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± 5—20 kHz �6>���lfU�-y, ïá
�± U /�lfNU�. 3�[�ãU�(��Ó�¿
éÙÜ©>A5?1
ÿþ. (Juy, 3 50—300 MHz ªÇ��S, Óóª�6��6>-y�', TU��D
(>²�~$, ��Ó�E�7áU��D(>²��C. Ó�, T�lfNU�äkéÐ�{|�°A5, �3�
°ª���S�LyÑ
ûÐ�OÃA5.

'�c: �lfNU�, �6-y, {|, OÃ

PACS: 52.20.−j

1 Ú ó

�~5U��', �lfNU�äkNõÕA
�5� [1,2], XÛ��JÐ!�¯�¢yU��Ä
��!NÈ�Bu�§Ù�9|Z6A5�. Ï
d, |^�lfN�O7á��D�>^Å�U�
�Úå
IS	ïÄöÚïÄÅ��'5 [1−21].
�lfNU�Ì�©��lfN0�U�9�l
fN��¡U�ü«/ª, cö�kË�ì, Ì
�A^uáÅÚ�áÅªãS�Ï&. �ö�Ã
��ì, Ì�A^u�õÇ�°�óÀX� [3].
�lfN�U��ïÄó�, Ì�´l�lfN
U�-y�ª!�lfNU�¥>^ÅÅDÂÅ
n!U�Ë��Ñ�nØ!�lfNU�5U�
¢�ïÄÚê��ý©Û��¡mÐ� [1,2,4−21].
3-y�ïÄ�¡, ®²¢y
-1!�6!
óª�6!óÀ!�ª±9�Å�lfNU
��-y [1,11,12,17,19−21]. �Ò VHF ªã�U�
�-yØ, -1-y¤I��UÑL�; óª�
6¤-y�U��DÑ��, �U��ÇÚO
Ã�Øn� [1,11]; �ª>��õêïÄö¤æ
^ [1,2,4,11,19], �y²äk�p�OÃ, �$�D(
±9¯��N�A5. ��k�½�Øv [17], XÏ

&ª�É�, Edp9-yUþÚ�±Uþ�m�
ã��É��N�(J��. Cc5®k�Å�l
fNU��'ó���� [20,21], ��ÅL��
ÑU, [B�Ed9���>^Z6�¤��Å�
lfN�U�uÐ�´¶. Ïd, 3(�U�3�
½ªã��SD(!{|!OÃ�U�A5÷v
�¦�cJe, I�é¤�9UÑ?1�Ä. �©
æ^ 5—20 kHz �6���lfN�U��-
y, ��
 U /�lfN�U�¿éTU�3Ü
© VHF Ú UHF ªÇ��S?1{|!OÃ�A
5�ÿþ. �Ñ�(J� VHF ªã�lfNU�
��ïJøë�.

2 5—20 kHz �6-yó��n

5—20 kHz pØ>ó�6§Xã 1 ¤«, Ù
ó�6§'�{ü, AC 220V óª½>²L EMC
ÈÅ�x\ AC/DC xª�Å�6>´, 8�´
ò 50Hz �C>=C�óÄ��6>. ²L>N
ÈÅróÄ� �6C¤²w��6>, )¤�
� 300V ��6>Ø. T�6>Ø²�xC�ì
C� 5—20 kHz pª�6ÑÑ. Ì�Ü©Ì�´é
õÇ°Äü�?1õÇN!�ªÇN!, ªÇN!
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ÏLCªì��) 5—20 kHz �N�pª&Ò, Ï
L,ØCØì���p� 7 kV �ÑÑpØ, -y�
>+�)�lfN. T>���ÑÑõÇ� 500
W, ��)p�Ýþ!�lfN.

ã 1 5—20 kHz pØ>ó�6§«¿ã

3 5—20 kHz �C>|¥, íN�>l�3�
6½>|9 50 Hz �6>|¥��¹ØÓ [22].
Ì�´du>|±Ï5�UC, �þ����lf
ØN´��ì9½>4lm�>�m. ��lf
�[£Ç� µi , Kl>Ø¸�m©� t �, �lf
[£ål x � [22]

x =
∫ ωt

0

µi

ω
E0 cos ωtdωt =

µiE0

ω
sinωt. (1)

XJ(½�>mY�ål� d, ��lf[£å
l x ��, Kk

f =
µiE0

2πd
sinωt. (2)

Ï�3	\>Ø���c���k��m´o©
��±Ï, = ωt = π/2, d (2) ª��>|���
ªÇ fmax �

fmax =
µiE0

2πd
. (3)

XJÑyªÇ fc ¦�3TªÇe, �lf3�±
ÏSr�>4mål d, K

d =
∫ T/4

−T/4

µiE0 cos ωtdt

=
2µiE0

ω
=

µiE0

πfc
. (4)

�±wÑ, fc = 2fmax. � fmax < f < fc �, Ï�
�lf�m>Ö3�m�3��m�
, ¬�3
�����)���#�È�¤*Ü. d�, �3
Xù���U5, =ÚuÂBL§�È��±�u
3·>|�¤I�È�, ÂB>Ø¬k¤eü [22];
� f > fc �, �lf�m>Ö¬34m��, #�
È�¬¦�lf�m>ÖO�, ¤± fc ¤�3ü
�ØÓÂBÅn�m�.� [22].

3 U /�lfNU��¤9¢�XÚ

U � C � X ã 2 ¤ «, � > + o � Ý
� 1200 mm, S ¿ Ar � Hg � · Ü í, í Ø �
� 200 Pa. �>+�ü4Ú 5—20 kHz pØ>
>´�þ�\ý�Ý¥, ý�ÝS�k7á¶-�,
±¶-���)�>^Z6. �>+�ý|^>N
ÍÜ�ª?1">, 	¡µkdÒ¾�¤�7á¶
-Ý. ���p> é>^Å&Ò�Â!u�C�
E¤ú³, >NÍÜìl�>+�/>4�ålØ
�L 200 mm. ÏLN!�lfNU�>�ªÇ
N!^Ü, �±3 5—20 kHz Ä�N!>�ÑÑ
ªÇ.

ã 2 5—20 kHz �6�lfNU�C�ã

ã 3 � U /�lfNU�{|!OÃ!D(
A5ÿþ�¢�C�«¿ã. Ù¥«ÅìÚ�6>
6L^5ÿþ�lfNU��>+üà>ØÚÏ
L�>+�>6, ���lfNU��ÑõÇ. |
^²L�O�¥þ�ä©Û¤ÿþ U /�lfN
U��Ñ\{|, ë�U�Ú�ä©Û¤�ªà�
�DÑ��A5{|� 50 Ω Ó¶�, �ä©Û¤
�ÑÑà�A5{|� 50 Ω. U��D(A5´|
^ë��lfNU��ªÌ©Û¤�Â�&Òª
Ìã5L��, ë�&Òu)ì�u�U���\
��>´�7áU�. |^'�{ÿþ�lfNU
��OÃ, IOU�´½��3 155—433 MHz �
�S7Å'�u 1.5, OÃ3 3.7—4.4 dBi �°ª�
U�. 3¢�L§¥�ò 5—20 kHz �6�¤�
6!Úóª�6¿���Ó±ª�7áU�,
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òÙO���lfNU�?1�Ó¢�, �Ñ(Ø.
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ã 3 U�ÿþ¢�C�«¿ã 1. �lfNU�, 2. I
OOÃU�, 3. u�U�, 4. «Åì, 5. &Ò, 6. ÎSL,
7. ªÌ©Û¤, 8. �ä©Û¤

4 ¢�(J�©Û

4.1 ���lllfffNNNUUU������>>>AAA555

ã 4 �Ñ�´-y>Ø 520 V, ªÇ©O� 10,
12, 16 Ú 20 kHz ��>6!>ØÅ/. lã¥�±
wÑ, >6�>Ø�� ��C 0, ¥X>{A5,
`²�>+�>�m���§Ý�Ð. >ªÇ
UC�, ¤ÿ��>+>Ø��Ø�, �>>6

�XªÇ�O\Åì~�. ã 5 L«�´-y>
Ø 520 V, 5—20 kHz �6>3ØÓó�ªÇe�
lfNU���>õÇ. �>õÇ3 5—14 kHz ª
Ç��S�XªÇ�O\×�eü. �>õÇ�
��� 12.5 W, ��>ªÇ�u�u 8 kHz �, �
>õÇ®²�u 10 W, UÑ�$. ²V&��ä�
Ñ�ØÓ�>ªÇe�>f�ÝXã 6 ¤«. 3�
¢�^�e, �>ªÇ3 12 kHz ±S¤�)��l
fN>f�Ý�p, �C 1017 m−3. ?�ÚO��
>ªÇ�, >f�Ý�5��, �C 2 × 1016 m−3.
>�>ªÇ3 5—8.5 kHz ��S�, �>�C
Øì�)��D(, �>õÇ���. �ªÇ�
L 14 kHz �, �lfN>f�Ý��. ��lf
N�)Úr«�m��, 3�>ªÇ� 20 kHz �m
��lfN�K«�m$��L
 1 s, Ø|uU�
�¯�méÚ'4. Ïd, ¢�¥�lfNU�-
y�ó�ªÇ� 10 kHz, 3TªÇe��>õÇ
� 6.2 W, õÇ3 1W �m�E��±�lfN. Ù
�>��±õÇ�$u�Å>��ª> [4,19].
Ïd, T 5—20 kHz �6�lfN�3�$�õ
Çe�)�Ý�p��lfN, ·^u�lfN�
U���ï.

ã 4 5—20 kHz �6�lfNU�>6>ØÅ/ã
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4.2 ���lllfffNNNUUU���{{{|||AAA555

3 ã 3 � U � ÿ þ X Ú ¥, Ó ¶ � A 5 {
|� 50 Ω, N!�ä©Û¤�ªàfÑÑ{|
� 50 Ω, ¦��ªàf�DÑ��m��, ~�ÿ
þØ�. ã 7 � 5—20 kHz �6�lfNU�ó
�c��Ñ\{|. ÿþ¥, À��Á�ªÇ��
l 100 MHz � 500 MHz. Ù¥ã 7(a) �>{�,
ã 7(b) �>|�. éw,, ��lfNU��ó
��, >{�3�½±ÏSÑy
�A¸�, Ù
{��~�. >|�X>^ÅªÇ�UC¥�K�
OCz, Cz��. �DÑ��A5{| 50 Ω ��
$�. ¦+>NÍÜì�7á, �3Tªã (100—
500 MHz) SØU��&Ò�Ë�N. ��lfN�
-u�, U��{|u)
wÍ�Cz. ÃØ´>
{©þÚ>|©þ, ÙCz�~²�. >{©þ3
é°�ª���S� 50 Ω �~�C, >|©þ
�Cu 0.

��Ð�Ny�lfNU��{|�°A5,
¢�ÿþ
U��7Å'�Xã 8 ¤«. ��
lfNU��>l�, 10 kHz �lfNU�7Å
' (VSWR) 3 50—400MHz þ�u 13. ��lf

NU�ó��, U�7Å'�ÌÝeü. 3 180—
400 MHz ªÇ��S, U�7Å'�$u 2, $�3
é°�ª�S$u 1.5. lã 8 ¥��±wÑóª
�6�lfNU�7Å'3�°�ª���S�
'�$, {|�°' 10 kHz �lfNU�ÑÄ. ù
`², �lfNU�äk°ª�{|A5, ÏLN
��lfN�ó�G����±\°�lfN�
{|�°.
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4.3 ���lllfffNNNUUU���DDD(((AAA555

U��D(A5´ïþU�5U�,��
��I, ��lfNU�ó��, du�lfN¥
âfÃ5K�9$Ä, ¦��lfN��¤���
��D( [1,11]. ØÓ-y�ªe½õ½�þ
k�½�D(, 3ùpU��D(A5´ÏLªÌ
©Û¤¤�Â�&ÒªÌã5L��. ¢�¥©O
&¢
 5—20 kHz �6�lfNU�!�6�l
fNU�!50 Hz �6�lfNU�±9�Ó5�
�7áU��D(A5. ã 9(a) ¥�ªÌã�óª
�6�lfNU�¤�Â�&ÒªÌã, &ÒªÇ
� 150 MHz, ¢�uy, |^�6Úóª�6�l
fNU�¤�Â��&ÒªÌãA��Ó, �lf

N�>+��>õÇ���Ø�, �� 5.8 W. lã
¥�±wÑ, Äu�6½ 50 Hz �6-y��l
fNU�¤�Â�>^Å&ÒD(>²é�, &Ò
>²�D(>²��= 12 dB. Ó�¢�uy�X
&ÒªÇ�Jp, D(>²�5�p, 3 300 MHz
±þ�D(>²$�pL&Ò>². ã 9(b) �|
^�Ó5��7áU��Â� 150 MHz &Òª
Ì. é²w, 7áU�Ø��éOÃpL�lfN
U�C 5 dB, �D(>²�~$, �&Ò>²�
�C 40 dB. 10 kHz �6�lfNU��Â�Ó
ªÇ&Ò�ªÌãXã 9(c) ¤«, �±wÑ, T�
lfNU��Â�&Ò>²ÚD(>²�7áU
�����, ��� 38.7 dB. �U�D(>²
3 300 MHz ±S�7áU���Ø�.

� � � �� � � �� � � � � � � 	 �
� 
 �

� � �� � � � � �  � � � � �� � � � � � � � � � � � � �  � � � � � � � � � � � �  � � � � � � � � � ��  !
� � � �� � � �� � �� � �� � � � � �  � � � � �� � � � � � � � � � � � � �  � � � � � � � � � � � �  � � � � � � � � � ��  !

� � � �� � � �� � �� � �� � � � � �  � � � � �� � � � � � � � � � � � � �  � � � � � � � � � � � �  � � � � � � � � � ��  !
ã 9 �lfNU��7áU�&ÒªÌã

L 1 �lfNU��7áU�OÃ

ªÇ/MHz 185 210 250 285 320 350

óª�6�lfNU�OÃ /dBi 1.67 0.76 — — — —

10 kHz �lfNU�OÃ /dBi 1.77 1.68 1.69 1.56 1.24 1.03

7áU�OÃ /dBi 2.13 1.82 1.88 1.95 2.34 2.97
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4.4 ���lllfffNNNUUU������OOOÃÃÃ

ó§A^¥, Ø=��ÄU���°!D(,
�ØA�ÑU��OÃ. |^'�{é�lfN
U��OÃ?1ÿþ. ÿÁ|/3k/¡���
|/?1. ¢�¥, 10 kHz �lfNU��>õÇ
� 6.2 W. |^V&�{é�lfN�A�ëþ?
1�ä, �lfN>f§Ý T e �� 2 eV, >f�
Ý n e �� 7.8× 1016 m−3. ¢�¥�ÿþ
�Ó5
�7áU�Ú�6�lfNU��OÃ, 7áU�
�&Ò�ÂXÚ�mëkd8oëê�����
{|���ä, (�¢�¥¤ÿþ�&Ò�7Å'
$u 1.2. �6�lfNU��>õÇ�� 5.8 W,
>f§Ý�� 1.8 eV, >f�Ý�� 2 × 1016 m−3.
n±U��OÃÿþ(JXL 1 ¤«, ¢�¤À�
�ªÇéun±U�5`, 7Å'þ3 1.2 NC. w
´�, 3Ø�ÄD(��¹e, �&ÒªÇ�$
�, �6�lfNU�ÒOÃó, �±��U�
¦^. ��XªÇ�O\, OÃ�5��. ±�u

� 200 MHz ±þ®ÃOÃ. d 5—20 kHz �6
-y�)�lfN�>f�Ý�p, �lfNU�
�q7á5�Ð, 3�°�ª���SOÃ�7á
U��C.

5 ( Ø

ò 5—20 kHz �6>���lfN�-y
 � � � l f N U �, 3 ( � Ù ä k � ½ O Ã
�cJe, Ø=�±~�U�D(, ��±¦U
�äk°ª�{|A5. T�lfNU��.
3 180—400 MHz ªÇ��S�7Å'�$u 2,
�3 350 MHz ±þ�, �lfNé>^Å�P~A
5Ly���²w, �D(>²Åì,p. T�
lfNU�3 30—300 MHz ªÇ��SOÃÚD
(>²Ñ�7áU���C. T�lfNU���
�>õÇØ�L 10 W, �±õÇ$u 2 W, U�
Ñ��.
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A U-shape plasma antenna based on excitation of
5—20 kHz alternating current power supply∗
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Abstract

A U-shape plasma antenna is established by a 5—20 kHz alternating current(AC) source. The structure of the antenna is described,

and part of electrical characteristics are measured. Results show that in a frequency range from 50 to 400 MHz, the noise level of 5—20

kHz AC plasma antenna is close to that of a metal antenna, but much lower than that of frequency AC plasma antenna. Besides, the

antenna shows good impendance and gain bandwith characteristics.

Keywords: plasma antenna, AC excitation, impedance, gain
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