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1 Ú ó

pd1åÏL��50��Ñy�gà�½
gÑ�y�´��51Æ¥���Ä�Ôn¯K,
��´9:ïÄ�� [1−6]. du��5���A
¦�ÏL�1å��N1r©Ùu)Cz, 1Æ
¢�¥¤æ^���3Ù\ó!¦^Ú�¸��
¹e, Ø�;�/��1Æ���3½õ½��"
�, Xyè!L¡�ú!L¡À/!���â�,
ù
"�¬é1å�rÝ©Ù�)N� [7−14], ¦
�pd1åÏLL¡k"����51Æ���
�1r©ÙC��\E,, 1å�þÆC�î,
Úå1å�ºÝgà�, ddÚå1å©�¤j,
Ø=�Ué-1ìXÚ¥���50�E¤�ú,
���UÚå0���A½ �?1Æ���
�ú. k'�ºÝgà��nØ�@d Bespalov
Ú Talanov JÑ, TnØò²¡1|À�þ!�1
rØ�DÑålCz��.²¡Å��ºÝ6Ä
�U\ [15], ½´ïá3�¡CqÄ:þ, TCq?

n3¦)��5C¶ÅÄ�§��Ñ
û��A
� [16]. ¢S-1XÚ¥���50�þØ÷v
�¡Cq^�, 3Ø�Ñû��A�K���¹e,
��5C¶ÅÄ�§vk)Û), ÏdÏLê��
[��ª�U°(/©Ûpd1å²Lk"��
þ��50���N1rüz5Æ. �©l1å�
û�nØ�.Ñu, ^ Matlab �ó�[©Ûpd1
å²þ0��DÑA5, ¿:�Ä0�L¡�3
N�: (�)�ÌN�Ú� N�)!N�:� 
�!0����5ò�Ç��!0��Ý�ëê
�Czé1r©Ù9�N1åà� ��K�, ¤
�ïÄ(Jé-1p��úÚ1Æ���»��
ºx5;äk�½�ë�d�.

2 nØ©Û

\�pd1å²LcL¡k�"����5
0����DÑL§Xã 1, Äk´\�1å3�
�50�¥DÑ d ål, �)1å�û��^90
�1å���5DÑL§, ,�´l0�Ñ��1
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å3gd�m¥�DÑL§ (ã 1).� � �
�� �

ã 1 �[Ôn�.«¿ã

du��50��n���51Æ�A, �r
pd1åÏL��50��, 30�¥1�^«
��)�1r¤�'�N\ò�Ç©Ù ∆n(z), ¿
Úå �ò´, éÙDÑA5ò�)K�. eÅ�
� λ, \�1r� I0 �1åÏLþÝ� L, ��5
ò�Ç� n2 ���50��, 30�Ñ�¡?�
)�î�N\�£©Ù�±L«� [2,17,18]

∆Φ = k0

∫ z0+l

z0

∆n(z)dz

= k0

∫ z0+l

z0

n2I0dz. (1)

1Æ��"�«a�õ, 5��É, �lé1
|K���Ýw, �8(�é1|��ÌÚ �Ú
\N�, é�Ì�N�ÏLK�1Æ����Ìß
LÇ©Ù¢y. ����!À/Ô±9NSáÂ,
��"�Ì���Ì."�; é� �N�ÏL
K�1Æ���1ÆþÝ©Ù¢y, yè!]��
Ì��� N�."�. ��1Æ��"���
Ì�� ·Ü., ÙßLÇ� [14]

T (x, y, z) = [1 − h(x, y, z)]eiφ(x,y,z), (2)

Ù¥ h(x, y, x) �"����Ì	1Ç��m©Ù,
φ(x, y, x) �"��� �ÆC��m©Ù. �©©
O�éùü«"�ÐmïÄ. (Ü¢S�¹, �"
���ÌßLÇ�pd., ù'��	1:��Ü
n, KÙßLÇ� [19]

t1(x, y) = 1 − A exp
[
−(x − x0)2 + (y − y0)2

a2

]
,

(3)
ª¥ (x0, y0) ��ÌN�"�î�¥%�I �,
A �"��ÌN�ÌÝ, û½"���Ì	1Ç�

�, a �"��». éu �N�."��æ^Ý
/Ä�L«� [20]

t(x, y) = exp
{

i∆ ×
[
rect

(
x − x0

2a

)
× rect

(
y − y0

2b

)]}
, (4)

Ù¥, ∆ �Û� �N��Ý, ∆ =
(n − 1)2πh

λ
, h

�"��Ý, � 0 6 ∆ 6 2π, a, b ©O�N��°
Ý, (x0, y0) � �N�î�¥%�I. (4) ªØ=
�±L«Ý/�Û� �N�, ��ÏLUC a, b,
� a > b ½ a 6 b �, �CqL«�1Æ��yè
é1å�Û�N�.

±eò± (3), (4) ª��£ã"��êÆ�.,
�Ñê��[, ¿X?Øpd1å²LL¡k"
��þ��50��1r©Ù30�Úgd�í
¥�üzA5.

3 ê��[9©Û

3.1 þþþ������555000���LLL¡¡¡ÃÃÃ"""���������¹¹¹

pd1å²Lþ��50��DÑL§�±
æ^ê��[�ª\±©Û. 3Ø�Ñû��A�
K���¹e, ��5C¶ÅÄ�§vk)Û),
Ï d ù p æ ^ © Ú F p � � { ¦ ). Matlab
� ó § S ¤ ^ � ë ê À � X e: æ � « m �
1 cm×1 cm, æ � : ê � 1024×1024; ò � Ç �
1.6, \�pd1å�Å�� 1.053×10−6 m, 1�
º�� 3×10−3 m, \�1|rÝ� 1010 W/m2, "
�º���� 50 µm.

ã 2(a) ¤ « � p d 1 å l � � 5 ò � Ç
� 2×10−20 m2/W �0�Ñ��3÷XDÑ��
1r©Ùüzã, 0�þÝ� 6 cm. lã¥�±w
Ñ, l��50��L¡Ñ��, ÷X1åDÑ�
�, 1åk¬à, 3 1 m NC¬à�r, ¥%1r�
����; ,�1åòm©uÑ, gX1å²ßº
à���, dy�=�1å�gà��A, XJÙ
¦1Æ���Ð ugà���:NCÒ�UÚ
å1Æ���ú. �)gà�����Ï3up
d1å�1r¥%r>�f, ��5�AÚå�
 �ò´©Ù��ßº¤Úå� �ò´©Ù�
q, �´¥%�>��, UÒ�)��ßºà
��^aq�gà��^. e0��þÝv
�,
pd1å30�SDÑ�½ålÒ�Uu)gà
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�y�, Xã 2(c), \�130�SDÑ 12 cm �
mu)gà�y�, ¥%1r²wO�, Ò�U�
���SÜÉ���. �e5·�ïÄ0��þÝ
9 n2 ��XÛK�1å3gd�í¥�¬à�
r:�rÝ��Ú �. ã 3 �1ål0��L¡
Ñ��1å�¸�rÝ�DÑål�Cz. Ù¥
ã 2(a) ���5ò�Ç� 2×10−20 m2/W 0�
þÝØÓ; ã 2(b) �0�þÝ� 6 cm ��5ò
�Ç��ØÓ. dã¥�±wÑ, �0��ÝO�
½��5ò�ÇO�, ¬à�r:�)�1r��,

�1r��:� �l0��L¡�ål��á,
`²þÝ��½ò�Ç���0�é1å�¬à
�J�Ð.

ã 4 ¤«�0����5ò�Ç�K��1
r©Ù�DÑålCz����ã. pd1å²
L��5ò�Ç�K��0��� �ò´©Ù
¥%�>��, �KßºÚå� �ò´©Ù�q,
= n2 �K�0�é1åäkuÑ��^. lã¥
�wÑ, n2 ýé���, 0�þÝ��, é1å�u
Ñ�J��²w.

� � � � � �
� � � � �

�
�

� � � �
� � � �

�����	
 � � 
� � �

� � �
� � � �

� � 
� � �

�� �����
 ! "#$%&

'( )*+,- . / 0� / 01 / 0
2 � �� � �� � � � � � � 3 �

04 0 / 0 � 4 0 / 0 0 5 0 0 / 0 0 5 0 / 0 �6 7 8 6 9 8
6 : 8

ã 2 (a) pd1ål 6 cm þ�0�Ñ��3gd�m�1r©Ùüz; (b) l0��L¡ 1 m ?�1r©Ù; (c) pd1å3
0�SDÑL§¥�1r©Ùüz�� ����� � � 	
 � 	� � 	 � � 	 � � � 
 � 		 � �	  � �

� � � � �� � � � �� � � � � �� ����� � � 	
 � 	� � 	 
 � ��	  � �
� � � � � � � � � � � �  !� � � " � � � � � � � �  !� � � � � � � � � � � �  !# $ % # & %

ã 3 1ål0��L¡Ñ��1å�¸�rÝ�DÑål�Cz� (a) ��50�þÝØÓ; (b) ��50����5ò
�Ç��ØÓ
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ã 4 pd1ål 6 cm þ, ��5ò�Ç�K�0�Ñ��3gd�m�1r©Ùüz (a) d = 4 cm, n2 = 2×10−20 m2/W;
(b) d = 6 cm, n2 = 2×10−20 m2/W; (c) d = 6 cm, n2 = 3×10−20 m2/W

3.2 þþþ������555000���LLL¡¡¡kkk"""���������¹¹¹

�e5�Ä0�L¡�3"���¹e1r
�üz5Æ, 0�þÝ� 4 cm. ã 5 �pd1å3
L¡k"��0�SDÑ��1r©Ùüz. X
ã 5(a) ¤«, pd1å3 n2 = 2×10−20 m2/W �L
¡k"��0�SDÑ 1.5 cm �m1r©ÙÒu
)²wCz, ù´du\�1åÉ�0�L¡"�
N��1r©Ù�3åÏ,  n2 ���0�Úå
� �ò´òÚå1råÏ�r���, l¦1
å©�¤eZÕá��gà���¡, d=�1å
©�½�ºÝgà��A. Ïdpd1å3L¡k
"����50�¥DÑ��N´é��SÜE
¤��. ã 5(b) ¥ n2 �K��0�Úå� �
ò´�A� n2 ����0���, K�³�1r
åÏ����^, ÏdvkÛÜ�ºÝgà��y
�, 1r©Ù�\1w. �1åÉN�:� �
ØÓ�, Xã 6 ¤«, �\�1�ÉN�:u¥%
�ÉN�:Ø3¥%ü«�¹e, 1å3��50

�¥�DÑA5. '�ã 6(a) Ú (b) �±wÑ, É0
�L¡"�N�� �3¥%�\�1å30�
¥ÛÜà��)�1r'ÉN�: �Ø3¥%
�1å�)�ÛÜ1r�, =N�:� ���C
1å�¥%, é��SÜE¤�ú�ºx���.

±e·�ïÄl0�Ñ��1r©Ù�DÑ
ål�üz�¹. ã 7(a) L«0����5ò�Ç
��, ã 7(b) 0����5ò�Ç�K. 3ã 7(a)
¥, du1å30�¥®©�¤eZÕá��gà
���¡, Kl0�¥Ñ��1å�1r©Ù�)
�feéõ, ��wÑ3�C0��L¡?�)�
��1r, ��N1å3÷XDÑ��� 1 m �m
E�¬à�)�r1r:, =É"�N��\�1
²L��50���1r©ÙéØþ!��N1
ågà�y�E�U�3. ã 7(b) ¥�1r©Ù
��'ã 7(a) fe²w~�, �É"��K�,
1å²L��5ò�Ç�K�0�E�30��
L¡NC�)���1r:. ã 8(a) �éùü«0
�3�L¡?�)�1r:?1'�, dã¥�±
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wÑ n2 ���0�L¡þ�"�¦�²L�1å
3�L¡�)�1r4�:' n2 �K�0�3�
L¡�)�1r4�:1r�r, �4�:� �
��C�L¡. ã 8(b) ¥¤«��ÌN�.�� 

N�."��1r©Ù�'�, dã¥·��±
wÑ, � N�.30��L¡�)�1r4�:
'�ÌN��)�4�:�. ù`²� N��U
'�ÌN��5�î�1�ú.���� � � � �� � � � � � � � � � � � � � ��� 	
�� � � � � � �� � � � �� ��� � � � �� � � � � � � � � � � � � � ��� 	
�� � � � � � �� � �

ã 5 pd1å3L¡k"����50�SDÑL§¥�1r©Ùüzã (a) 0����5ò�Ç��; (b) 0����5
ò�Ç�K� � �� � �� � � �� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � � � �  �� � � � � �� � �� � � �� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � � � �  �� � � � � �� � � �� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � �  �� � � � � �� � � �� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � �  � � � �� � � �� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � �  �� � �

� � �� � �� � � �� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � � � �  �� � � � � �� � �� � ��� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � � � �  �� � � � � �� � �� � � �� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � �  �� � � � � � � � �
� � � � � �� � �� � ��� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � �  � � � �� � � �� � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � �  �� � �

ã 6 pd1å3L¡k"����50�SDÑL§¥�1r©Ùüz, r = 80 µm (a) pd1å�¥%É�"�N�;
(b) "�N� � l1å�¥%
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ã 7 pd1ålL¡k"��0��L¡Ñ��1r©Ù�DÑål�Cz (a) d = 4 cm, n2 =2×10−20 m2/W; (b) d =

4 cm, n2 = –2×10−20 m2/W

������ ���	
 � �  � � �� � �  � � �� � � � �  � � �� � �  � � �� � ������� ���	
 � � � � � � � � �� � �� � � � � �� �� �
ã 8 1ål0��L¡Ñ��1å�¸�rÝ�DÑål�Cz� (a) ��5ò�Ç�KØÓ; (b) 0�L¡�ü«ØÓ
"�, 0��L¡�)�1r¸�'�
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4 ( Ø

±ê��[��ªïÄ
pd1å�1r©
Ù3þ��50�Úgd�í¥�üz5Æ. ïÄ
L², pd1å²3��5ò�Ç������5
0��, ÷XDÑ���, �)�N1ågà��
A, ���5ò�Ç��, 0�þÝ��, 1å¬à
�)���1r���, ¬à�r:l0��L¡
�ål�á=0��à��J�Ð; �A/���
5ò�Ç�K��, �X��5ò�Çýé���,
0�þÝ��, é1å�uÑ�J��Ð. 0�L
¡�3�"�é1å1r�©Ù�6Ä¦�1å
3��5ò�Ç����0�¥éN´Ñy1å
©�, u)ÛÜgà��)��1r�Ué��S

ÜE¤�ú, �\�1É"�N�� ���C1
å�¥%, ÛÜgà��)�1r��, é��S
ÜE¤��úÒ�r. 0�L¡�"���¦�
L¡?�)�é�1r, ¿�É"�N��1å²
L��50��1r©Ù�éØþ!, ��N1å
�gà�y�E�U�3. Ïddu0�L¡�"
�Úå�1å30�S��ºÝgà�Ú0��
L¡�)���1r4�:Ñ�U��1Æ��,
�é�Ð?u�N1ågà���:NC�1
Æ����UÚå�ú. ¿�� N�."�30
��L¡�)�1r4�:'�ÌN�."��
)�4�:�, =� N��U'�ÌN��5�
î�1�ú%�. ïÄ(Jé-1p��úÚ1
Æ���»��ºx5;äk�½�ë�d�.
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Abstract

The defects unavoidably existing on the optical component will modulate the phase and the amplitude of the beam propagation in

the system. Based on the Fresnel diffractiond and split-step Fourier method, the two-dimensional intensity distributions of the Gaussion

beam propagation in the nonlinear medium and the free space are simulated. And the intensity distributions of the beam propagation in

the medium and the free space are also studied in the case where there exist defects on the front surface of thick medium. It is shown

that the thicker the medium and the lager the nonlinear index of refraction, the stronger the beam focus and the closer to the medium

surface the focal position is. The defects on the medium surface will lead to a strong beam intensity near the rear surface of the medium.

And the intensity generated by the phase modulated defects is stronger than by the amplitude modulated defects.
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