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1 Ú ó

glþ�V, ÔnXÚ¥UþDÑ�¡�ï
ÄÒ®²Úå<��2�'5Ú,�. ��XïÄ
��\, cÙ´É�>f�4+�6y��K�,

<�®²m©r81=£�ÔnXÚ¥Uþ��
é¡DÑïÄ�¡5. UþØé¡DÑy���)
¿�XUþU
÷XA½���?1DÑ, ��,

UþDÂK�{N. Ty��ïÄéuò5<�é
Ð/��UþDÑäk�©���¿Â, Ïd, �
¤�8c�+��ïÄ9: [1−17].

39D��¡, gl Terraneo � [8] JÑ1��
9�4+�.±�, Li 9ÙÜ�ö [9−12] |^ê�
O���ª, ïÄ
üã��5¬�ó¥�9�6
y�, ¿��
wÍ�¤J. 3(Æ�¡, (�6
y��ïÄ�´��
¢�5�?Ð, Liang � [14]

ÏL|Ü�¬�(��r(Æ��5x�, u 2009

cJÑ
(�4+�., ¿Äg3¢�¿�EÑ

1��ý��(�4+ì� [15]. T(�4+¥U

þ�1N´Ïª�¥DÂ��5Å. ,, þ�
V 90 c�, Leon � [18] %uyUþU
3��5
ó�B�SDÂ, =¤¢��D�y� (supratrans-

mission). @o, U6�Øé¡DÑy�UÄ�3B
�S¢yQ? �D�y�¥, Uþ�DÑ5u�
f��)ÚDÂ. 8c, <�®²é�f?1
õ
�¡�ïÄ [19], ¿���½�¤J. 'u�fïÄ
�XÚ�õ«õ�, Ù¥, DÑ�>´�@�´�
«1�k��ïÄ�ª [20−25], äk�.{ü!´
uÿþ�`:. ,, 'u��5>´¥UþØé
¡DÑ�¡�ïÄ�é��. 8c, 3��5ÍÜ
DÑ�>´¥, ÏLÜn/�O>´Ïª�±9À
�Ü·�°ÄªÇ, 3ê��ýÚÔn¢��¡þ
uy
U6�Øé¡DÑy� [16,17]. ÏLéDÂ
�>ØÅ?1ªÌ©Û, uyd«Øé¡U6�1
N�Ïª�SDÂ��5Å, ÙÅn���5�ª
�AÚ>´�:�ÈÅ�Ak���'X. @o,

3����5DÑ�>´¥UÄ¢y±�f�1
N�U6�é¡DÑy�Q?

�
£�±þ¯K, =, 3��5DÑ�>´
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B�S¢y�é¡U6y��©ÛïÄ, �Uþ�
1N���5Å - �f, �©ò�âÄ�¿Å½Æ
í�Ñ�ÅÄ�§, éÍÜ��5DÑ�>´B�
S�UþDÑ�¹?1©Û. Ó�, �éK�Uþ
DÑrÝ�ëê�'5?1�ý©Û. B�S¢y
Uþ�é¡DÑ�Ån���5�D�kX��
�'X.

2 nØ�.

�©¤ïÄ���5DÑ�>´´dü^f
DÑ�>´ (I Ú II) ÏL�5ÍÜ>a Lc Ä�ë
�¤, >´�.�ü�(�Xã 1 ¤«. z�
^fDÑ�>´þd N ��Ó(��ü�|¤.

lã 1 ¥��, Tü�>´dü����¤, �)
G:þ��5>a L Ú¿:þë����5>
N C(Vn). üf>´���5>N�.�Ó, ØÓ
:3uG:>a�k¤�É, ©O^ LI Ú LII L
«. é²w, �� LC >´���5A5d��5
>N�). Vn ��\31 n �ü�?���5>
Nüà�>Ø,  In �ÏL1 n �ü�G:>a
�>6. ïÄ¥, T��5>Næ^ Philips >f
úi� BB112 CN�4+�.¢y. 3 2V �6
>Ø�� ��¹e, T�4+;.�5>N�
� C0 = 320 pF. ��5>N�N��Ùüà�>
ØCz'X����VÐm/ª [26] Xª (1) ¤«.

C(Vn) = C0(1 − 2αVn + 3βV 2
n ), (1)

Ù ¥, α Ú β ´ � � 5 X ê, Ù � © O � α =

0.21 V−1, β = 0.0197 V−2.

ã 1 ��5DÑ�>´ü�(�ã

dÄ�¿Å (Kirchhoff) ½Æ�±��f>´ I

Ú II éA� 2 �lÑ�©�§, Xª (2) ¤«.

(1 − 2αVn + 3βV 2
n )

d2Vn

dt2

− (2α − 6βVn)
( dVn

dt

)2

=ω2
0i(Vn−1 − 2Vn + Vn+1),

n = 1, 2, 3, · · · ; i = I, II (2)

Ù ¥, ω2
0i =

1
LiC0

, (i = I, II). T � § ä

k ej(kin−ωi t) /ª�Ä�), Ù¥ ki �ªÇ ωi

éA�Å¥þ. òÄ�)�\ª (2) ¥, ���5Ú
Ñ'XXª (3) ¤«.

ω2
i = ω2

c sin
2 k

2
, (3)

Ù ¥,ωci � � � � ª Ç, ÷ v ' X ωci = 2ω0i.

3TïÄ¥, >´ I Ú II ¥G:>a�¥%�
© O � LI = 230.0 µH, LII = 199.0 µH. Ï d,

éA����ªÇ©O� ωcI = 7.3721 Mrad/s,

ωcII = 7.9255 Mrad/s.

3 �ýïÄ

ïÄ¥, �^ÍÜ>´��Ý� 2N + 1 = 501

� ü �, 1 251 ü � ? � � 5 Í Ü > a � �
� Lc = 900 µH. °Ä&Òæ^�u>Ø/ª (�
ª 4).

V (t) = V0sin(ωt) (4)

Ù¥, V0 �°Ä>ØÌ�, ω �°ÄªÇ. ªÇ�À
J� ω = 7.9294 Mrad/s, ÷v ω > ωcI, ω > ωcII, =
3>´ I Ú II �B�S.

3B�S, �k>´?\Ø½G�, âU

-uÑ�f, ���D�y�u). �¦>´?\
Ø½G�, °Ä>Ø�B�S�°ÄªÇ�m
7L÷v�½�'X, =, éu�½�°ÄªÇ, �
3��¦�>´U
¢yl½G��Ø½G
�=C�>Ø�. �'�>Ø��K�úª [18] X
ª (5) ¤«.

Vthi = 4
√

ω − ωci

ωci(2α2 − 3β)
, (i = I or II), (5)

dª (5) ��, n�ÃÑÑ�¹e, >´ I Ú II �
��>Ø�©O� VthI = 6.4471 V Ú VthII =

0.5180 V.

>´�°Ä>ØÌ�ÀJ� V0 = 0.55 V. |
^ 4 �9� - ¥© (Runge-Kutta) O��{, éÍÜ
>´�ÅÄ�©�§?1È©$�, �ý�m��
� 15 ms. �
;�>ØÀÂ�(J�5�K�, °
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Ä&ÒÌ�òl 0 V Åì/þ,����. ã 2 �
Ñ
�ý���Uþ©Ùã. �±wÑ, �-y>
Ø�\3ÍÜ>´��>.�, du V0 < VthI, f
>´ I ¥vkUþDÂ, Ïd�^>´¥�vkU
þDÑ (�ã 2(a)), d��>´Ò�ý�N��. ?
�Ú/, lã 2(a) ��ã¥�±²w/��, 3>
´ I ¥, UþDÑ²{
��¯���êeüª³,

��ü� 0. �°Ä>Ø�\3>´m>.�, d
�du÷v V0 > VthII, f>´ II ¥k�D�y�
u), l��Uþ�DÂ, Ty��±�Ù/l
ã 2(b) ¥NyÑ5. 3�f�DÂL§¥, duU
þ�Û�z, ���fäk,Ø�A, =�Ü©�
f�Ì�¬'°Ä>Ø�Ì���õ. Ïd, 3Í
Ü.¡?, Ì��u>´ I ��>Ø��fòB�
ÍÜ.¡?\�>´ I ¥UYDÂ, l���Ü
©Uþ3>´ I ¥DÑ, d�>´Ly��N�A
5. ²w/, �f��)^�Ú,ØA53UþØ
é¡DÑ¥å�'��^. nÜ±þü«�¹, T
ïÄ¢y
3��5 LC DÑ�>´B�S�U
þØé¡DÑ.

ã 2 Uþ©Ùã (a) °Ä&Ò�\3>´�>.; (b) °Ä&
Ò�\3>´m>.

4 ëê�'5©Û

�ïÄ¥, Uþ��é¡DÑ�>´B�S�
�D�y�k���'X. Ó�, ©Ûuy, >´�
ëêéU6�rÝ¬�)�½�K�, ~X°Ä&
Ò�Ì�±9ÍÜrÝþ�U6rÝk�½��
'5. �!òé�é¡U6y��>´ëê�m�
'é5?1©ÛÚïÄ. �ý���Uþ�²d.
¡6Ï�>´ I �ü�¥�UþoÚ.

ã 3 �Ñ
°Ä>ØÌ��Uþ�m�'X.

°Ä&Ò�\3ÍÜ>´�m>.. ã¥¢%n�
/�L�ýêâ:, ¢��éA�[Ü�. é²
w, DÂ�>´ I ¥�Uþò�X-y>ØÌ��
O�O�. �é{`, Øé¡U6�rÝ�-y
>ØÌ�k���'X.

ã 3 °Ä>Ø�DÂ�>´ I ¥�Uþ�'X�

ã 4 ÍÜ>a���DÂ�>´ I ¥�Uþm�'X

ÏL©Û, ���é¡U6�ÍÜrÝ Lc m
�kX���'X, Xã 4 ¤«. ¯¤±�, �XÍ
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Ü>a� Lc �ÅìO�, ÍÜrÝòÅì~f, >
a�{|ò��O�. =>a���é>6�{N
§Ý�r. lã 4 ¥�±w�, DÑ�>´ I ¥�U
þ�X>a� Lc �O�~�. ã¥�%n�/
�L�ýêâ:, ¢��Ù[Ü�.

ÏL©Ûúª (5), ���)�D�y��>
Ø��K��°Ä&ÒªÇ ω �m¤üN4O�
'X. �
�yd'X, ã 5 �Ñ
ÄuÔn¢�
>´ÿþ��°Ä&ÒªÇ���>Ø�m��
'�. ��, �X°ÄªÇ f = ω/2πÅìO�,

��K�>Ø Vthi, (i = I, II) þ��O�. Ty�
�úª (5) O����5Æ½5��. Ù¥, ¢�´
éA¢�êâ�[Ü�. �ÓªÇe, >´ I ��
�>Ø��'>´ II �p.

ã 5 °Ä>ØªÇ���>Ø�m�'X (¢�ÿþ)

nþ, ÏLN�>´�ÍÜrÝ, °Ä>ØÌ
��ëê, ©O��
Ù�U6rÝ�m�'X.

l�ïÄJpØé¡U6rÝC½Ä:, ���

Y¢�ïÄJønØë�.

5 ( Ø

�©æ^�ý��ª, ïÄ
��5 LC DÑ
�>´¥UþØé¡DÑù�k�y�. °Ä&Ò
�ªÇ u>´Ïª���ªÇ�þ, =B�S.

�ý(JL²��5DÑ�>´3ïÄ�é¡U
6y��¡äk�.{ü�A:. ��ÍÜDÑ�
>´´dk���(��Ó�>aëêØÓ�ü
ãfDÑ�>´�¤. ÍÜ>a��5>a. üã
f>´äk;.�$ÏÈÅì(�, ¿�äkØÓ
��)Uþ�D�y��>Ø��K�. I�rN
�´, �5Å�DÂ3TïÄªãS���{NK,

B�S���5Å/¤
U6�Øé¡5, �é{
`, TïÄ¥Øé¡U6�1N´��5Å - �f.

²Lé'��, TïÄ¥/¤U6Øé¡y��Å
n��ØÓu©z [14 − 17]. �°Ä&Ò�\3>
´�>.�, ÍÜ>´¥vkUþ6Ï, d���
�>´Ò�ý�N��. �°Ä&Ò�\3>´
m>.�, >´¥UþB�ÍÜ.¡lm��6Ä,

>´LyÑ�Ï5�.

�
ïÄUþØé¡y�, �©�éUþ�é
¡DÑy��ëê�'5?1�ýÚ©Û. ~X°
Ä&Ò>ØÌ�éUþDÑ�K�, ±9ÍÜ>a
�rÝ�UþDÑ�m�'X��. Ó�, ©¥�
éÔn��5DÑ�f>´�>ØK�?1
¢
�ÿþ, ��¢�ÿþ��>Ø��K�, ÚO�
úª [18] �(J½5��.
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Abstract

In this paper, the phenomenon of the asymmetric energy transmission is numerically investigated in the forbidden band of the

electrical transmission line formed by two nonlinear segments which are identical in structure but different in inductor parameter. By

considering the driving voltage at the frequency within the forbidden bands of both segments, the carrier of the asymmetric energy flux

is the nonlinear wave beyond the band, instead of the linear wave in the passband, and the mechanism is closly related to the nonlinear

supratransmission. To further understand this phenomenon in electrical transmission line, we also study the correlations between the

energy intensity and the circuit parameters. Finally, we investigate the dependency of the voltage threshold on the driving frequency in

physical experiment, and the result is qualitatively identical with that calculated by using equation.
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