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|^�O��þ§ Asay-F IEâ, l¢�þO(�ä
ØÓ\1G�e7á Pb �¬L¡��Ô�þÚ�

Ý-�Ý©Ù&E, ­:�º
Lzc�7á�¬L¡��A5�ÉÓ, ¿lnØ©Û��Ý)º
Ty��)�Ô

n�Ï, �ïÄLzé7á�¬L¡����K�Å�C½
­�Ä:.

'�c: Pb, ��, Lz, Asay-F I

PACS: 62.20.M–, 62.50.Ef

1 Ú ó

���´�ÀÂÅlá�gdL¡���, Ü
©Ô�øl7áÄN�	���ÄåÆy�, Ty
��ïÄé@£á�3p�-E½ÀÂ�4à^
�e�åÆ�AÚ»�1�äk­�¿Â. 3¢S
\1Ú�¬G��Ï��^e, �����)Å�
´õ�5�, �A���þÚ��Ô�âG��k
êþ?��O [1−17]. X: éuÀÂ\1Øå$u�
1LzK���¹, ���Ì�d7áá�½L¡
AÛ�þ!5Úu, �A���êþ���L¡o
÷Ý�éA [1−4]; 
�\1rÝ�L�½K�, 7
áá�3ÀÂ\�1L§¥?uLz½Ü©Lz
G��, 7áL¡����ò�rzÚû), 3D
Õ.�¤�!»�ä��1��^e/¤�¡È
�»�«, ����Ô�þ¤�$�Ñyþ?O\,

�Ý9�m©ÙA�½òu)²wUC [4,5,11,12].

duykÿÁEâ (XØ>�=O!p��K
Ú-1�E�) ���ä��þK��$, Ã{�
��ä�þÚ�Ý����Ô��'&E, Ïd,

8c¢�ïÄÌ�8¥3ÀÂ\1Øå$uá�
LzK�, =��þ����¹, 
éu�Lz�
'��þÚ�Ý�����y��ïÄ�3²w
Øv. XJUuÐ�«�þ§��ÿÁEâ, l¢
�þO(�Ñ�Lz�'���þÚp�Ý��
Ô�A�&E, é'Lzc7á�¬L¡��Ô�
A5, �ºLzc�7á�¬L¡��A5�ÉÓ,

éu@£Lzé7á�¬L¡���K�Å�, �
ï�A�Ôn�.Ã¦äk­�¿Â.

�©[3DÚ Asay IEâÄ:þ, �OuÐ
�«��ä7á�¬L¡p�ÝLz»���Ô
A�&E��þ§ Asay-F IEâ, l¢�þ�Ñ
Lzc�ØÓ\1G�e7á�¬L¡����
A�&E, ¿­:©ÛÙÉÓ, �ïÄLzé7á
�¬L¡����K�Å�C½Ä:.

2 ¢��{9ÿÁEâ

¢�\1�ªÀ^²¡�ñ\1, ¢�C�(
�9�äEâ«¿�ã 1. äN(��: Φ100 mm

² ¡ Å u ) ì + Φ100 mm×20 mm JOB-9003 +
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Φ100 mm Pb. �3 Pb �¬Cgd¡ �?¼�
ØÓ\1Øå, Pb �¬þÝ�O�ü«, ©O� 2

Ú 15 mm. Pb �¬²��\ó�, L¡²ï�?n,

L¡o÷Ý� 0.8 µm.

�äÃãÌ�À^�©�O� Asay-F IÚ
Ø>�=O, Ù¥Ø>�=O^u�� Asay-F I
�ä(J���5, ü«EâäNÿÁ�n� 2.1

Ú 2.2. ��yÿÁ(JO(��, 3ÿÁ&Þ�S
Cþ�¦ Asay-F IÚØ>�=OÿÁ&Þ¶��
�¬gdL¡î�R�, ÿþà¡��¬gdL¡
ål°(�� (�©� 5.0 mm). ,	, À^-1õ
ÊV £Z�¤ DPS ��ÿþ Pb �¬gd¡�
Ý, ^uO(�ÑÀÂÅ�� Pb �¬�gd¡, =
���u)��m (©¥òÙ½Â�¤kÿÁEâ
�"�). Ó�, �~��íé����K�, ¢�
C�\1Ü©ÚÿÁ&Þ��uý�Ý� 500 Pa

��¿NìS.

ã 1 ¢�C�9�äEâÙÛ«¿ã

2.1 Asay-F III

��äÄ1e7á�¬L¡p�Ý��Ô�
�A�&E, �©3DÚ Asay I (ã 2(a), -1ÿ
�XÚÀ^�ÝZ�¤ (VISAR)) Ä:þ [18,19], �
OuÐ
�«�þ§ Asay-F IEâ, ÙÄ�(�
�ã 2(b), =3ß²I� (LiF) ����â�EÂ
à¡^4�þ��ä��Êb
���¾� (þÝ
� 130 µm), ±(�-1Z�ÿ�XÚ (À^ DPS,)

�~£1, ¼�p�þ�¢�&Ò, ?
|^-1
Z�ÿ�XÚP¹�I�-���âm�.¡�Ý
íÿ��Ô���þ!�Ý!�Ý�&E. ,	,

��y DPS ÿþ.¡�Ý¿¡U�Ný¢�Ôn
&E¿äk�Ð�­E5Ú��5, �©À^ DPS

ÿÁEâ-1���»� 0.4 mm, ��u���â
ºÝ (���âºÝÏ~�A��, ���A��
�), (�ÙÿÁ÷vÚOÿÁ�¦, ;�Ï���
âºÝ�ÿÁ��¡È����5ÿþ(J��
Å5ÚØ(½5.

|^ Asay-F Iÿþ�.¡�ÝO���Ô�
�þ-�Ý�©Ù�, ^�A:Ä�b�: 1) �ÀÂ
Å3gd¡���, �Ü���þ´3v
á��
mS�)�, l
�±Cq/@�ù«��´]�
�; 2) ��Ô�î�©Ùþ!; 3) ��Ô��C�
I��-E´����5�, 3EÂL§¥vk�
í; 4) 3k�ÿþ�mSÀÂÅÿvk3 LiF I
�gd¡��; 5) 3���â�C�I�EÂL
§¥, LiF I�©ª�±ß²¿vku)?Û�C;

6) duI�Êb¾��ÀÂ{|� LiF I��C,

�þÝ4�, êâ?nL§¥�Ñ¾��K�.

ã 2 �äEâ(�«¿ã (a) Asay I; (b) Asay-F I
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3þãb�e, �â�þÚÄþÅð^�, ?
¿����C�I�ü ¡È��âf�þO
þ dme/A �deª��:

dme/A

dt
=

P (t)
ue − uw

, (1)

ª¥ P (t) ����âEÂC�I��Aå, uw

� DPS �Ñ�C�I�.¡�Ý (²ò�Ç?�
?n), ue ����â$Ä�Ý, dÙ��C�I�
��mØC�I���¬gd¡ål d0 ��.

(1) ª ¥ � � � â E Â C � I � � ) � A
å P (t) d (2) ª�

P (t) =
∫ uw

0

ρw[cw + λuw(t)]duw(t), (2)

ª¥ ρw = 2.64 g/cm3 � LiF I�Ð©�Ý, cw =

5.148 mm/µs � LiF I� Lagrangian (�, λ = 1.358

� LiF I�ÀÂ Hugoniot Xê [20].

2.2 ØØØ>>>���===OOO

Ø>�=O´|^�=¬N�Ø>�A�¤
��«p�m©EÇ�Aå¿¡Daì, Ù3�½
Øå��SäkûÐ��5�AA5. Ø>�=O
��ÿÁEâ=´|^�=O�ù«A5, ��=
OÉ���Ô�EÂ�, ÏLp�«ÅìP¹�=
O�Øå{¤, ,��â�½�b�5¼���Ô
���=O¤3 ��Äþ{¤Ú�Ý{¤, âd
¼���Ô��þÚ�Ý�&E. �©À^�Ø>
�=O	u{I Dynasen úi, &��'ëê9�
�L§�©z [5—10].

Xþ¤ãØ>�=Oÿþ�n, Ø>�=OÉ
���ÔEÂ��Aå σ(t) �d (3) ª�

σ(t) ≈ 1
dii

1
A

∫ t

t0

V (t)
R

dt, (3)

ª¥ dii, A, R ©O��=O�Ø>Xê!k�ÿ
þ¡ÈÚk�>6ÿþ>{, V (t) �«ÅìP¹�
=O�>Ø{¤.

|^±eü:Ä�b�, ��Ø>�=OÉ�
�Øå σ(t)!��Ô�Ý ρe(t) Ú�Ý ue(t) �'
X: 1) ��Ô3ÀÂÅ���¬gd¡��]��
Ñ, ��Ñ�!�¶�$Ä; 2) Ø>�=O���
Ô�-E´����5�, �é��Ô��A�]

��5�A.

σ(t) = ρe(t)u2
e(t), (4)

ª¥��Ô$Ä�Ý ue(t) d��Ô��Ø>�=
OÿÁà¡��mØØ>�=O��¬gd¡å
l d0 ��.

ü ¡È\O���þ me/A �deª�

me/A =
∫

ρe(t)ue(t)dt. (5)

3 ¢�(J�©Û

3.1 Asay-F III���äää(((JJJ

DPS �Ñ��Ô�-C� LiF I�.¡�Ý
�ã 3, Ù¥ã 3(a) éA Pb �¬þÝ� 15 mm,

ã 3(b) éA Pb �¬þÝ� 2 mm. ã 3 �Ñü�
­�A�þ: 1) .¡�ÝéÄ��, =¯���â
fEÂC�I���; 2) .¡�Ý¯�þ,��,

=�¬gd¡EÂ LiF I���. ü�A�þ�m
�&E�'5���k�&E, du��Ô�N�
Ý��Ý�3Øþ!©Ù, �� DPS P¹���
â-I�.¡�Ý¿¡¥y²wØ5K��. ØL,

�u�©À^ DPS ÿÁEâ-1���»��u
���âº�, Ù�ä(J­E5Ú��Ý��y.

Ïd, |^1 2 !�Ñ� Asay-F I�êâ?n�
{éã 3 ¤«.¡�Ý?1?n�ü ¡È��
�þ me/A ÚÄ�N�Ý ρe ��Ý�©Ù&E, ©
O�ã 3(c) Ú (d).

d 3 � Ñ � Pb � ¬ g d ¡ E Â I � � m
Ø LiF I��gd¡�°(ål��¬gd¡
�Ý ufs: 15 mm þ Pb �¬gd¡�Ý� 1.3 km/s,

2 mm þ Pb �¬gd¡�Ý� 2.1 km/s. |^ Pb

á�ÀÂ��Ý'X9ëêO�� Pb �¬gd
L¡NCÀÂØå: 15 mm þ Pb �¬� 21 GPa,

$u (½�C)Pb á��1LzØå [4], ÀÂ\�
1��¬L¡Ä��±���; 2 mm þ Pb �¬
� 40 GPa, �uÙ�1LzØå, ÀÂ\�1��
¬gdL¡?u�1Lz½Ü©�1LzG�.

dã 3(c) �, |^�©uÐ� Asay-F IO(
¢y
��þÚp�Ý��Ô�ÿþ, 3$uL
zK� (21 GPa, 15 mm) ÚpuLzK� (40 GPa,

2 mm) ü«\1G�e, Pb �¬L¡���þ©O
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� 9 Ú 25 mg/cm2, éA�Ý«m©O� (1—1.2)

ufs Ú (1—1.5)ufs. 
kcdu�äEâÿþK��
��, éu�Cgd¡��Ý�p��Ô�A�&
EÃ{k��ä, Ïd, ��kc©z¥��ÿþ
�²w �, X3©z [4] ¥, ��©�¬L¡Ú\
1ØåA����Ó�G�e, DÚ Asay �ÿþ
Eâ�Ñ��þ©O�u 5 Ú 15 mg/cm2.

dã 3(d) �, Asay-F I�ä�Ñ�$uLzK
� (21 GPa, 15 mm) ÚpuLzK� (40 GPa, 2 mm)

ü«\1G�e Pb �¬L¡��Ô����Ýþ
®�C 1000 mg/cm3, 
kc��äEâÿþ��
Ô�Ý�����3 100 mg/cm3 ±e, 2gy²

 Asay-F I3��þÚp�Ý��Ôÿþ�¡�
`³.

ã 3 Asay-F I�ä(J (a) .¡�Ý-�m t 'X, Pb �¬þ� 15 mm; (b) .¡�Ý-�m t 'X, Pb �¬þ� 2 mm;

(c) ü ¡È���þ me/A-ue/ufs 'X; (d) Ä�N�Ý ρe-ue/ufs 'X

3.2 Asay-F III���ØØØ>>>���===OOO���äää(((JJJ'''���

du Asay-F I��©#uÐ��ÿÁEâ,

��ØÙ�äUåÚ��5, �©3 40 GPa \1
Øåe 2 mm þ Pb �¬gdL¡��¢�¥|
^Ø>�=OmÐ
ÓÚÿÁ. Ø>�=Oÿþ
� 40 GPa \1Øåe 2 mm þ Pb �¬gdL¡
���©&Ò�ã 4(a), Ù�Ñü�­�A�þ:

1) ÿÁ&ÒéÄ�m, =�¯��âfEÂØ>�
=O�m; 2) Ø>�=O���m. ØL, duØ>
�=O��K��$ (�� 0.6 GPa), T�m�Ué
A�½�Ý��Ô�EÂØ>�=O�m, 
��
¬gd¡EÂ�m, �¬gd¡��TÿÁ.¡�
md�þ§ Asay-F I�Ñ. ü�A��m�m�

&Ò�'5�k�&E, |^©z [5—10] ¥�Ñ
�Ø>�=Oÿþ�n9�'ëêé�©&Ò?
1?n���ïÄ­:'5�n�Ônþ: EÂØ
å p, ü ¡È���þ me/A ÚÄ�N�Ý ρe. ù
n�Ônþ� ue/ufs (��âf�Ý ue �gd¡�
Ý ufs '�) �'X©O�ã 4(b)—(d).

Asay-F I�Ø>�=OÿÁ(JäN'��
ã 5 (Pb �¬þÝ� 2 mm). ã 5(a) ��©&Ò,

ã 5(b) ��þ-�Ý©Ù. Xã 5 ¤«, duØ>�
=O��K��$ (� 0.6 GPa), �É��½�Ý
��Ô�EÂ�B?u��G�, Ïd, ÙÃ{�
ä�C�¬gd¡�Ý�p��Ô���'&E,

Ù���ä�Ñ��Ô�þ� 5 mg/cm2, éA�Ý
« m (1.15—1.6)ufs. Asay-F I k � ÿ þ K � �
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�, � O ( � ä � Ý � p � � Ô � � þ ! � Ý
&EÚgd¡�(� �, �é�Ý�$�p�
���â��AvkØ>�=O(¯, Ù�ä�
Ñ � � Ô � þ � � 25 mg/cm2, é A � Ý « m
� (1—1.5)ufs. ü«ÿÁEâ�ä�Ñ��Ó�Ý
«m (1.15—1.5)ufs S��Ô�þ-�Ý©Ùª³,

Asay-F I�Ø>�=O�ä�Ñ�(JÄ�Î

Ü, Asay-F I�äýé�þÑ�uØ>�=O, �
c ¡ ¤ ã Asay-F I é $ � Ý � � � â � A v
kØ>�=O(¯ÎÜ. oN5w, Asay-F I�
Ø > � = O � ä ( J Ä � Î Ü, ` ² � © � Ñ
� Asay-F I�ä(JÄ���, �3��þÚ
p�Ý��Ô�9�¢gd¡�ä�¡`³c
Ù²w.

ã 4 �=O�ä��(J (a) �©&Ò>Ø-�m t 'X; (b) EÂAå p-ue/ufs 'X; (c) ü ¡È���þ me/A-ue/ufs

'X; (d) Ä�N�Ý ρe-ue/ufs 'X

3.3 ØØØÓÓÓ\\\111GGG���eee Pb ���¬¬¬LLL¡¡¡������AAA
555'''���

��ºLzc�7á�¬L¡��Ô�A5
�ÉÓ, ©ÛÙ¥�¹�ÔnÅ�, �©éLzc
� Pb �¬L¡��Ô���'&E?1
©Û'
�. dã 3(c) ¤«��Ô�þ-�Ý©Ù�±eü
:@£: 1) Lzc� Pb �¬L¡���þ�3�
��É, Lzc�� Pb �¬L¡NCÀÂØå�
� 21 GPa �����þ� 9 mg/cm2, �1Lz�
�� Pb �¬L¡NCÀÂØå�� 40 GPa ��
�þ®� 25 mg/cm2, �1Lz��Lzc�'�
�þ²wO\, Lz���þ��Lzc� 3 �;

2) Lzc� Pb �¬L¡��Ô�þ-�Ý©Ù

A���3���É, Lzc��Ô�þÌ�8
¥3 (1—1.1)ufs �Ý«mS; �1Lz���Ô
�þ3�Ý«mþ¥y²w�Ð°ª³, Ì�C
X (1—1.4)ufs �Ý«m. þãã 3(c) ¤«�1L
zc� Pb �¬L¡���þ9Ù��Ý©ÙA5
�É�8cnØ@£ÎÜ: �1Lz�á�|.r
Ý²wü$, 3�ÓUþ°Äe, �'u�LzG
�, ³7ò�)�õ�þ���Ô, 
����é
�Ý (ue/ufs) g,�¬¥yO�ª³.

Ó�, dã 3(d) ¤«��Ô�Ý-�Ý©Ù�
�±en:@£: 1) Lzc� Pb �¬L¡��Ô
�Ý-�Ý©Ù¥y²w�O, A�3¤k�é�
Ý (ue/ufs) ©Ù«mSLz���Ô��Ýþ�u
Lzc��Ô�Ý; 2) Pb �¬L¡��Ô�Ý-�
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Ý­�, Lz��Lzc���\ì�; 3) Lzc
��Ô�Ý-�Ý©Ù­�3�Ý�u 200 mg/cm3

�¥y¯�O\ª³, 
Lz���Ô�Ý-�Ý
©Ù­�¤«�T�ÝO\L§�é��. ã 3(d)

¤«�1Lzc� Pb �¬L¡��Ô�Ý-�Ý
©ÙA5�É�8cnØ@£�Ä�ÎÜ: 1 1) :
�ÉÑy��Ï�þãã 3(c) ¤«�ÉÄ���,

=�1Lz�á�|.rÝ²wü$, ��Ô��
´�), l
¥yÑ3�Ó�Ý«mSLz���
Ô�Ý�uLzc�A�; éu1 2) :�æ^Xe
)º§�¬Lzc���âÌ�5
��¬L

¡"�, �â©z [4] �£ã, TG�e���â
º�����, 
�¬u)�1Lz�, ��ê
þ����â5
uDÕÅ.�/¤�»��
â, Ù�âº�³7� �, Ïd����Ô�
Ý-� Ý ­ � � � � �; 1 3) : / ¤ � Ï � U
´, �1Lz�du�¬|.rÝ�Lzc²w
ü$, 3DÕÅ�.��^e3�¬Cgd¡ò
/¤�¡È)ä»�«, Ñy���Ý�úO\
«, ���¬î�¿Âþ�gd¡��, 
Lzc
T)ä»�«4�, l
Ñy
1 3) :£ã�¢
�y�.

ã 5 Ø>�=O� Asay-F I�ä(Jé' (a) ¢�P¹�©&Ò; (b) ü ¡È���þ me/A-ue/ufs 'X

ã 6 Pb �¬gd¡EÂI�����Ô��Ý�m©Ù

,	, |^©z [12] ¥�Ñ�ò��Ô��Ä
�N�Ý=z��½���Ý�m©Ùã���
{, dã 3(d) ¤«��Ý-�Ý'XCq�Ñ
 Pb

�¬gd¡EÂ 5 mm ÿÁ.¡?�ä&Þ��
��Ô��oN�m�Ý©Ùã�, �ã 6. dã 6

�, Lzc Pb �¬L¡�Ýl 200 mg/cm3 LÞ�

Ð©�ÝéA�mºÝ�u 0.1 mm, 
Lz�T�
Ý«méA�mºÝ²wO� (�u 0.2 mm), 2g
�*/`², �Lzc�', Lz�7á�¬L¡
ò²wÑy���Ý “�ú” O\«, �þã1 3)

:�nØ)ºÎÜ.

4 ( Ø

3 Asay I�äEâÄ:þ, �O
�«·^
up�Ý��þ��Ô�ÿþ� Asay-F IEâ,

¿ÏL�Ø>�=OÿÁ(J�'�, ©Û
Ù�
ä��5Ú`":; |^�©uÐ� Asay-F I�
O(/�ä�Ñ
7á Pb �¬ØÓ\1G�e�
�Ô��þ-�Ý©Ù, �Ñ
Lzc���A5�
�É, ¿lnØ©Û��Ý�º
T�É�)�Ô
n�Ï.
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Abstract

In this paper, Asay-F-window diagnostic technology for high density and large mass ejecta measurement is designed. By Asay-

F-window technology, the mass and the density-velocity distribution of ejecta from Pb surface are presented. The difference in ejecta

between below and above Pb melting pressure is particularly studied. Moreover, the physical causation inducing the ejecting difference

is well explained through theory analysis.
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