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1 Ú ó

glS�ÜJÑÃSXÚ¥Û��ÚòÛ�
��Vg� [1], ÃSXÚ�5�Úå
2��,
�. üëþIÝnØ�Ñ��ÃSXÚ¥�ü>
fo´Û�� [2]. ,
, 3�3'é���!O�
�ÃSXÚÚÃS���5XÚ¥, <�E,U

uyòÛ�� [3−13]. ��?¿��Ü7ó�.
¥ (ü«�f A Ú B ©O±VÇ p Ú (1 − p) �¤
�ó) ¤k��Ñ´Û�� [14,15]. XJ��?¿
��Ü7ó�.¥z��f A (½ B) ^ü��Ó
��f AA (½ BB) �O, Ò´k¶�á§'éÃ
S�.: ?¿�àÔ�. [3]. T�.�3���
�ß��, ÙUþTÐ��à�f�:³U. <�
3'éÃS��¬�¥uy
��ß�� [16], l
¢�þy²
?¿�àÔ�.(Ø��(5. �
�, ?¿�àÔ�.��
õ«í2, U
Ñyõ
���ß�� [4−6], Ù¢�´'é�ÝC����
��êþO\. ù
'é��Ý�,k�, E,�

á§'é. �'é�ÝH9��XÚ�, ù��'
é¡���§'é. ���ÃSXÚ�3�§'
é�XÚªuÃ¡��¬k�ãëY�*Ð�Ñ
y [7,8], 3*Ð�ÚÛ���m�3[£Ç>. ù
Ò¿�X3��ÃSXÚ¥�§'é�±��7
á — ý�N�C. ,��¡, ��5�p�^~
�3u¢SXÚ¥, Xâf�¬��Ä�ª��
p�^ [17]!ÀÚ-OÏd"và [18]. ���5�
3�, Ï~^��5Å½��§5£ãXÚ�5
�. Cc5, ��5rÝéXÚ5��K��5�
É�'5 [12,13,19−31]. �3��5��?¿��Ü
7XÚ¥ü«�f��:³U�Ó, 
ü«�f¤
3 ����5rÝ%ØÓ, ïÄuy: TXÚ�
ß�Xê�XÚ��Ý¥�ÇP~; �ü«��
5rÝÑ���>f¥y��Ñ$ [12]. 3é�Ã
S���5XÚ¥, ²þß�Ç�XXÚ�Ý�O
\
�êP~ [20]. ��5�±��³UÃS�X
ÚÑyòÛ�� [13]. Senouci �<|^�ÛZ� -

�Z�. (Kronig-Penney model) ïÄ
��5�
p�^éXÚDÑ5��K�, ?�Ú`²
��
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5rÝéÛ��-*Ð��=CåXØ��À��
^ [23]. 3�:ÃS
��5rÝ�½���5¬
�XÚ¥, Å¼ê*Ñ�Ù��Ý÷v�Ç'X,

��Ç�ê�nØ� d/(3d + 2) (d �XÚ��Ý)

�� [24]. 3äkÜÅ.F(����5ó¥, Å
¼ê*Ñ�A5���
�[�ïÄ [25]. ��5
�¬��XÚß�ÇU exp(−3L) P~ [26,27], ¿�
¦ß�ÑyV­½õ­�y� [26]. f���5r
Ý�,ØUCS�ÜÛ�«�ß�Xê�êP~
�5�, %Uì�/K�ÃSÚå�Û��¿��
ß��V­y� [28]. 3�:³UÑ�Ó���5
rÝ?¿�à½ N à���5ó¥¬©Ok��
½ N − 1 ���ß�� [29−31]. ±þ´é��5X
ÚïÄ¤���
(Ø. ÙïÄ�{´|^��5
Å½��§O�Å¼ê��m*Ñ�5�, ½¦�
�5XÚ�ß�Xê5£ãXÚ�5�. Ï��5
XÚ�3��5�, ØU��d�\�Å�Ì�½
�¦Ñß�Xê. �
©zÒ�Ñ�Å��Ì�½
�¬5?Øß�5� [27,29−31]. ¿@�Ñ�Å�Ì
�½�Ú\�Å�Ì�½�¿ØK�O�(J [29].

·�©O±Ñ�Å�ÌÚ\�Å�Ì�²��½
�5ïÄ�:³UÑ�Ó
��5��à���
5ó, (JL²Tó�3����ß��, ���
�Uþ���5rÝ�\�Å�Ì�²��¦È;

�Ñ�Å�Ì�½�Ú�\�Å�Ì�²��½
�, >f�ß�5�3����k²w��O: c
ö>f�ß��Uþ�ü�¼ê, 
�ö>f�ß
�¥yõ­�. �Ñ�Å�Ì�½�¦ß�XêØ
Uý��N��5XÚ�5�, �k�\�Å�Ì
�½��âUý��N��5rÝé>fß�5
��K�.

2 �.9�{

·�^lÑ���5Å½��§5£ã��
5XÚ [12,29]

V ϕn+1 = (E − εn − βn |ϕn|2)cn

−V ϕn−1. (1)

Ù¥, εn Ú βn ©OL«>f3?Ò� n ��:
?�³UÚ��5rÝ; V �>fÅ¼ê3�ë
�:m��UÈ©, ��~ê 1; ϕn �>f3?
Ò� n ��:?�Å¼ê. ·�3�©¥�ïÄ

é�´dü«�f A Ú B �Å�¤��ã�Ý
� N ���5ó, Ù¥�f B o´±�à�/ª
Ñy. �f A ���5rÝ� 0, �à�f B �
��5rÝ� βn, ¤k�:³UÑ� 0. Tó�
üàd�Ã���7á��ë�. ��5ól�
�m��:?Ò©O� 1 � N . b���>fl
mà\�, l�àÑ�. K>f3ómà7á�
�¥�Å¼ê�±L«� ϕn = Ae−ikn + reikn,

(n > N ); >f3ó�à7á��¥�Å¼ê�
±L«� ϕn = te−ikn, (n 6 0). ?Ò� −1 Ú 0

��:�Å¼ê©O� ϕ−1 = teik Ú ϕ0 = t.

d (1) ª�4í'X�±¦Ñ?Ò� N + 1 Ú
?Ò� N + 2 ��:�Å¼ê ϕN+1 Ú ϕN+2.

2d ϕN+1 = Ae−ik(N+1) + reik(N+1) Ú ϕN+2 =

Ae−ik(N+2) + reik(N+2) �±¦Ñ r Ú A.

r =
eik · ϕN+2 − ϕN+1

eik(N+1) · (e2ik − 1)
, (2)

A =
eik · ϕN+1 − ϕN+2

e−ikN (1 − e−2ik)
. (3)

d (2) Ú (3) ª�¦Ñß�Xê T Ú��Xê R,

=

T =
∣∣∣∣ t

A

∣∣∣∣2 =
|t|2 ·

∣∣1 − e−2ik
∣∣2

|eikϕN+1 − ϕN+2|2
, (4)

R =
∣∣∣ r

A

∣∣∣2 =

∣∣ϕN+2 − e−ikϕN+1

∣∣2
|ϕN+1 − e−ikϕN+2|2

. (5)

3 (JÚ?Ø

d (4) ª, ·��±�½Ñ��Ì, �â4í'
X¦Ñß�Xê. ã 1 ´dü«�f A Ú B �Å
�¤�ó�� 200 (½ 199) ��f�, �>fÑ�
�Ì�½�, >fUþÚ��5rÝCz��>f
ß�«. ù^ó´ù��)�: 3,� � A �f
Ñy�VÇ� 2/3, B �fÑy�VÇ� 1/3, � B

�fo´±�à�/ªÑy, ��)ó��fê�
� 199 ½ 200 �, ù^óÒ�)Ð
. ^ù«�ª
�)�ó, A �fÚ B �fÑy�VÇ��. 3±
��ã¥¤k�óÑ´ù��)�. ·�ù�½
Âß�«: � |t/A| > m, Ò@�>fU��ßL
�¬, Ù¥ A Ú t ©O�ß�>f\�ÅÚÑ�
Å��Ì, m ��u��C 1 ��. ã 1 ¥·��
½ t = 0.3 �, m = 0.99; Ù¦ t � m = 0.9. ã 1(a)

Ú (c) Ñ´é 10 g�Å(��²þ. ã 1(b) Ú (d)
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�´��g�Å(��ß�«. lã 1(a) Ú (c) �
±w�ß�«3 E-βB ²¡S´'u�:¥%é
¡ �, z � ( ½ t � � ß � Ñ k � L � : � �
�. ©z [29] �Ñ t = 1 �, ß�«k�^��
E = βB, ¿lnØy²
ù«'X. ·�3O�
¥uy�Ñ��ÌØ� 1 �, ß�«E,k�^
��, �����Çu)Cz
. ©z [29] �Ñ

Ñ��Ì�Ù¦��, Ù(J´�Ó�. ùw,´
Øé�. ß�«�ß�Xê�C 1 �Uþ E Ú
�à���5rÝ βB éA�:¤�¤, ¤±ù
^��éA��ß�. d����ß�´d��
5rÝ�à�)�, Ïd�à�ßÝé��ß�
Ø¬�)K�. ·��?Ø A �fÚ B �fßÝ
�Ó��¹.

ã 1 ��5rÝ?¿�à���5ó�ß�«, ó�� N = 200 (½ 199). XJ |t/A| > m, ·�Ò@�>fU��ßL�
¬, Ù¥ A Ú t ©O�ß�>f\�ÅÚÑ�Å��Ì. E ´>f�Uþ, βB ´��5rÝ. ·��½ t = 0.3 �, m = 0.99;

Ù¦ t � m = 0.9. (a) Ú (c) Ñ´�� 10 g²þ

�
?�Ú(½Å¼ê�Ìé��5XÚ�
K�, ·�O�
3ß��¹e\�Å�Ì��
²����5rÝ�m�'X. ã 2 �ó�� 200

(½ 199) �, �>fUþ�½�, >f\��Ì��
²����5rÝCz��>fß�«. l�ã�
±wÑ� E = βB · |A|2 �, >fU��ß��¬.

ã 1 ¥����÷v E = βB · |t|2. Ï���ß�
� |t|2 = |A|2, ¤±ã 1 ¥���ß�UþE,÷
v E = βB · |A|2. ¯¢þl��5Å½��§ (1)

=�wÑ��5rÝ βn ÚÅ¼ê��²� |ϕn|2

é>f�Ñ$åÓ���^. éu(½�ó, �Ñ
�Å��Ì�½��, ØÓUþ>f�\�Å�Ì
��²��pØ�Ó, Ïd\�>f��Ì�ë�


éÑ$5��K�. �?Ø��5XÚ¥>f
�Ñ$A5�AT�\�Å��Ì��²��½
� 1, 
Ø¨�Ñ��Ì�½� 1.

�ó�� 100 (½ 99), ��5rÝ� 0.5 �, ·
�©OO�
Ñ��Ì��²��½�Ú\��
Ì��²�ªu½��, 100 g�Å(��²þß
�Xê (Xã 3). lã¥�±wÑ��ß�� �
Ñ÷v E = βB · |t|2 (½ E = βB · |A|2). lã 3(a)

Ú (b) �±wÑØ�� ��	, 3�Ó^�e, �
Ñ�Å¼ê²��,½�'�\�Å¼ê�²�
�T½��¤éA�²þß�Xê��, ���¸
�/G�²wØ�Ó.

��5¬��>fß�¥yV­�Úõ­�
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ã 2 >fUþ�½��ß�« (ó�� N = 200 (½ 199).

� |t/A| > 0.98 �, Ò@�>fU��ß�. �ã´p¶­�z
��ã/)

ã 3 ó� N = 100 (½ 99)!��5rÝ βB = 0.5 �²þß
�Xê�>fUþ�Cz­� (ã¥z^­�Ñ�
 100 g²
þ) (a) Ñ�Å�Ì��²��½���²þß�Xê; (b) >
fß�Å�Ì3«m [0, 2] Cz, �>f\�Å�Ì��²�©
Oªu 0.5, 1.0, 2.0 ��²þß�Xê

y� [26]. 3V­�Úõ­��XÚ¥�ß�Xê
�²þ�¬!²ß�Xê3�Ó^�e�õ�y
�. ã 4 �ó�� 100 (½ 99), ��5rÝ� 0.2 �,

Ñ��Ì��²��½� 1 Ú\��Ì��²�
áu [0.98, 1.0] ��ß�Xê. lã 4(a) �±wÑ

�Ñ��Ì�½��, ß�Xê�Uþ�'X´ü
�¼ê; 
lã 4(b) ¥��ã�±�Ù�w�, �
�\�Å�Ì��²�ªu½��, ß�Xê�U
þ�'X´õ�¼ê. Ï��5XÚ¥>f�ß�
´õ­� [26], ^Ñ�Å�Ì�½�Ø=ØU�(
��N��5rÝé>fß�5��K�, 
�ß
��õ­�y���Ø�Ny.

ã 4 ó� N = 100 (½ 99)!��5rÝ βB = 0.2 �ß�X
ê�>fUþ�Cz­� (a) Ñ�Å�Ì��²��½� 1

��ß�Xê; (b) >fß�Å�Ì3«m [0, 1] Cz�>f\
�Å�Ì�²�áu«m [0.98, 1] ��ß�Xê (�ã���
���/)

4 ( Ø

·�|^��5Å½��§�4í'XïÄ

��5rÝ?¿�à���5ó�ß�5�. (
JL²Tó�3����ß��, ����Uþ�
��5rÝ�\�Å�Ì�²��¦È; �Ñ�Å
�Ì�½��ß�Xê�UþCz�­�´ü�
¼ê, 
�\�Å�Ì�²��½��Ù­�´õ
�¼ê. XJ�²þß�XêK��5XÚ�õ­
y�Ò�!²
. �Ñ��Ì�½��O��ß�
Xê´��5rÝ�\��Ì�²��¦È�Ó
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�)�K�. 
���Ñ�Å�Ì�½�K\�Å
�Ì�²�Ò¬�>fUþ�UC
Cz, 3ù«
�¹eß�Xê¿ØU��Ny��5rÝéX

Úß��K�; 
���5XÚ�õ­5���Ø
�Ny. Ïd�k�\�Å�Ì�²��½��â
Uý��N��5rÝé>fß�5��K�.
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Abstract

By using the recursion relation of discrete Schrödinger equation we investigate the transport properties of nonlinear chains with

random dimer nonlinearity parameters. It is shown that there is a resonance state, which is just the product of the nonlinearity and

the square of the incident wave amplitude modulus. The transmission coefficients are calculated in two conditions. One is that the

transmission wave amplitude is a certain value, the other is that the incident wave amplitude modulus is a certain value. There are

obvious differences in non-resonant states between the two kinds of conditions. The transmission is a single value function of the

electronic energy for the former. However, it will be multi-stability for the latter. It is pointed out that the influence of the nonlinearity

parameters on the transport properties can be exactly reflected only when the modulus of incident wave is set to be a certain value.

Keywords: disordered structures, delocalization processes, multistability
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