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(1) !"#$ 

&/0%1Ä2/!"%3D44EÕm�/56789à%H&�:)*2=;u

Å%<!2=(+o!/>?@P_�p§¨lmABC´DDH�Ö!"óJôõ%Q

RE7Ó9:/F&�)3GÖHÖ��Iæ/JKlmLMNOHP�Qº/deIJ

§V/à!RS0E¯T9:íG/!"IJ��lmUVWJ<!2%PD!"µ¶/

mwXY!"%Z[\]Hlm^³!"IJ��%_�wQR/lm123)*%ab

wN`��&a@bH 
c¡!"IJ%��d:¥RygIJ/e!"Ð\f8Q%ygIJ$g�)hQ

`ÆûÐ\%¤3HKiÄxjÐ\/�ÓygIJ$glIJ%Ð\k:�P ¾�/

ClLÖIJÐ\%Y¤lF/IJmn¶opq�Pr/1¼¯st(%!"ÇÈ·Õ

mÅu¾¬±²H*º/v-w (Microfluidics)!"óJ��/©Rvxykvov-"w
z��ÅuIJH0PÐ\S{|¡}ö¸%íG/~5v-w��k:E¯��¥R

%/S:Ki��/LÐCl��1Ð\���c���c����%STH 
~������%������/�{��Ó Terahertz gap%��� (Terahertz)ª½0

��KXYKLMN%QR/]���±²c��ck�o!"IJkH�����E¯

¤î¼vÜo�ºüQ�%����/8ª���Ó0.1K10���H»¼�����F�
��XY·¹/��������F���~�?��û·¹2%yg�±/×�P��

�c'mn¶c'pq�k��Hà�±%!"&���ª½P8� %¿u­¦«Â/0

EE!"±�lmu­ ¾ª�%���ÜH£E�Ó!"±�%�.c .w¡»��

¢£k�¤¥¦F¬%u­/£s§¨F¬©ª«¼���ky[1]/e!"&���ª½
OP8 ¾%¿ÀÁÂ/lm¬Ó!"Æ�%­úHe���Ük|!"Ð\/J¬#±²

8u­¦«/®:¯!"%u­«ü�{�°3Å!"���ÀÁ±�²2/'(EFÆ

û¯!"Ð\%¤3H£Ð%J¬§¨IJ�¶�cKS��Ð\c1)·É³CDH~

5XY]´��1���Ü~µE�é%/0EEè���Ü¶P'��âlm·�IJ

Ð\/~£Ð% �0¸ÈR¼IJ)*2lF%3ÃH 
c¡���óJ��d:P¹¤óJ§l/±ûE Terahertz time-domain spectroscopy 

(THz-TDS)w Terahertz frequency-domain spectroscopy (THz-FDs)/º(»P8�þÿH¡¡
¼��½¾ky%¿�ÀÁÜ/k|!"Ð\}�­ËÌ/ ��ª«Åu±²/lm&

¯Â�Ã³ÄªÅ%±ËÆ}¼��ÇÈª�%���Ü/©RÉª%§¨eKLª�%

ËÌ±ûk|!"Ð\/jÖÍÊÊFPÍ'%ª�ê²¶ (Frequency resolution)H 
±û¥R¹¤���óJ§¨ÅuËÌ/#Í$ÙÚ!"8ÎÍKÏ¾wËÌÍÏ%

íG/©RÐÑ%!"ÒÓÅuJ¬/AB¥RUVWÔÕ%!"IJÖ"HJ¬�-.

w×Ø%u­¦«/ÙÚ THz-TDSo THz-FDSËÌ%!"w÷�H 

(2) !"%& 
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������%!"óJôõ/¥R!"&���ª½� %u­¦«Æû!"%

¤3HÛú)Ü-ÝÞ¾ß/¥R��%ËÌÝ¶Å�u­àùá¨â 

𝛼 = −
1
𝑑 ln	(

𝐼!"#$%&
𝐼'&(&'&)*&

) 

òã³´!"%u­¦«Æpq¥R%���óJäÓwå�!"Ð\ÑÒ/��æñ

!"óJôõÆç}sù«ËÌö¸³´!"u­«ü/Hl1!"Ð\%¤3Åu±

ÆH 

1. '()*+,-./01 

I. Terahertz time-domain spectroscopy (TDS) 

 

%1 TDSËÌ�)ôõýè% 
Terahertz time-domain spectroscopyôõ¥R���ÀÁÜ/J¬���Ük|éJ·}

%�êÝ¶~Ö�%£ëw8«ìyH�ÓP8J¬�¶Í�% �/£ãäGåæpq

Menlo System áí¥R ASOPS%ôõH 
TDSôõ©Rîï�%ÀÁð�`����Ó (Emitter)w�­Ó (Detector)/�|ñì

ÀÁð�ò���Ów�­Ó%¦ó!`ñìÖ�!/ôõ����Ü%ÀÁö÷H¥R

Asynchronous Optical Sampling System (ASOPS)/ø»¹TîïPvù!"%ÀÁú�)À
Á�%8«!/fñì��Ów�­Ó%ÀÁ¦ó!P8Lû;/~£Ð%sl�¶)¥

Rü�ñìÀÁ¦ó!�XYH 
���Ü%��w�­ßE¥R¦ýþü (Photoconductive antenna, PCA)/£E¯Tÿ

!�"#%$%&ý"'(H&ý"���'�ð�ò��!�/!�{»·-$%).

ö�¦�-Æ*�Ó��ÿ!-�"#% �/¦�-Ä+�x,H&£Ð½¾-¶%�

�ìy%\].//���+���ÜH�­0%�±/�­þü�P17� (Dipole)ö
÷/8�2,vxkyH9�­þü�3¾ky%ÀÁò�Ö/lm¬Ó47"_¬#Å

u5Ð/IJ���ÀÁÜ6®`¥¦%vù�-H7³IJÐ\%&ÖNW%ËÌ}/

©R89: �`&Ãª«';/�� THz-TDSôõ%ª�ê²¶fÃÐÖ�P;H 
THz-TDS ôõÓc¡���óJ%d-/�P'Ë<)%��/lJ¬ª���0Í



 3 

Ä/=Ó0.1~2THzH�º Menlo Systems áí%£T�\�Ó¥R ASOPS/àë&>IJ
�¶/Êª�ê²¶K'H 

II. Terahertz frequency-domain spectroscopy (FDS) 

 

%2   ?¼¦ÇÈÓËÌ�)ôõýè% 
Terahertz frequency-domain spectroscopy @�¬Aª���ôõ/©RÇÈª�%��

�ÜÅuJ¬HÓ+lm³´Í'%ª�ê²¶/£ãäG¥R TOPTICA Photonicsáí%
ôõH 

�ôõ©RBª (Beating)%§¨�)���Ü/¹Cò¦ð��)ª�±ûÓ𝑓+c𝑓, 
%¹v¦/©R¦gDÈÓ (Optical coupler)ç¹vð�¦DÈ&¯¦/#ç8EF&¦ý
þü (Photoconductive antenna, PCA)W/�êá¨=.â 

cos(2𝜋𝑓+𝑡) + cos(2𝜋𝑓,𝑡) = 2 cos 42𝜋
𝑓+ + 𝑓,
2 𝑡5 cos 42𝜋

𝑓+ − 𝑓,
2 𝑡5 

ç Laser 1%ÜÊ¾G&1550nmcLaser 2%ÜÊ¾G&1551nm/Ûú𝑓 = *
-
/lm³´

𝑓+ = 193.4145𝑇𝐻𝑧c𝑓, = 193.2898	𝑇𝐻𝑧H 

�Ó
(!.("
,
%ª��K PCAW%��.â (Electron Dynamic)ClH~/�� PCAiF�

)ª�Ó
(!/("
,

= 62.35𝐺𝐻𝑧%Ü/IJ&���ª½ (0.1~1.2THz)Hø»±K¨hLð� 

(Distributed-feedback laser, DFB Laser)%ÇÈÜð�MN𝑓,%ð�ª�/EFMN» PCAw
OV�PÉ�%��Ó���%���Üª�HDFB ð�»¯ôQR8Ç�%¦S'(É
�/Ä&¦ê%¬R.�)8Q%¦TUûQ/��&V�¦%ÜÊP'¶pq�/lm

k|ñì¦S'(%=ù`MNV�¦ÜÜÊ/Å~MN𝑓,w��ÓV�%���¦Üª
�/8WX¶®?ÓÇÈª�H~���¦��}&î¹2YZK�­Ó�­/~�­Ó

LÐ» PCAwOV�PÉ�H 

TOPTICA Photonics áí% THz-FDS ôõ�Ó¥R DFB ð�~�PÍ'%ª�ê²
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¶/Ê81~µS:ÍÊ%IJÖ�/IJ%ª���0Cr¼ DFB ð�%_¬÷¸/=
Ó0.1~1.2THzH5�ÓP8«%67/ôõ%Ë<)ÍÿH 

2. 23*+456*+789: 
�Ó!"ËÌÍÏ%;à/c¡àY¥R[\]^Êm_Êu­Ö�`[\!"ËÌ

Ý¶H`=[\]^Ê¶`[\a��!"%ËÌ%¦ýC/pE¥RY�h�`[\]

^Ê%döpbucBöVPÒÓH£s§lP+ôõt(/1���¦]%1d:T0

�'/!"ÖY%õe�EÔÕ/=fgäÓáí IRsweep©_�% IRcell//:e 30 hi
jHk

 »¼'¥R%J¬äÓ�P'Ë<)% �/5ËÌc%l&J¬�u­«ü%ö/#
�¾¬%J¬H��&£ã%äG2/¥RÑ¯]^%§¨`J¬/mn�/lmR�:

ÐÑ5/o%´pEFJ¬´!"%u­ËÌHLÖq´Ð\%ÒÓ�¹0Ø{|rp/

sØ&���ª½P'���5Cétu­/ulFvÿÒÓ1óJõ�%67/çwp

qE-x (PP)�¹%ÒÓH 
£ãäGJ¬%!"Ð\Ó-.w×Ø/LÖJ¬<!¬Ó16H'0Í$|yØ!

"/ÊyØJ¬';%���ª½>?Cu­/��ç}®Z1-Øw×ØÅuÚzH-

.w×Ø&:X:%.OÓ{Î/!Î%-.w×ØÃ³ÔÕ5e|89ÔÕH��'}

~�{"%Ð�/*��l�/Ð\%!Îö¨/.§çÐì�¤çÐ\ ��!Î%§

¨/w8Q¥R%ÒÓH 

I. ©RÐ\�A%a�� 
çÐ\[&��%§ö@��2/�p¯½Ö�é8a�HþÿÓ&çÐ\{"��

��ÖClç���÷�%<!ZP/Cl?@���C8º!"u­/5�����%

Ð\a�\]Pð��H 

II. çÐ\>X&'�!%/m&>a��p¥Ð\�� 
Ûú·"�8% (Triple phase diagram)/¾%\�lm¥Ð\�{"�y�Ó!"H�

Ó\�Ä&'{"2±�%b�.F/¥±��.\�/#5&{"�Vö��!%/9

£T�!%¿|+{"�VW%à!%Ö/{"EÄ���Ó!"HLÖ\�õ�%�!

%&'0Ä&'Ð\a��/��H/�!%@Pà¼{"�VW%à!%/Ð\�y%

\ö0Ä[\H 
»¼-.w×Ø\�P¯¾3G�/~5\�åÕmÊÖ���X¶KJ¬å�/!

"lFì�{"/¯B\�¯BJ¬0P¯¾Õ¶/��£ãäGK��çÐ\\��!

Î%§¨H 

III. çÐ\�%��{"��%%â/m&>a��p¥Ð\�� 
Ûú·"�8%/¾X�%¥8ÿ¼�o�!%lm¥Ð\�{"ìÓ!"H9{"

��%%âvÿ´ÿ¼8�o��%Ö/{"2%±�EF���{"�V�Ó!"HH

/{"��%%âNÿ¼�o��%/�|�%vÿ{"��%%â0&'+a��/Ð

\�y%\ö���%~[\H�¬ÒÓ%���wlZPÒÓÖ"�%à!<!%ST/

pq¥RZ ¬Ó�%%Ð\ÒÓHÛú¸�!"§ó¨â 
𝑃𝑉 = 𝑛𝑅𝑇 



 5 

&��<��/5X¶w!"¡¢ù£¾%\]./&>ÒÓ"¤lmvÿÒÓ�%%âH

��&Z ��%\]./ç¥¦¥_[\ÒÓ"¤/HlvÿZ �%%â/&>Ð\

{"ìÓ!"%)`H 
£ãäG%¬lEçZ �<!åb§�}q´5c.c.Ð\/Z _¨¥R©ª«¬%

À­ö¬®#Rç½¯°I/?@���5ÒÓ2C8º!"H¥_¥¦K50c.c.ö#R±
²£¾¥¦«p/1Z �Åu�%HÓ+çZ �%£¾/ñò±²#¥R 3DQ³Ã³
�/´âç¥¦¥_}ç¹T±²±û»¹µ±�£¾H£Ð%sllm?@ÒÓ�Q!

"O`¡¼Ð\{"%8Îñì/ÊþÿÓZ ö÷OÓ¶·"/J¬Ö���Ü#�¸

·��/ý¹Ð\%u­àùÃ³Pº»H�Ó¶·"%ÒÓÄ�)ÍY¼�~���/

mwCl?@¦]k|%E¶·"·^/õ�%]^ÊK¯¹HÊÓ+?@Ð\½¶/£

ãäGåæ& TDSw FDSËÌÙÚÖ/pqmZ ¬Ó!"ÒÓ©R�%ÑÒÐ\H 
3. *+,-./;< 

&s!"óJQ¡/S:sôõæñw¦]1dH©R�Pñì���Ü%YZ§¾

#MN«pw;¶ç8¦]1d/e¦¿F¬lmEÀ&Ð\W/c%Óe�­Ó%�­

ËÌÁ'ÁÂ/m&'óJËÌ%Ë()H 

I. THz-TDSôõæñ 
& TDS2/¥RcT�P`æñôõ/&��Ów�­ÓQ�[pFÃ±ûÓ10cmc

5cmc5cmc10cm %�P/���Ük|Ä¯T�P}ìÓbu¦/&Ä4wÄ�T�P
2�ÓEF¦/çF¬À2&¯Tÿ/Kq�ÅBk|/ø»Ä�T�Pì�b�¦/*

RÄcT�Pç¦EFK�­Ó�­Hç¦]1d³´Í'%�­ËÌ}/!"Ð\Æ[

&Ä4wÄ�T�P2�/eEF¦%¦¿k|!"Ð\/#ÇÈÐ\Æ[«p?@É�

J¬ÖÆ[«p8LH 

 

%3 THz-TDSôõÊp% 

II. THz-FDSôõæñ 
&FDS2/¥R¹T�P`æñôõ/&��Ów�­ÓQ�[p¹TFÃÓ10 cm%

�P/e���Ü&�PQ�Óbu¦H£Tôõ%¦¿àù)Íù/��@P¥RcT

�Pæñôõ�)EF¦/£Ðlmàëvÿôõæñ%Õ¶/#&'ËÌ%Ý¶Hç¦

]1d³´Í'%�­ËÌ}/ç!"Ð\Æ[&¹T�P2�/e���¦k|!"Ð

\ÅuhQ/ç}»�­Ó�­ËÌH#ÇÈÐ\Æ[«p/?@É�J¬ÖÐ\Æ[«

p8LH 
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%4  THz- FDSôõÊp 

4. =>?@ABCD6EFGD%H 
&£ãäGåæ2/J¬cÇEË´-.w×Ø&KLª�Ö%u­àù%ö/u­

àùÌì·¹& ¾ª�1��Ü%u­ó¶HÛú)Ü-ÝÞ¾ß (Beer-Lambert law)/Ý
¶Ó I%����{|î¹}/�)u­hQÄ�)Ý¶Ó𝐼0%����/u­àù%òã
§¨=.â 

𝛼 = −
1
𝑑 ln	(

𝐼!"#$%&
𝐼'&(&'&)*&

) 

82𝐼!"#$%&ÓéJÐ\%��ËÌÝ¶/𝐼'&(&'&)*&Ó<%Ð\ÒÓ��ËÌÝ¶/𝑑ÍÓÐ
\Ö"%µ¾Ä¶/HÓ��Ük|Ð\%]^Ê HSÅu¹�J¬/³´Ð\%ùúw
Î<ÒÓ%ùú¬Ó=6/ÏF{»ö¸³´Ð\%u­«üH 
 THz-TDSôõJ¬�%ùú/¥RMenlo Systemsáíôõ�Ð%ùúö¸ó¨ö¸³´
u­àù%±�H¯ó¨s%EEç THz-TDSôõ³´%ÖNùú©R89: �³´ª
N%ùú/#ç Sample w Reference %&ªNW%ùú8PÃ1ù/*PWÖ"�^/³
´u­ª«H 

THz-FDSôõJ¬³´%÷øùúÄE�Þ�Ñ%ÒÜËÌ/£E�Ó^PÐñ�TU
w���TU%ËÌw8«%KLðõ�H~u­àùf8«#C;Ó/��RBÔ±² 
(Fringe analysis)%§¨s]ÕÖÃ (Envelope extraction)/÷¸Es×ÜÞ  � (Hilbert 
transform)/¥R%ØÙÚÄ¶Ó20/³´£ë%ùú/*¥RMATLABÅuu­àù%ò
ãH 

(3) !"IJ 

 

(a)                                                                                (b) 
%5 ¥R THz-TDSôõw THz-FDSôõ%J¬'; 
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(a)-.¥R¹¤ôõ%u­àù)Í% (b)×Ø¥R¹¤ôõ%u­àù)Í% 
k

J¬';�/-.%u­àù%ö&0~1THz Q�P¯Tét%u­Û (Absorption 
peak)/fÜÝ±�8ÞÆ~×ØÍCét%u­Û/5&0~0.5THz Q�>?Cu­H�Ó
¥R% THz-TDS w THz-FDS ôõJ¬%ª���rz=&0.1~2THz w0.1~1.2THz/¿�
J¬��%ËÌÒq~Klw�¤67/=�eßÍÿ/��KÚz8%öìy!"H 

)Í¹¤ôõ%J¬';/�/ THz-TDS%ËÌ%öÍbà/~ THz-FDS%%öáC
m{{|BÔ±²ö¸/�PXYW.¦â%\]H£E�Ó THz-FDS ôõJ¬%Ó¥R
ÇÈª�Éª/KL�J¬ÖÃÐÖ��ãäÓ£¾/åCl?@É�J¬ÃÐ´%ª�

ÿÓ8LH»¼u­àù%òã§¨Ó&Lª�Ö% Sample f Reference ËÌÝ¶8P/
��sv%ª�$æ8P.`%';lFÄPù¬ç!/õ�ùú�/W.�Ñ%\öH 

Å¯°±²/¥R% THz-TDSôõ%ª�ê²¶Óà=Ó0.01THz/~ THz-FDSôõ
%ª�ê²¶Óà=Ó0.0006THzH£�±&óJÖEF�//¥R THz-TDS ôõJ¬¯
TÐ\Ö�=Ó¾ky/~¥R THz-FDS ôõJ¬¯TÐ\Ö�S:ù±èH&jÖ�Ê
%\]./THz-FDS ôõlmJ¬´�ù%ª�ê²¶H��ééJ·%u­ÛÍÓ�À/
p1¼u­«üª�ê²¶:TÍ'/:êë)ÍWv%u­«ü/Í¥R THz-FDS ôõ
J¬ÍÓÈ¸H 

�º/êë×Ø¥R THz-FDSJ¬%%ölm�//&400~1000GHz%�§Pîï=
Ó50GHz%îï�%ÛßH£Elì9íîï/ð (Fabry-Perot Effect)õ�%67/���
¦&Z Ö"wôªCñ%îV�)KL�ù%h�/ç}�����­Óð�­Hòã

õ � £ 3 9 t Ü ö % h � ] ^ Ê â ∆𝑓 = +
∆2
= *

,)3
⇒ 𝐿 = *

,)∆(
=

4×+6#($% )

,×+.:;×<6×+6&(!)
=

0.002013(𝑚)/fZ ôªCñ%ò¶à¹8L/n ÓE-x¼�àù/Ìó?ËÓlì9
íîï/ðH~-.%%ö#N�/�÷]E�Ó-.&£sª½%u­ÍÝ/~¥³{

|Y�h�%ËÌm{�ÏKCl�êJÆ×Ø%u­ÍÏ/lì9íîï/ð67%Ë

Ì�P¯¾%Ý¶/lm&u­àù%öW�ôõêJH 
��/�Ó¥R THz-TDS %ôõJ¬-.%u­àù%öPÍét%u­Û/£ãä

G¥R�ôõJ¬-.¥RKL%!"ÑÒ§¨wKLÐ\Ö"ö÷%u­àùH�/¥

R§ö��q´%-.�Fêë´0~1THz Q�%u­Û/äOËÌÍKbà/öJlFE
���÷�Cl�æPQ<!67/Ê×EFà¹Æû-.u­H~Z q´Q-.ä&

0~1THz Q�%u­ÛËÌbà/Ê&à¼2THz %ËÌ(ËÍ'H£�±CSÚz/�Ó
THz-TDS%ôõJ¬%ª���rz=&0.1~2THz/0EEà¼2THz%ËÌ%=�eßÍ
ÿH 

+" ,-'

÷{10Tø%äGùú/'&ËÌY%û�.æñ�������%!"óJôõ/
#5J¬�-.&���ª½%ÀÁâ¼0~1THzöP¯Tét%u­Û/fÜÝ±�8Þ/
5Kz¥R>¤ôõc!"ÑÒ§¨cq´!"ÒÓö÷/OF³´8ü%%öýþH~
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×ØÍCét%u­Û/l16³ÿ-.%u­Û?Ë`¡-./~�ôõpº!�¤6

7H)ÍKLôõJ¬´%u­«ü/ËÌ';% �f¹ôõ%?�÷¸õ�%67l

m8RQóHTHz-TDS ôõ¥RÀÁÜ/J¬';%%öÍbàclJ¬ªÄÍÄ/Êª
�ê²¶Íÿ/ClJ¬�u­«ü%W"ÆTHz-FDS ôõ¥RÇÈª�%ÜÅuÉª/
J¬';%%öPÍY¦âclêJªÄPr/Êª�ê²¶Í'/Fêë´ÍWv%u

­«ü%öH 
N`ï#lm&������%!"óJMN$È%ù/P+&�8º%!"ÀÁ/

0×#lm'Ë8º(ÅJ¬ôõ%§¨/`=¥R Fiber stretcher&> THz-FDSôõ%Ë
()/p©RY9h�!")Y (Multipath cell)êë!"ËÌÎÏ%íGÅu¾�J¬/ç
������%!"óJôõs³�*å+H 

." /012'

\�ËÌY,ï/'³m&ËÌY»Éû%MNÅuÙ-/sÜÝwg�ï.%ù/

wÚz/LÖH�W¯0äG)sùú/}Ë'¡1äG%§¾H¯½Ö�}/'fÀý

2345678Åu¯�T2V9/Úz#ë¾�'%äGGcH&äGùú%W&:'

(¹îf78Åu¯�ùÉÚz�åÅ¶/.&:'Éîf Spectroscopy team%ÉÊÅuÚ

z/ÉÊf78åæ}Äæ;'78<%Ð=w�LHLÖ=\ËÌY¯î¯�%b"Ä

=/ÉgïßPXYWiåæ%ÃÄ>?��FâH45678Àýg)%§¨�:_é/

KÄ:T':s@A/0KÄ·�æ;':s@A/~Ee'ÅuBYC�/01¡1%

ùú@�DEwÂF/F�bV+êíGÐGH 

£ãäGE'¯T2¯É/#5ËÌYP+'s|!"óJ%®P¡V¹«äG)/

&ùú%v]WPXYS:¡1_HHÊ&ËÌY'0C´BYgÊ(%UV/¯_øH

�W¯0s���%äG)IéJgÊwKLMgÊsY9]^!"ÖY/NO�gÊw

'PQgÊ2ýw}ÈRV'æñ���ôõ¦]/STUgÊwVWXgÊ¬Ó 

Spectroscopy team%ÉÊ/<'BYä`ÿ�%UVwËÌ§¾%¥ýHP YRGËÌY%
û�/e'Y&���ÿ�Z2%[\W/�]å�������%ôõæñH 

&Y�%«¬ËÌ2/'gÄæñ#1d���ôõ%¦]/¥R¹¤���óJ�

�%äÓJ¬#)Í';/'ÈäÓ%?�_¬÷¸±²82ËÌ!"w÷�/01��

�óJôõP�^_wbV%+êHP+���ôõ%ÿ���º/&äGùú%|ó2

'0­`êëíG%Fâ/ñò¯T!"óJôõ/��lÙÚ!"ËÌvÏw!"Ð\

ÑÒ%ÔÕ/mw���Ü�A¶PÍY%(ËTaH�"Ä´È¬%9:/&4567

8%ËÌYfgÊ(ÅuÚz/uÃû2%{ÌABbBYcde]H 


