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Cc5, ÏL�[U,¬N�f±ÏüS(�

<��OEÜ(��á�Úå
éõÆö�ï
Ä [1−9]. Ï~ò0>~ê±Ï5©Ù�á�¡�1
f¬N [1,2], �5~ê±Ï5©Ù�á�¡�(f
¬N [3,4]. ��5Å½(Å3�5~ê±Ï©Ù�
á�¥DÂ�, �U¬�)(Å�Y, =3,
A
½ªÇ��S(Å�B�3(f¬N¥DÂ. (f
¬N�ù�A5äk4��nØd�9d3A^
cµ. (f¬N�(Å�YA5��yk~�Eâ
Jø
�«#�g´, �°���Jø��ûÐ�
���¸, 3(ÈÅ!D(��9(Å��Ãõ+
�kX2��A^cµ [8−19].

du��(f¬N(�{ü´u���°
�(Å�Y, �,3nØïÄ�¡���Ún�
�, �3~�ÈÅüD�+�¥�N´��A^.
X Cheng �®òÙA^3(�4+¥, ¢y
(Å
�ü��Ï [17,18]. 8c, é(Å3��(f¬N¥
�YA5�ïÄ, ~���{kDÑÝ
{ [5,9]!
²¡ÅÐm{ [3,6,10] Ú8¥�þ{ [11−16]. DÑÝ


{�ÏLnØí�¼�U�(��)Û'Xª,
�Ùí�L§Ú��(Jé���|�(�â�
é{ü, 
éõ«á��õ|���(�, ÙE,
§Ýò��O\. ²¡ÅÐm{O��é{ü, �
Âñ�Ý�ú, ÙO�(J�°(Ý�O�¥�²
¡Å�Åêk', Åê��, (J�°(, �Âñ�
Ý�ú. 3�NÔnÆ¥?n��Eª�f¯K�,
^�f�þ�O�f¥��f�þ, ^fÝXê�
O�fm�¡Eå~êl
ò��Eª�f=z
�±Ï���f(� [20]. 8¥�þ{=/�ud
�{, òëY0���þ8¥�k��!:½�¡
þ, òëYXÚlÑz, òÃ�gdÝXÚ=z�
k�gdÝXÚ¦). 3÷vO�°Ý��¦e,
T�{�²¡ÅÐm{Âñ�¯, AO´3O��
5~ê�'���(f¬N� (XÛ���.(f
¬N), �UÐyÑÙûÐ�Âñ5Ú�p�O�°
Ý [11−16].
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ã 1(a) ´��ê/C�¡k�±Ï(f�(
�«¿ã. T(�´dü«ØÓ�5~êÚ�Ý�
á� A Ú B 3 x ���p/¤�±Ï(�, ¬�
~ê� l, ¬�ê� N , o�� L, �müà?��
»©O� a Ú b, ¿��¡�»3 x ��¥�êC
z. �÷¶� (x ��) �\�-uå�, ò3(�
¥ò�)pÅ. ·�b�3R�u x ��(�S�
?�²¡S, �:�Ä £��²1u¶�, du
�5/C�Ñt�A, ¶��/C¬Úåî��/
C, ¤±3�:�)¶� £�Ó��ò�)R�
u¶�� £. �î�º��Ù�Ý�'$��,
½ö`î�º���upÅÅ��, Ùî� £�
p� £�'$�, �Ñ�ØO. aqu[�(�,
3(�¥DÂ�pÅ´²¡pÅ, �¡þ��:�
�ÌÓ��Ä. Ïd, (Å3T(�(f¬N¥�
DÂÒ�±{z���[�¯K5?n.
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ã 1 ��(f¬N9ÙlÑ(�«¿ã

38¥�þ{¥òëY0�©)�k��8
¥�þ, §��m�ë�{z�Ã�þ���ë�,
Ïd��k�±Ï�(f¬NÒ{z¤
k��

gdÝ����f(�. {z����f(��g
dÝê8�õ, Ò��Cu¢S��/, O�°Ý
�Ò�p. ã 1(b) ´ü���9ÙlÑ��(�«
¿ã, ã¥òü���{z¤
 n �gdÝ(��
���f(�, Ù¥ dnp+j ���¥��lÑü�
��Ý, mnp+j 9 knp+j �lÑ����f��þ
9Ù�më����fÝXê, p = 0, 1, · · · , N − 1
Ú j = 1, 2, · · · , n ���ê.

rnp⇁j

dnp⇁j

αdnp⇁j

c↼np⇁j↽↩ c↼np⇁j↽⇁mnp⇁j

(1−α)dnp⇁j

rnp⇁j⇁
O

ã 2 ü�y©ü�9ÙlÑ��(�«¿ã

ã 2 ´��{zü��(�«¿ã, Ù¥: O

´{zü���%¤3 �, rnp+j 9 rnp+j+1 �
{zü��müà?��¡�», α ´����
Ý dnp+j 9�% � O k'�'~~ê, =3�
% O üý��Ý©O� αdnp+j 9 (1 − α)dnp+j ,
c(np+j)− Ú c(np+j)+ ©O´{zü�S�füý
���fÝXê. �
Bu©Û, ·�3¶�þé
(f¬N?1þ!�lÑ, =z�lÑü���
Ý dnp+j ��, �éu?¿��{zü�, ü�S
��¹�«á�.

3�©¥, ·�¤?Ø��ê/�¡�(f
¬N�¡�»äk��ê/[��Ó�L�ª,

= r = a exp(βx) (β =
1
L

ln
( b

a

)
, 0 6 x 6 L). Ïd

éu{zü��AÛëê, k

rnp+j =a exp
(

β

np+j−1∑
1

dnp+j

)
,

(� r1 = a, rnN+1 = b), (1)

Vnp+j =
πr2

np+j

2β
[exp(2βdnp+j) − 1], (2)

α =
1

2βdnp+j
ln

exp(2βdnp+j) + 1
2

, (3)

Snp+j = π[rnp+j exp(αβdnp+j)]2, (4)
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Ù¥ Vnp+j �1 np + j �{zü��NÈ, Snp+j

�1 np + j �{zü��%?�î�¡È. éu�
�¡��/, K α = 1/2, rnp+j , Vnp+j , Snp+j *d
��.

�â�%ØC�K, z��f u{zü��
�% �?, �f�þ mnp+j L�ªXe:

mnp+j =ρsVnp+j

=ρs

πr2
np+j

2β
[exp(2βdnp+j) − 1], (5)

Ù¥ ρs(s = A,B) �{zü��á��Ý. éu 
u�% �üý�z��{zü�, �â��½Æ,
÷ x ����Aå�éA���AC¤�', =

F x
np+j

(1)
Snp+j

= Es
∆x(1)
αdnp+j

,

F x
np+j

(2)
Snp+j

= Es
∆x(2)

(1 − α)dnp+j
,

(6)

Ù¥ ∆x(1), ∆x(2) ���lÑü��¶� £,
Es (s = A,B) �á��
¼�þ. �âfÝ�½
Â —– ÷,����^å�3d�^åe÷T�

�� £�'�, ��, éz�{zü�, �füý
���|ØfÝ�

c(np+j)− =
F x

np+j
(1)

∆x(1)
=

EsSnp+j

αdnp+j
, (7)

c(np+j)+ =
F x

np+j
(2)

∆x(2)
=

EsSnp+j

(1 − α)dnp+j
. (8)

éuü����fm����w¤´dùü��
fm�ü���Gé
¤, =ã 1(b) ¥� knp+j ´
dã 2 ¥� c(np+j)+ Ú c(np+j+1)− Gé|¤. ��
��ü�{zü�´dÓ«á�|¤�, ¶�þ�
|ØfÝ�

knp+j,s

=
c(np+j)+ · c(np+j+1)−

c(np+j)+ + c(np+j+1)−

=
Es · Snp+j · Snp+j+1

Snp+j · α · dnp+j+1 + Snp+j+1 · (1 − α) · dnp+j
,

(s = A,B). (9)

Ón, ����ü��f´dØÓ«á�|¤�,
¶�þ�|ØfÝ�

knp+j,AB =
c(np+j)+ · c(np+j+1)−

c(np+j)+ + c(np+j+1)−
=

EA · EB · Snp+j · Snp+j+1

EA · Snp+j · α · dnp+j+1 + EB · Snp+j+1 · (1 − α) · dnp+j
, (10a)

½

knp+j,BA =
c(np+j)+ · c(np+j+1)−

c(np+j)+ + c(np+j+1)−
=

EA · EB · Snp+j · Snp+j+1

EB · Snp+j · α · dnp+j+1 + EA · Snp+j+1 · (1 − α) · dnp+j
. (10b)

XJ��´dõ«á��¤, �^aq��{
?1{z?n.

�â$ÄÆ�§, éuã 1(b) ¥�1 np + j �
�f

mnp+j
d2xnp+j

dt2

=knp+j(xnp+j+1 − xnp+j)

− knp+j−1(xnp+j − xnp+j−1), (11)

Ù¥ xnp+j ´T�f3 x ��þ��Ä £. éu
k�±Ï����f(�, ò�m t lÑz, þª¥
��©�§�C¤Xe��©/ª [16]:

xnp+j [(i + 1)∆t]

=
∆t2

mnp+j
{knp+j [xnp+j+1(i∆t) − xnp+j(i∆t)]

− knp+j−1[xnp+j(i∆t) − xnp+j−1(i∆t)]}

− xnp+j [(i − 1)∆t] + 2xnp+j(i∆t),

(np + j = 2, 3, · · · , nN − 1), (12a)

xnN [(i + 1)∆t]

= − ∆t2

mnN
knN−1[xnN (i∆t) − xnN−1(i∆t)]

− xnN [(i − 1)∆t] + 2xnN (i∆t),

(np + j = nN), (12b)

ª¥ i ��ê, ∆t �lÑ�mm�. �3T(f
¬N�Ñ\à (�à) �\�±Ï5� £Ð©
-y¼ê x1 = A0 cos(ωt)(Ù¥ A0 � £ÌÝ, ω

��ªÇ) �, �â (12) ª, �±¦�ÑÑà (m
à) ��f xnN ?¿�� £�. ��òÑÑà
� £� xnN �Ñ\à £� x1 '�, �âú
ª 20 lg(xnN/x1) =���±Ï���f(���
ÄDÑA5­�.
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3 nØO�(J9©Û

�
ïÄ��k�±Ï(f¬N��¡U�
ê¼êu)Cz�é(f�Y�K�, ·�ò��
¡(f¬NÚ�ê/C�¡(f¬N��ÄDÑ
A5­�?1'�. À�á� A �kÅÀæ, B �
M¾, á�ëêXe: 
¼�þ EA = 0.2× 1010 Pa,
EB = 7.15 × 1010 Pa, � Ý ρA = 1142 kg/m3,
ρB = 2790 kg/m3. ã 3 ´3Ñ\ÑÑà��¡
È'ØÓ��ª�­�ã. ã¥ γ ��¡È',
γ = Sout/Sinput = (b/a)2. �
¦�T(�U

÷v��nØ, � γ � 1.0 9 9.0 �, � a = 2 mm,
� γ � 0.11 �, � b = 2 mm. Ù{ëê��X
e: ¬�~ê l = 40 mm, ¬�±Ïê N = 5, z
���¥�y©ü�ê n = 20, ��¥�|°
' η = lA/l = 0.5, =��¥á� A Úá� B 3¶
�þ��Ý��. lã 3 ¥�±wÑ, 3 0—70kHz
���Sz^ª�­�Ñkü����DÑP~
«�, =�(f¬N�1��YÚ1��Y. 3©
ÛL§¥, ·�5½: �ª�­�3�Yüý��
�u"©��éA�ªÇ�=��Y�å©ªÇ
½��ªÇ, �=ã¥ A1, A2, A3 Ú B1, B2, B3 ©
O�n^ª�­�1��Y�å©ªÇÚ��ª
Ç. 3ã 3 ¥·�UwÑ��¡' γ = 9.0 �, �Y
��Sª��P~��¯, X1��Y��ª��
� −31 dB 
 γ = 1.0 9 γ = 0.11 ����©O�
k −22 dB 9 −12 dB. Ó�, 3ã 3 ¥U
wÑ A2

:�éA�ªÇ�� A1 Ú A3 $
 B2 :��
� B1 Ú B3 p, =éu����¡', �Y�å©
ªÇ��$
��ªÇ��p, �YªÇ����
°. ã 4 ´3Ñ\à��¡�»�½� (a = 2 mm),
1��Y�å©ªÇ!��ªÇÚ��P~��
ÑÑà��¡�»Cz��'X. lã¥�?�Ú
wÑ, �XÑÑà�¡�»�O�, å©ªÇÅì
ü$
��ªÇÅìO�, �Y°Ý�òO�, Ó
��YS���P~��òÅì~�. ·���,
�(Å30�¥DÂ�, NÈ�Ý´ëY�, NÈ
�Ý=��¡È��:�Ä�Ý�¦È, Ïd3C
�¡0�¥DÂ�, ØÓ �?�¡È�Cz¬�
��:�Ä�Ý�Cz. ��¡ÈO��, �:�
Ä�Ýò~�, ¿?�ÚÚå�Ä £�~�, �
ª¬Úåª�­�þª���~�, Ïd�YS�
��P~�¬�XÑÑà�¡È�O�
~�, Ó
�, å©ªÇò¬ü$
��ªÇò¬,p. lã 4

¥·��Uw�å©ªÇÚ��ªÇ��¡È'
Cz�þ¬Ñy��a�y�, ù´Ï��XÑÑ
à��¡ÈÅìO��, ª�­�þ�ª��Åì
~�, Xã 3 ¥, 3�Yüýª�­�þk¸�, �
üý�¸�~���u"©��, å©ªÇÚ��
ªÇB¬Ñya�y�.
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ã 5 Úã 6 ©O´¬�~êÚá��|©'
é��¡ÚC�¡��(f¬N1��Y�å©
ªÇ��ªÇ�K�. O��, a = 2 mm, N = 5,
n = 20, ã 5 ¥� η = 0.5, ã 6 ¥� l = 40 mm. 3
ùüÌã¥, ¢��L�´�¡È' γ = 9.0 ��
ê/(f¬N�å©ªÇÚ��ªÇ, J��L�
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´��¡(f¬N�å©ªÇÚ��ªÇ. lã¥
�wÑ�ê/�¡�(f¬N���¡(f¬N
�', å©ªÇ�keü
��ªÇk¤,p, �

´§��Czª³Ñ´���. ù´Ï�üö¤Ï
Ñ´Äu Bragg Ñ�Ån, =þ´du±ÏCz�
á�A5�(Å�p�^, �¦,
ªÇ�(Å3
(f¬N¥Ã{DÂ
�)(Å�Y.

·���éu����¡k�±Ï�(f¬
N, �
¦�3�Y��SU
k���P~, Ï
~´O\¬���ê, ��¬�ê�õ���(�
��ÝL�, ù3¢S�¦^¥¬E¤�½�ØB.
lþ¡�©Û¥·��±uy, �O�ÑÑà��
¡È�Ó��±Jp(f¬N�~�A5, �dÓ
��k|uÿ°�Y°Ý.

4 ( Ø

�©|^8¥�þ{épÅ3���ê/�
¡k�±Ï(f¬N¥�DÂ?1
ïÄ. T�{
rëY0����(f¬NlÑ¤±Ï���f
(�, òÃ�gdÝXÚ=z¤k�gdÝXÚ?
1Cq¦). l·��©Û¥�wÑ�����¡
�(f¬N�', ÏLÚ\�ê/�C�¡�±J
p(Å3�YSP~A5, �YS���P~��
XÑÑà�¡È�O�
~�, �dÓ�¬Úå�
Y�å©ªÇ~$��ªÇ,p, ·��ÿÐ
�
Y�°Ý. ¬�~êÚá�|°'é�Yå©ªÇ
Ú��ªÇK������¡¬N�Ó, ¢SA^
¥�ë���¡��(Ø. F"�©�ïÄU
�
��(f¬N�ó§A^Jø�½��Ï.
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Abstract

In this paper, we study the propagation of elastic longitudinal wave in one-dimensional (1D) finite periodic phononic crystal

with exponential section, and obtain the expression of frequency response function. Comparing the 1D phononic crystal with constant

section, we find that the value of attenuation inside the band gap decreases quickly as the cross-sectional area of output and increases,

at the same time, the initial frequency decreases and the cut-off frequency increases, i.e. the width of the band gap will increase. The

effects of the lattice constant and the filling fraction on band gap are also analyzed. The change trends of the initial frequency and

cut-off frequency are consistent with those of constant section. We hope that the investigation of this paper will be helpful for the

phononic crystal in practical application such as vibration shield.
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