
24 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò3��� 539.23; 539.216.1 �������� ������������� ��������������� ���������� ���� <��������� ����� { ������������> ��� <��������� ��������>�.�. �ãª®¢áª¨©, �.�. � å­®¢áª¨©�) , �.�. �à¥¢ç¨ª��) , �.�. �¥¬¥­®¢��) ,�. �. � ©®à®¢��) , �.�. �ã¤àïè®¢��) , K. Yamamoto���)(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)E-mail: zhukovsk@phys.msu.ru� à ¬ª å â¥®à¨¨ ª¢ ­â®¢®£® âã­­¥«¨à®¢ ­¨ï á ¤¨áá¨¯ æ¨¥© ¢ ¨­áâ ­â®­­®¬ ª¢ §¨ª« áá¨ç¥-áª®¬ ¯à¨¡«¨¦¥­¨¨ ¨áá«¥¤®¢ ­  ã¯à ¢«ï¥¬®áâì âã­­¥«¨à®¢ ­¨ï ¢ á¨áâ¥¬ å <ª¢ ­â®¢ ï â®çª  {ª¢ ­â®¢ ï ï¬ > (��{��) ¨«¨ <ª¢ ­â®¢ ï ¬®«¥ªã« >. � ª ç¥áâ¢¥ ã¯à ¢«ïîé¨å ¯ à ¬¥âà®¢à áá¬ âà¨¢ «¨áì â¥¬¯¥à âãà  á¨áâ¥¬ë ¨ á®®â­®è¥­¨¥ à §¬¥à®¢ à ¤¨ãá  ª¢ ­â®¢®© â®çª¨(��) ¨ ¯®«ãè¨à¨­ë ª¢ ­â®¢®© ï¬ë, ¨£à îé¥© à®«ì ª®­â ªâ . � ©¤¥­® ãá«®¢¨¥ ¡«®ª¨à®¢ª¨®¤­®í«¥ªâà®­­®© ¢®«­®¢®© äã­ªæ¨¨ ¢ ¯à¥¤¥« å ��.� ¯®á«¥¤­¨¥ £®¤ë ¯à®¡«¥¬¥ í«¥ªâà®­­®£® âà ­á-¯®àâ  ¢ âã­­¥«ì­®-á¢ï§ ­­ëå ­ ­®áâàãªâãà å ã¤¥-«ï¥âáï §­ ç¨â¥«ì­®¥ ¢­¨¬ ­¨¥ ¨áá«¥¤®¢ â¥«¥© (á¬.,­ ¯à., [1{6]). � ãç­ë© ¨ ¯à ªâ¨ç¥áª¨© ¨­â¥à¥áª âã­­¥«ì­ë¬ ¯à®æ¥áá ¬ ®¡ãá«®¢«¥­ ¯à¥¦¤¥ ¢á¥£®¢ëá®ª®© çã¢áâ¢¨â¥«ì­®áâìî ¢¥à®ïâ­®áâ¨ âã­­¥«¨-à®¢ ­¨ï ª í«¥ªâà®­­®¬ã í­¥à£¥â¨ç¥áª®¬ã á¯¥ªâàã,¯®â¥­æ¨ «ã ª®­ä ©­¬¥­â  á¨áâ¥¬ë ¨ ¯ à ¬¥âà ¬¢­¥è­¥£® ¯®«ï. �¬¥­­® ¯®á«¥¤­¥¥ ®¡áâ®ïâ¥«ìáâ¢®¤ ¥â ¤®¯®«­¨â¥«ì­ãî <áâ¥¯¥­ì á¢®¡®¤ë> ¤«ï ¢®§-¬®¦­®£® ã¯à ¢«¥­¨ï á¢®©áâ¢ ¬¨ âã­­¥«ì­®-á¢ï§ ­-­ëå ­ ­®áâàãªâãà. � ­ áâ®ïé¥© à ¡®â¥ ¯à®¢®¤¨âáï®æ¥­ª  ¢¥à®ïâ­®áâ¨ âã­­¥«¨à®¢ ­¨ï (á â®ç­®áâìî ¤®íªá¯®­¥­âë) ¢ á¨áâ¥¬ å <ª¢ ­â®¢ ï â®çª  (��) {ª¢ ­â®¢ ï ï¬  (��)> ¨«¨ <ª¢ ­â®¢ ï ¬®«¥ªã« > ­ ®á­®¢¥ â¥®à¥â¨ç¥áª®£® ¯®¤å®¤  à §¢¨â®£® ¢ [5, 7, 8]á ãç¥â®¬ à®«¨ á¯¥ªâà  áà¥¤ë ¢ ®¤­®ç áâ¨ç­®¬ âã­-­¥«ì­®¬ ¯¥à¥­®á¥. �à¨ íâ®¬ ¯à¥¤« £ ¥âáï à áá¬ â-à¨¢ âì á¨áâ¥¬ë á �� (ª ª ¨ ¬ ªà®¬®«¥ªã«ë) á ¯®-§¨æ¨© ª¢ ­â®¢®© å¨¬¨ç¥áª®© ¤¨­ ¬¨ª¨. �à®¤ãªâ¨¢-­®áâì â ª®£® ¯®¤å®¤  ®¡ãá«®¢«¥­  â¥¬, çâ® ¢ ¯à®-áâà ­áâ¢¥ ­ ­®¬ áèâ ¡®¢ ä¨§¨ª  ¨ å¨¬¨ï í«¥ªâà®­-­ëå ¯à®æ¥áá®¢ ¨¬¥îâ ¬­®£® ®¡é¥£® ¨ ¯®ï¢«ï¥âáï ¨­-â¥à¥á­ ï ¢®§¬®¦­®áâì ¤«ï ¨§ãç¥­¨ï ¢§ ¨¬®¤¥©áâ¢¨ï�� á ª®­â ªâ­®© áà¥¤®© ¢ à ¬ª å ­ ãª¨ ® ª¢ ­â®¢®¬âã­­¥«¨à®¢ ­¨¨ á ¤¨áá¨¯ æ¨¥© [5, 9, 10]. �à¨¬¥-­¨¬®áâì ª¢ §¨ª« áá¨ç¥áª®£® ¨­áâ ­â®­­®£® ¯à¨¡«¨-¦¥­¨ï [5, 7, 11] ¯à¨ ¨áá«¥¤®¢ ­¨¨ â¥¬¯¥à âãà­®©§ ¢¨á¨¬®áâ¨ ¢¥à®ïâ­®áâ¨ âã­­¥«¨à®¢ ­¨ï � ¤«ï ��­  ®á­®¢¥ InSb ¬®¦¥â ¡ëâì ®æ¥­¥­  ¢ ª¢ §¨ª« á-á¨ç¥áª®¬ ¯à¨¡«¨¦¥­¨¨ ¨§ áà ¢­¥­¨ï å à ªâ¥à­®£®à §¬¥à  á¨áâ¥¬ë á ¤«¨­®© ¢®«­ë ¤¥ �à®©«ï âã­-­¥«¨àãîé¥© ç áâ¨æë ¨«¨ ¢ à ¬ª å ¯à¨¡«¨¦¥­¨ïà §à¥¦¥­­®£® £ §  ¯ à <¨­áâ ­â®­{ ­â¨¨­áâ ­â®­>[5, 7, 8]:�) Department of Physics & Astronomy, University of Wyoming,Laramie, WY, 82071, USA.��) � ä¥¤à  ä¨§¨ª¨ �¥­§¥­áª®£® £®áã¤ àáâ¢¥­­®£® ã­¨¢¥àá¨â¥â .���) Research Institute of International Medical Center, Japan.

8>><>>:R� ~�2�p3 �p2m�U0 ;R� ~p8m�kBT : (1)(2)� ­¥à ¢¥­áâ¢¥ (1) áà ¢­¨¢ ¥âáï à ¤¨ãá �� Rá ¤«¨­®© ¢®«­ë ¤¥ �à®©«ï âã­­¥«¨àãîé¥© ç áâ¨æë(U0 | ¢ëá®â  ¡ àì¥à , m� | íää¥ªâ¨¢­ ï ¬ áá âã­­¥«¨àãîé¥£® í«¥ªâà®­ ); ä®à¬ã«  (2) ¤¥¬®­áâ-à¨àã¥â ¯à¨¬¥­¨¬®áâì ¯à¨¡«¨¦¥­¨ï à §à¥¦¥­­®£®£ §  ¯ à <¨­áâ ­â®­{ ­â¨¨­áâ ­â®­> [5, 7, 8]. �¥-à ¢¥­áâ¢  (1) ¨ (2) ¢ë¯®«­ïîâáï ®¤­®¢à¥¬¥­­® ¯à¨T � 50 K ¨ U0 � 0:2 í�, çâ® á®®â¢¥âáâ¢ã¥â �� ­ ®á­®¢¥ InSb.� áá¬ âà¨¢ îâáï  ¤¨ ¡ â¨ç¥áª¨¥ âã­­¥«ì­ë¥ à¥- ªæ¨¨, ã ª®â®àëå ¯ à ¬¥âà � ­¤ ã{�¨­¥à  ¢¥«¨ª:�2~ujF2�F1j � 1 , £¤¥ � | í«¥ªâà®­­ë© ¬ âà¨ç­ë©í«¥¬¥­â ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ­ ç «ì­ë¬ ¨ ª®­¥ç-­ë¬ á®áâ®ï­¨ï¬¨, u | áª®à®áâì ¯¥à¥­®á¨¬®© ç áâ¨-æë, F1;2 | á¨«ë ¢ â®çª¥ ¯¥à¥á¥ç¥­¨ï â¥à¬®¢ [12].�®áâ®ï­¨¥ à¥ ªæ¨®­­®© á¨áâ¥¬ë ¢ áà¥¤¥ å à ªâ¥-à¨§ã¥âáï ¬­®£®¬¥à­®© ¯®â¥­æ¨ «ì­®© ¯®¢¥àå­®áâìî(¯®  ­ «®£¨¨ á ¯®áâ ­®¢ª®© § ¤ ç¨ ¢ å¨¬¨ç¥áª®©âã­­¥«ì­®© ª¨­¥â¨ª¥ [5, 7, 8])Ui = NXi=1 12!20i(xi + x0i)2;Uf = NXi=1 12!20i(xi � x0i)2 ��I: (3)� ¬¨«ìâ®­¨ ­ á¨áâ¥¬ë (¢¤®«ì ª®®à¤¨­ âë âã­­¥«¨-à®¢ ­¨ï)bH = p212 + v1(y1) + y1 NX�=2C�y� + 12 NX�=2 �p2� + !2�y2�� ;(4)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò3 25£¤¥ C� | ª®íää¨æ¨¥­âë ¢§ ¨¬®¤¥©áâ¢¨ï á ®áæ¨«-«ïâ®à­ë¬¨ ¬®¤ ¬¨ áà¥¤ë { â¥à¬®áâ â . �¥à®ïâ­®áâìâã­­¥«¨à®¢ ­¨ï ¢ ¥¤¨­¨æã ¢à¥¬¥­¨ [9, 10]� = 2T ImZReZ ; (5)£¤¥ Z =Y� Z Dy1 Z Dy� exp[�Sfy1; y�g] (6)| áâ â¨áâ¨ç¥áª ï áã¬¬  á¨áâ¥¬ë, ®¯à¥¤¥«ï¥¬ ï¢ ¢¨¤¥ ª®­â¨­ã «ì­®£® ¨­â¥£à « , y�(��=2) == y�(�=2) (§¤¥áì � � T�1 ¨«¨ � � ~kT , £¤¥ ~ ¨ k¯®« £ îâáï à ¢­ë¬¨ ¥¤¨­¨æ¥). �¢ §¨ª« áá¨ç¥áª®¥(¨­áâ ­â®­­®¥) ¤¥©áâ¢¨¥ [7, 9, 10]Sfy1g= �=2Z��=2 d�"12 _y21 + v(y1) ++ 12 �=2Z��=2 d� 0K(� � � 0)y1(�)y1(� 0)#; (7)v(y1) = v1(y1)� 12 NX�=2 C2�!2� y21 ; (8)�n = �2n NX�=2 C2�!2�(!2� + �2n) ; (9)�¤¥áì �n � 2�nT | ¬ æã¡ à®¢áª ï ç áâ®â . �¥-à¥­®à¬¨à®¢ ­­ ï ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï ç áâ¨æë¢¤®«ì ª®®à¤¨­ âë âã­­¥«¨à®¢ ­¨ï ¢ á«ãç ¥ ¤¢ãåê-ï¬­®© ¬®¤¥«¨ (à¨á. 1) ¯à¨­¨¬ ¥â ¢¨¤v(q) = 12!20(q+ q0)2�(�q) ++ �12!20(q� q1)2 ��I� �(q); (10)q = y1+ �I2� ; !20 = !21 � NX�=2 C2�!2� ;q0 = �!20 � �I2� ; q1 = �!20 + �I2� ; �2 = NXi=1 !40ix20i:�à¥¤¯®« £ ¥âáï, çâ® ¢ ¤¥©áâ¢¨¥ S(q) ®á­®¢­®© ¢ª« ¤¢­®á¨â âà ¥ªâ®à¨ï (¨­áâ ­â®­), ¬¨­¨¬¨§¨àãîé ïäã­ªæ¨®­ « (7) ¨ ¯®¤ç¨­ïîé ïáï ãà ¢­¥­¨î �©«¥-à {� £à ­¦  (¯à¨ç¥¬ âà ¥ªâ®à¨ï ¨é¥âáï ­  ª« áá¥¯¥à¨®¤¨ç¥áª¨å äã­ªæ¨©)��qB(�) + @v(qB)@qB + �=2Z��=2 d� 0K(� � � 0)qB(� 0) = 0;qB(�) = qB(� + �): (11)
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��¨á. 1. �®â¥­æ¨ «ì­ ï í­¥à£¨ï ç áâ¨æë ¢¤®«ì ª®®à¤¨­ âëâã­­¥«¨à®¢ ­¨ï (¤¢ãåêï¬­ ï ¬®¤¥«ì)�¥è¥­¨¥ (11) ¨é¥¬ ¢ ¢¨¤¥qB(�) = ��1 1Xn=�1 qn exp(i�n�); (12)qB(�) =�q0+ 2(q0 + q1)�0� ++ 2!20(q1 + q0)� 1Xn=1 sin �n�0 � cos �n��n(�2n + !20 + �n) : (13)�®£¤ SB = 2!20(q0 + q1)q0�0 � 2!20(q0 + q1)2�20� �� 4!40(q0 + q1)2� 1Xn=1 sin2 �n�0�2n(�2n +!20 + �n) : (14)� á«ãç ¥ ¢§ ¨¬®¤¥©áâ¢¨ï á ¢ë¤¥«¥­­®© «®ª «ì­®©¬®¤®© (14) § ¯¨è¥âáï ¢ ¢¨¤¥2S = (q1 + q0)(3q0 � q1)!2�0 � 4!2(q0 + q1)2(�0)2� �� !2(q0 + q1)22~
 (!2 � ~x2p~x1  cth��2p~x1��� 1sh��2p~x1��ch ���2 � 2�0�p~x1��� ch ���2�p~x1 �+ ch ���2 � 2�0�p~x1��!�� !2 � ~x1p~x2  cth��2p~x2��� 1sh��2p~x2 ��ch���2�2�0�p~x2 ��ch���2�p~x2 �++ ch ���2 � 2�0�p~x2 ��!); (15)£¤¥ ~x1;2 = 12 �!2 +!2L + C2!2L��13 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò3
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 =s�!2 + !2L+ C2!2L�2 � 4!2!2L:�  ¦¥ ä®à¬ã«  (15) ¢ ¡®à®¢áª¨å ¥¤¨­¨æ å ¯à¨­¨¬ ¥â¢¨¤S = 12 Ed~ a2d"�02l21 l22l1 ��0 � ��0 2"�T �� 12
�("�02 � x�2px�1  cth px�12"�T !� 1sh �px�1�2"�T � �� 2 ch "� 1"�T � 2��0� px�12 #� ch"px�12"�T #!!�� "�02 � x�1px�2  cth�p~x22"�T �� 1sh �p~x2�2"�T � �� 2 ch "� 1"�T � 2��0� px�22 #� ch �p~x22"�T �!!); (16)£¤¥x�1;2 = 12 �"�02 + "�L2 + 
�0"�L2��� 12s�"�02 + "�L2 + 
�0"�L2�2 � 4"�02"�L2;~
 =s�"�02 + "�L2 + 
�0"�L2�2 � 4"�02"�L2;��0 = 1"�0 Arcsh�a� � b�a� + b� sh "�02"�T �+ 12"�T ;"�T = ~�Ed ; "�L = ~!LEd ; � = ~"�TEd ; "�T 2 = 4U�0q�02 ;U�0 = U0Ed ; l1 = a� + b�; l2 = 3a� � b�;a� = q0ad ; b� = q1ad ; 
�0 = ~4C2E4d ; q1q0 = b�a� = ba:�¥§ã«ìâ âë ¨áá«¥¤®¢ ­¨ï â¥¬¯¥à âãà­®© § ¢¨á¨-¬®áâ¨ ¢¥à®ïâ­®áâ¨ âã­­¥«¨à®¢ ­¨ï � ¤«ï �� ­ ®á­®¢¥ InSb ¯à¥¤áâ ¢«¥­ë ­  à¨á. 2. �¥à®ïâ­®áâìâã­­¥«¨à®¢ ­¨ï çã¢áâ¢¨â¥«ì­  ª ç áâ®â¥ ä®­®­­®©¬®¤ë ¨ ª ª®­áâ ­â¥ ¢§ ¨¬®¤¥©áâ¢¨ï á ª®­â ªâ­®©áà¥¤®© (à¨á. 3, 4). � â®çª¨ §à¥­¨ï ä¨§¨ª¨ ¯à®æ¥áá à¥§ã«ìâ âë ¢¯®«­¥ ®¦¨¤ ¥¬ë: á à®áâ®¬ ç áâ®âëä®­®­­®© ¬®¤ë ã¢¥«¨ç¨¢ ¥âáï íää¥ªâ¨¢­®áâì í«¥ª-âà®­-ä®­®­­®£® ¢§ ¨¬®¤¥©áâ¢¨ï, çâ® á®¯à®¢®¦¤ ¥â-áï á®®â¢¥âáâ¢ãîé¨¬ à®áâ®¬ í­¥à£¨¨ âã­­¥«¨àãîé¥-£® í«¥ªâà®­  ¨ ¯à¨¢®¤¨â ª à®áâã ¢¥à®ïâ­®áâ¨ âã­-­¥«ì­®£® ¯¥à¥­®á  (¯¥à¥å®¤ ®â ªà¨¢ëå 1 ª ªà¨¢ë¬ 2­  à¨á. 3, 4); ¢®§à áâ ­¨¥ ª®­áâ ­âë ¢§ ¨¬®¤¥©áâ¢¨ï¯à¨¢®¤¨â ª ã¢¥«¨ç¥­¨î ¢ï§ª®áâ¨ ª®­â ªâ­®© áà¥¤ë,

���������	
��
�������¨á. 2. � ¢¨á¨¬®áâì � ®â ¢¥«¨ç¨­ë "�T ¤«ï �� ­  ®á­®¢¥InSb
���������	
��
��¨á. 3. � ¢¨á¨¬®áâì � ®â ¢¥«¨ç¨­ë ¯ à ¬¥âà   á¨¬¬¥âà¨¨b=a ¤«ï á¨áâ¥¬ë <�� { ®¡ê¥¬­ë© ª®­â ªâ> (­  ®á­®¢¥InSb): 1 | U�0 = 200 , "�T = 3 , "�L = 1 , 
�0 = 10 ; 2 |U�0 = 200 , "�T = 3 , "�L = 10 , 
�0 = 10 ; 3 | U�0 = 200 ,"�T = 3 , "�L = 1 , 
�0 = 50
���������	
��
��¨á. 4. � ¢¨á¨¬®áâì � ®â ¢¥«¨ç¨­ë "�T ¤«ï á¨áâ¥¬ë <�� {®¡ê¥¬­ë© ª®­â ªâ> (­  ®á­®¢¥ InSb) ¯à¨ b=a < 1 : 1 |U�0 = 200 , b=a = 0:98 , "�L = 1 , 
�0 = 10 ; 2 | U�0 = 200 ,b=a= 0:98 , "�L = 10 , 
�0 = 10 ; 3 | U�0 = 200 , b=a= 0:98 ,"�L = 1 , 
�0 = 50â. ¥. ª à®áâã ¥¥ <áâ¥¯¥­¨ ¤¨áá¨¯ â¨¢­®áâ¨> ¨ á®®â¢¥â-áâ¢ãîé¥¬ã ã¬¥­ìè¥­¨î ¢¥à®ïâ­®áâ¨ âã­­¥«ì­®£®¯¥à¥­®á  (¯¥à¥å®¤ ®â ªà¨¢ëå 1 ª ªà¨¢ë¬ 3 ­ à¨á. 3, 4). �¨á. 3 ¤¥¬®­áâà¨àã¥â àï¤ ¨­â¥à¥á­ëå
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��
������������������ !"�¨á. 5. � ¢¨á¨¬®áâì íªáâà¥¬ «ì­®£® §­ ç¥­¨ï b=a ®â "�T¯à¨ b=a > 1 ( ) ¨ b=a < 1 (¡)®á®¡¥­­®áâ¥© âã­­¥«¨à®¢ ­¨ï ¢ á¨áâ¥¬ å <��{��>.�®-¯¥à¢ëå, ¯à¨ á®¢¯ ¤¥­¨¨ à ¤¨ãá  �� á ¯®«ãè¨-à¨­®© ��, ¢ë¯®«­ïîé¥© à®«ì ª®­â ªâ , ­ ¡«î¤ -¥âáï íää¥ªâ ¡«®ª¨à®¢ª¨ ®¤­®í«¥ªâà®­­®© ¢®«­®¢®©äã­ªæ¨¨ ¢ ¯à¥¤¥« å �� (å à ªâ¥à­ë© ¬¨­¨¬ã¬­  à¨á. 3). �­â¥à¥á ª â ª®¬ã íää¥ªâã áãé¥áâ¢¥­-­® ¢®§à®á ¢ ¯®á«¥¤­¥¥ ¢à¥¬ï ¢ á¢ï§¨ á ¨§ãç¥­¨-¥¬ ¤¨­ ¬¨ç¥áª®£® ª®­âà®«ï í«¥ªâà®­­ëå á®áâ®ï­¨©¢ ¤¢®©­®© �� ¢ ãá«®¢¨ïå á« ¡®© ¤¨áá¨¯ æ¨¨ [6].�à®¬¥ â®£®, ­  à¨á. 3 ¯à¥¤áâ ¢«¥­ë å à ªâ¥à­ë¥â¥¬¯¥à âãà­®-ã¯à ¢«ï¥¬ë¥ ¬ ªá¨¬ã¬ë ¢ ¢¥à®ïâ­®á-â¨ âã­­¥«ì­®£® ¯¥à¥­®á  ¯à¨ á«¥¤ãîé¨å ãá«®¢¨-
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