
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 195205

“rrr111���ÒÒÒ” III///jjj


SSS���AAA555ïïïÄÄÄ*

öä�1)2)† ��2) 
ïÔ2) g2#2) Ù{r2) o�÷2)

MJ&2) NL²2) �=d1)

1) ( ­��Æ1>Eâ9XÚ��Ü­:¢�¿, ­� 400044 )

2) ( ¥Ió§ÔnïÄ�ØÔn�zÆïÄ¤, �� 621900 )

( 2011 c 6 � 30 FÂ�; 2012 c 3 � 10 FÂ�?Uv )

3r1�ÒC�mÐ���ü�I/¾j
¢�, ¼�
I/j
3�K�ã, .óS��ãÚ¢��ã�Ë
�ëêÚË�ã�. �K�ã�Ônã�Ny
¦^»��.éI/j
�KL§9k°�lfN/¤�©Û. (
Ü©Ì�!���Ú^«�, )º
I/j
3S�� �ãÒ4Ü©Äku)S�¿�)M X ��¤©��Ï.

*	��I/j
�.óS��Ý�� 2.59 × 107 cm/s, .óS�9¢��±Y�m�� 40 ns, ��u�Cº��
Î/j
. ÏLAÏ�.j
S�A5�ïÄ, �?�Ú�yÄuÎ/j
ïá� Z-pinch nØ�., �õ MHD �
.�Ê·5Jø7��¢�êâ.

'�c: I/j
 Z � , .óS�, .ó¢�, Å/N�

PACS: 52.58.Lq, 52.59.Qy, 52.70.La

1 Ú ó

óÀõÇC�°Ä�j
 Z � 3S�L§
¥, AO´¢��ã¬�)�þ� X ��. |^
ù«¢�¿�¼���r X ��, �mÐm�°
Ä ICF[1]!pU�ÝÔn [2] �+��ïÄ. ÏLï
ÄAÏ�/j
�S�L§, �±��\/n)ü
j�K [3]!k°�lfN/¤ [4]!j
S�Äå
Æ [5]!Uþ=zÅn [6]!X ��Ë�õÇÅ/N
� [7] � Z-pinch ÔnÄ�¯K.

I / j 
 � @ A ^ u U N Ô n Æ � ï Ä,
Canto, Lebedev �¦^­�þI/j
, 3j

Øu)S�^�e¼�aUNÔn�6 [8,9]; Chit-
tenden �ÄuI/j
��Ñ��6, �O
p
Uþ�Ý�lfN�6Và°Ä ICF �Ôn�.,
¿ÐÚ��
UþÍÜ�Ç9�U���çn§
Ý [10]; Ampleford 3 MAGPIE 9 ZEBRA C�þm
Ð
I/j
S�ÄåÆïÄ [11], ¿�Oõ«�
.�ü!V�I/j
?1
óÀõÇÅ/N�

¢� [12]; Ciradi,Grabovski �©O¦^n� MHD
§S�[
I/j
�lfNå6/¤L§�Ä
åÆ1�ÚI/j
3S�L§¥�lfN�Ý
©Ù�¹ [13,14]. �©3r1�ÒC�þ, ¦^� 9◦

����I/j
, ­:ïÄ
I/j
k°�
lfN9�lfN3S�!¢��ã�Ë�A5.
�?�Ú�yÄuÎ/j
ïá� Z-pinch nØ
�., �õ MHD �.�Ê·5Jø
ÐÚ�¢
�ëê.

2 I/j
9¢��äXÚ£ã
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VVVããã

I/j
d�X�¶é¡�j�¤, �DÚ
Î¡j
ØÓ, z�jÑ�¶¤��½�Ý α, X
ã 1 «.

α ���ÏLeª(½:

α = arctan
(

RH − R0

H

)
, (1)
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Ù¥ R0 �Ò4à (z = 0) ��», RH �j
3�
4à�», H �j
p. j
�¶¤¤��¦>6
\1�I/j
��3»��>6©þ, ¦�lf
N3S�L§¥Ø=¬É�j
»����âÔ
[åK�, �¬É¶����âÔ[å©þ��^.
j
3¶�ØÓ �?��»�L«� [15]

R(z) = R0 + z tan(α). (2)

j
¥, ^|rÝ�j
�»¤�', �^e
ª£ã:

B(z, t) =
µ0I(t)
2πR(z)

=
µ0I(t)

2π(R0 + z tan(α))
. (3)

duI/j
3¶�ØÓ �?jmYÚ�
»����5, duI/j
3¶�ØÓ �?j
mYÚ�»����5, ØÓ r-θ ²¡S�^|k
�²w�Cz.

(a) (b)

ã 1 (a) I/j
; (b) �4Ü©\k�Ý�j
�Ý 1/4
�&�I/j


2.2 ¢¢¢���CCC���999¢¢¢���KKK111

“r1�Ò” ´IS°ÄUå�r� “áóÀ”
óÀõÇC�, K1>6þ,�m 100 ns, >6¸�
��� 1.5 MA, X ��Ë�oUþ�u 30 kJ, ¸�
Ë�õÇ�u 0.5 TW[16].

¢�æ^ 48 �¾j, üj�» 4.2 µm, ��Ý
� 128.2 µg/cm, Ù¥�4à�» 2RH = 13 mm, Ò
4à» 2R0 = 7.6 mm, j
pÝ H = 17.7 mm.

2.3 ���äääXXXÚÚÚ

� ä � � � ) » � X � � õ Ç ÿ þ
¤ (XRPM)!B¦��õÏ� X ��©Ì���
Å (TGMPC)!�mÈ©���Å (TIPHC) Ú�m
©E�� X ��¤�XÚ. �äÙÛ�ã 2.

» � XRPM ^ 5 ¼ � X � � Ë � õ Ç ¿
�� X ��Ë�Uþ, äk�A�m�u 3 ns,

é 50—1250 eV Uã�1fä�Uþ²�A�A
:. TGMPC ����m� 1.5 ns, Ìmm�3 2—
10 ns S�N, ��º�� 100 µm, ¤ 1 : 3 � �
�, ¦^ 2 µm �àZL�, �é 100 —10 keV Uþ
��S� X ��Ë��m©E¤� [17]. TIPHC ¦
^ 25 µm Be �Ú 50 µm Be ���È¡¼�ØÓU
« (> 1 keV Ú > 1.5 keV) � X ��È©ã�. �
���©E� X ��^«�XÚw«j
¶� X
��Ë�«���m�Cz, �m©E!�m©E
©O� 4 ns Ú 300 µm. TXÚ X ��Uþ�A�
�� XRPM ��.

ã 2 r1�Ò¢��äÙÛ

3 ¢�(J9©Û

3.1 III /// jjj 


 ��� KKK ��� ããã ��� ÄÄÄ ååå ÆÆÆ 999 ËËË
���AAA555

3j
S�cÏ, j
¬3>6��^e�K
�)�lfN, ¿/¤�'(� [18]. du'�l
fN�>{Ç�$, �Ü©>6¬l'�lfN¥
6L, ¦�dÜ©�lfN3»�âÔ[å�^e
�j
¶%®8. �'�lfN��¶%�, Ùl
f-EªÇ3á�mS¬×�Op [18]. �X�5
�õ��lfN3¶%®à, ¶%?�lfN��
ÝOp, ¿Ë�ÑUþ. 3>f!lf�m¢y9
åÆ²ï�, =/¤$§!p�Ý�k°�lfN
Î [19,20].

I/j
k°�lfN�/¤��Ìù�L
§, ã 3 � X ��õÇ¸�c 45.2 ns 9 X ��õ
Ç¸�c 35.2 ns(P� −45.2 ns Ú −35.2 ns) �©
Ìã�, üÌã��N
I/j
k°�lfN�
�¹. 3�4�à�k°�lfNÎÑy
wÍ
�!÷*ºÝ�Ø­½5, 
Ò4�àK�éþ!.
ïÄuy [21], Î/¾j
�k°�lfNÎ3/
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¤��¢��ãm©c�~­½, ��Ñy²w�
Ø­½5uÐA�. I/j
�4k°Î¥yØ­
½5A��U�Ù�4Ü©j
jmY�°±9
÷ Z ¶� r-θ ²¡S^|k�²w�Cz¦�S
Ü�^| .÷ Z ¶Ñy����Ék'.

ã 3 shot 09296 k°�lfNã�

3»�âÔ[åÚ¶�âÔ[å��Ó�^
e, '�lfN� Z ¶$Ä�´»¬��»��¤
�Y�, �â Haines �ïÄ [22], '�lfN�»�
�Ý (Vcor) �L«�

Vcor = 1.5 × 107(1 − exp(−x/3.4)), (4)

Ù¥ Vcor �ü ´ cm/s, x = gap/core · size (Ù
¥ gap �jmY, core size ���»). I	ïÄ
L², ¾j
�j��»��3 0.1 mm[23], U (4)
ª, jmY3 0.5—1 mm ���SØ¬K��K
�lfN»��Ý. �©ïÄ�I/j
jmY
3 0.5—0.9 mm «mS, Ïd�â (4) ª¦�j
Ò
4!�4� Vcor þ� 1.5 × 107 cm/s.

âÔ[åéj
�K�Ç ṁ �K��^»�
�. [24] £ã, �L«�

ṁ =
J × B

Vcor
=

µ0I(t)2

4πVcor(R0 + z tan(α))
. (5)

b�'�lfN�$Ä�Ý�½, dþª��, Ò
4àdu^|rÝ��, ¬É��r�âÔ[å�
^, �¦�þ�KÇpuj
Ù¦Ü©, 3Ó��
m±ÏS, j
Ò4U�KÑ�õ��lfN, Ï

� Z ¶®à�'�lfN3Ò4«���þ�
Ýpu�4«�. ��O(��Ý&EI�/Ï-
1&��ÌÄ&ÿÃã¼�.

3.2 III///jjj


SSS������   !!!¢¢¢������ããã���ÄÄÄååå
ÆÆÆ999ËËË���AAA555

j
�m ��:�K�Ç�ØÓE¤j

¶��«��%� �ãm©����É. éÎ¡
j

ó, ��K���½�þ^�� [25,26], j

Ò¬m©�%� . �âª 3, I/j
�^|r
ÝdÒ4��44~, Ïd, Ò4«�ÉâÔ[å
��^�ru�4«�, d (5) ª��I/j
Ò
4«��K�Ý�¬puÙ¦Ü©, ¦�Ò4Ü©
�k��S�m©��þI¦. I/j
3�%�
 �ã��lfNË�ã��ã 4, �±*	�3
Ò4��4m®/¤S���, ¿¥yÑ��4u
Ð9�%Â �ª³, 3®/¤S����«�,
Xã¤«, �*	�Î/j
aq bubble-spike (
� [27].

ã 4 shot 09296 I/j
¢�S�\�!¢��ã�lfNË�ã�

ã 5 �N
3�%� �ã�Ï±9¢��
ã©Ì�ÿþ�(J. j
�Ð©>.®3ã¥I
5, ���«
j
>.Ñy��� �. −15.2 ns
�, j
Ò4«�ÄkÑy��, L²TÜ©j


�j�®��S�^�, ¿m©�¶%��$Ä.
�j�Ü©��lfN��¶%, �X�lfN-
E�\ì, =¬/¤¢��lfN. 3Ò4«��
�lfNm©�%� �, Ù{Ü©
E�Ñy²
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w��, j�I�UY�KâU÷vS�m©��
þ^�. 3®²Ñy���«�, Ñy
²w�ö
��þ. ���>.��mØä��4uÐ, �@
�j
�¥.ó/ªdÒ4��4ÅÚS�. ®�
¤S��Ò4�lfN¥�½�3>6Ï´, ¦�
>6U
±Y6LÙ¥¿��>a�$��4«
�j
. 3Ò4«�, >4Ë�rÝ4r, �U��
Ï´>4L¡�ÛÜØþ!��ü4L¡�ÆC
>|Lp, l
3Ò4�)|�u�, ¿/¤|�
�lfN. 3Ò4«�, �*	�aqn�.�(
�, T(�3/¤�, ���4?�Ú£Ä, Ä��
±3Ù/¤� �.

ã 6(a), (b), (c), (d), (e), (f) ©O� shot 09292,
shot 09294 Ú shot 09295 ¥�u 1 keV Ú�u 1.5
keV � X �����, dã��, Ò4«��n�
/(�3¶%?¢��¬�) > 1.5 keV �M X
��, ¿/¤9:. Ò4«�	�Ù¦Ü©j
S

�!¢�=¬º��u 1 keV � X ��.
ã 7 � shot 09294 � X ��©Ì�, ã¥�*

	�3Ò4«�j
�¤�%� �, �4«�E
¬UY�K��S�^�, `²>6¬²dÒ4à
®²S���lfN���4«�j
; �CÒ4
�¢��lfNÑy
wÍ�aq�ª m = 1 Û
­Ø­½5� MHD Ø­½5uÐ, ¦�T«��
lfNÑyØ5K�Cz. duI/j
�lfN
Ë�=�L§�±Y�m'Î/j
�, �DÚÎ
/j
�¸�L§k����É, Ò4àkS��
�lfN3�Ï����Ñ�´Ò4«��lf
NÑyØ5KCz��«�U�Ï. ,	, 3Ò4
Ü©¢��lfNÑy�¥�, �4	�Ù{Ü©
�lfN (�4Ü©du\k�Ý�j
 1/4 �$
�Ý�&, Ã{*	�T«�j
¢���¹) E
?uØ �;�¢�G�. �lfN�¥�¥yd
Ò4��4uÐ�ª³.

ã 5 shot 09296 S�L§j
>.�Cz

(a) (b) (c) (d) (e) (f)

ã 6 I/j
 X �����

ã 8 ´I/j
 (shot 09294) �õÇÅ/, Ù
õÇó°��
 39 ns. 
��þ�I/j
�
Ó� Φ8 Ú Φ12 Î/j
 (�»©O�I/j

�4�àÚÒ4�à�C) õÇÅ/�ó°©O
� 11.2 ns Ú 22.3 ns, þ��uI/j
. ã 9(b)
� shot 09295 �õÇÅ/, Tug�4à�\�&,

ÙõÇó°� 35 ns. dd, ó°�É´��dI
/!Î/��.�ÉÚå, �&=K��õÇ¸�
kb§Ý. du.ó¢�, I/j
 X ��Ë�ó
À±Y�m²wO�, ¿� X ��Ë�õÇÅ/
Ñy
ü��mm� 20 ns �õÇ¸. l½I� X
��^«���, 1��¸�Ò4S�¤�, rÝ
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Ñ$u�C�4�àS��)�1��¸. 3Ò
4S��%¿Ë��, �4«�ÿ�m©S�; �
�4m©S�¿Ë��, Ò4�lfN¿����
Ñ (�ã 7), �@�Ò4�lfNË�é1��õ
Ç¸��3�z.

shot 09294 � X ��^«��ã 9(a), ã¥�

±*	�;.�I/j
¶��lfN.óS�
9.ó¢�, j
dÒ4��4± 2.59 × 107 cm/s
�.ó�Ýk�u)S�, �ã 9(b), ¿�ª/¤
.ó¢�. ��.óS�Ú.ó¢�L§�±Y�
m�� 30 ns.

ã 7 I/j
 (shot 09294) ¢�!�Ñ�ã X ��©Ì�

ã 8 (a) shot 09294 õÇÅ/; (b) shot 09295 õÇÅ/

ã 9 (a) shot 09294 X ��^«�; (b) shot 09294 ¶�.ó�Ý[Ü

4 ( Ø

�©|^õ«Ônã�, ïÄ
I/j
�K
9S��ã�lfN�Ë�A5. ©Û
k°�l
fN�Ë�A:¿*	�.óS�Ú.ó¢�y
�. duI/j
.ó¢�9.óS��A:, Ù
õÇóÀ��p�° (FWHM) �C 40 ns, ²w�

uÎ/j
, ù«A:éõÇÅ/N��ïÄk­
�¿Â.

a�¥Ió§ÔnïÄ�ØÔn�zÆïÄ¤�ýÆ

¬!péÆ¬!;û$Æ¬, �®A^Ôn�O�êÆï

Ä¤¶wïÄ
!��9Æ¬!�dÆ¬Jø��ÏÚk

Ã?Ø.
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Implosion characteristics of conical wirearray Z
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Abstract

Implosion and radiation characteristics of conical wire array in different regimes of implosion are investigated at the 1 MA

Qiangguang-1 facility by X-ray self-emission diagnostics. Experimental results show that the shape of precursor plasma is also conical.

The initial implosion takes place near the cathode by a stronger Lorenz force, forming a triangle-like structure that produces harder

X ray. The current crossing the bubble in the front of the wire array near the anode persists in persist ablating, thereby leading to a

zippered stagnation. The initial implosion of a bubble near the cathode is followed by the implosion zippering upwards as the zipper

implosion speed is 2.59 × 107 cm/s. The results shows that the conical array has a broader X-ray power pulse than cylinderical wire

array due to the zippered stagnation and zippered implosion of the array. The study of implosion characteristics of specialized axis

symmetric wire array Z-pinch-like conical wire array can provide a valuable test bed for understanding the regime of implosion as well

as theoretical model and magneto-hydrodynamic (MHD) codes, both of which primarily develop for the modeling of cylindrical wire

array Z pinches.

Keywords: conical wire array Z-pinches, zippered stagnation, zippered implosion, pulse shaping
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