
�¨±¼¬  ¢ ����, ²®¬ 91, ¢»¯. 9, ±. 501 { 505 c 2010 £. 10 ¬ ¿�¨§®²°®¯¨¿ «®ª «¼®£® ¯®«¿ ¢ ±®¯°¿¦¥»µ ¯®«¨¬¥° µ�.�.�¢¥°¼¿®¢1)�±²¨²³² ´¨§¨ª¨ ¨¬. �.�.�¨°¥±ª®£® �¨¡¨°±ª®£® ®²¤. ���, 660036 �° ±®¿°±ª, �®±±¨¿�®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 17 ¬ °²  2010 £.�®«³·¥» ½ª±¯¥°¨¬¥² «¼»¥ § ·¥¨¿ ª®¬¯®¥² Lj ²¥§®°  �®°¥²¶  ¤«¿ ®¤®®±»µ ®¯²¨·¥±ª¨¯®«®¦¨²¥«¼»µ ¨ ®²°¨¶ ²¥«¼»µ ¯«¥®ª ±®¯°¿¦¥»µ ¯®«¨¬¥°®¢ ± ²®«¹¨ ¬¨ ¢ ¤¥±¿²ª¨  ®¬¥²°®¢.�¡ °³¦¥  ª®°°¥«¿¶¨¿ ª®¬¯®¥² Lj ± ¨§¬¥°¿¥¬»¬ ¯ ° ¬¥²°®¬ � ¨ ³±² ®¢«¥    «¨²¨·¥±ª ¿ § ¢¨-±¨¬®±²¼ Lj(�) ¢ ±®£« ±¨¨ ± ½ª±¯¥°¨¬¥²®¬.1. �®ª¨¥  ¨§®²°®¯»¥ ¯«¥ª¨ ±®¯°¿¦¥»µ¯°®¢®¤¿¹¨µ ¯®«¨¬¥°®¢ ¸¨°®ª® ¨±¯®«¼§³¾²±¿ ¢½«¥ª²°®»µ ¨ ®¯²®½«¥ª²°®»µ ³±²°®©±²¢ µ:¯®«¥¢»µ ¤¨®¤ µ ¨ ²° §¨±²®° µ [1, 2], ½«¥ª²°®«¾-¬¨¥±¶¥²»µ ¤¨®¤ µ [3], ¯®«¨¬¥°»µ « §¥° µ [4, 5]¨ ®¯²¨·¥±ª¨µ ³±¨«¨²¥«¿µ [6]. � ¨±±«¥¤®¢ ¨¿µ ±®-¯°¿¦¥»µ ¯®«¨¬¥°®¢,  ¯° ¢«¥»µ   ¯®¨¬ ¨¥¯°¨°®¤» ¨µ ´¨§¨·¥±ª¨µ ±¢®©±²¢ ¨ ®¯²¨¬¨§ ¶¨¾²¥µ®«®£¨·¥±ª¨µ ¯ ° ¬¥²°®¢, ½´´¥ª²¨¢» ¬¥²®¤»«¨¥©®© ®¯²¨ª¨ ¨ ±¯¥ª²°®±ª®¯¨¨. �²¥°¯°¥² ¶¨¿¨µ ¤ »µ ®±®¢     ±¢¿§¨ ª®¬¯®¥² «¨¥©®©¢®±¯°¨¨¬·¨¢®±²¨ �j = Nfjj ± ³±°¥¤¥»¬¨ ¯® ± ¬¡«¾ ª®¬¯®¥² ¬¨ ¬®«¥ª³«¿°®© ¯®«¿°¨§³-¥¬®±²¨ j [7]. �¤¥±¼ N {·¨±«® ¬®«¥ª³« ¢ ¥¤¨¨¶¥®¡º¥¬ , fj = 1 + Lj("j � 1) { ª®¬¯®¥²» ²¥§®° «®ª «¼®£® ¯®«¿ ¤«¿ ±¢¥²®¢»µ ¢®«, ¯®«¿°¨§®¢ »µ¢¤®«¼ (j = k) ¨ ®°¬ «¼® (j = ?) ®¯²¨·¥±ª®© ®±¨¯«¥ª¨ n, "j = n2j , nj {¯®ª § ²¥«¨ ¯°¥«®¬«¥¨¿¯«¥ª¨, Lj {ª®¬¯®¥²» ²¥§®°  �®°¥²¶  (SpL == 1). �´®°¬ ¶¨¿ ® § ·¥¨¿µ Lj ¿¢«¿¥²±¿ ®¤®©¨§ ª«¾·¥¢»µ ¯°®¡«¥¬ ¨§³·¥¨¿ ¨ ¬®¤¥«¨°®¢ ¨¿±¢®©±²¢ ±®¯°¿¦¥»µ ¯®«¨¬¥°®¢ [8 { 11].�¥®°¨¿ ¨µ ®¯²¨·¥±ª¨µ ¨ ±¯¥ª²° «¼»µ ±¢®©±²¢[8 { 10] ° §¢¨²  ¤«¿ ¯«®²®³¯ ª®¢ »µ «¨¥©»µ¬ ª°®¬®«¥ª³«, ¯ ° ««¥«¼»µ ®¯²¨·¥±ª®© ®±¨ n. �¬®¤¥«¨ ¶¨«¨¤°¨·¥±ª®© ¯®«®±²¨ �®°¥²¶  [8, 9] ª®¬-¯®¥²  L? ¤ ¥²±¿ ´®°¬³«®©L? = l2(l2 +D2)1=2 ; (1)£¤¥ l ¨ D { ¤«¨  ¨ ¤¨ ¬¥²° ¶¨«¨¤° , ¢¬¥¹ ¾¹¥-£® ¬ ª°®¬®«¥ª³«³. �±¯®«¼§³¥¬»¥ ¢ ²¥®°¨¨ ¯°¥¤¥«¼-»¥ § ·¥¨¿ Lk = 0, L? = 0:5 ®²¢¥· ¾² ³±«®¢¨¾l � D ¨ ¡¥±ª®¥·®© ¶¥¯¨ ±®¯°¿¦¥¨¿ ¬®®¬¥°»µ§¢¥¼¥¢ ¢ «¨¥©®© ¬ ª°®¬®«¥ª³«¥. �¤ ª® ¦¥±²ª®-¶¥¯ ¿ ¬ ª°®¬®«¥ª³«  ±®¯°¿¦¥®£® ¯®«¨¬¥°  ±®±²®-¨² ¨§ ®²®±¨²¥«¼® ª®°®²ª¨µ «¨¥©»µ ´° £¬¥²®¢{ª®´®°¬ ¶¨®»µ ±³¡º¥¤¨¨¶ (��) [12], ª®²®°»¥ ®²-1)e-mail: aver@iph.krasn.ru

«¨· ¾²±¿ ®°¨¥² ¶¨¥© ¨ ·¨±«®¬ ¢µ®¤¿¹¨µ ¢ ¨µ ¬®-®¬¥°»µ §¢¥¼¥¢, ±¢¿§ »µ ±®¯°¿¦¥¨¥¬. �²® ±² -¢¨² ¢®¯°®± ®¡ ®¡« ±²¨ ¯°¨¬¥¨¬®±²¨ ¬®¤¥«¨ (1) ¤«¿°¥ «¼»µ ¯«¥®ª ± ¥¨¤¥ «¼®© ®±¥¢®© ®°¨¥² ¶¨¥©¬ ª°®¬®«¥ª³« ¨ ¨µ ´° £¬¥²®¢. �  ¯° ª²¨ª¥ ² ª¦¥¨±¯®«¼§³¾²±¿ ¯«¥ª¨ ± ¯°¥¨¬³¹¥±²¢¥»¬ ° ±¯®«®-¦¥¨¥¬ �� ¢ ¯«®±ª®±²¨ ¯«¥ª¨ (¯«®±ª®±² ¿ ®°¨¥-² ¶¨¿) ¨ ®±¼¾ n, ¯¥°¯¥¤¨ª³«¿°®© ½²®© ¯«®±ª®±²¨.� ¤ ®¬ ±«³· ¥ ¬®¤¥«¼ (1) ¥¯°¨¬¥¨¬ ,   ¤°³£¨¥¬®¤¥«¨ ° ±·¥²  Lj ®²±³²±²¢³¾².� ¤ ®© ° ¡®²¥ ¯°¥¤« £ ¥²±¿ ¬¥²®¤ ½ª±¯¥°¨¬¥-² «¼®£® ®¯°¥¤¥«¥¨¿ Lj ¤«¿ ®¤®®±»µ ¯«¥®ª ±®-¯°¿¦¥»µ ¯®«¨¬¥°®¢ ± ¨±¯®«¼§®¢ ¨¥¬ ¤ »µ ®¤¨±¯¥°±¨¨ ¯®ª § ²¥«¥© ¯°¥«®¬«¥¨¿ nj(�) ¢ ¢¨¤¨¬®©®¡« ±²¨. �²®² ¬¥²®¤, °¥ «¨§®¢ »© ° ¥¥ ¤«¿ ®¤-®®±»µ ¦¨¤ª¨µ ª°¨±² ««®¢ (��) ± ®±¥¢®© ®°¨¥² -¶¨¥© ¬®«¥ª³« [13, 14], §¤¥±¼ ®¡®¡¹¥   ±«³· © ¯®«¨-¬¥°»µ ¯«¥®ª ± ®±¥¢®© ¨ ¯«®±ª®±²®© ®°¨¥² ¶¨¿¬¨¬ ª°®¬®«¥ª³«.2. � ±±¬®²°¨¬ ®¤®®±³¾ ¯®«¨¬¥°³¾ ¯«¥ª³ ±®±¼¾ n, ¯ ° ««¥«¼®© (¯«  ° ¿ ®°¨¥² ¶¨¿) ¨«¨¯¥°¯¥¤¨ª³«¿°®© (£®¬¥®²°®¯ ¿ ®°¨¥² ¶¨¿) ¯«®±-ª®±²¨ ¯«¥ª¨. �°¥¤¯®«®¦¨¬, ·²® ¯«¥ª  ±®±²®¨² ¨§®¤®®±»µ ¬ ª°®¬®«¥ª³«, ³ ª®²®°»µ ¯°®¤®«¼ ¿ ®±¼l ±®¢¯ ¤ ¥² ± ¢¥ª²®°®¬ h ¬¥¦¤³ ª®¶ ¬¨ ¬®«¥ª³«».�¥§®° ¯®«¿°¨§³¥¬®±²¨  ¬ ª°®¬®«¥ª³«» µ ° ª²¥°¨-§³¥²±¿ ±°¥¤¨¬ § ·¥¨¥¬ � = (l + 2t)=3 ¨  ¨§®-²°®¯¨¥© 4 = l � t, £¤¥ l;t { ¯°®¤®«¼ ¿ ¨ ¯®¯¥-°¥· ¿ ª®¬¯®¥²» . �«¿ ¦¥±²ª®¶¥¯»µ ¬ ª°®¬®-«¥ª³« «¨¥©»¥ �� ° §®£® ±®°²  i [12] ®²«¨· ¾²±¿·¨±«®¬ ¢µ®¤¿¹¨µ ¢ ¨µ ¬®®¬¥°»µ §¢¥¼¥¢, § ·¥-¨¿¬¨ 4i ¨ Si = (3cos2#i � 1)=2. �¤¥±¼ #i { ³£®«¬¥¦¤³ ®±¼¾ l ¨ ¯°®¤®«¼®© ®±¼¾ li �� ±®°²  i,   ·¥°² ®§ · ¥² ³±°¥¤¥¨¥ ¯® ®°¨¥² ¶¨¿¬ �� ±®°²  i ®²®-±¨²¥«¼® ®±¨ l. �¨§®²°®¯¨¿ ¯®«¿°¨§³¥¬®±²¨ ¬ ª°®-¬®«¥ª³«» 4 =P iNi4iSi > 0, Ni {·¨±«® ±³¡º¥¤¨-¨¶ ±®°²  i ¢ ¬ ª°®¬®«¥ª³«¥. �°¨¥² ¶¨® ¿ ³¯®°¿-¤®·¥®±²¼ ¬ ª°®¬®«¥ª³« ®²®±¨²¥«¼® ®±¨ n µ ° ª-²¥°¨§³¥²±¿ ¯ ° ¬¥²°®¬ ¯®°¿¤ª  S = h3cos2� � 1i=2,£¤¥ � {³£®« ¬¥¦¤³ ®±¿¬¨ l ¨ n, ±ª®¡ª¨ h: : : i ®§ · ¾²�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 9 { 10 2010 501



502 �.�.�¢¥°¼¿®¢³±°¥¤¥¨¥ ¯®  ± ¬¡«¾ ¬ ª°®¬®«¥ª³«. � ª S ®¯°¥-¤¥«¿¥² ®±¥¢³¾ (0 < S � 1, ²¨¯ OA) ¨«¨ ¯«®±ª®±²³¾(�0:5 � S < 0, ²¨¯ OP ) ®°¨¥² ¶¨¨ ¬ ª°®¬®«¥ª³«.�°®¶¥¤³°  ®¯°¥¤¥«¥¨¿ ª®¬¯®¥² L?, Lk = 1� 2L?§ ¢¨±¨² ®² § ª  4n = nk � n?, ª®²®°»© ±®¢¯ ¤ ¥²±® § ª®¬ ¯°®¨§¢¥¤¥¨¿ 4S [15] ¨ § ¢¨±¨² ®² ²¨¯ ®°¨¥² ¶¨¨ ¬ ª°®¬®«¥ª³«.�¯²¨·¥±ª¨-¯®«®¦¨²¥«¼»¥ ¯«¥ª¨ ± ¯«  °®©®°¨¥² ¶¨¥© n   ®°¨¥²¨°³¾¹¨µ ¯®¤«®¦ª µ ¨ ®±¥-¢®© ®°¨¥² ¶¨¥© ¬ ª°®¬®«¥ª³« [16, 17]. �«¿ ¨µ ¢¢¨¤¨¬®© ®¡« ±²¨ ¢¢¥¤¥¬ ¯ ° ¬¥²°» �" = ("k+2"?)=3,Q = ("k � "?)=(�"� 1) ¨ ¢¥«¨·¨»r0 = 1� 2Q2(�"� 1)3(3 +Q)(�"+ 2) ; b = 3(�"� 1)4�N�(�"+ 2) � r0;b1 = 2r0Q2(3�Q)(3 + 2Q) ; b2 = b1[(6 +Q)=Q]2: (2)�±ª®¬®¥ § ·¥¨¥ L? ¤ ¥²±¿ ¢»° ¦¥¨¥¬ [15]L? = L?k � (�"+ 2)12(�"� 1) �� h(b1b2)1=2 � b� [(b1 � b)(b2 � b)]1=2i ; (3)£¤¥ L?k = (3 + 2Q)=3(3 + Q). �¯°¥¤¥«¥¨¥ ¢¥«¨·¨-» L?(T ) ¯°¨ ´¨ª±¨°®¢ ®© ²¥¬¯¥° ²³°¥ ±®±²®¨² ¢±«¥¤³¾¹¥¬. �°¨ ¨§¢¥±²»µ § ·¥¨¿µ nj(�; T ) ¤«¿¤¨±ª°¥²®£®  ¡®°  ¢¥«¨·¨ �i (i = 1� p) ¢ ¢¨¤¨¬®©®¡« ±²¨ ¥¨§¢¥±² ¿ ´³ª¶¨¿ b(�; T ) ¢ ¨²¥°¢ «¥ �1�� �p  ¯¯°®ª±¨¬¨°³¥²±¿ ¯®«¨®¬®¬b(�; T ) = a0(T ) + a1(T )�+ : : :+ am(T )�m: (4)�¥«¨·¨  L?(T ) ¥ § ¢¨±¨² ®² �, ¨ ª ¦¤®© ²¥¬¯¥-° ²³°¥ ®²¢¥· ¾² m+ 2 ¥¨§¢¥±²»µ (L(m)? ; a0 � am).�¨  µ®¤¿²±¿ ¨§ ±¨±²¥¬» m+ 2 = p ³° ¢¥¨© (3),ª ¦¤®¥ ¨§ ª®²®°»µ ®²¢¥· ¥² ®¤®¬³ ¨§ § ·¥¨© �i.�®«¥¥ ¢»±®ª®¥ ¯°¨¡«¨¦¥¨¥ ¢ (4) ¯°¥¤¯®« £ ¥² ¡®«¥¥¢»±®ª³¾ ²®·®±²¼ § ·¥¨© nj(�; T ), ¨ ·¥ ±¨±²¥¬ ³° ¢¥¨©   (L(m)? ; a0 � am) ¬®¦¥² ¥ ¨¬¥²¼ ´¨§¨-·¥±ª¨µ °¥¸¥¨©. �°¨²¥°¨¥¬  ¤¥ª¢ ²®±²¨ ¨±¯®«¼-§³¥¬®£® ¯°¨¡«¨¦¥¨¿ ¢ (4) ¿¢«¿¥²±¿ ±®£« ±¨¥ § ·¥-¨© L(m)? ± ¢¥«¨·¨ ¬¨ hL(m�1)? i, ³±°¥¤¥»¬¨ ¯®§ ·¥¨¿¬ L(m�1)? , ª®²®°»¥ ®²¢¥· ¾² ±®·¥² ¨¿¬ p�� 1 °¥¯¥°®¢ �i ¨§  ¡®°  �1 � �p [13, 14].�¯²¨·¥±ª¨-®²°¨¶ ²¥«¼»¥ ¯«¥ª¨ ± £®¬¥®²°®¯®©®°¨¥² ¶¨¥© n ¨ ¯«®±ª®±²®© ®°¨¥² ¶¨¥© ¬ ª°®-¬®«¥ª³«, ¯®«³·¥»¥ ¯°¨ ¶¥²°®¡¥¦®¬ ° ±²¥ª ¨¨ª ¯«¨ ° ±²¢®°  ¯®«¨¬¥°  ¯® ¯®¢¥°µ®±²¨ ¢° ¹ ¾-¹¥©±¿ ¯®¤«®¦ª¨ (the spin-coating technique) [16, 17].

�«¿ ¨µ ¢ ¢¨¤¨¬®© ®¡« ±²¨ ¨±¯®«¼§³¥¬ ¯ ° ¬¥²°Qd = ("? � "k)=(�"� 1) ¨ ¢¥«¨·¨»r0d = 1� 2Q2d(�"� 1)3(3�Qd)(�"+ 2) ;d = 3(�"� 1)4�N�(�"+ 2) � r0d;d1 = 2r0dQ2d(3 +Qd)(3� 2Qd) ; d2 = d1[(6�Qd)=Qd]2: (5)�¨ ±¢¿§ » ± ª®¬¯®¥²®© L? ¢»° ¦¥¨¥¬ [15]L? = L?k + (�"+ 2)12(�"� 1) �� h(d1d2)1=2 + d� [(d1 � d)(d2 � d)]1=2i ; (6)£¤¥ ²¥¯¥°¼ L?k = (3� 2Qd)=3(3�Qd). �«¿ ´³ª¶¨¨d(�; T ) ¨±¯®«¼§³¥²±¿  ¯¯°®ª±¨¬ ¶¨¿ (4). � ·¥¨¿(L(m)? ; a0 � am)  µ®¤¿²±¿   «®£¨·® ¨§«®¦¥®¬³¢»¸¥ ¯® ¨§¢¥±²»¬ ¢¥«¨·¨ ¬ nj(�; T ) ¤«¿  ¡®° § ·¥¨© �i (i = 1 � p) ¨§ ±¨±²¥¬» ³° ¢¥¨© (6),ª ¦¤®¥ ¨§ ª®²®°»µ ®²¢¥· ¥² ®¤®¬³ ¨§ § ·¥¨© �i.3. �²°³ª²³°»¥ ´®°¬³«» ¬®®¬¥°»µ §¢¥¼¥¢¬ ª°®¬®«¥ª³« ¤«¿ ¨±±«¥¤®¢ »µ §¤¥±¼ ¯®«¨¬¥°®¢¯°¥¤±² ¢«¥»   °¨±.1. � ² ¡«¨¶¥ ³ª § » ° ¡®²»± § ¢¨±¨¬®±²¿¬¨ nj(�) ¤«¿ ®¤®®±»µ ¯«¥®ª ½²¨µ¯®«¨¬¥°®¢ ± ° §»¬¨ ²¨¯ ¬¨ ®°¨¥² ¶¨¨ ¬ ª°®¬®-«¥ª³« ¨ ²®«¹¨ ¬¨ ¢ ¨²¥°¢ «¥ 50{150¬. �®«³·¥-»¥ ¨§ ½²¨µ § ¢¨±¨¬®±²¥© § ·¥¨¿ nj(�i) ¤«¿ ¯¿²¨¤«¨ ¢®« �i ¢ ¢¨¤¨¬®© ®¡« ±²¨ ¯°®§° ·®±²¨ ª ¦-¤®© ¯«¥ª¨ ¯®§¢®«¨«¨ ®¯°¥¤¥«¨²¼ § ·¥¨¿ L(3)? , ¯°¨-¢¥¤¥»¥ ¢ ² ¡«¨¶¥, ¨ hL(2)? i. �«¿ ¢±¥µ ¯«¥®ª ¯°¨° §«¨·®¬ ±®®²®¸¥¨¨ ¢¥«¨·¨ L(3)? ¨ hL(2)? i ®¨ ±®-£« ±³¾²±¿ ¬¥¦¤³ ±®¡®© ¢ ¯°¥¤¥« µ ®¸¨¡ª¨ ®¯°¥¤¥«¥-¨¿ hL(2)? i, ¯°¨·¥¬ ¤«¿ ¯«¥®ª PFO (OA) ¨ TFB (OP )[PFB (OP )] ²®·®±²¼ hL(2)? i ¤®±²¨£ ¥² 0.0001 (0.001).�¥«¨·¨  L(3)? ¢¥±¼¬  ·³¢±²¢¨²¥«¼  ª ²®·®±²¨§ ·¥¨© nj(�i) ¨ § ¢¨±¨¬®±²¥© nj(�), ®²° ¦ ¾¹¨µ¨§¬¥¥¨¿ µ¨¬¨·¥±ª®© ±²°³ª²³°» ¬®®¬¥°®¢, ¬®«¥-ª³«¿°®£® ¢¥±  ¯®«¨¬¥° , ²¥µ®«®£¨¨ ¯®«³·¥¨¿ ¨²¥°¬¨·¥±ª®© ®¡° ¡®²ª¨ ¯«¥®ª. �«¿ ¯«¥®ª PPV [18],BuEH-PPV [19] ¨ MEH-PPV [20] c ¡«¨§ª®© ²®«¹¨®©¨ ¯«®±ª®±²®© ®°¨¥² ¶¨¥© ¬ ª°®¬®«¥ª³« ° §«¨·¨¥§ ·¥¨© L(3)? ®²° ¦ ¥² ¢«¨¿¨¥ ¡®ª®¢»µ § ¬¥±²¨²¥-«¥© ¬®®¬¥°®£® §¢¥    ½«¥ª²°®³¾ ±²°³ª²³°³¯®«¨¬¥°»µ ¬®«¥ª³«, ¨µ ®°¨¥² ¶¨®³¾ ³¯®°¿¤®-·¥®±²¼ ¨ § ¢¨±¨¬®±²¼ nj(�). �«¿ ¯®«¨¬¥°  MEH-PPV ¸¥±²¨ª° ²®¥ ±¨¦¥¨¥ ¬®«¥ª³«¿°®£® ¢¥±  ®²1:6 � 106 £/¬®«¼ [20] ¤® 2:8 � 105 £/¬®«¼ [21] ¯°¨¢®-¤¨² ª ¤¢³ª° ²®¬³ °®±²³ L(3)? . �«¿ ¯«¥®ª PFO [16]¨ PF2/6 [17] ± ®±¥¢®© ¨«¨ ¯«®±ª®±²®© ®°¨¥² ¶¨¿-�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 9 { 10 2010
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�¨±.1. �²°³ª²³°»¥ ´®°¬³«» ¬®®¬¥°®¢ ¤«¿ ¨±±«¥¤®¢ »µ ±®¯°¿¦¥»µ ¯®«¨¬¥°®¢� ·¥¨¿ �i (¬), L(3)? ¨ � ¤«¿ ¯«¥®ª ³ª § »µ ¯®«¨¬¥°®¢ ± ®±¥¢®© (OA) ¨ ¯«®±ª®±²®© (OP ; O�P )®°¨¥² ¶¨¿¬¨ ¬ ª°®¬®«¥ª³« ¤«¿ ¥®²®¦¦¥»µ (OP ) ¨ ®²®¦¦¥»µ (O�P ) ®¡° §¶®¢�®«¨¬¥° �°¨¥². �1 �2 �3 �4 �5 L(3)? �PPV OP [18] 550 600 700 800 900 0.116 0.242BuEH-PPV OP [19] 525 535 545 560 590 0.136 0.270MEH-PPV O�P [20] 590 620 663 775 1000 0.120 0.262MEH-PPV OP [21] 633 700 800 900 1000 0.203 0.296PFO OA [16] 466 500 600 700 850 0.453 0.394PFO OP [16] 466 500 600 700 850 0.267 0.319PF2/6 OA [17] 425 450 500 600 750 0.475 0.397PF2/6 O�P [17] 450 475 500 600 750 0.231 0.309F8BT OA [16] 550 576 650 750 850 0.470 0.399F8BT O�P [22] 532 615 696 777 858 0.186 0.292F8BT OP [23] 565 646 727 808 889 0.183 0.295F8BT O�P [23] 565 646 727 808 889 0.214 0.293TFB OP [23] 484 565 646 727 808 0.297 0.321PFB OP [23] 484 565 646 727 808 0.299 0.320¬¨ ¬ ª°®¬®«¥ª³« ¬ «®¥ ° §«¨·¨¥ ¢ ¡®ª®¢»µ § ¬¥±-²¨²¥«¿µ ¬®®¬¥°®£® §¢¥  ¯°®¿¢«¿¥²±¿ ¢ ° §«¨·¨¨§ ·¥¨© L(3)? . � ²® ¦¥ ¢°¥¬¿ ° §«¨·¨¿ ¢ µ¨¬¨·¥±-ª®© ±²°³ª²³°¥ ¬®®¬¥°®¢ TFB ¨ PFB [23] ¥ ¢«¨¿¾²  § ·¥¨¿ L(3)? . �¥«¨·¨  L(3)? ° §«¨· ¥²±¿ ¤«¿ ®¤-®© ¨ ²®© ¦¥ ¥®²®¦¦¥®© (OP ) ¨ ®²®¦¦¥®© (O�P )¯«¥ª¨ F8BT [23].
�§ ¨¬®±¢¿§¼ L? ± ¬®«¥ª³«¿°»¬¨ ±¢®©±²¢ ¬¨ µ -° ª²¥°¨§³¥² ª®°°¥«¿¶¨¿ L? ± ¯ ° ¬¥²°®¬ L?k. �«¿¯«¥®ª ° §»µ ¯®«¨¬¥°®¢ ± ®¤¨¬ ²¨¯®¬ ®°¨¥² ¶¨¨¬ ª°®¬®«¥ª³« ¨§ ¢»° ¦¥¨© L?k � 1=3 = Q=[3(3 ++ Q)], Q _ 4S=� [15] ±«¥¤³¥², ·²® ¢¥«¨·¨  L?k �� 1=3 ¿¢«¿¥²±¿ ¨¤¨ª ²®°®¬  ¨§®²°®¯¨¨ ¯®«¿°¨§³-¥¬®±²¨ 4 ¨ ®°¨¥² ¶¨®®© ³¯®°¿¤®·¥®±²¨ ¬ ª-�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 9 { 10 2010



504 �.�.�¢¥°¼¿®¢°®¬®«¥ª³« ¨ ¨µ ±³¡´° £¬¥²®¢. �«¿ ¯«¥®ª ± ®±¥¢®©(¯«®±ª®±²®©) ®°¨¥² ¶¨¥© ¬ ª°®¬®«¥ª³« ¢ ¢¨¤¨¬®©®¡« ±²¨ ± °®±²®¬ � ´³ª¶¨¿ L?k(�) ¬®®²®® ¨ ±« -¡® ³¡»¢ ¥² (¢®§° ±² ¥²). �²® ®¡³±«®¢«¥® ®°¬ «¼-®© ¤¨±¯¥°±¨¥© 4n(�) ¨ ¯®«¿°¨§ ¶¨¥© ¤«¨®¢®«®-¢®£® ½«¥ª²°®®£® ���� { ¯¥°¥µ®¤  ¢¤®«¼ ¶¥¯¨ ±®¯°¿-¦¥¨¿ ¬®®¬¥°»µ §¢¥¼¥¢, ¢µ®¤¿¹¨µ ¢ ��, ²® ¥±²¼¢¤®«¼ ¯°®¤®«¼®© ®±¨ �� li ¨ ¯°®¤®«¼®© ®±¨ l ¬ ª°®-¬®«¥ª³«». � ³·¥²®¬ ±« ¡®£® ¨§¬¥¥¨¿ L?k(�) ¡³¤¥¬¨±¯®«¼§®¢ ²¼ § ·¥¨¥ � = hL?k(�)i, ³±°¥¤¥®¥ ¯®¨²¥°¢ «³ �1 � �5.�  °¨±.2 ¯°¨¢¥¤¥» § ·¥¨¿ L?; � ¤«¿ ±®¯°¿¦¥-»µ ¯®«¨¬¥°®¢ ¨ °¿¤  ¤°³£¨µ ®¡º¥ª²®¢ [24]: ¤¨±ª®-
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h�¨±.2. �®°°¥«¿¶¨¿ ¢¥«¨·¨ L? = L(3)? ±® § ·¥¨¿¬¨ �¤«¿ ±®¯°¿¦¥»µ ¯®«¨¬¥°®¢ (1), ¤¨±ª®²¨·¥±ª¨µ�� Py¨ Bp (2), ¯«¥ª¨ PVA (3), «½£¬¾°®¢±ª®© ¯«¥ª¨ Cd-A(4) [24], ±¬¥ª²¨·¥±ª®© ´ §» � ¤«¿ �� ECh8 (5) [14] ¨������ (6) [24]. �¨¨¨ ±®®²¢¥²±²¢³¾² § ¢¨±¨¬®±²¿¬(9), (10) (±¯«®¸ ¿) ¨ (7) (¸²°¨µ®¢ ¿) ± ¯°¨¢¥¤¥»¬¨¢ ²¥ª±²¥ ª®½´´¨¶¨¥² ¬¨,   ² ª¦¥ L? = � ¨ L? = 1=3²¨·¥±ª¨µ �� ¯°®¨§¢®¤»µ ¯¨°¥  (Py) ¨ ¡¥§®¯¥-°¨«¥  (Bp), ¯«¥ª¨ ¯®«¨¢¨¨«®¢®£® ±¯¨°²  (PVA),¬³«¼²¨±«®©®© ¯«¥ª¨ �½£¬¾° -�«®¤¦¥²² Cd-A( ° µ¨¤ ² ª ¤¬¨¿), ¯«¥®ª ±¬¥ª²¨·¥±ª®© ´ §» � ¤«¿�� MHPOBC ¨ ECh8 [14]. � §¡°®± § ·¥¨© � ®²¢¥-· ¥² ¨²¥°¢ «³ ¨§¬¥¥¨¿ L?k(�i).�«¿ ¯®«¨¬¥°»µ ¯«¥®ª ± ¯«®±ª®±²®© ®°¨¥² ¶¨-¥© ¬ ª°®¬®«¥ª³« ¨ ¤¨±ª®²¨·¥±ª¨µ �� ¨¬¥¾² ¬¥±²®±®®²®¸¥¨¿ L? < � < 1=3. �«¿ ±¬¥ª²¨ª®¢ �, ¯«¥®ª�½£¬¾° -�«®¤¦¥²² ¨ ¯®«¨¬¥°»µ ¯«¥®ª ± ®±¥¢®©®°¨¥² ¶¨¥© ¬ ª°®¬®«¥ª³« L? > � > 1=3. �®±²³ �®²¢¥· ¥² °®±² L?,   ¢ ®ª°¥±²®±²¨ � = 1=3 ¢»¯®«¿-¥²±¿ «¨¥© ¿ ª®°°¥«¿¶¨¿L? = Ap� +Bp: (7)

� ¨²¥°¢ «¥ 0:28 < � < 1=3 ¨¬¥¥¬ Ap = 3:473, Bp == �0:826 ¨ (1�Ap)=3 = �0:824 � Bp, ®²ª³¤  ±«¥¤³¥²Ap = (L? � 1=3)=(� � 1=3) = const: (8)�®¦® ®¦¨¤ ²¼ ¢»¯®«¥¨¿ (7), (8) ¤«¿ ±®¯°¿¦¥-»µ ¯®«¨¬¥°®¢ ¨ ¯°¨ � > 1=3, ª ª ½²® ¨¬¥¥² ¬¥±-²® ¢ ¨²¥°¢ «¥ 1=3 < � < 0:37 ¤«¿ ¯«¥®ª Cd-A,E�h8, MHPOBC ± ª®½´´¨¶¨¥² ¬¨ Al = 2:770, Bl == �0:591 ¨ (1 � Al)=3 = �0:590. �®£¤  ¯°¨ Q,Qd ! 0, � ! 1=3 ¨¬¥¥¬ L? ! 1=3. �«¿ ®¯²¨·¥±ª¨-®²°¨¶ ²¥«¼»µ ¯«¥®ª ± ¨±¯®«¼§®¢ ¨¥¬ ®²®¸¥¨¿A = (L? � 1=3)=(L?k � 1=3)  ¨§®²°®¯¨¾ 4f = fk �� f? ¬®¦® ¯°¥¤±² ¢¨²¼ ¢ ¢¨¤¥ 4fd = Qd(�"� 1)(A��1)=3. � ¢¨¤¨¬®© ®¡« ±²¨ ¯°®§° ·®±²¨ ½²¨µ ¯«¥®ª±¯° ¢¥¤«¨¢» ±®®²®¸¥¨¿ L? < L?k < 1=3, A > 1 ¨4fd > 0. �§¬¥¥¨¾ Qd ! 0 §  ±·¥² ¨§¬¥¥¨¿µ¨¬¨·¥±ª®© ±²°³ª²³°» ¬®®¬¥°»µ §¢¥¼¥¢ ¬ ª°®-¬®«¥ª³« ¯°¨ ¥§ ·¨²¥«¼®¬ ¨§¬¥¥¨¨ A ®²¢¥· ¥²²¥¤¥¶¨¿ 4fd ! 0. �°¨ � < 0:28 ±¢¿§¼ L?(�) ¥«¨-¥©  ¨ ±¨¦¥¨¾ � ®²¢¥· ¥² ±¨¦¥¨¥ Ap(�), ¯°¨-·¥¬ § ·¥¨¿ L?(�) ¤«¿ ¯«¥®ª ±®¯°¿¦¥»µ ¯®«¨-¬¥°®¢ µ®°®¸® ±®£« ±³¾²±¿ ± ²¥¬¨ ¦¥ ¤«¿ ¤¨±ª®²¨·¥±-ª¨µ �� Py ¨ �°. �°¨ ("? � 1) � ("k � 1) ¢¥«¨·¨ Qd ¡«¨§ª  ª Qmaxd = 1:5, ª®²®°®© ®²¢¥· ¾² § ·¥¨¿L?k = � = 0. �°¨ ®£° ¨·¥¨¿µ 0 < L? < � ¨ � ! 0¨¬¥¥¬ L?(�)! 0, Ap(�), A! 1 ¨4fd ! 0. � ·¥¨¥� = 0 ("k = 1) ¥¤®±²¨¦¨¬®, ¯®±ª®«¼ª³ ®²¢¥· ¥² ¯®-«¿°¨§ ¶¨¨ ¢±¥µ ¬®«¥ª³«¿°»µ ¯¥°¥µ®¤®¢ ¢¤®«¼ ®±¥©�� li, ±®®±®±²¨ likl ¢±¥µ �� ¨ ¨µ ±®¢¥°¸¥®¬³ ³¯®-°¿¤®·¥¨¾ ± l?n.�«¿ ¯«¥®ª Cd-A, E�h8, MHPOBC ¨ ±®¯°¿¦¥-»µ ¯®«¨¬¥°®¢ ± ®±¥¢®© ®°¨¥² ¶¨¥© ¬ ª°®¬®«¥ª³«¢ ®¡« ±²¨ ¯°®§° ·®±²¨ ±¯° ¢¥¤«¨¢» ±®®²®¸¥¨¿L? > L?k > 1=3, A > 1 ¨ 4f = Q(�" � 1)(1� A)=3 << 0. �§¬¥¥¨¾ Q ! 0 §  ±·¥² ¨§¬¥¥¨¿ µ¨¬¨·¥±-ª®© ±²°³ª²³°» ¬®®¬¥°»µ §¢¥¼¥¢ ¬ ª°®¬®«¥ª³«¯°¨ ¥§ ·¨²¥«¼®¬ ¨§¬¥¥¨¨ A ®²¢¥· ¥² ²¥¤¥-¶¨¿ 4f ! 0. �°¨ � > 0:35 ±¢¿§¼ L?(�) ¥«¨¥©  ¨ ±°®±²®¬ � ¢¥«¨·¨  Ap(�) ±¨¦ ¥²±¿. �°¨ ("k � 1)�� ("? � 1) ¢¥«¨·¨  Q ¡«¨§ª  ª Qmax = 3, ª®²®°®©®²¢¥· ¾² § ·¥¨¿ L?k = � = 0:5. �°¨ ®£° ¨·¥¨-¿µ 0:5 > L? > � ¨ � ! 0:5 ¨¬¥¥¬ L?(�)! 0:5, Ap(�),A ! 1 ¨ 4f ! 0. � ·¥¨¥ � = 0:5 ("? = 1) ¥¤®-±²¨¦¨¬® ¯® ³ª § »¬ ¢»¸¥ ³±«®¢¨¿¬ ¯®«¿°¨§ ¶¨¨¬®«¥ª³«¿°»µ ¯¥°¥µ®¤®¢, ±®®±®±²¨ likl ¢±¥µ �� ¨ ¨µ±®¢¥°¸¥®¬³ ³¯®°¿¤®·¥¨¾ ± lkn.4. �®«³·¨¬ ¯®«¨®¬¨ «¼»¥  ¯¯°®ª±¨¬ ¶¨¨P1(�) (0 � � � 1=3) ¨ P2(�) (1=3 � � � 0:5) ¤«¿´³ª¶¨¨ L?(�). � ¢¥±²¢  Pr(�) = L?(�) = � ¯°¨� = 0, 1/3 ¨ 0.5 ¤ ¾²�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 9 { 10 2010



�¨§®²°®¯¨¿ «®ª «¼®£® ¯®«¿ ¢ ±®¯°¿¦¥»µ ¯®«¨¬¥° µ 505P1(�) = � + �(� � 1=3)F1(�);P2(�) = � + (� � 1=3)(0:5� �)F2(�):�°¨ � = 1=3 ¨¬¥¥¬ dPr=d� = Ap, ®²ª³¤  ±«¥¤³¥²F1(1=3) = 3(Ap�1) ¨ F2(1=3) = 6(Ap�1). �±¯®«¼§³¿½²¨ ³±«®¢¨¿ ¤«¿ ´³ª¶¨© Fr(�) = �r + �r� ¨§¸¥£®¯®°¿¤ª , ¯®«³· ¥¬P1(�) = � + �(� � 1=3)[�1 + 3�(3Ap � �1 � 3)]; (9)P2(�) = � + (� � 1=3)(0:5� �)�� [�2 + 3�(6Ap � �2 � 6)]: (10)�°¥¡®¢ ¨¿ 1 > dPr=d� � 0 ¯°¨ � = 0 ¨ 0.5  « -£ ¾² ®£° ¨·¥¨¿ 0 < F1(0) � 3 ¨ 0 < F2(0:5) � 6,ª®²®°»¬ ± ³·¥²®¬ Ap = 3:473 ®²¢¥· ¾² ±®®²®¸¥-¨¿ 0 < �1 � 3 ¨ 32:514 � �2 < 44:514. �³ª¶¨¿(9) ¨¬¥¥² ¬¨¨¬³¬ �0:0025 (�min � 0:072) ¯°¨ �1 == 3, ¬ ª±¨¬³¬ ¨ ¬¨¨¬³¬ ¯°¨ 2:724 = ��1 < �1 < 3¨ ¬®®²®® ¢®§° ±² ¥² ¯°¨ �1 � ��1 (��1 � 0:047).�³ª¶¨¿ (10) ¨¬¥¥² ¬ ª±¨¬³¬ 0:5012 (�max � 0:464)¯°¨ �2 = 32:514, ¬ ª±¨¬³¬ ¨ ¬¨¨¬³¬ ¯°¨ 32:514 << �2 < 33:617 = ��2 (��2 � 0:477) ¨ ¬®®²®® ¢®§° ±-² ¥² ¯°¨ �2 � ��2. � ³·¥²®¬ ²°¥¡®¢ ¨¿ ¬®®²®®±-²¨ ´³ª¶¨© Pr(�) ¬®¦® ¢ (9), (10) ¯°¨¿²¼ �1 = ��1,�2 = ��2. � ª ¢¨¤® ¨§ °¨±.2, ¯°¨ ½²¨µ ¯ ° ¬¥²° µ´³ª¶¨¨ (9), (10) µ®°®¸®  ¯¯°®ª±¨¬¨°³¾² § ¢¨±¨-¬®±²¨ L?(�) ¤«¿ ¯«¥®ª ±®¯°¿¦¥»µ ¯®«¨¬¥°®¢ ¨¨§ª®¬®«¥ª³«¿°»µ ±®¥¤¨¥¨© ±® ±«®¨±²®© ±¬¥ª²¨-·¥±ª®© ±²°³ª²³°®©.�«¿ ¯«¥®ª PFO, PF2/6 ¨ F8BT (OA) ¢¥«¨·¨»L? ¡«¨§ª¨ ª § ·¥¨¾ 0.5 ¢ ¬®¤¥«¨ (1) ¯°¨ l � D.� µ®²¿ ¬®¤¥«¼ (1) ¥ ³·¨²»¢ ¥² ³±² ®¢«¥®© §¤¥±¼ª®°°¥«¿¶¨¨ L?(�) ¨ ²®£®, ·²® ° ¢¥±²¢® L? = � = 0:5°¥ «¼® ¥¤®±²¨¦¨¬®, ¨§ °¨±.2 ¢¨¤®, ·²® ¯°¥¤¥«¼-»¥ § ·¥¨¿ Lk = 0, L? = 0:5 [8, 9] ¬®¦® ¨±¯®«¼-§®¢ ²¼ ¤«¿ ®¡º¥ª²®¢ ± � > 0:4.5. �§«®¦¥®¥ ¢»¸¥ ¯®ª §»¢ ¥² ¢®§¬®¦®±²¼®¯°¥¤¥«¥¨¿ ª®¬¯®¥² Lj ± ¢»±®ª®© ²®·®±²¼¾ ¤«¿¯®«¨¬¥°»µ ¯«¥®ª  ®¬¥²°®¢»µ ²®«¹¨ ± ¯«  °-®© ¨«¨ £®¬¥®²°®¯®© ®°¨¥² ¶¨¿¬¨ ®¯²¨·¥±ª®© ®±¨.�²® ¯®§¢®«¨«® ¢»¿¢¨²¼ ²®ª¨¥ ®±®¡¥®±²¨ ¨§¬¥¥-¨¿ Lj ¢ § ¢¨±¨¬®±²¨ ®² µ¨¬¨·¥±ª®© ±²°³ª²³°» ¬®-®¬¥°®¢, ¬®«¥ª³«¿®£® ¢¥±  ¯®«¨¬¥° , ²¥µ®«®£¨¨¯®«³·¥¨¿ ¨ ²¥°¬¨·¥±ª®© ®¡° ¡®²ª¨ ¯«¥®ª. � ¢¨-±¨¬®±²¨ (9), (10) °¥¸ ¾² § ¤ ·³ ®¯°¥¤¥«¥¨¿ ¢¥«¨-·¨ L?(�) ¯® ½ª±¯¥°¨¬¥² «¼»¬ § ·¥¨¿¬ nj(�) ¨� ¡¥§ ª ª®©-«¨¡® ¨´®°¬ ¶¨¨ ® ±²°³ª²³°¥ ¬ ª°®¬®-«¥ª³«, ¨µ ®°¨¥² ¶¨®®¬ ¯®°¿¤ª¥ ¨ ª®´®°¬ ¶¨¨.�ª±¯¥°¨¬¥² «¼»¥ ¢¥«¨·¨» Lj ¤ ¾² ®¢»¥ ¢®§-¬®¦®±²¨: ¯®«³·¥¨¥ § ·¥¨© S ¤«¿ ¬ ª°®¬®«¥ª³«¨§ ¤¨µ°®¨§¬  ¯®«¿°¨§®¢ »µ ¯®«®± �j(�) ª®½´´¨¶¨-¥²  ½«¥ª²°®®£® ¯®£«®¹¥¨¿ ¯«¥®ª [7]; ¢®±±² ®¢-«¥¨¥ ¤¨±¯¥°±¨®»µ § ¢¨±¨¬®±²¥© °¥ «¼®© 0j(�) ¨

¬¨¬®© 00j (�) · ±²¥© ª®¬¯®¥² j(�) ¤«¿ ¨±±«¥¤®¢ -¨¿ ½«¥ª²°®®© ±²°³ª²³°» ±®¯°¿¦¥»µ ¯®«¨¬¥°-»µ ¬®«¥ª³« [12]; ®¡º¿±¥¨¥ ° §«¨·¨¿ �k 6= �? ¬ ª-±¨¬³¬®¢ ª®¬¯®¥² �j(�) ¤«¿ ¯«¥®ª ± ®±¥¢®© ¨ ¯«®±-ª®±²®© ®°¨¥² ¶¨¿¬¨ ¬ ª°®¬®«¥ª³« [16, 17, 20]; ¨±-±«¥¤®¢ ¨¥ ½´´¥ª²®¢ ±¬¥¸¨¢ ¨¿ ½«¥ª²°®»µ ¢®§-¡³¦¤¥¨© ¢ ±®¯°¿¦¥»µ ¯®«¨¬¥° µ §  ±·¥² ¬¥¦¬®-«¥ª³«¿°»µ °¥§® ±»µ ¤¨¯®«¼-¤¨¯®«¼»µ ¢§ ¨¬®-¤¥©±²¢¨© (½´´¥ª²®¢ «®ª «¼®£® ¯®«¿) [7, 25].1. H. Siringhaus, R. J. Wilson, R.H. Friend et al., Appl.Phys. Lett. 77, 406 (2000).2. M. O'Neil and S. M. Kelly, Adv. Mater. 15, 1135 (2005).3. R.H. Friend, R.W. Gimer, A. B. Holmes et al., Nature397, 121 (1999).4. M.D. McGehee and A. J. Heeger, Adv. Mater. 12, 1655(2000).5. Y. Yang, I. D.W. Samuel, and G.A. Turnbull, Adv.Mater. 21, 3205 (2009).6. D. Amarasinghe, A. Ruseckal, A. Vasdekis et al., Adv.Mater. 21, 107 (2009).7. �.�. �¢¥°¼¿®¢, �´´¥ª²» «®ª «¼®£® ¯®«¿ ¢ ®¯²¨ª¥¦¨¤ª¨µ ª°¨±² ««®¢, �®¢®±¨¡¨°±ª: � ³ª , 1999.8. C. Cojan, G. P. Agrawal, and C. Flitzanis, Phys. Rev.B 15, 909 (1977).9. D. Comoretto, G. Dellepiane, G. F. Musso et al., Phys.Rev. B 46, 10041 (1992).10. D. Comoretto, G. Dellepiane, F. Marabelli et al., Phys.Rev. B 62, 10173 (2000).11. C. Soci, D. Comoretto, F. Marabelli, and D. Moses,Phys. Rev. E 75, 075204 (2007).12. G. D. Scholes and G. Rumbles, Nature Materials 5, 683(2006).13. �.�. �¢¥°¼¿®¢, �� ¨ ¨µ ¯° ª². ¨±¯. é 4, 26 (2008).14. �.�. �¢¥°¼¿®¢, �¨±¼¬  ¢ ���� 89, 381 (2009).15. �.�. �¢¥°¼¿®¢, ���� 135, 194 (2009).16. M. Campoy-Quiles, P.G. Etchegoin, and D.D. Bradley,Phys. Rev. B 72, 045209 (2005).17. B. P. Lyons and A.P. Monkman, J. Appl. Phys. 96, 4735(2004).18. W.M.V. Wan, N.C. Greenham, and R.H. Friend, J.Appl. Phys. 87, 2542 (2000).19. E.K. Miller, M.D. McGehee, M. Diaz-Garsia et al.,Synth. Met. 102, 1091 (1999).20. M. Tammer and A.R. Monkman, Adv. Mater. 14, 210(2002).21. K. Koinov, A. Bahyiar, T. Ahn et al., Appl. Phys. Lett.84, 3792 (2004).22. S.M. Ramsdale and N.C. Greenham, Adv. Mater. 14,212 (2002).23. S.M. Ramsdale and N.C. Greenham, J. Phys. D: Appl.Phys. 36, L29 (2003).24. �.�. �¢¥°¼¿®¢, ���� 137, 705 (2010).25. �.�. �¢¥°¼¿®¢, ���� 108, 258 (1995).�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 9 { 10 2010


