
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò5 61��� 621.315.592�������� ������� � ��������� ����������� ������������������ ��� �������� �������������. �. �¨à®®¢(ª ä¥¤à  ä¨§¨ª¨ ¯®«ã¯à®¢®¤¨ª®¢)E-mail: scon282@phys.msu.su� ááç¨â   ®¡¬¥ ï í¥à£¨ï í«¥ªâà®®¢ ®á®¢®© ¯®¤§®ë à §¬¥à®£® ª¢ â®¢ ¨ï ¢ ã§ª®©ª¢ â®¢®© ï¬¥ ¯à¨ ¯à®¨§¢®«ìëå ª®æ¥âà æ¨ïå ¨ â¥¬¯¥à âãà å. �¯à¥¤¥«¥ë ãá«®¢¨ï ¯¥à¥å®¤ ¤¢ã¬¥à®© í«¥ªâà®®© á¨áâ¥¬ë ¢ á¯¨®¢®-¯®«ïà¨§®¢ ®¥ á®áâ®ï¨¥ §  áç¥â ¢ë¨£àëè  ¢®¡¬¥®¬ ¢ª« ¤¥ ¢ á¢®¡®¤ãî í¥à£¨î. �®ª § ®, çâ® ¢ ®¯à¥¤¥«¥®© ®¡« áâ¨ ª®æ¥âà æ¨©¯à¨ ¨§¬¥¥¨¨ â¥¬¯¥à âãàë ¬®£ãâ ¯®á«¥¤®¢ â¥«ì® ¯à®¨áå®¤¨âì ¤¢  ¯¥à¥å®¤  | á ç «  ¢¯®«ïà¨§®¢ ®¥,   § â¥¬ ¢ ¥¯®«ïà¨§®¢ ®¥ á®áâ®ï¨¥.�¢¥¤¥¨¥�®¯à®á ® ¢®§¬®¦®© ¥ãáâ®©ç¨¢®áâ¨ ¥¯®«ïà¨§®-¢ ®£® á®áâ®ï¨ï ¤¢ã¬¥à®© í«¥ªâà®®© á¨áâ¥¬ë§  áç¥â ãá¨«¥¨ï íää¥ªâ®¢ ®¡¬¥  ¯à¨ ¨§ª¨åª®æ¥âà æ¨ïå ¨ â¥¬¯¥à âãà å ¥®¤®ªà â® ®¡-áã¦¤ «áï ¢ «¨â¥à âãà¥ (á¬.,  ¯à., [1, 2]). � àï¤ãá â ª¨¬¨ ï¢«¥¨ï¬¨, ª ª ¢¨£¥à®¢áª ï ªà¨áâ ««¨-§ æ¨ï ¨ ¯¥à¥à á¯à¥¤¥«¥¨¥ í«¥ªâà®®¢ ¢ ¤¢®©ëåª¢ â®¢ëå ï¬ å, íâ  § ¤ ç  â¥®à¥â¨ç¥áª¨ à áá¬ â-à¨¢ « áì ¢ ®á®¢®¬ «¨èì ¤«ï ¯à¥¤¥«ì® ¨§ª¨åâ¥¬¯¥à âãà. �à®£à¥áá ¢ â¥å®«®£¨¨ ¨§£®â®¢«¥¨ï ®áâàãªâãà, ¯®§¢®«ïîé¨© ¯®«ãç âì áâàãªâãàë áª®âà®«¨àã¥¬ë¬¨ ¯ à ¬¥âà ¬¨, ¯®¢ëá¨« ¨â¥à¥á ª¢ëïá¥¨î ãá«®¢¨© ¢®§¬®¦®£® ¯à®ï¢«¥¨ï ãª § -ëå íää¥ªâ®¢ ¢ ¯®«ã¯à®¢®¤¨ª®¢ëå á¢¥àåà¥è¥âª å¨ áâàãªâãà å á ¬®¦¥áâ¢¥ë¬¨ ï¬ ¬¨. � ª, ¢ íªá-¯¥à¨¬¥â «ì®© à ¡®â¥ [3] ¢ëáª §ë¢ «®áì ¯à¥¤¯®-«®¦¥¨¥ ® áãé¥áâ¢¥®© à®«¨ ªã«®®¢áª®£® ¢§ ¨¬®-¤¥©áâ¢¨ï ¢  ¡«î¤ ¢è¨åáï  ®¬ «¨ïå â¥¬¯¥à âãà-®© § ¢¨á¨¬®áâ¨ ¯à®¢®¤¨¬®áâ¨. �¤ ª® ¨â¥à¯à¥â -æ¨ï ¯®¢¥¤¥¨ï á¨áâ¥¬ë ¯à¨ ¨§¬¥¥¨¨ â¥¬¯¥à âãàë§ âàã¤¥  ¨§-§  ®âáãâáâ¢¨ï ¤®áâ â®ç® ¯®«ëå à á-ç¥â®¢ ªã«®®¢áª¨å ¢ª« ¤®¢ ¢ í¥à£¨î ¯à¨ ª®¥çëåâ¥¬¯¥à âãà å. �®íâ®¬ã ¯à¥¤áâ ¢«ï¥â ¨â¥à¥á à áç¥ââ¥¬¯¥à âãà®© § ¢¨á¨¬®áâ¨ ®¡¬¥®© í¥à£¨¨ ¤¢ã-¬¥à®© á¨áâ¥¬ë ¯à¨ ª®¥çëå â¥¬¯¥à âãà å (¤«ï¯®çâ¨ ¢ëà®¦¤¥®£® à á¯à¥¤¥«¥¨ï í«¥ªâà®®¢ ¢¤®¢®«ì® ã§ª®¬ ¨â¥à¢ «¥ â¥¬¯¥à âãà á®®â¢¥âáâ¢ã-îé¨© à áç¥â ¢ë¯®«¥ ¢ à ¡®â¥ [4]). �¥«ì  -áâ®ïé¥© à ¡®âë á®áâ®¨â ¢  å®¦¤¥¨¨ ®¡¬¥®©í¥à£¨¨ ¤¢ã¬¥à®£® í«¥ªâà®®£® £ §  ¢ è¨à®ª®©®¡« áâ¨ ª®æ¥âà æ¨© ¨ â¥¬¯¥à âãà ¨ ¢ ®¯à¥¤¥«¥-¨¨ £à ¨æë ®¡« áâ¨   ä §®¢®© ¯«®áª®áâ¨ ª®-æ¥âà æ¨ï{â¥¬¯¥à âãà , ®â¢¥ç îé¥© á¯¨®¢®-¯®«ï-à¨§®¢ ®¬ã á®áâ®ï¨î,   â ª¦¥ â¥¬¯¥à âãà®© ¨ª®æ¥âà æ¨®®© § ¢¨á¨¬®áâ¨ ¯®«ïà¨§ æ¨¨.1. �¡¬¥ ï í¥à£¨ï ¤¢ã¬¥à®© á¨áâ¥¬ëí«¥ªâà®®¢� áá¬®âà¨¬ á¨áâ¥¬ã í«¥ªâà®®¢ ¢ ã§ª®© ª¢ â®-¢®© ï¬¥ ¨«¨ ¢ ®¤®¬ á«®¥ á¢¥àåà¥è¥âª¨ ¨ ¡ã¤¥¬ áç¨-

â âì ï¬ã ¤®áâ â®ç® ã§ª®©, â ª çâ® § á¥«¥  «¨èì¨§è ï ¯®¤§®  à §¬¥à®£® ª¢ â®¢ ¨ï. �¥©âà «ì-®áâì á¨áâ¥¬ë ¢ æ¥«®¬, ¢á«¥¤áâ¢¨¥ ª®â®à®© ¬®¦®¥ ãç¨âë¢ âì ¯àï¬®£® ªã«®®¢áª®£® ¢§ ¨¬®¤¥©áâ-¢¨ï, ®¡¥á¯¥ç¨¢ ¥âáï,  ¯à¨¬¥à, ®¤®à®¤ë¬ «¥£¨à®-¢ ¨¥¬ (<¬®¤¥«ì ¦¥«¥>). � ááâ®ï¨¥ ¬¥¦¤ã á«®ï¬¨á¢¥àåà¥è¥âª¨ ¡ã¤¥¬ áç¨â âì ¤®áâ â®ç® ¡®«ìè¨¬, ¨¯®íâ®¬ã ¬®¦® ¯à¥¥¡à¥çì ¯¥à¥ªàëâ¨¥¬ ¢®«®¢ëåäãªæ¨© í«¥ªâà®®¢ á®á¥¤¨å á«®¥¢ ¨ íää¥ªâ ¬¨¯¥à¥à á¯à¥¤¥«¥¨ï í«¥ªâà®®¢ ¬¥¦¤ã á«®ï¬¨.�ãáâì � | ¯®¢¥àå®áâ ï ª®æ¥âà æ¨ï í«¥ªâà®-®¢, �0 | ¯®áâ®ï ï ¯«®â®áâì á®áâ®ï¨© í«¥ªâà®-®¢ (¯®« ï, ¤«ï ®¡®¨å  ¯à ¢«¥¨© á¯¨ ), E(p) |í¥à£¨ï ¤¢ã¬¥à®£® á¢®¡®¤®£® ¤¢¨¦¥¨ï í«¥ªâà®-®¢ ¢¤®«ì ¯«®áª®áâ¨ á«®ï (®âáç¨âë¢ ¥¬ ï ®â ¤ ®á®¢®© ¯®¤§®ë à §¬¥à®£® ª¢ â®¢ ¨ï), p |¤¢ã¬¥àë© ¢®«®¢®© ¢¥ªâ®à; § ª® ¤¨á¯¥àá¨¨ E(p)¡ã¤¥¬ áç¨â âì ¨§®âà®¯ë¬ ¨ ¢ëà®¦¤¥ë¬ ¯® á¯¨-ã. �¨¬¨ç¥áª¨© ¯®â¥æ¨ « �� ¥¢§ ¨¬®¤¥©áâ¢ãî-é¨å í«¥ªâà®®¢ á® á¯¨®¬ � , ¢å®¤ïé¨© ¢ à ¢®-¢¥áãî äãªæ¨î à á¯à¥¤¥«¥¨ï nF�(E(p)) = (1 ++ exp[(E(p)���)=kT ])�1; á¢ï§  á ¨å ª®æ¥âà æ¨-¥© �� á®®â®è¥¨¥¬ �� = kT�� = kT ln(exp(s�)�1) ,£¤¥ s� = 2��=(�0kT ) .� ®âáãâáâ¢¨¥ ¯®«ïà¨§ æ¨¨ �� = ��� = �=2 ,�� = ��� = � ¨ �(s) = �=kT = ln(exp(s) � 1) , £¤¥s = �=(�0kT ) .�¡¬¥ ï í¥à£¨ï í«¥ªâà®®¢ (¢ à áç¥â¥   ¥¤¨-¨æã ¯«®é ¤¨) ¤ ¥âáï áâ ¤ àâë¬ ¢ëà ¦¥¨¥¬Fx =�S�2X� Xk1;k2 nF� (E(k1))nF�(E(k2))�� Z dr1dr2 exp (�i(r1k2+ r2k1))�� �e2=(2"jr1� r2j)� exp (i(r1k1+ r2k2)) ; (1)£¤¥ " | ¤¨í«¥ªâà¨ç¥áª ï ¯à®¨æ ¥¬®áâì, r1 ¨ r2 |¤¢ã¬¥àë¥ à ¤¨ãá-¢¥ªâ®àë, S | ¯«®é ¤ì á«®ï.�à®¢®¤ï ¢ (1) ¨â¥£à¨à®¢ ¨¥ ¯® ª®®à¤¨ â ¬ ¨ãç¨âë¢ ï, çâ® ¤¢ã¬¥àë© äãàì¥-®¡à § ªã«®®¢áª®£®



62 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò5¯®â¥æ¨ «  ¨¬¥¥â ¢¨¤ V (q) = 2p=q , ¯®«ãç¨¬ ¢ëà -¦¥¨¥Fx(�(s); T )=�(e2=")(�=2)1=2(�0kT )3=2�� 1Z0 dtf��1=2(�(s)� t2)g2; (2)£¤¥��(�) = �(�+ 1)�1 1Z0 dx x�[1 + exp(x� �)]�1 (3)| ¨â¥£à « �¥à¬¨ á ¨¤¥ªá®¬ � . �ëà ¦¥¨¥, ¯®-¤®¡®¥ (2), ¡ë«® ¯®«ãç¥® ¤«ï âà¥å¬¥à®£® á«ãç ï¢ à ¡®â¥ [5] (á¬. â ª¦¥ [6]).�¥§ã«ìâ â ç¨á«¥®£® ¨â¥£à¨à®¢ ¨ï ¢ (2) ¬®¦-® ¯à¥¤áâ ¢¨âì ¨â¥à¯®«ïæ¨®®© äãªæ¨¥© ®â s¢¨¤  Fx(s; T ) =�(e2=")(�0kT )3=2Cxs3=2G(s); (4)G(s) =s �(s+ b1s2) + b2s31+ (b1+�)s+ b1�s2 + b2s(� ln(1+s) + s2) ;¯à¨ç¥¬ ¯ à ¬¥âàë Cx = (32=9�)1=2 � 1:06 , � == 9�3=512 , � = �2=8 ¨ � = (4=p3) � 2 ®¡¥á¯¥-ç¨¢ îâ âà¥¡ã¥¬®¥ ¯®¢¥¤¥¨¥ ¯à¨ ¡®«ìè¨å ¨ ¬ -«ëå s ,   b1 = 0:2685 ¨ b2 = 0:04547 | ¯®¤£®®ç-ë¥ ¯ à ¬¥âàë. �ãªæ¨ï G(s) ®¯à¥¤¥«¥  â ª, çâ®G(s)! 1 ¢ á«ãç ¥ ¯à¥¤¥«ì® á¨«ì®£® ¢ëà®¦¤¥¨ï(¯à¨ s ! 1). �à¥¤¥ª¢ ¤à â¨ç ï ®â®á¨â¥«ì ï®è¨¡ª  íâ®©  ¯¯à®ªá¨¬ æ¨¨ ¢ ¨â¥à¢ «¥ 0< s < 25á®áâ ¢«ï¥â 2 � 10�4 . �â¬¥â¨¬, çâ® ¤¥ª« à¨à®¢  ï¢ à ¡®â¥ [3] â®ç®áâì  ¯¯à®ªá¨¬ æ¨¨ ¢ 1% ¤®áâ¨£ -¥âáï «¨èì ¯à¨ s > 4 ,     ¨¦¥© £à ¨æ¥ à áá¬®â-à¥®£® ¢ [3] ¨â¥à¢ « , ¯à¨ s = 2:5 , ®â®á¨â¥«ì ï®è¨¡ª  ¤®áâ¨£ ¥â 5%.2. �á«®¢¨ï ¯¥à¥å®¤  ¢ ¯®«ïà¨§®¢ ®¥á®áâ®ï¨¥�à®¬¥  ©¤¥®£® ¢ëè¥ ®¡¬¥®£® ¢ª« ¤  ¯®«- ï á¢®¡®¤ ï í¥à£¨ï á®¤¥à¦¨â ¥é¥ ¢ª« ¤ë (®âª¨¥â¨ç¥áª®© í¥à£¨¨ ¨ íâà®¯¨¨) ¥¢§ ¨¬®¤¥©áâ-¢ãîé¨å í«¥ªâà®®¢:Fid;� (T; ��) == �kT�0 1Z0 d" ln�1+ exp��� � "kT ��+ ���� = (5)= �0 (kT )2�1 (��) + ���� = ��2�=�0�K (s� (�� ; T)) ;£¤¥ �1 | ¨â¥£à « �¥à¬¨ (á¬. (2)). �â¨ ¢ª« ¤ë, ª ª¨ ®¡¬¥ë©,  ¤¤¨â¨¢ë ¯® á¯¨ã. �®¢¥¤¥¨¥ <¨¤¥- «ì®£®> ¢ª« ¤  ¢ á¢®¡®¤ãî í¥à£¨î Fid ®¯¨áë-

¢ ¥âáï á«¥¤ãîé¨¬ ¨â¥à¯®«ïæ¨®ë¬ ¢ëà ¦¥¨¥¬¤«ï äãªæ¨¨ K(s) :K (s) � ~K (s) == 2s �ln (es � 1) + 1+ a1s+ a2s21 + (a1+ �) s+ a2s2�� 1;£¤¥  = �2=6 , � = 1=4 , a1 = 13:10 , a2 = 1:90 ,a3 = 4:75 . �â¬¥â¨¬, çâ® K(s)! 1 ¯à¨ s!1 . � ª¨ ¢ëè¥, £à¥ç¥áª¨¬¨ á¨¬¢®« ¬¨ ®¡®§ ç¥ë â®çë¥ª®áâ âë, ®¡¥á¯¥ç¨¢ îé¨¥ ¯à ¢¨«ì®¥ ¯®¢¥¤¥¨¥¯à¨ s! 0 ¨ ¯à¨ s� 1 ,   a1 , a2 , a3 | ¯®¤£®®ç-ë¥ ¯ à ¬¥âàë. �à¥¤¥ª¢ ¤à â¨ç ï ®è¨¡ª  íâ®£®¯à¨¡«¨¦¥¨ï á®áâ ¢«ï¥â 0.44%. �¤ ª®, ¯®áª®«ìªã¢ àï¤¥ á«ãç ¥¢ à¥§ã«ìâ â ¤«ï ãá«®¢¨© ¯¥à¥å®¤  ¢¯®«ïà¨§®¢ ®¥ á®áâ®ï¨¥ ¢¥áì¬  çã¢áâ¢¨â¥«¥ ªª ç¥áâ¢ã  ¯¯à®ªá¨¬ æ¨¨, ¬ë ¨á¯®«ì§®¢ «¨ ¡®«¥¥â®çë© (á ®â®á¨â¥«ì®© ®è¨¡ª®© ¥ ¡®«¥¥ 10�5),å®âï ¨ ¡®«¥¥ âàã¤®¥¬ª¨© ¯®¤å®¤, ®á®¢ ë©   ¯¯à®ªá¨¬ æ¨¨ äãªæ¨¨ ln(1+ x) ¢ ¯®¤ëâ¥£à «ì-®¬ ¢ëà ¦¥¨¨ ¢ (5) ¨â¥à¯®«ïæ¨®ë¬ ¬®£®ç«¥-®¬ [7].�¡ê¥¤¨ïï ¢ëà ¦¥¨ï (4) ¨ (5), ¤«ï ¢ª« ¤ í«¥ªâà®®¢ á® á¯¨®¬ � ¢ ¯®«ãî á¢®¡®¤ãî í¥à-£¨î (¢ à áç¥â¥   ¥¤¨¨æã ¯«®é ¤¨) ¯®«ãç ¥¬F� = ��2�=�0� hK (s�)� (�C=2��)1=2G (s�)i ; (6)£¤¥ �C = (Cx=�dC)2 | å à ªâ¥à ï <ªã«®®¢áª ï>ª®æ¥âà æ¨ï,   dC = "=(2��0e2) . �§ï¢ ¤«ï ®æ¥-ª¨ �0 = 3 � 1013 í��1�á¬�2 , " = 12:7 ,  å®¤¨¬:dC = 4:7 ¬, �C = 5:24 � 1011 á¬�2 . �¤®¢à¥¬¥-® ¢¢¥¤¥¬ å à ªâ¥àãî <ªã«®®¢áªãî> â¥¬¯¥à âãàãTC = �C=(k�0) ; ¯à¨ ¯à¨ïâëå § ç¥¨ïå ¯ à ¬¥âà®¢TC = 202 K.� ®âáãâáâ¢¨¥ ¯®«ïà¨§ æ¨¨ (�� = ��� = �=2 ¨s� = s�� = s) ¨ ¯à¨ T ! 0 , ª®£¤  ¬®¦® áç¨â âì,çâ® K(s)� G(s)� 1 , ¬ë ¨¬¥¥¬:Funp (�) =X� F� � ��2 � �1=2C �3=2�= (2�0) : (7)�âáî¤  ¢¨¤®, çâ® �C ¥áâì ª®æ¥âà æ¨ï, ¯à¨ ª®â®-à®© ®¡¬¥®¥ á« £ ¥¬®¥ ª®¬¯¥á¨àã¥â ¢ª« ¤ ¥¢§ -¨¬®¤¥©áâ¢ãîé¨å ç áâ¨æ. �â¬¥â¨¬, çâ® ¯¥à¥å®¤ã ¢¯®«ïà¨§®¢ ®¥ á®áâ®ï¨¥ ®â¢¥ç îâ ª®æ¥âà æ¨¨,á®áâ ¢«ïîé¨¥ «¨èì ¥¡®«ìè¨¥ ¤®«¨ ®â �C . �¥©-áâ¢¨â¥«ì®, á®®â¢¥âáâ¢ãîé¨¥ ª®æ¥âà æ¨¨ ¬®¦®®æ¥¨âì, áà ¢¨¢ ï (7) á   «®£¨çë¬ ¢ëà ¦¥¨¥¬¤«ï ¯®«®áâìî ¯®«ïà¨§®¢ ®© á¨áâ¥¬ë (�� = � ,��� = 0),Fpol = h(2�)2� �1=2C (2�)3=2i = (4�0) : (8)�à¨ T = 0 � á¢®¡®¤ ï í¥à£¨ï á¨áâ¥¬ë ¢ ¯®-«ïà¨§®¢ ®¬ á®áâ®ï¨¨ (8) ®ª §ë¢ ¥âáï ¬¥ì-



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò5 63è¥© í¥à£¨¨ ¥¯®«ïà¨§®¢ ®£® á®áâ®ï¨ï (7) ¯à¨� < �cr = a�C , £¤¥ a= 3�p8� 0:17 .� áá¬®âà¨¬ â¥¯¥àì á¢®¡®¤ãî í¥à£¨î ç áâ¨ç®¯®«ïà¨§®¢ ®© á¨áâ¥¬ë ¯à¨ ª®¥çëå â¥¬¯¥à âã-à å. �®«®¦¨¬ �� = (1 + z)�=2 ¨ ��� = (1� z)�=2 ,£¤¥ ¢¥«¨ç¨  z , 0< z < 1 , à ¢ ï ¤®«¥ í«¥ªâà®®¢,¨§¬¥¨¢è¨å  ¯à ¢«¥¨¥ á¯¨ , ®¯à¥¤¥«ï¥â áâ¥¯¥ì¯®«ïà¨§ æ¨¨ á¨áâ¥¬ë. � ãç¥â®¬ áª § ®£® ¢ëè¥¢ë¡¥à¥¬ ¢ ª ç¥áâ¢¥ ¬ áèâ ¡®¢ ª®æ¥âà æ¨¨ ¨â¥¬¯¥à âãàë ¢¥«¨ç¨ë �u = a�C ¨ Tu = aTC á®-®â¢¥âáâ¢¥® (¯à¨ ¯à¨ïâëå § ç¥¨ïå ¯ à ¬¥âà®¢�u � 9 � 1010 á¬�2 , Tu � 35 K) ¨ ¢¢¥¤¥¬ ¡¥§à §¬¥à-ë¥ ¯¥à¥¬¥ë¥ y = �=�u ¨ t = T=Tu (¯à¨ íâ®¬s = y=t). � ¯¨è¥¬ á¢®¡®¤ãî í¥à£¨î ¨¤¥ «ì®£®£ § , ®¡¬¥ë© ¢ª« ¤ ¨ ¯®«ãî á¢®¡®¤ãî í¥à£¨î¢ ¡¥§à §¬¥à®¬ ¢¨¤¥:q (s) = s2K (s) ; g (s) = s3=2G (s) ;f (s; t) = q (s)� g (s) = �at1=2� : (9)�®£¤  ¯®« ï á¢®¡®¤ ï í¥à£¨ï ç áâ¨ç® ¯®«ïà¨§®-¢ ®© á¨áâ¥¬ë ¯à¨®¡à¥â ¥â á«¥¤ãîé¨© ¢¨¤:F (tTu; y�u; z) = h(kT )2 =4�0i' (t; y; z) ;' (t; y; z) = f �yt (1+ z); t�+ f �yt (1� z); t� :� ¢®¢¥á®¥ § ç¥¨¥ ¤®«¨ ¨§¬¥¨¢è¨å ®à¨¥â -æ¨î á¯¨®¢ z = zeq(y; t) , â. ¥. áâ¥¯¥ì ¯®«ïà¨§ æ¨¨á¨áâ¥¬ë,  å®¤¨âáï ¨§ ãá«®¢¨ï  ¡á®«îâ®£® ¬¨¨-¬ã¬  F ¯® z ; ª®à¨ zeq(y; t) ãà ¢¥¨ï @F=@z = 0®¯à¥¤¥«ï«¨áì ç¨á«¥ë¬¨ ¬¥â®¤ ¬¨. � «¥¥  å®¤¨-« áì ªà¨â¨ç¥áª ï ª®æ¥âà æ¨ï yb(t) , ®â¢¥ç îé ï¯¥à¥å®¤ã ¢ ¯®«ïà¨§®¢ ®¥ á®áâ®ï¨¥ ¯à¨ § ¤ ®©â¥¬¯¥à âãà¥ t . �â® ®§ ç ¥â, çâ® ¯à¨ ä¨ªá¨à®¢ -®© â¥¬¯¥à âãà¥ ¨ ¯à¨ y < yb(t) á¢®¡®¤ ï í¥à£¨ï(ç áâ¨ç®) ¯®«ïà¨§®¢ ®© á¨áâ¥¬ë Fpol ¬¥ìè¥,ç¥¬ á®®â¢¥âáâ¢ãîé ï ¢¥«¨ç¨  Funp ¢ ®âáãâáâ¢¨¥¯®«ïà¨§ æ¨¨. �¥¬¯¥à âãà ï § ¢¨á¨¬®áâì ªà¨â¨ç¥á-ª®© ª®æ¥âà æ¨¨ yb(t) ¯®ª §     à¨á. 1.� ª ¨ ®¦¨¤ «®áì, ®¡« áâì § ç¥¨© â¥¬¯¥à âãàë,¯à¨ ª®â®àëå ¢®§¬®¦¥ ¯¥à¥å®¤ ¢ ¯®«ïà¨§®¢ ®¥á®áâ®ï¨¥ ¨ áãé¥áâ¢ã¥â ¥âà¨¢¨ «ì®¥ à¥è¥¨¥ ¤«ïzeq(y; t) , ¨¬¥¥âáï «¨èì ¯à¨ y � 1 , â. ¥. ¯à¨ ¤®áâ -â®ç® ¬ «ëå ª®æ¥âà æ¨ïå � � a�C (á¬. à¨á. 1).�¥¥¥ ®ç¥¢¨¤ë¬, ®¤ ª®, ¯à¥¤áâ ¢«ï¥âáï â® ®¡-áâ®ïâ¥«ìáâ¢®, çâ® ¢ ¥ª®â®à®¬, å®âï ¨ ¥¡®«ìè®¬,¨â¥à¢ «¥ ª®æ¥âà æ¨© 1< y < 1:04 ®¤®¬ã ¨ â®¬ã¦¥ § ç¥¨î y ®â¢¥ç îâ ¤¢  à¥è¥¨ï yb . �â®®§ ç ¥â, çâ® ¯à¨ ¯®¨¦¥¨¨ â¥¬¯¥à âãàë á¨áâ¥¬ ¨á¯ëâë¢ ¥â ¤¢  ¯¥à¥å®¤  | á ç «  ¢ ¯®«ïà¨§®¢ -®¥ á®áâ®ï¨¥,   § â¥¬ á®¢  ¢ ¥¯®«ïà¨§®¢ ®¥.� ¢¨á¨¬®áâì áâ¥¯¥¨ ¯®«ïà¨§ æ¨¨ zb(t)   £à ¨æ¥¯¥à¥å®¤  ®â â¥¬¯¥à âãàë ¯®ª §     à¨á. 2. � ª¢¨¤® ¨§ à¨á. 1, ¯¥à¥å®¤ ¢ ¯®«ïà¨§®¢ ®¥ á®áâ®-ï¨¥ ¢®§¬®¦¥ â®«ìª® ¯à¨ y < 1:04 , ¯à¨ç¥¬ ®á®¢¥àè ¥âáï áà §ã ¢ á®áâ®ï¨¥ á ª®¥ç®© áâ¥¯¥ìî

����������¨á. 1. � ¢¨á¨¬®áâì ¡¥§à §¬¥à®© ªà¨â¨ç¥áª®© ª®æ¥âà æ¨¨yb = �=�u ®â ¡¥§à §¬¥à®© â¥¬¯¥à âãàë t= T=Tu����������¨á. 2. �â¥¯¥ì ¯®«ïà¨§ æ¨¨ zb   £à ¨æ¥ ¯¥à¥å®¤ ¢ ¯®«ïà¨§®¢ ®¥ á®áâ®ï¨¥ ª ª äãªæ¨ï â¥¬¯¥à âãàët= T=Tu����������¨á. 3. �¥¬¯¥à âãàë¥ § ¢¨á¨¬®áâ¨ á¢®¡®¤®© í¥à£¨¨¢ à áç¥â¥   ®¤¨ í«¥ªâà® (®â¥á¥®© ª kTu ) ¤«ï¯®«ïà¨§®¢ ®£® (á¯«®è ï ªà¨¢ ï) ¨ ¥¯®«ïà¨§®¢ ®£®(èâà¨å®¢ ï ªà¨¢ ï) á®áâ®ï¨©



64 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò5¯®«ïà¨§ æ¨¨, ®ç¥ì ¡ëáâà® ¢®§à áâ îé¥© ¤® ¥¤¨-¨æë ¯à¨ ¯®¨¦¥¨¨ â¥¬¯¥à âãàë. �¥¬¯¥à âãà ï§ ¢¨á¨¬®áâì ¯®«®© ã¤¥«ì®© (â. ¥. ¢ à áç¥â¥  ®¤¨ í«¥ªâà®) á¢®¡®¤®© í¥à£¨¨, ®â¥á¥®© ªå à ªâ¥à®© í¥à£¨¨ kTu , ¯à¨¢¥¤¥    à¨á. 3, £¤¥á¯«®è ï ªà¨¢ ï ®â®á¨âáï ª ¯®«ïà¨§®¢ ®© ä §¥(Fpol ),   èâà¨å®¢ ï | ª ¥¯®«ïà¨§®¢ ®© (Funp).� ª¨¬ ®¡à §®¬, ãç¥â â¥¬¯¥à âãà®© § ¢¨á¨¬®áâ¨®¡¬¥®£® ¢ª« ¤  ¢ á¢®¡®¤ãî í¥à£¨î ¤¢ã¬¥à®£®í«¥ªâà®®£® £ §  ¯®§¢®«¨« ®¯à¥¤¥«¨âì ®¡« áâì áã-é¥áâ¢®¢ ¨ï ¯®«ïà¨§®¢ ®£® á®áâ®ï¨ï,   â ª¦¥ª®æ¥âà æ¨®ãî ¨ â¥¬¯¥à âãàãî § ¢¨á¨¬®áâ¨¯®«ïà¨§ æ¨¨ á¨áâ¥¬ë.�¢â®à ¡« £®¤ à¥ �.�. �¢ï£¨ã §  ¯®«¥§®¥ ®¡-áã¦¤¥¨¥.� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (£à â00-02-16676) ¨ ¯à®£à ¬¬ë <�¨¢¥àá¨â¥âë �®áá¨¨ |äã¤ ¬¥â «ìë¥ ¨áá«¥¤®¢ ¨ï>.
�¨â¥à âãà 1. Ceperley D. // Phys. Rev. 1978. B18. P. 3126.2. Rajagopal R.K., Kimball J.C.// Phys. Rev. 1997. B15. P. 2819.3. Richter G., Stolz W., Thomas P., Koch S., Marsch K.,Zvyagin I.P. // Superlattices and Microstructures. 1997. 22.P. 475.4. Totsuji H., Tachibana H., Totsuji C., Nara S. // Phys. Rev.1995. B51. P. 11148.5. DeWitt E. // J. Nucl. Energy. 1961. C2. P. 27.6. Kraeft W.-D., Kremp D., Ebeling W., R�opke G. Quan-tum Statistics of Charged Particle Systems. Berlin: Akade-mie-Verlag, 1986 (�à¥äâ �.-�., �à¥¬¯ �., �¡¥«¨£ �., �ñ¯-ª¥ �. �¢ â®¢ ï áâ â¨áâ¨ª  á¨áâ¥¬ § àï¦¥ëå ç áâ¨æ. �.:�¨à, 1988).7. �¯à ¢®ç¨ª ¯® á¯¥æ¨ «ìë¬ äãªæ¨ï¬. / �®¤ à¥¤. �. �¡-à ¬®¢¨æ  ¨ �. �â¨£ . �.: � ãª , 1979.�®áâã¯¨«  ¢ p¥¤ ªæ¨î26.03.01������������� 523.746 �� ������������� ����� � ��������. �. �à¨£®àì¥¢, �. �. �®áâ®¢áª¨©(ª ä¥¤à  ª¢ â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í¥à£¨©)� à ¬ª å í«¥ªâà®®-¯à®â®®© à ¢®¢¥á®© ¬®¤¥«¨ §¢¥§¤ ¯à¨ ãç¥â¥ ¯à¨æ¨¯  � ã«¨®¡áã¦¤ îâáï ä¨§¨ç¥áª¨¥ ¯à¨ç¨ë  «¨ç¨ï ¢ ¨å ¥¤à å í«¥ªâà¨ç¥áª¨å ¯®«¥© ¨ å®¤ ¢¥«¨ç¨ë¨å  ¯àï¦¥®áâ¨; ¤ îâáï ç¨á«¥ë¥ ®æ¥ª¨   ¯à¨¬¥à¥ �®«æ .� ¯®¤ ¢«ïîé¥¬ ç¨á«¥ à ¡®â ¯« ¥âë ¨ §¢¥§-¤ë à áá¬ âà¨¢ îâáï ª ª â¥« , ¢ â®«é¥ ª®â®àëåí«¥ªâà¨ç¥áª¨¥ ¯®«ï ®âáãâáâ¢ãîâ. � ç áâ®áâ¨, ¢â ª¨å ¨§¢¥áâëå ª¨£ å, ª ª [1, 2], ¯à¨¢®¤¨âáï ª ª¥çâ® ®¡é¥¯à¨§ ®¥ ¬¥¨¥ ® ª¢ §¨¥©âà «ì®á-â¨ ¯« §¬ë ¢ ¥¤à å �®«æ  ¨ §¢¥§¤ (§ ç¨â, ¨®¡ ®âáãâáâ¢¨¨ â ¬ ¯®â¥æ¨ «ìëå í«¥ªâà¨ç¥áª¨å¯®«¥©). �à ¢¤ , ¡ë«® ¥¬ «® à ¡®â,  ¢â®àë ª®â®-àëå ¢ëáª §ë¢ «¨ ¤àã£®¥ ¬¥¨¥. �¡§®à â ª®£® à®-¤  ¯ã¡«¨ª æ¨© (¢ ®á®¢®¬ ª á îé¨åáï ¯à®¡«¥¬ëáâàãªâãàë ª®à®ë ¨ á®«¥ç®£® ¢¥âà ) ¯à¨¢¥¤¥ ¢à ¡®â¥ [3].�â¢¥à¦¤¥¨¥ ®¡ ®âáãâáâ¢¨¨ í«¥ªâà¨ç¥áª¨å ¯®«¥©¢ãâà¨ ¯« ¥â, ¨ ®á®¡¥® §¢¥§¤, ®¡ëç® ®¡®á®¢ë-¢ ¥âáï íª¢¨¯®â¥æ¨ «ì®áâìî «î¡®£® ¯à®¢®¤ïé¥£®â¥« . �¤ ª® ¢ ¤¥©áâ¢¨â¥«ì®áâ¨ í«¥ªâà®áâ â¨ç¥á-ª®¥ ¯®«¥ ®âáãâáâ¢ã¥â «¨èì ¢ãâà¨ ®¤®à®¤ëå (ª ªä¨§¨ç¥áª¨, â ª ¨ å¨¬¨ç¥áª¨) ¯à®¢®¤¨ª®¢.�à¨  «¨ç¨¨ ¥®¤®à®¤®áâ¥© ¢ãâà¥¨å  -¯àï¦¥¨© ¢ â¢¥à¤®â¥«ìëå ¯à®¢®¤¨ª å (§¤¥áì ¬ë¥ ¡ã¤¥¬ ª á âìáï ¨â¥à¥á®£® ¢®¯à®á  ® ¢®§¬®¦-®© à®«¨ å¨¬¨ç¥áª¨å ¥®¤®à®¤®áâ¥©) í«¥ªâà®ë¢ëâ¥áïîâáï ¨§ ®¡« áâ¥© á ¡®«ìè¨¬¨ ¢ ®¡« áâ¨
á ¬¥ìè¨¬¨ ¬¥å ¨ç¥áª¨¬¨  ¯àï¦¥¨ï¬¨ (¡ à®-í«¥ªâà¨ç¥áª¨© íää¥ªâ). �¥®à¨ï íâ®£® íää¥ªâ  ¨¥¥ ¯à¨¬¥¥¨¥ ª ®¡êïá¥¨î (¨ ¯à¥¤áª § ¨î) àï-¤  í«¥ªâà¨ç¥áª¨å ¨ ¬ £¨âëå ï¢«¥¨© ¢ ¯« ¥-â å §¥¬®© £àã¯¯ë, ¨¬¥îé¨å ç¥âª® ¢ëà ¦¥ãî£à ¨æã ¯®¢¥àå®áâ¨,  ¨¡®«¥¥ ¯®«® ¨§«®¦¥ë ¢¬®®£à ä¨¨ [4].�¥¯®áà¥¤áâ¢¥® ª §¢¥§¤ ¬ | ¯« §¬¥ë¬ ®¡-à §®¢ ¨ï¬, ¥ ¨¬¥îé¨¬ à¥§ª¨å ¢¥è¨å £à ¨æ,  ª®â®àëå ¬®£«¨ ¡ë áª ¯«¨¢ âìáï ¢ëâ¥áï¥¬ë¥ ¨§¥¤à í«¥ªâà®ë, íâ  â¥®à¨ï ¥¯à¨«®¦¨¬ . �® íâ®¥ ®§ ç ¥â, çâ® ¢ §¢¥§¤ å ®âáãâáâ¢ã¥â ¯¥à¥à á¯à¥-¤¥«¥¨¥ § àï¤®¢ ¨ ¢ë§ë¢ ¥¬®¥ ¨¬ í«¥ªâà¨ç¥áª®¥¯®«¥. �  áâ®ïé¥© à ¡®â¥ ®¡áã¦¤ ¥âáï ¢®§¬®¦ë©¬¥å ¨§¬ ä®à¬¨à®¢ ¨ï íâ®£® ¯®«ï.�à®â® ï ¬ áá  ¯®çâ¨ ¢ 2000 à § ¯à¥¢®áå®¤¨âí«¥ªâà®ãî. �« £®¤ àï íâ®¬ã ¢«¨ï¨¥ £à ¢¨â -æ¨®®£® ¯®«ï   ¯à®â®ãî ª®¬¯®¥âã ¨ á®®â-¢¥âáâ¢¥® ¢®§¤¥©áâ¢¨¥ à á¯à¥¤¥«¥¨ï ¯à®â®®¢   ¯àï¦¥®áâì £à ¢¨â æ¨®®£® ¯®«ï § ç¨â¥«ì®áãé¥áâ¢¥¥¥, ç¥¬ ¢®§¤¥©áâ¢¨¥ í«¥ªâà®®© ª®¬¯®-¥âë.


