
60 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò4� ei2�22 e i(qz+2{2)a22 sin( (qz+2{2)a22 )(qz+2{2)a22 �� e�i2�22 e i(qz�2{2)a22 sin( (qz�2{2)a22 )(qz�2{2)a22 #�����2 ; (14)
£¤¥ {j ; �j ; Bj | ª®íää¨æ¨¥­âë, ®¯à¥¤¥«ïîé¨¥§­ ç¥­¨¥ ¢®«­®¢®© äã­ªæ¨¨ ¢ j -© ª¢ ­â®¢®© ï¬¥�j(z) =Bj sin({jz+�j) , aj | è¨à¨­  j -© ª¢ ­â®¢®© ï¬ë,b | è¨à¨­  ¡ àì¥à , �j | ¯ à ¬¥âàë, ®¯à¥¤¥«ïîé¨¥£¨¡à¨¤¨§ æ¨î ¢®«­®¢ëå äã­ªæ¨© �1(z) = �1(z)+�2�2(z)¨ �2(z) = �2(z) + �1�1(z) [9]. � ¢¨á¨¬®áâì ª¢ ¤à â ¬®¤ã«ï ¬ âà¨ç­®£® í«¥¬¥­â  M(qz) ®â qz ¨§®¡à ¦¥­ ­  à¨áã­ª¥. � ª ¢¨¤­® ¨§ à¨áã­ª  ¨ ¨§ ä®à¬ã«ë (14),¢¥«¨ç¨­  M(qz) áãé¥áâ¢¥­­® ®â«¨ç­  ®â ­ã«ï ¢ ®¡« áâ¨qz 6 q�z , £¤¥ q�z � 2�=a ¨ a = (a1 + a2)=2 . �®®â¢¥âáâ¢¥­-­® ®á­®¢­®© ¢ª« ¤ ¢ (13) ¤ ¥â ®¡« áâì u 2 [f0; u�] ,£¤¥ u� = ~skT q�z � ~s2�kTa . �®®â¢¥âáâ¢¥­­® ¢ëà ¦¥­¨¥ (13)
������� ¢¨á¨¬®áâì ª¢ ¤à â  ¬®¤ã«ï ¬ âà¨ç­®£® í«¥¬¥­â  ®â qz¯à¨ m = 0:07m0 (m0 | ¬ áá  á¢®¡®¤­®£® í«¥ªâà®­ ),a1 = 7 ­¬, a2 = 5:9 ­¬ ¨ b= 4 ­¬

¯à¨­¨¬ ¥â ¢¨¤�(12)ph � c(T )p
 e�(�+�) u�Zf0 du u eueu�1 ��h�2(z) ��eiqzz���1(z)i��2:(15)�â¬¥â¨¬, çâ® u = ~!=kT , ¨ ®¡« áâì ¨­â¥£à¨à®¢ ­¨ïá®®â¢¥âáâ¢ã¥â ®¡« áâ¨ í­¥à£¨©  ªãáâ¨ç¥áª¨å ä®­®­®¢p2ms2 ("2 � "1)< ~! < kT0 .�¨â¥à âãà 1. Chomette A., Deveaud B., Regreny A., Bastard G. // Phys.Rev. Lett. 1986. 57, No. 12. P. 1464.2. Richter G., Stolz W., Thomas P. et. al. // Superlattices andMicrostructures. 1997. 22, No. 4. P. 475.3. Zvyagin I.P., Ormont M.A., Borisov K.E. // Nanotechnology.2000. 11. P. 375.4. Ferreira R., Bastard G. // Phys. Rev. 1989. B40, No. 2.P. 1074.5. �®«ª®¢ �.�., �ã©ª® �.�. // �§¢. ¢ã§®¢, �¨§¨ª . 1989. 9.�. 87.6. Juang C. // Phys. Rev. 1991. B44, No. 19. P. 10706.7. Wang Lin-Wang, Zunger A., M�ader K.A. // Phys. Rev. 1996.B53, No. 4. P. 2010.8. �®ââ �., �í¢¨á �. �«¥ªâà®­­ë¥ ¯à®æ¥ááë ¢ ­¥ªà¨áâ ««¨-ç¥áª¨å ¢¥é¥áâ¢ å. �., 1982.9. Ridley B.K. // J. Phys. C: Solid St. Phys. 1982. 15. P. 5899.�®áâã¯¨«  ¢ p¥¤ ªæ¨î14.02.03������������� 530.12:517.958��������� �������������� �������� � �������������������.�. �à¨£®àì¥¢, �.�. �¥­¨á®¢ (ª ä¥¤à  ª¢ ­â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í­¥à£¨©)�¥è¥­  § ¤ ç  ® ¤¢¨¦¥­¨¨ ç áâ¨æ ¢ ¯à®áâà ­áâ¢¥ � ©¤ìï, ®¯¨áë¢ îé¥¬ £à ¢¨â æ¨®­­®¥¯®«¥ §¢¥§¤, ¨§«ãç îé¨å áä¥à¨ç¥áª¨-á¨¬¬¥âà¨ç­® ¡¥§¬ áá®¢ë¥ ç áâ¨æë. � ©¤¥­ë § ª®­ë­¥à ¤¨ «ì­®£® ¤¢¨¦¥­¨ï ¬ áá¨¢­ëå ¨ ¡¥§¬ áá®¢ëå ç áâ¨æ ¢ â ª®¬ ¯®«¥. � ¤ ç  à¥è¥­  ¢¯ à ¬¥âà¨ç¥áª®¬ ¢¨¤¥.�¤­¨¬ ¨§ ­ ¨¡®«¥¥ à á¯à®áâà ­¥­­ëå á¯®á®¡®¢ ­ «¨§  â®ç­ëå à¥è¥­¨© ãà ¢­¥­¨© �©­èâ¥©­  ¨¢ëï¢«¥­¨ï á¢®©áâ¢¥­­ëå ¨¬ £à ¢¨â æ¨®­­ëå íää¥ª-â®¢ ï¢«ï¥âáï, ª ª ¨§¢¥áâ­®, ¨§ãç¥­¨¥ £¥®¤¥§¨ç¥á-ª®£® ¤¢¨¦¥­¨ï, â. ¥. á¢®¡®¤­®£® ¤¢¨¦¥­¨ï ç áâ¨æ¢ ¯à®áâà ­áâ¢¥-¢à¥¬¥­¨, § ¤ ¢ ¥¬®¬ íâ¨¬ â®ç­ë¬à¥è¥­¨¥¬. �®íâ®¬ã ¯®á«¥ ®âªàëâ¨ï ª ¦¤®£® ­®¢®£®â®ç­®£® à¥è¥­¨ï ãà ¢­¥­¨© ��� ®¡ëç­® ¯à¥¤¯à¨-­¨¬ «¨áì ¤®áâ â®ç­® í­¥à£¨ç­ë¥ ãá¨«¨ï ¯® ¨­â¥£-
à¨à®¢ ­¨î ­¥«¨­¥©­ëå ãà ¢­¥­¨©, ®¯¨áë¢ îé¨å£¥®¤¥§¨ç¥áª®¥ ¤¢¨¦¥­¨¥.� à¥§ã«ìâ â¥ ¯à®¬¥¦ãâ®ª ¢à¥¬¥­¨ ¬¥¦¤ã ®â-ªàëâ¨¥¬ â®ç­®£® à¥è¥­¨ï ãà ¢­¥­¨© �©­èâ¥©­ ¨ § ¢¥àè¥­¨¥¬  ­ «¨§  £¥®¤¥§¨ç¥áª®£® ¤¢¨¦¥­¨ï¡ë«, ª ª ¯à ¢¨«®, ¤®áâ â®ç­® ª®à®âª¨¬. �â® ¬®¦­®§ ¬¥â¨âì, ¥á«¨ ¯à® ­ «¨§¨à®¢ âì ®á­®¢­ë¥ â®ç­ë¥à¥è¥­¨ï. � ª, ­ ¯à¨¬¥à, à¥è¥­¨¥ �¢ àæè¨«ì¤ ,®¯¨áë¢ îé¥¥ ¬¥âà¨ªã, á®§¤ ¢ ¥¬ãî áâ â¨ç¥áª¨¬



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò4 61áä¥à¨ç¥áª¨-á¨¬¬¥âà¨ç­ë¬ ¬ áá¨¢­ë¬ ¨áâ®ç­¨ª®¬,¡ë«® ­ ©¤¥­® ¢ 1916 £., ¨ ã¦¥ ¢ â®¬ ¦¥ £®¤ã�©­èâ¥©­ ¯à®¢¥« à áç¥âë £¥®¤¥§¨ç¥áª¨å ¢ ¯®áâ­ìî-â®­®¢áª®¬ ¯à¨¡«¨¦¥­¨¨ ¨ ¯à¥¤áª § « á¢®¨ §­ ¬¥-­¨âë¥ £à ¢¨â æ¨®­­ë¥ íää¥ªâë. � á«ãç ¥ à¥è¥­¨ï�¥àà , ®¯¨áë¢ îé¥£® £à ¢¨â æ¨®­­®¥ ¯®«¥ ¢à é î-é¥£®áï ¨áâ®ç­¨ª , ¯à®¬¥¦ãâ®ª ¢à¥¬¥­¨ ¬¥¦¤ã ãáâ -­®¢«¥­¨¥¬ ï¢­®£® ¢¨¤  ¬¥âà¨ª¨ ¨  ­ «¨â¨ç¥áª¨¬¨áá«¥¤®¢ ­¨¥¬ £¥®¤¥§¨ç¥áª¨å § ­ï« ¯ïâì «¥â.�¤­ ª® ¢ ��� áãé¥áâ¢ã¥â ­¥¬ «® â®ç­ëå à¥è¥-­¨©, £¥®¤¥§¨ç¥áª¨¥ ª®â®àëå ­¥ ã¤ «®áì ¨áá«¥¤®¢ âì¤® ­ áâ®ïé¥£® ¢à¥¬¥­¨. �¤­¨¬ ¨§ â ª¨å à¥è¥­¨©ï¢«ï¥âáï ¬¥âà¨ª  � ©¤ìï [1], ­ ©¤¥­­ ï ¥é¥ ¢1949 £. �â  ¬¥âà¨ª  ®¯¨áë¢ ¥â £à ¢¨â æ¨®­­®¥ ¯®«¥¢­¥ áä¥à¨ç¥áª®© §¢¥§¤ë, ª®â®à ï ¨§«ãç ¥â áä¥à¨ç¥-áª¨-á¨¬¬¥âà¨ç­® ¡¥§¬ áá®¢ë¥ ç áâ¨æë. � ­ áâ®ïé¥¥¢à¥¬ï ¢ ª ç¥áâ¢¥ â ª®£® ¨§«ãç¥­¨ï ®¡ëç­® à áá¬ â-à¨¢ îâ í«¥ªâà®¬ £­¨â­®¥ ¨ ­¥©âà¨­­®¥ ¨§«ãç¥­¨ï§¢¥§¤ ª ª ¢ ®¡ëç­®¬ (<á¯®ª®©­®¬>) á®áâ®ï­¨¨, â ª ¨¯à¨ ¢§àë¢ å �¢¥àå­®¢ëå.� ª ¨§¢¥áâ­® [1], c®£« á­® ãà ¢­¥­¨ï¬ �©­èâ¥©-­ , ¨­â¥à¢ « ¤«ï ¯à®áâà ­áâ¢  � ©¤ìï ¨¬¥¥â ¢¨¤ds2 = (1� 2M(w)r )dw2 +2dwdr� r2(d�2+sin2 �d'2);(1)£¤¥ ¨á¯®«ì§ã¥âáï á¨áâ¥¬  ¥¤¨­¨æ, ¢ ª®â®à®©G= c= 1:� áá  §¢¥§¤ë M(w) , ¢å®¤ïé ï ¢ íâ® ¢ëà ¦¥­¨¥,¢ ®â«¨ç¨¥ ®â ¬¥âà¨ª¨ �¢ àæè¨«ì¤ , § ¢¨á¨â ®â§ ¯ §¤ë¢ îé¥£® ¢à¥¬¥­¨ w �¤¤¨­£â®­ {�¨­ª¥«ì-èâ¥©­  [2] ¨ íâ  § ¢¨á¨¬®áâì ¯à¥¤®¯à¥¤¥«ï¥âáï§ ª®­®¬ ¨§«ãç¥­¨ï §¢¥§¤ë: dM(w)=dw =�f(w); £¤¥f(w) | ª®«¨ç¥áâ¢® í­¥à£¨¨, ¨§«ãç ¥¬®¥ §¢¥§¤®© ¯®¢á¥¬ ­ ¯à ¢«¥­¨ï¬ ¢ ¥¤¨­¨æã ¢à¥¬¥­¨.� ª ã¦¥ ®â¬¥ç «®áì, £¥®¤¥§¨ç¥áª¨¥ ¯à®áâà ­áâ¢ � ©¤ìï ¤® á¨å ¯®à ­¥ ¨áá«¥¤®¢ ­ë, å®âï â ª¨¥ ¯®¯ëâ-ª¨ ¨ ¯à¥¤¯à¨­¨¬ «¨áì [3]. �á­®¢­®© á«®¦­®áâìî­  íâ®¬ ¯ãâ¨ ï¢«ï¥âáï ¯®«­ ï ­¥®¯à¥¤¥«¥­­®áâì ¢§ ¢¨á¨¬®áâ¨ äã­ªæ¨¨ M = M(w) . � ª ª ª §¢¥§¤ëá â¥ç¥­¨¥¬ ¢à¥¬¥­¨ ¯à®å®¤ïâ à §«¨ç­ë¥ áâ ¤¨¨í¢®«îæ¨¨: ®â ¢§àë¢®¢ �¢¥àå­®¢ëå, ª®£¤  ¨å ¨§«ã-ç¥­¨¥ íªáâà¥¬ «ì­® ¢¥«¨ª®, ¤® ¬¥¤«¥­­® ã£ á îé¨å¡¥«ëå ª à«¨ª®¢, ­¥©âà®­­ëå §¢¥§¤ ¨ ç¥à­ëå ¤ëà, â®äã­ªæ¨ï M =M(w) ¨¬¥¥â ª ç¥áâ¢¥­­® à §«¨ç­ë©¢¨¤ ­  à §­ëå íâ ¯ å í¢®«îæ¨¨ §¢¥§¤ë.� ª ª ª ¬ áá  ¨§«ãç îé¥© §¢¥§¤ë ¨§¬¥­ï¥âáï áâ¥ç¥­¨¥¬ ¢à¥¬¥­¨, â® ¤¢¨¦¥­¨¥ â®ç¥ç­ëå ç áâ¨æ ¢£à ¢¨â æ¨®­­®¬ ¯®«¥ íâ®© §¢¥§¤ë ¡ã¤¥â ¯à®¨áå®¤¨âì¨­ ç¥, ç¥¬ ¢ £à ¢¨â æ¨®­­®¬ ¯®«¥ �¢ àæè¨«ì¤ .�«ï ¢ëïá­¥­¨ï å à ªâ¥à­ëå ç¥àâ â ª®£® ¤¢¨¦¥­¨ï­ ¬ ­¥®¡å®¤¨¬® ­ ©â¨ à¥è¥­¨¥ ãà ¢­¥­¨© £¥®¤¥§¨-ç¥áª¨å ¢ ¬¥âà¨ª¥ � ©¤ìï. �®áâà®¨¬ á­ ç «  ãà ¢-­¥­¨ï ¤¢¨¦¥­¨ï ¬ áá¨¢­®© â®ç¥ç­®© ç áâ¨æë. � ªª ª ¬¥âà¨ª  (1) ï¢«ï¥âáï æ¥­âà «ì­®-á¨¬¬¥âà¨ç­®©,â® ¤¢¨¦¥­¨¥ ¡ã¤¥â ¯«®áª¨¬ [4]. �®« £ ï, çâ® íâ ¯«®áª®áâì á®¢¯ ¤ ¥â á ¯«®áª®áâìî � = �=2; ¡ã¤¥¬

¨¬¥âìdu0ds + r(u')2�Mr2 (u0)2 = 0; du'ds + 2r uru' = 0; (2)durds + "Mr2 �1� 2Mr �� _Mr # (u0)2 + 2Mr2 u0ur ++ (2M � r)(u')2 = 0;£¤¥ â®çª  ®§­ ç ¥â ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯® ¢à¥¬¥-­¨ w:�â  á¨áâ¥¬  ãà ¢­¥­¨© ¨¬¥¥â ¤¢  ¯¥à¢ëå ¨­â¥£à -« . �¥©áâ¢¨â¥«ì­®, ¯®áª®«ìªã ¬¥âà¨ª  (1) ­¥ § ¢¨á¨â®â ã£«  '; â® ª®¬¯®­¥­â  u' ç¥âëà¥å¢¥ªâ®à  áª®-à®áâ¨ ¬ áá¨¢­®© ç áâ¨æë ¤®«¦­  ¡ëâì ¯®áâ®ï­­®©¢¥«¨ç¨­®©: u' = �= const . �âáî¤  á«¥¤ã¥â, çâ®u' = d'ds = g''u' =� �r2 : (3)�àã£®© ¨­â¥£à « á¨áâ¥¬ë (2) ¬®¦­® ¯®«ãç¨âì,¥á«¨ ãç¥áâì, çâ® ª¢ ¤à â ç¥âëà¥å¢¥ªâ®à  «î¡®©¬ áá¨¢­®© ç áâ¨æë ¤®«¦¥­ ¡ëâì à ¢¥­ ¥¤¨­¨æ¥:uiukgik = 1: � à¥§ã«ìâ â¥ ¯®«ãç¨¬(u0)2�1� 2Mr �+ 2u0ur = 1+ �2r2 : (4)� ª¨¬ ®¡à §®¬, ¨§ ¤¢ãå ®áâ ¢è¨åáï ãà ¢­¥­¨© (2)®¤­® ¢ á¨«ã á®®â­®è¥­¨ï (4) ¡ã¤¥â á«¥¤áâ¢¨¥¬ ¤àã-£®£®. �à¨¢¥¤¥¬ ­¥§ ¢¨á¨¬®¥ ãà ¢­¥­¨¥ ª ­ ¨¡®«¥¥¯à®áâ®¬ã ¢¨¤ã. �«ï íâ®£® à ¤¨ «ì­ãî ª®¬¯®­¥­âãç¥âëà¥å¢¥ªâ®à  áª®à®áâ¨ ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ur =E ��1� 2Mr �u0; (5)£¤¥ E | ­¥ª®â®à ï ­®¢ ï ­¥¨§¢¥áâ­ ï äã­ªæ¨ï,¨¬¥îé ï á¬ëá« í­¥à£¨¨ ç áâ¨æë, ¯à¨å®¤ïé¥©áï ­ ¥¤¨­¨æã ¬ ááë.�®¤áâ ¢«ïï á®®â­®è¥­¨¥ (5) ¢ âà¥âì¥ ãà ¢­¥­¨¥á¨áâ¥¬ë (2) ¨ ¨á¯®«ì§ãï ¯¥à¢®¥ ãà ¢­¥­¨¥, ¡ã¤¥¬¨¬¥âì dE =�u0r dM: (6)�âáî¤  ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â, çâ® í­¥à£¨ï ç á-â¨æë ã¢¥«¨ç¨¢ ¥âáï (dE > 0), ¥á«¨ §¢¥§¤  â¥àï-¥â ¬ ááã ­  ¨§«ãç¥­¨¥ (dM < 0), ¨ ã¬¥­ìè ¥âáï(dE < 0), ¥á«¨ ¯à®¨áå®¤¨â ¯®£«®é¥­¨¥ §¢¥§¤®© ¨§-«ãç¥­¨ï, ¯à¨è¥¤è¥£® á ¯à®áâà ­áâ¢¥­­®© ¡¥áª®­¥ç-­®áâ¨ (dM > 0).�®¤áâ ¢«ïï á®®â­®è¥­¨¥ (5) ¢ ¢ëà ¦¥­¨¥ (4),­¥á«®¦­® ¯®«ãç¨âìu0 = E �rE2 � �1� 2Mr � �1 + �2r2 ��1� 2Mr � ;ur =�sE2 ��1� 2Mr ��1 + �2r2 �: (7)� ª ª ª ¯à¨ ¤¢¨¦¥­¨¨ ª âï£®â¥îé¥¬ã æ¥­âàã ur < 0;â® ¢¥àå­¨© §­ ª ¢ íâ¨å ¢ëà ¦¥­¨ïå á®®â¢¥âáâ¢ã¥â



62 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò4¤¢¨¦¥­¨î ª ¨áâ®ç­¨ªã,   ­¨¦­¨© §­ ª | ®â ¨áâ®ç-­¨ª .� ª¨¬ ®¡à §®¬, ¤«ï ­ å®¦¤¥­¨ï § ª®­®¢ ¤¢¨¦¥-­¨ï ¬ áá¨¢­®© ç áâ¨æë ¢ £à ¢¨â æ¨®­­®¬ ¯®«¥ ¨§-«ãç îé¥© §¢¥§¤ë ­ ¬ ­¥®¡å®¤¨¬® ¯à®¨­â¥£à¨à®¢ âìá¨áâ¥¬ã ãà ¢­¥­¨© (6) ¨ (7) á ãç¥â®¬ ¢ëà ¦¥­¨ï (3).�å®¤ïé ï ¢ ¢ëà ¦¥­¨ï (6) ¨ (7) äã­ªæ¨ï M =M(w)§ ¢¨á¨â ®â § ª®­  ¨§«ãç¥­¨ï í­¥à£¨¨ §¢¥§¤®©. �â®â§ ª®­ ®¯à¥¤¥«ï¥âáï ¨­â¥­á¨¢­®áâìî â¥à¬®ï¤¥à­ëåà¥ ªæ¨© ¢ §¢¥§¤¥, â¨¯®¬ §¢¥§¤ë, ¥¥ ¬ áá®© ¨ à §¬¥-à ¬¨, áâ¥¯¥­ìî ¯à®§à ç­®áâ¨ ¢¥é¥áâ¢  §¢¥§¤ë ¤«ïãå®¤ïé¥£® ¨§«ãç¥­¨ï, ¢¨¤®¬ ¨§«ãç¥­¨ï (­¥©âà¨­­®¥¨«¨ í«¥ªâà®¬ £­¨â­®¥) ¨ ¬­®£¨¬¨ ¤àã£¨¬¨ ä ªâ®à -¬¨. �¯®«­¥ ®ç¥¢¨¤­®, çâ® ®áãé¥áâ¢¨âì ¯àï¬®«¨­¥©-­®¥ ¨­â¥£à¨à®¢ ­¨¥ ãà ¢­¥­¨© (3), (6), (7) ¨ ­ ©â¨ï¢­ãî § ¢¨á¨¬®áâì r = r(w); ' = '(w) ¨ s = s(w)¯à¨ ¯à®¨§¢®«ì­®¬ § ª®­¥ ¨§¬¥­¥­¨ï ¬ ááë §¢¥§¤ëM =M(w) ­¥¢®§¬®¦­®.� à ¡®â¥ [5] ¤«ï ¨­â¥£à¨à®¢ ­¨ï ãà ¢­¥­¨© à -¤¨ «ì­®£® ¤¢¨¦¥­¨ï ç áâ¨æ ¢ ¬¥âà¨ª¥ � ©¤ìï ¡ë«¨á¯®«ì§®¢ ­ ¯ à ¬¥âà¨ç¥áª¨© ¬¥â®¤. �®íâ®¬ã ¨ ¢­ è¥© ¡®«¥¥ á«®¦­®© § ¤ ç¥ ­¥à ¤¨ «ì­®£® ¤¢¨¦¥-­¨ï ¡ã¤¥¬ ¨áª âì à¥è¥­¨¥ ãà ¢­¥­¨© (3), (6) ¨ (7) ¢¯ à ¬¥âà¨ç¥áª®¬ ¢¨¤¥:r = r(�); '= '(�); w = w(�); s= s(�); E =E(�);£¤¥ � | ­¥ª®â®àë© ¯ à ¬¥âà.�ë¡®à íâ®£® ¯ à ¬¥âà  ¯à®¨§¢¥¤¥¬ â ª, çâ®¡ëãà ¢­¥­¨ï (3), (6) ¨ (7) ¨­â¥£à¨à®¢ «¨áì ¨ ¤ ¢ -«¨ ¤®áâ â®ç­® ã¤®¡­ë¥ ¤«ï ¤ «ì­¥©è¨å ¨áá«¥¤®-¢ ­¨© ¢ëà ¦¥­¨ï. �«ï íâ®£® ¡ã¤¥¬ áç¨â âì, çâ®¯®â®ª í­¥à£¨¨ ¨áâ®ç­¨ª , ª®â®àë© ®¯à¥¤¥«ï¥âáïâ¥à¬®ï¤¥à­ë¬¨ ¯à®æ¥áá ¬¨, ¯à®â¥ª îé¨¬¨ ¢­ãâà¨§¢¥§¤ë, ¬®¦¥â ¡ëâì § ¤ ­ ­¥ â®«ìª® ª ª äã­ªæ¨ï¯¥à¥¬¥­­®© w = w(�); ­® ¨ ª ª ï¢­ ï äã­ªæ¨ï¯ à ¬¥âà  �: �®£¤  ¬ ááã §¢¥§¤ë ¬ë ¬®¦¥¬ áç¨â âì­¥ª®â®à®© § ¤ ­­®© äã­ªæ¨¥© M = M(�) â®£® ¦¥¯ à ¬¥âà  �:�¢¥¤¥¬ ¯ à ¬¥âà � ¢ á®®â¢¥âáâ¢¨¨ á á®®â­®è¥­¨-¥¬ � = r=u0: �®£¤  ãà ¢­¥­¨¥ (6) ¬®¦­® ¯à¨¢¥áâ¨ ª¢¨¤ã d�E + M� �=�M�2 d�:� ª ª ª M =M(�) ¯à¥¤¯®« £ ¥âáï § ¤ ­­®© äã­ª-æ¨¥© ¯ à ¬¥âà  �; â® íâ® ãà ¢­¥­¨¥ ¬®¦­® ¯à®¨­-â¥£à¨à®¢ âì:E(�) =�M(�)� � Z M(�)�2 d�: (8)�á¯®«ì§ãï ¯¥à¢®¥ ¨§ á®®â­®è¥­¨© (7), ¨§ ®¯à¥-¤¥«¥­¨ï � = r=u0 ­¥á«®¦­® ¯®«ãç¨âì ãà ¢­¥­¨¥,á¢ï§ë¢ îé¥¥ r ¨ � :r4 � 2r3(M + �E) + r2�2 +�2�2 = 0: (9)�¥è ï íâ®  «£¥¡à ¨ç¥áª®¥ ãà ¢­¥­¨¥, ­ ©¤¥¬ § -¢¨á¨¬®áâì r = r(�): �à®¬¥ â®£®, ¨§ ãà ¢­¥­¨ï (9)á«¥¤ã¥â, çâ®drd� (�) = r3(�)E(�)� �r2(�)��2�f2r3(�)� 3[M(�) + �E(�)]r2(�) + �2r(�)g :

� §¤¥«¨¢ ãà ¢­¥­¨¥ (3) ­  ¯®á«¥¤­¥¥ á®®â­®è¥­¨¥(7), ­ ©¤¥¬'= '0 ��Z �d�r2(�)rE2(�)� �1� 2M(�)r(�) ��1 + �2r2(�)� drd� (�):(10)�®¢¥àè¥­­®  ­ «®£¨ç­® ¬®¦­® ¯®«ãç¨âìw = w0 � Z r(�)d��rE2 � �1� 2Mr � �1 + �2r2 � drd� (�); (11)s= s0 � Z d�rE2(�)� �1� 2M(�)r(�) ��1 + �2r2(�)� drd� (�):� ª¨¬ ®¡à §®¬, ¯à¨ § ¤ ­­®¬ § ª®­¥ ¨§«ãç¥­¨ï§¢¥§¤ë M =M(�) á®®â­®è¥­¨ï (8){(11) ¯à¥¤áâ ¢«ï-îâ á®¡®© à¥è¥­¨¥ ãà ¢­¥­¨ï ¤«ï ¢à¥¬¥­¨¯®¤®¡­®©£¥®¤¥§¨ç¥áª®©, § ¯¨á ­­®¥ ¢ ¯ à ¬¥âà¨ç¥áª®¬ ¢¨¤¥.�à ¢­¥­¨ï £¥®¤¥§¨ç¥áª¨å ¤«ï ¡¥§¬ áá®¢®© ç áâ¨-æë ¬®£ãâ ¡ëâì ¯®«ãç¥­ë  ­ «®£¨ç­®, ¥á«¨ ¢® ¢á¥å á®-®â­®è¥­¨ïå ¤¨ää¥à¥­æ¨à®¢ âì ­¥ ¯® ¨­â¥à¢ «ã ds;  ¯® ­¥ª®â®à®¬ã  ää¨­­®¬ã ¯ à ¬¥âàã d� ¨ ãç¥áâì,çâ® ¤«ï ¡¥§¬ áá®¢®© ç áâ¨æë ds = 0: � à¥§ã«ìâ â¥¯®«ãç¨¬d'd� =� �r2 ; drd� =�sE2 ��1� 2Mr � �2r2 ; (12)dwd� = Er�qE2r2 ��2 �1� 2Mr �(r� 2M) ;£¤¥ E = E(�) ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬ (8),   ãà ¢-­¥­¨¥, á¢ï§ë¢ îé¥¥ r ¨ �; ¢ íâ®¬ á«ãç ¥ ¨¬¥¥â ¢¨¤r4 � 2r3(M + �E) +�2�2 = 0:�âáî¤  á«¥¤ã¥â, çâ®drd� (�) = r3(�)E(�)� �2�f2r3(�)� 3r2(�)[M(�) + �E(�)]g :�­â¥£à¨àãï ãà ¢­¥­¨ï (12) á ãç¥â®¬ íâ®£® á®®â­®è¥-­¨ï, ­ ©¤¥¬'= '0 � Z �d�r(�)rE2(�)r2(�)��2 �1� 2M(�)r(�) � drd� (�);w = w0 � Z r2(�)d��qE2r2(�)� �2 �1� 2Mr � drd� (�):� ª¨¬ ®¡à §®¬, ¯ à ¬¥âà¨ç¥áª¨© ¬¥â®¤ ¯®§¢®«ï¥â¨áá«¥¤®¢ âì ¤¢¨¦¥­¨¥ ¨ ¡¥§¬ áá®¢ëå ç áâ¨æ ¢ ¬¥â-à¨ª¥ � ©¤ìï.



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2003. ò4 63�®«ãç¥­­ë¥ ­ ¬¨ § ª®­ë ¤¢¨¦¥­¨ï ç áâ¨æ ¢íâ®© ¬¥âà¨ª¥ ¬®£ãâ ¨á¯®«ì§®¢ âìáï ¯à¨ ¨­â¥à¯à¥-â æ¨¨ ¤ ­­ëå, ¯®«ãç ¥¬ëå ¢® ¢à¥¬ï ­ ¡«î¤¥­¨ï¢á¯ëè¥ª �¢¥àå­®¢ëå. �® ­ è¥¬ã ¬­¥­¨î, íâ¨ à¥-§ã«ìâ âë ¡ã¤ãâ ¯®«¥§­ë ¤«ï  ­ «¨§  á®¡ëâ¨© [6],­ ¡«î¤ ¢è¨åáï ¯à¨ ¢á¯ëèª¥ �¢¥àå­®¢®© SN1987A,ª®£¤  £à ¢¨â æ¨®­­®-¢®«­®¢ë¥ ¤¥â¥ªâ®àë ¢ �¨¬¥(�â «¨ï), �íà¨«¥­¤¥ (���) ¨ á¥©á¬®¤ âç¨ª¨ ¢�®áª¢¥ á®£« á®¢ ­­® § à¥£¨áâà¨à®¢ «¨ ª ª®¥-â® ¨¬-¯ã«ìá­®¥ ¢®§¤¥©áâ¢¨¥ ¯à¨¬¥à­® §  ®¤­ã á¥ªã­¤ã¤® ¯à®å®¦¤¥­¨ï ­¥©âà¨­­®£® ¨¬¯ã«ìá  ®â ¢§àë¢ �¢¥àå­®¢®© SN1987A, â ª¦¥ § à¥£¨áâà¨à®¢ ­­®£®­  �¥¬«¥ ­¥áª®«ìª¨¬¨ ¯®¤§¥¬­ë¬¨ ­¥©âà¨­­ë¬¨áâ ­æ¨ï¬¨.

�¨â¥à âãà 1. Vaidya P.C. // Proc. Indian Acad. Sci. 1949. 33. P. 264.2. Chandrasekhar S. The Mathematical Theory of Black Holes.Oxford, 1983.3. Lindquist R.W., Schwartz R.A., Misner C.W. // Phys. Rev.1965. B137. P. 1364.4. �¥­¨á®¢ �.�. // ���. 1997. 112, ò2. C. 337.5. Denisova I.P., Zubrilo A.A. // Gravitation and Cosmology.2000. 6, ò3. P. 251.6. �¬è¥­­¨ª �.�., � ¤¥¦¨­ �.�. // ���. 1988. 156, ò4.C. 561. �®áâã¯¨«  ¢ p¥¤ ªæ¨î03.07.02��� 521.93 �� ����� ����������� � ������ ������� ���������������� ������.�. � áë­®ª(����)E-mail: pasynok@sai.msu.ru�«ï ¡ëáâà®¢à é îé¥£®áï á« ¡® á¦ â®£® âà¥å®á­®£® â¢¥à¤®£® â¥«  (�¥¬«¨) áä®à¬ã«¨à®¢ ­ë¨ à¥è¥­ë ¯à¨¡«¨¦¥­­ë¥ ãà ¢­¥­¨ï ¢à é¥­¨ï. �®«ãç¥­­®¥ à¥è¥­¨¥ ®ç¥­ì ª®¬¯ ªâ­®¥ ¨ ¨¬¥¥â¢ëá®ªãî â®ç­®áâì. � «¨ç¨¥ ¡ëáâà®£® ¢à é¥­¨ï ¤ ¥â ¢®§¬®¦­®áâì á¢¥áâ¨ § ¤ çã ® ­ å®¦¤¥­¨¨íª¢ â®à¨ «ì­ëå ª®¬¯®­¥­â ã£«®¢®© áª®à®áâ¨ ¢à é¥­¨ï â¥«  á ¬ «ë¬ ¢â®àë¬ á¦ â¨¥¬ ª § ¤ ç¥® ¢à é¥­¨¨ ¤¢ãå®á­®£® â¥«  á ¨§¬¥­¥­­ë¬ §­ ç¥­¨¥¬ ¤¨­ ¬¨ç¥áª®£® á¦ â¨ï.�¢¥¤¥­¨¥�à é¥­¨¥ âà¥å®á­®£®  ¡á®«îâ­® â¢¥à¤®£® â¥«  ¢®¡é¥¬ á«ãç ¥ ï¢«ï¥âáï c«®¦­®© § ¤ ç¥©. �®íâ®¬ã ¥¥à¥è¥­¨¥ ¨é¥âáï ¢ ¢¨¤¥ àï¤®¢ ¯® ¬ «®¬ã ¯ à ¬¥âàã,à ¢­®¬ã ®â­®è¥­¨î ¢â®à®£® á¦ â¨ï ª ¯¥à¢®¬ã [1, 2].�¥¤ ¢­® �.�. �®«®¤¥­áª¨¬ ¡ë«® ¯®«ãç¥­® à¥è¥­¨¥íâ®© § ¤ ç¨ á â®ç­®áâìî ¤® ç«¥­®¢ ç¥â¢¥àâ®£® ¯®àï¤-ª  ¬ «®áâ¨ ¯® íâ®¬ã ¯ à ¬¥âàã [3].�ª §ë¢ ¥âáï, çâ® ¢ á«ãç ¥ ¡ëáâà®¢à é îé¥£®áïâ¢¥à¤®£® â¥«  ¢®§¬®¦­ë ¤®¯®«­¨â¥«ì­ë¥ ã¯à®é¥-­¨ï, à áá¬®âà¥­¨î ª®â®àëå ¨ ¯®á¢ïé¥­  ­ áâ®ïé ïà ¡®â .�ë¢®¤ ¯à¨¡«¨¦¥­­ëå ãà ¢­¥­¨©¤«ï  ¡á®«îâ­® â¢¥à¤®£® â¥«  á ¡ëáâàë¬¢à é¥­¨¥¬�ã¤¥¬ ¯®« £ âì, çâ® â¢¥à¤®¥ â¥«® (�¥¬«ï) ï¢«ï-¥âáï ¡«¨§ª¨¬ ª í««¨¯á®¨¤ã ¢à é¥­¨ï, ­® ¢ ®áâ «ì-­®¬ ¨¬¥¥â ¯à®¨§¢®«ì­ãî áâàãªâãàã. �®£¤ , á®£« á­®¨§¢¥áâ­ë¬ ¤ ­­ë¬ ¨§ â¥®à¥â¨ç¥áª®© ¬¥å ­¨ª¨, áã-é¥áâ¢ã¥â á¨áâ¥¬  ª®®à¤¨­ â (��) (á¨áâ¥¬  £« ¢­ëå®á¥© â¥­§®à  ¨­¥àæ¨¨) á ­ ç «®¬ ¢ æ¥­âà¥ ¬ áá¢á¥© �¥¬«¨, ¢ ª®â®à®© â¥­§®à ¨­¥àæ¨¨ ¢á¥© �¥¬«¨¤¨ £®­ «¥­. �à®­ã¬¥àã¥¬ ®á¨ íâ®© á¨áâ¥¬ë ª®®à¤¨-­ â â ª¨¬ ®¡à §®¬, çâ®¡ë ®áì OZ á®®â¢¥âáâ¢®¢ « 

¬ ªá¨¬ «ì­®¬ã §­ ç¥­¨î ¬®¬¥­â  ¨­¥àæ¨¨ C ¢á¥©�¥¬«¨; ®áì OX á®®â¢¥âáâ¢®¢ «  ¬¨­¨¬ «ì­®¬ã ¬®-¬¥­âã ¨­¥àæ¨¨ A ;   ®áì OY á®®â¢¥âáâ¢®¢ «  ¯à®-¬¥¦ãâ®ç­®¬ã §­ ç¥­¨î ¬®¬¥­â  ¨­¥àæ¨¨ B . � íâ®©�� ¤¨­ ¬¨ç¥áª¨¥ ãà ¢­¥­¨ï �©«¥à  (ãà ¢­¥­¨ï ¬®-¬¥­â®¢) ¨¬¥îâ ¢¨¤Ad!1dt + (C �B)!2!3 = �1;B d!2dt + (A�C)!3!1 = �2;C d!3dt + (B �A)!1!2 = �3; (1)£¤¥ !k; �k (k = 1; 2; 3) | ª®¬¯®­¥­âë ã£«®¢®©áª®à®áâ¨ ¨ ¬®¬¥­â  á¨« á®®â¢¥âáâ¢¥­­®.�¬­®¦¨¬ ¯¥à¢®¥ ãà ¢­¥­¨¥ ­  q 1A(C�B) ,   ¢â®-à®¥ | ­  iq 1B(C�A) ¨ á«®¦¨¬. �¤¥áì i ®¡®§­ ç ¥âª®¬¯«¥ªá­ãî ¥¤¨­¨æã. �®£¤  ¯®«ãç¨âáï á¨áâ¥¬  ¤¨-­ ¬¨ç¥áª¨å ãà ¢­¥­¨© �©«¥à  ¢ ª®¬¯«¥ªá­®¬ ¢¨¤¥de!0dt � ir(C �A)B (C �B)A e!0!3 = e�0;C d!3dt + (B �A)!2!1 = �3; (2)


