
62 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 2�¥§ã«ìâ âë à áç¥â  ¨ ¨å ®¡áã¦¤¥¨¥�¥§ã«ìâ âë à áç¥â  ¬ £¥â®á®¯à®â¨¢«¥¨ï £à ã-«¨à®¢ ®£® á¯« ¢  ¯® ä®à¬ã«¥ (7) ¯à¨ à §«¨çëå§ ç¥¨ïå ¯ à ¬¥âà  � (à¨á. 1) ¯®ª §ë¢ îâ, çâ® ¨-¢¥àá®¥ ¬ £¥â®á®¯à®â¨¢«¥¨¥ ¬®¦¥â  ¡«î¤ âìáïâ®«ìª® ¯à¨ ¯®«®¦¨â¥«ìëå § ç¥¨ïå ¯ à ¬¥âà  � .�¨ ¢ ¬®¤¥«¨ �¥£ {�¥¢¨, ¨ ¢ ¬®¤¥«¨ �®ââ  (10)§ ç¥¨¥ � ¥ ¬®¦¥â ¡ëâì ¯®«®¦¨â¥«ìë¬. �® ¥áâì¤«ï ¨¢¥àá®£® ¬ £¥â®á®¯à®â¨¢«¥¨ï ®¡ï§ â¥«ì®ãç áâ¨¥ ¢ ¯¥à¥®á¥ d-á®áâ®ï¨©. � ª á«¥¤ã¥â ¨§ ¤ -ëå à¨á. 2, ¯®«®¦¨â¥«ì®¥ § ç¥¨¥ � ¤®áâ¨£ ¥âáï¯à¨ ¯ à ¬¥âà å, á®®â¢¥âáâ¢ãîé¨å à¥ «ìë¬ á¯« -¢ ¬ ¯¥à¥å®¤ëå ¬¥â ««®¢, ¯à¨ç¥¬ ®ç¥¢¨¤®, çâ® ç¥¬¬¥ìè¥ à®«ì d-á®áâ®ï¨© ¢ ¯¥à¥®á¥, â¥¬ ¬¥ìè¥ ¯®-«®¦¨â¥«ì®¥ § ç¥¨¥ � ¨ ¬¥ìè¥ (à¨á. 1) ¨¢¥àá®¥¬ £¥â®á®¯à®â¨¢«¥¨¥. �ç áâ¨¥ d-á®áâ®ï¨© ¢ ä®à-¬¨à®¢ ¨¨ ��� ¬®¦¥â ¡ëâì ç áâ¨ç® ¯®¤ ¢«¥®¢ £à ã«¨à®¢ ëå á¯« ¢ å §  áç¥â ¯®â¥æ¨ «ìëå¡ àì¥à®¢, ¢®§¨ª îé¨å   £à ¨æ å à §¤¥«  £à ã«¨ ¬ âà¨æë. �®íâ®¬ã ¡®«ìè¨¥ § ç¥¨ï � ¢ £à -ã«¨à®¢ ëå á¯« ¢ å ¬ «®¢¥à®ïâë. � à ªâ¥àë©¢¨¤ ¨¢¥àá®£® ¬ £¥â®á®¯à®â¨¢«¥¨ï ¨««îáâà¨àã-¥âáï ªà¨¢ë¬¨ 3 ¨ 4   à¨á. 1.�§ íâ¨å ªà¨¢ëå ¢¨¤®, çâ® ¢¥«¨ç¨  ¨¢¥àá®£®¬ £¥â®á®¯à®â¨¢«¥¨ï ¥ ¯à¥¢ëè ¥â 5%, çâ® á®®â-¢¥âáâ¢ã¥â íªá¯¥à¨¬¥âã [8]. �®«¥¥ â®£®, ¯à¥¤áâ ¢«¥-ë¥   à¨á. 1 ¤ ë¥ ¬®¦® ¨â¥à¯à¥â¨à®¢ âì ¨ ª ª¯®«¥¢ë¥ § ¢¨á¨¬®áâ¨ ¬ £¥â®á®¯à®â¨¢«¥¨ï, â ª ª ªá¯¨-§ ¢¨áïé¥¥ à áá¥ï¨¥ ({1 ) ¢®§à áâ ¥â á ã¢¥«¨ç¥-¨¥¬ ¯®«ï. �®íâ®¬ã á¬¥  § ª  ¬ £¥â®á®¯à®â¨¢«¥-

¨ï á ¯®«®¦¨â¥«ì®£®   ®âà¨æ â¥«ìë© ¢ ®¡« áâ¨áà¥¤¨å § ç¥¨© ¯ à ¬¥âà  {1 (ªà¨¢ë¥ 3 ¨ 4  à¨á. 1) ¯®«®áâìî á®®â¢¥âáâ¢ã¥â íªá¯¥à¨¬¥â «ìë¬¤ ë¬ ® ¯®«¥¢ëå § ¢¨á¨¬®áâïå ¬ £¥â®á®¯à®â¨¢«¥-¨ï [6{8].� ª¨¬ ®¡à §®¬, ¬®¦® á¤¥« âì ¢ë¢®¤ ® â®¬, çâ®¨¢¥àá®¥ ¬ £¥â®á®¯à®â¨¢«¥¨¥ ¢ £à ã«¨à®¢ -ëå á¯« ¢ å ¯à¨  «¨ç¨¨ á¯¨-§ ¢¨áïé¥£® à áá¥ï¨ïá¢ï§ ® á ãç áâ¨¥¬ d-í«¥ªâà®®¢ ¢ ¯¥à¥®á¥.�¨â¥à âãà 1. Levy P.M. // Sol. St. Phys. 1994. 47. P. 367.2. Gijs M.A., Bauer E.W. // Adv. Phys. 1997. 46. P. 285.3. Zhang S., Levy P. // J. Appl. Phys. 1993. 73. P. 5315.4. Hsu S.U., Berthelemy A., Holody P. et al. // Phys. Rev. Lett.1997. 78. P. 2653.5. Binder J., Zahr P., Mertig I. // J. Magn. Magn. Mat. 1997. 165.P. 100.6. Fert A., Hsu S.U., Barthelemy A., Holody P. et al. // Phys. Rev.Lett. 1997. 78. P. 2652.7. Prudnikov V., Granovsky A., Prudnikova M. et al. ItinerantElectron Magnetism: Fluctuation Effects. Kluwer Acad. Publ.,1998. P. 353.8. Khan H.R., Granovsky A., Prudnikova M. et al. // J. Magn.Magn. Mater. 1998. 183. P. 374.9. �¥¤ï¥¢ �.�., �à ®¢áª¨© �.�., �®â¥«ì¨ª®¢  �.�. �¨¥-â¨ç¥áª¨¥ ï¢«¥¨ï ¢ ¥ã¯®àï¤®ç¥ëå ä¥àà®¬ £¨âëåá¯« ¢ å. �.: �§¤-¢® �®áª. ã-â , 1992.�®áâã¯¨«  ¢ p¥¤ ªæ¨î19.05.99������������ 537.86:519.2; 537.876:551.510������� ������ ��������-������������ ������������� �� �������������� ���������������������������� �����. �. �®«®£¤¨, �. �. �ãá¥¢(ª ä¥¤à  ä¨§¨ª¨  â¬®áä¥àë)�áá«¥¤®¢ ® ¢«¨ï¨¥ ¤à¥©ä  á«ãç ©®-¥®¤®à®¤ëå áà¥¤   áâ æ¨® àë¥ á¢®©áâ¢  ¢®« ¯à¨¯®¯¥à¥ç®¬ ¨ ¯à®¤®«ì®¬ à á¯à®áâà ¥¨¨. �¥è¥  § ¤ ç  ¤«ï íªá¯¥à¨¬¥â «ì®-§ ç¨¬®£® á«ãç ïãáà¥¤¥¨ï   ª®¥ç®¬ ¢à¥¬¥®¬ ¨â¥à¢ «¥. �®ª § ®, çâ® ¬ «ë¥ ¨§¬¥¥¨ï (1%) áª®à®áâ¨ ¤à¥©ä ¯à¨¢®¤ïâ ª § ¬¥â®¬ã ®âª«®¥¨î (10%) ®â áâ æ¨® à®áâ¨ áâ®å áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«.�®íâ®¬ã ¥®¡å®¤¨¬® ®áâ®à®¦®¥ ®â®è¥¨¥ ª £¨¯®â¥§¥ ® ¯®áâ®ïáâ¢¥ áª®à®áâ¨ ¢¥âà , ¤®¬¨¨àãîé¥©¢ à ¤¨®ä¨§¨ª¥ ¨ £¥®ä¨§¨ª¥.�¢¥¤¥¨¥� á«ãç ©®-¥®¤®à®¤ëå ¯à¨à®¤ëå áà¥¤ å ¥-®¤®à®¤®áâ¨, ª®â®àë¥ ®¯à¥¤¥«ïîâ á¢®©áâ¢  ¯®ª -§ â¥«ï ¯à¥«®¬«¥¨ï í«¥ªâà®¬ £¨âëå ¢®«, ¨¬¥îâá«ãç ©ë© å à ªâ¥à ¨ ¬®£ãâ ãç áâ¢®¢ âì ¢ ®¡é¥¬¤à¥©ä®¢®¬ ¤¢¨¦¥¨¨ (¢¥â¥à, â¥ç¥¨¥), çâ® ¥®¡å®¤¨-¬® ãç¥áâì ¯à¨   «¨§¥ áâ®å áâ¨ç¥áª¨å á¢®©áâ¢ à áá¥-ïëå   ¨å ¢®«. �  âãàëå íªá¯¥à¨¬¥â «ìëå¨áá«¥¤®¢ ¨ïå, ¢á«¥¤áâ¢¨¥ ®âáãâáâ¢¨ï áâ â¨áâ¨ç¥áª®-£®  á ¬¡«ï, ®¡ëç® ¨á¯®«ì§ãîâ ¢à¥¬¥®¥ ãáà¥¤- ¥¨¥, ¢ë¤¢¨£ ï £¨¯®â¥§ã ®¡ íà£®¤¨ç®áâ¨ á¨£ «®¢.�â® ¥áâ¥áâ¢¥®¥ ¤«ï ¤ ëå ãá«®¢¨© ¯à¥¤¯®«®¦¥¨¥á¢ï§ë¢ îâ á  «¨ç¨¥¬ ¢à¥¬¥®© áâ æ¨® à®áâ¨ ¨á-á«¥¤ã¥¬ëå á¨£ «®¢.�à¨ ¨áá«¥¤®¢ ¨¨ ¢à¥¬¥®�© áâ æ¨® à®áâ¨à áá¥ïëå á¨£ «®¢ ¢ à ¡®â å [1, 2],   â ª¦¥ ¡®-«¥¥ ¤¥â «ì® ¢  áâ®ïé¥© à ¡®â¥ ¯®ª § ®, çâ® áâ -æ¨® à®áâì á«¥¤ã¥â ¨§ ¯®«®© áâ â¨áâ¨ç¥áª®© ®¤-®à®¤®áâ¨ à áá¥¨¢ îé¨å ¥®¤®à®¤®áâ¥© áà¥¤ë¯à¨ ®¡ï§ â¥«ì®© £¨¯®â¥§¥ ¯®áâ®ïáâ¢  ¢® ¢à¥¬¥¨



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü2 63¨ ¯à®áâà áâ¢¥ áª®à®áâ¨ ¤à¥©ä  V . �¤ ª®, ª ª¯®ª §ë¢ ¥â ®¯ëâ, ¢ à¥ «ìëå ãá«®¢¨ïå à¥çì ¬®¦¥â¨¤â¨ «¨èì ® ª¢ §¨¯®áâ®ïáâ¢¥ áª®à®áâ¨ ¤à¥©ä . �¨-¦¥ ¯à¥¤« £ ¥âáï ®æ¥ª  áâ¥¯¥¨ ¢«¨ï¨ï ¨§¬¥¥¨ïáª®à®áâ¨ ¤à¥©ä    áâ æ¨® àë¥ á¢®©áâ¢  ¢®«.�à¨ à¥è¥¨¨ ¯®áâ ¢«¥®© § ¤ ç¨ ®£à ¨ç¨¬áïà áá¥ï¨¥¬ í«¥ªâà®¬ £¨âëå ¢®« ¡¥§ à¥äà ªæ¨¨, ¯à¨¬¥à, ¢ âà®¯®áä¥à¥.1. �¡é¨¥ ¯®«®¦¥¨ï� áá¬®âà¨¬ à á¯à®áâà ¥¨¥ ¯«®áª®© ¢®«ë ¢¯à¨¡«¨¦¥¨¨ £¥®¬¥âà¨ç¥áª®© ®¯â¨ª¨. �®ª § â¥«ì¯à¥«®¬«¥¨ï á«ãç ©®-¥®¤®à®¤®© áà¥¤ë ¯à¥¤-áâ ¢¨¬ ª ª áã¬¬ã áà¥¤¥£® § ç¥¨ï ¨ ä«ãªâã -æ¨®®© á®áâ ¢«ïîé¥©: n = hni + n1 = n0 + n1 ,hni = n0 = const , hn1i = 0 , jn1j � n0 . �«ãªâã æ¨-® ï á®áâ ¢«ïîé ï | äãªæ¨ï âà ¥ªâ®à¨¨ «ãç r = r(�) ¨ ¢à¥¬¥¨: n1 = n1(r(�); t) = n1(x; y; z; t) .� ¢¨á¨¬®áâì n1 ®â ¢à¥¬¥¨ t ¢ âà®¯®áä¥à¥ ®¯à¥¤¥-«ï¥âáï á®¡áâ¢¥®© ¨§¬¥ç¨¢®áâìî ¥®¤®à®¤®áâ¥©,á¢ï§ ®© á ¤¨ääã§¨¥© ¨ âãà¡ã«¥â®áâìî. � íâ¨åãá«®¢¨ïå ä«ãªâã æ¨® ï ç áâì ä §ë ¢®«ë ¢ ¯¥à-¢®¬ ¯à¨¡«¨¦¥¨¨ â¥®à¨¨ ¢®§¬ãé¥¨© ¢ëà ¦ ¥âáïç¥à¥§ ¨â¥£à « ¢¤®«ì ¥¢®§¬ãé¥®£® «ãç  r0(�) [3].� ¯àï¬®ã£®«ì®© á¨áâ¥¬¥ ª®®à¤¨ â (á ®áìî z ¢ ¯à ¢«¥¨¨ à á¯à®áâà ¥¨ï ¢®«ë) ¢ ®¤®à®¤®©(¢ áà¥¤¥¬) áà¥¤¥ ¥¢®§¬ãé¥ë¥ «ãç¨ ¯à¥¤áâ ¢«ïîâá®¡®© ¯àï¬ë¥, ¯ à ««¥«ìë¥ ®á¨ z ,   ä«ãªâã æ¨®- ï ç áâì ä §ë à ¢  (k | ¢®«®¢®¥ ç¨á«®)'1 = '1(x; y; z; t) = k zZ0 n1(x; y; z0; t) dz0: (1)�à¥¤¯®«®¦¨¬, çâ® áà¥¤  ¤¢¨¦¥âáï (¤à¥©äã¥â) á®áª®à®áâìî V , ª®â®à ï, ¢®®¡é¥ £®¢®àï, ¬®¦¥â¡ëâì äãªæ¨¥© ¯à®áâà áâ¢¥ëå ª®®à¤¨ â, â®£¤ n1 = n1(r(�)+Vt; t) . � ª¨¬ ®¡à §®¬, ¯à¨ ¤à¥©ä¥ ¯®-ï¢«ï¥âáï ¤®¯®«¨â¥«ì ï § ¢¨á¨¬®áâì n1 ®â ¢à¥¬¥¨.2. �®¯¥à¥ç®¥ à á¯à®áâà ¥¨¥� áá¬®âà¨¬ á«ãç ©, ª®£¤  áª®à®áâì ¤à¥©ä  ¨  -¯à ¢«¥¨¥ à á¯à®áâà ¥¨ï ¢®«ë ¯¥à¯¥¤¨ªã«ïà-ë, â. ¥. Vz = 0 . �á¨ x; y ®à¨¥â¨àã¥¬ â ª, çâ®¡ëVx = V = V (z) , Vy = 0 . � ¬¥â¨¬, çâ® §¤¥áì äà®â¢¥âà  ¨áªà¨¢«¥. �®£¤  ¢¬¥áâ® (1) ¨¬¥¥¬ ä«ãªâã æ¨-®ãî ç áâì ä §ë ¨ ¥¥ ¤¨á¯¥àá¨î ¢ ¢¨¤¥'1 = k zZ0 n1�x+ V (z0)t; y; z0; t�dz0; h'1i= 0;�2? = k2 zZ0 dz1 zZ0 Dn1�x1 + V (z1)t1; y1; z1; t1���n1�x2 + V (z2)t2; y2; z2; t2�Edz2; (2)£¤¥ ¯®¤ § ª®¬ ¨â¥£à «  áâ®¨â  ¢â®ª®àà¥«ïæ¨® ïäãªæ¨ï B(: : :) ¯à¨ x1 = x2 , y1 = y2 , t1 = t2 .

�à¥¤¯®«®¦¨¬, çâ® á«ãç ©®¥ ¯®«¥ n1 ¯®«®áâìîáâ â¨áâ¨ç¥áª¨ ®¤®à®¤®, â. ¥. áâ â¨áâ¨ç¥áª¨ ®¤®-à®¤® ¢ ¯à®áâà áâ¢¥ ¨ áâ æ¨® à® ¢® ¢à¥¬¥¨.�®£¤   ¢â®ª®àà¥«ïæ¨® ï äãªæ¨ï B(: : :) ¤®«¦ ¡ëâì äãªæ¨¥© à §®áâ¥©  à£ã¬¥â®¢: B = B(x1 ��x2 + V (z1)t1 � V (z2)t2; y1� y2; z1� z2; t1� t2) . �â-áî¤  ¢¨¤®, çâ® äãªæ¨ï B ¯à¨ V (z1) 6= V (z2) ¥áâ æ¨® à , ¥á¬®âàï   á¤¥« ®¥ ¯à¥¤¯®«®¦¥¨¥® ¯®«®© áâ â¨áâ¨ç¥áª®© ®¤®à®¤®áâ¨. � ¯à®â¨¢,¯à¨ V (z1) = V (z2) = V0 = const äãªæ¨ï B áâ æ¨®- à :B =B(x1 � x2+ V0(t1� t2); y1� y2; z1� z2; t1 � t2):�«¥¤®¢ â¥«ì®, ¢ ¤¢¨¦ãé¥©áï á«ãç ©®-¥®¤®à®¤-®© áà¥¤¥ â®«ìª® ¯à¨ ¯®áâ®ï®© áª®à®áâ¨ ¤à¥©ä ¨¬¥¥â ¬¥áâ® áâ æ¨® à®áâì.�«ï ®¯à¥¤¥«¥¨ï ¢«¨ï¨ï ¨§¬¥¥¨ï áª®à®áâ¨¤à¥©ä  ®¡à â¨¬áï ª ¢ëà ¦¥¨î ¤«ï ¤¨á¯¥àá¨¨ (2)¯à¨ x1 = x2 = x , y1 = y2 = y , t1 = t2 = t :�2? = k2 zZ0 dz1 zZ0 B�(V (z1)� V (z2))t; z1� z2�dz2:� «¥¥ ¡ã¤¥¬ ¢¥§¤¥ ¨á¯®«ì§®¢ âì à §«®¦¥¨¥ áª®-à®áâ¨ ¢ àï¤ �¥©«®à  ¨ ãç¨âë¢ âì ¯¥à¢ë¥ ¤¢ ç«¥ , çâ® á®®â¢¥âáâ¢ã¥â ¬®¤¥«¨ ¤à¥©ä  á «¨-¥©®© § ¢¨á¨¬®áâìî áª®à®áâ¨: V (z) = V0 + V 00z ,£¤¥ V 00 | ¯à®áâà áâ¢¥ ï ¯à®¨§¢®¤ ï áª®à®-áâ¨. �¥à¥©¤¥¬ ª ®¢ë¬ ¯¥à¥¬¥ë¬ ¨â¥£à¨à®¢ -¨ï: z1 � z2 = � , (z1 + z2)=2 = � ¨ ¯®«ãç¨¬, çâ®V (z1)�V (z2) = V (�+�=2)�V (���=2)� �V 00 . � ¨â®£¥¢ íâ¨å ¯¥à¥¬¥ëå ¤¨á¯¥àá¨ï ¨¬¥¥â ¢¨¤�2? = k2�21 ZZG R(�V 00t; �) d� d�;£¤¥ G | ®¡« áâì ¨â¥£à¨à®¢ ¨ï ¢ ¯«®áª®áâ¨ (�; �) ,R = B=�21 | ª®íää¨æ¨¥â  ¢â®ª®àà¥«ïæ¨¨,   �21 |¤¨á¯¥àá¨ï á«ãç ©®£® ¯®«ï n1 . �«ï V 00 = const, ¯®-áâã¯ ï â ª, ª ª ¢ [3], á ãç¥â®¬ á¢®©áâ¢ (ã§®áâ¨ ¨ç¥â®áâ¨ ¯® ¯¥à¥¬¥®© � ) ª®íää¨æ¨¥â   ¢â®ª®à-à¥«ïæ¨¨ R ¯®«ãç ¥¬�2? = �2?(z; t) = 2k2�21z 1Z0 R(�V 00t; �) d�:�à¨ ¨â¥£à¨à®¢ ¨¨ íâ®£® ¢ëà ¦¥¨ï ®£à ¨ç¨¬áïá«ãç ¥¬ ¨§®âà®¯ëå ä«ãªâã æ¨©, ª®£¤  ª®íää¨æ¨¥â ¢â®ª®àà¥«ïæ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ¨¬¥¥â ¢¨¤R(�V 00t; �) = R�p(�V 00t)2 + �2� [3]. �â® ¯®§¢®«ï¥â,¢¢®¤ï ¤®¯®«¨â¥«ì®¥ ¯à¥¤¯®«®¦¥¨¥ ® â®¬, çâ® ¥£®ä®à¬  ¨¬¥¥â ¢¨¤ £ ãáá®¨¤ë: R(u) = exp(�u2=a2) ,¢ë¯®«¨âì ¨â¥£à¨à®¢ ¨¥:�2? = �2?(z; t) == 2k2�21z 1Z0 expn� �2h1 + (V 00t)2i=a2od� == p� k2�21zap1 + (V 00t)2 : (3)



64 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 2�â  ¤¨á¯¥àá¨ï ¢ áâ æ¨® à®© á¨âã æ¨¨ ¯à¨ V 00 = 0à ¢  �2?(z) =p� k2�21za: (4)�¢¥¤¥¬ ®â®á¨â¥«ìãî ¢¥«¨ç¨ã, á ¯®¬®éìî ª®â®-à®© ¬®¦® å à ªâ¥à¨§®¢ âì ®â«¨ç¨¥ ¥áâ æ¨® à®©á¨âã æ¨¨ ®â áâ æ¨® à®©:� = �2?(z; t)�2?(z) � 1 = h1 + (V 00t)2i�1=2� 1: (5)�á«¨ ¢§ïâì,  ¯à¨¬¥à, ¢à¥¬ï t = 1 ¬¨, â® ®â®á¨-â¥«ì®¥ ®âª«®¥¨¥,  ¯à¨¬¥à, � = 0,1 ¡ã¤¥â  ¡«î-¤ âìáï ¯à¨ § ç¥¨¨ ¯à®áâà áâ¢¥®© ¯à®¨§¢®¤®©V 00 = 0,007 á�1 ,   � = 0,3 ¯à¨ V 00 = 0,01 á�1 . �à¨¢à¥¬¥¨ t = 3 ¬¨ â ª¨¥ ¦¥ ®âª«®¥¨ï ¡ã¤ãâ ¯à¨V 00 = 0,002 á�1 ¨ V 00 = 0,004 á�1 .3. �à®¤®«ì®¥ à á¯à®áâà ¥¨¥�®£¤   ¯à ¢«¥¨ï áª®à®áâ¨ ¤à¥©ä  ¨ à á¯à®-áâà ¥¨ï ¢®«ë á®¢¯ ¤ îâ, â. ¥. Vx = Vy = 0 ,Vz = V (z) , á®áâ ¢«ïîé ï ä §ë (1) ¨¬¥¥â ¢¨¤'1 = k zZ0 n1(x; y; z0+ V (z0)t; t) dz0: (6)�à®¨§¢®¤ï ¢ëç¨á«¥¨ï ¯à¨ ¯®«®¬ á®åà ¥¨¨ ¢á¥åá¤¥« ëå ¢ëè¥ ¯à¥¤¯®«®¦¥¨© ¨ ¯à¨ â¥å ¦¥ ®¡®-§ ç¥¨ïå, ¯®«ãç ¥¬ ¤¨á¯¥àá¨î ä«ãªâã æ¨®®© á®-áâ ¢«ïîé¥© ä §ë:�2k = �2k(z; t) = p� k2�21za1 + V 00t : (7)�ë¢®¤ ® ¢«¨ï¨¨ áª®à®áâ¨, ª®â®àë© á«¥¤ã¥â ®âáî¤ ,á®¢¥àè¥®   «®£¨ç¥ ¢ë¢®¤ã, á¤¥« ®¬ã ¯à¨   -«¨§¥ (3). �® ¥áâì áâ æ¨® à®áâì  ¡«î¤ ¥âáï â®«ìª®¯à¨ ¯®áâ®ïáâ¢¥ áª®à®áâ¨ ¤à¥©ä  ¯® ¯à®áâà áâ¢ã.�®« £ ï V 00 = 0 ¢ (7), ¯®«ãç ¥¬ ¤¨á¯¥àá¨î �2k(z) ¤«ïáâ æ¨® à®© á¨âã æ¨¨ ¢ ¢¨¤¥, ª®â®àë© á®¢¯ ¤ ¥âá (4).�¢¥¤¥¬, ª ª ¨ ¢ à §¤¥«¥ 2, ®â®á¨â¥«ìãî ¢¥«¨-ç¨ã � = �2k(z; t)�k(z) � 1 = jV 00jt1+ V 00t : (8)�«ï ¢à¥¬¥¨ t = 1 ¬¨ ®â®á¨â¥«ì®¥ ®âª«®¥-¨¥ � = 0,1 ¡ã¤¥â ¯à¨ V 00 = 0,002 á�1 ,   � = 0,3¯à¨ V 00 = 0,004 á�1 . �à¨ ¢à¥¬¥¨ t = 3 ¬¨ â -ª¨¥ ¦¥ ®âª«®¥¨ï ¡ã¤ãâ ¯à¨ V 00 = 0,0005 á�1 ¨V 00 = 0,001 á�1 . �à ¢¨¢ ï íâ¨ § ç¥¨ï V 00 á ¯®«ã-ç¥ë¬¨ ¢ à §¤¥«¥ 2, ¬®¦® á¤¥« âì ¢ë¢®¤ ® ¡®«ì-è¥¬ ¢«¨ï¨¨ V 00 ¯à¨ ¯à®¤®«ì®¬ ¤à¥©ä¥. �®¯®áâ ¢-«ïï ¢ëà ¦¥¨ï (5) ¨ (8), ¬®¦® § ¬¥â¨âì, çâ® ¥á«¨ ¢¯®¯¥à¥ç®¬ á«ãç ¥ § ª V 00 ¥ ¨¬¥¥â § ç¥¨ï, â® ¢¯à®¤®«ì®¬ | ¨¬¥¥â.4. �à ªâ¨ç¥áª ï à¥ «¨§ æ¨ï� íªá¯¥à¨¬¥â å, á¢ï§ ëå á â¥¬®© ¤ ®© à -¡®âë, ®¡ëç® ¨á¯®«ì§ã¥âáï ¢à¥¬¥®¥ ãáà¥¤¥¨¥  

ª®¥çëå (® ¤®áâ â®ç® ¡®«ìè¨å) ¨â¥à¢ « å ¢à¥-¬¥¨ T . �«ï ®¯à¥¤¥«¥®áâ¨ ®áâ ®¢¨¬áï   ãá«®¢¨-ïå, ¯à¨¢¥¤¥ëå ¢ à §¤¥«¥ 3.�à¥¬¥®¥ áà¥¤¥¥ ä«ãªâã æ¨®®© á®áâ ¢«ïî-é¥© (6) à ¢®b'1 = 1T TZ0 '1 dt= kT TZ0 zZ0 n1(x; y; z0+ V (z0)t; t) dz0dt:(9)�® ï¢«ï¥âáï á«ãç ©®© ¢¥«¨ç¨®© á ¬ â¥¬ â¨ç¥á-ª¨¬ ®¦¨¤ ¨¥¬ ¨ ¤¨á¯¥àá¨¥©hb'1i= 1T TZ0 hb'1i dt== kT TZ0 zZ0 hn1(x; y; z0+ V (z0)t; t)i dz0dt;�21k = D(b'1� hb'1i)2E: (10)�¨á¯¥àá¨ï ¢ á®®â¢¥âáâ¢¨¨ á ¥à ¢¥áâ¢®¬ �¥¡ëè¥-¢  ï¢«ï¥âáï ¬¥à®© à §¡à®á  á«ãç ©®© ¢¥«¨ç¨ë (9)®â®á¨â¥«ì® ¥¥ áà¥¤¥£® § ç¥¨ï hb'1i . �®áª®«ìªãà¥è ¥âáï § ¤ ç  ¯à¨ ãá«®¢¨¨ hn1i= 0 , ¨§ (10) á«¥¤ã¥âhb'1i = dh'1i = 0 . �®íâ®¬ã ¬¥à  à §¡à®á  (¤¨á¯¥àá¨ï)à ¢ �21k = k2T 2 TZ0 TZ0 zZ0 zZ0 � Dn1�x; y; z01+ V (z01)t1; t1���n1�x; y; z02+ V (z02)t2; t2�Edt1dt2dz01dz02:(11)�¢â®ª®àà¥«ïæ¨® ï äãªæ¨ï, áâ®ïé ï ¯®¤ § ª®¬¨â¥£à « , ¯à¨ ¯®«®© áâ â¨áâ¨ç¥áª®© ®¤®à®¤®áâ¨¨¬¥¥â ®¡é¨© ¢¨¤:B = �21R�z01 � z02 + V (z01)t1 � V (z02)t2; t1� t2�:�®á«¥ § ¬¥ë z01�z02 = � , (z01+z02)=2 = � , t1�t2 = � ,(t1+ t2)=2 = # ¯à¨ ãç¥â¥ «¨¥©®© § ¢¨á¨¬®áâ¨ áª®-à®áâ¨ ¤à¥©ä  ®â ª®®à¤¨ â ¯®«ãç¨¬�21k = k2T 2�21 TZ0 d# 1Z�1 d� zZ0 d� 1Z�1 d���R�(1+ V 00#)�+ (V0+ V 00�)�; ��;£¤¥ ¯à¥¤¥«ë ¨â¥£à¨à®¢ ¨ï ã¢¥«¨ç¥ë ¤® ¡¥áª®-¥çëå, â ª ª ª áãé¥áâ¢¥ë© ¢ª« ¤ ¢ ¨â¥£à «ë¤ îâ ã§ª¨¥ ¯®«®áë, ¢ £à ¨æ å ª®â®àëå ª®íää¨æ¨-¥â  ¢â®ª®àà¥«ïæ¨¨ R § ¬¥â® ®â«¨ç ¥âáï ®â ã-«ï. �á«¨ â¥¯¥àì ¯à¥¤áâ ¢¨âì ª®íää¨æ¨¥â  ¢â®ª®à-à¥«ïæ¨¨ ¢ ¢¨¤¥ £ ãáá®¨¤ë: R = expn[(1 + V 00#)� +



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü2 65+(V0 + V 00�)� ]2a�2 + ���20 o , â® ¨â¥£à « (11) ¬®¦¥â¡ëâì ¢ëç¨á«¥ [4] ¨ ¢ à¥§ã«ìâ â¥ ¯®«ãç¨¬ ¨áª®¬ãî¤¨á¯¥àá¨î: �21k = �k2�21az(�0=T )[ln(1+V 00T )=(V 00T )] ,ª®â®à ï ¢ áâ æ¨® à®¬ á«ãç ¥ à ¢  �21k(V 00 = 0) == �k2�21az�0=T . �â¬¥â¨¬, çâ® ¤¨á¯¥àá¨ï �21k § ¢¨-á¨â ®â § ª  ¯à®¨§¢®¤®© V 00 . �®áâã¯ ï ª ª ¨ à -¥¥, ¨á¯®«ì§ã¥¬ ¯®á«¥¤¨¥ ¤¢  ¢ëà ¦¥¨ï ¤«ï ¢¢¥-¤¥¨ï ®â®á¨â¥«ì®© ¢¥«¨ç¨ë � , å à ªâ¥à¨§ãîé¥©®â«¨ç¨¥ ¥áâ æ¨® à®© á¨âã æ¨¨ ®â áâ æ¨® à-®©: � = j ln(1 + V 00T )j=jV 00T j � 1 . �à¥¤¯®« £ ï, çâ®jV 00T j < 1 , ¨¬¥¥¬ � � T jV 00j=2 . �à®  «¨§¨àã¥¬ íâ®âà¥§ã«ìâ â. �á«¨ ¢à¥¬ï ãáà¥¤¥¨ï T = 3 ¬¨, â®� = 0,1 ¡ã¤¥â ¯à¨ V 00 = 0,003 á�1 ,   � = 0,3 | ¯à¨V 00 = 0,01 á�1 . �á«¨ T = 1 ¬¨, â¥ ¦¥ ®âª«®¥¨ï ¡«î¤ îâáï ¯à¨ V 00 = 0,001 ¨ 0,003 á�1 á®®â¢¥â-áâ¢¥®.�¥ à á¯®« £ ï à¥ «ìë¬¨ ¤ ë¬¨ ® ¯à®áâà -áâ¢¥®© ¯à®¨§¢®¤®© áª®à®áâ¨ ¤à¥©ä , ¬®¦® ¢á¥¦¥ á¤¥« âì ¥ª®â®àë¥ ¯à ªâ¨ç¥áª¨¥ ¢ë¢®¤ë, ¥á«¨¢®á¯®«ì§®¢ âìáï £¨¯®â¥§®© �¦. �¥©«®à  [5]. �à¨¬¥-¥¨¥ íâ®© £¨¯®â¥§ë ¯®§¢®«ï¥â, àãª®¢®¤áâ¢ãïáì à á-áã¦¤¥¨ï¬¨ [6], ¯®«ãç¨âì á¢ï§ì ¯à®áâà áâ¢¥®£®¨ ¢à¥¬¥®£® à ¤¨ãá®¢ ª®àà¥«ïæ¨¨ ¯®ª § â¥«ï ¯à¥-«®¬«¥¨ï: a = V �0 , £¤¥ V | áª®à®áâì ¤à¥©ä . �®£-¤ , ¥á«¨ ¢§ïâì ¨§¬¥¥¨¥ áª®à®áâ¨   à ááâ®ï¨¨,à ¢®¬ à ¤¨ãáã ¯à®áâà áâ¢¥®© ª®àà¥«ïæ¨¨ a :�V = jV 00ja , â® ®â®á¨â¥«ì®¥ ¨§¬¥¥¨¥ áª®à®áâ¨¡ã¤¥â à ¢® �V=V = jV 00j�0 . �á¯®«ì§ã¥¬ §¤¥áì ¯®-«ãç¥ë¥ ¢ëè¥ § ç¥¨ï ¯à®áâà áâ¢¥®© ¯à®¨§-¢®¤®© áª®à®áâ¨. �à¨ íâ®¬ ãçâ¥¬ ¯à¨¢¥¤¥ë¥ ¢ [7]¤ ë¥ ® ¢à¥¬¥�®¬ à ¤¨ãá¥ ª®àà¥«ïæ¨¨: �0 � 3 á.�®£¤  ¤«ï ¢à¥¬¥¨ ãáà¥¤¥¨ï T = 1 ¬¨ ®â®á¨-â¥«ì®¥ ®âª«®¥¨¥ ®â áâ æ¨® à®áâ¨ � = 0,1 ¡ã¤¥â ¡«î¤ âìáï ¯à¨ ®â®á¨â¥«ì®¬ ¨§¬¥¥¨¨ áª®à®áâ¨¤à¥©ä  �V=V = 0,01,   � = 0,3 | ¯à¨ �V=V = 0,03.�à¨ ¢à¥¬¥¨ ãáà¥¤¥¨ï T = 3 ¬¨ á®®â¢¥âáâ¢ãî-é¨¥ ¢¥«¨ç¨ë �V=V ¡ã¤ãâ à ¢ë 0,003 ¨ 0,01.� ª¨¬ ®¡à §®¬, ª®áâ â¨àã¥¬, çâ® ¬ «ë¥ ¨§¬¥-¥¨ï áª®à®áâ¨ ¤à¥©ä    à ááâ®ï¨¨ ¯®àï¤ª  à -¤¨ãá  ¯à®áâà áâ¢¥®© ª®àà¥«ïæ¨¨ âà®¯®áä¥àëå¥®¤®à®¤®áâ¥© ¢¥¤ãâ ª § ¬¥â®¬ã ®âª«®¥¨î ®âáâ æ¨® à®áâ¨ ¢¥à®ïâ®áâëå å à ªâ¥à¨áâ¨ª ¢®«.

�ë¢®¤ë�§¬¥ç¨¢®áâì áª®à®áâ¨ ¤à¥©ä  ¢ à §«¨çëå áà¥-¤ å ¢ ¯à®áâà áâ¢¥ (  ¤«¨¥ à ¤¨®âà ááë) ¨«¨ ¢®¢à¥¬¥¨ (¢ â¥ç¥¨¥ ¯¥à¨®¤  ¨§¬¥à¥¨ï) | ¯à¨ç¨ ®âª«®¥¨ï ¢¥à®ïâ®áâëå á¢®©áâ¢ ¢®« ®â áâ æ¨®- à®áâ¨ ¨, ¢®®¡é¥ £®¢®àï, ®â íà£®¤¨ç®áâ¨. �â¨®âª«®¥¨ï ¥®¡å®¤¨¬® ãç¨âë¢ âì, çâ®¡ë ¨§¡¥¦ âì®è¨¡®ª ¯à¨ ®¯à¥¤¥«¥¨¨ áâ â¨áâ¨ç¥áª¨å å à ªâ¥à¨á-â¨ª à áá¥ïëå ¢®«. �¥§ã«ìâ âë à ¡®âë ãª §ë¢ îâ  ¢®§¬®¦®áâì ª®àà¥ªæ¨¨ ®è¨¡®ª.� £¨¯®â¥§¥ ¯®áâ®ïáâ¢  áª®à®áâ¨, ª®â®à ï ¨á-¯®«ì§ã¥âáï ¢® ¬®£¨å à ¡®â å, ã¦® ®â®á¨âáï®áâ®à®¦®. �¤ ª®, ¯® «¨â¥à âãàë¬ ¤ ë¬ (á¬., ¯à., [8]), á¢®©áâ¢  áª®à®áâ¨ ¤à¥©ä  ¢ ¨áá«¥¤®¢ ¨-ïå, ª ª ¯à ¢¨«®, ¨£®à¨àãîâáï.� § ª«îç¥¨¥ ®â¬¥â¨¬, çâ®  «¨ç¨¥ à¥äà ªæ¨¨¢®« ¥ áª §ë¢ ¥âáï ¯à¨æ¨¯¨ «ì®   ¯®«ãç¥ëåà¥§ã«ìâ â å ® ¢«¨ï¨¨ áª®à®áâ¨ ¢¥âà    áâ æ¨® à-®áâì. �®íâ®¬ã à¥§ã«ìâ âë ¢ ¦ë ¤«ï ¨®®áä¥àë,£¤¥ ¨¬¥¥âáï áãé¥áâ¢¥ ï à¥äà ªæ¨ï. �ë¢®¤ë à ¡®-âë ¯à¨¬¥¨¬ë ¨ ¢ § ¤ ç å  ªãáâ¨ç¥áª®£® §®¤¨à®-¢ ¨ï ª ª  â¬®áä¥àë, â ª ¨ ®ª¥   ¯à¨  «¨ç¨¨â¥ç¥¨©.�¨â¥à âãà 1. �®«®£¤¨ �.�., �ãá¥¢ �.�. // LII  ãç ï á¥áá¨ï, ¯®á¢ïé¥- ï �î à ¤¨®. �¥§. ¤®ª«. �., 1997. �. 180.2. �®«®£¤¨ �.�., �ãá¥¢ �.�. // �¥®¬ £¥â¨§¬ ¨  íà®®¬¨ï.1998. ü 5. �. 178.3. �ëâ®¢ �.�., �à ¢æ®¢ �.�., � â àáª¨© �.�. �¢¥¤¥¨¥ ¢áâ â¨áâ¨ç¥áªãî à ¤¨®ä¨§¨ªã. �. II. �.: � ãª , 1978.4. �à ¤èâ¥© �.�., �ë¦¨ª �.�. � ¡«¨æë ¨â¥£à «®¢,áã¬¬, àï¤®¢ ¨ ¯à®¨§¢¥¤¥¨©. �.: � ãª , 1971.5. Taylor G.I. // Proc. Roy. Soc. 1938. A164. P. 476.6. � ¬«¨ �¦., � ®¢áª¨© �.�. �âàãªâãà   â¬®áä¥à®© âãà-¡ã«¥â®áâ¨. �.: �¨à, 1966.7. � § ª®¢ �.�., �®¬ ª¨ �.�. �¥®¤®à®¤®áâ¨ ª®íää¨æ¨-¥â  ¯à¥«®¬«¥¨ï ¢®§¤ãå  ¢ âà®¯®áä¥à¥. �.: � ãª , 1976.8. �¥¬¥®¢ �.�., �àá¥ìï �.�. �«ãªâã æ¨¨ í«¥ªâà®¬ £¨â-ëå ¢®«   ¯à¨§¥¬ëå âà áá å. �.: � ãª , 1978.�®áâã¯¨«  ¢ p¥¤ ªæ¨î18.01.99


