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�XpU-1Eâ�ØäuÐÚ¤Ù, ü�-
1ì�ÑÑõÇY²Øä��#�â». ü�»�
ZÜ¤XÚ-11å�1å�þ´���©�
�¯K, §K�XpU-1é8I��^�J. 8
cIS	ïÄ<
®²JÑ
ü�pU-1ì1
å�þµd�{ [1−6], ¿éù
�{�·^��Ú
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d�{�k`³ÚÛ�5. X©z [1] ± Strehl '
���â, ©Û�Z-1
��� Ø�éÜ¤1
å�þ�K�, ���ÄÜ¤1å��pd©ÙA
� [7], Strehl 'ØU�ÑØÓDÕ§Ý�-1
�
1å�þ��É. ·IÜS1Å¤!þ°1Å¤!
I��E�Æ�þédk'��[�ïÄ [7−10].
�
�\�*/µdü�»�ZÜ¤1å��^
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'�©Û. ê�O�L², å�°Ýé TEM00

Ú TEM00, TEM01 Ú TEM10 �ö�Z1å�þÏ
fK��é��, é TEM00 Ú TEM10 �Z1å
�1å�þK�4�[�; TEM10 �Z1å�1å
�þK�4�[�; DÑålÚ�Ì�'é TEM00

Ú TEM00, TEM00 Ú TEM10 1å�þ M2
x Ú M2

y

K��'Ùé TEM01 Ú TEM10 �Z1å�K��
��õ, A���Ñ; � d1 < 100λ ���S�, �
�Z1å�þ M2 Ïf�ð½; ��X d1 �O�,
��Z1å�þ M2 Ïf��O�; �Z1å�é
¡5éÙ�þ M2 Ïf�K����. ©Ù��é
ü�» TEM00 Ú TEM00 ü�|�Ü©nØ(J?
1
¢��y.

2 �Z1å M2 Ïf�nØí�

�DÑål z ?Å�� λ �ü�pd1å>
|�L�

E1(r) =
a1w01

w1(z)
exp

[
−(r − d)2

w2
1(z)

]
× exp

{
−i

[
ik(r − d)2

2R1(z)
− ϕ1

]}
, (1)
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E2(r) =
a2w02

w2(z)
exp

[
− r2

w2
2(z)

]
× exp{−i

[
ikr2

2R2(z)
− ϕ2

]
}, (2)

ª¥ a1, a2, w01, w02 Ú ϕ1, ϕ2 ©OL«üpd1
å��Ì!?å�°Ý!Ð �, d(= d1i+d2j)
L«ü1å¥%ål¥þ, k=2π/λ. �

z01 =
πw2

01

λ
, z02 =

πw2
02

λ
,

w1(z) = w01

√
1 + (z/z01)2,

w2(z) = w02

√
1 + (z/z02)2, (3a)

R1(z) = z01(z/z01 + z01/z),

R2(z) = z02(z/z02 + z02/z),

r =
√

x2 + y2. (3b)

´�, TEM00 U\�Ü|�L�

E(r) = E1(r) + E2(r). (4)

�â��ë½Â, DÑål z ?| E(r) 3 x,
y ���å° w0x, w0y ©O�

w2
0x =

4
p

∫ +∞

−∞

∫ +∞

−∞
x2E(r)E∗(r)dxdy,

w2
0y =

4
p

∫ +∞

−∞

∫ +∞

−∞
y2E(r)E∗(r)dxdy, (5)

ª¥

p =
∫ +∞

−∞

∫ +∞

−∞
E(r)E∗(r)dxdy. (6)

Ï, �mªÇ¥�Z1å��Ì°Ý�

θ2
x =

4λ2

p

+∞∫
−∞

+∞∫
−∞

S2
xÊ(Sx, Sy, z)

× Ê∗(Sx, Sy, z)dSxdSy, (7a)

θ2
y =

4λ2

p

+∞∫
−∞

+∞∫
−∞

S2
yÊ(Sx, Sy, z)

× Ê∗(Sx, Sy, z)dSxdSy, (7b)

ª¥ Ê(SxSy, z) � E(x, y, z) �Fp�C�é

Ê(SxSy, z) =

+∞∫
−∞

+∞∫
−∞

E(x, y, z)

× exp[−2πi(Sxx + Syy)]dxdy. (8)

Äu©z [11] ¥ M2 Ïf�½Â, ²LE,�ên
�n, DÑål z ?�Z1å� M2 Ïf�

M2
x =

ef1+f4

f2
0 w1w2f

[(a2
2 exp(−f1 − f4)f3

0 w2
02w

2
1

+a2
1 exp(−f4)f3

0 w2
02w

2
1

−4a1a2(1 + e2f4)(2d2
1 − f0)w01w02w

3
1w

3
2

× exp(−f1 − f2 − f3 − f4))

×(a2
1e

f1+f4f3
0 w2

01(4d2
1 + w2

1)

+a2
2e

f1+f4f3
0 w2

02w
3
2

+4a1a2ef1w2
2/f0(exp(

ikr2

R1
)

+ exp(
ikr2

R2
))w01w02w1w

3
2

×(f0w
2
1 + 2d2

1w
2
2))))]

1/2, (9)

M2
y =

ef1+f4

f2
0 w1w2f

[(exp(−(d2
1 + d2

2 + f0(f1 + f4)/f0)

×(a2
1 exp(f1 + f4)f3

0 w2
02(4d2

2 + w2
1)

+a2
2 exp(f1 + f4)f3

0 w2
02w

2
2

+4a1a2 exp(f1w
2
2/f0)

× (exp(
ikr2

R1
) + exp(

ikr2

R2
))

×w01w02w1w
3
2(f0w

2
1 + 2d2

1w
2
2))

×(8a1a2(−2d2
2 + f0)w01w02w

3
1w

3
2

× cos[kr2(R2 − R1)/(2R1R2)

+ exp(d2
1/f0)f3

0 (a2
2

×w2
02w

2
1 + a2

1w
2
01w

2
2)(cos(d2

2/f0)

+ cos(d2
2/f0))]1/2, (10)

ª¥

f0 = w2
1 + w2

2,

f1 = (d2
1 + d2

2)/w2
1,

f2 = d2
1/(w2

1 + w2
2),

f3 = d2
2/(w2

1 + w2
2),

f4 = ikr2(R1 + R2)/(2R1R2),

f = ef1+f4f0(a2
1w

2
01

+a2
2w

2
02) + 2a1a2ef1w2

2/f0(eikr2/R1 + eikr2/R2)

×w1w2w01w02. (11)

(9), (10) ªÒ´�©íÑ�ü TEM00 ��Z| M2

ÏfL�ª.

ò z = 0 �\ (9) ª, =��?�Z�Z1
å� M2 Ïf�{z�

M2
x =

ef01

f2
00

[(e−f01−f03

(
a2
1e

f03f3
00w

2
01

w2
01

+
a2
2e

f03f3
0 w2

02

w2
02

+ 8a1a2e−f02(−2d2
1 + f00)w2

01w
2
02

)
× (a2

1e
f01f3

00w
2
01(4d2

1 + w2
01)

+ a2ef01f3
00w

4
02
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+ 8a1a2 exp(f01w
2
02/f00)

× w3
01w

4
02(f00w

2
01 + 2d2

1w
2
02)))]

1/2

/(a2
1e

f01f00w
2
01 + a2

2e
f01f00w

2
02

+ 4a1a2 exp(f01w
2
02/f00)w2

01w
2
02), (12a)

M2
y =

ef01

f2
00

[(exp(−f01(w01 + f00)/f00)

× (a2
1w

2
01(4d2

2 + w2
01)

+ a2
2e

f01w2
02)e

f01f3
00

+ 8a1a2e−f01w02/f00w2
01w

4
02)

× (w4
01 + 2d2

2w
2
02 + w2

01w
2
02))(8a1a2

× w2
01w

2
02(f00 − 2d2

2)

+ (a2
1 + a2

2)e
f02f3

00(cos(f03)

+ sin(f03)))))]1/2/((a2
1w

2
01 + a2

2w
2
02)

× ef01f00 + 4a1a2

× exp(f01w
2
02/f00)w2

01w
2
02). (12b)

ò z = 0, d1 = d2 = 0 �\ (9) ª, ��Ó�
Z TEM00 �Z1å� M2 Ïf

M2
x = [(8a1a2w

2
01w

2
02f00 + (a2

1 + a2
2)f

3
00)

× (8a1a2w
4
01w

4
02f00 + (a2

1w
4
01 + a2

2w
4
02)f

3
00)]

1/2

/(4a1a2w
2
01w

2
02f

2
00 + (a2

1w
2
01 + a2

2w
2
02)f

3
00),

(13)

� M2
x = M2

y , ª¥

f00 = w2
01 + w2

02,

f01 = (d2
1 + d2

2)/w2
01,

f02 = d2
1/(w2

01 + w2
02),

f03 = d2
2/(w2

01 + w2
02). (14)

lþª�±wÑ, Ó�Z�Z1å� M2
x ÏfØ

�DÑål�UCUC, ´��d|Ð©^�
¤û½�½DÑÔnþ.

e�Z�Z1å� TEM10 Ú TEM01 �, �D
Ñål z ?�>|�

E1(r) =
a1w01

w1
(x − d1) exp

[
−|r − d|2

w2
1

]

× exp
{

i
[
ωt − k · (r − d)

2R1
+ ϕ1

]}
,

(15)

E2(r) =
a2w02

w2
y exp

[
− r2

w2
2

]
× exp

{
i
[
ωt − k · r

2R2
+ ϕ2

]}
, (16)

Ónò (15), (16) ª�\ (4)—(8) ª, =�� TEM10

Ú TEM01 �Z1å� M2 Ïf

M2
x =

1
f0

ef4+f1{(exp(−f4 − f1(w2
1 + f0)/f0)

×(a2
1e

f4+f1
w4

1(4d2
1 + 3w2

1)f
5
0

+a2
2e

f4+f1w6
2f

5
0 − 16a1a2d1d2

× exp(f1w
2
2/f0)(exp(

ikr2

R1
)

+ exp(
ikr2

R2
))w4

1w
6
2(w

4
1

+2d2
1w

2
2 − w2

1w
2
2 − 2w4

2))

×(32a1a2d1d2w
4
1w

4
2(2d2

1 − 3f0 cos(f5)

+ef2f5
0 (3a2

1w
2
1 + a2

2w
2
2)

×(cosh(f3) + sinh(f3))))}/ff, (17)

M2
y =

1
f0

ef4+f1{(exp(−f4 − f1(w2
1 + f0)/f0)

×(a2
1e

f4+f1
w4

1(4d2
2 + 3w2

1)f
5
0

+3a2
2e

f4+f1w6
2f

5
0 − 16a1a2d1d2

× exp(f1w
2
2/f0)(exp(

ikr2

R1
)

+ exp(
ikr2

R2
))w4

1w
6
2(3w4

1

+2d2
1w

2
2 + 3w2

1w
2
2))

×(32a1a2d1d2w
4
1w

4
2(2d2

1 − 3f0 cos(f5)

+ef2f5
0 (3a2

1w
2
1 + a2

2w
2
2)

×(cosh(f3) + sinh(f3))))}/ff, (18)

ª¥

ff = −8a1a2d1d2 exp(f1w
2
2/f0)

×(exp
[
ikr2

R1

]
+ exp

[
ikr2

R2

]
)w4

1w
4
2

+(a2
1w

4
1 + a2

2w
4
2) exp(f4 + f1)f3

0 . (19)

(17), (18) ªÒ´�©¤íÑ� TEM10 Ú TEM01

� Z 1 å � M2 Ï f. l þ ª � ± w Ñ, � Ó
 TEM10 Ú TEM01 �Z1å� M2 fØ=É��
Z|�Ð©^�, �É�Z�m��m � d �
K�.

ò z = 0 �\ (17), (18) ª, ?�Z|� M2

Ïf�

M2
x =

ef01

f2
0 fff

{e−f01−f02 [a2
1e

f01f5
00w

4
01(4d2

1 + 3w2
01)

+ a2
2e

f01f5
00w

6
02 − 32a1a2d1d2w

4
01w

6
02

× exp(f01w
2
02/f00)
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× (w4
01 + 2d2

01w
2
02 − w2

01w
2
02 − 2w4

02))

× (32a1a2d1d2w
4
01w

4
02

× exp(−f02)(2d2
1 − 3f00) + (3a2

1w
4
01f

4
00

+ 3a2
1w

2
01w

2
02f

4
00

+ a2
2w

2
01w

2
02f

4
00 + a2

2w
4
02f

4
00)

× (cosh(f03) + sinh(f03))}1/2

/(16a1a2d1d2e
f01w2

02/f00w4
01w

4
02 + (a2

1w
4
01

+ a2
2w

4
02)e

f01f3
00w

4
01), (20a)

M2
y =

ef01

f2
00fff

{e−f01(w
2
011+f00)/f00

× [a2
1e

f01f5
00w

4
01(4d2

2 + w2
01)

+ 3a2
2e

f01f5
00w

6
02 − 32a1a2d1d2w

4
01w

6
02

× exp(f01w
2
02/f00)

× (3w4
01 + 2d2

1w
2
02 + 3w2

01w
2
02))

× (32a1a2d1d2w
4
01w

4
02

× (2d2
2 − 3f00) + (ef02f5

00(a
2
1w

2
01 + 3a2

2w
2
02)

× (cosh(f03) + sinh(f03))}1/2

/(16a1a2d1d2ef01w2
02/f00w4

01w
4
02

+ (a2
1w

4
01 + a2

2w
4
02)e

f01f3
00w

4
01). (20b)

ò z = 0, d1 = d2=0 �\ (17), (18) ª, TEM10

Ú TEM01 �Ó�Z� M2 Ïf�

M2
x =

√
(3a2

1w
2
01 + a2

2w
2
02)(3a2

1w
6
01 + a2

2w
6
02)

a2
1w

4
01 + a2

2w
4
02

,

M2
y =

√
(a2

1w
2
01 + 3a2

2w
2
02)(a

2
1w

6
01 + 3a2

2w
6
02)

a2
1w

4
01 + a2

2w
4
02

,

(21)

l (21) ª�±wÑ, TEM10 Ú TEM01 �Ó�Z
�Z1å� M2 DÑÏfØ�DÑål�UC
UC, ´��d�Z|Ð©^�¤û½�Ônþ,
÷v M2 Ïf½5�Ôn¿Â. �,, Ù¦�Z
��Z1å�1å�þ��Ó�¦Ñ.

e (1) ª¤«� TEM00 � (16) ª� TEM01 �
U\, aq���Z1å� M2 Ïf

M2
x =

exp[(−b2 − f1 − iw2)/2]
f2
0 w1ffff

×

{
[4a2

1e
b2+f1f4

0 (4d2
2 + w2

1)w
2
01

+ 16a1a2d2 exp(
f2w

2
2

w2
2 + w2

1

)

×
(

exp
(

ikr2

R1

)
+ exp

(
ikr2

R2

))
w5

2w1

× (2d2
2w

2
2 + 3f0w

2
1)w01w02

+ 3a2
2e

b2+f1f4
0 w4

1w
2
02]

×

[
ef1w2

1(4a2
1(4w6

2 + 6w4
2w

2
1

+ 4w2
2w

4
1 + w6

1)w
2
01

+ 3a2
2f

4
0 w2

2) cos(b1)

+ 4a2
1e

f1w8
2w

2
01 cos(b1)

− 32a1a2d
3
2w

3
2w

3
1w02w01

× cos
(

kr2

R2

)
+ 48a1a2f0w

3
2w

3
1w02w01

× cos
(

kr2

R2

)
+ i4a2

1e
f1 i4a2

1e
f1w8

2

× w2
01 sin(b1) + 16ia2

1e
f1w6

2w
2
1w

2
01 sin(b1)

+ 24ia2
1e

f1w4
2w

4
1w

4
01 sin(b1)

+ 16ia2
1e

f1w2
2w

6
1w

6
01 sin(b1)

+ 4ia2
1e

f1w8
1w

2
01 sin(b1)

+ 3ia2
2e

f1w8
2w

2
1w

2
02 sin(b1)

+ 12ia2
2e

f1w6
2w

4
1w

2
02 sin(b1)

+ 18ia2
2e

f1w4
2w

6
1w

2
02 sin(b1)

+ 12ia2
2e

f1w2
2w

8
1w

2
02 sin(b1)

+ 3ia2
2e

f1w10
1 w2

02 sin(b1)

− 32ia2
1e

f1d3
2w

3
2w

3
1w01 sin

(
kr2

R1

)
+ 48ia1a2d2w

5
2w

3
1w

2
01w

2
02 sin

(
kr2

R1

)
+ 48ia1a2d2w

3
2w

5
1w

2
01w

2
02 sin

(
kr2

R1

)
− 32ia1a2d

3
2w

3
2w

3
1w

2
01w

2
02 sin

(
kr2

R2

)
+ 48ia1a2d2w

5
2w

3
1w

2
01w

2
02 sin

(
kr2

R2

)

+ 48ia1a2d2w
3
2w

5
1w

2
01w

2
02 sin

(
kr2

R2

) ]}1/2

.

(22)

M2
y =

exp[(−b2 − f1 − f2 − iw2)/2]
f2
0 w1ffff

×

{
[4a2

1e
b2+f1f4

0 (4d2
1 + w2

1)w
2
01

+ 16a1a2d2 exp×
(

f2w
2
2

w2
2 + w2

1

)
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×
(

exp
(

ikr2

R1

)
+ exp

(
ikr2

R2

))
w5

2w1

× (2d2
1w

2
1 + w2

1w
2
2 + w4

1)w01w02

+ a2
2e

b2+f1f4
0 w4

1w
2
02]

×

[
− 16a1a2d2

(
exp

(
ikr2

R1

)
+ exp

(
ikr2

R2

))
(2d2

1 − f0)w2
1w

2
2w

2
01w

2
02

+ ef1(w8
2 + f3

0 w2
1 + 3w6

2w
2
1 + 3w4

1w
4
2 + w2

2w
6
1)

× (4a2
1w

2
01 + a2

2w
2
1w

2
02) cos(b1)

+ ief1f4
0 (4a2

1w
2
01 + a2

2w
2
1w

2
02) sin(b1)

]}1/2

,

(23)

ª¥

b1 = (−2id2
2R1R2 + (w2

2 + w2
1)kr2(R1 + R2))

/(2f0R1R2),

b2 = ikr2(R1 + R2)/(2R1R2),

ffff = ef2−b2 [4a2
1e

f2+b2f2
0 w2

01

+ 8a1a2d2 exp
(

f2w
2
2

f0

)
× (exp(ikr2/R1) + exp(ikr2/R2))

× w3
2w1w01w02 + a2

2e
f2+b2w2

2f
2
0 w2

02. (24)

ò z = 0 �\ (22), (23) ª, ?�Z|�1å
�þ�

M2
x = e−f02/2{[a2

2e
f02f4

00w
6
02

+4a2
1e

f02f4
00w

4
01(4d2

1 + w2
01)

+32a1a2d2 exp
(

f02w
2
01

f00

)
w6

02w
2
01

×(2d2
1w

2
02 + f00w

2
01)]

×[32a1a2d2(−2d2
1 + f00)w4

02w
2
01

+ef2f3
00(4a2

1 + a2
2w

2
02)f00

×(cosh(f03) + sinh(f03))]}1/2

/(f2
00fp), (25)

M2
y = e−f03/2{[3a2

2e
f02f4

00w
6
02

+4a2
1e

f02f4
00w

4
01(4d2

1 + w2
01)

+32a1a2d2 exp(f02w
2
01/f00)

×w6
02w

2
01(2d2

2w
2
02 + 3f00w

2
01

×[32a1a2d2(−2d2
1 + 3f00)w4

02w
2
01

+ef02f4
00(4a2

1 + 3a2
2w

2
02)f00

×(cosh(f03) + sinh(f03))]}1/2

/(f2
00fp), (26)

ª¥

fp = a2
2e

f02f2
00w

4
02 + 4a2

1e
f01f2

00w
2
01

+16a1a2d2 exp(f01w
2
02/f00)w4

02w
2
01. (27)

ò z = 0, d1 = d2 = 0 �\ (22), (23) ª,
TEM00 Ú TEM10 �Ó�Z|�1å�þ�

M2
x =

√
(4a2

1 + a2
2w

2
02)(a

2
2w

6
02 + 4a2

2w
2
01)

a2
2w

4
02 + 4a2

1w
2
01

,

M2
y =

√
(4a2

1 + 3a2
2w

2
02)(3a2

2w
6
02 + 4a2

2w
2
01)

a2
2w

4
02 + 4a2

1w
2
01

. (28)

lþª�±wÑ, TEM00 Ú TEM10 �Ó�Z�
Z1å� M2 DÑÏfØ�DÑål�UCU
C, ´��d�Z|Ð©^�¤û½�Ônþ, ÷
v M2 Ïf½5�Ôn¿Â. �,, Ù¦�Z�
�Z1å�1å�þ��Ó�¦Ñ.

3 � Z � Z 1 å � þ M2 Ï f �
[O�

y � � Z 1 å � | ; . ~ TEM00, TEM01

Ú TEM10 �ü�Z1å�Å� λ = 0.6328 µm,
å�°Ý©O� w01 = 0.3 mm, w02 = 1.2w01,
d1 = 0.1w01, d2 = 0.3d1, a1 = 0.8, a2 = 1.4a1,
z01 = πw2

01/λ, z02 = πw2
01/λ. òù
ëê�\±þ

�ª, Ù�[(J��±e�ã«.

ã 1(a), (b) © O � Ñ 
 TEM00, TEM01

Ú TEM10 üü�Z�|�1å�þ M2
x Ú M2

y

Ïf��öå�°Ý�'�Cz. lã�±wÑ,
Ø TEM01 Ú TEM10 ��Z1å� M2

x Ú M2
y Ï

f�å�°Ý�'�CzA�����	, TEM01

Ú TEM10 ��Z1å!TEM00 Ú TEM00 ��Z
1å�þÏ M2

x Ú M2
y Ïf�å�°Ý�'�C

z�q. lã�±wÑ, TEM00 Ú TEM00 ��Z1
å�þ M2

x Ú M2
y Ïf�å�°Ý�'�O�, k

:ì~�, ,�úú/O�, ������½�
ê�; TEM00 Ú TEM01 ��Z1å�þÏf M2

x

Ú M2
y Ïf�å�°Ý�'�O�úú/O�,

�ÙCz�ÌÝ��; TEM01 Ú TEM10 ��Z1
å�þÏ M2

x Ú M2
y Ïf�å�°Ý�'�O�,
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1å�þÏf M2
x Äk:ì~�, ,��ú/� 1

�5��C, � M2
y Ïf:ì�O�, ��� 3.0 Ã

���C. '��Ñ, �Z1å�é¡5é1å�
þ� M2 ÏfK��~²w, � w02/w01 < 2.0 �,
1å�þ� M2 Ïf�å�°Ý�'�O�Cz
FÝ�é���õ. ��Z1å�ö�å�°Ý�
'��]Ï�, �Z1å�þòz�å�°Ý��
1å� M2 Ïf.

ã 2 �Ñ
ØÓ�Ì TEM00, TEM01 Ú TEM10

ü�Z1å�þ M2
x Ú M2

y �DÑål z �Cz.
lã�±wÑ, Ø
 TEM01 Ú TEM10 ��Z1
å M2

x Ú M2
y Ïf�å�°Ý�'�CzA��

���	, TEM01 Ú TEM10 ��Z1å!TEM00

Ú TEM00 ��Z1å�þÏ M2
x Ú M2

y Ïf�
D Ñ å l � C z � q. l ã � ± w Ñ, TEM00

Ú TEM00 ��Z1å�þÏ M2
x Ú M2

y Ïf�
DÑål�O�úú/~�, ,�qúú/O��
����½�ê�; TEM00 Ú TEM01 ��Z1
å�þÏf M2

x Ú M2
y Ïf�ü� TEM00 ��Z

1å�1å�þÏf�DÑålO��Cz�q;
TEM01 Ú TEM10 ��Z1å�1å�þÏf M2

x

Ú M2
y Ïf�DÑål�O�, �ö�Czª³T

Ð��, M2
x Äk�úO�,  M2

y Ïf�úú/~

��� 1 �C. lã�±wÑ, �Z1å�DÑå
lé TEM00 Ú TEM01 ��Z1å�þÏfK�
��, é TEM10 Ú TEM10 ��Z1å�þÏfK
���; |��mé¡5²wK��Z1å�1
å�þ�. o�5`, DÑåléü� TEM00 ��
Z1åÚ TEM00 Ú TEM01 ��Z1å�þÏf
�K�4�[�, 3Ø��#N���S��ÑØ
O (�éCzÌÝ�u 2%), � TEM10 Ú TEM10 �
�Z1å�þÏfCzÌÝ��. '��Ñ, �Z
1å�é¡5é1å�þ� M2 ÏfK��~²
w, é¡5�Ð1å�þ� M2 Ïf�DÑål�
O�CzA��±�Ñ.

ã 2 �Ñ
ØÓ�Ì TEM00, TEM01 Ú TEM10

��Z1å�þÏf��Ì�'�Cz. lã�
±wÑ, Ø TEM00 ��Z1å M2

x Ú M2
y Ïf�

�Ì�'�O�Czª³�q�	, �ü«U\
/ª�1å�þ M2

x Ú M2
y Ïf��Ì�'�C

zª³TÐ��; ü TEM00 ��Z1å�1å�
þ M2

x Ú M2
y Ïf�X�Ì�'�O�:ìC

�, ,��X�Ì�'�O��ú/� 1 �C;
TEM00 Ú TEM01 �Z1å�1å�þ M2

x Ïf�
X�Ì�'�O�A�¤�54~,  M2

y Ï
f�X�Ì�'�O�A�¤�5O\; TEM10

ã 1 (a) �Z1å M2
x Ïf�XDÑål�Cz; (b) �Z1å M2

y Ïf�XDÑål�Cz
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ã 2 (a) �Z1å M2
x Ïf�X�Ì�'�Cz; (b) �Z1å M2

y Ïf�X�Ì�'�Cz

Ú TEM01 �Z1å�1å�þ M2
x Ïf�X�Ì

�'�O�:ì~�,  M2
y Ïf�X�Ì�'

�O�O\. o�5`, �DÑåléùn«U
\�ªK��Ó, �Ì�'�Czéü� TEM00

Ú TEM00 Ú TEM01 ��Z1å�þÏf�K�4
�[�, 3Ø��#N���S��ÑØO (�é
CzÌÝ�u 2%), � TEM10 Ú TEM10 ��Z1
å�þÏfCzÌÝ��.

ã 3 ü�Z TEM00 1å�þÿÁã

ã 3 �Ñ
ØÓ�Ì TEM00, TEM01 Ú TEM10

��Z1å�þ M2
x Ú M2

y Ïf� d1 ëê�C
z. lã�'ó, | �ål�Czé TEM00

Ú TEM00 ��Z1å�þÏf M2
x Ú M2

y �K
�4�[�, �±wÑ, � d1 < 100λ �, �«�
ª�Z1å�þÏf��½�. '���, d1 �C
zé TEM00 Ú TEM00 ��Z1å�þÏf M2

x

Ú M2
y �K���; é TEM00 Ú TEM01 ��Z1

å�þÏf M2
x Ú M2

y �K�g�, ÉK���
�´ TEM01 Ú TEM10 ��Z1å�1å�þÏ
f M2

x Ú M2
y . ù�U´d1|��mé¡5¤K

�. � d1 < 100λ �, ·���[d���Z1å
�þÏf M2

x Ú M2
y �DÑA5, uyd�§�

� M2
x Ú M2

y ��éCþ�u 2.63%, A��½
DÑ, �'Cz�3dlÑ.

4 1å�þ�¢��y

·�^ã 3 ¤«�¢�C�éþ©¥ TEM00

Ú TEM00 ü�Z1å�þÏf M2
x �Xå�°Ý

�'�Cz?1
¢�. ¢�¥¦^�´ Nd:YAG
-1ì, |^ 1/2 ©åì (L1), òÓ�?Ñ��
-1©�1å 1 Ú1å 2. �åØÓ�ßº F1,
F2 ©Oé 1, 2 1å�å�°Ý?1N!, 2é
1å 1, 2 �DÑål?1N�, ¦��ö�å�
°Ý�'U÷vþ©¥��¦, TEM00 Ú TEM00

ã 4 ü�Z TEM00 � M2
x Ïf�Xå�°Ý�'Cz�n

Ø�¢�ã«
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ü�Z1å�þ�ÿþ(J��ã 4. ã 4 �Ñ

 TEM00 Ú TEM00 ü�Z1å�þÏf M2

x �X
å�°Ý�'Cz�nØ�¢��. ã¥ “•” L
«ü TEM00 �Z1å�¢�ÿþêâ, ¢�L«
�g�nØ�. Ïßº F1 Ú F2 ¤3 ��Øé
¡5, ¦�ë�Ü¤�ØÓ1´1å�uÑ�ØÓ,
Ü¤��1å�þÏfk¤�z, �lã�±wÑ,
nØ�¢�(J¬Ü�éÐ, y²
nØ���5.

5 ( Ø

Ä u M2 Ï f � ½ Â, © Ù Ä g � Ñ

 TEM00 Ú TEM00, TEM00 Ú TEM10, ±
9 TEM01 Ú TEM10 � Z 1 å � þ � ) Û L �
ª, ¿?Ø
?!Ó�Z1å�þÏf�Ô
ná5. ê�O�L², é¡5´K��Z1å�
þ M2 Ïf�Ì�Ï���; �ö�å�°Ý�'

��]Ï�, �Z1å�þòz�å�°Ý��
1å� M2 Ïf. �Z1å�å�°Ýé TEM00

Ú TEM00, TEM01 Ú TEM10 �ö�Z1å�þÏ
fK��é��, é TEM00 Ú TEM10 �Z1å
�1å�þK�4�[�; DÑålÚ�Ì�'
é TEM00 Ú TEM00, TEM00 Ú TEM10 �K��'
Ùé TEM01 Ú TEM10 �Z1å�K����õ,
A���Ñ; � d1  u�½���, �Z1å M2

Ïf�CzA��", �´�X d1 �Cz, �Z1
å�þ M2 Ïf��Cz²w. ���¢��y

å�°Ý�'éü TEM00 �Z1å M2 Ïf�K
�. ±þ(Ø��Ñ, �^u��-1��ZÜ¤
�. Äu Li �<�ó�Ä: [15], �©ó���í
2�^=�IXe�Z1å� M2 Ïf.

a��ïI�Ç��©�ö�� (oï9) ?1
?

Ø, ¿JÑ�B¿�.
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Abstract

Beam quality M2 factor of the single-aperture coherent laser beam synthesis system is a major problem to be solved. Based on the

definition of second-order moment, beam quality M2 factors of the coherently combined beam supposed by the basic model TEM00,

TEM01and TEM10 are presented by some analytical expressions in this paper. And, the effects produced by the beam waist width, the

propagation distance, the ratio of the two amplitudes and the distance between the two coherent sources on the beam quality M2 factor

are numerically analyzed. Some results show that the beam quality M2 factor of the coherently combined beam is unchanged when

the propagation distance parameter d1 < 100λ. And the experiment is carried to verify some theories of the two TEM00 coherently

combined beam.
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