
42 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 5�������� � ������������ ��������� 532.5.013.4:536.24������� ������������ ����������� ������������� ������� ������������ ����������������������� ������. �. �¢ à®¢, �. �. �á¨¯®¢(ª ä¥¤à  ¬®«¥ªã«ïà®© ä¨§¨ª¨ ¨ ä¨§¨ç¥áª¨å ¨§¬¥à¥¨©)�à®¢¥¤¥   «¨§ ¯®«®© á¨áâ¥¬ë £¨¤à®¤¨ ¬¨ç¥áª¨å ãà ¢¥¨©, ¯®§¢®«¨¢è¨© ¯®«ãç¨âì ãá«®¢¨ï¯à¨¬¥¨¬®áâ¨ ¯à¨¡«¨¦¥¨ï �ãáá¨¥áª  ¢¡«¨§¨ ªà¨â¨ç¥áª®£® à¥¦¨¬  ¯®â¥à¨ ª®¢¥ªâ¨¢®© ãáâ®©ç¨-¢®áâ¨. �®ª § ®, çâ® á«®¦ ï á¨áâ¥¬  ¥à ¢¥áâ¢ á¢®¤¨âáï ª ¯à®áâë¬ ªà¨â¥à¨ï¬, ®¯à¥¤¥«ï¥¬ë¬ ¢®á®¢®¬ å à ªâ¥àë¬¨ à §¬¥à ¬¨ á¨áâ¥¬ë. �à®  «¨§¨à®¢ ë ¢áâà¥ç îé¨¥áï ¢ «¨â¥à âãà¥ ªà¨-â¥à¨¨, ª®â®àë¥ ¯à¨¢®¤ïâ ª ¥®¯à ¢¤ ®¬ã áã¦¥¨î ®¡« áâ¨ ¯à¨¬¥¥¨ï ¯à¨¡«¨¦¥¨ï �ãáá¨¥áª .� ©¤¥ë¥ ªà¨â¥à¨¨ ¨á¯®«ì§®¢ ë ¤«ï ®æ¥ª¨ ¯ à ¬¥âà®¢ à¥ «ìëå á¨áâ¥¬, ¤«ï ª®â®àëå á¯à ¢¥¤-«¨¢® ¯à¨¡«¨¦¥¨¥ �ãáá¨¥áª .�¤  ¨§ ®á®¢ëå ¯à®¡«¥¬ ä¨§¨ç¥áª®© £¨¤à®¤¨- ¬¨ª¨ á®áâ®¨â ¢ ®¯à¥¤¥«¥¨¨ ãá«®¢¨©, ¯à¨ ª®â®-àëå ¯à®¨áå®¤¨â á¬¥  à¥¦¨¬®¢ £¨¤à®¤¨ ¬¨ç¥áª®-£® ¤¢¨¦¥¨ï, á®¯à®¢®¦¤ îé ïáï áâàãªâãà®© ¯¥à¥-áâà®©ª®©.� § ¤ ç ¬ â ª®£® â¨¯  ®â®á¨âáï ¯¥à¥å®¤ « ¬¨- à®£® â¥ç¥¨ï ¢ âãà¡ã«¥â®¥, ®¡à §®¢ ¨¥ ¢¨åà¥©�¥©«®à  ¬¥¦¤ã ¤¢ã¬ï ¢à é îé¨¬¨áï æ¨«¨¤à ¬¨,ä®à¬¨à®¢ ¨¥ ïç¥¥ª �¥ à  ¨«¨, ¢ ¡®«¥¥ ®¡é¥¬ á«ã-ç ¥, ¢®§¨ª®¢¥¨¥ ª®¢¥ªæ¨¨ ¢ ¥¯®¤¢¨¦®© áà¥¤¥.�®¢¥ªâ¨¢ ï ¥ãáâ®©ç¨¢®áâì ¥¯®¤¢¨¦®© ¦¨¤ª®á-â¨ ®¡ëç® à áá¬ âà¨¢ ¥âáï ¢ ¯à¨¡«¨¦¥¨¨ �ãáá¨-¥áª . � íâ®¬ ¯à¨¡«¨¦¥¨¨ ¦¨¤ª®áâì áç¨â ¥âáï ¥-á¦¨¬ ¥¬®©, â. ¥. ¯à¥¥¡à¥£ ¥âáï ¨§¬¥¥¨¥¬ ¯«®â®á-â¨ ¯®¤ ¢«¨ï¨¥¬ ¨§¬¥¥¨ï ¤ ¢«¥¨ï. �¬¥áâ¥ á â¥¬ãç¨âë¢ îâáï ¨§¬¥¥¨ï ¯«®â®áâ¨ §  áç¥â ¥à ¢®-¬¥à®£® à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë.�á«®¢¨ï, ¯à¨ ¢ë¯®«¥¨¨ ª®â®àëå ãà ¢¥¨ï�ãáá¨¥áª  ¬®¦® ¯®«ãç¨âì ¨§ ¯®«®© á¨áâ¥¬ë £¨¤-à®¤¨ ¬¨ç¥áª¨å ãà ¢¥¨©, ¯®¤à®¡® ¯à®  «¨§¨-à®¢ ë ¢ ¬®£®ç¨á«¥ëå à ¡®â å,  ç¨ ï á [1](á¬. â ª¦¥ ®¡§®àë [2{4]). � â®çª¨ §à¥¨ï ¯à ªâ¨ç¥á-ª¨å ¯à¨«®¦¥¨© ¢ íâ¨å à ¡®â å ®âáãâáâ¢ãîâ ®â¢¥âë  ¤¢  ®á®¢ëå ¢®¯à®á : ª ª ª¨¬ à¥ «ìë¬ á¨áâ¥-¬ ¬ ¨ ª ª ª¨¬ ¯à®æ¥áá ¬ ¯à¨¬¥¨¬® ¯à¨¡«¨¦¥¨¥�ãáá¨¥áª . � æ¨â¨à®¢ ëå à ¡®â å ¥â ¯à¨¢ï§ª¨ ªª®ªà¥âë¬ ãá«®¢¨ï¬, ¯®íâ®¬ã â ¬ á¤¥« ë ¤®¯®«-¨â¥«ìë¥ ¯à¥¤¯®«®¦¥¨ï ® ¢¥«¨ç¨¥ ¯ à ¬¥âà®¢,å à ªâ¥à¨§ãîé¨å ª ª ¥¢®§¬ãé¥ãî áà¥¤ã, â ª ¨¢®§¬ãé¥¨ï.�® ¢á¥å à ¡®â å, á¢ï§ ëå á   «¨§®¬ ¯à¨¬¥-¨¬®áâ¨ ¯à¨¡«¨¦¥¨ï �ãáá¨¥áª , à áá¬ âà¨¢ îâáïãá«®¢¨ï,  ª« ¤ë¢ ¥¬ë¥   áà¥¤ã,   ¥   á ¬ ¯à®-æ¥áá, å®âï ®ç¥¢¨¤®,  ¯à¨¬¥à, çâ® §¢ãª®¢ë¥ ¢®«ë¯à¨¡«¨¦¥¨¥¬ �ãáá¨¥áª  ¥ ®¯¨áë¢ îâáï. �â® á¢ï-§ ® á â¥¬, çâ® ¤«ï §¢ãª®¢ëå ç áâ®â ¥«ì§ï ¯à¥¥¡à¥-£ âì ¯à®¨§¢®¤®© ¯® ¢à¥¬¥¨ ¯® áà ¢¥¨î á ¯à®¨§-¢®¤ë¬¨ ¯® ª®®à¤¨ â¥.

�¥«ìî à ¡®âë ï¢«ï¥âáï ¯®«ãç¥¨¥ ª®ªà¥âëåªà¨â¥à¨¥¢, ®¯à¥¤¥«ïîé¨å ãá«®¢¨ï ¯à¨¬¥¨¬®áâ¨¯à¨¡«¨¦¥¨ï �ãáá¨¥áª  ¢¡«¨§¨ ªà¨â¨ç¥áª®£® à¥¦¨-¬  ¯®â¥à¨ ãáâ®©ç¨¢®áâ¨. �®ª § ®, çâ® ç áâ® ¢áâà¥-ç îé¨¥áï ¢ «¨â¥à âãà¥ ªà¨â¥à¨¨, ®á®¢ ë¥   ¬ -«®¬ ¨§¬¥¥¨¨ ¯«®â®áâ¨ §  áç¥â ¨§¬¥¥¨ï ¤ ¢«¥-¨ï (á¬.,  ¯à., [5]), ¯à¨¢®¤ïâ ª ¥®¯à ¢¤ ® ¬ «ë¬«¨¥©ë¬ à §¬¥à ¬ á¨áâ¥¬ë, £¤¥ ¢®§¬®¦® ¯à¨¬¥¥-¨¥ ¯à¨¡«¨¦¥¨ï �ãáá¨¥áª , ¯à¨ç¥¬ íâ® ®â®á¨âáï¨¬¥® ª ¦¨¤ª®áâï¬,   ¥ ª £ § ¬. �à®¬¥ â®£®, ¯®«ã-ç¥ë ª®ªà¥âë¥ ®æ¥ª¨ ¤«ï å à ªâ¥àëå à §¬¥à®¢á¨áâ¥¬ë ¨ å à ªâ¥àëå ¢à¥¬¥ ¯à®æ¥áá , ¯à¨ ¢ë¯®«-¥¨¨ ª®â®àëå ¯à¨¡«¨¦¥¨¥ �ãáá¨¥áª  à ¡®â ¥â.1. �®áâ ®¢ª  § ¤ ç¨� áá¬®âà¨¬ áà¥¤ã á ¨§¢¥áâë¬ ãà ¢¥¨¥¬ á®áâ®-ï¨ï � = �(p; T ) (£¤¥ � | ¯«®â®áâì, p | ¤ ¢«¥¨¥,  T | â¥¬¯¥à âãà  £ § ). �à ¢¥¨ï ¥¯à¥àë¢®áâ¨,¤¢¨¦¥¨ï ¨ í¥à£¨¨ ¤«ï ¬ «ëå ¢®§¬ãé¥¨© ¢ «¨¥©-®¬ ¯à¨¡«¨¦¥¨¨ ¢ á«ãç ¥, ª®£¤  ®á®¢®¥ á®áâ®ï¨¥áâ æ¨® à® ¨ áª®à®áâì v = 0, § ¯¨áë¢ îâáï ¢ ¢¨¤¥@�0@t + � divv0 + v0 grad� = 0;�@v0i@t =� @p0@xi +Xk @@xk���@v0i@xk+ @v0k@xi � 23�ik divv0��++ @@xi (� divv0) + �0gLi; (1)cp�v0 gradT+cp�@T 0@t +�T�@S@p�T�@p0@t +v0 grad p�== div(�0rT ) + ��T 0;£¤¥ èâà¨å ¬¨ ®â¬¥ç¥ë ¢®§¬ãé¥ë¥ ¢¥«¨ç¨ë,S | ã¤¥«ì ï íâà®¯¨ï, cp | ã¤¥«ì ï â¥¯«®¥¬ª®áâì



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü5 43¯à¨ ¯®áâ®ï®¬ ¤ ¢«¥¨¨, �, �, � | ª®íää¨æ¨¥-âë â¥¯«®¯à®¢®¤®áâ¨, á¤¢¨£®¢®© ¨ ®¡ê¥¬®© (¢â®-à®©) ¢ï§ª®áâ¨, L| ¥¤¨¨çë© ¢¥ªâ®à,  ¯à ¢«¥ë©¢¨§ ¯® ®á¨ z (x3 = z).�à ¢¨¬ á¨áâ¥¬ã (1) á   «®£¨ç®© á¨áâ¥¬®© ¢¯à¨¡«¨¦¥¨¨ �ãáá¨¥áª , ª®â®à®¥ ¢ à áá¬ âà¨¢ ¥-¬ëå ãá«®¢¨ïå ¨¬¥¥â ¢¨¤ (á¬.,  ¯à., [4]):divv0 = 0;�@v0@t = � grad p0 + ��v0� �T 0�gL; (2)v0 gradT + @T 0@t = ��T 0;£¤¥ � = �1� � @�@T �p | ª®íää¨æ¨¥â â¥¯«®¢®£® à áè¨-à¥¨ï, � = �=cp�.�â¬¥â¨¬ â ª¦¥, çâ® á¨áâ¥¬  (2) ¤®¯®«ï¥âáï ãá«®-¢¨¥¬ ¬ «®áâ¨ ¨§¬¥¥¨ï ¯«®â®áâ¨ ¢® ¢á¥¬ à áá¬ â-à¨¢ ¥¬®¬ ®¡ê¥¬¥:��max=�min� 1; (3)£¤¥ ��max | ¬ ªá¨¬ «ì ï à §®áâì ¯«®â®áâ¥©,�min | ¬¨¨¬ «ì ï ¯«®â®áâì. �¥«¨ç¨  ��max®¯à¥¤¥«ï¥âáï ¨§ ãà ¢¥¨ï á®áâ®ï¨ï:��max = � @�@T �p � + �@�@p�T �pmax �� ���� + kT��pmax; (4)£¤¥ kT | ª®íää¨æ¨¥â ¨§®â¥à¬¨ç¥áª®© á¦¨¬ ¥¬®á-â¨, �|¬ ªá¨¬ «ì ï à §®áâì â¥¬¯¥à âãà,�pmax|¬ ªá¨¬ «ì®¥ ¨§¬¥¥¨¥ ¤ ¢«¥¨ï ¢ á¨áâ¥¬¥.�¥«ìî à ¡®âë ï¢«ï¥âáï ¢ëïá¥¨¥ ãá«®¢¨©, ¯à¨ª®â®àëå á¨áâ¥¬  (1) ¬®¦¥â ¡ëâì á¢¥¤¥  ª á¨áâ¥¬¥ (2)¯à¨ ¢ë¯®«¥¨¨ (3).2. �¯à®é¥¨¥ ¯®«®© á¨áâ¥¬ë£¨¤à®¤¨ ¬¨ç¥áª¨å ãà ¢¥¨©�¥à ¢¥áâ¢® (3) ¡ã¤¥â ¢ë¯®«¥® ¯à¨ á«¥¤ãîé¨å®£à ¨ç¥¨ïå   ¨§¬¥¥¨¥ ¤ ¢«¥¨ï ¨ â¥¬¯¥à âãàë:�1 = j��j � 1; (5)�2 = (kTp)�ghp � 1; (6)£¤¥ h | å à ªâ¥àë© «¨¥©ë© à §¬¥à á¨áâ¥¬ë.�¥à¥©â¨ ®â ãà ¢¥¨ï ¤¢¨¦¥¨ï ¢ á¨áâ¥¬¥ (1) ª á®-®â¢¥âáâ¢ãîé¥¬ã ãà ¢¥¨î (2) ¬®¦® ¯à¨ ãá«®¢¨¨,çâ® ¢®§¬ãé¥¨¥ ¯«®â®áâ¨ ¯à®¨áå®¤¨â ¢ ®á®¢®¬§  áç¥â ¢®§¬ãé¥¨© â¥¬¯¥à âãàë:�0=�� kT p0: (7)�¥ á«¥¤ã¥â ¯ãâ âì ¢¥«¨ç¨ë ¢®§¬ãé¥¨© á ¯¥-à¥¯ ¤®¬ ¢¥«¨ç¨ ¢ áâ æ¨® à®¬ à¥¦¨¬¥ (T 0 ¨ �,p0 ¨ �gh).

� (7) ¨ ¤ «¥¥ ¢á¥ èâà¨å®¢ ë¥ ¢¥«¨ç¨ë ®æ¥¨-¢ îâáï ¯® ¬®¤ã«î.�«îç¥¢ãî à®«ì ¤«ï ®æ¥®ª ¨£à ¥â ãà ¢¥¨¥ ¤¢¨-¦¥¨ï ¢ á¨áâ¥¬¥ (1). �à¨ ¤®áâ â®ç® ¬ «®© ¢¥«¨ç¨¥¯à®¨§¢®¤®© @�0=@t ¢ ãà ¢¥¨¨ ¥¯à¥àë¢®áâ¨ (1)íâ® ãà ¢¥¨¥ ¡ã¤¥â á®¤¥à¦ âì â®«ìª® âà¨ ª®¬¯®¥-âë áª®à®áâ¨. �á«¨ ¢ ãà ¢¥¨¨ ¤¢¨¦¥¨ï (1) ¯®á«¥¤-¨© ç«¥ ¬ «, â® á¨áâ¥¬ , á®áâ®ïé ï ¨§ ãà ¢¥¨ï ¥-¯à¥àë¢®áâ¨ ¨ âà¥å ãà ¢¥¨© ¤¢¨¦¥¨ï, ¢ë¤¥«ï¥âáï®â®á¨â¥«ì® ¯¥à¥¬¥ëå v0, p0 ¨ ¬®¦® ¯®ª § âì,çâ® â ª ï á¨áâ¥¬  ¨¬¥¥â â®«ìª® ã«¥¢®¥ à¥è¥¨¥ ¯à¨ã«¥¢ëå £à ¨çëå ãá«®¢¨ïå ¤«ï ¢®§¬ãé¥¨© áª®-à®áâ¨. � «®£¨ç ï á¨âã æ¨ï ¢®§¨ª ¥â ¨ ¤«ï ª« áá à¥è¥¨©, £¤¥ ¬®¦® ¯à¥¥¡à¥çì £à ¤¨¥â ¬¨ ¤ ¢«¥-¨ï ¢ ãà ¢¥¨ïå ¤¢¨¦¥¨ï. � íâ®¬ á«ãç ¥ á¨áâ¥¬  ¨§ç¥âëà¥å ãà ¢¥¨© ¢ë¤¥«ï¥âáï ¯® ¯¥à¥¬¥ë¬ v0, �0.� ª¨¬ ®¡à §®¬, ¡ã¤¥¬ à áá¬ âà¨¢ âì â®«ìª® ª« ááà¥è¥¨©, ¢ ª®â®à®¬ ¢ ãà ¢¥¨ïå ¤¢¨¦¥¨ï ç«¥ë áv0, �0 ¨ p0 ®¤®£® ¯®àï¤ª . � íâ®¬ á«ãç ¥ ¨§ ãà ¢¥¨ï¤¢¨¦¥¨ï (1) á«¥¤ã¥â, çâ®p0 � �0gh: (8)�á«¨ ¨á¯®«ì§®¢ âì íâã ®æ¥ªã ¢ (7), ¯®«ãç¨¬ ¥à -¢¥áâ¢® (6).� áá¬®âà¨¬ ã¯à®é¥¨¥ â¥å ç«¥®¢ ¢ ãà ¢¥¨¨¤¢¨¦¥¨ï, ª®â®àë¥ á¢ï§ ë á ¢ï§ª®áâìî. �à¥¥¡à¥çìç«¥ ¬¨ á ¯à®¨§¢®¤ë¬¨ ¯® � ¬®¦®, ¥á«¨����h @�@xi ����� �¨«¨, á ãç¥â®¬ â®£®, çâ® ¢ï§ª®áâì § ¢¨á¨â ¢ ®á®¢®¬®â â¥¬¯¥à âãàë, ���� �T d ln�d lnT ����� 1: (9)�á«¨ ¨§¬¥¥¨¥¬ � ¬®¦® ¯à¥¥¡à¥çì, â® ç«¥, á¢ï-§ ë© á ¢ï§ª®áâìî, ¬®¦¥â ¡ëâì § ¯¨á  ¢ ¢¨¤¥ [5](�=3+�) graddivv0+��v0 ¨ ¢ íâ®¬ á«ãç ¥ ãá«®¢¨¥ ¯¥-à¥å®¤  ª ã¯à®é¥®¬ã ãà ¢¥¨î ¤¢¨¦¥¨ï á®áâ®¨â¢ ¬ «®áâ¨ ¢ï§ª®áâëå ç«¥®¢, á¢ï§ ëå á® á¦¨¬ ¥-¬®áâìî: (�=3+ �)j graddivv0j � �j�v0j: (10)�â® ãá«®¢¨¥, ª ª ¨ ãá«®¢¨¥ (9), ¯®¤à®¡¥¥ à áá¬®â-à¨¬ ¨¦¥. � ª ®â¬¥ç «®áì ¢® ¢¢¥¤¥¨¨, ¯à¨¡«¨¦¥-¨¥ �ãáá¨¥áª   ª« ¤ë¢ ¥â ®£à ¨ç¥¨ï ¢ ¯¥à¢ãî®ç¥à¥¤ì   à áá¬ âà¨¢ ¥¬ë© ¯à®æ¥áá. �â® ¢¨¤® ¨§áà ¢¥¨ï ãà ¢¥¨© ¥¯à¥àë¢®áâ¨ ¢ á¨áâ¥¬ å (1)¨ (2). �«¥®¬ @�0=@t ¬®¦® ¯à¥¥¡à¥çì, ¥á«¨ å à ª-â¥à®¥ ¢à¥¬ï ¯à®æ¥áá  � ¤®áâ â®ç® ¢¥«¨ª®.�á«¨ ¢¥«¨ç¨  !�0(�0 � exp(i!t)) ¬®£® ¬¥ìè¥¢å®¤ïé¨å ¢ ¤¨¢¥à£¥æ¨î áª®à®áâ¨ ç«¥®¢ ¢ ¯¥à¢®¬ãà ¢¥¨¨ (1), â. ¥. ¥á«¨ !�0=�� v0z=h, â® ¯¥à¢ë¬ ç«¥-®¬ ¢ ãà ¢¥¨¨ ¥¯à¥àë¢®áâ¨ á¨áâ¥¬ë (1) ¬®¦®



44 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 5¯à¥¥¡à¥çì. �®áª®«ìªã �0=� � �T 0, â® ¨§ ãà ¢¥¨ï¤¢¨¦¥¨ï (2) ¬®¦¥â ¡ëâì ¯®«ãç¥® ®£à ¨ç¥¨¥  å à ªâ¥à®¥ ¢à¥¬ï ¯à®æ¥áá g�2=h� 1: (11)�â® ãá«®¢¨¥ á¢ï§ ® â®«ìª® á å à ªâ¥à¨áâ¨ª®© á -¬®£® ¯à®æ¥áá  ¨ ®£à ¨ç¨¢ ¥â å à ªâ¥àë¥ ç áâ®âë¢®§¬ãé¥¨©, ª®â®àë¥ ¬®£ãâ à áá¬ âà¨¢ âìáï. �â®à®¥ãá«®¢¨¥ ¯¥à¥å®¤  ª ãà ¢¥¨î ¥¯à¥àë¢®áâ¨ (2) |íâ® ¬ «®áâì ç«¥  v0z grad� ¯® áà ¢¥¨î á® á« £ -¥¬ë¬¨ ¢ � divv0, â. ¥. ãá«®¢¨¥ �v0z=h � v0z��=h, çâ®á¢®¤¨âáï ª ¥à ¢¥áâ¢ã (3).� ª¨¬ ®¡à §®¬, ã¯à®é¥®¥ ãà ¢¥¨¥ ¥¯à¥àë¢-®áâ¨ ¢ (3) á¯à ¢¥¤«¨¢® ¯à¨ ¢ë¯®«¥¨¨ (11) ¨ (3).�®®â¢¥âáâ¢¥®, á¯à ¢¥¤«¨¢® ¨ ¥à ¢¥áâ¢® (10), å®-âï ®â¤¥«ìë¥ ç«¥ë, ¢å®¤ïé¨¥ ¢ «¥¢ãî ç áâì (10),¨¬¥îâ â®â ¦¥ ¯®àï¤®ª, çâ® ¨ ç«¥ë ¯à ¢®© ç áâ¨, ®®¨ ¢§ ¨¬® ª®¬¯¥á¨àãîâáï. �§¬¥¥¨¥¬ ª®íää¨-æ¨¥â  � ¢ ãà ¢¥¨¨ í¥à£¨¨ (1) ¬®¦® ¯à¥¥¡à¥çì,¥á«¨ ���� �T d ln�d lnT ����� 1 (12)(áà. á (9)). �â®à®¥ ¥à ¢¥áâ¢®�����@S@p�T �T grad p����� jcp� gradT j (13)¯®§¢®«ï¥â ¯à¥¥¡à¥çì ¢ ãà ¢¥¨¨ í¥à£¨¨ á¨áâ¥¬ë(1) ç«¥®¬, á¢ï§ ë¬ á £à ¤¨¥â®¬ ¤ ¢«¥¨ï. � ª®-¥æ, âà¥âì¥ ãá«®¢¨¥ á¢ï§ ® á ¢®§¬®¦®áâìî ¯à¥¥¡-à¥çì ¯à®¨§¢®¤®© ¯® ¢à¥¬¥¨ ®â ¢¥«¨ç¨ë p0:�T �@S@p�T p0 � ���Tp p0 � cp�T 0: (14)�®áª®«ìªã grad p � g�,   å à ªâ¥à®¥ ¨§¬¥¥¨¥ â¥¬-¯¥à âãàë � á¢ï§ ® á ªà¨â¨ç¥áª¨¬ ç¨á«®¬ �í«¥ïRc = gh3���� ; (15)£¤¥ � = �=�, â® j gradT j � �=h = ��Rc=(gh4�).�¥«¨ç¨ë p0 ¨ T 0 á¢ï§ ë á®®â®è¥¨ï¬¨ (7) ¨ (8).� ãç¥â®¬ (7), (8), (15), ¥à ¢¥áâ¢  (9), (12){(14) ¬®¦-® ¯¥à¥¯¨á âì ¢ ¢¨¤¥�1�T ���� d ln�d lnT ���� ; �1�T ���� dln�dlnT ���� ; (16)�2 � �1 kTp(�T )2 ; (17)�2 � kTp(�T )2 : (18)�à §ã ¬®¦® ®â¬¥â¨âì, çâ® ¥à ¢¥áâ¢® (17) ¯à¨ ¢ë-¯®«¥¨¨ (5) áãé¥áâ¢¥® ¦¥áâç¥, ç¥¬ (18), â. ¥. ¯à¨¢ë¯®«¥¨¨ (5), ¥á«¨ ¬®¦® ¯à¥¥¡à¥çì ¢ ãà ¢¥¨¨

í¥à£¨¨ £à ¤¨¥â®¬ ¤ ¢«¥¨ï, § ¢¥¤®¬® ¬®¦® ¯à¥-¥¡à¥çì ¨ ¯à®¨§¢®¤®© ¯® ¢à¥¬¥¨ ®â p0.� ª¨¬ ®¡à §®¬, áä®à¬ã«¨à®¢   á¨áâ¥¬  ¥à -¢¥áâ¢ ((5), (6), (12), (16), (17)), ¯à¨ ¢ë¯®«¥¨¨ ª®-â®àëå ¢®§¬®¦¥ ¯¥à¥å®¤ ª ¯à¨¡«¨¦¥¨î �ãáá¨¥áª .�à®¢¥¤¥¬ ç¨á«¥ë¥ ®æ¥ª¨.3. �æ¥ª  ãá«®¢¨© ¯à¨¬¥¨¬®áâ¨ ¯à¨¡«¨¦¥¨ï�ãáá¨¥áª �á«®¢¨ï (5), (6), (12), (16), (17) å à ªâ¥à¨§ãîâ áà¥-¤ã, ª®â®à ï ¬®¦¥â ¡ëâì ®¯¨á   ¢ ¯à¨¡«¨¦¥¨¨ �ãá-á¨¥áª . � áá¬®âà¨¬ ¨å ®â¤¥«ì® ¤«ï £ §®¢ ¨ ¦¨¤ª®-áâ¥©.�«ï £ §®¢ kTp � 1, �T � 1, d ln�=d lnT � 1,d ln �=d lnT � 1, ¯®íâ®¬ã ¯à¨ ¢ë¯®«¥¨¨ ¥à ¢¥-áâ¢  (5) ãá«®¢¨ï (16) ¢ë¯®«ïîâáï  ¢â®¬ â¨ç¥áª¨. �®¥áâì ¡¥§ ãåã¤è¥¨ï â®ç®áâ¨ ¯à¨¡«¨¦¥¨ï �ãáá¨¥-áª  ª®íää¨æ¨¥âë � ¨ � ¬®¦® áç¨â âì ¯®áâ®ï-ë¬¨.�à¨ ¢ë¯®«¥¨¨ (5) ¨ (17) ¥à ¢¥áâ¢® (6) ¢ £ §¥â ª¦¥  ¢â®¬ â¨ç¥áª¨ ¢ë¯®«ï¥âáï, ¯®íâ®¬ã ¢áï á¨á-â¥¬  ¥à ¢¥áâ¢ á¢®¤¨âáï ª ¤¢ã¬:�T � 1; A1 � �ghp � �T : (19)�¡«¨§¨ ªà¨â¨ç¥áª®£® à¥¦¨¬  ¢¥«¨ç¨  � á¢ï§   áRcá®®â®è¥¨¥¬ (15), ¯®íâ®¬ã ¥à ¢¥áâ¢® (5) ¬®¦¥â¡ëâì ¯¥à¥¯¨á ® ¢ ¢¨¤¥gh3�� � Rc: (20)�¥«¨ç¨  Rc � 103, ª®íää¨æ¨¥âë � ¨ � ¢ £ §¥ ¯®-àï¤ª  csl�, £¤¥ cs | áª®à®áâì §¢ãª , l� | ¤«¨  á¢®-¡®¤®£® ¯à®¡¥£ , â. ¥. �� � T=�2. � ª¨¬ ®¡à §®¬,«¥¢ ï ç áâì (20) ¯à®¯®àæ¨® «ì  �2h3=T . �à¨ ®à-¬ «ìëå ãá«®¢¨ïå ¢ ¢®§¤ãå¥ § ç¥¨¥ h ®£à ¨ç¨¢ -¥âáï á¨§ã ¢¥«¨ç¨®©� 10�3 ¬. � ã¬¥ìè¥¨¥¬ ¯«®â-®áâ¨ íâ® § ç¥¨¥ à áâ¥â, á ã¢¥«¨ç¥¨¥¬ | ¯ ¤ ¥â,§ ¢¨á¨¬®áâì ®â â¥¬¯¥à âãàë ¬¥¥¥ áãé¥áâ¢¥ .�â®à®¥ ¥à ¢¥áâ¢® ¢ (19) ¬®¦¥â ¡ëâì § ¯¨á ® ¢¢¨¤¥ �ghp gh3�� � Rc: (21)�ë¯®«¥¨¥ íâ®£® ¥à ¢¥áâ¢  § ¢¨á¨â ®â ¢¥«¨ç¨ë�h4=T 2, â. ¥. ¢ ®á®¢®¬ ®¯à¥¤¥«ï¥âáï à §¬¥à®¬ h,® ®£à ¨ç¥¨ï ã¦¥  ª« ¤ë¢ îâáï á¢¥àåã. �à¨ ®à-¬ «ìëå ãá«®¢¨ïå ¢ ¢®§¤ãå¥ ã¦¥ ¯à¨ h � 0; 2 ¬ á®-®â®è¥¨¥ (21) ¯¥à¥áâ ¥â ¢ë¯®«ïâìáï. � ¦¨¤ª®áâïå¤¨ ¯ §® ¨§¬¥¥¨ï ¯«®â®áâ¨ £®à §¤® ¬¥ìè¥, ¯®í-â®¬ã à®«ì h ï¢«ï¥âáï ®¯à¥¤¥«ïîé¥©. �â¬¥â¨¬, çâ® ¢¦¨¤ª®áâïå, ¢ ®â«¨ç¨¥ ®â £ §®¢, ãá«®¢¨ï (16) ®ª §ë¢ -îâáï ¡®«¥¥ ¦¥áâª¨¬¨, ç¥¬ (5). �¥©áâ¢¨â¥«ì®, ¤«ï ¢®-¤ë ¯à¨ ®à¬ «ìëå ãá«®¢¨ïå �T � 0; 05 (¤«ï ®à£ ¨-ç¥áª¨å á®¥¤¨¥¨© íâ  ¢¥«¨ç¨  ¡®«ìè¥), ¯à¨ ã¢¥«¨-ç¥¨¨ â¥¬¯¥à âãàë ¤«ï ¢®¤ë �T â ª¦¥ ã¢¥«¨ç¨¢ ¥â-áï. � ç¥¨¥ ¯ à ¬¥âà®¢ d ln�=d lnT ¨ d ln �=d lnT ¢¦¨¤ª®áâïå ¯à¨¬¥à®   ¯®àï¤®ª ¡®«ìè¥, ç¥¬ ¢ £ § å.�¥à ¢¥áâ¢® (20), ª®â®à®¥ á«¥¤ã¥â ¨§ (5) ¨ (15),®£à ¨ç¨¢ ¥â h á¨§ã ¢¥«¨ç¨®© � 10�4 ¬, ª®â®à ï



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü5 45á« ¡® çã¢áâ¢¨â¥«ì  ª § ç¥¨î Rc. �¢¥«¨ç¥¨¥ ¯à -¢®© ç áâ¨ (20)   ¯®àï¤®ª «¨èì ¥§ ç¨â¥«ì® ã¢¥-«¨ç¨¢ ¥â ¯à¥¤¥«ìãî ¢¥«¨ç¨ã h. � ¦¨¤ª®áâïå, ª ª¨ ¢ £ § å, ¯à¨ ¢ë¯®«¥¨¨ (5) ¨ (17) ¢ë¯®«ï¥âáï ¨ãá«®¢¨¥ (7). �¥©áâ¢¨â¥«ì®, ¤«ï ¢®¤ë ¯à¨ ®à¬ «ì-ëå ãá«®¢¨ïå ¢¥«¨ç¨  kTp � 4 �10�5, ¢ â® ¢à¥¬ï ª ª§ ç¥¨¥ (�T )2 áãé¥áâ¢¥® ¡®«ìè¥. �¥àå¥¥ § ç¥-¨¥ h ®¯à¥¤¥«ï¥âáï ¥à ¢¥áâ¢®¬ (17), ª®â®à®¥ ¬®¦®§ ¯¨á âì ¢ ¢¨¤¥ (�T )2�ghp gh3�� � Rc: (22)� ¢¨á¨¬®áâì «¥¢®© ç áâ¨ (22) ®â h ®ç¥ì á¨«ì ï(� h4) ¨ ¯à¨ h > 0; 2 ¬ ¥à ¢¥áâ¢® (22) ¯¥à¥áâ -¥â ¢ë¯®«ïâìáï. � ª¨¬ ®¡à §®¬, ª ª ¤«ï £ §®¢, â ª¨ ¤«ï ¦¨¤ª®áâ¥© ¢¥àå¨© ¯à¥¤¥« à §¬¥à  á¨áâ¥¬ë h¯à¨¬¥à® ®¤¨ ª®¢, å®âï ªà¨â¨ç¥áª¨¥ § ç¥¨ï à §-®áâ¨ â¥¬¯¥à âãà áãé¥áâ¢¥® à §«¨ç îâáï. �ç¥ìç áâ® [4, 5] ¢ ª ç¥áâ¢¥ ®¤®£® ¨§ ªà¨â¥à¨¥¢ ¯à¨¬¥¨-¬®áâ¨ ¯à¨¡«¨¦¥¨ï �ãáá¨¥áª  ¨á¯®«ì§ã¥âáï ãá«®¢¨¥¬ «®£® ¨§¬¥¥¨ï ¯«®â®áâ¨ ¢ áâ æ¨® à®¬ à¥¦¨¬¥§  áç¥â ¨§¬¥¥¨ï ¤ ¢«¥¨ï ¯® áà ¢¥¨î á ¨§¬¥¥-¨¥¬ §  áç¥â â¥¬¯¥à âãàë, â. ¥.�1 = j��j � �2 = kT�gh: (23)�â® ¥à ¢¥áâ¢® ¨ª ª ¥ á¢ï§ ® á (7), ¯®áª®«ìªã®â®á¨âáï ª áâ æ¨® à®¬ã à á¯à¥¤¥«¥¨î ¯ à ¬¥â-à®¢. � ¨á¯®«ì§ã¥¬ëå ®¡®§ ç¥¨ïå (23) ¬®¦® ¯¥à¥-¯¨á âì ¢ ¢¨¤¥ (kTp)�ghp gh3�� � Rc: (24)�«ï £ §®¢, £¤¥ kTp = 1, ¥à ¢¥áâ¢® (24) ¯¥à¥å®-¤¨â ¢ (21). � ¦¨¤ª®áâïå á¨âã æ¨ï á®¢¥àè¥® ¤àã-£ ï. �®áª®«ìªã (�T )2 � kTp, â® ¯à¨ ¢ë¯®«¥¨¨ (18)¨, á«¥¤®¢ â¥«ì®, (22) ¥à ¢¥áâ¢® (23) § ¢¥¤®¬® ¢ë-¯®«ï¥âáï. �® ¥áâì à¥ «ìë¥ ãá«®¢¨ï ¯à¨¬¥¨¬®áâ¨¦¥áâç¥, ç¥¬ á«¥¤ã¥â ¨§ ¥à ¢¥áâ¢  (23). �¤ ª® á -¬®¥ áãé¥áâ¢¥®¥ á®áâ®¨â ¢ â®¬, çâ® ãá«®¢¨¥ (23) ¥¨á¯®«ì§ã¥âáï ¯à¨ ¢ë¢®¤¥ ¯à¨¡«¨¦¥¨ï �ãáá¨¥áª .�â¥à¢ « h ¬®¦® á¨«ì® à áè¨à¨âì, ¥á«¨ ¥¨áª«îç âì £à ¤¨¥â ¤ ¢«¥¨ï. �®£¤  ¢¬¥áâ® ç«¥-  v0cp gradT ¢ ãà ¢¥¨¨ í¥à£¨¨ ¡ã¤¥â áâ®ïâìcpv0 gradT + �T �@S@p�T v0 grad p = v0(cp� gradT ���T grad p). �¥è¥¨¥ â ª®© § ¤ ç¨,  ¯à¨¬¥à, ¤«ï

¯«®áª®£® á«®ï, ¨ç¥¬ ¥ ¡ã¤¥â ®â«¨ç âìáï ®â p¥è¥-¨ï ª« áá¨ç¥áª®© § ¤ ç¨, ¨§¬¥¨âáï â®«ìª® ç¨á«® �í-«¥ï [6]: R� = �gh4�� �dTdz � �Tcp� dpdz� : (25)� ª ¢¨¤® ¨§ (25), £à ¤¨¥â ¤ ¢«¥¨ï, ¯®áª®«ìªã®  ¯à ¢«¥ ¢ âã ¦¥ áâ®à®ã, çâ® ¨ £à ¤¨¥â â¥¬¯¥-à âãàë, áâ ¡¨«¨§¨àã¥â á¨áâ¥¬ã, ¯à¥¯ïâáâ¢ãï ¢®§¨ª-®¢¥¨î ª®¢¥ªæ¨¨, ¨ ¥®¡å®¤¨¬® ¤®¯®«¨â¥«ì®¥ã¢¥«¨ç¥¨¥ à §®áâ¨ â¥¬¯¥à âãà, çâ®¡ë ¤®áâ¨çì ªà¨-â¨ç¥áª®£® ç¨á«  �í«¥ï. �«¥¤ã¥â, ®¤ ª®, ®â¬¥â¨âì,çâ® å®âï ¥à ¢¥áâ¢® (24) § ¬¥â® ã¢¥«¨ç¨¢ ¥â § -ç¥¨¥ h, ® íâ® ã¢¥«¨ç¥¨¥ áãé¥áâ¢¥® ã¬¥ìè ¥âªà¨â¨ç¥áª¨¥ § ç¥¨ï � (á¬. (15)).�á®¢ë¥ à¥§ã«ìâ âë1. �  ®á®¢¥   «¨§  ¯®«®© á¨áâ¥¬ë £¨¤à®¤¨ -¬¨ç¥áª¨å ãà ¢¥¨© ¯®ª § ®, çâ® ¯à¨¡«¨¦¥¨¥ �ãá-á¨¥áª  ¯à¨¬¥¨¬® ¤«ï ®¯¨á ¨ï ¯à®æ¥áá®¢ á ¡®«ì-è¨¬¨ å à ªâ¥àë¬¨ ¢à¥¬¥ ¬¨.2. �à¨â¥à¨¨, ®¯à¥¤¥«ïîé¨¥ ¯à¨¬¥¨¬®áâì ¯à¨-¡«¨¦¥¨ï �ãáá¨¥áª  ¤«ï ®¯¨á ¨ï ªà¨â¨ç¥áª®£® à¥-¦¨¬ ,  ¨¡®«¥¥ á¨«ì® § ¢¨áïâ ®â å à ªâ¥àëå à §-¬¥à®¢ á¨áâ¥¬ë, ®£à ¨ç¨¢ ï ¥£® á¢¥àåã ¨ á¨§ã. �¥àå-¨© ¯à¥¤¥« ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ ¥â ¤«ï ¦¨¤ª®áâ¥© ¨£ §®¢. �¨¦¨© ¯à¥¤¥« ¢ ¦¨¤ª®áâïå ¬¥ìè¥.3. � áâ® ¢áâà¥ç îé¨©áï ¢ «¨â¥à âãà¥ ªà¨â¥à¨©,á¢ï§ ë© á â¥¬, çâ® ¨§¬¥¥¨ï ¯«®â®áâ¨ ¨§-§  ¥®¤-®à®¤®áâ¨ ¤ ¢«¥¨ï ¬ «ë ¯® áà ¢¥¨î á ¨§¬¥¥¨-ï¬¨, ®¡ãá«®¢«¥ë¬¨ ¥®¤®à®¤®áâìî â¥¬¯¥à âãà,¥ ï¢«ï¥âáï ®¡ï§ â¥«ìë¬, ¯®áª®«ìªã ® ¥ ¨á¯®«ì-§ã¥âáï ¯à¨ ¢ë¢®¤¥ ¯à¨¡«¨¦¥¨ï �ãáá¨¥áª .�ã¡«¨ªã¥¬ë¥ ¨áá«¥¤®¢ ¨ï ¡ë«¨ ¯à®¢¥¤¥ë ¯à¨ç áâ¨ç®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥-â «ìëå ¨áá«¥¤®¢ ¨© (£à â 97-01-00750).�¨â¥à âãà 1. Mihaljan J.M. // Astrophys. J. 1962. 136, No. 3. P. 1126.2. Cordon R.P., Velarde M.G. // J. de Physique. 1975. 36, No. 7{8.P. 591.3. Velarde M.G., Cordon R.P. // Ibid. 1976. 37, No. 3. P. 177.4. �¥àèã¨ �.�., �ãå®¢¨æª¨© �.�. �®¢¥ªâ¨¢ ï ãáâ®©ç¨-¢®áâì ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. �., 1972.5. � ¤ ã �.�., �¨äè¨æ �.�. �¨¤à®¤¨ ¬¨ª . �., 1986.6. Jeffreys H. // Proc. Cambr. Phil. Soc. 1930. 26. P. 170.�®áâã¯¨«  ¢ p¥¤ ªæ¨î24.09.97


