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�ZÜ¤Eâ´¢ypõÇ!p�Ý1n-1XÚ�­�Eâå». ,
, óÀ-1
�¥~~�3��Ø�,

ùòK�óÀ-1��ZÜ¤�J. ïá
óÀ-1�3��Ø����ZÜ¤nØ�., ¿3ØÓÅ/ (�Å!
n�Å!�uÅ) �óÀ-1�3��Ø��, é�ZÜ¤1å3�|�óÀÅ/!¸�õÇ!1r©ÙÚ×¥õ
Ç (PIB) �A5?1
ê�O�Úé'©Û. O�(JL²: �ÅóÀ-1�ZÜ¤1å�óÀÅ/É��Ø�K
�î­, 1r©ÙÚ PIB �X��Ø��O�u)�5Cz; n�ÅóÀ-1�ZÜ¤1å�óÀÅ/Ú¸�õÇ
É��Ø�K�î­, 1r©ÙÚ PIB 3��Ø�����X��Ø��O�u)��ì��Cz; �uÅóÀ-
1�ZÜ¤1åäk�Ð�ÑÑA5, 3ü´�uÅóÀ-1�ZÜ¤¥, òüóÀ�m��ò��3óÀ±Y�
m� 10%±S, ÒU��ûÐ�Ü¤�J.
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1 Ú ó

põÇóÀ-13á�?n!-1\ó!�
a!-1X�Ú��51ª=��+�kX2�
�A^. 1n-1ìäkÑ95UÐ!XÚ(�
;n!1å�þp�A:, 3põÇ-1A^+�
'DÚ��N-1ì�ä`³ [1]. ,
, duÉ�
�,1n���5�A!9�ú�K�, ü�1n
�ÑÑõÇÉ���. �ZÜ¤U
3JpÑÑõ
Ç�Ó��±ûÐ�1å�þ, ��Cû�4�Ñ
Ñ, Ï
�ZÜ¤kX2,�A^cµ. duóÀ
-1�� uÿÚ��!�´óÀ��ÓÚ�J
Ý��, Ï
1åÜ¤�ïÄÌ�8¥uëY1+
� [2−6]. �XëY1n-1�ZÜ¤Eâ�¤Ù±
9ó�!�ï�+�épõÇóÀ-1I¦�Ø
äJ,, óÀ-1�ZÜ¤®¤�ïÄ9: [7−12].
ëY-1��ZÜ¤�JÉ
�/G!Ó�'!
��Ø�!� Ø�! �Ø�Úü´1å�þ
�K� [13−16]. óÀ-1��ZÜ¤Ø
ÉþãÏ
�K��	, ,���~­��Ï�Ò´óÀm�
��Ø�, =�´óÀ-13��þØÓÚ. �


��n��Ü¤�J, I��´óÀ-13��þ
�±�� [17]. ��L�1nÚ�m1´N!U

oÑ/é�´-1�1§?1N!, æ^>fò´
� [18] Ú1nò´� [19] ��{�±é�´-1�
1§?1�p°Ý�N!, ��Ø�U¦�´-1
�1§�������. Ïd, ��Ø�´óÀ-
1�ZÜ¤¥7L�Ä�­�Ï�. �©�ö�8
ÿ���'uóÀ-1��Ø�é�ZÜ¤K�
��[��. �©�8�3uïáóÀ-1�3�
�Ø����ZÜ¤nØ�., ÏLê�O�ïÄ
ØÓÅ/�óÀ-1�3ØÓ��Ø��é�Z
Ü¤�K�§Ý, �óÀ-1��ZÜ¤Jøkd
��ë�.

2 nØ�.

b��ZÜ¤1åu�à u z = 0 ²¡,
¤kf1å÷ z ¶DÑ. En(x, y, z, t) �1å¥
% �3 (an, bn) ?�1å3 t ���1ÅE�
Ì. du1n-1ìN´¢yüî�ÑÑ, b�
f1åE�ÌþÑlpd©Ù. ��1å� �
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�"�, 
�1åÒU¢y�ZÜ¤, �Ñ�ê
� exp [−iωt + φ], En(x, y, z, t) �±L«�

En(x, y, z, t) = An(t)
1

ω(z)
exp

[
− r2

n

ω2(z)

]
× exp

{
−i

[
k(z +

r2
n

2R(z)
)

−arctan
z

f

]}
, (1)

r2
n = (xn − an)2 + (yn − bn)2 , (2)

ω(z) = ω0

√
1 + (z/f)2, (3)

R(z) = z + f2/z, (4)

Ù¥, k = 2π/λ �Å¥þ, f = πω2
0/λ �pd1å

���ëê, An(t) ���mCz��Ì, T�û½

óÀÅ/. 3DÑål L �, �Â¡ (z = L) ?
�Ü¤1å�E�Ì�±L«�

E(x, y, L, t) =
N∑
n

En(x, y, L, t), (5)

Ü¤1å�1r�±L«�

I(x, y, L, t) = E(x, y, L, t)E∗(x, y, L, t). (6)

3óÀ-1��ZÜ¤¥, �´-1�mÏ~¬�
3��Ø�, Xã 1 ¤«.

ã 1 üóÀ-1��Ø�«¿ã

ã 1 ¥ ∆t L«üóÀm��m�, tp L«�
�óÀ±Y��m. óÀ-1Ü¤1å�óÀÅ/
Ú�|1r©Ù�©OL«�

I(t) =
∫∫
s

E(x, y, L, t)E∗(x, y, L, t)dxdy, (7)

I(x, y, z) =

t2∫
t1

E(x, y, L, t)E∗(x, y, L, t)dt. (8)

Ü¤1å�óÀÅ/Ú�|1r©Ùò¬É�ó
À-1�m���Ø��K�.

3 ê�O�9?Ø

�â�Ñ�êÆ�., é�ZÜ¤1å3ØÓ
��Ø�ÚØÓÅ/^�e�Ü¤�J?1ê�
O�. �
Bu?Ø, �©ïÄXã 2 ¤«�üå
-1��ZÜ¤, ¿�Ä�pd1å����» ω0

� 1 cm, ü1�¥%�må� 3 cm, DÑål L

� 10 km. ±�~���Å!n�Å!�uÅ�~,
O�üóÀ���Ø�é�|Ü¤1å�óÀÅ
/!¸�õÇ!1r©ÙÚ PIB �K�.

ã 2 �ZÜ¤-1
�©Ù

3.1 óóóÀÀÀÅÅÅ///ÚÚÚ¸̧̧���õõõÇÇÇ

ã 3!ã 4 Úã 5 ��ZÜ¤1å�3ØÓ
���Ø� (± ∆t/tp L«) ��óÀÅ/. dã 3
Úã 4 �±wÑ, �ÅÚn�ÅóÀ-1�Ü¤1
å�óÀÅ/duóÀ�ò ∆t ��3
u)î
­ÆC. dã 5 �±wÑ, �uÅóÀ-1Ü¤1
å�óÀÅ/3 ∆t/tp <0.3 �U
�Ð/�±�
uÅ/G. d	, n�ÅóÀ-1Ü¤1å�¸�
õÇò¬du�ò ∆t ��3
�ÌÝ~�. �Å
Ú�uÅóÀ-1�Ü¤1å�¸�õÇÉ��
Ø��K��é��, �ÅóÀ-1Ü¤1å�¸
�õÇ�k�ü´óÀ-13��þ��� �
â¬u)Cz, �uÅóÀ-1Ü¤1å3 ∆t/tp
� 0.1 Ú 0.2 ��¸�õÇ©O´Ø�3��Ø�
�¸�õÇ� 97.5%Ú 90.3%. dd��, ���Ø
� ∆t/tp < 0.2 �, �uÅóÀ-1Ü¤1åäk�
Ð�óÀÅ/Ú�p�¸�õÇ.
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ã 3 �ÅóÀ-1Ü¤1å3ØÓ��Ø���óÀÅ/ (a) ∆t/tp = 0; (b) ∆t/tp = 0.2; (c) ∆t/tp = 0.4; (d) ∆t/tp = 0.6;
(e) ∆t/tp = 0.8; (f) ∆t/tp = 1

ã 4 n�ÅóÀ-1Ü¤1å3ØÓ��Ø���óÀÅ/

3.2 111rrr©©©ÙÙÙ

óÀ-1�ZÜ¤1å3�|��Í11r
©Ù (±�uÅ�~) Xã 6 ¤«. dã 6 �±w
Ñ: ���Ø��� (X ∆t/tp = 0.2) �, �|1�
Ä��±ØC, U
*	�²w�Z�^«; �X
��Ø��O�, Ü¤1å�1r©Ùu)wÍC
z; ���Ø�?�ÚO�, Z�^«Åì��, Ù

�J��u��ZÜ¤.
3ØÓ��Ø��Ü¤1å3 x ¶þ�1r

©ÙXã 7 ¤«. lã 7 �±wÑ, ØÓÅ/óÀ
-1�Ü¤1å1r©ÙÉ��Ø��K�§Ý
ØÓ, �ÅóÀ-1Ü¤1å�1r©Ù�X��
Ø��O�
u)��²­�Cz, n�ÅÚ�u
ÅóÀ-1�Ü¤1å�1r©Ù3 ∆t/tp > 0.2
�, ò�X��Ø��O\u)��ì��Cz.

ã 5 �uÅóÀ-1Ü¤1å3ØÓ��Ø���óÀÅ/
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ã 6 �uÅóÀ-1Ü¤1å3ØÓ��Ø����Í11r©Ù (a) ∆t/tp = 0; (b) ∆t/tp = 0.2; (c) ∆t/tp = 0.4;
(d) ∆t/tp = 0.6; (e) ∆t/tp = 0.8; (f) ∆t/tp = 1

ã 7 Ü¤1å3ØÓ��Ø����Í11�ã�� x ¶1r©Ù (a) �Å; (b) n�Å; (c) �uÅ
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O�����|^«��Ý V = (Imax −
Imin)/(Imax+Imin) Xã 8 ¤«, Imax Ú Imin ©
OL«�|Z�^«¥%�^«��^«�1
r4��Ú4��. � ∆t/tp< 0.2 �, �uÅóÀ
-1�Ü¤1åäk�Ð�^«��Ý, ��÷
v ∆t/tp = 0.1, Ù^«��ÝÒp� 0.97.

ã 8 Ü¤1å3ØÓ��Ø���^«��Ý

ã 9 Ü¤1å3ØÓ��Ø��� PIB

3.3 ×××¥¥¥õõõÇÇÇ (PIB)

PIB P in ½Â��|�½º�� “×” ¥�¹
�-1Uþ�oUþ�', PIB ­�´ïþ-11
å�þ�­��I, d?^ué�ZÜ¤�J�µ

d.Pin �L«�

Pin =

∫∫
s

I(x, y, L, t)dxdy

∞∫
−∞

∞∫
−∞

I(x, y, L, t)dxdy

, (9)

Ù¥ s ��½º� “×” �î�¡¡È. ±��Ø�
�"��|1���^«��%, ±T�%�§�
��1räk4���V^«�m�ål��»,
½Â���/� “×”, O���� PIB ���Ø�
�'XXã 9 ¤«. lã 9 �±wÑ, � ∆t/tp< 0.2
�, �uÅóÀ-1�Ü¤1åäk�p� PIB;
� ∆t/tp = 0.1 �, �uÅóÀ-1�Ü¤1å
� PIB =l 0.5204 ü$� 0.5160.

4 ( Ø

éóÀ��Ø�ÚóÀÅ/éóÀ-1�Z
Ü¤�J�K�?1
nØ©ÛÚ�[�ý. Ï
Lé'©Ûü´óÀ-13ØÓÅ/ (�Å!n�
Å!�uÅ) ÚØÓ��Ø���¹e, �|Ü¤
1å�óÀÅ/!¸�õÇ!1r©ÙÚ PIB �
Cz�¹, ïÄ
ØÓÅ/óÀ-1���Ø�é
�ZÜ¤�K�§Ý. O�(JL²: �ÅóÀ-
1�ZÜ¤1å�óÀÅ/É��Ø�K�î­,
1r©ÙÚ PIB �X��Ø��O\u)�5C
z, �k�ü´óÀ-13��þ��� �¸�
õÇâ¬u)Cz; n�ÅóÀ-1�ZÜ¤1å
�óÀÅ/Ú¸�õÇÉ��Ø�K�î­, 1r
©ÙÚ PIB 3��Ø�����X��Ø��O
�
u)��ì��Cz; �uÅóÀ-1�ZÜ
¤1åäk�Ð�ÑÑA5, � ∆t/tp< 0.2 �, Ù
Ü¤1åäk�p�^«��ÝÚ PIB. ïÄL²,
±�uÅ�óÀÅ/�ü´óÀ-1�ZÜ¤¥,
vk7�¦ü´-13��þî�ÓÚ, òóÀ�
ò��3 10%±SÒU¦Ü¤1åäk�Ð�ó
ÀÅ/!¸�õÇ!1r©ÙÚ PIB �A5. �©
�O�(J��óÀ-1��ZÜ¤Jøkd�
�ë�.
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Influence of temporal error with different pulse
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Abstract

Coherent beam combination of fiber laser array is an important technology for high-power output fiber laser systems. However,

the coherent beam combination is influenced by temporal error, which always exists in the laser array. The coherent beam combination

of pulse fiber lasers in the presence of temporal error is investigated in theory in this paper. The effects of pulse shape and temporal

error on the coherently combined beam are studied. The characteristics of combined beam, i.e. pulse shape, peak power, far-field

pattern and power in barrel (PIB) are calculated and analyzed when the pulse shapes (including square, triangle and sine) and temporal

errors are different. It is revealed that for coherently combining square pulse lasers, the pulse shape of the combined beam changes

acutely because of temporal error, and the far-field pattern and PIB change proportionally with temporal error increasing; for coherently

combining triangle pulse lasers, the pulse shape and the peak power of the combined beam are acutely influenced by temporal error, and

the far-field pattern and the PIB change acutely when temporal error is large. It is revealed that coherently combined beam of sinusoidal

pulse lasers has good characteristics when two pulse laser with sinusoidal pulse shapes are coherently combined and the time delay

between the two pulses is less than 10% of pulse duration.

Keywords: high power laser, pulse laser, coherent beam combination
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