
28 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò3��� 517.958:533.7 ��������� ������������� ��������� ������������ ����� ������� ������������ ��������������{�������.�. �«¨§ à®¢ �) , �.�. �®å«®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)E-mail: khohlov@afrodita.phys.msu.ru� áá¬®âà¥­  § ¤ ç  ® áâàãªâãà¥ äà®­â  ­¥¯®¤¢¨¦­®© ã¤ à­®© ¢®«­ë ¢  à£®­¥ ¨  §®â¥.�â æ¨®­ à­ ï á¨áâ¥¬  ãà ¢­¥­¨© � ¢ì¥{�â®ªá  á¢¥¤¥­  ª § ¤ ç¥ �®è¨ ¤«ï ­¥«¨­¥©­®©á¨áâ¥¬ë ¤¢ãå ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©, ª®â®à ï à¥è ¥âáï ç¨á«¥­­®. �®-«ãç¥­­ë¥ à¥§ã«ìâ âë ãâ®ç­ïîâ á«®¦¨¢è¨¥áï ¯à¥¤áâ ¢«¥­¨ï ® ¯à¥¤¥« å ¯à¨¬¥­¨¬®áâ¨ á¨áâ¥¬ëãà ¢­¥­¨© � ¢ì¥{�â®ªá  ¤«ï â¥ç¥­¨© ®¤­® â®¬­ëå ¨ ¤¢ãå â®¬­ëå à §à¥¦¥­­ëå £ §®¢.�¢¥¤¥­¨¥� ¤ ç  ® áâàãªâãà¥ äà®­â  ­¥¯®¤¢¨¦­®© ã¤ à-­®© ¢®«­ë ï¢«ï¥âáï ª« áá¨ç¥áª®© § ¤ ç¥©, ­ ª®â®à®© ¤¥¬®­áâà¨àã¥âáï ®£à ­¨ç¥­­®áâì ¬®¤¥«¨� ¢ì¥{�â®ªá  ¤«ï ®¯¨á ­¨ï â¥ç¥­¨© à §à¥¦¥­­ëå£ §®¢. � ç áâ­®áâ¨, ¢ ¬­®£®ç¨á«¥­­ëå ¬®­®£à ä¨ïå,¯®á¢ïé¥­­ëå ª¨­¥â¨ç¥áª¨¬ ¬®¤¥«ï¬ ¤«ï ®¯¨á ­¨ïâ¥ç¥­¨© à §à¥¦¥­­®£® £ §  ( [1{3] ¨ ¤à.), ¯à¨¢®¤¨âáïáà ¢­¥­¨¥ ®¡à â­®© è¨à¨­ë ã¤ à­®© ¢®«­ë, ¢ëç¨á-«¥­­®© ¯® ¬®¤¥«¨ � ¢ì¥{�â®ªá , á ¤ ­­ë¬¨ íªá¯¥-à¨¬¥­â®¢ ¤«ï  à£®­  ¨  §®â , ­ ¨¡®«¥¥ ¯®«­ë¬¨ ¨§ª®â®àëå ï¢«ïîâáï ¤ ­­ë¥ [4]. �à¥¤¨ ¯¥à¢ëå ç¨á-«¥­­ëå à áç¥â®¢ áâàãªâãàë ã¤ à­®© ¢®«­ë, ª®â®àë¥æ¨â¨àãîâáï ¯à¨ á®¯®áâ ¢«¥­¨¨ á íªá¯¥à¨¬¥­â ¬¨,®â¬¥â¨¬ à ¡®âë [5, 6]. �à ¢­¥­¨¥ ¤¥¬®­áâà¨àã¥â, çâ®à¥§ã«ìâ âë, ¯®«ãç¥­­ë¥ ¯® ãà ¢­¥­¨ï¬ � ¢ì¥{�â®ª-á ,  ¤¥ª¢ â­® ®¯¨áë¢ îâ è¨à¨­ã ã¤ à­®© ¢®«­ë ¤®ç¨á¥« � å  Ma < 2 . �à¨ ¡®«ìè¨å ç¨á« å � å è¨à¨­  ¯à®ä¨«ï ¯«®â­®áâ¨ ¢ à áç¥â¥ ¯à¨¬¥à­® ¢ ¤¢ à §  ¯à¥¢®áå®¤¨â íªá¯¥à¨¬¥­â «ì­ë¥ §­ ç¥­¨ï. �â®®£à ­¨ç¥­¨¥ ®¡« áâ¨ ¯à¨¬¥­¨¬®áâ¨ ª« áá¨ç¥áª¨åãà ¢­¥­¨© á«ã¦¨â ¯®áâ®ï­­ë¬ áâ¨¬ã«®¬ ª ãá®¢¥à-è¥­áâ¢®¢ ­¨î ¬®¤¥«¨ � ¢ì¥{�â®ªá  ¤«ï ®¯¨á ­¨ïâ¥ç¥­¨© ã¬¥à¥­­® à §à¥¦¥­­®£® £ § , çâ® ®âà ¦ ¥â-áï ¢ ¡®«ìè®¬ ç¨á«¥ ­ ãç­ëå ¯ã¡«¨ª æ¨©. � ª ç¥áâ¢¥¯à¨¬¥à  ¬®¦­® ¯à¨¢¥áâ¨ áâ âìî [7] ¨ ¡¨¡«¨®£à ä¨îª ­¥©.� ­ áâ®ïé¥© à ¡®â¥ ¯à®¢®¤¨âáï ç¨á«¥­­®¥ à¥è¥-­¨¥ § ¤ ç¨ ® áâàãªâãà¥ ã¤ à­®© ¢®«­ë á ¨á¯®«ì§®¢ -­¨¥¬ á®¢à¥¬¥­­®© ¢ëç¨á«¨â¥«ì­®© â¥å­¨ª¨, ­®¢®£®¯à®£à ¬¬­®£® ®¡¥á¯¥ç¥­¨ï ¨ ãâ®ç­¥­­ëå § ¢¨á¨¬®-áâ¥© ª®íää¨æ¨¥­â  ¢ï§ª®áâ¨ ®â â¥¬¯¥à âãàë. � ¤ -ç  à¥è ¥âáï ¬¥â®¤®¬, ¡«¨§ª¨¬ ª ¨á¯®«ì§®¢ ­­®¬ã¢ à ¡®â¥ [5], ¤«ï ®¤­® â®¬­®£® £ §   à£®­  ¨ ¤«ï¤¢ãå â®¬­®£®  §®â . �¡à â­ ï è¨à¨­  ã¤ à­®© ¢®«-­ë á®¯®áâ ¢«¥­  á ¤ ­­ë¬¨ [4].�) �­áâ¨âãâ ¬ â¥¬ â¨ç¥áª®£® ¬®¤¥«¨à®¢ ­¨ï ���.

� â¥¬ â¨ç¥áª ï ¬®¤¥«ì�¤­®¬¥à­ ï áâ æ¨®­ à­ ï á¨áâ¥¬  ãà ¢­¥­¨©� ¢ì¥{�â®ªá  ¤«ï ¯«®áª®£® â¥ç¥­¨ï ¨¬¥¥â ¢¨¤d(�u)dx = 0; (1)d(�u2)dx + dpdx = d�dx ; (2)d(�uH)dx + dqdx = d(�u)dx : (3)£¤¥ � | ¯«®â­®áâì £ § , u | áª®à®áâì, p | ¤ ¢-«¥­¨¥, E = �u2=2 + p=(
 � 1) | ¯®«­ ï í­¥à£¨ï¥¤¨­¨æë ®¡ê¥¬ , H = (E + p)=� | ¯®«­ ï ã¤¥«ì­ ïí­â «ì¯¨ï, 
 | ¯®ª § â¥«ì  ¤¨ ¡ âë. �¥­§®à ¢ï§ª¨å­ ¯àï¦¥­¨© ¨ ¢¥ªâ®à â¥¯«®¢®£® ¯®â®ª  ¨¬¥îâ ¢¨¤�= 43�@u@x; q =��@T@x ; (4)£¤¥ T | â¥¬¯¥à âãà . �á¯®«ì§ã¥¬ ãà ¢­¥­¨¥ á®áâ®ï-­¨ï ¨¤¥ «ì­®£® £ §  p= �RT , R= kB=m | £ §®¢ ï¯®áâ®ï­­ ï. �®íää¨æ¨¥­âë ¢ï§ª®áâ¨ � ¨ â¥¯«®¯à®-¢®¤­®áâ¨ � ¢ëç¨á«ïîâáï ª ª� = �1� TT1�! ; �= 
R(
 � 1)Pr�;£¤¥ �1 |¨§¢¥áâ­®¥ §­ ç¥­¨¥ � ¯à¨ â¥¬¯¥à âãà¥ T1 ,Pr | ç¨á«® �à ­¤â«ï, ! | ¨§¢¥áâ­ë© ¯®ª § â¥«ìáâ¥¯¥­­®© § ¢¨á¨¬®áâ¨, 0:56 ! 6 1 .�­â¥£à¨àãï á¨áâ¥¬ã ãà ¢­¥­¨© (1){(3) ®¤¨­ à §,¯à¨å®¤¨¬ ª á¨áâ¥¬¥�u= c0; (5)�u2 + p=�+ c1; (6)�uH + q =�u+ c2; (7)£¤¥ ª®­áâ ­âë c0; c1; c2 ®¯à¥¤¥«ïîâáï ¨§ £à ­¨ç­ëåãá«®¢¨©. �®¤áâ ¢«ïï ¢ëà ¦¥­¨ï ¤«ï ¢å®¤ïé¨å áî¤ ¢¥«¨ç¨­, ¬®¦­® á¢¥áâ¨ ¯®«ãç¥­­ãî á¨áâ¥¬ã ª á¨á-â¥¬¥ ¤¢ãå ãà ¢­¥­¨© ¤«ï p ¨ �d�dx = 3�24�c0 �c1 � p� c20� � ; (8)
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 � 1� :(9)�ë¡¥à¥¬ ¢ ª ç¥áâ¢¥ ¥¤¨­¨æ ¨§¬¥à¥­¨ï x; �; p ¢¥-«¨ç¨­ë �1; �1; �1c21 . �¤¥áì �1 | ¤«¨­  á¢®¡®¤-­®£® ¯à®¡¥£ , �1 | ¯«®â­®áâì, c1 | áª®à®áâì §¢ãª ¢ ­¥¢®§¬ãé¥­­®¬ ¯®â®ª¥ ¯¥à¥¤ ã¤ à­®© ¢®«­®©.�à¥¤­ïï ¤«¨­  á¢®¡®¤­®£® ¯à®¡¥£  ¢ëç¨á«ï¥âáï¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«®© �¥à¤  [1]�= ��p2�RT �
=4 ; 
(!) = 30(7� 2!)(5� 2!) : (10)� ª ç¥áâ¢¥ �1 ¡ã¤¥¬ ¡à âì áà¥¤­îî ¤«¨­ã á¢®-¡®¤­®£® ¯à®¡¥£ , ª®â®à ï ¢ëç¨á«ï¥âáï ¯® ä®à¬ã-«¥ (10) ¤«ï 
(0:5) = 5=4 ¨ á®áâ ¢«ï¥â�1 = 165 �1�1p2�RT1 : (11)�¬¥­­® â ª®¥ ®¯à¥¤¥«¥­¨¥ áà¥¤­¥© ¤«¨­ë á¢®¡®¤-­®£® ¯à®¡¥£  ¨á¯®«ì§®¢ «®áì ¤«ï ¯à¥¤áâ ¢«¥­¨ï à¥-§ã«ìâ â®¢ ¢ à ¡®â¥ [4] ¨ ¤àã£¨å ¤® ¢ëå®¤  ¢ á¢¥âà ¡®â �¥à¤ .� ¡¥§à §¬¥à­®¬ ¢¨¤¥ ãà ¢­¥­¨ï ¤«ï � ¨ p ¯à¨­¨-¬ îâ ¢¨¤d�dx = 3�24�c0 �c1 � p� c20� � ; (12)dpdx = d�dx p� � ��
 �c2 � 4�c203�3 d�dx � c302�2 � c0p� 

 � 1� :(13)�¥§à §¬¥à­ë¥ ª®íää¨æ¨¥­âë � ¨ � ¢ëç¨á«ïîâáïª ª � = 
!�0:5 5p2�16 �p��! ; �= �Pr(
 � 1) : (14)� ¤ ç  á®áâ®¨â ¢ ­ å®¦¤¥­¨¨ à¥è¥­¨ï ãà ¢­¥-­¨© (12){(13), ã¤®¢«¥â¢®àïîé¥£®  á¨¬¯â®â¨ç¥áª¨¬ãá«®¢¨ï¬ (ãá«®¢¨ï¬ �í­ª¨­ {�î£®­¨®) ­  ¡¥áª®­¥ç-­®áâ¨:�(�1) = �L = 1; p(�1) = pL = 1
 ; (15)�(+1) = �R = (
 + 1)Ma22 + (
 � 1)Ma2 ;p(+1) = pR = 2
Ma2�(
 � 1)
(
 +1) : (16)�ëà ¦¥­¨ï ¤«ï £à ­¨ç­ëå ãá«®¢¨© á¯à ¢  ¯®«ãç -îâáï ¨§ á®®â­®è¥­¨© �î£®­¨®. �å®¤ïé¨¥ ¢ á¨áâ¥¬ããà ¢­¥­¨© ª®­áâ ­âë ¨­â¥£à¨à®¢ ­¨ï ¢ëà ¦ îâáï¨§ £à ­¨ç­ëå ãá«®¢¨©:c0 =Ma; c1 =Ma2+1
 ; c2 = Ma32 + Ma
 � 1 :

�«£®à¨â¬ à¥è¥­¨ï�á­®¢­ ï âàã¤­®áâì à¥è¥­¨ï ¯®áâ ¢«¥­­®© § ¤ -ç¨ á®áâ®¨â ¢ â®¬, çâ® £à ­¨ç­ë¥ ãá«®¢¨ï § ¤ ­ë ­ ¡¥áª®­¥ç­®áâ¨, çâ® ¯à¨¢®¤¨â ª ¯à®¡«¥¬¥ <¯¥à¥­®á >¨å ¢ ª®­¥ç­ãî â®çªã.�â¬¥â¨¬ ¥é¥ ¤¢¥ ®á®¡¥­­®áâ¨ à áá¬ âà¨¢ ¥¬®©§ ¤ ç¨. � ¢¥¤®¬® áãé¥áâ¢ã¥â ¯ à  à¥è¥­¨©, ã¤®¢«¥-â¢®àïîé¨å ®â¤¥«ì­® «¥¢®¬ã ¨ ¯à ¢®¬ã £à ­¨ç­ë¬ãá«®¢¨ï¬. �â® f�(x) = �L; p(x) = pLg ¨ f�(x) = �R;p(x) = pRg . �¤ «¨ ®â äà®­â  ¢®«­ë ¨áª®¬®¥ à¥è¥­¨¥®ç¥­ì ¬ «® ®â«¨ç ¥âáï ®â ãª § ­­ëå. �á«¨ ¯¥à¥­¥-áâ¨ ®¤­® ¨§ £à ­¨ç­ëå ãá«®¢¨© ¢ ª®­¥ç­ãî â®çªã,â® ¥¬ã ã¤®¢«¥â¢®à¨â ®¤­® ¨§ íâ¨å ª®­áâ ­â­ëåà¥è¥­¨©. � ª ª ª ¯à ¢ ï ç áâì ãà ¢­¥­¨© ­¥ § ¢¨á¨âï¢­® ®â x , áãé¥áâ¢ã¥â æ¥«®¥ á¥¬¥©áâ¢® à¥è¥­¨©f�s(x) = �0(x+ s); ps(x) = p0(x+ s)g , ª®â®àë¥ â ª-¦¥ ¬ «® ®â«¨ç îâáï ¤àã£ ®â ¤àã£  ¢¤ «¨ ®â äà®­â ¢®«­ë.� ª¨¬ ®¡à §®¬, ­¥®¡å®¤¨¬® ¯®áâà®¨âì ®¤­® à¥è¥-­¨¥ ¨§ á¥¬¥©áâ¢  à¥è¥­¨© á¨áâ¥¬ë ¨ ¯à¨ íâ®¬ ­¥«ì§ï¯¥à¥­®á¨âì £à ­¨ç­ë¥ ãá«®¢¨ï ¢ ª®­¥ç­ãî â®çªã.�«ï ¢ë¤¥«¥­¨ï ¥¤¨­áâ¢¥­­®£® à¥è¥­¨ï ¤®¡ ¢¨¬¤®¯®«­¨â¥«ì­®¥ ãá«®¢¨¥ ¢ ­¥ª®â®à®© â®çª¥. �ãáâì¤«ï ®¯à¥¤¥«¥­­®áâ¨ íâ® ¡ã¤¥â ­ ç «® ª®®à¤¨­ âp(0) = pC ; pC 2 (pL; pR): (17)�«ï «î¡®£® ¢ë¡®à  pC ¢ á¨«ã ­¥¯à¥àë¢­®áâ¨ ªà¨-¢ëå �(x) ¨ p(x) à¥è¥­¨¥ § ¤ ç¨ c ¤®¯®«­¨â¥«ì­ë¬ãá«®¢¨¥¬ (17) áãé¥áâ¢ã¥â.�ã¤¥¬ áç¨â âì §­ ç¥­¨¥ �(0) = �C ¯ à ¬¥âà®¬,ä¨ªá¨àã¥¬ pC ¨ à áá¬®âà¨¬ á¥¬¥©áâ¢® à¥è¥­¨©§ ¤ ç¨ �®è¨:8>>><>>>:�(x); p(x) ã¤®¢«¥â¢®àïîâ (12){(13)­  x 2 (�1;1);p(0) = pC 2 (pL; pR) | ä¨ªá¨à®¢ ­®;�(0) = �c 2 (�L; �R) | ¯ à ¬¥âà. (18)�¥è¥­¨¥ § ¤ ç¨ (18) ¤«ï ª ¦¤®£® §­ ç¥­¨ï ¯ -à ¬¥âà  ¬®¦¥â ¡ëâì ¯®áâà®¥­® ç¨á«¥­­®, ­ ¯à¨¬¥à,¯à¨ ¯®¬®é¨ ¬¥â®¤®¢ �ã­£¥{�ãââ . �à¨ íâ®¬ à¥-è¥­¨ï á«¥¢  ¨ á¯à ¢  ®â â®çª¨ x= 0 ¨¬¥îâ ®¤¨­¨ â®â ¦¥ ¯à¥¤¥« ¢ ­ã«¥,   ¢ á¨«ã ­¥¯à¥àë¢­®áâ¨¯à ¢®© ç áâ¨ ã (12){(13) ¥é¥ ¨ ®¤¨­ ª®¢ë© ¯à¥¤¥«¯à®¨§¢®¤­ëå, â ª çâ® à¥è¥­¨¥ ­  ¢á¥© ¯àï¬®©,¯®«ãç îé¥¥áï áè¨¢ª®© à¥è¥­¨© ­  ¯®«ã¯àï¬ëå(�1; 0) ¨ (0;+1) , ­¥¯à¥àë¢­® ¢ ­ã«¥ ¢¬¥áâ¥ á®á¢®¥© ¯à®¨§¢®¤­®©. � ª¨¬ ®¡à §®¬, ¤®¯®«­¨â¥«ì­ëå¯à®¡«¥¬ ¯à¨ áè¨¢ª¥ ­¥ ¢®§­¨ª ¥â.�  à¨á. 1 ¢ ª ç¥áâ¢¥ ¯à¨¬¥à  ¯à¥¤áâ ¢«¥­ë ¯®-á«¥¤®¢ â¥«ì­ë¥ ¨â¥à æ¨¨ à¥è¥­¨ï �(x) ¤«ï  à£®­ (
 = 5=3 , Pr = 2=3 , ! = 0:81) ¤«ï Ma = 4 ¯à¨à §«¨ç­ëå �C .�®¦­® § ¬¥â¨âì, çâ® ¢á¥ ¯®«ãç¥­­ë¥ �(x) ã¤®¢-«¥â¢®àïîâ  á¨¬¯â®â¨ç¥áª®¬ã ãá«®¢¨î ­  «¥¢®© £à -­¨æ¥, ãá«®¢¨î ¦¥ ­  ¯à ¢®© £à ­¨æ¥ ã¤®¢«¥â¢®àï¥â«¨èì ¨áª®¬®¥ à¥è¥­¨¥. �®áâà®¨¢ â ª®© £à ä¨ª,¬®¦­® ¢¨§ã «ì­® ¢ë¤¥«¨âì ­¥®¡å®¤¨¬®¥ à¥è¥­¨¥,®¤­ ª® ¯à®æ¥áá ¢ë¡®à  ¬®¦¥â ¡ëâì  ¢â®¬ â¨§¨à®¢ ­.15 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò3
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��
������������������ !"�¨á. 1. �¥¬¥©áâ¢® �(x) , ¯®«ãç¥­­®¥ ¢ à¥§ã«ìâ â¥ ç¨á«¥­­®£® à¥è¥­¨ï § ¤ ç¨ (18) ¯à¨ à §­ëå §­ ç¥­¨ïå �C .�¨à­ ï «¨­¨ï | ¨áª®¬®¥ à¥è¥­¨¥ â¨¯  ã¤ à­®© ¢®«­ë�«ï à¥è¥­¨ï § ¤ ç¨ ¨á¯®«ì§®¢ «áï á«¥¤ãîé¨© «£®à¨â¬:1) ¢ë¡¨à ¥¬ ¤®áâ â®ç­® ¡®«ìè®© ®âà¥§®ª, ­  ª®-â®à®¬ áâà®¨âáï à¥è¥­¨¥ [xL; xR] ;2) ¢ë¡¨à ¥¬ ­ ç «ì­®¥ §­ ç¥­¨¥ �C , ­ ç «ì­ë©è £ � ¨ ¤®¯ãáâ¨¬ãî ¯®£à¥è­®áâì � ;3) à¥è ¥¬ § ¤ çã (18) ¤«ï â¥ªãé¥£® �C ;4) ¥á«¨ ¯®«ãç¥­® à¥è¥­¨¥ á �(xR) < �R �� , â®ã¢¥«¨ç¨¢ ¥¬ �C ­  � ¨ ¯¥à¥å®¤¨¬ ­  è £ 3;5) ¥á«¨ ¯®«ãç¥­® à¥è¥­¨¥ á �(xR) > �R +� , â®ã¬¥­ìè ¥¬ �C ­  �=2 , ã¬¥­ìè ¥¬ � ¢ ¤¢  à § ¨ ¯¥à¥å®¤¨¬ ­  è £ 3.�  è £¥ 3 à¥è¥­¨¥ áâà®¨«®áì ¯® ä®à¬ã« ¬�®§¥­¡à®ª  ¢â®à®£® ¯®àï¤ª  ¢ áà¥¤¥ Matlab [8].�®£à¥è­®áâì � ¡à « áì à ¢­®© 0:001 , ­ ç «ì­ë©è £ � = (�R � �L)=3 , ­ ç «ì­®¥ §­ ç¥­¨¥ ¯ à ¬¥âà �C = �L , pC = (pL + pR)=2 .�ëç¨á«¨â¥«ì­ãî á«®¦­®áâì, á¢ï§ ­­ãî á â¥¬,çâ® ¯à¨ ¬ «ëå �C à¥è¥­¨¥ ¤®å®¤¨â ¤® ­ã«ï (�= 0¨«¨ p= 0) ¨ ¢ëå®¤¨â ¨§ ®¡« áâ¨ ®¯à¥¤¥«¥­¨ï ¯à ¢®©ç áâ¨ á¨áâ¥¬ë (12){(13), ¬®¦­® ®¡®©â¨, ¤®®¯à¥-¤¥«¨¢ ¯à ¢ãî ç áâì á¨áâ¥¬ë ­ã«¥¬ ¢­¥ ®¡« áâ¨®¯à¥¤¥«¥­¨ï.�à®ä¨«ì ã¤ à­®© ¢®«­ë áâà®¨«áï ¤«ï ç¨á¥«� å ¢ ¤¨ ¯ §®­¥ [1:5; 10] . � ª ¦¤®¬ á«ãç ¥ ¢ëç¨á«ï« áì®¡à â­ ï è¨à¨­  äà®­â  ã¤ à­®© ¢®«­ë �1=� , ®¯à¥-¤¥«¥­­ ï ¯® ¯à®ä¨«î ¯«®â­®áâ¨, ª®â®à ï á ãç¥â®¬¢ë¡à ­­ëå ¥¤¨­¨æ ¨§¬¥à¥­¨ï à ááç¨âë¢ ¥âáï ¯®ä®à¬ã«¥ 1=� =max�d�dx� 1�R � �L :

�¥§ã«ìâ âë ç¨á«¥­­®£® à¥è¥­¨ï ¤«ï  à£®­ ¨  §®â � à ¬¥âàë ¤«ï  à£®­  (®¤­® â®¬­ë© £ §) ¨  §®â (¤¢ãå â®¬­ë© £ §) ¢ë¡¨à «¨áì ¢ á®®â¢¥âáâ¢¨¨ á ¤ ­-­ë¬¨ [1]:  à£®­: 
 = 5=3 , ! = 0:81 , Pr = 2=3 ;  §®â:
 = 7=5 , ! = 0:74 , Pr = 14=19 . �­ ç¥­¨ï ®¡à â­®©è¨à¨­ë äà®­â  ã¤ à­®© ¢®«­ë ¯à¨¢¥¤¥­ë ¢ â ¡«¨æ¥.�®¯®áâ ¢«¥­¨¥ á ¤ ­­ë¬¨ íªá¯¥à¨¬¥­â®¢ [4] ¯à¨¢¥-¤¥­ë ­  à¨á. 2, 3. � ­­ë¥ íªá¯¥à¨¬¥­â®¢ ¤«ï  à£®­ ¨  §®â  ®¡®§­ ç¥­ë ¬ àª¥à ¬¨ ¨ ­®à¬¨à®¢ ­ë ­ ¤«¨­ã á¢®¡®¤­®£® ¯à®¡¥£  ¤«ï  à£®­ , ¢ëç¨á«¥­­ãîá®£« á­® (11) ¨ á®áâ ¢«ïîéãî �Ar = 1:098 ¬¬ ¯à¨p1 = 50 ¬â®àà, T1 = 300 K. �à¨ íâ¨å ãá«®¢¨ïå�Ar=�N2 = �Ar=�N2pmAr=mN2 = 1:060 .�¥§ã«ìâ âë ç¨á«¥­­®£® à áç¥â Ma �à£®­ �§®âB = 0 B = 1 B 6= 11.5 0.15877 0.20759 0.18088 0.155912 0.27232 0.40876 0.35330 0.292203 0.37882 0.69726 0.59801 0.456434 0.40028 0.83537 0.71425 0.509345 0.39137 0.88571 0.75611 0.510476 0.37313 0.89316 0.76189 0.492347 0.35307 0.88095 0.75098 0.468548 0.33375 0.86001 0.73292 0.444349 0.31600 0.83572 0.71209 0.4216510 0.29996 0.81073 0.69069 0.40100
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������������������ !"�¨á. 2. �¡à â­ ï è¨à¨­  ã¤ à­®© ¢®«­ë �1=� ¢ áà ¢­¥­¨¨ á ¤ ­­ë¬¨ íªá¯¥à¨¬¥­â®¢ ¤«ï  à£®­ 
���������	
��
������������������ !"�¨á. 3. �¡à â­ ï è¨à¨­  ã¤ à­®© ¢®«­ë �1=� ¢ áà ¢­¥­¨¨ á ¤ ­­ë¬¨ íªá¯¥à¨¬¥­â®¢ ¤«ï  §®â .�®ª § ­® ¢«¨ï­¨¥ ¢â®à®© ¢ï§ª®áâ¨�¥§ã«ìâ âë, ¯®«ãç¥­­ë¥ ¤«ï  à£®­ , á ¢ëá®-ª®© â®ç­®áâìî á®®â¢¥âáâ¢ãîâ ¤ ­­ë¬, ¯à¨¢¥¤¥­­ë¬¢ [9], £¤¥ íâ  § ¤ ç  à¥è « áì ­  ®á­®¢¥ ãà ¢­¥-­¨© � ¢ì¥{�â®ªá  ¨ ��� ãà ¢­¥­¨© ­  ¯®¤à®¡-­ëå á¥âª å á ¯®¬®éìî ¬¥â®¤  ãáâ ­®¢«¥­¨ï�) . �â®�) � à ¡®â¥ [9] à¥§ã«ìâ âë à áç¥â®¢ ¤«ï Ar ­®à¬¨à®¢ ­ë ­  �1¯à¨ ! = 0:81 . �«ï á®¯®áâ ¢«¥­¨ï á ­ áâ®ïé¨¬¨ à¥§ã«ìâ â ¬¨¤ ­­ë¥ [9] á«¥¤ã¥â ã¬­®¦¨âì ­  
(0:81)=
(0:5) = 1:32 .

¯®¤â¢¥à¦¤ ¥â á¯à ¢¥¤«¨¢®áâì ¨ â®ç­®áâì ¯®«ãç¥­-­ëå à¥§ã«ìâ â®¢.�¥§ã«ìâ âë ¤¥¬®­áâà¨àãîâ, çâ® â®ç­®áâì ãà ¢­¥-­¨© � ¢ì¥{�â®ªá  ¢ § ¤ ç¥ ® áâàãªâãà¥ ­¥¯®¤¢¨¦-­®© ã¤ à­®© ¢®«­ë ¢  à£®­¥ áãé¥áâ¢¥­­® ¢ëè¥, ç¥¬áç¨â «®áì à ­¥¥. � ¨¬¥­­®, ¯à¨ Ma> 3 à áç¥â­ ïâ®«é¨­  ¯à®ä¨«ï ¢®«­ë á®áâ ¢«ï¥â ®ª®«® 3/4 ®âíªá¯¥à¨¬¥­â «ì­®£® §­ ç¥­¨ï. � ­¥¥ ¯®« £ «®áì, çâ®íâ¨ §­ ç¥­¨ï ®â«¨ç îâáï ¢ ¤¢  à § .16 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò3



32 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò3�§®â ï¢«ï¥âáï ¤¢ãå â®¬­ë¬ £ §®¬, ª®â®àë© ¯à¨à áá¬ âà¨¢ ¥¬ëå â¥¬¯¥à âãà å ®¡« ¤ ¥â ¤¢ã¬ï ¢à -é â¥«ì­ë¬¨ áâ¥¯¥­ï¬¨ á¢®¡®¤ë. �«ï ãâ®ç­¥­¨ï®¯¨á ­¨ï £ §®¢ á ¢­ãâà¥­­¨¬¨ áâ¥¯¥­ï¬¨ á¢®¡®¤ë¢ â¥­§®à ¢ï§ª¨å ­ ¯àï¦¥­¨© ¢ª«îç îâ â ª ­ §ë¢ ¥-¬ãî ¢â®àãî, ¨«¨ ®¡ê¥¬­ãî, ¢ï§ª®áâì. �à¨ íâ®¬�= 43�@u@x + � @u@x:�®íää¨æ¨¥­â ¢â®à®© ¢ï§ª®áâ¨ ¢ë¡¥à¥¬ ¢ ¢¨¤¥ [10]� = ��53 � 
�B:�®£¤  â¥­§®à ¢ï§ª¨å ­ ¯àï¦¥­¨© ¯à¨¬¥â ¢¨¤� = 43��1 + 34 �53 � 
�B� @u@x:�®£« á­® [10, 11] ¡¥§à §¬¥à­ë© ª®íää¨æ¨¥­â B¬®¦­® ¢ëç¨á«¨âì ª ªB = 32(
 � 1)Ar�8 �Z; (19)A= 2(7� 2!)(5� 2!)15p2� ; (20)Z = Z11 + (�3=2=2)(T �=T )1=2 + (�+ �2=4)(T �=T ) ;(21)£¤¥ ¤«ï  §®â  Z1 = 23 , T � = 91:5 K [1]. � ¡¥§à §-¬¥à­®¬ ¢¨¤¥ T � = 91:5 K=273 K, T = 
p=� .�¥§ã«ìâ âë à áç¥â®¢ áâàãªâãàë ã¤ à­®© ¢®«­ë¢  §®â¥ ¯à¨¢¥¤¥­ë ¢ â ¡«¨æ¥ ¨ ­  à¨á. 3 ¢ á®¯®áâ ¢-«¥­¨¨ á ¤ ­­ë¬¨ íªá¯¥à¨¬¥­â®¢ [4]. �à¥¤áâ ¢«¥­ëâà¨ ¢ à¨ ­â  | ¡¥§ ãç¥â  ¢â®à®© ¢ï§ª®áâ¨ B = 0(ªà¨¢ ï 1), á ãç¥â®¬ ¢â®à®© ¢ï§ª®áâ¨ ¢ ã¯à®é¥­­®¬¢¨¤¥ B = 1 (ªà¨¢ ï 2) ¨ ¤«ï B ¢ ¢¨¤¥ (19) (ªà¨¢ ï 3).�¥§ã«ìâ âë à áç¥â®¢ ¤«ï B ¢ ¢¨¤¥ (19) á â®ç-­®áâìî 1{2% á®®â¢¥âáâ¢ãîâ ¤ ­­ë¬ [9] ¤«ïãà ¢­¥­¨© � ¢ì¥{�â®ªá , ¯®«ãç¥­­ë¬ ¬¥â®¤®¬ãáâ ­®¢«¥­¨ï�) . �®«é¨­  ¯à®ä¨«ï ¯«®â­®áâ¨ ¡¥§ãç¥â  ®¡ê¥¬­®© ¢ï§ª®áâ¨ (B = 0) ¯à¨ Ma> 3 ®ª -�) � à ¡®â¥ [9] à¥§ã«ìâ âë à áç¥â®¢ ¤«ï  §®â  ­®à¬¨à®¢ ­ë­  �1 ¯à¨ ! = 0:74 . �«ï á®¯®áâ ¢«¥­¨ï á ­ áâ®ïé¨¬¨ à¥§ã«ìâ -â ¬¨ ¤ ­­ë¥ [9] á«¥¤ã¥â ã¬­®¦¨âì ­  
(0:74)=
(0:5) = 1:235 .

§ë¢ ¥âáï ¬¥­ìè¥, ç¥¬ ¢ íªá¯¥à¨¬¥­â¥, ¯®çâ¨ ¢ âà¨à § . �ç¥â ¢«¨ï­¨ï ¢­ãâà¥­­¨å áâ¥¯¥­¥© á¢®¡®¤ë¯ãâ¥¬ ¢¢¥¤¥­¨ï ª®íää¨æ¨¥­â  ®¡ê¥¬­®© ¢ï§ª®áâ¨ã«ãçè ¥â â®ç­®áâì ®¯¨á ­¨ï ¯à®ä¨«ï ¯«®â­®áâ¨¨ ¯à¨ ¢ë¡®à¥ B ¢ ¢¨¤¥ (19) ¯à¨¡«¨¦ ¥â ç¨á«¥­­®¥à¥è¥­¨¥ ª ¤ ­­ë¬ íªá¯¥à¨¬¥­â  á â®ç­®áâìî ¯®àï¤-ª  30% (à¨á. 3).� ª¨¬ ®¡à §®¬, ¯®ª § ­®, çâ® ¤«ï ®¯¨á ­¨ï ¯à®-ä¨«ï ¯«®â­®áâ¨ ¢ ã¤ à­®© ¢®«­¥ â®ç­®áâì ¬®¤¥-«¨ � ¢ì¥{�â®ªá  á®áâ ¢«ï¥â ¯®àï¤ª  30%, çâ® áã-é¥áâ¢¥­­® ¢ëè¥, ç¥¬ áç¨â «®áì à ­¥¥. �à¨ íâ®¬¤«ï  ¤¥ª¢ â­®£® ®¯¨á ­¨ï â®«é¨­ë ¯à®ä¨«ï ¢®«­ë¢ ¤¢ãå â®¬­®¬  §®â¥ âà¥¡ã¥âáï ¢¢¥áâ¨ ¢ ¬®¤¥«ì ª®-íää¨æ¨¥­â ®¡ê¥¬­®© ¢ï§ª®áâ¨. �«ï á®¯®áâ ¢«¥­¨ïá íªá¯¥à¨¬¥­â®¬ ¯à®ä¨«¥© áª®à®áâ¨ ¨ â¥¬¯¥à âãàë¢ ã¤ à­®© ¢®«­¥ âà¥¡ãîâáï ¤®¯®«­¨â¥«ì­ë¥ ¨áá«¥-¤®¢ ­¨ï.�¨â¥à âãà 1. Bird G.A. Molecular gas dynamics and the direct simulationof gas flows. Oxford, 1998.2. Cercigniani C. Rarefied Gas Dynamics. From basic conceptsto actual calculations. Cambridge, 2000.3. �®£ ­ �.�. �¨­ ¬¨ª  à §à¥¦¥­­®£® £ § . �., 1967.4. Alsmeyer H. // J. Fluid Mech. 1976. 74. P. 497.5. Schwartz L.M., Hornig D.F. // Phys. Fluids. 1963. 6, N 12.P. 1669.6. Linzer M., Hornig D.F. // Phys. Fluids. 1963. 6, N 12. P. 1661.7. Torrilhon M., Struchtrup H. // J. Fluid Mech. 2004. 513.P. 171.8. Shampine L.F., Reichelt M.W. // SIAM J. Sci. Computing.1997. 18. P. 1.9. �«¨§ à®¢  �.�., �¨à®ª®¢ �.�. // �à¨ª« ¤­ ï ¬ â¥¬ â¨-ª  ¨ ¨­ä®à¬ â¨ª . �à. ä ªã«ìâ¥â  ��¨� ��� / �®¤ à¥¤.�.�. �®áâ®¬ à®¢ , �.�. �¬¨âà¨¥¢ . 2004. ò18. C. 66.10. �«¨§ à®¢  �.�., �¥à¥£¨­ �.�. // �¥áâ­. �®áª. ã­-â . �¨§.�áâà®­. 2006. ò1. C. 15 (Moscow University Phys. Bull.2006. N 1).11. �¤ ­®¢ �.�., �«¨¥¢áª¨© �.�. �à®æ¥ááë ¯¥à¥­®á  ¨ à¥« ª-á æ¨¨ ¢ ¬®«¥ªã«ïà­ëå £ § å. �., 1989.�®áâã¯¨«  ¢ p¥¤ ªæ¨î04.07.05


