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3 “r1�Ò” C�þ, |^�.^&�XÚÿþ
¾j
K1SÜ��K�lfN���>6, é'
kÃ
�&Îü«K1^�eSÜ>6©Ù��É, ¼�
­½���¢�êâ. ¢�¥¦^
d 42 � 4.2 µm ¾j|¤
��» 12 mm �j
K1, óÀ>6¸�� 1.34 MA, þ,�m� 70 ns. (JL²: 3>6�>m©� 20 ns �, �
» 3.2 mm ?�^&�k²w�&ÒÑÑ, ��� 20 ns S, SÜ�lfN©6'×�þ,�� 20%, ¿3 30—40 ns

SÄ��±­½. j
\1�&Î�, SÜ>6�3 Z � cÏvk²wCz.

'�c: j
 Z � , �K�lfN, ^&�, >6ÿþ

PACS: 52.70.−m, 52.70.DS

1 Ú ó

Z �  (Z-pinch) ´�«ò>^Up�/=
z� X ��Ë�U�Eâå», 3.5�åà
C (ICF)!pUþ�ÝÔnÚÉìÔn�ÃõïÄ
+�kX2��A^cµ. Cc5, |^�>6ó
ÀõÇC�°Ä7áj
S��ïÄ��
wÍ
?Ú, 3 Z C� ({I Sandia ¢�¿ 20 MA) �¢
� [1] ¥, |^7áj
K1�)
¸�õÇ 280
TW!UþUþ 18 MJ!±Y�m 5—6 ns � X �
�óÀ, Uþ=��Ç� 15%. ,
, ¦+k�þ�
¢�êâÚnØ�[, �<�éuÎ/j
S�L
§����
).

3 Z C�!Angara5-1(�Ûd)!MAGPIE(=
I2Inó�Æ) Ú “r1�Ò” C� (Ü�ØEâ
ïÄ¤) þ�¢� [2−5] þL², ±Y���m��
K�ã´j
S���kÔnL§. >6óÀ@Ï,
7ájL¡Ô�íz!>l¿/¤p>�Ç��
lfN, 
j�E�±$§��G�, /¤ “�'”
(corecoronal) (�. '�lfN���Ü©>6, ¿
3âÔ[å�^e�¶�¤£, 3¶�?/¤k°

�lfNÎ, Ó�j�Øä�K�)#��lfN.
���þÑ¦�, �KL§(å, Ì�lfN�N
�¶%$Ä. �K�ãÓ�� Z � �m� 70%,
´��j
S��Ì�Ï�.

��Ð/n)j
S�L§k7�é�l
fN�)Ç!k°�lfN�/¤!“ö�” �
þ (trailing mass) Ú>6�Ý�­#©��ÔnL
§?1�\ïÄ, Ù¥�^­��å»´ÿþj

SÜ�^|©Ù, l
��S�L§¥�>6
Ú�lfN©Ù&E. yk�ÿþÃãÌ�kÄ
u Faraday ^=�A�ÿþEâÚ�.&�Eâ.
Sinars � [6] 3 MAGPIE C�þmÐ
 Faraday ^
=ÿþïÄ, ¼�
õ��m:�^|Ú>6©Ù
&E, �T�{É�u-1Bß4�Ú¤æ^��
lfN�Ý©Ù�.. �.^&�Eâ´,�«
k��Eâå», �Ûd�ïÄ<
|^TEâ
3 Angara5-1 C�þ?1
Rk¤��ïÄó�,
Grabovski, Zukakishvili Ú Aleksandrov � [3−5] ÿþ

�K�lfN�©6�¹, ïÄ
7ájá�é
©6�K�, ÿþ
V�j
K1�>6©Ù¿J
Ñj
�þ�`z, Ù¢��ä�nØ�[�Î.
IS, Å�J� [7] Ägò^&�Eâ^u Z � 
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K1>6��ä, �d� [8] é�K�lfN�Ä
åÆ1�?1
��ê��[ïÄ, �¢��nØ
O��k�½��å, cÙ´¢��ä���5�
I�Jp.

3 “r1�Ò” C�þ 2010 cmÐ� Z � 
¢�¥, ·�`z
�.^&�XÚ�(��OÚ
I½�{, ¤õÿþ
¾j
K1o>6Új
S
Ü�lfN¤���>6, SÜ^&��ÿþ�m
±Y� X Ë�õÇ¸c 20—30 ns ¼�
­½��
�¢�êâ. ÿþé'
X¾j
Új
\�&ü
«K1^�e�>6©Ù, ��
�&ÎéSÜ�
lfN©6K��O(¢�(J. ¢�êâ�±é
Ð/A^unØO���yÚ�O.

2 ¢��O

“r1�Ò” �)�óÀ>6¸�� 1.34 MA,
þ,�m (¸� 10%� 90%) � 70 ns, |^�.^
&�ÿþS�L§¥K1S	ý���^|Cz
Ç, �±��^|Ú>6©Ù&E.

-��¡È� S �)�aA>Ä³�

U = − dΦ

dt
= − dBθ

dt
S.

����¤3 ��²þ^|�

B̄θ =
∫

U dt/S.

3¶é¡Cq^�e, ��¤?�» r ±S��l
fN���o>6�

Ir ≈
2πrB̄θ

µ0
= − 2πr

µ0S

∫
U dt = K

∫
U dt,

ª¥Xê K ÏLI½¢���.
&�(�Xã 1 ¤«, aA��¦^ 90 µm

o�Ô�7�,  uK1SÜ��»� 0.5 mm
½ 0.6 mm 	Ü� 0.8 mm. ��Ú�;��7, ²
¶-+Ú¶-=�Ý�ë��Ó¶>C. z�&�
dü��45��|¤, ¤ÑÑ�k�&Ò45�
�, 
>^Z645�Ó, T(��O�±Ä��
Øí{D(, Ó��å��yÿþ(Jk�5��
^. �o�ÿþ� �°ÝÚ&D', 3æ^�º
����Ó�, z����7 2—3 *.

S�^&�¬é�lfN�)�½�6Ä, L
y3ü��¡µ�´UCÛÜ^|, ¦ÿþ(J 
lý¢Y²¶�´&�Z6�lfNS�L§. '
u1�«K�, du&�º��u±��lfN�

ªÇ�Ý, éÛÜ^|�K�é� [3], �±�Ñ. '
u�ö, &�éS�L§�K��){	ÛÜ�l
fNÚ&��þë�S�ü��¡. Z � @Ï,
�%$Ä��K�lfN�þ°��� (nØO�
� < 10%), �=kÜ©�lfN$Ä�&�þ (&
���÷����¡°Ý� 0.4 mm), Ïd&��
±�±�Ð, Ù�þØë��K�lfNS�L§,
é�lfN�K�Ì�Ly�{	�^. �Ï, Ì
N�lfN3�á��mSBL&�¤3�», ×
��¤&���, ���þ·\ÌN�lfN¥¿
K�S�L§, d�L§9���ÿþ(JØ�A
ý¢�^|Y². l¢��O5w, A¦þ~�&
��þ, æ^¦þ[�7ájÚ¶-+!~�&�
SC�Ý�. ¢�¥&�SC�Ý� 3 mm, ¶-+
	»� 0.5 mm, 90 µm o�Ô�U
�y���¹
�Ì�lfN��Ù¤3 ��.

ã 1 �.^&�(�«¿ã

ã 2 (a) ¾j
K1Ú�.^&�; (b) &�Ù� �, r

�l¶%�j
½&��ål
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¢�¥, ·�¦^
d 42 � 4.2 µm ¾j|¤
�7áj
K1, j
�» 12 mm, p 18 mm, o�
�þ� 112.2 µg/cm. �?1� 9 ugk�¢�¥, 5
ug¦^X¾j
, 4 ug¦^¾j
\�&ÎK
1. �&Îd$�Ý ��¤, �» 3 mm,  uj

¶�þ. j
Ú�.^&� �Xã 2 ¤«, Ù
¥	�&� (ã 2 �¥)  u�» 7.3 mm ?, ü�
S�&�é¡©Ù3�» 3.2 mm ?.

3 ¾j
K1�ä(J

ã 3(a) Ú (b) w«
 10345# ¢� (X¾j
)
��.^&��ä(J, Ù¥ IR � “r1�Ò” C
��>6iÿ� (Û¼��{ÿþ), PX � X ��
Ë�õÇÿþ�, ­� 1 Ú 2 �	�&�ÑÑ&Ò,
­� 3 Ú 4 ���S�&��ÑÑ&Ò. é�&�
&ÒÈ©¿¦±I½Xê���A�>6�, Ù¥
­� 5 �	�^&��ä(J, ­� 6 Ú 7 ©Oé
Aü�S�^&�. �ÿþ&Òþ± X ��Ë�õ
Ç¸�� 0 ��.

Z � @Ï, �K�lfN3âÔ[å�^e
�¶%®à, �Ù?\S�&�¤?�»±S�,
¤�)���^|�Cz¦&�ÑÑaA&Ò. ¢
�(JL²:

1) 3>6�>� 20 ns �, S�^&�m©k
²w�&ÒÑÑ. �ÑùÜ©�lfN�/¤�m,
Ð© �� R0 = 6 mm, &� �� Rp = 32 mm,
{üO����K�lfN�¶$Ä�²þ�Ý
� 1.4 × 107 cm/s.

2) 3 −80 ns � −30 ns ��S, C��>>6
Cq�5O\, 
SÜ�lfN���>6�­½
O�, Ù©6'~Cq�±­½.

3) −30 ns � �, S Ü � l f N � � � > 6
� 0.3 MA, Óo>6�'~� 20%.

4) l −25 ns ��m©, S�&�ÑÑ&Ò:
ìO\, ¿é¯C�Ó45. �íÿ, d�Ì�lf
N��&�?, &�×��¤.

¢�¥, 	�^&��ÑÑ&Ò3�mþ�
C � i ÿ > 6 Ó Ú, Ù � ä > 6 Å / � � C �
>6�q, �ÌÝ p. ¯¢þ, ¤k 9 ug�
¢�¥, 	�^&�ÿþ���> 6Å/þ�
�, ¸�� 1.61 ± 0.12 MA, 'C�iÿ>6¸
� (1.34 ± 0.07 MA)  p 20%. ü«ÿþ�{k
�N5� �, �U�3�¯Kò38��¢�¥

UYïÄ. �©¥·�òS�&�>6�éA�	
�&�>6�', ��Ø�NØ��K�.
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ã 3 ¾j
K1��.^&��ä(J (shot No 10345)
(a) 	�&� (­� 1 Ú 2) ÚS�&� (­� 3 Ú 4) �ÑÑ
&Ò; (b) K1o>6 (­� 5) Ú�» 32 mm ±S>6 (­
� 6 Ú 7) ��ä(J. IR �C�>6iÿ�, PX � X �
�õÇÿþ�
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ã 4 S�&��ä(Jé' (shot No 10344). ­� 1 �
��&���ä>6, ­� 3 �T&�ÑÑ&Ò, ­� 2
Ú 4 éA,��&���ä>6ÚÑÑ&Ò

ã 3(b) ¥, üS�&��ä>6�~��. ¯
¢þ, 3�õug�¢�¥, S�&���ä(J
�m�3�É. ã 4 � 10344# ¢�¥üS�&�
��ä(J, Ù¥­� 3 Ú 1 éA��S�^&�
�ÑÑ&ÒÚO����>6, ­� 4 Ú 2 éA,
��S�&�. �±wÑ, 3 −60 ns ��, üS�
&��ÑÑ&Ò�m®²k²w�É, ù«�É�

195207-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 195207

�±Y�&��¤, �ä>6�m� �ÅìO\.
ù�y�k&�C��Ø��K� (iÿ�� 12
�k�S�&��C� �IO �� 0.16 mm),
��­��´X¾j
S��Ø­½5. ã 5 �,
�ug (10334#) � X ��©Ì�ÿþ(J, �±
wÑ, 3 −51 ns ��, SÜ�lfN®²Ñy
²
w��é¡5. du^&��aA&Ò�6u>6
Ï��&� ��må, ÏdS��Ø­½57,
E¤&��ä(J�m� �.

ã 5 X ��©Ì� (shot No. 10334) (�4NC�ç:�
	�^&�)

T/ns
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ã 6 X¾j
^&��ä(Jé' (a) 8�z��S
	�&��ä>6; (b) S�&�>6��A�	�&�
>6�'~'X

é'X¾j
¤k¢�ug��ä(J, X
ã 6 ¤«. �>6þUì�A�	�&�>6¸�
?18�z, ¿�Ñ
S	�&�>6�'~'X.
�±wÑµ

1) S�^&�þ3�>m© 20—25 ns �k²
w�&ÒÑÑ¶&���¤�m��, �ä>6þ
3 −25 ns NCm©:ìþ,¿ÑyÆC.

2) 3 −80 ns � −30 ns ��S, SÜ�lfN
���>6­½O�. −30 ns ��, SÜ�lfN
©6'�� 15%—30%. du&�I½�?u¶é
¡^|¥, ¢�¥�lfN©Ù�Øé¡5*�

ÿþØ�, Ïd, ¢S�>6ÅÄA��uT��,
ÿþ(J�²þ��U�Ný¢�¹.

lã 6(a) ��±wÑ, K1o>6 (	�&�
�ä(J) �þ,÷3�mþ�3²w��É, d
d�±íä, õÇ¸�K1>6�m��mm�ä
k�½��Ä.

4 ¾j
\�&K1�ä(J

¦^$�Ý ��&Î��Ä�çn°Ä ICF
q�¢yàC:»´ Z � 4�­��A^��.
�&Î\1�, 7,¬UCj
SÜ�¸, K�j

S�L§. Ïd, k7�ïÄ�&Î\1�j

SÜ��lfN©Ù�¹, cÙ´SÜ�lfN©
6�Cz�.

ã 7(a) Ú (b) �¾j
\1�&���.^
&��ä(J. �X¾j
 (ã 3) �', 	�&�
�ÑÑ&Ò�q, È©���K1o>6��, �
ö�¸�þ'C�iÿ(Jp� 20%. \1�&
Î�, Ì�lfN���&ÎL¡�k�)�½þ
� X ��Ë�, Ø �&Î�%�q�)�p� X
��Ë�, X õÇiÿ­�¥yV¸. duù�L
§�±Y�m'X¾j
��, ÏdS�&��¤
��é��Jc. ã¥S�&�m©�¤����
� −30 ns.

ã 7(c) Ú (d) ��Ój
K1^�e���1
^«�Ú�A�S�;,J�(J. ^«�Å¦^
Î¡ßºéK1»�¤�, 1��¶�DÂ��Ø
C, ÏdÙÿþ(J�A
j
� L§÷¶��
²þ�J. ã¥ −30 ns ��, S�;,>� ��
� 3.5 mm, �S�^&� ���. ?\j
SÜ
��lfN÷�&ÎL¡©Ù, �&Î �±Yþ
!u1.
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ã 7 ¾j
\�&��.^&��ä(J (shot No. 10348) (a) 	�&� (­� 1 Ú 2) ÚS�&� (­� 3 Ú 4)
ÑÑ&Ò; (b) K1o>6 (­� 5) Ú�» 32 mm ±S>6 (­� 6 Ú 7) ��ä(J, IR �C�>6iÿ�, PX � X
��õÇÿþ�; (c) ��1^«�ÿþ(J (shot No. 10190); (d) ^«�S�;,

du�K�lfN���&Î�÷�&ÎL
¡©Ù, ÷v¶é¡^�, Ï
S�^&���ä
(J�~��. 3j
\�&K1^�e�?1

 4 ug¢�, ã 8(a) ��¢��^&��ä(
J, �>6þUì�A�	�&�>6¸�?18
�z, ã 8(b) �&�SÜ�lfN�©6'. �±
wÑµ

1) S�^&�þ3�>m©� 20 ns �k²
w�&ÒÑÑ¶&���¤�m��, �ä>6þ
3 −30 ns NCm©:ìþ,¿ÑyÆC.

2) SÜ�lfNO\�Ó�, Ù���>6
°�3 20 ns S×�þ,�o>6� 17%—20%.
3 −80 ns � −50 ns �mãS, SÜ�lfN©6
'�úþ,� 20%—24%. −50 ns ��, ©6'þ
,�Ý\¯, −30 ns ���©6'�� 28%—34%.

3) K1o>63�mþ�~��, = X Ë�õ
Ç¸��>>6��mm��±­½. �Üníÿ,
\1�&Î� Z � S��Ø­½5��k�³
�, Ì�lfN�/¤�mÚ�¶$ÄL§þ��
��.
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ã 8 ¾j
\�&��^&��ä(Jé' (a) 8�z��S	�&��ä>6; (b) S�&�>6��A�	
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T/ns
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ã 9 ü«K1�^&��ä(Jé'

éü«K1�>6�ä(JUìK1o>6
Å/?1�m'é, ¿òS�&��ä(J¦²þ,
(JXã 9 ¤«. éuX¾j
, @�ÿþ(J�
²þ�U�Ný¢�SÜ>6Y². �±wÑ:

1) Z � cÏ (�>m©� 70 ns ±c), �&
ÎéSÜ>6��vk²wK�, ©6'�� 20%.

2) Z � �Ï, \1�&Î^�eSÜ>6þ
,�ÝO\, &��¤cSÜ�lfN�©6'þ

,�� 30%.

5 ( Ø

|^�.^&�XÚÿþ
¾j
K1��
�^|CzÇ, ¼�
 Z � L§¥�K1o>
6ÚSÜ>6��m�üC1�, ¢�êâ­½
��. j
d 42 � 4.2 µm ¾j|¤, �» 12mm,
p 18mm. ïÄ
kÃ�&Îü«K1^�e�S
Ü�lfN©6��É, (½
�&ÎéK1>6
©Ù�K�§Ý. ¢�¼��Ì�(ØXeµ

1. 3>6�>� 20 ns �, �K�lfN?
\�» 3.2 mm ±S«�, S�^&�m©k²w
�&ÒÑÑ. 3��� 20ns S, SÜ�lfN©
6'×�þ,�� 20%, ¿3 30—40 ns SÄ��
±­½.

2. Z � cÏ (�>m©� 70 ns ±c), �&
ÎéSÜ>6��vk²wK�. �Ï, \1�&
Î^�eSÜ>6þ,�ÝO\, &��¤ (ÌN
�lfN��&� �) c©6'þ,�� 30%.
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Abstract

The current within imploding multiwire tungsten arrays is measured using micro magnetic probes in the Qiangguang-1 facility at

a current of 1.3 MA and rise time of about 70 ns. Difference in current distribution in multiwire arrays between with and without foam

cylinder on the array axis is studied. Stable and reliable results are obtained for tungsten wire array Z-pinch with a wire diameter of

4.2 µm and an annular diameter of 12 mm. The results shows that the output of magnetic probe at a radius of 3.2 mm lags about 20

ns behind the discharge current pulse. After that, the ratio of inside current to the total current increases 20% within 20 ns and keeps

steady for 30–40 ns. It is found that the foam cylinder has no appreciable influence on the inside current value in the initial stage of

implosioin.
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