â¨¢­®¥ §­ ç¥­¨¥ ¬ £­¨â­®© ¨­¤ãªæ¨¨ ­  ¯®¢¥àå-­®áâ¨ æ¨«¨­¤à ; R0 - à ¤¨ãá á®áã¤ ; � - ¯à®¢®¤¨-¬®áâì ¦¨¤ª®áâ¨; � = �� - ¤¨­ ¬¨ç¥áª ï ¢ï§ª®áâì¦¨¤ª®áâ¨; !0 = 2�f - æ¨ª«¨ç¥áª ï ç áâ®â  ¯¥à¥-¬¥­­®£® â®ª , ¯®à®¦¤ îé¥£® ¢ áâ â®à¥ ¢à é î-é¥¥áï ¬ £­¨â­®¥ ¯®«¥; p = 2 - ç¨á«® ¯ à ¯®«îá®¢¨­¤ãªâ®à ; ! - áà¥¤­ïï ã£«®¢ ï áª®à®áâì ¢à é¥­¨ï¦¨¤ª®áâ¨.�«ï ¨áá«¥¤®¢ ­¨ï à á¯à¥¤¥«¥­¨ï áª®à®áâ¨ â¥ç¥-­¨ï ¦¨¤ª®£® ¬¥â ««  ¨á¯®«ì§®¢ «áï ¯à¥¤¢ à¨â¥«ì-­® ®âª «¨¡à®¢ ­­ë© ¯® â¢¥à¤®â¥«ì­®¬ã ¢à é¥-­¨î ¦¨¤ª®áâ¨ §®­¤ ª®­áâàãªæ¨¨ �ã àì¥ [10]. �®­¤ªà¥¯¨«áï ­  ª®®à¤¨­ â­¨ª¥ á ®âáç¥â­ë¬ ¬¥å ­¨§-¬®¬, ª®â®àë© ¯®§¢®«ï« ¯¥à¥¬¥é âì ¥£® ¢¤®«ì à -78 �. �. � ¬®â 



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 77 { 82¤¨ãá  á®áã¤  ¨ ¨§¬¥àïâì ¯¥à¥¬¥é¥­¨¥ á â®ç­®áâìî0; 1¬¬.�§¬¥à¥­¨ï ¯à®¢®¤¨«¨áì ¢ á®áã¤ å ¤¨ ¬¥âà®¬ 51¨ 43 ¬¬. �ëá®â  áâ®«¡  ¦¨¤ª®áâ¨ ¢ á®áã¤¥ ­¥¯à¥¢ëè «  60 ¬¬. � ¯à®æ¥áá¥ ¨§¬¥à¥­¨© §­ ç¥-­¨ï ¡¥§à §¬¥à­ëå ªà¨â¥à¨¥¢, å à ªâ¥à¨§ãîé¨å¢§ ¨¬®¤¥©áâ¢¨¥ ¦¨¤ª®£® ¬¥â ««  ¨ ¢à é îé¥£®-áï ¬ £­¨â­®£® ¯®«ï, ­¥ ¯à¥¢ëè «¨ á«¥¤ãîé¨å ¢¥-«¨ç¨­: Ha¤ < 20; �! < 3:5; Re! < 107; Re < 105.�¥§ã«ìâ âë ¨§¬¥à¥­¨© ¯à¨¢¥¤¥­ë ­¨¦¥ ¯à¨áà ¢­¥­¨¨ ¨å á â¥®à¥â¨ç¥áª¨¬¨ ªà¨¢ë¬¨.2. ������������ ������� ������������� ��������� ����� áá¬®âà¨¬ ¢§ ¨¬®¤¥©áâ¢¨¥ ¢à é â¥«ì­®£® â¥-ç¥­¨ï ­¥á¦¨¬ ¥¬®© ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨ ¨ ¢à -é îé¥£®áï ¬ £­¨â­®£® ¯®«ï ¨¤¥ «ì­®£® ¨­¤ãªâ®-à  á ¯à®¨§¢®«ì­ë¬ ç¨á«®¬ ¯ à ¯®«îá®¢ p ¢ æ¨-«¨­¤à¨ç¥áª®¬ á®áã¤¥ à ¤¨ãá®¬ R0 ¨ ¢ëá®â®© H.� ª ç¥áâ¢¥ å à ªâ¥à­ëå ¬ áèâ ¡®¢ ¤«¨­ë, áª®-à®áâ¨ ¨ ¢à¥¬¥­¨ ¢ë¡¥à¥¬ á®®â¢¥âáâ¢¥­­® à ¤¨ãáá®áã¤  R0, «¨­¥©­ãî áª®à®áâì ¬ £­¨â­®£® ¯®«ï ­ ¯®¢¥àå­®áâ¨ á®áã¤  !R0=p ¨ ¢à¥¬ï ®¤­®£® ®¡®à®â ¬ £­¨â­®£® ¯®«ï p=!. �®£¤  â ª®¥ ¢§ ¨¬®¤¥©áâ¢¨¥¢ æ¨«¨­¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨­ â r, ', z, ®áì zª®â®à®© á®¢¯ ¤ ¥â á ®áìî á¨¬¬¥âà¨¨ á®áã¤ , ¬®¦-­® ®¯¨á âì ¢ ¯à¨¡«¨¦¥­¨¨ \¢­¥è­¥£® âà¥­¨ï" [6]á«¥¤ãîé¥© á¨áâ¥¬®© ¡¥§à §¬¥à­ëå ãà ¢­¥­¨© ¤«ï®áà¥¤­¥­­®© áª®à®áâ¨  §¨¬ãâ «ì­®£® â¥ç¥­¨ï v ¨ ¬¯«¨âã¤ £ à¬®­¨ª ¢¥ªâ®à­®£® í«¥ªâà®¬ £­¨â­®-£® ¯®â¥­æ¨ «  a = a1 cos p(t� ') + a2 sin p(t� '):�v � �r2p�2v = �Ha2¤r (a21 + a22)�1� vr� ; (1)Lpa1 � �!pa2 �1� vr� = 0; (2)Lpa2 + �!pa1 �1� vr� = 0; (3)£¤¥ � = C1exp(C2") � (Re!
)1�"=�z , C1 = 0:02,C21 = 10:4, C22 = 12, 
 { áà¥¤­ïï ã£«®¢ ï áª®à®áâì¢à é¥­¨ï ¦¨¤ª®áâ¨, �z = H=2R0,� = d2dr2 + 1r ddr � 1r2 ;Lp = d2dr2 + 1r ddr � p2r2 :�à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ ¡ã¤ãâ § ¤ ­­ë¥ §­ ç¥-­¨ï áª®à®áâ¨ ¨ ¢¥ªâ®à­®£® í«¥ªâà®¬ £­¨â­®£® ¯®-

â¥­æ¨ «  ­  ¢­ãâà¥­­¥© ¯®¢¥àå­®áâ¨ æ¨«¨­¤à¨ç¥-áª®£® á®áã¤ v�����r=1 = 0; @a1@r �����r=1 = �1; @a2@r �����r=1 = 0 (4)¨ ãá«®¢¨ï á¨¬¬¥âà¨¨ áª®à®áâ¨ ¨ ¯®â¥­æ¨ «  ­ ®á¨ á®áã¤  v(0) = a1(0) = a2(0) = 0: (5)� ¯®¬®éìî § ¬¥­ë ¯¥à¥¬¥­­ëå a1 = a0 � rp=pá¤¥« ¥¬ £à ­¨ç­ë¥ ãá«®¢¨ï ®¤­®à®¤­ë¬¨. �®£¤ ãà ¢­¥­¨ï (1) { (3) ¨ ç áâì £à ­¨ç­ëå ãá«®¢¨© (4)¨§¬¥­ïâáï:�v � �r2p�2v = �Ha2¤p2r2 [(a0 � rp=p)2 + a221](r � v);(6)Lpa0 � �!pa2 �1� vr� = 0; (7)Lpa2 + �!pa0 �1� vr� = �!(r � v)rp�1: (8)�«ï ®âëáª ­¨ï à¥è¥­¨© ¢ ®¡« áâ¨, § ¯®«­¥­-­®© ¯à®¢®¤ïé¥© ¦¨¤ª®áâìî, à §«®¦¨¬ v(r), a0(r)¨ a2(r) ¢ àï¤ë, ã¤®¢«¥â¢®àïîé¨¥ £à ­¨ç­ë¬ ãá«®-¢¨ï¬ v = 1Xk=1VkWk(r); (9)a0 = 1Xk=1CkXk(r); (10)a2 = 1Xk=1DkXk(r); (11)£¤¥ Wk(r) = J1(�kr); �k | ª®à­¨ ãà ¢­¥­¨ïJ1(x) = 0; Xk(r) = Jp(
kr); 
k | ª®à­¨ ãà ¢­¥-­¨ï J 0p(�r) = 0; Jp(x) | äã­ªæ¨¨ �¥áá¥«ï.�®¤áâ ¢«ïï à §«®¦¥­¨ï (9) { (11) ¢ ãà ¢­¥­¨ï(6) { (8) ¨ ¢ë¯®«­ïï ¯à®æ¥¤ãàã ¬¥â®¤  � «¥àª¨­ ,¯®«ãç ¥¬ ¤«ï ª®íää¨æ¨¥­â®¢ à §«®¦¥­¨ï á«¥¤ãî-éãî á¨áâ¥¬ã  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©:�2kVkPk�kl + �VkIkl +Ha2¤VkQkl = Ha2¤Rl; (12)
2kCkSk�kl + �!pDkTkl = 0; (13)�!pCkTkl � 
2kDkSk�kl = �!Ul; (14)£¤¥ Pk = 1Z0 rWk(r)2dr;Ikl = 1Z0 r2p�1Wk(r)Wl(r)dr;�. �. � ¬®â  79
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�¨á. 3. �§¬¥­¥­¨¥ áà¥¤­¥© ã£«®¢®© áª®à®áâ¨ ¢à é¥­¨ï¦¨¤ª®áâ¨ ¯à¨ ã¢¥«¨ç¥­¨¨ ç áâ®âë ¢à é¥­¨ï¬ £­¨â­®£® ¯®«ï ¯à¨ p = 2 , �z = 1:02:� - Ha¤ = 2:01, � - Ha¤ = 3:51, � - Ha¤ = 4:04,? - Ha¤ = 4:94, � - Ha¤ = 6:81, / - Ha¤ = 8:18�  à¨á. 3 ¨ 4 ¯à¨¢¥¤¥­ë ªà¨¢ë¥ § ¢¨á¨¬®áâ¨ ç¨-á«  �¥©­®«ì¤á  Re, ®¯à¥¤¥«¥­­®£® ¯® áà¥¤­¥© ã£«®-¢®© áª®à®áâ¨ ¢à é¥­¨ï ¦¨¤ª®£® ¬¥â «« 
 = 2 1Z0 vdr, ®â ®â­®á¨â¥«ì­®© ç áâ®âë �! ¯à¨ ­¥áª®«ìª¨å §­ -ç¥­¨ïå ç¨á«  � àâ¬ ­  ¨ à §«¨ç­ëå á®®â­®è¥­¨-ïå à §¬¥à®¢ á®áã¤  ¨ ¨å áà ¢­¥­¨¥ á à¥§ã«ìâ â ¬¨

¨§¬¥à¥­¨©, ®¯¨á ­­ëå ¢ëè¥. � ª ¢¨¤­®, ¯à¥¤« -£ ¥¬ ï ¯®«ãí¬¯¨à¨ç¥áª ï ¬®¤¥«ì \¢­¥è­¥£® âà¥-­¨ï" ¤ ¥â ¢®§¬®¦­®áâì ¤®áâ â®ç­® â®ç­® ®¯à¥¤¥-«¨âì áà¥¤­îî ã£«®¢ãî áª®à®áâì ¢à é¥­¨ï ¦¨¤ª®-£® ¬¥â ««  ¯®¤ ¤¥©áâ¢¨¥¬ ¢à é îé¥£®áï ¬ £­¨â-­®£® ¯®«ï ­¥ â®«ìª® ¢ ¡¥§ë­¤ãªæ¨®­­®¬ ¯à¨¡«¨-¦¥­¨¨, ­® ¨ ¢ á«ãç ïå, ª®£¤  ¢«¨ï­¨¥¬ â¥ç¥­¨ï¬¥â ««  ­  ¢¥«¨ç¨­ã ¨ à ¯à¥¤¥«¥­¨¥ ¬ £­¨â­®£®¯®«ï ¯à¥­¥¡à¥çì ­¥«ì§ï.Re � 10�4
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0 1 2 3��� ����������������� ��� ����������� ��¨á. 4. �§¬¥­¥­¨¥ áà¥¤­¥© ã£«®¢®© áª®à®áâ¨ ¢à é¥­¨ï¦¨¤ª®áâ¨ ¯à¨ ã¢¥«¨ç¥­¨¨ ç áâ®âë ¢à é¥­¨ï¬ £­¨â­®£® ¯®«ï ¯à¨ p = 2 , �z = 1:3:� - Ha¤ = 2:62, � - Ha¤ = 4:41Re � 10�4
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�¨á. 5. �à ¢­¥­¨¥ â¥®à¥â¨ç¥áª¨å ªà¨¢ëå,¢ëç¨á«¥­­ëå á ãç¥â®¬ ¨­¤ãªæ¨®­­ëå íää¥ªâ®¢ (1)¨ ¢ ¡¥§ë­¤ãªæ¨®­­®¬ ¯à¨¡«¨¦¥­¨¨ (2)¯à¨ p = 2 , �z = 1:02, Ha¤ = 8:18�  à¨á. 5 ¤«ï áà ¢­¥­¨ï ¯à¥¤áâ ¢«¥­ë ªà¨¢ë¥§ ¢¨á¨¬®áâ¨ áà¥¤­¥© ã£«®¢®© áª®à®áâ¨ ¢à é¥­¨ï¦¨¤ª®áâ¨ ®â ç áâ®âë ¯¥à¥¬¥­­®£® â®ª , à ááç¨-â ­­ë¥ ¢ ¡¥§ë­¤ãªæ¨®­­®¬ ¯à¨¡«¨¦¥­¨¨ [6] ¨ áãç¥â®¬ ¨­¤ãªæ¨®­­ëå íää¥ªâ®¢. � ª ¨ ®¦¨¤ -«®áì, ¤® §­ ç¥­¨© ®â­®á¨â¥«ì­®© ç áâ®âë �! �1 ®¡¥ â¥®à¥â¨ç¥áª¨¥ ªà¨¢ë¥ á®¢¯ ¤ îâ,   ¤ «¥¥80 �. �. � ¬®â 



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 77 { 82á ã¢¥«¨ç¥­¨¥¬ ¯®á«¥¤­¥© ªà¨¢ ï, à ááç¨â ­­ ï áãç¥â®¬ ¨­¤ãªæ¨®­­ëå íää¥ªâ®¢, ¢á¥ ¡®«ìè¥ ®â-ª«®­ï¥âáï ¢­¨§. � ª ¦¥ ¢¥¤ãâ á¥¡ï ¨ íªá¯¥à¨¬¥­-â «ì­ë¥ â®çª¨. 0�=4�=23�=4� 5�=4 3�=2 7�=4�¨á. 6. �¨­¨¨ ¨­¤ãªæ¨¨ ¬ £­¨â­®£® ¯®«ï¤«ï ¬®¬¥­â  ¢à¥¬¥­¨ t = 0¯à¨ Ha¤ = 8:18, p = 2, �z = 1:02, �! = 2:170�=4�=23�=4� 5�=4 3�=2 7�=4�¨á. 7. �¨­¨¨ ¨­¤ãªæ¨¨ ¬ £­¨â­®£® ¯®«ï¤«ï ¬®¬¥­â  ¢à¥¬¥­¨ t = 0¯à¨ Ha¤ = 8:18, p = 2, �z = 1:02, �! = 10�à¨ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¥­¨¨ ç áâ®âë ¬ £­¨â­®-£® ¯®«ï, ª ª ¢¨¤­® ¨§ à¨á. 8, íâ® ®âª«®­¥­¨¥ áâ ­®-¢¨âáï ¢á¥ ¡®«ìè¨¬ ¨ ¯®á«¥ ¤®áâ¨¦¥­¨ï ­¥ª®â®à®-£® ®¯â¨¬ «ì­®£® §­ ç¥­¨ï ç áâ®âë áà¥¤­ïï ã£«®-¢ ï áª®à®áâì ¢à é¥­¨ï ¦¨¤ª®áâ¨ ¯à¨ ä¨ªá¨à®¢ ­-­®¬ §­ ç¥­¨¨ ¬ £­¨â­®© ¨­¤ãªæ¨¨ ­  ¯®¢¥àå­®-áâ¨ á®áã¤  ­ ç¨­ ¥â á­¨¦ âìáï á ã¢¥«¨ç¥­¨¥¬ áª®-à®áâ¨ ¢à é¥­¨ï ¯®«ï. �¨§¨ç¥áª¨ íâ®â ¯à®æ¥áá®¡êïá­ï¥âáï, ¢®-¯¥à¢ëå, ¢ëâ¥á­¥­¨¥¬ ¯¥à¥¬¥­­®-£® ¬ £­¨â­®£® ¯®«ï ¨§ ®¡« áâ¨, § ¯®«­¥­­®© ¯à®-¢®¤­¨ª®¬, ­  ¥£® ¯®¢¥àå­®áâì (áª¨­-íää¥ªâ) ¨, ¢®-¢â®àëå, ¨áª ¦¥­¨¥¬ ¬ £­¨â­®£® ¯®«ï ¢á«¥¤áâ¢¨¥ã¢«¥ç¥­¨ï «¨­¨© ¬ £­¨â­®© ¨­¤ãªæ¨¨ ¤¢¨¦ãé¥©-

áï ¯à®¢®¤ïé¥© áà¥¤®© (íää¥ªâ \¢¬®à®¦¥­­®áâ¨"¬ £­¨â­®£® ¯®«ï). �â¨ íää¥ªâë ­ £«ï¤­® ¨««î-áâà¨àãîâ à¨á. 6, 7.�â¬¥â¨¬, çâ® á ã¢¥«¨ç¥­¨¥¬ ç¨á«  ¯ à ¯®«î-á®¢ ¯à¨ à ¢­ëå §­ ç¥­¨ïå ¬ £­¨â­®© ¨­¤ãªæ¨¨ ­ ¯®¢¥àå­®áâ¨ á®áã¤  ¢®§à áâ îâ ª ª ®¯â¨¬ «ì­ë¥§­ ç¥­¨ï ç áâ®âë ¯¥à¥¬¥­­®£® â®ª  ¢ ®¡¬®âª å¨­¤ãªâ®à , â ª ¨ ¯®«ãç ¥¬ë¥ ¯à¨ íâ®¬ áª®à®áâ¨¢à é¥­¨ï ¦¨¤ª®£® ¬¥â «« . � ª, ¯à¨ Ha¤ = 10 ¨p = 1 ®¯â¨¬ «ì­®¥ §­ ç¥­¨¥ ®â­®á¨â¥«ì­®© ç áâ®-âë à ¢­® 3:5, ¯à¨ p = 2 { 4:5 ¨ ¯à¨ p = 3 { 6. �à¨¬ «ëå §­ ç¥­¨ïå ®â­®á¨â¥«ì­®© ç áâ®âë íää¥ª-â¨¢­®áâì ¨á¯®«ì§®¢ ­¨ï ¨­¤ãªâ®à®¢ á à §«¨ç­ë¬ç¨á«®¬ ¯ à ¯®«îá®¢ ¯à¨¬¥à­® ®¤¨­ ª®¢  (à¨á. 8),¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å ç áâ®â å íää¥ªâ¨¢­®áâì���-¢®§¤¥©áâ¢¨ï ¢à é îé¥£®áï ¬ £­¨â­®£® ¯®«ï­  ¦¨¤ª¨© ¬¥â «« ¢®§à áâ ¥â á ã¢¥«¨ç¥­¨¥¬ ç¨á« ¯ à ¯®«îá®¢ ¨­¤ãªâ®à .Re � 10�4
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�¨á. 8. �§¬¥­¥­¨¥ áà¥¤­¥© ã£«®¢®© áª®à®áâ¨ ¢à é¥­¨ï¦¨¤ª®áâ¨ ¯à¨ ã¢¥«¨ç¥­¨¨ ç áâ®âë ¢à é¥­¨ï¬ £­¨â­®£® ¯®«ï ¯à¨ Ha¤ = 10�  à¨á. 9 â¥®à¥â¨ç¥áª¨¥ ªà¨¢ë¥ § ¢¨á¨¬®áâ¨áª®à®áâ¨ â¥ç¥­¨ï ¦¨¤ª®£® ¬¥â ««  ®â ­ ¯àï¦¥­-­®áâ¨ ¬ £­¨â­®£® ¯®«ï ­  à §«¨ç­ëå à ááâ®ï­¨-ïå ®â ®á¨ á®áã¤  áà ¢­¨¢ îâáï á íªá¯¥à¨¬¥­â «ì-­ë¬¨ ¤ ­­ë¬¨ [9]. � íªá¯¥à¨¬¥­â å [9] ¢ ª ç¥-áâ¢¥ ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨ ¨á¯®«ì§®¢ «áï á¯« ¢�ã¤  ¯à¨ â¥¬¯¥à âãà¥ 140� C,   §­ ç¥­¨ï ¯ à ¬¥-âà®¢ ¢§ ¨¬®¤¥©áâ¢¨ï ¦¨¤ª®áâ¨ á ¬ £­¨â­ë¬ ¯®-«¥¬ ¨§¬¥­ï«¨áì ¢ ¯à¥¤¥« å Ha¤ < 180, �! < 3:5,Re! < 4 � 107, Re < 105. � íªá¯¥à¨¬¥­â å ­ ¡«î-¤ «®áì à §¢¨â®¥ âãà¡ã«¥­â­®¥ â¥ç¥­¨¥ ¦¨¤ª®áâ¨.�à¨ à áç¥â å, ¢ á®®â¢¥âáâ¢¨¨ á ªà¨â¥à¨ï¬¨ ¢ë-¡®à  ¯ à ¬¥âà  ", ®¯à¥¤¥«ïîé¥£® à¥¦¨¬ â¥ç¥­¨ï(á¬. [6]), " = 0.�  à¨á. 10 ¯®ª § ­ë à¥§ã«ìâ âë ¨§¬¥à¥­¨©à á¯à¥¤¥«¥­¨ï áª®à®áâ¨ â¥ç¥­¨ï ¦¨¤ª®áâ¨ ¯® à -¤¨ãáã á®áã¤ , ®¯¨á ­­ëå ¢ëè¥ ¤«ï â¥ç¥­¨ï ¢ á®-áã¤¥ à ¤¨ãá®¬ 25:5 ¬¬ ¯à¨ p = 2, �z = 1:02,�. �. � ¬®â  81



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 77 { 82Ha¤ = 8:18.U; á¬=cH � 10�3; �=¬020406080 0 5 10 15 20 25 30 35� �� �� �� � �� �� �� � �� �? ?? ? ?? ?�¨á. 9. �à ¢­¥­¨¥ â¥®à¥â¨ç¥áª¨å ªà¨¢ëåá à¥§ã«ìâ â ¬¨ ¨§¬¥à¥­¨© �.�. �à¨áª¬ ­ :� { r = 0:35, � { r = 0:47, � { r = 0:59, ? { r = 0:7v
r00.010.020.030.04

0 0.2 0.4 0.6 0.8 1���������� �����������¨á. 10. �à®ä¨«¨ áª®à®áâ¨: � { �! = 2:17, � { �! = 1:11�â¬¥â¨¬, çâ® á ã¢¥«¨ç¥­¨¥¬ ç áâ®âë ¬ £­¨â-­®£® ¯®«ï ¯à®¨áå®¤¨â ã¬¥­ìè¥­¨¥ â®«é¨­ë ¯®-£à ­¨ç­®£® á«®ï ­  ¡®ª®¢®© ¯®¢¥àå­®áâ¨ á®áã¤ ¨ ­ àãè ¥âáï «¨­¥©­®áâì à á¯à¥¤¥«¥­¨ï áª®à®áâ¨¢ ï¤à¥ â¥ç¥­¨ï. �¡  íâ¨ ï¢«¥­¨ï á¢ï§ ­ë á ¨§-¬¥­¥­¨ï¬¨ï ¢ à á¯¥à¥¤¥«¥­¨¨ ®¡ê¥¬­ëå í«¥ªâà®-¬ £­¨â­ëå á¨«, ®¡ãá«®¢«¥­­ë¬¨ ®¯¨á ­­ë¬¨ ¢ë-è¥ ¨­¤ãªæ¨®­­ë¬¨ íää¥ªâ ¬¨.�����������à¨¢¥¤¥­­®¥ áà ¢­¥­¨¥ â¥®à¥â¨ç¥áª¨å ªà¨¢ëå áà¥§ã«ìâ â ¬¨ ¢ë¯®«­¥­­ëå ­ ¬¨ ¨ ¤àã£¨¬¨  ¢â®-

à ¬¨ ¨§¬¥à¥­¨© ¯®§¢®«ï¥â á¤¥« âì ¢ë¢®¤ ® â®¬,çâ® ¨á¯®«ì§®¢ ­­ ï ¬®¤¥«ì \¢­¥è­¥£® âà¥­¨ï"¢¯®«­¥ ¯à¨£®¤­  ¨ ¤«ï ®¯¨á ­¨ï ä¨§¨ç¥áª¨ á«®¦-­ëå ¯à®æ¥áá®¢, ¯à®â¥ª îé¨å ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨ ¨ ¢à é îé¥£®áï ¬ £­¨â­®-£® ¯®«ï, ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­  ¤«ï à áç¥-â  à¥ «ì­ëå â¥å­®«®£¨ç¥áª¨å ãáâà®©áâ¢ á ¢à é -îé¨¬áï ¬ £­¨â­ë¬ ¯®«¥¬.�ë¯®«­¥­­ë¥ ¨áá«¥¤®¢ ­¨ï ¯®§¢®«¨«¨ ®¯à¥¤¥-«¨âì ¯à¥¤¥«ë ¯à¨¬¥­¨¬®áâ¨ ¡¥§ë­¤ãªæ¨®­­®£®¯à¨¡«¨¦¥­¨ï, ®¯à¥¤¥«¨âì ®¯â¨¬ «ì­®¥ §­ ç¥­¨¥ç áâ®âë ¬ £­¨â­®£® ¯®«ï, ¯à¨ ª®â®à®¬ áª®à®áâì¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ ¯à¨ ¯à®ç¨å à ¢­ëå ãá«®¢¨ïå­ ¨¡®«ìè ï, ®æ¥­¨âì ¢¥«¨ç¨­ã ¨ å à ªâ¥à ¨§¬¥­¥-­¨© ¢ à á¯à¥¤¥«¥­¨¨ ¬ £­¨â­®£® ¯®«ï ¨­¤ãªâ®à  áç¨á«®¬ ¯ à ¯®«îá®¢ ¯à¥¢ëè îé¥¬ ¥¤¨­¨æã.�¢â®à ¢ëà ¦ ¥â £«ã¡®ªãî ¯à¨§­ â¥«ì­®áâì¯à®ä. �.�. � ¯ãáâ¥ §  ®¡áã¦¤¥­¨¥ ¯®«ãç¥­­ëåà¥§ã«ìâ â®¢.1. Davidson P.A. Swirling 
ow in axisymmetric cavity ofarbitrary pro�le, driven by a rotating magnetic �eld //J. Fluid Mech..{ 1992.{ V. 245.{ P. 669{699.2. �¥«ìä£ â �.�., �à¨¥¤¥ �. ��� â¥ç¥­¨ï ¢® ¢à -é îé¥¬áï ¬ £­¨â­®¬ ¯®«¥ (®¡§®à) // � £­¨â­ ï£¨¤à®¤¨­ ¬¨ª .{ 1995.{ �. 32, N 2.{ �. 214{230.3. � ¯ãáâ  �.�., �¨¡®«ì¤ �.�. �¥ª®â®àë¥ à¥§ã«ìâ -âë ç¨á«¥­­®£® ¬®¤¥«¨à®¢ ­¨ï « ¬¨­ à­®£® â¥ç¥-­¨ï ¦¨¤ª®áâ¨ ¢® ¢à é îé¥¬áï ¬ £­¨â­®¬ ¯®«¥ //� £­¨â­ ï £¨¤à®¤¨­ ¬¨ª .{ 1980.{ N 4.{ �. 43{48.4. � ¬®â  �.�. �à é¥­¨¥ ¯à®¢®¤ïé¥©¦¨¤ª®áâ¨ í«¥ªâà®¬ £­¨â­ë¬ ¯®«¥¬ // � £­¨â­ ï£¨¤à®¤¨­ ¬¨ª .{ 1997.{ �. 33, N 1.{ �. 52{55.5. � ¬®â  �.�. �§ ¨¬®¤¥©áâ¢¨¥ ¯à®¢®¤ïé¥© ¦¨¤ª®-áâ¨ ¨ ¢à é îé¥£®áï ¬ £­¨â­®£® ¯®«ï // � £­¨â-­ ï £¨¤à®¤¨­ ¬¨ª .{ 1997.{ �. 33, N 2.{ �. 246{249.6. � ¬®â  �.�. �¥ç¥­¨¥ ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨, ¯®à®-¦¤ ¥¬®¥ ¢à é îé¨¬áï ¬ £­¨â­ë¬ ¯®«¥¬ // �à¨-ª« ¤­  £÷¤à®¬¥å ­÷ª .{ 1999.{ T. 1 (73), N 2.{ �. 64{70.7. �ª¨¬¥­ª® �.�., �à«®¢ �.�., �ª¢®àæ®¢ �.�., �¥­¤¥-à®¢ �.�. �¥¯à¥àë¢­®¥ «¨âì¥ ¢® ¢à é îé¥¬áï ¬ £-­¨â­®¬ ¯®«¥.{ �.: �¥â ««ãà£¨ï, 1971.{ 177 á.8. Robinson T., Larsson K. An experimental investiga-tion of magnetically driven rotating liquid - metal
ow // Journal of 
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