
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 135204

---111°°°ÄÄÄííí¥¥¥qqqééé¾¾¾���OOO������ØØØ   ¢¢¢���ïïïÄÄÄ*

üër p�� "ïx �¸ $¡­ M7 ±�¬ ëm� ù[¸
Ç�´ ÁR 4ù# 4À¡ [¯ ÛL Ég� ��¢†

( ¥Ió§ÔnïÄ�-1àCïÄ¥%, �lfNÔn­:¢�¿, �� 621900 )

( 2011 c 12 � 12 FÂ�; 2012 c 2 � 22 FÂ�?Uv )

|^-1°Äí¥á�/¤��lfN�6éá�?1�Å\1, �±¼�pACÇ�O��Ø . 3 1 III
�.põÇ-1C�þmÐ
-1°Ä¾á��O��Ø ¢�, ¤�.�ÝZ�¤ VISAR P¹��¬gd¡ë
Y!1w��Ý{¤, æ^�È©{�� 60 GPa ±þ�¸�Ør, \1þ,÷� 10 ns, ACÇ�� 108 s−1, ¿�*
	�
Ø Å3�¬�L¡����A.

'�c: -1°Ä, O��, í¥q, �È©

PACS: 52.50.Jm, 52.50.Lp, 42.62.−b, 78.47.dc

1 Ú ó

ïÄpØeá��5�´ÔnÆ�c÷+�
��. 8c, ·pØ�p�±�� ∼ 550 GPa[1], �
p�ØrI�æ^ÄpØEâ [2]. ÄpØ\1E
â�)ÀÂØ ÚO��Ø . ÀÂØ �±¼
� TPa ±þ�Ør, �ÀÂØ ¦á�dÐ� “�
C” �ª�, ØU£�á�ëYCz�L§, 
� 
 ¦á��§,�p. �'�
ó, ��Ø U

¦�¬lÐ�ëYCz�ª�, ÙAåOþ´±�
/(�DÂ�, ùÒ�ïÄá��Ä��AJø

�^�~Ð� “L§” å», 
�¦á��§,�
$. ¢Sþ, n����Ø L§´Ø�3�, �
U��Cq��½O��. 3 P -V ãþ, O��Ø
 �´0uÀÂý9�Ún���ý9��m�
�«L§­�, §�nØ�����C, §� “O
��” 5Ò�Ð. O��Ø ��{�){|FÝ
�¡\1 [3−7]!ý�n�ñ\1 [8]!^Ø\1 [9]

±9CÏ¢y�-1\1 [10]. -1\1�`:´
Ørp!ACÇp!�Çp!�¬º��. ùØ
=*Ð
<�3á��ã¥pØ!p�!$§«
��ïÄ�m, 
�kÏu)ûUNÔn!á�Ô

n�+��éõ9:c÷¯K. ~X,c3 300 GPa
±þ´Ä�3#��, ���´Ä�3���lf
N�C, ùéuïÄ/¥�1(�Ü�G��©­
� [11,12]; nØýó����lý�N�7á��
=C´Ä�3 [13]; pACÇe��á��ÄåÆ
�A!C/Å��¯K [14,15].

2004 c Edwards Ú Lorenz �<3 OMEGA -
1C�þæ^-1°Ä “kÅá� - ý�mY - �
¬” �q�. (±e{¡ “í¥q”) ¢yé¾á�
�O��Ø , ¸�Ør� 51 GPa[10]; 2006 c¦
�æ^�Ó�q�., uy¸�Ør�-1õÇ�
Ý�5O\, ¿3¾á�¥¢y
 200GPa �¸�
Ør [16]. 2007 c Smith �<3 OMEGA C�þæ
^-1�¡p Z 7áçn�)� X��°Äí¥
q, ¼�
p²¡Ý�O��\1, ¿3 110 GPa
ØreïÄ
¾�ÄåÆ�A [17]; ¦�uy3
kÅá�c\���¡¬O\�¡�Ç, ²wJ
p¸�Ør, ¢y
 210 GPa �¸�Ør [18], ¿
JÑæ^äk�ÝFÝ�kÅá��±ò��Å
\1��m, kÏuJp¸�Ør¿�°é�¬
þÝ��� [19]. 2009 c Bradley �<3 OMEGA
C�þæ^�mÅ/²L�/?n�-1óÀ�
çn�^�)� X ��\1�7f��¬þ, ¢
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y
¸�Ør 1400 GPa �O��Ø , ¿uy�
�3 800 GPa Øre7f��´­½� [20]. 2010
c Koenig � [21] 3 LULI -1C�þ|^�/-
1óÀ��\1�cá�þ, O��Ø �¸�
Ør�� 250 GPa, ¿*	�
c���5Cz
Ú α-ε �C. �C, {II[:»C� (NIF) ��

|^ 176å!750 kJ, 20 ns ��/-1°Ä7f�
á�, ¢y
 5 TPa �¸�Ør [22]. d	, |^-
1\1�O��Ø �ª, <��ïÄ
á�3p
ØpACÇe� RT Ø­½5 [23−25], ��õ¬�
C [26], IOá����� [17,27] �, 7áá��¯
ÑrÝ�¯K [28]. IS3-1°ÄO��Ø ¢
��¡����é�, 6NÔnïÄ¤3 100 J t
Àæ-1ìþ?1
¾á��O��Ø ¢�, ¼
�
 7 GPa �¸�Ør [29], þ° 1 II -1C�
þ�3mÐ-1°Ä�O��¢�.

æ^-1°Äí¥q¢yO��Ø ���
`³3ué-1�/Uå!óÀ°Ý�¦$. 
�
lIS	5w, �,-1°Äí¥q¢yO��Ø
 ��
���?Ú, �´EI�XÚ![��¢
�ïÄ. ~X, �/-1óÀ�ª�O��Ø ®
²�� TPa ±þ�Ør, 
8c®���-1°Ä
í¥q�ª�pØr� 200 GPa �m, XÛÏL`
z-1ëêÚqëê¢y�p�¸�Ør; -1\
1Ú^Ø\1�Ñ�á��O��Ø ��3²
w � [17], ù�\1�Ç�'X´�o; �ké�
¬§Ý!�Ý�� ÿþÃã�uÐÚ¢�°Ý
�¯K. Ïd, �\ïÄ-1°Äí¥q�.¢y
O��Ø �¢�5ÆÚÔn5Æ´�©­��.
�©0�
·�3 10�.-1C�þmÐ�
-1°Äí¥qé¾á��O��Ø ¢�. |^
�È©�{©Û¢�ÿþ��¬gd¡�Ý{¤,
��
\1�¸�Ør3 60 GPa ±þ, TØr´
8cIS���æ^-1\1Ãã¢yO��Ø
 ��pØr, w«
-1°ÄO��Ø �ã�
då; �¼�
¾�¬¥O��Ø Å�¿¡ã,
¿[��©Û
Ø Å3�¬¥DÂ±93�.
¡���ÔnL§.

2 Ä��n�¢�üÙ

-1°Äí¥q¢yO��Ø �Ä�L§
Xe: |^ó°A ns �põÇ-1óÀ�¡$ Z

kÅí¥á�¿3Ù¥°ÄrÀÂÅ, ÀÂÅ3á
��L¡�1�¦kÅá�/¤�	ý9)ä�

�lfN, �lfNBL�½�Ý�ý�mY/¤
�mºÝ.�!�Ý©Ùc$�p��lfN�
6, Ù3�¬L¡ØäæÈòg�ÄU=z¤Ø 
³U, l
¢yé�¬��ÅO��\1 [10]. ù«
í¥q�.�±¢y�A ns$����m�\1
L§, 
�Ø�¦-1óÀäk�mÅ/�/Uå.

ã 1 ¢�üÙ«¿ã

¢�3 1 III �.-1C�þ?1, ¢�
ü Ù ¿ ¡«¿ã�ã 1. | ^ üån � ª Å
� 351 nm, ó° 3 ns ²ºóÀ-1��\1-
1, -1��í¥á�þ����»� 2 mm, õ
Ç�Ý ∼ 1013 W/cm2. |^ëY� � (CPP) é
-1å?1�m�/!w. üå-1Ñ± 45◦ �
\��í¥á�þ, í¥á�À^�Ý 1.236 g/cm3

��zà�¯L (CHBr), þÝ� 197 µm, ý�m
Y� 400 µm, ¾�¬þÝ� 34.5 µm. �¬gd
¡�Ýæ^¤�.�ÝZ�¤ VISAR P¹ [30],
&ÿ1²L¾²¡º����¬gd¡, VISAR
iÿ�î��mº��� 500 µm, �Ý©EÇ
� 2.4 km/s/fringe. X �����Å uq��þ
�, ^5iÿ-1�í¥qcL¡�^u� X��
��m©Ù�¹, ���Åc�� 40 µm �^5L
È,Ñ1, Ó��å�{	$U X ���� CCD
Oê�Ú��^. ¢�æ^n�ª-1�q, �¢
SþÄª!��ª1�Ó��3. 
����én
�ª1��,·�3ÔqeþÊb�½º��Ô¶
-¡5¶-ÄªÚ��ª1.

3 ¢�(J

À�-1oUþ� 1.7 kJ, ²þ-1rÝ�
� 1.84× 1013 W/cm2 �ug?1©Û. Ù���Å
ã�Xã 2(a) ¤«, �� X 1u�«��mé¡5
�Ð,ã 2(b) �Ñ
ã 2(a) ¥÷J�«��rÝ©
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Ù, ��3¢S VISAR iÿ���S (¥% �N
C 500 µm) X��u�rÝØþ!5�u 10%. ù

Ñ½5`², ² CPP !w�-1rÝ��mþ!
5�Ð.

ã 2 X �����Å�¢�(J (a) ��ã�; (b)
÷ (a)ã¥J�«���éOê©Ù

¾�¬�.¡�gd¡, Ù�Ý{¤d¤�
.�ÝZ�¤ VISAR ÿþ, ã 3(a) �Ñ
�ã 2
Ó�ug� VISAR ^«ã�, î¶��m¶, &
�1��mI�� 15 ns, p¶´�mº�. ^«
1w!ëYCz½5`²Ø G�´O��Ø .
ã 3(b) �Ñ
�^«CzéA��Ý{¤, -1ó
À� CHBr m©�^���½��m":. 28 ns �
c�¬gd¡�±·�, ^«´²��·�^«;
28 ns ��Ø Å��gd¡, gd¡m©\�, �
�Ý�� 3 km/s �m, m©Ñy���úþ,��
�«; 36 ns �mgd¡�Ýqm©¯�Jp, 3&
�1��mI�S����p�Ý� 7 km/s. Ed-
wards �<æ^�Ý�$��& (0.1 g/cm3) ��í
¥á��uy
gd¡�Ý{¤k���A:, ¿
@�ùÌ�´duØ Å3�¬¥5£���(

J [10]; Ó�¦��uyæ^�Ý�é�p��z
à�¯L��í¥á� (�Ý 1.23 g/cm3), ¬~�
é�¬ (24 µm ¾) ��Å\1, �Ý����, ,
	�¬�¡\I�á��¬³��Ý���Ñy.
DeMange �<uyæ^àzæX��í¥á� (�
Ý 1.60 g/cm3), �Ó�\1^�e, ��¬ (20 µm
¾) vk*	��Ý��, 
þ�¬ (60 µm ¾) K
²w*	�gd¡�Ýõ��A: [28]. ¤±´Ä
Ñy�Ý��Ú\1¯ú!�¬þÝ!´Ä\I
�á��õ«Ï�k',·��g¢��,�æ^

� Edwards¢�aq�í¥á�, �´du·�
��Å\1�Í
��¬þÝ�é�þ (34.5 µm
¾), ¤±�*	�
²w�Ý��A:.

ã 3 VISAR ¢�(J (a) gd¡ VISAR ^«ã; (b)
l (a)ãJ���Ý{¤

4 ©Û�?Ø

X J � ¬´ü �, � � æ ^ ¤¢ “� È ©”
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{ [31] l�¬�.¡��Ý{¤íä�¬SÜ�\
1{¤, ù«�{I�¯kb�G��§ [10,16,23].
3.�KFL�e, ²¡����$Ä¥0���
þ!ÄþÚUþÅð�§|�:

∂σ

∂h
= −ρ0

∂u

∂t
,

∂ε

∂t
= −∂u

∂h
,

ρ0
∂E

∂t
= σ

∂ε

∂t
= −σ

∂u

∂h
,

(1)

Ù¥ h, t, σ, u, ε, E ©O�.�KF�I!�
m ! A å ! â f � Ý !NA C Ú ' S U. NA
C ε = 1 − v/v0; v = 1/ρ, v, ρ ©O�'NÈÚ
�Ý. ò�§| (1) ¥�1nªUþ�§O��á
����'X ε = F (σ), 3Ø�Ä��5�A�,

�©�ª��È©�§|�:

p(h − ∆h, t) = p(h, t) + ρ0[u(h, t + ∆t)

−u(h, t − ∆t)]∆h/(2∆t),

u(h − ∆h, t) = u(h, t) + [η(h, t + ∆t)

−η(h, t − ∆t)]∆h/(2∆t),

ε(h − ∆h, t) = F [p(h − ∆h, t)].

(2)

·�æ^ Sesame ¥L 3700 ¥¾�G��§
�����§ [17,32] (�ã 4(c) ¢�). b��¬g
d¡�Ør©ª�", ±ã 3(b) �Ñ��Ý{¤�
�Ñ\^�, |^�§ (2) �±O����¬SØ
Ó ��Ør!�Ý!âf�Ý�Ônþ. ?n�
I5¿, Ø Ål�¬\1¡DÂ�gd¡I��
½��m, ¤±|^�§ (2) O��¬¥ØÓ �
�Ônþ, é�mÈ©�«m´Ø�Ó� [33,34].

ã 4 �È©(J (a) \1¡Ør��m�'X; (b) \1¡�Ý��m�'X; (c)Sesame ¥L 3700 ¾�nØ��
� (¢�) Ú¾�¬\1¡Ør: A(Ð�), B(¸�), C (¢�*ÿ"�); (d)HYADES �[��.¡�Ý{¤ (ùÚ[
�) Ú�È©Ñ\��Ý{¤ (çÚo�)

ã 4(a) Úã 4(b) ©O�Ñ
�¬cL¡ (\
1¡) �ØrÚ�Ý��m�Cz'X, ¸� �
Ñy3 32.5 ns, ØrÚ�Ý¸�©O�� 62.5 GPa
Ú 3.9 g/cm3. dã 4(a) ��, Ør�þ,÷� 10 ns,
�Ò´`lí¥á��lfN�6���¬L¡
�Ùé�¬�\��Ør��mm�� 10 ns. T

ê�²w�u°Ä-1�ó° (3 ns ²ºóÀ), ù
Ò`²
æ^-1°Äí¥q�.Ø=¢y
é
�¬��Å\1, 
�ò�
\1�m; cÙ3-
1óÀ°Ýá!�/Uå���¹e, ù«\1
�ª´¼�á�O��Ø �­�Ãã. 8c, I
	æ^-1��°Äí¥q\1¾á�, ¼��O
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��Ø �pØr� 200 GPa, Ørþ,÷� 4—
5 ns[16], �·��¢�^��', Ùæ^
�p�
-1õÇ�Ý (7.88 × 1013 W/cm2) Ú�á�ý�
mY (300 µm), ùü�¡Ï�Ñ¬Jp\1�¸�
Ør¿ á\1þ,c÷ [35].

lã 4(b) �±����Ø Ç ρmax/ρ0 ≈
1.44 Ú��ACÇ 1/3(∂ ln ρ/∂t). �
;�ÛÜ
ÅÄ�K�, Äkéã 4(b) ¥�­�?1©ãõ
�ª[Ü, 2|^[Ü­�O�Ñ��ACÇ�
� 7.9 × 107 s−1. 8c·�3¢�¥æ^�´ü�
þÝ��¬, �ØU�Ù§��q�¬¢��±l
¢�þ�ÑO��Ø � [17,20], ¤±ØrÚ�Ý
�X�m´÷XnØ���Cz�. Xã 4(c) ¤
«,¢��Ñ
 Sesame ¥nØ���, �È©��
�¾�¬\1¡ØrÚ�Ý�lÐ� (A :) ÷X
���þ,�¸�Ør (B :); ��Ørm©eü,
l B :ü� C :.

�È©{�Ñ\þ´�.¡��Ý{¤, Ñ
Ñþ´cL¡�Ør{¤, ù«d��c�L§
=� “�È©”. �
�y�È©L§���5,
·�ò�È©{���Ør{¤ (ã 4(a)) ��Ñ
\þ�^3¾�¬�cL¡þ, |^��6N§
S HYADES[36] ���[¾�O��Ø L§. X
ã 4(d) ¤«,HYADES �[����.¡�Ý{
¤ (ù[�) ��È©{Ñ\��.¡�Ý{¤ (ç
o�) ��NCzª³´���, ù½5`²
�
È©{�k�5. ü��Ý{¤�ÛÜ�ÉÌ�´
�È©æ^���§� HYADES æ^���§Ø

��Úå�.
�
�[��*	�¬¥Ør�Cz, ïÄ

ÅX���A, ã 5 �Ñ
Ør3��²¡��
p�©Ùã, �p��Ør�3ãþ�IÑ, î¶
�ål�L.�KF�IX¥�ål. Xã 5 �
�, \1¡ ��¸�Ør��, ��C�¬�.
¡, Ør���. 30 ns ±c�Ø����`²Ø
 Ål�¬\1¡��¬�.¡DÂ; 30 ns �m
�Ø�m©��¬SÜ�­, ù`²Ø Å��
�.¡¿3�.¡��/¤DÕÅ, DÕÅm©
�qSDÂ; DÕÅ3��¬SDÂL§¥��
¡�Ø Å�^, U\��Ø Åq��.¡D
Â, ��Ør�p�2g��.¡�­; �gØ
 Å3 36 ns �m���.¡¿2g��. ã 5
mý­��Ñ
�¬gd¡�\�Ý{¤, =ò
ã 3(b) �gd¡�Ý{¤é�m¦�. Ø Å
3�.¡������gd¡\�Ý¸� �
éA���´���. lúª (1) ¥1��ªf
�±wÑ, .¡\�Ý�����éAØrFÝ
�����½öÉå�����, lã 5 �±w
Ñ�.¡ØrFÝ�����Ä�þÒ´Ø 
Å�����. Ø Å3�.¡��/¤DÕÅ,
DÕÅ��¬SÜDÂ�L§��gd¡?�Ø
rFÝ~�, =�.¡Éå~�, Ïdgd¡�)
ä\�Ý~�, ùÒ´ã 3(b) ¥Ñy�Ý²�«�
�Ï. ,	, Ø Åüg���.¡��mm��
� 6 ns, ù�-1rÝ!óÀ°Ý!�¬þÝ�Ï
�k'.

ã 5 Ør��©Ù�p���¬gd¡\�Ý{¤
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¾��pØÔn¥~^�IOá�, ÙG��
§!�C���´<�'5�9:¯K [37−42]. ·
pØ X��û�¢�®²y¢¾á�l¡%á�
¬�(� (fcc) �8��æÈ(� (hcp) ��Cu
)3 217 ± 10 GPa[40], ù�´8c-1°Äí¥q
¼��¾á�O��Ø ��pØr��. 8c·
�3 1 III �.���¸�Ør� 60 GPa,ÏL
`z�Oí¥q(�!Jp-1õÇ�Ý�Ãã
�±¢y 200 GPa ±þ�Ør. ùò�3ÄpØO
��\1^�eïÄ¾!c�7áá���C¯
KJø�^­�å»;ÏL��qëêÚ-1ëê
��±¢yØÓACÇ�Ø L§, l
�±ïÄ
ØÓACÇeá��rÝ�5�.

5 ( Ø

3 1 III �.põÇ-1C�þmÐ
-1
°Äí¥q�¾á�O��Ø ¢�ïÄ. |^Å

� 351 nm, rÝ 1.84×1013 W/cm2, 3 ns ²º-1°
Ä CHBr í¥á�/¤�lfN�6,�6²L�
½�Ý�ý�mY?
é¾�¬?1�Å\1¢
yO��Ø . ¢�æ^¤�.�ÝZ�¤ VISAR
P¹�¬gd¡��Ý{¤, 1wëY� VISAR
^«`²Ø L§�O��Ø , 3 15 ns �&�
1�mI�S����p�Ý�� 7 km/s, æ^n
Ø���, |^�È©{�� 60 GPa ±þ�¸�
Ør, \1þ,÷� 10 ns, ACÇ�C 108 s−1, Ø
 Ç�� 1.44. gd¡�ÝÑy���úþ,�²
�, ù´duØ Å3�¬�L¡��/¤�DÕ
Å��¬SÜDÂ���. ù
¢�(J���
�?�Ú¼��p¸�Ør�O��Ø , ïÄp
Ø!pACÇ^�eá��5�Jø
�^ék
cµ�å».

�¢���
 1 III �.-1C�$1<

±9q��Ü�Ó¯��å|±, 3dL«©%�
a�.
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Abstract
The quasi-isentropic compression of material with high strain rate can be obtained by the ramp wave loading of plasma jet

produced by laser-driven reservoir target. The quasi-isentropic compression experiments of aluminum are carried out on the high
power laser facility of SG-III prototype. The smooth and continuous speed history of free surface of specimen is recorded with a line-
imaging velocity interferometer (VISAR). The peak pressure (> 60 GPa), the rise time of the load (∼ 10 ns) and the strain (∼ 108 s−1)
are derived by the back-integrating method, and the reverberation of compression wave at the rear surface of the sample is observed.
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