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�«|^ Abel _C��ü��Ø �Ý©Ù��{. ¦^��: X ��1é�» 1 mm!�Ý®�
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ß�ì�, ÏL Abel _C��ü��
�% CH ¥�����Ý, �ü�Ý�¢S�ÝÎÜ,
L²ÏL Abel _C��ü���Ý�k�5. é 16 ©Ì�ÅP¹�Ë�°ÄS�q¥ã�?1 Abel _C�, ��
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1 Ú ó

-1àCË�°ÄS���Ø L§û½

�Ü-��G�. S�L§Ï~�)\�!~�!
~�!Ê¢Ú���Ñ�E,L§, 3S�@Ï
Ú�Ï���k6NØ½6ÄO�L§, Ì�
´ Rayleigh-Taylor (RT) Ø½56ÄO�, §¬»
�Ë�°ÄØ �é¡5, E¤-�Ú���·Ü,
ü$�Ü-��§Ý���Ü-�:»�}. �Ü
-��G�Ú RT Ø½56Ä, �±ÏLé��
S�Ø G�ëê�½þïÄ5íä [1], <�uÐ

Nõ�{5ïÄ���S��Ý!¡�ÝÚ/
GÏf�ëê.

©z [2—5] XÚïÄ
��¡�Ý©ÙN�
�ÿþ�{Úêâ©Û, ÏLq¥���õ�üU
ã��Ñ��¡�ÝN�, |^õ��Ú²¡¬N
ÿþq¥�õ�üUã�, l���ü�üUã�
¼���¡�Ý�N�. d	|^3���,�A
½ ��,A���, ÏL�Ügu1�áÂÌ�
ÿþ�Ü�u�1Ì. Marshall � [6] ÏL�Ügu
�� CH áÂ��1Ìíä�Ü�§Ý±9��

�¡�Ý. 2009 c Marshall � [7] |^ Abel _C�
��{íÿ
�1q¥ã�����Ý©Ù, T�
{I�|^Ë�6N§SýkO����¡��
�{�þ, ¤±�Ý�ü�°Ý�§SO��°Ý
���'. 2010 c Hicks � [8] |^ X 1^«�Å
�d¿¼�
���S�Ø 6�;,ã�, ¿Ï
L Abel C�¼�
��¡�Ýüz.

�©Äk|^�6 X ��é�% CH �¥
?1
�1ì�, |^ Abel _C�¼�
�Ý©
Ù, (J�¢S��Ý©ÙÎÜ, �y
§S��
(5. é©Ì�Åÿþ�Ë�°ÄS�q¥�1ì
�ã�?1 Abel _C�, ¼�
ØÓ��S�q
¥�Ø ���Ý©Ù. é�1�m©Ù!��¤
�XÚÚ��þÝCzé�Ý�ü�K��
[
�©Û, �Ñ
½5(Ø.

2 Abel _ C � ¦ q ¥ � � � Ý ©
Ù�n

Abel _C�´ÏL�È©¦)Îé¡Ú¥é
¡©Ù�Ônþ��«k��{, 3�lf�ä¥
2�A^. ã 1 ´ Abel _C��«¿ã�n, �±
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ã 1 Abel _C�«¿ã

deª£ã:

κ(r) = − 1
π

∫ R0

r

dI(y)/dy√
y2 − r2

dy, (1)

ª¥ κ(r) �LÎé¡½ö¥é¡Ônþ, I(y) �
LÔnþ κ(r) ÷u��È©, ÏL (1) ªÒ�±¦
�Ônþ κ(r). ÏL�1ì�¼��´q¥���
áÂã�, d X ��áÂ5ÆÚ Abel _C��±
�í¥��áÂXê κ(r), ¥é¡©Ù�áÂXê
� Abel _C�deª�Ñ:

κ(r) =
1
π

∫ R0

r

d
dy

{
ln

[
I(y)
I0

]}
dy√

y2 − r2
, (2)

Ù ¥ (2) ª ¥ I0 � L � 1 r Ý. d ρ = κ/µeff

Ú Ms = 4π
∫ R0

0

r2ρ(r)dr �

ρ(r) =
Msκ(r)

4π
∫ R0

0

r2κ(r)dr

, (3)

Ù¥ µeff ´���þáÂXê, Ms ´q¥���
�þ, d (2) ªÚ (3) ª�±¦)����Ý©Ù.

3 �% CH �¥¢��y Abel _C�

Abel _C��ê�¦)�{éõ, �©^©
z [9] �Ñ��{?�
 Abel _C�§S. �

�y§S, 3�6 X ��þ?1�% CH �¥
�ß�¤�¢�, ¢�ÙÛXã 2 ¤«. �6 X �
��:�� d = 0.1—0.2 mm, �4á�� Al,
+Ø� 4000 V, +6� 13 µA, 1u�� Al �
A�Ì��� 1.4 keV, 1rÝ��z¦ 109 �1
f (109 s−1). CH �¥�» D �� 1 mm, ¥�þ
Ý�� 0.1 mm, �Ý ρ �� 1.05 g/cm3, CH �¥
bu7á[j, [j2Êb��» 5 mm ����
��þ, P¹��� 2048 × 2048 � X ��>fÍ
Üì� (CCD), ����� 13 µm, CCD Í1�m
� 10 min. u � X ��å CH ¥�ål, v � CH
¥ål X �� CCD �ål.

ã 2 �% CH �¥ß�¤�ÙÛ«¿ã

ã 3 �% CH �¥ß�¤�¢�(J (a) CCD P¹(J; (b) ã (a) ¥�µ«�R�×£(J
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ã 4 �% CH �¥��ü�Ý©ÙÚ¢S�Ý©Ù'�,
CH ¥��Ý�� 1.05 g/cm3

ã 3 ´¢�(J, ��´�»� 5 mm ���
�, ã 3(b) ´ã 3(a) ¥�µ«�R�×£�(J,
±¥%©��üãÓ+. TÓ+�Ò´q¥÷»
��u�È©�©Ù. ã 4 ´A^ Abel _C��
�� CH �¥��Ý©Ù�, R � CH ¥��»,
¿�¢S� CH �¥���Ý©Ù�
'�. �±
wÑ�öÄ�ÎÜ, �ü��Ý©Ù3�¥��%

Ü©Ø�", ùÌ�´3¤�L§¥duD(ÚX
Ú��Ú\�Ð°E¤�. CH �¥¢��y
§
S��(5.

4 Abel _C�¦Ë�°ÄS�q¥�
��Ý©Ù

Ï~|^�1ì�éË�°Ä�q¥¤�,
© z [10] é d � 
 � � � Ø ã. ã 5 � X �
� © Ì � Å (XFC) P ¹ Ø Ó t � � q ¥ ß �
ã�«¿ã. S�q¥��»� 230 µm, ¥�
þ Ý � 15 µm, ¥ � Ð © � Ý ρ � 1.05 g/cm3,
q ¥ S ¿ 10 atm (1 atm = 105 Pa) � D2 í N,
În� 1350 µm × Φ800 µm, l´-1Uþ�z
´ 260 J, -1óÀ°Ý� 1 ns, Å�� 308 nm, 1
Ê´-1Uþ� 1500 J, óÀ°Ý� 2 ns, Å�
� 530 nm, � 45◦ à���1q¡¥%, �1á
�� Pd, ¥%U:�� 3.1 keV. ã 6 ´ XFC P¹
� 16 ÌØÓ��S�q¥ã�.

ã 5 XFC P¹�q¥�1¤�«¿ã

ã 6 XFC P¹�S�q¥ã�

lã 6 �±wÑ, S����@�ã� (0.36 ns
Ú 0.43 ns) '���� (0.70 ns Ú 0.83 ns) �&D
'p, l�Ý�ü�(JwÑ, 0.36 ns Ú 0.43 ns �

ü��Ý©Ù°Ý' 0.7 ns Ú 0.83 ns �ü��Ý
©Ù°Ý°(. �ü��Ý©Ù(J�3�½�Ø
�, Ì�´duã�&D'�, q¥�ß�ã�é
�
, éJ.½q¥Ø �S.¡, l��
�
ü����Ý©ÙÐ°éõ, ¸��Ýü$, ã 7
�Ù/�N
ù�:.

ã 7 Abel _C�ü�ØÓ��S�q¥���Ý©Ù
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5 K� Abel _C��A�Ì�Ï�

3S�q¥�¤�ÚP¹L§¥, ¤�XÚ!
P¹����!Ú\�ß�ã�Ð°±9�1�
m©ÙÚ\�Ø(½5þK� Abel _C��Ý�
ü�(J, ã 8 �Ñ
q¥¤���!Ú\�Ð°.
&Òã�½ö8Iã�U\kg��D(, ¹kD
(�ã�3ã 8 J�µS�¤�ÚP¹XÚSq
U\
#�D(, d	du����k�E¤�Ð
°¬¦ã�C�
, XFC Ú CCD |¤�P¹XÚ

�¬E¤ã�é'Ý�eü, ¤kù
Ï��±d
z��!�N�D4¼ê£ã, ��ÿþ��ã�
´ù
N�¼êÚD(�Ó�^�(J. ùp=�
Ä����Úå�ã��
é Abel _C��K�.
ã 9 ´����©O� 13 Ú 30 µm ��ü�Ý�
Ð©�Ý©Ù�'�, R �»��I. ã 9(a) �(
J��C¢S��Ý©Ù, ã 9(b) ��Ý�ü(
J�¢S l�õ, ¸��Ýü$��Ý©ÙÐ°

Nõ, l`²��éã���
�^��, |
^ Abel _C��ü��ÝØ���.

ã 8 ¤�ÿþXÚ«¿ã

ã 9 ØÓ�����é�Ý�ü�K� (a) ���»� 13 µm; (b) ���»� 30 µm

duq¥¤��&D'C�, q¥S.¡é
JO(�½, E¤���þÝké��Ø(½Ý.
ã 10 ©Û
ØÓþÝ���q¥|^ Abel _C�
�ü��Ý©ÙCz. ã 10(a) ´��þÝlÐ©
� 15 µm C� 10 µm ���ß�Ç©Ù, ã 10(c)
´��þÝlÐ©� 15 µm C� 30 µm ���ß
�Ç©Ù. �±wÑ, ��þÝC�, S.¡ �C

�, ��C�, ã 10(b) Ú (d) ´�ü����Ý©
ÙÚÐ©�Ý (Ð©��þÝ� 15 µm) ©Ù�'
�. ��þÝC�, �ü��Ý¸�O�, °Ý~�;
��þÝO�, �ü��Ý¸�~�, °ÝO�. R0

Ú δR ©OL«���Ð©�»Ú���þÝ, U
C R0 Ú δR, �ü����Ý¸� ρm ���þÝ
CzXã 11 ¤«. �±wÑ, �Ý¸����þÝ

115206-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 115206

�á�¤�', ùpb�
q¥��þ�±ØC.
Ï�o�þ�±ØC, ��þÝ~���u��N

ÈC�, ¤±�ÝO�; Ón, ��þÝO�, ��
NÈO�, K�Ýü$.

ã 10 q¥þÝCzÚ�ü�Ý�'X (a) ��þÝ~��ß�Ç©Ù; (b) ��~���ü�ÝÚÐ©�Ý'
�¶(c) ��þÝO��ß�Ç©Ù; (d) ��O���ü�ÝÚÐ©�Ý'�

ã 11 �ü�Ý¸��¥�þÝ�Cz

�1rÝ�m©Ùé Abel _C��K�´
���, Ï� Abel _C�êâ?n��1��Ñ
\þ��ë�$�, �1©Ù�¢S�1©Ù l
�õ, �ü��Ý©Ù�¢S�Ý©Ù�É��.
ã 12 O�
�1��pd©Ù, �ê� 2.5, �1
�°Ý©O� 150, 250, 350 Ú 450 µm ��ü��
Ý©Ù, bk �L�1©Ù��p°Ý, S�q¥Ð
©�Ý¸��� 1.05 g/cm3. �±wÑ, �1©Ù 
l¢S©Ù (�°� 300—400 µm) �õ, �ü��
ÝÚ¢S�Ý����.

ã 12 ØÓ�1©Ù�¹�ü�Ý�'� (a) ��ß�rÝ©Ù; (b) �ü��Ý©Ù
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6 ( Ø

�©ÏL�6 X ��é CH ¥�?1ß�
ì�, |^ Abel _C��ü¼�� CH ¥��ÝÚ
¢S�Ý©ÙÄ�ÎÜ, w«
ÏL Abel _C�
�ü���Ý�k�5. é XFC ÿþ�ØÓ��
S�q¥ã�?1�ü, ¼�
S�Ø q¥��
�Ý©Ù. ÏLq¥��ß�¤��ê��[©Û

¤�XÚéã���
!q¥��þÝ9�1
�°Ý�Czé�ü�Ý�K�. ©Ûuy, X

Ú��m©EÚ��.¡�CzÐ°
�Ý©Ù,
¦��Ý¸�~�; �1��m©Ù�þ!K�
ü��Ý©Ù�°(.

I��Ñ�´, Abel _C�?nEâ·^uÎ
é¡½¥é¡�Ý©Ù�¹. duÔnþ X ��
Ë�°Äk�U´�¥é¡, ¿���.¡?¬u
) RT Ø½5!¢�þ��.¡ �J±O(½
 ±9ã�¢S�m©E�K�, ��¬u)�½
�C/, l����Ý��ü�5Ø�.
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Study on the spatial distribution of implosion shell
based on the inverse Abel transform∗
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Abstract
A method of solving spatial distribution of shell density by inverse Abel transform is presented. CH sphere imaging on the micro-

focus X-ray source is implanted to test the method of inverse Abel transform. The reversion of shell density is in agreement with real
density, which verifies the correctness of the method. The 16-fram implosion target images are processed by inverse Abel transform, and
the distributions of compressed shell density at different times are obtained. Qualitative analysis of back-lighter distribution, pinhole
imaging and variation of shell thickness is proposed for inverse Abel transform.

Keywords: inverse Abel transform, back-lighter imaging, shell density distribution, radiation driving implosion
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