
!"#$%&'()"!!"#$"#!"!##!"!!"$#PP%1**
'()*"+*&$",-!"!#+"!!,
!!"!# ./!*+,-$.*/#$%&'()&-(&0

���}�!"f�# !%0�o�Í}~�ëUV��!

(��*#!#�0�*#!#I��$#�0�*#!#���*#!#®^4*#!#9��##1#YºÒ*#!!!

!*"!&��#j0$bR#$*jk$%#:Õ #*"""#$
!!"!&��#j0$&)��bcó�jk"ôi½ö&Â#:Õ #*"""#$
!$"!"#$%&'()*+,-./#!"#$%`a()$��ö&Â#&' !*"""&$
!#"+&'�ØÖ#:Õ #*""""$
!1"+&:þ`?@¦��bcde"ô¶^0$-.(#:Õ #*"**2$

603! +,&ü`ß�é��19"é(bcde~x�E*:½ÑPé+E��¹�#�1ÑÂÐ�)G�Ñ!T(!$
-°Ù#CÅ¹é(&x�¹EÑ7´¬­!(Ý³��f�% sNVõÂ��#?@��.Ã®�&�T¡±o1$)
¯N¿#�OÐµÃÑÿ/Ï�[bë% @¼]�"Q«R?@��ÑÂÐ�-°��#{-.I+&':Õ@Hq?
@��#67�+&¸+&Í3+&«+ # B+,~uÓ:ÕK@-.N¾#¬õV !"!! 4 # ~ *" «v���$56Ov
9�&ð��¯!(Z%TH6S$~¹;1q¯N�OÐµÃ T(!ÿ/®_N{$¶% NuF'#:Õ?@+,*ü`Ë`@
T(!-°Ù#Ê`@&ðû#ü`�OÐµÃ T(!ÿ/Þqr`¹O�% ü+n¹ T(!ÿ/CË`F#@qrO�#Ê`
O�Ûqr% T(!ÿ/*��ävG&��ºrlíßÞqrKst% ! È)¯E T(!ÿ/N{$¶C+,Úqrst#
×Nü`ATstÚÛqr% -.¿�E?@+,*ü` T(!Ð�E-°����VT�¼.?@��ÑE7´¬�#
=NCÃ�vCOÐ�»�¼½~ü+¿(ÑÂÐ�Ý-~ÅÆ§¨#$� %
789! ?@+,*ü`'T(!ÿ/'`¹»�'VW.À

@"*(*,)#($0)$,0 *+8$+-.3#+,$+E-*,)'(0 '-@H:-.3P $+035)('&$,*.3(5*+.*/#0 *+8($2#(!

+,- .,K,#$*#!# '("& 3&-*#!# 1,"& @,F"&$# @- @,*#!# =- 3&-C,#*#!# +,'(*#$O,**#!# 3,1,#<-##1 2
+- !*,I(,*#!!!

!*" 7,66+&+,-4%-+:9%+#9+"#3 A+91#,6,&2# 7+#)/"6:,*)1 >#%?+/(%)2,-I,/+()/2"#3 A+91#,6,&2# 71"#&(1" #*"""## ;<=<
71%#"$

!!" !")%,#"6D#&%#++/%#& 4"B,/"),/2-,/8006%+3 A+91#,6,&2,-I,/+()/2MD9,6,&2%# :,*)1 71%#"# 7+#)/"6:,*)1 >#%?+/(%)2,-
I,/+()/2"#3 A+91#,6,&2# 71"#&(1" #*"""## ;<=<71%#"$

!$" L+24"B,/"),/2,-K")+/(1+3 .+,&/"01%9:9%+#9+(# !"#$%#& '#()%)*)+,-.+,&/"012"#3 4%5#,6,&2# 71%#+(+89"3+52,-
:9%+#9+(# !"#$%#& !*"""&# ;<=<71%#"$

!#" H*#"# @,)"#%9"6."/3+## 71"#&(1" #*""""# ;<=<71%#"$
!1" H*#"# 71"#&(1"EW1*C1,*EU%"#&)"# 7%)276*()+/!")%,#"6=+(+"/91 :)")%,# ,-I,/+()D9,(2()+5# 71"#&(1" #*"**2# ;<=<

71%#"$

450)(*,)" )7A>7C ?>859.:CB5D# DF<4 >DA>L5D>7C 9BG59D# >95B=;:98>787:C5D:E845�A:7@%9>7@5<>9.:7 A::;�<:775<8B7@85995D89B%
>A5<:D/D85=D>7C :<5>7D# >D?5AA>DD:F9<5D:E@95574:FD5@>D<>9.:7 CB:cBC5!T(!$ 5=BDDB:7DJ)7A>7C ?>859.:CB5D>AD:;A>/>7
B=;:98>789:A5B7 95@FA>8B7@<>9.:7 =B@9>8B:7 .58?557 A>7C >7C D5>JT:=;>95C ?B84 7>8F9>A?>859.:CB5D# <>9.:7 EAFc5D>8845?>859%
>B9B7859E><5>95:E857 :G59A::L5C B7 F9.>7 ?>859CF58:845B9D=>AADBY5D# D4>AA:?C5;84D# >7C AB=B8>8B:7DB7 =:7B8:9B7@=584:CDJ)7

!

!!

!"!$O",O"$ ðñ'!"!$O"&O*2 ðòóñ%
+&'õÂ#$ö÷øX!!"!*UU!""*!# !"!*UU#*",*$&+&'%&�øX!!"[2*&$&+&'��#jøX
!_SdU!"!!"2&%$1$&��#j�t*"D!_Kd]!"!!*2$~+&��#j"Dè2q�øX!_Kd!"!*"&%"1$û
üýþ%
ÿ!fë' H%=>BA" ?5BY4BAFW<DFE8J5CFJ<7%



1""00 !"#$%&'()"!!"#$"#!"!##!"!!"

:9C598:5c;A:95845@95574:FD5@>D5=BDDB:7 <4>9><859BD8B<D:EDF<4 ?>859.:CB5DB7 T4B7># 84BDD8FC/8::L E:F98/;B<>AF9.>7 ?>859
.:CB5DB7 T4>7@D4># VF7>7 X9:GB7<5# B7<AFCB7@K>L5]>7@# K>L5M5D8# K>L5S:7@/>>7C K>L5]F5# >7C T4>7@D4>D5<8B:7 :E
_B>7@\B>7@NBG59>D95D5>9<4 :.\5<8DJ345T(! EAFc5D>8845?>859%@>DB7859E><5?595=5>DF95C ./A>D59%.>D5C @>D>7>A/Y5984>8FD5C
:;8B<>AE55C.><L%<>GB8/%574>7<5C >.D:9;8B:7 D;5<89:D<:;/!(Z%TH6S$ >7C CBEEFDB:7 =:C5AB7 6;9BA>7C (<8:.59!"!!# 95D;5<8BG5%
A/JN5DFA8DD4:?5C 84>8A>L5D>7C 9BG59DB7 T4>7@D4><B8/?595T(! D:F9<5DB7 D;9B7@.F8T(! DB7LDB7 E>AA# >7C 84595?>D>DB@7BEB%
<>78D5>D:7>ACBEE5957<5B7 T(! EAFc5D>88459BG59?>859%>B9B7859E><5J̀ :95:G59# 845T(! EAFc?>D;:DB8BG5A/<:995A>85C ?B84 845<:7%
8578:ECBDD:AG5C :c/@57 >7C 8:8>A7B89:@57J345<:=;>9>8BG5C5859=B7>8B:7 :ET(! EAFc5D.58?557 8458?:=584:CD?>DDB@7BEB<>78A/
<:995A>85C :7 A>L5D# .F87:8:7 9BG59DJ345D8FC/95G5>AD84>8845T(! 5=BDDB:7 <4>9><859BD8B<D:EF9.>7 A>L5D>7C 9BG59D>95.575EB%
<B>A8:845B7%C5;84 B7G5D8B@>8B:7 :E<>9.:7 89>7D;:98>7C 89>7DE:9=>8B:7# ?4B<4 <>7 ;9:GBC5D<B578BEB<DF;;:98E:9845<:=;95457DBG5
F7C59D8>7CB7@:E@A:.>A<AB=>85<4>7@5;9:<5DD5D>7C 84595CF<8B:7 >7C 95@FA>8B:7 :E@95574:FD5@>D5=BDDB:7DB7 B7A>7C ?58A>7CDJ
6#17'(80" e9.>7 A>L5D>7C 9BG59' T(! EAFc' D5>D:7>AG>9B>.BAB8/' B7EAF57<5E><8:9D

ü+ß�é��E)G�Ñ!T(!$-°*&ð1COÑ?PE��¼½(*) #O§0Ð-°E T(!/=
sGVCOx�~é(Eû(!) #A#Ðß�é�� T(! ÿ/E-.N¾°Â!C+,&��&ü`_ü
8($%2)ß0qõÂ�a#?@��-.BÞ% Z�-.F'�é�� T(!-°4U !J* X@T->(,) #1é(b
cdeÑÂQóE��yzë(&) #â¼ P"!Éõ+,*ü`(*) #O!#?@+, T(!-°4V�?@+,#

?@ü`E T(!-°1�?@ü`E ! Á(P%*") #?@�� T(!-°/1�?@E $ Á(**) #=¬?@�� T(!

-°C¥a~COÑ?P¼½!Üt��%
sNVõÂ��AT#?@��°@+`�±®��&�TsNB¡#ÖÚ:;LM§?@��E�0

/��i~�¾Ø*+Oõâ>�O(*!%*$) % A)Ã����ØFE0/E�h®A~wëpbØLÚ~
D¾Lk#*+��!�b0/E T(!

(*#%*2) #/I?@���[�@1 T(!E-°Ù'�A)Ã����Ø
F9Ö���VÌ¿�ØEb:#ÿ¼�üf�#MN~&ð T(!#ÝÞ� T(!-°(*"# *,) % .c?@��E
ÑÙûì¤_O�M¾¿ñ�³A~¼.%

XY�OÐµÃ T(!ÿ/E$¶67¹;1q¯&ÿ/n¯&qrst¯I_pÐ¾¯(*&) #O!ÿ/n
¯~¹;1q¯äVË.cx&Åf�}&$¶¥a6�#XYó�i6\(*,%*P) #±[�@ï0Nu³"2
öf-°�í(!") % ×¹;1q¯o£©¿@#-.Nuÿ�»�B0±ñ®A~µ�1q#Aÿ/n¯z
B�ñ�EÆ0/EG¹vÂÐ�#Û}V®_0Ã®EÑÂÐ�1$#±op�°.ÀEVW#èÐn�
�M&n��ÇÑO&n�Ð�»�&n�0�I_n�Ð�Öü½íß(!*%!!) % Z�N?@��-.(#¹
;1q¯k0xÉE T(!ÿ/'q4Vÿ/n¯(*P#!$) #A��-. xÛêENu(!#) % Cc���#{-
.Nÿ/n¯®_jkó®#!ü��$56Ov9�&ð��jk=?DEÿ/n$¶)¯ (Z%TH6S#Ï
)¯sBVDeÿ/n¯��}C&#'1$&$/©íª&$/ÅÝ4ßµ�#=?�*¹;1q¯={
BE�¹��E��%

:Õf@:Ó!¿(¥��!�?@#1HqEQ«R`£¥?@nA#� !"!! 4:Õek4µq
�#!"!* 4:Õ@�c/ *$P"J& ==#4�/ÐÑ *&JPz#����ýý~c«êHE��% :Õ@ü+�
d��#ü4j2#@¥�aÃ®.{4U *&!#êGuÓ:ÕK~:Õ@@°+,��HqQ«R?@�
�E��#��op��Ù&i�Ù&bLÙßÔÕ#NÑÂÐ�º/Eï0VWÛ=�e% .c{-.I
:Õ?@��@è#v� (Z%TH6S ¯~¹;1q¯N?@+,*ü` T(!ÿ/®_N{-.#¼.Ûê`
¹~ ! È)¯¹ T(!ÿ/O�#¿� T(!ÿ/EG�»���_OÆ¿�À% -.Nu=¿�Q«R?@
��+,*ü`E T(!�b~?@�� T(!ÿ/EG�»���_O*�PQ¹Es¦td%

9� fwx

9B9ÅÃÜÝÞ
V !"!! 4 # ~ *" «¶·CHN:Õ?@+,~uÓ:ÕK�� T(!ÿ/®_$¶#zÝvÙ~$¶

�ÒG¹@ $j# C#vÙ��r¬× *% ÿ¼��$¶ÕC��*Ù�ELFÚ#{-./�vÙ�/�-



(��1$� ¡z¢!"û�2 T(!£N¤ApqrÈuvwx 1"*00

�� $ =IÚ% O!+,67¸+!!&x*$yQ# **!x12yH$&�+!!&x"&yQ# **!x11yH$&«+!!&x*#yQ#
**$x"!yH$~Í3+!!&x*2yQ# **$x"2yH$#uÓ:ÕK!!&x"*yj!&x*&yQ# **!x11yj**!x1,yH$N:Õ?A
¼#¸+~�+^VuÓ¸«#«+~Í3+^VuÓ^«% {-.E+,Ã®nWC "J2j$ L=!#�TC
"J1j# =n¹#+,!�Ì�&­�&º�~�;ß�Ø¬2% zB+,¢¶· 1 BÙ�#uÓ:ÕK 2 BÙ
�#/k !2 BvÙ�#zBÙ�vÙ $ Ýf@��#T(!ÿ/$¶*vÙC P""" *2""" n¹®_%

× * :Õ@+,~ü`vÙ�¬2
ZB@J* 'BD89B.F8B:7 :ED>=;AB7@DB85D:EA>L5D>7C 9BG59B7 T4>7@D4>

9B:@H:�ÍvO
T(!ÿ/$¶v���$56Ov9�&ð��¯!(Z%TH6S$~¹;1q¯ ! È)¯% CzBvÙ�

#'ÿ¼ (Z%TH6S ¯®_!"$¶:?�OÐµÃ T(!ÿ/!ZT(!{(T$% êG>�v��vÂF¤ *" <=
TíE+� $ K#� 2" =K���v?�Ùÿ¼¹;1q¯$¶¹;ÿ/!ZT(!{'̀ $%
*J!J* %YZefOghijk%lS (Z%TH6S0Ï)¯1��l>vÂ9" TV# -T(! -V!(p/Ð�¬6
 !Ù"-K)%T(N#K)%,&*"$#êG^��ÌM$/�� T(!ÿ/ ZT(!{(T!Ø× )>$#l>vÂ�®@ #!##J*"

<=$#$/G�X�Ì�Ø% v���$56Ov9�&ð��jkÉ$/�Ð! T(!líE»�#l>$
/Â=Iÿ¼9"p/Ð�¬6 $/ T(!Ð�ÿ/#T(!ÿ/k0CLÐ�"

?< R
*"WE"!* S

C"

*"""
$

6'!2" U!,$"*1$
$(T
$1

!*$

L!# ?<1Ð�-°ÿ/ ZT(!{(T!(=:A-!=
!.D$$#W1�®!<=$$#61Ð���!&J$*# X>-!=$.d.=:A$$#

E" 1|¸��!LX>$# C" 1|¸�¯Ð��¬�!==:A-=:A$#' 1��FÃ®!<=!$# 2" 1|¸�ÐÑí



1"!00 !"#$%&'()"!!"#$"#!"!##!"!!"

!z$'
$(T
$11�¬�KÛE T(!��¬�|¸»�©D!(=:A-!=:A.D$$#�Bk0¼½=ÿ¼ S:BAZAFcX9:3̀

!Ù"-K)%T(N#G59DB:7 1J!J"$�å�?%
*J!J! mno_S0¹;1q¯/$ E¹;ÿ/ ZT(!{'̀ 1ÿ¼F¤��~0ÐÐ�líOk0�OÐµ
Ã¥­©DA p(!1) #zBvÙ�vÂ $ B��f@�_Ùø#�Ù� 2" =KR�2ÿyEz����v
Â#zÝvÙY0" $ Ý���~v��#C�!(©+,,? $" =K�ÙÜ���% {-.v��OÐµ
Ã T(!)^¹;1qk0¹;-°ÿ/(!1%!,) "

?R%!A? SA5a$ !!$

L!#?@¹;-°ÿ/ ZT(!{'̀ !(=:A-!=!.D$$#%@Ð�¥­d�!<=-4$#¶�@£©~Ð�¨j��E
��(!&) #A5a @0Ð!T(!lí!(=:A-K$#A?@T(!CF¤��!lí!(=:A-K$#5��OÐ��ÛvÙ×
'� T(!lí~ [F7D57 d�k0% '� T(!líÿ¼�OÐ'���OÐs¤�¯$¶#»§���ÙE�
����4ërÐ>���Ú)=?ÐÂ#C !1zäå�m�����×Ð�{ !" =B7#ÂÛ±r ! 4 Up
ÐOç¨s��(!P%$") #mÚ¤��Ð���j%¬�´!!*! =K#¼"$#v�Ðs¤� !Ù"#Õ|ú#
6@BA578,&P"[$V !# 4 �$¶�?% £©v�#'�G£©#[F7D57 d�>��Ñ~ií®_k0}K#Ï
)¯$Ã��×ù·41($*)ÐØ× ).%
9B;n°±i�vO

#'5^$¶PQù�67��Ñí!3M$&¾úí!;V$&$*D!HT$&º²�äví!3'S$&$ID
!N3$&ií!XSe$&G�]5$^ !(NX$~ävG !'($ ßÿ¼}CL°ù��F$¶  !�0�#
V6QQ6#V)P&*P#%"#$$¶'Ã��O�Ã!£!XT$&Ó�À $!T4A"$$&õcr!QVp

#%Q$ÿ¼]S)!Ù"# ~�
�#H_(! °ù��F¬6$$¶'£©>�}CL£© $¶% êGvÂF¤�ÙR³ö&ÂÛ�»®_
º�¾Ñ!3(T$&ºX¾Ñ!3)T$&ävÚ�¾Ñ!'(T$&ävÚX¾Ñ!')T$&ºr!3Q$~ºs!3X$lí
E$¶% O! 3(T&3)T&'(T&')Tlív�º�¾Ñ¬6 !æ{#Ð'#3(T%hMX$$¶'3Qlív�¼
ö¾÷G�O.Ç¬��í¯$¶'3Xlív�¼ö¾÷G�OôÃ{¤¯$¶%
9B<�^©ª

ö&��k0&²)*ekÿ¼ B̀<:9D:E8Hc<5A!"*" ~ )[̀ SXSS S8>8BD8B<D!, ®_#v�stÚ¬6)
¯!X5>9D:7 <:995A>8B:7D$~l.À)O¬6!(75%?>/6Q(h6$)¯¬6��n¹EstÚ~O�qrÚ#±
7ü�&�Z'v� ND8FCB:!N#J!J*$�å*@@;A:8!+ß6®_ T(!ÿ/��ûº&ù¿st×å'v� 69<R)S
*"J# ®_vÙ�^¬2×ù¿%

:�«©ª

:B9}�!"f�#n°±i�}~©ª
+,*ü`�F��ÐF * /�## B?@+,~ü`�� ;VC ,J2j&JP n¹#/Þ1úÚ% ü+!

E '(líìCqr`¹O�#±ü`*4¸+Ç $ B+,n¹ìCqrO�!Em"J"1$#�+E '(líC
Ê`qr0VOw $ B+,*ü`% Ë`�+&¸+~uÓ 3Xlíqr4VÍ3+~«+#Ê`¢+,*
ü`n¹ 3XlíXqrO�% �+E 3QlíCË&Ê¨`^qr4VOw $ B+,~ü`!Em"J"1$%
/�+,EÊ` 3(Tlí/0VË`#O!¸+ËÊ¨`n¹ìCqrO�!Em"J"1$#±/4VOw+,
~ü`#¸+ 3(TlíCË`qr4VÍ3+&«+~ü`!Em"J"1$#CÊ`#Olíqr4VOw $ B+
,*ü`!Em"J"1$'ü`Ê` 3(Tlí�VË`% +,~ü`E 3)TlínWC #J"j!1J* =@-K#/@Ê
`cVË`#�+&¸+I_ü`E 3)TCËÊ`¹ìCqrO�!Em"J"1$%

@�®A~¼] T(!ÿ/EVW.À#CÊ`9$� XT&T4A"$&QVp
#%QßÀo% Ê`+, XT&T4A"$&

QVp
#%Qlí4Vü`!× !$#¸+E XT* T4A"$ líi4#qr0VOw+,*ü`!Em"J"1$!× !>&.$%

+,��E QVp
#%Qlíqr0Vü`!Em"J"1$#O!�+E QVp

#%Qlíi4±qr4VOwü+
!Em"J"1$#¸+*«+&uÓìCqrO�!Em"J"1$#Í3+*uÓìCqrO�!Em"J"1$!× !<$%



(��1$� ¡z¢!"û�2 T(!£N¤ApqrÈuvwx 1"$00

F * # B?@+,~ü`�¬�Fù�!

3>.J* M>859aF>AB8/;>9>=5859D:EE:F9F9.>7 A>L5D>7C 9BG59

`¹ �� ;V
'(-

!=@-K$
3X-

!=@-K$
3Q-

!=@-K$
3(T-

!=@-K$
3)T-

!=@-K$

Ë`!# «$ �+ ,J&o"J!< ,J&o"J2C5 "J!o"J*>. ,J!o*J1> &JPo"JP.<C !1J*o*J2>

¸+ &J#o"J!>. &JPo"J,.< "J$o"J*> $J&o"J$< **J1o"J&. !!JPo"J#>

Í3+ &J*o"J!.< ,J*o"J$5E "J"!o"J""!< "J2o"J!E #J*o"J1C5 *!J"o*J,<

«+ ,JPo"J$< 2J#o"J#E "J"$o"J"*< "J,o"J!E $JPo"J*5 ,J$o"J#C5

uÓ ,J&o"J"!< PJ#o"JP. "J!o"J!>. $J,o"J,< 1J&o"J1<C5 *,J2o*J".

Ê`!*" «$ �+ ,J&o"J!< *!J!o*J*> "J",o"J"!.< 1J1o*J". PJ$o,J$.< &JPo1J1<C

¸+ &J1o"J!> #J#o"J*@ "J*o"J"$.< !J,o"J!C *,J2o#J"> 1J,o!J2C5

Í3+ &J*o"J!.< PJ&o*J1. "J*o"J"2.< *J,o"J25 ,J,o*J*<C &J,o1J*<C

«+ &J1o"J#> &J#o"J#<C "J"Po"J"2.< *J"o"J15E 1J,o*J"<C5 #J*o"J,5

uÓ ,J&o"J!< #J&o"J!@ "J"2o"J"*.< *J,o"J$5 !J2o"J*5 **J"o*JP<

!êAhÛê�¿ûüF���qrÚO�!Em"J"1$#sêûüF�XqrÚO�!Ek"J"1$%

× ! # B?@+,~ü`��Ê` XT!>$&T4A"$!.$~ QVp
#%Q!<$lí��

!Ûê�¿ûüF�)O¬6��qrÚO�#Em"J"1$
ZB@J! T:7<5789>8B:7 <4>9><859BD8B<D:EXT!>$# T4A"$ !.$ >7C QVp

#%Q!<$ B7 E:F9F9.>7 A>L5D>7C 9BG59B7 >F8F=7

:B:}�!"f�# @H:�Í}~
(Z%TH6S ¯$¶+,�� T(!ÿ/Ë`/Ì@!"J*"o"J#&$ (=:A-!=!.D$ !-n!"$#Ê`@!O"J*2o

"J2*$ (=:A-!=!.D$ !-n!"$'ü`�� T(!ÿ/Ë`/Ì@!*J$!o"J21$ (=:A-!=!.D$ ! -n1$#Ê`@
!O"J!$o"J*"$ (=:A-!=!.D$ !-n1$% +,E T(!ÿ/F#@Ë`-°#Ê`&ð'ü`E T(!ÿ/`¹»
�qr!Em"J"*$#Ë`-°#Ê`&ð!× $>$% CË`#ü+n¹ T(!ÿ/O�qr!Em"J"1$#�+@-°
Ù#Ow $ B+,@û#±�+T(!*Ow $ B+,n¹ìCqrO�!Em"J"1$#ü`T(!ÿ/*¸+&Í3
+&«+n¹ìCqrO�!Em"J"1$!× $.$% CÊ`#ü+��F#@&ð#XqrO�#×O!�+@-
°Ù#Ow $ B+,@Ñû% �+ T(!ÿ/*¸+&«+n¹ìCqrO�!Em"J"1$#Í3+ T(!ÿ/*«
+n¹ìCqrO�!Em"J"1$!× $<$% NV+,ÉºÊ` T(!ÿ/cVË`^Þ#�cEÃ�% }`¹
zMÚÉ©#ü` ZT(!{(TzM0V+,%

¹;1q¯1$p+,�� T(!ÿ/Ë`@!"J"!o"J"#$ (=:A-!=!.D$ !-n!"$#Ê`@!"J"*o"J"$$

(=:A-!=!.D$ !-n!"$'ü`�� T(!ÿ/Ë`@!"J"&o"J"#$ (=:A-!=!.D$ ! -n1$#Ê`@!O"J"""$o
"J""#$ (=:A-!=!.D$ !-n1$% +,E T(!ÿ/`¹»�Ûqr#ËÊ¨`��F#@1-°'ü`E T(!

ÿ/`¹»�qr!Em"J"1$#Ë`1-°#Ê`1&ð!× $C$% CË`#ü+n¹ T(!ÿ/O�qr!Em
"J"1$#�+ T(!ÿ/-°0VO* $ B+,#uÓ*¸+&Í3+&«+n¹ìCqrO�!Em"J"1$ !×



1"#00 !"#$%&'()"!!"#$"#!"!##!"!!"

$5$% CÊ`#ü+n¹ T(!ÿ/O�Ûqr#+,@1Ù#ü`@1û!× $E$% �+&Í3+@ÑÙ#¸+&
«+@Ñû#±�+*¸+~«+n¹ìCqrO�!Em"J"1$% NV # B+,ÉºÊ` T(!ÿ/^Þ#�
cEÃ�% }`¹zMÚÉ©#ü` ZT(!{'̀ zM0V+,%

× $ ?@+,*ü` T(!ÿ/`¹»�
!!F�)O¬6�&Nu Em"J"1# !!F� Em"J"*$

ZB@J$ S5>D:7>AT(! EAFc5D:EF9.>7 A>L5D>7C 9BG59

:B;}�!"f�# @H:�Í�í3�
! È)¯$ E T(!ÿ/*�PQù�stÚ¬6F'#T(!ÿ/~�F.vEstÚF#xA+Ú%

+, ZT(!{(T~ ZT(!{'̀ #* HT&3'S&XSe&3)T&3QìCSqrKst#* '(qrKst!× #>$#* N3&;V
ìCSqrÝst#* 3MqrÝst!× #>$'ü` ZT(!{(T~ ZT(!{'̀ #* 3(T&'(&N3&3)T&3QìCSq
rKst!× #.$#* HT&3'S&XSe&3MìCSqrÝst!× #.$% +,E T(!ÿ/* QVp

#%Q&'(T&')T
ìCKsttd#O!*QVp

#%QÞqrKst#*XT&T4A"$ ìCÝsttd!F !$% Nü`ÉºZT(!{(T*
XT&'(T&')TìÝsttd#O!* ')TqrÝst#* T4A"$&QVp

#%QÞKst#ü` ZT(!{'̀ * XTìCq
rKst#* '(TìCqrÝst!F !$%

F ! Ê`?@+,*ü` T(!ÿ/*�¬�PQù�E X5>9D:7 stÚ
3>.J! X5>9D:7 <:995A>8B:7 .58?557 T(! EAFc>7C ?>85957GB9:7=578>A;>9>=5859D

B7 F9.>7 A>L5D>7C 9BG59B7 >F8F=7

��;q T(!ÿ/ XT T4A"$ QVp
#%Q '(T ')T

+, ZT(!{(T O"J$!P O"J!$" "J111! "J$21 "J"P!
ZT(!{ '̀ O"J$1& O"J!2, "J1!*! "J!!& "J!,&

ü` ZT(!{(T O"J"2P "J!!! "J#$# O"J#P1 O"J2"1!

ZT(!{ '̀ "J2$$! O"J*!* O"J!,# O"J1,&! O"J#21

!F�C Em"J"1 ��stÚqr%

:B<HSK@X4Mxf����xvO�«ij
(Z%TH6S ¯~¹;1q¯$¶NuN{F'#! È)¯/  T(!ÿ/O�Úqr% Ë&Ê¨`+,E



(��1$� ¡z¢!"û�2 T(!£N¤ApqrÈuvwx 1"100

× # ËÊ¨`+,!>$~ü`!.$ÿ/*PQù�sttd
!!F�)O¬6�&Nu Em"J"1# !!F� Em"J"*# !!!F� Em"J""*$

ZB@J# T:995A>8B:7 DB@7BEB<>7<5>7>A/DBD:E;>9>=5859D>7C EAFc5D:EA>L5D!>$ >7C 9BG59!.$ B7 D;9B7@>7C >F8F=7

ZT(!{(T~ ZT(!{'̀ stÚSqr!Ë` 6! n"J#&# Em"J""*'Ê` 6! n"J,,# Em"J""*#× 1>$#± ZT(!{(T0V
ZT(!{'̀ % ü`E ZT(!{(T~ ZT(!{'̀ ¨ën¹EstÚÛqr!Ek"J"1$!× 1.$#± ZT(!{(T0V ZT(!{'̀ % !
È1$)¯C T(!ÿ/Nuï0ÚìCB0O�#X^1Ë`]1Ê`#+,*ü`E ZT(!{'̀ /�V
ZT(!{(T% -.NuF'a× (Z%TH6S ¯~¹;1q¯$¶NuìC/ÚÚEO�#× ! È)¯C¿�+
,*ü`ÙûàáÚ�B´EA+Ú%

× 1 +,!>$*ü`!.$(Z%TH6S ¯~¹;1q¯$¶Nu³i¬6
ZB@J1 N5@95DDB:7 >7>A/DBD:ET(! 5=BDDB:7 E:9(Z%TH6S >7C CBEEFDB:7 =:C5A:.D59G>8B:7DA>L5D!>$ >7C 9BG59!.$

;µ¶

;B9}�!"f�# @H:�Í{|T&fìT3�
{-.NuF'#:Õ?@+,T(!ÿ/¥­B1±G�����#��Þ#Ùû¥¨$c% êG:Õ

f@Q«R?@#��&ÐÑß.À^=>hNÿ/-°�&ðR?VW% O!#�+CË&Ê¨`Þ#B
4EZT(!{(T-°#,=>*�+��3)T&3Q&QVp

#%Qlí4VOw+,!F *#× !<$#����½íB4�
t!× 2$% Ow $ B+, ZT(!{(TCË&Ê¨`^F#@&ð#,*IB-.F#A+($!) % ?@ü` T(!ÿ
/Þ#xB'qE`¹Mc#Ë`ü` T(!ÿ/F#@¯°#Ê`F#@&ð$c#*&'@ü`($$) &Úx
ü`(!$)CÊ`Þ# T(!ÿ/@-°Nus5#,=>*:;LM�í0�&��)�ÚFI_ü4;qå



1"200 !"#$%&'()"!!"#$"#!"!##!"!!"

íßäåst% :2ì(¥?@�~:;LM�í{:Õ³4#�&Ç­$ü~÷·üC�@aÆü`#ü
4¨+/@:×;c#ü4åíB�'¦Ìü&¶7üÞ#x5GE��#ü4åí¬õ@ *!" ~ #1 =#,-
ü`EåíU�VuÓ:ÕK% êG��|W�(PQ�hqrVWÐ�ÿ/#ÐuÓ:ÕK|+¬2E
ãx�¥&i�¥&�fØ¥ß'+,|+¬2Eãx�¥&$�&z%&�×¨iE�(~ª·(���
(ß%

?@ü+�OÐµÃ T(!ÿ/*��Ñ!3(T&'(T&3)T&')T$&r!3Q&QVp
#%Q$&s!3X$��i_�F

Ào'(&;VstÚB4% {-.NuF'#:Õ?@+,*ü`��/@����$c!F *$% ����
4E+,BBh"j³°Er&s~ÇÙÑßØF($#) % A)Ã#��r&s��iÿ¼VWÌ¿�Ø|Úb
��~�bbØD¾Lk¼½¹"VW�OÐµÃ T(!-°ÿ/»�($1%$,) % ��r&s��ilí9Ö=
*+Ì¿bØj&f�¯°E T(!9°#���! T(!líÚÓ#ÿ>�! T(!®�0Ð($&%$P) % {-.!?
@+,*ü` T(!ÿ/* 3QlíÞqrst!× 2$#+,! QVp

#%Q* T(!ÿ/ÞqrKst!F !$#,-
��C�+F# i@qr% �A)Ã#+,����NÑÿ/EVWo�Ù�;�üf�EVW#��
��*+�;9Ö#²Ñ>�Ö�#�c T(!-°(#") #×?@Å�E:;LM*+E�0/EÇÙ�¾F#

@ T(!�b§¨ÑÙ#iÜ9Ö T(!E�b~-°(#*%#$) % NVü`AT#$"!jP"!E T(!=>ÙVéa�
ëX¾ÑE!"E�(##%#1) #±Ë`ü`! 3(T&3Q&3)Tlí4VÊ`!F *$#ü` T(!ÿ/* 3(T&3Q&3)T
líÞqrKst!× # ~× 2$#Ë`ü` T(!ÿ/F#@-°#Ê`F#@&ð$c#,�º':Õ?@
ü` T(!ÿ/*?@i���(Ê��&Ñrß�¾Flí�t%

× 2 '(&3)T&3Q* ZT(!{(T_ ZT(!{'̀ stÚ¬6
ZB@J2 T:995A>8B:7 >7>A/DBD:E'(# 3)T# 3Q?B84 ZT(!{(T>7C ZT(!{'̀ CBEEFDB:7 EAFc

-.]F':Õ+,*ü`��/ÞúÚ!F *$#+,��T(!ÿ/* ;VÞqrÝst#;V=ÿ¼ó
»��!Ñ¾iEMc��*=c!"VW T(!E-°#G ;VÌB4G#ÑC�!ù�IÑ¾i=Lì
C#�! T(!líÝ�#®A T(!-°Ý�% '(CA¶½íÚ5i����üf�~j&f�E�í#A)
Ã��! '(líµ4#F'��!�b~Ì¿�ØE�üf�µ�#äìE T(!µÞ#T(!ÿ/µ�#GO
ÿ/@ÝÌGF#@N T(!E&ð�µ�'�A)Ã#²³ '(líEÓ4#�bbØEj&f�Ö�#�b



(��1$� ¡z¢!"û�2 T(!£N¤ApqrÈuvwx 1",00

~-°E T(!�9Ö% {-.!#?@�� T(!ÿ/* '(líÞqrKst!× # ~× 2$#4¸+ÇOw
$ B+,E '(líCÊ`9Ö#±N T(!ÿ/&ð9�#k$C:Õ?@+,!�b~Ì¿�ØE�üf
�=>.ù*% Aü`Ë`-° T(!#Ê`&ð T(!#±Ë`�Ñ�c#'(lí0VÊ`#k$CË`ü`
=>ù�I�bbØj&f�.ù*#Ê`I�b�Ø�üf�.ù*%
;B:no @H:�ÍvOwx+i©ª

{-.ó®DeE±cn¯#å�öV��$56Ov9�&ð��±cn¯*¹;1q¯/ê1$
T(!ÿ/% (Z%TH6S ¯CDeEÿ/nöCÚ®_ó®#ù�67"!*$£nÆ¿E>ü¾¿#>°ÐÂE
°rNzB$/Ù�E��Ú'!!$ÐÂÿ£8>>°C�£EPQ��>>vÂ�ÇE��>���'
!$$Õ�E��P> �Ã0�A+,>��E={BÚ% (Z%TH6S ¯ÿ¼ó®�k��C°B(�®_
ª©$/#�=�VN�¶ó��ö&;q®_:H$/#ö#lB#'E°Ý��% -.! (Z%TH6S ¯
.OvÂ�k$¶E1�OÐµÃºÿ/#A¹;1q¯íï0Ð�¹;ÿ/#ÈúUOw.À#èÐ�Ø
¬2~DEEVW#� (Z%TH6S ¯ï0ÿ/4V¹;1q¯#,*nY-.Nus±(#2%#,) % 'F<45=B7
ß(!")CÖn0�1"1� ! B��E-.!(##�Ìn¯$¶E T(!ÿ/{¹;1q¯4 *J2j# Á'h>%
<4:7 ß(#,)�@n¯R?Eÿ/4ïh²³£©E9ÖA�c#G£©0V # =-DG#¨ëï0NuÃVA
+% {-.¥^V?@#?@|+E�×Ø*+£©0��M0EÛ,¶Ú#ÖnÌ¿�Øª©��*+
��Ñ¾i���d§³úÚ)§¬»(#&) #.cöVÑ¾i���d~£©1qE¹;1qï0ENu
�c%

{-.!+,Ú T(!ÿ/ ! È)¯EstÚqr�Vü`��!× 1$% NV+,Éº#äVÃ®B�#
��ýV±c��o£uVWB�#/I ! È)¯-.NuìCA+Ú#F' ! È)¯C?@+, T(!Ð�
-°!��B´Eÿ�Ú'NVuÓ,È��ÿ¢ã>Eü`Éº#��ýV+`Mc��#Önop£u
�¢{EVWS0(ó»�ü4E�M�$#}AVW T(!ÿ/Nu#! È)¯-.NuA+ÚÛ4#GÂ
Ow.À�Ð�b�Ø¬2ß�1VW¨ëÛA+E��5.%
;B;fg�!"f�#nC��� @H:�Í+i

ÿ¼N:Õ?@+,*ü` T(!ÿ/E-.(##?@��Ûê+,*ü`n¹ìCB0E�¹»�

Ú% äF $ =_#ÛêEÐ�(¥~ÛêE1$)¯^h*+ T(!ÿ/ï0ÌìCO�% ! È)¯$ E
:Õ?@+,*ü` T(!ÿ/{ê@Q«R(¥E/+`aEü`-°c(P) #ë�VýV«R�5Ð�E
�{¸�(Eü`#4VÇR&SÛE+,% (Z%TH6S ¯$ E T(!ÿ/*Q«RÚx¦Ìü~¶7üs
2#*ÑRE�&Í#^1(¥E+,s2% ¹;1q¯$ E T(!ÿ/Ì*Q«R-5�!^�+,&Ã
Ä^+&Ön0 M>D<>7>K>L5&¸��&� RF>C>A<><r7 K>L5#I_ÑR:ËE&+&1+&()/�+&Ù"
 �øv7 5̀7C:8>K>L5Ìs2% IBNÛê;qE+,*ü`�ÃT(!ÿ/-.F'#�[��&Ð�~
:;LMN?@(¥E T(!ÿ/�qrEVW(#P) % êG+,*ü`Ex©&Ã®0�&�T&�F=`~�
���ßVW�Ûðbe#N^1(¥ P1 B+,E-.F'?@+, T(!ÿ/4V�?@(¥± T(!E�
/-°/²³+,Ã®E9ÖA��% C/+`a#?@ü` T(!-°0V�?@(¥Eü`% äF $ =
_#��Éº����½íµ4h*+�� T(!-°9Ö#×êG��������N T(!F#x&ðE$
c#,=>*�!�bbØ;q~|Úb��íß��PQO��t% .c#NQ«REÜCO�é��
ÑÂÐ�EîïÛí�úUü+ß��{�/²¥aEÛêI_ÃÄEPQàá#]ñ�úU1$)¯E
p,Ú&ÍÿÚ&1$ÅÝEeAI_³0³°¥aVíE-.%

<�¶

N:Õ@?@+,*ü`�OÐµÃ T(!ÿ/-.F'#:Õ?@+,*ü`n¹ T(!ÿ/Ë`O�q

r!Em"J"1$#±?@ü`E�OÐµÃ T(!ÿ/Þqr`¹O�!Em"J"1$% ��Éº#ü`*+,Ë`@-
°Ù!ZT(!{(Tn!"J$#o"J,!$ (=:A-!=!.D$$!-n!1$#Ê`@&ðû!ZT(!{(Tn!O"J*,o"J11$ (=:A-!=!.D$$
!-n!1$% T(!ÿ/*��ävG&��ºr&ºX¾ÑlíßÞqrKst!Em"J"1$% ! È)¯EN{-
.C+,��qrst!Em"J"1$#×Cü`stÇÛqr#F'ÈÉñ�·ÊÛê0$)¯E{BI_Û



1"&00 !"#$%&'()"!!"#$"#!"!##!"!!"

F $ Ûê+,*ü`�OÐµÃ T(!ÿ/Ì
3>.J$ T(! EAFc>8845?>859>B9B7859E><5:ECBEE59578A>L5D>7C 9BG59D

(¥ �� Ð�R ��$� 1$)¯
T(!ÿ/-

!==:A-!=!.C$$
|z

/+`a ?@ü` Q«R è���� ¹;1q &P1J,o,&"J" (P)
Öü�0ü` ��� 1&*J"o1*!JP
���0ü` ��� 11*J#o2*,J#
���0ü` !�� $"&JPo$#$J&

:Õ �+ Q«R è���� ¹;1q #J#o$J& {-.
«+&¸+&Í3+ ��� ¹;1q "J!o*J*

uÓü` ��� ¹;1q $J#o#J*
¸��&� RF>C>A<><r7 K>L5 Q«R !�� ¹;1q *!J1o2J! (1")

Ön0��T�Ñ'&� M>D<>7>K>L5 Q«R â��� ¹;1q O**J" (1*)
Úx ¦Ìü Q«R ¹;1q ,*J1 (!$)

¶7ü ¹;1q *2*JP
^1(¥ +, ÑR ��� ¹;1q 2,J2# (*")

Ù" �øv7 5̀7C:8>K>L5 ÑR ��� ¹;1q &J" (1!)
�òL� &+ ÑR ¹;1q *!!"J, (1$)

��AÈ�� *&2J&
:Ë &+ ÑR ��� ¹;1q O*J* ($!)

1+ ��� *!J*
��+ è���� #"JP

n�CÖ è���� !&J,
()/�+ ��� $J&&
HíCÖ ��� *!#J#
:ËCÖ è���� *,"J1

:Õ �+ Q«R è���� (Z%TH6S 1,J2o#$J1 {-.
«+&¸+&Í3+ ��� (Z%TH6S O!!JPo$"JP

uÓü` ��� (Z%TH6S #,J"o,&J1
-5�!^� �=+, Q«R ����â��� ÿ/n O*J&o"J2 ($)

2Á+, ����â��� #J#o2J&
ÃÄ K>L5':7@4F Q«R â��� ÿ/n ,J, (1#)
Úx ¦Ìü Q«R ÿ/n !PJ! (!$)

¶7ü ÿ/n P2JP
�&Í ��¶x¡�+ ÑR ��� ÿ/n $1J,o*!J* (*$)
�1" ü` ÑR ÿ/n !"J! (11)

�{¸�( >̂=.5YB «R ÿ/n ,2J& (12)
NBG59

d>EF5NBG59 &#J$
&SÛ K>L5̀ :<4:F ÇR ,�� ÿ/n O$&J2o!1JP (1,)

K>L53F>7\B5 ,�� O!"J*o!,J1
-��Ö7 S=>AA.:95>AD895>=D ÇR ÿ/n #1"J* (1&)

,¶ÚÉÙv6#-.NuNÈÉ�é��EÑ-°-.������%

=��

Ø×#¬$vî!'()" *"J*&$",-!"!#J"!!,$%



(��1$� ¡z¢!"û�2 T(!£N¤ApqrÈuvwx 1"P00

>ijkl

( * )0N>7 KS# [F8=>7 'H# [>88B7 3U&1$.JSF.D8>78B>AC5<95>D5B7 T(! 5=BDDB:7DE9:=T4B75D5B7A>7C ?>859DCF58:@A:.>A<4>7@5J;$1+,&A*=D

=+-)($1)*-0# !"!*# %#" *,$"J'()" *"J*"$&-D#*#2,%"!*%!*P!2%2J

( ! )0[:9@5D6h# '>9<4>=.5>F Z# 35:C:9F TN&1$.JRA:.>AA/DB@7BEB<>78@95574:FD5%@>D5=BDDB:7DE9:=6E9B<>7 B7A>7C ?>859DJ;$1+,&L&*0()D

&-(&# !"*1# )!&$" 2$,%2#!J'()" *"J*"$&-7@5:!#&2J
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附图Ⅰ 水-气界面 CO2 通量测定方法示意： 

(a)光化学反馈-腔增强吸收光谱法(OF-CEAS)；(b)扩散模型法测定表层水中 CO2 浓度操作示意图 
Attached Fig.I Determination of CO2 flux at the water-air interface: (a) OF-CEAS method device schematic 

diagram; (b) Operation diagram for determination of CO2 concentration in surface water 




