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ÀÂÅ°�N�Eâ´.5�åàCïÄ�'�Eâ��. �éÀÂÅ°�N��äEâ��¦, ± 1 III �
.þó°� 3 ns �ü���/-1óÀ�
, ^�=¬N�I�á�, �[
VÀÂ3�=¬N¥DÑÚJ`�L
§. |^üu;.VÀÂÅN��¢�êâ, �y
 1 III �.äk�°�N�Uå. ¢�(JL², 3°Ä
!
qÚ�äXÚëê���^�e, üu¢�¼��¢�(J¥ügÀÂÑy���, ÀÂÅ�ÝÑé��. ÏL°
[©Û, uy3ügÀÂ�¬���, Z�^«�ßÝÚ��5Cz��, �ªêâ?n¼��ÀÂÅ�Ý ��
��. Ó�, 3�gÀÂ�ÀÂÅ�Ýk��O\�^�e, ¿vk*	�ÀÂÅ
¡���Ç�²wO\. �©�
¢�(J����êâ�â, ��¡mÐÀÂÅN�¢�Jø
k���{.
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1 Ú ó

3.5�åàCïÄ¥, ¥%:»´(½�Ì
�:»�ª [1−3]. �
���Ý�ü$ÀÂØ �
�O, ¦S�L§�C��L§, �¦é�q-1
?1óÀ�/. ���äÀÂ:»�ÔnL§´é
(J�, �´�±�O���[¢�©ÛS�L§.
�
u�óÀ�/��J, I��A�óÀ�/¢
�L�Eâ. ù�±ÏLÿþß²0�¥�ÀÂÅ
�Ý, ÀÂÅ¬à�m5¢y. dd�5
.5�
åàCïÄ¥�'�Eâ�� —– ÀÂÅN�E
â. I	'uÀÂÅN��¡�¢�ïÄ®²'�
�\?1, Ì�æ^��ä��´¤�.?¿��
¡�ÝZ�¤ (velocity interferometer system for any
reflector, VISAR) . 3TEâïÄ¥®²æ^L�
I�á�Q�)Má�, X�=¬N!L�=!7
��!LiF!à�¯Lá� [4−6], ��)àC-�
�� [7]. Ó�, 3õÀÂ°Ä
`z!°�½�!
�äXÚëê`zÚêâ?n��¡Ñ®È\

�þ�¢�²�Úêâ, ��ª:»�e
j¢�

Ä:. �´, ·�3T+��ïÄâffåÚ. 3 
1 III �.C�äkóÀ�/Uå¿ïá
Äu 
1 III �.C��¤�. VISAR �äXÚ�, âU
mÐý�¿Âþ�m�°Äe�ÀÂÅN�Eâ
ïÄ.

�â·I.5�åàC��¦, qá�¥I�
?1�¡á�Ú��á�¥ÀÂÅN��Eâ�
y. �´, du¢S�qUåÚ�q]
���, Ø
U^�¡á�Ú��á�?1�þ�¢�. cÙ´
cÏ�äEâ�y�ã, I�Äk�¤�äEâ�
°�z,êâ?nEâ�°�½�±9�XÚØ(
½Ý�©Û�ó�. 3�äEâ���½§Ý�,
âU?1�¡á�Ú��á����©)¢�Ú
8¤¢� [4−7].

3ÀÂÅN�Eâ¥,¦^�Ó�-1óÀ!
q!P¹��Úêâ?n�{�¤N�Ä:¢�,
¿éÙ �?1©Û´?1N�EâïÄ�Ñu
:. �©|^Ä����-1óÀÚq, 3Ó��
P¹��þ¼�
�=á�¥üu­E�õÀÂ
¢�êâ, ¿éêâ���5?1
©Û. ÏL°
[©Û, uy3ügÀÂ�¬���, Z�^«�
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ßÝÚ��5Cz��, �ªêâ?n¼��ÀÂ
Å�Ý ����. Ó�, 3�gÀÂ�ÀÂÅ�
Ýké�O\�^�e, ¿vk*	�ÀÂÅ
¡
���Çk²w�O\,$�k��Ç~��y�.
�©é^«��5Ú��Ç�O\ùü«y��
UÑy��Ï?1
ÐÚ©Û, Ó�JÑ
e�Ú
I�ïÄ�¯K. �©Jø�¢�êâÚ�{, �
e�ÚÀÂÅN�Eâ�°�zïÄ�e
ûÐ
�Ä:.

2 ¢��O�¢�(J©Û

2.1 qqqÚÚÚ---111óóóÀÀÀ���OOO

¤�. VISAR Eâ´.5�åàCïÄ¥À
ÂÅN�Eâ�'��äEâ. ë�I	��O,
3 1 III �.C�þ���¤�. VISAR XÚ
�¢�C�®k©z�[�� [8−13]. ã 1´¢�
^q�«¿ã. du´üà°Ä, 
¤�. VISAR
´��3»�¡þ�, ¤±I�3q�e����
���º, ±�¤�ä. �=¬N� z ���=¬
N (=R�u z ¶�e�¬N), Ù|Ë�Uåér,
�±���¬ÚI�á��¤Ë�§Ý� 180 eV
±e��Ü©�y5¢�.

ã 1 üà°Ä�q«¿ã

¢��O�-1Å/Xã 2 ¤«. �
{z�
O, òÙ�O¤ü��. ü�����m'� 2 : 1,
Uþ'� 1 : 1, oó°� 3 ns(�p�°). ¢�¥æ
^üà°Ä, lå¿��^�. üå-1^��: U
þ 400 J, Å� 351 nm, -1ó° 3 ns(�p�°). ¢
�¥ Al Ä.�þÝ� 50 µm, ß²I�æ^ z ��

=¬N, þÝ� 180 µm. �
~�ÅÜ���K�,
ß²�=¬NI���¡Û
�� 1 µm þ� Al
�. 3ÀÂÅ��ß²I��c, �±���µZ
À�Z�^«ã. ÀÂÅ����, ¬3.¡þ�
)é�ß�^«aC, k|uêâ��ÖÚ©Û.

ã 3´¦^ Multi-1D ^��[��=¬N¥
ügÀÂÅJ`�6�ã. Al Ä.� 50 µm þ,�
=¬N� 100 µm þ, °Ä
�ã 2 �)�V��
Ë�
. lã 3 w�, 3 2.6 ns, ÀÂÅDÑ Al Ä.
á�, 3 3.3 ns �gÀÂ`þ�gÀÂ, �)��À
ÂÅ\�, 
�ÀÂÅ~�. éu�äEâ
ó, �
�ÀÂÅJ`L§­��´w��gÀÂ�\1
L§Ú�gÀÂ�2g\1Ú~�L§.

ã 2 �O�°Ä-1Å/

ã 3 ^ Multi-1D �[��=¬N¥VÀÂJ`6�ã

2.2 ¢¢¢���(((JJJ

3 1 III �.C�þ, �é�=¬N�üÀ
ÂÚõÀÂ�¢��?1
 12 u, Ù¥N���
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5�ä¢��?1
 4 u. ·�À�üu3���
Ó�¢�^�e¼��¢�(J?1��5©Û.
���Ó�¢�^��)�Ó�q!�Ó�°Ä
�mÅ/ÚUþ'±9�Ó��äXÚ��. �¤
±ù�Sü, Ì�8�´Ïé��°�zEâ�å
:. Ï�ÀÂÅN�Eâ���é­��A:Ò´
°�z. Ò�äEâ
ó, °�zäN�)ÀÂÅ
�Ý°(5!ÀÂÅJ`�m:½�°(5. �´,
Ï�-1Å/�[�Cz�U¬é�ªÀÂÅ�
Ý�J`:½��)é��K�, ¤±7L3ÐÏ
¢��Òò-1Å/��5Ú°�N�B\ÀÂ
ÅN�Eâ�µeS.

ã 4´¢SN����-1Å/. �±w�-
1Å/¢S/G��¦�/Gk�½�å,�m'
vkî�Uì�¦�� 2 : 1, Uþ'���� 1 : 1.
�´, üu�Å/'���, �±^u��5�ä.
1 15 u1����rÝþÑy����, ùé-
1ì5`�´I�e�Ú°�zU?�/�. ã 5
´���Åæ8�üu¢��5\ã�. �±w�,
üu¢��5\�¹Ä���, vkÑy²w�!
>¯K. é-15\�oNµd´÷v¢��¦,
¿�­E5�Ð.

ã 6´üu;.��5¢��¢�(J. ã 6
¥ügÀÂy��~²w, ù�ã 3 �[(J�Ó.
�´ügÀÂÑy����ã 3 �[6�ã¥ü
gÀÂÑy���ØÓ, �U´·� Multi-1D §
S¦^�G��§ëêØOÚ\1Ë�
�¢S
k�OÚå�. ã 6 ¥, 3 3 ns���gÀÂÅ�

� Al Ä.�.¡, ©Ou)ý�¥��1Ú�=
¬N¥2g\1�y�. ã 6(a) ¥m�>u)�´
ÀÂÅý�¥�1�y�. �Ï´ùÜ©Ä.á�
�.¡éA�´ý�G�, ÀÂÅ3�� Al �.
¡��1
�)^«��. ã 6(a) ��>u)�´
ÀÂÅ2g\1y�.

ã 4 ¢�¥¦^�ü��-1Å/� � � �
ã 5 ���Å*	��üu¢�5\�ì¡

ã 6 �=¬N¥üÀÂJ`�(J (a) 1 14 u¢�(J; (b) 1 15 u¢�(J
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ã 6(a) ¥, 3 0 � 3 ns Ïm��^«L«�
´ Al Ä.þ��µZ�^«. J�±SL«�q
-1óÀ��Ý, Ùó°� 3 ns. 3�m¶ 3 ns�
�^«ÑyaC, `²�gÀÂ���=¬N, �
)
#���¡. ^«�m�­L²´\�L§,
���­L²´~�L§. 3 4.5 ns ��, ^«2
gÑyaC, `²�gÀÂJ`þ
�gÀÂ, /
¤
#�ÀÂÅ
¡. ��, ÀÂÅ�ÝÑy��
� 500 ps �O�Ï, ^«�m�­. duù��q
-1®²(å, vk�YUþ|±, ÀÂÅ�ÝÅ
ìü$, ^«��>�­. ¢�(J�L², 3-1
óÀì�Ïm, vku) “�_” �A [14], 
��
/°Ä�)�ÀÂÅ3-1óÀ(å�cÒ��

�=¬N. ùÒ´�«;.� “>�>D” y�.
Ó�, ù«y��´�G��§¢�ØÓ�/�.

2.3 ¢¢¢���(((JJJ©©©ÛÛÛ

ã 7 ´1 14 uÚ1 15 uêâ��Ý?n(
J. �±w�, üu¢��Ý��5Ø�. 1��-
1óÀ���)�ÀÂÅ3�=¬N¥� 27 km/s
� 30 km/s ��Ý��, 1��-1óÀ�)�À
ÂÅ3�=¬N¥J`þ1��ÀÂÅ���p
�Ý� 35 km/s �m. �´, ==^ã 7 ��Ý{¤
ã¿ØU�NÑüu¢�¼���Ý�O. ��°
�z¢���Ü©, ©Û�Ý�Oþ±9�)�Ï,
ée�ÚU?¢�ké��Ð?.

ã 7 üu¢�êâ�VÀÂ�Ý?n(J

ã 8´üu�Ýêâ�O'�ã. 31���
��mã, üuêâ�Ý�O��, 3aC:NC
�O�� 2 km/s �m. ùk�U´düu¢�¥-
1ìÚq�Ø��5Úå�. 1���mã�Ý�

O��, ���O� 1.2 km/s. éã 7 Úã 8 ?1
c[©Û,´°�N�Eâ�Sº¤3. XJ�Ø
-1ìÚq�K�, @�ÙG��~��, =l�
äEâþù, �k��I�@ýU?�/�, Ò´
�ØÄ�Ñ�Z6�¯K. c[©Ûã 6(a) ¥xµ
S�^«, uy^«Ñyéõ��Ñ�y�. Uì
©z [15] �©Û, ù´Ä�Ñ��K�. 3,
u
g�¢�¥, ®²��
K�êâ�Ö°Ý�§Ý.
Ä�Ñ�´�õÊV�A�)��«y�. ù«y
����K�´3¤�. VISAR P¹�^«¥Ñ
yÛ­Ú�Ñ�y�, l
�ªK��üêâ�°
Ý. é¤�. VISAR Eâ5ê, �: VISAR Eâ
ké��«O. 3äkép��m©EÇ�`³Ä
:þ, ¤�. VISAR Eâ��5
Ä�Ñ��õ
ÊV�AéÜ�^�¯K. Ä�Ñ��½þz©Û
��Øó�ò´·�e�Ú°�zU?���­
�SN.

ã 8 üu¢�VÀÂ�Ý�~��ýé�êâ

�
½þzïÄVÀÂÅ
¡��ÇCz�
&E, ·�|^ Drude- gd>fí�. [3] O�

�=¬N¥�ÀÂÅ
¡��Ç!ÀÂÅ�ÝÚ
ÀÂÅ§Ý�'X (Xã 9 ¤«) . �=¬Ná�
���Ý­�´|^ QEOS (quotidian equation of
state) �§O����. lã 9 �±w�, 31��
���)�ÀÂÅ�Ý��S (27 km/s—30 km/s),
ÀÂÅ
¡���Ç3 40%�mCz. 1����
�)�ÀÂÅ�p�� 35km/s, ÙÀÂÅ
¡��
�Ç�� 50%. ÏL�©z [16] �êâé', ·�
¢�¼��þ´ÀÂÅ
¡���&Ò. ã 10 ´
òã 6 ¥�µS&Ò�²þ�(J, 8�´'�ü
u¢�ÀÂÅ&Ò���Ç. lã 10 w�, 1 14 u
¢�¥ügÀÂÅ&Ò���Çê��ª³Ñ�
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ã 9 nØO��Ä���. �´, 1 15 u¢�¥1
�gÀÂÅ���&Ò'1�gk²w�ü$ (3
ã 6(b) Ly�^«é'ÝC�), ^«�þ�C�.
ù�y��ã 9 ¥nØO����ÀÂÅ��Ç
O\�ª³¿Ø��. ©Û�Ï�Ukü�¡, �
´1 15 u¢��-1ì1råÏò��Çþ,ù
«CzùX
, ����ÿ��ÀÂÅ
¡��Ç

CzØ�; �´1 15 u¢�¥, �gÀÂ`þ�g
ÀÂ�/¤#�ÀÂÅ
¡�ûÑ�A5�î­,
¿Ø|u/¤ép���Ç. nÜ'� 14 uÚ 15
u�&Ò, ·�uy�gÀÂ/¤���¡A5�
UØA¦^ã 9 �êâ{ü	í¼�. ù�¡�¯
Kò´·�e��ãnØïÄ���­:.

ã 9 �=¬NÀÂÅ�Ý!Å
¡��Ç�ÀÂÅ§Ý
�'X [3]

ã 10 üu¢�ÀÂÅ��ÇCz'�

3 ( Ø

éÀÂÅ°�N�Eâ
ó, ¼�-1óÀ!
q!P¹XÚ���5^�e�¢�êâ´�Ø
N�Eâ�å:. �©± 1 III �.þó°� 3 ns
�ü���/-1óÀ�
, �¤
ÀÂÅN��
äEâ���5¢�, ¼�
��5éÐ�¢�ê
â. ¢�L², 3�qY²Ú¢�ug���e, |
^Má�?1ÀÂÅN��äEâ&¢Ú�Ø´
'�Ü·�. ÏLé¢�(J�©Û, ·�¿vk
3�gÀÂ�*	�ÀÂÅ
¡��Çk²w�
,p. ù� Drude- gd>fí�.O��(J¿
Ø����. ÐÚ©Û´du-1ì1å�mþØ
þ!ÚÀÂÅJ`�/¤�#���¡��ÇØ

p�Úå�. Ïd, éõgÀÂ/¤���¡�ü
gÀÂ/¤���¡´Äþ�º¡���¯K, ò
´·�e�ÚnØïÄ���¯K.

é¤�. VISAR Eâ5ê, �: VISAR Eâ
ké��«O. 3äkép��m©EÇ�`³Ä
:þ, ��5
Ä�Ñ��õÊV�AéÜ�^�
¯K. duÑ���mÚ�mªÇA5, 3ÀÂÅ
N�ù«p�y��¥, ·��U3ì²-1�Z
5! �A5Ú¤�1´ª�A��¡��{, �
ªòÑ�Z6Ø$�,�§Ý. 'uù�¡�ïÄ,
ò´·�e�Ú°�z¢�U?�­�SN��.
�©Jø�¢�g´Ú(J�e��ã°�N�
Eâ�e
ûÐ�Ä:.
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Shock timing experiment based on imaging velocity
interferometer system for any reflector∗
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Abstract
The timing of multiple shock waves is crucial technique to the performance of inertial confinement fusion ignition targets. With

the requirement for shock timing, the timing ability of Shen Guang-III prototype is analyzed by experimental data of two shots. The
laser pulse in Shen Guang-III prototype is shaped in time scale, and the window material is z-cut quartz. The stream lines of two shock
waves in quartz target are presented with Multi-1D program. Two steps of radiation drive two shock waves that coalesce in the quartz
target, the resulting history, coalesce times, and transit times are observed in the stream lines. With the experiment results of two shots,
the consistence of resulting history and coalesce times of two shock waves is provided under the same condition of laser pulse, target
and diagnostic parameter. The differences in shock wave velocity, fringe contrast and quality occur at coalesce times of two shock
waves. And the reflectivity of second shock wave does not increase compared with that of first shock wave. These experimental results
and method provide the strong support for shock timing technique.

Keywords: optical diagnosis, shock wave, timing, speckle
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