
�¨±¼¬  ¢ ����, ²®¬ 92, ¢»¯. 8, ±. 563 { 567 c 2010 £. 25 ®ª²¿¡°¿�²¨´¥°°®¬ £¥²¨ª ± ¶¥²°®¬  ²¨±¨¬¬¥²°¨¨ ¢ ¯®±²®¿®¬¢¥¸¥¬ ¬ £¨²®¬ ¯®«¥ ª ª «¥¢ ¿ ±°¥¤ �. �. �³« £¨, �. �. �¥¢·¥ª®, �. �. � ¢·¥ª®, �. �. � ° ±¥ª®, �. �. � ° ±¥ª®1)�®¥¶ª¨© ´¨§¨ª®-²¥µ¨·¥±ª¨© ¨±²¨²³² ¨¬. �.�. � «ª¨  ��� �ª° ¨», 83114 �®¥¶ª, �ª° ¨ �®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 15 ¨¾«¿ 2010 £.�®±«¥ ¯¥°¥° ¡®²ª¨ 6 ±¥²¿¡°¿ 2010 £.�  ¯°¨¬¥°¥ ²¥²° £® «¼®£® «¥£ª®®±®£®  ²¨´¥°°®¬ £¥²¨ª  ±® ±²°³ª²³°®© 4�z 2+x I� ®¯°¥¤¥«¥»³±«®¢¨¿, ¯°¨ ¢»¯®«¥¨¨ ª®²®°»µ ¢ ®°²®£® «¼®¬ «¥£ª®© ®±¨ ¢¥¸¥¬ ¬ £¨²®¬ ¯®«¥ ®¤®¢°¥¬¥®¢®§¬®¦» ª ª ½´´¥ª² ®²°¨¶ ²¥«¼®© °¥´° ª¶¨¨, ² ª ¨ ½´´¥ª² ®²°¨¶ ²¥«¼®© ´ §®¢®© ±ª®°®±²¨. �®«³-·¥»¥ °¥§³«¼² ²» ®¡®¡¹¥»   ±«³· © ¬³«¼²¨´¥°°®¨ª  ± ®¤®°®¤»¬ ¬ £¨²®½«¥ª²°¨·¥±ª¨¬ ½´´¥ª²®¬¨ ¶¥²°®±¨¬¬¥²°¨·®£® ¬ £¥²¨ª .C ²®·ª¨ §°¥¨¿ °¥´° ª¶¨¨ «¥¢ ¿ ±°¥¤ , ª ª ¨§-¢¥±²® [1], ®¤®¢°¥¬¥® ®¡º¥¤¨¿¥² ¢ ±¥¡¥ ª ª ¬¨¨-¬³¬ ¤¢  ½´´¥ª² : ½´´¥ª² ®²°¨¶ ²¥«¼®© °¥´° ª¶¨¨(¯°®¥ª¶¨¨   £° ¨¶³ ° §¤¥«  ±°¥¤ £°³¯¯®¢»µ ±ª®-°®±²¥© ¯ ¤ ¾¹¥© ¨ ¯°¥«®¬«¥®© ¢®« ¨¬¥¾² ° §»¥§ ª¨) ¨ ½´´¥ª² ®²°¨¶ ²¥«¼®© ´ §®¢®© ±ª®°®±²¨(¯°®¥ª¶¨¨   ®°¬ «¼ ª £° ¨¶¥ ° §¤¥«  ±°¥¤ ´ §®-¢»µ ±ª®°®±²¥© ¯ ¤ ¾¹¥© ¨ ¯°¥«®¬«¥®© ¢®« ¨¬¥¾²° §»¥ § ª¨). �²®,  ¯°¨¬¥°, ¢®§¬®¦® ¢ ²®¬ ±«³-· ¥, ¥±«¨ ±³¹¥±²¢³¾² · ±²®²»¥ ¨²¥°¢ «», ¤«¿ ª®-²®°»µ ±°¥¤  ¿¢«¿¥²±¿ \¤¢ ¦¤» ®²°¨¶ ²¥«¼®©" (®¤-®¢°¥¬¥® ±² ®¢¿²±¿ ®²°¨¶ ²¥«¼»¬¨ ª ª ¬ £¨²- ¿, ² ª ¨ ¤¨½«¥ª²°¨·¥±ª ¿ ¯°®¨¶ ¥¬®±²¨) [1, 2]. �±«³· ¥ ¯°®±²° ±²¢¥® ®¤®°®¤®©, ®¤®´ §®© ±°¥-¤» ½²® ¬®¦¥² ¡»²¼ ¬ £¨²®½«¥ª²°¨·¥±ª¨© ¬³«¼²¨-´¥°°®¨ª (±°¥¤  ®¡« ¤ ¾¹ ¿ ®¤®¢°¥¬¥® ¤ «¼¨¬¬ £¨²»¬ ¨ ½«¥ª²°¨·¥±ª¨¬ ³¯®°¿¤®·¥¨¥¬) [3, 4]¨«¨  ²¨´¥°°®¬ £¥²¨ª (���) ± «¨¥©»¬ ¬ £¨²®-½«¥ª²°¨·¥±ª¨¬ ½´´¥ª²®¬ [5 { 9]. � ¢ ²®¬ ¨ ¢ ¤°³£®¬±«³· ¥ ¤«¿ ®¯°¥¤¥«¥»µ ¬ £¨²®®¯²¨·¥±ª¨µ ª®´¨-£³° ¶¨© ¢®§¬®¦® ®¤®¢°¥¬¥®¥ ¢®§¡³¦¤¥¨¥ ±¯¨-®¢»µ ¢®« ¥ ²®«¼ª® ¯¥°¥¬¥»¬ ¬ £¨²»¬, ®¨ ¯¥°¥¬¥»¬ ½«¥ª²°¨·¥±ª¨¬ ¯®«¥¬ (½«¥ª²°®¬ £®-» [10]),   § ·¨², ¨¬¥¾²±¿ ³±«®¢¨¿ ´®°¬¨°®¢ ¨¿¤¢ ¦¤» ®²°¨¶ ²¥«¼®© ®¤®´ §®© ±°¥¤». �  ±²®¿-¹¥¬³ ¬®¬¥²³ ±³¹¥±²¢³¥² ³¦¥ °¿¤ ° ¡®² ¯®±¢¿¹¥-»µ   «¨§³ ¢®§¬®¦®±²¨ °¥ «¨§ ¶¨¨ ½´´¥ª²  «¥-¢®© ±°¥¤» ¢ ®¤®´ §»µ ¬ £¨²®½«¥ª²°¨ª µ [5 { 9],®¤ ª® ¢±¥ ®¨ ®±®¢ »   °¿¤¥ ®£° ¨·¥¨©, ±³-¹¥±²¢¥»µ ± ²®·ª¨ §°¥¨¿ ¤ ®© ° ¡®²»: 1) ª ª¯° ¢¨«® ° ±±¬ ²°¨¢ «¨ ²®«¼ª® ¨§®²°®¯®¥ ¬ £¨²®-½«¥ª²°¨·¥±ª®¥ ¢§ ¨¬®¤¥©±²¢¨¥, 2) ¥±«¨ ¬ £¨²®½«¥ª-²°¨·¥±ª®¥ ¢§ ¨¬®¤¥©±²¢¨¥ ¨ ±·¨² «®±¼  ¨§®²°®¯-»¬, ²® ¥ ³·¨²»¢ « ±¼ · ±²®² ¿ § ¢¨±¨¬®±²¼ ¬ £-¨²®½«¥ª²°¨·¥±ª¨µ ª®½´´¨¶¨¥²®¢. � ª®¥¶, ¢ ° -1)e-mail: s.v.tarasenko@mail.ru

¡®²¥ [11] ¡»« ¨§³·¥ «¥£ª®®±»©  ²¨´¥°°®¬ £¥-²¨ª (���) ±® ±²°³ª²³°®© 4�z 2+x I�, ®¡« ¤ ¾¹¨©  -¨§®²°®¯»¬ ¬ £¨²®½«¥ª²°¨·¥±ª¨¬ ¢§ ¨¬®¤¥©±²¢¨-¥¬ ª ª ¯°¨¬¥° «¥¢®© ±°¥¤», ®¤ ª® ¡»« ¯°®  «¨-§¨°®¢  ²®«¼ª® ±«³· © ®°¬ «¼®£® ¯ ¤¥¨¿. � °¥-§³«¼² ²¥ ¢®§¬®¦®±²¼ ®¤®¢°¥¬¥®£® ±³¹¥±²¢®¢ -¨¿  °¿¤³ ± ½´´¥ª²®¬ ®²°¨¶ ²¥«¼®© ´ §®¢®© ±ª®-°®±²¨, ² ª¦¥ ¨ ½´´¥ª²  ®²°¨¶ ²¥«¼®© °¥´° ª¶¨¨ ¥®¡±³¦¤ « ±¼.� ¤ ®© ° ¡®²¥,   ¯°¨¬¥°¥ ¶¥²°® ²¨±¨¬¬¥²-°¨·®£® ��� ±  ¨§®²°®¯»¬ ¬ £¨²®½«¥ª²°¨·¥±-ª¨¬ ¢§ ¨¬®¤¥©±²¢¨¥¬ [11], ¯®ª § ®, ·²® ±¢®©±²¢ «¥¢®© ±°¥¤» °¥ «¨§³¾²±¿ ²®«¼ª® ¢ ¯°¨±³²±²¢¨¨ ¯®-±²®¿®£® ¢¥¸¥£® ¬ £¨²®£® (¨«¨ ½«¥ª²°¨·¥±ª®-£®) ¯®«¿. �®«³·¥»¥ °¥§³«¼² ²» ®¡®¡¹¥»   ±«³-· © ¬³«¼²¨´¥°°®¨ª  ¨ ¶¥²°®±¨¬¬¥²°¨·®£®  ²¨-´¥°°®¬ £¥²¨ª .� ª ·¥±²¢¥ ¯°¨¬¥°  ®¤®´ §®© ¬ £¨²®½«¥ª²°¨-·¥±ª®© ±°¥¤» ¢»¡¥°¥¬ ¤¢³µ¯®¤°¥¸¥²®·³¾ ¬®¤¥«¼²¥²° £® «¼®£®  ²¨´¥°°®¬ £¥²¨ª  ±® ±²°³ª²³°®©4�z 2+x I�. �®®²¢¥²±²¢³¾¹³¾ ¯«®²®±²¼ ½¥°£¨¨ ±³·¥²®¬ «¨¥©®£® ¬ £¨²®½«¥ª²°¨·¥±ª®£® ¢§ ¨¬®-¤¥©±²¢¨¿, ¢ ²¥°¬¨ µ ¢¥ª²®°®¢ ´¥°°®¬ £¥²¨§¬  m¨  ²¨´¥°°®¬ £¥²¨§¬  l, ¬®¦® ¯°¥¤±² ¢¨²¼ ¢ ¢¨-¤¥ [11]: F = Fm + Fp + Fme; (1)Fm = �2m2 � b2 l2z �mH; (2)Fp = P 2x + P 2y2�? + P 2z2�k �PE; (3)Fme=� 1mz(lxPy � lyPx)� 2Pz(mxly �mylx)�� 3lz(mxPy �myPx); (4)�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 7 { 8 2010 563 6�



564 �. �. �³« £¨, �. �. �¥¢·¥ª®, �. �. � ¢·¥ª®, �. �. � ° ±¥ª®, �. �. � ° ±¥ª®£¤¥ � ¨ b { ±®®²¢¥²±²¢¥® ª®±² ²» ®¤®°®¤®£®®¡¬¥ , ¬ £¨²®©  ¨§®²°®¯¨¨, E ¨ H { ½«¥ª²°¨-·¥±ª®¥ ¨ ¬ £¨²®¥ ¯®«¿, �k, �? { ±®®²¢¥²±²¢¥®,¯°®¤®«¼ ¿ ¨ ¯®¯¥°¥· ¿ ¤¨½«¥ª²°¨·¥±ª¨¥ ¢®±¯°¨¨¬-·¨¢®±²¨, 1�3 { ¬ £¨²®½«¥ª²°¨·¥±ª¨¥ ª®±² ²».� ° ¬ª µ ´¥®¬¥®«®£¨·¥±ª®© ²¥®°¨¨ ¤¨ ¬¨-·¥±ª¨¥ ±¢®©±²¢  ¨±±«¥¤³¥¬®© ¬®¤¥«¨ ¬ £¨²®£®ª°¨±² ««  ®¯¨±»¢ ¾²±¿ ±¨±²¥¬®© ¤¨´´¥°¥¶¨ «¼-»µ ³° ¢¥¨©, ¢ª«¾· ¾¹¥© ¢ ±¥¡¿ ¯®¬¨¬® ³° ¢-¥¨© � ª±¢¥«« , ² ª¦¥ ³° ¢¥¨¿ � ¤ ³-�¨´¸¨¶ ¤«¿ ¢¥ª²®°®¢ m ¨ l ¨ ³° ¢¥¨¥ ¤¢¨¦¥¨¿ ¤«¿ ¢¥ª-²®°  P. � ª¦¥ ª ª ¨ ¢ [11] ¡³¤¥¬ ±·¨² ²¼, ·²® b > 0.�±«¨  ¯° ¢«¥¨¥ ¯®±²®¿®£® ¢¥¸¥£® ¬ £¨²®£®¯®«¿ H0 ª®««¨¥ °® ®±¨ X , ²®, ª ª ±«¥¤³¥² ¨§ (1){(4), ®±®¢®¥ ±®±²®¿¨¥ ° ±±¬ ²°¨¢ ¥¬®£® ¬ £¥²¨ª µ ° ª²¥°¨§³¥²±¿ ±«¥¤³¾¹¥© ° ¢®¢¥±®© ®°¨¥² ¶¨-¥© ¢¥ª²®°®¢ ´¥°°®¬ £¥²¨§¬  m0,  ²¨´¥°°®¬ £¥-²¨§¬  l0 ¨ ½«¥ª²°¨·¥±ª®© ¯®«¿°¨§ ¶¨¨ P0:m0kX; l0kZ; P0kY: (5)� ½²®¬ ±«³· ¥ ¬ ²¥°¨ «¼»¥ ±®®²®¸¥¨¿ ¤«¿ ° ±-±¬ ²°¨¢ ¥¬®£® ��� ± ¶¥²°®¬  ²¨±¨¬¬¥²°¨¨ ¨ ®±-®¢»¬ ±®±²®¿¨¥¬ (5) ¡³¤³² ®²¢¥· ²¼ ¡¨ ¨§®²°®¯-®© ±°¥¤¥m = 0B@ �xx(!) 0 00 �yy(!) �i��(!)0 i��(!) �zz(!) 1CAH++0B@ 0 ��4(!) �i�1(!)�3(!) 0 0i�2(!) 0 0 1CAE; (6)P = 0B@ �xx(!) 0 00 �yy(!) �i��(!)0 i��(!) �zz(!) 1CAE++0B@ 0 �3(!) �i�2(!)��4(!) 0 0i�1(!) 0 0 1CAH:� ±·¥² ¯®ª §»¢ ¥², ·²® ¤«¿ jmj � 1, ¢ ®¡« ±²¨· ±²®² ! ¤ «¥ª®© ®² ±®¡±²¢¥»µ · ±²®² ª®«¥¡ ¨©±¥£¥²®½«¥ª²°¨·¥±ª®© ¯®¤±¨±²¥¬», ¥³«¥¢»¥ ª®¬-¯®¥²» ²¥§®°®¢ ¬ £¨²®©, ¤¨½«¥ª²°¨·¥±ª®©, ¬ £-¨²®½«¥ª²°¨·¥±ª®© ¢®±¯°¨¨¬·¨¢®±²¥© ¢ (6) ¯°¨¡«¨-¦¥® ¬®¦® ¯°¥¤±² ¢¨²¼ ¢ ¢¨¤¥

�xx = Tx !2AF�AF ; �yy = Ty !2F�F ;�zz = Tz !2F�F ; �� =pTyTz !F!�AF ;�xx = �x0 +Rx !2F�F ; �yy = �y0 + Ry !2AF�AF ;�zz = �z0 +Rz !2AF�AF ; �� =pRyRz !AF!�AF ;�1 = pRzTx!AF!�AF ; �2 = pRxTz!F!�F ;�3 =pRxTy !2F�F ; �4 =pRyTx !2AF�AF ;�F = !2F � !2; �AF = !2AF � !2
(7)

�¤¥±¼ Ti { ±² ²¨·¥±ª ¿ ¬ £¨² ¿ ¢®±¯°¨¨¬·¨¢®±²¼¢  ¯° ¢«¥¨¨ i = x; y; z, �0i { ±² ²¨·¥±ª ¿ ¤¨½«¥ª-²°¨·¥±ª ¿ ¢®±¯°¨¨¬·¨¢®±²¼ ¢  ¯° ¢«¥¨¨ i = x; y; z¡¥§ ³·¥²  ¢«¨¿¨¿ ¬ £¨²®© ¯®¤±¨±²¥¬» (¤«¿ (1){(4) ¡¥§ ³·¥²  ¬ £¨²®½«¥ª²°¨·¥±ª®£® ¢§ ¨¬®¤¥©±²-¢¨¿), �0i+Ri { ±² ²¨·¥±ª ¿ ¤¨½«¥ª²°¨·¥±ª ¿ ¢®±¯°¨-¨¬·¨¢®±²¼ ¢  ¯° ¢«¥¨¨ i = x; y; z c ³·¥²®¬ ¢«¨¿¨¿¬ £¨²®© ¯®¤±¨±²¥¬» (¤«¿ (1){(4) ± ³·¥²®¬ ¬ £¨-²®½«¥ª²°¨·¥±ª®£® ¢§ ¨¬®¤¥©±²¢¨¿), !F;AF { · ±²®²»®¤®°®¤®£® ���� ¥®£° ¨·¥®£®  ²¨´¥°°®¬ £-¥²¨ª  (1){(4). �±«¨ jH0j = 0, ²® jm0j = jP0j = 0,Rx = Ry, Tx = Ty, !F = !AF , �1 = �2 = 0, �3 = �4¨ ° ±±¬ ²°¨¢ ¥¬ ¿ ±¨±²¥¬  ¬ ²¥°¨ «¼»µ ±®®²®¸¥-¨© (6){(7) ± ³·¥²®¬ ±¤¥« »µ ¯°¨¡«¨¦¥¨© ±®¢¯ -¤ ¥² ± ° ±±·¨² ®© ¢ [11].�®¢¬¥±²»©   «¨§ (6){(7) ¯®ª §»¢ ¥², ·²® ¥±«¨¢®«®¢®© ¢¥ª²®° k ° ±¯°®±²° ¿¾¹¥©±¿ ½«¥ª²°®¬ £-¨²®© ¢®«» «¥¦¨² ¢ ¯«®±ª®±²¨ Y Z, ²® ¤«¿ ° ±±¬ ²-°¨¢ ¥¬®© ¬®¤¥«¨ ¥®£° ¨·¥®£® ��� ª°¨±² ««  ±¶¥²°®¬  ²¨±¨¬¬¥²°¨¨ ¢®§¬®¦® ¥§ ¢¨±¨¬®¥ ° ±-¯°®±²° ¥¨¥ ®°¬ «¼»µ ¬ £¨²»µ ¯®«¿°¨²®®¢��- ¨ ��-²¨¯®¢. �®®²¢¥²±²¢³¾¹¨¥ ¤¨±¯¥°±¨®»¥±®®²®¸¥¨¿ ¬®£³² ¡»²¼ ¯°¥¤±² ¢«¥» ¢ ¢¨¤¥�yy�zz k2y +�kz + !c ����2 � �zz��3�zz �2 �� !2c2 (�yy�zz � �2�)(�xx�zz � ��22)�2zz = 0�yy�zz k2y +�kz + !c ����1 � �zz��4�zz �2 �� !2c2 (�yy�zz � �2�)(�zz�xx � ��21)�2zz = 0; (8)£¤¥ c { ±ª®°®±²¼ ±¢¥² , �̂ ¨ �̂ -²¥§®°» ¤¨½«¥ª²°¨·¥±-ª®© ¨ ¬ £¨²®© ¯°®¨¶ ¥¬®±²¥©, ��� = 4��� (� =�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 7 { 8 2010



�²¨´¥°°®¬ £¥²¨ª ± ¶¥²°®¬  ²¨±¨¬¬¥²°¨¨ ¢ ¯®±²®¿®¬ ¢¥¸¥¬ ¬ £¨²®¬ ¯®«¥ : : : 565= 1; 2; 3; 4). � ª¨¬ ®¡° §®¬ ³¦¥ ¢ ¥®£° ¨·¥®¬«¥£ª®®±®¬ ��� ª°¨±² ««¥ ±® ±²°³ª²³°®© 4�z 2+x I�¯°¨ H0kX ±¯¥ª²° ®°¬ «¼»µ ª®«¥¡ ¨© ª ª ��-,² ª ¨ ��-²¨¯®¢ ± k 2 Y Z ¿¢«¿¥²±¿ ¥¢§ ¨¬»¬ ®²-®±¨²¥«¼® ¨¢¥°±¨¨  ¯° ¢«¥¨¿ ° ±¯°®±²° ¥¨¿¢®«», ¥±«¨ ®® ¥ ®°²®£® «¼®  ¯° ¢«¥¨¾ ¢¥ª-²®°  [m0P0].�«¿ ¢»¿±¥¨¿ ®±®¡¥®±²¥© ®²° ¦¥¨¿ ¨ ¯°¥«®¬-«¥¨¿ ®¡º¥¬»µ ½«¥ª²°®¬ £¨²»µ ¢®« ��- ¨«¨��-²¨¯®¢   £° ¨¶¥ ¬ £¨²®£® ¨ ®¯²¨·¥±ª¨ ¨§®-²°®¯®£® ¥¬ £¨²®£® (¤¨½«¥ª²°¨·¥±ª ¿ ¯°®¨¶ -¥¬®±²¼ ~�) ¯®«³¯°®±²° ±²¢, ° ±±¬®²°¨¬ ³° ¢¥¨¿ª°¨¢»µ, ®¯°¥¤¥«¿¾¹¨µ ´®°¬³ ±¥·¥¨¿ ¯®¢¥°µ®±²¨¢®«®¢»µ ¢¥ª²®°®¢ (���) ½«¥ª²°®¬ £¨²®© ¢®«»¯«®±ª®±²¼¾ ¯ ¤¥¨¿.�«¿ ¥¬ £¨²®£® ¤¨½«¥ª²°¨ª  ±¥·¥¨¥ ��� ®°-¬ «¼®© ®¡º¥¬®© ��- ¨«¨ ��-¢®«» ¯«®±ª®±²¼¾ ¯ -¤¥¨¿ ®¯°¥¤¥«¿¥²±¿ ¢»° ¦¥¨¥¬k2y + k2z = !2c2 ~�: (9)�²® ¦¥ ª ± ¥²±¿ ° ±±¬ ²°¨¢ ¥¬®£® ���, ²® ¤«¿ ¥-£® ¨§ (6){(8) ±«¥¤³¥², ·²® ´®°¬  ±¥·¥¨¿ ��� ¤«¿®¡º¥¬®© ¢®«» ��- ¨«¨ ��-²¨¯®¢ ®¯°¥¤¥«¿¥²±¿ ±®-®²®¸¥¨¥¬ ¢¨¤ k2yb2� + (kz � c�)2a2� = 1 � = s; p (10)£¤¥ a2s � �x!2c2 (
2s1 � !2)(
2s2 � !2)(!2sz � !2)2 ;a2p � �y !2c2 (
2p1 � !2)(
2p2 � !2)(!2pz � !2)2 ;b2s � �x!2c2 (
2s1 � !2)(
2s2 � !2)(!2sy � !2)(!2sz � !2) ; (11)b2p � �z !2c2 (
2p1 � !2)(
2p2 � !2)(!2sy � !2)(!2sz � !2) ;cs = !c R!2sz!2sz � !2 ; cp = !c T!2pz!2pz � !2 ;�¤¥±¼ �x � 1 + 4��0x, �y � 1 + 4��0y, �x � 1 + 4��0z ,R � 4�pRxTy, T � 4�pTxRy, µ ° ª²¥°»¥ · ±²®²»!sy, !sy, !sz , !py, !pz, 
s1, 
s2, 
p1, 
p2 ®¯°¥¤¥«¿-¾²±¿ ±®®²®¸¥¨¿¬¨:�yy(!sy) = 0 �zz(!sz) = 0�yy(!py) = 0 �pz(!pz) = 0�yy(
s1)�zz(
s1)� �2�(
s1) = 0;�yy(
p1)�zz(
p1)� �2�(
p1) = 0;�xx(
s2)�zz(
s2)� ��22(
s2) = 0;�xx(
p2)�zz(
p2)� ��21(
p2) = 0: (12)

�§   «¨§  (10){(12) ±«¥¤³¥², ·²®, ¥±«¨ · ±²®²  ! ¯ -¤ ¾¹¥©   ¯®¢¥°µ®±²¼ ¬ £¥²¨ª  ®¡º¥¬®© ¢®«»��- ¨«¨ ��-²¨¯  ² ª®¢ , ·²®max f!�y; !�zg < ! < minf
�1;
�2g � = s; p (13)(±¬.² ª¦¥ °¨±.1), ²® ³£®« ¬¥¦¤³  ¯° ¢«¥¨¿¬¨
w

0

w
az

w
ay

W
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W
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�¨±.1. �¡« ±²¨ ±³¹¥±²¢®¢ ¨¿ ®¡º¥¬»µ (§ ¸²°¨µ®-¢ »¥) ¨ ½¢ ¥±¥¶¥²»µ (¥§ ¸²°¨µ®¢ »¥) ½«¥ª-²°®¬ £¨²»µ ¢®« ± k 2 Y Z ¨ ¯®«¿°¨§ ¶¨¥© � ¢  ²¨-´¥°°®¬ £¥²¨ª¥ (1){(4) ¯°¨ l0knkZ, H0kX. �¯«®¸»¥«¨¨¨ ®¯°¥¤¥«¿¾²±¿ ¨§ (10), (11) ³±«®¢¨¥¬ Imkz = 0£°³¯¯®¢®© ±ª®°®±²¨ (Vg) ¨ ´ §®¢®© ±ª®°®±²¨ (Vp) ¢®«-» ± ¯®«¿°¨§ ¶¨¥© � = s; p ¢ ª ¦¤®© ²®·ª¥ ±¥·¥¨¿��� (10){(12) ¿¢«¿¥²±¿ ²³¯»¬. �¤ ª® ¢ ° ±±¬ ²°¨-¢ ¥¬®¬ ±«³· ¥ ¢»¯®«¥¨¥ ±®®²®¸¥¨¿ (13) ¿¢«¿¥²-±¿ ²®«¼ª® ¥®¡µ®¤¨¬»¬, ® ¥ ¤®±² ²®·»¬ ³±«®¢¨¥¬´®°¬¨°®¢ ¨¿ ½´´¥ª²  «¥¢®© ±°¥¤» (®¤®¢°¥¬¥®£®±³¹¥±²¢®¢ ¨¿ ¨ ®²°¨¶ ²¥«¼®© °¥´° ª¶¨¨ ¨ ®²°¨¶ -²¥«¼®© ´ §®¢®© ±ª®°®±²¨).� ±±¬®²°¨¬ £° ¨¶³ ° §¤¥«  ¤¢³µ ¯®«³¯°®-±²° ±²¢ (¢¥¸¿¿ ®°¬ «¼ ª £° ¨¶¥ ° §¤¥«  n±®¢¯ ¤ ¥² ± ¯®«®¦¨²¥«¼»¬  ¯° ¢«¥¨¥¬ ®±¨ Z),¢¥°µ¥¥ ¨§ ª®²®°»µ § ¿²® ¥¬ £¨²®© ®¯²¨·¥±-ª¨ ¨§®²°®¯®© ±°¥¤®©,   ¨¦¥¥ { «¥£ª®®±»¬ ²¨´¥°°®¬ £¥²¨ª®¬ ±  ¨§®²°®¯»¬ ¬ £¨²®½«¥ª-²°¨·¥±ª¨¬ ¢§ ¨¬®¤¥©±²¢¨¥¬ (6), (7). � ª ±«¥¤³¥²¨§ (6), (7), ¢ ½²®© ¬ £¨²®®¯²¨·¥±ª®© ª®´¨£³° ¶¨¨¯°¨ jkyj = a� (� = s; p) ¢¤®«¼ ¯®¢¥°µ®±²¨ ¬ £¥-²¨ª  ° ±¯°®±²° ¿¥²±¿ ¯°¥¤¥«¼ ¿ ®¡º¥¬ ¿ ¢®« ,£°³¯¯®¢ ¿ ±ª®°®±²¼ ª®²®°®© ¯ ° ««¥«¼  £° ¨¶¥° §¤¥«  ±°¥¤, ²®£¤  ª ª ¢¥ª²®° ´ §®¢®© ±ª®°®±²¨ ¥®°²®£® «¥ n. �»¬¨ ±«®¢ ¬¨ ± ³·¥²®¬ (11), (12)±®®²®¸¥¨¥ jkyj = a� ®¯°¥¤¥«¿¥² ³£®« ¯®«®£® ¢³²-°¥¥£® ®²° ¦¥¨¿. �±«¨ ¢¢¥±²¨ ° ¤¨³± { ¢¥ª²®°c� ¶¥²°  ª°¨¢®© (10), ²® ¨§ (10){(12) ±«¥¤³¥², ·²®�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 7 { 8 2010



566 �. �. �³« £¨, �. �. �¥¢·¥ª®, �. �. � ¢·¥ª®, �. �. � ° ±¥ª®, �. �. � ° ±¥ª®¤«¿ °¥ «¨§ ¶¨¨ ¢ ° ±±¬ ²°¨¢ ¥¬®© ¬ £¨²®®¯²¨-·¥±ª®© ª®´¨£³° ¶¨¨ ½´´¥ª²®¢ ®²¢¥· ¾¹¨µ «¥¢®©±°¥¤¥, ¯®¬¨¬® (13) ¥®¡µ®¤¨¬® ² ª¦¥ ¨ ¢»¯®«¥¨¥³±«®¢¨¿ (c�n) > 0; � = s; p; (14)±¬. °¨±.2a. �«¿ § ¤ ®© ®²®±¨²¥«¼®© ®°¨¥² ¶¨¨¢¥ª²®°®¢ n ¨ l0 ¢»¯®«¥¨¥ (14) ¤®±²¨£ ¥²±¿ §  ±·¥²®°¨¥² ¶¨¨ ¢¥¸¥£® ¯®±²®¿®£® ¬ £¨²®£® ¯®«¿.
kz kz

ky ky

ca ca0

Vp Vp

Vg Vg
0

(a) (b)

�¨±.2. �²°³ª²³°  ±¥·¥¨© ��� (9){(11) ¤«¿ ¢®«» ± ¯®-«¿°¨§ ¶¨¥© �   £° ¨¶¥ ° §¤¥«  ¥¬ £¨²®© (z > 0) ¨¬ £¨²®© (z < 0) ±°¥¤ ¢ ±«³· ¥ (14) ¯°¨ l0knkZ (¸²°¨-µ®¢ ¿ «¨¨¿ ®²®±¨²±¿ ª (9), ±¯«®¸ ¿ { ª (10), (11)).(a) �»¯®«¥® ³±«®¢¨¥ (13), H0kX; (b) ¢»¯®«¥® ³±«®-¢¨¥ ¨§ [11] �xx = �yy < 0, �xx = �yy < 0, jH0j = 0�±«¨ ³±«®¢¨¥ (14) ¥ ¢»¯®«¥®, ²® ¤«¿ ¯ ¤ -¾¹¥© ¢®«» ± · ±²®²®©, ³¤®¢«¥²¢®°¿¾¹¥© (13) ¢° ±±¬ ²°¨¢ ¥¬®© ¬ £¨²®®¯²¨·¥±ª®© ª®´¨£³° ¶¨¨(¬ £¨² ¿ ±°¥¤  § ¨¬ ¥² ¨¦¥¥ ¯®«³¯°®±²° ±²-¢®), ¡³¤¥² ¨¬¥²¼ ¬¥±²® ²®«¼ª® ½´´¥ª² ®²°¨¶ ²¥«¼®©°¥´° ª¶¨¨. � ª ¿ ·³¢±²¢¨²¥«¼®±²¼ °¥´° ª¶¨®»µ½´´¥ª²®¢ ª ®²®±¨²¥«¼®© ®°¨¥² ¶¨¨ ¢¥ª²®°®¢ n¨ [m0P0] ±¢¿§   ± ²¥¬, ·²® ± ²®·ª¨ §°¥¨¿ ½«¥ª-²°®¤¨ ¬¨·¥±ª¨µ ±¢®©±²¢ ° ±±¬ ²°¨¢ ¥¬ ¿ ¬ £¨²- ¿ ±°¥¤  (6), (7) ¢® ¬®£®¬   «®£¨·  ®¬¥£ -±°¥¤¥(²®·¥¥ ¿¢«¿¥²±¿ £¨°®²°®¯®©, ¬ £¨²®½«¥ª²°¨·¥±-ª®© ®¬¥£ -±°¥¤®©), ¤«¿ ª®²®°®© ª ª ° § ¨ µ ° ª²¥°® «¨·¨¥ ¢»¤¥«¥®© ®±¨ ¨  ¨§®²°®¯¨¿ ½«¥ª²°®¤¨ -¬¨·¥±ª¨µ ±¢®©±²¢ ¢¤®«¼ ¥¥ [12].�±«¨ · ±²®²  ¯ ¤ ¾¹¥©   ¯®¢¥°µ®±²¼ ° ±±¬ ²-°¨¢ ¥¬®£® ¬ £¥²¨ª  (6), (7) ®¡º¥¬®© ¢®«» ± k 22 Y Z ³¤®¢«¥²¢®°¿¥² ±®®²®¸¥¨¾ (12), ²® ½´´¥ª²»«¥¢®© ±°¥¤» ¬®¦¥² ¡»²¼ °¥ «¨§®¢ » ² ª ¦¥ ¨ ¢ ±«³-· ¥, ª®£¤  nkY . �¤ ª® ²¥¯¥°¼ ¢¬¥±²¥ ± (13) ¤®«¦»¡»²¼ ¢»¯®«¥» ±«¥¤³¾¹¨¥ ±®®²®¸¥¨¿:(c�k?) > 0; jc�j < jk?j < jb�j+ jc�j; k?kZ; (15)±¬.² ª¦¥ °¨±.2 . � ª¨¬ ®¡° §®¬ ¢ ¤ ®© ¬ £¨-²®®¯²¨·¥±ª®© ª®´¨£³° ¶¨¨ ¤«¿ ½«¥ª²°®¬ £¨²®©¢®«» ± ¯®«¿°¨§ ¶¨¥© � ³±«®¢¨¿ ±³¹¥±²¢®¢ ¨¿ ½´-´¥ª²  «¥¢®© ±°¥¤» ¥¢§ ¨¬» ®²®±¨²¥«¼® ±¬¥»

§ ª  ³£«  ¯ ¤¥¨¿. �«¥¤³¥² ®²¬¥²¨²¼, ·²® ¢ ®²±³²-±²¢¨¨ ¢¥¸¥£® ¬ £¨²®£® ¯®«¿ (²®·¥¥ ¯°¨ jm0j == jP0j = 0) ±³¹¥±²¢®¢ ¨¥ ½´´¥ª²  «¥¢®© ±°¥¤» ¤«¿° ±±¬ ²°¨¢ ¥¬®© ¬ £¨²®®¯²¨·¥±ª®© ª®´¨£³° ¶¨¨(k 2 Y Z, nkZ ¨«¨ nkY ) ¥¢®§¬®¦® (±¬. °¨±.2b),  ³±«®¢¨¥ (13) ¥ ±®¢¯ ¤ ¥² ± ³±«®¢¨¥¬ �xx = �yy < 0,�xx = �yy < 0 ¨§ [11]. � «¨§ (5){(13) ¯®ª §»¢ ¥²,·²® ° ±±¬®²°¥»¥ ¢»¸¥ ³±«®¢¨¿ ±³¹¥±²¢®¢ ¨¿ «¥-¢®© ±°¥¤» ¢ ¯°¨¶¨¯¥ ¬®£³² ¡»²¼ °¥ «¨§®¢ » ª ª¤«¿ ¢®«» ��- , ² ª ¨ ��-²¨¯®¢.�¶¥¨¬ ± ¯®¬®¹¼¾ (13) ®²®±¨²¥«¼³¾ ¢¥«¨·¨³· ±²®²®£® ¨²¥°¢ « (�p;s), ¢ ª®²®°®¬ ¢®§¬®¦  °¥ -«¨§ ¶¨¿ ½´´¥ª²  «¥¢®© ±°¥¤» ¤«¿ ¢®«» ��- ¨«¨ ��-²¨¯®¢. � ¨¡®«¥¥ ¯°®±²® ² ª³¾ ®¶¥ª³ ¢»¯®«¨²¼,¥±«¨ ¬¥¦¤³ µ ° ª²¥°»¬¨ · ±²®² ¬¨ ¨§ (12) ¨¬¥¾²¬¥±²® ±«¥¤³¾¹¨¥ ±®®²®¸¥¨¿:!py < !pz < 
p2 < 
p1;!sz < !sy < 
s1 < 
s2: (16)� ½²®¬ ±«³· ¥�p � 
2p2 � !2pz!2pz = 4�Tx; �s � 
2s1 � !2sy!2sy = 4�Tz:(17)� ª ª ª Tx = ��1, Tz = TxH20=�bl20, ¯®«¼§³¿±¼ ·¨±«¥-»¬¨ § ·¥¨¿¬¨ ª®±² ², ¢µ®¤¿¹¨µ ¢ (1){(4), ¯°¨-¢¥¤¥»¬¨ ¢ [11] (� � 104, b = 30, l0 = 1500 ½, �i0 �� Ri � 1) ¯®«³·¨¬, ·²® �p � 10�3, �s � �pH20=H2c ,Hc � 8 � 105½.�²¬¥²¨¬, ·²® ² ª ¿ ¦¥ ±²°³ª²³°  ®±®¢®£®±®±²®¿¨¿ ° ±±¬ ²°¨¢ ¥¬®£®  ²¨´¥°°®¬ £¥²¨ª  ±¶¥²°®¬  ²¨±¨¬¬¥²°¨¨ (5),   ±«¥¤®¢ ²¥«¼®, ¨ ±®-®²®¸¥¨¿ (6){(14) µ ° ª²¥°» ¨ ¤«¿ ¬ £¨²®½«¥ª-²°¨·¥±ª®£® ¬³«¼²¨´¥°°®¨ª  ± ²¥¬ ¦¥ ®±®¢»¬ ±®-±²®¿¨¥¬ (5) ¯°¨ ³±«®¢¨¨, ·²® ¥£® ²¥°¬®¤¨ ¬¨·¥±-ª¨© ¯®²¥¶¨ « ®¯°¥¤¥«¿¥²±¿ ¢»° ¦¥¨¥¬ (1){(3),  ¢¬¥±²® (4) Fme = P[ml].�²°®£® £®¢®°¿, ³¦¥ ¢ ±«³· ¥ ��� ± ¶¥²°®¬  ²¨-±¨¬¬¥²°¨¨ (1){(4)  °¿¤³ ± ¬ £¨²®½«¥ª²°¨·¥±ª¨¬¢§ ¨¬®¤¥©±²¢¨¥¬ (4) ¤®«¦® ³·¨²»¢ ²¼±¿ ¨ ª¢ ¤-° ²¨·®¥ ¬ £¨²®®¯²¨·¥±ª®¥ ¢§ ¨¬®¤¥©±²¢¨¥. �£®±²°³ª²³°³ ¢ ¨§®²°®¯®¬ ±«³· ¥ ¬®¦® ¯°¥¤±² ¢¨²¼¢ ¢¨¤¥Fmo = rm2 (mP)2 + rl2 (lP)2 + sm2 m2P2 + sl2 l2P2;(18)£¤¥ rm, rl, sm, sl - ª®½´´¨¶¨¥²» ª¢ ¤° ²¨·®£® ¬ £-¨²®®¯²¨·¥±ª®£® ¢§ ¨¬®¤¥©±²¢¨¿.�§ ° ±·¥²  ±«¥¤³¥², ·²® ¤«¿ ®±®¢®£® ±®±²®¿¨¿(5) ¢±«¥¤±²¢¨¥ ¢»¡° ®© ±²°³ª²³°»  ¨§®²°®¯®-£® ¬ £¨²®½«¥ª²°¨·¥±ª®£® ¢§ ¨¬®¤¥©±²¢¨¿ (4), ³·¥²�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 7 { 8 2010



�²¨´¥°°®¬ £¥²¨ª ± ¶¥²°®¬  ²¨±¨¬¬¥²°¨¨ ¢ ¯®±²®¿®¬ ¢¥¸¥¬ ¬ £¨²®¬ ¯®«¥ : : : 567(18) ª ·¥±²¢¥® ¥ ¨§¬¥¨² ¨ ±²°³ª²³°³ ¬ ²¥-°¨ «¼»µ ±®®²®¸¥¨© (6), ¨ µ ° ª²¥° · ±²®²®©§ ¢¨±¨¬®±²¨ ª®½´´¨¶¨¥²®¢ (7). � ²® ¦¥ ¢°¥¬¿¢«¨¿¨¥ ª¢ ¤° ²¨·®£® ¬ £¨²®®¯²¨·¥±ª®£® ¢§ ¨¬®-¤¥©±²¢¨¿ (18) ¬®¦¥² ®ª § ²¼±¿ ¯°¨¶¨¯¨ «¼® ¢ ¦-»¬ ¤«¿ ±²°³ª²³°» ¬ ²¥°¨ «¼»µ ±®®²®¸¥¨©, ¥±-«¨  ¨§®²°®¯®¥ ¬ £¨²®½«¥ª²°¨·¥±ª®¥ ¢§ ¨¬®¤¥©±²-¢¨¥ ¯® ²¥¬ ¨«¨ ¨»¬ ¯°¨·¨ ¬ ¢»¡° ® ¢ \³±¥·¥-®©" ¯® ±° ¢¥¨¾ ± (4) ¨«¨ Fme = P[ml] ´®°¬¥,  ®±®¢®¥ ±®±²®¿¨¥ ¯®-¯°¥¦¥¬³ ±®¢¯ ¤ ¥² ± (5). �ª ·¥±²¢¥ ¯°¨¬¥°  ¬®¦® ±° ¢¨²¼ (6), (7) ± ¬ ²¥°¨- «¼»¬¨ ±®®²®¸¥¨¿¬¨ ¤«¿ ¬ £¨²®½«¥ª²°¨·¥±ª®£®¬³«¼²¨´¥°°®¨ª  ¨§ [13], £¤¥ ®¨ ¡»«¨ ¯®«³·¥» ¤«¿®±®¢®£® ±®±²®¿¨¿,   «®£¨·®£® (5), ® ¡¥§ ¯®±«¥-¤®¢ ²¥«¼®£® ³·¥²  (18).�²¬¥²¨¬ ² ª¦¥, ·²® ° ±±¬®²°¥ ¿ ¢ ° ¡®²¥±²°³ª²³°  ±®®²®¸¥¨© (5){(15) ¬®¦¥² ¡»²¼ °¥ «¨-§®¢   ¨ ¢ ±«³· ¥  ²¨´¥°°®¬ £¥²¨ª  ± ¶¥²°®¬ ²¨±¨¬¬¥²°¨¨ (1){(4) ¢ ª®««¨¥ °®© ´ §¥ (l0kZ),ª®£¤  jH0j = 0, ® § ²® ¢¤®«¼ ®±¨ Y  ¯° ¢«¥® ¯®±²®-¿®¥ ¢¥¸¥ ½«¥ª²°¨·¥±ª®¥ ¯®«¥ E0 (²® ¥±²¼ P0kY ).� · ±²®±²¨, ½²® ¢®§¬®¦®, ¥±«¨  °¿¤³ ± (2), (3)¨ (18) ¢¬¥±²®  ¨§®²°®¯®£® ¬ £¨²®½«¥ª²°¨·¥±ª®£®¢§ ¨¬®¤¥©±²¢¨¿ (4) ³·¥±²¼ ² ª¦¥ ¨ ¢§ ¨¬®¤¥©±²¢¨¥�§¿«®¸¨±ª®£® ±® ±«¥¤³¾¹¥© ±²°³ª²³°®©:F = d(mxlz �mzlx) (19)

¨«¨ ¤«¿ l0kZ ¨ P0kY ¨¤³¶¨°®¢ ²¼ m0kX §  ±·¥²¯¼¥§®¬ £¨²®£® ¢§ ¨¬®¤¥©±²¢¨¿ ¢ ¯®«¥ ³¯°³£¨µ  -¯°¿¦¥¨©.1. �. �. �¥±¥« £®, ��� 92, 517 (1967).2. W. Cai and V. Shalaev, Optical Metamaterials.Fundamentals and Applications, Springer Science +Business Media, LLC, 2010.3. D.W. Ward, E. Statz, K. J. Webb et al.,http://www.arxiv.org/cond-mat/0401046.4. K. F. Wang, J.-M. Liua, and Z. F. Ren, Adv. Physics58, 321 (2009).5. Jian Qi Shen, Phys.Rev.B 73, 045113 (2006).6. Cheng-Wei Qiu and Said Zouhdi, Phys. Rev. B 75,196101 (2007).7. Jian Qi Shen, Phys. Rev. B 75, 196102 (2007).8. Cheng-Wei Qiu, Hai-Ying Yao, Le-Wei Li et al., Phys.Rev. B 75, 155120 (2007).9. Cheng-Wei Qiu, Hai-Ying Yao, Le-Wei Li et al., Phys.Rev. B 75, 245214 (2007).10. A. Pimenov, A.A. Mukhin, V.Yu. Ivanov et al., NaturePhysics 2, 97 (2006).11. �. �. �³·¥«¼¨ª®¢, �. �. �¨¢¥, �¨±¼¬  ¢ ���� 84,470 (2006).12. S. A. Tretyakov, A.A. Sochava., PIER 9, 157 (1994).13. K. L. Livesey, R. L. Stamps, Phys. Rev. B 81, 094405(2010).
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