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n (r)

∣∣
r=L̃d

= R
(4)
n (r)

∣∣
r=L̃d

,
1
m∗

1

dR(1)
n (r)
dr |r=R0 = 1

m∗
2

dR(2)
n (r)
dr |r=R0

1
m∗

2

dR(2)
n (r)
dr |r=Ld

= 1
m∗

3

dR(3)
n (r)
dr |r=Ld

1
m∗

3

dR(3)
n (r)
dr

∣∣
r=L̃d

= 1
m∗

4

dR(4)
n (r)
dr

∣∣
r=L̃d
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ϕ (0, y) = ϕBS ,
ϕ (Lx, y) = 0,

ϕ (x, 0) = ϕBS − eNd

2εε0
x2,

ϕ (x, Ly) = ϕBS − eNd

2εε0
x2,

)v-

21Md h %#�:1��.�:�7 2#�#.��jϕBS g �"!#�� $#�1�D
:�� 4�#�# J�.BE.3 �� /16� /1�� D��$��$.#��2�"%�
S#%.1/�, 2 7 �.!1��23 �� �F 5 %#�:1��.�:�EF 1 1D
%�.#��� )A� 1018 ��−3-, �"!#�� J�.BE.3 P#��%�
5��0#2"�4!7 � /16�0 A,Nq@,A 1� 2 7 J� 4K ��6 8A
.#5$#�!F261�"0 /1�� ��V@HD@>W� i $.���< C�!�"��
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5�.723, 53/#� 1�3 5�0#$ 1��7/ 1 1%�.#��� 3 !���"
%����#�"0 �#C#%, 7%� �"�"%�F�4 5� .�03�#% $.#D
!�#.#�#�# %����3����7 �� �"�"%�1��F 2"!%.1��#D
�# !$1%�.3 3 %����#��< �#C:�� x� !���"  #%� �5#D
���� � $.#!�#.�, �#/3 �3!�"�3 5�.723 � %����#�"0
�#C%�0 /#6�� 5/#21 F���" 5� 2#$#/#�#F 2#J3�%3
2�#0 δD;3�%:�<�

S� $.��" #/ !3/3����7 5� 93�!!#�#/ .72
5 35��� 4�1�"0 ;3�%:�<

∑∞
n=−∞ δ (y − nh) /#6��

5�1!�" 2# �"� 723h

∞∑
n=−∞

δ (y − nh) =
1

|h|
∞∑

k=−∞

∫ ∞

−∞
δ
( y
h
− z
)
e2πikzdz =

=
1

|h|

(
1 + 2

∞∑
k=1

cos 2πk
y

h

)
. )@A-

9�2!���"�K" !$����2�#K1��7)@A- 3 .���7��7
)�- #�."/3E/# 2�#�"/�.�1 .���7��7 93�!!#��h

∂2ϕ̃

∂x̄2
+
∂2ϕ̃

∂ȳ2
= −1 +

NQD
NdLd

δ (x̃− 1)×

×
(
1 + 2

∞∑
k=1

cos 2πk
ỹLd
h

)
, )@@-

5 %.�<#�"/" 3/#��/" )v-

21, x̃ = x
Ld
, ỹ = y

Ld
, ϕ̃ = ϕ

ϕ0
, ϕ0 = εε0

eNd
(Ld)

2
�

U#$# #��7 .#5$#2� 3 $#�1�:�� 3 5��0#2" �!4
C"!1 4�#� k 7 �$.#%!"/�:�= 2�#�"/�.�#�# .���7D
��7 93�!!#�� �"%#."!�#�3�� �!4 $B7�"�#C%#�� .�D
5�":1�� !01/� 3 �35 �0 !��%", �� 7%3 .#5J"��E�4!7
$.7/#%3��� #J �!�4 )0 � x̃ � L̃x, 0 � ỹ � L̃y-,
� %.�<#�� 3/#�" k�.�0 1 $.12!��� 7 "!7 ��%"/ C"D
�#/h ⎧⎪⎪⎨

⎪⎪⎩
ϕ0,j = ϕ̃BS,
ϕn,j = 0,
ϕi,0 = ϕ̃BS − 1

2 x̃
2
i ,

ϕi,m = ϕ̃BS − 1
2 x̃

2
i ,

i = 1, ..., n; j = 1, ...,m.

)@�-

k 7 5��0#261��7 .#5$#2� 3 $#�1�:�� 3 3 ��3D
�.�K��0 �35 �0 !��%" �"%#."!�#�3���!7 /1�#2 $#D
! �2#��"0 ��2.1 �%!�:�< V@LWh

ϕk+1
i,j = ϕki,j +

p

4

(
ϕki+1,j + ϕki−1,j + ϕki,j+1 + ϕki,j−1 −

− 4ϕki,j − h2gi,j
)
= ϕki,j + prki,j )@Q-

21, i = 1, 2, ..., n − 1; j = 1, 2, ...,m −
1, k = 0, 1, ... j R0 q .�2�3! RUj gi.j = −1 +
NQD

Nd

1√
πR0

e−(Ld/R0)
2(x̃i−1)2∗

(
1 + 2

∑∞
k=1 cos 2πk

ỹLd

h

)
i /1�#2� $#! �2#��"0 ��2.1 �%!�:�< %#1;�:�E��
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$#/#�#F ;#./3 " V@LW

p =
4

2 +

√
4 −

(
cos
(

π
n−1

)
+ cos

(
π

m−1

))
2
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||r|| � ε, ||r|| = max
i,j

∣∣rki,j∣∣ )@H-

21, ε > 0�
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)@�- J3� .1� �5#���"< � !"!�1/� %#/$BF�1.D
�#= /��1/��"%" )nR�- '����X� O#5.�03�#% �#D
$# #��= .#5$#2� 3 1 1%�.#!���"C�#�# $#�1�:�� 3
ϕ (x, y) J3� $.#�121�"< 5 �.�03����7/ 1 1%�.#�D

21;#./�:�<�#�# $#�1�:�� 3 V
(i)
def (r))8-,)H- � J�.BD

E.��< !�.3%�3.� /1�� )@=L q Aq ��$��$.#��2�"%
)s�@�- 5 �J32#���"/ K�.#/ RU )�A@�- 5 ��%"D
/" 5��C1��7/" $�.�/1�.��h a(1) = 6.08|�j a(2) =

5.65|�j C
(1)
11 = 0.833�b��j C

(1)
12 = 0.453�b��j C

(2)
11 =

1.223�b��j C
(2)
12 = 0.571�b��j ΔEc (0) = 830 �"
j

a
(1)
c = −5.08"
j a

(2)
c = −7.17"
j E

(1)
g (0) = 0.36"
j

E
(2)
g (0) = 1.452"
j σef = 109gt��j m

(e)
1 =

0.057m0j m
(e)
2 = 0.065m0jα = 0.657gt��

t� ."!� 8�,H� $."�121�� C"! #�� .#5.�03�%"
.#5$#2� 3 1 1%�.#!���"C�#�# $#�1�:�� 3 ϕ (x, y)�
$ #G"�� up K�.3 %����#�"0 �#C#% )�A@�- �J32#D
���"0 3 #J �!�4 $.#!�#.#�#�# 5�.723 � ��$��$.#D
��2�"%3 Aq�"$3 )s�@�- �� ��2!���70 0 � x � W
��2 /16� %#���%�3 /1�� q 1�#���"< Aq�"$3 ��$��D
$.#��2�"%� R����#�� �#C%" .#5/�.#/ R0 �10�# #D
��C�# �J32#���� � K�. ��$��$.#��2�"%� �� ��2!��D
�� 0*Ld ��2 /1�� 3� r% �"2�#)."!�Q�,8�- $#�1�:�� 
ϕ (y)J."!�8!, dXvnaw@� Kaaw@� Knaw@� Qaaw@� Qnaw@x-
�52#�6 ��$.7/%3 .#5/�G1��7 RU � ��$.7/%3 op
/�E #!:" 7:�<�"< 0�.�%�1. 5 $1.�#2#/ �� $."C#/3,
$1.�#2 #!:" 7:�= �"5��C�E�4!7 %.#%#/ .#5/�G1��7
RU, � � ��$.7/%3 ou� $1.$1�2"%3 7.�#/3 2# /1D
6� %#���%�3 /1�� q 1�#���"< Aq�"$3 ��$��$.#��2D
�"%, $#�1�:�� ϕ (x))."!�8�, %Xvnaw@� Kaaw@� Knaw@�
Qaaw@� Qnaw@xL /�E �1/#�#�#��"< 0�.�%�1.�

O153 4���" 2#! �261��7 .#5$#2� 3 1 1%�.#��#=
�3!�"�" � #%# � /16� $#2� 3 RU )InAs- g ��D
$��$.#��2�"%#�� /��.":7 )GaAs- $#%�5� " VvW, G#
.#5$#2� $#�1.0�1�#= �3!�"�" 5�.723 σ (y), �52#�6
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$.12!���"�" 3 �"� 72� $1.�#2"C�#= %3!%#�# q $#D
!��<�#= ;3�%:�=� M /16�0 :4#�# ��J "61��7 $#D
�1�:�� ϕ (x) � ��$.7/%3 $1.$1�2"%3 7.�#/3 2#
/16� %#���%�3 /1�� q 1�#���"< Aq�"$3 ��$��$.#D
��2�"%)ouL #$"!3E�4!7 1%!$#�1�:�<�#F 5� 16��D
!�F h∼ exp (−α |x|)V�AW�

t� ."!� 8X,HX $."�121�� C"! #�� .#5.�03�%"
1%��$#�1�:�� 4�"0  ���< � #%# � %����#�"0 �#C#%
$." .�5�"0 5��C1��70 $�.�/1�.�� ϕBS , Ld, �� R0,
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$# 1 EQD 3��#.1�1 �� /16� .#52� 3 RUD ��$��D
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 3 1%��$#�1�:�� 4�"0  ���<)."!�8X,HX- $#%�53E, G#
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��%�3 /1�� q ��$��$.#��2�"% �� �� /16� %#���D
%�3 RU D /��.":7 ExR = ExBS − ExQD� i ��$.7/D
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�"0 �#C#% 5��0#2"�4!7 �� ��2!���70 ��2 /16� %#�D
��%�3 /1�� D��$��$.#��2�"% $#.72%3 (10÷ 30)a0,
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