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1 Ú ó

Z � C�Ì�^5mÐpUÔn¢�, é.
5�åàC!UNÔnÆ!Ë�ÔnÆ��'+
�?1ïÄ [1]. TC�Ì�dóÀõÇ�;�!
DÑ9®àA�Ü©|¤ [2], Ù¥, óÀõÇDÑ
Ü©��O�'­�. {I Sandia ¢�¿� Z \
�ì, ZR \�ì (PBFA Z, ZR) C� [3−5] �óÀõ
ÇDÑÜ©æ^hÚY��ý�á�W¿Ó¶D
Ñ�, =Ï~¤¡� “h«” Ú “Y«”. �æ^ù�
��ª5DÑ MV, TW þ?�põÇóÀ [6], �
¦Ò�4må��âU�yW¿0�Ø�ÂB. Ï
d, �� Z � C�ò�~E,
�, �o�~(
J. æ^Ó¶^ý�DÑ�5¢yóÀõÇ�DÑ,
U¦C�(���{ü, Ó��k�/ �Ù¤
Ó�m.

,
, 3¢SA^¥, ^5DÑóÀõÇ�Ó
¶^ý�DÑ� (MITL) ��Ý��¬kA�$�
�A��, eØ3DÑ�¥m\\�A�| (
�÷4S�N, 3­å��^eÙ¶�³7¬�e
 lY² �. �
�½S�N� �, ¢Sì�

¥Iæ^Ú^7á| \ë�S	�N��| 
(�. À�Ú^| \��| (�, ´Ï�Ù�
�äk�r�>a, 3DÑóÀ>Ø�¬�)�A
�aA>³, l
�±Ò�4m�>³�. �ù«
(��Ú\³7¬E¤DÑ��DÑ�Çü$, Ï
d, I�éÚ^| \(�\\��DÑ��Ç
?1ïÄ. �´ÙÔnL§q��E,, nØ©Û
éJ�Ñ�'(Ø. �©�´Äuù�:, lê�
�[��ÝÑu, ±·IgÌï��ê��[^
� —–CHIPIC3D �Ä:, éÙmÐn��[ïÄ
ó�. Ó�, (Ü¢�êâ©Û
�[(J, y²

ê��[���5.

2 ê��.�¢y�{

2.1 ììì������ÄÄÄ���(((���999nnn������...���ïïïááá

ã 1 ¤«���Ú^| \Ó¶^ý�D
Ñ��¿¡(�, Ù¶��Ý� L = 1270 mm,
SÙ�» Rc = 120 mm, 	ÙS�» Ra = 150
mm, æ^�GÒ4(��4+��K1, ��°Ý
�0.055 m. 3Ù¥mÜ \\Xã¥¤«�Ú^|
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 � � � � � �	 � � � � � � � � � � � � �
ã 1 �Ú^| \Ó¶^ý�DÑ��(�ã

 (�éÒ�4?1�½, Ù¥Ú^��� 0.3 m,
���»� 0.1 m, �»� 5 mm, o*ê� 19.5 *,
>a� 9.7 µH �Ú^G| \, 	Üæ^��4�
ëS»� 0.245 m ���/�NéÙ?1µ4.

Ï~�¹e, éu÷¶�^=é¡�(�3ê
��[ï�¥þæ^Î�I½4�I. ,
duT
(��Ú^| \Ü©�»
�k�¶é¡, �
Ùï�ºÝ�¦��°[, ��¢yO(ï�Iæ
^���I. Ïd, �©æ^���I, ¤��.X
ã 2 ¤«. ã 2 ¥, �à PORT à�\1Ñ\°Ä
>Ø, Ò4L¡���¿ªu�¡. Ù¥, Ó¶Gó
ÀDÑ«��Ò4u�K�� 200 kV/cm, �G�
4+«��u�K�� 20 kV/cm.�� � � � � �� � � � �� 	 
 � �� 
 � � � � 
 � � �� � � � � 
 � � �� � ��� � � 
 � � �

ã 2 n�ï�ã

2.2 KKK111���444+++ÒÒÒ���444mmmååå���ÀÀÀJJJ

d Greedon[7] JÑ��6nØ��, éu(�
(½�^ý�DÑ�, �Ù�4>³� Va �, ^
ý�/¤�>f>��>³ Vm d�4>6 Ia û
½. Ó�TnØ��Ñ, �3����^ý�>

6 Ia min, ÙL�ª�

Ia min = I0gγ3
m ln[γm + (γ2

m − 1)1/2], (1)

Ù¥, I0 = 8500 A, g �AÛÏf, éuÓ¶DÑ
� g = 60/Z (Ù¥, Z �DÑ��ý�{|), γm �
L«¤Xe'Xª:

γm = 1 + eVm/mec
2. (2)

Ó�, γm � Va �öq�ÏLXe'XªéXå5:

γm + (γ2
m − 1)3/2 ln[γm + (γ2

m − 1)1/2]

=1 + eVa/mec
2, (3)

(2) Ú (3) ª¥ e �>f>Ö, me �>f�þ.
e^ý�DÑ�ý�{|�½, K�d (1)

Ú (3) ª¦ÑØÓ>Ø Va éA���^ý�>
6 Ia min. �©�[�Ó¶^ý�DÑ��ý�{
|� 13.4 Ω, ã 3 L«§���^ý�>6 Ia min

��4>³ Va �Cz'X.
,	, du3��^ý��G�e, �4>6

Ì�û½u�4+�ó�>6, Ïd, IÀ�Ü·
��4+Ò�4må, ¦DÑ�?u^ý�G�.
�©Äk�ï�ã�¢S(�Ó¶ã���Ó¶
DÑ�, màÓ�æ^�4+��K1. �[L§
¥3� PORT à�Ñ\¸�� 1 MV!>Ø��m
¥�u'X�óÀÅ, ±Ï� 400 ns. æ�N!�
4+Ò�4må d ��ª, ©Oé d �u 30, 25,
20, 15, 10 Ú 5 mm) ��¹?1ê��[. �[¥
���A·-, *ÿ�4+Ò�4m�>Ø!>6.
ã 4 Úã 5 ©OL«�´±þ�«�¹e�4+
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>ØÚ>6��m�Cz'X. òØÓ d �éA�
¸�>Ø9¸�>6�3ã 3 ¥IÑ. w
´�,
� d = 5, 10 mm �, Ò�4m>Ø��, Ò4L¡
Ã{��u�K�; � d = 15 mm �, DÑ�?u
^ý�G�; � d �L 15—20 mm �m�,��
�, DÑ�òØU�)^ý�. �Ä±þ�Ï, �©
�[(�9�'¢�C�� d = 15 mm.

� � � � � � � � � � � � � � � � � ��� �� �� � �� � � � � 	 
 � �� � � 
 � �� � � 
 � �� � � 
 � �� � � 
 � �� � 
 � �� � � � �� ��� ���� � 
 � �
ã 3 ��^ý�>6��4>³�'X

� � � ���� � � 	 	
 	 	� 
 	 	� � 	 	� 
 	 	� � 	 	� 
 � � � � � 
 ��� 
 �� 
 �� 
 �� 
 �� 
 �
ã 4 ØÓ d ��K1�4+ó�>Ø��m�Cz��� � � � �� � �� � � �� � � �� � � �� � � �	 
 � �
 � 
 � 
 
 � � 

� 
� 
� � 

ã 5 ØÓ d ��K1�4+ó�>6��m�Cz

2.3 ���[[[ëëëêêê���������

ê��[¥�����À�é�[�^�9
O(Ýk��K�. e��y©L�, �,U�y
�[�°Ý, �du¤�[�ì�L�, ��êò
�~õ, Ñ�L�; ��, e��y©L�, �,U
!��[�m, �°Ýþ�3�½�¯K. duT
ì�é��y©°Ý�¦�p��Ú^| \Ü
©, Ïd�©Äk��TÜ©, éy©ØÓ���
���.?1
�[. ã 6 L«�´3Ñ\��
óÀ>Ø�, ©OÀ������ 1.5, 2.0, 2.5, 3.0
Ú 3.5 mm �Ú^| \¥% ��^|��m
�Cz'X (À�^|�é', ´duÚ^| \
3ùpÌ�å��>a��^, ÏdÄkI�Ä�
´��Czé^|´ÄkK�). ÏLé'uy, �
����u 3.0 mm �, O�(J°Ývkõ�C
z. 3nÜ�ÄO�Ñ�9O�°Ý�Ï��, �
©ï��, n��������þy©� 2.5 mm.
d�, Tì�y©���ê�� 146 ��, �[�
m� 150 ns, Ú�� 0.0014 ns, æ^ HIHG Q �{
?1�[O�. �[L§¥3� PORT à�Ñ\¸
�� 1 MV, >Ø��m¥�u'X�óÀÅ, ±Ï
� 400 ns. ����'�[ëê, ©ÛÚ^| \
�\\éDÑ�Ç�K�, ©O3Ú^| \�c
�à, À�l| \��� Z = 300, 692 mm (X
ã 2 ¤«, ùü� �dul| \��, �±@
�Ó¶DÑ� 360◦ �±þ�D�>6�Ý©Ùª
uþ!) ±9�4+?���'·-, ©O*	Ò
�4�m�>Ø!Ò4>6!�4>6�'�Ô
nëê.

� � � � � � ��� � � �� � � �� � � �� � � �� � � �� � � �� � � 	 � � � 
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� � � 
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 � � 
 ���
ã 6 ØÓ����O�¤��^|é'
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3 �[(J©Û

ã 7 ��[¤�� Z = 300 mm ?�Ò�
4>Ø��m�Cz, Ù3 96.9 ns ����¸
� 548.9 kV, 
¢�¥ÿ��¸�>Ø�� 550 kV,
Xã 8 ¤«. Ó�, �[¥*	�l 37 ns �mm©
Ò�4>Øk¤eü, �� 45 ns �mâm©¡E
þ,ª³. ùÌ�´du3d�mãS, DÑ�Ò
4m©u�>f, �ý�Ü©^|�,Ø
r, Ø
v±¦ùÜ©>f�)^ý�, ��Ù$Ä��4
E¤>Ø�eü.
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ã 8 ¢�ÿ��Ò�4>Ø

ã 9 Úã 10 ©O��[¤�� Z = 300 mm
9 Z = 692 mm ?��4>6��m�Cz'
X, ¸�>6©O� 114.4 9 108.8 kA. Ïd, �[

¤��3Ú^| (�Ü©DÑ��4���>
6�� 5.6 kA. 
¢�ÿ�ùü?��4>6þ
� 103 kA, � 692 mm ?Ñpu 300 mm ?, ù�Ô
n5ÆØÎ. Ñyù«�¹�U´du¢�ÿþ�
�3X�A�Ø�.
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ã 9 �[¤� Z = 300 mm ?��4>6

t/ns

0 50 100 150

/
k
A

0

40

80

120

ã 10 �[¤� Z = 692 mm ?��4>6

ã 11 Úã 12 ©O��[¤�� Z = 300 mm
9 Z = 692 mm ?�Ò4>6��m�Cz'X.
Ù¸�>6©O� 106.9 9 97.4 kA. Ïd, �[¤
��3Ú^| (�Ü©DÑ�Ò4���>6
�� 9.5 kA. 
¢�ÿ�ùü?�Ò4>6©O
� 94.4 Ú 91.6 kA. ÏL±þêâ©ÛL², Ú^|
 \(��Ú\éÓ¶^ý�DÑ��DÑ�Ç
�K�3��É��S; Ó�, �[(J�¢�ÿ
þêâ�m�p<y, y²
ê��[�O(5.
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ã 12 �[¤� Z = 692 mm ?Ò4>6

ã 13 � 116 ns ���âf¢�mã. lã 13
�±wÑ, 3Ú^| \¤3«�, Ü©âf��

4$Ä, E¤
DÑ>6���. ù´duÚ^|
 \�\\, ��
TÜ©��^|C��f, �
| \cà�ë�Ó¶DÑ�/¤�>f63d
?Ã{/¤^ý�, l
/¤>6��. Ó�, �|
 \�à��ë�Ó¶DÑ�, du�É�| \
�K�, ��T«�>f6ý��JØ´éÐ, E
¤
Ü©>6���. ��X^|ÅÚ¡E�~,
Ù�¡Ü©qÅì¡E^ý�. Ïd, �±@�Ú
^| \(��\\, Ì�é| (�Ü©±9�
| (�c!�à����Ó¶DÑ�Ü©�^
ý�5UE¤
K�, Ù¦Ü©EU�±3�Ð�
^ý�G�.

0 0.636

Z/m

Y
/
m

0.053

0.264

0.475

-0.158
1.272

ã 13 �[¤� 116 ns ���âf¢�mã

4 ( Ø

�©¤õ¢y
�Ú^| \Ó¶^ý�D
Ñ�ù��«�ºÝóÀõÇDÑì��n�ï
�, ¿éÙ?1
ê��[. *ÿ
| c��Ò
�4>6��
­��Ônëê, ¿�¢�êâ?
1
é', (JL²ê��[äk�p�O(5.
Ó�, ò�[(J�¢�êâ�(Ü, ©Û
E¤
| \«�>6���Ì��Ï.
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Abstract

According to the actual device size, a three-dimensional numerical simulation model of the coaxial magnetically insulated trans-

mission line with a helical inductor is developed. The diode with an appropriate distance between anode and cathode is selected as

a load of the transmission line. Setting the device parameters, the device is simulated. Comparing the simulation results with the

experimental data, the reliability of the simulation is proved. By combining with the corresponding experimental data, the transmission

efficiency of the coaxial magnetically insulated transmission lines with adding the structure of helical inductor is analyzed.

Keywords: three-dimensional numerical simulation, helical inductor, magnetically insulated transmission line
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