
44 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò6��� 530.19 � ������ ��������� ��������� ������������ ������� �������.�. � àç¥­ª®, �.�. � ¢ç¥­ª®, �.�. � ¤®¢­¨ª®¢(ª ä¥¤à  ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)E-mail: savchenko@qs.phys.msu.su; sadovnikov@phys.msu.su� à ¡®â¥ à áá¬ âà¨¢ îâáï á¢ï§ ­­ë¥ ª®«¥¡ ­¨ï í«¥ªâà®­­®© ¨ ï¤¥à­®© á¨áâ¥¬ ¢  ­â¨ä¥à-à®¬ £­¥â¨ª¥ â¨¯  <«¥£ª ï ¯«®áª®áâì> ¢ á¨«ì­ëå ¬ £­¨â­ëå ¯®«ïå. �  ®á­®¢¥ <u-v>-¯à¥-®¡à §®¢ ­¨ï �®£®«î¡®¢  ­ ©¤¥­ á¯¥ªâà íâ¨å ª®«¥¡ ­¨© ¨ ­ ©¤¥­  ­®¢ ï ¬®¤  "2k ª®«-«¥ªâ¨¢­ëå ª®«¥¡ ­¨© ¢  ­â¨ä¥àà®¬ £­¥â¨ª¥. � ©¤¥­ ¤¨­ ¬¨ç¥áª¨© á¤¢¨£ ç áâ®âë ï¤¥à­®£®¬ £­¨â­®£® à¥§®­ ­á , á¢ï§ ­­ë© á íâ®© ¬®¤®©.�§¢¥áâ­®, çâ® á ã¢¥«¨ç¥­¨¥¬ ¯®áâ®ï­­®£® ¬ £-­¨â­®£® ¯®«ï ¯à®¨áå®¤¨â ¯®áâ¥¯¥­­®¥ áå«®¯ë¢ ­¨¥á¯¨­®¢ ¬ £­¨â­ëå ¯®¤à¥è¥â®ª  ­â¨ä¥àà®¬ £­¥â¨ª .�à¨ ¤®áâ â®ç­® á¨«ì­ëå ¬ £­¨â­ëå ¯®«ïå ¯à®¨á-å®¤¨â ä §®¢ë© ¯¥à¥å®¤ ¢â®à®£® à®¤ : ¬ £­¨â­ë¥¬®¬¥­âë ¢ëáâà ¨¢ îâáï ¢¤®«ì ¯®«ï (¯ à ¬ £­¨â-­ ï ä § ). �®«¥¥ â®£®, ¢ ®ªà¥áâ­®áâ¨ ªà¨â¨ç¥áª®£®§­ ç¥­¨ï ¯®«ï áå«®¯ë¢ ­¨ï Hc ¢ á¨áâ¥¬¥ ï¤¥à­ëåá¯¨­®¢ áãé¥áâ¢ãîâ ¤«¨­­®¢®«­®¢ë¥ ª®««¥ªâ¨¢­ë¥ª®«¥¡ ­¨ï | ï¤¥à­ë¥ á¯¨­®¢ë¥ ¢®«­ë, ¨­¨æ¨¨à®-¢ ­­ë¥ í«¥ªâà®­­ë¬¨ á¯¨­®¢ë¬¨ ¢®«­ ¬¨ ª¢ §¨- ­â¨ä¥àà®¬ £­¨â­®© ¢¥â¢¨. �®íâ®¬ã ¢ ¤ «ì­¥©è¥¬¡ã¤¥¬ ¨áá«¥¤®¢ âì á¢ï§ì ª®«¥¡ ­¨© ï¤¥à­ëå á¯¨­®¢á í«¥ªâà®­­ë¬¨ á¯¨­®¢ë¬¨ ¢®«­ ¬¨.� áá¬®âà¨¬ £ ¬¨«ìâ®­¨ ­ [1, 2]H =Xf;g [J (rfg)SfSg +K2 (Sfn) (Sgn)] ++K1 24Xf (Sfn)2Xg (Sgn)235++ �H0@Xf Sf+Xg Sg1A� �nH0@Xf If+Xg Ig1A��A00@Xf IfSf +Xg IgSg1A; (1)£¤¥ í«¥ªâà®­­ë¥ á¯¨­ë Sf ;Sg ¯à¨­ ¤«¥¦ â à §-«¨ç­ë¬ ¯®¤à¥è¥âª ¬; If ; Ig | ï¤¥à­ë¥ á¯¨­ë;J (rfg) | ®¡¬¥­­ë© ¨­â¥£à «; rfg = rf � rg;K1;K2 | ª®­áâ ­âë  ­¨§®âà®¯¨¨; n | ­®à¬ «ì ª¯«®áª®áâ¨ «¥£ª®£® ­ ¬ £­¨ç¨¢ ­¨ï; A0 | ª®­áâ ­â í«¥ªâà®­-ï¤¥à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï; �; �n | í«¥ª-âà®­­ë© ¨ ï¤¥à­ë© ¬ £­¥â®­ë �®à .�ë¯®«­¨¬ â¥¯¥àì ­ ¤ £ ¬¨«ìâ®­¨ ­®¬ H áâ ­-¤ àâ­ãî ¯®á«¥¤®¢ â¥«ì­®áâì ®¯¥à æ¨©, â. ¥. ¯à¥¤áâ -¢¨¬ ¥£® ¢ ä®à¬¥ ®¯¥à â®à®¢ ¢â®à¨ç­®£® ª¢ ­â®¢ ­¨ï.� ¯®¬®éìî ¯à¥®¡à §®¢ ­¨ï �®«ìèâ¥©­ {�à¨¬ ª®¢ ¢ëà §¨¬ ®¯¥à â®àë [3] Sj ç¥à¥§ ®¯¥à â®àë á¯¨­®¢ëå®âª«®­¥­¨© a+j ;aj : � «¥¥ ¢ë¯®«­¨¬ �ãàì¥-¯à¥®¡à -

§®¢ ­¨¥, ¢¢¥¤ï ®¯¥à â®àëa�k =N�1=2X ajeikrj ; � =(1; j = f2; j = g:�¢¥¤¥¬ ®¯¥à â®àë ~a�k = 2�1=2[a1k + (�1)��1a2k]:� à¥§ã«ìâ â¥ £ ¬¨«ìâ®­¨ ­ ¯à¨®¡à¥â¥â á«¥¤ãîé¨©¢¨¤:H =Xk;� nA�k~a+�k~a�k + 12B�k �~a�k~a��k + ~a+�k~a+��k�o��!n�Xf Iz0f +Xg Iz00g + 12A0S1=2��Xk;� �~a�k �X1 + (�1)��1X2�+ í. á.	�;£¤¥ A1k +A2k = 2J(0)S cos 2�+2K1S ++2A0hIi cos(�� �n) + 2�H sin �;A1k �A2k = 2J(k)S sin2 ��K2S;B1k +B2k =�2K1S;B1k �B2k =�2J(k)S cos2 �+K2S;J(k) =Xf J(rfg)eikrfg ;X1 =N�1=2Xf eikrf�h(Iz0nf � hIi) sin(�� �n)� Ix0nf cos(�� �n) + iIy0nf i;X2 =N�1=2Xg eikrg�h�(Iz00ng � hIi) sin(�� �n)� Ix00ng cos(�� �n) + iIy00ng i:�«¥ªâà®­­ ï ¨ ï¤¥à­ ï á¯¨­®¢ë¥ á¨áâ¥¬ë¤¢ãå¯®¤à¥è¥â®ç­®£®  ­â¨ä¥àà®¬ £­¥â¨ª  ®¡« ¤ îâç¥âëàì¬ï à¥§®­ ­á­ë¬¨ ç áâ®â ¬¨, á®®â¢¥âáâ¢ã-îé¨¬¨ ®¤­®à®¤­ë¬ â¨¯ ¬ ¯à¥æ¥áá¨¨ á¯¨­®¢.�á«¨ ¯à¥­¥¡à¥çì ¤¨­ ¬¨ç¥áª®© á¢ï§ìî ¬¥¦¤ãíâ¨¬¨ á¨áâ¥¬ ¬¨, â® ï¤¥à­ë¥ à¥§®­ ­á­ë¥ ç áâ®âë



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò6 45®ª §ë¢ îâáï ¢ëà®¦¤¥­­ë¬¨ ¨ à ¢­ë¬¨ !n [1].�ç¥â ¤¨­ ¬¨ç¥áª®© á¢ï§¨ ¯à¨¢®¤¨â ª á¤¢¨£ãà¥§®­ ­á­ëå ç áâ®â, ª®â®àë© ¤«ï ï¤¥à­®© ç áâ®âë®¡à â­® ¯à®¯®àæ¨®­ «¥­ ª¢ ¤à âã á®®â¢¥âáâ¢ãîé¥©í«¥ªâà®­­®© à¥§®­ ­á­®© ç áâ®âë.�  ­â¨ä¥àà®¬ £­¥â¨ª å â¨¯  <«¥£ª ï ¯«®á-ª®áâì> [4] (¢ ¬ £­¨â­ëå ¯®«ïå H � HE ) [1]í­¥à£¨ï  ªâ¨¢ æ¨¨ á¯¨­®¢ëå ¢®«­ ª¢ §¨ ­â¨ä¥à-à®¬ £­¨â­®© ¢¥â¢¨ á¯¥ªâà  ®¡ãá«®¢«¥­  ¬ £­¨â-­®©  ­¨§®âà®¯¨¥© ¨ ®¡¬¥­­ë¬ ¯®«¥¬ ªà¨áâ «« ,"20 �= �(2HAHE)1=2: �­¥à£¨ï  ªâ¨¢ æ¨¨ á¯¨­®¢ëå¢®«­ ª¢ §¨ä¥àà®¬ £­¨â­®© ¢¥â¢¨ ¢ â ª¨å ¬ £­¨â­ëå¯®«ïå ®¡ãá«®¢«¥­  á¯®­â ­­®© ¬ £­¨â®áâà¨ªæ¨¥©,®¡¬¥­­®© í­¥à£¨¥© ¨ á¢¥àåâ®­ª¨¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬,"10 �= �[2HE(Hms + HN0)]1=2; £¤¥ HA | ¯®«¥  ­¨-§®âà®¯¨¨, Hms | ¯®«¥ ¬ £­¨â®áâà¨ªæ¨¨, HN0 |¯®«¥ á¢¥àåâ®­ª®£® ¢§ ¨¬®¤¥©áâ¢¨ï. �âáî¤  á«¥¤ã¥â,çâ® á¤¢¨£ ï¤¥à­®© à¥§®­ ­á­®© ç áâ®âë, á¢ï§ ­­®© áª¢ §¨ ­â¨ä¥àà®¬ £­¨â­®© ¬®¤®©  ­â¨ä¥àà®¬ £­¨â-­®£® à¥§®­ ­á  ¢ ¯®«ïå H �HE , ¤®áâ â®ç­® ¢¥«¨ª(¯®àï¤ª  10%).� ¬ £­¨â­ëå ¯®«ïå H ¯®àï¤ª  Hc "20� "10; ¯®-íâ®¬ã ¢ íâ®¬ á«ãç ¥ ¢®§¬®¦¥­ ¤¨­ ¬¨ç¥áª¨© á¤¢¨£ç áâ®âë ï¤¥à­®£® ¬ £­¨â­®£® à¥§®­ ­á , á¢ï§ ­­®©á ª¢ §¨ ­â¨ä¥àà®¬ £­¨â­®© ¬®¤®©.�à¨ íâ®¬ ¢ á¨áâ¥¬¥ ï¤¥à­ëå á¯¨­®¢ ¢®§¬®¦-­ë (ª ª ¨ ¢ á«ãç ¥ H � HE ) ¤«¨­­®¢®«­®¢ë¥ª®««¥ªâ¨¢­ë¥ ª®«¥¡ ­¨ï | ï¤¥à­ë¥ á¯¨­®¢ë¥ ¢®«-­ë, á¢ï§ ­­ë¥ á í«¥ªâà®­­ë¬¨ á¯¨­®¢ë¬¨ ¢®«­ ¬¨ª¢ §¨ ­â¨ä¥àà®¬ £­¨â­®© ¢¥â¢¨. � ­­ë¥ ï¤¥à­ë¥á¯¨­®¢ë¥ ¢®«­ë ¢ ¤ «ì­¥©è¥¬ ¨ ¡ã¤ãâ à áá¬ âà¨-¢ âìáï.�¯à¥¤¥«¨¬ á¯¥ªâà á¢ï§ ­­ëå ª®«¥¡ ­¨© í«¥ª-âà®­­ëå ¨ ï¤¥à­ëå á¯¨­®¢. �«ï íâ®£® ¯à¨¬¥­¨¬¯à¥®¡à §®¢ ­¨¥ �®«ìèâ¥©­ {�à¨¬ ª®¢  ª ï¤¥à­ë¬á¯¨­®¢ë¬ ®¯¥à â®à ¬ Ij; j = f; g; ¢ëà §¨¢ ¨å ç¥à¥§¡®§¥-®¯¥à â®àë �+j ; �j : �áâ ¢«ïï ¢ £ ¬¨«ìâ®­¨ -­¥ â®«ìª® á« £ ¥¬ë¥, ª¢ ¤à â¨ç­ë¥ ¯® ®¯¥à â®à ¬ï¤¥à­ëå á¯¨­®¢ëå ®âª«®­¥­¨©, ¯®«ãç¨¬H =Xk nA2k~a+1ka1k + 12B2k �~a2k~a2�k + ~a+2k~a+2�k�++!n �+2k�2ko+Xk nC2k~a+1k�+2k++D2k~a2k�2�k + !n�2k + í. á.o; (2)£¤¥ �2k = 2�1=2(~�1k � ~�2k);D2k =�12[1 + cos(�� �n)](!n0!N )1=2;C2k = 12 [1� cos(�� �n)] (!n0!N )1=2 :�¢ ¤à â¨ç­ ï ä®à¬  (2) á ¯®¬®éìî <u-v> ª ­®-­¨ç¥áª®£® ¯à¥®¡à §®¢ ­¨ï �®£®«î¡®¢  [5]~a2k = ueekC2ek + veekC+2e�k + uenkC2nk + venkC+2n�k;�2k = unekC2ek+ vnekC+2e�k+unnkC2nk+ vnnkC+2n�k;

£¤¥ äã­ªæ¨¨ u ¨ v «¥£ª® ­ å®¤ïâáï ¨ ¨¬¥îâ ¢¨¤unek =�!N0
2nk�1=2 !nA2k"22k ; venk =�!N0
2nk�1=2 !nB2k"22k ;unnk = (!n!N0)1=2!n�
2nk unek; vnnk = (!n!N0)1=2!n +
2nk venk;ueek =�A2k + "2k2"2k �1=2 ; veek =��A2k � "2k2"2k �1=2 ;unek = (!n!N0)1=2!n�
2ek ueek; vnek = (!n!N0)1=2!n +
2ek veek;!N0 | ç áâ®â  á¢¥àåâ®­ª®£® ¢§ ¨¬®¤¥©áâ¢¨ï, ¯à¨-¢®¤¨âáï ª ¤¨ £®­ «ì­®¬ã ¢¨¤ã~H =Xk �
2ekC+2ekC2ek +
2nkC+2nkC2nk� ;£¤¥ C+2ek; C2ek; C+2nk; C2nk | ®¯¥à â®àë à®¦¤¥­¨ï ¨ã­¨çâ®¦¥­¨ï ­®à¬ «ì­ëå ¬®¤ (ª¢ §¨í«¥ªâà®­­ëå¨ ª¢ §¨ï¤¥à­ëå á¯¨­®¢ëå ¢®«­) á ç áâ®â ¬¨ 
2ek¨ 
2nk; ®¯à¥¤¥«ï¥¬ë¬¨ ¨§ ¤¨á¯¥àá¨®­­®£® ãà ¢-­¥­¨ï�
2� "22k� �
2 �!2n�+ 2
2 �C22k �D22k���2A2k!n(C22k +D22k) + 4B2kC2kD2k!n++ �C22k �D22k�2 = 0:� í«¥ªâà®­­®¬ á¯¥ªâà¥ "2k ¯à¨ ãç¥â¥ áâ â¨ç¥á-ª®£® ¢«¨ï­¨ï ï¤¥à­®© ¯®¤á¨áâ¥¬ë ¯®ï¢«ï¥âáï é¥«ì(¯à¨ k = 0):"2k = �A22k �B22k�1=2 = �nH sin �+HN cos(�� �n)++2J(0)S��1 cos 2�� ��1[J(k)� J(0)S]o1=2��nH sin �+HA +HN cos(�� �n) + 2��1J(0)S�� ��1[J(k)� J(0)]So1=2:� ¤«¨­­®¢®«­®¢®¬ ¯à¥¤¥«¥ ¢ ¬ £­¨â­ëå ¯®«ïåH �Hc ¤«ï  ­â¨ä¥àà®¬ £­¥â¨ª  â¨¯  <«¥£ª ï ¯«®á-ª®áâì> ¬®¦­® ¯®«ãç¨âì á«¥¤ãîé¨¥ §­ ç¥­¨ï ¤«ï¢¥«¨ç¨­ë 
2k :
22k = 12n!2n + "22k + (�1)j2!N!n0� h(!2n + "22k)2++4(�1)j!N!no(!2n + "22k) + 8!n!n0!NA2ki1=2o;£¤¥ j = 1; 2:�§ ¯®á«¥¤­¥© ä®à¬ã«ë á«¥¤ã¥â, çâ® ¤¨­ ¬¨ç¥áª ïá¢ï§ì ¬¥¦¤ã í«¥ªâà®­­ë¬¨ ¨ ï¤¥à­ë¬¨ á¨áâ¥¬ ¬¨¯à¨¢®¤¨â ª ®¡à é¥­¨î ¢ ­ã«ì ®¤­®© ¨§ ¤¢ãå ç áâ®â¯®«ãç¥­­ëå ­®à¬ «ì­ëå ª®«¥¡ ­¨© ¢ â®çª¥ ¯¥à¥-å®¤   ­â¨ä¥àà®¬ £­¥â¨ª  â¨¯  <«¥£ª ï ¯«®áª®áâì>¢ ¯ à ¬ £­¨â­®¥ á®áâ®ï­¨¥. � íâ®© ä §¥ ®¤­  ¨§á¯¨­-¢®«­®¢ëå ¢¥â¢¥© ï¢«ï¥âáï ¢ëá®ª® ªâ¨¢ æ¨®­-­®©,   ¤àã£ ï ¢¥â¢ì ï¢«ï¥âáï ­¨§ª® ªâ¨¢ æ¨®­­®© ¢
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2k �=8><>: "2k!n�1� 2A2k!N0"22k �1=29>=>; :� íâ®¬ á«ãç ¥ ¨¬¥¥¬ ¤¢¥ ¢¥â¢¨ ª®«¥¡ ­¨©: ®¤­ãí«¥ªâà®­­ãî ¨ ®¤­ã ª¢ §¨ï¤¥à­ãî.
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