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�#�ß)ÀÁh¸ê.,�i%ß)|©§���Ûß)yãç{�®

X�ÛnnF�=G�ac°z�Z+,/0¡£;å�À()���a

X�a¬ÏÜ/���n�E�ª���~À20  

ß�«
&Ó@Q��Z���X��®|bc�ß�{¯�¬(ÖE

­aÁ�ß®) a¯�bc¯(Å­a�°{) a¯±¡¯²(³­a�ß�a

´)���0bcÑ�ÒÓß)�t{µ�:�ãÓñû¶|{
�U�¯

��0·�0��X�»«Ñ�bc®��¯�8E­�X¸�8EìW�

Ë¹^º� (Longitudinal Wave)�­�X¸�8E»��Ë¹^¼�

(Transverse Wave)Çy½�¾����o¶�0 

�U¯���ß)�yt�U¯��¿�Wª��pµy ÀÁ<�

¦§%Ó¯�¹^;ÂÃÄ�?(Simple Harmonic Motion)0ß��bcÑX

����)à(Sound Pressure)�pµ�y
b��Å��Z�æ)à�Wª

��pµ�Zyz 2- 1�'0 

 

z 2- 1�b�Å�)àWª��pµz 
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$bpµrñy À�¾'ª��#¨éÆû¾'e 

P(t)=α sin(ωt+Ф)                                    ��� 

αeàp��¯¿ (Amplitude of the Pressure Fluctuation)0 

ΩeÇ¬  (Circular Frequencyerad/s ) 

ФeFáÇ (Phase of  the Sound Signal Being Measured Relative to Some  

Reference )0 

Te¯�Èï (Period of the Pressure Fluctuation)0 

¯¿ α �¶ÖÒ�$ß)�«É0�U� 1 Ê�¯��[é¹^¬ 

(Frequency)�Fá^ËÌ(HertzFHz)�Â¹Ë0ùÊ¯��[éÍ³�Z¬

 Í1�Á��Ø�ß)<ÍÎ�}ÏN)0Í10 

2.¬ a�Ë­)/ 

     (1)¬  (Frequency) 

      )jª�&[¯��çn�ª�¹^Èï��* T�Fá|Ê (s)0

&Ê�¯��[é¹^¬ ��* ƒ�Fá|Ë (Hz)�}È/ƒÐT 

     (2)�Ë (Wave Length) 

      ß��X�ÑÒ$�MFÓÔFá®����ÔP¹�Ë��* λ�

Fá|Õ(m)�yz 2- 2�' 

 

z 2- 2MFÓFÔFá®����ÔP(�Ë)'Jz 

      (3))/ (Sound Velocity) 

       ß���/�®ÑX��/�¹^)/��* с�Fá m/s0 

       )/t|®�¯��/�£|¯��Ö�X��/��µ�¶Ö­
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¯��Ü/a�®��/a×�#HØ����òØ�^ 0Ùª�ß��t

Ô�®Ñ�/�^e 

   Ú³  3,320m/s         Û³ 500m/s 

   Ü    5,000m/s         ½   1,450m/s 

       �bcÑ�)/��Øa¶cà�ð� 340m/s�)/­Ø���r

yðe  

      СÐ331.4 273/1 t+ Ð20.05 T                         ��� 

C : )/�m/s 

      TeÝÀØ�� (273+Ù) 

       teÞßØ��Ù0 

       )/a�Ë¡¬ �yð�re 

       с�λàƒ   } с�λ/T 

      �&���®Ñß/|á���¼½¬ â1��Ë<â©0äê

�ØðbcÑ�ß/�^ 340m/s (bcØ�Ð15Ù)�100~4,000Ë (Hz) �

ß)�Ë~�¶�� 3.4m 8.5cm��0 

    (4)¯�¬ Ý\ 

       a.y¬)e¬  1,000Ë (Hz) #ð�ß)0 

       b.1¬)e¬  1,000Ë (Hz) #$�ß)0 

       c.ºy¬ (Infrasonic Frequency))e¬ y
 20Ë (Hz)�ß)0 

       d.º1¬ (Ultrasonic Frequency))e¬ 1
 20,000Ë (Hz)�ß)0 

       e.Á­����¬ &y�� 20~70,000Ë (Hz)�ß)0 

yz 2-3�' 

       f.Á�¦9m¬ e¬ � 1,000~4,000Ë (Hz)�ß)0 

       g. Á���¬)e¬ � 20~20,000Ë (Hz)�ß)0 

yz 2- 4�' 
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z 2- 3Á­����¬ [28] 

 

 

z 2-4Á���¬  [28] 

 

(5)ß)�n� �

\�(dB)^ß)«�Fá�òßà�(L p)#\�*^¾'ª��ã

yð:  

      L p= 20 log (P / P 0 )                                 ��� 

 ZÑ P|�Ð)à¶Ö �Fá^äåæ (Pascal�N / )�P0^ùõ)à  

      PascalP
6

0 1020 −×=   
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     (6)\�­©é �

òßà�ÃÄ 6 dBª�ßàÃÄ 2©;ßà�ÃÄ 20 dBª�ß

àÃÄ 10©;ßà�ÃÄ 40 dBª�ßàÃÄ 100©0\ý\�­©é�r

lç�èéi%\���êë����Q��pµ�r�t@
�¤¥�

«ì°^í|:è dB��¤¥��^ÂF��*0,�()�xy 1 dB�

+9�ßàxy 11%�{½�jxy()�^Fò÷ø��*0 

 

ogfgo ��()��ã­h·�

���()�ãeòß)|&Ótîï�Ø�a|&ÓðÁtñò�ß

)<|()�:�Fò�kl/�WLtÔ�Áaª�aó�aÉ��m

P$�Fò«��ê]��#§¢�&��NÞ�¼Á£ë0¼½|}9

,�&�¸�­¤â²¸~()0�Þ¸��ã��º»Þð{A¤â�

ß)0tô�ßÚ0/��4��Z«�>#��ØÁh���0()|

º»{A¤â�ß)�òß)�bcÑX�ª�bc�6�à¨Hõn�

��ö^�¶cà�÷ê�pµ�løbcù�#)/Fúûü�ýß)

å�E4X¸£�^ß�0�

()h·:�ZáâWª�pµ���\^þ�Ö(stationary)*a

þ ¸�� non stationary*�Z¸��()�^p�()(fluctuating noise )a

��()(intermittent noise) a��()(impulsive noise)n()·Ö0 

(1) �Ö(stationary)eZßàáâ�&��Ib#*Ö¿�p�

(&y� 6dB#ð�Á�t�\�Z¶Ö)0Çy�a�"a	
�a�Y®

()»«½h()0     

(2) p�()(fluctuating noise )eZßàáâWª��¶¿��p

�(� 6dB #$ )0Çy
��:a	�@a��Ù�a�oaóä()»

«½h()0 

(3) ��()(intermittent noise)eZßàáâ�¤p�® 6dB #

$��p�»«ÑZßàáâkxØ��()t#&[�£}�O¶
&

Ê0Çyà¨@aí�µ��<a��Ä�()»«½h()0 

(4) ��()(impulsive noise)eZ"ØÊ¶¯¿�9ª�Ö


0.035Ê�£}��çÊ¶�Ø�ðxy 30dB��ª�Ö
 0.5Ê��M[
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¾ 2 �Ø(,)(){A¤â¾ 

20 Hz 200 Hz�íÑÁ

C�qç­O&é&��

W 

20Hz 20kHz 

¬  

    

)�                ª  

 

{AÝ 
�� �� ¿� �� �� ¿� 

�&h 42 42 39 50 45 40 

��h 42 42 39 60 55 50 

�-h 47 47 44 70 60 55 

�Ih 47 47 44 80 70 65 

�

Â|,�aR+,�(){A¤âe�

¾ ��Â|,aR+,�(){A¤â¾�

20 Hz 200 Hz 20Hz 20kHz ¬  

   ª  

)� 

{AÝ 

�� �� ¿� �� �� ¿� 

�&h 35 35 30 55 50 40 

��h 40 35 30 60 55 50 

�-h 40 40 35 70 60 55 

�Ih 40 40 35 80 70 65 

�

R\�«(){A¤âe�

¾ �R\�«(){A¤â¾�

ª  

)� 

{AÝ 

�� �� ¿� 

�&h{AÝ 70 50 50 

��h{AÝ 70 60 50 

�å)� 

4Leq9 

�-h{AÝ 75 70 65 
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¾ 9 Z�¡¡³Ò�H ISOaàá�~+()ÏÐ¤â�A¥¦¾ �� �� ��� ���� !"#$%&'( )*+,$-+(./0.1 !"# 234�567$%&'( � 89 : $%&'( !"# ;< => ?@  $%&'( . 1A B; <> ?C �� �D
EF>?)*GH

I JKL� MN$OP(QR$SP( Q01 R IIR ITN UUUU VWXYZ[\]^_VWXYZ[`abc]def_VWghijkcJ]l_m]nl_VWoFpqrs`at\]u_]dvw J� MN TN0/ x IIR UUUU UUUUx yz MNQR$OP(QR$SP( Q01 x UUUUUU UUUU UUUU {|%}~����� !���� �|%S����� #�� O�R��'������ QQT �� QR TN0/ x UUUU UUUU UUUUR � 6� MN$OP(QR$SP( Q01 x IIR ITN INN ��������~$O��~�(���}�����|�IMM�$!x�w0M�( ��� I ��| IMM�S����|�P�|~�������|"���������}�%���|�~ QR$��(� �� MNQN$'#( TN0/ x UUUUUU UUUU UUUU ��|�~��� �� ���{|������� �� MN Q01 x IIR ITN �}��~ �� �����������~ '��Q �� MN$OP(QR$SP( Q01 R IIR ITN INN "����~~���� � ¡�}��#����$wM P��IMIN¢MR(M 6 £� MN$OP(QR$SP(QN$S"¤~( Q01 R IIR ITN UUUU ¥¦¦§¨©ª«¬­©® S������|% !��������}�����|~�IMM� �̄¢�¢�¢�UI¢I��¢I°¡���±{{{�!�����|IIx$I(°²��}¡����|�� S������|%!����� $²¢P¢QQRUwNNI( ¤���~��|³±�!�����|~ IxNUIT(IN ´µ QR UUUUUU R IIR ITN UUUUII ¶ ·¸ MN$OP(QR$SP( UUUUUU x IIR IxR UUUUIw ¹ º» MN UUUUUU x IIN UUUU UUUUIx ¼� Q�QR$OP(QN$SP( Q01 x IxR$#'#( ITN UUUU !���}����{|~��}��|� wNNRO�¢I�Tx ½�� P�|������ O��~� �� ¾��¿���}�����|~ wNNR
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�� �� ��� ���� !"#$%&'( )*+,$-+(./0.1 !"# 234�567$%&'( � 89 : $%&'( !"# ;< => ?@  $%&'( . 1A B; <> ?C �� �D
EF>?)*GH

IT À ÁÂ MN$OP(QR$SP( TN0/ x UUUUUU ITN UUUU �}��¡��|P���}|����~$"��������| ��¾��¿��~($� ¡�~}����O��~�(���}�����|~�IMMNIR Ã� MN$OP(QR$SP( Q01 x UUUUUU UUUU UUUUI� \� MN$OP(QR$SP( TN0/ x UUUUUU IxR UUUUI� Ä ÅÆ QRMN$OP(QN$SP( UUUUUU x UUUUUU ITN UUUUIQ Ç µ+ MN TN0/ R IIN ITN INNIM ÈÂ QRMN$OP(QN$SP( Q01 x UUUUUU ITN UUUUwN ÉÊ QR$SP( TN0/ x IIR UUUU UUUUwI Ë �µ MN$OP(QR$SP( Q01 x IIR ITN UUUUww ÌÍ QR UUUUUU x IwR ITN UUUUwx Î Ïµ MN$OP(QR$SP( UUUUUU x IIN UUUU UUUUwT Ð Æµ QRMN$OP( UUUUUU x IwR ITN UUUU P��|��~ �� �Ñ~��|%��% ��� wNNTwR ÒÓºÔ MN UUUUUU R UUUUUU UUUU UUUUw� ÕÖ QR UUUUUU R UUUUUU UUUU UUUUw� ×Â QR UUUUUU UUUUUU UUUUUU UUUU UUUU "���~� !��|%��%"OUQT0OUNIxN�UO�~��$RNUQNNN SØ ��|��(wQ Ù ÚÛ QR Q01 R IIR ITN INNwM ÌÜ QR$OP(QR$SP( TN0/ x IIR ITN UUUU '�! IMMwÝIN O��~�xN Þß MNQR$SP( UUUUUU x IIN IxN UUUU O�������| ~��|% O!TQITàTQIRxI áÂ MN$OP(QR UUUUUU x UUUUUU ITN UUUU ��||�~� ~��|%��%�!TR�Qxw Òâ QR$OP(QR$SP( UUUUUU UUUUUU UUUUUU IxR UUUU ²��}¡����|�� S������|% !����'���IMMxà�|����|��|��� ���}�����|~ ���¾��¿¡����~�IMQ��O��~� �|% S����|�P�|~�������|$����~��~ NQxUIMQx(
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�� ���� ���� !"#$%&'( )*+,$-+(./0.1 !"# 234�567$%&'( � 89 : $%&'( !"# ;< => ?@  $%&'( . 1A B; <> ?C �� �D
EF>?)*GH

xx ãä QR Q01 x IIR ITN UUUU ²��}¡����| O��~�O����|��!��|%��%$O²S!P ÝINN�$wNNN(xT å ÄÂ QR$SP( UUUUUU x IIR ITN UUUU S����� �|% !����� �|��¡�����|����}�����|~IMMRU���}�����|II$O��~�(xR � æG H� �${!²( MN Q01 x UUUUUU UUUU UUUU {!² IMMMÝIMMNx� ç è$�Ñ( Q�QR$OP(QN$S"¤~( Q01 x IIR UUUU UUUU ¤��������wNNx0IN0�P �| �����|��}� ������ �|%~����� ��é}�����|�~�����%�|� ���� ¡�~}�� �� ���¿��~�� ��� ��~¿~ ���~�|����� ¡��~�������|�~$|��~�(��������� ��� wNN�
 

NCe  noise  control 

HCe  hearing conservation 

ALe  action  level 

HPDe hearing  protevtion devices 
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3.2.1   ¯�¢�Ù<�ac°z��Í��

        ¯�¢�Ù<k,\^��¯�@aÄ/�(¯�m>Ù<) a


t�¶�a¯�1A�M(iÝsQ�)aä �¶�a½ì�¯(»��&

�)H<:n(yz 3-2)0ZÑ¯�@�Z+�8û�\�@Qû¯�@

(mechanical shaker)aDàû¯�@ (hydraulic shaker)H
�û¯�@

(electromagnetic shaker)n;£¯�1A�M^�\�h¥Héáû¯�1A

�MMÓ;½ì��¶@�\� ²û½ì��HDà¡¢û½ì��MÓ;

»��&��\^;¯�m>ÙY��Ä/�H�¶��£Ä/��\^à


û(piezoelectric)a>pNû(strain gage)aà
öû(piezoresistive)a£Zû

(servo type)nIÓÄ/�0Ì<#c	
�������¨�¯�¢�Ù

<�Z¯�@+�8û#
�û¯�@(electromagnetic shaker)a¯�1A�

M#éáû¯�1A�Ma½ì��# ²û½ì��HDà¡¢û½ì

��MÓa»�#�&�aÄ/�#à
öû(piezoresistive)*KL�n0 
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                         z 3-2¯�¢�Ù< 

 

3.2.2  ¯�¢�Ù<�Õ�­¯��Q 

1.¯�@--
�û¯�@(electromagnetic shaker) 


�û¯�@Õ�k,\�M�x�a¯�@(shaker)Hä �¶�(power 

amplifier) �Ì\]�nyð: 

(1)¯�@ 

       
�û¯�@��*�QÌ¨ä
ð�(U��,Ñ�����

#B�¡(Usr�¯�����Ä�0z 3-3^¯�@�,<B(field coil)

¡+�<B(driver coil) áY'Jz�ò,<B(field coil)ä»�ð
ª�ñ

��,��,«�&y#�ä�×� B¾'�Z¶Ö­,<B
ð� ¥�

òðç,<B��ð
ð&�ª�B^á�E��:¦ä»+�¡<B�ó

ð
ð^ i�Ë����B� F�#ðû¾'�e 

          F = l * i * B                                    (49) 

$ûÑ l ^
¤<BïË��{
�,��� F ^óúB��¼½��¯

����óúÄ��^a¯�0 
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z 3-3¯�@�,<B(field coil)¡+�<B(driver coil) áY'Jz[63] 

 

    +�<B��,�¯�ª�Z
ð�PÙÚ�����B�Jø.ö

tp0�Ð$�ò+�<B��,�Ä�ª�+�<B��¥K¦E
à

(reverse voltage) �Z��¶Ö¡�,«�a<BBéaùBË�H<B�

�ª/�� ¥�¼½�¯�@+�<B$�(<âË(}¹B�â¶�¯

�@)Ë�,�Z�¦E
à�â¶�¼½¯�@¯���/��P¦E


à(reverse voltage)�ÙÚ£PØJ¶��A�
�û¯�@�/�q��¶

�� 1800mm/sec} 70in/sec 0 

    
�û¯�@�Õ���Ä�·ÖÝ\��\�Ä�sÕ(+�¡)Há

�sÕ(,<BH4§)�¯�@ êÄ*�ð�á�sÕ¢�Ä��£+�

¡(driver bar)ËFÀ
á�sÕ*$ð�¯�0�¨û¯�@��+�¡¡

á�sÕ��Ì¨©ûAª(flexure)FH�{
½·AªP+�¡Ä�ÙÚ

��K��¯£��¦¶pñ@�+�¡�Ä���«ÁF¦`·�MÓ

Aª^¬­ñAª�+�Ä�ª�W+�¡áY£¤pñ��Hù&·Ë

hø{:¡¢�+�¡¡á�sÕ��*ÖÇ�{:�#$MÓAªa�

��¯rñ�ðÀ
+�¡Ä��ÙÚW|¸ê÷Ö0 

    
�û¯�@æå��¡ðç,<BH+�<B�
ðì8� ¥�

WLB�®1
ð�WLÃÄ�¼½¯�@����æå^W¥ÇÃÄ�

+9¦Þ�%�æåJ¯�×ËÀ½MÓ<Bq^t"0Jæ8û�\^

c°ûHD°û�c°ûr"¨«�Åy�±bc«²¡/,<BH+�

<Bb��ô¢�æbc�À
B�^ 10,000³ 25,000³�
�û¯�

@¶��, 5 75}���´Å@�����()��´*ÏJøµP�
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ð<��¯�@�B�¶�E®&©�¼+�¡.�§¢��

¥ÇÃÄ�¼½¯�@�Ê¶Ä/�^¶�E®&©0 

(2)ä �¶� 

ä �¶��k,äå^EB¯�@�,<B��Ö�ð
jH

+�<B�óð
j�Z
vyz 3-4 �'�ZÑ�ð
j«��tWª

�¤p�Lóð
jËr�¯�1A�M���OW�¶ã+�¯�@�

�+�<B�%�OW¶Ö� 1V 10V���Lä íéèº»�ä �

¶��|�%�Öä OW�¶ éB»aé¼»� éC»0��¯�

@B�\��Ö·½ ¨¯�@�ä ��éB»aé¼³B��Ñ·¯

�@��é¼»ä �£$C³#$B��¶·¯�@�ä �5Ë�é

C»#$0 

 

z 3-4 
�û¯�@ä �¶�
vz[63] 

       ¯�@B�¶Ö¡,<B�����,«�Hð/+�<B��


ð«�� ¥�y(24)û�'0{
�ð
�¦�¾}¦���¼½¦N

¯�@ª&yõö�¨¦³��ð
��£FÀó67�¨óð
�0 

       ��,«�&��rñð�¯�@�B�¡Y/+�<B��
ð
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� ¥�LsÕ�¯��¼�ù�¿óð
����B��¬3 20��� ~2k�

�� ��Jø.öêé0z 3-5(a)^%·�ä �¶���óð
ðWL¬

 tÔ£pµ�zÑy¬Ý�À��¼AªH+�¡r��Fí{�¯�

�M��¯ª�+�¡��Á�Ä��¼½í�÷Öóð
ð�<�B�

+�¡¯��½4�1¬Ý�À��¼+�¡c*�sÕUK��¯�@�

�¬ 1
�¯¬ ���ÂW&èR�¯¬ �å�ÃÄ(energy sink)�

Å�¯�@�¬ Ú>PØJ¶��A0z 3-5(a)&'� 2500 Hz�<�,

¸ê¶�
ðH
à;å"ØFÔ�B��½r¼+�¡sÕ�¯�@�

�#+�¡�¯¬ ����^¯�@Ê1¬ ��¤0z 3-5(b)¾'óð


ð/+�<B���
à�Z�^W¬ tÔ£¤p0                    

   

z 3-5ä �¶�%·óð
ð(a)­
à��(b) [63] 

       Ì¨Æ/  ÀÇÈ¯�¢�§aªUæ+�¡�¯��ñ��

xi%¯�@�/å�¦Nt��¯�@�¾W À¯�¢�ª�+�¡

�¯��ñ�t^eÉ� À�ñ�ÙÚ¯��ñ«Á�¼V�e 

A+�¡�1@Q�¯�¶0 

B ä �¶��Ã�«Á(harmonic distortion)�&y�-Ã(third 

harmonics)Ê^-.�,ÀÁÃ�«Á�#Ì¨ !"��(tracking filter)�

1�Ã�"3�ôY�#+�¯�@�+�<B0 

        �À�M.¼ª�}À`�M¾W�l¢�ª�}�]Ê+��

M�ó�>��À��¬3¾WÆ/ � ÀÇÈ¢�Nd��«Uæ¯

��ñ�Ã�«Á�+,ªÄ�Ã�«Áæ/Ì]¸¹¶��&0ä �

¶����ä ½ì^�ÙÚØY�W�«Á«��=��ä ±"Ê¶

ä ���ËOW«Át>K�0 
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%ûv(negative feed back)�¶�¦Nyz 3-6�'���MFáË

YHì)Ú>�¬ ~�Ä3�¼½�Ø�HW@�OW�Y/�¶��

¦t����ñ«ÁTz0§}�¶��Ä/%ûv�xy�¶����

ö÷0½�xy+�¡a<:H¢S��¯@QÀ�¶����ÙÚ0 

 

z 3-6 ä �¶� FáËY­�¶© [63] 

       ä ��^:B»�Ö·�¶�¶³Ì¨c°û�ä ��^ 1000

Ø 5000 »�Ñ·�¶�Ëc°ûH½°û»õr�ä ��º» 10 ¼»

�¶·�¶��Ë+9Ì¨½°û0 

       ªð�ä �¶�^�(U���áÖ�¶��Zp�e 

��¨
à(±75v~440v)Sy
Fb{�¶�� 5000Ø 15000v}�10 

��¨
ày¦^��0 

���¦7æå0 

���/¦10 

�y¬/å¦���y 5 Hz0Fb{�¶�y
 20 Hz/å¦ê0 

(3) ¯�1A�M 

¯�1A�M¯�1A�M|¯�¢��1AÑ¤���&y¢

�¸¹�5�¯�¢�¶@�\^ À¯�­W@¯�MÓ��¾W$b

¢��1A�M�Mh�ah¥¯�1A�MHéá¯�1A�M�c	


�¨¯�1A�M^d+H±²�kð�M�#<éá¯�1A�MK

Ä�nyð0 

A À¯�1A�M 
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         z 3-7 ^éá À¯�1A�M82z�YÓ��¦��¸¹�

a¯�¬ÏH ÀÇÈ �{¬ ÇÈ�1AéáOW�����éá 

À��§çéáh¥:;�(DAC):;�h¥OW�ôç"��� À�k

¬#4�ØV"3Ä À+�OWô{ä �¶��¶��+�¯�Ä/

�m>��Y/
t�¶�(Charge Amplifier)�OW�¶�ôçh¥éá:

;�:;�éá¯�OW��¾WªÞOWsQ#�°¯¿¶Ö��½�

-Ó8û�B��aì��aÏ�}�8���Z[ôØ1AOWr��

Ñ¾W³1A��OWr��r�8û^�-Óa³�ì�a³�qÖ�

r�H³�q¶�r��|�ô�r��¯¿¡¸¹¥¦§*¯�@��

�² �Ê�ôÀ¬ ÇÈ�1A�éá À�*¯¿0��¯�@��

§r¸¹,50 

 

 

� � � �  

 

 

 

� � �         z 3-7  éá À¯�1A�M82z [63] 

BW@¯�1A�M: 

         z 3-8 ^éáW@¯�1A�M�82z�YÓ��¦�¯�¸

¹�íä ¬Ï�N±+�¯�@�+�íä ¬Ï�§5�+�OW�

Ì"]¬Ï(Fourier spectrum)�ô"¨6é���D�Fá¬Ï�#$Mh

¬ÏËÕ��Ì"]¬Ï(complex Fourier spectrum)�Zç»¦Ì"]:;

(inverse Fourier transform)�Ä
àªÞéáOW�ô¨6é�����·�

�§#Z�ûv(loop)����
àéáOWÍo·²�ä»éáh¥:;

�:;�h¥
àOW�§çä �¶��¶
à+�¯�@�¢S��

»<:�X¸£¢P¯���B�¯��Ä/���m>Ø¯�@���

¯��}�ç
t�¶��¶OW�Hh¥éá:;�:;�éá¯�ª

ÞOW��ôçÌ"]:;§sQ�íä ¬Ï�#Z�`$ûv�1A

¬Ï��`��1Aíä ¬Ïô¡¸¹íä ¬ÏF3£Ä¯�@ìê
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¬Ï(error spectrum)�§�#² $&ûv+�¯�@�íä ¬Ï�½û

v�ö^¡W�Øª�W@¯�¢�^�0 

 

 

 

 

 

 

 

z 3-8 éáW@¯�1A�M82z [63] 

 

        ���*¯�¢�ª�{
��H<:$ÎãM��¯�Ú>¶

tFÔ�^$ÀÁ¼¯�«�\
t�£����£Å��x¢�»�

(overtest)}¢�t>(undertest)�¯�1A�MEBðæ-Ó³�1A�1

A8û#B��e 

(a)ì�1Ae#éè(äê^ 7 è)1A��ì�íä ¬Ïò*

1A�íä ¬Ï0%Ó1A8û�#Å�¢S�ÒèáY¢

P¦�Î�¯�«�0 

(b)q¶�1Ae#éè1A��íä ¬Ï*Fú¥¦��ùè 

¬ ð�q¶�Ï�§r�1Aíä ¬Ï0%Ó1A8ûk

,�
ò�Ü].,�
�7S¢�»�0 

(c)qÖ�1Ae#éè1A��íä ¬Ï*Fú¥¦��ùè

¬ ð�qÖ�Ï�§r�1Aíä ¬Ï0%Ó1A8ûk

,�
��¼¢�t>£À�x
�7S� ¯«�*�Ðì

��ó0 

(4) ½ì�� 

         ½ì��^¯��Ñ*¦<�&�k,äå�
Âµ¯�<:¦

N�{
¢S�¯�¢�ÌÒaÓaÔ-¡�\�¾W�=Ì�¯�@�

ý8û²¾W½-8E¢��Ë<:¦N<¦^�Ø�¼3$,õö<:
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��ÖÜ/�4�Õ,0�<:H¢S7r�M�.UáY ¯�@B�

ÑU$�ÖªÖ�}t�-¹0½4�¢S�¯�¢�ª�×Ö"tå¡

F �¨ª&@"|�Ø�&�L=�½ì��Ñ*Ë¢S��¯�@�

ý�Öð¾W&è¡E¯�¢��|��¢SY ½ì��$��¯�@

0� ½ì8E¡½ì�±FH�����¾W�M¡E�¯�¢�0 

A ²û½ì�� 

          ²û½ì���Z­¯�@ç{+�¡FH�¢S�Ù�±�

$�¯�@��¯�ç½ì�±X¸ ¢S�½ì�±FÙ{Ú���Û

Ü2�Õ��}$ì�²�Ý��½ì�±¡FÙ��&ó{ à�Þß

$²� ²#67�±­FÙ������½ì�±¶³¨ AZ31Bàrþ

D��3¦ 2024T6�rþ� 1/3�4�ZöO¦¶�áA�¯ª�Ú>�

À
¯�1A¦^�"0 

         ¾W¦¶¢S¯�¢�ª�¢SH<:�.U�SP¯�@�B

�ÑU�¯�ª���â¶��l¼£��½ì�±ã�FÙ�t�T

z0½4�ò�±ä·�à²+�¡��Yá�����Aªu/}+�

¡<B©v0^ÀÁ%�TzK��&y��±MDåÄ¶�@^��A

�±�Zíåæ¯�@��8EÄ�0 

BDà¡¢û½ì�� 

         Dà¡¢�Zk,Õ�\��SH�S��SFÀ
�S#RX

&è8E�í{�� ê�¨ª��Sç�á��ì�$��SË¡½ì

�±ç�&·�Dà¡¢éd�½ì�±¶Ö£���èDà¡¢¡½ì

�±�7r�Dà¡¢û½ì���ò¢�K�}èH{:�lª�Dà

¡¢��sÕ�K@ó¨áAì±ä·}¼z��½ì�±íåæ¯�@

���8EÄ�0½ì�±�¨ÜÝ¡ ²û½ì�±FÔ0 

(5) Ù<�5: 

¯�@(wä �¶�)�Z¯�@�Êac�5yðe 

AB�(T): 

         ¯�@�B�+�>|¶#B�¢S��>¸¹�50 

    TÐ(Wa + Ws + Wf + Wt )* G                          (50) 

    Wa Ð¯�@+�¡(armature).� 
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WsÐ½ì�±.� 

WfÐ<:.� 

WtÐ¢S.� 

GÐÄ/�(W@¯�^�8��� À¯�^Ï�) 

{
¯�¢��kÇ Wt�£ Wa �¯�@���<tô¤p��

# Ws¡ Wf<+�Z�6.#ÀÁ2ç¯�@�B��| Ws¡ Wf�6

.ªW,éê&��Ë0 

B¬ ~�(frequency range) 

&y@Qû¯�@Ö
 100 Hz�Dàû¯�@Ö
 500 Hz�£


�û¯�@Ö
 3k Hz�À
¶³é�
�7S£\�{
æ¢¬ ^ 20 Hz 

~2k Hz�_#
�û¯�@¦^õr0 

CÊ¶Ä/� 

P¯�@B���A�¯�@�Ê¶Ä/��&yt�º»B�

¡+�¡.��¥��}P<:¡¢S�ÙÚ�%ëâ¶ËÊ¶Ä/��

q��ây0 

DÊ¶/� 

Pä �¶�RE
à(reverse voltage)�ÙÚ�¯�@��XÊ¶

/�¶� 70in/sec opF½4+�¡¡¯�@c*���¹^Aª

(flexures)��W/�ÃÄ£¶�Kæ�(@Aª@Q/®¤p}! ì/�

"|�¯�@Ê¶/�PØ�A�k¼�&FDàû¯�@P�
Dà 

�à¨/HDà ¡ ������>�Ê¶/�P�Ê1� 30in/sec0 

EÊ¶�«  

PAªÜ®HsÕ��A�
�û¯�@��«Ê¶�� 2 70

À
¬ Ú> 500 Hz�Dàû¯�@ZÊ¶�«^^ 270 

F¼EÄ/� 

^$1A¢�|�F&¡E¾W�¼EÄ/�+�PØ�A�&

yP�
¡EÄ/�� 15%0 

    3½�4�Õ�Z�¼V"|�,&íõö�îy�¯�@|×

���5¼ÙY��¯�º»Ê¶Ä/�a/�a�«�}Ø�1
ò¦
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�ª¯�@�í�ï@�H¯�@�
ja°¸½ja´*ÁÂV®H.

²Á�n�¶�ÙÚ¾W¯�¢���®0 

(6) ¯�1A�M�Êac�5yðe 

A�Ö~�(dynamic range) 

¢Sç{<:¡¯�@FH�{
sÕ¯�¢����¯¡R�

¯�Ü/&T�²�¼½Z{1A¯�@���ð()(white noise)�LX

Ø<:$#�Ë�åp��¯HR�¯óÐVæ�Ú>¬Ï�½¡¢S�

¯�¸¹êë�¶£+9¤pù&Ó¾W8û�^aý1A¨Ä/���

<:¡¢Só;s�¼½1A�M+9,�å���¯¬ s���å�

ày£ñ1R�¯¬ s�å��=�¯¡R�¯�å��¥�¶<�º

�1A�M��Ö~��Ë¢S�¯�¸¹�)Þú��²�¼£+9²

¤<:}Ì¨�Ö~�¦¶�¯�1A�M0&y£\��Ö~�>¶


60dB;å�>1A$��50 

B¬ ~� 

¼
�Ù<�ò�¯�¸¹¬ $�¶³^ 2k Hz�_#Ì¨
�

û¯�@^kFL¼v�Ä�H�óÄ�¯�¸¹¬ $��^ 200 Hz�

¬ ð�Ë^ 4 Hz�_&y^ê�¨Dàû¯�@ 0 

C¬ %Ñ� 

a1A�M�å\ÑH1A�ÊÖ¬3�½êP�
"���Ê

Ö"�¬30 

D¬Ï¦�:ô�(break point)éd 

:ô�édâ³âå¦�¦�Ø�¬Ï0 

E1A8û 

�\^F�1AH³�1A�+Ï³¨
Ö¢S�æ¢��Ï³

¨
¶¢S�k¼<:$ÎãM��¯�¶tFÔ�^$ÀÁ¼1A�á

Y��tò£À¢S����}¢�t>�³�1A��\^ì�1AH

q�1A�ì�1A|Ì¨éè1A��ì�¬Ïò*1A�¬Ï#�¡

¸¹¬Ï¥¦H² �£q�1AËÌ¨Òè1A��q¶�¬Ï}qÖ

�¬Ïqr£Ä�1A�¬Ïô¡¸¹¬Ï¥¦H² �1A�¬Ï¡¸

¹¬Ï�ê��X~���0 
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F¬$éd 

Ê7 4è¬$;å�>³�1A��50 

(7) ½ì���Êac�5yðe 

A¼EÄ/� 

^¢S¢PF&¡E�¯�4��½ì�±�¼EÄ/�9Ä#

�A�&y^¡EÄ/�� 15%�½N�A^�67½ì���DEÄ�

¼£Ä�Ë¯�@+�¡��¨õ³0 

B½ì�±.Á// 

¢Sç�½ì�±$¼.UE1�¯�ª���öU�l�=½

ì�±�.Á//�y�Ë�(@�±¡������ã��=Ì�ÃÄ

�±
�8ûE®�±//ËFÀó���¯�@B��¦��%Ò8û

|��±�MD÷ø¹�#�X�±�¯�¡E���}��±�ð8�

ÙDà¡¢#�A�±í�¯�¡$Ä�0 

C�±¡E// 

{
�±|&è�/U�¯�ª�ì�8E���¯HR�¯T

z�tLÙÚ1A�M�� �Ôª"��¢S�¯jtì��¼E®�

±¡E//�õ�E®�±�í|¬ ��#�¯�¬3�Z�¯R�¯

�éd<�xy�E1�±¡E//�Þ#67�±Ë�Ê^���Z[

^�± 4 èÇ�ÜÝÀ
//Ê¢����=�Zã3^�õ�E®ì±

�í|¬ 0 

DöOw� 

¼�¯HR�¯Tz 20~2kHz��)Þª�23�=Ì¨1öO

þ«�yàrþ�Ë��txyì±í|¬ ð�¨Öì±��¯HR�

¯�¥���Ä¯�1A�Må��ó��¯Ú>àá£åùR�¯Ú>

�t>0 

3.2.3  ¯�¦<()��@A 

        ¾W¯�¢�ç{1A��OWXY ä �¶��¶OW�X

 �Ä��+�<B#
¤­á�,<B��FÀÄ��¯�@B�¶Ö¡

,<B�����,«�Hð/+�<B��
ð«�� ¥�ZÑ�ð


j«��tWª�¤p�Lóð
jËr�¯�1A�M���OW�
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¶ã+�¯�@��+�<B�£+�¡ËFÀ
á�sÕ*$ð�¯

��¼½��k,()j0¢Sç{<:a½ì��}»��&�¡¯�

@FH�{
sÕ¯�¢����¯¡R�¯�Ü/&T�²�¼½Z{

¾W¯�¸¹�1A�LXØ<:$#�Ë�åp��¯HR�¯óÐV

æ�Ú>¬Ï£��[()j0�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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ÍgÍ�������������

ÍgÍgf��()N�

���������ÊÂF�()�æ¦<^()N�Z&'�ßà��ï��Lt

&'()�¬ \Î0()N�7r{��Åa+Y�¶�aÄú
9

�ò	�Ç���
Ç�
	�ò�
E��z Í#��a�8�ûv#H&'��7��Z��Ü

/Ë�w
à��a»ë��µ	
�������'�a
û
��'�n�z Í#fÎ��

^&Â�·()N0�

�

�

�

�

�

�

�

�����z�Í#��Äú
9������������������z�Í#fÎ�()N�

����òVWç»Äú
9���VWW||høóð
ày�$ðp��

Zp;/ �å�&ÊÑ�:¼[�pµ�()N�éá&'�}|��

�c)Þ�Wy½ò/�p�0()NÑ��8�ûv�#�{��Å�

æØ�
à�:;��8�
à��§ç{&'���0�

�æ��¾'e��$b���¦����ðææ��#*^s

t�¾': 

A. Leq : equivalent energy sound level ��å)�|)àáâr�ª

�pµª�æ�ª���#½Fn�ì�ì8)à�H^�Ö)àáâ0

#4�a~+()=G��Z�Ì¨�å)�*^4�a~+()æ��

8û0r��Ü�& ª���H^/()áâÖ#>\��Z�n
L

ª �ß)K���n)��¹^�å)��¨#¾'Åª Ñ()�)

� 0 

B. SPLesound power level��ª)àr�aª�()t-Îãì�

Ä±�d+�æï��())àáâ�� OSHA ¸�Z SPL ≥ 115 

dBA�½�*^|×º»½¤â�üu0 

GHIJ K
WeightingL
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C. SELesound equal level�()ÏÐáâr�F&ÉSK��)à

áâ�#ö^&ÊýFnå���Ö)àáâ¾'0   

D.Lmax Ê¶�emaximum peaklevel�Ê¶�r��d+�æï�

���Ê¶�()Ï��� OSHA¸� Peak tÄ≥  140 dB0 

�

ÍgÍgo��½ ��_���6
���
��

�æ���ìê�äêWLª��ÃÄ£ÃÄ�¼½Îã��

¶+98ª½ �#¬5½�æ¦<åWª5öZâ¬�0c	
()�

æÌ¨�½ �^ B&K  Type4220�½ �yz 3-11; z 3-12�ZÈ�é

^ ÍfÎ�¢®)àáâ^ fo��·�«
�Ñû½ �(Pistionphone Calibrator)Z

"¨Ö�ÑHÁþ��à��¼�ÑÄ�¤p½ ��b��U>���

H^bø À(sine)�úé�à�pµ�½&à��Ä¨�M�:ãÆ�¬

�N±Äj�Ä¨½&à�-^½ �¤â08�Ñû¨�r��_�%��	
�

À��Å�Äaâ
à�)Ú½ �{�
�:��Ñ¡W ÀÄ���

&�)à��)0�

&é
V

rSdPs

2

2

1020

1
log20

610 •
× −

�����������������������������������f��

sP�������M�	
�N����������������� r�
��

S�������������������������������������������� ����

V ���!���"�#$%���O��
 

 

�

�

z 3-11�Ñû½ ���z[64]          z 3-12 B&K4220�Ñû½ ��
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ÍgÍgÍ����Å�[�´
����
	��

�æ¦<��¨���Å�k,|¨²�rÁ�À
ßàH¬ 

Ú>(frequency response)�Ü/�Zk,äå|�ß)(�Q�):;^
à

(
�) �§¬��½&:;�ÄØ�ìê�^ÊÖ0cO�Ì¨
�û�

�Å(Condenser Microphone) �z 3-13&'
�û��Å���Õ����

&èþ«�²­á��±(Plate)��²­�±���Ö�����ÔP¶�

^ 20�8�m0�²
��^ 15~8�m�ZÜ®^�a�}t	Ü�§}á

�
��Å44�$0#�²­�±*^Mè
qñ�&
���{4³

EBqµ
à(Polarized voltage)�}Z
��¶�#� 2~60pF�:�q¶�


ö0òß����²ª��²��áY��²­�±��
��¤p�

½Ó
�pµ����
ðVW­ßà�¥Ç�
��pµyû(3.1)(3.2)�

ZÑ�Q¾'�±�
t��
¾'��Å
���¾'
à��¾'��

Å�>�
¾'�²­�±���ÔP0 

  PQR
d

A
× ��o��

A

dQ

C

Q
V

×

×
==

ε
��Í��

�

z Í#fÍ
�û��Å��Õ������

�

�
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�û��Å�m�­�²�M//��éF���²�M�//�

w$�²c*�//#H��Å�{4§a�íÝmU¡�²�7���

(cavity)��bc//(air-stiffness)MÏ0�²�//Ò�
Zá�
��Å

44�$�n��n�Í1��²�//Í1�Z9m�"Íy0 


�û��Å�Ü/(Characteristics of Condenser Microphone)�¼^
�û

��Å:�¦³�p���Z�^d+ß)�æ�k,�:0
�û��

Å#ð�Ü/�#*^����Å�ùõe 

gh(Diameter)�
�û��Å�gh�w 1�a1/2�a1/4�a1/8�IÓgh�

%�tÔgh��Å�9m�a¬ ~�a�Ö~�¶tFÔ0gh¦¶

���ÅäêZ9m�¥¦1a¬ ~�öEy¬a�Ö~�öEyßà

áâFR�gh¦Ö���ÅZ9m�¥¦ya¬ ~�öE1¬a�Ö

~�öE1ßàáâ0 

9m�(sensitivity)���Å9m�|��æß�­��
à��¥��äê

¹^�ûv9m� Os(open-circuit sensitivity)0�ûv9m�|�à�),

ð#t�EB%ëx��Å�+Y�¶��" ;̈
à./½ �H?(Insert 

Voltage Calibration Technique)�pÄ�9m���½ ¬ äê^ 250Hza

310Hz} 1000Hzná�¬ 0½Ó½ �é��¤â^ IEC 61094-10 

    �ûv9m�|&y��Å��Ø½ ��(z 3-14)$�Ì¨�9m

��Fá^(V/Pa)0ù4&ÓFá¾'8û^FÀ
 1V/Pa�³7\���

#"¨(54)N±�%MÓ9m��¾8û0ZÑ�Nè¾9m�FÀ
 1V/Pa

�¾'8û�Fá^\��Soè ��Å�9m��Srefè¾ùõ�9m��

^ 1V/Pa0 

)log(20 0

refS

S
N = ������������������������������������������������
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�������������������z Í#f���Å�Ø½ ���

�ÍgÍg����®@����

�®@���^()�æ�¦<� *+ÝÞT,�ð�{��

Åp;^
cVW^óð
à���½VWp�¶��¶����â��

®���()�æst�ô.`��ô{
P\ÑN±ßàáâ­¬Ï\

Î�ZÜ�^()��iÝ�.�³[¡W¬Ï\Ñ��¦�\ª�¡W

tÔiÝsQ0�®@���(z 3-15)·W^ TEAC RX-8000  16¬$�Z

Ü/:���¬ Ú> 20K Hz  ��ª� 1Öª0 

 

 

 

 

 

 

 

 

 

               z 3-15 �®@��� 
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�����������	
��
�������

Íg�gf�0þN��,�

L�0þN�ð«yz 3-16�Ó�À��4����¡W*+4

��'()¿��z����å1¿�@�¦<�ô�À1()ÅÆ�¯

�@¡W()æ�Zk,()¬Ï�uv#¯�@¾WÒN¢�¸¹��

��())à¶ÖH��çê��*+,�4�()�æ�§Ôª¡W=

h0þZ��r�À��À()°jaklmîH���¼:��¨0c

	
��k,��(1) =h0þ:=h0þ�¦ND*aiÝl'aMN\

Ñ�(2)()��æ: ��*+Ý()�æ�a�,�æk,()j¬Ïai

Ý\Ñn�ZKL��N yðe 

 

 

 

                  z 3-16 L�0þNZð«z 

�

�

ST
—UVSTWX 

YZ[\]^_`
 a

—bc[\ defg

 

hijklmnopqrstuv
wxyz{

 |}kl~����

 

hi����de��
��klw��
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Íg�go�0þ8Þ8�

c	
��0þ8Þ^�À��À()�°ja()ÏÐ�kl

mîH�¼:��¨=h¦N­0þe 

1.=h¦Ne����()°ja()ÏÐ�klmîH�¼:��¨

=h¦NnpNÄ#¦N�klmî=G�¦Nrùs�tu½vÀ@,

UCkl���=G£¦N[26]�ZÑw�èÁÀ¯�@H¢SsÕ­¸¹

n���«�aÙÚ���klmîa��pµn 12=G�70£���

�¼:�x�Ë#À���¼:�¨���a�¨�@HZ.¼8ûn 11

G=G²7�0£���()°jpN$�Ë#()&yêzHF�¸�

­��À()½¾aûüýþ��n 20G=G²7��HZï{���.

¼��­|}~�n 7=G�7��N 50GFZ�Ä$����N Ha

ciÝ��"¨���ô�·û¡W=h�² ­ò��#Ò�=G�V

æ�5�P�Ï� �=G�GJ�\ýc	
�¾���(face validity)F

§�F����*+HäæÁÂ�*¢�=h�EB¤¥�\Ç§ô[²

¤=h��=h�Äª��p½E1	
=hc*���0KL=h0þ

���ùÄI�&0 

2.0þ��e�

(1)0þÀze���F�*+Â���w���¾W¯�ÁÂ�LÁ

Â^�����AÁÂ�ìªk,*+^¯�¢��<:­¢Sá��§

�L¢Sa����ÄH´*�¨ª�P�¯�4�#
Pé�1A�¾

W¯�¸¹�ú�4������>0ùÈçê/�r�äæÁÂ�Zk

,�*^�r¢Sa��¡W¯�+aÑa��äåæ¢�¬°¢Sa�

��¯�+aÑa��äå|× ê��)���r�K�0Î��5£

 ��4����T,�r¯����ú7¢S�äæÁÂ¡¡W@�¦

<.²ÁÂ0c[	
a#$b*+Â�^À£�
=h0þ$�Ì��

=h0þ8û0��4����*+ÁÂ�o��Áaçê ��4����

�r¯���ú7¢SäæÁÂ �o Á��Î��5 ��4�����r

¯���ú7¢SäæÁÂ¡@�¦<.²Á�fo Á�Ì��=h0þ8

û0òNï�0þÁé^ �Í Á0�

( 2 )0þ���e�r��*+,�¡W()ÏÐ�æª� T,ò

,K�=h§kl0 

( 3 )T,���¼:�¨rñ�0þe
kl�=hÑ��Z*>ì
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����¼:�ÁÂ�Fæ��§�Ll�Z|×�¨�Hù���³��

§Ä#��0 

 

Íg�gÍ�=h0þMN\Ñ�

fg=h�K�akle�

��������=h�0þr�rT,()�æ�¡W£=h�äêÛ�JoP

=hÏ»�J�r=h������xÁÂ�Wt�J�r=h�

���£)Þkl0�Ðï�æ�Áé^ �Í Á��kl=hé^ ¶Î

x­�3=h���´cé �x���´cé^ ��x��ïæ�L

�U� ¶�g��0�

og=hMN\Ñe�

�f�aciÝe��4���*+,����{
³rÈÉ<:a¢

Sá��ÙHäåæ¢�_����7�$�/�" ����Æn���¶Æ

#$�" �¶g��yz Í#Í��Z�*ª�¼�H/H�³n¼£Ë" � Öª

#$Ï� ��g��yz Í#Í��ù�ì��*È� � È0ZÔP()j�ì�

ÔP{����Ëí°� ��gÍ�|Ö
 ���yz Í#�Î0�

�o�=G�xe�

£g���À()klmîR>�=h0þst$&'����À¯

�()ßîÄ§tu� fg���îÄJu�� ¶¶go�yz Í#��FÀ¯�()

ßµ �îÄ¸êu� ��g���£îÄt�µP�� ÍÎg��yz Í#���£î

Ä¯�()ß�¾W¶¸¹ªÊu�� ��g��yz Í#���½�&'��Z

*+,��()�î°^³r²í¯�()ß�£¯�()ßÀ��*U

ÙÚ�&y$°^#��$�ÙÚÊ-.�£��Q$Ë#U a�{l

¨¤pa���0H�Û�ÙÚ¦^-.�|��WJ &�¼()£m

Ø*U$PÙÚ�£rh$Ë�0· !t��� ��gf�yz Í#�Î0£�

Z�()j$&yîÄ¦u�^Ø���� ��gf�yz Í#�f0£��ê�

�$ÙÚÊ-.�^óô� Í¶g��­�*� ÍfgÎ�yz Í#�Í0�

·g���À�����¼:�¨�r�0þst$&'����À

¯�()ßsQ$&y�� ��g���#��Ñ}�Ú²sQyz Í#���£

�½Ñ�¨Ê³�Ë|�Ú�ôZ[�Ñ�í¨Ï¦7�£&È�¨�ª

�Gf�
 ��� oog¶�£� o�
#��
 ��� ��g��yz Í#��0�ÑZ³é{

PQEB� ��g��yz Í#¶Î0£�EB$�PQ� �¶g��¨ª�ôEByz
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Í#¶f�Z��Ñ��¨$� �Íg��|¼�*w"�í�íK��£¼��ÁÂ

,5Ï�� oog¶�yz Í#¶o�Z��Ñ�5#$�Ñ¨ª�$%�

��gÎ���� �Íg��|
�&}ès�'�ô¨yz Í#¶Í0£��Ú��¨

$�Z²j³^PQEB� ��g��yz Í#¶�0}�Ú³^èÁ�¨� ��g��

yz Í#¶�0Z�¨�@Ë³^í�íK� ��g���a
��ÁÂ,5�^

� f�gf�yz Í#¶����ÚH�Ñ��¨�t$îÄ67J³¡��÷6

y�\]^ �fgo�¡ �Íg��yz Í#¶¶�£�¨$Ê¶��|ÙÚóô0ù4

��Ðl�$����¨�ÑÏJ7�£��ÚÏ� �Î�0������

_g�*+��À()°j=G$�cpNË�ZôL\^:�x�

&�x|#()acêz²æ����()acêz�ù&�xË#À(

)½¾Hûüýþ���i%r�²���("i%d+PQ��Ð��

^ãÛ£�=h0þst��KT��ß)&y/êz$� �Î�#$���

ª�¢�}±: ¬jzyz Í#¶��£�Þð¸�$�Àd+��()Þ

ð� ��gÍ�^tj}>Ðyz Í#�o�Zk,r¼��Àae\�Fá�l

çª�¢�0£�()½¾8��&y��Z()���jz�²íÆ½

})caPQ}*ßýþ�LÒFá± û�V()�¼½¾+,Ï�

¶fgo�yz Í#��0ù4���ýþ8���¡PQ+���Ï�" �og��y

z Í#���£�-�ïýþÏ^ ��g��yz Í#���£çÉ��ô$i%�-

��ýþÏ3$7�x-. ����*ÁÂH.²ÁÂ4�&y¶��

�0�

Sg��������$�� ��g��íî��¦#+êyz Í#����

��g��ã-»��ýþyz Í#�Î�� ��g��ùO���ï��ýþyz

Í#���ýþ��ëêÏ� ��g��yz Í#�f�{MNé�&'¦&y���

�ëêÏ1�!³0çT,�=KT�Ê &�mî|­Áóôª�îÄ

�Áß)¦Öa­ÁNMÔP,¨©�}ò�Á,��)|}
�ß�Ö

ª�£�í/¸îÄÌ��JÖß$�8;��À������KT�£

%Ómî&y�¡/PQ�O &O�a��T0£�¥¦ãÓ()¦u

ª�¶�xk>¯�@()ß� �¶g��yz Í#�Í�£ìê�À0()�8

ûH�W�8û$���� Íogo�#$îÄ#��Ñ}�ÚÊ�W­�Ðy

z Í#fÎf0�

îg���¯�()¤¥�8Þ�� Í�g��îÄ>�¦N¸�$¤

¥���«$¤¥^ Í�go��W|{Q8�^ f�g��yz Í#fÎÎ0�
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Íg�g��Ös 

    ç{c	
¡W()de�=h0þ��À��4����*+

ÁÂ�()°ja()ÏÐ�klmîH�¼:��¨ç{=h0þMN

\Ñst�Äj*+ÁÂÀ()�ac°jt>�}()��F��ÅÆ

­¿�W��Ä«0¼½<=h0þ�stE�ð�-�\Ç�#���

�4����*+ÁÂ¼()�ÏÐ�������}ö^(µ0�

fgÄ«���¼½¾eÈ=h0þÑj$���À()�&y°j�t

>0À()�¿�"º)1î�£(@����Ñ�Ú$¦�� �

½íåÈÄ«���¼½¾$L�0�

og����ýþeÈ=h0þKT���()ÏÐª�º» �Öª#�

Ífg���|£Z�©ª��()ÏÐ�¸J1�#H()ÉÐOé�

f�O#$�� �ogo�yyz Í#Í�0��ËïP()ÙÚ���pµr

����ýþ��Ñ��ÌëêÏ1" ��g��yz Í#�f�&'¦&y

����ëêÏ1�!³0¼��4����()£�������

Fò¶��r0|£�=hÑpj� o�g��Á±��PQO�Uý�

Üú��ý�yå�ÀZ���ô�r��5¼NZ�BS�Ë�À

()��w���*¬0�

Íg>Ëï��()*+4�æ��#*^��5¼N�H*+,�4�

¤¥���0�
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Íg� �������	
��
���

�

��()�æ0þ^��4����*+ÝÞT,4�()�æ

��#i%��4����()j�()�HZ¬ÏÜ/0¯�¸¹��

�a�æ�M�rH�¦a�,æ¢HiÝ\Ñn�ZKL��N yðe�

�

Íg�gf������()juv�

��������# �¶ O�¾W¯�¢�SéMN� 5063  S�ZÑ¾Wú74

�>�ò�W@¯�¸¹�î��	5¯��ï¢�Sé� ��gf��Z�³Ó¢�¸

¹n� 2324 S�ï¢�Sé� ��g���¼½�¡W�����*+ÝÞ(

)�æª#¯�ò�¸¹ ESS/RV^¾W�¸¹�½¸¹rù2A3¤â¸

~ [�&#��S#of��¦�0�

fg()juv�

¾W¯�ò� î��	5¯ ¸¹yz Í#f� ¯�ª�uv½ìa»�¯�

@�k,()jáY�Z�æ�yz Í#f¶\byð8�

�f�g½ì¯�@8b�¾W¯�ò� î��	5¯ ¸¹¯�ª�#uv½ì

¯�@�k,(ßjáY�Z�æ�\byð8�

��f8á
¯�@cUpDÔ�ÍÎ´��Ô+�¡G��8 ÍÎ´�8�

�o8á

¤�£
���%
	��+�¡G�+D ÍÎ´�����$8 ÍÎ´�8�

�Í8á
½ì��ÑÒ����$8 ÍÎ´�8�

��8�á
½ì��Ê+G ÍÎ´�����$8 ÍÎ´��

y¾ fÍ½ì8E¯�@�æáY��æstÄj ¯foH ¯�½ì¯�

@� �o �æ�^Ê¶�\]^ fÎÎgÍ��·£H fÎf�·£��Í H ���¼Pßj

âSßàWÔPñ6�_½ì¯�@�k,Kßj^
¤+�¡G��+

���Ä��ñ��0�f�KÔPßj^��b�æ��L­ ���ßàá

âFêJ7�Zk,¼V^ß):�8E/�£ �� �æ��ßj��8�

t�ß�X¸8E�+80�

�o�»�¯�@¾W¯�ò� î��	5¯¸¹¯�ªZ�æ�yz Í#f�\

byð8�

��f8á
¯�@cU�pDÔ�ÍÎ´��Ô+�¡G���8 ÍÎ´�8�

�o8á

¤+�¡G�+D ÍÎ´��¯�$8 ÍÎ´�8�

�Í8á
»��&���D2Ô ÍÎ´�8�
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��8á
»��&���ÑÒ����$8 ÍÎ´��

{�æst¾ fÍÄj»�¯�@�k,Kßj^ �o��[,ßj^

���^»��&�����K��ßj0¼�k,) �o �æØ�ßàáâ

^ fÎ¶gf��·£Ê¶��ÍWÔPk,ßjSP£xy�æØ�ßàáâ^ �¶g¶�

�·££� ����æØ�ßàáâ^ fÎÍgÍ��·£K¦ �Í�Ôk,ßj^SL

Zßàáâ¦ �Í ¶ �g��·£�&'�ô[�¶�Tz0�

uvZ�¼�»��&���­
¤:o��$ð��Ä��<y�

Ñ�*�bcà¨�£ñ��[ßj���0�

�

¾ fÍ½ìa»�8E¯�@�æáY�ßàáâ¥¦�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

¯�@¦< P1 P2 P3 P4 

V12 ¯

�@ 

93.2 

dBA 

100.3 

dBA 

98.1 

dBA 

93.1 

dBA 

½

ì 

V9 ¯

�@ 

94.6 

dBA 

101.0 

dBA 

97.8 

dBA 

94.5 

dBA 

»

� 

V10 ¯

�@ 

100.5 

dBA 

107.1 

dBA 

97.7 

dBA 

103.3 

dBA 
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�

�

�

�

�

�

�

�

�

�

�

z Í#f¶½ì8E¯�@�æáY��

        

      

      

       

       

����� 

       

       

         

����������

       

����������

z Í#f�»�8E¯�@�æáY��

�

ogk,()j¬ÏÜ/�

()¬Ï¬3{¢�¸¹y¬ oÎ�¢®  1¬ ÍE�¢® �¯�¬ H¢

S�l¯����¼½¬Ï\Î�~0�������

��# ¯�¯�@¾WB� f�ÎÎEÇ�� î��	5¯�oÎ#oE�¢®¸¹Z1A¬ "�

oE�¢®yz Í#f��'0�

P1 

P2 

P3 
P4 

P1 

P2 

P4 

P3 

Driver Bar 

������ 

������� ���������������
� 
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Project File Name: ESS/RV.prj 

Profile Name: ESS001  Test Type: Random  Run Folder: .\RunDefault 

control(f)

high-alarm(f)

low-alarm(f)

2000.020.000 100.00 1000.0

1.0000

1.0E-051.0E-05

0.0001

0.0010

0.0100

0.1000

Frequency (Hz)

(G)2/Hz

 

Level: 0 dB 

Control RMS: 6.070951 G Full Level Elapsed Time: 00:00:35  Lines: 450 Frame Time: 0.200000 Seconds 

Demand RMS: 6.059774 G Remaining Time: 00:09:24  DOF: 120 dF:  5.000000 Hz 

Data saved at 07:32:47 PM, Thursday, April 09, 2009      Report created at 07:32:51 PM, Thursday, April 9, 2009  

z Í#f��î��	5¯¸¹z�

 

# ¯�¯�@¾WB� oÍÎÎEÇ�� c¯#f¸¹ oÎ#oE���: 
�

�ò�6�
��Ü/�

yz Í#oÎ �'0�

Project File Name: FV-1.prj 

Profile Name: FV-1  Test Type: Random on Random  Run Folder: .\RunDefault  

control(f)

high-alarm(f)

low-alarm(f)

2000.020.000 100.00 1000.0

1.0000

1.0E-051.0E-05

0.0001

0.0010

0.0100

0.1000

Frequency (Hz)

(G)2/Hz

 

Level: 0 dB 

Control RMS: 8.320960 G Full Level Elapsed Time:00:02:11 Lines: 900 Frame Time: 0.400000 Seconds 

Demand RMS: 8.360005 G Remaining Time:00:37:48 DOF: 20 dF:  2.500000 Hz 

Data saved at 07:46:47 PM, Thursday, April 09, 2009      Report created at 07:46:51 PM, Thursday, April 9, 2009  

z Í#oÎ�c¯#f¸¹z�

 

# ¯� ¯�@¾WB� f�ÎÎEÇ�� c¯#o�oÎ#ÍE�¢® ¸¹Z1A¬ " ÍE�¢®
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yz Í#of�'0�
FV-2     Y-� 

Project File Name: FV-2.prj 

Profile Name: FV-2 Test Type: Random  Run Folder: .\RunDefault 

input1(f)

high-alarm(f)

low-alarm(f)

3000.020.000 100.00 1000.0

1.0000

1.0E-051.0E-05

0.0001

0.0010

0.0100

0.1000

Frequency (Hz)

(G)2/Hz input1(f): PSD RMS=5.986

 

Level: 0 dB 

Control RMS: 5.985499 G Full Level Elapsed Time: 00:00:51 Lines: 900 Frame Time: 0.200000 Seconds 

Demand RMS: 6.001773 G Remaining Time: 00:09:08 DOF: 120 dF:  5.000000 Hz 

Data saved at 07:36:34 PM, Thursday, April 09, 2009      Report created at 07:36:35 PM, Thursday, April 9, 2009  

z Í#of�c¯#o¸¹z�

�

# ¯� ¯�@¾W-Óê¾W�¸¹��æ�Ô()j 1.5m �Ä��y¾

f�a¾ f�0§�-Ó¸¹¯����¬Ï\
¡W¥¦yz Í#oo0�

�

¾ 14k,¯�¸¹��()j�¬Ï~�ak,¬ÏaÊ¶å�¬ �

¯�¸¹�

�

¬Ï~�� k,¬

Ï�

k,¬ÏÊ¶

å���

&	$£�

� �������

î��	5¯� oÎàoE�¢®� fgo�E� ��g���·£� �ogÍ��·£�

c¯#f� oÎàoE�¢®�
�

�ò�6�
��� fgo�E� ��gf��·£� �Íg���·£�

c¯#o� oÎàÍE�¢®� oE� ��gÎ��·£� �fgo��·£�
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¾ 15k,¯�¸¹��()j�æ�st 

�¯ � ¸

¹�

�

¸¹Ü/� B��

EÇ�

&	$��

	 �������

&	$£�

� �������

î��	5¯� oÎàoE��®� f�ÎÎ� ��gf� �ogÍ�

c¯#f� oÎàoE��®�
�

�ò�6�
��� f�ÎÎ� ��g�� �Íg��

c¯#o� oÎàÍE��®� f�ÎÎ� �fg�� �fgo�

�

�

�

�

�

�

�

�

�

�

�

�

�

z Í#oo�¯�¸¹��()ßà¥¦z�

�

�

�

�

�

�

�

�

�

�

���� ¡¢£¤¥¦§¨©ª

«¬«­«®«
¯«°«±«²«
³«´«¬««

µ¶ ·̧ ¹¶ º» ¶» ¼· ½» »̧» µ̧¶ ¼̧» µ»» µ¶» ·̧¶ º»» ¶»» ¼·» ½»» ¾̧ ¸ ¹µ¶¾ ¸ ¹¼¾ µ¾ µ ¹¶¾ · ¹¶̧¾ º¾ ¶¾ ¼ ¹·¾ ½¾ »̧¾ ¿ÀÁ ÂÀÁ��

�
� ÃÄÄÅÆÇ ÈÇÉÊ ÈÇÉË
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Íg�go�*+ÝÞT,4�()��æ�

^�����è��4����*+ÝÞ()�rñ�c	

Á

Âçê���ÝÞ�¡W�'()�æ�#i%LÝÞ()�)j­Ü/

���å^1()¿��¦<�ô�À1()ÅÆ�¯�@¡W()æ�

Zk,()¬Ï�uv#¯�@¾WÒN¢�¸¹����())à¶

Ö�	
��k,��e�

fg�'()j�æ�8�

������£gæ�Àz8�¯����*+ÝÞÑ�å�À����ÙÚ�()

j0�

������·gæ���8�>\·()N�¨#�æ�åK�¿�()j��'

()jüu0�

������_g�æ8Þ8#>\·()NUæ�¯����*+ÝÞÑ&È��

��ÎãÉS�()��'���å����¿�k,()ja

¦<�@ª���()�H¾W¯�¢�()�#*¥À0�

og¯����*+ÝÞ4�()æ�8�

����^åi%�è¯����*+ÝÞ()�rñ�c	

ÁÂçê�

��ÝÞ(¯����a1A���¡W��Ì´�#i%LÝÞ4�()�

ßàáâ­Ü/0���å����¿�ÅÆ¦¶�¯�@�ù�¯�@

��B�^ f�ÎÎEÇ�¦�¶S\]^F@a?@H-@Ôª¾Wú74�

>�ò�W@¯�¸¹�#ú�����()4�e  

�f�¯����*+ÝÞ()æ��

£gæ�~�:���4����*+Â�çê��ÝÞ0�

·gæ���: �

(a)�×>\·()N(Precision Integrating Sound Meter) ·W 

TES-1353�Z�*^�æ*+,�Ñ���()�æ�0 

�6�½ �������
���
	���·4­��ooÎ�8��ª��¨¤â)�¨

#½ ��Å�â¬H��é�� ¬/�½¦<���

ÍfÎ¢®� À�afo��·ßà0�

�´��7��Å���´
����
	�·4­�(5£����I����

���+Y�¶���
	�������	
��·4­��

�	�fÎ¬$
jB>� f7�[î�£#[5d#fÎ£��

���f� ¬$VW��� f���î£_#5d#�ÎÎÎ�S����5	´��	
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�Ç�³¬$¬Ï\Ñ� f7�Îf��·��\����
�	��%���#´��

	���

��Ç
����
��\®	
��

���èÁ
P�

    ���f	Í©¬aª¬\Ñ��5	��#���	�c
	$%	
´\�£
��\����·W

�î�#fÍ���

�6��·4­ ú�:Á)�Y��Å�·4E��fÎÎS��

�E�-7� �7�

���89 &[#��ÎÎ��×>\()N�

_g��ÎY­�æ8Þ8�

¦�()j(F�~-�)��*+ÝÞ�\^ 9èÝÞ¦� 9�

�æ��^¬5�²�()�æé�)ì���Å�æØ�(

)VWâ¬�H����c	
()�æ�¾Wª��æ+Ó

¡W�æ�Mþ��§#½ ���æ+¡W��Åþ�æ

¢0Z'�:'� 1-^�Ò�æ��Å�/ B&K  Type4220 

Serial 1475850�½ � (z 3-12 ) ����½â��� 124dB

)à 310Hz�á�¬ OW�{��Åol�ç{�MÑ�â

VW �î£_�5d#�ÎÎÎ�f� ¬$��®@���'� 2-ç'��:

�ç�U�æ�M�VW�¬ ­
à����8�
à����

ô:;���Å�09�(sensitivity)�¡W¬Ï\Ñª�½0

9�pé�/�����Å�olØ�)àáâ|×­½ �

�K��FÔ�#���æ�M� ¬­��/0'� 3-¡W

T,�æ§#�®@Ó��æiÝ�âô#¬Ï\Ñ�\ÑZ

1/3 ©¬¬Ï\Î(z 3-23)0½½ �§r IEC 60942n� 1�

¸��{�-P Fá��	ß�æKSÑU
 97 O 7é 16

�ª� ½�½ �W^ C970754�LÑU^ TAF°�:��

��� ;/�½ U��¼½½½ �:�� ;/0 

(2)æ�����Âbyðe 

¯����Â�çê��ÝÞ��=h0þ�ì��*ÔP()

j�0þstì��*ÔP≤���^ ��gÍ�0¼½�\ÝÞ^�Ò ���Ý�

�ÝÞ0yz Í#o�8z Í#o�0�
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z 3-24��4����¦<ì��Yz­*+ÝÞ()�æáYz�

ÌÍÎÏ ÐÑÒÓÔÕÖ ÌÍÎ× ÐÑÒÓÔÕÖ ÌÍÎØ ÐÑÒÓÔÕÖ
�

�

�

z�Í#o��T,�æ��ÎYz�
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Íg�gÍ��k,()j�æ��

1. æ�Àz: 

#��4����ÒÓ¦<Hç{=h0þª°^À*+Â����

.¶ÙÚ�()j�¡W�'0þ­¬°���À.¶ÙÚ�()j¡�

æ\ÑZ¬Ï\
Ü/0�

ogæ���8 

�f�()����ß���	�&	µ	��5	´�
���89 &[#��ÎÎ� �×>\()

Na()&'�z Í#o������{�	ß�æ�HKSÑU½ 0&[#��ÎÎ�

�×>\()N�()ßà:;
à�XY 5[fÎ_���zÍ#o��6�§¦

�ù f���%
��/�^ fÎ��0¨#���ÈÑÎãÉS�()0�

�

�

�

�

�

�

���()&'�����������������������6��5[fÎ_()����

������������z Í#o�()&'�()����

(2)1/1 H 1/3 ©¬aª¬\Ñ�(Real-Time Frequency Analysis)·W

TES-1358�Z��æÒÓ()j����¬ÏHß)ï��Z�B*ÒÓ

()j�¬Ï\Ñ 

3.�æ8Þ: 

# ß���	�&	µ	��5	´�
� ��Uæ¯����*+ÝÞÑ&È���

�ÎãÉS�()���k,�()j�§"¨aª¬Ï\Ñ�#i%¯

����*+ÝÞÑÁÂ
��*+ªÒÓ()jå�H¬Ï�pµ0�

Ôk,�()j���æ(z 3-27 ; z 3-28 )�½�ÔP¯�@()j

2m�|��T,ÁÂ�Ð¾W¢��*­=h0þst�èN 95.5%�Ê

©ÔP� 2m#��æ�ù 10\ý�()�å)��1�^ 1.2m~1.6m(#

Á<×H:×�f�1�^ùõ) 
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Íg�g���()�æst�
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Hª�Ë©�F&)j­³�)j�ñ��Ø�),�ç{�×>\()

N�()ßà:;
à�XY 5[fÎ_ ���ô:;�)à����&È
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�

og�����*+ÝÞÀ����ÙÚ�()j8�

�*+ÝÞ��#ÅÜ�)jæ�()ª�3Ü�)j���()4�Z

¶»¹^��()0æ�¯�@���()ª�Ë#Z¦<�@ª^��

()0¨()Næ�Ü�)j����()�­��()â�ª��æ(

)�yMÏFê^ fÎ�·£#ðª���¾ f�²Ä#½ �#5�L)jF

=â�ª�()��¶Ö�¾ f¶^��4����Ò¦<�@��()��

0�

&fe��w��)��æ��0�

&oe���)��æ��0�
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{¾ f¶ &'¯�@�@��()�­b�¯�¾W î��	5¯ ª()ß

àáâ�¶�\()ßàáâFê fÎ��·£#$�í� ¯o¯�@ê �g��·£�

}c[�æ¦�^b�¯�ª�()ßàáâ�y�Ð¾W¯�¢�ÃÄ

¢SH<:n%ët.Z()ßàáâ�FÀÃÄ�_¾W¯���ª�


��
��������������������������
������  !"#$�

%&'()*+)�
,-*./�

012'345�
6789�:;5<=
>�� ?@5�<�A
B�

CD EFF*�G H;5�= >��
?@5�<�AB789�:�ÙÚÛÜÝÝÝ Þß àáâãä

I � �789�:�  ��>�789�:�ÙåÛæÝÝÝÝ Þß àáâãä
I �J�789�:�  I���789�:�ÙçÛÜÝÝÝ Þß èéâãä
I�� �789�:� �����789�:�ÙêÛëÝÝÝ Þß èéâãä
IK���789�:� �L���789�:�ÙìÛëÝÝÝ Þß èéâãä
IJ�J�789�:� ���J�789�:�ÙÜÛåÚÝÝ Þß èéâãä
KI�J�789�:�  �� �789�:�ÙëÛëÝÝÝ Þß àáâãä
IJ�L�789�:� �����789�:�ÙíÛåÝÝÝÝ Þß àáâãä
IL�K�789�:� ���L�789�:�ÙÚÝÛÚëÝÝÝÞß èéâãä
I��J�789�:� >L��I789�:�ÙÚåÛÚåÝÝÝ Þß àáâãä
K��K�789�:� �L�L�789�:�ÙÚæÛåÝÝÝÝ Þß àáâãä
I �I�789�:� �����789�:�ÙÚìÛÚÝÝÝÝ Þß àáâãä
I ���789�:� �>���789�:�ÙÚÜÛçìÝÝÝ Þß èéâãä
I��J�789�:�  ����789�:�

V2(��	) K����789�:� M��îÙÚ ïðñ
 L�>�789�:� M��îÙç ïðñ
 J�>�789�:� M��
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[ID=0] Average G1 001id1 Hz;(dB[2.000e-05 Pa], PWR) 500 84.6
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[ID=58] Average G1 001id24 Hz;(dB[2.000e-05 Pa], PWR) 1.6 k 87.7
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�.U���í�ìú�ôüîðñ�
�û�ì�ûî�� � �óô� �ô�ýú��îðöô� úý� õöú�û÷ïö�

íî��ïô�û/�èð÷ô�ðî÷ïúðîü� òúðýô�ôðöô� úð� ùúïûô� òúð÷�úü�

�ð�ïðôô�ïð��éö÷�GP2���úöôôñïð�û����-.P�3G��-B6��

�.-����, 6~Ï�dæç─áâã!"ÌÍ, 
F��, >.�20015�

�23����� “���â��æ6Î�áâ!"��ÌÍ�D'dª#”��1

´EÞ·~�¸¹���01 U2 (5�

�2�����ú�êôð�ì���îðñ�ìú��îð��ôððïû�
��/õö÷ïøô�ùúïûô�òúð÷�úü�ê
û÷ô�û�

õü�ú�ï÷ó�û� îðñ� �ê�� è��üô�ôð÷î÷ïúðû/�23.� �óï�ñ� õøôð�ô�ùô2�

Bú����3�.UP33�6��--2��

�26�êóú��ôñóï�
��í�îö�ðô
� ��� îðñ� ���ú÷î�ù��/õ� �úñô�ð� òúð÷�úü�

õ���úîöó� ÷ú� õö÷ïøô� ùúïûô� òúð÷�úü/��ú��ðîü� úý� �
ðî�ïö�

ê
û÷ô�û�ìôîû��ô�ôð÷�îðñ�òúð÷�úü��ôö��--C����2BCP2BU��

�2C�t³��º�p�����:;��d����rs�E�|~���*

+��E���01 U6 ( � 45�

�2G��1? ,t\� ,�Z� , 6~;Ïd!"c7ÌÍ , 
F�� ,�>

.�20055�
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,-./0���               ,-12345678%&�              

 

9:%&-;�(<=>?!@ABCDE%&-F) 

GHHIHHIHHIHHIHHIHHIHHIHHIHHIHHIHHJ 

 0     2     4     6     8    10    12    14    16    18    20    22  

 

KLMN-;�(<=>?!@ABCDE%&-F) 

GHHIHHIHHIHHIHHIHHIHHIHHIHHIHHIHHJ 

 0     2     4     6     8    10    12    14    16    18    20    22  

 

OP%&Q�� 

R:KLMNST%&�   U   V (WR:KLMNST%&<X>Y) 

%&	
 %&*+ Z[�; KLMN(dBA) 

    

    

\[KLMN      � 

BUV]^_`a   U   V 

B:bc5678dE%&
efgKLh(ibj)k�l 

<X=>Y: 

 

KLh %&mnfgK

Lopqr�l 

�sqr�l �tqr�l 

    

    

u�vw—<vB]xyz{|c}~E��(<=>��w!@AB�����

�) 

1. <vB��|c]vw�?(1)� �] (2)��] 

2. <vBUVR�������!y�� 

(1) �]:(A� ��y B� ��y) (2)� ��] (3)� ���            
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3. <vBEyzUV�O��(1)� �] (2)��](3)� � ��            

4. <vBUVRs������O ¡¢� 

(1)�U: £�            (2)� �V (3)�¤¥¦ 

5. <vBo§E¨�©ªU ? 

(1)��yj|MP3  (2)�«¬-DISCO  (3)�­®¯OK (4)�°�b±²( 5)

��³               

6. B´µ-U¶�(1)�·¸ (2)�¹¸ (3)��¶ (4)��³               

7. <vBUVRQº»O>�yzE¼½� 

(1)��] (2)�y¾¿À½ (3)�|ÁÂÃÄ½(4)�ÅÆÇÈ( 5)�*yo

É¼½� ( 6)��³               

8.<vBUVRQ&O|cÊË� 

   (1)��] (2)�] (ÌÍ:A����ÎÏÊ Ð��³          

9.|cÊËÑÒ|cUVÓÔ§� 

   (1)��] (2)�] (|cÔ§
e:A��y Ð��y Õ���Öy 

10.<vBE×ØE56U: 

   (1)�ÙÚÛ (2)�ÚÛ (3)�Ü! (4)�ÝÞ 

 

ß�vw—78dKLEà�4á¥ (<=>��w!@AB������) 

1.B��:bc5678d!,âKL�� 

   (1)� ibjãäEKL (2)�åÎæãäEKL (3)�çèjãäEKL 

(4)�éêjæãäEKL (5)�DëãäEKL 

2.B:bc5678d%&MN=ibKL!ìB��ibKLW,? 

(1)��íîà� (2)�ïðÚ (3)�]nÚ (4)�!ÎÚ (5)�ÙÚ 

3.WáñÚìòBóôibKL�ÚõöÎà�W,? 

(1)�÷à»øE (2)�ùúûE (3)�ÚÛE (4)�ü§ÚÛE (5)�¤÷ý

»E 

4. ibKLíî-þ�L�Ú? 

(1)�q�ibj�Aib- (2)�����c�G�ib- (3)���	
ñ

��- (4)� �����ib- 

5.B��ibKLóBE
�>�,â��? 

   (1)�¡�� (2)���� (3)�|c� (4)��³               

6.B��78dibKLóBE¡��ùÄ¿,�
�? (�q÷�ß�) 

   (1)�������(�����r)  (2)����� !� (3)�"#�$%

� (4)�&'()*È+,{*-.�.�%� (5)�Â/01c�%� 

(6)���_________ 

7.B��78dibKLóB'��ù2A,�
�? (�q÷�ß�) 

   (1)�0341 (2)�567 (3)�89 (4)�:;¤i (5)��< (6)�y= 

(7)�8> (8)���______________ 

8.B��78dibKLóB�?ùÄ¿,�
�?(�q÷�ß�) 
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   (1)�@A (2)�BC (3)�DE¤Ý (4)�¤�� (5)�ÇF (6)��]
�  

(7)���_______ 

9.%&STìGHibj��ib�8KLIìJ]KL�LMNÚ?(�q÷�

ß�) 

   (1)��] (2)�10TDë (3)�éêOP (4)�çèj (5)�Q-��  

(6)�åÎæ(7)���� 

�RTSøEKL4ibKL�TMN? 

(1)�U¤Ú (2)�ibKLNÚ (3)�V¤q (4)����LMibKLÚ 

10.Bo§WíîXìùYibKL�T
�?(�q÷�ß�) 

   (1)��
� (2)�Z[ (3)�%& (4)�\] (5)�^_ (6)���______ 

11.B:bc78d%&`ì|cab�� 

(1)�Nc$V (2)��íîd�ab (3)���______ 

12.B����K�ibefE�L�Ú? 

   (1)�ibg�(ESS/RV) (2)�hiib(EAT/MV) (3)�jkib(EAT/SV)  

 (4)�l�ib(EAT/FV) (5)�çè(EAT/SK) (6)� Zimn(SINE) (7)��e

f� G� 

13.¶ibKL�Lü§ÚìBUoîp�?   

   (1)�q-ýr���}s  (2)�tyu�yv 

14.B��owóibKL�xyìc��,�|cxy�²�q? 

   (1)�yu (2)�yv (3)�yu{yvz� 

   ��TS{�óyuyv BU 

(1)�|¤t (2)�]-þ�Q§ (3)�CDt 

óyuyvìB�D}��kÁ-? 

(1)�Á= 1Á- (2)�2Á- (3)�4Á- (4)�6Á- (5)��= 8Á- 

15.Bt�Eyu~hU? 

   (1)���S{ (2)�d���E (3)��â�] 

16.Wñ��S{ò��q�S{��? 

   (1)�CD (2)�C� (3)�C� (4)�C� (5)���H�{ (6)���H�Ã

S{ 

17.Bt�yuEbjU? 

   (1)���e� (2)�%Ý���� (3)�dbdã(%&`a) (4)���_____ 

18.yu��`ìBU? 

   (1)��������`Ã� (2)��� (3)���______ 

19.Bt�Eyv~hU? 

   (1)���S{ (2)�d���E (3)��â�] 

20.Wñ��S{ìòyv�S{U? 

   (1)����� (2)���Z� (3)����ÃS{ 

21.Bt�yvEbjU? 

(1)���e� (2)�%Ý���� (3)�dbdã(%&`a)  (4)���__ 
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22.Bs�tyvyuc`��ibKL��ÚÛöÎE��ñ? 

   (1)��]�� (2)�ïñ�� (3)��rÙq� (4)���_____ 

23.Btyvyuc`ì��(÷��) 

   (1)��]x� (2)���¤�´ìyz���7 (3)�ù
�Z[ (4)�÷�

�%& (5)���N�´ (6)���______ 

24.��L�(�),��Ú? 

   (1)�100-250HZ (2)�250-500HZ (3)�500-1000HZ (4)�1000-2000 hZ 

(5)�2000-4000HZ (6)�¤¥¦ 

25.yz÷c|ø��E�Lñqr� ? 

   (1)�0dBA (2)�20 dBA (3)�40 dBA (4)�60 dBA (5)�80 dBA (6)�¤¥¦ 

26.y¡E�L�}ñqr� ? 

   (1)�0dBA (2)�20 dBA (3)�40 dBA (4)�60 dBA (5)�80 dBA (6)�¤¥¦ 

27.B¥¦¢%£e#$e�KL:qr� ñ¤O£�¥¦? (1)�______�  

(dBA) (2)� ¤¥¦ 

28.B��KL:qr� 56>ùÚ? 

   (1)�60dBA (2)�70 dBA (3)�80 dBA (4)�90dBA (5)�¤¥¦ 

29. B¥¦KL:qr� c�ù§|�? 

   (1)�70dBA (2)�85 dBA (3)�90dBA (4)�100dBA (5)�¤¥¦ 

30.o§Z[E�L�}ñqr� ? 

   (1)�0dBA (2)�20 dBA (3)�40 dBA (4)�60 dBA (5)�80 dBA (6)�¤¥¦ 

31.�¨|c��,âN©? 

   (1)�� (2)�� (3)���Tª 

32.«ð|c¬�(§|)�|­�ñ,� 

   (1)�0-25dBA (2)�26-40 dBA (3)�41-70 dBA (4)�71-90dBA (5)��= 90 

dBA (7)�¤¥¦ 

33.!®|c¬��|­�ñ,� 

(1)�0-25dBA (2)�26-40 dBA (3)�41-70 dBA (4)�71-90dBA (5)��= 90 dBA (7)

�¤¥¦ 

34.¯§|c¬��|­�ñ,�(1)�0-25dBA (2)�26-40 dBA (3)�41-70 dBA (4)

�71-90dBA (5)��= 90 dBA (7)�¤¥¦ 

35.B¥¦(°�§|U±K²³ã¡E´? 

   (1)�Iy (2)�!y (3)�*y (4)���_____ 

36.B¥¦(°�§|U|K��µ12E´? 

(1)���µ (2)�!�µ (3)���µ (4)�¤¥¦ 

37.yz|c¶���·�4Í(°KL2A�|c¸�UVTª? 

   (1)�U (2)�V 

38.B#$Ebc5678d%&T¹NEKL��}ñqr� ?( dBA) 

   (1)�71~80  (2)�81~95  (3)�95~100  (4)�101~105 (5)�106~110 

 (6)�¤¥¦ 
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39.KLó�Ï�º»¼½ìBUQ±,�È¦c¾�ô}~�¥¿?(÷��) 

   (1)� �À�Á�  (2)�ÂÃ.ÄÅ   (3)���ÆÇ{�È   (4)�ÉÊÏÊ 

  (5)�¤¥¦],¼½   (6)���_____ 

40.B��EKLxyÆÇ=,-7Ë? 

   (1)�.��-  (2)�:%&! (3)�Ì 

41.B��C�óKLxyÆÇZ7ËkÁ-? 

   (1)�Ì (2)�1Á- (3)�2Á- (4)�4Á- (5)�6Á- (6)�8Á- 

42.§| ÷c,�}sp�´? 

   (1)�£ÍÎÏ (2)�dÐÑÒ (3)�Ì£ÑÒ (4)���______ 

43.B./��$WO|cÊË�?  (1)�U (2)�V 

   B]W��E|cÊË�? (1)�U  (2)�V 

   ��ÊË}q�W���______ 

44.B���íî}£÷ÓÔibKLE¼½�? (�q÷�ß�) 

   (1)��Õø (2)�ýr (3)�:�ÖÈ��%× (4)�:O[eØ�%×  

(5)�:%ö�%× (5)��____ 

45.B��ibKLó��¼½�xÙ:�ÖÈ�óÚc,â�ñ÷� ? (�q÷

�ß�) 

   (1)�Û²]¼½÷ÜE�KLib�8=Ý�&°ì�r��¹N(2)�Þ 

q�ibjª-��� G��8 (3)�&°��Ü¶ßg 

(4)���t�yuyv  (5)���____ 

46.B��ibKLó��¼½�xÙ:O[eØóÚc,â�ñ÷� ? (�q�

ß�) 

   (1)�àá{â²ãÀO[(2)�äåOPEæe (3)�ç�èéìeêOPe 

fë\KLìí{£î��(4)�OPE��ïðñò  (5)���____ 

47.B��ibKLó��¼½�xÙ:KLìí%öóÚc,â�ñ÷� ? 

 (�q÷�ß�) 

  (1)�Lh}~(2)�óô}~ (3)�º»â(4)� ��____ 

 

48.B¥¦Öõ#$óKL�&°¢%�Txïye�?<�ö�÷u�ø 

 

 

49. Bùú��S{,�7û��KLïyüË´? 

 

 

50. BùúÖõS{,�7û��KLïyüË´? 
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��q  !"c7- "� � 

���: PISTONPHONE ,B&K 4228 

�����:TEAC-RX-8000 Data Recoder 

�	�:Tektronix TDS 524A 


� �
�

�� 

���

�� 

�����

��(mv)p-p 

mv (RMS) 

Sensitivity 

(mv/pa) 

CH1 B&k 4938 

Serial NO ñ
2205863 

GRAS 

Type 

26AL 

Serial 

NO ñ
19108 

108(mv)p-p 

108/2*0.707 

=38.178 mv 

(RMS) 

1.205 

CH2� � 1246 
Serial NO ñ

09270 

GRAS 

Type 

26AL 

serial NO 

19105 

 

141(mv)p-p 

141/2*0.707 

=49.84 mv 

(RMS) 

1.57 

CH3 � 1246 
Serial NO ñ

09272 

GRAS 

Type 

26AL 

serial NO 

19107 

 

132(mv)p-p 

132/2*0.707 

=46.662 mv 

(RMS) 

1.47 

CH4 � 1246 
Serial NO ñ

09271 

GRAS 

Type 

26AL 

serial NO 

19109 

 

144(mv)p-p 

144/2*0.707 

=50.9 mv 

(RMS) 

1.60 

CH5 � 1246 
Serial NO ñ

09279 

GRAS 

Type 

26AL 

serial NO 

19106 

 

156(mv)p-p 

156/2*0.707 

=55.15 mv 

(RMS) 

1.74 

CH6 B&K 
40BF 
Serial NO ñ

30108 

B&K 
Type 

2370 

Serial 

NO
ñ

2167781 

306(mv)p-p 

306/2*0.707 

=108.17 mv 

(RMS) 

3.41 

CH7 B&K 
4938 
Serial NO ñ

2149456 

B&K 
Type 

2670 

Serial 

NO
ñ

2167876 

128(mv)p-p 

128/2*0.707 

=45.25 mv 

(RMS) 

1.43 

CH8 B&K 
4136 
Serial NO ñ

1328883 

B&K 
Type 

2670 

Serial 

118(mv)p-p 

118/2*0.707 

1.32 
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NO ñ
2248872 

=41.71 mv 

(RMS) 

CH9 B&K 
4398 
Serial NO ñ
22066008 

B&K 
Type 

2670 

Serial 

NO ñ
2248874 

131(mv)p-p 

131/2*0.707 

=46.31 mv 

(RMS) 

1.46 

CH10 B&K 
40BF 
Serial NO ñ

26132 

B&K 
Type 

2670 

Serial 

NO ñ
2248870 

344(mv)p-p 

344/2*0.707 

=121.6 mv 

(RMS) 

3.84 

CH11 RION 
UC-53A 
Serial NO ñ

314919 

 3480(mv)p-p 

3480/2*0.707 

=1230.1 mv 

(RMS) 

38.82 

�� B&K 
TYPE 

4100-d 

Serial NO ñ
2209458 

 3550(mv)p-p 

3550/2*0.707 

=1254.9 mv 

(RMS) 

39.6 

�� B&K 
TYPE 

4100-d 

Serial NO ñ
2209458 

 3510(mv)p-p 

3510/2*0.707 

=1240.7 mv 

(RMS) 

39.15 

LP=20 log
0P

P
     

LP=���(dB) 

P0= pascal61020 −× (56��) 

P = yæ� LPÈÉh���(Pascal) 

VRMS=yæ����h��k��(RMS) 

124dB =20 log
61020 −×

P
 

P=31.69 Pascal 

Ch1:���h Sensitivity(mv/pa)=
p

VRMS                

                       =
Pascal

mv

69.31

178.38
 

                       =1.205mv/pa 
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��¡  6¢£�ã�

6¢�¤�ÛÜ¥¦6�>§6�E>¨©6�fÜXÛÜª«F

¬£­®¯°�±~£�ã²6¢£�ã>³´àµ6~Ï����O

P>¦¶���@·¸«>¹Ïº»¼½+E�¾�¿6¢n�>­Àæ

�¢â£�ã¦?g6¢£�����5�

�

��Ïº»¼½+�¡ÁOÂ£�Ã�

� � � � ��ÄÏº)¼´Å½+EÆÇ§ÈÉgÊ§ËÌÍ´ÎÏ�XÊj

�Ê6¢§½+E�ÐÑ¦ÒÓÔ�5§Ïº»¼½+E>6¢Õâ�Ð

ÑÖ×ØÙ¡ÁOÂzÏ}¬ÃÚÛ�q}¬X+cÜÝ}¬£Ó%~}

¬5Þ¹Í¡ÁOÂzÏ}¬ßç�¡ÁOÂ£�¦Ãßâ£�Xàág

£�£z�£�>§àrÛÜ�â� 	�£ã
>ä¡Á£�ãØå�æ¦�

� � � � � � � � � � � � � �
x

p

dt

dv

∂

∂
−=ρ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�

� � � � � � � � � � � � � �
tx

v

∂

∂
=

∂

∂
−

ρρ )(
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�

� � � � � � � � � � � � � � ρdcdP 2= � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�

çE �> v> ρØå¦6�EèàéÞä6Õâêë�6ìX+é�í£½

+îrÊ�¦½+ï�6ì>ð ��� 0���Ê��¦6¢�ÐÑír5�

��¾�¿6¢�àñ¢â£�Ã�

� � � � � ��Ä�¾�¿6¢>Å�´ò6¢ØÙâóôõÃ6¢ö¾ä½+

E�Ê�¾rÊ½++é�íö¾ä6¢�ÐÑ¾rÊ+é÷øö¾ä6

¢¢ùÊ½+îrúcö¾äÊ�îr5û×üE�Ò·ý±6¢þ�¦

¾�¿6¢>´?g6~���À�5�

� � � �§àñÛÜE>Àä¾�¿6¢>£�ã���
� ���
� ��

Øåþ¹�à�

¸«¦âó�ãÃ�

� � � � � � � � � � �
x

p

t

v

∂

∂
−=

∂

∂
0ρ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�

� � � � � � � � � �
tx

v

∂

∂
=

∂

∂
−

'

0

ρ
ρ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�

� � � � � � � � � � � � � � '2

0 ρcP = � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�

çE 0ρ > 0c ¦�ð6Õâf½+�îr£6¢�ÐÑír5Ý�ã(58)~(60)
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∂
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∂
                              (61)   

¦àñ6�E�¢â£�ã 

3.¡ñ¢â£�ã 

     �!"�Æ�fç���j!"[c(Sound Power)�Æ�5Þàé"

�d�jûÞ��¢f>§¡ñÛÜE>ã(58)~(60)þ¹�
�æâó�ãÃ 
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∂
0ρ p                       (62) 
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v
∂
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ρ

ρ                          (63) 
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0 ρcp =                         (64) 

çE grad k
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∂

∂
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∂
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∂

∂
= >div )( 0vρ
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v

x

v
zyx
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∂
+

∂

∂
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∂

∂
=
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�
R¡ñ¢â£�ã¦ 

                     
2

2
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0
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c
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∂

∂
=∇                        (65) 

çE¦�����ã>§�� !"E¦ 

     2∇  = div (grad 
2

2

2

2

2

2

)
zyx

p
∂

∂
+

∂

∂
+

∂

∂
=  

ãE xv ; yv ; zv Ã�æÛ)½+è#}é$|jãc(Vector Quantity) 

            PÃ%Üì% [N/m 2 ] 

            C 0Ã6"ír [m/s] 

            ρÃÛ)îr [kg/m 2 ] 

Þä&�¢'+é"�j(ã)*(Radial Distance, r )�fÜ�ª«>+¢

â£�ãþ¸«¦ 
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+"�E�àéjì% p( r>t ) 

              p( r>t ) )(
1

)(
1

0

2

0

1
c

r
tf
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r
tf

r
++−=                (67) 

+éj(ãír u ( r , t ) 

              u ( r , t )
0

102

),(1

c

trp
dtf

r

T

ρρ
+= ∫                    (68) 

�,-±( dtf
r

T

102

1
∫ρ

).�/"�(Near Field)j0g>�,-± 
0

),(

c

trp

ρ
. 

 

�ö"�(Far Field )j0g5â(ã)* r 1·f�,þ23>v+é(ã

írd%Ü"ìjkl 

              u ( r , t ) = 
0

),(

c

trp

ρ
 

6"j¾r I  

              I = dttrutrp
T

t ),(),(
1

0∫                         (69) 

               = dt
c

trp
trp

T

t

0

0

),(
),(

1

ρ∫  

ãE TÃ4Øf5 

6+éjð�"ì(Effective Pressure)¹Î£½(Root Mean Square) 

ì%�æ ¦ P 

              P = P dttrP
T

T

rms ),(
1

0

2

∫=                       (70) 

+6"¾rþ�æâã(71)>"¾d"ì°£p78 

              I = 
0

2

c

P rms

ρ
                                 (71) 

ãE c 0Ã"í (20 c
0 Û)E>c=344 m/sec ) 

 


