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C��Ac5, �5Å3(f¬N¥�DÂA
5ïÄÉ�
<�2��'5 [1−9]. ù«á���
��A5´�3(ªB�, �(Å\��(f¬
NL¡�?u�YªÇ��S�(Åò����
�. 8c�ïÄ@�, (f¬N�)�YÌ�kü
«Å�, =Ù.�Ñ�Å�9Û���Å�. 3Ù
.�.(f¬N¥, ����m��p�^½ö`
¬N:
�±Ï5åXÌ��^. �(Å�Å��
¬�~ê�C�, 3Ù¥DÂ�(ÅòÉ�r�Ñ
�, 3ªÇ - Å¥ÚÑ'XþLy��Y. Äuù«
Å��(f¬N�Y°ÝØ�|�á�k'	, �
Ú¬�(�9���(�ké�'X, 3�½|�
á�e, ���Y�ÏLN!¬�(�9��(�
�� [1], Ù�YªÇ ����p. 3Û���
.(f¬N¥, ü�Ñ�ü����A5±9ü�
Ñ�N�W¿ÇòåXÌ��^ [7,8]. �@�Û�
��.(f¬N´d Liu � [9] JÑ5�^�^�
��KMØ�¤��ü�, ¿òÙ��u�MÄN
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(f¬N, Ù¥�ÛÜ��ü�òåÌ��^. �
ÄN¥DÂÅ�ªÇ���ü����ªÇ�C
�, =BÙÅ���u��ü�må, ��ü��
Uu)��, Ï�)r���, /¤�Y.©z [7]

ïÄL², ÛÜ��(f¬N��Y�±ÏL��
ü��(�9ü�3ÄN¥W¿Ç�UC��
N!, ���ü�¤�¤�:
Ã'. aqu�
N��ü�(�, 36N(¥²0â[��n(�
�äkaq�5�, Ïdù«(�ü�½ö§�
�C/¤�¤�XÚ����þ�ïÄ [11−17]. C
c5, �X(Æ�á�Vg�JÑ, ù«��ü�
(�É�
��2��'5. duÛ����Y?
u�Å���, �¦Å3Ù¥�1��±^���
5ëê5£ã. ïÄuy, 3�YªÇ��S, �N
��ü�äkK���Ä��þ�Ý [10], d²
0â[��n¤�¤�(�%äkK�Ä��5
�þ [11−14]. ��u@c(f¬N�ïÄ'5u�
Y°Ý9 �, 3(Æ�á��ïÄ¥, <��'
5u�Y¥(P~5��ïÄ. Ïd, é�Y/¤
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Ån�n)òkÏuUõ�á�(�±JpÙ5
U. �©òéd²0â[��n�¤���Û��
�.(f¬N�(5�?1ïÄ, ?Øù«(�¥
�3�üaØÓÍÜ�^éÛ����Y9Ù¥
�(ÅDÂ5��K�.

2 O��.9(J?Ø

ÏL©Û�±uy, Û���.(f¬N¥�
3üaÍÜ: �a´��ü��ÄN¥�fÍÜ
�^, ù«f�ÍÜ�^¦���N¥�±�3
�á���U?, duù«f�ÍÜ�^, “��ü
� - ÄN” (�¥òÑya Fano Z��^/¤
UY [15], ùafÍÜ�^´Ñy���Y�cJ;

Ù�´��Nm�ÍÜ�^, Å3.¡þ�ëY5
�¦¦���N¥�Û��ª¿ØU��Û�3
��N¥, ´3��N±�/¤U�êP~�Î
²|, Ï����Nm�3ÍÜ�^, ÏLù«
ÍÜ��Nò���Në�$Ä, aqu�N¥�
�-u; ù«ÍÜ�r, /¤�U��°, dd§�
3�ÄNDÂÅ�p�^�/¤��Yò�°. ,
, du��ü�(�þ��Ï, ùü«ÍÜÅ�
  Ju«©, Ï§�é�Y�/¤9Å5��
K�J±«©.

�©òïÄ����
��Î/om¿²0
â[��n(��(5�. ±d�~, ·�ò�²
ùüaÅ�éÛ���(�(5��ØÓK�.�

«©þãü«ÍÜÅ���^,·�òÏLUC
��nm¿���9��N�må, ±��©ON
!��N���rÝ!��N�ÄN�ÍÜ9�
�NmÍÜ���8�.

ã 1(a)��©ïÄ�.����¡ã, Ù¥²
0â[��n	��d¾½Ù¦�jM�á��
¤, ÄN��í. du�í�({|��N��õ,

Ïd3O�¥�òn�À�fN. ��n�S»
� r, O�¥Ú��� 0.25 m; ��þ� t, O�¥
Ú��� t = 0.05r; m¿°Ý� δ, ¬�~ê� a.

ã 1(b) �Ñù�(��1�Ùp�«={�Ùp
�«, O��÷{�Ùp�«�>.?1.

·�æ^k���{?1O�. 3O��(�
�, �Ä�ïÄé�3 x, y ���±Ï5, (Å�
§3¢�m�lÑz�I3ü���«�?1, 3
���>.þA^Ùââ^�. 3O�ß�Xê�,

y ��E��Ã�±Ï(�, � x ���k��
þÝ, 3å\�ý 5a ?���(, 3ß�ýL¡
þ����Âì, ß�Xê�ß�U6�\�U6
�'�. 3å\�ý9ß�ýL¡ 5a ?þ��á
Â>^�, ±�[\�9ß�üý�Ã��0�.

ã 1 (a) ��m¿²0â[��n.(f¬N����¡ã;

(b) �A�1�Ùp�«

3�©�(�¥, cã�ü«ÍÜÅ�äNL
yXe. 3�½�¬�~êe, ��¡·��±Ï
LUC¿°5UC��ü��ÄN�ÍÜ. du¿
°�UC¿�X��n ÄN¥Ë�UþUå�
UC, �Ò´��N�¬�Ïf (�� Q �) �U
C, Ïd��¿°Ó��¿�Xf�ÛÜ��, Ï
�Kþ�±ddïÄù�(��(5�É��
ü��� Q ��K�, ~X, ïÄ3�� Q ��5
���, Û���Å�XÛÅì=z�Ù.�Å�.

�,��¡, ¿°�UC3UC�� Q ��Ó�,

�¬UC��NmdC|�^���ÍÜrÝ. ù
«ÍÜ�±¦��N/¤8N�Ä, lùXü�
��ü�é(�(A5�K�. Ïd, �
«©ù
ü«ÍÜ, 3±e�?Ø¥,·�æ^ü«�Y: 3
©Û��N��µÍÜé�(��K��,·�æ
^���¬�~ê, ±~���Nm�ÍÜ; 3
©Û��Nm�ÍÜ�, æ^�½�¿°, ÏLU
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C¬�~ê5©Ûù«ÍÜé�(��K�.

ã 2 ¬�~ê� 5r, ��nþÝ� 0.05r e, ØÓ¿°�¹e
�U�(� ã¥©O�Ñ
¿° δ � 0.005r, 0.008r, 0.01r,

0.03r, 0 ��U�(�

Äk,�
©Û��N���A5é�Y�K
�,·��¬�~ê a = 5r, ±~���Nm�C
|ÍÜ. 4m¿°Ý δ l 0.005r � 0.03r Cz,

±UC��n�ÄNm�ÍÜ. O�¤�U�(
�Xã 2 ¤«. ��'�, ã¥��Ñ
 δ = 0 =
��nØm¿��/, ±«ÑÃÍÜ���n�
��ªÇ, d��$��ªÇ� 0, 1���ªÇ
3 400 Hz�m.

lã 2 ¥�±w�, 3�¿°�¹e, Û��
�¦�3ªÇÑ$u 100 Hz ?�m
���Y, �
X¿�O°, �Y�m �Åì�Ùp�«>.£
Ä, �¿° δ = 0.01r �, ®²£�
Ùp�«>.,

ù`²�X��ü��� Q ��~f, �YÅ�d
Û���Å�Åì=z�Ù.�Å�. ã 3(a)—(c)

�Ñ
éAã 2 ¥¤I5� A, B 9 C :�|©Ù
�¹, l¥�±wÑØÓ�YÅ�e�|©Ù�O:

3Û���Å�e, |©Ù��Û�3n�SÜ,

`² A, B �ª�ÄNÃÍÜ; 3Ù.�Å�e,

ÄN¥�3���|�.

ã 3 (a) ã 2 ¥ A :éA�|©Ù; (b) ã 2 ¥ B éA�|©Ù; (c) ã 2 ¥ C :éA�|©Ù

ã 4 Û����Y�¿°�Cz5Æ n�/��Yþ>.,

�%����Ye>., ¢%����Y¥%ªÇ

��5¿�´, 3Ù.�Å�e (= δ > 0.01r

�¹e), dum¿��3, Ñ�N�Ñ�1��±
d��ëê£ã, ÏÙ$ª��1�ÓØm¿Ñ
�N�1�ØÓ [16]. ã 4�Û����Y°Ý�
¿° (δ < 0.01r) �Cz5Æ. �±w�, �X¿�
O°, ���Y�þ!e>.ªÇÓ�,p, ��

Y�°Ý�ké��O\, `²��N���A5
N�Ø´N!�Y°Ý�k�å».

ã 5 ØÓ¿°eÅ÷DÂ����>.þ(Ø�©Ù

�?�Ú©Ûù«=C, ·��O�
ØÓ
¿°��Y¥%ªÇ�Å÷ ΓX ���\��þ
Ý� 8 �±Ï�(f¬NL¡�ß��Ý (depth,

{P� D). ã 5 �Ñ
¿°©O�� δ = 0.005r,

0.008r, 0.01r 9 0.03r �, ÷DÂ���(ØCz
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�¹, ÿþ�����>., =��ü1��ü�
�¥m�. lã¥�±w�, �¿�O°, Å�ß�
�ÝÅìO�, `²Û���.�Y�P~~ê'
Ù.�.�Y�P~~ê���õ.

Ùg,�
©Û��N�m�ÍÜé�(��
K�,·�ò¿°�½� δ = 0.005r, 4¬�~ê
l 2.5r � 8r Cz, ÙU�(�©O«uã 6(a)—

(d) ¥. Ù���Y�¬�~ê�Cz'XXã 7

¤«.

ã 6 ¿°� 0.005r �ØÓ¬�~êe�U�(� ã¥©
O�Ñ
¬�~ê� (a) 2.5r; (b) 3r; (c) 5r; (d) 8r �U�(�

ã 7 ���Y�¬�~ê�Cz�¹

lã 6 9ã 7 �±w�, �X¬�~ê�~�,

=��ü�må�~�, ���Y:ìO°, ¿�
ù�O°´d�Yþ>��þ,Úå�, e>�
Ä��±ØC. ù�y��±lü�¡5n). Ä
k, du��ü� Q ��k�, ¦���ü�é,
�ªÇ���	|�)�A, Ï/¤äk�½
°Ý��Y, �	|ªÇ�é��ü�ª���
��ªÇ�k l�, ¬3��ü�±�-uÎ²
|, 3ü�må�uÎ²|�P~�Ý�, �ü�
m¬�)�r�ÍÜ, /¤8N�Ä, ü��� “U
?”(¢Sþ¬´k�°Ý��) u);�, /¤U
�, Ï�Y�ü�må�~�O°. Ùg, du
��ü�é	|����A�¿Ø´'uÙ�
�ªÇé¡� [18], éuü���Nó, �	\ü
Äå�ªÇd$�p×L��f���ªÇ�, 3
���ªÇ�$��ý�~Í�, 3���ªÇ
�p��ýK��²�, ù�y�3äkÑÑ��
�NX¥��²w, Ï3UC�ü�må�, d
uC|ÍÜ�^¤����YO°�AÙþ>�
¬:ìþ,, e>�KÄ��±ØC.

�? � Ú ï Ä � Y ¥ � Å 1�, é A u
ã 6(a)—(d), ·�æ^cã�{O�
÷ ΓX �
�þÝ� 8a XÚ�U6ß�Xê, (J©O«X
ã 8(a)—(d) ¤«, ã¥��$ß����éAu�
��Y. lã¥�±w�ü�y�: Ù�, �,�¬
�~ê�~�, ���Y¬�5�°, �XÚé?
u�Y¥�\�Å�P~%²w~�; Ù�, �¬
�~ê�~�, ���Y�ß�P~«�'uÙ�
$:�5�Øé¡. du�Yþ>��þ,´dC
|ÍÜ¤Úå�, Ïdùü�y�Ñ`²dC|Í
Ü¤���8N�Ä¤/¤��Yé\�Å�P
~��, Ï¦�?u�Y¥�Åòß����.

ã 8 ØÓ¬�~êe(Å�ß�Xê (a)—(d) éAã 6(a)—(d) ¬�~ê©O� 2.5r, 3r, 5r, 8r ��ß�Xê
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3 ( Ø

�©ÏLé�Î/m¿²0â[��nU�
���:
ü��¤�(f¬N�ïÄ, ©Û
Û
Ü���Y�Ån. 3ùa(f¬N¥�Y�/¤
Ì�ÄuüaÍÜ�^, =ÄN���ü�m�Í
Ü, ±9���ü��m�ÍÜ. ïÄ¥,·�©O
æ^3�¬�~êeUCm¿���, ±9�½m

¿��UC¬�~êùü«ØÓ��{, 5«©
ùü«ÍÜ�^é�(��K�. ïÄ(JL²:

c�«ÍÜ´���Y/¤�cJ, �d���U
Cm¿°Ý�, ÛÜ��Å�Åì=C�Ù.�Å
�; ��«ÍÜK�±k�/N!�Y�°Ý.

�du��«ÍÜ´ÏL��ü�±��C|�
U5¢y�, Ïd�YéÅ�P~�^ò���N
�måC�~�.
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Abstract

In this paper, by taking the acoustic property of a two-dimensional squarely arranged Helmholtz resonator array for example, we

point out that there exist two kinds of couplings in the local resonance phononic crystal, which are the coupling between the resonator

and background and the coupling among the resonators, respectively. The first coupling effect can be changed by changing the quality

factor of the resonator. A local-resonant type of band gap can be converted into a Bragg-scattering type continually when this kind of

coupling becomes larger and larger. The second one, which is based on the overlapping of the near filed around the resonators, can be

enhanced by reducing the distance between the nearest resonators. As a result, a wider band gap, but a smaller penetration depth of the

wave, can be obtained.
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