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13. Redmond P.J. // J. Math. Phys. 1965. 6. P. 1163.14. �¥à®¢ �.�., � «¨«®¢ �.�., �®¤¨®®¢ �.�. �§ ¨¬®¤¥©áâ-¢¨¥ § àï¦¥ëå ç áâ¨æ á á¨«ìë¬ í«¥ªâà®¬ £¨âë¬ ¯®-«¥¬. �.: �§¤-¢® �®áª. ã-â , 1982.15. �®¤¨®®¢ �.�. // ����. 1998. 113. C. 21.16. � §ì �.�., �¥«ì¤®¢¨ç �.�., �¥à¥«®¬®¢ �.�. � áá¥¨¢ ¨¥,à¥ ªæ¨¨ ¨ à á¯ ¤ë ¢ ¥à¥«ïâ¨¢¨áâáª®© ª¢ â®¢®© ¬¥å ¨-ª¥. �.: � ãª , 1966.17. �àãª à¥¢ �.�., �®®§® �.�. // ����. 1971. 61. C. 956.18. �®£®«î¡®¢ �.�., �¥¤¢¥¤¥¢ �.�., �®«¨¢ ®¢ �.�. // �®-¯à®áë â¥®à¨¨ ¤¨á¯¥àá¨®ëå ®â®è¥¨©. �.: �¨§¬ â«¨â,1958.19. �®¤¨®®¢ �.�., � ¤¥«ì �.�. // �¥áâ. �®áª. ã-â . �¨§.�áâà®. 2001. ò3. C. 25 (Moscow University Phys. Bull.2001. No. 3. P. 28).20. �¨£¤ « �.�. �¥à¬¨®ë ¨ ¡®§®ë ¢ á¨«ìëå ¯®«ïå. �.:� ãª , 1978.21. �®¤¨®®¢ �.�., �à ¢æ®¢  �.�., � ¤¥«ì �.�. // �¨áì¬  ¢����. 2002. 75. C. 435. �®áâã¯¨«  ¢ p¥¤ ªæ¨î27.02.02��� 539.19+539.2������ ��������� ������ �� ������� ���������������� ��� ��������� �������� �� ����������.�. �®¬ à®¢, �.�. �®¯®¢ , �.�. �âãà¥©ª®, �. �¥©¬ �)(�����)E-mail: stureiko@mail.ru� áá¬ âà¨¢ îâáï ª¢ â®¢ë¥ á¨áâ¥¬ë, á®¤¥à¦ é¨¥ ¯®¤áâàãªâãàë ¨§ ã¯®àï¤®ç¥ëå ®¤¨- ª®¢ëå á®áâ ¢«ïîé¨å, ª®â®àë¥ ¬®¦® ¯à¥¤áâ ¢¨âì ª¢ â®¢ë¬¨ ®áæ¨««ïâ®à ¬¨ á ¤¢ã¬ïí¥à£¥â¨ç¥áª¨¬¨ ãà®¢ï¬¨. �®ª § ®, çâ® ª®««¥ªâ¨¢®¥ ª®«¥¡ â¥«ì®¥ ¢®§¡ã¦¤¥¨¥ á®áâ ¢-«ïîé¨å ãª § ëå ¯®¤áâàãªâãà ¯à¨¢®¤¨â ª á¢¥àå¡ëáâà®¬ã âà á¯®àâã í¥à£¨¨ ª®«¥¡ ¨©¢ãâà¨ ª¢ â®¢®© á¨áâ¥¬ë ¨ ª ¥¥ à á¯ ¤ã. �®«ãç¥®   «¨â¨ç¥áª®¥ ¢ëà ¦¥¨¥ ¤«ï áª®à®áâ¨à á¯ ¤  ª¢ â®¢®© á¨áâ¥¬ë á® ¬®£¨¬¨ áâ¥¯¥ï¬¨ á¢®¡®¤ë ¢ �� ¯®«¥. �®ª § ®, çâ® ¯à®æ¥ááà á¯ ¤  à áá¬ âà¨¢ ¥¬ëå á¨áâ¥¬ ¢® ¢¥è¨å ¯®«ïå à¥§® á® § ¢¨á¨â ®â ¨â¥á¨¢®áâ¨¯®«ï ¨ ®â ç¨á«  â®¦¤¥áâ¢¥ëå áâ¥¯¥¥© á¢®¡®¤ë, â. ¥. ç¨á«  â®¦¤¥áâ¢¥ëå á®áâ ¢«ïîé¨å¯®¤áâàãªâãàë.�¢¥¤¥¨¥� ¯®á«¥¤¥¥ ¢à¥¬ï  ¡«î¤ ¥âáï ¨â¥á¨¢®¥ ¨á-á«¥¤®¢ ¨¥ ¬®£®ç áâ¨çëå ¥à¥«ïâ¨¢¨áâáª¨å á¨á-â¥¬, â ª¨å, ª ª ª« áâ¥àë, J - £à¥£ âë, ¯®«¨ â®¬ë¥¬®«¥ªã«ë. �â¥à¥á ª íâ¨¬ ®¡ê¥ªâ ¬ ®¡ãá«®¢«¥ â¥¬,çâ® ¨å í¥à£¥â¨ç¥áª¨¥ á¢®©áâ¢ , âà á¯®àâ ¢ãâ-à¥¥© í¥à£¨¨ ¨ ®¯â¨ç¥áª¨¥ á¢®©áâ¢  ®â«¨ç îâáïª ª ®â   «®£¨çëå á¢®©áâ¢ á¨áâ¥¬ ¨§ ¥áª®«ìª¨åç áâ¨æ, â ª ¨ ®â á¢®©áâ¢ â¢¥à¤®£® â¥« .� àï¤¥ íªá¯¥à¨¬¥â®¢ ¡ë«® ¯®ª § ®, çâ® ¨â¥-á¨¢®áâì á¯®â ®© í¬¨áá¨¨ à ¤¨ æ¨¨ ®¡«ãç¥ëåJ - £à¥£ â®¢ ¯à®¯®àæ¨® «ì  ª¢ ¤à âã ç¨á«  ¨å
â®¦¤¥áâ¢¥ëå á®áâ ¢«ïîé¨å. �à®¬¥ â®£®, ¢à¥¬ïáã¯¥àà ¤¨ æ¨®®£® ¯à®æ¥áá  ¤¥§ ªâ¨¢ æ¨¨ J - £à¥-£ â  ®ª § «®áì ¢ N à § ¬¥ìè¥, ç¥¬ ¢à¥¬ï à á¯ -¤  ®¤®© á®áâ ¢«ïîé¥© ¥£® ¬®«¥ªã«ë [1{3]. �«ï®¡êïá¥¨ï ¥«¨¥©ëå ®¯â¨ç¥áª¨å íää¥ªâ®¢ ¡ë« ¯à¥¤«®¦¥  â¥®à¨ï ª®£¥à¥â®£® í«¥ªâà®®£® ¢®§-¡ã¦¤¥¨ï ®¤¨ ª®¢ëå N á®áâ ¢«ïîé¨å ª¢ â®¢®©á¨áâ¥¬ë ¯®¤ ¤¥©áâ¢¨¥¬ ¢¥è¥© à ¤¨ æ¨¨, ¥á«¨ «¨-¥©ë¥ à §¬¥àë á¨áâ¥¬ë ®ª §ë¢ «¨áì áãé¥áâ¢¥®¬¥ìè¥ ¤«¨ë ¢®«ë ¨§«ãç¥¨ï [4].�  áâ®ïé¥© à ¡®â¥ ¯à¥¤« £ ¥âáï â¥®à¥â¨ç¥áª¨©¬¥â®¤   «¨§  ¥áâ â¨áâ¨ç¥áª¨å, á¢¥àå¡ëáâàëå ¯à®-æ¥áá®¢ äà £¬¥â æ¨¨ ¯®¤ ¤¥©áâ¢¨¥¬ ��-à ¤¨ æ¨¨�) Philipps Universit�at Marburg, Marburg/Lahn, Germany.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò5 13¬®£®ç áâ¨çëå ¥à¥«ïâ¨¢¨áâáª¨å ª¢ â®¢ëå á¨á-â¥¬, á®¤¥à¦ é¨å «¨¥©ë¥ ¯®¤áâàãªâãàë ã¯®àï¤®-ç¥ëå ®¤¨ ª®¢ëå ª®¬¯®¥â, ª®â®àë¥ ¨¬¥îâ á¢®©-áâ¢  ¢§ ¨¬®¤¥©áâ¢ãîé¨å ¢¨¡à â®à®¢. �à¨áãâáâ¢¨¥ ¢à áá¬ âà¨¢ ¥¬ëå á¨áâ¥¬ å ¯®¤áâàãªâãà ãª § ®£®¢¨¤  ¯®§¢®«ï¥â ¯à¨¬¥¨âì ¤«ï   «¨§  ¨å ¢¨¡à æ¨-®®£® í¥à£¥â¨ç¥áª®£® á¯¥ªâà  â¥®à¨î ª®««¥ªâ¨¢-ëå ª®«¥¡ â¥«ìëå á®áâ®ï¨©. �¥«ìî ¤ ®£® ¨á-á«¥¤®¢ ¨ï ¡ë«® à §¢¨â¨¥ ¬®¤¥«¨, ¯®§¢®«ïîé¥©  ¥¤¨®© ®á®¢¥ ®¡êïá¨âì, ¢®-¯¥à¢ëå, ¢®§¡ã¦¤¥¨¥¢ ¬®£®ç áâ¨ç®© á¨áâ¥¬¥ ¬®£¨å ¥§ ¢¨á¨¬ëå ª®-£¥à¥âëå ª®««¥ªâ¨¢ëå ª®«¥¡ â¥«ìëå á®áâ®ï¨©¯®¤ ¤¥©áâ¢¨¥¬ ¢¥è¥© ��-à ¤¨ æ¨¨ ¨, ¢®-¢â®àëå,¡ëáâàë© (ä¥¬â®á¥ªã¤ë©) âà á¯®àâ ¢ãâà¥¥©í¥à£¨¨ íâ¨å ª®«¥¡ ¨©, á®¯à®¢®¦¤ îé¨©áï äà £-¬¥â æ¨¥© ª¢ â®¢®© á¨áâ¥¬ë.�¥®à¥â¨ç¥áª ï ¬®¤¥«ì� áá¬ âà¨¢ ¥âáï ¬®£®ç áâ¨ç ï ª¢ â®¢ ï á¨á-â¥¬  ¢¨¤  ®¤®¬¥à®£® ªà¨áâ «« , ¢ ã§« å ª®â®à®-£® à á¯®«®¦¥® N ®¤¨ ª®¢ëå, ¨¬¥îé¨å ã«¥¢®©áà¥¤¨© § àï¤ í«¥ªâà¨ç¥áª¨å ¤¨¯®«¥©, ®¯à¥¤¥«¥-ëå ¤¨¯®«ìë¬ ¬®¬¥â®¬: di = eD0r0 ri . �¤¥áì ri ¨r0 | ¯¥à¥¬¥ ï ¨ à ¢®¢¥á ï ¤«¨ë ¤¨¯®«ï á®®â-¢¥âáâ¢¥®, eD0 | ¢¥«¨ç¨  ¤¨¯®«ì®£® ¬®¬¥â .�à¥¤¯®« £ ¥âáï, çâ® ¤¨¯®«ì ¬®¦®  ¯¯à®ªá¨¬¨à®-¢ âì ¬®¤¥«ìî ª¢ â®¢®£® ®áæ¨««ïâ®à , ¨¬¥îé¥£®â®«ìª® ®á®¢®¥ ¨ ¯¥à¢®¥ ¢®§¡ã¦¤¥®¥ ¢¨¡à æ¨®-ë¥ á®áâ®ï¨ï á í¥à£¨ï¬¨ "0 ¨ "1 á®®â¢¥âáâ¢¥®.� ááâ®ï¨¥ a ¬¥¦¤ã ¤¨¯®«ï¬¨ ¢ á¨áâ¥¬¥ â ª®¢®,çâ® áãé¥áâ¢¥ë¬ ®ª §ë¢ ¥âáï â®«ìª® á« ¡®¥ ¤¨-¯®«ì-¤¨¯®«ì®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ¤¢ã¬ï á®á¥¤-¨¬¨ ®áæ¨««ïâ®à ¬¨. � âà¨çë© í«¥¬¥â íâ®£® ¢§ -¨¬®¤¥©áâ¢¨ï ®â«¨ç¥ ®â ã«ï ¯à¨ ãá«®¢¨¨, çâ® ®¤¨¨§ ¢§ ¨¬®¤¥©áâ¢ãîé¨å ®áæ¨««ïâ®à®¢  å®¤¨âáï ¢¢®§¡ã¦¤¥®¬ á®áâ®ï¨¨. �à¥¤¯®« £ ¥âáï â ª¦¥,çâ® ¢®«®¢ë¥ äãªæ¨¨ ®áæ¨««ïâ®à®¢ ¢ ®á®¢®¬ ¨¢ ¯¥à¢®¬ ¢®§¡ã¦¤¥®¬ ª®«¥¡ â¥«ìëå á®áâ®ï¨ïå¨¬¥îâ ¢¨¤'0(ri) = 1p�0p� exp�� r2i2�20� ;'1(ri) = p2p�0p� � ri�0� exp�� r2i2�20� :�¤¥áì ri | ¤«¨  ¤¨¯®«ï,   �0 =q ~�!01 , � | ¯à¨-¢¥¤¥ ï ¬ áá  ¤¨¯®«ï, !01 | á®¡áâ¢¥ ï ç áâ®â ¤¨¯®«ï. �«ï â®¦¤¥áâ¢¥ëå ®áæ¨««ïâ®à®¢ äãªæ¨¨'0(ri) ¨ '1(ri) ¥ § ¢¨áïâ ®â ®¬¥à  i . �¯à¥¤¥«¨¬¢®«®¢ãî äãªæ¨î ª¢ â®¢®© á¨áâ¥¬ë, á®áâ®ïé¥©¨§ N ®áæ¨««ïâ®à®¢,  å®¤ïé¨åáï ¢ ®á®¢®¬ á®áâ®-ï¨¨, ¢ ¢¨¤¥	0N (r1; r2; : : : ; rN ) = NYi=1'0 (ri):�á«¨ ®¤¨ ¨§ N ¤¨¯®«¥©-®áæ¨««ïâ®à®¢, ®¬¥-à  n , ®ª ¦¥âáï ¢ ¢®§¡ã¦¤¥®¬ á®áâ®ï¨¨ '1(rn) ,

â® ¢®«®¢ ï äãªæ¨ï ¢á¥© á¨áâ¥¬ë ¬®¦¥â ¡ëâì¯à¥¤áâ ¢«¥  ¢ ¢¨¤¥�1 (m) = 1pN NXn=1 exp fimnag	1n (r1; r2; : : : ; rN );£¤¥ 	1n (r1; r2; : : : ; rN ) = '1 (rn) NQi=1; i6=n'0(ri) .�¤¥áì expfimnag | á®¡áâ¢¥ë¥ § ç¥¨ï ®¯¥à -â®à  âà á«ïæ¨¨,   ¢¥«¨ç¨  m ¯à¨¨¬ ¥â § ç¥¨ïm=Xi 2�Na�i; �N2 6 �i 6 N2 : (1)�¥à£¨ï ª®««¥ªâ¨¢®£® ª®«¥¡ â¥«ì®£® ¢®§¡ã¦-¤¥¨ï «¨¥©®© á¨áâ¥¬ë, á®áâ®ïé¥© ¨§ N ®áæ¨««ï-â®à®¢ ¢ á®áâ®ï¨¨ �1(m) , ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨¥¬E(m) = "1 � "0 +Etr(m);Etr(m) =��1(m)���� Xi;j; i6=j Vij�����1(m)�; (2)£¤¥ E01 = ("1 � "0) = ~!01 , ¢¥«¨ç¨  Etr(m) ®¯à¥-¤¥«ï¥â í¥à£¨î, ¥®¡å®¤¨¬ãî ¤«ï ¯¥à¥¤ ç¨ ª®«¥¡ -â¥«ì®£® ¢®§¡ã¦¤¥¨ï ®â ®¤®£® ®áæ¨««ïâ®à  ª ¤àã-£®¬ã. �ã¬¬¨à®¢ ¨¥ ¢ (2) ¢¥¤¥âáï ¯® ¢á¥¬ ®¬¥à ¬®áæ¨««ïâ®à®¢ i 6= j , à á¯®«®¦¥ëå   à ááâ®ï¨¨ a¤àã£ ®â ¤àã£ .�®â¥æ¨ « ¤¨¯®«ì-¤¨¯®«ì®£® ¢§ ¨¬®¤¥©áâ¢¨ï¨¬¥¥â ¢¨¤Vij = (di � dj) jrijj2 � 3 (di � rij) (dj � rij)jrij j5 :�¤¥áì di ¨ dj | ¢¥ªâ®àë ¤¨¯®«ìëå ¬®¬¥â®¢®áæ¨««ïâ®à®¢ i ¨ j á®®â¢¥âáâ¢¥®. �à¨ ãç¥â¥¢§ ¨¬®¤¥©áâ¢¨ï â®«ìª® ¬¥¦¤ã á®á¥¤¨¬¨ ¤¨¯®«ï¬¨jrijj = a íâ®â ¢¥ªâ®à  ¯à ¢«¥ ®â æ¥âà  ¬ áá®áæ¨««ïâ®à  i ª æ¥âàã ¬ áá ®áæ¨««ïâ®à  j .� ª ¯à ¢¨«®, ¯¥à¢®¥ ¢®§¡ã¦¤¥®¥ á®áâ®ï¨¥ ®á-æ¨««ïâ®à  ï¢«ï¥âáï § âãå îé¨¬, â®£¤  í¥à£¨ï íâ®-£® á®áâ®ï¨ï ï¢«ï¥âáï ª®¬¯«¥ªá®© ¢¥«¨ç¨®© ¢¨¤ ~"1 = "1�i�=2 , £¤¥ �=2 |¯®«ãè¨à¨  ¢®§¡ã¦¤¥®£®ãà®¢ï. �ëç¨á«¥ ï ¢¥«¨ç¨  í¥à£¨¨ âà á«ïæ¨¨~Etr (m) ¢ íâ®¬ á«ãç ¥ ®ª §ë¢ ¥âáï â ª¦¥ ª®¬¯«¥ªá-®©:~Eex (m) =E01 � i�2 + (ReEtr (m)� i ImEtr (m)) :�®áª®«ìªã ¢¥«¨ç¨  m ®¯à¥¤¥«ï¥âáï á®®â®è¥-¨¥¬ (1), â® ReEtr(m) ¯à¥¤áâ ¢«ï¥â á®¡®© ¯®«®áã¨§ N § ç¥¨©. �à¨ íâ®¬ ¬¨¨¬ «ìë¥ § ç¥¨ïà¥ «ì®© í¥à£¨¨ ª®««¥ªâ¨¢®£® ª®«¥¡ â¥«ì®£® á®-áâ®ï¨ï ¤®«¦ë ®¯à¥¤¥«ïâìáï á®®â¢¥âáâ¢¥®:E� = (E01 �ReEtr (0))� i��2 � ImEtr (0)� :� ¤ «ì¥©è¥¬  á ¡ã¤ãâ ¨â¥à¥á®¢ âì ª®««¥ª-â¨¢ë¥ ¢¨¡à æ¨®ë¥ ¢®§¡ã¦¤¥ë¥ á®áâ®ï¨ï á7 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò5



14 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò5Eex = ReE� = ~!� , â ª ª ª ®¨ ¨¬¥îâ  ¨¬¥ìè¥¥¢à¥¬ï ¦¨§¨: �ex = �� = 1=[�=2�ImEtr(0)] . �¨à¨ ãà®¢ï á í¥à£¨¥© Eex à ¢  �ex = �=2� ImEtr(0) .� ááâ®ï¨¥ � ¬¥¦¤ã ãà®¢ï¬¨ Eex ¨ á«¥¤ãîé¨¬§  ¨¬ à ¢®: �=ReEtr (0) cos �N .�âáî¤  ¥à ¢¥áâ¢® �=�ex < 1 ®§ ç ¥â, çâ®¤¨ ¬¨ç¥áª®¥ ãè¨à¥¨¥ ãà®¢¥© í¥à£¨¨ á®áâ®ï¨ïEex ¤®¯ãáª ¥â ª®£¥à¥â®¥ ¢®§¡ã¦¤¥¨¥ N ®áæ¨««ï-â®à®¢, ¢¥è¨¬ ¯®«¥¬ ¨¬¥îé¨¬ à¥§® áãî ç áâ®-âã !ex , ¥á«¨ ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®c!ex (aN) < 1:�á«¨ ¢à¥¬ï �R ¤¥©áâ¢¨ï ¢¥è¥£® ¯¥à¨®¤¨ç¥-áª®£® ¯®«ï á ç áâ®â®© !ex ¬¥ìè¥ ¨«¨ à ¢® �ex ,â® ¢ á¨áâ¥¬¥ N «¨¥©® ã¯®àï¤®ç¥ëå ª¢ â®¢ëå®áæ¨««ïâ®à®¢ ¢®§¬®¦® ¡¥§ ¯®â¥à¨ í¥à£¨¨ ¢®§¡ã¦-¤¥¨¥ ¥áª®«ìª¨å K ª®««¥ªâ¨¢ëå ª®«¥¡ â¥«ìëåá®áâ®ï¨©. �â® ®§ ç ¥â, çâ® ¢ á¨áâ¥¬¥ ¯à®¨áå®¤¨â ªªã¬ã«¨à®¢ ¨¥ í¥à£¨¨ E(K) =KEex .�«¥¤ã¥â ®â¬¥â¨âì, çâ® æ¥« ï ç áâì (C ) ®â®è¥¨ï(�R=�tr) ®¯à¥¤¥«ï¥â ç¨á«® ¢®§¡ã¦¤¥¨© ®¤®£® ®á-æ¨««ïâ®à  ¢ â¥ç¥¨¥ ¢à¥¬¥¨ �R . �âáî¤  ¢  ª®¯«¥-¨¨ í¥à£¨¨ ª®««¥ªâ¨¢ëå ª®«¥¡ â¥«ìëå ¢®§¡ã¦-¤¥¨© íää¥ªâ¨¢® ãç áâ¢ã¥â Ne� = CN ¤¨¯®«¥©.�¥à®ïâ®áâì ¢®§¡ã¦¤¥¨ï K á®áâ®ï¨© ¬®¦¥â¡ëâì  ©¤¥    ®á®¢¥ íªá¯®¥æ¨ «ì®© ä®à¬ã«ë�¥àã««¨PKNe� == 1p2�Ne�P01 (1� P01) exp(� (K �Ne�P01)22Ne�P01 (1� P01)) ;£¤¥ P01 | ¢¥à®ïâ®áâì ¢®§¡ã¦¤¥¨ï ®¤®£® ª®««¥ª-â¨¢®£® ª®«¥¡ â¥«ì®£® á®áâ®ï¨ï ¢ â¥ç¥¨¥ ¢à¥-¬¥¨ �R . � à ¬ª å ¯¥à¢®£® ¯à¨¡«¨¦¥¨ï â¥®à¨¨¢®§¬ãé¥¨© ¬®¦® ®¯à¥¤¥«¨âì ¢®«®¢ãî äãªæ¨îá¨áâ¥¬ë K ¢®§¡ã¦¤¥ëå ®áæ¨««ïâ®à®¢ ¢ ¢¨¤¥	exN = KYi=1 (P01'1 (ri) + (1� P01)'0 (ri)): (3)�¥à£¨ï,  ªªã¬ã«¨à®¢  ï ¢ à¥§ã«ìâ â¥ íâ¨å¢®§¡ã¦¤¥¨©, | ¢¥«¨ç¨  E(K) .�á«¨ ¢ «¨¥©ãî á¨áâ¥¬ã ¯¥à¨®¤¨ç¥áª¨ ã¯®-àï¤®ç¥ëå â®¦¤¥áâ¢¥ëå ®áæ¨««ïâ®à®¢ ¢ª«î-ç¥ ®áæ¨««ïâ®à á á®¡áâ¢¥®© ç áâ®â®© !t01 == ~ �Et1 �Et0� 6= !01 ¨ § ç¥¨¥¬ ¤¨¯®«ì®£® ¬®¬¥-â  eDt 6= eD0 , â® â ª®© ®áæ¨««ïâ®à ¬®¦¥â á«ã¦¨âì«®¢ãèª®©  ª®¯«¥®© ª®«¥¡ â¥«ì®© í¥à£¨¨ E(K)¢ á¨áâ¥¬¥. �á«¨ í¥à£¨ï E(K) ¯à¥¢ëè ¥â § ç¥¨¥Ed , à ¢®¥ í¥à£¨¨ á¢ï§¨ ®áæ¨««ïâ®à -«®¢ãèª¨, â®¬®¦¥â ¯à®¨§®©â¨ ¥£® ¤¨áá®æ¨ æ¨ï. �¯à¥¤¥«¨¬ ¤¨-¯®«ìë© ¬®¬¥â «®¢ãèª¨ dt ¢ ¢¨¤¥ dt = eDtRt=R0 ,£¤¥ R0 ¨ Rt | áà¥¤ïï ¨ ¯¥à¥¬¥ ï ¤«¨ë á¢ï-§¨-«®¢ãèª¨ á®®â¢¥âáâ¢¥®.�®«®¢ãî äãªæ¨î K ª®£¥à¥â® ¢®§¡ã¦¤¥ëå®áæ¨««ïâ®à®¢ ¨ ®áæ¨««ïâ®à -«®¢ãèª¨ ¢ ®á®¢®¬

á®áâ®ï¨¨ ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥	ex(K+t) = exp(� i �K ("0 �Eex) + "t0� t~ )��	exK (r1; : : : ; rK )	0t (R) ; (4)£¤¥ 	0t (R) | ¢®«®¢ ï äãªæ¨ï ®áæ¨««ïâ®à -«®¢ãè-ª¨ ¢¨¤  	0t (R) = 1p�tp� exp�� R22�t� ;£¤¥ �t =q ~�t!t01 ¨ �t | ¯à¨¢¥¤¥ ï ¬ áá  ®áæ¨««ï-â®à -«®¢ãèª¨.�¥à¥¤ ç  í¥à£¨¨ E(K) ®áãé¥áâ¢«ï¥âáï §  áç¥â¤¨¯®«ì-¤¨¯®«ì®£® ¢§ ¨¬®¤¥©áâ¢¨ï ®áæ¨««ïâ®à®¢ i¨§ æ¥¯¨ ¨ ®áæ¨««ïâ®à -«®¢ãèª¨. �¯à¥¤¥«¨¬ íâ®¢§ ¨¬®¤¥©áâ¢¨¥ á®®â®è¥¨¥¬Vit (Rit) = (di � dt)R3it � 3(di �ni) (dt � ni)R5it ; ni = RitjRitj ;(5)£¤¥ Rit | à ááâ®ï¨¥ ¬¥¦¤ã æ¥âà ¬¨ ¬ áá ®á-æ¨««ïâ®à®¢ i ¨ ®áæ¨««ïâ®à -«®¢ãèª¨. �¡®§ ç¨¬à ááâ®ï¨¥ ®â æ¥âà  ¬ áá ¡«¨¦ ©è¥£® ª «®¢ãèª¥®áæ¨««ïâ®à  i ¤® æ¥âà  ¬ áá ®áæ¨««ïâ®à -«®¢ãèª¨ç¥à¥§ b .�®£¤  ¥á«¨ �d , ¢à¥¬ï à §àë¢  á¢ï§¨-«®¢ãèª¨ ¢à¥§ã«ìâ â¥ ¯®£«®é¥¨ï ¥î ª®«¥¡ â¥«ì®© í¥à£¨¨(KEex) > Ed , áãé¥áâ¢¥® ¬¥ìè¥ �tr , â® ¬®¦®áç¨â âì, çâ® ¤¥¢®§¡ã¦¤¥¨¥ ¢á¥å ®áæ¨««ïâ®à®¢ á¨á-â¥¬ë ¯à®¨áå®¤¨â §  áç¥â ¢§ ¨¬®¤¥©áâ¢¨ï ¨å ¤¨¯®«ì-ëå ¬®¬¥â®¢ á ¤¨¯®«ìë¬ ¬®¬¥â®¬ á¢ï§¨-«®¢ãè-ª¨ ¯à¨ Ri;t = b . �à¨ íâ®¬ ¢¥ªâ®à ni á®¢¯ ¤ ¥â á¢¥ªâ®à®¬ Ri0t , £¤¥ i0 | ®¬¥à ®áæ¨««ïâ®à  «¨¥©®©¯®¤áâàãªâãàë, æ¥âà ¬ áá ª®â®à®© à á¯®« £ ¥âáï  à ááâ®ï¨¨ b ®â æ¥âà  ¬ áá ®áæ¨««ïâ®à -«®¢ãèª¨.�âáî¤  ¢ëà ¦¥¨¥ ¤«ï ¢¥à®ïâ®áâ¨ äà £¬¥â -æ¨¨ à áá¬ âà¨¢ ¥¬®© ª¢ â®¢®© á¨áâ¥¬ë ¢ ¥¤¨¨æã¢à¥¬¥¨ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥® ¢ ¢¨¤¥P = 2�~ ������ NYi=1[a'0(ri) + b'1(ri)]�	(0)t (R)������ KXi=1 Vi0t(b)���� NYi=1['0(ri)]	k(R)�����2���(KEex �Ed �En) dk: (6)�®¤áâ ®¢ª  äãªæ¨© (3), (4) ¨ (5) ¢ (6) ¯à¨¢®¤¨âª ä®à¬ã«¥P (Ek) = 2�~ �e2D0r0 DtRt0 1b3 �2 (M1M2)2��� (Eex �Ed �Ek)� ��0it� dk: (7)�¤¥áì �(�0it) = cos�xi cos�xt + cos�yi cos�yt �2 cos �zi cos�zt , £¤¥ �xi ; �yi ; �zi ; �xt ; �yt ; �zt | ã£«ë



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò5 15¢¥ªâ®à®¢ di ¨ dt ®â®á¨â¥«ì® ®á¥© ¢ á¨áâ¥¬¥ ª®®à-¤¨ â, £¤¥ ®áì OZ á®¢¯ ¤ ¥â á  ¯à ¢«¥¨¥¬ Ri0t .�¥«¨ç¨ë M1 ¨ M2 ¢ (7) § ¤ ë ¨â¥£à « ¬¨¢¨¤ M1 = Z  KYi=1 ['0(ri) +'1(ri)]! KXi=1 ri!�� KYi=1'0(ri)! d� = abN�1M01;M2 =s 2�t�p� 1Z0 exp�� R2t2�2t �R sinkR== � 1p�k2�5t exp��k2�2t	�1=2 :�á«¨ P01 < 1 , â® á â®ç®áâìî ¤® ç«¥®¢ (P01)2¢¥à®ïâ®áâì P (Ek) ¯à¨¨¬ ¥â ¢¨¤P (k) = 2p�m~2 P01 �2e2D0r0 Dt0Rt 1b3M01K�2�� k2�5t exp��k2�2t	 :�®®â¢¥âáâ¢¥® áª®à®áâì äà £¬¥â æ¨¨ ãª § -®© á¨áâ¥¬ë ¨¬¥¥â ¢¨¤ äãªæ¨¨Pf (k) = PKNe�P (k) ; (8)£¤¥ Ek =NEex �Ed .�ë¢®¤ë ¨ § ª«îç¥¨ï� «¨§ ¯®«ãç¥®£®   «¨â¨ç¥áª®£® ¢ëà ¦¥¨ï¤«ï äãªæ¨¨ Pf (k) ¯®§¢®«ï¥â á¤¥« âì á«¥¤ãîé¨¥¢ ¦ë¥ § ª«îç¥¨ï ® áª®à®áâ¨ äà £¬¥â æ¨¨ ¬®-£®ç áâ¨ç®© á¨áâ¥¬ë á N ª®«¥¡ â¥«ìë¬¨ áâ¥¯¥ï-¬¨ á¢®¡®¤ë ¯®¤ ¤¥©áâ¢¨¥¬ ��-à ¤¨ æ¨¨.�®-¯¥à¢ëå, äãªæ¨ï Pf (k) § ¢¨á¨â ª ª K2 ®âç¨á«  ª®«¥¡ â¥«ì® ¢®§¡ã¦¤¥ëå ª®¬¯®¥â, á®-áâ ¢«ïîé¨å ã¯®àï¤®ç¥ãî ¯®¤áâàãªâãàã ª¢ â®-¢®© á¨áâ¥¬ë. �¤ ª® íâ® ç¨á«® ¤®«¦® ¡ëâì ®£à -¨ç¥® á¢¥àåã ãá«®¢¨¥¬ ª®£¥à¥â®áâ¨ ¨å ¢®§¡ã¦-¤¥¨ï.�®-¢â®àëå, à á¯ ¤ ª¢ â®¢®© á¨áâ¥¬ë ¯à®¨áå®¤¨â§  áç¥â ¤¨áá®æ¨ æ¨¨ ª®¬¯®¥â, ¥ ¢å®¤ïé¨å ¢ã¯®àï¤®ç¥ãî ¯®¤áâàãªâãàã. �¥à£¨ï, ¯à¨ ª®â®à®©äãªæ¨ï Pf (k) ¨¬¥¥â à¥§® á, ®¯à¥¤¥«ï¥â ª®«¨-ç¥áâ¢® ¢®§¡ã¦¤¥ëå ¢ ¯®¤áâàãªâãà¥ â®¦¤¥áâ¢¥-ëå ¢¨¡à â®à®¢.�-âà¥âì¨å, ¢¥à®ïâ®áâì Pf (k) ¨¬¥¥â à¥§® áãî§ ¢¨á¨¬®áâì ®â äãªæ¨¨ ¢¥à®ïâ®áâ¨ ¢®§¡ã¦¤¥¨ï®¤®£® ®áæ¨««ïâ®à  P01 ¯à¨ ä¨ªá¨à®¢ ëå § ç¥-¨ïå íää¥ªâ¨¢®£® ç¨á«  ¢¨¡à â®à®¢ ¢ ¯®¤á¨áâ¥¬¥¨ ç¨á«  ¢®§¡ã¦¤¥ëå ¢¨¡à â®à®¢. �®áª®«ìªã äãª-æ¨ï P01 ï¢«ï¥âáï «¨¥©®© äãªæ¨¥© ®â ¯«®â®áâ¨¯®â®ª  à ¤¨ æ¨¨, â® ¨ äãªæ¨ï ¢¥à®ïâ®áâ¨ Pf (k)§ ¢¨á¨â à¥§® á® ®â ¯«®â®áâ¨ ¯®â®ª  à ¤¨ æ¨¨.�«ï ¤¥¬®áâà æ¨¨ ¯®«ãç¥ëå à¥§ã«ìâ â®¢  ¬¨¡ë«¨ ¯à®¢¥¤¥ë à áç¥âë äãªæ¨¨ Pf (k) ¢ § ¢¨á¨¬®-

áâ¨ ®â à §ëå ª®¬¡¨ æ¨© ¯ à ¬¥âà®¢. � ª ç¥áâ¢¥¬®£®ç áâ¨ç®© á¨áâ¥¬ë ¤«ï à áç¥â®¢ ¡ë«  ¢§ïâ ¬®«¥ªã«  n- «ª   (��2 )n��3 . � áá¬ âà¨¢ « áì¥¥ ¤¨áá®æ¨ æ¨ï á à §àë¢®¬ á¢ï§¨ (�{��3 ), ¨¬¥î-é¥© í¥à£¨î ¤¨áá®æ¨ æ¨¨ Ed = 2:35 í� [5], ¯®¤ ¤¥©-áâ¢¨¥¬ �� ¨§«ãç¥¨ï á ç áâ®â®© !R = 1:2 �1014 c�1 .
����������¨á. 1. �ãªæ¨¨ Pf (k) , à ááç¨â ë¥   ®á®¢ ¨¨ ä®à¬ã-«ë (8) ¤«ï à §àë¢  á¢ï§¨ (�{��3 ) ¢ ¬®«¥ªã«¥ (��2 )n��3¢ § ¢¨á¨¬®áâ¨ ®â í¥à£¨¨ Ek äà £¬¥â  (��3 ) ¢ ¥¤¨¨æ ås = Ek=(~!B) ¯à¨ ä¨ªá¨à®¢ ëå ¯ à ¬¥âà å N = 105 ,K = 35 , P01 = 0:3 (ªà¨¢ ï 1) ¨ N = 150 , K = 50 ,P01 = 0:3 (ªà¨¢ ï 2)
���������	
����¨á. 2. � ç¥¨ï äãªæ¨¨ Pf(k) , à ááç¨â ë¥   ®á®¢ -¨¨ ä®à¬ã«ë (8) ¤«ï à §àë¢  á¢ï§¨ (�{��3 ) ¢ ¬®«¥ªã«¥(��2 )nCH3 ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ s= Ek=(~!B)¨ N ¯à¨ ä¨ªá¨à®¢ ëå K = 35 ¨ P01 = 0:3
���������	
����¨á. 3. � ç¥¨ï äãªæ¨¨ Pf (k) , à ááç¨â ë¥   ®á®¢ -¨¨ ä®à¬ã«ë (8) ¤«ï à §àë¢  á¢ï§¨ (�{��3 ) ¢ ¬®«¥ªã«¥(��2 )nCH3 ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ s= Ek=(~!B)¨ P01 ¯à¨ ä¨ªá¨à®¢ ëå K = 35 ¨ N = 1208 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò5



16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò5�ª §  ï ç áâ®â  á®®â¢¥âáâ¢ã¥â !ex ¢ ¯®¤áâàãªâãà¥(��2 )n [6]. � áç¥âë ¯à®¢®¤¨«¨áì   ®á®¢¥ ä®à¬ã-«ë (8), ¤«ï ç¥£® ¡ë«¨ ¢§ïâë á«¥¤ãîé¨¥ ¯ à ¬¥â-àë, å à ªâ¥àë¥ ¤«ï á¢ï§¨ (�{�): � = 6 � 10�24 £,D0=r0 = 1 , (M01)2 = 6 � 10�19 c¬2 , ¨ ¯ à ¬¥âàë� = 6 � 10�24 £, D0=r0 = 0:3 , !B = 2:5 � 1014 á�1 ,�2t = 2 � 10�19 c¬2 , b = 1:5 � 10�8 c¬ ¤«ï á¢ï§¨(�{��3 ).�¥§ã«ìâ âë à áç¥â®¢ ¢¥à®ïâ®áâ¨ ¤¨áá®æ¨ æ¨¨á¢ï§¨ (�{��3 ) ¢ ¥¤¨¨æã ¢à¥¬¥¨ ¨«¨ áª®à®áâ¨¯à®æ¥áá  äà £¬¥â æ¨¨ ¢ § ¢¨á¨¬®áâ¨ ®â í¥à£¨¨Ek ®¡à §®¢ ¢è¥£®áï äà £¬¥â  (��3 ), ¢§ïâ®© ¢®â®á¨â¥«ìëå ¥¤¨¨æ å s = Ek=(~!B) , ¯à¥¤áâ ¢-«¥ë   à¨á. 1. �«ï à áç¥â  ¡ë«¨ ¢§ïâë á«¥¤ãîé¨¥¯ à ¬¥âàë: N = 105 , K = 35 , P01 = 0:3 (ªà¨¢ ï 1)¨ N = 150 , K = 50 , P01 = 0:3 (ªà¨¢ ï 2).� ª ¢¨¤® ¨§ à¨áãª , à áá¬ âà¨¢ ¥¬ ï äãªæ¨ïPf (k) ¨¬¥¥â à¥§® á®¥ ¯®¢¥¤¥¨¥. �¥§® á®¥¯®¢¥¤¥¨¥ äãªæ¨¨ Pf (k) ¢ § ¢¨á¨¬®áâ¨ ®â N ¨

Ek ¯à¨ ä¨ªá¨à®¢ ëå K ¨ P01 ,   â ª¦¥ ®â Ek¨ P01 ¯à¨ ä¨ªá¨à®¢ ëå K ¨ N ¯à¥¤áâ ¢«¥o  à¨á. 2 ¨ 3.�¨â¥à âãà 1. Abella D., Kurnit N.A., Hartmann S.R. // Phys. Rev. 1966.141. �. 391.2. Goncalves A.M.P., Tallet A., Lefebvre R. // Phys. Rev. 1969.188. �. 576.3. Grad J., Hernandez G., Mukamel S. // Phys. Rev. 1988. A37.�. 3835.4. Mukamel S. // Ann. Rev. Phys. Chem. 2000. 51. �. 691.5. Radzig A.A., Smirnov B.M. // Data on Atoms, Moleculesand Ions. Berlin: Springer-Verlag, 1995.6. Nakanishi K. // Infrared Absorption Spectroscopy. SanFrancisco; Tokyo, 1962. �®áâã¯¨«  ¢ p¥¤ ªæ¨î11.03.02��� 530.145.6 ������������ ����������� ������� �������������������� ��ð������� � ������-�����������������������.�. � ¢«®¢ , �.�. �à¥ª¨(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨; ª ä¥¤à  ª¢ â®¢®© â¥®à¨¨¨ ä¨§¨ª¨ ¢ëá®ª¨å í¥à£¨©)E-mail: th180@phys.msu.su�¥â®¤®¬ ¨â¥£à «ìëå ¯à¥®¡à §®¢ ¨©, á¢ï§ ë¬ á ¨áá«¥¤®¢ ¨¥¬ « ¯« á®¢áª¨å ®¡à §®¢¢®«®¢ëå äãªæ¨©,  å®¤¨âáï ¤¨áªà¥âë© á¯¥ªâà à ¤¨ «ì®£® ãà ¢¥¨ï �àñ¤¨£¥à  á ¯à®-¨§¢®«ìë¬ ¯®â¥æ¨ «®¬ ¯à¨âï¦¥¨ï. � ¬ âà¨çëå í«¥¬¥â å å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï,¯à¥¤áâ ¢«¥ëå ¢ ¢¨¤¥ ä®à¬ «ì®£® à §«®¦¥¨ï ¯® ®¡à âë¬ áâ¥¯¥ï¬ í¥à£¨¨, ¯à®¨§¢¥¤¥®áã¬¬¨à®¢ ¨¥ àï¤®¢. �  ¯à¨¬¥à å ®¡®¡é¥®£® ¯®â¥æ¨ «  �ª ¢ë ¨ íªà ¨à®¢ ®£® ªã«®-®¢áª®£® ¯®â¥æ¨ «  ¯à®¤¥¬®áâà¨à®¢ ë ¢®§¬®¦®áâ¨ ¬¥â®¤ , ª®â®àë© á ãá¯¥å®¬ ¬®¦¥â ¡ëâì¨á¯®«ì§®¢  ¨ ¤«ï ¤àã£¨å ¯®â¥æ¨ «®¢.� áâ âìïå [1, 2] ¡ë« à §à ¡®â  ®¯¥à â®àë©¢ à¨ â ¬¥â®¤  ¨â¥£à «ìëå ¯à¥®¡à §®¢ ¨© [3],¯®§¢®«ïîé¨© áà ¢¨â¥«ì® ¯à®áâ® ®¯à¥¤¥«ïâì ¤¨á-ªà¥âë© á¯¥ªâà à ¤¨ «ì®£® ãà ¢¥¨ï �àñ¤¨£¥à (��) á ¯à®¨§¢®«ìë¬ ¯®â¥æ¨ «®¬ ¯à¨âï¦¥¨ï. � -áâ®ïé ï à ¡®â  ï¢«ï¥âáï ¯à®¤®«¦¥¨¥¬  è¨å ¨á-á«¥¤®¢ ¨© ¢ ¤ ®© ®¡« áâ¨ ¨ á®¤¥à¦¨â ¯®¤à®¡ë¥¢ëç¨á«¥¨ï   ��� í¥à£¥â¨ç¥áª®£® á¯¥ªâà  �� áâ¨¯¨çë¬¨ ï¤¥à®-ªã«®®¢áª¨¬¨ ¯®â¥æ¨ « ¬¨: ®¡-®¡é¥ë¬ ¯®â¥æ¨ «®¬ �ª ¢ë ¨ íªà ¨à®¢ ë¬ªã«®®¢áª¨¬, è¨à®ª® ¨á¯®«ì§ã¥¬ë¬¨ ¢ ï¤¥à®© ¨ â®¬®© ä¨§¨ª¥.�ã¤¥¬ à áá¬ âà¨¢ âì à ¤¨ «ì®¥ ãà ¢¥¨¥�àñ¤¨£¥à d2	dr2 � l(l+ 1)r2 	� V (r)	+E	= 0 (1)

(~= 2m= 1 , l = 0; 1; 2; : : : | ®à¡¨â «ì®¥ ª¢ â®¢®¥ç¨á«®) á ¯®â¥æ¨ «®¬ ¯à¨âï¦¥¨ïV (r) = V (r=a) = 1XN=�1 bN �ra�N ; a > 0; (2)ã¡ë¢ îé¨¬   ¡¥áª®¥ç®áâ¨ ¨ ¨¬¥îé¨¬ ªã«®®¢-áªãî ®á®¡¥®áâì b�1a=r ¯à¨ r = 0 .� ª ¯®ª § ® ¢ à ¡®â¥ [2], ¤¨áªà¥âë© á¯¥ªâàí¥à£¨© Ep (p = 0; : : : ; pmax) ãà ¢¥¨ï (1) ®¯à¥¤¥-«ï¥âáï ¨§ å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ïdet jjBnk � (n+ �)�nkjj= 0; n; k = 0; 1; : : : ; (3)£¤¥ Bnk =�b�1a2x�nk + a2 1XN=0 bN�nk(N)xN+2;


