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|^²�EÂÚ-1Z�ÿÁEâé 〈100〉 LiF 3 40 GPa S�ÀÂåÆÚ1ÆA5?1
°�¢�ÿþÚn
Ø©Û. ¼�
TØå��S LiF �ÀÂ��Ý'XÚ 1550 nm Å�e�I��Ý?�, ��'\I-1Z�ÿ�
¢��êâ©ÛJø
���â. LiF 3 20.3 GPa SþLyÑ�5 - �5VÅA5, ýOÙüÅ�AÀÂØåe�
�� 22—23 GPa; $udØå�, ± LiF �I��°�¿¡ÿþ¢�I�ÄÙrÝK�.

'�c: LiF, ��5, ÀÂ��Ý, �Ý?�

PACS: 62.20.−x, 78.20.−e, 64.30.−t, 62.20.D−

1 Ú ó

p§!pØ!pACÇ�4à\1^�e
á � ò ² { � � 5 ! � C ! L z � ; . À Â
ÄåÆL§ [1−3]. ±ß²I�;b3q�¬�
¡, |^ VISAR(Velocity Interferometer System for

Any Reflector[4]), DISAR (Displacement Interferom-

eter System for Any Reflector[5]), DPS(Doppler Pin

System [6]) �-1Z�ÿÁEâ?1�\I.¡
�Ý¿¡ÿþK´ïÄþãÀÂÄåÆA5��
«Ä��{.

ÀÂÅ�^e, duI�á��ò�ÇUC,

\I-1ÿ�XÚ¥òÚ\N\õÊVª£, �
�¢ÿ�Ý´�¹I��Ý?��3S�L*�
Ý [7], 7L®�ÀÂ\1eI�1ÆA5, ÏLT
��nØ?���¼�.¡�Ý�ý¢�. ØL,

duI���ÿ�¬ÀÂ{|��, §EØU�N
�¬SÜ�ý¢G�, �7L®�I��ÀÂ��
Ý�åÆA5, |^{|��{ [8] �ü����

�¬SÜ�ý¢âf�Ý{¤.

ü¬Íz� (LiF) duäk{|·¥!>5
Ð!�±ß²Øå��° (∼160 GPa[9]) �`:, ´
�c2�¦^��«I�á�. LiF 3$Øeä
k��5VÅ�AA5, ��I��ÙrÝ�A
é�ÿá�rÝ�K��p� 10%[10,11], Ïd, (
½ LiF �üÅ�AØå��, 3 LiF üÅ«mÐ
\Iÿþéu°�Ôn¢��©­�. yk©z
é LiF $ØÀÂåÆA5�ïÄ8¥3 0—4 GPa

Øåe�5c°ÅP~!Aåtµ�y� [12−15],

�pØåe���5�AA5k�ïÄ. é LiF 1
ÆA5�ïÄÌ��é 532 nm Å��DÚ VISAR

Eâ [4,7,16−18]. duI�ò�Ç�Å��' [19], 

8c�é± 1550 nm �Å��#. DISAR, DPS �
¿¡ÿÁEâ� LiF I�?�êâ%�©�k [20].

°�Ôn¢�Ú#.ÿ�Eâ�2�¦^é°(
ÿþ 1550 nm Å�eI�1ÆA5ëêJÑ
r
�I¦.

�©|^²�EÂÚ “� ” -1Z�ÿ�E
â, éI� 〈100〉 LiF 3 40 GPa S�ÀÂåÆA5
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Ú 1550 nm Å�e�I��Ý?�A5mÐ°�
ÿþÚnØ©Û.

2 ¢�C�Ú�n

¢�3»�Ú�?�í�þ?1. �âØÓ
Øå�O
üaC�: é¡Ú�é¡-E¢�C
�. cö± 2.5 mm þ LiF �¡�EÂ LiF �¬/LiF

I�EÜq, �¬þ 3.0 mm; �¡-q¡ÚI�
cL¡Û¾�, ¿3 LiF �¬Ú LiF I��.¡Ù
� DPS &� (ÿÁ�n�©z [1]), ¢yé LiF ÀÂ
A5�°�ÿþ (�ã 1(a)). �ö±Ã�Ô½â�
�¡, �EÂ LiF EÜq½ LiF I� (�ã 1(b)), ¿
^ DPS &�Ú^ÿ�©Oiÿ-E¡�Ý{¤Ú
�¡�Ý. �Ü LiF Á��þ°1Æ¤ìïÄ¤J
ø� 〈100〉 �ü¬, Ù~��Ý� 2.638 g/cm3, �Ü
�º��(�3�©'5�mSÃ>ýDÕK�.

ã 1 ¢�C��nã (a) é¡-EC�; (b) �é¡-E
C�

é¡-E�, ü� DPS &�B��Ñõ�.
¡�Ý&E [20]. ã 2 �Ñ
é DPS1 ÿþ&Ò
�;.ªÌ©Û (ã 2(a)) Ú���õ.¡�Ý¿

¡ (ã 2(b)). Ù¥ã 2(b) J��L-E¡, §�Ñ

�� wf Ú-q��L*âf�Ý ua, ±9-q
�� t0, �5!�5ÀÂÅ���¬gd¡�� t1,

t2 ��mS�� “� ” ÿþ�; ã 2(b) ¢���
¬gd¡�Ý ($�ãæ^��5£8©Û [21]),

§�Ñ
\1Å��gd¡� LiF �Ä��A. �
ä\1Å(��,�Ãã´|^ã 1(a) � DPS2 �
�ÿþ�¬/I�.¡âf�Ý¿¡.

ã 2 DPS ;.&Ò9?n(J (¢�?Ò: SN05) (a) �
m¨ªÌã; (b) �Ý¿¡

3 ¢�(J�©Û

�?1 8 u¢�, Øå� 3.1—37.6 GPa. p
u14 GPa�Øå:æ^�é¡-E, Ù{þ�é¡
-E¢�. �� wf!L*âf�Ýua!�¬SÅ
r�∆t�ÀÂëêd¢���ÿþ. �5c°Å
�ÝD eÚüÅ�A«��5ÀÂÅ�ÝDp©O
dD e = h/∆t1Ú Dp = h/∆t2 O�, Ù¥ h ��¬
þÝ, ∆t1 = t1 − t0, ∆t2 = t2 − t0 (t0 �-q��,

t1��5Å����, t2�1/2�¸��ÝéA��,

�ã 2(b), ��5VÅ«� Dp O�æ^ 3.2 !�{
O\ÅX�p�^. é¡-E�, ý¢âf�Ý up
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�u 1/2 ���, = up = wf/2; �é¡-E�, up

�â¢ÿDpÚwfd{|��{O�½öd gd¡
�Ý�O½ÆO�(up = ufs/2)[8]. ÀÂ¸�Øå
dP = ρ0DpupO�. Ì�¢� ( J � L 1.

L 1 LiF ÀÂëêÿþ(J

¢�?Ò wf/m·s−1 uHEL/m·s−1 D e/m·s−1 up/m·s−1 Dp/m·s−1 P/GPa ρ/ρ0 ua/m·s−1 ∆u/m·s−1

SN01a) 423.8 21.6 6832.3 211.9 5506 3.08 1.0400 266.4 54.5

SN02a) 1277.6 18.8 6814.0 638.8 6066 10.22 1.1177 805.7 166.9

SN03a) 1321.6 19.6 6820.7 660.8 6069 10.58 1.1222 832.7 171.9

SN04a) 1624.3 23.2 68162 812.2 6331 13.56 1.1472 1024.8 212.6

SN05a) 1641.5 27.1 6816.8 820.8 6337 13.72 1.1488 1033.8 213.0

SN06b) 1619.3 27.8 6857.1 1137 6757 20.27 1.2023 1442.5 305.5

SN07c) 2837.0 — — 1693.4 7469 33.24 1.2947 2163.4 470.0

SN08c) 3057.0 — — 1848.6 7727 37.61 1.3153 2360.7 512.1

a) é¡-E¢�, �¡ \ �¬ \ I�þ� LiF; b) �é¡-E¢�, �¡�Ã�Ô, up d{|��{¼�; c) �é¡-E¢�,
�¡�â, up dgd¡�Ý�O½Æ¼�.

3.1 LiF \\\111ÅÅÅ(((���AAA555

LiF \ 1 Å ( � � ; . Å / � ã 3, Ù
¥ SN01—SN05 ��¬/I�.¡��ÿþ(J,

Ù{d�¬gd¡âf�Ý¿¡�í¼�. 3�
©� 20.3 GPa ÀÂØå��S (SN01—SN06), LiF

þLyÑ²w��5 - �5VÅ�AA�, \1Ø
å�$, K�5Åþ,c÷��, ��½,. �X
Øå?�ÚO\ (SN07), �5ÀÂÅJ`þ�5
c°Å, \1ÅüC�üÅ(�. 3mm þ�¬3
ÀÂØåd 3.1 GPa O� 20.3 GPa �, \1Å°Ý
d 140 ns ~� 12 ns, ±d	í, K LiF �üÅ�A
�ÀÂØåe��� 22—23 GPa.

LiF ��5 Hugoniot 4� σHEL �deªO�:

σHEL = ρ0D euHel, (1)

Ù¥, ρ0 �Ð��Ý, D e ��5c°Å�Ý, uHEL

��5 Hugoniot 4�éA�ý¢âf�Ý. D e

Ú uHEL �¢ÿ(J�L 1. SN01—SN06 � 6 uØ
ÓØå¢�ÿ�� D e � 6.814—6.857 km/s, ²þ
� 6.826 km/s, �ÿþ�Ä���, �é��u 1%.

uHEL � 18.8—27.8 m/s, ²þ�� 23 m/s; �Nw
5, uHEL ��ØåO\ÑkO�, �¿Ø¯a, Ù
©Ñ5Ì�d$�eá�©Ñ5Úêâ?nØ

�¤�. ò D e Ú uHEL �\ (1) ª, �� LiF ²
þ σHEL �� 0.41 GPa. LiF �5c°ÅäkAå
tµ!Ì��DÂålP~�A5, ¿�"�¹þ
Ú©Ù!§Ý!Øå��' [12−15], ùpØ�?Ø.

ã 3 LiF \1Å(�ÿþ

3.2 LiF ������555ÀÀÀÂÂÂ Hugoniot '''XXX

3 0—20.3 GPa S, du LiF �� - �5VÅ
�A, �5ÀÂÅ�Ý Dp æ^ Ahrens �{ [22] O
�±�ÄÅX�p�^. Xã 4 ¤«, ±Å� D e

DÂ��5c°Å3 t1 �����¬gd¡, g
d¡±�Ý u1fs $Ä. b���ÅE��5Å, ¿
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±�Ý D1 DÂ, m1�5\1Å�§���©
���5ÅÚ�5Å, Ù¥�5Å± D2 DÂ, ¿
3 t2 ���gd¡, ¦Ù�Ýd u1fs O� u2fs.

� D1 = D e − u1fs/2, D2 = D e + u1fs, Ó�, -

D̄ = [h + u1fs(t2 − t1)]/(t2 − t0), (2)

Kk

DP =
(D1D̄(D e − u1fs) + D2D e(D̄ − u1fs) − D1D2(D e − D̄)

D1(D̄ − u1fs) + D2(D e − u1fs) − u1fs(D e − D̄)
. (3)

d (2), (3) ªO���� DP ��L 1. Dp

� up �Cz5Æ�ã 5, ã¥��) Jensen[20]

9 LASL ¢�¿ [23] �¢�êâ. �Nw5, �©�
Ä��5?���ÀÂêâ� Jensen[20] �$Ø¢
�(Jäk�Ð���5, LASL êâK $.

ã 4 � - �5VÅ«�5Å�Ý Dp ����n

ã 5 LiF ��5ÀÂ Hugoniot(Dp–up 'X)

�d, ùpæ^�©Ú Jensen[20] ¢�êâ?
1ÀÂ Hugoniot 'X©Û. Dp � up �Cz�Ð
/÷v�5¼ê'X, þãêâ��Z�5[Ü

�§�
Dp = 5214 + 1.336up, (4)

Ù¥, up Ú Dp ü þ� m/s. |^ (4) ª9¢
ÿ�5ÅÅ� D e (D e ²þ�� 6.826 km/s), ¿
- Dp = D e , K�lnØþý� LiF üÅ�A�À
ÂØåe�� 21.7 GPa, ù��© 3.1 !|^\1
Å°Ý�ØåCz���ý�� 22—23 GPa äk
�Ð�gU5.

3.3 1550 nm ÅÅÅ���eee LiF ���III������ÝÝÝ???���

\I¿¡ÿþ¢�ÿ���Ý�I�ò�Ç
UC��L*âf�Ý, 
�ý¢âf�Ý. éü
gÀÂ\1, Ù�Ý?�þ�L«� [24]

∆u = ua − up = (n − 1)up − (n − n0)Dp, (5)

Ù¥ n0 Ú n ©O�~�ÚÀÂ�e�I�ò�Ç.

du n Ã{¢ÿ, w,, ��A^ (5) ªO�ý¢â
f�Ý¿Ø�B. �«�*�{´ÏL�X�ØÓ
ØåÀÂ¢�¼�I��L*�ÝÚý¢âf�
Ý, ïáI�3A½Å�e��Ý?�'X.

L 1 Ú ã 6 � Ñ 
 Ø Ó ý ¢ â f � Ý up

é A � ¢ ÿ � Ý ? � ∆u, Ó � « u ã ¥ � �
� ) Jensen[20] � 4 � ê â :, ù � ´ � c LiF

3 1550 nm e�Ý?��=kêâ, ±þüa¢
�êâ��5�~Ð. ïÄ(JL² [24], éuÓ«
1ÆI�, ∆u–up 'X�æ^�ê¼ê£ã. ã 6

üaêâ�Ñ��Z�ê.[Ü�§�

∆u = 0.180u1.0575
p , (6)

Ù¥, up Ú ∆u ü þ� m/s. æ^�5Cq��
��Ý?�'XK�

∆u = −11.581 + 0.2817up. (7)

ü«[Ü­��¢�(J�'��ã 6. 3�
©¢�Øå��S, �5CqB�éÐ/�Ñ LiF
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3 1550 nm e��Ý?�. ù�, du up = ua–

∆u, \ I ¿ ¡ ÿ þ ¢ � ÿ � � L * � Ý ua �
��=���¬ - I�.¡�ý¢âf�Ý up:

up = (ua +11.581)/1.2817, ;�
�ê?����
ES�.

ã 6 1550 nm Å�� LiF ��Ý?� (∆u–up) 'X

þã(J´3ÀÂ\1e¼��. ØLé LiF


ó, ÀÂ\1e¼��I�?�'X�A^u�

Å\1�?¿Å/\1¢� [17,25].

4 ( Ø

|^²¡-EÚ-1Z�ÿÁEâ, é 〈100〉
LiF 3 40 GPa S�ÀÂåÆA5Ú 1550 nm Å�
e�I�?�?1
°�¢�ÿþÚnØ©Û:

1. � � \ 1 Å / ÿ þ Ú © Û L ², LiF

3 20.3 GPa SþLyÑ²w��5 - �5A5,

ýOÙüÅ�AÀÂØåe��� 22—23 GPa; $
udØå�, ± LiF �I��°�¿¡ÿþ¢�I
�ÄÙrÝK�.

2. ¼�
 1550 nm Å�e 〈100〉 LiF �I��
Ý?�'X. ÏL�Ä��5VÅ«ÅX�p�^
éÀÂÅ�ÝO��K�, ïá
 40 GPa S LiF

ÀÂ Hugoniot 'X. ïÄ(J� LiF A^uá�r
Ý!Lz!�C�\I DISAR �Ý¿¡ÿþ¢�
Jø
�â.
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Abstract

By using plate impact and laser interferometry technology, careful experiments and theoretical analysis for 〈100〉 LiF are carried

out for its dynamic mechanical response and optical characteristics under shock pressures up to 40 GPa. The accurate shock Hugoniot

relation and velocity correction at 1550 nm wavelength are then obtained. Moreover, the direct wave-profile measurments show that

LiF keeps an obvious elastic-plastic response within 20.3 GPa, and the estimated lower limit pressure for single-wave shock response is

about 22—23 GPa. The strength influence of LiF window on the dynamic behavior of the sample should be taken into account in precise

experiments with shock pressure lower than this range. The results above establish foundations for the design and data post-processing

of shock experiments in which LiF is used as an optical window for the dynamic material properties such as elasto-plasticity, phase

transition and melting.

Keywords: LiF, elastic-plastic response, shock Hugoniot, velocity correction

PACS: 62.20.−x, 78.20.−e, 64.30.−t, 62.20.D−

* Project supportd by the Foundation of China Academy of Engineering Physics, China (Grant Nos. 2010B0101002, 2011B0101002,

2009A0101001), the Foundation of National Key Laboratory for Shock wave and Detonation Physics (Grant No. 9140C6701021102), and

the National Natural Science Foundation of China (Grant No. 11172281).

† E-mail: lxm023@yahoo.com.cn

156202-6


