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Ó¶Ë��éØ^�+, q¡äkû�ÑÑ��éØ^�+, ´8c�éØ^�+3�.zÚ;nz��uÐ
��©|, �´k"¤��;n�Ä�põÇ�Åì���. �âÓ¶Ë��éØ^�+��¶�Ë�O TE11

�ª��ªÚA:, mÐ
ü´Ó¶Ë��éØ^�+�^��/i�õÇÜ¤ïÄ. ÏLé²1ü�(J�©Û
?Ø, JÑ
�«UõË���5��{Ú(�. �ª�ïÄ(JL²: �ü´Ó¶Ë��éØ^�+¿ü�C�
��Y�� 7◦, �^/i�ëê� h = 600 mm, r = 340 mm �, π ���Xê� 0.31, ��OÃ 21.5 dB, Ë��ª
� TE11 �.
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1 Ú ó

dupõÇ�Å�ÔnÅ�±9ó²(��
��, �«�ÅÑkÙõÇ4�. �dÓ�, <�
q3ØäJ¦�p��ÅõÇ, 5÷v�
y�ó
�Ú�¯A^I¦. Ïd, õÇÜ¤Ò¤�
)û
¯K�'�.

õÇÜ¤��©�üa: �a�Ï�õÇÜ
¤, =òõ��Å¤�)��Å®à���Ï�
�2²/iË�Ñ�; ,�a��mõÇÜ¤, =
òõ��ÅÕá�	Ë�, �ª�^��mÓ�
8Iþ. cö�`³3uXÚ(�;n, OÃÚ�
�5Bu��, ":3uÜ¤õÇE,k�. �ö
�,3nØþ�±���p�Ü¤õÇ, �3¢S
¥\\�Õá�Å�õ, XÚÒ�
�, Ü¤�
J¢y. �éØ^�+´�@mÐõÇÜ¤ïÄ�
põÇ�Åì� [1−4]. DÚ��éØ^�+�õ
ÇÜ¤´|^òõ�^�+»�ÍÜ� (�yªÇ
£½Ú� £½), 2l��^�+�»�J��Å
l?1õÇÜ¤. ®²¼�
 GW ?��ÅõÇ
ÑÑ [3,4]. �´, du�þ�»��ÅJ�©|��
3, ¦�|^ù«�ª?1õÇÜ¤��éØ^�
+XÚLu
�, Ã{÷vy�põÇ�ÅXÚ¤

�¦�;nzÚ�.z.
Ó¶Ë��éØ^�+, q¡�äkû�ÑÑ

(���éØ^�+ [5−14], ´8c�éØ^�+
3;nzÚ�.z��uÐ��©|, ´k"¤
��;n�Ä�põÇ�Å��. 3�K�¡�
»��ÅJ�(��Ó�, Ó¶Ë��éØ^�+
�±¢yØÓ TE �ª�põÇ�Å��Ó¶Ñ
Ñ, ^|XÚ��\;n [7,8]. Ïd, mÐÓ¶Ë�
�éØ^�+�õÇÜ¤ïÄäk��y¢¿
Â. �©3©Û
Ó¶Ë��éØ^�+õÇÜ¤
�¢y�{��, JÑ
�«k��Ó¶Ë��é
Ø^�+�õÇÜ¤(�, T(�äk�$� π �
��Xê±9�Ð�Ë���5. �'SNSüX
e: 1�Ü©ïá�.¿©Û
Ó¶Ë��éØ^
�+?1õÇÜ¤��15±9¢y�{; 1nÜ
©ÏLN��^/iëê, ?Ø
ëêUCé π �
��Xê±9Ë���5�K�, ¿é(�?1

?�Ú`z; 1oÜ©�(Ø.

2 �.(��ïÄ�{

Ó¶Ë��éØ^�+���A:´�±�
�Ó¶Ë� TE11 �ª [8]. �ì�ó�3 π ��,
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ÏL3�ÅJ�(�¥mü�é¡�Ü�øB�
±¢y TE11 �ª�ÑÑ [8,10]. 8c A6 .Ó¶Ë
��éØ^�+´ïÄ�õ��«, Ïd�©±p
�. A6 Ó¶Ë��éØ^�+ [10] ��., mÐ
õÇÜ¤ïÄ. duÌ��éõÇÜ¤�{±9Ü
¤�J?1©Û?Ø, ÏdéuüÕ�Ó¶Ë��
éØ^�+�ó�L§±9(�ëê�`zØ2
?1äN`², ùÜ©SN�ë�©z [8—14].

ã 1 Ó¶Ë��éØ^�+¥� π �ó��ª±9Ë��¡
>|¥þ©Ùã

ã 2 Ó¶Ë��éØ^�+O TE11 ���|Ë���ã

Äk, |^À`{ [12] ép�. A6 Ó¶Ë��
éØ^�+(�ëê?1
`z, äNº��: Ò
4�» Rc = 1.58 cm, �4�» Ra = 2.88 cm, ��
n�» Rd = 4.88 cm; �ÅJ�(�SÜ� α = 25◦,
	Ü� β = θ = 90◦, LÝã�» r = 9.0 cm, �Ý L =
7.4 cm, �¡�» R = 13.0 cm. �	\>Ø 600 kV,
U?.^| [14] ¥�4L¡^|rÝ� 0.42 T �,
TÓ¶Ë��éØ^�+ó�3 π � (ã 1 ¤«),

ó�ªÇ 2.27 GHz, ²þÑÑ�ÅõÇ� 1.05 GW,
Ë��ª�O TE11 �, Xã 2 ¤«.

ÏLéüÕ�Ó¶Ë��éØ^�+�ïÄ
uy, Ë��ª�>|¥þ´�é¡Ü�ø�R�
�. �é¡Ü�øR����, �¡>|¥þÒ�
3Y²��þCz. Uìd{, �¿ü��ü��
Óº�(��Ó¶Ë��éØ^�+�, 3�yp
�^«�pÍÜ [1−3] �, ��òé¡øÑR��
�, @oÑÑ�ª�>|¥þÒ�±¢y3��/
iS3Y²��þÓ�U\. Äuù�g�, ·�
mÐ
Xã 3 ¤«�Ó¶Ë��éØ^�+XÚ
�õÇÜ¤ïÄ. �
�yXÚ�;nzÚ�.z,
òü´Ó¶Ë��éØ^�+¿ü��, ¿�±ü
´ÑÑ�¡äk�á�må. ù�må´3ØK�
�å^| [14] �C�±9ØUCüÕÓ¶Ë��é
Ø^�+SÜ�m^|©Ù��¹e�ü´ÑÑ
�¡>��Y²ål, �~¥� 10 cm. 3ù��c
Je, �yü´ì�(�ëêØC, �	�^/i
�Ü�±9/i�Ý�UCéË�5U�K�.

ã 3 Ó¶Ë��éØ^�+�õÇÜ¤�.

3 ©Û?Ø

|^pª>^|©Û^� HFSS ïá�., �
	�^/i(�ëê�UCé π ���Xê±9
Ë���5�K�. ã 4 Úã 5 ©O�ì� I Ú II
� π ���Xê��^/iëê�Cz'Xã. l
ã¥�±w�, ÃØ�^/iëêXÛCz, ü�
Ó¶Ë��éØ^�+� π ���XêCzÑ�
�, Ä�3 0.31 ?ÅÄ. `²�^/iëê�Cz
Ä�Ø¬é π ���Xê�)K�. ¢Sþ, π �
��XêÌ�´dÓ¶Ë��éØ^�+(��
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�¤û½�. �^/i�±w¤´dNõ�»Øä
O���Å�¤|¤. �Õá�Ó¶Ë��éØ^
�+��Ò�±DÑO TE11 �ª�, @o3º�
�»����Å�Sg,����.

ã 4 ì� I � π ���Xê��^/iëê�Cz'X

ã 5 ì� II � π ���Xê��^/iëê�Cz'X

ã 6 äkõB��Ë���ã

ã 7 U?��ü´Ó¶Ë��éØ^�+õÇÜ¤�.

ã 8 (�U?��Ë���ã

Ùg, N��^/iëêÃ{UõXÚ�Ë�
��5, �|Ë���ã¥©ªÑk���B��
3, Xã 6 ¤«. éu�)B���Ï, �±lË�
�ª�/¤Ån5)º. ���Ó¶Ë��éØ
^�+ó�3 π ��, ¤Ë��´�«O TE11 �
ª, ´d¤kû�ÑÑ�ªU\/¤é¡Ë��(
J [10]. ¤± H ¡B�½õ½�Ñ¬�3, Xã 2
¤«.  E ¡B���)´du|U\Ø¿©¤
E¤�. �ü´Ó¶Ë��éØ^�+¿ü²1
���, ü´�¥%¶�mÒ©ª¬�3�½�å
l `, ` >2R. �ü´±�g¥%¶�é¡¶Ó�Ë
��, ³73�^/i¥�UkÜ©Ó�|?1U
\/¤Ì�, �U\�Ü©B�éÌ�/¤
B
�. Ïd, ��Uõù�G¹kü«�{: �´òü
´Ó¶Ë��éØ^�+�ÑÑ�ÅkÑ\��
��Å�S2ÏL/iò¤Ü¤��ÅË�Ñ�.
ØJ��, duI��	O\�^�Å�ÚªàË
�/i, |^ù«�{ò¬¦XÚNÈ
�, �.
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zÚ;nz�`³ØE�3. �´òü´Ó¶Ë�
�éØ^�+Ø2²1��´¥�½�Ý, ±d
5O\k�|U\Ü©, Xã 7 ¤«. �±ý�, 1
�«�{�±3XÚNÈØC��¹eUõË�
��5. Ïd, �±ü´�m�»�ålØC, ·�
ÀJëê� h = 600 mm, r = 340 mm ��^/i,
ÏL`z��ü´Ó¶Ë��éØ^�+�Y�
� 7◦ �, õÇÜ¤XÚË���ãXã 8 ¤«. �
±w�, E ¡B�Ä���, H ¡B����
�Ì
�f, Ë��ª��C TE11 �.

ã 9 ü´Ó¶Ë��éØ^�+� ��CzéOÃ�K�

ã 10 (�U?��Ë���ã (∆θ = 40◦)

,	, 3¢S¥, � £½�Ð�´K�Ü¤
�J�'�Ï���. �d, �	
ØÓ� �e
(�`z��XÚË���5�Cz�¹, ¿o(

Xã 9 ¤«. lã 9 ¥�±w�, �� �3 10◦

±S�, OÃCzØ²w; 3 40◦ ±S�, Ì�OÃ
Ñkeü, B�OÃk¤O� (40◦ ��Ë���ã
Xã 10 ¤«); �k�� ��� 120◦ �, Ì�O
Ãâ�é²weü (120◦ ��Ë���ãXã 11
¤«); AO´� �� 160◦ �, Ì���üC¤
ü�B�. lù�:�±`², =Bp�^«ÍÜ
ÝØp, � ��3ÅÄ, ÅÄ��3 0—120◦ ±
SCzÑ´�±�É�(J.

ã 11 (�U?��Ë���ã (∆θ = 120◦)

4 ( Ø

Ó¶Ë��éØ^�+´8c�éØ^�+
3�.zÚ;nz��uÐ��©|, ´k"¤
��;n�Ä�põÇ�Å��. �âÓ¶Ë�
�éØ^�+��¶�Ë� TE11 �ª�A:Ú�
ª, mÐ
ü´Ó¶Ë��éØ^�+�^��/
i�õÇÜ¤ïÄ. ÏLé�ý(J�©Û?Ø,
JÑ
�«UõË���5��{Ú(�. �ª
�ïÄ(JL²: �ü´Ó¶Ë��éØ^�+
¿ü�C���Y�� 7◦, �^/i�ëê� h =
600 mm, r = 340 mm �, π ���Xê� 0.31, ��
OÃ 21.5 dB, Ë��ª� TE11 �.

�'�Á�ïÄò3�¢�¿�VÒ4\�
ì²� [15,16] þmÐ.
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Investigation on the power combination of the
relativistic magnetrons with axial extraction
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Abstract

The relativistic magnetron with axial extraction, also known as magnetron with diffraction output (MDO), is an important device

for the miniaturization and compaetification of magnetron. It is also promising to be one of the most compact narrow band high

power microwave sources. Based on the manners and traits of the MDO directly radiating the quasi-TE11 mode in axial direction, the

investigation of the power combination of double MDOs with a horn antenna is carried out. After discussing the combination ways and

results, a modified configuration is proposed for improving the radiation directivity. Finally, the results show that when the adjacent

double MDOs have an open angle of 7◦ and the common horn antenna has the parameters of h = 600 mm and r = 340 mm, the π mode

reflection coefficient of the power combination system is 0.31, the maximum gain is 21.5 dB, the radiation mode is TE11.
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