
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò2 71� � � � � � � � � � � � � � � �������������� � �������������� ��������� 537.312.8+543.253���������� �������� ��������� � ��������� ������������ �������� ����������������.�. �ãª®¢áª ï, �.�. � ¢ç¥­ª®, �.�. � ¤®¢­¨ª®¢(ª ä¥¤à  ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)E-mail: sadovnikov@phys.msu.su�«ï ¯ à ¬ £­¨â­®© ä §ë á¨áâ¥¬ â¨¯  ¯¥à®¢áª¨â®¢, ¯®¬¥é¥­­ëå ¢® ¢­¥è­¥¥ ¬ £­¨â­®¥ ¯®«¥,®¯à¥¤¥«¥­  ­ ¬ £­¨ç¥­­®áâì, á®®â¢¥âáâ¢ãîé ï ¯ à ¬ £­¨â­®© áâ¥¯¥­¨ á¢®¡®¤ë ¢ ­¥«¨­¥©­®¬à¥¦¨¬¥ ¢®§¡ã¦¤¥­¨ï á¯¨­®¢ëå ¯®¯¥à¥ç­ëå ¬®¤. �®ª § ­®, çâ® á¯¨­®¢ ï á®áâ ¢«ïîé ï â®ª ¢ «¨­¥©­®¬ à¥¦¨¬¥ ¨¬¥¥â à¥§®­ ­á­ë© å à ªâ¥à.�¡¬¥­­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã í«¥ªâà®­ ¬¨¯à®¢®¤¨¬®áâ¨ ¨£à ¥â ¢ ¦­ãî à®«ì ¢ ¬¥å ­¨§¬¥¢ëá®ª®â¥¬¯¥à âãà­®© á¢¥àå¯à®¢®¤¨¬®áâ¨ [1{3]. �­®¯à¨¢®¤¨â ª â®¬ã, çâ® ¢ á¯¥ªâà¥ á¯¨­®¢ëå ¢®§¡ã¦¤¥-­¨© ¢®§­¨ª îâ ª®«¥¡ â¥«ì­ë¥ ¬®¤ë, à¥ «ì­ë¥ ¢ ®¡-« áâ¨ §­ ç¥­¨© ¢®«­®¢®£® ¢¥ªâ®à  k > kc = 2�=hrci ,£¤¥ hrci | ®¡¬¥­­ë© à ¤¨ãá ª®àà¥«ïæ¨¨.� ®¡« áâ¨ ¬ «ëå ¢®«­®¢ëå ¢¥ªâ®à®¢, â. ¥. ¯à¨k < kc , ¢ ®âáãâáâ¢¨¥ ¢­¥è­¥£® ¬ £­¨â­®£® ¯®«ïá¯¥ªâà á¯¨­®¢ëå ä«ãªâã æ¨© ï¢«ï¥âáï ¤¨ääã§¨®­-­ë¬ ¢á«¥¤áâ¢¨¥ â®£®, çâ® ¢ á¨áâ¥¬¥ í«¥ªâà®­­ëåá¯¨­®¢ ®âáãâáâ¢ã¥â ¤ «ì­¨© ¬ £­¨â­ë© ¯®àï¤®ª.� à ¡®â¥ [4] ¡ë«  ¨áá«¥¤®¢ ­  ®¡« áâì ¬ «ëå k¯à¨ ­ «¨ç¨¨ ¢­¥è­¥£® ¬ £­¨â­®£® ¯®«ï, ­  ®á­®¢¥à¥§ã«ìâ â®¢ ª®â®à®© ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥­  ¢¥«¨-ç¨­  ¯«®â­®áâ¨ â®ª  ­ ¬ £­¨ç¥­­®áâ¨, á¢ï§ ­­ ï á®á¯¨­®¢ë¬¨ ª®«¥¡ ­¨ï¬¨:jm = �bcn rot�M; (1)£¤¥ �b | ¬ £­¥â®­ �®à , n | ª®­æ¥­âà æ¨ï ­®á¨â¥-«¥© ¢ ¯®«ã¯à®¢®¤­¨ª¥, c | áª®à®áâì á¢¥â , �M |¯®«­ ï ­¥à ¢­®¢¥á­ ï ­ ¬ £­¨ç¥­­®áâì.�¥«¨ç¨­ã z -ª®¬¯®­¥­âë ¯«®â­®áâ¨ â®ª  ­ ¬ £-­¨ç¥­­®áâ¨ (1) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥jmz = �bcnkc2 (q��M+� q+�M�);£¤¥�M+(q; z) �=�=� zq2z+(z� z0q2)[z2 + zz0(2 + q2) + z20 + 1� q2] ; (2)�M�(q; z) �=�=� zq2z�(z+ z0q2)[z2 � zz0(2 + q2) + z20 + 1� q2] ; (3)q� = qx� iqy: (4)� ¢ëà ¦¥­¨ïå (2){(4)z = !J0s; (5)

£¤¥ ! | ç áâ®â  á¢ï§ ­­ëå ª®«¥¡ ­¨© á¯¨­-ä®-­®­­®© á¨áâ¥¬ë, s = 1=2 | á¯¨­ í«¥ªâà®­ ,J0 = R dxJ(x) , J(x) | ¯®â¥­æ¨ « ®¡¬¥­­®£® ¢§ -¨¬®¤¥©áâ¢¨ï, z� = zx � izy;z� = �h�J0s ; (6)q� = k�kc ; (7)£¤¥ �= x; y; z; k� | ¢®«­®¢®© ¢¥ªâ®à,z0 = �HJ0s ; (8)H = zH; h | ¯®áâ®ï­­®¥ ¨ ¯¥à¥¬¥­­®¥ ¢­¥è­¨¥¬ £­¨â­ë¥ ¯®«ï, <rc> = R dxx2J(x)R dx J(x) | ®¡¬¥­­ë©à ¤¨ãá ª®àà¥«ïæ¨¨ ¢ á¨áâ¥¬¥ í«¥ªâà®­­ëå á¯¨­®¢.�®¤áâ ¢«ïï á®®â­®è¥­¨ï (2) ¨ (3) ¢ (1), ¯®«ãç ¥¬jmz(q; z) �=�= �bcnkczq22(z + z0q2) q+z�[z2 � zz0(2 + q2) + z20 + 1� q2] �� �bcnkczq22(z � z0q2) q�z+[z2 + zz0(2 + q2) + z20 + 1� q2] :�§ ¯®«ãç¥­­®© ä®à¬ã«ë ¢¨¤­®, çâ® ¢¥«¨ç¨­ z -ª®¬¯®­¥­âë ¯«®â­®áâ¨ â®ª  ­ ¬ £­¨ç¥­­®áâ¨, á¢ï-§ ­­®£® á® á¯¨­®¢ë¬¨ ª®«¥¡ ­¨ï¬¨, ¢ «¨­¥©­®¬ à¥-¦¨¬¥ ¢®§¡ã¦¤¥­¨ï á¯¨­®¢ëå ¯®¯¥à¥ç­ëå ¬®¤ ¨¬¥¥âà¥§®­ ­á­ë© å à ªâ¥à. �â¬¥â¨¬, çâ® íâ® å à ªâ¥à­®¤«ï á¯¨­®¢ëå ¢®§¡ã¦¤¥­¨© ¢ ¢ëá®ª®â¥¬¯¥à âãà­ëåá¢¥àå¯à®¢®¤ïé¨å á¨áâ¥¬ å ¨ ¯®¤â¢¥à¦¤ ¥â á¯à ¢¥¤-«¨¢®áâì á¯¨­-ä®­®­­®£® ¬¥å ­¨§¬  á¢¥àå¯à®¢®¤¨-¬®áâ¨.�áá«¥¤ã¥¬ ­¥«¨­¥©­®¥ ¢®§¡ã¦¤¥­¨¥ á¯¨­®¢ëå¯®¯¥à¥ç­ëå ¬®¤ («¨­¥©­®¥ ¢®§¡ã¦¤¥­¨¥ ¡ë«® à á-á¬®âà¥­® ¢ à ¡®â¥ [4]).
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2��(H+h;m+
)� :(9)� ¢ëà ¦¥­¨¨ (9) 
 | ­ ¬ £­¨ç¥­­®áâì, á®®â¢¥â-áâ¢ãîé ï ¯ à ¬ £­¨â­®© á¯¨­®¢®© áâ¥¯¥­¨ á¢®¡®-¤ë, m = � _
 | ¯ à ¬ £­¨â­ë© ¬®¬¥­â, ­¥à ¢­®-¢¥á­ ï ª®¬¯®­¥­â  ª®â®à®£® ®¯à¥¤¥«ï¥âáï ¯à®¨§¢®¤-­®© ­ ¬ £­¨ç¥­­®áâ¨ ¯® ¢à¥¬¥­¨ (¨¬¯ã«ìá á¯¨­®¢®©á¨áâ¥¬ë), A� = @
@x� ; � = 1; 2; 3 | ¢¥ªâ®à ¯à®¨§¢®¤-­®© ­ ¬ £­¨ç¥­­®áâ¨ ¯® ª®®à¤¨­ â¥, �= g�b; g = 2 ,�= 1J0s | íää¥ªâ¨¢­ ï ¯ à ¬ £­¨â­ ï ¢®á¯à¨¨¬ç¨-¢®áâì ¨«¨ íää¥ªâ¨¢­ ï ¬ áá  á¯¨­®¢®© á¨áâ¥¬ë.�á¯®«ì§ãï ¬¥â®¤ áª®¡®ª �ã áá®­  [6], ¬®¦­®§ ¯¨á âì ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¤«ï ¢¥ªâ®à  
 . � ®¡-é¥¬ á«ãç ¥ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¨¬¥îâ ¢¨¤_
 = fHe�s 
g: (10)�â®¡ë § ¯¨á âì ãà ¢­¥­¨ï (10) ¢ ï¢­®¬ ¢¨¤¥,­¥®¡å®¤¨¬® ¢ëç¨á«¨âì áª®¡ª¨ �ã áá®­  ¤«ï 
 .�ª®¡ª¨ �ã áá®­ , ª®â®àë¥ ®â«¨ç­ë ®â ­ã«ï, ¨¬¥îâ¢¨¤ f
�
�g= e��
 

 ; f
�
�ga = ��� ; (11)fm�
�g= ��� ; f
�m�ga = ��� ; (12)�; �; 
 = 1; 2; 3:�ª®¡ª¨ á ¨­¤¥ªá®¬ a ¯à¥¤áâ ¢«ïîâ á®¡®© á®-¯àï¦¥­­ë¥ ( ­â¨ª®¬¬ãâ¨àãîé¨¥) áª®¡ª¨ �ã áá®­ .�ëç¨á«ïï áª®¡ª¨ �ã áá®­  ¢ ¯à ¢®© ç áâ¨ ãà ¢­¥-­¨© (10) á ãç¥â®¬ á®®â­®è¥­¨© (11) ¨ (12), ¯®«ãç ¥¬ãà ¢­¥­¨ï ¤«ï ­ ¬ £­¨ç¥­­®áâ¨ 
 ¢ ï¢­®¬ ¢¨¤¥:_
 = 1�m� �(H+ h) + �[H+h; 
 ]: (13)�¨­¥ à¨§ãï ãà ¢­¥­¨¥ (13) á ¯®¬®éìî ä®à¬ã«m= ��H+ �m , 
 =���H+ �
 , £¤¥ �m ¨ �
 |¬ «ë¥ ¨§¬¥­¥­¨ï á¯¨­®¢ëå ¯¥à¥¬¥­­ëå, ¢ á«ãç ¥á« ¡®£® ¯®áâ®ï­­®£® H ¨ ¯¥à¥¬¥­­®£® h = (0; 0; hz)¢­¥è­¨å ¬ £­¨â­ëå ¯®«¥©, ¨á¯®«ì§ãï â¥ ¦¥ ¢¥«¨ç¨-­ë z; z0; z�; q� , çâ® ¨ ¢ (5){(8), ¨ ¯à®¨§¢®¤ï á®®â¢¥â-áâ¢ãîé¨¥ ã¯à®é¥­¨ï, ¯®«ãç ¥¬ á¨áâ¥¬ã ãà ¢­¥­¨©:�iz�
x1;z = �mx1;z � z0�
y1;z � zz2z�
y1;�z;

iz�
x1;�z = �mx1;�z � z0�
y1;�z � zz�2z�
y1;z;�iz�
y1;z = �my1;z + z0�
x1;z + zz2z�
x1;�z;iz�
y1;�z = �my1;�z � z0�
x1;�z � zz�2z�
x1;z:�¥è ï íâã á¨áâ¥¬ã ãà ¢­¥­¨©, ¯®«ãç ¥¬ á«¥¤ãî-é¨¥ à¥§ã«ìâ âë (ãç¨âë¢ ï, çâ® zz2z = zz�2z ):�
x1;z = iz�mx1;z + z0�my1;z � zz2z�my1;�zz2 � z20 + (zz2z)2 ;�
x1;�z = �iz�mx1;�z + z0�my1;�z � zz2z�my1;zz2 � z20 + (zz2z)2 ;�
y1;z = iz�my1;z � z0�mx1;z + zz2z�mx1;�zz2 � z20 + (zz2z)2 ;�
y1;�z = �iz�my1;�z � z0�mx1;�z + zz2z�mx1;zz2 � z20 + (zz2z)2 :� ª¨¬ ®¡à §®¬, ¢ à ¡®â¥ ¯®ª § ­®, çâ® ¢ á¯¥ªâ-à¥ ¢®§¡ã¦¤¥­¨© ¯®¯¥à¥ç­ëå á¯¨­®¢ëå ª®«¥¡ ­¨©¤®«¦­ë ¢®§­¨ª âì ¢¥â¢¨, ª®â®àë¥ ­¥ ï¢«ïîâáï ¤¨ä-äã§¨®­­ë¬¨ ¢ ®¡« áâ¨ §­ ç¥­¨© ¢®«­®¢®£® ¢¥ªâ®à k� kc . �ªá¯¥à¨¬¥­â «ì­ë¥ ­ ¡«î¤¥­¨ï â ª¨å ¢¥â-¢¥© ª®«¥¡ ­¨© [7] ï¢«ïîâáï ª®á¢¥­­ë¬ ¯®¤â¢¥à¦-¤¥­¨¥¬ áãé¥áâ¢®¢ ­¨ï ¯à®¤®«ì­®© ¢¥â¢¨ á¯¨­®¢ëåª®«¥¡ ­¨© ¢ ¢ëá®ª®â¥¬¯¥à âãà­®© ä §¥, ª®â®à ï®â¢¥âáâ¢¥­­  §  ãá¨«¥­¨¥ í«¥ªâà®­-ä®­®­­®£® ¢§ -¨¬®¤¥©áâ¢¨ï.�¨â¥à âãà 1. �« ¡¥à¤¨­ �.�., �¨å®à¥¢ �.�., � ¢ç¥­ª® �.�., � ¤®¢­¨-ª®¢ �.�. // ���. 1996. 107, ò1. �. 129.2. �« ¡¥à¤¨­ �.�., �¨å®à¥¢ �.�., � ¢ç¥­ª® �.�., � ¤®¢­¨-ª®¢  �.�. // ���. 1999. 120, ò1. �. 144.3. �« ¡¥à¤¨­ �.�., � ¢ç¥­ª® �.�., � ¤®¢­¨ª®¢  �.�. //�¥áâ­. �®áª. ã­-â . �¨§. �áâà®­. 1999. ò6. �. 32 (MoscowUniversity Phys. Bull. 1999. No. 6. P. 41).4. Sadovnikova M.B., Savchenko A.M., Scarpetta G. // Phys.Lett. 2000. A274. P. 236.5. Sadovnikov B.I., Savchenko A.M. // Physica. 1999. A271.P. 411.6. Savchenko M.A., Stefanovich A.V. // Fluctuation Supercon-ductivity of Magnetic Systems. Springer-Verlag, 1990.7. Brinckmann J., Lee P.A. // Phys. Rev. Lett. 82, No. 14.P. 2915. �®áâã¯¨«  ¢ p¥¤ ªæ¨î26.10.01


