
�¨±¼¬  ¢ ����, ²®¬ 91, ¢»¯. 6, ±. 297 { 300 c 2010 £. 25 ¬ °² \�¿£ª¨¥" ª° ¥¢»¥ ±®±²®¿¨¿ ¢ ¥®¤®°®¤»µ2D ½«¥ª²°®»µ ±¨±²¥¬ µ�.� §¨, �.�¨ª¨�®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 14 ¨¾«¿ 2009 £.�®±«¥ ¯¥°¥° ¡®²ª¨ 28 ¿¢ °¿ 2010 £.�¡±³¦¤ ¾²±¿ ¤¥² «¨ ±²°³ª²³°» ª° ¥¢»µ ½«¥ª²°®»µ ±®±²®¿¨© ¢ ®£° ¨·¥»µ ¢¥¸¨¬¨ ¯®«¿¬¨2D § °¿¦¥»µ ±¨±²¥¬ µ (½«¥ª²°®»µ ¨«¨ ¤»°®·»µ) ¢ ³±«®¢¨¿µ ®¡° ¹¥¨¿ ¢ ³«¼ £° ¨·®© ¯«®²®±-²¨ ¯®¤¢¨¦»µ ®±¨²¥«¥© § °¿¤ . �®ª § ®, ·²® ¢¤®«¼ ½²¨µ £° ¨¶ ¢®§¨ª ¾² ² ª  §»¢ ¥¬»¥ \¬¿£ª¨¥"ª° ¥¢»¥ ½«¥ª²°®»¥ ±®±²®¿¨¿ (���). � «¨§¨°³¾²±¿ ¤¥² «¨ ±²°³ª²³°» ¨ ±¯¥ª²° , ®¡®§ ·¥» ¢®§-¬®¦»¥ ½´´¥ª²» ± ³· ±²¨¥¬ ���.� ° ¡®²¥  ¢²®°®¢ [1] ®²¬¥·¥®, ·²® ¢ ±¨«³ ¥ª®²®-°»µ ¥±²¥±²¢¥»µ ¯°¨·¨ ª° ¥¢»¥ ½«¥ª²°®»¥ ±®-±²®¿¨¿ (���) ¤«¿ 2D ½«¥ª²°®»µ ±¨±²¥¬ ¢ ¬ £-¨²®¬ ¯®«¥ § ¬¥²® ¨±ª ¦ ¾²±¿ ª³«®®¢±ª¨¬¨ ½´-´¥ª² ¬¨ ° §®© ¯°¨°®¤». �¥±¬®²°¿   ½²®, ¢® ¢±¥µ° ±±¬®²°¥»µ ¢ [1] ¯°¨¬¥° µ ¯®¢®°®² ¿ ²®·ª   -«¥² ¾¹¨µ ¨§ \®¡º¥¬ "   £° ¨¶³ ª¢ §¨· ±²¨¶ ®±² -¢ « ±¼ ¢³²°¨ ¨«¨   £° ¨¶¥ ¯°®¢®¤¿¹¥© §®». �³-¹¥±²¢³¥², ®¤ ª®, ¶¥«»© ª« ±± § ¤ · ± ª³«®®¢±ª¨¬¨¢®§¬³¹¥»¬¨ ���, ¢ ª®²®°»µ ®¤  ¨§ ¯®¢®°®²»µ²®·¥ª, ³· ±²¢³¾¹¨µ ¢ ´®°¬¨°®¢ ¨¨ ª° ¥¢®£® ±®±²®-¿¨¿, ®ª §»¢ ¥²±¿ ¢¥ ¯°¥¤¥«®¢ ¯°®¢®¤¨ª . �¥·¼¨¤¥² ® ¢»°®¦¤¥»µ 2D ±¨±²¥¬ µ ° §®© £¥®¬¥²°¨¨,¯®«³·¥»µ ± ¨±¯®«¼§®¢ ¨¥¬ split{gate ²¥µ®«®£¨¨(±¬.,  ¯°¨¬¥°, [2, 3]), £¥²¥°®±²°³ª²³° µ ± ±¥«¥ª²¨¢-»¬ ²° ¢«¥¨¥¬ ¤®®°®© · ±²¨ [4, 5], ª« ±±¨·¥±ª¨µ2D ½«¥ª²°®»µ ±¨±²¥¬ µ   ¯®¢¥°µ®±²¨ ¦¨¤ª®£®£¥«¨¿ [6] ¨ ².¯. � ° ª²¥°»¬ ±¢®©±²¢®¬ ¯®¤®¡»µ 2Dª®´¨£³° ¶¨©,  §»¢ ¥¬»µ  ¬¨ ¬¿£ª¨¬¨, ¿¢«¿¥²±¿³«¥¢ ¿ ¯«®²®±²¼ ½«¥ª²°®®¢   ¯¥°¨¬¥²°¥ ¯°®¢®¤¿-¹¥© ®¡« ±²¨. � «¨·¨¥ ¢ ¯®¤®¡»µ ³±«®¢¨¿µ ª° ¥¢®©¢¥²¢¨ ¢®§¡³¦¤¥¨© ¢ «¨²¥° ²³°¥ ¤® ±¨µ ¯®° ¥ ®¡-±³¦¤ «®±¼, µ®²¿ \®±¢®¥¨¥" ¯°®¡«¥¬» § ¬¥²® ° §®-®¡° §¨²  ¡®° ½´´¥ª²®¢ ± ³· ±²¨¥¬ ���. �¯°¥¤¥«¥-¨¥ ¨ ¯°®±²¥©¸¨¥ ±¢®©±²¢  ¢®§¡³¦¤¥¨©, ¨¬¥³¥¬»µ¨¦¥ ¬¿£ª¨¬¨ ª° ¥¢»¬¨ ±®±²®¿¨¿¬¨ (���) ®¡±³¦-¤ ¾²±¿ ¢ ¤ ®© ° ¡®²¥. �®¯®«¨²¥«¼® ®²¬¥²¨¬ ¨´®°¬ «¼³¾ ±²®°®³ ¤¥« . �³¹¥±²¢³¾¹ ¿ ª °²¨ ��� [7 { 9] ¯°¥¤¯®« £ ¥² ¨¤¥ «¼®¥ ¡¥§¤¨±±¨¯ ²¨¢®¥®²° ¦¥¨¥ ½«¥ª²°®®¢ ®² £° ¨¶» ¯°®¢®¤¿¹¥© ®¡« ±-²¨. � ¢®«®¢»µ ²¥°¬¨ µ \¡¥§¤¨±±¨¯ ²¨¢®¥ ®²° ¦¥-¨¥" ®§ · ¥² ®¡° ¹¥¨¥ ¢®«®¢®© ´³ª¶¨¨ ½«¥ª²°®-  ¢ ³«¼   £° ¨¶¥ ¯°®¢®¤¿¹¥© ®¡« ±²¨. �¤¥ «¼-»© ±¶¥ °¨©, ¡¥§³±«®¢®, ¢¥°¥, ¯®ª  ° ±±²®¿¨¥ �¬¥¦¤³ ±®±¥¤¨¬¨ ¯®¢®°®²»¬¨ ²®·ª ¬¨ R1; R2 ¤®-±² ²®·® ¢¥«¨ª®:� = jR1 �R2j � Rc; (1)

£¤¥ Rc { µ ° ª²¥°»© ¶¨ª«®²°®»© ° ¤¨³± § ¤ ·¨.� ®¡¹¥¬ ¦¥ ±«³· ¥ ± ¯®¢»¸¥¨¥¬ ½¥°£¨¨ ��� ¥° -¢¥±²¢® (1) ±² ®¢¨²±¿ ¯«®µ® ¢»° ¦¥»¬, ¨ ¬¥µ -¨§¬ ®²° ¦¥¨¿ ½«¥ª²°®®¢ ®² £° ¨¶» ¯°®¢®¤¿¹¥©®¡« ±²¨, ¢®§¬®¦®, ¯¥°¥±² ¥² ¡»²¼ ¨¤¥ «¼»¬, ²°¥-¡³¿ ±¯¥¶¨ «¼®£® ° ±±¬®²°¥¨¿. �°¨¬¥° ��� ¯®¤-²¢¥°¦¤ ¥² ½²³ £¨¯®²¥§³.1. � ·¥¬ ± ®¯¨± ¨¿ ¯®¤µ®¤¿¹¥© 2D ±¨±²¥¬»,±®¤¥°¦ ¹¥© ¬¿£ª¨¥ £° ¨¶». �³±²¼ ¤«¿ ®¯°¥¤¥-«¥®±²¨ °¥·¼ ¨¤¥² ®¡ ½«¥ª²°®®¬ ª  «¥, ±´®°¬¨-°®¢ »¬ ³¤¥°¦¨¢ ¾¹¨¬ ±¨¬¬¥²°¨·»¬ ¯®²¥¶¨ -«®¬ V (x). � ½«¥ª²°®±² ²¨·¥±ª®¬ ¯°¨¡«¨¦¥¨¨V (x) + e'(x) = const; Z +b�b n(x)dx = N; (2)�b � x � +b;£¤¥ '(x) { ½«¥ª²°®¯®²¥¶¨ « ½«¥ª²°®®¢ ¢ ª  «¥, N {§ ¤ ®¥   ¥¤¨¨¶³ ¤«¨» ª  «  ·¨±«® ½«¥ª²°®®¢.�°¥¡®¢ ¨¥ (2) ¿¢«¿¥²±¿ ¨²¥£° «¼»¬ ³° ¢¥¨-¥¬ ®²®±¨²¥«¼® «®ª «¼®© ¯«®²®±²¨ n(x) ½«¥ª²°®-®¢. �£® °¥¸¥¨¥ ¨¬¥¥² ¢¨¤e2� n(x) = � 1�2pb2 � x2 Z +b�b dsV 0(s)pb2 � s2(s� x) ; (3)� { ¤¨½«¥ª²°¨·¥±ª ¿ ¯®±²®¿ ¿ ±°¥¤». � ±¯®« £ ¿(3) ¨ ¢²®°»¬ ¨§ ³±«®¢¨© (2), ¥²°³¤® ¯®±·¨² ²¼ ¢¥-«¨·¨³ 2b ¢ ²¥°¬¨ µ N ¨ ¤¥² «¥© ¯®¢¥¤¥¨¿ V (x).�  « (3)  §»¢ ¥²±¿  ¬¨ \¬¿£ª¨¬" ¢ ±¢¿§¨ ± ²¥¬,·²® ¯«®²®±²¼ n(x)   ¥£® ª®¶ µ ®¡° ¹ ¥²±¿ ¢ ³«¼,  ¸¨°¨  ª  «  2b ¢ °¼¨°³¥²±¿ ¢ ´³ª¶¨¨ ®² N ¨V (x).�¤®«¼ ¡®°²®¢ n(x) (3), ²® ¥±²¼ ¢ ®ª°¥±²®±²¨ ²®-·¥ª �b,   ¢»µ®¤¥ ¨§ ®¡« ±²¨, § ¿²®© ½«¥ª²°® ¬¨,±³¬¬ °»© ¯®²¥¶¨ « V (x) + e'(x) ²¥°¯¨² ¨§«®¬»,[V 0(x) + e'0(x)] = ( = 0; x > 06= 0; x < 0 (4)�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 5 { 6 2010 297



298 �.� §¨, �.�¨ª¨( · «® ª®®°¤¨ ² § ¤ ·¨ (2), (3) ¯¥°¥¥±¥® §¤¥±¼ ¢²®·ª³ x = �b). � ¬ £¨²®¬ ¯®«¥, ®°¬ «¼®¬ ¯«®±-ª®±²¨ ª  « , ¢¤®«¼ «¨¨© x = �b ¤®«¦» ¢®§¨ª ²¼���, ±³¹¥±²¢®¢ ¨¥ ¨ ±¢®©±²¢  ª®²®°»µ ¢® ¬®£®¬¯®µ®¦¨   \¦¥±²ª¨¥" ��� [7 { 9]. � §¨¶  «¨¸¼ ¢²®¬, ·²® ¨§¢¥±²»¥ ��� ¯®¿¢«¿¾²±¿   £° ¨¶¥ ±¢¥°²¨ª «¼®© ±²¥ª®© (V 0 !1). �¤¥±¼ ¦¥ °¥·¼ ¨¤¥²® ±¨²³ ¶¨¨ V 0 6= 1. �°¨« £ ²¥«¼®¥ \¬¿£ª¨¥" ¯®¤-·¥°ª¨¢ ¥² ª®¥·®±²¼ ¨§«®¬  ¯®²¥¶¨ «¼®£® ¯°®´¨-«¿, ´®°¬¨°³¾¹¥£® ¡¥£³¹¨¥ ¢¤®«¼ ¡®°²®¢ ½«¥ª²°®-»¥ ®°¡¨²». �µ¥¬ ²¨·¥±ª¨© ¢¨¤ ®¤®© ¨§ \¬¿£ª¨µ"ª° ¥¢»µ ²° ¥ª²®°¨© ¨§®¡° ¦¥   °¨±.1.
x

y

Tin

Tout�¨±.1. � ·¥±²¢¥»© ¢¨¤ ²° ¥ª²®°¨© 2D ½«¥ª²°®®¢ ¢¬ £¨²®¬ ¯®«¥ ¯°¨ ¨µ ¤¢¨¦¥¨¨ ¢ ¬¿£ª®¬ ª° ¥¢®¬°¥¦¨¬¥2. �°®¡«¥¬  ¢®§¬®¦®© «®ª «¨§ ¶¨¨ \§ ¬ £¨-·¥»µ" ½«¥ª²°®®¢ ¢ ®ª°¥±²®±²¨ ¨§«®¬  V 0(x) ++ e'0(x) ¢ ®¡¹¥¬ ±«³· ¥ °¥¸ ¥²±¿ ± ¯°¨¢«¥·¥¨¥¬¢®«®¢®£® ³° ¢¥¨¿. �¤ ª® ¤«¿ ¯®¨¬ ¨¿ ´¨§¨-ª¨ ¤¥«  ¨ ®°¨¥²¨°®¢ª¨ ¢ ·¨±« µ ¨¬¥¥² ±¬»±« ¥¥ª¢ §¨ª« ±±¨·¥±ª ¿ ²° ª²®¢ª . � ½²®¬ ¯°¨¡«¨¦¥¨¨¶¥²° «¼®¥ ¬¥±²® § ¨¬ ¥² ¯¥°¨®¤ T ¶¨ª«¨·¥±ª®£®¤¢¨¦¥¨¿ ½«¥ª²°®  ¢¤®«¼ £° ¨¶» x = 0:T = Tin + Tout; (5)£¤¥ Tin { · ±²¼ ¶¨ª« , ¯°®¢®¤¨¬ ¿ ½«¥ª²°®®¬ ¢³²°¨¯®«®±» (²® ¥±²¼ ¢ ®¡« ±²¨ x > 0)   ®°¡¨²¥ ± R� lH ,  Tout { ±®®²¢¥²±²¢³¾¹¥¥ ¢°¥¬¿ §  ¥£® ¯°¥¤¥« ¬¨ ¢§®¥ x < 0.�¥«¨·¨  Tin ®¯°¥¤¥«¿¥²±¿ ¯®   «®£¨¨ ± ª« ±±¨-·¥±ª®© § ¤ ·¥© ® ¬ £¨²»µ ���:Tin = �!c = 2!c arctan�vxvy� ; (6)£¤¥ � { ³£«®¢®© ±¥ª²®°, µ ° ª²¥°¨§³¾¹¨© ¤«¨³±ª ·ª  ½«¥ª²°®  ¢¤®«¼ ¯®¢¥°µ®±²¨ ¢ §®¥ x > 0,!c { ¶¨ª«®²°® ¿ · ±²®² , ª®¬¯®¥²» ±ª®°®±²¨vy; vx ¯°¨ ¯¥°¥±¥·¥¨¨ ½«¥ª²°®®¬ £° ¨¶» x = 0.�«¿ ° ±·¥²  Tout ¨±¯®«¼§³¥¬ ³° ¢¥¨¿ ¤¢¨¦¥¨¿½«¥ª²°®  ¢ ´®°¬¥ [10]_y + i _x = a exp (�i!ct) + cExH ;

Ex = [V 0(0) + e'0(0)]=e; a = b exp (�); (7)£¤¥ a { ª®¬¯«¥ª± ¿ ¢¥«¨·¨ , b; � { ¤¥©±²¢¨²¥«¼»¥·¨±« . �µ § ·¥¨¥ ®¯°¥¤¥«¿¥²±¿ ²°¥¡®¢ ¨¥¬: ¢  -· «¼»© ¬®¬¥² ¤¢¨¦¥¨¿ ¢ §®¥ x < 0 ±ª®°®±²¨ _y; _x±®¢¯ ¤ ¾² ± ¨µ § ·¥¨¿¬¨ vy; vx ¯°¨ ¯¥°¥±¥·¥¨¨½«¥ª²°®®¬ £° ¨¶» x = 0. � °¥§³«¼² ²¥b = vx= sin(�); vx = [vy= sin(�)] cos(�) + cExH ;cot� = vyvx � cExHvy : (8)�° ¢¥¨¿¬ (7), (8) ®²¢¥· ¾² ª®®°¤¨ ²» ½«¥ª²°® ¯°¨ ¥£® ¤¢¨¦¥¨¨ ¯® ²°®µ®¨¤¥ ¢ §®¥ x < 0:y = b �cos(�) sin(!ct)!c � sin(�)cos(!ct)!c �+ cExH t+ Cy ;(9)x = �b �� cos(�)cos(!ct)!c + sin(�) sin(!ct)!c �+ Cx:(10)�®±² ²» Cy , Cx ¢»¡¨° ¾²±¿ ¨§ ²°¥¡®¢ ¨©y(0) = 0; x(0) = 0 ¨«¨Cy = b sin(�)!c ; Cx = bcos(�)!c : (11)� ±¯®« £ ¿ ´®°¬³« ¬¨ (5){(11), ¬®¦® ®¯°¥¤¥-«¨²¼ ¢°¥¬¿ Tout, ¯°®¢®¤¨¬®¥ ½«¥ª²°®®¬   ¯¥²«¥²°®µ®¨¤» ¢ §®¥ x < 0. �²® ¢°¥¬¿ ®²¢¥· ¥² ¯®¿¢-«¥¨¾ ½«¥ª²°®    £° ¨¶¥ x = 0 ¯®±«¥ ²®£®, ª ª ®¢®¸¥« ¢ §®³ x < 0 ±  · «¼»¬¨ ³±«®¢¨¿¬¨ (6), (11).� ¨²¥°¥±³¾¹¨µ  ± ²¥°¬¨ µ ½²® ¢°¥¬¿ ±«¥¤³¥² ¨§³° ¢¥¨¿ (10) ¢ ¬®¬¥² t = Tout:x(t = Tout) = 0; ¨«¨cos(
Tout) + tan(�) sin(
Tout) = 1: (12)�±«®¢¨¥ !c[Tin + Tout] < 1 (13)®§ · ¥², ·²® ¢ ¶¥«®¬ ¢°¥¬¿ ½«¥ª²°®    ¶¨ª«¥ ±«®¦-®© ª° ¥¢®© ®°¡¨²» ¬¥¼¸¥ ¶¨ª«®²°®®£®, ª ª ¨¤®«¦® ¡»²¼ ¤«¿ ²° ¥ª²®°¨¨,   ª®²®°®© · ±²¨¶  ®²-° ¦ ¥²±¿ ®² £° ¨¶» ±¨±²¥¬», ¥ ³±¯¥¢ ±®¢¥°¸¨²¼®¤¨ ®¡®°®² ¯® ®ª°³¦®±²¨ ¶¨ª«®²°®®£® ° ¤¨³± .�®§¢° ¹ ¿±¼ ª  · «³ ±² ²¼¨, ¥²°³¤® ¢¨¤¥²¼,·²® ¯®¢®°®² ¿ ²®·ª    ¨²¥°¢ «¥ Tout ®²¢¥· ¾²¤¢¨¦¥¨¾ ½«¥ª²°®  ¢ ¢ ª³³¬¥ ¢¥ ¯°®¢®¤¿¹¥© §®-». �²  ¤¥² «¼, ®²¬¥·¥ ¿ ¢»¸¥, ¬®¦¥² ° ±±¬ ²-°¨¢ ²¼±¿ ª ª  ²°¨¡³² ���.�´®°¬ ¶¨¿ (6){(12) ¤®±² ²®·  ¤«¿ ®¡±³¦¤¥¨¿  ³°®¢¥ ���-��� ®¤®£® ¨§ ± ¬»µ ¯®ª § ²¥«¼»µª° ¥¢»µ ½´´¥ª²®¢ { £¥®¬¥²°¨·¥±ª®£® ª¢ ²®¢ ¨¿�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 5 { 6 2010
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�¨±.2. �®«®¦¥¨¥ ¨¤¥ «¼»µ ¨ \¬¿£ª¨µ" °¥§® ±®¢ ¢´³ª¶¨¨ ®² ¬ £¨²®£® ¯®«¿. � ±·¥²» ¯°®¢¥¤¥» ¤«¿ª¢ ²®¢®© ²®·ª¨ ° ¤¨³±®¬ R = 0:6 ¬ª¬ ¨ ´¥°¬¨¥¢±ª®©±ª®°®±²¨ ½«¥ª²°®®¢ ¢ ¥© vF = 3 � 107 ±¬/±(±¬. ¢±² ¢ª³   °¨±.2), ¢®§¨ª ¾¹¥£® ¨§ ²°¥¡®¢ ¨¿,·²®¡»   ¤«¨¥ ¯¥°¨¬¥²°  L 2D ±¨±²¥¬» ¬¥¦¤³ ²®·-ª®© ¢µ®¤  ²®ª  (A) ¨ ²®·ª®© ¥£® ¢»µ®¤  (B) ³ª« ¤»-¢ «®±¼ ¶¥«®¥ ·¨±«® ¤«¨ ®¤®£® ¯°»¦ª  l ½«¥ª²°® ¢¤®«¼ ½²®£® ¯¥°¨¬¥²° :L=l = n; n = 1; 2; 3 : : : (14)�´´¥ª² (14) ¢ ° §»µ ¢ °¨ ² µ, ®² ¡®«¼¸¥£® ·¨±« ¨§¬¥°¥¨© ¬ £¥²®®±¶¨««¿¶¨© ��� ¬¥¦¤³ ²®·¥·»-¬¨ ½«¥ª²°®¤ ¬¨   ¯®¢¥°µ®±²¿µ ²°¥µ¬¥°»µ ¬¥² «-«®¢ ¨ ¤® ¨¤¥©®   «®£¨·»µ ¿¢«¥¨© ¢ 2D ±¨±²¥-¬ µ,  ¡«¾¤ «±¿ ° §»¬¨  ¢²®° ¬¨ (±¬.,  ¯°¨¬¥°,[11 { 13]). �®±«¥¤¾¾ ¨§ ½²®© ±¥°¨¨ ¯³¡«¨ª ¶¨© [14]®²¬¥²¨¬ ±¯¥¶¨ «¼®, ² ª ª ª £¥®¬¥²°¨¿ ½²®£® ½ª±¯¥-°¨¬¥²  ¨±¯®«¼§³¥²±¿  ¬¨ ¤«¿ ¢»¿±¥¨¿ ° §¨¶»¬¥¦¤³ ±«¥¤±²¢¨¿¬¨ (14) ¤«¿ ��� ¨ ���. �±®, ·²®²®ª I ·¥°¥§ 2D ±¨±²¥¬³, ¨§®¡° ¦¥³¾   °¨±.2, ¤®«-¦¥ ¨¬¥²¼ °¥§ª¨¥ ¬ ª±¨¬³¬», ª®£¤  ®²®¸¥¨¥ L=l¡«¨§ª® ª ¶¥«®¬³ ·¨±«³. �° ´¨ª¨   °¨±.2 ¯®ª §»¢ -¾², ª ª ¨§¬¥¿¥²±¿ ®²ª«®¥¨¥ L=l ®² ¡«¨¦ ©¸¥£®¶¥«®£® ·¨±« , ²® ¥±²¼ ¢¥«¨·¨ f = ����Ll � �Ll + 0:5�����(²®·¥¥ £®¢®°¿, ®¡° ²»© ª¢ ¤° ² f ; §¤¥±¼ [a] { ¶¥-« ¿ · ±²¼ ·¨±«  a) ¢ § ¢¨±¨¬®±²¨ ®² ¬ £¨²®£® ¯®«¿¤«¿ ±«³· ¿ ¢¥°²¨ª «¼®£® ¡ °¼¥°  (±¯«®¸ ¿ ª°¨¢ ¿)¨ \¬¿£ª®£®" ³¤¥°¦¨¢ ¾¹¥£® ¯®²¥¶¨ «  ¯°¨ ¨±¯®«¼-§®¢ ¨¨ ¢ ³±«®¢¨¨ (14) ¤«¨» ¯°»¦ª  ¯°¨ ª®¥·-®¬ § ·¥¨¨ E = [V 0(x) + e'0(x)]0 (±¯«®¸ ¿ ª°¨-¢ ¿). �·¥¢¨¤®, ° §¨¶  ¬¥¦¤³ ±¯«®¸®© ¨ ¸²°¨-µ®¢®© ª°¨¢»¬¨  ° ±² ¥² ± °®±²®¬ ¬ £¨²®£® ¯®«¿.�¥§® ±» ¢¨¤  (14) µ®°®¸® ¢¨¤»   ��� ¨§ [14].

�®½²®¬³ ¯°®±«¥¤¨²¼ §  ®²«¨·¨¥¬ ¬¥¦¤³ ±¯«®¸®© ¨¸²°¨µ®¢®© ª°¨¢»¬¨ ¥ ±®±² ¢«¿¥² ²°³¤ .3. �¯¥ª²° �n(pk) ��� ² ª¦¥ ·³¢±²¢¨²¥«¥ ª ±²¥-¯¥¨ \¬¿£ª®±²¨" £° ¨¶». � ª¢ §¨ª« ±±¨·¥±ª®¬¯°¨¡«¨¦¥¨¨ [15] @�l@l ' 2�T (�l; pk)~; (15)£¤¥ T (�l; pk) { ¯®«»© ¯¥°¨®¤ ¶¨ª«¨·¥±ª®£® ¤¢¨¦¥¨¿½«¥ª²°®  ¢¤®«¼ £° ¨¶» x = 0, pk | ±®µ° ¿¾¹ ¿-±¿ ¯°¨ ¤¢¨¦¥¨¨ ½«¥ª²°®  ¢¤®«¼ £° ¨¶» ¢¥«¨·¨ ¨¬¯³«¼± , l| ®¬¥° ³°®¢¿ � ¤ ³, c ª®²®°»¬ ¯« ¢-® ±®¯°¿¦¥® § ·¥¨¥ �n(pk),T (�l; pk) = Tin + Tout;Tin { · ±²¼ ¶¨ª« , ¯°®¢®¤¨¬ ¿ ½«¥ª²°®®¬ ¢³²°¨ ¯®-«®±» (²® ¥±²¼ ¢ ®¡« ±²¨ x > 0)   ®°¡¨²¥ ± R � lH ,¡¥°¥²±¿ ¨§ (6), Tout { ±®®²¢¥²±²¢³¾¹¥¥ ¢°¥¬¿ { § ¥£® ¯°¥¤¥« ¬¨ ¢ §®¥ x < 0 { ®¯°¥¤¥«¥® ¢ (12).Ex = [V 0(x) + e'0(x)]0 { ½«¥ª²°¨·¥±ª®¥ ¯®«¥ §  ¯°¥-¤¥« ¬¨ 2D ±¨±²¥¬», ª®²®°®¥ ¯®« £ ¥²±¿ ¯®±²®¿»¬(¢ ¯°¥¤¥«¥ Ex !1 § ¤ ·  ±¢®¤¨²±¿ ª ¨§¢¥±²®©, ±¬.[7 { 9]). � ¯°®¶¥±±¥ ¤¢¨¦¥¨¿ ¯® ²°®µ®¨¤¥ ª®¬¯®¥-²» vy; vx ±¢¿§ » ¬¥¦¤³ ±®¡®© ³±«®¢¨¥¬�l(pk; p?) = p2k2m + p2?2m (16)± ±®µ° ¥¨¥¬ ¨¬¯³«¼±  ½«¥ª²°®  pk.�®§¢° ¹ ¿±¼ ª ½´´¥ª²³ (14), ¬®¦®, § ¿ ±¯¥ª²°(15), ®´®°¬¨²¼ ½²® ¿¢«¥¨¥ ¢ ´®°¬¥ ¡ ««¨±²¨·¥±ª®£®¢»° ¦¥¨¿ ¤«¿ ���:I = e Z +10 v(p)f(p)dp; v = @�=@p; (17)v { ±ª®°®±²¼ ª¢ §¨· ±²¨¶», p { ¥¥ ¨¬¯³«¼±, f(p) {´³ª¶¨¿ ° ±¯°¥¤¥«¥¨¿ ½«¥ª²°®®¢ ¯® ¥¯°¥°»¢»¬±®±²®¿¨¿¬ ���. �°¥¤¥«» 0;1, ¢»¡° »¥ ¢ ®¯°¥-¤¥«¥¨¨ ²®ª  (17), ®²° ¦ ¾² ª¨° «¼®±²¼ § ¤ ·¨(®¡»·® ¯°¥¤¥«» ¤®«¦» ¡»²¼ ±¨¬¬¥²°¨·»,   ¨-²¥£° « ¢¨¤  (17) ¤«¿ ° ¢®¢¥±®© ´³ª¶¨¨ ° ±¯°¥¤¥-«¥¨¿ ®¡° ¹ ¥²±¿ ¢ ³«¼).�¢»© ¢¨¤ f(p) ¢®§¨ª ¥², ¥±«¨ ¢®±¯®«¼§®¢ ²¼±¿®¡¹¨¬, ´¥°¬¨¥¢±ª¨¬ ¢»° ¦¥¨¥¬ ¤«¿ ½²®© ´³ª¶¨¨¨ ³·¥±²¼ ¿¢®¥ ®¯°¥¤¥«¥¨¥ µ¨¬¯®²¥¶¨ «  �, ´®°¬¨-°³¥¬®¥ ±¢®©±²¢ ¬¨ 2D ±¨±²¥¬» ¢¤ «¨ ®² ±¢®¡®¤®©£° ¨¶»: � =Xl f �~!c�l + 12�� �� : (18)� ª« ±±¨·¥±ª®© ®¡« ±²¨ � � 1, ª®²®°®© ¬» ¨ ®£° ¨-·¨¬±¿,� ' 12~!c � T ln 1=�; f0(p) ' � exp [��(p)]=T: (19)�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 5 { 6 2010



300 �.� §¨, �.�¨ª¨�°¨ ° ¡®²¥ ±® ±¯«®¸»¬ ±¯¥ª²°®¬ ¨ f(p) (19) ²®ª(17) ®ª §»¢ ¥²±¿ ª®¥·»¬, ®²¢¥· ¿ ¤¨ ¬ £¨²®¬³ª° ¥¢®¬³ § ·¥¨¾ ¢¤®«¼ ®¤®£® ¨§ ª° ¥¢ �b (¤¨ -¬ £¨²»© ²®ª, ¶¨°ª³«¨°³¾¹¨© ¢¤®«¼ ¯¥°¨¬¥²° ®¡° §¶  § ¬ª³²®© £¥®¬¥²°¨¨). �² ¶¨® ° ¿ ��� ¢¡ ««¨±²¨·¥±ª®¬ ¯°¨¡«¨¦¥¨¨ ¢®§¨ª ¥² ²¥¯¥°¼, ª ª®¡»·®,  £°³§ª®© ®¤®£® ¨§ ¯«¥·¥© § ¬ª³²®£® ª - «  ¢¥¸¨¬ ¯®²¥¶¨ «®¬ V :I(V ) = e Z +10 v(p)[f(p+ eV )� f(p)]dp == e Z +10 v(p)f0(p)[exp (+eV=T )� 1]dp: (20)�·¥² ¤¨±ª°¥²®±²¨ ±¯¥ª²°  (14) ¢ ®¯°¥¤¥«¥¨¨ ���(20) ¥ ±®±² ¢«¿¥² ²°³¤  (¨²¥£° « ¯® ¨¬¯³«¼± ¬  -¤® § ¬¥¨²¼   ±³¬¬³ ¯® ° §°¥¸¥»¬ § ·¥¨¿¬ pl¨§ (14)).�¥§¾¬¥. �°¥¤« £ ¥²±¿ ®¡®¡¹¥¨¥ ²¥®°¨¨ ���,³·¨²»¢ ¾¹¥¥ ª®¥·®±²¼ ¡ °¼¥° , ®£° ¨·¨¢ ¾¹¥-£® ¤¢¨¦¥¨¥ § ¬ £¨·¥»µ ½«¥ª²°®®¢ £° ¨¶ ¬¨¯°®¢®¤¿¹¥© §®». � ©¤¥ ª¢ §¨ª« ±±¨·¥±ª¨© ±¯¥ª²°² ª¨µ ��� ª¢ §¨· ±²¨¶, ¯¥°¥µ®¤¿¹¨© ¤«¿ ¡ °¼¥° ¡¥±ª®¥·®© ¢»±®²» ¢ ¨§¢¥±²»© ±¯¥ª²° ���. �®-±²°®¥  ª° ¥¢ ¿ ���, ±®¤¥°¦ ¹ ¿ £¥®¬¥²°¨·¥±ª¨¥°¥§® ±» ª° ¥¢®£® ¯°®¨±µ®¦¤¥¨¿, ·³¢±²¢¨²¥«¼»¥ª ° §¨¶¥ ¬¥¦¤³ ��� ¨ ���. �¢¥¤¥¨¥ ��� § ¬¥²®° ±¸¨°¿¥² ª°³£ § ¤ · ± ³· ±²¨¥¬ ª° ¥¢»µ ½«¥ª²°®-»µ ±®±²®¿¨©. �°®¬¥ ¿¢«¥¨©   ¨¤¥ «¼® °¥§ª¨µ£° ¨¶ µ, ²°³¤®¥¬ª¨µ ¢ ¨§£®²®¢«¥¨¨, °¥·¼ ¨¤¥² ®¢»°®¦¤¥»µ 2D ±¨±²¥¬ µ ° §®© £¥®¬¥²°¨¨, ¯®«³-·¥»µ ± ¨±¯®«¼§®¢ ¨¥¬ split{gate ²¥µ®«®£¨¨, £¥²¥-°®±²°³ª²³° µ ± ±¥«¥ª²¨¢»¬ ²° ¢«¥¨¥¬ ¤®®°®©
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