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1 Ú ó

3põÇ-1°Äì¥, 1å�þéuÔn¢
�9��°Äì�S�­½$1Ñ´4�'��
Ï�. ¢S�-1��ó¥, põÇ-11å~~
du�¸Ú1Æ��¤�3�«N�Ï�
E¤
1å�þ�eü. ùØ=éÔn¢��)
­�
K�, Ó��O\
��ó¥1Æ��É�ú»�
�ºx. Ø<�Ú�-1	, põÇ-1°Äì¥
��50��gà��A99��¬é1Æ��
E¤»��ºx. ©z [1] ïÄ
põÇ-1°Ä
ì¥�gà��A, �A�9��A�¤�
ïÄ
�9: [2−5]. ïÄuy [1−12], 1Æ��¤���
"�Ú�¸¥�3�ÃXíM���âÀ/´E
¤1å�þeüÚei1Æ���»��­�Ï
���. Äud, ©z [6,7] æ^õÇÌ�Ý (PSD)
��{5£ã1Æ��"��©ÙG¹, ¿¼�

fN��¹e, 1Æ�� “"�” ©ÙõÇÌ�
Ý�1åC|rÝ©Ù PSD �m�½þ'X [6,7].

 Mainguy �<|^{Iî��-1DÑ^�¥
� MIRO §SïÄ
põÇ-11å��âÀ/
�m��p�^, Ù­�ïÄ(J´¼�
�âÀ

/º���é�Y1´�K� [9]. põÇ-1°Ä
ì¥�-1p��ú´�~­��ïÄ�K, 
�
âÀ/´põÇ-1°Äì¥~Ñy��«À/,
Ïd�âÀ/é�Y1å�þ�K�9E¤1Æ
��»�ºx�ïÄ´�~7��. 8cISÿÃ
�âÀ/épõÇ-11åC|N�y�ïÄ�
�¢��, �©æ^gÌmu�põÇ-1�O^
� Laser designer, Ò�âÀ/épõÇ-11å3
��ó¥�C|û��A�
�þê�ïÄ, éu
põÇ-1°Äì�S�­½$1ÚU?9`z
�Oäk�½�ë�d�.

2 ê�O�§S

Laser designer ^�´�ö3�OpõÇ-1
°ÄìL§¥gÌmu�, ÙõU®²3 1 II 1
Ê´°Äì�U?!¸I�fU��o´-1X
Ú!þ°1Å¤û��r�á-1Ì��ìÄ$

XÚ!±Ú� NLF -1XÚ±9Ê��¤��
õÇ-1XÚ�põÇ-1°Äì�Ôn�1Æ
�O¥����. �©æ^ Laser designer ^�ê
�ïÄ
�âÀ/épõÇ-11å©O3ý�
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Ú�=Àæ¥-1C|N�y�. 3ê�O�¥,
²º©Ù��/óÀ�L«�
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ª¥, A0 �&Ò�Ì, r L«�m»�Î�I, n �
�pd1å�ê (� n = 1 �pd1å, n > 1��
²º1å), σ �1��», t ��m�I, τ �óÀ
�p�°, m ��móÀ�ê. põÇ-1°Äì
¥1åDÑÌ��9�û�!��5gà�Ú1
r���½P~n«ÔnL§. 3�Äcü«�A
��¹e, 1å�DÑ�d NLS �§L«�

2ik0
∂E

∂z
+ ∇2

⊥E + 2k2
0

n2

n0
|E|2E = 0, (2)

3nÜ�Än«ÔnL§�¹e, ��ÚP~L§
Ì�Ny3ò�Ç�Eê, K NLS �§�í2�

2ik0
∂E

∂z
+ ∇2

⊥E + 2k2
0

n2

n0
|E|2E + ik0(α − β)E

= 0, (3)

ª¥1�!n!o�©OL«û�!��5Ú�
� (P~) L§. n0 L«0��5ò�Ç, n2 L«�
�5ò�Ç, k0 L«DÑ~ê, α´0���ÑX
ê, β �OÃXê.

3 ê�O�9(J©Û

põÇ-1°Äì¥��âÀ/Ï~d�¸
��!íM�½1Æ��3��Ú\óL§¥¤
�5�í3�â�/¤, Ùé1å�rÝÚ� ä
kN��^. �1å²d�âÀ/û��, 3�Y
1´¥¬/¤-19��:, Ñy¸�õÇ4r«
�, l
O\�Y1Æ���»��ºx. 3ùû
�L§¥, �r�âÀ/épõÇ-11å�K�
©)�na: �ÌN�! �N�±9�ÌÚ �
N�ok��¹. 3-1��ó¥, 1å3ý�Ú
�=Àæ¥DÑ´ü�­��!. Ïd, �âÀ/
éý�Ú�=Àæ¥1åC|N��¹�ïÄ, �
�põÇ-1C�S�­½$1Ú`z�OJø
­��ë��â. e¡ÒpõÇ-11å©O3ý
�Ú�=Àæ¥²�âÀ/��C|û��¹?
1ê��[Ú©Û.

3.1 ���âââÀÀÀ///333ýýý���¥¥¥���CCC|||ûûû������AAA

3põÇ-1��ó¥, duØÓ�5
�â
À/�«aØ��, l
���âÀ/�/G!Ô

n(�!zÆ5��é1å�K�ÑØÓ. �Ò1
Æ5�
ó, �âÀ/é1å�)�K��{ü�
©��ÌN�Ú �N�. ±²;��/�ÌÚ 
�N��~, ïÄ�âÀ/é1å�C|û��A,
ùéuÙ¦5�ÚÔn(���âÀ/K�1å
C|�¹´äk;./�¿Â�.

�©ïÄlü��âÀ/�õ�âÀ/é1
å�N�y�, ÅÚé1å�þ�Cz?1©Û
�é1Æ��E¤»��ºx�O. Äk�k�
�/M>�âÀ/?upõÇ-1��óý�n
N1´¥. ÙérÝÚÅcþ!©Ù�1å¬p
��)Øþ!�âC. ù«âC3û��A�^
eòé��-1å�C|©Ù�)N�, äNX
ã 1 ¤«. ã 1 ��Ì. ((a) � (d))!�ÌÚ �
. ((e) � (h)) ±9 �. ((i) � (l)) �âÀ/�C
|û��¹'�ã, z|oã©OéADÑål
 u 0 mm, 200 mm, 400 mm Ú 600 mm ? x ��
���­�©Ù. lã¥�±é�Ù/wÑû�|
¥ x ��1r©þ�DÑål�Cz'X. �'

ó, �Ì.�âÀ/é-1C|N��f,  �.
�âÀ/é-1C|N��r, �ÌÚ �ok.
�âÀ/é-1C|�N�0uüö�m. ��Ì
.�âÀ/N´3-1C|�ÛÜ/¤V«,  �
�âÀ/�N´3-1C|/¤r«. dd��,
 �.�âÀ/épõÇ-11å�þ�K�´
��î­�, Ù¦a.�âÀ/�K���.

3û��A�^e, ��âÀ/û���-1
1å3ý�¥DÑ�, ¬3DÑ��/¤�rÝ�
�, ù«rÝ��¡��9�. ã 2 �Ñ
ý�¥
�»� 200 µm ��Ì.Ú �.�âÀ/û��,
DÑål©O� 10 mm, 30 mm, 90 mm Ú 180 mm
�1åC|rÝ©Ùã. é'©Ûã 2 ¥�û��
A, ���Ì.�âû�Ñ�9�rÝ�f, 
 
�.�âÀ/�²~N�%ér.

ã 3 Ú ã 4 © O � Ñ 
 ý � ¥ Å � © O
� 1053 nm ÄªÚ 351 nm n�ª-11å²�
Ì.� �.�âû��, ¤/¤�9�rÝO\
�ê�DÑål�Cz'X. dã 3 Úã 4 ¥�±
uy, põÇ-11å²�Ì.�âÀ/û���
9�rÝO\�ê�u 1.5 �, 
² �.�âÀ
/û���9�rÝO\�ê�p�� 9 �. ,
	, Å���, �âº���§û��AÒ�r�,
¤/¤�9��r«�DÑålÒ�á. 
�Ó«
�âÀ/û���9�rÝO\�ê�Å�Ã'.
ã 5 �Ñ
 1053 nm ÄªÚ 351 nm n�ª-11
å©O²�»� 100 µm ��Ì.�âÀ/��»
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� 300 µm � �.À/�âû��¶þrÝO\
�ê�DÑål�Cz'X. lã¥�±wÑ, Ä
ªÚn�ª-13/¤9��r«�¤I��D
Ñål�m��3n�'X.

±þïÄ�´ý�¥ü��âÀ/é1å�
C|û��¹. �¢S1´¥, �âÀ/�êþ�
õ, yÀ�5K©Ùêþ©O� 2, 4 Ú 8 ��âÀ
/�~5ïÄõ�âÀ/�8+9��A, ù
�
âÀ/�m©Ù�¹Xã 6 ¤«, ã¥�éü�â
À/�m�må� 0.4 mm.

ã 7 Úã 8 ©O�Ñ
 �.�âÀ/Ú�
Ì.�âÀ/3ý�¥û���-1C|©Ù�
¹. ã 7(a) � (d) �ü�âÀ/©OéA3DÑå
l 10 mm, 30 mm, 90 mm Ú 190 mm  �?�-1
C|©Ùã, Ù¥���­�� y ��þ�rÝC
z­�. ã 7(e) � (h), (i) � (l) ©OéAo�â�
l�â�¹, DÑål� (a) � (d) éA. dã¥�
wÑ, �XDÑål�O\, �âÀ/�õ, 1å�
Ñ�×�. 
3À/�â�/©Ù�¹e, êþ�
õ, ¥
û�U\�rÝ�r.

ã 1 ý�¥ü��âÀ/épõÇ-11åC|�N��¹ (a) � (d) ��Ì.; (e) � (h) ��ÌÚ �.; (i) � (l) � �.
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ã 2 ý�¥�âÀ/�C|û��A (a) � (d) ��Ì.�âÀ/; (e) � (h) � �.�âÀ/

ã 3 ý�¥Äª1²ü��âÀ/û��¶þ�érÝO\�ê�DÑål�Cz'X (a) ��Ì.�âÀ/; (b) � �.�âÀ/

ã 4 ý�¥n�ª-1²�âÀ/û���¶þ�érÝO\�ê�DÑål�Cz'X (a) ��Ì.�âÀ/; (b) � �.�âÀ/
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ã 5 ØÓÅ��¹e, û�|¶þ�érÝO\�ê�DÑål�Cz'X (a) ��Ì.�âÀ/; (b) � �.�âÀ/

ã 6 �âÀ/�m©Ù«¿ã

ã 7 5K©Ù �.�âÀ/�C|û��A
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ã 8 5K©Ù�Ì.�âÀ/�C|û��A

ã 9 ØÓêþ�âÀ/�¹e, ¶þrÝO\�ê�DÑål�Cz'X (a)  �.�âÀ/; (b) �Ì.�âÀ/

ã 10 �âÀ/�m�Å©Ù«¿ã

3õ�âÀ/�Ó�^e, ¬�)8+�A.
=¬3-1C|/¤éõ9��:, Ù¥�-1r

«¬�DÑål�Cz
u) £, ���rÝ�
�Lü��âÀ/�¹. ØÓêþ��âÀ/�
¹e, ¶þrÝO\�ê�DÑål�Cz'XX
ã 9 ¤«. ã¥�-1Å�� 351 nm, �âÀ/Ô
��»� 200 µm, kõ��âÀ/Ô�, b�§�
3�» 200 µm ��±þ5K©Ù. O�(J`²
�âÀ/Ôêþ�õ, /¤�-19�«rÝÒ�
r, 3ý�¥�±Y�»�ålÒ��.
¢S�¹e, �âÀ/´Ã5K�Å©Ù, �

�Ø��. �e5± 8 ���Ø���âÀ/Ô�
~, ^5ïÄ�Å©Ù��Ø��õ�âÀ/Ôé
-1C|N�y�, Xã 10 ¤«.

ã 11 ©O�Ñ
ý�¥��Ø��Å©Ù
��Ì.�âÀ/û�Ñ���-1¸��î�
�I �!-1rÝO\�ê�DÑål�'X.
ã 11 `²�Å©Ù�õ�âÀ/û���-1
rÝ¸�3�m¥�©Ù ��XDÑål�C
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ã 11 ý�¥�Å©Ù��Ì.�âÀ/û��rÝ
�DÑål�Cz'X (a) î�-1rÝ¸��DÑ
ål�Cz'X; (b) ¶þrÝO\�ê�DÑål�
Cz'X

z
Cz�, Ø�½3Ó�� �, �U3éá�
DÑålSÑy���î� £y�. ù«y�

nØþk|u3�½§Ýþ³��ºÝgà��
A�u), l
ü$1Æ���-1�ú�ºx.
lã 12 ¥õ�âÀ/û��¹e, î�¡1r©
Ùã�é²w�w� £y�. Ù¥�Ñ�d (a)
� (c) nÌã©O�-13ý�¥DÑ 50 mm,
60 mm Ú 70 mm ål��-1C|î�¡1r©
Ùã, ��§��¥�gÑy�-1r«3�m�
î�©Ù´�XDÑål�Cz
Cz�, ù«î
�r« £�Ý��û½
30�¥´ÄU^|
/¤�ºÝgà�j»�.

3.2 ���===ÀÀÀæææ¥¥¥���âââÀÀÀ///���CCC|||ûûû������AAA

�'ý��¹, 1å3�=Àæ¥DÑäk�
�5gà��A, ù���'5�âÀ/�N��
^. e¡ïÄ��âÀ/N3�=Àæ�L¡�,
põÇ-11å3�=Àæ¥�û��¹. ê�
�[�Å�©O� 1053 nm Ú 351 nm, Ùò�Ç
©O� 1.449736 Ú 1.4767, ��5ò�ÇXê©O
� 0.8 × 10−13 esu Ú 1.1 × 10 −13 esu.

ã 12 ý�¥�Å©Ù�Ì.�âÀ/û����¡rÝ©Ùã (a) DÑål� 50 mm; (b) DÑål� 60 mm; (c) DÑå
l� 70 mm

ã 13 g� N�é�âÀ/û�|¶þrÝO\�ê�K� (a) �»� 100 µm � �.�âÀ/; (b) �»� 200 µm � �.�âÀ/
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ã 14 ØÓÀ/�âº��¹e, ¶þrÝO\�ê�DÑål�Cz'X (a)  �.À/�â; (b) �Ì.À/�â

ã 15 ØÓÏþ!ØÓº��¹e, ¶þrÝO\�ê�DÑål�Cz'X (a) Ú (c) L« �.�âÀ/�¹; (b) Ú (d)
L«�Ì.�âÀ/�¹

gà��A´dg� N��AÚå�, 3�
½§Ýþ¬³��âÀ/é1å�û��Ý, \�
�âÀ/û�Ñ�¶�9�rÝÌÝ (Xã 13 ¤
«). Ó�, gà��A�lû�L§¥çÀÑ�
¯O��ªÇ¤©, 3rÝ½ål��K��/
¤prÝ�gà�j, ¬E¤1Æ���»�. l
ã 13 ��, ØÓÀ/�âº�é1å�)�N�

�AØÓ. e¡ïÄØÓº���âÀ/�¹e,
põÇ-11åC|�û��¹. ã 14 O�
Å
�� 1053 nm Ïþ�Ý� 10 J/cm2 �Äª1å²
ØÓº�� �.Ú�Ì.�âÀ/û��¶þ
rÝO\�ê�DÑål�m�Cz'X. ã 15
©OO�
Å�� 351 nm � (3 ω) -13Ïþ�
Ý� 3 J/cm2 Ú 6 J/cm2 �¹e, �ØÓ�»!ØÓ
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«a�ü��âÀ/Ô3�=Àæ¥û���¶
þrÝO\�ê�DÑål�m�'X. ã 15 (a)
Ú (b) �Ïþ 3 J/cm2 ó° 3 ns n�ª (3 ω) O�Å
-1�¹, (c) Ú (d) �Ïþ 6 J/cm2 ó° 3 ns n�
ª (3 ω) O�Å-1�¹. ïÄ`²d�âÀ/Ô
Úå� �ÆC´E¤�Y1Æ���»���
­�K�Ï���.

õ�âÀ/ÔØ=3ý�¥�±û�Ñ'ü
��âÀ/Ô�r�9�, ��±3á�SÜ�)
�î­�gà��A. ã 16 Úã 17 ©O�Ñ�´
1å²�=á�cL¡êþ� 2, 4 Ú 8 � �.Ú
�Ì.�âû��, 3�=á�SÜ¶þrÝO\
�ê�DÑål�Cz'X. ã 16 (a) � (c) L«3
Ïþ� 3 J/cm2, ó°� 3 ns �n�ªO�Å-1²

êþ©O� 2, 4 Ú 8  �.�âÀ/û��,�=
á�SÜ¶þrÝO\�ê�DÑål�m�'
X. 
ã 16 (d) � (f) �Ïþ 6 J/cm2 ��¹. ã 17
L«Ïþ©O� 3 J/cm2((a) � (c)) Ú 6 J/cm 2((d)
� (f)), ó°� 3 ns �n�ªO�Å-1²êþ
©O� 2, 4 Ú 8 �Ì.�âÀ/û��, �=á
�SÜ1|¶þrÝO\�ê�DÑål�m�
'X. lã 16 Úã 17 ��, -1Ïþ��, ¶þ
r Ý O \ � ê C z � �. 
   � � â
À/¤Úå�rÝN��'�Ì.�âÀ/¤
Ú å � r Ý N � �. � â À / ê þ � õ,
é - 1 C | þ ! 5 � K � Ò � �, / ¤ � -
1 9 � r Ý Ò � p, 3 á � S Ü � � N ´
/¤gà�»�.

ã 16 �=Àæ« �.�âÀ/û��¶þrÝO\�ê�DÑål�Cz'X
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ã 17 �=Àæ«�Ì.�âÀ/û��¶þrÝO\�ê�DÑål�Cz'X

ã 18 �Å©Ù��âÀ/3�=Àæ¥û��, ¶þrÝO\�ê�DÑål�Cz'X (a) � �.�âÀ/; (b) ��Ì.�âÀ/
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��âÀ/�Å©Ù�, ¶þ-1rÝO\�
ê�DÑål�Cz�¹Xã 18 ¤«. ã¥`²,
ÃØ´�Ì.�´ �.�âÀ/�¹, 3Ó�D
Ñål,�=Àæ¥�1rO\�êÑ'ý�¥�
1rO\�ê�. �Ò¿�X3�=Àæ¥¤/¤
�»�59� (½gà�j) I��ålk���
N=Ý, ùk|u31´¥æ^�þ�1Æ��,
l
k|u·�ü$��»1Æ���\ó�¦
^JÝ.

4 ( Ø

3põÇ-1°Äì$1�¸¥, Ø�;��
¬Ñy�âÀ/. ïÄpõÇ-11å²�âÀ/
�C|û��A, éu°ÄìS�­½$1!C�

K1Æ·!1å�þ�J,±9`z�O�þk
ë�d�. �©æ^äk�&Ý�põÇ-1�O
^� Laser designer é1å²�âÀ/�û�A5
�
ê��[¿\±©Û, Jø
���¢�ë�
êâÚ`². ïÄL²,  �.M>�âÀ/ép
õÇ-11å�û��A��î­, nØþ�uÙ
¦«a��âÀ/; üXdû��A���9�N
�Údû�9�ºÝgà�üö�Ó���9�
N��', cö¤E¤�K��$. �'�Ì.�
âÀ/,  �.M>�âÀ/¤Úå��ºÝgà
�9�N���î­. 
d�âÀ/û�¤Úå�
1åC|r«î� £, %3�½§Ýþ�±³�
�ºÝgà��A��), l
ü$1Æ���-
1�ú�ºx.
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Abstract
The near-field diffraction characteristics when a high-power laser beam traverses contaminant particles are studied by using the

designing software of high-power laser drivers-Laser designer. The modulations generated by contaminant particles are sorted. Then
the influence of contaminant particles with amplitude or phase modulation on the near-field intensity distribution in vacuum or in fused
silica is analyzed in great detail. The results show that in both vacuum and fused silica, the phase modulated contaminant particles
have a greater influence on the near-field properties of high-power laser. Moreover, it is found that in fused silica, the small-scale
self-focusing hot-image modulation of high-power laser induced by phase modulated hard-edge contaminant particles is momentous.
But the lateral shift of high-power laser beam caused by contaminant particles maybe inhibits the small-scale self-focusing effect to
some extent, thereby reducing the laser injury risk of optical component.

Keywords: high power laser beam, contaminant particle, small-scale self-focusing, hot-image
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