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1 Ú ó

�=Vò�1n��1nÏÕ�x0, 3Nõ
+���'ì�¥, äké��A^då [1−3], -
1óÀ3Vò�1n¥DÑ�, �óÀrÝ��
�½K��, ¬�)ëþ�� (OPA) ÚÉ-.ùÑ
� (SRS), SRS ���	�Ä$�Ñ¦� OPA L§
L¯�?\�ÚG�, �Ä$õÇ�p�, � SRS

���óÀ&ÒòÑyªÌÐ°Ú©�, Q
Ñy
�ëYÐ°Ì, ùép�1Ï&c�Ø| [4]; Ïd
ïÄ��5Úå�ëþ��Ú.ùÑ�éVò�
1n�Ó�^�ÙOÃXê��'ëþ�Cz, é
1nm'ÚªÇ=�äky¢¿Â.

3pVò��=1n¥, Ñ\�Ä$-1óÀ,

� ���÷XVò�Ì¶�, K-1óÀ� �
��±ØC, �3�Ä$ÅÓ ����)N\ª
Ç¤© [5]; ¢�y² [6], � ���ÓVò�Ì¶
¤ 45◦ ��, 3üÌ¶þ, �)�Ñ\õÇ��, d
u3üÌ¶þkØÓ�+�Ý, ��ØÓ�ªÇ¤
©, 3DÑ�éá�ål�©l, ¤±�p���

 ��Ø�)�p�^. �óÀrÝ���½K�
�, Ø�Ú;�>fu)�p�^�)ëþ��,


���Ú1Æ(fu)�p�^�).ùÑ�
�A [7]. �©|^
3ëþ��Ú.ù�A�Ó�
^e, ëYÅ½OëYÅ3Vò�1n¥DÑ�¤
÷v���5ÍÜ��§, ¿Ú\²1.ùOÃ�
âÔ[�. [8] (�Ä$Å÷ x �� ��, 3²1
uÄ$Å �� x ��, �)²1.ùOÃ, 3R
�uÄ$Å �� y ���)R�.ùOÃ, R�
.ùOÃ�é²1.ùOÃ��, ¿�Cq��~
ê [8−10]); 3�&ÒDÑ^�e, �Ñ\üÄ$Å
 ���÷ü�p���Vò�¶�, ¿|^�Ì
�6nØ, �Ñ
3ëþ��Ú.ù�A�Ó�^
e, d÷�dÅÚ�d÷�dÅOÃÌL�ª, ?
Ø¿©Û
3.ù�AÚëþ���Ó�^e�
OÃÌ�Ù�'ëþ�Cz'X��'5�.

2 nØ©Û

�Ñ\üåÓªÇ�-1óÀ, Ù ����
p���²1uVò�1n�Ì¶�, �Ä.ù�
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A�, 3ý9^�Cqe, ëþ��Ú.ù�A�
Ó�^e, ¤÷v���5ÍÜ��§ [8,9] �
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Ù¥ Ax Ú Ay �Ñ\üÄ$÷ x ��Ú y �
�   � � � Ì, β1x,y � � � Ú Ñ X ê, β2x,y ≡(

d2ω

dk2
x,y

)−1

ω=ωp

���ÚÑXê, γ =
2πω2

pχNR
1111

c2kpAp

���5Xê, ëþ Ap ¡�k�n��¡, ½Â

� Ap =

[∫∫ ∞
−∞ |F (x, y)|2 dxdy

]2

∫∫ ∞
−∞ |F (x, y)|4 dxdy

. ½Â g
//
0 (Ω) =

16iπω2
pχR

1111(Ω)c2kpAp �JÜ�²1.ùOÃ,

� x �� ��Ä$Å©þ3 x ¶���)�
.ùOÃ, ¤± ig0”(Ω) �¢Ü�²1.ùOÃ;

ig⊥0 (Ω) �¢Ü�R�.ùOÃ, � y �� ��
Ä$Å©þ3 x ¶���)�.ùOÃ; 3 g

//
0 (Ω)

Ú g⊥0 (Ω) ¥, Ω �Ä$Å�d÷�dÅ½�d÷�
dÅ�ªÇ�, éud÷�dÅ Ω = (ω0−ωs) > 0,


�d÷�dÅ Ω = (ω0 − ωa) < 0.

� � � � � � � � � ��� � �� � �� � �� � �� � �� � �
ã 1 ²1.ùOÃXê g (Ω) �âÔ[�.

�Ä3pVò�1n¥, Ñ\üåÓªÇ�-

1óÀ, Ù ����p���²1uVò�1n
�Ì¶, ¿�, ü-1óÀ�"ËÅ��Ì��, ù
�3üVò�¶�ü�>� (= x, y ��) þ�)
d÷�dÅÚ�d÷�dÅ, ¢�(J�L²ù�
Ñ�L§TÐ�¹ü�>� [10−12]. du·�¤�
Ä�1n��=1n (SiO2 äk¥%é¡(�); é
uR�.ùOÃ�~ê g⊥0 (Ω) ≈ 0.1 m−1 · kW−1,

²1.ùOÃXê g
//
0 (Ω) æ^âÔ[�. [5]

g (Ω) =
1

1.6

(
100 (Ω − 5) fR[

(Ω − 5)2 − ω2
γ

]2 + [2 (Ω − 5) fR]2

+ 0.55
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, (2)

Ù¥Xê fR = 3.125 THz, ωγ = 8.2 THz. ã 1 �Ñ

8�z.ùOÃL�ª g

//
0 (Ω) �ª£ Ω �C

z'X (Xã 1).

du¤�Ä�ü�Z-1óÀ�Ä$Å�
�Ì��, Uþ3üVò�¶þ��, � |Ax|2 =

|Ay|2 = P , L«÷Vò�1n�Ì¶ x ¶Ú y ¶�
�þÑ\�Ä$õÇ; �±l�§ (1) ��Ù­�
), ¿Ú\�6 u, v!u � x ��þ��6, �¹k
ü�¤©: d÷�d¤© us Ú�d÷�d¤© ua;

Ón, y ����6½�¹ vs Ú va. Ú\�6��
�§| (1) �­�)�
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=i ·
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0 (Ω)
8

)
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+
(

2
3
γ − ig⊥0 (Ω)

4

)
P (u + u∗)

]
Ay. (4)

�¦)�§| (4), ò�6N���A)�/ª

u =us exp [i (Ωτ − kz)]

+ ua exp [i (−Ωτ + kz)] ,

v =vs exp [i (Ωτ − kz)]

+ va exp [i (−Ωτ + kz)] .

(5)

òþªA)�\�§| (4), duüÄ$Å�Ó
ªÇ�-1óÀ, Ïd�ò��ÚÑXêCq�
� β2x = β2y = |β2| sgn(β2), ���k' us, ua, vs,

va ��5�§|, z{��XeÚÑ'X:

K2 =B + A2 ±
[ (

B + A2
)2

+ C2 −
(
B − A2

)2 ]1/2
, (6)

Ù¥

A =
1
2
Ωδ,

B = |β2| sgn(β2)Ω2

[
1
4
|β2| sgn(β2)Ω2

+
(

γ − ig//
0 (Ω)
8

)
P

]
, (7)

C = |β2| sgn(β2)Ω2

(
2
3
γ − ig⊥0 (Ω)

4

)
P.

½ÂOÃXê

G = 2 |Im (K)| . (8)

� C2 −
(
B − A2

)2
> 0 �, ¦�OÃ�

G =2
{[

(B + A2)2 + C2 − (B − A2)2
]1/2

− (B + A2)
}1/2

. (9)

3 (J�?Ø

3.1 333���~~~ÚÚÚÑÑÑ««« sgn(β2) = −1

�Ñ\õÇ P0 (|Ap|2 = |Ax|2 = |Ay|2 = P0)

�ØÓ��, �±��3�~ÚÑ« (sgn(β2) =

−1), 3ØÓëêeOÃÌ�Ñ\õÇ�Cz'X,

Xã 2 ¤«. du��5Xê γ �LÑ\Ä$1Ó
;�>f�p�^
�)���5�A, .ù�A
�LÑ\Ä$1Ó1Æ(f¤�)���5�A,
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ã 2 3�~ÚÑ« (sgn(β2) = −1), ØÓëêeOÃÌ
�Ñ\õÇ�Cz'X

�â¢�5Æ [5], ²1.ùOÃXê g
//
0 (Ω) æ^

âÔ[�., R�.ùOÃ�~ê. 3ü���5
1n¥, XJØ�Ä.ù�A, du��5ÚÚÑ
�p�^�±1�f�­½DÑ; �d÷�dÜ©
OÃÚd÷�dOÃ´é¡� [8]. �Ä.ùÑ��
A�, éuã 2 ¤�Ñ�OÃÌCz�±wÑ, 3
�~ÚÑ«d÷�dÅÚ�d÷�dÅOÃÌ�
Øé¡(�, ù´Úëþ���.ùÑ��A��
p�^k', 3��OÃÌ¥, �d÷�dÜ©O
Ã²wrud÷�dÜ©; ���5XêγØC, �
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ã 3 3�~ÚÑ« (sgn(β2) = −1), ØÓëêeOÃÌ
�+�Ý���Cz'X

X��ÚÑXê β2 �ü$, ��OÃÌ¥, �C
¥%ªÇ�d÷�dÅÚ�d÷�dÅOÃÌ¸
�Ú°ÝCz��, �l¥%ªÇÜ©k���
�	Ð°, cÙ´d÷�dÅÜ©, @�ù�Ð°
Ì�´du��5�A¤���ëþ��Ú.ù
�A�Ó�^�(J. ���ÚÑXê β2 ØC, �
X��5Xê γ �~��, ²wwÑ, ù�Ð°Ü

 A:ÚÐ°Czª³Ó β2 ~��k¤ØÓ, �
�OÃÌ��é �vC, �C¥%ªÇ�d÷
�dÅÚ�d÷�dÅOÃÌ¸�Ú°ÝCz�
�, �l¥%ªÇÜ©�OÃÌ¥, �d÷�dÅ
Ü©²wÐ°, �¥%ªÇ��Ð°, ù�Ì�´
duÚÑ�A¤�Ð°. ���5Xê γ Ú��
ÚÑXê β2 ��éUC, éOÃÌ(�Ø�)�
�K�, ùÌ�´·�3�ÑÍÜ��§�, æ^

ý9Cq [7,8] (@�;�>f�$ÄÚ�f$Ä
�pý9).

� Ñ \ õ Ç P0 = 400 W � ± Ø C, � +
�Ý�� δ �ØÓ��, �±��3�~ÚÑ
« sgn(β2) = −1, 3ØÓëêe, OÃÌ G �+�
Ý�� δ �Cz'X, Xã 3 ¤«.

ã 3 ¥, ��+�Ý�����, d÷�dÚ
�d÷�dÅOÃÌåÐþLy�ü¸(�, ±�
d÷�dÅOÃÌ�Ì, �X+�Ý���O\Å
ìä��V¸, �C¥%ªÇ�OÃ¸Ð°CzØ
²w, ,�¸K�+�Ý���O���l¥%ª
Ç��� £, ¸�ÅÚO�, Ì°ÅÚ\°, Ùd
÷�dÚ�d÷�dÅOÃÌ/�Ø2Cz, ÙO
ÃÌÌ�(�/��Czu)3$+�Ý��«
�; l��ã/�r³w, q�3Ñ\õÇØC�,

�'ëþé��OÃÌK�Ø�, @�3Ñ\õÇ
�½�, Ñ\Ä$ÅÚ;�>f�1Æ(f��p
�^�5��é(½, 3��5XêÚÚÑXê¥,

�Ù¥��~��, UC
üö�m�²ï'X,

OÃÌ�rÝÚÐ°k¤UC, oN(�vku)
Cz.

3.2 333���~~~ÚÚÚÑÑÑ««« sgn(β2) = 1

ã 4 ��~ÚÑ« sgn(β2) = 1, 3ØÓëê
eOÃÌ�Ñ\õÇ�Cz'X. 3��OÃÌ¥
yÑ, duëþ���.ù�A�Ó�p�^¤�
��õ¸(�, ±d÷�dÅOÃÌ�Ì�; 3�
�5XêÚÚÑXê¥, �Ù¥��~��, oN
/�(�vkUC, �OÃÌ�)
rÝÚÐ°�
�éCz. ���5Xê γ ØC, �X��ÚÑX
ê β2 �ü$, ��5Úå�ëþ���.ù�A
�éO�, ��OÃÌÐ°~�, rÝü$; ���
5Xê γ ~�, ��ÚÑXê β2 �±ØC�, Ø

�C¥%ªÇ�d÷�dÅÚ�d÷�dÅO
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ÃÌk�éCÄ	, Ù¦�l¥%ªÇ�OÃÌÐ
°O\²w, ù�Ð°Ì�´du��5�A�~
�, ����ÚÑXê β2 ��éO�, OÃÌÐ°.

�Ñ\õÇ P0 = 400 W �±ØC, OÃ�+�Ý
��ÚÙ¦ëê�Cz'XXã 5 ¤«, (��
CzÌ�u)3$+�Ý��«�, �+�Ý��
O��, OÃÌ(�Øu)Cz, ��OÃÌ±d
÷�dÅOÃÌ�Ì�. ��5Xê γ, ��ÚÑ
Xê β2, üö¥�)�éCz�, OÃÌ�rÝÚ
Ð°u)Cz; ���5Xê γ ØC, ��ÚÑX
êβ2ü$�, OÃÌ�rÝ�éü$, °ÝÐ°, ù
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ã 5 3�~ÚÑ« (sgn(β2) = 1), ØÓëêeOÃÌ�
+�Ý���Cz'X

´���ÚÑXê β2 ü$�, UC
��5Xê γ

Ú��ÚÑXê β2 �m��é²ï, ÙÐ°´d
u��5�A¤�. �,, ���5Xê γ C�, �
�ÚÑXê β2 �±ØC�, ÙÐ°Ì�´duÚ
Ñ�A¤�, 3ù«�¹e, ��OÃÌ�rÝ�
3Or, ùÌ�´ëþ���.ù�A��p�^
�(J.
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4 ( Ø

éuVò�1n¥, 3ý9^�e, �Ä.ù
�A�ëþ���p�^e, ¿Ú\²1.ùOÃ
�âÔ[�.; w«Ñd÷�dÅ��d÷�dÅ
OÃÌ�*dØé¡, `².ùÑ��3UC
�
�5ÚÚÑ�p²ï, éd÷�dÅ��d÷�d
ÅOÃÌ�)
K�. 3�~ÚÑ«, �d÷�d
Å²wrud÷�dÅ, 
3�~ÚÑ«, �¹T
Ð��, d÷�dÅ²wru�d÷�dÅ. Ñ\
õÇ�½�, Ñ\Ä$ÅÚ;�>f�1Æ(f�

�p�^�5��é(½, 3��5XêÚÚÑX
ê¥, �Ù¥��~��, UC
üö�m�²ï
'X, �, ØUCOÃÌ��N�é(�; 3ëêØ
C��¹e, �Ñ\õÇO��, .ù�A�ëþ
���p�^Or, OÃÌ��é¸�rÝOrÚ
Ì°\°; 
+�Ý�����, �X+�Ý��
�Cz, OÃÌ(��é�E,, éOÃÌ¸�K
���, `²�p�m�^�r; +�Ý����
�, OÃÌ(�ªu{ü, �p�m�^�f, 3Ù
¦ëêØC�, éOÃÌ¸�K�Ø�.
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Abstract

According to the nonlinear coupled equation under the joint action of Raman scattering and parametric amplification when the

optical pulse propagats in the birefringent fiber, based on Lorentzian model of parallel Raman gain spectrum, the gain spectrum is

obtained by combining Raman scattering and parametric amplification when the pump wave polarization direction is along the two

orthogonal birefringence axes. The gain spectrum is discussed as a function of input parameters (input power, the group velocity

mismatch) in different dispersion regimes. The result shows that the balance between non-linearity and dispersion is destructed by

Raman scattering. Stokes and anti-stokes gain spectrum are asymmetric because of Raman effect. The structure of gain spectrum is

confirmed when input power is constant. The intensity and width of gain spectrum change with dispersion and nonlinear parameter.
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